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Weissenberg camera for macromolecules with imaging 
plate data collection system at the Photon Factory 

Present status and future plan 

N.Sakabel),  K.Sakabe*), T.Higashi3), A.Nakagawa4), N.Watanabe4), S. 
Adachis),  S. Ikemizul) & .K. Sasaki6). 1) Institute of Appiied 
Biochemistry, University of Tsukuba. Tsukuba, Ibaraki, 305 Japan. 2) 
Department of Chemistry, Faculty of Science, Nagoya University, 
Chikusa, Nagoya 464 Japan. 3) Rigaku Corporation, Matsubara, 
Akishima, Tokyo 196 Japan. 4) Photon Factory, National Laboratory for 
High Energy Physics, Tsukuba, 305 Japan. 5 )  The lnstitute of Physical 
and Chemical Research (RIKEN), Hirosawa 2-1, Wako, Sailarna, 351-01 
Japan. 6) College of Medical Technology, Nagoya University, Nagoya 
461 Japan. 

The photon Factory i s  operating a t  2.5GeV and 300mA. 
There a r e  two d a t a  co l l ec t ion  systems for macromolecular 
crystal lography at  BLGA and BL18B, cons is t ing  of 
Weissenberg camera, imaging p l a t e  (IP), image reader 
(BA100 & BAS2000), data  reduction program "WEIS" and 
auto-indexing program. The  o p t i c a l  s y s t e m  of 3L6A is 
equipped with bent plane fused quartz  mirror  and 
t r i a n g u l a r  bent asymmetric c u t  Si (111) monochrometor and 
t h a t  of BL18R i s  equipped with lm long fused quar tz  bent 
c y l i n d r i c a l  P t  coated mirror w i t h  1 : l  focusing and  a 
double-crystal  mGnochromator which can be changed either 
us ing  Si ( 3 . 1 1 )  o r  Ge (111) without opening t h e  mirror  
house. 

T h e  main b a s i c  ideas  o f  Weissenberg camera for 
macromolecular crystal logmphy a r e  1: F i l m  c a s s e t t e  
should be desigaed cylimdrical  t o  get  higher r e so lu t ion  
da ta  n i c e l y ,  2 )  t h e  r a d i u s ( r )  of f i l m  c a s s e t t e  mcst be 

t h e  l a r g e r  t h e  b e t t e r  because background noise w i l l  

decrease approximste1.y proport ional  to r2; on t h e  G t h e r  

hand, Bragg r e f l e c t i o n s  do not be a f fec t ed  so much by 
r2. 3 )  About t e n  times more r e f l e c t i o n  da ta  will be 
recorded on a fila1 t h a n  those of just o s c i l l a t i o n  
method, when t he  Weissenberg geometry w i l l  be appl ied.  
4 )  Bijvoet p a i r s  are recorded w i t h  high accuracy on t h e  
same f i l m  a s  simultaneous r e f l e c t i o n s .  5 )  A l m o s t  all X- 



r a y  pass should be f i l l e d  with h e l i u m  gas t o  reduce t h e  
s c a t t e r i n g  and absorption by a i r .  

The fundamental requirements f o r  t h e  de tec t ion  of X-ray 
d i f f r a c t i o n  from p ro te in  c r y s t a l s  a r e  : 1) high 
de tec t ive  quantum e f f i c i ency ,  2 )  wide dynamic range, 3) 
l i n e a r i t y  of response, 4 )  high s p a t i a l  resol.ution, 5 )  
l a rge  de t ec t ive  area,  6 )  uniformity of response, 7 )  h i g h  

counting r a t e  capab i l i t y  and 8) l o w  back ground n o i s e .  
A X-ray integrated-type a rea  de tec tor ,  c a l l e d  an imaging 
p l a t e  (IP) i s  one of t h e  most s u i t a b l e  de t ec to r s  for t h e  

da ta  co l l ec t ion  of X-ray d i f f r a c t i o n  from p r o t e i n  
c r y s t a l s .  The combination w i t h  the  camera, I P  and SP.X- 

ray becomes a very powerful (N. Sakabe, Nucl. I n s t r .  and 
Meth., 1991,  A303. 448).  

The camera type 111 w a s  designed f o r  PF u s e r s  a t  BLGA 

s t a t i o n .  Normally, one da ta  s e t  around an a x i s  is 
recorded on 10-30 TP sheets w i t h  consuming only one o r  
two c r y s t a l s  and 5-10 sets of da ta  a r e  c o l l e c t e d  i n  24 
hours. 
Strong demanding of t h e  l a rge  s i z e  of I P ,  we have 

The s i z e  of I P  which w e  a r e  using i s  40Ox2OOmm. 

.developed 80Ox40O~m and 4OOx400mm IPS and i ts  reader .  
T h i s  reader  i s  a drum type and i s  a l i n e a r  s c a l e  t o  
2 6 2 , 1 4 4  s t e p s .  The l i n e a r i t y  of t h e  scanner i s  observed 
1-lxlOs photons per  a p ixe l  (0.1xO.l. mm) by using 
monochromatized Cu Ka X-ray r ad ia t ion .  

t h i s  scanner t o  o u r  users  fmm t h e  next OctGber. W e  a r e  
developing a I i e w  type camera taker, w i t h  Weissenberg 
photograph u s i n g  mcnochromatic beam -;nd t.i m e  resolved 
T,aue photograph using polychromatic Learns. T h i s  camera 
has 430mm ancl 1,290mt r a d i u s  casse t te ,  a r i d  I P  i s  f ixed  
t o  t h e  c a s s e t t e  by reduced pressure .  Number of t h e  
proposal t o  BL6A and BL18B i s  7 1  i n  domestic and 41 f ron  
overseas. B e c a u s e  t h e  s t a t i o n s  are so busy t h a t  w e  can 

c ~ l y  a l l o c a t e  two days f o r  each proposal per  one year .  
W e  want t o  built another beam l ine  for  pro te in  
crystal lography a s  e a r l y  a s  poss ib l e .  

We w i l l  open 



. .  on for O D m e d  A n d u s  S w  
ure Stuaes of P r a m s  and Nwleic 

A Deacon1, J Habashl, S J Harropl, J R Helliwelll, W N Hunter1, G A Leonard1, M 
Petersonl, A Hadener2, A J Kalb (Gilboa)3, J\r M Allinnnn4, C Castelli4, S McSweeneyS, 
A GonzalezP and A W Thompson6. 

University of Manchester1, University of Basle2, Weizmann Institute3, University of 
Yor@, Daresbury Laboratory5 and EMBLESRF Grenoble6. 

Crystal structure solution by anomalous dispersion methods has been greatly facilitated 
using the rapidly tunable station 9.5 at Daresbury (I, 2, 3). We have successfully used 
SIROAS and MAD techniques in the structure solution of a brominated nucleotide and a 
seleno-deaminase respectively. Data were recorded with an online image plate device. The 
brominated nucleotide required two data sets involving slow and quick exposures so as to 
acquire the full dynamic intensity range of these data. The selendeaminase MAD data 
collection involved multiple wedges of data as is the case with this approach. The data 
collection times were considerably lengthened by the duty cycle of the detector. Hence, the 
instrument represents a considerable step forward but improvements can be made in the 
methodoIogy to accelerate the number of projects that can be accommodated. 

Detailed smcture refinement pushes the limits of resolution and quality of data. In a study 
of the lectin protein, concanavalin A, by using very short wavelengths (0.7A), the image 
plate device referred to above and crystal freezing, data have been collected on 9.5 for the 
sugar free form to 1.4A resolution. A total of 250,000 reflections have been measured 
from two crystals. Again a slow and quick pass are required to capture the dynamic range 
of the data. The duty cycle of the detector is not the limiting factor for the slow pass data 
but rather the beam intensity. There are also data seen to 1.2A and beyond for a pure Mn 
substituted form of the protein. A higher intensity still is required to actually record these 
weak data at the highest resolution possible. Even shorter wavelengths (e.g. 0.5A or less) 
will essentially remove sample absorption errors. These data might therefore be considered 
ideal. The provision of a new source like the ESRF will allow such data to be collected 
routinely. 

Possibilities at ESRF offer further impetus for the field (4). These include more intense 
rapidly tunable beams for anomalous dispersion based structure solution and higher 
resolution data collection and reactivity studies. A detailed design for such a station on an 
ESRF bending magnet is described in ref. 5 (BL19). Facilities on BL19 are to include a 
system for freezing and storing crystals at cryogenic temperatures, so that data can be 
recorded from the same frozen crystal on different runs. 

In all these categories of data collection the detector can certainly be improved upon 
whereby the DQE of the image plate at weaker signals and the poor duty cycle are serious 
limitations. A columnar based CsI scintillator coupled CCD offers enhanced PSF, DQE 
and duty cycle perfomiance 161. These advantageous properties have to be realised without 
sacrificing overall aperture, an important characteristic of the image plate, and so require 
designs involving the butting of several CCD devices together. 

References 
1. Brammer, R, Helliwell, J R (1988) Nucl. Instrum. & Methods, A271,678-687. 
2. Thompson, A W, Nave, C, et al. (1992) Rev. Sci. Inst., 63(1), 1062-1064. 
3. McSweeney, S ,  et al. (1994) Proceedings of this meeting. 
4. Helliwell, J R (1987) ESRF Red Book, pp 329-340. 
5. Kvick, A and Thompson, A W (1992) ESRF Internal Report to the Science Advisory 

Committee. 
6. Allinson, N M. et id. (1994) Proceedinp of this meeting. 
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Total Reflection X-Ray Fluorescence Spectroscopy Using Synchrotron Radiation for 
Wafer Surface Trace Impurity Analysis 

P. Pianetta, S. Brennan, W. Tompkins, and N. Takaura, SSRL 

S. S. Laderman, R. Smith, and A. Fischer-Colbrie, Hewlett Packard Company 

M. Madden, Intel Corporation 

J. B. Kortright, Lawrence Berkeley Laboratory 

D. C. Wherry, Fisons Instruments 

A. Shimazaki, K. Miyazaki, M. Kaneko, and T. Matsumura, Toshiba Corporation 

Trace impurity analysis is essential for the development of competitive silicon circuit 
technologies. Current best methods for chemically identifying and quantifying surface 
and near surface impurities include grazing incidence x-ray fluorescence techniques using 
rotating anode x-ray sources. To date, this method falls short of what is needed for future 
process generations. However, the work described here demonstrates that with the use of 
synchrotron radiation, total reflection x-ray fluorescence (TRXRF) methods can be 
extended to meet projected needs of the silicon circuit industry through at least the 
remainder of this century. The present results represent over an order of magnitude 
improvement in detection limit over what has been reported previously. 

In the past twelve months, we have tested three synchrotron radiation TRXRF 
experimental configurations in order to build and quantify the performance of the best 
arrangement. The three experimental configurations were: 1) bending magnet radiation 
from SPEAR (Ec = 4.8 keV) modified only with a focusing mirror to give a high energy 
cut off at 15 keV and filters to reduce the flux below 9 keV; 2) a single multilayer 
monochromator on BL 4-2 at SSRL (8 pole 1.8 Tesla wiggler); and 3) a double 
multilayer monochromator on BL10-2 (32 pole, 1.4 Tesla wiggler). The detection limits 
obtained from the experiments with the single multilayer and the focused bending magnet 
radiation are 2 x 109 atoms/cm2 and 2 x 101o atoms/cm2 respectively. The sensitivities 
in these experiments were primarily limited by the scattered radiation found under the 
fluorescence peaks. In the case of the single multilayer monochromator, the scatter came 
from the small but finite reflectivity of the multilayer for energies below the primary 
Bragg peak. In the case of the filtered, focused bending magnet radiation, the scatter was 
due to the significant amount of radiation at the same energies as the fluorescent peaks 
that could not be completely eliminated by the filters. 

The double multilayer monochromator eliminated the parasitic radiation and with the 
higher flux from the BLlO, 32 pole wiggler gave a detection limit for Ni of 3 x 108 
atoms/cm2. This data was from a sample intentionally contaminated with 1011 
atomskm2 Fe, Ni, and Zn. This is to be compared with a detection limit of 5 x 109 
atoms/cm2 obtained with a rotating anode system. This is due to the greatly improved 
signal to noise in the case of the synchrotron. Furthermore, there is a clear path to 
improving the synchrotron case to reach a detection limit of 5 x 107 atoms/cm2. 
According to the published trends of the Si VLSI industry associations, this detection 
limit is sufficient to meet the needs of the industry until at least the year 2000. 
Furthermore, the tunability of the synchrotron radiation makes it possible to achieve this 
very high sensitivity for nearly all the atoms in the periodic table. 
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Abstract 

FT-IR MICROSCOPICAL ANALYSIS WITH SYNCHROTRON RADIATION: 
THE MICROSCOPE OPTICS AND SYSTEM PERFORMANCE 

John A. Reffner,* Pamela A. Martoglio,* and Gwyn P. Williams** 

*Spectra-Tech, Inc.; 652 Glenbrook Rd.; Stamford, CI' 06906 

**Brookhaven National Laboratory; Upton, NY 11973 

When a Fourier transform infrared microspectrometer (IMS) was first interfaced to the 
National Synchrotron Light Source (NSLS), a 40-fold increase in S/N was achieved for 
spectra from a 12 x 12 pm area. The synchrotron's high brightness increases the 
performance at the IMS' diffraction limit. The NSLS has found that this source was 100 - 
1,000 times brighter than thermo-emission sources. 

A Spectra-Tecwicolet Rps@ was interfaced to the U2B beam line at the NSLS. This 
extraction port emits a beam with a source size of 0.2 x 0.4 mm. The interface for 
extracting the IR beam (developed by L. Carr and G. Williams) has a KBr window that 
provides a transparent, high-vacuum seal between the storage ring and the 
microspectrometer. Beyond this window, the beam was contained in a tube purged with 
dry nitrogen. The optics of both the interface and the microscope will be presented. 

The source size at the sample was calculated to be 6 x 12 pm for the 15X Objective (NA 
= 0.58) and 3 x 6 pm for the 32X Objective ((NA = 0.65). For 10-pm-wavelength 
radiation, the calculated diffraction-limited resolution was 10.7 pm (15X) and 9.6 pm 
(32X). The synchrotron source was imaged at or below the microscope's optical 
diffraction limit for mid-IR radiation. The IR beam's profile, obtained using a 12.5-prn 
aperture stepped in 10-pm increments along two directions, showed that the beam width 
is 12 pm at half maximum. In fact, 65% of the total beam's intensity was transmitted 
through a 12.5-pm-diameter circular aperture in the specimen plane. This beam profile 
demonstrated that the system was operating at the diffraction limit for IR radiation. 

To test the resolution and performance of the IR microprobe with synchrotron radiation, a 
multi-layered laminate film was analyzed. The laminate selected was a five-layer 
polymer film on a paper backing. The thicknesses of the five polymer layers were 6,4,4, 
8, and 32 pm. A series of IR absorbance spectra were recorded across the layers of the 
film at 1-pm intervals, with a 6 x 6 pm dual-confocal-apertured sample area. The 
variations in chemical composition across the layers were readily detected. Spectra were 
collected over the range 4,000 - 650 cm-1 at a resolution of 8 cm-1, and 16 scans were 
co-added for each spectrum. The total acquisition time was about 5 sec per spectrum. 
This series of spectra profiles the composition across a visibly-sharp boundary between 
these layers. In the IR region, the observed spreading (or blur) equalled the calculated 
diffraction-limited beam's diameter, which is 5.4 pm (1740 cm-1). 

' I  

IMS analyses are S/N-limited. The spectrum of a 6-x-6-pm sample area, collected at 8 
cm-l resolution with 16 scans co-added, had an S/N ratio of 250:l. This S/N level is 40 
times higher than could be obtained with a conventional source. The improved S / N  
performance was the direct result of using synchrotron radiation. 



SIMULTANEOUS MEASUREMENTS OF SMALL ANGLE X-RAY SCATTER- 
ING, WIDE ANGLE X-RAY SCATTERING AND LIGHT SCATTERING 
DURING PHASE TRANSITIONS OF POLYMERS 

C. Wutz, J. Cronauer, R. Dohrmann and H.G. Zachmann 

Institut fiir Technische und Makromolekulare Chemie, University of Hamburg, 
Bundesstr. 45, D-20146 Hamburg, Germany 

By means of simultaneous measurements of small angle X-ray scattering (SAXS), 
wide angle X-ray scattering (WAXS) and light scattering (LS) important new infor- 
mations of the mechanism of crystallization and melting of polymers may be obtained. 
WAXS is used to determine the overal change in the fiaction of crystallized materials. 
SAXS reveals in which way this change takes place, for example whether by growth 
of already existing crystals or by formation of new crystals within the lamellar stacks 
of crystalline and amorphous regions. LS, finally, indicates how far crystallization is 
related to the growth of morphological units such as spherulithes. 

To perform such measurements two different experimental set-ups are used at the 
polymer beamline at HASYLAB (DESY, Hamburg). In one of the set-ups the SAXS 
and WAXS are measured by two one-dimensional Gabriel counters positioned at dif- 
ferent locations (Fig. 1). In the other set-up (Fig. 2), by a luminesent screen, the 
WAXS is transformed to visilbe light which is reflected on a vidicon, while the SAXS 
passes through a hole in this screen and is detected by a two-dimensional Gabriel 
counter. The second set-up has the advantage that two-dimensional WAXS can be 
detected, however the resolution of the WAXS is not so good as in the first set-up. 

Different polymers have been investigated and it is shown, in particular, that different 
processes take place during secondary crystallization. 
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Spin-sensitive Microscopy with Circularly Polarized X-rays 

Brian Tonner 
Synchrotron Radiation Center 

University of Wisconsin-Madison 
Stoughton, WI 53589 

Magnetic circular dichroism is the diffeerence in absorption coefficient when the relative 
orientation of sample magnetization and incident helicity are changed. At the L edges 
of transition metals, the soft X-ray magnetic dichroism (XMCD) effect is very large, 
approaching 50%, which allows it to be exploited for studying magnetic phenomena in 
ultrathin Nms and layered magnetic nanostructures. In addition to being very large, the 
XMCD signal can be quantitatively interpreted to measure the vector spin direction, 
and the relative contributions of spin and orbital moment ot the total magnetic moment. 
Recently, it has been shown that the large XMCD effects can be used as a new form 
of image contrast, to create maps of surface magnetization. Because of the inherent 
elemental selectivity of X-ray spectroscopy, X-ray dichroism microscopy is a unique 
imaging tool for surface magnetism. Recent results will be shown, and projections for 
future development with linear and circularly polarized beamlines, using both electron 
imaging and scanned photon beam techniques, will be discussed. 
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Application of a New Synchrotron Powder Diffraction 
Technique to Anomalous Scattering from Classes 

Ji4. A. Beno, G. S. Knapp, P. Armand, D. L. Price, and M.-L. Saboungi 
Materials Science Division, Argonne National Laboratory, Argonne IL 
60439 

A synchrotron powder diffraction technique which uses a curved 
perfect crystal analyzer to simultaneously diffract multiple powder 
lines into a position sensitive detector has been shown'-3 to possess 
high resolution, low background and very high counting rates. High 

curved quality diffraction data 
two resulting from the 

application of this iffraction line one 
method to anomalous 
scattering from 

anomalous scattering 
results are derived from differences in large values. The use of a 
rapid sample changer allows the scattering from the sample and a 
standard material (a material not containing the anomalous 
scatterer) to be measured alternately at each angle. 
measurement strategy provides excellent energy resolution and high 
data rates while minimizing systematic errors resulting from factors 
such as detector non-linearity, beam instability or sample 
misalignment. 

Work at Argonne National Laboratory i s  supported by the US 
Department of Energy, Office of Basic Energy Science, Division of 
Materials Sciences, under contract W-31-109-ENG-38. 

This 

amorphous materials4 
wi l l  be presented. 
Highly accurate 
diffraction data i s  
reauired since the 

1. 
2. 

3. 

4. 

M.A. Beno, 0. S. Knapp, Rev. Sci. Instrum. 63, 4134(1992). 
G. S. Knapp, M. A. Beno. G. Jennings, M. Engbretson, M. Ramanathan, Adv. 
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Proc. 307, 317(1993). 
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W16.1 ANew Fixed Wavelength Diffraction Station at the 
SRS Daresbury 

Bliss, J Bordas, B D Fell, N W Harris, W I Helsby, 
G R Mant, W Smith, E Towns-Andrews. . , 

DRAL Daresbury Laboratory, UK 

W16.1 is a high flux high intensity fixed-wavelength diffraction station. It has 
been designed primarily for the study of non-crystalline materials, both 
biological and non-biological. The station has been optimised at a 
wavelength of 1.4A and is capable of both high angle and low angle 
dynamic measurements. In order to achieve the high X-ray intensities 
required by these types of experiment it has been constructed on the new 6T 
supercondWing wiggler magne! at the SRS. Tho staticr: has beor, 
positioned at an angle of 46 mrads defined from the centre of the wiggler 
magnet. This allows 12 mrads of horizontal aperture to be focused onto the 
sample. 
As a consequence of the high thermal loads, produced by the wiggler, the 
optical layout of the station has some novel design features. Notably, a bent 
triangular Ge 111 asymmetric cut crystal with a liquid gallium interface, to 
dissipate heat, to a cooled copper block. The monochromatotor not on only 
compresses the beam , but also focuses i t  horizontally at a variety of 
distances. Vertical focusing is achieved using a 1.2 m bent platinum coated 
ultra low expansion glass mirror. 
For the low angle measurements an extremely clean background has been 
achieved by a series of horizontal and vertical collimating slits. In addition a 
Kratky style aperture has been included in the front end of the beamline to 
minimise scatter in the vertical plane. The experimental optics and camera 
system is highly configurable utilising a linear guide rail support 
arrangement. Data can be collected from 2A to ca.7000A with a time 
resolution of 1 psec. 
The beamline motor control system comprises of recently developed 
Daresbury VME stepper motor controllers interfaced to a conventional drive 
system. A number of detector systems are available for data collection. The 
data acquisition system associated with these has been configured with 
several recently developed VME modules designed and constructed at 
Daresbury. Amongst these is a novel TAC/ADC system which includes a 
sliding scale correction for the ADCs and a pile-up rejection system. This 
has been shown to give an overall resolution of 2048 x 2048 pixels and a 
data rate in excess of 1 MHz. 

A detailed design of the beamline and preliminary results will be presented 
during the meeting. 
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Multiple simultaneous time resolved experiinental techniques 
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Abstract 

The desire to eliminate experimental artefacts arising from the correlation of sever; 
independent time resolved experiments has been the impetus to perform sever; 
siniultaneous experimental techniques on a single samplc. Combinations of Small and Wic 
Angle X-ray Scattering or fibre diffraction, together with a variety of other experiment; 
techniques have been combined into a single experiment. rendering for instance bot 
structural as well as thermodynamic information. A versatile system has been developed th; 
allows for instance the interfacing of Differential Scanning Calorimetry, Fourier Transfort 
Infrared Spectroscopy or R;tm:tn spectroscopy to X-r:iy scattering experiments covering 
wide q.range (0.007 < q c 2.1 A-1)  with a sub second time resolution and a high spati; 
resolution. 
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Figure. Schematic diagram of the optical system for laser ha t ing  and pressure mesunmenu for the 
dedicated High Pressure Facility at CHESS. Light from either the C02 laser or the argon ion laser is 
focused onto the sample through a combination of beam expanders and a reflexling objective lens. Light 
from the sample from 600 to 900 nm i s  focused on a PIN diode, a camera, and a 0.28 meler spectrometer 
q u i p p e d  with a diode m a y  detector. 
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The Measurement a n d  Mapping  of Calcium in Mineralised 
Tissues by Absorption Difference Imaging 

C.J. Buckley 

T h e  NEXAFS of Biological Calcium Phosphates  at the  Calcium L edge 
and  t h e  Potential for Chemical State Imaging 

EJ, Bucklgyt, S.J. Bellamyt,  N. Khalequet, X. Zhangtt and S. Downestft  
Department of Physics, King's College, the Strand, London WCPR 2LS, UK. 

t Department of Physics, King's College, The Strand, London WC2R 2LS, UK. 
tt Department of Physics, SUNY at Stony Brook, Stony Brook, NY 11795, USA. 
t t t Institute of Orthopaedics, Brockley Hill, Stanmore, MIDDX HA7 4LP, UK. 

This paper reviews the mapping of calcium in mineralised tissues by absorption 
difference imaging using scanning x-ray microscopy at the calcium L edge. In par- 
ticular, the mapping of embedded and sectioned mineralised tissues is considered. 
Here, the technique is discussed in detail, and the detection limits are evaluated 
with and without corrections. 

In principle, the calcium concentration at  any point in a thin specimen can be mea- 
sured by measuring the incident and transmitted x-ray flux at two energies close 
the L absorption edge (350eV). These two energies are chosen such that there is 
a large difference in absorption cross-section. If only a general indication of the 
relative calcium concentration is required, the error introduced to the measurement 
by effects such as changes in the transmission of the other elements in the specimen 
can be ignored. However, where it is important to obtain a quantitative linear mea- 
surement of the concentration, then corrections must be applied to avoid sizeable 
errors. 

The effect of the other specimen-elements on the measurement of the calcium con- 
centration is assessed. Also evaluated are the errors introduced by; detector non- 
linearity, photon statistics, specimen registration, resolving power, thickness effects 
and the uncertainty in absorption cross-section values. Techniques which have been 
developed to minimise artefact introduced by these phenomena are presented, and 
comparative results are shown. 

An important development in x-ray microscopy has been the advent of imaging 
which is sensitive to the chemical state of an element'*2, with a spatial resolution 
capability of 50nm. Results thus far have determined the distribution of specific 
molecules by using shifts in the near edge x-ray absorption spectra (NEXAFS) 
peaks of carbon K edge structure at 280eV. These 7r* resonance peaks arise from 
double or triple bonds in the molecules (C=C, C=N, and C=O, etc, at C K-edge), 
where the peak position is strongly affected by the bond's enviornment and the 
peak magnitute represents the bond concentration. 

In crystalline materials, the NEXAFS signature of an atom can be strongly influ- 
enced by the electrostatic field exerted on the atom in question by the surrounding 
ions. This effect has been investigated by de Groot et al' for calcium and other 
atoms in octahedral symmetry. These results suggest that differences in the crystal 
structure of different mineral-phase calcium phosphates will alter both the magni- 
tude and position of the calcium L edge NEXAFS peaks. 

These changes in the NEXAFS signature lead to the possibility of imaging calcified 
tissues with sensitivity to the mineral phase at  the sub-micron level. This would 
have considerable impact in the areas of mineralisation disorders, such as arthri- 
tis, and also in the understanding of bone re-modelling'. We have attempted to 
characterise the NEXAFS signatures of biologically important calcium phosphates 
(such as calcium hydroxy apatite), and have evaluated the poterftial for mapping 
the mineral phases in calcified tissues using the scanning x-ray mlcroscope. 
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Applications of a CCD detector in a scanning transmission x-ray 
microscope 

m&- Chris Jacobsen, and Shawn Williams. 
Departme# of Physics, SUNY at Stony Brook, Stony Brook, NY 1 I794-38O0, USA. 

In theconventional set-upof thestony Brook scanningtransmissionx-ray microscope 
(STXM) at the NSLS, a specimen is scanned through a beam that has been focussed by a 
zone plate and a proportional counter detects the total x-rays transmitted through the 
specimen. A back-illuminated, thinned, 5 122-element CCD detector has been used on the 
STXM to obtain angular resolution of the transmitted x rays. The CCD detects the x rays 
directly and has high quantum efficiency and excellent linearity. The CCD is housed in a 
vacuum chamber and is liquid-nitrogen cooled to minimise noise. A small aluminium- 
coated silicon niuide window admits x rays to the detector. The distance from the focus 
to the detector plane may be varied, but is usually placed to accept a 300 m a d  angle, in 
any row or column, which comsponds to about three times the numerical aperture of the 
zone plate. Either the proportional counter or CCD may be easily selected as the detector 
without the necd for further microscope adjustments. 

Several applications of this detector have been investigated (I) A configureddetector 
for differential phase-contrast or dark-field imaging. In this mode a CCD frame or sub- 
frame is recorded at each position of the specimen as it is scanned. The form of the 
configured detector may be chosen after the experiment by summing over regions of the 
CCD frames or by multiplying the a m y s  with a mask function. Direct comparisons may 
be made between various configurations. (2) For selected area diffraction or convergent 
beam diffraction, in which microdiffraction patterns are recorded at various positions on 
a sample. (3) For imaging with phase-retrieval and super-resolution via Wigner-dis- 
tribution deconvolution. As in (2) this involves collecting a frame for each point in a scan, 
however processing is carried out by deconvolving the Wigner-distribution function of the 
zone plate from the four-dimensional data set. (4)  For testing zone-plate optics, such as 
measuring diffraction efficiency as a function of focal order and zone radius, or by per- 
forming a Foucault test. (5) As a quick alignment tool for the microscope. Optimisation 
of the beamline and microscope optics can be made easily when the CCD is read out 
repeatedly at a rapid rate. 

DDX Diffraction System : A Combined Diffraction System with EDX and 
ADX for High Pressure Structural  Studies 

J. H. Chen*. T. Kikegawa. K. Yaoital) and 0. Shimomura 
Photon Factory. National Laboratory for High Energy Physics' 

Tsukuba, Ibaraki 305, Japan 
National Institute for the Research of Inorganic Materials 

Tsukuba, Ibaraki 305, Japan 
A Dual Dispersive X-ray (DDX) diMaction system which combines Energy Dispersive 

X-ray (EDX) diffraction with Angle Dispersive X-ray (ADX) d i h c t i o n  has been 
developed on the cubic-type multi-anvil press MAX80 at the NESC bcam line of the 
TRISTAN Accumulation Ring (6.5GcV) at the Photon Factory. With the DDX diffraction 
system, quick recording of the diffraction pattern is made in the EDX d i k t i o n  mode for 
pressure determination and sample identification, and high-quality diffraction patterns with 
reliable diffraction Intensities arc obtained in the ADX diffraction mode for structural 
analyses. It requires only three minutes to switch between the EDX and ADX diffraction 
modes. 

Figun 1 shows the layout of the DDX diffraction system. The same optical system with 
a Solid State Detector (SSD) is used in both the EDX and ADX diffraction modes. A 
retractable double crystal [Si(ll l)] monochromator is used in the ADX diffraction mode 
and the data collection is made by angular stepscanning with the SSD. 

The structural Elation between Bim and BiIII' which was suggested by previous 
rescarcher was investigated with this system. The volumetric compressibility was obtained 
by the EDX diffraction mode and the atomic arrangement was determined from the data 
collected in the ADX diffraction mode. No significant change was found around the 
suggested transition pressure. The crystal structure of BiIII' is therefore determined to be 
identical to that of BiIII. 

RD 
NESC 

Figure 1 The layout of the DDX diffraction system. 
Present address: Center for High Pressure Research and Department of Earth and Space Sciences. State 

University of New York at Stony Brook, Stony Brook. NY 11794-2100, USA. 
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A new high pressure diffraction facility at the SRS. 
BRACC REFLECTION FROM MOLECULAR CRYSTALS AT THE CORE 

ANISOTROPIC RESONANCES: SOFT X-RAY POLARIZATION APPLICATIONS 

~ ! s d _ & r ~ ~ r - ~ ~ - ~ ~ h ~ m ~ y ,  Nlkolay I. Chkhalo, Sergey V. Mytnlchenko 

Slberlan SR Center at Budker INP, 630090, Novoslblrsk, Russia 

Telex: 133116 ATOM SU. Fax: (3832135-21-63 

The slmple theory and potentlal appllcatlons of a new 
structural technlque to study molecular crystals, anomalous 
scatterlng at the core excited anisotropic molecular resonances, 
wlll be presented. In the SX range (0.1-1 keV) the dlscrete 
resonance strengths of llght elements (B,C,N,O.F) are well known to 
be extremely strong. Another important feature of these resonances 
1s the strong polarlzatlon anisotropy resulted from the low symmetry 
of functlonal chemlcal groups. Slnce each functional group has Its 
own characterlstlc resonance energy, one can analyze dlffractlon at 
the lsolated group by tunlng the beam energy 111. 

The dlffractlon and scatterlng In resonant condltlons are 
essentlally anlsotroplc and have unusual polarlzatlon propertles. 
For example, a slgma-polarlzed incldent beam can be transformed 
lnto a pl-polarized one and vlce versa; In another cases only a 
circularly polarlzed beam 1s reflected, etc 121. Thus thls phenomena 
can be applled not only to study the structure of crystals, but to 
analyze or transform the beam polarlzatlon propertles as well. 

To check theoretlcal predlctlons we have revlsed the prevlous 
experlmental reflectlvlty data of commonly used In SX-range phtalate 
crystals 131. To ensure our concluslons we have flrst studled the 
propertles of the forbldden by a screw-axls 21 rule (001) reflectlon 
from NAP crystal near the carbon K-edge. The reflectlvlty versus 
energy measurements have shown a vlolatlon of the extlnctlon rule 
and the strong resonance-llke reflectlvlty behavlour near the 
K-edge. Besides, the reflected beam lntenslty varles wlth azlmutal 
angle accordlng to the theoretlcal predlctlons and lndlcate full 
scale modulatlon 141. Moreover the polarlzatlon measurements have 
shown remarkable conversion of the beam from slgma-polarlzatlon to 
pl-polarlzatlon and vice versa golng on In the dlffractlon 151. 

1 .  V. A.  Chernov, S. V. Hytnlchenko. in Proc. Internatlonal Conference on 
Anomalous Scattering, Halente/Hamburg, Germany, 1992; V.A.Chernov. 
S.V.MytnichenRo, Preprint No.93-16, Budker INP, Novoslblrsk, 1993. 

Z.V.A.Dmltrlenko, Acta Cryst,A39 ,29 ,1983. 
3. V. A.  Chernov, S. V.Hytnlchenko, X-Ray Scl. and Techn., 1994. In press. 
4.V. A.Chernov, N. 1.Chkhalo. S.V.Wytnlchenko, Preprlnt No.94-52, 

Budker INP. Novoslblrsk. 1994; to be submltted In Acta Cryst. 
5. V. A.  Chernov. N. I. Chkhalo. S. V. Hytnlchenko, to be published 

S.M. Clark. 

DRAL, Daresbury Laboratory, Warrington, WA4 4AD, UK. 

A new high pressure diffraction facility Is under construction at the Daresbury 
Laboratory Synchrotron Radiation Source. High pressures will be generated by a 
1000 ton hydraulic press In a novel horizontal configuration. Samples will be 
contained in a Walker type high pressure cell which wlll achieve pressures In excess 
of 250kbar at temperatures greater than 2000oC. Both monochromatic and white 
beam experiments are planned with this equipment. Details of the beam defininition 
apparatus, press and Walker cells, detector table and detector systems will be  given 
together with the first results from this facility. 
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Development of Large Volume Reaction Cells for kinetic studies 
using energy-dispersive powder diffraction. 

S.M. Clark, A. Nield, J.S.O. Evans *, R.J. Francis' and D. O'Hare'. 

DRAL, Daresbury Laboratory, Warrington, WA4 4AD, UK. 
'Inorganic Chemistry Laboratory, South Parks Road, Oxford, OX1 3QR, 
UK. 

The measurement of the rates of chemical reactions Is of fundamental Importance to 
chemistry. Powder diffraction offers a powerful method of measuring reaction rates 
for processes that involve crystalline materials. The well establlshed techniques of 
multiphase quantitative analysis are used on a series of powder diffraction spectra 
collected during the course of a chemical reaction to determine the amount of each 
crystalline component as a function of time. This method is 01 particular importance 
when a number of processes are occurring simultaneously slnce the powder method 
can determine the amount of each phase In a mlxture of phases and hence each rate. 
One problem however lies In the small amount of material that Is usually sampled by 
the X-ray beam which could be unrepresentative of the bulk reactlon. To overcome 
this problem we have developed a multi-slit energy-disperslve powder diffraction 
system together with a range of large volume reaction cells. We shall present the 
bask experimental layout and discribe three types of large volume cell: a hlgh 
temperature cell, a cell for air sensltive samples and a hydrothermal cell. Data 
collected at the energy-dispersive powder diffraction facility of the Daresbury 
synchrotron source will illustrate the use of each cell. 
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Development of a new high temperature cell for powder 
diffraction using induction heating. 

9 . M .  Clark. T. Rathbone, P. Itvine and J. Flaherty. 

DRAL, Daresbury Laboratory, Warrington, WA4 4AD, UK. 

A new splnning flat plate Induction furnace for powder diffraction studies has been 
developed at the Daresbuv Laboratory Synchrotron Radiation Source. The furnace, 
which is capable of temperatures In excess of 20000C, uses a carbon sample holder 
that couples to a surrounding Induction coil. A magnetic coupling is used to connect 
the sample holder to an external DC motor for rotation. The powder sample is held In 
a rotary pump vacuum. Details of the furnace, Induction heater and control system 
wlli be given together with data from some recent hlgh temperature structural studies. 
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In sifu synchrotron radiation SAXS study of the kinetics of growth 
of CdTe nanocrystals in borosilicate glass 

A. F. Craievich 
National Laboratoty for Synchrotron LighVCNPq, Campinas, SP and Institute of PhysicsNSP, SO 

Paub, Brazil 

0. L. Alves 
lnsliluta of Chemistry, UNICAMP, Campinas, SP, Brazil 

and 

L. C. Barbosa 
lnsliiute of Physics, UNICAMP, Campinas. SP. Brazil 

A number of materials doped with semiconductor nanocrystals exhibit interesting 
non-linear optical properties associated with the existence of quantum electronic 
confinement effects. The most investigated composites of this type are glass 
matrices containing CdSeS nanocrystals(1). The optical properties of these 
materials depend on the nature, average size and dispersion In size of the 
semiconductor nanocrystals. Recently it was demonstrated that CdTeS 
nanocrystals immersed in borosilicate glasses also exhibit confinement effects(2). A 
first small-angle x-ray scattering (SAXS) study of this system Indicated that the 
dispersion in the sizes of nanocrystals exhibits a minimum during annealing at a 
constant temperature(3). The present communication reports an in situ SAXS study 
using synchrotron radiation of binary CdTe and CdTe(S) quasi-binary 
semiconductor-glass composites. The purpose of the investigation is to determine 
the correlation between: i) annealing and pre-annealing treatments of the 
samples, ii) structural features (average size and dispersion in size of the 
nanocrystals) and iii) optical absorption properties. /n situ experiments were 
performed using a high temperature ceIl(4) to maintain the semiconductor-glass 
composites at a constant temperature during SAXS measurements. From the 
experimental SAXS results, the geometric average and geometric standard 
deviation of crystal size distribution were determined for Increasing annealing 
times at 570 C. This allowed us to characterize the structural variations associated 
with nanocrystal growth. The average radius of the nanocrystals (assummed 
spherical) ranges from 20 to 50 A. Similar experiments were carried out using "as 
quenched" glass samples and samples pre-treated at a lower temperature. 
Optical absorption spectra of both types of samples showed a clear correlation with 
the nanocrystal structural characterization. The experimental SAXS curves exhibit, 
in addition to the contribution attributed to nanocrystals, a sharp increase for 
decreasing scattering angle in the very low angle range. This feature of SAXS 
intensity is produced by heterogeneities in electronic density whose average size 
is several hundreds A. Since the nature of these rather large heterogeneities could 
not be unambiguosly established from the present investigation, additional 
experiments using the anomalous SAXS technique are planned. 

(1) Ekimov, A. I .  and Efros, A. E., See. Phys. Semicond. 16,772 (1982). 
(2) Medeiros Neto, J. A., Barbosa, L. C., Cesar, C. L., Alves, 0. L. and Galembeck, 

(3) Craievich, A. F., Alves, 0. L. and Barbosa, L. C., J. de Physique IV, C8, 5, 373 

(4) Bagnato, 0. and Augusto, N. V., LNLS Technical Manual 03/92. 

F., Appl. Phys. Lett. 59,2715 (1991). 

(1993). 

First resulta from the SpectroMicroscopy Beamline 
at the Advanced tight Source 

I 

-17, E. Rotenbergl~', T. Warwickl, G. V i r * ,  J. Nordgren3, 
J.-H. Guo3, P. SkytP, S. D. Kevan4, K. S. McCutcheon4, D. Shuh5, J. Buchefi, 

N. Edelsteins, J. G. Tobin6, and B. P. Tonner' 

IAdvanced Light Source, Lawrence Berkeley Laboratory, Berkeley, C A  94720 
2Department of Physics, University of Califirnia, Berkeley, C A  94720 

3Uppsala University, Uppsala, Sweden S-75122 
(Department of Physics, University of Oregon, Eugene OR 97403 

5Chemical Sciences Division, Lawrence Berkeley Lnborato y ,  Berkeley, C A  94720 
6Chemist y and Materials Science Department, Lawrence Liwrmore National 

Laborato y ,  Livermore C A  94550 
'Department of Physics, Univ. of Wisconsin-Milwaukee, Milwaukee, WI 5322 2 

The SpectroMicroscopy Beamline at the Advanced Light Source is comprised of a 
5 meter , Scm-period undulator and a 10,000-resolving-power spherical grating 
monochromator covering the spectral range from 100 to 1300 eV. Through the 
use of adaptive optics, this beamline focuses to a 25pm spot for experiments such 
as ultra-ESCA (small-area, high-resolution, time-resolved core-level 
photoemission), photoelectron diffraction, soft X-ray fluorescence, and soft X-ray 
microscopy which are optimal for high-brightness sources. Within only two 
months of operation we have already met significant performance goals in 
spectroscopy. Examples will be given of high resolution fluorescence 
spectroscopy, ultra-ESCA from sub-nanogram, microscopic actinide compounds, 
and high resolution photoemission corelevel studies. 

This paper should be consideredfor a POSTER. Contact: 
Dr. lonathan Denlinger 
MS 7-222 Lawrence Berkeley Lnborato y ,  Berkeley, C A  94720. 
Tel. (520) 486-5648 Fax (510)486-7696 

I 

I 
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Design of a tandem soft X-ray microscope for 
high spectral and spatial resolution spectromicroscopy 

under ultra-high vacuum or ambient conditions 

I. D. De-13, T. Warwickl, H. Ads, and B. P. Tonne$ 

!Advanced Light Source, Lawrence Berkeley Lnboratoy, Berkeley, CA 94720 
2Department of Physics, North Carolina State Universily, Raleigh, NC 27695 

JDepartment ofPhysics, Univ. of Wisconsin-Milwaukee, Milwaukee, WI 53211 

We present the design of a new soft X-ray photoemission microscope which is 
under construction on the SpectroMicroscopy Beamline at the Advanced Light 
Source, which includes independent stations in tandem for imaging either in 
ultra-high vacuum (UHV) or atmospheric pressure. The microscope facility 
includes a 5 meter long, 5 cm period undulator, a spherical grating mono- 
chromator with 10,000 resolving power and moving exit slit, adaptive refocusing 
optics which provide a stigmatic monochromatic beam at a fixed aperture 
location, a micro-zoneplate intended for operation near the diffraction limit, and 
a high transmission electron energy analyzer. The design philosophy for the 
UHV microscope has been to provide the experimenter with the flexibility 
expected in ordinary synchrotron photoemission spectroscopy, such as sample 
temperature control and 0.1 eV energy resolution, while at the same time 
providing imaging capability with spatial resolution well below 100 nm. Results 
from characterization of the adaptive optics, spectral resolution, and analyzer 
performance will be presented. 

This paper should be consideredfor a POSTER. Contact: 
Dr. Ionathan Denlinger 
MS 7-222 Lmcnence Berkeley Laboratory, Berkeley, CA 94720. 
Tel. (510) 486-5648 Fax (510)486-7696 

Multiple Energy Computed Tomography (HECT) at the NSLS: 
Status Report 

F. A .  Dilaanian, X. Y. Uu, 2. Chen, and D. N. Slatkin 
Medical Department 

D. Chapman, H. Shleifer, F. A. Staicu. and U. Thomlirkon 
National Synchrotron Light Source 

Brookhaven National bboratory, Upton, New York 11973 

A monochromatic computed tonography (CT) system called multiple 
energy computed tomography (HECT) for imaging the human head and neck is 
being developed at the X17 wiggler bean line of the NSLS. It employs a 
horizontal fan beam and an upright (seated) subject rotating about a 
vertical central body axis. HECT's potential is based on the bean's 
narrow energy bandwidth (= 0.28, compared to = 508 in conventional CT), 
which eliminates beam-hardening effects and allows the efficient use of 
the following energy-selective methods: K-Edge Subtraction (KES) of 
iodine and of other high-2 elements, and Dual Photon Absorptiornetry 
(DPA). A prototype of HECT has provided images of phantoms, and of live 
rats, gerbils, and rabbits. 
contrast resolution obtained from a single-energy beam using 
monochromatic synchrotron radiation is higher than that obtained from 
conventional CT; b) the advantages of KES and DPA HECT lie not only in 
the quantification of the contrast but also in the enhancement of the 
image contrast resolution, although the concomitant increase of image 
noise is not negligible; and c) the combination of the high sensitivity 
of the mothod for density measurement of the low-2-element group and the 
large amount of oxygen in the bone should make also the low-2-element 
image useful in the diagnosis of the bone disorders, besides the 
intermediate-2 image which is used for bone mineral densitometry. 
latter two-viewed DPA CT may find applications in bone disorders such as 
osteomalacia in which both the low-2 and the intermediate-2 element 
gKOUpS are affected. 

These images show that a) the image 

This 

The clinical HECT system is being constructed while its prototype 

The clinical HECT's monochromator has two independent h u e - h u e  
components are progressively upgraded as indicated below. 

a. 
monochromators, in tandem, to provide the low- and the high-energy beams 
for DPA. The energy-switching time is dosigned as 2 8 .  
first section is a prototype now, and will be tested soon, 

b. 
of CdWO,. having 32 elements with 0.5 rn center-to-center spacing, 
coupled to PIN diode modules of CoKKeSpOnd~ng geometry. The detector is 
expected to be ready in June 1994. 

The new data acquisition system, which is now being commissioned, 
employs a fast interface to the host DEC Alpha computer. 
allows sustainad data collection at a rate of 1.4 Mbyte/s for several 
hundred seconds, the rate and measurement duration necessary for helical 
CT . 

The clinical HECT system is expected to be functional in late 1995 
when the patient chair, additional beamline components, and the safety 
control system will be ready. h e  first images of human subjects are 
expected in 1996, with a 20 cm field of view. 

The system's 

The new 480-element detector is composed of linear-array modules 

c. 
The interface 

This research has been supported by Department of Energy contract 
DE AC02-76CH00016. 
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PRELIMINARY RESULTS OF ANIMAL LYMPHATIC SYSTEM STUDY 

AT THE VEPP-3 ANGIOGRAPHY STATION 

G.N.Dragun*. N. A.Mezentsev, K. A.Kolesnikov, M. V.Kuzin. 

S. I .  Nester0v.V. F. Pindyurin.  E. L. Zslentsov* 

Budker I n s t i t u t e  of Nuclear Physics .  
630090 Novosibirsk. Russ ia  

*Tomography Centre ,  630090 Novosibirsk,  Russia  

Prel iminary r e s u l t s  of a n  X-ray v i s u a l i z a t i o n  t h e  
lymphatic nods of a l i v e  rats are presented.  The 

lymphatic nods were c o n t r a s t e d  in vivo by i o d i n e  
conta in ing  agent  a t  l o w  c o n c e n t r a t i o n s .  The technique 
of d i g i t a l  s u b t r a c t i o n  angiography a t  t h e  K-absorptl on 
edge of i o d i n e  w a s  a p p l i e d  t o  v i s u a l i z e  t h e  lymphatic 
nods. 

Experiments w e r e  performed a t  t h e  angiography 
s t a t i o n  of t h e  VEPP-3 s t o r a g e  r i n g .  The s t a t i o n  is 
based on t h e  dedica ted  double-beam X-ray monochromator 
C 1 I and t h e  double one-coordinate  X-ray d e t e c t o r  tal .  
Brief  d e s c r i p t i o n  of used experimental  ins t rumenta t ion  
are  given as w e l l .  

Ref erencesr 
1. V. P. Barsukov. I .  P. Dol bnya et a l .  Nuclear Instruments  

and Methods i n  P h y s i c s  Research. V . A 3 0 8 .  N la 
ClQQl) 419. 

2. E.N.Dementiev. 1 . P . D d b n y a  et a l .  Review of 
S c i e n t i f i c  Ins t ruments .  V . 6 0 ,  P t . 2 ,  N 7 C l Q 8 9 >  2.264. 
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The microdiffraction instrumentation and experiments 
on microfocus beamline at ESRF. 

-. S.Fiedler, C.Rieke1 

ESRF, B.P. 220, F-38043 Grenoble, France. 

The micro focus beamline (BLl) at ESRF is designed to have as high flux as possible in a 
10 pm by 10 pm focal point and to be used for microdiffraction experiments. This is done by 
focusing the full low4 undulator beam with an ellipsoidal mirror which should give a flux of 
1012 photons with a bandwidth of 2*104 am. 
There has also been a number of tests with other kinds of optics to get a smaller focal spot, in 
the order 1 pm or less. Optics like tapered capillaries, crystal based bragg fresnel and others 
has been tested. The work on the bragg fresnel optics will be covered by an other paper at the 
conference. 

The experimental setup consist of: I/  a low4 undulator with a K,,,,x of 2.2. 2J either a tunable 
(6.5 to 16 keV) liquid nitrogen cooled Si(l1 I )  channel cut monochromator with bandwidth of 
2*104 aE/E or a multilayer monochromator used at 8 keV or 17 keV, 3/ slits to define the 
beam, 4/ either a focusing ellipsoidal mirror with a demagnification ratio of 1O:l or a 
capillary. 

The performance of the different combinations and some diffraction experiment (thin metal- 
layers and biological samples) will be given. 

. I  
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'i A computer controlled system for studying the 
gas - solid state reactions in X-ray diffraction 
experiments. 

Gaponov Yu.A., Evdokov O.V., Sukhorukov A.V., 
Tolochko B.P. 
Institute of Solid State Chemistry, Novosibirsk, 93, 
Russia. 

An automated system for controlling the temperature 
and pressure in reaction chamber during solid state 
reactions studied by X-ray methods with use SR was 
developed and realized in Siberian Synchrotron Radiation 
Center (BINP, Novosibirsk). Computer algorithm of 
controlling the temperature in reaction chamber with use 
CAMAC-based subsystems was developed and realized. Test 
experiments for definition of thermal characteristics of 
reaction chamber was carried out in the range of 
pressure O-0.2MPa, temperature 293-800K with accuracy 
0.OlMPa and 1-3K respectively. The system was adjusted 
and tested in experiments on studying the thermal 
decomposition of same metal organic systems. 
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POWDER DIFFRACTION USING IMAGING 
PLATES AT THE AUSTRALIAN NATIONAL 
BEAMLINE FACILITY AT THE PHOTON 

FACTORY 

R .  F. Garret I ,  D. J.  Cookson and G. J.  Foran and T. M. Sabine, 
Australian Nuclear Science and Technology Organisation, 

PMB 1, Menai, NSW, 2234, Awtralia. 
B .  J .  Kennedy, 

School of Chemisity, 
Universiry of Sydney, 
NSW, 2006, Australia. 

S. W. Wilkins 
CSIRO-Division of Materials Science and Technology 

Locked Bag 33, Clayion, Vic, 3168, Australia. 

A novel Xray diffmctometer was installed at the Ausualian National Beam- 
line Facility at the Photon Factory, Japan, in Ociober 1993. One of the major 
capabilities of the instrument is high speed high nsolution powder diffraction 
using Imaging Plate detectors. The diffractometer combines a two circle goniome- 
ter and a large cassette in which Imaging Plates can be loaded covering 320' of 
28. The diffractometer is enclosed in a large vacuuni chamber and can be operated 
in air, vacuum or helium. Powder diffraction data can also be collected using a 
conventional scintillation detector mounted on the two circle goniometer. 

Recently. powder data has been obtained from rutile (TiO,) at wavelengths 
from 0.67 to 1.9 Angstroms using Imaging Plates, and has been used to charac- 
tense the performance of the instrument. The data has been refined using the 
Rieweld method and R values of under 2% obtained. The resolution of the system 
varies from a minimum of about 0.04' to around 0.2' at 28 angles above 120°, 
which is the equal of most synchrotron based powder diffractometers, and only 
slightly worse than that obtained using an analyscr crystal and scintillation drtec- 
tor. However, using the Imaging Plates, 160' of datu is simultaneously acquired in 
an exposure of about IO minutes, compared to conventional counter diffractome- 
ter scans which routinely exceed IO hours. 

The performance of the powder diffractometer will be described in detail, 
and future plans, including utilising the high speed of data collection in a time 
resolved mode, will be discussed. 
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Total Photoelectron Imaging of Sub-micron Stripe Patterns Using 
Soft X-ray Microbeam Formed by Wolter-type Mirror 

MasakiHssceawa and Ken Ninomiya 
Cenaal Research Laboratory, Hitachi, Ltd., Kokubunji, Tokyo 185, Japan 

Photoelectron microscopes are promising tools for microanalysis both in 
surface science and in industrial applications. We have been developing a scanning 
photoelectron microscope using a Wolter-type grazing incidence mirror.1 In the 
prcsent study, we have performed onedimensional imaging of sub micron-sized 
stripe pattcms by dctccting total photoelectron si 

of the minur is 1l29.8. The mirror was fabricated by using vacuum replication and its 
mirror surface was then reproduced with epox resin? The mirror was installed in 
the bending-magnet soft x-ray beamline (BL8l)  at the Photon Factory (KEK-PF) in 
Tsukuba. A 30-pm4 pinhole was positioned at FI and we generated about 1 pm sized 
soft x-ray microbeam with energy of 150 eV. Photon flux was .. I@ photonds. Tht 
microbeam was scanned on a sample surface in one-direction. The samples were 
several sets of A1 stripe patterns formed on a Si% layer on a Si wafer. Each set 
consisted of 5-10 AI stripes with the same width and spacing ranging from 4 to 0.7 
pm, Photoelectrons emitted from the sample were detected with a microchannel 
plate. 

The variations of total photoelecrron intensity are shown in Figs. 2(a)-(c) when 
the microbeam was scanned on the 4 pm (Fig. 2(a)), 1 pm (2(b)) and 0.7 pm (2(c)) 
stripes. Arrows in the figures denote the center of the AI stripe. As shown in the 
figures, each suipe was clearly detected with modulations of 0.33. 0.12, and 0.08, 
respectively. We have achieved the highest lateral resolution in one-dimensional 
photoelectron imaging performed by grazing incidence mirrors. This work has been 
performed under the approval of the Pmcm Advisory Committee of Photon Factory 
(Proposal No. 93-YOO3) of the National 

. 
The design of the Woltcr-typc mirror is s f?& own in Fig. 1. The &magnification 

boratory for High Energy Physics. 

References 
1. K. Ninomiya, M. Hascgawa, 
A. Aoki, and K. Suzuki, Jpn. J. Appl. 
Phys. 30,2889 (1991). 
2. M. Hasegawa and K. 
Ninomiya, Rev. Sci. Instrum. (to be 
published). 
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Fig. 2 Pliotalectron intcnrily variallon or scanned on  
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ULTRAHIGH VACUUM DIFFRACTOMETER FOR GRAZING-ANGLE X-RAY 
STANDINGWAVE EXPERIMENTS AT A VERTICAL-WIGGLER SOURCE 

0. Sakata and B. Hashieume, Research Laboratory of Engineering 
M a t e r i a l s ,  Tokyo Institute of Technology, Nagatsuta, Midori, Yokohama 
227, Japan 

A ultrahigh vacuum diffractometer has been designed for grhzing-angle 
X-ray standing-wave studies of surface structures. I t  features the 
horizontal diffraction-vector configuration for use with vertically polar- 
ized X-rays from the vertical-wiggler aource of the  Photon Factory. A 
sample is mounted on a horizontal holder, of which inclination angles 
and translations are controlled by crossed awivels in air via a flexible 
bellows joint. This varies glancing-incidence angle 9 o of X-rays on 
the sample surface with a 5-prad accuracy (Fig. 1). A load-lock sys- 
t e m  mounted at the top of t he  chamber allows the sample to be received 
f r o m  a portable vessel under high vacuum condition. Beryllium windows 
allow the specular reflected beam and the Bragg diffracted beam to 
reach separate X-ray detectors, and the fluorescent X-rays to enter a n  
energy-sensitive semiconductor detector. A base pressure of 4X 10-7 Pa 
16 maintained by an ion-sputter pump and a titanium getter pump. The 
whole assembly, weighing some 65 kg, sits on the high-precision rotary 
table at beamline 14B, which controls the sample o angle with a repro- 
ducibility better than 0.6 prad .  

The instrument w a s  successfully applied to the collection of X-ray 
standing-wave data f rom a n  arsenic-adsorbed Si(l l1) Ix 1 surface Ill. 
Samples prepared in the authors' institute by A s  deposition on clean 
silicon 7X 7 surfaces were transported to the synchrotron radiation site 
in a pumped vessel. 16.8-keV photons obtained from a silicon mono- 
chromator were guided onto the sample surface at grazing angles to 
meet the Bragg condition on the perpendicular (220) planes. Data were 
collected by  scanning the sample o axis for fixed 9 o angles near the 
critical angle for total external reflection (1.85 rnrad). The observed A s  
fluorescence profiles are well explained by the model indicating a bulk- 
like surface with threefold-coordinated A s  a t o m s  in the first  layer. 
Fits of the specular-reflection profiles determined the  absolute values 
of the C o angles, which were used to evaluate the two-dimensional 
crystalline order of A s  atoms from the fluorescence data. Very high 
in-plane coherent fractions close to 0.9 were consistently observed for 
the A s  a toms.  

The Instrument was  also used to confirm the shallow penetration 
of X-rays in the grazing-angle geometry. S r  fluorescences observed 
from a 100 A-thick CaSrFz epilayer on a GaAs substrate are predomi- 
nantly modulated by the X-ray standing waves generated by the CaSrFz 
overlayer. This provides a possibility of studying the surface struc- 
tures  of very thin epitaxial crystals with the grazingyangle XSW tech- 
nique. 

[ l l  0. Sakata et d. 
Phys. Rev. B 40 
11408 (1993). 

x 

Fig. 1 Geometry for \ I IN 
grazing-angle standing-wave X-ray mea- 
surements. 
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BIOLOGICAL IMAGING WITH A NEW TYPE OF 

SOFT X-RAY MICROSCOPE 

Gregory Hirsch 
Hirsch Scientific 

365 Talbot Avenue, Suite D8 
Pacifica, CA 94044 

The operation of a new type of soft x-ray microscope at SSRL is described. This 
microscope represents a signlfiiant simplification over existin x-ray microscopes and 
has the potential to be a valuable tool for biological researcf and, possibl , clinlcal 
use. The t& ue is a variation of the photoelectron contact method [l]  an i the  basic 
principles have%een previously described [2]. The geometry of the instrument is very 
similar to the field emission microscope. As in field emission microscopy, an emitter is 
placed in a vacuum chamber, facing a microchannel plate detector. Instead of the 
usual solid emitter, the instrument uses a special cone-like hollow emitter. The 
specimen to be examined is placed inside the hollow emitter tip. To produce an image, 
soft x-rays an? beamed down the axis of the hollow cone from the open end, through 
the specimen, and onto the hemispherical emitter tip membrane. An x-ray contact 
image is thereby roduced on the emitter tip, corresponding to the x-ray absorption of 
the specimen. d e  emitter tip is transparent to soft x-rays and is coated with a high 
efficiency photoemissive layer. Photoelectrons are liberated into the vacuum, outside 
the emitter tip, in a pattern corresponding to the contact image of the specimen. The 
electrons are accelerated radially to the detector by a high voltage placed on the 
emitter. A magnified, high resolution, real-the image results. The specimen can 
remain at atmospheric pressure, wet, wtained and unsectioned. The instrument had 
previously demonstrated a resolution of rou hl IOOOA with non-biological test 
objects 131. More recently, imaging of dry fiorogical specimens with a similar 
resolution was accomplished. Microsco operation is currently being extended to the 
imaging of wet biolofcal s c imens .  pels expected that routine microscopy of wet 
specimens with a reso ution low 1WA will be accomplished in the near future. The 
advantages, limitations and ultimate performance of the technique will be discussed. 

This work was partially supported by NIH SBlR grants 1 R43 RR07941-01 and 9 R44 
CM51669-02. Work done partially at SSRL, which is operated by the Department of 
Energy, Office of Basic Energy Sciences. 

[I] F. Polack, S. Lowenthai, D. Phalippou, P. Foumet in - D. 
Sayre, M. Howelis, J. Kin, H. Rarback eds. (Springer-Verlagf8) 

[2] G. Hirsch, US. Patent 4,829,177 (1989) 

131 G. Hirsch, Stanford Synchrotron Radiation Laboratory 1991 Activity Report, 121 
(1992) 

Element Specific Imaging of Structural- and Magnetic Domains using Linear 
and Circular P o l a r i d  Light 

-, T.Kachel. W.Gudat 
BESSY GmbH Berlin, Lentzeallee 100 

14195 Berlin.Germany 

The commercial photoelectron microscopc ESCASCOPE (Fisons Ltd.) had been 
installed at the SX 700/UI monochromator at a bending magnet of the BESSY 
storage ring. In addition to its high electron energy resolution the spectro- 
microscope allows to take photoelectron images of surfaces with a lateral 
resolution of IO pm. The photoelectrons were excited in a spectral range from 
lOeV up to 2OO0eV photon energy with adjustable heticity and polarization degree 
up to 90%. 
Examples illustrating the possibilities and the limits of the set-up will be presented: 
Linear polarid light was used to image lateral distributions of nitrogen 
interstitials in Si3N4 films and to image stripped hydrogen in organic films by 
resonant photoabsorption (paticipant- and spectator electron detection) /I/. 
Circular polarized light has teen used to image magnetic domains of Fe(100) using 
the Auger-yield imaging method which was developed by one of us in preliminary 
experiments /2/. 
The anifmomagnetic coupling of rare earth monolayers (Gd,Tb) on Fe(100) 
substrate was d m t l y  observed using Auger-imaging and resonant photoemission 
imaging, respectively. 
Exploitation of these techniques by applying different spectroscopic modes and 
photon energies allows image information based on chemical- structural- magnetic- 
and even molecule symmehy contrasts. A comparison with other imaging 
techniques will be given. 

/I /  K.Holldack, M.Gmnze, M.Kinzler, C.M.Brundle: J.Electon.Spectr.Rel.Phen. 

/2/ C.M.Schneider. K.Meine1. J.Kirschner, K.Holldack, M.Kinzler. M.Grunze: 
(submitted) 

J.Appl.Phys., 63, 1993,2432 
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N e w  Diffractomctcr  fo r  T h i n  Film S t r u c t u r e  Analysis 

u n d e r  Graz ing  Incidence Condit ion 
yoshimasa HORll , Hirofunii TOMITA and S;itoshi KOMIYA 

FUJITSU LABORATORIES Lid. 
10-1. Morinosato-W:tkamiya Atsugi. Kanagawa. 243-01, JAPAN 

Grazing incidence X-ray diffraction (GIXD) 1-3 is an effective technique to 
characterize the structures of crystal near the surface and applied 011 semiconductor 
rhin film layer. Funhermore, it has already known that the penetration depth of X-ny 
can be controlled as changing the grazing incident angle.3 In the present paper, we will 
describe a structure and an accuracy of our designed GIXD goniometer and a fcw 
application for material analysis. 

FIGURE 1 shows the new diffractometcr under GIXD condition. The 
monochromatized X-ray incidents the gonioineter through a slit. A grazing angle is 
controlled by the horizontal rotaiion axis of I& A sample and a detector rotate around 
the 0 and 20 axes, rcspectivcly, and they arc onhogonal to the VI . The detector also 
moves around the circular arm on the 20 table, that is defined as 11 rotation. The 
goniometer for the 0 -20 and 11 scanning is set on the gonioinctcr for the 1y rotation. 
The sample goniometer for fine adjustment is also set on the 0 table. Since the VI 

axis is perpendicular to the 0 -20 axes and they are indcpcndcntly controllable, the 
angle of the incident beam to the surface of a sample. ry , is kept constant during the 0 
-20 scanning. So that, we can measure the 0 -20 diffraction for the lattice pla~ics 
pcrpendicular to thc surface of a samplc on any incident condition. Furthermore, X- 
ray diffraction for thc lattice planes inclincd to the samplc surface is measured by the 

I - 2p rotation. 
The GIXD experinient was 

curried out on the beam line 17C of 
Photon Factory (PF). It was applied the 
8 - 20 measurement for TiSi;? which has 
two phasc structure silicidation (C49 and 
C54). They are clearly identified in 
relation to annealed conditions. The y l -  
2p  measurement was performed for thin 
film GaAs (20 mono-layers) on Si. 
From the GaAs (224) diffraction, it is 
obtained the mismatch between the 
inclined lattice planes. Furthermore, the 
lattice distortion of 20 mono-layer GaAs 
on Si is evaluated from the (224) and 
(220) lattice mismatch. 

- 
FtG.1. Schematic view of the diffractometer 

References 
1 W.C. Marra, P. Eisenberger and A.Y. Cho, J. Appl. Pliys. 50, 6927(1979) 
2 H. Dosch, Phys.Rev. D35. 2137(1987) 
3 H. Dosch. B.W. Battcrman and D.C. Wack, Pliys.Rev. Lett. 56, 1144(1986) 
4.S. Kishino, J. Phys. SOC. Jpn. 31, 1168(1971) 
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MICRO X-RAY DIFFRACTION TECHNIQUE FOR ANALYSIS OF THE 
LOCAL LAYER STRUCTURE CRYSTAL IN THE FERROELECTRIC LIQUID 

A. lida. T. Noma.* H. Miyata* and K. Hirano 

Photon Factory, National Laboratory for High Energy Physics, Japan 
*Canon Research Center, Canon Inc., Atsugi, Japan 

Hard X-ray microprobes having less than a few p m  spatial resolution have 
been realized at several SR facilities. The X-ray microbeam is characterized not 
only by the beam size but also by a photon flux, an energy resolution and an 
angular divergence. In this presentation, we describe the characteristics of X-ray 
microbeam system developed for small angle X-ray diffraction and its 
application to the determination of the local layer structure (LLS) of the surface 
stabilized ferroelectric liquid crystals (SSFLC). 

An X-ray microprobe system was developed at the Photon Factory (BL- 
4A) using a multilayer monochromator in combination with X-ray focusing 
mirrors (Kirkpatrick-Baez type).I) The beam size at the sample was about 5 x 5 
pm and the angular divergence was about 0.5 nirad and 0.2 mrad in horizontal 
and vertical directions, respectively. The sample SSFLC cell was tiiounted on X- 
2 translation stages to determine the analyzing position and also on a 0 rotation 
stage to obtain the rocking curve. A scintillation detector wits ills0 on X-Z 
translation stages. 

The layer structure i n  thin SSFLC cells is chnriicterized by the "chevron" 
stru'cture. A zig-zag defect is the local layer structure defect observed in SSPLC 
and corresponds to walls between the two possible chevron directions2). No 
direct experimental evidence of the LLS has been reported due to the 
complicated cell structure. A series of the rocking curves was tiieasured by 
changing the analyzing position across the defect boundary. In  addition to sharp 
peaks corresponding to the chevron structure. new peaks appearing at around 
0=0 indicated that the pseudo-bookshelf structure was realized at the boundiiry. 
Temperature dependence and the effect of the applied electric field were also 
investigated. Present results is the first direct observation of the zig-zag defect 
boundary in SSA.C cells. . 

1)A.lida and T.Noma. Nucl. Instruni. and Methods, B82( 1993)129 
2)N.Clark and T.P.Rieker, Phys. Rev. A37( l988)105B 
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FEASIBILITY OF PHOTO-EXCITATION' IMAGLII'G IN SOFT 

M BIOLOGICAL MOLECULES 
X-RAY MICROSCOPY USLNC THE TRANSITIOK TO *'-ORBITS 

Yoabinori Iketaki ' and Tsutomu Watanabet 
Bee. Dev. Corporation of Japan (JRDC) 2-45-13 Honcho, h'zkano-ku, Tokyo 164 Japan 
tDept. of Rhus., International Chrletian L'niv., Mitabshj, Tokyo 181 Japan 

: Usual X-ray microecopy for wavelengths within the water window i e  carried 
out using an absorption process causcd by tbe phofo-ionization of Is electmns in 
carbon or nitrogcnll]. Recently, Boft X-ray microecopy using inncr h e l l  photo- 
ezcilofion WM propwd by J. H. Klcrnj (21. This soft X-ray microacopy technique 
consists of a uv laser and an X-ray JOUICC. G'v h e r  is used for tbe prodcution 
of unoccupied s-charactor orbit. It i s  expected that a more sensitive eoft X- 
ray microscopy would be realized by utilizing inner-sbcll cxeit8tio11, becauae tbe 
photo.excitAtion corns sections arc generally largcr than the phobionixation cross 
sections by one or two orders of magnitude in this wavelength region. 

Since DNA and RNA io biological cells contain innumerable bases whicb have 
unoccupied a^-character molecular orbits. It is also expected that anolher type 
of soft X-ray microecopy would be proposed based on the use of the excitation 
proms to unoccupied r'-character molccular orbits. In this paper we cntimate 
tbe photo-absorption cro93 scction cawed by the transition of Is electrons to a'- 
character molecular orbits and discuss the feasibility of X-ray microacopy based 
upoa transition to unoccupied r*-character orbit,. 

The figure bclow displays the calculated photo-absorption contrast of T4-phage 
ad a function of pboton encrgy 
Rcferrences 
1. J. Kit2 and H. Rarback, Rev. Sei. Instrum, 56, 1 (1985) 
2. J. Klerns, Phys. Rev., A42,2041 (1991). 
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XAFS Measurements at High Temperatures and Pressures 

Kozaburo Tamura and Massnori Inui 
Faculty of Integrated Arts and Sciences, 

Hiroshima University, Higashi-hiroshima 724, Japan 

Shinya Hosokawa 
Faculty of Science, Hiroshima University, Higashi-hiroshima 724, Japan 

The method of the XAFS measurements a t  high temperalures and pressures for 
supercritical fluids with high critical-constants have been developed. Figure 1 
shows the side view of an internally heated high-pressure vessel made of super- 
high-tenssion steel, where a poly crystalline sapphire cell of our own design is set 
up. The vessel is pressuerized by high purity grade He gas and it permits XAFS 
measurement up to  800bar. The experiments were carried out a t  high temperatures 
up to 16OO0C, and high pressures up to 150 bar. The XAFS spectra of liquid Se a t  
1300°C and 150bar, and dense Se vapor a t  1600°C and 150bar have been obtained. 
The amplitude of oscillations decreases with increasing temperature. However the 
oscillations are observable a t  these temperatures. These results suggest thnt a 
chain molecule or a Se dimer consisting of covalently bonded atoms remains a t  the 
extreme high temperature. polycrrtalltne 
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HIGH CONTRAST COMPUTED TOMOGRAPHY WITH SYNCHROTRON 
RADIATION 

m, Tohoru TAKEDA, *Taka0 AKATSUKA, *Tomokazu MAEDA, 
**Kazuyuki Hyodo, *Akira UCHIDA, *Tetsuya YUASA, Masalrird KAZAMA, 

Jin WU, **Masami ANDO. 
Institute of Clinical Medicine, University of Tsukuba. 
1-1-1 Tennodai, Tsukuba-shi, Ibanki-ken 305 Japan 

*Depmment of Elecbical and Information Engineering. Yamagata University. Yamagata 905 Japan 
**Photon Factory. National Laboratory for High Energy Physics. Tsukuba, lbaraki 305 Japan 

Monochromatic X-ray computed tomography (CT) with synchrotron radiation (SR) is being used 
lo analyze fine structures of material by means of its’ sufficient X-ray flux and tunability of energy 
spectrum from 1990. We are studying on a SR-CT biomedical diagnose system to obtain clear image 
and to detect tracer material for quantitative functional evaluation of the organs. Now, a new SR-CT 
system is being constructed. 

The computed tomographic system is set at the beam line of NE-5 of the Tristan Accumulation 
Ring in Tsukuba (6.5 GeV. 20-30 mA. 1 T bending magnet). This system consists of a rotating X- 
ray shutter, a silicon (220) and silicon (51 I) double moilochnmitor, X-ray slits system and an X-ray 
linear array sensor (Fig.1). The energy of monochromatic X rays can be changed from 33.0 to 37.0 
keV without high order energy contamination by monochronutor adjustment. The X-ray linear array 
sensor consists of BGO scintillator and silicon photo-diode array (153.6 mm long and 3.2 mm wide, 
768 channel). The dynamic range of this sensor is 60000 and the spatial resolution is 0.2 mm. Image 
data was digitized by a 16 bit A D  converter and led to the computer. Exposure time of each 
projection can be changed from 10 to loo0 ms. Slice thickness of the object can bc also changed from 
0.1 to 3.2 mm. 

Here. we present the detail structures and the first experimental results of this ncw SR-CT system. 

SI(511) detector 
monochromator Sample (electrical cooling) 

shut ter  motor 
monochromator (rotating) 
(cooling) 

Fig.1 Diagram of SR-CT system 
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S t r u c t u r a l  S t u d y  of t h e  IIigh P r e s s u r e  Phases of B i s i n u t h  
U s i n g  H i g h  E n e r g y  S y n c h r o t r o n  R a d i a t i o n  

11. I\va.aki’ ,.I. 1 I .C Itr t i  and ‘r. I( i krgawa 
I’lwton Factory,National Laboratory for Iligli E n c r g  Physics 

Tsitki~lm,lbaraki 305,Japait 

Bismuth of tlic atoiiiic niinibcr 83 is known lo undergo structural phaqe tran- 
sition under high pressure. Therr cxist, Itoswcr, no reliable structural data for the 
high pressure pliascs, ~il l l ,Bi l I l ’  and BiIV. We liavc madc a diffraction study of 
llicsc pliases using high energy synchrolron radiation that has a high pcnctrating 
powcr lor thc hcavy elcnicnt. DiITractiou mcasurcmcnts w r c  carried out at tlic 
Acanilinc NE-SC at thc TRISTAN Accumiilatioil Ring (6.5 GcV). lligli prcssiirc 
apparatus cmploycd was a cubic lppc mtilti-anvil press hIAX8O and powicrrtl saiii- 
plc SKI.\ comprcsscd wit I t  a liquid Iiictlitint. Radiation froni t.hc Ircnding nlagnrt wa.\ 
nionorliromaliacd by rcflcctinn froin the doiil~lc Si[ 11 1) crystals atid dilrractioii pat- 
terns wcrc rccortlrtl using an ~illilgillg l’liitc. hnglilar stcpscan rccortling was also 
niadc using a solid slate dctcctor. 

Figurc 1 sliows a tlilTraction pittcrtt of HilV takrn a t  3.9 GPa a i d  50.7 I < .  
Tlic cncrp,y of iiioiiocliroiiiatizcd radialior~ \vas 50 kcV. ‘l‘liirty-fivc difTraclioit pcaks 
arc clcarly rccognircd and tlicy can lrc iildrxctl i n  tcrms ol  a Inonocliiiic itnit ccll 
cont aiiiiiig eigltt atoms. Analysis bawd on tltc obscrvcd intcnsitics I d  to llie atomic 
arrangcmcnt Illat can bc rcgardcd as a tliGtortcd H C X  structure. Crystal strltcturc 
of Hil l1  WI.S salvcd a t  3.8 C:Pa l o  Ire lrtrag(rtiaI w i t h  lcti aloiiis i n  l l ic unit cell. I t  
can bc rcgardcd as anolhcr kiiitl oftlistortctl HCC structurr. HiIll’ 1m Iwcn sliowu 
to h a w  the crystal structiirc itlrnlicnl to IIIRI of HilIl. 

I I I I  ’ 1 

z I 

I 

I 
4 5 6 7 8 9 10 11 12 13 14 15 

0 ’  

2 THETA (deg) 
Fig.1. DifTractioti pattcrn of RIIV. 
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EX6AFS : a data acquisition system for high speed dispersive EXAFS 
measurements implemented using Object-Oriented Programming 

techniques. 

Guv lennines and Peter L. Lee 
Materials Science Division,Argonne National Laboratory, 

9700 S. Cass Ave. Argonne, 1L 60439 

In this paper we describe the design and implementation of a 
computerized data acquisition system for high speed energy dispersive EXAFS 
experiments on the X6A beamline at NSLS. The acquisition system drives 
the stepper motors used to move the components of the experimental setup 
and controls the readout of EXAFS spectra. The detector used is a linear 
photodiode array detector with 1024 discrete channels, capable of readout rates 
of 250,000 channels/second. 

The system runs on a Macintosh IIfx computer and is written entirely 
in the object-oriented language C++. Large parts of the system arc 
implemented by means of commercial class libraries, specifically the MacApp 
application framework from Apple, the Rogue Wave class library and the 
HDF data file format library from NCSA. This reduces the amount of code 
which must be written and enhances reliability. 

The system makes use of several advanced features of C++ : Multiple 
Inheritance allows the code to be decomposed into independent software 
components and the use of Exception handling allows the system to be much 
more reliable in the event of unexpected errors. 

Using Object-Oriented techniques allows the program to be extended 
easily as new requirements develop. All sections of the program related to a 
particular concept are located in a small set of source files. 

The program will also be used as a prototype for future software 
development plans for the BESSRC CAT beamlines being designed and built 
at the Advanced Photon Source. 

Work at Argonne National Laboratory is supported by the US Department of 
Energy (DOE), Office of Basic Energy Sciences, Division of Material Sciences, 
under contract W-31-109-ENG-38 
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First Results from the 
IBM/Tennessee/Tulane/LLNL/LBL 

Undulator Beam Line at the Advanced Light 
Source 

J. 1. TIG T.A. CALLCOTT, U. Tennessee, Knoxville, TN 37996, J. WRKAS, 
A.W. ELLIS, F. J. HIMFSEL, IBM T. J. Watson Research Center, POB 218, 
Yorktown Heights, NY 10598, M. G. SAMANT, J. STOHR, IBM Almaden 
Res. Center, 650 Harry Rd., San Jose, CA 95120-6099, D. L. EDERER, Tulane 
University, New Orleans, LA 70118, J. A. CARLISLE, E. A. HUDSON, and 
L. J. TERMINELLO, Lawrence Livermore National Laboratory, Livermore, 
CA 94550, R C. C. PERERA and D. I<. SHUH, Lawrence Berkeley Laboratory, 
Berkeley, CA 94720. 

The Advanced Light Source at Lawrence Berkeley Laboratory is one 
of the first high-brightness, third generation synchrotron radiation sources 
that use undulators to boost the spectral brilliance beyond second 
generation sources by four orders of magnitude. We present the first 
photoabsorption and fluorescence data obtained from a beam line, which 
combines a 5 cm, 89 period undulator with a 70 m spherical grating 
monochromator and two end stations, one for fluorescence, the other for 
photoemission. The spectral range of 70-1200 eV covers the sharpest core 
levels of all elements with optimum surface sensitivity and resolution. 

We will present performance results from our beam line that will 
include photon flux, focusing, and undulator harmonic behavior. Along 
with these measurements we will present experimental results obtained 
from higher fullerenes, metal oxides, conductive polymers, oxynitride 
growth on silicon, and buried heterointerface detection. Prospects for other 
high brightness experiments will be discussed. 

This work was conducted under the auspices of the US Department 
of Energy, Office of Basic Energy Sciences, Division of Materials Science, by 
the Lawrence Livermore National Laboratory under contract No. W-7405- 
ENG-48. 
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The VUV Scanning Speclromicroscope at MAX-lab. 

U.Johansson1. R. Nyholm'. C. Tllrncvik2 and A. Flodstr6m2. 

I Department of Synchrotron Radiation Research, lnstitule of Physics, 
Lund University. Slllvegalan 14, S-223 62 Lund, Swdden. 

2 Department of Physics, Material Science. Royal Institule of Technology, 
S-104 00 Stockholm, Sweden. 

The design and performance of a scanning photoelectron microscope at the MAX 
synchrotron radiation laboratory is presented. The main use of lhe instrument is for 
high energy rcsolution core level photoelectron spectroscopy with a laleral resolution 
in the micromcter range. 
The system consisls of an undulator. a plane grating monochromator and a focusing 
stage wilh a ring-shapcd ellipsoidal mirror giving a micrometcr-si.Lcd light spot on thc 
sample surface 111. 
Thc monochromator is equipped with two inlerchangcahlc gratings in ordcr to covcr a 
photon energy rangc from 15 eV lo 150 eV with an cncrgy resolution of about 0.2 CV 
or bcttcr. The diffracted radiation is focused by a Kirkpatrick-Bacz objective onto a 
circular exit aperture which defines the bandwidlh of the monochromalor and also 
serves as an entrance apcrlurc for the last ellipsoidal focusing mirror. 
Thc syslcm is capablc of producing a niicromelcr-sizcd final focal spot wilh a phnlnn 
flux in Ihc rangc 109 lo 1010 s-1 nl. This allows high cncrgy rcsolulion (AE - 0.1- 0.2 
eV) phottamission exprimcnls to bc perfornied with rcusonably high count-rilles in 
thc photon encrgy rangc of 15 to 150 eV. 
Reccnt results of high resolution photoelectron spectra dcnionslraling thc capahilitics 
of thc system will bc prcscnkd. 

I .  R. Nyliolin. M. Krikscon. K. Ilanscn. 04'. Sninncn. S Wcrin. A. I:lt~Jd\ui~m. <'. 'I'3nwik. 

2. MAX-LAD Aclivily Kcpart 1991. pl00 and 1992. p96. 
T. Mcinanderand M. Suakonlu, Rev. Sei. Instrum. 60.2168. 1989. 
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A zone plate soft x-ray microscope a t  the beamline 
N E l B  of the TRISTAN Accumulation Ring 

J. Wang,' Y.Kaeoshlma ' .l.'T. Miyahara,l.' M. Ando,'.' S. Aoki? N. Watanabe,' 
E. Anderson,' D. Attwood,4 D. Kern,' K. Shinohara.6 and H. Kihara' 

'Deparrmnf of Synchrorron Radiation Science. The Craducuc Universiry for Advanced Studies. J a p n  
'Photon Factory. Nafional Loborarory for fligh Energy Physics. Japan 
'Instirrue of Applied Physics, University of Tsuk~~ba.  Japan 
4Cenfcr for X-ray Opfics. 1sL. USA 
'Instilul far Angrwondlc Physik, Universirdr Tdbingcn. FRG 
6Tokya Metropolitan Insrirufe of Medical Science, Japan 
'Kansai Medical Uniwrsify, Japan 

An imaging zone plate soft x-ray microscope has been constructed at the beamline 
NElB of the TRISTAN Accumulation Ring (AR) i n  KEK. National Laboratory for 
High Energy Physics. An insertion device named the Elliptic Multipole Wiggler#NEl is 
i n  operation in  the AR of which storage energy is 6.5 GeV. When it operates in the 
helical undulator mode, it produces circularly polarized soft x rays. The NElB is 
equipped with a IO m vertical-dispersion grazing incidence spherical grating 
monochromator and a post focusing mirmr.1 The microscope has been installed behind 
the post focusing mirror. The spectral resolution of the monochromator is roughly 
around 500. Since it  meets the monochromaticity requirement of the zone plate we 
used, the chromatic aberration can be neglected. The microscope aims at the n a l  time 
observation at present and microscopic application of circular polarization in the future. 

The optical system of the microscope is composed of a 500 pm$ pre-pinhole, a 
condenser zone plate (rl=15.8 pm, N=1000), a 20 pm$pinhole. and an objective zone 
plate (r,=I.41 pm. N=200). The condenser zone plate was fabricated by N ' l T  and the 
objective zone was hbricated as pan a collnboration between LBL and IBM.' A visible 
optical prefocus unit consisting of two microscope objectives has been developed and 
introduced into the x-ray nlicroscope for a quick. easy, and precise adjustment of the 
optical system. 
Our microscope has been applied to a test pattern and some dry biological specimens 

at a wavelength of 2.37 nm. The test pattern used was a zone plate with the same 
parameters as the condenser zone plate. Its outer zones with about 250 nm widths were 
able to be observed clearly. An enlarged x-ray image of dry diatoms was also obtained. 
These images w e n  barely observable in real time in spite of poor monochromatized 
photon flux. Therefore. our system will provide high resolution real time observation 
when combined with sources of higher brilliance. 

References 
I Y. Kagoshma c f  a / ,  in this conlcrcncc. 
'E Anderson and D. Kcm, in X-ray microscopy 111. cditcd by A. G. Michcllc. G. R.  Morrison and c. 

1. Bucklcy (Springer-Verlag. Berlin. 1992) pp. 75-78. 

Rapid Projection of Crystal Grain Orientation 
Distribution by Synchrotron X-ray Diffraction 

1 .  Advanced Materials & Technology Research Laboratories, 
Nippon Steel Corp., Nakahara-ku, Kawasaki 21'1, 'Japan 

2. Photon Factory, National Laboratory for High Energy Physics, 
Tsukuba, Ibaraki 305, Japan 

Taking advantage of the high brightness of synchrotron radiation, a 
system was developed for rapid recording of the crystal grain 
orientation distribution, the pole figure, in polycrystalline materials. It 
consists of an X-ray two-circle diffractometer and a translating 
Imaging Plate holder. The sample in the form of sheet is fixed on the 
sample stage of the diffractometer and a screen with an arc-shaped 
window to accept a part of the diffraction cone of  a particular 
reflection is fixed behind the sample stage. A monochromatized X-ray 
beam is incident on the sample which is rotated so that the surface of 
the sphere of the poles of the selected reflection is scanned, while the 
Imaging Plate is translated with an angular velocity that is synchronized 
with that of the sample rotation. It is possible to project the intensity 
distribution over an extended angle range of the surface onto the 
Imaging Plate within a short period of time. The pattern recorded also 
carries an information on the size distribution of crystal grains. 

Measurements were made at the beamline BL-3A at the Photon 
Factory. Fig. 1 (a) shows the result of projection of the [ 1 1 11 poles of 
the cold-rolled sheet of an aluminum alloy. The wavelength of 
radiation used was 0.06 nm and the angle of sample rotation was 40 
deg. It took 80 s to take the pattern. It can be seen that the orientation 
distribution is continuous with a high density of the poles around the 
north pole of the sphere (top of the pattern). When the sheet was 
annealed to induce recrystallization, the pattern was changed, as shown 
in Fig. l(b). It consists of a number of tiny diffraction spots, indicating 
the growth of crystal grains. It can be seen that the distribution of the 
poles has been changed by annealing. 

aw&l and Hiroshi Iwasaki2 

P I  

Fig. 1 The orientation distribution of the [ 11 I]  poles of an aluminum 
alloy sheet. (a), as cold rolled, and (b), after recrystallization. 

I 
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X-ray Magnetic Bragg Scattering Topography from Fe304 

J-liroshi KAWATA. and Koichi MOR]') 

Photon Factory, National Laboratory for High Energy Physics, Oho, Tsukuba 305, 
JAPAN 

')JAERI, Tokai, lbaraki 319-1 1. JAPAN 

X-ray Bragg scattering topography gives us information of the crystal defect, 
strain distribution. domain structure etc. in a crystal. In the case of the domain 
structure on ferro-electric material, X-ray topography reveals not only h e  presence of 
domain structure, but also the direction of the spontaneous polarization by using 
departures from Friedel's law which appears with the anomalous scattering. In the 
case of the domain structure on ferro- or Fem-magnetic materials. however, it is 
impossible to reveal the direction of the spontaneous magnetization within the charge 
scattering X-ray topography. 

Recently. X-ray magnetic Bragg scattering rapidly developed. Especially. by 
using a resonant effect, the magnetic effect (asymmetrical ratio) can be enhanced. 
Therefore, it is possible to reveal the direction of the spontaneous magnetization, if 
we take a magnetic Bragg scattering X-ray topography. In this paper. we present a 
first success of the magnetic Bragg scattering X-ray topography from FejOq single 
crystal. 6 

experimental arrangement was same to the 3 1 1 !. ; n 

The experiment was carried out at 2 . , *A.,-*."" 
the beamline 15B of Photon Factory. The 0.05: - 5  

resonant magnetic Bragg scattering except f . ! 2' . -4  4 the detector. In a case of the topography 5 
work, we used a nuclear plate as a detector. .z f .  * % 't 4 

I Figure 1 shows the magnetic asymmetrical 2 
ratio of 444 diffraction; (It - 1- )/(It + I-) .B -0.05. 
(black dots) and the intensity of fluorescent t 1 x 
X-ray (open circles) through the Fe K- 2 - ? 
absorption edge. As shown in this figure, 2 -0.1: ./' 
there is a large magnetic effect. -0- - T 6 - - * r O o  Especially, at the pre-edge peak, the 
magnetic effect changes the value t2.5 % 
to -3.9 %. when the photon energy changes 
just 1 eV(marked by arrows in Fig. 1). 

We took two topographies at these energies and made a image subtraction in order 
to reduce strain images at these topographies. The subtracted image is shown in Fig. 
2(a). It is possible to see some vertical stripe images in this picture. In  order to 
identify the domain formation we took a normal charge scattering topography (Fig. 
2(b)), whose scattering vector is 606. As compared with these two pictures, the 
vertical stripe images well corresponds to the domain itself. Finally, the 
magnetization direction of each domain can be determined as the drawing which is 
shown in Fig. 2(c) from this domain contrast. 

*. . - 
O : d _ , p : ;  .: :e*. 2 . .. :. 2 

-2 B 

a 

e 1 
;\ 

' Y  

Energy (eV) 

Fig. 1 

0.5 mm 
Fig. 2(a) 444 diffraction, Fig. 2(b) 606 diffraction. Fig. 2(c) Domain structure 

X-ray Multiple Dynamical Diffraction Experiments with 
Synchrotron Radiation 

M.V.Kovalchuk, A.Yu.Kazimirov 

Institute of Crystallography, Russian Academy of Sciences, 
Moscow 1 1  7333, Russia 

Two-beam dynamical diffraction effects have been the subject of 
intensive investigations since perfect crystals such as silicon and 
germanium appeared more than thirty years ago. Many X-ray 
diffraction methods to study the structure of surfaces, surface layers 
and bulk of nearly perfect crystals have been developed. Dynamical 
diffraction is used AS a basis for X-ray crystal optics for  synchrotron 
radiation. 

Multiple dynamical diffraction when more than two 
crystallographic planes are involved in the diffraction process 
provides new opportunities for observation of interesting physical 
phenomena and possible practical applications. However, expcrinients 
in this field were hampered by various practical problems and the 
most serious aniong them is a requirement of two-dimensional 
collimation of incident X-ray beam wliicli leads to drastic intensity 
reduction. Only high intensity of SR sources made possible such 
experiments in recent years. 

111 this paper we revicw results of cxperiineiits pcrforiiied a t  tlic 
Photon Factory and the Daresbury Laboratory with participation of 
the authors. These experiments on perfect and ncarly perfect crystals 
include direct measurements of anomalous traiismissioii of X-rays 
under conditions of six-beam diffraction, X-ray standing wave 
measurements under conditions of three.beam diffraction, 
development of phase-sensitive diffractoiiietry of surface layers. 
Different X-ray optical arrangements for two-dimensional angular 
collimation (based on channel-cut crystals, crystal-slits coinbinations 
and phenomena of anomalous transmission in six-beam Laue case) are 
analyzed. Future experinients in this field will make possible 
development of new multiple diffraction methods for crystal structure 
characterization as well as new X-ray optics schemes which may be 
used in other diffraction expcriiiients on intense SR X-ray sources. 
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Wavelength-Dispersive X-Ray Fluorescence Detector 

1 . P . 1 , V . E .  Kovantscvz, C.M. Dozkr3, J.V. Cilfrichl, 
W.M. Gibson4, Qi-Fan Xiao2, and K. Umnawa4 

1 SFA Inc, 1401 McCormick Or., Landover, MD 20785 

3 Naval kscarch Laboratory, Condensed Matter Physics Branch, Washington, DC 20375 
4 Center for X-Ray Optics, University at Albany, SUNY. Albany NY 12222 

X-Ray O p t i d  Systems, Inc., 90 Fuller Rd., Albany, 12205 

Fluorescence XAFS using energy-dispersive solid-state detectors is becoming more 
difficult to do on synchrotron sources as the incident photon flux increases. Multi-clement 
detectors that are being developed now can barely cope with fluxes common on second- 
generation synchrotron sources. The number ofelcmentr and the speed of A/D conversion in 
thcse detectors is slowly, linearly going up; whereas, the flux available from new beam lines, 
insertion devices, and synchrotron sources is going up by orders of magnitude. It  seems 
unlikely that the technology for energy-dispersive discrimination will improve sufficiently to 
keep up with the new sources. The alternative is to find a way to wavelength discriminate 
fluorescence photons. Aker that has occurred, they can be counted by almost any detector, 
i.e. ionization chamber, PIN photo diode, or scintillation detector, and these can handle 
nearly limitless flux. Unfortunately, to be able to select particular wavelengths with crystals, 
the photons must be collimated. Fluorescence photons radiate in all directions. just the 
opposite of collimation. 

One possible solution to this problem has bcen developed. A prototype wavclcngth- 
dispersive fluorescence detector using capillary optics has been tested on the Naval Research 
Laboratory's X-23B beam line a t  the NSLS. A polycapillary lens was designed to collect and 
collimate x-rays emanating from a small area. The photons emerging from the lens were 
incidcnt on a crystal. The crystal was chosen to have a rocking curve width similar to the 
divergence of the light exiting the lens. A scintillation detector was used to count the photons 
dif ic ted from the crystal. 

The detenor had a resolution of less than 15OeV at 8 keV using a stressed LiF (200) 
crystal, and was easily able to discriminate between Zn & (8.620 keV) and Cu Kp (8.905 
keV) x-rays emitted from a brass sample. The (400) reflection had a resolution of 
approximately GO eV. but ten times less intensity. 

Instrumentation developmenk in scanning soft x-ray microscopy at the NSLS. 

Janos Kime, Chris Jacobsen, Shawn Williams', Sue Wirick, Xiaodong Zhang 
Physics Department, SUNY, Stony Brook, NY 11794-3800 

Harald Me 
Physics Department, North Carolina State University, Raleigh, NC 27695-8202. 

Mark Rivers 
CARS, University 01 Chicago, 5640 S. Ellis Ave. Chicago, IL 60637 

The scanning transmission soft x-ray microscope has been operating on the X1A beamline, with 
zone plates fabricated by E. Anderson (Center for X-ray Optics, LBL). The XI soft x-ray undulator selves 
as the brighl tuneable source and Ihe zone plate forms a microprobe that provides the 50 nm resolution of 
the instrument. (1) 

In routine operation Ihe specimen is scanned and the transmitled fraction of the incident x-rays is 
used to form Ihe image. The following new instrumenlation developments have added significantly to the 
capabilities 01 the microscope: 

I/ XANES microscopy. By scanning the monochromator with the xly scan stopped an absorption 
spectrum can be taken lrom a small (submicron) specimen area. Because the zone plale is highly 
chromatic (focal length proportional to photon energy), the focus must track the monochromator to keep the 
exposed spot in focus. Based on resonant structure obselved in the spectra, one selects characleriitic 
energies at which to image the specimen to m a p  its chemical components. Applicalions lo polymer 
morphology were the firs1 to bear fruil(2); however, applicalions to biological specimens (3) and to coal (4) 
SOOn followed. 

2/ Scanning luminescence microscopy. II the x-ray probe is used to excite labels that emit visible 
light, the location 01 some labels can be determined with the resolution of STXM, (which is about live times 
better than the resolution of the confocal microscope) for immunolabeling (5). Initial experimenls using 
inorganic phosphors and organic dyes showed promising results (6). More recently Moronne et al. have 
shown that terbium chelales have superior resistance to radialion-bleaching compared to all-organic 
labels. (7). 

3/ Dichroism microscopy. The undulator output is linearly polarized. To the extent that the 
absoplivity 01 a component of the specimen depends on its orientation relative to the plane of pdariialion 
(dichroism), the image will change if the relative onentalion changes. Ade and Hsiao have recently imaged 
sections of Kevlar liber, rolating Ihe specimen in Ihe plane perpandicular to the beam between images. The 
pattern of absorptivity provides clear indication 01 Ihe molecular orientation within the specimen (8). 

' Supported in part by the NSF and by the DOE OHER 
Q On leave during 1993-94, part lime at the NSLS, part time at Ihe ALS 
U Address, starting 6/1/94: Dep. Molecular Biophysics and Biochemistry, Yale University, New Haven CT 
1. C. Jacobsen, efal., Opf. C a m .  86,351 - 364 (1991). 
2. H. Ade, efal, Science 258,972 - 975 (1992). 
3. X. Zhang. el a/., Nucl. Insfrum. Mefh. (to be published). (1994). 
4. R. E. Bono, efal, Energy& Fuels& 151 - 154 (1994). 
5. C. Jacobsen, efal, J. M1croscopy172,121 - 129 (1993). 
6. C. J. Jacobsen, e f a l .  in SPlE Proc.1741, (1993). pp. 223 - 231. 
7. M. M. Moronne, ef a/.. J. Microscopy in preparation (1994). 
8. H. Ade, 8. Hsiao. Science 1427 - 1429, (1993). 
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Flooresccnce Yicld XAFS hfcasiireniciils in thc Sort X-Ray Region 

Yoshinori Kit i i i imi  

Photon Factory, Niitional Laboratory for High Energy Physics 
Oho I-  I ,  Tsukuba. Ibatiiki 305. Jiipan 

In the soft x-ray region under 4keV. various electron yield (EY) techniques have 
been employed in X-ray Absorption Fine Stnictiirc nieiisurenients of bulk materials. 
Fluorescent x-ray yield (FY) is also utilized for s;iniples of low concentration such as 
surface adsorbates. FY has several adviintiiges conipered to EY; a higher signal-to 
background ratio and applicability to insul;iting nisterial. but it  has not been thought 
suitable to concentrated miteriiils. Recently, it hiis been shown in  the oxygen K-edge 
EXAFS spectrum of NiO single crystal that FY is also applicable to bulk materials 
tlimugh correction of the self-absorption effect under some special conditions1 I I .  

Here we will discuss the case in  the higher energy range of several keV. 
Accordiiig to the forniiilisni in Ref.111. the self-absorption effect is negligible only at the 
sampling depth smaller thiiii I(X)A in oxygen K-edge of NiO. however. it becomes larger 
th:in 300A in silicon K-edge of Si crystd with IO()% concentriition. It is because the 
decreased absorption cross section iit the incre;ised K-edge energy so that we can get 
bulk information without iiny correction from the EXAFS nicasurements by selecting 
the experimental geonirtry of very griizing eniission. 

We will present soiiie typical fluoresceiit yield EXAFS spectra of concentrated 
niaterials such iis silicoii wiifer. qiiiirtz crpt;il iind so on. A s  for silicon wafer, we have 
observed more prominent feature of siirf;ice iiiitiiriil oxide in the simiiltiineously- 
recorded total electron yicld spectrum which niiig iill'ect the smooth biickground 
subtr;iction. W e  h;ive got :I nice spectrum of iiisiiI;itor qii;irtz which can never been 
taken by EY. 

[ 1 J L. TrOger et al., Phys. Rev. B 46,3283 (1992). 

Development of a second generation XPSbased scanning photoemission microscope 
with a zone plate generated microprobe at  the National Synchrotron Light Source 

Chene-Hao KO and Janos K i n  
Lkpartment of Physics, SUNY. Stony Brook. NY 1 1794 

H a d d  Adc 
Dcpartmcnt of Physics, NCSU, Raleigh. NC 27695 

Erik Johnson and Steve Hutbcrt 
National Synchrotron Light S o u q  Brookhaven National Laboratory, Upton NY I1973 

Erik Andcmn 
Ccntcr for X-ray Optics. Lawrence Berkeley Laboratory. CA 94720 

. 

For the past few years, we have been developing an instrument that combines the 
techniques of X-ray Photoelectron Spectroscopy (XF'S) and zone plate microfocusing for 
doing spectromicroscopy. The XIA undulator provides a bright photon source in the soR 
x-ray range with a high degree of spatial coherence, a requirement for zone plate focusing. 
A spherical grating monochromator selects the desired photon energy in the 280-800 eV 
range. Fresnel zone plate focusing is based on diffraction and the first order focus, which 
has the highest efficiency. is used to form the microprobe. Other diffraction orders are 
blocked by an order sorting aperture placed between the sample and the zone plate. An 
electron energy analyzer acquires photoelectron spectra from the small irradiated area. In 
this way, spatially resolved XPS spectra, element-specific or chemical-state-specific 
images of the surface can be obtained. 

The microprobe instrument makes use of a flexure stage for precise sample scanning. a 
Hemispherical Sector Analyzer (HSA), with a multi-channel detector. for electron 
spectroscopy and a positioning device to control the focusing optics (the zone plate and 
the order sorting aperture). A custom-designed ultra-high vacuum chamber, installed in 
the short wavelength branch of the beamline XI A, incorporates these major components 
into an integrated system. The positioning device for the focusing optics allows separate 
control of the zone plate and the order sorting aperture In this way, when a different 
photon energy is used for XPS analysis, we are able to conipensate for the change in focal 
length of the zone plate (which is proportional to the photon energy) by repositioning the 
focusing optics to keep the beam focused on the sample The multi-channel detector of the 
HSA enables the system to simultaneously acquire multiple images as  the sample is 
scanned, with each image corresponding to a different photoelectron energy (bandwidth 
and energy separation between channels are determined by the pass energy of the HSA). 
With this parallel detection scheme, the acquisition time for mapping multiple chemical or 
structural states on the surface is greatly reduced. Besides photoelectrons, sample current 
(related to total electron yield) and transmitted flux (to measure the absorption of thin 
samples) are also monitored to form images. 
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A n e w  t echn ique  f o r  t i m e - r e s o l v e d  x - r a y  d i f f rac t ion  
m e a s u r e m e n t s  i n  t h e  single b u n c h  o p e t a t i o n  a p p l i e d  to 
l a s e r  a n n e a l i n g  

S . K ~ i i m a , ' * ~ )  Y.Kudo,') S.Kawado, I ' T. Is h i kawa ') a n d  
T. Ma t sus h i 

I )  Sony C o r p o r a l i o n  Research C e n l e r .  Hodogaya-ku,Yokohania 240, J a p a n  
2) Facully o l  Engineering, The  U n i v e r s i l y  of Tokyo, Bunkyo-ku. Tokyo 113. 
J a p a n  
3)Pholon Factory, KEK, Oho, Tsukuba, I b a r a k i  305, J a p a n  
4)Deparlmenl of  Synchrotron Radialion Science, The G r a d u a t e  University 
lor Advanced Sludios, Oho,Tsukuba, l b a r a k i  305, J a p a n  

W e  p r o p o s e  a n e w  t e c h n i q u e  t h a t  is appl icable  to t h e  t i m e -  
r e s o l v e d  m e a s u r e m e n t  of d e f o r m a t i o n  on si l icon s u r f a c e  d u r i n g  
p u l s e d  laser  a n n e a l i n g  i n  t h e  s i n g l e  bunch  o p e r a t i o n  of t h e  Photon  
Factory.  
t r i g g e r  pu lse  a n d  t h e  laser  f i r ing in the  e x t e r n a l  t r igger  o p e r a t i o n  
of l a s e r  e q u i p m e n t .  W h e n  a t i m e  s t a n d a r d  p u l s e  is m a d e  b y  i h e  
3 1 2 - d i v i d e d  RF-r ing pulse  which  is s y n c h r o n o u s  wi th  t h e  pos i t ron  
b u n c h ,  t h e  laser  f i r ing t i m e  b a s e d  on t h e  t i m e  s t a n d a r d  i n  t h e  
s ing le  b u n c h  o p e r a t i o n  is d i s t r i b u t e d  b e c a u s e  t h e  laser  e q u i p m e n t  
has  t h e  j i t ters .  
m e a s u r e m e n t  i n a c c u r a t e  for t h e  x - r a y  i n t e n s i t y  c h a n g e  c a u s e d  by 
t h e  l a s e r  i r rad ia t ion .  

To  o v e r c o m e  th is  d i s a d v a n t a g e ,  a t i m e - r e s o l v e d  m e a s u r e m e n t  
s y s t e m  tha t  ut i l izes  t h e  j i t t e rs  h a s  b e e n  d e v e l o p e d .  T h e  block 
d i a g r a m  of th i s  s y s t e m  is s h o w n  i n  Fig. 1. T h e  e x t e r n a l  t r igger  
p u l s e  to t h e  laser  e q u i p m e n t  w a s  m a d e  f r o m  t h e  e x t e r n a l  
osci l la lor  (DG-535) pulse  a n d  t h e  3 1 2 - d i v i d e d  RF-ring p u l s e  
t h r o u e h  the  co inc idence  u n i t .  T h e  

In g e n e r a l ,  t h e r e  a r e  j i t t e r s  b e t w e e n  t h e  e x t e r n a l  

T h e  j i t t e r s  c lear ly  m a k e  t h e  t i m e - r e s o l v e d  

I 

t i m e  d i s t r i b u t i o n  of t h e  bunch  ( e v e n t  
n u m b e r ) ,  which  w a s  s y n c h r o n o u s  
w i t h  t h e  laser  t r igger ,  a n d  t h e  t i m e  
d i s t r i b u t i o n  of t h e  in tens i ty  o f  t h e  
x - r a y s  d i f f r a c t e d  f r o m  the  s i l icon 
s u r f a c e  w e r e  m e a s u r e d  by T A C l  a n d  
TAC2, respec t ive ly .  T h e  r e s p e c t i v e  
s i g n a l s  w e r e  t h e n  a c c u m u l a t c d  i n  
M C A l  a n d  MCA2. T h e  t ime c o u r s e  
of t h e  d i f f rac t ion  in tens i ty  b e f o r e  
a n d  a f t e r  t h e  laser  i r rad ia t ion  w a s  
o b t a i n e d  by normal iz ing  the  t i m e  
d i s t r i b u t i o n  of t h e  in tens i ty  of t h e  
d i f f r a c t e d  x - r a y s  w i t h  t h e  t i m e  
d i s t r i b u t i o n  of t h e  e v e n t  n u m b e r .  
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Tlic use of SR from \TEPP-3 storage ring for fabrication of 
micromccliaiiic clciimits by dccp X-ray lithograpliy 

C.N.Kulipanov, OAMakarov, L.A hlczcnlscva, A.G.hfilyokliin (*), V.P.Nazmov. 
V.F.Pindyurin, hi.P.Sinyukov (*), A.V.Zarodyshcv 

Budker Instituk of Nuclcar Physics, 
630090 Novosibirsk. Russia 

(*) Instituk of Scmiconducbr Physics, 
630090 Novosibirsk, Russia 

Deep X-ray litliograplly with using oTSR from Llic VEPP-3 sbrage ring is applied 
for fabrication of (csl specimens of microinccllanic clclncnls. The Phf hf A layers wcrc 
used as an X-ray resist iii ordcr to produce tlic 1 nim-llciglit regular structurcF with 
lateral sizes of k n s  microns rcpcated iii two directions. Thc elcctroplaling was used 
LO obtain a copper replica of resist patkrn. 

This copper plates with formed microstructure arrays can be uscd as IR filkrs and 
spiiinercd plak. Tlic rcsulls of invcstigalioli or thc speciincns by scanning electron 
niicroscopy and IR lransniillancc arc given. 

Fabrication and prcliiiiiiiary testing of tlie regular 
microporous mciiibraiics inuiiifacturcd by dcep X-ray 

litliography at tlic VEPP-3 storage ring 

C.h'.Kulipanov, OAMakarov, L.A.Mczenlrva, S.1 hfisliiicv, V.P.Nazinov, 

Budker lnstilulc oT Nuclear Physics 
630090 Novosibirsk, Russia 

I,.D.Arlanionova , V.N.Gasbbld , C.A.Dcis , V.S.Prokopcttko, E.F.Rcmikova , 
V.V.Chesnokov , GAChcrkov 

"VOSTOK"Canipany, 276 D.Kovaldiuk str.. 
630075 Novosibirsk, Russia 

V.F.Pindyurin.O.A.Rcdin, A.N.Skrinsky ' 

Tlic technique of dccp X-ray lilliograpliy a t  Llir VEPP-3 s b r a p  ring was uscd for 
fabrication the regular microporous iiicrnbraiics. lritcnsivc and high collinialcd beams 
of synchrotroii radiation (SR) arc idcally suilablc Tor this purposc. 

l'lic 2 6,3,6 and 10 niicroii niylar Alms werc iiscd ns a iiiciiibranc support nicdia. 
Tlic rcgiilar Plkrs with a pore of 0.3 - 0.5 niicron iii dianictcr spaccd by I niicroii 
slcps i i i  two directions wcrc obtained. Tlic X- ray iiin=,ks Iiavc 0.G niicroii.tliick gold 
alisorlirr elrctroplatcd on 2 microwthick silicoii niciiiliranc with tho patterii area of 
2 3 * 25 sq 111111. 

IBbricatecl nicmbraiics were tcstcd by tlic nictliods ofscaniiiiig clectroii niirroccopy. 
hy iiirisiiriiig of gas conductivity atid electrical roiiiluctivit.y ill clcctrolytcs. llesults 
were taLcii iii conipariroii with nuclcporc Pltcr> Vilters or 2 5 iiiicrnn.tliick n i y h r  
with 31) niiii diainctcr cat1 s t a i d  under prcswrta iip Lo 3500 I'a without any ad&- 
tiniial siippor&. Data 011 ga.wus condiictivity c i ~ i w s ~ i o i i i l  to tlirnrctical calculations 
Laking iiilo account tlic paranirkrs obtained liy tlw scaiiriing clcctroii microscopy 
'llir riaiiliL of the all nictliods have satisfactory iig~i~iiii:i~t. I ~ c t w c c ~ i  c:icli otlirr. 

t>iillrrs tiam gconlclrical transparency al)oiil 15%. 'l%c valiie of this iiaratiickr 
caii lie iiicrmscd u p  to tiiorc tliati 50% by clioiJsiiig tlic apprupri:iti: p:itterii or HII 
X-r.iy iiii~4 Apart  from nciclcporc Pllcrs, tlic ri,fiiil;ir iiiirroporoiih I I I S I I I I I ~ ~ I ~ C S  liavc 
tin diriirrwnii of pore sires c.iiiscd by incrgad 1ioIi.s 
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Design and Operation of a UHV Double-Bounce Harmonic 
Rejection Mirror for XAFS Studies 

G,M. IcamMe 
Brookhaven National Laboratory, Upton, N.Y. 11973, USA. 

A simple but effective harmonic rejection syetem has been installed on beamline 
X-11B at  the NSLS. The system includes a parallel pair of nickel coated float 
glass mirrors, that  d o w s  a constant off-set and an angle-independent exit beam. 
They are housed within a UHV chamber and situated 1 meter upstream of the 
sample position and 8 meters downstream of a double crystal monochromator. 
The angle of the mirror pair is adjusted by a single stepper motor. The  double- 
bounce system works for energies between about 2 and 8 keV. For harmonic 
rejection of energies higher than this, the whole device may be repositioned to 
permit a single bounce of the X-ray beam from one of the mirrors. The features 
and operation of this simple device are discussed. 

This work was supported by the U.S. Department of Energy under contract Nos. 
DEFG05-89ER45384 and DE-ACOP-76CH00016. 

Diffraction Applications Using the Energy Dispersive 
Beamllne, X6A, at NSLS 

P.', M. A. Beno', C. M. Ogata", G. S. Knapp', G. Jennings* 

*Materials Science Division, Argonne National Laboratory, 
Argonne, Illinois 60439 
**Howard Hughes Medical Institute, X4, NSLS, 
Brookhaven National Laboratory, Upton, NY 11973 

The newly constructed energy dispersive beamline, XGAt , 
employs a curved crystal monochromator (polychromator) to focus 
a range of x-ray energies (bandwidth - 1 keV) into a narrow ( 100- 
120 pm) line image. This beamline will primarily be used for time 
dependent EXAFS experiments. However, we have begun to explore 
the use of this energy dispersive instrument for diffraction 
experiments. One of these, a newly developed d-space matching 
technique, Continuous Energy Diffraction Spectroscopy (CEDS)2, 
allows us to record single crystal diffraction intensities for the full 
energy spectrum of the polychromator, simultaneously without 
crystal or detector motion. This method creates new opportunities 
for time resolved single crystal diffraction experiments. The basic 
theory of CEDS and its application for single crystal DAFS 
experiments will be discussed. Diffraction data derived from thin 
film and powder samples will also be presented. 

The highly focused polychromatic x-ray beam at this beamline 
can also be used for diffraction studies of macromolecular crystals. 
The tuneability ( E  = G.5 keV to 21 keV) and flexibility (AE =loo- 
1000 eV) of the instrument makes the beamline ideal as a test bed 
for polychromatic protein diffraction techniques. The first of these, 
the use of this instrument for oscillation data measurements3 and 
limited energy range Laue diffraction4 experiments, will be 
presented. 

Work at Argonne National Laboratory is sponsored by the US 
Department of Energy, Office of Basic Energy Sciences, Division of 
Materials Sciences, under contract W-3 1-109-ENG-38. 

1. P.L. Lee, et al., Rev. Sci. Instrum. 65, 1 (1994). 
2. P.L. Lee, et al., Rev. Sci. Instrum., in press. 
3. U.W. Amdt, et al., Nature 298,835 (1982). 
4. V.P. Thomas, J. Appl. Cryst., 5, 83 (1972). 
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X-ray standing wave and high-resolution diffraction 
measurements on 111-V compound superlattices 

A. Lessmanno, M. Schusterb, S. Brennan', G. Materl ikC and H. Riechertb 
Stanford Spchmtron Radiation Laboratory, Sfanford, CA 94306, USA 
Siemens AG, ZFE B T  MR 3, D-81739 Munich, Germony 

e Hamburger Synchrotmnslrehlungslabor HASYLAB, 0-22607 Hamburg, Germany 

In X-ray diffraction (XRD), the measurement of the reflected intensity is the usual 
way to study the structural parameters of heteroepitaxial layers. A natural extension 
of this method offers the simultaneous registration of inelastic channels, as it  is done 
in the X-ray Standing wave (XSW) method. By recording the X-ray fluorescence or 
the photo or Auger electron yield from the sample it is possible to determine the 
phase of the X-ray wave and by that the position of the excited atoms. To study 
the possible applications we performed XRD/XSW measurements using AIAs/GaAs 
superlattices on GaAs(001) substrates as well as InGaAsP/InP quantum well struc- 
tures on InP(001). The AIAs/GaAs samples consist of short-period superlattices 
with several hundred periods and typical bilayer thicknesses of 3 nm. 

The radiation from a SPEAR bending magnet was collimated and monochrom- 
atized at hu N 5keV using Ge(004) (+,-) symmetric/asymmetric reflections. For 
the detection of a surface related signal, the sample was placed in a He atmosphere 
and the X-ray induced photo electron current was detected. Due to secondary ex- 
citations in the gas, the contribution of higher energy electrons to the total current 
is much larger than in total yield measurements, where most of the current results 
from thermal electrons with long mean free paths in the solid. Consequently, the 
information depth of this signal is smaller, which was also confirmed by an XSW 
measurement on a clean GaAs(001) crystal. With this signal, characteristic phase 
shifts of the thickness fringes with respect to the reflected intensity were observed. 

The X-ray fluorescence was monitored with a thin window Si(Li) detector. The 
much larger sampling depth of this signal resulted in strong differences of the XSW 
induced modulation compared to the photo electron yield. Differences were also 
observed between the AI-K, Ga-L and As-L fluorescence. On the superlattices, mea- 
surements were not only performed in the region of the substrate (004) reflection 
and the 0th order satellite but also in grazing incidence geometry using the 1st order 
superlattice reflection. These experiments were carried out a t  another beamline at 
higher photon energy and monitoring the Ga-K fluorescence. In the discussion of the 
applicability of these results to the study of superlattices, the data will be compared 
with numerical calculations based on the Takagi-Taupin theory. 

ATOMIC STRUCTURE AND ORDERING A T  T H E  ZnSdGaAs 
INTERFACE 

R. L. Gunshor. and G. L. Liedl . ' 
School of Materials Engineering 

*School of Electrical Engineering 
Putdue University 

West Lafayette, IN 47907 
Heternjunctions of 11-VUIII-V semiconductors offer wide combinations of band gaps for 
systems that arc nearly lattice matched. This provides possibilities for the formation of 
several novel elcctronic devices such as light emitting devices. One example of such a 
material system is the Z n S X a A s  system. However, in developing such systems large 
variations in the interface state densities were observed for varying As coverages on the 
surface by capacitance-voltage measurementst. ZnSeKiaAs heternstructures formed b 
growing ZnSe on As deficient GaAs produced a highly stable interface structure wit% 
excellent electronic properties*. Tu and Khan3 proposed a compound formation at the 
interface IO explain the observed electronic properties. Otsuka et al? used high resolution 
transmission electron microscopy and imaging techniques to show the formation of 
vacancy ordered GazSe3 type compound at the interface. 
X-ray total external reflection-Bragg diffraction techniqueS was used for the first time in 
conjunction with normal Bragg diffraction to probe the atomic structure and the degree of 
order at the interface of MBE grown ZnSeGaAs heterostructures. Availability of a very 
intense synchrotron x-ray beam over a wide range of wavelengths allowed us to probe 
varying depths of the samples. Two samples vis.. ZnSe grown over (i) As deficient and 
(ii) Ga deficient GaAs, were utilized for this study. Our results indicate the formation of a 
very well developed reconstruction at the interfuce on the ZnSe grown on As deficient 
GaAs sample. 

This research was supported by DOE (DE-FG02-85ER45183) and utilized the MATRIX 
(X-18A) beamline at the National Synchrotron Light Source at Brookhaven National 
Laboratory. 

References 

1 Q. D. Qian, J. Qiu. M. R. Melloch, J. A. Cooper, Jr., L. A. Kolodziejski. M. 
Kobayashi and R. L. Gunshor, Appl. Phys. Lett., 54. (1989). 1359. 
2 J. Qiu. Q. D. Qian, R. L. Gunshor, M. Kobayashi, D. R. Menke, D. Li. and N. Otsuka, 
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Soft X-ray Scanning Microtoniography with Submicron Resolution 

L McNult~,~ W.S. Haddad? J. Trebes? E.H. Anderson: and L. Yanga 

?4dvanced Phoiott Snurce. Argonne National Laboratory9 Argonne, IL 60439 
bLawrence Livermore National Laboratory, Livermore, CA 94550 
CCenter/or X-ray Oplics. Lawrence Berkeley Laborafory, Berkeley, CA 94720 

Scanning solt x-ray microtomography was used to obtain high-resolution thrce- 
dimensional (3D) images of a microfabricated test object. The object consistcd of two gold 
pntterns separated by 4.5 pm and supported on transparent silicon nitride membranes. The 
features in the patterns were 100-300 nm wide and 65 nm thick. Using the scanning 
transmission x-ray microscope (STXM) at the XIA Beamline at the National Synchrotron 
Light Source.I we recorded nine two-dimensional projections of the 3D test objcct over an 
angular range of -50' to t55'. The x-ray wavelength was 3.6 nm and the radiation dose to 
the object per projection was approximately 2 x 106 Gy. The STXM utilizes a Frcsnel zone 
plate to form a diffraction-limited focal spot under which the sample is scanned; the zone 
plate uscd provided a focal spot radius of 75 nm and working distance of 2.3 mm. The 
instrument was modifed for tomography experiments by adding a precision specimen 
rotation stage. We reconstructed a volumetric data set of the test object from the 2D 
projections using an algebraic reconslruction technique (ART) code.2 The test object is 
clcarly resolved in transverse and longitudinal extent in 3D images rendered from the 
volumctric set. Despite the limited number of projections used in the reconstruction. the 
images exhibit a low degree of artifact. This work indicates that zonc-plate-based scanning 
microtoniography is promising for high resolution 3D imaging. 

I C. Jacobsen et ol.. Opt. Cottintun. 86. 351 (1991) 
D. Verhocven. Appl. Opt. 32. 3736 ( I  993) 

This work supported by the U.S. Department of Energy. undcr Basic Energy Sciences 
contracis W-3 I - I09.ENG-38. W-7405-ENG-48 and DE-ACOB-76SFW8. 
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Phase-Contrast X-Ray Conipii Led Tomography 
for Observing Biological Specimens and Organic Materials 

htsi i4i i  hlomosr, Tohorii 'hkctla-, anti Yuji Ilai' 
Atlvancctl Rcscarcli I,alioratory, Ilitarlii, Ltd.,  Ilatoyan~a, Sailania 350.03, Japan 
lnstitiitc of Clinical hlcdicinc, University of 'l'sukiiba. 'l'sukutia, lbaraki 305, Japan 

X.ray compirlrd tomography (CT) rcvcals striictittc insidc an objcct nondcstruc. 
tivcly; tlic origin of thc image contrast i s  licavy clriiirnts with high X-ray absorbancc. 
Organic sulrstaliccs with low X.ray absorbaiicc tlicrclorc cannot be obscrvcd with con- 
vcntional X.ray C"r without staining tlicm with contrast medium. In  contrast, X.ray 
pliasc.contrast imaging using an X-ray intcrfcronictcr is scnsitivc to organic substaiiccs 
bccausc pliasc shifts by light elcmcnts arc still dctccted as X ray inlcrfcrciicc patterns 
wliilc their absorptioli coellicicnts arc alniost zcro. 

Mfc will prcscnt phnsc.coiitrast X-ray computrtl toniography (PCX.CT) for obscrv. 
ing tlic iiisidr of organic sulistaiiccs tl~rcc.di~~ic~isio~~ally.  It was neccssary to input 
tl ic X.ray pliasc shift causcd by a spccimcn iuto a C T  algorithm. Wc tlicrrlorc uscd 
subfringc analysis nicthods to  rcad tlic phase shift from thc intcrlcrciicc pattcrns. 

Figarc 1 slioivs a sclicniatic view of a PCX-CT apparatus using an );.ray iiitrrlcr- 
oiiictcr. \Vc uwtl 0.92.h X rays from a bcntlitig scrtinti of a 2.5.GcV storage ring of 
I'liotoii hctory  a1 tlic Natioiial Idahoratory for lligli Eticrgy Physics (I< Kh'). A s  shown 
iii tlic inset ol I'ig. 1, tlic spccimcii was rotiitc-d iii liquid iiistrad of Iirii ig cxposctl to 
air. I\ \rcclgt-.sli;ipcvl ~i l iaac sliiftcr was iiiscrlctl ill a rdciciicr bcaiii path for reading 
the X.r;iy 1)Iiasc shift with siil)lringc analysis nictliotls. 

\Vr itact1 I'C'S.("I' to ~ l ~ a c r v c  a ccrcl~cllui~i aiitl a l i ~ c r  ratircr tunlor rxtirliatcd from 
a rat. I?giirc 2(a]. ltir csaiiil~lt*. is a I'CX-VI' iiiiqy of a rat crrclicllnr sprciinrn fixatcd 
iii I O X  loriwliii. a i d  iii i t  t l ic ~iiolcculiir hycr, gr;i~iitlar layer. a i i t l  wliilv iiiiittcr rail I I C  
distiiigiiislicd. Vor coiiil'arisoii. ail al)sorl)tioii-roiitrast C'r iiiiagc ol)tailictl a t  the sai~ie 
X.ray tlosr as tliat for t l ic 1YX.c'r iiiiagt- i s  also slio\vi~ iii Fig. 2(b).  It  i s  cnsy scc that 
PCX.C"I' i s  niiicli iiiorc scwsitivc. 

Rg. 2 CT images of a rat cerebellar 
spccimcn: (a) phnrc con!rasI. 
and (b) absorption conlrasl B x  
= O S m m  

Fig I Schenialic wcw of PCX-CT The specimen was 
rolstcd in  a liquid cell. ns shown in the inset. 
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Design of a Cell and Transportation System 
for the X-ray Absorption Study of Supercritical Fluid hiaterial 

T. Murata, K. NakagawaI, A. Kiinural, N. Otodal 

Department of Physics, Kyoto Univ. of Education, 
Fushiini, Kyoto 612, Japan 

1 Division of Natural Environment, Faculty of Human Development, 
Kobe University, Nada, Kobe 657, Japan 

The local structure of supercritical fluid (SCF) state, Le. the state beyond 
the critical temperature and pressure, is an interesting subject which is not 
well understood yet. In the SCF state it is known that clusters of a few 
molecules are fonned. The inaterial in this state ofteii show an interesting 
phenomena such as high solubility for a certain solute, wliicli is widely 
utilized iii industry siich as tlie decaffeieioirg process from coffee. We 
have designed and developed a cell and transportation system of material 
to study tlie SCF state by means of x-ray absorption spectroscopy. The 
cell \\as made of stainless steel with a pair of Be windows (3 inin thick 
for each). The x-ray path can be controlled by changing the distance 
between two Be windows. Electric cartridge heaters are embedded ia the 
cell IO coiitrol the temperature. With this system we have studied the SCF 
state of CF3Br. whose critical point is 67°C and 39 attn. X-ray absorp- 
tion ineasiireinents for Br K-edge EXAFS for gas, liquid, and SCF states 
of the sample were perfonned at BL-6B and BL-7C EXAFS stations ia 
the Photon Factory. The performance of tlie trailsportation system and the 
cell are presented together with tlie result of tlie absorptioii measureineiits. 

MoD57 

LO1 TEMPERATURE DIFFRACTOMETER BELOW 1K BY A 'HE-'HE DILUTlON REFRiGERATOR 
USED FOR SYNCHROTRON RADIATION X-RAY OiFFRACTOMETRY AND TOPOGRAPHY 

TETSUO NAKAJIMA'. HARUHIKO SUZUKlb, TAKAYOSHl SUZUKI" and HlDEJi SUZUKI' 

'Photon Factory. National Laboratory of High Energy Physics. Tsukuba-shi. 
Ibaraki-ken. 305 Japan. 

'Deptartment of Physics, 
Kanazawa-shi, 920 Japan 

'Institute of Industrial 
106 Japan 

'Faculty of Engineerlng. 
192 Japan 

Faculty of Science, Kanazawa Univeksltu, 

Science, University of Tokyo, Yinato-ku, Tokyo, 

Tokyo Engineer ins University. Hachioul i -sh i , 

The direct observation of variations in the crystal structure at ultra 
-low temperatures plays very Important roles in gaining a better under- 
standing of the mechanism of the phase transformation and stabllity of the 
phase as a ground state. For these purposes, two sets of %e-'He dilution 
refrigerators (model 200NS. hereafter abbreviated OR) with a top-loading 
facility were installed at BL-JCz and BCI of the Photon Factory. 

tum crystals of solid 'He. 'He and thelr mixtures for studies of lattice 
defects. In this case. it fulfills the following requirements: 
(1)lt can resist up to at least lOOatm below IK, to prepare solid helium. 
(2)lncident and scattered X-ray can pass through with moderate attenuation. 
(3)A capillary tube of helium Inflow and thermoaeter should be fitted. 
(4)The goniometric adjustment of the position and orientation of a single 

For crystal positlonlns, only the o and % rotation mechanism of the sam- 
ple cell with a limit of f20' in each were established by modifying the 
top-loading facility. 

Typical examples o f  solid and 'He topographs. among which %e in- 
dicates a remarkable annealing effect, which might be understood in terms 
of a quantum tunnel ins effect. are presented. The disappearance of dorn- 
ward diffraction Laue spots (20 B-90' 1, which is orthogonal projection of 
images In L a w  spots is discussed based on the temperature factor and oth- 
ers as one of peculiarities in solid helium. 

The DR In BL-GCI is widely used for X-ray diffraction studies o f  crys- 
talline solids. The OR, which reishs about 180kg, i s  set on the three cir- 
cle soniometer(o.20, X-circle). which resist up to 5OOkg. Top-loading 
facility i s  extremely useful for exchange of specimen. 

An observation of a splitting of the Laue spots from Cs;.NaHoCla below 
1 5 O d  as an evidence of a cooperative Jahn-Teller transltion of the first 
kind, whlch was only observed In the decraslns temperature process, i s  
briefly ex~lalned as an example of diffractoaetru. In the increasing proc- 
ess, the transition could not be found UP to about IK, which shows good 
agreement with an observation of a Schottky-type specific-heat. This is a 
peculiar structural transformation at ultra-low temperature. 

The DR In BL-3Cz Is used exclusivel~ for taking topographs from quan- 

crystal shuld be feasible to take Lauc patterns. 

Detailed construction and test experlment will be presented. 
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ASTATIC MAGNETS PROOUC~NC ARBITRARILY DIRECTED MAGNETIC FIELDS WITH GONIO- 
METRIC CONTROL USE0 FOR X-RAY DIFFRACTION. 

and Iasami Voshizawab 
'Photon Factory, National Laboratory for High Energy Physics,Oho-machi, 
Tsukuba-shl, Ibaraki, 305 Japan. 
'Saltsma institute of Technology. Okabe-machl, Ohsato-sun,Sai tams, 
369-02 Japan. 

Following a fashion of the ronioietric control of magnetic fields, the 
superconductive and normal conduct ive magnets (hereafter abbreviated to SCM 
and NCM) were constructed, in which a riven direction of masnetlc fields 
astatically generated by a set of 3 pair coils was ronioretrical~y contrail- 
ed by 3 bipolar power sources. Hence, AC and OC magnetic fields applied to a 
crystal are able to varied from one direction Chiktiil to other direction 
Chnkzi~l keeping parallel to an arbitrary curved surface. The workinr of 
this magnet I s  very useful for taking dynamic characteristic of magnetic 
crystals by X-ray diffraction, including toporraphs. 

gle wire. Their coli constants l i e  in 0.01259W'.  Strength of magnetic 
fields is up to 0.67Twith 2.4% homogeneity over 1 O # m m  sphere volume. The 
sectional view of the SCI is shown in Fig. 1. In the used cryostat. beryl- 
Ilum thin plates In size of 14O#Xl.2 and BO#X0.6 in mm unit for X-ray 
transmission are sealed by In-coated metal O-ring "Helicof lex". 

measured at the same instant by 3-channel CPlB Gauss meter (model 9900) with 
H a i l  generater of two plate type (BHT-921) and one cylinder type (BHA-921) 
used at low temperatures manufactured by F.W.Bell Inc.in U.S.A. The siiulta- 
neous measurement of H,,H, and H, is essential for control of above mention- 
ed specification. 

Both magnets are driven by two kinds of 3 bipolar electric power sources, 
I.e., rating output (flSV, f82A)  and (f43V, f82A) ransins from OC to 100 
Hz. Hence, the fields are changed by stepwise cycle of H,. H, and H, closely, 
along the concerned path by the cur- 
rent control by PC-9801RA5 of NEC. 

The sectional view of the NCI is 
shown in Fig. 2. The iaximum field 
of three coils (A ,  B and C coil) is 
up to about 0.03T by 30A exciting 
current with lalo-' homogeneity over 
10#im sphere volume. As a trial use, 
the NCM was used for taking white X- 
ray topographs of Fe-3%SI single 
crystals in magnetic fields swept In 
the (110) plane from CZOOI via CZZZl 
CllOI , c2221 , c2001 to c2001 . 
the test exper iments w l  I I be pre- 
sented. 

In the SCH, the equipollent three pair split coils are iade of HbTi sin- 

The components H,,H, and H, of the orthogonal three iasnetic fields were 

Oetaiis of the construction and - 
0 SWmm * I)- 

Fig. I Fis.2 

Progress Report o n  the Soft X ray Scanning Photormiseion 
Microscope: MAXIMUM 

U'. Ng, S. Singh, H. Soiak, F. Cerrina 

Center for X.ray Lithography, University of WisconhMadison 
3731 Schneider Dr., Stoughton, WI 53589. 

ABSTRACT 
We will present a progress report from the loft x-ray scanning pho- 
toemission microscope: MAXIMUM. Th e  microscope is installed at 
the U41 undulator at the Synchrotron Radiation Center at the Uni- 
versity of Wisconsin. The instrument is based on a multilayer-coated 
Schwatzchild objective, and it is now operating at hv = 135eV. It has 
demonetrared cpatial resolution 90DA and electron energy rerolution 
~i 250meV. We will discuss the implementation and performance of 
the nevi 135eV multilayer mirror. We will a160 present recefit data 
from the different experimental program, that m e  being conducted 
on MAXIMUM. 

I 
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Synchrotrori Radiation Plane Wave GID 
\ Topography 

D.V.Novikov, T.Gog, M.Griebenow, GAfaterlik 

Hamburger Synchrotronstrahlungslabor HASYLAB 
at Deutsches Elektroben-Synchrotron DESY 

Norkestr. 65, D-22607 Hauib~rg,Cerrnany 

X-ray diffraction topography i s  a traditional tool for investigating the real struc- 
ture of crystals and provides ligh sensitivity to lattice constant variations with a 
good space resolution. Howew: receut advances in kechnology and the growing 
importance of surface regions of single - crystals and niultilayct systems require 
new approaches to this method, which are made possible by the high brightness 
and wide t unab&ty of syurhrotrcn radiation. 

Iii this work the SR plane.wave grazing-incidence dilfraction (ClD) topography 
is discussed as an effective tool for depth-resolved investigations of near surfacr 
defect structure in singlc crystals and cpitasial layers. The favorable properties 
of synchrotron radiation enatJe one to avoid usiid limitations on applicahility d 
this difliactioti geometry and invrsligate d classes of defects jit real materials 

The experiments were yerfortued at the lieamlines ROEhIOl and CEMO of HA- 
SYLAB, cisiilg double-crystal Ce ,' asyiuuietric Si ~~ioeorhromators. Tlie inrage 
formatioa of ticar-turface dislocations and the effects of refraction on rough sur- 
faces were investigated. 

Oblique diffiactioii planes were used 10 compare the topograpl~y in skew incollla- 
nar and coplanar geouictries. The latter is shown to he more clfective. t s  it 
utilizcr the wavelength tunability of SR and allows to vary the difiacrioii condi- 
tions in a wide range from usual highly asymmetric to grazing-incidcncc below 
the critical angle of total external reflection ( and the penetration depth from 
hundreds to tens of nanometer) without off-plane rotations a i d  provides pictures 
free of conipliratcd geometrical distortions. 

The dislocation iriiayes at Wcrent diffraction conditions proved to he qualitn- 
tisely the same for near-surface defects, while the structuie distortions, produced 
by the dcfects in the uiitlcrlying layers become invisible at grazing incidence, duc 
to both depth resolution of the method and inevitable loss of lattice parameter 
resolution. This might be a sulslantjal advbnlage for characterization of films on 
ruhstrates with a low perfection. 

Thus, SR based ylatie-wave CID topography provides all thc features of usual ' 
asymrnetric topography and has substantial advantages for surface defect an+ 
nis. 
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DEVELOPMENT OF MICRO-AREA DIFFRACTION SYSTEM 
BY POLYCHROMATIC SR WITH LAUE METHOD 

i<.Ohsumil), K.HngiynZ), M.Miyamold)  nnd M.Ohmasn2) 
I )  Photon Fnctory, KEK, 1-1, Oho, Tsukuba, lbnmki, 305 jnpnn. 
2 )  Life Sri., Himeji lnst.Tech., 3 )  Miner. lnst., Univ.Tokyo. 

An equipment and software system was developed using Laue 
method combined with polychromatic synchrotron radiation, in order to 
analyze micro-textures in complicated crystal aggregates, and to refine 
structures of submicrometer-sized crystal particles or twinned domains. 
This development was carried out at beamline 4B(BL-4B) of the Photon 
Factory(PF), KEK and was successfully applied to some inorganic 
specimens. The minimum volume of specimen from which diffraction 
intensities were used for observed values in a structure refinement was 
O.OZpm3. This size of specimen beyond the limits of optical microscopy, 
and it is difficult to handle such small specimens under an optical 
microscope. In the case of using a second generation SR light source, 
therefore, micro-areas of a larger specimen can now be analyzed by an X- 
ray diffraction method. Micro-area diffraction studies will play an 
important role in the era of third generation SR light sources. The 
equipment is described briefly below. 

Due to the limited space around BL-4B of PF, a micro-beam is 
produced by using a micro-pinhole which is set at a distance of lOmm 
before a specimen. . At first we produced a micro-pinhole with a diameter 
of 8 pm. Using this micro-pinhole, a structure of olivine ((Fe,Mg)zSiO4) 
in a thin section of a Yamato meteorite was successfully refined including 
site occupancies of Fe and Mg in both M1 and M2 sites. Since then 
several micro-pinholes have been made by the authors. Their diameters 
were measured by scanning an ion chamber with a slit using 
polychromatic SR, and their shapes were confirmed to be circular from 
film images(Radoco1or film: Nitto Elec. Co.Ltd. and Polaroid film). 
Micro-pinholes with diameters of 2.4 and 3.5 pm full width at half 
maximum are now available. The divergence of the obtained micro- 
beams after the pinholes were measured to be 26 and 15 prad respectively. 
Two other pinholes with a diameter of 50pm were installed in the 
beamline 2350mm apart from each other. The downstream 50pm pinhole 
was approximately lOOOmm from the sample. The newly developed 
equipment was designed to incorporate an imaging plate (20Ox400mm, 
Fuji Co.Ltd.) read out system. An imaging plate is set on a cylindrical 
cassette with a radius of 100mm, and covers -60 to 165 degrees in 26. The 
diffraction experiment is carried out in a vacuum chamber to minimize 
air scattering. To account for the varying path lengths of diffracted X-rays 
through non-irradiated parts of the sample and the subsequent variation 
in absorption, the software system was revised with respect to absorption 
correction of the integrated intensities of Laue spots. 

Laue patterns of olivine and diamond in thin sections of meteorites 
with a 3.5 pm pinhole were successfully recorded and will be shown 
together with crystallographic analyses. 
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SIMULATION OF SCATTERING X-RAYS FOR IMPROVING 
IMAGE QUALITY I N  SR CORONARY ANGIOGRAPHY 

Y.Oku KHyodo', K.Aizawa, and M.Ando' 
A k a s h d i c a l  Institute, Kawasaki Heavy Industrics, Ud. 

*Photon Factory, National Laboratory for High Energy Physics 

Coronary angiography by intravenous injection of contrast material usin? syn- 
chrotron radiation is a safe and casy method for diagnosis of coronary artcnes. In 
Japan, a two-dimensional imaging system for coronary angiography is being dc- 
veloped[ I]. I t  bcnefits the ability 10 evaluate coronary arteries that arc actually 
functioning as well as to do diagnosis in measuring blood flow or checking heart 
wall motion. However in the case of two-dimensional ima ing, there exists a prob- 
lem: Image contrast and visibility deteriorate due to hannfu? scattering x-rays which 
arc made when passing through a patient's body. 

X-ray @ds, which arc used in conventional x-ray imaging s stems to dccreasc 
thc scattering x-rays in images, arc considend to be very usefur for improving the 
image quality taken by the two-dimensional SR imaging system. But direct x-rays 
for making images arc also decreased considerably by absorption when passing 

Thcrcforc, we have developed a simulation propam in order to study x-ray 
scattering bchavior in a subject using monochromatic x-rays and to find a way to 
dccreasc the scattcring x-rays in images using x-ray grids. Thc calculated results 
conccming the scattering x-rays using the simulation program were comparcd with 
ex crimental results using monochromatic x-rays at 33.17kcV from synchrotron 
raiation. The experiments were performed using an acrylic plate phantom and an 

through an x-ray grid. 

imaging plate as a detector. 

cations as proposed by these authors et al.[3] using these results. 

References 
[ 11 K.Hyodo, K.Nishimura, and M.Ando : Handbook on Synchrotron Radiation, 
Vo1.4, 55 (cd. by SEbashi, M.Koch and E.Rubcnstcin Elsevier Science Publishcrs, 
Amsterdam, 1991 ) 
[2] Y.Oku, K.Aizawa, S.Nakagawa, M.Ando, K.Hyodo, and S.Kamada : Procccd- 
ings of the 1993 Particle Awlerator Confcrence, V01.2, 1468 ( 1994 ) 

We will improve the concept of a compact SR sourcc dedicatcd to mcdical appli- 

A Wavelength Dlsperslve Detector for Synchrotron X-ray Fluorescence 
Microprobe Analysts 
M&l. Rivers, Stephen R. Sutton 
Dept. of Geophysical Sciences and Consortium for Advanced 
Radiation Sources, The University of Chicago, Chicago IL USA 

The synchrotron x-ray fluorescence (SXRF) microprobe has proven to be a 
valuable tool for trace element research. It permits analysis down to a few parts-per- 
million of many elements in a spot size of less than 10 microns. Existing SXRF 
microprobes are using energy dispersive detectors (EDS), either Si(Li) or intrinsic Ge 
diodes. Such detectors have the advantage of collecting the entire fluorescence 
spectrum at once. They can also be positioned to collect a relatively large solid angle. 
However, EDS detectors suffer from several significant problems: resolution at Fe Ka 
is about 150 eV, which is roughly 60 times the natural line width; the maximum count 
rate is less than 20,000 countsisecond in the entire spectrum; there is significant low- 
energy background due to scattering and incomplete charge collection in the device. 
For geochemical analyses these limitations preclude trace element analyses in the 
presence of a large amount of a high atomic number element: for example trace 
element studies of galena (PbS) and zircon (ZrSiOq), or measurements of Cr or Ti in 
minerals with more than a few percent Fe or Mn. The poor energy resolution prevents 
the measurement of small amounts of rare-earth elements in samples with significant 
concentrations of first-row transition elements. 

Wavelength dispersive spectrometers, based upon Bragg diffraction from a bent 
crystal, have several distinct advantages over EDS detectors. The resolution at Fe Ka 
is about 10 eV, or only 4 times the natural line width. This permits the analysis of rare- 
earth elements and also lowers the background which improves detection limits to the 
0.1 ppm range. The WDS spectrometer only detects a single energy at once, so it is 
possible to measure trace elements in the presence of intense fluorescence of a major 
element. 

We have installed a commercial wavelength dispersive spectrometer1 on the X- 
26A microprobe beamline at the NSLS. The spectrometer can scan the range from 
33'-135' 28. It contains 4 analyzing crystals (TAP, PET, LiF200, LiF220) mounted on 
a motor-driven turret, which cover the energy range from 1-17 keV. The detector is 
equipped with tandem proportional counters: a thin-window flow counter (P-10 gas) 
followed by a Be-windowed sealed Xe counter. A remotely adjustable exit slit is 
located just before the flow counter. This slit can be used to trade off count rate for 
energy resolution. Measured resolution at Fe Ka is 11 eV. The peakhackground ratio 
on Fe metal is 105, which is roughly 100 times better than with a Si@) detector. The 
measured collection efficiency varies from roughly 10-3-10-4, which is a factor of 3 to 
10 lower than that for the Si(Li) detector as it is normally used at X-26A. 

The X-26A microprobe has been configured to allow simultaneous use of both the 
WDS and Si(Li) detector. The detectors complement each other nicely, with the Si(Li) 
providing an overview of the entire spectrum and the WDS available to study selected 
peaks with significantly better energy resolution and sensitivity. 

Model WDX-3PC from Microspec Corp., Fremont CA 
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A hlultlelement Ge Detector with Complete Spectrum Readout for X-ray 
Fluorescence Mlcroprobe end Mlcrospectroscopy 
Miuic I Rivers, Stephen R. Sutton, Harvey Raback 
Dept. of Geophysical Sciences and Consortium for Advanced 
Radiation Sources, The University of Chicago, Chicago IL USA 

Multielement Ge and SI(U) detectors have been used in recent years to improve 
increase count rate capabili and to improve the solid-angle efficiency in fluorescence 
x-ray absorption spectroscopy (XAS). Such systems have typically been equipped 
with one or more singlechannel analyzers (SCAs) for each detector element. Such 
SCA-based electronics are sufficient when only the counts In one or two well-resolved 
peaks are of interest. For the fluorescence (XRF) microprobe at beamline X-26A at the 
NSLS, SCA-based electronics were not a satisfactory soluh'on for two reasons: 1) for 
XRF experiments the entire fluorescence spectrum is required; 2) for micro-XAS 
studies of trace elements In complex systems the fluorescence peak often sits on a 
significant background or partially overlaps another fluorescence peak, requiring 
software background subtraction or peak deconvolution. 

We have designed an electronics system which permits collection of the entire 
fluorescence spectrum from each detector element. The system is made cost-effective 
by the use of analog multiplexors, reducing the number of analog-to-digital converters 
(ADCs) and multichannel analyzers (MCAs) required. The system was manufactured 
by Canberra Industries and consists of: 

13 element Ge detector (1 1 mm diameter detector elements) 
13 NIM spectroscopy amplifiers with programmable gains 
4 analog multiplexors with maximum of 8 inputs each 
4 ADCs with programmable offsets and gains and 800 nsec conversion time 
2 MCAs with Ethernet communications ports and 2 ADC inputs each 

The amplifiers have shaping times which are adjustable from 0.5-12 microseconds. 
The analog multiplexors were modified to perform pileup rejection. The analog 
multiplexing does not significantly reduce the count rate capability of the system, even 
at the shortest amplifier shaping times. The average detector resolution Is 170 eV at 
12 p shaping time and 200 eV at 4 ps shaping time. The maximum aggregate count 
rate Is 400 kHz with 0.5 microsecond shaping time. 

The system is controlled by software based upon a package from Canberra and 
another commercial package (IDL), both running on a VAXstation 4000/90. The 
software automatically adjusts the gains of the amplifiers and offsets of the ADCs so 
that the spectra from each detector have identical calibrations and can be added 
channel-for-channel. The overhead to read a 1024 channel spectrum from each of the 
13 elements and sum them Is about 2 seconds. The software allows a range of 
options for data storage, from saving the complete spectrum for each of the 13 
detectors elements (>50,000 bytes/point) to saving only the net counts under a single 
fluorescence peak summed over all the detector elements (4 bytedpoint). These data 
can be stored at each pixel in an elemental map or at each point in a monochromator 
scan. The system has been commissioned and is being used for XRF and micro-XAS 
studies. 

Time-Resolved X-Ray Scattering Program A t  
The Advanced Photon Source 

Brian Rodricks 
Advanced Photon Source 

Argonne National Laboratory 
9700 South Cass Avenue 

Argonne, IL 60439 

The Time-Resolved Scattering Program's goal in the development of 
instruments and techniques for time-resolved studies. Th is  entails the 

development o f  wide bandpass and focusing optics, high-speed detectors, 

mechanical choppers, and components for the measurement and creation o f  

changes in samples. Techniques being developed are pump probe 

experiments. single bunch scattering experiments, high-speed white and 

pink beam Laue scattering, and nanosecond to microsecond synchronization 

of instruments. This program w i l l  be carried out primarily from a white 

beam bend magnet source experimental station, 1 BM-B, that immediately 

follows the First Optics Enclosure (IBM-A). Th is  paper wi l l  describe the 

experimental station and instruments under development to carry out the 

program. 
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Subnanosecond-resolved XEOL spectroscopy using a dissector 

A.N.Bclskyl), G.N.Kulipanov2), V.V.Mikhailinl), V.A.Pustovarov3), 

A.L.Roealev4), G.T.Shcpel2). A.N.Vasil'cvl), E.I.Zinin2) 

1 ) Synchrotron Radiainn Luboratory, Moscow State University, I 17234 Moscow 
2, B&r Institute of Nuclear Physics, 630090 Novosibirsk 

3) Oral Politechnical Institute, 620002 Ekaterinburg 
4, European Synchrotron Radiation Faciliry, B.P. 220, F-38043 Grenoble Cedex 

The experimental set-up for subnanosecond time-resolved X-ray 
Excited Optical Luminescence (XEOL) spectroscopy of solids is 
described. This instrument has been developed and installed at the white 
beam wiggler beam line of the VEPP-3 storage ring. Short X-ray 
synchrotron radiation pulses with a FWHM of about 1 ns and a 
repetition period of 248.1 ns are used for excitation of luminescence. 
The emission in the spectral range from 200 nm to 800 nm is detected 
by using a stroboscopic version of electron-optical chronography based 
on a dissector having apparatus time resolution better than 20 ps. The 
stroboscopic mode of operation of the dissector in combination with the 
temporal structure of SR from VEPP-3 storage ring enabled three types 
of measurements to be performed: i)  steady-state luminescence spectra; 
ii) emission decay curves at different emission wavelength. Decay times 
could be determined from the experimental data with a temporal 
resolution about of a 100 ps which is limited by the duration of the 
excitation pulses; i i i )  time-resolved XEOL spectra recorded 
simultaneously in six temporal windows of 50 ps separated by 41.35 ns. 
The time position of the windows could be varied relative to the 
excitation pulses within 41.35 os. 

The emission spectra (steady-state or time-resolved) and decay 
curves can be measured as well as a function of externally variable 
parameters, e.g. sample temperature. Decay data analysis is done by the 
modulating functions technique or by iterative deconvolution. 

The performance of the experimental set-up is demonstrated with 
two examples of current interest, the non-exponential kinetics of 
emission of some inorganic scintillating crystals and the time-resolved 
measurement of the emission of high-temperature superconductor thin 
films. 
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DESIGN OF A MULTISLIT, OPTIONAL WIDTH COLLIWTOR 
FOR HICROPLANAR BeAH RADIOTHERAPY 

P.N. Slatkb, F.A. Dilmanian, and P. Spanne (Medical Department, Brookhaven 
National Laboratory, Upton, New York); J . - 0 .  Cebbers (Pathologi8ches Institut 
des Kantonsspitals, Luzern, Switzerland); D.W. Archer and J.A. Laissue 
(Pathologisches Institut der Universitilt, Bern, Switzerland). 

It has been shown that microplanar benm (microbeam) radiation therapy 
IHRT], initially proposed to treat human brain tumors (l), can palliate or 
ablate large (- 4 mm-dinmeter), otherwise imminently and inexorably lethal 
(median residual lifeapan [HRL] -7 d) right frontocerebral brain tumors in 
rats ( 2 ) .  A horizontally propagated. 4-mn high, 25 pm-wide, 
0.25 am Cd-filtered (median energy -49 keV) microplanar beam wns used in the 
X17B1 hutch of the National Synchrotron Light Source INSIS] at Brookhaven 
National Laboratory [BNL] to irradiate 100 3-tiered, 12 mm-high x 25 pm-wide, 
quasiparallel, microplanar fields in the rat head. separated from each other 
by 100 prn intervals, field center-to-field center. Skin-entrance absorbed 
dose [SED] rates were - 400 Gyes'. 
exposures to irradiate these fields. straddling tumors anterposteriorly with 
SED - 625 Gy/exposure, 4/14 rats were alive 99 d after irradiation 
(HRL - 28 d). Moreover, 9/15 or 8/15 rats were alive 99 d after such tumors 
were crossfired first anteroposteriorly and then transversely from right to 
left using that pattern twice with SED - 625 or 312 Gy/exposure, respectively. 

As optimal beam widths and interbeam intervals for various conditions of 

Using a sequential psttern of 300 

HRT are unknown, an optional width collimator would be useful. 
collimator design is for a pair of identical, parallel stacks, each stack 
comprised of 100 pm- or 150 pm-thick tungsten foils alternating with 100 pm- 
or 50 pm-thick beryllium foils, respectively. Translation of one stack 
parallel to the fixed, identical stack, each stack perpendicular to the beam 
line, should yield arrays of quasiparallel microplanar beams at 200 pm 
intervals, beam center-to-beam center, with optional microplanar beam widths 
in the 0-100 pm or 0-50 pm range, respectively. Two exposures, the second 
after a 100 pm translation of either the collimator or the target parallel to 
the stacks, would result in 100 pm intervals between microplanar beams, 
center-to-center. 
to be replaced by more radiolucent materials such as air. 
cooling the collimator and its frame may be incorporated into the device, if 
required. 

1. D.N. Slatkin, P. Spanne, F.A. Dllmaninn, and H. Sandborg. Hicrobeam 

2. D.N. Slatkin, P. Spanne, F.A. Dilmanian, H.M. Nnwrocky, J.-0. Cebbers. and 

Our present 

Improvements in construction techniques may allow beryllium 
A mechanism for 

radiation therapy. Med. Phys Le, 1395-1400 (1992). 

J.A. Laissue. Microplanar beam radiotherapy [HRT] of malignant brain 
tumors in rats. 
Brookhaven National Laboratory, Upton, New York,; BNL-52415 (In press, 
1994). 

in National Synchrotron Light Source 1993 Annual Report, 

We are grateful to the staffs of the NSLS and Hedical Departments of BNL for 
their invaluable help. J.A.L. and D.W.A. acknowledge the University of Bern, 
and J.-O.C. acknowledges the Cantonal Hospital of Lucerne, for sponsorship. 
This study is supported primarily by the U.S. Dept. of Energy through i t s  
prime contract DE-AC02-7600016 with BNL. 
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TESTING OF SUB-MICROMETER FLUORESCENCE MICROPROBE BASED 
ON BRAGG-FRESNEL CRYSTAL OPTICS AT THE ESRF 

A.Snighv. I.Snieireva. P.Engslrt)m 

A.Suvorov 
Institute for Microelectronics Technology. Russian Academy of Sciences. 
142342 Chernogolovka, Moscow Region, Russia 

ESRF, B.P. 220, F-38043 GRXoblC. F a c e  

P.Chevallier, FLegrand, GSoullie 
LURE, University Paris-Sud, Bat209D. F-91405. Orsay. France 

The pcrformance of the fluorescence microprobe based on Bragg-Fresnel lens was 
tested at the ESRF Microfocus beamline (Fig.1). A low-B undulator with the source 
size 150*90pm2 was located at a distance of 36m. The 7.6 keV and 13.5keV 
monochromatic beam was selected by a Npxxdcd channel-cut Si monochromator 
and was focused on a sample by a circular Gc BFL using 444- and 777-reflections in 
nearly backscattering geometry. 

. 
Fig.1 Optical set-up for subpm fluorescence microprobe. top view. 

A Cr mask with 80nm thickness was used as a test object to measure the resolution 
and sensitivity of the microprobe. The fluorescence signal was recorded with a 
Si(Li)-detector. The knife-edge scan data show a focal spot of 0.7pm. The intensity 
in the focal spot was measured to l@ pWs. The developed sub-micrometer 
fluorescence microprobe was applied for mapping 100pm size micrometeorite. 
Some aspects of sample preparation and sample alignment for subpm fluorescence 
microprobe will be considered as well. 
We gratefully acknowledge the support of C. Rickel, M. Kocsis. S. Lequien. 
A. Freund. M. Idu and S. Engrand. 
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SR-Hard-X-Ray-Diffraction-Microscopy of Carbon Fibre 
Reinforced Plastic 

By J.D.Stephenson,M.P.licntscliel and A.Lange’ 
Div.6.22 Federal Inst. of Material Research and Testing, Unter den Eichen 87, 12206 

Berlin, FRC. 

The characterization of carbon fibre rcinforced plastics (CFRP) requires high resoluti- 
on (non destructive) X-ray techniques which differentiate between fibre bundle-layers 
and -inner structure within the bulk material. As an example, we examined a (pseudo 
hexagonal) CFRP, composed of fibres, approximatcly 611 in diameter ;-axis along and 
Caxis  perpendicular to the fibre length) which were unidircctionally arranged in layers 
approximately loop apart. 

Alternate planar layers were preferentially orientated and bonded together in an epo- 
xy matrix forming a high strength/light weight material, designed for helicopter- and 
turbopropblades, primary and secondary structures for advanced aircraft fuselages, au- 
tomobile components, mediral architecture and other peripheral (sport) devices. The 
perfection of such advanced materials is marred by defects within the coinposite ma- 
terial (pores, microbuckling, delamination) and a careful quality control is therefore 
paramount for the advanceincnt of these materials. 

As tlie eyepiece ‘E’ (00.2) X-ray quantum elliciency yield from a (Imm thick) sainplc 
is very low (IO-’ a t  r= BKeV) a SR-’straight through’ microscope has been designed 
to  improve the spatial resolution of an earlier characteristic X-radiation modclz. The 
much higher intensity and smaller emittance froin the SR-source made it possible to 
design an objcctive ‘0’ (formed by accurately aligned (crossed) tantalum slits, 480pm 
(V)  and 2Opm (If). The eyepiece ‘E’was foriiied by similar slits 15pm (V)  and 25pm 
( V )  and separated to fully accept the (00.2) d i h c t e d  intensity into the detector ‘D’. 
Two test experiments were carried out a t  1IASYLAB (Ilamburg) using a )  WSR and 
b) Monorhroinatic (7.77KeV) Wiggler-SR. Iii both cases tlie same (cross ply) CFRP 
lainitiate (= Ipni thick, 1.25mm wide, contaiiiiiig 12 bundle layers)) w a s  used. 

We will show the results of the two expcrimciits where; 

I .  The WSR intensity scans have the disadvantage that the (00.2)-reflcction is highly 
wavclsngth dispersed causing E to accept a range of difracted wavelengths from 
different partsofthe sample. The signal-iioisc modulation in  this case was = 10%) 
giving a spatial resolution of IOOpm without computer processing. 

2. The use ofSi-(220) monochromatised SR (FWIIM = 5.3arcsec) has the advantage 
of non wavelength dispersed (00.2).difrraction. The signal-noise modulation iii 
this case was 70% which improved the spatial resolution to = 25pm. This was at 
the expense of reducing the signal intensity to a tenth of that  obtained in  I). 

Again the scanned data did not need to be deconvoluted, instead only the top (highly 
resolved) signal region was used reclaiming the true inlierent resolution. 

I N I M  (0).(1991) in press 
’K-W. Ilarbich, h1.P llenlbchcl and A Lmge. Kunrtolfe/ German Pl~tics,83,22,(199J).9 
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Oxidation State Mapping using Micro-XANES 

f .  R. Sut to~l ,  S. Bajtl, D. Schulze2 and T. Tokunagax 
Department of the Geophysical Sciences and Center for Advanced Radiation Sources, 

The University of Chicago, Chicago, IL 60637, USA; 2 Agronomy Department, Purdue 
University, W. Lafayette. IN 47907, USA; Earth Sciences Division, Lawrence Berkeley 
Laboratory. Berkeley. CA 94720 USA. 

X-ray absorption near edge stmcture (XANES) is a valuable technique for studying 
the electronic structure of specific elements in complex materials. In principle, XANES 
applied with x-ray microprobe instrumentation can be used to obtain this information in a 
spatially-resolved manner. Examples of problems which might benefit from micro- 
XANES include: 

redox statcs and mineralogical associations of toxic species in contaminated sediments 
and waste encapsulation materials. 
oxygen fugacity determinations based on partitioning of trace elements in specific 
valence states between coexisting phases in earth and extra\crrestrial materials. 
redox state of the Earth's interior based on valence determinations on micro-crystals 
within diamonds from the mantle. 
redox chemistry of Mn at the root-soil interface and its role in agriculturally-relevant 
plant diseases. 

The basic approach in oxidation state mapping is to make multiple. 2-dimensional 
x-ray fluorescence (elemental) maps of the spccimen using monochromatic radiation where 
the monochromatic energy for each map is chosen to preferentially excite particular 
oxidation states of the element of interest. The distributions of individual oxidation states 
arc then determined by dcconvolution of these maps. 

This method was used to map selenium oxidation states in water-saturated sedimcnt 
containing decomposing roots of Scirpus. a common wetland plant [I]. Selenium was 
introduced homogeneously as selenate (Sea+). The resulting oxidation state map clearly 
showed that soluble Se6+ was reduced to the less mobile Se4+ and insolublc Seo in  the 
regions of high microbial activity. i.e.. immediately adjacent to the decaying roots. In 
another application. Mn oxidstion state maps of wheat roots growing in agar amended with 
Mn2+ and infected with the take-all fungus provided direct evidence for the accumulation of 
insoluble Mn4+ (2.31. These results support the hypothesis that the oxidation of Mn2+ to 
Mn4+ is intimately involved in the fungal infection process. 

Acknowledgments: This research was supported in part by the following grants: US DOE 

References: [ I ]  Tokunaga, T.. S. Sutton, and S. Bajt (1994) Mapping of selenium 
concentrations in soil aggregates with synchrotron x-ray fluorescence microprobe. Soil 
Science. submitted. [2] Micro-XANES spectroscopy of Mn-oxide precipitates around 
wheat roots infected with the take-all fungus Gaeumannomyces graminis var. tritici. 
Abstracts - 10th Inter. Clay Conf. Adelaide, Australia. [3] Schulze, D.. S. R. Sutton and 
S. Bajt (1994) Measurement of Mn oxidation state in soils using x-ray absorption near edge 
structure (XANES) spectroscopy. Soil Science Society of America Journal, in preparation. 
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Dark Field Imaging In Hard X-ray Scanning Mlcroscopy 

MoD7 1 

---- Yoshio Suzuki and  Fumihiko Uchidal 
Advanced Research Laboratory, Hitachi Lid., 

Central Research Laboratory, Hifachi Lfd., 

In x-ray microscopy, image contrast is produced by transmission 
contrast or fluorescent x-ray yield. Although the fluorescence yield method 
provides dark field imaging, other kinds of contrast are possible, such  as 
diffraction, scattering, reflection, refraction, and  phase  contrast. We will 
discuss some of these  dark field imaging (DFI) methods used in hard x-ray 
scanning microscopy. 

Our microbeam optical system is essentially the same as that 
discussed in an earlier paper(l1. SR from P F  2.5GeV storage ring is 
monochromatized through a Si double crystal monochromator and focused 
by a pair of elliptical total-reflection mirrors (elliptical Kirkpatrick-Baez 
optics[2]). With this optical system, a focus spot of about 1 pm h a s  been  
achieved. For DFI, scattered x-rays, reflected x-rays, diffracted x-rays and  
fluorescent x-rays are detected with a Nal scintillation counter or a G e  solid 
state detector. A b e a m  stop is located behind the sample to absorb the  
directly transmitted x-rays. 

An example of DFI is shown in Fig. 1. GaAs hetero-epitaxial film on 
Si is used as the model sample. Crystal structure imaging of GaAs film and 
substrate Si is obtained by detecting diffracted x-rays (scanning X-ray 
diffraction microscopy, or scanning diffraction topography). Defects in the 
GaAs film can b e  observed, as shown in Fig. la, and lattice strain images of 
the underlying Si substrate  can also b e  seen (Fig. lb). Uniformity in the 
GaAs film is confirmed by elemental mapping observation by means of 
fluorescent x-ray detection (Ga Ka and As Ka x.rays). We will also discuss 
other types of DFls, e d g e  contrast by reflected x-ray detection, and imaging 
of light elements by scattered x-ray detection. 
1) Y. Suzuki and F. Uchida, Rev. Sci. Instr. 63 (1992) 578 (proceedings of 
SR191). 
2) P. Kirkpatrick and  A. V. Baez, J. Opt. SOC. Am. 38 (1948) 766. 
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FLUORESCENT SCANNING X-RAY COMPUTED TOMOGRAPHY WITH 
SYNCHROTRON RADIATION. 

-, *Toshikazu MAEDA. Tauuo ITO. Kenichi KISHI. Jin WU. Masahiro 
KAZAMA, *Tetsuya YUASA, **Kazuyuki HYODO, *Taka0 AKATSUKA. Yuji ITA1 

Institute of Clinical Medicine. University of Tsukuba. Tsukuba, Ibaraki 305 Japan 
*Faculty of Engineering, Yamagata University. Yamagata 992 Japan 

**Photon Factory, National Laboratory for High Energy Physics. Tsukuba. lbaraki 305 Japan 

INTRODUCTION: From analysis of fluorescent X-ray, we can obtain several 
characteristics of the material and biological specimen. But these specimens are thin slice 
section and measures surface scanning of the object. A new fluorescent scanning X-ray 
computed tomography (FS X-ray CT) is developed to detect tracer material (an iodine and 
gadolinium) of living object. Here, the concept of the system and preliminary resulu of this FS 
X-ray CT experiment will be reported. 
METHOD: FS X-ray CT consists of silicon ( I  I I )  channel cut monochromator. X-ray 
shutter, X-ray slit system. a scanning table for target organ and an X-ray detector with 
germanium which detects fluorescent X-ray excited by SR (Fig. I). Experimcnt was canied 
out at bending beam line of BLNE-SA of the Tristan accumulation ring (6.5 GeV. 10-30 mA) 
in Tsukuba, Japan. The energy of monochromatic X-ray beam was adjusted to 33.17 + 0.2 
keV. Data acquisition time was 50 s at each scanning point. 

Phantom filled with various concentration of an iodine contrast material was scanned. Beam 
s i x  for excitation was collimated in 1x2 mmz and the fluorescent X-ray detection site was also 
collimated 2x2 mm2. The small circular phantom (20 mm in diamctcr) was xanned using 
relatively large excitation and detected size (2x2~2 mm7). 
RESULTS: The 50 pdml of an iodine contrast agent was dctected sufficiently by this 
preliminary FS X-ray CT system. The observation area by excitation was only 4 mm3. The 
image of cylindrical phantom filled with 2 mglml iodine was demonstrated (Fig.2). The image 
quality was now poor probably because scanning s i x  was relatively large. however contrast 
agent was detected. FS X-ray CT might be available to detect contrast agent with' low 
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concentration and to reveal its distributions. 
Object 

slit Iscannirtol Channel cut Shutter 
monochmmelor 

Dlsplsy Computer 

Flg.1 Dlagram of tluoreacent acannlng X-ray CT 

@ 3 rnm 

abowrhape uf phrnlom 
bdow:FS-Cr image 

Photon Stimulated Ion Desorption Studies Using Pulsed 
Synchrotron Radiation 

-IA4, Hiromi Ikcura', Tctsuhiro Sckiguch?, 
Tctsuji Sekitani'. and Marcia C. K. Tinonc' 

. .  

I.Photon Factory, Natl Lab. for High Energy Phys., Oho, Tsukuba, 305 Jupan 
2 Depl. o/ Chem.. Univ. 01 Tatyo, Hongo, Tokyo, I13 Japan 
3.SR Facility Project Team, Japan Atomic Energy Res. liist., Tokai. 319-11 Jupaa 
ADepl. 01 SR, Grad. Univ. for Ah.  Studies, Oho, Tsukuba, 305 Jupan 

Reccntly, inner-shell clcctron energy loss spectroscopy (KEELS) and ncar- 
edgc x-ray absorption fine structure ( N E W S )  spectroscopy havc bccn 
succcssfully applied to thc characterization of molccular and clcctronic slructurc 
of  various kinds of molecules. However, subsqucnt reactions aftcr thc inncr- 
shcll cxcitation havc not ncccssarily bccn invcstigatcd in dctailcd. Among 
such rcactions, photon stinlulated ion dcsorption (PSID) is a rclativcly simplc 
proccss and is cfficicntly observcd by inner-shcll cxcitation. 

In this work, a simplc ion timc-of-flight (TOF) spcctromotcr was dcsigncd 
and installcd in thc soft x-ray bcamlincs BLI 1A and BL13C. in ordcr to 
invcstigatc thc mechanism of PSlD initiatcd by soft x-ray. During singlc bunch 
opcration of thc Photon Factory 2.5 GcV sloragc ring, soti x-ray pulscs with 
pcriod of 624 ns and width of 100 ps wcrc irrddiatcd on thc samplc. Duc to thc 
vcry good timc rcproducibility of thc SR pulscs, hcavy ions which havc flight 
timcs longcr than 624 ns can also bc mcasurcd. Thcrcforc, in this work, wc 
wcrc ablc to invcstigatc thc PSlD of both small molcculcs (H'O and DCOOD) 
and largc molcculcs (polymer thin films). 

PSlD of H,O/Si(100) and DCOOD/Si(100) havc bccn cxamiiicd at thc 
oxygcn K-cdgc and thc carbon K-cdgc regions, rcspcctivcly. Thc rcsulls arc 
summarizcd as follows: 0' ions from H,O cxhibit a dclaycd thrcshold at ca. 
570 CV which is intcrprctd in tcrms of thc primary cxcitation and thc 
modification of number of charge of dcsorhing spccics. D' and CDO' ions 
from DCOOD strongly dcpcnd on thc primary excitation, and arc sclcctivcly 
cnhanccd at thc C Is to d,, and d,, excitations, rcspcctivcly. 

PSlD of Poly(mcthylmcthacrylatc) and Poly(methylacrylatc) havc bccn 
cxamincd at both thc carbon and thc oxygen K-edgc regions. It was found that 
the ion dcsorption occurs spccifically around the sitc of the atom whcrc Ihc 
primary excitation takes placc. Thc cfficicnt production of CH', CH,* and CH,' 
ions at 288 eV and 538 cV are considcrcd to bc a result of thc localizcd 
cxcitation of C 1s and 0 Is in thc mcthoxy group to the do.,,, stale, 
rcspcctively. CDO' ions are also sitc-specifically enhanced at 539 CV 
excitation which is assigned to the transition from methoxy 0 Is to thc 
u'C-OC113 state. 
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MACROMOLECULAR CRYSTALLOGRAPHIC RESULTS OBTAINED 
USING A CCD DETECTOR AT CHESS 

w, R.L. Walter, S. E. Ealick, Section of Biochemistry, Ccll and Molecular 
Biology and D. H. Bilderback, Cornell High Ener Synchrotron Sourcc (CHESS), 
Cornell University, Ithaca NY 14853; S. M. guner ,  Department of Physics, 
Princeton University. Princeton NJ 08544; and E. F. Eikenberry. Robert Wood 
Johnson Medical School, Piscataway NJ 08854. 

The development of large format, low noise charge-coupled devices (CCD’s) is 
beginning to exert an impact on macromolecular crystallography. Results from 
various macromolecular crystallography experiments rn presented showing the 
effectiveness of a recently installed CCD detector at the Cornell High Energy 
Synchrotron Source (CHESS). The detector [ I ]  uses a 1024 x 1024 CCD array 
dhwrly coupled to a phosphor with a fiber optic taper. The pixel size at the phosphor 
(50 microns) results in M effective spatial resolution of about 80 microns. Even with 
the relatively small active area, about 150 orders of diffraction can be resolved across 
the detector face. With this detector format, well-re lved diffraction data have been 
collected from unit cells with edges as large as NO ~n an offset configuration, the 
detector has been used to collect extremely high resolution data (1 A). A number of 
data sets have been collected having Rsym values in the 4-6% range; in the case of 
room-temperature lysozyme. an Rsym value as small as 2.0 was obtained for a 2.0 A 
resolution data set. In addition to futed wavelength studies, the dewtor has also been 
used to collect MAD data. In all cases. the use of this detector has proven to be mon 
efficient than using standard image plates. An oscillation data frame is displayed 
shortly after the exposure, and while the data set is being collected, a fast program 
transforms the data by subtracting the background. removing distortion effects, and 
comcting the intensities as a function of both phosphor position and obliquity angle 
of the diffracted x-rays. Entin data sets were collected and preprocessed over the 
period of a few fills, cach lasting 60 minutes. In ideal cases. a data set is collected in 
one 60 minute fill. Based upon resolution and crystallographic statistics, the quality 
of the presented data shows a marked improvement over data previously recorded 
with other detection devices. 

[ 11 M. Tate. E. Eikenberry, S. Barna. M. Wall, J. Lowrance. and S. Gruner, “A 
Large Format, High Resolution Area Detector Based on a Directly Coupled CCD. in 
preparation. 

Nuclear Resonant Diffraction from a S7Fe/Cr Antiferromngnetic 
Multilayer 

T. Toellner, E. Fullerton, W. Sturllahn, and E. Alp 
Argonne National Laboratory, Argonne, I L  GO439 

We report thc observation o f  nuclear resonant diffraction of synchrotron radiation from a 
57Fe/Cr multilayer. The multilayer consist o f  25 57Fe(tsA)/Cr( loA) bilayers which was 
chosen so as t o  exhibit antiferromagnetic coupling of the 57Fe layers. Due t o  the coupling, 
the magnetic periodicity o f  the multilayer is twice the electronic periodicity. Nuclear 
resonant diffraction from the multilayer shows a pure nuclear resonant Bragg reflettion 
corresponding to  this magnetic periodicity o f  the s7Fe layers. The pure nuclear Dr;yg 
reflection presents a means o f  filtering synchrotron radiation t o  the level o f  lO-%V at 
the nuclear resonance energy of 14.4 keV. For the future i t  demonstrates the potential for 
probing thin film magnetic structures containing 57Fe with synchrotron radiation. 

Th is  work is supported by U S D O E ,  DES Materials Srience, under contract No: W.31109. 
ENC-38. 
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SC,i:d t:m?t;usly two energy powder dj  f fl-action method 
using tlie a f f ec t  of ariomalous scattering. - 

A .V .Renserge?lev, B.P.Tolochk~-I 

1. A.Sh~~rr,mov.N.A.Mezentscv 
11,s t i  tute  o f Sol id-S ta t e  Chemistry, Novosibirsk, Russia 

Inr.tj tutr of Nuclear Physics. Novosibirsk-90,Russia 
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Fig. 1 

The using of aynclu-otron radiatioi  
from VEPF-3 wiggler gives the pos 
s i b i l i t y  to  work wi th  two beams a 
different  energy simultaneously. Th 
different  beans appears from e l ec t  
ron trajectory in  wiggler which cor 
responding to  e l l i p se  at phase diag 
ram. A t  fig.1 show only pa r t  of el 
l i p s e  (z=17 m ) .  related to  the aper 
ture of 5-th beam l ine  were t h i  
work was made. For the f i f t h  bea 
l i n e  the distance between t h i s  sou- 
oes of SR k equal l .14 s m .  T h i  
krJiiL!e distance between sources lead 
to different  incidence angles on th 
monochroinator ( i n  l~orizontal  monoch 
romatizat ion sdieine) and f i n a l l y  t 
the appeai'ing tvm monochromati 
beams with different  energies. Du 
to  the divei-gaiice of the SR t h i  
beams overlapping ( f i g  1 ) . Using t h  
focusing inlsnoclu*omator ( r ig . ? ) ,  A 
separatefl t h i s  iadiations i n  tli 
space . The cli f ferstice between eiier 
g i e s  of this I ~ m s  was 18 eV f o r  II 
K-edge enei-gy. The difference bet 
ween f i r s t  ~ I W P  ,y arid energy of R 
e%e of a).morptLn vras 15 e ~ .  
Using the beams with different  en 

cmcql I w g i e s  gjves the possibi l i ty  t o  us 
the anomaloun scat ter ing e f f e c t  i 

SOmp,C the ' ' in  s j  1.u" axllarirnents. 
In order ti) t e s t  o u ~  method we me 

asured the in t ens i t i e s  of reflec 
tions from mixtilra N i O  and MOO) 1 
position sensj t ive detector. We ol: 
tained, that the chenge of intensi l  
of reflection from N i O  ( reflec Fig2  tion ( 1 1 1 ) )  was 18 F, and the inlc 
si t ies of 1-eflections from MoC 
d o n ' t  change T h i s  method Was U?C 
foi. the stud.y of tlis so l id  r t a t  
::l?emiwl real:, t i l :  R: N i O t ; + ~ f . I  J - ; N i,Mcr: 

The cu t t i ng  mashin& for investigation of the 
relaxat ion process by synchrotron radiation 

diffraction..  
A .V .Suclioi*ul{ov*, B.P.To1 oahko* , N.O .Savrilov** 

I n s t i t u t e  of so l id  s t a t e  chemistry,.. 
Novosibirsk-91 .Russia(*) 

I n s t i t u t e  of nuclear phyeics, 
Nhvosibirsk-90, Russia(** 1 

The cuttin$ mashing was design fo r  f a s t  deformation 

J3vei-y act of cut t ing realized by h i f e  which move 

of the metal wire and regis t ra t ion of diffract ion pat-  
tern i m e d j a t e l y  a f t e r  cut t ing proses. 

undai- the spr ing force. After that h i f c  return t o  the  
stop position by motor and press the s p r i n g  a t  the s m e  
t imo. 

samgle. For overcoming t h i s  problem, in the knife prepa- 
1.6 the special SI i t .  Through t h i s  s l i t  tlie synchrotron 
raljatiols p m e t m t e  at  the sample. Diffracted radiation 
go out tlu-oigh t h e  same s l i t  and rcgis t ra ted by posit ion 
sensl t ive detector  

end of cu t t i% process with accuracy i ms. I t  work i n  
accomulation mode aid s to re  informatio:: from houndreds 
c i ~  t t i n g  process. 

syr.tain hiid cwi work i n  region (-50) -. !+?OO) .C. 
relaxation process i n  copper, s i lver  and nickel.  

Durjng the cu t t ing  process t h e  krrife cover the 

The  r e g i r t r a t i o n  system was syr.chrwiize with the 

T h e  cu t t i ng  mashing has a temperature s t ab i l i za t ion  

The 'out t ing mashing was used for investigation of 
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X-Ray Diffraction Analysis of Molten KCI under High Pressures 

Satotu Urakawal), Hideo Ohno*), Notimasa Umesakij), 
Kazuo Igarashi4) and Csamu Shimomurag 

1) Okayama University, Okayama 700, Japan 
2) Japan Atomic Energy Research Institute, Tokai 319-1 1, Ja 
3) Government Industnal Research Institute Osaka, Ikeda S&apan 
4) Government Industrial Research Institute Nagoya, Nagoya 462, Japan 
5) National Laboratory for High Energy Physics, Tsukuba 305, Japan 

Combined with a large volume high pressure apparatus, synchrotron radiation 
has the potential to reveal the structure of molten salt, such as alkali halide, under 
high pressures. Solid KCl has a relatively high compressibility and it tmnsforms into 
CsCl structure from NaCl structure around 2 GPa (Figure 1). Thus it is expected that 
the structure of molten KCI will also be changed by increasing pressure. Here we 
report the results of X-ray diffraction experiments on molten KCI up to 4 GPa. 

Experiment has been conducted at the wiggler beamline (BL14C) in Photon 
Factory by the energy dispersive method with white beam (30-120keV). SSD is 
fixed at 20-4,5.6.7,8.10, 12, 15.20 and 25' to cover the Q range from 1 A.1 to 
15 A-1. High pressure is generated by using the cubic-type. apparatus MAX90. Data 
are collected just above the melting point of KCI up to 4 GPa (Figure 1). The 
anal sis method of obtained data is identical to that described in reference (1). 

&ucture factor S(Q) for KCI is shown in Figure 2. Principal feature of S Q) 
curve is identical among four data. Two peaks are detected at Q=2.3 A-1 and 4.5 b.1 
and a sub ak is observed at high Q side of first peak. However, the first pe& 
becomes sgrp and high with increasing pressure. According to molecular dynamics 
simulation, this can be explained by the continuous increase of coordination number 
of nearest neighbor with increasing pressure. 

Core Excitons in Silicon and Silicon Oxides 

G,E,*, M. Roper, H.A. Padmore2, G. Derst, G.N. Greaves 
DRAL Daresbury Laboratory, Warrington WA4 4AD, UK 

IDRAL Daresbury Laboratory, Warrington WA4 4AD, U.K. and NWO, P.O. 
Box 93138,2509 AC The Hague, The Netherlands 

2Advanced Light Source, Lawrence Berkeley Laboratory, Berkeley CA 94720, 
USA 

(l).Tuji, K., Yaoita, K., Imai, 
Scr. Instrum., 60, 2425-2428, 

M., Shimomura, 

1800, , , , .  , , 

PRESSVREIGR 

Figure 1. Phase diagram of KCI. The 
experimental conditions are shown as 
A, B, C and D. 
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Fi re 2. Structure factor for molten K8. 

Measurements have been carried out on two different stations of the 
Daresbury SRS in order to determine the binding energy of core level excitons 
in silicon compounds. Near edge structures at the Si L-edge have been 
measured on undulator station 5U.1, and Si K-edge EXAFS data has been 
measured on station 3.4. All measurements have been performed in reflection 
mode, using two soft X-ray reflectometers. 
From the EXAFS data the local environment of the Si atoms can be 
determined. The position of the K-edge combined with literature values for 
the K fluorescence radiation gives the energy of the conduction band 
minimum (CBM) [I]. The position of the exciton peaks in the spectrum of the 
L-edge data in combination with the CBM gives the exciton binding energy. 

When using a Wannier model to describe the core excitons the effective mass 
of the exciton can be determined. Comparing the values of the exciton 
binding energy and effective mass with literature values 12.31 we find that 
they are in good agreement. For crystalline quartz we find a binding energy 
of 0.7f0.1 eV, compared with a literature value of 0.639.1 eV [3]. In this work 
we have shown that it is possible to combine the data obtained on two 
different stations, and measure the parameters of core excitons with sufficient 
accuracy needed to compare the data with literature values. We have also 
shown that it is possible to carry out reflectivity measurements with the 
resolution necessary for the determination of the exciton parameters. 
Comparison with literature values shows that a rigid Kramers-Kronig 
analysis of the data is not needed for the determination of the exciton 
parameters, and the structural data determined from the EXAFS 
measurements also agree with known values. 

References 

1. C. Sugiura, J. Phys. Soc. Jpn. 62.585 (1993). 
2. R.D. Carson and S.E. Schnatterly, Phys. Rev. Lett. 59,319 (1987). 
3. W.L. OBrien etol, Phys. Rev. B 44. 1013 (1991). 
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THE POSSIBILITIES OF X-RAY STANDING WAVE METHOD 

FOR INVESTIGATION OF THE STRUCTURE OF REAL 
CRYSTALS. 

THEORY AND APPLICATIONS. 

Yartanvants [.Aa, Kovalchuk M.V., 

A. KSlrubnikov Jnstitute of Ctystallography U S ,  Leninsky pr. 59. J I  7333 
MOSCOIV, Russia 

The X-ray Standing Wave (XSW) method now is a powerful tool for 

determining the structure of surfaces and the position of adsorbed atoms on 

the top of the crys~als. In the most of applications of XSW method 

dynamical theory of X-ray propagation in a perfect crystal is used. However 

this method can bc successfully applied also for investigation of the 

structure of the real crystals for e.g. crystals with deformed surface layers. 

It gives also an opportunity to determine the position of the impurity atoms 

in that structures. Generdl theory of XSW method in real crystals is 

presented. The possihilities of the method are demonstrated on several 

examples. Investigation of the implanted crystals: structure of Si crystals 

implanted by Fe and Ni atoms. Investigation of artificial nilnomcter-scale 

materials: structure of (InAs) (GaAs) layered cryst;lls. Combination of 

XSW and High Precision Diffraction methods opens the possibilities for 

phase analysis and gives an opportunity for the unique determination of the 

profile of deformation of the crystal surface. Special attention would be 

paid for investigation of bent crystals that are  widely used as  X.ray 

monochromators a t  synchrotron radiation sources, as X-ray nlicroscopes and 

focusing spectrometers for plasma analysis with XSW methods. 

' 

X. 
FEASIBILITY OF PHOTO-EXCITATION IMAGING IN SOFT 
-RAY MICROSCOPY USING THE TRANSITION TO *'-ORBITS 

IN BIOLOGICAL MOLECULES 

Yoshinori Iketaki and Tsutomu Watanabef 
Res. Dev. Corporation of Japan (JRDC) 2-45-13 Honcho, Nakano-ku, 'kokyo 164 Japan 
tDept. of Phys., International Christian Univ., Mitaka-shi, Tokyo 181 Japan 

Usual X-ray microscopy for wavelengths within the water window is carried 
out using an absorption process caused by the photo-ionization of 1s electrons in 
carbon or nitrogen[l]. Recently, soft X-ray microscopy using inner shell pholo- 
ctcifofion was proposed by J. H. Klems 121. This soft X-ray microscopy technique 
consists of a uv laser and an X-ray source. IJv laser is used for the prodcution 
of unoccupied r-charactor orbit. It is expcckd that a more sensitive soft X- 
ray microscopy would be realized by utilizing inncr-shell excitation, because tlic 
photo-excitation corss sections are generally larger than the photo-ionization cross 
sections by one or two orders of magnitude in this wavelength region. 

Since DNA and RNA in biological cells contain innumerable bascs which have 
unoccupied s'-character iiwl(:cuIar orbits. I1 is also expected that anothcr type 
of soft X-ray microscopy would be proposed based on the use of the excitation 
process to unoccupied so-character molecular orbits. In this paper we estimate 
the photo-absorption cross section caused by 1 1 1 ~  transition of 1s electrons to r*- 
character molecular orbits and discuss the kasibility of X-ray microscopy bascd 
upon transition to unoccupied s'-character 01 bits. 

The figure below displays the calculated photo-absorption contrast of T4-phage 
as a function of photon energy 
Rcferrences 
1. J. Kirz and 1' Rarback, Rev. Sci. Instrum., 56, 1 (1985). 
2. J. Klcms, 1'11ys. Rev., A42, 2041 (1991). 
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High-resolution Triple-crystal X-ray Diffraclion Experiments Performed at the 
Australian National Beamline Fncilily in Jiipnii 

A.Yu. Nikulin’, A.W. Stevenson’, II. Hashkumc’, S.W. Wilkins’, 
D. Cookson‘, G. Foran‘ and R.F. Garrett’ 

‘School of Physics, University of Melbourne, Parkville, Vic. 3052, Australia 
’CSIRO Division of Materials Science & Technology, Private Bag 33, 
Rosebank MDC, Clayton, Vic. 3169, Australia 
’Research Laboratory of Engineering Malerials, Tokyo Institute of 
Technology, Nagalsutn, Midori, Yokohama 227, Japan 
‘Australian National Beamline Facility, Photon Factory, National Laboratory 
for High Energy Physics, 1-1 Olio, Tsukuba-shi, Ibaraki-ken 305, Japan 
’Australian Nalional Beamline Facility, ANSTO Building 22, Private Mai l  Bag 
1, Mcnai, N.S.W. 1234, Australia 

The X-ray ditTraclion results reported hcre :ire from the first high- 
resolulion triple-crystal experiments l o  be performed at tlic Australian 
Nutional Beaniline Fncility (ANBF) at the Photon Factory. lleart o f  the 
facil i ty i s  a multi-purpose two-axis high-resolution vacuum 
diffrncloniclcr(l)lCulF~)’ capable of use for Iiigli-resolulion powder 
diffraclioii (using both conventional scintillalion delectors and imaging plates), 
protein cryslallography, reflectometry as well as singlc-cryslal diflraclometery. 

The present experiincnls were conducted on UICL)IFI~ in triple-crystal 
diffraction inode with a monolithic channel-cut S i  monwliromator (supplied 
by Prof. hl .  Ilart), a single-cryslal Si sample, and a four-reflection monolithic 
channel-cul Si analyzer cryslal. The Si (111) saniplc i s  a part of a wafer 
which had been implanted with 100 keV B’ ions (doses I x l O t 5  and 5x10” cm”) 
through a one-dimensional 0.5 pm thick oxide strip pattern with a 5.83 pm 
period aiid 4 pm opcn region. The triple-cryslal data wcre collected in the 
form of two-dimensional intensily maps in the vicinity of the 111 Bragg peak, 
varying the sample rotation (0) and the analyrcr/scitllilliilion detector rotation 
(20). The first results were collected in air both with the as described sample 
and nfter the oxide layer had been removed. CerI:iiii slice scans (one- 
dimensional scclions of the two-dimensional intcnsily maps) were nlso collected 
with a vacuum of 1 Torr and reveal considerable iiiipro\wncnt in signal to 
background. 

The data will be compared with a recent similar sludy’ performed on 
BL-14B nt the Photon 1:aclory. The new data collected i n  air indicate that 
lattice distortion may be nlapped with a rcsolulion of approximately 160 A, to 
a depth of npprosiniately 1.0 pm, providing valiialile qunntitative informalion 
on ion diffusion in such implanted materials. l l i e  slice scaiis collected in 
vacuum indicate that a depth resolution of 50 A is  certainly achievable using 
BIGDIFF. The data show the excellent potential of UIGDIFF for extremely 
good signal-to-noise and very high resolution in such cxperiniciits, and the 
advantages of working entirely in  vacuum. 

‘Barnea, 2. e l  al. (1992). Rev. Sci. fnsfrrrrn. 63, 1069. 
’Nikulin, A.Yu. el al. (1994). J.AypLCrysf. 27, in press. 

A NEWLY DEVELOPED HYDRAULIC MODULAR SQUEEZER FOR HIGH PRESSURE 
EXPERIMENTS USING SYNCHROTRON RADIATION 

G. Will and Ch. Hoffner 
Mineralogical Institute, University Bonn, Poppelsdorfer 

SchloA, 53115 Bonn, Germany 

In order to reach high pressures in the Mbar-range for synchro- 
tron diffraction experiments diamond anvil squeezers are regu- 
larly used. In order to guarantee such pressures without de- 
stroying the diamonds special care has to be taken to guarantee 
exact parallel movements of the diamonds, since large forces, 
especially shear forces act on the diamonds. We have developed 
and built a modular system, which can be incorporated in diamond 
anvil squeezers as well as in other devices. As an example we 
have built a high pressure cell driven by hydraulic forces. 

The modular system consists of a long cylinder, made of maraging 
steel which guarantees parallel movement. The diamonds are moun- 
ted inside this cylinder. The exact parallel positions is first 
adjusted by using AgJ powder, which changes color at two phase 
transitions, 2 . 9  and 4 . 7  kbar. Parallel colored rings are seen 
if the diamonds are parallel. 

For the extreme pressure ranges in the Mbar-range we use the 
direct interference in air, known as Newton rings. Thereby the 
diamonds are in direct contact. A small misalignment acts like 
a wedge yielding the well known colors. 

The system was used to determine the compressibility of iron and 
gold in the pressure range up to 1.1 Mbar. About 2 4 0  runs have 
been made and evaluated. The compressibility data have been 
fitted by the Murnaghan equation and KO and KO’ has  been deter- 
mined. 
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Signal to Noise Improvements with a New Far-IR Rapid-Scan 
Michelson Interferometer. 

C.J. Hirschmugl and-, National Synchrotron Ught Source, 
Brookhaven National Laboratory, Upton, NY 11973 USA. 
In this paper we discuss signal to noise issues In the infrared spectral region, 
presenting an update on instrumentation developments that have focused on 
this topic. We have been able to achieve reprodudbilities In the 0.01% range 
for spectra measured in around 1 minute on samples with an area of 1 mm2 
lllumlnated with an 810 beam. The maln thrust of these studies has been 
based on removing noise caused by beam motion. This has been done both 
by reducing the motion Hself and by Immunizing the measuring system from 
any residual motions. The former is achieved with a sophisticated feedback 
system and the latter by employing a Michelson Interferometer running in the 
rapid-scan mode. The principle of this Is that if the interferogram (which 
represents the spectrum of interest) is measured rapidly compared to any 
beam motion, then the latter can only introduce a relatively slow modulation 
to the interferogram and will be eliminated when the Fourier Transform Is 
performed. This system has been widely developed to deal with low 
frequency noise found in a conventional laboratory, and Is ideally suited for 
reducing noise due to electron beam motion in a storage ring. The latter is 
mostly confined to lower frequencies (e300Hz) due to the fact that it Is 
Impossible to drive a magnetic field through the metal vacuum chamber wall 
at hlgher frequencies. Higher frequencies are sometimes present, however, 
and come from audio frequency side-bands of the main ring radio frequency 
drive. They give rise to specific signatures in the Fourier Transform and can 
be identified by the predictable shifts with changing mirror velocity. 
For these new studies, a Nicolet'" Impact 400 rapid scan Michelson 
Interferometer was modified by Pike Technologies and installed in vacuum at 
the U41R infrared beamline at the NSLS. The instrument is capable of 
scanning at an optical retardation rate of 3.2 cm/sec, and of a data collection 
frequency of 50 kHz triggered by the co-linear reference beam of a HeNe 
laser. A proprietary Nicolet'" solid-state beamsplitter was used to cover the 
range from 10-2500 cm-1. Spectra were taken at grazing incidence off a 
single crystal Cu suface in ultra-high vacuum using liquid helium cooled 
detectors of the photoconductive type (Cu/Ge) or bolometric type @/Si). The 
sample throughput for this system was 0.01 mm2 steradians. Combining this 
with the ring feedback system we obtained the reproducibilities mentioned at 
the beginning of the abstract. 
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SOFT X-RAY MICROSFOPY PROJECT A T  N S R L  

X. S. Xle, C. 2. Jta, Y. F. Zhio,  L. Sbrng, J. F. Deng, 
C. Q. Waag and 1. Y. Zhiag 

Ualverslly of d e n c e  nnd Technology of Cblna 
Hefel 230026, P. R.Cblna 

Soft x-ray microscopy project hss been planned at Hefei Nations1 Synchrotron Ra- 
diation Laboratory since 1984[". The  Hefei Synchrotron Radistion Source was operated 
and available for experiments at  the end of 1991. One of the first beamlines U12A is 
dedicated to aoft x-ray imaging studies. 

A prototype scanning trsnsmission x-ray microscope has been installed in beam- 
line U12A. In the first generation of our instrument the x-ray probe is formed by a 2pm 
pinhole. We have tested this scanning x-ray microscope and obtained the real time x- 
ray image using synchrotron radiationt". The effort of constructing a new x-ray scan- 
ning microscope is undertaken. In the next generation of the instrument a high resolu- 
tion micro zoneplate with outermost zonewidth 45nm which was fabricated at  IBM["will 
be used to focus the x-rays. An improved scanning stage and an x-ray image process- 
ing system also %ill be made. 

Studies of soft x-ray contact microscopy have been performed using synchrotron. 
A exposure chamber ran be connected with beamline U12A and worked well. Some bio- 
logical and medical specimens have been chosen for examination"]. A new wet specimen 
chsmber is designed and will be tested. 

We are greatly indebted to Dr. E. Anderson and Prof. D. Attwood of Center for X- 
Ray Optics at  LEL and Prof. I. Kirr of SUNY at Stony Brook for their help and support 
to our x-ray microscopy project. 

Pefeennees 
1. X. S. Xie et at. I Nucl. Instrum. Meth. A246, 698(1986) 
2. C. 2. Jia et at. , T o  be published in the Proc. of the 4th Int. Cof. on X-ray Mi- 

croscopy. (1994) 
3. E. Anderson et at. In X-ray Microscopy 111, ed. by A. G. Michelte, G. R. Morri- 

son and C. J. Buckley (Springer-Verlag, 1992). P. 75. 
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Alkali Doped (260: the Movement of the Fermi Energy 

Pan Haibin, Xu Pengshou. Lu Erdong. Yang Fengyuan. Xia Andong. Zhano X infl 
National Synchrotron Radiation Laboratory, Unlversity of Sdence and Technology of China, 

Helei, 230029, China 

Recently, fullerene C, has caused intense interest In theoretical and expedmenlal asped 

due lo its physical and chemical properties w~a.q. Using synchrotron radiation Iighl, we have 
performed photoemission spectra of alkali doped C, to reveal the electron structure. 
Chromatographically purifled C, powder is evaporated from a crudble and condensed onto 

deaved GaAs(ll0) In ultrahigh vacuum. The photon energy used Is from 6OeV to 15OeV with a 
resolution E/AE of 1000. When Rb Is doped, at flrsl the spedra moves to the hlgh binding 
energy side for about 0.5eV. As doping continues, the spectra move to low binding energy side 
again. The Fermi energy retrieves l o  the orlglnal position when the stoichiometry reaches about 
I. This phenomenon has not been reporled in other alkali doped C, systems. Takashi 

Takahashi 141 came lo  the conclusion that the foyard movement (lo the hlgh binding energy 
side) because of the occupation of the gap stales by electrons donated from Rb atoms. But he 
did no1 explain the backward movements. We suggest that the backward movements Is due to 
the formation of the RbC, phase. At the flrst stage of doplng. the system formats the a-C, 
phase (when the stoichlometry is less than 0.1)t51. The Rb atoms do not reaction with C, 

atoms. Instead they only act as a diluted solid solution. Because the radius of the Rb atom is big 
enough to change Ihe Cm film structure, the Rb will a d  as the origin of Irnperfedion. As doping 
continues, Rb and C, will format RW, phase. The film now will recover the imperfection and 
perform an orderly structure. Most of the electrons of Rb will donate to Cm The Lowest 
unoccupied states of Cm begin lo  accept electrons donated from Rb. This will be domination to 

the system compare to the defect slates and the Fermi energy will move backwards agaln. 

References: 
[I] S. Saito, A. Oshiyama, Phys. Rev. Letters 66,2637 (1991) 
121 P. J. Bennlng. J. L. Marlins, J. H. Weaver, L. P. F. Chibante and R. E. Smalley, Science 

131 P. J. Benning. D. M. Porrler, T. R. Ohno, Y. Chen. M. B. Jost, F. Stepniak, G. H. Kmil. J, 

141 T. Takahashi, Comments Cond. Mat. Phys. 16,133 (1992) 
151 D.M.Poirier and J.H.Weaver Phys. Rev. B 47,10959 (1993) 

252,1417 (1991) 

H. Weaver, J. Fure and R. E. Smalley. Phys. Rev. B 45,6899 (1092) 
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Constructlon of 1 Multiwavelength Bonse-Hart 
Ultrasmall-Angle X-Ray Scattering Instrument 

De- of Chtmkby, Slate U n i v m  of New Yonk at Stony Brook, 

Alex Darovsky 
SUNYX3 Beatnline, National Synduotmmn Lighl S o m e ,  

Bmkhaven Nnlional Labomtory, Up~on, New York 11973 

D. P. Siddons 

Bmkhaven National ~ I U I O I Y ,  Upton, New Yo& I1973 

Benjamin Chu, Yingjie Li, Paul J. H m e y  and Jean Rousseau 

L Q ~  ISM NCW YO& 11794-3400 

. National @nchm&vn ah! Some, 

ABSTRACT 

A Bonse-Hart ultrasmall-angle x-ray scattering (USAXS) instrument, 
employing a synchrotron x-ray source for variable wavelength, has been designed, 
constructed and tested. Solid as well as suspensions of polystyrene and poly(chlor0- 
styrene) latex spheres were used as reference standards in order to demonstrate the 
range of this instrument. The USAXS results measured at both A = 0.06573 run and 
1 = 0.154 nm were compared with those from another calibrated Bonse-Hart 
instrument operating at A = 0.154 nm, by means of a rotating anode x-ray generator 
using the standard Cu K. radiation as well as the synchrotron x-ray source at NSLS. 
The crystals were supported by super Invar mechanical elements making the high 
temperature experiments feasible. Moreover, an x-rays wavelength of 0.06573 nm 
pernets us to combine USAXS with laser light scattering by using the same 
cylindrical glass sample cell as, for many polymer systems, the optimal sample 
thickness at A - 0.066 nm is increased to -10 mm and thin-walled (0.3 nun thick) 
glass windows become acceptable, The main hurdle for performing simultaneous 
static and dynamic light scattering as well as USAXS experiments on polymer 
solutions and gels with the same sample has been resolved. This capability should 
open up new frontiers in structural and dynamical studie's of systems involving a large 
range of length scales from Angstroms to microns. 
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Performance of an Infrared Microspectrometer at the NSLS 
G.L., Advanced Development Center, M.S. A01 -26, Grumman 
Corporation, Bethpage, NY 11 714 USA, J. Reffner, Spectra-Tech, Inc. 652 
Glenbrook Rd. Bidg. 8, PO Box 2190-G, Stamford, CT 06906, USA, and G.P. 
Williams, National Synchrotron Light Source, Brookhaven National 
Laboratory, Upton, NY 11973 USA 

An Infrared microspectrometer was installed and tested on the two NSLS 
VUV ring beamlines presently supporting Infrared research programs. 
Attention was paid to evaluating the performance of the instrument in terms 
of beam spot size (spatial resolution) and signal to noise. The results 
compare closely with those expected theoretically. 
The microspectrometer was a SpectraTech IRps'", modified to allow the 
collimated infrared synchrotron beam to enter at the back. The beam is 
delivered to - and collected from - the sample using a confocal arrangement 
with redundant aperturing and reflective Schwartzchild optics. The 
instrument has an integral Michelson interferometer to allow full spectral 
analysis at the sample focus, and can operate in either transmission or 
reflection mode. The standard KBr beamsplitter and HgCdTe detector yield 
a useful spectral range of 650 cm-1 to 5000 cm-1 with a resolution up to 1 
cm-1. Mapping is achieved by scanning the sample, the minimum step 
interval being 1 micron in either x or y. 
The NSLS VUV source is roughly 1000 limes brighter than a conventional 
IOOOK black body source in the infrared spectral region. Assuming a source 
size of 1000 microns (larger than the intrinsic size due to the collection angle 
and diffraction effects) emitting into #loo, one expects the beam to be 
demagnified to a 10 micron size spot at the focus of the IRps" H sample 
optics. Furthermore we would expect the flux through a 10 micron aperture 
to be approximately the same as that through a 100 micron aperture with a 
conventional source. These expectations were indeed realized. 
The two infrared beamlines on which the microscope was tested were a 
conventional VUV port delivering 15 milliradians horizontally by 10 
milliradians vertically, and a custom infrared port that delivering 90x90 
milliradians. The demagnification of the source was similar for both 
beamlines, and thus produced comparable brightness at the sample location. 
However, the custom infrared port extracted a larger flux, and illuminated an 
area 20 times larger. Spectra taken with redundant aperturing for a 10 
micron spot in 15 seconds at 8 crn-1 resolution had noise of el%. Spatial 
resolution was consistent with the diffraction limit. 

Development of Circularly Polarizing Microscope 
with a Polarizing Undulator 

I o r u  Yamadq , Masatada Yuri, lfidco Onuki, and Shozo lshizaka' 
Electrotechnicai Laboratory, Tsukuba-shi, lbaraki 305, Japan, "'l'oyarna 

University of International Studies, Ohyama-machi, 'I'oyama 930- 12, Japan 

A circularly polarizing microscope has been constructed in the 
beam l ine of the polarizing undulator wli ich had been installed in the 
electron storage ring NIJl-11 in the Elcctrotechnlcal Laboratory. Ily the 
circularly polarizing microscopy, we intend to image with CL) or 
CIDS(Circu1ar intensity Differential Scattering) in order to observe 
structures and distribution of biomolecules such as DNA and Proteins. 

Figure1 shows the schematic diagram of the instrument. This 
microscope i s  a type of scanning micro-beam microscope. 'Ihe illumi- 
nation light source i s  a polarizing undulatt~r with crossed and retarded 
magnetic field having fifteen periods, which was proposed by Onukill and 
developed by Onuki et ai*). 111 order to consc'mc the degree of polarization 
in focusing circularly polarized radiation from the undulator, i t  is  
necessary to use a symmetric optical system with respect to light asis. 
Also, less of chromatic aberration i s  needed because of a quasi- 
monochromatic incident light in which the I~WIICI of power spcctruni i s  
about ten percents. So we has constructed a Schwarzschild type mirror 
system combined with a convex mirror posited in  frollt of the undulator. 
The size of the focused beam was from 0.7 microns in the  wavclctigtll at 
20011m up to 0.9 microns at 400nm. A saniplc stage can be scanned by 
piezoelectric translators in 311 axes and a photomultiplier i s  posited on the 
back of the sample stage. 'I'ransmitted and scattered light intensities are 
measured by the photomultiplier with two different masks, respectively. 

Using the circularly polarizing microscope, we has obtained somc 
images of transmitted or scattered light from somc kinds of biomolecules 
such as DNA and Proteins. We are trying imaging with CI) and CILX by the 
alternation of the right and left handed circularly polarized radiations 
from the undulator. 

1)ll.Onuki: Nucl. Instr. and Irlethod, h24G, 94 ( 1386) 
2)ll.Onuki, N.Saito, and '1.Saito: Appl. Phys. Lett., 52, 178 (1988) 

Pbm Dltver yq + 
P a d  com$a,lrr 

Fig. 1: Schematic diagram of the circularly polarizing microscope 
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Erik D. Johnson and D. Peter Siddons 
Brookhaven N a t i o d  Laboratory, National Synchrotron Light Source 

Upton, Long Island New York 11973-5000 

Henry Guckel 
University of Wisconsin Madison, Department of Electrical and Computer Engineering 

Madison, Wisconsin 53706 

hBsIRAcT 
We have performed a series of experiments which demonstrate the potential of hard x-rays 
as a lithographic tool for the fabrication of precision structures possessing fully three 
dimensional geometries. Samples produced thus far cova a wide range of configurations. 
We have fabricated various solids of rotation, including some possessing reentrant 
geometries, a f i n  with multiple 300p quare channels traversing 1 an of plastic and 
joining in the center of the piecc, and a variety of very high aspect ratio pvts  of up to 
10 cm in thickness. Aspectc of the techniques employed to produce these SamplK, their 
advantages, and potential pitfalls will be discussed. 

*Work performed under the auspices of the US. Department of Energy, unda  contract 
DE-AC02-76CH00016. 

Fabrication of X-Ray Collimators for Solar Physics Using 
LlGA at SSRL* 

Michael Hecht, Reid Brennen, Steven Manion 
Center for Space Microelectronics 
Jet Propulsion Laboratory, Pasadena, CA 

Piero P ianetta 
Stanford Synchrotron Radiation Laboratory, Stanford, CA 

Tim Stowe, Tom Kenny 
Stanford University, Stanford, CA 

William Bonivert, John Hachman 
Sandia National Laboratory, Livermore, CA 

A LlGA exposure facility has been established at the Stanford 
Synchrotron Radiation Laboratory (SSRL) to  complement exposure 
and developing facilities at the Advanced Light Source, mask 
fabrication capabilities a t  the Jet Propulsion Lab, and electroplating 
resources at Sandia Livermore Labs. The bending magnet beam lines 
at SSRL have a characteristic energy of 4.7 keV, making it an Meal 
source for exposure of LlGA structures in the 1-10 mm thickness 
range. A particular advantage of the bending magnet spectrum is 
that x-ray masks can be fabricated on self-supporting silicon 
wafers using conventional thick resist optical lithography. The 
immediate objective of this work is the fabrication of x-ray optical 
elements for a proposed NASA mission, the High Energy Solar Imager 
(HESI). LlGA will be used to  make high aspect ratio collimators for 
the HESI telescope, which will perform spectroscopic Fourier x-ray 
imaging of the sun from 5 keV to > 7 MeV. 

* Work supported by NASA and work was partially done a t  SSRL 
which is operated by the Department of Energy, Office of Basic 
Energy Sciences. 
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Real-time, sub-micron, soft x-ray fluorescence imaging 

AT&T Bell Labomlodes, SIOE Brookhaven NatlonaI Labomlory, Upton NY 11973 

AT&T Bell Laboratories. 600 Mowtlnln Ave.. Murray Hill NJ 07974 

-, Alastair A. MaCDowcll, Zhengquan Tan 

Don L. Whlte. Chuy N. Taylor 

obert R. Wood II, John E. Bjorwlolm, Do0 M. Termanl 
ATdrTBell Loboratorles, 101 Crawfords Corner Road, Holmdel Nf 07733 

and Steven L. Hulbert 
Nadonal Synchrotron Ught Source, 7250 Brookhaven Nadonal Laboratory, Upton NY 11973 

A new -que using single ccyslal 
phosphors has been used to observe, In rtal 
time, soft x-ray Images with fcatms as tanall 
as 100 nm. Thls fluonsctna lmagtng 
scheme taka xlvantage of the high 
nuonscuvr yield high index of n w a  
short absorption depth of extmne ultravbld 
(EW) light (X-IMA) and ex~lient  opfi~al 
properties of single. aystals activated with 
ran earth ions. we will present the 
characledstics of tksc crystals and tfre 
d t s  of resolution sbdies pxformed with a 
E W  Schwarzxhlld camera 

The elrpertments welt carried out at thc 
Natlonal Synchrotron Ught Source, 
BrooLhaven National Laboratory. using the 
U13 undulator insertion device on the VUV 
ring as a souTce. The thlrd harmonic, at 
139A, was used to illuminate a pattcmed 
mask which was imaged using a multi-laya 
coated Schwanschlld camera, with a 
reduction factor of 20. The maximum 
resolution afforded by this camera, over a 
(25 pm)* field. is 100 om limited by a 

crystal was plaadat the image planeof tNs 
camera. converting the lnddent E W  light 
into green light The ltsulIhg vlsitde light 
image was then observed with a high power 
mic~oscope (with a numerical aperture of 
1.25) and VIewed with an tntendfied CCD 
camera or diredly ulrough an eyeplca. 

~ e d c a l  aperture of 0.088. A SII-FlOa 

Thls new ledlnlque cwld prove cxmmely 
useful for deep or extreme ultraviolet 

opbizaeion of the lithogra@y exposun 
t o o l s i s ~ i r a b  onecanalsomisage 
us@ a similar arrangement for x-ray 
minoscopy. F d y ,  we bclieve that It could 
be useful for a variety of experimm using 
ultraviolet light or x-rays. 
[SN-94,SUNY-StonyBmk,NYI 

lithography. W k l t  ltd h-dbl 

Simultaneous Resolution of Spectral and Temporal Properties of UV and Visible 
Fluorescence Using Single-Photon Counting with a Position-Sensitive 

Photomultiplier 

Lisa A. Kelly, John 0. Trunk, Krzysztof Polewski and w, 
Biology Department. Brookhaven National Laboratory, Upton, New York 11973 

A new fluorescence spectrometer has been assembled at the U9B beamline of the 
National Synchrotron Light Source to allow multi-wavelength, tim-resolved 
fluorescence detection, as well as  spatial imaging of the sample fluorescence. The 
spectrometer employs monochromatid, tunable UV and visible excitation light from a 
synchrotron bending magnet and an imaging spectrograph quipped with a single-photon 
sensitive emission detector. The detector is comprised of two microchannel plates in 
series, with a resistive anode for encoding the position of the photon-derived current. 
The centroid position of the photon-induced electron cascade is analyzed in a position 
computer from the four signals measured at the comers of the resistive anode. Spectral 
information is obtained by dispersing the fluorescence spectrum across one dimension of 
the detector photocathode. Timing information is obtained by monitoring the voltage 

divider circuit at the second MCP detector. The signal from the MCP is used as a “start” 

signal to perform a time-correlated single photon counting experiment. The analog 
signal representing the position, and hence wavelength, is digitized concomitantly with 
the startlstop time difference and stored in the two-dimensional histogramming memory 
of a multi-parameter analyzer. This system is advantageous in recording fluorescence in 
systems composed of multiple emitting species, as emission spectra spanning different 
wavelength ranges and possessing different excited state lifetimes can be simultaneously 
characterized. 
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D.A.F.S. MEASUREMENTS BY USING AN 
"ENERGYIANGULAR DISPERSIVE DIFFRACTION" 

EXPERIMENTAL SET-UP. 

J.L.Hodeau(1)(3). J. Vacinovdl). Y. Garread2). A. Fontaine(2). M. Haget~fein(~), 
E. Etkalm(2). J.P. ~auriat(2). A. Prat(1). P. WoWers(1) 

(1) Laboraloire de Cristatlographie CNRS, BP 166, F-38042 Grenobte Cedex. France 
(2) LURE CNRS. Bat. 209D. F-91405 Orsay Cedex. France 
(3) ESRF. BP 220, F-38043 Grenoble Cedax. France 

Herein we presenf a combined %nergylAngular Dispersive' experimental set-up which 
has been used for D.A.F.S. (Dillracfion Anomalous Fine Sfrucfure) experimenfs on a 
Hexaferriile singb crystal. In te&y vanations of eight Eragg rellecfbns overa spectral range 
of 25OeV have been measured using enrrgy disporsivo focusing optics r n d  r two 
dlmonslonal detector. We have also pefformed the same measurements by using 
classicaldodde crysfal opfics and we conpare bolh resds. 

D.A.F.S. oscillations were first observed a long time ago 111 and recently it was shown 
thal lhese oscillations can be used for experimenlal determination of site selective EXAFS or 
XANES spectra 12-31, For such experimenls, diffraction intensities at about one hundred 
discrete photon energies with a step width of a few eV have to be collected. In order lo 
decrease the beam lime, both tho whole spectral range and tho diffraction profile 
can bo  mortured simultrnooUsly 14.51. 

We have perfonned expen'ments at the energy dispersive EXAFS station (XASIO) at EI- 
LURE. The sample crystal was mounled on a remotely conlrdled goniwneter and placed in 
the polychromatic focus point. D.A.F.S. spectra were directly recorded on an image plate 
detector, oscillating the sample crystal. Afterwards, the X.A.F.S. spectrum was recordad in 
transmission geometry using a powdered sample 

D.A.F.S. experiments ware performed in the vicinity of the Fe Ka absorption edge on a 
single crystal d Y-type hexalerrite BaZnFegOl1 to distinguish Fe cations contributions on 
tetrahedral sites and on octahedral ones. This compound conlains four octahedral sites 
occrpied by Fe cat'ms and two tetrahedral sites occupied by Fe and Zn cations. We have 
measured several (001) reflections where we have clearly observed the absorption edge and 
D.A.F.S. oscillations. Theoretical intensily variations fit experimental data. On weak 
ref lect is, D.A.F.S. oscillations are much more pronounced since these rallections ere more 
sensitive to P and I' variations. 

In order to evaluate the data quality, a similar experiment has been performed on the 
diffraction station WDIF4C at El-LURE by using a double crystal monochromator. Diffraction 
inlensitis and the X-ray fluorescence spectrum have been collected simultaneously. 
Both data sots, recorded with tho different tachnlquas, compare well and this 
shows high possibilities of the 'energylangular dispersive' set-up for multi-wave!enght 
diffraction research. . 1"l (w21l: 1.1 *I...I. . I* (0021). (.I mol0 --- ..I. .lorn e"<". 

= ' o o o o ~ u ; . ' - ]  5 24000 2 
8 8000 10000 

Compariin of (0024) 
Bragg reflectton OAFS 
spectra recorded by using 

a) energy dispersive 
focusing optics, 
b) W e  uystal 
monochromatic oplics 

[ I ]  Y. Ceuchois. C. Bonnelle. C. R. Acad. Sci.. 242. 1596 (1956) 
121 1. A r m  el el., J. de Phys. supp. 48.391 (1987) 
13) H. Stragier etal., Phys. Rev. Lett.. 21 (69) 3064 (1992) 
141 J.L. Hodeau etal., E S R.F. User Meeting, Sept. 1993, Beam Line 8 Satellife Meeting 
151 K.D. Finkelstein, M. Sutton. preprint 

MoD97 



Facility Posters 



Fac. Jiang. X., Tang, E., Xian, D. Beijing Synchrotron Radiation Facility. 

I Fac. Ishii. T. The Present Status of SRL-ISSP. 

I 

I I "AURORA". 
Fac. Masui, S., Amano, D., Katoh, T., Zhang, Y., Yamada, H. Applications of the Superconducting Compact Ring 

I 
1 
I 

Fac. Korchuganov, V. Status and Prospects of SR Source Siberia-2. 

Fac. Zhann. X. Some Progresses in NSRL. 

Fac.. 
I 
I 
I Kim. Y.S., Han, K.S., Namkung, W., Lee, T.N., Kim, H. Present Status of the Pohang Light Source. 



Beijing Synchrotron Radiation Facilitiy 

Xiaoming Jiang, Esheng Tang and Dingchang Xian 

Synchrotron Radiation Laboratory, Institute of high Energy 
Physics, P.O.Box 918, Beijing, 100039, P.R. China 

Abstract 

The storage ring for the Beijing Synchrotron Radiation Facility (BSRF) is the 1.6-2.8 GeV 
Beijing Electron-Positron Collider (BEPC), which was constructed for China's first project on 
high energy physics research. The storage ring was designed to be operated either in the 
colliding mode or the dedicated synchrotron radiation mode. The project was approved by the 
Chinese government at the end of 1983. The ground breaking took place in October of 1984 
and the project was completed in 1989. 

The Beijing Synchrotron Radiation Laboratory (BSRL) was founded in July of 1985, and 
the construction of the first beam line was completed in 1989. The first phase construction 
of BSRF was finished in 1991, three beam ports, seven beam lines and nine experimental 
stations were constructed. Since 1991, BSRF has been opened to users from all over the 
country. 

The description of the beam lines and experimental staions and the present research 
activities is given in this paper. The second phase construction of BSRF as well as the plan 
of constructing a third generation synchrotron radiation source, the Beijing Light Source 
(BLS), in adjacent to BSRF, are described. 



THE PRESENT STATUS OF SRL-ISSP 

T. Ishii 
Institute for Solid State Physics, University of Tokyo 
7-22-1 Roppongi, Minato-ku, Tokyo 106, Japan 

The Synchrotron Radiation Laboratory of the Institute for 
Solid State Physics, University of Tokyo (SRL-ISSP) owns SOR-RING, a 
0.38 GeV electron storage ring with five beam lines for spectroscopy. 
The SRLISSP has its Branch Laboratory in the Photon Factory at 
Tsukuba. The status of the SRL-ISSP before 1992 was reported at the 
SRI '9 1 conference. 

Since 1992, effort to improve the performance of SOR-RING has 
been made. Four beam position monitors and beam steering 
magnets have been installed. The beam position is measurable quite 
accurately now. By the use of the beam steering magnets, the 
variation of the betatron function and the distortion of chromaticity 
have been measured. Using the beam position monitor system the 
closed orbit distortion was measured. The CODs were corrected and 
subsequently the optical elements in the beam lines were readjusted. 
The beam lifetime has been almost doubled by changing operating 

points a n d  using a ion  clearing electrodes. 
Five experimental stations associated with SOR-RING are working 

well. Two of them are for photoemission experiments and mainly 
used for materials science. One station is for absorption and 
reflection measurements in the photon energy region below 30 eV. 
Remaining two are for radiation biology experiments and a free port. 
About 200 users are carrying out experiments within a total beam 
t i m e  of about  2000 hours pe r  year. 

three are open to outside users. In one station, angle-resolved 
photoemission measurements on metal and semiconductor surfaces 
are underway. In this beam line, light from an ordinary bending 
magnet sectionis used. The experimental system is comprised of a 
VG-ADES 500 spectrometer connected to a constant deviation 
monochromator. An overall resolution of 35 meV is the champion 
data achieved so far. In one station, spin- and angle-resolved 
photoemission experiments are being carried out. Light from a 
revolver undulator  is used. A Mott detector is used for spin analysis. 
The third beam line, which is n o t  yet open  t o  outside users, is also for 
spin-resolved photoemission experiments. In this  beam line, a SPEED 
spin detector is used. Light from the revolver undulator is used by 
time-sharing basis. This beam line is also intended to be shared with 
soft X-ray florescence measurements. The measurement system has 
already been built and tested in other beam lines, BL-2 and -3, in the 
PF-ri.ng and showed excellent performance. 
Reference: 

In Tsukuba Branch Laboratory, two experimental stations out of 

T. Ishii: Rev.Sci.Instr. 6 3 1589 (1992) 



Applications of the superconducting compact 
ring 'AURORA' I 

Shin Masui,Daizo Amano,Takanori Katoh,Yanping Zhang, 
and Hironari Yamadaa) 
Quantum Technology Research Section, Sumitorno Heavy Industries, 
Ltd. 2-1-1 Yato-Cho,Tanashi-City,Tokyo 188, Japan 

Since the first SR light was observed in 1989, AURORA has been 
raising its performance. At present it is easy to accumulate the current 
of 500 mA and the lifetime reaches 16 hours at 300 mA. By the help of 
thick iron yoke which functions as a radiation shielding, SR exposures 
can be carried out at the distance just less than 2 m away from the 
source point. Consequently high photon density can be obtained. Our 
facility can offer m y  possibilities for scientific researches as well as 
for industrial applications. Several application programs have been 
under way. Those are as follows: 

1) X-ray lithography 
2) X-ray microscopy 
3) Reflectance measurement in the range of soft X-ray 
4) Solid phase epitaxy of amorphous Si 
5) Total reflection X-ray fluorescence analysis 
6) LIGA 
7) White topography 
In X-ray lithography, for example, we have already obtained 0.2 pm 

line-and-space patterns. In X-ray microscopy, we attained the spacial 
resolution of 0.19 pm at a wavelength of 136 A using Schwarzschild 
objective. Initially AURORA was designed as a soft X-ray source 
optimized for X-ray lithography, but we are extending the applications 
to the hard X-ray range. For LIGA, we attained the lithography as 
deep as 700 pm in reasonable irradiation time using more than 2 keV 
photons. In white topography, we confirmed the structural deficits of 
Si with 10.5 keV diffraction. We have installed a double crystal 
monochromator to promote the applications of hard X-ray. we intend 
to try EXAFS and X-ray diffraction in the near future. We will present 
the latest results. 
a) present occupation : Ritsumeikan University 



STATUS AND PROSPECTS OF SR SOURCE SIBERIA-2 
V.Korchuganov 

Budker Institute of Nuclear Physics 
' 630090 Novosibirsk, Russia 

ABSTRACT 

The dedicated SR source, a 2.5 GeV electron storage ring 
SIBERIA-2 was designed and manufactured at the Budker 
Institute of Nuclear Physics (Novosibirsk) for the 
Kurchatov Institute (Moscow). Besides SIBERIA - 2, a 
facility includes a small ring SIBERIA-1 (450 MeV), that 

can be used both as a SR source in the VUV and soft X-ray 
ranges and as a booster for the main ring, a 80 MeV linac 
and two transport lines. Now the injection part is in 

operation, the electron beam was transfered from the 
booster to the main ring. All systems of the SIBERIA-2 

were mounted on the site and high precision geodedical 

alignment is in underway. In this paper the status and 
commissioninig plans are described. 

- 



Some Progresses in NSRL 
Zhang Xinyi 

National Synchrotron Radiation Laboratory 
University of Science and Technology of China 

Hefei, 230029, China 

Abstract 

The National Synchrotron Radiation Laboratory(NSRL, former HESYRL) 
began to be open for the users in the month of April, 1993, and since then, 
the synchrotron radiation facility of the NSRL, as a dedicated light source, 
works well. The lifetime has reached 13 hours at a beam current of 150 mA. 
A brief description about the status of NSRL will be reported in this paper. 

Some experimental results are chosen, as examples, to be introduced in 
variours fields including the photoemission, soft X-ray microscopy, VUV 
spectroscopy, photoionization processes in molecules and X-ray 
lithography. 

A new project called "NSRL-phase ll" is under the way of consideration. 
The main task of this project is (a) to construct about 26 beamlines and 30 
experimental stations,and (b) to construct 3 insertion devices: one combine 
undulator, one superconducting wiggler and one free electron laser. A brief 
introduction of this project is also given in this report. 



Present Status of the Pohang Light Source 

Y. S. Kim, K. S. Han, W. Namkung, T. N. Lee, and H. Kim 
Pohang Accelerator Laboratory 

Pohang University of Science and Technology 

The Pohang Light Source (PLS) project is now in its final year of 
construction phase. The machine consists of a full energy(2 GeV) linac 
injector, a storage ring with a 12-period TBA structure, and 32 eventual 
beamlines from insertion devices and bending magnets. The 
commissioning of the injector linac is under progress and it has reached to 
electron energy of 1.5 GeV. The machine integration of the storage ring is 
nearly completed and the commissioning of the PLS is expected to take 
place by the fall of this year. The facility will provide high brightness, 
tunable radiation in a wide spectral range up to 30 keV of photon energy 
and will serve national and international users starting from mid 1955. 
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An liivestigation or the Imii Pre-Edge XANES Structure. 

-Bait.' and A. L Hansod 
'Department of Geophysical Sciences and Center for Advanced Radiation 
Sources, The University of Chicago, 'Department of Advanced Technology. 
Brookhaven National Laboratory 

The XANES spectra of iron compounds exhibit a pre-edge structure 
as a function of the incident x-ray energy. This structure contains small peaks 
the centroids of which depend on the oxidation state and/or coordination of 
the iron. This fact has been used to determine relative concentrations of the 
different iron oxidation states in geological samples Ill. In order to utilize 
these pre-edge peaks for quantitative purposes, the cause of these energy 
shifts must be understood. l i e  pre-edge structure of XANES spectra are the 
results of x-rays scattered by the x-ray internal transition scattering process. 
Such an internal transition is constituted of two parts, a resonant part when 
the transition takes place through a real state and non-resonant part that is 
due to a transition through a virtual state. This paper will report on 
investigations of this scattering with respect to the energy of the pre-edge 
peaks. The scattered x-rays were studied with both high and low energy 
resolution spectrometers. 

111 Bajt, S., S. R. Sutton, and J. S. Delaney, (1994) submitted to Geocltim. 
Cosmochim. Acta. 

*This work was supported by U.S. Department of Energy uiider Contract 
DE-AC02-76CH000 16. 

Quantification of Mixed Fe Valence States using the Energy of the Pre-edge 
Peak In K XANES 
-1. S. R. Suttonl. and J. S. Delaney2 

Department of the Geophysical Sciences and Center for Advanced Radiation Sources, 
The University of Chicago, Chicago, IL 60637. USA, 2 Department of Geological 
Sciences, Rutgers University, New Brunswick. NJ 08903. USA. 

Oxygen fugacity is an important parameter that influences phase equilibria and 
geochemical kinetics in the formation of natural rocks. We are exploring the possibility of 
determining the oxygen fugacity of geological and cosmochemical systems from the 
valence states of multivalent elements in these materials [I]. A crucial step in this method is 
theability to quantify the amount of different valence states in specific mineral grains within 
a rock. The pre-edge peak energy of K-edge XANES spectra is a promising parameter for 
this purpose. 

Experiments are being done at the NSLS (x-ray microprobe beamline X26A) where 
K-edge XANES spectra are collected in fluorescence mode [2]. This beamline offers a 50- 
100 micron focused monochromatic beam which is essential to study single crystals in-situ 
within polymineralic materials. Our initial work has concentrated on Fe K-edge XANES 
mainly because iron is a ubiquitous element in earth materials and three Fe valence states 
(Feo, Fez+ and Fe3+) are known to occur in nature. 

3d-transition metals exhibit a pre-edge peak in their K-edge XANES spectra due to 
electronic transitions from core to unoccupied bound states. This pre-edge peak is a few 
eV below the main absorption edge and its intensity is typically only a few percent of the 
main absorption edge step. Pre-edge peaks are rarely used for valence quantification 
purposes because of this low intensity. On the other hand, these pre-edge peaks are well- 
suited for valence state studies because bound state transitions are involved. Consequently, 
the energy of pre-edge peaks is less affected by the local bonding environment than the 
main absorption edge energy or the energies of multiple scattering features. 

We have observed that the pre-edge peak energy in well-characterized samples 
(silicates and oxides) with known Fe oxidation states was a linear function of femdfemus 
ratio demonstrating the suitability of this approach [3]. The demonstrated detection limit is 
100 ppm Fe. The technique is being applied to various minerals from terrestrial and 
extraterrestrial rocks and additional research on matrix and self-absorption effects is in 
progress. 

Acknowledgments: This research was supported by the following grants: NASA NAG9- 
106 and NAGW-3651 (SRS) and NAG9-304 (JSD), US DOE DE-Fa2-92ERI4244 

References: [I] Delaney, 1. S., Sutton, S. R., and Bajt, S. (1994) An oxygen fugacity grid 
for nebular and planetary geochemistry. LPSC XXV, 323-324. [2] Sutton, S. R.. Jones, 
K. W., Gordon, B.. Rivers, M. L.. Bajt, S.. and Smith, J. V. (1993) Reduced chromium 
in olivine grains from lunar basalt 15555: X-ray Absorption Near Edge Structure 
(XANES), Geochim. Cosmochim. Acfa 57, 461-468. [3] Bajt, S.. Sutton, S. R., and 
Delaney, J. S.(1994) submitted to Geochim. Cosmochim. Acfa.. 

(SRS) ,and DE-AC02-76CH00016 (BNL). 
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S p i n - m l v d  timesf-flight electron spectrarcopy following excitation with 
circularly polarized syicbrdron radiation 

G. Soell. R. Kuatze, N. Muller and U. Heiazmann. 
(FakultBt fdr Physik. Uaiversitiit Bielefeld. 33501 Bielefeld). 

U. Hergenhaha. J. Mefhaus. R. Wehlitz and U.Bcckcr. 
(Fritz-Habcr-Institut der Max-PlanckGeseUsch&, 14195 Bcrlin) 

A new type of spectrometer for the sph-pola.fization sensitive analysis of clcc- 
trons hzs bccn dcvclopcd. This insLrumeot allows for niultichannel detection by 
employing a retarding-field Molt polarimeter along with a tilnc-of-flight analyzer for 
the energy selection of the incoming electrons. This mcthod is particularly advanta- 
geous for spectra with many lines spread over a wide range of energies. as thc wholc 
spectruni can be rciorded simultaneously. Such conditions arc common for most 
caxs of inner-shell photoionization. where in addition to the photolincs a largc vari- 
ety of corresponding Auger lines occurs. The spectrometer was particulariy designed 
to study such processes. Fit measurenients were taken at the crossed-field undulator 
heamline U:! at BESSY. We obtaiood rcsults for the Xe 5p photoelectrons in the pho- 
ton energy range between 42 and 60 eV and for Xe 4d phototlectrons and the follow- 
ing NOO Auger decay at 95 ev. 

Timeof-FligM retarding field Mott Detector 
1 

TOF4lR!FT TUBE 

.R 

GOLD OlOOE f& I 
MONITOR SPECTROMETER 
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The Effect of Coherence on the Visibility of X-ray Interference Fringes 

1 J. Bedzvk, Northwestern University and Argonne National Laboratory. 
Materials Science Division, Argonne. IL 60439 

. I  

During total external reflection WR), the superposition of the incident and reflected x-ray 
beams produces x-ray interference fringes above the reflecting surface. The observation of 
this x-ray standing wave (XSW) can be made by monitoring the fluorescence yield from a 
layer of heavy atoms suspended in a low-density film which coats the mirrorsurface.l.2 If the 
spatial and temporal coherence propertks of the incident photon beam are well known, this 
observation can be used to determine the spatial distribution of the fluorescent atom species 
within the film. We havencently demonstrated that theconverse condition can also be used. 
Namely, if the spatial distribution of the fluorescent atom species is known, the observation 
of the x-ray interference fringes can be used to characterize the longitudinal and transverse 
coherence lengths of the incident hoton beam. Shown below are three separate TER XSW 
measurements taken at 1 = 1.21 1 with three different longitudinal coherence lengths (IC). 
The data is for a gold mirror coated with a Langmuu-Blodgea multilayer film that is 
terminated with a zinc arachadate bilayer at z = 923 A above the Au mirror surface. As 
expected, the fringe visibility as observed by the Zn Ka fluorescence is not affected by a 
reduction in until the phase lag (6/2x) due to the path length difference between the two 
beams at z approaches the value of the monochromaticity MAX. The top curve cornsponds 
to a nearly ideal plane wave condition produced by using a Si(ll1) monochromator. The 
lower two curves cornspond to much wider band-pass incident beams h i c h  used Bragg 
diffraction from two different multilayers. Curve R is the measured reflectivity from the Au 

mirror with MAX = SOOO. q' = 
4ltSinwfi is the magnitude of the 

0 4 8 12 16 standing wave vector in the film. 

Work at Argonne National Labo- 
ratory is supported by DOE/BES 
under contract No. W-31-109- 
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J. Wang. M.J. Bedzyk, T.L. 
Penner. and M. Caffrey, Nature 

&! 
6 354,377 (1991). 

0 0.02 0.04 0.06 0.08 0.1 
q' (A. I) 

MoE4 



5; 
- "  COHERENT INELASTIC MOSSBAUER SCATTERING OF SYNCHROTRON RADIATION 
. I  

V.A.Belyakov, Surface and Vacuum Research 
Centre, Kravchenko str., 8, 117331 Moscow, Russia 

An overview of different phenomena connected with a coherent 
emission of g quanta in crystals accompanied by an energy change 
of the emitted quanta in comparison with the energy of the 
quanta initiating the process [l] is presented. As specific 
examples of the mentioned phenomena are examined coherent 
inelastic Mossbauer scattering connected with absorption or 
emission of phonons in a crystal lattice, coherent Coulomb 
excitation of Mossbauer transitions, coherent excitation of a 
Mossbauer gamma-cascade and influence of the inelastic coherent 
scattering on the Mossbauer absorption and conversion electron 
spectra. The common features of the mentioned processes 
distinguishing them from the analogous processes involving 
interaction of radiation only with electrons of crystals are 
connected with a very long time of resonant interaction of 
gamma quanta with nuclei compared with the time of their 
interaction with electrons in crystals and typical crystal 
lattice times. As a consequence of this difference , for 
example, the angular distributio? of quanta in the coherent 
inelastic Mossbauer scattering in a contrast to the X-ray 
scattering does not depend on the wave vector of a phonon 
accompanying the scattering process [2]. Another typical 
features of the processes are examined. The possibilities of 
experimental observation of the mentioned phenomena at modern 
dedicated synchrotron radiation sources and in conventional 
Mossbauer spectroscopy are discussed and the relevant recently 
performed experiments are analyzed. 

1. V.A.Belyakov, Diffraction Optics of Complex-Structured 

2. V.A.Belyakov, Yu.M.Aivazian, Nucl.Instrum.Methods A 282, 
Periodic Media, N.Y., Springer Verlag, 1992. 

628, (1989). 
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MOSSBAUER FILTRATION OF SYNCHROTRON RADIATION AT ISOTOPE INTERFACE 

V.A.Belyakov and I.V.Zhadenov, Surface and Vacuum Research 
Centre, Kravchenko str., 8, 117331 Moscow, Russia 

Mossbauer filtration of Synchrotron Radiation (SR) due to the 
resonant Mossbauer scattering at an isotope interface (a plane 
interface between different isotopes of the Same chemical 
element) under conditions of a total internal reflection is 
theoretically investigated. The mentioned scheme of Mossbauer 
filtration of SR allows one to suppress the background connected 
with the nonresonant SR scattering because of absence Of 
reflection at the isotope interface if there is no resonant 
scattering. Calculations of the reflection coefficient at the 

incidence angle are performed. It is shown that due to the sharp 
resonant dependence of the total reflection critical angle for 
an isotope interface on the SR energy the choice of the 
incidence angle and of the divergence of the incident SR beam 
allows one to change in a great extent an energy line width of 
the filtrated sR. Because in any real experiment other 
interfaces except of the isotope one are inevitably present and 
generate a nonresonant background special geometries of these 
interfaces which allow to suppress the background are examined. 
The main idea of the suppressing of the background by a choice 
of the interfaces geometry reduces to the choice of such 
geometries in which the isotope interface is nonparallel to the 
another ones. This allows to separate the scattering direction 
at the isotope interface from the background scattering 
directions from the other interfaces with a simultaneous 
background intensity reduction because the nonisotope interfaces 
occure to be far away from the total reflection condition. A 
vacuum - non-Mossbauer isotope interface of a saw-like profile 
combined with a planar isotope interface is examined in details. 
Numerical calculations illustrating advantages of the proposed 
scheme of SR Mossbauer filtration in comparison with the others 
[I] are carried out for a Fe56/57Fe isotope interface. 
1. V.A.Belyakov, Diffraction Optics of complex-structured 

Periodic Media, N.Y., Springer Verlag, 1992, Chpt.X. 

Fe561Fe57 isotope interface versus the SR energy and the 
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Asymmetr ica l l y -cu t  Crystals as Op t i ca l  Elements for Coherent 
X-ray Beams 

S.Brauer, G.B. Stephenson IBM Research Division, M. Sutton McGill University, 
S.G.J. Mochrie Masachwetts  IRttitute of Technology, S .  Dierker University of Michigan, 
R. Flemming, R. Pindak A T e T  Bell Labomtories, I.K. Robinson University of Illinois, 
G .  Griibel, J. Als-Nielsen, D. Abernathy European Synchrotron Radiation Facility. 

In forming a coherent beam of hard x-rays, one must select an angular collimation 
which is much smaller than the angular acceptance (Darwin width) of a typical crystal 
monochromator. To evaluate how these highly collimated beams are affected by perfect 
crystal optics, it is necessary to understand the optical behavior on a scale which is finer 
than the Darwin width. The utility of such optics for altering the shape of the coherence 
volume, or enhancing the useful coherent flux, can then be assessed. By considering the 
position and orientation of the crystal truncation rod in reciprocal space, the relationship 
between between the exact incidence and exit angles can be determined as a function of 
wavelength and crystal surface orientation. The properties of both Bragg (reflection) and 
Laue (transmission) diffraction geometries can then be assessed with the aid of DuMond 
diagrams. One of the most important cases is for highly collimated, polychromatic ra- 
diation incident on a crystal, as is typical in synchrotron studies with coherent beams. 
Under these conditions, for Laue and asymmetric Bragg geometries, the exit divergence is 
increased much beyond that of the symmetric B r a g  case. Tbis results from an inherent 
chromatic aberration which is worst in Laue geometries. For coherence studies, the Laue 
and asymmetric Bragg geometries are generally undesirable since the enhanced divergence 
corresponds to a loss of useful coherent flux. 

Nanosecond Time-Resolved Spectroscopy Using a Pulsed 
Laser Diode and Infrared Synchrotron Radiation 

G.L., Advanced Development Center, M.S. AO1-26. Grumman ' 
Corporation, Bethpage NY 11714 USA. 

Photo-exated electron-hole pairs in semiconductors and broken Cooper pairs 
in superconductors are two example system that can relax on a nanosecond 
time scale. Far-infrared spectroscopy Is well-suited to the characterization of 
such photo-excitations since the electronic collision time for many materials 
falls In the 10-12 to 10-14 second range, leading to frequency dependent 
properties that allow the plasma frequency and scattering rate to be 
separately determined. The photon energy for breaking superconducting 
pairs also falls in this spectral range. Nanosecond time resolution is needed 
to follow the spectral properties of the excitations during the relaxation 
process. Therefore, a pump-probe technique has been developed for 
performing infrared spectroscopy with nanosecond time resolution. 

The pump-probe method requires a pulsed light source for photo-excitation 
and another for spectroscopy, with a variable timedelay between. The NSLS 
VUV ring provides sub-nanosecond infrared probe pulses, and is a proven 
source for high quality spectroscopy. A laser diode system has been 
developed for pump pulses, delivering from 100 mW to 1 W peak power. 
Pulse repetition frequencies from 5 MHz to over 50 MHz are possible using a 
fast electronic pulse generator that is readily triggered with the synchrotron's 
RF signal. The present diode operates at a photon energy of 1.47 eV (i.e. a 
wavelength of about 845 nm). 

The nanosecond time-resolved IR spectroscopy system has been used to 
follow the decay of photocarriers in GaAs. Measurements reveal a scattering 
rate that evolves over a 20 ns time scale (during the decay process). A 
model, based on the different electron and hole decay times and scattering 
rates, may account for the result. 

MoE8 



I 

,? 

Circularly-Polarized-Light Induced Dichroism in Photoelectron 
Diffraction Observed with Display-type Spherical Mirror Analyzer 

H. Daimon, T. Nakatani, S. Imada, S. Suga, Y. Kagoshima', and T. Miyahara' 
DepL o/Maierial Phgs., Fac. of Enginctring Sci, Osaka Unio., Toponaka, Osaka 560 Japan 

'PF, Nalional Lab. l o r  High Energy Physics, Tsukuba, Ibaraki 305 Jnpan 

Circular dichroism (CD) in 2-dimensional photoelectron diffraction patterns 
was qbserved for the first time for the photoelectron from the Si 2p core on 
the Si(OO1) surface using a display-type spherical mirror analyzer,Fig.I.[l],devel- 
oped by ourselves. The emitted direction of the energy-selected photoelectrons 
can be directly observed on the screen without distortion. The experiment was 
performed at the NE1-B beamline of the 6.5GeV accumulation ring at  KEK, 
Tsukuba. The circularly polarized synchrotron radiation was monochromatized 
and incident perpendicularly to the surface. 

Figure 2 shows a typical CD pattern obtained as a difference of the patterns 
obtained for the left and right helicity lights at  the photoelectron kinetic energy 
(E*) of 400 eV. Strong CD is found, although this Si(OO1) surface has no chirality 
and magnetism. 

One can recognize strong CD even in the original photoelectron diffraction 
patterns. Fig. 3 shows original patterns at.& = 250 eV excited by left and 
right helicity light. The peaks in the pattern rotate in the same direction as the 
rotational direction of the electric field of the light. This rotation of the peak was 
explained by the rotation of the propagating vector of photoelectrons around the 
nuclei, whose angular momentum was selected by the circularly-polarized light. 
The peaks in these patterns are well recognized as the forward focusing (O-th 
order diffraction) peaks in the propagation of photoelectrons by near-neighbour 
atoms around the emitting atom. The small full crosses in these figures show 
the quantum-mechanically predicted peak positions, which correspond to the di- 
rection of the propagating vector at the scatterer[2]. This is the first direct 
observation of the rotation of the photoelectrons. 

This result is a new type of CDAD (CD in angular distribution)[3,4] of pho- 
toemission for nonchiral and nonmagnetic materials. 
This phenomenon can be used to measure the polar- 
ization of the circularly polarized light in situ hecause 
the asymmetry is large(about 16%). 
[l] H.  Daimon and S. Ino, Rev. Sei. Instrum. 61 (1990) 57. 
(4 H. Daimon, et  al., Jpn. J. Appl. Phys. 32 (1993) L1480. 
131 G. Schiinhensc, Phys. Scr. T31(1990) 255. 
[4] J .  Bansmann, et al., Phys. Flev. B 46 (1992) 13496. Fig. 2 CD pattern 

at E t  = 400 eV. 

...... 
Fig. 1 Displaytype spherical mirror analyzer. Fig. 3 Original patterns at  E& = 250 eV. 

Multilayer transmission p h a s e - s h i f t e r s  
for the carbon K-edge and the w a t e r  window. 

S. Di Fonw, B. R. Miiller, W. Jark, 
SINCROTRONE TRIESTE. Padriciano 99, 1-34012 Trieste, Italy 

A. Gaupp, F. S c ~ f e r s  
BESSY, Lentzeallee 100, 0-14195 Berlin, Germany 

and J .  H .  Underwood 
Center for X-Ray Optics, LBL, Berkeley CA 94720, USA 

In this report  w e  will present the  comparison between the 
theoretical predictions [I]  and experimental results (21 that we  
obtained for  the phase-shifting close to  the carbon K-edge in  a 
Cr/C multilayer transmission filter. For arriving a t  a good 
agreement experiment-theory one  needs to  assume an interface 
roughness o f  0.65 nm rms, which is a realistic value supported 
a l so  by reflectivity measurements. T h e  f i l t e r  has  been 
characterised a t  the  SX700/3 beamline a t  BESSY providing 
circularly polarized light. The  measurements were  performed 
during two measuring shifts separated by 7 months in the first 
case in single bunch operation with low current and later in 
multi-bunch operation with high current. The  phase-shifting of 
the filter was found to be unaltered after the stand-by period. 
The observed phase-shifting was sufficient for a use of the filter 
also for a complete polarization characterization of the beamline. 
Even though the storage ring parameters were rather different 
the output characteristics of the monochromator were found to 
not have changed as far as its polarization characteristics are 
concerned. 

With additional model calculation we  will show inhowfar 
multilayer transmission phase-shifters can be applied in the 
water window. 

[ I ]  S. Di Fonzo and W. Jark. Rev. Sci. Instrum. 63, 1375 (1992) 
[2] S. Di Fonzo, W. Jark. F. Schafers, H. Petersen, A. Gaupp and J. H. 

Underwood, Synchrotron Radiation News Vol. 6. NO. 2. 16 
( 1993) and accepted for publication in Appl. Opt. 
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Ultra-high Vacuum Chainbrr for S) nclwutroil S-ruy 1)iffr:tcIian froin 
Films Adsorhed on Singlc-crystal Surfuces 

A Critical Assessment of the QEXAFS Method. 

Joe Wong: and R. Frahmh 'Lawrence Livermore National Laboratory, Po 
Box 808. Livemore, CA 94551, USA ; bHASYLAB am DESY, D-22603 Hamburg, 
Germany. . I  

The idea ofreconiing an x-ray absorption spectrum "on the fly" when a mechanically 
stable monochromator is being slewed smoothly and continuously over a given energy range 
has been proposed and successfully demonstrated by one of us in 19881. This procedure 
constitutes what is now known the QEXAFS method. The question of How 9uick is 
QEXAFS? has been examined in some detail at the Kobe conference2. Thus, the QEXAFS 
technique provides a novel characterization tool to study the bonding and local atomic structure 
in materials with a time resolution of the order of seconds. In the present paper, we provide a 
critical assessment ofthis technique in terms of spectral quality and resolution as a function of 
various QEXAFS experimcnal parameters such as scan rate, integration time, type of 
monochromator used, as well as an experimentally definiable energy window over which a 
QEXAFS data point is collected. Model compounds with well defined shape pre-edge 
X A N E S  and whiteline features and long k-range EXAFS are used as test systems to arrive at a 
Set Of practical experimental parameters. The versatility, application and limitations of this 
h e - r e s o k d  Spectroscopic tool will be discussed. 

References 

IR. Frahm, HASYLAB Ann. Repon (1987). p. 374; Nucl. Instrum. Meth. A270,578 (1988) 
2R. Frahm and Joe Wong, Jpn. J. Appl. Phys. 32, Suppl. 32-2, 188 (1993) 
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x-raypolarimetrywithphaseplat.es 

F. de Berge~inl.~. C. Vettierl. C. Malgrange2. C . 1 ,  F. Grossil, G. 

1. Eurowan Svnchrotron Radiation Facility. B.P. 220. F-38043 Grenoble 

' Griibell 

- .  
Cedex, France 
2. Laboratoire de Mineralogic-Cristallographie, associ6 CNRS, 
Universiss de Paris 6 e t  7, case 115, Tour 16,4, Place Jussieu, 75252 
Paris C a e x  05, France 
3. Laboqtoire de Cristallographie, B.P. 166, F-38042, Grenoble Cedex 09, 
France 

Diamond crystals have been used as x-ray quarter-wave plates (QWP) 
and half-wave plates (HWP) in  the Bragg and Laue transmission 
geometry to produce circularly and vertical linearly polarized beams 
from an undulator source (ID10) at the ESRF. The linear polarization 
(analyzed by a linear polarimeter) could be set at any direction by the 
combination of two QWP with a variable azimuthal angle between them. 
Also, the second QWP and the linear polarimeter were used to  
completely characterize the polarization state of the circularly polarized 
beam after the first QWP. High rates of circular polarization (98%) and 
of linear polarization in  the vertical (97%) and at 45O planes (95%), were 
achieved by reducing the tails of the 9.1 keV monochromatic beam from 
a C l l l  asymmetric Laue monochromator using a Si 111 channel-cut 
crystal with its diffraction plane at 45" from the horizontal plane. The 
use of the diamond plate in an asymmetric Laue geometry allowed the 
increase of the transmitted intensity from 10% (symmetric Bragg 
geometry) to 40%, keeping high efficiencies as  QWP and HWP. 
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Extremely Dispersive X-Ray Standing Wave Measurements 

Th. Gog, A. Hille. D. Bahr. G. Materlik 
Hamburger Synchrotronstrdhlungslabor HASY LAB am 

Deutschen Elektronen-Synchrotron DESY, 22603 Hamburg, Germany 

In the last decade X-ray standing waves (XSW) have become a routine tool 

in the study of surface- and bulk structures of perfect or nearly perfect 
crystals. Conventional x-ray standing wave (XSW) measurements are 
performed in a "non-dispersive" mode where sample and monochromator 
reflections arise from identical diffraction plane spacings, generating one 

single standing wave field at the sample with a well defined phase for any 
particular angle of incidence. In contrast, extremely dispersive set-ups with 
non-matching reflections lead to a simultaneous generation of standing wave 
fields with all possible phases, obscuring standing wave yields and decreasing 
the resolution of the experiment. Nevertheless, useful structural information 
can be gained through dispersive XSW, as is demonstrated in this work for 
sample / monochromator combinations of Ge(  1 1 1 )  / Ge( 1 1 I ) ,  
Ge(111)/Ge(333) in (+l , - l ) ,  and G e ( l l l ) / G e ( l l l )  in (+1,+1) con- 
figuration. Rocking curves in these cases are reminiscent of the angular 
distribution of intensity in the incident x-ray beam, which needs to be 

modeled from given source parameters and should then be included in the 
data analysis. Highly asymmetric monochromators can help recover some of 
the lost resolution, as  should decreased divergences in the incident 
synchrotron beam. which one expects from 3rd generation sources. 
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A High Resululiun X-ray Spectrometer bawl on a cylindrically bent 
crystal in non-dispersive geometry 

K. MmWhen', M. Krisch', F. Sette*. C.-C. Kao', W. Caliebe' and J. B. Hastings' 

Department of Physics, P.O. Box 9. FIN-00014 University of Helsinki, Finland 
'European Synchroeon Radiation Facility, BP 220. F-38043 Grenoble Cedex. France 
' National Synchrotron Light Source. BNL, Upton NY 11973. USA 

High resolution X-ray inelastic scattering is an old method coming back to fashion, 
thanks to the availability of intense synchrotron radiation sources as wigglers and 
undulators. Experimentally, the major challenge ties in the development of efficient 
spectrometers. Usually, they are based on crystal analyzers employing reflections 
close to backscattering angles in order to provide good energy resolution with large 
angular acceptance. So far, typical methods are based either on spherically or 
cylindrically bent crystal. In the first case, the crystal in Rowland geometry provides a 
monochromatic point focus, while in the second case it provides an energy dispersed 
line focus in the scattering plane. In the present communication we present a 
spectrometer based on a cylindrically bent crystal in Rowland geometry. which 
provides an energy dispersed line focus in the plane perpendicular to the scattering 
plane. The advantage of this geometry is to provide an energy dispersion which is only 
an order of magnitude larger than the energy resolution, allowing to optimize the 
count rate in the energy window of interest and to preserve the advantage associated 
with the practical realization of a cylindrically bent crystal. Experiments were 
performed at 8 keV incident photon energy on beamline X21 at the NSLS, monitoring 
the elastically scattered radiation from a plastic foil. A Si( 11 1) crystal bent to a radius 
of 1 m provided a total energy resolution of 0.6 eV using the (444) reflection at 80.2 
degrees Brags angle and an energy dispersion of about 4 eV, using a linear energy 
dispersive detector positioned along the line focus. We will present these experimental 
results, and discuss the formalism to calculate the energy dispersion, as well as how 
the energy window can be optimized by rotating the focusing plane with respect to the 
scattering plane. 
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Fig. Cu L,,-edge XAFS of an ambient Cu sample recorded with (a) electron yield and 
(b) X-ray fluorescence yield. 
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A Multi-purpose X-ray Diffractometer for Synchrotron Radiation at SRRC 

Shih-Lin Chang, Hsueh-Hsinrt Hung, Hwo-Shuenn Sheu, Jin-Yen Liu 
Synchrotron Radiation Research Center, Hsinchu 30077, Taiwan, ROC 

A multi-purpose x-ray diffractometer for synchrotron radiation is reported. 
Compared to the conventional Huber six-circle diffractometer, the present 
specially designed eight-circle, or yr-scan [K. Hummer, E. Weckert. and 
H. Bondza. Acta Cryst. A45 (1989) 182-1871. diffractometer has two 
additional degrees of freedom for sample rotation and detector motion. 
This arrangement make possible crystal rotation around any scattering 
vector and detector motion in any plane. Therefore. the diffractometer 
can be set for horizontal- as well as vertical-axis diffraction geometry [H. 
H. Hung, Appl. Cryst. 25 (1992) 761-7651 which is capable of performing 
with ease grazing-incidence diffraction and yr-scan multiple diffraction. In 
addition, with 5-phase stepping motors and large-ratio gear reducers 
implemented on the diffractometer, standing wave stimulated fluorescence 
measurements can also be carried out. 
Details about the geometry of the diffractometer and some measurement 
results are also reported. 

Absolute photoabsorption cross-section measurements of simple 
molecules in the core level region 

B.S. Itchkawitz, B. Kempgens, H.M. KOppe, J. Feldhaus, A.M. Bradshaw, 
Fritz-Haber-Institut der Max-Planck-Gesellscha!?, Faradayweg 4-6, 
D-14195 Berlin, Germany, and W.B. Peabnau, BESSY, Lentzeallee 100, 
D-14195 Berlin, Germany. 

The absolute photoabsorption cross-sections in the core level region 
of about 15 simple molecules in the gas phase have been measured both on 
the HE-TGM-1 beamline at BESSY and with high resolution on the 
undulator-based X1B spectroscopy beamline at the National Synchrotron 
Light Source. In particular, high resolution spectra were obtained for C b ,  
C2H2, %€kl, and their deuterated isotopomers in the threshold region which 
includes C ls+n* resonances, coreexcited vaIence (double) excitations, 
and Rydberg states. 

Higher order light fiom monochromator gratings normally hinders 
optical spectroscopy measurements of absolute photoabsorption cross- 
sections. Measurements near the C 1s threshold are particularly difficult on 
typical soft x ray beamliies such as HE-TGM-1 and XIB since there are 
significant second and third order components. In addition, the elimination 
of structure due to carbon contamination of the optical components becomes 
more difficult. In this work the higher order radiation has been reduced to 
acceptable levels by using a compact optical system after the exit slit. This 
high-order light suppressor consists of two plane mirrors mounted parallel to 
one another, which reflect the incident radiation twice at grazing angles 
yielding a high transmission of light at the desired energy. By varying the 
angle of incidence and the materials of the reflecting surfaces, the cut-off 
energy can be changed to achieve suppression factors of 1O:l to 1OO:l for 
the second order relative to !he !%st order. The subsequent photoabsorption 
measurements have much larger signal-to-noise ratios than do inner-shell 
electron energy loss measurements. Furthermore, the absolute cross-section 
determinations can be made fiom photoabsorption measurements in a 
straightforward way, without the background subtraction, kinematic 
correction, and scaling procedures necessary in the electron energy loss 
measurements. 
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A scanning x-ray microscope using circularly polarized radiation a t  
the TRISTAN Accumulation Ring and its application to observation 
of magnetic structure 

Y.Kaposhima 0, J. Wang 21, T. Miyahara 11, S. Aoki 3) and M. Ando 1) 

1)  Photon Factory, National Laboratory for High Energy Physics, Tsukuba. lbaraki 
305, Japan 

2 )  Department of Synchrotron Radintwn Science, The Graduate University of 
Advanced Studies, Tsukuba, Ibaraki 30S, Japan 

3) imtitwe of Applied Physics, University of Tsukuba, Tsukuba, ibaraki 305, Japan 

Magnetic circular dichroism (MCD) measurements are actively 
performed at some synchrotron radiation facilities to study magnetism of 
magnetic thin films and bulks including alloys. The current MCD 
measurements give spectroscopic information mostly as an averaged 
value over the whole irradiated area on a sample. If a microscopic 
technique is introduced, MCD measurements with high spatial resolution 
can be performed. J.St6hr er a1 have recorded images of magnetic 
domains of a recording disk at spatial resolution of 1pm using an 
electrostatic microscope with circularly polarized x rays 0. 

We have constructed a scanning x-ray microscope at the beamline 
NElB 2 )  which is for circularly polarized soft x rays from a helical 
undulator 3) aiming at the imaging of magnetic structures as well as at 
the spatially resolved spectroscopy of magnetic materials. The 
microscope consists of interchangeable pre-pinholes, a reducing optical 
system using a zone plate, an order selecting aperture, samples, a 
scanning stage, a detector to measure photoelectron yield, an MCP for 
optical alignment, and a micro-computer to control the system. 

The microscope has been applied to observation of the magnetic 
structure. A size of a focused spot, namely a spatial resolution, was Set to 
be 1.5 pm. The focused beam was incident at an angle of 30" from the 
surface of the sample. Measuring photoelectron yield from the sample 
using a channeltron, the sample was scanned two dimensionally. Two 
dimensional mapping of the photoelectron yield was displayed as an 
microscopic image. A sample used was a piece of video tape, and its 
magnetic layer is an evaporated one with its component of Co:Ni=80:20. 
Images of the same field were taken at different photon energies of 
778eV (Ls), 793eV (Lz), and 798eV (higher than Lz). It was found that 
the contrast belween twosimages at L3 and L2 was reversed. Further, the 
image at 798eV exhibited no apparent structures. These results show that 
the magnetic structure was observed by our microscope. 

References 
1) J. StGhr, Y. Wu, B. D. Hermsmeier, M. G .Samant, G. R .Harp, S. 

Koranda, D. Dunham and B. P. Tonner, Science 259( 1993)658. 
2) Y. Kagoshima et al., in this conference. 
3) S. Yamamoto, H. Kawata, H. Kitamura, M. Ando, N. Sakai, and N. 

Shiotani, Phys. Rev. Lett. 62,2672(1989). 

Monochromator for Circularly Polarized Synchrotron 
Radiation in the Energy Range of 5-250 eV. 

Masao Kamada. Kusuo Sakai. Shin-lchiro Tanaka, Shigeo Ohara, 
Shin-ichi Kimura, Atunari Iiiraya. Masaml Hasuhdto. Kazumichi 
Nakagawa.a) Kouichl Ichikawa. b 1  Kazuo Soda.b) Knzutoshi 
Fukui .c) Yasuo Fuji'i,dl and Eiji Ishigurod) 

Institute for Molecular Science. Okazaki 444. Japan 
a1Kobe University, Kobe 657, Japan 
b)University of Osaka Prefecture, Sakai 593. Japan 
c1Fukui University, Fukui 909, Japan 
d10saka City University, Osaka 558, Japan 

A new Spherical Grating Monochromator with 
Translational and Rotational Assembly Including a Normal 
incidence mount (SGM-TRAIN) is under construction at EL 5A 
of the UVSOR Facility, IMS, and its design concept is 
reported. The following points have been taken into account 
in the design: (11 energy range of 5-250 eV, ( 2 )  use both of 
undulator and bending radiations, (3) linear and circular 
polarizations. ( 4 )  spectral purity, (5) resolution, and ( 6 )  
length of beam line. 

The SGM-TRAIN is an improved version of a constant 
deviation monochromator proposed by Ishiguro et al. (Rev. 
Sci. Instr. 9, 2105 (1989)). Its main optical components 
aye a spherical grating, a plane mirror, and fixed slits. 
The radii of the gratings are about 25 and 7.3 m f o r  the 
deviation angles of 172 and 152'. respectively. The 
distance between the entrance and exit slits is  3.5 m. Two 
driving modes of the monochromator, standard and high 
resolution modes, are available by a computer control 
system. A normal incidence mount is also included in the 
monochromator to supply a well-polarized light with small 
second-order component in the low energy region (<25 eV). 

It should be stressed that the SGM-TRAIN is useful for 
the experiments where circularly polarized synchrotron 
radiation is used. Moreover, the SGM-TRAIN has an advantage 
that small emittance of a storage ring and large space for a 
long beam line are not necessary. 
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Bra= Transmission Phase Plate for the Production of 
Circularly Polarized X-rays' 

J.C. Lang and G. Srajer 
Argonne National Laboratory 

Advanced Photon Source 
Argonne, IL 60439, USA 

A Si (400) X-ray phase plate of the bragg transmission type has been 
constructed. The variation in the degree of circular polarization as a 
function of off-bragg position has been observed. Left- and right- 
handed circular polarizations as high as Pc=0.75fo.05 were measured 
using a multiple beam diffraction method. The application of these 
type of phase plates for resonant absorption and diffraction 
measurements will be discussed. 

'This work is supported by the U.S. DOE Contract No. W-31-109-Eng-38. 

Interference o f  Fluorescence X-rays and Coherent Excitation of Core Levels 

Yanjun Ma 
Physics Department. University of Washington, Seattle., WA 98195 and Pacific 

Northwest Laboratories, Richland, WA 99352 

M. Blume 
Brookhaven National Laboratory, Upton, NY 11973 

The question of coherence in inelastic x-ray absorption and fluorescence processes 
will be considered for molecules and solids. It is argued that the absorptiondecay 
processes on equivalent but identical atoms are generally coherent. As a result, 
fluorescence x-rays or other secondary particles such as Auger electrons emitted From 
individual atoms can exhibit interesting interference effects. 

We discuss the conditions for the observation of the interference effects in terms of 
various time scales, such as the core hole life time, the vibrational relaxation time, and 
the detection time. As in the classical Young's double-slit experiment, the primary 
requirement for the existence of the interference effect is that one cannot detennhe 
which atom had undergone the excitationdecay process. Recent experimental 
evidence supporting such a coherent excitation and decay picture, including the 
excitation energy dependence of the valence band emission spectra and the anisotropy 
of the Si KP emission, will be discussed. 

This view of the excitation-decay process opens experimental possibilities in 
synchrotron radiation research including momentum resolved x-ray absorption and 
emission spectroscopies. One might also use the interference effect to determine 
interatomic distances in molecules. 
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PERFORMANCE OF SPHERICAL FOCUSING Ge(444) BACKSCATTERING ANALYZER 
FOR INELASTIC X-RAY SCA?TERING.* 

A.T. Mamander, V.I. Kushnjr, and R.C. Blasdell 
Experimental Facilities Division 

Advanced Photon Source 
Argonne National Laboratory 

Abstract 

A spectrometer designed to use a n  undulator source and having a targeted resolution of 
0.2 eV will operate at the APS. We have constructed analyzers for use on this spectrometer, 
and we have tested them at NSLS beamline X21 using focused wiggler radiation and at CHESS 
using the CH'J3SS-ANL undulator. Analyzers were constructed by pressing and gluing 90 mm 
diameter (111) oriented wafers into concave glass forms having a radius near 1 m. An overall 
inelastic scattering resolution of 0.3 eV using the (444) reflection was demonstrated at CHESS. 
Recent results at X21 revealed a useful diameter of 74 mm at 87 deg Bragg angle with an 
overall inelastic scattering resolution of 0.7 eV. We will present data for the figure perfection, 
efficiency of collection, and resolution of such analyzers as measured in a variety of ways with 
a variety of scattering samples. In addition, we will present inelastic spectra recently obtained 
at X21 with such an analyzer for S ic  and Tic single crystals. 

*This work is supported by the U.S. DOE Contract No. W-31-109-Eng-38.. 

EXPERIMENTAL FACILITY FOR LUMINESCENCE STUDIES OF 
SOLIDS AT THE S-60 SYNCHROTRON RADIATION SOURCE 

Yu.M.Alcksatldrov'1, N.Yu.Kirikova'), V.E.Klimeoko'), V.N.Kolobartov*), 
V.N.Makltov'), T.I.Syrejshchikova') and M.N.Yakimenko'1. 

'1 Lebedev Physical Institute, Moscow 117924, Russia 
*) Moscow State University, Moscow 117234, Russia 

A new station for time-resolved luminescence studies of solids was installed at 
the S-GO synchrotron radiation (SR) source. High-intense (>IO1' photons/s/cin') 
"wliitr" direct SR beani (parameters of spectrum after 5 p Be-foil: Iiv - 1 keV, 
HWHM - 0.5 keV) illuminates the sample installed right after the slit diaphragm 
being at  the same time an entrance slit of the analyzing monochromator (0.5 
m Seya-Naniioka type). Time-resolved emission spectra (in the photon energy 
range 2.3+10.5 eV at temperatures 80+300 K) and emission decay curves can be 
measured at  this station under pulsed SR excitation using single-photon counting 
technique. Due to high intensity of exciting soft X-ray SR beam this setup 
permits to measureemission characteristics of specimens with low quantum yields. 
Additional advantage of the mounting is that the spectral response function of the 
apparatus was measured in  the direct SR beam. Another station that has becn 
working at  the S-60 SR source for more than IO years allows to measure time- 
resolved excitatiou spectra (in the range 5+30 eV at temperatures 80+400 K) arid 
thernially stimulated luminescence glow curves (in the range 80; 400 K )  as well 
as transmission and reflection spectra (in the same spectral range). Thus in fact 
a full range of luminescence Characteristics can be measured using a combination 
of these two stations. A program of time-resolved studies of the nature and 
properties of fast emission in solids is now in progress a t  the facility. Several 
classes of fast inorganic scintillators including so-called crossluminescence crystals 
and cerium fluoride were studied at the S-60 SR source and recommendations 
concerning their using in fast scintillating detectors, in particular in high-counting 
rate X-ray detectors were given [1,2], 

[ I ]  Yu.M.Aleksandrov, V.N.Makhov and M.N.Yakimenko, Rev.Sci.lnstrum. 63 
(1992) 1466. 
[2] V.N.Makliov, Proc. "Crystal-2000" Int. Workshop, September 22-26, 1992, 
Chatnonix (France), p.167. 
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Perfect crystal and mosaic crystal quarter-wave plates for Circular Magnetic 
X-ray Dichroism experiments 

CGilesl. m, J.Goulon1. F.de Bergevinl.3, C.Vettier1. A.Fontaine4. 
E.Dartyge4, S. Pizzini4. F. Baudeld, kFreund1 

1. European Synchrotron Radiation Facility, B.P. 220. F-38043 Grenoble Cedex, 
Fmce  
2. Laboratoire de Mi6raIogieCristallographie. associt CNRS. Universit6s Paris 6 et 
7, case 115, tour 16.4 place Jussieu. 75252 Paris CBdW 05. France 
3. Laboratoire de Cristallographie. B.P. 166. F-38042, Grenoble Wex 09. France 
4. LURE, Laboratoire mute CNRS-CEA-MEN, Bfitiment 209 D, F-91405 Orsay 
cedex. France 

Diamond and beryllium crystals have been used successfully as x-ray quarter-wave 
plates to detect Circular Magnetic X-ray Dichroism (CMXD) from ferromagnetic 
samples with an energy dispersive absorption spectrometer. CMXD signals have been 
obtained at LURE (Orsay -Fm)  Using the linearly polarizcd x-ray beam in the orbit 
plane and the quarter-wave plate (QWP) (fig.la and 2a). They are compared to those 
obtained using the elliptically polarized beam below the orbit plane (Fig.lb and 2b). 
The polarization rate and the intensity arc higher with the QWP. The QWP technique 
makes then possible to create Circularly polarized x-rays from a planar undulator. The 
energy bandpass, proportional to the sizc of the crystal reaches 180 eV for the 
diamond crystal and 250 eV for the beryllium. The wavelength tunability has been 
demonstrated by recording dichroic s ha at different rareearths absorption edges 
from Pr Ln (6440 eV) to Tm Lm (8Ge.V). Finally, the sign of the photon helicity 
can be easily changed by switching the crystal from one side of the rocking curve to 
the other. This property has been used to obtain a dichroic spectra keeping the 
magnetic field fixed and flipping the helicity from right to left which opens new fields 
of experiments. 

dlimMId 0.01 

0.m 

4.01 4.01 

am 4.m 
.a .I5 u) .so o JO im 1x1 zm 

Figure 1 Figure 2 

CMXD signals obtained for HoFe2 at the Ho Lm edge (a) with the QWP (diamond in 
fig.1 and beryllium in fig.2) (b) below the orbit plane. 
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Fluorescence-Photoion-Coincidence SDectroscoDy 
on Inner Shell Excited Molecules 

Jbl. Mever (a), J. Lacoursisre h b ) ,  M. Simon (ab) and P. Morin (ah) 

(a) Laboratoire pour 1'Utilisation du Rayonnement ElectromagnCtique. 
Bdtiment 209D, UniversitE Paris-Sud, F-9 1405 ORSAY Cedex, France 
(b) Commissariat A 1'Energie Atomique. DRECAM, SPAM, CEN Saclay, 
F- 91 191 Gif-sur-Yvette Cedex, France 

A new experimental set-up for measuring PIFCO (EhotoIon-photon of 
fluorescence-aincidence) spectra of inner shell excited molecules will 
be presented. The technique has been invented some years ago for the 
determination of lifetimes and quantum yields of the radiative emission of 
molecular ions (e.g. [ 1 I) produced by discharge lamps. In the following it 
has been used in combination with synchrotron radiation to detect excited 
doubly charged ions (e.g.[2]). Since studies of inner shell resonances 
suffer quite often from low counting rates, we have improved the 
fluorescence detection efficiency by the installation of an elliptical mirror 
collecting about 60% of the total solid angle and have adapted a modified 
time-of-flight analyser for the ion detection. In contrast to the well 
established EhotoElectron-EhotoIon-Ehotolon-!2Qincidence (PEPIPICO) 
method (e.g. [3,4]) the coincidences with a fluorescence photon represents 
a new approach probing particularly the excited, fluorescing final states. 
Internal energies of the excited fragments as well as their relative 
abundance can be determined. The present set-up enables us to measure 
also fluorescence-photoion-photoion coincidences allowing to study the 
dissociation mechanisms producing excited fragments. The performed 
experiments on some simple molecules (N2, N20, ICN and OCS) 
photoexcited in the N Is, I 4d and S 2p shell, respectively, provide 
supplementary, specific information about the dynamics of dissociation of 
inner shell excited molecules investigated already in great detail by the 
more general PEPIPICO technique. In the PIFCO spectra taken upon 
resonant excitation a high intensity due to excited atomic ions was found, 
whereas till now only the emission from the molecular parent ion has 
been observed in the spectra of the dispersed fluorescence [5]. 

[I]  J.H.D. Eland, M. Devoret, and S. Leach, Chem.Phys.Lett.g, 97 (1976) 
[Z] L. Hellner, M.I. Besnard. G. Dujardin, and Y. Malinovich, Chcm.Phys.U, 
391 (1988) 
[3] J.H.D. Eland, in "Vacuum Ultraviolet Photoionsation and Photodissociation 
of Molecules and Clusters", ed. C.Y. Ng, World Scientific (1991) 
[4] M. Simon, T. Lebrun, P. Morin, M. Lavollee, and J.L. Marechal, 
Nucl.Instrum.Meth. M, 167 (1991) 
[5 ]  E.D. Poliakoff, L.A. Kelly, L.M. Duffy. B. Space, P. Roy, S.H. 
Southworth. and M.G. White, J.Chem.Phys.B, 4048 (1988) and Chem. Phys. 
B, 65 (1989) 
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Comparison between 3 p  MCD and  2p  MCD in t ransi t ion 
metals  a n d  alloys: Is t he  sum appl icable  t o  i t i ne ran t  
magne t i c  sys t em?  

aki Mlv;LhaLa, Serng-Yerl Park, Takaaki Hanyul,  Tadashi . .  
Hatano. Sadatsugu Muto2, and Yasushi Kagoshima 

The Photon Factory, National Laboratory for High Energy Physics, 
Oho 1-1, Tsukuba-shi, Ibaraki 305 JAPAN 
]Faculty of Science, Tokyo Metropolitan University, Minaminosawa 
1-1, Hachiohji-shi, Tokyo 192-03 JAPAN 
2 Present address: National Institute for Fusion Science, Furo-cho, 
Chikusa-ku, Nagoya-shi, 464-01 JAPAN 

We measured magnetic circular dichroism (MCD) on Ni. Co. and 
Fe metals, and Ni-Pd, Co-Pd, Fe-Pd alloys in the 3p-3d and 2p-3d 
excitation regions of the transition metals, and 4p-4d and 3p-4d 
excitation region of Pd. An example of the results is shown in the 
figure. The results have shown that the orbital moments of Ni. Co, 
and Fe estimated through the sum rule, together with the number 
of 3d hole increase when they are diluted with Pd. Quntitatively, 
however, the above increases are more conspicuous in the 2p-3d 
excitation than in 3p-3d excitation. This should be ascribed to the 
difference between the initial states, 2p and 3p of the transition 
metal. In fact excitation of a deeper core electron would make 
MCD spectra more atomic, increasing the apparent orbital 
contribuiion. 

Interpretation of 
the observed increase 
in the number of 3d 
holes is not so simple 
when w e  consider  
only the difference 
between the init ial  
states. We will discuss 
a possibility to explain 
the results in terms of 
RKKY interaction and 
hybridization between 
3d and ligand orbitals, 
and also the limitation 
of applicability of the 
sum rule. 
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Pliotocriiission S tn t ion  
for  Crys t a l  n n d  F i lm Invest ignt ion d o w n  to 10 K. 

lvanov S.N., Mikliailin V.V., Mikhceva M.N., Moryakov V.P., Nazin V.G., Naumov l.V , 
Svishchev A.V.. Tarasov Y.F., Tsetlin M.D.  
R R C  "Kunhafou Inslrfufc, Moscow, Russia 

We designed new photoelectron station for in situ complex investigation of thin films, multi- 
layer structures and cleaved single crystals. This  PES station is poaitioned at the'1.V.Kurchatov 
Institute of Atomic Energy at the "Siberia" synchrotron radiation (SR) source. Structurally, 
the PES station consists of a VUV radiation monochromator and a spectrometer. We use 
monochromator with two optical schemes: first scheme is normal incidence scheme for the 
spectral region of 4 + 40 eV (resolution -1 A) and second is grazing incident scheme which 
extends the energy range of the monochromator operation up to 100 eV [l]. Both schemes are 
without of an entrance slit and have vertical plane of dispersion. For first scheme there is in 
use concave 3 meters spherical grating and for second - the plane grating with an additional 
focusing toroidal mirror. For both schemes difTracted beam is focused to the same exit slit and 
at the same angle. Optical schemes can be replaced without breaking the vacuum. 

Spectrometer consists of a research chamber, a preparatory chamber and ion sputkr ing 
unit. The  ultimate vacuum amounts to, approximately, P a  in the research chamber and 
to Pa in the preparatory one. The  spectrometer is qu ipped  with a locking unit intended 
for fast relonding of investigated samples as well as with a s y s k m  of manipulators for transporta- 
tion of samples. A LEED system and double-pass cylindrical mirror type energy analyzer with 
preretardation (for UPS and EELS) are located in the research chamber. The  energy analyzer 
is similar to [Z] and can operate with the angular resolution mode (in a limited range of angles). 
There is electron gun inside first analyzer cascade with preliminary electron beam monochrom- 
atization about 0.1 eV using 180' spherical deflector. Electron gun energy range is from 5 to  
2500 eV. Samples can be placed a t  high precision manipulator or a t  liquid helium cryostat. The 
cryostat. can hold 8 samples. All the preparatory operations involving extensive escape of gas 
are performed within the chamber of sample preparation. The  preparatory chamber contains 
Auger spectroscopy module for chemical analysis of the sample surfaces, crystal cleavage stage, 
ion gun and thermoheating evaporation sourcc. The sputtering unit is connected to prepara- 
tory chamber with transportation system to move subtracts and condensed films to research 
chamber. This  unit h a s  two calibrated evaporation sources a n d p n e  can produce multilayer 
systems or admixed two component alloy of two materials. 

The  spectrometer allows one to perform the following operations: ion beam cleaning of the 
sample surfaces; film deposition of practically any substances; checking the content of samples 
by using the Auger spectroscopy method; measuring of specimen conductance in the research 
chamber; surface structure investigation using low electron energy diffraction (LEED) method; 
optical reflectivity measurements of samples; study the luminescence spectra of samples. All 
investigations can be performed within the temperature range from 10 to 1300 K. 

To  control all functions of above mentioned facility IBM PC compukr is used. All measured 
spectra are collected and then treated by standard methods such as subtraction of background, 
peak decomposition ctc. 

1. lvanov S.N. et  al., Pribori I Tekhnika Eksperimenta, 1988, N 4,231. 
2 Knapp J.A et al, Rev. Sci. Instrum , 1982, v. 53, 781. 
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POL-\NSATIOS AND R‘CITATIOS ENERGY SELECTIVE SOR X-RAY 
R-UORFSCESCE SPECITOSCOPI’ [’SING SYSCHROTRON R4DUTIOS. 

J. Sordgren. h’. Wassdahl. J.-H. Guo. P. Skytt, L-C. Duda. S. Butorin. CJ.  Englund. 
I’ppsala University, Physics Department, Box 530. S-751 21 Uppsala Sweden. 

Y. hL, 
.\lolecular Science Research Center. Pacific iionharst Laboratories, 

Richland, Washington 99351 

The development of high brightnes synchrotiron radiation (SR) sources has opened up new 
interesting psibilities for s&t x-ray emision spectroscopy, traditionally pursued with 
electron beam or bmad band x-ray tube excitation. Energy and pola~isation selectire 
excitation piwided by synchrotron radiation has  facilitated soft x-ray emission studies of 
core electmn resonances, multiple excitation and satellite free partial density of states 
(PDOS)’, resonant inelastic scattering procwes~,  site selective PWB, magnetic circular 
dichroism‘. and surface adsorbate bondings. The realisation of these experiments h a s  been 
facilitated by a development of specrmscopic inarumentation including both soft x-ray high 
resolution detectors and other end station facilities, along with the SR source dtrelopment. In 
the present paper we present an end station for polarisation and excitation energy selectire 
soft x-ray fluorescence spectroscopy using synchrotron radiation. 

The end station for soft x-ray fluorescence spectroscopy includes an experiment chamber 
which is rotatable 900 under UHV conditions around the incoming synchrotron radiation 
beam, and which is provided with a high resolution soft x-ray spectrometer. A manipulator 
allowing three axes of rotation, three directions of translation, as well as LN? cooling and 
resistive heating is mounted to the chamber and Serves as the sample holder. Samples can be 
transferred under vacuum between the experiment chamber and two other chambers, one for 
sample preparation and one load lock chamber for introducing new samples and for sample 
storage. 

The end station has been used at twu different synchrotron radiation laboratories, at BR’3 at 
HXS’iL4R in Hamburg and at BL7.0 at ALS in Berkeley. Polarisation dependent and 
angular resolved, selectively excited x-ray emission studies hare been made of ordered as 
well as non-ordered systems, e.g. high Tr systems, diamond, fullerenes and molecular ices. 
The experimental system will be presented along with some recent scientific results. 

lS Wassdahl. etal hlPCoi?fcrcnce Roc ZK. 451 11990) 
?Y. Ma e i a ~  ~ h y s  RCV Lett CB. 25% ( 1 ~ 2 )  
38 Biitonn et al Phys Rev B. .19 (Jan 1. 1W) 

Duda et al Roc Mat Res Soc. April 1 9 3  
5S \Vassdahl et al Phys Rer Lett a. 812 11992) 

Comation and Polarization of Synchrotron Radiation Ualng 
Multiplebeam Mffraction Optics 

BJahI 
C l E S  and Dept. of Applied and Engineering Physics 
Cornell University, Ithaca, NY 14853 

The collimation and polarization effects on X-rays by multiple-beam 
diffraction (MBD) have been studied for h u e  and Bragg geometry. Using 
the dynamlcal theory of multiple-beam diffraction a significant 
enhancement in the reflected intensity relativ to the normal two-beam 
case was found for several reflections. Specific h u e  diffractions also 
result in high collimation in directions parallel and normal to the main 
reflection plane simultaneously. The reflected transmitted beam shows 
linear polarization in these cases. 
Experiments on slllcon and germanium crystals performed at the Cornell 
High Energy Synchrotron Source (CHBS) are in accordance with the 
theoretical calculations. Applications of the MBDeffects in SR will be 
discussed. 

Supported by the NSF under Award No. DMR-9311772 and the Alexander 
von Humboldt Foundation, Germany. 
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Facilities for Spin resolved Photoemission at the SRS 

EM., E. A. Seddon, 
Daresbury Laboratory. Wanington, WA4 4AD. United Kingdom 

Polarisation analysis of photoemitted elecuon beams at Daresbury is carried out using 
either a conventional high-energy Molt polarimeter or a conical retarding potential Mott 
polarimeter (the micro-Mott polarimeter). The high-energy Mott polarimeter is a fixed 
feature of Station 1.2. The micro-Molt polarimeter can be. used on Stations 1. I ,  5U. I ,  3.3 
or 6.1. This combination of beamlines, specrrometers and polarimeters provides the 
research community with the capability of performing spin resolved photoemission from 
both gases and solids over the photon energy range 6 eV to 1500 eV. 
First results have been obtained from the dedicated spin polarised photoemission Station 
1.2. A full discussion of these data from Ni(1 IO) will be given along with a description of 
the station’s unique characteristics and performance. 
Photoemission from the 4d levels of xenon was used as a first test of the microMott 
polarimeter. It has since been used to perform photoemission studies of fcc Fe on 
Cu(100). A summary of h e  spin resolved spectra for a range of film thicknesses around 10 
ML will be given 
We will also give an oulline of ongoing insmenta l  developments relevant to the 
application of these polsrimeters in the areas of thin f i l m  magnetism and metailic glasses. 

A Tunable Multilayer EUVlSoft X-ray Polarimeter 

J.B. Kortright, JiA. Rice,and K.D. Frank 
Center for X-ray Optics 

Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

A tunable polarimeter using multilayer interference coatings as both refledion polarizer and 
transmission retarder has been constructed. The portable device bolts onto existing chambers and 
its rotation axis is precisely aligned to the beam. The upstream transmission phase retarder is 
tunable by varying its incidence angle, and the downstream reflection polarizer is tunable by 
translating a laterally graded multilayer. Together these two optical components allow an 
unambiguous determination of the polarization state of any collimated beam entering the 
polarimeter with energies ranging from SO eV to at least 800 eV. The device is usekl both to 
characterize the polarization of synchrotron sources and beamlines, and to perform polarization 
resolved studies of the interaction of x-rays with matter. Early studies using the polarimeter will 
be described. 

This work was supported by the Director, Office of Energy Research, Office of Basic Energy 
Sciences, Materials Sciences Division, of the U.S. Department of Energy under Contract AC03- 
76SF00098. 
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Application of Oblique Incidence Detector 
to VUV Polarization Analyzer 

Terubumi Saito, Masatada Yuri and Hideo Onuki 
Electrotechnical Laboratory 

1-1-4, Umezono, Tsukuba-shi, Ibaraki 305, JAPAN 

It is well-known that a polarization property arises when a 
photon beam hits obliquely upon photosensitive surface of a 
detector. However, very little work was reported on the 
polarizarion property of a oblique inddence detector, especially in 
the VW region. In this report, we present experimental 
characterization of a oblique incidence detector as a VW 
polarization analyzer together with a model calculation. 

Figure 1 shows a VW ellipsometer constructed employing a 
semiconductor photodiode as an analyzer. Monochmmatic 
radiation hits a sample spedmen at the angle of inddence of 
67.5" (or 45"). The reflected beam is detected by an inclined 
semiconductor photodiode. The angle of inddence to the 
photodiode is approximately 40". The entire ellipsometer 
chamber can be rotated around the axis of the incident beam 
(angle a). In addition, the analyzer can be rotated around the 
reflected beam (angle 8). Intensity measurements in the several 
combinations of a and 8 make it possible to completely determine 
the Stokes parameters of the incident radiation, optical constants 
of the sample and the detector polarbtion characteristics. 

It has been shown that this method has an advantage in 
simplifying the structure of the instrument and in increasing the 
signal intensity compared to the case like a triple-reflection type 
analyzer. 

A 
1 sample 

fi 

--t;)---- 

i 3 Q  d 
photodiode 

Fig. 1 Schematic layout of the pdarization analyzer employed in 
a V W ellipsometer. 

Fez+ and F$+ ions distinguishable by X-ray anomalous 
scattering: method and its application to magnetite 

Satoshi Sasaki 

Research Labmatory of Engineering Ma&, Tokyo Institute of Technology, 
Naganuta 4259, Midori-ku. Yokohama 227. Japan 

Anomalous scattering effect is useful to distinguish between elements 
with very similar atomic numbers. This effect also makes possible to 
distinguish and evaluate different valence states of the same element, if 
the f values can be estimated accurately at the XANES region of an 
absorption edge. Valence-state refmements on theoretical f basis 
have been performed by powder diffraction.1) 

From the observation of XANES absorption spectra of FeO and 
Fez03 at the Photon Factory BL3A, the chemical shift of about 5 eV 
was found between ferrous and ferric ions which coordinate 
octahedrally with the neighboring oxygen atoms in the respective 
structures. The spectrum of magnetite (Fe304; space group Fd3m. (1 = 
8.356(3) A, 2 = 8) was confirmed to have an intermediate pattern 
between those of FeO and FezO3. The chemical shift reflects the 
difference of electronic states corresponding to FeZ+:ls+3d(4p) and 
Fe3+:ls-+3d(4p). The linear absorption coefficient can be represented 
using f '  which is connected with f by the Kramers-Kronig dispersion 
relation. In order to obtain the observed f values, the cross section 
data were partially replaced with observed ones near and at the Fe K 
absorption edge in the Cromer and Liberman's calculation?) Beam 
conditions such as the energy resolution were taken into account for 
adjusting experimental difference. Finally, the maximum difference 
in scattering factor between Fez+ and Fe3+ was estimated to be about 
2.3 at an appropriate wavelength near the Fez+ edge. 

Synchrotron X-ray diffraction data from an Fe304 single crystal 
were collected using a vertical-type four-circle diffractometer at the 
Photon Factory BL-IOA. An Si(ll1) monochromator was used to 
select several wavelengths at the XANES region of the Fe K absorption 
edge. Of a total 160 reflections measured up to 28 = 120'. 21 
averaged reflections with F 2 3 4 ~  were used in each f analysis. 
Difference Fourier syntheses based on two extremities of pobr-pc.tc[Fe** 
in octahedral and teaahedral sites] and pob-pulc[Fc'* in the sites] were very 
helpful to detect the spatial distribution of ferric and ferrous ions. 
The s dependency of residual structure factors may suggest orbital 
spreading of K-shell electrons. 

. '  

(11 e.g. J.P. Attficld Naturc, 343.46 (1990); J.K. Warner et al.: J. Am. 

[2] D.T. Crumer and D. Libeman: J. Chem. Phys. 53. 1891 (1970). 
Chcm. Soc., 114,6074 (1992). 
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High Energy Synchrotron Radiation 
A New Probe for Condensed Matter Research 

A Spectrometer for High Resolution Resonant 
Inelastic X-Ray Scattering 

1.R. Schneider, R. Bouchard, T. Briickel, M. Lippert, 
H.-B. Neumann, H.F. Poulsen, U. Rutt, T. Schmidt and 

M. von Zimmermann 

Hamburger Synchrotronstrahlungslabor HASYLAB at 
Deutsches Elektronen-Synchrotron DESY, 
Notkestr. 85 ,  D 22603 Hamburg, Germany 

The absorption of 150 keV synchrotron radiation in matter is weak 
and, as normally done with neutrons, bulk properties are studied in 
large samples. However, the k-space resolution obtained with a 
Triple Crystal Diffractometer (TCD) for high energy synchrotron 
radiation is about one order of magnitude better than in high resolu- 
tion neutron diffraction. 

The technique has been applied to measure the structure factor S(Q) 
of amorphous solids up to momentum transfers of the order of 32 
A-1, to study the intermediate range Ortho-I1 ordering in large, high 
quality YBa2CU306.5 single crystals and for investigations of the 
defect scattering from annealed Czochralski grown silicon crystals. 
Magnetic superlattice reflections have been measured in MnF2 
demonstrating the potential of the technique for high resolution 
studies of ground state bulk antiferromagnetism. Recently the 
question of two length scales in the critical scattering at the 100 K 
phase transition in SrTiOg was studied. 

At the PETRA storage ring, which serves as an accumulator for the 
HERA electron-proton storage ring at DESY and which is actually 
operated at electron energies between 7 and 12 GeV, an undulator 
beam line is currently under construction and should be available in 
summer 1995. It opens up exciting new research opportunities for 
photon energies from about 20 to 150 keV. 

W.SehGlkc. A. Kaprolat, Th. Pischer, K. IWppncr and P. Wohlcrt 

Institute of Physies, University of Dorhund, D-44221 Dortmund, dermany 

High resolution rcsonant inelastic X-ray scattering is on (he way to bccome a 
powcrful tool for investigating element s p c d f i y  and Bloch-k-Wor sensilivcly (he 
excitation of valence electrons in solids /l/, wherc for spin ordered systems the 
ulilization of resonant cxchangc scattering /2/ might provide acccu to the d)namic 
of spin correlation. Moreover, chis method offers (he possibility for mwuring the 
near- edge fine s~udure  free off core-holc lifetirnc broadening /3/. 

In ordcr to obtain an appropriate energy and k-space resolution, one nccds an 
overall resolution of better than 1 eV both for the passband of thc exiting 
radiation and for thc analyzing spectrometer, together with a q-resolution (q = 
momentum transfcr) of the order of Aq/q = 0.03. Both the exciting passband and 
the analyzer passband have to be tunable. In order to aehicvc these goals, wc have 
equipped the existing setup for S(q,o)- measurements /4/ at HASYLAB with an  ' 
additional tunable analyzing spectrometer. We have chosen a full Rowland geometry 
spce(rome1er with doubly bent Si crystals in ordcr to use horizontal and vertical 
focussing. The full Rowland geometry has bccn realized by mechanically coupling 
the detcclor translation both with the 0-rolalion of the analping crystal and the 29- 
rotation of the detector arm and by installing a computer-controlled variation of the 
sample to analyzing crystal distance. At the dctedor position cither a linear position 
scnsitivc gas-filled proportional counter or a solid state detector can be used. In 
the first case the analyzer resolution is mainly determined by the spatial resolution 
of the counter, in the latter case by the lalcrd size of the illuminated area on the 
sample. This full Rowland geometry spdromelcr was connected lo the f i - e x i t  
sagittally focussing double crystal monochromator of the W1ggler-beamline W2 of 
HASYLAB. 

The rcsults of test measurements both of high rcsolulion resonant Raman scattering 
on Cu and of the Cu- and Ni-K-edges in the l i h t  of the resonant scattered 
radiation will be presented. The Cu-K-cdge, free of the core-hole lifetime 
broadening, cxhibit a much better resolved near-edge fine structure compared with 
absorption measurements and indications for a quadrupole transition induced prc- 
cdgc structure. The necessity of a careful selfabsorption correction of these edge 
spcclra is  stressed. 

/1/ Y.  Ma, N. Wassdahl, P. Skylt, J. Guo, J. Nordgren, P.D. Johnson, J.-E. 
Rubensson, T. Boskc, W. Eberhardl, and S.D. Kevan, Phys. Rev. Lett. 69. 2598 

/2/ P. Hannon, G.T. Trammel, M. Blume, and D. Gibbs, Php. Rev. Lett. 61, 
1245 (1988) 
/3/ K. Himiliincn, D.P. Siddons, J. B. Haslings and L.E. Berman, Php.  Rcv. 

Lett. 67,  2850 (1991) 
/4/ A. Berthold, S. Mourikis, J.R. Schmilz, W. Schnlkc and H. Schulte-Schrcpping. 
Nud. Instr. and Meth. A317, 373 (1992) 

(1992) 
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First IXSS-Measurement of the Dynamic Structure Factor S(q,u) 
of Electrons in a Solid Noble Gas (He) 

W. Schitlkc, A. Kaprolat and K J .  Gabriel 
Inslifulc of Physics, University of Dortmund, D-44221 Dorlmund, Germany 

Instilulc of Applied Physics. University of Erlangcn, D-91054 Erlangcn, Germany 
N. Sehcll and E. Bnrkcl 

R.O. Simmons 
University of Winois, Urbana, IL 61801, USA 

Inelastic X-ray scattering spcctrosopy (IXSS) yields information about the dynamic 
structure factor S(q,u) of elcdrons, Wtiich in turn is related to the dicledrie 
function c(q,o), thus providing information about collcdivc and individual excitation 
of clcctrons. To the howledge of the authors up to now no mcasuremcnls of 
S(q,o) on single crystals of solid noble gases have bccn performed, because these 
samples require a pressure cell providq pressure wilhin the kbar regime and 
temperalures of several Kelvin, so that only hard X-rays can probe the excitation 
spectrum. Neverthcless, when measuring S(q,o) by means of inelastic hard X-ray 
scattering, the signal will be contaminated by the contributions of the pressure cell, 
so that a mwuremcnl of the empty cell must be subtracted approprialcly from the 
spcctra of lhe Wed cell in order to extract the sample signal. 

We present firs1 IXSS-mwuremcnts on single ctyslal solid He, performed at the 
Complon spcctromckr of the W d c r  W2-beamline of HASYLAB /l/. The He 
single crystal (hcp) was grown in a pressure cell made of Be under a pressure of 
600 bar and held at a temperature betwccn 5 and 7 Kelvin /2/. The prlnluy 
energy was 13.8 kcV. The measurement was carried out with qlc-axis and q-0.45; 
0.97 and 1.24 at. units. The achieved energy resolution was 2 cV, the countrate in 
the profile maxima 50 cts./s. The sublraclion of the empty cell speclrum from the 
filed cell spcclrum has bcen performed after normalizing both speclra according lo 
the Johnson f-sum rule. The Fig.1 shows the pure He-S(q,o) spcctrum for qp0.97 
at. units. One can d w l y  scc a prominent structure around AE=+22 cV (dearly 
visible also in the other spcctra), which can be ascribed to an exdloNc ercilation 
separated by 2.6 eV from the He absorplion edge. 

--- 
Enery Loss [el'] 

Fk. 1 Rue d i d  He S(q,o) Speclm 
for qp0.97 at. units 

/1/ A. Bcrlhold, S. Mourikis, J.R. Schmitz, W. SchDlkc and H. Schulle-Schrcpping, 
Nucl. Instr. and Me&. A317, 373 (1992) 
/2/ N. Schell, R.O. S i m o n s  and E. Burkcl, HASYLB Annual Report 1993, p.963 

Undulator Test of a Bragg Reflection 

Elliptical Polarizer at - 7.1 keV 

S.D. Shastri, K.D. Finkelstein, Qun Shen, B.W. Batterman 

Come11 High E m  Synchrofron Source 

and the School of Applied and Enginming PhysiCr, 

Cornell University, Ithaca, N m  York 14858 

and 

D.A. Walk0 

Physifs Dcparlmmt, University of llliMis at Urfmna-Champaign, 

U&M, nlinoir 61 801 

Abstract 

A method employing perfect crystal diRiaction optics for the generation of 

elliptically polarized X-rays was tested at CHESS beamline A2 under the high- 

brightness conditions of a standard undulator. In this method, polarization 

state selection is achieved by precise control of the incident angle of a col- 

limated, approximately 45°-linearly pre-polariced beam of X-rays entering a 

symmetrically cut, 4-bounce Bragg reflection channel-cut Ge(220) crystal. In 

addition to  the efficiency of the device, the full polarization state ofthe output 

beam an a function of incident angle, including the purity of circular polar- 

ization 4 ,  wan measured directly nsing the multiple-beam Bragg rdection 

technique with a GaAs crystal polarimeter. The reversihility of the circular 

helicity by changing the incident angle and the ability to scan the optics in 

energy wan demonstrated at the vicinity of the Fe K-edge at 7.1 keV. 
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A soft x-ray emission spectrometer for 
undulator radiation 

s.shin, A.Agui, M.Fujisawa, Y.Tezuka, and T.Ishii 

Synchrotron Radiation Laboratory, Institute for Solid State Physics, 
The University of Tokyo, 3-2-1 modoricho, Tanashi, Tokyo 188, Japan 

An experimental system for soft x-ray emission spectroscopy 

(SXES) using undulator beam line was made. By this system, hi& 
resolution SXES and photoelectron emission spectroscopy(PES) can be 

measured at the same time. The experimental system is designed to be 
attached to the undulator beam lines, BL2B, BL16u, and BL19B at 
Photon Factory. 

Spectrometer uses the Rowland circle geometry in which input slit, 

concave grating, and multichannel detector lie on the focul circle. Three 
holographic ion-etched gratings are changeable in the vacuum. The 
Rowland circle radii of gratings are 5 m, 7 m, and 10 m and their line 

densities are 600, 1200, and 2400 Vmm, respectively. The detector is 
positioned tangentially to the Rowland circles by precision movement in a 

three-axis coordinate system of two translations and one rotation. The 
size of the multichannel detector is 30x80 mm*. It consists of CsI-coated 
multichannel plates(MCP) and a position-sensitive detector. In addition, a 
retarding screen is mounted in 6ont of the MCP in order to increase the 

quantum efficiency of 'the detector. The resolution WAE is about 
1400-340 for 100 pinput-slit width for the photon energy region 60m 30 
eV to 1000 eV. 

New experimental set-up devoted to the Auger Electron Ion 
multiple coincidences spectroscopy 

Laurence FERRAND-TANAKA(I,2), Marc SIMON(1*2), Roland THISSEN(13). 
Michel LAVOLLEE(1) and Paul MORIN(l.2) 

(1) LURE, Bt 209d, Centre Universitaire, 9 1405 Orsay Ctdex, France 
(2) CEN D R E C M  SPAM, CEN Saclay, Bt 522,91191 Gif Ctdex, France 
(3) U P ,  Universitt de LiBge, Start Tilman B6,4000 Litge, Belgium 

Much work has been devoted to the dissociation of inner shell excited molecules1 
and the understanding of the processes is now quite good 2 but smeared out by the 
very large number of formed electronic states of the ion. The dissociation 
measurement of those selected states is an attractive purpose 2-5. Taking advantage 
of the pulsed character of the synchrotron radiation light, we have recently 
developed an original experimental set up combining an electron analyser with a 
time of flight mass spectrometer without angular discrimination, operated with a 
strong pulsed electrostatic field. This allows high counting rates for multiple 
coincidence measurements Auger Electron PhotoIon PhotoIon Coincidences. We 
will focus our contribution on the experimental set up and show new results 
obtained with core excited N20 and demonstrate how we get more insight into the 
relaxation dynamics by the selection of the excited state combined with the 
selection of the final state. The "break down curve" of very excited singly charged 
ion obtained by resonant Auger ion spectroscopy exhibits interesting effects such 
as scrambling of the atoms within the core excited molecule before dissociation. 

References 

(1) M. Simon, T. Lebrun, P. Morin, M. Lavollte and J. L. Martchal. N. 1. M. B 62, 
167 (1991) 
(2) T. Lebrun, M. Lavollte. M. Simon and P. Morin, J. Chem. Phys. 98, 2534 
(1993) 
(3) R. Murphy and W. Eberhardt, J. Chem. Phys.. 89.4054 (1988) 
(4) D. Hanson, C. I .  Ma, K. Lee, D. Lapiano-Smith and D. Y. Kim, J. Chem. Phys. 
93,9200 (1990) 
(5) K. Ueda. H. Chiba, Y. Sato, T. Hayaishi, E. Shigemasa and A. Yagishita, Phys. 
Rev. A 46, R5 (1992) 
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Direct Measurement of Magnetic Circular Dichroism and Kerr Rotation 
Spectra in V W  using Four-Mirror Polarizer 

M. Suzuki, K. Hanmura, T. Kotani, N. Yamaguchi, M. Kobayashi, and A. Misu 
Department of Physics, Science University of Tobo,  

1-3 Kagurazaka, Shinjuku-ku, Tokyo 162, Japan 

For magneto-optical measurements in the VUV region, we have constructed a four- 
mirror reflection type polarizer which is reasonably superior as an optical component Fig. 
1 sketches the polarizer. The polarizer consists of two pairs of parallel plane gold mirrors 
spaced with thickness gauge blocks. The incident angle of each mirror was set at 79". and 
the polarizer was found to work as a quarter-wavelength plate in a relatively wide photon 
energy region from 5 to 40 eV. The aperture is 12 x 9 mm for parallel rays, and the angu- 
lar a- is about 6". 

The optical properties of the polarizer were measured with the visible light. Since the 
high accuracy of the parallelism 1.6 x IO-' rad of the pair mirrors was archived, the duec- 
tion of an incident ray changes only by 0.33 mm per one meter. With the light of Na D h e ,  
relative transmittance p' = T, I and relative phase retardntion 6= 6, - 6, were meas- 
ured for parallel rays and for convergent rays of full apemue. The measured values of p' 
and 6 for the convergent rays were respectively coincident with those for the parallel rays 
within the experimental accuracy. The four-mirror polarizer was easy to set into any 
optical path and worked perfectly as a polarizer. 

The polarization characteristics were measured at Photon Factory, KEK. The p' and 
the 6 were obtained in the VUV with the convergent rays of projection angle 2". The 
polarizer produces circular polarization which is used in magnetic circular dichroism 
(MCD) measurement, but it can not be used as a circular polarizer around 5 eV because 
the 6 is close to 180". On the other hand, the p' is less than 0.35 over the measured 
photon energy range, and the instrument works as a quasi-linear analyzer for Kerr rotation 
(KR) measurement. The intensity of the transmitted light was sufficient for our purpose. 

We measured the MCD and the KR spectra of yttrium iron garnet (YIG) using the 
four-mirror polarizer in the range from 
24 to 36 eV. The magnetic field 
modulation technique with an AC 
electromagnet was tqcd. It is *e first 
experiment that the conjugate magneto- 
optical spectra, MCD and KR, are 
obtained in the photon energy range 
where no transmission type optical 
component works. The Kramers-Kronig 
relation between the MCD and KR was 
exactly obtained, and it was shown that 
our instruments gave correct results. 

Fig.1 The sketch of the four-mirror polarizer 
presently constructed. 
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Polarization modulation spectroscopy for MCD study using 
polarizing undulator 

ICy_aR, M.Yuri. and H.Onuki 
Electrotechnical Laboratory. Tsukuba-shi. Ibaraki 305. Japan 

We developed a polarization modulation spectroscopy in the XUV region for 
magnetic circular dichroism (MCD) measurements. We used a polarizing undulator 
with crossed and retarded magnetic fields which was proposcd by Onuki'? It enables us 
to obtain radiation adjusting the polarization stam arbitrarily and rapidly. It is ex- 
pected to be very useful in polarization modulation spectroscopy for MCD study in the 
XUV reeion. 

Uitonow MCD measurements have been restricted to the region from visible to 
ultraviolet Recent advances in synchrotron radiation instrumentation have made pos- 
sible the utilization of high quality circularly @ a r i d  light in the XUV region. Vari- 
ous experiments and calculations have established magnetic x-ray circular dichroism 
(MXCD) as an important technique for investigating magnetic materials. The previous 
experiments designed to measure MXCD spectra using synchrotron radiation were all 
fixed polarization instruments. No MXCD experiment has apparently reported yet us- 
ing the polarization modulation technique. In order to rev& fine structures in the 
specha, the polarization modulation method has to been applied to the MCD measure- 
ment. 

The experiments were performed at  the storage ring TERAS of the 
Electrotechnical Laboratory. Fig. 1 shows schematic diagram ofthe polarization modu- 
lation experimental setup. The degree of circular polarization Pc of the radiation dc- 
pendsonthephasedifferenceoftwocrossedmagneticfields. Itcanbevariedinarange 
of -0.- 4.9  and modulated with frequencies up to 3 Hz The elliptical radiation 
generated%y the undulator is quasi-monochromatic. The photon energy is selected by 
varying the electron energy or the magnetic field intensity of the undulator by the 
change of gap of its magnet anays. The photon energy of the undulator radiation is 
tuned to the output photon energy of the monochromator by adjusting the undulator 
magnet gap in order to make effective use of the undulator radiation. The monochro- 
mator is a arazinn incidence toroidal grating monochromator. A sample was attached 
directly to &e NdICo-B per- 
manent magnet producing 
0.4 T at the position of the 
sample. The fractional 
change in reflectivity caused 
by the polarization was 
measured with a technique 
of phase sensitive detection, 
which can detect a relative 
dffcrence of reflectivity of 
circularly polarized photons 
assmall ~ 0 . 1 % .  

We successfully mea- 
sured the MCD of Y,Fe O,, 
(YIG) in the vacuum u h a -  
violet region between 22 eV 
and 40 eV. Strong MCD fea- 
tures were observed for t e 
inner core trans'tions of A+ 
from 4p6 to 4p4(4+5s) lev- 
els, even though its ground 
state has J=O. 

Fig.1: Schematic diagram of the polarization modula- 
tion experimental setup. The polarizing undulator that 
was installed in the strage ring TERAS of ETLenables 
us to obtain polarized radiation of any ellipticity and 
modulate with frequencies up to 3Hz The photon en- 
ergy of the undulator radiation is tuned to the output 
photon energy of the monochromator by dust ing the 
undulator gap. The fractional change in reflectivity 
caused by the polarization was measured with a tech- 
nique of phase sensitive debtion. 

1) H.Onuki. Nucl. Instrum. Methods. A M .  94(1986) 
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A Soft-X-Ray Emission Spectrometer Equipped with 
a Multilayer Rotating Analyzer for Polarized Emissions 

and Y. Goto 
Research Institute for Scientific Measurements, Tohoku University 

2-1 -I Katahira, Aoba-ku, Sendai 980-77, Japan 

From the definite dependence of C K-emission spectra of diamond on 
the energy of the excitation photons, Ma et al.1 recently proposed that 
the absorptionemission process should be treated as a coherent inelastic 
scattering process. To verify this proposal, we should examine the 
polarization degree of the x-ray emission while exciting with linearly 
polarized photons. We have so far developed multilayer mirrors for 
soft x-rays (SXRs), and found that they are the most useful polarizing 
elements in the SXR region at around 45" angle of incidence? Le., the 
Brewster angle. We have recently made a new instrument for S X R  
emission spectroscopy. The spectrometer consists of a flat-field grating 
and a multichannel detector (Fig. la). A rotating analyzer mounted 
with a SXR multilayer is equipped to measure polarization degree of 
the SXR emission (Figs. l a  and lb). Figure 2 shows (a) B K-emission 
spectrum of h-BN and (b) spectral reflectance of a Ru/B4C 199-layer 
coating. The peak at 194 eV in Fig. 2a is due to the scattered excitation 
light, which is completely filtered off with the multilayer before the 
microchannel plate (MCP). Using this instrument we ascertained that 
the B Kemission from h-BN is partially polarized. This polarization is 
due to mostly the anisotropic property of the h-BN crystal.3 For a 
sintered B4C sample we observed slight polarization, which is probably 
attributable to the coherent scattering process. 

u 

(a) i : k m  U 

" - LL cB 

Rot~tlng Analyzer 

X-RAY MOSSBAUER OPTICS OF HIGH ANGULAR AND FREQUENCY RESOLUTION 

V.A.Belyakov 
Surface and Vacuum Research Centre, Kravchenkoko str.8, 

117331 Moscow, Russia 

Application of synchrotron radiation (SR) dedicated sources 
to Mossbauer spectroscopy opens new possibilities in the, field 
of Mossbauer experiments, in particular, and in the field of 
gamma- and X- ray optics in general 111. These possibilities are 
connected as well with fundamental research in physics I21 so 
with applied researches in solid state physics and with 
development of gamma and X-ray spectroscopy of extremely high 
(sub millielectronvolt) resolution 131. An overview of the 
recent progress in the field of X-ray SR optics of solids 
containing Mossbauer nuclei is presented. The main topics of the 
overview are: nuclear resonant magnetic Bragg diffraction of SR, 
coherent inelastic Mossbauer scattering of SR, different 
approaches to Mossbauer filtration of SR including the 
filtration at an isotope interface and with the help of surface 
guided Mossbauer modes, polarization peculiarities of the SR 
Mossbauer optics. Related to the problem recent experimental 
results are discussed and the perspectives of the further 
development of SR Mossbauer optics are evaluated. 

References 
1. V.A.Belyakov "Diffraction Optics of Complex Structured 
Media", Springer Verlag, New York, 1992. 
2. Yu.Kagan, A.M.Afanas'ev, V.G.Kohn, Phys.Lett.A 68, 339 
(1978); J.Phys.Ser.C 12, 615 (1979). 
3.V.A.Belyakov, Sov.Phys.Usp.30, 331 (1987). 

Fig. 1 Fig. 2 
References 
1. Y. Ma et al., Phys. Rev. Lett 69 (1992) 2598. 
2. M. Yanagihara et al., Rev. Sci. Instrum. 63 (1992) 1516. 
3. E. Tegeler et al., Phys. Stat. Sol. (b) 91 (1979) 223. 
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Simple UHV Compitible Electromagnet for hbpccic  kettring % ~ d i ~  

Erik D. Johnson 
Brookhaven National Laboratory National Synchrotron Light Source 

Upton, Long Island New York 11973-5000 

AB!jTRAm 
For our soft x-ray magnetic reflectivity measurements, we often require some means to 
magnetize our samples. Since our experiments are typically performed with photon 
energies below 1 keV the scattering apparatus must be operated in vacuum. In the past, 
we have utilized electromagnets with soft iron pole pieces and solenoid windings of 22 
gauge copper wire insulated with teflon tubing or fiberglass braid. These magnets could 
be slow to pump down in spite of the relatively low number of windings. The old magnet 
would provide a comparatively modest field of only 400 Gauss for a 10 A current, which 
deposited nearly 13 W in the windings. In a new design described in this paper, we have 
substituted conductors fashioned from sheets of 0.025" thick copper for the copper wire 
previously employed. The cross section of these windings is comparable to that of 6 gauge 
wire hence higher current operation is possible with much lower heating. In addition, 
the windings are separated from each other using small diameter alumina spacers, hence 
the design is much more vacuum compatible than our original conventional magnet. The 
current design provides a field of 900 Gauss at 10 A with a power dissipation the order 
of 1 w. 

I . .  ' 
1,' ! 
:i\"1 

*Work performed under the auspices of the U.S. Department of Energy, under contract 
DE-AC02-76CH00016. 
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Performance Evaluatlon of a Soft X-ray Quadruple Rellectlon 
Clrcular Polarlzer 

Peter Bulidte, Tom Nelson and Fred Middleton+ 
Synchrotron Radiation Center, University of Wisconsin-Madison 

3731 Schneider Dr., Stoughton WI 53589. 
and 

+Physical Sdences Laboratory, University of Wisconsin-Madison 
3731 Schneider Dr.. Stoughton WI 53589. 

We have built a quadruple reflection polarizer which can be used in the energy 
range hv=8-130 eV to convert linearly polarized synchrotron radiation into 
circularly polarized light of either left or right handedness. The conversion 
effidency can be tailored by selecting different reflector coating materials to 

enhance the optical throughput over a certain energy range. The polarizer is 
part of a new variable polarization beamline consisting of a stigmatic PGMand 
a 48 period linear undulator which are currently under construction at SRC. The 
concept of convertlng linearly polarized light by means of an optical phase 
shifter is expected to deliver at least an order of magnitude more flux and 
significantly higher degrees of circular polarization as one might expect from a 
x-field undulator design. 
We have tested the optical performance and phase shifting properties of a 
prototype quadruple reflector polarizer up to hv=130 eV using a bending 
magnet beamline. Our design permits independent adjustment of the the angle 
of reflection 8 as well as the angle of rotation a along the light axis. These 
adjustments allow to'operate the polarizer at a given energy in a mode were 
either the degree of circular polarization P&=S,/S, or the modified throughput 
or figure of merit TPh2 is maximized. 
We present first data on the conversion efficiency and measurements 
determining the degree of circular polarization. The experimental results are in 
good agreement with our extensive model calculations. 

Measurenicnt of the X-ray spectromctric propcrties of cesium 
hydrophthalate (CsAP) crystal with the synchrotron radiation 

LJLECK, C. BEEVIL, P. STBMMLER et E LEGRAND 
C W  Sm'ce CEM 

BP 12 
91680 Bruy&es-le-ChBtel 

FRANCE 

Single crystals of hydrophthalata have been oRcn investigated by several authors [ 1.21 for 
their high resolution as analyser crystals in spxtmmetur. Seidl et d. (31 advanced the 
hypothcsir that in principle i t  is possible to attain the greatest reflective capacity fbr X-rays 
with tha heaviest cation available in thnt stntdum : cI+. Thmfora, thom ia only little 
Xormation in the literatun of the performance of the crystal of CsAP. For that reason w e  
testcd one sample of that crystal nt IO00 and 2500 eV on the beamline SB3 at tlie Super ACO 
storage ring (LURE-Orsay). In the BL-SB3 we can ~ l e c l  scvcraJ typa of double-crystd 
monochromaton;'we used bcryl crystals at IO00 eV and Si cryatals to work at higher anergy. 
In both cases we performed absolute measurement oftho roddng CUNQ. We compared the 
performance of CsAP to othcr crytals which am isostructural :W, RbAP and TIM. 
Our results confvm the prcdictions of Seidl et af.: wo observe that the CsAP aystal has the 
b a t  integrated raflectivity. 
In addition we compare the experimental values with a simulation bascd on the improved 
version (41 of Shndow [SI developed In our laboratory. This &on allows to simulate rocking 
c u m s  ofany crystal structurm. In that case. the results am also in ranarkable agreement. 

[I] P.G. Burkhalter et at., J. Appl. Phys. 52(7) (1981) 
[Z] A. J. Bur& et al.. htmphys. J. 191.533 (1974) 
(31 P. Sad1 et af., Appl. Opt. 16, 578 (1977) 
[4] F. Legrand et al., to be publislicd in the proceedings of "Sourcu cohbnnta et 

[SI 8. Laid E Cerrinn. NIM A244 337. (1986) 
incoh&entes, Nouan-le-Fuzclier. Annnlcs de Physique, (1994) 
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Abstract, Stony Brook, July 1994 

ROLE OF X-RAY SPECTROSCOPY IN THE UNDERSTANDING OF 
COOplERATIVE PHENOMENA 

G.A. Sawatzky, Laboratory of Applied and Solid State Physics, Materials 
Science Centre, University of Groningen, Nijenborgh 4, 9747 AG Groningen, 
The Netherlands 

Some of the most interesting areas of research in condensed matter science 
involve materials and phenomena in which the cooperative behaviour of 
electrons and magnetic moments play the most important role. Examples are 
the high T, superconductors, magnetic materials in thin film and multilayer 
structures, Kondo and heavy fermion systems and Cm compounds. X-ray 
spectroscopies have and are playing an extremely important role in obtaining 
a basic understanding of the electronic structure and related physical properties 
of these systems. Starting with a brief introduction to the electronic structure 
of strongly correlated systems I will describe with the use of examples some of 
the ways in which x-ray spectroscopies have and will help us to understand 
these systems. I will concentrate on systems with quite atomic like open shells 
like the 3d transition metal compounds and rare earths. Various forms of x-ray 
spectroscopies like core level photoemission valence band photoemission, x-ray 
absorption resonant photoemission, magnetic x-ray dichroism, Auger- 
photoelectron coincidence spectroscopy, x-ray fluorescence, etc. wiIl be 
discussed with examples of new science which has resulted and some new 
techniques which have been and are being developed. Surprising to many of 
us is the discovery that x-ray spectroscopic techniques can be used to obtain 
detailed information on ground state and low energy scale properties of 
magnetic materials, The use of x-ray spectroscopies to study magnetic 
materials as thin films and their surfaces will be demonstrated and some 
possible future developments discussed. 
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D e v e l o p m e n t  a n d  A p p l i c a t i o n  of X-Ray Phase Retarders 
Kelichi HIRANO, -m* and Seishi KIKUTA* 

Photon Factory, KEK, Oho, Tsukuba, lbaraki 305, Japan 
*Department of  Applied Physics, Faculty of Engineering, The University of Tokyo, 

7-3- 1 Hongo, Bunkyo-ku, Tokyo 1 13, Japan 

Development of X-ray phase retarders  (XPR's) has opened up new possibi l i t ies  t o  
control and analyze polarization of SR in the X-ray region. One of the advantages t o  
use XPR's fo r  polarization control of SR (from practical point of view, production 
of c i r c u l a r l y  po la r i zed  X-rays (CPX) is i m p o r t a n t )  is t h a t  we l l -de f ined  
polar izat ion is supplied t o  a sample  s i n c e  an XPR is usually the  last opt ical  
component before the sample and no depolarization is introduced by other optics. 

Up t o  date, w e  have mainly used Si crystal  for a Bragg-transmission type 
XPR [i-51. However, the performance of the Bragg-transmission type  XPR is 
greatly enhanced i f  light crystals  such as diamond, LiF and so  on is employed instead 
of Si c rys t a l  [61. The polarization conversion propert ies  of the diamond XPR w a s  
s tud ied  a t  BL-15C of the Photon Factory.  A ho r i zon ta l ly  po la r i zed  beam 
monochromatized wi th  a Si( 1 1 1 )  double crystal  (A= 1.48A) w a s  directly converted 
t o  CPX in t h e  lmm-thick diamond (100) c r y s t a l  plate in Bragg geometry w i t h  
conversion efficiency of 25%. Laue-transmission type XPR using diamond crystal  
was  also investigated. 

In the higher energy X-ray region, XPR using Ge crystal  in Laue geometry is 
available.  M i l l s  e t  a l .  developed XPR using diffracted beam [71, but the dynamic 
theory of X-ray diffraction shows that forwardly-diffracted beam is also available 
for  the XPR [81. One of the advantages to  use forwardly-diffracted beam instead of 
diffracted beam is that both of beam position and direction are kept constant during 
polarization conversion. Fast switching of photon helicities is easily performed by 
making use of the symmetry of XPR crystal. 

Polarization propert ies  of the elliptical multipole wiggler (EMPW), which 
w a s  recent ly  installed on BL-288 at  the Photon Factory, w a s  characterized by an 
X-ray polarimeter composed of an XPR and an analyzer crystal. A t  the downstream 
of the beamline optics, polarization states are completely determined including the 
r a t i o  of unpolarized-light component. Further, polarization states of the light 
radiated from the EMPW w e r e  est imated taking the depolarization a t  the double 
crys ta 1 monochromat or  into consideration. 

Some novel opt ics  t o  produce high quality CPX wi th  high throughput wil l  be 
presented. 

[ l  I K. Hirano e t  al.: Jpn. J. Appl. Phys., 30 ( 1  99 1 )  L407. 
[21 T. lshikawa et al.: Rev. Sci. Instrum., 63 ( 1992) 1098. 
[31 K. Hirano et  al.: J. Appl. Cryst., 25 (1992) 531. 
[41 K. Hirano et  al.: Jpn.  J. Appl. Phys., 31 ( 1  992) L 1209. 
[SI T. lshikawa e t  al.: J. Appl. Cryst., 24 ( 1  991 1 982. 
[61 K. Hirano e t  al.: Nucl. Instrum. & Methods Phys. Res. A 336 ( 1  993) 343 
[71 D. M. M i l l s  et  al.: pr ivate communication 
[81 K. Hirano e t  al.: Jpn.  J. Appl. Phys., t o  be published. 



Complete Determination of Stokes Polarization Parameters for X-rays 

Qun Shen, K.D. Finkelstein, and S. Shastri 
Cornell High Energy Synchrotron Source (CHESS) 

and School of Applied and Engineering Physics 
Comell University, Ithaca, New York 14853, USA. 

The ability to completely analyze the polarization state, especially 
the degree of circular polarization, of an x-ray beam is of great 
scientific interest in many area of synchrotron radiation and materials 
research. It plays an important role in evaluating the performance of 
special insertion devices and crystal phase plates, as well as in x-ray 
spectroscopy and scattering experiments involving magnetic and 
resonant interactions in various materials. 

In this paper we present the basic experimental techniques of 
determining a full set of polarization parameters, i.e. Stokes parameters, 
that characterize the general polarization of an x-ray beam. We will 
focus on the newly developed method of using multiple-beam Bragg 
diffraction (MBD) on a noncentrosymmetric crystal. Due to the phase- 
sensitive interference between the multiple Bragg reflections and the 
polarization mixing that occurs when the multiple reflections are not 
coplanar, an MBD intensity profile is sensitive to the phase between the 
Q and n wave fields and thus can be used to measure the degree of 
circular polarization in the incident beam . A simple formalism has 
been developed and a versatile polarimeter has been constructed based 
on this principle to allow for relatively easy measurements of all Stokes 
parameters in a broad x-ray energy range. Several experiments using 
this new MBD polarimetry will be presented to illustrate its 
applications. 

through CHESS under grant number DMR 93-1 1772. 
This work is supported by the National Science Foundation 
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Diffraction of High Energy Synchrotron Radiation 

Th. BriickeI, R. Bouchard, T. Kohler, M. Lippert, H.-B. Ncuniann, H.F. Poulsen. U. Riitt. 
T. Schmidt, J.R. Schncider and M. von Zimmmann 

Ham burgcr SynchrotronstraNun$sIabor HA SY LAB at 
Deutsches Elektronen-Synchrotron DESY 
Notkestr. 85, D-22603 Hmburg, Germany 

Diffraction of high energy synchrotron radiation at encrgies above 100 keV combines 
advantages of' conventional X-ray diffraction and ncutnm diffmction. For hard X-rays 
absorpiion in matrer is weak with typical mean frec paths of severltl mm. Bulk propertics are 
studied on large samples. With a three crystal diftractoinerer rn escellcnl k-spacc resolution 
of about 10-4 A -1 transversal and IO-% -1  longitudinal is achieved. 

Tn this contribution wc discuss thc particularities of hard X-rap, present the instrumental SCI- 

up and thc - k-spacc resolution. The potential of the new method wiI1 be dcmonstmtcd on two 
examples: magnetic diffrxtio;: from MnF2 and thc strucniral phase transition of SffiO3. 

I 
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INSTRUMENTATION and KEY-ELEMENTS of the DISPERSIVE X-ray 
ABSORPTION SPECTROMETER for ACCURATE MEASUREMENTS 

A. Fontaine, F. Baudelet*, E. Dartyge, J.M.Dubuisson, C. Giorgetti, Stefania PizzinP, 
D.Andraultf, F.Fargesf, G.Fiquetf, J.P.Iti@, A.Polian@,' A.San Miguelo@, H.Tolentino 

LURE (CNRS-CEA-MESR) Bdt. 2090,91405 Orsay, France + Luboratoire Louis Nkel BP I66 F38042 Grenoble 
*Lab.& Phys.des Solides, Univ. de Nancy I,  56 Vandoeuure les Nancy, France 

SIPG Paris VI 

and 

Wow at ESRF F38043 Grenoble 
@Lab de la Physique des Milieux Condenst3 Paris VI 

%Lab Nacional de Luz Sinchrotron Campinas 13081 

Measurement of very small differences of the total cross-section is the current demand for 
the spectrometers dedicated to time-dependent experiments carried out under various time- 
ramped parameters. The dispersive optics and more precisely the full X-ray Absorption 
Spectrometer is mechanical movement-free during data collection which can last over 12 
hours at LURE-DCI to be sensitive to relative change of the absorption of the order of 10- 
5. In this range, artefacts due to the drift of silicon lattice spacing under temperature 
change of the crystal, and drifts of the detector position because of liquid nitrogen 
evaporation contained in the cryostat are sources of errors which have been identified and 
cured or . . . by-passed. The accuracy in difference measurements is now of the order of 
10-5 for a total cross-section measured equal to 1. In term of optics stability a diffexnce 
signal of 10-4 out of 1 can be generated by an absorption edge shift caused by a 0.05K 
drift of the temperature of the silicon crystal at 7 KeV. These performances are essential 
for the measurement of XMCD in the hard X-ray range. Water cooling of the dynamically 
bent crystal reduces dramatically the change of the Si temperature. Adequate geometry 
makes the spatial drift of the position of the photodiode array much less concerning. The 
focusing efficiency is also a key-parameter to push high pressure X-ray absorption 
spectroscopy (55 GPa), and high temperature XAS (2000K), and the combination (15 
GPa, 800K). Simple devices, taking advantage of the focusing geometry, have been 
successfully tested these last two years. 



. Non-Radiative X-Ray Resonant Raman Scattering 
from Solids 

W. Drube, R. Treusch and G. Materlik 

Hamburger Synchrotronstrahlungslabor HASYLAB 
am Deutschen Elektronen-Synchrotron DESY 

Notkestr. 85, 22603 Hamburg, Germany 

High-intensity synchrotron radiation is a powerful tool t o  study 
photon-electron scattering phenomena involving resonantly ex- 
cited inner-shell electrons. A basic process i s  the X-ray resonant 
Raman effect which dominates the  radiative and non-radiative 
emission in the  threshold region. The  one-step nature o f  the 
transition from the  initial ground state t o  the final scattering 
state results in peculiar characteristics of the emission spec- 
trum, e.g. a Raman-type dispersion o f  emission lines and life- 
t ime suppression of the  intermediate hole states. This has been 
studied mostly in the  radiative channel for atoms, molecules and 
solids. Data on the  accompanying electron emission, however, 
are still scarce, especially for solids. W e  concentrate on the 
various aspects of radiationless scattering and present experi- 
mental results on resonant Auger electron emission from solid 
4d metals a t  the  L3 excitation threshold. 



High ResoIutiori Plrotoeniission 

Jesper N. Andersen, 
Depanmenc of Synchrotron Radfarion RCSCHZC~, Xnstilutsz of Physics, Lund 
University, 
SOlvegatnn 14, S-223 &2 Lund, Swcden. 

High resolution core level plwtoemission has, Juc to the seiisitivity of the core 
level biiiciiiig energy IO the chemical surroundings of thc mittiiig atom, found 
exmsive use in the study of the electronic struclure of bulk materials rind of 
surfitces rind interfaces. As a icsult of major irnprove1iients it1 recent ycnrs in 
monochrumator itrid analyzer dcsigil the technique has matured alm0St to thc 
point wherc: II is ofren limired 1zio1'c by the inhcreiir propcrlies of Ihe sainplcs 
studied (core liolc lifetime, vibrrttior~l broadening, sample perfection, ctc.) than 
by the cxperimenmlly obrafriablc criergy resolution and intensity. In the prcscnl 
talk 1 will firstly describe a beatiiline tit MAXLAB which due to the unique 
i i i o n o c l ~ r o ~ i i ~ i t o r - ~ n ~ l ~ ~ . ~ r  cornbiri~ion lias sXiow11 ais exccllcnl perforrnztzm in 
terius of energy resolurlon and throughput. Secondly, I will givc n iiwnbcr of 
examples of thc present stitte-of-Lhe-WL of high iesolutlon corc lcvel 
photoemission studies of sutfaccs and inter'fuces and will ~~riiiiieiit oii some of 
the devclopmenh uf the field that m y  iesulr fmm the large incrcax in photon 
flux expcctcd at the iiew third gencratioil storage rings presently starling to 
operate. 



SENT BY: 7- 6-94 ; 7:58AM ; NYlJ PHYSICS DEPT.+915162827206-2435525;# 2/ 2 

Spin Polarized Photoemlesion 

J3. Sinknvic New York University, Dept. of Physics 

Spin analysis of photoernittid electrons offers an unique perspective 
for thc study of magnetic solids, their surfaces and atomically enginecrcd thin 
magnetic films. The strength of spin polarixed photoemission (SPPES) is that 
it directly measures the spin polarization of electronic structure which is 
responsible for ferromagnetism'. In particular, anglc resolved SPPES 
measurements of valence electrons have been ablc to probe spin dependent 
band dispersion of ferromagnets2 which allows the most stringent test of the 
currcnt theories of magnetic solids. Similar SPPES experiments on atomically 
layered magnetic films have recently identifed spin polarized interface 
(quantum well) states3 which are responsible for magnetic coupling in 3d 
metallic magnetic supperlatices. The application of spin analysis to 
photoemitted core-level clcctrons has also been fruitful, since the first 
observation of noli-zero spin polarization of thcsc levels.4 Spin Polarized 
version of Electron Spectroscopy for Chemical Analysis (SPEXA) technique 
is able to distinguish magnctic states of elements in diffcrent valence states 
with an atomic layer sensitivity.5 In addition to spectroscopic measurements, 
spin polarized core-electrons havc been employed in electron diffraction. 
Such spin polarized photoelectron diffraction measurcrnents offer a unique 
way for study of short range magnetic order around a given photoemittct.6 

The inherent difficulty in performing SPPES is the low efficicncy of 
electron spin detectors.' Most of the electron detection schemcs relly on spin 
the dependence in clcctron-surface scattering with efficiency factor of only 

This limitation is usually compensated for by the use of photon 
sources that are capable of producing extremely high fluxes, and most of 
SPPES experiments today are performed using undula tor radiation. The 
energy tunability and Lhe polarization characteristics of synchrotron radiation 
are also beins explored for further enhancement of SPPES technique. The 
increase in flux, brightness and control of polarization of radiation expected 
from third genera tion synchrotron sources arc welcome development for 
SPPES. Together with possible improvements in spin detector efficiency,B 
more novc1 SPPES experiments are anticipatcd. 

1) M. Grnpagna. D.T. Pierce, F. Meier, K. Sattler, and H-C. Sicgmann, Adv. Electron. Electron 
Phys. 41,113 (1976). 

2 )  E, Kiyktx, K Shrtder, W. Cudat, M. Campagna, Phys. Rev. B 31,329 (1985). 
3) N.B. Rrookes, Y. Chang, and P.D. Johnson, Phys. Rev. I ~ t t .  67,351 (1991). 
4) C. Carbone and E. Kisker, Solid Sbtc Commun. 65,1107 (19$8). 
ti) U. Sinkovic, P.D. Johnson, N.B. Brook-, A. Clarke, and N.V. Smith, Phys. Rev. Lett. 65, 

1647 (1990). 
6 )  13. Sinkovic, B. Hermsmeicr, and C. S. Fadley, Phys. Kev. Lett. 55, 1227 (1985). 
7) D.T. Pierce, R.J. Cellota, M-K-Kelly, and J.Ungris, Nud. Instrum- Mcthods A 266,550 (1988). 
8) D. Tiilmann, R. Thiel, and 6. Kiskcr, Z. Phys. B 77,l (1989). 



Optical Converters for Circularly Polarized VUV and Soft X-ray 
Radiation 

Hartmut Hochst 

Synchrotron Radiation Center, University of Wisconsin-Madison 
3731 Schneider Dr., Stoughton WI 53589. 

During the last few years considerable effort was spent at various laboratories 
to evaluate the possibilities of optical devices to generate circularly polarized 

synchrotron radiation. These instruments convert linearly polarized radiation by 

utilizing the phase shifting properties of multiple reflectors or multilayer 

transmission optics. In the VUV and soft x-ray range, the figure of merit TP2, 

where P is the degree of circular polarization and Tthe optical transmission, of 
specially tailored reflection coatings or multilayer structures can be 
considerably higher than what can be achieved with conventional insertion 
devices such as the crossed field undulator. 

In addition to being considerably less expensive, the various optical 
designs have the great advantage of not being an integral part of the storage 

ring and as such completely transparent to the operation and other users of the 

storage ring. 

Various phase shifter designs will be discussed in terms of their 
performance, eg. optical throughput, degree of polarization and capabilities to 
modulate between left and right circular light. Recent MCD experiments utilizing 
optical phase shifters not only demonstrate the proof of principle, but also 
provide strong evidence of the potential capabilities of “optical insertion” 
devices as an alternative tool to generate variably polarized synchrotron 

radiation. 



j 

Beamline Posters 

(Session TuD) 



TuD1 Abrami, A., Barnaba, M., Battistello, L., Brena, B., Cautero, G., Cocco, D., Comelli, G., Contrino, S., DeBona, F., 
DiFonzo, S., Fava, C., Finetti, P., Galimberti, A., Gambitta, A., Giuressi, D., Godnig, R., Jark, W., Lizzit, S., 
Mazzolini, F., Melpignano, P., Paolucci, G., Pugliese, R., Qian, S.N., Rosei, R., Sandrin, G., Savoia, A., Sergo, R., 
Sostero, G., Tommasini, R., Tudor, M., Zanini, F. Super ESCA: First Beamline Operating at ELETTRA. 

Aksela, S., Kivimaki, A., Sairanen, 0.-P, Naves de Brito, A., Nommiste, E. 
Laboratory: Progress in Photon Energy Resolution. 

TuD2 The Finnish Beamline at Max- 

TuD3 Amenitsch, H., Bemstorff, S., Laggner, P. High Flux Beamline for S A X S  at ELETTRA. 

TuD4 Asfaw, A., Ederer, D.L., Marchang, S.A., Morikawa, E., Smith, W.S., Callcott, T.A., Jia, J.J., Lin, L., Osbom, K., 
Zhou, L., Miyano, K.E. Performance and Preliminary Results of the SXR Beamline at CAMD-LSU. 

TuD5 Barraza. J., Shu, D. Experimental Station Support Systems for the Advanced Photon Source. 

TuD6 Bilsborrow, R.L., Bliss, N., Cemik, R.J., Clark, G.F., Clark, S.M., Collins, S.P., Dobson, B.R., Fell, B.D., Grant, 
A.F., Hams, N.W., Smith, W., Towns-Andrews, E., Bordas. J. Five New Experimental Stations at the SRS 
Daresbury fiom a 6 Tesla Superconducting Wiggler Magnet. 

TuD7 Bosecke. P. The High-Brilliance Beamline at the ESRF. 

TuD8 Brite, C., Shu, D., Nian, T., Wang, Z., Haefier, D., Alp, E., Parry, R., Kuzay, T. Modular Filter Design for White 
Beam Undulator/Wiggler Beamlines at the Advanced Photon Source. 

TuD9 Carr, G.L., Hanfland, M., Williams, G.P. The Mid-Infrared Beamline at the NSLS Port U2B. 

TuDlO Cerino. J., Rabedeau, T., Sabersky, A. A Photon Beam Position Monitor for SSRL Beamline 9. 

TuDl 1 Chaw. J., Shu, D., Nian, T., Kuzay, M., Job, P.K. Design of Integral Shutters for the Beamlines of the Advanced 
Photon Source. 

TuD12 Chantler, C.T., Staudenmann, J.-L. Energy Dependences of Absorption in Beryllium Windows and Argon Gas. 

TuD13 Chung, S.-C, Chen, C.4, Tseng, P.-C, Lin, H.-F., Dann, T.-E., Song, Y.-F., Huang, L.-R., Chen, C.-C., Chuang, J.- 
M., Tsang, K.-L., Chang, C.-N. Soft X-Ray Spectroscopy Beam Line 6m-HSGM at SRRF: Optical Design and 
First Performance Tests. 

TuD14 Tseng,P.-C., Lin, H.-J., Chum. S.-C., Chen, C.4, Lin, H.-F., Dann, T.-E., Song, Y.-F.,Hsieh, T.-F., Tsang,K.-L., 
Chang, C.-N. Current Status of the 6m-LSGM Beam Line at SRRC. 

TuDIS Bernstorff, S., Busetto, E., Lausi, A., Olivi, L., Zanini, F., Savoia, A., ColaDietro, M., Portalone, G., Camalli, M., 
Pifferi, A., Spagna, R., Barba, L., Cassetta, A. The Macromolecular Crystallography Beamline at ELETTRA. 

I 

TuD16 Comin. F. Six Degree-of-Freedom Scanning Supports and Manipulators Based on Parallel Robots. 

TuD17 Drube. W., Schulte-Schrepping, H., Schmidt, H.-G., Treusch, R., Materlik, G. 
High-Flux X-Ray Wiggler Beamline BW2 at HASYLAB. 

Design and Performance of the 

TuD18 Eisert, D.E., Stott, J.P., Fisher, M.V., Bissen, M., Hochst, H. 
Beamline. 

Computer Control of the SRC High Resolution 

TuD 19 Ferrer, S., Comin, F. The Surface Diffraction Beamline at ESRF. 

TuD20 Frahm, R., Weigelt, J., Meyer, G., Materlik, G. The X-Ray Undulator Beamline BWI at DORIS 111. 



TuD2 1 

TuD22 

TuD23 

TuD24 

TuD25 

TuD26 

TuD27 

TuD28 

TuD29 

TuD30 

TuD3 1 

TuD32 

TuD33 

TuD34 

TuD35 

TuD36 

TuD37 

TuD3 8 

TuD3 9 

TuD40 

Gambitta. A., Poloni, C., Visintin, A., Zanini, F. 
Beryllium Window Under Intense Heat Load. 

Garrett. R.F., Cookson, D.J., Davey, P., Janky, S.,  Wilkins, S.W. DC-Servo-Motor Controlled Four-Jaw Slits for 
Synchrotron Radiation. 

Garrett. R.F., Cookson, D.J., Foran, G., Creagh, D.C., Wilkins, S.W. The Australian National Beamline Facility 
at the Photon Factory. 

Gavrilov. N.G., Evdokov, O.V. 
Radiation Instrumentation. 

Grubel. G., Als-Nielsen, J., Abernathy, D. The TROIKA Beamline at ESRF. 

Comparison of Numerical and Experimental Simulation of a 

Wave Transmission, High Precision (0.03") Rotation Stage for Synchrotron 

Huang. K.G., Ramanathan, M., Montano, P.A. The ANL X6B Beamline at NSLS: A Versatile Facility. 

Iwazumi. T., Koyama, A., Sakurai, Y. New Beamline (BL-28B) for Circularmly Polarized X-Rays at the Photon 
Factory. 

Jiang, X., Zhang, W., Wu, J., Jing, Y., Liu, G. 
Station at Beijing Synchrotron Radiation Facility. 

Performance of Beamline 4W1C for X-Ray Diffise Scattering 

Kagoshima, Y., Muto, S. ,  Park, S.Y., Wang, J., Miyahara, T., Yamamoto, S. ,  Kitamura, H. 
Performance of the Beamline NElB for Circularly Polarized Soft X-Rays in the TRISTAN Accumulation Ring. 

Construction and 

Kao, C.C., Hamalainen, K., Krisch, M., Siddons, D.P., Hasting, J.B., Oversluizen, T. 
Performance of the Inelastic Scattering Beamline at the National Synchrotron Light Source. 

Optical Design and 

Kamiva. N., Uruga, T., Kimura, H., Yamaoka, H., Kashihara, Y.,.Yamamoto, M., Kawano, Y., Ishikawa, T., 
Kitamura, H., Ueki, T., Iwasaki, H., Tanaka, N., Hamada, K., Moriyama, H., Miki, K., Tanaka, I. Conceptional 
Design of the High Energy Undulator Pilot Beamline for Macromolecular Crystallography at the Spring-8. 

Kikuchi. T., Takagi, Y., Sasaki, S.,  Mori, T., Kohzu, H. A New Mechanism to Balance Moment of Inertia Induced 
in a Goniometer Axis. 

Kirkland. J.P., Elam, W.T. 
Synchrotron Light Source. 

The Naval Research Laboratory's New Hard X-Ray Beam Line at the National 

Knam. G.S., You, H. On the Use of Electronic Tilt Sensors as Angle Encoders for Synchrotron Applications. 

Konishi, H., Yokoyam, A., Motohashi, H., Ohno, H. Beamline BL-27 for Radioactive Materials Researches at the 
Photon Factory. 

Krumrev. M., Kvick, A., Schwegle, W. Optics of a High Power Wiggler Beamline at the ESRF. 

Derossi, A., Lama, F., Piacentini, M., Prosperi, T., Zema, N. 
Elliptically Polarized Radiation in the Vacuum Ultraviolet and Soft X-Ray Range. 

High Flux and High Resolution Beamline for 

LeGrand, A.D., Pradervand, C., Schildkamp, W., Bourgeois, D., Wulff, M. An Ultra-Fast Mechanical Shuttering 
System for Separating Single X-Ray Pulses From a Synchrotron. 

Park, B.J., Rah, S.-Y., Park, Y.-J., Lee. K.-B. PLS Bending Magnet X-Ray Beartiline 3C2. 

Lecruien. S., Goirand, L., Lesimple, F. A New Conceptual Design for the Anomalous Scattering Beamline at the 
ESRF. 



TuD4 1 

TuD42 

TuD43 

TuD44 

TuD45 

TuD46 

TuD47 

TuD48 

TuD49 

TuDSO 

TuD5 1 

TuD.52 

TuD53 

TuD54 

TuD55 

TuD56 

TuD57 

TuD58 

TuD59 

TuD60 

Liu. C., NieIsen, W., b y ,  T.L., Shu, D., Kuzay, T.M. Vacuum Tests of a Beamline Front End Mock-up at the 
Advanced Photon Source. 

Mazzolini. F., Fava, C., DeBona, F., Sandrin, G., Gambitta, G. 

McClain. D.B., Pflibsen, K.P., Goetz, A.J. Virtual Threaded Language (VTL): A Scientist's Computer Language 
for Instrument Control. 

McMillin. P., Baker, T., Beny, B. Six DOF Hexapod Actuation System for Beam Control Mirrors. 

Bjorneholm, O., Federmann, F., Beutler, A., Fossing, F., Larsson, C., Hahn, U., Rieck, A., Moller, T. Performance 
of the XUV High Resolution Undulator Beamline BW3 at HASYLAB: First Results and Time-of-Flight 
Spectroscopy. 

McSweeney, S.M., Buffey, S.G., Atkinson, P.A., Duke, E.M.H., Nave. C., Gonzales, A., Thompson, A., Kinder, 
S.H. A Protein Crystallography Beamline for Multiwavelength Anomalous Dispersion at the SRS Daresbury. 

Nian, H.L.T., Shu, D., K a y ,  T.M. 
Beamline at the Advanced Photon Source. 

Padmore. H.A., Earnest, T., Kim, S.H., Thompson, A.C., Robinson, A. 
Crystallography at the ALS. 

Panchenko. V.E. SR Beamlines at the VEPP-4 - 6 GeV Storage Ring. 

Paul. D.F. 
DifEaction. 

Perera. R.C.C., Jones, G., Lindle, D. W. High-Brightness Beamline for X-Ray Spectroscopy at the Advanced Light 
Source. 

Jones, G., Ryce, S., Lindle, D.W., Karlin, B.A., Woicik, J.C., Perera. R.C.C. Design and Performance of the ACS 
Double-Crystal Monochromator. 

Quaresima, C., Perfetti, P., Ottaviani, C., Capozi, M., Rinaldi, S., Matteucci, M., Crotti, C., Antonini, A., Prince, 
K., Savoia, A., Astaldi, C., Zacchigna, M. The HERP Beam Line. 

Rah, A.Y., Kang, T.H., Chung, Y., Kim, B., Lee, K.B. Bending Magnet W V  Beamline 2B at PLS. 

Ramanathan. M., Montano, P.A. A Versatile Double Crystal Fixed Exit Monochromator for X-Ray Synchrotron 
Radiation. 

Randall. K.J., Gluskin, E., Xu, 2. Spectroscopy Beamline for the Photon Energy Region from 0.5 to 3 keV at the 
Advanced Photon Source. 

Fajardo, P., Rev-Bakaikoa. V. Control of Six Degree of Freedom Parallel Manipulators for Synchrotron Radiation 
Applications. 

Robinson, A.W., DAddato, S., Finetti, P., Dhanak, V.R., Thomton, G. Performance of the IRC S E W S  beamline 
at Daresbury SRS. 

Robinson. I.K., Graafsma, H., Kvick, A., Linderholm, J. First Testing of the Fasf Kappa Diffractometers at NSLS 
and ESRF. 

Rosenbaum, G., Westbrook, E.M. Design of the Structural Biology Center Beamlines at the APS. 

A New Kind of UHV Piezotranslator. 

Thermo-Mechanical Analysis of the White Beam Slits for an Undulator 

A Beamline for Macromolecular 

Design of an X-Ray Beamline on a Bending Magnet at the ESRF for Magnetic and High Resolution 



TuD61 Ruan. Y., Meron, M. Transient and Steady State Thermal and Stress Analysis of an ID Beam Shutter for the APS. 

TuD62 Sakurai. Y., Oura, M., Sakae, H., Usui, T., Konishi, T., Shiwaku, H., Nakamura, A., Amamoto, H., Harami, T., 
Kimura, H., Oikawa, Y., Kitamura, H. Conceptual Design of Spring-8 Front Ends. 

TuD63 Sakurai. Y., Yamaoka, H., Kimura, H., Marechai, X., Ohtomo, K., Ishikawa, T., Kitamura, H., Kashihara, Y., 
Harami, T., Tanaka, Y., Kawata, H., Shiotani, N.. Sakai, N. Design of an EMPW Beamline for High Energy 
Inelastic Scattering at the Spring-8. 

TuD64 Petersen, H., Senf. F., Schafers, F., Bahrdt, J. Monochromators for the U49 Undulator at the BESSY I1 Storage 
Ring. 

TuD65 Shimada. H., Matsubayashi, N., Imamura, M., Sato, T., Yoshimura, Y., Hayakawa, T., Takehira, K., Toyoshima, 
A., Tanaka, K., Nishijima, A. Performance of a Material Science Facility at the Photon Factory: A Soft X-Ray 
Beamline BL-I 3C Coupled with a Multi-Purpose Analytical Apparatus. 

TuD66 Shu, D., Li, Y., Ryding, D., Kuzay, T.M., Brasher, D. Explosion Bonding and Its Applications in the Advanced 
Photon Source Front End and Beamline Component Designs. 

TuD67 Shu. D, Yun, W., Lai, B., Barraza, J., Kuzay, T.M. A Double Multilayer Monochromator Using Modular Design 
for the Advanced Photon Source. 

TuD68 Shu. D-, Brite, C., Nian, T., Yun, W., Haeffner, D.R., Alp, E.E., Ryding, D., Collins, J., Li, Y., Kuzay, T.M. 
Design of Precision White Beam Slits Design for the High Power Density X-Ray Undulator Beamlines at the 
Advanced Photon Source. 

TuD69 Shu, D., Tsheskidov, V., Nian, T., Haeffner, D.R., Alp, E.E., Ryding, D., Collins, J., Li, Y., Kuzay, T.M. Design 
of High Heat Load White Beam Slits for WigglerNndulator Beamlines at the Advanced Photon Source. 

TuD70 Shu. D., Barraza, J., Brite, C., Sanchez, T., Tcheskidov, V. Design of the Beamline Standard Components at the 
Advanced Photon Source. 

TuD71 Suortti. P, Tschentscher, Th. High Energy Scattering Beamlines at ESRF. 

TuD72 Takagi. Y., Kikuchi, T., Mizutani, T., Imafuku, M., Sasaki, S., Mori, T. A Triple-Axiflour-Circle Diffractometer 
at PF-BL3A 01). 

TuD73 Tolentino, H., Durr, J., Cusatis, C., Mazzaro, I., Udron, D. Two and Four Crystal Reflections Monochromators. 

TuD74 Trakhtenberg. E.M., Gluskin, E.S., Xu, S. Vacuum System for APS Insertion Devices. 

TuD75 Tsang. K.-L., Lee, C.-H., Jean, Y.-C., Dann, T.-E., Chen, J.-R. The Wiggler X-Ray Beam Lines at SRRC. 

TuD76 Tsencr, P.-C., Hsieh, T.-F., Song, Y.-F., Lee, K.-D., Chung, S.-C., Chen, C.-I., Lin, H.-F., Dann, T.-E.,Huang, L.-R., 
Chen, C.-C., Chuang, J.-M., Tsang, K.-L., Chang, C.-N. Performance of the lm-SNM Beam Line at SRRC. 

TuD77 van Silfhout. R.G., Hemes, C. X-Ray Instrumentation for a Focused Wiggler Beamline at the EMBL Outstation 
Hamburg. 

TuD78 Vlieg. E., Bijleveld, J.H.M., Glastra van Loon, D., van der Heide, U.A., Kronenburg, M., Levine, Y.K. Conceptual 
Design of the Dutch-Belgian Beamline at the ESRF. 

TuD79 Wang. Z., Kuzay, T.M. A Variable Thickness Window: Thermal and Structural Analyses. 



I 

TuD80 Warwick. T., Heimann, P., Mossessian, D., Padmore, H. Performance of a High Resolution, High Flux Density 
SGM Undulator Beamline at the ALS. 

TuD81 Watanabe. N., Adachi, S.,  Nakagawa, A., Sakabe, N. New Macromolecular Crystallography Station BL-1 8B at 
Photon Factory. 

TuD82 Wei. W., Wu, J., Gu, X., Sheng, W., Jin, M., Li, C., Zhao, N., Wang, K., Zhao, F., Wang, W., Zheng, D. The 3B1B 
Biology Spectroscopy Station at BSRF. 

TuD83 Xu, Z., McNulty, I., Randall, K.J., Yang, L., Gluskin, E., Johnson, E.D., Oversluizen, T. X13A: A Versatile Soft 
X-Ray Undulator Beamline. 

TuD84 Xu. P.S., Yu, X.J., Lu, E.D., Wang, Q.P., Xu, S.H. Commissioning and Operation of Beam Line for Photoelectron 
Spectroscopy in NSIU.. 

TuD85 Yamamoto. M., Fujisawa, T., Nakasako, M., Tanaka, T., Umga, T., Kimura, H., Yamaoka, H., Inoue, Y., Iwasaki, 
H., Ishikawa, T., Kitamura, H., Ueki, T. Conceptual Design of Spring-8 Contract Beamline for Structural Biology. 

TuD86 Zhann. Y., Shi, C., Xu, P., Xie, X., Hu, Y. Progresses of Synchrotron Radiation Applications at the NSRL. I 

TuD87 Montano. P.A., Bedzyk, M.J., Ramanathan, M., Beno, M.A., Jennings, J., Cowan, P.L., Gluskin, E., Trakhtenberg, 
E., Vasserman, LB., Ivanov, P.M., Franchon, D., Moog, E.R., Turner, L.R.. Shenoy, G.K. Elliptical Motion 
Wiggler Beamline at the Advanced Photon Source. 

1 

, 

TuD88 Pflibsen. K.P., Goetz, A.J., McClain, D. A Systems Approach to Optimizing Synchrotron Beamline Performance. 

TuD89 Sunivama, H. X-Ray Undulator Beamline and Experimental Station for the Feasibility Study at TRISTAN Main 
Ring. 

TuD91 Murrav, P.K., Collins, S.J., Emerich, H., Mardalen, J., Pattison, P., Weber, H.P. 
General Purpose Bending Magnet Beamline at the ESRF. 

Design and Construction of a 

TuD92 Nian. H.L.T., Sheng, I.C., Shu, D., Kuzay, M. 
WigglerLJndulator Beamline at the Advanced Photon Source. 

Thermo-Mechanical Analysis of the White Beam Slits for a 
I 



SuperESCA: First beamline operating at ELETTRA 
A. Abrami. M. Bamaba, L. Battistello. B. Brena. G. Cautero. D. Cocco. G. Comclli. 
S. thntrino. E DeBona, S. Di Fonm. C. Fava, P. Finetti, A. Galimberti. A. Gambit&. 
D. Giurcssi, R. Godnig, W. Jark. S. LiUit, F. Mazzolini, P. Melpignano. G. Paolucci, 
R. Pugliest, S.N. Qian, R. Rosei. G. Sandrin, A. Swoia, R. Sergo, G. Sostem. 
R. Tommasmi. M. Tudor, F. Zanini 

Sincrotrone Tricste S.C.p.A., Padriciaru, 99 ,1-34012 Triesre 
Abstract 

First spectra arc presented from the soft X-ray beamline SuperESCA, the first 
bcamlinc which received monochromatic light in the experimental chamber at the 2 GeV 
storage ring ELEITRA in Tricste. Besides of gas phase specw presenting the resolution 
of the monochromator SX700 we arr: also presenting fat experimental results with the 
high resolution of the beamline operated at the design electron energy of 2.0 GeV and 
with electron currciits around 100 mA. This beamline is served by a 5.6 cm-81 periods 
undulaior, which provides very brilliant radiation, starting from 1oOeV. in the whole soft 
x-ray range. The beamline optical layout is basd on a modification of the original SX700 
moimchmnibtor dcsigncd by Petenen in 1982 [I]. 111 our configuration the slope Mor 
problem, due to the presence of aspherical surfaces, has been reduced considerably 
applyin a sagittally focusing configuration. In addition by introducing a refocusing 
mirror $is monochromator crates a srigtnatic monochromatic inxtge in the &cd exit slit 
[2]. 'Ihis beamline, coupled with the experimental chamber. will allow the experimentaliist 
to perfonn photo-emission experiments with high photon flux and high resolving power 

Alignment and characterication of h e  W i n e  w m  smed in February 1994, and thc 
fmt niotiochrornatic beani was brought within a few shifts to the ex rimental chamber. 
Before Easter a resolution in access of 2000 was achieved. Funhcr E e  alignment is still 
in progress. 

(>lO.OOo at 200 eV). 

[I] H. Petersen, 
[2] W. Jark, Rev%i. Insw. 63. 1241 (1992). 

I. Comm. 40,402 (1982); Nucl. Insa. Methods A 246,260 (1986) 

THE FINNISH BEAMLINE AT MAX-LABORATORY 
PROGRESS IN PHOTON ENERGY RESOLUTION 

S. Aksela, A Kivimtiki, 0.-P. Sairanen, A Naves de Brito, and E. NZImmiste 
Department of Physics, Universiv of Oufu, FIN-90570 & f u , ' F i w  

&!he Finnish Synchrotron M a l i o n  Facifity a!MAXhb, 
Universiv of LuM $22100 L u d  Swe&n 

S. Svensson 
&parhen! of Physics, Uppsala University, S-75121 Uppsalq fieden 

The Finnish beamline (BL51) [I] at MAX-laboratory has been designed principally 
for gas phase studies. It uses synchrotron radiation fkom a short-period narrow-gap 
undulator in the photon energy range of about 60-600 eV. Synchrotron radiation is 
monochromatized with a modified SX-700 plane grating monochromator, equipped 
with a plane elliptical focusing mirror whose slope errors are s 0.4 arcsec (nns). 
After the monochromator, the beamline has a permanent differential pumping section 
that decreases the pressure from the order of 10-5 mbar used in typical gas phase 
experiments to the ultra high vacuum of the monochromator. This section includes 
also a toroidal refocusing mirror that provides a spot size of about 0 1 nun into the 
experimental station. 
Resolution tests done after the final alignment of the monochromator reveal very high 
photon energy resolution. The total linewidths recorded with the total-ion-yield 
technique for the Kr 3d5/2+Sp(hv=91.2 eV: rt,=84 mev) and Ar 
2pJ12 + 4s (hv=244.4 e V  rt,=121 mev) resonances are the sharpest that have 
been reported. The latter result suggests that the natural linewidth of the Ar 
2pJI2 + 4s excitation could be narrower than 116 meV, as obtained with electron 
energy-loss spectroscopy [2]. Total ion yield measurements at higher photon 
energies, at CO Cls + x *  (hv-287.4 e V  ~,,=113 mev) and Nz Nls +z*  
(hv401  eV: rt,=164 mev) resonances, show less exceptional values but, 
nevertheless, indicate the hi& photon energy resolution of the monochromator. All 
these measurements were done at the first diffraction order but with partly masked 
optics. 

[l] S. Aksela, A. Kivimkki, A. Naves de Brito, 0.-P. Sairanen, S. Svensson, J. 
Vtiyynen, Rev. Sci. Instrum., in press. 

[2] D.A. Shaw, G.C. King, F.H. Read, and D. Cvejanovic, J. Phys. E: At. Mol. 
Phys. IS, 1785 (1982). 
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High Flux Beamline for SAXS at ELETTRA 
-1.1. S.BERNSTORFF2) and P.LAGGNER1) 

1) Institute for Biophysics and X-ray Structure Research, Auslrian Academy 

2) Sincrotrone Trieste, Padriciano 99,34012 Trieste, Italy 

A double-focusing high-flux beamline dedicated for SAXS (Small-Angle X-ray 
Scattering) is presently under construction at the 2 GeV Electron Storage Ring 
ELEITRA. The instrument is mainly intended for time-resolved studies of fast 
structural lransitions in the submillisecond time region in solutions and parlly ordered 
systems. The primary goal is to obtain structural information during relaxations from 
nonequilibrium SVJICS in supramolccular assemblies, such as gels, liquid crystals and 
(bio-)polymers. A multi-purpose sample stagel will include various devices to study 
such transitons. Apart from the SAXS it will be possible to perform simultaneously 
wide angle X-my scattering experiments (WAXS) between 5 and 10 A. 
The source of thc instrument will be a 57-pole wigglcr (critical energy: 4.1 keV). 
which is shared simulvincously with the Macromolecular Crystallography Beamline. 
The SAXS-bcamlinc will be situated 1.25 mrad off wiggler axis and will have an 
acceptance of 1.0 x 0.3 mrad* (horizontal x vertical). The optics consists of a flat 
double-crystal monochromator deflecting vertically with a fixed exit beam, and a 
downstream toroidal focusing mirror. In the monochromator three interchangeable 
pairs of asymmetric cut Si (1 1 I) crystals with grazing angles of 1 - 2' will be used 
optimised for the energies 5.4. 8, and 16 keV (2.3. 1.54 and 0.77 A), respectively. 
The 1.5 m long toroidal mirror consists of two segments, is coated with PI and has a 
grizing angle of 4.8 mrad. 
The performance of the optics has  heen optimised by ray tracing calculations. The spot 
size at the detector is about 1.1 x 0.7 mm2 with a sample size of 4.2 x 2 mm2. For 8 
keV photons the calculated maximal SAXS-resolution will be about 400 x 1400 A2 d- 
spacing assuming an optimal distance between detector and sample of 1.8 m. If 
necessary, this ca; be improved by reducing the horizontal acceptance of the beamline. 
Assuming an horizontal acceptance of I mrad a photon flux in the order of 1013 phh 
has been estimated for 8 keV photons (2 GeV, 400 mA). 
The monochromator will be built in two phases; the commissioning for the 8 keV - 
instiument will start beginning of 1995. 

of Science, Steyrerg. 17,8010 Graz, Austria 

Performance and Preliminary Results of the SXR Beamline at 
CAMD-LSU 

A. Asfaw, D. L Ederer, S. A. Marchant 

Eizi Morikawa, W. S. Smith 

T. A. Callcott, J. J. Jia, t i n  Lin, K. Osboro, L. Zhou 

K. E. Miyrao 

Departnienl of Physics, Tulane University# New Orleans, La, 701 18 

Center for Advanced Micrasiructures and Devices-LSU, Baton Rouge. La, 70803 

Lkparhreiil of Physics, University of Tennessee, Knoxville, TN, 37996 

Department of Physics, Brooklyn College, Brook!yti, Nu, 11210 

A new sofl x-ray beamlie has been recently placed in operation at the Center for 
Advanced Microstructures and Dwices (CAMD). The beamline features a plane grating 
monochromator utilizing a variable groove spaced grating, which operates in the spectral 
region 50-800 eV, and a high sensitivity sofl x-ray spectrometer that is used to measure 
fluorescence excited by monochromatized sofl x-rays. The monochromator also features 
simple optic scanning motion, and high throughput and good resolution. The spectrometer 
achieves high sensitivity through the use of toroidal gratings end a position sensitive 
detector using e resistive anode. The beamline performance and preliminary results will be 
presented. 

I M.Kriechbaun1. M.Sreinhard. P.Laggncr. manuscript i n  preparation 
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Experimental Station Support Systems for the  Advanced Photon Source- 

J. Barraza and D. Shu 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Laboratory 
Argonne, IL 60439 

ABSTRACT 

Support systems have been designed for the experiment stations of th Advanced 
Photon Source at Argonne National Lahoratory. These systems utilize modular precision 
positioning slides and stages arranged in 3-point kinematic-mount fashion for optimum 
mechanical stability. Through the use o f  novel configurations, these systems can achieve 
large linear motions, six degrce-of-frecdom motion, and large load capacities without 
sacrificing valuable experimental station space. This paper will discuss the designs and 
specifications of the positioning systems developed. 

' 

*Work supported by the U. S. Department of Energy BES Materials Science under 
contract W-31-109-ENG-38. 
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Five New Experimental Stations at the SRS Daresbury from a 
6 Tesla Superconducting Wiggler Magnet 

R L Bikborrow, N Bliss. R J Cemic. G F Clark, S M Clark. S P Cdlins, 
B R Dobson. B D Fen. A F Grant. N W Harris, W SmXh. E Towns-Andrews. J. 
DRAL Daresbury Laboratory. UK 

Daresbury Laboratory Is amentty completing the constnrctbn and comnissbning of t i le  new 
experimental research stations utililng high llux hard X-ray radialbn from a 6T super 
conduding wlggler with a critical wavelenglh of 0.V A. 
The new 6T supemndudhq wiOgler magnet was commissioned in the SRS In eaw 93 with 
lhe first diagnostic X-ray beams successfully commissbned In bly 93. 
The broad areas of science covered by the new slatbns and the novel features are as folbws. 
'A hlgh llux hlgh lnlenslty llxed-wavelenglh statlonprimarjyfordyMmicandtime 
resolved studies of nonaystatline materials. A bent triangular Ge 111 asymtr lc  cut single 
crystal monodrromator is used lor focusing and selecting a wavelenglh of 1.4 k The crystal 
has a novel l I M  gallium interlace to enable the high thermal badiw to be transferred to a 
cooled copper W. The verliit focusing is achieved using a 1.2 m bent platinum coated 
ultra b w  expansbn @ass mirror. 
'A solld and llquld Interface dlflractlon statlon is being construcled lo study solid- 
solid, liquM-liquid and solid-liquid surlaces. The station will be optimised for three fixed 
wavelengths within the range 0.5 to 1.3 A .  The beamline consists of a complex optical 
arrangement with three monochromators and a bent 1.5 m toroidal mirror. The experimental 
statbn will house a heavy-duty dtlractometer I reliectomeler to ammmodate environmental 
cells. 
* A materlals dllfractlon stallon to study for example phase (ransitions and critical 
scaltering. magnetic dittraction, la t t i i  dislooltbns and charge density waves wilhin the 
wavelength range 0.3 to 1.5 A. The lnilial oplical arrangement will be for high 0 resolution 
mode utilislng a Si 111 channel art crystal monochromator and analyserwith a dx circle 
ddfractometer designed to achieve an angular accuracy of 0.1 rndeg. and a total sphere 01 
confusbn at the sanple of less than 50 pm. For weak scattering studies a second 
monochromator employing a sagmally bent crystal is planned. 
A hlgh energy powder dlflractton stallonwhich uses white beam for studying 

reaction klnetks and phase transttbns. There will be an emphasis on high pressure and high 
tenperalure studies on large volume samples as required for studies on the structure of 
mantle rocks. The main feature of the experimental equipment is a 1000 tonne hydraulic 
press as the prime mover for producing pressures up to 250 Kbar with temperatures up to 
2000" C In a Walker cel. 

A ultra-dilute spectroscopy stallon designed to allow X-ray absorption studies of 
ullradilute elements with K or Llll absorption edges in the energy range 7 to 25 KeV. The 
opllcal anangement includes a pre-minor for vertical locusing. a double aystal 
monochromalor and post-mirror. The monochromalor 1st crystal is water cooled and the 2nd 
crystal is mounted on inchworm piezo electric translators for harmonic rejection. The 
monochromator is driven by a dc servo motor controlled by outpul Irom an encoder podtion 
to 0.1 rndeg. Fluorescence from dilute samples is collected with a 30 element solid state 
deteclor provided with novel signal processing electronics whkh permit very high count rates 
without bss of linearity. 

The msl salient instrumentation aspects of this project will be presented during the meeting. 

. '  
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Abstract Brookhaven (July 1994) PB/V1.0/28-Apr-1994 

The High-brilliance Beamline' at the ESRF 

peter m t ,  Olivier Diat', Bjarne Rasmussen: 

t ESRF, B.P. 220, F-38043 Grenoble Cedex 

The ESRF High-brilliance Beamline is under commissioning and will 
become officially available to users in September 1994. Currently, 
the actual performance of the beamline is under test. The 
experimental results are in very good agreement with previous 
calculations [l]. In this paper a comparison will be presented. 
The main components of the beamline are, 

EMBL,Grenoble Outstation, B.P. 156, F-38042 Grenoble Cedex 

- 
- a cryogenically cooled Sill1 channel cut monochromator 

an undulator at a high-P section of the ESRF storage ring, 

operating between 8 keV and 24 keV with fixed vertical beam 
offset of 30 mm, 

- a 1:l focusing toroidal mirror (<17 keV), 
- an endstation for biocrystallography and 
- an endstation for time-resolved small-angle X-ray scattering. 

Along the beamline a series of simple diagnostic tools are 
permanently installed, e.g. a calorimeter and a number of 
photodiodes. The position of the monochromator is controlled by 
three vertical linear actuators. They allow control of the 
scattering angle, the height and the rotation around the primary 
beam. Both crystal surfaces have slightly different asymmetric cuts. 
By adjusting the height of the crystal the vertical displacement 
between the incident and the exiting beam can be kept constant in 
the energy range between 8 keV and 24 keV. A closed liquid nitrogen 
loop is used for cooling the monochromator crystal to about -190OC. 
A problem is the clamping of the monochromator block to the cooling 
blocks. A too loose clamping reduces the heat transfer while a too 
tight clamping induces deformation on the crystal block. This 
problem has been solved with manual skill. Monochromator rocking 
curves have been measured. Cryogenic cooling is now in routine use 
at the beamline. 
For work above 17 keV the mirror can be removed. This will result in 
a loss of photon flux density at the sample position by a factor 10 
to 20 compared to the focused beam. 
The biocrystallography endstation consists of a high-precision 
5--circle diffractometer and, initially, of a 2d on-line imaging- 
plate detectoL system., 
The time-resolved small-angle X-ray scattering station consists of 
an xyz-sample-stage and a 12 m long vacuum pipe, in which a 
Zd-gasfilled dector is travelling. 

Peter Bosecke, The High-flux Beamline a t  the ESRF, Rev. 
Sci. Instrum. a (1992), pp. 438-441. 

ModuIar L i y l t v  Derlgrr for White Be- UndalatorlWfggler BeMllina 
at the Advanced Photon Source. 

ABmm 

A new rim has been designed at Argonno National taboratory. It is intcadcd for 
thc we in uadul.rodwigglcr bcomlirm u the AdvMccd Photon Sourct. Thc wawcoded 
frame allows up 10 four individual f i  foil banks simultaoeously in the beam path 
Addidonally thc bottom of cach fnune holds two thin (aocun) unmkd carbon film in 
tandem for low eateqy filtering. Therefore a maximum of 62s filter selecoIon combinations 
k tfiwnticllly possibk. 'Ihc dcsign is intelligent, wmpact and modular, d t h  gnat 
fldblllty for the m. To p a t  laidcnral movement of rbc Ntcr, cffon has ban OLCn 
to provide mtchrnicdy locked, fail-safe actuator system. Programming upixb #IC uudcr 
development as part of our g e d  pusoml and equipment protection system. 

Design md opcntlonal prindplw upa% of the filter LLn plwenccd in thk paper. 

Tbb wak WEY rulrpatd by mC US. Depatmcnt o f w y .  BES-Mrtcrkh S d m z  Imdaa~ara W-31- 
109&&8. 

* The original name of this beamline was "High-flux Beamline". 
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The Mid-Infrared Beamline at the NSLS Port U2B 

G.L., Advanced Development Center, M.S. AO1-26, GNmt'nan 
Corporation, Bethpage, NY 11714 USA; M. Hanfland, Geophysical 
Laboratory, Carnegie Institute of Washington, Washington, DC USA; 
G.P. Williams, National Synchrotron Ught Source, Brookhaven National 
Laboratory, Upton, NY 11973 USA 

A new infrared beamline has been developed on a conventional dipole 
bending magnet port of the VUV ring at the National Synchrotron Ught 
Source. The port provides approximately 15 milliradians horizontal and 10 
milliradians vertical aperture, which limits the high-brightness spectral range 
to wavelengths less than 20 pm. The short wavelength limit is about 300 nm, 
due to minor coatings and a KBr vacuum window. Though the total flux is 
less than from the standard mid-infrared spectrometer source, a lOOOK to 
1500K blackbody, the calculated brightness of synchrotron radiation is 
several orders of magnitude greater. Also, the synchrotron light Is delivered 
In sub-nanosecond pulses. The beamline was designed for simplicity, 
compactness, and low cost. Most components, including the minors, were 
available off-the-shelf. The infrared is transported to a commerdal 
interferometric spectrometer system appropriate for wavelengths between 
1 pm and 20 pm. Tests of the beamline's performance confirm the high 
source brightness. In particular, the transmitted flux (and consequently the 
signal-to-noise) through a 50 pm aperture was nearly two orders of 
magnitude greater than that for the conventional (blackbody) infrared source. 
The developing experimental program includes studies of hydrogen and 
other materials at extremely high pressures, time-resolved studies of various 
infrared sensor materials, and scanning microspectroscopy. 
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A PHOTON BEAM Posrnm MONITOR FOR SSRL BEAMUNE o 
J.Cerlno. T. Rabedeau, A Scibersky 

Stanford Synchrotron+ladlath Laboratory, Stanford Unhrerstty, 
'Stanford, CA. 

- 1  

ABSTRACT 

Beamline 0 at SSRL & presently under construction. It k an Insertion device 
beamline deslgned for use In sttpctural molecular blology research. We will 
report results of preliminary tests of a new photon beam posltlan monitor 
concept for use on the beamline. 

Beam posklon and'anble stability Is a major conslderatlon when performlng 
high resolutlon experhenls ushg siwchrotron radiation. The benef i i  of high. 
source brightness and low source emittance cannot be fully exploited unless 
the dlrect'm of the radiatlon can be very precisely controlled. 

Since the present SPEAFI beam steering system cannot independently control 
beam position and angle, locating the posHlon monitor as near the experiment 
as possible offers the best method to control these parameters. Photo- emlsslon and Ion chamber monltors, In downstream IocaUons are subject to 
mlslocatkn of the beam due to shadows cast by upstream apertures as well as 
scattered low energy radtation from upstream objects such as mlrrors, sli1s and 

We propose a position monitor which uses x-ray fluorescence from a copper 
target struck by the beam. The fluorescende Is viewed at a large angle to the 
prlmary beam by two silicon photodkxks The field of view of each diode Is 
obstructed such that one diode views only the portion of the target above the 
median plane and the other views h e  portion below. Vertical motion of the 
.beam on the target unbalances Ihe flux onto the diodes, providing a signal to 
Feed back to the beam steerkg system. 

Stoppers. ' 

Because the monitor uses secondary radiation, only the copper target need be 
lnslde the beam transport vacuum. The detectors, and aperture defining S h  
can be mounted outside a beryllium window for easy adjustment 'and 
malntenance. No In-vacuum motlons are required and the detectors can easily 

.be shlelded from stray radiation. 

We will report on the concept and results of barly tests of a prototype on 
Beamline 2 at SSRL 
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Dcsign of Integral Shutters for the Beamlines of the Advanced Photon Source' 

1. Chang. D. Shu. T. Nian, T. M. Kuzay. and P. K. Job 

Argonne National Laboratory 
Advanced Photon Source 

Argonne, IL 60439 

ABSTRACT 

An integral shutter is a device that integntes a white-beam stop, mono-beam 
shutters. a safety stop, and a collimator into one aqsembly to save space in the photon 
beamline. Various typical integral shutters have been developed as standard components 
for the beamlines of the Advanced Photon Source. The integral shutters are designed to 
be operated in several different modes: white-beam pass; white-beam stop; or mono-beam 
pms. Each mode of opention is secured by locking certain devices at their up or down 
positions. Some of the devices of the integral shutters share designs similar to the front- 
end shutters. Design detail of the integral shutter is presented. 

*This work was supported by the U.S. Department of Energy. BES-Materials Science. 
under contract W-31-109-Eng-38. 

Energy Dependences of Absorption in Beryllium Windows and 

Argon Cas 

C. T .  Cftun.f& and . l . -L. Staudcnmonn ' ' 

National Inrtirutr of Stondards and t rchnology 

Qunnium Metrology Division 

Building 221, Room A I 4 1  

Goithersburg, U D  20899 

In purl of ;in ongoing work on x-ray foiiii factors. new absorption 

coefficients arc bcing tabulated for a l l  elemenb. across thc eiicrgy range 

from htlow 100 tV to above 100 keV. Thew new coefficients are applied hcrsin 

to typical problems in ,?nchrotron radtatioii stations, namely thc UEC of 

berylliuiii windows and arson gas dctectors. Results are comparcd with those 

of other author,: The elcciroii.ion pair production process iii Ionization 

chambers i s  diaciisrd. and thc effects of 3d.clement impurities are indicated. 
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Soft x-ray spectroscopy beam line 6m-HSGM at SRRC: Optical design 
and first performance tests 

S.-C Chung, C.-I Chen, P.-C. Tseng, H.-F. Lin, T.-E. Dann, Y.-F. Song, L.-R. 
Huang, C.-C. Chen. J.-M. Chuang, K.-L. Tsang. and C.-N. Chang’ 

SRRC. No.1, R and D Rd.. Hsinchu Science Based Industrial Pk.. Hsinchu, 
Taiwan, ROC 

also at National Taiwan Normal University. 

The layout and first data on the performance of the soft x-ray bending magnet 
beam line 6 meter High energy Spherical Grating Monochromator (6m-HSGM) at 
SRRC are described. The 6m-HSGM beam line, which covers photon energies 
from I10 to 1500 eV, is based on the Dragon concept with spherical gratings, 
movable exit slit. During the first performance tests core-excitation thresholds of 
Ar. and Ne and K thresholds of N, and 0 for gas phase CO. NI and 0 2  have been 
recorded with resolution reached so far one of the bests in the soR x-ray region. 
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Current status of the 6m-LSGM beam line at SRRC 

P.-C Tseng, H.J. Lin, S.-C Chung, C.4. Chen, H -F. Lin, T.-E. Dam. Y.- 
F. Song, T.-F. Hsieh, K.-L. Tang, and C.-N. Chang+ 

. I  

SRRC, No. 1, R and D Rd., Hsinchu Science Based Indusdrial Pk.. Hsinchu, 
Taiwan, ROC 
* also at Taiwan National Normal University 

The six meter Low energy Spherical Grating Monochromator (6m-LSGM) beam 
line at SRRC is at its commission stage. The 6m-LSGM beam line, which covers 
photon energies from IS to 200 eV, is based on Dragon concept with spherical 
gratings and movable exit slit. Some ofthe commission data will be presented in 
this paper. 
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The Macromolecular Crystallography Beamline at 
ELETTRA 

S. Bernstorff, E. Busetto, A. Lausi, L. Olivi. F. Zanini and A. Savoia 
SINCROTRONE TRIESTE, Padriciano 99, Trieste, Italy 

Dipartimento e u n i v .  Sapienza", Rome, 1mry 
' and G. Portalone 

M. Camalli, A. Pifferi and R. Spagna 
Isn'rulo di Strutiurisn'ca Chimica, CNR, Montelibretn', Rome, Italy 

L. Barba and A. Casseaa 
Istituto d Strutturistica Chimica, CNR, Padn'ciano 99, Trieste, Italy 

E L E l T R A  is a low emittance ( 7 ~ 1 0 ~ ~  mxrad at 2 GeV) synehrotmn radiation facility 
currently under commissioning at Trieste. The electron energy is 1.5-2 OeV, and elec- 
mn currents of up to 400 mA have been stored. One of the 11 insertion devices is a 
4.5 m long, 57 poles permanent magnet wiggler. With a peak magnetic field of 1.55 T 
it has a characteristic energy of 4 keV (at 2 GeV) and delivers a usable photon flux up 
to 25 keV (=OSAI. 

The optics in this wiggler beamline is designed to deliver both monochromatic or 
white light. In order to obtain a higher flux on the sample a minor collects 2.8 mrad 
horizontally and 0.23 mrad vertically and focuses X-rays up to 25 keV with a 
demagnification factor of 1.5. The SR can be monochromatimi in the range 4-25 kcV 
(0.5-3 A) by means of a fixed-exit double-crystal monochromator containing two 
interchangeable pairs of Si( 11 1)- or Si(22O)-crystals in a nondispersive parallel 
setting. The first monochromator crystal will be internally water cooled. During the 
white beam mode, a rotating beam chopper can be used to reduce the sample 
illumination time according to the required short measuring times in order to keep the 
total energy deposited on the mirror, on the beamlinc exit window and also on the 
sample (on which up to 415 W/mm* would arrive) within safe limits. A cooled N2- 
stream will also be available to cool the sample crystal. 

The expenmental station is equipped with both a Mod. 5020 Huber 4circle diffrac- 
tometer and an imaging plate detector system from Marresearch (diameter 180 mm). 
The diffractometer IS driven by 5-phase stepper motors with an angular resolution of 
O.00Io for each circle. A kinematic table allows to align the instrument with nspcct to 
the beam using a closed-loop electronic control based on a X-ray sensitive CCD. The 
diffractometer is controlled by a personal computer through a plug-in board interface 
developed by us. The program system CS has been written to carry out single crystal 
diffraction experiments and a gnat effon has been made to make it user friendly, 
highly flexible and asy to modify as an "open instrument". The imaging plate system 
is controlled by a $AX station 3100 using the software supplied by the factory and 
shares the beam with the diffractometer. For data analysis and molecular structure 
determination the most powerful packages arc available. 

The commissioning of the entire beamline will take place during late spring /early 
summer of 1994. First results will be presented during the conference. 

Six degree-of-freedom scanning supports and manipulators based on parallel 
robots 

Fabio Comin 

ESRF 

The exploitation of third generation SR sources heavily relies on accurate and 
stable positioning and scanning of samples and optical elements. In some cases 
active feedback is also necessary. Normally these tasks are carried out by 
serial addition of individual components, each of them providing a well defined 
excursion path. On the contrary, the exploitation of the concept of parallel 
robots, structures in close cinematic chain, permits to follow any given 
trajectory in the six dimensional space with a large increase in accuracy and 
stiffness. At ESRF the parallel robot architecture, conceived few tens ofyears 
ago for flight simulators has been adapted to both actively align and operate 
optical elements of considerable weight and position small samples in Ultra 
High Vacuum. The performance of these devices resulted far superior the initial 
specification and a variety of drive mechanism have been developed to fit the 
different needs of the ESRF beam lines. 
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Design and Performance of the High-Flux X-Ray 
Wiggler Beamline BW2 at HASYLAB 

W. Drube, H. Schulte-Schrepping, H.-G. Schmidt, 
R. Treusch and G. Materlik 

Hamburger Synchrotronstrahlungslabor HASYLAB 
am Deutschen Elektronen-Synchrotron DESY 

Notkestr. 85, 22603 Hamburg, Germany 

After its first year o f  full operation the X-ray wiggler beamline 
BW2 has proven t o  be a powerful instrument for state-of-the-art 
X-ray experiments requiring high monochromatic photon flux. 
It is designed t o  cover a wide energy range from 2.02 t o  35 
keV for a variety o f  experimental X-ray techniques such as sur- 
face diffraction, photoemission, absorption, micro-tomography, 
standing waves etc. 

Briefly, the white beam produced by a 56-pole hybrid wiggler 
(maximum total power 7 kW at 100 mA) i s  monochromatized 
by a fixed-exit S i ( l l1)  double crystal arrangement operated 
under vacuum. A cooled plane pre-mirror i n  combination wi th 
a demagnifying toroidal mirror in the monochromatic beam is 
used t o  achieve a well focused beam up t o  12 keV. The thermal 
distortion o f  the first crystal i s  minimized by means o f  direct 
water-cooling. In order to  provide high photon flux also at the 
lowest accessible energies - for uhv-compatible experiments - 
the beamline i s  windowless except for a carbon-foil (20,~) at the 
monochromator entrance. For photon energies above 12 keV 
the beamline is operated without mirrors. 

Details of  the optical design, monochromator, beam position 
and intensity diagnostics, and beamline control are presented. 
The high performance is  demonstrated by measurements o f  i ts  
beam characteristics and selected results o f  recent scientific 
experiments obtained a t  this beamline. 
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Computer Control of the SRC High Resolution Beamline 

David E. Eisert, John P. Stott, Mike V. Fisher, Mark Bissen, and Hartmut Hochst 
Synchrotron Radiation Center, University of Wisconsin-Madison 

3731 Schneider Drive, Stoughton, Wisconsin 53589-3097; U.S.A. 

We discuss the complexity in controlling the new high-resolution soft X-ray 
beamline'.2*3.4 at the University of Wisconsin Synchrotron Radiation Center. A 
monochromator at the heart of the beamline utilizes a combined rotation and 
translation of a variable line spaced grating to minimize major aberration terms. A 
rotational accuracy of 0.12 arc seconds and a translational accuracy of 10 
micrometers are required for the combined motions to obtain the desired resolution. 
A rotational resolution better than 0.01 arc seconds was achieved with the use of a 
laser interferometer and piezoelectric actuator for submicrometer feedback control. 
The translation control uses a linear encoder with a resolution of 0.1 micrometers 
and a motorized feedback loop. A calculation speed of less than 100 microseconds 
per step in scan energy was obtained using a spline fit to accurately 'approximate' 
the required rotational and translation positions. In all there are five stepping 
motors, one optical encoder, one piezoelectric actuator, one laser interferometer and 
several status indicators controlled from a five-slot VME system. This beamline 
VME system controls the monochromator as well as the entrance and exit slits. A 
PC is used to collect data from the scan and handle the user interface to the 
beamline control. This PC also has an ethernet connection to the storage ring VME 
system which allows the PC to collect real-time information from the storage ring 
computers as well. 

H. Hbchst, M. Bissen, M.A. Englehardt and D. Crossley, "Design study of a high resolution 
soft X-ray monochromator with a movable variable groove densiv grating", Nucl. Instr. and 
Meth. A 319 121 (1992). 

Optical systems based on the combined translation and rotation of a varied line space graling 
are protected by US Patent no.4 991 934 issued to M.C. Hettrick and licensed to SRC by 
Hettrick Scientific Inc. , P. 0. Box 8046, Kensington, CA 94707. 

M.V. Fisher, N. Steinhauser, D.E. Eiserl, B. Winter, B. Mason, F. Middleton, H. HBchsl 
"Combining rolation and translation in a variable line mace hioh-resolulion SOH X-Rav monochromatoc design requirements and performance evaluation i f  a novel grating mount", -I 

In press, Nucl. Instr. and Melh. 

M. Bissen, M.V. Fisher, G. Rogers, D.E. Eiserl, K. Kleman, T. Nelson, B. Mason, F. Middeilon, 
and H. HOchst "First lest results of SRC's new high energy variable line density grating 
monochromalot', These proceedings. 

TuD 18 



The X-Ray Undulator Beamline BW1 at DORIS 111 
THE SURFACE DIFFRACTION BEAMLINE AT ESRF 

Salvador Perrer and Fabio Comin 
ESRF, BP 220, 38043 Grenoble Cedex. France 

The Surface Diffraction beamline is installed in a low beta section 
of the electron orbit at the exit of a standard ESRF undulator of 44 
mm of period with a fundamental energy of 3 keV and a critical 
energy of 11.8 keV. The beam position and shape are visualized 
with two position monitors described elsewere in these 
proceedings. 
The first active optical element is a Si (111) double crystal 
monochromator cryogenically cooled and sagittally focusing. 
Characteristic figures of merit are the following. The PWHM 
angular widths of the transmited intensity of the (333) reflection 
measured by rocking the second crystal through the Bragg angle 
(21 degrees) are 7 prad and 11 prad for the thermal loads on the 
first crystal of 3 and 143 watt respectively. Also, horizontal 
focusing of the beam down to 150 pm at the sample position (45 
m from the source) has been achieved at  16 keV without 
significant loss of intensity (see these proceedings for details). 
The end station is based on a six circle diffractometer with its 
main axis horizontal . The sample surface sits i n  a vertical plane 
in  UHV and can be oriented by three circles ( +, x , 0 )  i n  air. The 
pressure gradient is mantained with a specially designed rotary 
feedthrough. The detector has two degrees of freedom: one the 
vertical plane and another i n  the horizontal plane. A vertical 
rotation axis along the sample surface allows to define the angle 
of incidence. 
The diffraction chamber has two beryllium windows which allow 
a maximum in plane scattering angle of 150 degrees and a 
maximum X-ray outgoing angle of 46 degrees. The sample, while 
sitting in the X-ray scattering position, may be monitored with 
RHEED and with Auger Electron Spectroscopy by means of a 
retractable Cylindrical Mirror Analyzer. Also, i t  can be ion 
sputtered and exposed to the flux of several deposition cells for in 
situ growth studies. Adjacent to the main chamber, a UHV 
preparation chamber allows storing, cleaning and outgasing 
samples before transfering them into the main chamber. 

Measurements on the Ge(001) 1 x2 reconstructed surface 
performed during the commissioning phase give counting rates of 
IO photons per second for the (0.1.5. 0.2) surface reflection for a 
stored beam current of 100 mA and a photon energy of 16 keV. 

in 

R. Frahm, J. Weigelt, G. Meyer and G. Materlik 

Hamburger Synchrotronstrahlungslabor HASYLAB at DESY 
Notkestr. 85. D-22603 Hamburg, Germany 

. I  

The BW1 X-ray undulator beamline at HASYLAB is well suited for advanced ap- 
plications of synchrotron radiation requiring high intensities like QEXAFS or X-ray 
diffraction on surfaces, DAFS. experiments with standing waves or scattering studies 
of amorphous materials using anomalous dispersion. Such an experimental setup has 
to  cope with high heat loads from the insertion device and has to have a high precision 
monochromator. 

The X-ray undulator at the positron storage ring DORIS 111 is  a 4m long device with 
127 periods ( A  = 3.14 cm) and a variable magnetic gap ranging from 15 to  25 mm 
(maximum magnetic field 0.49 T). At 4.5 GeV ring energy this corresponds to a pho- 
ton energy range from about 9 to  15 keV in the 3rd harmonic of the undulator. The 
tuning range of the 1st harmonic can be accessed by using thin diamond- or graphite 
windows along the beamline. 

There are four operating modes: i) focussing the white beam using two mirrors with 
a cut-off energy of  approximately 11 keV, ii) focussed monochromatic beam using 
both mirrors with a cut-off energy of = 12 keV and a double crystal monochroma- 
tor, iii) unfocussed monochromatic beam using the monochromator without mirrors 
and iv) focussed monochromatic beam using the monochromator without mirrors us- 
ing a sagittally focussing second monochromator crystal. The monochromator is  a 
(+,-) double crystal fixed exit monochromator under high vacuum. The first crystal 
is directly water cooled t o  reduce the distortion induced by the high heat load of the 
white beam. Each crystal is mounted on a piero-driven micro-goniometer in order to 
stabilize the intensity of the monochromatic beam. A feedback system with absolut 
position readout corrects for the hysteresis of the piezo crystals. 

A universal X-ray multicircle diffractometer is installed at beamline BW1. This device 
offers an extraordinary large number of degrees of freedom for sample adjustments 
and independent movements of two detectors. 

All movements of the beamline components are performed by a total of up to 48 
stepper motors, which are controlled by a pVAX. Most of the experiment control 
and data acquisition is done using CAMAC hardware using a universal data collection 
software designed at HASYLAB. 

Typical scientific investigations performed at this beamline like surface studies or 
DAFS measurements will be presented to demonstrate the capabilities of the whole 
setup. 
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COMPARISON OF NUMERICAL AND EXPERIMENTAL 
SIMULATION OF A BERYLLIUM WINDOW UNDER INTENSE 

HEAT LOAD 

A. Gambitta (I) ,  C. Poloni (2) , A. Visintin (2) and F. Zanini (1.3) 

(1) Sincrotrone Trieste, Trieste (Italy) 
(2) Dip. di  Energetica, UniversitZi di Trieste; Trieste (Italy) 

I.N.F.N., Sezione di Trieste, Trieste (Italy) (3)  

Beryllium windows are widely used in synchrotron radiation 
beamlines as filters to absorb photons in the lower energy region or 
used as an interface between two different vacuum environments. 
In the X-Ray Diffraction beamline at Elettra the UHV environment 
of the front-end is decoupled from the high vacuum of the 
beamline by means of two different beryllium windows. The first 
one act as a prefilter and will absorb most of the heat load, while 
the second is a safety, bent window against a possible overpressure 
due to accidental venting in the high vacuum part of the beamline. 
We focalize our attention on the first window to evaluate its 
resistance to thermal loads by means of a finite element method 
analysis and an experimental test with an electron gun assembly. 
This subject has already been studied by some research groups who 
have usually found a large discrepancy between experimental 
results and theoretical predictions, finding a higher resistance to 
thermal loads. To overcome this discrepancy, non-linear analysis in 
the plastic region of the material is developed taking into account 
the behaviour of the material as a function of temperature. 
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DC-SERVO-MOTOR CONTROLLED FOUR-JAW 
SLITS FOR SYNCHROTRON RADIATION 

R.  F .  Garrett,andD.J.Cookson 
Australian Nudear Science and 7kchnoIogy Organisation, 

PMB 1, Mew*, NSW, 2234, Australia. 
P. Davey, S. Janky and S.  W. Wilkins 

CSIRO-Division of Materials Science and Technology 
Locked Bag 33, Clayton, Wc, 3168, Australia. 

A four jaw slit system and controller has been constructed and is in use at 
the Australian National Beamline Facility at the Photon Factory. The slits CM be 
actuated by motorised or manual micrometers, and m designed such that the jaws 
arc only driven open, avoiding the problem of jamming the jaws together. f i o  
models were built, a free standing slit and one built into the main vacuum flange 
of the diffractometer. Due to the vacuum operation of the diffractometer, DC 
motors wen preferred over stepper motors. 

In several configurations of operation, up to 16 DC motors are installed in 
the diffractometer. This relatively large number presented problems if commer- 
cially available DC SCNO controllers were used: most are either PC bus or serial 
communication devices, and operating four or five from a PC is difficult at best. 
Our solution was to construct an 8 axis controller which is designed to be used in 
conjunction with the popular E500 camac stepper motor control module. This is 
accomplished using a DC controller chip manufacturcd by the Galil company. In 
this way, the DC servo motors and other stepper motors used at the beamline are 
controlled via the same hardwarc (E5oOs). The other advantage is that the E500 
controller has the facility to download an arbitrary motor position (when slits are 
swapped for example); this function is not available in commercial DC conwollers 
to our knowledge. 

Design details of the slits and controller will be presented, and the opera- 
tional experience gained with the devices will be described. 
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THE AUSTRALIAN NATIONAL BEAMLINE 
FACILITY AT THE PHOTON FACTORY 

R .  F .  Garretr, D.J.CookronandG. Foran 
Australian Nuclear Science and Technology Organbation, 

PUB 1, Uenai, NSW, 2234, Ausvalia. 
D. C.  Creagh 

Physics Department, 
Australian Defence Forces Academy, 

Campbell, A m ,  2600, Australia. 
S. W. Wilkins 

CSIRO-Division of Materials Science and Technology 
Locked Bag 33, Clayton, Kc. 3168, Australia. 

The Australian National Beamline Facility has been installed at the Photon 
Factory, Tsukuba, Japan. The construction and operation of the facility has been 
funded by a consortium of Australian research organisations. universities and 
government funding agencies. with the aim of providing Australian scientists with 
routine access to synchrotron radiation in the hard X-ray region. The first experi- 
ments were performed at the ANBF in November 1992. 

The facility consists of a general purpose X-ray beamline, including a sim- 
ple twc-crystal monochromator, delivering either monochromatic X-rays (range 
5-20 keV) or white radiation to the experimental hutch. The main experimental 
instrument. a multi-configuration diffractometer. has recently been installed at the 
beamline. This unique instrument combines vacuum operation and Imaging Plate 
detectors, and can be configured for high resolution powder difiaction (including 
a time resolved mode), protein crystallography and triple axis experiments. In 
addition, the white or monochromatic beam can pass through the diffractometer to 
a secondary experimental table, where experiments such as EXAFS, h u e  diffrac- 
tion, topography and micro-beam measurements are performed. 

Details of the beamline, monochromator and diffractometer optics and per- 
f o m p c e  will + described. and an overview will be given of the experimental 
capabilities of the facility. 

Wave t ransmission,  high p r e c i s i o n  (0.03") r o t a t i o n  
stage for synchrotron r a d i a t i o n  ins t rumenta t ion .  

N.C.Cavrilov*. O.V.Evdokov** 

I n s t i t u t e  of n u c l e a r  phys ics ,  
Novosibirsk-90, R u s s i a ( * )  

I n s t i t u t e  of s o l i d  s ta te  chemistry,  
Novosibirsk-gl,Russia(**) 

, I  

There a r e  many problems connected w i t h  us ing p r e c i s e  
device f o r  l i n e a r  and angular t r a n s l a t i o n  i n  synclu*i>troti 
r a d i a t i o n  beam l i n e s .  N e w  experiments  need more and more 
high p r e c i s i o n  technic. 

The most using g e a r  t ransmission mechanism has  es- 
s e n t i a l  defec t  - the incons tan t  ins tan taneous  transmis- 
s i o n  r a t i o .  This  d e f e c t  is e s p e c i a l l y  s t r u n g  d w i n g  ro- 
t a t i o n  a t  small angles ( i n  range of 0.1 - 0.2 degree of 
arc) and can reach 3"-10" i n  this reg ion .  Therefore  WY 
used absolu te ly  d i f f e r e n t  p r i n c i p l e  of t ransmission G r  
r o t a t i o n  which has  n o t  such failing. 

This  defect was overcome i n  r o t a t i o n  s t a g c  deve1l;pc.d 
i n  BINP and ISSC, i n  which r o t a t i n g  mechanism made on 
b a s i s  of wave t ransmission.  

I n  the r e p o r t  w i l l  be show how this and same type me- 
chanism wurks..The r o t a t i o n  from s t e p  motor and g e a r  
t ransmission is t r a n s f e r  t o  wave genera tor .  This ro- 
t a t i o n  deforin the  elastic c i rc le  and genera te  wave of 
deformation i n  i t .  The r o t a t i o n  of f l a n g e  with c r y s t a l -  
monocllromator, i n s t a l l  on i n s i d e  c i rc le  of g l i d i n g  bea- 
ring happen because of the d i f f e r e n c e  of diameter o f  in-  
ternal c i r c l e  of bear ing  and elastic c i rc le .  The e r t e r -  
nal c i r c l e  of self-grease g l i d i n g  bear ing  f a s t e n  on the 
body of mechanism. Ending and lad ia l  h e a t  of s e l f .  
g r e a s e  g l id ing  bearing are 0.002 nun on the diamotcr 1 4 0  
mm (2.8*10(-5) rad).  Calcu la t ing  angle of r o t a t j o n  by 
one impulse of s t e p  motor is 0.06". C a l c u l a t i r g  e r ~ o ~  
from the inconstant  ins tan taneous  t ransmission r a t i o  r,f 
gear t ransmission are 0.03". 

Therefore the e r r o r  i n  rGta t ion  was dc:crecs more thFn 
100 times i n  compare with usua l  gear t rans in iss ix ,  
mechanism. 

Momemt of r o t a t i m  - 200 N/cm 
The s i z e s  o f  r o t a t i o n  s t a g e  180x180~50 nun. 
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- J. Als-Nielsen and D. Abernalhy 
%$$%rr Synchrotron Radialion Facility 

B.P. 220 
F-38043 Grenoble 

France 

The Troika beamline at ESRF is based on the concept of beam multiplexing by using 
x-ray trans a n t  diamond and/or beryllium monochromators. The favorable thermal 
and crystalfographic properties of perfect diamond are well matched to the character- 
istics of the new low emittance undulator sources. A series of such transmission 
monochromators can use the same white &am and supply several experimental sta- 
tions simultantously with monochromatic x-rays of slightly different energies. The 
first experimental station of the Troika beamline is operating and the multiplexing 
mode has been tested successfully. First experiments including Protein 
Crystallography, Resonant Magnetic Scattering. Liquid Surface Diffraction and 
Scattering with Coherent X-Rays were carried out during the commissioning period 
and the results demonstrate the wide potential of third generation synchrotron 
sources. 
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THE ANL X6B BEAMLINE AT NSLS: A VERSATDZ FACILITY 

S.G. Huang, M. Ramanathan, and P.A. Montan0 
Materials Science Division, Argonne National Laboratory, Argonne, h 60439, USA 

The Argonne National Laboratory (ANL) X6B beam line has been completed 
at a bending magnet port at the National Synchrotron Light Source (NSLS). The 
main components of the X6B beamline include premonochromator slits, a double- 
crystal fixed-exit monochromator, a double-focusing mirror, and a six-circle HU- 
BER difiactometcr. With high intensity, high energy resolution, high-q resolution, 
and energy tunability, the X6B beam line has become a versatile facility for a va- 
riety of &&action, scattering, and spectroscopy experiments. 

The monochromator, positioned 9.8 m from the source, consists of two nondis- 
persive silicon (111) or (220) crystals and delivers monochromatic beams with a 
fked o h t  of 1" [l]. The cylindrical rhodium-coated fused silica mirror is located 
12 m from the source (1:l focusing) and is bent to focus the x-ray beam both 
vertically and horizontally. At 1:l focusing, the incident beam with 5.0 mad hor- 
izontal divergence and 0.33 mrad vertical divergence can be focused into a spot 
with a FWHM of 0.65 mm in diameter. A total intensity of 3x10" photons/sec 
was obtained at 8 keV and 1OOmA electron current, and the corresponding area in- 
tensity is nearly three orders of magnitude higher than that of an unfocused beam 
at the same energy. 

The beam line can be operated in either focused beam or unfocused beam 
modes depending on the experimental requirements. With focused beam, many 
experiments have been carried out such as x-ray reflectivity and diffuse scatter- 
ing, surface diffraction, powder diffraction, energy dispersive diffraction, diffraction 
anomalous fine structure (DAFS), and XAFS, while the unfocused beam has been 
used for coherent scattering and dynamical diffraction experiments. We describe 
the x-ray optics and beamline performance, and present selected experimental re- 
sults to demonstrate the flexibility and important features of the X6B beam line 
as a versatile facility. 

This work has been supported by the U.S. Department of Energy (DOE), 
Office of Basic Energy Sciences, Division of Materials Sciences, under contract 
W-31-109-ENG-38. 

[l] M. Ramanathan et  at. these proceedings. 
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New Beamline (BL-28B) for Circularly Polarized 
X-rays at the  Photon Factory 

Toshiaki IWAZUMl , Atsushi KOYAMA and Yoshiharu SAKURAI* 

Photon Factory, National Laboratory for High Energy Physics, 
Oho, Tsukuba, Ibaraki 305, Japan 
*lAERI-RIKEN Spring-8 Project Team, Honkomagome 2-28-8, 
Bunkyo, Tokyo 113, Japan 

In the Photon Factory, there are two insertion devices to 
generate the intense circularly polarized synchrotron radiation, 
EMPW#28 and EMPW#NEI. 
each other on the radiated energy range. Beamlines. NElA2 (6 - 100 keV), NElB (240 - 1500 eV) and 28A (5 - 300 eV), were 
already commissioned in 1991. 

Design and construction of new beamline BL-28B for the 
experiments using the EMPW#28 in the multipole wiggler 
mode were done from the spring of 1991 to Feb. of 1993. 
Designed specifications are as follows; 

Both devices are complementary 

#Photon Energy: 2 - 10 keV. 
#Beam Acceptance: 4.0 mrad(H) x 0.2mrad(V), 
#Pre-Mirror: 18.8 m from source point, 

16 mrad reflection, Pt-coated Si & Ni-coated Si, 
Bent cylinder, Indirect water cooling, 

29.0 m from source point, Fixed exit beam position, 
Several kinds of crystals, Indirect water cooling, 

16 mrad reflection, PI & Ni-coated Si02. Bent plane, 

#Double crystal monochromator: 

#Post-Mirror: 

#Focusing Point: 

Photon beams were successfully transported into the 

30.5 m from source point, 

34.5 m from source point. 

experimental hutch in  15 Feb. '93. 
focusing point in the present stage are as follows: 

Obtained specifications at  

I #Fochsing Size: 2.4 mm(H) x 0.3 mm(V), 
#Photon Flux: 
#Energy Resolution: 2 e V  at 6.3 keV. 
#Degree of Circular Polarization: 

3 x 1010 photons/sec at 9 keV. 

., 
0.46 

All above data 
monoc hromator 

at 8.3 keV, 0.41 at 7.7 keV, 0.30 at 6.5 keV. 

were taken using Pt-coated pre-mirror, Si(220) 
crystals and Pt-coated post-mirror. 

Performance of Beamline 4W1C for X-ray Diffuse Scattering 
Station at Beijing Synchrotron Radiation Facility 

m, W. Zheng, J. Wu, Y. Jing, and G. Liu 
Synchrotron Radiation Laboratory. lrulitute of High Energy Physics, 
P. 0. Box 918, 100039 kijing, P. R. China 

4WIC is a branch of the beamline 4WlB at Beijing Synchrotron Radiation 
Facility"*'1, therein monochromatic X-rays are focused by a bent triangular crystal 
monochromator (horizontally) and cylindrical mirror (vertically) onto the sample 
about 5m far away in the diffuse scattering station. Three different oriented Si 
crystals cut with obliquecut angle 12.16' were located at a distance of 13.8111 from 
the wiggler source to satisfy the Guinier conditionl'l. Focused monochromatic X- 
rays of wavelengths 2.52A, 1.54A, and 0.89A are available by Si(l I I), Si(220) and 
Si(422) crystals respectively. 

During the recent SR dedicated operation of BEPC, the performances of the 
beamline with the bent triangular crystal and the mirror were tested. 

The measured horizontal dimension of the focused beam spot was 1.4mm and 
the maximum photon density reached 2.0X IO' photonslmm'. mA . s  at the sample 
position. Diffraction pattern of the standard Si powder was acquired to check the 
alignment of the 5-circle diffractometer. The interplanar spacings obtained from the 
diffraction pattern fitted to the standard ASTM values with the maximum relative 
error I Ad/d I < 2 x IO'. The resolution of the monochromatic beam was measured 
as 4.3xW through the rocking scanning of a Si(333) crystal. 

The cylindrical mirror, located after the bent triangular crystal to focus the 
beam vertically, is made of AI substrate coated with 500 A PI film and of the size 
of 800x80mm'. The second harmonic X-rays were suppressed to less than 2x  IO-' 
i n  the reflected beam at glancing angle of 0.31 '. Reflectivities of the mirror with 
the 1.54A X-rays were obtained experimentally as 86% and 83% under the incident 
angles of 0.17' and 0.30'. These experimental data are consistent with calculations 
based on the Fresnel formula for the Pt coated mirror with surface roughness of 
20A. Furthermore, the vertical dimension of the focused beam reached as small as 
0.1 mm at the glancing angle of 0.30' as the mirror was curved to cylindroid. 

The beamline 4WIC and attached diffuse scattering station is now being 
prepared to pass acceptance of the state. Recent experiments in  nonspecular X-ray 
scattering from amorphous multilayers, characterization of superlattice structures and 
diffuse X-ray scattering of irradiated crystals will be discussed. 

References: 
111. X. Jiang. Y. Fang, D. Liu, and D. Xian. 
Synchrotron Radiation Applications. (VSTC Press, 199O)PW 
121. Y. ling. S. Xia. Q. Zhang. Y. Zhang. C. Liu. and D. Xian. Rev. Sci. Instrum. 63, 1077(1992) 
131. G. Rosenbaum. and K .  C. Holmes, in $~nrhrofron Rndiofion Research. Chapter 16. Ed. H. 
Winick. and S. Doniach. Plenum Press. New York. 1980. 
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Construction and performance of the beamline NEIB for circularly polarized 
soft x-rays in the TRISTAN Accumulation Ring 

meosh imQ1) .  S. Mutoz), S-Y. Pa@). 1. Wangz). T. Miyaharal), S. Yamamoto 
and H. Kitamurn’) 

1) Photon Facrory, Narional Laboratory for High Energy Physics, Tsukuba. lbaraki 

2) Depnraent of Synchrotron Radiation Science, The Graduate Universiry of Advanced 
305, Japan 

Studies, Tsukuba, lbaraki 305. Japan 

The NEIB has been designed and constructed mainly for research studies on 
circular dichroism (CD) or magnetic circular dichroism (MCD) of various materials 
including biological materials, magnetic thin films and molecules adsorbed on 
surfaces in an energy region of soft x-rays. It serves us with circularly polarized 
synchrotron radiation produced by a helical undulator operation mode of an insertion 
device named “Elliptical Multipole Wiggler #NE1 (EMPW #NEI)” 1). which is a 
combination of a horizontal and a vertical arrays of permanent magnets. The 
commissioning of a hard x-ray branch was already finished *). 

The radiation is firstly deflected into a soft x-ray branch, namely NElB, by a 
water-cooled Sic  plane mirror about 20 m apart from a center of the EMPW#NEI 
and deflected again by a Si@ variably bendable cylindrical mirror about 10 m apart 
from the first mirror, and then introduced into a vertical dispersion grazing incidence 
grating monochromator. It is of the inverse Vodar type with two interchangeable 
gratings with groove densities of I200 lineslmm and 2400 lineslmm. The radius of 
curvature of the gratings is 10.31 m. The monochromatid light is post-focused by a 
toroidal mirror. The focused spot size is approximately 0.2 mm (V) X 0.8 mm (H). 

In order to evaluate the spectral resolution of the monochromator, well-known K- 
edge absorption spectrum of gas phase N2 has been measured with a grating with 
groove density of 1200 lineslmm and with 1Opm-1Opm slit openings. At least five 
vibration structures have been clearly observed. Compared with the results obtained 
at other facilities, the achieved energy resolution may be better than 90 rneV 
(ElAE-4400). Since the ray tracing shows that the achievable spectral resolution 
reaches loo00 in ElAE, the result has not reached the designed resolution. Fmm the 
photoelectron yield of I ,  monitor, the photon flux under the above resolution has 
been evaluated to be about 5x108 photonds. 

We have alread measured the magnetic circular dichroism of Ni, NiJPdl-x, 
Cox/Pdl., and Fex&dt.x alloys in 2p3d excitation region of Ni, Co and Fe. and in 
3p-4d excitation region of Pd, respectively. by detecting total photoelectron yield. 
The results and analysis will be given elsewhere 3). 

A soft x-ray microscope using zone plates has been also performed. Micrographs 
of test patterns and some dry biological specimens has been obtained under the 
spatial resolution of about 130 nm and the optical magnification of about IOOO. The 
results will be also given elsewhere 4). Another microscope, to which magnetic 
circular dichroism is applied, is also under commissioning. Its instrumentation and 
preliminary result will also be given elsewhere 5) .  

References 
1) S. Yamamoto. H. Kawata, H. Kitamura, M. Ando, N. Sakai, and N. Shiotani, 

2) H. Kawata, T. Miyahara, S. Yamamoto, T. Shioya. H. Kitamura, S. Sato, S. 

3) S-Y. Park er al.. in preparation. 
4) J. Wang er al.. in this conference. 
5 )  Y. Kagoshima et a/., in this conference. 

Phys. Rev. Lett. 62,2672(1989). 

Asaoka, N. Kanaya, A. lida. A. Mikuni, M. Sato, T. Iwazumi, Y. Kitajima and 
M. Ando. Rev, Sci. Instrum. 60, 1885(1989). 
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Optical design and performance of fhe inelastic scattering beamline 
at  the National Synchrotron Light Source 

C.-C. Km, K. Hamalainen, M. Krisch, D.P. Siddons, J.B. Hastings, T. Oversluizen 

National Synchrotron Light Source, Bmkhaven National Laboratory 

Upton, New York 11973 

Phase I of the X21 beam‘line at the National Synchrotron Light Source was commissioned 

during 1993. The research program at the X21 beamline is focused on the study of elcc- 

tronic excitations on the scale of 0.1 eV to 1.0 eV. The source is a 27 pole hybrid wig- 

gler. A water-cooled horizontal focusing Si(220) monochromator and a spherically bent 

Si(444) analyzer were installed and commissioned. The monochromator accepts the full 

vertical opening of the beam. 0.25 mad, and 0.5 mrad in the horizontal direction. At 8 

keV, the energy resolution of the monochromator is about 0.7 eV, the focused beam size 

is about O.Zmm(H) x lOmm(V). The photon flux delivered onto the sample is about 2 x 

10 per second at 100 mA ring current. The analyzer is bent to about 1 meter radius 

with an effective diameter of 35 mm. The energy resolution of the analyzer i s  about 0.1 

eV. Several demonstration experiments will also be reported. 

I 1  

* Supported by US DOE under contract #DE-AC02-76CH00016. 
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Conceptional Design of the High Energy Undulator Pilot Beamlinc 
for Macromolecular Crystallography at the Spring-8 

N. Kamiva*', T. Uruga*'. H.  KimuraL', H. Yamaoka'l. Y. Kashihara'', 
M. Yamamoto*', Y. Kawano*', T. Ishikawa*'. H .  Kitamura". T. Ucki*'. 

H,  Iwasaki*', N , Tanaka*', K . Hamada*', H , Moriyama*', K . Mild*' and I .  Tanaka*6. 

*I The Institute of Physical and Chemical Research (RIKEN), Hirosawa 2- 1. Wako 
351-01, Japan. *'Japan Synchrotron Radiation Research Institute, Minatojima-Naka- 
machi, Chuo-ku, Kobe 650, Japan. *'Tokyo Institute of Technology, Nagatsuda 4259. 
Midori-ku, Yokohama 227, Japan, *' Shimane University, Nishikawatsu 1060. Matsue 
690, Japan. *' Kyoto University, Sakyo-ku. Kyoto 606-01, Japan, *6  Hokkaido 
University, Kim 10 Nishi 8. Kita-ku. Sapporo060, Japan. 

Spring-8 (Super Photon ring-8GeV) is a third-generation synchrotron radiation Facility 
of Japan for basic science and advanced technology, and is under construction by the 
JAERI-RIKEN SPring-8 project team at Harima Science Garden City in Hyogo 
prefecture. (Commissioning of the storage ring will be slarted early at 1997.) The 
SPring-8 project team adopted our proposal as one of the two pilot beamlines for 
standardizing the beamline elements. X-ray crystallography of biological macro. 
molecules is a most powerful technique to determine their three-dimensional structures, 
and contributes very much to a recent progress of biology. However, the technique is 
limited now on the complicated process of multiple isomorphous replacement phasing, 
and on the data collections for small crystals lcss than 100 pni or for very hrge 
macromolecules such as ribosomal particles. All of these limitations are due to the 
available energy range of X-rays and its brilliance. The light source of our beaniline is 
an in-vacuum type undulator of magnetic periodicity of 3.2 cm, which emits highly 
brilliant X-rays in the energy range between 9 and 38 keV. One of the most serious 
problems is high heat load up to 5 kW from the light source. The highest power density 
is 300 kW/mrad*. To handle the tremendous power density of the undulator light. 
grazjng incidence diffraction with variable glancing angle will be used for the fust crystal 
of a fixed-exit double crystal monochromator. Compatibility of grazing incidence and 
fixed-exit is achieved by introducing an additional crystal roution axis to the sncalled 
inclined diffraction geometry being developed in APS. To focus the high energy X-rays 
up to 38 keV. two super mirrors (Ovonic Synthetic Materials Co.) will be installed in  
this beamline to get quasi-isotropic and small beam profile of about 100 pm at f a a l  
position. For recording the diffraction patterns of sample crystals. imaging plate (Fuji 
Photo Film Co.) will be used as the X-ray detector in the experimental station. 

A NEW MECHANISM TO BALANCE MOMENT OF INERTIA 
INDUCED IN A COMOMETER AXIS 

Toshiharu Kikuchi. Yasuo Takagi'. Saoshi S&i**. Takeharu Mori***. and Hiroyuki 
Kohzu**** 

Advanced Midcrials and Tcchndogy Rescarch Laboratories. 
Nippm S k l  Corporation. 1618 Ida. Nakahara-tu, Kawasaki 21 1.J.ABiN. 
*Advanced Materials and Technolo Rcscarch Laboratories, Futtsu Branch, 

N i p p  Steel Corporation. 20-1 Sf$nntgmi. FUIISU. Chiba 299-12. JAJ2W 

Nagatsum, Midori-ku, Yokohama 227. M?AiY. 
***Pholon Factory, National Laboratory for High-Energy Physics (KEK). 1-1 Obo. 

Tsukuba 305. JMAN, 
****Kohzu Sciki. Co.. Lid., 2-27-37 Misyuku. Sckigaya-ku. Tokyo 154. 

A new mechanism to balance m n t  of incrtia being gcneratod at a d o n  Center of 
gonimters during its rdation were installed to the 28 axis of the lour-cirele/tripleaxis 
diffncbmctcr, S I N - /  at PF-BWAI) - 3) in order (0 avoid serious mechanical troubles 
such as hunting of motors and wear of gears. and LO increase accuracy of its movements 
and life timc.4) A new m n l .  I-. which is adjustable corresponding to a succcssivc 
change of thc m n t  ( I a i  ) duc to the mion of thc axis was generated. and applied to 
thc axis in 0th Io M a n e  the moment. The system amisls of two pair o f  a scqucncc of 
a wirc. a dirglaccmcnt gauge. a lincarimr. an elcctn)pncumatic contrullcr, and an air- 
cylinder, as described in a flow chart in Figure. The airc is hooked to a Pin fixed onto 
the 28  axis to apply k'a to thc axis by the tension of thc wirc. Thc displaccmcnt gauge 
detects the wire piticm which reflects the 28-axis position. The output vdtagc of the 
mnsw is transformod to thc air cylinder prcssurc appropriate to balance thc valuc of Li 
through the lincarizcr and thc elect~upncumtic amtrollcr. Thc air pressure is finally 
converted to the wire tcnsion. and generate 1.0. The lincarimr function. <; was 
determined and adjusted by calculation. depending on thc weight of the equipments 
mounted on the axis. By this mechanism. 2 8  axis can be scanned as fast as 100"lmin 
when the ILi I as large as 500 Nm. 

**Researc Labomtory of Engincering Matcnals, Tokyo Institute of Technoiogy, 4259 

E7 
1 

[eJ & 
Figure The mechanism of detecting intrinsic moment. an gencraung applied moment. 

REFERENCES 
I )  R Ranasaki. Y T;lkag~. R Nose. 11 Morika\va, S Yamamki. T Kikuchi and S S M  Rev. Stl. 
Inrtrmm.. 63(199W023 
2)Y Takap. T Kikuchi. T Mizulimi. K bwa.wki. S Sa& and T hkni Pboton Factory 

3) Y.  Tokagi. T Kikwhi. T hlizuloni. M Imaluku. S Ss&. and T Mori R e t .  Scl. Instrum.. IO 
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The Naval Research Laboratory's New Hard X-ray Beam Line at the 
National Synchrotron Light Source 

I u w a n d  
SFA Inc., 1401 McCormidc Dr., Landover, MD 20785 

W.T. Elam 
Naval ksurch kboratory, Condensed Matter 

Physics Branch, Washington, DC 20375 

The Naval Reseveh Laboratory is currently redesigning our beam line at the NSLS. 
The energy range of the beam line will bc increased from the present range of 3.5 to 10.5 
keV to a range of 2.5 to 30 keV. The present optical sysrcm will be entirely replaced. The 
current beam line optics include a dynamically-bcnt flat nJrror that vertically collimates the 
synchrotron radiation, a fixed-cxit two-crystal monochromator, and a dynamically-bent 
cylindrical mirror that focuses the light horizontally. l'hcse optics will bc replaced by a two 
flat mirrors configured to give a fucd-exit bcun over grazing incidence angles that may  VU^ 
from IO mrad down to 2.5 mrad. The first mirror of the pair can be dynamically bent to 
either collimate or focus the light vertically. Thc mirror system removes all second and third 
order harmonics for energies above 6 keV. The mirrors will bc followed by a fucd-cxit two- 
crystal monochromator with a sagitally focusing conical second crystal. A conical crystal 
allows the Bragg condition to bc met over a wide horizontal acceptance angle with a f o d  
spot approximately 1 x 1 mm. The horizontal acceptance of the line will bc increased from 6 
mrad 10 18 mrad. The flux is expected to increase by a factor of 10 to 30 due to improved 
mirror surfaces, elimination of the second rcflccting surface, and increased horizontal 
acceptance. The beam line is used for XAFS, diffraction, and DAFS, all of which will benefit 
from the improved focusing, higher flux, and increased energy range. 

On the Use Of Electronic Tilt Sensors as angle encoders for Synchrotron 
Applications 

G. S. Knapa and H. You 

Gary R. Holzhausen 
Applitd Ceomechanics Incorporated. Sanla Cruz, C A  95062' 

The accurate measurement of angles is difficult in the hostile environment in 
which monochromators, mirrors and other beam line components must operate. 
In many cases the angle encoder must be insensitive to high radiation 
environments, may need to be ultrahigh vacuum compatible, should be quite 
sensitive and reproducible, and should have a reasonable time response. We 
have tested some electrolytic tilt sensors produced by Applied Geomechanics 
Inc. These sensors operate on the principle that a bubble, suspended in a liquid- 
filled case is always bisected by the vertical gravity vector. As the case tilts, the 
case moves around the bubble, linearly changing the electrical resistance 
measured through the electrolyte. A pair of f40° sensors, model number 757- 
1122, were tested by mounting them on the Chi circle of a IIuber 4 circle 
diffractometer. The angles were scanned in 1' intervals over a range of 538". 
Under ideal test conditions such detectors have a repeatability and resolution of 
fl arc second. In the Huber tests the resolution was about fl arc second but the 
rrepeatability was about i!j arcsecond after large angle changes. The time for the 
detectors tested to settle to f l  arc second was of order of 10 seconds. The tested 
sensors are high vacuum compatible since they are constructcd from AI, Glass 
and a zirconium silicate ceramic potting compound with Teflon insulated wires. 
They are bakeable to I O O O C .  Such tilt sensors have been tested in high radiation 
environment of 0.08 megarad/hour to a total dose of 9.76 megarads and the 
sensors continued to function normally. The wide angle tilt scnsor discussed 
above may be too slow as a primary angle encoder for a monochromator or 
diffractometer, but for a system run by stepping motors, they would prove quite 
useful as secondary angle encoders. These sensors need not be on or near the 
center of rotation to be accurate. Other models which have bcttcr sensitivity 
would be useful in setting and tuning focusing mirrors. A detector with a rangc 
of f8 mrad is repeatable to 1 pad .  Using a pair of such sensors the angle of a 
mirror could be set to 1 p a d  and bending radius of the mirror could be set to 
about 1%. Other applications will be discussed. 

Materials Science Division, Argonnc National Laboratory, Argonne IL 60439 

Work at Argonne National Laboratory is supported by the US Department of 
Energy, Office of Basic Energy Science, Division of Materials Sciences, under 
contract W-31-109-ENG-38. 
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Bsaml ine BL-27 for Radioact ive M a t e r i a l s  Researches 
a t  t h e  Photon Factory 

Hiroyuki Konishi, Akinari Yokoya, Haruhiko Motohashi and Hideo Ohno 
JAERI-RIKEN Spring-8 Projecr Tennr. Honkoningotire 2-28-8# Bunkyo-ku. Tokyo I IJ.  Jnpnn 

Katsumi Kobayashi 
Photon Fnctory, Nnrionnl Lnborarory for Iligh Energv Physics, Tsukubo. Ibarakr 305. Jnpnn 

We designed and constructed a new beamline, BL-27, at the Photon Factory 
(PF), the National Laboratory for High Energy Physics. This beamline is in full 
operation at present. The aim of construction is to study unsealed radioactive 
materials, to obtain the know-how on design and installation of a beamline and to 
investigate necessary optics and instrumental specifications of the Spring-8 beamline 
for radioactive material researches 

The BL-27 is designed to accept radiation's emitted from a bending magnet. 
The basic design of the front end is similar to those of the conventional type in the PF. 
It is divided into two branch beamlines by means of a water-cooled copper mask. 
One is a soft X-ray [ I  6-6 keV] beamline. BL-27A, which adopts optical focusing 
system with a bent-cylindrical CVD-SIC mirror and an InSb (1 11) flat double-crystal 
monochromator. The first crystal of the monochromator is cooled using a heat pipe 
The BL-27A has two tandem experimental stations. The upstream station is located 
at halhay to the focusing point and available for irradiation in radiation biology 
studies. The downstream station is located at the focus point to be used for 
photoelectron spectroscopy. The other is an X-ray [4-17keV] beamline, BL-27B. I t  
has vacuum-tight Be windows and a Si (1 11) double-crystal monochromator with 
optical focusing system by second-crystal bending (sagittal focusing system). On this 
branch beamline. one can perform absorption spectroscopy and X-ray diffraction 
experiments 

There are new design concepts for the beamline different from those of 
conventional beamlines. Two monitor chambers (RI ports) for an eventual 
radioactive contamination are installed in the ultra high vacuum section. The 
radioactivity of those monitors is checked at regular intervals. To protect the vacuum 
of the beamline in the case of vacuum failure, two additional fast closing valves (FCV) 
are installed in the ultra high vacuum section, and a piece of polyimide thin film 
(Kapton) mounted on SUS wires of 200 meshes is inserted at the upstream end of the 
experimental area of the BL-27A. 

Optics of a high power wiggler beamline at the ESRF 

M. Krumrcy, A. Kvick and W. Schweglc 
European Synchrotron Radiation Facility, B.P. 220. F-38043 Grcnoblc. Francc 

The matcrials scicncc beamlinc ' at the ESRF can provide monochromatic 0; whitc radiation 
in the energy range from 5 up to 100 kcV. The source is a 24 pole wigglcr with a critical 
energy of up to 29 kcV. producing a radiant powcr of 5 kW at 20 mm wiggler gap and a 
storage ring currcnt of 100 mA. This would create an cxtrcmcly high hcat load on thc first 
monochromator crystal if it would bc thc first optical elcmcnt. Dcpcnding on the rcquircd 
photon cncrgy, thc bandpass of thc radiation can bc tailored and thc total powcr rcduccd by 
adjusting the wiggler gap and by using movablc attcnuators and a prcmirror at variablc angle 
which is also uscd for collimating the bcam. 
The premirror is a I m long singlc crystal of Si with PI coating. Thc surfauc is continuously 
monitorcd by a wavcfront sensor and thcrmal dcformations can bc corrcctcd by piczoclcctric 
actuators on thc backside of Ihc mirror? Evcn undcr thcsc conditions thc incidcnt powcr on 
thc monochromator is up to 1.5 kW. 
Thc monochromator is a HASYLAB-type doublc crystal momochromator, using two totally 
indcpendcnt Si (1 1 I )  crystals that arc rotated and translatcd by UHV stcppcr motors. To 
avoid thermal dcformations of the first monochromator crystal, it is coolcd down to liquid 
nitrogcn tcmperature whcrc thc thcrmal cxpansion cocfficcnt of Si is closc to zcro and thc 
thcrmal conductivity is vcry high. The monochromatic bcam is focuscd in thc horizontal pliinc 
by thc sccond monochomator crystal using a sagittal bcndcr and in thc vcrtical plmc by a 
sccond mirror that can bc bcnt using piczoclcctric actuators. Bchind thc sccond mirror, thc 
monochromatic bcam is again horizontal and 20 mm bclow thc orbital planc so that high 
encrgy background can easily bc scparatcd. This is also possiblc for thc whitc bcam rcflectcd 
by both mirrors. 
The paper will present thc gcncral layout as well as thc performance of thc bcamlinc that will 
bc in uscr operation for the matcrials scicncc community from Septcmbcr 1994. 

I .  A. Kvick and M. WulK Rcv. Sci. Instrum. 63, 1073 (1992) 
2. J. Susini. M. Krumrcy. R. Baker and A. Kvick. this confercncc 
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SYNCHROTRON RADIATION INSTRUMENTATIONS '94 

ABSTRACT 

HIGH FLUX AND HIGH RESOLUTION BEAMLINE FOR 
ELLIPTICALLY POLARIZED RADIATION I N  THE VACUUM 

ULTRAVIOLET AND SOFT X-RAY RANGE 

A. Derossie, F.@. M. Piacentini", T. Prosperi', N. Zemas 

@ Consorzio INFM. v ia  Dodecaneso 33. Cenova. Italy 
* lstituto di Chimica dei MaterialiKNR. Montelibretti (Rome). Italy 
5 Istilulo d i  Slrutlura della MateriaKNR via E. Fermi 38 00044 Frascati. 
Italy 
1: Universita di Roma "La Sapienra", Dip. di Energetica. v i a  A. Scarpa 14. 
Roma. Italy 

The dependence  of t h e  optical propert ies  a n d  of t h e  
photoelectrons spectra of magnetic materials on the  photon 
polarization has raised a n  increasing interest in  t h e  use of 
elliptically polarized synchrotron radiation. 
A dedicated beam line with a broad energy range of photons 
and with high flux and a high degree of polarization has been 
designed for the ELETTRA storage ring. 
The beamline exploits the  elliptically polarized radiation 
produced b y  an electromagnetic elliptical wiggler with a 
switching rate of about 50 Hz 111. 
The requirements of covering the photon energy range 5 -  I200  
eV with a resolving power better than 5000 and with a n  
average photons f l u x  of 1x1013 Iphotons/s/O.l% bw]  a r e  
s a t i s f i e d  b y  t w o  i n d i p e n d e n t  s p h e r i c a l  g r a t i n g  
monochromators sharing the entrance and the exit slits. The 
low energy range 5-35 eV is covered by a normal incidence 
monochromator equipped with two holographically corrected 
gratings. The high energy range 30-1200 eV monochromator 
is based on a Padmore-like design 121, without defocusing on 
the fixed exit slits.. The optical elements have been designed 
taking into account the  high thermal load d u e  to the high 
power source. The reduction of the degree of circular 
polarization estimated a t  the  sample is always less than 20% 
with respect  to tha t  a t  the  source, over the en t i re  energy 
range. 

I l l  R P. Walker and D. Diviacco. Rev. Sci. Instrum. 63-1 (1992)  332. 
121H. A.  Padmore. Rev. Sci. Instrum. 60-7 (1989)  1608. 

An ultra-fast mechanical shut ter ing system for  separat ing single 
x-ray pulses f rom a synchroiron 

&n D. LeGrand, Claude Pradervand, and Wilfried Schjldkamp 
Consortium for Advanced Radiation Sources, 

The University of Chicago, Chicago, Illinois 60637 

Dominique Bourgeois and Michael Wulff 
ESRF, Grenoble, France 

We have developed a mechanical shutter system for conducting 
time resolved experiments at the APS and ESRF storage rings which is 
suitable for use with white and monochromatic x-ray beams. The system is 
able to isolate single x-ray pulses from the APS and ESRF when they 
operate in single bunch mode and can provide an experimental trigger 
accurate to within 2 ns of the arrival time of the x-ray pulse. The system 
consists of three components: a slotted rotating disk which opens for 3 ps 
every 2 ms, a fast magnetic shutter which can open and close in less than 
1.5 ms, and dedicated electronics which monitors the arrival of the x-rays 
from the storage ring and the opening of the slotted disk shutter. This 
information is used by the electronics to predict when the opening of 
shutter will coincide with the arrival of an x-ray pulse. When the 
prediction is made the electronics generates an experimental trigger and 
opens the magnetic shutter to allow the x-ray pulse through. 

This system has been tested at both the CESR and the ESRF 
storage rings and has been used to collect Laue data from four crystals: a 
mineral sample, a small organic molecule, and from two forms of the 
protein lysozyme. W e  will present the principles behind the shutter 
system's operation and results from our experimental tests. 
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PLS Bending Magnet X-ray Beamline 3C2 

B.-J. Park, S.-Y. Rah, Y.-J. Park and K.-B.Lee 
Pohang Accelerator Laboratory 

Pohang University of Science a n d  Technology 

The design of the  3C2 beamline at the  Pohang Light Source(PLS) is 
described. The beamline is designed for x-ray scattering studies with x-ray 
photons over an energy range of 4 -12 keV. A Cylindrical Pt-coated silicon 
mirror intercepts a photon beam up to 3 rnrad at a distance of 16 m from a 
source point a n d  focuses the beam sagittally at the  sample position with a 
magnification of 1: l .  For the vertical focussing it will b e  dynamically bent by 
the  mirror holder. A double crystal monochromator of two S i ( l l 1 )  crystals 
with a fixed exit beam geometry provides monochromatic photons a n d  is 
located in front of the experimental hutch to reduce the motion of the  beam 
position. T h e  hutch is equipped with a 6-circle diffractometer a n d  various 
photon detection electronics for x-ray scattering experiments. T h e  future use 
of this beamline for various x-ray scattering experiments is presented. 

A NEW CONCEPTUAL DESIGN FOR THE ANOMALOUS SCATTERING 
BEAMLINE AT THE E.S.R.F 

S. LEOUIEN. L. GOIRAND. F. LESIMPLE 
E.S.R.F, B.P 220, F-38043 GRENOBLE. FRANCE 

The tunability of synchrotron radiation allows anomalous scattering techniques to be 
easily applied to the study of atomic arrangements in the area of materials science. 
The ESRF will construct a public beamline which will combine anomalous 
dispersion and mainly diffuse scattering. The two original features of this beamline 
are that SAXS and WAXS experiments might be carried out on the same 
spectrometer without moving the sample and also under vacuum. 

An insertion device (ID) with a 46 pole wiggler of critical energy Q = 17.4 keV and 
a maximum deflection parameter K = 4.7 has been chosen. It is optimized to give the 
maximum integrated flux over the continuous energy range specification. Because 
the power of a wiggler ID is proponional to K, this low-K choice allows to reduce as 
much as possible the heat load problem (P = 2.1 kW for a nominal current of 
100 mA) and reaches an undulator regime if the gap is set to large values. 

The optics will consist of two mirrors located before and after a double-crystal 
monochromator. This arrangement provides a fixed-exit monochromatic beam and 
allows to maintain the focal spot constant during energy tuning. The x-ray fan will 
be vertically reflected by Si-premirror. It will make the beam almost parallel in order 
to match the vertical divergence to the acceptance of the first flat Si monochromator. 
These two first optical elements will be liquid nitrogen cooled. The full horizontal 
divergence of the source will be accepted by the second Si crystal which will 
sagittally focus. Finally meridional focusing will be achieved by the second Si- 
mirror which will also be used to reject the harmonics. The mirror surfaces will be 
composed of three tracks corresponding to (i)  uncoated. (ii) Rh  coated and (iii) PI 
coated i n  order to cover the 235 keV energy range just by translating the mirrors. 
The Si crystals will have the orientations ( I  I I ) ,  (31 1)  or (SI 1 )  depending on the 
working energy. 

Diffuse scattering being generally weak conipwcd to Bragg diffraction, experiments 
will be performed in an evacuable hutch (p = 5 lO-3Torr) i n  order to decrease the 
background to the lowest possible level. With the same aim beryllium windows will 
be removed although air scattering is in fact up to now one of the limitations in  
diffuse scattering experiments. Anyway this is necessary to work iit low energies. i.e 
below 5 keV. The insulation froni the storage ring will be assured by differential 
pumping stages and valves. 

A 6-circle diffractometer will be set up in this evacuable hutch to perform scattering 
experiments either in  the vertical scattering plane or  in  the horizontal one. An 
analyzer assembly will be niounted on the detector arm to provide high-Q resolution 
when necessary. Si, Ge or HOPG crystal analyzers will be available. Single or ID 
detectors are planned to be used in connection with the analyzer. 

For the SAXS measurements. a movable 2D detector will be mounted in a tube 5 ni 

long. It will be possible to move the detector close to the sample (d 3 0.5 m) to allow 
diffraction experiments at high energy. With these conditions a 10-2 A-1 lower limit 
can be reached for the Q value whatever the incident energy. 

The conceptual design including ID, ray-tracing studies and layout of the beamline 
will be presented. 
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. I  A new kind of UHV Piezotranslator. 

Vacuum Testr of a Beamline Front End Mock-up at  lhe Advanced Photon Source' 

C. Liu. R. W. Nielsen, T. L. b y ,  D. Shu, and T. M. Kuzay 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Laboratory 
Argonne. IL 60439 

ABSTRACT 

A mock-up has +n constructed to test the functioning and performance of the 
Advanced Photon Source (APS) front ends. The mock-up consists of all components of 
the APS insertion-device beamline front end with a differential pumping system. Primary 
vacuum tests have bccn performed and compared with finite element vacuum 
calculations. Prcssure distribution mcasurcmcnts using controlled lcaks dcmonstrate a 
better than four decades of pressure difference hctwccn the two ends of the mock-up. 
The measured pressure profiles are consistent with rcsults ol  finite element analyses of 
the system. The salcty-control systems are also tested. A closing time of -20 ms for the 
photon shutter and -12 ms (?) Cor the fast closing valve have bcen obtained. Experiments 
are in process for shock-wave flight time measurements. 

F. Mazzolini, C. Fava, F. De Bona. Sandrin, c., Carnbitta, C. 
Sincrotrone Trieste, Scientific Division 

. 

A new kind of UHV compatible micro displacement actuator has been 
developed. It is based on a piezoelectric translator bakeable up to  150 "C, 
encapsulated in a stainless steel housing. A metal bellows allows the 
movement of the actuator and it gives a suitable preload to compensate 
the vacuum load. 

This new actuator has a very low outgassing rate, due to  the external 
stainless steel surface of the casing and to  the UHV electrical 
feedthrough. The mechanical characteristics (resolution, load capability, 
stiffness) are similar t o  that available with standard not UHV compatible 

piezos. 
This new kind of UHV compatible micro displacement actuator can be used 
in a UHV environment without any remarkable effect on the Ultra High 

Vacuum. The vacuum t e s t  and the accuracy test in UHV have been 

performed and will be detailed reported. 

*Work supported by the U. S. Department of Energy BES Materials Science under 
contract W-31-109-ENG-38. 
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Virtual Threaded Language (VTL): 
A Scientist's Computer Language for Instrument Control 

D.B.McCm. K.P,Pflibsen. A.J.Goetq 
EODC, Kaman Aerospace Corporation, Tucson, AZ 

Until the standard operating modes of modem beam-lines have been determined. there is a 
need for a very flexible computer control system that permits ad-hoc experimentation and 
quickly programmed opaating sequences. A completely interactive computer system that 
can control evay  aspect of bcam steering, mirror surface control, monachmeter 
wavelength tuning, and loop control beam sensors is desirable. 

Such a development environment is described that offers scientists intuitive and interactive 
control of laboratory instruments. It presents a threaded language environment whose 
syntax closely parallels the HP-48 calculator languages. The language offers a variety of 
abstract data types such as lists, tables, arrays, etc., as well as simple numeric types. 
Underlying the user level is an easily extended object-oriented C+t  core in which working 
high-level prototype code can be recast for speed and then continue to be called from the 
user level as a new primitve of the language. This permits indefinite extensibility as well as 
speed and fully interactive control. 

The use of Vn, to construct an advanced third-generation beam-line control system is 
described with block diagrams displaying the computer control network architecture. Short 
code excerpts arc presented that demonstrate the advantages of a completely interactive 
instrument diagnositic and debugging capability for real-time debugging without resorting 
to conventional breakpoint debugging that would otherwise interfere with overall system 
performance. 

Tide: Six DOF Hexapod Actuation System for Beam Control Mirrors 

Patrick McMiUin Todd Baker, Britt Be 
EODc. Kaman Aerosiace Corporation, Tuczn, AZ 

An external actuation control system for positioning a grazing incidence mirmr mounted in an 
ultra-high vacuum chamber is described. The support system, given the name HEXAPOD is a 
heavily coupled, kinematic arrangement of six telescoping actuators in parallel which provide 
high stiffness and minimal hysteresis. The experimenter has remote control of the actuation of 
the mirror and chamber over translation in any axis of up IO f 8 cm and rotation about any axis 
of up IO f 9 deg. These ranges and motions are obtained with micron and microradian 
accuracies in a stable system exhibiting first mode resonant frequencies over 50 Hz. The 
system eliminates the need for large volume vacuum chambers and high vacuum qualified 
moving parts. 

. '  
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PERFORMANCE OF THE XUV HIGH RESOLUTION 
UNDULATOR BEAMLINE BW3 AT HASYLAB: FIRST 
RESULTS AND TIME-OF-FLIGHT SPECTROSCOPY 

0. BjGrncholrn, E Federmann, A. Bcullcr', E F&slng', C Larsson, U. Hahn, 
A. Neck, and T. MGllcr 

Hamburger Synchrotronstrahlungslnbor l&&YLAB at Deulsches 
Elehnensynchrotron DESY 22607 Hamburg, A'orkeslr. 85,  FR Germany 

'II. Imtfiir  Erperimenlnlphysik, Unlversfiril Hamburg, Luruper Chaussee 149, 
22761 Hamburg FR Germany 

The XUV-heamlinc BW3 at Hasylab is a sbtc of ihc art bcamlinc for thc cncrgy 

rangc 15-2000 CV which consis& of a triplc undulator cquippcd with a modificd 

high-flux SX-700 plane grating monochromator (1.21. Thc first three optical 
clcmcnts of thc bcamlinc arc madc of graphite coatcd with Sic to withstand thc high 

hcstload at the 4.5 GeV storage ring DORIS 111. Exccllent spclral resolution of the 

ordcr of IO' at thc nitrogcn K-cdgc at 4(Kl cV is ohtaincd hy rcplacing thc clliplical 

focusing mirror of thc original SX-700 dcsign 131 by a sphcrical mirror with vcry 

small tangent errors and with a largc focal lcngth in ordcr to suppress sphcrical 

ahcrrations. In thc encrgy rangc 50 -1700cV a photon flux of 10"- 1O"k is ohlaincd 

in a band pass of 0.1%. Photoionisation and photocmission mcasurcmcnk on atoms. 
molcculcs and cluslcrs making usc of timc-of-flight lcchniqucs dcmonstratc thc 

cxccllcnt prformancc of the beamlinc [4]. The limc struclurc of DORIS 111 (192 

-96011s bunch distance ) can be dircclly used for the dctcrmination of the mass of 
photoions with a vcry short timc-of-flight mass spcctromctcr up to 2000 amu. This 

fcaturc opcns up a ncw ficld for !he study of cluslcrs. 

[ 1 J R. Rciningcr, V Saile, Nucl. Instr. Mcth. A 288,343 (1990) 
121 C.U.S. Larsson, A. Bcutlcr, 0. Bjorncholm, E Fcdcrmann, U. Hahn, A. Ricck, 

131 H. Petersen, Opl. Cbmmun. 4 4  402(1982) 
[4]E Fedcrmann, 0. Bjorneholm, A. Bcutler, T. Mollcr, to he published 

S.Vcrbin, '1: Mollcr, Nucl. Instr. Mcth. A 337 (1994) 

A Protein crystallography beamline for. ~ 

Multiwavelength Anomalous Dispersion 
at the SRS Daresbury. 

S.M.McSweeney, S.G.Buffey, P.A.Atkinson, E.M.H.Duke, 
C.Nave, A.Gonzales, A.THompson and S.HKinder. 

Abstract 
A hamline has been developed fur multiwavelength anumaluu> 

dispersion on the SRS wiggler1 d l  Damsbury The instrumentdtiun 
cunsists of a tumidal hxussing mirror, a channel cut double crystal 
munochrumahir and an on line image plate detectur Siftware has 
been developed which allowsautomatic collection t i1  multiwavelength 
diffraction data. This paper will deal wilh the design of the beamline 
fur operation in multiwavelength mide Examplw of the bedmhne's 
perfurmance will be drawn fnim rccent successful MAD experiment> 
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Thermo-Mechanical Analysis of the White Beam Slits for 
an Undulator Beamline at the Advanced Photon Source' 

H. I,. Thomas Nian, D. Shu, and Tuncer M. Kuzay 
Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL GO439 

A set of precision horizontal and vertical white beam slits has been designed for 
ail uiidulator beamline at  Advanced Plioton Source (AI'S). Due to the powerful x.ray heat 
f l u x  emitted by the undulator. i t  is difficult to control the tlicrnml distortion at the desired 
raiigc of 1-2 microns. We analyzed many conceptual designs in  an attempt to niiliitilize tile 
tlivriiial distortion of the slits. The grazing incidence angle was fixed at  2.5' dur to liiiiitcd 
spaw, Even with 1.nim.thick 10tv.Z material (graphite) coated on the heating surface of lllc 
sl i t ,  the niaxiniuni thermal distortion is over 25 microns. A threc-piece slit was dc~sigiictl 
~IIHI consists of one large block. two tungsten knife edges, and an OFIIC coolillg lul)c (lillrd 
with copper mesh) brazed insidr the large block. Both TZM (vacuum arc-cast molybdrnunv 
O..-)'% titaniiim-O.I% zirconium alloy) and tungsten were considered for the blork material. 
Tlir tlicriiial distortiotl a t  the knife edge of this three-piece slit has a maximum dcflrctioli 
of Iw than 3 microns. 

With a heat transfer cocficicnt, 11=2&, the maximum temperature of thr largr 
block is about 380°C if tungatrn is used, and about 425OC if TZM is used. Uccausr. at 
t l ir \r  t(viiperatures, tiingstei~ will start annealing. we have decided to use TZXI. 

The calculation shows that increasing the 11 (convective lieat transfrr coefficient) 
from 1 to 2 & will not only reduce the interface (betwecn the TZhl blork and 
the OFItC tube) temperature from 191°C to 138°C (which keeps the 0I:IIC from aniical. 
iiig and helps to retain its yirld strength), bu t  it will also reduce the thermal distortioii 
froiii 110 microns to 90 microns. Enhanced heat transfer technology was  used to increase 
tlir convective heat transfer cocficicnt from 1 & to about 2.3 for the OFllC tu lw.  

"l'his work W L ~  supported by the US. Deparlmenl of Energy. BES-hlalerials Scirncc. under contract 
W-31.109-Eng38 

LDL-35574 

A beamline for macromolecular crystallography 
at the ALS 

H. A. Padmore, T. Earnest, S-h Kim, A. C. Thompson and A. Robinson 

Advanced Light Source 
Lawrence Berkeley Laboratory 

Berkeley, CA 94720 

A beamline for macromolecular crystallography has been designed for the ALS. The 
source will be a 37 pole, 2 T multipole wiggler and it  will feed three beamlines, each 
receiving a horizontal angular width of up  to 3 mrads of radiation. The central 
beamline will primarily be used for multiple wavelen th anomalous dispersion (MAD) 
measurements in the wavelength range from 4 to 0.9 . A rapid scanning double plane 
crystal monochromator will be used, and will be preceded by a vertically collimating 
mirror and followed by a toroidal refocusing mirror. This arrangement will allow the 
system to operate at high energy resolution at full vertical aperture, and in addition 
gives a simple mechanism for changing to a focused Laue mode of operation. The side 
stations will be used primarily for fixed wavelength crystallography in the range from 
1.5 to 0.95 A. They will be essentially identical, each consisting of a vertically focusing 
mirror followed by an asymmetrically cut curved crystal monochromator. This system 
will be arranged to allow coupled crystal rotation and bending as well as sample stage 
and detector rotation and translation, thus giving a limited MAD capability. Details of 
the mechanical and optical arrangements will be presented. 

This arrangement, in which we will use beam compressing crystal optics for the side 
stations, is dictated by the optical properties of the multipole wiggler source, for which 
the apparent optical source size is a strong function of the source depth and aperture 
position. We have studied these effects using phase space descriptions of the source, 
and used the same methods to fully optimize the optical systems. We will also present 
a comparison of presently operating and planned crystallography beamlines with the 
ALS using phase space techniques to calculate the expected flux accepted by typical 
protein crystals. 

1 

"his  work was supported by the Director, Office of Energy Rescarch. Office of Basic Energy Sciences, 
Materials Sciences Division. of the US. Department of Energy, under Contract No. DE-ACOJ-76SF00098. 
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SR BEAMLINES AT THE VEPP-4 - 8 GEV STORAGE R I N G  

Panchenko V. E. 

I n s t i t u t e  of Nuclear  Phys ic s .  
630090 Novos ib i r sk  , Runsi a 

The r e p o r t  1 %  devo ted  to  t h e  complex of t h e  SR 
beaml inen  which a r c  now bciriy p r o j e c t e d  and m a d e  for a 
N(I ) s e m i - r i n g  of  t h e  VEPP-J s t o r a g e  r i n g .  The complex  
c o n s i s t s  of t h e  be rml ines  themse lves :  t h e  c o n t r o l ,  
i n t e r l o c k  and  s i g n a l l i n g  s i s t e m  ( C I S )  of t h e  
beaml ines  and expe r imor~ tn l  s t a t i o n s :  s h i e l d i n g  
a r r angemen t s  and s t r u c t u r e s .  T h e r e  is d e t a i l e d  
dr-\r r i p t l o n  of the complex geometry .  t h e  e l o c t r o n  
o rb i t  s e c t i o n s  which are  conce rned  w i t h  t h e  SR 
complex, a s t r u c t t ~ ~  e of beaml ines .  t h e i r  vacuum 
s y s t e m ,  f u n c l i o n a l  and c o n s t  r u c t  i o n a l  pocul i ar i ties of 
a l l  t h e  e l e m e n t s  of  beaml ine r .  r h a p l n g  of SR b e a m s  f o r  
heaml ines ,  collimstlon of bremss t r r rh lung  and  showers .  
t h e  f o r c e d  f i l l i . a t i o n  of SR beams by  b e r y l l i u m  foils 
which d i v i d e  t h e  vacuum volumes of s t o r n g o  r i n g  and  
b a m l  i nos, coup1 1 ng of b e a m 1  i n o s  w i  t h  oxpor i  montal  
s t a t i o n s .  and  r equ i r emen t s  to  r a d i a t l o n  s h i e l d i n g  o f  
s t a t i o n s .  P a r t i c u l a l  a t t e n t i o n  is  g i v e n  to  r a d i a t i o n  
s h u t t e r s  f o r  an o p e r a t i v e  " i n l e r c e p t "  o f  SR beams. 
Var ious  r a d i a t i o n  f a c t o r s  and  o r i g i n  of them a r e  
d e s c r i b e d  i n  d o t a l l .  Techn ica l  a n d  o rga r i l z ing  a s p e c t s  
of r a d i a t l o n  s a f e t y  a s  w e l l  a s  g u a r a n t e e i n g  of  t h o  
l a s t  by  means of t h e  C I S  a r e  d i s c u s s e d .  The e f f e c t i v e  
sizes of  t h e  SR s o u r c e s  v s  an az imuth  a r e  p r e s e n t e d .  
Unavoi dab1 e compl 1 a t i  o n s  as  w e 1  1 as  c o n t r i  b u t i  on  t o  
t h e  w o r t  of each  o f  t h e  r e s e a r c h e l - s .  d e s i g n e r s .  
e n g i n e e r s  and  l a b o r a t o r y  a s s i s t e n t s  a r e  c a r e f u l l y  
ment i oned 

Design of an X-ray Beamline on a Bending Magnet at the E.S.R.F. for 
Magnetic and High Resolution Diffraction 

We propose constructing a bending magnet station at the ESRF for . -  investigations of 

magnetic St~cture, magnetic and S t N C b d  phase transitions and critical phenomena, 
etc. principally through work on single crystals. The general requirement is for a design 
able to deliver: high flux onto the sample; a compact focal spot on the sample often 
available, only as very small crystals; high wavevector and energy resolution; usable 
flux in the 3-4 keV range and an upper limit of 15 keV; capability for polarisation 
analysis. 

~ 

Two designs are compared and contrasted. The first comprises a toroidal mirror, 
formed by bending a straight cylinder, followed by a fixed exit monochromator formed 
from a pair of flat silicon crystals. The mirror approximates to an ellipsoid to provide 
1:l focusing. The second consists of two paraboloidal mirrors sandwiching the 
monochromator. The mirrors, which are bent straight sectored cones ensure that a 
truly parallel beam is incident upon the monochromator and then focused by the 
second mirror. This second design, which has not been implemented elsewhere, offers 
higher energy resolution at the expense of some complication. 

In addition to the choice of beamline optics the ESRF bending magnet source can be 
viewed at either its "soft' or "hard" end, the two critical energies being 9.6 and 
19. I keV respectively. 

This paper reviews the advantages and disadvantages of the options for magnetic high 
resolution x-ray diffraction and vindicates the chosen design. 
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High-Brightness Beamline for X-Ray Spectroscopy at the Advanced 
Light Source 

&CL&um and G. Jones 
Advanced Light Source, 

Lawrence Berkeley Laboratory, 
Berkeley, CA 94720 

D. W. Lindle, 
Department of Chemistry, 

University of Nevada, Las Vegas, 
Las Vegas, NV 89154-4003 

Beamline 9.3.1 at  the Advanced Light Source (ALS) is a windowless beamline, 
covering the 1-6 keV photonenergy range, designed to achieve the goals of 
high energy resolution, high flux, and high brightness at the sample. When 
completed later this year, it will be the first ALS monochromatic hard-x-ray . 
beamline, and its brightness will be an order-of-magnitude higher than 
presently available in this energy range. In addition, it will provide flux and 
resolution comparable to any other beamline now in operation. To achieve 
these goals, two technical improvements, relative to existing x-ray beamlines, 
have been incorporated. First, a somewhat novel optical design for x-rays, in 
which matched toroidal mirrors are positioned before and after the double- 
crystal monochromator, was adopted. This configuration allows for high 
resolution by passing a collimated beam through the monochromator, and 
for high brightness by focussing the ALS source on the sample with unit 
magnification. Second, a new "Cow an type" double-crystal monochromator 
based on the design1.2 used at NSLS Beamline X-24A has been developed. 
The measured mechanical precision of this new monochromator shows 
significant improvement over existing designs, without using positional 
feedback available with piezoelectric devices. Such precision is essential 
because of the high brightness of the radiation and the long distance (12 m) 
from the source (sample) to the collimating (focusing) mirror. This 
combination of features will provide a bright, high resolution, and stable x- 
ray beam for use in the x-ray spectroscopy program at the A S .  

References: 
1. 

2. 
Meth. 208,349 (1983). 

This work is supported by U.S. DOE under Contract No. DE-AC03-76SF00098. 

J.A. Golovchenko, R.A. Levesque and P.L Cowan, Rev. Sci. Instr. 52, 

P.L. Cowan, J.B. IIastings, T. Jach, and JP .  Kirkland, Nucl. Instr. and 
509 (1981). 
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Design and Performance of the ALS Double-Crystal 
Monochromator 

G. Jones', S. Ryce', D. W. Lindlew, B.A. Karlin+, J.C. Woicike, and 
R. C. C. P e m *  

'Advanced Light Source,Lawrence Berkeley Laboratory, 
Berkeley, CA 94720 

"Department of Chemistry, University of Nevada, Las Vegas, 
Las Vegas, NV, 89154 

+National Synchrotron Light Source, Brookhaven National Laboratory, 
Upton, NY 11973 

@National Institute of Standard and Technology, 
Caithersburg, MD 20899 

A working double-crystal monochromator based on the boomerang 
design's2 used at NSLS Beamline X-24A has been developed for the 
beamline 9.3.1 at the ALS, a windowless UHV beamline covering the 1- 
6 keV photon energy range, designed to achieve the goals of high 
energy resolution, high flux, and high brightness a t  the sample. We 
have simplified the mechanical design and included recent 
improvements in technology. The measured mechanical precision of 
this new "Cowan type" monochromator shows significant 
improvement over existing designs, without using positional feedback 
available with piezoelectric devices. Such precision is essential because 
of the high brightness of the radiation and the long distance (12 m) 
from the source (sample) to the collimating (focusing) mirror. This 
monochromator will provide a bright, high resolution, and stable x-ray 
beam for use in the x-ray spectroscopy program at the A U .  

References: 
1. 
52,509 (1981). 
2. 
and Meth. 208,349 (1983). 

J.A. Golovchenko, R.A. Levesque and P.L Cowan, Rev. Sci. Instr. 

P.L. Cowan, J.B. Hastings, T. Jach, and J.P. Kirkland, Nucl. Instr. 

This work is supported by US. DOE under Contract No. DE-AC03-76SF00098. 
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ABSTRACT 

THE HERP BEAM LINE 

C. Quaresimas,  P. Perfettis. C. Ottavianis, M. Capozis. S. 
Rinaldis. M. Matteuccis. C. Crottis, A. Antoninis, 
K. Prince@, A. Savoiae. C. Astaldie'. M. Zacchignae 

5 Islituto di Struttura delia MalerialCNR via E. Fermi 38 00044 Frascati. 
Italy. 
@ Sincrotrone Triesle, Padriciano 99. 340 12 Triesle. Italy. 

The Italian beamline HERP (High Energy Resolution Beamline 
for V U V  and Soft X-ray Ehotoemission Spectroscopy) is now 
under commissioning a t  the Trieste storage ring ELETTRA. 
The beamline optics is designed following the well tested, high 
resolution and high flux, DRAGON scheme. 
The line collect t h e  central portion of the radiation emit ted 
from a 12.5 c m  period undulator, which gives a n  usable 
photons energy range from 15 eV to 800 eV. The radiation 
emit ted from t h e  undulator  is focused, in the  dispersion 
direction, onto the  cooled entrance slit via a Kirkpatrick-Baez 
pre  optics. Three,  type  I V ,  holographic, spherical gratings 
diffract the radiation in the  60-800 eV photon energy range 
with an included angle of 173', while two other. type  IV, 
holographic, spherical gratings cover the photons energy range 
15-120 eV wi th  a n  included angle of 160'. Optimum focus 
condition is maintained wi th  the use of a moveable exit slit. 
After the exit slit a last mirror, with a toroidal shape, focuses 
the vadiation onto the sample. The achievable resolving power 
is more than 10000 in all the  range with a n  average photon 
flux of 1014  photons/Is 0.1 X bw]. The experimental chamber is 
a commercial station equipped with two electron analyzers to 
perform angle integrated and angle resolved photoemission 
experiments. We will present and discuss the first test results 
obtained with t h e  HERP beamline. 

Bending magnet VUV beamline 28 at PLS 

S.-Y.Rah, T.-H.Kang, Y.Chung, B.Kim and K.-B.Lee 
Pohang Accelerator Laboratory ' 

Pohang University of Science and Technology 

A bending magnet VUV bemline with two branches, SGM(2Bl) and 
NIM(2B2), at Pohang Light Source(PLS) is described. The SGM branch, 
designed for photoemission spectroscopy, accepts photon beam 10 mrad 
horizontally and 2 mrad vertically. The condensing system composed of 
horizontal and vertical mirrors focus the beam at the sample position and at 
the entrance slit,respectively. The grating chamber houses 5 gratings to cover 
photon range of 10 eV to 1230 eV. The monochromator employs a fixed 
entrance slit and a movable exit slit to satisfy focusing conditions. The 
beamline is designed to obtain the resolution of 4,000 - 10,000 in 10 eV - 225 
eV region and 3,000 - 5,000 in 170 - 1230 eV region. The NIM branch is 
designed for gas-phase experiments with 2 eV - 30 eV photons. A spherical 
grating monochromator to be installed in a standard 3 m normal incident, 
off-Rowland circle mount. The focusing to the entrance slit is done by a mirror 
system composed of a plane mirror, a spherical mirror and a toroidal mirror. 
The dispersed photon beam will be refocused by a toroidal mirror at the 
sample position. A gas-phase experimental station, equipped with differential 
pumping stages and diagnostic instruments, is to be installed. 

TuD5 3 TuD5 4 



A VERSATILE DOUBLE CRYSTAL FIXED EXIT MONOCHROMATOR 

-, and Pedro A. Montano 
Materials Science Division, Argonne National Laboratory 

9700 S. Cass Ave, Argonne, IL 60439 

FOR X-RAY SYNCHROTRON RADIATION 

The Materials Science Division at  Argonne National Laboratory has a 
multipurpose X-ray beam line (X6B) at the NSLS x-ray ring facility at Brookhaven 
National Laboratory. The beam line was built to accommodate a wide range of 
experiments from scattering to specmscopy. With this goal in mind a versatile 
monochromator system was designed and built for the X6B beam line. The 
monochromator consists of of the same type. The 
monochromator covers a wide angular range from 58 to 5.1 degrees which is 
equivalent to an energy range of 2.3 to 22 keV with Sic1 1 I >  crystals. For the full 
angular range, a constant offset of 1 inch is maintained between incident white 
radiation and the exiting monochromatic radiation. The monochromator employs a 
simple mechanism, where both crystals are rotated by a single drive mechanism and 
the fint crystal is translated along the direction of the radiation such that center of the 
first crystal is always at the center of the beam. The translation is accomplished by a 
mechanical link. The first crystal is 1 inch long while the second crystal is 5 inches in 
length. The Bragg diffracted beam from the first crystal walks on the second crystal, 
however the exit beam is at a fixed offset from the incident beam. The energy tuning 
is  obtained with a single stepping motor driving the rotary stage of the 
monochromator. The second crystal has two vacuum inchworm and a PiST device for 
alignment. The monochromator is housed inside a stainless steel vacuum chamber 
and is curnntly operating in high vacuum environment. All the drive mechanism are 
located inside the vacuum system with the exception of the stepping motor, which is 
connected through a vacuum feed through to the drive mechanism. The 
monochromator is capable of accepting an horizontal span of 5.5 mrads of radiation. 
Due to the heat load from the synchrotron radiation the fint monochromator crystal is ' 
water cooled. A complete characterization of the monochromator has been performed. 
For a typical x-ray absorption energy scan (over a range of 1.5 keV) one needs to 
move only the stepping motor. The parallelism between the two crystals is maintained 
well within the rocking curves over a very large range of energy (typically IO keV). A 
feedback system is not required to run this monochromator. Data can also be taken 
during the motion of the monochromator, thereby acquiring a complete EXAFS 
spectra in a matter of about 20 seconds. 

two separate crystals 

Work at Argonne National Laboratory is supported by the US Department of Energy 
(DOE), Office of Basic Energy Sciences, Division of Material Sciences, under 
contract W-3 1-109-ENG-38. 

Spectroscopy beamline for the photon energy region from 0.5 to 3 keV at the 
Advanced Photon Source. 

K.J. Randall. E. Gluskin, 2. Xu 

Advanced Photon Source, Argonnc National Laboratory, 
9700 S. Cass Ave, Argonne, lL60439 

Interest in thc 0.5 to 3 kcV, intermediate x-ray. cncrgy region has recently intensificd as 

this spectral region covers. among othcrs. thc important L and M edges of transition metal 
and rare earth magnetic materials, rcspcctively. Third generation synchrotron facilities 
with their inhercnt high brightness have thc uniquc potcntial to cover this energy rcgion 
with high resolution. high flux x-ray beams ideal for spectroscopic studies. A 5.5 cm 
period. planar undulator to bc installcd on the 7 GcV Advanced Photon Source will 
produce a high brightness source of intermediate energy X-rays. The 0.5 to 3 keV 
spectroscopy bcamlinc is based on the Spherical Grating Monochromator design which 
has already bccn shown to yield high resolution and throughput in the soft X-ray region, 

below 1 keV. The beamline has becn designed to covcr the entire region with a peak 

resolving power of 6OOO to 1oooO. Photon Flux at the samplc is calculated to be in the 
range from IO" to IO" photondsccond into a spot six of 1 mm'. A refocussing mirror 
will bc used to further demagnify the image siu: at a second experimental station. As a 
second phase to the spectroscopy program, an elliptically polarized insertion device will be 

used. The polarization preserving nature of the grazing incidcnce optical elcmcnts in the 
SGM is crucial to obtain X-rays of well dcfincd polarization. The beamline layout, 
together with calculations of resolution, throughput, power loading and high harmonic 
suppression will be presented. The photoemission experinicntal station, UHV goniometer 
and UHV polarimctcr designed specifically for the spectroscopy station will also be 

described. 

This research was supported by the U.S. Departiiicrnt of Energy. BES Materials Sciences 
under contract #W-31-109-ENG.38 

TuD55 TuD5 6 



.. 
~- .. 
.. Control of six degree-of-freedom parallel manipulators for 

synchrotron radiaff on applications 

P. Fajardo. Y.Rev-Bakaikoa 
European Synchrotron Radiation Facility, B.P. 220,38043 Grcnoblc Cedcx.Francc 

ABSTRACT 

This high pmision parallcl manipulator is a well adaptcd support for optical instru- 
mentation in synchrotron radiation bcamlincs. It consists of a single moving clc- 
mcnt that obtain its six dcgrccs of frccdom from the combincd movcmcnt of six 
indcpcndcnt actuators. This arrangcmcnt offcrs ncw control possibilitics, together 
with fcwcr constraints for instrument mounting and alignrncnt. Control of this kind 
of manipulator rcquircs a spccial approach in ordcr to cxploit its full capabilities 
whilc kccping a rcasonablc simplicity of opcration. 

In this papcr wc pmscnt thc dctails of the control proccdurc and asociatcd software 
package. Spccial cmphasis is given to thc gcomctry: dcfinition and ability to follow 
smooth trajcctorics, optimizcd calculations and spccial intcrface fcaturcs like thc 
possibility of dcfining virtual axcs: logical motors associatcd with any particular ro- 
tation or translation of the instrument. By dcfining adquatc virtual axcs it is now 
simplc to C X C C U ~ C  scqucncc of movcmcnts that wcrc difficult with scrial manipula- 
tors. Thc program includes spccial help for thc alignmcnt and calibration proccss 
and global instrumcnt sccurity features. It was written in a modular way, so that it 
can be casily adaptcd to different geometries. motor controllcrs and othcr sitc-dc- 
pcndcnt parameters. 

At prcscnt three ESRF bcamlincs have installed and uscd thcsc programs and 
around ten new installations arc foreseen. 
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Performance of the IRC SEXAFS beamline at Daresbury SRS 

A.W.Robinson. S. DAddatol. P. Finetti, V. R. Dhanak and G.,Thornton2 

Surfaoe science Research Centre, University of Lifepool, P. 0. Box 147, LiV8pOOI 
L69 3BX, UK. 

' Presenf address: Dipartimenlo di Fisica, Universifa di Modena, lfaty. 
Also: Deparlmenf of Chemisfty, Universify of Manchester, Manchesfer M13 9PL, 

UK. 

We report on the performance of a new beamline, designated BC 4.2 at the SRS 
Daresbury laboratory UK, which forms a part of a dedicated research facility for the 
Interdisciplinary Research Centre for Surface Science (IRC). The beamline covers the 
energy range belween 1 and 10 keV using a double crystal monochromalor. A novel 
feature is the use of a premirror system in which the energy cutoff is changed by 
selecting differenl optical coatings on the plane mirror and the sagittal focusing 
cylindrical mirror [1,2]. In this reporl the design paramelers and layout of the 
beamline will be reviewed. The performance of the beamline Is Illustrated by reference 
to a NEXAFS study of thiophenecarboxylic acid on Cu(ll0) and a SEXAFS study of 
Ni (  11 O)c(2x2)S. 

NEXAFS dala indicale a resolution of 1 eV at a pholon energy of 2470 eV, 
sufficient to resolve the two leading resonances associated with the thiphene ring. In 
general. the use 01 SEXAFS has prevlously been limilcd 10 the study of the lirst and 
second coordination shell geometry. a restriction which Is usually imposed by the 
limited data range and experimental signal to noise ratio. Here, by a careful seleclion of 
the coatings on the premirror system to reject higher order light contributions and 
using a fluorescence yield detector, the S K-edge dala from Ni(IlO)c(2x2)S extend to 
a k-range of 13 k l ,  which corresponds to a photon energy range 01 650 eV. 

References. 
1. G. Van der Laan and H. Padmore, Nuci. Instr. and Meth. A291 (1990) 225. 
2. V. R. Dhanak. A. W. Roblnson. G. Van der Laan and G. Thornton. Rev. Sci. Instrum. 63 
(1992) 1342. 
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Design of the Structural Biology Center Beamlines at the APS 
Cerci Roseribaum and Edwin M. Westbrook 

First Testing of the Fast Kappa 
Diffractometers at NSLS and ESFW 

I. K. Robinson 

Department of Physics 
University of Illinois at Urbana-Champaign 

1110 West Green St, Urbana, IL 61801, USA 

11. Graafsma and A. Kvick 

European Synchrotron Radiation Facility, 
B.P. 220,38043 Grenoble, France 

J. Linderholm 
Riss National Laboratory, DK 4000 Roskilde, Denmark 

We present the design and first results of the performance of a new 4- 
circle x-ray diffractometer featuring the less-common "kappa" geometry 
originally used on the CAD-4 instrument. This geometry permits access 
to all reciprocal-space settings while the mechanical supports remain 
entirely on one side of the beam; this is very useful for split ports on 
bending-magnet beamlines. Our design is able to carry heavy loads, such 
as a Displex-type cryostat, and operates at relatively high speeds because 
it uses direct-drive servomotors. Considerable attention has becn given 
to the distribution of loads which is optimiscd for horizontal-axis 
operation. A sphere of confusion of 50pm was achieved fairly easily for 
the mutual alignment of the axes, and this can probably be improved. 
The equations for the conversion from the Kappa geometry to the more 
familiar Eulerian geometry are given. 

The initial tests show that accurate alignment of crystals can be achieved, 
and reliable measurements have been made on a number of 
experimental systems. Rocking curves of Silicon have been measured, 
but these are at the limit of the setting accuracy. Arbitrary settings are 
achieved in about 1 second, but an additional 1 sec settling time is 
needed for high accuracy work. 

The Structural Biology Center (SK) Collaborativr A C C C S h  T e r n  (CAT) will dcvelop 
and operate a sector of the Adbanrrd Photon Source ( A X )  as a user facility for 
studies In macromolecular ny~tallngr.~pliy. Cryctrllogra~hically determined 
struchues of proteins, nucleic arids and their complexes with proteins, viruses, and 
complexes between macromolectllzs and small ligands have become of ce11trd1 
importanre in an increasing nirmber of resvarch programs of mnlrc~ilar and ccllular 
biologists. . e  

The two major design goals lor the S K  beamlines are 
to make the extrrmely high brilliance of the AF'S available to perforor studies that 

cannot be done elsewhere, and, 
achieve a high throughput of less demanding studies. 

The crystal samples we expect to see a t  the SBC will include 
extremely small crystals 
crystals with large unit cells (viruws, ribosomes, etc.) 
ensembles of closely similar crystal structures for drug dcsign, prolein enginccring, 

and similar endravors. 

Thc tcchniques applied will include aiultiple+n~rgy nnomaloils di5persiun (.bf/\i!) 
phasing and polychromatic (1 aue) data roll?rhon Data will br retordt-d oil a hlgh 
rcsolution CCD-area dt*tc*c!or and optiorually on image plares. 

Thc SBC will dwelt>p two beamlines, onc for radialion froni insertion dciices and 
one for radialion froni a bending magnet l l lr  active insertion dwicc, i5 either ai; 
undutator (AI'S type A) or a wiggler [AI'S t y p  A )  whirh arc installcJ in scrics 

The X-rdy optics is hictrly dtwognifylng in ordcr to mat~l i  the focal six? with the 
s i m  of the sample and thc rewlutioii elcment of t lw drtzctor. This yruvidcs thc 
best flux in brilliance driven ezprimenls, e g  \mall C r y s t a l s  with ldigc units cells 
Vertical forusing is achieved by a flat, cyliridricnlly I m t  vertically dcflccling mirror 
which also serves to reject highor harmonics. Horizontal focusing is acliiwcd by 
sagittally bcnding the wcontl cry\tal of a douhlc crystal riwnochronrdtt,r 

The doiiblc crystal nioiiochroniator 1\56 a con\tnrlt rx i t  height output ~ C M I  In nrdcr 
to satisfy both, tlic Iiigh.flrlr rrqiiirernenl for stmdard c r y s t ~ l l o ~ r a ~ ~ l l y  and thc 
narrow bandwidth rt~quircnwrrt for MAWphasing, tkrw q s t a l s  (Si.111, Si-220. SI- 
,100) are mountcd Side-by-sidr on the first crystal stage a:ld trans1.ik.d into thr bean 
a$ required Thc saghl ly  ftr wing srcond crycalz.l hac. to hc crclw1grld inani.ally 
in-vacuum c r p t n l  dimgcr is p l a ~ c d  as n fiitiirz iirgrade On Uw B.\J.liiir the fir.st 
crystals are ioolcd On Uw ID-linc the doubls-crystal nlonin-lrrc?ul,itoI 15 precreded by 
a lii&lr heat load elcmcnt H lucli is a t  nitrent planning a double inrlinrd rrybtal 
mcno;hroniahir (%-I  1 1-ork~nlalion) with liquid @illium cmllng d*:veiq~c~d by tlrr 
APS. 
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Conceptual Desbn of SPrinp-8 Front-ends 

Transient and Steady State Thermal and Stress Analysis 
of an ID Beam Shutter for the APS 

Yifci Ruaq 
Mali Meron 

Consortium for the Advanced Radiation Source 
The University of Chicago 

This paper describes a conceptual design of an ID beam shutter for the Advanced 
Photon Source (APS). Various aspects of the design such as geometry, cooling 
arrangement and material selection are optimized baad  on thermal and stress finite 
clement analysis. The goal of the optimization is to assure survivability while 
maintaining reasonably coinpact physical size. 

The analysis is perfornicd using the finite clement sonwarc ANSYS. The power 
envelope is obtained from the output of the program POWER [ I ]  which is based on a 
formula dcrived by K. J. Kim [2]. In addition, calculations utilizing some simple 
approximations of the power envelope are pcrformcd. It turns out that the temperature 
and stress distributions are not very sensitive to the details of the power distribution and 
depend primarily on the total power in thc beam and the peak power density. 

As could bc expectcd. optimal thcrmal bchavior of the shutter is obtained using 
high heat conductivity materials and the choice of material is OPHC (oxygen free high 
conductivity) copper. However. it turns out that OFHC copper can not withstand the 
large stresses which appear at the center of the heat load footprint area. Therefore, our 
design utilizes a dispersion strengthencd coppcr (Glidcop) face plate which acts as a 
thcrmal structural barrier to prcvent material yielding. The face plate is brazed to an 
OFHC body ancr the cooling channels have bcen machincd. This design combines ease 
of manufacturing with excellent thcrnial and mcchanical performance. 

While the optiniization is performed at steady state condition, transient thermal , 
analysis is needed to assure that no unduly high thermal gradients are generated in thc 
shutter's face plate during the initial heating stage bcfore equilibrium is obtained. The 
results of such analysis show that: given our choice of geometry and materials. the peak 
thernial gradients and stresses during the transient stage are always lower than the steady 
state values. This remains true even under the worst condition using the APS Undulator 
A h a m  at closed gap. 

References: 

[ I ]  A.M. Khounsary and B. Lai "Power Distribution Profiles for APS Bending Magnets and Insertion 
Devices" APSILS-198. July 1992 

121 K. J. Kim "Angular Distribution of Undulator Power for an Arbitrary Deflection Parameter K"  
Nuclear Instruments and Methods in Physics Rereareh A246 (1986) 67-70 

Y.Sakurai, M. Om, H.Sakae, T.Usui, T.Konishi*, H.Shiwaku*, 
A.Nakamura*, H.Amamoto*,T.Harami*, H . K h m ,  Y.Oikawa 

and H.Kitamura 

JAERI-RIKEN SPring-8 Project Team, The Institute of Physical and 
Chemical Research (RMEN), Wako, Saitama 35 1-0 1, Japan. 
*JAERI-RIKEN Shing-8 Project Team, Japan Atomic Energy Research 
Institute. Tokai, Ibaraki 319-1 1, Japan. 

The Shing-8 is a third generation synchrotron radiation (SR) 
facility constructing in Japan. The electron or positron beam with an 
energy of 8 GeV is stored up to a current of 100 mA in the storage ring 
with a circumference of 1435.95 m. Of 44 straight sections, 38 sections 
are used to accommodate an insertion device. The insertion devices 
produce SR with higher power and lower emittance than those of second 
generation SR facilities. Thus, handling the power and SR beam position 
is a major challenge in the engineering of the front-end components. 

The undulator emits angular power density of 5OOkW/mrad2 and 
the MPW produces total power of about 50kW at the highest. 

The fixed mask and heat absorber which are made of the Gridcop, 
intercept completely the SR at a gazing angle of several degrees to 
reduce the input heat power below 10W/mm2 on the receiving surface. 

The slits confine the size of the SR. The beam is received by a 
block of the Super-Graphite which has excellent thermal conductivity in 
the a-b plane. The block is holed by a water cooled Cu block and the 
thermal contact is enhanced by inserting In-Ga liquid alloys between them. 

An assembly of two Be windows with a thickness of 2 5 0 p  each 
are placed at the end of the front-ends. A graphite filter with a thickness 
of lOOpm at least is necessary to protect the windows. The Super 
Graphite is used as filter material. The foils with a thickness of l o o p  
are attached to a water-cooled Cu holder, and are cooled radiatively and 
conductively. 

The SPring-8 front-ends must be standardized. Thus. three kinds 
of front-ends are being developed, which are for the undulators, MPWs 
and BMs. 
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Desim of an EMPW Beamline 
for Hiph-energv Inelastic Scatterinp. at the SPrinp-8 

Y.Sakurai, H.Yamaoka, H.Kimura, X.Marechal, K.Ohiomo, T.lshikawa 
and H.Kitamura, 

JAERI-RJKEN SPring-8 Project Team, ne Institute of Physical and Chemical 
Research(RlKEN), W&, Saikma 35I-OI, Japan. 

Y.Kashihara and T.Harami, 
JAERI-RIM SPring-8 Project Team, Japan Atomic Energy Research Institute, 

Tokai. Ibaraki 319-1 I .  Japan. 
Y.Tanaka, 

7'he Institute oj  Physical and Chemical Research(RlKEN)), Wako, 
Saitama 351-01. Japan. 

H.Kawata, 
Photon Faciory, National Laboratoty for High Energy Physics, I - I  Oho, Tmkuba, 

Ibaraki 305. Japan, 
NShiotani, 

Tokyo Utiiversiy of Fisheries, Kouttnn, Minaio, Tokyo 108. Japan 
NSakai, 

Faculty of Science. Himeji Insiitute of Technology, 1479- I Kairaji, Kamigohri, 
Ako-gun. Hyogo 678-12. Japan. 

Compton scattering experiments provide the information of the momentum 
distribution of electrons. Further, the magnetic Compton scattering of circularly 
polarized x-rays gives that of magnetic electrons in ferromagnetic materials. For these 
experiments the use of higher than IOOkeV x-rays is certainly appreciated, but have 
never been achieved in the synchrotron radiation facility. 

An elliptic multipole wiggler (EMPW) beamline for these experiments with 
use of such high energy x-rays is decided to be constructed as one of pilot beamlines 
at the Spring-6 and will be completed in 1997. 

Two 'experimental stations will be constructed; one is for the high-resolution 
experiments using 100-150 keV x-rays, another is mainly for the magnetic Compton 
scattering using circularly polarized 300 keV x-rays. Doubly bent monochromater or 
combination of an asymmetric Johann monochromater and a single d-spacing WiB4C 
multilayer are being developed for both vertical and horizontal focusings as a optics of 
the former experiments. An asymmetric Johann monochromater will be used for the 
optics of the latter experiments. 

' 
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Monochromators for the U49 Undulator 
at the BESSY I1 Storage Ring 

H. Petersen, F. Senf, F. SchPfcrs, J. Bahrdt 
BESSY CmbH. Lcntxallcc 100, D - 14195 Bcrlln. Germany 

Two bcamllnes have been designed for use on the undulator U49, whlch will 
be one of the first insertlon devices operational at  the new 1.7 CeV BESSY I1 
storage rlng. The monochromators will be a plane grating monochromator 
uslng the proven plane graUng focuslng condition 111 and an  cxact focuslng 
spherical grating monochromator with a variable angle of deviation across 
the gratlng and b e d  exit slits [Z]. The opUcal designs as  well a s  results of 
detailed numerlcal calculatlons will be presented. These include radlation 
simulation with the codc SMUT 131 for the undulator. whlch has 84 pcrlods 
of 49 mm lcngth each. Subsequent ray tracing wlth the code M Y  141. which 
Includes slope errors and reflectivity and gratlng efficiency calculations. 
provides detailed Information about photon flux, spectral resolution and 
transmission across the broad photon energy range covered by the U49 (135 
eV - 1516 cV in the first, thlrd and nfth harmonic). Reaching an energy 
resolution between 12000 and 17000 a t  the oxygen K-edge a nux of still 
more than 1011 phot/sec* 100 niA can be maintained. The ovcrall emclency 
of the bcamlines varlcs between 0.1 % and 6 % whilc up to 95 % of the 
radiation emitted by the U49 is geomctrlcally accepted by the beamline 
optics. Our calculations are supported by the exccllent experimental results 
obtalncd with these two typcs of monochromators at  BESSY and In other 
SR-laboratories. 

References 
1 1 )  HI. Pctcrsen. Optics Commun. 40. 402 (1982) and H. Petersen. C. 

Jung. C. Hellwig. W. Peatman. W. Cudat. Rcv.Sci.lnstr. (in press) 

121 W. Peatman. J .  Bahrdt. A. Caupp. F. SchBfers. 1;. Senf. BESSY Ann. 
Report 1992. p. 49 

(31 C. Jacobson. H. Rarback. SPiE Vol. 582. InLConLon Insertion Devices 
for Synchrotron Radiation. Stanford 1985. p. 201 

(41 RAY. J. Fcldhaus. HASYLAB. Hamburg: F. Schtifers. BESSY. Berlin 
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Performance of a Material Science Facility at the Photon Factory: A Son X-ray 
Beamline B L l 3 C  Coupled wlth a Multi-Purpose Analytical Apparatus 

tLSHIMADA'. N. MA'ISUBAYASHI', M. IMAMURA',T.SATo'. Y. YOSHIMUM'. 
T. HAYAKAWA'. K TAKEHIM', A TOYOSHIMA". K TANAKA". and A NISHIJIMA' 
* N o t i 0 ~ 1  Ii~~tihtfe of Materials and Chemical Rescarclr. 1 - I ,  Iiigarhi, Auhba ,  lbaraki 305, Japoii 

"Photon Factory, Notioiwl Laboratory for H;gh Eiiergy Pliysirc, Olio, liukuho, lboroki .?OS. Jopaii 

We reported thc dctailed designs of BL-13C') and a multi-purpme analytical 
apparatus2) in the past SRI meetings. 'Ihc prescnt paper i n d u c e s  the fundamcntal 
performances of the facility as well as somc applications to niatcrial and Surface scicnce. 

BL-13C a Dmgon-type bcamlinc on a 13-polc undulator. covm an cncrgy rangc 
betwcen 150 and 1200 cV by thc use of a mcchanically rulcd paling with 750 gr/mm. High 
resolution with modcratc flux or high flux with modcratc resolution soft x-rays can bc chosen 
dcpcnding on thc slit width. 'Ihc highest nwlution at 400 cc' is ahnut 70 mcV with a slit width 
of IO pun, whcn vibrationally rcsolvcd photoionization spcctra of gascous nitrngcn arc obtained. 
For thc XAFS analyscs of bulk matcrials, sufficient resolution of ahnut 0.4 CV at 400 cV is 
achicvcd at a slit width of 100 p whcn a photon flux morc thm 1012/sec is obtained. B, C, N, 
nr 0 K-cdgc XAFS spcdra can bc obtained by mcans of total or partial clcctron yields. sample 
drain current, fluorcsccnt x-ray yiclds and Augcr clcctrnn yiclds at thc wmc tinic. 

Another important fcature of thc facility lics in thc usc as an cncrgy-variahlc x-my 
phntoclcctron spcdmmctcr using a hcmisphcrical clcctrnstiiiic aniilyxr. Thc exit slit of tlic 
bcamlinc is movcd corrcsponding to thc x-ray cncrgy to tbti i in the lwt cncrgy resolution. 
Nondcstrudivc dcpth analysis on not only coniposition but alw chcniical state is pcrfomicd by 
changing photoclearon cscapc dcpth. Figurc 1 shows thc O,, pholtwlcctrii spctra of ;I 
perovskitc-type oxidation catalyst, L q , + r ~ J 3 0 ~ - x ,  at various incidcnt x-ray cncrgics (Ei in 
Fig. 1). With thc dccmasc in thc incidcnt x-ray cncrgy. the signal honi thc surfacc is cnhiinccd. 
Thc pcak at 527.8 cV is ascribed to latticc oxygen, whilc 
thc pcak at 530.7 CV arises from surface oxygen species 
which is supposed to play an important rolc in catalysis.. 
Thc present system has significant advantages over othcr 
dcpth profiling methods such as dctedion anglc altcration 
or surface erosion by ion bombardment in respccls of high 
dcpth rdsolution and 'chemical statc preservation. 
References 
1) N. Matsubayashi, H. Shimada, K. Taniia, T. hto,  Y. 
Yoshimura, and A Nishijima. Rev. Sci. Inshuni., 63 (1992) 
1363. 
2) N. Matsuhayashi, 1. Kojima, M. Kurahashi. A. Nishijima, "' "I "' I:' Energy (cV)  
A. Itoh, andT. Utaka, Rev. Sci. Instrum.,60(1989)2533. Plg I O t r  photoelectron 
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Explosion Bonding and Its Applications in  the Advanced Photon 

Source Front End and Beamline Component Designs 

D. Shu. Y. Li, D. Ryding and T. M. Kuzay 

Experimental Facilities Division 
Advanced Photon Sourcc 

Argonnc National Laboratory 
Argonnc, IL 60439. U S A .  

and 

Davc B m h c r  

Northwcst Tcchnical Industries. liic, 
547 Diamond Point Rd. Scquim. WA 98382. U.S.A. 

ABSTRACT 

Explosion bonding is a honding mcthod in which the controllcd cncrgy of a 
detonating cxplosivc is used to crcatc a mctallurgical bonding bctwccn two or morc 
similar o r  dissimilar matcrials. 

Since 1991. a numbcr of cxplosion-bonded joints have hccn dcsigncd for high- 
thermal-load, ultrahigh-vacuum (UHV) compatihlc componcnls in the Advanced Photon 
Sourcc. A series of standardizcd explosion bonding joint units has also hccn dcsigncd and 
k s k d .  such as oxygen-frcc coppcr (OFHC) to stainless stccl vacuum joints for slits and 
shutters. Glidcop to stainless stecl vacuum joints for fixed masks and Glidcop io OFHC 
thermal and mcchanical joints lor shuttcr face-plaks et al. 

The design and test rcsults for thc explosion-bonded componcnts in the Advanced 
Photon Source front ends and beamlines a% discussed in this papcr. 

~~~ 

'Work supported by the U. S. Dcpanmcnt of Energy BES Maicrials Scicncc undcr 
contract W-31- 109-ENG-38. 
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A Double-Multilayer Monochromator Using a 
Modular Design for the Advanced Photon Source 

D. Shu. W. Yun. B. Lai, J. Barraza and T. M. Kuzay 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Labomtory 
Argonnc, IL 60439. U S A  

ABSTRACT 

A novel double-multilayer monochromator has bcen dcvclopcd for thc Advanced 
Photon Source X-ray undulator bcamlinc at Argonnc National Laboratory. Thc 
monochromator consisls of two ultrahigh-vacuum-compatible modular vessels with a 
sine-har driving SINCIUTC and a wakr-cooled multilaycr holder. A high precision X-2  
stage has bcen used to provide a compcnsation motion for Ihc sccond multilayer from 
outside of the vacuum so that this monochromator can fix Ihc output monochromatic 
beam dircction and the angle during the cncrgy scan in a narrow range. 

The design details for this monochromator are prescnkd in this papcr. 

+Work supported by the U. S. Department of Encrgy BES Materials Scicnce undcr 
contract W-31-109-ENG-38. 
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Design of Precision White-Beam Slits for the High Power Density 
X-ray Undulator Beamlines at the Advanced Photon Source ' 

D. Shu, C. Brite, T. Nian. W. Yun. D.R. Hacffncr, E.E. Alp, 

D. Ryding, 1. Collins, Y. Li and T. M. Kuzay 

Expcrimcnlal Facilitics Division 
Advanced Photon Source 

Argonnc National Lahoratory 
Argonne, IL 60439, U.S.A 

ABSTRACT 

A sct of prccision horizontal and vertical white-bcam slits has hccn designed for 
the Advanced Photon Souwe X-ray undulator bcamlincs at Argonnc National Lahoratory. 
Thcrr: arc scvcral new design concepts applied in this slit XI, including a grazing- 
incidcncc. knife-edge configuration to minimi7r: the scattcring of x-rays downstrcam, 
enhanced-hcat-transfer tubing to provide water cooling. and a secondary slit to eliminate 
the thermal distortion on the slit knife edge. 

The novel aspcct of this dcsign is the usc of two L-shapcd knife-edge asscmhlics. 
which arc manipulated hy two prccision X-Z stepping linear actuators. 

The design details and pwliminary test resulu for this slit sct arc prcscnted in this 
papcr. 

*Work supported by the U.S. Dcpartmcnt of Energy BES Matcrials Scicnce undcr 
contract W-3 I -  109-ENG-38. 
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Design of High Heat Load White-Beam Slits for 
Wigglerlllndulntor Beamlines at the Advanced Photon Source 

D. Shu. V. Tcheskid0v.T. Nian. D.R. Hacffner. E.E. Alp 

D. Ryding, J. Collins, Y. Li and T. M. Kuzay 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Laboratory 
Argonne, IL 60439, U.S.A 

ABSTRACT 

A set of horizontal and vertical white-beam slits has been designed for the 
Advanced Photon Source wigglerlundulator beamlines at Argonne National Laboratory. 
While thii slit set can handle the high heat flux from one APS undulator source, it has 
large enough aperture to be compatible with a wiggler source also. A grazing-incidence, 
knifeedge configuration has been used in the design to eliminate downstream X-ray 
scattering. Enhanced heat transfer technology has been used in the water cooling system. 
A unique stepping parallelogram driving structure provides precise vertical slit motion 
with large optical aperture. 

The full design detail is presented in this paper. 

+Work suppotted by the U. S. Department of Energy BES Materials Scicnce undcr 
contract W-3 1- 109-ENG-38. 

Design ofthe Beamline Standard Components at the Advanced Photon Source' 

D. Shu, J. Barraza, C. Brite,T. Sanchez, V.Tcheskidov 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Laboratory 
Argonne. IL 60439 

ABSTRAm 

Thii paper provides an overview of the design of the standard bcamline 
componcnts for the Advanced Photon Source. 

Work Suppncd by he US. Lkparuncni of Energy BE3 Marrials Science under cmlraci W-31-IW- 
ENG-38. 
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High Energy Scattering Beamlines a t  ESRF A TRIPLE-AXIS/FOUR-ClRCLE DJFFRACTOMETER 
AT PF-BLJA (11) 

and Th. Tschentscher 
European Synchrotron Radiation Facility, B.P. 220, F-38043 Grenoble, France 

Beamlines for high energy x-ray scattering are under commissioning at the ESRF. Two 
insertion devices will be available in the same straight section: a 7-period asymmetrical 
permanent magnet wiggler is used in the initial operation, and it will be complemented by a 
superconducting wavelength shifter. The critical energies are 43 keV and 100 keV, 
respcctively. The basic concept is to use the white radiation several times by placing semi- 
transparent monochromators in the beam. The monochromators arc bent Si crystals, which 
focus the beams to the side stations, while white beam is available at the center station. The 
stations have separate slits, beam position monitors and shutters. and they can be operated 
independently. One of the side stations, S on the starboard side, is dedicated for inelastic 
scattering and designated as Beamline 25, while the center station B and the station on the 
port side, P, form Beamline 5,  which is dedicated for diffraction and imaging. 
The monochromators are either of B r a s  (reflection) or Laue (transmission) type. They are 
cylindrically bent, and different focusing conditions and bandwidths are achieved by 
varying the bending radius. The thermal load on the crystal is reduced by an upstream A1 
absorber. which cuts off radiation below 20 keV, and a new way of cooling the crystal is 
inuoduced. The crystal is attached by Ga-In eutectic to the bender. which has an opening 
in the middle for the transmitted beams and horizontal water channels along the edges of the 
crystal. The bender is attached to a frame by one end, and it is bent by applying a toque at 
the free end. Prototype benders have been used at the Materials Science Beamline of the 
ESRF. and the results indicate large intensity gains due to focusing and kinematic rather 
than dynamical diffraction by a bent crystal. 
Biological protection is based on local shielding of the beamline components. The strongly 
scattering common elements of the beamlines, the beam limiter/splitter. attenuators, and 
primary slits are encased in 20 mm to 50 mm of lead shielding. The hutches for white 
beam scattering have wall thickness of 12 mm of lead, but still local shielding of the 
experiments is foreseen. Scattering from air is about 2% per meter at high photon energies, 
so that the beam path in air is min imid  by He-filled or vacuum tubes. 
The principal instrument at BL 25 is a scanning-type x-ray spectrometer. It will be used 
mostly for Compton scattering. but also studies of other inelastic scattering is foreseen. 
The sample stage is designed to support large weights, such as cryomagnets. The white 
beam station of BL 5 is quipped with a high-precision 3-axis diffractometer, which can be 
used for studies of crystal imperfections, domain structures, phase transitions and measure- 
ments of structure factors in different sample environments. This station is also served by 
special monochromaton in the second optics hutch. which allows different pilot studies in 
high-energy scattering and imaging. The side station P will be used for diffraction under 
various experimental conditions, such as high pressures and temperatures. 
Results of first test measurements at are shown. These characterize the performance of the 
beamlines in terms of the monochromatic f lux at the sample and the degree of circular and 
linear polarization. Detailed reports of these experiments will be published separately. 

Yasuo Takagi. Toyhiharu Kikuchi'. Toshiguki Mir.uhni*. Muncyuki Imduku*. Satoshi 
Sa..**. and Takcharu Mori*** 

Advanced Materials and Technology Rcscarch Laboratories. Futtsu Branch, 
Nippon Slccl Coptation. 20-1 Shinbmi. FuWu. Chiba 299~12L9pAN 

'Advancod Materials and Technology Rescarch Laboratories. 
Nippon Sleet Corporation. 1618 Ida. Nakahara-ku. Kawasaki 21 1. .&PAN 

**Research Laboratory of Enginccnng Materials. Tokyo Institute of TcchncJogy. 
4259 Midori-ku. Yokohama 227. J m  

***Phdon Factory. National Lab0tat1)ry for High-Encrg). mysics (KEK). 
1-1 Oho. Tsukuba, I W i  305. W 

Scvcral new goniometer systcms wcrc insulcd to tbc triplc-axis/four-circIc 
diffradmetcr at E-BWA to improvc data acquisition ability and team mllima~ioa. 1) k 2) 
Thc murt pnnninent improvcmcnt is the instalkion of a chrcccirclc goniomer systcm 
which ws dcsigncd to w n t  various x-ray dekctm such as an imaging plate (IP) and a 
multiclcmcnt solid-state ddcctor (multiSSD) lo ncquin: diffraction and/or fluornccm 
data ovcr a wide range of the scattering anglcs. As is shown in Figurc. ihc ncw 
gnnitmter system and the original four-circlc g t m i w c r  system has a cmmm nmion 
ccnter. It can bc opcrakd indepcndcntly to lhc four-circlc goniometer systcm for a wide 
rangc of the did-angle  claw to 4R. Thc ncw syr;lcm consisls of a (andcm combination 
of a translation stage. 6, and two circlc goniomctcrs. K and (1. Thcir coordinates 
cornpond to (p, 0 q~), rcspcdivcly io a polar cotdinatc. By using thc ww goniometer 
system. data acquisition nith thc dctcctors such as IP a n d h  multi-SSD bocamc possiblc 
for a wide range of thc r;catlcring angle ckw t ~ )  4x 

Flgure Thc originill and IICW goniomclcr syskms of thc triplc-axidfour-circlc 
diffmctomctcr at PF-BWA 

m v  I )  K Kanasaki. Y.  Takagi. K Nose. H Morikawa. S. Y a n w a k i .  T. Kikuchi and S 
sasaki: Rev. Scl. Instrum.. 63(1992)1023. 
2)Y. Takagi. T Kikuchi. T. Mizumi. K Kawasaki. S Sasaki and T Mori: Photon 
Factory Activity Report, 10(1992)43 
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Two and fou r  crystal reflection5 nionochruniators 

11. Tolentino and J. Dum 
Laboraltrio A'mional de Lri? Shcrofron - LNLS!CNPq 

C.P 6192. 13081-970 Ctinrpincls ( S P )  Btui i l  

C. Cusatis. 1. Maztaro and D. Udron 
Universidade Federal do Panin6 - Dept. of Physics 

C.P. 19091. 81503-000 Cuririba (PR)  Brazil 

ABSTRACI- 

Two and four crystal reflections monochromators, developed at LNLS 
( C a m p i n ~ ~ - B r a ? i l ) l ,  were tested and used 31 the synchrotron radiation 
f~ci l i ty  LCRE (Orsay-Thncc). We rcport on their perforrriansc i n  terms of 
stability. reliability and ener);y resolution. The iriiportant clisracteristic of 
thcsz devices is simplicity : they arc bared or1 monolithic rncchanics and 
compactness, crucial for reaching good stabilit} and high enrrgy resolution. 
In  addition, we report on a new design for thc two-crystal monochromator, 
where the first crystal i s  fixed i n  the center of rotation, and is watcr- 
cooled, while the second crjstal is niounttfd on a "crossed el:tstic 
tiansldtor". Both rnoiiochrornacors will be used in the XAFS and Diffraction 
heamlines. in construction for LNLS. 

Proceedings of the 4th I n l c r n ~ i i o n ~ l  Cotifcrencc 011 Syt iLhrwoit  Radiation 
Insirumentdion (Cbestcr.UK) ; Rev. Sci Instrum. 63(l)  (1992) p. 896. p. 9.16. 

Vacuum System for APS Insertion Devices 

E.M. Trakhtenberg, E.S. Gluskin, Shenglan Xu 
Argonne National Laboratory, Argonne, IL 

Abstract  

a prototype of this system was manufactured and successfully 
tested. The system consists of two vacuum chamber sections with 
distributed vacuum pumps, two boxes contained vacuum pumps, 
vacuum analyzers and special transition sections, and finally two 
support structure sections. The vacuum chambers are made of 
extruded aluminum, the wall thickness of the  insertion devices 
vacuum chamber section is 1 mm in the area of the insertion 
device's magnetic gap on the length of 2.4 meters. An ultimate 
pressure better than 5.5 x 10 *'I torr was achieved in the prototype 
tha t  contains the insertion device vacuum chamber section with the 
12 mm vertical aperture. 

A vacuum system for the  APS insertion devices was designed; 

This work was supported by the US Department of Energy BES 
material sciences, under contract W-3 1 109-ENG-38 

TuD73 TuD74 



The wiggler x-ray beam lines at SRRC 

K.-L. Tsang, C.-H. Lee, Y -C Jean, T -E Dann, J -R Chen, 

Synchrotron Radiation Research Center, Hsinchu, Taiwan, ROC 

K. L D'Amico 

X-ray Analyiics Ltd , PO Box 678, Upton, NY 11973. 

and 
T Oversluizen 

National Synchrotron Light Source, Upton. NY I 1973 

We have designed three x-ray beam lines extracted out from one 25 poles 1 8 tesla 
wiggler insertion device. This wiggler insertion device at the SRRC I 3 GeV 
storage ring will increase the usable x-ray photons with an energy up to I5 KeV 
In order to satisfy the big x-ray user community at Taiwan, we need to have at 
least three different types of beam lines to covers various kinds of experiments. 
Due to the limitation of radiation source and space, we have specially designed 
three x-ray beam lines sharing the 13 mrad horizontal radiation output from the 
insertion device. The design and construction of these three beam lines will be 
described in this paper 

Performance of the Im-SNM beam linc at SRRC 

P.-C Tseng. T -F Hsieh. Y.-F. Song, K.-D Lee, S.-C Chung. C -I Chen. H -F 
Lin, T.-E. Dann, L -R Huang, C.-C. Chen, J.-M. Chuang, K -L. Tsang, md C -N 
Chang. 

SRRC, No. I ,  R and D Rd., Hsinchu Science Based Industrial Pk., Hsinchu, 
Taiwan, ROC 

also at National Taiwan Normal University 

The performance ofthe 1 meter Seya-Namioka Monochromator (Im-SNM) 
beamline at SRRC has been measured and reaches the designed goal. The beam 
line throughput (photon flux) has been measured by a calibrated Si02 photodiode 
and is close to the theoretical values The resolving power of this beam line has 
been measured from the studies ofthe core absorption of Ar and the Rydberg 
states of Mg vapor gas, and has reached the theoretical values The improvement 
of the cooling system of the first mirror is also described 
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X-ray Instrumentation for a focused Wiggler 
Beamline at the EMBL Outstation Hamburg. 

R.G. van Silfhout and C. Hemes 
EMBL, Notkestr. 85, D-22603 Hamburg, Germany 
A flexihle set-up consisting of two independent water-cooled X-ray monochromators 
providing radiation for two separate beamlines and experimental stations (A & R) has 
been installed on the multipole Wiggler BW7 at the DORIS 111 storage ring. 
The first optical element of both lines is a Rh-coated Sic  mirror to reduce the heat 
load on subsequent energy defining elements. 
Line B, which will be predominantly used for Protein Crystallography, is optimised for 
flux and employs a triangular monochromator and segmented glass mirror for 
horizontal and vertical focusing respectively; it can be operated in a wavelength range 
from 0.8 -1.3 A. 
In contrast Line €3 is optimised for energy resolution and fast energy scans. This is 
achieved by a fixed exit, non-dispersive double monochromator followed by a 
segmented glass mirror It will mainly be used for Anomalous scattering. EXAFS and 
SAD experiments. 
The use of encoders. intelligent stepper/DC-motor controllers and position sensitive 
beam monitors allow a comfortable and fast alignment of all axes. Both experimental 
hutches are equipped with large motorized optical tables. offering a versatile and 
convenient experimental surface 

CONCEPTUAL DESIGN OFTHE DUTCH-BELGIAN BEAMLINE ATTHE ESRF 

-I), J.H.M. Bijleveld2). D. Glastra van Loonl). U.A. van der Heid&. 
M. Kronenburg3) and Y.K. Lcvine3) 
I) FOM-Institute AMOLF, Kruislaan 407. 1098 SJ Amsterdam. The.Nctherlands 
2, NIKHEF, Kruislaan 41 1.1098 SJ Amsterdam,The Netherlands 
3, Debye Institute, University of U m h t ,  Buys Ballot Laboratory, Princetonplein 5. 

3584 CC Utrccht, The Netherlands 

The conceptual design of the proposed Dutch-Belgian CRG beamline 
(DUBBLE) at the ESRF will be presented. DUBBLE is designed as a multi-purpose 
beamline. providing facilities for four diffcrent techniques: small-angle X-ray 
scattering (SAXS), interface diffraction. X-ray absorption spectroscopy (XAS) and 
high-resolution powder diffraction. In order to accommodate these expcrimcntal 
techniques with their own optical demands, the bermline will be split into two fully 
focused branches. Each branch will utilise 2 mrad of the available horizontal radiation 
fan of 6 mrad. The branch accommodating expcrimcntal facilities for SAXS and 
interface diffraction will make use of a sagittnlly focusing monochromator followed 
by a meridionally-focusing mirror. The optics of the branch for XAS and high- 
resolution powder diffraction experiments will consist of a collimiiting mirror 
followed by a monochromator and with a toroidal mirror as  thc list elemcnt. This 
branch will operate in two modes depending on the energy range required for the 
experiments. The low-energy operational mode will make use of the toroidal mirror. 
This mirror will be removed for the high-energy mode and sagittal focusing will be 
accomplished through the monochromator. 

The choice for a bcamline with two fully focusing branchcs imposcs strong 
boundary conditions on the spatial IiIyout of the bcainline and the size of its optical 
components. We have chosen the SAXS/interface diffraction expcrimcnt;tl station to 
be the end station, because these techniques deinand the largest expcrimcntal spacc. 
The available space in the experimental hutch coiitaining the facilities for XAS and 
powder diffraction will be limited in one direction by the beam pipe of the other 
branch. These techniques, however, require less experimcntal room, so this will h i d y  
limit the type of cxperiinents that can be performed. 
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A Variuble lhickness Window: ‘Thernial and Structural Analyscs 

Zhibi Wang, Tuncer M. Kuzay 

Experimental Facilities Division 
Advanced Photon Source 

Argonnc National Laboratory 
9700 South Cas Avcnuc 

Argotme. IL 6W39 

A novci idea that uses a variahlc thickncss window for a synchrotron radialion 
insertion dcvicc is proposcd hcre. Thc iliain advantages of using a variablc thickncss 
window arc as follows: ( I )  to niakc it possible to design a window without filters and 
thcrcforc make more low cncrgy photons availiihlc to thc users: (2) to increase the hcnt 
conduction arca without increasing thc thickncss in core arca so that thc niaxiniuni 
tcnipcraturc in the window can be significantly dccreatcd; (3) to increase the safety 
ninrgin of window systcni duc to the increasing structural integrity. cspccially thc 
buckling load in thin windows. which also increases thc structural integrity of window 
against shock duc to sudden losc of vacuum; (4) to incrcatc thc window sizc under thc 
sanic opcrnting condition. Conipared to a uniform tic window. the vnriablc thickncss Ilc 
window rcduccs the IiLcliliood of thc catastrophic break. 

The finite diffcrcncc foriiiulntions for variable thickncss tlicrnial analysis and 
variable thickncss planc stress analysis are presented I n  thc tlicriiial analysis. radiation 
cffccts and tcmpcraturc-dcpcndcnt thcrmal conductivity havc bccn t n k n  into account. 
Thermal stress analysis has considcnd thc thcrmal expansion coefficient as tempentun: 
dcpcndenl. An application ofthe variable thickncss window to thc APS heamlinc is 
prcscntcd 

This work is supported by the U.S. Dcpannlcnt of Energy, BBS-Materials Sciences, 
under contract no. W-31-109-BNG-38. 
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Performance of a High Resolution, High Flux Density 
SGM Undulator Beamline a t  the ALS 

Tony Warwick, Phil Heimann, Dmitry Mossessian, 
Wayne McKinney and Howard Padmore. 

Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA 

ALS beamline 7.0 is designed for high resolution operation with 
maximum photon flux and a small spot size at the sample, matched to 
the acceptance of the experiment spectrometers. The performance of 
the beamline will be described, as  measured during the first few 
months of operation. The system has operated fully in accordance 
with the design goals, with the undulator giip varying from K=0.5 to 
K=2.2. 

We will report on  the focussing of the first optic, which can 
deliver all of the useful radiation through the entrance slit of thc 
monochromator at 25pm. Beam stability measurements will bc 
shown; the image of the source shakes and drifts by only a small 
fraction of its size, and fill-to-fill reproducibility is exccllcnt. Thc 
spherical grating monochromator has operated at resolving powcrs in 
excess of 7000. The refocus optics are in operation, giving a spot at two 
interchangeable sainplc stations with a diameter of SOpm, containing 
all of the resolvcd flux across the entire operational range of photon 
energy. lntcnsity mcasurerncnts at  the experimental stations corrclatc 
well with the predictions for the resolved flux. The scientific program 
is underway, with several experiments taking advantage of thc high 
flux density of resolved photons at the sample. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Materials Sciences Division of the 
USDepartment of Energy, under Contract No. DE-AC03-76SFOO098 

This paper should be considered as a possible INVITED TALK 
contact: 
Dr. Tony Warwick, 2-400 Lawrence Berkeley Laboratory, 
Berkeley, CA 94720. 
Tel. (510) 486 5819 Fax (510) 486 7696 
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NEW MACROMOLECULAR CRYSTALLOGRAPI4Y STATION BL-I 88  
AT PHOTON FACIDRY. 
N. Watanabel), S. Adachi'), A. Nakagawal). and N. Sakabel). 
1) Photon Factory, National Laboratory for High Energy Physics. 
Tsukuba. Ibaraki 305, 2)  The Institute of Physical and Chemical 
Research (RIKEN) , Wako. Saitama 351-01, JAPAN. 

A new experimental station, BL-l8B, has been constructed on the 
bending-magnet beamline at  the Photon Factory to extend i ts  
capability for macromolecular crystallography. The  branch 
beamline is  equipped with a Im long fused quartz bent 
cylindrical mirror with 1:l focusing, located 13.75m from the 
source. The surface of the focusing mirror is cylindrically polished 
and platinum coated with a sagittal radius of 41.3mm, and bent 
to a radius of ca. 4.500m. The glancing angle of the X-ray beam 
with the mirror is set to about 3mriid. which gives a cut-off 
wavelength of approximately 0.4A. The mirror can focus the X- 
ray beam to about 0.4mm (vertical) x 1.2mm (horizontal). which 
is  consistent with the expected focus size simulated by the 
raytracing technique. Total power of focused whitc x-ray beam 
estimated using a calorimeter was 800niW per 300mA. The  
monochromator is a fixed-exit double-crystnl. located 23. I m from 
the source. The monochromator consists of two kinds of flat 
crystals, usually Si(l  1 1 )  and Ge(220), mounted parallel on the 
goniometer.  The two  types of crystals  are  therefore 
interchangeable without opening the viicuum chamber. Photon 
flux of the monochromatic beam estimated using an ionization 
chamber was 4x1010 Photonslsec at 1.07A. S i ( l l I ) ,  and 1 x 1 0 1 "  
Photons/sec at 0.72A, Ge(220), at the s;iniple position when the 
PF  ring was operated at 2.5GeV, 300mA and the acceptance of the 
first slit was O.Zmrad, vertical. and 2.0mrad. horizontal. BL-I 8B 
has been built as an end station in order to have enough space 
available for instrilling a large ciimerii and other instruments i n  
the experimental  hutch. I n  addition to increasing the 
experimental time available for users of Weissenberg camera. BL- 
18B provides a point focused white beam. This feature gives the 
statio0 milli-second time-resolved Laue c;ip;ihility. Special Image 
Plates (IP) and IP scanner are also being developed to allow more 
effective exposures using Weissenberg and Laue cameras at the 
station. The dimensions of the new IP are 400mmx400mm and 
4OOmmx800mm. Response of the scanner was tested and the 
nonlinearlity between the input x-ray photons and thc measured 
intensity is negligible from 1 to l x l O 5  photons per pixel. The 
beamline has been opened for general users from April 1994. 

THE 3B1B BIOLOGY SPECTROSCOPY STATION AT BSRJ? 

Wane Wei, Wu Jim-wu, Gu Xiang-ming, Sheng Wei-fan, Jin Ming, 
Li Chongci', Zhao Nan-sheng", Wang Ke-bin', Zhao Fu-hong+, 

Wang Wenqing++, Zheng Duo-kai' 

Institute of High Energy Physics, CAS P.0.Box 918 Beijing 100039 
'Beijing Agricultural University "Beijing Planetarium 
+Institute of Botany, CAS ++Beijing University 'Institute of Medica, CAMS 

ABSTRACT 

In June, 1993 the 3BlB Biology Spectroscopy Slation at Beding Synchrotron 
Radiation Facility (BSRF), located in the beamline 3BIB, is gotten into commission. 
The main apparatus of this station is a Circular Dichroism (CD) Spectroscope. It 
consists of Seya-Namioka ARC VM-502 monochromator, Photo-Elastic Modulator 
(PEM-IO), Sample chamber and detector etc. The synchrotron radiation 
monochromatic beam with the wavelength ranging from 170 nm to 500 nm is 
focused on the sample. The system could be opemted as the Beijing Electron- 
Positron Collider (BEPC) run either in parasitic or dedicated mode, and either in 
normal atmospheric or in vacuum (IO* torr) environmental condition. 

During the period of dedicated running mode in this summer (June 17-30), 
the CD spectra for I I biological and medicinal samples with molecules having 
chirality were measured on the system and good results were obtained. It is the first 
time in China that CD spectra of D-phenylalanine, Androsterone, Camphor Sulfonic 
Acid and a symmetric CD curve of D- and L- leucine is obtained using synchrotron 
radiation. 

The station is being improved. Researchers in the field of biology or physics 
are welcome to this station. 
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Thc undulator hascd hcamlinc X13A at NSLS has hccn coininissioncd rcccntly. Thc X 13 

undulator h ~ s  an R em priod. with a lirst hnrmonic in thc cncrgy riingc of 2(XL7(W1 CV a1 

the nominal ring cncrgy ol' 2.5 GcV. The kamlinc uscs hori7onlally dil'l'racting optics. I t  

consists of a Sic planc mirror. a watcr ccwlcd cntranuc slit. a sphcrical grating 

monochromator. and two lixcd position cxi t  sliLs. A peak inlciisity of mom than IO" 

photons pcr sccond at -450 CV has hccn mcasurcd with a calihratcd aluminum oxide 

photo diodc with a 200 pm cntrancc slit. a 51)o p m  exit slit. and a ring current ol' 122 mA. 

A VF, ahsorption spectrum shows thc cstimatcd cncrgy rcsoldon of IO(X) at -Sol1 CV 

with 40 pm cntrancc slit and cxit slit. which is in agrccmcnt with the calculatcd rcsults. 

The X13A hcamlinc will hc uscd for thc studics ol' x-ray cohcrcncc. spcclroscopy. and 

multilayer rcflcctivity as wcll as thc diagnostic\ of x-ray ins~rumcnmtion. 

This rcscarch was supponcd hy thc U.S. Dcparlmcnt of Encrgy. BES Mawrials Sciences. 
undcr contract No. W - 3  I - 109-ENG-38 and DE-AC02-76CH(W)o 16. 

Commissioning arid Operatlon of Beam Line for 
Photoelectron Spectroscopy in NSRL 
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The grazing incidence spherical grating monochromator(SGM) for 
photoelectron spectroscopy nas been designed and set up in IJSRL[Il. 

The horizontal and vertical prefocussing mirrors intercept up to 15 mrad 
and 2.5 mrad of SR beam respectively. Four spherical laminar grakngs 
separate SR. beam to two optical branches for SOH X-ray (62-1OOOcV) and 
VUV(10-60eV). Wave length scan in the monochromator is achieved by the 
rotation of grating and the translation of a pair of slits driven by stepping 
motors. 

The gratings are installed at the end of 1992 In 1993 we started to 
commission and operate the beam line 

We aligned the movement of slits and sin bar with laser interferometer 
The wave length was calibrated and the errors were corrected The output 
flux of gratings has been measured with photoelectron currenl of a detector 

WJe h a w  dsveloped the softviare based on the spcctromcter of VSW 
company in order !hat it could be used with EDC. CFS and CIS mode 

&me experiments have h e n  done in our experimental statton usng  b e  
monoc i l ro rna to r [~~~~  The results are salisftea and the resolution power could 
be obtained from 500 to 1000(EiAE) with 50 m of slits in a wide range of 
photon energy The improvement of the beam line performance is continuing 

Reference 
(1) D M Shu et al .Nucl.lnstr and Meth A291(1990!168 
(2, X F Jin et al , Phys. Rev 6 submiceo 
i3; P S Xu  et al .The 22nd In:erwbona! Ccnference on Tne Physics oi 

Serniconduc!ors. August.1954. Vanccuver. Canada. submit:ed 
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From the vicwpoint of Structural Biology. thrcc-dimensional svuctufcs of 
biological rnacromoleculcs arc esscntial for understanding biological functions and 
mechanisms. X-ray crystallography and small anglc X-ray scattcring (SAXS) arc thc 
imporlant tcchniqucs for Structural Biology. At Spring-8, thc contract bcamlinc for 
Svuctural Biology is bcing dcsigncd and dcvclopcd by thc Institute of Physical and 
Chcmical Research (RIKEN). 

This bcamlinc is simullancously opcratcd with two cxpcrimcntal stations: SAXS 
and protcin crystallography. In ordcr to usc both stations simullancously. dichromatic 
synchrotron radiation emittcd from tandcm vcrtical undulator is branchcd by thc 
transparcnt diamond monochromator. Thc SAXS station uscs the monochromatizcd 
undulator bcam lhat cnablcs us to oblain thc data with high-spatial rcsolution and high 
flux as wcll. Thc structurc of protcins in solution undcr various conditions will bc 
studicd in this station. 

Thc protcin crystallography station i s  ncwly dcsigncd to optimizc for MAD 
(Multiwavclcngth Anomalous Diffriction) mcthods. Anomalous dispersion cfl'ccls are 
so wcak that the accuracy of multiwavclcngth data collcction is the most impomnt rolc 
for MAD-phasing. Therefore the simultaneous three-wavelengths data collcctions a c  
planned using the samc protein crystal and samc sctting. Diamond "Trichromatof' that 
co!incarly introduccs three wavelcngths to thc samplc is undcr development based on 
the transparent fixed exit diamond monochromators. The most remarkablc feature of 
this beamline concept i s  most effcctivcly utilizing anomalous dispersion effects by 
ncglccting Ihc systematic errors of data collection. 

Progresses of Synchrotron Radiation Applications at the NSRL 

mZhano, Chaoshu Shi, Pengshou Xu. Xingshu Xie and Yiguan Hu 

Nalionrl Synchrotron Radialion Laboratory. University 01 Science and Technoby pl China 
Held. Anhul230026. P R China 

The Hefei 800MeV electron storage ring was completed in the end of 
1991. Then it was taken about one year for testing operation,beamline 
calibration and in-house use. It has beenopen to users all over the country 
since April 1 last year. 

At present five beamlines and corresponding experimental stations are 
under operation. Synchrotron radiation research includes photoemis- 
sion,fluorecence,photochemistry,soft x-ray microscopy and x-ray lithography. 
Up to now one hundred tweenty proposals of users have been approved and 
about fourty of them carried out. We report some results in this paper. 

Photoemission spectroscopy Interface of Mn/Ggs(lOO) was studied 
by SR photoemission spectroscopy. It is realized that the magnetic ordering 
exists in the ultra-thin overlayer of Mn. In addition,interfaces of KIG$A,(lOO). 
WInP(lOO) and KICd0.XZn0 MTe were also studied. 

Fluorecence spectroscopy The VUV reflection spectrum of C ~ O  in the 
wavelength range from 50nm to 200nm was measured. It shows three 
shoulders without obvious reflection peaks, which means that the electons in 
the empty states of conduction band are delocalized. The reflection spectra of 
different wBN samples prepared by shock-wave method and heat-treated at 
IOOC and 500C in the wavelength range from 1OOnm to 240nm were 
measured and the optical constants of the wBN samples determined. 

Photochemistry Photoionization studies of molecules such asC2H3CI. 
NH3, Nz, 02 and clusters such as (CH$N),(C2H$I),,,, (CH3CN),(NH,),,, 
were carried out under super-sonic molecular beam conditions. Photoioniza- 
tion potentials and dissociation energies were determined and autoionizalion 
of Rydberg states observed from the photoionization curves for some 
molecules and clusters. 

Soft x-ray microscopy The contact imaging microscope has beenbuilt 
but the scanning one is being developed. Specimens studied Include wings of 
flyings and mosquitoes, onion skim and cancer cells of esophagus etc. The 
resolution of the contact imaging microscope has reached 80pm. 

X-ray lithography Basic studies of superfine structure fabrication and 
LIGA technology are emphasised. Surface sonic wave devices, optical 
elements and gearwheels with diameter of 35-300pm and height of 50pm 
were fabricated. 
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Elliptical Motion Wiggler Beamline at  The Advanced Photon Source 
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IVMOV5, D. Frachons, E. R. Moo$, L. R. Turner5. and G. K. Shenoys 
1. MSD, Argonne National Laboratory, Argonne IL 60439; 2. University of Illinois, 
Chicago; 3. Northwestern University, Evanston, IL60208; 4. Physics Division,Argonne 
National Laboratory. Argonne IL 60439; 5 APS, Argonne National Laboratory, Argonne 
IL 60439. 
Magnetic scattering experiments require a high photon flux and defined polarization. The 
APS is an idcal source of X-ray ra iation for such studies.We present a description of the 

consists of three stations operating in tandem with only one station w i v i n g  x-rays at 
any one time. The three stations have three distinct functions; namely Com ton 
Scattering. Magnetic Scattering, and Surface Scattering. The optics going fmm 
downstream to upstream will consist of a vertically focussing mirror, a steering mirror, a 
premonochromator, and an optional post monochromator in the front end of each station. 
The EMW period will be ku=15 cm, the number of Periods=16 and total length of 2.1 m. 
The hybrid magnetic structure produces the vertical magnetic field with K=14 and the 
electromagnet provides horizontal magnetic field with K=1-2. The frequency of the 
horizontal field change is up to 10 Hz. This device has been chosen for reasons of 
tunability and special polarization properties. The first mirror will be used to vertically 
focus (or collimate) the wiggler beam. It will also be used to reduce the power load on 
the downstream premonochmmator. The mirror will have an upper energy cut off of 23  
keV. Above 23 keV, the mirror will be lowered out of the beam and a filter will serve to 
reduce the heat load on the premonochromator. The meridional radius of the mirror will 
be adjustable and allow for vertical focusing of the beam at all three downstream stations 
Collimation will be important for spectroscopy experiments where we want an energy 
resolution that is limited only by the Darwin width of the monochromator crystals and not 
by the angular divergence of the source. The second mirror will serve the purpose of 
steering the beam back to a horizontal direction. It will be identical in construction to the 
first. For high energy experiments both mirrors will be translated vertically out of the 
beam. The premonochromator, which is in a high vacuum chamber, will be a double 
crystal monochromator. The second crystal will have the option of sagittal focusing. 
Special considerations will be made to insure the proper control of the polarization when 
using circular polarized light. The first experimental station will be dedicated to 
magnetic and non-magnetic Compton scattering. The second station will be used for 
magnetic scattering and XAS. The end station will be used for surface science, XSW and 
magnetic scattering from thin films. The design of the elliptical multipo e wiggler beam 

is to obtain a high photon f lux with energies above 40 keV and well characterized 
polarization. 
1. S. Yamomoto, H. Kawata, H. Kitamura, M. Ando. PRL. 62 (1989) 2672. 
2. H. Kawata, T. Miyahara. S. Yamomoto. T. Shioya, H. Kitamura, S. Sato. S. Asaoka, N. 
Kanaya. A. Lida, A. Mikuni, M. Sato, T. Iwazumi, Y. Katijima, M. Ando, Rev. Sci. ha. 
60 (1989) 1885. 
Work at Argonne National Laboratory is supported by the US Department of Energy 
(DOE), Office of Basic Energy Sciences, Division of Material Sciences, under contract 

Elliptical Motion Wiggler (EMW) P beam line to be constructed at the APS. The bcamlim 

line will follow an approach very close to that developed by Kawata et al !2 . Our objective 

W-3 1 - 109-ENG-38. 

A Systems Approach to 
Optimizing Synchrotron Beamline Performance 

I<. P. Pflibscn. A. I. Gam. D. M c W  
EODC. Kaman Aerospace Corporation, Tucson, Az 

Current devclopmcnts in synchrotron radiation sources and the fabrication of synchrotron 
radiation optics and beamline components make possible spectral and spatial resolutions, 
photon energies, and throughputs which have not been previously attainable. These 
advances necessitate a corresponding improvement in  the overall performance of 
synchrotron beamlines. Such improvements can be most effectively achieved when the 
performance requirements are systematically flowed down to each of the beamline 
subsystems with careful attention paid to cost / performance rradeoffs. 

In developing an optimal synchrotron beaniline control approach the disturbances, 
monitoring methods and control architectures must be conscientiously balanced. The 
nature and sources of external and internal beam position disturbances and the 
requirements on the scientific quality synchrotron radiation influence the choice of beam 
position monitoring and control methods. Improvements in fabrication of synchrotron 
radiation optical components now make i t  possible to increase the requirements on 
optical design performance. These changes in requirements have spawned the 
development of synchrotron mirror figure sensing and control techniques so that the full 
potential of current generation optics can be achieved. The complexity and quality of 
third generation synchrotron radiation research ficilitics are causing changes in the 
information exchange which is required between the ccntr;tl facility control systems and 
the individual beamlines. We will discuss a nurnbcr of the trade-offs associated with 
amving at a functional integrated beamline. The relative significance of various 
approaches to achieving a desired level of performance will be provided and a rationale 
for selecting a given approach discussed. 
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X. ray  Undulalor Beamline and Experimenlal Station for The Feasibility 
Study a t  TRISTAN Main Ring 

IYAMA 

Tristan Super Light Faciliry, Photon Factory, National Luborarory for High Energy 
Physics, Japan 

A feasibility study will be carried out for SR ex riments using the TRISTAN 
Main Ring (MR) as a super brilliant x-ray source I)* g i n  the autumn of 1995. Here 
we describe a design of the test beamline BL-BW-TL that is to be constructed for the 
feasibility study. It will be installed in a north-west-side tunnel of the Tsukuba 
experimental hall of TRISTAN. In this beamline, super brilliant radiation from 
electrons which pass through the x-ray undulator, XU#MRO is used. 

Important characteristics of the beamline st(uctm are described below. 
a) We use beam ducts with 35 mm in diameter which are connected by ICF70 

flanges since the beam size is very small. 
b) In order to curtail a number of vacuum pumps, we find an optimum design of 

pumping-power distribution on the basis of a principle of differential pumping and 
obtain an optimum pressure distribution: 10-9 Torr at the most upstream point of the 
beamline and 10-7 Torr at the most downsenam point. 

c) We need to align the beamline with an accuracy less than f l  mm throughout it. 
For this purpose we can use the quadrupole magnets of the MR as targets for this 
alignment since the beamline is placed along the long s a i g h t  section of the MR within 
about 2m. 

d) In order to monitor the light beam position, graphite-wire beam position 
monitors (BPMs) are installed at three points. Development of this type of BPM is in 
progress in the BL-NE3 in TRISTAN Accumulation Ring. 

e) A water-cooled shutter and a y-ray shutter are placed at 17.5- and 19-m points 
from emission point, respectively. Only a single set of these shutters are used unlike 
usual cases at PF in which two sets are used for spares. 

f )  A fast closing valve (FCV) is installed between the water-cooled shutter and 
the y-ray shutter. This is to protect the vacuum of the MR against accidental leak at the 
lower naches of the beamline. To protect a valve plate of the FCV against the high 
heat load radiation from the XU#MRO, we have to put a thermal protective object 
which closes faster than the FCV, or we have to turn off the power of the RF cavity 
when the FCV is closed. 

g) Whereas the MR itself is located at the third basement. a room which can be 
used for the SR experimental station is located at the fourth basement. The SR beam 
is led to the experimental station after it is kicked down 4.5 m by a double cryskil 
monochromator. By using this room we can avoid a large-scale construction work 
such as construction of radiation shield. 

h) The monochromator has a special structure to meet the above aim. The first 
crystal of the monochromator is set on third basement, and the second crystal is put on 
the experimental station on forth basement. 

i) The fmt crystal of the monochromator is cooled by liquid nitrogen in vacuum. 
The second crystal is put in helium gas isolated by beryllium windows. 

References 
I )  The Tristan Super Light Facility. Conceptual Design Report 1992, KEK Progress 

2) "The Tristan Super Light Facility", Photon Factory Activity Report 1992 #IO, S-I. 
(1933). 

Report NO. 92-1 (1993). 
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A Simple In-hutch Mirror Assembly for X-ray Harmonic Suppression 
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0 
Harmonic contamination of a monochromatiid beam can result in serious 

ds~~rtions of the data in an X-ray absorption experiment. In cxperimcnts at thc 
manganese Kedge  (%.SKeV) we have encountered a panicularly troubling case of 
harmonic contamination in samples condning considerable amounts of bromine. We 
observed a drop in Mn fluol.escencc midway through a Mn EXAFS (Extended X-ray 
absorption fine structure) scan due to absorption of the harmonic energy X-rays by Br (K- 
edge 13.47KcV). 

There are several ways to minimize harmonic content of the beam; Si 4 1 I> 
crystals will not pass this harmonic, but they possess an unacceptable glitch pattern for 
our experiments. We use S i Q 2 b  which also pass this harmonic. Monochromator 
detuning by rocking one cryslal rclativc to the other rcsults in reduction of harmonics due 
to the nafmwer rocking curve of the harmonic relative to the fundamencat. However, wc 
were unable to acheive sufficient harmonic rejection through dctuning to 10% of the 
maximum flux and our extremely dilute Mn samples made further reductions in flux 
untenable. Finally, harmonics can be suppressed through the use of an X-ray mirror, but 
the beamline uscd, VII-3 at Stanford Synchrotron Radiation Laboratory, docs not have a 
mirror. 

To circumvent these problems we have designed and built a simple tabletop 
double mirror harmonic supprcssor io be used in the X-ray hutch. Each mirror is a 285 x 
25.4 mm strip of float glass coatcd with gold. The two mirrors are mountcd in a facc-to- 
face ("periscope") orientation spaced 1 mm apart and are further offsct to allow a vcnical 
enlrance apcrturc of 2 mm at a glancing rcflcdon angle of 0.4 degrees. This angle was 
chosen lo acheivc an optimum balance bctween second harmonic suppression and 
fundamental transmission through the use of the critical angle cutoff for gold. me 
double mirror design results in a vcnical displacement of the beam. but the cxit bcam 
remains parallel to the entering beam. We have demonstrated that the mirror apparatus 
dcscribed here is much more effective than monochromator detuning. allowing much 
greater rejection of harmonics without a drastic reduction in flux of the fundamcnd. The 
harmonic suprcssor can bc uscd over a range of energics by rotating it to ncw angles and 
is generally uscful for a variciy of applications. 

This work was supporwd by grants from die National Science Foundation (DMB91- 
04104) and by the Director. Division of Energy Biosciences, Office of Basic Energy 
Sciences, Department of Energy, under contract DE-AC03-76SM0098. Synchrotron 
radiation facilities and additional technical assistance wen: provided by the Stanford 
Synchrotron Radiation Laboratory which is supported by thc U.S. Department of Encrgy. 
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. Thermo-Mechanical Analysis of the White Beam Slits for a 
Wiggler/Undulator Beamline at the Advanced Photon 

Source' 

H. L. Thomas Nirn, I.C. Shag ,  D. Shu, m d  k c n r  M. Kauy 
Argonna National L.boTLtoTy, 0700 S. Cur Ave., Argonno, IL 60439 

A ~t d horirontd and mtld white berm rliti han been d a l g e d  for a wig- 
gler/tmdolrtor beamllna at  the Advanced Photon Source (APS). The deign urn a guing  
incidence knife odge to midxdzc the reattering, whlcb lnduus a much highex temperature 
and thermal otreu due to the "wedge heating" deet. Tho allto eonsfit of a main tungrtcn 
black and an OFHC cooling chumel (filled with eoppu mesh) inside the tungsten block. 
We mal@ mrny conceptad dulgns In order to 

1. d u w  the mudmum temperattire of tho tangrten block to under 400°C (to avdd 

2. reduw the maximum tempentare of the OFHC to nndor 17S'C (to avdd ranedbg), 

S. reduce the maximum thcrmd distortion to 50 micronr. 

=e), 

Tho find d e  1s cehiavad by ad& m W a l  b reduce the wedge effect and by 
moving the coding channel dosa to the hebtlng mrfeec. Enhanced heat transfer techanlogy 
WM osed to  i n a u M  thr convective h u t  t r d u  coefficient from 1 & to about 2- 
3 fax a pldn tuba  The dealation rhowa that incraasjry the h (convective heat 
tramhr codftdent) fmm 1 to 2 * WIlI 

1. reduce the &mum thermal distortlon from 60 microni to 45 mirronr, 

2. reduce the mutimum dect irs interfun (betwwn truyrkn bbck md OFHC coding 
tube) rtrw from 282 MPa to 178 MPa, which will make certain that OFHC cooling 
tube remain in &tic deformation during application, 

9. redau! the maximum lntufafc temperature from 150.C to about llO°C, 

4. reduce thb mudmum temperature of ttmgmtm from 420°C to about 380.C. 
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The set for synchrotron radiation stiiiiulated desorption 
study on collidcr’s vacuun~ chamber prototypes 

V.V.Anasliin, A.B.Evstigncev. A.P.Lywnko, 0.B.Malyslicv and V.N.Osipov 
Budkcr Inst i tuk of Nuclear Physics, 

Novosibirsk, Russia 
1.L.Maslcnnikov and V.lhrncr 

Superconducting Super Collidcr Laboratory 
Dallas, USA 

A t  dcsigti or new accclcrabr it’s very important b know a prosure dynamic inside 
bcamline chambcr. One o l  more prclcrablc way is b Lest thc beamline chamber proto- 
t y p a  irradiating by syncrotron radialion. For this arm on arca of Budkcr Institute of 
Nuclcar Physics (Novosibirsk, Russia) at collaboration with Superconducting Supcr 
Collidcr Laboratory (Dallas, USA), thcrc w r e  designed. mounted and installcd two 
(high and low intensity) special sets to study photodesorption 011 beamline prototypcs 
chamlicr with uw VEEP-2M collidcr as syncrotron radiation sourcc. Tlicrc is possiblc 
to ni&c mcasurcmcnk at dilTcrcnt kmpcraturcs in range o l  2 to 300 K.Ncw SCLS arc 
autolnatizatcd and apply lo control and operatc with I D M  PC IIK. 

* Thc SSCL is opcratcd by U R A  for thc US. DOE Contract No. DE-ACO2- 
69Ell4048G. 

The new 1.5 GeV storage ring for 
synchrotron radiation: MAX-I1 

A. Anderson, M. Eriksson, L.-J. Lindgren, P. Rtijsel and S. Wkrin 

MAX-lab 
Lund University 
P.O. Box 118 

S-221 00 Lund, Sweden 

The MAX-laboratory at the Lund University, Sweden, operates today an accelerator 
system consisting of a 100 MeV racetrack microtron and a 550 MeV storage ring 
(MAX I). At the moment (April 1994) a new storage ring, MAX 11, is near 
completion and will start first injections within 5 months. 
This work gives an overview of the MAX 11 project with descriptions of both the 
accelerator system and the first beamlines. 

MAX I1 is 1.5 GeV third generation light source optimised for the W V  and soft X- 
ray region. It consists of a 10 cell Double Bend Achromat lattice forming the 90 m 
circumference ring. Injection is done at 500 MeV from the existing storage ring 
MAX I, and ramping up to full energy will take place in MAX 11. The straight 
sections have a length of 3.2 m and 8 sections are free to house insertion devices. At 
start up the ring will be equipped with one 7.5 T Super conducting wiggler and one 
1.8 T Multipole wiggler. Two more undulators are ordered and under construction. 

To be able to achieve the project a few shortcuts have been made in the design of the 
storage ring: 
- Non zero dispersion is allowed in the straight sections. - Chromaticity correction is built into the quadrupole magnets. - Limiting the length of the straight sections to 3.2 m. 

The project is progressing on time. 
Extraction of an electron beam from the MAX I storage ring has been achieved and 
it has successfully been transported into the MAX 11 building. The MAX 11 ring is 
under assembly with most of the sections already mounted. First injection is planned 
lo take place in August 1994 
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Numerical Sinlulations of Flux Density Spectra 
of Tapered Undulalors 

htlxkrit Bandvmdyay,  Boyan I .  Boyanov, Grant B. Bunkor. Vesna F. Mitrovic 
I!linois institute of Technology, Chicago IL 60616 

Calculations of the angular photon flux density distribution from 
t a p e d  itndvlators were performed as a funclion of energy. Modulations in the 
on.axis GrigMwss spectra vs. energy aro correlated wi!h modulations In the 
angukr pa!torn of emitted photons. When Ihe mQular acceptance of the 
mOnOchromatGr cryslals is included, the alterations in the angdlbr pattern arisins 
from tape:ing K I ~ Y  result in larger transmitted flux modulations than are epparenl 
froin ~r.-axis brilliarlca or brightn6ss spectra alone. 

Effects of RF Side-Bands on Spectral Reproducibility 
for Infrared Synchrotron Radiation. , I 

R., G. Ramirez and G.P. Williams 
National Synchrotron Light Source 
Brookhaven National Laboratory 

Upton, NY 11973 USA 

C, Zimba 
Polaroid Corporation 

750 Main St. 
Cambridge, MA 02139 USA. 

We have investigated the effects of audio side-bands from the main RF of the 
NSLS VUV storage ring on beam motion and specifically on spectral 
reproducibility in the infra-red region. For this spectral region it is 
advantageous to use Michelson interferometers because of their high 
throughput (Jacquinot advantage). A second advantage is that 
interferometers inherently give a multiplex or Felgett advantage, since one is 
always looking at all the wavelengths for all of the measuring time, even 
though there is only one detector. In such instruments it is beneficial to scan 
the moving mirror at a fast rate so that any mechanical or other low 
frequency noise shows up as a slow modulation in the interferogram and 
disappears altogether in the Fourier transform from the spectral region of 
interest. In practice mirror scanning velocities are typically of the order of 
5mm/sec, giving an optical retardation of Icm/sec. This has the effect of 
considerably reducing noise in the data and improving reproducibility. It 
means that, for example a frequency of 2000 cm-1 or 5 microns wavelength, 
will be modulated and appear at the detector at a frequency of 2000 Hz in the 
audio range. In principle this should be well clear of any frequencies 
associated with beam motion in the storage ring. Due to the fact that the 
beam is circulating in a metal vacuum chamber, it is not possible to drive it at 
frequencies much above 100 Hz as higher frequency magnetic fields cannot 
penetrate the walls. However, audio frequency side-bands appear on the RF 
energy restoring cavity. These always occur at multiples of 60 Hz and can 
thus be readily identified. They can also be confirmed by changing the mirror 
velocity which changes where they appear in the spectra in a predictable 
way. In the present work, we measured spectra while simultaneously 
reducing and shifting the side bands in the RF and thus were able to 
correllate the effects and ultimately eliminate them as a source of noise. 
Ultimately we were able to achieve reproducibilities of ~ 1 %  in 15 seconds of 
scanning time across the entire spectral region from 800 cm-l to 4000 cm.’ 
with a sample throughput of only 1010 meter2 steradians. 
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Phase-Space Measurement Of Stored Electron Beam At Cornell 

Electron Storage Ring Using A Combination 
Of Slit Array And CCD Detector 

w. B. hi, w. Yun. E. Gluskin. R. Dejus and P. Itinski 

Advanced Photon Source. Argonne National Laboram? 

Abstract 

A new technique for fast phase-space measurement has been developed and tested 

during recent APSlCHESS undulator run. A measurement time of several seconds wm 

obtained by using a slit array and a high resolution optical imaging system with a CdW04 

scintillation crystal that replace two scanning slits in the conventional scanninglscanning 

two-slit method. Thus, contaminations due to instabilities of the clcctron beam can be 

avioded mostly. The vertical emittance at the Come11 Electron Storage Ring in single bunch 

and low current mode wm measured and reasonable resul~s for both source size and source 

divergence were obtained (a,=75 pm and a,=12.3 pad). It was also found that thc effects 

due to finite size ofand diffraction from the first slit arc not negligible. and they have to be 

taken into account in data analysis. 

This research was supported by the U.S. Department of Energy. BES Materials 
Sciences. under contract #W-31-109-ENG-38. 
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Performance of the Ellip tically Polarizing 
Undulator on SPEAR 

R. Carti, S. Lidia2 , J. Kortright3, M. Rice 3, F. Coffmkl 
1) Sanford Synchrotron Radiation Laboratory. Stanford CA 94309 
2) Physics Department, University of California. Davis CA 95616 

3) Center for X-Ray Optics, Lawrence Bcrkelcy Laboratory, Berkeley, CA 94720 

In the last year we have dcsigncd and built an Elliptically Polarizing Undulator (EPU) on the 
SPEAR storage ring at SSRL. [ I ]  The undulator has four rows of magnets parallel to the axis 
of the electron beam; two rows in a plane ahove the beam. and two below. Each row generates 
a sinusoidal magnetic field on-axis, and each may be moved longitudinally, parallel to the axis. 
These 'phase' motions allow us to create horizontal and vertical plane magnetic fields, as well 
as left and right helical fields. Elcctrons passing through these fields generatc vertically and 
horizontally plane polarized x-rays and left and right circularly polarized x-rays, respectively. 
Our design also allows us to vary thc energy of the x-rays with phase motions. in addition to 
variation of the polarization. The EPU has 26 periods. each 6.5 cm long. of pure NdFeB 
magnets. 

The fundamental x-ray energy of thc of the EPU's circularly polarized light is variable from 
550-950 eV. corresponding to the L-edges of the first row transition clcments. Certain 
magnetic multilayers and biological molecules containing these elements exhibit magnetic 
circular dichroism, and the EPU will be useful to study their properties. 

The first tests of the EPU were done to characterize its effect on the electron beam in SPEAR. 
Even at minimum gap (30 mm). variation of the phase of thc EPU caused negligiblc changes in 
the tune or the steering of the electron beam. even with no compensation of thc trim coils. 
This is an advantage of an adjustable phase dcvice over an adjustable gap dcvice. We can 
change the phases of the EPU at will, with no disturbance to othcr users at SPEAR. 

Thc second tests of the EPU were of the polarization ef the x-rays. We dcsigncd a polarimeter 
based on a 75 layer. 1.243 nm d-spacing B4CIW multilayer wc grcw at LBL. This multilayer's 
(r reflectivity was about 10-2, whilc its IC reflectivity was 10-6. It could he rotatcd azimuthally 
while mounted at the 450 Brewstcr angle. for peak rcflcclivity at 700 eV. Using a silicon 
detector. we observed vertically and horizontallly plane polarizcd x-rays from the EPU, and 
right thcse and modes. left circularly polarized x-rays. We can achicvc almost 100% polarization in cach of 

This research was performed at SSRL which is operated by the Department of Energy. Office 
of Basic Energy Sciences. J.K and M.R. aknowledge the support of the Director, Office of 
Energy Research, Materials Scicnccs Division or thc US. Department of Energy under contrict 
number DEAC-76SFOOOY8. 

[ I ]  R. Carr and S. Lidia, Proceedings of the 1993 SPIE Conference on 
Electron Beam Sources of High Brightness Radiation #2013. 
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Insertion Devices a t  the ESRF 

Faster Magnet Sorting with a 
Threshold Acceptance Algorithm 

Steve Lidia 
Physics Department, University of California, Davis,CA 95616 

B!Xdhm 
Stanford Synchrotron Radiation Laboratory, Stanford, CA 94309 

We introduce here a new technique for minimizing the magnetic field errors in 
permanent magnet insertion devices. Simulated annealing has been used in this 
role, but we find the technique of threshold acceptance produces results of equal 
quality in much less computer time. Threshold annealing would be of special 
value in designing very long insertion devices, such as long FEL's. 

Simulated annealing is the Monte Carlo technique of sorting that employs the 
Metropolis algorithm to explore a cost function space and find minimum values. 
I n  addition, the technique employs a synthetic temperature to control the range 
of exploration; when the temperature is lowered, the cost function converges. 

Threshold acceptance is a similar Monte Carlo technique that retains the role of 
temperature, but uses an algorithm simpler than Metropolis's. In  simulated 
annealing, changes in the sort are retained if they result in a lower cost function. 
or if they meet a Boltzman function random acceptance criterion. In threshold 
accepting, sort changes are retained if they are merely below a positive but 
decreasing threshold. Threshold accepting allows more active exploration of 
the configuration space, and converges faster to the global minimum. 

Our application of threshold accepting to magnet sorting showed that i t  
converged to equivalently low values of the cost function, but that it converged 
significantly more quickly. We present typical cases showing time to 
convergence for various error tolerances, magnet numbers, and temperature 
schedules. ' 

This research was performed at SSRL which is operated by the Department of 
Energy, Office of Basic Energy Sciences. 

J, Chavanne, P. Elleaume 
ESRF, BP 220, 38033 Grenoble Cedex France 

Two years after the first beam in the storage ring, fourteen 
undulators and wigglers a re  presently in operation a t  ESRF. 
Brilliance as high as 2 1018 Ph/sec/.l%/rnm2/mrZ is routinely 
achieved around 1 Angstrom. The method of production of 
Insertion Devices (IDS) and  of field measurement will be 
described. Emphasise is placed on a special shimming technique 
which allow a complete removal of all normal and  skew 
multipoles as well as ensuring maximum Brilliance o n  the high 
harmonic of the spectrum. To satisfy ihc  demand for circularly 
polarised radiation 4 exotic 111s have been produced. Two helical 
undulators have been built covering the range from 0.5 to 10 keV. 
Two asymmetric wigglers have been built with peak field of 1.0 
a n d  1.8 T covering the range between 20 and  200 keV. An 
undulator with variable gap chamber is bcing manufactured 
which is intended to operate at a 7 nini gap allowing a brilliance 
increase of a factor 5 around SO kcV. 
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Precise Computation of Electron Beam Radiation in 

Non-uniform Magnetic Fields as a Tool for the Beam Diagnostics 
0.V.Chubar 

RRC KURCHATOV INSTITUTE. Moscow 
Visual range radiation emitted by ultrarelativistic electron beam at bending 

magnd cdges and within elements of the beam optics (steering magnets. 
quadrupole lenses, etc.) in modern storage rings is very sensitive to horizontal and 
vcttical angular divcrgcnccs, transversal sizes. emittances, energy. position and 
trajectory tilts of the electron beam. Praise computation of the radiation intensity 
distributions with due regard for non-zcro beam emittances. layout of storage ring 
magna structure and poculiaritics of a mcasuremcnt scheme allows to obtain the 
electron beam parameters from measurcd intcnsity distributions of the radiation. 

To rcalizc the beam diagnostics, an cffeclivc mdhod for calculation of the 
radiation intensity distributions was claboratcd. In contrast to traditional mcthods 
incorporating non-zero beam cmittanccs, the method docs not use integral 
convolution technique and may be used even whcn this techniquc is not applicablc 
(as it takes place in the case of radiation from quadrupole Icnscs). 

In the nport to be presented, the computation technique. as well as the 
software and the cxpcrimcntal quipmcnt for the bcam diagnostics on the Siberia-I 
electron storage ring will be dcscribcd. Expcrimcntal mults on mwurcments of 
the radiation intensity distributions on the Siberia-1 ring and the correspondent 
electron bcam paramctcrs dctcrmincd by thc method undcr discussion, will be 
prcscnted. The parameters obtained agrec well with theoretical estimations and 
data from diffennt Siberia-1 diagnostic systems. 

Thc figures below illustrate the processing of cxpcrimcntal data on thc 
radiation intensity distribution in order to dcterminc bcam divcrgcnces. 

I 

I I 

Figurc captions 

II 

I- Intcnsity distribution of radiation emitted at bending magnct cdgcs and within a 
steering magnet of Siberia-1: cxpcrimcnt (Icft) and computation best-fit (right). 

II- Fitting over effective vertical angular divergence u,k =[u," +(c, /r) 'T:  
a. expcrimcntal points; b- best-fit curvc: a; gn = (a; .njfif = 0.12 mrud: 
C- u'Z tn = f A i d Z  tnJfif; d- u'Z g n  = 0.6.(a'Z g ~ h , .  

Phase errors and predicted spectral performance 
of 8 prototype undulator 

-. Isaac Vasscrman. Elizabeth R. Moog, and Efim Glu.skin 
Advanced Photon Source 

Argonne National Laboratory 
9700 S. Cass Avc 
Argonne, IL 60439 

A prototype undulator (3.3 cm-period permanent magnct hybrid device) has been 
used to study different magnetic end-configurations and shimming techniques for 
straightening the beam trajectory. Field distributions obtained by Hall probe 
measuremen& wen: analyzed in terms of trajectory. phase errors. and on-axis brightness 
over a large energy range for the purpose of comlabng prcdictcd spec~ra! intensity with 
the calculated p h m  errors. 

Two device configurations (shimmed and unshimmed) wen: analyzed. The 
unshimmcd device had a full-strength first magnet at each cnd and the ncxt-to-last pole 
was reccsscd to make the trajectory through the middlc 01 Ihc undulator parallel to the 
undulator axis. For the shimmed device, shims were added to straightcn the trajectory. 
For this configuration the first permanent magnet at each end was replaccd by a half- 
strength magnet to reduce the trajectory displacement and the next-to-last pole was 
adjusted appropriately. 

Random magnetic field errors can cause trajectory deviations which will affect the 
optimum angle for viewing the emitted radiation and cam niust be taken to select the 
appropriate angle when calculating the phase errors. This angle may be calculated from 
the average wajectory angle evaluated at the location of the poles. 

For the shimmed device. we find a phasc e m r  of 3' and 95% of the ideal value of 
on-axis brightness for the third harmonic (nominal gap is 11.5 mm and derived effective 
K is 2.26). In conhst, for the unshimmed device the third harmonic intensity is 68% of 
the ideal. The predicted reduction of intensity for the shimmed device is in good 
agreement with the simple model proposed by Walker.' For the shimmed device we 
have also analyxd the gap dependence of the phase errors and spectral brightness and 
have found that the phase errors remain small at all gap settings. 

I R.P. Wdkcr. Nucl. Insw. and Mclh. A 335 (1993) 328. 
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Initial Operation of Insertion Devices in ELETTRA 

B. Diviacco and R.P. Walker 
Sincrotrone Trieste, Padriciano 99, 3401 2 Trieste, Italy 

The 1.5-2 GeV ELETTRA synchrotron radiation source has recently 
come into operation. Three insertion devices (IDS) are currently in 
operation including two pure-permanent magnet undulators and a hybrid 
multipole wiggler. All three devices have a nominal length of 4.5 m and 
are composed of 3 individually controllable sub-sections. A narrow gap 
vacuum chamber permits a nominal minimum gap of 25 mm i n  each 
case. 

In  this report we give details of the initial operation of each of the above 
devices, in  particular the measured effects on the electron beam, and first 
spectral data. Comparisons are made with expectations based on the 
measured field distributions in both cases. Some details are also included 
about operational aspects such as the performance of the ID control 
system, use of correction elements, vacuum chamber protection interlock 
system and ID vacuum chamber performance. 

Beam monitor for undulator white radiation in the hard 
x-ray range 

P., S. Ferrer 
ESRF. B.P. 220 38043 Grenoble Cedex, France 

An instrument for white x-ray beam monitoring that is suitable for the 
undulator beams at ESRF is presented in this paper. It is based on a 500 
pm thick beryllium single crystal that is interposed in the beam path. 
Most of the beam passes through the crystal due to its low absorption 
and a small part is diffracted. The image of a Bragg reflection is 
recorded by a x-ray camera at a such geometry that the image obtained 
reproduces the cross-section of the main beam and it is possible to 
obtain information about its shape and position. In order to monitor 
position changes or drifts, the image is digitalised and the center of 
gravity of the intensity distribution is calculated periodically. If the 
position is determined from only one video frame, the resolution is 
about 5 pm, This value is strongly limited by the internal noise of the 
camera and can be reduced to I pm or less by simple frame averaging. 
The mosaic spread and the defects of the beryllium crystal degrade the 
fidelity of the beam images but does not affect the resolution of the 
instrument as position monitor. Tests were performed at two different 
ESRF undulator beamlines with power densities of the order of 20 
W/mm2 and the heating effects were negligible. The major limitation 
comes from the unavailability of large enough Be crystals of good 
quality. In our prototype the small crystal size forced us to reduce the 
active area of the instrument to a I O  mm circular region. 
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UHV-compatible position a n d  shape monitor for high 
brilliance synchrotron radiation beams 

p. F a i d ,  S. Ferrer 
ESRF. B.P. 220 38043 Grenoble Cedex, France 

Most of the beam position monitors that are been currently used at 
synchrotron radiation beamlines are either not vacuum compatible or 
they intercept completely a part of the photon beam. An instrument 
conceived to monitor small beams in UHV environment is presented 
here along with the results of the first prototype. The instrument, 
initially conceived to monitor the position of monochromatic beams, 
has shown to be useful for white radiation too. In addition it provides 
information about the shape of the beam. The monitor measures the 
integrated profiles of the beam spatial distribution by scanning two 
perpendicular thin metallic wires across the detection area. The 
photoemission current is amplified and recorded as a function of the 
position of the wires by a data acquisition system. A computer 
calculates the beam position and displays the beam profiles. In this 
instrument the absolute accuracy and the resolution are of the same 
order of magnitude and depend on the scanning speed and the beam 
size. The prototype has been tested with undulator beams at ESRF and 
the measured resolutions ranged from 5 to 50 p m  depending on the 
particular working conditions. Beryllium and tungsten wire of 50 and 
100 pm diameter have been used for white and monochromatic beams 
respectively and typical peak current values are 50 nA and 400 PA. 
The minimum scan time is one second and therefore this instrument is 
not suitable for fast position corrections. On the other hand it is 
inherently free of electronics drift and it is well suited to monitor the 
beam during long unattended experiments. 

A STATUS OF THE ELLIPTICAL MULTIPOLE WIGGLER PROJECT 

E. Gluskin, P. Ivanov, E. Medvedko, E. Trakhtcnberg, L. Turner and I. Vasserman' 
APS, Argonne National Laboratory, Argonne, IL 60439 

N. Gavrilov. G. Erg, G. Kulipanov, S. Petrov, V. Popik. N. Yinokurov 
Budker W. Novosibirsk, Russia 

A. Friedman, S. Krinsky, G. Rakowsky" 
NSLS, Brookhaven National Laboratory, Upton, NY 11973 

The Elliptical Multipole Wiggler (EMW) for the NSLS Xray ring is currently under 
construction. The EMW will be a source of the variable circular polarized x-rays at the X-13 
beamline in the energy range from 1 up to 10 keV The EMW vertical magnetic field is 
produced by the 5 periods of the hybrid magnetic structure and the horizontal one by the 
electromagnet. The device period length is 16 cm. With the peak field values of 8 kGs for 
thevertical and 1 kGs for the horizontal magnetic field the vertical and horizontal K- values 
of 10 and I .5 respectively will be achieved. 

The EMW electromagnet poles are fabricated from the laminated iron in order to 
operate with the switching frequency up to 100 Hz, but the current power supply switching 
frequency is limited by IO Hz 

The EMW has an internal ends compensation system in order to control a first and 
second field integrals with the required accuracy. 

It is planned to fabricate and complete the magnetic measurements of the device in the 
Fall of 1994 and install it at NSLS Xray ring by tlie end of 1994. 

* This project was supported by the U.S. Department of Energy, BES Materials Science. 

"Work performed under the auspices of the U.S. Department of Energy. under contract 
under contract #W-3 I-109-ENG-38. 

DE-AC02-76CH00016 
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GAP INDEPENDENT PASSIVE END FIELD OPTlMIZATlON METHODS 
FOR WIGGLERS AND UNDULATORS 

S,C., K.E. Robinson, and D.C. Quimby 
STI Optronics, Inc.. Bellevue. Washington, USA 

Wigglers and undulators require careful termination of the end fields in order to meet 
several requirements. Trajectories should remain as flat as possible, phase and 
multipole errors should be conaolled and the extent of the good field region should be 
as large as possible. All of these requirements will necd to be met over the gap 
operation range of the device. Ideally it is desirable to achieve all these goals by 
entirely passive means without the use of electromagnets or mechanical magnet 
adjustments as the gap is varied. We have used finite element analysis of 
wiggler/undulator end fields -to determine an optimum passive end field configuration 
for devices with and without terminating field clamps. The presence or absence of field 
clamps significantly modifies the analysis results. The technique involves adjustments 
of the strengths of the first two magnets and if necessary, the heights of the first two 
poles. We have confirmed the analysis experimentally and demonstrated an 
essentially ideal wiggler entrance field over a gap to wavelength range of 0.22 to 0.60 
on our test device, HUMMER. which does not include field clamps. We have excellent 
agreement between analysis and experimental data on the SRRC - 1.8 T wiggler. 
which is equipped with a field clamp, operating at a gap to wavelength ratio of 0.1 1. 
We will present additional experimental results covering a gap to wavelength range of 
0.11 to 1.2. 

Experimental Characterization of ALS Undulator Radiation. 

P.Hcimannt. D.Mossessiant. A.Warwickt , E.Gullikson*. C.Wangt, S.Marks". 

, '  and H.Padmoret. 

tAdvanced Light Source, Accelerator and Fusion Research Division 
'Center for X-Ray Optics. Materials Sciences Division 

Enginwring Division 
Lawrence Berkeley Laboratory, Berkeley, CA 94720 

.. 
The radiation from the 5 cm period undulator at the Advanced Light Source ( A S )  

has been characterized using a transmission grating spectrometer. Spectral and angular 
distributions were measured for deflection parameter K values between 0.45 and 2.12 at 
low storage ring current (0.1 - 0.5 mA). From the calibration of the spectrometer, the 
absolute flux density of the undulator harmonics has been determined together with the 
spectral linewidth. Comparison has been made with radiation calculations based upon the 
measured magnetic field data of the undulator. 

The fifth harmonic peak intensity and linewidth has been used as a test standard for 
undulator performance. The linewidth of the fifth harmonic, Auk, was 1/213 for K=2.12, 
which is larger than the width in a single electron approximation, 1/445. However, the 
radiation calculations. which include magnetic field e m r s  together with the emittance and 
energy spread of the elecmn beam, quantitatively reproduce the measured 5th harmonic. 

The taper of the undulator was varied in small stcps, and the effect on the undulator 
harmonics was observed. At a taper of 100 pm thc fifth harmonic was significantly 
suppressed and broadened. On the other hand, this taper resulted in only small changes in 
the fundamental. 

Two dimensional angular distributions were measured showing the central cone 
and the red-shifted radiation off axis. Near field effects were examined by analyzing the 
widening of the harmonics in the off-axis spectrum. The angular distribution of the rcd- 
shifted fundamental was used to determine the electron beam emittance. At low current the 
measured ALS emittance was E~ - 5.109 m-rad, c 2.10-10 m.rad in agreement with the 
theoretical value and less than 5% horizontal-vertical coupling. 

The direct radiation from an undulator has been measured at the ALS. a third 
generation storage ring. Including field errors, electron beam emittance and energy spread. 
good agreement is found between theoretically and experimentally determined harmonic 
widths and peak brightness. 
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Vertical Photon Ream Pusition Measurement a t  Bending Magnets using Lateral 
Diodes 

K.Holldack, W.Peatman. Th.Schroeter 
BESSY GmbH Berlin, Lentzeallee 100 . 

14195 Berlin .Germany 

Commercial position sensitive diodes (PSD) which were designed for measurements 
with visible light have been used to measure beam position in a white light beamline 
exposing them to the hard X-ray part of the dipole spectrum. In preliminary studies the 
specaal response of the lateral diodes in the VUV and XUV range from IO() eV up to 
2keV was tested at the plane grating monochromator HE-PGM 2 at BESSY. It was 
found that the quantum efficiency of the lateral diodes is comparable to dedicated Si 
XUV diodes. At 1.4 keV a quantum efficiency of about IOU electrons per photon was 
measured in the central position. No long-term drifts of the efficiency have been 
observed. The position sensitivity of the diodes is almost independent of photon 
energy. 

Hence. in a white light beam a photon energy window was defined simply by a water 
cooled AI-absorber foil of 200 pm thickness. Behind the foil two lateral diodes were 
arranged at 3.5 m (15 mm length) and at 7m (30lmm length) behind the source. The 
horizontal position of the diodes was staggered so that the first diode does not occlude 
the beam to the second one. Using the given absorber thickness which has to be chosen 
to prevent therinal distortion of the absorber, photocurrents of ca. IOU nA for 100 mA 
ring current were detected at the diodes. The position response of the diodes was 
calibrated by scanning them verticalJy through the beam using a stepping motor- 
controlled y-stage. After calibration the centre of the diodes was set to the actual 
vcrtical beam centre and position changes relative to this level can be rcad out every 
inillisecond. 
With this system, the source position in a dipole can be detected with IO pm accuracy 
while the change in deflection angle can be detected down to values of I .5 prad. 

UPGRADE OF THE PHOTON FACTORY STORAGE RING FOR A HIGH 
BRILLIANCE CONFIGURATION 

M. Katoh. Y. Ilori, N. Nakamura. 13. Kitamura and H. Kobayakawa 

Photon Factory, National Laboratory for High Energy Physics 
1-1 Oho. Tsukuba. Ibaraki, 305 Japan 

The 2.5-GcV Photon Factory storage ring has bccn steadily improved by 
decade-long research and development. Its performance, in particular the stored 
current, beam lifetime and beam stability has been achieved to the world highest 
level. A high brilliance configuration was designed and proposed as one of our 
recent activities. In the new configuration, the focusing magnets of the normal cells 
will be doubled. All the light-source points of the existing beamlines will not be 
changed. because all the bending magnets will be kept at their present locations. The 
beam emittance will be reduced to 27 nm-rad which is one fifth of the present value 
(130 nm-rad). The brilliance will be increased typically by a factor of ten. 

For this upgrade, improvements of vacuum chambers and front-ends of the 
beamlines arc necessary on the normal cell sectiuiis. Also the injcction scheme 
needs to be modified. All improvements arc being designed and planned carcfully tu 
be achieved (I)with minimum influence to the existing beamlincs, (2)in the shortest 
shutdown time and (3)by low cost. 

The beam lifetime and the beam stability are discussed from a standpoint of 
the total effective brilliance. More than 40 hours of the beam lifetime is expected, 
and the light beam of each beamline will be stabilized by reinforcing the beam 
monitors and the orbit feedback system. 

Details of the upgrade is described in this paper. 

Pholon Enwpy IcV)  

Designed arrangement of magnets for the 
upgrade of the PF ring. 

Change of the brilliance at each 
bending magnet 
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Advanced Light Source Elliptical Wiggler. 

E., J. Akre, D. Humphries, S. Marks, Y. Minamihara, P. Pipersky, D. Plate, 
R. Schlueter 

Advanced Light Source, Lawrence Berkeley Laboratory, University of California, 
Berkeley, Ca94720 

Abstract 

A 3.5 m long elliptical wiggler, optimized to produce elliptically polarized light in 
the 50 eV to 10 keV range, is currently under design at the Advanced Light 
Source (ALS) at Lawrence Berkeley Laboratory (LBL) . Spectral calculations 
show that the device will produce a polarization figure of merit, defined as flux 
times polarization squared, of greater than 1014 photonskec /O.l%BW at photon 
energies up to 5 keV and greater than 1013 photons/sec/O.l%BW for photon 
energies between 5 and 10 keV, for a 5 mrad horizontal aperture with the ALS 
operating at 1.5 GeV and 400 mA. 

This device features vertical and horizontal magnetic structures with 14 periods 
each, The period length is 20.0 cm. The vertical structure is a hybrid permanent 
magnet design with tapered poles and a peak field of 2.0 T. The horizontal 
structure is an electromagnetic design that is tucked between the upper and 
lower vertical magnetic structure sections. A maximum peak oscillating field of 
0 1 OT at a frequency up to 1 Hz will be achieved by excitation of the horizontal 
structure with a trapezoidal current waveform. 

The vacuum chamber is an unconventional design that is removeable from the 
magnetic structure, after magnetic measurements, for UHV processing. The 
chamber is fabricated from stainless steel to minimize the effects of eddy 
currents. , 

Spectral performance and device design are presented. 

*The submitted abstract has been authored by a contractor of the U.S. 
Government under contract No. DE-AC03-76SF00098 

Advanced Light Source - First Undulators* 

FHpyRE. J. Akre, J. Chin-, W. Gath, W.V. Hassenzahl-, D. Humphries, 
B. Kincaid, S. Marks, P.Pipersky, D. Plate, G. Portmann, R. Schlueter 

Advanced Light Source, Lawrence Berkeley Laboratory, University of California, 
Berkeley, Ca 94720 

Abstract 

At Lawrence Berkeley Laboratory's (LBL) Advanced Light Source (ALS). three 
4.6 m long undulators have been completed, tested and installed. A fourth is 
under construction. The completed undulators include two 5.0 cm period length, 
89 period devices (U5.0~) which achieve a 0.85 T effective field at a 14 mm 
minimum gap and a 8.0 cm period length, 55 period device (U8.0) that reaches a 
1.2 T effective field at a 14 mm minimum gap. The undulator under construction 
is a 10.0 cm period length, 43 period device (U10.0) that is designed to achieve 
0.98 T at a 23 mm gap. 

Measurements show that the uncorrelated magnetic field errors are 0.23%, 
0.24%, and 0.20% for the two U5.0~ and the U8.0 respectively and that the field 
integrals are small over the 1 cm by 6 cm beam aperture. 

Undulator magnetic gap variation (rms) is within 25 microns over the periodic 
structure length. Reproducibility of the adjustable magnetic gap has been 
measured to be within +/- 5 microns. Gap adjusting range is from 14 mm to 
210 mm, which can be scanned in one minute. - 
The 5.1 m long vacuum chambers are flat in the vertical direction to within 
0.74 mm and straight in the horizontal direction to within 0.08 mm over the 4.6 m 
magnetic structure sections. Vacuum chamber base pressures after UHV 
conditioning are in the mid 10-11 Torr range and storage ring operating pressures 
with full current are in the low 1010 Torr range. 

Device description, fabrication, and measurements are presented. 

*The submitted abstract has been authored by a contractor of the US.  
Government under contract No. DE-AC03-76SF00098 
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UC-410 

Abstract for the SRI '94 Conference 

Multiple Trim Magnets, or "Magic Fingers". 

E., S. Marks, P. Pipersky. R. Schlueter 

Advanced Light Source, Lawrence Berkeley Laboratory, University of California, 
Berkeley, C a  94720 

Abstract 

Multiple Trim Magnets  (MTM's), also known as "Magic Fingers", is an 
arrangement of magnets for reducing integrated magnetic field errors in insertion 
devices. The idea is to use transverse arrays of permanent magnets, hence t h e  
name "Multiple Trim Magnets", above and below the midplane, to correct both 
normal and skew longitudinal magnetic field integral errors in a device. MTM's 
are typically installed at  the e n d s  of an ID. Adjustments are made by changing 
either the size, position or orientation of each trim magnet. 

Application of the  MTMs to the ALS undulators reduced both the normal a n d  
skew longitudinal field Integral errors, over the entire +/- 1 cm by +/- 3 cm "good 
field region", of the  beam aperture by more than an order of magnitude. T h e  
requirements included corrections of field and  gradients outside the multipole 
convergence radius. Additionally, these trim magnet arrays provided correction 
of the linear component of t h e  integrated field gradients for particles with 
trajectories not parallel to the nominal beam axis. 

The MTM concept, design method, tes ts  that demonstrated feasibility a;d the  
application of the system to the ALS undulators is presented. 

*The submitted abstract  h a s  b e e n  authored by a contractor of the  U.S. 
Government under contract No. DE-AC03-76SF00098 

D. Humphries 

Apr. 22.1994 

Version 0.1 

~6797.  MS 46-161 

A Multiple Objective Magnet  Sorting Algorithm 
for the Advanced Light Source Insertion Devices* 

m. F. Goctz.. P. Kownacki. S. Muks. R. Schlueter 

Advanced Light Source, Lawrence Berkeley Labontory. University of California 
One Cyclotron Road, Berkeley California 94720 

Insertion devices for the Advanced Light Source (ALS) incorporate large numbers of 
permanent magnets which have a variety of orientation errors. These orientation errors 
can produce field errors which nffcet both the spectral hrightness of the insertion devices 
and the stonge ring electron beam dynamics. 

In order to maintain the spectnl quality of the light produccd hy the insertion devices, the 
poles of the device must be uniformly excited by the permanent magnets. Non-iterative 
algorithms have been previously developed and succcssfully applied to magnet 
populations to achieve uniform pole excitation. Thcsc algorithms primarily order and 
arrange magnets using the principal component of thc magnetic moment (Mz). 

Experience has shown that the minor components of die magnetic momcnts (Mx and My) 
may combine in the overall magnetic structure of a given inscrtion device to result in a 
non-uniform transverse distribution of integrated fields that may advcrsely affect elcctron 
beam dynamics. These m o r  fields are typically large enough to require external 
correction to pmvent beam lifetime and beta function effects, 

A perturbation study was carried out to quantify the effects of particular magnetization 
minor components acting in a. hybrid magnetic structure. The resulu of this study were 
used to develop an iterative algorithm which acts on a limited parameter space to 
minimize undcsirahlc integrated field errors. 

This algorithm has been combined with the algorithm for uniform excitation to form a 
two stage magnet sorting. This algorithm has been incorporated into the program 
INSORT and applied to actual insertion device magnet data. The results show a 
significant reduction in integrated ficld errors and ncar elimination of excitation errors 
from permanent magnets. 

Results of the perturbation study and the sorting algorithm are presented. 

TuE2 1 

'This work was supported by the Director. Office of Energy Research, Office of Basic 
Energy Sciences, Materials Sciences Division, of the U.S. Dcpartmcnt of Energy undcr 
Contract No. DE-AC03-76SFO0098. 
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Characteristics of SIC microwave absorber for damped cavity 

Absolute f lux  and spatial intensi ty  dis t r ibut ion m e a s u r e m e n t s  of 
the CHESS undulator  

P.Ilinski, W. Yun, B. Lai, E. Gluskin, Z. Cai 

Advanced Photon Source, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, Illinois 60439 

Abstract  

Absolute radiation flux and polarization measurements of the APS 
undulators need to be made under high incident beam power and high 
incident beam power density conditions. A method that  may circumvent the 
high heat load problem was examined during a recent APS/CHESS undulator 
run. 

An experimental set-up to measure absolute flux and spatial intensity 
distribution of t he  intense undulator X-ray beam was developed and tested. 
The technique makes use of a Si(Li) energy-dispersive detector to measure X- 
ray scattering from a well-defined scattering volume at controlled pressure. 
This method was used to reduce high intensity of undulator radiation to the 
counting rate of the detector and allowed us to measure undulator spectrum 
in the 5 - 30 keV energy range with only Si(Li) detector need to be calibrated. 
The experimental results and data analysis will be presented and discussed. 

M.Izawa, T.Kosekia), Y.Kamiyaa), and T.Toyomasu 

National Laboratory for High Energy Physics, 
1-1 Ob, Tsukuba-shi, Ibaraki. 305 Japan. 
a)The Institute for Solid Stare Physics, The Univcrsiry of Tokyo, 
3-2-1 Midori-cho, Tanashi, Tokyo, 188 Japan 

The microwave absorber is one of important elements of damped cavity. 
Many kinds of materials such as Ferrite'), Silicon carbide etc. are tried to 
absorb the electmmagnetic field of higher-order-modes (HOMs) induced in a cavity. 
The SIC absorber is one of promising candidates since it has high thermal 
conductivity and the resistivity that we expect for the damped cavity being 
developed for the high brilliant ring i n  our labs. The effect of the SIC absorber on 
HOMs has already reported3) and the recent development will be presented also in 
this conference4). 

In  our damped cavity. the Sic absorber is used in  a part of the beam dim. 
Therefore i t  is very important to investigate the characteristics of the Sic absorber to 
know the interaction between the beam and the SIC duct. The results of 
measurement of the dielectric constant and the permeability (both real and complex 
parts) at frequency range of 0.3 to 10 GHz and of the loss parameter of the SIC duct 
(shown below) are presenled. The results of high power test of the SIC duct will be 
also presented. 

Innnet dl.mlw 3 4 0  rnm 
OUIW d l # m I ~ I  : 160 mrn 
Implh 1OOrnrn 

* This work is supported by the Dept. of Energy, BES-Material Science, 
under contract no. W-31-109-ENG-38. 
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References 
1) T.Tajima et al., KEK preprint 93- 153. (presented at the 6th workshop on RF 

2) H.Maisumoto et ai.. Proceedings of the 8th linear accelerator meeting in Japan. 

3) T.Koseki et al.. Proc. of the 1993 Particle ACCekrdtOr Conference. Washington 

4) T.Koseki et ai.. 'A damped-structure cavity for a high-brilliant VUV and SX 

superconductivity, CEBAF. Virginia. U.S.A.. Oct.4-8.1993. 

p154. 1983 ( in  Japancse) 

D.C.. p930. 1993. 

storage ring' , to  be presented in this conference. 
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ACCELERATOR PLAN FOR T H E  LIGHT SOURCE STUDY AT 
T H E  TRISTAN MR 

._I . .  

S.Kamada, H.Fukuma, K.Yoshioka. K.Nakajima. A. Ogata. T.Mi&uhashi. M.Isawa. 
N.Nakamura, S.Sakanaka, M.Tobiyama, K.Ohmi. S.Kurokawa. K.Kanazawa. 
T.Kubo, K.Egawa. T.Mimashi. M.Kobayashi, H.Mizuno, T.Furuya, S.Mibunobu. 
T.Ieiri. M.Tejima and T.Kalsura 

KEK, National Laboratory for High Energy Physics, Tsukuba JAPAN 

A thrcc months operation with beam is scheduled in thc autumn of 1995 at the 
TRISTAN main ring (MR) for the sake of light source development and research 
programs using it. 

very low emittance of 5nm at beam encrgy of IOGeV. The emittance damping 
wigglers will enhance radiation damping rate to stabilize coherent beam instabilitics 
as well as to reduce emittance more. 

thc impedance of higher order modes of accelerating cavities that may cause coupled 
bunch inshbilitics and limit the intensity of stored beam. 

A beam emittance will bc rncasured by dckcting the angular distribution of 
Compton scattcring of laser photons on bcam electrons. Also adopted will be the 
image of visible synchrotron light to measure a beam emittancc. 

the sotrcd electron beam. 

The lattice will be modified to install an undulator of 5.4m long and to reach 

Considerable numbers of cavities will be removed from the ring to minimiu: 

For the stability of light position, a local feedback system will be introduced to 

Beam Position Control of SOR-RING 
H. Kudo. T. Na,qnrsukn. K. Slrbioe. H. Tnknki. T. Koseki. 

N. Nnknrrrum* mid 
ISSP. T n l y  Uniirrsify. Tnnnrhi. Tnkw. I88 JAPAN, 

Plinmn Fncloty. KEK. Twluhn. Il)nruki. 305 JAPAN 

Recently. a global fcedback of beam position was switched on at SOR-RING of 
Tokyo University. At a low beam current. the vertical orbit drih was suppressed 
almost always within a few pm which corresponds to a bit of steering's DAC [Fig. I ] ,  
and the horizontal orbit drift was within several pm. On the other hand. the 
suppression became worse at a high current and the fluctuation in beam position was 
within about ten pm or so. because the accuracy of BPM deteriorated due to a 
longitudinal instability. 

In the 1992 summer shutdown. four beam position monitors (BPM's) and eight 
beam steerings were installed in the ring. The BPM system using PIN diode switches 
showed a good performance; the relative accuracy was 0.3 to 0.4 pm. The beam 
steerings consist of auxiliary coils wound on every pole of quadrupole magncts. With 
the BPM system. we measured the closed ohi t  distortion (C.O.D.) at the first tiiiie 
since the ring had been constructed; maximum values of C.0.D.k were horizontally 
about 3 tiim and vertically 4 rnm. Then we corrected both horizontal and vertical 
C.O.D.'s niuch less than I nini by exciting the stcerings and also by changing the RF 
frequency about 100 kHz. Continuous measurement of thc beam orbit. however. 
revealed that the orbit slowly varies by the order of several tens of pm during a storage 
mode. and before and after injection it also jumps by several tens of pni. Now with 
the global feedback applied. both horizontal and vertical beam positions arc controllcd 
alniost less than ten pm. 

In order to find how the beam positions were fluctuating in  a low frequency rcgion. 
a BPM was connected to a hybrid circuit that was able to producc RF signals directly 
proportional to the bcani positions. The RF signals were then fed into the BPM 
systeiii and in turn into an FFT analyzer. When the electron synchrotron. ES. closc to 
SOR-RING was operated with a repetition rate of 21 Hz, the 21-Hz frequency was 
clearly observed in the beam position spcctn; horizontally 2.6 prn and vertically 0.6 
pm. I t  was also observed that at 21 Hz the horizontal positions tend to fluctuate 
uniformly around the ring, i t . .  monopole-like expansion and contraction. while tlic 
vertical positions have dipole-like fluctuation: a result expected if uniforiii magnetic 
field is inipressed on the ring. 

Presented in this paper are (1 long-term drift and low frequency spcctra of bcaiii 
positions at SOR-RING. (2) the global feedback system and (3) the suppression of 
orbit drift by the global feedback. 

.._ , -. , . --,---.,--..-. ,- ----- , . , . , 

,11,1,* , , I , # , ,  
TIMI:. Ilirrl 

Fig. I Vertical orbit drift with a global feedback switched on. 
No. of BPM is denoted at the upper right corner. 
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Polarization measurement of SR from a helical undulator 
using quarter-wave plate for 12.7-nm wavelength 

A bsi rac t 

H. Kimural)'), T. Miyahara*), Y. Goto'), K. Mayama'), M. Yanagihara') 
and M. Yamamoto') 

"Depr SR Sci, lRe Grad. Univ. for Adv. Studies, KEK-PF, Tsukuba JOS, Japan 
"Photon Factory, Narwml Lab. for High Energy Physics, Tsukuba 30S, Japan 

"Research Institute for Scient@c Meas., Tohoku Universiry, Sendai 980- 77, Japan 

We dctcrmined the polarization states of the circularly polarized light with 
12.7-nm wavelength emitted from a helical undulator and monochromatized by a 
grating monochromator (KEK-PF BL-28A). A transmission-type multilayer phase 
shifter (MoBi 3.19 nm/ 6.03 nm 141L) and a multilayer mirror analyzer (MoBi 3.19 
nd6.03 nm 101L) were used in this study. The polarization characteristics of these 
elements were measured for the light with 12.7-nm wavclcngth beforehand. The ratio 
of the arnplitudc reflectance for the s- and p- components of the analyzer was 
evaluated to be 600. The retardation angle and the ratio of the amplitude transmit- 
tance for thc s- and p-components of the phase shifter were evaluated to be 90 
dcgrecs and 1.1, respectively. This means that the phase shifter can be. used as a 
quartcr-wave plate. Using those, we measured all polarization parameters of highly 
circularly polarized SR, which are the 
dcgrcc of polarization 0, the ellipticity 
angle (E) and the azimuth of the major 
axis of thc polarization ellipsc (d). 

The obtained polarization 
parameters arc listed in Table 1. The 
dcgrec of circular polarization through 
the grating monochromator is estimated 
to be 0.95 from these results. This value 
is much higher than that of the off-axis 
bcam from a bending magnet and that 
of a bcam from a crossed undulator in 
BESSY. The helical undulator is thus 
cxpcctcd to provide MCD signals with 
high efficiency. 

Table 1. Parameters of thc polarization 
state of the monochromatizcd light. The 
undulator gap was tuned to produce the 
12.7-nm photons as the peak of first 
harmonics in helical undulator modes. 

handed 

E(deg) I - 4 6 f l  I 4 6 f l  

d(dcg) I 3 9 f 2  I 4 0 f 2  

*)Present address: JAERI-RIKEN Spring-8 Projcct Team, The Institute of Physical 
and Chemical Rcscarch (RIKEN), Hirosawa 2-1, Wako, Saitama 351-01, Japan 
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Abstract 

Vertical Undulalors for SPrlng-8 

T.Tanaka, S.Martch:tl and HJitamuri 

JAERI-RIKEh' Spring-8 Projccr Teani 
The Institute of Ph} sical and Chemical Research (RIKEN) 

Iiirosvwa 2-1. Wako, Saitm3 351 -01, Jnpan 

The udlization of the veriical polarization i \  so important for special 
X-ray optics, The new undulator design Tor the vertical polarization 
is proposed i n  this work. As  shown Fiy.1. rlre undulator has a full 
apcrture in the horizontal direction so t hn i  the v:icuum duct with 
powerful pumps may h e  installed. I n  addition to that, the 
permanent magnet h3s .I special slructurt for obtaining a good 
homogeneity of the field in  the horizontal direction. I n  the paper, 
ihe performance of the \ ertical undularor design ror Spring-8 will 
be reported. 

Fig.1 Schematic illus!ration of Ihe vertical undulator design 

Polarization Characterization of Elliptically-Polarized 
VUV-Soft X-Ray Helical Undulator Radiation 

$ 8  ma, T. Shidara', T. Miyaharaa and M Yurib 
*Photon Factory, National Laboratory for High Energy Physics, 
1-1 Oho, Tsukuba, Ibaraki 305, Japan 

*Teikyo University of Technology, lchihara, Chiba 290-01, Japan 

A reflection polarimeter has been designed and constructed for 
monitoring the polarization state of elliptically polarized synchrotron 
radiation from a helical undulator installed on beamline BL-28 at the 
photon Factory. This polarimeter mainly comprises two triple-reflection 
polarizers each of which acts as a phase shifter and a quasi-linear 
polarization analyzer, and it is a renovated version of the polarimeter 
previously used for the polarization measurements of off-plane circular 
polarization on bending-magnet beamlines. The polarimeter allows one 
to make its axis adjustment to the beam axis with monochromatized 
light, which is to be polarization analyzed, under an ultrahigh vacuum. 

All of the Stokes parameters have been measured using the 
polarimeter a t  given energies in the 50-80-eV region with the first 
harmonic peak energy (hvl)  of the undulator radiation kept at - 75 eV. 
The measured degree of circular polarization (Pc=S3/S,) exhibited high 
values (2 90%) at -hvl and at lower energies within -10 eV of h v t .  This 
indicates that only a small correction for Pc is necessary in order to 
analyze the experimental results such as MCD studies, as far as this 
energy region is concerned. However, the measured Pc rapidly 
decreased in regions higher than h v ~  and lower than -65 eV. A 
correction for Pc would have a considerably important affect on the 
results of energy-scanning experiments in these regions. 

We also made numerical calculations by taking into account the 
undulator-radiation characteristics alone, by considering the effect on 
the polarization of the reflection and diffraction on the beamline optical 
elements as well, and further by taking account of the influence of 
mixing of bending-magnet radiation. A comparison of the experimental 
results with the calculations showed that the effects on the polarization 
of both the beamline optics and the mixing of bending-magnet radiation 
cannot be neglected in the regions of low-intensity undulator radiation. 
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A damped-structure cavity for a high-brilliant 
VUV and SX storage ring 

MULTIPOLE WIGGLER PERFORMANCE FOR THE SIBERIA-2 SR SOURCE 
G.Erg, V.Korchuganov, E.Levichev, A.Philipchenko 

V.Sajaev, and V.Ushakov 
____________-  
Budker Institute of Nuclear Physics 

630090 Novosibirsk, Russia 

ABSTRACT 

For some experiments the radiation power distribution 
with good homogeneity along the sample is required. The 
multipole wiggler optimized for this purpose was designed 
and manufactured for the SIBERIA-2 X-ray ring. Here the 
design of the wiggler is described. The magnetic mapping 
results and wiggler radiation features are presented. 
The insertion effect on beam parameters and the matching 

procedure are considered. 

J.KoseI& M. Izawaa) and Y. Kamiya 

Synchrotron Radim'on Laboratory. The Insritnre/or Solid Stare Physics. The University MTokyO 
3-2-1 Midori-cho. Tanashi. Tokp, 188 Japan 
O)Phaton Factory. Nariannl Laboratory for High Energy Physics, 

. #  
1-1 Ob, T s u ~ u ~ ~ .  Ibarok'. 305 J o p ~  

A third-generation WV-SX storage ring with a low emittance of several 
nmerad is being designed at the Institute for Solid State Physics, the University of 
Tokyo in collaboration with the Photon Factory at KEK [ 11. As one of the R&Ds for 
the storage ring, we have designed a new type of RF cavity which has a simple 
damped structure, and carried out its low power test on a protot model. This 
paper presents the conceptual design of the cavity and the results o%e low power 
test. 

The specific feature of the cavity is that a beam duct with large diameter is 
attached to the cavity and a part of the beam duct is made of resistive material. Since 
the frequcnc of accelerating mode is much lower than the cutoff frequency of the 
beam duct, d e  accelerating field is fully trapped in the center of the cavity. On the 
other hand, the higher-order modes ( HOMs ), which can propagate out from the 
center of the cavity through the beam duct, arc damped by the resistive part. Figure 1 
shows the schematic of a quadrant of the designed cavity. The sintered SIC, named 
CERASIC-B ( TOSHIBA CERAMICS ), is used as the resistive material(21. Its 
resistivity is about 20 Rcm in the frequency region of 1.5 GHz to 4.5 GHz. 

A prototype cavity was made of aluminum, and two types of beam-duct were 
prepared. One is made of aluminum and the other is CERASIC-B. Some RF 
characteristics (resonant frequency, Q-value, field distribution and shunt impedance 
) for fundamental mode and HOMs were measurcd with a network analyzer. Almost 
all measured values well agreed with the calculated ones, and the Q-values for most 
of HOMs were largely reduced in the case of the CERASIC-B duct. With this 
damped cavity, the coupled-bunch instabilities due to HOMs are expected to be 
sufficiently suppressed at the WV-SX storage ring. 

I I I I I I I I I I 
0 1W 2W 3W 4W 500 6W 700 800 OW 

I m m l  

Jieure 1: Schematic view of theca Vi& 

References 
[I] Y. Kamiya et al., "A future project of WV and soft X-ray high-brilliant light 

[2] M. Izawa et al., " Characteristics of Sic microwave absorber for damped 
source in Japan.". submitted to 4th European Panicle Accelerator Conference. 

cavity." , to be presented in this conference. 
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Time resolved fluorescence using synchrotron 
radiation excitation: a powered fourth-harmonic 
cavity improves pulse stability 

Krzysztof Polewski,'.b) SteDhen L. Warner,') Zbigniew S. KolberP John 
G. Trunk,') Denise C. Monteleone,') and John C. Sutherland') 

Brookhaven National Laboratory, Upton, New York 11973-5000 

') Biology Department 
b, 

d, Department of Applied Science 

Permanent address: Institute of Physics, Ag~'icultural University. Poznan, Poland 
National Synchrotron Light Source Department 

The pulsed nature or "time structure" of synchrotron radiation from electron 
storage rings is used to measure the kinetics of the decay of electronically 
excited states and is particularly usehl because the wavelength of excitation 
can be chosen at will. However, changes in the length of the pulses of 
radiation from a storage ring resulting from the gradual decrease of current 
circulating in the ring during the course of a "fill" limit the duration of data 
collection, and hence photometric sensitivity. A fourth-harmonic cavity that 
was recently added to the W V  storage ring at the National Synchrotron 
Light Source slows the loss of current during a fill, and thus increases the 
total number of photons produced. When operated in a passive (unpowered) 
mode, however, the fourth-harmonic cavity increases both the average 
width of the photon pulses and the changes in width that occur during a fill, 
thus reducing the usehlness of the VUV ring in timing experiments. We 
demonstrate that operating the fourth-harmonic cavity in an active (powered) 
mode, while fiuther increasing pulse duration, can stabilize pulse width, 
thereby restoring timing capabilities. 

Modification of the Coherence of Undulator Radiation 
D.Whitel, O.Wood 11: S.Specto9 A.MacDoweU', B.La Fontaine', 

1. AT&T Bell Lriboratories, 600 Mountain Av. Murray Hill, NJ 07974 
2 AT&T Bell Laboratories, 101 Crawfords Corner Road, Holmdel, NJ 07733 
3. State University of New York a t  Stony Brook, Stony Brook, NY 11974 
4. AT&T Bell Laboratories, 510E Brookhaven Laboratory, Upton, NY 11973 

Abstract 

. I  

We have modified the spatial and temporal coherence of undulator radiation in a 
quantitative way, such that when imaging with undulator light of A= 13nm, the resultant 
images do not have the usual coherent artifacts of speckle and ringing. To achieve this, we 
made a soft x-ray scatter plate which, when inserted into the beam produces the required 
amount of divergence and phase shifting to fill the pupil of a 201 Schwamchild camera 
operating at A=13nm. Details of this soft x-ray scatter plute and its effect on imaging will 
be presented. 
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DAeNE AS A SOURCE OF SYNCHROTRON RADIATION: 
AN ESTIMATE OF THE SOURCE SIZE 

AND OF THE BRILLIANCE IN THE INFRARED REGION 

A. Marcelli 

A. Nucara and P. Calvani 

M. Sanchez del Rio 

Labmtori Nazionali di hJcat i ,  INFN 00044 h s c a t i ,  Italy 

Dipartimento Fiaica, Unioerrita' di Roma "La Sapienza", 00185 Roma, Italy 

European Synchrotron Radiation Facility BP. 220, $8048 Grenoble Cedea, h n c e  

DAiPNE is a 0.51 GeV, 2 Amps, electron-positron collider under 
construction at Frascati, ,specially designed to be used as a meson 
factory. The technical characteristics of the rings make them 
also suitable as synchrotron radiation sources in the infrared 
(IR), vacuum ultraviolet (VUV) and soft x-ray energy domains. 
Here we present calculations showing that the electromagnetic 
radiation produced by DAQNE bending magnets and wigglers is 
more brilliant in the infrared energy range 5-5000 pm, and also 
more intense in a narrower range, than black body radiation. 
Several effects have been taken into account in the estimate 
of the Actual Source Area (ASA). This parameter, which is a 
function of frequency, depends on the collecting solid angle, on 
the intrinsic divergence of the radiation, on the source geometry, 
and finally on the machine parameters. Basing on the ASA 
values thus obtained, the ratio between the brightness of the 
synchrotron source and the brightness of a blackbody, Le. the 
Actual Brigthness Ratio (ABR), has been calculated. Moreover, 
the results of ray-tracing calculations performed by SHADOW 
at different wavelengths, and for bending magnets belonging to 
difierent synchrotron sources, are compared and discussed. 

An Elliptical Wiggler for Spring-8 

X.M. MARJ~CHAL~,  T. TANAKA, H. KITAMURA 
JAERI-RIKEN SF'ring-8 Project Team 

The Institute for Physical and Chemical Research (RIKEN) 
Hirosawa 2-1, Wako-Shi. Saitama 351-01 JAPAN , 

This paper presents a study for the realization of an elliptical wiggler to be in- 
stalled on the pilot beamline dedicatd to material science (Compton scattering beam- 
line) at SPring-8. Such a wiggler should meet the nquirements of third generation 
synchrotron sources, Le. use a planar structure (two jaws above and below the orbital 
planeoftheelectrons) which does not induce any modification on the vacuum chamber 
or the mechanical support (no horizontal constraints). 

wiggler arc compand: two magnetic designs, based on the so-called APPLE concept 
developed by Sasaki et al. [I] .  and new type elliptical wiggler. 

Magnetic and mechanical design (field and forces) as well as expected fluxes, 
polarization rates and power densities have been computed for the three magnetic ar- 
rangements. Effects on the electron beam are also discussed. 

References 

[ I ]  K. Kakuno and S. Sasaki,"Conceptual design of a vertical undulator", 

The performances of three possible designs proposed for this new elliptical 

JAERI-M 92-157, in japanese. 

1. This work has bccn nalizcd with lhe support of the japans3 Science and Tshnology Agency. 
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Optimization Design St.udy for an Elliptical M'iggler at thc 
Advanced Light Source* 

S. Marks, W. hlcKinney, 11. Padmore, A. Young 

Advanced Light Source, Lawrencc Berkelcy Laboratory, University of California 
I Cyclotron Road, Berkeley, California 94720 

This paper describes a design study that has bcen conducted for an elliptical 
wigglcr which is to be installed i n  the Advanced Light Sourcc (ALS). This device is 
lo produce circularly polarized radiation i n  lhc energy range of 50 cV lo 10 I<eV. It 
consists of a variable-gap hybrid permanent magnet wiggler which produces a peak 
vertical ficld of 2.0 T, and an electroniagnctic wiggler wliicli produccs a horizontal 
field with a peak deflection parameter, I<,, of 1.5. 'rhc horizontal niagnctic structure 
is installcd such that its peak field is 90' out of pliasc with the peak vcrlical field. 
'l'hc polarity of thc horizontal field cycles at 1 llz; this rcsults i n  alternating left and 
right circul;trly polarizcd radiation. 

'l'hv objcctivc of llic design study was to opliiili%c pcrfnrmaiicc over lhc! operating 
raiigc, wid to cvaluatc: tlir sciisitivity of optinillin sct points to cliang~s in parameter 
valurs Wic qiiaiitity M which is optiniized is dc:fiiicd as 

A l  = P c f i  ( 1 )  

where I: is the degree of circular polarization and I.' is flus. This figure of merit 
is appropriate for cxpcrinicnts using single event countiiig to detcct an asymnictry 
balwcen clTects of left and riglit circularly polarized radiation. 'Ile horizontal aperturc 
was hdcl  fixed a t  a coilstant value while the vertical apcrturc was a frre parameter. An  
uptiiiiuiii set point is cliaracterizcd by values of the tlircc parameters: pcak vertical 
lic*ltl / I v $  horizontal deflection parainctcr li,, and vertical apcrturc A+. Optimum 
sct poiiils w ~ r e  calciilatrd for plioloii riirrgics t11ro11g11011t t.111. 50 rV to IOfieV rangck 
aid fur storage ring cncrgics or 1.5 CcV and 1.9 CcV. 

1 Iic: stability of each opliinuin set point has bccn cvaliiated and compared with 
rcqriiicd cnginccring tolerances and with expcriincntal operating requirements. The 
sensitivity of e&h solution has has been evaluated for changing IC, and for steering 
errors. Thesc! results have bcen compared lo the rcquirenwnls of typical Magnetic 
Circuliu. Dichroism (MCD) experiments and have been traiislatcd into engineering 
specifications. 

A sct of computer codes were developed by tlic authors for this study. The basis 
of lliese codes will be dcscribcd ill thc paper. 

"The submi t ted  nbstrnct has  been authored by a controctor  of t h e  U.S. 

,, 

Government under contract No. DE-AC03-76SF00098 

LBL-35564A 

Perfurmnnce ora Dingnostic Imaging Benmllne 
at the 

Advanced Llght Source* 

M. E. Melczq, A. Saffarnia 

Advanced Light Source 
Lawrence Berkeley Laboratory 

Berkeley, CA 94720 
USA 

The low emittance of the electron beam at the Advanced Light Source (ALS) in 
Berkeley prohibits imagingof the electron beam with visihle light. High brightness 
and the diffraction limited nature of the beam required the design of a beamline 
that would image the beam in the soft x-ray region (>lo0 ev) and minimize the 
possible aberrations that are associated with gnzing incidence optics.' A 
Kirkpatrick-Baez mirror system utilizing two crossed spherical mirrors with 1:l 
imaging was employed to minimize coma and astigmatism. Use of a single crystal 
scintillator screen with conventional microscope optics and a high resolution CCD 
camera are employed to deliver the beam image to the ALS control room. 
Positional information, size, timing, and stability of the beam can be observed, 
captured, and analyzed. Factors such as thermal stability, mechanical stability. 
beam motion, and vihration from water cooled optics all relate to the final stability, 
aberrations, and resolution of the image. The current design of the diagnostic 
beamline and the characterintion of its performance are discussed along with 
possible upgrades. These upgrades would improve its adjustability and expand the 
range of beam motions that it can accommodate during machine studies. 

*This work was supported by the Director, Office of Energy Research, Office of 
Basic Energy Sciences, Materials Sciences Division, of the U. S. Depnrtment of 

Energy, under Contract No. DE-AC03-7GSF00098. 

R.C.C. Pcrera, M.E. Melczer, A. Wanvick, A. Jackson, B.M. Kincaid, 
Rev. Sci. Instrum., Vol. 63 no.1, pi. 1 1 4  pp. 541-4 (Jan. 1992). 
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Power supply and quench protection s stem for 
superconducting 7.5 Tesla wigg I er 

V.M.Borovikov, P.D.Vobly, p.A.Mnenlsev, V.A Shkaruba, S.V.Sukhanov, and 
M.C.Fedurin 

Budker Institute of Nuclear Physics 
630090 Novosibirsk, Russia 

T h e  superconducting wiggler is powered by two current source6 connected to dif- 
ferent windings. T h e  power supply system also includes quench protection. T h e  
results of the preburning of superconducting windings by superconductivity quench- 
ing in the windings are  reported. T h e  results of the measurements dealing with the 
dynamics of the normal zone in the windings are also given. The  efficiency of reaching 
the exkrnal  energy load by the wigglcr field WM measured. 

Superconducting 7.5 Tesla wiggler for PLS 

G.N.Kulipanov, N.A.Mezcntsev, P.D.Vobly, V.A.Shkaruba, S.C.Ruvinsky, 
S.V.Sukhanov, V.B.Khlcstov 

630090 Novosibirsk, Russia 
Y.M.Koot, D.E.Kimt, and Y.LI.Sohn+ 

(+)Pohang lnst i tuk of Sciencc and Technology 

Budker Institute of Nuclear Pbysiw , , 

The  construction of a dedicakd SR source. thc 2 GeV PLS - ie being completed in 
Korea. The superconducting 3-pole wiggler (shifkr) with a 7.5 Tesla maximum field a t  
the central pole, which is Lo be installed at the PLS storage ring was manufactured by 
the  Inst i tuk of Nuclear Physics (Novosibirsk) in cooperation with the PLS Laboratory 
(POSTECH, Pohang). The  magnetic field at the side poles d w  not exceed 1.6 Tesla 
in order to suppress the second source in the hard spectral section. 

The  basic parameters of the wiggler are given. T h e  expected and experimental 
da t a  on the magnetic field distribution are also presented. The  data  were dcrivcd 
after the wiggler was switched on in a special iinmerscd cryostat. The  major ellects 
which are related t o  the influence of the magnetic field of the wiggler on the bcani 
dynamiw in the storage ring are discussed. 
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A Passive Scheme €or ID End Correction 

I. Vasserman and L R .  Moog 
Advanced Photon Source 

Argonne National Laboratory 
9700 S. Case Ave 
Argonne, IL 60439 

Abstract 

A passive end correction scheme used on the 
prototype fot undulator A is described. This 
scheme allows the integrated field requirements to 
be met through the gap rang from 11.5 mm to 200 nun 
with no active correction. 
that need to be adjusted are strength of the end 
magnets and the height of the next to last 
poles.The first field integral is stable to within 
25 G-cm in the vertical direction and 50 G-cm 
in the horizontal direction .The second field 
integral is stable to within 10,000 G-cm2. 
Results of magnetic measurements are presented. 

The main parameters 

This work was supported by the U . S .  Department of 
Energy BES Material Sciences, under contract w-31- 
109- ENG-38 
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Search for Possible Radiation Damage on a NdFeB Permanent Magnet 
Structure 

after two Years of Operation 

J. Plliiger, G. Heinhe 
DESY I HASYLAB , Notkestrak 85.22603 Hamburg, Germany 

I. Vasserman 
ANL I APS. 9700 South Cass Avenue. Argonnc IL 60439 

Abstract 

Recently there has been some concern about possible radiation damage due to ionizing 
particles present in high energy storage rings such as multi GcV electrons. faqt neutrons or 
hard photons. Partial demagnetizing has been observed on undulators after misstcering of 
injected electron beam. 
Our interest was focused on possible radiation dilmage caused by the routine operation of a 
storage ring to a permanent magnet Insertion De ice. Thcrefore we repeated the magnetic 
mcsurements on one of the three 4.0 m long DORIS I11 X Ray Wigglers, BW6, which is in 
operation since 1991 and compared the results to the data taken before installation. 
The total dose was determined from measurements with thermolumincscencc dosimeters and 
the known number of stored amperehours. 
The results which show no significant degr:id;i!hs of the mngnctic pcrform:ince arc 
presented and discussed. 
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EXPERIMENTS WITH UNDULATOR RADIATION OF A SINGLE 

ELECTRON 
I . V .  PINAYEV. V.M. POPIK. T.V. SHAFTAN. 

A. S. SOKOLOV. N. A. VINOKUROV. P. V. VOROBYOV 

A s i n g l e  e l e c t r o n  c i r c u l a t i n g  i n  a s t o r a g e  r i n g  
i s  a v e r y  p e c u l i a r  object. Permanent emis s ion  of 

s y n c h r o t r o n  r a d i a t l o n  o f f e r s  t h e  p o s s i b i l i t y  t o  o b s e r v e  
t h e  e l ec t ron  b u t  also c a u s e s  t h e  " n a t u r a l  bunch 
l eng th" .  I n  t h e  q u a s i c l a s s i c a l  t r e a t m e n t  e l e c t r o n  
p o s i t i o n  u n c e r t a i n t i e s  a r i s e  f rom t h e  ave rag ing  of 

t h e  e n e r g y  and  p o s i t i o n  of t h e  p o i n t -  l i k e  e l e c t r o n  
over many t u r n s  i n  t h e  s t o r a g e  r i n g .  Neve r the l e s s  a 
q u e s t i o n  a b o u t  t h e  e l e c t r o n  l o c a l i z a t i o n  r ema ins  
open. The r a d i a t i o n  f rom a l o n g  undu la to r  p e r m i t s  to  
o b t a i n  " snapsho t s "  of t h e  e l e c t r o n  l o n g i t u d i n a l  
d i s t r i b u t i o n .  The e x p e r i m e n t s  w i t h  a s i n g l e  e l e c t r o n  on 

VEPP-3 o p t i c a l  k l y s t r o n  a r e  d i s c u s s e d .  
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CONTROL SYSTEM FOR A 1.8 TESLA WIGGLER 
D.C.Quimby, D.R. Jander and K.E.Robinson 

S"I Optronics, Inc., Bellewe, Washington, USA 

A personabcomputer based control system has been developed for the SRRC 1.8 Tesla 
Wiggler. The system serves thrce major functions: gap monitoring and control, end- 
corrector adjustment and tracking, and interlock safety and monitoring. The end- 
corntors arc programmed with a gapfollowing feature for compensation of the 
electron trajectory in both transverse planes at all gaps. Software and hardware 
interlocks arc provided for ovemvel limits and protection against excessive variation 
in gap from end-tocnd. The systrm is designed for stand-alone operation as well as 
for compatibility with the SRRC central control system. 
The system includes an IBM-compatible PC, four end-corrector power supplies, a 
Compumotor Modcl4OOO motion controller, two SCNO motors with motor drivers, and 
two linear encoders with 5 pm resolution. The PC provides the gapfollowing feature of 
the end correctors and enables the motor motion subject to all interlocks remaining 
within safe limits. The PC communicates with the programmable motion controller via 
a local GPIB bus. The end-comtor power supplies arc under analog control and 
monitoring and the hardware interlocks function is completed via dircct digital inputs 
and hardware cutoffs to the motion controller. Software limits an implemented 
utilizing the built-in capabilities of the motion controller with backup monitoring 
provided by the PC. The wiggler controller connects to the SRRC central control 
system via a separate GPIB interface and can receive commands and send information 
over this link. 
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A Concept of Quasi-Periodic Undulator 

.-  

DEVELOPMENT OF A 1.8 TESLA PERMANENT MAGNET WIGGLER SYSTEM 

STI Optronics, Inc., &Ilewe, Washington, USA 

We present the design, development, and realization of a 1.8 tesla permanent magnet 
hybrid wiggler system. This 3.0 meter wiggler has a 200 mm period, operating at a 
minimum gap of 22 mm. It has twenty-seven poles and integrated end ulrnctm and 
field clamps. The magnetic design for this device is pushed to a regime where few 
hybrid devices have operated. The very large peak field causes significant increase in 
the saturation of the vanadium pmnendur poles. The operating point also significantly 
impacts the transverse uniformity of the field and the magnet operating point. We 
discuss the magnetic design approach and the development of a mechanical smcture 
which provides adequate strength and stability. The system is a complete stand- 
alone system with a fully integrated controls system and complete insertion device 
magnetics measurement system. The adjustment of the end compensation of the 
device with the presence of the field ctamps requires particular attention. We present 
the distinctive elements of the design and the result of the magnetic and mechanical 
testing of the device. This wiggler is being &lived to the Synchrotron Radiation 
Research Center for installation during late summer of 1494. 

S.C Gonschalk, D.R Jander. D.C. Quimby. and A.S. VaUa 
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ShieemiSasaki and Shmya Hashnoto* . I 

Department of Synchrotron Radiation Facility Project 
Japan Atomic Energy Research Institute 
Tokai-mum, Naka-gun, Ibaraki 319-1 1, Japan 

Conventional periodic undulators generate the rational 
harmonics such as a third and a fifth harmonic radiation in the 
practical range of undulator use (K=l). These harmonics are not 
welcome in some experiments because the rational higher 
harmonics cannot be discriminated by crystal monochromators or 
conventional grating monochromators. The existence of higher 
harmonics increase the noise ratio in a signal. 

A new undulator which never generates the rational higher 
harmonics was considered. This undulator consists of a quasi- 
periodic array of magnets. The order of array with positive and 
negative magnetic poles is determined in the way of Fibonacci 
series with two irrationally different spacing distances. This 
device generates irrational higher harmonics which can be 
discriminated by conventional monochromators. 

Detailed discussion will be made in this conference on this 
undulator with respect to practical magnetic structures and 
undulator radiation spectra. 

Shinya Hashimoto and Shigemi Sasaki : JAERl -M Report (1994). - 
On leave from Japan Synchrotron Radiation Research Institute 
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Position Monitor and Read-Out Electronics for Undulator and 
Focused Bending Magnet Beamlines 

, Claude Pradervand 
Consortium for Advanced Radiation Sources, 

The University of Chicago, Chicago, Illinois 60637 

Third generation synchrotron radiation sources offer the opportunity to use 
undulators as insertion devices. The spectrum, spectral bri tnes and polarization of the 
n m w  cone of undulator radiition v q  strongly with the $tance from the centroid and, 
therefore, experiments usin6 radiation from undulators require unusually precise 
knowledge of the beam posiaon in two dimensions. Since the energy dispersion of the 
undulator radiation changes when the undulator is tuned to a different energy, a position 
monitor must either be insensitive to energy or a diffmnt set of calibration curves has to be 
applied for different tunes. As the specific heat load of undulator radiation is in excess of 
200 W/mm2 a position monitor must either withstand the heatload without deformation or 
only a small fraction of the radiation interacts with the sition monitor and is used to 
determine the position of the cenmid of the undulator X t i o n .  This position monitor is 
basically non-destructive and can be mounted directly upstream of the diffraction 
expaimnt. Similarly high specific heatloads can be achieved with focused radiation from 
wiggler sources on second generation machines. 

A position monitor based on the principle of an ionization chamber CM be used 
even for a high power density x-ray beam from an undulator. The choice of the right 
ionization gas and its density is crucial. The monitor has been used as a pure null 
instrument for large beam motions and as a differential monitor for small beam motions. In 
the fust case the pair of translation stages or an optical table is used to bring the radiation 
into the electrical center of the monitor and the position was determined by the position of 
the ste Ping motors of the translation system. In both dimensions a bandpass of 1 kHz 
was aciieved. The accuracy of the calibration curve was about 5 pm when the monitor 
was used as a null instrument and depended largely on the positioning system, with a 
resolution of less than 1 pm . 

A position monitor and the read-out electronic of the presented kind is in use on 
NSLS beamline X26C with focused bending magnet radiation. This monitor uses a 
programmable pre-amplifier in combination with analog electronics read-out, suitable for 
studying the dynamics of x-ray beams. An alternative digital read-out electronics module, 
which matches the samc preamplifiers, has been designed and build that resides in a VME 
crate and is hence easily computer d a b l e .  

Design and manufacture of a 10-T superconducting wiggler magnet 
for the TERAS 

S. sugiyana H. Ohgaki. T. Mikado, and T. Yamazaki 
Elecfrolechnical Laboratory, 1-1 4 Umezono, Tsukuba City, Jbaraki 305, Japan 

S. kojima, H. Usami, C. Suzawa, T. Masuda, and Y. Hosoda 
Swnilomo Electric Industries, Lld., 1-1-3 Shimaya, Konohana-ku, Os& SS4, Japan 

. I  

The IO-T wiggler is an iron-cored superconducting dipole magnet installed for the 
TERAS Electrotechnical laboratory's 800 MeV electron storage ring to provide x-ray 
synchrotron radiatiod). The wiggler magnet is a three pole device designed lo have 
a central field of 10 tesla and return fields of 6 tesla to lead to minimum integrated 
field errors. Design consideration of the wiggler was focused on making the wiggler 
magnet as compact as possible to insert the wiggler in 1.8-m long straight section of 
the storage ring. Three parallel dipoles with 30 mm gap being an assembly of 
racetrack conductor elements are m g e d  with coil straight sections transverse to 
the beam direction. The central coil consists of two parts separated into the high and 
low magnetic field regions in order to achieve a short field periodicity of 230 nun 
The Inner of the coil is composed of 1.25 mm diameter Nb3Sn wire wound onto 
son iron pole piece and the outer part Is wound with NbTi wire with 1.0 mm 
diameter around a partition wall between the two parts. 

Construction experiments has been curried out to examine the feasibility of pro- 
ducing IO-T racetrack superconducting coils. Preliminary magnet test has been per- 
formed and showed that the training in the central coil starled at 6 tesla proceedcd to 
7 tesla in some 10 quenches. 

Afterward a lot of effoorts have been made to achieve higher magnetic field by 
improving the constructive properties of the central coil. Experiments related to 
impulsive mechanical events resulted from compressive forces and shear stress fields 
has been carried out by using a specially designed measuring system and AE sensor 
with resonant frequency of 150 kHz. Additionally three-dimensional finite-element 
analysis has been utilized to calculate the magnetic force charactcristic according 
with such variables as coil straight section length and hemispherical arrangemcnt. 
The hemispherical arrangement formed in straight section was taken to increase thc 
winding tension of superconducting wire. Experimental results indicates that 
sheared stress from the coil deformation in the straight section pay an important role 
in cracking of epoxy resin. The maximum magnetic field of 9 tesla is expected to be 
achieved by increasing the thickness of the partition wall in the central magnet of the 
wiggler. The 10-T superconducting wiggler in the final stage of manufacture is 
going to be installed in TERAS in the last quarter of 1994. 

Reference 
(1) S. Sugiyama. H. Ohgaki. M. Mikado. T.Noguchi, K. Yamada, M. Chiwaki, R. 
Suzuki, M. Koike. T. Yamazaki. T. Tomimasu. T. Keishi. H. Usami, and Y. Hosada. 
Rev. Sci. Instrum. 63.313(1992). 
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Status of the Booster Synchrotron for Spring-8 
Hiromilsu Suzuki, Hirolo Yonchara. Tsuyoshi Acki. NorioTani.Takayoshi Kancda. 

Yasuo Ucyama.Yasushi Sasaki, Teruyasu Nagahchi. Soichiro Hayashi and Hidcaki Yokomizo 
IAERI-RIKEN SPring-8 Rojecl Team 

1AERI.Tokai-mum. Naka-gun. Ibaraki-kcn. 39-11, Japan 

abstract 
The specification and the layout of the booster synchrotron for SPring-8 w e n  dcsidcd. 

The synchrotron is designed to accelerate electron or positron beams from 1 GeV to 8 GcV 
with the npetition cycle of 1 Hz. 

The construction of the synchrotron was started in 1993. Firstly one bending ,one 
quadrupole and one scxtupole magnet were made and the results of the magnetic field 
measunment were acquired. Two septum. one bump and one kicker magnets for the beam 
extraction have been made, the field measurement and a few improvement have 
progressed. The high power test of the first rf cavity was finished successfully. The 
calibration test of the button position monitor with the signal treatment circuits is advanced 
now. The residual components of the synchrotron a n  designed and constructed, and the 
comissioning of the synchrotron is started in 1996. This nport presents the first 
measurement of each component. 

Construction and bcam cxpcrimmt of a compact storage 
ring a t  MELCO, 
T.Nakanishi, K.lkcgand, J.J<odcra, h.hlariiyama, T.hlalsucla, T.Nakagawa, 
S.Nakamura, S.Nakata, N.Oishi, S.Okuda, T.'hkrucIii, II.Tanakx, C.Tsukisliima, 
and T.Yamada, Mitsahislii Elcctric Corporation, 8- 1-1  Tsi~kag~~rhi-lionmac.Iii, 
Amagnsaki, 661 Japan. 

A compact storage ring has been dcrcloprtl for intliistrial rrscarch siich as 
x-ray lithography and matcriid analysis. This nriuhinc is a racclrack typc 
with two supcrconducting bending magnets and only two normal condiicling 
quadrupole magnets. Thc  circumfcrcnce is as short as 9.2111. One qii;ulrupolc 
magnet pcr a ccll contributes to makc thc sinsllrr macliinc. The injcctor is a 
synchrotron and a full energy injrction is prrfnrmctl. Tlic bending magncts 
cxcitc a bcld of 3ST,  and arc opcralcd in prrsislcnt ciirrcnt mndc. Thc he- 
liiim consumption is as low as 3 t/hr/2 nriignrts whrrc no liqiirbrr is usccl. 
An iron sliicld of thc magnet dccrcascs a Irakagc flux l o  a Icrrcstrial Icvrl at 

Tlic operation paraniclcrs arc shown i n  Talh 1. Tlic critical rarrlrngth 
is 1.53nm which is suitable for x-ray 1ithogr;iphy. Any twain i i i~ la l~ i l i l i r~  arc 
not obscrvcd during beam injection rip to BXOmA i n  spite of no corrcclion 
of thc chromaticitics. Tlic chromatiritics wcrr mcasurrcl & = -0.93 a11c1 
tV = -1.07, rcspcclivcly, and agrcrd wrll with lhc calciilalrtl vsliirs. Rrani 
cniittanccs wcrc obtained from nirasurcd brain sizrs and wcrc i n  good agrcr- 
mcnt with the calculated valiics. Tlic coupling coclliricnt , cy/cr, is calciils~ctl 
around 0.04. 

* I  

3111. 

Talde 1 .  Opcri 
hlaximiim cncrgy (hIcV) 600 
Injrction cncrgy (MeV) 600 
Maximum niagnclic bcltl (T) 3.5 
RF frcqiicncy (Mllz)  130 
Circiimfcrcncc (m) 9.2 
Critical wavclcngth(nm) 1.53 

on paramrlcrs 
Rclat ron frcqiirncy 1 .xi 

"u 0.43 

Bram sire o,(mni) 0.8 
Rcain ciirrrnt (m.4) 380 
Lifc timr(hr) at  lOOinn 3 

Eiiiittancc ( r O ( m i m  . nirnd) 0.7 
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Studies of Beam Dynamics of a Compact Storage Ring using 
Superconducting Rending Magnets, 
-and T.Nakanishi, Mitsubishi Electric Corporation, 8-1-1 Tsukaguchi- 
honmachi, Amagasaki, 661 Japan. 

Construction of a compact storage ring has been completed in June 1903, 
and a beam test has been done. The ring is a racetrack-type consisting of 
two superconducting bending magnets, and the circumference and the beam 
energy are 9.2m and GOOMeV, respectively. 
Differences of calculated beam parameteres from measured ones are studied 
using the compact ring. The beam parameters are calculated using a nu- 
merical integration of exact equations of motion and exact three-dimensional 
magnetic fields (E,, E,, B,) measured[l]. Discussions are as follows: 1)beta- 
tron tunes and chromaticities, 2)the dynamic aperture in the vertical coordi- 
nate a t  the center of bending magnet, 3)the differences of closed orbit errors 
calculated with misalignment data  of magnets from the measured ones, and 
4)corrections of closed orbit errors. The measured values agree with the cal- 
culated ones as shown in Table l. 
[I) 1i.Tanaka and T.Nakanishi, Review of Scientific Instruments, 63, No.1, 
p777-780 (1992) 

Table 1. Beam parameters measured and calculated 
I horizontal 
I calculated I measured 

betatron tunes 1 1.383 I 1.380 
-0.92 

dynamic aperture 

TuE5 1 

vertical 

Emittance Measurement a t  the ESRF 

E., P. Elleaume 
ESRF, BP 220,38043 Grenoble Cedex France 

A new kind of electron beam imaging set-up has been routinely 
operated at  ESRF. It uses the X-ray beam from an undulator. The 
white beam is monochromatized by a Si 400 Bragg reflection at 30 
keV. The monochromatic beam is sent to a fluorescent screen 
which is imaged by a CCD camera. The emittance of the electron 
beam is deduced from the size measured on the CCD image and 
the independent knowledge of the beta function at  the source 
point. This set-up has been able to measure emittances in the 
range between 0.2 nm to 20 nm with a precision of 20%. The 
principal limitation appears to be the single electron emission 
angular pattern which probably limits the minimum detectable 
emittance to 0.1 nm. 
The set-up has been routinely used for more than 1000 hours. It 
has been fully automatized resulting in a permanent display of 
the values of horizontal and vertical emittances without 
intervention of any operator. 

0.440 0.44 1 
-0.97 -1.07 
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EMI'ITANCE MONJTORS BASED ON BRAGG-FRESNEL LENSES. 

Ya.Hartman1, -2. PElleaume2. 1.Sni@va2, kSnigirev*. 

1 Institute of Microelectronics Technology Russian Academy of Sciences, 
142432 Chemogolovka, Moscow district, Russia 
2 European Synchrotron Radiation Facility, BP220, I38043 Grenoble Cedex. 
FfiUlce I 

Measuring the emittance of a third generation synchrotron radiation source is 
a non trivial problem. The existing emittance monitor at the ESRF is limited to 
emittances higher than 0.1-0.2 nm.rad. Imaging the source in the x-ray range is one 
of the solutions to measure lower emittances. Two emittance monitor setups based 
on Brag-Fresnel lenses (BFL) have been tested on the so-called machine diagnostic 
beamlie at the ESRF. 

The fust one is a two-lenses telescope : the source is imaged by a long focus 
BFL (1.25 in), this image is magnified by a short focus BFL (0.25 m). The 
magniftcation ratio of this system was 0.2. The image was then recorded by a high 
resolution CCD camera. 

Thc second setup uses a single BFL (focal distance - 1.25 m) whose image is 
magnified in the vertical by an asymmetrically-cut crystal and recorded by using the 
same CCD camera. The magnification ratio was 0.6 in the vertical. 

DE\'BI.OPMhKr 01' A 14.L'C)I<IACEN?' X-RAY SOURCE 
FOR MEDICAL lMAGlNG 

Pukai Ihyofukii, Kcitji Tokuniori, Kriisuyuki Nid~inii~ra, 7si11ia) Snim, hfasahiro 
Endo, Tnhni Takcdd, Yutiji h i ,  Karuyuki H y d c ~ ,  hktsanli Aido, Hinjaki Naito 
and Chikao Uyania 
Kyiishii University Schail of Hcalih Scienms, 3 1-1 hlaidadii, Higarhi-ku, 

Introduction 
I n  medical intaging us ing  synchrotrort r a d i a t i o n ,  such  a s  
K-edge s u b t r a c t i o n  angiography and monochromatic X-ray 
CT, i t  is n e c e s s a r y  t o  use high  i n t e n s i t y  monochromatic 
X-rays with d i f f e r e n t  energ ies .  There a r e  s e v e r a l  ways t o  
produce s u c h  monochromatic X-rays. The most popular  one 
i s  c r y s t a l  d i f f r a c t i o n ,  w h i c h  h a s  been used a lmost  
e x c l u s i v e l y  due t o  t h e  f a c t  t h a t  the  energy s p r e a d  is 
very narrow and t h e  energy can he a l te rna ted  continuously. 
In  t h e  United S t a t e s  a s  w e l l  a s  i n  Europe non-invasive 
coronary angiogrephy of t h e  l ine-scan method J s p r e s e n t l y  
undergoing c l i n i c a l  e v a l u a t i o n  wit.h posJ t i v e  resul ts .  
However, i n  t h i s  method, it is d i f f i c u l t  t o  o b t a i n  l a r g e  
a rea  monochromatic X-rays w i t h  a r a p i d  energy swi tch ing  
time. 
The f l u o r e s c e n t  X-rays, on t h e  o t h e r  hand, which a r e  
genera ted  by i r r a d i a t i n g  t h e  t a t g e t  m a l e r i a l s  w i t h  a 
white X-ray, o f f e r  a l a r g e  beam size clue t o  jLs divergent  
c h a r a c t e r i s t i c s .  The purpose of t h i s  s t u d y  is t o  develop 
a f luorescerk X-ray source, t o  invr:i:igate j ts f uiidamental 
c h a r a c t e r i  stics, and t o  obta in  separatc c o n t r a s t  m a t e r i a l  
images f o r  both p r o j e c t i o n  and CT imaging. 
Materials and Methods 
Fluorescent  X-rays  which range 
from about  20 k c V  t o  70 k e V  
arc! ycncra ted  by i r r a d i a t i n g  
s e v c r a l  t a r g e t  m a t e r i a l s  with 
a w l i i t e  X-ray from 6 . 5  GeV 
SR-rjng i n  Tsukuba (Fig.1) .  The 
i n t e n s i t y  o f  t luorescent  X-rays  
a re  5.2 x 10'--3.0 x 10' photons '"" 

Fukuoka 812, Japan . I  

f 

' mm" * mA at 30cm from Fig.1 Fluorcsceni X-ray Source t h c  f o c a l  s o o t  on t h c  t a r a e t .  
The p u r i t y  b f  t h e  K, X-rays a r e  improved t o  bcllter than 
95% by u s i n g  Kp a t t e n u a t i o n  f i l t e r s .  k gliaritoni which 
c o n t a i n s  t h r e e  d i f f e r e n t  c o n t r a s t  IWdh ( iodine,  barium, 
gadol inium) is used f o r  t h e  K-edyc! cncrgy s u b t r a c t i o n  
subject  . 
Results 
P r o j e c t i o n  Images t o r  above and below each K-edge a r e  
obta ined  u s i n 2  imaging p l a t e s  . By t a k i n g  s u b t r a c t i o n s  
between iniarjes above and below each K absorp t ion  edyc ( 
33.17, 37.41, 50.23 keV) ,  t h r e e  s e p a r a t e  c o n t r a s t  media 
images a r e  s u c c e s s f u l l y  obtained.  Monochromatlc X-ray CT 
images a r e  a l s o  obta ined  u s i n g  a 6 4  channel CdTe a r r a y  
de tec tor .  
T h e  f luorescent  X-ray souzce u s i l q  SR proved t o  be u s e f u l  
for  q u a n t i t a t i v e ,  element s e l e c t i v e  imaging. 
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The Optimisation of Multipole Wigglers as Sources of Polarised Radiation 
for X-ray Experiments 

-IDorssenl, H.A. Padmore2 

1DRAL Daresbury Laboratory, Warrington WA4 4AD, UK and NWO, P.O. 
Box 93138,2509 AC The Hague, The Netherlands 

2Advanced Light Source, Lawrence Berkeley Laboratory, Berkeley CA 94720, 
USA 

The useful flux received in an experiment will depend both on the 
characteristics of the source and the characteristics of the experiment. It is 
therefore necessary when optimising the design of a synchrotron radiation 
source to take full account of the experimental requirements and not simply 
optimise the integrated flux or brilliance. 

The method of optimisation used for multipole wigglers is described as 
applied to a proposed Medium Energy Source at Daresbury for absorption 
experiments using polarised radiation. The phase space of the source is first 
calculated [l], and then the phase space acceptance of the experiment is 
projected onto the source so that the flux in the overlap region can be 
calculated. The various parameters of the storage ring, electron energy, 
straight section length, emittance and beta functions as well as the magnetic 
structure of the radiation source can then be searched to find an optimum 
combination. 

Results are presented for hybrid multipole wigglers [2] for both linear and 
circular polarised radiation in the photon energy range 500 - 5000 eV. For a 3 
GeV electron energy it was found that the maximum length of the multipole 
wiggler is determined by the acceptable source broadening, due to the depth 
of the source. In the case of absorption spectroscopy in transmission or 
fluorescence mode a length of 10 m for the multipole wiggler at B = 1.1 T and 
period length of 93 mm is the maximum useful length. When the source 
characteristics are more important, specially the depth of the source, the 
maximum useful length reduces to 4 m. 

References 

1. R. CoYsson, S. 'Guiducci and M.A. Preger, Nucl. Instrum. Meth. 201,3 

2. K. Halbach, J. de Physique, Coll. C144, C1-211 (1983). 
(1982). 
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Performance of Photon Position Monitors for Undulator % a m  
at  the Advanced Ught Source 

Tony Warwick 
Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA 

Photon position monitors are installed at three undulator 
beamlines a t  the advanced light source. They operate using 
photocurrents from cooled metal blades which protrude into the 
photon beam and they are being used to monitor' the stability of the 
electron beam in the storage ring. The measured performance will be 
described. The monitors are sensitive to motion of the undulator 
beams at the lpm level, and are carefully engineered to be stable 
monuments for the facility. 

These monitors are calibrated by being moved across the beam of 
photons and when they are used as a pair the detected motion of the 
photon beam can be extrapolated back to the center of the undulator as 
an angular and positional shift of the electron beam. Signals are large 
and there is relatively little sensitivity to the light from bend magnets. 

When the undulator gap is changed the illumination pattern at 
the monitor changes. Careful positioning and calibration of the 
detectors is necessary to minimize any false information about beam 
motion when these changes occur. The calibration procedure and the 
results will be described in detail. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Materials Sciences Division of the US. 

Department of Energy, under Contract No. DE-AC03-76SFU0098 

This paper should be considered as a POSTER, contact: 
Dr. Tony Warwick, 2-400 Lawrence Berkeley Laboratory, 
Berkeley, CA 94720. 
TeJ. (510) 486 5819 Fax (510) 486 7696 
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THE LCLS - A  4th GENERAllON LIGHT SOURCE USING THE SLAC LINAC 
(for the LCLS Group) . .  

SSRL/SLAC, P.O. Box 4349, MS 69, Stanford CA 94309, USA 
Recent technologkal develo ments make it ossible to consider use of the SLAC linac to 
drive a Linac Coherent Li ! t t  Source (LC&)- an X-ra laser operating down to the 
Angstrom range. 'Ihe LC& o rates on the rinci le orthe Free Electron Laser (FEL); 
i.e., coherent, stimulated e&gn is achieved !y inddng a bunch density modulation at 
the o tical wavelength on a bright, relativistic electron beam as it passes through an 
undu%tor. However, in the LCLS this is achieved in a slngle pass, Without the optical 
cavity resonator that is n o d  used in multi-pass, longer wavelength FELS Thus, this 
approach, called Self-Ampliled-S ontaneous-Emission (SASE), is extendable to 
wavelengths below the region in whi& rellectors can be ~d to make such a cavity. 
The LCLS offers three or more orders of magnitude higher average brightness and nine or 
more orders of magnitude higher peak brightness than third generation 6 

coherence and with a longitudinal coherence le th of -lo00 times the wavele th. The 
ulse duration is about 300 fs (FWHM) or less.%e y k  power d u r q  the p%e is 10- 

PO0 GW and the average power (at a 120 Hz repetit on rate) is about W or less. The 
radiation would normally be linearly polarized, but could also be drcukrly polarized. 
About 1013 coherent X-ray photons within a bandwidth of about 0.1% are produced per 
sub 'cosecond pulse. By comparison, undulators on third generation X-ray sources such 
as tre ESRF in Grenoble, the Advanced Photon Source at Argonne, and the Shin -8 
facility in Japan wlll produce up t0109-1010 coherent X-rays per second within a s d a r  
bandwidth in the Angstrom range. 
With present technolo y, an LCLS could be built to operate at wavele ths down to 
about 20 Angstroms. 8 i th  improvements to technical components, it sho3d be possible 
to extend this to wavelen ths as short as a few Angstroms. "he longer-wavelength 
region is of interest rima18y for microscopy and imaging of biological sam les. Though 
the intense, fast purse of the LCLS could produce an image in a single slot, multiple 
images would be required to completely characterize a sample, and radiation damage to 
biological samples would be a major roblem. There is more eneral scientific interest in 
the short-wavelen region. Here, & high coherence and uPhahort pulse capabilities 

chemistry, materials science, ph sics, anlstructural biology. Time-resolved studies of 
crystal lattice motions and fast Xemical reactions would be possible. Enough coherent 
photons would be available to study nonlinear optical properties of materials in the XI 
ray region. Radiation damage is not seen as an insurmountable problem in this spectral 
region, due to greater X-ray penetration depths and more robust types of samples. 
Supported by DOE Offices of Basic Energy Science and High Energy & Nuclear Physics 

radiation sources. Furthermore, the radiation is diffraction limited, with fu ynchrolron transverse 

of the LCLS wou P d allow fundamentall new types of research to be carried out in 
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A Wire Scanning SR Position Monitor for Insertion Devices 
Zhang Xiaowei. Hirosi Sugiyama. Masami Ando. Xia Shaojian*, 
Hideaki Shiwaku** 
Photon Factory KEK, Japan, BESR IHEP, China, Spring-8 Team 
JAERI, Japan 

Precise monitoring of position of a SR beam from' an insertion 
device is quite necessary not only for precision x-ray diffraction 
exp-riments, but also for operation of the next generation SR sources. 
Some ideas based on a pair of triangular photo-emission electrodes 
with ap analogue electric arithmetic circuit to monitor the SR beam 
position have been applied at several facilities. Although they have 
been used successfully for bending magnet sources, they can not be 
applied to a SR beam from an undulator because of the following 
reasons. (1) It is technically difficult to design a pair of water cooled 
electrodes irradiated by a high-power-density beam, the position of 
which is to be monitored. (2) The beam position is detected through 
subtraction of photo-currents produced by the individual electrodes. 
When the deflection parameter of the undulator is changed, spatial (and 
spectral) distribution of the radiation is also changed. This change may 
generate a false signal of the change in the beam position. Therefore, 
this type monitor can be used for the undulator radiation only when its 
calibration is made precisely with respect to the deflection parameter 
which changes continuously. 

On the basis of a different and new idea, we devised a wire-type 
beam position monitor for an x-ray undulator, and examined its 
feasibility and operational limitation in the beam line BL-NE3 in the 
AR by using radiation from the x-ray undulator U#NE3. Test result 
obtained by the wire-type position monitor is given in Fig. 1 which 
corresponds a result obtained by a graphite wire of 0.1-mm thickness 
and 0.5-mm width and the undulator gap of 20mm. 
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Photo-electron current versus wire position 
the graphite wire of 0.1-mm thickness and 0.5-mm 
width used in the condition of the electic shield 
bias of iooOV and the undulator gap of 20 mm. 
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Computer simulation study of undulator radiation 
K.Y_ad, M.Yuri. S.Sugiyama, and H.Onuki 

Elwtmtechnid Laboratory, 1-14 Umezono, Tsukuba-shi, lbaraki 305, Japan 

A polarizing undulator with crossed and relarded magnetic field has been con- 
structed and installed1) in the electron storage ring TERAS of ETL Detailed sp i f ica-  
tion of its desipl)and absolute spechal intensity and polarization characterist~cs in the 
visible region have already been published. The results indicate that even a four-pe- 
nod short undulator can produce extremely bright radiation and high degree of polar- 
ization. However, optimum use of the undulator radiation q u i r e s  knowledge of spec- 
tral intensity and the polarization under the realistic condition. 

We present calculations of the radiaiton from the four-period undulatorl) by use 
of the general radiation equation and either numerical intcption including the effect 
of electron beam emittance, energy s read. finite obsevahon distance and collection 
angle. Methods of calculating the ungulator radiation properties have been discussed 
widely and several diffemt approaches put fonvard by many aulhors. Mast of them 
use a simplified form of the radiation equation and an analytic formula for the electron 
trajectory in an ideal undulator. With this simplification, which is valid in most cases, 
the analytic formulate have been able to derived for the case of ideal electron trajecto- 
ries. However, a numerical integration of the general radiation equation is neceSSary to 
calculate accurately the radiation properties of our four-period short undulator because 
actual form of magnetic field is not symple. 

Despite the fact that some programs exist for such calculations, none of them 
include accurate electron beam properties. Realistic modeling of the electron beam 
includin bcam emitlance effect and energy spread effect is essenlialy required for 
these cafculations if accurate performance predictions are necessary. Thus electron 
beam profiles must bc experimentally determined, even though it is difficult to do. We 
have recently overcome this difficulty to successfully calculate undulator radiation 
spectral intensity and degree of polarization. The undulator radiation was focused with 
a lens and the transverse beam rofile was imaged on the detection surface of a CCD 
camera. The observed electron &am was modeled by a standard bin normal distri- 
bution. Using the Monte Carlo method, we can take into account the3ect of electron 
beam emittance, energy spread, finite obsevation distance and collection angle. Fig. I 
shows measured and calculated spectral intensity. Fig.2 displays cornparision between 
measured and calculated stokes parameters. 

1.0 

-. s,Is, 
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Fig. 1: Spectral intensi of the undulabr ra- Phase dnaranca between 4 and a, 
diation with E=BOMe!. K=l.O. The dashed Fg .2  Unddator phase dependence 
and solid CUfVeS BTe the S p e c t r a  dCUhted of Stokes parameters. Markers and 
for a zerocmitIance e!ectron beam and for lines indicate measured and calcu- 
actual elecmn mPtivelY- The lated Stokes paramerers, respec- 
ted is measured spectrum. tively. 
1) H.Onuki, N.Saitp,T.Saito,andM.Habu. Rev. +i. Instrum. 60,1838(1989) 
2) K.'fagi, H.Onulo, SSugiyarna. andT.Yamazah, Rev. Sci. Instrum., 63.3% (1992) 

A super-br i l l iant  x-ray undulator  for the  T r i s t a n  Super  
Light Facility 

&kern YAMAMOTO , Tatsuro SHIOYA, Kimichika TSUCHIYA, and 
Hideo KITAMURA 
Photon Factory, National Laboratory for High Energy Physics, K E K ,  
Tsukuba Ibaraki 305, Japan . I  

In the National Laboratory for High Energy Physics, KEK, 
various R&D studies are being carried out, in order to renew the 
Tristan Main Ring (MR) for high energy physics to a very low 
emittance accelerator with about Inmarad and to convert it to a novel 
synchrotron light source, which is called the "Tristan Super Light 
Facility (TSLF)". 

This source is characterized by extremely brilliant radiation and 
coherent radiation produced by the low emittance beam in undulators 
and free electron lasers (FEL's). Whcn we optimize the MR for 
synchrotron-radiation experiments, three of four 200-m long straight 
sections of the present MR will be used for installing undulators by 
greatly reducing the number of RF cavities. Each straight section is 
bent slightly outward for the extraction of light beams to form a 200-m 
arc, and is divided into two long (70m) sections and two short (6m) 
ones; the 70-m and 6-m sections in an upper-stream half of the arc are 
to be used. 

Since the total length of the undulators required for the TSLF 
amounts to 400m, it is not very practical to design and construct such 
undulators using a device-by-device policy, from both the view-points 
of design and construction costs as well as from that of man-power for 
commissioning and operation. Here, we propose a new scheme using a 
standardized unit undulator, in which: ( I )  three unit undulators are 
placed very precisely on a common frame for the short undulator 
(5.4m long); (2) for long undulators with about 70-m length, these 
short undulators will be connected longitudinally. 

In accordance with the above-mentioned concept, we have been 
constructing a prototype of the short undulator (named XU#MRO; 
4.5cm periodicity x 120 periods) using permanent magnets in the pure 
type and out-of-vacuum configuration, and exploring and solving 
various mechanical problems, including thermal expansion and 
alignment issues, which will arise in the actual construction of 
standardized undulators for the TSLF in future. The XU#MRO will 
further be used as the first undulator in a feasibility study for the TSLF 
planned in autumn, 1995. A calculation shows that it is able to produce 
quasi-monochromatic x rays as the first harmonic with a brilliance of 
1 . 0 ~ 1 0 ~ ~  [photons/s/mm2/mrad2/0.1% bandwidth] at 14.4keV in the 
case of K=0.97, when the MR is operated at IOGeV and IOmA. 
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-view of accelerator based nources; 
The development of storage rings for synchrotron radiation have now arrived 
at so-called third generation and have straight sections with optical functions 
optimized €or unddators and electron beams of very mnall emittances. The 
beam optics of the ring is chosen as to minimbe the quantum excitation of 
betatron oscillations which determines the emittance. This can be achieved 
with a ring containing many cells with a small bending angle and with strong 
focnsing in each cell. The &st point results in large and expensive riage and both 
points require strong sextnpole magnets for the chromaticty correction which 
can limit the dynamic acceptance. The optimization of storage rings with these 
pointa in mind lead to lattices whi& have achromatic.& with two, tkee or 
more bending magnets. Studies for future rings consider further methods like 
the use of wigglers, combiied function magnets, increased transverse damping 
partitions etc. in order to obtain even smder emittances which approach the 
diffraction limit. 

CERN. 
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BEAM STABILITY IN THE 3RD GENERATION SR SOURCES 

G.MiilbauDt 
European Synchrotron Radiation Facility 

After recapitulation of the principal sources for beam instability, the different ways 
to minimise beam instability at the design stage and during operation are discussed. 
The presently achieved beam stability data (presently a few percent of the beam sizes 
at the ESRF) and the limitations of beam position measurements are presented. 

' I  



D. E. MONCTON 
Advanced Ptioton Source, Argonne Nuticnal Laboratory, Argonrie, Illinois 60439 

In order to maximize the scientific effectiveness of the high brilliance radiation provided 
by third generation x-ray sources, a high d2gre.c of operatioilal reliability and stability must 
be: achieved. Bcyond the bsdc physics considcx;ions of prtrticle beam stability, a number 
of oppwtuni:ies exist to improve perfom,a~cc fiOJU the  LiSeiS perspective. Pcrlisys the 
most exciticg of these is (11s possibility IO itljcci zssentidly continiiouslj. thereby efrscrively 
elitiiinatit;: !he decay of the particle beatii, the ,issociated t h e r i d  cycling of the machine 
and the bcamlitle optics, and thc necd for injec hi down!i:ne. Sniallzr unduiator gaps and 
con~equcn!Iy higher photon beam iire then possikak since rile decrc;ise jn beam lifctirnf: is 
cornpensa!ed. This and othzr csa~nples of jys[znib and instriin~cntation for eilhancjng 
stability and reliability will be describcd. 



Commissioning of Third Generation Light Sources 

A. Wrulich, Sincrotron Trieste 

World-wide, four third generation light sources have been set in operation during the last few years, 

the ESRF, SRRC, A L S  and ELETTRA. An overview on the commissioning of these sources is given 

with the emphasis on the specific experience with ELETTRA. 
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HEW YUY OPTICS - NEW SCIENCE 

Chrtsrof Kunz and loachim Vo$ 
I f .  f n s t i t r c f  /ilr Expcrimcnratphysik 

Universi t i i r  Hamburg. Luricgcr Chrrursce 149 
22761 Hamburg, Germany 

Optical elements need to be developed at least at the same pace a6 

synchrotron radiation sources of the th ird  generation. The talk will 

deal w i t h  meaoursmrntr of optical constants as the b a s i s  for the op- 
timization of filters, coating of mkrors and gratings and multi- 

layer engineering. Efficiency performance of gratings with multi- 
layor coatings will be shoun. Imaging with zone plates and capillary 
OptiCB is mentioned only marginally. The same holds for the heat 

load problem and adaptiva optics. The attempts made to obtain good 

fmaging and light concentration for scanning microscopy w i t h  

aspherical optics are described an the b a d 8  of our own microscopy 

project. Results are shown with photoemission and fluorescence as 
the imaging signal. 

Several ways to circumvent aspherical optics with combinations of 

spherical mirrors are shown. The special case o f  an optimized non- 
concentric Schwarzschild objective is described and our first re- 

sulte are given. The results of other groups in this Pfeld arc 
reviewed. Science being done with improved optics will produce! re- 

volutionary results only in rare cases, but will m o v e  rather gra- 

dually into new directions, 
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X- Ray Optics- - -- -S  ci ence 
---Trend and Trial Towards a Founh Gcneration Light Source 

Started from the PF Ring, the AR, Through the TRISTAN MR--- 

Masami Ando 
Photon Factory, KEK, Oho 1-1. Tsukuba, Ibaraki 305. Japan 

Relations between x-ray optics and its associated sciences are somewhat 
similar to a couple of wheels linked with the axle: one needs the other, a 
proper and smooth rolling is available only whcn both are fine tuned. The 
following items may provide some flavour of such progress of x-ray sciencc 
and optics. 

( 1)"A monolithic channel-cut monochromator for a fixed exit beam position" 
applied to powder diffractometry. 
( 2 )  " A  quasi-doubly bent crystal monochromator" applicd to magnetic 
Compton scattering experiments. 
( 3 ) " A  skew monochromator" applied to polarization analysis of x-ray 
magnetic Kerr rotation of a Gd single crystal. 
(4)"A monolithic (+,+) monochromator" applicd to precision measurement of 
absolute lattice spacing of GaAs single crystals. 
( 5 )  "An  asymmetric monochromator" applied to intravenous angiography. 
( 6  ) " A  cryogenic cooling double crystal monochromator" applied to 
production of Mossbauer photons and parametric scattering. 
( 7 ) " A  combination of channel-cut monochromators for  h igh energy 
resolution beam" applied to inelastic scattering. 
( 8 ) " A n  interferomefer" applied to measurement of degrce of coherence. 

R e f e r e n c e s  : 
(1)P. Spieker, M. Ando and N. Karniya: Nucl.Instr. & Meth..222(1984)196-201 
and R. Uno, H. Ozawa, T. Yamanaka, H. Morikawa, M. Ando, K. Ohsumi, A. 
Nukui, K. Yukino and T. Kawasaki: Aust.J.Phys.,41(1988)133-144. 
(2)H. Kawata, M. Sato, T. Iwazurni, M. Ando, N. Sakai. M. Ito, Y. Tanaka, N. 
Shiotani, F. Itoh. H. Sakurai. Y. Sakurai. Y. Watanabt and S, Nanao: Rev. Sci. 
Instr.,6;1-9 (1991) 2109-2114 and Y. Tanaka, N. Sakai. Y. Kubo, H.Kawata: 
Phys.Rev.Lett.ZQ( 1993)1537- 1540. 
(3)K. Mori, K. Namikawa, Y. Funahashi, Y. Higashi and M. Ando: 
R e v . S c i . I n s t r . , M (  1993)1825-1830. 
(4)K.Usuda,S.Yasuami, T.Fujii. Y.Higashi, H.Kawa[a and M.Ando: 

(5)H. Shiwaku. K. Hyodo, M. Ando: Jpn.J.Appl.Phys..~-12A(1991)L2065-L2067 
and S. Ohtsuka. Y. Sugishita, M. Kakihana, H. Watanabe, T. Takeda, Yuji Itai, K- 
Hyodo and M. Ando: submitted to J. Circulation. 
(6)X. Zhang. T. Mochizuki. H. Sugiyama. S. Yamamoto, H.Kitamura, T. Shioya, 
M. Ando. Y. Yoda, T. Ishikawa, C. K. Suzuki and S. Kikuta: Rev. Sci. Instrum., 62 
(1992) 404 and S. Kikuta, Y. Yo&, Y. Hasegawa. K. Izumi, T. Ishikawa, X. Zhang, 
S.Kishimoto, €I. Suigiyama, T. Matsushita. M. Ando. C. K. Suzuki, M. Seto. H. 
Ohno and H. Takei: Hyperfine Interactions 21 (1992) 1491-1494 and K. 
Namikawa, H. K. Ucmatsu. M. Ohi, X. Zhang, M. Ando and S. Itoh: to be 
submitted to Phys.Rev .Lett. 
(7)Y. Yoda, S. Kikuta. X. Zhang & others: in preparation. 
(8)K. Izumi. S. Kikuta, X. Zhang & others: in preparation. 

J.Appl.Phys..69-1( 1991)182- 184. 
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Phase Space Description of Synchrotron Radiation Sources* 

Kwang-Je Kim 
Center for Beam Physics 

Lawrence Berkeley Laboratory 
Berkeley, California 94720 

We review the phase space description of synchrotron radiation 
sources and its application. Approximate formulae for the phase space 
distributions for bending magnets, wigglers and undulators will be 
discussed, pointing out their different characteristics. These formulae are 
useful as an invariant characterization of the radiation strength as well as in 
deciding insertion device parameters for a particular application. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Materials Sciences Division, of the U.S. 
Department of Energy under Contract No. DE-AC03-76SF00098. 



Implementation of W V  beamline8 for high brightness, high 
flu and high resolution at third generation light sources. 

Tony Warwick 
Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA ' 

VUV beamlines at third generation synchrotrons must be 
carefulIy designed to deliver the bright light promised from these new 
murces. There are many ways in which the optical manipulations of 
the light In the line can degrade the brightness. Design decisions must 
be made with close regard for the type of experiment to be served, so 
that the mast important parameters can be optimized. Beamline 
components must be carefully engineered, and the cooling of optics is 
critical. The geometrical and spectral properties of the undulator 
beams at the low emittance storage rings are very interesting and they 
impose new requirements on the coordination between the 
experiment, the beamline operation and the control of the accelerator. 
The cost of beamlines is higher than ever before so that ease of 
operation with multiple users is at a premium. These beamlines have 
become integrated systems, with the optical design influenced by 
engineering considerations and by the storage ring parameters. 

described from this point of view. Features of operational lines will be 
illustrated, and lessons for the future will be discussed. 

Resent and future designs of beamlines for VUV light will be 

This work was supported by the Director, OfYice of Energy Research, 
Office of Basic Energy Sciences, Materialti Sciences Divbion of the 
U.S.Department of Energy, under Contract No. DE-AC03-76SFO0098 

This paper ,should be considered as an UvKtTED TALK 
contact: 
Dr. Tony Wartdck, 2-400 Lawrence Berkeley Laboratory, 
Berkeley, CA 94720. 
Tel. (510) 486 5819 Fax (510) 486 7696 
war wickel bl .gov 
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Preserving the High Source Brightness 
with X-Ray Beam Line Optics 

Lonny E. Berman 
National Synchrotron Light Source 
Brookhaven National Laboratory 

Upton, Ny 11973, USA 

A first-order challenge facing developers of x-ray beam line optics at 
synchrotron sources lies in producing optics that faithfully deliver the 
brightness of the source, especially in the presence of adverse power loads. 
Considerable world-wide effort has been devoted to this problem. 
overcome, continued use of beam line optics in experiments often reveals a 
second-order challenge, that of preservation of the source brightness over 
time, especially as the electron beam current and other environmental 
conditions change. 
optics, of the widths and centroid positions of the various parameters that 
contribute to the brightness, the wavelength, position, and angle 
distributions of the delivered photon beam. As such a problem only becomes 
apparent over the course of time, so does the implementation of proper 
solutions. This problem spans all generations of synchrotron sources. A 
few ideas on the use of x-ray monochromators, mirrors, apertures, and 
position-sensitive monitors to stabilize the brightness parameter 
distributions, as well as methods to avoid or minimize transients in the 
first place, will be discussed. 
at the X25 wiggler beam line at the National Synchrotron Light Source (NSLS) 
will be presented. 

Once 

This requires maintaining stability, with beam line 

Appropriate examples based on experiences 

This work was supported by DOE Contract No. DE-AC02-76CHOO016. 



Microbeam Gcriernjion with Capillary Optics - -MA I B ilderhack, and Dan J. Thiel, 
Cornel1 High Ener& Synchrotron Sourcc, Corne.11 University, Ithaca, New York, 14853, 
USA ~ 

Tapered glass .apill'xies ;ire very useful opticaI corn oncnts for generating microbeams 
of x-rays on I\ micr n scale. A cn illivy coticetinator pr OK uces II small diatneter beam from ;L k 

horosilicate glassest 1 the critical angle is about 3 milliradians at 10 keV. 

P large be,m as it paskes through a ong hollow nede-like structure. The x-rays we 
compressed in crosd sectional area as they successively totdly reflecr from the Smooth inner 
wdl of the glass tu%. The be,m compression can be efficient if reflection from the inner 
wall takes place at ngles less than the critical ,angle of reflection. For hard x-rays and 

Optics based an capillwies have a number of advantages. They have been shown useful 
to condense monw irornatic or white (or very wide bandpass) beams down 011 a scale of from 
millimeter size to 5 6 nanometers. Intensity gains (x-raydsecondarea) as high as loo0 have 
been observed withisynchrotron radiation sources. Ideal optics crilculntions show that gains 
up to 1O0,oOO mav (x possible in the future. 

The output dijergence of the optic depends on its energy of operation and the taper 
angle of the need1e.i We have constructed pipetres that produce anywhere from 2 to 8 
milliradians of divergence from a CKESS bending magnet x-ray source where the natural 
divergence is 0.1 mr fw x-rays whose energy range from S to 25 keV. 

We believe that cnpiliary optics will have a wide impact on application areas such as x- 
ray crystallography; fluorescence, tomography, specuoscopy, high-pressure diffraction, etc. 
They may ix of rise where ever a very small beam is required. In this paper, we will review 
the general propcrtigs of capillary optics and a few of the first applications that have been 
made in crystallogrfphy and imaging. 

Submitted by Donald Bilderback, 28 I Wilson Laboratory, Come11 University, Ithaca, hi. 
14853, USA, Ph: (&7)-2S5-09 16, Far; (607)-255-90011 Email: dhb2@cornell.edu 

mailto:dhb2@cornell.edu
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Cowan. P.L., Beno, M.A., Bedzyk, M., Jennings, G., Knapp, G.S., Montano, P.A., Ramanathan, M. Mirror First, 
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An Eflicient Extraction Window for High-Throughput X-Ray Lithography 
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X-RAY OPTICS DEVELOPMENT FOR NUCLEAR RESONANT 
SCATTERING BEAMLINE AT APS (*) 

E. E. Alp, T. Toellner, W. Sturhahn, and T. Mooney 

Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois 60439 

The construction of a dedicated beamline for nuclear resonant scattering 
studies prompted the development of various x-ray optical components. These 
include focusing and collimating mirrors, large angular acceptance nested 
crystal monochromators with meV-level energy resolution in the range of 6-30 
keV, polarizer/analyzer monochromator to filter nuclear resonant radiation using 
optically active absorbers, and thin film optics in the form of GIAR films and 
multilayers. In this paper, we will provide a review of the current status of these 

) developments. 

(*) This work is supported by US-DOE, BES Materials Science, under 
contract No: W-31-109-ENG-38. 

A Finite Element Analysis of Room Temperature Silicon 
Crystals for the A P S  Bending Magnet 

and Insertion Device Sources 

Lahsen Assoufid, Wah-Keat Lee, and Dennis M. Mills 

Advanced Photon Source 
Argonne National Laboratory 

9700 S. Cass Avenue 
Argonne, I1 60439 

Abstract 

The third generation of synchrotron radiation sources, such as the 
Advanced Photon Source (APS), will provide users with a high 
brilliance x-ray beam with high power and power densities. At a 
ring energy of 7 GeV and a positron current of 100 mA, the APS 
Undulator A and Wiggler A will produce x-ray beams containing up 
to about 4 and 7 kW, respectively, with peak power densities of 
about 150 and 80 W/mmz. In many cases, the first optical 
component to intercept the x-ray beam is a silicon crystal 
monochromator. Due to severe heat loading, the photon throughput 
and brilliance will be severely degraded if the monochromator is not 
properly designed (or cooled). This paper describes a series of finite 
element analysis performed on room temperature silicon for the 
three standard APS sources, namely the bending magnet, Undulator 
A, and Wiggler A. The modeling was performed with the silicon 
cooled directly with water or liquid gallium through rectangular 
channels. Both temperature distributions and thermally induced 
deformation are presented. 

.".,'. 
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Beamline Optimization Using 
Phase Space Transformation 

J.  Bahrdt, U. Flechsig, F. Senf 
BESSY 

IJsudy, the optical alwrratioos of mirrors and gratings (defocnssing, coma, spher- 
icnl aberrations etc.) are parametrized with rcspect to 111s coordinates of the optical 
element. This forinalisni is not expnndnble to n Combination of several optical clcmcnts. 
Therefore, we have chosen the coordinates "displacement" and "slope" with respect to 
an optical axis to characterize n ray and derived a fourth order Taylor series expansion 
of the coordinater in the image plane with respect to the cmrdinates in the source ylnnc 
using the algebraic rodc REDUCE (1). The formalism has been described in detail in 
(2). 

The fourth order transformation for one optical element is reprr-9ented by a 70x70 
matrix and the niatrix eleincnts cnn be interpreted as optical aberrntions. The trans- 
formation for n system of several optical elemcnts is given by the mdtiplication of the 
transformation matrices of the individud dements yielding an analytic expressions fnr 
the trarisfc~ru~ntiou of phase space. It is thus straightforward to perforru L complete 
phase space transformation from the sotuce plane to the image planc. An integration 
of the pha5c rpacc density in the image plane with respect to angles yields thc intensity 
distribution. 

The paranictriratioti of the focnl shape in thc image plane ria the Fourier cxpansioo 
coefficients nllows for a vcry efficient beamline optitnisation. One has to ronstrnct 
an appropriate cost fittiction tliat consists of a weighted s u m  of the important optical 
aberrations. Minimizing the cost function yields the beam line parameters. Miriirnitiug 
is done using the CERN routine MINUIT (3). 

As an example we demonstrate the optimization procedure for a focussing spheri- 
cal grating monochromator designed for a 49 mm period undulator at BESSY 11. The 
monochro~i~ator covers the cncrg  range from 130 eV up to 1500 e v  with three gratiugs. 
The monochromator parauietcrs (distances hetwean :he optical clenirnts, dcflcction an- 
gles, radii and Iinc densities) have b n u  optimized with respect to high resolution. The 
cost functiou included optical aberrations, the finite slit width aud thr taugciit errors 
of tlie optical components. 

(1) .4. C. Hrarn, REDUCE Uscr's Mia. 3.4 (Hand, Santa Monica, Cal. 1991) 
(2) J .  Bahrdt, t r ,  be published in Applied Optics 
(3) F. Janics: M. RIX-IP~ MIWUIT, Rnutine no. D506, CERW library (1983'1 

MIRROR OF INTEGRATED DESIGN FOR THE 
. a  

CHGlIF BEAMLINE AT W R F  

M. UELAKHOVSKY 
SP2M I hborafoirc de Physique des Inrevaces 
CENG-DRFMC 38054 Grenoble C4de.v 9 -fiance 

The CRGnF beamline at ESRF, which is  near completion. is a common 
CEA-CNRS vcnture. It is dedicated mainly to the physics and 
physimhemistry of interfaces. 
Thc optics include a monochromator (cf abstract on the sagitttal 
focusing, this conferencc) and a premirror for focusing/collimating 
and filfering. 

Tho mirror (manufactured by PSll USA) has an innovntivc integrated 
dcsign : the substrate made of glidcop (strengthened copper) has a 
hollow b r a d  shape, incorporating both cooling channels (locatcd 
beneath the surface) and a pair of piezo-actuatcd rods for variable 
cuwaiure between 7 and 20 km. 
Electroless Ni is deposited on the whole area of thc upper surface 
(lm*0.29 m) and ion top of it a thin Pt coating and a thick Si02 
coating, each on one third of the width : hence, and using a transverse 
translation, the incoming photons at a fixed glancin angle of 2.9 mrd 
are reflected off one of 3 materials (Si02, Nil P8, with respective 
cutoff energies around 10,20 and 30 keV. 

?'he mirror assembly and its mechanics (manufacturcd by IREUC, 
Grenoble) will bc described, as well as the first tests on the beamline, 
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A Fixed-Exit Double-Crystal Monochromator for the 
Crystallography Wiggler-Beamline at ELETTRA: Concept 

of the Crystal Movements 

S. Bemstorff. E. Busetto, M. Cola ietro and A. Savoia 
Sincrorrone Triesfe, Padriciiono 99, !&I12 Triesfe, Iraly 

A fixedcxit double-crystal X-ray monochromator has been constructed for usc at the 

Mammolecular Crystallography Beamlie at the Sincrotrone Trieste. For its design a 

new concept has bcen developed, which is basad on a single rotational stage to control 

the €3 or Bragg angle for both the f i t  and second crystal. The stage rotation axis lies 

in the centn of the surface of the f i t  crystal, thus the incoming photon beam remains 

cenad on it over the whole trlning range, which opens the possibility to e.g. optimise 

the crystal cooling system The fiedcxit aspect of the monochromator is achieved by 

translating the second crystal on a slide forming an angle a with the surface of this 

crystal. In this way, the translation distance can be kept small thus minimising deNn- 

ing effects of the monochromator due to not-perfect slides. The cost is, that during 

energy scans the beam footprint will wander somewhat on the second crystal surface. 

It is demonstrated that. by choosing a suitable angle a, both the translation distance T 

and the length of the second crystal can be msonably minimised. In fact, for e.g. a 

monochromator having a vertical beam offset of 17 mm and an angular tuning range 

5O-3Oo, T can be kept as small as 25 mm by only doubling the length of the second 

crystal with respect to the first one. 

Light Choppers: a New Approach to the Problem of Heat 
Load on Samples and Optical Elements at ELETTRA 

Beamlines 

A. Lausi and 3. Bemstorff 
Sincrorrone Triesre, Padriciano 99,34012 Trieste, Iraly 

* Q  

The Macmmolecular Crystallography Beamline at JXETTRA is designed to serve two 
different 'ypes of experiments: diffraction experiments with monochromatizcd beam 
and hue-type experiments with white (Le. not monochromatized) beam. In this latter 
case the monochromator crystals are removed from the optical beam path, leading to 
the full power impinging onto the downsmm focusing m h r .  the Be-window at the 
end of the beamline and the sample. Even though a pyrolytic graphite power filter, 
situated upstream of all the optical elements. nduces the incoming power load by 
about a factor of two by absorbing all the lower photon energies that will not be used 
in experiments, the passing white beam canies still a total power load of up to 1.2 
kW. Such a high power load would give rise to surface distortions of the water- 
cooled mirror which in turn would lead to an unacceptable inrrcast of the beam diver- 
gence at the sample. Much worse however would be the situation for the small 
(<lmm3) organic sample crystal situated in the beam focus. Its lifetime would be. 
severely reduced due to the large impinging radiation dose. 

We present here a new solution to this problem based on the use of an UHV- 
compatible light chopper positioned upsmam of the focusing mirror. The chopper, 
which is used only during "white beam" experiments, acts as a beam shutter, 
blocking completely the photon beam when closed. Both the opening time and 
repetition rate can be varied over a large range according to the experimental needs. 
Compared to a beam shutter the use of a chopper offers the advantages of a greater 
flexibility in the selection of the time structure and of a higher mechanical reliability 
since long periods of frequent use are necessary. By means of the chopper the time- 
integrated heat load on downstream optical elements and the radiation dose on the 
sample can be gwatly reduced, allowing to work with full source flux during data 
acquisition times only, while the beam will be shut off during e.g. detector dead 
times. 
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First Test Results of SRC's new High Energy Variable Line Density 
Grating Monochromator 

Mark Bissen, Mike Fisher, Greg Rogers, Dave Eisert, Kevin Kleman, Tom 
Nelson, Bill Mason+, Fred Middelton+ and Hartmut Hlichst. 

Synchrotron Radiation Center, University of Wisconsin-Madison 
3731 Schneider Dr., Stoughton WI 53589. 

and 
+Physical Sciences Laboratory, University of Wisconsin-Madison 

3731 Schneider Dr., Stoughton WI 53589. 

During the last two years we built a new high resolution soft x-ray beamline 
utilizing a variable line density grating. In addition to the regular grating rotation 
the grating housing mechanism allows also a translation of the grating. The 
additional translational motion of the VLS grating can be used in such a way 
that grating aberration effects such as defocus, coma, and spherical aberrations 
are minimized over the entire scan range. The underlying principle and the 
basic optical design was discussed earlier.' e 2  

In order to achieve the theoretical energy resolution which varies from 1 O4 to 
5 -16  over the photon energy range 480-1180 eV. Extreme care had to be 
exercised in positioning and controlling the grating scan angle (4.12 arcsec) 
and focus drive position (~1Opm). Using a spherical grating with figure error of 
c0.2 arcsec and 10 pm slits, we were able to experimentally reproduce our 
theoretical predicted energy resolution over a wide energy range 
We present photo absorption data of the K-shell edges and associated Rydberg 
states of Ne, O,, CO and Xe as well as the 2p absorption edges from several 
transition metals. Due to the high resolution our gas phase data reveal 
structures which were previoudly not seen or only poorly resolved. A detailed 
quantitative data analysis of the Ne absorption peak allows us to directly 
determine the intrinsic lifetime broadening of the Ne I s  state which is 
considerably smaller than previously estimated. 
1. H. Hbchst. M. Eissen, M.A. Engelhardt and 0. Crossley. NIM A319.121 (1992) 
2.The monochromator utilizes the IFM principle which Is covered by US. Patent No.4,991,934 

and licensed to SRC by Hellridc Scientific Inc. 

Prototype Grooved and Sperically Bent Si Backscattering Crystal Analyzers for meV 
Resolution Inelastic X-Ray Scattering.* 

R. C. Blasdell and A. T. Macrander 
Experimental Facilities Division . *  

Advanced Photon Source, Argonne National Laboratory, 
Argonne, DL 60439-4814 

Abstract 

The high order backscattering reflections from single crystals of silicon have mrad 
rocking curve widths that can be exploited to produce meV energy-resolution focusing 
analyzer crystals for use in  inelastic X-ray scattering experiments at third generation 
synchrotron sources. We present here the results of calculations and tests of the performance 
of prototype analyzers made of spherically bent, ( l , l , l )  oriented, strain-relief grooved Si wafers. 
We examine the affect of slope errors on the focus spot size and energy resolution using ray- 
tracing and present the results of measurements of the spot size and slope errors of prototype 
analyzers. 

*This work is supported by the US. DOE Contract No. W-31-109-Eng-38. 
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The High-Energy Monochromator For the ALOISA- 
Beamiine at ELETTRA 

E. Buseno, A. Lausi and S. Bemstorff 
Sincronone Tnesre. PadriCioM 99,34012 Inme, Italy 

Expaimcnts at the ALOISA beamline at EJEITRA arc foreseen with a monochroma- 
tized photon beam in the range 250 eV to 8 keV. Such a wide energy range will be 
provided by switching between a plane minur / grating monochromator (PMGM) and 
a crystal monochromator - for the low and high energy range resptctivdy - sharing the 

' '  same beamline mirror optin. All dispersing eIements arc used in a couimated beam, 
which is focused downsueam onto the sample by means of two aspheric minors. 
TherefoFe a "channelcut" crystal-monochromator could be chosen where the use of 
only one rotational movement (for the energy tuning) allows for a simple and compact 
mechanical layout, while the centre of the light spot on the sample will still keep a 
tixed position over the whole energy tuning range. The size and shape of the light spot 
at the sample depends on the selected photon energy. since the vertical beam offset at 
the exit of the channelcut crystal varies dlaing energy scanning, thus l e g  to differ- 
ent "off-axis" conditions in the illumination of the downstream m r  optics. 
Extensive raynacing calculations performed for the whole optical system dcmonsaated 
that the variation of the geometry of the light spot remains wthin acceptable limits over 
the quested energy range. 

The radiation source of the beamline is a wiggler/ undulator insertion device. tbat will 
deliver up to 50 W into the n m w  140 x 140 @* (horiz. x v a )  central cone ac- 
cepted by the bcamline optics. Differently from the PMGM, which will reflect most of 
the incoming power, the absorbed powa density on the fmt crystal surface will be as 
high as 3.4 W/nun*. Two different strategies have been adopted in order to cope with 
chis incoming power load. Fmt, the crystal will have an inclined cut when the Bragg 
planes form an angle of 60' with respect to the optical surface. This choice allows to 
spread the incoming power load sufficiently over the fmt reflecting crystal surface to 
allow for simple backside cooling. In addition the heat load will be reduced by means 

' of a power filter which will be inserted upstream of the monochromator during the 
high-energy mode of the bcamline, and which will absorb all the unused photons with 
energies 0 keV. Radiatively cooled Graphite multifoil-assemblies are commonly used 
for this purpose. However, since the closely following cooled mirror optics quires a 
very clean carbon-fm UHV. a different, new solution has been pnferrcd The Nter 
consists of a thin, water-cooled Be-disk which row around an axis parallel to the 
photon beam. With this design the effective absorbed power density in the filter is re- 
duced by two orders of magnitude with respect to a static multifoil solution, rcsulhg 
in a cool, clean. UHV-compatible device. 

Both the layout of the crystal monochromator and the Be-filter will be preScnttd 
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A cryogenically cooled. sagittal focusing scanning monochromator for ESRF 
Fabio Comin, ESRF 

A double crystal monochromator for fast scans on large enerjg ranges has been . , 
designed, constructed and tested at ESRF. The instrument is based on a drive 
unit operated in air that rotates a large wheel sitting in UHV and supporting 
the two crystal assemblies. The link between the drive and the wheel is realized 
by a differentially pumped feedthrough. 
In order to withstand without noticeable deformations the full power of typical 
ESRF undulators, the first crystal is liquid nitrogen cooled via pipes hosted 
in the hollow core of the differentially pumped feedthrough. 
The second crystal mount is based on an elastically deformable structure driven 
by piezoelectric and pneumatic actuators for precise angular adjustments. 
In its basic version the relative distance between the first and second crystal 
is kept constant (channel cut type ofdesign), but a nearly fixed beam at the 
focal plane can be obtained by the partial compensation, as the Bragg angle is 
changed, of two different effects: the vertical displacement of the exit beam 
typical of channel cut designs and its divergence with respect to the incoming 
one due to the difference in lattice spacing between the cool first crystal and 
the room temperature second one. 
Horizontal focusing of the beam is achieved by sagittal bending of the second 
crystal. 
The major drawbacks of crystal focusing, the necessity of changing the radius of 
curvature while scanning and the losses in throughput due to the anticlastic 
deformation experienced at high energy are circumvented by an appropriate 
choice of the crystal geometry and orientation. 
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Mirror First, a Heat Load Strategy for the BESSRC Undulator 
Beamline at  the Advanced Photon Source 
hLUlz#m, Mark A. Beno. Michael Bedzyk, Guy Jcnnings, Gordon S. Knapp. Pedro A. 
Montano and Mohan Ramanalhan, 
Argonne National Laboratory, Argone, IL 60439 

The Basic Energy Sciences Synchrotron Research Center (BESSRC) of the 
Physical Research Divisions (Physics, Chemistry, Materials Science and Gbosciences) of 
Argonne National Laboratory is a facility to exploit the unique characteristics of the 
Advance Photon Source (APS) for applications of x-ray techniques to a broad range of 
fundamental and applied physical research. The scientific programs which will be basad 
on the undulator beamline in this facility include those for which the unp&nted 
brilliance of such a source is espbciauy criticsl to the research program The insertion 
device that best fulfills the expaimental nquirements of this project is a modification of 
Undulator A, which has a 4.lm period with 56 poles. This undulator (designated as 
"Undulator P") will provide first harmonic tunability over the energy range of 2 to 10 keV 
and allow tuning to energies b e e n  2 and 30 keV (with 1st and thud harmonics) in the 
final phase of APS operations. To deal with the high heat loads and extremely high power 
densities of the undulator at closed gap, a three fold approach will be taken. All 
experiments on this line require a small well definod beam. A 4.lmperiod undulator 
permits opaations exclusively using the high-brilliance central m e  of the on-axis odd- 
numbaed harmonics. The use of a pin-hole to limit the beam to the central m e  will 
permit us to m v e  most of the unused spcctrum from the undulator radiation, greatly 
reduce the total heat load on beamline optical elanents. X-ray absorption Ntas will be 
used to rcduce the total heat load on beamline optics, without signifcant attenuation at the 
photon energy of intntst and also will reduce harmonic c ~ n t a m i ~ t i ~ n  of the beam. To 
reduce the problem of power density on the filter, we propose to operate filters composed 
of graphite (or diamond) at grazing incidence angles (roughly 6 de-). The first optical 
elanent of the beamline will be a minor1 to eliminate higha harmonics, reduce the heat 
loads on otha  components of the beam line and focus the beam in the vcriical direction. 
To effectively reduce the heat load and eliminate harmonics the mirror cut off energy must 
be set just above the harmonic energy this is accomplished by using a mirror which has a 
number of different coating with different cut-offs running parallel to the beam direction. 
Translating the minor sideways allows the cut off energy to be varied without changing 
the reflected beam angle. Using a minor as a fust optical component has the major 
advantage of reducing the heat load on the monochromator by as much 8040% depending 
on energy. The use of a mirror as the first optical element also simplifies the design of the 
Bremsstrahlung shielding and reduces beamline and hutch shielding requirements. since 
the exeamly penetrating high energy x-rays ate removed from the beam. The presence of 
the minor will allow a simpler monochromator design, since heat load nquirements ate 
greatly r e d d  An alternative approach to the heat load problems at undulator beamlines 
is the use of a cryogenically cooled thin crystal monochromator. discusd elsewhere*. 
This approach also q u i r e s  reductions in power resulting from use of the central cone and 
filters to reduce the fu'ndamental dbntribution when using higher harmonics. 

I A minor fmt smtegy was previously reported in the Conceptual Design Report for the 
SRI CATat APS. 
2 G. S. Knapp, C. S. Rodgers, M. A. Beno, C. L. Wiley, G. Jennings, M. J. Bedzyk 
and P. L. Cowan, this conference. 

Work at Argonnc National Laboratory is supported by the US Department of Energy (DOE), 
Office of Basic Energy Sciences, Division of Material Sciences. under contract W-31-109- 
ENG-38. 

A compact monochromator for multi-purpose synchrotron 
beamlines. 

. *  A.Darovsky 
SUNY X3 beamline at the National S y n c h n  Lighl sourcC, BNL, Upton NY, 11973. USA. 

I. Meshkovsky 
OPTOEL, Sablinskaya 14, St.PdenbUrg, 194101, Russia. 

Dcpar(men1 of Chemistry. Stale UNvusity of Ncw York at Bu5Io. Buffalo, NY 14214-3094. USA 
P.Coppens 

Abstract 

A newly designed monochromator assembly for the State University of 
New York (SUNY) X3 beamline at National Synchrotron Light Source 
(NSLS) consists of two monochromators enclosed in a single vessel, and is 
positioned at 7813 mm &om the source. It allows delivery of monochromatic 
radiation into two independent end stations. The first unit consists of a double 
crystal assembly reflecting in the vertical plane, and operating in a "channel- 
cut" mode. Triangular shaped first crystal can be bent by a piezoelectric 
driver to allow for vertical focusing or compensation for the "thermal bump". 
The second ribbed crystal provides for sagittal focusing of 12 mrad of 
incident beam by a four point bender mechanism. A iine alignment of the 
reflecting planes of the two crystals by the piezoelectric driver allows an 
active feedback system to be implemented. 

The second unit utilizes the portion of the radiation fan left between the A 
and B branches of the SUNY X3 beamline by reflecting it at a fixed angle of 
0 = 6" into the sideways experimental station AI. Four interchangable 
triangular crystals mounted on a rotary holder provide X-Rays of four 
different energies. 

A position sensitive monitor intersepting a portion of the direct beam 
between the two monochromators is installed in the monochromator housing 
to allow for angular and positional control of the incident beam. 
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Increased Throughput of a Heat Loaded Double Crystal 
Si( 11 1) Monochromator by Roughening of the Second 

Crystal Surface 

Park Doing, Cornell High Energy Synchrotron Source 
Ithaca, New York 14853, USA 

In a double crystal monochromator, the first crystal absorbs 
the heat load and its lattice planes become distortedl. This distortion 
allows the first crystal to pass x-rays with a larger energy spread 
and more angular divergence than the second crystal, which is not 
under a heat load, can accept. If the bandwidth of the second crystal 
can be increased, then more x-rays will pass through the system. At 
the F2 station at the Cornell High Energy Synchrotron Source, a test 
was done where the bandpass of the second crystal of a double 
crystal monochromator was increased by roughening its surface. In 
this test, the flux through the system was increased by a factor of 
2.75 and the energy spread of the beam exiting the monochromator 
was increased by a factor of 2.5. For experiments where the energy 
spread is not a critical issue, this method can greatly alleviate the 
loss of flux associated with heat loaded optics. 

'Smither B., SPIE, Vol 1739, 1992 

This work is supported by the National Science Foundation through 
CHESS under grant No. DMRJBO-21700 

Parabolic focusing pyrolytic graphite X-ray monochromator 

LP. Dolbnva, K.V. Zolotarev, M.A Sheromov, A h  Antonod. LG. Grigory!va# 
Bu&r Institute of Nuclear Plysics. 630090 Novosibirsk, Russia 
#Institute of Graphite Based Construction Materials (NlIgrqhite). 
111524 Moscow, Russia 

The results of the experimental testing of the parabolic focusing pyrolytic 
graphite X-ray monochromator (mono) on the wiggler (2 Tesla) synchrotron radiation 
(SR) beamline of the storage ring VEPP-3 are presented. The monochromatization and 
the focusing of X-radiation in both vertical and horizontal directions are provided by 
the optical properties of the parabolic sufice of revolution of the properly shaped 
pyrolytic graphite crystal attached to the parabolic-machined brass support. A single 
crystal is a half of the parabolic surface of 160 mm long and 20 mm minimal focus 
length. The sagittal radii are changed from 10 to 30 mm. The available photon energy 
range is 7-20 kev on the first harmonic of reflection. The second order of reflection 
has a reasonably high intensity comparable with the first one, due this fact the energy 
range can be extended up to 40 keV. The change of the energy of the 
monochromatized X-radiation is accomplished by the simple vertical shift of a mono, 
according to this shift the space location of the focal point is also vertically displaced. 

For the study the mono was placed at a distance of -16 m from the source 
point so the accepted horizontal divergence of the "white" SR beam was -2 mad. The 
mono was supplied with In-Sn conical collimator to prevent the parasitic scattering 
radiation and to avoid the possible undesirable characteristic emission X-ray lines in the 
working energy range mentioned above. X-ray imaging of different cross-sections 
(horizontal-vertical, horizontal-longitudinal, vertical-longitudinal) of the focal point 
space region was performed by the point-by-point scanning of NaI(TI) scintillation 
counter supplied by the pinhole collimator of -80 mm in diam made in the lead disc 
screen of 2 mm in a thickness. The achieved size of the focal spot of 
-0.35(honzontal)x0.6(vertical) mm2 is in a good coincidence with theoretical 
expectations and the preliminary computer modelling. In fact, the main role in an 
extending of the focal spot plays the large angular mosaic spread (-I degree FWHM) 
of the used graphite crystal. The registration of Compton scattered radiation spectra 
from the acrylic cylinder of 5 mm in diam placed at the focus position by a Si(Li) liquid 
nitrogen-cooled solid-state detector was conducted to measure the behavior of 
spectrums of output monochromatic X-radiation with respect to the longitudinal 
location of the footprint of a primary SR beam on the parabolic surface of the graphite 
crystal. 

The possible applications of the presented mono for the construction of a 
"middle" space resolution class of SR based X-ray fluorescence microprobes and other 
usages as a powerful concentrators of X-radiation are discussed and described 

.. 
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A THERMAL UAYER MONOCHROMATOR CRYSTAI, 

HFFRACTION BEAM IdNE AT THE E.S.R.F, 

Jean-Luc FEBaEs ( I ) ,  Michel ROTH(~), Eric FANCHONW. Jean-Paul 

SIMON(~), Jean-Franqois BERAR(~) 
(Nnstitut de Biologie Structurale, Grenoble, France, 
(z)ENSEEG/Laboratoireboratoire de Thermodynamique et Physico-Chimie 
Mbtallurgiques, Grenoble, France, 
(3)CNRSILaboratoire de Cristallographie , Grenoble, France. 

High intensity for diffraction experiments with high energy resolution 
on an intense X ray beam, like the bending magnet beam lines at the 
E.S.R.F., requires a strict control of the curvature of the optical 
elements placed in the beam for geometrical focusing and for 
wavelength monochromatisation. Unwanted curvatures can come from 
heating of the first crystal of the monochromator, produced by the 
absorption of X rays. Indeed, because of the size of the crystal, only 
cooling from the rear is conceivable. This induce a front-to-rear thermal 
gradiant and, as a consequence, a strong spherical curvature. 

To design the CRGID2AM beam-line, a new techniques was 
developed to control this effecdl]. It can be shown by calculation that 
this curvature can be exactly compensated, whatever is the heat load 
power, by the thermal expansion of a metallic layer at the rear of the 
crystal, having a larger expansion coefficient than Si. 

Such a crystal was tested on the CRGD2AM beam-line. First results 
confirm predicted behaviour of the crystal but, in the other hand, show 
how sensitive is the technical problem of the fixation of this crystal on 
its cooling device. 

A crystal bender for water-cooled monochromator 
in high heat load synchrotron radiation 

wiggler beamline at ESRF 

H. YAMAOKA*. A. K. FREUN D**, K. OHTOMO* and M. KRUMREY** 
. *  

* JAERI-RIKEN Spring-8 Project Team, 
The Institute of Physical and Chemical Research (RIKEN) 

Hirosawa 2-1,  Wako, Saitama 351-01, Japan 

** ESRF, BP-220, F 38043, Grenoble Cedex, France 

A crystal bender has been developed for a directly water-cooled 
monochromator. The performance of the bender was tested at the 
materials science wiggler beamline (BL2) of the ESRF (European 
Synchrotron Radiation Facility). The x-rays were reflected from a 
thin silicon wafer (600 pm) bonded onto a 40 mm thick silicon 
substrate with grooved cooling channels at the surface. The 
cooling channels of which the widths of the channel and of the 
fins were 500 pm and 1 mm, respectively. The input power on 
the monochromator crystal was measured using a Cu calorimeter. 
The heat load effects on the rocking curve width were about 1.5 
arc-seconds at an input power of 1440 W using 13 keV x-rays 
and the Si (111) reflection. By using this bender system the 
crystal curvature was compensated and the rocking curve width 
decreased from 17 arc-seconds to 9.5 arc-seconds for the above 
conditions. Results of finite element analysis for the crystal 
bending are presented, too. 

(11 M ROTH, J-L FERRER, J-P SIMON, E GEISSLER, Nucl. Instrum. 
Methods 63, 1043 (1992). 
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A REFLECTOMETER END STATION FOR SYNCHROTRON CALIBRATIONS 
OF AXAF FLIGHT OPTICS AND FOR SPECTROMETRIC RESEARCH 

APPLICATIONS 
~ G r a e s s l &  J.J. Fit& R. Iagram, J. Zhang 

Smithsonian Astrophysical Observatory 
CambridgG MA 02138-1596 

l3umsS 
Los Alamos National Laboratory 

Los Alamos, NM 87545 
Preparations have been under way to construct and test a facility for grazing incidence 

reflectance calibrations of flat mirrors at the NSLS. The purpose is to conduct calibrations 
on witness flats to the coating process of the flight mirrors for NASA's Advanced X-ray 
Astrophysics Facility (AXAF). The X-ray energy range required is 50 eV to 12 keV. Three 
monochromatic beamlines (X8C. =A, U3A) will provide energy tunability over this 
entire range. The goal is to calibrate the AXAF flight mirrors with uncertainties approach- 
ing 1%. A portable end station with a precision-positioning reflectornetex has been devel- 
oped for this work. We have resolved the vacuum cleanliness requirements to presuve the 
coating integrity of the flats with the strict grazing-angle certainty requirements placed on 
the rotational control system of the reflectometer. A precision positioning table pennits 
alignment of the system to the synchrotron beam to within 10 arc seconds; the reflectome- 
ter'i'rotationd control system CBO then produce grazing angle accuracy to within less than 
two arc seconds, provided that the electron orbit is stable. At 10-12 keV, this degree of 
angular accuracy is necessary to achieve the calibration accuracy required for AXAF. 
However the most important energy regions for the synchrotron calibration are in the 
2000-3200 eV range, where the M-edge absorption features of the coating element, irid- 
ium, appear. and the 300-700 eV range of the Ir Nzdges. The detail versus energy exhib- 
ited in these features cannot be w a d  adequately without a tunable energy source, which 
necessitates a synchrotron for this work. 

An existing precision X-ray spectrometer was modified to meet the UHV and cleanli- 
ness requirements for mirror reflectometry. The improved hardware continues to function 
as a versatile synchrotron X-ray spectrometry system. It has been used to calibrate the 
energy scales of synchrotron monochromators, for spccuometric properties of crystals and 
multilayers, and for a research program to measure optical constants of reflecting materi- 
als. 

Silicon PIN diodes We used to measure altcmately the incident beam intensity and the 
reflected intensity, in ageted mode. 3eflcctance measurements have been made on test flat 
mirrors, with precisions approaching 0.1%. An uncertainty within 1% has been obtained 
in the bwt cases. Furtherprdural  development is required to assure this accuracy for all 
measurements required by AXAFJ. 

We present the mechanical designs, motion control systems, detection and measure- 
ment capabilities, selected procedures for our measurements, as well as reflectance data. 
* This research is supported by the US D.O.E., and by NASA under contract NASG- 
36123. 

The Mirror Concepts of the new Wiggler and Undulator Beamlines at 
HASYLAB 

y&&. and P. GOrtler 

Hamburger S~nchmrronrrmhlungslabor HASYLAB 01 DESK 0-22603 Homburg. Federal 
Republicof Germany 

After changing the storage ring DORIS 11 to DORIS III with a s o c i d l ~  "bypars" in 
one straight section. Seven new wiggler and undulator beamlines are installed AU 
these beamlines have 10 cope with total radiation powers up to 7 kW at 100 mA 
current in the storagc ring. In six of these beamlines mirrors are used for optical 
imaging and filtering. The major point in the mirror concept at all these beamlines is. 
that the first mirror acts as an energy low pass filter. Due to the very grazing 
incidence angle of the mirrors, most of the low energy radiation is reflected and only 
the high energy part of the spectrum is absorbed in the mirror and has to be dissipated 
by the cooling. Another aspect is the power density of the radiation on the surface. 
The first mirror is normally installed close to the source with a distance of about 19 m, 
where the power density of the radiation is about 36 W/mm2. The grazing angle of 
the mirror reduces this value to about 0.1 Wlmm2. The mirror material is in all cases 
graphite with a S i c  surface. The table gives the characteristics of the installed f i t  
mirrors. 

Eieamllne Mirror characterlstlcs 

Coating Mkm Roughness Slope emf Shape Deflection 

BW1 S ~ A R M S  e*..lsj* plane 8-14mrad 
;~' .Jsv plane 8-14mrad s3ARMS BW2 

0W3 AU/SiC/Si02 s 4 A RMS 4 . 1 5 ' .  Jsi.1. plane 3.2' 
d, &y toroidal 14 mrad 0W4 Au S ~ A R M S  

BW6 Au s 5 A ~ M s  e ' , ~  plane 0-8rnrad 
=$l',M plane 0-14mrad S ~ A R M S  BW7 Rh 

The second mirrors have in general a comparablc angle of incidence and therefore the 
heat load is negligible. All have a toroidal shape to focus the beam onto the sample. 

The contribution will inform about the cxperience with this mirror concept and will 
cover the following topics: 

mirror performance - mkror material, surface finish, mirror cooling . mirror orientation. alignment and stability 
compton scattering and thermal protection of the mirror 
vacuum 

In the final section we will report about future improvements which are under 
construction now. We show an o p t i m i d  solution for the beamline BWI which is 
used by two experiments with different source distances. 
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Performance Check of &Alumina as a Soft X-ray Monochromator CrysCnl 

Armnari Hlrava, Kaplnod M.tsuda*, Yang Hai**, and Makoto Watanabe*** 

In a d a  to uctend the available photon energy range of the double crystal 
monochromator (DXh4) to tha loarm energy side than that with bay1 crystal. a 
synthesized @alumina (Na2O(AI203)11. 2d = 22.53 A) was tested as a 
monochromator aystal. The nsolution and intensity of monochromatized x-ny 
with &alumina w a e  cornpared to those with beryl. &alumina monodvomator 
aystals were prrparad from ayaaUized parts of a alumina IhMck Croshiba 
Monoflux) by cleaving its flat pu (a. 2 x 2 an2) and used without further 
polishing. Measurrments were curied out by setting a pair of p-alumha aystals in 
(he DXM at BLlA beamline in the WSOR. Figure I shows the throughput spectra 
of the DXM obtained With @alumina and with bay1 crystals. The @alumina cayb'tal 
c o v ~ b  the energy region from 580 to 1740 eV (Bragg angle 71S0 - 18.5O) with 
more than ten times higher intensity than beryl crystal. The resolution of the pair of 
f)-dumina aystals used is &timated to be 0.75 eV at about 900 eV, which is w i d e  
almost twice than that of the beryl crystals (0.46 ev). 

~ P-alumina 

.- 
WAVELENGTH / A 

Fig. 1. Throughput spectra of DXM with palumina and beryl. 

94-04-22 22:06 FROM tht' t$Yt , l t39  UVSOR 

Comhuctlon of 15m Conrtant-Devistion Constant-Length 
GrrStng Inddence Monochromator at UVSOR 

. I  

&sunsri Hirave , men Nakamura. Masami Hssomoto, Toshio Kinoshita, 
Kunro Sakai. Eiji Ishipro*. and Makoto Watanabe** 

W S O R  Instinuc for Molxcular Science, MyodaljL O W  444. Japan 
*DepMment of Applkd Physicr. Osaka C@ Univenity, O h  558. Japan 

++Research InstifWafor Sclcnrijic Meanrremenu. Tohohr University, Sendai 980. Japan 

A mtant-deviation constant-length grazing incidenoe monochromator was 
owtructcd at the Wing-magnu beamline 8B1 of the WSOR. The monoduo- 
mator has a scanning mechanism with fixed entrance and exit slits, as Wen as fixed 
dlactiau of mudent and exit photon beams. h shown In the inset of Fig. 1. the 
spherical grating travels parallel to the incident beam axis together with the plane pre- 
mirror, while being rotated by M ann of which frrc-end slides on I linear guide. 
Accordiy  the mnstant deviation angle of the dlftracted beam at the grating is 
canceled by that of the plane premirror to give paraUel exit beam to the incident beam. 
The nwnochmmator was designed to cover the photon energy of 31-620 eV by three 
gratings: >36&V by 0 1  (1080 Lineshnm. R=lSm). > 1 W V  by 0 2  (540 h&, 
R=15m). and >31eV by 0 3  (360 lines/mm. R=7.5m). 3 % ~  evaluated resolving power 
by ray-aaCing is -4000 at the lowest energy CErrdn) of each grating and -2000 at 
2&in with 10 prn slit width. All gratings m original laminar-type grating fabicaced 
on a synthetic quartz and coated with Au. Output spectrum of the monoduomator 
with 0 1  grating (1080 lines / mm) obtained befae the final adjustment was found to 
extend up to 1 keV with resolving power of -1000 at 870 eV. 

u3 

MI 

0 2161 0 1 7  8397 $151 $914 1 0 8 1 4  1 1 9 1 4  
DISTANCE FROM SOURCE / mm 

Rg. 1. Schematic layout of the monochromator. Oplical elements are: MO. sphaiul . 
M1. ellipliccylinbicil mirror: S1. enma slit: M2. pkne prrmirror: SO. sphtrical -T 
s. exit slit: M3. troidal mirror. Inse~ shows schematic s c ~ n  mechanism. Ctnting chmk 
(M2 and SO) movement from A 4  to A>O is shown: LO. Linear guide for grating rotaion. 

' 
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Design for a hlgh-optkalquality, tunableradius X-ray mirror 

Malcolm R. Howells. Steven C lrick and Wayne R. McKinney 
Lawrence Berkeley Laboratory 

University of California 
1 Cyclotron Road 

Berkeley, Ca 94720 

William H. Lowny and Thomas W. Tonnessen 
Rockwell International Corporation, 

Rocketdyne Division - Albuquerque Operations 
2511 C Broadbent Pkwy. NE 

Albuquerque, NM 87107 

Frank M. Anthony 
FMA Associates 

103 Doncaster Road 
Kenmore. NY 14217 

The construdion of a 265 mm long adaptive X-ray mirror is described. 
The radius of the mirror can be remotely tuned, with feedback from a linear 
position encoder allowing the mirror to operate in ultra-high vacuum. The design1 
of this monolithic bendable mirror has been carefully o p t i m i d  so that the hinges 
which drive the bending introduce minimal errors to the surface shape. 

This paper describes the design philaophy and lists construction 
parameters for the mirror. Achieved performance levels with respect to surface 
figure and finish are reported. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences. Materials Sciences Division of the U. S. 
Department of Energy, Under contract No. DE-AC03-76SF00098. 

1. Howells, Malcolm R. and David Lunt, "Design considerations for 
adjustable-curvature, high-power, X-ray mirrors based on elastic bending", Opficul 
Engineering, August 1993. Vol. 32, No. 8, 1981-1989. 

Distortions of the Exit Beam from Asymmetric and Inclined 
Double-Crystal Synchrotron Radiation Monochromators 

Insiirwe of Physics, Czech Academy of Sciences, Na Slovance 2,18040 Praha 8, 
Czech Republic 

Edoardo Buseno and Si rid Bemstorff 
Sincrorrone Triesre. Pndriciano 9% 34012 Triesie. Irnly 

B 

Intense synchrotron X-ray beams from wigglers and undulators contain several kW of 
power and thus can severely impair the performance of monochromators and other 
optical elements in the beam. The use of upstream power filters or efftcient cooling 
systems is often not fully satisfying. Another a p p m h  to reduce thermal deformations 
is by increasing the beam foot print and thus reducing the power density on an optical 
surface. In the case of crystal monochromators, this can be achieved by using asym- 
metric or inclined crystal cuts. While asymmetric crystals limit the tuneable energy 
range as compared to symmetric cut crystals, inclined crystals do not have this limita- 
tion. However, the vertical divergence of a photon beam impinging onto a double- 
crystal monochromator with asymmetric cut surfaces. and the horizontal divergence in 
an inclined doublecrystal monochromator, cause an optical distortion of the exit 
beam. The consequence of this distortion is that a real point-like source is mnsformed 
into a virtual source which has a finite vertical dimension. This may manifest itself on 
the size of the focus when using conventional focusing optics after the 
monochromator. Thus, in order to determine the convenience of using asymmetric and 
inclined crystals for synchrotron X-ray monochromators, we decided to study these 
deformations and their consequences more in dctail. For some real sources the sizes of 
the corresponding virtual sources arc estimated, and it is shown that this effect is more 
serious in the case of the inclined monochromator. The theoretical results are 
confirmed by raytracing cnlculations. The nytncing allowed in addition to visualise 
another cause of virtual source deformations. namely the refraction of the X-ray beam 
at the crystal surface. This effect, which is increasing both with increasing source 
divergence and increasing inclination angle, has also been studied in detail. 
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Revised SHADOW Calculation for Asymmetrically Cut Monochromator 

Hsueh-HsinP Hung 

Synchrotron Radiation Research Center, Hsinchu 30077, Taiwan, ROC 

Asymmetrically cut crystals are often used in synchrotron radiation mono- 
chromators. To calculate the monochromator reflectivity, the Darwin- 
Prins formalism has recently been implemented in the famous ray tracing 
code SHADOW.1 However, the formulation of conventional dynamical 
theory of x-ray diffraction fails in extremely asymmetric Bragg case and 
needs some necessary modifications.2 In this report, following our novel 
formulation3 which can result in both the intensity calculation of the Bragg 
diffraction rocking curve and specular reflectivity profile, we present the 
simulation for SRRC proposed asymmetrically cut monochromator. 
References 
1. M. S. del Rio and F. Cenina, Rev. Sci. Instrum. 63 (1992) 936-940. 
2. E Rustichelli, Philos. Mug. 31 (1975) 1-12. 
3. H.-H. Hung and S.-L. Chang, Europhys. Lett. 23 (1993) 415-420. 
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Obtainlng three-dimensional helght profiles from a 
two-dimensional slope measuring Instrument 

Steven C. Irick, R. Krishna Kaza, and Wayne R. McKinney 
Lawrence Berkeley Laboratory 

University of California 
1 Cyclotron Road 

Berkeley, Ca 94720 

The Long Trace Profiler (LTP$ was developed in order to measure the 
mid- and long-period variations in optical components for beamlines of high- 
brightness synchrotron sources. The LTP is particularly useful for measuring 
aspherical or spherical surfaces which have a curvature-length produd that makes 
the surfaces immeasurable with conventional metrology. 

The LTP is a slope measuring instrument, and the optic is typically 
measured along a single tangential line, giving a two-dimensional profile. If a 
three-dimensional height profile (surface map) is desired, it is necessary to combine 
the integrated slopes of several measurements. 

We describe a series of LTP measurements and a data processing method 
used to combine standard LTP data into a three dimensional height profile. 
Measurements of two synchrotron beamline mirrors and their threedimensional 
height profiles are presented. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Materials Sciences Division of the U. S. 
Department of Energy, Under contract No. DE-AC03-76SF00098. 

1. Takas, P. Z., and Qian, S, United States Patent 4884697, 1989. 

2. 
profiler", J'm, SPIE, vol. 1720, (1992), 162. 

Irick, S. C., "Advancements in onedimensional profiling with a long trace 
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Multilayer coated gratings for the soR X-ray region 

E Ishiguro’, T. Kawashirna’, K. Yamashifa’, H.Kunieda2, T. Yamazaki’, K. S a d ,  
M. Koeda., T. Nagano‘ and K. Sano4 

1) Dept. of Applied Physics, Osaka City University, Osaka 558, Japan 
2) Dept. of Physics, Nagoya university, Nagoya 464-01, Japan 
3) National Institute for Fusion Science, Nagoya 464-01, Japan 
4) OE devices Dept., Shimadzu Corporation, Kyoto 604, Japan 

Diffraction gratings with a multilayer structure on the surface are expectcd to 
bccome a new dispersive clement for high efficiency and high resolution optics in the 
VUV and soft X-ray regions’). In this paper we report reflectivities of multilayer 
mated gratings measured in the soft X-ray region. WC multilayers were deposited 
on a SiO, laminar grating by means of electron bcam evaporation in a ultra-high 
vacuum. Fig.l(a) shows reflectivities at the photon energy of 1.2 keV for a 
multilayer reflection mirror and a 1200 Vmm multilayer diffraction grating with 10 
pairs of FVC layers and a pair thickness of 53 A. Increase of the reflectivities around 
the glancing angle of 6‘ is due to thc bragg reflection of the multilayer. This region 
is enlarged in Fig.@) for a comparison with rcsults computed using a theory’) for a 
multilayer grating. In the calculation, the groove depth of 106 A and the groove 
land-to-period of 0.5 were used. Dependence of the reflectivities on the glancing 
angle arc similar to the theoretical curves, but the absolute values arc smaller than 
the calculated ones. The decrease of the reflectivities is probably caused from a 
surface roughness of the layers deposited on the grating which was observed with a 
AFM. The maximum reflectivities for m=O, t1 and -1 in the bra@ reflection region 
were 6.6, 1.7,and 1.5 % at b1.2 keV, 8.9, 1.5, and 2.1% at 1.7 keV, 6.5, 1.2 and 
13 % at 2.0 kcV, and 8.6, 1.4 and 1.1 % at 2.8keV. 

Fig.1 Reflectivities of a WC multilayer grating 
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Applications of Extremely Asymmetric Diffraction 
in Synchrotron X-Ray Optics 

Tetsuya Ishhwa 

Department *of Applied Physics, University of Tokyo. 
Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan 

Tunable wavelength synchrotron radiation has made x-ray optics 
using extremely asymmetric diffraction more accessible. Easily obtainable 
(1 11)- or (001)-silicon plates can be used as an asymmetric diffraction 
device by choosing appropriate diffraction netplanes inclined to the surface 
at appropriate wavelength. 

Beam expanding property of the asymmetric diffraction was applied 
to two-dimensional magnification of x-ray image up to 180 times. Limiting 
factors for spatial resolution is discussed. 

Small and controllable penetration depth of extremely asymmetric 
diffraction leads to depth-selective diffraction imaging technique of near- 
surface and near-interface region. Using this, we observed localized strain 
field beneath an Ami interface, which is related to the spatial fluctuation of 
the Schottky barrier height. The small penetration depth also made it 
possible to characterize lattice imperfections in lWA thick epitaxial layer 
by x-ray topography. 

Another characteristic of the asymmetric diffraction is the reduction 
of the power density on the crystal surface. A design of a water-cooled 
silicon monochromator for Spring-8 undulator beamline (power density of 
more than 1 kW/mmz) using variable asymmetric diffraction is presented. 
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Diamond crystal monochromator 
in a Spring-8 undulator beamline 

H. YAMAOKA, K. OHTOMO and T. ISHTKAWA 

JAERI-RIKEN Spring-8 Project Team, 
The Institute of Physical and Chemical Research (RIKEN) 

Hirosawa 2 - 1 ,  Wako, Saitama 351 -01, Japan 

Diamond crystal is one of the choices as monochromator to 
withstand high brilliance undulator beam owing to its better 
thermal characteristics compared to silicon crystal. Although it 
has been used at ESRF, thermal problem is more serious in 
Spring-8 beamlines. Here we describe analytical results to 
confirm potential of applicability to Spring-8 undulator beam. 
Typical insertion devise of which parameters of k=3.2 cm, 
Ky=1.66, N=140, and L=4.5 m is chosen and total power is 
estimated to be 5.56 kW. We can reduce the power by setting slit 
system of which size is 1 mm x 2 mm without losing the incident 
flux. This leads decrease of photon flux less than only about 20 %. 
The power is estimated to be about 465 W after 200 p m  graphite 
filter, 500 pm Be window and the slit system. Pure heat power of 
a diamond crystal is calculated to be about 45 W by using OEHL 
(Optical Element Heat Load Analysis) program for a crystal of 300 
pm thickness at incident angle of 300. Analytical solution gives 
thermal distortion of about 1 arc seconds under 50 W total power 
and 13 W/mm2 power density. The relation between the crystal 
thickness and temperature raise by absorbing the x-rays 
indicates that thicker crystal gives lower temperature raise for 
indirectly edge cooled crystal. Three dimensional finite element 
analysis (ANSYS) for above condition indicates the result of about 
0.6 arc seconds, and agrees with analytical one. It is  concluded 
that a diamond crystal monochromator has potential for Spring-8 
undulator beam from a thermal view point. 

A HIGH-FLUX 3-M NORMAL INCIDENCE MONOCHROMATOR 
AT BEAMLINE 20A O F  THE PHOTON FACTORY 

-1. Y .  Morioka2. M. Ukai3. N. Kouchi3. Y. Hatano3. and T. Hayaishi4 

lphoton Factory. Natl. Lab. for High Encrgy Physics. Tsukuba 305, Japan. 
2lnstitule of Physics, University of Tsukuba. Tsukuba 305, Japap. 
3Dep1. of Chem.. Tokyo Inst. of Technology. Mcguro-ku. Tokyo 152. Japan. 
4lnstitute of Applied Physics, University of Tsukuba. Tsukuba 305, Japan. 

A high-flux 3-m normal incidence monochromator (3-N1M) 
has been installed at beamline 20A of the Photon Factory. The 3- 
m NIM can supply a high photon flux in the energy range of IO - 
40 eV, primarily because of a large horizontal acceptance angle of 
28 mrad for the SR beam from bending magnet 20. A schematic 
view of the optical system is shown i n  fig. 1. A water-cooled S i c  
mirror of toroidal shape, MI,  is installed as close as possible to 
the source point, P, in order to have a large acceptance angle for 
the SR. The SR beam is focused onto the entrance slit, Si, of the 
3-m NIM with M1 where the ideal I : I  focusing condition 
PM1-M 1S1 is fulfilled A bent-plane mirror of quartz, M2, is 
installed in order to facilitate the optical adjustment. The 3-m 
NIM consists of Si, a grating, G, and the exit slit, S2. For 
wavelength scanning, G is rotated and translated on the bisector 
line of the angle S lGS2 .  A post-focusing system, composed of 
plane and toroidal mirrors, M3 and M4, bring the SR to a focus 
point FP. The photon flux of the 3-m NIM was estimated to be 
= 1012 photons/A/sec at =50 nm by measuring the photoemission 
current from a gold-coated surface. The resolving power with a 
2400-grooves/mm grating was found to be =30.000 at 85 nm 
from the autoionization profile of the Kr 8s' line. The 3-m NIM is 
mainly used for photoionization and photodissociation studies of 
simple molecules, some of which will also be presented. 
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Figure 1. Schematic of the optical system of beamline 20A. 
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The Combination of a VW Fourier Transform Spectrometer 
and Synchrotron Radiation. 

=Ito', K. Yahino2, AP. ThorneJ, P.L. Smith', 
J.E. Murra?, and W.H. Parkinson' 

'Photon Factory, KEK, Tarkuba, Ibamki 305, Japan 
ZHanrardSmithsonian Center jbr Astrophysieq Cambridpc, MA 0.2198 

'B&ukett Laboratmy, Impend cdkge, hndon, SW7-2B4 U.K. 

Accurate determination of absorption cross sections requ-kes spectrometers 
with instrument functions that are significantly narrower than the width of 
the spectral features being studied. If low resolution spectrometers are employed 
to study narrow lines, the line profiles will be distorted and saturated and 
absorption features may be overlooked. Most of our high resolution 
measurements of VUV photoabsorption cross sections of aeronomically important 
molecules have been madc with the 6.65-m grating spectrometers at the Center 
for Astrophysics or at the Photon Factory. These spectrometers have resolution 
of about 0.4 cm-', which is larger than the Doppler widths of simple molecules 
at  mom temperature (0.15 ern-'). 

The only VUV Fourier transform (FT) spectrometer is that developed 
at Imperial College'. Maximum resolution is -0.03 cm-'. We are now using 
this VW-FT spectrometer for absorption crow section measurements of NO in 
the wavelength region 185-193 nm with resolution 0.06 a n - I  (A/AA=106). 

For absorption measurements with an FT spectrometer, a bright, stable, 
and lineless background source with a limited wavelength extent is required. 
A hydrogen continuum has been used for the NO measurements above 185 nm, 
but can not be used for shorter wavelength becaw the brightness decreases 
rapidly with wavelength and many lines (bands) start to appear. Below 185 nm, 
synchrotron radiation is the only choice for FT absorption spectroscopy. The 
zero dispersion predisperser on BL-l2B at the Photon Factory provides the 
narrow range of wavelengths that we also require. 

We will move the VUV-FT spectrometer from Imperial College to the 
Photon Factory. The VUV-FT spectrometer is small (1.5mx0.3mx0.3m) and 
light. We will measure photoabsorption cross sections of NO below 185 nm, and 
those of the Schumann-Runge (SR) bands of 0, with u'>_12. The S-R bands of 
O2 with 11'43 to the dmociatkn limit are only region in the entire oxygen 
spectrum remaining for which we can not now supply the absolute cross sections 
of atmospheric interest. 

This work is supported by NASA under Grant No. NAGS484 to the 
Smithsonian Astrophysical Observatory. 

'A.P. Thorne, C.J. Harris, I. WynneJones, and R.C.M. Learner, J. Phys. E Sei. 
Instnun. 20, 54 (1987). 

Op t imiza t ion  of sphe r i ca l  g r a t i n g  m o n o c h r o m a t o r s  
ope ra t ing  with va r i ab le  included a n g l e  f o r  d i f f e ren t  

a p p l i c a t i o n s  

P. Melpignano. S. Di Fonzo. A. Bianco and W. Jark, 
SMCROTRONE TRIESTE. Padriciano 99. 1-34012 TrieSte, Italy 

The highest numbers for the resolving power of soft  x-ray 
monochromators are reported up to now for spherical grating 
monochromators (SGM) and for the SX700 and modifications of 
this design. The latter instrument is a rather complex device, 
while the spherical grating monochromators are much simpler. 
This simplicity comes on the expense of a movable exit slit over 
rather significant distances. Such an operation is not desirable for 
several applications, which ask for fixed slit positions in order to 
focus optimally onto fixed samples without loosing the brightness 
of the beam from e.g. undulators a t  the third generation 
synchrotron radiation sources. 
Padmore [I]  could show that SGMs in which the deflection angle 
at  the grating can be varied can be operated with minimal 
defocus (Le. maximum resolution) with fixed slit distances. In 
order to do this without changing the direction of the beam in the 
monochromator section, one has to introduce an additional plane 
mirror in front of the grating - similar to a double crystal 
configuration. Typical applications of this scheme are in 
microscopy. At the SINCROTRONE TRIESTE we are constructing 3 
beamlines which are based on this variable angle spherical 
grating monochromator concept. 
In this paper we will discuss inhowfar we could optimize this 
type of  monochromator for the quite different experimental 
requests. The applications are as diverse as small-numerical- 
aperture zone-plate microscopy in the photon energy range 200 
eV to 1200 eV, large-numerical-aperture microscopy with 
multilayer coated Schwarzschild-objectives in the range 20 eV to 
300 eV and photoemission studies from molecular gas beams 
with 20 eV to 1000 eV photon energy requiring a small spot with 
small divergence. 
In any case we are using only one plane mirror in combination 
with 2 to 5 spherical gratings. The optimization dealt with the 
choice for the deflection angle, the grating parameters and 
mechanical details such as the position of the rotation axes. 

[ I )  H.A. Padmore, Rev. Sci. 60, 1608 (1989) 
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Fabrication and Testing of Hard X-ray Sputtered-Sliced Zone 
Plaie 

Thermal effects of undulator radiation 
on Si optics for a plane grating 

monochromator 

8. N. Jensea D. C. Manclnl,’ and R. Nyholm 

MAX-Lab, University of Lund, Box 118, S-22100 h n d  SWEDEN. 

*Department of Physics, Uppsala University, Box 530, S-75121 Uppsala 
SWEDEN 

lnwnion devices on the third gcncration electron storage ring MAX I1 will subject (he grazing 

incidence minors and gratings of new soft x-ray beamlines to high thermal loads. These thermal loads 

will cause distortion in the optical surfaces which can be reduced to acceptable levels by the proper 

choice of substrate material and cooling. A finite element analysis of (he temperatun variation and 

thermal distortions are carried out for silicon plane mirrors and gratings under thermal load from the 

66mm and 52mm period undulators planned for MAX 11. The energy dependence of the reflectivity 

for coated and uncoated mirrors is taken into account. The minimum cooling rquiremenu are 

determined foc each of these optical elements in the beamline. The effect of the final induced figure 

CKOS on the performance of a plane grating monochromator are examined using ray Iracing. 

N.  Kamiio*, S. Tarnura*. Y. Suzuki** and H. Kihara*** 

* Osaka National Research Institute, AIST. Midorigaoka 1-8- 3 I.  lkedp 
Osaka 563 Japan 
Advanced Research Laboratory. Hitachi, Lid.. Hatoyama, Saitama 350- 
03 Japan 

** 

*** Kansai Medical University, Uyama. Himkata Osaka 573 Japan 

Sputtered-sliced zone plates (which operate by diffraction) are the main focusing 
elements for hard X-rays. The improvement of their performances is essential for the 
development of hard X-ray micros copes.^^^) small-area X-ray absorption fine structure 
specfroscopy and imaging techniques3). 

We are currently making sputtered -sliced zone plates by physical vapour 
deposition (DC magnetron sputtering technique), with alternating transparent (carbon) 
and opaque (silver) layers on a thin gold wire core of 50 pm41.~) The zone width 
decreases gradually from 0.4pm near the Au core to 0.25pm on the outer edge. 
Subsequent sectioning, thining, and polishing normal to the growth direction of the 
films along the wire axis are then made. The thickness obtained is assumed to be about 
40pm. 

Preliminary tesl of the zone plate was performed at beamline 8C of the 2.5 GeV 
storage ring in the Photon Factory (Proposal No. 93-273). Using the 
monochromatizcd beam (8-KeV) the focused beam size thus obtained was 4.2pm 
(vertically)xl4pm (horizontally) for the first order focusing beam of focal length 
f=l35mm. Considering the fact that the contraction of size of the photon source is 
1/207 (=135mm/28m). the measured spot size shows well the agreement with 
calculated values (4.4pmx13.5pm). Further detailed test of this zone plate is 
scheduled. 
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Contact coding  for High Heat Load Synchrotron X-my Mirrors* 
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silicon, in combination with sophisticated internal cooling. Expertise and fabrication 
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A UHV-Compatible Fued-Exit Two-Crystal Monockomator 

J.tuahd 
SFA Inc, 1401 McCormidcDr., Landover, MD 20785 

W.T. ELm 
Naval Fksar& kboratory, Condensed h m r  

Physics Branch, Washington, DC 20375 

prad. The total heat load is 1200 W. and the peak heat flux on the mirror at a grazing 
incident angle of 0.15' is about 0.38 Wlmmz. Plans for the design of this mirror are 
underway. 

Simplicity, symmetric daign, variable energy range, and support for both sides of the 
crystals are fa tuns  of a new fixedair crystal monochromator chat we have designed, built 
and tested. It  is l as  compla, therefore it is l as  expensive to build. asicr to understand, and 
a s i a  to maintain. The design is a variation of ~ I C  Golovchenko-Cowan boomerang daign. 
Most of the high precision s u r f i a s  arc bm ground in pdld.  Crystals arc supported on 
both ends by carriages with high precision ball baring wheels. Thcse bearings roll along the 
bars to cvry the crystals and to aauate the roution of the aystals. By supporting CrySpL on 
both sides, water-cooling and dynamic crystal bender .systems a n  bc incorpontcd wichout 
advcndy affcccing the crystal stability. The system is highly symmetric, with no preferred 
orientation for cntrana and a i t  bcams. Angular nngcs, and cherdorc enetgy nngcs, for the 
system are easily va+d by changing the length of the boomenng arms. The system is 
compact, with an angular range of 80' to 3.5" for thcu fitting within a length of 840 mm. 
This angular range is equivalent to an energy range of 2.5 kcV to 30 kcV for si(] 11). 

*This work us supported by the Department of Energy, BES-Material Sciences, under 
contract no. W-31-109-ENG-38. 
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A Cryogenic Monochromator as a Solution to Undulator Heat Loads at 
Third Generation Synchrotron Sources * C. S. Rogm+*, h4. A. Beno*. C L Wilep. G. Jmings*, M. J. 
=d P. L Cowan*** 
*hfatends Science Division, Argonne National Laboratory, Argonae IL 60439 
**Advanced Photon Source. Argonne National Laboratory. Argonne IL 60439 
***Physics Division, Argonne National Laboratory, Argonne IL 60439 talso at, Dept 
of Materials Science and Engineering. Northwestern Univasity , Evannon ,E 60208 

We have developed a new design for a ayogenicdy cooled monochromator cmploying a 
thin-crystal smtegy which is capable of handling the centralanc powa of the Advanced 
Photon Source's Undulator A at closed gap and at the full design cumnt of 300 mA. The 
key to our approach is the recognition that both the cennal cone power not only increases 
strongly as the gap is closed. but also that much of the power comes from x-rays which 
have energies above 20 KcV. The absorption coefficient of Si becomes very small above 
20 KeV thenfore much of the powa is transmitted h u g h  a reasonably thin crystal and 
not absorbed. We have calculated the power spcckum of Undulator A at a number of 
gaps using the program URGENTI. A proposed design for the 6rst *tal of a 
monochromator for undulator A is shown below. "ko narrow channels, each 2.4 mm 
wide, arc machined into opposite sides of a Si block The thin central snip which 
difhcts the incident beam is appximately 15 mm long and 0.6 mm thick. For clarity 
we show only one half the aysta l  and we do not show details of the cooling geometry. 
The crystal strip will be reasonably strain 6cc since it is supported by the square section 
A and the wedge-shaped section B. Section B is wedge duped to allow both the 
nfltntd and the msmitted beam to miss the wedge-shaped d o n  at low angles. The 
beam hits the crystal at the center of the thin section and 

is 2.4 mm wide and 1.2mm high at 30m 
from thcsourcc. This beam has 88%0f the 
total central cone flux at closed gap . The 
proposed design has been analyzed by both 
appmximatt analytical calculations and by 
finite element analysis. For a beam 
pFoduced by undulator A with APS 

is only 125 K. If we cut the beam and 
channel widths to 1.56 mm (70% of beam), 
APS could be run at 300 mA and the peak 
tcmpuatlrn would only be 131 K. These 
t e m u a a m  an near to the wint when Si 

opaating a! 100 mA the peak ternpaam 

Perspective view of one half of  he 
proposed cryscd. 

has 'a ZQD thamal expansiori coefficient so 
t h m  will be almost no thermal strain. 
Detailed mctd finite element analysis 
calculations arc currently being canid out 
to confirm this. a 

, 

Work at Argonne National Labomtory is su pond by the US Dep a n m e n t  of Energy. 
Omce of Basic Energy Science, Division ofMataials Sciences. under contract W-31- 
109-ENG-38. 
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A BELICON PLASMA SPUTTERING SYSTEM FUR FABRICATION OF MULTILAYER X-RAY 
MIRRORS 

1. KOIKE. Y. CIIIIAKI and I. H. SUZUKI 
Electrotechnical Laboratory 
1-1-4 Umezono. Tsukuba. Ibaraki, 305 Japan 

A sputtering system which utilizes a pair of helicon plasm cathodes 
has been developed for fabrication of rultilayer X-ray nirrors. The 
helicon plasma cathode. which has been developed by ULVAC Japan. Ltd. 1). 
consists of a conventional DC magnetron cathode and an RF coil for a 
helicon wave( 13.56YIlz 1. as shown i n  fig. 1. Because the helicon wave 
provides electromagnetic power to the plasma in addition to the magnetron 
power, the discharge is maintained locally around the target even under 
an ambient Ar gas pressure of -10-4 Torr( fig.2 ), which is one order 
lower than the pressure realized by the conventional method. This feature 
gives advantages for the fabrication of nultilayer X-ray sirrors. 
(1)Because the spatial uniformity of the layer originates from the ar- 
rangement of the nagnets i n  the cathode, the longer distance between tar- 
get and substrate( T-S ) gives the better unifonity. The T-S distance is 
adjustable fron 150 to 400nm i n  the present system. (2)Because the 
kinetic energy loss of the sputtered material is lower under the lower 
gas pressure, the thicker and tighter layer can be obtained. The charac- 
teristics of the multilayers aade by this system are discussed. 
I )  ULVAC Japan, Ltd.. 2500 Hagisono. Chigasaki. Kanagaara 253 Japan. 
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Fig. I. Schematic drawing of the helicon 
plasma sputtering system 
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Fig. 2. Dependence of the tungsten 
sputtering rate on the Ar pressure. 
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Multilayer Coated Echelle Gratings for Soft X-rays and Extreme Ultraviolet 

High-resolution grazing incidence plane grating monochromator 
for undulator radiation 
Masato Koike 
Center for X-ray Optics, Lawrence Berkeley Laboratory, Berkeley CA 94720, USA 
Takeshi Namioka 
US Office of Naval Research, Asian Office, 7-23-17 Roppongi Minato-h. Tokyo 106, Japan 

To meet the growing need for highly monochromatid soft-x-ray undulator radiation, 
we have designed a gradng incidence plane grating monochromator capable of providing a 
resolving power in excess of 10,OOO over a wavelength range of 0.5 nm to 10 nm. Fig. 1 
shows a schematic diagram of this monochromator. A fixed spherical mirror M1 accepts 
radiation from an undulator source US, which effectively forms the self-luminous entrance slit, 
and produces a converging beam incident onto a varied spacing plane grating G. Diffracted 
light ofwavelength X is focused on the !ked exit slit EX by MI and G after being reflected by 
a movable plane mirror M2. The angle between this diffracted beam of X and the beam 
incident onto G is referred to as the deviation angle. Wavelength scanning is carried out by 
combining simultaneous rotation and translation of M2 with simple rotation of G about its 
central groove, while the direction of exiting beam through EX is kept unchanged by the 
motion of M2. The principal role of M2 here is to maintain as much as possible the on-blaze 
property and suppression of higher orders by properly varying the deviation angle at G and the 
angle of incidence at M2, respectively. 

With this rather complex scanning scheme it becomes very difficult to optimize the 
ruling parameters and the scanning parameters by a conventional design method, such as the 
one based on the light path bnction. This difficulty has been overcome in the present design 
by utilizing a hybrid method 'which incorporates a ray tracing procedure into an analytic merit 
hnction which is related closely to the variance of an infinite number of ray-traced spots in the 
image plane. The hybrid method permits simultaneous optimization of the ruling parameters 
for varied spacing plane grating G and the scanning parameters for G and M2.  The ex ected 

nm with a groove density of 2400 
resolving power of the monochromator thus designed is 3 x lo' at 0.5 nm and 8 x 10 P at 10 

grooves/&. It should be 
mentioned in passing that the 
monochromator can be used as a 
flat field spectrograph in a limited 
wavelength range. 

This work was partly 
supported by the Director; Office 
of Energy Research, Office of 
Basic Energy Sciences, Material 
Science Division, of the Fig. I .  Schematic diagram of the monochromator. US: 
Department of Energy under Undulator source, M1: Spherical mirror, G Varied 
contract No. DE-AC03- spacing plane grating(rotation), M2: Plane mirror 
76SF00098 

1. M. Koike, R. Beguirisdn, J. H. Underwood, and T. Namioka. to be published in Nucl. 

' 

(translation and rotation), and Ex: Exit slit. 

Instr. and Meth. A. 
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. I  M. Krumrev ' 
Physikalisch-Technishe Bundesanstalt (PTB). D-10587 Berlin, Germany 

A number of groups have coated mechanically ruled or ionetched blazed diffraction gratings 
with multilayer reflectors to increase their on-blaze efficiency in the soft x-ray and extreme 
ultraviolet (EUV)  spectral regions. The quality of the groove facets produced by these 
conventional manufacturing techniques precludes the use of such graatings in very high 
spectral orders to achieve high resolving power, i.e as echelles. However, coarse gratings 
fabricated in crystalline silicon by orientationdcpendent etching have excellent groove profile 
and extremely smooth facets. Thex properties make them ideal for coating with multilayers 
for usc as echelles at short wavelengths. Several such gratings were coated with tungsten- 
carbon multilayers for use in the 52nd order at a wavelength of 4.5 nrn and were evaluated 

using both a reflectometer based on a laser-produced plasma source and with synchrotron 
radiation at the laboratory of the l T B  at the storage ring BESSY. In an on-blaze scan through 
the 5 to 25 nrn wavelength region. diffraction orders up to the 61st were observed, allowing 
the grating performance to be compared with theoretical predictions. Such multilayer coated 
echelles offer the possibility of exIremely high spectral resolving power in the E W  and soft 
x-ray region. 

* On leave from Laboratoirc de Spectroscopic Atornique et Ionique, CNRS, 
Univcrsite Paris Sud. Orsay. France. 

+ present address: European Synchrotron Radiation Facility, F-38043 Grenoble, France 
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Tat of a crystal bender for a water-cooled monochromator 
crystal at 3 high power wigler beamline at ESRF 

H. YAMAOKA;, A. K. FREUND**, K. OHTOMO* and M. KRUMREY** 

* JAERI-RIKEN SPring-8 Project Team, 
The Institute of Physical and Chemical Research (RIKEN) 

Hirosawa 2-1, Wako, Saitama 351-01. Japan 

** European Synchrouon Radiation Facility. B.P. 220. F-38043 Grenoble Cedex, France 

Abstract 

A crystal bender has been developed for a directly water cooled monochromator crystal. The 
performance of the bender was tested at the materials science wiggler beamline (BL2) of the 
ESRF (European Synchrotron Radiation Facility). The X-rays are reflected in a thin (0.6 mm) 
silicon wafer bonded to a 40 mm thick silicon substrate with grooved cooling channels at the 
surface. These channels are 0.5 mm wide and 2 mm deep with 1 mm fins in between. The 
input power on the monochromator crystal was measured using a Cu calorimeter. 
The broadening of the rocking curve due to heat load effects was about 1.5 arc-seconds at an 
input power of 1440 W using 13 keV x-rays and the Si ( I  11) reflection. By using this bender 
system the crystal curvature was compensated and the rocking curve width decreased from 

Preliminary experience of optical elements fabrication by 
X-ray lithography 

V.P.Koronkevicli (*), G.N.Kulipanov, O.A.Makarov, L.A.Mezen&v?, V.P Nazmov, 
V.F.Ptndyurin, E.C.Churin (*) 

Budker Institute of Nuclear Physics, 630090 Novmibirsk, Russia 
(*) Institute of Automation and Electrometry, 630090 Novosibirsk, Russia 

An X-ray lithography using SR from the VEPP-3 storage ring w s s  applied for 
fabrication of test specimens of some optical elements such as Fresnel lenscs and 
arrays of optical elements for visible light. 

The promising advantage of application an X-ray lithography is the possibility or 
micron scale patterning on curved surfaces, for example, the formation of Fresnel-like 
zones on tlie lens surface for correction of 6ome aberrations. 

The use of PMMA as material for optical elements enables to producc diflraction 
pattern quite simply, as PMMA is an excellent X-ray resist. 

Patterns of Fresnel-like structures were generated by the annular lbser photoplotter 
( I )  for fabrication of an X-ray mask on 2 micron thick silicon membrane with 01 
micron thick gold absorber. The X-ray litliography station at  tlie VEPP-3 storage 
ring (2) was used for deep X-ray lithography. 

Preliniinary results of testing these optical eleinents arc given. 
1. V.P.Koronkevich, et.al. Fabrication of kinoform optical elements. Optic, 1964. 

v.67, No.3, p.257- 266, 
2. L.D.Artamonova, A.N.Cen&lev, C.A.Deis, AAKrssnoperova, C.N.Kiilipanov, 

L.A.Mczeti&va, E.V.Mikhalyov, V.F.Pindyurin and VSProkopenko. X-ray lithog- 
raphy a t  the VEPP.3 storage ring. Rev. Sci. Instruments, 1992, vol.63, No.l(Part 
2A), p 764-766. 

17 arc seconds to 9.5 arc scconds for the above conditions. Results of finite element analysis 
for the crystal bending are presented, too. 
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An Efficient Extraction Window for High-throughput X-ray Lithography Beamlines 

Kenichi KURODA, Takarhi KANEKO. and Seiichi ITABASHI 
NIT LSI Labs. 
3-1. Morinorsto-Wakamiya Atsugi-shi, Kanlyawa 24301. JAPAN 

An X-ray extraction window xpatalcs the vacuum in the synchrotron d i m i o n  (SR) ring from 
the atmospheric environment in an exposure apparatus. It should have high msmit tance SO as to 
introduce enough X-ray power on wafers. In our beamline at the Super-ALIS SR ring (located in 
Atsugi. Japan). we have been using a beryllium (Be) exmction window’), but a recent i nmare  in 
storage currend’ has caused lknnal damage on che Be film. Therefore. we investigate pmssure and 
thermal tolerance of Be films and circumvent a double-window exmction setup by combining a 
diamond film and a thin Be film. 

Figure I shows results of the pressurizing test conducted at room temperature for various 
cylindrical frames with 20.. 4s- and -mm (flat) radii with openings of 30 x 20 mm’. The axis of 
cylinder is along a longa si& of che opening. The simple cylindrical shell model predicts that I-aun 
pressure induces 40 and 100 kglmm’ of tensile smss In the 5-pm-thick Be film for 20-mm- and 
45-mm-radius cylindrical frames, respectively. The flat-framed film burst at IS0 Torr and Ihe 45mm 
R-framed film burst at 550 Ton. The 20-mm R-framed film is slaMc under 760 Ton. Though a 
smaller-radius cylindrical frame ensures a thinner Be film, a 7JI-mm R frame is realistic for the 
above opening am. 

Thermal tolerance of the I-am-pressurid k film is evaluated by displacement under local 
heating with a quam-rod IR heam. The result is shown in Fig. 2. Dirplaament drastically inaeaKs 
during a fixed period above 25o’C , which suggests that plastic deformation occurs during short 
periods above this critical umpcrature. Be films under pressure should be uscd below chac t e m p l u r e .  

The temperature of a single 2s-pm-thick Be window, cooled by I-atm helium (He) of our 
beamline. was mearurcd using a thermoviewa (AVIO-2100ST). The mearud temperature at 500mA 
of the storage Current is about W C .  which is higher than rhe critical temperature in Fig. 2. Thicker 
Be films are needed to keep a lowenough temperature at the sacrifice of X-ray transmillance. 
Instead. heat-resistant thin films such as diamond or silicon-csrbidc positioned on thc upsmam side 
can be uscd as thcrmal procecton for che Be windows behind Iha. This protection window transmits 
short-wavelength components from h e  SR s o u m  and absorbs longer-wavelength components. which 
reduces Le thermal load on che Be film. 

B a d  on the above experiments and discussion, we employ a double-window setup for our 
beamline. A I-pm-thick diamond membrane (4omm dia) is set at rhe u p s m  side of the IS-pmthick 
Be film framed on a 20-mm R frame. The minimum thickness of available vacuum-tight Be films is 
I5 pn. Though che temperature of the diamond film in vacuum is found to be 7WC. that of che Be 
film cooled by I-aun-He rises by only a few degrees even at a S W m A  storage current. Combining 
I-pm-thick diamond and 15-pm-thick Be films has improved the reliability and efficiency of the 
X-ray extraction window. 
1)T. Kancko et al.. SPlE 1720 (1992). p 238. 
2)T. Hosokaw4 Synchrotron Radiation News, 64(1993). p 16. 

FilrnTempenlm (‘0 Rersurc Urn) 

FiR.1 Pressurizng test Fig2 Temperature vs. displacement 
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The Precision Demanded of a 
Rowland-Circle-Monochromator: Its Realisation 

F. Sen&- U. Flechsig, T. Zeschke, W.B. Peatman 
BESSY GmbH. Lentzeallee 100, D 14195 Berlin, Germany 

The development of high resolution monochromators for undulator beamlines at 
BESSY I1 led to a new design presented at the SRI-91 [I] .  It consists of a spherical 
grating and a plane mirror mounted together on a carriage between frxcd entrance and 
exit slits. An energy scan is made by rotating the grating while linearly translating the 
grating-mirror arrangement between the futed slits. Since this type of monochromator 
works on or very close to the Rowland Cile a high energy resolution can be 
achieved with the advantages of having the incident beam and entrance slit as well as 
the exit beam and exit slit fued. Hence, a prefocussing and refocussing mirror system 
can be cmployed without any changes during the energy scan of the monochromator. 
On the other hand, a high energy resolution of EIAE = 15000 demands the highest 
possible control over the rotation of the grating and the translation of the grating- 
mirror assembly. For achieving this resolution an accuracy of 0.05 arc= is required 
on the angular position of the grating on its moveable carriage with reference to the 
axis of the undulator beam. This accuracy is required over the entire scanning range of 
the monochromator. A prototype is being built at BESSY and most of the main 
components have been characterized. 
For realisation of the 1.2 m long travel of the grating vesseVcarriage between the fixed 
slits an air bearing system was employed. The carriage consists of a compact granite 
block and is driven by a controlled DC-motor. Decisive is the variation of the tilt of 
the carriage about a horizontal axis, AO(s), perpendicular to the direction of motion. 
here defined as “Difline”. The Difline data include a l l  differences of angle of the 
carriage resulting from non-straightness of the horizontal air bearing plane and from 
the transmission characteristics of the drive unit. The Dfline data were determined 
with an autocollimator with a reprcducebility 0.07 arcsec rms. The dependence of AR 
on the variation of the temperature gradient is shown along the 0.8 m hikh and 2.2 m 
long granite block. A change of the vertical temperature gradient of 1”Wm produces a 
Difline of 1.4 arcsec per meter of travel path. This is time dependent. The temperature 
gradient is measured with sensors on the granite block. 
The grating positioning and measuring unit requires an accuracy of < 0.05 arcsec. A 
design with a measuring head on the linear drive unit pushing on a lever arm is too far 
removed from the actual axis to be measured and has an inacceptable accumulation of 
errors. For this reason an incremental angle measuring system with a resolution of 
0.035 arcset has been mounted directly on the grating rotation axis. With this angle 
measuring system the position is controlled with resolution o f f  0.018 arcsec. The 
accuracy of this angle measurement is of the order of 0.05 arcsec. The accuracy of the 
angular measuring system can be improved to 0.01 arcsec. 
The calibrated values of the angle measuring system and the experimentally 
investigated Difline data permit a compensation of angular deviations which can be 
included in the grating drive software, so that the time dependent and the temperature 
independent influences are corrected for. Such an effort is required over the entire 
scanning range for monochromators with an energy resolution E/AE = 15000. 

Reference 
[ I  I F. Senf, F. Eggenstein and W.B.Peatman, Rev. Sci. instr. 63,1326 (1992) 
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A Simple In-hutch Mirror Assembly for X-ray Harmonic Suppression 
-J.Latimer.tS Annette Rompelf8 James H. Undenv0od.t Vittal K. Yachandd 
and Melvin P. Klein4 

Demrfment of Chemistry,t Structural Biology Division,fi Lawrence Berkeley Laborawry 
a& Center fo-r X-ray Optics,’ Lawrence Berkeley Laboratory, Universify of California,. 
Berkeley, CA 94720 

Harmonic contamination of a monochromatized beam can result in serious 
distortions of the data in an X-ray absorption experiment. In experiments at the 
manganese Kedge (%.5KeV) we have encounted a particularly troubling case of 
hannonic conlamination in samples containing considerable amounts of bromine. We 
observed a drop in Mn fluorescence midway thmugh a Mn EXAFS (Extended X-ray 
absorption tine structure) scan due to absorption of the harmonic energy X-rays by Br (K- 
edge 13.47KeV). 

There are several ways to minimize harmonic content of the beam; Si < I  11> 
crystals will not pass this harmonic, but they possess an unacceptable glitch pattcrn for 
our experiments. We use S i c 2 2 b  which also pass this harmonic. Monochromator 
detuning by rocking one crystal relative to the other results in reduction of harmonics due 
to the narrower rocking curve of the harmonic relative to the fundamental. However, we 
were unable to acheive sufficient harmonic rejection through detuning to 10% of the 
maximum flux and our extremely dilute Mn samples made further reductions in flux 
untenable. Finally, harmonics can be suppressed through the use of an X-ray mirror, but 
the beamline used, VII-3 at Stanford Synchrotron Radiation Laboratory, does not have a 
mirror. 

To circumvent these problems we have designed and built a simple tabletop 
double mirror harmonic suppressor to be. used in the X-ray hutch. Each mirror is a 285 x 
25.4 mm strip of float glass coated with gold. The two mirrors are mounted in a face-to- 
face (“periscope”) orientation spaced 1 mm apart and are further offset to allow a vertical 
entrance aperture of 2 mm at a glancing reflection angle of 0.4 degrees. This angle was 
chosen to acheive an optimum balance between second harmonic suppression and 
fundamental transmission through the use of the critical angle cutoff for gold. The 
double mirror design results in a vertical displacement of the beam. but the exit beam 
remains parallel to the entering beam. We have demonstrated that the mirror apparatus 
described here is much more effective than monochromator detuning, allowing much 
greater rejection of harmonics without a drastic reduction in flux of the fundamental. The 
harmonic supressor can be. used over a m g e  of energies by rotating it to new angles and 
is generally useful for a variety of applications. 

This work was supported by grants from the National Science Foundation (DMB91- 
04104) and by the Director, Division of Energy Biosciences, Office of Basic Energy 
Sciences. Department of Energy. under contract DE-AC03-76SF00098. Synchrotron 
radiation facilities and additional technical assistance were provided by the Stanford 
Synchrotron Radiation Laboratory which is supported by the U.S. Depament of Energy. 

A compact VLSG monochromator for 
enhanced flux at MAX-Lab 

Derrick C. Mancini, Joseph Nordgren, Nial Wassdahl 
Department of Physics, Uppsala University, Box 330, 

S-751 21 Uppsala SWEDEN 

Walther Anderdn 
Spectra Konstruktion, EklundshofsvZlgen 1, 

S-752 37 Uppsala SWEDEN 

Ralf Nyholm 
MAX-Lab, Lund University, Box 118, S-221 00 Lund SWEDEN 

The bending magnets of the 550 MeV electron storage ring at MAX- 
Lab are an intense source of photons in the 30-700 eV energy range. 
For soft x-ray fluorescence spectroscopy with selective energy 
excitation, it is desirable to have maximum flux at moderate resolution. 
A plane grating monochromator with varied line spacing can provide 
moderate resolution with a large collection angle and only two 
reflecting surfaces. We have determined the parameters for a varied 
line space grating that, when coupled to the existing focusing mirror, 
will provide monochromatic light in the 200-9ooeV range. We model 
the throughput and resolution for this type of monochromator. The 
results of the modeling are discussed with respect to our experimental 
requirements. A novel mechanical design has been implemented for 
the construction of the monochromator in a compact form with few 
moving parts and easy alignment. This design allows the use of a 
second grating which is moved into position by extending the rotation 
of the first grating. 
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1 Efficiency and Stray tight Measurements and Calculations 
of 

Diffraction Gratings for the ALS 

lGullikson, E. M., Underwood, J. H., Batson, P. C., and Ytikin, V.. "A Soft X-Ray/EUV 
Reflectometer Based on a Laser Produced Plasma Source, 

ne R. McQmey, Dmitri Mossessian, tEric Gullikson, 
and Philip Heimann 

Accelerator and Fusion Research Division 
Advanced Light Source 

Lawrence Berkeley Laboratory 

t Materials Science Division 
Center for X-Ray Optics 

Lawrence Berkeley Laboratory 

Water cooled gratings manufactured for spherical grating 
monochromators of the Advanced Light Source beamlines 7.0, 8.0 and 
9.0 were measured with the laser plasma source and reflectometer 
in the Center for X-Ray optics at LBL.1 The square wave gratings are 
ion-milled into the polished electroless nickel surface after 
patterning by holographic photolithography.* Absolute efficiency 
data are compared with exact electromagnetic theory calculation.3 
Inter-order stray light and groove depths can be estimated from the 
measurements. 

Design and Fabrication of a Conical Mirror 
for Hard X-Rays 

Consortium for Advanced Radiation Sources, 
The University of Chicago, Chicago, Illinois 60637 

Jerry Doumas 
Applied Physics Technologies Corporation 

Stony Brook, NY 11790 

John Bender and Donald Ewing 
Rocketdyne Albuquerque Operations 

Rockwell International, Albuquerque, NM 87 107 

High energy synchrotron radiation sources such as the Advanced 
Photon Source (APS) require the first optical components to be positioned 
in excess of 25 meters from the source. In order to use a single crystal 
monochromator in Rowland geometry requires either similarly long 
secondary focal lengths or very asymmetric cut focusing crystals with their 
intrinsically narrow tunability range and an inherent loss of integrated 
reflecting power. This disadvantage can be overcome by generating an 
image of the source closer to the monochromator and by using a symmetric 
monochromator crystal. This imaging process can be performed by a 
toroidal mirror: however, if asymmetric focusing conditions are desired 
(e.g., for floor space limitations), this method suffers from aberrations 
produced by the toroidal reflecting surface. As an alternative a bendable 
conical mirror adjustable to any applicable radius can avoid these 
aberrations and maintain the brilliance of the source. At the APS we plan 
to use such a mirror to generate a horizontal image of the source at a 
focusing ratio of 25 to 16.5 meters, while a vertical image will be 
generated at a more symmetric focusing ratio. 

In an effort to develop a suitable procedure for fabrication of this 
optical surface a prototype mirror was fabricated from a 300 mm long, 75 
mm wide silicon block. A conical surface having a larger than anticipated 
cone angle of 3 milliradians and a sagittal radius of 76 mm was generated. 
Polishing procedures capable of maintaining the desired cone angle were 
conceived and demonstrated. This paper discusses the details of optical 
design and use for such a mirror and presents the results obtained while 
developing a fabrication process capable of producing an optical element of 
one meter length. 

JbYati Meron and Wilfried Schildkamp , I 
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Impor t ance  of wave-optical  co r rec t ions  to  geometr ical  
ray- t racing for high bril l iance beamlines 

1 Miv- and Yasushi Kagoshima . .  

Photon Factory, National Laboratory for High Energy Physics, 
Oho-machi, Tsukuba-shi, Ibaraki-ken 305 JAPAN 

We demonstrate that wave-optical corrections to 
geometrical ray-tracing are not negligible for high brilliance 
beamlines, where the phase-space acceptance is comparable to 
the diffraction limit. We start from an example of a very simple 
focussing system with a thin lense. The focussing is expressed 
in the phase space by the following matrix equation; 

, where a ,  b ,  and f a r e  the distance beteen the object and the 
lense, the distance between the geomet r i ca l  image and the 
lense, and the geomet r i ca l  focal length of the lense with a 
relation, 1 / f  I 7/a +l/b, respectively. Apparently the final 
matrix is  not diagonal, which indicates that the above focal 
point is not the waist of the Gaussian beam. In fact a "light 
source" is expressed by an ellipse in the phase spase as, 

kxo* i X O ~  = A. 

Then the distance between the geometrical and the wave- 
optical focal points are expressed by 

AI = (7/2)[-(bf/a) i {(#f2/a2) - 4k2}1'2]. 

The above effect is  usually negligible when the phase volume 
of the beam is much larger than the diffraction limit, 1L/(4~) .  
However recent development of the high brilliance beamlines 
and the low-emittance,  technology allows us to handle a 
diffraction limited beam and makes the effect non-negligible. 

We will discuss a new possibility to make reasonable wave- 
optical corrections to the current geometrical ray tracing with 
an example of a grating monochromator. 

IiEli-PF 

Cooling or sil icon niotiuclironiatur c rys t a l s  Cui. tlic high lieat  l oad  
ui idul~tor  bermlitir N E 3  of Tri\Ifin Acruniulat ion R i n g  

Tctsuro. Mocblzukl. Xinusiei Zlidiig. Hirosi Sugi)ania. .li)ong Zhao. and 
Masami Ando 
Photon Factory, Va:ionnl Laborator) for High Encig) Ph!sics. Oho. Tsukuhl. 
lbaraki 305, Japan 

Y ositaka Y odr  
Department of Applied Phbsics. Facult! of Engiiiccling. The Uni\crsity of 
Tokyo. Hongo. Bunkyo. Tokyo 113. Japan 

Water cooling s)steni and liquid cooling system of the Iirst 
monochromator crystal are designed 2nd installed i n  thc uiidulstoi bcamline 
NE7 of the 65GeV TRISTAN Accunlulation Ring (AR). Thc lirst crystal I S  

heated with 4 O W : m i d  of peak power dcnsity at n ~ n i i a l  incidcncc and l k n '  
of total potter In a series of experinientr at the NE3 bcarnlinc th t  crystals 
are tilted at 7 9 dcgrtci ti) diflract 14.4kcV photons. consequently the 
maximum power density on thc crystal surlace decreases to 5 5 W l m m 2  The 
water cooled crystals with bluis C U I  just bclow thc surfacc a$ conlant 
channels are adopted for high hcat load beamlines with insertion device i n  
thc Photon Factor) The Mater cooled crystals pcrl'crrmcd \\*ell t t i th thc 
power densities of up to 1 OW;mnl? and total powcr of up Io 185W. At thc 
pone! densit) of 2 3 W ! n i d ,  thc uidth of rocking curve of the second 
crystal increased io tntce XI that of 97Wlmrn2. Our experiments shows t h a t  
the waicr cooling Si C.I)SU~ performs ~vel l  only at the peak poner dcnsit) of 
up to l.OW/rnm?-. 

Theimal conductivir) of SI cr)strl at the low temperature(l(XJ-ll0K) 
is 6 timcs higher than that a t  roonl tempccaturl: and thermal linear 
expansion of Si crys131 dctrcaws. thcrcfore thermal deforniation decrease5 
to 1/10 or Icsq A >f.rics of experiments showed that LN2 coolcd Si c r p l a l  
perfarmed ucll u i t l i  niaxiiiiuin peak power of 4 3W/mm:! on thc SI cr)stal 
surfacc and iiia\iniuni bcsni ptJ\t,cr of 81.W Ezo change was observed i n  

cridth of rocking curte and pattern of the lopography of the dillraction .A< 
our esrimation. LN:! cooling SI cr)rtnl performs \re11 at the peak p w c r  
density of up to 30Wlmni2 
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Improvement  of beam divergence in  pseudo-paraboloidal 
bending of a n  X-ray m i r r o r  

Takeharu Mori and Satoshi Sasakil 

Photon Factory, National Laboratory for High Energy Physics, Tsukuba 305, Japan. 
lRcsearch Laboratory of Engineering Materials, Tokyo Institute of 

Technology, Nagatsuta, Yokohama 227, Japan. 

Paraboloidal mirrors act as collimators by making divergent 
synchrotron X-rays parallel. In Photon Factory BG3& we have tried 
to bend a flat mirror in pseudo-paraboloidal surface, leading to match 
the source divergence to the optical condition of monochromator 
crystals. Our ray-trace analysis using ideal paraboloid suggests that 
beam divergence can be minimized from 0.4 to 0.026 mrad. 

A Pt coated fused quartz mirror is of 1.5 m flat-plate type (1.2 to 
2.6 A rms roughness). The mirror system (Ml) consists of an H-beam 
steel holder, a pair of benders, two-plus-two supporters and height 
adjustment.0 The mirror blocks are clamped with spacer on the 
bottom of the holder. A pair of rods placed at both ends of the 
holder act as two fulcrums of moment. 

The performance tests were made with a triple-axis/four-circle 
diffractometer.2) With the M1 mirror set at a grazing angle, 3.4 mrad 
(E, = 25 kev), we performed to establish the bending technique and to 
evaluate the optical quality of the mirror. [l] The degree of angular 
divergence was measured as a function of vertical beam size in the t,-,- 
setting of large flat Si(ll1) crystals at h = 0.8 and 1.38 A. The de ree 
of collimation ( N M )  for total beams was 14.1 arcsec at = 0.8 W in 
contrast to 42.7 arcSec in off-mirror. The deviation from paraboloid 
was observed at various vertical beam-positions as follows. To select 
a part of beam,the slit placed in front of the mirror was scanned 
vertically. In each scan, the beam-profile was measured by rocking 
the third Si crystal. The deviation of the peak position (e) in each 
profile gives mirror curvature at individual points of the mirror 
surface (Fig. 1). [2] u) 

The efficiency of the M1 'i; 
mirror was evaluated at 2 ,,, 
h = 1.38 A using CeOz $1 2( 

NIST powder crystals. i: 
The insertion of MI $ 
mirror worked to reduce 8 I' 

the reflection width and ,i lo 

increase the peak 0 J 

intensity. 

1 )  Sasaki d al.: Rev. Sei. Instrum., 63, 1047 (1992). 
2) Kawasaki a al: Rev. Sei. Instrum., 63, 1023 (1992). 

-0.6 4.4 -0.2 0 0.1 0 4  0 6  0 8  
x position on mirror surface (m) 

Fig. 1, Observed minor surface. 

Use of Asymmetric Monochromatots For X-ray DiNraction on a Synchrotron 
Source 

Colin Nave. Ana Gonzalez, Graham Clarke and Sean McSweeney - DRAL Daresbury 

Stuart Cummings and Michael Hart - University of Manchester, UK 

Crystals of germanium or silicon are commonly used to provide monochromatic 
radiation on synchrotron radiation beamlines. By using asymmetrically cut crystals it is 
possible to alter the properties of the beam in position, angle, wavelength space. Here, 
the results obtained from using two types of asymmetrically cut monochromators are 
compared with theory. 

Laboratory, UK . a  

Bent single crystals of silicon or germanium both monochromatise and focus the X-ray 
beam. With asymmetric cut crystals it is possible to compress the beam and alter the 
focusing conditions (Lemonnier, Fourme, Rousseaux and Kahn, Nucl. Instr. and Meth. 
152, 173-177, 1978). The focusing properties of these monochromators have been 
extensively described in the literature. However, there is conhsion as to the size of 
focal spot which can be expected when imaging a source of white radiation with an 
asymmetric monochromator of this type (see. for example Fang, Li and Xian, Nucl. 
Instr. and Meth. A290, 597-602, 1990; Sanchez del Rio and Cerrina, Nucl. Instr. and 
Meth. A301, 589-590, 1991). This is particularly important when using a synchrotron 
with a small source size. The behaviour of these crystals for monochromatic 
(Matsushita and Kaminaga, 1. Appl. Cryst. 13, 465471, 1980) and white (Matsushita 
and Kaminaga, J. Appl. Cryst. 13, 472-478, 1980) radiation from point and extended 
sources needs to be understood in order to predict the focal spot sizes which are 
obtained. A comparison with the results obtained on one of the beamlines on the SRS 
will be made. 

With double crystal or channel cut monochromators it is possible to rapidly change the 
wavelength with minimal change in the position of the diRiacted beam. Asymmetric 
crystals can be used to broaden the bandpass and obtain increased flux (Kohra, Ando. 
Matsushita and Hashizume, Nucl. Instr. and Meth. 152, 161-166, 1978) at the expense 
of reduced tunability. The incident beam is also spread out over a greater surface area 
thereby reducing thermal problems. However, these monochromators do not appear to 
be in common use on synchrotron sources. Monochromators of this type require 
carehl construction as the rocking width for reflection between the two crystals is 
narrowed by the square root of the asymmetry factor. Channel cut monochromators of 
this type have been tested at the SRS on focused and unfocused beamlines. 
Improvements in flux of 3 4  times were obtained when compared to the flux obtained 
from a symmetric cut Si( 11 1) monochromator. Possibilities for improving the design to 
give even more flux will be described. 
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Side Cooled 1200 mm Silicon X-Ray Mirror with Pneumatic 
Bender and In Situ, on Beamline Mirror Metrology 

p. PauschingeL, K. Becker, R. Ludewig, R. Garreis 
Carl Zeiss 

73446 Oberkochen, Germany 

The high heat loads together with the high brilliance of third generation 
synchrotrons require for beamline optical components new solutions. In 
principal there are two approaches (appart from the implementation of 
sophisticated materials) to deal with the deformations due to heat 
loading: 
1. Sophisticated internal cooling schemes to prevent any deformation of 

the mirror surface in the first place 
2. Active correction of possible mirror surface deformations by a closed 

loop adaptive system within a very moderate band width (=  0.1 Hz) 
Within this paper a closed loop adaptive synchrotron mirror system with 
one actuator for the adjustment of the meridional radius of curvature will 
be proposed. The basis for this proposal is the successful1 design, 
fabrication and testing of several side cooled Silicon synchrotron mirrors 
which will be delivered to ESRF in July 1994. The mirrors are equipped 
with a support structure which allows the mirror to be bent meridionally 
to cylinders with radii from infinity to 5000 m. For a complete adaptive 
mirror system an in situ on beamline mirror surface metrology system is 
required. The proposed system consists essentially of the Zeiss wavefront 
sensor DETECT 16 and a respective probe beam guiding system. Both the 
mirror bending mechansim and the wavefront sensor provide together 
with the respective software a closed loop adaptive synchrotron mirror 
system with one actuator for the adjustment of the radius of curvature. 
Advantages of a closed loop adaptive mirror system: 
1. The mirror surface is continuously monitored during operation 
2. The mirror surface is actively kept in the required shape (e.g. flat) 

independent of environmental impacts such as e.g. thermal loads 
3. The measuring frequency is about 0.1 Hr. 
Detailed metrology and specifications will be presented for the individual 
components, Le. for the mirror bending system and the wavefornt sensor. 
In addition first results of a laboratory experiment with the closed loop 
will be discussed. 

Figure Sensing and Control of 
Synchrotron Radiation Mirrors 

IS. P. W-A. J. 
EODC, Kaman Aerospace Corporation, Tucson, Aq , 

Advances in the fabrication of synchrotron radiation optics now make possible specml 
and spatial resolutions which were not previously attainable. High thermal loads and the 
desirc to maintain high performance over a large range of operating parameters have led 
to the development of bendable, higher order adaptive, and segmented synchrotron 
mirrors. Closed loop figure control makes i t  possible to compensate for a variety of 
changing minor environments, such as source beam pointing variations, thermal loads, 
and experiment configuration changes. 

Surface figure and control methods have been developed for adaptive optics applications 
in high power lasers and atmospheric turbulence compensation. These techniques have 
been uanslated to synchrotron optics applications. The mirror figure and position sensing 
requirements for bendable. higher order adaptive, and segmented mirrors will be 
discussed and sensing methods presented and evaluated. In particular, experience with 
the Wavefront Control Experiment (bendable mirror adaptive optics) and PAMELA 
(segmented mirror adaptive optics) systems will provide the foundation for developing 
alternative control architectures and evaluating their relative merits. 
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A novel scheme for the LTP (long-trace-profiler) 
with stationary optical head and moving penta-prism. 

S .  Qian, W .  /ark 
SINCROTRONE TRIESTE. Padriciano 99, 1-34012 Trieste, Italy 

and P .  Z .  Takacs 
Brookhaven National Laboratory, Upton, New York 11 973, USA 

The accuracy achievable in the measurement of the rms slope 
error of optical surfaces by use of the long-trace-profiler LTP [ I ]  
is significantly affected by mechanical problems. The major 
drawback of the concept is the need to move a complete 
interferometer along the trace length of up to 1 m. Up to now the 
theoretical limits have rarely been approached in existing 
instruments of this type. 
Most of the problems can be by-passed if one succeeds to keep 
the optical head (the interferometer) stationary. This is possible 
in a configuration which moves a penta-prism along the test 
mirrors. Independently of the angle of incidence this prism will 
always deflect the test beam by exactly 90 degrees. This way the 
LTP should become almost insensitive to a possible non-straight 
motion of this prism along the trace length. 
We constructed a prototype of this configuration utilizing the 
components of a standard LTP 11. We will present experimental 
results which show that one can now measure repeatably slope 
errors with an accuracy of less than 0.2 urad without any need 
for sophisticated refernce measurements. Even by using standard 
translation slides the measuring accuracy is very high, which 
allows IO realized the presented concept also in a rather economic 
way. In contrast to the standard LTP this new concept allows in a 
simple way to position the sample surface also in the vertical and 
other orientations. Consequently it offers the possibility to 
examine any mihor in it; operation orientation or in  such a way 
that gravity will not introduce any significant distortion because 
of not appropriate mirror mounting. 

[ I ]  P.Z.Takacs and Shinan Qian, "Design of a long trace surface 
profiler". Proc. of SPIE. Vol. 749, 59 (1987) 

Anticlastic Curvature Measurements on 
Unribbed Crystal Optics for Synchrotron 

Radiation 

J.P. Quintana, Yu. Dolin, P. Georgopoulos 
DND-CAT Synchrotron Research Center 

APS/ANL Sector 5, Bldg. 400, 
9700 South Cass Ave, Argonne, I1 60439 

and 
V.I. Kushnir 

APS/XFD, Bldg 362, 
9700 South Cass Ave, Argonne, Il60439 

Various methods have been proposed for measuring the distortion in per- 
fect crystals using double crystal methods. The majority of these methods 
rely on making comparisons between double crystal rocking curve measure- 
ments under the spatial extent of an extended x-ray beam. Unless the beam 
is large and parallel (such as at  a synchrotron bending magnet), these meth- 
ods are not easily scalable to large crystals (e.g. crystal focussing elements 
for synchrotron beamlines) due to the mechanical inaccuracies inherent in 
moving the various optical components. We present a method based on a 
scanning source which simplifies the problems in scaling double crystal meth- 
ods to large optics. In addition, results using this method are presented on a 
sagittal focusing Si(ll1) crystal designed using the "golden value method"[l] 
demonstrating that the anticlastic deviation can be made to be less than kl 
second of arc over a 1 cm long section parallel to the sagittal axis. 

[l] V.I. Kushnir, J.P. Quintana, and P. Georgopoulos, Nuc. Inst. & Meth. 
A328 (1993) 588-591 
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Adaptive silicon monochromators for high power insertion devices; 
tests at CHESS,ESRF and HASYLAB 

J P Quintana DND-CAT. 1033 University Place, Suite 140, Evanston, Illinois 60201, 
USA. 
M Hart Department of Physics, Schuster Laboratory, The University, Manchester 
MI3 9PL. UK. 
D Bilderback C Henderson, T Setterston and J White. Cornell High Energy 
Synchrotron Source,CHE.SS. Cornell University, Ithaca, New York 14853-8001. 
USA. 
D Hausermann and M Knunerey European Synchrotron Radiation Facility, ESRF, BP 
220. F38043 -noble cadex, France. 
H Schulte-Schrepping Hamburger Synchrotronstrahlungslabor HASYLAB at 
Deutsches-Elektronen-Synchrotron DESY. Nolk&asse 85, D-2000 Hamburg 52, 
Germany. 

ABSTRACT 

X-ray wigglers which produce tens of kilowatts of photon power within the white 
beam will won become available at third generation sources of synchrotron radiation. 
Insertion devices that produce several kilowatts already exist and we have used those 
at CHESS, ESRF and HASYLAB to test and develop an adaptive 11 1 silicon water 
jet-cooled monochromator at up to 2 kW total incident beam power. This 
development of earlier work at the Brookhaven National Synchrotron Light Source 
(NSLS) uses the pressure in the water coolant to provide active compensation of the 
strainfield in the thermal footprint, nulling it's effect to within residual variations in 
Bragg angle of only a few seconds of arc. The design is robust, vacuum compatible 
and uses no moving mechanical parts. 

A MULTIPURPOSE MONOCHROMATOR FOR THE BESSRC CAT 
BEAMLINES AT THE APS X-RAY FACILITY 

Mohan Ramanathan, Mark A. Beno, Gordon S. Knapp, Guy Jinnings, 
Paul Cowan and Pedro A. Montano 

Argonne National Laboratory, Argonne, IL 60439 

The Basic Energy Science Synchrotron Radiation Center (BESSRC) 
Collaborative Access Team (CAT) will construct x-ray beam lines at two 
sectors of the Advanced Photon Source facility. These sectors will include 
Undulator and Elliptical Multipole Wiggler insertion device beam lines 
along with three bending magnet beam lines. In most of the beam lines the 
first optical element will be a monochromator, so that a standard design is 
advantageous. A monochromator has been designed for UHV operation, 
thereby allowing windowless operation of the beamlines. The 
monochromator is a double crystal, fixed exit design with a constant 35 mm 
offset between the incident and exit beams. In this design, both the crystals 
are mounted on a turntable with the first aystal at the center of rotation. A 
mechanical linkages is used to correctly position the second crystal and 
maintain a constant offset. The monochromator design also includes an 

. option for the positioning of the second crystal by a drive mechanism. This 
scheme has the advantage of optionally locking the motion of the second 
crystal during energy scans, thereby allowing the beam to walk on the 
second crystal while maintaining the fixed exit beam offset. The main drive 
for the rotary motion is provided by a vacuum compatable Huber 
goniometer. The turntable on which the crystals are mounted is rigidly 
connected to a Huber goniometer with a stainless steel hollow shaft. The 
monochromator does not employ a rotary vacuum seal which is a major 
component of current commercially available monochromators. Instead, 
rotary motion of the primary monochromator stage is accomplished by 
using two adjacent vacuum chambers connected only by the small annular 
opening around the rotary shaft. Both chambers will be pumped with ion 
pumps. This design allows true UHV operation of the monochromator 
since it is possible to maintain 10-10 Torr on the monochromator side while 
maintaining only 104 Torr in the goniometer vacuum chamber. The central 
shaft also allows for passage of crystal cooling lines from UHV chamber to 
the low vacuum side and then into the atmosphere. The design of the 
monochromator is such that it can accommodate water, gallium or liquid 
nitrogen for cooling the crystal optics. This monochromator design is 
mechanically simple, and therefore easy to construct and align. 

Work at Argonne National Laboratory is supported by the US Department of Energy 
(DOE), Office of Basic Energy Sciences, Division of Material Sciences, under contract 
W-3 1-109-ENG-38. 
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VUV High Resolution and High Flux Beamline for the Aladdin Storage Ring 

R. Reininaer. M.C. Severson. R.W.C. Hansen, M.A. Oreen and W.S. Trzeciak 

Synchrotron Radiation Center, University of Wisconsin-Madison, Stoughton. WI 8589 

In response to user requirements for a high flux and high resolution beamline in 
the VUV spectral range, we have designed a low-cost beamline based on an undulator 
and an improved version of the 4 m NIM already operational at our facility [l]. The 
existing bending magnet beamline is in extremely high demand and routinely attains a 
resolving power in excess of 29.000 121. The energy range of the new monochromator, 6- 
40 cV. can be covered by a simple 3.5 m elcctromagnctic undulator with a 10.9 cm 
period. The improved monochromator is e x p t e d  to achieve a resolving power higher 
than 5xIO4 in first order between 7 and 23 eV using 1800and 3600 lindmm gratings and 
IO micron entrance and exit slits. The flux at the sample position is calculated to be 
greater lhan 3x10'' photonslsec with a resolving power of 3 x104 in  the energy range 6- 
35 eV. The ray-traced light spot at the focus of the exit mirror is less than 0.05 mm x 
0Smm (vertical x horizontal). 

1. P. R. Woodruff. C. H. Pruett. F. H. Middleton. Nucl. Inslr. and Meth. 172. 181 
(1980). 

2. M. 0. Krause. C. D. Caldweli, Y. Azuma, Synchrotron Radiation News 2.25 (199.2). 

X-Ray Focusing of Synchrotron Radiation 
with Arrays of Reflectors 

A.V. Rode 
Later Physics Cenrre, 

Research School of Physical Sciences and Engineerfng, 
Australian Narional Universiry, 
Canberra, ACT 0200, Aurrralia 

II. N. Chapman 
Deparrmeni of Physics 
SUNY ar Stony Brook, 

Stony Brook, Ny 11974. USA 

Abstract 

The x-ray focusing performance of spherically curved arrays of reflectors is 
presented. It is shown that this type of array is able to condense synchrotron x-ray 
radiation with a high increase of intensity in a focal spot of about 200 microns in size. 

The focusing performance of arrays of reflectors depends upon alignment of the 
reflectors and their reflective properties. The arrays wen made using thin polished Si 
wafers and Ni-coated glass microscope slides. The arrays that were studied had a 
channel width of 100 to 250 micron and a radius of cuwaturc of 10 to 200 cm. These 
arrays are useful for increasing the incident x-ray intensity on to samples, for 
example, for elemental and chemical analysis of bulk materials. 
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. '> Design and Thermal Stress Analysis of High Power X-ray 
Monochromators Cooled with Liquid Nitrogen., 

C. S. Rogers and L. Assoufid 
Argonne National Laboratory 

Advanced Photon Source 
Argonne, IL 60439, USA 

Cryogenically-cooled, singlecrystal silicon, x-ray monochromatos offer better 
thermal performance than room temperature silicon. The improved performance 
can be quantified by a figuwf-merit equal to the ratio of the thermal 
conductivity to the coefficient of thermal expansion. This ratio increases by 
about a factor of 50 as the temperature is decreased from 300 K to 100 K. An 
extensive thermal and structural finite element analysis is presented for a liquid 
nitrogen cooled monochromator crystal diffracting 4.2 keV photons from 
undulator A at the Advanced Photon Source. The undulator beam was slitted 
down to accept 50 pad vertically and 120 p a d  horizontally. The peak power 
density at normal incidence to the beam is 148 W / m 2  and the total power is 750 
W. The crystal was oriented in the inclined geometry with an inclination angle of 
80". A comparison is made between the predicted performance of a 
monochromator crystal with porous-media enhanced cooling channels and an 
unenhanced crystal. 

This work is supported by the U.S.boE Contract No. W-31-109-Eng-38. 
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PHOTON CHANNELING IN THE VACUUM ULTRAVIOLET WAVELENGTH RANGE 
1. E R O W  R A. MALIC E. E. CHABAN. R 1. CHICHESIER, C.-M. CHIANG and-N. V. SMITH"' 

AT&TBell Loborarorier. Murray Hill  NJ 07974. 

ABSTRACT 

Experimental measuremep in our laboratory have shown a new type of focusing of far 
ultraviolet light, k1OOOA. using tapered capillary tubes similar to those first developed 
for the near-field scanning optical microscope (NSOM) which we call photon channeling. 
We have tested silica tubes with taper-hqlf-angles of -0.5' to 6'. 

.Id UQ Figure 1 shows the schematic 
idea of an array of capillaries 

22) mounted on a rotatable drum 
zm placed in front of a 

collimated photon source 
obtained from a rare-gas 

3 1.n 
3 1 s  discharge lamp. By rotation 

of the drum. successive 
capillaries can be brought 
into alignment, and the 22 im 

3 an photoemission detected by a a 
channeltron-grid detector. 
The straight capillary 

on intensity (shown on the right 
W as dotted lines) shows no 

significant light guide effect; 
it simply decreases as the 

However, the tapered capillaries show an enhanced transmission (or photon channeling 
effect). In quantitative agreement with simple numerical estimates [I]  we find that the 
transmission enhancement factor varies from -10-500 times the collimated transmission 
of a pinhole aperature of the same dimensions with an approximately linear dependence 
of channeling factor on inverse of the half angle. Useful intensity suitable for 
photoelectron energy analysis with capillary openings of -0.7~ has been demonstrated. 
The expected spatial resolution is comparable to that obtained with more complex 
lithographically formed Fresnel zone plates and has the important advantage that the 
image probe size is independent of photon wavelength, A scanning stage has been 
developed to form spectral energy-resolved images and requires a tip approach feedback 
control different from that of NSOM to operate in high vacuum. Preliminary calibration 
measurements and scanning tests will be presented. 

- fl 1 3  

Qz) 

RC 1 
area of the capillary. 
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1)8sRL, P.O. Box 4349, Stanford CA 94309 
2)mtional  In s t i t u t e  for Inorganic Materials, Tsukuba, Ibaraki, 305 Japan 
3)Lawrence Livermore Patioxu1 Laboratory, P.O. Box 808 Livenmre CA 94551 

mS6 cubic crystal  v i th  no int r insic  abporption’by conatituant el-tr 
in tha region 1 to  2 keV ha6 bean characterized and i 8  MV operating a s  
a practical  monochromator at  SSRL. The (400) reflection with a 2d 
spacing of 11.751. can be used to cover the opectral range f r a  the Xa 

i n  both the <011> and <001> dirwtions have beau characterized by 
x-ray white and wnochrdmatic topography and rocking c w e  measurements. 
*sa pairr 02 cryrtal r  umrm relected for  further study at  l o f t  x-ray 
vavmlengtha in the JrmBo monochrmator. Abwlute flux wasuraments ehov 
that YBS6 has a lower throughput than Beryl or InSb, but medrurrd 
resolution from a l l  the YBS6 CWStalr 8tUdied is suparior to both. In 
there mSd cryrtal r  a mocaic structure of sub-graiw limit. rewlution. 
with the best crystals the PWAll of the rocking curve6, integrated over 
the beam foot pr int ,  are  froca 0.25 to  0.72 e V  over the 1150 to 2000 cV 
range. This is several tiwr the predicted resolution ’. Two porit ive 
flax anomalies observed at  1385 and 1438 e V  in a l l  the crystals  rtu8i.d 
are attr ibuted to anardous diffraction from the normally forbidden 
(600) planer a t  the Bragg angles for the energicr just belor the Y L3 
and L2 edges. YBS6 is radiation r tablc  in the synchrotron beam v i t h  no 
obrerved damage a f t e r  sevaral months of continuous operation. Shif ts  in 
anargy and changes in resolving power correlate vi th  ring current. 
Thermal distortion of the f i r s t  cryotal van antiaipated, 6 h C a  YEd6 has 
a lov thermal conductivity and therm i r  M coaling of the cryota18 i n  
the J~(BO monochromator. The YBq6 io now regularly u r d  t o  w o u r e  high 
resolution !ZXMS and &ZAPS I-edge 8pectra of Ng (1303 eV), U (1559 eV) 
and Si (1839 eV) as well as  oomd of the L-edger of 4p elsmaqtfs. 

X-edge t o  ju s t  b.lW the X L3-08ge. IFndOped and SC doprd C r y S t a l 6  grown 

[I] T.Tanaka. S. Otani, Y. Iehizaua, Y. Crystal Growth, 73 (1985) 31 
[21 Y. Kamimura, T. TaMka,  8. O t a n i ,  Y. Ishizava, 2.U. Eek, J. Wag, J. 

[31 J. Uong, G. Shlmkaveg, It. GolbBtein, H. Eckart, T. Tanaka, 2.U. E&, 
Crystal Grovth, 128 (1993) 429 

€I. Tompkins, Bucl.  1n6tr. and Math. A391 (1990) 743 

Calculation of the Diffraction Pattern of a Set of 
Thin Perfect Crystals for a Bonse-Hart Camera 

C Ferrero and A. K. Freund 

European Synchrotron Radiation Fon’lity. B.P. 220, 38043 Crenoble Cdex (Frunce) 

The combination of several perfect single crystals is often used in 
x-ray optics to achieve an optimum matching of source parameters and 
experimental requirements. A set of two (or more) grooved (channel cut) 
crystals are applied to very high resolution x-ray small-angle scattering. 
In this arrangement, the so-called Bonse-Hart camera, each grooved 
crystal allows multiple beam reflections in order to decrease the intensity 
of the wings of the diffraction curve. The last channel cut is rotated, 
acting as an analyzer. The resulting multi-reflection profiles can be 
exactly calculated by the dynamical theory of diffraction, if only coherent 
elastic scattering is considered. Although the profiles calculated in such a 
way give a general idea of the performances of the optical device, 
experiments show a strong effect of incoherent Compton scattering (ICs) 
and thermal diffuse scattering (TDS) contributions. In particular, the later 
contribution is important when performing small angle scattering 
experiments where intensities in an interval of up to ten orders of 
magnitude are recorded. 

Very thin (few micrometer) crystals may decrease the TDS and ICs 
components, thus increase the performances of the Bonse-Hart device. 
This argument and the advantage of the special Pendellosung features 
exhibited by thin crystals motivated the present theoretical study. We 
present here calculations of the optical performance of a set of very thin 
perfect channel-cut silicon crystals in a Bonse-Hart camera arrangement. 
Calculations were performed in order to predict the reflectivity curves 
produced by multiple diffraction. The aim was to study the possible 
elimination of Pendellosung fringes produced by thin crystals by 
angularly offsetting one crystal with respect to the others. Adjusting the 
offset value, destructive interference between the Pendellosung 
oscillations are produced, thus reducing their contribution. Usually, 
crystals reflect in Bragg geometry but for comparison analogous 
investigations were conducted in Laue geometry. 
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Focussing characteristics of diamond crystal x-ray 
monochromators. An experimental and 

theoretical comparison. 
w. Sdnchez del RIQ', G. Gabel', J. Als-Nielsen*+ and M. Nielsen+ 

European Synchrotron Radiation Facility, BP220 3843 Grenoble-Sedex (France) 
+ Rise National Laboratory, DK 4000 Roskilde, Denmark 

Diamond perfect crystals in transmission geometry are currently 
been considered as an interesting alternative to the conventional double 
crystal silicon monochromators. Between the reasons for such a choice one 
may find i) The extremely good thermal qualities of diamond as thermal 
conductivity (23 W.cm.K @ 300K for C and 1.5 for Si) and thermal expansion 
coefficients (1.18 lOa/K for C and 2.35 10-6/K for Si). ii) The availability of 
almost perfect synthetic or natural monwystals, with high transparency or 
low absorption to the x-rays. iii) The possibility of using not only the 
diffracted monochromatic beam, but also the transmitted white beam for 
successive experimental stations operating at a different photon energy. The 
last concept is the fundamental idea of the Troika beamline at ESRF, a multi- 
station undulator beamline, working with a series of transmission 
monocromators. The first station, Troika I, operating with one diamond 
crystal, is already completed and will be open to users in late 1994. 

Perfect crystals in transmission geometry present interesting effects in 
focussing the white x-ray beam. This effect is just a consequence of the 
theory of the dynamical diffraction applied to transmission uystals. We have 
measured at the Troika beamline the beam size of the monochromatic 
photon beam after the diffraction from the diamond monochromator, for 
different positions downstream the monochromator. We observe an 
interesting change in the beam size evolution (convergent or divergent) 
depending on the aperture of an entrance slit. These results are compared 
with ray tracing calculations made with the package SHADOW, with very 
good agreement. This comparison permits to correctly understanding the 
focussing properties of transmission crystals under undulator synchrotron 
radiation beams. 

Reflectivities of CVD-Diamond Mirrors in the VUV Region 

Tomohiko Sasano, E& Ishiguro, Shichiro Mifani* and Hiroshi Tonrimon** 

Dept. of Applied Physics, Osaka City University, Swniyoshi-ku, Os+ 558, Japan 
*Faculty of Engineering, Doshisha University, Tanabe-cho. Kyoto' 61043, Japan 
**R&D Division, Osaka Diamond Industrial Co., LTD, Saki ,  Osaka 593. Japan 

Chemical Vapor Deposition (CVD)-Diamond mirrors are expected as the 
optical element for the high power V W  radiation such as the high brilliance 
Synchrotron Radiation (SR). The advantages of the mirror are exellent heat 
resistance and chemical stability. Besides, a large area diamond mirror can be 
fabricated with CVD method. 

We mesured the reflectivities of a CVD-diamond mirror in the W V  
region. The diamond thii film with a thickness 20-25um was deposited on a 
Si,N, substrate by means of the hot filament. The surface was polished by 
grinding with diamond wheels. The RMS surfw roughness was about ten A 
which was measured by using a LASER intcrferometcr(2ygo Maxim-3D). The 
size of the mirror was 40mm(I)x30mm(w)x5mm(t). 

Figure 1 shows the reflectivities of the CVDdiamond mirror for the 
p-polarized light as a function of the incidence light wevelength for the 
incidence angles of 80". 70", and 30°, along with those of Sic, gold coated Sic, 
which were mesured by using SR at Okazaki, Japan. 

The CVD-diamond mirror shows high reflectivities in the wavelength range 
from one hundred A to four hundnd A both at a grazing incidence and at a 
nearly normal incidence. In this region it is higher than that of Sic which is 
well known as one of the best mirror for SR. 

Fig. 1 Reflectivities of CVD-diamond, gold coated Sic and SIC. 
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Modular Double Crystal Monochromator Design 

Wilfried Schildkamp 

Consortium for Advanced Radiation Sources, 
The University of Chicago, Chicago, Illinois 60637 

The CARS double crystal monochromators are mechanical devices 
with modular structure. Some monochromators are used with sagittal 
focusing second crystals, others use flat crystals. All first crystals are 
internally cooled with high efficiency heat exchangers and can be a 
symmetric Bragg crystal, an asymmetric crystal, or a h u e  crystal. The 
design is of fixed exit type, and can accommodate varying accelerator orbit 
positions within limits. All stepping motors are directly attached to 
turntables and translation stages and are equipped with cooling sleeves. 

The monochromators normally operate in a fine vacuum produced 
by vapor resistant turbo-molecular pumps, directly mounted to the tank, 
hence, avoiding typical UHV technology, like air guards around coolant 
channels. Virtual leaks are avoided wherever possible. The wiring 
material for motors and mechanical limit switches / home switches is 
radiation hard up to 100 Mrad. 

Both first and second axis are equipped with fine tuning stages, 
absolute angle encoders, and with azimuthal rotation stages. The first axis 
resides on a vertical translation stage, and the second axis rides on a 
horizontal translation stage. Energy scans are performed by coupled 
motions under computer control. The angular range is typically from 4" to 
28" with a slewing speed of OS"/sec and a settling time of less than 1 
second. For increased energy stability an energy feedback stabilizer 
consisting of a cannel cut crystal in energy dispersive arrangement can be 
coupled to the fine tuning stage of the first crystal, which should achieve a 
typical stability of 2 * 10-5 @ 12 keV. The emitted intensity can be 
stabilyzed by the fine tuning stage of the second crystal. Inclined crystal 
geometry and cryogenic first crystal design can be retrofitted at the 
expense of the azimuthal rotatidn stage. The monochromators are housed 
in a 36" diameter stainless steel tank, 31" deep, with a flange-to-flange 
distance of 1100 mm. 

Installation and Operation of the LNLS Double Crystal Monochromator at CAMD' 

. ,  
Paul J. S w  and Eizi Monkawa 
'Ihc 1. &men Johnston. Sr. CenIerfor M v m d  Miaamvpvrer a d  Dericu, 
L o w  W e  University. Baton Rouge. Louisiana 70803 

H6lio Tolentino 
Lubora16rio Nociod de Lw Slncronon. M I C 3 " q .  Gunpinas. 13081. Brazil 

cesar cusatis 
&pro. de F&in'ur. Unive&iadt F&rd do Pamnd, Cividba. 81531. Brad[ 

A new x-ray beamline has been installed at CAMD utilizing a two-crystal 
monochromator designed and built at LNLS.' The beamline will operate in the 2-10 
keV range using 4 mrad of dipole radiation from the CAMD storage ring. The 
monochromator maintains a fixed exit beam and fixed positions of the beam on the two 
crystals using mutually perpendicular elastic translations. The calculated values for 
energy resolution (AEIE) using Si(ll1) crystals arc < 1.5(103) with no collimating 
optics. Ray tracing was performed to simulate the beamline performance at various 
photon energies. An optimum photon flux was predicted at about 4 kV, with 
approximately 7.5(10") photondm entering the experimental hutch, under operating 
conditions of 1.5 GeV and 160 mA. The beamline is quipped with an XAFS endstation 
and will also be used for other x-ray applications at CAMD. First results are presented. 

~ 

'Supported by CNF'q and the State of Louisiana 

lM.C. Corrh, H. Tolentino, A. Craievich, and C. Cusatis, Rev. Sci. Instrum. 63 
896-898 (1992). 
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A novel adaptive directly water cooled 
monochromator crystal for hi h heatload 

wiggler beamlines at  HA 8 YLAB 
H. Schulte-Schrepping, G. Materlik 

J. Heuer, T. Teichmann 

Hamburger Synchrotronstrahlungslabor HASYLAB 
am Deutschen Elektronen-Synchrotron DESY 

Notkestr. 85, 22603 Hamburg, Germany 

The performance o f  large area directly cooled monochromator 
crystals at high power wiggler beamlines i s  degraded by the 
heatload from the insertion device and by the pressure o f  the 
cooling agent. 

Based on the gained experience with directly water cooled 
monochromator crystals at HASYLAB. a new adaptive crystal 

-wi th matching remote controllable crystal bender was designed. 

Finite element calculations o f  the crystal shape confirm the 
potential of  the design t o  compensate the heat-load and water 
pressure induced bending. 

The whole crystal setup is vacuum compatible in order to be 
used in a windowless beamline. 

Positive results from the characterization o f  the first new Si( 111) 
crystal under different heatload conditions at the HASYLAB 
high power wiggler beamline BW2 are presented. 

, 
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PEPO - A Programme for the Calculation o f  the Reflectivity of  
Cylindrically Bent Laue Crystal Monochromators 

c&luh 
w o n  %baron Radialion Focilify, BP 220.38043 Gnnoblc Cedu Fronce 

D. Chapman 
N ~ i o d % b o l m  Ligk Sauce, Brwkhmn NolloM/ Lobomrory. Uplos NY II973-5OW. USA 

Cylindrically bent h u e  crystal monochmmators combine the advantages of low absorbed power 
with eitha a polychromatic focusing of the beam or, in Csuchois geometry. a very small energy 
bandwidth. The broadening of the reflectivity curve induced by the deformation of the crystsl 
results in a substantial gain in integrated reflectivity and hence in flux as compand to flat 
monochromators. Moreover the maximal reflectivity of bent h u e  crystals excccds by far the 
value of 0.5 known from the dynamical theory of diffraction for their flat analogues: in fact, 
reflectivities surpassing 0.9 can be attained. 

PEPO is a programme for the calculation of the reflectivity profiles of cylindrically bent h u e  
crystal monochromators based on the Penning & Polder theory of X-ray diffraction in slightly 
strained crystals [1,2]. The creation of new wave fields as well as an anisotropic model for the 
crystal deformation has been added to the original theory [3]. The programme is widget-based 
and runs under the computing environment IDL [4]. The calculation of perfect flat crystal 
reflectivity curves in Bragg and Laue geometry using the formulae presented by Zachariasen is 
included [SI. 

The agreement with experimental results is excellent allowing the derivation of focal properties 
from the calculated reflectivity curves, 

1. P. Penning and D. Polder, Philips Res. Repts. Ih, pp. 419-440 (1961). 
2. P. Penning, thesis, Del& Netherlands (1966). 
3. For details see thesis, C. Schulze, Hamburg, Germany (in preparation). 
4. IDL, Interactive Data Language, Research Systems, Inc., Boulder, CO, USA. 
5. W.H. Zachariasen, "nteory ofX-Roy Difiucfion in Crystals", John Wiley & Sons (1945). 

This work was supported by the US Department of Energy Contract No. DE-AC02-76CH00016. 

(Submilrrd for Inlrmal iont l  Synchrotron Radiilian Innrumenlrtion Comftrtnre SR1'94: July 18-22.1994) 
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Heat load problem of an entrance slit on an undulator 
beamline 
F. Senf, U. Menthel, W.B. Peatman 
BESSY GmbH, Lentzeallee 100, D 14195 Berlin, Germany 

For the first undulator beamline to be built in 1997 at BESSY I1 a spherical 
grating monochromator (SGM) has been optimized. The preoptics of this 
SGM simply consists of one, cylindrical mirror which focusses the source 
vertically onto an entrance slit. The use of only one premirror increases the 
heat load at the entrance slit. 

In this study the heat load is numerically calculated for the undulator beamline 
U49 (lo = 49 mm, N = 84) at the storage ring BESSY I1 running at 1.7 GeV 
electron energy and 200 mA stored current. For a wiggler parameter of K = 
2.5 a maximum total power of 450 watts is emitted towards the cylindrical 
premirror of the SGM. 

Keeping the length of the mirror limited allows us to collect almost all of the 
photons from the odd harmonics of the undulator between 135 eV to 1500 eV, 
but, accepting only a quarter of its total power. The absorbed and reflected 
heat load has been determined by taking the variation of the spectral power 
distribution of the undulator and the reflectivity of the gold coating of the 
mirror into account. The power reflected towards the entrance slit is 
calculated to be almost 50 watts. This is vertically focussed to a strip of about 
30 pm in height with 2 nun horizontal extent. 

For our finite element method (FEM) analysis we assumed the worst case, 
that most of the power (40 watts) hits the upper (or lower) blade of the slit at 
the edge. The very high power density in the focus then peaks up to about 700 
wattslmm' at the edge. 

Despite employing watercoolhg at the backside of each blade in our model 
and using Glidcop as a material with high heat conductivity a local 
overheating - more than 400 K - occurs. As a result of this "hot spot" the 
center of the slit edge expands itself by several micrometers towards the edge 
of the opposite slit blade, leadipg to a partial, or, depending on the slit width, 
to a total closure of ihe slit. 

Some simple bending mechanisms for Bragg-reflection x-ray 

optical devices 

D. P. Siddons 

National Synchmtnm Light Soutoe, Bnwkhawn k t w n a l  Labomtoy, 

Upton, New York 11973 

Abstract 

Bragg-reflection x-ray optical systems frequently require well-controlled, 

stable rotations of sub-arc-second order. These are quite difficult to engi- 

neer using conventional design techniques. This paper will show that it is 

frequently better to take advantage of the excellent mechanical properties of 

silicon, and to engineer the rotations using flexural designs in silicon combined 

with force transducers. Designs for 2- and 4- reflection monochromators and 

for bent-crystal focussing monochromators will be presented. 

The study presented shows that changes in the geometry of the edge and the 
cooling will not significantly prevent the closure of the slit in the center of the 
focus. 
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FOCUSING WITH VARIABLE-METRIC CRYSTALS 

Robert K Smither and Patricia B. Fernandez 
Argonne National Laboratory. Argonne, IL 60439, USA 

Abstract 

A Variable-Metric (V-M) aystal is one in which the spacing between the 

crystalline planes changes with w o n  in the crystal.' This variation can  be either 

parallel to the crystalline planes or perpendicular to the crystalline planes of interest 

and c a n  be produced by either introducing a thermal gradient in the crystal or by 

growing a crystal made of two or more elements and changing the relative 
percentages of the two elements as the crystal Is grown. A series of experiments were 
performed In the laboratory to demonstrate the focusing propellies of the Variable- 

Metric crystals and their potential use in synchrotron beam lines. Experiments were 
performed to show how one can convert a normally divergent x-ray beam into a beam 
that is both monochmmatic and parallel to a high degree. The experiment used a 
crystal which was both bent and subjeded to a applied thermal gradient in the 

diredion of the inddent beam. The bending radius is given by R P 2D sine, where D Is 

the distance from the source to the crystal and e is the Bragg diffraction angle. A 

thermal gradient (ATIAL P cos0 I (2  a D), where a is the thermal coefficient of 

expansion) is applied to the crystal so that the Bragg condition, n l  = 2d sine is met at 

all points on the surface. The resultant x-ray beam Is both monochromatic and parallel 

and can be diffracted by a flat crystal with a very small d-spzdng for experiments that 

require very highly monochromatic and parallel beams with a very narrow band width. 

?.. $,.a 

v.. I :,! 
R Smither and P. Fernandez, Rev. Sci. Instrum. 63 (1992) 1755 -'! 

.'< ;" 

. 4  'This work is supported by the U.S. DOE Contract No. W-31-109-Eng-38. 
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BACKSCATERING ANALYZER GEOMETRY AS A STRAITFORWARD 
AND PRECISE MJTIHOD FOR MONOCHROMATOR CHARACTERIZATION 
AT THIRD GENERATION SYNCHROTRON RADIATION SOURCES 

A. A. SN1-I. A. Yu. SUVOROV? S. LEQUIENI 

21nstitute for Microelectronics Technology. Russian Academy of Sciences. 
142342 Chemogolovka. Moscow Region, Russia 

With the assessment of the thud generation of synchrotron radjatibn sources, 
insertion devices (lD) are going to become extensively used  The choice of the ID 
field configuration allows the optimization of the photon flux at the desired energy. 
lhs attractive situation rcsults in a much higher flux on optical elements. mainly on 
monochromators for which new cooling schemes have to be developed. These latter 
must be characterized under operating conditions and generally. the figure of merit 
for monochromators is the rocking curve (RC) measurement. By varying the ID field 
the monochromator may be fully characterized with regards to the heat load. 
To achieve this aim, we have proposed and tested double crystal setup where a Si 
analyzer crystal installed in backscattering geometry (BSG) is coupled with a silicon 
PIN photodiode as the detection system (Fig. I). 

'ESRF, B.P. 220. F-38043 Gttnoble. FMCC 

BS analyzer w 
\$I PINdicde 

Fig.1 Backscattering analyzer setup for monochromator testing. 

The analyzer was a standard Si wafer (1 1 I)-orientation. from which we used the 
following Bragg reflections : 333,444,555,777,888,999 ... to measure the RCs of 
monochromators keeping the analyzer fixed. We were then able to probe the formers 
at the respective energies 5.9,7.9,9.9,13.8, 15.8,17.8keV etc. 
Setting the analyzer crystal in BSG we get several fold benefits from the method: 

- a very good angular resolution (-10-6 rad) when one combines the BSG 
analyzer with narrow slits (-IOOpn). - a high energy resolution yielding to a calibration of the monochromator 
with an accuracy better than lev. - the analyzer crystal attenuates the reflected intensity which avoids the use 
of any scatterer foil to count the number of photons. We directly used photodiodes 
which are well known to respond linearly to radiation intensities and to have a high 
dynamic range (more than 6 decades). - no fine mechanics is needed for the analyzer. just a simple manual turn 
table can be used to set the analyzer in BSG through the utilization of a laser beam. 
Results on different tests for operating liquid Nz cooled channel-cut mono- 
chromators at Microfocus and High brilliance beamlines will be presented and 
discussed 

We gratefully acknowledge the support of the ESRF EDS group, especially 
C. Riekel. P. Engstrdm. I. Snigireva M. Kocsis. P. Bdsecke and 0. Diat. 
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THE RECENT DEVELOPMENT OF BRAGG-FRESNEL OPTICS. 
EXPERIMENTS AND APPLICATIONS AT THE ESRF 

A. A. Snigirev 
ESRF, B.P. 220, F-38043 Grenoble. Fmce 

Presently there are three types of x-ray optics that are striving for sub- 
micrometer beam generation and application at the energy higher than 6keV: Fresnel 
zone plates [I]. capillaries [2] and Bragg-Fresnel Optics (BFO). The youngest one 
BFO was put forward in Institute of Microelectronics Technology Russian Academy 
of Sciences almost ten years ago and first experiment was reported in 1986[3]. Since 
that time a lot of experimental and theoretical researches have been done on the BFO 
performance. Now it is evident that a combination of microfocusing x-ray optics 
with the high brilliance x-ray beams provided by the third generation synchrotron 
radiation sources like ESRF opens up new capabilities to develop hard x-ray 
microimaging and microprobe techniques. 

Bragg-Fresnel optics is based on a superposition of Bragg diffraction by a 
crystal (or multilayer) and dispersion by a Fresnel structure, either linear or planar 
which is grooved into the crystal (or multilayer). Its main advantage is that the 
various possibiIities of beam transformation arising from the specific properties of 
Fresnel sm~mres now become accessible to the high energy x-ray range. 

The performance and applications of the BFO was studied at the undulator and 
bending magnets bcamlimes at the ESRF. Optical properties of Brag-Fresnel lenses 
(BFL) experimentally measured are the following: 
-energy tunability 

for linear BFL - 66OkeV ( efficiency -4C% ) 
for circular BFL - 618keV ( efficiency 110-40%) 

0 . 8 ~  resolution was measured for linear BFL at 15keV and 0 . 7 ~  for 
circular BFL at 8keV using fluorescence knife-edge technique - a high thermal resistivity and stability 
heat load test was done in white undulator beam at maximum power - well defmed shape of the focused beam and high degree of azimutal symmetry of 
the intensity distribution, that is very desible for microdiffraction (small 
angle scattering) technique. 

- a subpm resolution 

The following applications have been realized: - a submicrometer fluorescence microprobe; 
- a linear and 2D microprobes for microdiffraction- a small-angle scattering camera; 
- 2D imaging of the undulator source - a beam emittance monitor. 

Test experiments on phase contrast imaging are very promising for developing a 
phase contrast microscopy and holography. Crystal BFO is of particular interest for 
microtopography and microtomography techniques as well. 

[ I ]  B.Lai. B.Yun. D.Legnin/, Y.Xiao. J.Chtzas. P.J.Viccat0. V.White. S.Bajikar, 
D.Denton. F.Cerrina, E.Di.Fabrizio. M.Gcntili, L.Grclla. and M.Baciocchi, "Hard x- 
ray phase zone plate fabricated by lithographic techniques", Appl. Phys. Lett. 61 
(16). 1992.1877. 
[2] b.Bilderback. S.AHoffman. DJ.Thiel. "Nanometer spatial resolution achieved 
in hard x-ray imaging and h u e  diffraction experiments". Science, ~01.263. 1994, 
201. 
[3] V.V.Aristov. A.A.Snigirev. Yu.A.Basov. A.Yu.Nikulin. "X-ray Bragg optics", 
AIP Conf. Proc.. 147,1986,253. 

Optimised Reflectivities from 
SR-Diamond-Laue-Monochromators 

By J.D.Stephenson 
Div.6.22 Federal Inst. for Materials Research and Testing, 

Unter den Eichen 87, 12205 Berlin, FRG. , , 

Theoretical monochromator crystal thickness's for diamond and silicon are determined 
for optimum Laue-diffracted intensities in the 'lkoika ' configuration. 11 1- and 220. 
diffractions are considered in both symmetric- and asymmetric- Laue diffraction. The 
influence of the 'effective structure factor' on these results is used to determine the 
degree of (point defect) SR-damage, accumulated when used as first monochromator 
crystals in high intensity third generation rings such as the ESRF (Crenoble). 

Fig.1 shows typical (symmetrical) Laue Ill-reflectivity oscillations vs crystal thick- 
ness (for 8KeV radiation) from a nearly perfect (il0) diamond crystal. Both (I- and 
*-polarization states are given and exhibit the influence of a reduced 'effective struc- 
ture factor' on the peak reflectivity values. Fbrther reductions in reflectivity (due to 
increased point defect) radiation damage follow from t h e e  calculations. 

ii o 
4 

Figure 1: (Sym.) Laue 1ll.reflectivity oscillations in (110) diamond vs. 
crystal thickness (pm). 
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Adaptive X-Ray Mirror Prototype: First results 

w, M. Krumrey, R. Baker and A Kvick 
European Synchrotron Radiation Facility, BP 220.38043 Grenoble Cedex, France 

The substantial increase of the brilliance by the third generation synchrotron 
sources calls for equivalent prognss in the beamline instrumentation. In particular, 
these characteristics bring the double challenge of requiring mote prtcise focusing 
while collecting more photons. Therefore, very improved, if not totally new, designs 
of optical components arc necessary. A best compromise must be found among lhne 
orthogonal requirements: versatility, high quality and stability under seven working 
conditions. For a long time, the straightfonvard solution was to make the surfaces 
from a rigid material such as metal, glass and other ceramics and then to rely on the 
dimensional stability of the material to provide acceptable performance during the 
life of the device. While fixed optical elements are satisfactory for the majority of 
applications in which the operating conditions can be controlled or at least 
adequately specified, there is an increasing number of applications in which 
environmental stress and random processes may dominate the performance of the 
optical system. In the x-ray optics field, the concept of adaptive systems is very 
recent and is based on the experience and expertise gathered in developments for 
astronomy applications. 

A first adaptive x-ray mirror prototype was built in 1992 and is now installed 
on the ESRF beamline BL2 (Materials Science). This system consists of Im long 
Pt-coated mirror, water cooled, supported by 2 rows of 11 piezo-electric actuators. 
The shape of the mirror is continuously inspected by an optical analyzer and its 
output is used by a feedback loop in a real-time algorithm. The mirror blank made of 
silicon single crystal shows a micro-roughness and slope errors of IA rms and 3prad 
rms, respectively. Because of its simplicity, compactness and achromaticity, a 
Shack-Hartmann sensor is used for inspecting the shape of the reflecting surface. 
With suitable electronics, the accuracy of such a device is better than fO.lprad over 
a O.5prad-lmrad range. For optimum performance this optical device has to be 
completely independent from the vacuum chamber. A workstation associated to real- 
time electronics calculates the relevant parameters for steering the actuators as a 
function of both the desired shape and the possible thermal deformation due to the 
incident beam. 

Preliminary experiments carried out on the wiggler beamline showed that the 
system runs correctly: the feedback loop permits a control of the m h r  shape on the 
pad  level at a frequency of lOHz Various shapes (cylinder, parabola or ellipse) can 
be produced at will to within the above accuracy. The different components of the 
device are described and the alignment and calibration procedures are discussed. The 
first results dealing with the properties of the reflected beam (size, divergence and 
shape) versus both the calibration quality and the incoming power are presented. 

Compact adaptive I active x-ray mirror: 
bimorph piezoelectric flexible mirror 

J. Susini, D. Labergerie. L Bang 
European Synchrotron Radiation Facility, BP 220,38043 Grenoble Cedex, France 

A new concept of bender for optical elements is being under 
development at the ESRF: a very compact active/adaptive x-ray mirror based on 
properties of bimorph piezoelectric devices have been manufactured and 
successfully tested. The system under investigation consists of two pairs of bilayers 
made of silicon and piezo-electric zirconate lead titanate (aT). On the interface 
PZT-PZT a continuous conducting electrode (control electrode) was deposited while 
both SifPZT interfaces contain the ground electrodes. As the PZT ceramics are 
polarized normal to their surfaces, the lateral dimensions of the piezoclectric plates 
change when a voltage is applied to this system: one plate expands while the other 
shrinks. This opposing expansion-contraction results in a bending of the bimorph 
composite like a bimetallic strip (see figure). Due to its symmetry, the Si-PZT-PZT- 
Si system is' less sensitive to temperature variations and maintains constant 
thickness. PZT was chosen as material because of its high coupling factors, a high 
piezoelectric constant over extended temperature and stress amplitude ranges. Such 
a device exhibits several advantages over other benders: 

It is a low cost device: It is mechanically very simple, easy to manufacture and 
allows large strokes for low applied voltages; thus there is no need of sophisticated 
power supplies even with high temporal bandwidth. 

It is a versatile device: a multiclectrode system provides the possibility of an 
adaptive mirrors where the figure can be controlled locally for both meridional and 
sagittal curvatures. By changing the sign of the voltage one can swap between 
convex and concave shapes. Therefore the same system can be used either as a 
focusing mirror or as a beam expander. 

As a test, a focused white beam of 35pm FWHM was achieved on a 
bending magnet beamline. this corresponds to a demagnification of M=1/17. 

Because of the strong coupling between mechanical and electrical 
properties of the system, the assessment of the relationship between applied voltage 
distribution and the resultant deformation is very complex. A theoretical model of 
the behavior of such a system is presented and compared to both finite element 
analysis studies and experimental results. Laser interferometry and x-ray 
measurements allowed complete characterization of these mirrors. Finally, 
potentialities and perspectives of more advanced devices are discussed. 

. I  
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SR Time Gate Quartz Device for Nuclear Resonant Scattering 

CK. Suzukia). X.W. 2hangb), Y. Yodac), T. Haramid). H. Shiwakud). K. IzumlC). 
T. Ishikawac), M. Andob). H. Ohnod). and S. Kikutac) 

Optical Metrology Facility at the ESRF 

J.Susini, R. Baker, A. Vivo 
EuropeM Synchrolron Rodhiion Facilify. BP 220,38043 GreMble Ccdex. France 

One of the major minor R&D activities at the ESRF is building a well quipped 
mumlogy laboratory for fast and accurate evaluation of che optical quality of beamline components. 
This papa gives a thcorctical and technical overview of pmbkms dated to Lis field 

* Reflection by a non idcal surface can be Bssessed by calculating the amount and Ihc angular 
dizoibution of he scaUcrcd light, which leads (0 a blurring of the ideal image. The nns roughness 
nonnally used IO characterize surface h i sh  is not relatad M y  IO the minor pcrfumance because 
of bandwidth effects. The m e a s d  surface roughness can be described as a Fouricr supcrpmition 
over this range of spalial frquencia of which each component lrqucncy could be dcIined rs a 
sinusoidal diffraraccjon grating. 7 % ~  spalial paiods rekvant u) the scallaing pmuys of x-ray beams in 
grazing incidence range fmm several mil l imuus down to micmns. A simple nns roughness value 
does not give enough information on the spatial periodicity of the reflecting surface. thus a new 
siandard is nwded for defining Ihc optical quality of x-ray mimxs. T%e relevant p m c t e r  appcars to 
be che Power-Spatral-Density-Funelion (PSDF) which is defmed as L e  frquency specmrn of L e  
surface roughness meawed  in inverse length units. This outlines the necd for "PSDF oriented" 
mcvology insmmentation able IO covm the relevant spaliai period range. 

* Secondly. bccausc of their fausing Properties. the beamline designer oftcn chooses elliptical or 
toroidal mirrors. Howevu. such asphens arc very dimcult to lest by conventional inlcrferomevic 
mahcds. Thc manufaaunr cannot control the minor quality during fabrication nor can L e  USCT (est 
the efficiency of the optical device before installation on the beamline. This explains why the 
proeunmcnt of suitable grazing incidence optics has bccn hindaed by the lack of adequate standards 
and w i n g  methods. 

To overcome these difficulties, Ihe Optics Group has devoud lime and effon in 
defining and building a compim meudogy Laboratory. Thb fxility is instaiied in a Clars IO00 clean 
mom. and is quipped with four optical instrimenu for different and complmencary purposes: 

i) Thc Micro-Profiler (WYKO TOP0 2Df3D) is a phnsc-measuring interferomeccr based on the 
heterodyne principle. A software package allows surface rcconsmction and slatistical analysis. 
Microroughness mmurements down IO the A level (nns values) with a repeatability of 0.5A can be 
achieved within the range IA-ISW. 

ii) The Fireau Inicrferomefer (WYKO 6OOO) is used for measuring figun: WIS of x-rays optics 
and thus for mting smaller bending devices for optical elemcnu. This syslcm is quipped with a 
stabilized single mode HcNc lascr (b632nm) and has an apenure of 150mm. Accuracy and 
rcpeslability arc ;VI00 and WOO, nspectivcly. 

iii) A Long Trace Profiler (LTP) serves for absolute measuremenu of figure errors andof the 
radius of curvature of long flat or curved mirrors. Our syslcm is an improved version of the LTP 
designed and built by PZ. T b s  at Brookhaven National Laboratory. This system is based on a 
two beam interfcromcta in which che intensity patlcm is recorded by a CCD detector. The optical 
path difference is reiaud to the slope crmr which is in tum convened to surface height profile by a 
Fourricr filtering technique. The optic$ head is m o u n d  on a high precision air bearing stage and is 
driven by a linear DC motor (non contact drive) along a 2m ceramic beam. This assembly allows 
boh tunable speed (up 10 Zo(hnm/s) and pitch mpcatability of lpad. Slope measurements with a 
nsolution of 1 pad in Ihe tangenlial direction over spatial wavelengths from a few mm 10 ncarly the 
length of thc mud opcicai elunent have bccn achieved. 

iv) A Shack-llarfmonn (SH) sensor allows fast and easy dynarnical mcasument of bent optical 
clcmcnls: After being reflecud by the minor under mt. a plane wave ptodud by a HcNc Lascr 
source. is split into 256 pmhl b u m s  by an m y  of micmienses (16x16). This produces a pallem of 
.light spots in the focal plane of che micmlens m y .  This spot pattcm is recorded by a CCD camera. 
from which a FC compltcr cakulatrs che 2 D - m h r  shape and related slopc MIS. Such a device can 
bc routinely used as an in-situ optical surface evaluation system. 

a)  UNICAMP, Unlversiry of Campinas, Faculry of Engineering, C.P. 6122, 
13084-100 - Campinas, SP, Brazil 

bl Photon Factory, National lab. for High Energy Physics, Tsukuba, Ibaraki305, Japan 
c) Depanment of Applied Physics, Faculry of Engineering, The University bf Tokyo, 

d)  Japan Aromic Energy Research Insrimre, Ofice of Synchrotron Radiarion Faciiiry 
Projecr, Tokai, Ibarakl 31 9-1 I ,  Japan 

Bunkyo-ky, Tokyo 113, Japan 

Very recently, the nuclear resonant scattering with SR. which delivers an 
intense time delayed and electronic scattered prompt (zero time) photons, has 
originated a new problem on photon detection technology, the saturation effect of time 
delayed photons. For any type of detector presently In use. there is a lack of counting 
the time delayed photons. This problem has been critical for nuclear forward scattering 
111 conducted at AR-NE3 beamline of TRISTAN Accumulation Ring 121. and  it will 
certainly be for any other high brilliance beamline. Another useful situation is 
concerned with experiments of nuclear Bragg scattering with single crystals that do not 
present forbidden reflections for electronic scattering. 

We have then constructed a time gate using a quam resonator with the objective 
to discriminate the prompt beam by diffraction on oscillating crystal lattices. The 
principle of this technique Is to use an  X-cut quartz resonator crystal with the same 
frequency of SR single bunch mode. in order to take the same phase, the resonator 
function generator is synchronized with the synchrotron RF trigger. Fig. 1 shows the SR 
time modulation diffracted by a 766.95 kHz quartz resonator for the alignment set a t  
AB-4.5arcsec from the peak position of the rocking curve. The X-ray optics consisted of a 
high order reflection Si02(16 8 3 0) combined with Si( 16 8 0) and the double crystal 
Si(l11). An interesting feature is the possibility of adjusting the modulation width and 
the decay time by changing the value of AB. 

The signal IO back-ground rate can be 
improved by using lower amplitudes of the 
field V applied to the resonator. Fig. 1 was 
observed for V-4Ov. but for V - ~ V ,  the signal 
to back-ground rate increases approximately 
byafactor of 5 .  Other procedures can be 
applied to increase the signallbach-ground 
rate. for example, the use of double ascilla- 
ting crystals in a parallel (+ , - I  setting [3]. 

An SR time gate with 794.6575 kHz 
that fltts exactly to the AR single bunch 
frequency shows that this technique is 
quite viable, even though the signallback- 
ground rate has still to be improved. 
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Fig. 1. SR time modulation by diffraction 
on 766.95 kHz quartz resonator. 

[ I ]  S. Kikuta et al.. Hyperfine Interactions 71, 1491 (1992). 
121 X.W. Zhang et ai., Rev. Sc. Instrum. 63.404 (1992). 
[3] P. Mikula et al.. phys. stat. sol. (a) 26, 691 (1  974). 
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Chromatic aberration of asymmetrically-cut curved crystal due to 
dynamical diffraction effect 

Photon Factory, National Labontory for HighEnergy Physia. 1-1 Oh0 Tsukuba Ibardki Ms. Japan 

Asymmetricallycut curvcd crystal monochromators are widely used to 
obtain demagnificd images of the sources at many synchrotron radiation facilities. 
In the case of a nlativity large source. as is the case for the 2nd generation storage 
rings, the focus width decrcaKs in inverse-proportion to the asymmetry factor b. 

In the pment paper, we point out that a very mall  focal spot size is not 
obtained even for a point source bccause of chromatic aberration caused by the 
dynamical diffraction effect. 

We assume that the dynamical diffraction occurs in a curved crystal having 
a radius of curvature larger than a few tens meters. For polychromatic incident 
&s emitted from a point source located on the Rowland Circle, X-rays with a 
fmite wavelength spread are reflected a! every point on thc curved crystal 
monochromator b u s e  of the finite Darwin width. For the case of an 
asymmetrically-cut crystal, X-rays having different wavelengths with the same 
incident angle arc reflected toward slightly different directions. This situation is 
illustrated by the figure: X-rays with wavelength hl (reprcsentcd by solid line) are 
reflected toward eB@.1)tAeh(h1)-wh(hl)n, while x-rays with wavelength h2 
(rcprescnted by dotted line) arc nfleded toward e~@.2)tAeh(h2)+W(h2)n. 

The broadening of the focal spot size due to this cffcct is approximately 
given by R.(bl).WO.sh(8Bta), whcrc R is the radius of Rowland circle. This 
broadening is estimated to be 0.7mm even for a point source with the optics bcing 
prcscntly used on small angle scattering bcam linc (BL-1SA) at the Photon Factory. 
Results of ray tracing calculations for BLlSA will bc presented. It is important to 
take this cffcct into account in thc dcsigning of a demagnifying optics using a 
curved crystal. 

At-Wavelength Metrology of 13 nm Lithography Imaging Optics 

. I  AkMacDowell, B.La Fontaine 
AT&T Bell Laboratories, 510E Brookhaven National Laboratory, Upton, NY 11973 

JEBjorkholm, R.R.Freeman, M.Hime1, D.Tennant, D.Taylor, O.RWmd I!, 
AT&T Bell Laboratories, 101 Crawfords Corner Road, Holmdel, NJ 07733 

W.K.Waskiewia, D.LWindt, D.LWhite 
AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, NJ 07974 

S. Spector 
State University of New York at Stony Brook, Stony Brook, NY 11794 

We discuss the development of an extreme ultraviolet (EUV) interferometer for testing 
EUV lithography systems operating at 13 nm wavelength using the U13U undulator beam 
line at the NSLS. The design strategy and implementation for lateral shearing interferometry 
and knife edge tests will be described. We will present initial results of testing of a lox 
Schwanschild camera that is designed to image feature sizes as small as 0.lOpm with light 
of 13nm wavelength. 

Work in part supported by Advanced Technology Program Cooperative Agreement 
#7ONANBlHIllS. 
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The Radiometry Laboratory of PTH at ISESSY The new FTB reflectometer at BESSY 

and B. Wende 
Physikolisch-Tcchnische Buirdesansrali, Abbcsrr. 2 - 12, D-10587 BciYiir, Gernrclny 

The Physikalisch-Technishe Bundesanstalt (FIB), the German national institute of 
science and technology in the field of metrology, operates a laboratory for VUV radi- 
ometry at the electron storage ring BESSY. The basic tasks of the laboratory are the 
realization and dissemination of radiometric units and the characterization of radia- 
tion sources, detectors and optical components in the V W .  Now, after more than ten 
years of BESSY operation. six calibration and testing stations on four beamlines are 
used for different objectives and spectral regions. 
BESSY is optimized for use as a primary radiometric standard source in a broad 
spectral range from about I eV to 15 keV. Le. as a source of calculable spectral pho- 
ton flux. 

source c a l i l m l h  is performed by comparing the unknown spectral photon 
flux of the source under investigation with the calculable spectral radiant flux of 
BESSY. Different transfer source standards (e.g. deuterium lamps, hollow cathode 
sources) are calibrated at three experimental stations in the spectral range from 2 eV 
to 1.8 keV, each consisting of an imaging mirror, a monochromator and a detector 
system. 
Detector calibration is performed at three experimental stations (spectral range 3 eV 
to 1.8 keV) by comparing the response of a detector to monochromatic radiation with 
the response of a primary detector standard of known efficiency. For doing this spec- 
tral purity of the monochromatized radiation (low contributions due to stray light and 
higher orders) and high radiant powers are most important. We have recently begun 
to use electrically calibrated cryogenic radiometers as primary detector standards. 
Most of our work up to now concerned the calibration of semiconductor photodiodes. 
At one beamline the undispersed calculable synchrotron radiation is used for e.g. the 
determination of the absolute detection efficiency of Si(Li) detectors. 
characterization of oDtical comwnents. e.g. determination of the reflectance of mir- 
rors or the transmipnce of filjers and measurement of the diffraction efficiency of 
gratings, is performed at two reflectometers which are operated behind a SX700 or a 
TGM monochromator in the spectral range from about 30 eV to 1500 eV. 
We describe in detail the experimental stations and the calibration instrumentation of 
PTB at BESSY. Furthermore, examples of very recent work (e.g. developement of 
transfer source standards for the radiometric calibration of VUV telescopes, charac- 
terization of soft X-ray detectors, reflectance measurements of soft X-ray multilayer 
mirrors) will be presented. 

D. Fuchs. M. Krumrey,. P. Muller, F. Scholu: , 

Physikalisch-Technische Bundesanrrali (PTB). Berlin, 
Abbeslr. 2-12,0-10587 Berlin. Germany 

At the radiometry laboratory of the PTB at BESSY a reflectometer for the VUV/soft 
x-ray spectral region is operated for several years utilizing monochromatic radiation 
from a toroidal grating monochromator ( TGM ) or from a high resolution plane grat- 
ing monochromator ( SX 700 type ) /l/. The monochromators provide - as a prerqui- 
site for precision reflectomeay - a well collimated beam of high spectral pureness in 
the energy region from 30 eV to 250 eV ( TGM ) and 40 eV to 1500 eV ( SX 700 ). 
The development of more and more sophisticated optical elements for the VUVkoft 
x-ray spectral region, e.g. multilayer mirrors with curved surfaces and a gradient in 
layer thickness, for various applications ranging from x-ray microscopy to astronomy 
led to the design of the new reflectometer with advanced capabilities aimed at 

- perfonnimg accurate 8 / 28 -scans, 
- positioning of the sample relative to axis of rotation, 
- the ability to accomodate even large samples, 
- minimum time for sample exchange. 

Special double concentric ball bearings are used to guarantee that the axes of sample 
and detector rotation coincide. Both allow - independent of each other - simultaneous 
linear motions and rotations providing the necessary precision for 8 I 28-scans. The 
goniometers and linear motions for both the sample and the detectors are located out- 
side the vacuum. A goniometer head canying the sampleholder is operated in 
vacuum. It provides a positioning of the sample relative to its axis of rotation. This 
feature is of particular importance for figured and complex optics. The system can 
accomodate specimen with dimensions of up to 200 mm which can be interchanged 
through a vacuum interlock. Two kinds of detectors are used: a semiconductor photo- 
diode (GaAsP-Schottky type ) as a large area detector and a channel electron multi- 
plier. A long detector-sample distance and the well collimated photon beam provide 
an angle resolution of less than 1 mrad in the reflected beam. Measurements can be 
performed in the range from near-normal incidence (8 c lo) to grazing incidence an- 
gles. A detailed description of the reflectometer as well as some typical experimental 
results are presented. 

/1/ M. Krumrey, M.Kiihne. P. Muller, F. Scholze, Proc. SPlE 1547. 136 (1991) 

*present address: ESRF. B.P. 220. F-38043 Grenoble Cedex , France 
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Heat Load Analysis for Pre-Mirrors 
at Spring-8 Undulator Beamlines 

T. Urus, K. Ohtomo and H. Yamaoka 

JAERI-RIKEN Spring-8 Project Team 
Hirosawa 2-1, Wako, Saitama, Japan 

Large heat power will be loaded on the pre-mirrors from 
undurator at the Spring-8 beamlines. It is required to design the 
effective cooling and reforming devices to correct the thermal 
deformation of mirror surface figure. As the first step, we have 
examined the simulation for these problems by the finite element 
analysis. 

For the simulation, the incident beam flux and spectrum are 
calculated by using SPECTRA and OEHL. The typical high power 
density undulator of which first harmonic energy is 8 keV gives 
absorbed power density of 1.1 Wlmm2 on the mirror surface at the 
glancing angle of 5 mrad placed at 33 m from the source. 

The thermal structural analysis including the effect of gravity is 
performed for direct or indirect water cooling mirrors by using 
ANSYS. The direct cooling mirrors have cooling channels in the 
longitudinal direction in the substrate. The indirect cooling mirror 
is designed to have cooling blocks as close as possible to the 
irradiated surface. The interface between the substrate and 
cooling blocks is filled with In-Ga. Si, S ic  and Glid-Cop are chosen 
as thc mirror substrate. The indirect cooling system has similar 
cooling efficiency to the direct one and hold the temperature raise 
of about 35 degree. The mirror surface is deformed to parabolic 
figure in the longitudinal direction. In the meridional direction. 
the. deformation is negligibly small. Si is the most promising 
material as pre-mirror subsfrate among above three materials 
because of its better figure of merit. 

The longitudinal deformation of the mirror surface can be 
corrected by a simple bending device such as 4 points force loading 
type. The device gives the cylindrical shape of which radius of 
curvature is several km to focus the beam under the heat load. 

X-Ray Optics R&D's for Spring-8 Beamlines 

T. U r w f ,  S. Hashimoto2, Y. Kashihara2, H. Kimural. Y. Kohmural. 
M. Kurodal. H. Nagasawa3, K. Ohtomol. K. Okui4, H. Yamaokal. 

S. Matsuokal. T. Ishikawal. T. Uekil and H. Iwasakil 

1. JAERI-RIKEN Spring-8 Project Team, Hirosawa 2-1,  Wako, 

2 .  JASRI, Minatoshimanakamachi 6-9-1, Chuo-ku, Kobe, Japan 
3. Seikei University, Kichijojikitarnachi 3-3-1, Musashino, Tokyo, 

Japan 
4 .  The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, Japan 

Toward the first operation of Spring-8 envisaged in 1997 fiscal year, 
several R&Dprograms for beamlie optics have been carrying out. An 
overview of the present status of these W s  is presented. These include 
optial instruments and elements (monochromators, mirrors.multilayers, micro- 
beam generation, x-ray phase retarders, x-ray interferometers) for beamlines, 
off-line charaderization station for optical elements, design-aid ~tilitks such as 
software for ray-tracing, thermal stress analysis and diffraaion optics. 

. .  Saitama. Japan 
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Design and Performance of a Schwarzschild Objective Mirror 
Positioning System for the SuperMAXlMUM X-ray Microscope 

J.P. Wallace, J.T. Welnak, F. Cerrina 
Center for X-ray Lithography 

University of Wisconsin 
Madison. WI 53706 

SuperMAXIMUM is a second generation scanning spectmscopic X-ray microscope 
being developed by the University of Wisconsin. This work is in collaboration with and 
will be installed at EL- in Trieste, Italy. In this paper we will discuss the mechanics 
designed to align the microscope. 

The X-ray focusing element of the microscope is a multi-layer coated Schwanschild 
Objective. This is a normal incidence spherical optic system containing two mirrors which 
need to be precisely positioned relative to each other. The microscope will provide a 50X 
demagnification. To achieve a 1000 A spot size, the angular positioning accuracy between 
the mirrors must be better than 1 arcsec. Spacing between the mirrors must be positioned 
better than 100 um. We will have the capability to index between three separate 
objectives, each coated for a specific energy. The entire, system must reside in a UHV 
vacuum chamber capable of obtaining 10 torr operating pressure. 

To align the Schwarzschild Objective we have designed an all flexural hinge, single piece 
construction stage. This stage will give us the ability to change in-siru the tilt of the 
secondary mirror relative to the primary, and change the mirror spacing. To actuate the 
stage we will be using fired construction piem stacks. For position feed back, in house 
designed capacitance gauges will read the position of the secondary mirror surface 
relative to the primary mirror mount. The stage design for indexing between the three 
gratings will also be discussed. 

This paper will also present preliminary results from optical bench testing. including knife 
edge test and Ronchi grating tests. The final microscope assembly and operation is 
expected in July 1995. 
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Liquid-Metal Pin-Fin Pressure Drop by Correlation in Cross Flow 

Zhibi Wang. Tuncer M. Kuzay. and Lahscn Assoufid 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Laboratory 
9700 South Cass Avenue 

Argonne, IL 60439 

The pin-fin configuration is widely used in high heat flux applications. Recently. 
the pin-fin design with liquid metal coolant are also applied to synchrotron-radiation 
beamline devices. 

This paper investigates the pressure drop in pin-post mirror with liquid gallium as 
the coolant. Because the pin-post configuration is a relatively new concept, information 
in the literature on pin-post mirrors or crystals i s  rare. and informtion on the pressure 
drop in pin-post mirrors with liquid metal as the coolant are even rarer. Because the cross 
flow in cylinder arrays geometry is very similar to that of the pin-post. the pressure drop 
correlation for the cross flow of fluid with various fluid characteristics or properties 
through a tube bank are studied so that the results can be scaled to the pin-fin geotnetry 
with metal as coolant. The emphasis of this paper is on the influence of two variables on 
the pressure drop: fluid characteristics. especially viscosity and density. and the relative 
length of the posts. The difference and correlation of t l ~ :  pressure drop between long and 
short posts and the predication of the pressure drop of liquid metal in the pin-post mirror 
and comparison with a existing experiment are addressed. 

' 

This work is supported by the U.S. Department of Energy, BES-Malerials Sciences. 
under contract no. .W-31-109-ENG-38, 

X-Ray Optical Analyses with X-Ray 

Absorption Package (XRAP) 

Zhibi Wang, Tuncer M. Kuzay, Roger Dejus 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Loboratory 
9700 South Cass Avenue 

Argonne, IL 60439 

XRAP is a computer code developed for analysis of optical elements in synchrotron 
radiation facilities. Two main issues are to be addressed: 1) generating BM (bending 
magnet) and ID (Insertion Device) spectrum and calculate their absorption in media, 
especially in such structural forms as variable thickness windowdfilters and crystals; and 
2) providing a finite difference engine for fast but sophisticated thermal and stress 
analyses for optical elemcnts. Radiation cooling, temperature-dependent material 
properties such as thermal conductivity. thermal expansion coefficient. etc. are included. 
For very complex geometries, an interface is provided directly to a finite element code 
such as ANSYS. Some of the present features built into XRAP include: (1) generation of 
BM and ID spectra; (2) photon absorption analysis of optical elements including filters, 
windows and mirrors, etc.; (3) buckling check of the optics and filtcrslwindows under 
thermal loading from the absorbed power; (4) user friendly graphical interface that is 
based on the state-of-the-art technology of GUI and X-window system, which can be 
easily ported to other computer platforms; (5 )  postscript file output of either blacklwhite 
or colored graphics for totallabsorbed power. temperature. stress. spectra, etc. 

This work is supported by the U.S. Department of Energy, BES-Materials Sciences, 
under contiact no. W-3 I -109-ENG-38. 
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Thermal and Deformation Analyses of a Novel Cryogenically Cooled 

Monochromator for the Advanced Photon Source Beamline 

Zhibi Wang. Wenbin Yun. and Tuncer M. Kuzay 

Experimental Facilities Division 
Advanced Photon Source 

Argonne National Laboratory 
9700 South Cass Avenue 

Argonne. IL 60439 

The analytical results and design considerations for a novel cryogenically cooled 
Advanced Photon Source (APS) monochromator are presented. Because the 
monochromator uses silicon crystal, cryogenic cooling enables one to take advantage of 
the high conductivity and low thermal expansion coefficient of silicon at cryogenic 
temperatures. The APS monochromator features a machined slot with variable thickness 
below the surface. With this configuration, only a fraction of the total undulator powcr is 
absorbed by the crystal; the remaining power is transmitted through the crystal and is 
absorbed by a second element that can be cooled by standard cooling techniques. A 
variety of analyses has been performed with different panmeters and configurations to 
maximize the performance of the monochromator and minimize the total absorbed power 
by the crystal. 

This work is supported by the US. Department of Energy, BES-Materials Sciences, 
under contract no. W-31-109-ENG-38. 

LBL-35577A 

A Variable Radius Mirror for Imaging the Exit Slit of an S M  
Undulator Beamline at the ALS. 

Tonv Wanvick 
Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA 

and 
Meir Shlezinger 

ADA, Haifa-31021, Israel 

Adjustable radius cylindrical mirrors have been built for 
refocusing the light which diverges from the monochromator exit slit 
in two undulator beamlines at the Advanced Light Source. The 
spherical grating monochromators have exit slits which move up and 
down the beamline to stay at the focus of the grating as it rotates. The 
mirrors have adjustable focal lengths, accomplished by means of an 
integral bending mechanism1 driven by a UHV piezo-electric 
transducer, to keep the image of the moving slit (10lm FWHM) 
focussed at various locations in the end-stations. Because of the high 
brightness of the source, the slope tolerances on the mirrors are very 
tight (lprad). Figure deformations caused by bending are modeled by 
finite element calculations and compared to slope error 
measurements of the polished surface, as the radius is changed. The 
mirrors are designed to develop these errors only as the magnification 
varies from unity, and the effect of the bending deformations is of 
magnitude comparable to that of the third order aberration from the 
cylindrical surface. 

1. M.R. Howells, D.Lunt, Opt. Eng., to be published. 

This work was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Materials Sciences Division of the US. 

Department of Energy, under Contract No. DE-AC03-76SF00098 

This paper should be considered as a POSTER, contact: 
Dr. Tony Warwick, 2-400 Lawrence Berkeley Laboratory, 
Berkeley, CA 94720. 
Tel. (510) 486 5819 Fax (510) 486 7696 
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SuperMAXIMUM: 
A Schwamchild-Based, 

Spectro-Microscope for ELETTRA 

L Welnak. Z Dong, H. Solak. J. Wallace, and F. Cenina 
University of Wisconsin-Center for X-ray Lithography 

3731 Schneider Drive, Stoughton, WI 53589 

M. Bertolo. A. Bianco. S. Di Fonzo. S. Fontana, W. Jark. F. Mazzolini. R. Rosei and 
A. Savoia 

Sincrotmne Trieste. Padriciano 99,1-34012 Trieste. Italy 

G. Margaritondo 
Institut de Physique Appliqk, Ecole Polytechnique Ftdbrale. CH-IO15 Lausanne, 

Switzerland 

X-ray microscopy excels on high-brightness sources, such as the ALS and 
ELE'ITRA, where there is a good match between the source and optics phase spaces. In 
these conditions, diffraction-limited operation becomes possible with large flux. 

We will discuss the development of a second-generation X-ray scanning spectro- 
microscope; an evolution of the MAXIMUM project at the University of Wisconsin. The 
new tool is called SuperMAXIMUM and will be installed on ELElTRA in Trieste, Italy. 

The monochromator consists of a rotatable plane mirror and a set of three 
interchangeable spherical gratings covering the photon energy range from 20 eV to 300 
eV. This monochromator design was chosen to approximately preserve the Rowland circle 
condition without changing the slit position or the beam direction. A focused image of the 
radiation coming from the undulator is formed at a pinhole placed at the end of the 
beamline. At that position, the radiation spot from the undulator is demagnified by a factor 
of 60 in both the vertical and the horizontal direction by means of a pair of focusing and a 
pair of refocusing mirrors placed before and after the monochromator. 

The microscope design is based on MAXIMUM'. Both microscopes use 
multilayercoated Schwmhild objectives for their reduction optics. The planned 
enhancements over MqXIMUM inqlude a higher &magnification (SOX compared to 20x). 
multiple objectives changeable in siru. a novel flexure pinhole stage. a unique 
Schwarzschild positioner and combination c o d f i n e  scanning stage. An electrostatic 
analyzer with multiple detectors will also be used to increase the data aquisition rate. We 
will discuss these improvements as well as our new experimental control software and a 
custom data display and analysis program developed by our group. 

YB66 Monochromator: New 1-2 Opportunities keV Region. in XAFS Spectroscopy in the 

J o e l ,  Z.U. Rekb, M.Rowenb. T. Tanakac. F. Schaefersd. B. Mpeller. G.N. 
Georgeb. I.J. Pickeringb. G.H.Viae, B.DeVriese, and G.E. Brown, Jrr., 'Lawrence 
Livermore National Laboratory. University of California, Po Box 808, Livermore. CA 
94551. bStanford Synchrotron Radiation Laboratory. PO Box 4349, Stanford, CA 
94309. CNational Institute for Reseach in Inorganic Materials. 1-1 Namiki, Tsukuba. 
Ibaraki 305. Japan, dBESSY. IO00 Lenzallec. Berlin, Gennay. eExxon Research and 
Engineering Company, Route 22 Est. Annadale, NJ 08801. apar tment  of Geological 
and Environmental Sciences, Stanford University. Stanford, CA 94305. 

Until recently XAFS measurements in the 1-2 keV region remained a challenging 
experimental task. This was primarily due to the lack of an adequate monochromator 
crystal that possesses both the required x-ray and materials properties, such as large d- 
spacing, high resolution and reflectivity, UHV compatibility. damage resistance in a 
synchrotron radiation beam, absence of constitutcnt element absorption edges and 
stability, both thermal and mechanical. A recent successful development of a new YBM 
monochromator material obviates a number of these earlier experimental difficulties. In  
this paper the crystal structure and properties of YB66 relevant to the use Of Soft x-ray 
monochromator will be reviewed. The XAFS spectra of a number of selected model 
compounds containing Mg, AI and Si will be presented. Future monochromator 
development and prospect of XAFS experiments with YBa for high Z L and M- edges 
will also be discussed. 

References 
1. Joe Wong et al., Nucl. Instrum. Meth. &ELL, 243 (1990). 
2. F. Schaefen et al., Synchrotron Radiation News, 28 (1992). 
3. M. Rowen et al., Synchrotron Radiation News, m. 25 (1993). 

' High Resolution Nanospectroscopy wilh MAXIMUM: Photoemission Spectroscopy Reaches llie 1000 A 
Scale. W. Ng CL at., Nudear lnsuumcnu & Mehds (A) (1994) In press. 
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CROSS COLLIMATION: A NEW SCHEME 
FOR GRATING MONOCHROMATOR ALIGNMENT 

Z. Xu,* S. L. Hulbcn.** and 1. McNuliy' 

*Advanced Photon Source. Argonne National Lahoratory 
Argonne, IL 60439 

**National Synchrotron Light Source. Brookhaven National Laboratory 
Upton. NY I1973 

A simple scheme for precision alignment of grating monochromators is prescnted. The 

achievable resolution and limitations of the scheme are also discussed. By requiring each 

of two laser beams to be normal to the grating surface and collinear with the reflected 

beam from the other laser, the grating surface normal can be accurately made orthogonal 

to the monochromator spindle axis (roll adjustment). With the lasers set 150" apart and 5 

meters away from the grating. the alignment resolution of the roll axis is of thc order of 2 

arc seconds. The grating grooves and the mona'hromator spindle axis can be made 

parallel (yaw adjustment) then by aligning all the diffracted.beams of different orders 

(including zeroth order). A screen 5 m e w s  away from the grating yields a yaw resolution 

of the order of IO arc seconds. This scheme has been uscd to align the monochromators 

at X 13A and U 13U beamlines ai the National Synchrotron Light Source. 

This research was supported by the U.S. Department of Energy. BES Materials Scicnccs. 
under contracts No. W-31-109-ENG-38 and DE-AC02-7KH00016. 

GeoCARS Micro-Focusing Kirkpatrick-Baez Mirror Bender 
Development 

Bingxin Yangl, Mark Rivers and Wilfried Schildkamp 

Consortium for Advanced Radiation Sources, 
The University of Chicago, Chicago, Illinois 60637 

We present the design and initial test data on the GeoCARS microfocusing 
Kirkpatrick-Baez Mirror Bender. The bent mirror design is based on a 
Taylor series approximation of the ideal ellipse shape. The mimr has a 
focal length is 15 cm with a working length of 8 an. It is designed to work 
in the range of grazing incidence angle of 3 to 8 mrad with the shaping 
adjusted dynamically. Results of the shape measurement with a long trace 
profier will be presented. 

1) Present address: APS Argonne National Lab. 
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An Intensity Interferometer for Soft X-rays 

1. Yang, 1. McNulty, and E. Gluskin 
Advanced Photon Source, 

Argonne National Labomtory 
Argonne, IL 60439 

We designed and built an intensity interferometer to characteoze the 
spatial coherence of a soft x-ray undulator beam. The source size and shape 
can be determined from the measured coherence function. We anticipate that 
when this technique is mature, it will provide a useful diagnostic for high 
brightness x-ray beams. The instrument is 400 mm long and is mounted on a .  
standard 204 mm diameter flange. This compact design is readily adaptable to 
other beam lines with sources of sufficient spectral brightness. Details of the 
interferometer design and performance are presented. 

* Supported by the U.S. Department of Energy, BES-Material Sciences, under 
contract W-31-109-ENG-38. 
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X-RAY ZONE PLATES AND THEIR APPLICATIONS 

. I  JV. Yun, B. Lai 
Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439 

A. A. Krasnopemva, F. Cerrina 
Center for X-Ray Lithography, University of Wisconsin-Madison, Stoughton, 
WI 53589 

E. Di. Fabrizio, L. Luciani, M. F‘igliomeni, and M. Gentili 
CNR-IESS, Via Cineto Romano 42,00156 Roma, Italy 

In recent years, zone plates have been shown to be among the most promising 
x-ray focusing devices over a large spectral region. Many types of x-ray 
microprobes using zone plate as a focusing device are been developed. These 
techniques can be used to map spatial distributions of trace elements, crystal 
strains, crystall orientation, chemical states, and to image an object with 
submicron spatial resolution in all three directions. 

In this presentation, we will review the current status of zone plate 
development and discuss fiture possibilities. The focusing properties of a zone 
plate and their applications will be discussed in general and compared with 
other types of focusing optics. The development of a zone plate based 
microprobe and its applications for study of various material systems will be 
presented. 

* This work is supported in part by the Dept. of Energy, BES-Materials 
Science, under contract no. W-31-109-ENG-38. 
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COMPARISON OF NUMERICAL AND EXPERIMENTAL 
SIMULATION OF A BERYLLIUM WINDOW 

UNDER INTENSE HEAT LOAD 
*1.3 A. Gambi t ta ' ,  C. Poloni', A. Visintin' a n d  LZJUUW 

' Sincrotrone Trieste, Trieste (Italy) 
Dip. di Energetiea, Universiti Di Trieste, Trieste (Italy) 

I.N.F.N., Sezione di Trieste, Trieste (Italy) 

Beryllium windows are widely used in synchrotron radiation beam- 
lines as filters to absorb photons in the lower energy region or used as 
an interface between two different vacuum environments. In the X-Ray 
Diffraction beamline at Elettra the UHV environment of the front-end is 
decoupled from the high vacuum of the beamline by means of two differ- 
ent beryllium windows. The first one acts as a prefilter and will absorb 
most of the heat load, while the second is a safety, bent window against a 
possible overpressure due to accidental venting in the high-vacuum part of 
the beamline. We focalize our attention on the first window to evaluate its 
resistance to thermal loads by means of a finite element method analysis 
and an expenmental test with an electron gun assembly. This subject has 
already been studied by some research groups who have usually found a 
large discrepancy between experimental results and theoretical predictions, 
finding a higher resistance to thermal loads. To overcome this discrepancy, 
non-linear analysis in the plastic region of the material is developed taking 
into account the behaviour of the material as a function of temperature. 

A Simple Method for Wavelength Calibration of 
Monochromators with a Sine Drive 

Qiuping WANG. YunwuZHANG 
NSRL.Univ. ol Sd 6 Tech d China.Hdei. Anhui r50026. P 17. China 

1. Introduction 
A sine drive. converting the linear displacement to axis rotation, is ,widely used in 

SPeCt~OsCOpY for wavelength scanning. Its simplicity and possibility to make the wavelength 
proportional to the displacement are the main advantages. 

For the SR beamline,generaily there are several gratings which can be interchangeable in 
UHV.11 is a labonous task that making all gratings have the linear relation between the 
wavelength and the displacement. From the practical point of view, it is not necessary to do 
so. In this paper, we give out in whch case we can realhe the linear relation of A-X and how 
to calibrate the monochromator which has more than one grating by the Mting method,which 
has been used succesfully in the wavelength calibration of two monochromators at NSRL. 

2. Errors In She  drive and b characteristics 
If the sine bar is not perpendicular to the direcb'on of displacement. the e m r  is 61 and 

the driving plate is not perpendicular to the direction of displacement, the e m r  62. It is easy 
to get the expression for displacement X and its rotation angle a: 

6(=6142) means the angle between sine arm and driving plate at X=O. Le(=L/cos62) is the 
effective sine arm length.L is the sine arm length. This k the intrinsic relation between the 
displacement and angle in a sine drive. 

3. Wavelength calibration 

X=Le(sin(a-O)+sinB) (1) 

According to the grating equation for the 1st inside spectrum. 
A=Csina (2) 

in which C: =2dcosk A: monochromatic wavelength behind the exit slit d: grating rulings 
seperation k: half extending angle of the grating a: grating angle turned from zero order. 
From (1) and (2). we have 

Ivx=(C/Le)(cos6-sin6tg(a/Z)) (3) 
As shown above, if  the extending angle 2k of the grating is constant for the whole 

wavelength, the only way to obtain linear A-X relation is to make C O .  
Indeed. it is a simple matter to get A-X in linear relation for one grating. But in SR 

beamline. Often there are more than one grating adopted in monochromator.lt is arduous to 
obtain the linear A-X relatiin for every grating at the same time. We must do the adjust- 
ment and measurement repeatedly for all gratings. 

In fact, (2) and (3) are the basic relations of wavelength and the displacement.After we 
measured at the known wavelength and its displacement Xi(e3),the varible parameters 6. 
C and Le in (2) and (3) can be determined completely. 

where Xi'=Le(sin(a,B)+sinO).ai=sin-'(~~C),Xi and 4 are measured values of displacement 
and wavelength,By iterating the vanble parameters of 6, C and Le, it is possible to reduce (4) 
to a minimum Substituting the above parameters into (1) and (2). the wavelength A at any 
position X of the sine drive is determined. Thus we only need to measure a set of Ai and Xi 
one time for each grating. This method is suitable for all monochromators utiliiing a sine 
drive as the wavelength scanning apparatus, whether or not the angle k is constant. If k is 
wavelength dependent, the A-X has no linear relation even for the case 610. The fitting 
method is viable, too 

Let F(6. C. Le)=Z(+X$, i23 (4 ) 
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Development of a Hard X-Ray Imaging Microscope 

U, W. Yun. Y. Xiao. L. Yang. and 2 Cai 
Advanced Photon Source, Argonne National Laboratory, Argonne. IL 60439 

A. Krasnoperova and E Cemna 
Center for X-Ray Lithogaphy, University of Wisconsin-Madison. Stoughton, W153589 

E. DiFabrizio. L. Luciani. M. Figliomeni, and M. Gentili 
CNR-IESS. Via Cineto Romano 42.00156 Roma. Italy 

Abstract 

An imaging microscope using a phase zone plate for hard x-rays has been 
developed and tested. The zone plate, with a 5-cm focal length and 0.2 pm smallest 
linewidth. was used to image 8 keV x-rays from the samples. Compared to scanning 
probe, imaging microscope can offer advantages such as parallel detection, easily 
adjustable magnification, nearly diffraction-limited resolution over the entire field, and 
reduced sensitivity to source size and source,motions. In the simple case, an imaging 
microscope can be set up with a small divergence beam and a CCD camera. For more 
divergent beam, condenser optics can be used upstream of the sample. We had tested 
both geometries and resolution better than 0.5 pm was obtained in either case. The 
images were all obtained with an exposure time of less than one minute, for a 
magnification factor of 20-30 for the x-rays. Another magnification of 7 times was 
obtained by converting the x-rays into visible light and then using a lens system coupled 
to the CCD camera. The results from both arrangements of the imaging microscope will 
be discussed and possible applicatiqns will be assessed. 

This work is supported in part by the Dept. of Energy, BES-Materials Science, under 
contract no. W-31-109-ENG-38. 
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Dcvelopiiient of X-ray TV Detectors wi th  Image In tens i f ie rs  
for Diffraction Exper imen t s  

-1, N. Yagi*, Y. AsnnG, K. 1101, S. Kishimotol, 
K. Wakabayashi4, T. Uekis, and T. Endo6 
1 Photon Factory, KEK 2 Tohoku Univ. 3 JAERl 
Osaka Univ. 5 Riken 6 Hamamatsu Photonics K.K. 

Although the imaging plate has excellent performance as an X-ray a m  detector, it is 
neither suited to rime-resolved nor real-time measurements . The advantage of the X- 
ray TV detector is that I )  it is well suited to time-resolved and real-time measurements, 
2) i t  is free from count-rate limitation unlike gas area detectors such as MWPC, and 
that 3) the relnted technologies which have been long accumulated arc expected to 
develop fiirther in the war future. 

The X-ray TV detector consists of i) an image intensifier, ii) an optical coupling. iii) 
an image sensor (camera), and iv) a data acquisition system. An X-ray image is 
convened to intensified and de-magnified visible-light image by the image intensifier. 
Then the visihle-light image is viewed by the image sensor such as a cooled CCD 
camera or a TV-rate (30 frames/.wond: NTSC mode) CCD camera through the optical 
coupling. The output from the image sensor is digitized and stored in  the data 
acquisition system. The mle of the image intensifier is I )  to enlarge the active ana size 
of the TV detector. 2) to improve the detective quantiim efficiency (DQE), and 3) to 
impmve the dynamic range for the X-ray detection. Figure shows the diagram of our 
X-ray TV deteciors which have been developed under the R & D pmject. 

One of the major developments in the pmject is concerned with the fabrication of a 
large aperture X-ray image intensifier (1.1.) which has a beryllium (Be) entrance 
window. It has an aperture of 150 mmo or 230 mmo with a 1-mm thick Be window. 
The Cs1:Na phosphor of 150 pm thickness is attached directly on the inner surface of 
the Be window. The Csl:Na crystals are made in a columnar shape along the direction 
normal to the phosphor surface so that the undesired light scattering within the 
phosphor in the lateral direction is minimized. A bi-alkali (RbCsSb) photo-cathode is 
evaporited onto the inner surface of the Cs1:Na phosphor. Incident X-rays are 
efficiently transmitted through the Be window (80 % for 8 keV X-rays), and are 
converted to visible photons by the phosphor. Then they are converted to 
photoelectrons with the photo cathode. The photoelectmns are accelerated so as to 
prodiice :in intensified visible im:ige on an output phosphor. Owing to the photon gain 
of the X-riy 1.1.. i ~ s  mimy ;is 550 visible photons per :in 8 keV photon are incident to 
the CCD. This value is 1:irge enough to employ a TV-riite CCD camera with its noise 
qu:inttim-liinited. This enables u s  to record time-resolved diffraction patterns at a rate 
of 30 fr:imes/second. The dynamic range of the Be-windowed X-ray 1.1. is of 4 
orders of m:ignitude. The X-ray TV detector has the non-uniformity of response and 
the im:ige distortion to be corncted by sofiwiire. 

The detailed perfoniiance of the X-ray TV detectors will be described together with 
pre1iniin:iry applications to time-resolved X-ray diffriiction experiments. 
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FAST ONE COORDINATE X-RAY DETECTOR 

V.Aulchenkq S.Baiu, Yu.Veliluanin, MDubruvin, 

Budker Institufc of Nuclear Physics 
Novosibirsk, Russia 

S.Ponomarev, Yu.Usov . I  

The new detector OD-3 is under testing now. Tk multiwirc proportional chamber and 
c l m n i c s  of OD-3 differ essentially from those of the old O D 2  /l/. The MWPC of 
OD3 has a drift volume and the coordinate of quantum along the anode wirt is 
detected by measuring the charge induad on the stripsofthelower cathode plane 
dinctcd to the object unda  investigation for parallax elimination. 
The signals from the strips preliminary amplified and shapcd by the low noice front- 
end electronics arc transmitted to the Main Orate via scnened twisted pairs and aftcr 
additional amplification and shaping an continuously digitized by FLASH ADC’s 
under 40- common clock control. 
Detection and selection of the signals fmm the Certain quanta is rtalized in the logic 
part of the electronics using pulse height, time and coordinate cuts. All main trans- 
formations of data an di in the Processor Unit using tables written in the RAM. 
Then are several modes of operation which allow one successively accumulate in the 
inmmental RAM 16,32 or 64 frames by 4, 2 or 1K channels respectively. The framc 
can contain full scale, any part or several parts of scale. The fram tim is con- 
trolled by external limer and it’s minimum duration is Imks. The Inmmntal RAM 
consists of fast and slow parts with common size 64kx29 bits and loMHz operation 
rate. 

Main design parameters of OD-3 detector 

- inlet window (beryllium) 200xI0mm*2; 
-detection angle 30 degree; - scale 3200 channels; 
-channel width 1.6xIOE-4 rad (6Omkm); 
-coordinate resolution V.W.H.M.) 4.5xIOE-4 rad; - diffenntial nonuniformity (R.M.S.) 1.5%; 
-counting rate (50% losses) 

- excessive pressure in chamber 

1. V.M.Aulchenko, 1.G.Feldman et al. One coordinate X-ray detector OD-2. Nucl. Instr. 
and Meth. in Phys.Reserch, v.A261(1987),78-81. 

10E7 cvcntslsec; - energy range 3-20 kev; 
0-3 am. 
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ONE- AND TWO-DIMENSIONAL X-RAY DETE<JTOR SYSTEMS AT NSLS 
BEAM-LINE X12B, FOR TIME RESOLVED AND STATIC X-RAY 

DIFFRACl'ION STUDIES 

M. S. Capel, G.C. Smith and B. Yu 
Brookhaven National Laboratory 

Upton, NYI 1973-5000 

Abstract 

X-ray detector systems, both one- and two-dimensional, have been designed 
and built according to gas proportional chamber principles for small angle scattering 
studies of biological and polymer samples. The major instrument, a two-dimensional 
detector with delay-line readout on both axes, has count rate capabilities approaching 
106 s-1, very low differential non-linearity, position resolution of about 100 pin for 
X-ray energies from 5 to 15 keV, and exceptional stabidity in the position response. It 
has been operating almost continuously for the last two years. We present a 
description of the detector design philosophy, the characteristics of the TDCs which 
were speciscally designed for the position readout, and the data acquisition. We 
emphasize partiwlarly those aspects of the system which require careful design to 
ensure these detectors are capable of operating stably at very high rates for long 
periods of time, and therefore result in devices which are generally superior in 
performance to those available commercially. 

Results are presented fiom dynamic and Static studies carried out at beam line 
X12B which illustrate the benefits that gas proportional detectors possess, compared 
to other types of detector, for specific experiments, particularly those concerned with 
time resolved phenomena. 

An outline is presented of plans for future, higher rate detectors (in the region 
of 108 s-l), with emphasis directed to dynamic studies with biological molecular 
structures. These new +ems are based on position encoding techniques that are 
presently being developed for high rate, high multiplicity, particle experiments in high 
energy and nuclear physics., Sophisticated interpolating cathode structures will be 
used, together with multi-chahnel fiont-end electronics designed in monolithic form. 

Experimental verification of the three-dimensional diffusion 
effect of x-ray-produced charges in semiconductor 

x-ray detectors on the quantum-efficiency enhancement 

T. ChQ, J. Kohagura, M. Hirata, Y. Sakamoto, K. Yatsu, T. Tamano, 
S. Miyoshi, K. Hiran@), A. Yagishitaa), H. Maezawaa), Y. Saitohb), 

K. Satob), S. Miyahad,  T. Kondohd). S. Tanakac). R. Sniderf) 
Plasma Research Centre, University of Tsukuba, Ibaraki 305, Japan 
alphoton Factory, National Institute for High Energy Physics, 

b)Seiko Instruments Inc. 
d)Japan Atomic Energy Research Institute, Naka Fusion Research 

e)Fukui National College of Technology, Fukui, Japan 
Neneral Atomics, San Diego, California 92186 

Tsukuba. Ibanki 305, Japan 

Establishment, Ibaraki, Japan 

c)Seiko EG&G Co. Ltd. 

We proposed a new theory on the x-ray energy response of a 
semiconductor x-ray detector [ 11; this theory provided the 
interpretations of the recent finding of a contradictory evidence against 
the conventional understanding of the semiconductor x-ray-sensitive 
layer (i.e. the depletion layer) [2]. 

The essential physics principle of this theory is based on the 
three-dimensional diffusion effect of x-ray produced charges in a 
semiconductor field-free substrate region. It is found and reported in 
this paper that the quantum efficiency of a semiconductor x-ray 
detector is enhanced when this phenomenon is taken into account. and 
the data on the semiconductor detector using monochromatized 
synchrotron radiation from a 2.5-GeV positron storage ring at the 
Photon Factory of the National Institute for High Energy Physics are 
well fitted by the theory. Using this theory. we fabricated a new 
detector in a commonly employed "photodiode" shape for the 
experimental verification of this theory; the enhanced quantum 
efficiency of 50 % at 20 keV compared with that for a commercially 
available silicon-surface-bamer (SSB) detector is demonstrated using 
the same thickness of the depletion layers. 

In addition to such an improvement of quantum efficiency of the 
x-ray detector, we measure the diffusion length of the detector using a 
precisely collimated x-ray narrow beam and a multichannel detector 
array having pm-order position controller mechanisms (the x, y, z, and 
&direction controller). Verification of the consistency between the 
value of the diffusion length from this direct observation and the 
predicted value of the diffusion length from our theory on the quantum 
efficiency, as well as its observed value from the photoluminescence 
method using a laser beam has been attained for the first time. 
[ 1]T. Cho et al., Nucl. Instrum. Method A (to be published). 
[2]W. J. Price, Nuclear Radiation Detection 

(McGraw-Hill; New Yo&, 1964). 
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A low prusurc parallel plate proportional counter optimiztd for detection of 
Nitrogen fluomeencc 

T. Crowdcr and €I. Ade 
Department of Physics, Noah Camlii State University, Raleigh, NC 27695 

Detection of Nitrogen fluorescence at 400 eV has been difficult with proportional 
countirs using polymer windows due to the low transmission of photons at this energy by 
carbon based compounds. Typically two polypropylem films in a df imt ia l ly  pumped 
arrangement arc wd [I]. We have chosen a single 230 pm silicon nitride film as a 

therefore possible to operate the detector in a UHV environment The Si3N4 window has 
the filrtha advantage of efficient N fluorescence detection, while effectively filtering 
lower energy fluorescence. Energy resolution at the nitrogen fluorescence encrgy will be 
discussed as will applications. 

Acknowledgments: We thank Graham Smith and Erik Johnson of Brookhaven National 
Labs for their advice and stimulating conversations. 

window. It can withstand atmospheric pnssun and has uttrcmely low gas leakage. It is 

References 

[l] D.A. Fischer et al., Proc. SPIE 733 (1986) 504. 
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Dead time correction and 
systems using an incoming munt rate monitor. 

AJ. Dent, G.E. Derbyshk, G. Dent. R.C. Farrow. 
EPSRC Dambury Laboratory. 

AhsmlcI 

normalisation in germanium solid state detector 

'Ihe ratc limitation of a photon countkg gumaoiUm solid statc detector system is e c l y  
dckmhed by theshaping timc of theamplifitr,whicbis m tum set by the mquind systcm 
rtsolution. ?his rate limitation arises because when an event passes into the shaping 
amplifitritis paralysed for atime =fund to as the dead tim, which is a function of the 
shaping time. If any further events pass into the shaping amp& during this time, one or 
both events may be corrupted or loa This phenomenon is knm as p u k  pik-up. 
However, if we use an incident count ratc monitor (rCR) which gives an 8ccmtc 
indication of the incident photon ratc but no encrgy information, we can comct for any 
pulses lost in the shaping amplifier due to pileup. ?his allows us to run the detector 
system at higher rates and still =tab throughput linearity. This has been shown by the 
wok of Zhang et al [I]. The authors also showed that with nspcct to EXAFS, the loss of 
linearity due to pulse p&-up at high rates has two main effects 1) The EXAFS 
oscillations and edge step height are miwed and 2) noise and glitches pnsent in b do not 
normalisc out 
We have extended this work to higher input count rates and in addition to uShg the 
paralysable model to comct for the loss of throughput liowity as the input rate incrwes, 
we have also used the ICR monitor to give us an lo value which when itself comcted can 
give imp:ovements over an ion chamber b in nocmalisiog nc% and glitch out. 
Data has been taken with station 9.3 on tfsc SRS at D w b q  Laboratory using 18mM 
CUN03 solution at ICR values of 20,47,84.120 ad 180kHt In addition data has also 
been taken for 0.02 at% As implanted tu lum depth m a-Si using rtflaafs. ?his data was 
mUlecocd at I2OkHz as opposed to the usual 4OkHz and Mnmalised using these 
techniques. 
We will show using this data that using pile-up correction and an ICR b. the -ty of 
the system can be retained at higher count rates and thus significant improvements in the 
signal to ~,oisc ratio can be gained. 
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Measurements of an absolute spectral sensitivity of X-ray 
semiconductor detectors in the photon energy range of 1.5-15 keV 
with the use of "white" SR beam of the storage ring VEPP-3 

I.P. Dolbnva, 0.A Makarov, N.A. Merentsev, V.F. Pindyurin, 
A.N. Subboth# 
Budker Institute of Nuclear Physics. 630090 Novosibirsk, Rusria 
IIIiistitute of Eprimental Physics. 607200 Amm-16. Russia 

The results of measurements of an absolute spearal sensitivity of silicon 
semiconductor detectors (SSD) in the X-ray quanta energy range of 1.5-15 keV 
are presented. The detectors under calibration procedure have been placed into the 
direct "white" synchrotron radiation (SR) beam from the bending magnet (1.7 T) of the 
storage ring VEPP-3. The spectrum of X-radiation has been changed with the using 
of sets of filters made from lavsan (mylar), polychloMni1 and aluminium foils. The 
spectrum could be also changed by the tuning the energy of electrons in the storage 
ring. The possibility of exact calculation of SR Spectrum on the calibrated detector 
under its irradiation in different conditions allows to resolve a system of Fredholm 
integral equations of the first kind on the dependence of unknown spectral sensitivity 
with respect to detector's currents registered [I]. The solution of such a system has 
been found in a parametric form. The correction of the kernel of integral equations 
(SR spectrum) with the regarding to the vertical angular spread of electrons has been 
carried out in assumptions that the function of the angular spread of electrons has the 
Gaussian type and the resulting vertical angular dependence of SR spectrum is a 
convolution integral of the angular-energy own function of SR source and the 
electron's angular spread function. Such a correction can be made (without the solution 
of integral equations) by simple measurement of a dependence of a signal from the 
detector vs. its vertical angular position in a conditions when this dependence is mainly 
determined by electron's angular spread function than the own SR angular spread 
function. These demands are satisfied when the hard part of SR spectrum is only 
registered, Le. that the proper thick absorber is located before the detector. 

The measurements of the vertical angular spread of electrons in the bending 
magnet and in the wiggler-magnet have done. The Mo-absorber with a thickness of 
0.1 mm and SSD were used in mwrements  for the bending magnet source (the 
electron's energy of I .2 Gev). The same Mo-absorber, AI-absorber with a thickness of 
1 cm and ionization chamber filled 'th nitrogen under normal pressure were applied in 

The analysis of possible experimental errors on the result of the restoration of 
SSD absolute spectral sensitivity are carried out and described. The achieved error of 
measurements for an energy and a current of electrons in the storage ring, the bending 
radius and the angular spread of electrons on the orbit in a source point, the 
transmission of SR through the filters, geometrical sizes, etc. allowed to restore the 
SSD absolute spectral sensitivity with the resulting error of not worse than 10% in the 
total photon energy range under the study. 

measurements for the wisler-mag ;r" kt (2 T) source (2 GeV). 

Measurements of time parameters of X-ray semiconductor detectors 
with the use of synchrotron radiation of the storage ring VEPP-3 

I.P. Dolbnva, V.F. Pindyurin, AN. Subbotid 
Budker Institute of Nuclear Physics, 630090 Novosibirsk Russia 
#Imtitute of E p r i m e n u l  Physics, 607200 Anumas-16. Russia 

The method of measurements of h e  parameters of X-ray detectors with the 
use of specific pulse peculiarities of synchrotron radiation (SR) is introduced and 
developed. The results of measurements of time characteristics of pulse silicon 
semiconductor X-ray detectors (SSD) with the using ofthe "white" SR beam produced 
by the wiggler-magnet (2 Tesla) of the storage ring VEPP-3 are presented. The 
stroboscopic oscilloscope was employed to register X-radiation flashes. The signals 
from the oscilloscope for the further data processing have been delivered to the 
PDP-lln3 computer via CAMAC modules. The preliminary amplitude and time 
calibration of the oscilloscope was performed with the using of generators of precise 
amplitude and precise frequency, respectively. The comparison of results with 
independent measurements on the powerful pulse X-ray tube MIRA-2D was carried 
out. The comparison of impulse and static regimes of the SSD operation has b w n  
performed for the aim of absolute spectral calibration. It was shown that if the time 
dependence of SR flash, impulse time characteristic function of the detector and 
distortions of the cable registration track are taken into account then there is possible 
to obtain the pulse parameters of X-ray detectors with the time resolution of not worse 
than 0.5 nsec. 

References 
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A N Subbotin. Rev Sci Instrum 63. No.1 (part 2A) 685-688(1992) 
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X-RAY SIGNAL PROCESSING ELECIRONICS FOR SOLD STATE DEECIORS 

R Farrow. G.E Dcrbyshirc, B.R Dobson, A.J. Dcnf D. B o a .  J. Hudspith, R. Lawton. 
W m s b u r y  Laboratoly. 

M. Martini, K. Buxton. 
EG&G ORTEC ttd. 

With went improvements m synchrotron sources ad X-ray optics great pnssuns have 
baen placed on detector systems to produce higher count rates and better resolut20ns. 
Preseat high performance 13 element d u m  detector systems can give ruLSOnable 
count rata with good nsolution ( - 1 8  16 pu and - zkv @ '  

with 0.5uS shaping time). Howevcr, thest systems are nshicttd by limitations in 
both the detector and m the analogue pulse p m x s i n g  after tbe detector. With nspcct to 
the detector, increasing the number of channels without degrading the energy nsolution i s  
a great challenge due to incnascd msstalk and capacitance. The analogue pulsi 
proassing elccctroNcs are significantly Limited by the dead time introduced by the shaping 
amplifier. This dead time causes pulse pile-up at  hi@ ram which leads to non-linearity 
and poor nsolution. 
This paper describes the XSPRESS system which has been developed at Dansbury 
Laboratory for the new Wiggler II beandhe 16. This systcm ovemmes previous knits m 
both signal proassing and detector fabrication to &e gnu improvements in system 
performaxe. The signal processing electronics departs from standard analogue ptoassing 
techniques and employs sophisticated edaptive digital signal p e  hardware to 
duct the dcad time associated with each event to a minimum. This VME bascd 
technology allows us to vastly incnart the count ratc for each channel yet still ntain the 
a b i i  to gain very good nsolution. The detector has been developed thmugh a 
cofiaborative agreement with EG&G ORTEC and packs an u n p d c n t e d  30 g e d m  
crystals into an extremely small am W h i  still ntaining the energy resolution of smaller 
arrays. 
?his system has i n c d  throughput rate by nn d e r  of magnitude per channel and when 
all channels are implwmntcd, an inacasc of at l a s t  two orders of magniude for the 
whole army should bc seen 
Data has been taken using system on the SRS at Dambury Laboratory and these 
results will bc given along with h detailed wtphnation of the operation of chis system. 

The experimental photodiode-array unit 
for ultrahigh-resolution recording of X-ray images 

. I  
Fedotov M. G. and Panchenko V. E. 

Instituk of Nuclear Physics, 
630090 Novcxibirsk, Rusia 

The solid-stak X-ray imagers (photodiode arrays, PDA, and charge-coupled d c  
vices, CCD) which are now used have a gcometricd resolution defined by their 
bensitivcpixel sizes and being from 10 up to 20 microns that is considerably worn 
than the resolution of photoemulsions (0.1 - 1 micron). 

There is dar ip t ion  of attempt to creak the rfcording unit with the spatial resD 
lution comparable to that of photoemulsions; the first rclults of k t i n g  of the unit are 
dexribed. The last has bem done on the basis of the PDA conlaining 1024 sensitive 
pixels which have ISC-miuons height and are positioned with 25-microns skp .  The 
feature of given PDA consists in presence of the individual charge- sensitive amplifier 
in each pixel. This allowed to realize an algorithm of the digital double correlated 
sampling and to remove K?C noise which, under ordinary conditions, limits the PDA 
sensitivity. For diminishing the noise level, the unit is provided with the double 
correlakd-sampling analogous chain, which r e m o w  l/f noises of the on-clrip read 
preamplifiers as well as p ~ n e s s s  the LF-filkr qualities, and with cooling of the PDA 
by means of the two-stage batkry of Peltier cells. 

The unit ha3 been k k d  in the niodc of the inkgrating X-ray imager. I t  is ex- 
pected, by corresponding compukr processing of the scparak X-ray photon absorp 
tion cvents, one will succeed in dekrmining of each event coordinak while allowing 
for the signal charge distribution bctwccn pixels due (a diarge dimusion in the PDA 
substratum. 

' I  
! 
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The system of fast one-dimensional X-ray cinema with 
direct registration and stora e of images by the matrix cc6 

Fedotov M. C. and Panchenko V. E. 
Institute of Nudear Physics, 
630090 Novosibirsk, Russia 

A recording syskm on the basis of the matrix CCD and first results of its Lcsb 
ing are described. The system is intended for fast registration (from 10 up to 100 
microseconds per an image) of limited series (100 through 500) of oncdimensiond 
X-ray images. Hen the CCD is used for direct registration of X-rays as well as for 
accumulation and shorbtime holding of oncdimensiond-images bulk. Afkr comple- 
tion of registration, storaged images are transformed into electric signal. digitized nnd 
transmitted to a computer. 

There is consideration of the system speed main restrictions conditioned by both 
matrix-CCD electric parumekrs and chargcdiflusion eflccta in substratum; the meth- 
ods which allow to diminish these restrictions are considered too. 

i 

Multi-Element Detector for Sub-Millisecond Time-Resolved X-ray Diffraction: 
Fast Plastic Sdntillator Fiber Array with Parallel Read Out. 

G. bsenbaumt and J.K. Elasid 
Bioshuctures ~ t u t e ,  ~ n i v e r ~ l t y  city science Center and *Department of chemistry, 
University of Pennsylvania, Philadelphia, PA 
t Cunent Addless: Structural Biology Center, Argonne National Laboratory, Agonne, IL 

Time m l v e d  X-ray diffraction experiments require the high flux available at synchrohon 
radiation soufces in order lo rccord data of high statistical quality on submillisecond and longer 
time scales. Them pnsently is no two-dimensional position sensitive X-ray detector that can 
both record the high flux available and time slice on submillisecond time frames. The Multi- 
Element Detector (MED) was designed to bridge the gap between detectors such as CCDs and 
proportional wire detectors for time-raolved X-ray diffraction experimenk. 

The design of the MED incorporates 128 independent channels of fast plastic scintillator 
fiben which are mad out in parallel via photon counting elcctmnia. We are presently using 
sdntiIlator fibers (BCF-IO, Bicron Corp. ) of 1 x 1 mm a a s s  section which are arranged to form a 
linear position sensitive detector with an active area of 1 nun by 128 mm An advantage of this 
design is that the X-ray sensitive front end is constructed of datively inexpensive materials, 
and one can scchange the front end to match the detection geomeby of a particular experiment. 

'Ihe maximum useful a u n t  rate Is limited to -10 MHz per channel at a 10% dead time loss. 
Thusthe~~nicdyMmicrangecancxceedsixordersofmagnitudedueto !helowdarkcounts 
of the 1/2 inch diameter PMTs. Diffraction p a t t m  can be recorded in up to 1024 contiguous 
time frames of 16 m i u o m n d  minimum duration with only 2W nsec blind timebetween frames. 
Noncontiguous time frames of 1 jmx minimum duration can be spaced as cIosely as 16 psec The 
sdntilktion eff~ency coupled with the numerical aperture of the fiben and the photocathode 
efficiency results in an overall quantum efficiency of -SO?& 

Figure 1 shows diffraction patterns obtained with the 16-channel prototype detector and 
FUJI Imaging Plates for comparative purposes. The meridional diffraction pattems were 
obtained by stepping the grazing angle of incidence, (D and recordi the intensity as a function 
of 20. The maximum intensity of tlw (001) rellection at q = 0.0181 3 was 3.4 x 106 cps. q t i c d  
moss talk on the order of a fcw percent exists ktwecn adjacent channels. Thus the MED data 
shown have been cornled for cross talk and uniformity of paponsc. 'Ihcse diffraction patterns 
dearly demonstrate the ability of the MED detector for recording X-ray diffraction patterns at 
high incident rates. The full 128-channel version of the detector will be ~ o ~ t r u ~ t e d  from such 
16-channel segments as soon as the moss talk problem has been mdved. 

Figure 1. Meridional X-ray ..wOI.O1 

, WI.~, 

difhction patterns recurded form 5- 
bilayer Langmuir Blodgett multi- 
layer films of Ba-arachidale a s  
function of q = 2sin(O)/)i. Thc 16 
channels of the MED wen! positioned 
at two different 20 values, and the 
patterns were appended together lo 
provide the 32 channel pattern. The 
pattern obtained with the FUJI IP 
was scaled to approximately the C: 
same intensity of the maxima of thc 
pattern recordcd with the MED. 

This work was performed on beamline 
X9B at NSLS and is supported by 
NlH grant RR01633. 
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A newly developed multilayer semiconductor x-ray detector 
for the observations of wide energy-range x rays 

Generalised Calibration and Correction of Distortions in 2-D 
Detector Systems with Application to the Molecular DynamicsTM 
Imaging Plate Scanner and the ESRF X-Ray Image Intensifier/ 

CCD Detectors 

A P Hammersley, S 0 Svensson, A Thompson 

Abs t r ac t  

A flexible modular system has been developed for the calibration and correction 
oE spatial distortion, intensity Linearity, uniformity of response, and image plate de- 
cay, in area detector systems. The "system" consists of both a variety of calibration 
techniques and software. The approach has been applied in detail to two differ- 
ent types of detector system which present appreciable distortions: the Molecular 
DynamicsTM Imaging Plate scanner, and the ESRF developed X-ray Image Inten- 
sifier/ CCD read-out detector system [I]. Some of the techniques have also been 
applied to other imaging plate scanners and other detector systems. 

A. T h e  Molecular DynamicsTM Imaging Plate Scanne r  (Model 400E): 
With suitable calibration and application of corrections to  scientific data  the MD 
scanner system has been shown to give comparable scientific results to the MarResearchTM 
scanner in laboratory protein crystallography test experiments. With this success the 
MD scanner has been used in avariety ofsynchrotron radiation scientificexperiments. 
Both the calibration methods and the scientific results will be presented. 
B. T h e  ESRF X-Ray Image Intensit ler/  CCD Detector: This type of 

detector is potentially a very important development in X-ray detectors, but one 
which inherently causes very large spatial and uniformity of response distortions. 
The success of this detector depends on calibration and correction of scientific data. 
With the addition of non-magne ic calibration grids, the same techniques have been 
applied to these detectors. A lab 1 atory experiment has shown that data from a pro. 
tein crystal (tetragonal lysozyme) can be successfully corrected and integrated, and 
further synchrotron radiation experiments are being performed. Both the calibration 
methods particularly important for these systems and the scientific results will be 
presented. 

[l] A P Hammersley, S 0 Svensson, and A Thompson, "Calibration and correction of 
spatial distortions in 2D detector systems", Nucl. lostr. Metb. Section A, 1994, In Press 

M. Hirata, T. Cho, J. Kohagura, K. Yatsu, T. Tamano. 
T, Kondoha), Y. Saitohb), K. Satob), S. Miyaharac). K. Hiranod), 

H. Maezawad). and S. Miyoshi 

Plasma Research Centre, University of Tsukuba, Ibaraki 305, Japan 
a) Japan Atomic Energy Research Institute, Naka Fusion Research 

Establishment, Ibaraki, Japan 
b) Seiko Instruments Inc. 
d) Photon Factory, National Laboratory for High Energy Physics, 

Ibaraki 305, Japan 

C) Seiko EG&G Co. Ltd. 

For the purpose of the developments of wideenergy-range- 
sensitive x-ray detectors, we design and fabricate a new-type multilayer 
semiconductor x-ray detector using our new theory on a semiconductor 
x-ray detection efficiency [ 11. This new-type detector is characterized 
using synchrotron radiation from a 2.5-GeV positron storage ring at 
the Photon Factory of the National Laboratory for High Energy 
Physics (KEK) [2]. This new detector is essentially composed of the 
multilayers of 4 or 6 commercially available photodiodes. Each 
photodiode is made by a 300- or a 515-pm thick, and a lOxlO-mrn2 or 
a 20x20-mm2 square-shaped wafer. 
For the common use of these individual photodiodes, the quantum 
efficiency q begins to decrease from (8-10) keV, and then q decreases 
down to a few tens % at 20 keV. 

On the other hand, for our newly designed detector a significant 
improvement of q - 100 % in the 10-20-keV energy regime (Beam 
Line 15C at the Photon Factory) is observed, and even at 100 keV q > 
30 % is still anticipated. This new x-ray detector has the following 
various characteristic advantages: (i) compactness being available to a 
multichannel-detector array, (ii) an outgas-free detector for a high- 
vacuum use, (iii) high degree of immunity to ambient magnetic fields, 
(iv) no need of new technologies and new devices for the fabrication of 
this special-shaped multilayer detector. Furthermore, (v) the 
combination of the x-ray-signal output from each layer provides the 
information on the electron energies. These advantages lead to make a 
new x-ray-tomography detector array under a high-vacuum and a 
strong magnetic-field conditions particularly for the identifications of 
wide-band x-ray-emitting electron distributions including high-energy 
plasmaelectron distributions. The detailed structure and the detailed x- 
ray response of the new-type detector are presented at the conference. 
[I]  T.Cho, M.Hirata er al., Nucl. Instrum. Method A (to be published). 
[2] M.Hirata et al., Nucl. Instrum. Method B 66, 479 (1992). 
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Recent developments in the avalanche photodiode (APD) X-ray detector 
for timing and fast counting measurements 

Shunii KISHIMOTO 

Photon Factory, National Laboratory for High Energy Physics 
Oho 1-1, Tsukuba-shi, Ibaraki-ken 305, Japan 

An APD ddcdor using a new silicon device has been developed for X-ray timing 
measurements. The device, S5343, devcloptd by Hamamatsu Photonics, has an excellent time 
resolution of 100 ps and has only a short tail, or a width of 1.4 N at 10-5 maximum. Its 
depldon layer is 10 pn thick and the -ion a m  is 1 mm in diameter. A small peak 
adjacent, 2 N apart, to the main peak can be clearly rcsolved by using the detector in 
observing the bunch structure of the Photon Factory ring. Ameasurement of the purity 

txtwcen the main bunch and the second one to thc order of 10-9 was successhlly executed with 
the dacctor as an application to the bunch-purity monitor. As another application of the dwice, 
an APD ddcdor of 4 4  multi-array type has ban tested for X-ray timing measurements, 
which nceds a sub-nanosccond timc resolution and a tail as short as possible in the rcsponsc 
hnction of the ddedor. 

The APD ddcctor has also a property for fast counting to the order of 108 counts per 
second bccause its output width is shorter than a few nanoscconds. The count-rate property 
has bcen examined by using synchrotron radiation beam and an APD dwice of C30817E 
(EG&G Optoelectronics), which has a depletion layer of 100 thick and a detection area of 1 
nun in diameter. The result shows that the count-rate rwponse can be expressed by a 
paralyzable model of k=2 in the pulsed bcam counting. given by 

where m is the o b s e d  rate, n is the true rate, f is the frequency of the pulsed bcam and E is 
the efficiency of the dctcaor. The number of k(=1,2;..) is determined by a d u d  time, T in tlie 
counting system, Le., r < (Wf). A tandcm-typc ddodor ( 4 4 ,  arranged in parallel with the 
bcam direction) using thicker devicd and a CAMAC counting system is prepared to detect X- 
rays to a high count-rate of IO8 cps with an efficiency larger than 80% at 17.5 keV. 

Detection characteristics of an  ultra-low-energy-measurable 
pure-germanium detector for a pulse-height-analysis 

and a current-mode observation 
in the 100-eV photon-energy region 

J. Kohaya ,  T. Cho, M.Hirata, K.Yatsu, T. Tamano, 
A. Yagishita*, and H. Maezawa* 

Plasma Research Centre, University of Tsukuba, Tsukuba, 
Ibaraki 305, Japan 

* Photon Factory, National Laboratory for High Energy 
Physics, Tsukuba, Ibarakj 305, Japan 

In the energy range from one keV down to a few hundred eV. a 
newly developed "ultra-low-energy-measurable" pure-germanium 
detector for a pulse-height-analysis and a current-mode observation has 
been characterized using synchrotron radiation monochromatized by a 
grasshopper monochromator [ l ]  at the Photon Factory of the National 
Laboratory for High Energy Physics (KEK) for the first time. 

tried to be carried out using several types of "windowless" Si(Li) 
detectors for the necessity of these photon observations. These 
detectors, however, unfortunately had several troubles including 
temporal variations in the quantum efficiencies because of their 
detector-surface deteriorations due to various im urities in vacuum. 

Our pure-germanium detector has a 3000- thick polymer 
window metalized by a 400-A thick aluminum supported by a 1OO-pm 
apart silicon-ribbed structure. However, for this liquid-nitrogen-cooled 
detector with the special window, its actual energy-response data are 
not available at this time. Therefore, the detailed studies of its 
characteristics are reported particularly for the purpose of the reliable 
realization of pulse-height-analyses in such a lowenergy photon 
regime. The present report includes (i) the experimental data on the 
quantum efficiency in the 100-eV energy regime, and (ii) the energy 
resolution data at the 600 eV photons in a pulse-height-analysis mode, 
including the information on the system noise level. 

This detector is essentially useful for resolving problems on the 
formation mechanisms of plasma electron-velocity distribution 
functions [2] including a key issue of rf plasma current sustainments (31 
for steady-state operations in future nuclear-fusion devices. 

[ 1]T. Cho et al., Nucl. Instrum. Method A m, 317 (1990). 
[2)T. Cho et al., Phys. Rev. Lett. a, 1373 (1990). 
[3]T. Cho et al., Nucl. Fusion 26,349 (1986). 

X-ray observations in this lowenergy region were previously 

Ji 
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ABSOLUTE XW SILICON PEOTODIODES 
FOR SYNCBROTRON W I A T I O N  APPLICATIONS 

Raj Korde 
International Radiation Detectors, Torrance CA 90505-5229 

L. R. Canfield and Robert Vest 
NIST, Gaithersburg MD 20899-0001 

David Pearson and James MacKay 
SRC, University of Wisconsin-Madison, Stoughton WI 53589 

Eric Gullikson 
Lawrence Berkeley Laboratory, Berkeley CA 94720 

This paper reviews design, fabrication, characterization 
and application aspects of a unique class of p-n junction 
silicon photodiodes developed during the past few years 
for vacuum ultraviolet, extreme ultraviolet and soft X-ray 
(XUV) spectral region. The quantum efficiency of these 
unique devices (AXUV photodiodes) can be predicted using 
well-known theoretical expression. This has resulted into 
their use as absolute photodiodes for the XUV. This self 
calibration process leads to quantum efficiency 
uncertainties about 4%, far superior compared with 7 to 
15 0 uncertainties of the calibrated secondary standards. 
Recently developed AXUV diodes have shown unparalleled 

radiation hardness when exposed to 10 to 100 eV photons. 
Radiation hardness of these devices was 1 G-rad ( S i 0  1, 
about 10,000 times the hardness of the commonly uied 
silicon photodiodes. This is the highest hardness which 
is known to exist in any silicon device. With the increased 
brightness of third generation synchrotrons, this radiation 
hardness aspect will be of great importance to many 
workers in this area. 

Quantum efficiency stability a:d uniformity of discrete 
devices with areas up to 3 cm will be described. The 
audience will be introduced to a novel AXUV quadrant diode 
with a 0.5 nun hole in the center designed specifically 
for beam intensity monitoring and position sensing. This 
device will be of particular interest to scientists since 
large errors in the experimental data often occur owing 
to the unstable nature of the synchrotron radiation beams. 

Performance of the developed visible blind AXUV 
photodiodes with integrated thin film filters will also 
be described. As these filtered diodes have orders of 
magnitude blocking for the out-of-band radiation, they 
will be quite useful in applications where spurious 
radiation is a problem. I 

Design and fabrication bf one and two dimensional arrays 
being developed for spectroscopy and imaging applications 
will also be discussed. These arrays are expected to have 
1000 quantum efficiency for XUV and about 10,000 times 
more radiation hardness compared with the present CCDs 
and self-scanned photodiode arrays. 

Applications of the developed AXUV diodes in X-ray 
scattering experiments, beam position and intensity 
monitoring and in plasma diagnostics will also be presented. 
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Micron spatial resolution X-ray image plates with 11011 - 
erasing reading 

1.P.Dolbnyq G.N.Kulipanov, V.V.Lyakh, O.A.Makarov, V.F.Pii!dyurin 
Budker Institute of Nuclear Physics 

630090 D.I.Kochubey Novaribirsk, Russia 

Institute OlCataIysis, 630090 Novasibirsk, Russia 
G.B.Gorin, K.E.Gyunsburg, N.P.Zvudova, V.l.Kod1ubey 

Institute of Physics and Mechanics, 
Saratov University, Sarabav, Russia 

' 

It  is well known and widely used last years spccid a r m  dekclors - Imaging Plates 
(1). Unfortunately, a spatid reMlution of the Imaging P l a k  which is typically of 
about 150 microns now and, in principle, may be up to several tens of microns, conlina 
their using for the purposes o l  X-ray microscopy, holography, d i h c t i o n  experiinents. 

The authors have been proposed and examined, as an X-ray area detector, the 
silverlm radiophololuminescence substances LiF(1n) and NaCl(1n). A stored X-ray 
image is read out by measuring the intensity of phobaluminexence with a wavelength 
of m 530 - 560nm under the excitation by ultraviolet light with a wavelength of 
about 365 nm. In oppmite to the conventional Imaging Pla la ,  a stored image is not 
erased under the reading therefore a read out process can be repealed many times. 
For a complete erasure of an image the substances nwst be licakd for 0.5 hour at  a 
kmperaturc of 400 degrees centigrade. 

A study of these substances with G-30 keV pliobans using synchrotron radiation 
from the storage ring VEPP-3 (Budkcr Institute of Nuclear Physics) showed their 
high sensitivity u, X-rays and a wide dynamic range or about 6.103. Preliiihai) 
results indicate that a spatial resolution of the substances is not worse tliaii 2 mi- 
crons. A degradation of the image luininescencc intensity after one year keepiiig of 
the substance is not observed. 

The obtained resulk show tllat tliesc substances may be promising for registration 
of X-rays in the X- ray imaging experiments (2). 
References: 
1. Y.Amemiya. Imaging plate - X-ray area detector based on pholostimulable p l w .  
phor. Synchrotron Radiation News, V.3, No.2, 1990, p.21. 
2. I.P.Dolbnya, et al. Radiopllotolunlinescellce area detectors with micron spatial res- 
olution for registration of x-ray images. Will be published in Proceedengs of XRhf-93. 
(Sepkmbcr 20-24, 1993. Cliernogolovka. Russia) 
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MBE GROWN CdTe PHOTOCONDUCTOR ARRAY DETECTOR 
FOR X-RAY MEASUREMENTS 

S. S. Yool, B. Rodricks2. S. Sivananthanl, J. P. Faurid, and P. A. e 
IMimphysics Laboratory, Department of Physics, University of Illinois at Chicago 
Chicago. IL 60607: ZAdvanced Photon Source. and fMaterials Science Division, Argonne 
National Laboratory, Argonne. IL 60439 

A photoconductor array was made using Molecular Beam Epitaxially (MBE) grown 
W e .  W e  has been found to be an excellent mat& for high energy photon detection 
Our objective is to develop an array detector with high efficiency and fast response 
towards x-rays. There is considerable intmst in the development of new x-ray detectors 
for use in the new synchrotron radiation sources. We have fabricated photoconductor 
arrays with gaps ranging in 5 to 50 pm between elements and l w m  pitch size. The 
temporal response of the detectors was measured using loofs Ti: Saphire laser pulses. 
The temporal rcsponse of the photoconductor arrays is as fast as 21 psec rise time and 38 
psec Full Width Half Maximum o. Spatial and energy responses were obtained 
using x-rays from rotating anode(ANL) and synchrotron radiation s o m s  (NSLS. beam 
line X-18 B). Bccause of its small thickness 10 pm, and small size sensing arm, the 
spatial resolution of the photoconductor obtained was 75 pm FWHM. for a 50 pn bcam 
size. The best results were obtained for those arrays with the best crystal qualities. We 
observed linear response up to an energy of 15 KeV. We observed that a substantial 
number of x-ray photons were effectively absorbed within the MBE CdTe layer. The 
m y  detector did not show any evidence of radiation damage after x-ray exposure of 
several days. These results demonstrate that MBE grown CdTe is a suitable choice to 
meet the detector requirements for synchrotron radiation applications. 

This work was supported by the U.S. Department of Energy, BES-Materials Science 
under contract No. W-31-109-ENG-38. 

The Gold Detector: 
Modular CCD Area Detector 

for Macromolecular Crystallography 
!.&.day, S. ROSS, M. Kanyo, M. L Westbrook, E. M. Westbrook: Argonne 
National Laboratory 

D. O'Mara, M. Stanton, W. C. Phlllips, Brandela University 

H. Belamy, A. Cox, H. Tsuruda, and P. Phlrackerley, Stanford Synchrotron 
Radiation Laboratory 

We have designed, fabricated. and tested a modular CCD area detector system 
for macromolecular crystallography at synchrotron x-ray sources, codenamed 
the 'gold' detector system. The sensitive area of the detector is 150mm x 
150mm, with 3,072 x 3,072 pixel sampling, resulting in roughly a 50 pm pixel 
raster. The x-ray image formed on the face of the detector is converted to visible 
light by a thin phosphor layer. This image is transferred optically to nine CCD 
sensors by nine square fiberoptic tapers (one for each CCD), arranged in a 3x3 
array. Each taper demagnifies the image by a factor of approximately 2. Each 
CCD has a 1,024 x 1,024 pixel raster and is read out through two independent 
data channels. After each x-ray exposure period the x-ray shutter is closed and 
the electronic image is digitized (16-bit) and read out in 1.8s Alternatively. the 
image may be binned 2x2 during readout, resulting in a 1,536~1,536 raster of 
100 pm pixels: this image can be read out in 0.4s. The CCD sensors are 
operated at -4OOC to reduce electronic noise. The detector is operated under full 
computer control: all operational parameters (readout rates, CCD temperature. 
etc.) can be adjusted from the console. The image dala (18 MByWmage) are 
transferred via a fast VME system to a control processor and ultimately to disk 
storage. 

During April, 1994 we carried out a complete set of measurements at SSRL for a 
full characterization of the gold detector. Characterization includes quantitative 
evaluation of the instrument's conversion gain (signal IeveVx-ray photon): 
detective quantum efficiency (WE); point-spread function; sonsitivity as a 
function of x-ray energy; geometrical distortion of images: spatial uniformity: read 
noise: and dark image and dark image noise. Characterization parameters 
derived from these measurements will be presented. 

1. This work has been supported by US. DOUOHER under Contract W31-109- 
ENG-38 and by NIH/NCRR under grant P41 RR06017. 
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ME APPLICATIONS OF CAS ELECIROLUHI-CE DETECTORS 
FOR FLUORESCENCE AND QIUM-SCANNING XAFS HEASURMEKIS . 

V. A. Chernov. SL~r-~~k~;enko. E. H. Dementyev. I. B. Drobyazko 
Instltute of Catalysis.Siberian SR Centre at the Budker Instltute 
of Nuclear Physics. 
Budker Instltute of Nuclear Physics. 

Lavrentyev pr 5. Novoslblrsk. 630090. Russia. 
Telex: 133116 ATOH SU. Fax: (3832135-21-63 

In thls paper we have presented results on applications of gas 
sclntillatlon proportional counters that was obtained for XAFS meas- 
urements in few last years. Thls detector type has, as compared wlth 
conventlonal gas scintillation proportional counter, the such advan- 
tages as better energy resolution and higher throughput 11.21. The 
detector has a sealed cell filled with Xe. A 25 mm dlameter entrance 
berylllum window provides a good solid angle subtended by the detec- 
tor. At maxlmum count rates of about 9*10'co1&~ts/sec, the detector 
has an energy resolution of 9 X at 5.9 keV (Fe 1. The useful energy 
range of the detector extends from 3 to 13 keV In the count mode. 
Moreover, this detector can be used in the nontraditlonal current 
mode like a 'Ion chamber with internal ampllflcatlon" with a very 
hlgh sensitivity . Using this detector good quallty fluorescence 
yleld XAFS spectra of thln films have been recorded wlth total time 
about 10 mlnutes. This detector Is very sultable for XAFS measureme- 
nts at concentrations of the element to be examlned of above 10" 

i ppm. Besides this detector in current mode is preferentlal. as oppo- 
sed conventlonal gas ionlzatlon chamber, to be used for quick- scan- 
ning XAFS measurements (QEXAFS) 131. In the QEXAFS mode the data 
point Is integrated for typically 0.01 to 0.05 s. However, wlth a 
beam of 10"- 1 0 ' " p h / s ,  It Is feaslble to measure mlcrosecond resol- 
ved absorption. In thls case, the t h e  resolutlon Is llmlted by the 
noise of the wlde-band current preampllfler of the chamber. To over- 
come thls llmltatlon, It Is deslrable to Increase the output current 
of the chamber. Due to the Internal conversion/ampliflcation process 
the "gas lonizatlon chamber wlth electrolumlnescence ampllflcatlon" 
has advantages of hlgh sensitlvlty. very low nolse, large dynamlcal 
range in compare wlth ordinary gas lonlzatlon chamber. Uslng thls 
detector good quallty XANES and MAFS spectra have been recorded 
wlth Integratlon, tlmes ofI,l to up 10 .S at the polnt. Currently 5 s 
are sufflclent to get a hlgh quallty spectrum and thls tlme Is llml- 
Led by the monochromated photon flux lncldent upon a sample. Howe- 
ver, wlth the avallablllty of high brlghtness monochromator and SR 
from the VEPP-4 storage rlng It could be posslble to record the each 
point of the spectrum In the one-bunch mode. Some experimental resu- 
lts of XAFS measurements obtained by alternatlve tecnlques are lllu- 
strated for comparlson. 

1. A. J. P. L. Pollcarpo. In "X-ray microscopy", Sprlnger-Verlag, 

2. A.Smlth. H.Bavdaz. Rev. Scl. Instrum., 63, 689 (1992) 
3. R.Frahm. Rev. Scl. Instrum. $5. 2515 (1989) 

New-York, 1984 

The new PTB detector calibration facility based on an electrical 
substitution radiometer for the wavelength range 35400nm 

A. Lau-Frhbs., U. Kroth, H, Rabus, E. Tegeler, G. Ulm 
Physikalisch-Technische Bundesanstalr, Abbesma& 2-12.10587 Berlin. Germany 

The Physikalisch-Tm)nische Bundesanstalt (PTB) is opuating a radiometric labo- 
ratory at the Berlin electron storage ring BESSk. In this laboratory a new i n m -  
mentation has been set up for the calibration of transfer detectors, cg. scmiconduc- 
tor photodiodes. in the wavelength range h m  35 to 400 nm'with an aspired 
uncertainty c 1%. The primary detector standard is an electrical substitution radi- 
ometer (ESR) o p t e d  at liquid helium temperature. The unknown spectral nspon- 
sivity of a detector under investigation is determined by comparison with the known 
responsivity of the ESR using monochromatimi synchrotron radiation. 

I n  
YBESSY) 

Premirrors 

Refocusing Mirror 

I Detector Platform 

Fig. 1: Schematic drawing of the new detector calibration facility, TD: transfer 
detector, PD: photodiodes, ESR electrical substitution radiometer 

The new detector calibration facility (see fig. 1) consists of a premirror. a mono- 
chromator, a refocusing minor and a detector platform The normal incidence pre- 
mirror (170' deviation angle) focuses the radiation into the entrance slit of the 
monochromator by 1:3 demagnification. Three differcntly coated mirrors exchange- 
able under vacuum are available. The monochromator is a Im. 15' McPherson-type 
instrument with three differently coated gratings. A S i c  prcmirror - S i c  grating 
combination is used to suppress higher diffraction orders in the critical wavelength 
range from 60- 110 nm. The k refocusing mirror focuses the beam to an area of 3 
mm (horizontally) and 1.5 mm (vertically). The radiant power within a bandwith of 
AX = 3.3nm is between 1 and 6 pW depending on wavelength. The detector plat- 
form at the end of the beamline bears the ESR primary detector and two setups for 
transfer detectors. The h e e  detectors can be positioned in the beam path by swing- 
ing the platform. 
The performance of the instrumentation and fust calibration results of semiconduc- 
tor photodiodes will be presented. 

Permanent guestfrom BESSY GmbH. Lentzeallee 100.14195 Berlin, Gemr iy  
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A Dual Line Multi Cell Ionization Chamber for 
Transvenous Coronary Aneioermhv with Svnchrotron 

Radiation 

Mcnk'. Becch H . J . ~ .  Groflmann U.l.LangcrR.t.LphmannM.l.SchcnkH.W.l, 
Wulciilu A.H 

Wagenu Ma1. 

Dlx W R.'. Gracff W?, llllng G ',, Rclmd B?, SChlltiwachter L?, Talelmeler U?, 

Kuppu W.', Hvauii C.', Rust C.' 

1 Ucrivoruty GHS Sic(yca G c r m ~ y  
2 Univmiry GHS Sicgen nnw nt PSI Vllllngcn Swlrmrl~n~l  

3 HASYLAB at DESY HIlmburg Germany 
4 Hen KrcislaufKlinik Bad Bcvenren Germany 

3 LXE Hnmburg EppendorfGermany 

ABSTRACT 

A osition scnsitive one dimensional x-ray detcctnr with n lnrgc dynnmic rnngc ( > 

for intravenous coronary ansiography. Duc  to thc wcak dcnsity o f  contrast mcdia in 
the coronary vcsscls two x-ray unagcs with slightly different energies near the K- 
absorbtion sdgc of  jodinc h w e  to bc  tokcn in lcss than 300 m w  and 8ubtrac;tcd 
logaritlicmly [1],[2],[3]. The beams are enerated by two hue-rnonocluomators of  
the white synchrotron beam ofHASYLA8 at DESY. 

A position resolution of  430pm F W H M  (41 and a dctcctivc quantum cfficiency 
(DQE) of at lcost 58?& (for 20 000 photons pcr pixcl) could bc achieved for 33kcV 
photons in o Xc-COZ 80s mixturc at ZObars [6],[10]. The usc of Kr-CO2 IW 
convcrsion gw providcs a better contrast of the weak iodine signal than Xc-CO2 or Si 
respectively for a fraction of 2% of  the third h m o n i c s  of  thc uscd synchrotron heanr. 

At the snme tinic thc sctup allowcd thc invcsti ation of  saturation cffccts 
beyond the intensity range used for angio raph but otpossible interest for other 
applications A quantitative dynamic modekhas g e m  developed and conipartd with 
nicawrements. 

2 18 1 ) for hi& photon fluxes with fast iniagc recording scqucnco has been developed 

CONSTRUCI'ION OF A SMALL AREA POSITION SENSITIVE 
DEXECIQRFORMEASUREMENTOFUIWINTENSITYBRAGG 

REFLEcTloNs 

MeV= Universit4 de Lausanne, Institut de 
Cristallographie, BSP Dorigny, CH-1015 Lausanne, Switzerland 

Background assignment is a n  accuracy limiting factor when 
measuring weak reflections in point detector diffractometry. The 
weak satellites in  incommensurate phases mainly encode the 
information about the deformation field active in these phases. To 
enhance the measurement precision for these reflections without 
unnessesary increase of measurement time we want to apply a 
recently proposed scan procedure (Mathieson (19821, Acta Cryst. 
A S ,  378-3871 that clearly defines the background locus, but needs a 
1D or 2D position sensitve detector for practical handling. We will 
present a detector design with an active area of less than lcm2 based 
on CCD-technology, which is intended for the optimized 
measurement of  incommensurate satellites using sealded tubes or 
rotating anodes as  x-ray sources. 

E D Hughcs a al. 'Prorpecir for non-iiivasivc coioiinb nii&ogiayh) . ' NIM BIOI1 I 
(198S),p.J2J-328 
Thomliiiwii W.'Mcdicsl ap#!icorion$ ols)nchrolr@n indinlion' NLh4 A319 (19YZ) , p 295- 
304 
Dix CI at. 'Coronnry Angiogmphy ni HAsIZAB'BSR92 P m e d i n g  of Ihc wnlircncc 
'Syncliraioii Radiation in  LiO-Ssieiiss ' Tsuhults kpi, will bc published in Oxford 
Univcrrity Pr+u 
B w h  SI at. 'A high precision, high speed %my .. ', Phyrica Medica Inlernnlinnnl Inurnnl 
dcvolal IO h e  

B c x l i  et d. NIM A3 IO. 1991 y.445 
Duch 51 0.. Procccdiiig ofh 401. 111Iciii. Cod. UII Aypl. uf P I i p  iii Mod wid Biology 21-ZJ 
Scy. 92. Triects, Io k yubli~lid ui P l i p i u  Medica 
Schcnk. W * Op!iiiiicruiig ciiics bildgebciideii . Piuinuliuii Uiuvcrsilncc Siegcn 1991 
Langer R ' DQE '. Diplomarkil UiiiVuSil8Ct SiCgen. IYY3 
Wagener M. ' Rekombinslion '. Diplonihil  Univcrriucl Sicgen. 1992 
hlenk R H ' Einc Viclkmal Ionisalianskimmer ' Frwiolion l'ni\cr$iMci Siegen 1993 

Applications of Physics 10 Mcdiclne nnd Blology Volume 6 No 1 - 4 
dcs.19.w 
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Title: 

Author: J. Christopher Milne 

Callabaators: Erik D. Johnson, G. C. Smith -- Brookhaven National Laboratory 

A h c t :  

We me investigating the use of primary ion counting as  an altcmative to the parallel plate 
avalanche chamber we have previously utilized in soft x-ray scattering measurements. 
Enugy resolution in conventional proportional a u n t u s  is a function of the number of 
primary ion pairs cicated per incident photon and the fluctuation in single-electron 
multiplication. In the proportional regime, therms resolution may be expressed as 

‘E/E=[(F+B)/N.]‘ 
whae the Fano factor F (- 0.2) characterizes the fluctuation in the number of primary ion 
pairs mated per incident photon, the factor B (-0.6) represents h e  gain fluctuation in 
single-electron multiplication, and No is the average number of electrons mated per . 
incident photon. If one is able to remove the gain fluctuations, one sees h m  the 
preceding expression that the energy rtsolution will be improved by a factor of two. The 
technique presented here, primary ion counting, is implemented by allowing the electron 
cloud m’ted by the incident photon to disperse in a well defmed low electric drift field. 
lf the cloud is well dispersed. individual electrons will enter a two stage amplification 
region wherethey avalanche, and are then counted. The detector design and progress to 
date will be described. 

Low-Pressure Multistep Gaseous Rimary Ion Counting 

”. 

A bsrracr srcbmirred ro Synchrorron Radiarion Insrrrcmenrarion ‘94. 

Solid State Detector for Soft Energv EXAFS 
A.D.Smith, G.E.Derbyshire, R.C.Farrow, M.Martini* 

Darcsbury Laboratory 
Keckwick Lane, Warrington, Cheshire WA4 4AD 

United Kingdom 

* EG&G Onec 
100 Midland Road, Oak Ridge, TN37830 

United States of America 

. 

Following the success of solid state detector systems for EXAFS studies at high X-ray 
energies, there is now an increasing demand for similar devices capable of operating in the 
soft X-ray energy range below about 3keV. Recent developments in sophisticated detector 
fabrication techniques now make the construction of specialised devices. suitable for high 
quality spectroscopy in this energy range, a practicable proposition, 

We present the results of extensive testing of a new detector developed specifically for 
use in the sub-3keV energy range. We have measured energy resolutions of less than 15OeV 
FWHM at sulphur and silicon K a  energies and the ability of the detector to achieve this 
resolution at the copper La line has also been shown. Finally we demonstrate the potential of 
this device in a study of mace dopants in bulk silicon based quantum dot glasses. 
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A P D s  - Large Dynamic Range  Detectors  for Hard  X -Rays  
W. Sturhahn,  T. Toellner, a n d  E. Alp 
Advanced Photon Source, Argonne National Laboratory 
Argonne, IL, 60439 

The ultra high brilliance of the third generation synchrotrori radiation sourccs will 
incrcasc count rates by several orders of magnitude if cornparod to existing syn- 
chrotron radiation sources. Detectors that allow to exploit this advantage should 
havc a linear range of operation that reaches from very high count rates to their 
intrinsic noise level. We investigated APDs (Avalanchc Photo Diode)  with respect 
to linearity, efficiency, time resolution, and dynamic range by the use of 8.4 keV and 
14.4 keV synchrotron radiation. W e  observed linear behaviour up to count rates of 
10'Hz. The intrinsic noise level was below lo-* Hz. Efficiencies of about 50 % at  
8.4 keV and about 14 46 at  14.4 keV were achieved. The time resolution was  about 
1 ns. We will present the experimental data and discuss the performance of APD 
detectors. 

This work is supported by US - DOE, BES Materials Science, under contract No : 
W-31109-ENG-38. 

Development of a Proportional Scintillation 
X-ray Imaging Chamber for Synchrotron 

Radiation Experiments 

M.Suzuki, Y. Awaya'), M.Oural), T.Mizogawa2), and K.Masuda3) 

Jqxm Synchrotron Radiawn Research Institrue. Minatojima. Nakammhi. Kobe. Ityogo 650, Jopon 
I) RIKEN. Hirosawa. Wako. Saitama351.01. J o p n  
2)  Nag& College of Technology, Km'tomiokat0. Nag&. Niigara 940-1. Jqxm. 
3) Sai~anm College of Health. Km'oahbo.  U r m .  SoiuuM 338. J o p n  

The proportional scintillation x-ray imaging chamber program has been one of 
the most challenging plan among the Shing-8 arcadelector R&D projects. since it is 
based upon a new chamber technique [ I ] .  The detcctor system consists of a rarc gas 
proportional scintillation chamber and an image-intensifier-associated CCD camem. 
The prototype constructed has demonstrated that this novel detector is capable of 
imaging the spatial pattern of incoming x rays either by recognizing the location of 
each x-ray photon at low counting region (digital mode) or by detecting the local 
intensity of superimposed x-ray photons at high counting region (analogue mode) [2]. 
Recently we have confirmed that the prototype can image a time-varying x-ray pattern 
with a time resolution of 1/30 sec (see Fig.1). We will introduce this new device and 
repon recent attainments at the conference. 

1/30 see m 6/30 sec 

$I 
Fig. 1 Time-varying x-ray pattern observed with the prototype. 

References 
[ I ]  G.Charpak e t d . .  N u l .  Instr. andMeth.. A258(1987)177. 
[2] M.Suzuki el d.. in Proceedings of Third London Con/erence on Posirion- 

Semirive Detecrors. September 6-  IO. 1993. 
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Advances in Radtation Hardened Charge Injection DeviCer (UDd 
asMrrctX-nyInugingandEnncrgyDrspcnlveDetcctom 

RF.Wentfnk+, S VanGoden+, J. Zamowakk+, D. Alojsi*, 
C A. MacDonald#, W. M. Gibson*# R E Fields", and M. B. Denton" 

+ CID Technologies Inc, 101 Commerce Blvd., Uverpool, NY 13088 
' X-Ray opticsl Systems, Inc, 1400 Washington Ave, Albany, NY 11222 

U ~ o f ~ e m i s t t y , ~ ~ n i v c r s i ~ o f & i m n a , ~ c s o n , ~  85n1 

Charge Injection Device detectors have shown unique Pmpertres for imaging of 
photons in the W-visible region. Together with good resolution and broad 
spectralresponsecharaaeristIa,~arraydetcctonhavetraditiMallyolfered 
utceptionaUy large pixel charge capadty, non-destructive pixel readout, random 
p i x e l a d ~ l l i t y a n d ~ i m e n s i a n a l h i g h s p e e d w i n d o w I n g ( ~ y  
readout). Thesefeahm ante usedto dl;unatrcallyextend the dynamicrange 
(greater than 104, elimfnate blooming effects, &ow real-time mox\Itoting and 
dynamic adaptation of exposme time, improve signal -tmudae by random 
background integration and permit the readout of small pixel sub-arrays at 
exceptionallyfastrates 

Recent dwdopments In process tedmobgy and new array design techniques 
have facilitated the developed of a radiation hardened CID detectur capable of 
withstanding more that a megarad (gamma Si of ionizing radiation . These 
detecton show great pmmh for direct bnaging of x-radhtton in the low to 
abedium energies (1 KeV - 20 KeW and appear to offer dgniffcant advantages 
overtheCCDdetector. 

' h k r  f6t. x - b y  o p h ,  udverdw tit Albany, -8 AIbrny NY 12222 

Pr- data will be presented showtng respome to various energy x-rays. 

detector as well as a aneneqydIspessivedetector. 
conceptual thoughtswilbepresented fixuseof the CID as an x-ray imaging 

I, 
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DISSECMR WITH 2 PICCSECCND TIME RESCLUKtON 
Z l n i n  E.I. 

Budker I n s t i t u t e  of Nuclear P h y s i c s  
N o v o s i b i r s k .  Russ i a  

Rae n e w  d i s s e c t o r  are developed for t h e  o p e r a t i o n  i n  
s t r o b o s c o p i c  regime w i t h  t h e  characteristics: 

Time r e s o l u t i o n :  
better t h a n  2 ps Cwavelength r a n g e  >600 nn0 

Spectral r e sponse  s e n s i t i v e  wavelength range: 
120-8.20 nm 

Dynamic range: mre t h a n  10 i n  power 5 
RF s w e e p  f requency:  up to  1 GHz 

RANGE OF APPLICATIONS: 
SYNCHROTRON RADIATION EXPWMENTS 

Damping k i n e t i c s  measurement 
Ti  me-resol ved spectra measurement 
EXAFS spectroscopy w i t h  t h e  d e t e c t i o n  i n  

o p t i c a l  spectral region 
Experimental  o b s e r v a t i o n  of quantum beats 
S t a t i o n a r y  luminescence  spectra measurement 

ACCELERATOR PHYSICS 

FREE 

Bunch l e n g t h  measurement 
I n v e s t i g a t i o n  of t h e  c o h e r e n t  motion of a bunch 
a t  f i x e d  p o i n t  of p h a s e  space 

ELECIRON LASER 
Adjustment of a l e n g t h  of optical c a v i t y  
I n v e s t i g a t i o n  of t i m e  e v o l u t i o n  of l a s i n g  
Fedback for t h e  s t a b i l i z a t i o n  of l a s i n g  

MODE-LOCKED LASERS 
I n v e s t i g a t i o n  of t h e  phase  c h a r a c t e r i s t i c  a n d  

p u l s e  s h a p e  
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Absolute calibration of a photodiode array 
with the synclirotron radiation (1.5-10 kev) 

L. 8JXK C. BIZEUIL et 0. S O u U l E  
CEN Suv'ce CEM 

BP 12 
91680 Bruy&es-le-Chltel 

FRANCE 

The silicon photodiode a m y  Hnmamastu wm primarily dwdoped for the visible-W spoctral 
range, malnly for photon wavclcngths between 200 and 1100 nm. By utilizing it Without quartz 
window, we demonstrate that chis xnsor can be used for X-rays and particularely in the 1-10 
keV range. This device consists of 1024 silicon pkcls of25pm by 2.5 mm. 
We present expen'mcntal measurement8 of the absolute detection eFficiency and spatial 
nsolutlon ofour photodiode array b m c u !  1.5 and 8 keV. We performod the experiment on 
the beamline SB3 at the Sup- ACO stomp ring (LURE-Onay). In the BLSB3 wa can xlcct 
zmtral types of doubleuystal monochromators; we used InSb crystals to study the silicon 
absorption K-edge of the sensor and Si crystals to work at uppa  energla 
Tho spectral eftlciency measured h compared With the results of a simple model calculation 
bascd on tha data given in a Harnnmastu note for I dm'w with a thinned silicon dioxide 
passivation lay- of 1 pin. The simulation is in a g o d  agreement with the expcrimental data 
for I active dcpth of silicon o f 6  pm. Tho spatial resolution is estimated at 120 pm. 
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The Physics of Image Plates 

Andrew Hanism* and Richard Templer 
*'Department of Chemistry, University of Edinburgh, Scotland 

Repartment of Chemisrry, Imperial College, University of London, England 

In recent years, two-dimensional x-ray detectors have been developed that are based on the 
use of a BE~FBKEu~+ phosphor. .?'he phosphor stores the x-ray lmage in the form of trapped 
charge, the charge having been produced by the x-ray ionisation- The image may be read by 
exposing the plate to red Light &om a HeNe laser, and observing the stimulated, blue 
luminescence. Research on the mechanism of photostimulated luminescence in this material 
indicates that one of the trapped charge species may migate through the lattice until it i s  
close to a recombination centre. Charge recombination may then occur through 
photostimulation. The lanice migration affects the stability of the image, the effective 
sensitivity of the detector and the ability to erase the image. These effects are described, and 
their implications for the construction of high-resolution x-ray detectors with high 
photometric accuracy are discussed 

Y 
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ThD58, MoD52, 
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MoE24 
MoD29 
ThE4, ThE14, 
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Inv. (MoC), TuE6, 
MoE32 
TuE32, TuE24, TuE26, 
MoE4 1 
ThD28 
MoD42, MoD48, 
MODS 1 
MoD43 
TuE22 
TuD27 

Kramer, S.L. 
Krasnoperova, A. 
Krinsky, S. 
Krisch, M. 
Krisch, M. 
Kronenburg, M. 
Kroth, U. 
Krumrey, M. 

Kruy, T.L. 
Kubo, T. 
Kudo, H. 
Kudo, Y. 
Kulipanov, G.N. 

Kunieda, H. 
Kuntze, R. 
Kunz, K. 
Kupper, W. 
Kuroda, K. . 

Kuroda, M. 
Kurokawa, S. 
Kushnir, V.I. 
Kushnir, V.I. 
Kuzay, T.M. 

Kuzin, M.V. 
Kvick, A. 
Labergerie, D. 
Lacoursiere, J. 
Laderman, S.S. 
LaFontaine, B. 
Laggner, P. 
Lai, B. 

Laissue, J.A. 
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ThE22 
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ThD39, ThD38, 
ThD84, ThD77 
TuD41 
TuE25 
TuE26 
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MoD49, TuE14, 
ThE18, TuE40, 
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ThD56 
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TuD36, TuD59, ThD77 
ThD78 
MoE26 

MoD95, TuE34 
TuD3 
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MoD68 
TuD37 
MODS 1 

Anv.  (MoC) 
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MoE2 1 
MoD70 
ThE23 
TuD45 
TuD90, ThD43 
ThE22 
MoD97 
TuD15, ThD6, ThD9, 
MoD8 
MoE40 
ThE9 
MoD36, MoD52 
TuD54 
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TuD39 
ThD2 
TuD75 
TuD76 
MoD69, MoE47 
TuD38 
Inv. (MOB) 
TuD40, ThD74 
TuD40 
Mol353 
MoD24 
TuE3 1 
TuD78 
MoD23 
MoD90, TuD68, 
TuD66, TuD69 
TuD82 
TuE6, TuE7 
Mol354 
TuD13, TuD14, TuD76 
TuD14 
TuD4 
TuD59 
TuE2 
TuD51, TuD52 
Inv. (TUB), MoE35 
MoE17 
TuD28 
TuD41 
TuD 1 
MoD32, ThE23 
MoD7 
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MoE22, MoE29 
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MoD95, ThD82 
TuE34 
ThE17 
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MoD34, MoD73 
ThE4, ThE14, ThE16 
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MoD49, ThD40, ThE7 
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ThD3 8 
MoE25, MoE13 
ThD62 
MoD24 
TuE 1 
ThD44, ThD3 1 
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MoD94 
MoD2, MoD3 
TuE3 5 
TuD4 
TuD9 1 
TuD63 
TuE3 6 
TuE28, ThD29 
ThD93 
ThD54 
TuE37, TuE20, TuE22, 
TuE21, TuE19, TuE16 
- -ThE26 

Inv. (MoC) 
TuE5O 
-TuE5 8 
ThD7 
ThE28 
TuE48 

Masui, S .  Fac. 
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Inv. (MoC) 
ThD86 
MoD47 
TuD53 
TuE27 
TuD73 
TuD1, TuD42, ThD93 
TuD43 
TuD88, ThD52 
MOD 16 
ThD24, ThD45, ThD2 1 
TuE3 7 
TuD44 
MoD55, ThD97, 
ThD95, TuD83 
ThD50, Inv. (MOB), 
TuD46 
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TuE3 8 
ThD30, TuDl 
ThE23 
ThD54 
ThD46, MoE33 
ThD12 
ThD7 1 
ThE24, MoE26 
TuD20 
ThE7, TuE40, MOD 19, 
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ThD40, MoD49, 
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MoD5O 
MoE4 1 
ThD66 
TuE3 
TuE25 
TuE25 
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ThE28 
TuE25 
TuD72 
ThD48 
MoE7 
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TuD55, TuD26, 
ThD58, ThE19 
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TuE4 1 
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ThD49, TuD32, TuD72 
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TuD4, ThD68 
MoE26, MoE40 
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MoE28 
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'Inv. (WeA) 
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TuE49 
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ThD86 
TuE26 
TuE54 
Inv. (MOB) 
MoD20, MoD57. 
TuD81, TuE5O 
MoD59, MoD58 
TuE25 
TuE25, TuE26, TuE 18 
ThD20 
TuE5O 
TuD62 
TuE5 1, TuE5O 
TuD85 
TuE5O 
MoE9 
ThD37 
Fac. 
MoE28 
ThD50, TuD46 
TuD2 
MoE28 
ThD40, MODSO, 
MoD49 
ThD7, MoE46 
TuE6 1, TuE62 
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Inv. (TUB), MoE35 
MoD6O 
TuD92, TuD47 
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Park, B.-J. 
Parkinson, W.H. 
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TuD2 
MOD 16, 
m0e29 
m0d61 
m0d48 
TuE3 5 
MoD38, 
ThD3 1 
m0d13 
ThE20 
TuE25 
m0d52 
m0d20 
TuE48 
m0d62 
TuE25 
TuD35, MoD79, 
ThD80 
m0d62 
ThD39, ThD 16, 
ThD27, TuD63, 
ThD86, ThD85 
TuD62 
TuE5O 
m0d63 
TuE5O 
ThD86 
TuD 15 
MoD92, 
m0e33 
TuD4 
TuE 1 
m0d57 
TuD53 
TuD62, ThE28 
TuD30, TuD83 
TuE37, TuE16, TuD80 

m0e30 
ThE10, ThE11, TuD49 
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TuD39 
MoE27, TuD29 
TuD39 
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-cTuD48, TuE55, MODSO 
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MoE42, 
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TuE3 1 
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MoD49, ThE7, ThE8, 
ThD40, MOD 19, 
ThEl8, MoD5O 
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Inv. (TuC), MoE25 
TuE19, TuE20 
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ThD53, ThD54 
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Inv. (TuC) 
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TuE44 
MoE3 1 
ThD56, ThD57 
TuD 10 
ThE22 
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TuD54 
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TuE4 
TuD56, TuD83 
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Inv. (MoC) 
MoD32, ThE23 
ThD59 
ThD94, ThD63 
TuD57 
m0d50 
TuE6, MoE32 
m0d53 
TuD45 
m0d20 
TuD53 
MoD44, ThD96 
MoD65, MoD64 
MoE7, TuD59 
TuEl5, TuE45, TuE44 
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TuE2 
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Sasaki, Y. 
Sasano, T. 
Sato, K. 
Sato, T. 
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