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ABSTRACT 

A nem edition of the Scintillation Spectrometry. Gamma-ray Spec- 
trum Catalogue has been issued. This editiori is a complete revision of the 
original data compilation, which was issued as an AEC R and D Report 
(IDO-16408) in 1958. As in the original catalogue, this edition contains 
a collection of spectra representing the response of a scintillation spec- 
trometer to individual radioactive nuclides. In addition to the graphs rep- 
resenting the response of a 3"x 3" NaI detector in a standard geometrical 
arrangement, the data are presented in .digital form .for the preparation 
of punched-card, perforated tape, or magnetic tape libraries for data anal- 
ysis. An important edition to the catalogue is data for neutron-deficient 

/ 

isotopes. 
The new edition is prepared in two: loose-leaf volumes and contains 

data for almost 300 isotopes. All spectra are normalized to a standard set 
of gain scales and a text is presented. which describes the fundamentals of 
gamma-ray spectrometry. This includes a discussion of spectrometer de- 
sign, electronics, instrumental calibration, and data processing. 

To facilitate the use of these data, tables of detector efficiency, photo- 
peak efficiency, and other information useful for quantitative data analysis 
have been included. An extensive index has also been added with separ- 
ate tables of data listed according to gamma-ray energy, half-life, method 
of source production, and other specialized categories. 
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II. INTRODUCTION 

Since the publication of the original edition of the 
Gamma-ray Spectrum Catalogue,' the experimental tech- 
niques and electronic apparatus have undergone a signi- 
ficant improvement. T o  a great extent this has been the 
result of the use of solid-state circuitry in the design of 
more reliable and versatile multichannel pulse-height an- 
alyzers. The improved stability and linearity of equipment 
now available has made possible the application of more 
sophisticated methods to the analysis of data using digital 
computers. 

In view of the expanded application of nuclear spec- 
trometry and the acceptance of the original version of the 
spectrum catalogue as a useful laboratory reference, it was 
felt that there would be a need for additional information 
of this type. The  second edition of the catalogue, which 

. has been in preparation fur the past three years, is offcrcd 
. . 

' ,  . as an  aid to the experimentalist for the application of the 
'.: NaI scintillation detector as .a gamma-ray spectrometer. 

The  new edition has been completely revised. With few 
exceptions, all spectra included in the compilation were 
prepared from new data, using improved equipment, ex- 
perimental techniques, and methods of data presentation 
and analysis. Because of the increased use of neutron- 

. .  deficient nuclides, this addition has been expanded to in- 
clude a large number of these isotopes. In addition, a num- 

.. ber of isotopes produced by (n,p), (n,a), and double neu- 
.:.if tron capture reactions have been included. 
' 7 
_ I  Beginning with the publication of this edition, supple- 

mentary material will be made available. T o  obtain this 
material as it becomes available, the user should address a 
request to the author at the address shown below. It 
should be noted that the spectra included in the first 
printing of the new edition are 0-nly a small fraction of the 
total number presently on file. Spectra are available of 
many niirlirles measiircrl i~sing rlntectnrs nf various size, 
resolution, and source-detector geometry. In the interest of 
promoting a standard detector geometry for laboratory 
use, these spectra were not included in the catalogue but 
are available on special request. T h e  data collection also 
includes spectra of gross fission products as a function of 
decay time, spectra of neutron-irradiated chemical ele- 
ments, and gamma-ray spectra of isotopes measured using 
germanium semi-conductor detectors. 

T o  make the catalogue more useful as a laboratory 
tool, special loose-leaf binders are available which permit 
the removal of individual spectra for use in the interpre- 
tation of data. If these binders are desired, arrangements 
have been made to purchase them from the supplier. In- 
cluded with the binders are index tabs and page lifters to 
make the catalogue more durable. , . 

c 
A brief description of the important considerations in 

the use of the scintillation spectrometer for the quantita- 
tive and qualitative measurement of gamma-ray spectra is 
given in the following sections. This includes a discussion 
of the factors which influence detector response,. the ex- 
perimental techniques used in the compilation of gamma- 
ray spectra for the catalogue, and recently developed com- 
puter techniques for analysis of gamma-ray spectra. 

T h e  text is intended to be a summary of the current .-...,. I*r 

state-of-the-art in experimental techniques developed for . 
the application of the scintillation spectrometer to quanti- 
tative gamma-ray spectrometry. Numerical tables of de- 
tector .efficiency, photpeak efficiency, .and other experi- 
mental variables are presented as appendices. The  numer- 
ical data used. to prepare the graphs of all gamma-ray 
spectra are also included to permit the user to prepare 
reference libraries of spectra on perforated tape, punched . 
cards, or magnetic tape for use with pulse analyzers equip- 
ped with digital read-in devices. Spectra in this form can 
be very useful in the interpretation of data by visual com- + . 
parison and simple subtraction procedures using arithme- ~. . . 
tic circuitry provided as a feature on many modern pulse- :'.,. :. 
height analyzers. 

It is the sincere desire of the author that this compila- 
tion will be a useful laboratory reference. Suggestions for 
improvement of the data collection are invited. 

All inquiries concerning the catalogue or the addi- 
tional services listed above should be dlrected to: 

Gamma-ray Spectrum Catalogue 
National Reactor Testing Station 
Phillips Petroleum Company, AED 
P. 0. Box 2067 
Idaho Falls, Idaho 

1 R. L. Heath, AEC Report, IDO-16408 (1958). A I T N :  R. L. Heath 



Ill. DETECTOR RESPONSE 

A. Interaction of Gamma Rays with Matter 
A knowledge of the basic processes by which a photon 

interacts with matter is essential to an understanding of 
the  response of a scintillation detector. Although many 
processes are involved in the chain of events which pro- 
duce an electrical impulse at  the output of the electron 
multiplier, tbe major features of the differential pulse- 
height spectrum resulting from the detection of gamma 
rays may be interpreted in terms of the basic interactions 
which occur within the detector. There are three main 
processes, all continuous functions of photon energy, by 
which photons may interact with matter giving up all or 
part of their energy in single events. "l'hese are (1) the 
photoelectric effect, (2) Compton scattering by electrons 
in the atoms of the material, and (3) the production of a 
positron-electron pair in the electric field of an atom. Al- 
though a detailed treatment of these processes is beyond 
the scope of this work, a brief discussion of the character- 
istics essential to an understanding of the response of a 
NaI scintillation detector is included in this section. 

Before proceeding with this discussion it should be 
stated that a review of the theory of inorganic scintillators 
will not be included. For this, the reader is referred to the ..., 
e-arly work of Hofstadter,2 and to the extensive publica- 
ticjns of Van Sciver"4J, who has been responsible for 
much of the fundamental work on NaI. For a detailed pre- 
sentation of the present state of the theory of scintillators, 
a n  excellent review of this subject has been published by 
Murray.6 
** 

l~~.~hotoelectr ic  Effect . . 
.':..In the photoelectric process all of the energy of the in- 

ctdent photon is absorbed by a bound electron of an atom, 
appearing as kinetic energy of this electron as it is ejected 
from the atom. T h e  energy of the ejected electron will 
then be equal to the difference between the energV of the 
incident photon and the binding energy of the shell from 
which the  electron was ejected. Although some energy is 
absorbed by recoil of the nucleus of the atom, this is neg- 
ligible compared with the energy of the gamma ray and 
photoelectron. it the  Incident gamma-ray photon exceeds 
the binding energy of the K shell, interaction will be prin- 
cipally with electrons in that shell of the  atom. As a result 
of this process the atom is left with a vacancy in the shell 
from which the electron was ejected, resulting in the 
emission of x-rays or Auger electrons. This series of events 
occurs within a time short relative to other time-depend- 
ent processes in a scintillator. T h e  result is that the x-rays 
from the initial photoelectric event are generally absorbed 
by a second photoelectric event and the total energy of 
the  incident photon is absorbed within the detector. The 
important characteristic of the photoelectric effect in a 

2 R. Hofstadter and J. A. Mclntyre, Phys. Rev., 78, 619 (1950), also 
74, 1UU (1948). 

3 W. J. Van Sciver and R. Hofstndter, Phys. Rev., 87, 522 (1952). 
4 W .  J. Van Sciver, HEPL Report No.  38, Stanford University (1955). 
5 W. J. Van Sciver and L. Boaart, IRE Trans. Nuclear Sci.. NS-5. - .  

90 (1958). 
0 R. B. Murray, Nuclear Instruments and their Uses, Chap. 2, A. H. 

Snell Ed., (Wilcy, New York, 1962). 

scintillation detector is that monoenergetic photons which 
interact by the photo process will produce a monoener- 
getic electron energy distribution within the volume of the 
detector. If this were the only process for energy loss,, the 
response of a detector capable of indicating the energy of 
these individual photoelectrons, would be quite simple. 

2. Compton Scattering 
In the Compton process incident photons are scattered 

by the electrons with a partial energy loss. In this process 
scattering generally occurs with electrons that are con- 
sidered essentially free and the energy of the incoming 
photon is shared between the electron and the scattered 
quantum. A t  low energies a gamma ray .may be scattered 
from a hollnd electron with the atom remaining in its 
initial state. In this case there is negligible energy loss and 
only a change in direction. Since this process does not re- 
sult in an energy change it is an important consideration 
in the calculation of the efficiency of a detector. The  cross 
section for this process (Coherent Scattering) must not be 
included since events of this type leave no energy in the 
detector. 

In the Compton process the energy of the scattered 
photon and electron are given by the following relation- 
ships: 

where Ey is the incident gamma-ray energy, E, is the scat- 
tered electron energy, E, is Ey/mc2 and 0 is the angle be- 
tween the direcrion of the primary and sca~tered pllutur~s. 
From these relatiurlbhipb it may be Jed~lced that a Comp- 
ton electron energy spectrum will tesult which extends 
from zero energy (0 =0°) up  to a maximum energy (0 = 
180') which is somewhat less than the energy of the inci- 
dent photon. The  energy of the scattered photon then 
ratti~cls r l u ~ l ~  ~l l r  rj~igii~al pliirton cntrgy dvwn trj a mini- 
mum value which is always less than mc2/2 (0.257 MeV). 
Fig. 2 shows a Compton clcctron cncrgy distribution o b  
tained by integrating the differential scattering cross sec- 
tlon over all angles from a primary photon energy of 0.5 
MeV. A mo~oenergetic source of gamma radiation will 
produce such an energy distribution of electrons as a result 
of interaction by the Compton process. 

3. Pair Production 
If the incident photon has an energy in excess of the 

rest mass of a positron-electron pair (1.02 MeV) then pair 
production is possible. In this process, which occurs in the 
presence of the Coulomb field of a nucleus, the gamma 
ray disnppenrs and a positron-electron pair is created. The  
total energy of the pair of particles will be equal to the. 
energy of the primary photon and their kinetic energy will 
be equal to the total energy minus the rest energy of the 
two particles (2mc'). Since the positron is unstable, as it 
comes to rest in the field of an electron, annihilation oi  



Fm. 1 - Abrption co6fifcimt for NaI(TlJ as a function ot amma-my energy. Results using the 
total abssrprlon cross ssairur and the -I minus co!rrsnt satering are &own for mm 
psrisan 



8. The Pulse-amplitude Spectrum 
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FIG. 2 - Theoretical electron energy distribution (single events) 
for Compton and photoelectric interaction in a NaI de- 
trrtnr rnmparrd with an rvprrim~ntal ptt l s~~h~ight  dis- 
tribution obtained on a 3"x3" NaI detector (0.50 MeV). 

.%he two particles occurs with the emission of two photons 
'equal in energy to the rest mass of the particles (0.511 
MeV). Interaction by the pair process in a detector will 

~ therefore result in an energy loss equal to the primary 
.$hoton energy minus 1.02 MeV. As will be discussed be- 
.low, the possibility also exists of detecting one or both of . - 
.fhe annihilation quanta by either the photoelectric or 
--Compton -. process. These alternatives result in a complex 
electron energy distribution for the pair process. A series 
of events can result in an energy loss to the detector of any 
energy from Ey- 1.02 MeV up to the fulI energy of the 
primary photon. 

The total probability for detection of a gamma ray 
(expressed as the total absorption coefficient) will then be 
@en hy: 

The total absorption coefficient for NaI(T1) and the 
contribution from the photoelectric, Compton, and pair 
processes is shown in Fig. 1. The total absorption coeffi- 
cient is plotted as a function of incident gamma-ray energy 
using data from Gladys White Grodstein.7 Examination 
of this figure will give an indication of the relative impor- 
tance of each type of interaction as the energy of the in- 
coming gamma ray is varied. In the energy region up to a 
few hundred kilovolts, the photoelectric process domi- 
nates. At  higher energies, Compton scattering dominates 
while pair production becomes important at higher en- 
ergies. In the discussion of the detector response which 
follows, frequent reference will be made to this figure in 
describing the response of a NaI scintillation detector to 
monoenergetic gamma radiation. 

7 Gladys White Grodstein, NBS Circular 583 (1956). 

1. Spectrum Shape vs Gamma-my Energy 

To provide a basis for describing a pulse- amplitude 
distribution observed at the anode of the electron multi- 
plier tube in terms of the basic processes described ahve,  
let us briefly review the succession of events which pr* 
duce it. Assume that a monoenergetic source of gamma 
radiation of approximately 0.50 MeV is incident upon the 
NaI crystal-phototube combination. Inspection of the ab- 
sorption cross section of NaI shown in Fig. 1 indicates that 
these gamma rays will interact with the NaI detector by 
both Compton scattering and the photoelectric effect in 
the ratio of about 6 : 1. If a sufficient number of gamma 
rays are detected to give a reasonable statistical sample an 
e l e ~ ~ ~ v l ~  cllelgy JisuiLiu~iu~~ si~nilar ru rllar p luayed by 
the solid line in Fig. 2 will be produced within the volume 
of the NaI detector. We see a monoenergetic line of pho- 
tuelectrot~s and a curltir~uous distribution of Compton 
electrons from zero energy up to a sharp cut-off at an en- 
ergy somewhat below the photoline. Shown for compari- 
son is the pulse-height distribution from a 3"x3" NaI 
detector obtained with a differential pulse-height analyzer. 
Although the pulce amplitude cpoctrum io cimilar in chas 
acter, we observe that the energy distribution has been 
smeared by what appears to be a gaussian function. This 
is due to flunctuations in the light output from the phos 
phor and to the statistical nature of the processes occur- 
ring in the electron multiplier. 

The peak resulting from total energy loss (photopeak) 
is the distinguishing charactcristic of all spectra. Thc am'& 
litude of this peak and its intensity are used to determine 
the energy and intensity of gamma rays producing a given 
pulse-height distribution. The width of this peak is a 
measure of the energy resolution of the detector - a sub- 
ect which will be treated in more detail in n later section. 

In addition to the amplitude smearing of the original 
rlectrur~ spectrum it is apparent that a much larger frac- 
tion of the total number of events have appeared in the 
"photopeak" than would be predicted from the ratio of 
the photoelectric and Compton cross sections. In a de- 
tector of this sire, the pruhbiliry rhar a Campronararrered 
gamma ray will escape the volume of the detector is some- 
what reduced and many multiple events (e.g., Compton 
scattering followed by a photo event) can occur resulting 
in total energy loss. Since this chain of events occurs well 
within the lifetime of the phosphor, the energy lass iron1 
all events will sum to produce a pulse in the full-energy 
peak. As will be shown later, the relative probability for 
roral ctlcrgy loss in the dctcctor duc to thc occurrcncc of 
multiple events will increase as the dimensions of the de- 
tector are increased. 

The complicated pulse-height spectrum produced from 
monoenergetic photons incident upon a detector presents 
the basic problem in the interpretation and analysis of 
data obtained with a scintillation spectrometer. Let us 
now examine variations in the shape of the pulse-height 
spectrum as the incident gamma-ray energy is varied. Fig. 
3 shows the energy positions of four gamma rays of 0.060, 
0.320, 0.830, and 1.92 MeV incident energy, all of equal 
intensity. Above this are the pulse-amplitude spectra for 



Fro. 3 - Pulse-height distributions obtained with a 3"x3" NaI scin- 
~illatiufi dctcctor from monoenergetic gamma-ray sources 
of 0.060, 0.32, 0.83, and 1.92 MeV. Pertinent features of 
these spectra are noted. 
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each of these gamma rays obtained with a 3"x 3" NaI de- 
tector. At 0.060 MeV, gamma rays interact with the 
detector almost entirely by the photo process and the de- 
tector response is essentially a single peak - nearly Gaus- 
sian in shape. The peak of lesser intensity on the low- 
energy side of the full-energy peak is attributed to escape 
of iodine x-rays from the surface of the detector following 
a photwlectric interaction. This effect will be discussed 
in more detail in a later section,. As the gamma-ray energy 
increases, the pulse-height distribution becomes more com- 
plicated. In addition to the photopeak we see the continu- 
ous distribution of pulses resulting from the detection of 
Compton electrons. As the gamma-ray energy increases, 
the fraction of pulses in the photopeak is reduced as the 
Compton cross section becomes more dominant. At 1.92 
MeV, the pulse-height distribution becomes more cnmpli- 
cated. In addition to the Compton electron distribution 
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and the full-energy peak, several satellite peaks ate super- 
imposed upon the Compton distribution as a result of in- 
teraction by the pair process. As previously indicated, all 
energy in excess of the 1.02MeV threshold for this pro- 
cess, will appear as kinetic energy of the positron-electron 
pair. This results in the peak which appears at an ampli- 
tude equal to the energy of the incident gamma ray minus 
1.02 MeV. Subsequent annihilation of the positron will 
create two 0.511-MeV photons within the volume of the 
detector. If both of these annihilation quanta escape de- 
tection in the crystal, only the energy of the positron- 
electron pair will be lost to the detector. If one of the an- 
nihilation quanta is detected in the crystal by the photo 
process, or by any combination of multiple processes which 
result in total energy loss, then a peak will appear at an 
energy corresponding .to 0.511 MeV less than that of the 
incident photon. If both annihilation quanta are detected 
with total energy loss, the addition of the energy left in 
the detector by all processes for one pair event will pro- 
duce pulses in the full-energy peak. The total result of 
interaction by the pair process will then be a distribution 
of pulses ranging from the full-energy peak to 1.02 MeV 
less than the photopeak, including the three prominent 
peaks just described. Further examination of the spectrum 
for the 1.92 MeV gamma ray indicates the presence of a 
peak with an amplitude corresponding to 0511 MeV. 
This peak is due to the detection of annihilation quanta 
resulting from pair production external to the NaI(T1) 
crystal. The escape and subsequent detection of annihila- 
tion quanta from these events represents a background ef- 
fect for gamma rays above the pair threshold. This peak 
does not result from the detection of primary photons in- 
cluded in the cone of solid angle intercepted by the de- 
tector and should not be considered a part of the detector 
response to gamma rays originating in the source, but is 
an extraneous effect due to detector environment. Such 
effects are discussed in detail in Section IV. Further ex- 
amples of the response of a NaI scintillation detector to 
monoenergetic radiation are given in Fig. 53. 

If we now consider the change in shape of the pulse- 
amplitude spectrum as the energy of the incident gamma 
ray increases, it is apparent that the interpretation of spec- 
tra containing more than one gamma ray presents many 
problems. At low energies the pulse spectrum is charac- 
terized by a single symmetrical peak which is nearly Gaus- 
sian in shape and the response may be said to be quite 
unique. Information representing both the energy and in- 
tensity of the photons incident upon the detector is con- 
tained in a relatively few pulse-height channels of the 
analyzer. As the gamma-ray energy increases, this unique- 
ness between energy, intensity, and pulse amplitude rap- 
idly disappears. Although the essential information about 
energy and intensity still exists in the presence of the full- 
energy peak as a distinct feature of the pulse spectrum, 
any channel of a given pulse-height distribution may have 
contributions from gamma rays whose full-energy paks 
are above that channel. This is a major source of difficulty 
in the analysis of complex gamma-ray spectra. 
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2. Variations in Pulse-height Distribution 
with Detector Size 
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As previously mentioned, the pulse-amplitude spec- 
trum results from both primary and secondary events in 
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' FIQ. 4 Comparison of pulse-height spectra of Cs187 obtained 
with different sized NaI detectors. All spectra are nor- 
malized in gain atid area of photopeak- 

FIG. 5 - Effect of detector resolution on pulse-height spectmm. 

the crystal. The result of a series of successive interactions 
is a single pulse whose amplitude will be proportional to 
the sum of the energy loss from each interaction. Since the 
probability for interaction of a photon within the volume 
of the detector will be proportional to the path length tra- 
versed in passing through the detector, the relative num- 
ber of secondary processes following an initial Compton 
scattering will increase with the dimensions of the detec- 
tor. The increase in the fraction of events which result in 
total energy loss realized by. increasing the size of the de- 
tector is demonstrated in Fig 4. This figure illustrates the 
pulse-height distributions obtained from Cs'S? gamma rays 
detected with cylindrical crystals of NaI measuring 3" 
diameter by 3" high, and 5" diameter by 5" high. Also 
shown for comparison is the spectrum obtained with a 
3"x 3" detector surrounded by an anti-coincidence mantle 
such as that described by Raboy and Trail.8 In a detector 
arrangement of this type, if a gamma-ray experiences a 
Compton scattering event in the central crystal and the 
scattered photon is detected in the surrounding mantle 
detector, an anticoincidence circuit rejects the pulse from 

8 S. Raboy. C. C. Trail, and J. E. Monohan, Proceedings uf the 
Total Absorption Gamma-ray Spectrometry Symposium, U. S. Atomic 
Energy Commission Report TID-7594, (1960). 

the central detector. In this manner essentially only those 
events which result in total energy loss in the central 
counter are recorded by the pulse-height analyzer. Im- 
provement in the relative "photopeak" response (peak-to- 
total ratio) may also be obtained by using a well-type de- 
tector arrangement where the source is mounted in the 
interior of the detector. These latter detectors, however, 
have serious disadvantage's when coincidencesum effects 
are considered. These effects will also be discussed in a 
later section. 

3. Detector Resalutian 

The energy resolution of a scintillation spectrometer 
is a measure of the ability to distinguish the presence of 
two gamma rays closely spaced in energy. Since thc cs- 
sential information is contained in the "photopeak," the 
practical measure of resolution is the width of the "photo- 
peak" or "instrumental line width." The convention 
adopted is to define the resolution as the relative full 
width of the "photopeak" measured at half the maximum 
height of the peak. Thus, the resolution will be the full 
width at half maximum divided by the mean "photopeak!' 
position on the pulse-height scale. As a matter of con- 
venience, the resolution of a NaI scintillation detector is 



usually reported for the 0.662-MeV gamma ray emitted 
by (2.97. For 3"x3" cylindrical detectors a resolution 
ranging from 7.5 to 8.5% for the Cs line can be readily 
achieved with commercially available detectors. Fig. 5 
shows the effect of change in resolution on the shape of 
the pulse-amplitude distribution. Spectra of Csls7 taken 
with three detectors with resolutions of 7.1, 8.1, and 9% 
are presented - all normalized in intensity to equal "pho- 
topeak area!' 

The photoline width is primarily a result of statistical 
fluctuations in each step following the initial event which 
produces ionization in the detector. Among these are the 
following: 

(1) Conversion of the kinetic energy of primary elec- 
trons to light. 

(2) Efficiency of light collection and transfer of pho- 
tons to photocathode. 

(3) Efficiency of photocathode in the conversion of 
photons to photoelectrons. 

(4) Efficiency of electron optics in ~hototube for the 
focusing of electrons on the first secondary-emit- 
ting dynode. 

(5) Electron multiplication in dynode structure. 
All of these steps in the scintillation process will ulti- 
mately affect the statistical variance in the pulse amplitude 
appearing at the anode of the electron multiplier. An ex- 
cellent treatment of this subject and the contribution of 
each of these factors has been given by Breitenberger.9 
More recent discussions have been presented by Mana- 
gan,lo Prescott,ll and Iredale.12 

In addition to the statistical considerations basic to the 
scintillation process, there exist several instrumental vari- 
ables which can also contribute to the observed width of 

9 E. Breitenberger, Prog. in Nuclear Physics, 4, 56 (1955). 
10 W. W. Managan, IRE Trans. on Nuclear Science, Vol. NS-9, No. 

3 (1962). 
11 J. R Prescott and P. S. Takar, IRE Trans. on Nuclear Science, 

Vol. NS-9, No. 3 (1962). 
12 P. Iredale, Nucl. Insn. and Methods,.ll, 340 (1961). 
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FIG. 6 - Plot of detector rcwlution (FWHM) as a tunction of gamma-ray enerRy for detectors used 
to measure catalogue spectra. 



a "photopeak." The finite width of a pulse-height channel 
in the pulse analyzer can contribute to the width of a 
"photopeak." On a linear energy scale this effect is most 
noticeable in the first few channels of the spectrum where 
a "photopeak" may only be a few channels wide. An ex- 
ample is illustrated in Rg. 52. Peak width can also be ef- 
fected by noise modulation when the amplitude of the 
noise spectrum at the input to the pulse-height analyzer is 
equal to or exceeds the width of one amplitude channel. 
Variation in the zero voltage reference in the analyzer; 

gain in the electronic pulse amplifier or ramp slope in the 
analogue-to-digital converter of the analyzer during the 
measurement of a pulse-height spectrum will also result 
in peak broadening. Since these effects are difficult to sep- 
arate and interpret it is important that they be reduced to 
negligible proportions. 

A plot of detector resolution for detectors used in the 
compilation of spectra for the catalogue is shown in Rg. 6. 
Resolution (FWHM) is plotted as a function of gamma- 
ray energy. 

Source 

FIG. 7 - Illustration representing a NaI scintillation detector showing sequence of events producing 
output from electron multiplier and various processes which contribute to response of 
detector to a gamma-ray source. 



IV. EFFECTS DUE TO DETECTOR ENVIRONMENT 

If the radioactive source and the scintillation detector 
could be isolated from all sourrounding material, the 
shape and magnitude of the observed pulse-amplitude 
spectrum would be dependent only upon the energy of 
the gamma ray, the physical properties of the source and 
detector, and the geometrical relationship between the 
two. Unfortunately this cannot be achieved in the labora- 
tory. In practice, the shape of the observed pulse-ampli- 
tude distribution will be influenced by many factors re- 
lated to the experimental environment. Since the response 
of a detector in a practical laboratory environment must 
be understood prior to any attempt to analyze a pulse- 
height distribution, let us examine in some detail the 
many variables which can influence the shape of spectra 
obtained under practical laboratory conditions. 

Fig: 7 is a pictorial representation of a NaI detector in 
a lead shield. In this figure the different types of inter- 
actions which can contribute to an observed pulse-height 
spectrum are portrayed. Each type of interaction and its 
contribution to a pulse -height spectrum will be discussed 
in the following paragraphs. 

A. X-Ray Escape 
Gamma rays in the energy region below 200 keV are 

detected almost entirely by the photoelectric process. As 
previously described, the rjec~ion of a photoclcctron from 
the K shell of an atom is followed by the emission of 
characteristic x-rays. If the interaction occurs near the sur- 
face of the detector, iodine K x-rays may escape without 
further interaction. When this occurs, the energy of the 
x-ray (28 keV) will be lost and an additional peak will 
appear in the spectrum at 28 keV less than the photopeak. 
The spectrum of a 0.068-MeV gamma ray emitted in the 
decay of Coal is shown in Fig. 8 as an illustration of this 
effect. The magnitude of this escape peak will vary as the 
photoelectric cross section and with source-detector geom- 
etry. The escape peak will not be present for energies less 
than the K-edge of iodine (33.2 keV) and will decrease 
rapidly in relative intensity with increasing gamma-ray 
energy. 

The probability for x-ray escape may be calculated as 
a function of energy and geometry or may be determined 
experimentally. Axel13 and McGowanl4 have calculated 
escape peak intensities for various configurations. The re- 
sults of an experimental determination of the probability 
for escape from a 3"x3" NaI detector in the standard 
geometry (point source at 10 cm) is shown in Fig. 9. Ex- 
perimental values, indicated by the open circles, are com- 
pared with results of calculations made by McGowan14 
for a 1%" diameter x 1" cylinder of NaI in a similar 
geometry. 

B. Scattering from Surrounding Material 
To reduce the level of background radiation it is usu- 

ally necessary to operate a large NaI scintillator inside a 
shielded enclosure. This shield represents the major source 
of scattered radiation. Scattering also occurs from the 

13 P. Axel, AEC Report, BNL-271 (1953). 
14 F. McGowan, Phys. Rcv., 93, 163 (1954). 

source holder, the material used to prepare the source, 
beta absorbers, and the packaging material surrounding 
the NaI crystal. The effect of scattering from this material 
on the shape of the spectrum will now be examined. Fig. 
10 shows an experimental spectrum resulting from the 
detection of the 0.478-MeV gamma ray emitted in the 
decay of Be7. This spectrum was taken under the same 
laboretory conditions used for the measurement of all 
spectra in the catalogue. The results of measurements 
made with and without the presence of a polystyrene betz 
absorber are shown to illustrate the effect of scattering 
from the absorber. The distribution of pulses above the 
photopeak which is labeled "random sum spectrum" will 
be discussed in a later section. If we examine the region 
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ABSORBER 0 .598  g/cm* Be 
SOURCE DIST 10 cm (c)  

ENERGY SCALE 0 5 KeV/PHU(Cs) 

FIG. 8 - Pulse-height spectrum of 0.066-MeV gamma ray emitted 
in the decay of .3-hr CocJl illustrating ~ o d ~ n e  K x-ray 
escape. 

of the pulse-height spectrum which results from Compton 
electrons we see a definite peak superimposed upon the 
otherwise flat energy distribution of electrons. This peak 
is termed the "backscatter peak" and arises from Compton 
scattering of gamma rays in the walls of the shield sur- 
rounding the detector; The shape and magnitude ot this 



FIG. 9 - Probability for escape of the iodine K x-ray following photoelectric interaction in a 3"x3" 
NAI detector. Data are plotted as the fraction of the total photoelectric response to a point 
source at 10 cm as a function of gamma-ray energy. Shown for comparison is the calrtllnted 
escape fraction for a 1M"xl" detector in a similar geometry. 
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to. 10 - The pulse-height spectrum representing the response of 
a 3"x3" NaI detector to the 0.478.MeV gamma ray emit- 
ted in the decay of Be7. The contribution to the spec- 
trum from photons scattered from the shield and ben 
absorber and the random sum spectrum are shown. 

component of the spectrum is shown below the experi- 
mental spectrum. The character of ,the backscatter spec- 
trum and the scattered component from the absorber will 
be explained below. 

1. Backscatter Spectrum 
To understand the shape of this spectrum let us con- 

sider the relationship between the energy of the scattered 
photon and the scattering angle as given by equation (1). 
A plot of this relanonship 1s shown in Ftg. 11 for primary 
photon energies of 0.25,0.51, 1.0 and 2.0 MeV. Examining 
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FIG. 11 - The energy of Compton scattered photons as a function 
of scattering angle for various primary gammamy ener- 
des. 

this figure we see that for scattering angles greater than ' - 
120°, the energy of the scattered photon is relatively inde- .: ". 
pendent of angle and the energy of the primary photon. - 
As a result, the spectrum of scattered gamma rays emerg- 
ing from the walls of the shield used in the experiment 
shown in Fig. 10, is nearly monoenergetic. 

To illustrate the effect of shield configuration on the 
shape and magnitude of the scattered component, let us 
examine the results of a series of measurements made with 
the different shield geometries shown in Fig. 12. 

Three shieMs were constructed with 4" Pb walls hav- 
ing inside dimensions of 6"x 6"x 18tt, 12"x 12"x 229, and 
32"x 32"x 32". Shield A (6"x 6") was duplicated with Fe 
to demonstrate the relative effect of the 2 of the scattering 
material on the shape and magnitude of the scattered spec- 
trum. Fig. 13 indicates the response of a 3"x3 " cylindrical 
NaI detector to the 0.835-MeV gamma ray emitted by a 
source of Mnn* in three different shield configurations. In 
the energy region of the scattered spectrum the tiSp curve 
was obtained using the 6"x 6" Fe shield. The middle and 
lower curves show the response obtained using the 6"x 6" 
Pb shield and the 32'x 32" Pb shield. Comparing the two 
results for the small shield, identical except for the mater- 
ial.of construction, we see a large difference in the magni- 
tude of the scattered spectrum. This is due to the larger 
photo-electric cross section in Pb. A larger fraction of pri- 
mary photons entering the lead walls are absorbed by the 
photo-electric process, either initially, or following a single 



SHIELD CONFIGURATIONS 

FIG. 12 - Detector shield configurations used to demonstrate effect 
of Compton scattering on response of detector to mono- 
energetic gamma radiation. 

Compton scattering event. Comparison of the results ob- 
tiined in the two Pb shields shows a large reduction in the 
magnitude of the scattered spectrum as the dimensions of 
the shield at'e increased. 

It is of interest to compare the features of the scattered 
spectrum in all three cases. Scattering from the walls of 
the small shield gives rise to a rather broad peak with evi- 
#rice of two major components. The high-energy com- 
ponent is attributed to 180' single scattering of photons 
and the second peak to processes involving two successive 
Compton events before the scattered photon strikes the 
detector. As the size of the shield is increased, the back- 
scattered spectrum assumes the shape of a fairly sharp line, 
indicating that the reduced solid angle subtended by the 
detector for scattering from a point on the surface of the 
shield waIl has reduced the energy spread. The restriction 
of the scattered radiation to a very narrow energy region 
1s In agreement wlth predictions based upon the energy- 
angle relationshi ven in Fig. 11. A consideration of Y T these results wou d ead one to conclude that the detector 
shield should be as large as cost and space considerations 
will permit. 

It should be noted that the relative magnitude of the 
scattered spectrum will depend upon the source-detector 
geometry. In all measurements described above, the source 
was mounted at 10 cm from the detector face. For most 
shield configurations the magnitude ot the scattered spec- 
trum will be relatively independent of source-detector dis- 
tance, while the efficiency for the detection of gamma rays 
from the source will vary approximately as l/h'. 

2. X-Ray Production in Shield 
Analogous to the escape of iodine x-rays from the sur- 

face of the detector following a photoelectric event, a 
photo event occurring at the surface of the walls of the 
detector shield can result in the production of characteris- 

CHANNEL 

FIG. 13 - Effect of detector shield configuration on scattered com- 
ponent of pulse-height spectrum obtained from mono- 
energetic source. 

tic Pb x-rays. The probability of detecting these xerays can 
be reduced by the use of critical absorption techniques. To 
achieve this the shield is lined with one or more materials 
in decreasing order of Z. 

Using the same shield configurations described above, 
a series of measurements were made to illtlstrate the use 
of "graded" shields. Fig. 14 shows the results of these 
measurements. The spectrum obtained in the 6"x 6" Pb 
shield shows definite evidence of the Pb K x-ray at 0.072 
MeV. The second curve (shown by the solid line in the 
x-ray cn'rgy rcgion) indicates the response following the 
addition of a 0030" Cd liner to the shield. The thin Cd 
sheet is very effective in reducing the intens~ty of the Pb 
x-ray. Finally, the lowest line indicates the response in a 
large shield lined with 0.030" Cd sheet and 0.015" Cu 
sheet in that order. The combination of reduced solid- 
angle and the successive "grading" of the shield lining 
have reduced the fluorescent radiation to a negligible level. 

C. Effect of Beta Absorber 
Gcncrally speaking, nature does not provide us with 

sources which emit only photons. The decay of most radio- 
active source includes the emission of charged particles 
(either positrons or electrons). Since NaI is an efficient de- 
tector of charged particles, it is necessary to prevent their 
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FIG. 14 - Illustration showing the effect of Pb x-rays produced by 
photoelectric interaction in the shield and the use of crit- 
tical absorption techniques in "grading" shield to reduce 
this effect. 

entering the detector. The presence of these charged parti- 
cles introduces several complications. Fig. 15 shows a series 
of pulse spectra resulting from the measurement of radia- 
tions emitted from the decay of 3.6-hr Ya2. This isotope, 
which decays by beta emission, emirs very energetic h t a  
particles (3.6 MeV) and a number of gamma rays. The 
upper curve results from a measurement made with no 
absorbing material between the source and detector. We 
see that the gamma-ray spectrum is almost completely ob- 
scured by the high energy beta-ray continuum. The second 
curve represents a measurement taken with a 1.18 g/cm2 
beryllium absorber interposed between the source and de- 
tector in the standard source-detector configuration illus- 
trated in Fig. 16. The third curve was obtained by sur- 
rounding the sides of the cylindrical detector with a cap 
lllaJe wi pwlystyrel~e (0.7 g / ~ i n a )  as S ~ I W W I ~  i i ~  Fig. 17. The 
difference observed with the polystyrene cap is the result 
of the absorption of beta particles scattered from the air 
and surrounding materials into the sides of the detector. 
In cases where high energy beta radiation is present, care 
must be exercised to exclude all electrons from the de- 
tector if the nulse-amnlitude snectrum is to renresent onlv 
the response bf the ditector to^gamma rays eiitted by thl 
source. This is particularly important for nuclides which 
have a high-intensity ground-tate beta transition. 

CHANNEL PP co-A-511s 

FIG. 15 - Effect of beta absorber on observed spectrum and use of 
absorber cap over detector to reduce rays scattered into 
side of detector. 

Since absorbing material must be used to eliminate 
beta particles from the detector, one must be concerned 
with possible degradation of the spectrum from Compton 
scattering which occurs within the beta absorber. Fig. 18 
shows the effect on the Csl37 pulse-height spectrum as in- 
creasing thicknesses of absorbing material are interposed be- 

DUYTER I 3' CYLINDER 
M I  (n) 

W W  nF€ 
€363 RKmWWKTlPLlER 

FIG. 16 - Standard laboratory source mounting geometry, 



Polyethylene Cap \ 

FIG 17 . Illvstvtiorl rhndng ai-rhrr 
cap over detector used to pre- 
vent scatter of electrons into 
side of detector. 

tween source and detector. In addition to the attenuation 
of the entire spectrum, the shape of the spectrum is seen 
to change materially in the region just below the photo- 
peak, with little change in the low-energy region of the 
Compton distribution. The observed degradation of spec- 
trum shape is the result of detect~ng photons whlch have 
experienced Compton scattering in the forward direction. 
It should be noted that similar scattering effects can occur 
in the source if it has sufficient mas. 

It is accepted practice to use beryllium as the absorb- 
ing material to minimize the production of bremsstrah- 
lung. This subject will be discussed in Section VI. 

D. Annihilation Radiation 
In the measurement of sources emitting gamma rays 

whose energy exceeds the threshold for pair production, 
annihilation radiation will be observed in the pulse-height 

FIG. 18 - Effect of absorber thickness on monoenergetic response 
of detector, 

spectrum. This results from pair interaction m the walls 
of the detector shield and other material in the vicinity of 
the detector. Following the initial event, the annihilation 
of an electron-positron pair creates two (2) 0.511-MeV 
gamma rays which may interact with the detector. This 
type of event is illustrated in Fig. 7. It should be restated 
that annihilation radiation does not appear as a separate 
feature of the pulse-height distribution when high-energy 
photons experience a pair interaction within the volume 
of the detector, If one of the annihilation quanta is de- 
tected following the initial event, the energy loss is added 
to the kinetic energy of the electron-positron pair. 

Since the cross section for pair production is highly d e  
pendent on the atomic number of the absorber, this source 
of spurious radiqtion can be reduced by removing all high- 
Z material from the immediate vicinity of the detector. 
Scatter shields and collimators, which are usually made of 
lead, are likely offenders. 



V. SUMMATION EFFECTS 

A. Coincidence Sum Spectrum 

1. Coincident Gamma Rays 
In the decay of most radioactive nuclides, beta emis- 

sion is frequently followed by the emission of two or more 
gamma rays in cascade. In this case there is a finite proba- 
bility that th'ese gamma rays will be detected simultane- 
ously. The light pulse produced in this instance will cor- 
respond to the sum of the energies deposited in the dea 
tector by the gamma rays. This results in a distribution of 
pulses extending in energy up to the sum of the energies 
of the coincident gamma rays - the "coincidence sum 
spectrum." The intensity of the coincidence sum spectrum 
for two coincident gamma rays is given by the simplified 
expression: 

where No is the number of coincident pairs of gamma rays 
emitted by the source, and el are the efficiencies for the 
detection of gamma rays 1 and 2, and W(OO) is a factor 
included to account for the angular correlation of the two 

lo6 I i 
I 
I ~b~~ singles 
I 10 kav / CHANNEL 

SOURCE DISTANCE = IOcm. 

lo5  
I 

PULSE H E I G H ~  

FIG. 19 . Spectrum of NhV4 chnwing coincidence sum saectrum 
and effect of source-detector geometry on intensity of 
sum spectrum. 

coincident gamma rays.16 A typical coincidence sum spec- 
trum is illustrated in Fig. 19. This spectrum is character- 
istic of the radiation emitted by Nb94. In addition to the 
response of the detector to the two gamma rays individ- 
ually, we also see the distribution of pulses resulting 
from coincidence summing. The most prominent feature 
of this spectrum is the so-called sum peak which re- 
sults from total energy loss of both coincident gamma 
rays in the detector. The shape of the coincidence sum 
spectrum shown in the figure was calculated by convolut- 
ing the response of the detector to the two gamma rays. 
The method used to calculate coincidence sum spectra 
will be discussed in Section IX. 

To demonstrate the effect of geometry on the magni- 
tude of the coincidence sum spectrum, measurements with 
the source at 0.75 and 10.0 cm from the face of the de- 
tector are shown. The relative intensity of the sum spec- 
trum is seen to be highly dependent upon sourcedetector 
geometry. As indicated in Eq. (4), the magnitude is pro- 
portional to the product of the detection efficiency for the 

1s M. E. Rose, Phys. Rev., 91,610 (1953). 

'3.08 hr: Ti 45 ' 

3"x3" - 3 No I 
9 - 2 2 - 6 3  

ABSORBER 1.18g/cm Be + 200rng 
Cu Sandwich 

SOURCE DIST. 10 cm (c) 
ENERGY SCALE 1 KeV/WlCs)  

2 

PULSE ~ G H T  
loZ I I 

FIG. 20 - Pulse-height spectrum of 3.0Ehr Ti45 showing coinci- 
dence summing 6f annihilntion radiuriu~~ w i ~ l l  180Q-scat- 
tered photons from the other annihilation quantum. 



two gamma rays. From this it is evident that the analysi. 
of complex spectta will be more complicated if the spec- 
trum is measured under conditions of large solid angle. On 
the other hand, coincidence summing can be used to con- 
firm coincidence relationships and offers a means of ident- 
ifying nuclides whose spectra are characterized by prom- 
inent cascades. The coincidence sum effect was a major 
consideration in the adoption of a 10 cm source distance 
as the stand@ geometry for all spectra in the catalogue. 
At this reduced solid angle the sum spectrum can usually 
be neglected. 

2. Annihilation Radiation 
Sources which decay by positron emission represent a 

special case for coincidence summing. It is desirable to an- 
nihilate the positrons at the source in order to insure that 
the annihilation radiation will be detected in the $same 
geometry as the other photons emitted by the source. This 
is achieved by ,surrounding the source with an absorber of 
sufficient thick ess to annihilate the positrons. If one of 
the two annihi f ation quanta enters the detector, the other, 
which is emitted in the opposite direction, can be scat- 
tered from material surrounding the source. Fig. 20 il- 
lustrates the resulting sum of these two events. In this 

- spectrum we see a low intensity peak appearing at approx. 

,Pv Sum Of Two Pulses 

Fro. 21 - Illustration of the effect of superposition of two ulses 
within the sampling time of the and c-todigitaf con- 
vener. Variations in overlap will r e s x i n  smearing of 
the random coinadence summation spectrum. 

imately 700 keV which is due to the sum of pulses f r tm 
the photopeak of the 0.511-MeV annihilation quantum 
and the backscattered radiation from the other member 
of the pair. 

A discussion of the tr=a&ieiij of the coincidence sum 
effect in quantitative analysis of spectra appears in Sec- 
tion VII. 

B. Random Sum Spectrum 
If we re-examine the pulse-height spectrum of a mono- 

energetic source shown in Fig. 10 (Section N-B) in the 
region above the ainplitude of the "photopeak," we see a 
continuous distribution of pulses extending to approxi- 
mately twice the amplitude of the full-energy peak. This 
feature of the spectrum is due to acadental a m d n a -  
dence between events occurring in the detector. Shce the 
processes of radioactive decay are completely random in 
time, and the resolving time of the electronic system 
finite, pulses from two events can overlap in time and the 
two events will sum in amplitude. The probability for ac- 
cidental summing is given by: 

I,...,. = Na 27 (5) 

where N is the input pulse rate, r is the resolving time of 
the electronic qvrcm, und I ia the total nurnhcr d pulm 
appearing in the summation spectrum. Pulses in this sum 
spectrum represent the detection of photons directly ina- 
dent upon the detector and are considered as part of the 
energy response of the detector. Comparing the shapes of 
the rahdom summation spectrum and the coincidence 
sum s p m ~ r n  wr ~ l ~ t  t-hnt r h ~  rharartPrifi~ir "~iim pmk" 
is not so pronounced. The degradation of the shape of the 
random sum spectrum is a result of variations in the time 
interval A t  between the leading edges of the two overlap. 
ping pulses. Eig. 21 illustrates the superpcsition of two 
pulses which occur within the sampling time of the p u b  
hd&t m~lyzte. TWU yulacs, wit11 m11y11tuJar Va mrJ Va 
are shown partially superimposed in time. The sum of 
tllcue cwu p u h  is shown by the dashed line. Clearly, rhe 
shape of the resultant pulse will vary with the time inter- 
vd between the two pulses and their respective ampli- 
tudes. The complex pulse which results can diier mark- 
edly from the normal pule shape presented to the pulse- 
height analyzer. Depending upon the method used in the 
analogue-todigital converter to determine pulse ampli- 
tude, the recorded amplitude for such pulses can vary 
from V, to the highest amplitude reached in ther 'on of 

di.mihi~tim. 
T overlap. The result is the observed "smeared" pulse eight 

As indicated in equation ( 9 ,  the intensity of h e  ran- 
dom sum spectrum will vary as the square of the input 
counting rate. The variation in the intensity of the random 
sum spectrum with source intensity is indicated by the 
results of experimental measutements shown in Fig. 22. 



Intensity Of Random 

Sowce Intensity 

Iio. 23 - Typical bremsstrahlung spectra on 3"x3" NaI detector. 
All spectra are normalized in intensity to 107 disinte- 
grations. 

CHANNEL NUMBER nc*-r-sur 

FIG. 22 . Intenrity of random sum spectrum vs count rate. 

As electrons are stopped in an absorbing material, a 
certain fraction of their energy is radiated as brernsstrah- 
lung. This process, which is the inverse of pair production, 
results from inelastic collision of electrons with nuclei. A 
continuous energy distribution of photons results which 
decreases rapidly iq intensity with increasing energy up to 
the maximum electron energy. The probability for energy 
loss by radiative collision is proportional to electron energy 
and varies as the square of the atomic number, 2, of the 
absorbing material. 

A set of typical bremsstrahlring spectra observed wit11 
a Nal spectrometer is shown in Fig. 23. A number of 
nuclides emitting essentially only one beta ray group were 
measured under the same experimental conditions. The 
disintegration rates of all sources were determined by 47r 
beta counting techniques to permit intensity normalization. 
The resulting bremsstrahlung spectra are normalized to 
107 disintpe;ratinns of the source to provide an indica- 
tion of the shape and intensity of bremsstrahlung distribu- 



tions as the energy of the beta ray transition is increased. of all beta emitters, the intensity is usually almost negli- 
These data were obtained in the standard geometry using gible. Exceptions are nuclides which have a very intense 
beryllium beta absorbers. As mentioned above, the choice high-energy ground-state beta transition such as Yel, The 
of absorber is based upon the Z dependence for radiative spectrum of this isotope is shown in Fig. 24. A number of 
collisions. pure bremsstrahlung spectra are included in the catalogue 

Although bremsstrahlung will be present in the spectra as an aid in the analysis of other spectra. 

Vll. QUANTITATIVE ANALYSIS OF 
SCINTILLATION GAMMA-RAY SPECTRA 

A. Detector Efficiency 
The detection efficiency T(E), the fraction of gamma 

rays emitted from the source which iryteract with the de- 
tector, can be calculated tor known v lues of the absorp- 
tion cross section r(E) for Nal un d er a well defined 
sourcedetector geometry. Equations are derived for two 
cases: (A) a point source of radiationllocated on the ex- 
tended axis of a right circular cylindrical detector and (B) 
a disk source whose center is oh the extended axis of a 
right circulat cylindrical detector with the plane of the 
disk parallel to the top surface of the detector. These are 
shown in Figs. 25 and 26. In these 4expressions to is the 
thickness of the detector, re is the radius of the detector, 
h, is the perpendicular distance between the source and 
the top surface of the detector, and R is the radius of the 
disk source. Extensive calculations have been made by 
Vegors, Marsden, and Heath10 for point, disk, and line 
sources located on the central axis of the detector. These 
calculations are for 32 different detector sizes, for values 

-,* of h from 0 to 100 cm, and for photon energies from 10 
keV to 10 MeV. Curves and tables of calculated efficien- 
cies for point, line, and disk sources for 3" diam. x 3" 
thick, 4" diam. x 4" thick, and 5" diam. x 5" thick cylin- 

; drical NaI detectors are given in Appendix 11. 
" The quantity T(E), the absolute detection efficiency, 

obtained from these relationships, is the probability. that a 
photon emitted from the source will interact in the de- 
tector with the loss of a finite amount of energy. 

In a solid material such as NaI, which has a density of 
2.67, the sensitive volume is very clearly defined. Since 
the amount of material which a secondary electron pro- 
duced in the solid phosphor must traverse to leave a meas- 
urable amount of energy is negligible, edge effects are in- 
significant. Any error to be expected will be due to un- 
certainty in the value of T used in the calculation. A plot 
of the percent error in detection efficiency versus percent 
error in absorphon cross section tor the detection of 0.32-, 
0.66, and 1.11-MeV gamma rays in a $4" thick x 3" diam. 
NaI.phosphor is shown in Fig. 27. As one might expect, 
for small values of t, the detector thickness, the error will 
vary linearly with r. Fig. 28 shows a similar plot for the 
3"x 3" detector. In a large phosphor such as this, the error 
in detection efficiency due to an uncertainty in T is re- 
duced appreciably. Even at 1.11 MeV a 10% error in T, 

which is considerably more than the expected uncertainty 
in the calculated values, will result in an error of only 5%. 
For lower energies the error will be considerably reduced 

10s. H. Vegors, L. L. Marsden, a ~ ~ d  R. L. Heath. Calculated Efi- 
ciencies of Cylindricd Radiation Detectors, AEC Report IDO-16370 
(1958). 

FIG. 24 - Puhe-height spesmlrn of radiations emitted by source 
of 5Eday 'YO1 showing contribution to spectrum from 
bremsstrahlung continuum. 

since the detector is almost opaque to gamma radiation of 
energy less than 300 keV. 

The effect of varying the radius of a disk source on 
the detection efficiency for 0.661 MeV gamma rays is 
shown in Fig. 29. 

8. Photopeak Efficiency 
Consider a point source of radiation and a detector of 

specified size that is i.solated from all material which might 
scatter into the detector gamma rays not origindly emitted 
into the cone of solid angle subtended by the detector. 
The number of events in the observed pulse-height spec* 
trum will then be related to the emission rate from the 
source by the expression given in the last section. From the 
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FIG. 25 - Expression for calculation of detector efficiency for point source of radiation and cylindri- 

EXTENDED SOURCE 

FIG. 26 . Expression for calculntion of detector rffirirncy for disk source of radiation and cylindrical 
detector. 
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FIG. 27 . Error in detection efficiency us error in absorption co- 
efficient for 3"x%" NaI detector (h = 10 cm). 

preceding discussion of the contribution of scattered radi- 
ation to the detector response, it is evident that this rela- 
tionship will hold only if this contribution can be removed. 

+!:,Since such radiation is of lower energy than the initial 
gamma-ray energy, it is more convenient and precise to . . work in terms of the photopeak efficiency. This quantity, 
e,, is defined as the probability that a gamma ray of energy 

. - E, emitted from the source, will appear in the photopeak 
L of rhe observed pulse-he~ght spectrum. The value of this 

quantity is that most of the spurious contribution to the 
obsetved spectrum from scattering has virtually no effect 
on the photopeak. Thus the photopeak represents a mare 
accurate measure of emission rate. 

+I EFFECT W ERROR IN T 

FIG. 28 - Error in detection efficiency us error in absorption co- 
efficient for 3"x3" NaI detector (h = 10 cm). 

1. Peak-to-Total Ratio 
It would bc difficult to calculate cP directly because of 

the large number of multiple processes which occur in a 
scintillation detector. For this reason it is convenient to 
use the following expression: 

where T(E) is the calculated value for the absolute effi- 
ciency and the quantity P is defined as the fraction of the 
total number of events in the pulse-height spectrum which 
appear in the photopeak (the peak-to-total ratio). The 
peak-to-total ratio has been determined experimentally by 
careful measurement of selected sources under experi- 
111e11ral conditions which reduce scattered radiation to 
negligible levels. An example is shnwn in Fig. 30. An al- 
ternative method is to determine the distintegration rate 
for sources using the 4~ Pu coincidence method17 and to 
calculate a value for the peak-to-total ratio from the inte- 
grated peak area in a spectrum obtained using the NiiI 
detector. A plot ul experimental values of the peak-to- 
total ratio, measured at this laboratory, for a 3" x 3" NaI 
detector as a function of energy is shown in Fig. 31. These 
experimental data are tabulated in Appendix 111. 
2. Absolute Emission Rate Determination 

In this notation, the emission rate of a single gamma 
ray will be given by the following relationship: 

where No is the number of gamma rays emitted from the 
source, Np (as shown in Fig, 30) is the area under the 
photopeak, T(E) 1s the total absolute detection efficiency 
for the source-detector geometry used, P is the appropriate 
value for the peak-to total ratio, and A is a correitiuil  fa^- 
wr for ahsorption of the gamma radiation by any beta ab. 
sorber ubed in the measurcmcnt. 

17 P. J. Carrrpiur~, l (U l~ t~u1  Acndemy bf Jc~ences - Natronnl Ke- 
search Council Publicution No. 573, 24, (1958). 

FIG. 29 - Detection efficiency for a 3"x3' detector (662 keV) as 
a function of source radius and distance from the de- 
tector. 
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ILLUSTRATING 
PEAK -TO -TOTAL RATIO 

- FIO, 30 - Illustration of Peak-to-total Ratio concept for NaI pulse- 
height spectrum. 
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The absorption correction factor, A, for the standard 
set of beryllium absorbers used for all measurements is 
determined experimentally. It is necessary to determine 
the absorption correction for the particular geometry used 
rather than use values for the total absorption cross sec- 
tion of beryllium. Values of the total absorption cross sec- 
tion are generally reported for a highly collimated geom- 
etry. With the absorber placed directly on the top surface 
of the detector, the total absorption cross section does not 
represent the observed reduction in the intensity of the 
photopeak. 

The results of an experimental determination of photo- 
peak attenuation versus gamma-ray energy for a set of 
beryllium absorbers is shown in Fig. 32. These measure- 
ments were made with point sources in the standard 
geometry, with the absorbers positioned an .the top surface 
of the detector. The absorption curve for a 1.18 g/cm2 
absorber, calculated from the total absorption cross sec- 
tion, is shown for comparison. 

In the determination of the photopeak areas and the 
experimental measurement of the peak-to-total ratios, the 
region of the spectrum to be integrated must be well de- 
fined. Up to this point we have assumed that the photo- 
peak could be satisfactorily described by a gaussian func- 
tion 

y(z) - y. cIr=*)'l,. (8) 

where y is the calculated count in channel x, xo is the 
pulse height at the center of the summetrical distribution, 
yo is the number of counts per channel at x,, and the full- 
width at half+maximum of the peak is w, = 2 c 2  &. 

Fig. 33 shows the result of a fit to the photopeak of the 
Csl87 gamma ray with a gaussian function. The solid cir- 
cles indicate data mints used in the fit. From this least- 
squares fit to the data points, yo, x, and b, are determined. 
Examination of the figure shows considerable deviation 
from a gaussian shape on the wings of the peak. The resid- 
uals are plotted to show deviation. The low-energy tail is 
expected and is produced largely by multiple processes 
which do not result in full-energy loss. The residuals on 
the high-energy side of the peak are not expected and rep- 
resent a problem in determining the peak area by least- 
squares fitting techniques. The cause of this deviation 
from a gaussian shape is not completely understood and is 
observed to vary in magnitude for different detectors. For 
this reason it is thought to result from optical problems in 
the detector. 

To account for this effect, an arbitrary functional form 
has been chosen to represent the photopeak response of 
the detector as a function of gamma-ray energy. It is given 
by: 

where the powers 4 and 12 were chosen to give the best 
fit and x,, y,,, b,,, a,, and a, are the parameters deter- 
mined in the fit. These five parameters can be calcu- 
lated in a non-linear least-squares fitting program which 
has been written at this laboratory"'. Values for these 

FIO. 31 - Perk-to-total ratio us Energy for a 3"x3" NnI detector. parameters as a function of gamma-ray energy are deter- 

23 
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FIG. 532 - Results ot experimental determ~nahon of photopeak attehuatlofi for Bd beta abtbcrs.  
These measurements were made for point sources of radiation at 10 cm distance from the 
Jrtrrtut. ~ l h r b c r s  poaitioncd on top of cylinddoal detector. 

mined by fitting photopeaks tor a number ot gamma-ray 
standards. A plot of ax and a, for the detector used to 
accumulate most ot the spectra in the Catalogue (3"x 3" 
-2 are shown in Figs. 34, 35, and 36 for the 5 keV/chan- 
ne I and 10 keV/channel energy scales. 

The photopeak area used is defined as the area ob  
tained by fitting the experimental photopeak with the 
functional form described above. A simplified practical 
method for determining the photopeak area may be used 
which is based upon a symmetry requirement for the low- 
energy side of the peak. This method involves the con- 
struction of a set of parallel lines connecting data points 
on the high-energy side of the photopeak with corres- 
ponding points on the low-energy side. This will result in 
a family of parallel lines for points near the peak maxi- 
mum. Once the slope of this set of parallel lines is estab 
lished, points on the low-energy side may be interpolated 
by extending the parallel lines down to include all points 
on the high-energy side of the peak. This procedure es- 
tablishes the symmetry requirement and will produce re- 

sults wh~ch agree very closely with those obtained from 
the non-linear least-squares fitting procedure. 

For use with Eq. (7) it is convenient to combine the 
terms in the d~nominatnr. A ?lot nf the product of 
these two quantities as a function of gamma-ray energy 
is shown in Fig. 37. The solid line represents the result 
of e leasr-squares fit of a polyrioniial to experin~ental 
values of the product epA for a number of mono-energetic 
gamma-ray sources. Note that the curve reaches a maxi- 
mum at approximately 100 keV and then decreases in 
value. This is due to iodine x-ray escape from the surface 
of the detector which reduces the peak-tu-total ratio. This 
is mentioncd to stress that thc peak-to-total ratio, as we 
define it, does not include the intensity of the escape peak. 

To this point in the discussion we have considered only 
the case of q source which emits a single gamma ray. If 
more than one gamma ray is emitted and coincidence sum- 
ming occurs then the problem is complicated. Although 
the effect of coincidence summing is somewhat difficult to 
analyze in every detail, the total area associated with the 
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FIG. 33 - Gaussian fit to experimental photopeak of Csls7 (0.662 
MeV) showing deviation from functional form. 
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Fxa. 34 . Variation of the ewprrimental parameter nl with gamma- FIG. 35 - Variation of the experimental parameter a, with gamma- 
ray energy for the 10 keV/channel gain scale. ray energy for the 5 keV/chnnnel gain scale. 



sum spectrum and the "sum spectrum" may be calculated 
from the known effiaencies and solid angle. Considering 
a simple scheme characterized by the emission of two c?s- 
cade gamma rays (eg., (3080) the emission rate of y1 wrll 
be given by equation 

N, = 
Npl W(o0) 

A1elPl [l-e2W (On) A,] 
(10) 

where Np, is the area under the photopeak of y, (with any 
contribution due to y2 or the sum spectrum subtracted), 
el and e2 are the total absolute efficiencies for yl and y2, P1 
is the peak-to-total ratio for y1 (experimental), A, and A, 
are the absorption corrections for the two gamma rays, 
and W (0') is a factor to take into account the angular 
distribution function of the two gamma rays integrated 
over the face of the crystal, evaluated by the methods de- 
scribed by Kose.16 'I'he third term in the denominator ac+ 
counts for those pulses which would normally appear in 
the photopeak but, due to simultaneous detection of the 
other cascade gamma ray, appear in the coincidence sum 
spectrum. Another convenient expression is that for the 
area under the coincidence sum spectrum, or the proba- 
biIity that two coincident gamma rays will be detected 
~$h$ultaneously. This is given by equation (11) 

V .  EXPERIMENTAL MEASUREMENTS 

A. Laboratory Scintillation Spectrometer 
In this section the equipment, calibration procedures, 

and experimental techniques used to obtain the data for 
the spectrum catalogue will be described. The experimen- 
tal conditions adopted as standard for the catalogue spec- 
tra represent a reasonable compromise for the majority of 
routine applications of a scintillation spectrometer. This 
is with an understanding that the requirements for a spe- 
cific measurement may require the modification of one 
or more parameters to achieve an optimum experiment. 

1. The Dstectar 
The 3" diameter x 3" thick cylindrical NaI detector 

was originally chosen as the standard reference detector 
for the spectrum catalogue. This choice was a compromise 
based upon the consideration of many factors. This size 
detector can be readily obtained as a package, integrally 
coupled to a photomultiplier, ftom commercial sources. 
These commercial units can now be obtained with an en- 
ergy resolution for the 0.662-MeV gamma ray of G I 3 7  of 
7.5 to 8.0%. The volume of a 3"x 3" detector is sufficient 
to give a reasonable photopeak efficiency in the energy 
region associated with radioactivity. To obtain appreciable 
improvement in the photofraction, one would have to con- 

Ro. 36 - Varlcrtian af the exprtlmental parameter a2 with gamma- 
ray energy for both the 5 end 10 keV/channel p i n  scales. 

sider increasing the detector size to a 5" diameter x 5" 
cylinder or larger. These larger detectors are not only con- 
siderably more expensive, but usually exhibit poorer reso- 
lution. Although larger (detectors are in use in this labor- 
atory and much data has been obtained with 5"x 5" detec- 
tors, the 3"x 3" detector is still considered to be the best 
detector for most applications. 
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FIG. 37 - Least-squires pofynomial 61 to experimental values for EPA for 3"x3" NaI accector. 

The detectors used to obtain 'all spectra included in packaging material separating sou- and detec- 
the catalogue were fabricated in this laboratory using the tor. This is particularly necessary if the detector is 
packaging technique shown in Fig 38. The NaI crystal is used for quantitative measurements of low-energy 
contained in a thincwalled aluminum can (0.005" wall photons. 
thiJx1ess) lu ~ d u c e  absorption of low energy 'photon8 and 
to prevent excessive Compton scattering from the pack- 
aging material. The optical reflector is a 0.005" thick 
sprayed coating of &alumina. The crystal is mounted di- 
rectly on the face of an RCA 8054 electron multiplier, op- 
tically coupled with silicon grease (Dow QG2-0057), and 
the entire assembly evacuated. A mu-metal shield sur- 
rounds the dynode structure of the phototube to reduce 
the effect of stray magnetic fields. Energy resolution for 
detectors used varies from 7.0% to 8.1%. A drawing of a 
typical commercial detector package is shown in Fig. 39. 
The major difference between the two packaging tech- 
niques is in the quantity of packaging material used. For 
this reason quantitative application of a commercial de- 
tector would requue the determination of the following 
parameters: 

(1) this distance from the top of the crystal to the top 
of the can to establish accurate source-detector 
geometry, and 

(2) the effective absorber thickness for the can and 

The distance from the top of the crystal to the cyutside 
of the package can be determined by radiographing the 
detector package with an x-ray machine or radioisotope 
camera. A typical radiograph of a commercial 3"x 3" d e  
tector package,is shown in Fig. 40. The typical separation 
between the surface of -the detector and the outside sur- 
face of the can (4 - 8 nlm) has recently been reduced by 
most manufacturers to approximately 3 mm. Some manu- 
facturers will now supply this information with each de- 
tector package if requested. 

The scintillation detector is mounted in a photomulti- 
plier base which includes the source holder as shown by 
a photograph in Fig. 41. For a detailed description and 
drawings of this detector base and' source holder, the 
reader is referred to a recent report which describes testing 
and calibration procedures for scintillation spectrometers.ls 

1SD. F. Crouch and R L Heath, Routine Testing and Calibration 
Procedures for Multichannel Pulse Analyzers and Gammmay Spec- 
trometers, IDO-16923 (1963). 
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FIG. 39 - Typical commercial scintillation detector (3"x3") show- 

ing details of packaging technique. The increased mass 
nf matrrinl ~rscd in the packaging of these detector6 will 
produce some r';=*-rtion of the spectrum due to scattering. 

FIG. 40 - X-ray photograph of commercial 3"x3" NaI detector il- 
lustrating method used to locate position of crystal in- 
side container. 

FIG. 41 - Photograph of standard laboratory detector showing 
source holder used to minimize scattering geometry. 



Top Pb Groded 

Ro. +2 Standard laboratory detector ohield used for experi- 
mental measurement of all spectra in the Spectrum Cat- 
alogue. 

Unless otherwise stated, all spectra in the catalogue are 
measured in this geometry (point source at 10 cm). 

A 2. Detector Shield 

) The standard detector shield enclosure used for the 
measurement of all spectra in the catalogue is shown in 
Fig. 42. This shield has inside dimensions of 32"x 32"x 
32". As indicated in the figure, the interior of the shield is 
lined with 0.030" Cd sheet and 0.015" Cu sheet in that 
order. 

3. Electronics 

The laboratory scintillation spectrometers used for all 
experimental measurements utilized the commercial com- 
ponents listed below: 19 

a. Photomultiplier Power Supply - Fluke Model 
412A or Power Designs Model HV-1565. 

b. Linear Amplifier - An external vacuum tube amp- 
lifier (ORNLtype A-8) .is used in the analyzer sys- 
tems in preference to the amplifiers supplied as an 
integral part of the analyzer. This amplifier cm- 
ploys delay-line double-differentiation to produce 
a bi-polar output pulse similar to that shown in Fig. 
43. The advantage of a double-differentiated ampli- 
fier is improved overload characteristics and negli- 
gible bias shift at high input counting rates. 

C. Multi-channel Pulse-height Analyzer - Nuclear 
Data Model 130-AT 512-channel analyzers were 
used for all measurements. 

Fro. 43 - 011tput waveform from d~uble-differ- 
entiated linear pulse amplifier. 

d. Digital Read-in and Read-out Equipment - Tally 
Model 424 Paper Tape Reader and Tally Model 
420 Paper Tape Punch. 

A photograph of a typical analyzer system is shown in 9; 
Fig 44. In addition to the equipment listed above,-the sys- 
tem also includes a total count scaler for the deterqination 
of input counting rates and protective circuitry f& moni- 

sB 
toring over-voltage on the power buss20 and the output of 
the phototube supply.21 

For a detailed description of the testing and calibration 
procedures and performance specifications recommended 
for gamma-ray spectrometry, the reader should consult 
reference 18. 

4. S o u ~ e  Preparation 
To reduce the possibility of scattering, sources are pre- 

pared to approximate a weightless point source as nearly 
as possible. The two types of source mounting arrangement 
used are shown in Fig. 45. The source mounting card 
(Type A) is fabricated of paperboard and the source de- 
posited between layers of cellulose tape (=: 10 mg/cm". 
The source mounting ring (Type B) is used for special 
sources where bremsstrahlung production or scattering 

1 Note: The listing of the products of manufacturers does not in- 
dicate a specific endorsement of a product, but only indicates that 
the.se products meet the rigid specifications established for this appli- 
canon. 
20 K. F. Smith, "Overvoltage Protector for High Voltage Power 

Supplies," MTR-ETR Technical Branches Quartrvly Report, 1st Qwr- 
tw 1962, IDO-16781 (1962). 

2 1  K. F. Smith, "Line Surge Protector," MTR-ETR Terhniral 
Branchcs Quarterly Report, 4th Quarter 1961, IDO-16760 (1962). 
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, must be reduced as much as possible (e.g., experimental 
2 -  

determination of peak-to-total ratios). 
'So illustrate the impartance of scattering from the 

~ U T C ~  mmht m d  source holder a series of measurements 
were conducted with sources of Cel41. Sources were pre- 
pared on the two types of source mounts described above 
.and measurements made on each source on two 3"x 3" 
detectors equipped with the two types of source holders 
shown in Fig. 16 (source holder A) and Fig. 41 (source 
holder B), The cardboard mounting is referred to as Type 
1 and the thin film ring as Type 2. The results of these 
measurements, which appear in Fig. 46, show that most 
of the scattering from the source mount and holder assem- 
blies appears as a contribution to the low-energy side of 
the photopeak. As the mass of scattering material in the 
immediate vicinity of the source is reduced, the contribu- 
tion to the spectrum from scattering is likewise reduced. 
The purpose of these measurements was to illustrate the 
magnitude of this effect. 

In the case of positron emitters, annihilation of posie 
trons is localized to the position of the source by surround- 
ing the source material with a Cu sandwich of sufficient 
thickness to stop most of the positrons. This is neces- 
say  to maintain the standard point source geometry for 
annihilation radiation. If the positrons are allowed to 
annihilate throughout the volume of the shield, the detec- 
tion efficiency will be undefined. The use of the Cu sand- 
wich will result in some deterioration in the quality of the 
spectrum as a result of Compton scattering. 

FIG. 44 - Photograph of one of the =intillation spectrometers used to obtain data for the Spectrum 
Catalogue. 
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FIG. 45 - Examples of source mounting arrange- 

ments used. 
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FIG. 46 - Effect of scattering from source mount 
and source holder. 

In the preparation of sources for catalogue spectra, 
considerable effort is expended to insure isotopic purity 
of the source, First, the possible methods for producing a 
given isotope are studied. Factors to be considered include: 
interference from other isotopes of the same element, half- 
life, possible elemental contamination of the material be- 
ing irradiated, and production cross sections for the various 
nuclear reactions which may occur in the irradiation of a 
given material. In the production of sources by neutron 
capture, the choice of flux level and neutron spectrum is 
made after a consideration of competing processes [e.g. 
double neutron capture, (n,p) reactions, etc.]. In acceler- 
ator irradiations, the energy of the bombarding particle is 
important since several competing reactions are generally 
possible which are energy dependent. Operating parame- 
ters for the accelerator are chosen to enhance the relative 
production of the desired nuclide. The chemical form of 
the target material will depend upon the chemical pro- 
cedures which are used in the purification of sample ma- 
terial following irradiation. 

In many cases, high cross sections for some isotopes re- 
quire the use of mass-separated material to reduce inter- 
ference when producing other isotopes which have rela- 
tively low cross sections. ,$--$& 

The procedure usually followed in the production of2 ;;%+$ 
sources is to make preliminary irradiations and then o b ! -  s.3 
serve the energy vpectrum of the irradiated sample as a< 3"-3 
function of time. In many cases obvious elemental. con- 
taminants can be removed by chemical separation. From 
half-life determinations and comparison of the observed 
energy spectrum with available nuclear data, all isotopes 
present in a given spectrum can usually be identified. If no 
interference from other isotopes is indicated, sources can 
be prepared in final farm and the spectrum measured un- 
der the standard exmrimental conditions. 

If chemical purification is necessary, solvent-extraction . 
and ion-exchange methods are  referred since the mass of 
inert material in the source wili usually be much less than 
with wet chemical procedures. In many cases carrier-free 
samples can be obtained with these techniques. 

5. Data Preparation 
Data from the scintillation spectrometers are presented 

in three forms: (1) digital listings of the count accumu- 
lated in each channel of the multi-channel analyzer, (2) 
digital data recorded on perforated paper tape, and (3) 
data recorded on punched cards. 

The card format is shown in Fig. 47. Each card con- 
tains digital information for 10 channels of the pule an- 
alyzer. The first two columns are used to indicate the card 
sequence for ordering. The next 70 columns contain the 
information from 10 channels (six digits and one space), 
and the last 8 columns of the card are used for spectrum 
identification. This format is standard for input to dl com- 
puter program which are described in Section IX. 

The format adopted for the perforated tape systems 
is the standard &level IBM code. An example of this tape 
format is shown in Fig. 48. This format utilizes a 1-2-94 
binarydecimal numeric code which occupies the first four 
levels. The 5th level is used for negative parity and the 
6th level for zero. Information from one analyzer channel 



RG. 47 - Punched-card format for all computer data processing progra 

requires seven characters - six representing the six digits 
from the magnetic core memory of the analyzer and the 
7th typewriter space code. Every ten channels the space 
code is replaced by a typewriter carriage-return code to 
correspond to the punched card format. An end-of-line 

.code iollows the end of the last channel and the data are 
:preceded and followed by tape-feed characters. 

For presentation in the catalogue, spectrometer data 
^ are prepared as point plot (semi-log) of the number. of 

counts accumulated in each channel (N(E)dE) us chan- 
nel number. These graphs are prepared as templates to 

. overlay the standard 8%" x 11" or 11" x 17" K and E 3- 
;,cycle semi-log graph paper. The graphs are then printed 
Ion translucent paper to permit removal of spectra from 
"the catalogue for comparison with experimental data 
plotted in a similar manner. Digital listings of all data 

-used in the preparation of these graphs are included in 
Appendix IV ot Volume I. These data were included to 
permit the user to plot the data in a different form or to 
prepare catalogue files ot spectra on punched cards, per- 
forated tape or magnetic tape for read-in to pulse analyzers. 

Chnnnrl 3 

ms. 

End-Of -Line Code 

WCh-1-5776 

Experimental conditions used are listed with the ex- 
perimental data for each spectrum. Included are the 
source-detector geometry, energy scale, and the beta 
absorber used in the measurement. A number of spectra 
have been analyzed to obtain an inrensity normalization. 
For nuclides emitting a single gamma ray, the "photopeak" 
is fitted by least-squares methods and the total number of 
gamma rays emitted are obtained with the quantitative 
procedures discussed in Sections VII and IX. For nuclides 
emitting more than one gamma ray, the spectrum is ana- 
lyzed to obtain the intensity of a prominent gamma ray. 
Appropriate corrections are made for geometry, photopeak 
efficiency, absorption, and coincidence summing effects. 
These results can be used to obtain decay rates when the 
decay schemc is well established. 

6. Energy Calibration 
1. Zero Convention for Pulse-height Scale 

A well defined pulse-height scale is essential for re- 
producible precision energy measurements with a scintil- 
lation spectrometer. Perhaps the most important consider- 

HG. 48 - &level perforated tape code used at this laboratory. 'I his 
code is one of the standard IBM codes with odd parity In 
thr 5th I+vcl, All apectra in t h  Cataloyt arc fin file in 
this format. 

ation in establishing a reproducible pulse-height scale is 
the convention adopted for setting the position of the zero 
position of the ADC (analogue-to-digital converter) in the 
analyzer. The convention adopted in this laboratory is to 
set electrical zero at - 0.5 channel. 

Since a channel represents a band of from V to 
V + AV, the total number of pulses in a given channel 
i will be 

where V is the amplitude corresponding to the lower edge 
of the channel and AV is the channel width. If the chan- 
nels are non-overlapping the average amplitude for a con- 
tinuous function n(V) will be approxin~ately equal to the 
point at the center of the channel. This means that an 
observed channel count rate is considered as a measure 



FIG. 49 - Histogram of pulse-height scale illustrating procedure 
for establishing zero position of pulse analper- 

of the count rate for pulses corresponding in amplitude to 
the center of the channel. If the first data channel is 

- called channel 1, it will contain a range of pulse ampli- 
tudes from 0.5 to 1.5. Pulses with amplitude less than 
0.5 will not be recorded. On this scale, zero pulse ampli- 
tude corresponds to - 0.5 channel and channel 50 covers 
a range from 49.5 to 50.5 on an amplitude scale. The use 
of this scale makes the relative amplitude of two pulses 
independent of the zero reference. This scale is illustrated - in Fig. 49. If the system is linear, there r i l l  be a one-to-one 
correspondence between channel number and pulse amp* 
litude. 

The method of zero alignment is achieved in the fol- 
lowing manner: the voltage adjustment on a precision 
mercury-relay pulser is adjusted to obtain equal numbers 
of pulses in channels 199 and 200. This corresponds to the 
upper edge of channel 199. This adjustment is made with 
the decade potentiometer control on the pulser set at 
199.5. The potentiometer control is then adjusted to 19.5. 
Tl~t  zero control on the analyzer is then aarlj~ated to obtain 
equal numbers of pulses in channels 19 and 20. This pro- 
cedure is repeated until the slope and intercept of the 
pulse-height scale are determined. If the analyzer circuitry 
were absolutely linear the zero intercept would then be 
- 0.5 channel. The upper edge of channel 19 was chosen 
because serious non-linearity exists in the bottom 10 chan- 
nels of many analyzers. The linearity check described 
above can be used to evaluate the actual channel position 
to be expected for pulses of small amplitude. 

2. Nan-linear Energy Response of Nal 
The non-linear energy response of NaI to gamma radia- 

tion has been discussed in detail by several a~thors.~zJ3J~~~5 

22 R W. Pringle and S. Standhil., Phys. Rev., 80, 762, (1950). 
23 D. Engelkemeir, Rev. Sci. Instr., 27, No. 8, 589, (1956). 
24 P. Iredale, UKAEA Report, AERER3440. 
25 W, C. Kaiser, S. I. Baker, A. J. McKay, and I. Sherman, IRE 

Trans. on Nuclear Science, Vol. NS-9, No. 3, (1962). 

In any systematic treatment of data from NaI spectrom- 
eters it is essential that an absolute pulse-height us energy 
scale be established. For a given experimental arrange- 
ment this scale depends on the light output from the de- 
tector as a function of Ey, (dL/dE), and the linearity of 
the electronic system. A determination was made of the 
pubheight vs energy scale for the experimental arrange- 
ment employed to collect data for the catalogue. 

A series of radioactive sources emitting gamma rays of 
precisely known energies were measured together with the 
Cs187 gamma ray as a reference. The absolute pulse-height 
scale dexrihed above was used for these measurements. 
Least-squares fitting techniques were used to determine 
the photopeak positions to an accuracy of 0.03 chan- 
nels. The zero position and integral linearity of the elec- 
tronic system were determined with a calibrated pulser. 
For the system used (A-8 amplifier and ND 130A an- 
alyzer), deviations from a straight line passing through the 
origin (channel zero) did not exceed ~ 0 . 5  channels over 
a range of channel 5 to channel 250. The results of these 
measurements are tabulated in Table 11. Fig. 50 shows a 
comparison of the experimental values obtained for L/E 
vs Eu with those of Engelkemeirza and of Managan.26 
Results for the detector used agree very closely with those 
of Engelkemeir. Similar measurements, using several com- .. 
mercial detectors, have indicated some variation in re- 
sponse below 100 keV. For this reason, the determination 
of the pulse-height vs energy response for a given detector _ 
must include a measurement of the non-linear response 
foethat detector. 

For convenience, conversion tables between energy and 
pulse-height for the standard 10 keV/channel gain scale 
are presented in Appendix 111. 

26 W. W. Managan in Applied Gamway Spectromehy, Pergarn. 
mon Press, New York, (1960). 
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PHOTON ENERGY (Kw) 

FIG. 50 - Pulse-height us gamma-ray energy response of 3"d" NaI 
detector. To correspond with the energy scale adopted, 
all data are normalized to unit light output at 0.66162 
MeV (CslST). 



TABLE I 
Measured values of PH/E as a 
funrtian of gamma-ray energy 

Gamma-Ray Energy 
~ ~ 2 4 1  0.05957 
Lul 0.11297 
Lux77 0.20836 
1181 0.36447 
Be7 0.478 
Biz07 0.5695 
a 1 3 7  0.66162 
Yss 0.8989 
Biz07 1.0637 
Zn65 1.114 
YSa 1.837 
Na24 2.7535 

3. Method of Energy-Pulse-height Calibration 
The con'vention adopted for the pulse-height*energy 

scales used for all spectra in the catalogue (2.5, 5.0, 10, 
and 20 keV/channel) is that all pulse-height values are 

CHANNEL PP CO-6-5131 

FIG. 51 - Example of energy calibration procedure using Csls7 
garnma ray. Data were taken on a gain scale approximat- 
ing 5 keV/channel. Peak channel positions indicated are 
result of least-squares fit of modified gaussian shape to 
each photo-line. Figure shows calibration of peaks due to 
0.11297- and 0.20836-MeV gamma rays from Lul i i .  

measured relative to that of the 0.66162MeV gamma ray 
of Csl37. For this energy, there will be a one-to-one cor- 
respondence between energy and pulse-height (with the 
appropriate scale factor applied). This convention was 
adopted to correspond with the results of measurements 
of the non-linearity of NaI. Thus, the channel position for 
a peak of a given energy will be related to a gain scale in 
which the ( 2 1 3 7  peak would appear at a multiple of chan- 
nel 66.162 (10 keV scale). Energy calibration is made by 
measuring sources simultanesusly with a source of CslS? 
and determining the channel position for each peak by 
least-squares fits to the data with a gaussian function, as 
discussed in Section VII. An example of this procedure is 
shown in Fig, 51. This figure shows the spectrum of Lu177 
measured simultaneously with CslS? on the 5 keV/chan- 
nel scale. The Cs13i photopeak was fit with a gaussian. For 
the ~ W O  lower energy peaks, the contribution from the 
underlying Compton distribution was approximated by 
adding a straight line to the non-linear fit. The energy of 
the two low-energy lines is then d~tcrmined from the peak 
positions by normalization of the Cs photopeak to channel 
132.32 and applying the appropriate correction to account 
for the non-linear pulse-height us energy response of the 
detector. A list of sources for energy calibration is given 
in T~NI 111. 

Nuclide 
Am241 

Lu177 
Lull ( 
I181 
Aulgs 
Be? 
Ann. Rad. 
D1au'J 
Cs187 
N boa 
YSS 
Bi2 0 7 

Znee 
Na22 
Na24 
YSS 

TI207 (ThC') 
Na24 

TABLE II 

Energy Calibration Sources 

Ey (MeV) 
0.05957 
0.11297 
0.20836 
0.36447 
0.41 176 
0.478 
0.5 1094 
US695 
0,66162 
0.7657 
0.8989 
1.0637 
1.114 
1.2736 
1.3679 
1.837 
2.61 42 
2.7535 

Half-Life 
458 yr 

6.8 d 

4. Gain Shift Program 
All spectra in the catalogue are normalized on the 

pulse-height us energy scale as discussed above. This is ac- 
complished by means of a computer program which al- 
lows one to shift either the gain or zero position of the 
pulsc-height scale. Thus, a general litrear transformation 
can be made between two pulse-height scales. This is ac- 
complished by fitting the pulse-height spectrum as a series 
of polynomial least-squares fits to sets of three successive 
channel counts. The results of these successive fits around 



the original channel positions provides a means of interpo- 
lating values for the number of counts in a hypothetical 
channel which lies somewhere between two channels on 
the original pulse-height scale. The  program can either 
shift a spectrum by a ratio of two arbitrary gain scales or 
shift a given peak in a spectrum to a certain channel posi- 
tion. This second alternative is accomplished by incorpor- 
ating a linear least-squares routine for locating the position 
of a photopeak by assuming a simple gaussian form. 

T h e  gain-shift program has been used in conjunction 
with the energy calibration procedures outlined in the 
previous section. to shift all spectra in the catalogue to the 
standard pulse-height scales (referred to Csl"). The gen- 
eral procedure adopted is to measure the energy of all 
prominent gamma rays with this;procedure and then make 
a comparison of these results with literature values. If the 
precision of reported energies is well established, literature 
values are used and the spectrum is shifted to the approp- 
riate position on the standard pulse-height scale. If this is 
not the case the energy values determined from the cali- 
brativlr with Cs13' are used. 

Although the gain-shift routine is intended for use 
only with small gain shifts, it can be used to shift the gairl 

. of a spectrum by a large factor. Fig. 52 shows two Csl37 

. spectra, one measured at 5 keV/chali~iel and the othcr at 
'. 10 keV/channel and then shifted by a factor of 2 in gain 

to correspond to the 5 keV scale. The  agreement in shape 
between the rwv spectra is considcrcd to be excellent, con- 
sidering the large scale change. It is interesting to note the 
broadening of the x-ray peak of the shifted spectrum, due 

. . to the effect of finite channel width. For a detailed descrip- 
, tion of the gain-shift program the reader should consult 

reference 34. 

CHANNEL PP CS-B-YOI- 

FIG. 52 - Illustration of results of gain shifting program. Closed 
circles represent Cs137 spectrum on 5 keV/channel gain 
scale. Open circles show spectrum taken on 10 keV/ 
channel gain scale shifted by a factor of two to match 5 
keV spectrum. 

- . IX. COMPUTER TECHNIQUES FOR DATA ANALYSIS 

O n e  of the most important areas of development in 
gamma-ray scintillation spectrometry during the past few 
years has been the perfection and use of computer pro- 
grams for the analysis of complex pulse-height spectra. In 
this section a brief description of the techniques presently 
in use at this laboratory is presented. For a comprehensive 
survey of the present state of data processing as applied to 
the analysis of pulse-height spectra, the reader is referred 
to the proceedings of a conference on this subject held at 
Gatlinburg, Tennessee in 1962.2' 

A. Computer Program for the Generation 
of the Detector Response to 
Monoenergetic Gamma Rays 

T h e  basic requirement for analysis of pulse-height 
spectra is a detailed knowledge of tlir pulseaheight re- 
sponse to monoenergetic radiations. In the preceding sec- 
tions the various factors influencing this response have 
been described in detail. T o  obtain correspondence be- 
tween the true gamma-ray spectrum emitted by a source 
and the ohscrved pulse-height distribution, two methods 
have been employed. One  approach has been to attrrr~pt 

2 7  Proceedings of n Conference on the Applicuiiuru ul C o ~ ~ ~ p u t c r s  
ro Nuclear and ~ad'i:ochernistr~, NAS-NS  Publication N o .  3107 (1962). 

to calculate the pulse-height distribution from a knowl- 
edge of the basic interactions occurring in the detector. 
This approach has been developed by the use of Monte 
Carlo computer programs such as that described by 
Zerby.28 

T h e  other approach, which has been developed ar rhis 
laboratory, is empirical in natuie, and may be used to cal- 
culate response functions for any detector and experi- 
mental geometry. It is basically a systematic extension of 
the graphical interpolation scheme which has been used 
by nuclear spectroscopists for some time. First, a number 
of carefully measured spectra are obtained for single gam- 
ma rays as shown .in Fig. 53. From these pulse-height dis- 
tributions one may construct a three-dimensional surface 
for the response of a NaI scintillation detector to mono- 
energetic gamma rays. Fig. 54 illustrates such a response 
function for a 3"x 3" NaI detector where the single gamma 
rays are normalized to the same emission rate and are ar- 
ranged with gamma-ray energy as the third coordinate. A 
plane perpendicular to the energy axis through a given 
point will intersect this surface to form a curve which rep- 
-.-- 

28 C. D. Zerby and H. S. Moran, Calculation of the Pulse-height Re- 
sponse of Nnl .Scintillation Counters, USAEC Report, ORNL-3169 
(1962). 



FIO. 53 - The response of a 3"x3" NaI detector tn rnoncenorpetic enmmr I Q ~ L  [rum 0,333 to 2.75 
b[oV, All s p ~ ~ i r a  are for a pbint suurce mounted 10 cm from the detector and hove bccn 
normahecd in intensity to 107 photons emitted from the source. 

resents the detector response to a gamma ray of that en- 
ergy. The  generation of such a surface by means suitable 
for machine programing requires an analytical representa- 
tion of 'the experimentally determined pl.llse.height spectra. 

If the detailed structure of the pu.lse-height distribu- 
tions obtained from monoenergetic gamma rays are ex- 
amined, it is apparent that there are several features 
which vary in a uniform manner with gamma-ray energy. 
All reatures of the spectra can be interpreted from a 
knowledge of the three basic prnresses by which a photon 
interacts with the detector; i.e., photo-electric, Compton, 
and pair interactions. The most prominent feature, the 
photopeak, is essentially gaussian in shape with some as- 
synlelry on the low energy side due to multiple processes 
occurring in the detector and small-angle Compton scat- 
tering from absorbing materials freqcently used to prevent 
detection of beta radiation emitted by the source. This 
peak, as described in Section VII, is represented by the 
"modified gaussinn" expressiun: 

where yo is the maximum amplitude of the peak, xo is the 
midpoirit of the distnbution on a pulse-height scale, and 
b, is related to the full width of the gaussian shape a t  
hall-l~iaximum ('resolution), The convention adopted is 
to fit the experimental photopcaks and tu determine the 
parameters of the modified gaussia~i by least-squares tech- 
niques.20 The deviation from a modified-gaussian shape 
on the low energy side is treated as tlwugh ir belonged to 
the Compton distribution. From a knowledge of bo and 
the normalized alra uf the gaussian as a function of pulse- 
height (energy) it is possible to calculate the shape and 
magnitude of the photopeak for a gamma ray of any en- 
ergy. It should be noted that the pulse-height us energy 
scale must include the eflect of nonlinearity in.the energy 
response of NaI. 

The  remaining portion of the pulse-height distribution 
is due largely to the Compton process which produces a 

2DR. G. Hclmcr, R. L. Heath, Marie Putnam, and D. H. Gipson, 
A Non-linear Least-Squares Program for the Determination of Pare 
mrjrers of Photopcaks by tlir Use of a Modified Gaussian Function, 
IDO-17015 (1964). 



FIG. 54 - Three-dimensional model of the re.;ponse of n 3"x3" Nal detector to monoenergetic 
enmmn rndintion. This model illustrates the interpolation scheme used to ohtnin the en- 
ergy response of a given detector. 



distribution of pulses from zero amplitude up  to a sharp 
cutoff representing maximum energy transfer between the 
photon and a recoil electron. This point on the energy 
spectrum is termed the Compton edge (E,) and is given 
by the  following relationship: 

Other  prominent features of the.spectrum are the back- 
scatter peak which results mostly from photons Compton- 
scattered at 180' by material surrounding the detector, the 
two peaks resulting from the escape of one or both of the 
annihilation photons from pair production, and the 0.511- 
MeV peak from annihilation radiation. T h e  portion of the 
spectrum below the full-energy peak is divided into 5 seg- 
ments and each segment is fitted to a series of the form: 

In order to insure a smooth fit at  the segment end points, 
a region of overlap is included in the fitting procedure. 

. The number of terms, Nk, in the expansion is chosen to 
give a certain amount of smoothing to the data points. 

CHANNEL 

FIG. 55 - Comparison of computed detector response to experi- 
mental spectrum (0.335 MeV). 

T h e  next step is to determine the number of counts 
in a given channel as a function of gamma-ray energy. 
These points, which represent a section through the three- 
dimensional surface perpendicular to the pulse-height axis, 
are then fitted to a polynomial in gamma-ray energy. The  
number of terms in this polynomial is adjustable in order 
to give the most reasonable fit to the data points. Thus a 
set of pulynvnlials iri et.iergy is obtained, one for each 
channel on thc pulse-height scale. This process is repeated 
for each segment of the Compton distribution. T o  simplify 
this interpolation with a limited number of measured 
spectra, each group of segments is first stretched so that 
each segment has the same length for all gamma-ray en- 
ergies. This preserves fine structure which varies with 
gamma-rays energy; i.e., backscatter and pair pcaks. Since 
the number of segments required to describe the Compton 
distribution varies with Ey, the program Is dlvided inru 
three sections. These sections treat the following ranges of 
gamma-ray energy: 0.020-0.300, 0.300-1.3, and 1.3-3 MeV. 

T o  obtain the pulse-hcight distribution for a 
gamma ray, channel count-rate values are compured $ivcn rom 
the set of polynomials representing N(E)dE vs E for each 
channel. These values for each scgrncnt arc combined 
with a photopeak calculated from the appropriate values 
of b, and A (area of the gaussian). 

Figures 55 and 56 show a comparison between experi- 
mental pulse-height distributions for gamma rays of 0.335 
and 1.114 MeV and the calculated shapes obtained from 
the shape generation program. Excellent agreement is in- 
dicated, with all details of the spectra reproduced. A de- 
tailed description of this program nnd its use has recently 
been prepared as an AEC report.30 

B. Coincidence Sum Spectrum Program 
A n  additional curriplicatiur~ i l l  tl.~e analysis of gamma. 

ray spectra occurs when the decay of a radloacrivc elemenr 
gives rise to two or more coincidcnt gamma rays. In this 

30 R. L. Heath, R. G. Helrner; L. A. Schrnittrotl~, arlJ G. A. Cazier, 
Generation of Detector Kesponse Curves for Gamma-ray Scincilla- 
1iu11 Sficci,vrttctrt~, IDO.11017 (1961). 

FIG. 56 - Comparison of computed detector response to experi- 
mental spectrum ( 1 . 1  14 MeV). 



case the pulse spectrum observed in a detector will also 
include a distribution of pulses known as the coincidence- 
sum spectrum which results from the simultaneous detec- 
tion of two coincident gamma rays. This spectrum will 
contain*pulses of all sizes from the minimum detectable 
height to the sum of the maximum pulse heights obtain- 
able from the individual gamma rays. The  most promi- 
nent feature of this spectrum is the so-called sum peak 
which results from coincident detection of pulse from the 
photopeaks of the two coincident gamma rays. 

In principle, it is possible to calculate both the shape 
and magniture of this sum spectrum. Let us consider a 
two-gamma-ray cascade. Using the program previously de- 
scribed one may compute the detector response to the in- 
dividual gamma rays for a given detector and experimen- 
tal environment. If the computed pulse-height distribu- 
tions for the two coincident gamma rays are normalized 
to one disintegration of the source, then the values of 
N(E)dE  represent the probability of detecting the corres- 
ponding gamma ray as a count in a given channel of the 
pulse-height spectrum. Pulse-height spectra for the two 
coincident gamma rays may be designated as GI(X)  and 
G ,  (X) . - ,  - 

T h e  probability of detecting gamma 1 in channel a 
and gamma 2, from the same disintigration, in channel b 
is the product G,(a)G,(b). This product is then the prob- 
ability of producing a pulse in the sum spectrum in chan- 
nel (a + b). The  total contribution to any channel, c, of 
the sum spectrum is then the sum of contributions from 
all pairs of channels for which a + b = c. This may be 
expressed in the following manner: 

A FORTRAN program has been written which performs 
this summation for two-, three-, or four-gamma-ray cas- 
cades, using as input data calculated spectra from the 
previously described spectrum-generation program. 

O n e  further correction is necessary to obtain the cor- 
rect intensity for the sum spectrum relative to the cascade 
gamma rays. Each pulse that appears in the sum spectrum 
represents a count missing from the pulse-height spectrum 
of each of the summing gamma rays. - -  . 

As an eample of the results of this program, Fig. 19 
shows the experime~.ital spectrum of two coincident gamma 
rays together with the computed coincidence-sum spec- 
trum. Both the shape and intensity are reproduced with 
considerable precision. With  the addition of this program 
one now has the capability of computing the pulse-height 
distribution from gamma rays emitted by any radioactive 
nuclide. This requires only a knowiedge of the decay 
scheme and may be applied in principle to any detector 
or experimental arrangement. 

Fig. 57 shows a comparison between the experimental 
pulse-height spectrum of 41-day Pml4* and the computed 
spectrum obtained using the programs described above. 
T h e  computed spectrum was generated from data on the 
decay scheme of this nuclide obtained at this laboratory. 
This is a complicated casc involving 17 gamma rays with 
many double and triple cascades. All features of both the 
singles and coincidence sum spectra are re roduced with 
high precision. T h e  two spectra above have ! cen displaced 

on the vertical axis for comparison. With the exception of 
two low-energy peaks, which were not included in the 
calculation, all points on the.  computed spectrum agree 
quite well with the experimental data. 

C. Linear Least-Squares Program 
For the analysis of discrete spectra which exhibit well 

defined photopeaks the so-called least-squares method of 
analysis represents an im~rbvement  over hand stripping 
techniques. This method can be programed for computer 
use and has been proven to be very satisfactory for the 
analysis of many classes of data.31.32~33. It assumes that the 
pulse spectrum to be analyzed consists of a sum of j gam- 
ma rays of known energy, numbered 1-j-c, each iepre- 
sented as a pulse-height spectrum of i channels numbered 
a-i-n. It is further assumed that standard spectra, repre- 
senting the response of the detector to gamma rays of 
these energies, are available for comparison. Then the 
count rate in channel i from the jth component will be Slj 
and the total count rate in channel i from the composite is 
CI. If the recorded standards are all normalized to a given 
disintegration rate from the source, then one must include 
a normalizing factor aj, which is the ratio of the intensity 
of component j in the composite to the normalized stand- 
ards. W e  may then write: 

where 6 represents the error in the count in channel i. 

If we assume that the only error is the random fluctu- 
ation in the channel count, the principle of least-squares 
may be applied. Then the sum of the squares of the resi- 
duals 8 ,  can be minimized over all channels, i.e., 

where w l  is the weighting factor. 
O n e  then has a set of linear simultaneous equations 

which may be solved to obtain values for the ai's. This is 
most conveniently done by matrix techniques which can 
be readily programed for machine solution. The  advantage 
of this system is that the method is frce from subjective 
error and it provides a method for estimating the quality 
of fit. The disadvantage is that it requires a knowledge of 
the number of components present in the spectrum to be 
analyzed and their energies. This requirement is not as 
restrictive as it might seem since the result of initial esti- 
mates may be observed and an iterative method applied. 
In general, results obtained with this method are more 
satisfactory than those obtained with graphical techniques. 
A recent version of this program has been written which 
includes the gain-shift ptogram.34 With this program it is 
possible to iterate with gain of the composite spectrum as 
a variable, thus removing one of the most troublesome 
problems in analyses of this type. 

3 1  L. Salmon, Nucl. lnstr. and Meth. 14, 193 (1961). 
:I2 A. J. Ferguson, AECL-1398 (1961). 

R. L. Heath, "Recent Developments in Scintillation Spcctromc.try," 
Proceedings of the 8th Scintillation and Solid-Stnte Counter Sym- . 
posium, IRE Trans. on Ntrclenr Science, NS-9, No. 3, 294 (1962). 

R. C. Helmer, R. L. Heath, D. D. Metcnlf, and G.  A. Cnzier, A 
Lineitr Least-Squares Fitting Program for thz Analysis of Gamma-ray 
Spectra Including a Gain-shijt Routine, iD0-17015 (1964). 



FIG. 57 - Cornparison of the experimental spectrum obtained from a source of 42-day I'm148 on a 
3"x3" detector with a spectrum calculated using the computer programs described for the 
generation of gamma-ray shapes, summation spectra, and a knowledge of the decay scheme 
of this nuclide. 



As an example of the application of the program, Fig. 
58 shows the results from the analysis of a complex spec- 
trum containing five components and a total of ten gamma 
rays. In order to demonstrate the precision of the method 
the five standards were measured individually and then 
measured together to form the composite. The calculated 
values for the intensity of each component are tabulated 
on the figure and compared with intensities obtained 
from the five components measured separately. Deviations 
are less than 2% in all cases, even though the composite 
spectrum is quite complex. The  residuals resulting from 
the least-squares analysis, in units of R/o, are shown - 
plotted for each channel - at the bottom of the figure. 
The maximum deviation for any point is seen to be less 
than 20. 

As an example of the combined use of these programs, 
Fig. 59 shows the results of a least-squares analysis of the 
Nb94 spectrum. The procedure followed in this analysis 
was as follows: 

(1) The energies of the two gamma rays were deter- 
mined by a separate measurement of the Nb source taken 
simultaneously, with a Csl37 source. The positions of the 
Cs peak and the two Nb peaks were then determined with 
the nun-linear least-squares program descl.ibed in Section 
VII. 

(2) With this information and the known pulse- 
height us energy relationship for NaI, the energies of the 
Nb gamma rays were determined. The Nb94 spectrum was 

then gain shifted to place the peaks in the correct. posi- 
tion on the standard 10 keV/channel gain scale. 

(3) The shape generation program was used to deter- 
mine the detector response of the detector for gamma rays 
of the energies determined above. 

(4) With the generated shapes, the coincidence sum 
spectrum was calculated. 

(5) With the two gamma-ray shapes and the com- 
puted sum spectrum as components for the fit the ex- 
perimental Nb94 spectrum was analyzed with the linear 
least-squares program. 

From an examination of the residuals, shown at the 
bottom of Fig. 59, it is concluded that the experimental 
spectrum is well represented by a linear combination of 
the three calculated components. Intensities obtained for 
the two gamma rays agreed to within l%, in agreement 
with the published level scheme for this nuclide. This re- 
sult is considered to be a good demonstration of the capa- 
bilities of the analysis techniques described above. 

LEAST-SOUARES ANALYSIS 
OF Nbs' SPECTRUM I 

FIG. 58 - Example of least-squares analysis of a five-component FIG. 59 - Results of least-squares analysis of Nb04 spectrum. The 
pulse-height spectrum containing ten gamma rays. Resi- Analysis used calculated shapes for the two gamma rays 
duals are shown for each channel. and the coincidence sum spectrum. The residuals are 

shown plotted at the bottom of the figure. 
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APPENDIX - I 
GAMMA RAYS ORDERED BY Z, A, PHOTON ENERGY, 

METHOD OF PRODUCTION, AND HALF-LIFE 
This section is intended to provide information useful BREMSP - used to identify isotopes which are pure beta 

for the application of the Spectrum Catalogue to the anal- emitters giving rise to a pure bremsstrahlung.spectrum. 
ysis of gamma-ray spectra. All pulse-height spectra in the ISOMER - indicates that particular gamma ray originates 

from an isomeric level. compilation have been examined carefully and gamma 
rays which are distinct features of the spectrum listed in AVEKAC; - indicates that the "gamma-ray energy" listed 
order of increasing gamma-ray energy. To  facilitate com- is only the apparent energy of a photopeak actually 
puter sorting, each gamma ray is represented by one line containing two or more unresolved gamma rays. The 
entry in the tabulation. Along with the energy of a given actual energies of the components of a complex peak 
gamma-ray, one entry includes the following information: follow in succession on the same line entry. 

Column 1 - Mode of production used to make the DUBLET - this symbol indicates that the gamnia ray 
isotope. The convention followed is shown below. listed is one of two gamma rays which are major fea- 

1. Neutron capture tures of the spectrum. Such structure is valuable in 
2. Double neutron capture visual identification of, isotopes. 
3. p,n and p,2n reactions TRPLT. - this symbol indicates that the gamma ray listed 
4. 7,n and 7,211 rcoctiono io onc of thrcc 3trong gnmma rays which collcctivcly 
5. n,p reaction represent the most distinguishing feature of the pulse-, 
6. y , ~  reaction he ih t  tipectrum; 
I. neutron capture followed by beta decay X-KAY. - used to indicate that a peak results from char- 
8. v,n reaction followed by beta decay acteristic x-rays. 
N radioactive nuclides occuring in nature This column is also used to indicate that a particular 
F fission product gamma ray may be ~roduced by the decay of an isomeric 

Although most nuclides can be produced by several pos- level in the daughter nucleus or emitted in the decay of 
sible reactions, the method used for source preparation the daughter in cases where the daughter nucleus is radio- 
usually represents the mode which will yield sources with active. If the half-life of delayed states or the radioactive 

.reasonable isotopic purity. daughter are relatively short, the spectrum used in the 
Column 2 - Atomic number Catalogue will generally show this gamma ray in equilib 

- Column 3 - Chemical element . rium with the decay of the parent. This type of entry is 
Column 4 - Isotopic mass intended to point out difficulties in interpretation which 
Column 5 - Half-life. In this column, half-life is re- can arise from such cases. 

ported in seconds ( S ) ,  minutes ( 2 4 1 ,  days (D), or years INDEX I - This listing contains entries for all camma 
(Y). For the natural activities, machine listing required a rays which are significant features of a given pulse-height 
modified notation. For example a'half-life of 1.27 x 1010 spectrum. All entries are ordered by Z, A, and ascending 
years is listed as 127E10 Y. .values uf gamma-ray energy for a given nuclide. Subse- 

column 6 . &de of decay. ~ l ~ h ~ ~ &  format required quent indices represent special sorting of all gamma rays 
a phonetic license, all entries should be self-explanatory. in Index I with respect to one or more of the entries as- 

sociuted with a given gamma ray, Column 7 - Gamma-ray energy and intensity. Ener- INDEX I1 - Principal gamma rays (A) ordered by gies are listed in MeV. Gamma-ray intensities are divided gamma.ray nlis illdex inclu JeJ all el,lries arra,.lgcd 
into three categories, A, 8, and C. This convention is ascendingorder of photon based on practical considerations for the analysis of pulse- INDEX 111 - Principal gamma rays emitted by iso- height spectra. All gamma rays which produce photopeaks topes induced by thermal neutron capture and fission ar- in the same decade of intensity as the most intense photo- ranged in ascending ol.dcr photon This irldex is peak are termed major gamma rays and denoted by inten- a subset of Index 11. It should be noted that natural radio- sity "A." All gamma rays producing photopeaks down one active isotopes also appear in this decade from the most intense peak are given an intensity INDEX IV - Principal gamma rays produced by ac- "B," and peaks down by two or more decades are given an celerator induced reactions ordered by energy.. ~h~~ di- 
intensity "C." vision was made to simply identification of nuclides by - General remarks. This column is used to reducing isotopes being considered to possible methods of 
provide additional information about a gamma ray or nu- production. 
clide which can aid in the identification of the spectrum INDEX V - Principal gamma rays emitted by major 
of a given isotope or permit certain characteristics of a fission product isotopes ordered by nis is a subset 
spectrum to be noted. The notation used is as follows: of Index 111. 
SINGLE - refers to isotopes which emit only one gamma INDEX VI - Lists gamma rays by isotopes in order of 

ray which can be used to determine the response of a ascrnding value of half-life for neutron induced nuclides. 
detector to monoenergetic radiation. INDEX VII - List of gamma rays by isotope in order 

ANN.RD - indicates annihilation radiation. of ascending value of half-life for accelerator produced 
SMPEAK - denotes presence of summation spectrum re- isotopes. 

sulting from simultaneous detection of gamma rays Note: Values adopted for gamma-ray energy and half- 
emitted in cascade. life were either taken from Nuclear Data Sheets compiled 

BREMS. - indicates presence of bremsstrahlung continu- by the N~.~clear Data Project, from recent literature, or 
urn as significant feature of spectrum. from measurements in our own laboratory. 
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INDEX - I 

GAMMA RAYS ORDERED BY 2, A, AND GAMMA-RAY ENERGY 

3 4-BE- 7 53.0 0 E-CAPT 0.47BA SINGLE 
3 11-NA- 2 2  2.6 Y ECAPB+ 0.511A ANN-RD. 
3 11-NA- 2 2  2.6 Y ECAPB+ 1.274A 
1 11-NA- 2 4  15.0 H BETA.- SM'EAK 
1 11-NA- 2 4  15.0 H BETA.- 1.36BA 
1 11-NA- 2 4  15.0 H BETA.- 2.750A 
1 12-HG- 2 7  9.5 H BETA.- 0.8428 
1 12-MG- 2 7  9.5 M BETA.- 1.01 A 
9 12-MG- 28  21.3 H BETA.- 0.0,31A 
9 12-MG- 28  21.3 H BETA.- 0.40 A 
9 12-PC- 28  21.3 H BETA.- 0.95 A 
9 1 2 - n ~ -  2 8  21.3 H BETA.- 1.35 A 
9 12-MG- 2 8  21.3 H BETA.- 1.78 A AL-28 
1 13-AL- 28  2.3 M BETA.- BREMS. 
1 13-AL- 2 8  2.3 M BETA.- 1 - 7 0  A SINGLE 
5 13-AL- 29  6.6 M BETA.- 1.280A 
5 1 3 - A L a . 2 9  6.6 H BETA.- 2.03 B 
5 13-AL- 2 9  6.6 H BETA.- 2.43 B 
1 14-SI -  3 1  2.62H BETA.- A BREMS. 
1 14-SI -  3 1  2.62H BETA.- 1.27 C 
1 15- P- 32  14.3 D BETA.- BREMSP 
1 16- S- 3 7  5.1 M 3.13 A SINGLE 
4 17-CL- 3 4  1.6 S BETA.+ 0.511A ANt4.RD 
4 17-CL- 34M 32.4 M BETA.+ 0.139A ISOMER 
4 17-CL- 34M 32.4 M BETA.+ O.511A ANtJ.RD 
4 17-CL- 34M 32.4 M BETA.+ 1 - 1 6  B 
4 17-CL- 34M 32.4 M BETA.+ 2.13 B 
4 17-CL- 34M 32.4 M BETA.+ 3.30 B 
4 17-CL- 34H 32.4 M BETA.+ 4.10 C 
1 17-CL- 38 38.0 M BETA.- 1.640A 
1 17-CL- 38 38.0 M BETA.- 2.160A 
1 18-AR- 4 1  1.83H BETA.- 1.29 A SIMGLE 
4 19- K- 38 7.7 M BETA.+ SMPEAK 
4 19- K- 38 7.7 M BETA.+ O . 5 l l A  ANN.RD 
4 19- K- 38 7.7 H BETA.+ 2.160A 
N 19- K- 4 0  127E10Y BETA.- BREMS. 
N 19- K- 4 0  127E10Y BETA.- 1.460A SINGLE 
1 19- K- 4 2  12.4 H BETA.- BREMS. 
1 '19- K- 4 2  12.4 H BETA.- 0.30 B 
1 19- K- 4 2  12.4 H BETA.- 1.52 A 
1 20-CA- 4 7  4.5 D BETA.- 0.4894 
1 20-CA- 4 7  4.5 O BE,TA.- 0.809A 
1 20-CA- 4 7  4.5 D BETA.- 1.299A 
1 20-CA- 4 9  8.7 M BETA.- 3.09 A 
1 20-CA- 4 9  8.7 M BETA.- 4.05 B 
1 20-CA- 4 9  8.7 M BETA.- 4.70 C 
4 21-SC- 4 4  4.0 H ECAPB+ 0.511A ANN-RD. 
4 21-SC- 4 4  4.0 H ECAPB+ 1.159A 
4 21-SC- 44M 2.4 D ISOMER 0.270A ISOnER 
1 21-SC- 4 6  85.0 D BETA.- 0.887A 

1 21-SC- 4 6  85.0 D BETA.- 1.119A 
5 21-SC- 4 7  3.4 D BETA.- 0.155A SINGLE 
5 21-SC- 4 8  44. H BETA.- 1.01 A AVERAG 0.990 1.040 
5 21-SC- 4 8  44. H BETA.- 1.31 A 
3 22-TI -  4 4  100E03Y ECAPB+ 0.073A AVERAG 0.069 0.078 
3 22 -T I -  4 4  100E03Y ECAPB+ 0.511A ANN-RD. 
3 22 -T I -  4 4  100EU3Y ECAPB+ 1.159A SC-44 
4 22-TI -  4 5  3.08H ECAP8+ 0.511A ANN.RD. 
1 22-T I -  5 1  5.8 M BETA.- 0.322A 
1 22-TI -  5 1  5.8 M BETA.- 0.620C 
1 22-T I -  5 1  5.8 M BETA.- 0.9408 
3 23- V- 4 8  16. D ECAP8+ 0.511A ANN-RD. 
3 23- V- 4 8  16. D ECAPR+ 0.990A DUBLET 
3 23- V- 4 8  16. D ECAPB+ 1.310A DUBLET 
1 23- V- 5 2  3.77M BETA.- 1.430A SINGLE 
4 24-CR- 4 9  42. M BETA.+ 0.089A 
4 24-CR- 4 9  42. M BETA.+ 0.152A 
4 24-CR- 4 9  42. M BETA.+ 0.511A ANN.RD. 
1 24-CR- 5 1  27.8 D E-CAPT 0.322A SINGLE 
1 24-CR- 55 3.5 H BETA.- BREMSP 
3 2 5 - n ~ -  52  5.7 D ECAPR+ 0 . 5 1 1 ~  ANN.RD. 
3 25-MN- 5 2  5.7 D ECAPB+ 0.743A TRIPLT 
3 25-MN- 52  5.7 D ECAPB+ 0.935A TRIPLT 
3 25-MN- 5 2  5.7 D ECAPB+ 1.430A TRIPLT 
3 2 5 - n ~ -  5 4  314. D E-CAPT 0 . 8 3 5 ~  SINGLE 
1 25-MN- 5 6  2.58H BETA.- 0.845A 
1 25-MN- 5 6  2.58H BETA.- 1.81 A 
1 25-MN- 5 6  2.58H BETA.- 2.12 A 
4 26-FE- 5 3  9. M BETA.+ BREMS. 
4 26-FE- 5 3  9. M BETA.+ 0.380A 
4 26-FE- 5 3  9. M BETA.+ 0 .51 lA  ANN-RD. 
1 26-FE- 5 9  45. D BETA.- 0.1450 
1 26-FE- 5 9  45. D BETA.- 0.1910 
1 26-FE- 5 9  45. D BETA.- 1.097A DUBLET 
1 26-FE- 5 9  45. D BETA.- 1.2098 DUBLET 
3 27-CO- 5 7  267. D E-CAPT 0.014A 
3 27-CO- 5 7  267. D E-CAPT O.122A 
3 27-CO- 57 267. D E-CAPT D.136A 
5 27-C0- 58 70. D ECAPB+ 0.511A ANN.RD. 
5 27-CD- 58 70. D ECAPB+ 0.808A 
5 27-CO- 5 8  70. D ECAPB+ 1.66 C 
1 27-CO- 6 0  5.271 BETA.- SMPEAK 
1 27-CO- 6 0  5.27Y BETA.- 1.173A DUBLET 
1 27-CO- 6 0  5.271 BETA.- 1.332A DUBLET 
1 27-CO- 60M 10.5 M BETA.- 0.059A ISOMER 
1 27-CO- 60H 10.5 M BETA.- 1.332C 
5 27-CO- 6 1  3.3 H BETA.- 0.068A SINGLE 
4 28-NI- 5 7  36. H ECAPB+ 0.127A 
4 28-NI- 5 7  36. H ECAPB+ 0.511A ANN.RD. 
4 28-NI- 5 7  36. H ECAPB+ 1.38 A 

, . 



36. H EC&PB+ 1.75 O 1 32-GE- 7 7  11. H BETA.- 0.631R 
36. H ECkPB+ 1.92 8 1 32-GE- 7 7  11. H BETA.- 0.71 B 

2.65H BETA.- 0.370A 1 32-GE- 77M 54. S BETA.- 0.162A ISOMER 
2.65H BETA.- l . l l 4 A  1 32-GE- 77M 54. S BETA.- 0.215A 
2.65H BETA.- 1.480A 3 33-AS- 7 2  26. H ECAPRt 0.511A ANN-RD 
3.3 H EChPB+ 0.284A 3 33-AS- 7 2  26. H ECAPB+ 0.6250 
3.3 H ECAPBt 0.511A ANN.RO 3 33-AS- 7 2  26. H ECAPB+ 0.833A 
3.3 H ECAPB+ 0.66 8 4 33-AS- 7 4  18. D ECAPB+ 0.511A ANN-RO 
9.9 M EChPB+ 0 . 5 l l A  ANN.RO 4 33-AS- 7 4  18. D ECAPB+ 0.596A 

12.9 H ECBE+- O.511A ANN.RO 1 33-AS- 7 6  26.5 H BETA.- 0.559A 
12.9 H ECBE+- 1.34 C 1 33-AS- 76 26.5 H BETA.- 0.6578 

5.1 M BETA.- BREMS. 1 33-AS- 7 6  26.5 H BETA.- 1.22 8 
5.1 M BETA.- 1.040A 1 33-AS- 7 6  26.5 H BETA.- 1.44 C 

61. H BETA.- 0.092A AVERAG 0.091 0.093 1 33-AS- 7 6  26.5 H BETA.- 1.78 C 
61. H BETA.- 0.184A 1 33-AS- 76  26.5 H BETA.- 2.10 C 
38. M ECPPB+ 0.511A ANN-RD 7 33-AS- 7 7  39. H BETA.- 0.0858 
38. M ECPP8+ 0.6688 7 33-AS- 7.7 39. H BETA.- 0.1608 
38. M ECPP8+ 0.9578 7 33-AS- 7 7  39. H BETA.- 0.246A 

245. 0 ECAPB+ 0.5118 ANN.RD 7 33-AS- 7 7  39. H BETA.- 0.2908 
245. D ECLPR+ 1.114A 7 33-AS- 7 7  39. H BETA.- 0.525A 

14. H ISCMER 0.440A SINGLE 4 34-SE- 7 3  7.1 H BETA.+ 0.066A 
78. H ECLPB+ 0.093A 4 34-SE- 7 3  7.1 HI BETA.+ 0.359A 
78. H ECPPB+ O.184A 4 34-SE- 73  7.1 H BETA.+. 0.511A ANN.RO 
78. H ECE.PB+ 0.296A 1 34-SE- 7 5  120. ,Dl E-CAPT 0.134A AVERAG 0.121 0.136 
78. H ECLP8+ 0.3888 1 34-SE- 7 5  120. D E-CAPT 0.268A AVERAG 0.265 0.280 
68.0 M E C A P ~ +  0 . 5 1 1 ~  A N N . ~ O  1 34-SE- 75 120. D E-CAPT 0.4028 
68.0 M ECAPB+ 1.075C 1 34-SE- 8 1  18. K BETA.- 0.285A AVERAG 0.28 0.29 
68.0 M E C ~ P B +  1.25 c 1 34-SE- 8 1  18. I4 BETA.- 0.55 8 
68.0 M ECAPB+ 1.89 C 1 34-SE- 8 1  18. l4 BETA.- 0.83 B 
21. M BEIA.- BREWS. 1 34-SE- 81M 61. M ISOMER 0.103A ISOMER 
21. M BETA.- 0.17 A 3 35-BR- 7 7  58. H ECAPB+ 0.246A 
21. M BETA.- 1.04 8 3 35-8R- 7 7  58. H ECAPB+ 0.520A AVERAG 0.511 0.524 
14.1 H BETA.- 0.625A AvERAG 0.60 O.b2 0.63 3 35-BR- 7 7  58. H ECAPB+ 0.5808 
14.1 H BETA.- 0.83 A AVERAG 0.832 0 .81  3 35-8R- 7 7  58. kt ECAPB+ 0.8000 AVERAG 0.760 0.820 
14.1 H BETA.- 2.20 8 3 3,5-8R- 7 7  58. el €CAPS+ 1.02 B 
14 .1  H BETA.- 2.4958 1 35-BR- 8 0  18. b! BETA+- BREMS. 
40. H EC&PB+ 0.511A ANN.RD 1 35-8R- 8 0  18. H BETA+- 0.511A ANNeRD 
40. H ECAP8+ 0.580A 1 35-BR- 8 0  18. H BETA+- 0.618A 
40. H EC&PR+ 0.8728 1 35-8R- 8 0  18. M BETA+- 0.6650 
40. H ECLPB+ 1.12 A 1 35-8R- 8 2  36. H BETA.- 0.028A X-RAY. 
40. H EC&PB+ 1.33 B 1 35-BR- 82 36. I+ BETA.- 0.554A 
82. M BETA.- 0.119A 1 35-BR- 8 2  36. H BETA.- 0.619A 
82. M BETA.- 0.266A 1 35-BR- 82  36. H BETA.- 0.777A 
82. M BETA.- 0.4228 1 35-BR- 8 2  36. t i  BETA.- 0.8278 
82. M 8ETA.- 0.47 8 1 35-BR- 8 2  36. H BETA.- 1.044A 
11. H BETA.- 0.215A 1 35-BR- 8 2  36. H BETA.- 1.317A 
11. H BETA.- 0.264A 1 35-BR- 82  36. E BETA.- 1.4758 
11. H BETA.- 0.367A F 36-KR- 8 5  10.4 Y BETA.- 0.515A 
11. H BETA.- 0.416A F 36-KR- 8 5  10.4 Y BETA.- 0.515A BREMS. 
11. H BETA.- 0.5618 1 36-KR- 85M 4.4 t- ISOMER 0.150A 



1 36-KR- 85M 4.L H ISOMER 0.305A I.-. 
4 37-RB- 84M 21. M ISOMER 0.216A 
4 37-RB- 84M 21. M ISOMER 0.250A 
4 37-RB- 84M 21. M ISOMER 0.465A 
1 37-RE- 8 6  18.7 D BETA.- BREMS . 
1 37-RB- 8 6  18.7 D BETA.- 1.077A 
1 37-RB- 88 18. M BETA.- 0.899A 
1 37-RB- 8 8  18. M BETA.- 1.837A 
F 37-RB- 8 9  15. M BETA.- 0.665A 
F 37-RB- 8 9  15. i4 BETA.- 1.04 A 
F 37-RB- 8 9  15. M BETA.- 1.256A 
F 37-RB- 8 9  15. M BETA.- 2.21 B 
F 37-RB- 8 9  15. M BETA.- 2.58 B 
F 37-RB- 9 0  2.9 M BETA.- 0.83 A 
3 38-SR- 8 5  64. D E-CAPT 0.0158 X-RAY. 
3 38-SR- 8 5  64. D E-CAPT 0.515A SINGLE 
1 38-SR- 85M 70. M E-CAPT 0.014A X-RAY. 
1 38-SR- 85M 70. M E-CAPT 0.150A 
1 38-SR- 85M 70. M E-CAP1 0.225A 
I 38-SR- 8 7 ~  2.e H ISOMER 0 . 0 1 4 ~  X-RAY.  
1 3 8 - S R -  87M 2.E H ISOMER 0.391A SINGLE 
F 38-SR- 9 1  9.7 H BETA.- 0.558A Y91M 
F 38-SR- 9 1  9.7 H BETA.- 0.655A 
F 38-SR- 9 1  9.7 H BETA.- 0.76 A 
F 38-SR- 9 1  9.7 H BETA.- 1.03 A 
F 38-SR- 9 2  2.1 H BETA.- 0.238A 

;N 
F 38-SR- 9 2  2.7 H BETA.- 0.427A 
F 38-SR- 92  2.7 H BETA.- 1.38 A 
3 39- Y- 8 6  15. H ECAPB+ 0.38 A 
3 39- Y- 8 6  15. H ECAPB+ 0.45 A 
3 39- Y- 8 6  15. H ECAPB+ 0.511A ANN.RD 
3 39- Y- 8 6  15. H ECAPR+ 0.643A 
3 39- Y- 8 6  15. H ECAPB+ 0.70 R 
3 39- Y- 8 6  15. H ECAPB+ 0.7798 
3 39- Y- 8 6  15. H ECAPB+ 1.084A 
3 39- Y- 8 6  15. H €CAPE+ 1.16 A 
3 39- Y- 8 6  15. H ECAPB+ 1.807R 
3 39- Y- 8 6  15. H ECAP8+ 1.9378 
3 39- Y- 8 6  15. H ECAPB+ 2.62 C 
3 39- Y- 88 105. D E-CAP1 0.899A 
3 39- Y- 88 105. 0 E-CAP1 1.837A 
5 39- Y- 90M 3.14H ISOMER 0.203A 
5 39- Y- 90M 3.14H ISOMER 0.482A 
F 39- Y- 9 1  59. D BETA.- A BREMS. 
F 39- Y- 9 1  59. D BETA.- 1.21 B 
F 39- Y- 91M 50. M ISOMER 0.559A ISOMER 
F 39- Y- 9 2  3.6 H BETA.- 0.45 A 
F 39- Y- 92  3.6 H BETA.- 0.56 A 
F 39- Y- 9 2  3.6 H BETA.- 0.93 A 
F 39- Y- 9 2  3.6 H BETA.- 1.40 A 

F 39- Y- 9 3  10.1 H BETA.- BREMS. 
F 39- Y- 9 3  10.1 H BETA.- 0.265A 
F 39- Y- 9 3  10.1 H BETA.- 0.6778 
F 39- Y- 9 3  10.1 H BETA.- 0.9420 
F 39- Y- 9 3  10.1 H BETA.- 1.42 B 
F 39- Y- 9 3  10.1 H BETA.- 1.91 B 
F 39- Y- 9 4  17. M BETA.- 0.24 A 
F 39- Y- 9 4  17. M BETA,- 0.36 A 
F 39- Y- 9 4  17, M BETA.- 0.560A 
F 39- Y- 9 4  17. M BETA.- 0.925A 
F 39- Y- 9 4  17. M BETA.- 1..15 A 
F 39- Y- 9 4  17. M BETA.- 1.36 B 
F 39- Y- 9 4  17. M BETA.- 1.68 8 
F 39- Y- 9 4  17. M BETA.- 1.90 B 
F 39- Y- 9 4  17. M BETA.- 2.16 B 
F 39- Y- 9 4 .  17. M BETA.- 2 . 6 x  C 
F 39- Y- 9 4  17. M BETA.- 3.6 ' C 
4 40-ZR- 8 9  79. H ECAPR+ 0.511A ANN.RD 
4 40-ZR- 8 9  79. H ECAPB+ 0.906A 
4 40-ZR- 89M 4.4 ?! ISOMER 0.5118 ANN.RD 
4 40-ZR- 89M 4.4 M ISOMER 0.589A ISOMER 
1 40-ZR- 9 5  65. D BETA.- 0.73 A AVERAG 0.726 0.765 
1 40-ZR- 9 7  17. H BETA.- 0.663A NB-97 OAWTR 
1 40-ZR- 9 7  17. H BETA.- 0.75 A NB-97M 
4 41-NB- 92  10. D E-CAPT 0.931A SINGLE 
1 41-NB- 9 4  200E04Y BETA.- SMPEAK 
1 41-NB- 9 4  200E04Y BETA.- 0.702A DUBLET 
1 41-NR- 9 4  200E04Y BETA.- 0.871A DUBLET 
1 41-NB- 94M 6.6 M BETA.- 0.871A SINGLE 
7 41-NB- 95 35. D BETA.- 0.766A SINGLE 
7 41-NB- 9 7  74. M BETA.- 0.663A 
7 41-NB- 9 7  74. P BETA.- 0.663A SINGLE 
1 41-NB- 97M 60. S ISOMER 0.75 A 
4 42-M0- 9 1  16. M BETA.+ 0.511A ANN.RD 
1 42-MO- 9 9  66. H BETA.- 0.142A TC99M 
1 42-H0- 9 9  66. H BETA.- 0.188B 
1 42-MO- 9 9  66. H BETA.- 0.372C 
1 42-PO- 99 66. H BETA.- 0.75 B AVERAG 0.740 0.780 
1 42-MO- 1 0 1  14.6 M BETA.- 0.08 A 
1 42-MO- 1 0 1  14.6 M BETA.- 0.193A 
1 42-HO- 1 0 1  14.6 M BETA.- 0.31 A 
1 42-HO- 1 0 1  14.6 M BETA.- 0.40 B 
1 42-NO- 1 0 1  14.6 M BETA.- 0.51 A 
1 42-YO- 1 0 1  14.6 M BETA.- 0.592A 
1 42-MO- 1 0 1  14.6 M BETA.- 0.705A 
1 42-N0- ' .101 14.6 M RETA.- 0.89 8 AVERAG 
1 42-PO- 1 0 1  1+.6 M BETA.- 1.024A 
1 42-CO- 1 0 1  14.6 M RETA,- 1.56 8 
1 42-MO- 1 0 1  14.6 M BETA.- 2.03 B 
8 43-TC- 95 20. H E-CAPT 0.017A X-RAY. 



20. H E-CAPT 0.768A 3 45-RH-101M 4.7 D E-CAPT 0.54.58 
20. H E-CAPT 0.94 C 1 46-RH-I04M 4.4 M ISOMER B BREMS. 
20. H E-CAPT 1.07 C 1 45-RH-104M 4 - 4  M ISOME? 0.02 A X-RAY 
60. D ECAPB+ 0.017A X-RAY. 1 45-RH-104M 4.4 M ISOME? 0.051A 
60. D €CAPE+ 0.204A 1 45-RH-104M 4.4 M ISOMEX 0.0778 
60. D €CAPE+ 0.5118 ANN-RD 1 45-RH-104M 4.4 M ISOHEX 0.10 0 
60. D ECAPB+ 0.584A 145-RH-104M 4.4 M ISOMEX 0,555C RH-104 
60. D ECAP8+ 0.83 B 1 45-RH-105M 42.0 S ISOME? O.02OA X-RAY 
60. 0 ECAPB+ 1.04 C 1 45-RH-105M 42.0 5 ISOME? 0.130A SINGLE 

4.3 D E-CAPT SMPEAK 1 46-PO-109 13.6 H BETA.- 0.022A X-RAY. 
4.3 D E-CAPT 0.017A X-RAY. 1 46-PD-109 13.6 H BETA.- 0.088A AG109M 
4.3 D E-CAPT 0.80 A AVERAG 0.77.:1 0.804 0.840 3 47-AG-105 40. D E-CAPC 0.021A X-RAY. 
4.3 D E-CAPT 1.1198 3 47-AG-105 40. D E-CAPV 0.064A 

I lOE0 5Y BETA.- A BREMSP 3 47-AG-105 40. D E-CAPB 0.281A 
15.0 M BETA,- 0.128A 3 47-AG-105 40. 0, E-CAPV 0.34 A AVERAG 0.331 0.345 0.393 
15.0 M BETA.- 0.1828 3 47-AG-105 40. D E-CAPT 0.4438 
15.0 M BETA.- 0.307A 3 47-AG-105 40. D E-CAPT 0.65 R 
15.0 M BETA.- 0.5478 4 47-AG-106 24. H ECAPB+ 0.512A AVERAG 0.511 0.513 
15.0 H BETA.- 0.63 8 4 47-AG-106 24. M ECAPB+ 0.62 0 
15.0 M BETA.- 0.72 0 4 47-AG-106 24. n ECAPB+ 0.87 c 
15.0 M BETA.- 0.94 C 4 47-AG-106 24. N ECAPB+ 1.05 C 

1.7 H ECAPB+ 0.340A 4 47-AG-106M 8.3 O E-CAPT 0.44 A AVERAG 0.41 0.46 
1.7 H ECAPB* 0.511A ANN-RD 4 47-AG-106M 8.3 D E-CAPT 0.513A 
1.7 H ECAP8+ 0.625A 4 47-AG-106M 8.3 D E-CAP1 0.62 A 
1.7 H ECAPB+ 1.09 8 4 47-AG-106M 8.3 D E-CAPT 0.73 A 
1.7 H €CAPE+ 1.42 8 4 47-AG-106M 8.3 0 E-CAP1 0.79 A AVERAG 0.78 0.80 0.81 
1.7 H ECAPB+ 2.25 C 4 47-AG-106M 8.3 0 E-CAP1 1.05 A 
2.9 0 E-CAPT 0.0180 X-RAY. 4 47-AG-106M 8.3 0 E-CAPT 1.13 A 
2.9 D E-CAPT 0.215A 4 47-AG-106M 8.3 0 E-CAPT 1.20 A 
2.9 D E-CAPT 0.3230 4 47-AG-106M 8.3 0 E-CAPT 1.54 B 

40. 0 BETA.- 0.020A X-RAY. 1 47-AG-108 2.4 I4 ECAPB+ A BREMS. 
40. D BETA.- 0.498A 1 47-AG-108 2.4 t4 ECAPB+ 0.433A 
40. D BETA.- 0.6118 1 47-AG-108 2.4 M ECAPB+ 0 .5 l lA  ANN-RD 

4-45H BETA.- 0.020A X-RAY. 1 47-AG-108 2.4 M ECAPB+ 0.63 A AVERAG 0.617 0.633 
4.4SH BET&.- 0.13 A RHIOSM 1 47-AG-LO8M 5 .  Y E-CAPT 0.021A X-RAY. 
4.45H BETA.- 0.264A 1 47-AG-10BM 5. Y E-CAP1 0.081A 
4.45H BETA.- 0.316A 1 47-AG-108M 5. Y E-CAP1 0.434A 
4.4SH BETA.- 0.40 8 1 47-AG-lO8M 5. Y E-CAP1 0.615A 
4.45H BETA.- 0.4724 1 47-AG-108M 5. Y E-CAPT 0.724A 
4.45H BETA.- 0.670A 1 47-AG-110 24. S BETA.- A BREMS. 
4.45H BET&.- 0.723A 1 47-AG-110 ?4. S BETA.- 0.023A X-RAY. 
4045H BET&.- 0,8738 1 47-AG-110 24. S BETA.- 0.656A 
4.45H BETA.- 0.9628 1 47-AG-110M 250. I2 BETA,- 0.66 A AVERAG 0.656 0.677 0.687 0.706 
1.0 Y BETA.- 0.513A RHlOB 1 47-AG-110M 250. G BETA,- 0.89 A AVERAG 0.815 0.885 0.937 
1.0 Y BETI.- 0.62 A RH106 0.624 0.612 1 47-AG-LlDM 253. C. B E T A c  1.3848 
1.0 Y BETA.- 0.88 R RHlOS 0.87 0.89 1 47-AG-l10M 250, C BETA.- 1.48 8 AVERAG 1.47 1.50 1.56 
1.0 Y BETA.- 1.05 B RHlO6 1 47-AG-kl l  7.5 i2 BETA-- 0.2474 
1 - 0  Y BETA.- 1.14 B RH lO I  1 47-AG-111 7.5 C BETA,- 0.342A 
4.7 D E-CAPT 0,019A X-RAY. 1 48-CD-109 470. G E-CAPT 0.022A X-RAY. 
4.7 D E-CAPT 0.307A 1 48-CD-109 470. E E-CAPT 0.088B AGl09M 



1 48-CD-I15 2.3 D BETA.- 0.024A X-RAY. 
1 48-CD-115 2.3 D BETA.- 0.335A I N l l J M  
1 48-CD-115 2.3 D BETA.- 0.52 A AVERAG 0.490 0.523 
1 48-CD-115M 43.0 D BETA.- A BREMS. 
1 48-CD-115M 43.0 D BETA.- 0.485A 
1 48-CDr I15M 43.0 D BETA.- 0.935A 
1 48-CD- l l5M 43.0 D BETA.- 1.13 B 
1 48-CD-I15M 43.0 D BETA.- 1.295A 
4 4 9 - I N - 1 1 1  2 - 8 D E - C A P T 0 . 0 2 3 A X - R . A Y  
4 49 - IN-111  2.8 D E-CAPT 0.173A 
4 4 9 - I N - L l l  2.8 D E-CAPT 0.247A 
4 49 - IN-112  14.0 M ECAPB+ 0.511A ANN.RD 
4 49 - IN-112  14.0 M ECAPB+ 0.615A 
4 49 - IN-112  14.0 M ECAPB+ 0.84 C 
4 49 - IN-112  14.0 M ECAPB+ 1.25 C 
4 49 - IN-112  14.0 M ECAPB+ 1.45 C 
4 49-IN-112M 21.0 M ISOMER 0.155A 1.1. 
7 49- IN-113M 1.7 H ISOMER 0.024A X-RAY. 
7 49-IN-113M 1.7 H ISOMER 0.393A SIMGLE 
1 49- IN-114M 50.0 D ISOMER 0.024A X-RAY 
1 49-IN-114M 50.0 D ISOMER 0.192A 1.T. 
1 49-IN-114M 50.0 D ISOMER 0.5568 I N - 1 1 4  
1 4 9 - I N - 1 1 4 M  50.0 D ISOMER 0.7728 I N - 1 1 4  
1 4 9 - I N - 1 1 4 M  50.0 D ISOMER 1.3 C IN-114  
7 49-IN-115M 4.5 H ISOMER 0.024A X-RAY. 
7 4 9 - I N - l l 5 M  *.5 H ISOMER 0.335A SItJGLE 

wl 
1 49-IN-116M 54.0 M BETA.- 0.137A 
1 49-IN-116M ,54.0 M BETA.- 0.406A 
1 4 9 - I N - i l 6 M  54.0 M BETA.- 0.81 A 
1 49-IN-116M 54.0 M BETA.- 1.085A 
1 49-IN-116M 54.0 M BETA.- 1.27 A 
1 4 9 - I N - l l 6 M  54.0 M BETA.- 1.49 B 
1 49-IN-116M 54.0 M BETA.- 1.77 B 
1 49-IN-116M 54.0 M BETA.- 2.08 B 
1 50-SN-113 118.0 D E-CAPT 0.024A X-RAY 
1 50-SN-113 118.0 D E-CAPT 0.2538 SN-113 
1 50-SN-113 118.0 D E-CAPT 0.393A IN113M 
F 50-SN-125 9.4 D BETA.- 0.026A X-RAY 
F 50-SN-125 9.4 D BETA.- 0.33 A AVZRAG 0.331 0.34 
F 50-SN-125 9.4 D BETA.- 0.46BA 
F 50-SN-I25 9.4 D BETA.- 0.815A 
F 50-SN-125 9.4 D BETA.- 0.91 A 
F 50-SN-125 9.4 D BETA.- 1.068A 
F 50-SN-125 9.4 D BETA.- 1.97 B 
F 50-SN-125 9.4 D BETA.- 2.2 C 
1 50-SN-125M 9.7 M BETA.- B BREMS. 
1 50-SN-125M 9.7 M BETA,- 0.85 C 
1 50-SN-125M 9.7 M BETA.- 0.331A 
1 50-SN-125M 9.7 M BETA.- 0.593C 
1 50-SN-125M 9.7 M BETA.- 0.65 C 

9.7 M BETA.- 1.04 C 
9.7 M BETA.- 1.42 C 

16. M ECAPB+ 0.511A ANN-RD 
16. M ECAPB+ 1.17 C 

5.8 D E-CAPT 0.025A X-RAY. 
5.8 D E-CAP1 0.087A 
5.8 D E-CAPT 0.197A 
5.8 D E-CAPT 1.03 B 
5.8 D E-CAP1 1.17 B 
2.8 D BETA.- 0.561A 
2.8 D BETA.- 0.6878 
2.8 D BETA.- 1.13 C 
2.8 D BETA.- 1.24 C 
3.4 M ISOMER 0.027A X-RAY. 
3.4 M ISOMER 0.G61A 
3.4 M ISOMER 0.075A 

60. D BETA.- 0.603A 
60. D BETA.- 0.722A 
60. D BETA.- 1.69 A 
60. D BETA.- 2.09 B 

2.7 Y BETA.- 0.027A X-RAY. 
2.7 Y BETA.- 0.175A 
2.7 Y BETA.- 0.43 A AVERAG 0.427 0.463 
2.7 Y BETA.- 0.605A AVERAG 0.60 0 5 6 4  

58. D ISOMER 0.027A X-RAY 
58. D ISOMER 0.11OA 
78. H BETA.- 0.028A X-RAY. 
78. H BETA.- 0.055A 
78. H BETA.- 0.12 B 
78. H BETA.- 0.232A 

4.2 0 ECAPB+ 0.511A ANN.RD 
4.2 D ECAPB+ 0.603A 
4.2 D ECAPB+ 0.72 A 
4.2 D ECAPB+ 0.98 C 
4.2 D ECAPB+ 1.05 C 
4.2 D ECAPB+ 1.31 B 
4.2 D ECAPB+ 1.50 B 
4.2 D ECAPB+ 1.69 8 
4.2 D ECAPB+ 2.08 C 
4.2 0 ECAPB+ 2.23 C 

13.2 D ECAPB+ 0.027A X-RAY. 
13.2 D ECAPB+ 0.386A 
13.2 D ECAPB+ 0.665A 
13.2 D ECAPB+ 0.7478 
13.2 D ECAPB* 0.88 C 
L3.2 D ECAPB+ 1.41 C 
25. M BETA+- 0.027A X-RAY. 
25. M BETA+- 0.445A 
25. H BETA+- 0,5258 
12.5 H BETA.- 0.41 A 



12.5 H BETA.- 0.53 A TRPLET 
12.5 H BETA.- 0.66 A TRPLET 
12.5 H BETA.- 0.74 A TRPLET 

8.0 D BETA.- 0.029A X-RAY. 
8.C D BETA.- O.OBOA 
8.0 D BETA.- 0.284A 
8.0 D BETA.- 0.364A 
8.0 D BETA.- 0.6388 
2.3 H BETA.- 0.52 A 
2.3 H BETA.- 0.665A 
2.3 H BETA.- 0.77 A 
2.3 H BETA.- 0.952A 
2.3 H BETA.- 1.14 R 
2.3 H BETA.- 1.39 B 

20.8 H BETA.- O.525A 
20.8 H BETA.- 0.71 B 
20.8 H BETA.- 0.86 B 
20.8 H BETA.- 1.27 B 

53. M BETA.- 0.14 8 
53. M 8ETA.- 0.41 B AVERAG 0.41 0 . 4 3  
53. M BETA.- 0.54 B 
53. P BETA.- 0.61 B 
53. M BETA.- 0.86 A AVERAG 0.848 0.890 
53. M BETA.- 1.07 R 
53. M BETA.- 1.15 P 
53. M BETA.- 1.79 I3 

6.7 H 8ETA.- 0.03 A X-RAY. 
6.7 H BETA.- 0.22 A 
6.7 H BETA.- 0.29 A 
6.7 H BETA.- 0.42 4 
6.7 H BETA.- 0.535A XE135M 
6.7 H BETA.- 3.84 A 
6.7 H BETA.- 1.14 A 
6.7 H RETA.- 1.265A 
6.7 H BETA.- 1.46 B 
6.7 H BETA.- 1.70 8 
6.7 H BETA.- 1.79 R 

18. H E-CAPT O.028A X-RAY. 
18. H E-CAP1 0.0558 
18. H E-CAP1 0.0758 
18. H E-CAPT 0.188A 
18. H E-CAPT 0.243A 
18. H E-CAP1 0.46 C 

5.3 D BETA.- 0.031A X-RAY. 
5.3 D BETA.- 0.083A 
9.2 H BETA.- O.25OA 
9.2 H RETA.- 0.36 C 
9.2 H BETA.- 0.604C 
6.5 D ECAPB+ 0.03 A X-RAY. 
6.5 0 ECAPB+ 0.45 B 

6.5 D ECAPB+ 0.665A 
6.5 D ECAPB+ 1.03 C 
6.5 D ECAPB+ 1.13 C 
6.5 D ECAPB+ 1.31 C 
2.1 Y BETA.- 0.47 B 
2.1 Y BETA.- 0.60 A AVERAG 0.563 0.570 
2.1 Y BETA.- 0.80 A AVERAG 0.796 0.801 
2 .1  Y BETA.- 1.'04 8 
2.1 Y BETA.- 1.17 B 
2.1 Y BETA.- 1.37 8 
2.9 H ISOMER 0.031A X-RAY. 
2.9 H ISOMER 0.127A SINGLE 

13. D BETA.- 0.03 A X-RAY 
13. 0 BETA.- 0.067A 
13. D BETA.- 0.087A 
13. D BETA.- 0.16 A AVERAG 
13. 0 BETA.- 0.27 A 
13. D BETA.- 0.34 A 
13. D BETA.- 0.67A 
13. D BETA.- 0.83 A 
13. D BETA.- 1.065A 
13. D BETA.- 1.25 B 
13. D BETA.- 1.40 C; 
30. Y BETA.- 0.032A: X-RAY. 
30. Y BETA.- 0.662A SINGLE 
32. M BETA.- 0.462A 
32. M BETA.- 0.545A 
32. M BETA.- 1.01 A 
32. M BETA.- 1.43 A 
32. M BETA.- 2.20 A 
32. M BETA.- 2.61 A 

9.5 M BETA.- BREMS. 
9.5 M BETA.- 0.63 A 
9.5 M BETA.- 1.28 A 

11.5 D E-CAPT 0.030A X-RAY. 
11.5 D E-CAPT 0.126A 
11.5 D E-CAPB 0.220A 
11.5 D E-CAPC 0.26 B 
11.5 D E-CAPB 0.375A 
11.5 D E-CAPS 0.498A 
11.5 D E-CAPr 0.62 B 

7.5 Y E-CAPr 0.031A X-RAY. 
7.5 Y E-CAPr 0.08 A AVERAG 0.078 0.081 
7.5 Y E-CAPi  0.29 A AVERAG 0.274 0.302 
7.5 Y E-CAP1 0.36 A AVERAG 0.355 0.380 

83. M BETA..- BREMS. 
83. M BETA..- 0.033A X-RAY. 
83. M BETA.- 0.166A 
12.a D BETA.- 0 . 0 2 9 ~  X-RAY. 
12.8 D BETA.- 0.161A 



12.8 D BETA.- 0.304A 
12.8 D BETA.- 0.43 A AVERAG 0.422 0.436 
12.8 0 BETA.- 0.537A 

9.5 M ECAPB+ 0.511A ANN.RD 
9.5 M ECAPB+ 0.82 8 

40.2 H BETA.- 0.327A 
40.2 H BETA.- 0.487A 
40.2 H BETA.- 0.817A 
40.2 H BETA.- 0.92 A 
40.2 H BETA.- 1.597A 
87. M BETA.- 0.645A 
87. M BETA.- 0.89 A 
87. M BETA.- 1.03 A 
87. M BETA.- 1.38 8 
87. M BETA.- 1.54 B 
87. I4 BETA.- 1.74 B 
87. M BETA.- 1.92 B 
87. M BETA.- 2 - 0 8  0 
87. M BETA.- 2.42 B 
87. M BETA.- 2.55 B 
87. M BETA.- 3.0 B 
87. M BETA.- 3.3 C 
87. M BETA.- 3.65 C 

140. D E-CAPT 0.033A X-XAY. 
140. D E-CAPT 0.166A SIUGLE 

32.5 D BETA.- 0.036A X-XAY. 
32.5 D BETA.- 0.145A 
33. H BETA.- 0.036A X-?AY. 
33. H BETA.- 0.057A 
33. H BETA.- 0.232A 
33. H BETA.- 0.294A 
33. H BETA.- 0.3518 
33. H BETA.- 0.4938 
33. H BETA.- 0.6688 
33. H BETA.- 0.7228 
33. H BETA.- 0.88 C 
33. H BETA.- 1 - 1 0  C 

284. D BETA.- 0.036A X-3AY. 
284. 0 BETA.- 0.134A 
284. D BETA.- 0.6960 PR-144 
284. D BETA.- 1.481C PR-144 
284. D BETA.- 2.18 C PR-144 

4.5 H ECAPB+ 0.035A X-XAY. 
4.5 H ECAPB+ 0.511A ANN-RO 
4.5 H €CAPE+ 1.34 C 
4.5 H €CAPE+ 1.60 C 

19.2 H BETA.- 1.58 A SIYGLE 
19.2 H BETA.- 1.58 A BREMS. 
13.7 0 BETA.- A BREMSP 

5.9 H BETA.- A BREMS. 

5.9 H BETA.- 0.037A X-RAY. 
5.9 H BETA.- 0.072A 
5.9 H BETA.- 0.67 B 
5.9 H BETA.- 0.74 B 
5.9 H BETA.- 0.93 B 
5.9 H BETA.- 0.97 8 
5.9 H BETA.- 1.15 8 
2.4 H ECAPB+ 0.036A X-RAY. 
2.4 H ECAPB+ 0.1450 
2.4 H ECAPB+ 0 . 5 1 1 ~  ANN-RD 
2.4 H €CAPE+ 1,13 C 
2.4 H ECAPB+ 1.29 C 

11.1 D BETA.- 0.03AA X-RAY. 
11.1 D BETA.- 0.091A 
11.1 0 BETA.- 0.2770 
11.1 D BETA.- 0.32 B 
11.1 D BETA.- 0.41 8 
11.1 D BETA.- 0.44 B 
11.1 D BETA.- 0.5320 
11.1 0 BETA.- 0.688C 

1.9 H BETA.- 0.038A X-RAY. 
1.9 H BETA.- 0.08 A 
1.9 H BETA.- 0.113A AVERAG 0.112 0.114 
1.9 H BETA.- 0.150A 
1.9 H BETA.- 0.21 A AVERAG 0.198 0.210 
1.9 H BETA.- 0.26 A AVERAG 0.240 0.266 
1.9 H BETA.- 0.3258 
1.9 H BETA.- 0.4230 
1.9 H BETA.- 0.5388 
1.9 H BETA.- 0.6500 

12. M BETA.- 0.038A X-RAY. 
12. M BETA.- 0.115A 
12. M BETA.- 0.17 A 
12. M BETA.- 0.254A 
1 2 -  M BETA.- 0.41 B AVERAG 0.40 0.43 
12. M BETA.- 0.74 B 
12. M BETA.- 0.79 8 
12. M BETA.- 1.08 B 

2.5 Y BETA.- A BREMS. 
2.5 Y BETA.- 0.12 B 
5.4 D BETA.- 0.551A 
5.4 D BETA.- 0.910A 
5.4 D BETA.- 1.46 A 

41. 0 BETA.- 0.29 A AVERAG 
41. 0 BETA.- 0.42 A AVERAG 
41. D BETA.- 0.548A 
41. D BETA.- 0.626A 
41. D BETA.- 0.723A . 
4 1 -  D BETA.- 0.913A 
41. 0 BETA.- 1.01 A 



V 11'0 -'V138 A '001 cW991-OH-19 1 
OOE'O 082'0 €92'0 3VY3AV V 82'0 -'V138 A '001 (W991-OH-19 1 

Vt81'0 -'V138 A '001 !W991-OH-19 I 
V 80'0 -'V138 A '001 'W991-OH-19 1 1'1'0 8E'O ZE'O 

'AVY-X V6f0'0 -"I138 A '001 'W991-OH-L9 1 
3 €8'1 -'V138 H '12 991-OH-L9 1 
3 fL'1 -'V138 H 'LZ 991-OH-19 1 
3 59.1 --v138 H -LZ 99i-0~-~9 I 
3 LS'1 -"I138 H 'LZ 991-OH-L9 1 
3 LE'I -*V138 H 'LZ 991-OH-L9 1 
V180'0 -*V138 H 'LZ 991-OH-19 K 

'AVY-X V6f0.0 -'V138 H 'LZ 991-OH-19 1 
'SW3YQ 8 -'V138 H 'LZ 991-OH-L9 1 

8160'0 -+V138 C1 ,'L€ 991-OH-19 f 
8ELO'O -+V138 W 'LE t91-OH-19 9 

'AVY-X VSfO'O -+V138 W 'LC 991-OH-19 f 

8SlS'O d3WOSI S 'SL W491-A3-99 1 
819E'O H3WOSI S 'SL MS91-A0-99 I 
VSSI'O d3WOSI S 'SL WS9I-AO-99 1 

'1'1 V801'0 d3.WOSI S 'SL WS91-AO-99 1 
'AVU-X V9f0-0 d3WOSI S 'SL WS91-A3-99 1 

3 10'1 -'V138 H E'Z 591-A0-99 1 
3566'0 -'V138 H E'Z S9I-AS-99 1 
8611'0 -'V138 H E'Z 591-10-99 1 

3WU3AV 8LE9'0 -"I138 H E'Z 591-A3-99 1 
8L9S'O -"I138 H E'Z S91-AO-99 I 
819E'O -'V138 H E'Z 591-AO-99 I 
BLLZ'O -"I138 H E'2 S91-A0-99 1 

. V860'0 -'V138 H E'Z 591-AO-99 1 
'AVY-X VLfO'O -'V138 H E'Z 591-AO-99 1 

TE'I LZ'I 3VU3AV 8 82'1 -'V138 O 'EL 091-81-59 1 
8 OZ-I -*v130 a -EL 091-81-s9 I 
8 11'1 -'V138 0 'EL 091-81-59 1 

996'0 296'0 3VU3AV Vf96'0 -'V138 0 *EL 091-81-S9 1 
~6~8.0 --v138 a *EL 091-81-s9 1 
V86Z00 -'V138 0 'EL 091-81-59 1 

912'0 161'0 9VU3AV V 02'0 -''I138 0 'EL 091-81-59 1 
VLQO*O -*v138 a *EL o~I-~I-s~ 1 

-AVU-x V~+IO-O --v138 a -EL o~I-Q~-s~ 1 
8SQf'O -'V138 W L'E 191-03-f9 1 
VE~E-o --v138 w L-E 19r-a3-+9 T 
V91E'O -'V13Q W L'E 191-03-$9 1 
8 82'0 -'V138 W L'E 191-03-+9 1 
VZ01'0 -'V138 W C'E 191-a3-f9 1 

'AVY-X VffO'O -'V138 U L'E 19.1-a3-f9 1 
V29E-0 -'V130 H '81 651-09-99 1 

'AVY-X Vff0'0 -'V130 H '81 6s1-09-99 1 
€01'0 L6O'O 9VY3AV VEOI'O LdV3-3 0 '002 ES1-05-f9 1 

BOLO-o ~dv3-3 a -OOZ ESI-~~-W T 
'AVU-X VlfO'O ldV3-3 0 '002 €Sl-a3-f9 I 

XV3ddS 3 ldV3-3 0 '002 
8 89'0 -'V138 H 'ST 
€I 29'0 -'V138 H 'ST 

3VU3hV V f'O -"I138 H 'S1 
Vf90'0 -'V138 H '51 

'AVU-X V2470'0 -"I138 H '51 
Q 61'2 -'V138 0 'S1 
8'01'2 -'V138 0 'ST 
8 €0.1 --v138 a *ST 
8 L6'1 -'V138 0 'S1 
8 18'1 -'V138 O 'S1 
v EZ-I --v138 a -sr 
V 91'1 -'V138 0 'S1 
V 80'1 -'V138 0 *S1 
v 96.0 -*v138 a *sr 
V218'0 -"I138 0 'S1 
VfZL'O -'V138 0 'SI 
V9f9'0 -'V138 0 'S1 
V661'0 -'V138 0 'ST 
~680-o --v138 a -sr 

'AVU-X VZfO'O -'V130 0 'S1 
VS01'0 -"I138 A 1'1 
VLBO'O -'V138 A i'l 

'AIM-X v290'0 -"I138 A L'I 
0 6E.1 -13833 H E'6 
8 ZE'1 -13833 H E'6 
VSL6'O -13833 H E'6 
VE96'0 -13833 H E'6 
V1478'0 -13833 H E'6 
8 OL'O -13833 H E'6 
V9fE-0 -13833 H E'6 
VZZ1'0 -13833 H E'6 

'AVY-X V fO'0 -13833 H E'6 
QSfZ'O -'V138 W 'SZ 
8ZfI'O -"I138 W 'SZ 
V901'0 -'V138 W 'SZ 

'AVY-X VZfO'O -'V138 W 'SZ 
3EL1'0 -'V138 H LO99 
VEOl'O -'V138 H LO99 
VOLO'O -'V138 H L'9f 

AVY-X VlfO'O -'V138 H 1'9'7 
8 21'0 -'V138 H 9'82 
B 59'0 -'V138 H 9'82 
VZff'0 -'V138 H +-82 
VOfE'O -"I138 H 9'82 
V 472'0 -'V138 H 9'82 
VE91'0 -'V138 H 9'82 
V 01'0 -'V130 H 9-02 
VS90'0 -'V138 H 9'02 

'AVU-X VOf0'0 -'V138 H 9'82 



1 67-HO-166M 100. Y BETA.- 0.7658 1 72-HF-181 43. D BETA.- 0.6158 SMPEAK 
1 67-H0-166M 100. Y BETA.- 0.810A 4 73-TA-180M 8.1 H ECAPB- 0.055A X-RAY. 
1 68-ER-171 7.5 H BETA.- 0.050A X-RAY. 4 73-TA-L8OM 8.1 H ECAPB- 0.096A AVERAG 0.093 0.102 
1 68-ER-171 7.5 H BETA.- O.118A AVERAG 0.112 0.117 0 . 1 2 4 1  73-TA-182 115. D BETA.- 0.059A X-RAY. 
1 68-ER-171 7.5 H BETA.- 0.305A AVERAG 0.296 0.308 1 73-TA-182 115. D BETA.- 0.10 A 
4 69-TM-168 85. 0 E-CAPT 0.049A X-RAY. 1 73-TA-182 115. D BETA.- 0.15 A 
4 69-TM-168 85. D E-CAP1 0.080A 1 73-TA-,182 115. D BETA.- 0.22 A 
4 69-TM-168 85. D E-CAPT 0.19 A AVERAG 0.185 0.198 1 73-TA-182 115. D BETA.- 1.12 B AVERAG 
4 69-TM-168 85. D E-CAPT 0.4488 1 73-TA-182 115. D BETA.- 1.22 B AVERAG 
4 69-TM-168 85. D E-CAP1 0.74 B AVERAG 0.732 0.743 1 73-TA-182M 16. M ISOMER 0.057A X-RAY. 
4 69-TM-168 85. D E-CAPT 0.82 B AVERAG 0.817 0.822 0 . 8 3 1 1  73-TA-182M 16. M ISOMER 0.146A 
4 69-TM-168 85. D E-CAP1 1.28 C 1 73-TA-192M 16. M ISOMER 0.172A 
1 69-TM-170 127. 0 BETA.- 0.052A X-RAY. 1 73-TA-182M 16. M ISOMER 0.184A 
1 69-TM-170 127. D BETA.- 0.084A 1 73-TA-182M 16. M ISOMER 0.3188 
8 69-TM-171 1.9 Y BETA.- 0.052A X-RAY. 2 73-TA-183 5.2 D BETA.- 0.059A X-RAY. 
8 69-TM-171 1.9 Y BETA.- 0.067A 2 73-TA-183 5.2 D BETA.- 0.10 A AVERAG 0.099 0.107 
1 70-YB-169 32. D BETA.- 0.054A X-RAY. 2 73-TA-183 5.2 D BETA.- O.16lA 
1 70-YB-169 32. D BETA.- 0.115A AVERAG 0.093 0.110 0 .1182  73-TA-183 5.2 D BETA.- 0.245A AVERAG 0.244 0.246 
1 70-YB-169 32. D BETA.- 0.1308 ,2 73-TA-183 5.2 D BETA.- 0.3138 
1 70-YB-169 32. D BETA.- 0.19 A AVERAG 0.177 0.198 2 73-TA-183 5.2 0 BETA.- 0.3548 
1 70-YE-169 32. D BETA.- 0.3088 1 74- W-187 24. H BETA.- 0.06 A X-RAY. 
1 70-YB-175 4.2 D BETA.- 0.054A X-RAY. 1 74- W-187 24. H BETA.- 0.134A 
1 70-YE-175 4.2 D BETA.- O.Ll4A 1 7 4 -  W-187 24. H BETA.- 0.480A 
1 70-YE-175 4.2 D BETA.- 0.283A 1 74- W-187 24. H BETA.- 0.55 B 
1 70-YB-175 4.2 D BETA.- 0.396A 1 74- W-187 24. H BETA.- 0.6198 
1 71-LU-176M 3.7 H BETA.- 

'0 
B BREMS. 1 74- W-187 24. H BETA.- 0.686A 

1 71.-LU-176M 3.7 H BETA.- 0.055A X-RAY. 1 74- W-187 24. H BETA.- 0.7748 
1 71.-LU-176M 3.7 H BETA.- 0.088A 1 74- W-187 24. H BETA.- 0.866C 
1 71-LU-177 6.8 D BETA.- 0.056A X-RAY. 1 75-RE-188 17. H BETA.- 0.063A X-RAY. 
1 7 1 - L U - 1 7 7  6 . 8 D B E T A . - 0 . 1 1 3 A  1 75-RE-188 17. H BETA.- 0.155A 
1 71-LU-177 6.8 D BETA.- 0.208A 1 75-RE-188 17. H BETA.- 0.4788 
4 72-HF-173 24. H E-CAPT 0.054A X-RAY. 1 75-RE-188 17. H BETA.- 0.6338 
4 72-HF-173 24. H E-CAPT 0.125A 1 75-RE-188 17. H BETA.- 0.825C 
4 72-HF-173 24. H E-CAP1 0.1628 1 75-RE-188 17. H BETA.- 0.93 C 
4 72-HF-173 24. H E-CAPT 0.297A 1 75-RE-1B8M 18.7 M ISOMER 0.060A X-RAY. 
1 72-HF-175 70. D E-CAPT 0.054A X-RAY. 1 75-RE-188M 18.7 M ISOMER 0.064A 
1 72-HF-175 70. 0 E-CAPT 0.0898 1 75-RE-188M 18.7 M ISOMER 0.103A AVERLG 0.106 0.092 
1 72-HF-175 70. 0 E-CAP1 0.343A 1 76-05-185 94. 0 E-CAPT 0.061A X-RAY. 
1 72-HF-179M 19. S ISOMER 0.055A X-RAY. 1 76-05-185 94. D E-CAP1 0.646A 
1 72-HF-179M 19. S ISOMER 0.215A 1 76-05-185 94. D E-CAPT 0.0758 AVERAG 0.872 0.879 
1 72-HF-180M 5.5 H ISOMER 0.058A 1 76-05-191 15. D BETA.- 0.064A X-RAY. 
172-HF-180M 5.5 H ISOMER 0.093A 1 76-05-191 15. D.BETA.- 0.129A 
1 72-HF-180M 5.5 H ISOMER 0.216A 1 76-05-193 32. H BETA.- 0.066A X-RAY. 
1 72-HF-180M 5.5 H ISOMER 0.333A 1 76-05-193 32. H BETA.- 0.139A 
1 72-HF-1AOM 5.5 H ISOMER 0.444A 1 76-05-193 32. H BETA.- 0.2818 
1 72-HF-180M 5.5 H ISOMER 0.501B 1 76-05-1.93 32. H BETA.- 0.32 B 
1 72-HF-181 43. D BETA.- 0.057A X-RAY. 1 76-05-1.93- 32. H BETA.- 0.3888 
1 72-HF-181 43. D BETA.- O.135A AVERAG 0.133 0.136 1 76-05-193 32. H BETA.- 0,4608 
1 72-HF-181 43. D BETA.- O.3,46A 1 76-05-193 32. H BETA.- 0.5598 
1 72-HF-181 43. D BETA.- 0.482A 1 77-IR-,192 74. 0 BETA.- 0.066A X-RAY. 



74 .  D BETA.- 0.31 A AVERAG 0.295 0.316 0 . 5 0 8 3  82-PB-203 
7 4 .  D BETA.- 0.466A 3 82-Pa-203 
74 .  D RETI.- 0.61 A AVERAG 0.589 0.604 0 . 6 1 3 3  82-P8-203 
19.  H 8ETI.-  0.2948 3 82-PB-204M 
19.  H BET&.- 0.328A 3 82-PB-204M 
19.  H RETI.- 0 .6458 3 82-Pa-204M 
19. H BETI.- 0.9398 N 82-P8-212 
19. H BETA.- 1.16 8 N 82-PB-212 

4.1 D ISD*ER 0.067A X-RAY. N 82-PB-212 
4.1 D ISOMER 0.099A 3 83-01-235 
4.1 D ISOMER 0.1300 3 83-81-205 

20. H BETA.- 0.077A X-RAY. 3 83-81-205 
20. H BETA.- 0.191A 3 83 -R I -205  
20. H BETA.- 0.269C 3 83 -01 -205  
30. M BETA.- 0.074A X-RAY. 3 83 -81 -205  
30. M BETA.- 0.189A 3 83-01-295 
30. M BETA.- 0.247A 3 83 -R I -205  
30. M BETA.- 0.320A 3 83-81-205 
30. M BETA.- 9.475A 3 83 -81 -207  
30. M BETA.- 0.540A 3 83-81-207 
30. H BETA.- 0.7158 3 83-81-207 
30. M BETA.- 0.7858 3 83-81-2C7 
30. M BETA.- 0.9608 N 83-81-212 

6.1 D BETA*- 0.066A X-RAY. N 83-81-212 
6.1 D BETA+- 0.35 A AVERAG C.338 C.356 N 83-81-212 
6.1 D BETA+- 0.4268 N 83-81-212 

64.8 H 8ETA.- 0.0704 X-RAY. N 83-01-212 
64.8 H BETA.- 0.412A N 83-81-212 
64.8 H BETA.- 0.675C N 83-81-212 
64.8 H BETA.- 1.087C N 83-81-212 

3.2 D 8ETA.- 0.070A X-RAY. N 83-81-212 
3.2 D BETA.- 0.158A N 83-81-212 
9.2 0 BETA.- 0.208A N 88-RA-226 

65. H E-CAPT 0.072A AVERAG C.062 C.077 N 88-RA-226 
65. H E-CAPT 0.191C N 88-RA-226 
24. H E-CAPT 0.069A X-RAY. N 88-RA-226 
24. H E-CAPT 0.1358 W 88-RA-226 
24. H E-CAPT O.278C N 88-RA-226 
47. D BETA.- 0.072A X-RAY. N 88-RA-226 
47. D BETA.- 0.279A N 88-RA-226 
12. D E-CAPT 0.070A X-RAY. N 90-TH-228 
12. D E-CAPT 0.438A N 90-TH-228 

3.9 Y ECAPB- 8 BREHS. N 90-TH-228 
3.9 Y ECbPB- 0.070A X-RAY. N 90-TH-228 
3.1 M BETA.- 0.075A X-RAY. N 90-TH-228 
3.1 M BETA.- 0.277A N 90-TH-228 
3.1 M BETA.- 0.51 A N 90-TH-228 
3.1 M BETA.- 0.563A N 90-TH-228 
3.1 M BETA.- 0.860A N 90-TH-228 
3.1 n BETA.- 2 . 6 1 5 ~  N 9C-TH-232 

52. H E-CAPT 0.073A X-RAY. 
52. H E-CAPT 0.279A 
52. H E-CAPT 0.40 B 
67. H ISOMER 0.075A X-RAY. 
67. M ISOMER 0.375A TRPLET 
67. M ISOMER 0.905A AVERAG 0.899 0.912 
10.6 H BETA.- 0.077A X-RAY. 
10.6 H BETA.- 0.239A 
10.6 H BETA.- 0.3008 
15. D ECAPB+ D.075A X-RAY. 
15. D ECAPBt  0.275A AVERAG 0.261 0.284 
15. D ECAPBt 0.52 A AVERAG 0.516 0.52b 
15. D ECAPB+ 0.56 A AVERAG 0 .550  0.570 
15. D' ECAPB* 0.703A 
15. D ECAPB+ 0.988A 
15, D' ECAPB* 1.04 B 
15, D, ECAPBt 1.7668 
15, D ECAPB+ 1.9050 
28. Y E-CAP1 0.075A X-RAY. 
28. Y' E-CAP1 0.569A 
28. Y E-CAPT 1.064A 
28. Y E-CAPT 1.77 C 
60. M BETA.- 0.040A 
60. M BETA.- 0.08 A 
60. M AETA.- 0 .2854 
60. M BETA.- 0.45 8 
60. n BETA.- 0.7274 
60. n BETA.- 0.7858 
60. P BETA.- 0.8938 
60. .  b! BETA.- 1.07 8 
60, P BETA.- 1.51 8 
60, Y BETA.- 1.62 8 

162E03Y ALPHA. 0.060A 
162E03Y ALPHA. 0.18 A 
162E03Y ALPHA. 0.30 A PB-214 
162E03Y ALPHA. 0.35 A PB-214 
162E03Y ALPHA. 0.78 8 TL-210 
162E03Y ALPHA, 1.76 8 8 1 - 2 1 4  
162E03Y ALPHA. 2.19 8 AVERAG 
162E03Y ALPHA. 2.43 C 8 1 - 2 1 4  

1.9 k ALPHA. 0.077A X-RAY. 
1.9 b ALPHA. 0.239A P8-212  
1.9 \ ALPHA. 0.300A P8-212  
1.9 b ALPHA. 0.511A 
1.9 Y ALPHA. 0.583A TL-208 
1 . 9  \ ALPHA. 0.7270 8 1 - 2 1 2  
1.9 Y ALPHA. 0.7858 8 1 - 2 1 2  
1.9 i ALPHA. 0.8608 TL -208  
1 . 7  Y ALPHA. 2.6158 TL-208 

140E lOY ALPHA. 0.09 A X-RAY. 



140E lOY ALPHA. 0.239A PB-212 
140E10Y ALPHA. 0.34 A AC-228 
140E10Y ALPHA. 0.583A TL-208 
140E10Y ALPHA. 0.908A AC-228 
140E10Y ALPHA. 0.966A AC-228 
140E lOY ALPHA. 1.6 B AC-228 
140E10Y ALPHA. 2.6158 TL -208  
340E04Y ALPHA. 0.090A X-RAY. 
340E04Y ALPHA. 0.155A 
340E04Y ALPHA. 0.30 A AVERAG 0.260 0.300 0.330 
340E04Y ALPHA. 0.39 B 

27. D BETA.- 0.015A X-RAY. 
27. D BETA.- 0.103A X-RAY. 
27. D BETA.- 0.32 A AVERAG 0.300 0.312 0.340 

110608Y ALPHA. 0.015A X-RAY. 
l lOEO8Y ALPHA. O. l lOA X-RAY. 
11OEOBY ALPHA. 0.14SA 
l l O E 0 8 Y  ALPHA. 0.18 A AVERAG 0.165 0.185 0 .200  

6.7 D BETA.- O.06OA 
6.7 D BETA.- 0.102A X-RAY. 
6.7 .D BETA.- 0.1658 
6.7 D BETA.- 0.208A 
6.7 D BETA.- 0.2708 
6.7 D BETA.- 0.33 8 AVERAG 0.332 0.335 
6.7 D BETA.- 0.37 C 

23.5 M BETA.- 0 . 0 7 4 A ,  
23.5 M BETA.- 0.375C 
23.5 M BETA.- 0.46 C 
23.5 M BETA.- 0.488C 
23.5 M BETA.- 0.663C 
23.5 M BETA.- 0.82 C CMFLEX 
23.5 M BETA.- 0.94 C CMPLEX 

2.35D BETA.- 0.018A X-RAY. 
2.350 BETA.- 0.106A X-RAY. 
2.35D BETA.- 0.228A 
2.35D BETA.- 0.278A 
2.35D BETA.- 0.32 B AVERAG 0.315 0.334 



INDEX - II 

PILL MAJOR GAMMA RAYS ORDERED BY GAMMA-RAY' ENERGY 

F 3 9 -  Y- 91  59. D BETA.- A BREMS. 
1 4 7 - A G - 1 0 8  2.4 H E C A P B +  A BREMS. 
1 4 7 - A G - 1 1 0  24.  S BETA.- A BREHS. 
F 5 9 - P R - I 4 6  5.3 H BETA.- A BREMS. 
1 1 4 - S I -  3 1  2.62H BETA.- A BREMS. 
F 43-TC- 9 9  2 1 0 E 0 5 Y  BETA.- A BREMSP 
1 48-CD-115M 43.0 O BETA.- A BREMS. 
1 5 9 - P R - 1 4 3  13.7 0 BETA.- A BREMSP 
F 6 1 - P H - 1 4 7  2.5 Y BETA.- A BREMS. 
1 38-SR- 8 5 H  70.  M E-CAPT 0 . 0 1 4 A  X-RAY. 
1 38-SR- 8 7 M  2.8 M I S O M E R  0 . 0 1 4 A  X-RAY. 
3 27-CO- 5 7  2 6 7 ,  D E-CAPT 0 . 0 1 4 A  
7 9 1 - P A - 2 3 3  27 .  0 BETA.- O.01SA X-RAY. 
N 9 2 -  U - 2 3 5  l l O E 0 8 Y  ALPHA. 0 . 0 1 5 A  X-RAY. 
8 43-TC- 9 5  20 .  H E-CAPT 0 . 0 1 7 A  X-RAY. 
8 43-TC- 9 5 M  60.  0 E C A P B +  0 . 0 1 7 A  X-RAY. 
3 43-TC- 9 6  4 - 3  0 E-CAPT 0 .017A X-RAY. 
1 9 3 - N P - 2 3 9  2 . 3 5 0  BETA.- 0 . 0 1 8 A  X-RAY. 
3 45 -RH-101M 4.7 0 E-CAPT 0 . 0 1 9 A  X-RAYC 
1 45-RH-1C4M 4.4 M I S O R E R  0.02 A X-RAY 
1 4 4 - R U - 1 0 3  40. 0 BETA.- O .OMA X-RAY. 
1 44-RU-105  4 .45H BETA.- 0 . 0 2 0 A  X-RAY. 
1 4 5 - R H - 1 0 5 H  4 2 . 0  S ISOMER 0 . 0 2 0 A  X-RAY 
3 4 7 - A G - 1 0 5  40. 0 E-CAPT O.021A X-RAY. 

H 1 47-AG- IOBM 5. Y E -CAPT O.OZ lA  X-RAY. 
1 4 6 - P O - l C 9  13.6 H BETA.- 0 .022A X-RAY. 

P 1 4 8 - C D - 1 0 9  4 7 0 .  0 E-CAPT 0 . 0 2 2 A  X-RAY. 
1 4 7 - A G - 1 1 0  24. S BETA.- 0 .023A X-RAY. 
4 4 9 - I N - 1 1 1  2.8 0 E-CAPT 0 . 0 2 3 A  X-RAY 
1 4 8 - C D - 1 1 5  2.3 D BETA.- 0 . 0 2 4 A  X-RAY. 
7 4 9 - I N - 1 1 3 M  1.7 H I S O M E R  0 . 0 2 4 A  X-RAY. 
7 4 9 - I N - 1 1 5 M  4 - 5  H ISOMER 0 . 0 2 4 A  X-RAY. 
1 4 9 . - I N - 1 1 4 M  50.0 0 I S O M E R  0 . 0 2 4 A  X-RAY 
1 5 0 - S N - 1 1 3  118.0 0 E-CAPT 0 . 0 2 4 A  X-RAY 
4 5 1 - S B - 1 2 0 M  5.8 0 E-CAPT 0 . 0 2 5 A  X-RAY. 
F 50-SN-125  9.4 D RETA.- 0 . 0 2 6 A  X-RAY 
1 5 1 - S B - 1 2 2 M  3.4 H I S O M E R  0 . 0 2 7 A  X-RAY. 
F 5 1 - 5 8 - 1 2 5  2.7 1 BETA.- 0 . 0 2 7 A  X-RAY. 
3 53- 1 - 1 2 6  13.2 0 ECAPB+ 0 0 0 2 7 A  X-RAY. 
1 5 3 -  1 - 1 2 8  25.  M BETA+- 0 . 0 2 7 A  X-RAY. 
1 5 2 - T E - 1 2 5 H  58.  0 I S O M E R  0 . 0 2 7 A  X-RAY 
1 35-BR- 8 2  36. H BETA.- 0 . 0 2 8 A  X-RAY. 
1 5 4 - X E - 1 2 5  18. H E-CAPT 0 .02BA X-RAY. 
F 5 2 - T E - 1 3 2  78.  H BETA.- 0 . 0 2 8 A  X-RAY. 
F 5 3 -  1 - 1 3 1  8.0 0 BETA.- 0 .029A X-RAY. 
F 5 6 - B A - 1 4 0  12.8 D BETA.- 0 . 0 2 9 A  X-RAY. 
F 5 3 -  1 - 1 3 5  6.7 H BETA.- 0.034 A X-RAY. 
4 5 5 - C S - 1 3 2  6.5 D €CAPE+ 0.035 A X-RAY. 
F 5 5 - C S - 1 3 6  13. 0 BETA.- 0.03, A X-RAY 
1 5 6 - B A - 1 3 1  11.5 0 E-CAPT 0 . 0 3 0 A  X-RAY. 

2.9 H ISOMER 0 . 0 3 1 A  X-RAY. 
7.5 Y E-CAPT 0 . 0 3 1 A  X-RAY, 

21.3 H RETA.- 0 . 0 3 l A  
5.3 O BETA.- 0 . 0 3 1 A  X-RAY. 

30. Y BETA.- 0 - 0 3 2 A  X-RAY. 
83. M BETA,- ~ 0 . 0 3 3 A  X-RAY. 

140. D E-CAPT 0 .033A X-RAY. 
4.5 H ECAPB+ t0.035A X-RAY. 

32.5 D BETA.- 0 . 0 3 6 A  X-RAY. 
33. H BETA.- 0 . 0 3 6 A  X-RAY. 

2 8 4 .  D BETA.- 0 . 0 3 6 A  X-RAY. 
2.4 H ECAPB+ 0 . 0 3 6 A  X-RAY. 
5.9 H BETA.- 0 . 0 3 7 A  X-RAY. 

11.1 D BETA.- 0 . 0 3 8 A  X-RAY. 
1.9 H BETA.- 0 . 0 3 8 A  X-RAY. 

12. M BETA.- 0 .038A X-RAY. 
9.3 H ECBET- 0 . 0 4  A X-RAY. 

60. M BETA.- 0 . 0 4 0 A  
28 .4  H BETA.- O.04OA X-RAY. 
46 .7  H BETA.- 10.041A X-RAY 

200.  D E-CAPT 0 . 0 4 1 A  X-RAY. 
1.7 Y BETA.- 0 . 0 4 2 A  X-RAY, 

15. 0 BETA.- 0 .042A X-RAY. 
15, H BETA.- 10.042A X-RAY. 
25 .  M BETA.- -0 .042A X-RAY. 
18.  H BETA,- 6 . 0 4 4 A  X-RAY. 

3.7 U BETA.- .O.O44A X-RAY. 
37 .  M BETA+-  t0.045A X-RAY. 
73. 0 BETA.- ' 0 .046A X-RAY. 
75.  5 ISOMEF: ,0 .046A X-RAY. 

2.3 H BETA.- 10.047A X-RAY. 
100. Y BETA.- 0 . 0 4 9 A  X-RAY. 

85.  0 E-CAPT 0 . 0 4 9 A  X-RAY. 
27 .  H BETA.- 0 . 0 4 9 A  X-RAY. 

7.5 H BETA.- 1O.OSOA X-RAY. 
4.4 M ISOMEF. 10.051A 

1 2 7 .  0 BETA.- 0 . 0 5 2 A  X-RAY. 
1.9 Y BETA.- 0 . 0 5 2 A  X-RAY, 

32 .  0 BETA.- 0 . 0 5 4 A  X-RAY, 
4.2 0 BETA.- 6 . 0 5 4 A  X-RAY. 

24.  H E-CAPT 0 . 0 5 4 A  X-RAY. 
70. 0 E-CAPT 0 . 0 5 4 A  X-RAY, 
19. S ISOMEF. Q .055A X-RAY. 
78. H BETA.- 0 . 0 5 5 A  

3.7 H BETA.- 9 . 0 5 5 A  X-RAY. 
8.1 H ECAPB- 0 . 0 5 5 A  X-RAY, 
6.8 0 BETA.- 0 . 0 5 6 A  X-RAY. 

33.  H BETA.- 10.057A 
43.  0 BETA.- 0 . 0 5 7 A  X-RAY. 
16, M I S O M E R  0 . 0 5 7 A  X-RAY. 



5.5 H ISOMER 0.058A 
10.5 t4 BETA.- 0.059A ISOMER 

115. 0 RETA.- 0.059A X-RAY. 
5.2 D BETA.- 0.059A X-RAY. 

24. H BETA.- 0.06 A X-RAY. 
18.7 H ISOMER 0.060A X-RAY. 

162E03Y ALPHA. 0.060A 
6.7 D BETA.- 0.060A 
3.4 N ISOMER O.06lA 

94. D E-CAPT 0.061A X-RAY. 
17. H BETA.- 0.063A X-RAY. 
40. D E-CAPT 0.064A 
15. H BETA.- 0.064A 
18.7 M ISOMER 0.064A 
15. D BETA.- 0.064A X-RAY. 
28.4 H BETA.- 0.065A 

7.1 H BETA.+ 0.066A 
32. H BETA.- 0.066A X-RAY. 
74. D BETA.- 0.066A X-RAY. 

6.1 D BETA+- 0.066A X-RAY. 
13. D BETAS- 0.067A 

1.9 Y BETA.- 0.067A 
4 .1  D ISOMER 0.'067A X-RAY. 
3.3 H BETA.- 0.068A SINGLE 

24. H E-CAPT 0.069A X-RAY. 
3.2 D BETA.- 0.070A X-RAY. 

12. D E-CAPT 0.070A X-RAY. 
46.7 H BETA.- 0.070A 
64.8 H BETA.- 0.070A X-RAY. 

3.9 .Y ECAPB- 0.070A X-RAY. 
5.9 H BETA.- 0.072A 

65. H E-CAPT 0.072A AVERAG 0.069 0.077 
47. D BETA.- 0.072A X-RAY. 
52. H E-CAPT 0.073A X-RAY. 

100E03Y ECAPBI 0.073A AVERAG 0.069 0.078 
30. M BETA.- 0.074A X-RAY. 
23.5 M BETA.- 0 0 0 7 4 A  

3.4 H ISOMER 0.075A 
3.1 M BETA.- 0.075A X-RAY. 

61. M ISOMER 0.075A X-RAY. 
15. D ECAPB+ 0.075A X-RAY. 
28. Y E-CAPT 0.075A X-RAY. 
20. H BETA.- 0.077A X-RAY. 
10.6 H BETA.- 0.077A X-RAY. 

1.9 Y ALPHA. .0.077A X-RAY. 
7.5 Y E-CAPT 0.08 A AVERAG 0.078 0.081 
1.9 H BETA.- 0.08 A 

100. Y BETA.- 0.08 A 
60. M BETA.- 0.08 A 
14.6 M BETA.- 0.08 A 

F 53- 1 -131  8.3 D BETA.- 0,080A 
4 69-TV-168 85. 0 E-CAPT O.OBOA 
1 47-AG-108M 5. Y E-CAPT 0.081A 
1 67-H0-166 27. H BETA.- 0.081A 
F 54-XE-133 5.3 D BETA.- 0.083A 
1 69-TM-170 127. D BETA.- 0.084A 
4 51-SB-120M 5.8 D E-CAPT 0.087A 
F 63-EU-155 1.7 Y RETA.- 0.087A 
1 65-TB-160 73. D BETA.- 0.087A 
F 55-CS-136 13. D BETA.- 0.087A 
1 46-PD-109 13.6 H BETA.- 0.088A AGlO9M 
1 71-LU-176M 3.7 H BETA.- 0.088A 
4 24-CR- 4 9  42. H B$TA.+ 0.089A 
F 63-EU-156 15. D BETA.- 0.089A 
N 90-TH-232 140E10Y ALPHA. 0.09 A X-RAY. 
N 91-PA-231 340E04Y ALPHA. 0.090A X-RAY. 
1 60-ND-147 11.1 D BETA.- 0.091A 
6 29-CU- 6 7  61. H BETA.- 0.092A AVERAG 0.091 0.093 
3 31-GA- 6 7  78. ti ECAPB+ 0.093A 
1 72-HF-180M 5.5 H ISOMER 0.093A 
4 73-TA-180M 8.1 H ECAPB- 0.096A AVERAG 0.093 0.102 
1 66-CY-165 2.3 H BETA.- 0.098A 
1 78-PT-195M 4.1 D ISOMER 0.099A 
1 73-TA-18.2 1 1 5  D BETA.- 0.10 A 
5 61-PM-151 28.4 H BETA.- 0.10 A 
2 73-TA-183 5.2 0 BETA.- 0.1G A AVERAG 0.099 0.107 
'1 64-GD-161 3.7 I4 BETA.- 0.102A 
4 92- U-237 6.7 D BETA.- 0.102A X-RAY. 
1 34-SE- 81M 61. M ISOMER 0.103A ISOMER 
1 75-RE-188M 18.7 H ISOMER 0.103A AVERAG 0.106 0.092 
7 91-PA-233 27. 0 BETA.- 0.1'03A X-RAY. 
1 62-SP-153 46.7 H BETA.- O.LO3A 
1 64-GO-153 200. 0 E-CAPT 0.103A AVERAG 0.097 0.103 
F 63-EU-155 1.7 Y BETA.- 0.1OSA 
1 93-NP-239 2.350 BETA.- 0.106A X-RAY. 
1 62-SM-155 25. M BETA.- 0.106A 
1 66-DY-I65M 75. S ISOMER 0.108A 1.1. 
N 92- U-235 l l O E 0 8 Y  ALPHA. O. l lOA X-RAY. 
1 52-TE-125M 58. D ISOMER O.l lOA 
1 60-ND-149 1.9 H BETA.- O.113A AVERAG 0.112 0.114 
1 71-LU-17.7 6.8 0 BETA.- 0,113A 
1 70-YB-175 4.2 D BETA.- 0.114A 

. 1  60-ND-151 12. M BETA.- 0 .1 .15~ 
1 70-YB-169 32. D BETA.- 0.115A AVERAG 0.093 0.110 0.118 
1 68-ER-171 7.5 H BETA.- O.Ll8A AVERAG 0.112 0.117 0.124 
1 32-GE- 7 5  82. M BETA.- 0.119A 
3 27-CD- 57 267. 0 E-CAPT 0.122A 
1 63-EU-152M 9.3 H ECBET- 0.L22A 
4 72-HF-173 ,240 H E-CAPT 0.125A 
1 56-8A-131 11.5 0 E-CAPT 0.126A 



4 28-NI-  5 7  36. H EEAPBt 0.127A 1 70-YB-169 32. 0 BETA.- 0.19 A AVERAG 0.177 0.198 
1 55-CS-134M 2.9 H ISOMER 0.127A SINGLE 1 78-PT-197 20. H BETA.- O.191A 
1 43-TC-101 15.0 M BETA.- 0.128A 1 49-IN-114M 50.0 0 ISOMER 0.192A 1.1. 
1 76-05-191 15. D BETA.- 0.129A 1 42-M0- 1 0 1  14.6 M BETA.- 0.193A 
1 44-RU-105 4.45H BETA.- 0.13 A RHLOSM 4 51-58-120M 5.8 0 E-CAPT 0.197A 
1 45-RH-105M 42.0 S ISOMER 0.130A SINGLE F 63-EU-156 15. 0 BETA.- 0.199A 
F 58-CE-144 284. D BETA,- 0.134A 1 65-TB-160 73. 0 BETA.- 0.20 A AVERAG 0.197 0.216 
1 34-SE- 75 120. 0 E-CAPT 0.134A AVERAG 0.121 0.136 5 39- Y- 90M 3.14H ISOMER 0.203A 
1 74- W-187 24. H BETA.- 0.134A 8 43-TC- 95M 60. 0 ECAPR+ 0.204A 
1 72-HF-181 43. 0 BETA.- 0.135A AVERAG 0.133 00,136 1 71-LU-177 6.8 0 BETA.- 0.208A 
3 27-CO- 57 267. 0 E-CAPT 0.136A 8 79-AU-199 3.2 0 BETA.- O.208A 
1 49-IN-116M 54.0 M BETA.- 0.137A 4 92- U-237 6.7 0 BETA,- 0.208A 
4 17-CL- 34M 32.4 M BETA.+ 0.139A ISOMER 1 60-NO-149 1.9 H BETA.- 0.21 A AVERAG 0.198 0.210 
1 76-05-193 32. H BETA.- 0.139A 1 32-GE- 77M 54. S BETA.- 0.215A 
1 42-F0- 9 9  66, H BETA.- O.142A TC99N 1 32-GE- 7 7  11. H BETA.- 0.21SA 
1 58-CE-141 32.5 0 BETA.- 0.145A 1 44-RU- 9 7  2.9 D E-CAP21 O.215A 
N 92 -  U-235 l lOEO8Y ALPHA. 0.145A 1 72-HF-179M 19. S ISOMER 0.215A 
1 73-TA-182M 16. H ISOMER 0.146A 4 37-RB- 84M 21. M ISOMER 0.216A 
1 73-TA-182 115. 0 BETA.- 0.15 A 1 72-HF-i80M 5.5 H ISOMER 0.216A 
1 38-SR- 85M 70. M E-CAPT O.150A F 53- 1-135 6.7 H BETA.- 0.22 A 
1 60-NO-149 1.9 H BETA.- 0.150A 1 73-TA-182 115. 0 BETA,- 0.22 A 
1 36-KR- 85M 4.4 H ISCMER 0.150A 1 56-BA-131 11.5 D E-CAPT 0.220A 
4 24-CR- 4 9  42. M BETA.+ 0.152A 1 38-SR- 85M 70. M E-CAPT 0.225A 
5 21-SC- 4 7  3.4 0 BETA.- 0.155A SINGLE 1 93-NP-239 2.350 .BETA.- 0.228A 

H 1 75-RE-188 17. H BETA.- 0.155A 
H 1 58-CE-143 33. H BETA.- 0.232A 
1 4 49-IN-112M 21.0 M ISUMER 0.155A I.T. w F 52-TE-132 78. H BETA.- 0.232A 

1 66-OY-165H 75. S ISOMER 0.155A .F 38-SR- 92  2.7 H BETA.- 0.23BA 
N 91-PA-231 340E04Y ALPHA. 0.155A N 82-PB-212 10.6 H BETA.- 0.239A 
8 79-AU-199 3.2 0 BETA.- 0.158A N 90-TH-232 140ElOY ALPHA. 0.239A PB-212 
F 55-CS-136 13. 0 BETA.- 0.16 A AVERAG N 90-TH-228 1.9 Y ALPHA. 0.239A PB-212 
F 56-BA-140 12.8 0 BETA.- 0.161A F 39- Y- 9 4  17. H BETA.- 0.24 A 
2 73-TA-183 5.2 0 BETA.- 0.161A S 61-PM-151 28.4 H BETA.- 0.24 A 
1 32-GE- 77M 54. S BETA.- O.162A ISOMER 1 54-XE-125 18. H E-CAPT 0.243A 
5 61-PM-151 28.4 H BETA,- 0.P63A 2 73-TA-183 5.2 0 BETA,- 0.245A AVERAG 0.244 0.246 
1 56-BA-139 83. M BETA,- O.166A 7 33-45- 7 7  39. H BETA,- 0.246A 
3 58-CE-I39 140. 0 E-CAPT 0.166A SINGLE 3 35-8R- 77  58. H €CAPO+ 0.246A 
1 31-GA- 7 0  21. M BETA.- 0.17 A 1 78-PT-199 30, M BETA,- 0.247A 
1 60-NO-151 12. M BETA.- 0.17 A 1 47-AG-111 7.5 0 BETA.- 0.247A 
1 73-TA- l82H 16. M ISOMER O.172A 4 4 9 - I N - I l l  2.8 0 E-CAPT 0.247A 
4 49 - IN-111  2.8 0 E-CAP1 0.173A 4 37-RB- 84M 21. M ISOMER 0.250A 
F 51-58-125 2.7 Y BETA.- 0.175A F 54-XE-135 9.2 H BETA,- 0.250A 
N 92- U-235 l lOEO8Y ALPHA- 0.18 A AVERAG 0.165 0.185 0.2001 60-NO-151 12. M BETA.- 0.254A 
N 88-RA-226 162E03Y ALPHA. 0.18 A 1 60-NO-I49 1.9 Hi BETA.- 0.26 A AVERAG 0.240 0.266 
6 29-CU- 6 7  61. H BETA.- 0.184A 1 32-GE- 7 7  11, H' BETA.- 0.264A 
3 31-GA- 6 7  78. H ECbPB+ 0.184A 1 44-RU-105 4.45Hl BETA,- 0.264A 
1 67-HO-166H 100. Y BETA.- 0.184A F 39-' Y- 9 3  10.1 H BETA.- 0.265A 
1 73-TA-182M 16. M ISCMER 0.184A 1 32-GE- 7 5  82. H! BETA.- 0,2666, 
1 54-XE-125 18. H E-CAPT 0.188A 1 34-SE- 75 120, D E-CAPT 0.268A AVERAG 0.265 0.200 
1 78-PT-199 30. H BETA.- O.189A F 55-CS-136 13, D BETA.- 0.27 A 
4 69-TM-I68 85. 0 E-CAPT 0.19 A AVERAG 0.185 0.198 4 21-SC- 44M 2.4 D ISOMER 0.270A ISOMER 



3 83-81-205 15. D ECAPB* 0.275A AYERAG 0.261 0.284 1 72-HF-181 43. D BETA.- 0.346A 
N 81-TL-208 3.1 M BETA.- 0.277A 4 79-AU-196 6.1 D BETA+- 0.35 A AVERAG 0.331 0.356 
1 93-NP-239 2 .350  BETA.- 0.278A N 88-RA-226 162E03Y ALPHA. 0.35 A PB-214 
3 82-PR-203 52. H E-CAP1 0.279A 4 34-SE- 7 3  7.1 H BETA.+ 0.359A 
1 80-HG-2C3 4.7. D BETA.- 0.279A 1 56-8A-133 7.5 Y E-CAP1 0.36 A AVERAG 0.355 0.380 
1 67-HO-166M 100. Y BETA.- 0.28 A AYERAG 0.263 0.280 0.300F 39- Y- 9 4  17. M BETA.- 0.36 A 
3 47-AG-105 40. D E-CAP1 0.281A 1 64-GD-159 18. H BETA.- 0.362A 
1 70-YR-175 4.2 D BETA.- 0.283A 1 64-GD-161 3.7 M BETA.- 0.363A 
3 29-CU- 6 1  3.3 H ECAPB+ 0.284A F 53- 1 -131  8.0 D BETA.- C.364A 
F 53- 1 -131  8.0 D BETA.- 0.284A 1 32-GE- 77  11. H BETA.- 0.367A 
1 34-SE- 8 1  18. M BETA.- 0.285A AYERAG 0.28 0.29 1 28-NI- 65 2.65H BETA.- 0.370A 
N 83-81-212 60. M BETA.- 0.285A 3 82-PR-204M 67. M ISOMER 0.375A TRPLET 
F 53- 1-135 6.7 H BETA.- 0.29 A 1 5 6 - 8 A - 1 3 1  11.5 D E-CAP1 0.375A 
1 56-8A-133 7.5 Y E-CAP1 0.29 A AVERAG 0.274 0.302 3 39- Y- 86 15. H ECAPB+ 0.38 A 
5 61-PM-148M 41. D BETA.- 0.29 A AVERAG 4 26-FE- 53 9. M BETA.+ 0.380A 
1 58-CE-143 33. H BETA.- 0.294A 3 53- 1-126 13.2 D ECAPR* 0.386A 
3 31-GA- 6 7  78. H ECAPB+ 0.296A 1 38-SR- 87M 2.8 H ISOMER 0.391A SINGLE 
4 72-HF-173 24. H E-CAP1 0.297A 7 49-IN-113M 1.7 H LSDMER 0.393A SINGLE 
1 65-18-160 73. D BETA.- 0.298A 1 50-SN-113 118.0 D E-CAP1 0.393A IN113M 
N 88-RA-226 162E03Y ALPHA. 0.30 A PB-214 1 70-Y8-175 4.2 D BETA.- 0.396A 
N 91-PA-231 340E04Y ALPHA. 0.30 A AVERAG 0.260 0.300 0 - 3 3 0 F  63-EU-157 15. H BETA.- 0.4 A AVERAG 0.32 0.38 0.41, 0.48 
N 90-TH-228 1.9 Y ALPHA. 0.300A PB-212 9 12-WG- 28 21.3 H BETA.- 0.40 A 
F 56-BA-140 12.8 D BETA.- 0.304A 1 49-IN-,116M 54.0 n BETA.- 0.406A 
1 68-ER-171 7.5 H BETA.- 0.305A AVERAG 0.296 0.308 3 53- 1-130 12.5 H BETA.- 0.41 A 
1 3 6 - K R -  85M 4.4 H LSDMER 0.306A 1.1. 1 79-AU-198 64.8 H BETA.- 0.412A 

& 3 45-RH-101H 4.7 D E-CAP1 0.307A 1 32-GE- 77  11. H BETA.- 0.416A 
1 43-TC-101 15.80 M BETA.- 0.307A F 53- 1-135 6.7 H BETA.- 0.42 A 
1 77- IR-192 74. D BETA.- 0.31 A AVERAG 0.295 0.316 0.3085 61-PM-148M 41. D BETA.- 0.42 A AVERAG 
1 42-M0- 1 0 1  14.'6 M BETA.- 0.31 A F 38-SR- 9 2  2.7 H BETA.- 0.427A 
1 44-RU-105 4.45H BETA.- 0.316A F 51-58-125 2.7 Y BETA.- 0.43 A AVERAG 0.427 0.463 
1 64-GD-161 3.7 M BETA.- 0.316A F 56-8A-140 12.8 D BETA.- 0.43 A AVERAG 0.422 0.436 
7 91-PA-233 27. D BETA.- 0.32 A AVERAG 0.300 0.312 0.340 1 47-AG-108 2.4 M ECAPB+. 0.433A 
1 78-PT-199 30. M BETA.- 0.320A 1 47-AG-.108M 5. Y E-CAP1 0.434A 
1 22-11- 5 1  5.8 M BETA.- 0.322A 4 81-TL-202 12. D E-CAP1 0.438A 
1 24-CR- 5 1  27.8 D E-CAP1 0.3228 SIINGLE 4 47-AG-106M 8.3 D E-CAPT 0.44 A AVERAG 0 .41  -0 .46 
1 57-LA-140 40.2 H BETA.- 0.327A 1 30-ZN- 69M 1 4  H ISOMER 0.440A SINGLE 
1 77- IR-194  19. H BETA.- 0.328A 5 61-PPl-151 28.4 H BETA.- 0.442A 
F 50-SN-125 9.4 D BETA.- 0.33 A AVERAG 0.331 0.34 1 72-HF-180M 5.5 H ISOMER 0.444A 
1 50-SN-125M 9.7 M BETA.- 0 .33 lA  1 53- 1-128 25. M BETA+- 0.445A 
1 72-HF-180M 5.5 H ISOMER 0.333A F 39- Y- 92  3.6 H BETA.- 0.45 A 
1 48-CD-115 2.3 0 BETA.- 0.335A IN115M 3 39- Y- 8 6  15. H ECAPB* 0.45 A 
7 49-IN-115M 4.5 H ISOMER 0.335A SINGLE F 55-CS-138 32. H RETA.- 0.462A 
3 47-AG-105 40. D E-CAP1 0.34 A AVERAG 0.331 0.345 0 . 3 9 3 4  37-RB- 84M 21. ISOMER 0.465A 
N 90-TH-232 140E10Y ALPHA. 0.34 A AC-228 1 77- IR-192 74. D BETA.- 0.468A 
F 55-CS-136 13. D BETA.- 0.34 A F 50-SN-125 9.4 D BETA.- 0.468A 
4 44-RU- 9 5  1.7 H ECAPB* 0.340A 1 44-RU-105 4.45H BETA.- 0.472A 
5 61-PM-151 28.4 H BETA.- 0.340A 1 78-PT-199 30. M BETA.- 0.475A 
1 47-AG-111 7.5 D BETA.- 0.342A 3 4-BE- 7 53.0 D E-CAP1 0.478A SINGLE 
1 72-HF-175 70. D E-CAP1 0.343A 1 74- W-187 24. H BETA.- 0.480A 
1 63-EU-152M 9.3 H ECBET- 0.344A 5 39- Y- 90M 3.14H ISOMER 0.482A 



43. D BETA.- 0.482A 
43.0 D BETA.- 0.485A 
40.2 H BETA.- 0.487A 

4.5 D BETA.- 0.489A 
40. D BETA.- 0.498A 
11.5 0 E-CAPT 0.498A 

3.1 M BETA.- 0.51 A 
14.6 M BETA.- 0 .51 A 

2.6 Y EC4PR+ 0.511A ANN-RD 
32.4 M BETA.+ O.511A ANN-RD 

1.6 S BETA.+ 0.511A ANN-RO 
7.7 M BETA.+ 0.511A ANN.RD 
4.0 H ECLPB+ 0.511A ANN-RD 

100E03Y ECAPB+ O.511A ANN.RO 
3.08H ECAPB+ 0.511A ANh.RD 

16. 0 ECdPB+ 0.511A ANh.RD 
42. M BETA.+ 0.511A ANh-RD 

5.7 0 ECAPB+ 0.511A ANhaRD 
9. H BETA.+ 0.511A ANh>.RD 

70. D ECPPB+ 0.511A ANh.RD 
36. H ECAPR* 0.511A ANh.RD 

3.3 H ECPPB* 0.511A ANb,.RD 
9.9 I4 EChPO+ 0.511A ANM.RD 

12.9 H ECBE+- 0.511A ANN.RD 
38. P EC&PB* 0.511A ANk.RD 
68.0 M E c n p a +  3 . 5 1 1 ~  ANN.RO 
40. H EC&PB+ 0.511A ANN.RD 
26. H ECAPB+ 0.511A ANN.RD 
18. D ECAPB+ O.511A ANN.RO 

7.1 H BETA.+ 0,511A ANN-RD 
18. M BETA+- 0.511A ANN.RO 
15. H ECAPB+ 0.511A ANN.RD 
79. H ECAPR* 0.511A ANN.RD 
16. M BETA.+ 0.511A ANN-RD 

1.7 H ECAPB+ 0.511A ANtJ-RD 
2.4 M ECAPO+ 0.51 lA ANtJ.RD 

14.0 M ECAPB+ 0.511A ANtJ.RD 
16. M ECAPB+ 0.511A ANt4-RD 

4.2 D ECAPB+ 0.511A AWtJ.RD 
9.5 M ECAPB+ 0.511A ANtJ.RD 
4.5 H ECAPB+ 0.5114 ANtJ-RO 
2.4 H ECAPB+ 0.511A ANtJ.RD 
1.4 Y ALPHA. 0.511A 

24. M ECAPB+ 0.512A AVERAG 0.511 0.513 
1.0 Y BETA.- 0.513A RHlO6 
8.3 D E-CAPT 0.513A 

10.4 Y RErA.- 0.515A 
10.4 Y BE1A.- 0.515A BREMS. 
64. D E-CAPT 0.515A SINGLE 

2.3 0 BETA.- 0.52 A AVERAG 0.490 0.523 

F 53- 1-132 2.3 H BETA.- 0.52 A 
3 83-81-205 15. D ECAPB+ 0.52 A AVERAG 0.516 0.526 
3 35-BR- 77  580 H €CAP&+ 01520A AVERAG 0.511 0.524 
7 33-AS- 7 7  39. H BETA.- 0.525A 
F 53- 1-133 20.8 H BETA.- 0.525A 
3 53- 1-130 12.5 H BETA.- 0.53 A TRPLET 
F 53-  1-135 6.7 H BETA.- 0.535A XE135M 
F 56-8A-140 12.8 0 BETA.- 0 -537A 
1 78-PT-199 30. M BETA.:- 0.540A 
F 55-CS-138 32. M BETA.- 0.54.5A 
5 61-PH-148M 41. 8 BETA,- 0.548A 
5 61-PM-148 5.4 0 BETA,- 0.'551A 
1 35-BR- 82  36. H BETA,- 0.554A 
F 38-SR- 9 1  9.7 H BETA.- 0.558A Y91M 
1 33-AS- 7 6  26.5 H BETA.- 0.559A 
F 39- Y- 91Ml 50. M ISOMER 0.559A ISOMER 
F 39- Y- 9 2  3.6 H BETA.- 0.56 A 
3 83-81-205 15. D €CAP@+ 0.56 A AVERAG 0.550 0.570 
F 39- Y- 9 4  17. M BETA.- 0.560A 
1 51-58-122 2.8 D BETA.- 0.561A 
N 81-TL-208 3.1 M BETA,- 0.563A 
3 83-81-207 28. Y E-CAFT 0.569A 
4 32-GE- 6 9  40. H ECAPE+ O.580A 
N 90-TH-232 140E10Y ALPHC.. 0,583A TL-208 
N 90-TH-228 1.9 Y ALPHA. 0.583A TL-208 
8 43-TC- 95M 60. 0 ECAPE-+ 0,584A 
4 40-ZR- 89M 4.4 t4 ISOMER 0.589A ISOMER 
1 42-MO- 1 0 L  14.6 M RETA.- 0,592A 
4 33-AS- 7 4  18. D ECAPB+ 0.596A 
1 55-CS-134 2.1 Y BETA.- 0.60 A AVERAG 0.563 0.570 
1 51-58-124 60. D BETA.- 0.603A 
3 53- 1-124 4.2 D ECAPB+ 0.603A 
F 51-58-125 2.7 Y RETb.- 0.605A AVERAG 0.60 0.64 
1 77- IR-192 74. D BETI.-  0.61 A AVERAG 0.588 0.604 0.613 
N 88-RA-226 162E03Y ALPHA. 0.61 A 81 -214  
1 47-AG-108C 5. Y E-C6PT 0.615A 
4 49- IN-112 14.0 M ECAPB+ 0.615A 
1 35-BR- 8 0  18. M BETAA- 0.618A 
1 35-BR- 8 2  36. H BETA.- 0.619A 
F 44-RU-106 1.0 Y BETA-- C.62 A RHlO6 0.624 0.612 
4 47-AG-106C 8.3 D E-CAPT 0.62 A 
1 31-GA- 72  14.1 M BETA.- 0.625A AVERAG 0.60 0.62 0.63 
4 44-RU- 9 5  1.7 H ECAPB+ 0.625A 
5 61-PM-148C 41. D BETA.- 0.626A 
1 47-AG-108 2.4 M ECAPB+ 0.63 A AVERAG 0.617 0.633 
F 55-CS-139 9.5 M BETA.- 0 . 6 3  A 
3 39- Y- 8 6  15. H ECAPBf 0.643A 
F 57-LA-142 87. M BETA..- 0.645A 
F 63-EU-I56 15. 0 BETA.- 0.646A 
1 76-05-185 94. 0 E-CAP7 0.646A 



F 38-SR- 9 1  9.7 H BETA.- 0.655A 3 33-AS- 7 2  26. H ECAPB+ 0.833A 
1 47-AG-110 24. S BETA.- 0.656A 3 25-MN- 5 4  314. D E-CAP1 0.835A SINGLE 
1 47-AG-1lOM 250,. 0 BETA.- 0.66 A AVERAG 0.656 0.677 0.687 F 53- 1-135 0.7 H BETA.- 0.84 A 
3 53- 1-130 1 2 , s  H BETA.- 0.66 A TRPLET 1 63-EU-152M 9.3 H ECBET- 0.841A 
F 55-CS-137 30. Y BETA.- 0.662A SINGLE 1 12-MG- 2 7  9.5 M BETA.- 0.842A 
1 40-ZR- 9 7  17. H BETA.- 0.663A NB-97 DAWTR 1 2 5 - M N -  5 6  2.58HBETA.-0.845A 
7 41-NB- 9 7  74. M BETA.- 0.663A F 53- 1-134 53. M BETA.- 0.86 A AVERAG 0.848 0.890 
7 41-NB- 9 7  74. M BETA.- 0.663A SINGLE N 81-TL-208 3.1 M BETA.- 0.860A 
F 37-R8- 8 9  15. I4 BETA.- 0.665A 1 41-NB- 9 4  200E04Y BETA.- 0.871A DUBLET 
3 53- 1-126 13.2 D ECAPB+ 0.665A 1 41-NR- 94M 6.6 M BETA.- 0.871A SINGLE 
F 53- 1-132 2.3 H BETA.- 0.6h5A 1 65-TB-160 73. D BETA.- 0.879A 
4 55-CS-132 6.5 0 ECAPB+ 0.665A 1 21-SC- 4 6  85.0 D BETA.- 0.887A 
F 55-CS-136 13. D BETA.- 0.67A 1 47-AG-110M 250. D BETA.- 0.89 A AVERAG 0.815 0.885 0.937 
1 44-RU-,105 4.45H BETA.- 0.670A F 57-LA-142 87. M BETA.- 0.89 A 
1 74- W-18-7 24. H BETA.- 0.686A 1 37-RB- 88 18. M BETA.- 0.899A 
1 41-NB- 9 4  200E04Y BETA.- 0.702A DUBLET 3 39- Y- 8 8  105. D E-CAPT 0.899A 
3 83-81-205 15. D ECAPB+ 0.703A 3 82-PB-204M 67. M ISOMER 0.905A AVERAG 0.899 0.912 
1 42-H0- 1 0 1  14.6 M BETA.- 0.705A 4 40-ZR- 8 9  79. H ECAPR+ 0.906A 
1 67-HD-166M 100. Y BETA.- 0.71 A N 90-1'H-232 140ElOY ALPHA. 0.908A AC-228 
3 53- 1-124 4.2 D ECAPB+ 0.72 A F 50-SN-125 9.4 D BETA.- 0.91 A 
1 51-58-124 60. D BETA.- 0.722A 5 61-PM-I48 5.4 D BETA.- 0.910A 
1 44-RU-105 4.45H BETA.- 0.723A 5 61-PM-148M 41. D BETA.- 0.913A 
5 61-PM-148M 41. O BETA.- 0.723A 1 57-LA-140 40.2 H BETA.- 0.92 A 
1 47-AG-108M 5. Y E-CAP1 0.724A F 39- Y- 9 4  17. M BETA.- 0.925A 

H 
H F 63-EU-156 15. D BETA.- 0.724A F 39- Y- 9 2  3.6 H BETA.- 0.93 A 
d\ N 83-81-212 . 60. M BETA.- 0.727A 4 41-NB- 9 2  10. D E-CAP1 0.931A SINGLE 

1 40-ZR- 9 5  65. 0 BETA.- 0.73 A AVERAG 0 - 7 2 6  0.765 . 3 25-MN- 52  5.7 D ECAPB+ 0.935A TRIPLT 
4 47-AG-106M 8.3 D E-CAP1 0.73 A 1 48-CD-115M 43.0 D BETA.- 0.935A 
3 53- 1-130 12.5 H BETA.- 0.74 A TF.PLET 9 12-MG- 28  21.3 H BETA.- 0.95 A 
3 25-MN- 52  5.7 0 ECAPB+ 0.743A TF.IPLT 9 12-WG- 28  21.3 H BETA.- 0.95 A 
1 40-ZR- 9 7  17, H BETA.- 0.75 A NE--97M F 53- I-,132 2.3 H BETA.- 0.952A 
1 41-NB- 97M 60. S ISOMER 0.75 A F 63-EU-I56 -15. D BETA.- 0.96 A 
F 38-SR- 9 1  9.7 H BETA.- 0.76 A 1 63-EU-L52M 9.3 H ECBET- 0.9634 
7 41-NB- 9 5  35. D BETA.- 0.766A SINGLE 1 65-10-160 73. D BETA.- 0.964A AVERAG 0.962 0.966 
8 43-TC- 9 5  20. H E-CAPT 0.768A N 90-TH-232 140E10Y ALPHA. 0.966A AC-228 
F 53- 1-132 2.3 ti BETA.- 0.77 A 1 63-EU-152M 9.3 H ECBET- 0.975A 
1 35-8R- 82  36. H 8ETA.- 0.777A 3 83-01-205 15. D ECAPB+ 0.988A 
4 47-AG-106M 8.3 O E-CAP1 0.79 A AVERAG 0.78 0.80 0.81 3 23- V- 4 8  16. ECApB+ 0.99DA DUBLET 
3 43-TC- 9 6  4.3 D E-CAP1 0.80 A AVERAG 0.770 0.804 0.840 1 12-MG- 2 7  9.5 M RETA.- 1.01 A 
1 55-CS-134 2.1 Y BETA.- 0.80 A AVERAG 0.796 0 .801  5 21-SC- 4 8  44. H BETA.- 1.01 A AVERAG 0.990 1.040 
5 27-CO- 58 70. D ECAPB* 0.808A F 55-CS-138 32. M BETA.- 1.01 A 
1 20-CA- 4 7  4.5 D BETA.- 0.809A 5 61-PM-148M 41. D BETA.- 1.01 A 
1 49-IN-116M 54.Q M BETA.- 0.81 A 1 42-MD- 1 0 1  14.6 M BETA.- 1.024A 
1 67-H0-166M 100. Y BETA.- 0.810A f 38-SR- 9 1  9.7 H BETA.- 1.03 A 
F 63-EU-156 15. D BETA.- 0.812A F 57-LA-142 87. M BETA.- 1.03 A 
F 50-SN-125 9.4 D BETA.- 0.815A F 37-Re- 8 9  15. M BETA.- 1.04 A 
1 57-LA-140 40.2 H BETA.- 0.817A 1 29-CU- 6 6  5.1 M RETA.- 1.040A 
1 31-GA- 72  14.1 H BETA.- 0.83 A AVERAG 0.832 0.81 1 35-BR- 8 2  36. H BETA.- 1.044A 
F 37-Re- 9 0  2.9 M BETA.- 0.83 A 4 47-AG-10bM 8.3 O E-CAP1 1.05 A 
F 55-CS-136 13. 0 BETA.- 0.83 A 3 83-81-207 28. Y E-CAP1 1.064A 



F 55-CS-136 13. D BETA.- 1.065A 
F 50-SN-125 9.4 0 BETA.- 1.068A 
1 37-RB- 8 6  18.7 D BETA.- 1.077A 
F 63-EU-156 15. D BETA.- 1.08 A 
3 39- Y- 86  15. H ECAPB+ 1.084A 
1 49-IN-116M 54.15 M BETA.- 1.085A 
1 26-FE- 5 9  45. D BETA.- 1.097A DUBLET 
1 28-N I -  65  2.65H BETA.- 1.114A 
1 30-ZN- 6 5  245. D ECAPB+ 1.114A 
1 2 1 - S C -  4 6  85.0 D BETA.- 1.119A 
4 32-GE- 6 9  40. H EC,APB+ 1.12 A 
4 47-AG-106M 8.3 D E-CAPT 1.13 A 
F 53- 1 -135  6.7 H BETA.- 1.14 A 
F 39- Y- 9 4  17. M BETA.- 1.15 A 
4 21-SC- 44 4.0 H ECAPB+ 1.159A 
3 22-11- 4 4  100EC3Y ECAPB+ 1.159A SC-44 
F 63-EU-156 15. D RETA.- 1.16 A 
3 39- Y- 8 6  15. H ECAPB+ 1.16 A 
1 27-CO- 6 0  5 .271  BETA.- 1.173A DUBLET 
4 47-AG-106M 8.3 D E-,CAP1 1.20 A 
F 63-EU-156 15. D RETA.- 1.23 A 
F 37-RB- 8 9  15. M BETA.- 1.256A 
F 53- 1-135 6.7 H BETA.- 1.265A 
1 49- IN-116M 54.0 M BETA.- 1.27 A 

H 
3 11-NA- 22 2.6 Y ECAPB+ 1.274A 
F 55-CS-139 9.5 M RETA.- 1.28 A 
5 13-AL- 2 9  6 .6  F! BETA.- 1.280A 
1 26-FE- 59  45. D BETA.- 1.289A DUBLET 
1 18-AR- 4 1  1.83H BETA.- 1.29 A SINGLE 
1 4 8 - ~ ~ - 1 1 5 ~  43.0 D BETA.- 1.295A 
1 20-CA- 4 7  4.5 D BETA.- 1.299A 
5 21-SC- 48  44. H BETA.- 1.31 A 
3 23- V- 48  16. 0 ECAPB+ 1.310A DUBLET 
1 35-BR- 82 36. H BETA.- 1.317A 
1 27-CO- 6 0  5.27Y BETA.- 1.332A DUBLET 
9 12-PG- 28  21.3 H BETA.- 1.35 A 
1 11-NA- 2 4  15.0 H BETA.- 1.368A 
4 28 -N I -  57  36. H ECAPB+ 1.38 A 
F 38-SR- 9 2  2.7 H BETA.- 1.38 A 
F 39-  Y- 9 2  3.6 H BETA.- 1 .40 A 
F 55-CS-138 32. M BETA.- 1.43 A 
1 23-  V- 5 2  3.77M BETA.- 1.430A SINGLE 
3 25-CN- 52 5.7 D ECAPB+ 1.430A T R I P L T  
5 61-PN-148 5.4 D BETA.- 1.46 A 
N 19- K- 4 0  127E10Y BETA.- 1.460A SINGLE 
1 28-NI -  65  2.65H BETA.- 1.480A 
1 19-  K- 4 2  12.4 H BETA.- 1.52 A 
1 59-PR- I42 19.2 H BETA.- 1.58 A SINGLE 
1 59-PR-142 19.2 H BETA.- 1.58 A BREMS. 
1 57-LA-140 40.2 H BETA.- 1.597A 

38.0 M BETA.- 1.640A 
60. D BETA.- 1.69 A 

2.3 M BETA.- 1.78 A SINGLE 
21.3 H BETA.- 1.78 A AL-28 

2.58H BETA.- 1.81 A 
18. M BEFA.- 1.837A 

105. D E-CAP1 1.837A 
z . s e ~  BETA.- 2.12 A 

38.0 M BETA.- 2.160A 
7.7 M BETA.+ 2.160A 

32. M BETA.- 2.20 A 
32. M BETA.- 2.61 A 

3.1 M BEF6.- 2.615A 
15.0 H REB6.- 2,750A 

8.7 M BETA.- 3.09 A 
5.1 M 3.13 A SINGLE 



MAJOR GAMMA RAYS 

NEUTRON PRODUCED ISOTOPES 
ORDERED BY GAMMA-RAY ENERGY 

1 47-AG-108 2.4 M ECAPR+ A BREMS. 
1 47-AG-110 24, S BETA.- A BREMS. 
F 39- Y- 9 1  59. D BETA.- A BREMS. 
F 59-PR-145 5.9 H RETA.- A BREMS. 
1 1 4 - S I -  3 1  2.62H BETA.- A BREMS. 
1 48-CD-115M 43.0 0 BETA.- A BREMS. 
1 59-PR-143 13.7 D BETA.- A BREMSP 
F 43-TC- 9 9  210EC5Y BETA.- A BREMSP 
F 61-PM-147 2.5 Y BETA.- A BREMS. 
1 38-SR- 85M 70. M E-CAP1 0 .014A X-RAY. 
1 38-SR- 87M 2.8 H ISOMER 0.014A X-RAY. 
7 91-PA-233 27. D RETA.- 0.015A X-RAY. 
N 92 -  U-235 l l O E 0 8 Y  ALPHA. 0.015A X-RAY. 
1 93-NP-239 2.350 BETA.- 0.018A X-RAY. 
1 45-RH-104M 4.4 M ISOMER 0.02 A X-RAY 
1 44-RU-105 4.45H BETA.- 0.02CA X-RAY. 
1 44-RU-103 40. D BETA.- O.02OA X-RAY. 
1 45-RH-1C5M 42.0 S ISOMER O.02OA X-RAY 
1 47-AG-108M 5. Y E-CAPT 0.021A X-RAY. 
1 46-PD-109 13.6 H BETA.- 0.022A X-RAY. 
1 4 8 - C O - 1 0 9  470.  D E-CAPT 0.022A X-RAY. 
1 47-AG-110 74 .  S BETA.- 0.023A X-RAY. 
1 48-CD-115 2.3 D BETA.- 0.024A X-RAY. 
7 49 - IN -113M 1.7 H ISOMER 0.024A X-RAY. 
7 49 - IN -115M 4.5 H ISOMER 0.024A X-RAY. 
1 49 - IN -114M 50.0 0 ISOMER 0.024A X-RAY 
1 50-SN-113 118.0 D E-CAP1 0.024A X-RAY 
F 50-SN-125 9 .4  D BETA.- 0.026A X-RAY 
1 51-SB-122M 3.4 M ISOMER 0.027A X-RAY. 
1 53- 1 -128  25. M BETA+- 0.027A X-RAY. 
F 5 1 - 5 8 - 1 2 5  2.7 Y BETA.- 0.027A X-RAY. 
1 52-TE-125M 58. D ISOMER 0.027A X-RAY 
1 35-BR- 8 2  36. H BETA.- 0.028A X-RAY. 
1 54-XE-125 18. H E-CAP1 0.028A X-RAY. 
F 52-TE-132 78. H BETA.- 0.028A X-RAY. 
F 53- 1 - 1 3 1  8.0 D BETA.- 0.029A X-RAY. 
F 56-BA-140 12.3 D BETA.- 0.029A X-RAY. 
F 53- 1 -135  6.7 H BETA.- 0.03 A X-RAY. 
F 55-CS-136 13. D BETA.- 0.03 A X-RAY 
1 56-BA-131 11.5 D E-CAPT 0.030A X-RAY. 
1 55-CS-134M 2.9 H ISOMER 0.031A X-RAY. 
1 56-BA-133 7.5 Y E-CAP1 0.031A X-RAY. 
F 54-XE-133 5.3 D BETA.- 0.031A X-RAY. 
F 55-CS-137 30. Y BETA.- 0.032A X-RAY. 
1 56-BA-139 83. M BETA.- 0.033A X-RAY. 
1 58-CE-141 32.5 D BETA.- 0.036A X-RAY. 
1 58-CE-143 33. H BETA.- 0.036A X-RAY. 
F 58-CE-144 284.  Q BETA.- 0.C36A X-RAY. 
F 59-PR-145 5.9 H BETA.- 0.037A X-RAY. 
1 60-ND-147 11.1 0 BETA.- 0.038A X-RAY. 

1 60-ND-149 1.9 H BETA.- 0.938A X-RAY. 
1 60-ND-151 12. M BETA.- 0.038A X-RAY. 
1 63-EU-152M 9.3 H ECBET- 0 .04  A X-RAY. 
N 83 -01 -212  6 3 .  M BETA.- 0.040A 
5 61-PM-151 28.4 H BETA.- 0.040A X-RAY. 
1 62-SM-153 46.7 H BETA.- 0 .041A X-RAY 
1 6 4 - G D - 1 5 3  200.  D E-CAPT 0.041A X-RAY. 
F 63-EU-155 1.7 Y BETA.- 0.042A X-RAY. 
F 63-EU-156 15. D BETA.- 0.042A X-RAY. 
F 63-EU-157 15. H BETA.- O.042A X-RAY. 
1 62-SM-155 25. M BETA.- 0.042A X-RAY. 
1 64-GD-159 18. H BETA.- 0.044A X-RAY. 
1 64-GD-161 3.7 M BETA.- 0.044A X-RAY. 
1 6 5 - 1 8 - 1 6 0  73. D BETA.- 0.046A X-RAY. 
1 66-CY-165M 75.  S ISOMER 0.0464 X-RAY. 
1 66-DY-165 2.3 H BETA.- 0.047A X-RAY. 
1 67-HO-166M 100.  Y BETA.- 0.049A X-RAY. 
1 67-HO-166 27 .  H BETA.- 0.049A X-RAY. 
1 68-ER-171 7 . 5  H BETA.- O.OSOA X-RAY. 
1 45-RH-104M 4.4 M ISOMER 0.051A 
1 69-TM-170 127.  D BETA.- 0.052A X-RAY. 
1 70-YB-169 32. D BETA.- 0.054A X-RAY. 
1 70-Ye-175 4.2 D BETA.- 0.054A X-RAY. 
1 72-HF-175 70 .  D E-CAPT 0.054A X-RAY. 
1 72-HF-179M 19. S ISOMER 0.055A X-RAY. 
1 71-LU-176M 3.7 H RETA.- 0.055A X-RAY. 
F 52-TE-132 78. H BETA.- 9 . 0554  
1 71-LU-177 6.8 D BETA.- 0.056A X-RAY. 
1 58-CE-143 33. H BETA.- 0.057A 
1 72 -HF-181  43. D BETA.- 0.057A X-RAY. 
1 73-TA-182M 16. M ISOMER 0.057A X-RAY. 
1 72-HF-180M 5.5 H ISOMER 0.058A 
1 27-CO- 60M 10.5 M BETA.- 0.059A ISOMER 
1 73-TA-182 115.  D BETA.- 0 .059A X-RAY. 
1 74- W-187 24. H BETA.- 0.06 A X-RAY. 
1 75-RE-188M 18.7 M ISOMER 0.060A X-RAY. 
N 88-RA-226 1 6 2 E 0 3 Y  ALPHA. 0.060A 
1 51-58-122M 3.4 M ISOMER 0 .061A 
1 76 -05 -185  94 .  0 E-CAP1 O.06 lA  X-RAY. 
1 75-RE-188 17.  H BETA.- 0.063A X-RAY. 
1 75-RE-188M 18.7 M ISOMER 0.064A 
1 7 6 - 0 5 - 1 9 1  16. 0 RETA.- 0.064A X-RAY. 
F 63-EU-157 15. H BETA.- 0.064A 
5 61-PM-151 28.4 H BETA.- 0 . 0 6 5 A .  
1 76-05-.193,, 32. H BETA.- 0.066A X-RAY. 
1 7 7 - I R - 1 9 2  74. D BETA.- 0.066A X-.RAY. 
F 55-CS-136 13. D BETA.- 0.067A 
1 78-PT-195M 4.1 D ISOMER 0.067A X-RAY. 
5 27-CO- 6 1  3.3 H BETA.- 0.068A S INGLE  
1 8 0 - H G - 1 9 7 M  24. H E-CAPT 0.069A X-RAY. 



46.7 H BETA,- 0.070A 
64.8 H BETA.- 0.070A X-RAY. 

3.9 Y ECAPB- 0.070A X-RAY. 
65. H E-CAP1 0.072A AVERAG 0.0b9 0,.077 

5.9 H BETA.- 0.072A 
47. D BETA.- 0.072A X-RAY. 
30. M BETA.- 0.074A X-RAY. 
23.5 M BETA.- 0.074A 

3.4 I4 ISOMER 0.075A 
3.1 I4 BETA.- 0.075A X-RAY. 

20. H BETA.- 0.077A X-RAY. 
10.6 H BETA.- 0.077A X-RAY. 

1 .9 .Y  ALPHA. 0.077A X-RAY. 
7.5 Y E-CAP1 0.08 A AVERAG 0.0$8 0.081 
1.9 H BETA.- 0.08 A 

100. Y BETA.- 0.08 A 
60. M BETA.- 0.08 A 
14.6 M BETA.- 0.08 A 

8.0 D BETA.- 0.080A 
5. Y E-CAP1 0.081A 

27. H BETA.- O.081A 
5.3 0 BETA.- 0.083A 

127. D BETA.- 0.084A 
73. D BETA.- 0.087A 

1.7 Y BETA.- 0.087A 
13. 0 BETA.- 0 - 0 8 7 A  
13.6 H BETA.- 0.088A AG109M 

3.7 H BETA,- 0.088A 
15. 0 BETA.- 0.089A 

140ElOY ALPHA. 0.09 A X-RAY. 
340E04Y ALPHA. 0.090A X-RAY. 
11.1 0 BETA.- 0.091A 

5.5 H ISOMER 0.093A 
2.3 H BETA.- 0.098A 
4.1 0 IS4MER 0.099A 

1 1 5  D BETA.- 0.10 A 
28.4 H BETA.- 0.10 A 

3.7 M BETA.- 0.102A 
61. M ISOMER 0.1C3A ISOMER 
18.7 M ISOMER 0.103A AVERLG 0.106 0.092 
27. 0 BETA.- 0.103A X-RAY. 
46.7 H BETA.- 0.103A 

200. D E-CAPT 0.103A AVERAG 0.097 0.103 
1.7 Y BETA.- 0.105A 
2.350 BETA.- 0.106A X-RAY. 

25. M BETA.- 0.106A 
75. S ISOMER 0.108A 1.T- 

l l O E 0 8 Y  ALPHA. O.l lOA X-RAY. 
58, D ISOMER 0 - l l O A  

1.9 H BETA.- 0.113A AVERAG 0.112 0.114 

1 71-LU-177 6.8 D BETA.- 0.113A 
1 70-YB-175 4.2 D BETA.- 0.114A 
1 60-NO-151 12. Y BETA.- O.115A 
1 70-YE-169 32. 0 BETA.- 0.115A AVERPG 0.093 0.110 0.118 
1 68-ER-171 7.5 H BETA.- 0.118A AVERAG 0.112 0.117 0.124 
1 32-GE- 75 82 .  M BETA.- 0.119A 
1 63-EU-152M 9.3 H ECBET- 0.122A 
1 56-BA-131 11.5 0 E-CAP1 0.126A 
1 55-CS-134M 2.9 H ISOMER 0.127A SINGLE 
1 43-TC-101 15.C M BETA,- 0.128A 
1 76-05 -191  15. D BETA.- 0.129A 
1 45-RH-105M 42.0 S ISOMER 0.130A SINGLE 
1 44-RU-105 4.45H BETA,- 0.13 A RHlOSM 
F 58-CE-144 284, Q BETA.- 0.134A 
1 34-SE- 75 120. 0 E-CAFT 0.134A AVERAG 0 .121  0.136 
1 74- W-187 24. H BETA.- 0.134A 
1 72-HF-181 43. 0 BETA.- 0.135A AVERAG 0.133 0.136 
1 49- IN-116M 54.0 M BETA.- 0.137A 
1 76-05-193 32. H BETA.- 0.139A 
1 42-H0- 9 9  66. H BETA.- 0.142A TC99R 
1 58-CE-141 32.5 D BETA.- 0,145A 
N 92- U-235 l lOEO8Y ALPHB. 0.145A 
1 73-TA-182H 16. M ISOMER 0.146A 
1 73-TA-182 115. D BETA.- 0.15 A 
1 38-SR- 85C 70. M E-CA?T 0.150A 
1 60-ND-149 1.9 H BETb--  0.150A 
,1 36-KR- 85C 4.4 H ISOMER C.150A 
1 75-RE-188 17. H BETA.- 0.155A 
5 21-SC- 4 7  3.4 D BETA.- 0.155A SINGLE 
1 66-OY-165C 75. S ISOMER 0.155A 
N 91-PA-231 340E04Y ALPHA, 0.155A 
F 55-CS-136 13. 01 BET&.- 0.16 A AVERAG 
F 56-BA-140 12.6 D BETA.- 0.161A 
1 32-GE- 77C 54. S BETA.- 0 .162A ISOMER 
5 61-PM-151 28.4 ti BETA.- 0 - 1 6 3 A  
1 56-BA-139 83. C BETA.- 0 - 1 6 6 A  
1 31-GA- 70  21. M BETA.- 0.17 A 
1 60-ND-151 12. M BETA.- 0 - 1 7  A 
1 73-TA-182H 16. C ISOMEF. 0.172A 
F 51-SB-125 2.7 Y RETA.- 0.175A 
N 92- U-235 LlOE38Y ALPH4. 0.18 A AVERAG 0.165 0.185 0.200 
N 88-RA-226 162E03Y ALPH4. 0.18 A 
1 6 7 - ~ 0 - 1 6 6 n  loo.  Y BETA.- 0 . 1 8 4 ~  
1 7 3 - T A - 1 8 2 R  1 k ISOMER O.184A 
1 54-XE-125 18. H E-CAPT 0.188A 
1 78-PT-199 30. k BET&- 0.189A 
1 70-Y8-169 32. D B E T L -  0.19 A AVERAG 0.177 0.198 
1 78-PT-197 20, H BET&.- 0.191A 
1 49- IN-114R 50.0 D ISOIER 0.192A I.T. 
1 42-M0- 1 0 L  14.6 H BETA.- 0.193A 



F 63-EU-156 15. D BETA.- 0.199A 
1 65-TB-160 73. D BETA.- 0.20 A AVERAG 0.197 0.216 
5 39- Y- 90M 3.14H ISOMER 0.203A 
1 71-LU-177 5.8 D BETA.- 0.208A 
1 60-ND-149 1.9 H BETA.- 0.21 A AVERAG 0.198 0.210 
1 32-GE- 77M 54. S BETA.- 0.215A 
1 32-GE- 7 7  11. H BETA.- 0.215A 
1 44-RU- 9 7  2.9 D E-CAP1 0.215A 
1 72-HF-179M 19. S ISOMER 0.215A 
1 72-HF-180M 4.5 H ISOMER 0.216A 
1 73-TA-182 115. D BETA.- 0.22 A 
F 53- 1-135 b.7 H BETA.- 0.22 A 
1 56-BA-131 11.5 D E-CAPT 0.220A 
1 38-SR- 85M 70. M E-CAPT 0.225A 
1 9 3 - N P - 2 3 9  i . 3 5 D B E T A . - 0 . 2 2 8 A  
1 58-CE-143 33. H BETA.- 0.232A 
F 52-TE-132 78. H BETA.- 0.232A 
F 38-SR- 92  2.7 H BETA.- 0.238A 
N 82-PB-212 10.6 H BETA.- 0.239A 
N 90-TH-232 140E10Y ALPHA. 0.239A FB-212 
N 70-TH-228 1.9 Y ALPHA. 0.239A PB-212 
F 39- Y- 9 4  17. M BETA.- 0.24 A 
5 51-PM-I51 28.4 H BETA.- 0.24 A 
1 54-XE-125 18. H E-CAPT 0.243A 
7 33-AS- 7 7  39. H BETA.- 0.246A 
1 78-PT-199 30. M BETA.- 0.247A 
1 i 7 - A G - 1 1 1  7 . 5 D B E T A . - 0 . 2 4 7 A  
F 54-XE-135 9.2 H BETA.- 0.25OA 
1 aO-ND-151 12. M BETA.- 0.254A 
1 b0-ND-149 1.9 H BETA.- 0.26 A AVERAG 0.240 0.266 
1 3 2 - G E -  77  11. H BETA.- 0.264A 
1 44-RU-105 4 .45H BETA.- 0.264A 
F 39- Y- 9 3  10.1 H BETA.- 0.265A 
1 32-GE- 75 82. M BETA.- 0.266A 
1 34-SE- 7 5  120. D E-CAPT 0.268A AVERAG 0.265 0.280 
F 55-CS-136 13. D BETA.- 0.27 A 
N 81-TL-208 3 .1  M BETA.- 0.277A 
1 93-NP-239 2.350 BETA.- 0.278A 
1 80-HG-203 47. D BETA.- 0.279A 
1 67-HD-166M 100. Y BETA.- 0.28 A AVERAG 0.263 0.280 0.300 
1 70-YB-175 4.2 D BETA.- 0.283A 
F 53- 1 -131  8.0 D 3ETA.- 0.284A 
1 34-SE- 8 1  l e .  M BETA.- 0.285A AYERAG 0.28 0.29 
N 83-01-212 60. M BETA.- 0.285A 
1 56-BA-133 7.5 Y E-CAPT 0.29 A AYERAG 0.274 0.302 
F 53- 1-135 6.7 H BETA.- 0.29 A 
5 61-PM-148M 41. D BETA.- 0.29 A AVERAG 
1 59-CE-143 33. H BETA.- 0.294A 
1 65-18-160 73. D BETA.- 0.298A 
N 88-RA-226 162E03Y ALPHA. 0.30 A PB-214 

N 91-PA-231 340E04Y ALPHA'. 0.30 A AVERAG 0.260 0.300 0.330 
N 90-TH-228 1.9 Y ALPHA. 0.300A PB-212 
F 56-8A-140 ,12 .8  D BETA.- 0.304A 
1 68-ER-L71 7.5 H BETA.- 0.305A AVERAG 0.296 0.308 
1 36-KR- 85M 4.4 H ISOMER 0;305A I.T. 
1 43-TC-101 15.0 M BETA.- 0.307A 
1 77- IR-192  74. D BETA.- 0.31 A AVERAG 0.295 0.316 0.308 
1 42-MO- 1 0 1  14.6 M BETA.- 0.31 A 
1 44-RU-105 4.45H BETA.- 0.31bA 
1 64-GO-161 3.7 M BETA.- 0.316A 
7 91-PA-233 2,7. D-BETA.- 0.32 A AVERAG 0.300 0.312 0.340 
1 78-PT-199 30. M BETA.- 0.320A 
1 22-11- 5 1  5.8 M BETA.- 0.322A 
1 24-CR- 5 1  27.8 D E-CAPT 0.322A SINGLE 
1 57-LA-140 40.2 H BETA.- 0 . 3 2 7 ~  
1 77- IR-194  19. H BETA.- 0.328A 
F 50-SN-125 9.4 D BETA.-.0.33 A AVERAG 0.331 0.34 
1 50-SN-125M 9.7 M BETA.- 0.331A 
1 72-HF-I80M 5.5 H ISOMER 0.333A 
1 48-CD-115 2.3 D BETA.- 0.335A I N l l S M  
7 49-IN-115M 4.5 H LSOMER 0.335A SINGLE 
N 90-TH-232 140E10Y ALPHA. 0.34 A AC-228 
F 55-CS-136 13. D BETA.- 0.34 A , 

5 61-PM-151 28.4 H BETA.- 0.340A 
1 47-AG-E l l  7.5 D BETA.- 0.342A 
1 72-HF-175 70. D E-CAPT 0.343A 
1 63-EU-152M 9.3 H ECBET- 0.3k4A 
1 72-HF-.L81 43. D BETA.- 0.346A 
N 88-RA-226 162E03Y ALPHA. 0.35 A PB-214 
1 56-BA-133 7.5 Y E-CAP1 0.36 A AVERIG 0.355 0.380 
F 39- Y- 9 4  17. M BETA.- 0.36 A 
1 64-GD-159 18. H BETA.- 0.362A 
1 6 4 - G D - I 6 1  3 . 7 M B E T A . - 0 . 3 6 3 A  
F 53- 1 -131  8.0 D BETA.- 0.364A 
1 32-GE- 7 7  11. H BETA.- 0 - 3 6 7 A  
1 28-NI-  6 5  2.65H BETA.- 0.370A 
1 56-BA-L31 11.5 D E-CAPT 0.3754 
1 38-SR- 87M 2.8 H ISOMER 0.391A SINGLE 
7 49-IN-113M 1.7 H LSOMER 0.393A SINGLE 

1.1 50-SN-113 118.0 D E-CAPT 0.393A IN113M 
1 70-18-175 4.2 D BETA.- 0.396A 
F 63-EU-I57 15. H BETA.- 0.4 A AVERAG 0.32 0 - 3 8  0.41 0.48 
1 49-IN-116M 64.0 M BETA.- 0.406A 
1 79-AU-198 64.9 H BETA.- 0.412A 
1 32-GE- 7 7  11. H BETA.- 0.416A 
F 53- 1-135 6.7 H BETA.- 0.42 A 
5 61-PM-14EM 41. D BETK.- 0.42 A AVERAG 
F 38-SR- 9 2  2.7 H BETA.- 0.427A 
F 51-50-125 2.7 Y BETA.- 0.43 A AVERAG 0.427 0.463 
F 56-BA-140 12.8 D BETA.- 0.43 A AVERLG 0.422 0.436 



2.4 n E c r P e +  0 . 4 3 3 ~  
5. Y E-CAPT Oe.434A 

14. H ISOMER 0.440A SINGLE 
28.4 H RE-A.- 0.442A 

5.5 H ISOMER 0.444A 
25. M BETA+- 0.445A 

3.6 H BETA.- 0.45 A 
32. M BETA.- 0.462A 
74. D BETA.- 0.46BA 

9.4 D BECA.- 0.468A 
4.4% BECA.- 0.472A 

30. M BETA.- 0.475A 
24. H BETA.- 0.480A 

3.14H ISOMER 0.482A 
43. 0 BETA.- 0.482A 
43.0 D BRA.-  0.485A 
40.2 H BETA.- 0.487A 

4.5 0 BETA.- 0.489A 
40. D BETA.- 0.498A 
11.5 0 E-CAP1 0.498A 

3.1 M BETA.- 0.51 A 
14.6 M BETA.- 0 .51 A 
12.9 H €[BE+- 0 -511A ANN.RD 
18. M BETA+- 0.511A ANN.RO 

2.4 M ECAPB* 0.511A ANN.RO 
70.  D ECAPB+ 0.511A ANN.RE 

1.9 Y ALPHA. 0.511A 
1.0 Y BETA.- 0.513A RHlO6 

10.4 Y BETA.- 0.515A 
10.4 Y BETA.- 0.515A BREMS. 
2.3 0 B6ETA.- 0.52 A AVERAC 0 - 4 9 0  C.523 
2.3 H BETA.- 0.52 A 

39. H BZTA.- 0.525A 
20.8 H BETA.- 0.525A 

6.7 H BETA.- 0.535A XE135R 
12.8 D BETA.- 0.537A 
30. M BETA.- 0.540A 
32. M BETA.- 0.545A 
41. D BETA.- 0.548A 

5.4 D BETA.- 0.551A 
36. H BETA.- 0.554A 

9.7 H BETA.- 0.558A Y91M 
26.5 H BETA.- 0.559A 
50. M ISOMER 0.559A ISOME? 

3.6 H EETAn- 0.56 A 
7 M BETA.- 0.56CA 

2.8 D BETA.- 0 .56 lA 
3.1 M BETA.- 0.563A 

140E10Y 4LPHA. 0.583A TL-208 
1.9 Y YLPHA. 0.583A TL-208 

14.6 l4 BETA.- 0.592A 
2.1 Y BETA.- 0.60 A AVERAG 0.563 0.570 

60. D BETA.- 0.603A 
2.7 Y BETA.- 0.605A AVERAG 0.60 0.64 

74. D BETA.- 0.61 A AVERIG 0.588 0.604 0.613 
162E03Y ALPHA. 0.61 A 0 1 - 2 1 4  

5. Y E-CAPT 0.615A 
18. '4 BETA+- 0.618A 
36. i BETA.- 0.619A 

1.0 f BETA.- 0.62 A RH106 0.624 0.612 
14.1 i t  BETA.- 0.625A AVERAG 0.60 0.62 0.63 
41. D BETA.- 0.626A 

2.4 M ECAPBt 0.63 A AVERAG 0.617 0.633 
9.5 H BETA.- 0.63 A 

87. C BETA.- 0.645A 
94. A E-CAPT 0.646A 
15. D BETA.- 0.646A 

9.7 H BETA.- 0.655A 
24. 5 BETA.- 0.656A 

250. 0 BETA.- 0.66 A AVERAG 0.656 0.677 0.687 0.706 
30. Y BETA.- 0.662A SINGLE 
17. H BETA.- 0.663A NB-97 OAWTR 
74. R BETA.- 0.663A 
74, M BETA.- 0.663A SINGLE 
15; M BETA.- 0.665A 

2.3 E BETA.- 0.665A 
13. D BETA.- 0.67A 

4.46H BETA.- 0.670A 
24. H BETA.- 0.686A 

2OOEOiY BETA.- 0.702A OUBLET 
14.6 Y BETA.- 0.705A 

100. Y BETA.- 0.71 A 
60. D BETA.- 0.722A 

4.r5H BETA.- 0.723A 
41. D BETA.- 0.723A 

5. Y E-ChPT 0.724A 
15. D BETA.- 0.724A 
66. M BETA.- 0.727A 
65. D BETA.- 0.73 A AVERAG 0.726 0.765 
17. H BETA.- 0.75 A NB-97M 
60. 5 ISOMER 0.75 A 

9.7 H BETA.- 0.76 A 
35. C BETA.- 0.766A SINGLE 

2.3 ti BETA.- 0.77 A 
3 6 .  H BETA.- 0.777A 

2.1 Y BETA.- 0.80 A AVERAG 0.796 0.801 
70. 0 ECAPB+ 0.808A 

4 . 5  0 BETA.- 0.809A 
54.0 M BETA.- 0.81 A 

100. Y BETA.- O.81OA 



F 63-EU-156 15. D BETA.- 0.812A 
F 50-SN-125 9.4 0 BETA.- 0.815A 
1 57-LA-140 43.2 H BETA.- 0.817A 
1 31-GA- 72 -14.1  H BETA.- 0.83 A AVERAG 0.832 0.81 
F 37-Re- 9 0  2.9 M BETA.- 0.83 A 
F 55-CS-136 13. 0 BETA.- 0.83 A 
F 53- 1-135 6.7 H BETA.- 0.84 A 
1 63-EU-152M 9.3 H ECBET- 0.841A 
1 12-MG- 27  9.5 M BETA.- 0.842A 
1 25-MN- 56  P.58H BETA.- 0.845A 
F 53- 1 -134  53. M BETA.- 0.86 A AVERAG 0.848 0.890 
N 81-TL-208 3.1 M BETA.- 0.BbOA 
1 41-NB- 9 4  200E04Y BETA.- 0.871A DUBLET 
1 41-NB- 94M 6.6 M BETA.- 0.871A SINGLE 
1 65-TB-160 73. 0 BETA.- 0.879A 
1 21-SC- 4 6  e5.0 0 BETA.- 0.887A 
1 47-AG- l lOM 25C. D BETA.- 0.89 A AVERAG 0.815 0.885 
F 57 -LA-142  87. M BETA.- 0.89 A 
1 37-RB- 88  18. M BETA.- 0.899A 
N 90-TH-232 1 4 0 E 1 0 1  ALPHA. 0.908A bC-228 
F 50-SN-125 9.4 0 BETA.- 0.91 A 
5 51-PH-148 5.4 0 BETA.- 0.910A 
5 51-PM-148M 41. 0 BETA.- 0.913A 
1 57-LA-140 40.2 H BETA.- 0.92 A 

H F 39- Y -  9 4  17. M BETA.- 0.925A 
F 39- Y- 9 2  3.6 H BETA.- 0.93 A u 
1 .B-CO-l15M 43.0 0 BETA.- 0.935A 
F 53- 1 -132  2.3 H BETA.- 0.952A 
F b3-EU-156 15. D BETA.- 0.96 A 
1 b3-EU-152M 9.3 H ECBET- 0.963A 
1 b5-TB-160 73. 0 BETA.- 0.964A AVERAG 0.962 0.966 
N 90-TH-232 140E10Y ALPHA. 0.966A AC-228 
1 63-EU-152M 9.3 H ECBET- 0.975A 
1 12-MG- 2 7  9.5 M BETA.- 1.01 A 
5 21-SC- 48  44. H BETA.- 1 - 0 1  A AYERAG 0.990 1.040 
F 55-CS-138 32. M BETA.- 1.01 A 
5 61-PM-148M 41. D BETA.- 1.01 A 
1 42-MO- 1 0 1  14.6 M BETA.- 1.024A 
F 38-SR- 9 1  9.7 H BETA.- 1.03 A 
F 57-LA-142 87. M BETA.- 1.03 A 
F 37-RB- 8 9  15. M BETA.- 1.04 A 
1 29-CU- 6 6  5.1 M BETA.- ! .040A 
1 35-BR- 8 2  36. H BETA.- 1.044A 
F 55-CS-136 13. 0 BETA.- 1.065A 
6 53-SN-125 9.4 0 BETA.- 1.06BA 
L 31-RB- 8 6  18.7 0 BETA.- 1.077A 
F 63-EU-156 15. D BETA.- 1.08 A 
1 4 9 - I N - l l 6 M  54.0 M BETA.- 1.085A 
1 26-FE- 5 9  45. D BETA.- 1.097A DUBLET 
1 26-N I -  6 5  2.65H BETA.- 1.114A 

245. 0 ECAPB+ 1.114A 
85.0 D BETA.- 1.119A 

6.7 H BETA.- 1.14 A 
17. M BETA.- 1.15 A 
15. D BETA.- 1.16 A 

5.27Y BETA.- 1.173A OUBLET 
15. 0 BETA.- 1.23 A 
15. M BETA.- 1.256A 

6.7 H BETA.- 1.265A 
54.9 M BETA.- 1.27 A 

9.5 M BETA.- 1.28 A 
6.6 M BETA.- 1.280A 

45. 0 BETA.- 1.289A OUBLET 
1.83H BETA.- 1.29 A SINGLE 

43.0 0 RETA.- 1.295A 
4.5 D BETA.- 1.299A 

44. H BETA.- 1.31 A 
36. H BETA.- 1.317A 

5 .271  BETA.- 1.332A OUBLET 
15.0 H BETA.- 1.36BA 

2.7 H BETA.- 1.38 A 
3.6 H BETA.- 1.40 A 

32. M BETA.- 1.43 4 
3.77M BETA.- 1.430A SINGLE 
5.4 0 BETA.- 1.46 f i  

127E10Y BETA.- 1.460A SINGLE 
2.65H BETA.- 1.480A 

12.4 H BETA.- 1.52 A 
19.2 H BETA.- 1.58 A SINGLE 
19.2 H BETA.- 1.58 A BREMS. 
40.2 H BETA.- 1.597A 
38.3 M BETA.- 1.640A 
60. 0 BETA.- 1.69 A 

2.3 M BETA.- 1.78 A SINGLE 
2.58H BETA.- 1.81 A 

1 M BETA.- 1.837A 
2.58H BETAS- 2.12 A 

38.0 I4 BETA.- 2.160A 
32. M BETA.- 2.20 A 
32. M BETA.- 2.61 A 

3.1 M BETA.- 2.615A 
15.0 H. BETA.- 2.750A 

8.7 M BETA.- 3.09 A 
5.1 I 4  3.13 A SINGLE 



INDEX - IV 

MAJ0,R GAMMA RAYS 

ACCELERATOR PRODUCED ISCTOPES 

ORDERED BY GAMMA-RAY ENERGY 
3 27-CD- 5 7  267. D E-CAP1 0.014A 4 51-SB-I20C 5.8 Dl E-CAPT 0.197A 
3 43-TC- 9 6  4.3 D E-CAP1 9.017A X-RAY. 8 43-TC- 95C 60. D ECAPB* 0.204A 
8 43-TC- 9 5  2 0 -  H E-CAPT 3.017A X-RAY. 8 79-AU-199 3.2 D BETA.- 0.208A 
8 43-TC- 95M 60. D ECAPB+ 0.017A X-RAY. 4 92- U-237 6.7 D BETA.- 0.208A 
3 45-RH-131M 4.7 D E-CAPT 0.019A X-RAY. 4 37-RB- 84R 21. !R ISOMER 0.216A 
3 47-AG-1C5 40. D E-CAP1 O.021A X-RAY. 3 35-BR- 77  58. E ECAPB* 0.246A 
4 4 9 - I N - 1 1 1  2.8 D E-CAPT 0.023A X-RAY 4 49 - IN-111  2.8 E E-CAPT 0.247A 
4 51-SB-120M 5.8 D E-CAPT 0.025A X-RAY. 4 37-RB- 84R 21. M ISOMER 0.250A 
3 53- 1-126 13.2 D ECAPB+ 0.027A X-RAY. 4 21 -S t -  44M 2.4 D ISOMER 0.270A ISOMER 
4 55-CS-132 6.5 D ECAPB+ 0.03 A X-RAY. 3 83-81-205 15. 0 ECAPB+ 0.275A AVERAG 0.261 0.284 
3 58-CE-139 140. D E-CAP1 0.033A X-RAY. 3 82-PB-203 52. H E-CAP1 0.279A 
4 59-PR-139 4.5 H ECAP8+ 0.035A X-RAY. 3 47-AG-105 40, D E-CAP1 0.281A 
4 60-ND-141 2.4 H ECAPBt 0.036A X-RAY. 3 29-CU- 6 1  3.3 H €CAPE+ 0.284A 
4 67-HO-164 37. M BETA+- 0.045A X-RAY. 3 31-GA- 6 7  78. H ECAPB+ 0.296A 
4 69-TM-168 85. D E-CAPT 0.049A X-RAY, 4 72-HF-173 24. H E-CAPT 0.297A 
8 69-TM-171 1.9 Y BETA.- 0.052A X-RAY. 3 45-RH-10lM 4.7 0 E-CAPT 0.307A 
4 72-HF-17.3 24. H E-CAP1 0.054A X-RAY. 3 47-46-105 40. D E-CAP1 0.34 A AVERAG 0.331 0.345 0.393 
4 73-TA-180M 8.1 H ECAPR- 0.055A X-RAY. 4 44-RU- 9 5  1.7 ri ECAPB+ 0.340A 
4 92-  U-237 6.7 D BETA.- 0.060A 4 79-AU-196 6.1 D BETA+- 3.35 A AVERAG 0.331 0.356 
3 47-AG-105 40. D F C A P T  0.064A 4 34-SE- 73  7.1 H BETA.+ 0.359A 
4 34-SE- 73 7.1 H BETA.+ 0.066A 3 82-Pa-204M 67. M ISOMER 0.375A TRPLET 
4 79-AU-196 6.1 D BETA+- 0.066A X-RAY, 3 39- Y- 8 €  15. H E C A P E +  0.38 A 
8 69-TM-171 1.9 Y BETA.- 0 .0674  4 26-FE- Sf  9. M BETA.+ 0.380A 
4 81-TL-202 12. D E-CAPT 0.070A X-RAY. 3 53- 1-126 13.2 D ECAPE-+ 0.386A 
8 79-AU-199 3.2 D PET4.- 0.070A X-RAY. 3 53- 1-130 12.5 H BETA.- 0.41 A 
3 82-P8-203 52. H E-CAPT O.073A X-RAY. 4 81-TL-202 12. D E-CAP1 0.438A 
3 22-11- 4 4  100E03Y ECAPB+ 0.073A AVERA-: 0.063 0.078 4 47-AG-10bM 8.3 D E-CAP1 0.44 A AVERAG 0.41 0.46 
3 82-PB-204M 67. M ISOMER 0.075A X-RAY. 3 39- Y- 8 a  15. H ECAPB+ 0.45 A 
3 83-81-205 15. D ECAPB+ 0.075A X-RAY. 4 37-RB- 8 4  21. K ISOMER 0.465A 
3 83 -R I -207  28. Y E-CAPT 0.075A X-RAY, 3 4-BE- P 53.C 0 E-CAP1 3.478A SINGLE 
4 69-Tq-168 85. D E-CAP1 O.08OA 3 11-NA- 2 ?  2.C Y €CAPE+ 0.511A ANN.RD 
4 51-SB-i20M 5.8 D E-CAP1 0.087A 4 17-CL- 3 i M  32.C M BETA.+ 0 . 5 l l A  ANN-RD 
4 24-CR- 4 9  42. M BETA.+ 0.089A 4 17-CL- 3 5  1.6 S BETA.+ O.511A ANN.RD 
6 29-CU- 6 7  61 .  H BETA.- 0.092A AVERAG 0 . 0 9 1  3.093 4 19- K- 33 7.: M BETA.+ 0.511A ANN.RD 
3 31-GA- 6 7  78. H ECAPR+ 0.093A 4 21-SC- 4 4  4.0 H ECAP3+ 0.511A ANN.RD 
4 73-TA-180M 8.1 H ECAPR- 0.096A AVERW; 0.093 0.102 3 22111-  4 4  100E13Y ECAPa+ 0.511A ANN.SD 
4 92- U-237 6.7 D BETA.- 0.102A X-RAY. 4 22 -T I -  45 3.0.3H ECAPB+ 0.511A ANN-RD 
3 27-02- 57 267. D :-CAPT 0.122A 3 23- V- 48 16. 0 ECAPB+ 0.511A ANN-RD 
4 72-PF-173 24. H E-CIPT 0.125A 4 24-CR- 49 42. M BETA.+ 0.511A ANN.RD 
4 2 8 - h I -  5 7  36. H ECAPB+ 0.127A 3 25-MN- 5 2  5.17 D ECAPB+ 0.511A ANN.RD 
3 27-CO- 5 7  267. D E-CAPT 0.136A 4 26-FE- 53 9. M BETI.+ 0.511A ANN-RD 
4 17-CL- 34M 32.4 M BETA.* 0.139A ISOMER 4 28-NI- 5 7  36. H ECAFB+ 0.511A ANN.RD 
4 24-CR- 4 9  42. M BETA.+ 0.152A 3 29-CU- € 1  3.3 H ECAFB+ 0.511A ANN.RD 
4 4 9 - I N - l l Z M  21.0 M ISOMER 0.155A 1.1. 4 29-CU- 6 2  9.9 M ECAFR+ 0.511A ANN-RD 
8 79-AU-199 3.2 D BETA.- 0.158A 4 30-ZN- 6 3  38. M ECAPB+ 0.511A ANN-RD 
3 58-CE-139 140. D E-CAPT 0.166A SINGLE 4 31-GA- 6 8  68.0 M ECAPB+ 0.511A ANN.RO 
4 49 - IN-111  2.8 D E-CAP1 0.173A 4 32-GE- a 9  40, H ECAPB+ 0.511A ANN.RD 
3 31-GA- 6 7  78. H ECAPBt 0.184A 3 33-AS- 72  26. H ECPRB+ 0.511A ANN.RD 
6 29-CU- 6 7  61. H BETA.- 0.184A 4 33-AS- 7 4  18. D ECAPB+ 0.511A ANN-RD 
4 69-TM-163 85. D 5-CAP1 0.19 A AVERAG C.185 0.198 4 34-SE- P3 7.1 H BETA.+ 0.511A ANN.RD 



15. H ECAPB+ O.511A ANN.RD 4 32-GE- 6 9  
79. H ECAPA+ 0 . 5 l l A  ANN.RD 4 47-AG-IObM 
16. M BETA.+ 0.5116 ANN.RD 4 21-SC- 4 4  

1.7 H ECAPB+ 0.511A ANN-RD 3 22-11- 4 4  
14.C M ECAPB+ 0.5116 ANN.RD 3 39- Y- 8 6  
16. M ECAPB+ 0.5116 ANN-RD 4 47-AG-106M 

4.2 D €CAPE+ 0.511A ANN.RD 3 11-NA- 22 
9.5 M ECAPB+ 0.511A ANN-RD 3 23- V- 4 5  
4.5 H ECAPB+ 0.511A ANM-RD , 4 28-NI-  5 7  
2.4 H ECAPB+ 0.511A ANN.RD 3 25-MN- 52  

24. M ECAPB+ 0.512A AVERAG 0.511 0.513 3 39- Y- 89 
e . 3  D E-CAP1 0.513A 4 19- K- 3 8  

64. D E-CAP1 0.515A SICGLE 
15. D ECAPB+ 0.52 A AVERAG 0.516 0.526 
58. H ECAPB+ 0.520A AVERAG 0.511 0.524 
12.5 H BETA.- 0.53 A TRFLET 
15. 0 ECAPB+ 0.56 A AVERAG 0.550 0.570 
28. Y E-CAP1 0.569A 
40. H ECAP8+ 0.580A 
60. D ECAPB+ 0.584A 

4.4 M ISOMER 0.589A ISCMER 
18. D ECAPB+ 0.596A 

4.2 D ECAPB+ 0.603A 
14.9 M E c n p a +  0 . 6 1 5 ~  

8.3 D E-CAP1 0.62 A 
1.7 H €CAPE+ 0.625A 

15. H €CAPE+ 0.643A 
12.5 H BETA.- 0.66 A TRPLET 
13.2 D ECAPB+ 0.665A 

6.5 D ECAPB* 0.665A 
15. D €CAPE+ 0.703A 

4.2 D ECAPB+ 0.72 A 
8.3 D E-CAPT 0.73 A 

12.5 H BETA.- 0.74 A TRPLET 
5.7 0 ECAPB+ 0.743A TRIPLT 

20. H E-CAPT 0.768A 
8.3 D E-CAPT 0.79 A AVERAG 0.78 0.80 0.81 
4.3 0 E-CAPT 0.80 A AVERAG 0.770 0.804 0.840 

26. H ECAPB+ 0.833A 
314. D E-CAPT 0.835A SINGLE 
105. D E-CAPT 0.899A 

67. M ISOMER 0.905A AVERAG 0.899 0.912 
79. H €CAPE+ 0.906A 
10. 0 E-CAPT 0.931A SINGLE 

5.7 0 ECAPB+ 0.935A TRIPLT 
15. D ECAPB+ 0.988A 
16. D €CAPE+ 0.990A DUBLET 

8.3 D E-CAPT 1.05 A 
28. Y E-CAP1 1.064A 
15. H EC4PB+ 1.084A 

40. H €CAPE+ 1.12 A 
8.3 D E-CAPT 1.13 A 
4.0 H ECAPB+ 1.159A 

100E03Y ECAPB+ 1.159A SC-44 
15. H ECAPB+ 1.16 A 

8.3 D E-CAP1 1.20 A 
2.6 Y €CAPE+ 1.274A 

16.  D ECAPB+ 1.310A DUBLET 
36. H €CAPE+ 1.38 A 

5.7 D €CAPE+ 1.430A TRIPLT 
105. D E-CAP1 1.837A 

7.7 I4 BETA.+ 2.16OA 



..: 'VAJOR GAMMA RAYS 

CISSION PRODUCT ISOTOPES 
ORDERED BY GAMMA-RAY ENERGY 

59.  0 BETA.- A BREMS. 1 58-CE-143 33. H BETA.- 0.232A 
5.9 H BETS.- A RREMS. F 52 -TE-132  78. H 6ETA.- 0.232A 

21OEC5Y BET$.- A RREMSP F 38-SR- 9 2  2.7 H RETI.-  0.238A 
40.  0 BET.5.- 0.02@4 X-RAY. F 39-  Y- 9 4  17. M BETA.- 0.24 A 

2.3 0 8ET.3.- 0.024A X-RAY. F 54-XE-135 9.2 H BETA.- 0.250A 
9.4 0 BETI . -  3.026A X-RAY 1 60-NO-151 12. M BETA.- 0 .254A 
2 .7  Y  BET^.- 0 . 0 2 7 ~  X-RAY.  1 60-NO-149 1.9 H. BETA.- 0.26 A AVERAG 0 .240  0 .266 

78.  H B E T O . -  0 . 0 2 8 ~  X - R A Y .  F 39- Y- 9 3  13 .1  H BETA.- -0.265A 
8.0 0 RET4.- 0.029A X-RAY. F 55-CS-136 13. 0 BETA.- 0.27 A 

12 .0  0 RET4.- 0 .029A X-RAY. :. F 53-  1 - 1 3 1  8.3 0 RETA.- 0.284A 
6.7 H BETL.- 0 . 0 3  A X-RAY. F 53- 1 -135  6.7 H BETA.- 0.29 4 

13.  0 BETd.- 0 . 0 3  A X-RAY 1 58-CE-143 33.  ti BETA.- 0.294A 
5 . 3  0 BETe..- 0 . 031A  X-RAY. F 56-BA-140 12.8 0 BETA.- 0.304A 

3n.  Y BETP.-  0 . 0 3 2 ~  X - R A Y .  1 5 7 - L A - 1 4 0  40.2 H BETA.- 0.327A 
83.  M BET&.- 0 .033A X-RAY. F 50-SN-125 9.4 D RETA.- 0.33 A AVERAG 0 . 3 3 1  0 .34  
32.5 0 BET&.- 0.036A X-RAY. 1 48-CD-115 2.3 D BETA.- 0.335A IN11SM 
33. H BET&.- 0 .036A X-RAY. F 55-CS-136 13. 0 BETA.- 0.34 A 

2 8 4 .  0 BET&.- 0 .036A X-RAY. F 39- Y- 9 4  17. H BETA.- 0.36 h 
5.9 H BETI . -  0 .037A X-RAY. F 53-  1 - 1 3 1  8.0 C BETA.- 0.364A 

11 .1  0 BET&.- 0.03RA X-RAY. F 53 -  1 -135  6.7 t BETA.- 0.42 A 
1.9 H BET&.- 0.038A X-RbY. F 38-SR- 9 2  2.7 t. BETA.- 0 .427A 

12.  M BET&.- 0.02BA X-RbY. F 5 1 - 5 8 - 1 2 5  2.7 Y 3ETA.- 0.43 A AVERAG 0 .427  0 .463 
1.7 Y BET&.- 0 .042A X-RIY. F 56-PA-140 12.8 Cl BETA.- 0.43 A AVERPG 0.422 0 .436 

15. 0 BET&.- 0 .042A X-RAY. F 39-  Y- 9 2  3.6 H RETA.- 0 . 45  A 
78. t i  RET&.- 3.055A F 55-CS-138 32. M 3ETA.- 0.462A 
33. H BET&.- 9.057A F 50-SN-125 3.4 Q 3ETA.- 0.468A 
13, 9 BET&.- 0 . 0€7A  1 57 -LA -140  43.2 H 3ETA.- 9.487A 

5.9 H BETA.- 0.012A 1 44-EU-103 40. 0 BETA.- 3 .498A 
1.9 H BETA.- 9.OE A F 44 -kU-106  1.0 Y BETA.- 3.513A RH106  
8.0 D BETA.- O.OtOA F 36-KR- 8 5  1.9.4 Y BETA.- 0.515A 
5.3 D BETA.- O.CE3A F 36-K9-  8 5  10.4 Y 3ETA.- D.515A BREMS. 
1.7 Y RETA.- 0.OE7A 1 48-CO-115 2.3 0 BETA.- 0.52 A 4VERAG 0.490 0 .523  

13.  D BETA.- 0.0E74 F 53 -  1 - 1 3 2  2.3 HI BETA.- 0 .52  A 
15 .  0 0ET.A.- D.Ot9A F 53-  1 - 1 3 3  29.8 H BETA.- 0 .525A 
11.1 D BETA.- 0 .OGlA F 53-  1 - 1 3 5  6.7 M BETA.- 9.535A XE135M 

1.7 Y BETA.- O.LC5A F 56 -BA-140  12.8 D B E T A . -  0 . 5 3 7 ~  
l . S  t i  RETA.- 0 .113A 4VERPG C.112 0 .114 F 55-CS-138 32. Y BETA.- 0.545A 

12. M 6ET.A.- 0 .115A F 38-SR- 9 1  9.7 ti OETA.- 0.55RA Y91M 
2 0 4 .  0 RETA.- 0.1Z4A F 39- Y- 91M 50. M l SOMER 0.559.4 ISOMER 

6 6 .  H BETA.- O.1L2A TC99M F 39 -  Y- 9 2  3.6 ti BETA.- 0 . 56  A 
32.5 C BETA.- CJ.lL.5A F 39-  Y- 9 4  1 7  !.' BETA.- 9.5bOA 

1.9 H BETA.- 0 .150A F 51 -50 -125  2.7 Y BETA.- 0 .605A AVERAG 0.60 0.64 
13 .  0 9ETA.- 0 . l B  A bVERAG F 44-RU-106 1.0 Y BETA.- 0.62 A RH106  0 . 6 2 4  0 .612  
12.8 0 BETA.- 0 . 1 6 1 4  F 55-CS-139 9 - 5  V BETA.- 0.63 A 
83.  M 0ETA.- 0. l b 6 A  F 57 -LA -142  97. Y 8ETA.- 0.645A 
12.  M BETA.- C.1' A F 63-EU-156 15. C BETA.- 0.646A 

2.7 Y BETA.- 0 .  t'4A F 38-5R- 9 1  9.7 t BETA.- 0.655A 
15.  D BETA.- 0.199A F 55-CS-137 30. V 9ETA.- 0.662A S INGLE  
1.9 H BETA.- 0 .21  A LVERAG 0.198 0 .210 1 40-ZR- 9 7  17. t BETA.- 0 .663A NB-97 OAWTR 
6.7 H RETA.- 0 .22  A 7 41-NR- 9 7  74. ?- BETA.- 0 .663A SINGLE 

( 



F 37-RB- 8 9  15. M BETA.- 0.665A 
F 53- 1-132 2.3 H BETA.- 0.665A 
F h3-EU-156 15. D BETA.- 3.7244 
1 LO-ZR- 9 5  65 .  D RETA.- 0.73 A AJERAG 0.726 0.765 
1 LO-ZR- 9 7  17. H [BETA.- 0.75 A N3-97M 
F 38-SR- 9 1  9.7 H 8ETA.- 0.76 k 
7 41-NB- 9 5  35. 0 BETA.- 3.766A SINGLE 
F 53- 1-132 2.3 H SETA.- 0.77 4 
F 63-EU-156 15. 0 3ETA.- 0.812A 
F 50-SN-125 9.4 D 3ETA.- 0.915A 
1 57-LA-140 40.2 H RETA.- 0.817A 
F 37-RR- 9 0  2.9 M BETA.- 0.83 A 
F 55-CS-136 1 3 -  D BETA.- O.83 A 
F 53- 1 -135  6.7 H BETA.- 9.84 A 
F 53- 1 -134  53. Y BETA.- 3 - 8 6  A ALERAG 0.848 3.890 
F 57-LA-142 87. M 8ETA.- 0.89 A 
1 37-RB- 8 8  18. M 5ETA.- 0.899A 
F 50-SN-125 9.4 D bETA.- 0.91 A 
1 57-LA-140 40.2 H E.ETA.- 0.92 A 
F 33- Y- 9 4  17, GETA.- 0.925A 
F 39- Y- 92 3.6 H CETA.- 0.93 A 
F 53- 1-132 2.3 H eETA.- 0 .9524  
F 63-EU-156 15. D BETA.- 0.96 A 
F 55-CS-138 32. V BETA.- 1.01 A 
F 38-SR-  9 1  9.7 H BETA.- 1.03 A 
F 57-LA-142 87. M BETA.- 1.03 A 
F 37-RB- 8 9  15. M BETA.- 1.04 A 
F 55-CS-136 13. C BETA.- 1.065A 
F 5C-SN-125 9.4 D BETA.- 1.068A 
F 63-EU-156 15. D BETA.- 1.08 A 
F 53- 1-135 6.7 H BETA.- 1.14 A 
F 39- Y- 9 4  17. M RfTA.- 1.15 A 
F 6 f E U - 1 5 6  15. D BETA.- 1.16 b. 
F 63-EU-156 15. D BETA.- 1.23 A 
F 37-RB- 8 9  15. M BETA.- 1.256A 
F 53- 1 -135  6.7 H BETA.- 1.265A 
F 55-CS-L39 9.5 M BETA.- 1.28 A 
F 38-SR- 9 2  2.7 H BETA.- 1.38 A 
F 39- Y -  9 2  3.6 H BETA.- 1.40 A 
F 55-CS-138 32. " BETA.- 1.43 A 
1 57-LA-140 40.2 H BETA.- 1.597A 
1 37-RB- 88  18. M BETA.- 1.837A 
F 55-CS-138 32. F BETA.- 2.20 A 
F 55-CS-138 32. F BETA.- 2.61 A 



INDEX - VI 

MAJOR GAMMA RAYS 

NEUTRON PRODUCED ISOTOPES 
ORDERED BY HALF-LIFE 

19. S ISOMER 0.055A X-RAY. 1 60-NO-151 12. H BETA.- 0.254A 
19. S ISOMER O.215A 1 42-M0- 1 0 1  14.6 M BETA.- 0.08 A 
24.  S BETA,- A BREHS. 1 42-M0- 1 0 1  14.6 M BETA.- 0.193A 
24. SBETA.- 0.023A X-RAY. 1 42-M0- 1 D l  14.6 M BETA.- 0.31 A 
24. S BETA.- 0.656A 1 42-H0- 1 0 1  14.6 M BETA.- 0.51 A 
42.0 S ISCMER 0.020A X-RIY '1 42-PO- 1 0 1  14.6 fi BETA.- 0.592A 
42.0 S ISCMER 0.130A SINGLE 1 42-V0- 1 0 1  14.6 M BETA.- 0.705A 
54. S BE1A.- O.162A ISOMER 1 42-M0- 10P 14.b H BETA.- 1.024A 
54. S BE1A.- O.Zl5A F 37-18- 8 9  15. M BETA.- 0.665A 
60. S ISCMER 0.75 A F 37-RB- 8 9  15. P BETA.- 1.04 A 
75. S ISOMER 0.046A X-RAY. F 37-RB- 8 9  15.  P BETA.- 1.256A 
75. S ISOMER O.lO8A 1.1. 1 43-TC-101 15.0 P BETA.- 0.128A 
75. S ISOMER O.155A 1 43-TC-101 15.0 +4 BETA.- 0.307A 

2.3 M BETA.- 1.78 A SINGLE 1 73-TA-182M 16. # ISOMER 0.057A X-RAY. 
2.4 H ECaPB+ A BREMS. 1 73-TA-182M, 16. N ISOMER 0.146A .' 
2.4 H ECaPBt 0.433A 1 73-TA-192M 16. t! ISOMER 0.172A 
2.4 H ECAPB+ 0 . 5 l l A  ANN-RD 1 7 3 - T A - 1 8 2 ~  16. n ISGHER 0 . 1 8 4 ~  
2.4 K ECAPB+ 0.63 A AVERAG 0.617 0.633 F 39- Y- 9 4  17. M BETA.- 0.24 A 
2.9 k! BETA.- 0.83 A F 39- Y- 9 4  17. M BETb.- 0.36 A 
3.1 M BEfA.- 0.075A X-RAY. F 39- Y- 9 4  17. M BETA.- 0.560A 
3.1 M BErA.- 0.277A F 39- Y- 9 4  17. M BETA.- 0.925A 
3.1 M BEtA.- 0.51 A F 39- Y- 9 4  17. .4 BETA.- 1.15 A 
3.1 M BEUA.- 0.563A 1 34-SE- 8 1  18. 1 BETA.- 0.285A AVERAG 0.28 0.29 
3.1 H BETA.- 0.860A 1 35-BR- 8 0  16. Y BETA*- 0.511A ANN-RD 
3.1 M BETA.- 2.615A 1 35-BR- 8 0  18. C BETA+- 0.618A 
3.4 M ISDMER 0.027A X-RAY. 1 37-RB- 8 8  18. C BETA.- 0.899A 
3.4 M ISOMER O.06lA 1 37-RB- 88 18. Pg BETA.- 1.837A 
3.4 H ISOMER 0.075A 1 75-RE-188n 18.7 M ISOMER 0.060A X-RAY. 
3.7 M RETA,- 0.044A X-RAY. 1 75-RE-188H 18.7 P4 ISOMER 0.064A 
3.7 M BETA.- 0.102A 1 75-RE-188H 18.7 I4 ISOMER 0.103A AVERAG 0.106 0.092 
3.7 M BETA.- 0.316A 1 31-GA- '70 21. I4 RET.4.- 0.17 A 
3.7 M BETA.- 0.363A 1 92-  U-239 23.5 R BET6.- 0.074A 
3 . 7 7 ~  BETA.- 1 . 4 3 0 ~  SINGLE 1 53- 1-128 25, M BET&+- 0.027A X-RAY. 
4.4 M IsOMER 0.02 A X-RAY 1 53- 1-128 25. 1 BET&+- 0.445A 
4.4 M I50MER O.051A 1 62-SM-155 25. P: BETA.- 0,042A X-RAY. 
5.1 M BETA.- 1.040A 1 62-SM-155 25. M BETA.- 0.106A 
5.1 M 3.13 A SINGLE 1 78-PT-199 30. M BETA.- 0.074A X-RAY. 
5.8 M BETA.- 0.322A 1 78-PT-199 30. Y BETA.- 0.189A 
6.6 M BETA,- 0.871A SINGLE 1 78-PT-199 30. Y BETA.- 0.247A 
6.6 M BETA.- 1.280A 1 7s-PT-195 30. M BETA.- 0.320A 
8.7 M BETA.- 3.09 A 1 78-PT-195 30. M BETA.- 0.475A 
9.5 H BETA.- 0.842A 1 78-PT-19% 30. M BET.4.- 0.540A 
9.5 M BZTA.- 1 - 0 1  A F 55-CS-136 32. M BETI.- 0.462A 
9.5 M BETA.- 0.63 A F 55-CS-136 32. M BET&.- 0.545A 
9.5 M BETA.- 1.28 A F 55-CS-138 32. M BETA.- 1 - 0 1  A 
9.7 M BETA.- 0 . 3 3 1 ~  F 55-CS-138 32. 94 BETA.- 1.43 A 

10.5 M BETA.- 0.059A ISOMER F 55-CS-138 32. M BETA.- 2.20 A 
12. M BETA.- 0.038A X-RAY.. F 55-CS-133 32. M BETA.- 2.61 A 
12. M BETA.- 0.115A 1 17-CL- 39 38.0 M BETA.- 1.640A 
12. M BETA.- 0.17 A 1 17-CL- 33 38.0 M BETA.- 2.160A 



5C. M ISOMER 0.559A ISOMER 
53. M BETA.- 0.86 A EVERAG 0.848 0.890 
54.0 M BETA.- 0.137A 
54.0 M BETA.- 0.406A 
54.0 M BETA.- 0 .81  A 
54.0 M BETA.- 1.085A 
54.0 M BETA.- 1 .27  A 
60. M BETA.- 0 .040A 
60. M BETA.- 0.08 A 
60. M BETA.- 0.285A 
60. M BETA.- 0.727A 
61. M ISOMER 0.1C3A ISOMER 
73. M E-CAPT 0.014A X-RAY. , 

70. M E-CAP1 0.150A 
70.  M E-CAP1 0.225A 
74.  M BETA.- 0.663A 
74.  M RETA.- 0.663A S INGLE  
82. M BETA.- 0.119A 
82. M BETA.- 0 . 2664  
83. M BETA.- 0.033A X-RAY. 
83.  M BETA.- 0 .166A 
87.  M BETA.- 0.645A 
87. M BETA.- 0 .89  A 
87 .  M BETA.- 1.03 A 

1.7 H ISOMER 0.024A X-RAY. 
1.7 H ISOMER 0.393A S INGLE  
1 .83H  RETA.- 1 .29  A S INGLE  
1.9 H BETA.- 0.038A X-RAY. 
1.9 H BETA.- 0 .08  A 
1.9 H BETA.- 0.113A AVERAG 0.112 0 .114 
1.9 H BETA.- 0.150A 
1.9 H BETA.- 0 . 2 1  A AVERAG 0.198 0.210 
1.9 H BETA.- 0.26 A AYERAG 0.240 0.266 
2.3 H BETA.- 0.52 A 
2.3 H BETA.- 0.665A 
2.3 H BETA.- 0.77 A 
2.3 H BETA.- 0.952A 
2.3 H BETA.- 0.047A X-RAY. 
2.3 H BETA.- 0.098A 
2.58H BETA.- 0.845A 
2.58H BETA.- 1.81 A 
2.58H BETA.- 2.12 A 
2.62H BETA.- A BREMS. 
2.65H BETA.- 0.370A 
2.55H BETA.- 1 .1146 
2.55H BETA.- 1.480A 
2.7 H BETA.- 0.238A 
2.7 H BETA.- 0.427A 
2.7 H BETA.- 1.38 A 
2.8 ti ISOMER 0.014A X-SAY. 

2.8 H ISOMER 0.391A S INGLE  
2.9 H I.SOMER 0.031A X-RAY. 
2.9 H ISOMER 0.127A S INGLE  
3.14H ISOMER 0.203A 
3.14H ISOMER 0.482A 
3.3 H BETA.- 0.068A S INGLE  
3.6 ti BETA.- 0.45 A 
3.6 H BETA.- 0.56 A 
3.6 H BETA.- 0.93 A 
3.6 H. BETA.- 1.40 A 
3.7 H BETA.- 0.055A X-RAY. 
3 .7  H BETA.- 0 . 0884  
4 .4  H ISOVER 0 .1504  
4 . 4  H ISOMER 0.305A 1.1. 
4 .45H BETA.- 0.020A X-RAY. 
4.45H BETA.- 0.13 A RHlOSM 
4.45H BETA.- 0.264A 
4.45H BETA.- 0.316A 
4 .45H BETA.- 0.472A 
4.45H BETA.- 0.670A 
4.45H BETA.- 0.723A 
4.5 M ISOMER 0.024A X-RAY. 
4.5 H ISOMER 0.335A S INGLE  
5.5 H ISOMER 0.058A 
5.5 H ISOPER 0.093A 
5.5 H ISOMER 0 .2164  
5.5 H ISOMER 0.333A 
5.5 H ISOMER 0.44413 
5.9 H BETA.- A BREMS. 
5.9 H BETA.- 0 .0374 X-RAY. 
5.9 H BETA.- 0.072A 
6.7 H BETA.- 0.03 A X-RAY. 
6.7 H BETA.- 0.22 A 
6.7 H BETA.- 0 .29  A 
6.7 H BETA.- 0.42 A 
6.7 H BETA.- 0.535A XE135M 
6.7 H BETA.- 0 . 84  A 
6.7 H BETA.- 1.14 A 
6.7 H BETA.- 1.265A 
7.5 H BETA.- 0.050A X-RAY. 
7.5 H BETA.- 0.118A AVERAG 0.112 0 .117 0 .124  
7.5 H BETA.- 0.305A AVERAG 0.296 0.308 
9.2 H BETA.- 0.250A 
9.3 H ECBET- 0.04 A X-RAY. 
9.3 H ECBET- O.122A 
9.3 H ECBET- 0.344A 
9 .3  H ECBET- 0.841A 
9.3 H ECBET- 0.963A 
9.3 H ECBET- 0.975A 
9.7 H BETA.- 0.558A Y91M 



9.7 H BETA.- 0.655A 
9.7 H BE-A.- 0.76 A 
9.7 H BETA.- 1.03 A 

10.1 H BETA.- 0.265A 
10.6 H BETA.- 0.077A X-RAY. 
10.6 H BETA.- 0.239A 
11. H BETA.- 0.215A 
11. H BETA.- O.264A 
11. H BETA.- 0.367A 
11. ti BETA.- 0.416A 
12.4 H BETA.- 1.52 A 
12.9 H ECBE+- 0.511A ANh.RD 
13.6 H BETA.- 0.022A X-RAY. 
13.6 H BETA.- O.088A AG109M 
14. H ISOMER 0.440A SINGLE 
14.1 H BETA.- 0.625A AVERAG 0.63 
14.1 H BETA.- 0.83 A AVERAG 0.832 
15. H BETA.- 0.042A X-RAY. 
15. H BETA.- 0.064A 
15. H BETA.- 0.4 A AVERAG 0.32 
15.0 H BETA.- 1.368A 
15.0 H BETA.- 2.750A 
17. H BETA.- 0.063A X-RAY. 
17. H BETA.- 0.155A 
17. H BETA.- 0.663A NB-97 DAUCR 
1 7 -  H BETA.- 0.75 A N8-97M 
13. H E-CAP1 0.028A X-RAY. 
18. H BETA-- 0.044A X-RAY. 
18. H E-CAP1 0.1888 
18. H E-CAP1 0.243A 
18. H BETA.- 0.362A 
19. H BETAS- 0.328A 
19.2 H BETA.- 1.58 A SINGLE 
19.2 H BETA.- 1.58 A BREMSe- 
20. H BETA.- OeQ77A X-RAY. 
20. H BETA.- 0.191A 
20.8 H BETA.- 0.525A 
21.3 H BETA.- 0.031A 
21.3 H BETA.- 0.40 A 
21.3 H BETA.- 0.95 A 
21.3 H BETA.- 1.35 A 
21.3 H BETAS- 1.78 A AL-28 
24. H E-CAP1 0.069A X-RAY. 
24. H BETA.- 0.06 A X-RAY. 
24. H BETA.- 0.134A 
24. H BETA.- 0.480A 
24. H BETA.- 0.686A 
26.5 H BETA.- 0.559A 
2 7 -  H BETA.- 0.049A X-RAY. 
27. H @ETA-- O.OB1A 

28.4 H BETA.- 0.040A X-RAY. 
28.4 H BETA.- 0.065A 
28.4 H BETA.- 0.10 A 
28.4 H BETA.- O.163A 
28.4 H BETA.- 0.24 A 
28.4 H BETA.- 0.340A 
2 8 . 4  H BETA.- 0.442A 
32. H BETA.- 0.066A X-RAY. 
32. H 0ETA.- 0.139A 
33. H BETA.- 0.036A X-RAY. 
33. H BETA.- 0.294A 
33. H BETA.- 0 - 2 3 2 A  
33. H BETA.- 0.057A 
36. H BETA.- 0.028A X-RAY. 
36. H BETA.- 0.554A 
36. H BETA.- 0.619A 
36. H BETA.- 0.777A 
36. H BETA.- 1.044A 
36. B BETA.- 1.317A 
39. E BETA.- 0.246A 
39. H BETA.- 0.525A 
40.2 H BETA.- 0.327A 
40.2 H BETA.- 0.487A 
40.2 H BETA.- 0.817A 
40.2 H BETA.- 0.92 A 
40.2 H BET4.- 1.597A 
44. H BETI.- P.01 A AVERAG 0.990 1.040 
44. H BETA.- 1 - 3 1  A 
46.7 H BETA.- 0 .04 lA X-RAY 
46.7 H BETA.- 0.070A 
46.7 H BETA.- 0.103A 
64.8 H BETA.- 0.070A X-RAY. 
64.8 H BETA.- 0.412A 
65. H E-CAPT 0.072A AVERIG 0.069 0.077 
66. !4 BETA.- 0.142A TC99M 
78. H BETA.- 0.028A X-RAY. 
78. H BETA.- 0.055A 
78. H BETA.- 0.232A 

2.3 D BETA..- 0.024A X-RAY. 
2.3 D BETA.- 0.335A IN11SM 
2.3 D BET4.- 0.52 A AVERAG 0.490 0.523 
2.350 BETA.- 0.018A X-RAY. 
2.350 BETA.- 0.106A X-RAY. 
2.250 BETA.- 0.228A 
2.2.59 BETA.- 0.278A 
2.8 D BETA..-  0 .561A.  
2.3 D E-CAP1 0.2154 
3.4 D BETA.- 0.155A SI,NGLE 
4.1 0 ISOMER 0.067A X-RAY. 
4 . i  D ISOMER 0.099A 



4.2 D BETA.- 0 .054A X-RAY. 
4.2 D BETA.- 0.114A 
4 .2  D BETA.- 0 .283A 
4.2 D BETA.- 0.396A 
4.5 D BETA.- 0.489A 
4.5 D BETA.- 0 .809A 
4.5 D BETA.- 1 .299A 
5;2 D BETA.- 0 .059A X-RAY. 
5.2 D RETA.- 0.10 A AUERAG 0 .099  0 .107  
5.2 D BETA.- 0 . 1 6 1 A  
5.2 D BETA.- 0 .245A A L E R I G  0 .244  0 .246  
5.3 D BETA.- 0 .031A X-RAY. 
5.3 D BETA.- 0.083A 
5..4 D BETA.- 0 .551A 
5.4 D BETA.- 0.910A 

- 5 . 4  D BETA.- 1.46 A 
6.8 D BETA.- 0 .056A X-RAY. 
6.,8 D BETA.- 0 .113A 
6..8 D BETA.- 0.208A 
7.5 D BETA.- 0 .247A 
7.5 D BETA.- 0.342A 
8.0 D BETA.- 0 .029A X-RAY. 
8.0 D BETA.- D.08OA 
8..0 D BETA.- 0.284A 
8.C D BETA.- 0 .364A 
9.4 D BETA.- 0.026A X-RAY 
9.4 D BETA.- 0.33 A AVERAG 0 .331  0 .34  
9.4 D BETA.- 0 .468A 
9.4 D BETA.- 0.815A 
9.4 D BETA.- 0-91 A 
9.4 D BETA.- 1.068A 

11.1 D BETA.- 0 .038A X-RAY. 
11.1 D BETA.- 0 .091A 
11-5 0 E-CAPT 0.030A X-'RAY. 
11.5 D E-CAPT 0.126A 
11.4 D E-CAP1 0.220A 
11.5 D E-CAPT 0 .375A 
11.5 D E-CAPT 0.498A 
12.8 D BETA.- 0 .029A X-RAY. 
12.8 D BETA.- 0.161A 
12.0 D BETA.- 0 .304A 
12.8 D BETA.- 0.43 A AVERAG 0 . 4 2 2  0.436 
12.8 D BETA.- 0 .537A 
13 .  D BETA.- 0 .03  A X-RAY 
13. D BETA.- 0.067A 
13 .  D BETA.- 0.087A 
13, D BETA.- 0.16 A AVERAG 
13. D BETA.- 0.27 A 
13. D BETA.- 0.34 A 
13. D BETA.- 0.83 A 

13.  D BETA.- 1.065A 
13.7 D BETA.- A BREMSP 
15.. D BETA.- 0 .064A X-RAY. 
15 .  D BETA.- 0 .129A 
15.  D BETA.- 0 .042A X-RAY. 
15. D BETA.- 0.089A 
15. D BETA.- 0.199A 
15 .  D BETA.- 0.646A 
1 5 .  D BETA.- 0.724A 
15.  D BETA.- 0 - 8 1 2 A  
1 5 .  D BETA.- 0.96 A 
1 5 .  D BETA.- 1.08 A 
15. D BETA.- 1 - 1 6  A A. 

1 5 .  D BETA.- 1 - 2 3  A 
18.7 D BETA.- 1 .077A 
27.  D BETA.- 0.015A X-RAY. 
27. D BETA.- 0.103A X-RAY. 
27. D BETA.- 0 .32  A AVERAG 0 . 3 0 0  0 . 3 1 2  0 .340  
27.8 D E-CAPT 0.322A S I N G L E  
32. D BETA.- 0 .054A X-RAY. 
32. D BETA.- 0.115A AVERAG 0 .093  0.110 0 . 1 1 8  
32. D BETA.- 0.19 A AVERAG 0 .177  0 .198  
32.5 D BETA.- 0 .036A X-RAY. 
32.5 D BETA.- 0 .145A 
35 .  D BETA.- 0.766A S I N G L E  
40.  D BETA.- O.02OA X-RAY. 
40. D BETA.- 0 - 4 9 8 A  
41. D BETA.- 0 .29  A AVERAG 
41.  D BETA.- 0.42 A AVERAG 
41. D BETA.- 0.548A 
41. D BETA.- 0.626A 
41.  D BETA.- 0.723A 
41. D BETA.- 0.913A 
41. D BETA.- 1.01 A 
43.  D BETA.- 0.057A X-RAY. 
4 3 .  D BETA.- 0 - 1 3 5 A  AVERbG 0 .133  0 .136  
43 .  D BETA.- 0.346A 
43 .  D BETA.- 0.482A 
43.0 D BETA.- A BREMS. 
43 .0  D BETA- -  0.485A 
4 3 . 0  D BETA.- 0.935A 
43.0 D BETA.- 1.295A 
45. D BETA.- 1.097A DUBLET 
45. D BETA.- 1 .289A DUBLET 
47. D BETA.- 0.072A X-RAY. 
47. D BETA.- 0 .279A 
50.0 D ISOMER 0.024A X-RAY 
50.C D ISOMER O.192A 1.1. 
58.  0 ISOMER 0 .027A X-RAY 
5 8 .  D ISOMER O . l l O A  



59. D BETA.- A BREMS. N 90-TH-228 1.9 Y ALPHA. 0.583A TL-208 
60. D BETA.- 0.603A 1 55-CS-134 2.1 Y BETA.- 0 - 6 0  A AVERAG 0.563 0.570 
60. D BETA.- 0.7224 1 55-CS-134 2.1 Y RETA.- 0.80 A AVERAG 0.796 0.801 
60.  D BETA.- 1.69 A F 61-PM-147 2.5 Y BETA.- A BREMS. 
65. D BETA.- 0.73 A AVERAG 3.726 3.765 F 51-50-125 2.7 Y 8ETA.- 0.027A X-RAY. 
70. D E-CAPT 0.054A X-RAY. F 51-50-125 2.7 Y BETA.- 0.175A 
70. D E-CAP1 0.343A F 51-50-125 2.7 Y BETA.- 0.43 A AVERAG 0.427 0.463 
70.  0 ECAPR+ 0.511A ANN.RO F 51-50-125 2.7 Y BETA.- 0.605A AVERAG 0.60 0.64 
70. 0 ECAPB+ 0.808A 1 81-TL-204 3.9 Y ECAPB- 0.070A X-RAY. 
73. D BETA.- 0.046A X-RAY. 1 47-AG-108P 5. Y E-CAPy 0.021A X-RAY. 
73. D BETA.- 0.087A 1 47-AG-108k 5. Y E-CAP: 0.081A 
73. D BETA.- 0.2G A AVERAG 3.187 3.116 1 47-AG-108F 5. Y E-CAP' 0.434A 
73. D BETA.- 0.298A 1 47-AG-108C 5. Y E-CAP- 0.615A 
73. D BETA.- 0.879A 1 47-AG-1G8C 5. Y E-CAP; 0.724A 
73. D BETA.- 3.964A AVERAG 3.9b2 0.366 1 27-CD- 6 0  5.27Y BETA.- 1.173A DUBLET 
74. D BETA.- 0.C66A X-RAY. 1 27-CD- 6 0  5.271 BETA.- 1.332A DUBLET 
74. D BETA.- 0.31 A AVERAG 3.2Q5 0.316 0.308 1 56-BA-133 7.5 Y E-CAP: 0.031A X-RAY. 
74. D BETA.- 0.468A 1 56-BA-133 7.5 Y E-CAP: 0.08 A AVERAG 0.078 0.081 
74. D BETA.- 0.61 A AVERAG 3.588 0.504 0.613 1 56-BA-133 7.5 Y €-CAP: 0.29 A AVERPG 0.274 0.302 
85.0 0 BETA.- 0.887A 1 56-BA-133 7.5 Y E-CAP7 0.36 A AVERAG 0.355 0.380 
85.0 D BETA.- 1.119A F 36-KR- 85 10.4 Y BETA.- 0.515A 
94. 0 E-CAPT 0.061A X-RAY. F 36-KR- 85 10.4 Y BETA.- 0.515A BREMS. 
94. D E-CAPT 0.646A F 55-CS-137 30. Y BETA.- 0.032A X-RAY. 

115. D BETA.- 0.059A X-RAY. F 55-CS-137 30. Y BETA.- 0.662A SINGLE 
115. D BETA.- 0.10 A 1 67-HD-16bU 100. Y BETA.- 0.049A X-RAY. 
1 5  D BETA.- 0.15 A 1 67-H0-166f l  LOO. Y BETA.- 0.08 A 
115. D RETA.- 0.22 A 1 67-HD-l66M 100. Y BETA.- 0.184A 
118.C D E-CAP1 0.024A X-RAY 1 67-H0-166M LOO. Y BETA.- 0.28 A AVERAG 0.263 0.280 0.300 
l18.C D E-CAPT 0.393A I N l l J M  1 67-HO-166~1 LOO. Y BETA.- 0.71 A 
120. D E-CAPT 0.134A AVERAG 0.121 0.136 1 67-HO-166R 130. Y BETA.- 0.810A 
120. D E-CAPT 0.268A AUERAG 3.265 0.280 N 88-RA-226 1 6 2 6 0 3 1  ALPHA. 0.060A 
127. D BETA.- 0.052A X-RAY. N 88-AA-226 L62E03Y ALPHA. 0.61 A 01 -214  
127. D BETA.- 0.C84A N 88-RA-226 162E03Y ALPHA. 0.18 A 
200. 0 E-CAPT O.C41A X-RAY. N 88-RA-226 162E03Y ALPHA. 0.30 A PB-214 
200. D E-CAPT 0.103A AVERAG 0.097 0.103 N 88-RA-226 162E03Y ALPHA. 0.35 A PB-214 
245. 0 ECPPB+ 1.114A 1 41-NB- 9 4  2OOEOcY BETA.- 0.702A DUBLET 
250. 0 BETA.- 0.66 A AVERAG 8.656 0.677 0 . 5 9 7 1  41-NB- 9 4  200E04Y BETA.- 0.871A DUBLET 
250. D BETA.- 0.89 A AVERPG 0.815 0.885 0 . 9 3 7 N  91-PA-231 340E04Y ALPHA. 0.090A X-RAY. 
284. D BETA.- 0.036A X-RAY. N 91-PA-231 340EOGY ALPHA. 0.155A 
284. D BETA.- 0.134A N 91-PA-231 340E04Y ALPHA. 0.30 A AVERAG 0.260 0.300 0.330 
470. D E-CAPT 0.022A X-RAY. F 43-TC- 9 9  2LOE05Y BETA.- A BREMSP 

1.0 Y BETA.- 0.513A RH106 N 92- U-235 l l O E 0 8 V  ALPHA. 0.015A X-RAY. 
1.0 Y BETA.- 0.62 A RHL06 0.624 0.612 N 92- U-235 l l O E 0 9 Y  ALPHA. 0 . l lOA X-RAY. 
1.7 Y BETA.- 0.042A X-RAY. N 92- U-235 l l O E 0 9 b  ALPHA. 0.145A 
1.7 Y BETA.- 0.087A N 92-  U-235 l l O E 0 B b  ALPHA. 0.18 A AVERAG 0.165 0.185 0.200 
1.7 Y BETA.- 0.105A N 19- K- 4 0  127E19Y BETA.- 1.460A SINGLE 
1.9 Y ALPHA. 0.239A PB-212 N 90-TH-232 140E10Y ALPHA. 0.09 A X-RAY. 
1.9 Y ALPHA. 0.077A X-RAY. N 90-TH-232 140E13Y ALPHA. 0.239A PB-212 
1.9 Y ALPHA. 0.300A PB-212 N 90-TH-232 140E10k ALPHA. 0.34 A AC-228 
1.9 Y ALPHA. 0.511A N 90-TH-232 140E13Y ALPHA- 0.583A TL-208 



INDEX - VII 

MAJOR GAMMA RAYS 

ACCELERATOR PRODUCED ISOTOPES 
ORDERED BY HALF-LIFE 

1.6 S BETA.+ 0 . 5 1 1 ~  ANN.RD 3 39- Y- 8 6  15. H ECAPB+ 0.45 A 
4.4 M ISOMER 0.589A ISOMER 3 39- Y- 8 6  15. H ECAP8+ 0.511A ANN.RD 
7.7 M BETA.+ 0.511A ANN.RD 3 39- Y- 8 6  15. H ECAPB* 0.643A 
7.7 M BETA,.+ 2.160A 3 39- Y- 8 6  15 .  H ECAPB* 1.084A 
9. M BETA.+ 0.380A 3 39- Y- 8 6  15. H €CAPE+ 1.16 A 
9. M BETA.+ 0.511A ANN.RD 8 43-TC- 9 5  20. H E-CAP1 0.017A X-RAY. 
9.5 M ECAPB+ 0.511A ANN.RD 8 43-TC- 9 5  20. H E-CAP1 0.768A 
9.9 M ECAPBt 0.511A ANN.RD 4 72-HF-173 24. H E-CAP1 0.054A X-RAY. 

14.0 M ECAPB+ 0.511A ANN.RD 4 72-HF-173 24. H E-CAPT 0.125A 
14.0 M ECAPR+ 0.615A 4 72-HF-173 24. H E-CAPT 0.297A 
16. M BETA.+ 0.511A ANN.RD 3 33-AS- 7 2  26. H ECAPB+ 0.511A ANN-RD 
16. M ECAPB+ 0.511A ANN-RD 3 33-AS- 72  26. H ECAPB+ 0.833A 
21. M ISOMER 0.216A 4 28-NI-  57 36. H €CAPE+ 0.127A 
21. M ISOMER 0.250A 4 28-NI- 57 36. H ECAP8+ 0.511A ANN-RD 
21. M ISOMER 0.465A 4 28-41- 57 36. H ECAPR* 1.38 A 
21.0 M ISOMER 0.155A 1.1. 4 32-GE- 6 9  40. H €CAPE+ 0.511A ANN.RD 
2 4 -  M ECAPRt O.512A AVERAG 0.511 0.513 4 32-GE- 6 9  40. H €CAPE+ 0.580A 
32.4 M BETA.+ 0.139A ISOMER 4 32-GE- 6 9  40. H ECAPB+ 1.12 A 
32.4 M BETA.+ O.511A ANN.RO 3 82-PB-203 52. H E-CAP1 0.073A X-RAY. 
37. M BETA+- 0.045A X-RAY. 3 82-PB-203 52. H E-CAP1 0.279A 
38. M ECAPD+ 0.511A ANN.RO 3 35-8R- 77  58. H ECAPB+ 0 - 2 4 6 A  
42. M BETA.+ 0.089A 3 35-BR- 7 7  58. H ECAPB+ 3.520A AVERdG 0.511 0.524 
42. M BETA.+ 0.152A 6 29-CU- 6 7  61. H BETA.- 0.092A AVERAG 0.091 0.093 
42. M BETA.+ 0.511A ANN.RD 6 29-CU- 6 7  61. H BETA.- 0.184A 
67. M ISOMER 0.075A X-RAY. 3 31-GA- 6 7  78. H ECAPB+ 0.093A 
67. M 1 SOMER 0.375A TRPLET 3 31-GA- 6 7  78. H ECAPB+ 0.164A 
67. M ISOMER 0.905A AVESAG 0.899 0.912 3 31-GA- 6 7  78. H ECAPU+ 0 - 2 9 6 A  
68.0 M ECAPR+ 0.511A dNN.RO 4 40-ZR- 8 9  79. H ECAPB+ 0.511A ANN-RO 

1.7 H €CAPE+ 0.340A 4 40-ZR- 8 9  79. H ECAPB+ 0.906A 
1.7 H €CAPE+ 0.511A ANN-RD 4 21-SC- 44M 2.4 D ISOMER 0.270A ISOMER 
1.7 H €CAPE+ 0.625A 4 4 9 - I N - 1 1 1  2.8 D E-CAP1 0.023A X-RAY 
2.4 H ECAP8+ 0.036A X-RAY. 4 4 9 - I N - I l l  2.8 0 E-CAP1 3.173A 
2.4 H ECAPR+ 0.511A ANN-RD 4 49 - IN-111  2.8 D E-CAP1 0.247A 
3.08H ECAPR+ O.511A ANN.RD 8 79-AU-199 3.2 D BETA.- 0.070A X-RAY. 
3.3 H €CAPE+ 9.284A 8 79-AU-199 3.2 D BETA.- 0.158A 
3.3 H ECAPBt 0.511A ANN.RD 8 79-AU-199 3.2 D BETA.- 0.208A 
4.0 H ECAPB+ 0.511A ANN.QO 3 53- 1-124 4.2 0 ECAPB+ O.511A ANN.RD 
4.0 H ECAPH+ 1.159A 3 53- 1-124 4.2 D ECAPB+ 0.603A 
4.5 H ECAPB+ 0.035A X-RAY. 3 53- 1-124 4.2 D ECAPB+ 0.72 A 
4.5 H ECAPB+ 0.511A ANN-RD 3 43-TC- 9 6  4.3 D E-CAPT 0.017A X-RAY. 
7.1 H BETA.+ 0.066A 3 43-TC- 9 6  4.3 D E-CAP1 0.80 A AVERAG 0.770 0.804 0.840 
7.1 H RETA.+ 0.359A 3 45-RH-IOlM 4.7 D E-CAP1 0.019A X-RAY. 
7.1 H BETA.+ 0.511A ANN.RD 3 45-RH-Ib lM 4.7 0 E-CAPT 0.3G7A 
8.1 H ECAPB- 0.055A X-RAY. 3 25-PN- 52  5.7 D ECAPBt 0.511A ANN-RD 
8.1 H ECAPB- 3.096A AVERAG 0.093 0.102 3 25-EN- 52  5.7 D ECAPR+ 0.743A TRIPLT 

12.5 H BETA.- 0.41 A 3 25-PN- 52 5.7 D ECAPB+ 0.935A TRIPCT 
1 2 - 5  H BETA.- 0.53 A TRPLET 3 25-MN- 52  5.7 D €CAPE+ 1.430A TRIPLT 
1 2 - 5  H BETA.- 0.66 A TRPLET 4 51-58-120M 5.8 0 E-CAPT 0.025A X-RAY. 
12.5 H BETA.- 0.74 A TRPLET 4 51-58-120M 5.8 D E-CAP1 0.087A 
15. H €CAPE+ 0.38 A 4 5 1 - ~ 8 - , 1 2 0 ~  5.8 0 E-CAPT 0.197A 



4 79-AU-196 6.1 D BETA*- 0.066A X-RAY. 3 27-CD- 5 T  
4 79-AU-196 6.1 D BETA*- 0.35 A AVERPL 0.331 t . 3 5 6  3 25-MN- 5- 
4 55-CS-132 6.5 D ECAPB* O.C3 A X-RAY. 8 69-TM-E7' 
4 5 5 - C S - 1 3 2  6 . i D E C A P 8 t 0 . 6 6 5 A  8 6 9 - T P - 1 7 ~  
4 92- U-237 6.7 D BETA.- 0.060A 3 11-NA- 22 
4 92- U-237 6.7 D BETA.- 0.102A X-RAY. 3 11-NA- 22 
4 92- U-237 6.7 D BETA.- 0.208A 3 83-81-207 
4 47-AG-106M 8. 3 D E-CAP1 3.44 A AVERAG O.*1  Ct-46 3 83-01-20? 
4 47-AG-106M 8.3 D E-CAP1 0.513A 3 83 -81 -201  
4 47-AG-106M 8.3 D E-CAP1 0.62 A 3 22-11- 4 i  
4 47-AG-106M 8.3 0 E-CAP1 0.73 A 3 22-11- 4 %  
4 47-AG-136M 8.3 D E-CAP1 0.79 A AVERAG 0.78 C.80 3.81 3 22 -T I -  4 %  
4 47-AG-106M 8.3 D E-CAP1 1.05 A 
4 47-AG-106H 8.3 0 E-CAP1 1.13 A 
4 47-AG-106H 8.3 D E-CAP1 1.20 A 
4 41-NB- 92  10. D E-CAP1 0.931A SINGLE 
4 a l - T L - 2 0 2  12. o E-CAPT 0 . 0 7 0 ~  X-RAY. 
4 81-TL-202 12. D E-CAP1 0.4388 
3 53- 1-126 13.2 O ECAPB+ 0.027A X-RAY. 
3 53- 1-126 1 13.2 D ECAPB+ 0.386A 
3 53- 1-126 13.2 D €CAPE+ 0.665A 
3 83 -R I -205  15. D ECAPR* 0.0756 X-RAY. 
3 83 -B I -205  k5. D ECAPR* 0 - 2 7 5 A  AVERAG 0,261 C.284 
3 83-81-205 15. D ECAPR* 0.52 A AVERbC 0.516 0.526 
3 83 -R I -205  15. D ECAPB+ 0.56 A AVERAC 0.55Cl 0.570 
3 83-81-295 15. D ECAPR+ 0.703A 

* 3 83-01 -205  15. 0 ECAPB+ 0.98BA 
3 23- V- 4 8  16. D ECAP8+ 0.511A ANN.4C 
3 23- V- 48 16. D ECAPB+ 0.990A DURLFE 
3 23- V- 4 8  16. D ECAPB+ 1.310A DUBLEI  
4 33-AS- 7 4  18. D ECAPB+ 0.511A ANN.RC 
4 33-AS- 7 4  18. D ECAPB+ 0.5954 
3 47-AG-105 40. D E-CAP1 0.0214 X-RAY, 
3 47-AG-105 40. D E-CAPT 0.064A 
3 47-AG-105 40. D E-CAP1 0.2814 
3 47-AG-105 40. D E-CAP1 0.34 4 AVERAE 0.531 0.345 0.393 
3 4-BE- 7 53. D E-CAP1 0.47BA SINGLE 
8 43-TC- 95C 60. D ELAPR+ 0.017d X-RAY, 
8 43-TC- 95P 60. D EZAPB+ 0.2044 
8 43-TC- 95C 60. D ELAPE+ 0.5844 
3 38-SR- 85 64. D E-CAPT 0.5154 SINGLE 
4 69-TM-168 85. D E-CAP1 0 .0494  X-RAY, 
4 69-TM-168 85. D E-CAP1 0.0804 
4 69-TC-168 85. D E-CAP1 0.19 4 AVERAG 0.185 0.198 
3 39- Y- 88 105.  D E-CAP1 0.8994 
3 39- Y- 88 135 .  D E-CAP1 1.8374 
3 58-CE-139 140. D E-CAP1 0.D33A X-RAY. 
3 58-CE-139 140.  D E-CAP1 0.166f i  SINGLE 
3 27-CO- 57 267.  0 E-CAP1 0.314A 
3 27-CO- 57 267.  D E-CAPT 0.122.1 

267. D E-CAPT' 0.136A 
314. D E-CAPT. 0.835A SINGLE 

1.S Y BETA.- 0.052A X-RAY- 
1.5 Y BETA.- 0.067A 
2 . t  Y ECAPB* 0.511A ANN.RD 
2.5 Y ECAPB+ 1.274A 

28. Y E-CAP1 0.075A X-RAY. 
28. Y E-CAP1 0.569A 
28. Y E-CAP1 1.064A 

lOOEC3Y ECAPB+ 0.073A AVERAG 0.069 0.078 
100EC 3Y ECAPB+ 0.511A ANN.RD 
lOOEG3Y ECAPB+ 1.159A SC-44 



APPENDIX - II 
INTRINSIC EFFICIENCIES FOR Nal DETECTORS 
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CALCULATED DETECTOR EFFICIENCY 
3" x 3" NaI 

POINT SOURCE 

E (MeV) 5.5 2.04 1.10 .566 -332 .212 ?:! 

-.. 1 .  - 
.-.!: -: .. .- - .  
. A  ~. . . - r- "- .... 

.0089 
,.- . . . 

E (MeV) .152 .129 .lo5 .081 :8BZ . : 8 2 3  .. . ,. - . .. . i'. ... . . . .*, 

20.000 .00844 .00857 .00868 .00877 .00882 .00883 .00885 
50. 000 .00142 .00143 .00144 .00144 .00144 .00145 .00145 
~00.000 .000360 . 000360 .000361 .000362 .000362 .000363 .000363 



CALCULATED DETECTOR EFFICIENCY 
3" x 3" Nal 

DISC SOURCE 

I .OO1 
i , nnn 
3. croo 
y . 000 

10.000 
l>.UUU 
a. 000 



CALCULATED DETECTOR EFFICIENCY 
4" x 4" NaI 

POINT SOURCE 

E (MeV) 5.5 3.8 2.04 1.10 .566 .332 . 212 

15.000 .01314 .01332 .01441 .01654 .01918 . 0 ~ 6 4  .02375 
a. 000 .008a .00031 .00896 .01023 .01174 .01307 .01413 
50. 000 .00161 .00163 .00174 .00196 . 00 223 . 00 237 .oo 247 

~00.000 .ooo 43 .ooo44 .ooo47 .ooo52 .00058 .ooo62 .ooo63 

5 .  000 .I3731 . I  L1.1.3 ,14429 .14677 .14@ 2 .14863 .14goO 
7.000 .08785 .09023 .09U7 .09373 .09453 .09493 .09517 

10.000 .05048 .05165 .05263 .05342 . 0 5382 .05&2 .05414 

15.000 .o 2499 .02544 .02582 .02612 ,02627 .02634 . 0 2639 
m.000 .01472 .01493 .01511 .01525 .01532 .01535 .01537 
50. 000 . 00 251 . 00 253 .00254 .00255 . 00 256 . 00 256 . 00 256 

100.000 .ooo64 .ooo64 ,00064 .ooo64 .ooo64 .ooo64 .ooo64 



CALCULATED DETECTOR EFFICIENCY 
4" x 4" NaI DETECTOR 

DISC SOURCE 

.001 .25648 .26023 .28350 .33036 .39124 .4488g .48763 .49871 .49889, .49889 
1.000 . l a 7 8  .I6320 .I7827 . a 9 1 5  .25121 .29586 . .33617 .36380 .3723g .37469 
3.000 .08736 .08866 .09676 ..11335 .13597 . l a 4 4  .I8419 . a 3 2 8  . a 0 5 5  . a 2 8 9  
5. 000 .05482 .05562 .06058 .07067 . 0 8 4 ~  .09861 .11260 .12423 .12884 .13038 

10.000 .02343 .02376 .02576 .02975 .03485 .03990 .04451 .04829 .04981 .05032 
15.000 .01284 .01301 . 0 1 b 7  .01612 ,01865 .omqp n?q6 ,021151 ;OC513 .025)3 
K, . 000 .00&18 .uu818 .00885 .o1006 . o n 5 4  .01282 .01383 .01459 .01489 .oi4gg 

.001 
1. uuu 
3.000 
5.000 

10.000 
l > . O O O  
X) . 000 

.001 
1.000 
3. ooo 
5.000 

10.000 
15.000 
23.000 



CALCULATED DETECTOR EFFICIENCY 
5" x 5" NaI 

POINT SOURCE 

E (Mev) 5.5 3.8 2.04 1.10 .566 .332 . a 2  

15.000 . o a o g  .OU35 . 0 2 m  . 0 2587 .o 2944 .03278 .03578 
X) . 000 .Ol337 .01352 .01447 .01.623 .01826 .0x)06 .OU58 
50.000 . 00 270 . 00 273 .OOm .00323 .00349 .00370 .00384 

100.000 .00074 .00074 .00079 .00086 .00093 .00097 . 00099 
.i?. 

C ,  

,p ,; . r  
.i - .+. 

I .. $1- , ;, 
- :  E (Mev) .I52 ..I29 . lo5 .081 .029 .02k ,009 
6 ,  t :. ..' b', G 

'\(E) cm-I - $  
h(cm) 2.0 3.0 5.0 ' 10.0 a . 0  40.0 600 't' 

1.500 
2.000 
3.000 

5. ooo 
7.000 

10.000 

15.000 
a. 000 
50.000 

100.000 

.37531 

.33812 

.27301 

.17891 . la21 

.07311 

.03754 . 0 2246 

.00391 

. ooioo 



CALCULATED DETECTOR EFFICIENCY ' 

5" x 5" NaI 
DISC SOURCE 



APPENDIX - Ill 

PHOTOPEAK EFFICIENCY AND OTHER DATA 

FOR ANALYSIS OF GAMMA-RAY SPECTRA 



GAMMA - RAY ENERGY (MeV) 



TABLE I 
Experimental Peak-tctzTotal Ratios for 3"x 3" Nal  Detector 

b 

Isotope 

Sc47 
&ISB 

Cr5l 

Aule8 

Be7 
0 1 8 7  

Nbe" 

Mn54 

Zns5 

C06o 

A128 

Y 88 

Na24 

Ss 7 

b (MeV) 
0.155 

0.166 

0.323 

0.4117 

0.478 

0.6616 

0.766 

0.835 

1.114 

1.382 

1.78 

1.837 

2.753 

3.13 

Point Source 

10 cm source distance 3 cm source distance .. 

integration 

0.960 

0.950 

0.820 

0.668 

0.536 

0.500 ' 

.0.474 

0.395 

0.290 

0.280 

4 4 - Y  

0.737 

0.504 

0.357 

0.295 

0.225 

0.207 

integration 

0.962 

0.813 

0.657 

0.532 

0.464 

0.388 



ENERGY TO PIJLSE HEIGHT 

The values of the polynomial PH(E) are given in channels for equally-spaced energy values from 
0.01 to 3.0 MeV. The channel numbers are for the 10-keV scale. 



PULSE HEIGHT TO ENERGY 

The values of the polynomial E(PH) are given in MeV for channels from 1 to 300. This i s  for the 
10-keV scale. (Only good above 0.1 MeV) 



APPENDIX - IV 

NUMERICAL DATA USED IN 

.COMPILATION OF GAMMA-RAY SPECTRA 



5 3  DAY BERYLL IUM 7  

1 DETECTOR 3 x 3 - 2  DATE 1 - 2 6 - 6 2  

PLATE NO* 4 - 7 - 1  SOURCE DISTANCE 1 0  CMe 

ENERGY SCALE 1.0 KEV/PHU AeSCRBER 1.18 G/CM 50 .  BE 

3.05 X lo6 ( 0 . 4 7 8  M E V )  GAMMAS EMITTED .- 



2.6 Y R m  SODIUM 22 

DEBECTOf? 3x3-2 DATE 8-3-63 

PLATE NO. 11-22-2 SOURCE DISTANCE 10 CMm 

ENERGY ZCALE 1.0 KE.V/PHU ABSORBrR 1.18 G/CM 5LIm + 0.1 G C U  SWm 

2.276 X ld ( 1 e . 2 7  H E V I  GAMMAS E M I T T E D  

0 1 2 3 4 5 6 7 8 9 
000 000000 007446 012031  0111b2 011388 010851  310731 010707 010727 010677 
013 010532 010515 010588 010605 010826 011002 311242 012212 012728 012364 
023  011934 012210 012296 012379 012388 011963 312084 011618 011678 011890 
0312 012006 012258 011953 010474 009390 007950 306445 005766 005260 004980 
043  004789 004959 004935 GC4962 005207 005794 007546 012871  025920 048787 
050 076669 095685 094159 073230 045019 022777 010335 0048E-4 003021  002516 
0613 002354 002230 002268 002265 002292 002270 002243 002290 002272 002309 
070  002329 002264 002301  002326 002470 002454 002505 002453 002530 002466 
080 002572 002537 002537 002557 002559 002685 002672 002726 002721  002701  
090 302645 002782 002734 002719 002849 002854 002805 0029CO 002958 002912 
100 GO2745 002654 002376 002177 001926 001667 001410 001160 000977  000832 
1 1 C  000771  boo720 000700 080674 OOC1764 000931  001197 001814 002936  004419 
120 006396 008771  011227 012840 015851  013458 012255 010299 007988 005978 

130 004140 002589 001671  O O l O L l  00C711 000476 000329 600246 000203 000165 
140 000165 000144 000156 000149 00C144 000133 000136 600128 000112 000112 
150 000131  000132 000124 000152 O O C l O l  000110 000108 000081  000080 000074 
160 000063 00005t+ 000044 OC0046 OOC047 000053 000043 GO0054 000063 000098 
170 000124 000177 000203 G002E2 00C300 003283 000295 000292 000232 000185 

180  000161  00012% 000092 00DCE3 000031  000021  * * 3 t  * 



1 5  HRe SODIUM 2 4  

3 DETECTOR 3 x 3 - 2  DATE  7 - 2 6 - 6 1  

P L A T E  NO. 1 1 - 2 4 - 1  SOURCE D I S T A N C E  1 0  CM. 

ENERGY SCALE  2.0 KEV/P.HU ABSORBER 1.18 G / C M  SO. BE 

1NTENSIT .Y  N O R M A L I Z A T I O N  NONE 



15 H R a  S O D I U M  24 

D E T E C - O R  3x3-2 D A T E  2-12-64 

P L A T E  N O *  11-24-2 SOURCE D I S T A N C E  10 C 

ENERGv S C A L E  1.0 KEV/.PHU ABSCRBER .. 1.18 -G/CIUI 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 

- 
L 3 

C13499 0122'02 
C07463 007364 
C08712 009109 
GO7019 0117067 
006417 006387 
C07400 007063 
C05S99 .006144 
C06411 006543 
006848 007142 
'207609 007745 
008238 008161 
006659 ClQ6084 
003226 '003462 
030283 032949 
004886 003808 
001963 002057 
002941 003098 
003388 003418 
002952 GO2939 
003117 003141 
003072 C03122 
004737 005:307 
005651 C05.298 
0041.11 C3%126 
002969 002867 
002167 002516 
010165 013653 
004225 003366 
000344 003267 
000097 003097 
OOOGOO 0030GO 



9.5 MIN* MAGNESIUM 27 

DETECTOR 3x3-2 DATE 7-21-61 

PLATE NO* 12-27-1 SOURCE DISTANCE 10  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SQ* BE 

INTENSITY NORMALIZATION NONE 

0 1 2 3  4  5  6  7' 8  9  
000 O O O G C O  005593 c'06819 006831  006275 006265 006146 005829 005512 005202 
610 005106 005049 Cd04966 004933 005047 005139 006142 307581 007220 006361  
020 006114 005697 005411  005135 005047 004964 005112 004894 004962 005153 

030 004935 004799 GO4855 004921  004857 004757 004974-004766 004755 004634 

040  004676 004562 GO4799 004795 004773 004811  004785 004872 004688 004827 

050  004873 005132 005164 004953 004983 005038 005130 005258 005497 005496 

060  005393 005132 004758 004576 003969 003392 003052 00.2747 002497 002283 

070 c0.7255 002163 002259 002185 002347 002412 002702 0-03295 004723 007468 

080 612147 017616 023593 027814 027876 025435 019672 013550 008335 004838 

,399 002560 001472 001023 000989 001399 002177 003370 004930 006507 007994 

100 008309 007864 006928 00527.7 003645 002361 001416 000783 000404 000256 

110 000176 000094 000097 000062 000031 000030 GOO014 000005 000010 000028 



2.3 MIN. A L U M I N U M  2 8  

P L A T E  NO. 13-28-2 SOURCE D I S T A N C E  1 0  CM. 

ENERGY S C A L E  1.0 < E V / P H U  ABSORBER 1.18 ,Gj/C.cl S'Q. BE 

4 .35  X lo7 (1.78 MEV)  GAMMAS E M I T T E D  

0 1 2 3 4 5 6 7 8 9 
000 COO000 007664 009792 C09528 008028 007473 007002 005439 006110 005570 
010  C05073 004-'28 004557 C04477 034403 004262 004144 005044 003965 004079 
020  C04129 004345 004549 QOq421 034163 003956  003713 003572 003488 003439 
03a 003385 003256 003282 003221  003251  003150  003126 003116 003025 002996 
040  002883 302862 002812 002841  002851  002829 002822 002818 002824 002896 
0 5 0  003036 002468 002901  002788 002678 002620 002664 002640 002594 002580 
0 6 0  002649 002544 002573 002511  002558 002574 0025E5 032548 002635 ~ 0 2 6 2 9  
070 002705 002&74 003085 C032-57 003204 003133 002987 032809 002774 002791  
090 002682 002736 002606 C 0 2 6 5 9  002640 002672 002641  032707 002788 002757 
030 002807 002740 002693 GO2728 002777 002847 002824 002914 002881  002821  
160  002835 002852 002861  002894 002908 002853 002862 002895 003044  002959 
110 033035 003037 002963 033108 003045 003080 003241  003159 003269 003292 
123 033522 003676 003846 004207 004254 004484 004511  004418 004481  004327 
130  004174 004036 004020 004053 004016 003953 003969 003981 004010 004095 
146 004144 004173 004276 004244 004229 004119 004116 003933 003820 003617 
150 093295 003004 002619 002280 001987 001839 0 0 1 5 i B  001391 001299 001178 
160 001281  001356 001513 001961  002659 003763 005241  007252 009396  011552 
170  O i3539  C15053 015890 015604 014418 013012 011073 008940 006843 005121  
160 003750 002785 001852 001213 000871  000535 000405 GC0252 000195 000145 
190  000107 000033 000076 000049 000052 000037 000036 oC0834 000019 000015 
230 000018 000027 00C017 000013 000016 000019 000022 OC0026 000017 000017 
210 000020~ 000018 O O O O O S  000015 000021 000016 000011  O C O O l O  000012 000010 



6.6 MINm ALUMINUM 2 9  

DETECTOR 3 x 3 - 2  DATE 5-4-63 

PLATE NO* 1 3 - 2 9 - 1  SOURCE DISTANCE 1 0  CMm 

ENERGY SCALE 1.C KEV/PHU ABSORBER 1.18 G/CM SQm BE + POLY CAP 

5.28 X lo7 ( 1 . 2 8  MEVl  GAMMAS E M I T T E D  



2.62 HRe S I L I C O N  3 1  

D E T E C T O R  3x3 -2  . D A T E  1-22 '=64  

P L A T E  NO. 1 4 - 3 1 - 1  SOUR.CE C 1 5T'Al ' l : fE 10 C M e .  

E h E R G Y  S C A L E  1.0 KEV/PHL  A B S O H E E R  1.18 G / Z M  S Q .  B E  
--- 

I N T E N S I T Y  F i O R M A L I Z A T I O N  NG..>E- - 

I-' 

f 
W 

Y 
I-' 



14.3 DAY PHOSPHORUS 3 2  

9 DETECTOR 3 x 3 - 2  DATE 5-15-62 

PLATE NO, 15 -32 -1  SOURCE DISTANCE 1 0  CMm 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SO. BE 

INTENSITY NORMALIZATION NONE 



. . . . >". , ., . . ... 

5 . 1  M I N *  SULFUR 37  

DETECTOR 3 x 3 - 2  DATE 7-8-60  

PLATE NO. 16 -37 -2  SOURCE D ISTANCE 1 0  CM* 

ENERGY SCALE 2 . 0  KEViPHU ABSORBER 1 . 1 8  G / C M  SQ* BE 



3 2  M I N *  CHLORINE 3 4 M - 1 - 6  SEC. CHLORINE 3 4  

DETECTOR 3x3-3  DATE 6 -20-63  

PLATE NO* 1 7 - 3 4 M ( 1 7 - 3 4 1 - 1  SOURCE DISTANCE' 1 0  CM. 

ENERGY SCALE 2.0 KEV/PHU ABSORBER 1 G/CM S Q . B E  + 2 0 0  MG CU SW. 

I N T E N S I T Y  NORMALIZATION NONE 



38 M I N *  C H L O R I N E  38 

DETE.CTOR 3x3-2 D A T E  7-31-61 

PL.ATE NO*  17-38-2 SOURCE\ -DISTANCE 10 C M *  

ENERGY S C A L E  10.0 KEVI'FHU ABSORBER l o  18 G/CM S Q *  BE 

2.06 X lo7 (2.1.6 MEV)  GAMMAS E M I T T E D  



1 - 8 3  HR* ARGON 41  

D E T E C T O R  3 x 3 - 2  D A T E  1 1 - 2 3 - 6  

P L A T E  N O *  1 3 - 4 1 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 KEV/PHU A B S O R a E R  1.18 G / C M  S Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 

I-' 
P s 
I-' 



ClETECTOR 3 x 3 - 3  DATE 6 - 2 0 - 5 3  

F L P T E  NO. 1 9 - 3 8 - 1  S0URC;E D ISTANCE 10 CM. 

ENERGY SCALE 1 .0  EEV/PHU ABSOF.BER 1. L B  b / C M  5 0  + 6.2 G CU SW 

2 .36  X lo7 (2.10 M E V )  GAMMAS EMLTTED, 



7.7 M IN*  POTASSIUM 3 8  

DETECTOR 3x3-3 DATE 6-20-63 

PLATE NO* 19-38-2 SOURCE DISTANCE 1 0  CMe 

ENERGY SCALE 2.0 KEV/PHU ABSORBER 1.18 G/CM SQ + 0.2 G CU SW 

INTENSITY NORMALIZATION NONE 



. . 
1 , 2 7 0 9 0 C 0 , G G O  YEAR P O T A S S I U M  4 0  

DETECTOR 3x3-2 DATE 5-4-61 

PL.ATE NO. 19-40-1 SOURCE D I S T 4 N C E  1 CM. 

EKERGY SCALE 1.0 K E V I P H U  ABSORBER G.598 G/CM SQ. BE 

I N T E N S I T Y  N O E M A L I Z A T I O N  NONE 

0 1 2 3 4 5 6 7 8 9 
O O O O O C  002567 00466G 007819 009742 010673 010872 010410 009572 008635 
00791.4 007181  006476 006303 005709 005216 004693 004396 004042 003779 
003586 003612 003583 003553 003572 003544 003293 003265 003097 002928 
0 0 2 6 1 1  002594 002486 0 0 2 ~ 2 1  002362 002208 002136 002203 002050 902013 
001896 001969 00194: 001346 001901  001860 001872 001675 001606 001554 
001573  001640 00158s 001482 001369 001518 001432 001414 001409 OQ1506 
001441  001412 001435 001310 001360 001327 001295 001368 001343 001322 
001357 001301  001332 001268 (201288 001323 001338 601364 001318 001274 
001306  001341  001347 001313 001337 001373 001385 001330 001369 001352 
001415  001435 00150C 001579 001552 001639 001595 001668 001648 001580 
001540  001594 001596 001557 001587 OC1610 001620 001680 001677 001720 
001780  001815 00181s 001372 001820 001834 001810 001666 001585 001473 
001295 001212 001027 000341  000767 000653 000572 000537 000477 000438 
000449  000431  000483 000632 000821  001081  001724 002492 003550 004523 
005857  006830 007435 067398 006976 006089 005164 003978 002933 002076 
001281 000797 000491  OCO294 000178 000110 00008? 000054 000026 000014 



12 .4  HRe POTASSIUM 42 

17 DETECTOR 3x3-2 DATE 8-3-61 

PLATE NO* 19-42-2 SOURCE DISTANCE 10 CMe 

ENERGY SCALE 1.0- KEV/PHU ABSORBER 1.18  G/CM SO. BE 

5.17 X lo7 (1 .42 MEVr  GAMMAS EMITTED 



4.5 DAY CALCIUM 47 

DETECTOR 3x3-,2 DATE r -2 -64  

PiATE NO. 20-47-1 SOURCE DISTANCE LO CMm 

EHERGY SCALE 1.0 KEV'/PHU .ABSORBER 1 - 1 8  G / C M  SQ* BE 

9.66; X l c 7  (1.300 M E V )  GAMMAS EMITTED 

0 1 2 3 4  5  6 7 8  9  
000 1000OC C25000 023000 021500 020292 019835 019465 018556 017400 016968 
010  016112 016Q54 015048 0 l 5 0 4 1  014631 014698 0139031 013822 013609 013236 
020 013485 014102 014570 014279 013222 012635 012253 G12624 012417 012586 
030  0124015 012211  011781 011363 010e44 010444 010453 '210545 010252 010112 
O L J  010035 009943 01017C 010103 010721  012047 015439 020838 027500 031769 
050 051142 025819 01935; 014334 011035 010365 009892 009780 009722 009687 
06d  009511  009423 00917L 009358 009013 008991  008854 008789 008935 008975 
07d  009066 009286 009392 039798 C10260 011090 012572 014628 017153 019338 
O e J  020597 020785 019141  016777 014545 012715 011534 011011  010625 010906 
O S O  010670 010950 011124 01113e 011261 011334 011311  011658 011833 011874 
1C3 O i l 8 8 1  011/705 01152E 080367 010298 009337 008317 007279 006186 005220 
110 0Cl4352 003859 003292 002360 002623 002491  002709 003150 003808 005515 
12G OC-8640 013201  020067 0288b6 038513 047503 054335 056805 054533 049447 
1 3 J  041022 031937 023162 016022 013418 006404 003922 002271 001386 000847 
140 OC0534 000296 000252 OC0158 003122 000070 000049 000036 000049 000028 
150 0C0029 000030 000027 OCOOl6 003032 000037 000022 000025 000021  000030 
160 0CO1326 000000 000000 O C O O O O  003000 000000 000000 000000 000000 000000 



8.7 MINm CALCIUM 49 

19 OETECTOR 3 x 3 - 2  DATE 9 - 1 5 - 6 1  

PLATE NO. 2 0 - 4 9 - 1  SOURCE DISTANCE 1 0  CMm 

ENERGY SCALE 2.0 KEV/PHU ABSORBER 1.18 G/CM SOm b E  + CAP 

I N T E N S I T Y  NORMALIZATION NONE 



2.4 DAY SCAb iD I JM  4 4 M  - 4.0 HR. S Z A N D I U M  4 4  

DETECTOR 3x3-2 D A T E  9> -24 -63  

P L A T E  .NO* 2 1 - 4 4 M L 2 1 - 4 4 1 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 KEVt'PHU ABSORBER 1 .18  G/CM SQ* BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 

nl 
I-' 

-L 
B 
n 
rU 
I-' 
I -r e 
w 

b 



2.4 DAY SCANDIUM 44M - 4 . 0  HRa SCANDIUM 44 

Zl DETECTOR 3x3-3 DATE 9 - 2 2 - 6 3  

PLATE NO* 2 1 - 4 4 M ( 2 1 - 4 4 1 - 2  SOURCE D ISTANCE 10 CMa 

ENERGY SCALE 2 . 0  KEV/PHU ABSORBER l a 1 8  G/CM SQa BE 

I N T E N S I T Y  NORMALIZATION NONE 



8 5  DAY SCANDIUM 46 

DETECTOR 3 x 3 - 2  DATE 7-30-63 

PLATE NO. 2 1 - 4 6 - 1  SOURCE DISTANCE 10 CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1. i8 G/CM S O *  'BE 

3.1.4 X lo7 6,1.119 MEV)  GAMMA5 EMITTED 

10 ,r 
-I= 

Y' 
t-' 



3 .4  DAY SCANDIUM 4 7  

DETECTOR 3x3-2 DATE 5-4-62 

PLATE NO- 21 -47-1  SOURCE DISTANCE 1 0  CMe 

ENERGY SCAL,E 1 .0  KEV/PHU ABSORBER 1 - 1 6  G/CM SQe BE 

I N T E N S I T Y  NORMALIZATION NONE 



3.4  DAY SCANDIUM 47 

DETECTOR 3x3-2 D A T E  5 -4 -62  

P L A T E  NO. 2 1 - 4 7 - 2  SOURCE D I S T A N C E  10 CM* 

ENERGY SCALE 0.5 K E V ~ P H U  ABSORBER 1 . 1 3  G!CM SQ. BE 

3.99 X lo7' CO.153 M E V )  GAMMAS EMITTED 



14 H R *  SCANDIUM 4 8  

DETECTOR 3 x 3 - 2  DATE 7 - 2 1 - 6 1  

PLATE NO* 21 -48 -2  SOURCE D ISTANCE 10 CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 . 1 8  G/CM S Q *  B E  

I N T E N S I T Y  NORMALIZATION NONE 



lOOO.'YR, T I T A N I U M  44 - 4 . 0  HR S C A N D I U M  4 4  

D E T E C T O R  3 x 3 - 2  D A T E  1 1 - 1 5 - 6 3  

P L q T E  NO-  2 2 - 4 4 ( . 2 1 - 4 4 1 - 1  SOURCE D I S T A N C E  10 C M *  

ENERGY S C A L E  1-01 KEVlPHU ABSORBER 1.1.8 G/CM SQ* BE 

I N T E N S I T Y  k O R M A L I Z A T I O N  NONE 



3.08 HR. T ITANIUM 45 

DETECTOR 3 x 3 - 3  DATE 9-22-63 

PLATE NO. 2 2 - 4 5 - 1  SOU.RCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 . 1 8  G BE + 2 '00  MG CU SW 

I N T E N S I T Y  NORMALIZATION NONE 



5.8 M I N *  T I T A N I U M  5 1  

DETECTOR 3x3-2 D A T E  1 0 - 2 7 - 5 1  

P L 4 T E  NO*  2 2 - 5 1 - 1  SOURCE D I S T A N C E  10 C M *  

ENZRGY S C A L E  1.0 KEY;P.iU ABSORBER 10 18 G / C M  S Q *  BE 

1NTE:JUSI T Y  N O R M A L I Z A T I O N  NOiUE 



1 6  DAY VANADIUM 48 

DETECTOR 3.X3-2 DATE 3 -22-62  

PLATE NO* 23 -48-1  SOURCE DISTANCE 1 0  CM. 

'ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SO* BE 

2.63 X lo7 (1.31 MEV)  G A M M A S  EMITTED 



3.77 M I N *  VANADIUM 5 2  

DETECTOR 3x3-2 D A T E  7-31-61 

PLATE NO* 23-52-2 SOURCE D I S T A N C E  10 CMm 

ENERGY SCALE 1 - 0  KEL'/'PHU ABSORBER 1. 18 G / C M  SQ BE 

0 1 2 3 4 5 . -  6 7 8 9 
O O Q  000000 009751  011534 OlClQ67 C11046 010386 009640 008140 007472 007166 
010  0067a8 006441  006221  00€#319 C05951 005762 005718 005813 005806 005943 
026 006133 006425 006850 00€.'193 C05987 005584 0053-49 005293 005357 005309 
03G 005115 005023 004894 004914 C04899 004748 004830 004618 004670 004935 
040  005026 004930 004864  004610 C04598 00460' 004580 004411 004523 004543 
050  004721  004613 004635 OOL667 C04628 00442: 0045,29 004519 004304 004562 
060 004296 004466 004610 004426 GO4560 004432 004530 304579 004479 C04475 
070  004607 004621  004,624 004710 C-04669 004725, 004755 004636 004673 004763 
080  004779 004779 004833 004947  (204911 0'04957 005030 005,166 005380 005282 
OgC 005617 005791  006078 006025 006017 005860 005928 G0601.7 005846 005846 
L O O  005938 005919 006014  006000 C06263 006170 006189 006272 006360 006425 
110 006608 006646 006752 006503  (306500 006133 005821 005314 004773 004180 
120 003718 003319 002722 002309  GO2123 001910 001768 001739 001792 001972 
13G 002274 002984 004071  005972 (208966 012735 0172C4 021940 025956 028533 
240 029287 028036 0 2 5 0 l 5  02C!520 C16184 012120 008366 005648 003732 002384 
150 001568 001032 000619 OOC1147 c00318 009236 000170 000161 000113 000086 
160  000076 000076 000079 000064  GO0043 000054 00C045 000049 000065 000052 
170 000061  000050 000044 000054  GO0050 000043 000042 0 0 0 0 4 1 ~ 0 0 0 0 3 9  000031  
? 8 0  000032 000032 000030 000026  COO023 000025 000031  000021 000033 000019 
i g O  000022 000026 000028 00.00.27 C.00025 000033 000017 000028 000030 000021  
200 000G18 000018 000025 000022  G00028 000023 000012 000017 000021  000024 



31 DETECTOR 3x3-24 DATE 4-3-63 

P L A T E  NO. 24-49-1 SOURCE DISTAN,CE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18G/CM SQ. BE + CU SAND 

I N T E N S I T Y  NORMALIZATION NONE 



27.3 DAY C H R O M I U M  5 1  

CETEC-TOR 3 x 3 - 2  D A T E  7-9-63 

P L A T E  NO. 2 4 - 5 1 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  A B S O R B E R  1 . 1 8  G J C M  SQ. 6 E  

5 . 7 3 5  X .Lo6 (0.323 M E V )  GAMMAS E M I T T E D  



DETECTOR 3 x 3 - 2  DATE 7 - 2 2 - 6 3  

P'LATE NO. 2 4 - 5 5 - 1  SOURCE DISTAN,CE. 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18. G / C M  SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 



5.7 DAY MANGANESE 5 2  

DETECTOR 3 x 3 - 2  D A T E  9-5 -63  

P L A T E  NO*  2 5 - 5 2 - 1  SOURCE D I S T A N C E  1 0  CM* 

ENERGY S C A L E  1.0 K.EV/PHU ABSORBER 1. 18 G / C M  SQ. BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



3 1 4  DAY MANGANESE 5 4  

35 . DETECTOR 3x3-2 D A T E  1 - 2 6 - 6 2  

P L A T E  NO* 2 5 - 5 4 - 2  SOURCE D I S . T A N C E  10 C M *  

ENERGY SCALE 1 . 0  K E V / P H U  ABSORBER 1 . 1 8  G/CM SO. B E  

5 .533  X lo7 10.835 M E V I  GAMMAS E M I T T E D  



2.53 HR. MANGANESE 5 6  

DETECTOR 3x3-2 DATE 7-19-61. 

P L A T E  NO. 25-56-2 SOURCE D I S I A N C E  10 CM. 

ENERGY SCALE 1.3 KEV/PHU ABSOR3ER 1 - 1 8  GICM SQ. BE 

3.44 X lo7 (0 .845  MEV)  GAMMAS EMITTED 

0 1 2 3 4 5 6 7 8 9 
000 000000 007462 010703 0095'1 009001 008543 008059 007942 007536 007244 
010 006952 007019 007051 006913 006893 007013 006909 007409 007627 008318 
020 008524 007914 O0755ej 0071'92 006857 006474 00655~6 006578 006347 006470 
030 006485 006497 00639' C06457 OC6540 006557 006496 006386 006367 006427 
040 006389 006301 006371 036399 OC6L11 006540 00650e 006521 006569 006517 
050 006644 006741 006849 036658 006827 036797 oC670C 006755 006982 006921 
060 006860 006804 006230 035734 005052 004385 003657 003150 002760 002506 
070 002353 002137 00218; 032246 002313 002512 002925 003728 005387 209069 
O E O  014670 022544 03137; 0384C5 041537 038765 031893 023458 015482 009194 
050 005442 003094 001974 3d1551 001219 001071 000989 000942 001000 000950 
100 000952 001018 001001 01110973 001051 001077 001043 001054 001092 001074 
110 001031 001115 O O l O l C  001031 001052 001068 001046 001058 001032 001100 
120  001082 001056 001122 OC1120 001206 001241 001238 001255 001348 001L20 
130 001432 001403 001415 oC14cl3 001326 001302 001349 001339 001306 001332 
140 001326 001314 001284 001265 001303 001351 001405 001353 001342 001378 
150  001367 001287 001264  001253 001220 001219 001107 001129 001036 001003 
160 000907 000926 000869 000792 009794 000863 00090L 000979 001143 001467 
170 001759 002228 002684 OC13i85 003624 003854 003975 003964 003704 003208 
1 8 3  002753 002311 001940 001573 001178 000946 000667 000570 000419 000349 
1 9 3  000311 000297 000278 OC026.5 000236 OC0367 300421 000520 000658 000814 
202 000991 001237 001341 OClL34 001588 OC1517 301411 001381 001343 001102 
210 000900 000755 000608 OC0492 000372 000290 300227 000188 000168 000135 
220 000104 000099 000110 OCOc96 000034 000091 300061 000058 030058 000072 
230 000068 000065 000060 clC3C68 OOOC79 000086 .I00094 000102 000096 000112 
240 000111 000142 000111 C03126 000124 000104 OG011.2 000125 000000 000000 



9 M I N e  IRON 5 3  

37 DETECTOR 3 x 3 - 3  DATE 6-2 '0-63 

PLATE NO* 2 6 - 5 3 - 1  SOURCE DISTANCE 1 0  CMe 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 * 1 G / C M  SQ* EE + Oe3G CU SW. 

I N T E N S I T Y  NORMALIZATION NONE 



L 5  D A Y  I R O N  5 9  

DETECTOR 3 x 3 - 2  D A T E  3 - 2 1 - 6 2  

P L A T E  NOe 2 6 - 5 9 - 2  SOURCE D I S T A K C E  10 CMe 

ENERGY SCALE  1.0 KE'd/PHU ABSORBER 1.18 G / C M  S O -  B E  

2.56 X lo7 (1.29 MEV)  GAPMAS EMITTED 



2 6 7  DAY COBALT 5 7  

DETECTOR 3 x 3 - 2  DATE 3 - 2 7 - 6 4  

PLATE NO* 2 7 - 5 7 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 10 1 8  G/CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



267 GAY COBALT 37 

DETECTOR 3 x 3 - 2  DATE 1 2 - 2 7 - 6  

P L A T E  NO. 2 7 - 5 7 - 2  SOURCE D I S T A N C E  10 CMm 

ENEWGY SCALE 0 .25  K E V I P H U  ABSOR3ER NONE 

I N T E N S I T Y  NORMAL1 Z A T I O V  NONE 



7 0  D A Y  COBALT 5 8  

41 DETECTOR 3 x 3 - 2  

PLATE NO. 2 7 - 5 8 - 1  

DATE 3\-27-64 

SOURCE DISTANCE 1 0  CMa 

ENERGY SCALE l a 0  KEV/PHU ABSORBER l a 1 8  G/CM 

I N T E N S I T Y  NORMALIZATION NONE 



5.27 Y R *  C O B A L T  60 

D E T E C T O R  3 x 3 - 2  D A T E  7 - 1 8 - 6 3  

P L A T E  NO* 2 7 - 6 0 - 1  SOURCE D'I'S'T~NCE 10 C M *  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SO. 6 E  



10.5 MIN. COBALT 60M 

DETECTOR 3x3-2 DATE 7 - 3 - 6 1  

PLATE NO. 27-60M-1 ' SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEVIPHU ABSORBER 1.18 G/CM SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 



* * ,, I ,  

3 0 3  HRo COBALT 6 1  

DETECTOR 3x3 -2  DATE 4-24-62  

PLATE NO* 27 -61 -1  SOURCE DIS-ANCE 1 0  CM* 

ENERGY SCALE 0.5 KEVfPHU ABSOKBER 0 - 5 9 8  G / C M  SQ. BE 

INVENSI  T Y  NORMAL I ZAT 1C;N NONE 



3 6  HRm N I C K E L  5 7  

45 DETECTOR 3 x 3 - 2  DATE 2 - 1 5 - 6 3  

PLATE NO. 2 8 - 5 7 - 1  SOURCE D ISTANCE 1 0  CMm 

ENERGY SCALE 1 . 0  KEV/PHU ABSORBER 1.18 G BE + 0.1 G CU. SANDW 

I N T E N S I T Y  NORMALIZATION NONE 



2 . 5 6  HR. N I C K E L  6 5  

DETECTOR 3 x 3 - 2  DATE 8-17-6 '1  

PLATE NO. 2 8 - 6 5 - 2  SOURCE D ISTANCE 10 CM. 

ENERGY SCALE 1 .0  KEViQHU ABSORBER 1 . 1 8  G i C M  SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 



3.3 HR. COPPER 6 1  

DETECTOR 3 x 3 - 3  DATE 9 - 2 1 - 6 3  

PLATE NO. 2 9 - 6 1 - 1  SOURCE D ISTANCE 10 CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 . 1 8  G BE + 2 0 0  MG CU SW 

I N T E N S I T Y  NORMALIZATION NOhE 



. . .. : '. . 

9.9 M I N a  COPPER 62 

DETECTOR 3x3-3  DATE 9-21-62 

P L A T E  N.0. 29-62-1 SOURCE DISTANCE 10 CM* 

ENERGY SCALE 1.0 K E V i P H U  ABSORBER 1.118 G E!E + 4 0 0  MC CU SW 

[ K T E N S I T Y  N O R M A L I Z A T I O N  NONE 



12.9 HRa COPPER 6 4  

DETECTOR 3 x 3 - 2  DATE 7 -22-63  

PLATE NO. 2 9 - 6 4 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER ,1018  G / C M  SO*  8E  + 0.1 CU SW 

I N T E N S I T Y  NORMALIZATION NONE 



5 0 1  M I N o  COPPER 66 

DETECTOR 3 x 3 - 2  DATE 8 - 1  1-6 1 

PLATE NO. 2 9 - 6 6 - 1  SOURCE DIS-.4NCiE 10 CMo 

ENERGY SCALE 1.0 GEV/FHU ABSORBER 1 .18  GfCM SQo BE + PGLY CAP 

I N T E N S I T Y  NORMALIZATION NONE 



6 1  HRe COPPER 6 7  

51 DETECTOR 3X.3-2 DATE  4-5-63 

PLATE ,NO* 2 9 - 6 7 - 1  SOURCE D I S T A N C E  1.0 CMe 

ENERGY SCALE  1.0 KEV/PHU ABSORBER 1.18 G/CM SQe B E  

. . I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



3 8  MINo  Z I N C  6 3  

DETECTOR 3 x 3 - 3  DATE 9 -21-b3  

PLATE NO. 3 0 - 6 3 - 1  SOURZE DIST-AIVCE 1 0  CM. 

ENERGY SCALE 1 e 0  KE'//PHU ABSO2BER 1 - 1 8  G BE + 2 0 0  MG CU SAND 



2 4 5  D A Y  Z I N C  65 

D E T E C T O R  3X?.-2 D A T E  4 - 5 - 6 2  

P L A T E  N O *  3 0 - 6 5 - 2  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  l o 0  K E V / P H U  ABSORBER 1 0 1 8  G / C M  SQ. BE 

6 . 3 3  X lo7 ( l a 1 1 4  MEV)  GAMMAS E M I T T E D  



14  HRo ZI:NC 69M - 5 5  M1No ZINC ti9 

DETECTOR 3x3-2 DATE 10-29-63 

PLAT.€ NO. 30-691u ( 30-69 ) - 1 SOURCE DIST#NCE 10  C M o  

ENERGY SCALE 1.0 K E V i 2 H U  ABSORBER 1.13 G I C M  SC. BE 

IINTENSI TY  NORMALIZATION^ NONE 

4 5 6 7 
009117 008458 30784E 007708 
007059 OG73.65 30790; 003327 
007513 067892 307695 005834 
002155 002114 302237 002426 
087400 088533 3670'65 033529 
000049 0000,3 1 900045 000066 
000039 000042 30003 1. 000025 
000000 OOOOQO 900000 000000 



14 HR. Z I N C  69M - 55 MIN. Z I N C  69 

DETECTOR 3x3-2 DATE 10-29-63 

PLATE NO. 30-69M(30-691-2 SOURCE DISTANCE 10 CM. 

ENERGY SCALE 0.5 KEv/PHU ABSORBER 1.18 G/CM SQ. B k  

I N T E N S I T Y  NORMALIZATION NONE 

0 1 2 3 4  5 6  7  8  9  
000 O O O O C O  005892 005193 004227 004311 004427 004400 004136 003981  003893 
010 003766 003669 003708 003676 003568 003681 003606 GO3621 003569 003581  
020  0133375 003375 003493 003502 003381 003450 003430 003456 003385 003430 
030  0 0 3 4 ~ 1  003514 003784 003906 004001 003902 003851 003550 003438 063273 
040  003317 003238 003339 003283 003389 003431 003520 0034'73 003761  003685 
050 003833 003799 003802 003668 003405 003173 002805 002404 002014 001803 
060 001567 001447 001271 001193 001202 001043 001060 001022 000991  001049 
070 001048 001097 001177 001105 001147 001322 001348 001494 001733 002124 
080  003170 004654 007440 011166 016634 023389 030686 037666 042585 045417 
090 0442E8 040310 033565 026872 019144 012839 007897 004725 002468 001390 
100 0006.!?1 000345 000214 000112 000062 000076 000036 000021 000029 000013 
110 OOOOC9 000025 000024 000035 000025 000025 000026 000043 000023 COO025 
120 000017 000021  000026 000015 000016 000009 000015 000016 000015 000010 
130 0000C7 0000~10 000005 000010 000000 00000~3 000008 000000 * * 



7 8  HRm G A L L I U M  67 

D E T E C T O R  3x3-2 D A T E  6-24-63 

P L A T E  N O *  31-67-1 SOURCE D I S T A N C E  1 0  CM. 

ENERGY S C A L E  1.0 K E V I P H U  ABSORBER 1.18 G/CM SQm B E  

I N T E N S I T Y  k O R M A L I Z A T I O N  NONE 

W 
t-' 



78 H R *  G A L L I U M  67 

57 D E T E C T O R  3x3-2 D A T E  4-8-63 

P L A T E  N O *  31-67-2 SOURSE D I S T A N C E  10 CM. 

ENERGY S C A L E  0 . 5  K E V / P H U  ABSORBER 1 . 1 8  G/CM SQ.  BE 

I N T E N S I T Y  NORMALIZATION NONE 



6 8  14IN GALLIUM 6 8  

P-ATE NO* 3 1 - 6 8 - 1  SCURCIE D I S I A N C E  1 0  CM* 

ESE?GY SCALE 1.10 K E V I P H U  AeSORlBER 1.18 G/CM SQ BE + 0.4 G CU SW 

I N T E N S I T Y  NORMALIZATION NONE 



2 1  M I N .  G A L L I U M  70  

59 D E T E C T O R  3 x 3 - 2  D A T E  1 0 - 2 8 - 6 3  

P L A T E  NO. 31-70-1 S O U R C E  D I S T A N C E  10 CM. 

E N E R G Y  S C A L E  1.0 KEV/PHU A B S O R B E R  1.18 G / C M  SQ. BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  N O N E  



DETECTOR 3 x 3 - 2  DATE 1 0 - 2 9 - 6 3  

PLATE NO. 3 1 - 7 2 - 1  SOURCE DIST$.NCE 1.0 CM. 

ENERGY SCALE 1.0 K,E'\I/PHU ABSORBER 1.18 G / C M  SQ* BE 

INT :ENSITY NORMAL1 ZATIOI-J 'NONE 



40 H R *  G E R M A N I U M  69 

D E T E C T O R  3 x 3 - 2  D A T E  2 - 1 5 - 6 3  

P L A T E  NO. 3 2 - 6 9 - 1  SOURCE D I S T A N C E  10 CMe 

ENERGY S C A L E  1.0 KEV/PHU ABSORBER 0.9 G / C M  SQ B E  + 2 0 0  MG C U  SW 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



8 2  M I N *  GERMANIUM 7 5  

DETECTOR 3 x 3 - 2  DATE 10-28- .63 

PLATE NO* 3 2 - 7 5 - 1  SOURCE DISTANCE 1 0  C M *  

EGERGY SCALE 1.0 K f V / P H U  ABSORbER 1.16 G / C M  S Q *  BE 



8 2  M I N *  GERMANIUM 7 5  

DETECTOR 3 x 3 - 2  DATE 1 0 - 2 8 - 6 3  

PLATE NO* 3 2 - 7 5 - 2  SOURCE DISTANCE 1 0  C M *  

ENERGY SCALE 0.5 KEV/PHU ABSORBER 1.18 G / C M  SO* BE 

I N T E N S I T Y  NORMALIZATION NObE 



5 4  S E C *  GERMANIUM 7 7 M  

DETECTOF. 3143-.2 D A T E  3 - 5 - 6 3  

PLATE NC* 32-77M-1 SOURCE D I S T A N C E  10  CM. 

ENERGY 'CALE 3 . 5  K E V i P H U  A B S O R a E R  1. l e  G / C M  S O *  BE 



11 HR* GERMANIUM 7 7  

DETECTOR 3x3-2  DATE 10-29-63  

PLATE NO* 32 -77-1  SOURCE DISTANCE 10 C M *  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 - 1 8  G/C'M SQ* BE 

I N T E N S I T Y  NORMALlZATION NONE 



26 H R *  A R S E N I C  7 2  

D E T E C T O R  3 x 3 - 2  D A T E  1 2 - 1 4 - 6 3  

P L 4 T E  N O *  3 3 - 7 2 - 1  SOURCE D I S T A N S E  10 CMm 

E N I R G Y  SCALE 1.0 KEV;PHU Ai3SOilGIER 1 - 1 8  G/CM b E  + 400 MG CU SW 

I N T E N S I T Y  N O R M A L I Z A T I O N  NCNE 



1 8  DAY A R S E N I C  7 4  

67 CETECTOR 3 x 3 - 2  DATE 2-18-63  

P L A T E  NO. 33-74-1  SOURCE D I S T A N C E  1 0  C M *  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 0.9 G/CM SG + 0.2 G CU SW 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



0 0 0  
O B O  
0 2 0  
03'2 
O L O  
0 5 0  
0 6 0  
0 7 0  
0E.O 
0 9 0  
10 9 
1 1 0  
1  i 0  
1 3 0  
1 4 0  
1 5 0  
16.0 
1 7 0  
i e o  
1 5 0  
2 c, 0  
210  
220  
210 

PLATE N30  3 3 - 7 6 - 2  SOURCE DISTP.NCE 1 0  CM. 

EREFGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G f C M  SO* BE 

l N T E N S 1  TY NORMAL1 ZAB I ON NONE 



3 9  H R *  A R S E N I C  7 7  

69 DETECTOR 3 x 3 - 2  D A T E  1 1 - 2 2 - 6 2  

P L A T E  NO*  3 3 - 7 7 - 2  SOURCE D I S T A N C E  1 0  CM. 

ENERGY SCALE  1.0 KEV/PHU ABSORBER 1.18 G/CM SQ. 8k 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



7.1 HR* S E L E N I U M  73 

D E T E C T 0 3  3x3-2'1 D A T E  L-2-63 

PLATE NO. 34-73-1 SOURCE DISTANCE 10 CM. 

ErbERGY .SCALE 1 .Cl K E V f F H U  ABSOH6ER 1*1BG/CM Sd B E  +O.lG CU SANDW. 

I N T E N S I T Y  k O R M A L I Z A T I O h  NOAE 

0 1 2 3 4 5 6 7 8 9 
O C O  OOOOOC 003400 003030C 003425 006662 005678 005992 033464 039094 007034 
013 003191 003331 002344 903336 003614 003710 003815 003994 004291 004467 
020 004481 004354 00400C 003701 003360 003355 003153 002850 002680 002710 
030 002709 002815 004085 OC3552 005927 012273 020074 622752 017731 009121 
040 003623 001440 OOC917 00030e 000892 001062 001073 001643 003776 007943 
050 013946 018l79 ole61C 013749 007531 003214 001124 000373 000192 000145 
068 000134 C00105 OOGlOl 600078 000085 000082 000061 000073 000073 000067 
070 000066 0000'4 000065 000064 003051 000044 000043 GO0042 000055 000083 
080 000060 000053 000065 000079 003085 000074 000074 000061 000077 000045 
090 000039 000019 000018 090023 003022 003017 000013 000017 000021 000014 
100 O O O G 1 ~  000014 OOOOC4 000012 003012 000011 ,003027 OOOOI4 000021 000010 
110 0000Cg 000000 OOOCOO 00C030 * * ~t it 3 9 



1 2 0  D A Y  S E L E N I U M  7 5  

71 D E T E C T O R  3 x 3 - 2  D A T E  4 - 2 2 - 6 4  

P L A T E  NO. 3 4 - 7 5 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  ABSORBER 1 . 1 8  G / C M  S O *  B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



1 2 3  DAY SELENIUM 7 5  

DE'TECTOR 3x3 -2  DATE 4-2.2-64 

'LATE NO* 34-75-2 SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 KEbr/PHU P.BSGRBER 1 - 1 0  G / C M  S Q e  BE 

IP!TE,\SITY NORMALIZATION NOHE 



6 1  M I N *  S E L E N I U M  8 1 M  ( 1 8  M I N *  SELEf ' i IUM 8 1 )  

73 DETECTOR 3 x 3 - 2  D A T E  1 0 - 3 0 - 6 3  

P L A T E  NO. 3 4 - 8 1 M ( 3 4 - 8 1 1 - 1  SOURCE D I S T A N C E  10 CM* 

ENERGY SCALE  1.0 K E V / P H U  ABSORBER 1.18 G/CM S O *  BE 

I N T E N S I T Y  NORMAL IZAT ' ION  NONE 



5 8  HR*  B R O M I N E  77  

D E T E C T O R  3 x 3 - 2  D A T E  4 - 5 - 6 3  

P L A T E  NO. 5 5 - 7 7 - 1  S O U F C E  G I S T A N C E  10 CM. 

E N E R G Y  S C A L E  1.0 KEV/PHU A B S C R B E R  1.18 G / C M  SO. B E  



1 8  M I N *  BROMINE  8 0  

DETECTOR 3 x 3 - 2  DATE  8 - 1 7 - 6 1  

P L A T E  NO*  3 5 - 8 0 - 1  SOURCE D I S T A N C E  10 CM* 

ENERGY SCALE  1.0 K E V / P H U  ABSORBER 1.18 G/CM S.Q* BE 

I N T E N S I T Y  f i O R M A L I  Z A T  I O N  NOhE 



3 6  t R m  BROMINE  8 2  

DETECTOR 3 x 3 - 2  J A T E  8-16-61 

P L A T E  NO. 3 5 - 8 2 - 1  SOURCE D I S T 9 N C E  1 0  ZM. 

EhERGY SCALE  1 .CI KpZV/PHU Ai3SORE.ER 0 .398  G / C M  SQ. BE 

I N T E N S I T Y  N O R M A L I Z A T I O b .  NONE 



4.4 HR. KRYPTON 85M 

IETECTOR 3x3-2  DATE 7-3-57 

PLATE NO* 36-85M-1 SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 7 5 0  MS/CM SQ. 6 E  

INTENSITY NORMALIZATION NCNE 

0 1 2  3  4  5  6  7  8 9 .  
0 0 0  O O O O G O  001485  0 0 2 0 3 1  0C1937 000984  000735  000579  000513  0 0 0 8 5 0  0 0 1 1 2 7  
0 1 0  0 0 1 5 4 7  0 0 2 1 4 0  002915  0 0 4 5 3 9  013357  035038  040637  015712  0 0 1 3 3 0  0 0 0 6 0 0  
0 2 0  000163  0 0 0 1 7 2  0 0 0 1 7 6  000158  0 0 0 1 4 1  000166  000229  000333  0 0 0 5 3 3  0 0 1 3 5 4  
0 3 0  0 0 2 7 1 4  004005  0 0 3 6 6 1  002135  000809  000299  000127  000000  0 0 0 0 0 0  0 0 0 0 0 0  



10.4 YRm K R Y P T O N  8 5  

D E T E C T O R  3 x 3 - 2  D A T E  4-3-57 

P L A T E  N O m  3 6 - 8 5 - 1  SOURCE D I S T A N C E  . 1 0  CMo 

ENERGY SCALE 1.C KEV./P.FU ABSOREER 300 M G / Z M  SQo P O L Y  

I N T E N S I T Y  N O R M A L I Z A T I O N  N O h E  



2 1  MINo RUBIDIUM 84M 

79 DETECTOR 3x3-3 DATE 9-22-63 

.'LATE NO* 3 7 - 8 4 ~ - 1  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.16 G/CM SQ. BE 

2 0 4 4  X l o 7  ( 0 0 4 6 5  ME\/) GAMMAS EMITTED 

0 1 2  3  4  5  6  . 7  8 9  
OOG 000000  00444C 005068  0 0 5 6 0 0  0 0 5 7 6 1  006680  007318  007306  008432  0 0 9 4 2 4  
0 1 0  010133  0 1 0 5 6 8  0 1 0 9 8 1  0 1 1 1 5 1  011148  011049  011946  012857  0 1 4 7 4 9  016965  
0 2 0  0 2 1 8 5 0  0 3 4 7 2 0  0 5 2 8 3 1  0 5 2 1 9 1  0 4 8 5 1 1  0 6 7 9 5 6  0 7 5 0 5 0  0 4 4 9 5 4  0 1 5 0 2 4  003622  
0 3 0  0 0 1 5 9 2  0 0 1 1 2 3  0 0 0 9 6 9  0 0 0 8 6 7  000856  000767  0 0 0 7 4 4  0 0 0 7 4 1  0 0 0 8 3 1  0 0 0 8 1 7  
0 4 0  0 0 0 8 9 9  0 0 1 0 0 9  001358  0026b8  005898 011645  0 1 8 2 1 4  021147  0 1 8 5 7 6  3 1 1 7 3 2  
05C 0 0 5 4 2 0  0 0 1 8 5 3  000567  000216  000112  000035 0 0 0 0 2 4  GO0000 0 0 0 0 0 0  0 0 0 0 0 0  



18.7 D A Y  RUBIDIUM 8 6  

DETECTOR 3x3 -2  DATE 10-29-6.3 

PLATE NO. 37-36-1  SOU2CE DISTANCE 1 C  CM. 

2 . 3 7  X lo7  (1 .08 MEV)  GAMMAS EMITTED 

3 4 
0 4 3 9 5 1  035335  
0 1 1 7 0 4  010789  
0 0 6 8 9 7  0 0 6 4 1 1  
CC4755 OOL690 
CC3G.20 303049  
Ct03406 0 0 3 4 2 6  
GO3433 003458  
OC3447 003522  
~ ~ 3 ~ 6 4  003113  
GCOeZ9 000768  
G12642  015932  
0 0 i e 8 0  o o i o w +  
G G O C O O  000000  

5 
0 2 7 6 0 4  
009818  
006010  
0 0 4 6 1 6  
003749  
003483  
003402  
003572  
002684  
0 0 0 8 0 1  
018228  
000643  
O C O O O O  



18 M I N  R U B I D I U M  88 

81 D E T E C T O R  3x3-2 D A T E  7-20-61 

P L A T E  N O *  37-88-1 SOURCE D I S T A N C E  10 CMa 

ENERGY S C A L E  la0 KEV/PHU ABSORBER 1.5 G / C M  SQ dE + P O L Y  C A P  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



1E M I N  RUBIDIUM 8 8  

DETECTOR 3 x 3 4  DATE 7 - 2 0 - 6 1  

PLATE NO. 37 -88-2  SOURCE D I 5 , T A N i E  10 CM. 

ENERGY SCALE 5.0 KEV/PHU' ABSORaER 1.5 G/aCM SQ BE + POLY CAP 

I N T E N S I T Y  N O R M A L I Z A T I ~ N  NONE 



1 5  M I N *  R U B I D I U M  8 9  

83 D.ETECTOR 3 x 3 - 2  D A T E  1 0 - 3 0 - 6 3  

P L A T E  N O *  3 7 - 8 9 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 KEV/PHU ABSORBER 1 - 1 8  G / C M  S O *  B E  + P O L Y  C A P  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



1 5  M I N *  R U B I D I U M  .89 

D E T E C T O F  3 x 3 - 2  D A T E  1 0 - 3 0 - 5 3  

P L . A T E  NC. 3 7 - 8 9 - 2  SOURCE D I S T A N C E  10 CM*  

ENERGY E C A L E  2.0 KEVt'PHU P.BSORB'ER 1.18 S/CM S Q *  B E  + P O L Y  C A P  

I Y T E N S [ T Y  N O R P I A L I Z A T I O N  NONE 



70 M I N e  S T R O N T I U M  85M 

85 ' D E T E C T O R  3x3-2 D A T E  5-1-62 

? L A T E  NO. 3€.-85M-1 SOURCE D I S T A N C E  10  CMe 

ENERGY S C A L E  0.5 K E V / P H U  ABSORBER 1 6 0  MG/CM SQe BE 

I N T E N S I T Y  N O R M A L l Z A T i O N  &ONE 

0 1 2. 3  4  5 6  7  8  9  
O C O  93OODO 001480  0Cl5014 014173 010867 001738 001322 001202 001144  001273 
0 1 0  Cl01227 001247  OCl1125 001077 000966 001032 001208 001292 001418  001678 
3 2 0  Cl01905 001897  001938 001845 001730 001651  001756 001730 001740  002826 
9 3 0  005584  009786  013087 013176 009784 005559 002413 001171  000873  000842 
0 4 0  C100958 001267  OC12014 004223 009534 019161  032491  046223 054136  053248 

0 5 0  C44152 030776  017664  c08-775 003493 001233 000282 000027  000000  0000d0 



64 DAY S T R O N T I U Y  85 

DETECTClR 3x3-2 D A T E  9-28-62 

P L A T E  FOm 38-85-2 SOURCE D I S T A N C E  10 CMm 

ENER.GY SCALE 1 . 3  K E V Y P H U  ABSOR3ER 1 - 1 8  ,G/CM SQm B E  

2.102 X lo7 (0.515 M E V )  GAMMAS E M 1 T T E 3  



2.8 HRa STRONTIUM 87M 

87 DETECTOR 3x3-2 D A T E  10-28-63 

PLATE NOa 38-87M-1 SOURCE D l S T A N C E  10  CMa 

ENERGY SCALE 1.0 K E V / P H U  ABSORBER 1.18 G/CM SQa B E  

3 0 6 9  X 10' ( 0 0 3 9 1  NEVI  GAMMAS EMITTED 

0 1 2 3 4 5 6 7 8 9 
,000  O O O O C O  008093 041350 010563 009691 009527 009305 009256 009158 008964 
010 008653 006267 003228 008314 008187 C08912 009900 009602 008957 008917 
020 009444 010237 010268 009296 007209 G05280 304092 003669 003391  003268 

030  003220 003537 003587 003994 004772 006967 015735 040963 083198 125769 

040 135165 104847 053730 023976 007383 001827 000422 000171 000092 000078 
050  030325 000G28 003060 000053 000038 000027 000039 000069 000056 000041  
060  090322 000033 003045 030048 000027 000032 000043 000032 000004 000030 
070 000034 000054 003342 000035 000047 000047 000040 000060 000063 000058 
080  0 0 0 0 ~ + 9  000040 000035 00002.4 000011 000010 000000 000000 0 0 0 0 ~ 0  000000 



2.8 H?m S T R O N T I U M  8 7 M  

DETECTOR 3 x 3 - 2  D A T E  1 0 - 2 8 - 6 3  

P L A T E  NO. 3 8 - 8 7 M - 2  SOURCE D I S T A N C E  10 CMm 

ENERGY S C A L E  0.5 K E V i P i U  A d S O R B E R  1 .18  G / C M  SQm BE 

I q T E N S [ T Y  N O R M A L I Z A T I O N  NONE 



907 HR. S T R O N T I U M  9 1  ( Y T T R I U M  9 1 M )  

D E T E C T O R  3 x 3 - 2  D A T E  1 0 - 1 2 - 6 2  

P ' L A T E  N O *  3 e - 9 1 - 2  SOURCE D I S T A N C E  10 CMo 

ENERGY S C A L E  1.0 K E V / P H U  ABSORBER 1.18 G/CM S Q *  B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



2.7 HR. S T R O N T I U M  9 2  

D E T E C T O R  3 x 3 - 2  D A T E  1 0 - 3 0 - 6 3  

P L A T E  NO. 3.3-92-1 SOURCE DISTANCE 10 CM. 

E N E R G Y  S C A L E  1.0 KEb' iPHU A B S O ~ B E R  1 .18  G / C M  5 0 .  BE 

I N T E Y S I T Y .  N O R M A L I Z A T I O N  NONE 



1 5  H R *  Y T T R I U M  86  

D E T E C T O R  3 x 3 - 2  D A T E  12-16-63 

P L A T E  NO* 3 9 - 8 6 - 1  S O U R C E  D I S T . A N C E  10 C 

E N E R G Y  S C A L E  1.0 K E V / P H U  A B S O R , 3 E R  1 - 1 8  G / C M  

I N T E N S I T Y  N O R M A L I Z A T I O N  N O N E  



135 D A Y  Y T T R I U M  88 

D E T E C T 3 R  3 x 3 - 2  D A T E  8-8-60 

P L A T E  NO. 39-88-1 S O U R C E  D I S T A N C E  10 CM. 

E N E R G Y  S C A L E  2.0 K E V i P H U  A B S O R B E R  NOhE 

I U T E N S [ B Y  N O R M A L I Z A T I O N  N O N E  



1 0 5  D A Y  Y T T R I U M  88 

93 D E T E C T O R  3 x 3 - 2  D A T E  8 - 2 0 - 6 3  

P L A T E  N O *  3 9 - 8 8 - 2  .SOURCE D I S T A N C E  10 CM. 

E N E R G Y  S C A L E  1.0 K E V / P H U  A B S O R B E R  1 .18  G / C M  SQm 6E 

I N T E N S I T Y  N O R M A L I Z A T I O N  N O N E  



5.14 HR* YTTRIUM 90M 

DETECTOR 3 x 3 - 2  DATE 1 1 - 2 1 - 6 3  

PLATE NO* 39-90M-1 SOURCE DISTAUCE 1 0  CMe 

ENERGY SCALE 1.0 KEmJ/FHU ABSORBER 1.15 G / C M  SQ* BE 



5 0  M I N o  YTTRIUM 91M 

95 DETECTOR 3 ~ 3 L . 2  DATE 10-5 -62  

PLATE NO* 39-'91M-1 SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1 0 0  KEV/PHU ABSORBER 1 - 1 8  G/CM SO- B t  

I N T E N S I T Y  NORMALIZATION NOhE 



.' ., 

. 5 9  D A Y  Y T T R I U M  9 1  

D E T E C T O R  3 x 3 - 2  D A T E  12:-14-62 

P L A T E  NO. 3 9 - 9 1 - 2  SOURCE D I S T A N C E  1 3  CM. 

ENERGY S C A L E  1.0 KEV/PHU ABSORBER 1.18 G/CM SQ. BE 

I h T E h S I T Y  N O 3 M A L I Z A T I O N  NONE 



3.6 HRm YTTRIUM 9 2  

97 DETECTOR 3 x 3 - 2  DATE 11-11-62  

PLATE NO* 3 9 - 9 2 - 1  SOURCE DISTANCE 1 0  C M *  

E.NERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



10.1 HR* YTTRIUM 9 3  

DETECTOR 3x3-2 DATE 5-10-63, 

PLATE NO* 39-93-1 SOURCE DISTA.NCE 10 CM. 

ENERGY SCALE 1.C KEV/PHU ABSOREER 1.18 GICM S G *  BE 

INTENSITY NDRMALIZATIOh NONE 

0 1 2 3 4 5 6 7 8 9 
000 O C O O O O  016169 049286 047b22 033250 026997 024106 022048 020530 018887 
010 017399 016601  016106 015769 014367 012329 011436 010904 010362 010206 
020 OC9982 010083 009913  010074 012392 024369 054033 083132 076317  043282 
030  017788 007781  005663 005348 005171 004944 004785 004759 004532 004505 

0.40 004395 094348 004376 004409 004244 004372 004286 004236 003993 003890 
050 003928 003594 003670 OC13649 003358 003416 003364 003233 003355 003115 
063  0013080 003106 003164 003117 003369 OC3827 304326 004889 004933 004587 
073 004049 003453 002945 OC2L83 002232 002080 301905 001823 001756 001723 
c 8 3  001604 001590 001620 OC15413 0 0 3 4 5  001531  301633 001707 002164 002683 
090  003380 004251  005000 OC5535 005358 004800' 204093 003015 002274 001796 

103 001369 001091  000937 OCOf89 000817 000792 m30076C 000733 000754 000756 
1113 003783 000794 000784 00DE42 000839 000870 000913 000832 000845 000845 
123 003778 000680 000604 GO3596 000600 000551  900499 000466 000447 000462 

13C 003482 000520 000514 003582 a00633 000758 1)00878 000985 001116 001146 
140 OC1098 001080 001048 000948 000836 000783 000675 000589 000572 000505 
150  0C3457 000425 000413 009385 000390 000433 000433 000432 000445 000442 

160 OGO42l 000395 000390 0043360 000325 000320 000311  000280 000247 000226 

170 0012215 000195 000176 000196 OOC196 000232 000279 000315 000364 000478 

180 000569 000723 000860 000992 001063 001069 001061 000953 000868 000793 
190 000674 000534 000398 000335 OCC266 003175 000136 oOOOi5 000078 000075 
200 000078 000068 000065 00007L 00C095 O O O 1 1 1  00012E O O O l f O  000155 000183 

210 000217 000187 000169 003176 000175 000151  000099 000056 000077 000076 

220 000047 000041  000033 0 0 3 0 3 ~ 0 0 0 1 2  000004 000009 oOOOC7 000006 000007 
230 000035 000010 O O O O C O  CO3OOC G O O O O O  000000 C~00000 O O O O C C  000000 00000 



4 0 4  MIN*  ZIRCONIUM 89M 

DETECTOR 3.X3-3 DATE 9-22-63 

PLATE NO* 40-89M-1 SOURCE DISTANCE 10  CP. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G tjE + 2 0 0  MC; CU SAND 

. . 1 0 7 3  X 10' (0 0 5 9 0  NEVI GAMMAS EMITTED 

0 
6 3 0 0 0 0  
0 0 5 2 5 4  
0 0 7 7 6 1  
005955  
305053  
0 0 3 2 4 4  
05C472 
0 0 0 1 5 1  
O O C  167  
000183  
000193  
000213  
0002  18 
0 0 0 0 7 0  
0 0 0  119 
0 0 0 6 4 9  



7 9  HR* Z I R C O N I U M  8 9  

D E T E C T O R  3x3-3 D A T E  9-23-63 

O O C  
010  
020 
03G 
0 4  C* 
050 
360 
070 
08'3 
090  
106 
110 
1 2  0  
130 
1 4 6  
1 5 0  
160  
170  
1 8 0  

P L A T E  NO. 40 -89 -1  S O U R C E  D I S T A N C E  10  C M *  

EINERGY' S C A L E  1.9 K.EV/PHU A B S O R 3 E R  1.18 G B E  + 200 MG C U  SAND 

I N T E t A S I T Y  M O ~ M A L I Z A T ' I O U  NONE 



6 5  DAY Z I R C O N I U M  95 

DETECTOR 3x3 -2  D A T E  1 0 - 3 1 - 6 2  

P L A T E  NO*  40-95-2  SOURCE D I S T A N C E  10 CM* 

ENERGY SCALE  1.0 KEV/PHU ABSORBER 1 .18  G/CM S Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



65 DAY ZIRCONIUM 95 - NIOaIUM 95 

DETECTOR 3x3-2 DA fE  6-13-63 

PLATE NO* 40-95[41-951-2 SOURCE DISTANCE 10 CMo 

ENERG" SCALE 1 0 0  KEV/PHU ABSORBER 1.18 G/CM SQO BE 

IIXTE\SITY NORMALIZATION NOPIE 

c* 1 2 3 4 5 
000 O O O C O O  003220 003197 002642 302416 002504 
019 002347 002.296 002307 002276 302381 00242.4 
020 003c98 002903 002753 002678 302660 002765 
030  002643 002641  002630 002526 302541 002562 
040  002582 002632 002578 002553 302643 002660 
050  002E00 002851  002790 002643 002477 002222 
060  000E48 000681 '000591  COD556 000601  000613 
070  004638 006923 009924 013396 016376 018375 
080  004293 902158 000991  000427 000192 000077 



17  HRo Z I R C O N I U M  97 - 60  SECo N I G B I U M  97M ( E Q U I L I B R I U M )  

3ETECTOR 3x5-2  DATE 5-19-61 

P L A T E  NO. 40-97-2 SOURCE D I S T A N C E  10 C M e  

ENERGY SCALE  1.0 K E V / P H U  ABSORBER 1.18 G/CM SQ. B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 

C 1 2 3  4  5 6  7  8  9  
000 O O O C O O  000000 000000 011839 011855 011423 011115 010299 009814 009630 
010  OO92.01 009503 009478 009355 009543 009305 009260 009569 010155 010927 
020  010987 010939 010796 010214 010812 012119 013087 012814 011269 010405 
030 009993 009774 0139526 009845 010638 011919 012314 011771  010347 009200 
040  308889 008567 038271 007931  007837 007998 008074 008404 009506 011081  
050 013063 013882 013730 012176 009577 007114 005457 004316 003695 003541 

060 003532 003263 003075 002412 002067 001973 002159 002455 003736 006502 
070 011979 020263 031648 043491 052660 053934 047704 036649 024165 014249 
080 007770 004167 002350 001513 001088 000848 000721  000598 000527 000476 

090 000421 000352 000358 000370 000395 000413 000404 000472 000538 000583 
100 000633 000645 000647 000585 000495 000460 000398 000394 000389 000428 
110 000542 000722 000775 000916 000969 000$01  000822 000625 000506 000398 

120 000311 000283 000282 000289 000290 000358 Oq0394 000376 000322 000397 
130 000352 00035'1 00033-3 000373 000361 000372 000344 000321 000266 000207 
140 000182 000170 000136 000120 000106 000090 000073 ~ 0 0 0 8 0  000096 000067 
150 000069 000065 000055 000058 000044 000033 000051 000042 000037 000034 
160 000044 000029 000023 000023 000047 000058 000092 000085 000113 000140 
170  000174 000162 COO177 000161 000171 000148 000125 000119 000115 000072 



17  HR* ZPRCOh,IUM 97  - 74 M.IN* N I O B I U M  9 7  ( E O U I L I G R I U M )  

DETECTOR 3x3-2 DATE 5-19-:61 

PLATE NO* 40-97(41-971-1 SOURCE DISTANCE 10 CM* 

ENERGY SCALE 1.0 i<EV/PHU ABSORBER 1.18 G/CM SQ* BE 

I N T E N S I T Y  NORMALtZATION NONE 

0 1 2 3 4 5 6 7 8 9 
C O O  O O O O C O  011500 0116C0 012340 013679 013317 012842 c12463  011948 011494 
010 011375 011533 0115E1 011684 011817 011850 011971 012582 013727 015201 
020 nZa15471 014988 014258 013828 013934 014516 014943 014261 013247 012665 

030 C12459 012091 0 1 2 0 t 0  GI2036 012609 013136 013456 013131 012332 011649 
040 C1132:3 011304 011240 01.L314 011361 011022 010388 01131364 009736 010143 
0'56 C1076.5 010966 010457 clog213 037669 006187 005105 0'04500 004255 004404 
06C C051G0 007043 011286 Ca18818 028561 038857 044415 043213 036178 027262 
070 C20990 019651 023260 C29140 033882 034580 0 3 0 1 ~ 1 j  022989 015262 008977 
080  004939 002641 001574 C01017 000732 000597 000448 000421 000363 000340 
090 000291 000295 000281 COO249 000252 000284 000259 030371 000431 000466 
100 000573 000665 0'00622 COO364 000530 000492 0004C80 '330330 000313 000341 
110 OlOOj77 000443 000-546 GO0566 000559 COO556 000512 030414 000329 000263 
120 000217 000201 000185 000196 000222 000233 009246 0110257 000269 000245 
130  00022.3 000245 000231 000249 000254 000221 0002C8 000181 000154 000140 
1 i + O  000114 000084 000073 WE044 0000.59 000054 000067 000067 000055 000062 
150 030059 000048 000042 OOC05.1 000038 000027 000017 000C~18 000021 000019 
160 030016 COO020 000024 OOC024 000028 000024 00003.6 00C1C69 000089 000102 
170 030115 O O O 1 O O  000122 090108 000118 000102 000091 9 0 ~ C 8 8  000053 000041 
180 O,!lOO46 000041 000045 OD0034 0C0029 000024 O O O O i € .  o0C009 000016 O o o o l l  
190 OOOOCg 000006 000008 030003 OC0004 000007 O O O O O C  O O C O Q O  w )5 



10 DAY N I O B I U M  92 

105 D E T E C T O R  3X.3-2 D A T E  7 - 3 1 - 6 1  

P L A T E  NO. 4 1 - 9 2 - 1  SOURCE D I S T A N C E  10 CMa 

ENERGY SCALE L a 0  K E V / P H U  ABSORBER l a 1 8  G / C M  SQa BE 

3.74 X lo7 (0.931 MEV)  GAMMAS EMITTED 



6 . 6  M I N .  N I O B I U M  94M 

DETEC'OR 3x3-2 DATE 6 - 3 0 - 5 1  

PLATE NO. 41-94M-1 SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSO3BER 1 - 1 8  G/CM SO. BE 



2 0 9 0 0 0  YEAR N I O B I U M  9 4  

107 DETECTOR 3 x 3 - 2  DATE 8 -20-63  

PLATE NO* 41 -94-2  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 - 1 8  G/CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 

4  
0 0 6 9 3 4  
0 0 6 4 8 4  
0 0 6 9 1 3  
0 0 6 8 2 4  
0 0 6 9 5 3  
0 0 4 7 8 4  
0 0 5 5 8 2  
0 1 0 0 3 7  
0 1 6 6 9 1  
0 0 0 8 8 9  
0 0 0 1 1 4  
0 0 0 0 9 7  
C'O 0  0  8  5 
0 0 0 0 8 2  
0 0 0 0 2 2  
0 0 0 1 7 7  
0 0 0 0 1 6  
* 



35  D A Y  N I O a I U M  9 5  

DETECTOR 3x3-2  DATE 1-29-62 

P L A T E  NO. 41-95-2 SOURCE DISTANCE 10 CM. 

ENERGY SCALE 1.10 EEV/PHU ABSORBER 1.18 G / C M  SQm BE 

4.67 X la7 ( 0 . 7 6 6  M E V )  C A M A S  E F r f T T I D  



109 D E T E C T O R  3 x 3 - 2  D A T E  5 - 1 9 - 6 1  

P L A T E  N O *  4 1 - 9 7 M - 1  S O U R C E  D I S T A N C E  10 CM. 

E N E R G Y  S C A L E  l a 0  K E V / P H U  A B S O R B E R  l a 1 8  G / C M  S Q a  B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  N O N E  



74 MINm NIOBIUM 97 

DETECTOR 3x3-2  DATE 5 -18-61  

PLATE NO. 41-97-1 SOURCE DISTANCE 1 0  CMe 

ENERGY SCALE 1 .3  KEViPHU ABSORdER 0 . 5 9 8  G i C M  SQ. BE 

1 NTENSU TY NORMAL I ZAT I OIV NONE 



16 MIN.  MOLYBDENUM 91 

1 4 1  DETECTOR 3x3-2 DATE 9-22-63 

PLATE NO* 42-91-1 SOURCE .DISTANCE 10 CM. 

ENERGY SCALE 1.0 KEV/PHU, ABSORBER 1.18 G BE + 4 0 0  MG CU SW 

I N T E N S I T Y  NORMALIZATION NONE 

0 1 2 
000 OCOOOO 005150 005250 
010 OC595J 005833 005867 
020 OC6375 006561 006443 
030 006129 005895 005643 
040 001963 001929 001956 
050 02.4425 044086 04?463 
060 000437 000407 006398 
070 000336 000285 OOC314 
080 000173 000192 000184 
090 000135 000118 OOC147 
100 OO O l l g  000108 000109 
110 000086 000088 000073 
120 000072 000046 000064 
130 000039 000059 000042 
140 000036 000026 000035 
150 000045 000039 000040 
160 00004+ 000041 OOC1035 
170 000028 OOOOl9 OOC1017 
180 000019 000018 000009 
190 0~0010 000010 O O C I O ~ ~  
200 000007 000016 000000 



66 HF:e AOLVB'DENUM 99 - 'WITH 6 HR. TECHNETIUM 99M 
. . 

I. . ' . ; , : .  

DETECTOR 3x3-2 D A T E  5-16-61 

PLATE NO* 42-99 (43-93M)-1  SOURCE DISTANCE 10 C M e  

ENERGY SCALE 1.0 KEt;/PHU ABSORBER 1.18 G/Ciq SQ. BE 

- 0 1 2 3 G 5 6 7 8  9  
O C O  0OCG30 004270 003590 007649 001776 003468 0101549 301133 001672 002240 
O l d  003046 004401  006298 0 1 ~ 2 8 0  054208 090434 Oi51768 313800 003117 005608 

020 004C73 301386 000469 00047C 000480 000442 000419 900431 000459 000485 

030 OOC471 000438 000361  1000322 000376 000497 000598 1300723 030751  000588 

040 000479 000346 000310 000297  000297 000306 000308 1 ~ ~ ~ 3 0 :  000299 000318 

050  000295 000324 000339 000340  000295 000273 030209 ')00188 000157 000151  

060  000144 000111  000082 000072 000074 OOC094 030058 a00392 000115 000183 
070  000354 000587 000926 001314 001b81 001842 031842 601536 001296 001026 

090  000715 000505 000338 DOC188 000129 000076 030000 009300 000000 O C O O O O  



14.6 M I N *  MOLYBDENUM 101 

D E T E C T O R  3 x 3 - 2  D A T E  1 1 - 6 - 6 3  

P L A T E  N O *  4 2 - 1 0 1 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 KEV/PHU ABSORBER 1 . 1 8  G / C M  S Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



DETECTOR 3 x 3 - 3  DATE 6 - 2 0 - 6 3  

PL.ATE NO.. 4 3 - 9 5 - 1  SOURCE D I S T ~ N C E  1 0  CM. 

EhERGY SCALE 1.0 K E V i P H U  ABSORE*ER l.,l@ G / C M  SQ. BE 

9.86 X ko7' i 0 . 7 6 8  MEV)  GAMNAS EP,ITTED 



6 0  DAY TECHNETIUM 95M - 2 0  HR* TECHNETIUM 9 5  

115 DETECTOR 3x3-2 DATE 7-9-63 

PLATE NO* 43-95M ( 4 3 - 9 5 1 - 1  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM S Q *  BE 

I N T E N S I T Y  NORMALIZATION NONE 



4 . 3  DAY T E C H N E T I U M  96 

D E T E C T O R  3x3-2 D A T E  9-5-63 

P L 4 T E  NO. 43-96-1 SOURCE D I S T A N C E  10 C M *  

ENERGY S C A L E  1.0. KEV/f3HU ABSORBIER 1 . 1.8 G / C M  S Q *  t3E 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



2 e 1 0 E 0 5  YRe TECHNETIUM 99 

117 DETECTOR 3 x 3 - 2  DATE 8 - 3 0 - 6 1  

PLATE.NOe 4 3 - 9 9 - 1  SOURCE DISTANCE 1 0  CWe 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 - 1 8  G/CM 5Qe BE 



1 5  M I N e  T E C H N E T I U M  101 

C E T E C T O R  3 x 3 - 2  D A T E  8 - 3  1-,513 

F L A T E  NO. 4 3 - 1 C 1 - 1  SOURCE D I S T A N C E  80 CMe 

ENERGY S C A L E  1.0 EEIJ/FHU ABSORBER 5 9 8  MG/CM SQ BE 

I N T E N Z I T Y  N C , R M A L I  Z A T  I G N  NONE 



1.7 HR. RUTHENIUM 95 

119 DETECTOR 3x3-3  DATE 6 - 2 0 - 6 3  

PLATE NO. 4 4 - 9 5 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1. 18G/CM 5.3 BE +0.1G CU SANDW. 

I N T E N S I T Y  NORMALIZATION NONE 



2.9 DAY RUTHENIUM 9 7  

DETECTOR 3x3-2 DATE E-21-61 

PLATE NO* 44-97-1 SOURCE. D ISTANCE 10 CM* 

EhERGY SCALE 1.C. KEV/FHU ABSOREER 1.18 G / Z M  50 .  BE 

I N T E N S I T Y  NORMALIZATIOh  NONE 

0 1 2 3 4 5 6 7 8 9 
O C O  O O O O O C  006900 034364 039104 C02500 OC1911 001898 002222 002754 003059 
010  002714 002170 002355 002159 GO2121 002485 002810 003238 093741  005202 
020 012692 043156 081395 079339 043359 014284 003277 000758 000373 000364 
030  OCl0765 001824 003791  006300 006692 005194 002981 001137 000330 000104 
040  000071  000074 000055 3001365 000039 000058 000052 000038 000044 000034 
050 00003g 000029 000024 000~341 000041 000066 000120 000211 000253 000256 
060  OCI024C 000204 000135 OC006e GO0033 000020 000052 000027 000000 000000 



4 0  DAY RUTHENIUM 1 0 3  

1 21 DETECTOR 3 x 3 - 2  DATE 3 - 2 3 - 6 2  

P L A T E  NO* 4 4 - 1 0 3 - 1  SOURCE DISTANCE 1 0  CMo 

ENERGY SCPLE 1 0 0  KEV/PHU ABSORBER 1.18 G/CM SG* BE 

I N T E N S I T Y  NORMALIZATION NONE 



4.45 HR. RUTHLNIUM ,105 

DETECTOR 3x3-2  DATE 1 -30-63 

PLATE NO. 4 4 - i 0 5 - 1  SOURCE DI6T.ANCE 1 0  CM. 

ENERGY SCALE 8.0 KEV/PHU ABSORBER f 0 1 8  G / C M  SQ. BE 



1.0 YRe RUTHENIUM 1 0 6  - 3 0  SECe RHODIUM 1 0 6  

1 23 DETECTOR 3 x 3 - 2  DATE 4 -4 -62  

P L A T E  NO. 4 4 - 1 0 6  ( 4 5 - 1 0 6 1 - 3  SOURCE DISTANCE 1 0  CMe 

ENERGY SCALE 1 0 0  KE.V/PHU ABSORBER 1 0 1 8  G/CM SQo BE 

I N T E N S I T Y  NORMALIZATION NOhE 



4.7 DAY RHODIUM 1011.1 

DETECTOR 3x3-2 DATE 2-19-64 

PLATE NO. 45-101M-1 SOURCE .DISTANCE L O  CM. 

ENERGY SCALE 1.0 KEV/PHU AB.SOR3ER 1 -15  G;CM SQ. BE 

,INTENSITY r4ORMALIZATIOU NONE 

0 1 2 3 4 5  6  8  9  -v 

030  000000 003142 108475 055344 003668 002820 0028CO 002640 002511  002449 
01C 002381  002411  002753 003851  004494 004060 003863 003344 002937 002615 
020  002134 001777 001742 001729 001963 002209 00218v 002759 005298 016280 
030  038158 057558 055007 035102 015301  004707 001168 000351 000136 OOOC49 
040  000053 000042 000042 OOC04.9 000031 000060 000078 COOC162 000027 000056 
030 000123 000239 00050?  OOC823 001196 001259 001116 OOOE.59 000'494 000264 
060  000095 000037 00000a3 O O C O O O  000000 000000 000000 O O O G O O  000000 000000 



13.6 HRe PALLADIUM 1 0 9  

DETECTOR 3x3-2 

PLATE NO. 4 6 - 1 0 9 - 1  

DATE 11-5 -63  

SOURCE DISTANCE 1 0  C M e  

ENERGY SCALE 0.5 KEV/PHU ABSORBER 1.18 G / C M  SO. BE 

I N T E N S I T Y  NORMALIZATION NONE 



4 0  DAY S ILVER 1 0 5  

DETECTOR 3 x 3 - 2  CATE 6 -10-63  

PLATE NO. 4 7 - 1 0 5 - 1  SOURCE DISTANCE 1 0  CMo 

ENERGY SCALE 1 .00  KEf//PHU ABSOqBER 1 . 1 8  G/CM SGo BE 



8.3 DAY S I i V E R  106M 

DETECTOR 3x3-2 

PLATE NO. 47-106M-1 

DATE 6 -24-63  

SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.1.8 G/CM SO. BE 

I N T E N S I T Y  N O H M A L ~ Z A T I O N  NONE 



24  MIN. S I L V E R  106 

D E T E C T O R  3 x 3 - 3  D 4 T E  6-20-63 

P L A T E  NO. 47-106-1 S O U R C E  D I S T P . U C E  1 0  CM. 

E N E R G Y  S C A L E  1.0 KEJ/PHU A3SORBER 1 C / C M  SQ B E  + 2 0 0  MG C U  SW. 

I N T E A S 1  T Y  NORMAL I Z A T I O N  NONE 



5 YR. S I L V E R  108M 

1 29 DETECTOR 3 x 3 - 2  DATE 7 - 2 3 - 6 3  

P L A T E  NO. 4 7 - 1 0 8 M - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



2.4 MIN. S I L V E R  1 0 8  

OETECTOR 3 x 3 - 2  DATE 3-4-63 

"LATE NO. 4 7 - 1 0 8 - 1  SOURCE DISTANCE 10, CM. 

ENERGY SCALE 1.0 KEL1,'PHU ABSORBER 1.18 G / C M  SQ. BE 

I N T E N S I T Y  NORMALIZATION NOP-E 



2 5 0  D A Y  S I L V E R  l l O M  

131 D E T E C T O R  3 x 3 - 2  D A T E  7-16-63 

P L A T E  NO. 4 7 - 1 1 0 M - 2  SOURCE D I S T A N C E  10 C M *  

E N E R G Y  S C A L E  1.0 KEV/PHU A B S O R B E R  1.18 G / C M  S Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  N O h E  



24 5.EC. S I L V E R  110 

D E T E C T O R  3x3-2 

P L A T E  NO. 47-110-1 

D A T E  4-25-61 

SOURCE D I S T A N C E  10 CM. 

EMERGY S C A L E  1.0 KEV/PHU A B S O R B E R  1.18 G / C M  SQ. B E  

:NTENIDTY N O R M A L I Z A T I O N  N O ~ E  

0 1 2 3 4  5  6  7  8 9  
000 O O O O O C  025643 044160 02925.9 017856 017965 0186C8 018559 017887 016915 
0.10 015884 014728 013557 0125L.O 011457 010459 009837 009188 008564 008057 
020 00733' 006925 006281 035926 005591 0125339 005027 004799 004576 004363 
030  004105 003810 003716 C334L9 003413 003311 00126'0 003100 002833 002775 
O L O  00282E 002745 002607 032SE.& 002536 002454 0 b ; 2 ~ 8  002057 001763 001562 
050  001461 001370 001250 031201 001176 001115 001140 001130 001108 001239 
060 001474 002210 003557 035373 007673 009190 O09ZG1 008267 006012 003840 
070  002175 001289 000806 030547 COO524 000473 000449 000403 000393 000403 
080 000437 000423 000373 030351  000544 000342 000310 000259 000268 000267 
090  003271 000222 000211 030220 000215 000180 000180 000173 000165 000155 
100 000147 000159 000146 030147 000135 000135 000132 000125 000128 000115 
110 0 0 0 1 0 ~  000112 000111  03010L. 000104 000087 000091 000076 000076 000085 
120  000071  000055 000055~ 030061  000046 000070 300052 000043 000054 000050 
150  000061  000048 000029 030039 000045 000039 000039 000025 000047 000022 
1 ~ 0  00003: 000045 00003: 030025 000029 000042 000031  OOOC22 000024 000030 
160 00002$ 000028 000016 030015 000023 000015 000019 000014 000021  000013 
170 00001: 000019 00001:. G30011 080012 000021  000014 000021 000016 000000 



4 7 0  D A Y  C A D M I U M  109 

133 D E T E C T O R  3x3-2 D A T E  1 1 - 4 - 6 3  

P L A T E  N O *  4 8 - 1 0 9 - 1  SOURCE D I S T A N C E  10 C M *  

ENERGY S C A L E  0.5 K E V / P H U  ABSORBER 1.18 G / C M  SQ. B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



43 DP.Y CADMIUM 1 1 5 M  

DETECTOR 3)(3-6 D A T E  3 -19 -6 ' 3  

P L A T E  N O *  48-llJM-1 S0URC.E D I S T A N C E  1 0  CMe 

ENERGY SCALE  1 3 KEV;P'iU ABSORBER 1.18 G / C P  SQ. B E  

INTENS1 TY  N O R M A L I Z A T  I O A  NONE 



2.3 DAY CADMIUM 1 1 5  - 4.5 HR. I N D i U M  115M 

DETECTOR 3 x 3 - 2  DATE 7-7-62 

PLATE NO* 4 8 - 1 1 5 ( 4 9 - 1 1 5 M ) - 2  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM S G .  BE 

I N T E N S I T Y  NORMALIZATION NOhE 

0 
0 0 0  OOOCOO 
0 1 0  0 0 5 9 7 5  
0 2 0  , 0 0 5 4 5 8  
0 3 0  0 0 6 3 7 0  
0 4 0  0 0 0 8 2 8  
0 5 0  0 1 3 0 6 3  
0 6 0  0 0 0 1 2 1  



2.8 DAY I N D I U M  111 

DETECTOR 3 x 3 - 2  DATE 9 -24-63  

'LATE NO* 4 9 - 1 1 1 - 1  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE Om'5 KEV./?HU ABSORBER 1 .16  G/CM S O *  BE 

I N T E N S I T Y  NORMALIZATION NONE 



2 1  MIN. I N D I U M  112M - 1 4  MIN. I N D I U M  1 1 2  ( E Q U I L I B R I U M )  

137 DETECTOR 3x3-3  DATE 9 -22-63  

PLATE NO. 49-112M ( 4 9 - 1 1 2 1 - 1  SOURCE DISTAN.CE 1 0  CM. 

ENERGY SC'ALE 1.0 KEV/PHU ABSORBER 1.18 G BE + 2 0 0  MG CU SAND 

I N T E N S I T Y  NORMALIZATION NONE 



1.7 HRa I N D I U M  113M 

DETECTOR 3x3-2 DA'E 6 - 8 - 6 1  

P L A T E  Ii3a 4 9 - 1  l Z M -  i SOURCE DISTANCE 13 CM* 

ENERGY SCALE l a c  KEV!PHU ABSORBER 1.18 G / C M  S O *  BE 

1.NTENSITY N O R M A i I  ZAT I O N  NOhE 



5 0  DAY I N D I U M  1 1 4 M  - 7 2  SEC I N D I U M  1 1 4  

139 DETECTOR 3x3. -2  DATE 4 - 3 0 - 6 4  

PL'ATE NO. 4 9 - 1 1 4 M ( 4 9 - 1 1 4 1 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1-00 KEV/PHU ABSORBER 0 .594  G/CM SQ BE + POLY CAP 

I N T E N S I T Y  NORMALIZATION NONE 



4.5 HR. I N D I U M  115M 

DETECTOR 3 x 3 - 2  DATE 1 -20-63  

PL,GTE NO. 49-115M-2 SOURCE DISTAkCE 10 CM. 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 0 - l k 0  G/CM SQ. BE 

I N T E U S I T Y  NORMALIZATION NONE 



5 4  MIN*  INDIUM 116M 

141 DETECTOR 3x3-2  DATE 3-24-64 

PLATE NO* 49-116M-.1 SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU' AB'SORBER 10 18  G/CM SQ. BE , 

INTENSITY NORMALIZATION NONE 

0 1 2  3  4  5  6  7  8  9  
0 0 2  0 ~ 0 0 0 0 0  0 1 5 9 5 7  006438  0 1 0 5 6 7  0 0 5 6 6 0  004748  005083  004960  0 0 4 9 0 6  005002  
0 1 0  004970  0 0 5 0 1 7  005272  007173  012327  011572  0 0 6 2 4 7  0 0 4 9 9 7  0 0 4 9 8 6  005055  
0 2 0  005323  0 0 5 6 9 2  0 0 5 6 2 4  005503  0 0 5 2 7 1  0 0 5 1 2 6  0 0 4 7 7 9  004593  0 0 4 3 5 0  0 0 4 2 8 8  
0 3 0  0 0 4 1 3 1  0 0 4 0 0 3  0 0 4 0 1 1  0 0 4 1 2 7  004295  004574  0 0 4 8 1 6  004993  0 0 6 6 8 9  010368  
0 4 0  015692  02016.0 0 2 0 4 1 9  0 1 6 2 3 1  010418- 006400  004527  004083  0 0 3 7 9 4  0 0 3 6 2 4  
0 5 0  003562  003485  0 0 3 5 1 8  003552  0 0 3 5 5 4  003537  003605  003570  0 0 3 4 9 2  003579  
0 6 0  0 0 3 5 5 9  0 0 3 5 0 1  0 0 3 4 4 6  0 0 3 5 0 9  0 0 3 4 8 0  003444  0 0 3 4 3 6  0036C9 0 0 3 6 8 4  003628  
0 7 0  00,3698 0 0 3 6 9 8  0 0 3 6 8 4  003683  003975  0 0 4 3 3 6  004807  005362  0 0 6 1 3 7  006706  
0 8 0  0 0 6 8 9 6  0 0 6 6 5 1  006038  0 0 5 1 5 1  004537  0 0 4 1 3 1  003645  003439  0 0 3 1 9 5  0 0 3 0 9 3  
0 9 0  002965  0 0 2 8 4 9  0 0 2 8 5 7  0 0 2 9 2 0  002912  002872  002978  003060  00326.2 0 0 3 5 3 9  
1 0 0  004164  004905  006035  0 0 7 8 4 9  009548  010445  0 1 0 8 2 0  010280  008995  007098  
110  0 0 5 2 0 4  0 0 3 8 1 6  002718  0 0 1 9 5 1  0 0 1 5 7 6  001358  0 0 1 5 5 0  0 0 1 9 2 4  0 0 2 6 3 0  003793  
120  0 0 5 1 5 4  3 0 6 7 7 3  008748  0 1 0 1 7 2  010725  0 1 0 5 9 0  009263  008226  0 0 6 4 1 0  0 0 4 7 1 6  
1 3 0  0 0 3 3 8 9  0 0 2 3 4 8  0 0 1 5 6 7  3 0 1 0 7 7  000799  000658  000587  000557  0 0 0 6 4 6  0 0 0 7 2 4  
1 4 0  000827  0 0 1 0 2 7  00.1154 0 0 1 2 5 9  001337  0 0 1 2 6 1  0 0 1 1 8 0  001017  0 0 0 9 3 0  000768  
150  0 0 0 6 8 1  0 0 0 6 0 4  00,0513 000493  000463  000472 0 0 0 4 5 6  000437  0 0 0 4 1 9  000416  
1 6 0  0 0 0 4 2 6  0 0 0 4 1 0  000.420 0 0 0 4 5 1  000495  0004'85 000525  000522  0 0 0 5 2 8  0 0 0 5 1 7  
1 7 0  000445  000405  0 0 0 3 8 0  000413  000345  0 0 0 3 2 6  000289  0 0 0 2 8 9  0 0 0 2 5 8  000233  
1 8 0  000229  0 0 0 1 8 7  000163  000172  000143  000118 000133  000120  0 0 0 1 3 3  000149  
1 9 0  0 0 0 1 6 1  0 0 0 1 9 1  000255  000317'  0 0 0 3 8 6  000523  000626  0 0 0 7 6 1  0 0 0 8 4 0  000965 
2 0 0  0 0 0 9 3 0  0 0 0 9 5 2  00,0853 0 0 0 8 0 7  000697  0 0 0 5 7 6  000462  000362  0 0 0 2 7 5  000223  
210  0 0 0 1 7 6  000,124 00,0095 0 0 0 0 5 9  000079  000061 '  000042  000027  0 0 0 0 2 4  000037  
2 2 0  000024  0 0 0 0 3 1  00002.1 COO037 0 0 0 0 3 1  000023  0 0 0 0 4 4  000050  0 0 0 0 4 5  0 0 0 0 5 1  
2 3 0  000055  0 0 0 0 5 3  000053  0 0 0 0 4 0  000042  0 0 0 0 4 0  0 0 0 0 2 6  0 0 0 0 2 4  0 0 0 0 2 6  000028  
2 4 0  000023  0 0 0 0 2 4  000020  000015  000020  000018  0 0 0 0 2 4  0 0 0 0 1 4  0 0 0 0 0 7  000013  
2 5 0  DO0002 0 0 0 0 0 7  00C000 O G O O C O  O O C O O O  0 0 0 0 0 0  00'000 * 9 * 



904 DAY T I N  1 2 5  

CZTECTOR 3 x 3 - 2  DPT.E. 2 -7 -6L  

P L A T E  NO* 50-12 '5 -1  SCURCE DISTAWZE 1 0  CEO 

ENERGY SCALE 1.0 KEV/PHU A'BSOR3ER 1 .18  G/CK SSQ* BE 

I N T E N S I T Y  N O Z M A L I Z A T I O U  NONE 



9.7 M I N *  T I N  12.5M 

143 DETECTOR 3 x 3 - 2  3 A T E  1 1 - 6 - 6 3  

PLATE NO* 5 0 - 1 2 5 M - 1  SOURCE DISTANCE 1 0  C M *  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  5d.o BE 

I N T E N S I T Y  NORMALILAT ICN NONE 



5.8 D,AY A N T I M O N Y  l 2 O M  

DETECTOR 3 x 3 - 2  D A T E  4 - 8 - 6 3  

P L P T E  NO. 5 1 - 1 2 0 M - 1  SOURCE D I S T A N C E  10 C M *  

ENERGY S C A L E  1.0 KE'J/'HU A B S d K B E R  1.1i3 G / C Y  SW. B t  



16 MINm ANTIMONY 1 2 0  

145 DETECTOR 3 x 3 - 2 4  D A T E  4 - 4 - 6 3  

P L A T E  NO. 5 1 - 1 2 0 - 1  SOURCE D I S T A N C E  10 CMm 

ENERGY SCALE 1.0 K E V / P H U  ABSORBER 1.18 G/CM SQm BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



3.4 M I N .  A N T I - M C N Y '  1 2 2 M  

OETECTOR 3x3-2  ' . D A T E  3-4-63 

P L A T E  P110. 51.-12:2M-1 . SOURCE D I S P A N f E  10 CM. 

EIVERGY S C A L E  0.5 KEL4/"HU A B S O R 3 E R  1 + 1 8  G;C,M SO. BE 

I N T E N S I T Y  N O R M A L I Z A T I O . ~  NORE 



2.8 DAY ANTIMONY 1 2 2  

147 CETECTOR 3 x 3 - 2  DATE 3-5-63 

PLATE NO. 5 1 - 1 2 2 - 2  SOURaCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



6 0  DAY ANTIMONY 1 2 4  

DETECTOR 3 x 3 - 2  DATE 1 2 - 1 3 - 6 2  

-PLATE NO. 5 1 - 1 2 4 - 2  SOURCE-DI-ST-ANC'E .. lo CM. 

EKERGY SCALE 1.Cl  K f V / P H U  ABSOREER 1.18 G/CM SQ. BE 

I N T E N S I T Y  N O k M A L I Z A T I O h  NONE 



2.7 Y R *  A N T I M O N Y  125 - 58  D A Y  T E L L U R I U M  1 2 5 M  

149 !DETECTOR 3 x 3 - 2  D A T E  1 0 - 3 0 - 6 2  

P L A T E  N O *  5 1 - 1 2 5  ( 5 2 - 1 2 5 M ) - 1  SOURCE D I S T A N C E  10 CM. 

' ENERGY S C A L E  ,180 KEV/PHU ABSORBER 1 . 1 8  G / C M  S Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



2.7 Y R *  ANTIMOhtY  125 ( W I T H  T E L L L R I ' U M  125,,'4 S E P A R A T E D )  

P-ATE N O *  5 1 - 1 2 5 - 2  ScURCE DISTANCE 10 C M *  

ENE3GY S C A L E  1.9 K E V ~ W U  ABSORBER 1.18 G / C M  'SQ* BE 

I N T E N 3 l T Y  ~ O ~ M A L I Z A T I O Y  NONE 



5 8  DAY TELLURIUM 125M 

1 5 1  D E T E C T O R  3 x 3 - 2  D A T E  aL-i4-62 

PLATE NO* 52-125M-1 SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 1.18 G/CM SQ* BE 

INTENSITY NORMALIZATION NONE 



78 HR* TELLURIUM 132 

UETECT3R 3x3-2 DATE k1=15-63 

PLF,TE Y O *  52-132-1 SOURCE DISTANCE 10 CM; 

- 
ENERGY SCALE 1.0 K E V i P k l U  Ai3SOF:BER 1.18 Gs/CI?I Sum BE 

- 
I N T E N S I T Y  NORMAL[ZATIOI\ :  &ON_ 1 - - 

0 1 2 - 4 5 6 7 . .  8 9 
- 

00'3 OOOOCO 000356 00352.9 085363 060137 01.2396 016273 c0265-6 001488 001906 
.C10 002i)30 002'789 004844 GO4C16 001723 001662 002039 GO1872 001777 001934 
C ~ ( J  ild2420 004277 016118 033154 047686 03.177s 012423 c-03517 001197 000579 
C 3 0  003.323 039174 GOOOCO GOl3COO 900000 0000QC OOOCOO Z.00000 000000 000000 - - 



78 HR. TELLURIUM 132 -2 .3  H,R. IODINE 132 (EOUILIbRIUM) 

DETECTOR 3x3-2 DATE 11-18-63 

PLATE NO* 52-132(53-1321-1 SOURCE DISTANCE 10  CM. 

ENERGY SCALE 1.0 KEV/PHU .ABSORBER 1.18 G / C M  sQ. BE 

INTENSITY NORMALIZATION NONE 

0 1 2 3  4  5  6  7  8  9  
000  999999 010911  021905 216817 128957 033945 042029 012860 011796 012485 
010  013014 014630 018819 016820 011839 011885 012629 012358 013159 014764 
020  016265 023630 056824 106785 110818 064908 026341 014760 012261  010976 
030 1010026 009561  009285 009189 009081 008989 009066 009351 009074 008590 
040 008597 008674 008837 006869 009107 008767 008584 008448 008409 009449 
050  010934 012800 0113493 013088 011511  008606 006855 005441 004994 005058 
060  006139 008264 011614 016641  022724 029420 033396 033559 028911  021943 
070 015070 010723 009132 010179 013096 016255 019247 019889 018318 014827 
080 011173 007717 005260 003434 002563 002028 001738 001633 001685 001960 
090  002145 002613 C03082 003523 003810 003533 003110 002553 002028 001624 
100 001237 001010 COO878 000763 000784 000701 000809 000832 000974 001034 
110 001164 001229 G01258 001268 001134 000979 000998 000741 000703 000622 
120 000559 000543 000534 000581  000576 000688 000695 000682 000706 000760 
130 000748 000815 000878 000942 001032 001126 001108 001098 001011  000939 
140  000868 000769 000699 000631  000533 000409 000402 000292 000252 000225 
150 000197 000168 000130 000122 000107 000130 00G124 000127 090110 000134 
160 000127 000115 oono90 n c o i 2 6  o m 1 3 5  c 1 ~ 0 n 9 9  000121 000119 000112 000129 
170 000157 000105 000114 000104 000109 000100 000087-000077  000076 000083 
180  000066 000100 000102 000114 000102 000103 000117 GO0119 000112 000112 
190 000112 000131  000129 000126 000104 330107 OQ0096 300080 030076 000064 
200 000059 OOOC63 000060 000042 000040 000035 000041 000033 000020 000045 
210 000028 000036 000019 000028 000032 Q-00027 000023 GOO022 000008 000017 
220 000010 000019 000016 COO007 000011 000005 000012 O9OOlQ 000014 000009 
230 000026 000014 000017 000014 000011 030306 900005 000009 000000 000004 
240 000007 000003 000002 000009 000005 000007 000004 O O C O O O  000005 000000 



13.2 DAY I O D I N E  1 2 6  

DETECTOR 3x3 -2  DATE 9-24-63  

P L A T E  KO. 5 .3 -126-1  SOURCE DISTANzCE 1 0  C M e  

ENERGv SCALE  1.0 KEU'TPHU ABSCRBER 1.18 G / C M  SQ*  BE 



2 5  M I N  I O D I N E  1 2 8  

155 DETECTOR 3 x 3 - 2  DATE 7 - 2 2 - 6 3  

PLATE NO- 5 3 - 1 2 8 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 - 1 8  G / C M  SQa eE 

I N T E N S I  T Y  NORMALIZAT IUf'd NOhE 



12.5 HR. IOD INE  1 3 0  

DETECTOR 3x3 -2  DATE 11-16-62  

P L A T E  NO* 53-130.-1 SOURCE D I S T A N C E  1 0  CM. 

ENERGY SCALE 1.0 K E V i P i U  AGSORBER 1.18 S / C M  SQ* BE 



8 DAY I O D I N E  1 3 1  

157 DETECTOR 3 x 3 - 2  DATE i - 2 3 - 6 2  

PLATE NO* 5 3 - 1 3 1 - 2  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



2 0 3  HRo I O D I N E  1 2 2  

DETECTOR 3 x 3 - 2  DATE 3 -22-62  

PLPTE N O .  53 -132-2  SOURCE DISTANCE 1 0  CMo 

ENERGY SCALE 1.0 KE1:/PHU ABSORBER 1 0 1 3  G / C V  SQo BE 

Ih .TE#SITY hORMALIZATION NONE 



20.8 HR* I O D I N E  1 3 3  

159 DETECTOR 3 x 3 - 2  DATE 1 - 1 7 - 6 2  

PLATE NO* 5 3 - 1 3 3 - 2  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.16 G / C M  SO* 8E  

I N T E N S I T Y  NORMALIZATION NONE 



5 3  M I N  I O D I N E  1 3 4  

D E T E C T O R  3 x 3 - 2  D A T E  1 - 1 6 - 6 2  

P L A T E  N O *  5 3 - 1 3 4 - 1  SOURCE D I S T A K C E  10 C?40 

ENERGY SCALE 1.0 <EL/PH'J ABSORBEI I  1.1E G f C M  S O *  dE 



6.7 HR* I O D I N E  1 3 5  

DETECTOR 3 x 5 - 2  DATE 1 -17-62  

PLATE NO. 5 5 - 1 3 5 - 1  SOURCE DISTANCE 1 0  GM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 



1 8  HR* XENON 1 2 5  

DETECTOR. 3 x 3 - 2  DATE 8-24-61 

PLATE NO* 5 4 - 1 2 5 - 1  SOURCE DISTA'NZE 1 C  CM* 

ENERGY SCALE 0 . 5  K E V f P H U  AaSOHBER 0.160 G / C M  SO* POLY 

I N T E N S I  T ' I  NORMAL I 'ZAT I O N '  NONE 



5.3 DAY XENON 1 3 3  

i63 DETECTOR 3 x 3 - 2  DATE 1 0 - 1 - 5 8  

PLATE NO* 5 4 - 1 3 3 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 2 0 0  MG/CM SO. EiE 

I N T E N S I T Y  N O R M A i I Z A T I O N  NONE 



6.5 DAY CESIUP.' 1 3 2  

DETECT3R 3x3 -2  D A T E  2 -17-63  

? L A T E  NO. 5 5 - 1 3 2 - 1  SOURCE DISTANCE 1 0  C.Mm 

ENERGY S C A L E  1.0 KESl /PHU ABSO3BER 1.18 C;CM Sum i3E + 200 f4G CU 

6.04 X lc7 ,f 0.665 M E V )  GAPIMAS E M I T T E D  



2.9 HR* CESIUM 134M 

165 DETECTOR 3 x 3 - 2  DATE 3 - 2 0 - 6 3  

PLATE NO* 55-134V1-1  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 K E V I P H U  ABSORBER 1.18 G/CM SQ. BE 



2.9 HR* C E S I U M  1 3 4 M  

DETECTCR 3 x 3 - 2  D A T E  3 - 2 0 - 6 3  

PLATE NO*  5 5 - 1 3 3 M - 2  SOURCE D I S T A N C E  10 CM* 

E Y E R G Y  S C A L E  0.5 K E V i P t i U  ABSORBER 0.294 G/CM S O *  BE 

 TENSITY M O R M A L I Z A T I O N  NONE 



DETECTOR 3x3 -2  DATE  1 0 - 2 5 - 6 2  

P L A T E  NO. 5 5 - 1 3 4 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY SCALE 1.0 K E V / P H U  AaSORBER 1.18 G/CM 50- BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



13  DAY CESIUM 136  

D,ETECTC*R 3x3 -2  DATE 5-30-6.1 

PiLATE LO* 55-136-1  SOURCE DISTANCE 1 0  CMa  

ENERGY SCALE 1.3 KEVlPHU AaSOR3ER 1.18 G i C M  SO. 'BE 

INTENSITY NClRMALIZATIOl\ NONE 

0 1 2 3 4 5  6  8  9 
-. 

0 3 0  030000  0 0 1 6 6 1  009765  0 1 7 2 0 6  011698  001503 0 0 6 3 8 0  012073  0 0 9 1 5 1  0 0 5 9 4 0  

0 1 0  035233  0 0 2 2 9 2  0 0 2 4 6 7  002555  003022  005338  0 0 8 9 6 0  0 1 1 1 3 4  011655  0 0 9 5 8 9  

0 2 0  0 2 ~ 7 6 3  0 0 2 2 2 9  0 0 1 9 2 1  0 0 1 8 0 3  0 0 1 8 8 7  002038  002883  004598  005635  0 0 5 3 7 1  

0 3 0  533613  0 0 2 8 8 4  0 0 4 0 0 7  0 0 7 0 4 2  0 1 0 9 2 4  012957  0 1 0 8 5 1  006405  003512  001942  

O j G  031565  0 0 1 5 3 9  0 0 1 4 7 1  C01450 001532  0 0 1 5 1 4  001482  001425 001522  0 0 1 6 4 4  

0 3 0  (23161: 0 0 1 6 3 2  001645  001672  001679  0 0 1 6 3 6  001685  601754  0 0 1 8 4 9  0 0 1 8 3 7  

0 6 0  G I 1 8 6 2  0 0 1 8 3 3  0017411 0 0 1 . ~ 6 4  0 0 1 3 5 7  0 0 1 3 3 1  0 0 1 1 6 L  0 0 1 ~ 2 0  0 0 0 8 6 0  0 0 0 7 2 6  

0 7 9  C-30733 0008C2 000905  0 0 0 8 9 9  000973  0 0 1 0 9 4  COIL39 0 0 1 ~ 0 3  0 0 2 7 6 4  003983  

0 8 3  3 3 5 5 6 6  0 0 6 8 8 1  0 0 7 9 0 q  0 0 7 7 3 1  006719  005123  0 0 3 6 1 7  002262  0 0 1 4 4 3  000873  

09; 081C605 0 0 9 4 7 0  000350  0 0 9 3 2 9  000338  OCC304 0 0 0 3 6 2  000439  0 0 0 5 9 8  0 0 0 8 6 1  

100  0313CC1 0 0 1 9 8 4  0 0 2 6 5 9  0 0 3 3 7 0  003823  0 0 4 0 0 7  0 0 3 7 3 4  0 0 3 2 3 1  002332  001755  

113  09117 '  0 0 0 7 1 6  000413  0 0 0 3 0 9  0C0235 000198  0 0 0 2 0 9  0 0 0 2 8 6  0 0 0 3 0 3  000465  

1 2 0  099574  0 0 0 7 6 1  000825  0 0 0 1 3 0  OC0712 0 0 0 6 8 6  000566  000436  000283  000225  

130  OOO132 0 0 0 0 8 8  0 0 0 6 6 3  000Cl48 OG0042 000047  000053 000058  0 0 0 0 5 8  0 0 0 0 5 3  



3 0  YR* CESIUM 1 3 7  

169 DETECTOR 3 x 3 - 2  

PLATE NO. 5 5 - 1 3 7 - 1  

DATE 7 -9 -63  

SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE i . 0  KEV/PHU . '  ABSORBER 1.18 G / C M  SQ. BE 

3 0 0 7  X lo7 ( 0 0 6 6 2  M E V I  GAMMAS EMITTED 

0 
OCO 000C'00 
0 1 9  0 0 5 7 2 1  
0 2 0  0 0 6 7 7 8  
0 3 0  0060€!6 
0 4 0  0 0 5 9 7 9  
0 5 0  0 0 2 3 5 0  
0 6 0  0 3 3 2 3 1  
0 7 3  0 1 4 4 8 3  



3 2  M I N *  CESIUM 1 3 8  

DETECT-OR 3 x 3 - 2  DATE 9 - 1 2 - 6 3  

'LATE 'NO* 5 5 - 1 3 8 - 1  SOURCE DISTANCE 1 0  C M *  

ENERGY SCALE 1.0 KEL' iPHU ASSORBER 1.18 G/CM SO. BE 

I N T E N S l T Y  NORMALIZ'ATION NONE 



9.5 MIN. CESIUM 139 

171 DETECTOR 3x3-2 DATE 10-30-63 

PLATE NO. 5 5 - i 3 9 - i  SOURCE DI,SIANCE 10 CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 -16  G / C M  SO* i3k 

INTENSITY NORMALIZATION NONE 

0 1 2 3 4 5 6 7 8 9 
O C O  003LG3 00401.9 009505 010913 011800 066530 005949 005604 005136 004747 
010  034333 004028 003759 003800 003838 003753 006080 009985 009081  004695 
320 002974 002851  002655 002441  002425 002190 002212 002095 002069 001878 
030 001891 GO1838 001949 001781  001894 001827 001750 001726 001637 001628 
040 061495 001605 001499 001436 001339 001310 001280 001270 001230 001291' 
05'3 00127.9 001275 001210 301233 Co1194 001274 001234 001302 001474 001589 
062 001925 002'364 302216 002334 002124 GO1720 001483 001248 001129 000977 
073 003873 GO1001 001377 001046 00'0846, 000886 000891 000855 000941  000906 
080 000891 000962 300878 000928 000831 000836 000825~00 ,0811  000903 000929 
090 000969 060963 001009 000910 000944 000739 000611 000628 000639 000761  
100 000690 000782 000876 000775 000766 000741 000596 600669 000568 000600 
113 000549 000599 000558 000442 000474 000513 000500 000635 000661  000825 
120  001036 001231  001714 GO1958 002152 002482 002391 002195 001926 001561  
130 001235 060931  000753 0C0589 000387 000440 000390 000435 000380 000430 
140  000417 000393 000420 GO0380 COO415 OcC364 000395 000354 000316 000351  
1 5 0  000343 000236 000312 OC0316 000368 000317 000317 000328 000394 000399 
160 000398 boo383 000385 000388 000347 000344 000309 000269 000339 000324 
173 033228 000191  000262 300197 000168 000196 000206 000254 030259 000228 
180 0cU218 950217 000262 000218 000238 000228 000213 000248 000239 000218 
190 000219 060223 000181 000202 000209 GO0222 000198 000193 000212 000200 

200 060186 000209 300216 000248 030210 000170 000156 000148 000153 000113 
210 00g153 030072 000148 COO120 000117 0 ~ 0 1 0 0  000139 000160 000125 000182 
220 003137 000158 000163 OC0154 000171  000139 000174 000140 000151  000160 
23a OOGll'6 d60129 000111  COO080 000109 003138 000096 GO0085 000069 000112 
240 005393 OOC088 000082 000089 000072 000052 000033 000065 000065 000063 
250 003064 000044 000084 0001.34 000096 000104 oooOCo * 9 * 



D E T E C T O R  3 x 3 - 2  

P L A T E  NO.. 5 6 - 1 3 3 - 1  

D A T E  1 6 - 1 - 6 2  

SOURCE D I S T A N C E  1 0  CMm 

ENERGY S C A L E  1.0 K E a J / P H U  ABSORBER 1 + 1 E  G / C M  S O *  BE 



7.5 YR* akRIUM 133 

DETECTOR 3x3 -2  DATE 11-1-62 

PLATE NO* 53-133-2 SOURCE DISTANCE 1 0  C M *  

ENERGY SCALE 0.5 KEV/PHU ABSORSER 1.18 ti/CM Sd*  BE 

INTENSITY hORMALIZATION 110hE 

0 1 2 3  4  5 6  7  8 9  
O O U  O O O O C O  0 1 2 3 3 1  011082  0 0 2 9 1 1  0 0 4 3 8 4  0 1 5 4 9 0  1 2 1 2 3 1  238737  1 0 3 1 6 3  0 1 6 3 1 4  
0 1 3  0 0 5 3 9 6  0 0 7 8 4 9  0 0 8 6 3 8  006495  0 0 5 6 1 6  007808  018659  039959  0 5 2 0 7 8  0 3 6 3 7 0  
0 2 3  0 1 3 2 9 4  003568  0 0 1 9 1 9  0 0 2 0 3 6  0 0 2 4 2 1  002698  002546  002362  0 0 2 9 8 9  0 0 2 0 3 1  
0 3 0  062172  Go2315 0 0 2 4 0 9  0 0 2 5 7 7  002506  002372  002189  0 0 2 0 4 9  0 0 1 9 8 8  0 0 2 0 4 6  
0 4 0  0 0 1 9 3 1  0 0 1 9 4 2  001738  0 0 1 6 2 7  001465  001445  001428  601423  0 0 1 2 6 9  0 0 1 2 0 1  
0 5 c  0 0 1 1 9 4  0 0 1 3 6 7  001703  0 0 2 3 2 0  003119  004039  00494.4 005926  0 0 6 7 8 8  0 0 7 7 3 4  
0 6 0  038685  0 0 9 2 6 0  0 0 9 3 9 6  0 0 8 9 5 6  007980  006907  006495  007302 0 0 9 7 5 2  0 1 2 9 3 6  
0 7 0  016795  3 2 0 1 1 3  0 2 2 2 5 7  0 2 2 8 1 9  021278  0 1 8 3 6 1  0 1 4 8 2 6  011282  00841 '1  0 0 6 1 8 6  
0 8 0  0 0 4 5 6 2  0 0 3 3 4 2  0 0 2 3 4 9  0 0 1 5 8 9  001086  000687  000470  000356  0 0 0 3 0 0  0 0 0 2 5 3  
0 9 2  000286  030262  0.00238 0 0 0 2 1 0  OC0188 000142  000078  000063  0 0 0 0 3 3  0 0 0 0 2 6  
l a 0  0 0 0 0 1 6  0 0 0 0 1 7  0 0 0 0 0 8  0 0 0 0 0 0  000000  O O O Q Q O  0 0 0 0 0 0  000000  * it 



D E T E C T O R  3x3-2  D A T E  7-10-63 

P L A T E  N O *  56-139-1  SOURCE D I S T . 4 N C E  1 0  CM* 

E b E R G Y  S C A L E  1.0 KIV /F 'HU ABSORE-ER 1.18 G/CM SQ*  BE 

I N T E N S I T Y  N O K M A L I  Z A T  IOF! N O N E  

0 1 2 3 4  5  6  7  8  9 
0 0 0  O O O O O C  0 0 6 3 8 3  0 0 8 0 1 0  3 1 5 5 8 0  0 4 8 6 7 1  0 1 5 0 9 6  006865  005538  0 0 4 7 1 1  0 0 4 2 8 9  
0 1 0  OC~4534 004802  aO490L 0 3 6 3 8 4  007423  007775  034143  104290  1 1 1 9 5 7  051872  
0 2 0  0 1 2 0 9 1  0 2 2 2 7 9  001200  (231114 001025  001007  0 0 0 9 4 3  501028  0 0 0 9 8 9  0 0 0 8 5 6  
O:,O 000752  000685  000640  0 3 0 6 1 7  0 0 0 6 0 1  000583  0 0 0 5 7 %  000549  0 0 0 5 3 0  000528  
0 ~ 0  000455  0 0 0 4 0 3  3 0 0 4 1 0  000405  000406  000339  0 0 0 3 3 5  000322  0 0 0 3 2 0  0 0 0 3 3 0  
0 5 0  003305  0 0 0 3 1 2  0 0 0 3 0 0  0 3 0 2 8 0  00029G 0 0 0 2 4 7  0 0 0 2 8 1  000227  0 0 0 2 2 6  0 0 0 2 4 3  
0 6 0  000215 0 0 0 1 7 9  000172  0 3 0 2 0 0  000188 0 0 0 1 7 7  0 0 0 1 5 3  3Ct0156 0 0 0 1 6 9  000163  
0 7 0  000167  0 0 0 1 2 6  0 0 0 1 3 7  050123  000127  000112  000072 0ClO081 OCO102 000125  
0 ~ , 0  0 0 0 1  14 0 0 0 0 7 3  0 0 0 1  10  0 3 0 0 6 1  0 0 0 1 0 1  0 0 0 0 8 1  0 0 0 0 6 7  0 0 0 0 6 4  000052  0 0 0 0 8 3  
3 9 0  000C8C 0 0 0 3 7 2  0 0 0 0 6 7  0 3 0 0 6 4  000055  000064  0 0 0 0 7 5  000050  0 0 0 0 4 8  0 0 0 0 6 7  
10'3 00005C 00C050 OOOC46 C30053 000045  0!30037 0 0 0 0 3 3  000032  0 0 0 0 3 9  0 0 0 0 4 7  
1 1 0  000054  000025  000045  030053  000042  COO031 0 0 0 0 4 1  000028  0 0 0 0 2 3  0 0 0 0 4 8  
1 2 3  00003E 0 0 2 0 0 4  G0003Em 0 3 0 0 5 0  COO031 00C026 COc023 GCl0018 000015  000026  
1 5 0  0 0 0 0 1 ~  0 0 0 0 2 1  000025  050022  GO0027 0 0 0 0 3 6  0 0 0 0 4 3  0 0 0 0 5 6  0 0 0 0 8 2  000086  
1 ~ 0  0 0 0 0 9 ~  0 0 0 0 7 9  0 0 0 0 7 0  0 3 0 0 3  0 0 0 0 5 0  0 0 0 0 4 7  0 0 0 0 2 3  500013  0 3 0 0 1 4  000005  



12.8 DAY BARIUM 1 4 0  

DETECTOR 3 x 3 - 2  3ATE 1 0 - 2 3 - 6 3  

PLATE NO. 5 6 - 1 4 0 - 1  SOURCE DISTANCE 1 0  CMm 

ENERGY SCALE 1.0 KEV/PHU 4aSOREER 1.18 G/CM SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 



GETECTOR 3x3 -2  DATE 6 - 1 3 - 6 3  

P L A T E  NGm 5 6 - 1 4 0 ( 5 7 - 1 4 3 i 1 - 2  SOURCE CISTANSE 1 0  :Ma 

ENERGY S C A L E  1.0 i(E\/!PH'U ABSOKBER 1.18 G/CM SQm b E  

I N T E N S I  SY hORMALI Z A i I O N  NOhE 



DETECTOR 3 x 3 - 3  DATE 9 -22-63  

PLATE NO* 5 7 - 1 3 6 - 1  SOUKCE DISTANCE 1 0  C M *  

ENERGY SCALE 1.0 KEV/PHU ABSOHaER 1.18 G E E  + 2 0 0  14'5 CU SW 

I N T E N S I T Y  N O R M A L I Z A T I ~ N  NONE 



40 HI?. LANTHANUM 1 4 0  

PLATE N3. 57-140-1  SO'JRCE DISTP.NCE 10  CM. 

EhEkGY SCALE 1.0 K E V / P H b  ABSORGER 1.18 C / C M  SU. BE 

I N T I N Z I T Y  NORMALIZATION NONE 

9 
014245 
013974 
013742 
007640 
C58773 
006122 
004508 
014243 
008276  
003843 
004687 
004482 
004640 
001849 
006359  
012109 
000501  
000271  
000285 
000356 
000238 
000 182  
C O O  154  
000335 
000206 
* ? 

t-' 
i? 
G 



140 D A Y  C E R I C X  139  

179 D E T E C T O R  3x3-2 D A T E  3-30-62 

P L A T E  NO. 58-139-1 SOURCE D I S T A N C E  10 C M -  

ENERGY S C A L E  1.0 KEV/PHU ABSORBER 160 PIG/CM SG.  3t 

I h i T E N S I T Y  N O R M A L I Z A T I O K  h O h E  

0 1 2 3 4 5 .  6 7 8 9 
00'0 0000GO 016289 007397 002262 1.23130 067467 009480 001730 001289 000800 
013 000873 001237 001337 001969 002496 002398 019179 C71434 079097 033247 
020 006377 001788 001243 000543 OOOlCO 000033 C0003.0 000014 OCOOOO GOOOOO 



14C D A Y  C E R I U M  139 

E E T E C T 3 R  3 x 3 - 2  D A T E  3 - 2 8 - 5 2  

F L A T E  YO* 5 8 - 1 3 9 - 2  SOURCE D I S T A N C E  1 0  CM* 

E N E R G Y  SCALE 0.5 K E L i P H U  Ai3SOEBER 16.0 / *G/CM S U *  BE 

I N T E b S I  TY NORMAL1 Z.$T I O N  NCIqE 



32.5 DAY CERIUM 1 4 1  

181 DETECTOR 3x3-2  DATE 10-22-63 

PLATE NO* 58-141-1 SOURCE DISTAN.CE 10  CMm 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SQ. BE 

INTENSITY NORMALIZATION NONE 

0 1 2 3 4 5 6 7 8 9 
0 3 5  0 0 0 3 0 0  0 1 3 4 0 0  0 0 5 2 6 1  0 1 1 1 5 1  074072  020626  002075  601240  0 0 1 9 1 0  0 0 2 7 2 1  
0 1 3  0 0 3 6 3 8  0 0 5 8 2 8  0 0 8 4 5 9  011632  052108  141833 1 1 5 1 6 0  0 2 9 4 2 4  0 0 2 7 6 9  0 0 0 2 0 9  
0 2 0  000C74 0 0 0 0 6 0  000049  0 0 0 0 5 6  000064  000015  000020  000040  000055  000033  
030 009045  OOOC29 000035  0 0 0 0 1 1  O O O O C O  000000  * . * i t  * 



3 2 0 5  DAY CERIUM 141 

C.ETECTOR 3x3-2  DATE 10-22-63 

FLATE NO. 58-1a1-2 SOURCE DISTANCE 1 0  C M o  

ENERGY SCALE C. 5 EEnd/PHU ABSOGBER 1.18 G / C M  5 0 0  BE 

IN-ENSITY NGRMALI ZATICN NONE 

0 1 2  3 4  5  6  7  8  9 
~ 3 0  O O O O C O  007575  0166E2 QOq836 001862  00185e  004187 024957  0 5 0 0 1 8  031315  
C10 G108SO 0 0 2 9 6 6  001056  0007G6 000652  000802  9 0 1 0 0 1  1301253 0 0 1 4 2 1  001808  
C20 GO2016 0 0 2 4 0 0  0 0 2 8 5 1  003778  004768  005356  005589  007907  0 1 7 4 7 6  0 3 9 7 4 0  
C 3 O  071619  0 9 2 2 7 1  0 6 5 0 5 9  0 5 6 3 3 7  026868  0 0 9 5 7 1  002607  000577  0 0 0 1 2 0  000086  
C43 OOOC48 0 0 0 0 5 6  000348  000~012  000026  0 0 0 0 2 1  0 0 3 0 5 6  000315 0 0 0 0 3 8  OOOC05 
C.50 000022  0 0 0 0 2 8  0 0 0 0 2 8  0 0 0 0 1 9  000025 000044  OOOOe+O 000,332 0 3 0 0 2 7  000043  
0 6 0  000022  O O O O O G  0006CO GOO~OOO 000000  O O O O O C  + SF 3 +t 



183 DETECTOR 3 x 3 - 2  

P L A T E  NO*  5 9 - 1 4 3 - 1  

DATE 9 - 1 0 - 6 3  ' 

SOURCE D I S T A N C E  1 0  CM* 

ENERGY SCAL !  1.0 K E V / P H U  ABSORBER 1 .18  G/CM S G .  t3E 

I N T E N S I T Y  PJORMALIZATION FiONE 



33 HR. CERIUM 143  

DETECTOR 3x3 -2  DATE 9 -16 -63  

PL.qTE NO. 58-143-2  SOUR:€ DI 'TANCE 1 0  CM. 

ENERSY SCALE 0.5 K E Y I P H U  ABSO?BER 1.18 E/CM SG.  BE 

I N T E N S I T Y  ~ O R M A L I Z A T I  3 P i  N O k E  



284 DAY CERIUM 144 - 17 M I N  PRASEODYMIUM 144 

185 DETECTOR 3 x 3 - 2  DATE 11-1-62 

PLATE NO. 58-144(59-1441-1 SOURCE DISTANCE 10 C M a  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM S Q e  B E  + POLY CAP 

I N T E N S I T Y  NORMALIZAT[CN NONE 



4.5 HRa PRASEODYMIUM 139 

IETECTOR 3x3-3 DATE 6-20-63 

PLATE NOa 59-139-1 SOURCE DISTANZE 10 CMa 

ENERGb' SCALE 1.0 KEt f /PHU ABSOqBER I G/CM SQ i3E + 200 MG CU SWa 

I N T E N S I T Y  NORMALIZATI3N NOPE 

0 1 2 3 4 5 E 7 8 9 
3CO 000000 002200 005'248 Ccl~i5n6 018919 011742 OOlFCO 001820 001800 001820 
010 001830 001808 001735 OC1798 001778 001815 001870 001920 001950 001980 
020 302050 002065 002121 0C12086 002072 002093 002140 002136 002003 002010 
030 301995 001,073 031838 0C:654 001308 001038 000834 000764 000665. 000632 
040 300595 000571 0.305'72 000571 000595 000635 000865 001628 003723 007517 
050 312237 015900 015937 0121.67 007022 003025 000705 oOC.304 000103 000089 
060 ~300~232 OC0.070 0130970 92@?57 000070 000065 000054 OOC080 000053 000064 
070 13000:6 000069 000070 1@00051 000067 000042 ilOO051 OOC040 000044 000042 
080 0000S4 000034 0000qO 100C1043 c~00039 000034 000040 OOC042 000036 000032 
090 000027 000039 000041 OOC8035 C100038 000032 000047 OOC039 OOC031 000033 
100 000040 000350 000037 OOC1043 C.00046 00004: 000027 000036 000032 000031 
110 800028 000521 000028 OCCOl9 COO023 000020 000017 000015 000012 000012 
120 000016 000320 000016 DOC020 COO029 030040 000039 COO054 000C62 000077 
130  O O O O $ O  0001384 00-0090 30CC95 000057 .30004? COOC53 000031 000020 000011 
140  0009C6 000312 O O O O j l  3OC009 000003 OOOOOS 000035 000011 000009 000008 
150 OOOO:? 0001325 0000?4 200035 000035 00003L 000055 000034 000035 000032 
160 000034 0001j20 000023 300015 000005 C O O O O L  0000387 000002 * SF 



19.2 HI?. PRASEODYMIUM 1 4 2  

DETECTOR 3 x 3 - 2  DATE  1 0 - 2 8 - 6 3  

F L A T E  N O *  5 9 - 1 4 2 - 1  SOURCE D I S T A N C E  1 0  CM. 

ENERGY SCALE  1.0 KEV/PHU ABSORBER 1 .18  G / C M  SQ. BE 

I N T E N S I T Y  N O R M A L ~ Z A T I O N  NOKE 



12.7 DAY PRASEODYMICM 1 4 3  

DETECTOR 3 x 3 - 2  DATE 9 - 1 7 - 6 3  

,PLATE NO*  5 9 - 1 4 3 - 1  SOUFCE D I S T A N C E  1 0  CMa 

ENERG" SCALE 1.0 KEV/PHU ABSCRBER 1 .18  G / C M  SQa 6 E  

i h T E N S I T Y  N a 3 R K A L I Z A T I 3 N  NONE 



5.9 HR. F R A S E O D Y M I U M  1 4 5  

189 DETECTOR 3x3 -2  D A T E  9 - 1 0 - 6 3  

P L A T E  NO. 5 9 - 1 4 5 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  ABSORBER 1 .18  G / C M  SG. B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



2.4 HR. N E O D Y M I L M  1 4 1  

D E T E C T O R  3 x 3 - 3  D A T E  9 - 2 1 - 6 3  

P L A T E  NO. 60-141-1 SOURCE D I S T A N C E  1 3  CM*  

ENERGY S C A L E  1.0 K E V f F H U  ABSOREER 1. L8 G  6 E  + 2 0 0  MG C U  S A N D  



11.1 D A Y  N E O D Y M I U M  147 

191 CoETECTOR 3x3-2 D A T E  9-11-63 

F L A T E  NO. 60-147-1 SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  ABSORBER 1.18 G / C M  S Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I ~ ~  N O h E  

0 1 2 3  4  5 6 ,  7  8 9 
0 0 3  O O O O C O  0 6 4 8 9 1  654540 020979 310317 224924 028559 017817 0 1 7 3 7 1  108646 
0 1 0  235312 076714  008419 005516 003929 C02907 002858 002840 002850  003042 
0 2 0  003277  003155 002712 002368 002310 002391  002871  003718 004634  004449 
0 3 0  0041eO 004950  0013554 006962 005246 003236 002026 001519 001606  002061  
0 4 0  00241,O 002679  002686 0026E2 002759 002722 002245 001688 001630  002332 
0 5 0  004529 008477  012870 016527 016262 (312788 008256 004304 002022 000924 
0 6 0  000548 000382 000329 000223 000225 COO325 000451  000600 000682 000714 
0 7 0  000619 000409  000291  000145 0'00046 COO020 000000 000000 9 9 



11.1 D A Y  N E O D Y M l U M  1 4 ' 7  

D E T E C T O R  3 x 3 - 2  D A T E  5 - 1 1 - 6 3  

P L A T E  N O *  6 0 - 1 4 7 - 2  S O U R C E  D I S T A N C E  10 CMe 

EKERGY S C A L E  . O  .<EV/PHU A B S O R e E R  1.18 G / C M  SCJe 8i 

I N T E N S I T Y  R 3 R M A L I Z A T I O k  NGNE 



1.9 HR. NEODYMIUM 1 4 9  

193 DETECTOR 3 x 3 - 2  DATE  3 - 3 0 - 6 2  

P L A T E  NO. 6 0 - 1 4 9 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY SCALE 0.5 K E V / P H U  ABSORBER 1 .18  G/CM 53. BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NOhE 



C Z T E C T O R  3 x 3 - 2  D A T E  ' 1 1 - 5 - t 3  

P L A T E  N O *  6 0 - 1 5 1 - 1  SCURCE D I S T A N C E  I? C M *  

ENERGY SCALE 1.0 KE!'r3HU ABSOR3ER 1 - 1 3  G;Ch SQ. BE 

I N T E N S I T Y  N O ? M A L I Z A T I O U  NOKE 



1 
- .  $ . -  I 

2.5 YR. FROMETHIUM 1 4 7  

DETECTOR 3 x 3 - 2  DATE 9 - 2 3 - 6 2  

PLATE NO* 6 1 - 1 4 7 - 1  SOURCE DISTANCE 1 0  CM. 

EhERGY SCALE 1.0 KEV/PHU AaSORBER 1.18 G/CM S Q .  BE 

INTENSITY NORMALIZED T O  i o 5  DIS/SEC. (COUNT PERIOD 1 0 0 0  S E C )  



5 0 4  D A Y  P R O M L T H I U M  148 

D E T E C T O R  2 x 3 - 2  D A T E  9 - 2 1 - 6 1  

P L A T E  NO. 6 1 - 1 4 8 - 1  SOURCE D I S T A N C E  10 CMo 

ENERGY S C A L E  1.0 K E V / P H U  A 3 S O R B E R  l o 1 8  . G / C M  SQ. BE 



4 1  DP.Y P R O M E T H I U M  1 4 8 M  - 5.4 D A Y  P R O M E T H I U M  1 4 8  ( E G U I L I B R I U M )  

197 D E T E C T O R  3 x 3 - 2  D A T E  7 - 5 - 6 1  

P L A T E  NO. 6 1 - 1 4 8 M ( 6 1 - 1 4 8 1 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  A a S O R B E R  1 .16  G / C M  50.  BE 

I N T E N S I T Y  K O R M A L I Z A T I O N  NO&E 



28  HR-  PROMETHIUM 1 5 1  

DETECTOR 3 x 3 - 2  DATE 1 1 - 6 - 6 3  

P L A T E  NO- 6 1 - 1 5 1 - 1  SOURCE DISTANCE 10 CM. 

E.NERGY SCALE 1.0 KEV/PHU ABSORBER 1 - 1 8  C / C M  SQ. BE 

tNTE,NSITY NORMALIZATION NONE 



46.7 HR* SAMARIUM 1 5 3  

199 DETECTOR 3 x 3 - 2  DATE 8 - 2 0 - 6 3  

PLATE NO* 6 2 - 1 5 3 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 1.18 G/CM 50. BE 

I N T E N S I T Y  NORMALIZATION NO'NE 



9.3 HR. E U R O P I U M  1 5 2 M  

D E T E C T O R  3 x 3 - 2  D A T E  3-3:-64 

P L A T E  NO. 6 3 - 1 5 Z M - 1  SOURCE D I S T A N C E  1 0  CM. 

ENERGY S C A L E  1sCt KEV/PHU ABSORBER 1 . 1 6  G / C M  S Q s  BE 

INTENSITY N O R M A L I Z A T I O N  N 3 V E  



1.7 Y.Rm EUROPIUM 1 5 5  

X)1 DETECTOR 3 x 3 - 2  DATE 8 - 2 8 - 6 1  

PLATE NO* 6 3 - 1 5 5 - 1  SOURCE DISTANCE 1 0  CMm 

ENERGY SCALE Om5 KEV/PHU ABSORBER Om598 G/CM SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 

0\ 
W 

G 
VI. 
VI 

A 



15  DAY EUROPIUM 1 5 6  

C*ETECTe3R 3x3-2 DATE 9-16-63 

FLATE id00 63-1'6-9 SOURCE DISTANCE 1 0  CMe 

ENERGY SCALE 1.0 KE'JIFHU ABSORBER 1.18 G/CM SQe BE 

INTENSITY NORMALIZATIEIV NOhE 



1 5  HR* EUROPIUM 1 5 7  

DETECTOR 3 x 3 - 2  DATE 9 - 9 - 6 3  

PLATE NO* 6 3 - 1 5 7 - 1  SOURCE DISTANCE 1 0  C M *  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM SQ. BE 

I N T E N S I T Y  NORMALIZATION NONE 



200 DAY G A D O L I N I U M  153 

DETECTOR 3 x 3 - 2  DATE 2-1 -63  

P L A T E  NO*  6 4 - 1 5 3 - 1  SOURCE D I S T A N C E  10 C'M. 

ENERGY SCALE c.5 KEVIPHU ABSCRGER i. 1 8  G / C M  S Q .  a t  



1 8  HR. G A D O L I N I U M  1 5 9  

a5 D E T E C T O R  3 x 3 - 2  D A T E  9 - 1 2 - 6 3  

P L A T E  NO. 6 4 - 1 5 9 - 1  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  ABSORBER 1.18 G / C M  SQ. B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  N'ONE 



DETECTOR 3 x 3 - 2  DATE 9 - 1 2 - 6 3  

P L A T E  NO*  6 4 - 1 5 3 - 2  SOURCE D I S T A N C E  1 0  CMa 

ENERGY SCALE 0.5 K E V i P H U  ABSORBER l a l a  G / C M  S Q *  BE 

[ N T E N S I T Y  NORMAL IZAT IOr4  NONE 



7 3  D A Y  T E R B I U M  1 6 0  

207 D E T E C T O R  3 x 3 - 2  D A T E  3 - 2 0 - 6 2  

P L A T E  N O *  6 5 - 1 6 0 - 2  SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  1.0 K E V / P H U  A d S O R a E R  1 . 1 8  G / C M  S Q *  B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



DETECTOR 3 x 3 - 2  DATE 1 1 - 4 - 6 3  

PL .ATE NO*  6 6 - 1 6 5 M - . I  S O U R C L  D I S T A N C E  19 C M *  

ENERGY S C A L E  1.0 K E V I P W U  ABSORBER 1 . 1 8  G / C M  S O *  B E  

I N T E N S I T Y  N ~ R M A L I Z A T I O N  N O N L  



2.3 HR. DYSPROSIUM 1 6 5  

a 9  DETECTOR 3 x 3 - 2  DATE 11-4 -63  

PLATE NO. 6 6 - 1 6 5 - 1  S O U ~ C E  DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.16 G / C M  S 0 1  aE 

I N T E N S I T Y  NORiqALIZATION NONE 



D E T E C T O R  3x3 -3  D A T E  6 -20-b3  

P L A T E  NO. 67 -164 -1  SOURCE D IST4NC 'E  10  CM. 

ENERGY S C A L E  0.5 KEVIPHU AGSORBER 1 , 1 8  G!CK 50 .  BE 

I N T E R S 1  T Y  NORMAL I Z A T  I ON NONE 



211 D E T E C T O R  3 x 3 - 2  D A T E  3 - 1 - 6 3  

P L A T E  NO. 6 7 - 1 6 6 M - 1  SOURCE D I S T A N C E  10 CMe 

ENERGY S C A L E  1.0 K E V / P H U  ABSORBER 1 . 1 8  G / C M  S C e  i3E 

I N T E N S I T Y  K O R M A L I Z A T I O N  N O h E  



27 H R *  H O L M I U M  166 

D E T E C T O R  3x3 -2  D A T E  IlY5-63 

P L A T E  N O *  6 7 - 1 6 6 - 1  SOURCE D I S T 4 N C E  10 CM. 

E N E R G Y  S C A L E  1.C K E V I P H U  ABSOREE;? 1 . 1 8  G/ 'CM 500 t3E + P O L Y  C A P  

I N T E N S I T Y  N O R M A L I L A T I O K  NOKE 



7.5 HR. E R B I U M  1 7 1  

a 3  D E T E C T O R  3 x 3 - 2  D A T E  8 - 2 8 - 6 3  

P L A T E  NO. 6 8 - 1 7 1 - 1  . SOURCE D I S T A N C E  10 CM. 

ENERGY S C A L E  0.5 K E V / P H U  ABSORBER 1 . 1 8  G / C M  50. Bk  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



55  DAY THULIUM 168 

DETECTOR 3 x 3 - 2  DATE 6-26-62 

PLATE NO* 69-168-1 SOURCE DISTANCE 1 0  CM* 

ENEF.GY SCALE 1.0 KEV/PHU ABSORBER 1.18 E/CK SQ* BE 

I N T Z N Z I T Y  NORMALIZATION NONE 



127 DAY THULIUM 170 

DETECTOR 3.%3-2 DATE 8-20-63 

- P L A T E  NO. 69-170-1 SOURCE DISTANCE 10 CM. 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 1.18 G/CM 5'2. BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 

0 1 2 3 4 5 6 7 8 9 
000 O O O O C O  000725 cl01551 002429 004424 006589 004676 002953 002026 002366 
010 006421 018515 Q25601 017463 008545 003967 003072 006863 013721 016423 
020 010773 004015 C O l l l O  000423 000321 000291 000262 ~ 0 0 2 4 6 ' 0 0 0 2 2 7  000260 
030 000223 000172 000224 000157 000188 000159 000168 Go0161 000154 000153 
040 000146 000141 000160 COO089 000082 000101 000096 000.121 OcO104 000124 
050 000080 000076 0800105 000049 000086 OOOC85 000076 000066 OC0037 000068 
060 8000045 000048 000038 000049 000059 000025 000057 000044 OC0015 000019 
070 OOOOl9 000019 000050 000038 000017 000024 000017 000038 OC0041 000020 
080 000022 000026 090000 O @ O O @ O  O O O O @ @  O O O C O O  000000 a00000 000900 900000 



1.9 YEAR T i i U L I U M  1 7 1  

DETECTOR 3x3-2  D A T E  9-3-63 

P L A T E  NO. 6 9 - 1 7 1 - 1  SOURCE D I S T A N C E  1 0  CM. 

E Y E R G Y  SCALE 0.5 KEV;PHU ABSORBER '1.16 G / C M  S Q .  BE 

I N T E N S [ T Y  N O R M A L I Z A T I O ~  NONE 



3 2  DAY YTTERBIUM 1 6 9  

a 7  .DETECTOR 3 x 3 - 2  DATE 1 - 1 5 - 6 3  

PLATE NO. 7 0 - 1 6 9 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 K E V I P H U  ABSORBER 1.18 G/CM SQ. BE 

I N T E N S I T Y  ~ O R M A L I Z A T I O N  NOhE 



4.2 DAY YTTERBIUM 175  

D E T E C T O R  3 x 3 - 2  DATE 11-26- -62 

PLATE NO* 7 0 - 1 7 5 - 1  SOURCE DISTANCE 1 0  CM. 

EHERGY SCALE 0.5 KEV/PhU 4BSORBER 1.18 G / C M  S Q *  BE 



3.7 HR. LUTETIUM 1 7 6 M  

DETECTOR 3 x 3 - 2  DATE 5 - 2 6 - 6 4  

PLATE NO. 7 1 - 1 7 6 M - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 KEV/PHU ABSORBER 0.594 G/CM SQ BE + POLY CAP 

I N T E N S I T Y  NORMALIZATICN NONE 



6.8 D A Y  L U T E T I U M  1 7 7  

DETECTOR'  3x3-.2 D A T E  1 - 2 5 - 6 2  

PL.<TE NO.. . 7 1 - 1 7 7 - 1  SOURCE D I S T A ~ C E  10  CMo 

E N r R G Y  S C A L E  13.5 K E * J / P H U  ABSORBER 0 0 5 4 8  G / C M  SQo 5 E  

I N T E N S I T Y  N O R M A L I Z A T I O N  hONE 



2 4  HR. H A F N I U M  1 7 3  

221 P L A T E  NO. 7 2 - 1 7 3 - 1  SOURCE D I S T A N C E  10 CM. 

D E T E C T O R  3x2 , -3  ~ ~ ~ ~ ~ 9 - - 2 3 - 6 3  

ENERGY S C A L E  0.5 K E V / P H U  ABSORBER 1 .18  G / C M  SO. B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



2 4  HR* HAFNIUM 1 7 3 .  

DETECT03 3 x 3 - 2  DATE 9 - 2 2 - 6 3  

PLATE N 3 *  7 2 - 1 7 3 - 2  SOURCE GISTANCE 1 0  CM* 

ENERGY SCALE 1.0 K Z V / P H U  ABSORBER 1.18 E / S M  SQ* B E  

6 . 3 3  X 103 ( 0 . 2 9 7  I v I E V )  GAMMAS Ek'LITTE3 



7 0  DAY HAFNI.UM 1 7 5  

223 . DETECTOR 3 x 3 - 2  

P L A T E  NOa 7 2 - 1 7 5 - 1  

DATE 6 - 2 2 - 6 3  

SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 K E V I P H U  ABSORBER l a 1 8  G/CM SQ. BE 

I N T E N S I T Y  NORMALZZATION NONE 



7 0  D A Y  HAFhIUM 1'75 

DETECTOR 3x3-,2 D A T E  6 - 2 2 - 6 3  

PLP.TE NO. 7 2 - 1 7 5 - 2  SOURCE DISTAtJCE 13 CM. 

ENERGY S C A i E  0.5 KEF /PHU  ABSORB!^? 1.18 G/CY SQ. 3 E  



1 9  SEC* HAFNIUM 179M 

DETECTOR 3x3-2  DATE 11'-6-53 

PLATE NO. 72-179M-1 SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU . ABSORBER 1.18 G/CM SQ* BE 

INTENSITY hOHMALIZATION NOhE 

0 1 2 3  4  5 6 7  8  9  
0 3 0  0 0 0 0 0 0  0 0 0 7 8 9  001427  005193  0 0 2 7 8 1  003233 025248  021623  0 0 4 2 6 4  0 0 1 1 4 7  
0 1 0  COC754 0cG637 000596  0 0 0 6 4 1  000569  000726  001252  001996  0 0 1 7 8 9  001597  
0 2 0  8 0 3 8 1 6  G I 4 1 7 2  0 2 6 2 2 6  0 2 3 9 6 1  010869  002674  000506  0 0 3 2 2 4  0 0 0 2 6 3  000355  
0 3 0  1000286 O O O O O C  0 0 0 0 0 0  0 0 0 0 0 0  O C G O O O  000300  9 +t w j(. 

I 



5.5 E R e  H A F N I U b  1 8 0 M  

DETECTOR 3 x 3 - 2  D A T E  1 1 - 7 - 6 3  

P L A T E  N O -  7 2 - 1 E O M - 1  SOURCE D I S T A N C E  10 CMe 

ENERGY SC'ALE 1.0 KEY/iPl+U ABSORIBEi? 1.18 G / C M  SQ. BE 

I N T E W S I  T Y  K O R M A L I Z A T I O ~ U  N3NE 



4 3  DAY HAFNIUM 1 8 1  

227 DETECTOR 3 x 3 - 2  DATE 1 1 - 1 4 - 6 3  

P L A T E  NO. 7 2 - 1 8 1 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1. 1 8  G/CM S Q .  BE 

I N T E N S I T Y  NORMAL1 Z A T I O N  NO/\€ 



8.1 HR* TANTALUM 180Cl 

DETECTOR 3x3-5,  DATE 2-1-,514 

PLATE NO* 73-180M-1 SOURCE DISTANCE 1 0  C M *  

FNERGY SCALE 0.5 KEV./PHU ABSORBER 1.18 G / C M  SQ* BE 



1 1 5  D A Y  TANTP.LUM 1 8 2  

229 D E T E C T O R  3 x 3 - 2  D A T E  2 - 1 6 - 6 2  

P L A T E  N O *  7 3 - 1 8 2 - 1  S O L R C E  D I S T A N C E  10  CM. 

ENERGY S C A L E  1.0 KEV/PHU ABZORBER 10 1 8  G / C M  S G *  B E  

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



5 . 2  DAY TANTALUM 1 8 3  

DETECTOR 3 x 3 - 2  D A T E  3 - 9 - 6 4  

F L A T E  N O *  7 3 - 1 8 3 - 1  S0URC:E D I S T A N C E  .10 CMa 

ENERGY SCALE 1.0 CEV/PHU ABSOF.BER 1 .18  G/CM SQa BE 

I N T E N S I T Y  NORMALIZATICf iN  NONE 



24.0 HR* WOLFRAM (TUNGSTLN)  1 8 7  

231 DETECTOR 3 x 3 - 2  DATE 3-24.-64 

PLATE NO* 7 4 - 1 8 7 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 1.0 KEV/PHU ABSOREER 1.18 G / C M  SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



18.7 .MINe RHENIUP ld8ivl 

DETECTOR 3 x 3 - 2  DATE 11-7 -63  

D ~ ~ T ~  NO. 7 5 - 1 8 8 ~ - i  SOUR.CE DISTANCE 1 0  CMe 

ENERGY SCALE 0 ~ 5  KEVIPHU ABSO36ER 1 - 1 8  G/CM SQ.  BE 

INT'ENSITY . .  N O R M A L I Z A T I ~ N  bi0l.E 



1 7  HR* RHENIUM 1 8 8  

DETECTOR 3x3 -2  'DATE 11-8 -63  

PLATE NO* 7 5 - 1 8 8 - 1  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBkR 1.18 G/CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE 



94 D A Y ' O S M I U M - 1 8 5  

D E T E C T O R  3x3-2 D A T E  2 - 1 9 - 6 3  

P L A T E  N O *  7 6 - 1 8 5 - 1  SOURCE D I S T A N C E  EO CM. 

ENERGY SCALE  1.0 K E V / P H U  ABSORBER 1 .10  G / C M  SQ. BE 

l N T E N 5 I T Y  N O R M A L I Z A T I O N  NORE 



1 5  DAY 0SMI.UM 1 9 1  

235 DETECT09 3x3-2 DATE 10-8 -62  

PLATE NO* 7 6 - 1 9 1 - 1  SOURCE DISTANCE 10 C M *  

ENERGY SCALE 0.5 KEV/PHU ABSORBER 1.18 G/CM SCe BE 

I N T E N S I T Y  NORMALIZATION NONE 



3 2  HR-  O S M I U M  193 

D E - E C T O R  3x3-2 D A T E  9-24-62 

P L A T E  NO. 76-193-1 S 3 U R C E  D I S T A \ C E  10 CM. 

E N E R G Y  S C A L E  1 - 0  K E J / P M U  A 3 S a k B E R  1 - 1 9  G / C M  SU. BE 

I t J T E t d S I T Y  N C R M A L I Z A T I O N  N q N E  



11 DAY I R I D I U M  1 9 0  

DETECTOR 3x3-2  DATE 1 2 - 1 5 - 6 3  

PLATE NO. 7 7 - 1 9 0 - 1  SOURCE DISTANCE 1 0  CMo 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SQ. BE 

I N T E N S I T Y  NORMALIZATICN NONE 



74 D A Y  I R I D I U M  192 

D E T E C T O R  3x3-2 D A T E  7-30-6.3 

P L A - E  NO. 77-192-1 SOURCE D I S T A N C E  10 CM. 

E i I E R G Y  S C A L E  1.0 K E V i P H U  ABSORBER 1.18 G / C M  SQ. BE 

I N T E N S I T Y  h O R M A L I Z A T I O P 4  h O N E  

0 1 2 3 4  5 6 7 8  9  
000 O O O C C C  C04000 005427 007572 006541 006903 020550 021102 011075 005746 
013  004565 004584 OC~77€ .  005412 006267 006347 005801 005138 004474 004496 
029  005817 006297 00523; 004112 003632 003812 004143 005773 011138 024595 
033 042639 058959 05903C 042573 021707 008094 002744 001438 001328 001352 
048  031245 001269 001423 OO21L1 004026 007604 011705 013932 013416 009997 
050 005804  002707 001171  000533 000397 000510 000783 0013133 002064 002837 
060 00342C 003524 003122 002396 001660 000956 000498 000269 000149 000066 
070 Q0004C 030C63 000044 COC054 00.3031 000032 100G09s 000115 000159 000200 
080 000229 33G200 000172 000198 033082 000056 000041  000048 000054 000067 
090  OC3U56 030055 000054 000043 000039 GOO022 000034 000000 000000 000000 



Q E T E C T O R  3 x 3 - 2  D A T E  8 - 2 0 - 6 2  

P L A T E  N O *  7 7 - 1 9 4 - 1  SOURCE D I S T A N C E  10  C M *  

E N E R G Y  S C A L E  1.0 KEV/PHU AdSORBEi?  1 . 1 8  C / C M  s Q *  BE 

I N T E N S I T Y  N O R M A L I Z A T I 3 N  NONE 



4 . 1  DAY P L A T I N U M  1 9 5 M  

DETECTOR 3 x 3 - 2  DATE 9-24-62 

P L A T E  NO* 7 8 - 1 9 5 M - 1  SOURCE D ISTANCE 1 0  C M e  

E k E R G Y  S C A L E  O m 5  K Z V f P F U  ASSGREmER l a 1 8  G / C M  S Q e  BE 

I N T , { N S i  T Y  I\IORIYAL I Z A -  IOls NONE 



2 0  HR. PLATINUM 1 9 7  

DETECTOR 3 x 3 - 2  D k T E  9 - 1 4 - 6 2  

PLATE NO. 7 8 - 1 9 7 - 1  SOURCE DIS\TANCE' 10 CF. 

ENEXGY S l A L E  0.5 KEV/PHU ABSORBER '1 .18  G/CM SGi* BE 

I N T E N S I T Y  NORMALIZATION NONE 



D E T E C T 0 3  3x3-2 D A T E  3-20-63 

P L A T E  N3* 78-199-1 SOURCE D I S T 4 N C E  10 C M *  

E Y E R G Y  SCALE 1.11 K:V/PHU A B S O ~ ~ E R  1.18 G I C M  53. a t  

0 1 2 3. 4 5 6  I a 9 
-. 

O O C  999968 313590 018994 C18936 020150 C17287 017838 048568 064443 032573 
0 1 6  011148 0092.06 008990 CcrJ8931 008934 C10542 013525 016026 024444 041370 
0 2 0  039390 0216.97 01248'3 612163  0152C1 018411  015552 010353 007187 007681  

03; 011603 318118 0226010 1520297 013678 007459 004511 003263 002839 002705 
014c 003026 003224 003632 ~2C3795 034563 006113 038850 012426 015168  016929 
O ~ C '  016871  C16887 018912 C:22879 025505 023532  018113 0 1 1 2 7 9 ' 0 0 5 7 6 7  002628 

C62 901214 C30747 OC0617 C:00562 000565 ~ 0 0 6 6 7  000753 001017 001369 001820 
0 7 3  202224 002350  002265 001926 001598 OOl'317 001329 001286 001290  001175 
580 001G27 330846 GO0511 30:336? 000266 020197 000155 000122 000126  000185 
SgO 000223 000298 030457 3 0 3 5 4 5  000685 000732 000695  0.00592 000498 000331 
1 3 3  303232 030153  000091  000078 COG054 000046 000068  000069 000049 000048 
1 1 6  000038 030034 000015 030029 0 ~ 0 0 3 6  000024 0 0 0 0 ~ 6  000013 000005 000002 
12C 000C26 000C18 0 0 0 0 ~ 0  2 0 0 5 i 9  0 0 ~ 0 0 2  003027 000012 000007 000002 000009 
13G GOG021 O O O f r O j  000.007 3000L5 000013 000009 OOOCCI2 000016 000007 000003 



6.1 DAY GOLD 1 9 6  

243 DETECTOR 3x3 -2  DATE 2 -18-63  

PLATE NO* 7 9 - 1 9 6 - 1  SOURCE DISTANCE 1 0  CM* 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SG* BE 

I N T E N S I T Y  N O R M A i I Z A T I 9 h  hONE 



64.8 HR*  GOLD 1 9 8  

DETECT3R 3 x 3 - 2  DATE 1 1 - 4 - 6 3  

PLATE '40. 7 9 - 1 9 8 - 1  SOURCE DISTANCE 1 0  C M e  

ENERGY SCALE 1.0 KE'd/PHU ABSOFBER 1.18 G / C M  SQ. k 

I N T E N S I T Y  NORMALIZATICN NONZ 



3.2 D A Y  GOLD i 9 9  

D E T E C T O R  3 x 3 - 2  D A T E  1 - 9 - 6 3  

P L A T E  NO. 7 4 - 1 9 9 - 1  SOURCE D I S T A N C E  10 CM. 

E N E R G Y  S C A L E  1.0 K E V / P H U  A B S O R B E R  1. 18 G / C M  SQI BE 

I N T E N S I T Y  N O R M A L I Z A T I O N  N O N E  



3.2 DAY GOLD 1.99 

DETECTOR 3 x 3 - 2  DATE 1 - 9 - 6 3  

P L A T E  NO. 7 9 - 1 3 9 - 2  SOURVIE D iSTANCE 1 0  CM. 

ENERGY SCALE  0.5 KEV!?HU ABSORBER 1.18 G/CM S Q e  BE 

INTENSSTY NORMALIZATION NONE 



2 4  HR. MERCURY 197M - 6 5  HR. MERCURY 1.97 

247 DETECTOR 3 x 3 - 2  DATE 4 - 1 - 6 3  

PLATE NO* 8 0 - 1 9 7 M ( 8 0 - 1 9 7 1 - 1  SOURCE DISTANCE 1 0  CM. 

ENERGY SCALE 0.5 K E V I P H U  ABSORBER 1.18 G / C K  S Q *  BE 

I N T E N S I T Y  NORMALIZATION NOhE 

Or, 
0 

G 
3 v 
h 

Or, 
0 

b 
\O 
4 
w 

b 



6 5  ;HI?* MERCURY 1 9 7  

D E T E C T O R  3 x 3 - 2  D A T E  4-8 -63  

P L A T E  NO. 8 0 - 1 5 7 - 1  SOURCE D I S - A N C E  .10 CM. 

ENERGY S C A L E  0 - 5  K E V / F H U  ABSORaER.  1..18 S / C M  SO. B E  

I N T E N S I T Y  J J O R M A L I  Z ,@.TION NONE 



47 DAY MERCURY 203 

GETECTOR 3x3-2 DATE 8-25-61 

PLATE NO. 80-203-1 SOURCE DISTANCE 10 CM. 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G / C M  SQ. BE 

INTENSITY NORMALIZATION NONE 

0 1 2 3  4  5  6 7  8 .  9 
002  400000 002836 003378 004637 006041  006560 007998 021832 0 3 3 0 2  018648 
Ol i3.0053i16 003114 003852 004764 005007 003848 002567 002232 002326 002401 
0 2 0  002415 0 0 2 4 2 1  002733 003038 003844 006722 017596 045109 080570 092694 
030  C66263 028969 OC7492 001285 000154 OC0058 000072 000026 000025 000054 
0 4 0  C100038 O C O O O @  O C O O O O  C O O O C O  000000 000000 0000QO COO000 O O O O O C  O O O C O  



47 CAY MERCUR? 2 0 3  

OETEC'OR 3 x 3 - i  D A T E  8 -25-61  

P L A T E  NO* 8 0 - 2 0 3 - 2  SOURCE D I S T A N C E  1 0  CM. 

ENERGY SCALE 0.5 K E d / P H U  AdSORBER 3 . .  18 G/CM S C *  BE 

I N T E N S I T Y  N - 3 R M A L I Z A T I 3 N  N O h E  



1 2  DAY THALLIUM 2 0 2  

251 DETECT3R 3 x 3 - 2  DATE 1 0 - 2 1 - 6 3  

PLATE NO. 81 -202- -1  SOURCE DISTANCE 1 0  C-Me 

ENERGY SCALE . l a 0  KEV/PHU ABSORBER 1.18 G/CM SQ. BE 

I N T E N S I T Y  NORMAL[ZATION NONE 



3.9 YR. THALLIUM 204 

CETECTl3R 3x3-2 D A T E  5-1.2-6,4 

F L A T E  NO* 81-2Cl4-1 .SOURCE DISTANCE 10 CMa 

ENERGY SCALE 1.0 EE'd/PHU ABSOFBER 1.18 GJ;CM SQ. B E  

INTEtU,SI  TY NORMAL5 ZAT I C N  ,NONE 

0 .L 2 3 4 5 6 " '7. 8 9 
000 999999 006691 0106C1 007717 006502 006484 004438 013413 035313 018232 
Old 004677 001277 O C l l C l  COO924 000900 000755 000733 003666 000567 000499 
020 000509 000+10 OC03S4 000352 000327 00028C 000233 003246 000217 000158 
030 000140 000160 OCOOS9 COOP30.030118 000102 000091 0030.65 000059 000042 
Obi; 00004-6 OC0048 OCCC30 COO028 038026 000032 000030 003024 000021 000021 



3.1 M I N  THALLIUM 2 0 8  

253 DETECTOR 3 x 3 - 2  DATE 2 -6 -63  

PLATE NO* 8 1 - 2 0 8 - 1  SOURCE DISTANCE 1 0  CM= 

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1.18 G/CM S Q *  BE 

I N T E N S I T Y  NORMALIZATION NOhE 



3 2  HR. L t A G  2 3 3  

D E B E C T 3 R  3 x 3 - 2  2 - 8 - 6 1  

P L A T E  NO. 8 2 - 2 0 3 - 1  SOURCE DISTF.NCE 1 3  CM. 

EN!RGY S C A L E  1.0 KEV;PiU A a S O R B E R  9.P0.0 C!XM SQ. B E  

I N T E N S I T Y  N43RYALI  Z a T I J h  NCNE 



25 5 D E T E C T O R  3x3-2  D A T E  2-7-61 

P L A T E  N O *  82-204M-1 , SOURCE D I S T A N C E  10 C M *  

AUSOR.BtR 0.16 G / C M  S O *  B E  E M E R G Y  S C A L E  1.0 KEVLPHU 

I N T E N S I T Y  N O R M A L I Z A T I O N  NONE 



0.8 SEC LEAD 2 0 7 M  

DETECTOR 3x3-5  CATE 4 - ' 14 -64  

P L A T E  NO* 8 2 - 2 0 7 M - 1  SOURCE DIST;.NCE 10 CMe 

ENE.RGY SCALE 1.0 KEV/PHU ABSORBER 1.18 S;CM SQ* BE 

I N T E N S I T Y  NORMALIZATION NONE . 



10.6 H R e  L E A D  2 1 2  

257 D E T E C T O R  3 x 3 - 2  D A T E  2 - 6 - 6 3  

P L A T E  N O *  8 2 - 2 1 2 - 1  SCURCE D I S T A N C E  10 CMe 

ENERGY S C A L E  1.0 K E V / P H U  AdSORSER 1 . 1 8  G / C M  S Q e  BE 

I N T E N S I T Y  h O R M A L I Z A T I O h  NONE 



1 5  DAY B ISMUTH 2 0 5  

DETECTOR 3x3-2  

PLATE NO. 8 3 - 2 0 5 - 2  

DATE 1 -8 -63  

SOURCE DISTANaCE 10 CPim 

ENEFGY SCALE 1 . 0  KEV/PM!J ABSORBER 1 . 1 8  G / C M  SQ. BE 

I N T E N E I T Y  NORMALIZATION NOhE 



259 D E T E C T O R  3 x 3 - 2  D A T E  9-14-62  

P L A T E  N O *  8 3 - 2 0 7 - 2  S O U R C E  D I S T A N C E  10 C M *  

E N E R G Y  S C A L E  1.0 K E V / P H U  A B S O R B I R  1 . 1 8  G / C M  S Q *  BE 

I N T E N S I T Y  h O R M A L I Z A T I G N  K O h E  



6 0  M I N I *  BISMUTH 21m2 

DETECT.OR 3 x 3 - 2  D A T E  3-7.-63 

PLATE NO*, 83-21 '2-1  SOURCE CI*STANCE 1 0 )  CM*, 

ENERGY S C A L E  lm0 KE1d.'PMU ABSORBER 1 18 G/C,vlr SQ*, B E  

PNTEN5I-TY N O R Y A L I Z A T I O N  NONE 



1.9 YR. T H O R I U M  2 2 8  + D A U G H T E R S  

261 D E T E C T O R  3 x 3 - 2  D A T E  3 - 5 - 6 3  

P L A T E  N O *  9 0 - 2 2 8 - 1  S O U R C E  D I S T A N C E  1'0 CM. 

E N E R G Y  S C A L E  1.0 K E V / P H U  A B S O R B E R  1 . 1 8  G / C M  SQ. EE 

I N T E N S I T Y  R O R M A L I Z A T I O N  N O N E  



1 1 9  1 3 0  T H C R I U M  228  + DAUGHTERS 

IDETECTOR 2x3-2  DATE 3-5-63 

PLAT:€ NO* 90-228-2 S O ~ R C E  DISTANCE 1 0  C N O  

ENERGY SCALE 2.0 K Z V / P H V  ABSORBER 1.18 G / C M  SO* BE 

' I N T ~ N Z I T "  NORHALIZATIGN N3NE 



1 4 , 0 0 0 , 0 0 0 , 0 0 0  Yi?. THORIUM 2 3 2  WITH DAUGHTERS 

263 DETECTOR 3x3 -2  D A T E  2 - 2 7 - 6 3  

PLATE NO* 9 0 - 2 3 2 - 1  SOURCE DISTANCE 1 0  C M *  

ENERGY SCALE 1.0 KEV/PHU ABSORBER 1 - 1 8  G / C M  S Q *  BE 

- I N T E N S I T Y  N O R N A L I Z A T I O N  NONE 



2 7  D A Y  P ! ? O T A C T I N I U M  2 3 3  

D E T E C T O R  3 x 3 - 2  D A T E  1 2 - 1 7 - 6 2  

P L A T E  N O *  9 1 - 2 3 3 - L  SOURCE D I S T A N C E  10 CM. 

ENEB?Gv S O L E  0.5 K E V / P H U  ABSORBER 1.18 G:CN SIQ* 6E  

I N T E N S I T Y  N O R M A - I Z A T I O N  NONE 




