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INTRODUCTION 

After the approval of the project of a superconducting low-B insertion (SL 
insertion) for the JSR in 1977, based on the scheme shown in Ref. 1, some modi
fications were made: 

i) It was decided to install the SL insertion in.intersection 8 instead of in
tersection 1, which had consequences on the luminosity balance. 

ii) The end effects of the SL quadrupoles were taken into consideration and the 
matching of the insertion was remade accordingly. 

iii) The calculation of the off-momentum closed orbits in the program AGS was 
improved2l, which necessitated the recalculation of the sextupole compo
nents in the insertion. 

These modifications are described in the first chapter of this report. 

The second chapter describes the new procedures and items specially created 
for the SL operation, they are: 

i) A program which uses trajectory measurements and corrects locally the di-
pole defects of the insertion as well as its phase jump. 

ii) A special data base for the program QPQQ which is used to tune the machine. 

iii) An improved beam centring procedure. 

iv) A collimator system adapted to the SL operation. 

In the third chapter a new method of matching the JSR transfer line is des
cribed, which takes into account the actual betatron parameters in the injection 
septum. 

1. MODIFICATIONS TO THE SCHEME OF REF.1 

1.1 Effect_of_the_diselacement_of_the_SL_insertion_from_Il_to_l8 

The magnet parameters and the luminosity computed in Ref. 1 assumed the 
installation of the insertion in 11. 

Installing the insertion in 18 did not change the SL magnet parameters. 
The betatron functions which are necessary for matching are in fact the same in 
all intersections of the !SR. 

However, because of the modulation of the function Bh due to the horizontal 
mismatch of the insertion, the Bh values at the inflectors are different in the 
18 case from what they were in the 11 case. This reduces the available aperture 
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in ring 1 and increases it in ring 2. The relevant Bh values are given in 
Table 1. 

Table 1 

Location of insertion 11 (ring 1 & 2) 18 (ring 1 )  18 (ring 2) 
' ' ' 

Bh(m) at the injection 
kicker on the injection 65.5 111 8.3 
orbit 

The reduction of luminosity due to this change was expected to be about 
7 %, the aperture balance being made as in Ref. 1, however this was considered 
to be the price to pay for the change of the initial design. 

1.2 Modification due to the SL end effects --------------------------------------
In Ref. 1 the SL quadrupoles and sextupole components were described as 

having a constant value inside the magnets and a zero value outside. In reality 
the value of these components decreases smoothly at the ends of the magnets3 l. 
The influence of this variation on the Bv function was examined some time 
ago4 l and was found to be negligible. However the main effect of this varia
tion is the mismatch of the dispersion function which is introduced by the gra
dient decrease; the associated modulation of the off-momentum closed orbits re-* 
duces the stacking aperture by about 6 %. On the other hand the increase of Bv 
is about 8 % which is larger than previously4 l calculated, since the value of 

Ov is closer to 9 for the present scheme. 

1.2.1 Model to describe the end effects -----------------
The decrease of the gradient at the end of the magnet was extracted 

from Ref. 3. It is shown in Fig. 1 for two radial positions. The simila
rity of the two curves shows that this representation is valid in the use
ful aperture. 

As the program AGs5) only uses piece wise constant components, the 
end of the quadrupoles, whose length is 0.175 m in the hard edge model, has 
been replaced by six pieces, 0.055 m long, whose gradients divided by the 
central gradient gives the numbers: 

0.927 0.841 0.688 0.459 0.210 0.05682 

This is illustrated by Fig. 1. This representation garantees the 
value of the integrated gradient within 10-5 and provides transfer matrices 
which are very close to the matrices computed by means of a smooth curve as 
shown in Appendix 1. This representation will be referred to as "smooth 
edge" model. 
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1.2.2 Errors due to the hard edg5: ap.e_roximation 

One way to estimate these errors is to introduce the gradients comput
ed in the hard edge approximation in the smooth edge model. The machine 
parameters are affected as shown in Table 2 for ring 2 (the situation is 
similar for ring 1 ) .  

Table 2 

Tunes and their derivatives as well as luminosity parameters 
with insertion gradients computed for the hard edge model (Ring 2) 

parameter Q
h Q' Q" Q Q' Q" D B* AP(P h h V V V max V stac ed 

hard edge j8.902j2.55J- 2.98 
i i i 

8.882 2.48 3.62 

(m) (n,) 

2.306j0.275j 
i i 

I I I I I 

smooth edge
\
8.905

\
2.62

\
- 6.21

\
8.870

\
2.54

\
7.75

\
2.363

\
0.299

\ 

1.2.3 Rematching of the linear scheme 

(%) 

3.87 

3.62 

Taking the hard edge gradients as starting values, the previous 
matching procedurel l was repeated using only the central part of the 
quadrupoles as variables and spreading the difference w.r.t. the starting 
value over the whole magnet. 

In practice it was only necessary to do this once, since the solution 
obtained was quite acceptable, i.e.: good matching of the dispersion, 
values of the gradient stopbands equal to or lower than those of the hard 
edge solution (see Table 3 below) . The results of the AGS calculations 
of the B functions, the dispersion and phase advances are shown in 
Tables 4.a and 4.c. The B functions inside the insertion are shown in 
Fig. 2. 

Table 3 

Half widths of the gradient stopbands and maximum value of the dispersion 
for the hard edge and smooth edge solutions 

hard edge solution, Ref. 1 

smooth edge ring 1 

smooth edge ring 2 

S'
Q

h 
SQ D B* 

V max (mv) (ml 

0.112 0.008 I 2. 296 0.293 
I 

I 0.112 1 0.0034 I 2.301 I 0.283 
I I I I 

I 0.111 I 0.0060 I 2.302 I 0.286 
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1.2.4 The SL sextu.E_oles for the smooth eng� model 

The maximisation of the stacking aperture by means of the F sextupoles 
in the SL quadrupoles was kept as a fundamental principlell. However as * 
far as the D sextupoles are concerned, the principle of keeping Bv constant 
on the off-momentum orbits l l has been discarded. Indeed, during the con
struction and testing of the sextupole windings, it was estimated to be 
more economic to take the F sextupole component which matches the orbit at 
the top of the stack as an upper limit, with the accepted consequence of an * 
increase of Bv with positive momentum deviation. This results in a lumino-

* 
sity loss of about 4 % w.r.t. a solution with a constant By. 

The decrease of the component at the end of the sextupole has not been 
computed. It was estimated to be steeper than that of the quadrupole. 
Thus the decrease of the sextupole component was spread over four of the 
end quadrupole pieces (see Fig. 1);  however this did not significantly af-

* 
feet the variation of Bv with momentum or the stacking aperture. In the 
final scheme the sextupole component was nevertheless described this way 
for the homogeneity of the representation. 

The F components were computed to match the off-momentum closed orbit 
at the top of the stack ( i.e. for f.p/p ; 0.021) and the D components were 
simply made to equal them. This is an iterative process which necessitated 
two iterations, starting with the values in Ref. 1. This computation was 
made with the corrected version of the routine MATRIX in the AGS program2) 

The detailed procedure is the following: 

Starting values were set for the K' of the sextupoles, the working 
1 ine was adjusted by means of the K' and K" components of the main 
magnets of the !SR (computation made with the MA routine in the 
AGS5) program) • 

The insertion was turned off and the off momentum closed orbit posi
tion Cm, with the momentum deviation (6p/p) m desired for matching, was 
computed. 

A trajectory with the same position and slope as Cm at the beginning 
of the insertion was tracked for (6p/p) m. 

The difference between this trajectory and Cm at the end of the inser
tion was made to vanish by adjusting the two F sextupole components.* 

* The program SEXT which computes the sextupole components was made by a 
summer student S. Olivieri in August 1979. 
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The procedure was restarted with the new values of the sextupole 
components. 

This is an iterative procedure which converges rather rapidly. 

As a consequence of this orbit matching, it must be noted that the 
AGsSl program finds the closed orbits faster when this matching is per
formed. 

The values of the sextupole components are given in the summary of the 
AGsSl outputs for the closed orbits at the top of the stack (Table 4 b 
and 4 d). 

1.3 ���!!!��!!��-of_the_compensation_scheme_for_the_AFM 

The SL scheme in Ref. 1 was intended to be used with the superconducting 
solenoi"d installed in Il. The vertical orbit distorsion due to the vertical 
kick given by the axial field of the solenoid was made local by means of two 
radial field compensators located at each end of the solenoid. 

In !8 the SL insertion had to be used with the open axial field magnet 
(AFM). As no space was available to install a compensator between the AFM and 
the SL quadrupole (the AFM pole piece had to be machined to make the installa
tion of the SL quadrupole possible in the outer arc part of the insertion), the 
compensator of the outer arc had to be put between the two SL quadupoles in the 
outer arc. Under these conditions it was advantageous to use the D quadrupoles 
themselves as compensators. 

In order to explain this, let us consider a trajectory starting from the 
centre of the AFM with a zero slope. This trajectory reaches the D SL quadru
pole with a certain vertical position and slope. The strength of the SL quadru
pole is such that the maximum excursion of this trajectory occurs in it as shown 
in Appendix 2. Then the old radial field compensators AFC can be put almost 
anywhere between the SL quadrupoles and the next H magnet of the !SR to make the 
position of the trajectory equal to zero at the pl ace of the H magnet. The lat
ter has finally to be powered to give a kick opposite to the slope of the tra
jectory, which localises the vertical closed orbit distortion. 

In practice one AFC is placed inside the doublet in the outer arc and the 
other one is placed in the free space between the F SL quadrupole and the F mag
net of the IS� in the inner arc. Under these conditions the vertical excursion 
of the closed orbit is smaller than 1.5 mm in the superconducting quadrupoles as 
well as in the main magnets of the !SR close to the insertion. 

This scheme is also convenient for pp operation because it provides the 
same vertical position of the p and p beams at the interaction point. 
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The excitation of the correctors used for this scheme are given in Table 5, 
as well as increments for a vertical displacement and a change of slope of the 
vertical closed orbit in I8. 

Table 5 

Excitation of the AFC' s and H' s at 26 GeV for the compensation of the vertical 
kick due to the AFM. Increments of the AFC' s and H's for a vertical displace
ment of the closed orbit and a change of its slope at the interaction point. 
The kick of the AFM is 0.75 mrad at 26 GeV. 

The upper number in each case is the kick in mrad at 26 GeV, the lower number is 
the intensity in percent of the maximum intensity. The reference axis for the 
slope is in the direction of the beam. For the H' s and AFC's a positive kick 
corresponds to a positive excitation. 

Compensation scheme -0.06564 +0.04017 +0.01972 -0.06521 -0.06568 +0.03966 +0.00929 -0.05800 
for + 100 % AFM -4.48 +3.15 +1.54 -4.46 -4.19 +3.11 +0.73 -3.96 

Increments for Angle 0.02788 0.33198 0.33146 -0.00523 0.02790 0.33206 0.33297 -0.00455 
di sp l acement (mrad) 
1 mm upwards Current +l.91 26.01 25.97 -0.36 1.91 26.01 26.08 -0.31 

(%) 

Increments for Angle -0.17770 +0.07932 -0.01570 +0.1729 -0.17763 0.06882 +0.01190 +0.15376 
+ 1 mrad slope (mrad) 
change at in- Current -12.14 +5.51 -1.23 +11.81 -12.14 +5.39 +0.93 +10.51 
tersection (%) 

1.4 Exeected_eerformances_of_the_new_scheme_comeared_to_those_given_in 

Ref. 1 

Three points influence the performance of the new scheme, they are: 

i) The reduction of stacking aperture in ring 1 and its increase in ring 2 re
sult in a luminosity loss of 7 %. 

ii) The limitation of the D-sextupole strengths results in a loss of luminosity 
of 4 %. 

iii) The decrease of B* makes the luminosity increase by 1 %. 

Thus the number given in Ref. 1 must be decreased by 1 0  %. 

As the expected luminosity was in the range 1 to 3 1032 cm-2 s-1 depending 
on the conditions, the statement can be maintained that luminosities in excess 
of 1032 cm-2 s-1 with an acceptable background for the experiments may be 
obtained. This was effectivly achieved. 

"'' .. �,,·�· �· ""'"'" , , .•.. .,,,,, . .,,,,,,,,�,,, ' '  '"' ' '""'' ,,,, ""' �". "'�"''''" "'" ''"'" '"" "' '" '' ''  "'"' "''" ..... ,, .,,, .... ,., .. ,,,,,,,,.,�,,,.,,,,.,,. '""'''' ''"' """' "'' '"' '" ,,. " '''" ,.,,,, "�·•·• ' .,,.,,,, ....... ., ... ,,,.,' 
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2. NEW PROCED URES FOR SL OPERATION 

These new procedures described below can be divided into four groups: 

i) Change of the collimator system for limiting the proton losses in the 
superconducting quadrupoles. 

ii) Adaptation of the tune control to the SL machine: this control has to be 
more precise than on the conventional ISR because of the increased sensiti
vity of the SL machine to vertical field perturbations. This concerns both 
the QPQQ program and the space charge compensation. 

iii) Special procedure to obtain the first injection on the SL machine and to 
obtain injection currently with this machine. 

iv) Centring and acceleration. 

2. 1 Changes_to_the_ISR_collimator_system 

The collimator system had to be adapted to provide maximum protection of 
the 18 insertion on the SL machine, without losing efficiency on the convention
al machines FP, LB and TW. 

The efficiency of a collimator configuration6 l can be evaluated with the 
programs TOUCH and MUSCAT (see Appendix 5). Betatron phase space plots in the 
vertical plane show that 18 is protected against any sort of proton losses. 
However, in the horizontal plane, the phase advances between the existing colli
mator locations (which should be roughly �/2 in both planes) are considerably 
perturbed by the horizontal betatron mismatch introduced by the insertion, and 
therefore new locations had to be found for some radial collimators, especially 
to provide a protection for SL7 and SL8. 

In ring 2 it was sufficient to displace the farthest downstream collimator 
340 (at 3TI/2 w.r.t. the primary collimators in 13) to the next straight section 
344. This location was equally acceptable on the conventional ISR magnetic 
machines. 

However, in ring 1 the Oh modulation in the collimator region is more visi
ble than in ring 2. The phases of the radial collimators at 241 and 249 are no 
longer at ti and 3fl/2 w.r.t. the primary collimators (see Fig. 3 a). To over
come this, a new radial collimator needed to be installed in the straight sec
tion 237. Even so, the use of the radial collimator 229 remains delicate, since 
a large part of the protons scattered by this (farthest downstream) collimator 
would be lost in the insertion on SL7. Therefore collimator 229 requires conti
nuous attention, and must never be the strongest aperture limitation in the pre
sence of high intensity beams. In the case of a sudden change of the closed or
bit or during a coherent instability the beam could scrape itself superficially 
against the collimator block and the number of outscattered high energy protons 
would be large, making a quench in SL7 possible. 
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It was not considered justified to add collimators in the vicinity of 18 

(the present collimator system is entirely located around 13) , as this would 
dramatically increase the risk of scattering protons directly onto the supercon
ducting quadrupoles. Furthermore, no equipment possibly causing scattered pro
tons (scrapers, injection kicker, dump, etc.) is located between the present 
collimator system and the 18 insertion. 

The phase space plots of the new configuration show that the superconduct-
ing magnets are protected w.r.t. injected pulses as follows: 

in the vertical plane perfectly well, 

in the horizontal plane the JSR vacuum chamber between 13 and 18 protects 
all magnets except SL7 in ring 1 and SL8 in ring 2, but the collimator sys
tem, when set up correctly, protects all magnets against the total loss of 
a single pulse. 

The inner and vertical collimators are positioned by computer (program 
POco7l J around the injection orbit. The outer collimators presently need to 
be set up manually by "find beam" with a pulse from a position 3 mm further than 
the top of the stack, starting with the most downstream collimator. 

MD tests have shown that, with the collimators in position, the supercon
ducting magnets are protected from quenching during all operation with the ex
ception of the total loss of a high intensity beam. In this event a beam cur
rent loss monitor triggers the beam dump. This loss monitor should be set to 
1 A/10 seconds (normal value: 2 A/10 s) . 

2.2 Modification_of_the_program_QPQQ_adjusting_the_tunes_of_the_ISR 

The program QPQQ computes increments for the currents in the 24 pole face 
windings of the main magnets of the JSR in order to achieve increments of the 
tunes and their derivatives. 

In practice, these increments are obtained by multiplying a 24 x 10 matrix 
(1 0 tunes and derivatives, 24 pole face windings) by a vector constituted by the 
10 tunes and derivatives requested. The matrix coefficients were measured some 
time ago8l for the FP machine whose betatron parameters are close to those of 
the BASE machine, i.e. the machine to which the insertion is matched. Thus a 
good variation of the tunes will be obtained on the BASE machine by using the FP 
matrix. 

In the SL machine the O�s are the same as for the BASE machine but the Ohs 
are quite different. An alternative way of examining this is to compute the 
horizontal tune of the SL machine Qh as a function of the horizontal tune of the 
BASE machine Qh. This calculation is described in Ref. 9, giving: 
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cos2'il'Ot = cos'il'2 (Oh+</>) I cos 2'fl' Oh (1) 

where Oh is the half width of the gradient stopband associated with the mis
match of the insertion and ¢ is the sum of the phase advance due to the inser
tion and a term derived from the mismatch. 

From equation (1) we can compute the values in Table 6. 

Table 6 

Horizontal tune of the SL machine O* 
as a function of the tune of the base machine Oh 

liO* h 0 -0.050 -0.01 0.01 0.05 0.098 

Ot I 8.9020 I 

i i 

8.8520 I 

i 

8.8920 I 8.9120 I 8. 952 I 9 

i i i ' 
Oh 

60h I 

T I 

8.7502 I 

i 

8.7184 I 

i 
I ' 

' ' 
8.7444 I 8.7557 I 

I i ' l 

0 I -0.0318 I -0.0058 I 0.0055 I 

' 
8.7733 I 8.7816 

i 
I 

0.0231 I 0.0314 

* * 
The non linearity of Oh versus Oh is clear, Oh is plotted as a function of 

Oh on Fig. 4, where the significance of the gradient stopband is explained. The 
consequence of the non linearity above is that if Oh is incremented, the asso-
ciated increment of Oh depends on the value of Oh· In other words, an increment * 
of Oh made by OPOO with FP coefficients will also create a variation of its de-
rivatives of Oh versus momentum for the SL machine9 l .  

A modification of the OPOO matrix was made in the following way: using the 
AGs5l program, increments of the multipole components in the main magnets were 

* 
computed in order to achieve a variation of Oh or of its derivatives; then these 
increments were added to the components in the main magnets of the FP machine 
and the associated difference in Oh and its derivative were computed. In this 
way it was possible to compose Table 7 which could also be written in a matirx 
form: 

[O (FP)] =[M] [O(SL l] 

where [O] is a vertical vector containing O and its derivatives. 
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Table 7 

Theoretical conversion of SL increments into FP increments 

Increments asked from 
QPQQ with workrnq 
conditions FP 

AQh 
= 

L\Q' = 

h inner 

LIQ' = 
h outer 

t:,.Q" = 

h inner 

t:. Q" = 

h outer 

--·-
Increments wanted for the machine 
with the SL insertion 

0.535/10* 
h 

- 7 .2 llQ* + o.58llQ'* 
h h in 

- 6.4 !iQ* + 0.64 li.Q'* 
h h out 

-189 ti. Q* +11 a o, * 
h h in 

-451 l\ Q* -30 t:. Q'* 
h h out 

----

+0.0006l\ Q"* 
h 

+O. 0014 flO' * 
h out 

+0.77 fl 
Q

II * 
h in 

+0.17 llO'* 
h out 

Finally the multiplication of the FP QPQQ matrix by the matrix M provides 
the SL QPQQ matrix. This new matrix was checked experimentally and it was found 
that some terms had to be adjusted. The experimental results are given in 
Table 8 for finite increments of Q* and its derivatives, the non linearity of Q* 
versus Q can explain most of the discrepancies between Table 7 and Table 8. 

.. ,. ,.., ,.,.,,,.,,,,,,,,.,. ,.,,,,,., '''''''"""'""' 

Table 8 

Measured coefficients for the conversion of SL tune increments 
into FP tune increments 

Increments asked from Increments wanted for the machine 
QPQQ with working with the SL insertion 
conditions FP 

L':.
O
h 

= 0.7l:.Q* 
h 

LIQ' = - 10. o llo* + o.58llQ'*. 
h inner h h in 

ll Q' = - 8.o llQ* + 0.64 l:.Q'* 
h outer h h out 

Ao" = -189 ll Q* + 2.0 /J Q'* + 0.8 llQ"* 
h inner h h in h in 

llo" = -451 t:,. Q* - 5.o AO'* + o.8 t:.o'* 
h outer h h out h out 

''" '"""" ,.,. '"''"' , , , ,  .. ,. . .,�."'" ,,,,. '"''"" ,.,, " ' .... . ' ,,,, , ,., ,, " "" ,,. '"" 
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2.3 Space_charge_compensation 

From the explanations in the above paragraph, it is obvious that the 
Q-shifts due to the space charge will be more important on the SL machine than 
in the conventional machines. 

However, as the main magnets of the !SR are almost as regularly distributed 
as the space charge fields, the effect of the space charge can be compensated 
quasi locally by acting on the main magnets paleface winding currents. The 
relation between the beam profile (density vs. momentum) and paleface winding 
current increments then only depends on the current distribution in the vacuum 
chamber. Since the SL machine was designed to have the same theoretical off
momentum closed orbits as the FP machine outside the insertion, it seemed inte
resting to use the existing FP space charge compensation procedure equally on 
the SL machine. The program QCOMP 10l, with a modification to select 
automatically the FP parameters, was found to give adequate results and required 
only some fine tuning of the parameters FH and FV which multiply the measured 
current profile before the calculation of the compensation: 

FH was increased from + 0.97 (original value) to+ 1. 11 

FV was decreased from - 1.26 (original value) to - 1.40 

(the original values were chosen deliberately to undercompensate, which was not 
desired on the SL machine). 

The results of the QCOMP calculations were incorporated into the S.C.C. 
program TUColll, which applies precalculated compensations automatically based 
on the beam current: it uses the position of top and the density of the stack as 
input parameters and assumes a rectangular distribution. The program TUCO has 
been used successfully on the SL machine, for the high intensity stacking tests 
and for the stacks used for acceleration to 31 GeV. 

2.4 Beam_centrin9 

The compensation of the space charge described just above is also used dur
ing beam centring after stacking. On the conventional machine, precalculated 
increments were used in all cases. However, with the SL machine high precision 
of the working line handling is essential, therefore as the obtained beam cur
rents and density profiles may be different from one run to the next, a proce
dure was created to calculate the paleface winding increments "on line" just be
fore centring of the beam, using the QCOMP program with the SHIFT option lO) . 
Application of two steps of 5 mm gave good results and is now regularly used. 
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2.5 Local_correction_of_the_field_defects_!�_the_insertion 

For the running-in of the SL insertion, an essential problem was to inject 
circulating protons in this new machine. 

For this purpose a special procedure was created as follows: 

The !SR was set up on the BASE machine which is obtained in the following 
way: the ELSA line having been made with the SL insertion, the latter is 
turned off. The working line then computed with this new machine is the 
BASE working line. 

The injection on the BASE machine being well adjusted, a single turn tra
jectory Ti is measured as well as the closed orbit C1 at injection. 

The insertion is turned on and a single turn trajectory T2 is measured. 

Downstream of the insertion the difference between T2 and T1 is considered 
as a betatron oscillation around Ti· It is eliminated by two dipoles in 
both planes. 

When the difference between T2 and T1 is small enough, the injected pulse 
circulates; the position of the closed orbit C2 is measured. 

A fine correction is finally made by cancelling the difference between C1 
and C2 by means of the same dipoles as above. 

This process has two advantages: 

i) It ensures injection on the SL machine. 

ii) It provides a closed orbit at injection as good as the closed orbit made on 
the base machine, so that the insertion is made invisible from the orbit 
point of view. 

This worked perfectly well with the SL insertion in spite of the bad hori
zontal matching and made it possible to obtain circulating protons at the first 
run with the insertion. Fig. 5 shows measurements of the closed orbit distor
sions measured without the insertion (BASE machine) and with the insertion after 
having applied !NCO on the single turn measurements only (difference between T2 
and T1 quoted above). 

The procedure for using the program !NCO can be found in Ref. 12. 

The principle of the computations are given in Appendix 4. 

2.6 Initial_set_ue_of_the_machine_with_the_insertion 

This initial set up had to be carried out with great care because injection 
attempts before the orbits and injection are properly turned could lead to los
ses in !8 making the magnets quench. 
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In order to overcome this problem the beam was not allowed at any time to 
cross the insertion on an unknown orbit. 

At first the set up was made on the BASE machine as defined in§ 2.5, iden
tical to the conventional !SR: the working line was adjusted to equal that of 
the BASE machine with all the !SR magnets needed. The orbits were corrected and 
the injection line was carefully adjusted. The closed orbit at injection was 
measured and stored as well as a single turn trajectory. The collimators were 
positioned w.r.t. the thus measured injection orbit using the O values of the SL 
machine. 

The SL magnets were turned on, the stability of the injection was checked. 
The injected pulse was then allowed to cross the insertion once and !NCO was 
applied to make the trajectory downstream from the insertion coincide with the 
orbit measured previously without the SL insertion. When !NCO did not require 
any more correction the beam was allowed to circulate. 

This procedure was effectively applied in ring 2 and worked perfectly well 
(Fig. 5). 

In ring 1 the situation differs because 18 is very close to the injection 
kicker, which invalidates the above procedure. Therefore a second turn trajec
tory had to be measured and a special kicker was installed in 13 to prevent an 
injected pulse to cross 18 twice. This was more difficult and lengthy because 
the injection had to be adjusted frequently due to changes of the PS and the 
transfer line. 

2.7 ���!_injection_procedure_on_a_known_closed_orbit 

Experience shows that the closed orbits on the SL machine are remarkably 
stable at 26 GeV/c, and in most cases the closed orbit measured in the previous 
run is a better estimation of the actual orbit than the closed orbit of the base 
machine. This fast procedure may however only be applied if no radical realign
ment work has been carried out since the previous run. The procedure is as 

follows: 

The insertion is switched on together with the other magnets of the mach
ine, and the special stoppers upstream of 18 (449 for ring 1 and 548 for ring 2) 
are closed to protect the insertion. The injection is tuned (program C INE13)) 
and the collimators are positioned (program POCo7)) w.r.t. the orbit measure
ment of the previous run, kept on disk. After taking out the stopper, circulat
ing beam is obtained. 
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3. BETATRON MATCH ING OF THE BEAM TRANSFER L INE TO THE !SR RING 

This computation, which is of general interest, was developed for the SL 
operation because the betatron matching of the beam transfer line to the !SR 
ring had to be performed with precision; due to the horizontal beta modulation 
introduced by the insertion, the horizontal beam width is locally much larger 
than on the conventional machine, particularly in the ring 1 injection kicker 
and in the ring 2 septum magnet, and therefore it is essential to minimise the 
horizontal emittance through a good betatron matching to the PS. 

As the beta values depend on the radial position of the orbit, it was ne
cessary to calculate the beta values in the septum on the trajectory of the in
coming beam, rather than to use the beta values on the central orbit or injec
tion orbit. The AGS5) program was modified to perform a reversed tracking, 
starting at, the junction of the incoming beam trajectory and the ring orbit 
(i.e. in the injection kicker) back to the entrance of the septum at the nominal 
radial position of the incoming beam (- 100  mm w.r.t. the centre line) . A tra
jectory associated with the momentum deviation of the injection orbit and making 
an angle exactly opposite to the one made by the kicker was traced through the 
relevant !SR magnets and then the transfer matrices were computed for the beta
tron oscillation along this trajectory. In this process the multipole compo
nents of the main magnets introduced in AGS to create the working 1 ine were used 
(this is only an approximation because this representation applies strictly only 
down to a position of about - 50 mm in the D magnets) and it was checked that 
the influence of the gradient and field defects in the QT magnet involved in 
this tracking was negligible. The obtained values were used as input in the 
matching program MATCH14) , which optimises the gradients of the six most down
stream BT quadrupoles. 

By using these quadrupole settings, rather than the standard values (so far 
used on all magnetic !SR machines) a horizontal blow-up of 20 % could be elimi
nated. This was confirmed by transverse Schottky measurementsl5l. 
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A P P E N D I X 1 

Analytic calculation of the transfer matrix for a transition region 

with a gradient decreasing to zero 

Let s be the coordinate along the closed orbit and x the transverse 
displacement of the particles w.r.t. the closed orbit. x is determined by the 
differential equation: 

x" + K(s) x = O 
where K(s) takes the form: 

K(s) = K0 [ 1 + a(s/1 ) 2 + b{s/1 ) 3 + c{s/1 ) 4] 

( 1 ) 

(2) 

Ko is the constant value inside the magnet; the parameters a, b and c describe 
the variation of K/K0 from 1 for s = 0 to O for s = 1, with K'(o) = 0. Imposing 
furthermore that: 

K' (1) = 0 and JK(s) ds = Ko l ext 

we obtain, putting R = l extll 

a = 30R - 18 b = 32 - 60R c = 30R - 15  

For the case of the SL quadrupoles lext was taken equal to 0.175 and l equal to 
0.33. The associated function K(s) given by (2 ) with 

a = - 2.090909 • • •  b = 0.181818 • • •  C = 0. 909090 • •  • 

is shown in Fig. 1 and fits the computed variation well. 

Equation (1) can be solved approximately by looking for a power series: 

x(s) = x0 +xis+ x2s2 + • • •  + xnsn 

where the Xi's are constants. 

Putting this expansion in (1 ) gives: 

2x2 + 6x3s + •• • + n(n-1) nnsn -2 + ••• + Ko·[ 1 + a{s/1 )2 + b{s/1 )3 + c(s/1 )4]. 

(3) 

We now have to look for particular solutions since the elements mij of the 
transfer matrix are particular solutions of (1 ) such that: 

Function m11 

mu{o) = 1 m'11 (ol = o 

The above initial conditions are x0 
= 1 x1 0, then the other terms of 

the series in (3) are made to vanish: 

constant terms: 2x2 + K0 = 0 



terms with s 

terms with s2 

terms with s3: 

terms with s4: 

- 1 7  -

x3 = o 

x4 = (K0 /12) (K0/2-a/1 2) 12 x4+K0(x2+ax0/12 ) = 0 

20x5+K0 (x2+ax0/12 ) = o x5 = - K0b/l3 

30x6+K0 (x4+x2a/1 2+x1b/l3+x0c/1 4) = 0 

x6 = (-K0 /30) (K2
0/24-7aKo/12 12+c/14) 

If the calculation is stopped here, the term in K012 of the expansion of 
the function K(s) is exactly obtained and we know that the error on the expan
sion is of the order of the next term which is K2

014. Thus we get: 

m11(s) = 1 - K01 2 . [ (s/1 ) 2 + a(s/1 )4/6 + b(s/1 ) 5/10 + c(s/1 ) 6 /1 5 ] /2 

+ terms of order larger than K2
014 

making s =  l, we obtain the approximate term of the matrix transfer of the tran
sition region of length s: 

m11 1 - K01 2.[ 1 + a/6 + b/10 + c/15 ] /2 + ••• 

= 1 - K01 2 (R - 0.2) /2 

for the SL case R = 0.530303 ••• , this gives m11 = 0.9837. We notice that the 
first term of the expansion looks like that of the expansion of the cosine func
tion with a correction term small er than 1 depending on a, b and c, thus the 
next term can be expected to be at the most K2

014 /24 with a correction term, 
which means that the error on the value of m11 is of the order of K2

014;24 i.e. 
10-4. The accuracy of the gradient measurement is about 1 °; •• and therefore 
m11 is known within about the same accuracy: in this respect the accuracy of 
10-4 of the present computation is largely sufficient. 

Function m1? 

The above initial conditions are x0 = 0 x1 = 1. Then the same equations 
as above can be used, they give: 

m12(s) = s 1 - K01 2. [ (s/1 )2 /6 + a(s/1 )4 /20 + b(s/1) 5130 + c(s/1 ) 6 /42] 

for s = 1 ,  we obtain: 

m12 = 1 [ 1 - K01 2(1/6 + a/20 + b/30 + c/42) + terms of order larger than K0
214 ] 

= 1 [1 - K01 2(3R - 1 /3 ) /14 + • •• ] 

For the SL case m12 = 0.32 87 

The functions m21(s) and m22 (s) are the respective derivatives of m11 (s) 
and M12 (s) which lead to: 

m2 1 - - K01 (1 + a/3 + b/4 + c/5) + ••• = - K01 ext + • •. 

- - K01 R 



- 18 -

the first term of this ex pan si on is exactly the same as the term which is ob
tained in the hard edge approximation. This is quite normal since it is the 
focusing term. 

m22 1 - K012 (1/2 + a/4 + b/5 + c/6) + •• • 

= 1 - K012 (R - 1/5)/2 + ••• 

This expansion still looks like a cosine as for m11 but the correction term is 
different from the one above. 

The determinant of the approximate transfer function is: 

m11 lll22 - m12 lll21 = [1 - K012(R + 1/5)/2]. [ 1 - K
012 (R - 1/5)/2] 

+ l. [ 1 - K012 (3R - l/3)/14].[K0
1 R] 

= 1 + terms of the order K
0
214 

which is consistent with the approximation of the expansions. 

Comparison between the different transfer matrices of the quadrupole end 

(vertical plane) 

m11 m12 m21 m22 

Hard edge* 
! 

0. 9937 0.32 87 - 0.0716 
I 

0. 9826 

i End in 6 pieces 0. 9842 o. 3287 I 
- 0. 0715 I o. 9922 

I I 

Above calculation! 0. 9837 
I 

0.32 87 
I 

- 0.0717 
I 

0. 9926 

* see Appendix 2 
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A P P E N D I X 2 

Transfer matrix of a quadrupole end in the hard edge approximation 

The gradient variation is shown below: 

, K(s) 

\ 

l 

l is the length over which the gradient varies substantially (see Appendix 1 ) ,  
lext is  such that: 

K0 lext =J K(s) ds 

0 

where K(s) is the actual gradient (see Appendix 1 ) .  

The transfer matrix from the origin to the point of abscissa s = l is 
obtained from the product: 

C 

-KS : J 
where C = 1 

S = l ext L 1 -
Kl 2ext 
___ + 

2 
J 

The expansion of the matrix elements is, putting 

Kl2 
m11 = 1 - - (R2 - 2 + 2R) + • • •  

2 

m21 

m22 

= - Kl R (1 -

Kl2R2 
= 1 -

2 

Kl 2R2 
+ • • •  

+ • • •  

lext R = --

1 
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A P P E N D I X 3 

Maximum excursion of a trajectory in a focusing quadrupole 

Let us consider a trajectory on the axis starting ata distance d of a qua
dripole, with a slope x'. 

At the entrance of the quadrupole, the position and slope are respectively: 

x'd and x' 

The position inside the quadripole is: 

x' 
dx' cos yK s + - sin {Ks 

{K 
where K is the gradient divided by the rigidity (BJ) of the particle and s is 
the longitudinal coordinate with the origin at the beginning of the quadrupole. 

The slope inside the quadrupole is: 

- dx' {Ksin {Ks+ x' cos {Ks= x' (- d {K sin VK s + cos ../Ks) 

The slope can be zero inside the quadripole, i.e. the trajectory can have 
an extremum Xm, if Sm exists smaller than 1, the length of the quadripole, such 
that: 

Which can be expressed as: 
1 1 

Sm = - Arctg --
{K d ..ff 

For the case of a trajectory starting at the centre of the AFM, we have for the 
vertically focusing quadrupoles adjacent to the intersection point: 

in the outer arc: 

d = 2.9 m K = 0.41 m-2 sm = 0. 77 m Xm = 3.29 x' 

in the inner arc: 

d = 3. 97 m K = 0. 365 m-2 sm = 0.65 m Xm = 4. 30 x' 

As both Sm are small er than the quadrupole 1 engths which are 1. 15 m, the 
extremum of the trajectories occur inside the quadrupoles. For the AFM, x' 
3.7 10-4 rad, hence the maximum vertical excursion of the orbit due to the AFM 
is smaller than 1.6 mm at 26 GeV. 
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A P P E N D I X 4 

Computation of a l ocal compensation of a d ipol e defect 

by means of two trajectory measurements 

Let xi;  be the trajec tory , posi ti ans measured at the pi ck up sta ti ans i n  a 
reference (or unperturbed) machine. In the !SR thi s can be ei ther a s ingle turn 
measurement, which i s  a traj ectory , or a cl osed orbit  measuremen t.  

Let us in troduce a di pol e defect at a certain po si tion ; the measured 

traj ectory posi ti ans become x2 i .  
If we assume that x2i - Xli i s  a betatron osci l l ation around the reference 

trajec tory , i t  i s  possi bl e to fi nd two dipol es A and B which  give the kicks 
\l A and & B such that 

0 -� si n ( µ _  - " ) + � /"'jj"'ii" s i n ( µ  - " ) + (x - X ) = 0 
A V u A

u 
i 1 "A B V UBU i i ·s 2i 1 i 

wh ich we wi 1 1  wri te for any 

A 0  + 8 0 + x  = O  
i A i B i ( 1 )  

The best way to compute 0 A and e B i s  to make a "l east square fi t" of 
equation (1), which means that: 

� [ \)A J BAB; sin ( µ
i -µ

A
) + 9 B J B8

B; s i n ( µ
i
- µ8

) + ( x  - x il = S (  9 e l 
2i 1 l A 8 

i s  mi nimum. The cond ition that thi s  function S(  fl A• � 8) i s  minimum is  
expressed by : 

The sol uti on 

= 0 

of thi s system i s :  

= 
( t si 2 ) ( f-Ai Xi l  - ( L Ai Bi H t Bi X i l  

( L Ai si J2 - ( E Ai 2 H t si 2 ) 
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A P P E N D I X 5 

1. Motion in the "phase space" 

The amplitude y(s) of the betatron oscillation at the position s in a 
machine is given by: 

y(s) = J E B(s) [sin µ(s) + 'f'J 

where E and 'f' are constants depending on the va 1 ue of x and its derivative at a 
given position. The amplitude function B(s) and the phase advance µ(s) depends 
only on the machine geometry and on the normalized gradients (i.e. the gradients 
divided by the rigidity of the particles) .  

The normalized coordinate: 

x(s) = y(s) /� = {E sin [µ(s) + 'f'] 

is therefore a pure sinusoi"dal function. Its derivative w.r.t. µ is 

x' (s) = ff [cos µ(s) + 'f] 
µ 

If the betatron motion is represented in the phase plane x x', the trajec-
µ 

tories are circles of radius ff and dx� (s) /dµ always has its sign opposite to 

that of x(s) which means that the motion of the point of coordinates x(s ) ,  
x' (s) occurs clockwise. 
µ 

2. Representation of an aperture restriction 

Let us consider two particles A and B with the same emittance E going from 
a point 1, to a point 2 where particles with an amplitude larger than x2 (posi
tive) are eliminated by the aperture restriction. 

The motion is sketched in Fig. 5. 

In this particular case particle B is eliminated at point 2. 

The same representation as Fig. 2 b can be obtained by rotating this Figure 
anticlockwise by 4µ, the phase advance between point 2 where the aperture 
restriction occurs and point 1 which is the origin of the motion. 

Thus it is only necessary to specify the coordinates of the particles at 
point 1: the eliminated particles are obtained without considering the betatron 
motion as shown in Fig. 5 c. 

' • · ·  · ' " "  " '"""•n•r "" .. '''" "''""'"" "' 
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x '  x '  

A 

X X 

phase space diagram at the 
origin of the motion 

phase space diagram at the l ocation 
of the aperture restriction 

(point 1 in text) 
x'  

C 

(point 2 in text) 

D 
dµ 

X 

ti.µ is positive 

Fig. 5 :  Representation of an aperture restriction l ocated at the phase 4µ 

w.r.t. the particl es in the positions A and B. 

For a gi ven machine which has a continuous vacuum chamber, a straight line 

D ,1µ i s  assoc iated wi th every point of the vacuum chamber at the phase llµ 

w .r.t. an arbi trary origin. This ensemble has an innermost envelope. This  

envelope represents the aperture restriction over the number of turns for which 

it is traced. 
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3. Application to the case of two colli mators 

X 

Figure 6 

col l i mator 2 { downstream 

by phase advance /J ) 

X 

col l i mator 1 { upst ream ) 

Let us take the ori gi n of the phase at the upstream collimator; let us as
sume that there is no other aperture restri cti on. Colli mator 1 is set as an 
aperture limi tati on defi ned by the di stance x1 from which the closed orbit under 
considerati on i s  distant. Parti cles are deflected by colli mator 1 so that thei r 
representing point i s  not A but i s  di splaced verti cally by ti x'. For any 
Li x' < 0 the deflected particles mi ss colli mator 2. For lix' > 0 there exi sts a 
value llx' max below which the deflected particles mi ss colli mator 2 and beyond 
which they are stopped (Fig. 6).  

If we now consi der an infi ni te number of turns of the parti cles, collima
tor 1 has to be set at all phases � = n(2'n' Q) where n i s  any i nteger. The enve-
1 ope of the straight li nes representi ng collimator 1 i s  therefore the ci rcle of 
radi us x1 which impli es that a particle that has been deflected once wi ll be 
stopped later on. 

In such phase space plots the avai lable aperture of a machi ne can be 
evaluated. The data are calculated by the program TOUCH (author K. Brand) . 
Thi s program calculates for a given part of a machine, or for a complete turn 
around the machi ne, the acceptance of the vacuum chamber for a given orbit. 
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The calculated acceptance is plotted in a phase space plot by the program 

MUSCAT (author T. Ris sel ada). Aperture restrictions (for example collimators) 

may then be introduced and plotted in the same plot. The program may al so be 

requested to calculate angular di stributions of protons scattered by multi ple 

scattering in a gi ven collimator, scraper, septum, etc . and to plot their popu

lation in the phase space plot. 

The circulating beam envelope i s  indicated by a ci rcle with area equal to 9 

times the beam emi ttance (thi s number i s  based on practical experience with col

limator systems) , and the collimators may be automatically set by the program 

against thi s c i rcle. The orbi t coordinates and betatron parameters are computed 

by the AGS program. Thi s  allows evaluation of a gi ven collimator system on dif

ferent machine optics and different A p/p values . 
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Ri ng 1 Summary of the AGS output for the central orb i t  ( l i near scheme) 
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o .  0 0 0 0  o.  0 0 0 0 0 0 0  

1 6 .  '1-979 
o. 0 0 11 0  
o .  0 0 0 0  
o .  0 0 0 0  
o .  11 0 0 0  
0 . 0 0 0 11  
o .  0 0 0 0  
0 . 0 0 0 0  
II ,  0 0 0 0  
0 .  11 0 11 0  
o .  0 0 0 0  
0 .  0 0 0 0  
0 .  D O D D  
II .  11 11 0 0  
o .  0 0 0 0  
f,l .  0 0 II 0 
11 .  0 0 0 0  
0 .  0 0 0 0  
O .  D O D D  
o .  0 0 0 0  
0 , -0 0 0 0  
0 .  0 0 0 0  
0 .  0 0 0 0  
II .  I) 0 0 0 
0 . 0 0 0 0  
o .  0 0 0 0  
o .  0 0 0 0 
0. 0 0 0 0  
C .  D O D D  
II .  D O D O  
0 .  0 0 0 0  
D .  O D D O  
0 . 0 0 0 0  
0 .  0 0 0 0  
o .  0 0 0 0  
o .  0 0 0 0  
o .  0 0 0 0  
0 .  O D D O  
D .  0 0 0 0  
0 .  0 C O D  
c .  0 0 0 0  
0 . 0 0 0 0  
o.  0 11 0 0  
II .  0 0 0 0  
0 ,  0 0 0 0  
o .  0 0 0 0  
11 .  0 0 0 0  
II .  0 0 0 0  
II .  0 0 0 0  
II .  D O D O  
II ,  0 0 0 0  
D ,  0 0 0 0  
II .  0 0 0 0  
0 .  0 0 0 0  
o.  0 0 0 0  
II .  0 0 0 0  
0 .  c o c o  
0 .  0 11 0 0  
II .  0 0 0 0  
0 .  0 0 0 0  
o .  0 0 0 0  
0 .  0 0 0 0  
o.  0 0 0 0  
o .  0 0 0 0  
II .  O D D O  
0 .  D O D O  
o .  0 0 0 0  
0 .  0 0 0 0  
o .  0 0 0 0  
0 .  0 0 0 0  

1 6 .  't 9 7 9  
1 6 .  '1- 9 7 9  

O .  D O D D  
II .  D O D D  

1 6 .  '17't2 
16. '17't2 

O. D O D O  
0 ,  O D D O  
0 . 0 0 0 0  
0 .  0 0 0 0  

D .  0 0 0 0  
0 .  0 0 0 o 
II .  0 0 0 0  
II .  0 0 0 0  

0 ,  0 0 0 0  
II .  0 0 0 0  
II .  11 0 0 0  
o .  0 0 0 0  

0 3 9 '1 8 3 2  
0 .  0 0 0 11 0 0 0  

D.! 1 0 0 0 0  
• .  0 8 D G II O O  
- .  l 7 C. l ll 0 0  
- .  2 £, J ! ) O O O  
- .  J 2 2 r . o o o  
- .  J S !. l i O O II  
- .  J 8 J G 0 0 0  

:rn:sc. o o o  
- .  3 5 SG O O D  
- .  3 2 :.! f, 0 0 0  
- - 2 6 3 9 0 0 0  
• . 1 7 (, l O O O  
- - 0 8 0 6 0 0 0  
• •  0 2 l 0 11 0 0  
o .  0 0 0 0 11 0 0  
o .  0 0 0 0 0 0 0  

• C 2 3 J O O O  
• 0 8 r. 1 0 0 0  
, 1 Ll 0 2 0 D O  
, 2 fl 2 l ,0 0 0  
• 3 't 't 8 0 0 0  
• 3 6 0 1 0 0 0  
. 't l O O O O O  
, 'tl 0 0 0 0 0  
• 3 8 0 1 0 0 0  
• 3 't 't 8 0 0 D  
. 2 e2 1 0 0 0  
. 1 e 8 2 0 0 0  
. 0 8C.1 0 0 0  
• 0 2 3 3 0 0 0  

0 ,  0 0 0 0 0 0 0  
O .  D O O D O O O  
II .  0 0 0 0 0 0 0  
o .  0 0 0 0 0 0 0  
o.  0 0 0 0 0 0 0  

. C2 0 7 0 0 0  
• 0 7 6 7 0 0 0  
• 1 6 7 5 0 0 0  
• 2 5 1 1 11 0 0  
• 3 0 7 0 0 0 0  
• 3 3 04 0 0 0 
• 3 G 5 0 0 0 0  
. 3 6 5 0 0 0 0  
. 3 3 8 '1 0 0 0  
• 3 0 7 0 0 0 0  
. 2 5 1 1 0 0 0  
• 1 6 7 5 0 0 0  
. 0 7 67 0 0 0  
. 0 2 0 7 0 0 0  

o .  0 0 0 0 0 0 0  
o.  0 0 0 0 0 0 0  
- .  0 2 0 9 0 0 0  
- .  0 7 7 1 0 0 0  
- .  1 6 8 5 0 0 0  
- .  2 5 2 6 0 0 0  
· - 3 0 8 8 0 0 0  
- .  3 '1- 0 't O O O  
- .  3 6 72 0 0 0  
• .  3 6 7 2 0 0 0  
- .  3 't D 't 0 0 0  
- .  3 0 8 8 0 0 0  
- .  2 5 2 6 0 0 0  
- .  168 5 11 0 0  
- - 0 7 7 1 0 0 0  
- .  11 2 0 9 0 0 0  
0 .  0 0 0 0 0 0 0  
o .  0 0 0 0 0 0 0  
ll. 0 0 0 0 0 0 0  
- .  0 3 9 4 .!1 3 2  
· - 0 3 9't832 
0 .  0 0 0 0 0 11 0  
o .  0 0 0 0 0 0 0  

• 03792'+0 
• 0 3 7 9 2 '1- 0  

0 .  0 0 0 0 0 0 0  

o :  g6�;�g� 
o.  0 0 0 0 0 0 0  

o .  0 0 0 0 0 0 0  
0 .  0 0 0 0 0 0 0  
0 .  0 0 0 0 0 0 0  
- .  D C 2 0 6 C O  

0 ,  0 0 0 0 0 0 0  
o .  0 0 0 0 0 0 0  
0 .  0 0 0 0 0 0 0  

• 0 0 1 2 7 0 0  

0 .  0 0 0 0  - .  0 0 2 '1 9 0 0  

o.  0 0 0 0  o .  0 0 0 0 0 0 0  
o .  0 0 0 0  o .  0 0 0 0 0 0 0  

O .  0 0 0 11  D .  0 0 0 0 0 0 0  

o.  0 0 0 0  o .  0 0 0 0 0 0 0  

o .  0 0 0 0  o .  0 0 0 0 0 0 0  

1 6 .  't979 
0. 0 0 0 0  
II ,  0 0 0 0  
7 .  O J O O  

- 8 , '1- 5 0 0  
- 8 .  1 9 0 0  
- 9 .  3 1 0 0  

p l 2 .  5 8 0 0  
8 .  7 "f 0 0  

'1- 7  . .! 2  0 D 
1 .  't 211 D 

� 2 5 ,  91 D O  
o .  0 0 0 0  

1 6 .  '+979 

0 3 9 't 8 ] 2  
0 .  0 0 0 0 0 0 0  
0 .  0 0 0 0 0 0 0  

, D ll ll l 't D O  
0 0 0 1 7 0 0  
0 0 0 9 0 0 11  

• 0 0 2 2 '1 0 0  
, 0 0 1 3 0 0 0  
• O O l f, 't O O  

0 0 0 1 9 0 0  
• •  0 0 0 1 r. o o  
- .  0 0 0 0 1 0 0  
D .  0 0 0 0 0 0 0  
- .  0 3 9 't 8 J 2  

0 .  O D D O  0 .  0 0 0 0 0 0 11  

0 .  0 0 0 0  o .  0 0 0 0 0 0 0  

II .  0 0 0 0  O .  0 0 0 0 0 0 0  

8 E T A V ( M )  

l D. 9(;8 
13. 859 

;a. s 0 1  
2 0 ,  9!;1\ 
20. 9 1 5  
2 0 .  879 
2 0 .  860 
2 0 .  a&2 
2 0,  91 'I 
2 1 .  0 O 'I  
2 1 .  't 9 !:i  
2 2 .  3 7 2  
2 2 .  7 9 3  
2 J .  lH, 6 
2 J .  71!6 
2't. J 't't 
2 4 .  927 
25. 526 
:n . 391 
37. 879 
JS. 619 
39, 35'+ 
't D ,  Q(;J 
'I 0 ,  721 
'I l, 3 07 
'1 1 .  ll O C.  
't2. 3 3 8  
3 7 . 5 0 2  
3 6 .  '1 7 5  
35. 3 8 3  
3 't .  2'12 
J J.  o·,2 
3 1 .  896 
J 0 . 73 0  
2 5 .  1 8 '1  

• 3 6 5  
• 2 8 3  
• 2 9 0  

S't. 778 
56. 3 3 3  
57. 893 
59, 't J l  
6 0 .  9 1 2  
6 2 .  3 0 8  
63.  5 9 7'.  
6 8 . 873 
66. 278 
6 5 . 3 2 2  
6 't .  2 't 7  
6 3 .  0 7 't  
6 1 .  8 3 2  
6 0 .  5 5 7  
59. 2 7 8  
't 9 .  833 
't2. 3 80 
'tl.. 3 1 2  
'1- 0 .  2 7 0 
3 9 . 2 7 2  
J S .  3 3 5  
3 7 .  't7'1-
3 6 , 696 
J S .  0 0 9  
3 3 . 9 3 1  
3 3 . 678 
3 3 .  't91 
3 3 , 3 6 3  
J J .  277 
33.  2 1 6  
J J ,  1 6 5  
3 2 .  7611 
3 2 .  2 1 6  
:n .  0 1 0  
J 2 .  1 e G  
3 7 .  625 
'tJ.  9 't 't  
'1- 8 .  2 5 3  
5 '1- .  6 1 1  
5 '1- .  73 2 
5 3 .  '1-l 't 
5 2 . 8 3 1  
5 2 . 7 3 0  
5 2 . 5 6 8  

1 5 .  '+ S 't  
1 3 .  9 1 't  
1 J .  J o n  
1 2 . a99 

1 5 . 9 8 5  
1 7 .  't LI S  
1 8 . 0 6 2  
1 a .  3 6 0  

l't. 9 1 't  

1 1 .  68't 
l l . 692 

16. 6 1 5  

1 6 .  1 3 't  

1 8 . 5 3 8  

2 1 .  56't 
2 0 .  7 0 6  
2 0 .  1 ·,1 
1 8.  9 3 6  
1 6 . 77a 
l G .  0911 
1 5 .  523 
l't.  7'16 
l 't. 27 l 
1 3 .  927 
l 't .  2 09 
15. 9 2 't  
1 6 .  't9a 
1 8 . 8 1 6  

1 5 .  9 1 5  

l't. 't29 

13. 651 

OET II H ( M )  

l J .  582 
1 J .  s .. ·, 

't9. J O't 
't7 • .l. 2 3  
'1 6 .  937 
't6 , 737 
't & ,  S 02 
't 6 ,  2 D 5 
'1- 5 .  S:.!O 
'I 5. J !:; 9  
.. :i. s ·19 
'll. l 11 2  
't II .  0 3 9  
38.  9 0 9  
J 7 .  7211 
3 c.. 51 S 
3 5 ,  29'1 
J't. 0 8't 
2 3, 932 
15.  589 
1 '1 .  792 
l't .  1121 
1 J .  2112 
1 2 . sa2 
l l . 9 2 '+  
l l .  3 1 1  

8. 0 O 'I  
6 .  l 9't 
6.  0 3 1  
s. 88'1 
5. 7 5 1  
5, G29 
5. 51'1-
S. 't 03 
.. .  879 
2 . 7 1 11  
2 .  7 l a  
2 . 7 3 5  
6 . 822 
8. 989 
9.  1 6 0  
9.  J '+  l 
9 . 53 7  
9, 751 
9. 9 8 7  

1 2 . 5 6 0  
17. 1 3 3  
l 7.  9 ·1 D 
1 8 .  86't 
1 9 . 8 1 2  
2 0 .  8 1 0  
2 1 ,  8 't 7  
2 2 , 9 1 7  
3 2 .  0 7 0  
'1- 1 .  l 66 
4 2 , C.3 2  
... ... .  l l 2 
't5. 58't 
't7, 0 2 1  
'tB, 3 9 9  
't 9 .  7 11 1  
5 2 . 768 
55, 0 3 5  
5 5 .  65'1-
5 6 .  167 
56. 586 
56. 9 3 5  
57. 2't3 
57. 5 3 5  
5 9 .  !ff,0 
63. r. 0 2  
7 2 .  '+29 
75. 't l 6  
6 9 . 2 77 
61 . 6 21 · 
56. 9 8 "/ 
5 1 .  1 5 2  
5 l .  650 
5 3 .  l 88 
SJ. 9 G l  
5 '1 ,  1 5 2  
5 't ,  't 6 5  

1 07 , 8 6 0  
1 0 3 , 0 0 2  
1 0 0 .  8 6 5  

9 !! ,  2 7 '1-

1 3 .  3 0 0  
:n . 9 J 't  
2 't .  52.l. 
2 5 . 8 2 11  

l. 1 1 .  0 6 5  

1 1 0 . 0 5 0  
1 D 9 .  7 9 5  

7 .  0 3 6  

52. aag 

56. 6 2 2  

8.  9'1-3 
8. 2 6 0  
7. B72 
7 ,  l D 9 
6, 't 2 5  
6.  't95 
6 . 7 5 0  
7 .  r.r, 
8 .  8f,fi 

l 6.  '129 
l 9.  0 9't 
2 0 .  951 
3 1 .  C. 0 '!  
J 't .  696 

6'1. 8 01 

12. 857 

C ( H )  CPR�ME ( H )  BETAMA X C H )  COSMU{ V )  

D .  D O D O  • 6 1 6 3 3  8 . 9 0 2 0  - 1 7 . 'tC.98 1 1 6 .  5959 . 73752 

ALPUAV 

� l .  7 0 7  
• l. .  9 0 6  

• '1- 3 9  
. 't 0 3  
. 3 75 
. 2 79 
• O"f't 

•.  231 
•.  G O  5 

- l .  0 1 9  
- 2 .  2r,7 
• 3. S'JJ 
- 't .  0 7 3  
• 'I .  S ;> u  
• 't .  ') :! 't  
• 5.  2 1  8 
• 5 . 392 
• 5.  't89 
• 6 . l O G  
• c.. 7 2 3  
• 6.  7 '1  l 
• 6. C.2 0 
• G .  2 6 /l.  
-s .  6')2 
• ... .  953 
• 't,  1 1 3  

2 .  81 l 
9. 0 1 '1-
9 .  C. 5 G  

1 0 .  UIS 
1 0 .  553 
l D . 7 1 5  
l II .  67'+ 
1 0 . 5 1 5  

9 .  5 0 9  
. 5G9 
. 1 69 

• •  23 0 
• 1 't .  OGG 
·l't.  2 0 2  
• l 't .  1 S 6  
• 1 3 . 7 9 9  
- 1 3 .  1 3 5  
• l.2. 2't II 
- 1 1 .  1_e9 

· l ,  7 't 2  
8,  l OJ 
9. 2 6 '1- . 

l. 0. 2 7 6  
1 1 .  D S G  
1 1 . 5 1 8  
l l .  655 
1 1 .  598 
l. II .  &27 

9. •192 
9. 619 
9. 32'1-
8. 8 '1  D 
8. 1 9 6  
7 .  '1-62 
6.  692 
.... 583 
2 . 625 
l.. 982 
l,  't 0 5  

. 937 
. 62.f, 
• '1- 8 2  
. 't't2 
. '126 
, 't 0 2  
• 3 4 6  

- 1 .  253 
• 3.  l 7 o 
- 3. '1 5 1  
- 3 .  6 2 9  
- 1 .  J'l-7 

l.. 252 
1. 227 

. 291 

. 287 
• 2 8 1  

• 721 
. f, 0 6  
. s s s  
• 507 

11' ,,. 
, 0 0  '" 

• S3't 

. 08't 
• •  0 88 

• .  3 1 8  

. 283 

"' 
. 7 5 1  
• 7 11 8  
. 6el. 
• G l 5  
. 't(,'t 
• 396 
. ll 2 
• 2 '1 2  
. 1 9 0 " 

l o ,  
• .  1 "/8 
• •  393 
•• 't'tJ 

• l ;  't'I 2 

• .  D O't 

• 0 3 8  

- .  1 5 7  

illL PHAH 

• 0 51 
- • 0 0 7  

l.. 7 1 6  
l.. f.G't 
1 .  7 1 6  
l .  � 1 9  
2 .  J 6 't  
3 .  11 2 7  
3 .  (12 8 
't. C.97 
7. l 3 5 
9. 3 2 8  
9. 9 'l J  

1 0 .  5 4  5 
l. 0. 9J't 
l l .  1 1 2  
1 1 .  D .!l l  
1 0 . 9 2 9  

9 .  l 't 2 
7. 3 5 5  
7. l 't l 
6. 882 
6.  555 
f.. l 77 
5,  7 8 0  
s .  3 8 5  
3 .  O U 2  
l .  5 6 0  
1 .  'I- 0 4  
1 .  2 6 5  
1 . 1 5 2  
l.. 0 7 1  
l.. 02't 

• 9 9 7  
• 8 9 5  

• .  D l  'I 
- • 055 
••  0 95 

- l .  5 0 2  
- l. .  532 
- 1 . 591 
• l.  699 
- 1 . 8 5 3  
- 2 .  0 4 3  
- 2 .  258 
-'t. 297 
- 7. 3 59 
• 7 .  8 70 
• 8.  3el 
- 8. 862 
- 9 . 2 7 5  
• 9 .  597 
- 9. 857 

• l l . 6.78 
• l. J .  2 'tl 
• l 3. 't2LI 
• 1 3 .  't75 
- 1 3 .  2 8 0  
• l. 2 .  8't l 
- 1 2 .  213 
· l l .  '1-S2 

- a .  9 3 a  
- 6 .  1 2 9  
- s .  1 2 5  
• 't. 1 9 8  
• 3 .  't J  D 
• 2, 9 1 '1-
• 2 .  E. 81 
• 2. 622 
- 2 .  605 
- 2 . 776 
- 2 .  986 

. 6 S5 
4 .  1 3 6  
J . 887 
3.  727 
l.. 0 2 't 

- l .  'tJ D 
• 1. '1- 6 1  

- .  5't2 
-. 5 '+ 7  
- .  5 5 3  

2 .  1 2 2  
2 .  063 
2.  OJ 6 
2 .  095 

-1. 11 1 2  
- 1 .  5 2  8 
- 1 .  652 
- 1 .  723 

. l.21 

• 073 
• 1155 

• 2 7 2  

. 823 

- • 7 1  7 

• 6 2 6  
. 5 3  5 
. 't75 
• 32 5 
• 01 6 

• .  l O J  
• .  2 1 6  
. . ...... 7 
• •  63 5 

- 1 .  255 
• 1 .  4 0 9 
• l .  877 
- l. 98'+ 

•• '1 2 9  

l.. 7 8 7  

- 1 .  2 6 0  

- .  7 6 7  

MUV/2f'l 

• 89't70 
• 9 D 't 8 l  

l , 05271 
l.  OS7S't 
l.  0 5 " / 9 G  
1 .  O!>l'IJ fl 
l .  O!;H80 
l.  0�')22 
1.  0 59(.'t 
l.. Df,005 
1. D G l l 8  
1 .  o r,:i:!7 
l. o r,2r.r, 
1. o r,:s o '+  
l .  o r, 3 4 1  
1 .  OG377 
l. .  D f, 't l J  
1 .  Df,'l '1 8 
l.. 06732 
l . .  O C. 9 G 5  
l .  069/la 
l.. 0 7 0 1 1  
l.. 0 7 0 3 3  
l . 0 ? 0 5'1 
l..  0 7 0 7 6  
l ,  0 "( 0 9 7  
l .  o ·t ;,'I 7 
1 . 0 7 '1 D 5  
1 .  0·,•1 2 0  
l .  07't53 
l.  07'1"/8 
l .  0 7 5 0 '1-
1 .  07531 
l.  07559 
1.  o r1 1 7  
l .  2 2 8 2 0  
l .  2 8 3 7 9  
l.. 3 '1 6 't 7  
1 .  5't920 
l. 5'1-93 6 
l.. S't-951 
l, S't9fi6 
l .  5'1981 
1 .  S•t995 
l. . 55 0 0 9  
l , S S l O 't 
l.. 55197 
l .  5 5 -'! l l  
1 .  !.522't 
l .  SS.238 
l. 55252 
l .  5526!"> 
l .  55281 
l. 5S't 0 5  
l .  55532 
l.. 55553 
l .  SS57'1-
l .  5559& 
l .  S!'oi,t 1J 
l .  551,4·2 
l.. 55665 
l.. S 5 7 l 2  
l. . 55 8 0 1  
l.. 55027 
l . 55.!153 
1. 55880 
1.  5 5 9 0 6  
l .  55932 
l. 55959 
1 .  56179 
l. .  5 6 5 0 (,  
1 .  57277 
l.. 5791 S 
l.. 58'195 
l. 58869 
l.. 5 9 0 7 9  
l. . 5 9 '1 6 3  
l .  5982'1-
l.. 5998.l 
l. 6 0 0 !! 6  
l .  6 0 l 't9 
l.  f. 0 2 3 5  

l .  6 5 0 1 0  
1 . 66279 
l. 66889 
l.. i.7357 

1. 9 6 0 7 2  
l . 99327 
2 .  0 0 0 56 
2. 0 0 3 9 2  

2 .  l 0 0 2 9  

2 .  1 6 5 0 7  
2 ,  1 9 2 3 7  

2 .  't'l-33 0 

3. 59585 

... 5 5 5 3 2  

5. 65708 
S .  661 S.l 
5 .  66't5l 
5 .  G722"/ 
5. fiSDl 7 
s. f, 9'/93 
5.  70599 
s. 7 2 0 7 3  
5 .  73281 
5. 7 "/8£, 2 
5. 7899't 
s. 8 2 1 9 0  
5 .  8286't 
5.  8'1 11 1 1  

6. 6 7 2 1 0  

7 .  8 6 5 't 9  

8. 8 1 2 1 1  

Q ( V )  Qf>Rl M E ( V )  BETAMII X ( V )  

8 ,  8 8 2 D  • l 't .  8'190 f, 8 ,  8728 

MUH/2Pl ALf'�!AP ( M )  ALPHAP' 

. !Ul 0 J 5  

. !J8!JS't 

l. 0 9 '1 2 9  
l. .  0 9 6 't 2  
l . 0 9f,{,l 
l .  0 9 (. IJ O  
l.. O'JC.99 
1 . 09•117 
l .  O!l73G 
1. o'J-1 !,G 
l .  0 9 8 0 ') 
l .  D Y b (,6 
l.. 0 9 1rn7 
l .  0 9 'J D !)  
1 .  D�!JJ.! 
1. O!J'J5C. 
l. 0 9 !! 8 0  
l. .  1 0 0 11 5  
1 . 1 0 2 e ·1 
l.. l 0 7 0 '1-
1 .  1 0 7£,2 
1 .  l 0 8 :> 2  
1 .  1 0 8 8 "( 
1 , l 0'J 5.'I 
1 . 1 1 0 2.6 
l . l l l D l 
1 . 1 1 7 7 8  
1 .  l. 2692 
l.. l.2836 
l. . 1 2 9 8 3  
l . 1 3 1 3 3  
l.. l.3287 
l. l J't't'l-
1. 1 3 6 0 't  
1 .  1 '1 't l:, 't  
l.. 2 6 3 0 5  
l .  26950 
l.. 27 592 
l.  '1- 1 7 3 0  
1 .  '+ 1 8 2 8  
l .  't l 9 2 5  
1 .  '1 2 0 1 9  
J. .  't 2 1 1 2  
l. . 't2 2 0 J  
l.. 't 2 2 9 l  
l .  'l-2866 
1.  't"JJ O't 
l.. 'I- J 3 5 't  
l.. '1- 3 -. o l  
l.. 't J 't 4 7  
l .  '1-J't'JO 
l . '1- 3 5 3 1  
l . .  '+ 3 5 7 0  
l.. 't'.S 8 1 9  
1 .  '1-3979 
l..  't 't  OD 0 
l.. 't't 0 2 0  
1 .  '1- 't  O 't 0 
l .  't't 05!) 
1 .  't 't 0 7 7  
1 .  't 'l- 0 95 
l. .  't 't l 'l- 1  
l .  '1- 't  1 8 6  
l.. 't-'t 2 0 2  
l .  't't 2 1 7  
1 .  't 'l 2 3 J  
l .  't 'l- 2 ' t  a 
l ,  't 't 2 6 J  
l.. 't'l-27!J 
1 . ..... ...  0 3 
l. 'l-'t57't 
l.. 'l-'t93 't 
l ,  '1- 5 2 0 1  
l ,  '15'175 
l.  '1- 5 7 0 7  
l .  '1587 l 
l. . 't62'13 
l.  '16635 
l .  't 6 7 9 6  
l.. ' 16911 
l.  '16962 
1. '170 't 6 

l.. '1- 6 6 8 9  
l . .  't 8 .!1 6 5  
l .  'ta9't6 
1 . .  't 9 0 0 7 

1. 8 6 1 9 9  
l.. 8 9 3 8 '1-
l .  8 9 9 '+ 2  
l. .  9 0 1 8 6  

l .  9692'1-

l.. 97677 
l.  979£.5 

2.  l. 7626 

J .  '+ 9 2 3 2  

... . '+ 3 9 1 0  

5 .  6 2 :2 7 't  
5.  f,3 3 6'1 
5. 6 't l 2 '1 
5. 6 f, l 5 8  
5.  7 0 9 3 9  
5.  7 2 9 1 5  
s.  74 .!l 't 2  
5.  779511 
5.  B. 0 0 8 7  
5.  8 5 't S !J  
5.  a r. J 5 8  
s. B.8J!)4 
s .  8875f, 
S. 8!JJ5J 

6 .  5 0 5 3 7  

7 .  9 5 0 9 3  

8 .  t. 't 'I  or. 

X MA X C H )  

2 . 3 0 0 6  

l .  6 7 3  
l . .  7J 0 

2 . 2 5 11  
2•, 251 
2 .  :!: 51 
:!: • 2 5 O 
2 ,  :.! '1 9  

, 2 .  2 '1 £  
2. ;> '1 1  
2 .  2 3'1-
2 .  "2 0 2  
2 .  1 51 
2. 1 2  n 
2 ,  l O 2 
2. 1175 
2.  O 't  G 
2. Dl "/ 
1 .  98 7 
l .  7 1 1  
l .  'tJ C, 
l .  't D G  
1 .  3 7 7  
l .  3 '1 7  
l ,  31 9 
l.. 292 
l.. 267 
l.. 1 2 7  
l .  0 6 1  
1 .  0 5 8  
l .  0 5 5  
l .  05'1 
1. II 53 
1 - 0 53 
l .  0 5 3  
1 .  0 5 3  
l.. 1153 
l.. 0 5 3  
l .  0 53 
1. D SJ 
1. 0 53 
1 .  0 5 3  
l .  1153 
1.  0 55 
l .  0 5 7  
l .  0 6 0  
1 .  1 1 8  
l..  2't2 
1 . 265 
1 . 288 
l.  3 1 3  
1 .  J 3 9 
l., 3 6 5  
1 .  391 
l.. 595 
l .  77 o 
1 . 796 
1. 822 
1. 8 't 8  
1 . 872 
l.. 89'1 
l.. 9 1 5  
l.. 961 
l.  991 
l.  998 
2. 0 0 2 
2 .  0 D 6 
2 .  0 0 8  
2 .  o O!J 
2. 0 l 0 
2. 0 1 6  
2 .  0 2 6  
2 ,  0 '1 9  
2 .  Dl 't 
1 .  876 
1. 733 
l.,  6'tl 
l .  511 
l.  't-92 
l .  507 
1.  5 1 2  
l . .  S l J  
l. .  513 

2 . 277 
2 . 279 
2 .  2 8  0 
2. 28 0 

2: 2 7 2  
2 .  2 7 2  
2 .  2 7 2  
2 .  2 '7 ..!  

2 . 3 0 1  

2 . 293 
2 . 2 9 0  

2 .  2't't 

2 .  2.'t9 

2. 2'12 

2. 2 5 2  
2 .  253 
2 .  253 
2 .  2 57 
2 , 26'1 
2 .  2r,o 
2. �'1-6 
2 .  2 0  6 
2 .  l 77 
2 1 0 8  
2 .  2 1  't 
2. 2!.S 
2 .  2 !; 5  
2 .  1 9 7  

2 .  2't7 

2. 25] 

a .  2 '+ 9  

GI\MMA T R .  

8. 9261 

•. 1 63 "' 
, D D  1 
• 0 D l 

0 0 ,  
0 1 2  

. D J  4 
- • 01'., 7 
•. l O f, 
• .  l SIi 
- • 2 7ll 
• •  't O J  
- • 't .. �; 
- • 4 83 
•. 51 3 
•• 53 l 
- • 5'+ 2 
- • !,'t ... 

. .S 't 'I  
• .  5 't 't  
• .  S't :> 
- . SJ f, 
• •  !'.22 
• .  5 0 1  
• •  'I "IC. 
• •  'I SIi 
- • 2 � ... 
• .  o 7G 
- • 0 S't 
- • 0 3'1 
•.  0 1  7 
- • D DC. '" "' 
- . 0 0 D 
- . II 0 0  
- , 0 D 0 
• .  0 0 0 
• •  II O D  

• D D l  
• 0 0 6 
. 0 l 5 
• 0 3 D 
. 0 't 8 
• 0 6 7  
. 2 2 6  
• 3 9 7  

, , 0  
• 'l-'12 
. 't60 
• '1-7,2. 
• 't78 
. 479 
. 't79 
, 't79 
• 't 7 7  
• 't7 0 
• 't 5 3  
• ''t27 
. 3 95 
• J 59 
• 25:.! 
. l 'tJ 
. l OG 
. 072 
. 0'1-'t 
. 0 :! C. 
• Dl 7 
• D 1 5  
• 0 1 5  
• 0 1  5 
• 0 1 5  

- . 11 7  0 
• .  15 0 
- • 15 0 
• •  l 5 C 
- • 0 59 

• 0 2 8  
• 0 28 
. 0 02 
• 0 0 2  
• 0 0 2 

• 0 O l  
• 0 C l  
• D 0 1  

• .  0 0 0 

- . 0 II 0 
- • 0 0 0 
•• DD D 

• D Cl 

0 0 1  

0 0 1  
0 0 1  

• .  0 0 1  

• 0 0 1  

- . 0 II 0 

• D 0 1  
• 11 0 l 
. 0 C l  
• 0 0 8  

- . D 0 1  
• .  0 l l 
• .  02'1 
- • 0 J J 
• •  0 2  0 

. 0 2 G  

. 0 2 "/ 
• 0 O l  
. D D J  

O'J't 

0 0 0  

• 0 0  1 

- • 00 D 
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Tabl e 4 b 

Ri ng 1 - Summary of the AGS output for the cl osed orb it  at the top of  the stack 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

N0 ELEM 

:INXTIAL 
91 H8l7 

1 1 3  
1 1 '  
1 1 '  
H G  
1 H  
"' 
1 ' 9  
"' 

1 ' 1  
1 "  
1 2 3  
1a, 
"' 
"' 

'" 
"' .,. 
1:i 0 
1 3 1  
1 ' 2  
1 n  
1 S .  
1 3 5  
"' 

1 n  ,,. 
1'9 
1 , 0  
1'1 
1'2 
"' 

"' 
1 , S  "' 
"' '" ,,. 
"' 

151 
15a 
1s, 
1S, 
155 

.1 5 6  
15' 
lSll 
159 
"' 

'" 
'"' 

"' 
1,, 
"' ,,. 
1S7 ''' 
"' 
"' 

'" 
H 2  
"' 
1 n  
HS 

·� 1� 
"' ,,. 
"' '" 
'82 
"' 

"' 
'" 

"' 

'" 
"' ,,. '"' 
'" 
, S 2  

, 0 0  
2 0 ,  
2 0 2  
2 0 ,  

1'" 8 0 ) .  5 1  
0 0 1 .  l 

SLOl, 1 
SLOl. 2 

8 D 1 . 2  
AFCl 

5LCl3. l 
5L03. 2 

8 0 1 ,  3 
801PU 

A F M .  1 
X7 65. X8 
AFM. 2 

SLQS, l. 
SLQS, 2 

765.  l 
76SPU 

765. 2 
A F C J  
AF0l 
F 7 G J ,  S 2  
F76'.L 5 1  

7Gl.. l 
P7Gl 
D 7 5 9 ,  5 2  
0759.  51 

757. l 
S L Q 9  

757. 2 
5CR757 

222 S E P J D l  
223 5 E P J 0 2  
22't 733. 2 
225 CIT7, l 

2't2 0T8. 1 

2'1-7 FK!717. 6 
2't8 FKI7.l7. 't 

266 H7Dl.• :r.,-
381 6 0 1 .  2 1', 

't56 s 11 1 .  1 I$ 

569 F't O J .  5 1  
5 7 11  't O l . .  J. 
571 0 T 't ,  J 
572 'tOl.  2 
573 't O l .  J 
57'+ 't O 1 .  4 
575 't C l . 5  
576 'tlll . 6  
577 X:H:. S. X't 
571!. J C. 5 ,  l 
57!3 JGS.  2 
5!10 J f,S.  J 
561 J & !,. ·� 
5!12 F J 6 3 ,  5 2  

657 3 0 1 . VC IJ 

781 2 0 1 .  2 If, 

670 60L 1 0 1 .  5 J::f. 

O P / f'  C O S M U C H )  

, D 2 1 0  . 9 6 0 3 5  

OLIDX DK/D>C 

II.  DOD  0 .  O D D D CI O  

0 .  0 0 0 
. 228 

0 .  D 00  
0 .  0 0 0 
0. 0 0 0 
O. O D o  
0 .  0 0 ll 
0. 0 D D  
0.  ll O 0 
0. 0 D 0 
0, OD 0 
D. O O O 
0. 0 0 0  
D .  0 D O  
0 ,  0 01) 
D. o O O 
0. DO O 
0. 0 0 O 
D. D O D  
0 .  C D  D 
0. 0 0 D 
D. 0 D O  
o. 0 0 O 
D. O o D 
D ,  DD D 
D. 0 D O  
0 .  0 D O  
o.  0 0 0 
0. OD 0 
0. 0 0 0  
o .  0 0 O 
0 ,  0 0 O 
D .  00 0 
0. 0 0 0  
3. 7 0  0 
0 .  0 0 O 

• 3. 7 0 O 
0. D D  D 
0. 0 o O 
0. 0 0 ll 
D. 0 0 0 
D. 0 D O  
0,  0 0 D 
0. D D O  
0.  0 0 0 
0. 0 0 O 
0 ,  D 0 O 
o. D 0 O 
0. 0 0 D 
0. 0 0 O 
D .  0 0 D 
o. 0 0 0 
o. 0 0 0 
0. 0 ll O 
0. D 0 0  
D .  !J D O  
o.  0 0 O 
ll, 0 O D  
D .  0 0 0 
o. 0 0 O 
0, 0 0 0 
D. DO 0 
0. D O  0 
D. D D D  
D .  0 0 0  
O .  D D o  
O .  0 D O  
0 .  ll O 0 
0 .  0 0 0 
0. 0 0 O 
• .  228 
o.  0 00 

. 2 2 8  
D .  O D D  

. 226 
o.  0 00 

228 
ll .  0 D o  
0 .  0 D o  
0 .  0 0 O 

0 .  0 D O  
o.  0 0 0 
D. DD o 
C. 0 D O  

0 ,  0 0 D 
0. 0 0 0 
o. 0 0 0 
0. 0 0 O 

• .  0292C.J 
0.  0 0 0 0 0 0  
- .  0 1 ·1 0 0 0  
• ,  O f,2 0 0 0  
- .  1 :,; 0 0 0 0  
- - 1 7 5 0 0 0  
- - 1 9 2 0 0 0  
- .  1 � 2 0 0 0  
- .  1 9 2 0 0 0  
- - l.<J2 0 0 0  
• •  l 9 :.!  D o  0 
• . 1 Y 2 0 0 0  
- .  1 7 5 0 0 0  
- .  1 3 0 0 0 0  

062 0 0 0 
• .  0 1 ·, 0 0 0  
0 .  0 0 0 0 0 0  
o.  0 0 0 0 0 0  

. O l G D O O  

. 05!) 0 0 0  

. 1 2 0 0 0 0  
, 1 6 3 0 0 0  
. 1 7 9 0 0 0  
, 1 7 Y O O O  
, l. 7 �1 0 0 0  
, 1 7 9 0 0 0  
. 1 7 <J O O O  
, 1 7 'J O O O  
. l t J O O O  
. 1 2 0 0 0 0  
. 0 5 9 0 0 0  
. O l t O O O  

o .  0 0 0 0 0 0  
o .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0 

. lll.80 0 0 
• 0 &7 0 0 0  
. l. 3 5 0 0 0  
. 18't O O 0 
. 2 0 2 0 0 0  
. 2 0 2 0 0 0  
. 2 0 2 0 0 0  
, 2 0 2 0 0 0  
. 2 0 2 0 0 0  
. 2 0 2 0 0 0  
• l.8 1t O O 0 
. l. 3 5 0 0 0  
. 0 6 7 0 0 0 
. 0 1 8 0 0 0  

0 .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

0 1 8 0 0 0  
- .  0 6 7 0 0 0  
- . 1 3 6 0 0 0  
- . l. 8 5 0 0 0  
- .  2 0 3 0 0 0  

2 0 3 0 0 0  
- .  2 0 :i o o o  
- - 2 0 3 0 0 0  
- - 2 0 3 0 0 0  
• ,  2 D J O O O  
- .  1 8 5 0 0 0  
• , l. J f, 0 0 0  
- . 0&70 0 0  
• •  O l l!. 0 0 0  
o .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
0 ,  0 0 0 0 0 0  
• .  02926J 
• .  029263 
o.  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

. 0 1 6 8 2 5  

. D l t 8 2 5  
0 .  0 0 0 0 0 0  
o .  0 0 0 0 0 0  
o.  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

- . 1 5 0 0 0 0  
o .  0 0 0 0 0 0  
o.  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

o .  0 0 0 0 0 0  
o .  0 0 0 0 0 0  
o.  0 0 0 0 0 0  
o .  0 0 0 0 0 0  

0 .  c o o  ,_o. 0 0 0 0 0 0  

D ,  0 0 0  O .  0 0 0 0 0 0  
0 .  0 0 0  D .  0 0 0 0 0 0  

0 .  oao o .  0 0 0 0 0 0  

0 .  D O C  0 .  0 0 0 0 0 0  

. 2 2�8 o.  0 0 0 0 0 0  

o .  0 0 0 
• 228 

o.  0 oo  
o .  0 oo  
o.  0 00  
0 .  0 0 O 
0. 0 0 0 
0. 0 0 0 
D, 0 0 0 
0. 0 0 0 
o. 0 0 0 
0. o o 0 
D. 0 0 0 
• .  228 

-- 029263 
o. 0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
• ,  0 0 l 2't0 

. 0 0 0 08 0  
• ,  O O O '+ J ll  
- .  0 0 J l 8 0  

. 0 0 0 5 9 0  
- .  0 0 0 1 5 0  

0 0 2 1 0 0  
ll0l .J70 
O O l 'r S O  

0 .  0 0 0 0 0 0  
0292£,3 

o.  o o o  o .  0 0 0 0 0 0  

D .  0 0 0  0 .  0 0 0 0 0 0  

0 .  O D O  0 .  0 0 0 0 0 0  

D2K/0X2 

0. D 0 0 D 0  

. 0 0 182 
o. 0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 ,  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
O'. 0 0 0 0 0  
o .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
O .  0 0 0 D 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
o.  0 0 0 0 0  
o.  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  D O D O O  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o.  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 ,  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  

- 0 0 1 8 2  
• 0 0 1 62 

0, 0 0 0 0 0  
D .  0 0 0 0 0  

0 2 8 0 6  
0 2 B O G  

0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  D O D O O  

0. 0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 --0  0 0 0 
o .  0 0 0 0 0  

0 .  0 0 0 0 0  
D .  D O D O O  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  

o.  0 0 0 0 0  

C .  0 0 0 0 0  
0 .  0 0 0 0 0  

a .  0 0 0 0 0  

o.  0 0 0 0 0  

0 .  0 0 0 0 0  

. 0 0 1 8 2 
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  

• 0 0 7 1  '+ 
• 0 05'f2 
. 0 1 1 2 5  
. 02852 
. 0 0 0 8 1  

O D  1 2 '+ 
• •  O O l. S G  

0 0 )21 
. 0 0 2 0 3  

0 .  0 0 0 0 0  
• 0 0 1 !1 2  

0 ,  0 0 0 0 0  

0 .  0 0 0 0 0  

0 .  0 0 0 0 0  

PET AV( M) 

13. 358 
lG. 67& 

17. 9!17 
17. 3J6 
l 7.  2 67 
l 7 .  2'+l. 
17. 2 1 0  
l 7 . 2 D 2  
l. 7.  225 
1 7 .  28J 
17. 6'19 

l.8. J J 0 
llL (, t 2  
l ' .l ,  0 J 6  
1 9 .  't '+ 6  
1 9 .  891 
2 0 .  J S S  
2 o .  ll J  2 
25.  5 0 0  
J O .  660 
J l ,  2 't 9  
J l ,  ll J J  
3 2 .  396 
32.  9 1 8  
3 3 .  J 0 2  
J J .  776 
3't, 1 6 6  
J O .  :n 1  
2 9 .  '+'I 7 
2 6 , 571 
27.  655 
26. 7 1 7  
2 5 , 773 
2't. 838 
2 0  386 

, '+ 2 2  
. J S 2  
• J S J  

't 3 .  831 
'tS. 073 
't6. 3 2  0 
't7. 5'+9 
't!I.  7 J 't  
't9. 850 
so.  aa2 
ss. 13'+ 
SJ. l.3't 
52,  J 8 3  
Sl.. 535 
S O .  GOS 
'+ 9 .  628 
'ta.  6 2 0  
't 7 ,  6 0 8  
'+ 0 .  l. J 0 
J't.  225 
33 . J 7 9  
32. S S J  
3 1 , 762 
J l ,  0 2 1  
3 0 .  J 't  l 
29. ·12 a 
28. 't l. 0 
27. 56't 
27.  3 9 6  
27.  26't 
27. l. 78 
27. 1 2 8  
2 7 .  098 
27. 077 
26.  925 
26, 7 3 1  
26,  '+ l. 3  
2 7 .  9 3 8  
3 J .  21!6 
39.  JS't 
't3.  5 l. 6  
't9.  6 7 6 "  
S O .  St>ll 
't';l. 595 
't9. 228 
't';l. 2 1  0 
't9. l.8't 

1 6 .  't35 
15.  3 't 9  
l.'t. 9 2 9  
l.'t. 6't9 

12. 756 
lJ. 1 l. 7 
lJ.  't7't 
l. 3 ,  677 

1 3 ,  3 0 J  

1 2 . 9 3 8  
13, 9't6 

l't. 2sa 

1't. 776 

l 't .  0 5 8  

2 0 .  512 
l 9.  9 02 
1 9 , 526 
18. 672 
l. 7. 258 
lf.o. 8'+ 6 
l. G .  S'tS 
1 6 .  2 0 6  
1 f.o .  O't't 
1 f.,, 65 0 
17.  1 2 8 
19.  3 � 'I 
l. 9 .  91lt 
22. 660 

l.S.  863 

l.'t. so 0 

l't, 962 

[ICTAl1(M)  

2'1.  l !'.12 
2!,. 0(,2 

!HI. 337 
!lJ. S59 
93. 1 5 1  
92. 'll.S 
9:.!. 2 0 '/  
9 1 .  s ·111 
9 0 .  "187 
89. 8 1 3  
66. 165 
8 1 .  l '+ 2 
78. 996 
76. 7.l ·1 
7't, l37 
71, B97 
G9.  '+ •11 
6 7 .  c o ·, 
'tC.. r.27 
29. 9'>'t 
28. 3 55 
2f>. 8].l\ 
2 5 .  J '+ S 
2 J. 9't 9 
;!�. 637 
21. 't l O  
l. 't .  7 2 7  
1 0 . 899 
1 0 . 532 
1 D .  19'1" 

9. 881 
9, 587 
9. 3 0 6  
9 .  O J J  
7. 7 J J  
1 .  '1 2 0  
l. .  JS9 
l. .  Jl.6 

1 1 ,  'I 51 
1 1 .  7C.J 
12. 0 8'1-
1 2 .  'I l. 8 
l.2., 7'1'► 
l J . 1 5 6  
1 J .  S7l. 
1 7 .  8J't 
25. 1 0 2  
2 6 .  't l ':l  
27 , 82 2 ·  
2 9. 3 l. l. 
3 0 .  876 
32. 5 0 6  
3'+.  l.87 
't8,  6 3 6  
6 J .  079 
65, ' 11 S 
r.7.  772 
7 0 .  1 2 0  
72.  't l G  
7'+.  6 2 '+  
7G,  7l.S 
Ill.. 6 6 0  
as.  '+l'+ 
BG, 'tSS 
87. 3 3 2  
8 a .  0 6 3  
a s .  683 
!19. 2 3 8  
2.9. "/£,8 
9"t. 1 !1 8  

1 0 0, O J O  
1 1 7, O O 't  
l. 2 J .  5 1 6  
l l. S .  0�2 
1 03. 6 1 0  

96. 61.l. 
88, J't2 
90. 9 2 5  
9 't ,  356 
96.  255 
96. 838 
97.  790 

2 0 8. 8 0 6  
199.  sss 
195.  '172 
1 9 2 .  't29 

l.'t, 't't3 
2S, 9 1 2  
3 'I .  Cil 0 
36. 97't 

2 1 0 .  69't 

213.  2 0 2  
2 1 '1 .  2 3 l. 

'I. 2 1 a  

l. OS. 0 6 0  

1 0 2 .  't l 3  

1't.  2 5 8  
12. 226 
1 1 .  0 0 8  

8 ,  378 
4.  t't 0 
J .  8 1 7  
J .  3 7 't  
J .  S J 't  
4 ,  5 1  D 

1 4 .  2 7 ... 
1 8 . 2 1 9  
3 J .  r, .. 9 
3 7 ,  9 '1 2  
'tJ. 8 73 

69. 728 

111.  972 

19. 't96 

Q ( H )  Q P R � M E C H )  8CTAMAXCH) COSMU{V) 

8 . 9550 - 3 1 . l'ISJO 2 l. & . 7590 . 917G7 

- l . 976 
- 2. 2C.'t 

• S?.C. 
. 'tflD 
. 'tSS 
. J7't 
. 201 

- . 11.S't 
- . J6't 
•.  707 

-1.  7J.'t 
- 2 .  821 
• J, 2 1 3  
• J .  58(, 
- 3 . 9 1 0  
• 't ,  151 
•' I .  293 
• 't. J 7 0 
• 't. US6 
- s. 3 '+ (, 
- s. J 59 
• .S. -!Gl. 
• 't ,  9 7 G  
- ' t .  5 1 1  
- 3 .  9 1 8  
- 3 .  2 't 't  

2 .  2 9 0  
7 .  2 J F,  
7, 7't9 
8. l. 72 
a.  '+&7 
8 .  597 
8. SG't 
8, 't37 
7, 6 3 2  

. 't 7 5  

. 15S 
•.  l. 65 

- 1 1 .  2 't J  
- 1 1 .  351 
- 1 l.. Jl.'I 
-ll.. 0 3 1  
- 1 0 .  503 

• 9. 791 
• 8 , 958 
• l .  'tGC. 

6.  367 
7. 2 9 5  
8. l ll 6  
8 ,  73:S 
9. l. 0 7  
9 .  220 
9. l. 77 
a. 't l. 6  
7, 763 
7. 626 
7. 389 
6. sea 
6. 't77 
.s. 88't 
5, 2bl 
J . sss 
1 .  966 
l.. '1'+2 

• 'S70 
. 585 
. 321'1 
. 209 
• l. 76 
. l.58 
• 133 
. 07't 

• 1. 3 1 '+  
- 3 .  03J 
• 3 .  326 
• 3 ,  Sl.2 
• l. .  't65 

. 92't 

. 9 0 't  
, 053 
. 0't9 
• 0 ... 3 

. S 1 2  

. 't 2 3  
• 383 
• 3't-2 

. 081 
-. l.67 
-. 251 
•. 27 S 

. 2't3 

- .  l. 73 
- . 332 

- - 027 

. 0 1 6  

• .  l't2 

• 537 
. 5 0 1  
• '1-76 
. 't l. 9  
. 2 88 
. 227 
. 1't9 
. 0 9 J  
. cs� 

••  2 06 
- . 272 
• .  't 6 0  
- . S O J  

- 1 .  & 7 0  

• .  1 3 1  

. l.51'1 

- .  0 1  8 

�LPHAH 

-. 535 
•, !.77 

J . 753 
J .  ES� 
3. ·1 59 
't. l. G 8  
s .  06?.· 
f o .  389 
7. 9!16 
9 . 7 1 1  

l '+ .  SJ S 
1 6 .  855 
2 0 .  l.C.'t 
21.  2't9 
22. Ol. 2 
22. 356 
.! 2 . 2 8 5  
2 1 ,  9•12 
1 8 .  3 2 0  
l.'t. G G 9  
l.'t. 23G 
l.3. 7 l. "t
l.3. 0 6 5  
l.2. 3 2 2  
l. l .  &'t5 
l. 0. ·17 5 

6. 2 9 3  
3 .  't82 
J.  1 98 
2.  9't8 
2. 7't't 
2.  S96 
2. 5l. o 
2. '+ 5 5  
2 .  2 J 9  

. J 2't 

. 2 3 !1  

. 1 53 
- 2 .  8 1 2  
- 2 .  868 
- 2. 9 6 2  
• 3 .  12l. 
- 3. J't 't 
• 3 .  61 7 
- 3 .  926 
-6.  935 

·l.l.  585 
-l.2.  370 
- l. 3 .  l. 5 9  
• 1 J .  9 0 7  
• l 't .  557 
- 1 5. 07'1-
• 1 5. 't99 
• 1 8. 't98 
- 2 1 .  0 7 J  
- 2 1 .  3 6 5  
- 2 1 .  't l!. 0  
- 2 1 . 1 9 9  
- 2 0 .  5 3 8  
• l . ':l .  586 
• 1 8. 't 2 8  
· l 't ,  578 
- 1 0 .  2't5 

-8. 687 
- 7 .  2 't 3  
- 6. O 't l  
- .s .  2 3 2  
- 't .  865 
- 't .  776 
•'t. 897 
• 5,  07't 
•5, 't80 

. 397 
&. 178 
5 .  ll.SJ 
5 .  G 't G  
l. .  0 9 0  

- 3 .  1 9 J  
- 3 .  2 5 9  
• l , G61 
• l.. 668 
: 1. 679 

't ,  0 3 2  
3 .  S J  6 
3. 893 
'!- .  O l. 1  

- 1 . 7 8 5  
- 2 .  7 7 0  
• 3 .  0 0 6  
- J . l J S  

- - 2.27 

- . 253 
- - 263 

• Sl.O 

l.. 7 3 9  

- 1 .  93't 

1 , 81 7  
l ,  6 't  0 
l. .  52't 
l. .  2 3 5  

. GJ't 

. 3 'S  S 

. l .S8 
•. 27J 
•, 6 1  5 

• l.. 82 J 
• 2. 12 2 
- 3 .  0 2 1  
• J ,  2 2 0  
• 1 .  � 0 2 

J .  2't6 

MVY/2Pl: 

• 9 0 7 2 3  
, 91558 

1 - 0(,l. 01 
l. OC >IC.. 2  
1 .  061.lJ 
l. o tl\r.'t 
l. .  Of.91 't 

• 1. OC.!)(,S 
1. 0 7 0 1 (, 
1 .  0 7 0 G'/ 
1 .  0 7 ?. 0 '+  
1 .  0 7 J J 7  
1 .  0 73.0.'+ 
l. 0 7 � 3 1  
1 .  0 7 '+ 7 G  
l.. 0 "/ 5 2 1  
l.. 0 7!.C,'I 
1 .  O'H, 0 7  
l.. 07�5G 
l., D82't't 
1. 08272 
l .  D C 3 0 0  
l.. Oll:S27 
l.. 0 83 5'+ 
1. on:1 eo 
l.. Ol'.� OG 
l.. 08592 
l. 08787 
l . 08817 
1. 061l't7 
1 .  08117!1 
l. . 0 89l.O 
l. .  0!19't'+ 
1 .  �a�·,a 
l..  C 91 7'+ 
1 .  2 S O 't 9  
l.. 29657 
l. .  3't702. 
1 , 55&89 
1. 55·108 
1 .  55728 
l.. 557't6 
l .  SS7fi't 
1 .  S.5702 
1 .  5f,e o o  
l.. 55�19 
l.. 56035 
l. .  SC.052 
1 .  s r, 0 1;9 
l . 5 6 0 8 6  
l. . 56 1 0 J  
1 .  & r. 1 2 1  
l .  !:-Gl39 
l.. 5C.29't 
l.. 5f,'tSl. 
l .  56't77 
l. 56503 
l.. 5653 0 
l.. 56558, 
l. .  56!;57 
1. SGC.l. 6 
l., 5G698 
l.. 56 7 b'+ 
l.. 5(,8.15 
l.. !;C.t;'!-8 
l..  5(,880 
l.. SG9l.2 
l. S69't't 
l.. 56977 
1. S72't6 
l. ,  57C,'t2 
1 .  5!1560 
1. 5 9 3 0 3  
1 .  59965 
1. 6 0 3 8 't  
1 .  6 0 6 1 9  
1 . 61 0 '+ 2  
l .  6l.'+ J S  
l.. 6 1 6 0 't  
1. 6 1 7 2 8  
1 .  G17ll5 
1 .  Gl.877 

l.. 66668 
1. b 7 !1 J 2  
l. . 68381 
l .  68795 

1. 9't637 
1 . 988GS 
l .  998"1- 0 
2 .  0 0 2 9 1  

2 .  l.2'+75 

2 .  18995 
2. 2 1 3 G 7  

2. 't2828 

3. 630 8't 

'I". 58't O O  

s. ·, oa61 
5. 7 1 3 2 5  
5 ,  7 1 G J S  
s. 72'tJ 0 
5. 7 "1- 2 0 7  
5 .  7'+95"1-
s. 75718 
5. 77079 
S , 7 8 1 G G  
5. 821 C "t 
s. 8 3 0 '+ 7  
5. 85f,8't 
s. f:f.2'+ 0 
5. a71ae 

G . 72865 

7. 9 1 2 2 8  

8. 866't8 

Q ( Y )  0PRlM£ C V )  B£TAMAX(V) 

8 , 9 3 5 0  • 1 3 . B't73 55. 1 3 3 7  

MUH/2PI 

. 9ll893 

. 9'JJ99 

l.. O't57 0 
l .  O'IC.77 
1.  O 't 6 tl C,  
l. .  0 '>  f•'J6 
1 .  o•�70S 
l. , ll'+ 7l.5 
l.. O 't 7 � 't  
l.. 0 �  7 J 't  
l .  O•t 7C.l 
l.. 0 ' 17  9 0 
l.. O 't ll O l  
1 .  0 '+ 8 1 2  
l.. O't ll 2 't  
1 .  O 't 8 J 6  
1 .  O't8't8 
1 .  o•,sc,1 
l.. 0 5 0 0 5  
l. ,  0 5 2 2 0  
1 .  OS;>.50 
l. .  0 !; 2 0 2  
l. .  0531  f, 
l.. 05351 
l..  D SJ 89 
1 .  0 5 '+ 2 8  
1 .  0 5 7 9 1  
1 ,  OG2'J9 
l. .  0638� 
1.  0 6 't 6 S  
1 .  06552 
l..  066't2 
l.. 06735 
l . .  06!13 0 
1. 07358 
1.  2 0 6 9 0  
1 .  2 l. '3 S l  
l.. 232&2 
1 .  't52J6 
1. 't53l.1 
1.  'tSJeS 
l. 'tS'IS6 
1 .  '+5526 
l.  't5593 
l .  '+5659 
l.. 't6072 
1 .  't 6 3 7 &  
1 .  't6'tl0 
l.. 't6't't2 
1 .  't6't73 
l. 't 6 S 0 2  
l. .  't6530 
l.. 't6556 
1. 't6722 
l. 't6827 
l.. 't68'!-0 
l.. 'tGRSJ 
l.,  't6866 
l .  't6878 
l.  ' +62.90 
l. .  ' +6902 
l..  't 6 'S J  2 
l. .  't 6 9 6 0  
l .  't6971 
l..  't69al 
1 .  't699l. 
1 .  't7 a Cl. 
1 .  't 7 0 l.  O 
1 .  't-7 0 2 0  
l.. 't 7  egg 
l. 't72D8 
1 .  't7'+33 
1. 't75'37 
l. '+7763 
1. 't79o2 
1 .  '+7999 
1 .  't821 7 
l. 't8't'tl 
1 .  '+ 8 5 J 2  
l .  '+8597 
l.  't.8626 
1. 't6672 

1. '+95S3 
l.  't96't't 
l. .  't'3686 
l. .  't97l. 7 

l .  °s l 3 J 8  
1 .  9 3 9 5 0  
l. . "9'tJS3 
1.  9't52't 

1 .  9.e,553 

1 .  989 ... 5 
l.. 9909't 

2 .  l.S9'i16 

3. 't96't8 

't .  't7229 

5. 56388 
5. 57097 
5 .  5762 5 
s. 5 9 2 0 8  
5. f;.'t't C't 
s. C.7't't8 
s. 71 0 2 5  
s. 77672 
5 .  8 2 l l. 6  
S. 9 O'tl. 2 
S. 9 l ' t 0 0  
5 .  9 J 3 J 2  
s .  9 '.1 6 3 0  
s .  9 '> l. 2 3  

6 .  S 0 9 l. a  

7 .  97652 

8. s2197 

XMA X ( H )  

. 0 't 8 7  

XPIOPP 

1 .  861 
1. 7Ja 

2. 2 '1 1  
2 .  2 '+ 2  
2 .  2 4 :?  
2 .  2'1 1 
2 .  2 't O  
2. 2 3 7  
2 .  2 3 2  
2 .  2 .! C,  
2 .  l!l't 
2. l 't J  
2. 1 2  0 

•2.  O':lS 
2 .  O G A  
2 .  , 0 '1  0 
2. 01 O 
l. 9 l\ l  
l .  7 0 9  
l. .  "I- J 7 
l. .  '+ 0 7  
:t.. 3 ·1a 
l..  J 'l g  
l ,  J 2  l 
l.. 295 
1 .  27 0 
l.. 1 3 1  
l .  0 6 7  
l .  O G J  
l. .  0 6 1  
1 .  o S s  
1 .  C 5 9  
1 .  05a 
l.. 058 
1.  o s a  
1 .  0 5 9  
l .  o 59 
1. ll S9 
1- 0 6 0  
l . .  06 O 
1. o & o  
l .  0 6 0  
l.. O G 2  
l.. 0 & '+  
l .  067 
1. 125 
1 .  2'+a 
l. 2 7 0  
1 .  29't 
l. .  3 l. 9  
l. .  J 't 't  
1 .  3 7  O 
1. 396 
l.. 598 
1. 772 
l. .  798 
l.. 82'+ 
1 .  8't9 
1. 873 
l.. 896 
1 . 9 1 G  
1 .  962 
1 .  991 
1 . 998 
2. 0 O J  
2 .  C O  6 
2. 0 08 
2 .  0 0 9  
2 .  0 1  O 
2. Ol. 7 
2 .  0 2 7  
2 .  O s o  
2 ,  01 G 
l. .  879 
l.. 737 
l. 6't7 
1 .  519 
l..  SDl. 
l.. 516 
l .  522 
1. 52J 
l ,  523 

2 . 2 9 3  
2 .  2'32 
2. 292 
2. 29l. 

2 . 2 2 9  
2 , 2 2 9  
2 .  2 J D  
2 .  2 3  O 

2. 3 Ol 

2. 3 0 7  
2 .  J 0 9  

2 .  2'tS 

2 .  a.so 

2 .  2't 0 

2 .  2r. 0 
2 2(, 0 
2 . .?. G l  
2 . 2 6 6  
2 .  27J 
2 . 2 6 9  
2 .  2 5 6  
2 .  2 1  7 
2 .  l. 0 9  
2 .  2 0  l 
2. 227 
2 .  2 £, 7 
2. 267 
2. 2 C 8 

2. 266 

XP ' /DPP 

• .  142 
•.  lll2 

, 0 DJ 
. 0 0 l. 

0 02 
0 ' 2  
o a ,  
Q f, I,. 

• .  1 0 5  
- . 1 '+ 8 
- • .! "/!, 
• , J:10 
- . � 't 0 
- . '+ 77 
•. so 7 
• .  527 
· ,  SJ 5 
• .  5'.111 
• . SJ II 
• .  53 8 
• .  SJ& 
- • £29 
•.  !:- 1 6  
• .  't95 
•.  '1 7 1  
- • 't 't 't  
- - 251 
• .  0 7  S 
• .  0 53 
•. OJ J 
- . 0 1  7 
• •  0 0 6  
- . ll 0 l. 

, 0 0 0 
• 0 0 0 
• 0 0 0 
• 0 0 0 
• 0 0 0 
• 0 0 0 
• 0 01 
• 0 0 6  
. 0 1  5 
. 03 0 
• o'+ a 
. 067 
. 2 2 't  
• 3 9 '+  
. 'tl 7 
. 'tJ 9 
. 't57 
. 't69 
. 't7't 
. 't 7 6  
. 't7 6  
. 't76 
. 't7't 
. 't66 
. 't'I  9 
. 't 2 't  
. J ':l 2  
. 3 5 6  
. 2 51 
. l. '+  3 
. 1 0 6  
• 072 
• 0 .. 'I" 
, 0 2 6  
, C l  7 
. 01 5 
. 01 S 
. 01 5 
, 0 1 5  

- , 069 
- . l. 't8 
•.  l '1 8 
-- l. 't 8  
• .  058 

. 02 9 

. 0 2 9  
• o O J  
• 0 0 3  
• 0 0 3  

• •  0 0 1  
- • o Ol. 
•.  0 Ol. 
- . CO 3 

. 0 0 0 
• 0 0 0 
• 0 0 0 
• 0 Ol. 

. 0 0 1  

• 0 D 1  
'" 

'" 

. 0 0 2  

"' 
. 0 0 1  
. 0 C l.  
• 0 0 1  
• o 0 8  

0 0 1  
"'  
°'' 

0 3 2  ,,. 
. 02 S 
. 02 6 
• 0 C o  
• 0 0 0 
'" 

• •  0 Cl. 

• 0 0 0 

• .  0 C l.  

D P / P  . 0 2 � 0 AVERACE X • . O J 9 9  AVCRA{,£ ALPl-!Ar • 1 , 9 D l l. R . F . , CAMMA TR. • ll . 7 5 1 5  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

2. 261 

r:;A'°'MA TR.  

a.  aaJ'+ 

OP/P . 0 2 1 0  COSMU(li) . 9 6 3 0 9  
I S R A [; §  1 5 1  0 8 0  



Tabl e 4 c 

R i ng 2 Summary of the AGS output for the central orb i t  ( l i near scheme) 
&UP. CONO. LOWIJClA SCHEME R 2  %8 &TAN011,RO SFM GL WJ:TH ENO CFF(CTS 

16RAG6 75. 03  2 '1- / 1 0 / 8 0  17. 3't.  5 0  
C I R CUMFElffNCE 9't2. 636f1D 1 SUf•[' Rf't:f!IODS r.TRAIC:ltT MAf;NETG II L L  VALUES I\T i;xrr OF l:L E"Mf:NT!c: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

NO ELEM L OO A N C C M R )  K ( l / M 2 )  UEHI V ( M )  

2 3 , S 2 t;  
l ·1 . !Jl8 

BETAIH M) 

6'1. 't(,!:i 
!;J ' 5:.!3 

ALPHAV Alf'HAH 

l.  0 1  3 
. a 2 c;  

MUV/2PI 

1. D 't 9 'J O  
1 .  C�lf."/ 0 

MUH/2PI A L P t l A P ( M }  A L P H A P .,  
lNl T I A L  
J. l  't 1 &8. 2 :Zt. 

l S:S "' 
1 5 5  ,.. 

6 E P 't 0 l  
GE l"t D:! 

232. 2 

O T 7 . l  

l.73 O l a .  1 

1 7 7  H2't8 
171\ F K I 2 '1 8 .  't 
170 FXl 2'Hl. £, 

l 9 9 2 6 '1- . VC l� 

F 3 6 6 .  1:.2 
3 G B ,  l 

OT'r.  2 
3(,1'1. 2 
3 6 8 .  3 
368.  't 
:Jr.o.. s 
3 6 8 .  r., 

X 't O O .  X 't  
't 0 o :  1 
't o o .  2 
'1- 0 0 .  3 
't O D .  'I-

F't 02.. 51 

... 0 9  't61t. 1 tS' 

5 2 6  568. 2 � 

6 0 't H66't til 

69 3  7 5 2 .  l 
fl.l 't H752 

F766, 52 
7&8. 1 

S L 02 . 1  
SLG2 . 2  

768. 2 
AFC2 

SLG't. 1 
SLG't. 2 

7,:;a: :, 
768PU 
IIFM, 1 
x a o o .  xa 

fl F M .  2 

SLCG. 1 
5LQ6. 2 

8 0 0 .  1 
S O O P U  

S !.. Q 8 .  l 
S L IHL 2 

8 0  0 .  2 
A F C 't  
AFQ2 
F 8 0 2 .  S l  
F 8 0 2 .  52 

8 0  't . .l 
P 8 0 't 
0 .!! 0 6 .  S l  
0 8 0 6  S 2  

11 0 8 . .l. 
SL Ql 0 

11 0 8. 2 
08.l. O .  5 1  

8 0 8  11 1 6 .  1 
8 0 1  5816 
11 0 2  a 1  c. .  2 
11 03 Cil 6. 't 
8 0 -+  a i r. .  J 
l\ 0 5  H 0 1 6  

5 . 9512 

J .  't 0 8 0  
J .  :.i �u; o 

. 8 1 J 5  

. J 8 S O  

. Jaso 

1 .  3 1 3 0  
1 . 9 9 5 0  
1 .  9 9 5 0  

1 ,  S't22 

l ,  2 S 't 9  
. 587't 
. 3 8 5 0-
. � 5 1 2  

a .  0 0 0 0  
. 8 0  0 0 
. 80 II 0 

l .  't O O  II 
1 .  1 0 0 0 
... 0 0 0 0 
1 .  O O O 0 
3 .  0 0 0 0  

. 6896 
1.  25't9 

9. 7871 

S. 9S12 

9. 012a 

• 7799 
• '783 0 

1. 2S't9 
. 6'tSD 
. 0 .5 5 0  
. O S S O  
• 0.5.50 
• 0 5 5 0  
, 0 5 5 0  
• O S S O  
• 1 5 0  O 
. 1 5 0  0 
• 0 5 5 CI  
• 0 5 5 0  
• O S S O  
. O 55 0 
• 0 5 5 0  
• 0 5 5  0 
. 505.! 
• 5057 
. O S S O  
. 0 5 5 0  
• O 5 5 0  
• 0 5 5 0  
. 0 5 5 0  
. O S S O  
. 't O  O 0 
. 't O O 0 
. O S .S O  
• O S S O  
. D 5 5 0  
. 0 5 5 0  
. O S S O  
• D 5 5 0  
. 2 7 7 0  

2 .  't 6 0 1  
. 1 1 0 0  
. 1 1  0 0 

3. 8 1 3 9  
. 0 5 5 0  
. 0 5.50 
. O S S O  
. O S S O  
. 0 5 5 0  
• O S S O  
. ..  0 0 0 
. ..  0 0 0 
. o s s  0 
. O S S O  
, O S S O  
. o s s  0 
. 0 5 5 0  
. O S S O  
. 't 2 5 0  
. 3 G S O  
, 0 550,:,, 
. 0 550 
. 0 5 5 0  
. 0 5 5  0 
. 05 5 0  
. 0 5 5 0  
. 1 5  0 0  
. 1 5 0 0  
. 0 5 5 0  
. 0 5 5 0  
• 0 5 5 0  
. O SSO 
. 0 5 5 0  
. O SSO 
. 't 6 2 3  
. 6 6 7 0  

l .  52.G't 
1 .  25't9 
l.  2.S't-9 

. 6 0 5 9  

. 9 5 7 0  
1 .  2521 
1 , 2521 

, 8't22 
. 3 8 5 0  
. 7 0 8 't  

1 .  2 5 2 .l.  

. 73 2 7  

. 't- 3 l 't  
3 . 3773 

. 3 8 5 0  
3 .  91 't S  
't .  0935 

871 SOL8G't, S fj . 3 0 0 0  

0 1' / I"  COSMU ( H )  

0 .  0 0 0 0  0 .  0 0 0 0 0 0 0  

O .  O D D O  
o .  D O D O  
D ,  0 0 0 0  
D .  D O  0 11  

0 .  D O D D  

D .  D O D O  
D .  D O D O  
0 .  D O D O  

o.  0 0 0 0 0 0 0  
o .  0 0 0 0 0 0 0  
0 .  0 0 0 0 0 0 0  

. 0 0 1 2 ·1 0 0  

0 0 22't70 

D. 0 0 0 0 0 0 0 
tr. 0 0 0 0 0 0 0 
o .  0 0 0 0 0 0 0  

D .  O D D O  D .  O D D D O D O  

1 &, 't'J79 
0, 0 0 0 0  
0 .  0 II O 0 
7. 0 3 0 0  

- e .  'tsoo 
-8.  l !:1 0 0  
- 9 . 3 1 0 0  

- 1 2 ,  5 6 0 0  
a .  7 7 0 0  

't 7 ,  2 2 0 0  
1 .  't-'. 0 0  

• 25 , !l l U O  
0 ,  0 0 0 0  

1 6 .  '1-979 

O J 9't8fi2 
D ,  0 0 0 0 0 0 0  
o .  0 11 0 0 0 0 0  

, O U O l. 't O O  
- .  0.0 0 1 7 0 0  
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e. O'tll (l't 
8.  0 5 0 0 8  
8 .  0 5 3 5 5  

8 .  0 6 't 1 9  
8 .  0 6•1112 
2. 0 7 0 1 2  
e .  0 7 0 7 8  
8.  07(108 
e .  08728 

8, l't-531 

11 . 7 5 1 8 9  

X M A )( (  H )  

2 ,  3 O 61 

2 .  279 
' 2 .  277 

:!·, � 7 (;  
2 '2 76 

2.  291 

2.  211!, 
2 .  21l2 
2.  279 

2.  23a 

',! _  2't9 
2.  25 0 
2 .  2 5 0  
2 ,  2 55 
2. 2C.2 
2, 2 58 
2 .  2't't 
2. 2 0 '1 
2. l 75 
2. l 87 
2. 21 't 
2, 2 5 5 
2. 256 
2. l.97 

2. 2 '+- 2  

2 .  2 5 6  

2 ,  2 't 9  

1 ,  8 7 3  
l .  7 3  D 

2 . 2 5 5  
2 . 2 5 5  
2 .  2 5 5  
2 25't 
2 .  253 
2 .  2 5  0 
2. 2't r, 
2 .  23 9 
2 .  -;t O 6 
2. l 55 
2, 13 2 
2. 1 11 6  
2 .  0 "1 9  
2 .  0 5 0  
2 .  02 D 
l .  9 9 0  
l.,  7 l 't  
l ,  't 3  8 
l .  't 08 
l. 3 7 8  
l .  3 't 9  
l .  3 2 1  
l .  29� 
l .  268 
l.. 128 
1.  061 
.l.,  0 5 8  
1 ,  05.5 
.t .  D S 't  
.l. ,  0 5 3  
.t .  0 5 3  
l ,  0 5 3  
l .  0 5 2  
l .  0 '+ 9  
l .  0 '+- 9  
1 .  O 't 9  
l ,  C't3 
l. C'I 3 
l .  D't3 
l.  0 '1 '+
l. .  0 't S  
1 .  0 't 7  
1 .  0 5 0  
1 ,  l 0 7  
l .  2 2 9  
l .  2 5 2  
1 , 2 7 5  
l .  2 9 9  
l .  3 2 5  
l .  J !, l  
l..  3 7 7  
1 . 578 
.l. 7 5 1  
l .  7 7 7  
l .  BD2 
l,  l'.2 7 
l .  a 51 
l .  ll73 
.l.. 89't 
l .  9 3 9  
1 . 969 
l .  975 
l .  9 8 0  
l .  9 ll :l 
l .  9 8 5  
l .  9 8 6  
1 .  s r. 7  
l .  9 !:1 4  
2 .  0 O't 
2 .  027 
l.  993 
.l.. 856 
l ,  766 
1 . 625 
l. '+ <;t6 
l . ..  ·,a 
l .  5 D J  
l .  5 0  8 
l .  SJ. o 
l .  567 

2 . 2 7 0  
2 .  2 7 0  
:! , 2 7 (, 
2 ,  2 "(6 
2, 2 ·1 c;  
2 . 275 

l.  523 

. 0 0 1  

. D 0 1  

• .  0 0 1  
• .  0 0 1  
• .  0 0 1  

• C 0 1  

• .  0 0 2  
• .  0 0 2  
• .  0 0 2  

- . 0 D D  

. D 0 1  

. 0 0 1  
• 0 Ill ,,. 

• .  0 C l  
• ,  0 1  l 
• ,  0 2 '1 
� .  C 33 
• ,  02 0 

, 0 2 !,  
. 02 7 
, 0 0 1  
. 0 C l  

• .  0 9 3  

- . D C  0 

. 0 0 1  

0 0 0  

,., 
w .  182 

. 0 DO 
, 0 0 0  

- • 0 0 2 
- , 0 1 2  
- . 0 3 't  
- . 0(,7 
w .  1 0 7  
• .  l !i l  
• .  2 7 9  
- . 't O '+  
- . 't 't 6  
- .  't8't 
• ,  51 S 
• .  53 5 
- . S't't
•. 5 4 6  
• .  5't C. ,,. 

S't'I '" '" 
5 � :, 
't-71: "' "" 
on 

• .  0 5 5  
O , S  "" 
0 0 8  '"' " " '  " " '  " " '  " " '  

- • D 0 1  
• .  0 01 
•.  0 D 0 

. 0 O't 

. 0 1  't 

. 0 2 8  

. O 't 6  
• 0 6 5  
. 2 2 2  
. 3 9 2  
. 't l  5 
. '1 3 6  
. 't .5 '+  
. 't66 
. 't 7 2  
, 't73 
. 't"/3 
. 'i-73 
. 't7 l 
. 't6'+ 
. '+ '+ 7  
. 't 2 2  
. 3 9 0  
• 3 5!i 
. 2 't 9  
. l 't 2  
. .l. 0 5  
. 0 7 1  
, D 't  .. 
. 0 25 
. 01 7 
. 0 l 5 
. IH S 
• 0 l S 
. 0 15 "" , , . 

H8 "' ,,. 
. 02'.J  
, 02 9 
. 0 0 2 
. D 02 
. 091 

• D 02 
• 0 02 
• 0 02 " " "  " " "  " " "  
• D 0 0  

'"  

U P / P  • C .  o n o o  , AVE'f:lAr.E'. X • o .  O D D O  tlVl'RtlGC: tl l l'HAP • 1 .  (1(128 R, r GAMMII TR ll. 9 ::0 £,'t )( X X)()(X)(XXX XX X �:XX )(X XX X XXX X XX XX X XX)( XX XX X )()(XXXXXXXXX X XXXXX XXXXX XXX X l'.X X�: X XX XX XX XXX X XX XX XX X XX XXXX XXXX X XX X XXX XX XXXX XX XXX )( X X ,', .,. XXXXXXX 



Tabl e 4 d 

Ri ng 2- Summary of the AGS output for the cl osed orb i t  at the top of the stack 
xxxxxxxxxxxxxxxxxxxxxxxxxx1<Xxxxxxxxxx'xxXxX)tXXxxxxxxxxxxxxx;CxXxxxxxxxxxxxXXXxxxxxxXxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxxxxx 

�O ELEM 

l N I T I I\ L  
l l 't  l.6'1. 2 J:.l 

153 '" 
l.SS 
1 5 '  

S E P 't O l  
S E P  ... 0 2  

2 3 2 . 2 
Q! -, . 1 

l 73 OTII. l 

lr,' H?.'tB 
1 ·rn F K I 2 't 8 .  't 
17� F K I 2 't l L G 

26'+. ve 13 

F 3 1> 6 .  6 2  
3Gtl. 1 

CI T't.  2 
l68 , 2 
Jr,a. J 
3 1i 8 .  't 
J r. a .  s 
J f, 8 ,  6 

X'• 0 0. X't 
't O O .  1 
'tD 0. 2 
't O O .  J 
't O O .  't 

F 'I- D 2 .  S 1  

't O �  't6't, 1 t5' 

5 2 6  568. 2 1' 

6 0 't IHi, 6.. t� 

6':IJ: 752.  l. 
··!l't H7S2 

F76 6. S 2  
7 6 8 .  l. 

S L 0 2 . 1 
S L Q 2 , 2 

768. 2 
AFC2 

SLO't, 1 
SLO't, 2 

768. 3 
766PU 
AFM, 1 
x a o o. xs 
AFM, 2 

SLO&. l 
6L06, 2 

flD O. 1 
8 0 CPU 

SLGIB. 1 
SLOS. 2 

soc .  2 
AFC't 
AFG2 
F802.  S l  
F 8 0 2 .  5 2  

8 0 't ,  l. 
Pf.O't 
0 8 0 6 .  51 
0 8 0 6, S2 

8 0 8 .  1 
S L O l O 

s o n .  2 
D 8 1 0 .  SJ. 

s o c  8 1 6 .  1 
a o 1  s s 1 r,  
8 0 2  .C l 6 .  2 
8 0 3  C H G  't 
B O 't 8 1 6 .  3 
8 0 5  fHU c; 

IH'J 582't 

87l SOL8G't. S J:-s, 

DP /'f> COSJ,iU( H )  

0 2 1 0  • !l r, o J o  

DL/DX DK/DX 

o.  O D O  D .  0 0 0 0 0 0  

0 .  O D  0 
0. 0 0 0  
o. 0 0 0 
0 ,  0 0 0 

0. O D O  

D .  0 0  0 
0 .  0 0 0 
0. 0 0 0  

o.  0 0 0 

D. 0 0  0 
. 22.11 

0. O 00 
0.  0 00 
o. 0 0 0 
o. 00 0 
D. 0 0 0  
0.  0 O'tl 
0 .  0 0 0 
0 .  0 0 0 
0, 0 0 0 
o .  o a o 
0. 0 0 0 
-. 2 2 a  

D .  O D O O D D  
o.  0 0 0 0 0 0  
0 .  0 0 0 1> 0 0  
D .  0 0 0 0 0 0  

o .  0 0 0 0 0 0  

0 ,  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
o .  0 0 0 0 0 0  

D .  0 0 0 0 0 0  

- . O 'J 2 't D 2  
D .  0 0 0 0 0 0  
o .  0 0 0 11 0 0  
• .  0 0 1 :! 't O  

. 0 0 0 0 6 0  
• .  O O O 't J (I 
• .  O O J l � O  

. 0 0 0 !. 'J O  
- .  0 0 0 1 !. 0  
- .  0 0 2 1 0 0  
-.  0 0 1 3 7 0  
• . O O l 't S D  
D. 0 0 0 0 0 0  
- . 032't 0 2  

, 2 2 8  D .  0 0 0 0 0 0  

0 .  O D O  O .  0 0 0 0 0 0  

D .  D O D  D .  0 0 0 0 0 0  

• 2 2 8  D .  11 0 0 0 0 0  
0 .  D O D  0 .  0 0 0 0 0 0  

o .  0 0  0 
. 2 2 8  

0 .  0 0 0 
D .  o 0 o 

D. o o o 

0. D O  0 
0. 0 0 0 
0. 0 0 0 
D. o o o 

0 ,  0 0 0 
0. 0 D 0 
0. 0 D D  
0 .  0 0 0 
o. O O 0 
0. 0 0 0 
0. 0 1.l  0 
0 .  O O 0 
0. 0 D 0 
0 .  O O 0 
0 .  O O 0 
D, 0 D 0 
0. D o  o 
0. O O 0 
0 .  0 0 0 
o. O O 0 
0. 0 0 0 
O .  o o D 
0. O O 0 
0. 0 0 0 
0 .  0 0 0 
0. 00 D 
0. 0 0 0  
0 .  D O D  
0 .  O O 0 
3 .  70 0 
0 .  0 0 0 

- 3 .  '7 0 0  
D .  O a o 

0. 0 0 0 
0. 0 0 0 
0. 0 o 0 
D .  O O 0 
0. O O 0 
0. 0 0 o 
0. O O 0 
D. 0 0 o 
D. 0 0  0 
0. 0 0 0 
o. O O 0 
II. 0 0 0 
0. D O  0 
o. 0 0 0 
o. 0 0 0 
0 .  0 0 0 
0 ,  0 D 0 
0. 0 D 0 
0. 0 0 0 
o. 0 0 0 
0. 0 0  0 
0. O O 0 
0 .  O O 0 
0. DO 0 
0 ,  0 0 0 
D. D O  0 
o. O O 0 
0. 0 o O 
0. 0 0 0 
0. 0 0 0 
D. D O D  
0 .  D O  0 
•. 228 
0.  DO 0 

. 2 28 
0. O O 0 

. 2 28 
0 .  0 0 0 
- , 22 8 
0. 0 0 0 

, 0 .  0 0 0 
, 228 

. 2 2 8  
0 .  0 0 0 
0. 0 0 0 
0. 0 0 0 
0. 0 0 0 
0. 0 0 0 

-. 0 3 2 't 0 2  
0 .  0 0 0 0 0 0  
- .  01'7 0 0 0  
- .  0 6 3 5 0 0  
- . 1 2 9 0 0 0  
- .  1·, 5 0 0 0  
- .  1 '9 2 0 0 0  
- .  l. '9 2 0 0 0  
- . 1 9 2 0 0 0  
• . 1 9 2 0 0 0  
- .  l.'92 0 0 0  
-.  1 9 2 0 0 0  
- .  1750 0 0  
- .  1 2 9 0 0 0  
- .  0 6 3 5 0 0  
• ,  D 1 7 0 0 0  
o .  0 0 0 0 0 0  
o .  0 0 0 0 0 0  

. 0 1 6 0 0 0  
, 0 5 '9 0 0 0  
. 1 2 0 0 0 0  
. 1 6 J O O O  
. 1 '790 0 0 
. 1 7 9 0 0 0  
. 17 9 0 0 0  
. 1 7 '9 0  0 0 
. l '7 '9 0  o D 
• 1 7 9 0 0 0  
. 1 6 3 0 0 0  
, 1 2 0 0 0 0  
. 0 5 'J O O O  
. 0 1 6 0 U O  

o.  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
0 .  o o u o o o  
o .  0 0 0 0 0 0  
o .  0 0 0 0 0 0  

. O l !'.1 0 0 0  

. 06'7 0 0 0  

. 1 3 5 0 0 0  

. l 8 't 0 0 Q  

. 2 0 2 0 0 0  

. 2 0 .! 0 0 0  
• 2 0 2 0 0 0  
. 2 0 2 0 0 0  
. 2 0 2 0 0 0  
. 2 0 2 0 0 0  
. l 8 't 0 0 D  
. 1 3 5 0 0 0  
. 0 6 7 0 0 0  
. 0 1 8 0 0 0  

o.  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

0 1 6 0 0 0  
0 6 7 0 0 0  
1 3 7 0 0 0  

. 1 6 G O O O  
- .  2 0 't 0 0 Q  
- .  2 0 ' t 0 0 0  
- .  2 0 't 0 0 0  
-. 2 0 't 0 0 0  
• .  2 D 't O O o  
• ,  2 0 4 0 0 0  
-. 1 6 6 0 0 0  
• , l. ::i f O O U  
- .  0 6 7 0 0 0  
- .  0 1 8 0 0 0  
0 .  0 0 0 0 0 0  
0 ,  0 0 0 0 0 0  
D .  0 0 0 0 0 0  

0 3 2 't 0 2  
. D32't 02 

Cl. 0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

. 0 1 8 066 

. O l 8 0 G 8 
0 ,  0 0 0 0 0 0  
D ,  0 0 0 0 0 0  
D 0 0 0 0 0 0  

. 0 1 8 068 

o. 0 0 0 0 0 0 
o s o o o o  

0 0 0 0 0 0 0  
D .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  
0 .  0 0 0 0 0 0  

D .  D O D  0 .  0 0 0 0 0 0  

0 .  0 0 0  D .  0 0 0 0 0 0  

02K1oxa 

0. D O D O O  

0 ,  0 0 0 0 0  
0 .  D O D O O  
o .  o p o o o  
IL 0 0 0 0 0  

0 .  0 0 0 0 0 

0. 0 0 0 0 0  
0 ,  0 0 0 0 0  
0 .  0 0 0 0 11  

0 .  0 0 0 0 0  

• .  0 0 3 2 6  
0.  D O D O O  
o .  0 0 0 0 0 

. 0 0 7 1  't 
, DO S't 2 

- 0 l l .:?5 
. D2652 
. 0 0 0 07 

•.  0 Ol.2't 
-.  0 0 1 56 

. 0 0 3 2 1  

. 0 0 2 0 3  
D .  0 0 0 0 0  
• .  0 0 326 

0.  0 0 0 0 0  

0 .  D O D O O  

D .  D O D O O  

o .  0 0 0 0 0  
D .  0 0 0 0 0  

0 0 3 2 6  
o.  0 0 0 0 0  
0. 0 0 0 0 0 
o. 0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
o.  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
O .  0 0 0 0 0  
o :  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  D O D O O  
0. D O D O O  
o .  0 0 0 0 0  
0 .  0 11 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
D .  D O D O O  
o .  0 0 0 0 0  
D .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 -0 0 0  
0 ,  0 0 0 0 0  
0 ,  0 0 0 0 0  
0 ,  0 0 0 0 0  
0 .  0 0 0 0 0  
O .  D O D O O  
0 .  D O D O O  
0 .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o.  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
0 ,  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  
0 .  0 0 0 0 0  
IL 0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  o o u o o  
0 ,  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
o .  0 0 0 0 0  
o .  0 0 0 0 0  

0 O J  26 
0 0326 

o.  0 0 0 0 0  
0 .  0 0 0 0 0  

0 2 a 2 1  
0 .! 6 2 1  

o.  0 0 0 0 0  
o .  0 0 0 0 0  
0 ,  0 0 0 0 0  

0 2821 

0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0 .  0 0 0 0 0  
0.  0 0 0 0 0  
D .  0 0 0 0 0  

0 .  0 0 0 0 0  

0 .  o o o o c  

D E T A V ( H )  

11'. 796 
15. G79 

l J .  l!.J 1 
l � '1 't l 
1 r, .  0 7 7  
l 6 .  't 09 

15.  ll. 2 9  

l l .  1 2 5  
l:.!.  GGJ 
1 :.. .  IUD 

l't. 592 

2 J ,  l '73 
22. 't85 
22. o s i;  
2 1 .  D f,8 
l 'J.  J 't't 
1 8 . 8 0 0  
1 6 .  3£,6 
1 7 . 781 
l '7. •1 0 ·1 
l. 7. 1 5 9  
l 7,  't OS 
18. 8 6 0  
1 9 .  J 'l- 't  
2 1 .  6J 1 

17. 7 0 9  

lit. 1 8 2  

l't. 9.!19 

1 3 .  3 0 1  
l & .  551 

1 7 .  552 
16, 9 5 1  
16. 9 0 't 
l.G. 862 
l r, . 8:S't 
lG. 829 
16. <l!i5 
l £. .  9 1 5  
1 7 .  2 8 2  
1 7 .  'J58 
18. 286 
18. 65G 
l'J. 0 6 4  
1 'J .  5 0 2  
l. '9. '9 f, l  
2 0.  'tJ l 
2 5 ,  O't6 
3 0. l 52 
3 0.  '73 S 
J l. 31 :S 
Jl.. 8 71 
3 2 .  J88 
32. 8't6 
3 3.  2 't  0 
3 3 .  651 
2'9,  8't2 
29,  O J 3  
28. 1 7 J  
27. 275 
20. 'JSJ 
25. 't26 
2-. . 5 0 7  
2 0 .  13't  

. 't'tl 
• 365 
. 357 

't2.  6't9 
'tJ. 66l. 
'tS. 078 
't6. 2'77 
't7. 't33 
't8, 5 2 3  
't9. S J  o 
53. 692 
51.  767 
SJ., 037 
so.  215 
't9. 3 1 5  
't8. J G 2  
't- 7 .  3 6 2  
't6. 399 
'J'J, 1 3 3 
3 3 .  3 93 
J2.  571 
JL "/68 
3 0 . 999 
3 0 . 279 
2 9 , 6 1 9  
2'J. O;:>J 
2 7.  7'tJ 
26. 9't3 
2G. 762 
26. £. 'J 't  
2. t .  55J 
2 b .  !> 0 6  
2 6 .  't-'79 
2 6 .  't G O  
2 £. .  3 2 7 
26. l.6J 
25. 9 1 9  
2 7 .  't 82 
32. 829 
JC.. C;J.D 
't J.  O'tS 
't-9. 't2 9 
s o .  1 9 7  
't 8 .  7J J 
't- 8 .  't O 8 
't O .  't J 2  
't- S .  67't 

17. 123 
16. 676 
l 't .  193 
l't. 0.!2 
1 3 .  570 
1 5 .  5 3 1  

J 9 .  SS't 

l J . 6 9 7  

B E T fl H ( M )  

1 2 1 . 6'12 
1 11 0 ,  01'7 

1 0 a  7f,r, 
l. 0 9 .  l fl't 
1 0 '.3. J 1 !i 
l 0 9 . 't 0 2  

27. 5 0 '9  

1 7 , 7 1 5  
1 3 ,  2'tc; 

'J. ';l't8 

99. l.67 

9. :u s 
'7 , 859 
7.  D l  S 
S. 3 O l\  
J 't l,(, 
'J. :S (JO 
J. G a r, 
s. 1 1  8 
7. D IH 

2 0 .  32a 
25. 1 1 0  
't2. 9 7 0  
't7. 822 
S't. 07't-

77. 2 6 9  

1 H.1 , 7S't 

16.  1 5 8  

2'J.  6�'t 
2 't , 269 

86. 3 2 9  
8 l .  9 1  7 
81, S 't l.  
81. l. 't l  
8 0 . 677 
80. 1 0 7  
79. 397 
78. 520 
75, 2aS 
70. 8'tS 
68, 9 5 1  
6G. '9't2 
6't. 8't6 
62. 697 
6 0 . 536 
58. 3'9't 
'1-0. 4 81 
25. CJ;'t 
2't. "'63 
23. 1 1 8  
2 1 .  8 J O  
2 0 .  6 0 9  
1 9 .  't f, 2  
1 a .  3a8 
l2. 5 3 6  

!l. l 69 
8, 8'tJ 
8, 5't3 
IL 2 6 5  
8 .  0 D't 
1. '7S•t 
1. Sl l 
£. 362 
l. 3 1  5 
l. 'J 0 6  
l. 3 1 5  

1 3 .  1 0 2  
1 :l .  't3 6 
l J . 7 7 8  
1 " .  1 3 6  
1 '+ .  SJ. 7 
l .,_ ,  927 
l.S. l7't 
1 9 . 9 9 9  
27. 9 3 5  
29. 375 
J 0,  'J l  O 
'32.  SJ 6 
3'1-, 25 D 
'Jf,,  0 3 2  
J 7 .  8 7 1  
SJ . 6 '1 6  
6 9 .  3 0 7  
7 1 .  9 ) 0  
7'1-. 't97 
77. 052 
79. s s o  
8 l .  9 4 9  
6 't .  2 2 1  
89. G O S  
'9 3 .  6)7 
91', 7 5 6  
95. 695 
96. 't"l't 
97. l. J  l 
97. 718 
90. 2 7 7  

1 0 2 .  9 8 9  
1 0 9 .  989 
126, 9 0 5  
1 J J .  'l-'J't-
1 2 3 .  7 7 8  
1 1 5 .  5 7 7  
l D J ,  2 0 ll  

9J. 7 9 0  
95. 9 1 9  

1 Cl . 2 7 't  
l O J .  0 7 8  
l OS. l 't 8  
ll.S, 't 't G  

216, 677 
213.  2't:S 
186.  f, 7't 
18J,  71 't 
l S 't .  56'9 
127.  O l 't  

1 't .  163 

s. 881', 

O(H) QPRI M E ( H )  BETAMA X ( H )  COSMU(Y) 

a. esso • 3 l . a7GG a2a. � 1•ta . 0 1·na 

flLPHA¥ 

. 361\ 
-. 0 1 2  

- . 1 1 3  
• .  36l 
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Fi.9:..,____}_: Longi tudi nal vari ation of the gradi ent ( computed Ref . 3 ,  Fi g .  1 1 )  and of the sextupol e component 
(assumed )  at the superconducti ng  quadrupol e  ends . The step functi ons used for the AGS descr ipt ion 
are represented , the deta i l s  are exp l a i ned i n  paragraph l . 2 .  
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Fig. 3 :  Phase-space plots on the injection orbit for evaluation o f  the 
protect ion of !8 by the collimator system and the vacuum chamber 
downstream from i t .  
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Fi g .  4 :  Hori zontal tune of  the SL mach ine Qh as  a functi on of  the tune 
of the base machine Qh according to the formu l a  

cos 2TT Qh = cos 2TT (Qh + ¢h ) / cos 2TT o Qh . 

Si nce Qh i s  a smooth functi on of grad i ents , th i s  p i cture shows 
the grad ient stopbands due to the SL insert ion . 

¢h = 0 .  l 07 4 oQh = 0 .  1 1 1  

If the i nserti on were perfectly matched , oQh wou l d  be zero and 
we woul d have Qh = Qh + ¢h . 
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Fig . 5 :  Measurement of the pos i ti on of the central cl osed orb i t  before 
turn ing on the SL i nsertion i . e .  on the BASE mach ine  ( two upper 
pl ots )  and after turn i ng on the SL i nsertion and maki ng a l ocal 
compensation by INCO ( two l ower pl ots ) .  Expl anati ons i n  para . 
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