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This note summarizes the results of an early experiment (August) designed to investigate the source of 
coupling in the LEP machine. Coupling is quantified by the horizontal to vertical orbit transfer. 

The most important results are that the source is distributed in the LEP arcs only. It essentially 
scales with I/Energy, indicating an energy independent magnetic field source. Its harmonic content is 
such that the initial choice of tune split ( Qz - Q

y 
� 8 )had to be changed to minimize the excitation 

of the linear coupling resonance. 

Contents 

1 Aims and Methodology 

2 Analysis of the Data 

2.1 Horizonta.l bumps in the a.res ...... . 
2.2 Horizontal bumps in the straight sections 
2.3 Harmonic analysis of the coupling source. 
2.4 Distribution of the coupling source within the a.res 
2.5 Symmetry of the coupling source ......... . 
2.6 Linearity of coupling ................ . 
2.7 Contribution of the orbit displacement in the scxtupoles 

3 Conclusion 

4 Acknowlegments 

1 Aims and Methodology 

1 

2 
2 
4 
4 
4 
5 
5 

5 

5 

6 

Early during LEP start-up it became apparent that a. large coupling existed in the ma
chine with the nominal optics B80A20 ( Qz = 70.44, Q

y 
= 78.37 ), in the absence of any of 
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the experimental solenoids and compensating skew quadrupoles. Although localized cou
pling sources were initially suspected, analysis of the transfer of t.l,e horizontal injection 
oscillations to the vertical plane ruled out this hypothesis [I]. 

The measurements reported here were planned to investigate t.he characteristics of the 
coupling in order to understand it.s source and compensate il. 

The principle of the measurement is to excite an oscillation of the horizontal orbit in a 
limited section of the machine and measure the rcsult.ing perturbation of the vertical orbit. 

The following properties of the coupling source were investigated: 

• Location of the coupling source: it was lest.eel wil.l, closed horizontal bumps in each 
arc and two straight sections. 

• Symmetry of t.he coupling source, namely whet.her t.hc source is a skew quadrupole or 
a skew sextupolc. 

• Linearity of the coupling: The horizontal lo vertical orbit lrnnsfcr was measured as a 
function of the amplitude of the horizontal bump. 

• Energy dependence: Measurements of the hori7,ontnl to vertical orbit trnnsfcr were 
done nl injection energy ( 20 GcV) and flat-lop energy (approximately ,J5 GcV). 

The measurements were done on l\londay, August 21, Wednesday t.he 23rd and Sunday the 
27th. Orbits were stored in direct.orics mrx/monday21, mrx/wednesday23, mrx/sunday27. 
The LEP optics were B80B20 ( Qx ~ 71.38, Qy ~ 78.28 ) wit.I, expcrirncntal solenoids and 
skew quadrupoles off, a single beam and separators off. 

2 Analysis of the Data 

2.1 Horizontal bumps in the arcs 

Closed horizontal bumps covering successively each whole arc were introduced and the 
resulting vertical orbit. distortion measured. Give11 the good initial closed orbit, the hori
zontal amplitude could reach 25 mm a.t the PlJs, i.e. 43 mrn al f3max• Bumps of the same 
strength were used in each arc. Data was taken at 20 Ge\/ (!llonday, 21st and Sunday, 27th) 
and at approximately 45 Ge\/ (Wednesday, 23rd). In order to improve the accuracy and 
eliminate systematic errors, differences were taken between orbits wit.h horizontal bumps 
of opposite signs. Figure 1 shows such an orbit difference for a. closed hori7,0ntal bump in 
arc 8. 

The overall results of the measurements in the arcs arc shown on figure 2, which displays 
a plot of the vertical rms uu (rnlculated over a.II l'Us, after elirninatiou of the bad !'Us) of 
the difference orbits versus the position of the horizontal bump (arc number). To overcome 
a.ny calibration problem, the data have been normalized t.o a ±17 mm amplitude for ll,c 
horizontal bump on the difference orbit. 

Figure 2 shows t.hat the coupling can be separated into an arc indcpcnde11l part, plus a 
weaker component with periodicity l around the LEP ring. It is thus possible that. t.hcrc 
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arc two or more superimposed coupling sources. The difference bet.ween the two 20 Ge\' 
curves gives us an estimate of the uncertainly on the da.ta. 

71 
?. 33? Hpu ::.. 501 

::. +. •• -: ... - •• �. • .-';. � : '' ? . \ '' . i, � . . . . 

0 

! 
bl>, 

' t  I I ''' t' . ' ' 1 

Figure l: Effect of a closed horizontal bump in Arc 8 
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Figure 2: Vertical orbit distort.ion rry vs. location of !.he horiwnlal bump 
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In order to assess the energy dependence, the �.5 Ge\! data. has been scaled down t.o 20 
Ge\/ using n ]/Energy law, which is !.he dolled curve on Figure 2. ll can be seen from 
the figure lhal within the error bars all sources of coupling gi"'' an effect. which scales 



with inverse energy. \\'e therefore exped. the source to be a const11nt skew quadrupole or 
sextupole. 

2.2 Horizontal bumps in the straight sections 

Horizontal bumps were introduced in interaction points 2 and 6 (IP2 and !PG). Nu vertical 
orbit change could be detected as a result of the horizontal bump. Therefore the coupling 
source is not located in the straight sections. 

2.3 Harmonic analysis of the coupling source 

Harmonic analysis of the data shown on figure 2 yields the spectrum shown on figure 3. 
The dominant contribution is the de component, which produces strong coupling for a 
tune split of Q, - Q

y 
� 0 + Bk. This mixing is due to the modulation effect of the straight 

sections. Although weaker, the first harmonic is still significant ( prolwbly relat('(] to the 

earth magnetic field). Taking into account the modulation by tl1c st.might sections, the 
tune splits which minimizes betatron coupling arc 6 or IO (2 ± 8). 

ORBCOR - harmonic coefficients and phases 

nr strength 

0 
1 
2 
3 
4 

2.3939 
0.6727 
0.3357 
0.3444 
0.2768 

phase 

0.0000 
0.0160 
0.0885 
0.0680 
0.0585 
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Figure 3: llarrnonic analysis of the coupling source 

2.4 Distribution of the coupling source within the arcs 

A more detailed ana.lysis of the vertical orbit distortion than the simple computation of 
<Ty can give a picture of the parasitic field inside the arc. 

Method: If the beam was injected on the closed orbit, one would sec no oscillation transfer 
until the horizontal bump, and then a growth of the vertical oscillation within the bump, 
dependent on the distribution of the coupling source. The drawback of this method is the 
lower accuracy of the PU's in single turn mode. It can howeYer be simulated with the 
collected closed orbit data: a bctatronic: oscillation is fitted to the measured vertical closed 
orbit upstream of the horizontal bump. It is then subtracted from the measured vertical 
orbit all around the ring. The resulting orbit. is similar to a single turn trajectory. Figures 
5 and following show the the reconstructed vertical trajectory at 20 Ge\' in each arc and 

in addition at 46 GeV in arc •l. 

Results: \Vith t.he exception of arcs 3 aml •l, the arcs arc essentially identical and show a 
regular increase of the trajectory amplit.udc from the beginning to the end of the hump, 
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which does indicate a uniform distribution of t.he parasitic fields. Arc 3 shows a srr111ller 
amplitude for t.he vertical trajectory but. t.hc amplit.ude st.ill seems to increase along t.he 
length of the arc as in the other arcs. On the other end, arc 4 shows a small oscillation of 
constant amplitude, and little or no increase in amplitude along I.he arc at. 20 Ge\/ or al. 46 
Ge\/. Furthermore, since for arc 4 the amplitude of the vert.icnl oscillation is comparable 
tot.he error bars on the data, the vert.irnl oscillation amplitude might. even be smaller t.han 
20% of the amplitude in t.he other arcs. 

2.5 Symmetry of the coupling source 

The goa.I was t.o <let.ermine whet.her t.he coupling source had t.he symmetry of a skew 
quadrupole or a skew sexl.upolc. The experiment. was carried out. only in arc 2. A special 
closed bump, made of a sequence of ident.ical 7r bumps was applied first. towards positive 
x's then towards negative x's. For both cases the transfer of orbit. disl.orsion frolll t.he 
horizon la I l.o the vertical plane was measured. Normalized l.o 1r bumps of equal amplitudes, 
t.he vcrt.ical orbit. oscillation has cry of 0AG-1 mm for t.he posit.ivc bumps and 0A2l mm for t.he 
negative bumps. The difference being about. l 0%, it. appears t.hal. I.lie coupling coefncient 
is essent.iall,v a skew quadrupole component.. 

2.6 Linearity of coupling 

Figure 4 shows that. t.he peak-t.o-peak vcrt.icid orbit. distort.ion induced by a closed bump 
in arc 2 is linear with t.he amplitude of t.liis b11rnp. This is consist.cut wit.h lit.I.le or no skew 
sextupole component. as discussed in t.hc prcl'ious paragraph. The scaling of t.hc vertical 
oscillations amplitude t.o t.he same horirn11t.Hl hump nrnplit.udc, as done in Figure 2, is 1.hus 
legit.imat.e. 

2. 7 Contribution of the orbit displacement in the sextupoles 

Although the bet.at.ron co11pling is far abol'e w]i;,t, could be expected from imperfect. Ycrt.icnl 
orbit. in scxtupoles, a quick check was done by increasing by 5 11nit.s t.he chromal.icit.ies and 
measuring again arc 6. The rms cry of t.hc ,·ert.irnl oscillation induced by a. closed horizontal 
bump was 1.90 mm, t.o be compared t.o 1.82 mm for nominal chromat.icit.y. Thus within 
the limited accuracy of the measurement., scxt.upoles do nol. create unexpect.cd problems. 

3 Conclusion 

• The coupling source is distributed in the Hrcs and not in t.he st.raight.-seclions. 

• The coupling is linear to a good accuracy, and essentially all due t.o a skew quadrupole 
component. 

• All arcs hal'c a coupling source of cornparnblc st.rengt.h, uniforrnely distrib11tcd along 
t.he arc, except. for arcs 3 and ,{. Arc 3 also shows a coupling source uniformcly 
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Figure 4: rr, vs. horizontal bump amplitude 
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distributed along the arc, but or reduced sl.rcngl.h. As for arc .J, the coupling source 
seems localized al the beginning or I.lie 11rc and or 111uch reduced strength. 

• The fundamenla.l and first harmonic or I.he spectrum or t.he coupling source should be 
a.voided. A tune split or 6, which makes the machine scnsit.i"e to the harmonic 2 of 
1.hc coupling sources, seems optimal. 

• The source seems an energy independent magnetic field l.o the accuracy of lhe mea
surements done. 
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i t  2 ** l[P r l ng 
VERT p l ane 

Measured orb I t  .. fl c,,tJlation 

1110ni tor )' (Mffl) 

PU.Ol l6 . R 1  1 1 .32 
P U , OL28 . R 1  -0 . 1 1  
PU.0Lll . R 1  -2 . 35 
PU.QL5. R 1  0.29 
PU.QL6 . R 1  •0.213 
PU.OL7 . I n  •0.29 
PU.0L8. R 1  • 1  ,22 
PU.Ol9.R1 -0 , <-' 1  
PU.0L 1 0 . R 1  o.ee 
PU.Ol 11 . R 1  0.29 
P U . OL 1 2 . R l  0 . 70 
PU .OL111 . R T  -0.25 
P U , OL 1 5 . R 1  •0.35 
P U . OL 1 6 . R 1  •0,27 

•20 

P U . QL 17 . R l  •0.08 . . 
PU,QL1!! .R1 •0.32 • , 
PU.00.20 . R l  ·-·-1.25--·---- _--•--�--. 
PU,Q022 . R 1  0 .93 
P U , OD2il . R 1  1 . 15 
PU.0026 . R 1  0 . 18 
PU.0028 . R T  - 3 , 1 3  
PU,Q030,R1  
PU ,Q032 .R 1 
PU,QD3ll . R 1  
PU.0036 . R l  
PU.0038. R l  
PU.00110 . R T  
P U . 0042. R l  
P U . 0044 , R l  
PU .0046 . R l  
P U . ODllS . R l  
PU.00ll8.L2 
P U .0046 ,L2 
PU .0044 ,L2 
P U . 00112 .L2 
P U . 0D4n.L2 
f'IJ.0038.L2 
P\!,003 6 . L2 
PV,003!J.L2 
P U , QDJ2,L2 
Pl!,OOJO,L2 
PU ,QD26,L2 
P U , 0D?.6.L2 
P U . OD211.L2 
P U . 0022.L2 
P U .0D20 .L2 
P U . QS16.L2 
PU QS17,L2 
PU,QS16,L2 
P U . 05 1 5 .L2 
P!/.QS14.L2 
PU ,Q$17.L2 

0 . 1 1  
1 .4e: 
1 , 52 
Q.94 

-4.07 
-2 . 1 3  

0 . 1fl 
0.92 
3 . 30 
0 . 5 3  

-2 .04 
-J . 53 

0 . 82 
2 . 8 3  
11,66 
1 .  JO 

-2.59 
•5 .Oil 
-o. 1 3  

3 . 82 
6 , 35 
J , 71) 

-2.89 
-6 .42 
-2 . 19 

0.22 
3 . 1 5  
2 .6 5  
5 .1.14 

_, .2, 

•10 

it 3 ** LEP r i ng 
VERT p l ane 

. �. II -•"· , • .._. 
Measured orbit ..,. r -.ti""" 

1110n i tor )' ( IMII) •20 - 1 0  

PU,0S0.R2 
PU.051A.R2 0 . 37 
PU.0S2A.R2 0 . 29 
PU .osll ,R2 0 .28 
P U , QS5.R2 O.Otc 
PU.0S6.R2 o. 16 
P U , 0S 7 , R2 -0 . 1 1  
PU,0S1'!,R2 -0.06 
PU.0S9.R?. 0 . 30 
P U , 0S 1 0 , R2 0 . 0/l 
P lJ , <:1 S 1 1  ,P.2 0 . 06 
PU.0512.R2 -o.oe 

PU.0S1Lc.R2 0 . 13 
P U , QS 1 5 . R2 0 .78 
PU . QS16 ,R2 0 .57 
PU.0517 . R ?.  0 , 57 
PU.OST8,R2 0 .05 
i>lroD�tf:it2 -0 .Li 
P U . 0022.RZ 4 . 30 
, u . 0021.1.R2 0 . 90 
PU,Q026,R2 1 ,  37  
f'U.0028.R2 
PU.0030.R2 · l .  19 
P U . Q0!2 . R2 _ ,  ,93  
P U . 003Lc.R2 2.04 
PU,0036.R2 1 .Lc 1 
ru,OD38.R2 0 , 95 
P U .  �040 , R2 •0,50 
P U . OOll2.P2 - ?. . 7 3  
P!J ,OD!J4.R2 • l .1)9  
P U , 0046 .R2 • 1 .  23 
P U , 0048 , P ?  3 . 40 
PU .0048 .LJ 3 . 1 6  
PU.  00146 . L 3  _ , .  9 3  
P U . 0[l!JIJ . L 3  -4.(11 
Pl,1 , QOi.12,l.3 -2. 1 1  
P U . 0040.LJ 1 .  76 
P U . OIJ36,L3 Lc . 99 
PU , 0036.LJ 4 ,82 
P U . 0031.i . L J  -2.42 
P U . 0032 ,LJ  - 5 . 26 
PU.  /JOJO . L 3 - 2 , 711 
PU , OD?.8.Ll 1 . 58 
PIJ, 0f'l26 . L 3  6 . 90 
P U . 0024.LJ 5, 1 1  
P U , QD22 .L3 _,  .e& 
Pll , 0020 .LJ  -6.90 
PU.CL HLLJ -4.94 
PU.Ol17 ,L3 -0.57 
PU . Ot.. 1 6 . U  2 . 3 3  
P U  .01.. 1 5  .LJ  3 ,05 
P!J . Ol  1 4 , L J  6 . 1 5  

0 •10 

• • • • • • • 
0 • • • 

• • 
• 

0 +10 +20 

• ,\Re, • £-3 
• • • 2,.o 'i .. v 

• • • • • • • 
• 



I t  2 •• L(P r i ng 
V(PT p ! ane 

110n l tor 

PU.QllB,RJ 0 , 1l! 
PU,QL28.R3 0 . 13 
PU.Qll! . R J  0,11.8 
PU.Ql5,R3 •0, 16 
PU.QL6.R3 0.59 
PU.Ql7,R3 •0.07 
PU,Ql..8.R3  0.03  
PU.QL9.R3 0 ,  16 
P U . OL 10.RJ o.o� 
P U , OL 1 1 .R J  •0,02 
PU.OL 1 2 . R J  0 . 0 1  
PU.QllU.RJ 0 . 3 3  
PU.Ql15.RJ 0 . 1 6  
P U , OL 1 6 .R3 O . Ul! 
PU.QL 17 .RJ •0,28 
�U .Ql 18.RJ __ · ·-· 
PU.0020 , R J  
PU.Q022.R3 
PU.Q02U.R3 
PU,0026.RJ 
PU,0026.RJ 
PU,0030.RJ 
PU,0032,RJ 
PU.QDJU , R J  
PU.QDJ6 . R 3  
PU,0038.RJ 
PU.QOU(l.RJ 
PU.QOU2 . R 3  
P U , 0041.1 ,RJ 
PU , QOU6.R3 
PU.OO1.18 .RJ 
P U . 001!6.LU 
PU.QOti6 ,L4 
PU , OO/Jl.l,lll 
PU,0042 . L ll  
P U , 0040.Lli 
PU,0038.Lli 
PU .0D36 .L4 
PU.00Jli,L4 
PU.0032.L4 
P U , OOJO.L4 
PU.0026.Lll 
PU.0026.L4 
PU .0024 . LU 
PU.QD22.L4 
PU.Q020.L4 
PU.0S16,L4 
PU,QS17.L4 
PU,QS16 .Lli 
PU,QS1S.L4 
PU .QS111..L4 
Pl!.QS12,L4 

1 ,26 
•2.46 
•2 . 5 3  
•2.19 
o.oo 

2 . 5 7  
1 . 6 6  

•0.25 
•J.  38 
•3.  6 1  
-0.20 

3 ,46 
0 . 57 

- 1 . 12 

-li.38 
•l , 23 
-0.35 

1 .60 
1 .  75 
3,99 
0 . 3 6  

i t  2 •• LEP r i ng 
VERT p I •ne 

1110n I tor y (lftlll) 

PU.QSO,R4 0.23  
PU.QS1A,R4 0 . 35 
PU.0S2A,Rll 0 . 2 2  
PU ,0S4.R4 0 . 0 1  
PU.0S5.Rll -0.21 
PU,QS6.Rll •Q. 3 1  
P U . 057 .R4 0 . 0 6  
PU.QS8.R4 0. 1li 
PU.0S9,R4 0 . 1 1  
PU.0S10,Rt. 0 .22 
PU.0S 1 1 ,Rll -0. 1 6  
P U , QS12 .R4 -0.23 
PU.QS14.Rll •0.36 
PU.0S15.R4 0.02 

. PU.QS16.R4 0.20 
PU.OS17.R4 0 . 2 7  

Measured orb i t  

•20 

lftf!IISUred orb i t  

-20 

��-,:=�:'---.�&�:����!----��----'--
PU.0022.Rll 0.22 
PU.Q024.R4 0 . 3 3  
PU,0026,R4 •0.51 
PU.Q028.IU1 2 , 2 3  
P U . 0031) .Rll -l .2"4 
PU .0032.RI.I -1 .68 
PU,0034,Rll l .83 
PU,QDJ6,R4 0 ,07 
PU ,QD38.R4 1 .53  
PU,Q04O,R4 • 1 .84 
P U , 0042,R4 •0,98 
P U , 0D44 ,Rt. _, ,117 
PU . 0046.Rll -2.52 
PU.0046.P-ll 1 . 52 
P U , Q048,L5 0 . 6 2  
PIJ , 0046.L5 0.20 
PU,.00llll.l5 • 1 , 2 1  

P U . 0042.L5 • 1 . 19 
P U , Q040 ,L5 - 1 .75 
PU.0038 ,L5  1 ,23 
PU.Q036.L5 1 .92 
PU.0D34.L5 0 .06 
PU.0032,L5 - 1 . 8 1  
PU.Q030.L5 • 3 , 65 
P U , 0026.L5 •0 , 36 
P•J.0O26 .LS 1 , 38 
P U . 002U.L5 2 . 0 1  
PU,0022.l5 -1 .27 
PU,0020.L5 • 1 .65 
PU .Ql 18.l5 
P U , Ol  17  .LS .. 0 , 40 
P U . Ql.. 1 6 . L 5  0 , 32 
P U , OL 15 .L5 0 . 84 

• 1 0  

• 1 0  

·- -

0 

• • 
• 
• • • • • • 

• 

0 

• 

• 
• 

• 

• • • • • • • • • • • 
·• • 
.• 

+10 +20 

• 

+10 +20 

--�------:·-•-- ;.
'" 
�- : ---� :�--�--�-----'· • 

• 
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! t  2 •• LEP r l ng -•sured orb i t  
VERT p l ene --------------------------------------------------------------------------------------------------------------------------

1110n i tor y 1-, 
P U . QL1S,A;5 0.03 
P U , Ol28.R5 0.07 
P U , Ql4 .R5 0 , 4 1  
PU .QL5.R5 0 , 0 1  
PU.OL6,R5 -0.25 
PU.Ql7.R5 0 . 1 4  
PU .QL8.R5 -0 .2,  
PU,Ol9.R5 -0.07 
PU.Ql10.R5 0 , 116 
PU.CL 1 1  .R5 -0.07 
PU.OL12.R5 0 . 07 
PU ,QL 1 4 . R5 o . , ,  
PU,QL 1 5 . R5 
PU.CL 16 ,R5 0 . 54 
PU.QL 1 7  .RS 0.27  
e.u.,.QL HI . R,5 _ _  .- .-0 .06 
PU ,Q020.R5 _, ,87 
PU ,Q022 .R5 1 .26 
PU .Q024 .R5 0.94 
f>U.0026,R5 , . 3 3  
PU.Q02e.R5 1 .23 
PU,Q030,R5 -0 . 9 1  
PU.Q032,R5 - 1 . 54 
P U . 0034.R5 
P•J,0D36.R5 1 . 46 
PU.0036.R5 ,. 1 7  
PU .QOIIO.R5 • 1 .66 
PU.Q042,R5 -0.�5 
PU .Q044,R5 - 1 ,60 
P U . 0046.RS -0 . 36 
PU.  OOl.18 . RS 2.68 
PU,Q048.L6 1 . 5 1  
PU.Q046.L6 •0.40 
PU.0044.L6 -3. 10 
P U , Q042,L6 _, .26 
l>U,Q040 .L6 1 . 6 1  
PU.Q[)38.L6 3 .  71 
P U . 0036,L!i 3 . 99 
PU .Q0311.L6 _, .53  
P U .  Q032 , L6  -4.27 
PU.0030, 1.6 - 3 . 23 
PU.OD28 .L6 
PU .Q026.L6 "· 10 
P U . 0D24,l..6 3 .o� 
PU.Q022.l6 -2. 1 7 
PU.QO::'O.l6 -5.09 
P_U ,QS18 .. L6 .... _-_3 .40 
PU.QS17 ,L6 -0.59 
PU,OS16,L6 , • 41 
PU,QS15,L6 
PU,QS1U.L6 ll .67  
PU.QS12.L6 0 . 56 

i t  3 -· LEP r i ng 
VERT p l ene 

"'°" i tor y (lllffl) 

PU,QSO.R6 0 . 1 4  
1>U,QS1A.R6 o .  13 
PU.0S2A.R6 0.20 
PU .0SLI .R6 0.06 
PU.QS5,R6 -0.49 
PU,QS6.R6 0 . 30 
PU.QS7.R6 -0.42 
PU ,QS6.R6 0 . 1 1  
PU.0SQ.R6 0 , 1'1 
PU.QS10.R6 .. 0.02 
PU.QS 1 T .R6 0 .07 
PU.QSt2.R6 .. 0,29 
PU,QS1U.R6 O . HI 
PU,QS15.R6 -0.05 
PU.0516.R.6 0 . 79 
PU.OS17.R6 

•20 

111easured orb i t  

•20 

=�:��;�-:�� -0.60 �---
. 

P U . QD22.R6 
P U , 0D2U.R6 0.62 
PU .0026.R6 o.ou 

PU.0026.R6 0 . 1 3  
PU,0030.R6 0 . 16 
l>U.Q032,R6 • 1 .  76 
PU.0034,R6 
PU.0036.R6 1 .  35 
PL' .0038.R6 0.95 
P U . 0040.R6 -o. 19 
PU.0D42.R6 -2 .73  
l>U,00Ull.R6 -0 .63  
l"U .00ll6.R6 .. 0 , 5U 
f'IU.OOU8.R6 1 .  16 
P'J. OOU!l . l 7 2 .69 
1>i; . '::OIJ/S.L 7 • 1 . 2 1  
P 1J , Q041J .L7  -2  .Jo  
P!_! . QDll2 .L7  •2 .  72  
P!J. OOUO ,L7  0.62  
P! J .0038 . L 7  2 . 63 
PU.0036,L 7 J .02 
P U . Q031J .L7 -3 .00 
P U . 0032.L7 -3 .66 
PU .0D30 .L7 ·2 .  1 0  
PU .0D2fl . .  L 7  2 .55 
PU .0026 .L  7 5 . 08 
PU.002U .L7 0 . 1 11  
P U . Q022.L7 • 1.  12 
P U , 002'} ,L7  •Ii .97  
�U.OL 18 ,L7 .. 1; , 17 
PU .OL 1 7  .L 7 -0.29 
P U . 0L 1 6 . L 7  1 . 1.LJ  
PU .Ol 1� .L7 2. 18 

•10 0 +,o +20 

• • • • • • • • • 
.• • • • 
• • • 

•10 0 +,O +20 

• • • • • • • 
• 
• • • • • 

AIIC 5-, 

.to � .. v 

ARC. , _ r 

2,o g .. v 



i t  2 •• LEP r i n g  
VERT l) l 11tne 

MOn I tor y ( Ml )  

PU,QL18.R7 0 .01  
PU.QL2B,R7 0 . 19 
PU.OL4.R7 0.57 
PU,QL5,R7 0 ,03 
PU,Ol6.R7 •0.04 
PU .OL 7 .R7 0 ,  1 1  
P U , QL8.R7 •0 . 1 0  
P U , QL9.R7 0 . 19 
PU.Ql.10,RT 1 .40 
P U , QL 1 1 .R7 0.09 
P U . QL 12 ,R7 0 , 19 
P U . Qt.. 14 . R7 0.33 
PU,QL15.R7 0 . 12 
P U , QL 16 .R7 0 , 77 
P U , Qt.. l 7 .R7 0 ,23 

IIMl8SUred orb i t  

•20 

P:U-'1L1B ... R:L _ _  Q .... 46. ____ ..,. --·- ... 
PU.Q020,R7 -0.99 
PU.0022.R7 3 .23 
PU.Q024.R7 
P U , 0026.R7 
PU .Q028 ,RT 
P U . 0030,R7 
PU,0032,R7 
PU .003U.R7 
PU,Q036.R7 
PU.Q038.R7 
PU.OOUO,R7 
PU.0042 ,R7 
PU.001'4 ,R7 
P U . 001'6 ,R7 
PU.0048,R7 
P U . Q04B.L8 
PU.0046.LS 
PU.Q041' .L6 
P U . 001'2 .UI 
P!J, 00liO ,L8 
Plf.0038.L8 
f>U,QD36.LB 
PU.0031',LB 
PU.0032.LB 
P U . Q030,l8 
PU .0028,Ul 
P U , 0026.Le 
PU ,Q02U . L 6  
P U . Q022.l8 
PU.Q020 .L8 
PU,QS1B.LB 
PU.QS17 .L8 
P U . 0Sl6,L6 
PU.0S15.LS 
P U .OS11' , LB 
PU,QS12,L8 

0 .69 
-0.20 
.. , • 33 
•2,06 

5 , 29 
1 .99 

-0.45 

-2.eo 

•2.25 
-0 . 3 1  

2 .U] 
1 . 32 

•0.23 
-2.95 
-3.20 

1 ,2U 
U . 23 
4.02 
1 . 37 

.. 4 _ 73 
0 . 7 1  
0.08 
4 , 57 
5.45 

-2.21 
-- -!) . .. 50 -- _ 

-4.33 
•0,47 

1 . M  
2 . 64 
4.54 
0 , U6 

+ f  

I t  2 •• L[P r l n9 
V(RT � l ane 

aenured orbi t  + ! 

mon i tor 

PU,QSO.R8 0 .24 
PU,QS1A,R8 0 . 3 1  
PU,QS2A.R8 0 . 10 
PU.0S4.R8 0 . 16 
P U . QS5.RB 0 . 1 2  
PU.QS6.RB 0 . 3 1  
PU.0S7.R8 0 , 32 
PU.0S8,R6 •0. HI 
PU.0S9.M - 0 . 19 
PU.QS10.RB -O . 15 
P U . 0S 1 1 ,RB •0.03 
PU,QS12.RB 0 . 70 
PU.QSl4.RB 0 . 4 3  
PU.QS15.RB 0 . 7 0  
PU.0S16,RS o.e, 

PU.0S17.R6 0 , 19 
Pl),_QS16.R6 ___ ___ . __ _ 
PU.0020.RB 0 . 67 
PU,Q022.RB 1 ,69 
PU.002ll.RB -0.05 
f>U.Q026.RB 1 .llO 
PU.0026.RB 0 . 10 
PU.Q030.R6 • 1 ,36 
P U . 0032.Fte -2 . 1 3  

P U , QOJU,RB • 0 . 511 
P U . 0036.RB 1 .2ll 
Pl!.0038,RB 1 .50 
"!l,QDU0.�6 - O . J U  
PU,00li2 .RS 
PIJ.004li .R6 
!>ll,0046.RS 0.89 
PIJ ,OOUS,RB 2.86 
P1J.QOUB . l  1 1 . 52 
PU.Q01'� . l 1  • 1 . 33 
"IJ. Q[lbl.l . L 1  • 3 . 5 1  
PU.001'2 .l 1 •li .26 
P U . OOUO . L 1  3. 7li 
Pll .0D36,l 1 ll . 38 
Pll,0036 , L l  2 . 76 
PU,0D31.i,L 1 •O.U3 
PU.0D3 2 , l l  • 5 , 1 4  
PIJ . Q0 3 0 , L 1  - 1 .uo 
P U . 0O26.L 1 0.86 
Pll . 00?.6 .l 1 5.52 
1>U.OO21.i , l 1  4.04 
l>U.0022 . L l  • 1 .83 
PU.0O?.O . l l  •5.95 
PU..Ol la...LL.-. _..,1,i-79_. __ 
P U , Q L 1 7 , l 1  •0.46 
PIJ . Ql  16,L 1 2 .  77 
P U . Ql 1 5 . L 1  3.00 
PU.Ol lll , L 1  5.60 

•20 

• 1 0  0 

• • • • 
• • • • 
• • 
• • • • • • 

•10 0 

• • • 
• • • • • • • • • • • • 

+10 

+10 

·--·- · -- ---· ·-----·· 

• 

• 

•20 

•20 

AR.C 8-1 

io ge.v 



i t  2 "" t.(P r i ng 
VF.RT p l ane 

rnon i tor y ( mm ) 

P U . QSO .Rli 0 ,  17  
P U . QS 1 A . Rli 0 . 14 
P U . QS2A.R11 0 . 06 
P U . QS4. IH! -0.69 
P U . 0S 5 . R4 - 0 . 9') 
f>\J . QS6 . R11 o .  1 3  
P\J.QS7 .R4 0 .  17  
P U , OS8.IH1 0 . 59 
P U . QS9 . R1i 0 .  3 1 
P\J . QS 1 0 .  R4 -o .?.? 
P I J .  QSl  1 . Rlt -o.  30 
P U . 0S 1 2 . RII - o .  32 
P\J . QS111.R4 0 . 116 
P U . Q S 1 5 .R4 0 .  35 
PU.QS16 .RII 0 . 6 3  
Pl! . QS 1 7 . fVi 0 .  2 1  
PIJ . QS 1 8 . R!J -o.  12  
P\J , 0020.Rli - 1 .  0 1 
P U . Q022.H1J -0.90 
f'IJ. Q02ll .Rlt 1 . 11, 

r u . 00?.6.Rl1 0 .  35 
PII . Q0?.8 . R 4  11 . 3 9  
I>\/ QO.'lO .H!J -0 .911 
PU . QOP.flti -2 , 1\8 
PlJ . OOV� . Rll 2 .  79 
l'IJ .OD3 6 . l\4 -0 . (!,7 

i'll .0038 . RI� 2 • 2 1 
l'!J . Q01i0 . Rll • 1 .67  
,,u . QOl1? "" -0 .  76 
PIJ . Q[)l1/1 . !Hi - 1 . 116 "' . QOl16 .Rl1 - 1 ,  1,11 
r •.1 . ()[)48 .R!1 1 . '!?. 
f'\J 

, Q()l!8 . L 'j  . 2 1  "' . 00116 . \.,5 . 23 
Pl)  .ODhlJ . L S  -2 ,,o  

f'\) .00112 . l.5 • 1 . 9!'J "' , r}()ll O .  l.'j ·2 .an 
PIJ  . QD38 .L? 0 ,  ',l l 
!"! ,Q036 L5 1 , 72  

"J , Q01ll . L 5  1 . 10  "' . ()03� . L 5  - 1  .69 

PU.  Q1) 3 0 .  t.,5 - 3 .  " 
l'!J ,0028 .l.5 -o .99 
eu ,QD26 L5 o .  78 
PU . QO?.l1 .LS  2 . Pl 

Pl/ ,OD22 . L 5  . ' .  16  
eu .0020 t.5 • 1 .97  "' .OL 1 8  , L 5  • 1 , 5 11 
P I J .  Ql. 1 7  LS -o .  JU 

PIJ .QI .  1 6 . t .5 -o , J /l  

m<J11n -o 02 

measured orb i t  + p 

·20 • 10 0 +10 +20 

• • • 
ARC- 4-.5 • 

• 
46 �e.\/ • 

• 
• 

• . • 
• 

+ 

+ 

Fi,Wtt. l �  . . 




