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Summary

This note summarizes the results of an early experiment (August) designed to investigate the source of
coupling in the LEP machine. Coupling ts 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 1/Energy, indicating an energy independent magnetic field source. Its harmonic content is
such that the initial choice of tune split ( @, — @, ~ 8 )had to be changed to minimize the excitation
of the linear coupling resonance.
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1 Aims and Methodology

Early during LEP start-up il became apparent that a large coupling cxisted in the ma-
chine with the nominal optics B80A20 ( @, = 70.44,Q, = 78.37 ), in the absence of any of



the experimental solenoids and compensating skew quadrupoles. Although localized cou-
pling sources were initially suspected, analysis of the transfer of thie horizontal injection
oscillations to the vertical plane ruled out this hypothesis [1].

The measurements reported here were planned Lo investigate the characteristics of the
coupling in order to understand its source and compensate it.

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

The following propertics of the coupling source were investigated:

e Localion of the coupling source: il was tested with closed horizontal bumps in each
arc and two straight sections.

e Symmetry of the coupling source, namely whether the source is a skew quadrupole or
a skew sextupole.

e Lincarily of the coupling: The horizontal to vertical orbit transfer was measured as a
function of the amplitude of the horizontal bump.

e Energy dependence: Mcasurements of the horizontal to vertical orbit transfer were
done at injection energy ( 20 GeV) and flat-top energy (approximately 45 GeV).

The measurements were done on Monday, August 21, Wednesday the 23rd and Sunday the
27th. Orbits were stored in dircctories mrx/monday21}, mrx/wednesday23, mrx/sunday27.
The LEDP optics were B80B20 ( @, ~ 71.38,Q), ~ 78.28 ) with expcerimental solenoids and

skew quadrupoles ofl, a single bcam and scparators ofl.

2 Analysis of the Data

2.1 Horizontal bumps in the arcs

Closed horizontal bumps covering successively cach whole arc were introduced and the
resulting vertical orbit distortion measured. Given the good initial closed orbit, the hori-
zontal amplitude could rcach 25 mm at the PUs, i.c. 43 mm at Bpqz. Bumps of the same
strength were used in each arc. Data was taken at 20 GeV (Monday, 21st and Sunday, 27th)
and al approximaltely 45 GeV (Wednesday, 23rd). In order to improve the accuracy and
climinate systematic errors, differences were taken between orbits with horizontal bumps
of opposite signs. Figure 1 shows such an orbit difference for a closed horizontal bump in

arc 8.
The overallresults of the measurements in the arcs are shown on figure 2, which displays

a plot of the vertical rms oy (calculated over all PUs, after elimination of the bad PUs) of
the difference orbits versus the position of the horizontal bump (arc number). To overcome
any calibration problem, the data have been normalized to a £17 mm amplitude for the
horizontal bump on the diflerence orbit.

Figure 2 shows thal the coupling can be scparated into an arc independent part, plus a
weaker component with periodicity 1 around the LEP ring. It is thus possible that there



are two or more superimposed coupling sources. The difference between the two 20 GeV
curves gives us an estimate of the uncertainty on the data,

mean = 0,10% signa = 31249 Fpu = 504
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Figure 1: Effcct of a closed horizontal bump in Arc 8
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Figure 2: Vertical orbit distortion o, vs. location of the horizontal bump

In order to asscss the energy dependence, the 45 GeV data has been scaled down to 20
GeV using a 1/Energy law, which is the dotted curve on Figure 2. It can be scen from
the figure that within the error bars all sources of coupling give an cffect which scales



Q

with inverse energy. We therefore expect the source to be a constant skew quadrupole or

sextupole.

2.2 Horizontal bumps in the straight sections

Horizontal bumps were introduced in interaction points 2 and 6 (1’2 and 11°6). No vertical
orbit change could be detected as a result of the horizontal bump. Therefore the coupling
source is nol located in the straight sections.

2.3 Harmonic analysis of the coupling source

Harmonic analysis of the data shown on figure 2 yiclds the spectrum shown on figure 3.
The dominant contribution is the de component, which produces strong coupling for a
tune split of @, — Q, =~ 0+ 8k. This mixing is duc to the modulation cflect of the straight
sections. Although weaker, the first harmonic is still significant ( probably related to the
carth magnetic field). Taking into account the modulation by the straight scctions, the
tune splits which minimizes betatron coupling are 6 or 10 (2 £ 8).

ORBCOR -~ harmonic coefficients and phases

Ar strength phase
0 2 3939 0 0000 **“**ﬁ************“********************
1 0.6727 0.0160  #HEHRERENNS
2 0.3357 0.0885  #####
3 0. 3444 0.0680  *####
4 0.2768 0.0585  ####

Figure 3: llarmonic analysis of the coupling source

2.4 Distribution of the coupling source within the arcs

A more dctailed analysis of the vertical orbit distortion than the simple computation of
o, can give a picture of the parasitic ficld inside the arc.

Method: If the beam was injected on the closed orbit, one would sce no oscillation transler
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 however be simulated with the
collected closed orbit data: a betatronic 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 GeV in cach arc and
in addition at 46 GeV in arc .

Results: With the exception of arcs 3 and 4, the arcs are essentially identical and show a
regular increasc of the trajectory amplitude from the beginning to the end of the bump,



which docs indicate a uniform distribution of the parasitic ficlds. Arc 3 shows a smaller
amplitude for the vertical trajectory but the amplitude still seems to increase along the
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 the arc at 20 GeV or al. 46
GeV. Furthermore, since for arc 4 the amplitude of the vertical oscillation is comparable
to the error bars on the data, the vertical oscillation amplitude might even be smaller than
20% of the amplitude in the other arcs.

2.5 Symmetry of the coupling source

The goal was to determine whether the coupling source had the symmetry of a skew
quadrupole or a skew sextupole. The experiment was carried out only in arc 2. A special
closed bump, made of a scquence of identical # bumps was applied [irst towards positive
x’s then towards negative x’s. JFor both cases the transfer of orbit distorsion from the
horizontal to the vertical plane was measured. Normalized to 7 bumps of equal amplitudes,
the vertical orbit oscillation has oy of 0.461 mm for the positive bumps and 0.421 mm for the
negative bumps. The difference being about 10%, it appears that the coupling coeflicient
is cssentially a skew quadrupole component.

2.6 Linearity of coupling

Figure 4 shows that the peak-to-pecak vertical orbit distortion induced by a closed bump
in arc 2 is lincar with the amplitude of this bump. This is consistent with little or no skew
scxtupole component as discussed in the previous paragraph. The scaling of the vertical
oscillations amplitude to the same horizontal bump amplitude, as done in Figure 2, is thus
legitimate.

2.7 Contribution of the orbit displacement in the sextupoles

Although the betatron coupling is far above what, could be expected from imperfect vertical
orbil in sextupoles, a quick check was done by increasing by 5 units the chromaticities and
mcasuring again arc 6. The rms o, of the vertical oscillation induced by a closed horizontal
bump was 1.90 mm, to be compared to 1.82 mm for nominal chromaticity. Thus within
the imited accuracy of the measurement, sextupoles do nol create unexpected problems.

3 Conclusion

e The coupling source is distributed in the arcs and not in the straight-sections.

e The coupling is lincar Lo a good accuracy, and cssentially all due to a skew quadrupole
component.

e All arcs have a coupling source of comparable strength, uniformely distributed along
the arc, except for arcs 3 and 4. Arc 3 also shows a coupling source uniformely

(2]



LINEARITY OF THE COUPLING
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Figure 4: o, vs. horizontal bump amplitude
distributed along the arc, but of reduced strength. As for arc 1, the coupling source
seems localized at the beginning of the arc and of much reduced strength.

o The fundamental and first harmonic of the spectrum of the coupling source should be
avoided. A tune split of 6, which makes the machine sensitive to the harmonic 2 of
the coupling sources, seems optimal.

e The source scems an energy independent magnetic field to the accuracy of the mea-
surements done.
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it 2 ®* LEP ring =~ measured orbit +Fm<mnhm

VERY piane

moni tor y (mm) -20 =10 0 +10 +20
PU.QL1B.R1 L..32 . . . . . . . .
PU.OL2B.R1 -0.71 . . : . ., . . ARC 4-2
PU.OLY.RY «2.35 . . : . . . . .

PU.QL%.R\ 0.29 . . . . ..' . . .

PU.QL6.RI -0.28 . . . . . . . .
PU.OLT.RY -0.29 . . . . .. . . . Q,o %L‘/
PU.OLB.R1 -1.22 . . . LN . P . .
PU.QLY.RY -0.21 . . : . . . . .
PU.QL10.RY 0.88 . . . . . * . . . .
PU.QLI11.R1 0.29 . . . . .. . .
PU.OL12.RY 0.70 . . R L . .

PU.QLIL R -0.25 . . . - . .
PU.QL15.R1 «0.35 . . .
PU.QL16.R1 -0.27 . . .
PU.QL17.RY -0.08 . . . .
PUQLIS.RY =032 __ . ... . R
PU.QD20.R1 .25 . . h . : .
PU.QD22.R1 0.93 . . . . .
PU.QD24.R1 1.15 . . , : -
PU.Q026.R1 0.18 . . . . .
PU.QD28.R1 -3.13 . . . . .
PU.Q030.R1 . . . . .
PU.QD32.R1 0.1 . . . . .
PU.QD3L.RY 1.u8 . . . .
PU.QD36.R? 1.52 . . . . .
PU.QD3B.R1 0.9u . . .
PU.QDLIO.R1 -4.07 . - . B -
PU.QDL2.R? -2.13 . . . . .
PU.QDLL RY 0.18 . . . . .
PU.QDUG.R1 0.92 . . . .

PU.QDuS . R1 3.30 . . . . .
PU.QDLB.L2 0.53 . . .
PU.QDU6,L2 -2.0u . . .

PU.QDLYL L2 -3.53 .. . . .
PU.QDN2.L2 0.82 . . . .
pU.QDUN.L2 2.83 . . . . .
P1).0038.¢ 2 4,68 . . . . .
£1/.0036.L2 1.30 . . .
Py.QD3U.L2 -2.59 . . . .
PU.QD32.L2 -5.04 . . . . .
PU,QD30.L2 -0.13 . . . . .
PU.QD28.L2 3.82 . . . . .
PU.QD26.L2 6.35 . . . . .
PU.QD2LI.L2 3.79 . . . .
PU.Q022.L2 -2.89 . . . .
PU.0D20.L2 -6.u42 . . . . . F
PUIQSIBIL2. . 2.9 ... : : : igune 5
PU.QS17.L2 0.22 . . . . .
PU.QS16.L2 3.15 . . . . .
PU.QS15.L2 2.65 . . . . .
P(5.QS14.0L2 5.l . . .
PU.OSI2.L2 -1.21 . . . .

» o
it 3 *®e LEP ring =~ weasured orbit < F oscVahot

VERT pisne

moni tor y (mm) =20 =10 0 +10 +20

PU.QS0.R2 . . . . . . . . . -
PU.QS1A.R2 0.37 . : . . - . . . . ARC 2_._:
PU.QS2A.R2 0.29 . . ) . .. . . . .

PU .QS4 .R2 0.28 . . . . : . . . .

PU.QS5.R2 0.04 . . . . . . . .

PU.0SH.R2 0.16 ; ) : . . . : : . 20 g;\/
PU.QS7.R2 -0.11 . . . . . . . . .

PU.QS8.R2 -0.06 . . . . . . . .

PU.QS9.R2 0.30 . . . . : . . . .

PU.QSY0.R2 0.08 . . . . . . .

P1;.QS11.P2 0.06 . M . . . .

PU.0S12.R2 ~0.08 . . . : . . . .

PU.0S14.R2 0.13 . . . . . .

PU.QS15.R2 0.78 . . . . .

PU.QS16 .R2 0.57 . . . . .

PU.0S17.R2 0.57 . . . . .

PU.0S18,R2 0.05 . . N

PURD20.R2 =063 : T .

PU.C022.R2 4.30 . . .

PU.0D24.R2 0.90 .

PU.QD26.R2 1,37 . . .

PU.QD28.R2 . . .

PU.QD30.R2 -1.19 . . .

PU.QD22.R2 -1.93 . X .

PU.QD3u.R2 2.04 . i . .

PU.QD36.R2 1.41 . . .

£1.0D38.R2 0.95 . .

PU.QDLO,R2 -0.50 . .

PU.QDU2.P2 -2.73 . .

Pt),Q0uU.R2 -1.n9 : :

PU.QDU6 .R2 -1.23 . .

PU,COUB.P? 3.u0 . .

PU.Q0UB .L3 3.16 )

PU.QDUE.L3 ~1.93 . . .

PU.QDUtI L3 4. . .

Py ONL2.L.3 2. .

PU.QDLO.L3 1.76 . . .

PU.0038.L3 4.99 . . :

PU.QD36.L3 4,82 . . .

PU.Q034.L3 ~2.42 . .

PU.0Q032.L3 -5.26 . . -

PU.QD30.L3 -2.7U : : :

PU.QD28.L3 1.58 . .

P1).Q026.L3 6.90 .

PU.QD2L.L3 5. 11 .

PU.QD22.L3 -1.88 . '
PLI,QD20.L3 -6.90 . F‘
PU.QLIB.L3. . =U.94 . . . L%W\.&. 6
PU.QL17.L3 -0.57 . .

PU.OL16.L3 2.33 . .

PU.G15.L3 3.05

Py.QL4,L3 6.15



{t 2 ° LEP ring - messured orbit ﬁucﬂnhu

VEPT plane

mon|(tor L] ~20 «10 0 +10 +20
v ARC 3-4
PU.QL'B.R3 0. . . . . Al . . . .
PU.QL2B.R3 0.13 . . . . . . . . .
PU.QL4.R3 0.u8 . . . . . . . .
PU.QL5.R3 -0.16 . . . . . . . . 20 \/
PU.QL6.R3 0.59 . . . . .. . . . .
PU.QL7.R3" -0.07 . . . . . . . . .
PU.QLB.R3 0.03 . . . . . . . . .
PU.QL9.R3 0.18 . . . . . s . .
PU.OL10.R3 0.0% . . . . . . . . .
PU,OL11.R3 -0.02 . . . . . . . .
PU.OL12.R3 0.01 . . . . . . f
PU.QLY4.R3 0.33 . . . . . . . .
PU.QL15.R3 0.16 . . . . . . . . .
PU.OL16.R3 0.4l . . . .. . . . .
PU.QL17.R3 -0.28 . . . . .. . . . .
PU.QLIB.RI ___ _  _ . . x } - . . .
FU.Q020.R3 . . . . . .
PU.QD22.R3 . . . . . .
PU.QD2L.R3 . . . . . .
PU.Q026.R3 . . . . . .
PU.Q028.R3 . . . . . .
PU.0QD30.R3 . . . . . .
PU.QD32.R3 . . . . . . ‘l'M
PU.QD34,R3 . . . . . .
PU.ND36.R3 . . . . , .
PU.Q038.R3 . . . . , .
PU.QDLO.R3 . . . . . .
PU.QDL2.R3 . . . . . .
PU,QOLL R3 . . . . . .
PU.QOL6.R3 . . . . . .
PU.ODUB.R3 . . . . . .
PU.QOUB.LYU 1.26 . . . . .
PU.QDU6,LU -2.u8 . . .
PU.ODUL. LY =2.53 . . .
PU.QOL2.LY -2.19 . . . . . .
PU,QOLO.LL 0.00 o . . . . .
PU.0038.L& 2.57 . . . . . .
PU.QD36.LL 1.68 . . . . . .
PU.QO3L LU -0.25 . . . . . .
PU.Q032.LL -3.38 . . . . . .
PU.0D30.LUL -3.81 . . . .
PU.Q028.LY -0.20 . . . . . .
PU.Q026.LL 3.u6 . . . . . .
PU.Q024L . LU 0.57 . . . . i )
PU.QD22.LUL 1,12 . . . . . .
PUIQD20.LL . __ -1i.38 . : : . : : 1
PU.0S18.LU -3.23 . . . . . .
PU.QS17.LU -0.35 . . . . . .
PU.QS16.LL 1.60 . . . . . .
PU.QS15.LUL 1.75 . . . . . .
PU.QSIL.LL 3.99 . . . . . .
P11.QS12.LL 0.36 . . . . .

. .
it 2 %* LEP ring = measured orbit + P oscillafion
VERT plene

e e B T 0 T e g e o ke e Y YO8 O e B N T T T Y 0 B e e e e

-20 -10 0 +10 +20 ARC. 4-5

moni tor Y (mm}
»

PU.QSO.RU 0.23 . . . . . . . .

PU.QS1A.RE 0.35 . . . . K . . : . 20 g.,\/
PU.QS2A.RY 0.22 . . . . . . . , .

PU.QSUL.RL 0.01 . . . . . . . . .

PU.QS5.RU «0.21 . . . . hd . . .

PU.QS6.RU 0.3 . . . ., . . . .

PU.QS7.RU 0.06 . . . . . . . . .

PU.QS8.RU 0. . . . . . . . . .

PU.QS9.RU 0.1 . . . . ol . . . .

PU.QS10.RY 0.22 . . . . . . . . .

PU.QS11.RY -0.16 . . . . . . . .

PU.QS12.RU -0,23 . . . . . . . . .

PU.QS1L.RL -0.36 . . . . LR . . . .

PU.QS15.RU 0.02 . . . . . . . . .
' PU.QS16.RUL 0.20 . . . . . . . . .

PU.QS17.RU 0.27 . . . . .. . . . .

PU,QSI18.RY 9,48 . —— . : ot . - C———t.

PU,QD20.RL =0.02 N . X . - B . . .

PU.QD22.RU 0.22 . - . . . - . B . :
PU.QO2u.RU 0.33 . . . . . . . . ;
PU.QD26.RU «0.51 . . . . . . . . :
PU.QD28.RY 2,23 . . . . . . . . !
PU.QD30.RY «1.24 . . . . . . . . i
PU.QD32.RE -1.68 . . . . . . . . i
PU.QD3L,RE 1.83 . . . . . . . .

PU.QD36.RU 0.07 . . . . . . . .

PU.QD38.RU 1.53 . . . . . . . .

PU.QDLO.RU -1.84 . . . . . . . .

pU.00L2 RU -0.98 . . . . . . . .

PU.QDULY R SNy . . . . . . . .

®U.QDUG.RY -2.52 . . . . . . . .

PU.QOLSB RU 1.52 . . . . . . . . \
PU.QDLB.LS 0.62 . . . . . . Y SR
P1),Q0U6.15 0.20 . . . . . . .

PYU.QOUY.LS -2 . . . . . .

PU.QDL2.LS -1.19 . . . . .

PU.QDUD.LS ~1.75 . . . . . . .

PU.QD36.LS 1.23 . . . . . . .

PU.Q036.L5 1.92 . . . . . . .

PU.OD3L.L5 0.06 . . . . . . .

PU.Q032.LS -1.81 . . . . . . .

P1.Q030.L5 =3.65 . . . . . . .

PU.QD28.L5S -t‘).gg . ; . . . . . . 8
P1).QD26.LS . . . . . . . . F
PU.QO24.L5 2.01 . i . . . . . stu..
PU.QD22.L5 -1.27 . . . . . . .

PU,QD20.LS -1.85 . . . . . . .

PU.QLIB.LS . i . . . .

PU.QL17.LS ~0.40 . . . . . . .

PU.QLYG6.LS 0.32 i . . . . . .

PU.OL15.LS 0.84 . . . . . . .




it 2 ** LEP ring - messured orbit
VERT plane

monitor y (mm) -20 ~10 0 +10 +20
PU.QL18.RS 0.03 . . . » . , . .
PU.QL28.RS 0.07 . . . . . . . . ARC 5-6
PU.QLY.RS 0.u1 . . . . ' . . . .
PU.QL5.RS 0.01 . . . . "' . . - -
PU.QL6.RS ~0.25 . . . . . . . . .
PU.QL7.R5 0.14 . . . . . . . . 20 6"\,
PU.QLB.RS -0.21 . . . . . . ‘. . .
PU.QLY.RS -0.07 . . . . . . - . -
PU.QL10.RS 0.L6 . R . . . . . . .
PU.OL11.R5 -0.07 . . . . » . . . .
PU.QL12.R5 0.07 . . . . . . . . .
PU,QL14.RS 0.1 . . R . . . . . .
PU.QL1S.RS . . . . . . . . .
PU.QL16.RS 0.54 . . . . .. - . . .
PU.QL17.R5 0.27 . . . . . . . . .
BU.QLIB.RS . ._=0.06__ .. .. . . . .. .- . o - I :
PU.QD20.R5 -1.87 . . . . . . .
PU.QD22.R5 1.26 . . . . . . .
PU.QD24.R5 0.94 . . . . . . -
PU.0D26.R5 1.33 . . . . . . .
PU.QD28.R5 1.23 . . . . - .
PU.QD30.R5 -0.91 . . . . . . .
PU.QD32.R5 -1.54 . . . . . - .
PU.Q034.RS . . . . . . .
PY,0036.R5 1,46 . . . . . . -
PU.QD38.RS .17 . . . . .
PU.QDUIO.RS -1.66 . . . . - .
PU.QDU2.RS -0.85 . . . . . .
PU.QO4Y4, RS -1.80 . . . - M ‘
PU.QDU6.RS -0.136 . . . . -
PU.QD4B. RS 2.88 . . . - , .
PU.QOUB.L6 1.51 . . . . . .
PU.QDY46.L6 -0.40 . . . . . .
PU.ODUL.LE -3.10 . . . . - .
PU.QDU2,L6 -1.26 . . . . . .
Py,QDUD.LE 1.61 . . . . . .
PU.QN28.L6 LN . . - . -
PU.QD36.L5 3.99 \ . . . . .
PU.QD3L.L6 -1.53 . . . . . .
PU.QD32.1.6 -u.217 . . . . . :
PU.QD30.1.6 -3.23 . . . . . .
PU.QD28.L6 .- . . . . :
PU.QD26.L6 4,70 . . . . . :
PU.QD24.1.6 3.04 . . . . ) '
PU.QD22.L6 -2.17 X . . . . .
PU.QD20.L6 ~5.09 . . . . . . F
PU.QSIB.LE . _=3.40 . . : . . - L%Wu- 3
PU.QSIT.L6 -0.59 . . . . . .
PYU.QS16.L6 1.4 . . . . . .
PU.QS15.L6 . . . .
PU.QS1L.L6 4.67 . . - .
PU.QS12.L6 0.56 . :

it 3 %% LEP ring .- measured orbit -+ ﬁ osdllc e,

VERY plane

moni tor y {(mm) 20 -10 0 +10 +20 ARC 6. ¥
PU.QSD.R6 0.4 . N R R - . . . .
PU.QS1A.R6 0.13 . . . * . . . .
PU.0S2A.R6 0.20 . : . . . . . . . 20 gc\/
PU.QSU.R6 0.06 . ) , . . . . . .
PU.QS5.R6 -0.49 . . . . L . . . .
PU.QS6.RE 0.30 . . . . K . . . .
PU.QST.R6 -0.42 N . . . ., . . . .
PU.QSB.R6 0.1 . . . . » . . . .
PU.QS9.R6 0.1 R . . . s . - .
PU.QSID.R6 +0.02 . \ . . - . . . .
PU.QS11.R6 0.07 . . . . . . . . .
PU.QS12.R6 =0.29 . . . . ., . . . . 1
PU.QS14.R6 0.18 . . . . . . . . .
PU.QS15.R6 -0.05 . . . . . . . . .
PU.0516.R6 0.79 . . . . . . . .
PU.QS17.R6 . . . . . . . . .
Py Q518 .RE IS . . . . . I . .
PU..QD20 .RE <v.607 ST o T . L . . . .
PU.QD22.R6 . . . . . . . . .
PU.QD2U.R6 0.62 : : . . . . . . . ‘
PU.QD26.R6 0.0 . A . . - . . . .
PU.QD28.R6 0.13 . . . . - . . . .
PU.QD30.R6 0.16 . . . . . . . .
PU.QD32.R6 ~1.78 . . . . . .
PU.OD34,R6 . . . . . . . .
PU.QD36.R6 1.35 . . . . . . . .
PU.QD38.R6 0.95 . . . . . . . .
PU.QDUO.R6 -0.19 , . . . . . . .
PU.QDU2.R6 -2.73 ) . i . . . . .
PU.QDUL.RE -0.83 . . . . . . . -
PU.Q0L6.R6 ~0.54 i ) . . . . . .
rU.QDUB.R6 1.16 ) . . . . . . .
P1J.ODLB.LT 2.69 . . . . . . . .
b QDUA LT 121 ; . i . . . . .
P1.QDuL LT -2.30 ) . X . . . . .
PI.QDLZ.LT -2.72 ) . X . . . .
P¢).QOLO,LT 0.62 . . . . . . .
Ptj.0D38.L7 2.63 . . . . . . .
PU.OD36.LT 3.02 . . . . . .
PU.QD3L.LT -3.00 ; : . . . .
PU.OD32.LT -3.66 . . . . . .
PU.OD30.L7 -2.10 . . . . . .
PU.QD2R.LT 2.55 . . . . : :
PU.Q025.L7 5.08 . . . . . .
PU.QD24.L7 0.18 . R R . . .
PU.QD22.L7 -1.12 ; : ) . .
PU.QD29.L7 -u.97 . X . . 0
PU.QL1B.LT et : : . . FL%W 10
PU.QLTT.LT ~0.29 3 . .

PU.QL16.L7 1.43 . .

PU.QLI5 . LT 2.18




it 2 ®» LEP ring =~ measured orbit

VERT opiane

moni tor y {mm) -20 =10 (] +10 +20
PU.QL1B.R7 0.01 . . . ' e . - . .
PU.QL2B.R7 0.19 . . . . . . . . .
PU.QLUL.R7 0.57 - . “ . R . - . .
PU.QLS5.R7 0.03 . . . N . B . . .
PU.QL6.RT . =0.0u . . . N o . . . .
PU.QL7.R7 0.1 . . . . . . B . .
PU.QLB.R7 =0.10 . . . . . . . . .
PU.QL9.R7 0.19 f . . . o . . - .
PU.QL10.R7 1.40 N . . . . . . . .
PU.QL11.R7 0.09 . . . . . . . N .
PU.QLY2.R7 0.19 . - . . . . . .
PU.QLIL.RT7 0.33 . . . . I N . . '
PU.QL15.R7 0.12 . . B . bl . . . .
PU.QL16.R7 0.77 . . - - . . . . .
PU,QL17.R7 0.23 . . . . . - .
PULQLIB.LRT Qa6 e et e e e, x — E. .
PU.QD20.R7 =0.99 . . . . . .
PU.QD22.R7 3.23 N . . . . .
PU.QD2L.R7 N . B . . .
PU.QD26.R7 0.69 . - . . . .
PU.QD28,.R7 =-0.20 . . . . . .
PU.QO030.R7 -1.,33 . . . . . .
PU.QD32.R7 =2.06 . N B . . .
PU.QO3UL.R7 5.29 . . . . .
PU.QD36.R7 1.99 . . . . . .
PU.QD38.R7 =-0.45 . . . . . .
PU.QOULO.R7 B . . B . .
PU.QOU2.R7 -2.80 . . . . . .
PU.OQDUL .RT -2.25 . . . N . .
PU.QDU6.RT =-0.31 . . B . . .
PU.QOULB.R7 2.43 . . B N . .
PU.QDLB.L8 1.32 . - . . . .
PU.QDULG.LS =0.23 . . . . . -
PU.QDLL.LB -2.95 . - . . B .
PY.QDu2.L8 ~3.20 . - . N - .
P15.Q0uC,L 8 1.24 * . . . . . B
PLI.Q038.L8 u.23 . . . . . .
$°U.QD36.L8 u.02 . . - . - B
PU.QO3LILE 1.37 . . . . . .
PU.QD32.L8 ~4.73 . - . . N -
PU.QD30.L8 0.7 . . . . . .
PU.QD28.L8 0.08 . - - . N
PU.QD26.L8 u,57 - . . . . .
PU.QD24.LB 5.u5 ' B . . . .
PU.QD22.L8 =2.21 . . . . A .
PU.QD20.L.8 __=5.50___ . - . . . . . . -
PU.QS18.L8 =-4.33 . . . . . .
PU.QS17.L8 -0.u7 . . . . . f
PU.QS16.L8 1.89 . . . . . .
PU.QS15.L8 2.84 . . . . . .
PU.OSI4. L8 u.5u . . . .
PU.QS12.L8 0.u46 . . . .
it 2 ®* LEP ring - weasured orbit '!'p
VERT oplane
moni tor y (wm) =20 =10 0 +10 +20
PU.QSO.R8 0.2u . . . . - . . - .
PU.QS1A.R8 0.31 . . . . .. i ) ) ;
PU.QS2A.R8 0.10 . . . . . ) . A .
PU.OSUL.R8 0.16 . . . . - . . . )
PU.QS5.R8 0.12 . . . . . . . . :
PU.QS6.R8 0.31 . . . . . . . .
PU.QST7.R8 0.32 . . . ) ) ) ) :
PU.QS8.R8 =0.14 . . . . . ) i .
PU.QS9.R8 -0.19 . . . . . ) . :
PU.QS10.R8 ~N.15 . . . X . i : )
PU.QS11,R8 -0.03 . . . X . : : )
PU.QS12.R8 0.70 . . . . ) . : .
PU.QS1u4.R8 0.43 . . . . . . :
PU.QS15.R8 0.70 . - . . . . .
PU.QS16.R8 0.81 . . . A ) . :
PU.QS17.R8 0.19 . . . . . X )
PU.QSIB.RB___ o n e . S e e, . .
. < 0.87 . . . R - . .
PU.Q022.R8 1.69 . . . . . .
PU.QD24.R8 =0.05 . . . f . .
£U.QD26.R8 1.80 . . . . . .
PU.QD28.R8 0.10 . . . . i .
PU.Q030.R8 -1.36 . . . . . .
PYU.QDI2.RS -2.13 . . . A A .
PU.QD3L.RB =-0.5u . . . . . .
PU.Q036.R8 1.24 . . . . . .
P1:,Q038.R8 1.50 . . . . . .
©1;,QDUO. RS -0.3u . . . . i .
PY,Q0U2.RS . . . : : '
Pi).QDLU .RB . . B . . .
©t,Q0u6.R8 0.89 . . - . - .
Py .QOUS.RB 2.88 . . . R . )
Pi;.QOUB.L1 1.52 . . . . . .
PU.QONE. LY -1.33 . . . : :
©1). QDAL LY -3.51 . . . . . .
PU.QOL2.L1 i .26 . . . . . .
PU.QOUC.LY 3.7u . . f . . f
PU.QD3B.LY 4,38 . . . . . .
PU,0036.L1 2.76 . . . . . .
PU,0D34,LY -0.43 . . . . : :
PU.QD32,L =5.14 . . . . . .
P1.Q030.L1 ~1.u0 . . . . . .
PU.QD28.L1 0.86 . . . . . .
P1.Q026.L1 5.52 . . . ) X .
2y.0024 .11 4,04 . A . . ) :
»U.Q022.L1 -1.83 . . . ) . .
PU.QD20.LY -5.95 . . . . . -
PUQLIB LI —— =879 . . .. . . . .
PU.QLIT.LY -0.u8 . . B . .
PU.QLI6.L Y 2.1 . . ;
PU.QLIS. LY 3.00 . )

PU.QL 4. LY 5.60

AR ¥-8
20 GLV

ARC 8-1

20 90.\/
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it 2 % (gp ring - measured ordit
VERT  plane

moni tor y (mm) -20 -10 0 +10 +20
PU.QSO.RU 0.17 B . . . o . .

PU.QS1A. RN 0.1y . . . . : . . . .
PU.QS2A.RU 0.06 . . . . R . . .
PU.QSL. RY ~0.69 . . . . . . . . . ARC ’-I-.5
PU.QSS5.RU ~0.95 . . . . * : f . . .
J.QS6.RN1 0.13 . . . . . . . .
P13.QST7.RY 0.17 . . . . * . . - . ‘[6 Se\/
PU,QSB.RU 0.59 . . - . L * . . . .
PU.QS9.RU 0.31 .* .

P.QASTO.RU -0.22 * f

£1J.QST1.RY -0.30 . . . . *. .

PU.QS12.RH ~0.32 + . f - *,

P1).QS1LRY 0.u6 . . . - W

PU.QS15.RY 0.35 W f
PU.QS16.RIL 0.63 ¢

P1}.QS17.Ru 0.21 . . . . *

P1).QS18.RY -0.12 . .o . . s *

PU.QD20.Rls -1.01 . . \ » . .
PU,QD22.RNY ~-0.9¢ . .
£1).Q024 Rl 1. X ‘
PY.QDR6.RNI 0.3% .

P11.QO28 .RU .39 *,

p,QRI3N RY ~0,91%3

PU.QN32.RU ~2 .48

PU.AN3L. RY 2.79 *

MJ.Q036.04 -0.87

P11.QD38 . RN 2.21

ft3.QDUO . R ~1.67

PY.Q0HZ . RL ~0.76

1) 00U . RY ~1.46

PU.ADLG RIS =3.un

PL.ODUB .Ru 142

Py, DU LY .21

PUY.ODLG. LS 1.23

Piy.QLBh LS =200

PU.Q0n2.1.9 -1.98

PHLDRO. LS ~2.80

PL.GD3B LS 0.2

PB.AnN3G.LS 1,72 .

PY,QD3NM.LS 110 .

PLLCO3R LD -1.69 .

PU.QD30. 1.5 -3.21 .

(3 Q028.0.5 ~0.99 .

PU.LQD26.LS 0.78 .

ey.QD2RLLS 2.1 . .

Py .,QB22.1LS -1.16 . . . . . . . . .
PU.QD20.1.5 -1.97 . . . . . . . . .
PY.OLIB.LS ~1.54 . . . . . . . . . .
PULQLIT.LY ~0.74 . . . . . . . . . F wte l?)
£1).QLI6.LD ~0.28 . . . . *, . . . .
maan = ~0.,02







