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For the performance of an electron positron storage ring i§ [ BPM offset
is important that the beam orbit passes well centred through |, & ;. R 104+ 0L
the quadrupole magnets. Beam position monitors (BPM§ , © :.
aligned relative to the magnets can still have a residual me- s ¢
chanical or electronical offset with respect to the magnetic &
axis. A beam-based method is used at LEP to measure

these offsets. During the machine operation for physicsthe * F*=— .. & Na . e
gradient of selected quadrupoles is modulated with low fre- = 155 1 075 05 025 0 o025 05 075
quencies (few Hz) and very small amplitudes (of the order_ PU (mm)
of 10%). The effect on the beam is observed with a high ™[ ] ]
sensitivity pick-up. The observed effect passes through é 3 g
minimum when the beam is centred in the quadrupole. Off-~ ) o
sets for about 70 different BPM's were determined. Sys- o |
tematically different offsets were found for different type of Eo
BPM electronics and different types of quadrupoles. Sim- Py B 1850 fime. 4800
ulations based on the past results show that the level of & = . . ] Bewdwe
spin polarisation can be increased by further offset mea- 125 1 075 05 025 0o o025 08,078
surements.
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Figure 1: Oscillation amplitude (top) and phase (bottom)
1 INTRODUCTION measured by the two couplers as a function of the beam

An important issue for the successful operation of a pagosmon monitor reading

ticle accelerator is an efficient control of the closed orbit.

Luminosity, background in the physics experiments and the

degree of beam polarisation depend strongly on the vertical ,

closed orbit. The best performance is achieved if the qua- | € Strength of the quadrupole magnet is modulated pe-

drupoles are well aligned and the beam travels through yhiodically at frequencies in the range frofa7 to 16 Hz.

magnetic centre of the quadrupoles. Since most o_f the magnets are powered in series, additional
The quadrupole magnets form a reference system for ti‘gaCk Ieg) vymdmg have been installed to change thg gra-

beam and are aligned with high precision. Beam positioﬂIent of individual quadrupoles. The quadrupoles in all

monitors (BPM) at the quadrupoles can have a mechanicsalir""?ght jegtirc])r;s inld in pr:;z of tq_i eigh':j LIEF.’ aré:s V\;]e're
or electronical offset with respect to the magnetic centrgdViPped with back leg windings. The modulation depth is

of the magnets. This offset is measured by a beam bas.%@a”er tharl0 * and the measurements can be performed
method [1] In parallel to the physics experiments’ data taking. The
' offsets of several BPMs can be measured simultaneously

using different excitation frequencies.

The induced beam oscillations are measured by two sen-
The principle of the methods for beam based alignment stive beam position monitors (couplers) close to an odd
based on the fact that the magnetic field inside a quadrupateultiple of 7/2 phase advance apart to be able to detect
magnet increases linearly with the distance from the centrevery oscillation with acceptable sensitivity. A harmonic
When the gradient is varied, the field change is proportionahalysis of the signal determines the oscillation amplitude
to the distance from the magnetic axis of the quadrupolat the excitation frequency. This amplitude is proportional
An off-axis beam travelling through the magnet receives ato the distance from the axis of the quadrupole with the
additional deflection depending on its position. The gradimodulation and shows a V-shaped behaviour when plotted
ent changes are slow compared to the betatron frequenag. function of the beam position in the quadrupole. The
The closed orbit variation can be measured at nearly ampsition changes due to orbit drifts [3] or by intentional
location in the ring. This effect vanishes when the bearamplitude variations of local closed orbit bumps. Fig.1
passes centred through the quadrupole. A more detailstows the results of an offset determination by the two cou-
description of the method used at LEP can be found in [2plers. The measurement points show some scatter since

2 PRINCIPLE OF BEAM BASED ALIGNMENT
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beam oscillations from other sources than the modulation . A YBPM
are always present. Different cuts are applied to improve€ference orbit
the data quality. A three parameter fit gives the offset of ... _.
the BPM. The amplitude for one of the couplers is smaller quadrupole;
due to a less favourable betatron phase advance between m;j salignment
magnet and coupler, and the results are less precise. Since A
the modulation of the magnet current and the measurement
are synchronised, one can determine the phase of the orbit o
oscillation with respect to the modulation. The measurefjigure 2: Relevant offsets for the BPM misalignment rela-
phase changes bywhen crossing the symmetry plane oftive to the reference plane

the quadrupole which gives an additional crosscheck.

BPM offset
Yquad AYk-mod

4 IMPACT ON POLARISATION LEVEL
3 DISTRIBUTION OF OFFSETS

The vertical orbit is of particular importance for a high
The beam position monitor system of LEP uses two diflevel of beam polarisation. The spins of the particles in an
ferent types of electronics, a narrow band and a wide bargdectron-positron storage ring tend to polarise in the ver-
system. The BPMs close to the interaction points have thieal direction with time. Horizontal fields from vertical
wide band electronic to cope with the shorter time separaorrector dipoles and a beam passing off-centre in the qua-
tion between the counterrotating bunches. The wide banftupoles can create depolarising resonances. The depolar-
BPM have different gain settings depending on the beaising effects become significantly stronger at higher beam
current. All other BPMs, in particular the BPMSs in the arcsenergies [4].
of LEP, have narrow band electronics which is independent In order to maximise the degree of polarisation, the res-
of the beam current. onances can be compensated by so-called Harmonic Spin

Eight quadrupoles (QS0) at the four interaction region§latching (HSM) [5]. Two different variations of HSM ex-

of LEP are superconducting magnets to achieve the stroigj:
gradient needed for the focusing at the interaction point eterministic HSM: A Fourier analysis of the vertical

The assoc;ate%BPtl;/ls are .?.f the|w||de banr::i ty?e. Thewg " closed orbit [6, 7] gives the strength of the necessary
sets were found to be significantly larger than for any other ., ., bumps (4 parameters).

BPMs. The first generation of superconducting quadru-
poles at LEP had systematic offsets up to neartym. Af-  empirical HSM: The 4 parameters of the bump ampli-
ter replacing these magnets with the new generation of qua- tudes are varied and the changes in the polarisation
drupoles for LEP2, the measured offsets were bdlown. level are observed.

The wide band BPMs show different offsets for dlfferentlp principle, empirical HSM could be used to find the best

gain settings and for the two particle types. Differences g ompensation for the depolarising resonances. In practical

up to 3.00 pm were measured. This |mplles that thg Of-fsegpplication itis very tedious and time consuming since one
is partially caused by the BPM processing electronics. has to find the optimum in a four-dimensional parameter

The wide band BPMs at normal conducting magnet§yace and the build-up time for the polarisation is slow. If
show smaller offsets than those at the superconducting Gy intial polarisation level is too low, it is even impossi-

drupoles. A calibration was performed for a large numbeg|e  ohserve changes of the polarisation level when the
of arc quadrupoles with narrow band electronics BPMs. 'Barameters are varied.

general, the offsets are smaller than for the wide band elec-g this reason the deterministic HSM has to be ap-

tronic and the differences between the two particle typeSieq. The precision of the calculated parameters depends
are less important. Table 1 compares the offsets for the difyrqngly on the BPM offsets relative to a reference plane.
ferent categories. The measured offsets are included aggy,ations with the SITE [8] module of MAD [9] were

correction to the BPM readings whenever an orbit is aGserformed to study the effects in detail. In the simula-
quired. tions, the quadrupoles were misaligned with an RMS value

of 0(Ayquea) = 150 pm which corresponds to the value

| | RMS [um] | mean pim] | measured by the geometrical survey. The RMS values of
wide band QS0 250 —600 the BPM offsetss (Ayk-moq) t0 the quadrupole axis was
other 350 —220 varied betweet®d and700 um. The different offsets are il-
narrow band 185 —90 lustrated in Fig.2. The offset of the BPM relative to the

reference orbitin a plane is
Table 1: Characteristics of offset distribution for different
magnet types and BPM electronics Aysrm = AYquad + AYk-mod- (1)

Ten different random distributions were used for each RMS
value of the offsets. The orbit was corrected to the best



has the same magnitude. The deterministic HSM including

the geometrical alignment data was simulated (see again
. 1 Fig.3).

oa ] The polarisation level does not show the saturation ef-

fect and0.8 of the level by empirical HSM can be obtained
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4 deterministic HSM including measured quadrupole position with U(Ayk d) =50 pum This value can be achieved
cmod) = .
if all BPM offsets in the arcs of LEP are measured. The
gain in polarisation will be only minor when the mechani-
0.6 - | cal measurements are included without the offset determi-

nation since then the erref Ay gpy,) is dominated by the
BPM offsets.

e with deterministic HSM

r o without HSM
0.4 - \\ B 5 CONCLUSIONS AND OUTLOOK

The Harmonic Spin Matching technique becomes more
precise by measuring the offsets of all BPMs in the arcs of
LEP and including the measured misalignment of the qua-
drupole magnets at LEP from the geometrical survey. Sim-
ulations show that the optimum level of polarisation for a
given energy can nearly be reached by deterministic HSM.
The remaining optimisation can be performed by empirical
HSM.

Presently, the all quadrupoles at LEP with an associated
Figure 3: Influence of the vertical offset between BPM an@PM are being equipped with back |eg Windingsl It is en-
quadrupole axis on the polarisation level. visaged to measure the offsets of all BPMs during the 1997
running period.
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possible value. The harmonic content of the vertical BPM 6 REFERENCES
readings were analysed. The polarisation level in linear a )
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