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Abstract

For the performance of an electron positron storage ring i§ |
is important that the beam orbit passes well centred throug%
the quadrupole magnets. Beam position monitors (BPME
aligned relative to the magnets can still have a residual me-
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axis. A beam-based method is used at LEP to measure dFreq .010 hz

these offsets. During the machine operation for physics the
gradient of selected quadrupoles is modulated with low fre-

quencies (few Hz) and very small amplitudes (of the order_ PU (mm)
of 10~%). The effect on the beam is observed with a high% "E ] )
sensitivity pick-up. The observed effect passes througha [ v

minimum when the beam is centred in the quadrupole. Off-
sets for about 70 different BPM’s were determined. Sys-
tematically different offsets were found for different type of
BPM electronics and different types of quadrupoles. Sim-

ulations based on the past results show that the level of _

spin polarisation can be increased by further offset mea-
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Figure 1: Oscillation amplitude (top) and phase (bottom)
measured by the two couplers as a function of the beam

position monitor reading
An important issue for the successful operation of a par-

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 The strength of the quadrupole magnet is modulated pe-
closed orbit. The best performance is achieved if the quaiodically at frequencies in the range frofi7 to 16 Hz.
drupoles are well aligned and the beam travels through tt&ince most of the magnets are powered in series, additional
magnetic centre of the quadrupoles. (back leg) winding have been installed to change the gra-

The quadrupole magnets form a reference system for tigéent of individual quadrupoles. The quadrupoles in all
beam and are aligned with high precision. Beam positiosiraight sections and in one of the eight LEP arcs were
monitors (BPM) at the quadrupoles can have a mechanicaduipped with back leg windings. The modulation depth is
or electronical offset with respect to the magnetic centremaller thari0~? and the measurements can be performed
of the magnets. This offset is measured by a beam basidparallel to the physics experiments’ data taking. The
method [1]. offsets of several BPMs can be measured simultaneously
using different excitation frequencies.

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

1 INTRODUCTION

2 PRINCIPLE OF BEAM BASED ALIGNMENT
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ulation are always present. Different cuts are applied to AyBPM
improve the data quality. A three parameter fit gives the eference orbit
offset of the BPM. The amplitude for one of the couplers is
smaller due to a less favourable betatron phase advance be-
tween magnet and coupler, and the results are less precise. BPM off
Since the modulation of the magnet current and the mea- A offset
surement are synchronised, one can determine the phase of yquad Ayk—mod

the orbit oscillation with respect to the modulation. The

measured phase changestwhen crossing the symmetry Figure 2: Relevant offsets for the BPM misalignment rela-
plane of the quadrupole which gives an additional crossive to the reference plane

check.

quadrupole
misalignment

3 DISTRIBUTION OF OFFSETS 4 IMPACT ON POLARISATION LEVEL

. . ..The vertical orbit is of particular importance for a high
The beam position monitor system of LEP uses two dif: o . : .
. . level of beam polarisation. The spins of the particles in an

ferent types of electronics, a narrow band and a wide ban . . T
. . : electron-positron storage ring tend to polarise in the ver-

system. The BPMs close to the interaction points have thé L o . : ;
Ical direction with time. Horizontal fields from vertical

wide band electronic to cope with the shorter time separa- . : .
rrector dipoles and a beam passing off-centre in the qua-

. . . C
tion between the counterrotating bunches. The wide ban L
. ; . . rupoles can create depolarising resonances. The depolar-
BPM have different gain settings depending on the bea?s]in effects become significantly stronger at higher beam
current. All other BPMs, in particular the BPMs in the arcs J . 9 y 9 9
. L energies [4].

of LEP, have narrow band electronics which is independen - L

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 regionI'f/latching (HSM) [5]. Two different variations of HSM ex-
of LEP are superconducting magnets to achieve the strong.

gradient needed for the focusing at the interaction points.
The associated BPMs are of the wide band type. Their offjeterministic HSM: A Fourier analysis of the vertical

sets were found to be significantly larger than for any other  j9sed orbit [6, 7] gives the strength of the necessary
BPMs. The first generation of superconducting quadru-  5pit bumps (4 parameters).

poles at LEP had systematic offsets up to nearhym. Af-

ter replacing these magnets with the new generation of quampirical HSM: The 4 parameters of the bump ampli-

drupoles for LEP2, the measured offsets were belown. tudes are varied and the changes in the polarisation

The wide band BPMs show different offsets for different  |evel are observed.

gain settings and for the two particle types. Differences of

up to 300 um were measured. This implies that the offset In principle, empirical HSM could be used to find the

is partially caused by the BPM processing electronics.  best compensation for the depolarising resonances. In prac-

The wide band BPMs at normal conducting magnettical applicationitis very tedious and time consuming since

show smaller offsets than those at the superconducting quae has to find the optimum in a four-dimensional parame-

drupoles. A calibration was performed for a large numbéer space and the build-up time for the polarisation is slow.

of arc quadrupoles with narrow band electronics BPMs. Iif the initial polarisation level is too low, it is even impos-

general, the offsets are smaller than for the wide band elegible to observe changes of the polarisation level when the

tronic and the differences between the two particle typegarameters are varied.

are less important. Table 1 compares the offsets for the dif- For this reason the deterministic HSM has to be ap-

ferent categories. The measured offsets are included apl&ed. The precision of the calculated parameters depends

correction to the BPM readings whenever an orbit is acstrongly on the BPM offsets relative to a reference plane.

quired. Simulations with the SITF [8] module of MAD [9] were
performed to study the effects in detail. In the simula-
tions, the quadrupoles were misaligned with an RMS value

| | RMS [zm] | mean fm] | of 0(Ayquad) = 150 um Which corresponds to the value
_ QS0 250 ~600 measured by the geometrical survey. The RMS values of
wide band Sther 350 —550 the BPM offsetss (Ayx-mod) t0 the quadrupole axis was
narrow band 135 —90 varied betweet® and700 um. The different offsets are il-

lustrated in Fig. 2.
The offset of the BPM relative to the reference orbitin a
Table 1: Characteristics of offset distribution for differentplane is

magnet types and BPM electronics Aysprr = AYguad + AYi-mod- 1)
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information can be used to get a more precise knowledge of
the BPM relative to the reference plane. The achievable er-
ror of the offset determination by the beam based alignment
has the same magnitude. The deterministic HSM including

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

The polarisation level does not show the saturation ef-
fect and0.8 of the level by empirical HSM can be obtained
with o(Ayk-moa) = 50 um. This value can be achieved
if all BPM offsets in the arcs of LEP are measured. The
o with deterministic Hsml 9N in polarisation will be only minor when the mechani-
\ o without HSM 1 cal measurements are included without the offset determi-

4 nation since then the erref{ Aygpys ) is dominated by the
BPM offsets.

= empirical HSM f

Polarisation
(=]
T

L
2]

0.8 - 4 deterministic HSM including measured quadrupole positiof

5 CONCLUSIONS AND OUTLOOK

The Harmonic Spin Matching techniqgue becomes more
precise by measuring the offsets of all BPMs in the arcs of
N LEP and including the measured misalignment of the qua-
N 100 200 300 400 500 600 700 drupole magnets at LEP from the geometrical survey. Sim-
BPM offset(Qy, .. (kM)  ulations show that the optimum level of polarisation for a
given energy can nearly be reached by deterministic HSM.
Figure 3: Influence of the vertical offset between BPM and he remaining optimisation can be performed by empirical
guadrupole axis on the polarisation level. HSM.
Presently, the all quadrupoles at LEP with an associated
BPM are being equipped with back leg windings. It is en-
isaged to measure the offsets of all BPMs during the 1997
nning period.
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The vertical mechanical misalignment of the quadrupol[eg]
is measured with a precision of ab@tym at LEP. This
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