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Abstract

This paper proposes a method to find the geometrical center of a
position monitor from itsbeam signals. The method will be use-
ful in accelerators where the opticsis very sendtive to the orbit.
Beam test results are al so presented.

I. INTRODUCTION

A beam position monitor system is operated for two kinds
of orbit measurements, a relative measurement and an absolute
measurement. The former is to measure the orbit displacement
from theinitial or standard orbit when some optics perturbation
isapplied. Thelatter case isto measure orbit position relative to
the geometrical monitor center. This function will be essentia
for maintaining stable operationsin a ring where the optics de-
pends strongly on the orbit, particularly at nonlinear optics ele-
ments. The dependence will surely appear in future B-factories,
where strong sextupole magnets are installed and a small verti-
cal emittance is required.

The output datafrom aposition monitor system usually shows
the orbit position relative to the electric monitor center, not the
geometrical center. The electric center, however, may drift due
to unpredictableimbal ance among output signal s from the pick-
up electrodes, because they must travel through separate paths,
cables, connectors, attenuators, switches, and then are measured
by detectors.

This paper proposes a method to estimate the imbalance and
to find the geometrical monitor center from four output signals
of a pick-up unit. It should be noted, however, that the method
is not workable in monitor systems where the number of output
signasislessthan four, asinan AM/PM system.

1. MODELING OF OUTPUT DATA

Consider a pick-up unit having four electrodes and four pro-
cessed output data, V;'s, asshowninFig.1. Thedatacan begiven
by

where ¢ measures the beam charge, and = /y are horizontal and
vertical displacements of the beam relative to the geometrical
monitor center. Functions, F;(x, y), stand for response of four
electrodes, and arenormalized as F;(0,0)=1. Hence, theoriginof
arguments of the response function defines the geometrical cen-
ter. Nosymmetry conditionisrequired among theresponsefunc-
tions. Quantities, ¢;'s, show overall gainsof each electrode. No-
ticethat ¢; also includes the impedance imbalance through vac-
uum connectors, and that the present idea can be applied to cal-
ibration of a pick-up unit for modeling its response function.
Further analysisis based on two assumptions. Oneisthat the
response functionsnever change, and can be knownwell by cali-
bration or cal culation. Sincethe response function depends only
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Figure. 1. A model monitor system.

on the geometrical structure of the pick-up unit, thisassumption
isreasonable. Second assumptionisthat al of the effects which
displacetheelectric center can beincludedinto g;’s. The second
assumption is acceptable at least in a case when the signals are
processed with a narrow frequency-band monitor system.

The objective of the paper is to show a possible way to esti-
mate the gains and to recover the geometrical center.

I11. GAIN ESTIMATION

Consider a case when beam positions are measured m times
with a pick-up unit, and at each measurement the orbit at the
monitor is changed intentionally, for example, with steering
magnets. The beam charge may be varied at each measurement
although the variation is not important for the gain estimation.
Then the datafrom thei-th electrode at the j-th measurement can
be given by,

Vij = g9i-q; - Fizj,v5).

Fromthefact that only therel ativeimbal ance among thegains
contributes to shifting the electric monitor center, ¢; can be a-
ways set 1 with aproper scaling factor for thebeam charge. This
means that there exist only 3 unknown gains, ¢2,95 and g4. At
each measurement 3 unknown parameters, ¢;, «; and y;, are
generated, but 4 quantities, Vi , Vs, Va; and Vi;, can be mea-
sured. After the m-th measurement the number of the unknown
parameters is 3+3m, whereas that of the known parameters is
4m. When m islarger than 4, the latter number exceeds the for-
mer and hence the unknown parameters, including the gains, can
be estimated with a nonlinear chi-square method [1].

The present nonlinear model is rewritten as,

Vij = gi-q; Fi(zj,y) = V(i j;a),
1=1,...,4, j=1,..m,
a = (gZag3ag4aQ1axlayla"'anaxmaym)a



where aisthe array of fitting parameters. The unknown param-
eters can be estimated by minimizing the chi-square,

4 m .o
[Vij — Vi, j;a)]?
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where ¢7; isthe data error of the i-th electrode at the j-th mea-
surement. For simplicity, the data errors are assumed the same
aso;;=0gq.
The curvature matrix, [«], defined by
19%y%(a
= LOX (a)
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is very important not only for performing the minimization but
also for knowing thevariance and thecovariance of thefitting pa
rameters. The covariant matrix, [C], isjust equal to the inverse
of the curvature matrix at the minimum point. The diagona ele-
ment gives the variance of the estimated parameter in away that

o (ar) = Oy = oy,
and the off-diagonal e ement C},, showsthe correlation between

ag and ay.

V. SIMULATION RESULTS

Imagine a circular pipe having four electrodes as shown in
Fig.2. Thispick-up model has such a pleasant symmetry that al
of the response functions can be expressed with only one func-
tion, Fy (x, y).

Fo(x,y) = Fi(—=,y),
Fy(z,y) = Fi(z, —y).

Fa(x,y) = Fi(—x, —y),

V3 :

Figure. 2. A circular pick-up unit model.
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If the electrode dimension is chosen sufficiently small, there-
sponse function can be given by the wall current distribution at
the electrode location. With a pipe radius b, the response func-
tion to the 3-rd order is

2 4
1+£(l‘+y)+b—2l‘y

F1($,y) = b

+ 3xy? — y® + 3x?y).

In simulations, the pipe radiusis 50 mm. The first step isto
give reasonable values to the gains, and to the charge and dis-
placements at each measurement. The relative gains, g-, gs and
ga, aretypically not far from 1. The unreal measurement isdone
at 5 or 9 displaced positions, as shown in Fig.3. The charge, ¢;,
is chosen around 1 with a proper scaling. The second step isto
calculate output data from the model monitor with the assumed
responsefunctions. Finally estimation of gainsand beam param-
etersat each measurement iscarried out, from thesimul ated data,
with the chi-square method. At the same timethevariance of the
estimated parameter is obtained.
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Figure. 3. Orbit displacements at the model monitor.

The simulation results are summarized in Tablel, which
shows values given to relative gains and displacements, and the
variance of each parameter. With an expected error of oy <
10~3, which is estimated from the TRISTAN monitor system,
the geometrica center can be found within 100 xm in Case 1
and Case 2. Further improvement can be seen in Case 4 withthe
nine-point measurement.

Tablel
Preset values and simulation resultsfor the variance of the
estimated parameters.

Casel: m=5

g2 g3 g4 qj i Y5
preset 1 1 1 1 4£50mm
ofcg 55 77 55 39 98
Case2: m=5

g2 g3 94 q; i, Y5
presst 09 095 11 1 450mm
oc/cp 50 75 61 39 100
Case3: m=5

g2 g3 94 q; i, Y5
preset 1 1 1 1 +£10mm
ocfcp 25 35 25 18 440
Case4d: m=9

g2 g3 g4 qj i Y5
preset 1 1 1 1 +£50mm
ofcg 33 47 33 26 63

V. BEAM TEST

The present method was tested with a stripline monitor in
TRISTAN. Measurement was done with a single beam, an



electron beam or a positron beam. The configuration of four Table 1l

striplines and the monitor chamber is the same with that of the  Estimation for gains and the variance of the fitting parameters
numerical model. The striplinemonitor is 150 mm long, and its in the beam test.

inner radiusis 42 mm, which isthe only necessary parameter for
the position estimation.

Each gtripline electrode has two output portsfor ensuring the
signal directivity. The directivitiesof the four striplines may be
different, and also dependent on the beam direction. In this ex-
periment, not only the upstream port signal s but a so the down-
stream signals are analyzed.

Thistest provides an ideal setting to demonstrate the useful- ' U
ness of the present method. There ativegainsaredifferent onthe it 1%221 0%%7 1%29 ~O%65 ﬁéyi
upstream and downstream sides. Due to the variation of the di- o/ '57 '73 '49 3' 0 886
rectivities, therange of the relative gains onthe downstream side Posi tron beam :
is wider than that of the upstream. Estimation of the beam po- Upstream
sition can be done with either the upstream or downstream data ' o
independently, and the results are compared with each other. fit 1%227 1%?(’)9 1%439 N 8325 ﬁéyé

The position measurement was done for 9 different orbits at o/ '12 '17 '12 2'4 20(')
the monitor. The signal detection was made with anarrow-band Downstream '
detector, sampling a 500MHz frequency component, with the ' iy
help of a coaxia switch choosing one from 8 output signals. it 1.%268 1_%13 1_%432 Noq_é 45 F]Iéé

Test resultsare summarized in Table |1, and shown in Figures - 70 08 66 24 1100
4 and 5. The directivity, the ratio of downstream/upstream, was
17~20 %. The measurement error was not analyzed, but may
be the same on the upstream and downstream sides because the
signal was detected with the same detector gain. With atypical T Positron beam
relative error of 10~3 on the upstream side, the measurement er- e Upstream .
ror would be ~3x 104, which is consistent with the difference Downstream 1
between the positions estimated independently from the data on
either side. The covariant matrix also shows a strong positive
correlation among the estimated positions. Thisfact can be seen
in the figures as an offset between the two sets of estimated po-
sitions.

The beam test was so successful that the present method will
be surely helpful for finding the geometrical monitor center in
future accelerators having the optics extremely sendtive to the
orbit, for example, in the KEKB. -10 , , , L
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Figure. 4. Estimated positionswith an electron beam.



