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Abstract

Three-dimensional surface electric charge method has be
applied to calculate the effects of the beam size on the bee
position measurements. We confirmed that the change
the beam size led to beam position errors. The calculatt
results were compared with experimental data, indicatin
the validity of the simulation. The output signal ratio of
beam position monitor was smaller when the beam size wi
large in the horizontal direction. The proposed method ce
estimate the effects of the beam size when a beam crc¢
section is given.
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1 INTRODUCTION

The electrostatic beam position monitor (BPM) is used t
measure a closed orbit distortion (COD) produced by th
misalignment of magnets in accelerators. BPM is usuall
calibrated using a straight wire antenna that models an a
celerated pencil beam. The relationship between the a ; : -
tenna position and an output signal ratio of the electrode
of BPM is measured[1]. The beam position is estimate
using the above relationship. However, the measured de¢
contains significant errors when the cross section of a re
proton beam is much larger than that of the calibration ar : ‘ center
tenna; and therefore, it is important to estimate the effect
of the beam size on the measurement beforehand.

The author estimated the influence of the beam size in 3 NUMERICAL CALCULATION
case of a button type BPM for an electron synchrotron
using two-dimensional boundary element method, an8.1 Method

showed that the measurement error was produced byT‘%e potentials generated by the beam on the electrode

large-sized beam[2]. However, a three-dimensional analys . 1teq using the three dimensional surface electric

sisis reqwrgd for the BPM in a proton synchrotron becaus:cq1arge method. The potential,, at an observation point
of its complicated geometry. We compare the calculated r& given by the following equation:
sults with experimental results to confirm the validity of the 9 y 9€q '
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proposed method. 1
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Figure 1 shows the schematic drawing of the structure ofherec is the surface electric charge density on a trian-
the BPM that is used in the proton synchrotron having gular element; represents the distance between the center
low accelerated current. of the triangular element and the observation paintie-

The BPM consists of two separated triangular electrode®tes the total number of triangular elements. The bound-
that are closely located with each other. The electrode sizey condition, total charges become zero on the conductor
is 190 mm wide and 200 mm long. They are surroundesurface, is required because the electrodes are isolated from
with the ground board. When the beam deviates from thtee ground shown in Figure 1. After discretization, the re-
center of the BPM, the distance from the center is given agilting equations are given as follows:

a function of an output signal ratioV, — Vg)/ (VL + Vr),

whereV;, andVy are output voltages on the two electrodes. i Poos
The relationship between the output signal ratio and the gt R
horizontal beam position is usually measured using the an- n

tenna in advr?mce.. An actual beam’s position is determined Z Cni1;0; = 0 (3)
using the calibration curve. =

ﬁzigure 1: Schematic drawing of the structure of a BPM.
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where V. is the known potential on the electrode anc o4
P;; represents the integration in equation (1). The ur
known electric potentials on the two electrodes are calci g 03 [ -
lated when the electric potential on the beam is given. Tt & | cacured: péncil \/
change of the output signal ratio is calculated with the ok & , |

tained voltagesy;, andVx.

calculation: pencil
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3.2 Calculation

T T

The effects of the beam size is calculated for two differ
ent beam models. One is a pencil beam having a diar
eter of 2 mm. The other is a rectangular beam having b v 0o i e e i
cross section of 70 mm 9 mm. The pencil beam models -10 0 10 20 30 a0 50

the calibration antenna and the rectangular beam shows 1 center position [(mm]

multiturn injection beam having the large beam size hori

zontally. The beam length is much longer than the BPNFigure 3: The calculated and measured relationship be-
length. The ground position is adjusted so that the calctiveen the positions and the output signal ratio.

lated output signal ratio equals to the measured one using

the pencil beam model. We calculated the output signal The calculated values for the rectangular beam agree
ratio for the rectangular beam model with the same condivell with the measured one. The figure also suggests a
tion. The calculation is done with an upper half model fotarger-sized beam results in a smaller difference signal-to-

\

measured: fectangular

output signal ratio (VR-

T

the fast calculation. sum signal ratio. The reason is that the surface electric
charge on the two electrodes is not changed significantly
4 RESULTS AND DISCUSSION according to the displacement of the beam when the beam

size becomes large. Therefore, the estimated deviation is
Figures 2 shows the upper half model with the rectangmaller than the true position when the beam size is large
lar beam, its surface being subdivided into small triangulah the horizontal direction, indicating that the beam cross
elements. section should be evaluated for a precious position mea-
surement.
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5 CONCLUSION

Three-dimensional surface electric charge method was ap-
plied to calculate the effects of the beam size on the beam
position measurements. We have confirmed that the change
of the beam size led to beam position errors. Itis found that
the output signal ratio decreases and the measurement er-
rors increases when the beam cross section became large
horizontally. The proposed method can estimate the effects
of the beam size when a beam cross section is given.

The relationship between the beam cross section and the
beam sized effect will be studied in detail including the ver-
tical displacement of the beam.
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