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DESIGN STUDY OF BEAM POSITION MONITOR FOR HEAVY-ION BEAM
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Abstract

We are designing a Beam Position Monitor (BPM) as a part of development to increase intensity of heavy-ion beam in
RIKEN Nishina-center. The objective beam of the BPM has non-relativistic speed (=0.15), and the beam width might
be over 20 mm in the duct diameter of 60 mm. There for it is difficult to apply some approximation, which is applied to
calculations for conventional BPMs, to our case. For such beam, we designed a spiral-shaped BPM and a calculation
method which use second order integral. In simulation using finite element method, it shows good linearity in wide region.
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Figure 1: Side view and perspective view of the BPM
Model (Top) and output signals of the BPM (Bottom).
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Figure 2: The BPM in the SRILAC (Top) and the signals
from the BPM (Bottom).
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Figure 3: Shape functions of Up and Down electrode.
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Figure 4: Signal without considering shape-effect.
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Figure 5: Signals with folding shape functions.
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Figure 6: Configuration of the spiral electrode. A diagonal
cut model (Left). A half cut of the diagonal cut model
(Middle). The spiral cut model which consists of two half
cut structures connecting each other with turning 180
degrees (Right).
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Figure 7: A perspective view of the 8 spiral-electrodes
model (Top Left), the net of electrodes (Top Right), and
the combinations of electrodes (Bottom).
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Table 1: Specifications of the 8-Sprial-Electrode BPM and
Its Objective Beam

BPM Electrode length 60 mm
Electrode bore 60 mm
Electrode gap 3 mm
Output impedance 50 Q

Beam Beam speed () 0.15
Beam length 0.37 ns
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Figure 8: Signals of 8-spiral-electrode BPM. Upper graphs
are 3=1. Lower graphs are $=0.15. Left graphs are their
signals and right graphs are pulse height of each signal.
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Figure 9: First order integrations of the BPM signals (Top
left). Second order integrations of the BPM signals (Top
right). Position dependency of the pulse heights from
original, 1* order integration, and 2" order integration of
the signal.
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Figure 10: Beam positions which used in simulation (a).
Calculated results of beam intensity (b), horizontal position
(c), and quadruple moment (d).
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Table 2: Definition of Text Styles

Beam Position Beam Width (10)
CST Studio to Eq. (3)  -29 ~29 mm No width
Equation (4) to Eq. (5) -29 ~29 mm 0~15mm
Error Calculation -2 ~2mm 0~15mm

HoTze BAT YT OHBEIHWANE LY — LR O
PH% Table 2 12777,

6. F&H

BAALVE =AML, ETE—LRE LB L AN
EROWE =LA THIGENHY ., 2V BPM Dy
BITA 7 'y NI 2 E ORENR AT D,

ZHUTRIL, ARA A ML BPM & VWb E4 7
TYRBTAELRNEWVI RTINS, SBIT, ANAT)L
H MCIE, BE DI N BRHIENTEDL A, 1

PASJ2023 THOA4

AT CHEBOIEHRE R A T2 Al REE 72D,

SIHITEFABLEL T 2 RO ER AT 5L, B
B — A L CH BUWRRIEYEDNMRT-ND Z L3 fERE T
77

EEHREI AT o7 8 lRA/ ATV 7 MR BPM [, 2
STRWEAAUVE—AIZH LT, B =L /KN
&, MENLE, 2 IRE—AID 4 SO HAEREE RL
RODHIENTEDHEEZHIND,

HiEF

AR BIL TELO G ICHINTEEELZ, 20
B THEIALHIL RIFE9, B L F — g
GER DAL IE A1, BPM ICBIL TH< 23X T
TAXRZHL TRV ET,

SE X

[11 Y. Yano, "The RIKEN RI beam factory project: A status
report”, Nucl. Instrum. Methods Phys. Res. B 261, 2007, pp.
1009-1013.

[2] Robert E. Shafer, “Beam position monitoring”, AIP
Conference Proceedings, vol. 249, p. 601, 1992.
doi:10.1063/1.41980

[3] T. Watanabe et al., "Calibration for Beam Energy Position
Monitor System for Riken Superconducting Acceleration
Cavity" Proc. of 2019 International Beam Instrumentation
Conference (IBIC 2019), Sept. 2019, pp. 526-529.
doi:10.18429/JACoW-IBIC2019-WEPPO07

[4] CST Studio Suite , Dassault systems.
https://www.3ds.com/ja/products-services/simulia/
products/cst-studio-suite/

[5] N. Sakamoto et al., "Development of Superconducting
Quarter-Wave Resonator and Cryomodule for Low-Beta Ion
Accelerators at RIKEN Radioactive Isotope Beam Factory",
in Proc. SRF’19, Dresden, Germany, Jul. 2019, pp. 750-757.
doi:10.18429/JACoW-SRF2019-WETEB1

- 149 -



