Proceedings of the 10th Annual Meeting of Particle Accelerator Society of Japan (August 3-5, 2013, Nagoya, Japan)

NIRS-930 [CHIFTHE—LDYZal—ay
BEAM SIMULATION FOR NIRS-930

TR BoMY, bk BN, T Y, i RRY, BmoE Y, %k B, KM EEO,

Smirnov Victor ”
Masao Nakao™®), Satoru Hojo", Ken Katagir

Toshihiro Honma®

, Victor Smirnov”

, Vorozhtsov Sergey ™

Akinori Sugiura®, Akira Noda®, Akira Goto®™,

), Sergey Vorozhtsov"

A National Institute of Radiological Sciences

B Yamagata University

© Accelerator Engineering Corporation

D) Joint Institute for Nuclear Research, Russia

Abstract

Beam simulation with SNOP code has been performed for the cyclotron NIRS-930 at NIRS in order to study beam
dynamics in a cyclotron. Each electric or magnetic field (main coil, trim coils, harmonic coils, magnetic channel,
gradient corrector, grazer lens, Dee gap, Inflector) were calculated by OPERA-3d, and simulated injection, acceleration,
and extraction. The simulation of proton with 30 MeV extracting energy with harmonic 1 was already performed and
well simulated RF phase and extraction efficiency. Now we are trying to apply SNOP to 18 MeV protons with

harmonic 2.
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Figure 1: Schematic drawing of NIRS-930 model.
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Figure 2: Average magnetic field made with main coil.
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Figure 3: Average magnetic field variation per current
density of each trim coil.
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Figure‘ 4: Simulation resu ‘”of the orbit of successfully

extracted 30MeV proton.
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Figure 5: Time variation of axial particle position in
case of axial oscillation.
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Figure 6: Turn number dependence of RF phase shift
when the particle is at each center of Dee.

PRERPOICRHE S vz, BRAERY 2R SRR (4113
Figure 7 DR CRENTHBRTH D, Z O L
FRCE 2 b < #PH C— 2095 L O Zeliéds & TOSCA
TYERR L7z & Z A Figure 7 O B TR EN -0 I
olz, ZOWSEHWT 18 MeV DG FD T I =
L—ya v Efiolzb 2 A, Figure8 DL H 1T, &
ShEE TH LE 1 mm LU ORI E HH55 &
2o 72, Figure 9 IC/RENT= K918, ZOHRMFICE
D MEALAE O AT, AKER A2 BRVNT 10 FELL
T2 o T 5, FRHERY OUGEIC X > TR O
THNWNESL o722 & T, BN LEELZELET
MEEND LI hoT-EEZBND,

0.68\

0.66
.......... .

<B>[T]

0.64

— Calculated field
|-~ - Isochronous field

0 20 40 60 80 100

R, [em]

Figure 7: Average magnetic field in comparison with
isochronous field.
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Figure 8: Time variation of axial particle position in case
of axial oscillation with revised magnetic field.
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Figure 9: Turn number dependence of RF phase shift
when the particle is at each center of Dee with revised
magnetic field.
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Figure 10: Points where the particles lost (view from
above).
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