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Abstract

While the joint use of neutrons extracted from a research reactor (KUR) is being actively conducted in Kyoto University
Institute for Integrated Radiation and Nuclear Science (KURNS), it is expected to be difficult to continue the operation
after 2026 under current condition. Since an alternative neutron source is required, the 30 MeV proton cyclotron (HM-
30) installed for the BNCT research in KURNS is now being discussed as a proton driver for the neutron source. In this
presentation, we report on the design status of a neutron source using HM-30.
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Figure 1: Appearance of KUR, KUCA and Innovation
Research Laboratory in KURNS.
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Figure 2: Layout of accelerators at Innovation Research
Laboratory.
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Figure 3: BNCT layout at KURNS.

Table 1: Specifications of HM-30

Particle H
Injection Energy 30 keV

Extraction Energy 30 MeV

RF Frequency 73.1 MHz (h=4)
RF Voltage 200 kV/turn
Extraction Scheme Foil

Ext. Beam Current 1 mADC

Size WxDxH :3x1.6x1.7m
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Figure 4: BNCT concept. Boron capture neutron and emit
alpha particle. A cancer cell is damaged by this alpha
particle.
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Figure 5: Neutron energy distribution of BNCT system
using HM-30.
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Figure 6: Appearance of HM-30 at Innovation Research
Laboratory.
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Figure 7: New beam transport for accelerator driven
neutron source. Blue objects indicate component of new
beam transport.
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Figure 8: Computation scheme of new beam transport for
accelerator drive neutron source using G4beamline. Green
object indicates bending magnet and blue and red objects
indicate focus and defocus quad magnet, respectively. Be
target is located at the endpoint.
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Figure 9: The comparison at initial condition (red dots) and
after transport (blue dots) based on beam size using
G4beamline.
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Figure 10: Beam tracking result of the second beam
transport (BT2) for accelerator drive neutron source using
G4beamline.
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Figure 11: Neutron and proton energy distribution from Be
target.

PHITS 12 & 23R & D P — A& 1mA
ERELESG G, EET 20T 13 16E2
neutrons/proton, F&/E R 1E14 neutrons/s &
TIN5,

6. XEHESRDEE

BaErclx, REHE FFEUR) Z i L 72 A
FH DS ANT FENE Z LTV 203, 3 AR DR

PASJ2020 THPPO7

IR DD & . 2026 fELAED KUR O #HERkE
IR E FOAEF N BRI E > TS, 2D,
KUR fREDOHRETFIROBEZINZHTE L 2->TED,
BNCT WL D 72 DI AWHIERE I 11T\ % 30MeV
i 1v4 2701 bna v HM-30)% F L 7o e
OB IR E > T3, HM-30 205 k7364
Y=y P AT =3 avETCOE—LF TV AR—
F D2 1T 9 72 ® 2. Gdbeamline % V75
BERROREE2ITo7, $-. TETFREERD R
H D ITiZ, PHITS ZHW-3tHEZ2EML T35, B
WIZEEN 22,8 X — % TOFHM % Fhi U 7 B 72
B3, 2026 4 F COMESR PR O FEFH O
HAHBEE L, KOVBEENRE—L/8F7 X =5 TD
U — AE G R 2 AT\ EGREGET 5RLS H JaE >
Sal—vavEiTHIZEEFPEL TS,

SE R

[1] BHAEA - Aiidase UIZER0E - B Rle KT
RN Z RS R IFERR BT 2GR 2 M)
H29.5.29 #H}4;
https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu2/0
87/shiryo/__icsFiles/afieldfile/2017/06/08/1386563_3.pdf

[2] H. Tanaka et al., “Characteristics comparison between a
cyclotron-based neutron source and KUR-HWNIF for boron
neutron capture therapy”, Nuclear Instruments and Methods
in Physics Research Section B: Beam Interactions with
Materials and Atoms, Volume 267, Issue 11, 2009, Pages
1970-1977.

[3] T. Mitsumoto et al., "BNCT SYSTEM USING 30 MEV H-
CYCLOTRON", Proceedings of CYCLOTRONS 2010,
Lanzhou, China.

[4] NsshaE], “BAKFICB T 2HEFOHKES L EHE
JRFIIBETERT & L COTFHFE”, H29 1 TRT
BBy b7 —7 ) #iEe
https://jn-hrd-n.jaea.go.jp/material/backno03/20180216-
nhrdn-report-conference/houkoku-2-2.pdf

[5] Y. Ishi er al., “Recent Experimental Results of the
Accelerator Driven System with a Sub-Critical Nuclear
Reactor (ADS) Program”, Cyclotrons 2019, Cape Town,
South Africa.

[6] HM-30 Cyclotron;
https://www.shi.co.jp/quantum/eng/product/bnct/hm30.h
tml

[7] Y.Mori etal.,“Intense Negative Muon Facility with MERIT
ring for Nuclear Transmutation”, Proc. of 14th Int. Conf. on
Muon Spin Rotation, Relaxation and Resonance(usR2017),
Hokkaido, Japan.

[8] H. Tanaka, "Experimental verification of beam
characteristics for cyclotron-based epithermal neutron source
(C-BENS)", Applied Radiation and Isotopes 69 (2011)
1642-1645.

[9] WS, <K FIEER 2 F 72 BNCT (47 %+
PEFE) YR — S A 2 R & L BRI
FEAR - RGO BLEHGE AR & 5 —, Apr. 2020;
http://www.kyoto-u.ac.jp/ja/research/research_results/2019/
200325_3.html

[10] G4beamline;
http://www.muonsinternal.com/muons3/G4beamline

[11]T. Sato et al., “Particle and Heavy Ion Transport Code
System, PHITS, version 2.52”, Journal of Nuclear Science
and Technology, 50:9, 913-923(2013).

[12] HHRSEL, “H A 7 v o VIEREBNCT @S > 2 7 A
(C-BENS)D I3t & 5 DJE%”, RADIOISOTOPES, 64,
29-36(2015).

- 459 -





