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BNCT facility in JAPAN
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neutron source

Moderator

_Beam curren N

Epithermal neutron source>1 X 10° cm?s!

_ Contamination of fast neutron<
Heat reduction 2% 103Gy cm2(4-10 X 103Gy cm2)

on target Contamination of fast neutron<
E 2X1013Gy cm2




n)’'Be 2.5
9Be(p, n°B 4

Ta (p,xn)

roton-ac

Ep<3MeV electrostatic. RFQ

3MeV<Ep<10MeV Linac. Cyclotron

10MeV<Ep<100MeV Cyclotron. FFAG

Ep>100MeV Synchrotron. Cyclotron.

FFAG

Proton | Yield Conductivity | Neutron Moderator

Energy | (Neutron/ (W/m/K) Energy Size
Proton)
1.46x104 180 84.7 0.1~05 Small
1.6x10°4 1278 201 Depend on Ep Large
7.0x10°2 3017 57.5 Depend on Ep Large

Trade off

Current <—> Heat reduction on target
Size of moderator <——> Neutron yield after moderator



"~ Plan of acceleratoribased neutron source=

- UK Birmingham Univ Li(p,n)’Be 2.8 20
USA MIT “Li(p,n)’Be 1.95 >5
USA BNL "Li(p,n)"Be 2.5 20
USA Ohaio St. Univ. "Li(p,n)’Be 2.5 10
Argentina Depar. of Fisica Li(p,n)’Be 2.5 20
Belgium IBA Li(p,n)’Be 2.8 20
Russia IPPE Li(p,n)'Be 2.3 10
Japan KURRI Li(p,n)’Be 1.9 10
ltaly San GiovanniHosp. 2H (d,n)3*He 0.12 300
Italy INFL-LNL ‘Be(p,n) 5 30
Japan HITACHI ‘Be(p,xn) 11 2.85
Japan FFAG-DDS ‘Be(p,xn) 11 70
Japan Tohoku Univ. Ta(p,xn) 50 0.35
Japan Kyushu Univ. Ta(p,xn) 150 0.14
Japan CICS Li(p,n)’Be 2.5 20
Japan Tsukuba Univ. Be(p,n) 8 10

Epithermal neutron source have not yet been realized in the world.



v‘ﬂ
~ Neutron Source(C BENS)

2007 August KURRI and SHI started on
the collaboration for developing C-BENS

2008 December C-BENS was installed
2009 March The test of neutron production was started.

__Kyoto University Research
Reactor Institute @ KUMATORI

-Innovanon
sarch lab.

Irradiation




Cyclotron Based episthermal Ne

= Source(C-BENS)

Sumitomo Heavy Industries:HM30

Accelerated particle : negative hydrogen ion(-H)
Maximum Energy:30MeV

lable beam current: 1mA \< .,t_&n ,

‘Maximum power : =30kwW 5
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Neutron flux per Iethargy(n/cmzls)
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Beam property of CBNS under free-air condition compared with KUR epithermal mode.

Epi-thermal Fast neutron |Gamma-ray
neutron flux(® epi )| dose/Pep; | dose/Degp;
(n/fcm2/s) (Gy/n cm2) |(Gy/n cm2)

KUR
(epi-thermal) 7.30E+08 9.10E-13 2.40E-13
Accelerator 1.22E09 5.84E-13 | 7.75E-14




&b
/
|
ag
w
Wl
S

—— CBNS
——————— KUR tumor size ¢ 2cm
100 — T . —— |
Source surface 80 Mean Yose10% up! -
l / l l \n,y . 1':
< 60 || Mean do$gl18% up * ' -
°
Collimator aperture & tumor \ tumor
= normal 7.5 cm depth, \5.1 cm depth| 2.7 cm depth
> 40 r \brain il
20
O s A “\ l
0 10 20 30 40

RBE-Dose (Gy-eqg/irradiation)



e Summary

Cyclotron-based neutron source(C-BENS) can be stably
operated over one hour with the proton current of 1mA.

Intensity of C-BENS is about two times higher than that of
KUR epithermal beam.

Clinical trials for recurrent GBM were started in 2012.
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