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Establishment of a cancer treatment method with extremelﬁ low burden that
can be applied to elderly patients is an urgent issue in realizing a society of health and
longevity. In Boron Neutron Capture Therapy (BNCT), which is expected as such a treatment, the
development of B-10 compounds with high tumor selectivity and accumulation is one of major issues.
In order to contribute to accelerating such drug design research, two novel analytical methods to
quantify a trace amount of B-10 has been proposed and studied in this research. The proof of
principle/concept of both of the two methods have been successfully accomplished, showing their
potential capability in the B-10 quantitative analyses by use of a compact and much less intense
neutron source by 4-7 orders of magnitudes compared with the nuclear reactor neutron source
currently being used exclusively.



1OB

(1) BNCT BNCT
BNCT
lOB
(2) 1OB
lcc
10 ppm 18 B
PGA
BNCT BNCT
lOB
ICP
lOB
3
IEC
IEC
2 108
1OB
TMFD [1]
BNCT
|IEC 108
|IEC 108 BNCT
BNCT BNCT 108
10Y" n/sec
10" n/sec
IEC DD 10® n/fsec DT 10 n/sec
2 1o
1) PGA
BNCT 108
BNCT
) IEC o (1)
10 BNCT
1OB
VB +n — o (1.47 MeV) +Li 0.84MeV) +17 (0.48 MeV) (94%)
— 0o (L78MeV) +Li 1.01MeV) (06%)
BNCT 108
o /Li BNCT
2 108
lcc / Y
o 10 ppm 198

BNCT

BNCT

(i)
(i)



1OB

1) PGA
PGA 1(a) ~10Y n/sec
~108 n/sec/cm?2
Y
Y
Y
1OB
1(b) IEC
DD 107 n/sec LaBr3
35cm 19.6% 10 BN
10 3 8 Y
477keV () 10 y
1(b)
Y LiF
Y
Y
LiF v
Y
Y
BNCT
10™ n/sec DT 10" n/sec 1cc
50 ppm 50ug B
[LES AEDAkS5cmE (E&E35cm)
k- 17
S 10" nsac Poly707%(5cmE)
@70vo(5cmE)
HEH
IECHIEF R LaBr,{Rili%
R 1x107 n/sec l_g
¥l LiF (6mmE)
pEFEE
B FH~10° n/secicm? !
) | 35cm ‘
its @ —— A "
@ prrper HPGeMitiss (b) |
1 PGA (b) PGA
2 o
kA
Tensioned Metastable Fluid Detector: TMFD  [1] ! wBlcan p /1
2 108 \
0] (i) o l ‘
i &
TMFD e BT
1 F B
R ECRE)

2 o



, Y
2
lOB
o » ] |
a Beam
TMFD 5 e
T <103 n/sec/cm?
DD
log ~107 n/sec/cm?
Shielding
3 o
KUR
3 g TMFD
He-3
~107 n/sec/cn?? TMFD
3
TMFD
TMFD
He-3 10° n/sec/cn? o
DD
C3HgBOB TM FD
lOB 01 40’ 80’ 160 ppm
lecc  TMFD o
1OB
45  65ba 6
108 (477 keV)i,
@h) PGA ‘ .
Y . § 6 308 6.0g
3 BN H =
10 15 3.0 6.0g § '
477 keV BICs 662 keV i -
1OB % 2
lOB X
. 425 " 450 " 4;5 - 500 52
IIEBIR -
BG 108 ! J o
lOB > 4 Y
1OB
BN £’
7 >
Y S —
B 2 =
5 o
1(b) & /
%
oy 2 o
15 0.83 %—j ° ; : 6
18 Eit*ﬂq:mBﬁﬁ% [g]
. 5
LiF B v
1OB

5cm



5cm

5 3 BN
50ug 1cc 50 ppm
DT 30
2
4 7
@) o
1OB
6
6(a) 18
~0.12 cpm/ppm
1.2cpm
6(b) 8
o8 TMFD
235U
252Cf
KUR
6 6.5 bar
18 50 ppm
99.7% 3o
1 25
DD
10°
E‘ —
g " 3
510‘ N.‘T‘ 1
HoX s &
) e
) ") b
% 10?2 . J/R
H s g
I £
107
475 5?0 575 670 6‘5 L
(@) TMFDIREIAADEINNEES [bar] (b)
6 o

(b)

(1]

TMFD

10

B 99.7% 3o
107 n/sec 10" n/sec
3 10%n/sec BNCT
lOB
6.5 bar 10ppm 1B
1OB
a
8 6(a)
~2.1 cpm
~6.0cpm
25
1OB
o° I
10( -
g 4‘5 510 5?5 6.‘0 6?5

TMFDRHBEAANDENNN3RS [bar]

R.P. Taleyarkhan, et a., Nuclear Engineering and Design, 238 (2008) 1820.

(a) 10B



7 0 5

Satoru Sera, Kai Masuda, Mahmoud Bakr, Yoshiyuki Takahashi

Development of Quantitative Analysis of B-10 for Boron Neutron Capture Reaction based on IEC and TMFD Systems

20th US-Japan Workshop on Fusion Neutron Sources for Nuclear Assay and Alternate Applications

2018

Mahmoud Bakr, Kai Masuda, Satoru Sera, Yoshiyuki Takahashi, Satoshi Konishi

An Alternative method of B-10 Quantitative Analysis for BNCT based on a Compact Neutron Source and a-Particles Detector

16

2019

Mahmoud Bakr, Kai Masuda, Yoshiyuki Takahashi, Satoru Sera

Development of a Quantitative Analysis of B-10 for Boron Neutron Capture Reaction based on IEC and TMFD Systems

2019

2019

Mahmoud Bakr, Kai Masuda, Keisuke Mukai, Satoshi Konishi

Characterization and Prospective Applications of a D-D Plasma Fusion from an Ultra-Compact Neutron Generator based on
Inertial Electrostatic

The 28th International Toki Conference on Plasma and Fusion Research

2019




Mahmoud Bakr, Kai Masuda, Keisuke Mukai, Satoshi Konishi

Multidisciplinary applications by use of ultra-compact neutron source based on inertial electrostatic confinement fusion
devise at Kyoto University

12th International Conference on Nuclear Sciences and Application

2020

(Konishi Satoshi)

(40354568) (14301)

(Bakr Mahmoud)

(14301)
(Takahashi Yoshiyuki)
(40579273) (14301)
(Uto Yoshihiro)
(20304553) (16101)

(Nakamura Michihiro)

(10314858) (15501)




(Nakata Eiji)

(70467827)

(14301)




