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Development and application of gel dosimeter for heavy ion beam
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Gel dosimetry is a suitable method for the validation of complex 3D dose
distributions encountered in contemporary radiotherapy including scanning-beam carbon ion radiotherapy.
However, implementation of all type gel dosimeters for carbon ion radiotherapy dosimetry has exhibited
dose quenching around the Bragg peak. The other drawbacks for Fricke gels type dosimeter, with respect to
polymer gel dosimeters, is the diffusion of the ferrous and ferric ions despite the presence of the gel
matrix, which eventually destroys the information on dose distribution. In this research, we report the
successful removal of both of these limitations. The nanocomposite Fricke gel agpears to be promising for
3D dose imaging under ion-beam irradiation, with potential applications in ion-beam cancer therapy

LET



X y
1/2~1/3
( )
NC-DCG
NC-FG
(1) NC-DCG
NC-DCG MRI

Magnetic Resonance Imaging
R1 1

R1
R1 5

20y . . . :
+1cmPMMA —0Gy

'o 5'0 160 150 260
BAFEES [mm]

R,

NC-DCG

Cr[111]
OH
OH
Cr[Iv]

(2) NC-FG
NC-FG 2

2 NC-FG

MGS
BANG



Y /mm

TR (6R) [s'KGy ']

==
EHa

FILES

- DN
o O

ju—y
wo

N
|

—y
L

NC-FG

[ . ] _
10 12 13 15 16 18 R.[s']

AR RRR 15
o BEEAE )
— —BANGY LI &5t
14 .—3.
13 o8
%
128
zZ
11
; ‘ : 0
0 50 100 150 200
BAAMFEE [mm]
R,
3

ROH R 0,
RH \)/ \<
-RO+0OH- ‘RO,
H*
Fe2*
Fed*

Foe RO Fed*

3 ( )

( H, OH)

NC-FG

®)

NC-DCG NC-FG

2
NC-FG
2.
BANG
NC-DCG
NC-FG
(1) T. Maeyama, N. Fukunishi, K. L.

)

®3)

Ishikawa, T. Furuta, K. Fukasaku, S.

Takagi, S. Noda, R. Himeno, S.
Fukuda:
"Radiological characteristics of

MRI-based VIP polymer gel under
carbon beam irradiation”
Radiation Physics and Chemistry 107,

7-11 (2015).

DOI:10.1016/j.radphyschem.2014.09.0
01

T. Maeyama, N. Fukunishi, K. L.
Ishikawa, T. Furuta, K. Fukasaku, S.
Takagi, S. Noda, R. Himeno, S.
Fukuda:

"A diffusion-free
linear-energy-transfer-independent
nanocomposite Fricke gel dosimeter™
Radiation Physics and Chemistry 96,
92-96 (2014).

and

DOI:10.1016/j.radphyschem.2013.09.0
04

“VIP

2

98, 11-15 (2014).




4)

(5)

(6)

(7

®

T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.
Takagi, S. Noda, R. Himeno, S.
Fukuda:

"Response of aqueous dichromate and
nanoclay dichromate gel dosimeters to
carbon ion irradiation"

Journal of Physics: Conference Series
444, 012033 (2013).

DOI:10.1088/1742-6596/444/1/012033
T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.
Takagi, S. Noda, R. Himeno:
"Verification of carbon ion dose
distribution using VIPAR polymer gels"
RIKEN Accel. Prog. Rep. 46, 268
(2013).

M. L. Taylor, T. Maeyama, N.
Fukunishi, K. L. Ishikawa, K.
Fukasaku, T. Furuta, S. Takagi, S.
Noda, R. Himeno, S. Fukuda:

"Radiological characteristics of charged

particle interactions in the first
clay-nanoparticle dichromate  gel
dosimeter"

Journal of Physics: Conference Series
444, 012110 (2013).

DOI:10.1088/1742-6596/444/1/012110
M. L. Taylor, T. Maeyama, N.
Fukunishi, K. L. Ishikawa, K.
Fukasaku, T. Furuta, S. Takagi, S.
Noda, R. Himeno, S. Fukuda:

"A novel clay-nanoparticle dichromate
gel: radiological properties for electron
and hadron interactions"

Australasian Physical & Engineering
Sciences in Medicine: 2012
Engineering and Physical Sciences in
Medicine Conference. Springer
Netherlands 36, 136-137 (2013).

DOI:10.1007/s13246-012-0168-7

T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.
Takagi, S. Noda, R. Himeno: "Diffusion
suppression in gel dosimetry by
addition of nanoclay" in: Long, M. (Ed.),
World Congress on Medical Physics
and Biomedical Engineering May
26-31, 2012, Beijing, China. Springer
Berlin Heidelberg, pp. 1183-1186
(2013).

DOI:10.1007/978-3-642-29305-4_310

29

eY)

2015.3.5
3 35 (

2

(3

4)

(5)

3 3D

( )
T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.
Takagi, S. Noda, R. Himeno, S.
Fukuda:
"Preliminary result of nanocomposite
Fricke gel dosimeter"
The 5th Asia Pacific Symposium on
Radiation Chemistry, 2014.9.11, The
University of Tokyo, Yayoi Auditorium
(Tokyo, Japan)
T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.

2014.11.23

Takagi, S. Noda, R. Himeno, S.
Fukuda:
"A diffusion-free and

linear-energy-transfer-independent
nanocomposite Frcike gel dosimeter”
The 2014 Gordon Research Conference
on Radiation Chemistry, 2014.7.14,
Proctor Academy Andover, NH, United
States

T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.

Takagi, S. Noda, R. Himeno, S.
Fukuda:
"A diffusion-free and

linear-energy-transfer-independent
nanocomposite Frcike gel dosimeter”
The Gordon Research Seminar on
Radiation Chemistry, 2014.7.12,
Proctor Academy Andover, NH, United
States

®)

26 3
2014.6.20

«C )

@)

2014.6.13

JST C )

(®

LET



15

2014.6.18 «C )
(9
LET
25 HIMAC
2014.4.22
«C )
(10)
LET
107
2014.4.13 )
1
LET
2014.3.10
«C )
12)
7
2014.1.27 (
)
(13)
17
2013.12.11
«C )
(14)
2 3D 2013.12.8
(
)
(15)
2 3D 2013.12.7
(
)
(16)
2013.11.22

a7

LET
56 2013.9.28
«C )
(18)
PHITS
VIPAR
9 PHITS /
2013.8.24
«C )
(19)
LET
24 HIMAC
2013.4.23
«C )
(20)
VIPAR
2
105
2013.4.14 ( )
(21)
VIPAR
60
2013.3.30 ( )
(22)
2013.3.5
«C )
(23)M. L. Taylor, T. Maeyama, N.
Fukunishi, K. L. Ishikawa, K.

Fukasaku, T. Furuta, S. Takagi, S.
Noda, R. Himeno:
"Radiological characteristics of charged
particle interactions in the first
clay-nanoparticle dichromate  gel
dosimeter"
2012 Engineering and
Sciences in Medicine
2012.12.2-6, dJupiter’s
Coast, Australia (poster)
(24)

Physical
Conference,
Casino, Gold



(25)

(26)

1 3D 2012.12.2
¢ )

M. L. Taylor, T. Maeyama, N.
Fukunishi, K. L. Ishikawa, K.
Fukasaku, T. Furuta, S. Takagi, S.
Noda, R. Himeno:
"Radiological characteristics of charged
particle interactions in the first
clay-nanoparticle dichromate  gel
dosimeter"
7th International Conference on 3D
Radiation Dosimetry Scientific
Committee, 2012.11.6, Sydney,
Australia (poster)
T. Maeyama, N. Fukunishi, K. L.
Ishikawa, K. Fukasaku, T. Furuta, S.
Takagi, S. Noda, R. Himeno:
"Response of aqueous dichromate and
nanoclay dichromate gel dosimeters to
carbon ion irradiation"
7th International Conference on 3D
Radiation Dosimetry Scientific
Committee, 2012.11.5, Sydney,
Australia

(©)
VIPAR
104
2012.9.15 «C )
T. Maeyama, N. Fukunishi, K. L.

(28)

(29)

eY)

Ishikawa, K. Fukasaku, T. Furuta, S.
Takagi, S. Noda, R. Himeno:

"Diffusion suppression in gel dosimetry
by addition of nanoclay"

World Congress on Medical Physics
and Biomedical Engineering (WC2012),
2012.5.28, Beijing, China

103
2012.4.15 ( )

2014-257836
2014 12 19

2

2013-069797
2013 3 28

@
MAEYAMA, Takuya

70612125



