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Development of semiconductor detector for radiation quality measurement of
therapeutic carbon beams
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In this study, we developed a semiconductor detector that can measure both
the dose and radiation quality of carbon beams used in cancer therapy and evaluated the carbon beam
fields used in clinical practice.

Response to carbon beams was investigated using an existing semiconductor detector, noise sources
were identified, and improvements were made to the data acquisition system to create a system
capable of measuring a wide range of radiation energies, from primary carbons to secondary
fragments. Using this system, we have measured the radial radiation quality variation of the
therapeutic carbon pencil beam, the effect of irradiation field size on radiation quality in the
broad beam method, and investigated the variation of dose-averaged energy transfer to evaluate the
biological effects. The system constructed in this study will further advance our understanding of
the therapeutic carbon beam field.



Linear Energy Transfer ; LET

LET
LET
1cm
LET
QA/QC
GHMC
LET LET
HIMAK
GHMC
LET
LET
Fig. 1 HIMAK
20 keV/pm
/
r=0.6 mm / 6.6
Fig. 2
r=5.6 mm 1.4 r=10.6 mm 0.2

LET

r=5.6

LET

2.3

LET

r=0.6 mm

LET
3.0



1.0E-02 T 1.0E-02 —r=-4.4mm
r=-4.4mm ( e Am
1.0E-03 —r==2.4mm 1.0E-03 —r=0.6mm
r=0.6mm r=3.6mm
3 3 —r=5.6mm
2 1.0E-04 r=3.6mm 2 1.0E-04 r=5.
o © —r=10.6mm
£ =rhSun & —r=15.6mm
2 1.0E-05 = 1.0E-05 -
3 2]
-4 &
1.0E-06 1.0E-06 i
m. | QI AR 1) 10
1.0E-07 1.0E-07
0 50 100 150 200 0 50 100 150 200
LET; [keV/um] LETg; [keV/um]
Figure 1 Figure 2
r LET r LET
Fig. 3 Fig. 4 LET
r=10.6 mm LET
LET
12 100 1.2 — ;go
® si = i T
1 ® PinPoint zﬁ g I | o Ppinpoint 30 §L
s 3 9 — 1S 70 2
208 -+ ©-- Dose Averaged LET 70 & z 0.8 .0 Dose Averaged LET 60 =
8 60 & Q o
o -
206 50 = 206 50
2 - k=] B
= 2 = 40 @
- 40 @b ] . 15
5 g 204 . g
204 30 2 302
20 3 02 O 20 g
0.2 2 ' 3
E 3 10 A
10 A e
0 0 0 . 0
-20 -10 0 10 20 =20 =10 o 10 20
Lateral Position fmm1 Lateral Position [mm]
Figure 3 LET Figure 4
LET
LET Fig. 5
GHMC 60 mm
LET 350 300
LET
106402
—150x150 ——125x125 100x100 1.02
1.0E401 75x75  ——50x50  ——40x40 1.00 » i » {
—30x30 —20x20 M N L] .
1.0E400 0.98 !
= L
g 1.0E-01 @ 08 5 = « Silicon
] 1*:; 0.94
1.0E-02 o gy . = Markus
L
1003 0.90 N + PinPoint
1.06-04 0.88 .
0 200 400 600 800 1000 086
Channel #
0 25 50 75 100 125 150
- BEEFY A XD 138 [mm]
Figure 3 LET
Figure 6

Fig. 6 LET



LET

1%



58

2021

Katsuki Narumi

Evaluation of Radiation Quality Variation for Broad Beam Method of Carbon lon Radiotherapy

121

2021

Akihiko Matsumura

Radial LET Measurements for Therapeutic Carbon Pencil Beam

121

2021

Kohei Osaki

Measurement of LET distributions for scanning carbon ion beams with a small silicon detector

116

2018







