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Abstract

In National Institute of Radiological Sciences, a three-dimensional scanning irradiation system has been employed
for carbon-ion radiotherapy since 2011. In the therapeutic irradiation, the hybrid depth scanning (HS) technique had
been used until the July in 2015. This technique changes beam range by combining range shifter plates (RSF) and
changing the beam energy extracted Heavy Ion Medical Accelerator in Chiba (HIMAC). However, the energy scanning
(ES) technique has been used since the September in 2015, which changes the beam range by only changing the
extracted beam energy not using the RSF. With changing from the HS to the ES, the number of beam energy step used
for the treatment was increased from 11 steps to 200 steps. The increase of beam energy increases the time for beam
daily QA (quality assurance) conducted before the treatment and it is required to improve the daily QA program which
assures the accuracy of the beam scanning system without increasing the measurement time. In this paper, we introduce

the improved beam daily QA program for the ES.
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Table 1: QA List for Energy Scanning
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Figure 1: Time schedule of daily QA for HS.
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Figure 2: Layout of the scanning irradiation system.
RSF is not used for ES.
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Figure 3: Comparison of the methods for checking beam
position.
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Figure 4: Trend chart of the PS pattern for HS using
BAC system.
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Figure 5: The table of example result for checking the
change of ST magnet current.
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Figure 6: Standard deviation of the EHC ST when
being 430 [MeV/u] in HS.
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Figure 7: Trend chart
PRNchk system.

of the PS pattern for HS using

-591 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 MOP080

(272D LB E
2015/09~2016/03 £ THOR>F% Figure 8 (257, ST
DIFHERZE 0 =049 THD, ZiLiL, Monthly QA X°
Half-yearly QA Ot — LMK FEFRIIES ES I8 L7

QA WA/ THY, T1H0 ST MR D
72 tp ol (FIIXFHIED ML EMI2N) % L T

%, Monthly QA X° Half-yearly QA DB —2MEIRFER T

1%, Iso-Center(IC)IZHEVE AR E L T, B — LML EZ
D, ZOREDE {uufﬁnﬁ¥5ﬂ IFEAE NN L
B MIE TR NSNENIZEITR2D, DED,
HS 725 ES ~ERL/2ZL T, fiH T 531 —DH
XHINLZZ28, 2ot — M E FE B E< 2o

DOERITIEISIT/NEL 2 5TND,

HS OBA . T=4HEFHKRIED T O EIX
lstep X CHOZFILF—TIT> Tz, ES Tl
200step X TCTOT R —Z I E 5 EFRE R 230
Mo TLEIZD, 200step ZMEFET DI 11 HO= X
NF =% 7T 7 LT (Figure 10, Figure 11), %
12,290 [MeVAZ2WTIE, Y HOE=FEFHIEIE
fEL L CiaM TSNS, 20729, 290 [MeV/u]DT
FIF —(ZOWTIEIKL 3 [BIE T 5, #RE[Gy]D
X5 20X1T 0.3 [%]LA T ThD, £z, Ui TR EF MR
HEML TS,

> CHSTEATATALF—IE

TWDHZEN ST &

BTN RS EEAEND,

1000 [EAc-RID 0

s00 |-

1000 |- I 1 : ] I
1000 [EGAB 8 t f ! L
oo o3 o]

s
B 000
H i I | i C
E oo
73 1004 FHC-RID 0 o1y

so0 | STk o]

500 -
-1000 |

1000 FRVCRIG 0
500

s00 |-

o s B T RN

TR ]

L
2016/01/01

016/03/01

Figure 8: Trend chart of the PS pattern for ES.
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Figure 10: The range of beam energy used for the daily
QA dosimetry.

EHC Multi MU Check ( 2016/07/22 07:55:27 )
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Figure 9: The Daily QA machine used by Beam QA.
Dosimeter and Electrometer are established as a
measuring instrument.

0.5 . 1.5
0.4 [ * ) )
K-Calib. = 1.00 g
o 1 8
= 03[ 3
19 5
s Il
g o2} s
* . . PR . 4 0.5 §
Meas. Dose 2
0.1 [ Ref. F(E) 8
Meas. F(E) <o
Fit. F(E)
0 ! 0
0 100 200 300 400 500
Beam Energy [MeV/n]
Figure 11: Check of multi MU value.
v — LTRFEMERE Tl Daily QA %= A oY Wi

T34 (ER) AL T, 7 I/ — &R
%, HS TiE 290 [MeV/u]DT R/ —DH%EfE AL,
RSF % 5 NRE—U B SBLZETRIEEZZE 2 TV,
ES TiE 5 =X —%HWT, HS LRIFEOREEZH
BIL T D(Figurel2), ES TO H %2 DR R i, FE (R
70 =0.01 THEREL TEBY, +OHFR#ENTHD,

-592 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

EHC Range Check ( 2016/07/22 07:55:27 )
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Figure 12: Check of beam range.
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Figure 13: Comparison of the daily QA time between
for HS and for ES.
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