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Abstract

At Heavy lon Medical Accelerator in Chiba (HIMAC), more than 9000 patients have been successfully treated by
carbon ion beams since 1994. The successful results of treatments have led us to construct a new treatment facility
equipped with a three-dimensional pencil beam scanning (PBS) irradiation system. After the construction of fixed beam
lines, we start design and construction of a superconducting rotating gantry. The construction of rotating gantry is
completed in September 2015. This gantry can provide the beam energy ranging from 50 to 430 MeV/u. Since the rotating
gantry system requires that the beam profiles at the iso-center have no correlation between the rotation angles, we employ
thin scatter method. After the commissioning of beam transport line, we have started the commissioning of PBS system.
Our PBS system is designed to treat moving target with fast rescanning as same as that of fixed beam line. In this
presentation, we will report the present status of commissioning of our gantry and related beam tests.
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Table 1: Specification of Scanning System

Specification Value

Dose rate > 2 Gy/min/Liter (> 5 GyE/min/Liter)
Moving target Possible with high-speed rescanning
Energy 430 — 62 MeV/u (fixed port)

430 — 48 MeV/u (gantry)
Energy steps > 200 steps
Beam intensity 3107 ~ 1 X 10° particles/s
Field size Fixed port : >220 X 220 mm?

scanning region > 240 X 240 mm?

Gantry : > 170 X 170 mm?
scanning region > 180 X 180 mm?

Maximum range >300 mm
Scan speed Vx> 100 mm/ms, Vy > 50 mm/ms
Energy (depth) <300 ms

change time
Mini ridge filter
Minimum spot
staying time
Spot spacing

2 types, 1 and 3 mm at 1-sigma peak width
25 us

Typically 2 or 3 mm
in both longitudinal and transverse
directions
Typically 2 ~ 4 mm at 1-sigma
(depends on energy)

Beam size at
isocenter (in air)
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Figure 1: Technologies in NIRS scanning system.

IR ERH T
BEFOBRFE LIz A%y =0 7 RN B W TEE K
HH B L CWBY L rabhay TORFER. 1) aTE T
X R E T Ty Ny TR R GEA[2,5], 2) HiHE —
LR RO OWTHBH T2, 7, AfE=x)L
F—EIZ Tl B O LX —FE —[E DT r7abk
o EHICHE TR RTREE T D, ZhLiE, B
E— 2R RO @OAT Yy = 7 RS EOFEE DIIET
(B TRERFB OB LI KRESEBRL TV D, fEK
DY AT NG INF — % BT 55128 1 EH
OFEE GRF X 3~5 ) 2= X —FHICEL e
PN EE L T R AR L HIMAC O34, 300ms 2
ETOTRNX =B HENAREL 20T, Fo, 7TV by
TRERTERR ClE, MR [REIIRE R O e — 25 2 a
WEIFE 100%EH kD720 ZoHh 15 E R o4
Ml E WAL TV 5, Figure 2 (21) DOIEHRD —fFi|ZR7,
430 MeV/u 75 140 MeV/u D 11 FlED =R L¥ —%—[H]
Dy rabarEEORNIZERLTWAIERNDND,
F7=, B — A58 8T8 Gl RF-knockout HXWHIL
DT 4—RTFT =R+ T4 —R o Z I L2 A F 2
IV 30 FREOREERZ R ThD, 202l
AR DA AR FIE 2%y =0 7 BEHZ B W TR SN,

PASJ2016 MOP125

IR B DRI DEATAAD RG22 1L <95
ZEEAREEL TWVNA,

SYN-BM .y N 77
DCCT m e T
ON gate *\4 777777777777 -
RFKO amp. - e el S e oo
Extbeam ™ T ., ’ .» - - o

430 400 380 350 320290 260 230 200 170 140

Figure 2: Example of multiple flattop operation with
extended flattops.
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Figure 3: Feed-forward and feed-back control for
precise control of scanned ion beam.
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Figure 4: Upper, typical test result of suppression of
interplay effect by gating with fast rescanning, lower,
screenshot of treatment console in lung cancer treatment.

3. [EEHUVRN)—IZHITARFTY= S BE

TEE
WIEFORIEEH VN —I23B 1T A AT v = 7 R

BOLAT M Figure 5 17T, ZRnbbndEoic,
D 90 ERALD FiicAT Y= VB A 2 E
LCWABZEERET D, ZDXH72L AT IR EHT/ I
B (o RN —/INEAL) DT IR SN, AF v
\—A%xﬂw/ﬁa (AR T EATITIEVIRE T T AV

T D ER DLV R R, —
T?@ﬂu/& BRI REESN TODD TR B EE
WEEER—MIEE NSNS D ERSTLESTZMN, FE
WFo[El#EH ) —1% EdRO XA, B ER—MNEEED
AL TR LT-T-0 . D% ORFFER R A SR L, U
<or§>@iﬁz§<m@ﬁ‘:&7ﬁﬁj%to Az on

n)l ‘é—f)

Scannmg %
magnets AN

Scanning :
nozzle . |i

Scanned
beam

Figure 5: Layout of scanning system on rotating gantry.
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Figure 6: Comparison of nozzle design between fixed
port and gantry port.
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Figure 7: Photograph of covered nozzle and treatment
room for rotating gantry.
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Figure 8: Example of beam monitors test result. Upper
is recombination measurement of dose monitor, lower is
gain measurement of beam position monitor.
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Figure 9: Correction of scanned beam distortion.
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Figure 10: Typical result of digital starshot.
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