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Abstract

Heavy-ion cancer therapy using the Heavy-lon Medical Accelerator synchrotron in Chiba (HIMAC) has been admin-
istered to more than 9000 patients since 1994. We started the heavy ion cancer therapy using a 3-D scanning irradiation
system in May 2011, at New Particle Therapy Research Facility in NIRS. In order to enhance the treatment quality by
achieving a precise dose control, we have continued some R&Ds on HIMAC synchrotron and its irradiation system,
such as a multiple-energy synchrotron operation with stepwise flattops and development of an isocentric superconducting
rotating-gantry. This paper outlines those R&Ds as well as the present status of HIMAC accelerator facility.
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Figure 1: HIMAC accelerator and the new particle therapy
research facility. A superconducting gantry is being con-
structed in the room “G”.
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Table 1: Parameters for multiple energy operation.”!

Injection Energy 6 MeV/u
Output Energy 48-430 MeV/u
Num. of energy steps 202
Energy interval 1-7MeV/u
Range interval 1-2 mmWEL

Transition time 10-50 ms/step
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Figure 3: Experimental result of the multiple energy operation and the beam extraction with the beam intensity

modulation.!

1400
1200

1000 -

@
Qo
3

Current (A)

N o
s} =)
S S

N
o
o

‘‘‘‘‘‘‘

0 - T
0 0.5 1 1.5 2 25 3
Time (s)

Figure 2: Current pattern of 202-step multiple energy op-
eration for a bending-magnet power supply.
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Figure 4: Beam envelops of HEBT-beam-chopper

system.[*]
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Figure 5: A schematic drawing of the beam-line configuration for the rotating gantry. The superconducting-bending
magnets are shown as BMO1-BM10. The scanning magnets are shown as SCM-X and SCM-Y.!%!
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Figure 6: Superconducting magnets of BM04 and BM10 in
field measurements at NIRS.6]

Figure 7: Installation of the gantry structure to the gantry
room in NIRS.[®]

Y—23600 b EBEAZEETHIDITHL,
A P Y —IZEZ 12300 b URREEICINE 3.

2014 FFEEERICARERA OBEEDE 1 L 72, #IsEEE
A OBLER, NMR I X 2EHER Y, F—ILETIC
kB~ v € v 722l lcs LT L (Fig. 6),
A OMEREDE S TV 5 2 & 2 TR L 72 100

MIHEAEE A DM - 1371 2015 FERTEICE T L, 2
D%, MR, BIZEERN DA - JaftH3TH N (Fig. 7),
BUE I MIEREEAROM AL T2 T LB H 5.
JE, MRS OBGEESE 2 20 U, BIAE (3 A REACHR -
MR 21T ) LI, RN E OS2 61T <
W5,

Z DH

-327 -



Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015 FSP017

201447 B HERSAR [hrl

0 1200 2400 3600 4800 6000
INJ
LR
Usy
LEL
LY LR E
fpr
UBT it
i
LBT gk
NT

Figure 8: Operation-time distribution of HIMAC accelera-
tor complex.
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Figure 9: Temporal evolution of the operation time.
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Figure 10: HIMAC troubles occurred in FY 2014.
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