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Abstract

Recently, the demand for proton beam therapy is increasing because it can be done with less radiation exposure to
healthy tissues than X-ray therapy. In order to reduce footprint of protontherapy systems, we developed a compact proton
synchrotron with a circumference of 18m, the smallest in the world for proton beam therapy. The number of
electromagnets that make up the compact synchrotron is reduced to 11 by applying horizontally weak focusing optics.
Stable operation of the synchrotron was realized by cooperation of three-dimensional magnetic field analysis and particle
tracking simulation. The synchrotron has been applied for proton beam therapy with scanning irradiation method since
2014. Since the compact synchrotron is introduced to more than 10 facilities in the world, including under construction,

this synchrotron has greatly contributed to the spread of proton therapy systems.

de BB
1. 8=

1.1 B -Ras /NS~ AT 2

B -2 MR L TS A D RS~ RS~ D15 1RG5
L XERBFRIZ L TR LA O S R ik 2 A8 C
%&Afébﬁabfﬁﬁ%@ EHNE EoTUVND, FRIT,

B A B 78 C IR eI ER T DA v = 7 B

?fai\ TEHEZR T AR D JEIEH 6 L Ch RS FE O i O IR B 3
AIRE TH DT EN DG T RRIRFRIZ I TR R 70 B 5+
Hifreiev o255, — 5T, ekAF =0 7 HRHIEIC
W ATREZR B T v ya i d—JE S 23m &R D%
& THY, ZO/INUCIIBG T RIER S AT LD K2
FDRRBEE 72> TV, Tk 1, 2010 Eb A E K5
& HSEEUERT S U CHEEEL T E R 7 ey = 7 MRS
IR R BT 0T A ICBWT, ARy =0 7R
FHEIZRHME L2 G L L it R/ N 72 2 8 K 18m
B rRRia Y v rabay OG- sabay) &
BAZE L . B B IBIE L AT AO/N LA EBLT-, ALiE
B RFRBE G TR iRE o 2 — I E ST/ N -
rrakarOEBEE Fig 1 IR d, A vrabhai it
2014 FEXDAF v =0 7 BREHEA# U715 R IR IS
it TRy, 2019 FEHIE TR T ETEDDLEMR
10 DL EDOTEZFRIZB VTR v rabhar OB AN ere
EB AR AT 2O RIZRKESEHEL T0D,
2. IZNFFI /OO ORFE
2.1 /A atar 0w

TEROB 7B L > 7 ubm AR, TREOW
FENZ DWW TR R 202 R 2 AL TRY, 2 &
AT 10 B OV E R A % EARE P ISR E T D0 E
W&ol Fiz, KT COD OFIEEDY .EHLﬁH/\‘/7°$JL

HEDRD 2\ B DK NEART TV 7 B AA DA%
INTEY, INHEMAZRETHT2D _Eb\ﬁﬁ*ﬁ

# futaro.ebina.jy@hitachi.co.jp

BT DM BN ST,

FIZT MR o 7abar OBISICB W TIIK
ALl J)?%%%Hiﬁkf;éi‘ﬁ%ﬁ%%ﬂﬁ‘é &I A
WA D EEE 1 R 4 BIZHIEL, K COD OHf
EZ R B A O RO I LT 528 TKE
AT TV T ERA B IREEWE LT, NG 7ak
2 DA ) R A iﬂlﬁl%ﬁ@ﬂ&ﬁz JEEE — ADUYL
#. K COD HIEDH GHOTM B
E@%O%ﬁ%ﬁbﬁ@{ﬁﬁ IZRESN TV,
AN /J\?éﬁ%%v‘/ymmyﬂiﬁﬁ COD O¥ A%+
IS Z LN T8, TEE COD #EHDATTY

TERA TR E S TR,

NG rahrr O % Fig. 2 1R, /b
BIRG->7aba ATE A 4, K IO TR
WONFREARALTHY, ©— L ASITIT L HE 5
ANFHE, B —LH U & B A O T2 O ERD H
UIE[1ZEHWTWD, 4 DFTO ERRERIEZ IVE LA,
I, BOHL FET 7L 24)  BOHL (72 L8

Figure 1: Compact proton synchrotron installed in the
proton beam therapy center of Hokkaido university
hospital.
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Figure 2: Figure of the compact proton synchrotron.
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Table 1: Main Parameters of the Synchrotron

Conventional Compact
Circumference 23.0m 18.0 m
Operating point (1.685, 1.460) (0.678, 1.465)
Injection Multi turn injection
Extraction RF-driven slow extraction
Number of magnets 26 11

Bending magnet Quadrupole magnet
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Figure 3: Figure of the compact proton synchrotron.
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Figure 4: Flowchart of designing pole shape of the bending
magnet for the compact proton synchrotron.
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Figure 5: Comparison of measured tune and calculated
tune.
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Figure 6: Schematic view of the Hardt condition.
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Figure 7: Schematic view of the constant turn-separation
(spiral-step) condition.
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Figure 8: Simulated horizontal phase space distribution at
the entrance of the electrostatic deflector (Q; = —2).
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Figure 9: Layout of the single room proton beam therapy
system.
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Figure 10: Calculated dispersions of the single room
proton beam therapy system.
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