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Abstract

Yamagata University has carried out a heavy ion treatment facility project since 2004. Building and treatment machine
has been constructed since 2017. The carbon ion medical accelerator consists of a permanent-magnet type electron
cyclotron resonance (ECR) ion source, a series of linear accelerator of radiofrequency quadrupole (RFQ) and interdigital
H-mode drift tube linac (IH-DTL) with an energy of 4 MeV/u, and an alternative gradient synchrotron of 430 MeV/u.
There are two irradiation rooms, one has a fixed horizontal port and the other has a rotating gantry port with
superconducting magnets. Since the irradiation rooms are placed above the accelerator room, the footprint of the building
is only 45 X 45 m, which is significantly smaller than preceding facilities.

The synchrotron has a variable-energy flattop operation pattern with 600 energies. This operation enables a three-
dimensional spot scanning irradiation without range shifters. A superconducting rotating gantry is equipped with a pair
of improved scanning magnets in the downstream of the final bending magnets and is downsized to 2/3 of the first model
built in NIRS.

The construction of the building was completed in May 2019. The treatment irradiation will start in August 2020 after
beam tests and clinical beam data measurement.

1 EIs) = Table 1: Specification of Treatment Facility in Yamagata

' - University

AU LEOE KL% O ERL T RRIAEEE ., B

TRIE FHe B IE AT IUEF) O HIMAC (2 TAKS RN B Ion Source 10 keV/u C*
ﬁééﬂf:[l]hﬁjﬁ?ﬁf“@ B A7 Eé‘ﬁf)ﬁﬁkr%ﬁ%% . 10 GHz ECR w/ permanent magnet
2003 £R(ZIFE e E R IR L L CORRRS AL, 2016 £RITIE ,
— DK BIMRRBIEOR R L7012, 2019 4EFE,  Linae 0.6 MeVin REQ
ERRE TS . BRSHE LS AL D RBRFZ IR D6 5 4 MeV IH-DTL
Lo TS, [ENTIEREIZ 6 s 03B @ 1L T30, kL Synchrotron Energy 50 — 430 MeV/u
FHRERITBROERICB W TEEREL O DHIC Circumference ~63 m
EHoTUVD,

Beam Intensity:3x107 - 1x10° pps

A ISV AL 7 08 YO e
IR TIE, 200447005 BORL R RCRIE O Extended flattop operation

ZEHEL, 2013 F0b=ZEEMK B LOHE Lo L FEF .
2212 10 . RS P2 00 e <o 3k FR IR 0D A 4 S A e Irradiation System  # of rooms: 2

IZEDE =R — (L DBAZE ATV [2][3]. B 7 4] (Fixed Horizontal / Rotating Gatry)
LIR D BRI HBRIB R i ER O F% 8 O Wi A oD T T2, Field Size: 200 X 200 mm
2015 ﬁz‘&:%%iﬁ%%%§”’f@%%§ X H 2&%&%‘\ @ Dose rate: >2 Gy/min for 1 L

AR TR | MG 23 O T IR PR B I HUE L 2

N s Positioning: Crossed X-ray (Gatin,
EHRREL . 2017 A5 HER L OV B O R A4 T > C ¢ Y (Gating

i, R ORI PRI 5 AT, aealeblo)
o HFE/ OB B EREIC LA A R R i 2 Building Size: W45 mXD 45 mXH45m
o HRE/IOBIRERHLT R — Shielding: Concrete 0.5 - 3 m (+Iron
o LUVVIAREDT LT —AFr=0 7 FR local shielding)
o [EIEAYNT—IIZX DR IBIRER Natural Air Conditioning
o HxpNX—REom L

TEE B IO EOARIT Table 1 D@ TH D,

# souda@med.id.yamagata-u.ac.jp

-330 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

2. hniE:S
T3 SR e R /N R TR TR 1 0D 3 3 s

L. EKAmEAR ECR A4 [4]& 4 MeV/u REQ+IH-
DTL #RENEER[5]. 430 MeV/u v 7ahma [6] CHERL
sha,

AA AT IAThERR ThHREE KB TR IE S
> —(GHMC) L 43 ) I AT A3 At v 2 —(KCC) TD
FIFIZIADNWT ) — R IR B O BT AIF
TIEER7R NI . KRB A D AR HL D JE 1) 2 S
IXURE LTS 2 CE L0127 5,

%ﬁﬁébuﬁ%&ci\ RFQ (ZOWCHeAT4 B4 [EFSE[7]

BWCTRYELENMER FLRELTZERS 150 kW O -85 (K
7/7 AT AHIET, MEEBEOREEBLIOVHE

BT = AR ORNEE BEL T0A,

v zabrlt GHMC X° KCC E[REEDJEE T, &
KEFLE—1T 430 MeV/u THD, AR D Gap &
T HIETE X — A A REL L CD, £
7= v rabay OERIZB W TR, - Y17
NNTE — AR NFX—E R LTI AT RLX —E
#i5 7 RE R 5, UKD KA fER THIH T, L
VOV RAERERE T AT /akhar TR 600 BRd—
INF =5 ERTDHTNVTFIX —AX Y U EITHTE
Thd, Fo, MEROFHFEFRE I — L RE 21T
DIRVIREE CIXE IR E A S =RV — 23R LT B
INHREIRREIZ D =R/ — R AT TO[8],

B — AR, SARELE T Il T — A0 T
[AZF T Vertical Dispersion 2358435728, 2tk
Hif&3 % Lattice & EHE72>TW5, F7-, [HEEH R —
TIXIREAA B IZ LS TR SREOE — AP A XA
L. ZhZ2@BNciET o2 liTasyya=r 7 B o
EWMbEHL<T=D, B — 2% A XD A ERTEEE /NS
T L2 2 T 5[9, 10],

3' Il\\gT
HETE S ¢7k$lm;-€§¢$&@$ﬁﬁyw~,aw$@ 2

Figure 1: Three-dimensional layout of the accelerator and
irradiation room.
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Figure 2: Schematic view of natural air cooling.
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Figure 3: Photograph of accelerator room.

Figure 4: Photograph of fixed port treatment room.
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