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Next-Generation Proton Therapy System for Short-Time Irradiation of Moving Organs
O %2 IF  fdk*

Kenzo SASAI

LightningScan Technology

" 5 times faster Scanning speed

Intra-layer scan speed: 20 m/s = 100 m/s

,‘ 3 times faster Layer switching time

Layer switching time: 0.35s—0.1s
e — .

Bgam current: 300 nA = 1000 nA

New model
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Conceptual image of ultra-fast irradiation technology
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Challenges in proton therapy include irradiation
of respiratory organs, the need for large buildings,
and patient throughput. SHI has developed a next-
generation proton therapy system to solve these
problems. The features of the next-generation system
are short-time irradiation for moving organs, reduced
building volume, and simplified patient positioning.
These features are expected to solve issues related to
proton therapy.
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g2 HUCHEIHh, BEIHICHKESNLBEEY (/00 (SC230)

Newly developed superconducting cyclotron (SC230) installed at Saijo Works

Delivery time simulation (s) for 2Gy

25

20
10

5 -
0

Liver

- Existing

[ | Next-gen

Prostate

=3 RRETIVERMRET IV THRL B EORFHF[MOL IaL -2 3>

Simulation of irradiation time per site compared between conventional and next-generation models
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Layout of (a) single- and (b) multi-treatment room models

X4

Multiple treatment room model allows for installation of multiple treatment rooms including rotating gantry
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Image of treatment room

Treatment room is equipped with 360-degree rotating gantry, scanning nozzle, cone-beam CT, and robotic bed
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Results of performance tests

(a) Beam stability test at maximum cyclotron current (b)Energy switching test
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Superconducting AVE Cyclotron for Proton Therapy
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Yuta EBARA Hiroshi TSUTSUI Shu NAKAJIMA Jun YOSHIDA Takehisa TSURUDOME Takuya MIYASHITA

BF#RD AJREER (T EEE AVF 470 ~0O 2 SC230
Superconducting AVFE cyclotron for proton therapy SC230

WH T, BFEPAEBEY AT LOENE - REE1T The SHI Group has developed cyclotrons for proton
2THY, ChETELDRETHAREICEIL TZ therapy and has contributed to treatment at hospitals.
A y s o= s . A new superconducting AVF cyclotron SC230 was
Teo HE, LU ORBEADERY AT LBAZFHE developed. With a yoke diameter, height and weight of
I3, FBADKR—> FO—DTHIBFINE 2.8m, 1.7m and 65t, respectively, it is currently the
BONEUESRDON TV, CDESEEEDD & most compact isochronous cyclotron for proton therapy.
ar . . ’ Size reduction was achieved by a high magnetic field
HHICHWVT, BEEY I Xy F2HVEBEEAVFY using cryogen-free superconducting coils. It has a
40 0O>SC2300HFES N, NEUEPEH S I, maximum beam current of 1000nA. The total power

= 2 % 2 i - oy consumption of its system is lower than 200kW. This
CORRETE, SHTRERDNTI LIRS CEER paper introduces the developed superconducting AVF

<%y MY EMPRYANSHh, BEEOIL cyclotron SC230.
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Size reduction of cyclotron by superconductivity
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Schematic of pole shape in SC230
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Schematic of magnetic field distribution in SC230
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Inside acceleration chamber of SC230
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b SC2300BE%E &tz
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(1) H.Tsutsui, et al., Design study of a superconducting AVF
cyclotron for proton therapy, Proceedings of Cyclotrons 2013 (2013).

(2) Y.Ebara,et al., First beam extraction from a superconducting
azimuthally varying field cyclotron for proton therapy,Nuclear
Instruments and Methods in Physics Research Section A:

Accelerators, Spectrometers, Detectors and Associated Equipment
1056 (2023).
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Development of Multi-Ion Source for Heavy-Ion Therapy

@ A H o

Shinji NOMURA
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Nobuaki TAKAHASHI
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Schematic drawing of multi-ion source

PABED—IETH 5ENTFHREED S 5 & 2 6E
ROmLEZHIEL T, ELFAERREREEAEFREEMTH
ZHEMEB(QST) 2R DICEFXA RO 17 b #E
EIhTWs, EFAX70Y 17 bTlE, BHDOA
FLERAVWBYILFAF U BEPEARS O, KYRE
N CEMERADERWVWEEDERPHAFEIA TS, Lt
QSTEHRET, YILFAF 2 ABEDOERICH T TEDH T
BEELRENERETIINF A4 IEORRICKINU =,
VIVFAFRIEANY N1 BDA A VIETAESE
DAFLANUDLLF, RBAT>, BRA4>,
FAAF L) EERICYIEBATERTDIENTE
%, BERELEYIVF A4 2 EEQSTOER FHRAEER
(HIMAC : Heavy lon Medical Accelerator in Chiba)
(B L, E—LMBEDOHRHBRZERL /2.
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DATEIRO T I\, R FHIATEIL T OB
FE & AR RN DB A R NRICI 2 25 &, HE kiR
e L THH IS TS, BAREINICEWTIE, KEA AV
% P72 ER RS ATRIER R A3 7 iRk, TR T I 14
b, ThoOMERIZE < DBFIZH - RO RN %
LT3,

MAIF204RLL BiSh 720, BRI -BRARRO R I 72

2 =Ry Ry T

H RIS AINIT

A IV =LY ATA Fiikr v 7

The Quantum Scalpel project is primarily conducted
by the National Institutes of Quantum Science and
Technology (QST) to enhance the therapeutic effects
of heavy-ion therapy. In the project, a multi-ion
therapy using various ion species has been already
developed to achieve more effective treatment with
fewer side effects. In collaboration with QST, SHI has
successfully developed a multi-ion source that will
play a crucial role in realizing multi-ion radiotherapy.
The multi-ion source is a compact unit capable of
producing four types of ions (helium, carbon, oxygen,
and neon ions) with fast switching. This ion source
has been installed in HIMAC of QST, and its beam
performance has been tested.

FRARICREF L CE 72, PRI, 44 VB LA EBHORSE
2B W THER et A Bk U, 2 ot & ko |
IZID A TED, Zh5 OB CERFIAREO W K &
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ER AT, XSGR ISR TEO R ER L KX
BRBaBIENREH L, BABEIZ SO TEN 2B % fif 2
TWb, ZOZEn6, BEDEMWEDM L EHEZIRO
AL AERY 29 2 TEHEARRHA R T\5, T,
&5 R BWEHGHROM LA BHIEL, QSTEAHROIIRT A 2T

9 FEATRE o EERBTRE

FRE#MEIR No.212 2024



VIVFA F CBREICE BRED M (X)) ELETH R (B 0

(118 A ™
YIalb—YariEgl

Simulation results of dose distribution (left) and LET distribution (right)

by multi-ion irradiation
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(LET : Linear energy transfer) 2@ <, 2AMPZIZH L Tk
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FIOFB3) 12 LT —Td %A, LETHMIZDOWTIE,
BEOSMINZ BN OLETAFEL T\, —J5, plan3
T, Eo A midplanl, 2 EFEIERICYEE—T, 2D, LETH
MBS EOLETAER LTS, Z0OZEn5, #HED
LET# W5 Z & TRESA 720 Th <, LET i &
(LTEBZ NGNS, LA L, fEROBETIZEESMHD
VD AERD, LETORMIZIZHEDEH LTI B5h >
7zo 2T, XDEWHEBE TLETO M & fsft§5 2 &
ZHMIZ, BIROA L RIS VL F 4 F v BRg
DBEYE A Bk L 720,

VILF A F VBN B WL, B &V EEE T
BZ2BRENRH D, 51T, WEOIZ MERKOBAH» S,
BEROA X V% 1 BDOA F Vi, SERT 2 Z e nEE L
%%, Uthid, QSTE DOMHFEIMZE AW L T F 4 4 v Hgt %
RIS T 5 2L T4 4 VIROMGEH S K UPIR A M) T & 2%,
Z LTC20224E 3 HIZ, REAF V72T ThHLIANY T A, BFE
2k VAR EEROA L VA SR B A TERT S YL
FA X VFEORFITKINI L 720, ZORFR Az & D~

X - HiE BENFREERYIVFAL L EORRE

TIFA A L RE RRBOLRE

=1 . 7 . . .
Comparison of multi-ion source with conventional ion
source used in heavy ion therapy
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Schematic drawing of conventional ECR ion source
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Zrlizky, XFIEAA X VAR ZERE 1 HOER
Yy Y a VT ZENMEETH S, THITkD, EEAND
WHERER A LU, BRI ZSIBHZIES S Z e WHIfFcE 5,

TLF AKX VIEIL, PR ERRICETY A 2o b ok
5 (ECR : Electron Cyclotron Resonance) %] L 72ZECR4
T VIETH B, B212, HERBEOBIKX AT T, SRS H» 5
WALV A 7alERnE oA sa by IBICKDETF%
MEA DL TT IR ER SIS, B S 72T T X<
i, Vs sty b 6RiEA Y HES Mg K DA
LA S, EA L2 ZAFED LA 4 F ¥ HBKIIZ R X
Nd, vUFA X VIR, EREERRIZY Y <2 %0 b
& 6 AR A ZHHT 5 Z & TERESCHMY 2T 4
EAREL L, a3y b THAXIROENA & VI E I
LT3, vILF 44 VETIEZH?, C¥, 0%, Ne™dD4
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ENHAF VT L OMIGIIEIETE L0, TRTOA 4

FRE#MIEIR No.212 2024

10



11

[Fi it

ST

2 ER R

Two-frequency heating technique

X3

YRECEEL L 2Rl — 0@ am a5 28T, 180
AF VIHTAREDA A Y HEOAEKAAREE 5> TWb, Z
D &SI, AAMAE OGS K0 TR & ROk
RIFEEEICIIZ T3, 20y 5y b&EHE, RN TOH
BB EOCEHAICBOTEEL AR— 2528 L, S0z
EAETRC T2 Z & Chis OB IC L A 5 4, BE
MaRiz e 263 2R hTn3,

vILFAFVIHETIE, ECRT 7 XV a2REX 57012
=4 7 a P14 GHzD FER T ~ 7 (SSA ¢ Solid-
State Amplifier) ZFFH L T3, ZOFER7 » 712GaN
ESETREE 5 v Y 2 & (HEMT : High Electron Mobility
Transistor) ZfiHLTHD, AT 2—7T 4 5% Tk KA
1kWO~ A4 7oz A w568 N4E A T\h5b, £/-,
PERME TR ST B #4795 7 ~ 7 (TWTA : Traveling
Wave Tube Amplifier) 135 7x 0, JIEMEOEWERE L &
STHD, WELTEHEIRAG T E 5 Z & h 5 EHRIERD
BRIz H 54 5, ZOIEMEE, BEC L Thilio
BRI ARE T 2 EE A TR E K> T 5,

TIF AKX VPEIE, R L FBRICECRA 4 VT H %
Zens, HENEZMOAF v E2ERTEIENTES, T
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L7zA F v &IN5 2 Ealfee 5 5, BEAFO BRI T-H#A
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X - HiE BENFREERYIVFAL 2 EORRE

HIMACICERBL Vv ILF A4 R

Ea Multi-ion source installed in HIMAC
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DY~ LEREDERMBEL OB BD 28D -7%,
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EER IS EHI T - -2 By, BMES B, T
W T — =2 (Bew) DRGSO % 2 N EHPE L 72,

YE U72Binjy Bminy Bext DM % B % & 5 1SR AAT
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HEE400mm, RX400mmbPAN& LT, BHAMITY 7 b
JMAG % i U TG O it & 17 - 720 A3+ v 4,
#k, R RETRT & T HELE TERASH RO 14 ¥
LA AR L2, FERICEYE L 22w L A & VOS5
i, Binjy, Buin, Bexe®IAREIZX L TLE %LU T DN % 3%
REBZENTE, ZHIZkD, ERXh B4+ VERD
FEIE DR < 7z,

32 HAYEZ

X XE LA F VAR E LR OBREY v Y 3 v
TAT 2L, A 2RO A 260FNEE T O ML D 5.
ZOEREN T RL, BETAF v EAYDBEAL I L &
Hi & L7 H 2700 2N I Nz, ZOHHEIE, &
LNIZNLTEHLTCT I X F v VNG I N5 4 2 &
ARG 5, Ed L 2L T A ZHE T 4 v Lk h
T, 7 AHEORMG T KU T & IEMIC IS 5, v
F4 % VI TIZHe*, C*, 0%, Ne™ O 4FHD A A+ ¥ D4
RIS, TNEFRAND L, X2V, BE 24 OH A
HXN T3, EEvL 2900 7oA ZATH 22T
HADEREHIET 5, ZORBEIZID A+ HEO 2 A
v FVIPEBL, B AF VARSI S Z e
TZ 5,

3.3 BIHLUEHEOES)

VILFAF VT, BEREMBORL S 4 FREHOA F v
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WHITE2ZLA#HME LEREICEZIVFY TLF2—T %

FRE#MEIR No.212 2024



X - HiE BENFREERYIVFAL L EORRE

(a)
1000
He™
He?* >1000e/.A
T42epuA
4
=
ID]H;_{ 500
=
N
Y
H+
110epA
0
40 60 80 100 120 140
AR OARE (A)

(b)
1000
H+
>1000exA
H2+
693euA
<
)
1% 500 ,
1= o3+
}Eq:ﬂl 352euA
N c*
231lepA c2+
142epA
0
60 80 100 120 140
B OB (A)
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Charge state distribution at beam test (a) helium ion, (b) carbon ion

Wwa Z &, 5l LEMOERENICAbYE Talid 53%5 L
L7,
3.4 2B EREIE (two-frequency heating technique)
ECRA #+ VHTIE, 2 00T~ A 7 ajiz{ititd s
ZEitky, FIXOREWNT LTSI EAREN TN
%9, ZoOHE, 2 BEEEEINE L ITHEh TS, (e
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oA T Ve L, Y TDA a7 v SRR A
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A VIEOEM T EIZ T, He?"13700epAlLE, CHiZ
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D SR 2 B & B EF ORI & 0, R T HEEE O
- mlRetEn i S h T s,

(2) VI FA & VYA ABEIC T B <L F 4 X VRO
W L7z, LA Vid, RAMAIZK D308
7 N EERT, PERT VA X D E TR A A,

fEd A AFRO YIS Z BT & W & i 2 T
%,

(3) vNLFA & VHGHZ X BEHOFEBUCIT T, 5%
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(BE )

(1) Inaniwa, T., Kanematsu, N., Noda, K. & Kamada, T., Treatment
planning of intensity modulated composite particle therapy with
dose and linear energy transfer optimization, Phys. Med. Biol., 62-12
(2017),5180.

(2) Muramatsu, M. et al. Concept design of new compact electron
cyclotron resonance ion source with permanent magnets for multi-
ion radiotherapy. in Journal of Physics : Conference Series, 2244
(2022),012094.

(3) Iwata, Y. et al. Design of a compact superconducting accelerator
for advanced heavy-ion therapy. Nucl. Instrum. Meth. A, 1053 (2023),
168312.

(4) Kitagawa, A. et al. Development of 18 GHz electron cyclotron
resonance ion source with high-voltage extraction configuration.
Rev. Sci. Instrum., 69-2 (1998), 674-676.

(5) Kitagawa, A. et al. Recent developments of ion sources for life-
science studies at the Heavy lon Medical Accelerator in Chiba.
Rev. Sci. Instrum., 87-2 (2016), 02C107.
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5HP Water Cooling Compressor
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Compressor unit E-77A
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L) =2 A B RL, BSOS - SR HTNC
B L=8 T 4 v 7y TORFICHD A TV S,
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TR SN T, HfilEL= (B 1) i3He s 2 OFHAME
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T 5 2 X — 2 R L OO /ML & & T AT
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Bz,

A AN AL — 2 RBR IR R L, Bz ISP L 22 B
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Compressor unit structure

FRECRERSTH D, ATIEBEIRO I X 0B P O
K 65950 %% LoD, RN ABITEDEREA T & 7=,
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- HEEH 7.5kW (WEERRE & [l —) 22 5
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- FEAEHIMESTE: 450 (W) X485 (D) X590 (H) mm (BEAF

1B (2 BeAEfif1.25W)
80
70
Ist 1 60W
< 60
; (60Hz)
AN 1st : 60 W
E 50 Ist 1 40W ond : 195 W
5]
— 40
30 st : 20W |- & Actual E-77A(30Hz) +RDE-412D4 (40 Hz)
1st: OW + Rated value with F-50 series
20
3 4 5 6 7 8
THEE T (kW)
(127 -)
6 2 PR (2 BT L.25 W)
Ist : 60 W
e dow
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Cooling performance with energy-saving operation

WA BUTULATHICHERLL T 528, 202449 ARIC
Iz ORI RIEEN D Z EBPEL T D, E-TTAIT,
KD EEAEVEDFRAES & 7 2 UL603351Z HEHl L 723%
Ate U, S HRREREREIC & 2 ek & 572,

E-77A DR
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22 WEICRASNEIN

(1) F A5 — 2 ORI & B/ EY
[EARREOWA - 2 B & UTiiEr 2123+ 4 v
PHEAXIND, FA N XISV — 21T, [EMEHROERH 2
IZEENSIAANEH 2GS HTHWS NS,
KBAFETIEA A L B SL — 2 NI OREL & 1T, fE
Khhdk o oA EX 2 L THARRER
30% /N B Z LN TE,
(2) BRI OREIR R LI & /ML (R i)
PERIEHIAL 2 T 4 VRO B IRER A PR L, HINL A4
7Y N TCHEROVERAEBELEL LT\, E-TTADBRTEIC
BV TEEHRE O SRR % T U CT- 1) 7 Bosg i
ALz, ZTHICKDBEBE RS 7L — L2800
WIZHGE T 5 Z ESAREE D, Rk AR R E
$930%fi/NG B Z & MTE Iz,
(3) UL60335%fhe D AHER &
ULIZKEOLRERBETH D, BRERFREE S IRE
FERRRERURS IS HEHL U T 2 00 % 58 & h B BRI ARGy
HREE I R L 2%, EfEREL= b %GO mIKHE

I/ INHEE IR TR, EARRILE0% & 2 D I EE T A&
WL 7z,

- EEREIZHAGA £ B A & DY A X H AR A FEB
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AREFEIZ KD, HER U AR /N 2 & O d i i3 b
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Suppression of Forward Degradation in SiC Power Semiconductor by Proton Beam Irradiation
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KoTW53,

HR D HER & P 2 el D & LT, SiCHisHPIZXR
fazEAT 22 LTk v ) 7 Hm & ERIITIGE X &, FK
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Space-saving BNCT (Boron Neutron Capture Therapy) System
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