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Abstract

The purpose of this research is to develop a compact single room proton therapy system based on a synchrotron. In
order to reduce the footprint of the accelerator system, the bending magnet installed between the synchrotron exit and the
rotating gantry entrance is removed, and the number of the quadrupole magnets in the straight section is reduced to two.
The dispersion function and the beam size at the isocenter can be adjusted to the desired value in any rotating angle of
the gantry. The influences of the non-zero dispersion gradient and the non-zero beam size gradient are negligible.
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Figure 1: Schematic layout of the accelerator system.
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Table 1: Optical Parameters of the Extracted Beam and
Target Values at the Isocenter

Unit Extracted Beam ajﬁfi(}iﬂﬁ:ﬂ

P m 5.1 5.0

Ox - 0.6 -

Nx m 4.7 0.0

[/ - 0.5 -

i m 2.3 2.5

oy - -0.1 -

Ny m 0 0.0

' - 0 -
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Figure 2: Calculated horizontal Twiss parameters.

25

|
|
|

Exit |

N
o
Gantry
Entrance
Isocenter

Synchrotron [~

-
w

By (Vertical) [mm]
S

0 2 4 6 8 10 12 14 16 18
Distance from the Synchrotron exit [m]

Figure 3: Calculated vertical Twiss parameters.

Synchrotron

Exit
Gantry
Entrance

“— Isocenter

-
&)
=]
=]
=]

nnnn n

0deg

-
o

Horizontal

Dispersion [m]

Vertical

90 deg

-10
0 2 4 6 8 10 12 14 16 18

Distance from the synchrotron exit [m]

Figure 4: Calculated dispersions.

- 1267 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 WEP137

R ORI ERAZEK L, HEBT %, GABT Z&H o
VUt SR BEA G R 8 RITIRIL 723 A Th->Th,
EEETT: LDWFERT AR 2 TDH N —[aldE £
ICBWTHEEE —BSELIENAHETHD, T4/
VEIIZRBITAETAANR—=ar DAL O — LAY AR
DAL (a) 23 0 TIRWIENREE — LD MERE~5-2
DEBIZOWTIRHNZ TE LT 5,

4. BBHIE—LMEREDELE

4.1 TAAN—Var OARICEI D

TAVBHZBIT DT A A=V a OARLN 0 T
W EM BRI E — AL E QR A BN 5 2 D825
b\’C%ié FAANR—=V g OFHERE BRI, 7/1’
VYL RICBITDHT A A= ar D AFEEOHEGHE
KT l4rad THD, B — LTI MIZ Té%%%’(*’
4[5) @ﬁfﬁu.i’7/f/t/?7ﬁlgi150m DFERE LT

ALV BEANTOT 4 2=V ar Otk KT
021m LB, by bR HENAE —AOD@
HEOEFEE 0.02%EE LA, BT
HEHE — A EOEE TR KT 0. 042mm cEiﬁéo _@
EAE 74’/%2/5' IBITD lo B — LA RARLAF v =
7 IBEHEIZIB T DB AR Y OB MR~ TR 2 #7/h
SN, TA B ZICBITDT AAN—ar OAFN

0 TRNWIEIZEDIHE — M7 & OB RS B 27
EH”Z)LT R D720,

42 E—AVPARXOELRIC

TA) VAT EBITD Twiss /3XTA—H a 73 0 T/RWD
ENHE — DY ARG 2 DB HONWTE XD,
KL ARBRIZE WD TR E — 20 A XN EBEFEERNO
ESISCTEALTHZ LT R ATRETHY |, K- HRIE R
ORI BF RN fét‘~A#41‘®ﬁ{lﬁ%
EREL- ECTIERSNS, TIEOT TAYBHIEBITD
a3 0 THRWEA Th-> THEEARNICB T e —2%
AXDEA B AR iﬁﬁ%ﬁr%ﬁ/ﬁiﬁ“éifdﬁ”ﬂ%k 137
BIRVN, — T, 7AYo AZBT D a h3H ) —[alEE
IR IETHZEICED, TAV B Z2L0E ML E ., 13
VWL E TR > N — DRSO IR E— 20 8
DEL, B — YA XREE T B REMERH D, KL T
BIRIFRICB W OREF I EEE S H W HE — AR 0E
VAL Z - N WL =5 N A (5 A R N R S K B o)
Wy, TAVBARZEBTD a % 0 SDOEET S

BITIE N — RO — A A X DA B )3 R
%ﬂ‘@?%%ﬁiﬁ‘éh“@%%ﬁ@ﬁb\%ﬁT%é:k%ﬁﬁ%b
TBWELRDHD,

Twiss A?% HDF kf*%ﬂlﬁ‘ii’bézf\ TAI B HED
15em b¥RICEITS B O®IHIZAKIE ST 5.25m~
5.46m, TEE TR T 2.39m~2.49m\ TAYEBED 15cm
THUCEIT S B OEFAITAKEF M T4.57m~4.76m, T
lﬁjﬂ"fﬂ’(“ 2.53m~2.63m &72%, > T, A —[Elfxs

\ZEED B DZAIZ LAY — LY A XD LTI IS
DUVTENR 2.05%., TEIFHEIZOWVTHENE 2.05% Th
D, RN ZTER 95 L CRICRIBES 3725720,

El/ ZER

79

5. &

AW TIX, v rabar i VW —S=R O 753
BIES AT IZOWT, HEBT % O A B A 24
L. UAREERS A O BEE IR T 5D TELE — A
RO G FEE B R LT,

_ i*"ﬁ"(o FE.90 FE) DH N —[alE I ONTT A
VR BICBITAT A A= ar iy 0 LleAREE — LG
ER PO ER A DO EERETHIEIZED,
HEBT RO AR A B A 2B LT-E — Ak R T
HoTHETOH N —EIEMHIZONTT A/ B HIZ

7‘6%“4K/\°~—/“a/7& 0 [THHIET AZENARETH D,
if_ TAV B HNZBITDIHFNTA—ED I —
s R R AT ORIKISIEL L, [EEH R — A BICBT
DHFNRT A= B E R TN ORAT D10,
HEBT %, GABT RIZEX{EIILHIUARERA O B HE
BEIC 8 AETIRIN T AT EMNAIREL 2D,

RKFEETIETA B ZZBITET 4 A=V ar 0k
BL2s 0 &7p5Z bt — A %%uxﬁr@ﬁ?”f']?kfﬁlﬁ&bf
WD, ZAUC IV AT RS E — LML E DO B TR
%#E??&%Eiﬁ“éif?ﬂ HERDIRWER T/ NS, [RRE
W2 TAYBZIZEBTD ad 0 TRWZEIZEID AT
e — AT A XDOEENG R B2 k35 ETOREE
SV AN

PLEXY o rabas e s — RO R IRE
VAT LTI, AW TRE T O A TFIEOE H
|28V HEBT R AMERIVGFEME L, IHES AT L2 K

X R A I T A ER A RETH D,

S5

[1] Martin Jermann, “Particle Therapy Statistics in 2014”,
Statistics of patients treated in particle therapy facilities
worldwide;
https://www.ptcog.ch/archive/patient_statistics/ijpt-15-
00013.pdf

[2] Th. Colmant et al., “The IBA S2C2: From First Unit to
Industrial Product”, Presented at the 21st International
Conference on Cyclotrons and their applications, Ziirich,
Schweiz, Sept. 11-16, 2016.

[3] “PROTON-ION MEDICAL MACHINE STUDY (PIMMS)
PART I”, p143 (1999).

[4] Y. Iwata et al, “PRESENT STATUS OF A
SUPERCONDUCTING ROTATING-GANTRY FOR
CARBON THERAPY”, Proceedings of HIAT2015,
Yokohama, Japan.

[5] Marius Pavlovic, “A design of a rotating gantry for non-
symmetric”, Nuclear Instruments and Methods in Physics
Research A 438 (1999) 548-559.

[6] F. Ebina et al., “B5THriam A/ ML rabar DRFF,
IEEEJ Transactions on Industry Applications Vol.136 No. 5
pp-312-318 (2016).

- 1268 -



