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Abstract

We made design study of a 4 Tesla superconducting AVF cyclotron for proton therapy. Its yoke weight is 55 tons,
which is about one fourth of our normal conducting 230 MeV cyclotron. In order to reduce the size and the weight
without deteriorating the beam stability, the hill gap around the outer pole radius is made small. Calculated extraction
efficiency is higher than 60%, by arranging the extraction elements properly. Liquid-helium free low temperature
superconducting coil using NbTi wire is conduction-cooled by 4K GM cryocooler. Three dimensional electromagnetic
finite element codes have been used during all phases of basic design.
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Figure 1: Schematic view of P235 and SC cyclotrons for
proton therapy.
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Table 1: Comparison of P235 and SC cyclotrons
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Figure 2: Magnetic field of SC cyclotron calculated by
Opera-3d code™ (1/8 model).
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Figure 3: Tune diagram.

Table 2: Main specifications of SC cyclotron
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Figure 4: Beam orbit simulation in a center region.
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Figure 5: Electromagnetic field calculation of an RF
cavity with Microwave studio code.

RF A 22 i%, A% 963 MHz (H=2),
ﬂ?ﬂ’ v ZEEZHL 50 kv, S 100 kv & LT,
Figure 5 2" X912 3 wocEBMEGHE=—F
Microwave studio!®% fHUNT RF /X5 XA X ZEHE LT,
ZORER, 80%Q #IUE L TZHM 1 Bdiz b OB
K3 40kW & RFES ALz,

E— A5 HEEE 5701 BAH=0 o
WA B 7‘6%%75)%60)’( Sl REF 22
MzE—HB AN, BUEFHE TIXZ0ERE AND Z
LI TE— AT O N TIEDR D &V 72
BIFRATT, BRI LMERWRER ol

5. E—LBIH

230 MeV DL B2 S =B ixfET 7 L7 &
(ESD) & M 72k T v o RrVMC)THA 7 1
nrOAMIEE I NG, ERBAR LTZTZ® MC

D—ERA VIR ZE R O Iz ATz, JERIEE IR
Bh 5 2720202, MC & A% 180 Xt
I AT, WA O 2 Bt 2 R 7= 7,

A A UPEMNHHZE LT ESD f(LE Tl &
v — LD H OB % Figure 6 12789, TR/LF—N0
KOHDORLFHNDHN, ZNDIFA A VIFEEZHD L&

®D RE MHERHNTNDOTHOLEROZAY » F T
moR< ZEnTED, MYERS & ESD (iLiET=
I v H A E~3 amm-mrad, EEB R VD 12+£0.2%
Lhpolz, E—ABRABEICLTHOEE TS
WCE =LY A X5l B LI v AREINEILN
DEMOTZ EbHIKD, 5lHZEIL ESD ot
X LDESRAFT 528, 03~0.0mm &3 % L#E
FHE T 60~80%& 72072,

op=96.310 MHz <E>=241.135 MeV.
BE= . T 243

gt e

242 | W
241 | el ¥

R gt .‘,f-}%"

280 | 7
2830 |

238 |-
237 + . B 237

ogg bl 1 236 L
3 -25 2 -15 -1 05 0 05 1 [] 10

 (mm) +600 mm RF phase (deg)

E (MeV)
E (MeV)

depys 2835 nmm-mrad
&) Norha \;‘éd-2159kmm ol

4egpg ;=1.186 zmm-mrad
[NorhalizEd: 0’865 kmmtmral

pr (mrad)
p (mrad)
o

72
3 25 2 15 -1 05 0 05 1 2151 -05 0 05 1 15 2
r (mm) +600 mm 2(mm)

Figure 6: Extracted beam phase plot at ESD.
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Figure 7: SC cryostat.
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