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Abstract

A synchrotron employing superconducting technology has been developing to realize further compactness and low-
cost facility for carbon-ion radiotherapy. This superconducting magnet is adapting a conducting cooling system to
realize a repeating operation with a ramp rate of 0.7 T/s. Low AC-loss superconducting wire having ¢1.0 mm was
newly developed, and it is wound up on the coil bobbin which is made of G-FRP by the method of surface winding so
as to obtain the cosO current distribution. The cos® current distribution cannot be maintained at the end of magnet,
therefore, multipole magnetic fields are generated. Especially, large sextupole magnetic field is generated and it causes
a reduction of a dynamic aperture. We developed a reduction method of the sextupole magnetic field in consideration of
a beta-function. To verify the correctness of our magnetic field design, we have manufactured a short-coil model
magnet. We will report the magnetic field design of the superconducting synchrotron as well as the result of magnetic

field measurement of the model magnet.
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Table 1: Specifications for the Superconducting Magnet

Bending angle [deg] 90 (45%2)
Bending radius [m] 1.89
Field ramp speed [T/s] 0.7
Maximum dipole field [T] 3.5
Maximum field gradient [T/m] 2
Effective magnetic field for [mm)] (30, £19)
injection beam (Hori., Vert.)
Effective magnetic field for [mm] (47, £8)
extraction beam (Hori., Vert.)
Field uniformity (dipole) <£2.5x10*
Field uniformity (quadrupole) <£1x1073

RBARERR T HT72 1B R LT o1 mm DK AC B R#R
ZERFTA, ARTR 70%@4.2 K FLE LD I
EIMATRIEL, 265 A Zi RREEIRE LT, EDRER.
B A VA —H T i3 ALC 1070 Turn/pole &
ol ZOaA L G-FRP ®oa A/ V& Bz —
T2 AUA LT 4TI E0EBNND, KBS E cosl,
VURRRE 51T c0s20 DEEIL AT &72 D LA VRl E %
e LTz, Figure 1 12 4, WUAR= AV OBLEZ RS,

-223 -



Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan

PASJ2021 MOP002

0 120

Y [mm]

-120-100 80336

-120

X [mm]

Figure 1: Cross-sectional view of the superconducting
coil. Dipole and quadrupole coils are wound up on the
coil bobbin concentrically.

THRaAV 22 &, URRT AL 2 DR LR TUNND,
e DX cos® DEE A FOND2A/VELE A R
BLCEZAN, aA NVl T/ VBV EILOBER B Z
DEJRAEAERF TE, Ko TS RIS HmER 5
MWEC D, EVOIT A )V IMED SRKEE 5y DY HE
FAIREL, TNDF AT I I T N—F v — 5D D
K &72d, AN OB ENZB W TH N —Z 3%
DEACTHZEND, N—F A B B LT Stk
AR ENNIETH T, V=T 2 RTA T4 725D
B TIIIAN AL BT RITEBREE TEHIEND,
ZIERIA LT SRS R i B T IEE B R LT, £z,
WG et O IE Y M E R b7 v a—hafLET L
BB ER A OEEZITV, F ORI EZIT-T-D
TEDLETHRET D,

2. A )LInER7NABHE LS A5 IE

ARG A VT3 A NV CHeE ZRITEND, 2
DES TIIIANVBELED cosd DERSAZVELE B &
IRBIRNTED | IANVUREBIIE S DAL D, R
ARG R S B REL, v rabary Dol —igy
IZBWTCHOH AT I T =T =3k FED B — LA
DECDHZ LN TD, Figure 2 1L A /L 2ME
DA IVEGERD SRR % 7 B R LD, A VN
EAMETTHRIE DS B 70 B SABEEE D3AE C D, AL v abn
ANIFAVERE DO FELNEIIZ I W TH RN —Z B E
1T 50 INNZAF I T T I8 —F % —% R T D7D
1. SERBESS Ry & T AR S B A 721 Tlad, R—4
B 2 8 LT NERIES A5y DA E RS L B 72D, 22
TIENBRES RSy D IEIZ DWW TRFT A T -T2,

KABIRE B A TIE olmm DOF /I AREY—7 =%
TA T 4 T LAV ERE B ZIRTTEREIT,
ARFETIT MooV FIZ cos nd (n: 3850 O &R LS
ERGICFEEDHZENTRETH S, ZHEFHL TaA v
UEEBIZFEAE L CWD ASBREG Y O IEE 5 2 72, a4
IR FE A L QD SRS B 70 2 4T H 1 3R

200

150

100

50

b3 [T/m2]

0 200 400 600 0 1000

-50

Dipole coil
-100
s [m]

Figure 2: Sextupole magnetic field which occurs in the
edge of dipole coil.
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Figure 3: An arrangement of the coil edge for a correcting
of the sextupole magnetic field.
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Figure 4: Comparison of the sextupole magnetic field at
coil edge between before and after adjustment.
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Figure 5: Sextupole magnet field of the dipole coil after
adjusting the sextupole distribution and size so as to keep
large dynamic aperture.
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Figure 6: The dipole magnetic field distribution which
was converted into 265 A.

150
——Measured

——3D-cal.

100

50

b3 [T/m2]

300 400 600

-50

-100

s [mm)]

Figure 7: Comparison of the sextupole magnetic field
between the result of field measurement result and 3D
calculation.
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Figure 8: Comparison of the dipole magnetic field
between the result of field measurement and 3D
calculation under the excitation current of 265 A.
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