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Abstract

In recent years, there has been a growing demand for energy-efficient, high-intensity compact accelerators using
superconducting magnet acceleration technology. In particular a self-shielded compact accelerator that can be installed
in a hospital is desirable for the mass production of short-lived RIs such as 2'' At required for targeted alpha-ray therapy
and '®F for Positron Emission Tomography (PET) scan, and for accelerator-based neutron sources for BNCT. Therefore,
we have started to design a self-shielded skeleton cyclotron using high-temperature superconducting coils (HTS-SC),
which is characterized by air-core magnet configuration for the main and sector coils to reduce weight and to form high-
precision, highly stable, and highly stable magnetic fields with good reproducibility in a short period of time. The
maximum acceleration energy is 80 MeV for “He?*, 40 MeV for deuteron and 70 MeV for proton, aiming at a high
intensity beam of several hundred pA or more with a 50 cm extraction radius. Conceptual design of a new skeleton
cyclotron with a return yoke for radiation shielding and magnetic shielding has been carried out for medical and industrial
use. The design of the cyclotron was started from the outside to determine the thickness of an iron return yoke since the
existence of the return yoke strongly affects the magnetic field distribution in the acceleration and extraction region, since
the HTS coils do not use an iron core and the magnetic hysteresis due to the return yoke is considered to affect the
acceleration field. It was found that the thickness of the magnetic shield that satisfies both radiation and magnetic shielding
was found to be 50 cm.
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Table 1: HTS-SC’s Parameter and Application

Nuclide Energy[MeV] Application
‘He?* 28 21 At production
‘He?* 80 K-Number

H* 18 PET
H* 30 BNCT(p,n)
D 40 BNCT(d,n)
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Figure 1: Self-Shielding type Skeleton Cyclotron.

3. ERFETOEE

HTS-SC 2R S — VR %585 2 & C RO R ERT & R 1R
WG DFEE T T2, SkDESE—EEL ., MIEIZITH
Ak, BRI MR MR R 2Bl E 35, BN
ELTOEES 100 N UINEWVOSEME2MHT 256 &%
HIEWEEDESIL 50 cm T, ZOBEOFED E &I 86 b
Thb,

3.1 SRR O

H ORI A VA 7aha s ZFEEE NI E
THEDIIE, BHEXBAN TOES LD EIRE
(Table 2)\ZHED L EEN BB, AWFIE T O HG K B
R CUE . FOR AR 2 JREAE 38 D3 U R 6 A 2 1 R
ETOWRITOMERIE 1 mSvil%, 24 BRHE L
5.9 uSv/h EL7z,

Table 2: Legal Dose Limit

Measurement Location Dose limit
Radiology Room 1 mSv/week
Boundary of Radiology 1.3 mSv/3month
Boundary of Hospital 250 puSv/3month
General Public 1 mSv/lyear
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Figure 2: Schematic geometries of a deuteron beam, a
deflector, and a magnetic shield.
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Figure 3: Radiation shielding measurement location.
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Figure 4: Radiation shielding model by PHITS.
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Figure 5: Effective dose rate as a function of the concreate
shield at a radial position (a) and a vertical position (b).
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Figure 6: Angular distribution of the effective dose rates for
neutron (black markers) and photon (red markers).
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Table 3: Weight Content by Material
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Sum
442

R — N REED | REWMYOEZEOGFHT 400
CEBZT, FRHZEOESIT 10 em 1ZE 7228, A0 &E
B/O 37 %EHDD, o, 5T T VI RERETRY
BN R O B AR U, RETRICIERR Y %
BT 5L, DL THERORKELEI TV, 2T,
L A O R —E FIF B
ZHMELIEARY =T LT L7457 —NPET)SOARY =T
L(PEYREE T, SR IEZ NN BISE 7=

- 718 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

S H® PHITS OE7 /L% Fig. 7 IR,

Constantt 50cm

Variable I vertical and horizontal:50~90 cn

Vertical:50 cm
Length:200 cm

PET:Constant 20 cm

PE:Constant20 cm

Lead:Constant10 an
Concreate

wd Q0L +4b1aH

Length:700cm

Concreate
Figure. 7: Radiation shielding 2nd model by PHITS.
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Table 4: Weight Content by Material for New Model
Material | Iron PET PE Lead Concreate | Sum
weight[t] | 62 9.1 13 92 154 330
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Figure 8: Effective dose rate as a function of the thickness
of the concreate shield at a radial position (a) and a vertical
position (b), (c) is angular distribution of the effective dose
rates for neutron (black markers) and photon (red markers).
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Figure 10: The magnetic flux density on the x-axis is (a), on the
y-axis is (b), and on the z-axis is (c).

- 720 -



