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Y u t a  E b a r a  i s  a n  e n g i n e e r  a t  t h e  T e c h n o l o g y
R e s e a r c h  C e n t e r  o f  S u mi t o mo  He a v y  I n d u s t r i e s
( S HI ) ,  s p e c i a l i z i n g  i n  a c c e l e r a t o r  a n d
s u p e r c o n d u c t i n g  t e c h n o l o g i e s .  He  i s  a n  a c t i v e
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p h y s i c s .  He  p a r t i c i p a t e d  i n  e x p e r i me n t s  s u c h  a s  t h e
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r e l a x a t i o n  me c h a n i s m o f  i n t e r s t e l l a r  mo l e c u l e s ,
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He has been with SHI since 2015. The
company manufactures superconducting
magnets for single-crystal silicon growth
using the MCZ (magnetic-field-applied
Czochralski) method, cryocoolers used in
MRI (magnetic resonance imaging) systems
and other cryogenic applications, and
accelerators for research and medical
purposes. He has been involved in the
development of a compact superconducting
isochronous cyclotron SC230 for proton
therapy, a combination of accelerator,
cryogenic, and superconducting
technologies. In this project, he was
responsible for magnetic field mapping,
adjustments, and cyclotron commissioning.
After successfully developing the SC230, he
continues advancing research and
development in accelerator and
superconducting technologies.
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A superconducting isochronous cyclotron,
SC230, was developed for proton therapy by
Sumitomo Heavy Industries [1]. With a yoke
diameter, height and weight of 2.8 m, 1.7 m
and 65 t, respectively, it is currently the most
compact isochronous cyclotron for proton
therapy. Figure 1 shows a photo of the
external appearance of the cyclotron. Size
reduction was achieved by a high magnetic
field using cryogen-free NbTi coils. An
excitation test of the coils was conducted
before installation in the cyclotron [2]. The
coils are cryogen-free and cooled by
conduction cooling using four 4 K-GM
cryocoolers. The system is highly safe and
easy to maintain, which reduces the effects
of unstable helium supply. Thus, cryogen-
free magnets have various advantages.
However, in cyclotrons, the heat inputs to the
coils during beam operation are larger owing
to the leakage radio frequency (RF) and
beam loss. The magnet was designed to
have a temperature margin for stable
operation. The coil temperature during the
RF excitation and its dependence on the
beam loss were measured to verify the
stability of operations. Subsequently, it was
confirmed that the coil cools sufficiently at
the critical temperature [3].
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