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�� Advanced Cancer

Cancer 
progress

Primary 
organ

Regional lymph 
node metastasis

Adjacent 
organ infiltrate

5-year 
relative 
survival

Distant 
metastasis

Surgical resection
Radiation irradiation
Chemical treatment
Immunotherapy

Chemical treatment
Immunotherapy

Applying targeted 
a-particle therapy

Ratio at first 
diagnosis
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Using 225Ac a-ray 
radionuclide

All cancer tissues 
disappeared.

It is hard to handle 225Ac a-ray radionuclide due to Japanese law.
Half-life period: 10 days (225Ac)  --> 7.2 hours (211At)
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Compact HTS accelerators are 
necessary to stably produce a-ray 

radionuclide
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Advanced cancer patients
Administering targeting 
agents containing a-ray 
radionuclide, 211At. 

Targeting agents 
spontaneously find and 
accumulate cancer cells in 
the body. 

211At

a radiation

Destruction 
of cancer 

cells

a-ray radiated from 211At destroys cancer cells

• Short range: small influence on 
peripheral organs.

• Short-lived nuclide: less burden on 
patients

• Accelerators are needed to 
generate a-ray radionuclide.

• Short-lived nuclide: Necessary to 
produce in small areas.
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Coil-azimuthal direction

Necessary to generate highly accurate field (0.01-0.1%)
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Circular main coils

Constant energy 
due to nonlinearity

Iron 
Core
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H.Ueda, M.Fukuda, A.Ishiyama, S.Noguchi, S.Nagaya et al., 
“ Conceptual Design of Next Generation HTS Cyclotron”,
IEEE Trans. on Applied Supercond., Vol.23, No.3,
4100205, 2013 
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Only an HTS multi-coil system
without iron core produces a high
magnetic field with high precision
necessary for beam acceleration.
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All magnetic fields generated by the same coil system

Field (T)
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Stabilizer (Cu)�
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Substrate (Hastelloy)�

Current�

Hot spot�
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Stabilizer (Cu)�
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Insulated No-Insulated
Insulator

Cu stabilizer

REBCO

Hastelloy

High!
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�Winding with no-insulated REBCO tape 
�Decrease of stabilizer by sharing it�

High Current Density 

Possible to enhance 
current density? 

Reduction of 
Volume 

Stabilizer 
�Cu��

Insulation�

REBCO �

Substrate 
�Hastelloy��

No-Insulation  Ordinary Insulation�

Iop�

�Current avoiding a local hotspot 

�Self-protection 

Possible to protect coil 
from burning-out? 

High Thermal Stability 

�Dissipating magnetic energy into thermal 
  capacity of a whole coil 

Local hotspot�

defect
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e.g., MRI
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Tape�Long constant time

Twist�Short constant time

DSV

Screening 
current

Flux 
penetration

HTS multi-coil SCIF

Field generated by operating current 

Screening current

Screening current

SCIF

SCIF

Normal 
component

Normal 
component
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Once operating current 
exceeds target value.
-> Temporally stable

REBCO layer is scribed.
-> Spatially stable
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=To generate precise 
magnetic field with error  
of 0.01-0.1% or less, for 
realization of cyclotron.

�&%�%0+1+843��<)148643�2'-3+8

=#9/)0�6+75437+�'8�).'3-/3-�
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Small magnet
(22 SPs)

Visualization of 
SC in magnet

Distribution of 
irregular field SC distribution

Zero SC 

time

C
u
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en

t
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Necessary to generate highly accurate field (0.01-0.1%)

Filament

LTS wires 

REBCO tapes           

Thin layer
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Particle D+

Energy 40 MeV

Number of sectors 4

Maximum average magnetic field 2.589 T

Extraction radius 0.5 m

1) Flutter
2. Radial sector coil for AVF

!" = $%" − $% "

$% " = 0.04 $ = 1
2,-.

"/
$ 0, 2 32

2) Span angle
A span angle of a sector coil is 38 degrees to secure a
space for the acceleration cavity in valley region.

1. Specifications

where < > denotes the
average over the azimuth.

Flutter is the azimuthal variation
of magnetic field.
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3. Main coil for isochronous field
Optimization method: GA-SA algorithms
Object function: Volume minimum
Design conditions:

1) REBCO tape Width = 6 mm, thickness = 0.1 mm 
(including substrate and stabilizer) 

Magnetic field and angle dependencies of I-V 
characteristic are considered. 

2) Operating temperature = 30K (cryocooler-cooled 
system)
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4. An example of design
�1.6 m

�1.0 m

u Azimuthal average field of mid-plane
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Ø We are developing a new cyclotron accelerator.
We are now on the stage of REBCO magnet design 
and fundamental tests.

Ø As a fundamental test, we are developing a small 
size REBCO magnet for cyclotron.
l Proton 50 MeV
l 30 cm in magnet diameter
l ~1.6 T at center field
l To investigate the feasibility of REBCO magnet 

further

Thank you!


