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List of presentation in WG3
Accelerator technologies for industrial & medical applications 

Title Speaker Affiliation

1
Present status of Cryomodule and 
Cryoplant for LIPAc

K. Sakamoto
ITER, Aomori 
Fusion Energy 
Center 

√

2
Transmission- and Scanning- Muon 
Microscopye

Yukinori Nagatani KEK J-PARC √

3 Electron linacs for radiotherapy
Chuanxiang Tang/
Hao Zha

Tsinghua 
University/China

√

4
Development of a superconducting 
cyclotron based proton herapy sysmte
at HUST

Kuanjun Fan/
Deming Li 

HUST/Sinap, 
China 

√

5 Carbon Ion Radiotherapy
Guoqing Xiao/
Jiawen Xia 

IMP, China X

6
Towards a Hadron Driver for the Next 
Generation of Cancer Therapy

Ken Takayama KEK, Japan √

7
Full-Body PET Camera based on Liq. 
Xenon TPC technology

Toshiaki Tauchi KEK, Japan √



List of presentation in WG3
Accelerator technologies for industrial & medical applications 

Title Speaker Affiliation

8
Laser driven proton acceleration 
enhancement by using nanophotonic
butterfly wing targets

M.Y. Jung ETRI, Korea X

9
Physical design of the proton linac
injector for the synchrotron based 
proton therapy system in China

Shuxin heng/
Qingzi Xing

Tsinghua 
University, China

√

10 Irradiation electron linacs Huaibi Chen
Tsinghua 
University/China

√

11
Electron Accelerator (or neutrons) for 
radiography

B.C. Lee KAERI/Korea X

12
Medical Imaging and Therapy 
Radioisotope Production Techniques 
with High Current Cyclotrons

W. Gelbart, 
K. Butalag, 
RR Johnson

Advanced System 
Design Ltd/
TeamBest/
U. of British 
Columbia

√

13
Start of mutation breeding research 
using ion beam in Korea

Si-Yong Kang KAERI/Korea √



Presenters from (in Alphabet order)

China ; 4 (3) 
Japan ; 4 (4)
Korea ; 3 (1)
Canada ; 1 (1)
total ; 12 (9)

Presented topics related on
Hardron accelerator ;  5
Electron accelerator ;  3
PET camera with Liquid Xenon detector ; 1

Accelerators applications for
neutron generator for fusion material test
muon microscopy
radiation therapy
electron irradiation & sterilization
ion beam breeding



WG3-1
Progress of Linear IFMIF Prototype Accelerator (LIPAc) in collaboration 

with EU 

K. Sakamoto

(QST, Rokkasho Fusion Institute)



Target

RFQ

4 vane type (0.1 MeV->5 MeV)

SRF

（5 MeV->40 MeV）

Injector（100keV） Damage ratio：>20 dpa/y

N-flux：1014n/cm2・ｓ

Heat load～1 GW/m2

Li(d,xn)

Neutron

International Fusion Material Irradiation Facility（IFMIF）

Irradiation Test facility

High Intensity neutron source for fusion material irradiation
(Sakamoto)



IFMIF Prototype Accelerator (Sakamoto)

Waveguides were connected 
from RF module to RFQ

Jul.2017

Vacuum pump, Cooling, 
Waveguide installed

175MHz/200kWx8 RF modules

RFQ Conditioning is underway with simultaneous RF power injection from 8 RF modules. 

RF conditioning of RFQ (9.8m) is underway.

• RF voltage between the vanes exceeds the required voltage
for D+ acceleration.



IFMIF Prototype Accelerator (Sakamoto)

Good Emittance of 0.15πmm•mrad
was achieved.  (target : <0.3πmm•mrad)

D+ beam／100kV.

Injector Experiment (Oct.２０１７-）
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Parallel Commissioning is underway for
RFQ, MEBT, D-Plate, control system,
toward the first RFQ beam acceleration.

• First beam acceleration will be started from Feb. 2018.
• SRF will be installed in 2019.
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Low Energy Muon Microscope

Yukinori Nagatani

(KEK J-PARC)









WG3-3
Electron linacs for radiotherapy

Chuanxiang Tang/ Hao Zha

(Tsinghua University/China)

WG3-9
Physical design of the proton linac injector for the synchrotron based 

proton therapy system in China

Shuxin heng/ Qingzi Xing

(Tsinghua University, China)

Irradiation electron linacs

Huaibi Chen

(Tsinghua University, China)
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Physical design of the proton linac injector 
for the synchrotron based proton therapy system in China

http://www.aptr.com.cn
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Development of a superconducting cyclotron based Proton therapy 
system at HUST

Kuanjun Fan

(HUST/Sinap, China )
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Towards a Hadron Driver for the Next Generation of Cancer Therapy

Ken Takayama

(KEK/JAPAN)



Takayama: Expected Features in the Future Hadron Therapy

(1) Low cost

(construction,

operation,

maintenance)

(2) Higher 

quality 

of irradiation

(3) Low loss

 Compact and simple driver

system        

 Precise irradiation

Demand            Possible solution                         (detail)                            Our   answer             

Injector -free

 Use of Non-destructive device

y(t)

y(t)
3-4 sec

t

Examples:

 Gantry-

free

 Uniformity/concentration 

on tumor 

 Net shorter irradiation time

Energy sweep extraction

from a driver

3D spot scanning

on moving target

Capture of tumor image

in a real time

Fast cycling driver

Real time PET

camera

Compact fast cycling 

induction synchrotron

Relocation 

of patient (*)

Change in position and deformation due to Gravitation

Liver cancer
Lung cancer

(*) What happen when a patient body is physically 

rotated?

g



x, y

scanning

system

Image of the Next Generation of Hadron Therapy of gantry-free and injector-free, 

with continuous spot-scanning in the  x,y and z directions from 4p angle

 Injector-free

 20 Hz Continuous energy sweep extraction

 Any heavy ions such as p, 3He, C, etc. can be delivered.

 Low cost

 3D spot scanning 

on moving target

Properties:

Carbon foil

Septum magnet

ESCORT (Energy Sweep Compact

Rapid-Cycling Therapy Driver)

Multi-axis 

rotating chair

Fixed target treatment rooms Moving target treatment rooms

Energy sweep extraction Fast full-body

PET camera



x, y

scanning

system

Carbon foil

Septum magnet

 Injector-free, Induction Synchrotron

 20 Hz Continuous energy sweep extraction

 Low cost

 3D spot scanning 

on moving target
Properties

Multi-axis rotating chair

ESCORT (Energy Sweep COmpact Rapid-Cycling Therapy Driver)

Bmax

t
25 msec

Extraction time
Period ~10 msec

Dp/p t=14.5 ms

f (degree)

d
ifferen

t in
 th

e scale

Trapped

c5+

barrier voltage

Acceleration voltage

Spill out particles 

from barrier bucket 

Fast full-body

real time PET camera

x

xeq=D(s)Dp/p
4 cm

Carbon stripping foil

in the bending mag.

C5+C6+

Zoom up image
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Full-Body PET Camera based on Liq. Xenon TPC technology

Toshiaki Tauchi

(KEK, Japan)





or MPPC

3D position resolution

of 1mm3

No parallax

No boundaries

Compton camera

Low injected activity



Survice Port

Liquid Xenon

PMT

TXePET
PET based on TPC in liquid Xenon

or MPPC

3D position resolution of 1mm3

No parallax

No boundaries

Compton camera

Low dose (1/1000)



Evolution of XEMIS2 ( small animal imaging)

Doctor thesis of C.Grignon, Nantes university, 2007, a

nd C.Grignon et al., NIM A571 (2007)142-145

L. Gallego Manzano et al., NIM A787(2015) 89-93

with  KEK 

collaboration

Prototype of the full-body PET and in-beam imaging

Subatech group

Low activity medical imaging ( 20kBq injected in a rat) or 

the imaging time can be <1sec, i.e.  realtime imaging ?

3γ sensitivity > 7 %

Expected resolution along the LOR = 1cm

fully implementing the capability of Compton camera



Establishment of XEMIS2 in CHU-Nantes

New center of imagery CIMA

~ 100 m2 for Subatech

60 m2 technical plate

40 m2 offices, center of analysis

comissioning at Subatech : 2017 

installation at Nantes Hospital : 2018

First device with this idea in the world

ReStoX Caméra

ReStox XEMSI2
Patent in progress

D.Thers for ”2015 TYL-FJPPL WORSHOP" IN OKINAWA, JAPAN

( Nantes university hospital )

(Center for Applied Multimodal Imaging) 

ReStoX XEMIS2
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Theranostic Radioisotope production Techniques  with High Current 
Cyclotrons

RR Johnson*

(Univ British Columbia)



Key features for Medical Radioisotope Production 
with compact cyclotrons

Energy, intensity, targets

B15  PET
15 MeV
1000 (200} uA +
Targets Radiochem

B25 
20-25 MeV
1000 (400 )uA +
Targets Radiochem

B35 (28)
15-35(28) MeV
1000(400) uA
Targets Radiochem

B70
35-70 MeV
1000 uA
Targets Radiochem

Cyclotron requirements



68Ga-PSMA-11 PET/CT scans of patient A. Pretherapeutic tumor spread (A), restaging 2 mo after third cy

cle of 225Ac-PSMA-617 (B), and restaging 2 mo after one additional consolidation therapy (C). Clemens K

ratochwil et al. J Nucl Med 2016;57:1941-1944

(c) Copyright 2014 SNMMI; all rights reserved

Theranostics



Irradiation at 25 MeV

Simulations performed 
by MCNP6

Proton Beam

Beryllium tar
get

Proton beam energy 25MeV
Target thickness: 3.97mm
Target radius: 2.5cm
Pd Layer: 200 um
Cu cooling bulk: 2cm
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Neutron	spectrum	from	beryllium	target	- irradiation	with	
25	MeV	protons,	1mA	
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PbF2

Al

CaF2+B4C 
Fast + thermal 
neutron filter

Pb (reflector)

10cm

30cm

32cm 39cm 12cm 12cm

Bi gamma 
shielding

Neutron beam shaper for BNCT

Similar to  I.M. Ardana  J. Tek. Reaktor. Nukl. 19 ,3 20
17

BNCT



Simulations by MCNP6

[T. Mutsimoto et al 2010]BNCT
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Neutron	spectrum	from	beryllium	target	- irradiation	with	
25	MeV	protons,	1mA	
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Adjust beam shaper material and geometry to obtain legitimate spectrum
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Neutron spctrum at irradiation port 
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Spectrum at irradiation station 

Energy (MeV)

Fl
u
x 

 n
e
u
ts

/ 
s 

cm
2

u
A

35 MeV

A 25 MeV cyclotron may be enough

Still working on it  TBA
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Start of Mutation Breeding Research Using Ion Beam 

in Korea

Dr. Si-Yong Kang

(Advanced Radiation Technology, Korea)



Development of new crop varieties with high function (rice, 

soybean, perilla, blackberry, etc) and their commercialization

Breeding of chrysanthemum & Korean national flower 

“hibiscus “  

Breeding of bio-energy plants (kenaf, rape, sorghum, algae, 

etc )

Ornamental plants (orchid, rose, poinsettia, wild 

flowers, succulent plants, etc) breeding jointed with 

other  research organs

Functional genomics and metabolomics  study 

using various mutant genetic resources  

Main Achievements of Mutation Breeding
in KAERI with gamma ray and proton



KAERI
(main)

ARTI-
KAERI

(RFT-30)

KOMAC
-KAERI
(proton,
100MeV)

IBS
(RAON,

Heavy Ion)

KIRAMS 
(proton:
MC-50)

Ion-beam irradiation Facilities in Korea



In future : Heavy Ion Beam Research 

RAON, IBS, Daejeon (2021) 

Bio-medical facility (BIS)

 Construction of RAON, heavy ion-beam accelerator project, will be 
finished in 2021, at Sindong, Daejeon, IBS. 

 Suggested to make a beam line for breeding

• Comparison of mutation induction rate with other radiations

• Identify of irradiation condition of new heavy ion beam for each plant

• Development of useful new varieties and genetic resources


