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FFAG Accelerators at 
KURRI

• Proton FFAG Complex for ADS study:KART 
Project- Variable energy proton FFAG - Rapid acceleration :120Hz• Compact & Intense Neutron Source- Emittance Recovery Internal Target (ERIT) with ionization cooling- FFAG cooler ring with large acceptance



• keff for Ep = 20~150 MeV

• FFAG accelerator as　proton 

driver for ADS

KART Project
(Kumatori Accelerator driven Reactor Test)

Purpose:  Feasibility study of ADS

Five-year project (2002~2007)



Feasibility Study on ADSR Using FFAG Accelerator

Accelerator Development

Development of variable 
energy FFAG accelerator 

with high acceleration 
efficiency

Energy-dependent neutronics of 
subcritical core coupled with 

variable energy FFAG accelerator 

Neutronics of Subcritical Core

Five-year project (US$~10M in total) 
supported by 

MEXT Technology Development Project for Innovative Nuclear Energy System 

Ion Source



Research Reactor Institute
Kyoto University

KUR - 8MW Nuclear Reactor KUCA - Critical Assembly

KART & LAB - FFAG Accelerator



FFAG Complex for KART

ion
source injector

main ring

KUCA
subcritical
reactorbooster

100keV 2.5MeV 20MeV 150MeV

Output~ 1 W

Repetition Rate : 120 Hz



Parameters for FFAG complex
 Injector Booster Main

Einj 100 keV 2.5 MeV 20 MeV
Eext 2.5 MeV 20 MeV 150 MeV

Lattice type Spiral Radial DFD Radial DFD
# of cells 8 8 12

Acc. scheme Induction RF RF
k 2 2.45 7.5

coil/pole coil pole pole
pinj/pext 5.00 2.84 2.83

rinj 0.60 m 1.17 m 4.54 m

rext 0.99 m 1.65 m 5.12 m
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Spiral Sector Magnet



FFAG complex at KURRI

main ring (150MeV)

Booster (20MeV)

Injector(0.2-2.5MeV)





Future Plan
1GeV Proton FFAG 



Neutron Source for BNCT

･ Requirements

   ･ Large neutron flux
         > 1x109 n/cm2/sec at patient 
   ･ Low energy spectrum
        thermal/epi-thermal neutron

Limited to extend the use of 
BNCT widely in society.

10 µM

10B1n α-particle

1n + 10B → 4He (α) + 7Li + 2.8 MeV

10B compound α particle

Nuclear reactor only can 
provide these neutrons.



Accelerator based
 Neutron Source

Neutron production 
Reaction 9Be(p,n)B, 7Li(p,n)Be

energy   ~10MeV

target thickness ~10micron

Neutron yield   ~1/10000 n/p

Proton beam current      
~40mA

In order to obatin 

φ＞109 n/cm2/s
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500mb

105

500mb
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Accelerator based neutron 
source : Difficluties

Accelerator
energy is low, but required beam current is very large
I >10mA (CW)
        technically hard and expensive

Target
thin target  t<0.1mm  ∵dE/dx~50MeV/g/cm2
beam power is relatively large  > 100kW
        difficult cooling and shorter lifetime

Radiation
full beam dumping for 100kW beam
huge shielding and large gamma-ray contamination



internal target
Be ~10micron 

rf re-acceleration 
Erf ~ 200kV 

proton beam
10MeV 

-ΔE

70keV

+ΔE

neutron

Is(circ. current)
50mA

Ia(inj. current)
50micro-A

FFAG-ERIT scheme
internal target
energy loss 
recovered by rf

emittance growth 
ionization cooling

large acceptance 
FFAG(scaling)

target
heat loss 1-2kW 

Neutron Source with FFAG-ERIT 
Emittance-energy Recovery Internal Target

Neutron Source with FFAG-ERIT 
Emittance-energy Recovery Internal Target

Neutron Source with FFAG-ERIT 
Emittance-energy Recovery Internal Target

Neutron Source with FFAG-ERIT 
Emittance-energy Recovery Internal Target   (ref. Nucl. Instr. Meth.)

Ia=Is/Nt, Nt=1000turns

Need large momentum 
acceptance! -> FFAG

Project was approved. 
2005-2007

Under Construction 



BNCT with FFAG-ERIT
Injector(RFQ + IHDTL)

FFAG ring

ERIT system

RF cavity

Full energy injection
H- kinetic energy                 10 [MeV]
Average beam current       ~ 45 [ A]
Repetition                            >1 [kHz]

H- injection
proton kinetic energy          10 [MeV]
Average beam current      ~ 45 [mA]           

Turn number                      > 1000 turn
Internal target thickness      ~ 5 [ m]
Neutron beam intensity     > 109 [n/cm2/sec]           

RF voltage                         > 200 [kV]
Harmonic num.                 ~ 5



Ionization Cooling
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3D beam cooling becomes possible 
if transverse and longitudinal 

motions are coupled. 

Ratherford mulitple scattering

straggling

€ 

ε : beam emittance

Transverse→Cooling
Longitudinal→Heating 分配関数の和＞０



Emittance 
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Survival 
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FFAG-ERIT neutron source



RF cavity for ERIT -cold model
f=25MHz
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Moderator Layout 
(preliminary)

AlF2

Fe,AlF2

Bi



Summary

Development of FFAG Accelerator Complex  
at KURRI is in a final stage

Injector : completed

Booster : completed

Maing Ring : under commissioning

Beam Line to KUCA : almost completed

Compact & Intense Neutron Source
FFAG-ERIT : under construction    -Aug. 2007




