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In the material development for fusion reactor (DEMO), it is important to 
investigate the influence of the high energy high flux neutron caused by D-T 
burning on the material. (Swelling, Blistering, Boiding, etc)

Blanket 

The first wall of the reactor vessel shall absorb neutrons energy 

First Wall



Fusion Material Irradiation Facility with Accelerator 
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•  40 MeV D-Beam on Li-target produces the high energy neutron of ~14 MeV, 
which allows the Fusion Material Irradiation test for DEMO. 

By the D+beam radiation of 40MeV-250mA to Liquid Lithium, 14 MeV neutron 
generates, which is used for irradiation test of fusion reactor materials. 

Beam driven Neutron

IFMIF : (International Fusion Materials Irradiation Facility)
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Target 
D-beam 40 MeV-250 mA) Liq.-Li 14 MeV neutron

RFQ 
 4-vane (0.1 MeV->5 MeV) 

SRF 
5 MeV->40 MeV  

Injector 100keV  Damage rate >20 dpa/y 
 Neutron flux 1014n/cm2

Liq.Li loop 
15 m/s  

Heat load  by beam 
 1 GW/m2

International Fusion Material Irradiation Facility IFMIF

Test facility irradiation  
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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

Heat load 1 GW/m2

International Fusion Material Irradiation Facility IFMIF

 Irradiation Test facility 





36 m 
Control System 

QST, 
CIEMAT Madrid, 

CEA Saclay, 
INFN Legnaro,  

F4E 



1st stage Injector

2nd Stage (RFQ) 

3rd stage SRF Linac

Energy: x 50 
Power: x 50

Energy: x 1.8 

World’s longest RFQ 

Injector CEA) EU-JA Joint Team

Now!

Acceleration 9MeV 
Current 125mA 
Beam energy: 1.125 kW 
From 2020 

Acceleration 5MeV 
Current 125mA 
Beam enegy:625 kW 
From 2017

RFQ

Acceleration 0.1 MeV 
Current 140mA 
Beam power: 12.5kW 
From 2014

SRF Linac

Injector

RFQ INFN)

Injector CEA)
~10 m

Beam emittance < 0.3 π.mm mrad

beam transmission ratio >~ 95 %

Superconducting cavity
Low beam loss < ~1 w/m



-3.5kV



ε π

First Experiment of Injector 
(2015)
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175 MHz 200 kW (tetrode) x8 sets、 
Power supply , Control System（LLRF+White Rabbit) 



RFQ 

MEBT 

Diagnostics 

Co-axial waveguids RF coupler 
Vacuum pumps 

Water Cooling  

Low Power  
Beam Bump 

Injector 

Good International Collaborative Work



 

 



Status of RFQ Conditioning



The first beam wave observed in the IFMIF 
prototype accelerator RFQ

At 13, June, 2018  



25mA, ~95% proton beam transmission duty3/10000) 

At 13, June, 2018  
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2015 2020 2025 2030 2035 

Operation 

Schedule of Fusion Nuclear Source

Irradiation start（10dpa/year） 

   　 

IFMIF/EVEDA Prototype accelerator IFMIF/EVEDA Li target loop 



A-FNS Building 

Cooling station 

Facility of high 
pressure gas 

Power station 

Storage of Radio activation  

Drainage water treatment 

Facility of 
liquid Li 

Central 
Control 
Building 

Building of Pre-test 
for A-FNS 

Consideration of Site Utilities is just started for A-FNS  



Site of A-FNS

110,083.72

Construction 
area of A-FNS 

LIPAc building



Dimension of A-FNS building 
•  Length  187 m 
•  Width   100 m 
•  Hight 3F up  21 m 
•  2F under  15 m 





• 

Material Science,  
Material development 



2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

BA  
(IFMIF/
EVEDA)

A-FNS

BA Phase I 
 (9MeV)

BA Phase II 
(9MeV,125mA,CW, Long-days 

operation) 

Conceptual Design/ 
Basic R&D

Engineering & construction 
Design/ related R&D

Construction (~2031) 
Irradiation Test of 20dpa 

(2031~2033) 
Analysis (~2035) 

Tentative schedule of IFMIF/EVEDA and A-FNS 

ITER 
First plasma 

R&D of EU/JA common issues

•  Proton beam acceleration in the RFQ section of the LIPAc have started at June 2018.  
•  D-beam experiment will be started form March 2019. 
•  SRF linac will be assembled in 2019 at Rokkasho, and beam experiment will be started 

by  March 2020.  

•  Five years extension of BA activities, so called BA phase II, is under discussion to 
demonstrate the feasibility of 125 mA, 9MeV for long pulse operation with SRF linac. 

•  After the BA phase II, QST plans the construction of the 


