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A ) National Institutes for Quantum and Radiological Science and Technology (QST), Japan
B ) IFMIF/EVEDA Project Team, Japan
C ) Fusion for Energy (F4E), Germany
D ) Commissariat à l’Energie Atomique et aux Energies Alternatives (CEA/Saclay), France
E ) Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Legnaro (INFN-LNL), Italy
F) Centro de Investigaciones Energéicas, Medioambientales y Tecnolóicas (CIEMAT), Spain
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Introduction (1 / 3) Purpose of IFMIFFusion/Rokkasho
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DEMO: Demonstration Power Reactor (propose)

IFMIF: International Fusion Materials Irradiation Facility
(plan)

An accelerator based neutron source using 
Li(d,n) reactions.

ITER: experimental nuclear fusion reactor

DEMO: nuclear fusion power reactor
Production of power ~GW
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Deutron�40 MeV-250 mA) Liquid Litium 14 MeV neutronLi-D Test material

Injector :Ion source: D-beam
125 mA�100keV

10 m

�SRF Linac HWR�
175 MHz�4-stage SRF-linac

5MeV→40MeV

The 4-vane Radio Frequency
Quadrupole�RFQ�:175 MHz�

100keV→5MeV

Accelerator

Beam Dump Liq-Li Target
Test Cell

Lithium

loop

Li(d,xn) n

IFMIF consists of two deuteron linear accelerators, free surface liquid lithium 
target, test cell, and the post irradiation examination facility.

Fusion/Rokkasho

IFMIF: International Fusion Materials Irradiation Facility (plan)

Introduction (2 / 3) Constitution of IFMIF

Neutron flux�1014n/cm2�� 5



LIPAc: Linear IFMIF Prototype Accelerator
(under construction)

Energy 9MeV/
Average beam current 125mA/D+beam
Objective: Proof of principle of IFMIF

Beam dump

Fusion/Rokkasho

IFMIF: International Fusion Materials Irradiation Facility (plan)

Introduction (3 / 3) What is IFMIF LIPAc
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Injector

SRF
Prototype

RFQ

Injector

9MeV D-beam
125mA

Fusion/Rokkasho

F4E
Project Team, Rokkasho

Coordination of European activities

Design, Manufacturing, Delivery: European Lab
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QST, Rokkasho Fusion 
Institute

For future

IFMIF Building

R&Dbuilding

� Rokkasho

Fusion/Rokkasho
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Fusion/Rokkasho
�	�
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Injector�

RFQ� MEBT�

D-Plate�

RF Transmission Lines�

LPBD�

D-Plate (Diagnostic system) + LPBD (Low Power Beam Dump)
(temporary)
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Injector

SRF

Prototype

RFQ

Injector

9MeV D-beam
125mA

Fusion/Rokkasho
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ECR Ion Source
Fusion/Rokkasho

�UAŇ�Ë�
ECRśşƋ 	
•  2GŇŪƈŶśŲñ°®Ī5�ñ�ƏżƅŨžƍ�í-ãƍ´1GNDƍƆŽƅƍ
´2GND)�lī2.45	GHzŇRFīH+,	D+Ň2±õŇ-ãī	

•  2�ð-ãŘÈĮļŏŇ�íñ�ŘÍ¿ķĪ`Ĳ%ķñ�4ŊŞſŮū
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•  100	 mA·ŇLñ�ECRśşƋ ŁĬŔĪźƎƀƉŧőźƎƀƍŠŧw�
ŅŒŕ��ñOŇáÈ(ŸŮţŧűƆƎſƋŤƐŅŒŕñ�ƍśşƋ ��
Ňt�ňéËń?ôłńŕī2�ŇGNDñ�íŅo*(Repeller)ñ�Ř
Í¿Ī-3	kV�	Ň×ñDŘ2-ķŀáÈñOŘîĭŁĭŕī	
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-3	kV�

ŹƅƁƎū   1� 
Ĕč=�y 2.45 GHz  

RFñ,û�Lü 1000 W  
åÛƂƎŲ ēģĜġęÿċĕ 
-ãñDûďýü 50 keV 
źƎƀñ�ûďýü 70 mA 
-ãñDûČýü 100 keV 
źƎƀñ�ûČýü 140 mA  

ĠĝġŞſŮūƋŧ <0.25(ÎTĊú
0.30) ĥ mmĩmrad 

LIPAcśşƋ ŇÕ��

Figure 1に示す通り 5 枚電極構㐀になっており、プラ
ズマ電極と接地電極の間に設けた中間電極に印加す
る電圧を調整することで、ビーム引き出しの最適化
を行う。LEBT からの逆流電子を抑制するために、2
枚の接地電極の間にリペラー電極を設けている。プ
ラズマ電極のビーム穴径は、I8 mm、I10 mm、I12 
mm の 3 種類があり、これまでにI8 mm 及びI10 mm
の穴径の電極を使ってビーム試験を行った。 

Figure 1: ECR ion source for LIPAc. 

 LEBT は、空間電荷効果によるビーム発散、輸送
中のエミッタンス増大を防ぐために約 2 m の長さで
あり、長さ 310 mm の 2 つのソレノイド電磁石を用
いた集束系で構成されている。各ソレノイド電磁石
の中には、垂直・水平方向にビームを偏向できるよ
うにステアリング電磁石が挿入されている[6]。 

イオン源より引き出された水素／重水素正イオン
ビームの品質を評価するためのビームモニタとして、 
銅製のビームストッパー（2台のソレノイドの間に 1
枚、LEBT下流のビーム診断チャンバー終端に1枚）、
アリソンスキャナー型のエミッタンスモニター[6]、
CID カメラを用いたビームプロファイルモニター[7]、
残留ガスとの衝突により中性化した水素イオン粒子
から発光した Balmer-D光の Doppler シフトを利用し
た分光によるビームのイオン組成比測定[7]、空間電
荷緩和効果を調べるための 4 grid 分析器などが設け
られている。 

3. H+ビームによるコミッショニング 
2014 年 11 月より、H+ビームによる LIPAc 入射器

のコミッショニングを始めた。本コミッショニング
では、先ずイオン源のコンディショニングと並行し
て、据え付けた機器の動作について不具合の有無を
確認した。その後、ビーム診断機器は 2 台のソレノ
イドコイルの間に設置して、イオン源より引き出さ
れたビームの品質を調べた。ここでは、アリソンス
キャナー型エミッタンスモニターを用いたエミッタ
ンス測定とイオン源より引き出された水素正イオン
ビームについて分光によるビーム中イオン組成比の
測定の結果を示す。 

3.1 エミッタンス測定 
H+ビームのエネルギー100 keV におけるエミッタ

ンス測定を行った。Figure 2 にイオン源からの引き
出し電流 137 mA でのエミッタンス図を示す。 

Figure 2: Emittance diagram of H+ beam with the beam 
energy of 100 keV and the extraction current of 137 mA. 

Figure 3: Normalized rms emittance of H+ beam plotted as 
a function of extraction current.   

マグネトロンからの RF 入力を変えることにより、
引き出し電流を変化させたときのエミッタンスの変
化を Figure 3 に示す。 

3.2 水素正イオンビーム中イオン組成比の測定 
イオン源より引き出された正イオンビームは H+だ

けでなく、分子イオン H2
+及び H3

+も含まれている。
後段の加㏿器（RFQ など）に不純物イオンを含まず
に大電流を加㏿するためには、プロトン比が高い必
要がある。非破壊でイオン組成比を測定するために、
ビームが真空中を飛行する時に真空中の残留水素分
子と衝突して、励起電子が脱励起する時に発する
Doppler シフトした Balmer-D光の強度よりイオン組

Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015  WEP032

- 494 -

� 100 kV, >140 mA, <0.3π mm.mrad (initial target)

� 5 electrodes system with secondary electrons repeller .
(plasma electrode, intermediate electrode, 2 ground electrodes and repeller electrode)
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Emittance@2015
�target: < 0.3π�

ε = 0.233π mm·mrad
@ beam current=109 mA
Beam voltage: 100 keV

10% duty

Emittance meter100keV, Iext 152mA, IBS 109mA, 
9.7% d.c., VIE 43kV

First Experiment of Injector (2015)Fusion/Rokkasho
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Beam Emittance measurement (2017)

D+ beam: 100keV, 2ms, duty cycle 5 %: 
→ Good Emittance of 0.15πmm•mrad was achieved.

(ε = 0.233π mm·mrad @ first D+ extraction)

Injector Experiment (Oct. 2017~�
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Fusion/Rokkasho
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� Redesign of Electrodes
� 3D precise alignment for electrodes
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Injector

SRF

Prototype

RFQ

Injector

9MeV D-beam
125mA

Fusion/Rokkasho
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RFQ and High Power RF System (2017�

• 9.8 m
• Resonant frequency: 174.995 MHz 

Jul. 2017: Vacuum pump, Cooling, Waveguide installed.

175MHz/200kW x 8 RF modules

Fusion/Rokkasho

17

RF Power System

RFQ

E. Fagotti, “Beam Commissioning of the IFMIF EVEDA Very High Power 
RFQ”, in Proceedings of IPAC2018.



RFQ RF conditioning with 8 RF modules

1st RF injection to RFQ cavity with 8 RF chains synchronized was 
succeeded on 31 Jul 2017

Fusion/Rokkasho
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RFQ Conditioning

RFQ Conditioning   (Simultaneous Injection using 8 RF modules)

<- We achieved at 132kV, 
short pulse (~20 us), 1Hz.

Fusion/Rokkasho
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(June 2018) 
~77kV, pulse < 1ms, 1Hz

= Conditions for accelerating 
proton beam @ RFQ are 

satisfied.

(Jan. 2018) 
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> 132 kV!

setup of RF control

Troubles
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Fusion/Rokkasho
Example of Conditioning Troubles 

E. Fagotti, “Beam Commissioning of 
the IFMIF EVEDA Very High Power 
RFQ”, in Proceedings of IPAC2018.

Damaged
dummy load to absorb 
reflection power from 
RFQ

→ Some dummy loads 
were replaced.

RF window at coupler was damaged
→ Vacuum leakage was occurred at RFQ.
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Commissioning scene of LIPAc components

Toward first H+ acceleration by RFQ,
• RFQ conditioning 
• MEBT commissioning
• D-Plate commissioning
• Check of control system

are simultaneously performed.

Fusion/Rokkasho

For test of first acceleration by RFQ,
H+, not D+, is chosen to avoid 
unnecessary activation.
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First proton beam injected into the RFQ on 13 June 2018
Fusion/Rokkasho

7 mA @ LEBT and ~1.9 mA @ LPBD
→ about 30% of total transmission

After some optimization, more than 80% of 
transmission in the RFQ, on 15 June 2018.

http://www.ifmif.org/

M. Comunian et al., “Beam Dynamics 
Simulation and Measurements for the 
IFMIF/EVEDA Project”, HB2018, 
WEP1WB02. 
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300 usec, 1Hz

LEBT
MEBT

DP
LPBD

LEBT
MEBT

DP
LPBD

http://www.ifmif.org/
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HEBT and BD will be installed in 2018

24



Inner structure of SRF
Super conducting cavity arrays
D+ beam/125 mA is accelerated 
from 5MeV to 9MeV Super conducting cavity

Prototype �Nb, Ti�

SRF will be assembled at Rokkasho in 2018.
conditioning from Aug. 2019.

Full beam commissioning will be performed from Jan. 2020. 

SRF Linac

RF test
Q~6E8@5.4MV/m

1.6E9 @low field

Fusion/Rokkasho
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SRF Linac: Specifications

Target Values of complete Cryomodule
Frequency 175 MHz
b value of the HWR 0.094
Accelerating field Ea 4.5 MV/m
Unloaded Quality factor Q0 for Rs=20 
nW at nominal field 1.4×109

Beam aperture HWR/SP 40 / 50 mm
Freq. range of HWR tuning syst 60 kHz
Freq. Resolution of tuners 200 Hz
Max. transmitted RF power by 
coupler in CW (for LIPAc) 70 kW

Max. reflected RF power in CW 20 kW
External quality factor Qex 6.3×104

Magnetic field Bz on axis max. 6 T
ò B.dl on axis 1 T.m
Field at cavity flange £ 20 mT

CBPM position meas. Accuracy 0.25 mm

CBPM phase meas. accuracy 2 deg
Total Static/Dynamic Heat losses 26 / 95 W

Objective: accelerate a 125 mA D+ beam in CW operations from 5 to 9 MeV

Cavity

Cold-Warm
transition

Solenoid

Power coupler

Cavity pumping line

Cavity string, Cold mass

16

Fusion/Rokkasho
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Summary

• IFMIF Prototype accelerator is under construction 
with international collaboration between Japan and EU.

• In the Injector experiment, high quality D+ beam was demonstrated.
175 mA extracted beam, Emittance= 0.15πmm•mrad @ 100keV.

• RF power commissioning is underway for RFQ (9.8m length).
RF voltage (between the vanes) required for H+ beam acceleration

was achieved.

• First H+ was injected into RFQ on 13 June 2018. After optimization, 
more than 80% of transmission in the RFQ was confirmed.

• Our activities have entered to a new stage.

Fusion/Rokkasho
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