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Fug;%m Introduction (1 / 3) Purpose of IFMIF

DEMO: Demonstration Power Reactor (propose)

ITER: experimental nuclear fusion reactor

DEMO: nuclear fusion power reactor
Production of power ~GW

For design, construction, and safe operation of DEMO,
evaluation of material data under neutron environment is
indispensable.

IFMIF: International Fusion Materials Irradiation Facility
(plan)

Process

\ Li(d,n) reactions.
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QST

Fusion/Rokkasho

Introduction (2 / 3) Constitution of IFMIF

IFMIF: International Fusion Materials Irradiation Facility (plan)

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

Injector :lon source: D-beam (SRF Linac HWR)
125 mA, . 100keV 175 Mz 4—sta(§VISRF linac

=7 & DA R gt 1,

10 m
HH—————H
The 4-vane Radio Frequency S |
Quadrupole (RFQ) :175 MHz. Beam Dump
100keV—>5MeV

5’4

Deutron (40 MeV-250 mA Liquid Litium ERERe 14 MeV neutron Test material

Neutron flux:1014n/cm2*s 5



gn/%sal Introduction (3 / 3) What is IFMIF LIPAc

IFMIF: International Fusion Materials Irradiation Facility (plan)
[y . . :

LIPAc: Linear IFMIF Prototype Accelerator
(under construction)

Beam dump

Energy 9MeV/ :
Average beam current 125mA/D+beam

Objective: Proof of principle of IFMIF
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@QST IFMIF Prototype accelerator (LIPAc)

Fusion/Rokkasho

Design, Manufacturing, Delivery: European Lab

(100 keV/D*140mA) (5MeVv/D*130mA)

Injector + LEBT rRFQ ]
CEA Saclay INFN Leagnaro (9Mev/D*125mA)
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Fusion/Rokkasho
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Injector ' RF Transmission Llne

Present LIPAc
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stem) + LPBD (Low Power Beam Dump)
(temporary)
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@QST IFMIF Prototype accelerator (LIPAc)

Fusion/Rokkasho

(100 keV/D*140mA) (5Mev/D*130mA)
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&QST ECR lon Source
Fusion/Rokkasho

Solenoid magnets

-
>
“

= 100 kV, >140 mA, <0.3rmt 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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Fusion/Rokkasho

First Experiment of Injector (2015)

——— - — N T TR Yen—

100keV, lext 152mA, Iss 109mA, 6000

9.7% d.c., Vie 43kV .
3 i

.§ 0 3000

e e @ @ @ @e @~ @~ GEE@- @n 0

Emittance@2015
(target: <0.3n)
€ =0.233mt mm-mrad
@ beam current=109 mA
Beam voltage: 100 keV
10% duty
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@QST Beam Emittance measurement (2017)

Fusion/Rokkasho

= Redesign of Electrodes
= 3D precise alighment for electrodes

Injector Experiment (Oct. 2017~)

Emittance (pi.mm.mrad)

15 20 25 30 35
Voltage of Intermediate Electrode (kV)

D+ beam: 100keV, 2ms, duty cycle 5 %:

- Good Emittance of 0.15mtmmemrad was achieved.
(€ = 0.233t mm-mrad @ first D+ extraction)
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M‘.?;/%ﬂ IFMIF Prototype accelerator (LIPAc)

(100 keV/D*140mA) (5Mev/D*130mA)
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QST RFQ and High Power RF System (2017)

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

FJARe i &
RF-Power Systenifcs =
L = ‘X N e

¢ Resonant frequency: 174.995 MHz

Jul. 2017: Vacuum pump, Cooling, Waveguide installed.
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SOST RFQ RF conditioning with 8 RF modules

1°' RF injection to RFQ cavity with 8 RF chains synchronized was
succeeded on 31 Jul 2017
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QOsT RFQ Conditioning

RFQ Conditioning (Simultaneous Injection using 8 RF modules)

150 D A A A N A B A A T 7Trr
132 kV! o
M0 pr e 1 * 1 (an.2018)
> Required voltage for D+ (132 kV) : .
T e e ke b ke B % < We achieved at 132kV,
% | .o".. } short pulse (~20 us), 1Hz.
© ]
% 120 i1 beginning of = T 1 1 4
= conditioning .
i N P : Troubles
© o » 2
> e | : : . 1
W | g 1 11 iii IEEEERERE
e e - | (June 2018)
o Lot L .. .1 ~77kV,pulse < 1ms, 1Hz
w2 ¥ 8 8 ] = 4 |8 << = Conditions for accelerating
T Date proton beam @ RFQ are

satisfied.
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HOST

QOSsT Example of Conditioning Troubles

RF window at coupler was damaged
- Vacuum leakage was occurred at RFQ,

Damaged

dummy load to absorb

reflection power from
RFQ

- Some dummy loads
were replaced.

E. Fagotti, “Beam Commissioning of

the IFMIF EVEDA Very High Power
RFQ”, in Proceedings of IPAC2018.
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GISY Commissioning scene of LIPAc components
Fusion/Rokkasho

For test of first acceleration by RFQ,
H+, not D+, is chosen to avoid
unnecessary activation.

Toward first H+ acceleration by RFQ,
e RFQ conditioning
e MEBT commissioning
e D-Plate commissioning
¢ Check of control system
are simultaneously performed.
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@QST First proton beam injected into the RFQ on 13 June 2018

Fusion/Rokkasho

300 usec, 1Hz

e 7 e 1 e et o

erminat‘ron

M. Comunian et al., “Beam Dynamics

Simulation and Measurements for the L NN
:II\:III\E,IIIDF'II\IIEV\E%I%A Project”, HB2018, After some optimization, more than 80% of
] transmission in the RFQ, on 15 June 2018.2 )
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@QST IFMIF Prototype accelerator (LIPAc)

Fusion/Rokkasho

100 kev/D*140mA) (5MeVv/D*130mA)
Injector + LEBT rRFQ ] B
CEA Saclay INFN Leanaro (9Mev/D*125mA)
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HEBT and BD will be installed in 2018
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M"?}./%mzswfo SRF Linac

Inner structure of SRF

Super conducting cavity arrays
D+ beam/125 mA is accelerated
from SMeV 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. 25

1.6E9 @low field



@QsT

Fusion/Rokkasho

SRF Linac: Specifications

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

- B Target Values of complete Cryomodule
PRI cvoed wan s _ 38 S Frequency 175 MHz
S - B value of the HWR 0.094
Accelerating field Ea 4.5 MV/m
Unloaded C-luall’Fy factor Qo for Rs=20 1.4%109
nQ at nominal field
Beam aperture HWR/SP 40 /50 mm
Freqg. range of HWR tuning syst 60 kHz
,_ Freq. Resolution of tuners 200 Hz
netic e M . t 'tt d RF b
agnetic shield ax ra.nsml e power by 70 kW
coupler in CW (for LIPACc)
Max. reflected RF power in CW 20 kW
Cavity string, Cold mass External quality factor Qex 6.3x104
'Cavity Solenoid Magnetic field Bz on axis max. 6T
f B.dl on axis 1T.m
Field at cavity flange <20mT
CBPM position meas. Accuracy 0.25 mm
Cold-!/l{arm
transition CBPM phase meas. accuracy 2 deg
Cavity pumping line Total Static/Dynamic Heat losses 26 /95 W
26

Power coupler

16



Outline:
1. Intoroduction

2. IFMIF LIPAc
3. Commissing Status of LIPAc

4. Schedule
5. Summary

27



FasT

Fusion/Rokkasho

e 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= 0.15mtmmemrad @ 100keV.

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

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

e Our activities have entered to a new stage.
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