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Recent Progress of IFMIF Prototype Accelerator
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“Linear IFMIF Prototype Accelerator (LIPAc)
Rokkasho Fusion Institute (BA Site)
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Key R&Ds for Fusion DEMO Reactor @QST

The first wall of the reactor vessel shall absorb neutrons energy

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)
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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.

-
Fusion Material Irradiation Facility with Accelerator @QST

Neutron energy spectrum
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IFMIF : (International Fusion Materials Irradiation Facility)

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.



&QsST

[Injector(lOOkeV)J SRF «Damage rate :>20 dpaly
eNeutron flux: 10%4n/cm?-s | ¥
& (5 MeV->40 MeV) . -

Test facility (irradiation
Li(c,xn)

- ————

e

RFQ .
[ 4-vane (0.1 MeV->5 MeV) J Heat load by beama —
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Liqg.Li loop (£ Li%_ L
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Target
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mmr) % o International Fusion Material Irradiation Facility (IFMIF) @Q,ST

High Intensity neutron source for fusion material irradiation

[Injector(lOOkeV)} [ SRF } E:)amage ratio: >20 dpa/ﬂ

(5 MeV->40 MeV) oN-flux:10%n/cm?+s
Irradiation Test facility\

Li(d,xn)
—jé‘ , )

Heat load ~1 GW/m#3* N utron

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

IFMIF Prototype Accelerator(LIPACc)

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

Objective: Proof of principle of IFMIF 8
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. )
Development of high current accelerator YQST

1000 LI ||||IIJ LI IIIIII| L IIIIIII LB IIIIII| L ||||I|| LN
*: ...... IFMIF Fusion material 3
100 research - _
T fumc . = IFMIF: (125mA x2 lines, 40MeV)
= W0 o e -
. Opsnim 3
5 qc.o%%,'n...sf‘*“{f’ 7 IFMIF/EVEDA Prototype accelerator (LIPAC)
3 P .J_PAR;-.: S is under development in Rokkasho village
9 o1 - TRUMRSs eeRs 7 under EU-Japan collaboration
© - . .i‘P'ARC ------- 3 . .
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0t 1 000 1000 TEMIF/EVEDA Prototype accelerator (125mA. 9MeV)

IFMIF accelerator (1 line) (125mA. 40MeV)
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) BEY  Three stages in LIPAc R&D operation QST

S

100 ke

Acceleration:0.1 MeV
Current:140mA
camcion B8 Beam power: 12.5kW
EVEDRSTA  Erom 2014

......

0 Beam emittance < 0.3 w.mm mrad | EN€rgy: x 50
Power: x 50
2nd Stage (RFQ) \/
T b kev T T T T T S eV \!

Beam enegy:625 kW
!nm“)‘nu LEBT RFQ MEI From ~2017
EVEDA: 1 ACCELERATOR ACCELERATIN peam transmission ratio >~ 95 %

PR U | S S

e 10 World’s longest RFQ
Energy: x 1.8

— Acceleration:5MeV
i i+_|’ Current: 125mA

Acceleration: 9MeV
Current:125mA

Beam energy: 1.125 kW

BEA From ~2020
EXTRACTION LEBY RFQ MEBT— SRF-LINAC
EVEDA: 1 ACCELERATOR ACCELERATING 125 mA CW Superconducting cavity
‘6 e 20~ Low beam loss < ~1 w/m
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Injector

R-AXIS (MM)

Based on “SILHI” (CEA)
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First Experiment of Injector (&QST

——

Emittance meter

" 100keV, I, 152mA, Is 109m
. 9.7%d.c., V. 43kV

i
€ rms,n 0-233T mm mr
e e T e e e e e T
Emittance@2015

(target: < 0.3m)
€ =0.233nt mm-mrad

@ beam current=109 mA
Beam voltage: 100 keV
10% duty

First D+ beam was obtained at July 2015.

13
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Beam Emittance measurement (&QST

Injector Experiment (Oct. 2017)

0.21

0.17

Emittance (mmmemrad )

TL S AR BT R DRy
15 20 25 30 35

Extraction voltage (kV)

D+ beam.100kV: Good Emittance of <0.20nmmmemrad was achieved.
(Target value: <0.3mmmemrad)

14



QST

5MeV

: Output
¥ (bunching beam)

D+ beam
eacceleration
efocusing
ebunching

RFQ cross section
(430x430mm)

Vane before assembly

16
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Beam Simulation (PARMTEQM. Toutatis)

Beam density (106 macro-particle)

& -Emittance at RFQ output:
0.20 mmm.mrad

@ =~

raclius (mm)
N

w

o
(=]
=]
=
fysuaq pasijeulioy

*Transport ratio of particles:95.9%

2
1
0

*Loss occurs at the first 3m.
z(m)
B e "Local loss: ~12W

— Egnom  — By mom  —— £z nom

“Loss at high energy section: ~“6W

At 140mA input, output current will
be 133 mA.
(Target is 125mA. 5% margin)

(sajoiued [Biiul jo 94) Sass0T
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RF voltage at the top of vane[a.u.]

3 T T T T

@ Calculation
B Measurement

25 T

15

0.51 zinterp 9.55

Axial length [m]

98 tuners are adjusted.

Required resonant frequency and electric field distribution

as designed were obtained

19



lFMlF)

17



175 MHz 200 kW (tetrode) x8 sets.
Power supply , Control System (LLRF+White Rabbit)
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'FM'F) kW Commissioning &operation by Japan-EU joint team @QST
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QST

(1) First step

&) O 19216801

s Using 1 RF line
E Sliov Ihicciad pou e e low power (several kW) . short pulse 15us.
Blue: Reflected power low dUtY(ZHZ)
i e ~10% power injection into the RFQ
Magenta;pick-up e ~70% reflection from injected line,

in the cavity e ~20% reflection to other lines (total)

| Green: Reflection to
One RF line injection other line

(2) Second step

» Simultaneous injection from
8 RF lines (31 July 2017) \ _
» White Rabbit P -iciianitamateet o ZT0 s o0k b

20.0mvVQ | tabel
? upling impedance 4 -
o

pandwidth
§

Invert ull

Cll‘g) 7)"‘ on —

(3) Third Step

From October, RFQ conditioning has started.

21
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Status of RFQ Conditioning &QST

e - -
140 fod-
3 Do DMK BB ERRE (13 ] :
2 o LI- roT-T-=rat-to-ro-resy -1 <- Required Vane Voltage
o &, 1 for D+ beam acceleration
& 120 sRHFRAS ]
m\: *#&ﬂ!fs;;z4 A
’ ¥ia o 1
L | B Short pulse (~20 microseconds)
[ » v ]
oo e
wrvars, sakone ¢ / ]
U mm o m @ m @ o mf/mm
N o N o n o N o n o = un
m = - ~N N m m © = N o
- @ @M m @M I I @@ @ @I 0o
" A g8 "8 gy
B

RFQ Conditioning
e Simultaneous Injection using 8 RF modules
e Voltage between the vanes : 143 kV was achieved
(enough for D+ beam acceleration)

22



First Acceleration of H+ beam by RFQ (&QST

IFMIF)

At 13, June, 2018

Injector (lon source) RF power Beam Dump

" I \\[ ™ = - —_ __l | [ l = RFQ | — 7 : \ I

" ’I‘l—"'tl\.h- ‘-'— [ |
H l di| II. I L

A
v

. detector

Direction of beam ACCT RF power ACCT and current detector

8-RF power source

Waveform of each current

:‘Il d LOM points

Invert — pandwidth @) Label
[m‘| Full MEBTacct

The first beam wave observed in the |FNe=
prototype accelerator RFQ \
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First Acceleration of H+ beam by RFQ (st

98 m g At 13, June, 2018

Injector (Ion\source) RF power RFQ Beam Dump
‘ '-=

T \[

: E |,|E :
ACCT

Direction of beam RF power ACCT and current detector
8-RF power source 4,

A
A

Waveform Of eaCh current E T T T IHIITI‘ T |||||||| T ||||||\| URRLILL R
i~ E ‘/’?‘{v ’:ggéi“”sggg y";_?
100 - IFMIF 1 =
/<-E 3 IFMIF/EVEDAL@ niEzR(BER)
E R
~ 10 =
¥ F Okssia)
AL i A N i A 9__) 1 = cyclotron'@ o
- E
3 = LANSCE =
O - ®_  ®UPARC .
Q B TRIUMF - @ 3GeV RCS 1
o 01 ISIS -
© E L | Aol J-PARC E
o} F #HH - £EHRE S0GeV MR =
e fimpon Z oo 3 IPNS: AoSe E
/ points — N FNAL-MI F
Coupling  Termination InverL Bandwldth € Libel - SOOMe}\SEBc}‘)(oster CERN-PS@ ° .
S 0.001 - ETI% - EHNTIE
S o @
0 i i - KEK  U70 Tevatron
25mA, ~95% proton beam transmission (duty3/10000) o J | e SPee
0.0001 I N T T T T 4 T W W 111 I S A1)
1 10 100 1,000 10,000 100,000 1,000,000

e RFQ conditioning will be re-started in Jan. 2019. Ion beam energy (MeV)
e D-beam RFQ experiment will be started from March 2019. 24



) (¥ HEBT (High Energy Beam Transport) ST

® Design
- 1.1MW High Power beam Dump: Power density<300W/cm?
- Loss except the beam dump: <1W / m (beam loss <10 %)

® Code
- TraceWin

9 MeV 9 MeV
1125 kW 1125 kW
2y m 2415 ..m..wu..,”..W...‘”.l‘m.‘H.W”.u‘.|.u...url..‘r[..‘Wm;...‘,...w...u.s
ﬂ |1 /355 mm 2500 mm 500 mm &0 z
150 mm 3
Y|

2600 mm

Quad ™9

\V /{165 mm 150mimp  /
F if
.2:71
L 698.13 mm
af
:I. ...... Loaadiaag Lohutanny Ly T T pl sl I FETA R ETY PR AU RT) SRR TR FAE] ..m....l.:
0 1 2 3 4 5 | 6 | 7 g 9 10 1 12
LPosition | Position ‘ "")| Position ‘

Current || DiagPlate: Mean Energy, Energy spread, TransProfiles

TransProfiles,Emittances, Halo, Current, ... -
IEn. spread (2 slits) |

Losses | Losses ] | Losses ‘ ‘ Losses ‘

b -.
Beam dump (1.15MW CW)



=) High Energy Beam Transport = @QST
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2" Triplet of Q-Magnet

Doublet and Dipole
(assembled in Rokkasho)
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e High Power Beam Dump QST

27
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~2 m Thermal shield ~6'm
> <
A - . {60K He gas) :

[l

~2.8m

v

\

Half-wave length cavity

Helium vessel
in Titanium

Liquid helium. HWR in Niobium

SRF linac (&QST

28



OyHolas SaTHoRI

Sathori LCS and
instrumentation

HVPS with 26105 kW RF Module ~ Coaxial line
dummy load

RF Module (175MHz, 200kW)

29
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Q, vs. E_.curve

-

QST

1E+10

B Vertical test
atHoRi test (p=1)

n

Qo n

1E+09 ki

l quench
quench

0 1 2 3 - 6 7 8 9

5 10
Eacc (MV/m)

@The maximum accelerating field in horizontal test is 7.5 MV/m.
@The measured Q, at nominal field (4.5 MV/m) is 8x108
which is above the specifications (5x108).

Good performance has been achieved with stable operation at first cavity.
All cavity will be delivered to Rokkasho soon.

30
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QST

Installation of Cryoplant at Rokkasho site

-y 3 — —— X = S
— = —_.,‘“*‘ﬂ-m-_g_-n.__ LE2==

He GAS Buffer Tank; Om3

31



Radiation (Neutron) during operation @QST

lFMlF)

Neutron yield when D* hit Cu of the HPBD uSv/hr
During operation at 9MeV/125mA.
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@QST

A-FNS

(Advanced Fusion Neutron Source)

- Domestic plan of the neutron source development
for nuclear fusion

A.Kasugai, K.Ochiai, S.Satoh, H.Kondo, M.Ohta, M.Oyaizu,
M.Nakamura, S.Kwon, C.Park,H.Tanigawa, T.Nozawa, M.Teduka, H.Suzuki, S.Ishida
K.Sakamoto
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@QST

IFMIF and A-FNS

IFMIF: 40 MeVx125mAXx2 lines

Irradiation module
(High. Middle. Low flux)

18 kW 3 0.6 MW : uuw umw . unw son . .
: ‘m y mq DIPOLE DODECAPOLE  OCTUPOLE
108 | 'IIII l' JHI ‘ |\I|f
] (I
unJ___'| . | g SOLENOID  RF CAVITY(175 M m) | > [ . '
m BL6 Wibd 2HhTIHVC HEBL
'] | | 207ENOID KN CYALLA(TIZ WiE) ’ » l
zonml (O A [
10M WAV \'\ |'“”H
_J ww DILOTE DODECYMOFE  OCLABOTE ‘

L t00pen N T Whrem ; S , Lig. Li target
18 KM 02 WM HNM ISHM J')NM ZONM

Injector RF D-beam transport _
. RFQ > Neutron source for fusion

A-FNS: 40 MeVx125mAXx1 line

18 kW 0.6 MW 1.1 MW 18 Mw ].] nw 5.0 M!l
100 KeV T T oMey 18,5 MeV 40 Mo v T
0] DODECAPOLE  OCTUPOLE
|
100 I ll ll\‘ ‘ \JIIH‘\ N
- VTV AT WYV “

D RFCAVITY(175 MHr)
MEBY SRF-LINAC HEBT
IFMIF: 2 ACCELERATORS, EACH ACCELERATING 125 mA CW DEUTERON BEAM TO 40 MeV

1 : il i

L " '
0 20 40 60

Neutron source for Fusion + application
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2)QST
A-FNS conceptual design based on IFMIF/EVEDA D

- Target: Prototype of Liquid Li target loop was constructed and tested.
- R&D of Accelerator : Underway on IFMIF prototype accelerator

- Conceptual design is underway. Will be shifted to Engineering phase.

N Busor (FMIF
BT M o gy

INFN Legnaro

‘ B Demonstrated
MEBT SRFLINGC 1l [l o Stability : 25+ 1mm
JAA CIEMAT Madrid CEA Saclay | # =N i i |
4 CIEMAT Madrid HEBT E \ LN /7

CIEMAT Madrid  gp

Flow speed : 15m/s

- T g WhR. 2 CIEMAT Madrid ‘ Operation time .
Control System SO 1T
CIEMJ:xadﬁd CISA;AEFOMW;M D)agnosilcs > 1 5 0 0 h r
CEA Saclay CEA Saclay CEA Saclay
INFN Legnaro SCK Mol CIEMAT Madrid
o T NEETNN NICES
il

IFMIF/EVEDA Prototype accelerator

20|15 20?0 ZOEZS 20;30 2035
| | ! | *
' 20dpa data
IFMIF/ BA Phase | Phase I pa
EVEDA

; Data
LIPAC exp. <

: Irradiation start (10dpa/year)
A-FNS EKEUETatE] Engineeringﬁ Construction T

Schedule of Fusion Nuclear Source Conditioning



»
Layout of A-FNS in Rokkasho @QST

(Present) Additional area ~13.5 ha
Rokkasho Fusion institute A
| A
1 300m Drainage water treatment

| | < >

»

f Radio activation

A-FNS Building

LIPAc Building = =& ' » LEEEELLEER

Consideration of Site Utilities is just started for A-FNS

36



Site of A-FNS
mhe Pacific Ocean‘

F22AD

4n

%
Rokkasho, Aomori
Japan

SE S

i

7 xem
=D

MW
*nRm A%

Construction
area of A-FNS
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Conceptual Design of A-FNS QST

Dimension of A-FNS building P T
e Length : 187 m o R =
« Width : 100 m

« Hight 3F up  21'm

e 2F under 15 m

Accelerator Facility
(1F: Accelerator.
2F: Power supply)

Liquid Li loop Facility& Target Assembly

Single beam line is considered for A-FNS.

Conceptual Design of A-FNS based on Engineering design of IFMIF 38



A-FNS application (Isotope production) @QsT

Mo0-99 Production (Medical application) :
e Utilize the backward of the fusion material irradiation area
e Improve RI production speed with neutron spectral shifter and reflector

/ 15

— RI production module 104 Enhancement of Mo-99 1
A
: Molybdenum s’ __,L .
Li target 1.6cm thick (1kg) (X 10 : p——— %’\
— N N F L f‘ 5
==L 2 102 L... With Be
— R f
D-beam Neutron Mhoggt el
40MeV, 125mA H : o
S—— 10" _—r"' w/o Be
| Spectrum 0
| shifter (Be) 107 Lol sl sl sl il ol
10 10° 10° 10% 10> 10° 10" 10’ 10" 10°
HFTM (Fusion) PEFIRILF— MeV

Simultaneous radiation: fusion material irradiation+isotope production
Supply 100% of the domestic demand amount of Mo — 99



Application of neutron source to other field @QST

«Data base of
fusion material

Lig. Li target

14 MV

L2 L
PEF y PSS OIS
HWMBFEITI T vbS AT L

WREEELT

Fusion component

Neutronics

ENDF/B-VIL1 (JENDL-4.0, FENDL-3.0) H-1

Medical, RI production

Bamage [MeV barn)
<4 4 8§ & 3
1

1
Heutron energy [MeV]

V%QETT—QWJH.
A_ F N S SYHE I HREEH
40MeV D beam . Fusion Application
125mA (CW, Materlal] component (Industry,
test ) test Medical)
6.8x1016/s

Material Science,
Material development

Neutron radlography

BNCT

.

‘ Simulation of Mo0-99 production

Beam Ilne B

| | Shield

""1rget \
40MeV
Accelerator im P—  Test cell
= ! g neutron~\_'=’_ For
e A fusion

[[Beam uiner | L-neF ﬂ 40
Beam Line E

/

material
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Summary & Future Plan (@QST

* 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 Il, is under discussion to
demonstrate the feasibility of 125 mA, 9MeV for long pulse operation with SRF linac.

» After the BA phase Il, QST plans the construction of the Advanced Fusion Neutron Source (A-
FNS) with 40 MeV SRF linac in Japan, which is one beam line system of the IFMIF, to satisfy the
Japanese Action Plan towards DEMO.

Tentative schedule of IFMIF/EVEDA and A-FNS

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

BA Phase Il e
BA BA(QP“?:'\?)e I (9MeV,125mA,CW, Long-days First plasma
(| FMIF/ operation)
EVEDA) R&D of EU/JA common issues
Construction (~2031)
Conceptual Design/ Engineering & construction Irradiation Test of 20dpa
A-FNS Basic R&D Design/ related R&D (2031~2033)
Analysis (~2035)

41



