Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan
PASJ2018 WEOLP(2

IFMIF/EVEDA [REI0&ESS(LIPAC)D RFQ E—LAO3vyi 3= 4

RFQ BEAM COMMISSIONING OF
LINEAR IFMIF PROTOTYPE ACCELERATOR (LIPAC)

UTHERERER® Y, ARAE Y, —&n Y, W& Y, FHIEY, TORER Y, FEEE Y, EAERY,
EHFEST VEIRE Y, 77Ty Ty mUa b TR PaByXP 2gvFoea—n 750 F e Aa )
EARA ZER O, wFxF TauO RETFTT AU To—r— TAERO, KAV TP

HZ7 T4V TP, FRE— KT, Pya AR D Yoy s R RR= 0 Tl — m—=FUR P,
axxy ToTq P, wAbrs Tl w2 (UL T Uy SR HAP
Keitaro Kondo **, Tomoya Akagi”, Ryo Ichimiya”, Takashi Ebisawa”, Atsushi Kasugai®, Keishi Sakamoto®,
Takahiro Shinya”, Masayoshi Sugimoto”, Yosuke Hirata”, Sunao Maebara”, Enrico Fagotti”, Giuseppe Pruneli®,
Francesco Scantamburlo®, David Jimenez”, Alvaro Marchena®, Ivan Podadera®, Moises Weber”, Benoit Bolzon",
Philippe Cara”, Juan Knaster”, Hervé Dzitko"”, Dominique Gex", Roland Heidinger”, Antti Jokinen",
Alvaro Marqueta”, Ivan Moya", Guy Phillips"”
) National Institutes for Quantum and Radiological Science and Technology (QST)
% Italian Institute of Nuclear Physics (INFN) - Legnaro National Laboratories (LNL)
© CIEMAT
P CEA Saclay
Y IFMIF/EVEDA Project Team
" Fusion for Energy (F4E)

Abstract

Engineering validation and engineering design activities (EVEDA) of the International Fusion Materials Irradiation
Facility (IFMIF), an accelerator-based intense neutron source, is one of international collaborative projects in the field of
nuclear fusion energy development by Japan and Europe, and the installation and the commissioning of the prototype
accelerator (LIPAc, Linear IFMIF Prototype Accelerator) is in progress at the Rokkasho Fusion Institute of QST. LIPAc
is composed of ion source - RFQ - MEBT - SRF - beam diagnostic - HEBT - BD and is a high current linear accelerator
aiming for deuteron acceleration of 9 MeV, 125 mA, CW. The installation and the check-out of the RFQ, MEBT, beam
diagnostic, and RF power system was completed by July 2017, and the RF conditioning of the RFQ cavity started. While
having faced with various difficulties, we advanced the conditioning of RFQ and reached the inter-vane voltage required
for deuteron acceleration in December 2017 with a short pulse, and from January 2018 the target of the conditioning
switched to long pulse operation for proton acceleration. Finally, the first proton beam acceleration at 2.5 MeV was
succeeded on 13™ June 2018.

B AT T BRI O # EE - BLEASHON 338 T4

1. [FL&IZ DV, Ry PEEREEATIC BN T QST AERL7e-
IFMIF(International ~ Fusion Materials Irradiation TR R - 2y = TR ST D,

Z @ IFMIF J5UBNE &% 1%, LIPAc (Linear IFMIF
Prototype Accelerator) &FFIE AL, HIKFEA A R (A S
#%) — RFQ— MEBT—H {35 (SRF) MIH##R—E — A2 B %
(D-Plate) - HEBT-E— A% 7 (BD) /HAf kS L7242
Ef 36 m OKREGES - INEE ThHo (Fig. 1),

IFMIF TlE 2 KO —LT7 A0 Z AN, K714 T 4
B¥® SRF &Y 2—/L& T 40 MeV-5it 250 mA D
HGTE— L% CW BTG THHDITKIL,
LIPAc 1T 1 ROE—LTA2 D SRF T a—/L

Facility, [E BB @LE M BHRBOIX =S -V F 7 A
(d-Li)BZ I i T2 I s SR Eh R oD 5k g Hh - C
DY, 20 FLLERINDLEE I THFER R ED b
TETz, BUEIL, 2007 £E7pDBRAGS AU, ITER D% 73
DD O HRKILFFEHE THHIRIET 7' 7—F (BA)
TEBOFFLADFE T, IFMIF O T 5HKGE T aHE
%)) (Engineering Validation and Engineering Design
Activities, EVEDA) 23 i 6 531 T %, IFMIF/EVEDA
TiE, IFMIF O TRk E AR O E! - SE - 3R

ZATUN IFMIF ORI W o B2 i 345 E A1 1o 2 &
Byt arTHH[] o ZDT-O DI KROFREN KET
B IEZROJEFLEFECTHY ., IFMIF IEEgRD 7 ok

# kondo keitaro@gqst.go.jp

DHT9IMeV-125mA OHEG £ — L% CW EiZT 5
FHE[ 72> TUND, IFMIF I ER O RR S DO FRZ IR D DI,
ZEMI BT IZ LA — LR PR EVRT KL —5
DOREWMHEIZIETHD, D7D RFQ £TD 5



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

PASJ2018 WEOLP02

MeV U TR R ILF—kI7 31250 T,
IFMIF JNE 2R LIPAc 1XRICAE AL 72> T 5, 100
keV D EKFE — LIZLD A G5 O M e e 78 7 Bk
(=X AR 1T TICSETLE[2], 2017 427 A%
TIZ RFQ, MEBT, D-Plate <& J& IR A, 7 HIE%
HEOWATIENTE T L, BT 2.5 MeV / Eﬁﬁ% 5 MeV
FTO/E VAL —LINERER (7 2—X B 3 ER) 12M
\7C.RFQ ® RF 2T 4 a=r 7 &ML=, 2T«
vam T TR A RN Em L7 00, e —
DA B SRR L, 2018 4F 6 HIZfIDE —
LHINEIZR P LTz, AT, ZNETHOT7=—X B
E—ARBRIZENT CORFERBROMER L, £ — 255
DOHIHFERIZHONTIRRD,

2. LIPAc DBz B LIE(TEREE

BA EEHIL. 2R TIEERINE [F L& EE CoEEE
W %17 > T, FHZBRDE X AY L2 B RRCHRE
FELUTEILL TS, LIPAC IZOWTHFEIEETHY ., 13
AT T T Y AT WD LTI b & H K GRS

L. FOROP-DIZSU CTREr ;@ﬁz u‘igﬁ%iﬁ&bfb\éo

IR 2 AR DA s O BUAE R, 77 R
F1 - B RV XF —JF (CEA) 7L —WF e, A XV 7T
[EN B Z2AFZE AT (INFN) L =% — 0 BFJE AT, Ao
VT RNX —EREE R L #— (CIEMAT) @ 3 F&BI
FIZH YL, Fusion for Energy (F4E) & \HERIN o S
BEBEDSERMR D B FEFT 2 B F &8 TUND,

RFQ 342V 7 ENLEY B A 52T (INFN) L =% —
D ZE AT N L EA S L, 2016 4F 2 HISA» Tz S
MFZERTIC 3 Ay EIOARAE TR A S LT, fﬂa&?m’%/
MEEZIT>T—IRMELT-# . B —XEEEIC
oy IS E R E LT 2 — %V7‘75§7<b‘ﬁﬁqj‘/l’]\’f“

1T, F3—F a—F =D E&kFa2—F—IZEK
%%?ﬁi%h 2016 4F 9 H 8 HIZEXFHEV DA n3te
E):ht_é:%ﬁ%én WL CFa—=U T35 T Lz, D%,

2 A ARRALEICBBEIL, BE22% mHR, flER O
HEfF DNERAT I T, @ JE IR (RF) & A7 A0 BLAR
BRONGE T L7214, 2017 4F 7 HICIRIHIRE S 2 Bae L.
72D RF 27 4 va=r 7 O R HES T,

RFQ ~KE N @ EB A M4 T 25 RF VAT A, 1 %R
2472 200kW. 175MHz, CW @ RE Z /145 4 fi
BROBEIEN 8 HHAWLID, BRI, mHE W
T To AT WIANAY CIEMAT DOFfEEIF:D T,
E JE I IR ESEY 2 — L (RF BV 22— V) [T A
INDRA #t, #&Be UGS DT /—K & £ EJR (HVPS)

K O B BRI E A, JEMA #E3 Bl 248
‘é’w\ 2014 FFEEHIRA 10 [BIOHE s T4 Ao
VAR @A S AL, 2016 4F9 H ETIZETOWEMZET
utD Z D% HlHE R OEEMERNOENMERERZ B AL |
2017 44 ANBFI—m—RE W= KRERBRICEIT
L7, ZORBTIE. RF T2/ 1 ZHETHOEKD
200kW CW CTORHREFABR /\U—Vﬂi(;ﬂ)ﬁu;ﬁ@@jﬁf
B FRVTL—ray) | —Fal— X —OFR %
%ﬁmb 8 AHEATOHERN 7T H 3 BITKTLE,
R L¥ — B — A5 R (MEBT) , B — 22 W%
(D-Plate) FARA v =R X —BEE i 2 —
(CIEMAT) DN8UYEZFY L 2EE T L0 HARER, %
T TAANREEZ R CE — AT NI BRI,

77— B R TlL, RO b2 Mz D76 | 3R
IE duty 0.1%D7 L ZIRE — LD TITH, B — A

H e — 2427 (LPBD) EREIEND, T AIG 4O
A=y NCRBEEZTH, ZTNHDT7x—A B B —LAL
BRIZ 7o SR OPRATRFEIX 2017 4F 9 HETIZAeT
SE T LTz, [3.4]

3. RFQE—LIZIYI 3= FIcmITT=#(E

3.1 RFQ®RFavF(ia=r

2017 4% 7 H 13 HIZ RFQ ZZili~® RF #JA§%4T
W, ZD%, 8 /D RF JRICEDIFEMIALIZ7 A 31 H
RO TREEI L=, LIPAC D RF VAT LTI, 7TV
2 V5D LLRF 2MEb TRy, 2 B EDORIHIA
HFCl%. White Rabbit XA Y7 s E CO~
AH— AL —T [A % FBL T DX A7 Bl Ry b —
IR VT, R ZZBLL TD,

LIPAc @ RFQ 1% 9.8 m &AReD TR R T, 72>2 CW i#
IRETOaAL T 4am TN ERZENS, R
B LHLTEIN T, EE/EL7Z INFN Tl
RFQ #4518 EV2— /L DHH | @ kX —MD 3
V2V EREA LT 1/6 ZERICRTL CRE SRR (=
T aa=rd) 2015 AR FEMLTRY, ZORHIEE
EX—VHEBE.CW ETOaryF 1ra=r 7028
1.5 y AZELT, ZORBREICIC, Mo T a=
7 HAM % 14 8 (24 BERE/B L 7 HAR) EREL -,
av Ty a=r 7 W E RN T 5720 12X E KD
RF AHMSBLLEDYE G, 10 HDEIRETLA D 3
RACEN LD ARG AL, R ICar T va=

7 EBIR LT,
aFa=r T, if@/\/l/z (<50 us) . &V \n‘ﬁk
DKL (1-5 Hz) T I

T — A

Figure 1: Configuration of LIPAc.
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Figure 2: Example of the RFQ RF conditioning history on day.
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Figure 3: RF conditioning history from Oct 2017 to Feb
2018.
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Figure 4: Current measuring points of the LIPAc Phase-B
configuration.

Figure 5: Beam pulse signal measured by ACCTs and
LPBD when lex=30 mA.
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