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RIMEN
(1)New Injector SC-Linac for RIBF (K. Yamada, SRF2013) 2013-

14MeV/u  SC-Linac (73.0 MHz), 14 cryomodules, L=43 m 11 MeV/u
oo o o oo oo el e el oo oo el e el g = Cyclotrons

il SC-ECRIS
’ 56 SC-QWRs(73.0 MHz)/14 CMs

238J35+ 11 MeV/u, 1 mA

RT-cavities (36.5 MHz)
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(1)New Injector SC-Linac for RIBF (K. Yamada, SRF2013) 2013-

14MeV/u  SC-Linac (73.0 MHz), 14 cryomodules, L=43 m 11 MeV/u
oo o o oo oo el e el oo oo el e el g = Cyclotrons

il SC-ECRIS
’ 56 SC-QWRs(73.0 MHz)/14 CMs

3 \ _ ‘ ..' ﬁ:. >aa-aaTi
RT-cavities (36.5 MHz) 23835+ 11 MeV/u, 1 mA

(2)ImPACT Program (N.S., SRF2015,2017)
2014-2019
Nuclear transmutation via nuclear reaction o
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Prototype CM e i)

~ SC-QWR(75.5 MHz)
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[ SC-LINAC PROJECTS AT RIBF (S NISHINA
(1)New Injector SC-Linac for RIBF (K. Yamada, SRF2013) 2013-

14MeV/u  SC-Linac (73.0 MHz), 14 cryomodules, L=43 m 11 MeV/u
o o o e el el e ol el Jef el =P Cyclotrons

il SC-ECRIS
’ 56 SC-QWRs(73.0 MHz)/14 CMs

238J35+ 11 MeV/u, 1 mA

RT-cavities (36.5 MHz)

(2)ImPACT Program (N.s., SRF2015,2017)  (3)SRILAC (N.s., LINAC2018)

2014-2019 : 2016-
Nuclear transmutation via nuclear reaction .., Super Heavy Element synthesis(Z>118)

i CM3 1, CMOH CM1
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Sgett 10 SC-QWRs(73.0 MH2)/3 CMs

rototype é o | EE z;__
 SC-QWR(75.5 MHz) A/q=6 6.5 MeV/u, 10 ppA
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3 Prototype SC-QWR(75.5 MHz) % NiSHINA

RIMEN
B Quarter-Wave resonator with an optimum B 0.08
B Slow tuner compressing the acceleration gaps

B Side test ports for block tuner
B BCP for surface processing (RRR 250 TD):Qq 9.4x108

Parameters -

Frequency (MHz) R O N TN eawe 'Eﬂ%v 15 };‘g'oidal C:
(CW) Pretuning T : i
Optimum B 0.08 : |
| Rinsing Ports|  Stem
Rsh/Qo () 578 | i
= 360 E e : 83:1iiruct .

G (©) 23.5 | : |
Vacc(MV) 1.44 Side Te&Ports i Beam Ports i
Eacc (MV/m) 4.5 : :
Epeak/Eacc 6,2 9 m\% \:\‘ Alignnmjent Jig

HR LS L
Bpeak/EaccmT/(MV/ 9.7 L U@ R
m)) Section for EBW3 |
Operating 4 s TE E % E % E Beam Pipe ‘ : ‘ om
Temerature(K) Antenna Port | :

FPC Port / Vacuum Port / End Drift Tuk

Target Qo(Rs=25 nQ) 9.4x108
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ﬁ Surface Processing 4‘% NISHINA
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RIM=N
m BCP(100 um)—Annealing(750°C, 3hr )= BCP(20 um)—Baking(120°C, 48hr)

HF- chidaas Anealing

HNO3 Ul -

H3PO4

=1:1:2

Surface processing (BCP, Annealing, HPR) facility has been developed by MHI-MS.
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RIMEN

Performance of Cavity

m BCP(100 um)—Annealing(750°C, 3hr )= BCP(20 um)—Baking(120°C, 48hr)

BCP1

Anne-

BCP2 : Qo
Proc. (um) aling (um) HPR |- Baking @4.5 MV/m
120°C
- - 19.5 !
VT1 yes o
750°C 120°C
97.7 23.0 z
VT2 3hr 48hr

51
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RIMEN

Performance of Cavity

m BCP(100 um)—Annealing(750°C, 3hr )= BCP(20 um)—Baking(120°C, 48hr)

o
g

BCP1 Anne- BCP2 : Qo
Proc. (um) aling (um) HPR |- Baking @4.5 MV/m
120°C
- - 19.5 !
VT1 yes o N/A
750°C 120°C
97.7 23. ) . 8
VT2 3k 3.0 yes 18k 8.7x10
VT3 - - 21.9 yes LG, 4.7x108
48hr

5

2
109

)

2

108

TTTrrprrrryprrrrpnrrrryiiATTIrernl TTrprrrrpriEperrrprerrpreea]
7 -4
7/ o i

0.5W,” 1W.” 2W_ -~ 4W_--~ $azi
/ 7 - SR

f— 7 // pe—
- eooeseesossoescssesces@iocescosngenr. V10 -~ 132 W

/ / V2 - SN
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Lo

64W

=1128W

sl 4 &
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0 %A A R M o Y S (o 0 U S O %
Epce [MV/m]
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

O 10 20 30 40 50 60 70 80 90 100110

Bpeak [IIIT]
| | | | | | | | | | | | | | | | | | | | | | | | | | |
0 10 20 30 40 50
Epeak [MV/III]
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F.' Performance of Cavity SHINA
RIKZN
m BCP(100 um)—Annealing(750°C, 3hr )= BCP(20 um)—Baking(120°C, 48hr)
e e R B s
roc. (pm) aling (pm) S @4.5 MV/m : ,’/ //// //// //’/// 8W /,/:
o 2 ,’/ 7 /,/ //,// ///,/" 41
VT1 - . 195 yes 29°C n/A B gmanaRmms R s nas s n s
48hr 109 L
(=) u ’;32W
750°C 120°C g i A > Jigaal LW AR
97.7 23.0 ; 8.7X1 08 W1M VI3 4]
vi2 3hr Y®%  48hr ° 2P *hesbessrescertonsesessis eseraerin Mgl
120°C T A R e s
- - 21.9 vyes " 4.7x108 A ] 1 0 B 8 0 (e ]1=1128W
VT3 y 48h|" II // l// // /// /,/ ///’ ’,,44K
120°C e
Vi4 - - i Tlloyest ol 4.7x108 R | P B Y L i - ey o - 0 10 iy e
Measurement was performed at KEK. shceghasussdnaiis s fieidninin e cs
ALY gl | 0 10 20 30 40 50 60 70 80 90 100110
______ Bpeak [IIIT]
VA_S | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
0 10 20 30 40 50

Epeak [MV/ IIl]
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RIMEN

Performance of Cavity

m BCP(100 pm)—Annealing(750°C, 3hr )= BCP(20 pm)-'Baklng(120°C 48hr)

T T F R e
BCP1 Anne- BCP2 Qo 5T D T 2% A D i
Proc. (um) aling (um) HER | Bking @4.5 MV/m i 0.?,@ /// /fw //4w AEa Y
120°C % o //, i BEae IR T 16w
- - 19.5 ! 114 /7 BP B ; e
VT1 yes o N/A Ak dmn i . o
750°C 120°C <
i 8
VT2 97.7 3kt 23.0 yes 18k 8.7x10
120°C | (N
: - 219 ' 4. 8 Wy
VT3 yes o 4.7x10 — ) | i
o . 1]
VT4 - - Jes =0 S 108 ) T
48hr ﬁw’rg;
— Cavity was assemble to the test cryomodule.
* Cool-down test
....................... - RF-Test (Reported|nSRF’17)
Study of cavity performance was continued.
— Cavity was disassembled from the test cryomodule.
— Design modification was made to the SRILAC cavities.
3/July/2019 SRF'19 @Dresden Slide 4
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ﬁ Why the cavity got degraded?

RIMEN

B During conditioning of multipacting temperature rise of the blank flange
of the test port was observed.

0.015 71— |
Sideport1 —— |
A L ML EEEET |
N
001 ilicon Diode /ai
% Slisniedar } -
@ |
-
= 0.005 h
g &)
0 [t | :
I ; . I
'0005 SN S S E S S R — Power%ﬁ '
20 20.5 21 21.5 S Siupl aa s 11
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W@ Why the cavity got degraded?
B During conditioning of multipacting temperature rise of the blank flange
of the test port was observed.
B Vacuum seal of the side test port(U-TIGHTSEAL) was found seriously
damaged after VT4.

0.015

1 1 1 1 1 1 1 1 I 1 1

|
Side portl —
Trunk

3/July/2019 SRF’'19 @Dresden Slide 5



ﬁ Performance of Cavity

RIM=N
m BCP(100 pm)—Annealing(750°C, 3hr )= BCP(20 um)—Baking(120°C, 48hr
_||||||||||||||||||||,|/|||||y|/f|||||||| |J,H||||||||||L|JLI=
BCP1 Anne- BCP2 ) Qo 5— L SR JRAGRE S ISE R WO e e b
Proc. (um) aling (um) HFR | Baking @4.5 MV/m i i // 5 i /,/’ i /;
o 2 ,’/ 7 /,/ //,// ///,/" 41
VT1 - . 195 yes 29°C n/A e
48hr 109 L
(=) u ’;32W
750°C 120°C < ean AR > - eteny
97.7 23.0 © 8.7x108 JialekaERdARnaERRaRA S S s e
VT2 3hr yes 48hr 5 }__ :’I’ y; T /,’ P 00806 4_--64W
B < L . PR &% il 3 e ///’ //,/’ i
120°C 4 P i =
: - 219 * 4.7x108 Amni (DEBENESR ERANGEE CRESR T Y Eabr:
VT3 yes o i I,l,y, A 4k
109 & 7t $ G G =
1200C’ _III’IIIII II/II'/IIIA/I|Illl/rlIIII/I/I/IlllllllJrl/ITlllllIIII|IIII|IIII_
Vi4 - - i yesp 4.7 08 R | P B Y L i - ey o - 0 10 iy e
: Bqee [MV/m]
VT5 _ _ D26°5 yes 120 C’ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
+21.5 48hr 0 10 20 30 40 50 60 70 80 90 100110
PP SISV SRSUP SNSRI /By RPN, RS0 SO PpIp—— B [mT]
s Clean up the flange SUﬁaceS | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
Exchange U=TIGHTSEAL — VT5 B [MV/m]
* Differential EtChlng + BCP2+HPR+Baklng Measurements were performed at KEK.
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RIMEN

Performance of Cavity

m BCP(100 pm)—Annealing(750°C, 3hr )= BCP(20 pm)—Baking(120°C, 48hr)

IllllIllllIllll l/lllIllll lllIllll/l/lJ,VlIllllIlllll;l,l/__
Pl BCP1 Ar!ne- BCP2 HPR Baking Qo 5 0.5‘;,/111"/,/';,}// ﬂ[’// =
(um) aling (um) @4.5 MV/m _““.”““// & // e T oW
120°C o s A “:00 “":‘}06. S ,/,/’/ e
VT1 - - 19.5 ! N/A PAE WA B SR, eV TH L
Y5 aghr / GERdEnreRee: b
VD 977 onh e s ,
3hr 48hr
120°C S S, = =
° o 'ﬁOﬁo:..“’ 0000960000009¢e 5! =
- - ! 8 2 18 /P 0eeesc0cc0nng, canss NVT6 1=1{128W
120°C, - -
Viq - - i S e ABERMRY £ e 0 2 Bila 5 B gl o Thiln e
TS Epcec [MV/m]
Vis - D265 120°C, £ ETRERNERTRLR IR RER R A R
+21.5 48hr ‘s, 0O 10 20 30 40 50 60 70 80 90 100110
i Bpeak [IIIT]
* Clean up the flange SUﬁaces I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
2 55 P2 153 0 1 o g o 4 5 0 O . 0 10 20 30 40 o0
~Exchange U-TIGHTSEAL =»\TH B [MV/m]

* Differential Etching + BCP2+HPR+Baking

Measurements were performed at KEK.

The cavity yielded Qo 4.5 times of that of VT2

3/July/2019 SRF’'19 @Dresden Slide 6
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RIMEN

Difference of frequency [kHz]

75 | o |

70

65

I | I I I 'E | I I I I | I I I I | I I é I I | I I I I | I I I I
- 75.415 MHz : beam line : 0.718 kHz/um
- at 0 mm - at 181 mm : at 450 mm
i : /.' ‘?\‘.
/. . \.‘~.
\
S— \  c—
»
\
\
s %
// \.
/
¢
60 1 1 1 1 | 1 1 1 [: | 1 1 1 1 | 1 1 1 1 | 1 1 E 1 1 | 1 1 1 1 | 1 1 1 1
0 100 200 300 400 500 600

Differential Etching

B Frequency tuning during fabrication is time-consuming.

B One effective way of frequency tuning is differential etching.
L. Popielarske et al., Linac’12, MOPBO071

B The frequency shift was estimated by MWS simulations.

Position from the bottom of cavity [mm]

700

CST

A

1055

Liquidyl

181

YV

B £

Return Pipe

%L

B Differential etching of 26 um increased the frequency by 12.6 kHz at 4K.
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ﬁ Side Test Ports for Frequency Tuning
RIN=N
B Frequency tuning during fabrication requires a lot of attention.

B Cold tuner adjust the frequency at 4.5 K with an order of 0 to -10 kHz
squeezing beam ports with 5,000N.

B During operation cold tuner trims frequency detuning due to variation
of He pressure, microphonics, Lorentz force detuning , beam loading,

| 75.335,;_.1.... ssssssss ferdemiageto e I """"""""""" | R RE T, 1= 0
g B B e b £ . N|' ]
| - Plug tuners: ¢ 54 = T~ L o]
76.320 |- g3 ] [ =
| ; >
' | : 75.316 F i 2
ree AN B @ q4-10 &
S RB Y ESA Q g : W HE g
| ' ks i £ R b 3
, g : ek 3
| 3, 75.906 i L[ -2 %
Plug Tuner ' £ : o 1P R
| ! | 76.300 A P -E-
iyt : i
. . : | | 75.295:— g 4]-s0
Hight of the Plug Tuner —»| 0 T B S A B S
() 20 30 40

Photo of a plug made of pure Nb  Hight of the Plug Tuner
m A pair of plug lowers the frequency with an order of a few 10 kHz.

m Plugs machined with a high precision can adjust the frequency within 1 kHz.

m Possibility as a dynamic tuner: Af/At = a few kHz/mm.

3/July/2019 SRF’'19 @Dresden Slide 8
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l;.l Performance of Cavity SHINA
RIKEN
m BCP(100 um)—Annealing(750°C, 3hr )= BCP(20 um)—Baking(120°C, 48hr)
_IIII|IIII|IIII|IIII’LL1II|II:J1/IIII IIII/J/I/IJ‘I'IIII'IIIIJ’I’I’I’I__
BCP1 Anne- BCP2 : Qo 5 — AErBRE R TRy G R
Proc. et Rl ) HPR Baking ., o\ T : iR AT
o0oooooooooop’oooocioo...,{; + it 1 P
o 2% e 7 /// ,,/ ..’.}“oo.... //’/ W
VT1 - - 19.5 vyes A, N/A ey T5 /,,lf’—w‘
48hr 109 R // ,” ’/, /” /// ot o4 are
o E N 5 = # | :32W
o (o] e ] S @ |/ i i -8 51
VT2 9717 25 280 yes| 20 1 8.7x108 5 Yesop doclond 5
3hr 48hr g c; boosoes __Aeaw
. Doy, o IR GP e SRR e s i s
Vi3 - . 219 yes P9C 4 7x108 R Al VT6—izen
120°C e e
i 4 £ I 8 -II:II’I:I:,IIDIIIII/I II}'I IIII.fTII IIIIJ’I’I/I [ | L1l L1l IIII_
VT4 Y5 4ghr 4.7x10 ol tafet B st e e o th i e
D26.5 120°C Faee /e
= - ° es 1 2. X1 9 |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
ME +21.5 y 48hr 3x10 0O 10 20 30 40 50 60 70 80 90 100110
Bpeak [mT]
w o I = = |||||||||||||||||||||||||||
0 10 20 30 40 50

Epeak [MV/ m]

Measurements were performed at KEK.

Plug tuner degrades Qo to 1/10 of that of VT5

Observed frequency shift 27.2 kHz while the estimation was 23.4 kHz.
3/July/2019 SRF’'19 @Dresden Slide 9
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B =l .E N O
. Modification of the cavity design 4‘}3}CNL-N | E'&R
B Design modification of the cavity for the SRILAC.
Frequency 75.5 MHz = 73.0 MHz Prototype SRILAC ‘
Removal of the side test ports T JER EK YT ) C
Frequency (MHz) 75.5 73.0 :
o) (W)

Temperature (K) 4 4
Height [mm] 1055 1103 . w6
Optimum B 0.08 0.08 Qé
Leay (mm) 318 320
Epeai/Eacc 6.0 6.2 -
Bpeak/EaccmT/(MV/m)) 95  9.79.6
Rsh/Qo () 578 579
G (Q) 23.5 22.4 -
Vacd(MV) 1.44 2.16 :
Eacc MV/m) 4.5 6.8 MEE il REE
Qo@E... 2.3x109 4K
Po@Ecc (W) 1.5 - s

0112 34 5 76 7 819 10 11| 1213 14
Qpifk”p 2.8x100 19 @Dresden Eece [MV/m] Slide10
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RIN=N
B Design modification of the cavity for the SRILAC.

3

Frequency 75.5 MHz = 73.0 MHz

Removal of the side test ports

Temperature (K)

Height [mm)]
Optimum B
Leav (Mmm)

Epeak/Eacc

Bpeak/Eacc(mT/(MV/m))

Rsh/Qo (Q)
G (Q)
Vacc(MV)
Eacc (MV/m)
Qo@E; .
Po@E,cc (W)

Qpickup

75.5
(CW)

4
1055
0.08
318
6.0
9.5
578
23.5
1.44
4.5

2.3x10°
1.5

2.8x1011

Frequency (MHz)

73.0
(CW)

4
1103
0.08
320
6.2
9.79.6
579
22.4
2.16
6.8

3.4x10°
2.4

1.0x1011

\
Modification of the cavity design 4".} N

m—.w

Prototype SRILAC
EEEaE e
@@
S e T
H.
med at KEK.
% Prototype Target
™ % SRILAC Target 4K
P P PRV FFoR By VPP FrE R et Fre R o R P e
0 B B DB~ ATRUS ¥ ML WAR SRR Ay ST A R o S § o 1IN 0 N B4R A 1wk ¢
19 @Dresden Egec [MV/m] Slide10
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ﬁ Performance of the Cavities for the SRILAC

RIM=N
TUPO37: K. Yamada et al.
33 P,=0.5W, 1W 2W
10 I!I!IIIIIlIIIVlIIII/IIIII II/IIIIII IIII/ITIIIIIIIII IIII/IJfIIIIIIIIIIII
10 - EI 1 1 1 1 Ir= 1 1 = 1 1 I///4W
A TZ -
lll //&I\
3 =: 8w
L sf,r;&:ﬁ// __{1ew
: /é/ F—t /// i 3 2 %69;65"/////
AEBRLANEE S5 CISERSEE z 18 iiss, |32wW
e e ® SRITAC Goal Moran
ffEiites ot susnenunsl T T B
HE TSR R ET STE T SRR °F
HE//// i 7 Z //// /////
5 A s 410 - //// : SEEdsi
g - |[6.8 MV/m - VT Facili
8 ::;i/,lgll// i i L// 7t BT /I/// RIKEN FaCIIIty
10 !IILII:II:VIIIII/IIIIIIIIIIIIII I HEDNEEN IIIIII,I1I/IIIIII [ INEEEEEEEEEEEEENEN 2 ?}’,,. =
1Yy 8 2 2 7 RGO £ G O AN © WIS 0| S 2 . €

Eoce [MV/m]

0O 10 20 30 40 50 60 70 80 90 100110 120 130
Bpeak [IIlT]

0 10120 30 40 | 50 60 | 70 -1 B0 ,
Epeax [MV/m] Measurements were performed at RIKEN.

All the ten SC-QWRs showed almost comparable performances in terms of the

___ prototype cavity for the SRILAC.
3/July/2019 SRF'19 @Dresden Slide11
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RIMEN

Frequency [kHz]

73000

72800

72600

72400

72200

72000

B KE
2 NISHI
4 CIETNTE

1. Jacketing

-\i

N 23
A

History of Frequency Tuning

. FPC
. Vacuum
. Cooldown

. Helium Pressure

B Pre 5. Tuner
z ZC’)L e Scases S
EE / b
- ,’ 5: K. Suda et al..
& / \'.‘\ r”{’:v ‘ » "“;.__ v%
- /
R / ’g I'
=g
& 2
& 9 N - . Y. NN
g ol . s 8 10
) ' g . :
REiD i
= .sl
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RIMEN
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RIMEN
B The operating temperature is 4K.

ﬂ Prototype Cryomodule

s

B The cavity is enfolded in the helium jacket
made of titanium.

B Local maagnetic shield is attached on the
helium jacket.

B A pair of fundamental power couplers with
double window was developed to accept 10
kW rf power.

B The cryostat vacuum vessel is equipped with
a thermal shield cooled by CH-110 77K Juﬁé

Cryocooler instead of utilizing liquid Beam = {1

nitrogen. i
B Propping up structure:
Cavities are mounted on the common frame.

3/July/2019 SRF'19 @Dresden
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RIMEN
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A K EN o8
p. Cool-down and RF Test : N'SH' '&R

B Cryomodule was cooled with liquid helium supplied from helium dewars.
B Long-term operation was attempted at the cave of the linac bldg.

: J’f.f %

Transfer Tube

1000 | dewar

3/July/2019 SRF’'19 @Dresden Slide16



ﬁ Long-Term RF Test

RIMEN

B 12 hr operation at 4.75 MV/m

B Liquid helium was supplied from 1000 | dewar.

B Frequency of the signal generator was manually tuned.
B Newly developed LLRF based on FPGA

B Solid state amplifier (4.5 kW)

LLRF Controler
Reference _é) SC-QWR
. —_ DC
Cavity P RF Out © Lo A N
Spark Tuner
Forwid.@ Pi, Tuner ©— i ik Det.
Reflected waw.
=0 P, Interlock ©@— i {@_
T Iy’ :
RF Amplifier Fpc'| | Cavity
Pickup
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ﬁ Long-Term RF Test

RIMEN

B 12 hr operation at 4.75 MV/m

B Liquid helium was supplied from 1000 | dewar.
B Frequency of the signal generator was manually tuned.

B Newly developed LLRF based on FPGA

B Solid state amplifier (4.5 kW)

B Long term stability of pickup level (Pt) was within £0.1%
B Phase error observed was within =1 deg.

CH2 2019 Jan 15 - 20:07
REF -10.00 dBm Phase-T MKR 49.600 ms
. = 1.0degf AWSmp BB Smp "CBSmp MBAB -351.09 deg
X-ray level was about 0.8 pSv/h S Ao Doy coom .
d . 1.0deg Tosee ootz
02 - | | I lol I I 1 | I | 1 ] I 1 | I I 1 | I | 1 | ] | | | | 346
s ]
oo 8 8 -347
I § ! & e 20mMs
-0l ! .} v [N | [ PN
Fd i § i -350
et : S
-Oo-’ 0.0 : ?‘g: 2351 et
R, i l:q“ ] 352 |
\"" : o o ﬂ : -353
QN -0.1 3 ° .‘o ] -354
: i - 12 hr : 5 : S-'?%SRT 0.00 ps STOP 100.000 ms
= | | P I ° | o | | - CENTER 75.527850 MHz BW 1.000 MHz ATT 10 dB
1 | 1 1 1 1 1 1 | 1 | | 1 | 1 1 1 1 1 | | | | 1
0.2 * |
0.0 2.5 5.0 7.5 10.0 12.5 Cryo-cooler was turned off!

Elapsed Time (hr)

Reliability with a criteria AE._/E___ =+0.1% was 95%
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l;.l Observation of Microphonics (&5 NISHINA
RIKEN
B Vibration of the cryo-cooler excited the mechanical vibration.
B Microphonics are clearly observed as phase oscillation.
40 Hz : Predicted CH2 2019 Jan 15 - 20:08
REF -10.00 dBm Phase-T  MKR 49.600 ms
250 HZ: Other art? 1.0 degf AW Smp Ell B Smpl *CBSmp MB A-B -350.35 deg
P * NERT SCALE/div T A= EFRICH
a 1.0 deg B s
Power Caupler —H———— <_r_>
Cavity Support A
Electron
Cold Emmission | .
Thermal Shield —1 Yo Pickdp 348 6 “
ermal Shie A\ | i t
Support Base A 4 ' M
Copper Braid ' -350 }
Wires o | E f |
ellows 1 |
Vacuim Chamber @) o H
Cryocooler ! X e | I l
' \
Thermo Couplers o E’u f -353 | * W
FL i IT  TIT fi -354 50 Hz
-355

i .. START 0.00 ps STOP 100.000 ms
TUPO042: O. Kamigaito et al. CENTER 75.527850 MHz BW 1.000 MHz ATT 10 dB
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ﬁ Slow Tuner

RIM=N
B Frequency is lowered by squeezing accelerating gaps.

m Af/AL = 20 kHz/mm
B Frequency shift vs. rotation number of the handle was measured at 4K.

Py
®
®
@
®

llll|llll|llll|llll|llll

O

10 20

Rotation #
Mechanical loss was rather large @ New design for SRILAC cavities
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ﬁ Outline

RIMEN

1. Introduction
2. Development of SC-QWR

3. Development of Prototype Cryomodule

4. RIKEN Linac Upgrade (SRILAC)

Summary

3/July/2019 SRF'19 @Dresden
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ﬁ Upgrade of RIKEN Linac

RIK=N
m For 113 experiment 79Zn'4+ (A/q = 5) was accelerated to 5 MeV/u.

m The RILAC is going to have upgrade aiming to continue super heavy
element (SHE) search experiment challenging the 8th row of the periodic
table of elements (A>119).

m Upgrade goal: lons A/g = 6 will be accelerated up to 6.5 MeV/u.

m The last four RT-DTL tanks were replaced by high-performance
superconducting linac based on quarter wave resonator.

m RIKEN SC-ECR provides intense metal ions.
SRILAC

kb e |lagag

3/July/2019 SRF'19 @Dresden Slide21



RIMEN

ﬁ Upgrade of RIKENINGS§"N

\ b/ '
., 1"._;‘" '
& \\“ : =

m The RILAC is going to have upgrade aiming )
element (SHE) search experiment challenging’ 4 NSt}
table of elements (A>119). N

m For 113 experiment 79Zn'4+ (A/q = 5) was ac

|
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ﬁ Design Modification of Cryomodule

RIMEN

ITEMS Prototype

Frequency (MHz) /5.5 (c.w.)

Operating Temp.(K) 4
#of cavities 2 4
Length(mm) 1337 2200
Cold Focusing Element No No
Shape Cylinder Rectangler
Material Stainless Steel
Thermal Shield(K) 40 180
Local Magnetic Shield On the helium jacket ide the jacket
Thermal Shield Cryo-cooler Yes

Liquid N2 No
Cavity Intervals 420
Static Heat Load(W) 3.6
Cavity Support Propping up
Platform Common frame
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ﬁ Cryomodule for the SRILAC J

RIN=N
B Operation temperature is 4K.

SHINA'

E N

B Cryostat chamber maintain the cold mass which consists of cavities,
helium vessel, FPCs, magnetic shields, dynamic tuner 4K with 80 K shield.
m Cavities are supported by four pillars on the rigid bottom base plate.

B Static Heat Load to 4K: 18 W
. FPC: 6 W Vacuum Vessel

* Helium pipes: 4.5 W \
o Tuper: 2.5 W Thermal Shield (80 K)

* Cavity support: 2 W \:

B Liquid helium cryogenic system

Bottom Plate =

using a HELIAL MF refrigerator

(Air Liquide) with 600 W

cooling power. it Bort
B Carbon steel vessel

— Magnetic field shielding

imll &GPl
(B | = i

| Wl ¥ Il
| R L i i
| ] R Fﬁh i
Ta— e | % 4

Liquid He Tank

i m jﬁ

|
1/
A

Cold Mass

Power Coupler

~ Bottom base plate '

Flootlevel..
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ﬁ Cryomodule for the SRILAC 4.)

RIMEN =

m O 2018/11/20 ﬁ[j I“ Magnetic Field A B
| Td | T 11.53 10.49
. CI (N)<_ &J/J LI le 1 :Il _‘@-_ — ..:—____r ~ L !p ]jﬁ 24 (3985)
[ . T T )3 11.23 10.38 :
h( A B ' ' (39.95) ihle|d.
mC _ 24 M : L T 22 | garay | 0| 2
é 2.3 * 511 IJ_T ‘ il )1 11.56 10.75
B g% il H ' (40.34) d He Tank
: 11.83 11.25
- 2 20 e + : .\ + : 20 (39.51)
. I 12.06 12.00
2 138 it M l* il e (40.49)
g + ) * T ] e 11.99 12.36
& 16 H ’v i | (40.40) (39.40) | old Mass
. =, S e e s L S B o | 2o | e
+ 13 Wi an il ,/aﬁ\ ) —% ani -
i e . 9} /L) %, )\ W/ 13 12.32 12.69
o o 1.2 et 1\ P vl (o o e | (41.21)
v % ¥ v v & = Jiin 1o 12.88 12.47
mLi T 10 1l g g i | (41.70)
b\ AWlr 1 [ o 13.56 10.34
us 57 i St i =3 5 e na! ' (41.08) (40.94)
(A @Beam Line Level
,l" ! T N — - e 5 =2VRYANSE | SaN A S EA
CC . — — il
m C; @E{_ N B Lﬁ S I oo mm | B00 MM | e Goupler
! %;ﬂ:% | @ 1298 | 1249 | 1252
o Bl 4 b S i B2 043 | 1245 | 1246
i

: i | i PR O I=1v/7-Y -
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ﬁ Local Magnetic Shield '2 ISk T' '&\R

RIN=N
B After pre-tuning Ti jacket and p-metal magnetic shield was installed.

B | ocal magnetic shield is placed inside the helium jacket
® Simple structure with a good shielding
® Easy handling

Frequency Tuner
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ﬁ Fundamental Power Couplers

RIN=N
B Single-RT-window

B Coupling tunable : Qext : from 1x109 to 4.5x106 __ _____ Th e

B A pair of FPCs were conditioned with 5 kW RF power of
CW and traveling wave mode.

B Cleaning of the coupler and assembling to the test

resonator were performed in the ISO class 1 clean room.
Warm Window

|

Photos of FPC Conditioning Resonator Schematic of FPC
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RIMEN

ﬁ Cryomodule Assembly at ISO Class 1
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ﬁ Construction Status

V Installation and alignment of cryomodules
V Installation of helium refrigerator and transfer line
v

nspection by Saitama prefecture

O Installation of the control system is underway.
O First cooling down will be started in August.

O Beam pipes and a pair of differential pumping system will be installed in this
September.

Liquid Helium Transfer Line

| t =

CM1 ,

============ ~= R e

2
|
u

o} s —|
|

I
|
=

Bea
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ﬁ Summary and Perspective 4".XCNL HINA

RIM=N
Prototype Superconducting Linac

mR&D of Superconducting Cavity started since 2013 at RIKEN

mFirst prototype cavity achieved Q0 2x109 successfully.

mNewly developed RF system worked well.

RIKEN Linac upgrade
mRIKEN heavy ion linac will have acceleration voltage and intensity

m Upgrade by introducing a superconducting linac based on high
performance SC-QWRs and SC ECR ion-source.

mTen SC-QWRs were fabricated and processed.All the cavities have a good
performance.

mThree cryomodules were assembled and installed to the linac bldg.
m Construction of the control system is underway.
mCooling test will be made in August.

mSC-ECR will be ready by the end of October.

Beam commissioning is scheduled in the third quarter of FY2019
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ﬁ Related Papers t"}cN'E HINA

RIMEN

Cavity Fabrication-MOPO055: K. Suda et al., RIKEN Nishina Center,

“Fabrication and Performance of Superconducting Quarter-Wavelength
Resonators for SRILAC”

Cavity Protection-TUPO13: H. Imao et al., RIKEN Nishina Center,

“Non-evaporable Getter-based Differential Pumping System for SRILAC at
RIBF*

Construction Status-TUPO037: K. Yamada et al., RIKEN Nishina Center,

“Construction of Superconducting Linac Booster for HeavyOlon Linac at
RIKEN Nishina Center”

Microphonics-TUP042: O. Kamigaito et al., RIKEN Nishina Center,
“Measurement of mechanical vibration of SRILAC cavities”
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RIMEN
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