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Abstract

In the Superconducting RF Test Facility (STF) in KEK, the cool-down test for the STF-2 cryomdoules with twelve
cavities has been done three times since 2014. In 2016, the third cool-down test was successfully done including the
capture cryomodule with two cavities, used for Quantum Beam Project in 2012. In this paper, the result of the third

cool-down test is presented in detail.
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Table 1: History of the STF-2 Project

Date Content

2010 Fabrication of cavities /
power couplers

2011~2013 V.T. for 12 cavities / RF

conditioning for 12 couplers
Jul/2013~Apr/2014 Cavity string assembly
Oct/2013~Jun/2014

Jul/2014

Cryomodule assembly

Certification for high pressure
gas regulation

1% cool-down test
5 MW klystron prepared
Coupler conditioning at room
temperature
2" cool-down test by single
cavity operation
10 MW klystron/Waveguide
system prepared
Coupler conditioning at room
temperature
3™ cool-down test by multi
cavities operation

Oct/2014~Dec/2014
Apr/2015~Jul/2015
Jul/2015~Sep/2015

Oct/2015~Dec/2015
Jan/2016~Jul/2016
Jul/2016~Sep/2016

Sep/2016~Nov/2016
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Figure 1: STF-2 Cryomodule and accelerator. The RF Gun and capture cryomodule were constructed and operated in
2012 [12]. The waveguide system is connected to two cavities in the capture cryomodule and eight cavities in the STF-2
cryomodule. The beamlines in the upstream and downstream of the STF-2 cryomodule are not constructed yet.
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Figure 2: Summary of achievable accelerating gradient for every cavity in the capture and STF-2 cryomodules (left),
and the correlation plot of achievable accelerating gradient between 2™ and 3™ cool-down test (right). Four cavities on
the horizontal axis were not measured in the 3™ cool-down test.
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Figure 3: Example of measurement for LFD by the pulse
shortening method. The purple curve is the fitting curve
for all the data in the “rise-up” region.
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Figure 4: Comparison of the LFD for the S1- Global (w/
four TESLA cavities), the capture (named the Quantum
Beam cryomodule in 2012), and the STF-2 cryomodules.

4. RAFAE

B IIATEY 2a— LOBRATTHEIZTE 2 —/L
N TERFELIEANIT LT ADRENGRD NS, A
AR DRI, ~UT LD 2K BT HARTEIE AL L
< 42 J/E &b\ofﬁ%)ﬂb\’@\é[lﬂ ﬁémﬁﬂﬂﬂ
W EL D TR D B\ EPEE A L, oo 222D 50)5-/
it iﬁt[ﬁ%bﬂ 5, Figure 5 1% Cavity #1, #2, #8,#12 ®
et ORERE LA IO HFABRIZB1T D Qo-Bace #—7
BLOBRMRETHD, Y 2— /LIREROFERIAHTH
AVTWDRR AT, Frr VAT HIE O B BE B LAY
T LA AR EDOREDIXHLOENLAELTNDED T, £
NEH 036 W BE3.9%E72->TW5, £72, RF duty
ISV ADTEEDBRO B, 0.85%& AL BT,
Figure 5 %ﬁé& T RENH DD Cavity #12 D Qp
il Cavity#l IZHATEW, LAzl —F CRIUMS
RBLTH AT SRR I Cavity #12 O J5 ASHTIEWT
B, EWNCFELT R Lo TV D, 2O 22
FEEIZ Qo MHITIEL 22> TR, B Z2MEREN T
BoTZT THAHEEE 2T, IT4E, 2RO 2
Bl (M EDREL) 282D Qo HICH A G2 5T ENbDHE
W) FEBRFE RN E SN TEY[16], STF-2 7744 %E
T a— )LD HEHNEIZOWTH —E DR MNHHIHITE
DD, Qo N —ERITARWFIZ DWW TIL, KIEIDHH]
KRB W TERZITO TETHD, 4 FE OB fif ]
Tfti* H—Z2{A DX —ATHEIEL TV o7 A3 22 JE

WO fH T%ﬂf_imf;;+@*?‘~5'%ﬁé& ATIREE

H@@{mrj:ﬁi)‘ HIZZ o THRBIZTRYEST
BHT, B HIEM SR 022 1 O FE I B
%%E%TWBT EVER BN ERN DT, SR OB
ARREICB VT, 20ROV THEE T4 3
DD,

— 07, BT E XA B 0 FEER D A& H IS
Capture E¥a2—/LDMHEIZ LD STF-2 £V 2—/LD
HOEHANCOIE Z D TIThiie, £HLT-EZA, &
NETNIT LR EDOEEDTL L T=D N, 2AIT/NEL
720 Capture £ =2— /LD EENN2) RENSTZZEN
Do, STF-2 TV a— /L OB ERTE LT 23W &
u\i’fk%i)iﬁ%%nto ZRUZIE STF-2 £ 2 —/L g

Hlfméht@'ﬁ%lmﬂi B DR EENTND

B REIOWHHIFABR TIZZ D EEL PR LIZF1ET
{E'Jm%ﬁo%nzf%é

5. NYZA—H LEER
K22 i DOEAA P ERL . FFOY 8 22Tl u%iﬁ*@%%ﬁb
Vector-sum (285 8 ZEF[REHEEAN T, HBH .
?ﬁiﬁﬁ@lﬁlﬁ@%ﬁﬁf % LLRF {1 ¢ feedforward X
TFIZID I T A A 1038 S, feedback FR T
otb/vl//w) flat-top Z—E RS, 2 D2 M TE =
VIZEYD LFD fiEAMTOID, B/ ITELILD, UL A
&iiﬁ%iﬁ% R ma i O R RO A Th D,
Figure 6 (/213 8 ZE 31 [F] RFIEHARF DA% 25H O T
HD, EEO MO FRIZBER E ORI T, T
DF . IR BRITENENAT) T — D AR, S
INT —DW AR, 5220 Z I IO - AN ) fl
IEKHIRSIVTW DI T D23, Cavity #1 BLUW2
1% 36 MV/m I<ETEEL TWDIZEAFRLL T,

-4 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan
PASJ2017 TUOLO3

WEARIKE - 7 = VI FRATIZ T, BAE 2SR I C BT D28 9, RIARIE 30 D2 B> TR SIL7- Vector-sum &
RO T =— L ALFR g%%ﬂ%ﬁﬁ MR ERREO SEENNE AR R K OB E K D 5 A T D,
DEW Qo HERL DD, BAIEHARICBIFETEDEYY ORI, 30 43® Vector-sum iz 2 3N 2
IRERBIHSH17], ILC TH 35 MV/m PL ECToERE 1 0.02 MV/m, BEHER UL 1.8Hz OZELAL T
B9 Zeni@msiu g, Ao 2 ZZROFERIZZ  RNWZEDbind, ZivbiE ILC DOERAY A EX T
@ﬂﬁ‘éﬁ%%ﬁbf:fb@ﬂw HEEENHARIZOWT 72 3HDOTHY, STF-2 EV=2—/L7 31 MV/m CTLIE
WTEE#ERORMNHLINE NS, RIPERIT EA  ICEMELIZZ8%/RL, STF-2 FEICBITH—oD 4T
DIEIZ 30 3 EDFRIFRFHEES TO R KM AEL, ) BEfTO TRl eaB% 125,
IR AL, SN AR D IE S-S & Bl E B 5k, 25

. . i Comparison of Qg - E_. for Cavily#2
Comparison of Q, - I, .. for Cavity#1 1O 108
LOF LIRS ®CAVHI (C.T) =
@ CAVH (C.T.) - ®CAVH2 (V.T)) -
S CAVEL(V.T.) - OCAVE2 Xeray (C.T.) | LOE=04
| om0 OCAVE2 Xeray (V.T.) =
= 2
§ 0.0 e o8 o; LoE+03 ‘g.
-z b [} =
o LOEH3 LY
. bd . A :-S: ®eo, o og 3
L E) 10k ® . O (]
O o0 LY ez 8 s E T ’. N
i = 2
L . K we—% oo 3
[ ] "= =]
) Lok 3 ]
3 3 =
o % LOE 100
o 10K+
o
1LOE 109 LOE0L
LOE+09 LOE-01 o A0 T 150 .0 5.0 3040 350 404 450 S0
e 5o we 15 me om0 e sse | a0 dse s E,.. [MViin]
E, o [MVim/
Comparison of Q - E,_ . for Cavity#8 Comparison of Q, - E___ for Cavity#12
LoEs11 D QG AcC Y — 1LOE+05 10E+L p Q'O . LOE+05
®CAVHS (C.T) - ®CAVHIZ(CT)
| @CAVER(V.T) ' ®CAVHI2(V.T)
OCAVHS Xeray (CT) || LoEW DCAVH#I2 Xeray (C.1) || 10E-04
OCAV#HS Xeray (V.T) = ; DCAVH12 Xeray (V.T) )
G g 3 of 3
Loeies 2 ° B o w0 G
P AL Ea = Ch At dl B P o =
oie o o = LIS =
LY e =] ® LI li K}
(R n” o LoEz 3 [eRES] =1 i~ LOE-02 3
- = [ =
® -2 “n Y =
51} 1 S S
LOE+01 3§ i) LoEior 2
o 3 ]
3 3
41 fz
LOE+00 LOE 00
a
1LOT+09 & LoE-1 10609 1001
0 00 150 w0 1m0 e w50 a0 450 seo a0 s0 W isn e 20 e 30 40 450 se
E e [MV/imf E e [MVimf

Figure 5: Qo-E.cc curves and radiation level for Cavity #1, #2, #8, and #12 in the last V.T. and the 3" cryomodule test.
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Figure 6: Left; Status of vector-sum operation with eight cavities. The detuning frequency, Af, (blue), accelerating
gradient (red), forward power (blue), and reflect power (green) are shown. Center; Trend graph for 8 cavities operation
at 31 MV/m for half an hour. The Max. Eacc (black), the average Eacc (red), the root mean square of Eacc for the flat-
top region of each pulse (blue), and Af (purple). Right; Stability of the average Eacc and Af in the vector-sum operation.
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