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Overview 1§

superconducting rf test facility

Motivation & History of S1-Global
Cavity, Coupler and Tuner in S1-Global
Cavity performance at V.T.

Assembly and Cryomodule test Status
Coupler conditioning at R.T.

Tuner test with low power @2K

LFD measurement

OOO0O0oO0Oo0oaod

LFD compensation by piezo
[0 7 cavities operation
0 Dynamic loss measurement (including Static loss)

OO0 RF response at Quench for MHI-06
O Summary
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‘Motlvatlon & History of S1-Global r3f

superconductlng rf test facility

> Motivation

» Comparison of hardware performance concerning SRF technology
for ILC
» Cavity
» Power coupler
» Tuner
» Cryomodule

» Mutual understanding among SRF researchers, engineers and
technicians

» History
» This project was launched in a discussion of ILC-GDE in 2008.
» The preparation including V.T. was in progress in 2009.
» The assembly work started at the beginning of 2010.

» The cryomodule test finished on Feb/2011.
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Main components in S1-G cryomodule r1f

superconducting rf test facility

©

,:-;;y'qr,‘m JUALR

Blade Tuner (FNAL/INFN)  Saclay Tuner

’T ™ (DESY) Comparison
of
Performance
TTF-III Coupler —
' (DESY/FNAL) STF-II Coupler (KEK)

The coupling 1s variable for both couplers.
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S1-Global Cryomodule r1f

superconducting rf test facility

4 Shide-jack tuners
2 Blade tuners 2 Saclay tuners (center or end)

S/l 6087 31
=2 ===
S = _
Cryomoaule-C . . Cryomodule-A -
Cryomodule-C Cryomodule-A
(4 TESLA cavities (4 TESLA-like cavities

—__ A4TTFIllcouplers)  4STF-llcouplers)
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CaVitXtyPerformance

superconducting rf test f

: cavntlesﬁf;rom FNAL 2 cavities from DESY
10‘” - = o 1E+11 E .
Qo ;AES;004 Cawty . 7108 Cavity Z109 Cavity
i H >,nes e 54, .
4010 L VR0 T 1E+Ol,§ R ¢ ", LE<10 T I
..] Qo =l 1‘E+307\§T l Q Eacc,max = 30.7 MV/im
_ 2] Qo _ o Qo=1.3x10"
Ea >C,max = 29.4 MV/m LE+09 4= . - 1.E-01 &2 Eacc,max = 31.3 MV/m
10° Qo=7.8x10 : Z Qo=8.1x10° 1By | Qo=9.6x10° 1E+09 |
————————————————————— f1ER
""""""""" by J. Ozelis (FNAL) "] by A. Matheisen (DESY’
by R. Geng (JLab) 1 E+08 yzem(, LE03 by A. Matheisen (DESY) y‘ ‘a e‘lsen‘( :
10® 0 5 0 15 20 25 30 35 4 1E+08 I . I | . I . | e s T .
0 5 10 15 20 25 30 35 T
Eacc [MV/m] Eacc [MV/m] Eacc [MV/m] Eacc [MV/m]
4 cavities from KEK 8 Cavities for S1-Global (ave. 30 MV/m)
T,EHI :: .\a":y 40 r B Vertical Test
IWET TTUU o avily 4 F
Qo MEHI-D? Cavity. 104 —. 35 N Bl Cryomodule Test
: : £ ; (ave. Eacc,max = 30.0 MV/m) ]
10" | 1000 > 30 >
3 E F -
4 100 o [
] 20 ¢
10° ;110 3 o 15 |
=t s g
S . b [
Trf 11 3 10 |
d E < r
igj[ rf f ] = 5 ¢
0% Ll Ao iPiieilon [
0 5 10 15 20 25 30 35 0ot
Eacc [MV/m] AES004 ACCO11 Z108 Z109 MHI-05 MHI-06 MHI-07 MHI-09
E. Kako FNAL DESY KEK
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‘Collaboratlon for Cryomodule Assembb-/r 3 )

superconductlng rf test faCIllty

T |

Tuner assembly (2010 Feb.)

Coupler assembly (2010, Mar.) s
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‘Collaboratl I1F

superconductlng rf test facility

0, Nov) =

E. Kako




g rf test facility

Q f.processing of Input couplers rf

=
e mm -'r sy e | '
¥ el szza s =
A | | a —
] i e p— i
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T —— H
‘é: = $a2 =R
g 1 2
| —(EE < /
s
. 3 - .2
— -
! : 22
" EERCE -
,.]' .. '--; 4
AT - -
=imiel

Cryomodule-C /KLY#1 (2MW) g e, =
Cryomodule-A /KLY#2 (SMW) .

0.5 ms, 5 Hz, 500 kW 4

1.5ms, 5 Hz, 200 kW ‘
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F processing time of input couplerﬁ._.l. [

superconducting rf test facility

e N S Some sgie St at room temperature
Cryomodule-A

(STF-II couplers)
ave. processing time
~ 13 hours

c1 tal:17.84h

c2

25.16h
Cc3

W5Hz*10us W 5Hz*30us @ 5Hz*100us m5Hz*500us JEHZ‘I.Sms
S00kw S500kw S00kw S00kwW 200kw

Cryomodule-C " h Tota:14.85h

(TTF-III couplers) o St o )

ave. processing time
~ 21 hours

| B e r e TN
Vacuum I/L ; 2.x10™ Pa [ B DTt BRI £ I O AR

20 hr

20 hr

11.18h
A3

The difference of the conditioning time between them !
1s probably due to the structure of RF window. 12




© Adjustment of frequency (f,) pf

superconductlnq rf test facility

fo = 1299.91 MHz (operation)

Cryomodule - C Cryomodule - A
1300.2_.... 13004 —m ¢ ¢+ 0 7 0
1300.1 | 1300.2 S NN N W Ny Y |

N ‘N I " 1
T 1300 13QOQOOMHZ ..... ! T
E I ] E, BT 0 o R AN S ', -
) 3 Y
1299.9 [ S — ) )
5 : 1299.92MHz  § _
g_ i ] g_'l299.3
0 1299.8 —e—C1/AES004 [ @ I —8—A1/MHI-05 | |
TN ——C2/ACCO011|] W . —— A2/MHI-06
1299.6 -
1299.7 —A—C3/2108 | I —h— A3/MHI-07
—=—C4/2109 | —8— A4/MHI-09 | |
12096 0 1 . ... 12994 4 i
0 5 10 15 20 0 10 20 30 40 50 60
Number of Rotation Number of Rotation
C2/ACCO11; Tuner did not work. (A4/MHI-09; 1299.91 MHz, limit)

The cause of these tuner troubles are probably due to the mechanical stress. I:E —
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®. . Q, of Variable Input Coupler p3f

test facility
_ 6 _
QL =2.4x 10°, Afy, = 542Hz
Cryomodule — C Cryomodule — A
. (TTF-III couplers) (STF-II couplers)
10 R e P AA 10’ e
Q Q
24X 106 4%
—e-CUAESDO4| | | e —— A1/MHI-05 | |
—e—C2/ACCO011 —e— A2/MHI-06
—&—C3/2108 —&— A3/MHI-07
e CaiZ109 —=— A4/MHI-09
[0 )20 N R R S S 08 L i b
0 2 4 6 8 10 14 16 18 20 22 24 26
Number of Rotation AL [mm]

(©) The both couplers have a good performance for the adjustment of Q.. -
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avity performance between V.T. and ij- F

superconducting rf test facility

Summary of Achievable Gradient for all Cavities at S1-Global

W vertical test
B cryomodule test (single cavity) |

1 Ave. 30MV/m @V.T.
Ave. 28MV/m @C.T. (single cavity)

| Ave. 26MV/m @C.T. (7 cavities)
Bl T TR TR TR e

AES#4 ACC#11 ZANON#108 ZANON#109  MHI#5 MHI #6 MHI #7 MHI #9

50 |-

00 F

Unfortunately, the gradient did not achieve the ILC specification!
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T. and ij-_f

ty performance between V

dVvl

uperconducting rf test facility
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700
600
500
400
300
200

detune [Hz]

100
0
-100
-200
-300

35

amplitude [MV/m]

5 Fre uency shift due to Lorentz detunin
supercon(dluctlng rf testzilllty =ngj

C4/Z109 (29MV/m)

Ch-C-4

1 1
0 200 400 BOO 800 1000 1200 1400 1600 1800
time

QI=2.436%1 66 .
i i Deformation

500 1000 1500

FB/ on, Piezo/off

28/Jul/2011

Pre-detuning
by motor tuner
& piezo tuner

with DC voltage

Compensation
by piezo tuner in
pulsed operats

SRF’11 @Chicago

detune [Hz]

800
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A2/MHI-06 (38MV/m)
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ulse shortening & Data Analysis methoj.j_f

superconducting rf test facility
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Result of LFD measurement

superconducting rf test facility

Cryomodule-A

Summary of LFD measurement in Cryomodule-A at S1-Global

53f

Cryomodule-C

Summary of LFD measurement in Cryomodule-C at S1-Global
800 T - T 800 H T T T T
& ©-MHI#5 (28.0MV/m) ©-AES#4 (27.2MV/m)
600 o iy £MHI#6 (38.0MV/m) [ 600 +ACC#11 (22.0MV/m)
4 fars -A-MHI#7 (32.5MV/m) [ O -A-ZANON#108 (18.0MV/m)
~ 3 ~ ,
5400 R = ©MHI#9 (23.3MV/m) L <00 -2 o ©-ZANON#109 (29.2MV/m) ||
e -2~ N o Lot LS e}
= ¢ DR = $2i%Rg0
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5 200 S R e H 5 200 =S 'S
: “iey : i 25
5] PR o- 5] =6
= DRI 9e 870002006 6 6.0 bm04-0:0 0 = LS 2 %E:ﬂ?&.‘ﬂ ]
E 7*-A~5§:E:§g~ 6 -0 0-¢ ©0-6-0 ¢_o = \8:&\0_0 B £ \g:ﬁ.n’f} 2N
S B g - 0~¢ o S p =& oo -t A -3
2 230 n-p - o 2 L ION A
3-200 P B A A-A Ack A 300 9 n ©-
g g aoa S -0.<\6-<>“0
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400 400 RN o
904
-600 -600
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
pulse width [usec]

pulse width [psec]

We can estimate the detuning frequency
for the period of rise-up, flat-top and full-pulse.

A frise-up

flat-top
full-pulse

= K w "E,e.”| K [HZ/(MV/m)?]

flat-top
full-pulse

stiffness parameter
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ng freq

Juency (rise-up) [Hz]

superconducting rf test facility

Comparlson of detunmg frequency (rise-up) @Sl -Global

2
2
2

L xz—\NnN 109
1I;

Comparison of detuning frequency (flat-top) @S1-Global
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TESLA-like cavity package has a stiffer structure than others!
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Parameters of Piezo drive pulse p4f

superconducting rf test facility

Pre-detuning by motor tuner

drive frequency (Hz)

v T T  Piezodrive pulse ]

drive V|

control panel

dcV |

Single pulse of
lnverse cosine waveform

o i
D. 10.0mv @ Lidpmv @ soo0mv_ @ 100V

delay time

RF Feedback / ON E. Kako
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superconducting rf test facility

600 -

500

esult of Piezo Compensation for LFB. £

Piezo Compensation for MHI#6 with F.B. ON @38MV/m (2010/11/10)

-©-150Hz2/11.0ms/500V/90V
=200Hz/11.3ms/400V/140V

4-220Hz/11.3ms/400V/100V
>250Hz/11.3ms/300V/80V

*250Hz/11.3ms/400V/80V
©-250H2/11.3ms/500V/80V

Piezo Compensation for ZANON#109 with F.B. ON @29MV/m (2010/11/10)
500 T T T T T

<©-150H2/10.2ms/160V/20V
£200Hz/10.5ms/130V/4V

400
4-200Hz/11.05ms/130V/40V
»250Hz/10.82ms/120V/5V
i\‘\ \ *300Hz/11.05ms/106V/16V

300

N

L AL

"N 400 —+—300Hz/11.3ms/400V/35V s x x ©-350H2/11.25ms/96V/34V
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e e
,gsoo g 200 S K
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=200 3
100
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. T ° Afpeak-to-peak
oo e se % 100
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
pulse width [psec] pulse width [usec]
Correlation between Field and Peak-to-Peak of detuning frequency
Piezo Compensation for AES#4 with F.B. ON @26MV/m (2010/11/11) OMHI%;6
400 T T T T T 1 A50 Hk----- i
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15.0
50
, 10.0 H
-50 5.0
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
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7 Cavities Operation %

sinercondictina rf test facilitv

x /B.éng term operation for 7 Cavities a9 25.0MV/m in S1-G (’10/12/15) Long term operation for 7 Cavities at 25.0MV/m in S1-G (’10/12/15)

5 ACC#I 1 detuncd

s 150
T ¥ oy st ........ 25004 R ........ 100? """""""
; i S0
“““ QL 1AL
2400j """""""" """" )| E—
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- 18:53
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2400 S R n. B
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: , -50 e ‘
|7 ANON#109 | S e
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7 Cavities Operation 4§

superconducting rf test facility

High Power Test in S1-Global (’10/12/15) Long term operation for 7 Cavities at 25.0MV/m in S1-G (°10/12/15)
~L500 150p ;
gm 17:08 18:53 ol
R TS DRI A I sob
= 05752757 56 38 6 62 64 66 6,% J? i | el ma— |
time [hour, _ PRI RTINS RPRTI _ T R R A
]000 2000 4000 6000 ]000 2000 4000 6000
40 # of pulse

0 5 52 354 356 358 6 6.2 64 66 68 7

time [hour]

C+Afave,) [MV/m]
e |
)

ace

R RTRRIN AR A

0 2000 4000 6000 0 2000 4000 6000
of pulse # of pulse

Ca
<

L L L i L L L i L L L L L L i L L L
5 532 54 56 58 6 6.2 64 66 68 7
time [hour]

.
co

He Level [%] E
...E

07 ......

He pressure S O S
S * ; : | : -50
L34 ; . 77| T R B 17,7, I S R
= - 1000 2000 4000 6000 ]000 2000 4000 6000
b B # of pulse # of pulse
2 I
334 i
% A A L M A L A A A A

3 52 54 56 58 6 6.2 64 66 6.8 7

time [hour]

| - TS S 0 2000 4000 6ooo %% 2000 4000 6000

"“'\ # of pulse # of pulse

6.6 6.8 7
time [hour]

He flow [m’/h]
e s
n =
s
: a{
S
S

Y L
e |
L)
tn
e
n
(=)
|
[=%)
(=
[=
]
>
u



sinercondictina rf test facilitv

7 Cavities Operation  p4f

x /B.éng term operation for 7 Cavities a9 25.0MV/m in S1-G (’10/12/15)

ACC#11 detuned
550_ - -

400
Q)u?

ol 1. | Required rf power for 8-cav. operation

2450 ; . B 500 L LI L L | AL T T T —TTT T
I L 3 ! B Rise Time E. Kako
2400 N o [ B Flat Top ]

I ; _07(] 0 :
200 i o B oo &, F00
x]03 #Ofpulse x103 i
2550 : : . 2450 - - :
s ek | @ 300
g =006% 2
2350_Z|ANQN|#|1|QS 2250_ L L ! . ! L L L L L 1 m
0; 2000 4000 6000 0 2000 4000 6000 -
x 10 # of pulse X 10 # of pulse 100 -
Q7?650 @JSOO
2250 ; :
2000 b - 0
L 1 AES#4 ZANON#108 ~ MHI#5 MHI#7
e I e e 0 ACC#I1  ZANON#I
2450_"'“'“"_'1‘5"/02100_"'%'”%"'%' —39% o
. 1003 2000 4000 " 60001 . 1003 2000 4000 4 6000] .
o pubse e More RF power is necessary for MHI#6 and #7.
2350 3 3 5 2250 . , ‘ . . .
L MHI#7°,,0 M 1149 This means the inner conductor of the input coupler
e || 2sof | may be expanded due to the heating.
3 ; 35 2000 - —1.6% The couplers lead to more over-coupled situation.
[ i L i = ; () [ ; L ; o i .
21500 20‘00 40b0 6(;00 20500 20|00 40|00 60‘00
# of pulse # of pulse

28/Jul/2011 SRF’11 @Chicago—26



7 Cavities Operation

superconducting rf test facilitv

x10§ Long term opel ation for 7 Cavities at 25.0MV/m in S1-G (°10/12/15)
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response of Quench for MHI#6 @40MV

supnerconductina rf test facility

|
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Dynamic Loss measurement p4f

supercoructing rf test facility

Summary of dynamic loss measurements

C+4 C-1 A3 A2 A2 4C 4 A 4C 4A 7 7
7109 AES004 | MHIO07 MHI06 MHI06 | Cavities | Cavities | Cavities | Cavities | Cavities | Cavities

Date Nov.17 | Nov.19 | Nowv.23 Nov.24 | Nov.25 Nov.26 | Nov.30 Dec. 2 Dec. 3 Dec. 9 Dec. 10
Gradient 28 25.2 323 38 32 32 32 20.0 269 254 204
[MV/m] Detune Detune | Average | Average | Average | Average

Qp, W 0.84 14 2.8 4.8 2.6 ‘ 2.7 6.9 9.6 4.8

Qp.ae: W | 0.09 0.18 0.7 1.8 1.2 I 0.5 4.6 0.2 25 2.6 1.6
Qo cas W 0.8 13 2.0 2.9 1.3 9 2.5 4.4 7.0 3.2
Qo 8.8E9 | 43E9 | 43E9 | 4.2E9 | 6.5E9

C1=222 | Al=158| C1=252 | C1=20.1
1 011 C2=18.9 | A2=37.6 | C2=NA | C2=NA
L — — L — T T L — T C3=14.9 | A3=32.9 | C3=17.6 | C3=14.1

C4=243 | A4=214 | C4=288 | C4=23.0
r Al=153 | Al=12.3
| A2=374 | A2=304
Qo | RE
10
10 " z
o oo ¢ ] 1
v S _
Y C1/AES002 STF-II coupler has more heat loss than TTF-III.
10° || A C4/2109 IThis point should be improved in the near future.
€ A2/MHI-06 ]
@® 4 Cavities (C)
@® 4 Cavities (A)
o @ 7 Cavities (w/o C2)
10 S e
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_ Troubles  r3f

superconducting rf test facility

v’ The performance of the two cavities dropped
between V.T. and C.T.

v’ The tuners of the two cavities did not work at 2K.

o

These problems are investigated in the near future.
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« Assembly work by the S1-Global team was successful.

* 6 of 8 cavities reached the almost same gradient at the cryomodule
test as the vertical test.

e Mechanical vibration modes were found to vary from cavity to cavity.
 LFD measurement was successful. MHI cavity turned out to be stiffer.

« Compensation by piezo was successful. All types of the tuners tested
have demonstrated good effectiveness.

« Simultaneous operation of seven cavities was comparatively stable.
The Q, decreased gradually during the operation for every power
coupler.

* From the results of the dynamic loss measurement, it was observed
the STF-II coupler has a larger heat loss.

e Communication among the international members of the S1-Global
team worked well.
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Thank you for your attention.
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