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cERL parameters
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HOM-BBU threshold current(dipole)

(Calculation performed by
R. Hajima, R.Nagai, JAEA)
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KEK-ERL Model-2 (HOM: 6x2)

Bl : developed at Cornell
(BBU-R : developed at JAEA)

TESLA (HOM: 5x2)
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BBU threshold are significantly improved
More than 600mA is possible for KEK-
ERL model-2 cavity.

5.0

name TRBIREE — LI TR Ith (maxEREHE)
KEK-ERL model-2 cavity New cavity shape + Large beampipe damper <600mA O
KEK-ERL model-1 cavity TESLA cavity shape + Large beampipe damper <100mA A
TESLA cavity TESLA cavity shape + Loop-type HOM coupler <20mA X
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(Rgn/Q) Qe [€2]

(Ry/Q) Qey [€2]

Monopole &Loss Factor (/N FREDEER)

Monopoles of KEK-ERL model-2 cavity
Calc by MAFIA up to 6.5GHz
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Bunch length (rms) [mm]

Including loss factor for accelerating mode (2V/pC)
Calculated from only cavity shape, not including RF absorber
For 3ps bunch length, loss factor of HOM is 12-2=10V/pC
Power is 10V/pC x 77pC x 0.2A = 154W. (100mA case)
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Compact ERL main linac cryomodule configuration

ERL model-2 9cell Nb cavities

(Compact) ERL target

Frequency : 1.3 GHz

Input power : 20kW CW (SW)
Gradient: 15MV/m

QO0: >1*10/10

Beam current : max 100mA
(against HOM-BBU instability)

2-cavity cryomodule was
developed for compact ERL
main linac to demonstrate the
high current ERL operation at
cERL. We have done the high
power test by using this
cryomodule.

EFE—LFPREICTESR

HOM absorber
*HIP ferrite on Copper beampipe
*Operation at 80K. (expected 150W HOM power)

9cell superconducting
cavity
Q0 >1*10"10 @15MV/m

*Check enough absorption ability of ferrite at 80K

HOMdamper (3Rt
TunerlEiTEFREK

‘‘‘‘‘

1 *20kW CW (standing wave)
Frequency Tuner *Cold and warm window
Slide jack tuner (mechanical) * HA997 ceramic is used
piezo tuner(fine tuning) * QL=(1-4)*1077(variable)
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cERLEAD EMZEEPBIZEZE R D M REFEMEAER (HiEBI &cryomoduleuﬁﬁ)

Summary of performance
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Results of vertical tests (#3 & #4)
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Cold window =g Warm window N2 g.as .
cavity P L cooling  * Basic parameters
Ny g o0 \ IR B EE: Max 20MV/m (1.3GHz)
’ ﬁ , iy i- A F1787—:max 20kW , FETEK (Af<50Hz)
q s o gy i B7rQ(Q)): (1-4) * 107 (variable coupling)
sl oar—on I Points (STF-BL coupler M MIEIE >CWXT i)
] bellows RE(REN2 gas T ZE5H
T Impedance Z50Q HM560Q(ZZEE
5K 80K o_ 99.7% DFMEDEFIVIREER.

ERLEZRAATANTZ—  RF power cold ZlZbellowsi BN, +-5mmA] &,

CERLBAADTS— (#2358 D4 gEET{f

power vs Temperature (2012/5/11)
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_glmlr_ﬁ\ L\iﬁFﬁ %200:_ | 1
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(AT~60degree, OK) g |

':E“/l—)l/!f‘HLtZK nHIE 50‘|H[| AW 0]

pulse: 25kW, CW : 15kW 1 | T |
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Performance test of cERL cryomodule (tuner & HOM damper) Detail ;L& & iR#¥
Performance of frequency tuner

HOM properties under 2K condition

shaft

b

Mechanical tuner

2
W
—

lmm

180
$123

f HOM port #2

_ HOM port #3
\_ - e PU
j 107 | * 1o
fr— . ! o . | [J calc (Dipole) 77777777777777777777777777 ]
“:tt; ------- ; 2 Piezo tuner ; . % Qr‘: 108 o calc(Mo?opole> T ]
St ¥ ¥ 1 | B Ly 3 R = N U A
Cancel pressure variation o° i i #
o104 LIS _D: .1;31"? rrrrrrr o u s
100 '8 ;; $ :‘?@%:::"'9] "
1299.984 T © 3 | R e 0 ) gl e 9 |
Af >1kHz@2K 1300.3 +?3§i03%éﬂﬂz§ Q 10 %l:@j T iﬁ.’? E
1299.9835 - : : : 102 = tfaa o " - e |
—_ o 12002 2 turn around '
g 1299.983 % 107 | ‘ \
£ ‘Q; 1300.1
§1299_9825 | 2 / 1.3GHz 1000 1500 | 2000 2500 3000
@ o 1300 7
% N 8 / Frequency (MHz)
= e & / #4 cavity o Af=600kHZ «  Using fundamental pickup port (PU)
9L I Sturnaround) ..., f with 2mm and HOM ports (HOM1, 2, 3),
1299981 0 P 12997 stroke HOM characteristics were

Piezo Voltage(V) 0 0.5 1 1.5 2 25 3
Tuner movement(mm)

measured.

»  Their behavior, frequency and
loaded Q-values, were generally
agreed with calculation results. 12

Course and fine piezo tuners also worked smoothly and

|
I
1
I
1
I
1
I
|
I
1
I
1
I
1
I
|
I
1
I
1
I
1
I
Piezo performance @ 2K Coarse mechanical tuner stroke @ 2K :
1
1
1
I
1
1
1
I
1
1
1
I
1
1
1
I
1
1
1
I
had enough stroke under 2K cooling. |




: VC Keep testi@nign
Field keepitBR&iaIgey  /ocelerpting Voltage

power test
16+
16+
13.5MV 143
147 ~ 1
- ] 2497 —
o] [! el | 14.2MV
B0 #3 (Lower) §1]
g, ig ;
£ 2 10 #4 (Upper)
g Etl ]
§+3 Thour < Thour
2 7 < —>
] t— ] ] L E—
DE.‘.-...| IIIII e S e — S S ,....-‘._| 0 Frrrr T TrrTTT TrrTTT T T TrTTTT TrrTTT TrrTTT T T TrrTTT 1
2012-12-1E 20:40  21:00 21:20} 21:40  22:00 22:20 2012-12-19 121320102021 18:30 19:10 19:30 19:30 20:10 EEI;DIDEDH
20:00:00 23:00:00 e Time o
Time
‘— Aé\celerating Violtage (MV) | |_ Accelerating Voltage (MV) ‘
1 29 16 . *We can keep the following voltages of
as{ Accelerating voltage was kept stably Upper cavity : 14.2MV
80 31 . .
] oo He pressure Return He gas } Lower cavity : 13.5MV
S 0598 for more than 1 hour. (40-45W heat @ 2K)
. —qp 510
2 " - *We cannot keep more than 14.5MV
3 §°18° field because of the lack of the cryogenic
< =7 '%36 power (>50m”3/h ~50W)
28.54
<4
% We note that He gas return, He level and
t 25 He level He pressure were also stable. Especially He
27 3 0 frredrr e e——— pressure was kept stable within 10Pa
2012-12-19  20:10 20:20 20:30 20:40 20:50 21:0 21:10 21:20 2012-12-19
20:00:00 21:30:00 (measured)
Time

—— Accelerating Voltage (MV) H—He level (Up) (%) =——Hs level (Down) (%)

ISWETERAMARE



: H.Sakai et al., MOP069 in SRF2013

WLI monitor ( 10um£§rlttitlon) target

= Lazer (horizontal) (mm) —C—Aa=F a1
= Lazer (vertical) (mm) —r— ATy
0.5 [ n flame SEM\ 0
L

Measurement of displacement under 2K cooling

(1-4) Measurement target (#1)
4 Top alignment targets for WLI monitor

Alignment
telescope

Fix point of support

400

T/ | Frontview
| \il'{: of module

b #4" 200
/1 A " 100

A e = 2 L 3
A\ R T Ty T T T

\ Fi
o~ 4 j"k""r"-. I

RDa S X Temperature VVLUL / M
Sl of 5K frame L

"

Hiagh /

backbone 5K frame 4 Side alignment targets (5-8) SKf frame siupp ort 5K frame

Bk A

e

2012/12/3 0:00:00
012412113 0:00:00
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m
I =
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I -1 by 4 g
l "Wien 5
=
o
| 7
wl
: WV &
| : o :
| = b -
|

fmzn 1423 0:00:00
|
ko12:11:28 0:00:00

E012.'"1 1416 0:00.04
[2012112i8 0:00:00

I
I
I
I
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Target movement under cooling (Horizontal)

—e—Target1(h) —e—Target5(h
—=—Target 2 (h) —F—Target6 (h)

Target movement under cooling (Vertical)

Alignment target

4 —e—Target1 (v) —e— Target 5 (v

§ =Rl Rl el i et T B
E T T : 350 ™ —a— Target 4 (v) —=—Target & (v)
© -3¢~ 5K flame temperature (K) o 350
§- i . § | = 5K nlame temperature (k) |
5] 1 =z — 300 N 0 300
+ % el = ol ~
M_ove same way & 1 r s S \ = = A =0 §
with targets at Al — g g s 4“"‘% o
i =
same transverse ST 5 /ﬁ 5o O
oy H T 2 - =
position g RN Aot —— S= : i
g Nk A, an/
Summary of displacements Horizon S e T i
of targets and cavities tal SR IRETR - - S 2 £ 2 0F s ¢ 8§ ¢
between RT to 2K (mm) S 3 8 ¢ Iz 3oz = % 8 3 =z z 2 3 8&
Target 1-4 (Average) -0.11 -1.06
Target 5-8 (Average) 0.87 -0.37 * About 0.4mm of cavity center movement was evaluated horizontally and
. vertically , which agreed with expected values of thermal shrink of 5K supports.
Average movement of cavity  0.39 -0.37 v & P bp

* These vales were within alignment error from beam requirement of 1mm.

*Thermal cycle [ZKA B BRMEIES0umLIR(L—F —Z (5T THIR,

center (from target 5-8)




2K microphonics measurements *Example of#3 CaV'W' QL =1.15%10"7
Eosc|lloscope ———

> R =~ R— PR SR b —31.5ms 72.0mv
Pt 1 0 ahb 1Y AiTeme U Azsamy
0 Pk-pk | TS i } B 1 Y 5.
f(x) cavity =7Hz Tt bt .:_,'. O O AR YR AR
Measured by B 1 AL PV LY
Bin oscilloscope and  |RSSARERA U (LA N LA O LA
FFTanalyzer B L U | A

‘ * LLRF Feedback loop off
*Field set to 2.5MV/m
*Measured by #3 cavity

(@D 50.0mv ||20 oms 50.0kS/s ”20 20 12 2012]

W=+v0.00000s 10K points —79 OmV J(18:31:36 )

“Pk-pk = 7Hz by oscilloscope. It allow
AR IL us to increase the QL higher than

tangp=2Af/f0 * QL 4 [ several 1077 - lower power
R E RN *Main peak was observed at 49.5Hz

2%\ SOOI A (not 50Hz of electrical noise) by FFT
analyzer ,which was not come from
cavity resonance frequency.

_ R *It might come from backbone and/or

5K flame resonance frequency??

f0=1.3GHz $

We need to continue measuring michrophinics on next cERL operation#k &= DU\ TDdetail [L1EfE . =FH 5
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SERINODEREFICERMERENE — LB CHET oD, Fr-SELLED
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et

ENLDfield MEDECHBERRIREE S A HM 7

e
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BERth D ZEH % EEE AV YR (Pulse aging) et G Rulse aglng

— BN M'—1 Vo \‘
ZREE /ElliElﬂiﬁ/(dlgltal)(VC) LifieldTES e s (AN,
E18ﬂﬁﬂ _i i
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BELR(ZZERUNDSEY N FADEISD S MLIZGE
9 5 field emissionZFECF AIEEMMNEZ 5N D, TDIRIEZ
DEYZERLI=-OITHEIZTSITHEVESZ—BS A . BRI
SWIRILF—ZEMIZEZ., BT (BYEBHNT ?2) HEN .
TRV AT =D ThD. S BIEEZ RO RERE —
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Pulse aging®H IZPINDEE N MILIZH AL TS DHHhH S, (aginghEHY. )
INILRI—22 5 %721, (10Hz 4ms) 8.5MV+2.5MV(pulse)
ML1 [&15% + 155fE
ML2(&15% + 1BFfE]
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FERODMEEEZEAT . BIA TERLZITGHIELE
ERL operation (Case 1)

Cavity 1 and 2: ilE(158H) . BE((2:88)
E=19.9 MeV ~_ ¥cie

W=~ 00E

TREE—LDEEERNID) (Mar. 14, 2014)

K. Umemori et al.
EELZFITLN. TR F—EIURDOHEREEIT o=,
Non-ERL operation (Case 2)
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(Vc=8.57 MV/cavity) (Vc=8.57 MV/cavity)

Injector
Bty 9 MeV

hicane

2nd Arc Section
THz CSR
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Precise measurement of cavity movement by laser position monitor

To confirm the measurement accuracy of target, we also measure the movement by
newly developed laser position monitor with 10um level accuracy by setting one target.

monitor (un ing) Target movement under 2K cooling
M (2012/12/5-2012/12/7)
Lazer (harizontal) (mm) — O AT ik 11 _ _ _ _ 100

Laser e Laser [vertical) (mm) —rr— A= 1) 5U§arget | SIEé(H) (downi flame SB;) | |- g
i st e SBP\'\ 1 - -1.12 - i . Liaser (verti::al) {mm) i B . 80 S
. ’f\ ; @ £ ' . ' 2
[ m——] E [ <
0 400 E E 114 ;_ 60 F
— H av] —
el H ﬂ g 1.16 40 g
2 05 300 F - i 2
o . = k] e 3 3
. = 118 20 @
E 71;“-_ 200 g y 8
= M ] e PR R N . =
o d = i o = =1
@ 1 2 b= S b= s = = =
(e - S g S g S = &
4 Temperature raPR Ltlc] SR B iEe 8 s
of 5K frame ' I = § § § & § 8
T i s . s il Al & Al i Al i al
(=1 (=1 o o o o < o = o . S S
= = = = bt = ™ o o
g g g = = g This monitor based on interference of ASE
() o . oy
© < @ o o @ light between target and reference position.
- = = 0 o & . -
= = = % % o By measuring reference position movement
S S S & 8 S we know the target position movement

*Laser monitor roughly agree with target
measurement by telescope with =0.1mm

(518)

T vgartic

al”

“While keeping 2K, target movement was stable
within 10um - cavity was stable within 10um

" Temperature of 5K frame is sensitive for 5K frame
movements by laser position monitor.




Dynamic loss measurements

#4 (Upper) Vc vs Qo (#4 cavity) i Heat loss from He gas flow (#4 cavity)
] 50 F| —l—H:a IDss|:j12.r'1E.‘Ej| (W T—=_(before burst)
10 r B He loss(12/14) (W
10 & ol %._* : i | & He Iuss{m2_-"21}3{('-,“-}) m, burst
L_»-Fyf KiireF E, 40 N R\
NUAT JLU g . ’-‘_—-".
s o 30} a
5 S
® QO0(12M13)4—> ! (before burst) o C
B QO (12/14) |} n y=07283 +0.11863x R=0(.09893
A QO(12/21) _}-(afterburst) 10
109----5--- - - U
0 5 10 15 2! 50 100 150 200 250
Accelerating Voltage (Vc) [MV] ~ Eacc [MV/m] Ver2 [MVA2]
#4(Lower
( ) Ve vs Qo (#3 cavity) Heat Inss from He gas flow (#3 cavity)
60
i [ e He loss(12719) W)
10" té:*m:u.i 0 M m Heloss(12120) (W) |
- = 40
8 # il .
B ; . "
® Q0(12/19) @ 20 B
B QO (12/20) i
10 i
(1) ol ETSERERENE REEATY L L D
0 5 10 15 2C 50 100 150 200 250
Accelerating Voltage (Vc) [MV] ~ Eacc [MV/m] Ver2 [MVA2]

Q-value was dropped by field emission € Cryogenic loss drastically increased. || ok static loss
Q-value is higher than 1*10710 at low field of less than 10MV of Vc. 11W at final (little large)
29

Magnetic shield works well .




Crack of damper ferrite at  Green:80K line
thermal cycle test Blue: 2K line

Light bule:5K line

Gas He outline

Cryomodule Cooling to 2K

Strategy of cooling " Gas He out for
-HOM damper should be cooled n precooling
slowly, to avoid cracking of ferrite.3K/h
was required for 80K line, which cool the
HOM dampers.

-Relatively large temperature difference

was avoided within each 2K, 5K(He) and
80K(N,) lines.

#3 cavit\y S + Y #4 cavity

He inlet

History of 2k coolin
) g SBP absbrber Upper LBP absorber

Lower LBP absorber

300,
' K 3K/h
leep SBP HOM absorber temperature
240; Upper LBP HOM absorber temperature
< 2003 Lower LBP HOM! absarber temperature
Q] . .
2 160 . H!gh power
g : measurement
glzo- #4 (Upper) cavity > Lig N2 supply
. 1 He jacket temperature For 24 h
» 1 #3 (Lower) cavity |
| He jacket temperature Lig He supply
I e Only daytime
2012- 11 19 2012 11 22 2012 11 26 2012 11 30 2012-12-04 2012-12-08 2012-12-12 2012-12-16 2012-12-20 2012-12-2
00:00:00 00:00:00

Time

—— SI06{Upper cavity jacket) ——SI18(Lower cavity jacket) ——T04(SBP HOM) === T08(Upper LBP HOM) ——T13(lower LBP HOM)




Detail radiation profile measurement

R CAVTTY 3
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