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NETOESKREKE (1)

Cryomodule Assembly

1’st cool-down

2’nd cool-down

3’rd cool-down

4’th cool-down

5’th cool-down

6’th cool-down

7’th cool-down

Eiji Kako (KEK, Japan)

9
I Low RF power tests of Injector Cryo.
B Coupler conditioning at RT

1

8 High RF power tests of Injector Cryo.
4
L] Beam commissioning

5-7 of Injector section at 5 MV

Construction of I
Re-circular ring 11 Beam commissioning
Bl of Main Linac section

Beam commissioning 1 3
of Re-circular ring

Beam operation at 20 MV 4-6 I
(injector at ~3 MV) LCS preparation
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Thermal cycles of injector 2-cell cavities : 2013’ May - July

Temperature of He jacket

300+

1| cool-down warm-up
240

E one week

] M
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o i weekend
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£ 1603 night
E ]
-
§ 120

80

40

0 :|||||||||||||| I I S
2013-05-07 2013-05-12  2013-05-18  2013-05-24  2013-05-30  2013-06-05  2013-06-11  2013-0647] |eo§3-06-23  2013-06-29 2013-07-07
00:00:00 00:00:00
2013 Time 2013’
May,07 — CAV1 —CAV2 —CAV3 at 2K July,07

Eiji Kako (KEK, Japan)
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Operating Eacc of three 2-cell cavities (7 weeks)
Eacc [MV/m]

: Beam operation Eacc = 7.2 MV/m
. one week for 4 days  total Vc = 5.0 MV Eacc = 6.5 MV/m
: — total Vc = 4.5 MV
okl Wl e B e e
n : I T L

|
pliaaa 1y

N
L

o
pli e les

Eacc [MV/m]
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2013-05-07 2013-05-15 2013-05-24 2013-06-02 2013-06-11 2013-06-20 2013-06-29  2013-07-07

2013’ Time 2013’
MGY,07 —— CAV1 Pt —— CAV2 Pt ——CAV3 Pt J U|Y,07
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cERLEESTCEMTE-CL& (1)

B =T Beam Operation of cERL Injector

a| - e 2 8| e beam

v | 5.0 MeV

i 0.3 pA > (10 mA)
. ° Beam operation:

1Eacc =7.2,7.3, 6.9 MV/m
1l ';:;Q{:;_;;.: P = 3.0, 8.9, 8.1 kw /2

. ! axnopn
4 !WFI‘ "::: 7 T QL = 12.0, 5.8, 4.8 x 105
_; - Ms7T MS6 “MS5 MS4 MS3 MS2 MS1
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cERLEESTCEMTEI-CL& (2)

Eacc [MV/m]

s; Conditioning
i of cavities Beam operation (8 hours)
5 > < >
£ A
g 3
5°] \ Total Vc = 5.0 MV
95 Cavity-1: 7.1 MV/m, 2.8 kW
o Cavity-2: 7.5 MV/m, 9.4 kW
] Cavity-3: 7.1 MV/m, 8.7 kW
201;0671'2 ] 13:‘30 ' ].4:30 ' 15:‘30 ; 16:30 ' 17:30 I 18:30 I 19:30 I 20:’30 l 21:30 ‘ 22:30 ' 2‘0137106713
12:00:00 00:00:00
June, 12 Time June, 12
12: 00 I—CAVl Pt ——CAV2 Pt —CAV3 Ptl 24: 00
. Conditioning Eacc [MV/m]
of cavities Beam operation (7 hours)
CE e >
7: =
-] 1
£
g ] ﬂ Total Vc = 4.8 MV
g Cavity-1: 6.8 MV/m, 2.6 kW
o Cavity-2: 7.3 MV/m, 8.8 kW
] Cavity-3: 6.8 MV/m, 8.1 kW
201;-06-2]‘. 15;00 I 16;00 I 17;00 l 18:‘00 ‘ 19:00 I 20;00 l 21;00 I 22;00 I 23;00 ‘ 00;00 I2013-‘06-22
14:00:00 01:00:00
June, 21 Time June, 22
14:00 [=cavipe —cava pe —cavaee] 01:00
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Eacc [MV/m]

°1 Conditioning
i of cavities Beam operation (8 hours)
] > < >
g, i X
g
e Total Vc = 4.4 MV
o Cavity-1: 6.3 MV/m, 2.1 kW
] Cavity-2: 6.7 MV/m, 7.4 kW
i Caw'ry 3: 6.3 MV/m, 6.9 kW
201;-06-2‘6 ' 13;30 ' 14;30“ 151‘30 16 30 17: 30 ' 13 30 19: 30 20: 30 2ilg 30 22: 30 ' 5013-56—27
12:00:00 00:00:00
June, 26 Time
1 2 : 00 |—CAV1 Pt ——CAV2 Pt ——CAV3 Pt‘
PIEZO & TUNER POSITION
o s A f = 2 kHz (DC=+500V)
D ) Mechanical tuner i
wl I ) Piezo tuner
140] 35 ‘f r'd
gmnigz.s 200 HZ
80 4 2 - 8
Cavity-1: QL=1.2 x 10° (1.1 kHz)
ol Cavity-2: QL=5.8 x 105 (2.2 kHz)
. 0' Cavity-3: QL=4.8 x 105 (2.7 kHz)
Tune 36 2%
12:00 I—CAVI PIEZO ——CAV2 PIEZO ——CAV3 PIEZD“—CAVITUNER—CA‘{E’UNER —CAVSTUI\ER‘ 24 00

Stable beam operation at V. =4.4 ~ 5.0 MV
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He flow & pressure

He gas flow (m3/h)

He pressure
3.0 kPa = 2.0 K

He pressure [kPa]
[ (D P
@
He flow [m3/h]

Dynamic heat load = ~30 W

A 4

Static heat load = ~20 W

12:00:

0 T T T T T
2013-06-26  13:00 14:00

00

June,26

12:00

1.4+
1.34
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of cavities
2 usv/ h
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15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00

Time

XRAY

T 1
23:00 2013-06-27
00:00:00

June,26
24:00

x-rays radiation due to beam operation

10 -uSv/h

o T u T T
2013-06-26 13:00 14:00
12:00:00

June,26

12:00

Eiji Kako (KEK,

T T
15:00 16:00 17:00 18:00 15:00 20:00 21:00 22:00

Time
[F—xrav.uprer —xrav.cener —xrav.oown]

23:00 2013-06-27
00:00:00

June, 26
24:00

SK input port (K]

Temperature at Nb input port

:s 1.8K

. 3.4K

25 b
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e S e
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Time.

June, 26 Eoume —oviovs — o —oveiows —ovore —asonel] UNE, 20

12:00 SK input [K] 24:00

Temperature at 5K input coupler
i ; AT = 3.3K

1800 1900 2000 2100 2300 2300 20130627

June, 26— o 5 June, 26

CAVI:UPPER ——-CAV1;LOWER — CAVZ:UPFER ~-—-CAV2:LOWER — CAV3:UFPER, —- CAV3:LOWE}

12:00 24:00

Temperature of input 5K anchor [K]
Temperature at input coupler (5K/80K)
. AT = 13K

Ry

o et i

W /,

50
20130626 13200 14:00 1500 1600  17:00 1800  19:00  20:00 2000 2200 2300 20130627
12:00:00 00:00:00

Stable beam operation at V. =4.4 ~ 5.0 MV
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Load (W)

SROBRSNT-ERE (1)

Static Heat Loads

Static heat load ; 2K

90 90
8o 8o
70 — 70
60 60
— Load
| — 2K He Level
50 50
40 40
. I .
20 | 20
10 10
13.4wW 11.3W
o 1000 2000 3000 4000 5000 6000 7000

Time (sec)

ave. 2K heat load =12 W
(including 2K cold-box =1 W)
Cryomodule =11 W at 2K

Estimation= 14 W,
including 1 W/coupler (x6),
0.2 W/HOM-cable (x15) and others.

Load (W)

100

80

20

r\\l ) T/’/"

1000 2000 3000 4000 5000 6000 1000 8000

Time (sec)

Cryomodule = 36 W at 4.2K
33W

Total heat load at 2K;
(1+11)+8.5x3=37.5W at5MV

Eiji Kako (KEK, Japan)
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- 60

- 50

Temperature [K]
» o

Dynamic Heat Loads

Cavity dynamic heat load at 2K

20

Po
15 L
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@ Cavity-1
B Cavity -2 8.5 W at 7ZMV/m
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SROBRSNT-RE (2)

He level [%)]

) He level (2K cavity)

& R e e d

| He Ievel (5K panel)

i
June, 26 == June,26
12:00 Temperature of He jacket [K] 24:00

" AT = 0.1K

TE:ZM :

Bl 3.2

i Temperature at He-Jacket
June,26 June,26
12 :00 Injector SC cavity2 HOM temperature [K] 24:00

2 .. Temperature at HOM couplers
Zu AT = 14K connector

20.
glﬁ
512 7

s d AF =1k (S

4 Fesssssese x: ¥ p—

. 4K Top
2013-06-26 13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30 21:30 22:30 2013-06-27
12:00:00 ) 00:00:00
L ey |

eet12/pn i el A 24. ob

Eiji Kako (KEK, Japan)

New RF Feedthroughs with Sapphire

HOM®D FEZ D HNH

MEEEZORWNYI7MT7 %
BUL=-RFI4—FXIL—DEAF

BiRiEMmIcksd
HOM/J —®D Al
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SROBRSNT-FRE (3)

Main Specification for Injector Cryomodule
(cERL injector ; I,.., = 10 mA, E,... = 5 MeV)

I A

15 MV 1.75 MV 1.75 MV
Eacc 65MV/m 76 MV/m 7.6 MV/m
Q. (10mA) 7.2 x 10° 8.4 x 105 8.4 x 105

Per (10mA) 15 KW /2  175kW /2 175 kW /2

RF Source  Klystron -1 Klystron -2
30kW, CW 300kW, CW

Iocom = 100 mA, Eooorn = 10 MeV  for future 3GeV-ERL

Final target of required RF power = CW 100 kW, (5 cavities)

Eiji Kako (KEK, Japan) cERL min-Workshop, 2014 Dec. 19
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Observation of x-ray radiation level

down-stream

50ms, 2Hz (10% duty)

10000 10
Cavity#2 | ’ mXray F psv/h
1000 ’ O{(ray L mSv/h
=
§ 100 B 01 3
= ' E
L
J 10 u 0.01
ub-stre No.3 Cavity .
- ¢ | )
P " No.2 Cavity ' ‘ 0.001
. no X- r'ClY 0 5 10 15 20
No.1 Cavity Eacc(Pt) [MV/m]
< 10 MV/m
10000 10 10000 10
Cavity#l | W Xray T psv/h Cavity#3 mXray T pSv/h
# Xray t msv/h @ Xray £ mSv/h
1000 1 1000 1
50ms, 2Hz (10% duty) i 50ms, 2Hz (10% duty) .
= =
3 100 01 3 3 100 ‘ 01 3
= ! g = . [
10 0.01 10 4] 0.01
0
1 ; ; ; 0.001 1 . N | 0.001
0 5 10 15 20 0 5 10 15 20
Eacc(Pt) [MV/m] Eacc(Pt) [MV/m]

TJ4—ILRIS v a2 0 HE

Eiji Kako (KEK, Japan) CERL min-Workshop, 2014 Dec. 19
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D&

ERL 2-cell #2 cavity
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Rz RRITH-HOREL (2)

KaBH

Conditioning results at Test Stand

——Tem

Temp-1 Doorknob-U Coupler Aging at ECH, 2010 Nov. 04
Temp-2 Doorknob-D

Temp-4 éoz;xie;l—l) 100
Temp-5 RF window-U Fanllon

p-6 RF winc

low-D

o
o

A‘—-—'—m‘éﬁéﬁ

o

] i T
Coupler Aging at ECH, 2010 Nov. 04

Day
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; ! 1

Vacuum Pressure [Pa] |

g ([

-
e
n

‘ —— RF Power [kW] |

[eg) sinssaig wnnoep ] ainjesadws)

L.

1s/
“

0.1Hz
0%)

. CW, 50kW

6
CW, 30KW 10

0:13:00:00 0:14:00:00 0:15:00:00 0:16:00:00 0:17:00:00 0:18:00:00

Time [Hour]

TALREUFTHOKRE HHER

Eiji Kako (KEK, Japan)

Conditioning Results
* Tms, 10Hz, (1%) 200kW for 2h
*1s, 0.1Hz, (10%) 100kW for 2h
 cw 30kW for 1.5h
«cw 50kW for 0.5h
* cw 100kW for 1 min

cERL min-Workshop, 2014 Dec. 19

Inner conductor
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Cavity
Tuner
Input coupler
HOM coupler
RF feed-through
Static heat load
Dynamic heat load
Thermal anchor
Field emission (x-ray)
Input coupling (Q;\p)
Q,om» HOM power

Beam operation

Alignment
Eiji Kako (KEK, Japan)

= & O

O (stable)
O (stable)

O (<10 kW = 100kW)
O (stable)

X (BRBRIRA)

O (stable)

cERL min-Workshop, 2014 Dec. 19
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