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Specification for cERL main linac cavity

* Eacc
— Required Eacc is 30 MV for two cavities
— But, operated with vector sum mode at first stage

— Assuming 2x10’coupling and maximum detuning of 50
Hz

— Required maximum Eacc is ~20MV/m for a cavity
* Q,value

— Larger Qg value is desirable for He refrigerator

— Target is 1x10%° at 15 MV/m
* Frequency

— Frequency must be within mechanical tuner range
(3mm =900 kHz) at 2K, i.e. 1299.1~1300.0MHz

— With good field flatness of > 98%



History for ERL 9-cell #3/#4 cavities (for cERL)

_ #3 cavity (15t) | #3 cavity(2"9) | #4 cavity (1) _

Pre-EP and
EP-1

Annealing

Pre-tuning

EP-2
HPR

Assembly
Baking

Vertical test

5um+ 120
um

750 degree x
4hours

> 98%
flatness

50 um

S5hours
+ 5hours

> 110 degree,
48 hours

(Done)

>99 %
flatness

20 um

7.5 hours
+ 5 hours

> 110 degree,
48 hours

(Done)

5um+ 120
um

750 degree x
4hours

> 98%
flatness

50 um

6hours
+ 5.5 hours

> 110 degree,
48 hours

(Done)

>98 %
flatness

30 um

6 hours
+ 5 hours

> 110 degree,
48 hours

(Done)



4 caV|ty 1st vertical test (10/27)

Qo

le+811 ¢

'ERL 9-cell #4 1st{2K-initial) =
ERL 9-cell #4 1st{2K-final}

le+818 ¢

1e+809

le+888
a a 18 15 28 29

Eacc [HY/nl

e Initial (1.6-1.8K), Passband(8pi),Final (1.7-1.8K)

*Max. Field 22.7 MV/m, quench at 1 cell equator

» Q=1.4x10°(@15MV/m), 1.0x10°(@20MV/m)

 X-ray on set: (initial) 18MV/m - (final) 15MV/m

e X-ray at 20 MV/m: (initial) 3.7uSv/h = (final) 644 uSv/h
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(1) 1 cell equator 264 deg(=224 for mapping)

After 1st vertical test Local grinding

Defect was found after vertical test Defect disappeared after local
Bump grinding
Height ~10um
Width ~200um




Title Input

Height Trans

40 100/ 100] 100/ 100
Miobium material
j/—-\
o v
Air /
0 500 1000 1500 2000
-40] -100] -100] -100| -100
Theta Trans
30| 25| 50| 200] 200
Tissr | R oo T e -&".—___
[dee] B I e =
0 500 1000 1500 2000
-30] -25] -mo| -200] -200

[£em]

[£em]

Chart Position

— ] | 100]
— ] | 105
— ] | 110]
— ] | 115
— ] | 95 |

Comment Input Area

Comment Input Area

Bump
Height ~10um
Width ~200um
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Local grinding

-




(2) 8 cell equator 194 deg

After 1st vertical test After local grinding

Defect was found after vertical test  Defect disappeared after local

rindin
Pit sHnEng

Height ~10um
Width ~150um




3) 9cell equator 102 deg

After vertical test After local grinding

Defect was found after vertical test

Defect disappeared after local
Pit grinding
Height 15~20um
Width ~200um




Pre-tuning
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Frequencies of both end cells
are ~100kHz higher than
those of center cells

— should be better flatness
after EP-2(30um)



2nd EP-2 for ERL-9cell #4 cavity

[before EP]

* Degreasing (FM20) : 240min at ultrasound bath
 60min at ultrasound bath with ultra-pure water
[EP]

* Current density: 32 mA/cm”2

 Amount of plishing: 30um

* Contained amount of Nb: 4.7 g/litter

[After EP]

* Degreasing (FM20) : 60min at ultrasound bath
 HPR: 6hour(flange open) + 5hour(flange close)



Cavity surface after EP-2

From LBP side From SBP side

Cavity surface is generally fine.
Some defects, polished after EP-1 were seen. But edges
seem to be smooth.



Rs[Ohm]

Q-T curve for ERL 9-cell

16-006 |

16-007 |

1e-008

#3 and #4 cavity

" ERL 9-cell #4 2nd
fit(#3 2nd)

ERL 9-cell #3 2nd
fit(#3 2nd)

ERL 9-cell #4 1st
fit(#4 1st)

ERL O-cell #3 1st
fit(#3 1st)

T

02 025 03 035 04 045 05 055 06 085

1T [1IK]

#3 cavity (1st VT)
1299.647 MHz(@2K)
17.5 nQ

#3 cavity (2nd VT)
1299.603 MHz(@2K)
16.6 nQ

#4 cavity (1st VT)
1299.717 MHz(@2K)
17.0 nQ

#4 cavity (2nd VT)
1299.640 MHz(@2K)
16.6 nQ

Residual resistance
Includes loss at SUS
flanges




Qpickup for #3 and #4 cavities

1.2e+012 . . . .
ERL 9-cell #4 2nd(used as Pt) +
ERL 9-cell #3 2nd(used as Pt) 4
ERL 9-cell #4 1st{used as Ft) ¥
12e+012 L ERL 9-cell #3 1st{used as Pt) O
d
1.1e+012 | S XX X0

P4
X ><><>f§><>§<>< >8< X ﬁ%%ﬁé)@(% £

%K
B‘K%%@H{
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9e+011 - OH

Qpick

Be+011

15 2 25 3 3.5 4 45
TIK]

Target of Qpickup 1el2
Qpickup at 2K is OK, within 5~10%.



Qo

2K m-mode measurement

Te+011 ¢ - . ——
: ERL 9-cell #4 2nd(2K-initial) ®
_ ERL 9-cell #4 Znd(2K-final) ®
FLLALALILIILIITY)
1e+010 |® ..".""lgt
L ..
1e+009
1e+008 ' ' ' ' '
0 5 10 15 20 25

Eacc [MV/m]

Initial (1.6-2.1K), Final (1.7-1.8K)
- At 3MV/m, Qo=1.5e10(1.8K) and Qo=1.1e10(2.1K)

Reached to 25 MV/m. Satisfied ERL spec.
1.4x101°(@15MV/m), 1.2x10°(@20MV/m)
No limitation up to 25MV/m
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Qo

1e+011

Te+010 |

1e+009 |

1e+008

2K t-mode (initial)

0

5 10 15 20 25 30 )
Time

Eacc [MV/m]

*Measured at temperature of 1.6~2.1K
*Reached to 25 MV/m

T T 20
pi-mods (1) +
Aray (Top) = 25 -
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radiation [arbt. unit]

* Multipacting from 18 to 23 MV/m, accompanied by X-rays.
But they were processed. Radiation is also processed up to

24 MV/m.
* Radiation was very small, 20uSV/h at 25MV/m.



Qo

2K mt-mode (final)

Te+011 — : 20
pi-mode (2) + .
Aray (Top) = » ! ' Eacc 10
A-ray (Bottom) # X faytop)
Aray (pottom) 1 14
115 20
112
1e+010 | =
5 1 10
s £ B
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o O
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1e+009 | o
5 4
5 F
12
] . | 0
1e+008 0 11124 22:00 11424 22:30 11424 23:00 11724 23:30
0 5 10 15 20 25 30

Time
Eacc [MV/m]

*Measured at temperature of 1.7~1.8K
*Reached to 24 MV/m, without quenches.

* X-ray on-set was 22 MV/m

 Radiation was very small, 4uSV/h at 24MV/m.

radiation [arbt. unit]



- Array of Si diode for X-ray detection and carbon resistor
for temperature measurement
- They will rotate around cavity by using pulse motor



X-ray at 20 MV/m (final m-mode)

Rotaing Mapping potstaws: oN [ Auto | [N
Message: 2011/11/24 22:56:17 : Stopped. Run Number: 3 E Auto Signal;  0.005Y wanua: [ (GEE)
L I X-Ray | Auto Threshold:  0.500Y
1-3cell (PIN 1-27) 4-6cell (PIN 28-54)
1.000 1.000
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0.00 30.00 180.00 270.00 360.00 0.00 30,00 16000 270.00 360.00
Anglel [deg] Angle2 [deg]

Temperature Offset

7-9cell (PIN 55-82) Offsetl 0.02

1.000 Offset2 0.02

Offset3 0.02

Offset Show
0.7 #1Cell : 0.2
#2Cell : 0.1
#3Cell : 0.0
- j— - ] #4Cell : 0.2
% 0,500 scell [ownt) ounty D #5Cell : 0.1
E - [ 4 ) #6Cell : 0.0
-] #7Cell : 0.2
£ F1-E3 g i — #8Cell: 0.1
0.250 e T #9Cell ; 0.0
: : Geell n3) | Angle Offset

Offsetl 0.0

Offset2 0.0

% Offset3 0.0

Logging Data -J;3011111124 22:53:36 “2011"11/24 22:56:17 H BIN TO ASC | 22:51:41 exec command="erllog_2 -start “2011/11/24 22:47.55" -end "2011f11/24 22:50:26" end

No X-rays were observed.



X-ray at 24 MV/m (final m-mode)

Rotaing Mapping potstaws: oN | [TAuto | [N
Message: 2011/11/24 23.08.00 : Stopped. Run Number: 5 Auto Signat 0,021y

P manua: [GRIN " oFF ]
T X-Ray | Auto Threshold:  0.500%
1-3cell (PIN 1-27) 4-6cell (PIN 28-54)
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Anglel [deg] Angle2 [deg]
[ SBPirs | #3-#iris | [ #6-#Tws | rTemperature Offset
7-9cell (PIN 55-82) Fcell oL Offsetl 0,02
1.000 Offset2 0.02
Offset3 0.02
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— — — #3Cell : 0.0
> #4Cell 0.2
= d
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e e e B Selot S STy Ve st
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e S e Angle Offset
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0.00 90.00 180,00 270.00 360.00 Offset3 0.0
Angle3 [deg]

Logging Data:2011/11/24 23:05:25 [2011/11/24 23:08.00 !‘ BIN TO ASC | 23:03:21 exec command="erllog_2 -start*2011/11/24 22:59:18" -end "2011/11/24 23:01:55" end

Small X-ray signal around 2-3 iris




Summary

After 15 vertical test, several defects were found by
surface inspection. The cavity was repaired by grinding
such defects.

Pre-tuning and 30um EP-2 were applied.

2"d vertical test was performed for ERL-9cell #4 cavity.
25 MV/m was successfully reached.
Qo=1.4e10(@15MV/m) and 1.2e10(@20MV/m)

Radiation was very small. Its final on-set was 22
MV/m.

ERL specification was satisfied.
This cavity will go for He jacket welding.



