
New cryomodules:                      10
Voltage per cryomodule:             108 MV  avg.
Cavities per cryomodule             8
Heat budget:  @ 2.07 K               300 W / CM

 29 W / cavity, avg.
Cavity:                                         1.497 GHz

0.7 m 
“Low loss” cell shape

Higher order mode damping: 
- Transverse (R/Q)Qk < 2.4 x 1010 Ω/m
- Longitudinal (R/Q)Q                < 6.5 x 1011 Ω /m                         

Preparation and Testing of the SRF Cavities for the 

CEBAF 12 GeV Upgrade

A. Reilly, T. Bass, A. Burrill, K. Davis, F. Marhauser, C.E. Reece and M. Stirbet

Jefferson Laboratory, Newport News, VA 23606, U.S.A.
Eighty new 7-cell, LL cell-shaped cavities are

required for the CEBAF 12 GeV Upgrade

project. In addition to ten pre-production units

fabricated at JLab, the full set of commercially

produced cavities have been delivered. An

efficient processing routine, which includes a

controlled 30 micron EP, has been established to

transform these cavities into qualified 8-cavity

strings. This work began in 2010 and will run

through the end of 2011. The realized cavity

performance consistently exceeds project

requirements and also the maximum useful

gradient in CEBAF: 25 MV/m. We will describe

the cavity processing and preparation protocols

and summarize test results obtained to date.
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First two cryomodules - installation summer 2011, Eight more CMs in 2012

Inventory Receipt Visual 
Inspection

Dimensional Receipt 
Inspection via CMM

RF Receipt Inspection

Ultrasonic Clean

1 hour at 120F

DI+Liquinox

Heat Treatment 10 hours 
at 600C

Ultrasonic Clean 1 hour 
at 120F DI+Liquinox

Electropolish

30 microns at 20C

Ultrasonic Clean
1 hour at 120F
DI+Liquinox

RF Tune

Dimensional  Check and 
Correction

Helium Vessel Welding

Measure RF Properties

Lap Vacuum Seal 
Surfaces 

Final Dimensional CMM

Ultrasonic Clean

1 hour 120F

DI+Liquinox

First HPR

2 hours, 2.4 gpm at 1250 
psig

First Assembly

Class 10

Final HPR

2 hours, 2.4 gpm at 1250 
psig

Final Assembly

Class 10

Test Stand and Leak 
Check

Bake

24 hours at 120C 

RF Test

2K Dewar

Qualified?

Store in Clean Room for 
String Assembly

12 GeV C100 Cavity Process Flow

Exploiting New Electrochemical Understanding of 

Niobium Electropolishing for Improved 

Performance of SRF Cavities for CEBAF

C. E. Reece and H. Tian,   LINAC10  THP010

Qualified Cavities for 12 GeV Upgrade 

Cryomodule C100-3

0

5

10

15

20

25

30

35

40

45

C
1
0
0

-R
I-

0
0
1

C
1
0
0

-R
I-

0
0
2

C
1
0
0

-R
I-

0
0
3

C
1
0
0

-R
I-

0
0
4

C
1
0
0

-R
I-

0
0
5

C
1
0
0

-R
I-

0
0
6

C
1
0
0

-R
I-

0
0
8

C
1
0
0

-R
I-

0
0
7

C
1
0
0

-R
I-

0
0
5

C
1
0
0

-R
I-

0
0
4

C
1
0
0

-R
I-

0
0
3

C
1
0
0

-R
I-

0
0
4

C
1
0
0

-R
I-

0
0
5

C
1
0
0

-R
I-

0
0
6

C
1
0
0

-R
I-

0
0
7

C
1
0
0

-R
I-

0
1
2

C
1
0
0

-R
I-

0
1
0

C
1
0
0

-R
I-

0
1
1

C
1
0
0

-R
I-

0
0
3

C
1
0
0

-R
I-

0
0
5

C
1
0
0

-R
I-

0
0
8

C
1
0
0

-R
I-

0
1
4

C
1
0
0

-R
I-

0
1
3

C
1
0
0

-R
I-

0
1
5

C
1
0
0

-R
I-

0
0
1

C
1
0
0

-R
I-

0
0
2

C
1
0
0

-R
I-

0
0
8

C
1
0
0

-R
I-

0
1
3

C
1
0
0

-R
I-

0
1
8

C
1
0
0

-R
I-

0
1
9

C
1
0
0

-R
I-

0
1
7

C
1
0
0

-R
I-

0
2
1

C
1
0
0

-R
I-

0
2
0

C
1
0
0

-R
I-

0
2
1

C
1
0
0

-R
I-

0
2
2

C
1
0
0

-R
I-

0
2
3

C
1
0
0

-R
I-

0
2
5

C
1
0
0

-R
I-

0
2
8

C
1
0
0

-R
I-

0
2
9

C
1
0
0

-R
I-

0
3
1

C
1
0
0

-R
I-

0
3
4

C
1
0
0

-R
I-

0
3
2

C
1
0
0

-R
I-

0
2
7

C
1
0
0

-R
I-

0
3
3

C
1
0
0

-R
I-

0
3
5

C
1
0
0

-R
I-

0
3
6

C
1
0
0

-R
I-

0
2
7

C
1
0
0

-R
I-

0
3
7

C
1
0
0

-R
I-

0
1
6

C
1
0
0

-R
I-

0
0
8

C
1
0
0

-R
I-

0
2
4

C
1
0
0

-R
I-

0
3
7

C
1
0
0

-R
I-

0
2
9

C
1
0
0

-R
I-

0
3
8

C
1
0
0

-R
I-

0
3
6

C
1
0
0

-R
I-

0
2
3

C
1
0
0

-R
I-

0
3
7

C
1
0
0

-R
I-

0
2
3

C
1
0
0

-R
I-

0
4
0

E
a
c
c

(M
V

/m
)

HPR wand 

accidental 

iris damage

Unsuccessful HPR
Cavity C100-RI-008 

recovered after light EP!!!

With and without 

Helium vessel

Project specification: cavity gradient 19.2 MV/m average

Administrative limit set at 27 MV/m

12 GeV Upgrade Production Cavities 

Acceptance Test: Maximum Gradient

9/23/2010 - 7/7/2011

12 GeV Upgrade Cavities

Production tracking system

Acknowledgments:  JLAB SRF  Institute Team

Emax of VTA Qualified Cavities for 12 GeV Upgrade

- 86/86 cavities received

- 60/86 cavities electro-polished

- 40/86 cavities VTA tested

- 38/86 cavities qualified in helium vessel

- 32/86 cavities  = 4 /10 strings completed, ready for #5

- Procedure suite established and tracked 

- No SRF cavity performance issues currently open

Summary:

Upgrade magnets and 

power supplies

CEBAF 12 GeV Upgrade

CHL-2

New cryomodules get new rf zones

State-of-the-art production SRF cavity

Q is BCS-limited

CEBAF Upgrade cavity specifications

Key Project Parameters

Production clean room activities Vertical test Area (VTA): Dewars and control room C100-1 string assembly

C100 cavity ID
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T = 2.07K

CEBAF upgrade cavity specification

Max. Eacc (MV/m) Test limit

C100-RI-029 20.56* Quench

C100-RI-031 27.5 Quench

C100-RI-021 27.1 FE

C100-RI-014 27 Admin limit at 27 MV/m

C100-RI-022 28 FE

C100-RI-030 27.8 Quench

C100-RI-025 30.1 Radiation >100mR/h

C100-RI-028 27 Admin limited at 27 MV/m

* In previous tests, C100-RI-029  was quench limited at 26.7 MV/m 
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Improved after  HPR


