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Scope of my Talk

• Roughly speaking, to date, main flow of SRF cavity application is for 
the SRF electron Linacs (ERL, ILC…) and the SRF high power 
proton Linacs(SNS upgrade, J-parc upgrade, Project X…). Due to the 
tight time limitation, I will pick up only the medium β to β=1 
machines with multi-cell cavities. 

• I will take Jlab example for a scenario to see how nicely the 
understandings in SRF physics and the cure techniques are feed-
backed to projects, and the SRF cavity performance has been pushed 
up very much in this decade. 

• Through surveying cavity performance in the past and present SRF
accelerators, you will have a bright scope for future applications. 
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○ ○○○○○○○3)  Spherical Shape
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1980

XFEL, STF, 
Cornell ERL

1.3GHz, 2K
Under 
developing

ILC, Project X

2015

1.3GHz, 2K
Pre-
production 
phase

1.5GHz, 2K
Pre-
production 
phase

1.3GHz,
2K

1.3GHz, 
2K,
2.1K(SNS)

1.5GHz, 
2K

500MHz, 
4.2K

508MHz, 
4.2K

Comments
MP:Multipacting
FE: Field Emission
FEN:Field Enhancement
HFQS: High Field Q-Slope
TI: Thermal Instability
CM:Critical Magnetic Field
Cost: Cost down

Jlab 12GeVFLASHTTF, SNSHERA, CEBAF, LEP-II TRISTAN

1990 20102005200019951985
Cure technology for 

performance limitation 

New technology feed-back to Projects (Picked up Multi-cell application only)
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CEBAF Cavity at JLAB

Paired 1.5GHz, 5-Cell cavities (4paires in a horizontal cryomodule)

Eacc>5MV/m,
Qo>2.4E+9

Design performance

96.5R/G [Ω]

2.56Ep/Eacc

4.56Hp/Eacc [mT/(MV/m)]

3.29kCC[%]

1497.0fo[MHz]

CEBAFRF parameters

336 cavities
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Cavity performance of the CEBAF
High RRR material+BCP+Clean handling, but No HPR

Design
Eacc>5MV/m
Qo>2.4E+9

Eacc=6MV/m
Qo>5E+9

Eacc=6MV/m
Qo>5E+9

Usable performance 
6MV/m, Qo=5E+9

1GeV/turn

by C.Reece et al., PAC1993
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To secure the 6 GeV base of  CEBAF, ｔhe C50 program has been done. The 10 weakest original
cryomodules have been reworked and returned to operation in CEBAF. 
This now makes possible a robust 6 GeV physics program. 
This is 1.2 GeV/turn x 5 turns = 6 GeV.

CEBAF Cavity Rework (12GeV CEBAF Upgrade) by the State of Art Technology

http://www.jlab.org/highlights/acc.html

12GeV CEBAF Upgrade
Old cryomodule+ 
Reworked 
ones(12.5MV/m) 

6GeV/5 turns

Add new HG cryomodule 
18MV/mx80 1GeV/turn

12GeV/5.5turn

By the state-of-the-art 
procedures:BCP+ ”HPR” +Improved 
cavity clean assembly

by C.Reece
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12GeV CEBAF Upgrade LL-shape Cavity

1.5GHz, LL-shape, 7-Cell, 80 cavities(10Module), 

1GeV/one turn, Eacc=19.2 MV/m (included a margin),

Test in Horizontal Cryomodule(BCP’ed cavity)

19.2MV/m
Qo > 8.0E+9

5MV/m, 
Qo > 2.4E+9,

Target

128.896.5R/G [Ω]

2.172.56Ep/Eacc

3.744.56Hp/Eacc [mT/(MV/m)]

1.493.29kCC[%]

1497.01497.0fo[MHz]

CEBAF UpgradeCEBAFRF parameters

by J.Preble et al., SRF2009

By the state of the art technology:

LL-shape+ EP+Bake + 
HPR+Improved clean assembly
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Demonstration of the high gradient performance with LL-shape + EP+ Bake 
in the CEBAF Upgrade Cavity(HG 7-cell)

By C. Reece
The lower Qo behavior is  due to the 
heating at SUS flanges

1.5GHz

So far, the best strategy for high gradient cavity: LL-shape + EP + Bake
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Performance advance seen in the 12GeV CEBAF Upgrade by the state of art Technology

1)Higher gradient due to LL shape.

2) High Q  performance due to LL 
shape 

3) Possible 25MV/m operation by 
EP+Baking, which brings a big 
operation margin.

4) State-of-art technology pushes the 
performance very much.

LL shape+BCP

LL shape+EP+Bake

Mainly HPR

Q-slope

Improved by factor 4

by C.Reece

Improved 
by factor 2

By the state-of-the-art 
procedures:BCP+HPR+Improved 
cavity clean assembly
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ILC activity @ JLAB

The integration of the improved cavity 
fabrication, improved EP and  post-EP 
cleaning and other clean cavity assembly is 
pushing the gradient yield up to >35MV/m 
by the first or send processing passes.

More up-date results will be given on 
ILC activities by C.Ginsburg.

Much 
improved 

2007

2009

NbxOy granules produced during EP were source of FE.

by R.L.Geng et al., SRF2007 and 2009

• 3 cavities passed ILC spec. at the first VT.

• 2 cavities passed ILC spec. at the second VT.
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SNS Cavity Performance

Medium-β cavity, 11 medium-β (0.61)
Cryomodules of 3 cavities each, totally 33 cavities.

High-β cavity, 12 high-β (0.81) Cryomodules of 
4 cavities each, totally 48 cavities.

> 5.0x109> 5.0x109Target Qo

15.810.1Target Gradient [MV/m]

83.849.2R/G [Ω]

2.142.66Ep/Eacc

4.585.44Hp/Eacc [mT/(MV/m)]

1.521.52kCC[%]

805805fo[MHz]

β=0.81β=0.61RF parameters

by J.Preble et al., SRF2009
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by J.R.Delayen et al., LINAC04



13

Cavity performance in operation at SNS by Sang-ho Kim, LINAC08

Due to radiation and 
related heating effect
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Cornell ERL Injector 2-Cell　Cavities by H.Padamsee et al., EPAC04
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Large BP is suffered by MP!by R.L.Geng et al., PAC07
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FLASH/EUR XFEL Cavity Performance
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Satisfied XFEL Specification in the Cryomodule Test

Cavity integration satisfies 
the XFEL spec!

by D.Kostin et al., SRF2009

Good news
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Zanon cavities are still suffered by defects on the heat affect zone 
of equator EBW.
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Matched case1:Limited at 16.6MV/m, 700µm dia, 
200µm deep, Z130 Cell#5 Equator

Matched case2:Limited at 20.6MV/m, 300x500µm dia, 
200µm deep, Z142 Cell#6 Equator

EBW defects on Heat Affected Zone　limiting Eacc < 20MV/m

by S.Aderhold, SRF2009

Similar efforts are going on KEK-STF, 
Jlab, FNAL and Cornell in the ILC 
activities.

Optical inspection(eg. Kyoto camera)

Pass-band modes meas. @VT

Thermometry system

Find out candidate cells limiting the cavity 
performance

Find out heating locations in the cells

Take optical images at the defects

Sub mm sized defect usually 
found around the EBW 
heat affected zone.
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Flash BCP(10µm) still 
happens Q-slope.

The hard quench > Eacc 
25MV/m is much more 
concerned issue for ILC 
specification

Scatter at Eacc > 25MV/m
by D.Reschke et al. SRF2009
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Limited 25.2MV/m, Z137 Cell#1 at heat affect zone next to the equator, but not seen clear 
defects by optical inspection. Micron sized defect ? Resolution is not enough?

As outer EBW typical After 1st CBP After final CBP

NO visual defects after CBP.

An example of promising technology not yet applied to any project
Search of the surface by Kyoto camera to undender stand the limitation of Eavcc > 25MV/m.

KEK practical approach : Grinding all inner surfaces before EP.

by S.Aderhold, SRF2009
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Powerful mechanical grinding: CBP or Tumbling
Principle of the CBP

Tumbling machine @ Jlab

Not yet applied to any project but a 
very much promising technology.

Jlab, FNAL and Cornell have 
started to study on the technology.

CBP machine @ KEK, WG-5

Water and stones
You will have more information 
from P.Kneisel (Jlab) and 
G.Hoffstaetter (Cornell) in this 
meeting.Cornell has already ordered the 

similar CBP machine as KEK.
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Summary

• We have seen a very nice technology feed-
back to projects in Jlab contributions.

• The cavity performance is pushed up very 
much by the state-of-art technology.

• Several new technologies not yet applied 
might push up the cavity performance close 
to the theoretical limit in near future.
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MP: NO multipacting occurred on the medium beta cavities, 
but 31/34 cavities on the high beta cavity showed MP at 9.5-
18.6MV/m.

Performance Analysis of SNS Cavities at Acceptance VT 
by J.R.Delayen et al., LINAC04
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Promising cure technology against High Field Q-slope

Experiment confirmed that Oxygen dose not diffuse as estimated by 
diffusion mode. Oxygen diffusion model can’t explain the Q-slope. 

Q-slope might be explain by vortex moving or hydrogen trapping around 
dislocations.  High temperature annealing using clean furnace + Baking is 
promising to eliminate the high field Q-slope.

EP or BCP+800OC annealing+Baking might cure the high field Q-slope.
by G.Ciovati, SRF2009


