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Outline

• RDR goal

• S0 program with highlights

• S0 success in field emission reduction

• Gradient yield definition

• Delivery of TDP-1 yield goal of 50%

• TDP-2 gradient R&D priority & plan

• Summary & an example of ~90% yield  
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RDR Gradient and Yield Goal
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RDR Gradient R&D Priority 

and S0 Task Force/Program
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Recent Global Gradient R&D (S0) Highlights
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• Americas
– AES is “ILC certified” cavity vendor; Niowave-Roark delivered first 2x9-cell cavities.

– FNAL/ANL joint facility improved throughput and quality of 9-cell proc. and testing.

– Cornell increased throughput and quality of 9-cell tumbling and vertical EP.

– JLab set an example of 88% yield at 35 MV/m with 8 cavities from one vendor.  

• Asia
– KEK STF facility improved quality of 9-cell proc. and testing. Pilot plant soon.

– Successful 9-cell gradient improvement with guided local grinding.

– New vendors: 1st Hitachi 9-cell cavity 35 MV/m.

– 1st 9-cell full cavity in China by PKU 28 MV/m; 1st 9-cell LL cavity by IHEP tested.

– KEK 9-cell cavity Ichiro7 S0 studies in collaboration with JLab.

• Europe
– XFEL/HiGrade cavity order placed – more than 300 will be proc. with “ILC recipe”.

– DESY optical inspection tool automation for “optical control”

– DESY large-grain 9-cell proc. and testing; seamless 9-cell in collaboration w/ Jlab.

• T-mapping/optical inspection in routine use globally.
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Courtesy of J. Ozelis, M. Champion
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Courtesy of A. Rowe, M. Champion
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Courtesy of A. Rowe, M. Champion
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Courtesy of G. Holffstaetter, M. Champion
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Courtesy of G. Holffstaetter, M. Champion
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JLab technician inserts a cathode into a 9-cell ILC cavity for optimal EP. 

Three technicians were qualified in past year to run optimal EP at JLab.  
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1st Hitachi Built 9-Cell Cavity 35 MV/m

Courtesy of H. Hayano



KEK Local Grinding for Defect Removal 
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Courtesy of K. Saito
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Courtesy of S. Aderhold
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Courtesy of S. Aderhold



RL Geng 9Sept10   BAW1 Global Design Effort 19

Courtesy of S. Aderhold
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Courtesy of Y. Yamamoto, S. Aderhold



Success of Globally Coordinated S0 Program
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Courtesy of D. Reschke
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Courtesy of D. Reschke, S. Aderhold
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average

38.1 MV/m

2004 DESY EP 9-cell cavities

Gradient distribution in cells from

pass-band measurements (~ 8 cavities) 

2004

2010

Courtesy of L. Lijie



In Pursuit of Gradient Yield (Definition) 
• First attempt for ILC 9-cell cavity 

gradient yield curve in 2008

– First JLab gradient yield curve 

reported at TTC meeting in 

New Delhi (Oct. 2008). 

– First yield curve based on 

“global” data (DESY and JLab

processed cavities) reported

by H. Padamsee at LCWS in 

Chicago (Nov. 2008).   
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In Pursuit of Gradient Yield (Definition)  
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1st pass and 2nd pass yield 

proposed at AD&I Meeting at 

DESY, May 28-29, 2010
Processing yield Production yield

Tight loop Feedback loop



ILC Cavity Global Database (June 2009) 
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More later on Global database by Camille Ginsburg

Courtesy of A. Yamamoto



Gradient Yield (June 2010)
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Courtesy of C. Ginsburg



ILC R&D Plan for TDP (release 5)
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Tor Raubenheimer, ICHEP2010 J.P.Delahaye, ICHEP2010

Gradient Progress Reported by Barry 

at ICHEP2010 Well Received by Community

Now the challenge is 90% yield by 2012



Gradient Limit Understanding
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Gradient Limit Understanding (cont.)
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+ USC 

+ 10 um BCP

+ 120 um EP

+ 800Cx2hr

+ 25 um EP

As built

 Low performance (<25 MV/m) cavity limited by “genetic” defect.

 Known facts about these defects
Sub-mm sized geometrical irregularity, within 20 mm from equator EBW.

 Insensitive to re-EP.

 Local removal (by grinding, laser or e-beam) results in gradient improvement.

 Another class of subtle defects (again local, but not geometrical) responsible 

for quench > 25 MV/m; re-EP usually effective in improving gradient limit.    

Courtesy of J. Dai



Gradient Improvement Plan
Based on Recent Understanding due to Globally Coordinated S0 Program 

• Highest priority is to push yield up near 

20 MV/m – the yield drop due to local 

(geometrical) defects near equator weld.

– Fabrication QA/QC

– Mechanical polish prior to heavy EP

– Post-VT local targeted repair

– Seamless cavity

– Large-grain mat. from ingot slicing

– Fine grain mat. optimization

• Also high priority is to suppress field 

emission at high gradient (up to 42 

MV/m) – and quantify its effect on 

cryogenic loss and dark current.

Eliminate Local defect

(geo.) near equator weld

Remove local 

defect (comp.)

and field emitter
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Reliable and reproducible EP essential. Example now exists.
Pursuit is continuing in some facilities.   
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Updated Gradient R&D Issues

Gradient

Processing
Fabrication

Material

Courtesy of H. Weise

Courtesy of T. Bieler

Courtesy of D. Bowring
Courtesy of K.Enami



Cavity Gradient R&D Evolution

RDR TDP R&D release 5

Vertical test gradient 35 MV/m 35 MV/m

Vertical test Q0 8E9 8E9

Vertical test radiation Not specified To be specified

Gradient yield goal 80% at 35 MV/m 90% at 35 MV/m

Gradient yield curve Not available Established incl. gradient spread

S0 program theme Tight loop Feedback loop

R&D priority Process optimization 

and QA/AC

Fabrication & material optimization 

and QA/QC

ACD topics ACD shapes, large 

grain material

Seamless cavity, ACD shapes, 

large grain material, thin film cavity 

9-cell cavity 

processing/test facility

DESY

(total 1)

DESY,FNAL/ANL,KEK,JLAB

Cornell (total 5) 

9-cell cavity fabrication 

facility 

ACCEL, Zanon, DESY

(total 3)

ACCEL/RI, Zanon, AES (qualified vendor)

DESY, JLAB, MHI, PKU, Niowave (full cavity)

Hitachi, Toshiba, IHEP (cavity w/o HOM)

PAVAC, KEK (planed) (total 13)
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An Example of ~ 90% Yield at 35 MV/m
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Technical Design Report


