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Cavity Gradient R&D Status 
and 

Future Plans for TDP-2

Rongli Geng
Jefferson Lab



Outline
• Brief history since 1st ILC workshop in 2004

– BCD & ACD proposal, RDR, SB2009
– Gradient scatter & S0
– Efforts of FE reduction and results
– Flat top operation with spread of gradients – ACD HLRF impact 

• R&D status
– Success of US industry built cavities 
– Understanding of gradient limit due to quench
– Yield definition & global data base

• TDP-2 strategy and plan
– Major issue: yield drop at ~ 20 MV/m due to quench
– Path forward and high priority R&D issues
– Resources

• Gradient choice considerations
– Snowmass assumptions revisited
– ACD issues
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Brief history since 1st ILC workshop
at KEK in 2004 
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Gradient a Major Cost Driver for ILC

H. Padamsee, 1st ILC workshop, 2004
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ILC Gradient Goals

2005 Snowmass BCD proposal 2007 RDR

SB2009
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2006: S0 for ILC Cavity Gradient

Yield is Key Word
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Major Issue in 2006
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Progress since 2006
• FE limit much reduced (Post-EP rinsing, assembly, optimal EP) 
• Scatter remains - due to quench (more later)

DESY data JLab data
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T-mapping and optical inspection
in routine use in past year with fruits…

Introduction of Diagnostics in 2008
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SB2009 ACD HLRF
Flattop Operation with a Spread of Cavity Gradients

reported by C. Adolphsen
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Operation with Gradient Spread 
Increases Cavity Acceptance
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Cavity Gradient R&D Status



3/28/10    Rongli Geng ILC10, Beijing, China 13

TDP Cavity Gradient R&D Goal and Milestone



Global Gradient R&D Highlights
• Americas

– 4 out of 6 9-cell cavities of AES second production exceed ILC spec.
– FNAL/ANL joint facility 33 MV/m 9-cell EP processing and testing.
– Improved understanding by T-mapping and optical inspection of 9-cell cavities.
– Cornell OST’s distributed to other labs.  

• Asia
– STF facility 38 MV/m 9-cell (MHI#8 after local grinding) EP processing and testing.
– Improved understanding by T-mapping and optical inspection of 9-cell cavities.
– Successful multi-wire slicing of ingot niobium.

• Europe
– Improved understanding by T-mapping and optical inspection of 9-cell cavities.
– Second sound detector commissioning.
– XFEL cavity call for tenders.

• GDE SCRF Cavity Technical Area
– Yield definition (1st-pass & 2nd-pass) proposed at AD&I meeting in May 28-29 2009.
– Formed global cavity database team in summer of 2009.  
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Results of AES Cavities EP and VT at JLab 

New results March 09 – March 10



Understandings of Quench Limit
• Gradient limited by one defect in one cell

• Other superior cells often reaching 30-40 MV/m already
• Quench location often near equator weld

– Some in the weld (due to obvious EBW error)
– Some within 20 mm distance from seam (not so clear how they come about)
– Many features observed on as-built surface – but they are not harmful

• Often times geometrical features observed at quench 
location for ~ 20 MV/m limit

• Sub-mm sized pit or bump
• Repeated EP has little effect
• Examples found in cavities from all vendors
• Local grinding removes defect for raised gradient

– MHI8 for example (more later)

• Sometimes no observable (~10µm scale) irregularity
• In this case, it is possible to raise gradient to > 35 MV/m by re-EP
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Examples with Observable Defect 
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quench

MHI8

AES6

qu
en

ch

Twin defects 300-500µm dia.
8mm from equator EBW seamDeep pit at boundary of 

under-bead of equator EBW



More Examples
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qu
en

ch qu
en

chMHI8 after local grinding
A16

• No geometrical defects (down to ~10µm) observed at quench location
• Re-EP effectively raises cavity gradient

• MHI8: 18 MV/m >>> 38 MV/m
• A16: 31 MV/m >>> 39 MV/m  



Defect Treatment Methods being Explored

• Local treatment
– Local grinding

• Successful 9-cell demonstration at KEK
– MHI8 (more later)
– AES3: 20 MV/m >>> 30+ MV/m

– Local re-melting
• using electron beam

– Successful 1-cell demonstration at JLab
• using laser

– Successful 1-cell demonstration at FNAL

• Global treatment
– Tumbling

• Successful 9-cell demonstration at Cornell 
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MHI8 Local Grinding at KEK 

K. Yamamoto, this workshop
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Local Grinding Removes Responsible Defect

Quench field improved, limited by a new defect

After two more EP
Quench field raised to 38 MV/m



Yield Definition – 1st-Pass

– First-pass processing 
following “ILC recipe”

– If cavity qualified (35 MV/m @ 
Q0≥8E9) by first-pass, stop 
further proc.

• Different from “tight-loop” (earlier S0 
approach)

• Qualified cavity move on for S1

– Failed proc./test due to known 
facility error excluded

– If cavity not qualified by first-
pass then 2nd-pass
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ILC Processing & Testing 
Recipe (major steps)

• Heavy EP
• Vacuum furnace heat 
treatment
• Light EP
• Post-EP cleaning
• HPR and clean room 
assembly
• In-situ bake 120Cx48hr
• Cool down to 2K
• RF test
• (Further test with T-mapping)
• (Optical inspection for defect)  



Yield Definition – 1st-Pass Yield
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FPY(Eacc) =  

# of cavities passing Eacc
at 1st-pass processing

# of cavities counted for yield

N(Eacc)

N_tot

1st-pass yield at Eacc



Yield Definition – 2nd -Pass
– First-pass test result drives 

second-pass processing 
(including treatment other 
than just EP)

– If cavity qualified by second-
pass, stop further proc.

• Qualified cavity move on for 
S1

– Failed proc./test due to 
known facility error excluded

– If cavity still not qualified by 
2nd-pass then further 
decision 
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Possible second-pass treatments:

• For FE limited cavity in 1st-pass
• Re-HPR
• Re-EP + 120cx48hr

• For quench limited cavities in 1st-
pass

• Re-EP +120cx48hr
• Local grinding + re-EP 
+120cx48hr
• Tumbling + re-HT + re-EP + 
120Cx48hr 
• Local e-beam re-melting (+ 
re-EP +120Cx48hr)
• Local laser re-melting (+ re-
EP +120Cx48hr)  



Yield Definition – 2nd -Pass Yield
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SPY(Eacc) =  
N2,1(Eacc)

N_tot – N_no_spp

# of cavities passing final gradient 
of Eacc up to 2nd-pass proc. 

# of cavities 
counted for yield

2nd-pass yield at Eacc

# of cavities requiring 2nd –pass proc. 
but 2nd-pass processing not done yet



Data Cut for Yield Analysis
• No ACD cavities

– LL/RE
– Large-grain

• No BCP processing
– For damage layer
– Or for final chemistry

• Only cavities manufactured 
by experienced vendors
– ACCEL/RI
– ZANON
– AES
– (MHI)

• Despite these cut, still known large variability in fab and proc
– Large number of cavities required to reduce statistical error
– Some variability may be facility specific  
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Global Gradient Yield Plots:1st Pass

3/28/10    Rongli Geng ILC10, Beijing, China 27

Updated by C. Ginsburg as of March 2010



Global Gradient Yield Plots: 2nd -Pass
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Updated by C. Ginsburg as of March 2010
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TDP-2 Strategy and Plan



Major Challenge in TDP-2

• Yield drop at 15-20 MV/m is 
a major issue
– Shared issue with XFEL and 

CEBAF upgrade cavities

• Solution requires actions in 
cavity fabrication
– EBW QA/QC
– Finished weld inspection
– Early correction

• Feedback enables change 
and then progress expected
– Experienced vendors
– New vendors
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Path Forward

• Successful cavity result involves three aspects
– Material production
– Cavity fabrication
– Cavity processing

• Yield improvement requires QA/QC in all aspects
• Address them systematically for end results

– Two examples
– Heat treatment recovers/improves bulk material properties

• This increases defect tolerance
• Standard heat treatment: DESY 800x2hr, JLab 600ºCx10hr , KEK 750ºCx3hr
• Recent heat treatment change (600°Cx10hr to 800°Cx2hr) at JLab

– Post-fab treatment removes fabrication flaws
• EP removes burs and galling
• Tumbling removes pits/bumps       
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High Priority R&D Issues for TDP-2

• Fabrication QA/QC
• EBW optimization
• Local repair method development
• ACD damage layer removal

– Barrel polishing
– Tumbling
– BCP ?

• In parallel, continue final EP QA/QC for 
improved proc. stability and reproducibility

• Further suppress field emission up to 40 MV/m
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Coming
Prod/Test
till 2012

24+800-x ?

40+y ?

15+z?

Prospect of New Cavities in TDP-2



Resources

• On-going globally coordinated S0 effort
– ANL, Cornell, DESY, FNAL, JLab, KEK

• XFEL cavity production (800 cavities)
• EU ILC-HiGrade
• FNAL new cavity orders and US new vendor 

development
• CEBAF 12-GeV cavity production (80 cavities)
• KEK new cavity orders from Japanese industry 

including new vendor development
• New vendor development in Canada, China and 

India  
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Gradient Choice Considerations 



2005 limit assumption
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Snowmass Assumptions Revisited

2009 update from
12 cavities by ACCEL & AES EP at JLab

Further R&D may be required to achieve this 

40 MV/m

Present practical limit seems 
close to 40 MV/m with best 
available fabrication and processing 

~45 MV/m for BCD supported by
recent experience at DESY
including 1-cell result
~60 MV/m for ACD supported by
2007 Cornell 1-cell data 
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BCP
28.9 MV/m

2004 EP
35.6 MV/m

2009 EP
40-41 MV/m

2004 DESY EP 9-cell cavities
Gradient distribution in cells from
pass-band measurements (~ 8 cavities) 

2009 JLab EP 9-cell cavity 
result  (12 cavities)
DESY recent 9-cell cavity 
data to be added 

“practical limit” update



ACD Issues
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Further progress in yield improvement and FE reduction
requires accelerated R&D in ACD topics  
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An Optimistic Expectation 
at end of TDP-2

ACD 
shape

BCD 
shape

XFELCEBAF
upgrade

ILC



Conclusion

• Gradient R&D history (focus on 9-cell and yield) since 1st ILC 
workshop briefly reviewed

• Successful FE reduction due to past S0 effort presented
• Global competence in high gradient EP processing in place
• US vendor qualified for cavity production meeting ILC spec
• Yield definition clarified and global cavity database in place  
• Quench detection (T-mapping/Cornell OST) and optical insp. 

in routine use and quench limit understanding improved
• Major issue for future gradient R&D identified
• High priority R&D issues for TDP-2 presented
• Some ACD topics identified for more aggressive push
• And finally, Continued gradient progress expected in TDP-2 
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Backup Slides
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Fig. 1. Excitation curves of the four best nine-cell 
cavities after electropolishing at Nomura Plating, 
Japan. The quality factor Q0 is shown as a 
function of the accelerating field. The tests were 
performed at 2 K.

2004 State-of the-art EP 9-Cell Cavities at DESY
Foundation of RDR Gradient Choice
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D. Reschke et al., SRF2009

Latest Results from DESY
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Latest Results from JLab/FNAL
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Demonstrated Q up to 40 MV/m

AES7 EP at JLab
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Improved Q pushes up Optimal Gradient

H. Padamsee, 1st ILC workshop, 2004

Progressive R&D results since 2004
increases prospect of improved Q   
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K. Saito, 1st ILC workshop, KEK, 2004

Pre-2004 Prospect of 40 MV/m
from KEK 1-Cell Cavity Results
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F. Furuta and K. Saito
SRF2009

F. Furuta et. al.
SRF2007

2007-2009 Prospect of 48 MV/m 
KEK and Cornell 1-Cell Cavity Results

R.L. Geng et. al.
PAC2007



Multi-cell slicing of ingot material
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102 sheets(2.8t)
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Cost saving potential - also opportunity for material 
exploration as compared to rolled/annealed sheets



Gradient yield – up to 2nd pass
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Electropolished 9-cell Cavities
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DESY upto-second-pass test of cavities from qualified vendors - ACCEL+ZANON (14 cavities)

JLab upto-second-pass test of cavities from qualified vendors - ACCEL (7 cavities)

Presented by C. Ginsburg at LCWS09



New yield plot confirms need for two pushes
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First presented at cavity vendor meeting at FNAL, March 6, 2009 



Gradient Limit Equation
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• Hcrit,RF: the intrinsic RF critical field – material 
• r: a dimensionless factor representing the depression effect on the local critical field within the 
penetration depth, due to impurity or lattice imperfection ( r≤1) – metallurgical and surface 
chemistry
• βMAG: a dimensionless factor representing the magnetic field enhancement effect due to local 
geometry (βMAG ≥1) – fabrication and processing
• Hpk/Eacc:the peak surface magnetic field to accelerating gradient ratio, determined by cavity 
shape – reason for new shapes such as Re-entrant and low-loss shapes
• d: a dimensionless factor representing the thermal stabilization effect – bulk material



Strategy for raising limiting gradient  

• Raise r
– Optimize surface chemistry.
– Optimize surface metallurgical properties.

• Suppress βMAG

– Optimize EP for defect correction.
– Mechanical polishing before EP as demonstrated 

at KEK?  

• Raise d
– Thermal conductivity near EBW.
– Starting material property optimization.
– Restore phonon peak by recovering/annealing?  
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