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Four Decades of

SRF Success Stories

ÅSRF Started as an exotic technology in the 1960ôs

ÅReally took off in the 1980ôs 

Now become an enabling technology for many accelerators



Major Impact on Broad Spectrum of Science

ÅStarting with High Energy Physics and Low 
Energy Nuclear Physics 
ï(TRISTAN, HERAé+ ATLAS...)

ÅPenetrated Medium Energy Nuclear Physics
ï (CEBAF)

ÅStorage Ring Light Sources 
ï(CHESS, CLS, TLS, DIAMOND..)

ÅLinac Based Light Source 
ï(JLABFEL, TTF-I, FLASH)

ÅNeutron Source - Proton Source 
ï(SNS)



There Were Many Forks in the Road

(of course)

ÅSome accelerators were particularly suited 

to SRF

ïHigh energy storage rings LEP

ïLow energy NP (ATLAS)

ÅOthers took some convincing efforts to 

take the right roadéwisely

ïCEBAF, Storage Ring Light Sources, SNS, 

ILC



Major Lessons from 4 Decades of 

SRF Development
Å Lesson 1 : Performance drives application=> Keep pushing 

performance limits

Å Past :
ï 4 ï8 MV/m

ÅTRISTAN, HERA, CEBAF, LEP-II, CESR-C, KEK-B, Light Sources (CLS, 
TLS, DIAMONDé)

ï 10 ï15 MV/m
ÅJLAB FEL,TTF-I, SNS

ï 20-25 MV/m
ÅFLASH

Å Future (Plans Discussed at These Workshops)
ï 15 ï20 MV/m

ÅERL, FELé

ï 25 MV/m
ÅXFEL, PXé

ï 35  MV/m
ÅILC



Lesson 2

ÅUnderstanding (~ Science) drives performance

ÅLeads to effective solutions

ÅMultipacting solved: spherical (elliptical) cavity geometry
ï5 ï8 MV/m

ÅThermal  breakdown solved: high purity Nb
ï10 ï15 MV/m

ÅField emission solved: high pressure rinsing
ï15 ï25 MV/m

ÅQ-slope solved: EP and bake
ï25 ï35 MV/m

Å=> Support and Promote science and understanding



Multipacting

Thermal breakdown

Field Emission

RRR = 250

Cures
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Evolution of Cavity Gradients (1970 ï2009)

And SRF Technology Over 4 Decades

Steady progress in Gradients due to 

1) basic understanding of limiting phenomena 

2) and invention of effective cures



Examples of What Science Taught Us?

ÅQuench producing defects located with 

thermometry and characterized with 

surface analysis

ÅField emission sites located with 

thermometry and characterized

ÅMechanism of RF processing understood

ÅHigh field Q-slope sites located 

ïBut not yet fully characterized..



Thermometry System 





Cu

0.2 mm Ta defect, 

15 MV/m

50 mm, with S, Ca, Cl, 

and K, 11 MV/m 
A chemical stain 440 

mm in diameter. K, Cl, 

and P, 3. 4 MV/m  

500 x 200 microns 

pit
Sub-mm Nb 

welding ball, 

avoidable

50 micron Cu 

particle fell into 

cavity

Museum of Defects Causing Quench



Museum of Known Field Emitters 0.5 to 10 microns 

Note the sharp features on the Particles.

(a) Sub-micron field emitting particles found on sample prepared 

with 9-cell cavity 

(b) Al particle found at a field emission site in the dc field emission 

scanning apparatus and subsequently analyzed with the SEM 

(c) Field emitting particle found with thermometry followed by 

dissection of a 1.5 GHz cavity.  Carbon, oxygen, iron, chromium, and 

nickel were among the foreign elements detected



Creativity Essential to Design for Cavities 

and Accessories



1300 MHz Structures for Accelerating 

Particles at v ~ c 

Structures for Particles at v 

< c (SNS)

For protons at 1 ~ GeV

TESLA-

shape

(DESY, 

TTF)

Low-Loss shape (Jlab, KEKé)

Re-entrant shape (Cornell)

Structure Examples



Low Velocity Structures, b= v/c = 0.01 -> 0.2

Quarter Wave

Half-Wave Spoke
Split -Ring

Inter-Digital



HOM Couplers and Dampers



Tuners



Input Couplers



Collaboration : Success Examples

Å E.g. Solution of serious H problem, High field Q-drop
ïH: Baking at 600 ï800 C

ïQ-drop: EP and 120 C bake
Å(still waiting for complete understanding)

Å The Collaboration Process
ï Theoretical Explanations, Models

ïCo-ordinated cavity tests at various labs

ïDedicated meetings for discussion of results

ï Ideas for further testing

ï Analytical sample measurements

ï Co-ordinated  evaluation of suggested cures

Å SRF workshop meets 2 years ïnot useful/conference

Å TTC  meetings had the appropriate flavor 
ï But now transforming to conference like meetings reporting on project 

progress

ï Rather than focused discussions to solve a few particular problems 



Road Map



Review/Roadmap

Å Science/understanding has played a major role in guiding SRF technology 
development

Å Creativity has been essential 
ï can lead to many viable options

Å Many collaboration success stories

Å As this workshop shows, there is an impressive number of on-going projects
ï XFEL 20 GeV, JLAB-upgrade, SNS-uprade, SPIRAL, FRIB..

Å And many plans for new projects all around the worldéFriday sessions
ï ERL, e-RHIC

ï ESS (like SNS)

ï PX, SPL and High Current Proton Accelerator, EURISOL,

ï ILC

Å It will be important to remain in close contact with each other 

Å On-going projects will need to keep the science and development at healthy 
levels to ensure project success




