
Chris Mayes – November 4, 2010!



Chris Mayes – November 4, 2010!

ERL Concept (1965)!

Cornell ERL Study (2001)!
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Without energy recovery . . .  

[Nine Mile Point Nuclear Power Plant, Oswego, NY]!
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Cornell ERL (2010) 
Lightsource Energy Current Emittance Bunch Length

(GeV) (mA) (pm) (ps)
ESRF 6 200 4000 20
APS 7 100 2514 20
SPring 8 8 100 3000 13
CERL mode A 5 100 31 2

mode B 5 25 8 2
mode C 5 25 70 0.1
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Cornell Master Plan 

[ www.masterplan.cornell.edu ]  
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Coherent Synchrotron Radiation 
Schwinger (1945)  !
   (unpublished)!
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CSR Wakefield and Shielding 

Single Particle Spectrum N Particle Spectrum 

[Saldin et al. (1997) ]  

Free Space CSR Scales with 

W0 ≡ Nrcmc2
κ2/3

σ4/3
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Shielding Factor 

[Simplified from Agoh & Yokoya (2004)]  
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Estimates for CSR in CERL Modes 
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Simulation!
Bmad and Tao 

www.lns.cornell.edu/~dcs/bmad/	
OPAL 

amas.web.psi.ch	
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CSR Simulation 
Sagan, Hoffstaetter, Mayes, Sae-Ueng!

 PRST-AB 12, 040703 (2009)!

Compared with Agoh & Yokoya 

Exit Transient 
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Bunch Lengths from Particle Tracking 
Mode C: 19 pC, compressed to 100 fs  
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Longitudinal phase space for compressed bunches 
In first short-pulse undulator (designed for 100 fs) 

In last short-pulse undulator 
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CERL Bunch Compression 
77 pC 1000 pC 
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Exact 1D CSR Model with Shielding 
Mayes & Hoffstaetter!

PRST-AB 12, 024401 (2009)!
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Exact 1D CSR Model with Shielding 
Mayes & Hoffstaetter!

PRST-AB 12, 024401 (2009)!
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Exact 1D CSR Model with Shielding 
Mayes & Hoffstaetter!

PRST-AB 12, 024401 (2009)!
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Exact 1D CSR: Transient effects 
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Exact 1D CSR: comparison with approximations  
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Singularity? 
W0 ≡ Nrcmc2

κ2/3

σ4/3

[First expansion term: Nodvick & Saxon (1954)] 

For a Gaussian distribution 
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Limits of Compression 
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Bunch Lengths from Particle Tracking 
76 pC, compressed to 30 fs  
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Compression with ISR energy spread 

0 pC 19 pC 76 pC 57 pC 38 pC 
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CSR Emittance Growth 

0 pC 19 pC 76 pC 57 pC 38 pC 
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CSR Emittance Growth 
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CSR Emittance Growth 
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CERL Bunch Compression 

Free Space 1 inch beam pipe 
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OPAL & Bmad 

Next Steps !

I.V. Bazarov, S.A. Belomestnykh, D.H. Bilderback, M.G. Billing, J.D. Brock, E.P. Chojnacki,  
J.A. Crittenden, B.M. Dunham, M.P. Ehrlichman, M.J. Forester, S.M. Gruner, 

 G.H. Hoffstaetter, C.J. Johnstone, Y.Li, M.U. Liepe, F. Loehl, C.E. Mayes, A.A. Mikhailichenko, 
 H.S. Padamsee, S.B. Peck, D.C. Sagan, V.D. Shemelin, A. Temnykh, M. Tigner, V. Veshcherevich 

erl.chess.cornell.edu/papers/papers.htm	
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Also at Cornell 

SRF Cavities 

Delta Undulator 

ERL Injector Prototype 

erl.chess.cornell.edu	
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End 


