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Why	
  are	
  we	
  here?	
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FEL	
  consideraJons	
  

	
  EmiKance	
  and	
  energy	
  spread	
  constraints	
  

Six	
  dimensional	
  beam	
  brightness:	
  
Conserved	
  (ignoring	
  scaKering,	
  nonlinearity/mismatch,	
  CSR,	
  wakefields…)	
  
Determines	
  scale	
  for	
  FEL	
  gain	
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OpJmum	
  growth	
  rate	
  scales	
  linearly	
  with	
  brightness	
  

At	
  fixed	
  brightness	
  and	
  photon	
  energy:	
  
	
  op2mum	
  growth	
  rate	
  is	
  inversely	
  quadra2c	
  in	
  beam	
  energy	
  

Difficulty	
  for	
  EM	
  wiggler-­‐-­‐-­‐requires	
  large	
  power	
  for	
  wiggling	
  
	
  and	
  sufficient	
  length	
  for	
  gain.	
  
EmiKance	
  criteria	
  can	
  always	
  be	
  saJsified	
  (in	
  theory)	
  by	
  	
  
throwing	
  away	
  (judiciously)	
  some	
  charge.	
  	
  

	
  This	
  may	
  move	
  you	
  closer	
  to	
  the	
  opJmum,	
  but	
  will	
  not	
  increase	
  it.	
  

FEL	
  EquaJons	
  scale	
  with	
  the	
  ‘brightness	
  length’	
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•  Push towards short bunch low charge FELs requires high 
brightness bunches (bunches need to be compressed to get high 
current, and compression leads to energy spread increase). 
Avoid CSR, heaters, etc. Gain longitudinal coherence.	



•  Now combine this with a factor of ~10 increase in longitudinal 
brightness from cathodes can potentially make a big difference 
in FEL design (opening up short wavelength wiggler options)	



•  Low chargelow emittancesatisify wavelength requirement 
at lower energyrequire short wavelength wiggler for 
resonance.	



•  Compression to get high current-need low energy spread to 
satisfy longitudinal thermal spread constraintneed to increase 
longitudinal brightness. 	



•  Sub-cm wavelength wigglers  	
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Real	
  world	
  distribuJons	
  

•  Devil	
  is	
  the	
  details.	
  

•  Measurement	
  and	
  instrumentaJon	
  

•  Control	
  
•  Wakefields	
  in	
  undulators	
  

(Loos,	
  et	
  al.	
  NIM	
  2004)	
  





Physics	
  and	
  technical	
  capabiliJes,	
  current	
  and	
  projected	
  

•  Lower	
  energy	
  beams	
  	
  lower	
  costs	
  

•  Lower	
  energy	
  beams	
  	
  higher	
  technical	
  risk,	
  
–  High	
  brightness	
  beams:	
  creaJon,	
  propagaJon.	
  	
  

–  Short	
  wavelength	
  wigglers:	
  magnet	
  technology,	
  beam	
  
propagaJon	
  

–  Short	
  bunch	
  FEL	
  operaJon:	
  Trade-­‐offs	
  (bunch	
  length,	
  
charge,	
  gain	
  length);	
  generaJon	
  of	
  THz	
  with	
  short	
  bunch	
  
(synchronizaJon);	
  

–  InstrumentaJon,	
  diagnosJcs	
  	
  



Impact	
  of	
  undulator	
  technology	
  on	
  	
  
beam	
  energy	
  selecJon	
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A Few Questions	


What can be achieved with cm to few mm wavelength wigglers? Where does 
performance breakdown for different technology options?	



What determines limits on beam brightness? How high can we go?	



What are the best gun results to date? Is there  a need for more detailed 
measurements? Are new diagnostics needed? How do gun results translate to beam 
at the wiggler for various brightness and bunch charge combinations?	



Factor of 5-10 increase in longitudinal brightness (assuming reduced emittance 
scaling as ~sqrt(Q)) from guns can potentially make a significant difference in FEL 
design.	



Is this an achievable goal for an aggressive R&D plan (say, 5 years) properly 
coordinated between the labs?  Improved performance benefits all programs.	


What is required to demonstrate success: individual components or, e.g., a 100MeV 
test facility? 	



 What are the key unknowns for short bunch FEL operation? 	



Outside our scope—but critical---the photon pulse structure and the users.	
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