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I.
Introduction - Motivation


RF Photoinjectors can produce high quality

electron beams at high charge levels

injector of choice for SLAC’s Linac


Coherent Light Source (LCLS) which is a


proposed xray FEL facility


electron beam properties depend critically on


properties of laser pulses irradiating the


photocathode


drive laser for RF photoinjectors is then


a critical, highly leveraged component of LCLS
specifically: RF photoinjector designs call for laser



      irradiation with nominally



      uniform spatial and temporal profiles –



      where spatial uniformity requirement 


      is > 90% for LCLS
II.
Aspheric Refractive Technique
IBM developed an aspheric refractive technique using a pair of positive lenses which redistributes laser energy to larger radii with a collimated output beam * :
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 =  input Gaussian profile          (with azimuthal symmetry)
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 = output ‘flattenned’ profile    (with azimuthal symmetry)

(Ref. 1  J.A. Hoffnagle and C.M. Jefferson,  Applied Optics 39[30], 5488 (10/20/00))
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(input profile model is Gaussian and output is Fermi-Dirac)

 R = HWHM, 
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 is a dimensionless shape parameter = R/W  (shape parameter,W) 
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  is spotsize
* flattener unit now marketed by NRC
relationship between efficiency (fraction of energy contained within a fixed radius) and spatial profile uniformity is profile dependent
‘flattened’ case  -  significantly more efficient for given



      uniformity requirement



   -  fluence on optics is reduced and 




       scales as:  
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Hoffnagle and Jefferson had examined the flattening doublet using cw waveforms at 532  and 257 nm 1
Issues Relevant to Single UV Pulses:


Shot-to-shot variations (profile, size, energy, steering)

Intensity scaling and damage threshold


Spectral bandwidth – dispersive effects still be small

Pulsed results complement cw data especially because 
the same flattener was used in both cases where 1,2 :


Input Spotsize, 
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 = 2.4 mm  and  R = 3.3 mm  


(Ref 2  B.F. Murphy et al., SLAC LCLS-TN-03-4)
III.
Experimental Setup for Single Shot UV Case

CPA laser system at SLAC’s Gun Test


Facility (GTF) – uv generated by fourth


harmonic conversion of compressed 1054 nm


light at a 2.5 Hz repetition rate 

need to enable single shot comparison of incident


(Gaussian) and ‘flattened’ beam spatial profiles 

UV pulses features:

80 microJoule level







2  psec  duration





 

incident spotsize of 2.4 mm





 

rep. rate = 2.5 Hz





 

bandwidth, 0.5 nm 
IV. Observations and Analysis


Both the cw green and pulsed uv measurements 
demonstrated clear profile flattening

Alignment of the IBM flattener was critical


Observed important shot-to-shot variations in pulsed 
case that are largely attributed to lateral shifting of the 
incident pulse off  axis (this shift is in turn attributed 
to uv beam steering over a length of about 2 meters)



Cw green (IBM)


Pulsed uv (SLAC)
R /
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VI. Summary

fixed profile shaping with aspheric refractive optics 
is feasible for photoinjector drive lasers :




- implement as a three element section





(spatial filter +flattener +trimmer)



- steering jitter at input must be controlled



- spatial filtering of input is essential



- input spotsize set to fixed design value




- this is the nonadaptive case

drive laser use can be with comparable bandwidths,
higher intensities, and higher repetition rates:



- can be used for ir or uv wavelengths



- may require evacuation between lenses 








(positive lens pair)




- anticipate net efficiencies near 70 %



  (85 % for spatial filtering 




   and 85 % for downstream trimming)




- relayed transport over extended lengths



  
  is critical due to strong diffractive effects
02/12/04 Update from NRC rep:




- currently available at $ 4950.




  is unit designed for 
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= 4.7 mm and 




  output FWHM = 8.1 mm (needs to be verified)


           and AR coated for ‘ir’




- available in May-June ’04 timeframe




  is same unit as above but AR coated for ‘uv’




- units designed for other input spotsizes (custom) 


  available sometime in 2005 (i.e. “well into…”)




- no final decision on possible price break option




  for us in exchange for test data
A good plan is to use one of these with uv conversion prototyping

(eg. ANL effort)
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