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Advanced Concepts for Energy Recovery in an FEL  

Roy Whitney, Bob Rimmer 

The injector section and the beam dump of a high‐power FEL are the only parts of the 
machine that do not presently recover the energy of the accelerated electron beam.  
The non‐recovered energy ends up  in the beam dump. This  leads to overall system 
inefficiencies and increased capital cost from the need for a high‐power beam dump 
and high‐power RF systems and power supplies for the heavily beam loaded injector. 
There is also technical risk associated with the need for very high power couplers on 
the  injector  RF  cavities.  Due  to  the  large  energy  spread  induced  in  the  returning 
beam from the FEL process  it  is not practical  to energy recover  in the  linac to very 
low  energies  in  the  same  structure,  so  injection/extraction  energy  is  limited  to  at 
least 5 MeV or so. At 100 mA this would equate to 0.5 MW RF power supplied to the 
injector and dissipated in the dump. 

Several  concepts have been proposed1  for  recovering  the  remainder of  this  energy 
including deceleration of  the spent beam in a separate structure (optimized for the 
purpose) and recovering the DC potential of the beam in a biased dump then known 
as a beam stop. The latter  is the basis of the “depressed collector” concept that has 
been used successfully to raise the efficiency of high‐power klystrons.  

If  an  RF  photocathode  gun  is  used,  so  there  is  no  high‐voltage  DC  supply  to  the 
cathode,  there  are  further  concepts  for  attempting  to  recover  the  energy  in  a 
common structure with the two beams running either side by side or coaxially. If this 
is done right back to the cathode cell there is a velocity mismatch between the fresh 
and returning beams that may result in incomplete energy recovery, but still a large 
improvement over the state‐of‐the‐art may be possible. Care must also be taken that 
wake fields from the returning beam do not disrupt the new bunches. The remaining 
DC potential  of  the beam might  be  collected  at  a  voltage  suitable  to  supply  the RF 
source high‐voltage terminal. 

Successful recovery of the majority of the injector and beam stop energy could raise 
overall FEL efficiency by a factor of 2 to 3, reduce capital cost and increase reliability 
by eliminating the highest power components in the RF system and the requirement 
high voltage power  supply  for  the DC gun. These benefits  are not  confined  to high 
power FELs but would  also be  advantageous  to both  small  and  large machines  for 
industry and academia. 

We  propose  to  use  advanced  simulation  techniques  to  model  these  schemes  and 
make quantitative comparisons and then refine the best candidate to the point where 
a proposal could be made for follow up funding for R&D and prototyping. The details 
of  the  returning beam energy distribution and bunch  structure would be based on 
the  JLab  FEL  parameters.  This  modest  seed  investment  could  enable  much  larger 



follow‐up  funding  (e.g.  from  BES  or  DoD)  and  eventually  enable  a  $15‐30M 
demonstration project to be proposed. 

This  study would use existing  simulation  tools  and use approx 0.3 FTE of  scientist 
time.  Duration  would  be  1  calendar  year  and  the  results  would  be  subject  to 
invention disclosure and Export Control ITAR rules. 

 

1.  Roy  Whitney  and  George  Neil,  Airborne  Tactical  Free­Electron  Laser,  Paper 
compiled for Ninth Annual Directed Energy Symposium. See: 

http://www1.jlab.org/Ul/Publications/view_pub.cfm?pub_id=7377 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Item Description Amount
* Salary Scientist (0.3 FTE)

* Fringe Benefits 40k

     Subtotal Salary & Fringes 40k
Equipment

     Subtotal Equipment
Travel

     Subtotal Travel
Supplies

     Subtotal Supplies
Consultants/Subcontracts

     Subtotal Consultants/Subcontracts
Other Expenses (including * Indirect Costs)

     Subtotal Other Expenses

Total Budget Proposal 40k

Budget Justification

JSA Initiatives Fund Proposal

* Note:  The Initiatives Fund is not intended for salary support or for the payment of indirect costs, and the inclusion of these costs in a proposal 
will be a factor in the evaluation for award.

Advanced Concepts for Energy Recovery in an FEL. Attachment B - Budget Proposal

Although this cost is salary it takes advantage of considerable synergy with the existing JLab FEL 
program (both DC gun and SRF) and utilizes existing advanced software tools. This modest seed 
investment will enable the concepts to be quantified to the point where a proposal can be submitted to 
DoE or DoD for R&D funds. There exists a "credibility gap" that needs to be bridged by preliminary 
analysis. Given the sophistication of the analysis and the need for ITAR control this task is best suited to 
more experienced staff rather than graduate students. The development of effective energy recovery for 
the injector and dump would be a major technological step in the evolution of ERLs.
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