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Super conducting electron linear accelerator 
Energy range from 9.6 to 13.6 GeV	


Super conducting electron linear accelerator for FEL 
We assume super radiant mode to generate photon beam. 
Energy range from 10 to 20 MeV	


Low energy electron beam	

4 mirror optical cavity 
in vacuum	




Burst mode system	

In NC linac, we do NOT need high average power laser, but need high peak 
power and high rep. only in electron timing. > burst mode 
 
First test of burst mode enhancement cavity.	


100µs 

Cavity transmittance 
Also amplified on e- timing	


Input laser power 
Burst amplified  

more than 1000times	


e- pulse train timing	


QCW	




How to stabilize	

R. W. P. Drever et al.,　
Appl. Phys. B, 1(1983)97. 
Use PDH method	


Main laser (CW)	


CCW circulate	


Scanning Piezo	


ccw trans.	


cw trans.	


Split 
2	


Amp. By 
QCW amp. 
More than 

1000	
 Main path 
With amp.	


FB path 
w/o amp.	


1000 times higher peak power can be achieved 
on electron beam timing, which stabilized by 

reverse path in the optical cavity.	
Main and rev. path resonate on same cavity length	




Current specification of our burst mode enhancement cavity 
 
 
 
 
 
 
 
* Recently we tested the burst mode with Pockels cell. 
   >Pick the required pulses by PC and collect the optical power 
     in the electron beam timing.  
   We succeeded in improve the burst gain with burst width of 10 us. 
   10 us is enough for NC linac electron bunch structure. 
 
** For burst amplifier, we are using rod type LD pump amplifier module 
     produced by Cutting Edge Optics/Northrop Grumman. 

Current Specifications	


Wavelength	
 Pulse duration	
 Burst width	
 Burst rep.	
 Burst gain	


1064 nm	
 12 ps fwhm	
 100 us fwhm*	
 3.13 Hz	
 600**	


Size at IP	
 Size on mirror	
 Stored power	
 Pulse pk 
power	


Pk pwr on 
mirr	


80 um rms	
 1mm rms	
 250 kW peak	
 70 MW	
 ~10 GW/cm^2	




5 

研究開発協力：阪大産業総合研究所	




MPQ訪問報告	




The	
  Munich	
  Compact	
  Light	
  Source	
  	
  
Towards	
  Microbeam	
  Radia0on	
  Therapy	
  with	
  a	
  compact	
  synchrotron	
  	


MRT	
  towards	
  clinical	
  applica0on	
  
	
  Microbeam	
  X-­‐ray	
  Radia:on	
  Therapy	
  (MRT)	
  has	
  a7racted	
  increasing	
  	
  
a7en0on	
  over	
  the	
  last	
  two	
  decades	
  offering	
  a	
  higher	
  therapeu0c	
  effect	
  	
  
than	
  conven0onal	
  broadbeam	
  therapy	
  [1].	
  	
  
As	
  this	
  future	
  cancer	
  treatment	
  technique	
  requires	
  high	
  flux	
  and	
  a	
  	
  
small	
  source	
  size,	
  MRT	
  has	
  mainly	
  been	
  studied	
  using	
  highly	
  brilliant	
  	
  
radia0on	
  produced	
  at	
  large	
  synchrotron	
  facili0es	
  [2,3].	
  
A laser-driven compact synchrotron based on inverse Compton  
scattering promises to deliver reasonably high flux with  
quasi-monochromaticity, suitable for x-ray imaging but as well for  
Microbeam Radiation Therapy. 
 
Delivered by Lyncean Technologies, the Munich Compact Light Source  
(MuCLS) is expected to be installed at the Institute for Medical  
Engineering of the TU Munich, Garching, Germany in 2014.	




In bunches charged with  
0.6 nC, the electrons generate  
a current of 40 mA in the  
storage ring. Their release is  
synchronized with the laser  
pulse. Upon collision, X-rays  
are generated slightly  
deflected from the electron  
path and transmitted through  
a wavelength-selective mirror.	




Inverse	
  Compton	
  Sca7ering	
  describes	
  the	
  energy	
  transfer	
  of	
  a	
  	
  
high-­‐energy	
  electron	
  onto	
  a	
  low-­‐energy	
  photon	
  upon	
  collision.	
  	
  
In	
  contrast	
  to	
  an	
  undulator,	
  lower	
  energy	
  electron	
  beams	
  are	
  	
  
sufficient	
  as	
  the	
  magnetosta0c	
  field	
  is	
  replaced	
  by	
  the	
  	
  
electromagne0c	
  field	
  of	
  a	
  laser	
  pulse	
  corresponding	
  to	
  a	
  shorter	
  	
  
undulator	
  period.	
  Hence,	
  the	
  size	
  of	
  the	
  electron	
  ring	
  can	
  be	
  reduced	
  	
  
significantly.	
  	




Faster skin regeneration [5] and increased tumoricidal effect with higher tolerance of  
normal tissue [2,6] have been reported for MRT compared to conventional broadbeam  
Therapy. The ongoing biological processes have not yet been fully clarified. As an additional 
Research tool, the MuCLS will contribute to the understanding and improvement of MRT.	






	

	


 	


The	
  possibility	
  to	
  perform	
  MRT	
  at	
  a	
  laboratory-­‐sized	
  synchrotron	
  	
  
source	
  opens	
  this	
  promising	
  method	
  of	
  cancer	
  treatment	
  to	
  clinical	
  	
  
applica:on.	
  Sufficiently	
  high	
  brilliance	
  is	
  the	
  main	
  issue	
  in	
  order	
  to	
  	
  
apply	
  MRT	
  within	
  a	
  reasonable	
  0me	
  frame.	
  With	
  the	
  Munich	
  	
  
Compact	
  Light	
  Source,	
  based	
  on	
  inverse	
  Compton	
  sca7ering,	
  we	
  	
  
would	
  like	
  to	
  study	
  the	
  feasibility	
  of	
  MRT	
  in	
  the	
  laboratory.	
  	
  
So	
  far,	
  the	
  energy	
  range	
  is	
  restricted	
  to	
  up	
  to	
  35	
  keV,	
  which	
  will	
  	
  
limit	
  the	
  sample	
  size.	
  However,	
  MRT	
  results	
  obtained	
  with	
  the	
  	
  
afore-­‐men0oned	
  parameters	
  can	
  contribute,	
  among	
  others,	
  to	
  the	
  	
  
s0ll	
  lacking	
  understanding	
  of	
  the	
  biological	
  effect	
  of	
  MRT.	
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