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Laser acceleration 

  Electron beam source for next generation 
accelerators. 	



  Femto-second pulse radiolysis	


  Measurement of ultra-fast phenomena	
 

Application 

Laser Acceleration 
1.  Focused intense laser pulse 

produces a laser-plasma.  
2.  The laser pulse generates a plasma 

wake.  
3.  Electrons are accelerated by the 

plasma wake.  

Electron Beam Generated by Laser Acceleration 
•  Low emittance	


•  Short pulse duration	


•  High energy (compact) 

T.Tajima	
 and	
 J.M.Dawson,	
 Phys.	
 Rev.	
 Lett.	
 43,	
 
267	
 (1979).	
 

MeV	
 to	
 GeV	
 

Electron	
 Beam	
 Laser	
 

34mm	
 

A few µm	


(A few tens fs)	



Acceleration	
 length~1mm	
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Purpose of the study 

Improvement 
of the electron 
beam	



Characterization 
of  the  electron 
beam	



Control  of  the 
electron beam	



1.  High-Z 
gas-target 
M.Mori,  et  al., 
PRST 12, 082801 
(2009)	


THPEC003	



2. Direction 
control	



3.  Profile 
control	



4. Pulse width 
measurement	



Purpose 	


Use the laser-accelerated electron beam for application	


(Measurement of ultrafast phenomena etc.)	



Optical 
injection 
H.Kotaki,  et  al., 
PRL  12,  082801 
(2009)	
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Setup for JLITE-X experiment	



Gas	
  jet:	
   	
  Smart	
  shell	
  LX-­‐03R	
  
Nozzle:	
   	
  Laval	
  nozzle	
  
Density	
  length:	
  ~3500	
  um	
  

Gas	
  material:	
   	
  	
  Nitrogen	
  

f/22	
  OAP	
  

(f=646mm)	
  

Electromagnet	
  

Gas	
  jet	
  

3mm	
  

Nitrogen	
  gas	
  

Pump	
  laser	
  

Pump	
  laser	
  (from	
  JLITE-­‐X)	
  

CCD	
  camera	
  

Pb	
  w
all	
  

Pb	
  w
all	
   Al	
  filter/Phosphor	
  

Electron	
  image/	
  

Electron	
  energy	
  distribuVon	
  

E=160±4.8mJ	
  

τ=40fs	
  (4TW)	
  

λ=800nm	
  

ASE	
  pedestal: 	
  1x10-­‐6(500ps>t>1ps)	
  

　 	
   	
  2x10-­‐8(t>500ps)	
  (RMS	
  Ji_er:	
  ～14ps)	
  

Front	
  edge	
  

Smart	
  shot	
  

	
  LX-­‐03R	
  

Laser	
  intensity:	
  9x1017	
  W/cm2	
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Laser accelerated electron beam �

Energy distribution Pointing stability (1.7mrad) 
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We improved the stability of the electron beam divergence, 
pointing, and peak energy 
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Initial direction control of the electron beam	



Top view of the setup of the measurement 
of the electron beam direction	



Gas jet	
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Initial direction control of the electron beam	



We can control the initial direction of the laser accelerated electron 
beam by changing the gas-jet position.	



Direction control of the laser accelerated electron beam	





12	



Profile control of the electron beam	



P	

 S	

Oblique	

 Oblique	



We can manipulate the profile of the laser accelerated electron 
beam by rotating the laser polarization.	



Profiles of the laser accelerated electron beam	


In order to manipulate the electron beam profile, we increase the plasma 
density. The plasma frequency is given by	



Similar result has been published in	


S. P. D. Mangles, et al., PRL 96, 215001 (2006)	



Electric filed	


in laser pulse	



€ 

ω p = 4πnee
2 /me .
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Energy spectrum of laser-accelerated electron beams	


P polarization	

S polarization	
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(after dephasing)	
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Typical images of the energy spectrum	



P polarization	



S polarization	



S polarization	



The peak energy is 20 MeV	



The oscillation depends on the laser polarization. 	


The pulsewidth (FWHM) of the electron beam is 1.5 period. 	


The oscillation is caused  by the laser field or the plasma wave.	



Energy	



Energy	



ne = 2.2x1019 cm-3	



N2 0.34MPa	



E	



E	
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Electron oscillation for low plasma density	



The oscillation is caused by the plasma wave	



€ 

θ(γ) = −
θ0
π

γ0β0( )1/4

γβ( )3/4
sin E0

Ez
2γβ − 2γ0β0( )

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ ,

An angle of the oscillation is	



　　　θ0 = πωpr0/(2c),	


　　　γ0	
 =	
 ω0/(	
 	
 	
 ωp)	
 =	
 4.86.	



€ 

3
Good agreement with the 

experimental data	



Y.	
 Glinec,	
 et	
 al.,	
 Europhys.	
 
Lett.	
 81,	
 64001	
 (2008),etc.	
 

From the equation, the 
amplitude is increased with ωp	
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Electron oscillation for low plasma density	



The oscillation is caused by the plasma wave	
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Analysis 1	



Assuming that the oscillation is caused by the plasma wave	


Y.	
 Glinec,	
 et	
 al.,	
 Europhys.	
 Lett.	
 81,	
 64001	
 (2008),etc.	
 

€ 

θ(γ) = −
θ0
π

γ0β0( )1/4

γβ( )3/4
sin E0

Ez
2γβ − 2γ0β0( )

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ .

The angle of the electron oscillation is	



The amplitude should be about 2mrad (contradiction).	



1.	



2.	

 When the  laser  pulse  has  P-polarization,  we should be 
observed  2mrad  of  oscillation.  However,  we  could  not 
observe oscillation (contradiction).	
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Analysis 2	



Assuming that the oscillation is caused by the plasma wave	


The electron oscillation frequency by the plasma wave is	


　　　ωβ	
 =	
 ωp/	
 	
 	
 	
 	
 	
 .	
 

From this equation, the wavelength is	
 λβ	
 = 20.8 [µm].	


The oscillation  has  1.5  periods.  the  electron  pulsewidth,	
 
τe_β, is	
 
　　　τe_β	
 = 20.8[µm]×1.5/c = 31.2[µm]/c,	


　　　　　= 104 [fs].	


The electron bunch length is 4.6 times longer than the plasma 
wavelength. When the electron bunch length is longer than the 
plasma wavelength, it is difficult to observe the oscillation in 
energy space.	



€ 

2γ0β0

There are contradictions. 

3.	
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Analysis 3	



Assuming that the oscillation is caused by the laser field	



“oscillation frequency” = “laser frequency” 	


The electron beam has 1.5 oscillation. 	


The pulsewidth of the electron beam is	


　　　te_L = 0.8[µm]×1.5/c = 1.2[µm]/c,	


　　　　　= 4 [fs].	


From the plasma density, the plasma wavelength is	


　　　λp = 6.73[µm].	


The electron bunch length is 18%of the plasma wavelength.	



1.	



It is possible to observe the electron oscillation in 
energy space. 	
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Analysis 4	



Assuming that the oscillation is caused by the laser field	



The angle of the oscillation is 	
 
　　　θlas = a0/γ = 16 mrad	



2.	



3.	

When the laser pulse has P-polarization, it is difficult to 
observe the oscillation by the plasma wave due to the big 
oscillation by the laser field.	



If  the electron oscillation is caused by the laser field, 
there is no contradict.  



21	



3D-PIC simulation	



The figure is copied from 	


K. Nemeth, et al., PRL 100, 095002 (2008) �

The electron oscillation is in 
the  polarization  plane  with 
period  the  wavelength  of 
the driver laser. 	



It was carried out using the 
VORPAL. 	
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Summary	



1.  We have succeeded in  generating a  stable  laser-accelerated 
electron beam.	



2.  The electron beam direction was controlled by changing the 
gas-jet position.	



3.  The profile of the electron beam was manipulated by rotating 
the laser polarization. 	



4.  2 types of electron oscillation were observed in energy space. 	



5.  From the oscillation, we thought that the pulsewidth of the 
electron beam was 4 fs. 	




