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Cross-section of Compton scattering of CP laser photons 
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Geometry of Compton backscattering process 

00 1

)(1




x

y

xyyxy
e 






e

collision point 

0γ

e

eθ

γθ

ω

γ



where

2

2

1 ,1for  case In this

one) elantiparall  momentum, andspin positron  of

norientatio parallel means  (indice directions oppositein  polarized andintensity  initial the

 of half a with components polarized  twoof sum a as considered bemay  beam  dUnpolarize

10

10

0

































dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

ξξP

 -

e

zzc

Spin-dependent cross section 

 termflip-spin   -   ;

 termflip-spinnon    -   ;

3210

3210

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd









 termflip-spin   -   ;

 termflip-spinnon    -   ;

3210

3210

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd

dy

σd











0

02

0max

2

0

2

00

1

1
1

1
2

states).on polarizati initialover  averaging(after  beam dunpolarizeFor 

x

x
mc

sy
yx

r

dy

d

dy

d unp























MeV 803.546 max ω MeV 32846.3 max ω



Comaprison of both parts of cross-section for different electron energies 
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Scheme for production of polarized positrons 
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Monte – Carlo simulation 
 A random path length and a random energy loss were successively simulated in each collision 
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Energy distribution of recoil electrons/positrons 
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Curves – gaussian distribution with parameters 

Energy distribution of unpolarized beam passed through a light target 
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Polarization of a final beam 
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Initial positron energy 50 GeV 
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The helical modes with circular 
polarization. Arrows show instant 
direction of electric vector and 
distribution of its phase over the cross-
section. 

Schematic view of relative location of the 
electromagnetic field and the wave vector k 
for a real field of beam. 

Tightly focused laser beam 
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Comparison of longitudinal and radial field components 
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Laser beam with weak focusing 
Paraxial approximation 

Tightly focused beam 

There is no detailed  model describing this process. 
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• Laser 
• Pulse width : 5 fs 
• Wave length : 800 nm 
• Intensity : 2.2Χ1020 W/cm2 
• Beam waist : 5um 

 
• Electron bunch 

• Energy : 50 MeV 
• Charge : 1 nC 
• Normalized emittance : 2 mm mrad 
• Bunch length : 14 um 
• Bunch radius : 30 um 

Laser pulse 

Electron bunch 

Tight focus 

X-ray 

Electron Bunch : fs / as X-ray Pulse 

The effect of non-paraxial high-order fields due to tight focusing turns out to be 
dramatic. An electron radiates more strongly when the electron is initially located off 
the laser axis by about the beam waist than when on the laser axis. An enhancement by a 
factor of 2000 is observed for the focused (w0 = 5μm) laser intensity of 5×10^18 
Wcm^−2 compared with a paraxial Gaussian beam case. The longitudinal field (Ez) near 
the focus plays an important role, greatly changing the radiation pattern. 

Simulation results 
[H. Lee et al. New Journ. of Phys. 10(2008) 093024] 
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Effect of longitudinal magnetic field 

One may expect that near tight focus due to longitudinal magnetic field spin-flip 
probabilities for both components of unpolarized electron/positron beam will differ: 

Increasing of radiation intensity(photon multiplicity) plus spin-flip transitions (*) may 
lead to radiative polarization of a beam as whole. 
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Rough analogy with pure synchrotron radiation 

The self – polarization time due to spin-flip transition: 
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Estimation of positron polarization 
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Conclusion 
 

• The ordinary multiple Compton – backscattering process (plane – wave 

approximation) may provide polarization of a part of unpolarized beam 

• A spin – dependent model describing interaction of electrons/positrons 

with tightly focused laser beam should be developed 

• Rough estimation of “radiative polarization length” looks as promising 

• Even for small mean number of collisions (<k>~1) there is significant 

contribution of events with k = 2,3… photons from each electron/positron 


