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Compton backscattering

Laser flash
Non-linear mode

Single hard photon
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Linear mode

Multiple Compton Backscattering Process (MCBS)
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Plane – wave approximation

||ȕ

Circularly-polarized wave
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Radius of electron trajectory

MCBS may be treated as undulator radiation in a field of intense plane wave 
(“light undulator”)
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Undulator radiation

Ul

URI

22 mcʌ
ȜeH

K U=

||ȕ

UR

�e
UȜ

Number of photons per electron in undulator
,UUR Rlk =

Rate of emitted photons ( )1   ,1
3
2 22 <<= K

Ȝ
KʌĮR

U

URk Is a random value



MCBS process (“light undulator”)
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eT rʌı Thomson cross-section

The strict number of MCBS photons is defined from luminosity
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( ) �LeN number of electrons (photons) in bunches

( ) ( )�tzyxF Le ,,, distribution of each bunches in the space and time
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Mean number of emitted photons (number of collisions) per electron
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electrons photons

Mean collision number per each initial electron. 
(number of photons per particle)
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The cross-section of the linear MCBS process
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MCBS is the stochastic process where 

along a path are described by the probability distribution
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Analytic description of MCBS process
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In the paper [A.Kolchuzhkin, A. Potylitsyn, S. Strokov et al., Nucl. Instr. and Meth. B 201 
(2003) 307] we have derived analytical formulae for the main parameters
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where coefficients ( )02,1 İg are defined as
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Distribution over the collision number k (number of emitted photons)

Monte – Carlo simulation

( ) ( )
( ) ( )

( ) ( )
( )°

°
°
°

¯

°°
°
°

®



===

�=

=

�=

=

% 3737.0k-exp 1,For 

exp,0

:0)(nn interactio et withoutlight targ a through passing electrons ofpart  a is  therek of any valueFor 

!/exp,

lawPoisson   theof sticscharacterimain  - 
2

2

k

kkP

nkkknP

lklı k

Blue – Poisson law, red – simulation rezults



2 and  of Comparison kık

A random path length and a random energy loss were successively simulated in each collision
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Energy distribution of recoil electrons
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Energy distribution of beam passed through a light target

Curves – gaussian distribution with parameters
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Energy distribution of electron beam passed through a light target

H,MeV

0.0005

0.001

0.0015

0.002

0.0025

0.003

F,1êMeV

2.5 5 7.5 10 12.5 15
H

20

40

60

80

100

120

V,MeV
5200 5400 5600 5800

,

2.5 5 7.5 10 12.5 15
H

5500

5600

5700

5800

H,MeV

Points – M-C simulation, curves – analytical dependences



H,MeV

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

F,1êMeV
Energy distribution of electron beam passed through a light target

2000 2500 3000 3500 4000 4500 5000
H,MeV

2 4 6 8 10
H

3500

4000

4500

5000

H,MeV

2 4 6 8 10
H

350

400

450

500

550

600

V,MeV

Points – M-C simulation, curves – analytical dependences



0.3

0.4

F,1êMev

0 02

0.025

0.03
F,1êMev
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Energy distribution of electron beam at the undulator exit
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Comparison of both parts of cross-section for different electron energies
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Polarization of a final beam
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Initial electron energy 50 GeV



Summary

• Distribution over number of emitted photons describes by Poisson law

with a good accuracy

• In the MCBS process (and for ordinary UR also but not for FEL) the final

distribution of electrons is continuos, which may be described by

gaussian one.

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

approximation) may provide polarization of a part of unpolarized beam

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

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


