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Compton backscattering (Linear Mode)

Laser flash

Multiple Compton Backscattering Process (MCBS)
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k hard photons, k = 1,2,3,…



Compton backscattering (nonlinear mode)
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Luminosity

Ne – number of electrons in bunches,

NL = U/ħω0 – number of photons in a laser pulse; U – energy of laser flash,

Fe(L)(x,y,z,t) – distribution of each bunches in the space and time.

For 3D Gaussian distribution Fe(L) with fixed parameters and head-on collisions:

σe(L) – transverse dimensions of electron (laser) 

bunches.

As a rule, σLx > σex,ey;       for σLx
2 = σLy

2 = ρL
2/2

no dependence on bunch length

Mean number of emitted photons per an electron (mean number of collisions)
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electrons photons

More strict model F.Hartemann et al. PRST-AB, (2005)1007 02

zR is Rayleigh length, f is the beta function
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- Thomson cross-section

n0 – laser photon 

concentration

Cross-section of Compton scattering is determined by kinematics (parameter x0) and 

laser field strength parameter a0.
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U – energy of 

laser pulse



The “partial” differential cross-section

The cross-section of the process with absorption of n photons:

The maximal number nmax → from condition 



Fig. 1. Dependence of nonlinear Compton partial cross-section on the 

number of “absorbed” photons n for different parameters a0 (E0 = 50 

MeV; ħω0 = 1.17 eV; x0 = 0.0009)

Fig. 1



Fig. 2 b

Fig. 2 a

Fig. 2 a) The cross-section 

energy dependence of 

nonlinear Compton 

backscattering for the same 

parameters for a0 = 1 (per unit 

energy interval – right axis).

Fig. 2 b) The same 

dependence on the 

logarithmic scale



Thomson scattering

The dimensionless spectral variable:

Frequency of n-th harmonics:



Using the relation:

It is possible to get the differential Thomson “partial” cross-section:

And total cross-section:



The multiple nonlinear Compton/Thomson scattering process

is connected with two stochastic processes:

• Random collision of an electron with laser photons (k = 0,1,2,…);

• Random number of photons absorbed in each collision (n = 1,2,3,…). (Monte-

Carlo simulation only)

Fig. 3

Red – Thomson

Black - Compton



Fig. 4

Thomson multiple scattering



Monte-Carlo simulation

of nonlinear MCBS process
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“Red-shift” of spectral lines due to nonlinearity of the MCBS process
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The last term is connected with “red shift” with transition from the linear 

regime to the nonlinear one.

A broadening of the spectral line is caused by the variable value of the 

nonlinearity parameter a0 along electron trajectory:
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Summary



Thanks for your attention


