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1.0  Theoretical Description
1.1 LCS X-rays
Laser Compton Scattered (LCS) X-rays are produced as a result of the interaction between accelerated electrons and a laser beam. The relativistic electrons scatter low energy laser photons to a higher energy and hence also referred to as incoherent or Compton scattering of low energy laser photons. The direction of the back scattered LCS X-rays is governed by the direction of the electron beam, with divergence on the order of 1/γ, where γ is defined as the ratio of the incoming electron beam energy to the rest mass energy of an electron. [1]
1.2 Laser Photon and Electron Interaction Probability

The interaction probability or the differential scattering cross section that the photons, or laser photons in our case, will be scattered upon their collision with the relativistic electrons in Electron Rest Frame (ER) is simplified by Hartemann et al. [2] by representing the incident laser polarization vector as α´ and scattered photon polarization as η´ in ER frame as follows:
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However, the differential scattering cross section was originally derived by Klein-Nishina [3, 4]:
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Where dΩ´ = sinθ´dθ´ represents the solid angle of the photons being scattered in θ´ directions, r0 is the classical electron radius, and R is the ratio between the energies of the scattered photons and the incident photons in ER frame. Hartemann et al. [2] and Stepanek [4] explained the production of LCS X-rays as by first transforming the incident laser photons into ER frame and then the corresponding ER differential scattering cross section being transformed back into the laboratory frame. Figure 1 shows the schematic of the electron and laser photon interaction process in Laboratory and ER frame.









Figure 1. Schematic view of electron and laser photon interaction in laboratory and ER frame.

1.3 Lorentz Transformation

1.4 Energy of Compton backscattered X-rays 
The yield of LCS X-rays is dependent on the laser power, angle of collision between interacting particles, and the electron linear accelerator’s (linac) electron beam energy and current. The energy gained by the backscattered X-ray photons is as follows [2]:


[image: image5.wmf]2

2

2

1

4

q

g

g

g

+

=

L

E

E










(3)
Where,
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, Ee is the electron beam’s energy and E0 is the rest mass energy of an electron, EL is the laser beam’s energy in electron volts (eV), and θ is the LCS X-rays emission angle in radians. The maximum Compton back-scattered photon energy can be estimated from equation 2.1 by assuming an approximate head-on collision between electrons and the laser:
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1.5 Monte-Carlo Simulation
LCS X-rays are produced when accelerated electrons collide with a pulsed laser and the laser and electron beam collision time is synchronized to produce backscattered LCS X-rays. Figures 3.1 through 3.3 demonstrates computer simulated, Monte-Carlo simulation in geant4 simulation toolkit [6], an ideal monochromatic LCS X-rays with peak energy at 35.05 keV with 34.98 keV rms, its angular distribution, and X-ray energy vs. angle, plots produced as a result of interaction between 32 MeV electrons, pencil beam assumption, and 532 nm laser.
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Figure 3.1. 34.98 keV LCS X-rays produced as a result of interaction between 32 MeV electrons and 532 nm laser.
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