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Introduction to Thomson and Compton back scattering.
Properties of the photon distribution

Electron distribution, deformation and information.
Examples of X and Gamma sources.

Comments and conclusions.
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effetto Doppler relativistico
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Effetto Doppler non relativistico: esempio
delle onde acustiche \%
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t gquando la sorgente si allontana
Spettrogramma
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Scattering Thomson come applicazione dell’effetto Doppler
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A Frascati: SL_Thomson
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From the electron orbits and the Liénard-Wiechert potentials in the
far zone one can write the expression of the electric field [Jackson..]:
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From the motion equation of the electrons

If E and B=kxE are electric and magnetic field of the incoming laser,

p-Po_
dt mcy

(E, (1 —-P-e)+ B-E,(k-PB))



Total intensity and Stokes parameter |E, [*-|E,|* on the screen at 1 m, y=1200
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Classical double differential spectrum

The double differential spectrum for one electron is:
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Full treatement of linear and nonlinear TS for a plane-wave laser pulse with
analytical expression of the distributions as well as several approximate
expressions in P. Tomassini et al., Appl. Phys. B 80, 419 (2005).



Quantum model

Before the scattering

Electron energy mc?y,
momentum mcfy,

Photon energy hv,
momentum hk, /27

mc?y, +hv,= hv +mc?y

mc ByYxhk, /2t =mcBy+hk/2mw

After the scattering

Electron energy mc?y
momentum mcfy

Photon energy hv
momentum hk/2t

Energy and momentum Yo:1nitial
conservation laws Lorentz factor
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Quantum cross-section for electron-photon interaction
(Klein and Nishina)
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Radiation potential:
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Transition probability (perturbation theory or Feyman-Dyson graphs):
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Cross section in the electron frame:
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tot
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Thomson treatment

-
'y
. . .
Klein-Nishina treatment
Equation y=a+b%
Adj. R-Square 0,9877
Value Standard Error
C Intercept 5,71895E8  412738,42488
C Slope -908155,50354 19873,83274




Extension to electron-laser beams
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Longitudinal and transverse Gaussian profiles

dx, dk;



The energy-angle correlation permits thej control of bandwidth and divergence
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COMPARISON between classical (TSST), quantum
semianalytical (Comp_cross) and quantum MonteCarlo (CAIN)
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Electron distribution during and after the scattering

Encodes important informations about the scattering

Deterioration in the longitudianal phase space

Eventual transverse cooling



Photon distribution , linear case, Eli-np data
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dN/dE(MeV?

Electron energy distribution at varying laser time duration.
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Electron energy distribution at varying laser time duration. Simulation with CAIN

PlasmonX case ELI-np case
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Thomson SPARC-LAB data, 150 MeV
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Quantum structures exist only at low energy spread




CONCLUSIONS

Regarding the photon distribution

The quantum model 1s important to determine the radiation frequency for gamma
factors larger than 1000.

The other characteristics of the radiation, i.e., for instance, the shape of the spectrum, the
total number of photons, the bandwidth are not substantially affected by quantum effects.

If the laser is intense non linear effects play a significant role, but in the range analysed
the linear model is convenient

Ambiguous mathematical procedures in the Klein-Nishina cross section derivation
(such as, i.e., the use of improper eigenfunctions and squared Dirac delta functions),

should be eliminated by a rigorous revision.
Regarding the electron distribution

The electron distribution evolves in time during the collision, presenting a sequence
of stripes , connected to the quantum nature of the scattering

At longer times the process becomes diffusive, following the Fokker-Planck equation

A master equation derived by the Kolmogorov equation for Markov phenomena is able
to describe the process

By deflecting the electron on a screen, one can detect the details of the energy distribution,
confirming the quantum nature of the collisions



Scaling laws and their validation
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In the bandwidth
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Increase in the energy spread
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Application to a gamma source: ELI-np

With an optimization procedure we obtain: ' Working point at 460 MeV

Charge Q (C) 0.25107°
Energy E (MeV) 460 ) Laser photon energy (eV) 3.1
Ay/ ¥ 5. 10r Laser energy E; (J) 0.2
Emittance(mm-mrad) 0. 4/0.39 Laser rms time duration (ps) 1.5
0,=18 um Laser waist (um) 25
0,=15 um Interaction angle 7.5°
Photon energy(MeV) 10. Laser
@ recirculation
Bandwidth rms=5 10-3
— S5
N pang=1.6 10 S..=1.56*32*100=0.510* photons/eV

S=1.56 photons/eV
Acceptance angle=52 microrad  r,16bunch <B,>=3.8 10 14
to )

techniques
— 23
Bea=1.3 10



Experiments on Thomson@SPARC-LAB

Characterization of the source

Insurgence of non linear effects

(dW/dwYag (au.)

Quantum electron grouping

X two colors radiation
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Non linear effects

The derivation of the Klein-Nishina cross section is based on hypotesis of
weak non linearity (development in series), quantum theory is not able to treat
realistics laser fields.

For the evaluation of the non linearities due to high laser energy

we use the classical model inserting the numerical trajectories obtained under a
realistic laser pulse (taking into account gaussian profiles , curvature of the
wave front, diffraction) into the radiation integral.

shift of the spectrum towards lower energies
broadening of the bandwidth

rising of side bands,

the growth of harmonics

enhancement of the background

superposition, shift and merging of the harmonics
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The non-linear shift is subdominant with respect to the quantum one.
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