3 The 10th International Conference "Charged &
el =0 Y ) Neutral Particles Channeling Phenomena"

A

MEPKI

Geant4 implementation of inverse Compton scattering

Aleksandr Savchenko, D.Yu. Sergeeva, D.V. Gavrilenko,
A.A. Tishchenko

8-13 September 2024
Riccione, Italy




INVERSE COMPTON SCATTERING X-RAY SOURCE

Laser based
X-ray sources
—

Size and brightness

We need compact and bright source
Scattered photons
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POSSIBILITIES TO INCREASE THE NUMBER OF PHOTONS
* |ncreasing e-bunch population

* Using more intense laser

e One can decrease beam area size o
N oc Thomson T

ph 2 2 “int
O-laser + O-e

2
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e @Generation of coherent radiation

e Synchronization of fronts of laser and e-beams
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We need simulation tool capable of comprehensive calculations!
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SOME SIMULATION TOOLS
 CAIN (Monte-Carlo, beam-to-beam interaction)

e |CCS (Semi-analytical, individual electron to laser
interaction, can cover low-probability regions of
distributions)

e GEANT4 LCS code (Monte-Carlo, restriction method,
generation of primary particles, very fast)

 Our Geant4 code (Analytical models, Monte-Carlo,
fixed target/primary particles)
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GENERAL PROPERTIES OF RADIATION

Electron beam
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Scattered photons
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GENERAL PROPERTIES OF RADIATION

Spectral distribution
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GENERAL PROPERTIES OF RADIATION

COHERENT GENERATION
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Dipole magnet ==

GEANT4 IMPLEMENTATION OF ICS

Light target
V

» Laser beam is substitute by the “Light

target”;
» G4BackCompton is discrete physical

Electron beam

=== process;

- » G4BackComptonModel includes
expressions, which can be activated by
G4LightTarget model;

» G4lightTarget is a class for incoherent
simulations;

» GA4lLightTargetC is a class for coherent
radiation from micro-bunched beams

GAVProcess < GAVDiscreteProcess simulations;
virtual G4bool IsApplicable ( virtual G4VParticleChange* PostStepDolt | » User Application include geometry and
Ao Cutmenicieshuh | other physics descriptions, as well as
[ Based on G4VXTRenergyLoss } p . . ..
? analysis part for information retrieving.

G4BackCompton

virtual G4double GetLightFactor

G4 Back Compton
Models

| = |

GALightTargetNC GALightTargetC

& GEANT4

A SIMULATION TOOLKIT

A. Savchenko and W. Wagner, Journal
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User Application

of Instrumentation 16, P12042 (2021).
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Incoherent part Coherent

G4LogicalVolume *anEnvelope, Gddouble time,
Gddouble [azer_energy, G4double lazer 3, A.A. Savchen kO, A.D. Khu dya kova’ W.

Gadouble VelAlpha, G4double UserGamma, G4doublebineC, | \Wagner, Nucl. Instr. and Meth. A 1060,
const G4String& processName 169057 ( 202 4) .




0.06 — Theory GEANT4 SIMULATION
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GEANT4 SIMULATION
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GEANT4 SIMULATION
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<107 GEANT4 SIMULATION
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GEANT4 SIMULATION

One can also calculate spectral brightness R of the source
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DISCUSSION

» We developed a Geant4-based C++ application for simulation and design
of inverse Compton x-ray sources using G4FastSimulation principles;

» Comparison with other simulation programs and available experimental
data shows that created physical module provides predictable and
reliable results;

» The module operates with a fixed light target - virtual volume
transparent for any particle and having properties of laser beam;

» The module allows simulation of laser and electron beams interaction
under arbitrary angles, which can be of primary importance for reaching
maximum luminosity of the radiation source. Using expressions for
arbitrary angles allows implementation of so called crab crossing
geometry — this work is in progress as well as investigations of possibility
to add model for evaluation of laser-electron interaction effect on the
electron beam emittance for designing big circular Compton sources.




-
Thank you for

your attention!




