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Marie Sklodowska-Curie Action Global Individual Fellowships

by A. Sytov in 2021-2025, Project TRILLION GA n. 101032975

Main goal: The implementation of both physics of electromagnetic processesw
in oriented crystals and the design of specific applications of crystalline effects
into Geant4 simulation toolkit as Extended Examples to bring them to a large
_scientific and industrial community and under a free Geant4 license.
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Group:

@ A. Sytov — project coordinator I r I I I I U n
@ L. Bandiera — INFN supervisor

@ K. Cho — KISTI supervisor
& GEANT4

@ G. Kube — DESY supervisor
A SIMULATION TOOLKIT !

@ |. Chaikovska — |JCLab Orsay supervisor

Location:
@ 2 years at KISTI (partner organization)
@ 1 year at INFN Section of Ferrara (host organization)

@ 1 month of secondment at IJCLab Orsay (partner organization)
@ 1 month of secondment at DESY (partner organization)

https:/Iwww.fe.infn.it/trillion/




Baseline channeling simulation technigue:

CRYSTALRAD Monte Carlo simulation code

Main conception — simulation of classical trajectories of charged particles in a crystal in averaged
atomic potential of planes or axes. Multiple and single scattering simulation at every step

Crystal planes Advantages:
@ High calculation speed
@ MPI parallelization for

] \ high performance computing

<+— channeling* ~ New 2024:
ionization losses

' / in channeling
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Baier-Katkov formula:
integration is made over the classical trajectory
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A.l. Sytov, V.V. Tikhomirov. NIM B 355 (2015) 383-386.
L. Bandiera, et al., Nucl. Instrum. Methods Phys. Res., Sect. B 355, 44 (2015)
*A. Sytov et al. Journal of the Korean Physical Society 83, 132-139 (2023

A. |. Sytov, V. V. Tikhomirov, and L. Bandiera. PRAB 22, 064601 (2019)



Current status

In Geant4 since geant4-11.2.0 !

geant4-v11.2.0/source/parameterisations/channeling/

[ Please use it! }

https://geant4.web.cern.ch/download

'Don't hesitate to contact me in the case of |
any problems/issues/suggestions
sytov@fe.infn.it

( Geant4 Physics Reference Manual: )
h

ttps://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/solidstate/channeling/channeling fastsim.html

Please cite our papers if you use our model:

1. A. Sytov et al. Journal of the Korean Physical Society 83, 132-139 (2023)
2. A. |. Sytov, V. V. Tikhomirov, and L. Bandiera. PRAB 22, 064601 (2019)



https://geant4.web.cern.ch/download
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/solidstate/channeling/channeling_fastsim.html

More Geant4 channeling model validation:

guasichanneling oscillations* at SLAC FACET Facility
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( To be submitted for publication soon )




Geant4 channeling model validation:

beam deflection by a bent crystal

MAINZER MIKROTRON

855 MeV 15 pm thick
electrons bent crystal

volume reflection (VR)
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A. Sytov et al. Journal of the Korean Physical Society 83, 132-139 (2023



First Geant4 Baier-Katkov radiation model; ﬁ)

radiation by 855 MeV electrons at Mainz Mikrotron MAMI*

MAINZER MIKROTRON

G4BaierKatkov:

@ Physics list independent

@ Can be used outside channeling model within other FastSim model
@ Provides radiation spectrum for single-photon radiation mode

@ Provides generation of secondary photons

Geant simulations vs experiment and CRYSTALRAD simulations
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( To be submitted for publication soon )




2D Geant4 channeling model validation:

coherent scattering suppression effect*

4 N
Multiple scattering in crystal and
multiple scattering in amorphous
material are different!
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Geant4 simulations of the experiment GALORE (2023):

Crystalline cut to drastically increase the channeling efficiency

ol [ ... | | “& Geant4 simulations vs

- : e experimental data
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*V.V. Tikhomirov JINST 2 P08006 (2007)




Recent experiment (March 2024) SO )

Channeling of 530 MeV positrons in a bent crystal

530 MeV
positrons
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Full Geant4 simulations of the DESY experiment*

for the FCC-ee positron source project

Si microstrip layers
charged multiplicity counter
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*L. Bandiera et al. Eur. Phys. J. C 82, 699 (2022)



Approximate list of examples to include in Geant4 in 2024

Examples: ( Probable updates of the channeling model: new model of ionization losses )

@ Very easy example to demonstrate basic commands to include the ( In test folder )
channeling model in DetectorConstruction (no input/output)

@ Complex example including both channeling and radiation model, input < Almost ready )

with macro commands, root output and full spectrum of options

@ Pair production model and dedicated example of electromagneti : ( 1 \e relopment |
shower in a scintillator crystal ) v e A W ¢
Specific applications to implement into Geant4:
- O e 3: ’:\3" - e a
@ Crystal-based hybrid positron source for ¢ == ) L\ J" L Almost ready )
FCC-ee -E—VW\/' NSNS

my L
crystalline \’ e . ‘
radiator -~ . anular
cG verter

Works! Needs
, multiple to be finalized

=, scattering

@ Crystalline deflector to extract a charged ‘
particle beam from an accelerator (electron —

bent

synchrotron, hadron collider) using BDSim code. crystal  “hanng S

absorber/
septum

Model exists in
Geant4 kernel
but needs to be
validated

@ Crystalline undulator
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