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How an orientedHow an oriented
crystal looks likecrystal looks like
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The idea: MC simulations of coherent effects in a crystalThe idea: MC simulations of coherent effects in a crystal
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*J. Stark, Zs. Phys. 13, 973–977 (1912); J. A. Davies, J. Friesen, J. D. McIntyre, Can J. Chem. 38, 1526–1534 (1960)
**M.A. Kumakhov, Phys. Lett. A 57(1), 17–18 (1976)

***B. Ferretti, Nuovo Cimento 7, 118 (1950); M. Ter-Mikaelian, Sov. Phys. JETP 25, 296 (1953).
**** H. Überall, Phys. Rev. 103, 1055 (1956).
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Applications of Applications of 
oriented crystals*oriented crystals*
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Positron source for future multi-
billion € e+/e- and muon colliders

Gamma-ray Space TelescopeX and γ-ray source for nuclear 
physics and cancer radiotherapy

Oriented crystalsPlasma wakefield acceleration

Crystal-based beam extraction 
from accelerators and colliders

*A. Sytov et al., JKPS, https://doi.org/10.1007/s40042-023-00834-6

DESY-II

Measurement of MDM & 
EDM of exotic particles
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Location:
 2 years at KISTI (partner organization)
 1 year at INFN Section of Ferrara (host organization)
 1 month of secondment at DESY (partner organization)
 1 month of secondment at IJCLab Orsay (partner organization)

Main goal: The implementation of both physics of electromagnetic processes 
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.

Group:
 A. Sytov – project coordinator
 L. Bandiera – INFN supervisor
 K. Cho – KISTI supervisor
 G. Kube – DESY supervisor
 I. Chaikovska – IJCLab Orsay supervisor 

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



Baseline channeling simulation technique: Baseline channeling simulation technique: 
CRYSTALRAD Monte Carlo simulation codeCRYSTALRAD Monte Carlo simulation code

Advantages:
 High calculation speed
 MPI parallelization for 

high performance computing

Main conceptionMain conception  –– simulation of classical trajectories of charged particles in a crystal in averaged  simulation of classical trajectories of charged particles in a crystal in averaged 
atomic potential of planes or axes. atomic potential of planes or axes. Multiple and single Multiple and single scatteringscattering  simulationsimulation at every step at every step
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A.I. 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. JKPS 83, 132–139 (2023)
A. I. Sytov, V. V. Tikhomirov, and L. Bandiera. PRAB 22, 064601 (2019)

  Baier-Katkov formula: 
integration is made over the classical trajectory γ-, 

+

channeling*

Crystal planes



Why the implementation of Why the implementation of channeling and 
Baier-Katkov models into Geant4 is so challenging?
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Challenges of trajectory simulation
 Complicated geometry of crystal planes/axes especially in a bent crystal;
 Complicated spacial structure of cristalline electric fields and atomic 

density depending on the material and alignment;
 Different types of scattering dependent on the charge particle positions vs 

crystal planes/axes;
 Incompatibility of channeling with Geant4 standard physics lists: 

especially with multiple coulomb scattering and bremsstrahlung process: 
impossible to modify continuous-discrete Geant4 processes during execution.

Challenges of Baier-Katkov
 Need for recording trajectory in order to simulate the spectrum;
 Multidimensional integral => low simulation speed;
 Hard gamma radiation => need to return the particle back to the radiation 

point, which is not allowed in Geant4 in a simple way.



How to implement an external code into Geant4? How to implement an external code into Geant4? 
Geant4 FastSim interface, a solution of most of challengesGeant4 FastSim interface, a solution of most of challenges
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FastSim model:
 Physics list independent
 Declared in the DetectorConstruction (just few lines of code)
 Is activated only in a certain G4Region at a certain condition and only for certain particles
 Stops Geant processes at the step of FastSim model and then resumes them

Insert particles for which 
the model is applicable

Insert the condition 
to enter the model

Insert what the 
model does



First Geant4 channeling example for electrons/positronsFirst Geant4 channeling example for electrons/positrons
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Inspired by our experiments* of 855 MeV electron beam deflection by an 
ultrashort bent crystal at Mainz Mikrotron MAMI

*A. Mazzolari et al. Phys. Rev. Lett. 112, 135503 (2014)
A. Sytov et al. Eur. Phys. J. C 77, 901 (2017)
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Detection of particles at 
the volumes entrance 
using SteppingAction

Beam setup in run.mac 
using GPS commands; 

all the geometry in 
DetectorConstruction

Output both in root (only primary particles) 
and in textfile (all the particles) format 

Multithreading works!
Checked at the supercomputer
Galileo100@CINECA (Italy)

NURION@KISTI (Korea)
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First simulations with Geant4 channeling model: First simulations with Geant4 channeling model: 
beam deflection by a bent crystalbeam deflection by a bent crystal

10*A. Sytov et al. JKPS 83, 132–139 (2023)

Geant simulations vs experiment

channeling

volume reflection (VR)

855 MeV 
electrons

15 µm thick 
bent crystal



First Geant4 Baier-Katkov radiation model: First Geant4 Baier-Katkov radiation model: 
radiation by 855 MeV electrons at Mainz Mikrotron MAMI*radiation by 855 MeV electrons at Mainz Mikrotron MAMI*

Geant simulations vs experiment and CRYSTALRAD simulations
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Prelim
inary

MAMI*  

855 MeV e–

*L. Bandiera et al. Phys. Rev. Lett. 115, 025504 (2015)

Spectral intensity Full spectrum

G4BaierKatkov:
 Physics list independent
 Activated in the DetectorConstruction and used in ChannelingFastSimModel
 Can be used outside channeling model within other FastSim model
 Provides radiation spectrum for single-photon radiation mode
 Provides generation of secondary photons

MAMI*  

855 MeV e–
Geant4



Full Geant4 simulations of the DESY experiment* Full Geant4 simulations of the DESY experiment* 
for the FCC-ee positron source projectfor the FCC-ee positron source project

12*L. Bandiera et al. Eur. Phys. J. C 82, 699 (2022)
Very prelim

inary

e–

5.6 GeV



How to use the Geant4 channeling model in your example?How to use the Geant4 channeling model in your example?
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Add to DetectorConstruction::Construct()

Add to DetectorConstruction::ConstructSDandField()
 

Volume declaration
(completely standard)

G4Region declaration

Get crystal region

Channeling FastSim 
model declaration

Model activation 
and input

Optional

Radiation model 
activation
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Add to main:

Physics list independent

How to use the Geant4 channeling model in your example?How to use the Geant4 channeling model in your example?

Register FastSimulationPhysics

That’s it. Enjoy! :)

DetectorConstruction

G4VFastSimulationModel

G4ChannelingFastSimModel

G4ChannelingFastSimCrystalData

G4ChannelingFastSimInterpolation

Inheritance of G4VFastSimulationModel

G4BaierKatkov

G4VChannelingFastSimCrystalData
Inheritance
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Add to main:

Physics list independent

Current statusCurrent status

Register FastSimulationPhysics

That’s it. Enjoy! :)

DetectorConstruction

G4VFastSimulationModel

G4ChannelingFastSimModel

G4ChannelingFastSimCrystalData

G4ChannelingFastSimInterpolation

Inheritance of G4VFastSimulationModel

G4BaierKatkov

G4VChannelingFastSimCrystalData
Inheritance

Already in Geant4 kernel!

Geant4-11.2.0.beta 
Please use it!

Don't hesitate to contact me in the case of 
any problems/issues/suggestions 

sytov@fe.infn.it

Please cite our papers if you use our model:
1. A. Sytov et al. JKPS 83, 132–139 (2023)
2. A. I. Sytov, V. V. Tikhomirov, and L. Bandiera. PRAB 22, 064601 (2019)



ConclusionsConclusions
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The goal of TRILLION is to implement electromagnetic processes in oriented 
crystals into Geant4 which will bring to a large scientific and industrial community 
most of possible applications of a crystal.

 G4ChannelingFastSimModel is our implementation of channeling physics and 
Baier-Katkov method into Geant4. We produced the first results on channeling 
and channeling radiation. We carried out these simulations at NURION@KISTI and 
Galileo100@CINECA supecomputers using Geant4 multithreading.

 G4ChannelingFastSimModel and G4BaierKatkov models were released in 
Geant4-11.2.0.beta.

 The Geant4 examples that will be developed can be applied in nuclear and 
medical physics (radiation source), at e-/e+ colliders – ILC, FCC-ee and muon 
collider (positron source) and at all e-/e+ synchrotrons existing in the world 
(crystal-based beam extraction). 

 Additional applications are ultrashort crystalline calorimeter, exotic particles 
MDM and EDM measurement, and plasma wakefield acceleration.
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Thank you for attention!Thank you for attention!
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