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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_Uberall, Phys. Rev. 103, 1055 (1956). 3



Applications*

Crystal-based collimation or beam Gamma-ray Positron source for future

extraction from an accelerator Space Telescope e+/e- and muon colliders
Ultrashort

crystalline
calorimeter

R R 0
Sy e
&(%v

o
IJ‘ ¢ (J

granular
converter

Measurement of dipole
magnetic and electric moments

of exotic particles VAN ’ X and y-ray source for nuclear
4 and medical physics

several cm

s Plasma acceleration

HE beam h b
(e.g. 7 Tev short ent iy A i
protons) living  crystal otz mrad g ° o oo o
particles channeling §| .90 0 o obeam
articl g
particle decayy g ® @ 0 © 0 ;ccelerated
©®@ ©® @ ©® ©® beam

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




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 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 ’ G EANT4
Q@ L. Bandiera — INFN supervisor A SIMULATION TOOLKIT
@ K. Cho - KISTI supervisor

@ G. Kube — DESY supervisor
@ |. 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 DESY (partner organization)

@ 1 month of secondment at I3CLab Orsay (parther organization)
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Channeling simulation technique:

Geant4 ChannelingFastSimModel

Main conception — simulation of classical trajectories of charged particles in a crystal
Multiple and single scattering simulation at every step

Crystal planes 6\ . GEANT4
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Baier-Katkov formula:
integration is made over the classical trajectory
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ALl 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. arXiv: 2303.04385, Accepted for publication in JKPS

A. l. Sytov, V. V. Tikhomirov, and L. Bandiera. PRAB 22, 064601 (2019)
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First Geantd channeling example for electrons/positrons

NAINZER TAKROTRON.

@ Inspired by our experiments* of 855 MeV electron beam deflection by an
ultrashort bent crystal at Mainz Mikrotron MAMI

r Beam setup in run.mac
bent cryStaI —— using GPS commands;
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Detection of particles at g .
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the volumes entrance
using SteppingAction

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

*A. Mazzolari et al. Phys. Rev. Lett. 112, 135503 (2014)
A. Sytov et al. Eur. Phys. J. C 77, 901 (2017)




First simulations with Geant4 channeling model:

beam deflection by a bent crystal

855 MeV 15 pm thick .
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volume reflection (VR)
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Positron source for future lepton colliders

FUTURE
Qs @

International Linear Collider

amorphous
tungsten

4 - N
All the future e+e- colliders
will need an intense
positron source

Potential challenges:
LTarget overheating/melting y

4

Peak Energy Deposition
Density (PEDD) limit:
35 Jig for W*

The main challenge:
to increase positron yield
and to decrease PEDD

*S. Maloy et al., Slc target analysis. LANL LA UR-01-1913 72 (2001)



Full Geant4 simulations of the DESY experiment*

for the FCC-ee positron source project

Si microstrip layers bulk + plastic scintillators

charged multiplicity counter photon multiplicity
counter

Si microstrip layers
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» Full Geant4 simulations:
0.5F channeling & Baier-Katkov, no preshower

Experimental data, no preshower
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Intense positron source Based On,
Oriented crySTals - e+BOOST
(PI L. Bandiera) e i

PRIN2022-2022Y87K7X 5= PRIN2022 |l
Financed by Italian Ministry of ——
University and Research - PRIN préjee

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



Current status

Geant4-11.2.0.beta
Please use it!

Don't hesitate to contact me in the case of
any problemslissues/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. . Sytov, V. V. Tikhomirov, and L. Bandiera. PRAB 22, 064601 (2019)




Conclusions

@ Oriented crystals can be applied:

@ at e-/le+/hadron synchrotrons (crystal-based beam extraction/
collimation)

2 in nuclear and medical physics (radiation source)

@ at e-/e+ colliders — ILC, FCC-ee and muon collider (positron source)

@ as ultrashort electromagnetic calorimeters

@ for MDM and EDM measurement

@ ultrahigh gradient (more than 1 TeV/m) plasma wakefield acceleration
@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.
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