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CRYSTAL simulation code*

Main conception — tracking of charged particles in a crystal in averaged atomic potential

Program modes:
@ 1D model — particle motion in an interplanar potential
@ 2D model — particle motion in an interaxial potential

Simulation of the different physical processes:

@ Multiple and single Coulomb scattering on nuclei and electrons.
@ Nuclear scattering

& lonization energy losses

@ Crystal geometry

Advantages:
@ High calculation speed (up to 103 particles/s/core)
@ MPI parallelization for high performance computing

Max number of cores used
simultaneously by CRYSTAL
@ FERMI: 2048 @ FERMI: 200 kh
@ GALILEO: 768 @ GALILEO: 100 kh
@ MARCONI: 2152 @ MARCONI: 400 kh

What have we been granted by?

*A.l. Sytov, V.V. Tikhomirov. NIM B 355 (2015) 383—386.



Planar channeling oscillations and quasichanneling oscillations in

deflection angle distribution***
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Planar channeling oscillations in deflection angle distribution

(only for positive particles)*,**
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Planar channeling oscillations in deflection angle distribution

(only for positive particles), volume reflection alignment*,**
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Planar quasichanneling oscillations in deflection angle distribution,

co-rotating reference system (for any charge of particle)*
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Planar quasichanneling oscillations in deflection angle distribution,

co-rotating reference system (for any charge of particle)*
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Planar quasichanneling oscillations in deflection angle distribution,

laboratory reference system (for any charge of particle)*
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Planar quasichanneling oscillations

In deflection angle distribution
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Planar channeling and quasichanneling oscillations

In the deflection angle distribution*
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Planar channeling and quasichanneling oscillations

In the deflection angle dlstrlbutlon (VR allgnment)*
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Planar channeling and quasichanneling oscillations:

observation conditions*

Channeling condition: Interpeak distance w.r.t.
R > the scattering angle:
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Channeling and guasichanneling oscillations

Observation conditions w.r.t. beam energy
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Observation of guasichanneling oscillations at SLAC?:

experimental setup**

(on behalf of SLAC E-212 Collaboration)
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@ Particles: electrons and positrons Pl: U. I. Uggerhgj

@ Energy: 20.35 GeV

@ Crystal: Si, (111)

@ Crystal length: 60 pm
@ Bending radius: 15 cm

*T.N. Wistisen et al. Phys. Rev. Lett. 119, 024801 (2017)



Observation of guasichanneling oscillations at SLAC
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Fit of guasichanneling oscillations observed at SLAC
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Channeling and guasichanneling oscillations

Optimal conditions for observation at SLAC
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Conclusions

@ Planar channeling and quasichanneling oscillations in the
deflection angle distribution allow one to directly observe the
channeling and over-barrier oscillations in a bent crystal

@ Channeling oscillations can be observed only for positive
particles while quasichanneling oscillations for particles of
either sign.

@ Both effects have been predicted in CRYSTAL simulations.

@ Both effects can be observed in a wide range of energies from
sub-GeV up to TeV energy.

@ Quasichanneling oscillations have been observed at SLAC for
both positrons and electrons in good agreement with expectations,
provided by both theoretical model and simulations.
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Application of quasichanneling oscillations:
crystal alignment
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Influence of beam size to quasichanneling oscillations

Simulation input parameters: PR Beam size: 0 pm
@ Beam energy: 14.7 GeV (electrons) T Angular divergence: 5 prad
@ Angular divergence: 5 prad & oo
@ Beam size: 150 pm = ool
@ Distance between crystal and detector: g sx 10~
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@ Crystal thickness: 60 um & zx107t
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Recent development and verification of simulation methods
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