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SHI track: temporal and spatial scales
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Multiscale microscopic model of track excitation
SHI electrons lattice
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Monte Carlo (TREKIS) of the initial electronic Kinetics

Time-Resolved Electron Kinetics in SHI Irradiated Solids
N.A.Medvedev et al, ]. Phys. D Appl. Phys. 48 (2015) 355303
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Complex Dielectric Function

e.g. Ritchie and Howie formalism

- individual scattering: ionization of the valence band or deep shells
- collective scattering: plasmons, phonons etc.
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TREKIS: Verification of model

Electronic energy loss of ions and inelastic mean free paths of
electrpns
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MC TREKIS + MD LAMMPS

MD code LAMMPS Plimpton S. J. Comput. Phys. 117 (1995) 1-19
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Threshold and morphology of tracks in Al,O,

1 + canut-2. (Pb)

e Skuratov et al. (Xe, Bi) o
Extrapolation of MC-MD m}

= Calculation of MC-MD
0O Canut-1. (U)

dE/dx" (calc) ~ 7 keV/nm

: dE/dx_" (exp) ~ 10 keV/nm Bi

EI'> 10 15 20 25 30 35 40 45
dE/dx (keV/nm)

(dE/dx)™" ~ 7 keV/nm

(~3.2%0.4 eV/atom)

V.A. Skuratov, J. O’Connell et
al. NIMB 326 (2014) 223-227
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Residual strain of Xe 167 MeV track in Al, O,

Lattice deformation:
Simulations
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Recrystallization of tracks in different dielectrics

MgO ALO YAG
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TEM insets

MgO - only point defects were created
Al,0; - crystalline discontinuous track of D ~ 2 nm

YAG - continuous amorphous track of D ~ 6.5 nm

R.A. Rymzhanov et al., Scientific Reports 9 (2019) 3837
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Recrystallization plays a crucial role for track formation in MgO, Al,0; and
YAG
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Overlapping of SHI tracks.

Bi 700 MeV in Al, 0,

* Second ion causes
annealing of defects
created by the first one

* lons at longer distances
cause partial annealing
of older tracks

* Radius of recoveryis ~ 6.5
nm (experimental ~ 5.4
nm) corresponding to the
track density of ~ 2.7x1012
cM 2

R.A. Rymzhanovy, et.al, NIMB 435 (2018), 121-125




Recrystallization during track formation propcess

MgO AL, YAG
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MgO - only point defects were created around the ion trajectory
Al,O; - crystalline discontinuous track with the diameter about 2 nm

YAG - continuous amorphous track of ~¥6.5 nm in diameter




p-Si;N, + Xe 220 M3B

5x1011 cm2
1x1013 CM 2




Si3N4 +Bi, 700 MeV
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a-Si;N, + Bi 710 MaB, 5x10% cm2

Radial density of Si;N,




Surface effects of dense ionization in ceramics and oxides

167 MeV Xenon







Surface effects of dense ionization in ceramics and oxides

Xe (220 MeV) + TiO,: Hillock size vs irradiation temperature
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5.0 nm

Bi 700 MeV ion

Amorphous hillocks in YAG
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R.A. Rymzhanov et al., J.App.Phys. 2020, 127(1) 015901

YAG demonstrates almost no damage recovery
amorphous cylindrical track and amorphous hillock

5.0 nm
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