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Intrinsic and impurity excitations in awide-gap crystal

Absorption spectrum of atypical ionic crystal (KF)
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Freeion A Impurity luminescence
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Thermal stability of impurity luminescence
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Thermal quenching of impurity luminescence
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Potential curves for aground and an excited
state of different impurity centres
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Introduction of RE3* into binary and complex metal
oxides with high resistance against radiation

Rare-earth ionswith 1 to 14 4f-electrons:
Ce3* Pr3t Nd3 Pm3* Sm3* Eust Gds3*
Th3 Dy3* Ho®* Er3* Tm3* Yb3* Ludt

Line emission spectra, f—f transitions, from IR to UV



Recombination luminescence (RL)
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Quenching of impurity recombination
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Tunnel luminescence (TL)
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In AHCs, E_ for an F
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Free and self-trapped excitons (FE and STE) in AHC
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Free and self-trapped excitons (FE and STE) in metal oxides

Exciton-phonon interaction is responsible for the coexistence of FE and STE.

AHCs:

Free (FE) and self-trapped exciton (STE) emission.

Luminescence Intensity
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All the above-mentioned
exciton emissions are low-
temperature ones.

Emissions of bound excitons !!
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Core-valence or crossluminescence (CL)
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Core-valence or crossluminescence (CL)
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Peak intensity
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STEL- self-trapped exciton
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M. Kirm, A. Lushchik, Ch. Lushchik, A.I. Nepomnyashikh, F. Savikhin,

Radiat. Meas. 33 515 (2001)

Quenching of crossluminescence under high-dense
irradiation more than 1018 e-h per 1cm?3 (>101° eV)
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Hot luminescence
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non-radiative! radiative
relaxation | relaxation
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Spectraof fast (7< 2 ns) intraband (IBL) luminescence under
irradiation by single nanosecond 300-keV electron pul ses of
the Koval chuk-M esyats-type generator

A. Lushchik, Ch. Lushchik, M. Kirm, V. Nagirnyi, F. Savikhin, E. Vasil'chenko,
Nucl. Instr. and Meth. B 250 330 (2006)
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Usage of fast IBL (excitation by single electron pulses, 300 keV, 2ns) for the
Investigation of high-temperature superconductivity in 1-2-3 ceramics
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Multiplication of electronic excitations (M EE)
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Excitonic mechanism of multiplication (secondary excitons)
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One exciting photon of ~32 eV (start from 2s? oxygen shell) is able to

form up to 3 e-h pairs
A. Lushchik, Ch. Lushchik, P. Liblik, A. Maaroos, V.N. Makhov, F. Savikhin,
E. Vasil'chenko, J. Lumin. 129 1894 (2009) ”
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BeO SO,

MgO Al O, MOoALQ,
CaO Sc,0; CaAl,0,
SO Y,0, S'ALO,

NaCl (T=4-80K) NaBr

Lu,AlO,,
Y AILO,,
Y SO

E

) Eev
FD7 oo |
15 ¢

10 |

Dielectric materialswith low radiation resistance (E, > Egp)

LiH LiF
LiD NaF NaCl (T > 200 K)
KF KCI KBr
RbCl RbBr
CsCl CsBr

MgO

c-band

v-band

26

FD



Creation spectra of Frenkel defects by VUV radiation

In NaCl, the first creation spectrum of F centers was measured already
In 1964 by Cheslav Lushchik and collaborators at room temperature
(.e.when Ep <E).

e and e-h mechanisms of Frenkel defect creation —
stable F centers and complementary defects (halogen interstitials) are
efficiently formed at the recombination of separated electrons and holes.

Ch.B. Lushchik, G.G. Liidya, M.A. Elango, "Electron-hole mechanism of color center
creation inionic crystals," Sov. Phys. Solid Sate, 6, pp. 1789-1794, 1965.

KCl and KBr —efficient creation of stableradiation Frenkel defects
at both 10 and 300K

NaCl — highly resistant against radiation at T < 80 K
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L ow-temperature creation of long-lived F-H pairsin NaCl (E > Eg)
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Three decay channels of electronic excitations
(anion excitons or e-h pairs) in atypical wide-gap crystal
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Competition between radiative and non-radiative (heat, defect creation)
channelsof STE decay

Dependence of STE luminescence quenching on high hydrostatic pressure in NaCl
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Fig. 2. Thermal quenching Fige 3, The plots of ln[(Io/IT)—l]
curves for the 3,47 eV XRL versus 1/T for thermal quenching
band of STE in NaCl at vari- curves l-4 shown in Fig.2.

ous pressures,

A.Laisaar, V.Scherbakov, A.Kuznetsov, High Peressure Research 3, 78-80 (1990)
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Concluding Remarks

Radiation-hardened materials
Fast and temperature-stable el ectron or hole intraband |luminescence
|BL under extremely high-dense irradiation?

An obstacle — apre-breakdown emission due to electron avalanches
In the bulk of WGMs

Materials with additional gaps or at least pseudo-gaps (at certain
wave vectors) inside energy bands should be preferred.
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