Variety of positron-electron annihilation Kinetics
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Introduction

Positron-electron annihilation (PEA) kinetics in the MgO-Al,O, ceramics sintered at different temperatures (1100, 1200 and 1400 °C) with following water adsorption procedure has
been calculated and analyzed in a frequency domain. The spectra of real (in-phase) y,(®) and imaginary (quadrature) y,(®) components of modulated positron-electron annihilation
response have been obtained numerically from temporal Kinetic characteristics using integral Fourier transform. The obtained complex spectra of positron-electron annihilation in
MgO-Al,O, ceramics in the frequency domain obey a sum of two Debye law components denying correlation between elementary positron annihilation processes. Strong increasing of
amplitude of lower frequency Debye component caused by water adsorption on the frequency spectra has been observed. Characteristic frequencies of Debye type components of water
Immersed samples show weaker dependencies on sintering temperature than in just sintered ones. It’s shown that position of large maxima on the frequency dependencies of imaginary
part corresponds to the fastest average relaxation lifetime representing the most intensive interaction process of positrons with small cavities traps in solids.

Integral Fourier transform gives a connection between impulse characteristic h(t) of
PEA Kinetics In the time domain and complex modulated PEA spbectra in the frequency

domain:
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In modified MgO-AI,O, ceramics In the frequency
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PEA data

Fitting parameters and average positron lifetime for just-sintered and water-
adsorbed MgO-Al,O, ceramics sintered at different T, reconstructed from three-
component decomposition procedure

1i(w)= j h(t) cos(at) dt
0

1o(w)= j h(t) sin(et) dt
0

Reverse integral Fourier relations can be used to obtain the frequency spectra of . | z | - | -
modulated PEA in solid that have not been measuring directly till now. T;, °C Pre-history nls’ 3 1(1 nzs, a ZL’J nss, 3 3& o
Assuming that impulse characteristic h(t) of water-immersed ceramic samples similar to 1100 just-sinterec 0.24 0.68 0.50 0.30 2.59 0.02 0.32
just-sintered ones obeys a sum of Debye law components (characterizing by exponential water-adsorbed 0.24 0.56 0.50 0.29 1.88 0.15 0.33
decay in the time domain). h(t) mav be written in the form: 1900 just-sinterec 0.23 0.70 0.47 0.28 2.39 0.02 0.30
l, t) I, t l t water-adsorbed | 022 | 054 | 045 | 034 | 187 | 012 | 031
h(t) =——exp exp expl —— just-sinterec 019 | 076 | 036 | 022 | 190 | 002 | 024
o N i 1) 2 f2) 3 3 1400 vater-adsorbed | 021 | 056 | 043 | 032 | 1.94 | 012 | 029
with intensities 1, 1,, I; and corresponding relaxation times z;, 7,, 7; In the case of three
components.
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Modulated PEA complex spectra of just-sintered and water-adsorbed MgO-
Al,O, ceramics obtained at 1100°C (solid lines — fit according to Debye law)

Modulated PEA complex spectra of water-adsorbed MgO-Al,O, ceramics obtained at 1200 (a)
and 1400 °C (b): red lines corresponds to fitting results by the sum of two Debye type components

Modulated PEA kinetics of ceramics in the frequency domain
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Water adsorption by MgO-Al,O, ceramics leads to significant increasing of amplitude of lower-frequency Debye type like relaxation component (z;~2 ns) on modulated PEA spectra In
comparison with as just-sintered samples. The kinetics of PEA In water-adsorbed MgO-Al,O, ceramics in the frequency domain can be presented as the sum of two Debye type relaxation
components with characteristic relaxation times of about 0.3 and 2 ns. No any evidences of deviation (spreading) the spectra from Debye type law have been observed within the range of
experimental error. That indicates on no-correlative character of PEA relaxation in water-adsorbed MgO-Al,O, ceramics via fast relaxation channels (z, ,=1/®y, ,, 7).



