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Basic principles: from ps to ns
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Basic principles: Ps-formation
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Pick-off annihilation

Quenching o-Ps _p-Ps



Nanoporous glass
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Measurement of o-Ps lifetime
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Measurement: 3y/2y ratio

Doppler broadening spectroscopy

102 L L L i o i“ - ‘g ‘J*#‘n‘ir'?-'.

0 100 200 300 400 500 600 700
y—ray energy [keV]

3v/2y = N(340 - 490 keV)/N, (491-541 keV)




Theory: 0-Ps annihilation rate

hope =T oo =Ay + Ay, =4 (1=-W)+ A, W

W — the probability that the o-Ps is in the molecular region
A,° — the rate of self-annihilation from the triplet state, A;=1/142 ns
Ao =h,,°_W —the pick-off annihilation rate
A0 — 0-Ps annihilation rate in an electron cloud of a molecule,
this corresponds to the spin-averaged annihilation rate, A,
Ap0 = hp = (Ag + 3N)/4 = 2 ns”
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Theory: subnanometer pores

hyops =1/T, o =Ay +A,, = A‘;y (1-W)+ AgyW

W =0.2-0.5
-1
Aops =U/T, _po =Ry, =2ns" xW

W is determined with the help of elementary quantum mechanics as a
wave function of a particle localized in a spherical potential well

1.Wave function is described by standing waves

2. In a small potential well, the separation between different energy states
IS very large. Thus, only the lowest energy state is occupied.

3. The well height is important. It is determined by the interaction of an o-
Ps with the electrons of the molecules. Repelling potential is supposed to

be about 1 eV but is its exact value is unknown.



Theory: Tao-Eldrup(TE) model

The height of the potential is infinity
or — empirical parameter
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Theory: nanometer region

TE model does not work for the r, > 1 nm
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0-Ps in a nanopore

The probability W for the large pores becomes very small.
Therefore, the self-annihilation in vacuum, A, °(1-W), cannot be

neglected.

The o-Ps cannot be described as a standing way but as a wave
packet which is scattered back and force between the energy
barriers.

The density of energy states is so high that not only the ground
but also higher energy states can be occupied even at room
temperature. This leads to a temperature dependence of the o-Ps
lifetime.



Two theories

Tokyo-model
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Semiphenomenological Tokyo model

Infinitely high potential well
Rigid spherical potential R,
AR is an electron layer

AR is fixed to 0.166 nm

no explicit temperature dependence

VRES ()LE;.- T A = AR) + A3 fAR) =
(1 = fIR) + 2,

r/”t‘ff‘{,(l B (R — R, )h) L. (Rz Ry Empirical parameters:
X R+ AR & R, =0.8 nm
Ay T A3, (R<R)  b=055
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Rectangular extension of TE model
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¢ Rectangular pore geometry,
l.e. rectangular potential box

¢ 0 is analogous to or in the
TE model, § =0.18

¢ Temperature dependence of
the o-Ps lifetime
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The o-Ps lifetime almost Independent
on the chosen pore geometry

geometry
spherical (A = 0.166 nm)

spherical (A= 0.18 nm)
cubic (A=0.18 nm)
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You tasks:

Check the theory by experiments on the glasses with a broad pore
size distribution (diameter from 1 to 100 nm)

Investigate the dependence of the 6r on a specific material
Temperature dependence of the o-Ps lifetime

Computer simulation of the lifetime spectra for different o-Ps
lifetimes having different intensities and for different source activities

Development of a methodology for the characterization of nano-
porous materials



