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Quantitative description of the effect of v-irradiation of PE and PMMA
on positronium formation on the trapped electrons at low temperatures is
suggested. The consideration shows that, at least in these substances, the
number of the trapping centers is probably enough to localize all ortho-
-positronium, and therefore the intensity of the long-lived positronium com-
ponent is dependent mostly on the probability of Ps formation but not on
the number of the trapping centers.

PACS numbers: 78.70.Bj

1. Introduction

Thus far, there is a problem: has the long-lived Ps component I3 something
to do with the number of o-Ps trapping sites or is this number so high that I3 is
dependent only on the fraction of positrons ¢) which form Ps in a system [1-5]7 The
last alternative [4, 5] was proposed recently and it suggests that the o-Ps trapping
rate v is much higher than the annihilation rate of free o-Ps A¢, vp > Ar. It
is likely that a quantitative description of the results [5] on Ps formation on the
trapped electrons (their concentration was measured using ESR) in v-irradiated
PE and PMMA gives the first chance to obtain straight argument in favor of the
second alternative. Some of our data on thermostimulated luminescence (TSL)
glow support the suggested mechanism of Ps formation on the trapped electrons.
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2. Experimental

We describe analytically the experimental results [5] consisting in observa-
tions of additional o-Ps formation Als (relative to Is = 3Q/4 for a non-irradiated
sample) in PMMA and high density PE due to low-temperature v-irradiation by
the %9Co source (Figs. 1, 2). Figure 3 demonstrates TSL glow curves for high den-
sity PE (curve A) and PMMA (curve B) measured in this work. Figure 4 shows
our TSL results for the two copolymers of the same chemical composition but
with different thermal history. One of them was original copolymer poly (methyl
methacrylate-co-methacrylic acid) with molar feed composition of monomer 70/30
(curve 1). The second one was annealed at 140°C for 0.5 hour (curve 2).

3. Discussion

The increase Als of Ps formation in some polymers because of v-irradiation
(either by 22Na source during the experiment or after the exposure to y-rays from
50Co source) at low temperatures was observed recently by many investigators.
The authors of [5] suggested a qualitative explanation, supposing additional Ps
formation on weakly bound electrons (trapped electrons) created by y-irradiation.
Essential progress in this study was obtained due to complementary ESR measure-
ments of the trapped electrons concentration N.. We propose here a quantitative
description of the model [5]. The variation Als is found from the following equa-
tions describing Ps formation (rate viom) and subsequent Ps trapping (rate vr)
by the trapping centers (concentration N3z) in the free volume space:

dPF/dt = —(Af + Viorm) P, PH0)=1-Q,
dPPs/dt = (3/4)vrom Pt — (AP* +vr) PFe, PF*(0) =0, (1)
dPEs/dt = vrPPs — 43 PEs, PT5(0) = 0.

@ 1s the fraction of positrons which form Ps without y-irradiation; the rest of the
positrons (1 — @) escape from the spur and can try to form Ps on the trapped
electrons. We shall use Pf'" as the probability to find free et /\;' as the free et
annihilation rate, and AF® as the annihilation rate of free («pre-localized») Ps; we
suppose that /\;' =~ APs = X;. Finally, PP and PE® are the probabilities to find
free and trapped o-Ps, correspondingly. Obviously, o-Ps lifetime in the trapping
center is shortened compared to its intrinsic lifetime and equal to 73 = 1/3. The
intensity of this component is denoted as I3. The solution of Eqs. (1) gives an
increase in I3, Als, because of additional Ps formation on the trapped electrons

AI?’ = (3/4)(1 - Q)Vform(/\f + Viorm — VS)VT(Af + vT — 73)

=(3/4)(1 - Q)AB, (2)

where B =v1(Ar +vr —73)7, Vorm = 47TDEI— RN. = kirmNe and

VT = 47TDfPSR3N3. DII" and DfPs are diffusion coefficients of free et and Ps, cor-

respondingly; R is an effective radius for interaction of et and trapped electron,
and Rg describes an effective size of a trapping center.
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It becomes obvious that fitting of Eq. (2) to experimental points for PE is
possible only with kiorm(PE) = viorm/Ne = 1077 em®/s and v > A¢, ie. B =1
(Fig. 1). A description of the PMMA results for the highest No = 2x 107 em ™3 [5]
is possible by suggesting the two following alternatives:

(a) vt > Ar, B =1, and kiopm (PMMA) = (1/50)ktorm(PE) = 0.24x 1078 cm3/s.
The last ratio probably means that D (PMMA) = (1/50)D; (PE). The dif-
fusion coefficient for PE is known to be about 0.1 ¢cm?/s, however D} (PMMA)
is unknown.

(b) vr andAs are comparable. Fitting to the highest value of ATz gives the prob-
ability of Ps trapping B = 0.2, if the rate constant of Ps formation on the
trapped electrons in PE and PMMA are roughly the same: kgorm (PMMA) =
ktorm(PE) = 1077 em?/s.

A comparison of calculated dependences for the two cases mentioned above is
given in Fig. 2.

We have to conclude that for PMMA, just as for PE, the alternative (a)
gives a much better description of the whole set of points [5] than the alterna-
tive (b). And this is the first direct argument in favor of the point of view that
in such polymers as PE and PMMA all ortho-Ps atoms are probably trapped be-
fore annihilation (B = 1). It means that in such cases I3 is dependent mostly on
the probability of Ps formation in a substance @ but not on the number of the
trapping sites N, since the number of Ps traps is too high (vT > A¢). Further
experiments of this type could be useful. In the scope of the further study of the
mechanism of Ps formation on the trapped electrons we suggest a comparison of
the observed effect with results on TSL glow for the same samples at low tempera-
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Fig. 1. Additional intensity Als of the longest lifetime component in PE as a function
of the trapped electron density [5]. The dependence is described (solid line) by Eq. (2)
with kform(PE) = 1.2 x 107" cm”/s and B = 1. The dashed line here and in Fig. 2
represents the linear dependence for comparison.
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Fig. 2. Additional long-lived component intensity in PMMA as a function of the
trapped electron density [5]. Solid curves correspond to different sets of parameters in
Eq. (2): kform(PMMA) = kform(PE) = 1.2 x 10~ 7 cm?/s, B = 0.21 or kform(PMMA) =
(1/50)ktorm(PE) = 0.24 x 107° cm®/s, B = 1.
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Fig. 3. TSL glow curves for PE (A) and PMMA (B). All curves in this figure and in

Fig. 4 are represented in the same relative units.

ture (Figs. 3, 4). Though irradiation dozes normally used in TSL glow experiments
are slightly higher (5-10 kGy) than those in PAL study [5], it seems obvious that
the mechanisms of the two processes have much in common. Actually, the elec-
trons trapped at low temperature are responsible for the both effects. Both effects
can be essentially reduced by bleaching. It is obvious from Fig. 3 that TSL glow
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Fig. 4. TSL glow curves for original (curve 1) and annealed (curve 2) MMA-MAC

(70/30) copolymers.
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of PE is much more intensive than that of PMMA for y-irradiation with the same
dozes (just as the effect of Ps formation on the trapped electrons). A comparison
of TSL glow (Fig. 4) for the samples having the same chemical composition but
different thermal history (see Sec. 2) and Ps yield at given temperature and dozes
would be of special interest.
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