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A Positron Trapping Model in High 7
Superconducting Materials
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Abstract According to simple physical picture and competition mechanism of positron trap—
ping in defects, a trap—annihilation model have been given. Furthermore, the characteristics of
positron trapping in high 7¢ superconducting materials are discussed by this model- It may be
used for discussing non—equilibrium defects in materials-
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In many defected systems, the lifetime for multi-com ponent spectra can be treated ac—
cording to the trapping model reported by West et al"?!". However, the analysis of experi—
mental data is sometimes difficult due to the effect of time resolution of spectrometers. All
positrons are trapped, and annihilated in the saturated traps, i.e high concentration
traps. In this case, the trapping model is not applicable. In this paper, a simple physical
picture, a definition of positron trap and some basic assumptions are introduced; a trap—
annihilation modelis proposed based on the competition mechanism. The characteristics of
positron trapping in high 7. superconducting samples, taken as a good example, are also

discussed according to our model.

1 Theoretical Model

1. 1 Definition and classification

Positron traps denote the non—perfect regions of the crystals, such as vacancies, dislo—
cations, grain boundaries, interfaces and surfaces. There are no atoms or more loose
atomic arrangements on those regions, therefore, the positrons can be attracted to traps in
a negative electrostatic potential.

Based on their positron potentials, positron traps can be classified into two cate-
gories shallow traps and deep traps. The positrons in the shallow traps have the possibili—
ty to escape from the traps. The deep traps, on the other hand, do not release positrons.
Fig. I shows the physical picture of positron traps. E- and Ed represent the positron poten—

tial for a shallow trap and a deep trap, respectively.
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In addition, positron traps can also be
classified as saturated traps and nonsaturated

traps according to their concentration. The

former is for high concentration traps which shallow trap
may trap and annihilate all positrons and for deep trap
which the positron annihilation parameter Fig. 1 Physical picture of positron traps
does not change as its concentration increases
further. The latter is for low concentration that partly annihilates the positrons.
1. 2 The distribution of positron in traps

The characteristic parameter of annihilation, F is a linear function of the positron state

F=2, FN/ DS N=2J PiF (1)
J J J
Where, F;, N; and P; are the positron annihilation parameter, the number of positron and
the probability of positron trapping in trap j, respectively.
In order to deal with the problem of positron trapping, a critical total concentration Co
is introduced, which is defined as follows

=G  C=>, Co (2)

Where, C is total effective concentration for all traps; G and Go are the real concentration
for trap i and its critical concentration respectively.

According to the definition of positron traps, if G <Go then trapi is a nonsaturated
trap; conversely, if G= Cio then trap i is a saturated trap. However, the lifetime spectra
can be analyzed by the trapping model reported by West et al'""* only in the case of nonsat—
urated traps. Thus we suggest that the probability of positron annihilation in saturated
traps may be written as Maxw ell-Boltzmann (M-B) distribution for which we get

= Adiexp(- Ei kT) P /Pi= Nj INi= Aijexp(- Eij IkT) (3)
Where, A= A;j /4i is a proportional coefficient, Ey= E;— Ei, Ei and E; are the positron

potentials in trap 7 and trap j, respectively.

2 Positron Trapping in High T. Superconductor

2 1 Positron traps in high 7 superconducting samples

Compared to that of simple metals, the crystal structure of high Te superconducting
samples is complicated and anisotropic, and they contain more defects than simple metals,
forinstance, the oxygen vacancy, Cu(1)-O chain, the Cu(2)-O plane. The boundaries of
superconducting phase are also involved in defects which have direct effects on supercon—
ductivity.

The high Te superconducting sample contains many traps of positron. In order to easi—
ly analyze the lifetime spectra measured. a “ quasitrap concept is introduced and defined
as follows

Eo=>. E IN= Z Ey /N+2 Eu IN (4

i

FO_Z F,PI_E F/ (1+Z P. IP}) (5)

Where, Eiis the positron potential of trap i, Eo, Fo are the positron potential and character—
istic parameter of “ quasi—trap” , respectively. Es and E#« are the positron potentials for

shallow, trapj and deep.trapk, and the cther symbols have the same meaning as in formu-—
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la (1). Analysis of formulas (4) and (5) shows that the“ quasi-rap’ concept may solve
the annhilation characteristics for many traps in high 7. superconducting samples. It
means that a“ quasi4rap’ is analyzed, the other traps are regarded as background. Taking
the positron potential of the “ quasi—trap” as a standard, the traps can be classified into
shallow traps (Ei < Fo) and deep traps (Ei> Eo).
2 2 Variation of positron annihilation parameter with the positron potential

When a high T¢ superconducting system with many defects transiting from one state
to another state, some shallow traps and deep traps are produced or eliminated. Taking
the positron potential of the“ quasi—trap” as a standard, the positron annihilation parame-
ter increases when a deep trap is produced; conversely, it decreases when a shallow trap is
produced. Similarly, the positron annihilation parameter decreases when a deep trapis e—
liminated; conversely, it increases when a shallow trap is eliminated. High 7. supercon—
ducting samples contain many kinds of defects, i. e. many shallow traps and deep traps,
thus variation of positron annihilation parameter with trap parameters (such as trap con—
centration, trap potential) may be discussed as follows.

(1) For the saturated traps. the probability of positron annihilation may be written as
M-B distributions. Replacing Fi=  in formula (5), then. for M-B distribution, we get

b=>0 6] W23 exp (Ei IkT) /4] (6)

Where I is a lifetime of“ quasi4trap’ , which represents a mean lifetime in many saturated
traps. f is the lifetime of trapi. According to the results of formula (6), the mean lifetime
depends on the positron potential of trap i and its lifetime, independent of its real concen—
tration.

(2) For the nonsaturated traps, positron annihilation obeys the trapping model re-

ported by West et al'', we may getm

£20 (k20 K ) Aw 2 Ky) (7)

Where, Aj is the annihilation rate of positronin trap j; Ki is the time-independent transi—
tion rate; Tis the mean lifetime of positron in nonsaturated traps.

(3) In other case, positrons annihilate both in nonsaturated traps and in saturated
traps. If they are independent of each other, then the mean lifetime of positron may be
written as follows

= Pl P b (8)
Where P., P, are the probability of positron annihilation in nonsaturated and saturated
traps T, foare the® mean’ lifetimes of positronin nonsaturated and saturated traps respec—
tively.

In fact, based on the competition mechanism of positron trapping in traps, replacing
X = 1/lin formula (6), then for M=B distribution, we get

N o= 1h=20 [ w20 exp (B kT) 14) /1 (9)

Thus, the real meanlifetime of positrop may be wxjtten as
£ WD) K /kx*;j meK,’; (10)
i J J
Where, A" is the annihilation rate of positron in saturated traps; K;, X; are the transition

rate and, annihilation rate in.nonsaturated. trap j respectively. The mean lifetime of
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positron can be given by the analyses of
formulas (9) and (10); the results in high Te

superconducting samples are shown in deep trap

. L
Fig.2 Curves di and curves s are the

changes of positron annihilation parameter shallow trap
3

(1) dueto theintroduction of deep trapd and

shallow trap s, respectively. Generally,

£ ¥, where f and & are the shortest (about Ca c

100 ps) and the longest (about 500 ps) life-

times of all traps in high T¢ superconducting Fig. 2 Mean positron lifetime as a function
sample. The mean lifetime measured has of trap concentration in high 7. su-

somew hat dispersion from b due to a limit of perconducting samples

the competition mechanism. Similiar results
can be given if the probablity of positron annihilation in saturated trapsis written as Fer—
mi—Diric ( F-D) distribution.
2 3 Experimental test

The defects of high T: superconducting samples were investigated by many au-
thors' ™

tal results around Te mainly come from the sintered sample, the temperature, the treat—

using PAT. Manuel et al’! suggested that the large dispersion of the experimen-—

ment, the homogeneity and the presence of eventual second phase. According to the trap—
annihilation model, the number, the kind and the distribution of defects in high Te super—
conducting samples are somewhat different. It implies that a lot of traps exist in the sam—
ples.

The positron annihilation parameter as a function of temperature has been widely in-
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vestigated” ~. For instance, an increase and a decrease of lineshape S-parameter around

Tein YBa2 Cu3sO7-W were reported by Ishibashi et al™'; and the anomalies of lifetime were

reported by Teng et al”’

as well. According to analysis of Fig. 2, the introduction of a
deeper trap results in an increase of the positron annihilation parameter, and the introduc—
tion of a more shallow trap results in a decrease of the positron annihilation parameter.

The kind, depth and concentration of many traps will produce a sudden change as soon as
the superconducting transition takes place in the samples. Therefore, b, fi, &, and their
relative intensities /1, I2 from each group are different. In fact, these values do not repre—
sent the characteristic parameter of a trap, but the“ mean lifetimé for some traps. Thus,

. s
different data were M:portedI g

3  Conclusion

(1) A trap-annihilation model is proposed based on the competition mechanism for
positron trapping in defects.

(2) The characteristics of positron annihilationin traps for high 7. superconductor are
discussed by this model. The large dispersion of the experimental data around T can be
ex plained.

(3) The model may be used to study non-equilibrium defects in oth er materials.
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