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. ABSTRACT

The current renaissance of investigations of positron
annihilation in solids has its origins in che observation
that positrons interact strongly with certain crystal-
lattice defects. Three properties of the annihilation
process are being measured to gain information about the
defects or about the local environment of che positron at
the instant of its annihilation: positron lifetime, angu-
lar correlation of the two annihilation quanta, and Doppler
broadening of the 511-keV annihilation line. Until the
physics of positron behavior in solids is fully understood,
the phenomenon will continue to be useful in a manner anal-
ogous to electrical resistivir, recovery for identifying
the recovery stages in irradiated metals. Ultimately, it
is destined to provide detailed quantitative information
such as the formation volume of vacancies, vacancy-impurity
binding energies and electron momentum distributions and
densities at defect sites.
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About ten years ago evidence began to accumulate suggesting that

positrons can become trapped at imperfections in solids. This conci-

sion was based upon observations that the characteristics of the anni-

hilation process could be influenced by changes in the concentration

of defects in the solid in which the annihilations occurred. For

example, the shape of the two-photon angular-correlation curve changed

as a function of sample deformation or temperature * as did the mean

lifetime of the positrons. Similarly, a parameter describing the

lineshape of the Doppler-broadened annihilation photopeak at 511 keV
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also exhibited this property. To explain these results, several

trgroups ' proposed a phenomenological trapping model which actually

had been introduced earlier, by Brandt.'

The central assumption of the simple trapping model is that posi-

trons annihilate in a solid from a free or a trapped state. Escape

from traps is neglected, and the rate of trapping K is assumed to be

proportional to the concentration of traps, c. Thus,

ic - Me , : (1)

where u i s a parameter characterizing a specific trap type in a given
solid.

The total fraction of annihilations from each state j wil l be:

F - / \ p (t)dt , (2)
J o J J

where X is the annihilation rate from state j, and p.(t) is the prob-

ability that the positron is in state j at time t. A consequence of

two-state trapping model is that

Xf ucF. • T-— and F » T — , (3)f X, + uc t X- + uc * '

where the subscripts f and t refer to the free and trapped states,

respectively.

As pointed out by West, for example, if any characteristic of the

annihilation process R is a linear function of the positron state

such that

£ - ER.F./ZF. , (4)
j J J 3

then measurement of R can provide information about state populations

and the trap concentration. From Eq. (3) it follows that

- Vf + Vt



Since Ff + F » 1, It can be readily shown that,

(6)

In practice, R has been takes to be the positron lifetime, or a

shape parameter derived from a cwo-photoa angular-correlation curve or

from a Ooppler-broadened annihilation line spectrum. The fundamental

assumptions in this simple model are that it is experimentally possible

to determine R. and R individually, and that only one defect species •

at a tine acts as an effective trap duritJg various portions of an

experiment. Evidently, by analogy to electrical-resistivity measure-

ments la radiation-damaged metals, positron experiments can be useful

in studies of defect behavior even when the precise nature of the imper-

fections is not specifically known. However, were it not for the
9-21

additional theoretical and experimental effort of recent years, interest

In the positron annihilation technique as a tool for studying defects

might sot have continued to grsv so rapidly. Studies of positrons in

perfect metals as well as in metals containing either equilibrium or

nonequilibrium concentrations of defects are required in order to

develop positron annihilation as a new technique for defect research.

Fortunately, one consequence of Che experimental results has been

to stimulate much-needed theoretical interest in developing a quantita-

tive description of positron behavior in metals. For example, in

recent years critical re-examinations of positron slowing down and sub-

sequent motion before annihilation have been made oy several investi-
9 10

gators, ' rate equations governing the trapping model have been re-

derived in a more fundamental fashion, annihilation rates have been
12-15

recalculated on the basis of several nev theoretical approaches,
17—18

positron-vacancy binding energies have been calculated, and the

temperature dependence of the trapping probability has been investi-
19-21

gated. Many of these studies represent contributions to the

general physics of positrons in solids irrespective of their relationship



to positron-defect interactions. Consequently, they also have had an

impact upon other positron experiments such as Fermi-surface studies,

and Investigations of positron thermalization in metals.

The experiments themselves have become more sophisticated, too.

New detectors, faster electronics and inexpensive computers have made

it possible to measure accurately the very short lifetimes character-

istic of positrons in metals. High-efficiency, high-resolutiou Ge(Li)

detectors permit rapid data collection in Doppler-broadening measure-

ments. The small computer has become an integral part of most positron

experiments where it performs many functions from data storage to elec-

tronic stabilization and preliminary data reduction.

POSITRON SOURCES

Out of the many beta emitters, only a handful are suitable as

positron sources. Each satisfies some of the following criteria:

reasonably long half-life, minimal ganma-ray background, ease of prep-

aration, ability to withstand adverse environmental conditions, and

moderate cost for a supply in the fcrm of carrier-free radionuclide of

adequate strength for experiments. In Table 1 are listed some useful

or potentially useful sources. Others can be produced in targets bom-

barded by various particles from accelerators. However, except in

special cases, the utility of such sources has been limited by other

problems such as the high background from competing reactions or from

nuclear decay.

The positron ranges corresponding to the endpoint energies can be

as much as 20% greater than those for electrons of the same energies.

However, a beta emitter produces a continuous energy spactrum, and the

mean range of the positrons from a given source is much shorter than

Che maximum. The flux at some depth x is given by

I - I Q exp(-ax) (7)



Table 1. Possible Positron Sources

Source

*22Na

44Xl/44Sc

55Co

57Ki

*58Co

*64Cu

*68Ge/68Ga

90Nb

Halflife

2.58 y

48 y

18.2 b

36.0 h

71.3 d

12.9 h

275 d

14.7 h

Decay

39

80

60

50

15

19

88

54

Method of Preparation

~7Al(3He,2a)

45Sc(p,2n);45Sc(d,3a)

5i3Ni(p,a) ; 56Fe(p,2a)

56Fe(3He,2a)

58lli(n,p) ; 55Ma(a,a)

63Cu(n,Y)
66Zti(a,2n)

90Zr(?,a) ; 90Zr(d,2a)

End-point
Energy
(MeV)

0.54

1.47

1.50

0.85

0.48

0.65

1.90

1.50

* indicates commonly-used sources.

where the linear absorption coefficient, a, has been empirically deter-
22-23 -1

mined. Table 2 contains values of the depth a in Al, Cu or Au

ac which Che positron flux is e (37%) of its value, I , at the sur-

face for positrons fro- cue tour most commonly used sources. Also

shown in parentheses are the ranges of positrons possessing the

maximum energy.

Table 2, e-Folding Distance in Al, Cu and Au for

Positrons from Four Common Sources

Source

58Co

22Na

64Cu

68Ge/68Ga

90.4

(7.86

76.3

(9.23

118.

(1.18

543.

(4.25

Al

Urn

x 10"2cm) '

x 10~2on)

Urn

x 10"1cm)

lim

x lO^cm)

27.4

(2.71

23.1

(3.10

35.7

(4.05

165.

(1.42

Cu

Urn

x 10"2cm)

Urn

x 10"2cm)

Um

x 10~2ca)

um

x 10"1cm)

12.

(1.

10.

' (1.

16.

(2.

76.

(7.

Af.

,6 um
6 x 10"2cm)

7 Um

86 x 10~2cm)

4 um

35 x 10~2cm)

3 Um

68 x 10~2cm)
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It is evident from the values given in Table 2 that the majority of the

positrons penetrate to a depth which is considerably smaller than the

range of a positron with the maximum energy of the beta spectrum. Thus,

the results of experiments in which nonuniform defect densities exist

over depths comparable to a have to be examined for evidence of this

effect. For example, experiments involving quenching or irradiation

plus quenching in particular must be analyzed with care for near-

surface variations.
44 44

The source Ti/ Sc would appear to be .ideal because of its long

halflife, high-endpoint energy and large percentage of decays via posi-

tron emission. However, it is difficult and expensive to produce. At
44

Brookhaven an attempt is being made to generate Ti in a vanadium

target exposed to 200-MeV protons in the Brookhaven Linac Isotope

Producer (BLIP). It is anticipated that after several months of bom-

bardment the target will contain the positron emitter in uCi amounts

amenable to extraction in a form suitable for subsequent use as a posi-

tron source.

Positron experiments are usually performed with sources of uCi to

oCi stzezgth (1 uCi = 3.7 z 10 disintegrations/sec). The annihilation
9 -1

rate of positrons in aerals is of the order of 5 x 10 sec . A simple

calculation reveals that there is never mocn. than one positron at a

time in a sample. - Positron-positron interactions are absent, and

experiments consist of collecting riata for a long series of independent

events. In the later discussion cf positron trapping by defects a set

of rate equations will be introduced. In view of the foregoing, they

should be regarded as statistical equations describing the probability

that a positron is still present after spending a time, t, in a solid.

POSITRON SLOWING DOWN

Positrons enter a sample with relatively high velocities, and

rapidly slow down to near thermal velocities in a metal. All theoreti-
24

cal treatments arrive at the same conclusion that this slowing-down

time is short relative to positron lifetimes provided the sample



temperature is not too low. The positron loses anergy via ionizing

collisions, plasmon creation, a minor amount of bremsstrahlung emission,

electron-hole excitation and phonon creation. • Until rather recently,

the positron-phonon mechanism had been ignored by theorists. However,
10 9

Mikeska and Perkins and Carbotte independently investigated this

Interaction and found that at lov temperatures it can be the most

•important process by which positrons lose enargy. The latter authors

showed that in Na at 190 K,- for example, Che positron-phonon interaction

begins to dominate the approach of the posr.tron to thermal equilibrium

with the lattice, if the positron effective mass m • m, the bare mass.

The minimum temperature attained by ths positrons in Jfa before annihila-

tion in a sample ac absolute zero is about 20 K. Recently, Kubica and

Stewart using a high-resolution angular-correlation apparatus have

measured a thermalization temperature of 10 + 10°K in a Mg crystal held

at 4.2 K.

Upon entering the solid, the positron immediately becomes surround-

ed by its own polarization cloud which has the effect of screening it

froa the strong Coulomb interactions in the metal. The higher the elec- *

tron density, the more strongly screened is the positron. In the final

brief period before its annihilation, the positron slowly =1 grates

through the lattice. The details of this diffusion process have been
26—29

clarified in several recent theoretical publications, stimulated

largely by interest in positron-def ;ct interactions. The topic of

thermalized positron motion in solids will be deferred until we have

discussed the mechanism of defect trapping and the experimental evidence

which substantiates or has fostered current theories.

POSITRON TRAPPING BY DEJECTS

In order to understand why positrons are trapped' at certain types

of defects it is only necessary .-.o introduce a few basic ideas. First,

It has been shown that the probability per unit time for annihilation

into two photons whose total momentum lies between p and p + dp is

given by the expression,
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2-r

occ. 1 occ. i

(8)

In Eq. (8) the sura is to be taken over all occupied electron states, i.

t|> (r) is the electron wavefunction for state i, 'i>+(£) is the positron

wavefunction, r is the classical electron radius and c, the velocity

of light. The total annihilation rate X is then found by Integrating

Eq. (8) over all electron momenta, and applying Parseval's theorem to

obtain,

2
dr . (9)

occ. ±

I* the annihilation rates are calculated without inclusion of

posltr^a-electron correlations in an electron gas, the resulting values

are an order of magnitude less than r.he seasured ones. To account for

this discrepancy, an enhancement factor is Included in the expression

for the annihilation rate when an independeat-particle model is used.

This factor reflects the large increase in local electron density in

the vicinity of the positron. *

From Eq. (9) it is clear that the annihilation rate in a solid de-

pends upon the electron density ac the positron. Thus, if a positron

migrates to a site of low electron density relative to the average

value, the probability per unit time that it will annihilate is reduced,

la practice, this will manifest itself as an increase in the lifetime

of the positron. As a natter of fact, a solid can contain nany regions

of lower than average electron density, the most obvious type being a

vacant lattice site. However, und-ar appropriate conditions, cluscevs

of vacancies, vacancy-impurity complexes, voids and dislocations may

also be present.

The second point to be mide is that it has been shown theoretically

that vacancies are in fact favorable trapping sites. Hodges, '
31 18 32 33

Arponen et al., Hodges and Stott, Seeger, Bergersen and Taylor,
34and Brandt and Fahs have all investigated the trapping of positrons



at a vacancy. Hodges represented the vacancy by a potential veil

centered at r • 0 and a Wigner-Seitz sphere of radius R surrounding
a

It. This positron potential exhibits strong Coulomb repulsion near

Ion centers and screening of the Coulomb interaction in the Inter-

stitial and vacancy regions. Positron-electroa correlations were

neglected by Hodges although his effective potential vas calculated by

Creating the positron and its polarization cloud as a neutral pseudo-

atom interacting with the lattice atoms through a pairvise potential.

More recently, Brandt and Fahs have considered the problem using a

statistical ziodel of the electron distribution around a vacancy. The

positron vavefunction and the redistribution of the electrons around

a vacancy were initially calculated in a self-consistent manner. A nev

self-consistent potential for the system composed of a positron occupy-

ing a vacant site vas then determined, and used to deduce new electron

and positron distributions. 3randt and Fahs deduced values of the

positron-vacancy binding energy frora their theory for a nuober of

aetals. Their values are considerably larger than chose obtained by

Sgdges, ranging fron 4 to 8 eV. They point out chat this arises because

they tcok into consideration the electron redistribution around the

positron in the vacancy, a process negiec:2d by Hodges. In any

ease, it appears that positrons are trapped ac vacancies in aosc oeCaia

with binding energies sufficient to sake detrapping unlikely.
18Bodges and Stott extended chdir theory of the positron work

function to a discussion of positron behavior near voids or external

surfaces of aecals. Treating Che v.--id as an internal surface they con-

cluded that for large voids the positron states of lowest energy are

probably localized in a potential "trough" at the void-metal interface.

Unless the positron vork function, +> , is greater th.u: about 0.39 Ryd.,

these positron bound states, localized ac the surface, can exist. The

binding energy depends upon £ and ranges in value from about 0.03 Ryd.

for Li to ^ 0.25 Ryd. for Al. Within their approximate one-diaensional

model Hodges and Stott reached the conclusion that positronium (Ps)

formation in voids was less probable than the formation of bound sur-

face states. If Ps does form, there will be states which extend over
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the entire void volume.

He conclude that in a metal containing nonequllibrium concentra-

tions of defects several types of positron traps may be present. If

vacancies and voids can act as trapping centers, then vacancy complexes

can be expected co crap positrons, also. On the ocher hand, calcula-

tions by Stott and Kubica indicate chat single interstitial atoms of

the host metal or of ai impurity are repulsive centers for the positron.

.The simple trapping model can be extended co allow for Che simul-

taneous presence of several types of traps. Assuming that a positron.

la trap type j has an annihilation rate -., we write the rate equations

for p.(t), the probability chat a positron is free in the metal at time

t, and pi

the fora,

C, and p.(t), the corresponding probability for a trapped positron in

dpL(t)/dc - - ̂ P L(O -]j£<JC7>PL(t> . (10)

dp , ( t ) /dc - - » P . ( C J + K . ( T ) P . ( t ) . (11)

The trapping race for each type of trap is <.(T). Equations (1C) sad
32 J 3?

(U ) have been discussed by Seeger and Hall et_ _al,. They presup-

pose no escape from traps, and allov for the possibility that the

trapping rate is temperature dependant. Frank and Seeger have given

a more extensive theoretical treatment of the trapping model on the

basis of Waite's theory of diffusicn-linited reactions. Their equations

reduce to Eqs. (10) and (11) when escape from craps is neglecced.

All of Che cheories mentioned treat in a cursory way annihilations

with core electrons. They proceed from an electron gas model including

electron-posicron and electron-electron correlations as well as sophis-

ticated screening models. They strive to match measured annihilation

rates for Che alkali metals and art; generally in rather poor agreement,

although a recent approach for perfect metals by Lowy and Jackson

seems to yield'somewhat better results. Nevertheless, experimental
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results for metals in other columns of the periodic table suggest that

the fraction of annihilations with electrons in higher momentum states

Is appreciable. While these events may not be attributable solely to

core states, it is plausible to assume that a Large percentage of them

can be so identified. Collaborative experiments in progress at 3rook-

haven ' and Bell Labs. will shortly provide additional quantita-

tive information about core electron-positron annihilations, and the

positron vavefunction. The. method of separating experimental data into

core and valence electron contributions may then require revision. The

significance of this statement will become evident as the methods of

annihilation detection and data analysis ire considered in the next

section.

DETECTION AND ANALYSIS OF ANNIHILATION IN METALS

Those interested in the experimental details of annihilation detec-

tion and subsequent data analysis c«n refer to a large number of excel-

.lent suscaries; ' only the salient features and some critical comments

will be offered hare.

Statistics and the selection ruJe3 govtiniir.s positron annihilation

state that the most probable event is annihilation accompanied by tne

emission of two photons, the total energy of the photons equals the

rest mass of the two particles (2 me. ) minus the binding energy of the.

electron. Momentum must be conserved alro, and because the positron is

assumed to be thermalized, the final momentum is taken to be that of

the electron. Three-photon decay is less likely than two-photon decay

by the factor 1/372, while decay fr<3m a bound Ps state in bulk metals

has not been positively observed.

Three kinds of experiments have been devised to detect the two-

photon annihilation process: the lifetime spectrum is measured, the

angular correlation between the two nearly collinear gamma rays is

determined or the width of the Doppler-broadened annihilation photopeak

Is measured. The latter two properties can yield information about the



electron momentua distribution in a solid, whereas the lifetime is

related to the local electron density as pointed out earlier.

From the previous discussions of positron trapping at defects, it

Is evident that phenoaenological models using empirically-defined

parameters can be used to study defects systematically. The parameters

are different for each type of measurement.

Lifetime Method

The standard coincidence techniques are used to record a time spec-

trum which is the distribution of positron lifetimes in a sample. The

usual parameter is che mean lifetime t which can be extracted as the

eencroid of the time spectrum. Electronic techniques have been devised

for accurately detecting shifts in the centroid brought about by trap-

ping of positrons in vacancies, for eximple, where the electron density

la low. However, the cectroid-shlft measurement is a relative one, and

does not furnish values for the lifetimes of free and trapped positrons,

T. and T , respectively. These must be deduced from analysis of the

Spectrum, talcing care to accurately determine the time resolution of

the system. It is cot always obvious where trapping is involved that

saturation of the effect has occurred, cr that no trapping is taking

place. The mean lifetime is then the weighted average o£ the r.'C

extreme values. In any case, the lifetimes is metals can be within a

factor of two or so of the instrumental resolution, and a computer

analysis of the data is necessary even if only one lifetime is impor-

tant. Accurate lifetime values can only be deduced from accumulation

of many counts. With a standard fast-slow coincidence system this can

take several days during which drift, and stability of the electronics

must remain at a minimum. However, new developments in fast-fase coin-
42

cidence systems such as that reported by Hardy and Lynn can reduce

data-collection times to minutes without a sacrifice.of resolution.

Since lifetime measurements provide unique information regarding elec-

tron densities at defects it seems likely that they will be employed

Increasingly once these new techniques become generally known.



Angular-Correlation Method

"Measurements of the angular correlation betwean Che two annihila-

tion quanta can, in principle, be performed as accurately as desired by

Increasing the distance between the source and the detectors. However,

because the positrons are distributed nonuniformly throughout the

sample (which is in effect the source), great cire oust be taken to

calculate the optical resolution function of the Instrument. As applied

to radiation-induced defects there is an increasing tendency to use the

ratio of peak counting rate to tail counting rate as the parameter R,

defined in the Introduction. The basis for this is the assumption that

core annihilations are less probable at a vacant site, and consequently

valence electron annihilations are more probable. Thus, the angular

distribution becomes narrower as trapping increases, and this is reflec-

ted in an increase in the peak counting rate at the expense of the

counting rate in the tails of the distribution. Good statistics

can be achieved by counting at only a few angular positions along the

distribution.

Arbitrary decsrposition of the angular distribution into "valence"

and "core" components is often c a m e l cvit. However, this procedure is

not on completely solid ground. Sigh momentum state valence alectrons

can be included as, core states, for example. Moreover, surprisingly

large core state fractions seen to ba required to explain some experi-
43

mental results. That core states are involved is evident from several
44

kinds of experiments and calculations. Kubica, fvr example, has shown

that the effects of lattice expansion on annihilation rates at low tem-

peratures can be explained in terms of increased overlap of the positron

wavefunction with core states.

While annihilation rates are increased by the enhanced local elec-

tron density, it has been shown that the positron is only weakly

coupled to its surroundings by virtue of the screening that arises from

this enhancement. Therefore, it dous not perturb the electron momentum

distribution characteristic of the solid. However, if the screening

changes, as it will at a defect, the momentum distribution may be
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influenced more strongly-by the positron. These matters must be clari-

fied through careful experiments on equilibrium concentrations of

defects.

Soppier-Broadening Method

Owing to the poor energy resolution of scincillator-photomulti-

plier combinations, Doppler-broadening measurements were for a long

time considered too insensitive to be gainfully employed in annihila-

tion studies. The advent of the high efficiency, high resolution
45

Ge(Li, has altered this picture. Measurements of the annihilation

photopvjak require only one detector. Hence the counting rate can be

high, and experiments performed relatively rapidly with good statistics.

MacKenzie and his colleagues have-led the way in demonstrating that

changes in the lineshape of the photopeak. correspond to variations in

the defect structure of metals. Using tne ratio of counts in channels

around the peak to total counts in two .symmetrically-placed groups in

the wings as a lineshape parameter, they have investigated equilibrium

and nonequilibrium defect concentrations in numerous metals. In fact,

more studies of defects in irradiated mecals have been performed by

this means than any other.

Doppler-broadening measurements are still not regarded seriously

as a technique for determining electron momentum distributions. Never-

theless, it should be remarked that a broadening of 1.6 keV is associ-

ated with an electron of only 10 eV corresponding to an angle of 6.25

mead in an angular-correlation experiment. As a good Ge(Li) detector

will have a resolution of ^ 1.2 - 1.3 keV at 514 keV, structure in

the high-momentum components of the angular distribution can be

detected. Recent modifications in zhe Doppler-broadening method have

further enhanced the capabilities of this technique.

.•/«•
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TEMPEBATUSE DEPENDENCE OF TKAPPING RATES

Investigations of annihilations at defects as a function of tem-

perature have stimulated interest in the dynamics of positron motion

after thermalization. Specifically, the temperature dependence of the

specific trapping rate, u (see Eq. (1)), has been in question. Several

theoxi.es ' * ' and a few experimental results have been pub-

lished. The conclusions are no: in accord. It may be that in the case

of the experiments, conditions vere sufficiently different that agree-

ment should not have been expected. The most cot, rebensive theoretical
2b

development is that recently published by Brandt. He divides the

problem into two regimes, one in which u is diffusion-limited and the

positron behaves in a particle-like manner, and a second in which the

positrons propagate as extended w.ave packets and trapping is limited

by the transition rate into the localized bound state of a defect.

Defining an apparent diffusion constant for a positron, Brandt has

been able to represent u for a vacancy to a first approximation by the

9<pf£33Ion,

* d

u a . Ci2)
1 + Bcgc(300 K/T+r

Here r, is the radius of the square-veil potential of the defect. The

parameter <*> has the dimensions of a diffusion constant and is character-

..iatic of the transition rate of theraalized positrons into vacancies.
4 3

B equals 1.6 x 10 na with n, the atomic density and a , the Bohr
radius. The concentration of scattering centers is c and the thermal-

sc

ized positron temperature is T . The exponent, b, takes on values such

that 1/2 <_ b _< 3/2 depending upon the imperfection. Equation (12)

Indicates the existence of temperatura regimes and defect concentrations

over which a temperature dependence T might be observed.

A recent addition to this subject has been proposed by Seeger.

Be has adapted the concept of "self-trapping" of positive particles to

positrons in metals. Self-trapping occurs when a positive particle



creates its owu distorted region by virtue of repulsive interactions

with its surroundings. The resulting trapped state may be meCastable

relative to the ground state, and the phenomenon will be temperature

dependent. Seeger has suggested that recent observations by
49

Lichtenberger e_t al_. of an anomalous temperature dependence of the

annihilation lineshape at intermediate temperatures (200-400 K) in Cd

can be explained by self-trapping. Additional experimental evidence

Is required in this area of the field, and other subleties such as the

temperature dependence of the vacancy formation energy must be taken

Into consideration in the analysis of data.

CONCLUDING REMARKS

It seems clear now that after a somewhat prolonged nucleation

period, the growth of positron physics as applied to radiation-

effects research has begun in earnest. Major new efforts are starting

throughout the world, and several reports from established research

groups are evident in these proceedings. Therefore, tne purpose of

»Ms brief review has been to introduce the basic theoretical and

experimental concepts currently in use by those in the field. Hope-

fully, this will have the beneficial effect of making the subsequent

shorter and more specific positron papers understandable to the

uninitiated.
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