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ABSTRACT

A model calculation based on the static dielectric screening theory

has been performed to estimate the probable number of positron-trapping

levels in metal mono-vacancies and It is shown that there cannot be more

than one.
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The study of positron trapping in solids has yielded many important
l) 2)

information on their electronic properties, particularly of defects ' .

The very fact that a positron is attracted by the crystal defects and is

bound with it invokes the interest of examining the probable number of

such trapping states associated with a particular defect. Such an analysis

has teen performed in this letter for mono-vacancies in various metals.

Representing a mono-vacancy as an ion-missing site in a uerfect

crystal, we can simulate the corresponding potential by superposing the

potential contributions from neighbouring ions. For the sake of simplicity

and due to the fact that the lattice relaxation surrounding a vacancy is

small for metals , we can neglect it. It can be seen later that this

has only very little effect on the results of this calculation. The

problem under consideration is qualitative in nature and hence one can

represent a lattice ion surrounding the vacancy as a screened Coulomb

potential. Hence, if a positron is trapped in the vacancy, it vould 'see'

a repulsive potential at a radial distance, say r, from an i-th ion as

v_. ( r J = 7 e e (1)

where z is the valence of the ion, e is the electronic charge magnitude,

and k ̂  Is the Thomas-Fermi wave number given by

kn = (6;rna
2/ET,)

l/e (2)

n being the electron density and E_, the Fermi energy.

We now can conveniently write the potential due to thet i-th ion,

at a distance r' (say) from the centre of the vacancy (i.e. positron)
k)

using Lowdin's expansion theorem as
a.+ r'

v.(r' ) =
2a. r1

rvi(r)dr

2 e

(3)
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;•.. "being the distance of separation between the vacancy centre and the i-th

ion. Wow, the total vacancy potential can be obtained by adding up al l trie

contributions coining from the nearest neighbours. If wo consider n npares

neighbours, then the vacancy potential becomes

- k r a .

"•J

where p. refers to the number of ions uL the :-+.'•! nearest neighbour shell

with the distance a. from the vacancy. I t is worth to point out here that

liq.(U) has the effect of nearest neighbours only through a constant term

within the curly brackets. Taking

we have

2
A = zc

1=1

VT(r) = A 1 + (V)

(5)

(6)

Eq.(6) evidently represents the potential of a spherically symmetric

anharmonic oscillator. Neglecting the terms vith powers >y 6 of r

Eq.(6), and treating the r term as perturbation J we can immediate!;

write down the energy eigenvalues of the particle in the vacancy, up to

the first order, as

= (n + 7̂ 1 tn + Hn + 1} n = 0,1,... (7)

where the superscript v is to represent vacancy,

m is the positron-mass.

ami

A proper understanding of the positron-trapping into a vacancy,

however, requires these levels to oe compared with those of the Bloch

states of the periodic bulk. To do this, in principle, one requires the

positron-band structure of the material. However, the r-point energy of

the Brillouin zone is of particular interest in the present case and this

-3-

i s nothing bub the lowest energy the positron would possess in any of the

defect-free unit c e l l s . By exploiting the fact tha t the interatomic

periodic potent ia l u(y) has also the form o? Fq. (6) with the only

difference in the nearest neighbour numbers (P.) and distances (A.) ,

then, t h i s lowest, Eloch s t a t e energy could be approximated using the

uncertainty pr inc ip le . The r e su l t is

a/? (8)

where the subscript b refers to the bulk ana B is identical to A,

differing only in the numbers and distances of the nearest neighbours

(here Lhece are with respect to the geometric centre of the interatomic

region of a particular unit cell). In doing this, the terms beyond

quadratic in the potential are omitted due to smallnesa (cf. Eq,(6)).

Table 1 compares e with the first two energy levels e and

E O of the vacancy for various metals. It is striking to note that in all
v n

the cases t lies in between z and zo. Evidently this means that

the positron would not possess t in the vacancy, and instead, get,

into the band structure of the bulk, if excited. It leads

to the conclusion that there exists only one prouablo trapping state per

mono-vacancy for the positron in metals. The positron binding energies

are also compared in Table 1 vith the earlier available data ,

for the sake of quantitative assessment of the present results. Despite

the limitations and the approximations, the comparison is evidently

satisfactory. Suppose we include the lattice relaxation around the

vacancy, whose effect is primarily to alter the vacancy radius E by a

small amount flR, which enters the calculation through A (Eq.[5)).

This 1 eads to changes in energy values up to the leading order i> AR/R as

a consequence of -which the energy separation changes negligibly. Thus the

qualitative features remain unaffected by the approximations we have made.

However, a numerical calculation self-consistently estimating the dynamical

dielectric constant would improve the results quantitatively.

- i t -



ACKN0WLLDGEM7r:iTE

The authors express their sincere thanks to Professor V, Devaimthan,

University of Madras, India, for his encouragement. One of the authors

(fi.S.) acknowledges the C.S.I.R, India, for the award of a fellowship.

He would also like to thank Professor AMue Salam, the International Atomic-

Energy Agency and UNESCO for hospitality at the International Centre for

Theoretical Physics, Trieste.

REFERENCES

1) R.W. Siegel, M.J. Fluss and L.C. Smedskjaer, Mater. Lett. 3_,

!+5T (1985)-

2) Y.J. He, M. Hasegawa, B. Lee, S. Berko, David Adler and Ai-Lien Jung,

Phys. Rev. B33_, 592h (1986).

1) M.J. Puska and R.M. Nieminen, J. Phys. F13, 333 (1983).

1+) P.O. Lowdin, in "quantum theory of cohesive properties of Solids",

Adv. Phys. jj, 1 (1956).

5} For e.R. P.M. Mathews and K. Venkatesan, in A Textbook of Quantum

Mechanics, (Tata-McGraw-Hill, New Delhi, 1977) P-151*.

6) B.3. Chakraborty and R.W. Siegel, Phys. Rev. B2J, 1+535 (1983).

T) K. lyakutti, J.L. Calais and A.H. Tang Kai, J. Phys. F13, 1 (1983).

8) P. Hautojarvi (ed.), "Topics in current physics: Positrons in

Hoi ids", Vol.12 (19T9).

-6-



#• it

TABU'] 1

The "bulk r-point energy or the positron, the flr^t tvo vacancy
v v

levels e, and E , and the positron binding enorgies (E 1 with the
vacancy of various ir.etalB.

S.H°
! Lattice : ;:,_ IE

Ketal Va]enoc Structure constant' ° i

I

e -vacancy
binding energy (cV)

Present Others

2

3

1+

6

8

Cu

Cr

Na

^ r

Ba

Fe

Ui

Al

1

1

1

2

2

2

•O

3

fee

bcc

bcc

fee

t e e

tjee

f ee

f e e

3.61 O.!i5 0.3l 0.66 ' 1J13 ! 1.1'

2.88 0A9 0.31* 0.65 ' 2.12 ! 2.6U

: 4.29 0.21 0.13 0.29 l . l ' i

6.08 0.17 0.11 0.27 0.8? '

5.OP .0.19 O.iO 0.25 l . ? 8

2.6Y O.67 oJtO C.79 3-59 3.0""'

3.52 0.6? 0.1(3 0.81+ ; 2.51 2 .6 a

It. 05 0.51 0.33 0.68 2.1;t( : 2.f

fee I4.95 0.33 0.20 0.1+7 1.8l

2.010.

from Kef. 3

from ReT. fi expcrimeiita.1 value from Rcf. 8
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