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The positron lifetimes in annealed metals reported recently by MacKenzie, Jackman,
and Thrane range from 0.1 to 0.4 nsec and exhibit systematic trends with the atomic num-
ber. These observations are shown to be related predominantly to the dynamic screen-
ing of the positron charge by the metal electron gas.

Based on a new series of remarkable eentroid-
shift measurements of the positron annihilation-
time spectra in annealed metals, MacKenzie,
Jackman, and Thrane' reported mean lifetmes
that range from 106 psec in Fe to 415 psec in
Cs. The data reproduced in the upper graph of
Fig. 1 exhibit a systematic dependence on the
atomic number of the metal. The trends could
be indicative of the overlap of the positron wave
function with the core electrons although, as the
authors' point out, the constant lifetime in the
rare earths suggests that the positron is, in fact,
insensitive to the filling of the inrier shell.

The theory of positron annihilation in metals
asserts that the lifetime is determined predomi-
nantly by the density the electron gas acquires at
the site of the positron between the ion cores in
screening the positron charge, and only to a mi-
nor extent by the overlap with the ion cores. We

wish to demonstrate that the data reported by
MaeKenzie, Jackman, and Thrane agree with
this interpretation. Lifetimes can become as low
as 90 psec in some fully annealed metals, be-
cause the electron density available for annihila-
tion at the site of the positron through positron-
electron correlation is dictated by the effective
number of electrons per atom that participate in
the dominant plasmon mode through the dynamic
interaction of the valence electron gas with the
ion cores. The parabolic part of the angular cor-
relation between the two annihilation-gamma
quanta, of course, is linked to the valency of the
metal.

The col1+ctive effects on positron lifetimes can
be large. For example, in the noble metals some
eight electrons per atom participate to give a
plasmon resonance energy ha~ = 25 eV from
which one predicts a positron lifetime of 90 psee,
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FIG. 1. Mean positron lifetimes in metals as a func-
tion of their atomic number. Upper graph; experi-
mental values given by MacKenzie, Jackman, and
Thrane (Ref. 1). Lower graph: values calculated ac-
cording to Eqs. (1) and (2) from metal-plasmon ex-
citation frequencies, The dashed curves are drawn
to guide the eye.

as l.isted in a compil. ation of available data. '
The results given in the lower portion of Fig. 1

clearly duplicate the striking features of the ex-
perimental data. Additional details not displayed
by the positron lifetimes, particularly in transi-
tion metals, may fall within the uncertainities
of the proper choice of +~ which enters Eq. (1)
as m~'. Such materials usually have no unique
resonance frequency of magnitude close to that
expected for the valence-electron-gas plasma.
Rather, the valence-electron plasma interacts
strongly with single -particle core transitions,
resulting in a band of collective frequencies high-
er than the plasma frequency of the valence-elec-
tron gas. Small differences remain also for met-
als with weak coupling between the conduction
electrons and the ion cores, such as the alkali
metals. Inasmuch as the positron wave function
overlaps with the ion cores, Eq. (1) gives an

upper bound for the lifetime.
In summary, the dependence of positron life-

times in metals on atomic number is linked Pri
ma facie to the virtual excitation of coupled va-
lence-electron-plasma and single -particle modes
in the collective response of the metal electrons
to screen the positron charge.

whereas for a valency 1 the lifetime shouM be
300 psec. The practical import for the selection
of envelope materials in the preparation of posi-
tron sources for precision lifetime measure-
ments is evident.

Mean lifetimes, T, were calculated by approxi-
mating the effect of positron-electron correlation
with the density enhancement factor' h(r, ) = 1
+Jr,'+10), which represents very closely the
most recent many-body calculations" in the x,
range of interest. The symbol r, denotes the
Wigner-Seitz radius per electron, in units of ao
= 5 /me, in the responding electron gas of den-
sity p such that +pr,'ao' p = 1. Then

~=~r'j1+-'{~' 10+)] '

= [2+134pa,'] ' nsec,

where ~~, ' nsec is the Sommerfeld approxima-
tion. We insert the effective values of p, or &„
determined from experimental plasma frequen-
cies, ' '

&u~
= (4me'p/m) '~', by the relations

h&u~ = {96.4 eV)(pao')'~

= (47.1 eV)r, '~' (2
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