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B. Positrons

The positron was postulated by Dirac (1930) as the
“negative” energy extension of his theory of electron en-
ergy levels. Anderson’s discovery (1932a, 1932b, 1933)
followed soon afterwards, and the historic cloud-chamber
photograph of his 1933 paper is reproduced in Fig. 1.
The positron, which is the antiparticle of the electron,
has the same mass within current experimental limits
(511.0034:£0.0014 keV/c?; Cohen and Taylor, 1973) and
the same spin (1), but the opposite charge and magnetic
moment. It is stable in vacuum (v 23 10* yr; Bellotti
et al., 1983), although in metals it rapidly thermalizes,
and annihilates with an electron predominantly via 2-y-
ray decay ( ~511 keV) with a mean lifetime that is typi-
cally only a few hundred picoseconds (psec).

In some circumstances the positron can bind with an
electron to form a positronium atom (Ps) with a vacuum
binding energy of ~6.8 ¢V. The singlet 'S, state (para-
positronium, or p-Ps) has a vacuum lifetime of approxi-
mately 125 psec, and it decays predominantly into two y
rays of ~511-keV energy. Its total spin is § =0 (m, =0),
as opposed to that of the triplet 'S, state (ortho-
positronium, or o-Ps), which has a total spin S=1
(m,=0,%1). The lifetime of o-Ps, is about 142 nsec, and
in vacuum it decays into three or more ¥ rays. The con-
tinuous energy distribution arising from o-Ps decay was
predicted by Ore and Powell (1949) and was measured by
Chang and co-workers (1985; Fig. 2). The relative
amount of p-Ps:o-Ps formed in the absence of external
disturbances is 1:3; this ratio can be derived on kinemati-
cal grounds. Reviews of fundamental properties of posi-
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FIG. 2. The energy distribution of the 3y decay of 0-Ps. The
points are the experimental results of Chang er al. (1985) and
the QED models of Ore and Powell (1949) and of Adkins (1983).
The 2y decay of cither p-Ps or positrons in delocalized or
trapped states would produce a narrow peak (a few keV
FWHM) at 511 keV. The experimental points in the figure were

btained by a coincid with a high-resolution
intrinsic Ge spectrometer.

trons and/or Ps are given by Berko and Pendleton (1980)
and Rich (1981).

1. Studies of solids

‘When a positron from some radioactive source enters a
solid, it rapidly loses its kinetic energy ( ~ 10 psec) until it
is near thermal energy, scattering between Bloch states to
diffuse through the solid. We shall discuss this process in
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