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with an exponential decay of correlation between
the electron and the phonons. In the strong-coup-
ling regime the polaron is superlocalized and the
extension of the polaron is over one site only. It
is this transition that we are observing in our
Monte Carlo experiment. Of course finite tern-
peratures will smear out the effects discussed so
far because all states become thermally available.
Indeed, simulations at more elevated tempera-
tures reveal that the critical fluctuations decrease
with increasing temperature. In the preceding
discussion we have implicitly assumed that we
were dealing with the one-dimensional case. In
two and three dimensions we find the same
features as for the one-dimensional polaron. The
critical value &, grows with the dimension (see
also Fig. 3). In the vicinity of A., the magnitude
of && increases with increasing dimension.
A larger ~ results in a smaller kinetic energy
and the absolute value of the slope at +, increases
with the dimension. Our observations are in qual-
itative agreement with the general principle that
the critical region becomes smaller as the dimen-
sionality of the system increases. In the strong-
coupling limit the small polaron behaves effective-
ly as a zero-dimensional system and the behavior
of the system is insensitive to the lattice dimen-
sionality.
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Construction of the Fermi Surface from Positron-Annihilation Measurements
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It is shown how the Fermi surface of metals and intermetallic compounds can be ob-
tained from the two-dimensional angular correlation of positron-annihilation radiation.
Results are given for both vanadium and V3Si. The Fermi surfaces are compared with
the results of band-structure calculations.

PACS numbers: 71.25.Hc, 78.70.Bj

Positron annihilation is a method widely used to
study electron momentum distributions in solids. '
Recent progress in two-dimensional position-
sensitive y-ray detectors has brought great im-
provement in two-dimensional angular correla-
tion of positron-annihilation-radiation (2D ACPAR)
measurements. ' ' With the new machines, the

measured distribution is given by

&(P. ,P, ) = 5 „p"(p)dP. , (&)

where p'~(p) is the momentum distribution of the
annihilated electron-positron pairs. These dis-
tributions contain information primarily on the
electron and positron wave functions and electron-
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This paper reports the first absolute measurement of the density dependence of the en-
hancement factor geh(0) for the electron-hole liquid in Ge. This factor @eh(0) is a meas-
ure of the electron-hole spatial correlation function, and provides a valuable and sensi-
tive test for the predictions of various many-body approximations. A strain-confined
system of electron-hole liquid and free excitons is used. The data reported here agree
quantitatively with the results of two different many-body —theory approximations.

PA CS numbe rs: 71.35.+ z, 71.45.Gm

A uniquely useful physical system for testing
the results of many-body-theory approximation
schemes is the electron-hole lic[uid (EHL). The
EHL is a two-component (electrons and holes)
Fermi liquid existing in optically excited semi-
conductor s at liquid-helium temperatures. Ot;her
Fermi liquids such as neutron stars, nuclear
matter, and electrons in metals have various dis-
advantages when used to test many-body —theory
approximations: The experimenter cannot alter
parameters; the number of constituent particles
is small; many-body effects are small correc-
tions; or the system's characteristics are not
known accurately for the purpose of theoretical
calculation. We measure the enhancement factor
g,h(0) which is the electron-hole (e-h) spatial
correlation function evaluated at zero e-h separa-
tion and normalized to the average plasma densi-
ty. This measurement of the correlation function
provides a sensitive and valuable test for the pre-
dictions of many-body approximation schemes.
Several calculations' ' for the EHL have yielded
varying predictions for the density dependence
of g, h (0) while still being in reasonable agree-

ment with experiment for EHL densities and
ground- state energies.

In this experiment we determine the enhance-
ment factor of the EHL as a function of EHL den-
sity n, . A free-exciton (FE) gas and at most one
EHL droplet are confined to a strain-induced po-
tential well" at temperature & =2.16 K in an ul-
trapure Ge crystal. The EHL density is varied
by stressing the crystal. The only prior experi-
ment dealing with the density dependence of
g, h(0) in stressed Ge is due to Chou and Wong. '
To estimate semiquantitatively" ' the density de-
pendence of a quantity proportional to g, h (0),
they assumed a model for EHL decay dependent
only on EHL density n&. Work exists supporting
other models. ' At a stress and density at which
they measure an EHL lifetime T& = 0.5 ms we
measure v

&
=0.75 ms. This runs counter to the

expectations of their model.
Our method of determining g, t, (0) has the ad-

vantage of being independent of EHL recombina-
tion models. The enhancement factor is related
to the probability of an electron being at the site
of a hole and thus to the radiative decay rate.
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