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Umklapp Processes and the Low-Temperature (7 <7°K)
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Recently, a sharp steplike temperature dependence in the electrical resistivity of aluminum in the vicinity
of 4°K has been observed and ascribed to the exponential onset of electron-phonon umklapp scattering.
There are, however, theoretical arguments that umklapp processes in aluminum in this temperature region
do not account for a sharp temperature dependence of the kind observed. Accurate resistivity measure-
ments (0.029, relative accuracy) are presented in support of these arguments.

During the last few years, many measurements of
the low-temperature electrical resistivity of aluminum
have been reported.’® One potentially interesting
observation is a relatively sharp steplike temperature
dependence of the resistivity in the vicinity of 4°K.1:2
This variation has been ascribed to the exponential
onset of electron-phonon umklapp scattering which
occurs as the temperature is increased” (i.e., the
Peierls limitation®). Presumably, such behavior would

result from a lower limit on the wave vector of the
phonons able to take part in the scattering processes.
However, there are theoretical arguments that such a
mechanism does not account for a sharp temperature
dependence of the kind observed in the electrical
resistivity of aluminum. We present accurate resistivity
measurements to support these arguments.

Consider the Fermi surface of aluminum. Since
it intersects both the (111) and (200) Brillouin-
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zone boundaries, umklapp processes involving these
reciprocal-lattice vectors will persist down to 0°K.
That is, there will bé no exponential onset with
temperature since there is no lower limit on the wave
vector of the phonons taking part in these processes.
The next nearest Bragg plane is in the [220] direction;
this does not intersect the Fermi surface, but any
exponential onset of umklapp processes involving the
(2,2,0) reciprocal-lattice vector will not occur until
about 200°K.? Umklapp processes involving other
reciprocal-lattice vectors have still higher onset
temperatures. In no case would such a mechanism
operate in the 4°K temperature region.

According to a recent theoretical treatment of low-
temperature umklapp processes,’® additional mech-
anisms involving umklapp scattering which would
influence the temperature dependence of the electrical
resistivity are: (1) the onset of intraband scattering;
(2) the onset of interband scattering; and (3) the
partial cutoff of umklapp scattering phase space.!
Using both the Ashcroft and Heine-Animalu pseudo-
potentials!! for aluminum, a two plane-wave calculation
of these effects for either pseudopotential led to a
smoothly changing temperature dependence of the
resistivity in the 1-7°K temperature range. Although
the calculations were not in exact agreement with the
experimental data, any sharp steplike temperature
dependence of the resistivity due to these additional
mechanisms was clearly absent.

In Fig. 1 we show the temperature dependence of
the electrical resistivity for three reasonably pure
aluminum specimens.’® All specimens measured ex-
hibited a smooth temperature dependence in the
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1.2-7°K temperature range. The residual resistance
ratios and sizes of the specimens for which results
are given in Fig. 1 overlap considerably with the
characteristics of specimens in which a sharp steplike
temperature variation has been observed.!2

If in fact the sharp temperature dependence were
due to the existence of a lower limit on the wave
vector of phonons that can participate in umklapp
processes, then it should be observable over a wide
range of experimental conditions.!* In particular, the
effect should be present in polycrystalline as well as
monocrystalline aluminum, and its occurrence should
not be affected by the presence of impurity or boundary
scattering. Previous observations!? of a sharp change
in resistance were limited to selected specimens within
a group of specimens, all of which were studied using
basically the same technique. Other recent measure-
ments* have either not covered the relevant tem-
perature range or have not been of sufficient accuracy
to affirm or refute the observation of a sharp tempera-
ture dependence.

Our experimental results show the smooth variation
of resistance with temperature that is expected from
a realistic treatment of umklapp scattering processes
in aluminum. In particular, the sharp temperature
dependence observed previously is not present in our
experimental results and is not expected from our
theoretical considerations of umklapp processes.
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