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* We investigate the influence of the effective electron-electron interaction
on the temperature-dependent part of the resistivity. It is shown that the
sign of the increment is determined by the sign of the interaction
constant, and the absolute value is Ap~ T2 In the case of repulsion
Ap <0 and therefore the temperature dependence of the resistivity has a
minimum.

PACS numbers: 72.10.Fk

It is well known that if umklapp processes are not taken into account then the
electron-electron collisions make no contribution to the resistivity of metals, since they
conserve the total momentum. However, as will be shown in the present article, in
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dirty metals, owing to interference with scattering by the impurities, the electron-
electron interaction makes a finite temperature-dependent contribution to the resistiv-
ity: at low temperatures, such that 7" < #/7,

Ap 4”62 Tl/z 53/2
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where T is the temperature, 7 is the time of the momentum relaxation on the impuri-
ties, u is the chemical potential, p, is the residual resistivity, v(u) is the density of states
on the Fermi surface, and «™' is the Debye screening radius. For the free-electron
model (4me*/kvu)=1.

One of us"" has shown that allowance for the interference of scattering by phon-
ons and impurities, leads, at sufficiently low temperatures, to an expression that differs
from (1) in that —4me?/k? is replaced by g>—the square of the electron-phonon inter-
action constant.

Thus, expression (1), following replacement of (—4me?/k*)v(i) by the dimension-
less constant A of the effective electron-electron interaction, is valid for any type of
electron-electron interaction. Therefore the sign of the correction depends on the sign
of the interaction constant: the effective attraction leads to an increase of the resistivity
with temperature, while the effective repulsion leads to its decrease, and consequently,
to the appearance of a minimum on the plot of Ap against the temperature.

Since the square-root dependence on the temperature is the slowest of the present-
ly known dependences, it can be stated that at sufficiently low temperatures the tem-
perature-dependent part of the resistivity is proprotional to 72

According to'", the relative change of the resistivity is of the form
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where the function J(g,w) at qu,m € 1 and w7 <€ 1 is equal to
2
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3 (—iw + Dg?)?
D=(1/3)v*sr is the electron diffusion coefficient, D'(q,w) is the retarded Green’s func-
tion of the boson, g(g) is the constant of the interaction of the electron with this Bose
excitation. In the case of direct electron-electron interaction we have
2
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where €(w,q) =1+ Dx*/(—iw+ Dg?) is the permittivity in the low-frequency and long-
wave limit. The important quantities in (2) are ¢ ~(w/D )""? and w ~ T". Therefore for-
mulas (3) and (4) are valid at 71 < #i. Substituting (3) and (4) in (2) we obtain
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In our opinion, the effect is connected with the electron correlations. Effective
attraction decreases the resistivity, and when the temperature rises the correlation
becomes weaker, and it is this which causes the resistivity to increase with tempera-
ture. In the case of repulsion, the correlations increase the resistivity, therefore
8p/dT <0.

Let us estimate Ap/p,, say for vanadium. For samples with R;p /R, x <1 the
mean free path is /;;,~3X 107 cm. Since £ ~0.9 eV and v;=~1.7X 107 cm™ cm/sec’,
we have #/7=400 K and

A T\Y
P 64X 10-4<___)/ .
Po 400

The absolute change in the resistivity is 4p~10%-10" 2-cm, and can therefore be
readily measured. It is clear that it is desirable to choose for the observation semime-
tals or degenerate semiconductors with small Fermi energies, where this effect is much
larger. For example, for tellurium with hole density n~ 10" cm™ we have g~ 120 K,
#i/T=60 K, therefore 4p/p,~0.1 (T /60)'"2.
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