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The dependence of the resistivity on the pressure and magnetic field is analyzed for certain heavy-

fermion compounds over a wide temperature range. The experimental data are well explained by a free-

electron two-band-hybridization model, provided that a self-consistent calculation of the chemical po-
tential is made.
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FIG. 1. Two two-band-hybridization model of HFS: The
dispersion law (a), the DOS (b), and the group velocity (c).

Heavy-fermion systems (HFS) have been of consider-
able and continuing interest to physicists, since their
discovery because of their anomalous transport and ther-
modynamic properties at moderately low temperatures.
In particular, the electrical resistivity p(T) is anomalous-
ly large compared with that in normal metals and, as a
rule, there is a maximum at T=T,„or roll-off on the

p( T) curve in the interval T= 10—100 K (for reviews, see,
e.g. , Refs. 1 —3).

Treatment of these HFS anomalies traditionally ap-
peals to a giant density of states (DOS) on the Fermi level
associated with f-electron weak delocalization. The DOS
enhancement finds its natural explanation within the
periodic Anderson model (PAM) (see, e.g., Ref. 3). The
pressure dependence of p(T) at temperatures far from
T,„has been calculated within the PAM in Ref. 4.
However, to explain the dependence of the nonrnonotonic
part of the p(T) curve upon external perturbation, it is
more convenient to proceed with the mean-field version
of the PAM: the two-band-hybridization model (TBHM)
(see, e.g., Refs. 5—8).

In the above-mentioned model the real band structure
of the HFS is simulated by the hybridized f and s (d)
bands (Fig. 1). The bare width of the f band, 5, is taken
to be of the order of 10 —10 K, and the width of the s (d)
band is of the order of ez ))5). The hybridization po-
tential is assumed to be in the range 10 —10 K.

The DOS is a sharp function of energy in the region
v=5. This leads to a strong dependence of the chemical
potential p(T) on the temperature, thus giving rise to a
nontrivial temperature behavior of thermodynamic and

kinetic coefficients at T-5. In particular, the p(T) max-
imum or roll-off appears as a result of an interplay be-
tween the increase of the charge carriers' group velocity
and the enhancement of electron-phonon scattering. ' '

A different mechanism for T,„based on the idea of
correlated Kondo vacuum, has been proposed in Ref. 9.

In this paper we present correlations between the cal-
culated shift of the chemical potential under pressure and
in a magnetic Geld and the experimental data, and argue
that the good agreement found favors TBHM.

The expressions for T,„and p(T) are very cutnber-
some, and it is worthwhile making simple qualitative esti-
mates based on the exact formulas given in Ref. 8.

The p( T) maximum position is

p(o) —
Eo 5

ldp/dTI ldp/dTI
'

where dp/dT= —constX[s* —p, (0)] (Refs. 7 and 8),
and s' lies inside the bare f band The .values of s' and
of the constant prefactor can be calculated numerically
for a given real band structure.

For the materials considered, Tm,„=5-100K. It fol-
lows from (1) that a variation of the chemical potential at
zero temperature, Ap leads to the corresponding varia-
tion of T,„,

AT,„
(2)

T „5
This simple estimate is basic in a description of the de-

viation of the p( T) dependence under pressure and in a
magnetic field from the one at P =0, H =0.

Let us first discuss the effect of pressure P. To estimate
Isp(P), we make use of the following simple relation for a
free-electron gas:

Ap 2 An 2=—zP,
p 3 n 3

where

~ 10 kbar
1 BV
V BP

is the material compressibility. Taking the value
5/p(0) =5 X 10 (as it follows for CeCu6 from a compar-
ison between the heat-capacity coefficient y of this HFS
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and its non-f homolog, LaCu6, Ref. 10), we obtain

bT 2 p(0) «P =0.13P(kbar),
T 3 6

(4)

in good agreement with experimental data for the pres-
sure dependence of T,„ in CeCu6 and UBe, 3, Refs.
11—13 [Fig. 2(a)].

We can also estimate the resistivity shift under pres-
sure at high temperature, T))T,„. Because the resis-
tivity at a given temperature is proportional to the square
of the DOS, we get

X0
EI—

X

2
I—

(a)

10 15

P (kbar)

20

I I

~ o CeCu6

~ L]Be1g ~

Q
theory

25

12 D

0
E

0
E

(5)
b,p b,N(p, ( T) )

p N(p(T))

It is natural to take N(p(T)) ~ [p.(T)]' at T))T,„
and, under this assumption,
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These estimates are also in reasonable agreement with
the experimental data" [Fig. 2(a)].

Let us briefly discuss the effect of a magnetic field on
p(T). The difference between the p(T) curves measured
for CeB6 at various magnetic fields' is washed out above
temperatures T(H). These temperatures depend linearly
on the magnetic field,

T(H) =kH, (7)

ATm, „gp~H
T,„5 (8)

This equation fits the experimental data for Ce86 both
qualitatively and quantitatively if we take g=10 and
6=20 K. This value of bandwidth 5 has been deduced
from tunnel point-contact experiments. '

Finally, it is worthwhile commenting on the point-
contact-spectroscopy measurements performed on
CeB6.' The ratio AV,„/V,„ for the symmetric and
antisymmetric parts of the difFerential resistance RD( V)

with the coefficient k =10p~, pz being the Bohr magne-
ton.

To us, Eq. (7) appears to support unambiguously the
idea of spin splitting of the f band being the net effect of
a magnetic field on HFS, as was claimed in Ref. 15. The
quantity g —10 is a reasonable value of the g factor.

Now substitute bp=gpsH into Eq. (2). The estimate
for AT,„ then reads

FIG. 2. (a) Experimental data for the pressure dependence of
AT,„/T,„ for CeCu6 (Ref. 11) and UBe» (Refs. 12 and 13),
and Ap/p (at 200 K) for CeCu6, (Ref. 11) together with theoreti-
cal curve plotted according to Eqs. (4) and (6) with
K —10 bar ', 5/p(0) =5 X 10 '. (b) Experimental data for the
magnetic field dependence of AT,„/T,„ for CeB6 (Ref. 14)
and AV,. „/V,„ for the symmetric and antisymrnetric parts of
RD in a point contact (Ref. 17) together with the theoretical
curve plotted according to Eq. (7) with g = 10, 5 =2 meV.

of the point heterocontact are plotted on Fig. [2(b)].
These two contributions to Rt, ( V) straightforwardly
reflect the temperature dependence of the bulk resistivity
and thermopower coeScient because of the direct con-
nection between the voltage applied to the point contact
and the temperature of the contact region. ' Results con-
cerning the thermopower temperature dependence in
point contacts, based on the TBHM model, will be given
elsewhere.

We have presented here a direct comparison of the
theoretically estimated p(T)-curve shifts under pressure
and in a magnetic field with the experimental data. The
results favor the TBHM.
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