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Scaling in the magnetoresistance of single-crystalline UBe1s
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We have measured longitudinal magnetoresistance on a high-quality single crystal of UBe&3.

We were able to scale all the magnetoresistance results for fields between 0 and 14 T and for

temperatures between 1.4 and 15 K using the following scaling relation (T —0.75 K) /H Thi.s

scaling is inconsistent with both a Kondo model and a quadrupolar Kondo model and suggests
existence of ferromagnetic correlations in UBe$3.

UBe~3 remains a favorite subject of extensive experi-
mental and theoretical studies for a number of reasons.
On one hand, unusual physical properties of this com-
pound in the superconducting state, below about 0.9
K, offer an exciting possibility of unconventional super-
conductivity. On the other hand, normal-state behav-
ior of UBeq3 exhibits similarities to somewhat better un-
derstood Ce-based heavy-fermion systems; thus, UBe$3
might serve as a bridge to better understanding the U
family of heavy fermions. Especially remarkable similar-
ities in the low-temperature specific heat2 and electrical
resistivities of UBeq3 and CeCu2Si2 provided reasons to
consider UBeq3 as a clear-cut example of a U Kondo sys-
tem. However, the magnetic-Geld response of the ther-
modynamic and transport properties of UBeq3 is highly
unusual and not fully compatible with a simple Kondo
model.

Therefore two other models have been considered in
the context of UBeqs. (1) periodic Kondo lattice model
and (2) a quadrupolar Kondo (single impurity) model. s

There are no convincing results produced to date which
favor one or the other of these two models.

One of the most outstanding and characteristic prop-
erties of UBeq3 is its magnetoresistance. The magne-
toresistance is large, and strongly temperature and field

dependent, thus it is a potentially important tool in solv-
ing the normal state of UBeg3 Previous attempts to in-
terpret the magnetoresistance using the S =

2 Coqblin-
Schrieffer model have led to an. unphysical result, i.e.,
T~ is temperature dependent and approaches zero at
TOOK.

Obviously a poor fit of transport properties for a trans-
lationally invariant system to a single-impurity model is
not in itself surprising. However, deviations &om the
model for UBe&3 cannot be simply associated with the
periodicity of the system. The magnetoresistance of Ce-
based compounds has been calculated by Kawakami
and Okiji in the &amework of the periodic Anderson
model. According to their model, the periodicity results
in a reduction of the absolute value of the magnetoresis-

tance (as opposed to an increase for UBeqs) with respect
to the single impurity behavior (the reduction is larger
the lower the temperature). Moreover, at temperatures
smaller than 0.2T~, a positive magnetoresistance should
be observed at low fields. Such behavior has indeed been
found for CeAlq (Ref. 13) and CeCus. ~4

On the other hand, our previous magnetoresistance
results for the doped material, Up SYp 2Be~3, are fairly
compatible with the Kondo impurity model, which is
somewhat unexpected in light of the preceding discus-
sion. Taken altogether, this discussion points to some im-

portant intersite interactions not included in the Kondo
lattice model. Therefore we have attempted to reexamine
in the present work the longitudinal magnetoresistance
of UBeq3 using a scaling approach. The scaling analysis
is a powerful tool which can provide basic information
on the nature of the phenomenon without relying on te-
dious and approximate numerical solutrons. In particu-
lar, it can distinguish between single ion (quadrupolar,
or normal Kondo) and lattice (Kondo lattice) origin of
the investigated property. In one of our previous works
we have demonstrated relevance of intersite U interac-
tions in another heavy-fermion metal, Up g Yp 8Pd3, via
a scaling analysis of the Geld dependence of the specific
heat.

UBe~3 single crystals were synthesized via an
aluminum-Bux growth technique. The crystals were of
the highest presently available quality according to such
criteria as T values and values of the specific-heat discon-
tinuities at T . The electrical resistance measurements
were performed with a standard dc-four probe method.
Magnetic fields were applied in the sample current direc-
tion in order to minimize a normal" magnetoresistance
caused by a Lorentz force. The temperature in mag-
netic fields was measured with a Lake Shore capacitance
sensor. The capacitance sensor was calibrated against
a germanium-resistance thermometer at zero field before
and after each new field was set. We have not detected
any drifts in the capacitance sensor calibration. Also, we
have not observed any differences between the resistance
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measurements performed while warming up versus cool-
ing down the sample. The range of our measurements
was 1.4 to 15 K. On average, 200 resistance versus tem-
perature points were taken at each of the following fields:
0, 2, 4, 6, 8, 10, 12, and14T.

Several typical curves of a magnetoresistance versus
temperature are shown in Fig. 1. The relative magne-
toresistance b, R/Rp is defined as the following ratio:

b R R(H, T) —R(0, T)
Rp R(0, T)

where R(H, T) is the resistance at temperature T and
field H. In the case of the S =

2 Kondo model, the rela-
tive magnetoresistance depends on T and H only through
their ratio (T + T')/H; i.e. , AR/Rp ——f[(T + T')/H],
where T' plays the role of the Kondo temperature. Thus,
in principle, it should be possible for a Kondo system to
superimpose all the magnetoresistance versus tempera-
ture curves by performing a simple transformation of the
x axis: T ~ z = (T + T')/H. The inadequacy of the
Kondo model is demonstrated in Fig. 2 which shows the
results for such a transformation for curves corresponding
to two fields, 6 and 14 T. The use of only one adjustable
parameter in this transformation allows us to match any
two curves at a single point only.

In the search for a better description of the UBe$3
magnetoresistance we have examined the following scal-
ing: (T + T')~/H. The Kondo scaling can be considered
as a particular case of this more general scaling with P,
the field scaling dimension, equal to I and T' assuming
only positive values. Figure 3 shows the magnetoresis-
tance versus ln[(T + T')~/H], where T* = —0.75 K and
P = 0.6, for all seven applied fields. T' and P were cho-
sen to match two pairs of points for the 6 and 14 T fields.
Subsequently, as shown clearly in Fig. 3, we found that
this choice of parameters allows us to adequately scale
all the magnetoresistance results. In order to further
check this postulated scaling and to determine error bars
on T' and P we performed separate scaling analyses for
each pair of the magnetoresistance curves corresponding
to adjacent fields, i.e. , for 2 and 4 T, for 4 and 6 T, . . . ,

12 and 14 T. For each pair of fields we determined the

H 6 T

. H 14 T
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0
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FIG. 2. AR/Rs vs (T + 2 K)/H for H = 6 and 14 T.

best values of T* and P. T' obtained this way spans the
—I.I to —0.7 K range, while all P coefficients are between
0.54 and 0.62. There was no correlation between the val-

ues of these coeKcients and values of the fields used to
determine them.

We have checked this scaling on our previously
investigated, high-quality, polycrystalline UBe&3 sam-

ple. Despite a sizable discrepancy in the absolute val-

ues of the magnetoresistance [AR/Rp (14 T) values at
1.3 K are —0.64 and —0.52 for the polycrystalline and
single-crystalline samples, respectively] both samples ex-

hibit an identical scaling in the magnetoresistance (see
Fig. 4). Note that in the case of the polycrystalline sam-

ple R was measured as a function of the field at a constant
temperature (versus constant field and varying tempera-
ture in this study) which can be considered as an addi-

tional check of the postulated phenomenological scaling
relationship.

Both obtained parameters T" and P are highly un-

usual and are clearly inconsistent with a pure Kondo in-

terpretation of the magnetoresistance. The value of the

P coefficient does not a priori preclude a single-site in-
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FIG. 1. AR/Rs vs T for H = 2, 4, 6, 8, 10, 12, and 14 T.
FIG. 3. ER/Rs vs ln[(T —O.75 K)"/H] for H = 2

8, 10, 12, and 14 T.
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FIG. 4. AR/Ro vs In[H/(T —0.75 K) '
j for the polycrys-

talline sample described in Ref. 9.

terpretation. However, we are not aware of any relevant
single-site-type theory yielding the field scaling dimen-
sion equal to our measured P. Only the two-channel
S =

2 magnetic Kondo model has a somewhat sim-

ilar scaling, To s/H. However, this scaling poorly de-
scribes our magnetoresistance data for both large and
small values of T/H. Moreover, other experimental re-

suits for UBei3, like magnetic susceptibility and the field
dependence of the specific heat, exclude such an inter-
pretation. The other model considered in the context
of UBe&3, the quadrupolar Kondo model, has, accord-
ing to the latest theoretical investigation, the scaling
To 2s/H. Therefore, our magnetoresistance results seem
to rule out the quadrupolar Kondo efkct interpretation
as well.

The negative value of T' suggests existence of ferro-
magnetic correlations in UBei3. This is an unexpected
result. Up to now only antiferromagnetic correlations
have been considered for UBei3 as well as for other heavy-
fermion superconductors, in agreement with the sign of
the Curie-Weiss constant at the high-temperature sus-
ceptibility. The magnetic correlations have been probed
for UBei3 via quasielastic neutron scattering for finite
Q (momentum transfer) values. is Surprisingly, no Q-
dependence consistent with antiferromagnetic correla-
tions has been found. Extension of such experiments
to lower Q values (Q 0) would be of interest to fur-
ther verify our hypothesis of ferromagnetic correlations
existing in UBeg3.
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