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Specific Heat and Thermal Conductivity of Superconducting UBe,; and UPt; at Very Low

Temperatures

H.R. OTT*, E. FELDER*, A BERNASCONI*, Z. FISK**, J.L. SMITH**, L. TAILLEFER***, G.G. LONZARICH***

*Laboratorium flr Festkdrperphysik, ETH-HGnggerberg, CH-8093 Zurich, **Los Alamos National Labo-
ratory, Los Alamos, New Mexico 87545, USA, ***Cavendish Laboratory, Cambridge CB3 OHE, UK

Non-exponential temperature dependences of various physical properties in the superconducting state
of UBej3 and UPt; have been put forward as evidence for unconventional superconductivity in these
materials. We report new experimental results for the specific heat c, and the thermal conducti-
vity A of UBej; and UPt3 down to temperatures well below 0.1 K. In none of these measurements can
an exponential temperature dependence be recognized. In some aspects, our data differ from those
that were previously published. This indicates that sample purity and imperfection may be of impor-

tance.

Soon after the discovery of superconductivity
in UBeys [1] and UPt3 [2] it was suggested that
both the mechanism leading to superconductivity
and the characteristics of the superconducting
state were most likely of unconventional nature
[3]. Especially the latter was proposed, because
various thermal and transport properties determin-
ed experimentally did not show the general beha-
viour that is expected from BCS theory. This theo-
ry assumes that the superconducting transition is
accompanied by the formation of a gap in the elec-
tronic energy excitation spectrum which is non-
zero over the entire Fermi surface. This then re-
sults in exponential temperature dependences of
many physical properties at temperatures below the
superconducting transition at Tc.

It is a characteristics of unconventional
superconducting states, such as those established
for the superfluid states of liquid He, that the
above mentioned gap formation is altered in the
sense that it is intrinsically zero on distinct
parts of the Fermi surface. The location of these
gap zeroes depends on the symmetry of the order
parameter of the adopted superconducting state, In
this case, the temperature dependences of physical
properties in the superconducting state that are
governed by electronic excitations are no longer
of exponential character. Different arrangements
of gap zeroes are related with different energy
dependences of the electronic density of states
N(E) in the region, where E » 0 K. The most simple
arguments usually Tlead to power-law behaviour in
these temperature dependences. It has been recog-
nized, however, that more thorough discussions of
possible influences may alter these simple predic-
tions. As one example for this latter statement we
mention a recent study of the temperature depen-
dence of the specific heat of superconducting
UBey3 at temperatures well below T, where evi-
dence for the influence of impurity scattering on
cp(T) as T approaches 0 K was found [4].

Here we present new results of measurements of
the thermal conductivity a» of the same sample of
UBey3 that was used in the mentioned cp(T) study
down to temperatures of about 50 mK. OQur results
below 0.2 K are shown in fig. 1. Thesg M(T) values

are similar in magnitude to other previously pub-
lished data [5] but they also differ in the sense
that the temperature dependence below 0.1 K is not
the same as found in previous investigations.
While Jaccard and Flouquet [5] found an approx-
imately linear temperature dependence of A below
100 mK as indicated by the broken Tline in fig. 1,

2 T I T
UBej5
- thermal conductivity 1
<
= °
N _
= .
£
< .
e
/nf'....
///...'°°
(0] - L L L _
0] O.1 0.2

T (K)

Fig. 1. Thermal conductivity of superconducting
UBe;3 below 0.2 K. The broken line is a fit to
previous data as given in ref. 5.

we find in the same temperature range a behaviour
that is more close to a T2 variation. We agree,
however, with Jaccard and Flouquet that a simple
power law in T does not describe A(T) over an ex-
tended range of temperatures. Nevertheless, this
comparison again demonstrates that differences in
sample quality may be decisive for the behaviour
of physical properties of these superconductors
for T/T; << 1, as was already concluded for

UBey3 in ref. 4 on the basis of different results
for cy(T) in this temperature range.

Wigh this information about the superconducting
state of UBe;3 we felt it to be worthwhile to un-
dertake an analogous investigation of UPts. Al-
ready previous work from different sources [6,7]

showed considerable differences in Cp(T) of UPt3
below T, but fairly good quantitative agreement
for A(T). In both investigations that were report-
ed, cp(T) contains a considerably large term

which varies linearly with temperature, but these
two terms seem to differ by a factor of 2 for dif-
ferent samples from different sources. Our sample
was cut from a piece where the adjacent part was
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successfully used for de Haas-van Alphen studies
and therefore we expect this sample to be of very
high quality.

Our values for cp(T), which were obtained
down to temperatures of about 70 mK, are shown in
fig. 2 for T < 0.3 K and plotted as cp/T versus
T. The broken line is a conventional extrapolation
to T =0 K and is compatible with a vanishing Ti-
near-in-T contribution to cy in that limit. This
is clearly different from wﬁat was obtained in
previous investigations [6,7] where cp(T) could
be expressed as a sum of two terms yT + 8T? and %
turned out to exceed a_value of 0.1 J/mole K2.
The prefactor of the T® term in our case is g_=
1.975 J/mole k3, as compared to 1.25 J/mole K3
obtained by Sulpice and co-workers [7].
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Fig. 2. Specific heat of superconducting UPts
below 0.3 K. The broken line is a guide to the
eye.

From our experience with UBe;3, however, we
hesitate to claim that this kind of extrapolation
is valid for T << T.. Because T; of UPts is
only about half of that of UBe;3 we have not yet
reached the really low-temperature 1imit in our
experiments with UPty. Nevertheless we are confi-
dent in claiming that an improvement of sample
quality leads to a reduction of the cp values of
superconducting UPt; as T » 0 K, in agreement with
expectations for the behaviour of unconventional
superconductors.

Finally we display our results for A(T) of UPt;
at temperatures below 0.2 K in fig. 3. For compa-
rison we also show the broken line that fits the
data of Sulpice and co-workers [7] very well. It

1218

06 ' .
UPt5 .
therma! conductivity
0.5 - .
A
S

04 .
— e
S e
~
=z 03 |~ e -
= s
~ e
=< /

P
02 - -
e
St
e
e
ol 7 4
e .
- -
0 L 1 1
o} 0.1 T(K) 0.2
Fig. 3. Thermal conductivity of superconducting

UPt3 below 0.2 K. The broken Tine represents
data of ref. 7.

is apparent that our A(T) values are higher above
0.1 K but clearly exhibit a different temperature
dependence which Teads to much lower values below
0.1 K. This is again compatible with the assump-
tion that our sample is of better quality than
those used in previous investigations, as also in-
dicated by our cp(T) result. We cannot fit our
A(T) data with a simple power law over an extended
temperature range, but it is clear that they in-
clude a term that varies more strongly than T¢.
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