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ABSTRACT

We have investigated the effects of pressure on the magnetore-
sistance and the upper critical magnetic field of the heavy electron
compound UBel3. Both the superconducting transition temperature and
the upper critical field decrease under hydrostatic prassure. The low
temperature magnetoresistance remains large and negative under pres-
sure. The temperature .egion over which the resistivity has a T2
temperature dependence increases with both magnetic field and with
pressure. At a fixed magnetic field, the coefficient of the T2 term
in the resistivity decreases strongly with pressure. UBe13 is found

to have a pressure independent intrinsic residual resistivity of 18

ufl-cm.

Keywords: Heavy electron superconductor, Critical magnetic field,
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UBe13 [1] is one of the three heavy electron superconductors
characterized by large values of the dc susceptibility at zero tempera-
ture and of the electronic specific heat coefficient vy (=C/T), which
taken together imply electron masses of several hundred times the free
electron value. This intermetallic _ompound is superconductive below

T =0.9 K and has extremely large values of B

. g E-dB_,/dT|p oy of 42

T/K or possibly larger, ond extrapolated values of Bc2 (T=0) in excess
of 9 T [2]. Such values reflect the large electron mass and the high
normal state resistivity at Tc of about 130 uf-cm, UBe13 also
exhibits a very large negative magnetoresistance, amounting to 35% at
1" and 5 T [2).

In addition to the striking response of UBc13 in both the normal
and superconducting state to magnetic fields, the effects of impurity
substitution are unique [3,4]. Dilute thorium substitutions for
uranium show a nonmonotonic depression of Tc with concentration. A
second large anomalv appears in the specific heat data well below TC
and then vanish:s again as the Th concentration is increased. In
general, impuricy substit .tions may affect both the interatomic
spacing and the number of conduction electrons. In contrast, hydro-
static pressure may be used to vary the interatomic spacing with no
other perturbing effects. Because of the muny interesting and unusual
properties of UB.13 noted above, we have here investigated the effacts
of prersure on Tc, Bc2‘, and o(T,B) of UBel3. Pressyre has been shown
to reduce the C/T value by 30% at pressures of about 9 kbar [5].
Recent measurements above | K ut Los Alamos (6] show that the positicn

and magnitude of the 2.5 K resistivity peak in UBe13 both show a

strong positive correlation with pressure. In addition, for pressures



greater than a9 kbar, the resistivity exhibited a TZ temperature
dependence over a limited temperature interval above 1 K that in-
creased with pressure. Such temperature dependences had only been
observed previously below 1 K in the presence of a large magnetic
field (B>Z T) [7].

In this work we have measured the magnetoresistance and the upper
critical magnetic field of polycrystalline UBe13 between O and 9 T, at
pressures from O to 19 kbar, and at temperatures down to approximately
150 mk, below which thermal equilibrium times in the self-clamped
Cu-~Be cell employed became excessive. The measurements were performed
using & conventional four-terminal ac resistance technique with
transport currents of 0,07 A/cm2 or smaller to avoid joule heating
effects. The transport current was roughly parallel to the applied
magnetic field., The pressures were determined from the Tc of a tin
manometer.

Results are shown for representative pressures of O and 19 kbar
in figs. 1 and 2 respectively, where it is immediately apparent that
for T<b K the resistivity at 19 kbar is strongly depressed relative to
its zero pressure value, The superconducting transition temperature
'I‘c was found to decremase at the rate of about !6 mK/kbar -see fig. 3.
This value 1s slightly larger than that found previously by uc suscep-
tibility measurements [8) on a polycrystalline sample with a 'I‘c of
0.85 K versus the present value of 0.905 K. Thn upper critical
magnetic field Bc2 (T) is strongly depressed by pressure, as seen in
fig. 4. We have extiapolated the critical field linesrly to T=0 as
there is nn evidence that Bc2 (T) approaches che temperature axis wich

zero slope, as has been noted previcusly [2). The values of BCZ(O) 80



b=

obtained decrease linearly with pressure at the rate of 0.29 1/kbar,
with a P=0 value of !l1.5 T, somewhat larger than that. reported pr-e-
viously [2,9]. Additionally, we find that Bc2‘ decreases dramatically
with pressure in correspondence to the large decrease in C/T [5] and
the normal state resistivity at Tc.

Examining now the normal state propertics, we observe that the
large negative magnetoresistance persists at 19 kbar. As is evident
from figs. 1 and 2, the magnetoresistance is a complex function of
temperature and magnetic field, and it cannot be determined explicitly
below Tc (B=0). The normal state resistivity is decreased with both
pressure and magnetic field, and we find an intrinsic resistivity DO
of 18 ufl-cm that is independent of pressure. This is an important
result in that previous measurements above 1 K [6] exhibited a tend-
ency toward a constart po bu: were not able to extract a precise
value.

Figure 5 shows the resistivity versus temperature-squared for
L'Bel3 at 19 kbar. There are large regions over which the temperature
dependence is indeed quadratic at the higher {ields, with the coeffi-
clent A in P, + AT2 decreasing for fields of 3 T and larger. There
may be smaller ranges over which a T2 dependence occurs at lower
fieids, but tiiey are somewhat obscured by & high temperature tuil of
the superconducting transition. The coefficient A has a value of
about 13 uQ--cm/K2 at 19 kbar and B=9T, which is much lower than the
vilue of 34 uﬂ—cm/K2 for the same field at P=0. 1f A is assumed to be
proportional to lle2 where 'I‘f is the Fermi temperature of the heavy
mass state, then these results would suggest that the highest attained

pressure and magnetic field have increased the degeuneracy temperature




by roughly a factor of 3 to 4 relative to ambient conditions. Indeed,
the region over which a T2 dependence in p 1s observed at 9 T increas-
es from less than 1 K at P=0, to 1.4 K at F=9,9 kbar, and to 2 K at
P=19 kbar.

In conclusion, we [ind strong effects of pressure on the supercon-
ducting transition temperature, on the upper critical magnetic field,
the resistance, and the magnetoresistance of U3e13. The results
suggest the depression of the mass of the heavy electrons with pres-
sure and with magnetic field and the increezse in temperature of the
regime in which UBe13 exhibits Fermi liquid-like effects, notably a
quadratic temperatu;e dependence of the resistivity at low tempera-
tures. Finally our results point to an intrinsic, pressure independ-
ent, impurity dominated residual resistivity for UBe13 of 18 ufl-cm 1in

the high magnetic field limit.
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Figure Captions
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Fig.

Resistivity versus temperature for UBe13 at zero pressure and
at the magnetic field values indicated.

Resistivity versus temperature for UBe13 at 19 kbar and at
the magnetic field values indicated.

e

Depression of Bc2 and Tc with pressure for UBe The lines

13°
are only a guide to the eye.

Upper critical magnetic field versus temperature for UBe13 at
the pressure values indicated. The lines are only a guide to
the eye.

Resistivit’ versus temperature-squared for UBe13 at 19 kbar

and at the magnetic field values indicated.
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