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MAGNETORESISTANCE AND UPPER CRITICAL MAGNETIC FIELD OF UBe,;
UNDER PRESSURE

JO WILLIS, JD THOMPSON,* J L SMITH and Z FISK

Maternals Science and Technology Dwision, Mail Stop G730, Los Alamos National Laboratory, Los Alamos,
NM 87545, USA
* Physics Division, Los Alamos Natonal Laboratory, Los Alamos, NM 87545, USA

We have mnvestigated the effects of pressure on the magnetoresistance and the upper critical magnetic field of the heavy
electron compound UBe; Both the superconducting transition temperature and the upper critical field decrease under
hydrostatic pressure The low temperature magnetoresistance remains large and negative under pressure The tem-
perature region over which the resistivity has a T? temperature dependence increases with both magnetic field and with
pressure At a fixed magnetic field, the coefficient of the T? term 1n the resistivity decreases strongly with pressure UBe;

1s found to have a pressure independent intrinsic residual resistivaty of 18 p{icm

UBe;3 [1] 1s one of the three heavy electron
superconductors characterized by large values of
the dc susceptibility at zero temperature and of
the electronic specific heat coefficient vy
(=C/T), which taken together imply electron
masses of several hundred times the free elec-
tron value This termetallic compound 1s
superconductive below T.,=09K and has
extremely large values of B, =-~dB.,/dT|r-T,
of 42 T/K or possibly larger, and extrapolated
values of B.; (T =0) m excess of 9T [2] Such
values reflect the large electron mass and the
high normal state resistivity at T. of about
130 wlcm UBe;; also exhibits a very large
negative magnetoresistance, amounting to 35%
at Tt and 5T [2]

In addition to the striking response of UBe;;
in both the normal and superconducting state to
magnetic fields, the effects of impurity sub-
stitution are umique [3,4] Dilute thorium sub-
stitutions for uramum show a nonmonotonic
depression of T, with concentration A second
large anomaly appears in the specific heat data
well below T, and then vanishes again as the Th
concentration 1s increased In general, impurity
substitutions may effect both the mteratomic
spacing and the number of conduction electrons
In contrast, hydrostatic pressure may be used to
vary the interatomic spacing with no other per-
turbing effects Because of the many mnteresting

and unusual properties of UBe;s noted above,
we have here investigated the effects of pressure
on T,, B¢z, and p(T, B) of UBe;; Pressure has
been shown to reduce the C/T value by 30% at
pressures of about 9 kbar [5] Recent measure-
ments above 1K at Los Alamos [6] show that
the position and magnitude of the 2 5K resis-
tivity peak 1n UBey; both show a strong positive
correlation with pressure In addition, for pres-
sures greater than =9 kbar, the resistivity exhi-
bited a T? temperature dependence over a
limited temperature interval above 1K that
increased with pressure Such temperature
dependences had only been observed previously
below 1K in the presence of a large magnetic
field (B>3T) [7]

In this work we have measured the mag-
netoresistance and the upper critical magnetic
field of polycrystalline UBe;; between 0 and 9 T,
at pressures from 0 to 19 kbar, and at tem-
peratures down to approximately 150 mK, below
which thermal equiibrium times 1 the self-
clamped Cu~Be cell employed became exces-
stve The measurements were performed using a
conventional four-terminal ac resistance tech-
nique with transport currents of 0 07 A/cm® or
smaller to avoid joule heating effects The
transport current was roughly parallel to the
applied magnetic field The pressures were
determined from the T. of a tin manometer
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Fig 1 Resistivity versus temperature for UBe,; at zero
pressure and at the magnetic field values indicated

Results are shown for representative pressures
of (0 and 19 kbar 1n figs 1 and 2, respectively,
where 1t 1s immediately apparent that for T <
4 K the resistivity at 19 kbar 1s strongly depres-
sed relative to its zero pressure value The
superconducting transition temperature T, was
found to decrease at the rate of about
16 mK/kbar This value 15 shightly larger than
that found previously by ac susceptibility
measurements [8] on a polycrystaline sample
with a T, of 0 85 K versus the present value of
0905 K The upper critical magnetic field
B.2(T) 1s strongly depressed by pressure, as seen
in fig 3 We have extrapolated the critical field

— T T
200{ P 19 kbar

p(pQ-cm)

Fig 2 Resistivity versus temperature for UBe,5 at 19 kbar
and at the magnetic field values indicated
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Fig 3 Upper critical magnetic field versus temperature for
UBe, at the pressure values indicated The lines are only a
guide to the eye

linearly to T =0 as there 1s no evidence that
B.»(T) approaches the temperature axis with
zero slope, as has been noted previously [2] The
values of B.(0) so obtained decrease linearly
with pressure at the rate of 029 T/kbar, with a
P =0 value of 11 5T, somewhat larger than that
reported previously [2,9] Additionally, we find
that B¢, decreases dramatically with pressure n
correspondence to the large decrease in C/T [5]
and the normal state resistivity at T,

Examming now the normal state properties,
we observe that the large negative mag-
netoresistance persists at 19 kbar As 1s evident
from figs 1 and 2, the magnetoresistance 18 a
complex function of temperature and magnetic
field, and 1t cannot be determined exphcitly
below T. (B =0) The normal state resistivity 1s
decreased with both pressure and magnetic field,
and we find an intrinsic resistivity po of 18 pflecm
that 1s independent of pressure This 15 an im-
portant result in that previous measurements
above 1K [6] exhibited a tendency toward a
constant p, but were not able to extract a precise
value
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Fig 4 Resistivity versus temperature-squared for UBe,, at
19 kbar and at the magnetic field values indicated

Fig 4 shows the resistivity versus tem-
perature-squared for UBe;; at 19 kbar There
are large regions over which the temperature
dependence 1s indeed quadratic at the higher
fields, with the coefficient A m p=py+ AT?
decreasing for fields of 3T and larger There
may be smaller ranges over which a T? depen-
dence occurs at lower fields, but they are some-
what obscured by a high temperature tail of the
superconducting transitton The coefficient A
has a value of about 13 uQcm/K? at 19 kbar and
B =9T, which 1s much lower than the value of
34 uQem/K? for the same field at P=0 If A 1s
assumed to be proportional to 1/ T? where T; 1s
the Fermi temperature of the heavy mass state,
then these results would suggest that the highest
attained pressure and magnetic field have n-
creased the degeneracy temperature by roughly
a factor of 3 to 4 relative to ambient conditions
Indeed, the region over which a T'? dependence
n p 1s observed at 9T increases from less than
1K at P=0, to 14K at P=99kbar, and to
2 K at P =19 kbar

In conclusion, we find strong effects of pres-
sure on the superconducting transition tem-
perature, on the upper critical magnetic field,
the resistance, and the magnetoresistance of
UBe;; The results suggest the depression of the
mass of the heavy electrons with pressure and
with magnetic field and the increase in tem-
perature of the regime in which UBe,; exhibits
Fermn hquid-like effects, notably a quadratic
temperature dependence of the resistivity at low
temperatures Finally our results pomnt to an
mtrimsic,  pressure  1ndependent, 1mpunty
dominated residual resistivity for UBe; of
18 pQcm 1n the high magnetic field limit

This work was performed under the auspices
of the US Department of Energy
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