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ABSTRACT

We have investigated the ●ffects of pressure on the magnetore-

sistance and the upper critical magnetic field of the heavy electron

compound UBe13. Both the superconducting transition temperature and

the upper critical field decrease under hydrostatic pressure. The low

temperature magnetoresistance remains large and negative under pres-

sure. The temperature ;egion over which the resistivity haa a T2

temperature dependence increases with

pressure. At a fixed magnetic field,

in the resistivlty decreases strongly

both magnetic

the coefficient

with pressure.

field and with

of the T2 term

‘Be13 is found

to have a pressure independent intrinsic residual resistivity of 18

pfi-cm,

Keywords: Heavy el~ctron superconductor, Critical magnetic field,

Magnetoresistance

Running Title: Magnetoresistsnce and Critical Field of UHell
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UB=13
[1] 1s one of the th=ee heavy electron superconductors

characterized by large values of the dc susceptibility at zero tempera-

ture and of the electronic specific heat coefficient Y (=C/T), which

taken together imply electron masses of several hundred times the free

electron value. This intermetallic .ouipound is superconductive below

TC43,9

T/K or

of9T

normal

K and has ●xtremely large values of Bc2”~- dfJc2@T=Tcof 42

possibly larger, and extrapolated values of BC2 (T=O) in excess

[2]. Such values reflect the large electron maes and the high

state reslstivity at T. of about 130 Dfl-cm. UBe,= alao
c 1>

exhibits a vary large negative magnetoresistance, amounting to 35% at

Tc+ and 5 T [2].

In addition to the striking response of UBe13 in both the normal
,1

~nd sup~rcenductl~gstate to magneticfields, the effects of impurity ““

substitution are l~nique [3,4]. Dilute thorium substitutions for

uranium show a ncmnonotonic depression of Tc with concentration. A

second large anomaly appears in the specific heat data well below Tc

and then vanish~s again as the Th concentration is increased. In

general, impurity substit.,tione may affect both the interatomic

spacing and the

static pressure

other perturbing

number of conduction electrons. In contrast, hydro-

may be used to vary the interatomic spacing with no

●ffects, Because of the muny i[ltereeting and unusual

propertied of UBe13 noted above, we have hers investigated the effacts

of prep~ure on Tc, B ‘ and o(T,B) of UBe13. Pressure has been shown
C2 ,

to reduce the C/T value by 30% at pressures of about 9 kbar [5].

Recent measurements above 1 K tit Los Alamos [6] show that the positil’n

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

strong positive corre]alion with pr~nsure. In addi:ion, for prcesuree
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greater than %9 kbar, the resistivity exhibited a T2 temperature

dependence over a limited temperature interval above 1 K that in-

creased with pressure. Such temperature dependence had only been

observed previously below 1 K in the presence of a large magnetic

field (B>: T) [7].

In this work we have measured the magnetoresistance

criticai magnetic field of polycrystalllne UBe13 between

pressures from O to 19 kbar, and at temperatures down to

150 mk, below which thermal equilibrium times in the

and the upper

O and 9 T, at

approximately

self-clamped

Cu-Be cell ●mployed became ●xcessive. The m~asurements were performed

using c conventional four-terminal ac resistance technique with

tranaport currents of 0.07 A/cm* or smaller to avoid joule heating

effects. The tranaport current was roughly parallel to the applied

magnetic field, The pressures were determined from the T= of a tin

manometer,

Results are shown for representative pressures of O and 19 kba?

in figs,

for T<4 K

its zero

1 and 2 respectively, where it is immediately apparent that

the resistivity at 19 kbar is strongly depressed relative to

pressure value. The superconducting transition temperature

Tc was found to decrease at the rate of about !6 mK/kbar -see fig. 3.

This value is slightly larger than that found previously by MC SUIIJCQp-

tfbility measurements [8] on a polycrystalline sample with a T ofc

0.85 K vtrsus the present value of 0.905 K. Thn upper clitjcal

magnetic field BC2 (T) is strongly depressed by pressure, as seen in

fig. 4, We

there is no

zero elOpQt

have ext:~polated the critical field linernrly to T-O ae

avidence that RC2 (T) approaches Lhe cemper~ture axis w~th

as has been noted previously [2]. The values of BC2(0) so



-4-

obtained decrease linearly with pressure at the rate of 0.29 T/kbar,

with a P-O value of 11.5 T, somewhat larger than that. reported pre-

viously [2,9]. Additionally, we find that BC2” decreases dramatically

with pressure in

the normal state

correspondence to the large decrease in C/T [5] and

resistivity at Tc.

Examining now the normal state properties, 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 ●xplicitly

below Tc (B-O). ‘J’he normal state resiotivity is decremed with both

pressure and magnetic field, and we find an intrinsic resi~tivity ?0

of 18 @-cm that is independent of

result in that previous measurements

ency toward a conata~t Po but were

value.

pressure.

above 1 K

not able

This is an important

[6] ●xhibited a tend-

to extract a precise

Figure 5 shows the resistivity versus temperature-squared for

‘Re13
at 19 kbar. There are large regions over which the temperature

dependence is indeed quadratic at the highel fields, with the coeffi-

cient A in p-p + AT2 decreasing for field~ of 3 T and larger. There
o

may be smaller ranges over which a T2 dependence occurs at lower

fieids, but ti~ey are somewhat obscured by a high temperature tuil of

the sup~rconducting transition. The coefficient A has a value of

about 13 Vfl-cm/K2 at 19 kbar and B=9T, which is m’~ch lower than the

v~llue of 34 pO-cm/K2 for the same field at PIBO, If A is assumed to be

proportional to l/Tf2 where Tf is the Fermi temperature of the heavy

mass state, then these results would suggest that the highe~t attained

pressure and magnatic field have increased the dcge~}eracy temperature
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by roughly a factor of 3 to 4 relative to ambient conditions. Indeed,

the region over which a T2 dependence in P IB observed at 9 T increas-

●s from less than 1 K at P=O, to 1.4 K at F-9.9 kbar, and to 2 K at

p_19 kbar.

In conclusion, we Cind strong effects of pressure on the supercon-

ducting transition temperature, on the upper critical magnetic field,

the resistance, and the magnetoresistance
“f ‘3C13” The results

suggest the depression of the mass of the heavy electrons with pres-

sure and with magnetic field and the incre~se in temperature of the

regf.me in which UBe13 exhibits Fermi liquid-like ●ffects, notably a

quadratic temperature 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 vfl-crn in

the high magnetic field limit.
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Figure Captions

~i~. 1. Resistivity versus temperature for UBe13 at zero pressure and

at the magnetic field values indicated.

Fi3. 2. R~aistivity versus temperature for UBe13 at 19 kbar and at

the magnetic field values indicated.

Fig. 3. Depression of BC2’ and Tc with pressure for lJBe13*
The lines

are only a guide to ths eye.

Fig. 4. Upper critical magnetic field versus temperature for UBe13 at

the pressure values indicated. The lines are only a guide to

the eye.

Fig. 5. Resistivit,~ versus temperature-squared for UBe13 at 19 kbar

and at the magnetic field values indicated.



.’ ‘,

15C

E
c)
[ 100

c
a

0
0

UBe13

B=2T

B=3T

B=4T

1
I

A
1 2 3 4

T (K)
lD -
I-t

@
1-
.



200

15C

GL
5C

c
o 1 2 3 4

T (K)

al
P
.



12

10

m-
6

4

UBe13

I 1 I—0 5 10 15 20

P (kbar)

1.0

0.8

n

0.4

Figure 3

Willis et al.



12, I I I I I I I I I
.

-

c
.

P=19. O kbar
N 6

m“

4 -

2 –

\ \
Io L I I I I 1 w

0.0 0.2 0.4 0.6 0.8 1.0

T (K)

Figure 4

Willis et al.



I

\
I

\
I

\l
l\

l\
III

I
Ill

1
I

.

M
l

1-1-
*U

3
1:

II

n
\\

\\\

N

1
I

I
1

I
I

1
I

I-
1

0
0

b
o

m
(9

o
(

*
O

J

(w
qyi)d

o
“

C
9

(5
#
J

n

O
JFigure

5

W
illi5

et
al,


