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MAGNETORESISTANCE A N D  UPPER CRITICAL MAGNETIC FIELD OF UBez3 
U N D E R  PRESSURE 

J O WILLIS, J D THOMPSON,* J L S M I T H  and Z FISK 
Materials Science and Technology Dwtston, Mad Stop G730, Los Alamos National Laboratory, Los Alamos, 
NM 87545, USA 
*Physics Dwts,on, Los Alamos National Laboratory, Los AMmos, NM 87545, USA 

We have mvesugated the effects of pressure on the magnetoreslstance and the upper crmcal magnetic field of the heavy 
electron compound OBet3 Both the superconducting transmon temperature and the upper cIaUcal field decrease under 
hydrostatic pressure The low temperature magnetoreslstance remains large and negative under pressure The tem- 
perature region over which the remsUwty has a T 2 temperature dependence increases with both magneUc field and with 
pressure At a fixed magnetic field, the coefficient of the T 2 term m the reslsUvtty decreases strongly with pressure UBet~ 
is found to have a pressure independent lntrmmc residual reslsUwty of 18 p~cm 

UBe13 [1] is one of the three heavy electron 
superconductors  characterized by large values of 
the dc susceptlbthty at zero temperature  and of 
the e lect romc specific heat coefficient T 
(=C/T), which taken together  imply electron 
masses of several hundred ttmes the free elec- 
tron value This mtermetalhc compound is 
superconductwe below T c = 0 9 K  and has 
extremely large values of B'2----dBcz/dTIT=Tc 
of 4 2 T / K  or possibly larger, and extrapolated 
values of Bee ( T  = 0) m excess of 9 T [2] Such 
values reflect the large electron mass and the 
high normal state res~stwity at Tc of about 
130txl)cm UBe13 also exhibits a very large 
negat ive magnetores~stance, amounting to 35% 
at T~ + and 5 T  [2] 

In addmon to the striking response of U B e ~  
in both the normal and superconducting state to 
magnet ic  fields, the effects of impurity sub- 
stltutton are umque [3,4]  Dilute thormm sub- 
stitutions for u ranmm show a nonmonotomc 
depresmon of Tc with concentrat ion A second 
large anomaly appears  m the speofic  heat data 
well below T¢ and then vanishes again as the Th 
concentrat ion is increased In general,  impurity 
substitutions may effect both the mtera tomlc  
spacing and the number  of conduction electrons 
In contrast,  hydrostatic pressure may be used to 
vary the mteratom~c spacing with no other per-  
turblng effects Because of the many interesting 
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and unusual propert ies of U B e l 3  noted above,  
we have here investigated the effects of pressure 
on To, B'2, and p(T, B) of UBe13 Pressure has 
been shown to reduce the C/T value by 30% at 
pressures of about 9 kbar  [5] Recent  measure-  
ments above 1 K at Los Alamos [6] show that 
the positron and magmtude  of the 2 5 K rests- 
tiv~ty peak m UBe~3 both show a strong positive 
correlation wzth pressure In addmon,  for pres- 
sures greater  than ~ 9  kbar, the resistivity exhi- 
bited a T 2 tempera ture  dependence over  a 
hmlted tempera ture  interval above 1 K that 
mcreased with pressure Such tempera ture  
dependences had only been observed previously 
below 1 K m the presence of a large magnetic  
field (B > 3 T) [7] 

In this work we have measured the mag-  
netoreslstance and the upper  critical magnetic  
field of polycrystalhne UBe13 between 0 and 9 T, 
at pressures from 0 to 19kbar ,  and at tem- 
peratures down to approximately 150 inK, below 
which thermal equthbrlum times m the self- 
c lamped C u - B e  cell employed became exces- 
sive The  measurements  were per formed using a 
conventzonal four-terminal  ac resistance tech- 
nique with transport  currents of 0 07 A/cm 2 or 
smaller to avoid joule heating effects The  
transport  current  was roughly parallel to the 
apphed magnetic  field The  pressures were 
determined from the Tc of a t m  manomete r  

B V  
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F~g 1 Resistivity versus temperature for UBe~ at zero 
pressure and at the magnetic field values indicated 

Resul t s  are  shown for r e p r e s e n t a t i v e  p ressures  
of 0 and 19 kba r  m figs 1 and 2, r e spec t tve ly ,  
where  it ts i m m e d t a t e l y  a p p a r e n t  tha t  for  T < 
4 K the rests t lvt ty  at 19 kba r  ts s t rong ly  dep re s -  
sed re la t tve  to its ze ro  p ressu re  va lue  T h e  
s u p e r c o n d u c t i n g  t r a n s m o n  t e m p e r a t u r e  T, was 
found  to d e c r e a s e  at  the  ra te  of abou t  
1 6 m K / k b a r  This  va lue  is shght ly  l a rge r  than 
tha t  f o u n d  p rev ious ly  by ac suscept~bdl ty  
m e a s u r e m e n t s  [8] on a po lyc rys t a lhne  s amp le  
with a T~ of 0 85 K versus  the  p re sen t  va lue  of 
0 9 0 5 K  T h e  u p p e r  cr i t ica l  m a g n e t i c  field 
Bcz(T)  ts s t rong ly  d e p r e s s e d  by pressure ,  as seen 
in fig 3 W e  have  e x t r a p o l a t e d  the  c r lhca l  f ield 
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Fig 2 Resistwlty versus temperature for UBet~ 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 hnes are only a 
guide to the eye 

hnear ly  to T =  0 as the re  ts no e v i d e n c e  that  
Bc2(T) a p p r o a c h e s  the  t e m p e r a t u r e  axis wtth 
ze ro  s lope,  as has been  n o t e d  p rev tous ly  [2] T h e  
va lues  of Be2(0) so o b t a i n e d  d e c r e a s e  hnear ly  
with p ressu re  at  the  ra te  of 0 29 T / k b a r ,  wtth a 
P = 0 va lue  of  11 5 T,  s o m e w h a t  l a rge r  than  that  
r e p o r t e d  p rev ious ly  [2, 9] Add t t tona l ly ,  we find 
tha t  B'c2 d e c r e a s e s  d r ama t t ca l l y  wtth p ressure  m 
c o r r e s p o n d e n c e  to the  la rge  d e c r e a s e  m C~ T [5] 
and  the no rma l  s ta te  rests t tvt ty at Tc 

E x a m m l n g  now the no rma l  s ta te  p rope r t i e s ,  
we o b s e r v e  tha t  the la rge  n e g a t w e  mag-  
ne to r e s i s t ance  persts ts  at  19 kba r  As  ts e v i d e n t  
f rom figs 1 and  2, the  m a g n e t o r e s i s t a n c e  is a 
c o m p l e x  func t ion  of t e m p e r a t u r e  and m a g n e t i c  
field, and  tt c anno t  be d e t e r m m e d  exphc l t ly  
be low Tc (B = 0) T h e  n o r m a l  s ta te  res is t iv i ty  ts 
d e c r e a s e d  with bo th  p ressu re  and m a g n e t i c  field, 
and  we find an ln t rmstc  res i s twt ty  po of 18 ~ l l c m  
tha t  is i n d e p e n d e n t  of p ressure  Thts  ts an im- 
p o r t a n t  resul t  m tha t  p r e w o u s  m e a s u r e m e n t s  
a b o v e  1 K [6] exh ib i t ed  a t e n d e n c y  t oward  a 
cons t an t  po bu t  were  not  ab le  to ex t rac t  a p rec t se  
va lue  
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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 res is t iv i ty  versus  t em-  
p e r a t u r e - s q u a r e d  for  UBe l3  at 19 kba r  T h e r e  
are  l a rge  r eg ions  o v e r  which  the t e m p e r a t u r e  
d e p e n d e n c e  is i ndeed  quad ra t i c  at  the  h igher  
fields, wi th  the  coeff ic ient  A m p = p o + A T  e 
de c r ea s ing  for  fields of  3 T and l a rge r  T h e r e  
m a y  be  smal le r  r anges  o v e r  which  a T 2 d e p e n -  
d e n c e  occur s  at  lower  fields, bu t  they  are  some-  

wha t  o b s c u r e d  by  a high t e m p e r a t u r e  tall of  the  
s u p e r c o n d u c t i n g  t rans i t ion  T h e  coeff ic ient  A 
has a va lue  of a b o u t  13 p . ~ c m / K  2 at 19 kba r  and  
B = 9 T,  which  is much  lower  than  the va lue  of 
34 p.12cm/K 2 for  the  same  field at P = 0 If A ts 
a s s umed  to be  p r o p o r t i o n a l  to 1 / T ~  where  Tf is 
the  F e r m i  t e m p e r a t u r e  of the  h e a v y  mass  s ta te ,  
then  these  resul ts  would  sugges t  tha t  the  h ighes t  
a t t a ined  p re s su re  and  m a g n e t i c  field have  in- 
c r ea sed  the d e g e n e r a c y  t e m p e r a t u r e  by  rough ly  
a f ac to r  of 3 to 4 r e l a t ive  to a m b i e n t  cond i t ions  
I n d e e d ,  the  r eg ion  o v e r  which  a T 2 d e p e n d e n c e  
in /9 is o b s e r v e d  at 9 T inc reases  f rom less than  
1 K  at P = 0 ,  to 1 4 K  at P = 9 9 k b a r ,  and  to  
2 K a t  P = 1 9 k b a r  

In conc lus ion ,  we find s t rong  effects  of pres-  
sure  on the s u p e r c o n d u c t i n g  t rans i t ion  t em-  
pe ra tu re ,  on the  u p p e r  cr i t ica l  m a g n e t i c  field, 
the  res is tance ,  and  the m a g n e t o r e s l s t a n c e  of 
UBeI3  T h e  resul ts  sugges t  the  dep res s ion  of the 
mass  of the  h e a v y  e l ec t rons  with p re s su re  and 
with m a g n e t i c  field and  the inc rease  in t em-  
p e r a t u r e  of the  r eg ime  in which  UBeI3  exhibi ts  
F e r m i  hqu ld - l lke  effects ,  no t ab ly  a quad ra t i c  
t e m p e r a t u r e  d e p e n d e n c e  of the res is t iv i ty  at  low 
t e m p e r a t u r e s  F ina l ly  our  resul ts  po in t  to an 
intr insic ,  p ressu re  i n d e p e n d e n t ,  impur i ty  
d o m i n a t e d  res idual  res is t iv i ty  for  UBe13 of 
18 p .~cm In the  high m a g n e t i c  field hml t  

Th is  work  was p e r f o r m e d  u n d e r  the  ausp ices  
of the US D e p a r t m e n t  of  E n e r g y  
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