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P R E S S U R E  E M E R G E N C E  O F  M A G N E T I C  O R D E R I N G  IN U B e  13 

S.Y. M A O  ~, D. J A C C A R D  a, j .  S I E R R O  ~, Z. F I S K  b and J.L. S M I T H  b 

" DPMC, Section de Physique, CH-1211 Genkve 4, Switzerland 
t, Los Alamos Laboratory, Los Alamos, NM 87545, USA 

The electrical resistivity and the thermopower of UBe13 have been measured between 1.2 and 300 K at pressures up to 67 
kbar and in magnetic fields up to 6 T. While the resistivity reflects the partial delocalization of the f resonance, the marked 
oscillation of the low temperature thermopower strongly suggests that pressure drives a magnetic order well above T.. 

1. Introduction 

Usual ly  the t r anspor t  p roper t ies  of heavy ferm- 
ion c o m p o u n d s  ( H F C )  are descr ibed by  indepen-  
den t  K o n d o  like scat ter ing at high t empera tu re  
(T>>  T K) and  in terms of a coherence  effect at 
low tempera tu re  (T_< T~). In UBet3, unl ike o ther  
heavy  electron superconductors ,  coherence  scat ter-  
ing is still no t  deve loped  when superconduc t iv i ty  
arises at T~ - 0.9 K. 

Indeed  the resist ivi ty 0 is still very large jus t  
above  T~, and  the t he rmopower  Q has not  even 
reached its negat ive peaks  [1]. To observe the low 
T exci ta t ions  of  the normal  phase,  high pressure  
t r anspor t  exper iments  under  magnet ic  field were 
per formed.  Pressure was genera ted  by  a pa i r  of 
opposed  Br idgman anvils  made  of  non-magne t ic  
tungsten carbide.  

20S' 

(3 

/ -  

<' ;~ / "  
f S / ,  

i f "  / /  , / ~ 

,a± eP~ i:) ( k b a p l  S ,T) 

i 
.~  c 23 S 

23 E 
4 5  6 

m I 67 5 

5 70 "5  

T (K) 
Fig. 1. Resistivity of UBe13 at different pressures in magnetic 

fields of 0 and 6 T. 

2. Resistivity 

Low tempera tu re  results of  resist ivity p are  
p resen ted  in fig. 1. The  pressure  de loca l iza t ion  of  
the f resonance  induces  the s t rong depress ion  of  O 
and the increase of  the t empera tu re  T£a ~ of  its 
m a x i m u m  value, in good  agreement  with refs. [2] 
and  [3]. A resist ivi ty behavior  ra ther  s imilar  to 
UPt  3, i.e. wi thout  resist ivi ty max imum,  is ex- 
pec ted  at abou t  200 kbar .  

At  low pressure,  the large and  negative magne-  
tores is tance A p / 0  is character is t ic  for the pres-  
ence of  local  magnet ic  moments .  At  in te rmedia te  
pressure  ( P  = 45 kbar)  A p / p  is still negat ive but  
weaker  and at  high pressure  ( P  = 67 kbar)  A p / p  

is s l ightly posi t ive be low 4 K. Such a posi t ive  
magne tores i s tance  has been observed in mode ra t e  
H F C  like UPt3,  CeRu2Si  2 or CeA13 under  pres- 
sure [4]. 

A t  67 kbar ,  p re l iminary  da ta  do  not  show any 
superconduc t ing  t rans i t ion  down to 0.1 K and 
above  1.2 K, the T 2 law of  p is still not  recovered.  

At  P = 0, for a sample  from the same batch,  a 
residual  resist ivi ty P 0 - 1 2  ~ 2 c m  has been mea-  
sured at B = 12 T [5]. Our  results  then suggest  a 
m a x i m u m  of  Po near  45 kbar .  

3. Thermopower 

As of ten observed in H F C ,  the t he rmopower  Q 
of  UBe13 is posi t ive at high t empera tu re  and takes 
large negat ive values at low tempera ture .  Fig. 2 
shows that  the negat ive peak  of  Q, centered  at 
TQ,, emerges above  T~ under  pressure.  The  clear  
corre la t ion  of  TQ n with TmPax asserts the same 
physical  origin. The pressure  i ndependence  of  the 
magn i tude  of  Q(TmOi.) agrees with a P increase  of 
the width of  the f resonance.  
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Fig. 2. Absolute thermopower of UBe~3 at different pressures 

in magnetic fields of 0 and 6 T. 

The most interesting feature in fig. 2 is the low 
T positive contribution of Q which is clearly 
resolved at 67 kbar. We claim that such a peak is 
the signature of an antiferromagnetic order. If a 
magnetic gap opens only in parts of the Fermi 
surface, it may be possible that no corresponding 
anomaly occurs in the resistivity. Large positive 
peaks of Q have been observed for well char- 
acterized antiferromagnets like UCu 5 [6], TmSe or 
TInS [7]. In these cases the change of sign of Q 
corresponds to the ordering temperature T N. The 
recently discovered antiferromagnet UPt 3 (T N - 5 
K) with a very low ordered moment also shows a 
positive peak of Q at - 8 K and a change of sign 
at - 2 4  K [8]. This thermoelectric behavior is 

expected for UBe13 at roughly 200 kbar, i.e. the 
same pressure estimated from the resistivity. 

From our previous study at P = 0 [1], a positive 
peak of Q can be extrapolated at T -  150 mK. A 
specific heat anomaly was recently discovered at 
the same temperature [5]. So it appears that the 
magnetic ordering sets in above T under pressure. 

The highly magnetic field dependence of the 
low T thermopower is another evidence of its 
magnetic origin (fig. 2). As P increases, increasing 
fields are needed to destroy the positive contribu- 
lion. 

4. Conclusion 

As pressure certainly induces the decrease of 
the low temperature electronic specific heat coeffi- 
cient per unit volume y,, our results illustrate the 
correlation which has been found at zero pressure 
between y, and the ground state configuration of 
uranium based HFC [9]. It is not so surprising 
that at high pressure UBe~3 behaves rather like the 
antiferromagnetically ordered HFC UCu5 or 
UPt 3. 
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