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H A L L  EFFECT A N D  M A G N E T O R E S I S T A N C E  IN T H E  H E A V Y - E L E C T R O N  
C O M P O U N D  UCus  AT A M B I E N T  P R E S S U R E  A N D  1 GPa 

G BRULS, W J O S S ,  U WELP, H R OTT*, Z F1SK**, G CORSI" and M K A R K U T +  

Max- Planck- Instaut [ur Festkorper[orschung, Hoch[eld- Magnetlabor, 166X, F-38042 Grenoble- Cedex, France 
* Laboratonum [ur Festkorperphystk, ETH-  Honggerberg, 8093 Zurich, Swazerland 
**Materials Science and Technology DtvJslon, Los Alamos National Laboratory, Los Alamos, NM 87545, USA 
"f Ddpartement de Physutue de la Mattere Condens~e, Umverstt~ de Gen~ve, Switzerland 

Magnetores~stance and Hall effect measurements  on a polycrystallme sample of U C u s  have been made m magnet ic  
fields up to 20 T and at temperatures  as low as 0 3 K The  results give ewdence  for a magneUc field induced high resistive 

state and a magnet ic  t r ansmon in high fields 

In recent work UCu5 was characterized as a 
magnetically ordered heavy electron compound,  
that undergoes a phase transition at about 1 K to 
a sofar umdentlfied state [1] Neutron diffraction 
measurements showed an antfferromagnettc 
phase transition at 15 K [2] 

Here we present prehmmary results of Hall 
effect and magnetoreststance measurements 
obtamed with the van der Pauw technique on a 
square shaped polycrystalhne sample of 0 5 mm 
thickness and 3 mm length We used fields up to 
2 0 T  and temperatures as low as 0 3 K  The 
pressure of 1 GPa was obtamed m a miniature 
pressure cell using a mixture of tsoamyl and 
pentane as pressure medm 

Fig 1 shows the temperature dependence of 
the reslstwlty for the two different pressures In 
the virgin curves, 1 e cooling in zero magnetic 
field, we do not observe a reststance jump at 
about 1 K as reported by Ott et al [1] Instead 
our results seem to indicate a flat residual resis- 
tance of about 95 I~1~ cm at ambient pressure and 
of 80~11cm at 1 G P a  Below 1 K  at ambient 
pressure and below 0 75 K at 1 GPa a magnetic 
field induced state with a largely enhanced resis- 
tance can be maintained after a magnetic field 
cycle Fig 2 displays typical hysteresis curves of 
the magnetoresmstiv~ty at ambient pressure and 
for temperatures of 0 35 and 1 8 K Beglnmng 
with the vtrgm value of 95 I ~  cm we observe at 
0 3 5 K  with Increasing field a rise in mag- 
netoreslstance by about a factor of 3 between 4 
and 8 T At  higher fields the resistance decreases 

slowly wzth mcreasmg field Between 9 and 20 T 
the variation of the reststivlty of our sample ts 
revers,ble At lower fields we observe large hys- 
teretlc effects The value m zero field ts about 3 
times larger than the vlrgm value Within a new 
field cycle the resistance decreases slowly with 
mcreaslng field for fields below 4 T Between 4 
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F~g 1 Resmtmvlty versus temperature  at ambient  pressure 
and 1 GPa The  very high values of the resistivity below 1 K 
(open symbols) are observed only after driving the sample 
through ~ts metamagnet lc  transition The  vmrgm data  points 
(closed symbols) are obtained after heating the sample above 
1 K in zero field 
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Fig 2 Virgin and hysteretm behavlour of the magnetoresls- 
Uvlty at ambmnt pressure and for temperatures of 0 35 and 
I g K  

and 8 T a rise In resis tance similar to that m the 
virgin curve  is observed  In order  to obta in  a 
hysteretlc behav lour  on a virgin sample one has 
to rise the field up to the onset  of the mag-  
netores is tance  that IS 4 T at 0 35 K 

The  curve  for 1 8 K shows a reversible mag-  
netores is tance  for fields below 5 T.  a hysteretlc 
t ransi t ion with a resis tance rise of about  50% 
be tween  5 and 1 2 T ,  and a slow reversible 
decrease in high fields In compar i son  with the 
() 35 K curve the size of the anomaly  is largely 
reduced  and the field Induced persis tent  resis- 
tance increase has d isappeared For t empera tures  
above  I K our  results are similar to those found  
by Batlogg et al [3] But in contras t  for tem- 
pera tures  below I K their sample shows only 
negat ive  magne to res l s t ance  This  large 
difference found at t empera tu res  below 1 K ln- 
dmate different  intrinsic sample propert ies  and 
canno t  be ascribed to a different  d e m a g n e t l / a -  
tmon factor 

In ref [1] II was proposed that the high resis- 
tive state is a consequence  of changes  of the 
Fermi surface due to the format ion  of a C D W -  or 
S D W - g a p  which accord ing  to our  results is 
magne t ic  field induced  Since the resistivity is 
near ly cons tan t  below 3 K and rather  high, it is 
domina t ed  by imperfect ions  Changes  of the 
resistivity are then due to changes  In the carr ier  
concen t r a t i on  Along  a theory of Bllbro and 
McMlll . in [4] the fract ion of the Fermi surface 

which Is not gapped ts g iven by 

n = R . , , g . . (  F ) / R ( T )  

This  means,  that at 0 5 K and at ambien t  pressure 
63% and at 1 GPa  45% of the Fermi surface are 
gapped With a hydrostat ic  pressure of 1 GPa  the 
field Induced state is largely suppressed and the 
c rmcal  t empera tu re  decreases  from 1 to 0 75 K 
In this sense UCus  behaves  like a Chevre l -phase  
c o m p o u n d  [5] 

Fig 3 displays the Hall resis tance at ambien t  
pressure for different  t empera tu res  as func t ion  of 

the magne t ic  field The  Hall cons tant ,  defined as 
the slopc of the Hall vol tage m the limit B--* 0, ms 
posit ive and has for T < 5 K and with increas ing 
field a value of about  10 ~ cm~/Cb With increas-  
ing tempera ture  the Hall cons tan t  increases until  
at 15 K a max imum ot about  1 2 × 10 2 cin~/Cb is 
reached This  ma x i mum is due to the ant l ler -  
romagnet lc  order ing  The  p o s i , v e  and even  at 
low tempera tures  rather  high value can be a t m -  
bu ted  to a large anomalous  ttall  effect due to 
skew scat ter ing [6] At t empera tures  below 6 K 
the Hall resistance shows a rather  marked  hys- 
teretlc lump at fields which cor respond  to the 
mcrease  in the magne to res l s t ance  Below 5 K the 
hmght  of the lump is roughly  t empera tu re  m- 
d e p e n d e n t  and would m a single band  model  
cor respond to a reduc t ion  of the carr ier  c onc e n -  
t r anon  by ,l lac tor  of about  8 The  initial slope ot 
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Fig ~ Hall resistance .it ambient pressure for temperalures 
between 0 5 and 20 K m magnetic fields up to 20 T 
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the Hall resmtance in increasing and decreasing 
field dtffer from each other At ambient pressure 
this difference disappears above 0 9 K and at 
1 GPa above 0 7 K This result Is consistent with 
the interpretation of the reslstwlty curves by a 
partial gapping of the Fermi surface below 1 K 
due to CDW- or SDW-formatlon and a cor- 
responding reduction in earner concentratton 

In general the Hall reststance depends on the 
scattering mechanism and the structure of the 
Fermi surface Accordingly the jump m the Hall 
resistance can be caused by a change of the 
scattering mechamsm due to a change in the 
magnetic structure or (and) by a change of the 
Fermi surface due to partml gapping and 
decrease of the carner  concentratton 

The maximum m the magnetoreslstance din- 
appears m contrast to the behavtour of the Hall 
resmtance rapidly with temperature Furthermore 
in the non-virgin curve of the magnetoreslstance 
at ()35 K the hysteresm ts observed Thts sug- 
gests, that at a critical field a change m the 
magnetic structure and accordingly a change m 
the skew-scattering occurs Th~s transmon may 
be accompamed by a Fermi surface mstablhty 
gwing rame to the high resmtwlty, which for 
T > 1 K disappears rapidly but persists for T < 
1 K even tn zero field 

Fig 4 shows the magnettc phase diagram as 
deduced from the jump m the Hall resistance with 
increasing field For fields below the mdlcated 
crttlcal field UCus is antfferromagnetlc For T----> 
0 there seems to be m contrast to Batlogg et al 
[2] a fintte cnttcal field of about 5 T The field 
reduced state shows up in a strong increase of the 
width of the hysteresis m the Hall effect below 
1 K A pressure of 1 GPa affects this phase 
dtagram only weakly 

Suscepttbtlity and magnetlzatton measure- 
ments are m progress to clarify the nature of the 
metamagnetlc transition 

We are grateful to Professor Wyder for his 
continued mterest and support and we hke to 

-~ 10 
L L  

4-- 

L_ 
U 

.2 
0 

r -  
-4 - -  

20 

0 I 

2 ~.,. 

I 
o 

o • 

UCu 5 

t * "  " o .  _ \ _ . ,  

r I J 

0 2 4 6 

Temperature (K) 

Fig 4 Width of the hysteresis m the Hall effect as a function 
of temperature (lower part) Upper crmcal field defined as the 
midpoint of the lump of the Hall resistance m increasing field 
as function of temperature (upper part) Closed symbols 
ambient pressure, open symbols l GPa 

thank Dr P Haen for many stimulating dis- 
cussions 
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