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HALL EFFECT AND MAGNETORESISTANCE IN THE HEAVY-ELECTRON
COMPOUND UCus AT AMBIENT PRESSURE AND 1 GPa

G BRULS, W JOSS, U WELP, HR OTT*, Z FISK**, G CORSt and M KARKUTT

Max- Planck- Institut fur Festkorperforschung, Hochfeld- Magnetlabor, 166X, F-38042 Grenoble- Cedex, France
* Laboratonium fur Festkorperphysik, ETH- Honggerberg, 8093 Zurnich, Swuzerland

** Matenals Science and Technology Diision, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
tDépartement de Physique de la Matiere Condensée, Université de Genéve, Switzerland

Magnetoresistance and Hall effect measurements on a polycrystalline sample of UCus have been made 1n magnetic
fields up to 20 T and at temperatures as low as 0 3 K The results give evidence for a magnetic field induced high resistive

state and a magnetic transition 1n high fields

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

Here we present preliminary results of Hall
effect and magnetoresistance measurements
obtained with the van der Pauw techmique on a
square shaped polycrystalline sample of 0 5 mm
thickness and 3 mm length We used fields up to
20T and temperatures as low as 03K The
pressure of 1 GPa was obtained in a mimature
pressure cell using a muxture of 1soamyl and
pentane as pressure media

Fig 1 shows the temperature dependence of
the resistivity for the two different pressures In
the virgin curves, 1e cooling 1n zero magnetic
field, we do not observe a resistance jump at
about 1K as reported by Ott et al [1] Instead
our results seem to indicate a flat residual resis-
tance of about 95 p{) cm at ambient pressure and
of 80 uicm at 1 GPa Below 1K at ambient
pressure and below 0 75 K at 1 GPa a magnetic
field induced state with a largely enhanced resis-
tance can be maintamned after a magnetic field
cycle Fig 2 displays typical hysteresis curves of
the magnetoresistivity at ambient pressure and
for temperatures of 035 and 1 8 K Beginning
with the virgin value of 95 p{l cm we observe at
035K with imcreasing field a rise n mag-
netoresistance by about a factor of 3 between 4
and 8 T At higher fields the resistance decreases

slowly with increasing field Between 9 and 20T
the variation of the resistivity of our sample 1s
reversible At lower fields we observe large hys-
teretic effects The value 1n zero field 1s about 3
times larger than the virgin value Within a new
field cycle the resistance decreases slowly with
mcreasing field for fields below 4 T Between 4
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Fig 1 Resistivity 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 1ts metamagnetic transition The virgin data points
(closed symbols) are obtamned after heating the sample above
1 K 1 zero field
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Fig 2 Virgin and hysteretic behaviour of the magnetoresis-
tivity at ambient pressure and for temperatures of 0 35 and
18K

and 8 T a rise n resistance similar to that in the
virgin curve is observed In order to obtain a
hysteretic behaviour on a virgin sample one has
to nise the field up to the onset of the mag-
netoresistance that 1s 4T at 0 35 K

The curve for 1 8 K shows a reversible mag-
netoresistance for fields below 5T, a hysteretic
transition with a resistance nse of about 50%
between 5 and 12T, and a slow reversible
decrease 1n high fields In comparison with the
0 35K curve the size of the anomaly 1s largely
reduced and the field induced persistent resis-
tance increase has disappeared For temperatures
above 1 K our results are similar to those found
by Batlogg et al [3] But m contrast for tem-
peratures below | K their sample shows only
negative  magnetoresistance This  large
difference found at temperatures below 1 K in-
dicate different intuinsic sample properties and
cannot be ascribed to a different demagnetiza-
tion factor

In ref [1] ot was proposed that the high resis-
tive state 1s a consequence of changes of the
Fermi surtace due to the formation of a CDW- or
SDW-gap which according to our results 1s
magnetic field induced Since the resistivity 1s
nearly constant below 3 K and rather high, 1t 1s
dominated by mmperfections Changes of the
resistivity are then due to changes 1n the carrier
concentration Along a theory of Bilbro and
McMillan [4] the fraction of the Fermi surface

which 1s not gapped 15 given by
'l = Rwrgln( r)/R( T)

This means, that at 0 5 K and at ambient pressure
63% and at 1 GPa 45% of the Fermi surface are
gapped With a hydrostatic pressure of 1 GPa the
field induced state 1s largely suppressed and the
critical temperature decreases from 1 to 0 75 K
In this sense UCus behaves like a Chevrel-phase
compound [5]

Fig 3 displays the Hall resistance at ambient
pressure for different temperatures as function of
the magnetic field The Hall constant, defined as
the slope of the Hall voltage 1n the hmit B— 0. 15
positive and has for T <25 K and with increasing
field a value of about 10" cm?*/Cb With increas-
ing temperature the Hall constant increases until
at 15 K a maximum of about 1 2% 107> em*/Ch s
reached This maximum s due to the antifer-
romagnetic ordernng The positive dand even at
low temperatures rather high value can be attrn-
buted to a large anomalous Hall effect due to
skew scattering [6] At temperatures below 6 K
the Hall resistance shows a rather marked hys-
teretic jump at fields which correspond to the
increase 1n the magnetoresistance Below 5 K the
height of the jump 15 roughly temperature n-
dependent and would in a <ingle band model
correspond to a reduction of the carrier concen-
tration by a tactor of about 8 The 1mtial slope ot
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Fig 3 Hall resistance at ambient pressure for temperatures
between (0 5 and 20 K in magnetic fields up to 20T
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the Hall resistance 1n increasing and decreasing
field differ from each other At ambient pressure
this difference disappears above 09K and at
1 GPa above 0 7 K This result 1s consistent with
the interpretation of the resistivity curves by a
partial gapping of the Fermi surface below 1K
due to CDW- or SDW-formation and a cor-
responding reduction 1n carrier concentratton

In general the Hall resistance depends on the
scattering mechanism and the structure of the
Fermi surface Accordingly the jump 1n the Hall
resistance can be caused by a change of the
scattering mechamsm due to a change 1n the
magnetic structure or (and) by a change of the
Fermi surface due to partial gappmng and
decrease of the carrier concentration

The maximum 1 the magnetoresistance dis-
appears in contrast to the behaviour of the Hall
resistance rapidly with temperature Furthermore
in the non-virgin curve of the magnetoresistance
at 035K the hysteresis 1s observed This sug-
gests, that at a critical field a change in the
magnetic structure and accordingly a change n
the skew-scattering occurs This transition may
be accompamed by a Fermu surface instability
giving raise to the high resistivity, which for
T > 1 K disappears rapidly but persists for T <
1 K even 1n zero field

Fig 4 shows the magnetic phase diagram as
deduced from the jump 1n the Hall resistance with
increasing field For fields below the mdicated
critical field UCus 1s antiferromagnetic For T —
0 there seems to be 1n contrast to Batlogg et al
[2] a finite critical field of about 5T The field
induced state shows up 1n a strong increase of the
width of the hysteresis in the Hall effect below
1K A pressure of 1GPa affects this phase
diagram only weakly

Susceptibility and magnetization measure-
ments are 1n progress to clarify the nature of the
metamagnetic transition

We are grateful to Professor Wyder for his
continued 1nterest and support and we hke to
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Fig 4 Width of the hysteresis in the Hall effect as a function
of temperature (lower part) Upper critical field defined as the
mudpoint of the jump of the Hall resistance n increasing field
as function of temperature (upper part) Closed symbols
ambient pressure, open symbols 1 GPa

thank Dr P Haen for many stumulating dis-
cussions
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