
UC Irvine
UC Irvine Previously Published Works

Title
Magnetoresistivity and hall experiments on UBe13

Permalink
https://escholarship.org/uc/item/49p6v3g8

Journal
Journal of Magnetism and Magnetic Materials, 76(C)

ISSN
0304-8853

Authors
Brison, JP
Briggs, A
Flouquet, J
et al.

Publication Date
1988-12-01

DOI
10.1016/0304-8853(88)90381-2

Copyright Information
This work is made available under the terms of a Creative Commons 
Attribution License, availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/49p6v3g8
https://escholarship.org/uc/item/49p6v3g8#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Journal of Magnetism and Magnetic Materials 76 & 77 (1988) 243-244 243 
North-Holland, Amsterdam 

M A G N E T O R E S I S T I V I T Y  AND HALL E X P E R I M E N T S  O N  UBe 13 

J.P. BRISON, A. BRIGGS,  J. FLOUQUET,  F. LAPIERRE,  Z. FISK * and J.L. SMITH * 

CRTBT-CNRS,  B.P. 166)(, 38042 Grenoble COdex, France 
• Los Alamos National Laboratories, Los Alamos N M  87545, USA 

Low temperature magnetoresistivity of UBe13 shows that the interactions between heavy fermions are field dependent. This 
suggests a field variation of the superconducting condensation energy. The Hall resistivity is strongly nonlinear in magnetic 
field. 

The magnetoresistivity p(H)  of UBe13 is large 
and negative in the whole range of fields and 
temperatures yet explored [1-3]. We report here 
measurements performed on a sample which has, 
at low temperature and high magnetic fields ( H  > 
10 T), the lowest published residual resistivity: 
p 0 ( H =  20 T ) -  10 ix~2cm. We focus on the low 
temperature regime (T~< 1 K) where the resistivity 
can be decomposed like: p(H,T)  = A ( H ) T  ~ + 
Po ( H ). 

Such an analysis is common in heavy fermion 
systems. However it presents striking features in 
UBel~: - the upper limit of validity of a T 2 law 
(roughly 900 mK) is field independent although 
A ( H )  has a strong field variation (fig. 1), - up to 
20 T, both A ( H )  and po(H) decrease with H, 
po(H) being quasiconstant above 10 T but never 
showing a positive magnetoresistivity. The new 
phenomena is that the usual relations between the 
field variation of A (H),  of the susceptibility X ( H )  
and of the coefficient y ( H )  of the linear T term 
of the specific heat also break down: y (H)  and 
x ( t t )  are field independent (almost up to 8 T [4] 
and to 20 T [2] respectively). 
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Fig. l. Field dependence of po(H)  and A (H) .  The full lines 
are the interpolation of the experimental points for H >~ 4 T. 
The dashed line is the extrapolation in low field ( H  < 4 T) 

based on the H 2 dependence of o ( H )  above T~. 

Nevertheless, these results can be simply under- 
stood in the framework of "classical Fermi liquid 
theories" where the T ~ term in 0 originates from 
direct interactions between quasiparticules, assum- 
ing these interactions are field dependent (because 
related to magnetism) while band properties are 
not. The importance of such a T 2 term [5] in 
UBe13 is due to: - the unusual large strength of 
direct interactions between quasiparticules, clearly 
revealed by the proximity of the superconducting 
transition (at 950 inK) to the coherence tempera- 
ture (2.5 K) yielding so a short lifetime for the 
quasiparticules, - the equality of the transport 
relaxation time and of the lifetime of the quasipar- 
ticules since UBe~3 is a compensated metal (there 
is an even number  of electrons per unit cell: also 
confirmed by band calculations [6]). The interac- 
tions between electrons and holes then lead to a 
relaxation of their relative velocity, and so of the 
current. This hypothesis could be checked in a 
funny way with the at tempt to relate A(H)  with 
superconductivity [7]. This connection is suggested 
by the example of pure aluminium where the 
coefficient A is strongly enhanced due to the 
virtual phonon mediated interactions which govern 
here superconductivity [5]. If A(H)  is pro- 
portionnal to the square of the attractive poten- 
tial, the interaction is field dependent and thus the 
superconducting condensation energy. Using BCS 
relations, the unusual shape of the upper critical 
field can be reproduced. This agreement gives 
strong support to a non phonon mechanism for 
the superconductivity of UBe~.  

The low temperature Hall resistivity ( ru)  is 
shown in fig. 2. The main effect is the nonlinearity 
of r~ with H: a maximum of r H seems to be 
observed for H = 2 T and a minimum for H = 4.5 
T. Thus, we disagree with the assumption [9] that 
the low field Hall coefficient may become nega- 
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Fig. 2. Field dependence of the Hall resistivity at different 
temperatures: * 915 inK, o 900 inK, [] 865 mK, • 850 inK, 

x793  inK, + 748 i n K , •  695 mK and * 647 inK. 

tive. The Hall effect may be dominated by mag- 
netic properties: this has been clearly observed in 
other heavy fermion compounds like CeRu 2Si 2 [9] 
and CeCu~ [10]. Specific heat measurements sug- 
gest that the normal phase of UBel~ may become 

long range magnetic ordered below 150 mK [7]. 
Magnetic correlations could be also important in 
this compound. 
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