UC Irvine
UC Irvine Previously Published Works

Title
Low temperature magnetoresistivity of UBel3

Permalink
https://escholarship.org/uc/item/22m50021|

Journal
Journal de Physique, 47(3)

ISSN
0302-0738

Authors
Remenyi, G
Jaccard, D
Fiouguet, |

Publication Date
1986

DOI
10.1051/jphys:01986004703036700

Copyright Information

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

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/22m50021
https://escholarship.org/uc/item/22m50021#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

J. Physique 47 (1986) 367-372

Classification
Physies Abstracts
71.20 - 74.40 = 74.60E

LOW TEMPERATURE MAGNETORESISTIVITY OF UBel.
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Résumé.- Des expériences de magnétorésis-
tance montrent une relation simple quadra-
tique Tc de la résistivité de la phase nor-
male Jjuste au-dessus de la température su-
praconductrice Tc. La résistivité rési-
duelle dépend, elle, fortement du champ
magnétique. Pour 12 T >2 H > 4 T, la magné-
torésistivité peut &tre décomposée en :

p(T.H) = p (H) + A(H)T?

Py et A suivant des variations respectives

en yH et H. L'accent est mis sur la dualité
particules légéres et lourdes.

Abstract.- Very low temperature magnetore-
sistivity experiments exhibit a simple qua-
dratic T, dependence of the resistivity
just above the superconducting transition
temperature Tc. Extrapolated residual re-
sistivity depends strongly on the magnetic
field. For 12 T 2 H > 4 T, the magnetore-
sistivity can be fitted by :

p(T,H) = p (H) + A(H)T?

Py and A following respectively Ji and H

variations. Emphasis has been given on the
duality between light and heavy particles.

The heavy fermion compounds (HFC)
have the common property of showing huge
values of the ration C/T (the specific heat
divided by the temperature). However, large
differences occur among them, notably bet-
ween the well known heavy fermion supercon-
ductors (HFS) UBeIa [11, CeCuzsiz[zl and
UPt, [3]. The last two compounds have axial
symmetry whereas UBeln has a cubic sym-

metry ; the U-U interdistance in UBe , lar-

ger (d ~ 5.13 A) is larger than the corres-
ponding distance (d ~ 4.1 A) between the f
atoms in the other two [4]. In zero applied
field (H), in UBelg, just above the super-
conducting transition 'I'c ~ 0.9 K, the re-

sistivity p(T;} ~ 180 pflcm is enormous and
close to the maximum value of P, ~ 220
pflem, which is reached for T, ~ 2.4 K. For

CeCu, Sis, p{T;} ~ plcm, P, = 150 pllem and

T, ~ 24 K while for UPt_, p{T;} ~ 1.5 pllem

and no resistivity maximum can be detected
whithout phonon correction [4].

The strong scattering observed for
UBE“l at T: precludes characterizing the
low temperature properties of UBen by an
unique Fermi temperature T, ~ 8 K as chosen

in the analysis of its specific heat and of
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its magnetization. The latter is linear up
to H = 10 T and quasi independent of tempe-
rature below T = 4.2 K [5]. A large negati-
ve magnetoresistivity has been already ob-
served for UBela[S]. New experiments per-
formed down to 56 mK at fields up to 12 T,
and down to 0.42 K at fields up to 24 T
will be reported. The aim is to determine
when simple laws, such as T? dependence,
can be recovered in the resistivity of the

normal phase. Data on the upper critical

fields H_ (T) will be briefly given for
2

comparison with published results [6]. Pre-

vious experiments [6] were limited to

fields up to 10 T and the data analysis

were almost restricted to the superconduc-
ting transition. Finally magnetization mea-
surements up to 24 T down to 1.3 K will be
also reported.

Experimental conditions.

The sample was cut from the same
batch as that sample recently used for per-
forming thermal conductivity and thermo-
electric power (TEP) measurements [7]. Four
leads were soldered using indium and the
resistivity was measured by an ac cryoge-
nics bridge with a low power dissipation.
The linear voltage output allows a conti-
nuous field sweep of the resistor at a
constant temperature. The error bar on the
resistivity data is less than 0.1 pflem. For
H < 12.5 T the magnetic field was produced
by a superconducting coil and the sample
immersed in the mixing chamber of a dilu-
tion refrigerator (which reaches 56 MK).
Between 12.5 T and 24.6 T the field was
produced by a polyhelix type resistive ma-
gnet and temperatures were achieved 1in a
*He cryostat down to 0.42 K. In zero
field, the temperature was measured with a
Ge thermometer, which was calibrated on

*He vapour pressure, and was controlled
with a capacitance under magnetic fields.
DC magnetization (M) measurements show the
strong linearity of M with H up to the hig-
hest applied field of 24 T at the lowest
measured temperature of 1.3 K and the quasi
independence of M with the temperature be-
low 4.2 K (Fig. 1).

Magnetoresistivity.

Figure 2 represents the magnetore-
sistivity for different temperatures and
figure 3, at constant field, the temperatu-
re variation of the resistivity, measured
up to 12.5 T, while figure 4 shows results
obtained in resistive magnets. As was ob-
served previously, the magnetoresistivity
is large and negative [6,7]. The weak maxi-
mum in the temperature wvariation of p at T

~ 2.4 K for H = 0 clearly disappears for H
> 2T (for H= 2 T, p is qguasi constant for
2.4 < T < 3K). The drop of p at H= 21T
has been observed with field increasing or
decreasing ; unfortunately, due to the fai-
lure of the magnet, it was not possible to
repeat these high field experiments.

1 T T B
M(emu,q)
10p T=13K
8L =
T=42K
6 =
A .
2L =
0 1 1 1 1
0 5 10 15 20 H(T)

up to

Fig. 1.- Magnetization of UBe |

24 T, down to 1.5 K.

plplcm)

1 J

0 2 & 6 8 10

12 HI(T)

Fig. 2.- Magnetoresistivity
different temperatures.

of UBe at
13

Defining T_  as the temperature cor-
responding to one half of the resistivity
drop, the upper critical field phase dia-
gram can be drawn (Fig. 5). The value
found of T. (H=0) = 880 mK is slightly hig-
her that the temperature T_ (H=0) = 854 mK
measured for a sample extracted from the
same batch [7] ; this difference may result
from difficulties due to thermal gradients
in the mixing chamber, when large power
must be applied to stabilize the temperatu-
re. The low field regime I (H <20 kOe) and
high field regime II (H > 20 kOe) of the
phase diagram correspond sﬁspectively to an

enormous initial slope

c
2l > -500 kOe
ar | ¢

/K and to a quasi linear temperagﬁre depen-

dence down to 0 K with a slope BTE ~

T— 0
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=102 kOe/K, in excellent agreement with pu-
blished data [1,6,7]. Contrary to other re-
cent reported work [8], no departure from a
field 1linearity of H_ (T) is observed at

2
T — 0 K ; an extrapolation to T — 0 K gi-
ves H  (0) = 10.2 T.
2

The main interesting feature is,
that over all the field range H < H (0),
2

p{T:l follows a T: dependence i.e. for H ¢
H (0), p(T:] obeys the relation :
2

+ o 2
& (T = P, + oT,

with o = 180 pQcmK™? and P, = 38 plicm as
shown in figure 6.

This relation between p{T;} and T;
is especially relevant taking into account
the apparent enormous disorder scattering
of the normal phase.

Figure 3 clearly shows that extrapo-
lations to 0 K lead to residual resistivi-
ties which are strongly field dependent.
For H > 4 T, p(H) can be represented at ve-
ry low temperature by the relation :

p(H) = p (H) + A(H)T?

The striking results are : a) below Hc (0),
2

dependences of Py and A in Jﬁ and H respec-
tively and b) above Hc , the linear extra-

polation to zero of Az for H~ 20 T, i.e.
near the field, where a drop in the resis-
tivity has been observed (Fig.7). The po(H}
and A(H) curves intersect at low field for
H ~ 2 T and in high field for H ~ H_ (0).
2
It is worhwhile mentioning that A and T,
vary linearly with H in the same field high
regime [[. If a connection exists with the
regimes I and Il of the phase diagram, the
crossing of potﬂi and A(H) must imply a

characteristic temperature T* ~ 1 K by ho-

mogeneity arguments ( P, in pllem) , A in

pemK “2). A similar temperature T* ~ 1 K
corresponds also to the mapping of the tem-—
perature dependence of the normalized ma-
gnetoresistivity by above 1 K in

T+T*
agreement with previous results (see ref.

[41).

Discussion.

Before discussing in more detail the
experiments, let us underline, that the va-
lence i.e. the nature of the magnetism car-
ried by the U centres is not so well known
[9], as for trivalent cerium ions in HFC.
For example, in a cubic symmetry, a triva-
lent cerium ion (Kramer's ion) can only be
in a non magnetic ground state via a Kondo

A plpRcm)
H=0
200 J
107
Hz 11T>H, (Tx0)
100
| 111 1 1 1 -
0 1 2 3 L TIK)
Fig.3.- Temperature dependence of the

resistivity at constant field.

like coupling while an U*' ion can be in a
singlet ground state by the sole mechanism

of the crystal field effect like the Pr*'?
ions. This leads to basic difficulties for
decomposing (in a single impurity scheme)
crystal field and FKondo effects and also
for understanding the nature of the ground
state of the lattice notably the occurrence
of a non magnetic ground state. In the dis-
cussion, the terminology "Kondo temperatu-
re", applied to the magnetization, is rela-
ted to the quenching of the angular momen-
tum even if one of its mechanism is the
formation of a singlet crystal field ground
state. The presence of a Kondo like mecha-
nism is obvious at high temperature as p
increase on cooling down to 2.3 K.

At 4.2 K, the magnetoresistivity &p

is negative but not yet quadratic in H i.e.
in M over all the field range as it is the

[
P (uSem)

Nﬂfﬂ\\
180 |-
150 |-
120
90

60

0 (A ] 12 16 20 H(T)

Fig.4.- High field resistivity curve.
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case for paramagnetic impurities (Fig. 8).
The strong temperature dependence of the
magnetoresistivity contrasts with the in-
pendence of the magnetization with the tem-
perature. That implies different characte-
ristic energies in tranport (T £ 1 K) and
in magnetization measurements (Tk 2 8 K).
On cooling, departure from the single ion
behaviour increases since lattice effects
become important below TK 4L 2.4 K. However,
the magnetoresistivity remains negative
contrary to other HFC like UPt  [10,11],
CeAl [12], CeRu,si, [13] and CeCu,si, [14],
where a positive contribution appears on
cooling when the coherent lattice regime is
approached.

chlT—-Ol:'lO?. kOe £ 3%,
Tc (H=0)=0.885K=2 1%

Fig.5.- critical field phase dia-

gram.

Upper

In UBela, a strong scattering of the
itinerant electron by the U centres is ob-
served almost down Tc. This behaviour must
be correlated with the weak value of Tu ~
2.4 K as compared to the Kondo temperature
T, ~ 8 K necessary to explain the weak tem-
perature dependence of its magnetization
(Fig. 1). Further evidence is the strong
scattering disorder found in TEP experi-
ments, since a negative minimum of Q is not
achived for UBe  at T (H = 0) [7]. Clear-
ly, the band-width suitable to describe an
ordering of the f electrons in the k space
must be lower than 8 K. In constrast, as
previously emphasized, in CeCu Si T «~ 24
K > 'I'It ~ 5 K and in UPta Tu 2 300 K » TII or
T the spin fluctuation temperature [15-

af
17] ; a negative minimum of the TEP occurs

at 20 K for CeCuzsiz [18] and a positive
maximum at T ~ 8 K for UPta [15]. The al-
most single ion behaviour of the U atoms in
UBe‘s may be due to the fact that the U
ions are strongly isolated from each other
by the surrounding 13 Be atoms. Furthermore,
the quasi independence of the U atom may be
reinforced also from the large number (n, ~
28) of s electrons per unit cell [19]. How-
ver, the relation between the number of £
centres and the number of itinerant conduc-
tion, electrons in the 1lattice properties
is still an open question.

Basically, there are two types of
particles involved in the problem : light
electrons, given mainly by the Be atoms,
and heavy f electrons of the U atoms. These
last particles correspond to a weak deloca-
lization of the f electrons by their Kondo
like coupling with the itinerant electrons

I +
p({HS2cm) ALPIT)
o H(T)
150 F PITE)=38+180T2 7 LT
~, 5 1
6T
7T
100 | 51
11
i2 1
50 |-
) PHT) = R, (H) + A(H) T2
7 (H=0)
(1] O — 1 1 l © |
02> 042 0.6 0.8 :

1.0
T2(K2)

Fig. 6.- Quadratic dependence of ptT;l
with the superconducting transition and re-
presentation of p(H) in T%.

[20,21]. A two component picture of the
normal phase has been already considered
above 'I'e in thermal conductivity [21] and
Hall effects experiments [22]. Here, it
seems supported by a better linearity of
the magnetoconductivity (Ao = o(H)-o(H=0))
than that of the magnetoresistivity in a
plot log Ac(or Ap) versus log H. Such a de-
composition must fail when the phase of
the two components must be mutually adjus-
ted below 1; or when, in the normal phase,
any auxiliary energy reservoir has collap-
sed. Clearly at H + 0 from resistivity and
TEP data [7] the temperature range of the
coherent phase in the normal phase is very
small, i.e. « Tc. It has been observed that

the A coefficient of the T? term of the re-
sistivity can be scaled with the square of
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the coefficent 7 of the specific heat [31].
The linear decrease of A with the magnetic

field suggests a Jﬁ field decrease of 7.

The quadratic T dependence of p(T!)
shows that in the vicinity of the supercon-
ducting transition one has the temperature
dependence usually observed for electron-
electron interactions [23,24], the magnitu-
de o = 180 pllemk ? of the T;’ term is still
larger than that found in the normal phases
of HFC (for CeAl , A = 35 pQcemk™? [25] and

for CeCu, A = 120 pQcmk™? [26,27]. The su-

perconductivity may follow some precursor
coherence among the f electrons in the nor-
mal phase. Thus, at T:, the Ti law of the
resistivity appears to correspond to cohe-
rence effects driven by the inset of the
superconductivity. There is a mutual push-
pull between superconductivity and interac-
tions among particles. Correlatively, the
disorder scattering enhances the upper cri-
tical fields. In regime I the large disor-
der observed in resistivity and TEP is as-

sociated with an enhancement of H, (T) in

2
agreement with the idea that the disorder
enhances the paramagnon strength and weaken
the pair breaking parameter [28]. Qualita-
tively, the important of localization ef-

fects agree also with the Jﬁ dependence of
the residual resistivity Py found for

4T <HCH, (0) as a similar negative ma-

2
gnetoresistivity is observed for weak 3d

PolpQem)
4 Alp Q cm K'z]
120
100:
- 2
L p=[p° +AT ]ILQCI'I'I
% B Po
L
B 6
60 | g
- po
sk o :
E V5 Vi0 VH
20 F
0 B 1 1 1 1 -
5 10 15 20 HIT)

F§g. 7.- Field variation of the coeffi-
cient p, (H) and A(H), obtained by the fit-
ting of the resistivity p(T,H) by p, (H) +

A(H)T?.

localization [29]. Quantitatively, the va-
riation of the residual magnetoresistivity
is not a weak perturbation and it is neces-
sary to convert resistivity in conductivi-
ty. The negative magnetoresistivity is lo-
wer by a factor 3 from that predicted by
the theory of a weak localization. Interac-
tion effects in disordered systems must al-
so be considered.

150 Ap (R em)

100

50

0 102 142

1
2
H? (12) 18 20

Fig. 8.- Dependence Ap = p(0) - p(H) at
different temperature as a function of H*
The linearity of Ap with H?* is only obser-
ved for H < 6.3, 4 and 2.5 T respectively
at T = 4.2 K, 2.2 K and 1.25 K.

The regime change in p(H) for H ~

H (0) corresponds to a domain, where a

T? law is obeyed up to 0.8 K 2 T, (H=0) and
and where a change in the sign of TEP seems
to occur from negative to positive [7]. For
H = 0, the electronic mean free path tl. =
= 13 A for p ~ 130 pflem) is smaller than
the superconducting coherence 1length b o~
65 A). The interesting feature is that the
large negative magnetoresistivity 1leads to
an increase of the mean free path such that

it becomes comparable to ¢, for H ~ H (0).
z

The applicability of the dirty limit
approximation is doubtful for UB&ls since a

decrease of p(T;) by 30 % [6] gives results
similar to those reported here. Experiments
on samples of different purities performed
in the same apparatus to minimize experi-
mental errors must be performed to clarify
this point and also the interplay between
localization, interaction and disorder. Fi-
nally up to H < 24 T and T > 0.46 K no re-
entrant superconductivy has been found as
recently proposed [30].

Conclusion.

The interplay between cocherence ef-
fects of a lattice, localization and inte-
raction effects is obvious for the specific
case of UBe _. The main interesting feature

is the connection between superconductivity
and the properties of the normal phase. Re-
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ducing
particles

the physics of HFC to the -sole f

neglects the interesting problem

of coupling between two interacting systems.

Finally,

the diversity of the hierarchy

between basic parameters {Tx. Tn, anisotro-
py and crystal field effects) leads to dra-
stic differences between HFS which needs to
be understood via their normal phases.
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