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Hall effect in Ce1-x YxPd3 mixed-valence alloys 
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Mixed-valence and Kondo lattice systems exhibit large anomalous Hall coefficients with a striking change 
of sign at low temperature in severa! systems (CePd3, CeCu6, ... , etc.). We have studied the Hall effect 
of Ce1_x YxPd3, in which the substitution of small amounts of Y for Ce prevents the development of 
coherence at low temperature. We find that the Hall coefficient does not change its sign at low temperature 
and can be well understood in the one-impurity model of Ramakrishnan, Coleman, and Anderson. We 
infer that the change of sign observed in CePd3 is an effect of coherence. 

Mixed-valence and Kondo rare-earth systems exhibit 
anomalous Hall coefficients, as has been observed in Ce 
(Refs. 1 and 2) and Tm (Ref. 3) dilute alloys and in 
several intermetallic compounds.4-9 A striking result is the 
chÍmge of sign of the Hall coefficient in CePd3, 5 SmB6, 6 
CeBe13, 5 CeCu6, 9 and YbCuAl.5 A plausible origiri of these 
Hall-effect anomalies is the existence of skew scattering.10 
An early model11 of the Hall effect induced by Kondo Ce 
impurities was based on the calculation of the skew scatter­
ing by a Coqblin-Schrieffer interaction12 between conduction 
electrons and Ce impurities. This model is valid only in the 
high-temperature limit, i.e., T >> TK. Recently, a more 
general model has been proposed by Ramakrishnan, Cole­
man, and Anderson.13· 14 The expression of the Hall coeffi­
cient found by these authors [see Eqs. (4) and (9) in Ref. 
13) is written as 

RH=R~+KJ.Lalalpsin(.P+Ih)/sinlh , (1) 

with .p = - 283 in the low-temperature limit ( T << TK) and 
.p = - 1r in the high-temperature limit. 83 is the phase shift 
associated with the resonance scattering in the I = 3 channel 
at low temperature, 82 is the phase shift due to additional 
potential scattering in the I - 2 channel, p is the resistivity, 
and I a I is proportional to X (1 - X T), where X is the reduced 
magnetic susceptibility, i.e., X= 3X./g2J.LjJ(J + 1). The 
change of .p from - 283 to - 1r as the temperature increases 
is related to the renormalization of the /-levei position. 
Ramakrishnan et ai. 13· 14 have proposed to ascribe the 
change of sign of the Hall effect at low temperature to the 
change of sign of sin(.p + 82) as .p shifts from - 1r to - 283. 
However, the model of Ramakrishnan et ai. 13· 14 describes 
the skew scattering by independent Ce impurities and does 
not take into account the coherence effects occurring at low 
temperature in mixed-valence and Kondo lattices. Alterna­
tively, it is tempting to ascribe the change of sign of the 
skew scattering term to the onset of coherence and to the 
resulting changes in the scattering processes. In CePd3, for 
example, R8 is found to drop in the temperature range 
where the coherence appears (drop of the resistivity). In 
the same way, in CeCu6, the change of sign of R 8 seems to 
be related to coherence effects.9 In order to establish if the 
decrease and the change of sign of R 8 in CePd3 is due to 
the onset of coherence, we have studied the Hall effect of 
Ce1-xYxPd3 alloys with x-0,0.1,0.3. It is known that the 

substitution of a few atomic perceni of Y for Ce in CePd3 
breaks the coherent state: with only 3 at.% of Y (i.e., 
x = 0.03) the resistivity drop at low temperature disappears 
almost completely;15 for x = 10 and 30 the resistivity leveis 
off at a very high value in the low-temperature limit, 16 
which is the typical behavior for independent mixed-valence 
and Kondo impuritiesP To probe the role of coherence in 
the change of sign of R 8 , we compare the Hall effect of 
coherent CePd3 and incoherent Ce1-x YxPd3. 

Samples of Ce1-x YxPd3 with x=O, 0.1, and 0.3 were 
prepared from 99.99% pure metais by are melting under a 
pure argon atmosphere. The magnetic and transport proper­
ties of samples prepared in this way have been described 
previously.16 The samples for Hall-effect studies were in 
the form of platelets (1 x 3 x 10 mm3) and the measure­
ments were performed by a standard ac technique up to 7 T 
between 1.2 K and room temperature. We present below 
ou r results on the initial Hall coefficlent R 8 . 

In Fig. 1 we show R8 vs T for our three samples. Our 
results for CePd3 confirm the change of sign at about 20 K 
already observed by Cattaneo, Hãfner, and Wohlleben.5 On 
the contrary, for Ceo.9Yo.1Pd3 and Ceo.1Yo.JPd3, RH increases 
monotonically when T is lowered from room temperature to 
1.2 K. For these two Ce1-x Y xPd3 alloys the variation of R 8 

with T fits roughly the variation of pX(l- xT) calculated 
from independent measurements of p and X (Refs. 16 and 
19) and represented by dashed curves in Fig. 1. This rough 
agreement between the variation of RH and pX(l- xT) 
(Ref. 20) means the Hall effect of our two Ce1-x YxPd3 al­
loys is approximately explained by the one-impurity model 
of Ramakrishnan et ai. with temperature-independent values 
of .p in Eq. (1) (from the neutron quasielastic width21 and 
the susceptibility data, 16 the Kondo temperature TK of our 
Ce1-xYxPd3 alloys is in the range 500-1000 K, which is 
consistent with an approximately constant value of .p in our 
experimental range 1-300 K). 

Now, if the behavior of R 8 for x = 0.1 and 0.3 is charac­
teristlc of incoherent Ce,and explained by the one-impurity 
model of Ramakrishnan et ai:, we infer that the behavior of 
R 8 in CePd3, with a drop below 100 K anda change of sign 
at about 20 K, has to be ascribed to the onset of coherence. 
lt has been suggested to one of us (A.F.) by Coleman that 
the effect of coherence might be described by introducing a 
crystal-field splitting in the coherent state and the resulting 
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FIG. 1. Hall coefficient RH vs temperature for CePd3 (&) (Ref. 
18), Ceo.9Yo.1Pd3 (e), and Ce0.7Y0.3Pd3 (•). The dashed curves 
represent the variation <arbitrary scale) o r px < 1- x n calculated 
from independent measurement of the resistivity p and reduced 
susceptibility X (see Ref. 16). lnset: Resistivity vs temperature for 
the same alloys (see Ref. 16). 
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new phase shifts in Eq. (1). However, comparing the sus­
ceptibility and the Wilson ratio of CePd3 and Ce1-x YxPd3 
(Ref. 16) hardly supports the idea of different crystal-field 
splittings in the coherent and incoherent states. Rather we 
believe that a specific treatment of the scattering processes 
in the coherent state is needed to explain the Hall effect. In 
the presence of coherence the electrons are scattered only 
by the nonperiodic part of the potential, i.e., by fluctuations 
about the coherent state. A similar situation occurs in the 
Hall effect of ferromagnets such as Gd, Tb, Dy, ... , : In 
the paramagnetic state the anomalous Hall effect is due to 
independent orbital exchange terms, V~catt - l· 1;, whereas, 
in the ferromagnetic state, the scattering is due to fluctua­
tions about the ferromagnetic state, V~cau -I· (J;- (J) ), 
and this even leads, in some cases, to a change of sign of 
the anomalous Hall effect between Te and O KY Of course, 
the problem of the scattering by fluctuations about the 
coherent state is likely much more complex. In addition, 
the change of the band structure and Fermi surface at the 
onset of coherence could also affect the scattering processes 
significan tly. 

In conclusion, our results on Ce1-x Y xPd3 alloys show that 
the change of sign of the Hall effect in CePd3 is a coherence 
effect and disappears when Y impurities prevent the 
development of coherence. For the incoherent Ce1-x YxPd3 
alloys, the Hall coefficient fits the predictions of the in­
dependent impurity model of Ramakrishnan et a/. 13• 14 The 
relation between the change of sign of the Hall coefficient 
and the onset of coherence seems to have also been ob~ 
served in other systems and poses an interesting problem. 
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