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HALL EFFECT AND SKEW SCATTERINGIN MAGNETIC KONDO-LATTICE CeAl2�N.E. Slu
hanko, A.V. Boga
h, V.V. Glushkov, S.V. DemishevGeneral Physi
s Institute of RAS, 38 Vavilov str., Mos
ow 119991, RussiaG.S. Burkhanov, and O.D. ChystyakovInstitute of Metallurgy and Material S
ien
e of RAS49 Leninskii Prospe
t, Mos
ow 119991, Russia(Re
eived July 10, 2002)A wide temperature range (1.8�300 K) Hall 
oe�
ient RH measure-ments have been 
arried out on a high quality poly
rystalline samples of amagneti
 Kondo-latti
e CeAl2. The investigation of angular and magneti
�eld (up to 80 kOe) dependen
ies of the Hall 
oe�
ient and magnetoresis-tan
e in paramagneti
 and modulated antiferromagneti
 (AFM) phases ofCeAl2 allows to distinguish between skew s
attering and anomalous mag-neti
 
ontributions. A 
ompli
ated a
tivation type behavior of the skews
attering 
omponent is found in this intermetalli
 
ompound for the �rsttime. The anomalous magneti
 Hall e�e
t is 
aused by several magneti
phases on H�T diagram of CeAl2.PACS numbers: 72.15.Gd, 72.15.QmAn anomalous transport properties and espe
ially unusual Hall e�e
thave been observed in a number of heavy fermion (HF) systems. Very largeand positive Hall 
oe�
ient observed in various experiments has been qual-itatively explained in the framework of skew s
attering models proposedin [1, 2℄ where the asymmetry of the 
harge 
arriers' s
attering results fromthe resonan
e of 
ondu
tion ele
trons with f -levels orbitally split by an ap-plied �eld [2℄.Here last results of Hall 
oe�
ient and magnetoresistan
e measurementsare presented for the �
oexisten
e 
ompound� � magneti
 Kondo-latti
eCeAl2. The issue of this study was twofold � (i) to verify the validity ofthe skew s
attering models [1, 2℄ and (ii) to investigate in more details the� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1093)
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hanko et al.mysterious magneti
 phase transitions [3, 4℄ in CeAl2 with the help of highpre
ision transport measurements. The experiments have been 
arried outon high quality poly
rystalline samples of this 
ubi
 C15 Laves-phase mate-rial in a wide temperature range 1.8�300 K in magneti
 �elds up to 80 kOe.The angular dependen
ies of Hall resistivity Rh(') have been measured inCeAl2 at liquid helium temperatures above and below the antiferromagneti
phase transition at TN � 3:85 K. The sample was rotated in magneti
 �eldH around the d
-
urrent I axis in transversal (I ? H) geometry. It wasfound [5℄ that a single harmoni
 behavior of the Hall resistivity Rh(') isdestroyed in magneti
 �elds H � 3 kOe and even harmoni
s appear to 
on-tribute in total signal Rh('). To verify the e�e
ts of magnetoresistan
e 
on-tribution in the Hall resistivity the magnetoresistan
e measurements havebeen also 
arried out. The results obtained in these simultaneous exper-iments allowed to ex
lude the Hall 
onta
ts asymmetry from the fa
torsprodu
ed the higher harmoni
s generation in the Hall signal.The data analysis in terms of expressionRh(H0; T0; ') = R0 +Rh1 sin('� '01) +Rh2 sin 2('� '02) (1)allowed to dedu
e the Hall resistivities Rh1 and Rh2 in Eq. (1) and hen
ethe anomalous 
omponents RaH and RamH of Hall e�e
t. Temperature andmagneti
 �eld dependen
ies of RaH and RamH parameters are shown in Fig. 1.Among these two 
ontributions the large anomalous positive 
omponentRaH (skew s
attering 
ontribution [1, 2℄) demonstrates a broad maximumaround T � 4 K (Fig. 1(a)) whi
h is depressed drasti
ally (by a fa
torof 3) in magneti
 �eld H�80 kOe (Fig. 1(b)). The de
rease of magnitudeof RaH in magneti
 �eld depends only slightly from the temperature in theinterval 3:4 K < TN < 4:2 K in the vi
inity of the broad maximum of RaH.Su
h a strong RaH(H) dependen
e 
an be attributed to the depression of theKondo-
ompensation me
hanism in magneti
 �eld. Indeed, in the 
ase ofCeAl2, where the Kondo temperature is found to be TK � 5 K [3℄, one 
anexpe
t an essential de
rease of amplitude of the Abrikosov�Suhl resonan
ein moderate magneti
 �eld H � 80 kOe resulting to the redu
tion of the RaH
omponent [1℄.The most striking feature of the skew s
attering 
omponent temperaturedependen
e RaH(T ) in this intermetalli
 
ompound is a 
ompli
ated a
tiva-tion type behavior. The plot log(RaHe) = f(1=T ) (Fig. 2(a)) allows to estab-lish two a
tivation pro
esses in transport with the energies Ea1 = 30:3�0:8 K(in the interval 70�300 K) and Ea2 = 9:2 � 0:1 K (10�40 K). Addition-ally, the re
ipro
al Hall 
oe�
ient to the resistivity ratio of 
harge 
arriers��1(T ) = �(T )=RH(T ) (Fig. 2(b)) is 
hara
terized by Curie�Weiss type be-havior ��1(T ) � ��1(T ) � (T+� i) in these intervals with�1 = �350�20 Kand �2 = �7:5� 0:5 K 
orrespondingly. Among these two �ndings the �rst
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(kOe)Fig. 1. (a) Temperature dependen
ies of the Hall 
oe�
ient, resistivity and Hall
oe�
ient to resistivity ratio. (b) Anomalous 
omponents of the Hall 
oe�
ientRaH and RamH versus applied magneti
 �eld.
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Fig. 2. Re
ipro
al (a) Hall 
oe�
ient (RaHe)�1 = f(1=T ) and (b) Hall 
oe�
ientto the resistivity ratio ��1H (T ) temperature dependen
ies.one is out of the 
on
lusions of skew s
attering models [1, 2℄, while theanalyti
al dependen
e �(T ) � �(T )(1 � �(T )) predi
ted in [1℄ for temper-
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hanko et al.ature range T � TK � 5 K is very similar to that one observed in thisstudy (Fig. 2(b)). However, to analyze in detail the data of present studyone needs also to estimate the e�e
ts of real 
rystal ele
tri
 �elds in CeAl2(�CF1 � 100 K [3℄) additionally to the approa
hes developed in [1, 2℄.The anomalous magneti
 
ontribution in the Hall 
oe�
ient RamH is 
har-a
terized by (i) a narrow maximum at T = TN � 3:85 K (Fig. 1(a)) and(ii) a non-monotonous behavior of RamH (dedu
ed from the se
ond harmoni

omponent Rh2 in Eq. (1)) in the magneti
 �eld below 40 kOe (Fig. 1(b)).A maximum of the anomalous magneti
 Hall 
oe�
ient RamH (H) is observedat Hm � 15 kOe, moreover, the amplitude of this peak in
reases dramati-
ally when the temperature de
reases below TN (Fig. 1(b)). Following to thearguments of the authors [6℄ the RamH (H) anomaly 
an likely be attributedto the AFM-domains reorientation pro
ess at liquid helium temperatures.Another interesting feature of the RamH (H) dependen
ies is the 
hangeof sign of the se
ond harmoni
 whi
h o

urs in the magneti
 �elds interval30�40 kOe (Fig. 1(b)). It is important to stress here that the RamH (H) signinversion points Hinv are pla
ed just above the AFM phase boundary andespe
ially for the 
ases of T = 4:14 K and T = 3:8 K 
an be attributed to �theunknown magneti
 phases� [3�6℄ on the H�T phase diagram of CeAl2. Thus,the last �nding 
ontributes in favor of 
on
lusion [3,6℄ of a rather 
ompli
atedmagneti
 behavior with short range ferromagneti
 
orrelations whi
h havebeen established in CeAl2 just above the AFM phase boundary. Moreover,to support the arguments of [3℄ in favor of two magneti
 phase transitionsin CeAl2 the Hall 
oe�
ient to the resistivity ratio �(T ) demonstrates twonarrow peaks at 3.85 K and 3.0 K (Fig. 1(a)). To 
larify in more details theH�T magneti
 phase diagram in this �
oexisten
e� 
ompound the anomaloustransport measurements are in progress now.This work was supported by the INTAS program 00-807 and RFBRgrants 01-02-16601 and 02-02-06720.REFERENCES[1℄ P. Coleman, P. Anderson, T. Ramakrishnan, Phys. Rev. Lett. 55, 8190 (1998).[2℄ M. Hadzi
-Leroux et al., Europhys. Lett. 1, 579 (1986).[3℄ F. Stegli
h et al., J. Phys. Colloq. C5-40, 301 (1979).[4℄ R. S
hefzyk, W. Lieke, F. Stegli
h, Solid State Commun. 54, 525 (1985).[5℄ N.E. Slu
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