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MAGNETIC PROPERTIES OF Ce(Rh1�xRux)2Si2SINGLE CRYSTALS FOR x UP TO 0.5�P. Haen, F. Lapierre, P. Lejay,CRTBT, CNRS, BP 166, Laboratoire asso
ié à l'Université Joseph Fourier38042 Grenoble 
edex 9, Fran
eT. Jaworska-GolabM. Smolu
howski Institute of Physi
s, Jagellonian UniversityReymonta 4, Kraków 30-059, PolandC. SekineDepartment of Ele
tri
al and Ele
troni
 EngineeringMuroran Institute of Te
hnology27-1 Mizumoto-
ho, Muroran 050-8585, Japanand S. De BrionLCMI, CNRS, BP 16638042 Grenoble 
edex 9, Fran
e(Re
eived July 10, 2002)Magnetoresistan
e measurements performed at 4.2 K up to B = 22 Tapplied along the tetragonal 
-axis on antiferromagneti
 single 
rystallineCe(Rh1�xRux)2Si2 solid solutions (x = 0.05, 0.1 and 0.2) are reported.The 4.2 K resistivity, i.e. the residual resistivity, �0, is strongly redu
ed in22 T, showing that the large in
rease of �0 with x 
an not be attributed todisorder alone. The results eviden
e two transitions at �elds B
1 and B
2whi
h 
orrespond to metamagneti
 transitions, similar to the two step tran-sition o

uring in CeRh2Si2 at 25.8 and 26.3 T, respe
tively. B
1 and B
2de
rease rapidly with in
reasing x, and their splitting in
reases (showingsome analogy with measurements reported for Ge doped CeRh2Si2). Thesevariations and the rapid de
rease of TN1 (whi
h has vanished for x = 0.35),are dis
ussed.PACS numbers: 71.27.+a, 74.25.Fy, 74.25.Ha, 75.30.Kz� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1047)



1048 P. Haen et al.1. Introdu
tionThe properties of tetragonal 
ompound CeRh2Si2 have attra
ted mu
hattention: It shows antiferromagneti
 (AF) order at TN1 = 36 K [1, 2℄,whereas the o

uren
e of additional magneti
 lines below TN2 = 26 K [2℄is still a matter of dis
ussion [3, 4℄. It also exhibits a metamagneti
 transi-tion, o

uring in two steps below TN2 , at B
1 and B
2 = 25.9 and 26.3 T,respe
tively for the �eld B applied along the 
-axis [5℄. Several studiesof Ce(Rh1�xRux)2Si2 solid solutions have been reported, either on poly-
rystals, for x � 0:05 [6℄, or on single 
rystals (x = 0.2 [7℄, 0:3 � x �0:6 [8�10℄). No transition at TN2 was dete
ted and no high �eld measure-ments were performed in these studies. Thus, we have started new studieson Ce(Rh1�xRux)2Si2 single 
rystals. Here we report high �eld (B � 22 T)magnetoresistan
e (MR) results.2. Experiments and resultsCe(Rh1�xRux)2Si2 single 
rystals (x = 0, 0.01, 0.05, 0.1, 0.2, 0.35, 0.420.48 and 0.5) were grown by the Czo
hralski method in a tri-ar
 furna
eunder puri�ed argon atmosphere, starting from high purity elements. Mea-surements were performed on annealed pie
es 
ut from these 
rystals. Ourmagneti
 sus
eptibility data do not reveal any indi
ation of the o

uren
eof TN2 , even for x = 0.01. For x � 0:1, we observe an almost exponentialde
rease of TN1 on in
reasing x, in rough agreement with that reported forpoly
rystals [6℄. For x � 0:2, our values di�er from the former: We do notobserve AF order for x = 0.35 down to 1.2 K, in agreement with the absen
eof AF order down to 0.04 K reported [10℄ for a x = 0.4 single 
rystal.We performed resistivity, �(T), measurements down to 1.2 K. For single
rystalline sli
es with the 
urrent i �owing along the a-axis (or simply insidethe basal plane), �(1.2 K) in
reases from � 2 �

m for x = 0, to 40 �

mfor x = 0.2 (see [7℄). For these ordered 
ases, �(1.2 K) represents almostthe residual value, �0. We measured the MR of these samples at 4.2 K ina 23 T Bitter 
oil for B parallel to the 
-axis (B k 
). For x = 0.05, 0.1and 0.2, the results are plotted in Fig. 1 under the form d�/� = (�(B)-�(B = 0))/�(B = 0). In all 
ases, d�/� shows �rst an in
rease (even a peakfor x = 0.2), then a slow de
rease, followed by a mu
h more rapid drop.Thus, two transition �elds 
an be determined, marked by arrows in Fig. 1,whi
h we believe 
orrespond to metamagneti
 transitions similar to thoseo

uring in CeRh2Si2. This justi�es that we label them B
1 and B
2 . (Forx = 0 and 0.01, we see huge initial in
reases of the MR, but we 
ould notrea
h any transition �eld up to 23 T).
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23Fig. 1. Variations of d�/� in Ce(Rh1�xRux)2Si2 single 
rystals (x = 0.05, 0.1 and0.2) for i k a vs. B k 
. (Note the 
hanges of s
ale.) Transition �elds B
1 and B
22are marked by arrows. 3. Dis
ussion and 
on
lusionFig. 1 �rst shows that �(4.2 K), whi
h is also not far from �0, is mu
hsmaller (more than 60 per
ent for x = 0.1) in 22 T than at B = 0. Thismeans that the huge in
rease of �0 with x does not arise ex
lusively fromdisorder and at least half of it is magneti
 in origin. Thus, a more reasonabledisorder 
ontribution to �0 of � 1 �

m/%Ru 
an be estimated. The lattervalue is 
onsistent with the �(1.2 K) values of 40-50 �

m, we obtain for ournon-ordered samples (0:35 � x � 0:5). In these 
ases, �(T) is still largelyde
reasing at 1.2 K and �0 is expe
ted to be 
lose to 35 �

m. The mu
hlarger value, �0 � 65 �

m, reported [9℄ for x = 0.5 for the same 
urrentdire
tion is surprising, 
onsidering that �0 of only 17 �

m is reported fori k 
. Non-Fermi liquid properties were observed for 0:4 � x � 0:6 [8�10℄.Like TN1 , B
1 and B
2 de
rease rapidly with in
reasing x, espe
ially forx � 0:1, and their splitting in
reases. Similar variations of B
1 and B
2were observed in CeRh2(Si1�xGex)2 single 
rystals (x � 0:5) by magneti-zation measurements [11℄. Unfortunately, to our knowledge, the variationsof TN1 were not reported for this system. These results, added to the rapidde
reases of TN1 (and TN2) under pressure [3, 12, 13℄ and the o

uren
e ofsuper
ondu
tivity when TN1 vanishes [12,14℄, show the ri
hness of the prop-



1050 P. Haen et al.erties of CeRh2Si2. However, it seems di�
ult to get a 
onsistent explanationof these variations by 
onsidering simply 
ompetition of Kondo e�e
t andRKKY intera
tions in the framework of a Donia
h diagram, knowing thelarge Kondo temperature values, TK = 35 and 100 K, dedu
ed from inelas-ti
 neutron s
attering [15℄ and NMR experiments [16℄, respe
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