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COMPLEX MAGNETIC PHASE DIAGRAM NEARTHE QUANTUM CRITICAL POINT IN CeIn3�xSnx�P. Pedrazzini, M. Gómez Berisso, J.G. SereniLab. de Bajas Temperaturas, Centro Atómio Barilohe (CNEA)8400 S.C. de Barilohe, ArgentinaN. Caroa-Canales, M. Deppe, and C. GeibelMax-Plank Institute for Chemial Physis of Solids, 01187 Dresden, Germany(Reeived July 10, 2002)A reent reinvestigation of the alloy system CeIn3�xSnx between theantiferromagneti (AF) Kondo-lattie CeIn3 and the intermediate valentCeSn3 has shown that the AF order disappears at a quantum ritial point(QCP) at x � 0:65. Preliminary evidenes for a �rst order transitionbelow TN at x < x, indiating a omplex magneti phase diagram, havemotivated the present detailed investigation of spei� heat and resistivityon �ne tuned samples in the 0:25 � x � x range. These results on�rmthe �rst order transition at TI < TN in a redued onentration range(0:25 < x < 0:47) and suggest that the phase boundary TI(x) merge withthe TN(x) near x � 0:37, leading to a tetraritial point. A similar �rstorder transition was previously observed in the CeCu2(Si,Ge)2 system atlow Ge-onentration. Sine in this alloy the �rst order transition alsoappears in the viinity of a QCP, the question arises onerning how generalthis property is at AF ritial points in Ce-based alloy systems.PACS numbers: 71.10.Hf, 71.20.Lp, 71.27.+a, 75.20.HrAmong Ce-based intermetalli systems showing non-Fermi liquid behav-ior, CeIn3�xSnx has shown to be partiularly indiated to study the natureof quantum ritial points (QCP) [1℄, sine the ubi symmetry at the Cesites avoids the in�uene of eventual rystalline anisotropy e�ets. One ofthe interesting features of this alloy is that the redution of the antiferro-magneti (AF) ordering temperature TN with Sn doping an be followed inmore than one deade of temperature, from the rather high value TN = 10K� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(363)



364 P. Pedrazzini et al.in pure CeIn3 down to at least 0:4K at x = 0:6 [2℄, indiating a true QCPat x � 0:65. Furthermore, evidenes for a �rst order transition ourringbetween x = 0:3 and 0.45 at a temperature TI < TN were found by meansof resistivity �(T ) and spei� heat CP (T ) measurements [1℄. Due to theunexpeted presene of that phase transition within the AF phase in theproximity of the QCP, we have performed a detailed investigation of thelow temperature thermal and transport properties of new samples withinthe 0.25< x � x onentration range. In this artile we present these newresults, whih support the �rst order nature of the TI transition. We alsoompare our results with similar �ndings observed in the CeCu2(Ge,Si)2system at low Ge-onentration.The CP (T ) data are depited (after phonon subtration) in Fig. 1 inthe Cel(T )=T vs T representation. These results show that the AF phasetransition undergoes an important evolution as a funtion of Sn doping. Thesharp seond order transition observed at x � 0:15 [1℄ progressively broadensfor the x = 0:25, 0.30 and 0.37 samples. For x = 0:45, 0.47 and 0.50,the transition evolves into a small jump followed by a nearly logarithmitail. Within the 0:25 � x � 0:37 onentration range, TN is de�ned atthe temperature of largest negative slope in Cel(T )=T . For x � 0:45 thetemperature of the jump in Cel(TN) pratially oinides with the maximumvalue of Cel(T )=T . Although TN(x) diminishes monotonously from TN = 6K(x=0.25) to TN = 1:2K (x=0.5), this evolution presents a hange in theTN(x) urvature between x=0.35 and 0.45. Within the AF phase, a peak-like transition is observed at TI(x) for x = 0:3, 0.37 and 0.45 at 1.8K, 2.1Kand 0.8K respetively, with the harateristi of a �rst order transition.
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T [K]Fig. 1. Eletroni ontribution to the spei� heat of the studied samplesThe orresponding �(T ) dependenes of the studied samples (not pre-sented in this artile) show strong similarities with Cel(T ) in the viinityof TN. The anomaly observed at the AF transition for x � 0.30 broadens



Complex Magneti Phase Diagram . . . in CeIn3�xSnx 365in the 0:37 � x < 0:5 samples. The values of TN(x) (also extrated fromthe largest �(T ) negative slope) oinides with those of the spei� heat.This ours even in the x=0.45 and 0.50 samples, where Cel(T ) exhibits asmall jump while �(T ) only shows a weak urvature. At T = TI, the hys-teresis observed in �(T ) upon thermal yling, as shown in Fig. 2 for thex=0.45 sample, provides a further evidene of the �rst order harater of thetransition. The appliation of magneti �eld (up to 2T) smears the Cel(T )anomaly at TN, and slightly modi�es TI (see also Fig. 2).
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Fig. 2. Comparison between spei� heat and resistivity of the x = 0:45 sample.The resulting magneti phase diagram of the region under analysis isshown in Fig. 3. For omparison we have also inluded the temperature ofthe Cel(T )=T maximum (Tmax). There, one an see that TN(x) and Tmax(x)behave di�erently up to x � 0:4, while they join for x � 0:45. The proximityof Tmax to TI at x = 0:37 suggests the existene of a tetraritial point aroundthat onentration. The fat that a hange in the In�Sn onentration ratioof 2 % leads to a signi�ant shift in the transition temperatures (TN) pointsto a very homogeneous Sn distribution within the sample. Sine TN dereasesontinuously with Sn-ontent, a phase separation an be exluded.The presene of a �rst order transition lose to the QCP rises the ques-tion of a possible relationship between them. Whereas measurements ofthe resistivity under pressure on pure CeIn3 do not give any evidene for thepresene of a �rst order transition below TN [3℄, a similar �rst order transitionat TI(z) slightly below TN(z) was reently established in CeCu2(Ge1�zSiz)2through spei� heat and thermal expansion measurements on single rys-tals [4℄. Also there TI(z) and TN(z) merge at a tetraritial point at z = 0:77,lose to the QCP at z � 1:0. This suggests that the �rst order transitionand the tetraritial point might be a more general property in alloys loseto an AF-ritial point. One possibility is that it orresponds to the transi-tion from a �utuating AF order (TN(z) > T > TI(z)) to a stati AF order
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xFig. 3. Magneti phase diagram of CeIn3�xSnx around the region where TI isobserved. TN: Néel temperature, TI: �rst order transition and Tmax: maximum inCel=T . The TN value for x = 0:6 is taken from Ref. [2℄.(T < TI(z)), the transition being promoted by the pinning due to the largeamount of defets in the alloy [5℄.In onlusion, the present results on�rm the preliminary evidenes fora �rst order transition in the AF phase of CeIn3�xSnx, within a well de�nedrange of onentration (0:25 � x � 0:47). The proximity of the TI(x) phaseboundary to Tmax(x) at x=0.37 suggests the existene of a tetraritial pointin this magneti phase diagram with similar harateristis to those observedin CeCu2(Ge1�zSiz)2 single rystals lose to the QCP.REFERENCES[1℄ P. Pedrazzini, M. Gómez Berisso, N. Caroa-Canales, M. Deppe, C. Geibel,J.G. Sereni, Physia B 312-313, 406 (2002).[2℄ J. Custers et al., Ata Phys. Pol. B 34, NFL013PO (2003).[3℄ G. Knebel, D. Braithwaite, P.C. Can�eld, G. Lapertot, J. Flouquet, Phys. Rev.B65, 024425 (2001).[4℄ M. Deppe, MPI-CPfS (Dresden), private ommuniation (2002).[5℄ K. Ishida, Y. Kawasaki, K. Tabuhi, K. Kashima, Y. Kitaoka, K. Asayama,Phys. Rev. Lett. 82, 5353 (1999).


