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THE RESTRAINT OF VALENCE TRANSITIONIN YbInCu4 BY HIGH PRESSURE�M. Hedo, Y. UwatokoISSP, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, JapanT. MatsumotoNIMS, 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, JapanJ.L. Sarrao, and J.D. ThompsonLos Alamos National Laboratory, Los Alamos, NM 87545, USA(Reeived July 10, 2002)We have measured the eletrial resistivity of single rystal YbInCu4under hydrostati pressure up to 3.76 GPa and at temperature down to33 mK. At ambient pressure, YbInCu4 undergoes a valene transition atabout 40 K. The transition temperature Tv dereases linearly with inreas-ing pressure: dTv=dP = �19:5 K/GPa below 1 GPa. Above 3 GPa, ahysteresis due to valene transition disappears and the transition ouldnot be on�rmed learly. The resistivity of YbInCu4 at low temperaturevaries as �(T ) = �0 + AT 2. The resistivity oe�ient A and the residualresistivity �0 inrease gradually with the inreasing pressure. These val-ues inrease rapidly just before a transition disappears and take maximumaround 3.5 GPa. We observed a '�lamentary'-superondutivity above 0.74GPa and below � 1.2 K.PACS numbers: 72.15.Eb, 74.62.Fj, 75.30.Kz1. IntrodutionYbInCu4 undergoes a �rst-order isostrutual valene transition at about40 K, from the magneti state of Yb3+ in the high temperature phase tothe non-magneti state of Yb2+ in the low temperature phase at ambientpressure. The ondition of Yb3+ in the high temperature phase beomes� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1193)



1194 M. Hedo et al.stable by the pressure, and valene transition temperature Tv shifts to lowertemperature. This valene transition disappears under high pressure. Itis proposed that the possibility of ferromagneti transition [1℄ or superon-duting transition [2℄ will take plae. In these Proeedings we report theeletrial resistivity measurement of YbInCu4 under the high pressure byusing the newly developed 4GPa-lass piston ylinder high pressure ell.We espeially have onentrated on the behavior of YbInCu4 under highpressure after the valene-transition disappearane at low temperature.2. Experimental detailsSingle rystal of YbInCu4 was grown by stoihiometri ratios of the on-stituent elements with In�Cu �ux. [3℄ The eletrial resistivity was measuredby a onventional four-wire method in an Oxford 3He�4He dilution refriger-ator down to 33 mK with Linear Researh LR-700 a resistane bridge op-erating exitation urrent of 0.5 mA. The hydrostati pressure up to about4 GPa was generated in a piston ylinder type pressure ell using the doubleylinder; inner shell made from NiCrAl alloy and outer jaket from Cu�Be alloy [4℄, with Daphne oil 7373 pressure medium. The pressure at lowtemperature was alibrated with the help of the pressure dependene of thesuperonduting transition of lead.3. ResultsThe eletrial resistivity of YbInCu4 dereases almost linearly above va-lene transition temperature Tv, and drops abruptly at Tv, as shown inFig. 1. Tv dereases linearly at a rate of �19:5 K/ GPa with inreasingpressure up to 1 GPa. Above 1 GPa, however, Tv dereases more gradually.
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Fig. 1. Temperature dependene of resistivity in YbInCu4 under the seleted valuesof pressure.



The Restraint of Valene Transition in YbInCu4 by High Pressure 1195These results are in good agreement with the previous works [3,4℄. At ambi-ent pressure, the resistivity above Tv inreases rapidly due to a huge internalstrain of the sample, indued by thermal yling through the transition [3℄.At high pressure, the resistivity does not hange so muh after the transitionhas taken plae.YbInCu4 exhibits large hysteresis below 3 GPa around Tv. But, above 3GPa, there is no observed hysteresis at the transition, and then the transitiondisappears above 3 GPa. At pressures lose to the ritial pressure Pv,where the valene transition disappeares, both the residual resistivity �0and the oe�ient A in the relation � = �0 + AT 2 inrease drastially, andreah maximal values around 3.5 GPa. The orresponding values are 220�
m and 2.2 �
m/K2, respetively.
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Fig. 2. Pressure dependene of the residual resistivity �0 and of the oe�ient Ain the relation � = �0 +AT 2.We observed a '�lamentary' superondutivity (with a non-zero resistiv-ity) above 0.74 GPa and below � 1.4 K, though it ould not be deteted atambient pressure, as shown in Fig. 3. The drop of resistivity vanishes inmagneti �eld above about 360 G. This superondutivity survives up to 4GPa and the superonduting temperature T is almost independent of thepressure. Above Pv, the resistivity follows the linear behavior in T in therange 0.9 K to 2.5 K.From these experimental results, it is onluded that YbInCu4 above Pvis in the viinity of the quantum ritial point [5℄. In ontradition with thease of Ce-based system, the heavy fermion state beomes robust with thepressure inrease in the ase of Yb-based system. Therefore, the behaviorofthe enhanement of oe�ient A and the residual resistivity �0 in YbInCu4under pressure orresponds to a rapid derease of those quantities observedin CeCu2Ge2 with the inreasing pressure [6℄.
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