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EFFECT OF ANISOTROPIC STRAIN ON THEELECTRONIC PROPERTIES OF THE PRESSUREINDUCED SUPERCONDUCTOR CePd2Si2�A. Demuer, A.T. Holmes and D. JaardDPMC, University of Geneva, 24 quai E-Ansermet, 1211 Geneva 4, Switzerland(Reeived July 10, 2002)Taking advantage of the additional uniaxial stress present in the non-ideal pressure onditions of a Bridgman anvil ell, we demonstrate thehigh sensitivity of the physial properties in CePd2Si2 to anisotropi strain.Stress applied along the -axis extends the phase diagram to higher pres-sures and enhanes the superonduting phase emerging around the mag-neti instability, with a 40% inrease in the maximum superondutingtemperature and a doubled pressure range. We disuss �rst the possiblee�et of anisotropi strain on the physis desribed only by spin �utua-tions. However, the pressure dependene of the resistivity suggests a moreomplex ground state around the quantum ritial point, where the Kondoand exited rystal �eld energies interat.PACS numbers: 74.70.Tx, 74.62.Fj1. IntrodutionAmong the heavy fermion superondutors, the ase of CePd2Si2 hasattrated muh interest beause superondutivity is indued by pressure ina narrow window of about 1GPa around its magneti instability at a ritialpressure P ' 2:8 GPa, where the antiferromagneti ordering temperatureollapses to zero. In addition, a strikingly temperature rigid non-Fermiliquid behaviour in resistivity, onsisting of a power law � � �0 / T 1:2�1:3extending up to 40 K was found at P, generating interest in the natureof the ground state [1℄. Another investigation, performed in our group,found a phase diagram expanded to higher pressures, with superondutivitypresent in a pressure window of 5 GPa and a higher maximum T [2℄. Asthe two investigations were performed with di�erent pressure tehniques,using either a �liquid� or a solid as the pressure transmitting medium, wewondered whether these di�erenes were due to the samples or the pressurequality.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(459)



460 A. Demuer, A.T. Holmes, D. Jaard2. ExperimentalThis experiment was arried out in a Bridgman anvil ell, using a softsolid (steatite) as a pressure transmitting medium in whih we suspet anadditional uniaxial stress along the fore load diretion. The samples wereextrated from a tiny single rystalline platelet. A parallelepiped sample(510�75�60 �m) was ut into two piees of length 250 �m. After polishingto small ross-setions (�70�20�m2) and spot-welding with 5�m diametergold wires, the samples had high residual resistivity ratio RRR values of48 and 103. The samples were mounted in the pressure ell with the foreload diretion (and that of the additive stress) perpendiular and parallelto the -axis and will be referred to as ==(lower RRR) and ? (higher RRR)respetively. Both samples were onneted for four-point DC resistivity mea-surements, with sample ? having additional onnetions for a onstantanresistive heater and a thermoouple Au/Au-0.07 at.% Fe suitable for ACalorimetri measurements.3. Results and disussionSample ? gave rise to a phase diagram similar to that obtained in hydro-stati onditions (Fig. 1(a)). The superondutivity was limited to the range2.14�3.25GPa around P? ' 2:7GPa, with T? having a maximum of 375mK(mid-point riterion). In ontrast, the phase diagram of sample == seems tobe strethed towards higher pressures. TN ollapses at P== = 3:9 GPa witha ritial behaviour (P �P?)�, � = 0:60� 0:05, as distint from the quasi-linear dependene in the hydrostati ase. Superondutivity ourred be-tween 2.14 and 5.0GPa (using a mid-point riterion) and T reahed a highervalue, 520 mK. This value of T is obtained in the sample with the largerresidual resistivity, showing that the superondutivity enhanement is notsimply due to an inrease in the eletroni mean free path. This maximumof T oinides with P, suggesting that this extended superondutivity isstill related to the instability.Subtrating from �(T ) urves a linear term of 0.1T assumed for thephonon ontribution, it is possible to de�ne a maximum at a temperatureTmax, thought to be related to the Kondo temperature TK. In addition,a shoulder asribed to the exited rystal �eld CF levels is visible at lowpressures P < P. This quasi pressure-independent anomaly at about 100Kseems to merge with the Kondo peak for pressures lose to P and to ollapsein amplitude, the CF exitations not being well-de�ned. Tmax(P ) shows noanomaly at P and idential values Tmax(P) in both samples (Fig. 2(a)).The resistivity was analysed at low temperature in terms of a powerlaw �(T ) = �0 + AT n limited to a window of 0.5�2 K, in order to omparedata over the entire pressure range. As expeted, the oe�ient A and the
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Fig. 1. (a) Phase diagram of the two samples (�lled and open symbols for samples? and == respetively) pressurised as desribed in the text.(b) Superondutingtransition in resistive and alorimetri measurement for sample ? lose to P.
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Fig. 2. (a) Pressure dependene of Tmax, the temperature of the maximum in themagneti part of �(T ). The dashed line, whih qualitatively indiates the positionof the rystal-�eld (CF) ontribution, rosses Tmax lose to P for both samples.(b) Derease of the resistive oe�ient A vs Tmax.exponent n present a sharp maximum and minimum respetively at P inboth samples. The maximum value of A is similar in both samples withA(P) ' 0:2 �
 mK�n. At 7.4 GPa, the A oe�ient of sample ? hasfallen by a fator of 100 ompared to its value at P. The minimum valuesof n were 1.32 and 1.42 (�0.03) for samples ? and == respetively, in goodagreement with previous non-Fermi liquid behaviour previously reported.



462 A. Demuer, A.T. Holmes, D. JaardThe existene of bulk superondutivity is demonstrated in the sample ?by an anomaly in the alorimetri signal (Fig. 1(b)). However, this anomalyis visible only at 2.68 GPa, the losest pressure to P, and ollapses rapidlyin amplitude with inreasing �eld, being undetetable above 0.5T. This sug-gests a non-homogeneous situation in the sample, as suggested by the largetransition widths in �(T ) for pressures away from P. The large initial slopesof the upper ritial magneti �eld at P give �6 and �11T/K for sample ?(H ? ) and == (H==) respetively, indiating the anisotropy of the Fermiveloity and that heavy quasi-partiles are involved in superondutivity.As suggested earlier, the temperature Tmax of the maximum in the mag-neti ontribution to the resistivity is related to the Kondo temperature, TK.The same value of Tmax for both samples at their respetive P supports theidea that Tmax is a reliable harateristi energy for the instability. The ab-sene of anomaly in Tmax(P ) at P indiates that quasi-partiles bands arestill formed at the instability whih should be treated in terms of �utuationsat a quantum ritial point (QCP). Considering only spin �utuations, theusual model predits, in the viinity of the QCP, TN(P ) / (P � P )2=d and�(T; P) / T d=2 where d is the dimensionality of spin �utuations. The TNexponent 0:60� 0:05 obtained for sample == and the slight di�erene in theminimum of resistivity exponent obtained between the two samples suggeststhat applying � along the -axis restores a 3D spin-�utuation spetrum.If these �utuations are at the origin of superondutivity, we may wonderif 3D �utuations are more favourable. However, there are signs that spin�utuations are not enough to properly desribe the physis at this instabil-ity. In both of our samples, the QCP ourred in a pressure domain wherethe harateristi Kondo energy kBTK (TK / Tmax) typially reahes therystal-�eld splitting energy (see Fig. 2(a)). Furthermore, for P > P, lnAis found to behave as �� lnTmax with a slope � ' 4 (Fig. 2(b)), instead ofthe value of 2 expeted for a normal heavy-fermion regime. This indiatesthe entrane into an intermediate valene regime. In some ompounds suhas CeCu2Ge2, this regime ours for pressures higher than P and seems toindues large e�ets on superondutivity. In CePd2Si2, the existene of thisvalene regime at P requires to onsider the in�uene of harge �utuations.REFERENCES[1℄ N.D. Mathur et al., Nature 394, 39 (1998).[2℄ S. Raymond, D. Jaard, Phys. Rev. B61, 8679 (2000).[3℄ T. Moriya, T. Takimoto, J. Phys. So. Jpn. 64, 960 (1995).


