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PRESSURE EFFECT ON THE MAGNETISMAND SUPERCONDUCTIVITYIN SINGLE CRYSTAL CeCu2(Si0:9Ge0:1)2�H. Q. Yuana, M. Deppea, G. Sparna, F. M. Groshea;b,C. Geibela and F. SteglihaaMax-Plank-Institute for Chemial Physis of SolidsNöthnitzer Str. 40, 01187 Dresden, GermanybRoyal Holloway, University of London, Egham, Surrey TW20 0EX, U.K.(Reeived July 10, 2002)The existene of long range magneti order and superondutivity insingle rystals of CeCu2(Si0:9Ge0:1)2 is investigated by measuring the ele-trial resistivity under pressure. At ambient pressure, antiferromagneti or-der oexists with superondutivity. Upon applying pressure, the magnetiorder vanishes ontinuously. Interestingly, we observe two superondut-ing domains in the T�P phase diagram, where superondutivity is lostinbetween. In the �rst domain (0� p < 3 GPa), T initially inreases withpressure, reahing a maximum value of Tmax1 � 0:39 K at p � p1. Abovep1, T dereases with inreasing pressure. In the seond domain, the max-imum T (Tmax2 � 0:96 K at p2 � 5:4 GPa) is muh higher than that inthe �rst domain. Non-Fermi-liquid behavior with resistivity exponent 1�n �1.5 (� = �0 +ATn) is observed at pressures p1� p� p2.PACS numbers: 74.20.Mn, 74.62.Fj, 74.70.Tx1. IntrodutionSine the disovery of pressure-indued superondutivity (SC) in theheavy fermion (HF) antiferromagnets (AFM) CeCu2Ge2 [1℄, CePd2Si2 [2℄and CeIn3 [2℄, whih ourred in the viinity of their respetive magnetiquantum ritial points (QCP: TN ! 0), it is debated whether or not theloseness of the ompounds to suh a QCP is a prerequisite for SC in theseHF ompounds [2℄. The prototype HF superondutor CeCu2Si2 is loatedat the verge of magnetism at ambient pressure [3℄. Upon applying hy-drostati pressure, CeCu2Si2 shows a oherent and broad superondutingregion in the temperature-pressure(T�P ) phase diagram, starting with aplateau-like region of T � 0:65 K below 2 GPa, whih is then followed bya steep inrease of T (Tmax � 2:3 K at p � 3 GPa) upon further inreasing� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(533)



534 H.Q. Yuan et al.pressure [4℄. A very similar T�P phase diagram was found for the isoele-troni ompound CeCu2Ge2 [1℄. The validity of the QCP senario as anorigin for SC is hallenged by the observation that SC in these two om-pounds exists oherently over a muh wider range in pressure than foundfor CeIn3 [2℄ and for the majority of the samples of CePd2Si2 [2, 5℄, i.e., ata muh larger distane from the QCP. In this paper, we present a pressurestudy on the single rystal CeCu2(Si0:9Ge0:1)2, in whih the volume e�etand disorder e�et are important.2. ExperimentalSingle rystals of CeCu2(Si0:9Ge0:1)2 have been grown by a Cu-�uxmethod. The resulting ingot was annealed at 800oC for 5 days. It wason�rmed that SC and AFM oexist in CeCu2(Si0:9Ge0:1)2 at ambient pres-sure [6℄. The pressure dependene of TN and T has been determined by mea-suring the eletrial resistivity with a low power AC four-terminal method.Two di�erent samples (#1 and #2), ut from the same bath, have beeninvestigated due to the two di�erent methods used to generate pressure. Apiston-ylinder ell �lled with a 1:1 mixture of iso-pentane and n-pentaneproviding hydrostati pressure onditions was employed for p < 3 GPa. Thepressure was determined to 4p = �0:05 GPa from the T(p) of tin. Forp > 3 GPa, a Bridgman-type ell was used with steatite as pressure trans-mitting medium. Absolute values for the resistivity are obtained by salingthe sample resistane to the orresponding value measured at ambient on-ditions [6℄. 3. Results and disussionThe temperature dependene of the eletrial resistivity at di�erent pres-sures is presented in Fig. 1(a) for sample #1 (p < 3 GPa) and in Fig.1(b)for sample #2 (p > 3 GPa). The derivative of the resistivity with respetto temperature at pressures of p = 0:3 GPa and 0.5 GPa is shown in theinset of Fig. 1(a). For p < 1 GPa, magneti order (at TN and T1 as shownin the inset) oexists with superondutivity. Neutron sattering results atambient pressure indiate an antiferromagneti order below TN and a prob-able reorientation of the magneti moments at T1 [6℄. Both TN and T1 aresuppressed upon applying pressure. However, T �rst inreases with pres-sure and then dereases upon further inreasing pressure above p � 1 GPa(Fig. 1 (a)). At p � 2:8 GPa, no superondutivity is observed down toT = 50 mK. Interestingly, superondutivity reovers at higher pressuresabove 3 GPa (see Fig. 1(b)). Moreover, the residual resistivity �0 stronglydepends on pressure above 3 GPa, and the resistivity exhibits a linear tem-perature dependene at p � 5:4 GPa where T reahes a maximum value ofT = 0:96 K.The pressure dependene of TN (T1) and T in CeCu2(Si0:9Ge0:1)2 issummarized in a T�P phase diagram (Fig. 2). Both TN and T1 vanish
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Pressure (GPa)Fig. 2. The T�P phase diagram of CeCu2(Si0:9Ge0:1)2.in ontinuous way upon approahing the QCP. T is determined at 50%of the drop of �(T ). The error bar at high pressures re�ets the determi-nation of T at 20% and 80% drop of �(T ). In omparison to CeCu2Si2(or CeCu2Ge2) [1, 4℄, the wide superonduting region obtained in the pureompounds breaks up into two narrow superonduting regimes in ase ofCeCu2(Si0:9Ge0:1)2. In the low pressure regime (p < 3 GPa), T reahesa maximum value of Tmax1 � 0:39 K just around the magneti quantumritial point (p1 � 1 GPa). In the high pressure regime, the maximumT (Tmax2 � 0:96 K at p2 � 5:4 GPa) is muh higher than in the �rstregime. This inrease may have the same origin as the steep inrease of Tin CeCu2Si2 [4℄ and CeCu2Ge2 [1℄. However, both Tmax1 and Tmax2 are sig-



536 H.Q. Yuan et al.ni�antly lower than in pure CeCu2Si2. We also measured the resistivity ofsingle rystals of CeCu2(Si1�xGex)2 (x=0.01, 0.05, 0.25) under hydrostatipressure up to 3.6 GPa whih data will be published elsewhere [7℄. At largerGe-substitution (x = 0:25), no SC is observed down to T = 50 mK evenlose to the QCP at p � 2:2 GPa. For small Ge-substitution (x = 0:01),we ould not observe two separate superonduting regions but a minimumat T(p) (Tmin � 0:12 K) around p = 3 GPa. This indiates that disorderas introdued by Ge substitution governs the ourrene of SC. Analyzingour resistivity data by �tting � = �0+AT n, we �nd non-Fermi-liquid (NFL)behavior (1�n�1.5) in the pressure range p1�p�p2 [7℄. In partiular, alinear temperature dependene of �(T ) is observed around p2 . The residualresistivity as extrapolated from T�T shows a minimum at p1 and a max-imum at p2. Sine NFL-behavior is found also in the seond regime, thequestion arises if there exists another QCP whose signature we might haveoverlooked so far. With regard to this, we like to mention the observationof an additional maximum in �(T ) just above T for p > p2, whih is sup-pressed by applying a magneti �eld (B = 8T for p = 7:5 GPa) [7℄.4. ConlusionWe have investigated the pressure dependene of superondutivity andmagnetism in a single rystal CeCu2(Si0:9Ge0:1)2. The large ontinuous SCregime observed in the T�P phase diagram of CeCu2Si2 breaks up into twodomains by substituting Si by Ge. Based on the similarity of the physi-al properties observed in both superonduting domains (similar e�et ofimpurity sattering on superonduting, NFL behavior for p1�p�p2, ex-trema of the residual resistivity at p1 and p2, and the possibility for anadditional QCP at p2), we propose that SC in the seond domain is of asimilar unonventional type as in the �rst one.REFERENCES[1℄ D. Jaard, K. Behnia, J. Sierro, Phys. Lett. A163, 475 (1992).[2℄ N. D. Mathur, F. M. Groshe, S .R. Julian, I. R. Walker, D. M. Freye, R. K.W. Haselwimmer, G. G. Lonzarih, Nature, 394, 39 (1998).[3℄ F. Steglih, B. Bushinger, P. Gegenwart, M. Lohmann, R. Helfrih, C. Lang-hammer, P. Hellmann, L. Donnevert, S. Thomas, A.Link, C. Geibel, M. Lang,G. Sparn, W. Assmus, J. Phys.: Condens. Matter, 8, 9909 (1996).[4℄ F. Thomas, J. Thomasson, C. Geibel, F. Steglih, Physia B, 186-188, 303(1993).[5℄ A. Demuer, D. Jaard, I. Sheikin, S. Raymond, B. Sale, J. Thomasson,D. Braithwaite, J. Flouquet, J. Phys.: Condens. Matter, 13, 9335 (2001).[6℄ M. Deppe et al., to be published.[7℄ H. Q. Yuan et al., to be published.


