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SUPERCONDUCTIVITY IN CeRh2Si2UNDER PRESSURE�S. Arakiy, M. Nakashima, R. SettaiGraduate Shool of Siene, Osaka University, Toyonaka, Osaka, 560-0043 JapanT.C. KobayashiResearh Center for Materials Siene at Extreme Conditions, Osaka UniversityToyonaka, Osaka 560-8531, Japanand Y. 	OnukiGraduate Shool of Siene, Osaka University, Toyonaka, Osaka, 560-0043 JapanAdvaned Siene Researh Center, JAERI, Tokai, Ibaraki 319-1195, Japan(Reeived July 10, 2002)We have studied the pressure-indued superondutivity in an antifer-romagnet CeRh2Si2 by measuring the eletrial resistivity for a high-qualitysingle rystal. The superonduting resistivity drop was observed aroundP ' 1:06GPa, at whih the Néel temperature beomes zero, namely ina pressure region from 0.97 to 1.20GPa. The zero resistivity appears below0.4K between 1.03 to 1.08GPa. The resistivity at low temperatures followsthe Fermi liquid AT 2 relation in the whole pressure region, even at P. TheA value beomes a maximum around P.PACS numbers: 71.27.+a, 74.62.Fj, 74.70.TxIn some antiferromagneti erium ompounds, the Néel temperature TNdereases with inreasing pressure and vanishes at P. The superondutiv-ity around P has been reported in a few ompounds suh as CePd2Si2 andCeIn3 [1℄.CeRh2Si2 is one of the pressure-indued superondutor [2℄, whih rys-tallizes in the tetragonal ThCr2Si2-type struture. CeRh2Si2 is an antifer-romagnet with TN = 36K at ambient pressure. TN dereases monotonously� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.y Present address: Advaned Siene Researh Center, Japan Atomi Energy ResearhInstitute, Tokai, Ibaraki 319-1195, Japan.(439)



440 S. Araki, et al.with inreasing pressure and vanishes at P ' 1:06GPa. Superondutivitywith Ts = 0:35K was found by Movshovih et al. [2℄ for a polyrystallinesample, in whih superondutivity appears in a relatively wide pressurerange from 0.6 to 1.6GPa around P.We searhed for superondutivity in a single rystal with the resid-ual resistivity ratio RRR ' 30, but no evidene of superondutivity wasobserved. On the other hand, the superonduting resistivity drop was ob-served below Ts for a polyrystalline sample with RRR = 62 in the pressurerange from 0.7 to 2.9GPa [3℄. The Ts value was unhanged in this pressurerange, but the degree of the resistivity drop had a maximum around PC.Reently, we have sueeded in growing a high-quality single rystal withRRR = 100. The superonduting resistivity drop in the sample was ob-served at 1.1GPa, where Ts = 0:38K but the resistivity remains a �nitevalue even at 35 mK [4℄. We ontinued the investigation of superondutivityfor the high-quality single rystalline sample.Single rystals of CeRh2Si2 were grownby theCzohralski pulling methodin a tetra-ar furnae. Starting materials were 4N (99.99% pure)-Ce, 4N-Rhand 5N-Si. The eletrial resistivity was measured by a four-probe a resis-tane bridge (Linear Researh, LR-700) at low temperatures down to about100 mK with a dilution refrigerator. The urrent was direted along the[001℄ diretion. Pressures were applied by utilizing a BeCu piston-ylinderell with a 1:1 mixture of ommerial Daphne oil (7373) and kerosene asa pressure-transmitting medium.The low-temperature eletrial resistivity under pressures follows theFermi liquid relation � = �0+AT 2. Fig. 1 shows the pressure dependene ofthe A and �0 values. With applying pressures, A value inreases and showsa maximum around 1.0GPa. pA (1GPa)/pA (0GPa) = 3.8 is onsistentwith the ratio of the eletroni spei� heat oe�ient  (1GPa)/ (0GPa)' 3.5 [5℄. The residual resistivity �0 has an anomaly around 1.0GPa.
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Fig. 1. Pressure dependene of A and �0 values in CeRh2Si2.Superondutivity appears around P, as shown in Fig. 2. An indiationof superondutivity appears in the pressure region from 0.97 to 1.20GPa,whih is shown in Fig. 1 as a gray region. As shown in Fig. 2, the resistivity
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Fig. 2. Superonduting transition in the resistivity measurements in CeRh2Si2.at P = 1:01 and 1.16GPa dereases gradually with dereasing temperaturebelow 0.5K, but the zero resistivity is not attained. The zero resistivityis observed in an extremely narrow pressure region around P from 1.05 to1.08GPa, whih is shown in Fig. 1 as a dense-gray region.We also determined the upper ritial �eld H2 in superondutivity.Fig. 3(a) shows the temperature dependene of the eletrial resistivity undermagneti �elds along the [001℄ diretion. The superonduting temperatureTs for eah �eld is de�ned as the temperature obtained from the extrapola-tion of the resistivity drop, as shown at 0T in Fig. 3(a). Fig. 3(b) shows thetemperature dependene of H2. A solid line in Fig. 3(b) is a guide to eyes.The oherene length � is estimated as 340Å from H2(0) (= �0=2��2),
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Fig. 3. (a) Low-temperature resistivity under magneti �elds and (b) temperaturedependene of H2 at 1.06GPa in CeRh2Si2.



442 S. Araki, et al.where �0 is the quantum �ux. We note that the mean free path for thepresent sample around 1.06GPa is estimated from the de Haas�van Alphenexperiment, being about 1000Å. This indiates that the present sample islose to a lean limit.This work was �nanially supported by the Grant-in-Aid for COE Re-searh (10CE2004) from the Ministry of Eduation, Culture, Sports, Sieneand Tehnology of Japan. REFERENCES[1℄ N.D.Mathur, F.M.Groshe, S.R. Julian, I.R.Walker, D.M. Freye, R.K.W.Hasel-wimmer, G.G. Lonzarih, Nature, 394, 39 (1998).[2℄ R. Movshovih, T. Graf, D. Mandrus, J.D. Thompson, J.L. Smith, Z. Fisk,Phys. Rev. B53, 8241 (1996).[3℄ T.C. Kobayashi, T. Muramatsu, M. Takimoto, K. Hanazono, K. Shimizu,K. Amaya, S. Araki, R. Settai, Y. Onuki, Physia B 281-282, 7 (2000).[4℄ S. Araki, R. Settai, T.C. Kobayashi, Y. 	Onuki, J. Magn. Magn. Mater. 226-230, 81 (2001).[5℄ T. Graf, J.D. Thompson, M.F. Hundley, R. Movshovih, Z. Fisk, D. Mandrus,R.A. Fisher, N.E. Phillips, Phys. Rev. Lett. 78, 3769 (1997).


