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MAGNETISM AND SUPERCONDUCTIVITY IN CeMIn5(M = Rh, Co) SINGLE CRYSTALS �S. Majumdar, G. Balakrishnan, M.R. Lees and D. MK PaulDepartment of Physis, University of WarwikCoventry, CV4 7AL, UK(Reeived July 10, 2002)We report on the magneti and superonduting properties of singlerystals of the alloys CeRh1�xCoxIn5 (x = 0.0, 0.25, 0.5, 1.0). For x �0.5 we do not �nd any signature of superondutivity down to 1.6 K. Thepreviously observed metamagneti transition in CeRhIn5 at 20 kOe is alsopresent for small Co doping (x = 0.25), but disappears for x = 0.5. Inthe superonduting state, CeCoIn5 shows hysteresis in the magnetisationversus �eld measurements whih is typial of a type II superondutor, withthe pinning predominantly ontrolled by surfae and geometrial fators.PACS numbers: 71.27.+a, 74.70.Tx, 74.60.Ge1. IntrodutionThe new lass of heavy fermion superondutors CeMIn5 (M = Rh, Co)have attrated onsiderable attention due to their relatively high superon-duting transition temperatures. The magnetism and superondutivity liein very lose proximity in these ompounds and thereby provide a uniqueopportunity to investigate the role of magneti interations in the formationof the superonduting ground state. The ompound CeRhIn5 has beenfound to be a moderate heavy fermion with the linear term in the spei�heat about 400 mJ/ mol-K [1℄. It orders magnetially at 3.8 K with a -modulated inommensurate spiral struture. CeRhIn5 is also haraterisedby a metamagneti transition below 3 K when a magneti �eld of 20 kOeis applied parallel to the a�b plane [2℄. Beyond a hydrostati pressure of16 kbar, a superonduting ground state emerges below 2.1 K with a suddendisappearane of the 3.8 K magneti ordering. CeCoIn5 shows superondu-tivity at 2.3 K in the ambient pressure ondition [4℄.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1043)



1044 S. Majumdar et al.In order to investigate the evolution of the ground state properties underhemial pressure we have studied the magnetisation and transport proper-ties of single rystals of the solid solutions CeRh1�xCoxIn5 (x = 0, 0.25, 0.5and 1). Coexistene of magnetism and superondutivity has been reentlyreported for the alloys CeRh1�xCoxIn5 for 0.4 � x � 0.6 [3℄. The single rys-tals were prepared by a �ux growth tehnique using exess indium �ux [4℄.Powder X-ray di�ration measurements on this tetragonal system of om-pounds show that with the replaement of Rh by Co, there is a ontrationof the lattie parameters in the basal plane (a, b), while the lattie param-eter in the -diretion inreases. The lattie parameters (in Å) are foundto be: (a, ) = (4.652, 7.542), (4.646, 7.545), (4.636, 7.546) and (4.620,7.560) for x = B0.0, 0.25, 0.5 and 1.0, respetively. The magnetisation mea-surements were arried out using an Oxford Instruments vibrating samplemagnetometer and the resistivity was measured by a standard four-probemethod. 2. Results and disussionsFigure 1 shows the magnetisation vs. �eld at 1.8 K for x = 0.0, 0.25 and0.5 with the �eld parallel to the a-b plane of the single rystals. The mag-netisation for all the ompositions shows quasi-linear behaviour without anysignature of saturation. For the omposition x = 0.0, the step like anomalyaround 20 kOe is due to the ourrene of a metamagneti transition [2℄.
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Fig. 1. Magnetisation (M) as a funtion of magneti �eld (H) applied parallel tothe a�b plane at 1.8 K for the ompositions CeRh1�xCoxIn5 (x = 0, 0.25, 0.5).The arrow marks the metamagneti transitions.In our measurement, this metamagneti behaviour around 20 kOe is alsopresent for the x = 0.25 ompound, but the anomaly is rather weak whenompared to the pure Rh ompound. This anomaly ultimately disappears



Magnetism and Superondutivity in CeMIn5 (M = Rh, Co). . . 1045ompletely for the x = 0.5 omposition. The free eletron mediated indiretexhange term is dependent on the inter atomi spaing. Therefore, theinrease in the lattie parameters in the -diretion with x an hange themagneti interations and thus modify the metamagneti behaviour. Wehave measured the magnetisation arefully around the metamagneti tran-sition point with di�erent �eld ramping rates. We have not observed anyhysteresis around the transition point within the auray of our measure-ments. This signi�es that the metamagneti transition is not a �rst orderlike transition. The magnetisation measurements in the diretion parallel tothe -axis show a monotonously inreasing behaviour without any signatureof metamagneti behaviour in any of these ompositions.
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Fig. 2. Eletrial resistivity (�) as a funtion of temperature (T ) in the a�b plane forCeRh1�xCoxIn5 (x = 0, 0.25, 0.5). The x = 0.5 data shows Kondo-like minimumaround T = 15 K.We have also measured the resistivity and magneti suseptibility as afuntion of temperature for these CeRh1�xCoxIn5 ompounds. For the om-positions x � 0.5 we do not see any signature of superondutivity down to1.6 K. The resistivity vs. temperature behaviour hanges signi�antly withthe Co substitution (see �gure 2). For x = 0 and 0.25, a monotonous fall ofresistivity below 100 K is observed, whereas for x = 0.5 there is a distintiveKondo-like minimum around 15 K, followed by a drop at lower temperatures.The x = 1 ompound is also haraterised by a shallow Kondo minimum butat a muh higher temperature (150 K) [1℄. This learly indiates that thesystem inreasingly shows single ion Kondo behavior with the substitutionof Rh by Co. The high pressure resistivity measurements on CeRhIn5 showa gradual ourrene of Kondo-like minimum with inreasing hydrostatipressure [1℄. Therefore, the observed hanges in the resistivity behaviourwith x are onsistent with the appliation of hemial pressure.



1046 S. Majumdar et al.We have investigated the low �eld behaviour of the magnetisation ofCeCoIn5 in its superonduting state (see �gure 3). The magnetisation loopsbelow the superonduting transition temperature of 2.3 K show hysteresisbehaviour typial of a type II superondutor. The value of the lower ritial�eld, alulated from the magnetisation data for �elds in the a-b plane, isfound to be around 25 Oe at 1.5 K. The most interesting observation in thelow �eld measurements is the signature of �ux jumps in the magnetisationdata. These �ux jumps are only observed while the �eld is ramped up.The �ux jumps are also seen in the measurements parallel to the -axis(data not shown here). In addition, the �ux jumps are almost absent in themagnetisation data below 1.7 K. This indiates that there is some di�erenein the pinning mehanism above and below 1.7 K. The magnetisation loopsare also asymmetri with respet to the M = 0 axis (see �gure 3). This andthe observation of �ux jumps suggest that the magnetisation behaviour atlow �eld is dominated by surfae and geometrial barriers rather than bulkpinning (at least for T � 1.7 K).
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Fig. 3. Low �eld magnetisation (M) vs. magneti �eld (H) loops of CeCoIn5 atdi�erent temperatures with �eld along the a�b plane.REFERENCES[1℄ H. Hegger, C. Petrovi, E.G. Moshopoulou, M.F. Hundley, J.L. Sarrao,Z. Fisk, J.D. Thompson, Phys. Rev. Lett. 84, 4986 (2000).[2℄ A.L. Cornelius, A.J. Arko, J.L. Sarrao, M.F. Hundley, Z. Fisk, Phys. Rev.B62, 14181 (2000).[3℄ V.S. Zapf et al., Phys. Rev. B65, 014506 (2002).[4℄ C. Petrovi, P.G. Pagliuso, M.F. Hundley, R. Movshovih, J.L. Sarrao,J.D. Thompson, Z. Fisk, P. Monthoux, J. Phys. Condens. Matter 13, L337(2001).


