
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
DEPENDENCE OF THE SUPERCONDUCTINGTRANSITION TEMPERATURE ON THE RESIDUALRESISTIVITY IN URhGe�D. Aoki, A. Huxley, F. Hardy, D. BraithwaiteE. Ressouhe, J. FlouquetCEA, Départ. de Reherhe Fondamentale sur la Matière Condensée, SPSMS38054 Grenoble Cedex 9, FraneJ.P. Brison and C. PaulsenCNRS, Centre de Reherhes sur les Très Basses TempératuresGrenoble 38042, Frane(Reeived July 10, 2002)We studied the dependene of the superonduting transition temper-ature TSC on the residual resistivity in the ferromagneti superondutorURhGe. The strong suppression of TSC aused by defets was observed.Superondutivity is ompletely destroyed when the mean free path fallsbelow the superonduting oherene length, suggesting unonventional su-perondutivity.PACS numbers: 74.70.Tx, 74.25.FyThe oexistene of ferromagnetism and superondutivity is a ruialproblem. In the 1970s, extensive studies were done for 4f -eletron systems,showing both superondutivity and ferromagnetism, suh as ErRh4B4 [1,2℄and HoMo6S8 [3℄. In these ompounds, the 4f -eletron is well loalized andpossesses a large magneti moment. The superonduting ritial tempera-ture TSC is larger than the Curie temperature TCurie, and the superondut-ing phase is expelled in the ferromagneti phase beause of the large internal�eld. Therefore, superondutivity and ferromagnetism ompete with eahother in this system. The disovery of superondutivity in the itinerant fer-romagnet UGe2, however, hanges the situation ompletely [4, 5℄. In UGe2,the superonduting phase only exists in the ferromagneti phase, showingthe oexistene of ferromagnetism and superondutivity.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(503)



504 D. Aoki et al.Reently we found superondutivity at ambient pressure in the itiner-ant ferromagnet URhGe as an another example [6℄. The results of spei�heat, magnetization and upper ritial �eld are onsistent with a super-onduting pairing of spin-triplet type. It is known that the TSC of un-onventional superondutors is highly sensitive to the residual resistivity,beause the pair-breaking ours not only for magneti impurities but alsofor non-magneti impurities and defets. For instane, superondutivity inSr2RuO4 is ompletely suppressed when the residual resistivity is greaterthan 1�
m [7℄. CeRh2Si2 shows no superondutivity when the residualresistivity ratio (RRR) is less than 30 [8℄. Here we report the dependene ofTSC on the non-magneti impurities or defets in URhGe determined fromresistivity measurements.Polyrystals of URhGe were prepared by radio-frequeny heating of stoi-hiometri amounts of the onstituents. The obtained rystals were annealedat 900 ÆC for 5 days under ultra high vauum. X ray powder di�ration andeletron miroprobe analysis were arried out to hek the samples. The re-sults showed the stoihiometry to be lose to the ideal without any impurityelements and phases.URhGe rystallizes in the orthorhombi TiNiSi-type struture, formingzigzag-hains between nearest-neighbor uranium atoms. The Curie temper-ature TCurie is 9:5K and the ordered moment is 0:42�B=U, suggesting weakferromagnetism. Re�eting the rystal struture, the magneti propertiesare anisotropi. The magneti moment is direted along the -axis and itsanisotropy �eld is estimated to be more than 100 T. The magneti entropyis 0:2R ln 2 at TCurie [9℄ and the magnetization displays no saturation up to40T [10℄, indiating the itinerant nature of the 5f -eletrons. The eletronispei� heat oe�ient is 160mJ=K2mol, whih is omparable to the heavyfermion superondutor UPd2Al3.We show in Fig. 1 the eletrial resistivity with di�erent residual resis-tivities. The resistivity steeply dereases with dereasing temperature belowTCurie and follows the relation � = �0 +AT 2 at low temperature, indiatingFermi liquid behavior. The oe�ient A is about 2�
m=K2, whih is thesame for all the samples. The value of A=2 is 9�10�5 �
mK2mol2=mJ2,whih is onsiderably larger than 1�10�5 �
mK2mol2=mJ2, the universalvalue obtained from the Kadowaki�Woods relation [11℄. This suggests thatURhGe is lose to the quantum ritial point, beause the oe�ient A ispredited to diverge at the quantum ritial point from SCR theory [12℄.In the sample with �0 = 2�
 m, the resistivity starts to deviate fromthe T 2-behavior at 0.45K with dereasing temperature, and beomes zeroat 0.25K, indiating superondutivity. On the other hand, the sample with�0 = 40�
m shows no superondutivity down to 70mK.
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URhGeFig. 1. Temperature dependene of the resistivity of URhGe with di�erent residualresistivities. The arrows indiate the onset of superondutivity.Shown in Fig. 2 is the TSC as a funtion of the residual resistivity �0,where we de�ned the TSC as the onset of the deviation from T 2-behavior.The TSC dereases with inreasing �0. Based on the free eletron model, wean simply estimate the mean free path l at about 1000Å for �0 = 2�
 mand 100Å for �0 = 40�
m. Sine the oherene length � is known to be180Å from the upper ritial �eld, superondutivity ours when the meanfree path is of the order of, or larger than the oherene length. This supportsthe idea that URhGe an be lassi�ed as an unonventional superondutor.Contrary to the strong suppression of TSC, the Curie temperature TCurieshows no hange with the residual resistivity.
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Fig. 2. Dependene of the superonduting transition temperature TSC on theresidual resistivity �0. TSC is de�ned as the onset of the deviation from T 2-behaviorof resistivity. The solid line is a guide to the eyes.
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