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NON-MAGNETIC KONDO-LIKE SCATTERINGIN UPS AND UAsSe FERROMAGNETS�T. Cihoreka;b, R. Wawryka, A. Wojakowskia, Z. HenkieaaInst. of Low Temperature and Struture Researh, Polish Aademy of SienesOkólna 2, 50-950 Wroªaw, Polandand F. SteglihbbMax Plank Institute for Chemial Physis of Solids, 01187 Dresden, Germany(Reeived July 10, 2002)UPS is the seond uranium-based pnitohalogenide where eletron-assisted tunneling presumably is realized. Although the unusual propertiesof UPS and UAsSe originate from the strutural disorder, a lear-ut uni-formity in their eletrial resistivity is observed. The additional resistivitydue to non-magneti Kondo-like sattering was found as large as 140 �
 mat low temperatures. The estimated onentration of the fast TLS entersvaries between 1019 and 1020m�3.PACS numbers: 72.15.Qm, 72.15.�v, 75.50.CNon-magneti interations between ondution eletrons and two-levelsystem (TLS) may ause behaviors analogous to the ordinary (magneti)Kondo e�et (see [1℄ for a review). Reently, it has been shown that unom-mon transport properties of the struturally disordered UAsSe ferromagnetmay be onsistently interpreted in terms of the TLS Kondo model. This on-erns, e.g., the disorder-dependent low-temperature upturn in the eletrialresistane, R(T ) [2℄, as well as hanges in the thermoeletri power intro-dued by tiny variations of Se exess [3℄. Similar R(T ) behavior has beenobserved in the diamagneti homologue ThAsSe [4℄. Sine the properties ofatinide arsenoselenides are aused by interations of ondution eletronswith the fast TLS enters situated in the anioni sublattie, similar behav-iors are expeted in UPS rystallizing in the same PbFCl-type struture. Inthe very �rst experiment on UPS (TC = 118K), no R(T ) anomaly in theferromagneti state was observed [5℄. However, reent studies on other UPS� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1339)



1340 T. Cihorek et al.single rystals with slightly redued TC values revealed the low-T upturn ofa di�erent size [6℄. Similarly to UAsSe, the R(T ) dependenies for all theinvestigated UPS speimens are remarkably alike in the paramagneti state.In the following, uniformity in the resistivity of both uranium pnitohalo-genides is disussed.Fig. 1 shows the ab-plane eletrial resistane for three UPS single rys-tals with di�erent amount of disorder. The results are normalized to thevalue at Tmax, where Tmax is the temperature at whih a maximum of theresistane, Rmax, ours. For omparison, the most di�erent R(T ) dataof UAsSe are presented. The size of the low-T anomaly monotonially in-reases with Se exess [7℄. In both systems, an inrease of the upturn isaompanied by a slight redution of the Curie temperature. Although thisis a seondary e�et in our TLS-based approah, it allows us, in a simplyway, to haraterize the samples investigated. To date, no UAsSe samplewithout the low-T upturn was obtained.As it beomes evident from Fig. 1, a variation of the low-T anomalyin UPS ompares very well with the UAsSe data. Obviously, the sametype of interations, presumably eletron-assisted tunneling, are involved inthe unusual sattering in both systems. Thus, to some extent, the free-of-anomaly UPS sample an be onsidered as a referene one to UAsSe,
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Fig. 1. Normalized ab-plane resistane for UPS and UAsSe ferromagnets. Notethat Tmax is very lose to TC, whih was estimated from the maximum of the �rstderivative of the resistane. The data for the UPS single rystal with TC = 118Khave been taken from [5℄.



Non-Magneti Kondo-Like Sattering in UPS and . . . 1341too. Above Tmax, there are no signi�ant di�erenes between samples of thesame system. This fat unambiguously points out that the high-T R(T )dependene is independent of the amount of disorder. We speulate thatthose parameters having an e�et on the anomalous urvature, must havevery similar values. Some distintions between UPS and UAsSe systemsmight originate in their intrinsi harateristis, being independent of thetiny variations in the anioni omposition.In a previous experiment on R(T ) for the UAsSe single rystal with TC =102K, a negative temperature oe�ient of the resistane on either side ofTmax has been attributed to the same Kondo-like omponent desribed bythe Arai formula with TK = 40K [8℄. However, strongly sample-dependentR(T ) at T < Tmax brings this interpretation into question. If a negative riseof the resistivity at T > Tmax is also related to TLS sattering, rather largeTK values are expeted. A loser inspetion of theoretial results, however,raises questions as whether the TLS sattering is observable at intermediatetemperatures at all [1℄. For a detailed disussion of the anomalous high-temperature R(T ) dependene of the U-based pnitohalogenides we referto a forthoming publiation [9℄.In the remainder disussion we brie�y address observations whih ouldgive some quantitative information on the fast TLS enters in UPS andUAsSe. To this aim we subtrat the normalized R(T ) data of the free-of-anomaly UPS sample from all the others presented in Fig. 1. Note that thisproedure ignores possible di�erenes in the phonon and magneti ontribu-tions to the resistivity between various speimens. Further on, we assumethe same value of the room-temperature resistivity equal to 250�
 m for allthe samples under disussion. Consequenes of the above-mentioned approx-imations are disussed below. Nevertheless, the results presented in Fig. 2in absolute units give a rough estimate of the additional resistivity due tothe interation of the TLS with the ondution eletrons, ��(T ) in the UPSand UAsSe ferromagnets.The ��(T ) dependenies presented in Fig. 2 appear to resemble thesingle-ion Kondo ontribution to the eletrial resistivity harateristi fordilute alloy systems, inluding the tendeny of ��(T ) to saturate as T ! 0.The temperature, below whih the ��(T ) data beome �nite, is found to in-rease with the extrapolated value of ��(T ! 0). One might be inlined torelate this with an inrease of the Kondo temperature. However, a reasonableestimate of TK requires, e.g., aousti measurements that determine the ou-pling strength between the TLS and ondution eletrons. Note that ��(T )of the UAsSe single rystal with TC = 101:5K does not hange smoothlyat T = Tmax beause of di�erenes between the magneti omponents ofthis partiular sample and the free-of-anomaly UPS one (TC = 118K), ashighlighted by their signi�antly di�erent TC values.
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Fig. 2. The additional resistivity due to the TLS for various UPS and UAsSe sin-gle rystals. For detailed desriptions of the symbols see Fig. 1. Inset: Relationbetween ��(T ) and the onentration of the fast TLS enters in uranium pni-tohalogenides. The dashed line is a guide to the eye only.In the following we disuss the onentration of the fast TLS enters,TLS, in UPS and UAsSe samples that an be estimated from the simpli�edformula [11℄ TLS = 8:75 � 1019 �K(0)EF m0m� (n22)2 [m�3℄ ;where �K(0) is the TLS Kondo resistivity as T ! 0 in �
m, EF the Fermienergy in eV, m�=m0 the e�etive mass ratio, and n22 denotes the arriernumber per 10�22 m3. From the Hall-e�et measurement on the UAsSesample with TC = 102K [6℄ , the arrier density amounts to n22 � 0:7 at300 K. Thus, the Fermi energy appears to be relatively low, EF � 1 eV. SineU-based pnitohalogenides display a room-temperature Seebek oe�ientof the order of 20 �V/K in the ab-plane [3℄, the same values of n22 � 0:7and EF � 1 eV are assumed for the UPS speimens and for the UAsSesingle rystal with TC = 116:9K as well. A spei�-heat e�etive massm� � 19:3, 29.7 and 40.6 was taken for UPS and UAsSe with TC = 101:5Kand 116.9K, respetively [6, 10℄. From the low-temperature ��(T ) data wean extrapolate the �K(0) = ��(T ! 0) values (f. Fig. 2).The results of our alulation, plotted as �K(0) vs| TLS, are summarizedin the inset of Fig. 2. The TLS values for UPS and UAsSe are lose to thetypial onentration of the TLS in amorphous materials � 1018�1019m�3.



Non-Magneti Kondo-Like Sattering in UPS and . . . 1343Two fats may lead to inauraies of our estimates, i.e. inauraies inboth the room-temperature resistivity via �K(0) and the density of arriers.While with �(300 K) = 250 �
m one slightly underestimates TLS onlyin one ase, i.e. for the UAsSe sample with TC = 101:5K only, a slightlyinappropriate value of n22(0:7) would signi�antly in�uene all the results.In fat, onsidering the experimental value of �(300K) = 275 �
 m for theUAsSe sample (TC = 101:5K) one gets a small inrease of TLS of less than20%. For all the other samples, the deviations from the 250�
m value arestill within the margin of error. Sine TLS � (n22)2, a wrong estimation ofn22 is muh more important. The following observations provide evidenefor the n22 � 0:7 being a somewhat overestimated value. Firstly, the arrierdensity obtained from the magneto�optial Kerr e�et is less than n22 �0:45 [12℄. Seondly, aording to [8℄ one an expet a signi�ant redutionof the arrier number with lowering temperature. Thirdly, presumably n22dereases with dereasing onentration of the halogenide atoms, whihhave one p eletron more than the nearest-neighbor pnitogens. Thus, theorret alulations require a preise experimental input. However, the re-estimated TLS values are expeted to be smaller than those presented hereand, hene, better agreement with the typial onentration of the TLS inamorphous materials should be ahieved.For rystals with TC = 102K, the hemial omposition UAs0:94Se1:06has been estimated, i.e. 9�1020m�3 of Se exess [7℄. This ould mean thatless than one fourth of the exess halogenide atoms reate the fast TLSenters. An overwhelming majority of the exess atoms behaves as typial,non-magneti impurities and will enlarge a stati disorder only. Indeed, thisan explain the slightly larger value �(300K) = 275 �
 m for the UAsSesample with TC = 101:5K.In summary, uniformity in the low-T eletrial resistivity of UAsSe andUPS was found. This allowed us to estimate the additional resistivity dueto the interation of the TLS with ondution eletrons. Presumably, lessthan 25% of the exess halogen atoms are involved in the TLS sattering.We are grateful to D. Kazorowski and A. Zygmunt for providing theresistivity data of the free-of-anomaly UPS sample.REFERENCES[1℄ D.L. Cox, A. Zawadowski, Adv. Phys. 47, 599 (1998).[2℄ T. Cihorek et al., J. Magn. Magn. Mater. 226�230, 189 (2001).[3℄ Z. Henkie et al., this proeedings.[4℄ T. Cihorek et al., Phys. Status Solidi, in press.
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