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MAGNETIC FIELD EFFECT ON THETRANSPORT PROPERTIES OF THE ANOMALOUSHEAVY FERMION PrFe4P12�E. Kuramohi, H. Sugawara, T.D. Matsuda, Y. Abe, K. Abe,Y. Aoki, and H. SatoGraduate Shool of Siene, Tokyo Metropolitan UniversityMinami-Ohsawa, Hahioji, Tokyo 192-0397, Japan(Reeived July 10, 2002)We report the e�et of magneti �eld on the transport properties inthe exoti heavy fermion PrFe4P12. The temperature TP of the resistivitymaximum, a. 13 K at zero �eld, shifts almost linearly with inreasing �eld,orrelated with the redution of the e�etive mass determined from the deHaas�van Alphen (dHvA) measurement. The resistivity in 8 T shows ahuge anisotropy with respet to the magneti �eld diretion.PACS numbers: 71.18.+y, 71.27.+a, 75.20.Hr, 75.30.Mb1. IntrodutionThe �lled-skutterudite ompounds (RETr4Pn12: RE= rare earth,Tr= Fe, Ru, Os, and Pn=pnitogen) have reently aroused renewedinterest, sine various exoti features suh as metal insulator transition inPrRu4P12, anomalous heavy fermion (HF) behavior in PrFe4P12 and HF-superondutivity in PrOs4Sb12, have been observed [1�3℄. The quadrupolarinteration is thought to be a key mehanism to explain suh anomalous be-havior. Espeially for PrFe4P12, both the highly enhaned e�etive massand the non-magneti low �eld ordered state (LOS) below TA = 6:5 K areinferred to have their origins in a quadrupolar interation [4,5℄. In the high�eld HF states (HFS), both the mass enhanement in the dHvA and thespei� heat oe�ient  were found to be suppressed with inreasing mag-neti �eld H. In this paper, the e�et of magneti �eld on the transportproperties is reported.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1129)



1130 E. Kuramohi et al.2. Results and disussionFig. 1 shows the temperature T dependene of eletrial resistivity �below 50 K in seleted �elds H along h100i axis measured on a single rystalgrown by the ordinary tin-�ux method having basially same quality as wasused in the dHvA experiment [4℄. �(T ) in zero �eld is basially the same
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Fig. 1. Temperature dependene of of eletrial resistivity � in PrFe4P12. Insetshows the �eld dependene of the peak temperature.as reported previously [2℄; it dereases up to 200 K almost logarithmiallywith inreasing T after showing a faint maximum at TP � 13 K. The sharpupturn at around TA = 6:5 K re�ets the redution of arrier numbersresulting from the Fermi surfae (FS) reonstrution. Below TA, �(T ) doesnot follow the simple relation � = �0 + AT 2 expeted for the Fermi liquid,but follows � = �0 + BT 2exp(�D=kBT ) re�eting a gap struture [2℄. TheHF-state in high �elds above HM has been on�rmed both in the dHvA andthe spei� heat experiments [4, 5℄. Also on the resistivity, we have foundthe T 2-dependene with a large oe�ient A whih approximately followsthe Kadowaki�Woods relation [6℄.A new �nding from Fig. 1 is the systemati shift of TP with �eld asshown in the inset. Most naively, the peak is thought to re�et a transitioninto so-alled oherent state below TP, whih is indiretly onneted withthe Kondo temperature. The inrease of TP with H in the inset is onsistentwith the derease in both -value and the ylotron e�etive mass withH. Another interesting result is the large angular dependene of � undermagneti �eld as shown in Fig. 2. The origin is not yet lear, however, it
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Fig. 2. Field dependene of � in PrFe4P12.should be noted that the angular dependene re�ets the anisotropy in aharateristi temperature below whih the Fermi liquid behavior beomesapparent. No T 2-dependene in �(T ) has been observed down to the lowesttemperature of 0.3K in the present experiment for Hkh111i. Further studiesare neessary to larify the origin of this interesting anisotropy.Fig. 3 shows the �eld dependene of Hall resistivity �H at three temper-atures above and below TA. In low �elds, �H hanges sign aross TA fromnegative above to positive below. The large hange below TA suggests thedisappearane of an eletron-like FS, if we assume the simplest two-spheresFS model. Both at 2.1 K and 4 K, �H exhibits a sudden hange at aroundHM, indiating the reovery of the eletron-like FS though the sign of �His positive in high �elds. This disrepany ould be understood if we takeinto aount the anomalous Hall e�et ontribution � � � � (the e�etivemagneti suseptibility times resistivity) in addition to the normal Hall o-e�ient RH0. The negative sign of �H above TA in low �elds is asribed tothe anomalous ontribution [2℄. The senario is onsistent with the hangeof sign in �H for 7 K in high �elds in Fig. 3. RH (a. +5 � 10�9m3=C)estimated from �H at 4 K and 2.1 K in high magneti �elds is slightly largerthan RH (+1:5�10�9m3=C) at high temperatures (�290 K). The di�erenemay beome smaller in higher �elds, sine �H shows a tendeny to saturateat 10 T. Namely, RH0 is dominated by a hole-like FS both in HFS and in
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Fig. 3. Change of �H as a funtion of the �eld diretion in 8 T measured at 0.36 K.high temperatures. No de�nitive information on the �eld dependene ofe�etive mass has been obtained from the Hall e�et at this stage.Lastly, we disuss the anomalous part of �H in LOS. Exept near HMwhere FS hanges, RH0 (+3 � 10�7m3=C determined from the initial slopeof �H versus H urve whih is almost onstant below 2 K) is independent ofT . The enhanement of �H with T below TA indiates that the anomalouspart of Hall e�et is positive in LOS. Namely, the left�right asymmetry ofondution eletron sattering hanges sign between the two states. In orderto larify the origin, further studies inluding the anisotropy are neessary.This work was partly supported by a Grant-in-Aid for Sienti� Researhfrom the Ministry of Eduation, Siene, Sports and Culture of Japan, theThermal & Eletri Energy Tehnology Foundation and by the REIMEIResearh Resoures of Japan Atomi Energy Researh Institute.REFERENCES[1℄ C. Sekine et al., Phys. Rev. Lett. 79, 3218 (1997).[2℄ H. Sato et al., Phys. Rev. B62, 15125 (2000).[3℄ E. D. Bauer et al., Phys. Rev. B65, 100506(R) (2002).[4℄ H Sugawara et al., J. Magn. Magn. Mater. 48-50, 226 (2001).[5℄ Y. Aoki et al., Phys. Rev. B65, 064446 (2002).[6℄ K. Kadowaki, S. B. Woods, Solid State Commun. 58, 507 (1986).


