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A HEAT CAPACITY ANOMALY AT T* IN AFERROMAGNETIC SUPERCONDUCTOR UGe2�Naoyuki Tateiway, Tatsuo C. KobayashiKYOKUGEN, Osaka University, Toyonaka, Osaka 560-0043, JapanKiihi AmayaGraduate Shool of Engineering Siene, Osaka University, ToyonakaOsaka 560-0043 JapanYoshinori HagaA.S.R.C., JAERI, Tokai-mura, Naka-Gun, Ibaraki 319-1195, JapanRikio Settai and Yoshiika 	OnukiGraduate Shool of Siene, Osaka University, Toyonaka, Osaka 560-8531, Japan(Reeived July 10, 2002)We performed the heat apaity, C(T ), measurement under high pres-sure for a ferromagneti superondutor UGe2. At 1.15 GPa, we found apeak in C=T at a harateristi temperature, T � = 6 K where the magneti-zation showed anomalous inrease. At 1.28GPa, above the ritial pressureP �C where T � beomes 0 K, C=T does not show notable anomaly at zeromagneti �eld, but the appliation of the external �eld above 2.5 T induesthe peak again at T � > 0 K. It orresponds to the indution of T � bythe magneti �eld. Our experimental result suggests that a seond orderphase transition takes plae at T � and thus a disappearane of the phasetransition at T � is of seond order.PACS numbers: 74.25.Bt, 74.70.Tx, 74.62.Fj� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.y Present address: Department of Applied Quantum Physis, Division of Engineering,Kyushu University, 6-10-1, Higashi-ku Fukuoka 812-8581 Japan.(515)



516 Naoyuki Tateiwa et al.1. IntrodutionUGe2 is a material in whih superondutivity and ferromagnetism o-exists [1, 2℄. Superondutivity was observed in the pressure range from 1.0to 1.6 GPa where UGe2 is still in the ferromagneti state. This is a �rst asewhere a ferromagnet beomes a superondutor.It is known that an another anomaly exists in the resistivity, the magneti-zation and the thermal expansion measurements at a harateristi temper-ature T � in the ferromagnetially ordered state [1�5℄. The superondutingtemperature T �SC shows maximum around the ritial pressure P �C where T �beomes 0 K. Thus it is supposed that the superondutivity is mediatedby the ritial magneti �utuation around P �C.Watanabe and Miyake de-veloped a mirosopi theory for the superondutivity, assuming that T � isa oupled CDW/SDW transition temperature [6℄. However the mirosopiorigin of T � is not lear experimentally at present. Moreover, it is not learthat a thermodynami phase transition ours at T �. In this paper, we re-port the observation of a peak in the heat apaity at T �, whih stronglysuggests that a phase transition takes plae at T �.2. ExperimentalA single rystal was grown by the Czohralski pulling method in a tetra-ar furnae as desribed in Ref. [3℄. The residual resistivity ratio (RRR) was600 at ambient pressure for the present sample, whih indiated a good qual-ity of our sample. The heat apaity, C(T ), was measured by the adiabatiheat pulse method. The magnetization, M(T ), measurement was arried outusing a SQUID magnetometer. Pressure was applied by utilizing a Cu�Bepiston ylinder type ell with a Daphne oil (7373) as a pressure-transmittingmedium. In the present experiments, the heat apaity and magnetizationexperiments were arried out simultaneously in order to obtain the data ina same pressure ondition.3. Result and disussionFigure 1 shows the temperature dependene of C=T for 1.15 and 1.28GPa, plotted with the magnetization under the magneti �eld of 0.5 T. At1.15 GPa, the magnetization shows an anomalous inrease around T � � 6 Kas we reported previously [5℄. Correspondingly a heat apaity anomalyappears in the heat apaity at T �, whih suggests that a thermodynamiphase transition ours at T �. We de�ne the transition temperature T � as6.1 K suh that the entropy is onserved as drawn by a broken line in Fig. 1.At 1.28 GPa, above P �C, there is no anomaly in both the heat apaity andmagnetization.
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4 6 8Fig. 1. Temperature dependene of C=T and the magnetization for 1.15 and1.28 GPa in UGe2.The linear oe�ient of the heat apaity  , whih is determined bythe extrapolation of C=T to 0 K, is about 70, 100 mJ/moleK2 at 1.15 and1.28 GPa, respetively. These values are quantitatively onsistent with thepressure dependene of  in our previous study [3℄.To obtain the absolute value of the entropy, we extrapolate the C=T urveto zero temperature. Then the total entropy is obtained by integrating theC=T urve with respet to T , as shown in �gure 2. It is harateristis thatthe T -dependene of the entropy above T � in 1.15 GPa follows that of1.28GPa where the heat apaity anomaly is absent. This suggests that the phasetransition at T � is of a seond order type and the large  value above P �C isoriginated from a ritial �utuation around the seond order ritial pointP �C. The entropy balane below and above P �C is not expeted in the aseof �rst order transition. At 1.28 GPa, the appliation of the external �eld
0

0.5

1

1.5

0 2 4 6 8

T *

Temperature  (K)

S(
J/

m
ol

eK
)

UGe2

1.28 GPa

1.15Fig. 2. Temperature dependene of the entropy in 1.15 and 1.28 GPa in UGe2.



518 Naoyuki Tateiwa et al.
0

100

200

300

1

1.1

1.2

0 2 4 6 8 10

C
/T

(m
J/

m
ol

eK
2 )

M
(µ

B
/U

)

Temperature (K)

UGe2

1.28 GPa
2.5

3.0T

Fig. 3. Temperature dependene of C=T and magnetization for 1.28 GPa underseveral magneti �elds in UGe2.parallel to the spin easy axis indues the heat apaity anomaly as shownin �gure 3. This agrees with the magnetization and resistivity anomalyreported previously [2, 5, 7℄. 4. SummaryIn onlusion, we observe a peak in the heat apaity at T �. It is stronglysuggested that a seond order thermodynami phase transition ours at T �.REFERENCES[1℄ S.S. Saxena et al., Nature 406, 587 (2000).[2℄ A. Huxley et al., Phys. Rev. B63, 144519 (2001).[3℄ N. Tateiwa et al., J. Phys.: Condense. Matter 13, L17 (2001).[4℄ N. Tateiwa et al., J. Phys. So. Jpn. 70, 2876 (2001).[5℄ G. Oomi et al., Physia B 186-188, 758 (1993).[6℄ S.Watanabe, K. Miyake: to be published in J. Phys. So. Jpn.[7℄ T. C. Kobayashi et al., ond-mat/0107584.


