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NQR MEASUREMENTS OF UPtGa5�Harukazu Kato, Hironori Sakai, Shinsaku KambeRussell E. WalstedtAdvaned Siene Researh Center, Japan Atomi Energy Researh InstituteTokai, Ibaraki 319-1195, JapanYoshihumi Tokiwa and Yoshihika 	OnukiGraduate Shool of Siene, Osaka UniversityToyonaka, Osaka 560-0043, Japan(Reeived July 10, 2002)Ga NQR measurements have been arried out for 5f -antiferromagnet,UPtGa5.The zero-applied-�eld NQR spetrum in the antiferromagnetistate an be explained as the resonane lines of a Ga nulei, whih is af-feted by the Zeeman interation with the internal �eld from the uraniummagneti moments, as well as the quadrupole interation. The hyper�neoupling onstant in the antiferromagneti state is evaluated.PACS numbers: 76.60.�k, 75.50.EeIn reent years, unonventional superondutivity has been found inHoCoGa5-type ompounds suh as CeT0In5 (T0 = Co, Rh, Ir) [1�3℄. In thisontext, magneti properties of the same type of uranium ompounds at-trat muh interest. UPtGa5 belongs to a large family of UTGa5 ompounds(T = ion group) and rystallizes in the HoCoGa5-type struture [4℄. Thereare two rystallographially inequivalent Ga sites, namely, Ga(1) at (1/2,1/2, 0) and Ga(2) at (1/2, 0, u) with u � 0:292 [5℄. UPtGa5 is a 5f -itinerantantiferromagnet with Néel temperature TN = 26 K and an eletroni spei�oe�ient  = 57 mJ/mol K2 [6℄. We have previously reported the NMRmeasurements in the paramagneti region, and have lari�ed the hyper�neparameters of Ga and Pt in UPtGa5 [7℄. However, in the previous NMRmeasurements with the external �eld applied, we ould not �nd any reso-nane signals below TN. In this paper, 69;71Ga NQR measurements with zero� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1063)



1064 H. Kato et al.applied �eld are reported. We have observed the Ga resonane lines bothin the paramagneti and antiferromagneti states; the resonane frequeniesin the antiferromagneti state enable us to estimate the transferred �eld atGa(2), whih ome from the uranium magneti moments. The hyper�neoupling onstant in the antiferromagneti state is evaluated.In general, a nuleus with the spin moment I > 1=2 in a nonubi envi-ronments is a�eted by quadrupole interations, as well as Zeeman intera-tions under magneti �elds. The Hamiltonian an be written as,H = �~(H0 +Hint)Iz0 + h�Q2 �3I2z � I2 + �(I2x � I2y )	 : (1)Here, z0 is the magneti �eld diretion. The axes x, y, z are the prinipal axesof the eletrial �eld gradient (EFG) tensor Vij , so that jVzzj > jVyyj > jVxxj; is the gyromagneti ratio; H0 is the external magneti �eld, and Hint isthe internal �eld at the nulear site; �Q is de�ned as 3e2qQ=2I(2I � 1)h,where eq is the nulear quadruple moment, and eQ � Vzz. The asymmetryparameter � denotes (Vxx � Vyy)=Vzz .The eigenvalues of the Hamiltonian express the energy of the nulearlevel. When the quadrupoler parameters (�Q, �) and the magnitude andthe diretion of the magneti �eld (H0, Hint, �, �) are given, the resonanefrequeny � in a NMR measurement an be dedued by solving the matrixelements numerially. It should be noted that six resonane lines are ex-peted for eah isotope of Ga (69;71Ga; I = 3/2); transitions between anytwo of four levels are permitted beause of the non-diagonal omponentsome from the quadrupole interation.A polyrystalline sample of UPtGa5 synthesized by ar-melting method[5℄ was used. All the measurements were performed by a onventional pulsedNQR spetrometer under zero applied �eld (H0 = 0). In the paramagnetiregion, a NQR line of Ga is expeted to appear at the frequeny j�Qj(1 +�=3)1=2 sine Hint = 0. In fat, we sueeded to observe resonane lines of69Ga(2), 71Ga(2) and 69Ga(1) at 27.53 MHz, 17.35 MHz, and 14.5 MHz,respetively. The observed resonane frequenies are onsistent with theprevious reported value of �Q and � [7℄. Although the NQR line of 71Ga(1)is expeted to appear at about 9.1 MHz, we ould not observe this resonane,probably beause of its weak intensity.The zero-applied-�eld NQR spetrum in the antiferromagneti state isshown in Fig. 1. Sine the �Q and � values have been evaluated [7℄, it ispossible to disuss the internal �eld from the observed resonane peak posi-tion. That is, we alurate the resonane frequenies with Hint an expliitparameter at �rst, and then ompare them with the observed frequenies.Here, let us fous on Ga(2). Aording to the neutron di�ration study [5℄,the magneti struture of UPtGa5 reserves a C2z symmetry at the Ga(2) site.
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Fig. 1. Zero-applied-�eld NQR spetrum in the ordered state. The open and losedirles indiate the resonane lines ome from 69Ga(2) and 71Ga(2), respetively.Peaks indexed by open square ome from Ga(1).From onsideration of symmetry [8℄, it is found that the indued �eld by themagneti moments annot break the C2z symmetry at Ga(2). Therefore,Hint at the Ga(2) site should be parallel to the [001℄ diretion of the rystal,whih oinides with the EFG x-axis of Ga(2) [7℄. Under this onstraint ofthe internal �eld diretion, the adjustable parameter is only Hint. The goodagreement between the alurated and observed frequenies is shown withregard to Ga(2). Here, Hint = 5.9 kOe is given at 4.2 K.Unfortunately, we ould not �nd all of the Ga(1) lines due to their weaksignal intensities; most of the resonane lines of Ga(1) are suspeted to behidden by the strong resonane peaks of Ga(2). There appear fewer signalsof Ga(1), so that they ould not be analyzed in a similar way to the Ga(2)lines. Hene, Hint for Ga(1) ould not be evaluated in this measurements.The temperature dependene of Hint is shown in Fig. 2. For omparison,we also plotted a square rootpImag of the magneti Bragg peak intensity inthe previous neutron di�ration study [5℄. It is noted that pImag is propor-tional to the amplitude of the ordered moments. As shown in Fig. 2, Hintand pImag show a similar temperature dependene. This learly indiatesthat Hint is the transferred hyper�ne �eld ome from the magneti momentsat the uranium site; the relation of Hint = AAFhf � hmi is realized. Here, hmiis the magnitude of the ordered moments, and AAFhf denotes the hyper�neoupling onstant in the antiferromagneti state. Sine hmi is estimated tobe 0.24 �B at the lowest temperature [5℄, we an evaluate AAFhf of Ga(2)to be � 24.6 kOe/�B. The magnitude of AAFhf is rather larger than thatof the hyper�ne oupling onstant Aparahf in the paramageneti state, whihhas been estimated to be a few kOe/�B [7℄. At present, we have no de�-
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Fig. 2. Temperature dependene of Hint. For omparison, the square root pImagof the magneti Bragg peak intensity are shown.nite explanation for the hange of the hyper�ne oupling onstant. Furtherdisussions are mentioned in the forthoming reports.In summary, we have arried out the zero-applied-�eld NQR measure-ments for UPtGa5. From the spetrum in the antiferromagneti state, wesueeded in evaluating the magnitude of the internal �eld at Ga(2). Thehyper�ne oupling onstant in the antiferromagneti state is evaluated.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℄ C. Petrovi, R. Movshovih, M. Jaime, P.G. Pagliuso, M.F. Hundley, J.L. Sar-rao, Z. Fisk, J.D. Thompson, Europhys. Lett. 53, 354 (2001).[3℄ 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).[4℄ Yu.N. Grin, P. Rogl, K. Hiebl, J. Less. Common. Met. 121, 497 (1986).[5℄ Y. Tokiwa, Y. Haga, N. Metoki, Y. Ishii, Y. 	Onuki, J. Phys. So. Jpn. 71, 725(2002).[6℄ Y. Tokiwa, S. Ikeda, Y. Haga, T. Okubo, T. Iizuka, K. Sugiyama, A. Nakamura,Y. 	Onuki, J. Phys. So. Jpn. 71, 845 (2002).[7℄ H. Kato, H. Sakai, Y. Tokiwa, S. Kambe, R.E. Walstedt, Y. 	Onuki,J. Phys.Chem. Sol., 63, 1197 (2002).[8℄ S. Demuynk, L. Sandratskii, S. Cottenier, J. Meersshaut, M. Rots, J. Phys.:Condens Matter 12, 4629 (2000).


