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FIELD DEPENDENCE OF SPIN WAVESIN THE KONDO LATTICE CeCu2�R. Shedlera, M. Rottera, U. Wittea;b, M. Loewenhauptaand W. ShmidtaTU Dresden, Institut für Angewandte Physik (IAPD), 01062 Dresden, GermanybHahn-Meitner-Institut (HMI), Glieniker Str. 100, 14109 Berlin, GermanyInstitut Laue-Langevin (ILL), 156X, 38042 Grenoble, Frane(Reeived July 10, 2002)The Kondo lattie ompound CeCu2 shows an antiferromagneti order-ing below TN = 3:5K. The two moments in the primitive rystallographiunit ell are aligned antiparallel to eah other and oriented along the or-thorhombi �axis even though the a-axis is the easy axis of magnetization.This an be explained by a strongly anisotropi antiferromagneti exhangein the a-plane whih anels out the rystal �eld anisotropy. The measure-ments of the spin wave dispersion at 1.5K that we present in this paperfor zero �eld and for 5T in a-diretion verify this assumption. Prelim-inary model alulations using the program pakage MPhase reproduequalitatively the measured dispersion urves.PACS numbers: 71.27.+a, 75.30.Ds1. IntrodutionCeCu2 is a Kondo lattie ompound whih shows antiferromagneti or-dering at TN = 3:5K [1℄ with the propagation vetor (000) and a Kondotemperature of TK = 4K as derived from an extrapolation of the neu-tron quasi-elasti line width [2℄. The two magneti moments in the prim-itive rystallographi unit ell (CeCu2-struture, spae group Imma; mag-neti= hemial unit ell) are aligned antiparallel to eah other and orientedalong the orthorhombi -axis. The magneti struture is shown in Fig. 1.It is surprising that the easy axis of magnetization is the a-axis while themoments are oriented along the -diretion. A possible senario for suha situation is that the antiferromagneti exhange is strongly anisotropi in� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1313)



1314 R. Shedler et al.the nearly hexagonal a-plane and ompetes with the rystal �eld anisotropy.The low-�eld suseptibility is di�erent for all three rystallographi dire-tions (�a > � > �b). It shows a peak at TN only for � [1, 3℄. Themagnetization urves at T = 2K in the ordered state as shown in Fig. 2are also strongly anisotropi. The �eld indued ferromagneti state seemsto be reahed already for �elds in a-diretion of the order of 2T. Saturationin the other diretions is reahed only at onsiderably higher �elds and withlower saturation moments: 15T (1�B) for the -diretion, 30T (0:5�B) forthe b-diretion [4℄.
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Fig. 1. Magneti struture ofCeCu2 (after [1℄). Magnetic Field (T)
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||bFig. 2. Magnetization measurement ofCeCu2 at 2 K along the main rystallo-graphi diretions (from [1℄). Lines areguide to the eyes.2. Experimental details and resultsThe measurements of the spin wave dispersion at T = 1:5K and as fun-tion of the magneti �eld along the a-diretion were performed on the oldtriple-axis spetrometer IN12 at ILL Grenoble. The CeCu2 single rystal wasthe same as that used for the measurements of the rystal �eld (CF)�phononinteration [5℄. In this paper we present the results for the dispersion along(0k0) in zero �eld and at 5T (H k a). Due to the symmetry of the magnetilattie there are two spin wave modes, but only one spin wave mode is visi-ble for sans along (0k0). The experimental results are displayed in Fig. 3.The measured dispersion urve in zero �eld di�ers drastially from that at 5T.



Field Dependene of Spin Waves in the Kondo Lattie CeCu2 1315The error bars indiate the measured full width at half maximum of thepeaks. The widths are only slightly larger than the instrumental resolutionindiating that the olletive exitations in the magnetially ordered stateof the Kondo ompound are nearly una�eted by the Kondo e�et. The fulllines in the �gure indiate results of a preliminary �t using the MPhase [7℄program whih will be disussed in detail in the next setion.

Fig. 3. Dispersion of magneti ex-itations at di�erent �elds in a-diretion. The data points are ex-perimental results and the error barsindiate the measured full width athalf maximum of the peaks. Thelines are results of a alulation as-suming an anisotropi exhange in-teration (see text).
Fig. 4. Calulated dispersion urveswith an isotropi exhange intera-tion in CeCu2 in zero �eld and fora �eld of 5T in a-diretion. The linesare results of a alulation using theMPhase [7℄ program.

3. MPhase alulationsFor the preliminary alulations only nearest neighbor exhange inter-ations up to a maximum distane of 0.876 nm have been applied (thepresent aim was only to show the qualitative di�erene between isotropiand anisotropi exhange). The following parameters were used for the al-ulations: in both ases the single ion anisotropy due to the rystal �eldwas modeled by an anisotropi Kramers doublet groundstate with satura-tion moments 1.37, 0.5 and 0:94�B=Ce-atom for the a-, b- and -diretion,respetively. The exhange interation Hex was treated in mean-�eld ap-proximation



1316 R. Shedler et al.Hex = �12 Xij;�� J�i J��(ij)J�j ; (1)where J�i denotes the Cartesian oordinates of the angular momentum ofthe Ce atom at the lattie position i. Using the (diagonal) exhange tensorgiven in olumn 4�6 of Table I the observed magneti struture (Fig. 1) anbe reprodued. The exitation spetrum was alulated in the random phaseapproximation [6, 7℄ for zero �eld and is shown in Fig. 3. Aording to thealulation in a �eld of 5T parallel to the a-diretion the ferromagnetiallyaligned spin on�guration is stable and the form of the dispersion hangesbeause of the anisotropy of the exhange interation. TABLE IExhange interation onstants used in the MPhase alulation for CeCu2.Column 1�3 denote the relative position of the Cerium neighbor inunits of the lattie onstants. The anisotropi exhange onstants are shown inolumn 4�6 and the last olumn ontains the isotropi exhange onstants (seetext).xi � xj yi � yj zi � zj Jaa(ij) Jbb(ij) J(ij) Jiso(ij)[a℄ [b℄ [4℄ [� eV℄ [� eV℄ [� eV℄ [� eV℄+0.0 +0.5 +0.0766 +29.9 �86:5 �72:0 �18:0+0.5 +0.0 �0:4234 �13:9 +13.2 �10:6 �2:65+1.0 +0.0 +0.0 +18.3 �88:0 +7.10 +1.78+0.5 +0.0 +0.5766 +11.0 �48:7 �35:7 �8:93+0.5 +0.5 +0.5 �5:27 +21.8 �6:08 �1:52+1.0 +0.5 +0.0766 +10.6 �44:7 �20:9 �5:23+0.0 +1.0 +0.0 +3.86 �37:5 +14.7 +3.68+1.5 +0.0 �0:4234 +4.96 +14.3 �4:60 �1:15+0.0 +0.0 +1.0 +1.00 �6:46 +23.9 +5.98+0.0 +0.5 �0:9234 +1.48 �7:26 �3:66 �0:92+1.5 +0.0 +0.5766 +1.36 �8:30 �0:76 �0:19+0.5 +1.0 �0:4234 +0.85 �2:88 �2:59 �0:65+1.0 +1.0 +0.0 �0:28 �5:00 +0.57 +0.14+1.5 +0.5 +0.5 +0.81 +0.63 �0:65 �0:16+0.5 +1.0 +0.5766 +0.09 �5:00 +0.58 +0.15+1.0 +0.0 +1.0 �0:83 �2:61 �2:67 �0:67+0.0 +0.5 +1.0766 +0.99 �2:92 +1.56 +0.39



Field Dependene of Spin Waves in the Kondo Lattie CeCu2 1317In order to underline the onlusion, that the exhange interation has tobe anisotropi in CeCu2 the dispersion of the exitations was also alulatedassuming an isotropi exhange (i.e. Jaa = Jbb = J = Jiso). The result ofthis alulation is shown in Fig. 4 and has been obtained using the exhangeonstants given in the last olumn of Table I. In this model the dispersionhas a global minimum at the � -point orresponding to the aousti modeand the form does not hange by applying a �eld of 5T whih induesa ferromagneti struture. Note that due to the isotropy of the exhangein this alulation the moments are aligned by the rystal �eld parallel tothe a-diretion in zero �eld (this is also in ontrast to the experimentalobservation).Finally we want to remark that the present ase is di�erent from thesituation of the anisotropi exhange in NdCu2 that has been desribed indetail in Ref. [6℄. While we have to invoke an anisotropi exhange in CeCu2within the a-plane (Jaa 6= Jbb 6= J), we ould explain the spin waves inNdCu2 by an isotropi exhange within the a-plane (Jaa = J 6= Jbb).REFERENCES[1℄ R. Trump, S. Thierfeldt, M. Loewenhaupt, T. Chattopadhyay, J. Appl. Phys.69, 4699 (1991).[2℄ M. Loewenhaupt, E. Gratz, N. Pillmayr, H. Müller, Physia B 163, 427 (1990).[3℄ K. Satoh, A. Fukada, I. Umehara, Y. Onuki, H. Sato, S. Takayanagi, J. Phys.So. Jpn. 61, 3267 (1992).[4℄ R. Trump, Dissertation Universität zu Köln, 1991.[5℄ M. Loewenhaupt, U. Witte, S. Kramp, M. Braden, P. Svoboda, Physia B 312,181 (2002).[6℄ M. Rotter, M. Loewenhaupt, S. Kramp, T. Reif, N.M. Pyka, W. Shmidt,R. van deKamp, Eur. Phys. J. B14, 29 (2000).[7℄ www.MPhase.de


