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ANOMALOUS MAGNETIC EXCITATIONS IN YbSb�K. Kuwahara, M. KohgiDepartment of Physis, Tokyo Metropolitan University, Tokyo 192-0397, JapanK. OhoyamaInstitute for Materials Researh, Tohoku University, Sendai 980-8577, JapanR.I. BewlyISIS Faility, Rutherford Appleton Laboratory, Chilton, Didot OX11 0QX, UKand K. HashiNational Institute for Materials Siene, Tsukuba, Ibaraki 305-0047, Japan(Reeived July 10, 2002)We performed the inelasti neutron sattering experiment on a powdersample of YbSb in order to larify the nature of the unusual non-magnetiphase transition at 5 K. The two broad magneti peaks at �13 meV and�18 meV were observed, as reported by the previous inelasti neutron ex-periment. The lear di�erene of these magneti exitation spetra betweenthe paramagneti phase and the ordered phase may indiate the hange ofthe 4f eletroni states due to the phase transition at 5 K. Furthermorea new magneti exitation below �3 meV, whih is ommon feature inYb-monopnitudes, was found.PACS numbers: 71.27.+a, 75.30.Mb, 71.70.Ch, 78.70.NxThe Yb-monopnitudes YbX (X = N, P, As, Sb) have been attratingmuh interest beause of their unusual magneti properties. All YbX aresemimetals with a ubi NaCl type rystal struture. The Yb ion in theseompounds is trivalent with the 4f13 on�guration. The J = 7/2 multi-plet of Yb3+ splits into two doublets (�6 and �7) and one quartet (�8)� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1231)



1232 K. Kuwahara et al.in the ubi rystal �eld (CF). From inelasti neutron sattering experi-ments [1,2℄, the CF level sheme of YbX is reported to be �6 -�8 -�7, wherethe �6 Kramers doublet is the CF ground state and the �8 quartet is the�rst exited state with a large exitation energy of the order of 10 meV.In the Yb-monopnitudes, there are relatively few studies on YbSb beauseof the di�ulty in the preparation of the samples. From Mössbauer spe-trosopy measurement [3℄, it was reported that YbSb undergoes two sues-sive phase transitions: an antiferromagneti (AF) ordering at 0.32 K and amysterious ordering at 5 K, where the phase transition at 5 K is onsideredto be an AF ordering with strongly redued ordered moments or an anti-ferroquadrupolar (AFQ) ordering. On the other hand, neutron di�rationmeasurement on YbSb has not deteted any long-range magneti orderingdown to 7 mK [4℄. Reent spei� heat measurement on a new high-qualitysample of YbSb under magneti �eld has reon�rmed the presene of thetwo phase transitions at 0.5 K and 5 K [5℄. The spei� heat measurementalso revealed that the transition temperature at 5 K inreases by applyingmagneti �eld. This behavior is well known in the AFQ ordering systems,suh as CeB6 [6℄. Contrary to the �8 ground state in CeB6, the �6 dou-blet has not any quadrupolar degree of freedom. However the o�-diagonalmatrix element of quadrupole between �6 and �8 is large. Therefore, theAFQ ordering indued by the inter-site quadrupolar interations may bepossible in spite of the Kramers doublet ground state system. To larify thenature of the unusual non-magneti phase transition at 5 K, we performedthe inelasti neutron sattering experiment on YbSb.A powder sample of YbSb was prepared by a prereation of the on-stituent elements in a vauum sealed quartz tube at temperatures up to700ÆC. About 10 g of the �ne powder was �lled under helium gas atmo-sphere into an Al holder and this holder was mounted in a 4He ryostat.The neutron sattering experiment was done on the hopper spetrometerHET at the ISIS spallation neutron soure. Bakground signals from the Alholder and the 4He ryostat were subtrated by measurement of an emptyholder in the 4He ryostat.Figure 1 shows the energy spetra at 10 K in the paramagneti phaseand at 2.4 K in the ordered phase at a sattering angle about 19.0Æ. The twobroad magneti peaks at �13 meV and �18 meV were observed, as reportedby the previous experiment [2℄. The two broad peaks may be orrespondto the CF transition from the �6 ground state to the �8 �rst exited statewhih splits into two doublets. Suh a double peak spetrum was also ob-served in YbN [1, 2℄. The reason for the splitting of the �8 quartet as wellas the broadness of the width of these peaks is not yet lear. On the otherhand, the slightly but lear di�erene between the paramagneti phase andthe ordered phase was observed. In the ordered phase, the intensity around
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Fig. 1. Energy spetra of YbSb at 10 K (Æ) and 2.4 K (�) with an inident energyof 40 meV. Inset shows energy spetra with an inident energy of 23 meV.�11 meV dereases, while the intensity around �13 meV � �18 meV in-reases. This may indiate the hange of the 4f eletroni states due tothe phase transition at 5 K. Furthermore a new magneti exitation below�3 meV was found, as shown in the inset of Fig. 1. This quasi-elasti satter-ing spetrum was also observed in other YbX (X = N, P, As) [7℄, so that thisis ommon feature in all Yb-monopnitudes. The temperature dependeneof the integrated intensities in the energy spetra with the inident energyof 40 meV is displayed in Fig. 2. This temperature dependene may alsosuggest that the 4f eletroni states hange in the ordered phase, althoughonset of inrease or derease of these intensities is about 7 K, slightly higherthan the transition temperature of 5 K.In Ref. [5℄, it is reported that �3 quadrupole O20 = 3J2z � J(J +1) is thebest andidate for the order parameter of the phase transition at 5 K. Thus,let us examine whether this hypothesis reprodues the observed enhanementof the intensity around �13 meV � �18 meV in the ordered phase. Assumethat the O20 quadrupolar ordering ours at 5 K. Sine the �6 doublet CFground state, j��6 i =q 512 j� 72i+q 712 j� 12i, mixes with only two states of �8,j��8 i =q 712 j � 72i �q 512 j � 12 i, within the mean �eld approximation in thisase, the ground state j0�i and the exited state j1�i in the ordered phasebeome j0�i = �j��6 i + �j��8 i and j1�i = �j��6 i � �j��8 i, respetively.By alulating the transition matrix elements jh0�jJzj1�ij2, we an get thereasonable parameter set, p356 < � < 1 or �16 < � < 0 (� > 0), whihqualitatively reprodues the present experimental result. For further hekon this hypothesis, a preise X-ray di�ration experiment and a neutrondi�ration experiment under magneti �eld may be needed.
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Fig. 2. Temperature dependene of the integrated intensities in the energy spetraof YbSb with the inidentenergy with 40 meV (a) between 1 meV and 3 meV, (b)between 3 meV and 11 meV and () between 11 meV and 21 meV. Arrows denotethe phase transition temperature of 5 K.REFERENCES[1℄ M. Kohgi et al., Physia B 163, 625 (1990).[2℄ A. Dönni et al., Physia B 171, 353 (1991).[3℄ P. Bonville et al., J. Phys. Colloq. 49, 727 (1988). 76-77, 473 (1988).[4℄ A. Dönni et al., J. Magn. Magn. Mater. 90&91, 143 (1990).[5℄ K. Hashi et al., J. Phys. So. Jpn. 70, 259 (2001).[6℄ J.M. E�antin et al., J. Magn. Magn. Mater. 47&48, 145 (1985).[7℄ K. Ohoyama et al., Physia B, 80&181, 250 (1992).


