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MAGNETIC FIELD EFFECTSON THE ONE-DIMENSIONAL S = 1=2ANTIFERROMAGNET Yb4As3�M. Kohgi, K. IwasaDepartment of Physis, Tokyo Metropolitan University, Tokyo 192-0397, JapanJ.-M. MignotLaboratoire Léon Brillouin, CEA/Salay, 91191 Gif sur Yvette, FraneA. HiessInstitut Laue-Langevin, BP156, F-38042 Grenoble, FraneA. OhiaiCenter for Low Temperature Siene, Tohoku University, Sendai 980-8578, Japanand H. AokiInstitute for Solid State Physis, University of Tokyo, Kashiwa 227-8581, Japan(Reeived July 10, 2002)Inelasti neutron sattering experiments under magneti �eld were per-formed on the one-dimensional quantum antiferromagnet Yb4As3. Whena magneti �eld is applied perpendiular to the Yb3+ hain, the materialexhibits a gap-opening phenomenon due to the indued staggered �eld orig-inated from the Dzyaloshinsky�Moriya interation. It was on�rmed thatthe spetrum remains gapless when a magneti �eld is applied parallel tothe Yb3+ hain. However, the gapless mode at the inommensurate wavevetor whih is predited by the theories was not found.PACS numbers: 75.10.Jm, 75.25.+z, 75.30.Mb, 75.50.Ee� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1217)



1218 M. Kohgi et al.Yb4As3 is a unique lanthanide ompound whih exhibits low-dimensionalquantum spin phenomena. It has an anti-Th3P4 type ubi rystal stru-ture at high temperatures and undergoes a harge order transition at 290 K,giving well separated one-dimensional hains of Yb3+ ion along the [111℄diretion [1℄. Inelasti neutron sattering experiments on a single rystalsample of Yb4As3 [2℄ revealed that the Yb3+ hains exhibit low energy mag-neti exitations whih are well haraterized as those of a one-dimensional(1D) spin 1/2 Heisenberg system with a nearest neighbor antiferromagnetioupling (1D-HAF) with J = 2:2 meV. Shiba et al. showed that the e�etiveHamiltonian for the ground state doublet of this system is well expressed bythe 1D-HAF model together with Dzyaloshinsky�Moriya (D�M) interationdue to no inversion symmetry in the Yb3+ hain [3℄. On the other hand, thespei� heat measurement under magneti �elds indiated the opening of agap in the energy spetrum of the system [4℄. We performed further mea-surements of spin dynamis of Yb4As3 under magneti �eld, and found thatthe spetrum at the 1D wave vetor around q = 1 [�=d℄ (d: atomi distanein the 1D hain) shows an energy gap whih is proportional to H2=3 [5℄. Theresult strongly supports the theory presented by Oshikawa et al. [6℄ whoexplained the gap opening phenomenon by the indued staggered �eld dueto the D�M interation on the basis of the onformal �eld theory.Sine the D�M interation works only between spin omponents perpen-diular to the hain, it is naturally onsidered that a magneti �eld appliedparallel to the Yb3+ hain (H k h111i) does not ause any other e�et thanthe simple Zeeman e�et and the spin system of Yb4As3 will behave as asimple 1D-HAF system under magneti �eld. To hek this point, we haveperformed an inelasti neutron sattering experiment on this material.The inelasti neutron sattering experiment was performed on the oldneutron triple axis spetrometers IN14 at ILL, Grenoble, Frane. A singlerystal sample (� 8�8�4 mm3) with the [1 �1 0℄ axis vertial was set in asuperonduting magnet whih produes a horizontal magneti �eld at thesample position. The magneti �eld was applied parallel to the [111℄ dire-tion along whih the hains of Yb3+ ions are formed in the trigonal phase.The strain-ool tehnique was applied to make a single domain sample [1,2℄.Fig. 1 depits the 1D wave vetor dependene of the response withonstant energy-transfer of ~!=0.2 meV (� J/10) around q=1 measured at1.5 K with and without magneti �eld.The spetrum at H=0 just orresponds to the onstant energy ut of thedes Cloiseaux�Pearson spin wave mode with two spinon ontinuum. Theslight shift of the spetra to smaller q side is due to the resolution e�et ofthe spetrometer. The spetrum at H=3.8 T does not show any essentialdi�erene from that of zero �eld exept for a slight derease of intensityaround q=1. This is a quite unexpeted result sine the omponent of the
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Fig. 1. Magneti �eld dependene of the onstant-energy response (~!=0.2 meV)aross the q=1 1D ridge at 1.5 K.spin orrelation funtion parallel to the diretion of the magneti �eld isexpeted to have a gapless mode at q=1�Æ when a magneti �eld is appliedto a 1D-HAF system [7℄. The Æ value for Yb4As3 in the present experimen-tal ondition an be alulated by using the g fator parallel to the Yb3+hain (gk=2.9) determined by our neutron sattering experiments [8℄. Theexpeted positions of the inommensurate mode for Yb4As3 are shown byarrows in Fig. 1. Sine both parallel and perpendiular omponents of thespin orrelation funtion appear with omparable weight in the satteringross setion at the sattering vetors where the measurements were done,Q �(1.1, 1.1, -0.2), new peaks should be observed around the arrow posi-tions when the �eld is applied. However, there is no sign of suh peaks. Thisis learly inompatible with the 1D-HAF theory. Similar results were alsoobserved for the sans with ~!=0.4 and 0.6 meV in the same q region.Fig. 2 depits the onstant-Q sans at q=0.6 at 1.5 K with and withoutmagneti �eld. The features of the hange of the spetrum are rather similarto the ase of the typial quasi-1D system suh as Cs2CuCl4 [9℄ and are notinonsistent with the theoretial predition for the 1D-HAF model [7℄. Thisresult is in ontrast to the result at the low energy exitation region aroundq=1 where a lear disagreement with the theory is seen.The observed features of the low energy spin exitations of Yb4As3 undermagneti �eld parallel to the Yb3+ hain are rather favorable to the expla-nation by the spin wave theory with dipole interation [10℄ than to that bythe diret treatment of the quantum spins of the 1D-HAF system with Zee-man e�et [7℄. However, the situation is reversed for the response at higherexitation energies as shown in Fig. 2. This fat indiates that there is apossibility of the existene of another unknown interation in Yb4As3.
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