
Vol. 32 (2001) ACTA PHYSICA POLONICA B No 10 Speial Issue
POSSIBLE SCENARIOS FOR THE QUASIPARTICLEBEHAVIOR IN THE UNDOPED LaMnO3�Jan Baªaa, Andrzej M. Ole±a;b and Peter HorshbaInstitute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, PolandbMax-Plank-Institut für FestkörperforshungHeisenbergstrasse 1, 70569 Stuttgart, Germany(Reeived June 21, 2001)We show that the spetral funtions in the ferromagneti planes of or-bitally ordered LaMnO3 strongly depend on the Jahn�Teller interationand on the polarization of orbitals around the hole. Using realisti param-eters and available experimental information we suggest that the inoherentspetral weight and the mass enhanement in LaMnO3 might be quite large.PACS numbers: 75.30.Vn, 75.30.Et, 79.60.�i, 71.27.+aIt is evident that the orbital degrees of freedom play a major role inthe olossal magneto-resistene [1℄ e�et and transport properties observedin doped manganites. In the undoped LaMnO3 the harge �utuations aresuppressed by large on-site Coulomb interations / U , while the motionof a doped hole along the  axis is hindered by the double exhange [2℄.Therefore, one an onstrain the e�etive model to the hole sattering onorbital exitations [3℄ in the ferromagneti (a; b) planes. Suh exitationshave been observed reently using Raman sattering measurements [4℄. Thepropagation of a single hole is onsidered using the orbital�hole model,H = Ht +H� +HJ +HJT +El; (1)whih inludes the kineti energy of a hole (Ht), the polarization of or-bitals around a hole (H�) whih indues the energy splitting / � betweenthe eg orbitals next to the hole [5℄, superexhange interation between theMn3+�Mn3+ ions due to harge exitations (HJ) [6℄, the Jahn�Teller (JT)interation / � (HJT), and the distorted lattie energy (El) [7℄.� Presented at the XII Shool of Modern Physis on Phase Transitions and CritialPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3375)



3376 J. Baªa, A.M. Ole±, P. HorshWe onsider the orbital order in the (a; b) planes stabilized by the su-perexhange / J ' 44 meV [6, 8℄, with alternating oupied eg orbitalsji�i = os ��4 � �� jizi � sin ��4 � �� jixi ; (2)where + (�) refers to i 2 A (i 2 B) orbital sublattie, and jixi (jizi) standsfor the loal basis orbital jx2 � y2i (j3z2 � r2i) at site i, respetively. Theangle � depends on external pressure [9℄ and plays here a role of an externalparameter. The e�et of lattie distortion is desribed by three independentparameters: Æx (Æz) � uniform deformation along the a and b () ubidiretions, respetively, and u � oxygen displaement along the Mn�O�Mnbond in the (a; b) plane. All distortions are dimensionless in the units of theMn�Mn distane (d = 1) of the ideal ubi perovskite [7℄.The JT interation desribes the oupling between the oupied orbitalat a partiular Mn3+ ion and the distortions of the surrounding oxygenions [7℄. This interation ats at both sublatties as the staggered �elds [9℄HJT = �2� h(Æx � Æz) sin 2�� 2p3u os 2�i Xi2A ~T zi �Xi2B ~T zi ! ; (3)with the pseudospin operators ~T zi referring to the rotated states (2).In the Linear Orbital Wave (LOW) theory the e�etive Hamiltonian (1)represents a oupled hole�orbiton problem in momentum spae,HLOW = Xk "k(�)hykhk +Xq !q(�)�yq�q+ 1pN Xk;q nhyk�qhk hMk;q�yq +Nk;q�yq+Qi+H::o ; (4)with the free hole dispersion, "k(�)= t [1�2 sin(2�)℄ k, the dispersion of theorbital exitation, !q(�) = 3JqA(�)[A(�) + 13(2 os 4�� 1)q ℄, the nestingvetor Q = (�; �), and two di�erent hole�orbiton verties:Mk;q = 2t os(2�) (uqk�q+vqk) +� os(2�) (q�1) (uq+vq) ; (5)Nk;q = �p3t (uq+Q�k�q+vq+Q�k)�p3� sin(2�)�q (uq+Q+vq+Q) : (6)Here q = 12 (os qx+ os qy), �q = 12(os qx� os qy), A(�) = 1 + 2�2=(JK),with K being the nearest-neighbor Mn�O spring onstant, and {uq, vq}
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Fig. 1. The hole spetral funtions alulated on a grid using 22 � 22 q-points asobtained along the (0; 0)�(�; �) diretion with � = 0, K = 500 t, and J = 0:1 t, for:(a) � = 10 t, � = 0:75 t, and (b) � = 0, � = t. The energy unit is t = 0:4 eV.follow from the respetive Bogoliubov transformation for the orbital waves.The Green's funtion, G(k; !) = [! � "k(�)��(k; !)℄�1, is determined inthe self-onsistent Born approximation [10℄ by the hole self-energy,�(k; !) =Xq �M2k;qG[k � q; ! � !q(�)℄ +N2k;qG[k � q; ! � !q+Q(�)℄	 ;(7)to obtain the spetral funtions, A(k; !) = �1=� ImG(k; ! + i0+).The spetra onsist of Quasi-Partile (QP) peaks at low energies and theinoherent bakground at higher energies, with a large inoherent spetralweight found lose to k = 0 momentum [3℄. As an example, we onsiderthe (jxi + jzi)=(jxi � jzi) orbital ordering (� = 0). The spetral weightdistribution is ontrolled by the oupling onstant / t and the orbiton energy!q(�). Therefore, when � inreases, !q(�) inreases [9℄, and the inoherentpart is suppressed at � = 10 t (see Fig. 1(a)). The one-partile exitationsare here dominated by a large gap between the �rst QP peak with dispersion� 0:7 t, separated by � 2 t from the next QP peak. In ontrast, the entirespetrum beomes inoherent and resembles that derived for the one holeproblem in the t�Jz model [10℄ when the JT oupling is absent, but theorbitals around a hole are polarized at � = t (Fig. 1(b)).
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Fig. 2. Dispersion relation of the QP band alulated for: (a) � = 0, and (b)� = ��=12, with � = � = 0 (Æ), � = 0, � = 10 t (�), � = t, � = 0 (4), and � = t,� = 10 t (2). Other parameters as in Fig. 1.The shape and the position of the QP band (Fig. 2) strongly dependon both polarization of orbitals / �, and on the JT oupling / �. Withpolarized eg orbitals around a hole at � = t, for � = 0 and no JT interation(� = 0) (Fig. 2(a)), the QP band is narrowed by a fator of 50 in ompar-ison with the free hole dispersion "k(�) and moves to muh lower energies.Inreasing slightly the admixture of jxi orbitals we �nd a larger QP disper-sion and somewhat redued mass enhanement at � = ��=12 (Fig. 2(b)).The inreasing JT interation leads in both ases to a rigid orbital ordering,and to the oherent hole motion on the energy sale � t, and almost nosattering o� orbital waves.In summary, the JT oupling � enhanes the oherent spetral weightand leads to a smaller mass enhanement. Reent experiments [4℄ detetedthe orbiton energy of � 150 meV, being only somewhat larger than 3J . Thisresult is puzzling and suggests that the JT oupling might be smaller thanoriginally expeted. This would imply that, independently of the realizedorbital order, the inoherent spetral weight and the mass enhanement inLaMnO3 are quite large � due to the relatively small orbiton energy.This work was supported by the Polish State Committee for Sienti�Researh (KBN), projet no. 5 P03B 055 20.
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