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Effective Hamiltonian in manganites: Study of the orbital and spin structures
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In order to study nature of the electronic structures in manganites, the effective Hamiltonian is derived by
taking the degeneracy of theg orbitals and the strong electron correlation into account. The spin and orbital
ordered phases in the insulating states are studied in the mean-field approximation applied to the effective
Hamiltonian. It is shown that th&-type antiferromagnetic state is stabilized by the magnetic interaction, which
strongly depends on the bond direction, originated from the orbital ordering and the electron-electron correla-
tion. The spin and orbital excitations are also studied by utilizing the effective Hamiltonian. The spin excita-
tions agree well with the recent results in the neutron-scattering experiments in LaMiough the nu-
merical calculation is devoted to the insulating state, the effective Hamiltonian is relevant to the metallic state
as well.[S0163-182807)07113-0

. INTRODUCTION tensively studied®22In these theories, however, the impor-
tance of the electron-electron interaction has not been
Manganites of perovskite structurd;_,B,MnO; (A  stressed, while the interaction was suggested to be one of the
=La, Pr, Nd, Sm, (B=Ca, Sr, Ba and related compounds, important key factors to describe the transport properties in
have recently attracted much attention, because of the colosaanganite$® Actually, the intra-atomic Coulomb interaction
sal magnetoresistancéCMR) effect and its potential in the e, orbitals estimated to be 7-8 efRef. 24 is much
application! 1t is well known that the transport phenomena larger than the other leading energies of the parameters in the
in the manganites are related to the spin structure whickystem. To the magnetism, the importance of the electron
strongly depends on a magnetic field, hole-carrier concentrazorrelation in the degenerate orbitals has been pointed out by
tion, kinds ofA andB cations, and so on® Further striking ~ Goodenough? Kanamori?® and Kugel and Khomskf® Be-
phenomena such as the structural phase transition induced bguse the transport properties in manganites are closely re-
the magnetic field and the CMR effects near the charge lated to its magnetism, as we mentioned above, it seems to
ordered phagavere recently discovered in some of the man-be impossible to uncover the origin of the CMR effect with-
ganites. out correct description of magnetic properties. Nevertheless,
The mother system, LaMnQis theA-type antiferromag- little attention has been paid to roles of the electron correla-
netic (A-AF) insulator where spins in Mn ions are aligned tion under the orbital degeneracy and the Hund coupling on
antiferromagnetically in thec direction and ferromagneti- the magnetism and the CMR effects in manganites. The pur-
cally in theab plane®!° As for the lattice, the Mn@Qocta-  pose of this work is to reconsider the electronic and transport
hedron is cooperatively stretched dbt?and it is considered properties in manganites by taking the orbital degeneracy
that the Mn 3,2 2 and 33,22 orbitals are alternately and the electron correlation, as well as the Hund coupling,
ordered in the crystal. Upon doping of holes, the ferromaginto account.
netic metallic state appears at low temperatures and the CMR In this paper, we derive the effective Hamiltonian from
effect is observed near the ferromagnetic transition temperahe generalized-d model to study the electronic structure in
ture. With further increasing the concentration, the ferromagmanganites. In addition to the degenerate gyarbitals, the
netic transition temperature decreases and the insulating statéectron-electron interaction in theg orbitals is considered.
comes out again, where the spins are aligned antiferromag-he Hund coupling interaction betweep andt,, spins and
netically in all directiongG-type AP).>%0 the antiferromagnetic interaction betwegy spins are also
The transport properties in the manganites have beeimtroduced in the Hamiltonian. As the first step of the theo-
studied based on the double-exchange mechanism since Zetical studies based on the effective Hamiltonian, we inves-
ner proposed it in 195716 Here, mobile carriers in the tigate the orbital and spin structures in the insulating state.
singlee, orbital and the Hund coupling interaction betweenThe phase diagrams and the transition temperatures of the
ey andt,, spins are considered. MagnetoresistafM®) in spin and orbital orderings are examined in the mean-field
the strong Hund coupling case were recently investigatea@pproximation. The excitations are also calculated in the
based on this mechanism by utilizing the dynamical meanspin-wave approximation and compared with the experimen-
field approximatiornt” Effects of the Jahn-TellefJT) lattice  tal ones. We conclude that the orbital degree of freedom and
distortion originating from the degeneracy of the teyor-  the electron correlation are essential to describe the spin
bitals on the CMR effects and the magnetism were also instructure in LaMnQ.
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In Sec. I, we derive the effective Hamiltonian which is integral. The Hund coupling terid and the antiferromag-
relevant to the metallic as well as insulating states. Numerinetic interaction ternH,, between the nearest-neighligg
cal results for the insulating state calculated by using thepins in Eq.(2.1) are gNgen by
effective Hamiltonian are presented in Sec. Ill. Section IV is
devoted to the summary. A part of this work has been briefly

_ trg 4t
described in a previous paper. Hi+He, = Kw%:«rz S%-diye, 000,150,
II. EFFECTIVE HAMILTONIAN Jtng Stzg StZQ 2.3
The effective Hamiltonian is derived from the following (i)

generalized-d model in the three dimensional cubic crystal whereS's is the spin operator far,y electrons withS=3/2,
structure consisting of Mn ions. This model includes degenandK is defined to be positive.
erate twoey orbitals in each Mn ion and the intra- and inter- ~ Among the above energy parameters in the original

orbital on-site Coulomb interactions, and is given by Hamiltonian, the electron-electron interactions have the larg-
est energy scale. Therefore, the effective Hamiltonian in the
H=H¢ +Hy, +Hk. (2D Jow-energy region is derived by excluding the doubly occu-
The first term in the right-hand side describes electrons in thgIed &y states, as follows:
gg Orbitals and is given by Hef= Heg+ Hy+ thg_ (2.4
e =€ 2 dIWdIWJr > () leya' (et H.C) ﬁeg describes the electrons in teg orbitals, and is given by
(ii).ory'
, = 2 df d,+ > t7'd! d. ., +H.c)
+U|2 ninniyl'i'U 2| NjaNip e d ya =ty (iiYoyy' " tyo=ly
Y
‘ + HZ-sites+ HS-siteSv (25)
+
+J E diaodip o diao diner s (2.2 Wheredlw is the annihilation operator of an electron with
. oo’ spin o in 1y orbital without double occupancy;
whered;,, is the creation operator of an electron with spin Gi =i, (1= N o) (1= ) (1=ni_,_,), wheren;

in one of thee, orbitals y, €, is the level energy of the,

orbitals The twoey orbitals are assumed to be degenerateIS the electron number operator with spirin y orbital. The

first and second terms are obtained from the zeroth- and first-
tw is the matrix element of the electron transfer betwgen order perturbational processes with respect to the electron
orbital in sitei and y' orbital in the nearest-neighbor sife  transfer. The third and fourth terms are given by the second-
and it is estimated by the second-order perturbation withyrder perturbation. In these processes, the energies of the
respect to the electron transfer between Mhahd O D intermediate states are classified ds-2K, U’—J, and
orbitals (pg). tpe is parametrized as 4= a(y)Vp4, . U’ +J—2K.2"231Therefore H, s in Eq. (2.5) is further
wherea is a numerical factor antl 4, is an overlap integral  divided into the following three terms;

independent of the orbitals. Therefom-*},,” is denoted by
tiyj”z a(y)a(y')to whereto(=V3,,) is treated as a param- Ha-sies=HutHur gt Hyrs (2.6
eter.U andU’ are the intra- and interorbital Coulomb inte- Among these three terms, the second téety_; is the lead-
grals, respectively, and(>0) is the interorbital exchange ing term and the explicit formula is given by

2
Hou:—m(Z) (Gnin+S- SHLR2 2400 2)(3niny-T,, T;,) — 300 (Ti, T + Ty Ty ) + (120 2402 2)
ij

X (N + TiaTjo) — T Ty T T ) = (P 5300 (T Ty + T Ty )
— (A=t (T, T+ Ty T, 2.7)

wheren; is the electron number operator at siteThe ex- andT; is the pseudospin operator for the orbital degree of
plicit formulas ofH, andH -, ; are presented in Ref. 2% freedom defined as
is the spin operator of the, electron at sité

2 A )y Giyrg (2.9
11’77
:1 2 9 o ﬁa’i 5 (2.9 The eigenstates of the operaigrcorrespond to the occupied
2 lya™ a B .

and unoccupiee, orbitals, for example, in th&,=1/2 and
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dered, because this type of the ordering is suggested by the
cooperative JT distortion observed in LaMn&
Figures 2a) and Zb) show the magnetic phase diagrams
in the parameter space oﬂtgg—to) and (.Jtzg—K), respec-
tively. The other energy parameters are usedJas/ eV,
U’'=5 eV, andJ=2 eV throughout the present calculation.
As seen in Fig. 2, thé-AF phase appears in a narrow pa-
rameter region between the ferromagneti€) (and G-AF
phases. The region of the-AF phase extends with increas-
ing the values ofty, |K| and J'20. As we mention in the
previous section, the ferromagnetic interaction is induced by
the kinetic exchange processes in the presence of the multi-
FIG. 1. The (%?—r?/3y?>—r?)-type orbital ordering. orbitals and the interorbital exchange interactidn The

Hund coupling tends to enhance the magnitude of the ferro-

—1/2 states, an electron occupies the 2 anddz,2_,2 or-  magnetic interaction. On the other hand, the antiferromag-
bitals, respectively. Each term if,_ s IS described by a netic interaction occurs in the following three ternhi;bzg,

product of spin and orbital operators, because the seconqu,H' andH,, . We confirm that thé\-AF phase in Fig. 2 is
order perturbational processes simultaneously change boljused by the competition between these ferromagnetic and
spin and orbital states in theandj sites. In this sense, spin  antiferromagnetic interactions.

and orbital strongly couple with each other. Explicit formu-  |n LaMnQ;, t, is estimated by the photoemission experi-
las of Ha s in Eq. (2.5 are not presented here, becausements to beto=V54 /A~0.72 eV whereA is the energy

5']3'3;["*5 g]bay dbeH irre_:;avapt as in theJ model derived from o once hetween the occupied @ 2nd unoccupied Mn
e Hubbard Hamiltonian. .
In H,o s the ferromagnetic interaction between the grc:/sltz\llltieri.-!iglh 'Ssplliatﬁﬁg(cff et\c;) bsein(r:T;uEZI\/llir(geig itrf]latrr:ethe
nearest-neighboringy spins is originating fromH_;, on hiah spin stateJ2s i timat d 0 be 0.8 meV f th
the other hand, the antiferromagnetic one is fridgy , ; and gh spin state IS estimatéd 1o be ©U.c mev irom the
Hy. As we mentioned above{ _; is a leading term in value of the NelitemperatureTN of the GAF phase in
v v_-J oo CaMnQ; (Ref. 10 in the mean-field approximation. Wheg
H,..es because the energy prefactor 1/(J) is largest andK are fixed to these experi tal val AAF bh
due to the interorbital exchange interactidrand the Hund . perimental values, phase
o . ~ appears in the parameter region whét is slightly larger
coupling interactiork. Therefore,Heg favors the ferromag- than the value estimated above. Considering the approxima-
netic spin ordering accompanied with the orbital orderingjons introduced here, however, we conclude that the theory
Because the ferromagnetic interaction depends strongly ogproduces this phase well.
the orbital structure, the anisotropic spin structures, such as several authofR-3! have neglected the orbital depen-
the A-type andC-type AF states, are realized by competition dence of the electron transfer and thus did not consider the
with the isotropic antiferromagnetic interaction caused byrple of the (3C—r?/3y?—r?)-type orbital ordering in the
tog" spin structure. However, the dependence is of crucial impor-
A similar model Hamiltonian with E¢(2.6) has been pro- tance to obtain thé\-AF state. In order to demonstrate the
posed by Khomskii and Kug® and Castellani, Natoli, and roles, we calculate the transition temperatur&s) (of the
Ranninger? However, effects oft,y spin were not intro-  spin ordered phases and compare them with those obtained
duced in their model. Rotf’, Cyrot and Lyon-Ceaf! and by utilizing the simplified model introduced below. In Fig. 3,
InagakP! also proposed a model in the system where thave presenfT.’s of the several spin ordered phases obtained
orbitals are twofold degenerate. Their model coincides withby the effective Hamiltonian. The parameter values are cho-
ours if the matrix elements of the electron transfer are takesen as t,=0.75 eV and K=—3 eV, and (X*—r%
to betﬁa=tﬂb and tﬁb:tﬁa:o in ﬁe . We note that the 3y>—r?)-type orbital ordering is taken. With increasing the

antiferromagnetic interaction betweeﬁJ spins and the non- Values ofJy, , the magnetic structure which has the highest

zero value oft 2, both of which are neglected in their mod- T is changed fromF to A-AF phase, and finallyT, of
els, are of crucial importance for stabilizing thAeAF phase G-AF phase becomes highest. In comparison with results in

in manganites, as we will show later. Fig. 2, the above change in the high&stcorresponds to the
change for the magnetic phases in the ground state with in-
IIl. NUMERICAL RESULTS AND DISCUSSION creasing]tzg. The values ofT; for the A-AF phase is calcu-

) ) ) ) lated to be about 0.01 eV which is reasonable as compared
In this section, we present the numerical results in th&yth the measured valuify=141 K in LaMn0;.2%20n the
insulating phase LaMngXxalculated by utilizing the effective  other hand, in Fig. 3insed, T,'s are calculated by using the
Hamiltonian introduced in the previous section. First, wemodel where the matrix elements of the electron transfer
present the phase diagrams and the transition temperaturesgfiveen two degenerate orbitais,and b, are assumed as
the spin and orbital ordered states calculated by the meartlie}a:tibjb:to andtf}b=tibja=0. Furthermore, we assume the
field approximation. We introduce the following thermal av- go_called antiferromagnetic-type orbital ordering discussed
erages(S,), (T,), (S,T,), and(S%) as the mean fields. We in Ref. 29 and 31, where the electron alternately occupies the
assume the type of the orbital ordering as shown in Fig. Xwo arbitrary types of the orbitals, andb. In contrast to the
where the 8l3,2_,2 and 33,2 ,2 orbitals are alternately or- results in Fig. 3T of the A-AF phase is always lower than
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FIG. 3. The transition temperatures of the spin and orbital or-
dered phase#\, C, G, andF is the transition temperature of the
A-type, C-type, andG-type antiferromagnetic and ferromagnetic
phases, respectivelyO is the transition temperature of the
(3x2—r2/3y?—r?)-type orbital ordering. Inset shows the transition
temperatures of the magnetic ordered phases in the case of
t23=tPP=t, andt&"=t3?=0. The antiferromagnetic-type orbital
0000 0,002 0.004 0.006 0.008 0.010 ordering is assumed.

Ibe (V)

In LaMnQ;, the JT-type lattice distortion is observed. To
FIG. 2. The magnetic phase diagrams under theStudy the stability of thé\-AF phase under the lattice distor-

(3x2—r2/3y?— r?)-type orbital ordering in the parameter space of tion, we investigate changes in the phase diagram by the

@ (J,. —ty) and(b) (3, —K), respectivelyA, C, andG denotes Modulation of the electron transfer and the level spliting
g O tpg ) TSP o betweenre, orbitals due to the lattice distortion. We consider
the A-type, C-type, andG-type antiferromagnetic phase, respec- g :

tively, andF denotes the ferromagnetic phase. the cooperative JT lattice distortion in the Mg@ctahe-

drons. The change in the elecéron t[ansfer is reprsesented by a
the other ones. Therefor&-AF phase is not realized in the ParameterR defined byR=Vq,/V 54, wWhereVq, and

simplified model. These results show that theV o areVpq,'s for the four short and two long Mn-O bonds
(3x2—r2/3y?—r?)-type ordering and the orbital dependenceln the octahedrons, respectively. Cpn5|der|ng thatresults
of the electron transfer are essential to realize ssaF  from the fourth-order processes with respect to the electron
structure. As we mentioned in the previous section, the eledransfer k:etvyeen Oand Mn 3 1, orbitals, we take a
tron hopping processes between the nearest-neighbor occi@itio t0f J'2g in the ab plane to that in thec direction as
pied and unoccupied, orbitals cause the ferromagnetic in- J2%/J29=R?. The level splitting due to the JT distortion is
teraction. In the (82-r%3y?—r?)-type ordering, also introduced i, s Because an electron virtually hops
magnitudes of the electron transfer between the occupieftom occupied to unoccupied orbitals in the perturbational
3x?—r?(3y?—r?) orbital and its nearest-neighbor unoccu- process for théi ;. ; term, the energy splitting is added to
pied y?—z%(z?—x?) orbital in theab plane becomes much the denominators of their energy prefactors. The calculated
larger than that in the direction. As a result of the compe- results are presented in Fig. 4. Parameter values used are the
tition between this anisotropic ferromagnetic interaction andsame as those in Fig(&. With increasingR andg, the area
the isotropic antiferromagnetic interactializs, the A-AF  of the A-AF phase extends and shifts to the region with
phase is stabilized. We stress the importance of the offlargert,. This change in the phase diagram with increasing
diagonal matrix elements of electron transfeﬁbo for the R andg is interpreted as follows. The modification ¥,
A-AF structure in the manganites. enhances the ferromagnetic interaction in ¢chgirection and

In Fig. 3, we also show the transition temperature of thestabilizes theF phase, on the other hand, the changd'ta
(3x?—r?/3y?—r?)-type orbital ordered phase. It is noted makes theA-AF phase stable. Moreover, introduction gf
that the values are much higher than that of the spin ordemeakens the ferromagnetic interaction, due to suppression of
ing. Because of this] . is independent of the magnitude of the interorbital exchange processes. As a result of competi-
J'20, The orbital ordering in the actual compounds may occution between above three contributions, the stabilitheAF
at the structural phase transition temperat{@®e5 K) (Ref.  phase is strengthened with increasR@ndg. We conclude
10) from the rhombohedral t®’ orthorhombic phases ac- that theA-AF phase is still stable under the JT lattice distor-
companied with the JT distortion. The calculated orbital or-tion.
dering temperature is of the same orderTasof the struc- In the next, we examine the excitations in the spin and
tural phase transition. This fact suggests that the orbitabrbital degrees of freedom in th&-AF state accompanied
ordering brings about the cooperative JT distortion and thevith the (3x2—r2/3y?—r?)-type orbital ordering. In order to
structural phase transition through the orbital-lattice interacealculate the excitations, we adopt an extended cell which
tion. consists of four Mn ions as a unit cell. The large Hund cou-
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T2 (V) FIG. 6. The dispersion relations of the orbital wave. Note that

] ] lines along(0,0,0—(/a,/a,0) and(0,0,0—(0,0,7/a) are shown
FIG. 4. The magnetic phase diagram under theg, ihe same axis.

(3x%—r?/3y?—r?)-type orbital ordering with effects of the lattice
distortion.A andG denote theéA-type andG-type antiferromagnetic . . o o
phases, respectively, affddenotes the ferromagnetic phaserep- ~ SPond to those i60,0,0—(0,0,7/a) direction in the Brillouin
resents the modifications of and Jizs, andg denotes the energy Zone for the cubic structure with being the lattice constant.
splitting. The solid, dashed, and dotted lines show the phase boundVith increasingt,, the slope in theA—B direction in-
ary for the three sets of the parameter values. creases, on the other hand, that in the:C direction de-
creases. To see the dependencearwe consider the fol-
pling makesey andt,, spins precess in phase in the low- lowing layer-type Heisenberg model witl6=2, i.e.,
energy states. Therefore, we introduce a spin opedatoith H=(J,p= 8?>+JCE (0SS, (Jap<0, J.>0), the spin-
J=2, replace the spin operato® and SI‘Zg with §=(1/4)J, wave Qispersion relation in thA-AF phase of this model
and S29=(3/4)J;, and eliminateH,. The conventional ' = GVeh _hear the2 (20’,9’9 ~point by (k)
Holstein-Primakoff transformation is applied to the spin and_:4\/_‘]ab‘]°a (Kt ky) + Jcak,. With m_creasmgto, |‘]€*b|
pseudospin operators in the Hamiltonian, and the two kinddcreases an@l| decreases, as we pointed out previously.
of the boson operators; and 7 are introduced for the spin

herefore, we obtain that the slopes in tile plane and the
and orbital excitations, respectively. We rewrite the Hamil-¢ directions increases and decreases, respectively. Experi-
tonian by using the boson operators and retain up to secon

gental results in LaMn@obtained by the neutron-scattering
order terms ofo; and 7 and their cross terms. The cross SXPeriment are indicated by the open circiédthe band-
terms ofg; and 7, express the interaction between the exci-

widths of the spin wave are experimentally estimated to be
tations in the spin and orbital degrees of freedom. We adopil

bout 32 and 5 meV in thab plane and thec direction,
the mean-field approximation in these terms and their valueESPECtively, suggesting the two-dimensional character in the
are determined self-consistently. SP

in system. Apart from the energy gap in the spin waves
In Fig. 5, theoretical and experimental results of the dis

which is neglected in the present calculation, we find good
persion relation of the spin waves are presented. Parametét:

reement between theory and experiment. The anisotropic
are chosen ak=—3 eV, andJ'2s=0.0065 eV. The disper- character in the spin system originates from the strong ferro-

sion curves alongA—B correspond to those i0,0,0— magnetic interaction in thab plane due tdH,_; and the
(w/a,7/a,0) direction, and the curves alomy—C corre- weak antiferomagnetic one in tleedirection due tal'2s. The
R ’ electron correlation and the orbital degrees of freedom play

the crucial roles on the excitations in the spin system, as well

9 iy as the ground states.
085V B The orbital excitations from the ¢&—r?/3y>—r?)-type
e 1420906V H orbital ordering described by, are called the orbital wave,
_ 0034 | . By { g which interacts with the spin wave and their dispersion rela-
% ' tions have influence on each other. In Fig. 6, we show the
& 002L. calculated results of the dispersion relation of the orbital
b RS wave for several values of. The other parameter values are
0.01[ 3 the same as those in Fig. 5 and the spin structure in the
ground state is taken to be tiReAF state. With increasing
000 < § to, the bandwidth of the orbital wave monotonically in-
Wa0.0)  (0,0,0) (n/a,/a,0) creases, in contrast to the case of the spin wave. An energy
(0,0,n/2) gap in the orbital wave appears and also increases tyith

Magnitude of the energy gap is the same order of the band-
FIG. 5. The dispersion relations of the spin wave. The operWidth: t§/(U’—J). The energy gap in the orbital wave is
circles show the results obtained by the neutron-scattering experfaused by the layer type spin struct@feAF) in the ground
ment (Ref. 33. Note that lines alond0,0,0—(=/a,n/a,0) and State through the interaction between the spin and the orbital
(0,0,0—(0,0,m/a) are shown on the same axis. in the effective Hamiltonian. In th&-AF phase, the nearest-
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neighbor spin correlation in thab plane is different from their implications are summarized as follows. We calculated
that along thec direction. As a result, an anisotropic inter- the phase diagrams and the transition temperatures for the
action between the nearest-neighboring pseudospins ispin and orbital ordered states in the mean-field approxima-
brought about. It is noted that the nature of the energy gap ifion. The A-type antiferromagnetic structure comes out by
the orbital wave strongly depends on the spin structure. Thehe competition between the antiferromagnetic interaction
Characteristic f(?ature.in the Ol‘bital wave appears in the ﬂa.tbetweentzg Spins and the anisotropic ferromagnetic interac-
ness of the dispersion in thab plane. The dispersion +jon induced by the virtual electron hopping in thg orbit-

Itri;at ItED(eT +(?|-rpjtilT_j’Y|-é\i§ a:fdt;?é;’gg(oT"idT_ffohTei)tier:ms als. We stress the importance of thex{3 r/3y*—r?)-type

thJe Jeffelctivje Ha{miléonian V\Il elr]e tlhe ]bothl coJefficients orbital ordering .a.md_the orbital dependence of the elec_tron

taagbb 504 abiba becomé zero in thab plane for the "transfer for stabilization of th&-AF ground state. The exci-
ST . ) ~_tations in the spin and orbital degrees of freedom were cal-

(3x°—r*/3y"—r") orbital ordering. Thus, the flaéd|s erszlon culated in the spin-wave approximation. The calculated dis-

'E zth? ab pbl'a;nle '3 (_:harc?tc_terlstlc_bolf tth%.(( Er /Sy persion relation of the spin waves well reproduces the
r)-type orbital ordering. Itis possible to directly observe experimental results. The anisotropic nature of the spin ex-

the orbital wave by using the light-scattering and the ;" L C o
electron-scattering fechniques in analogy with the wo.citations reflects the strong ferromagngtm interaction in the
magnon Raman scattering in magnetic compounds. Throuaj&? plane and the weak antiferromagnetic one indftirec-

the observation and analysis of the characteristic nature n dge to t_he orbita_l ordering. The characteristic featureg in
the orbital waves, important information about the orbital"® diSPersion relation and the energy gap of the orbital

ordered phase and its relation to the magnetic ordering mayaves, which originate from the (8- r/3y?—r?-type or-
be obtained. ital ordering and thé\-AF spin ordering, were pointed out.

The effective Hamiltonian in Eq2.4 may also be ap-
IV. SUMMARY plied to the doped system whetk,: _; is the leading term in

In this paper, we have derived the effective HamiltonianHeg as seen in the undoped systems. The study in the doped

to investigate the electronic structure in the manganites ofyStém will be presented in a separate publication.
perovskite structure. In this Hamiltonian, the doubly degen-
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