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Raman scattering by orbital waves in perovskite LaMnOj;
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Abstract

Magnon Raman scattering is proposed as a possible method to observe the orbital ordering in the perovskite LaMnOs.
Calculated results of the peak positions of the spectra in a semi-classical method show an anisotropic feature of the spectra.
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Recently perovskite manganites attracted renewed
interest because of the colossal magnetoresistance [1].
The insulating phase of the manganities, LaMnOs,
shows a layered-type antiferromagnetic (AF) order-
ing, the so-called A-type AF. The Jahn-Teller dis-
tortion due to the orbital degeneracy of the e, states
has been suggested to be an origin of the A-type AF
in LaMnO; [2,3]. On the other hand, we have re-
cently proposed that the on-site Coulomb interaction
between e, electrons is crucial to magnetic structures
in manganites [4-6]. The strong on-site Coulomb
interaction within the degenerate orbitals gives rise
to a coupling between spins and orbitals, and this
coupling brings about various spin and orbital or-
derings. Previously, we have shown in a mean field
approximation [5] that the A-type AF in LaMnOs is
realized when the strong on-site Coulomb interaction
is included and the [d,2_,2,d3)2_,2] type orbital or-
dering [7] is assumed. The result has been confirmed
in the exact diagonalization method for small clusters
[6], that is, the spin and orbital correlation functions
indicate the appearance of the A-type AF and the or-
bital ordering mentioned above. We have concluded
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that the A-type AF is realized by self-adjusting the
orbitals to lower the ground state (GS) energy. Thus,
the orbital ordering is crucial to the magnetic struc-
tures. However, there is no direct observation of
the orbital ordering in the manganites so far. In this
paper, we propose that the inelastic light scatter-
ing, i.e., the magnon Raman scattering, is a possible
candidate to observe the orbital ordering directly
and present results of the Raman spectra calculated
in a simple semi-classical theory bearing LaMnOs
in mind.

The Raman spectra /(w) is given by [(w)=
S [{/1HR[0)[28(w — Ef + En), where [0) and |£)
are the GS and a final state in the Raman pro-
cess, respectively. Hy is an interaction Hamiltonian
between electrons and the light. In usual two
magnon process, Hg is given by a Heisenberg-type
Hamiltonian with the polarization vectors of the elec-
tric field of the light. In the present case where the
orbital degree of freedom exists, the expression of
Hy should be determined from the beginning. Once
Hy is given, I(®) can be expanded by moments, m;,
where m; represents the peak position of the spectra.
By using Hg and the Hamiltonian H of the system,
my = (0|Hr[H, Hg]|0)/(0|HZ|0).
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In the Ising limit, the Hamiltonian A of LaMnQO; is
given by Ref. [5],

H=-JY (3+S:57)
(@)

x[ % (ts_az + tgbz + tf‘}bz 4 t,-lj’.“z

_2(trljl_a2 + til}bZ + tit;bz + til;aZ )7:27;2]

KD Si(t2g)S] + S, 20 S (1g)8] (tag), (1)
: (i)

where the first term is an effective interaction between
€g spins derived by eliminating the on-site Coulomb
interaction, the second and third terms are the Hund
coupling (K <0) and AF interaction between t, spins,
respectively. Here, S and 77 are the z-components
of the spin and pseudospin operators representing the
spin and orbital degrees of freedom of e, electrons,
respectively, J =£/(U’ —J') with the inter-orbital
Coulomb (U’) and inter-orbital exchange (J') in-
teractions within the same ion, and hopping integral
ty between two neighboring d,._,. orbitals in the x
direction. ti‘}b is a hopping integral, normalized by #,
between a orbital on i site to b orbital on j site. When
K| is fairly large and J;,, is small, the GS of H is
ferromagnetic (F) in the spin space and AF in the
orbital space.

Hg for e, electrons can be derived by applying
the method proposed by Shastry and Shraiman [8]
where the second-order perturbation is applied to
the interaction between electrons and the light for a
given GS. When the GS is F in the spin space and
AF in the orbital space, only orbital excitations con-
tribute to the magnon Raman scattering. Therefore,
Hy includes terms such as Ti+7}-_,T,-ZZ}+ and their
conjugates, where / and j are the nearest neighbor
sites within the x—y plane. Here, 7% denotes the
transverse component of the psuedospin operator T.
Note that the orbital ordering along z-axis does not
contribute to the spectra in this orbital ordering. By
calculating the moment m; using Holstein—Primakoff
bosons for a given final configuration of spins, the
peak position o of the spectra can be obtained such
that = (16/3)J and (32/3)J for T7T;* and T;' T,
terms, respectively. The spectra are anisotropic, i.e.,
they depend on whether the polarization vectors of
the incident and scattered lights are along the z-axis
or x(y)-axis. The values of w evaluated from £, for
a given final configuration of spins are nearly the

same with those given above. Note, however, the
peak positions calculated in the semi-classical model
are somewhat higher than those in the full quantum
theory.

When the GS is the A-type AF, the x—y compo-
nent of Hg includes only I}zf}i, while z component

includes 77T;*, ;87,8787 7T, 887 1,°T;, and
their conjugates because of the AF spin ordering
along z-axis. It is interesting to note that the spins
and orbitals couple to contribute to the Raman
spectra. In this case, w=(28/9)J for x—y compo-
nent and w=4J — 3K,(28/9)J,(40/9)J — 3K and
(16/3)J —3K for T7T*,S'S7,S'S T;T* and
S8 T;*T; of the z component, respectively. As the
reversal of two spins in the final state violates the
Hund coupling, —3K appears in the frequency of the
spectra. The spectra are also anisotropic in this case.
However, as |K| can be large, 2-3 eV, some of the
peaks may not be observed and the spectra may be
isotropic apparently. The value of J is larger than g
by about one order of magnitude [5, 6], and the latter
is estimated from the Néel temperature 73 = 120K of
CaMnO; to be 1-2meV. So, the Raman spectra will
be observed in a frequency region of order of a few
hundreds cm~!.

So far, we have neglected the effect of lattices,
ie., level splitting of d,»_,» and dj_,» orbitals.
If there is a distortion of the octahedrons, the Ra-
man spectra may appear at higher-frequency region.
We also neglected the contribution from ty; spins.
They may contribute as higher-order processes and
the intensity due to these processes may be weak.
Because we dealt with Ising-like Hamiltonian in
the present analysis, the GS is F in spin ordering
and AF in orbital ordering. Even if the A-type AF
is properly treated by using the full Hamiltionian,
the qualitative features argued in this paper will be
unchanged.

In conclusion, the Raman scattering has been pro-
posed to observe the orbital ordering in LaMnO;. The
spectra will be anisotropic depending on the type of
orbital ordering. The frequency of the spectra will be
order of a few hundreds cm™—! when the distortion of
the octahedron is negligible.
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