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Magnon Excitations in Manganites
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A review of experimental studies of magnon excitations in manganites is

presented. Two kinds of techniques: the inelastic neutron scattering (in bulk

materials) and the microwave resonance (in thin films) are considered. Ex-

perimental studies of spin dynamics by inelastic neutron scattering in metal-

lic ferromagnetic manganites have shown that at low temperature for small

wave vectors k → 0 the dispersion relation has a quadratic shape similar

to that observed in Heisenberg ferromagnets. However, the above technique

although very informative can be used only for sufficiently large samples

of bulk materials. A complementary microwave resonance technique allows

studying not only bulk properties, but also surface properties. There are

two main theoretical approaches used to interpret the spin wave resonance

spectra: the volume inhomogeneity and the surface inhomogeneity models.

The last one introduced by Puszkarski has allowed for interpretation of the

observed surface magnon excitations in thin films.

PACS numbers: 75.30.Ds, 75.47.Lx, 75.70.–i, 76.50.+g

1. Introduction

Manganites are known due to their unique magnetic and electronic proper-
ties resulting from competing charge, exchange, and phonon interactions [1]. The
behavior of these compounds, including their colossal magnetoresistance, is de-
termined by their atomic order and the presence of compositional or structural
inhomogeneities [2–4]. Their properties can suggest a great perspective for practi-
cal applications [5–7]. The thin films are often required for practical applications.
New possibilities of preparing high-quality single crystalline epitaxial thin films
have caused a revival of interest to manganites [8].

The understanding of the nature of spin wave excitations and their relation
with the magnetic structure, charge ordering, and orbital ordering is essential for
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a comprehensive description of magnetism, transport, and colossal magnetoresis-
tance in manganites. The magnon excitations spectrum is a unique source of the
information answering on such fundamental question as the proper choice of effec-
tive Hamiltonian that would confirm of appropriate theoretical model. There are
numerous studies concerning magnetic excitations in bulk samples of manganites
while only few works explore spin waves in thin films of manganites. It is a pur-
pose of this paper to review experimental works concerning manganites from the
point of view of magnon excitations and to compare results for bulk and thin film
samples of manganites.

In general, there are two types of magnetic excitations in ferromagnets:

(i) Stoner excitations, in which an electron is excited from an occupied state of
the majority spin channel to an empty state of minority spin channel creating
an electron–hole pair of triplet spin. These excitations are responsible for
longitudinal fluctuations of the magnetization.

(ii) Magnons or spin waves, responsible for collective transverse fluctuations of
the magnetization. In insulators the spin waves are well defined throughout
the Brillouin zone and may be described by Heisenberg model. In metals,
spin waves disappear for the certain wave vector k at entering into the Stoner
excitations zone.

The splitting separating these two spectra (E0) is deciding which types of
excitations are prevailing. In manganites both the localized Mn t2g electrons and
the delocalized Mn eg electrons reside at the same site and their spins are coupled
ferromagnetically by a strong on-site Hund coupling JH. At the lowest tempera-
tures, E0 ≈ 2JH is about 2. . . 4 eV [9] and since the typical magnon bandwidth
is about 0.1 eV [10], the spin wave excitations are well separated from the Stoner
excitations. Therefore, a reasonable approximation is to neglect completely the
Stoner excitations and to focus only on the spin waves.

2. Inelastic neutron scattering

The most effective experimental method for studying magnetic excitations
is the inelastic neutron scattering (INS). There are numerous works [10–25] where
INS was used to systematic investigations of the spin-wave excitations (magnons)
in various manganites. Stoichiometric LaMnO3 is one of the first manganites where
this technique was used [11]. Results were described by the effective Hamiltonian
taking into account the isotropic Heisenberg interaction and one-ion anisotropy,
from which it was determined that an exchange interaction is ferromagnetic in the
(ab) plane and antiferromagnetic along the c axis. La0.7Pb0.3MnO3 is the first
of ferromagnetic manganites whose dispersion was found throughout the entire
Brillouin zone [10]. The results revealed that the effective spin-Hamiltonian is the
same as for a simple cubic Heisenberg ferromagnet with a single nearest neighbor
coupling. In this case the dispersion relation is given by a following simple relation:
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E = ∆ + (ESW/6)[3− cos(kxa0)− cos(kya0)− cos(kza0)], (1)

where ∆ represents the spin wave energy gap between the ground state and the
state with all spins parallel; ESW is a magnon bandwidth. A numerous in-
vestigation confirmed that in all metallic ferromagnetic manganites, their low-
-temperature magnetic excitations are conventional spin waves with very similar
dispersions at long wavelength given by

E = ∆ + D(T )k2, (2)

where ∆ represents the spin waves energy gap, and the spin stiffness coefficient
D(T ) is directly related to the exchange interactions. While in early works ∆ have
been found to be nonzero from a dispersion fitting [9, 10], the later investigations
show that ∆ is too small (∼ 1 × 10−5 eV) to be measured directly with the INS
technique in ferromagnetic regime [26].

What is specific for magnon excitations in manganites, these are numerous
evidences of a departure from the simple local moments model: it is softening or
flattering of the spin waves dispersion for large k close to the edge of the Bril-
louin zone, as well as splitting of the dispersion relation for intermediate k. It
was suggested in [23] that this spin wave softening as well as damping are generic
to the double exchange (DE) ferromagnet including those with large TC. There
are different explanations of dispersion departure for large k in literature. In
the first one, an attempt was presented to take into account the exchange inter-
action with spins from 2,3,4-th coordination spheres apart from the interactions
between nearest-neighbors [18]. There are also theoretical [27] as well as experi-
mental [28] results pointing that orbital ordering leads to softening and damping of
the zero-boundary magnons. However, at the present time, the opinion dominates
that a magnon–phonon interaction is a major source responsible for ”softening”
spin waves for large k. Thermal fluctuations of magnetic ions lead to decreas-
ing exchange interactions in turn weakening spin waves with energies higher than
appropriate phonon ones [21, 29, 30]. Also one of possible consequences of such
magnon–phonon interaction is to create energy gaps in the magnon dispersion at
the nominal intersections of the magnon and phonon modes [16, 21].

The strong damping of spin waves even at the lowest temperatures [16, 18] is
also peculiar for manganites in contrast to conventional ferromagnets. In the past,
it was assumed that the magnon dispersion enters the Stoner continuum at finite
k and ω, where the quasi-particle damping of spin waves occurs. At present, it is
generally accepted that the strong damping and its directionality is reminiscent of
the 3d itinerant electron ferromagnets [29].

3. Microwave technique

The inelastic neutron scattering is a powerful technique in studying the spin
dynamics in large samples; however, it experiences some difficulties when thin films
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are necessary to study. Fortunately, the microwave technique is a very valuable
method for studying magnon excitations in thin films. The microwave field may ex-
cite spin waves in ferromagnets. The important problem concerning the microwave
technique is an achievement of film’s specific boundary conditions necessary for
the spin-wave resonance (SWR) appearance. The next important problem is the
proper choice of the appropriate theoretical model for the data interpretation. The
majority of existing models concerning SWR could be divided into the two main
types: the volume inhomogeneity (VI) model and surface inhomogeneities (SI)
one. The essential difference between those models relies on a formulation of the
boundary conditions in the film. These conditions are leading to pinning of surface
spins. The VI model assumes the volume magnetization maximal in the middle of
film and decreasing towards surfaces providing pinned surface spins [31]. In the
SI model [32–35], a volume magnetization is assumed to be homogeneous and a
surface anisotropy is responsible for the pinning of the surface spins. A special
interest in SWR consists in the fact that additional resonance lines corresponding
to surface spin waves could be observed [35–38]. An existence of acoustic surface
spin waves in the ferromagnet implies that its ground state is not uniform.

Thus far, there are only few experimental works where the spin wave res-
onance was observed in manganites [39–43]. The SWR in manganites was ob-
served, for the first time, by Lofland et al. [39] in La0.67Ba0.33MnO3 thin films
and next by Yin et al. [40] in La0.75Sr0.11Ca0.14MnO3 thin films. In both cases
the authors have used the ideal Kittel model to describe their results, moreover
for La0.67Ba0.33MnO3 the temperature dependence of the spin-wave stiffness co-
efficient was evaluated and found to be in agreement with the spin-wave theory.
The last known case was La0.7Mn1.3O3−δ films, where the microwave technique

Fig. 1. Two resonance spectra recorded at T = 165 K in perpendicular orientation.

The first one has been recorded a long time after a post preparation annealing (a), the

next one — immediately after the second annealing in the same conditions (b).
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was used to excite spin waves successfully [41–43]. The results, unpublished thus
far, for these films will be described here in details.

The La0.7Mn1.3O3−δ films preparation has been described elsewhere [44, 45].
The SWR experiments have been carried out using the X-band spectrometer with
a reflection cavity, operating at a fixed frequency of about 9.25 GHz and equipped
with a variable temperature flowing gas cryostat.

It was found that the spectrum reveals a complex structure at temperatures
below the Curie temperature. An important feature of the spectra is the pres-
ence of resonance absorption from surface waves at low temperatures [42, 43]. A
very unusual transformation of the SWR spectrum comes when the temperature
becomes higher than 150 K. In this case each of the resonance lines begins to be
split into two lines. This splitting grows with the increase in temperature. A
typical example of such spectrum recorded at 165 K is shown in Fig. 1 as (a).
That “doublet structure” of the SWR spectrum can be easily explained in frames
of the SI model [36]. The values of wave vectors (that determine resonance peaks
positions) can be found from the following characteristic equation:

tg(Lk) =
(AfAS − 1) sin(ka)

(AfAS + 1) cos(ka)− (Af + AS)
, (3)

where L — thickness of a film, k — wave vector, a — lattice constant, Af and
AS — surface parameters for free surface and interface, respectively. Only two
parameters (Af , AS) define a set of wave vectors — roots of (3). Upon changing
some of these parameters, Eq. (3) should give another set of wave vectors not con-
terminous with the previous set. It means, that the doublet structure of the SWR
spectrum could be explained, if a film would be characterized by three different
surface parameters (which would require that one of surfaces should be character-
ized by two surface parameters). A description of a surface by two parameters is
possible in the case if magnetic inhomogeneities are created on that surface with
a periodical topology [46]. In the La0.7Mn1.3O3−δ manganites (as well as in any
other manganites), the existence of two types of manganese ions: Mn3+ and Mn4+

could be a natural source of that magnetic inhomogeneity. However, those ions
should be aligned periodically, forming two magnetic sublattices (or stripes). It
is important to note that even at the presence of two types of ions but without a
periodic structure, such surface would be characterized only by one average value
of surface parameter. Such periodic stripe structure was observed in manganites
La1−xCaxMnO3 (x > 0.5) using the electron microscopy technique [47, 48]. But
manganites studied in these papers are charge-ordered antiferromagnets in contrast
to our samples, which are ferromagnetically ordered. Nevertheless, several theo-
retical and experimental investigations indicated the existence of charge-ordered
phase also in ferromagnets [49–51].

A simple way to confirm an assumption of stripe formation by the Mn ions
would change the ratio Mn3+/Mn4+ on the free surface, leading to its better
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homogeneity. This could be done by the film annealing in oxygen atmosphere.
That second annealing was carried on in the same conditions as the first post-
-preparation annealing. As it was expected, the repeated annealing has not
changed magnetic properties in the whole volume of the film, since the value of
the magnetic moment has remained the same as it was before, but this operation
has changed strongly the free surface properties. Figure 1 illustrates how the new
annealing influenced the SWR spectrum. The spectrum (a) has been recorded a
long time after post preparation annealing, whereas the spectrum (b) — immedi-
ately after the second annealing. As one can see the spectrum (b), recorded just
after additional annealing, does not show any traces of splitting. At annealing
the surface absorbs oxygen, therefore, the part of Mn3+ ions is transformed into
Mn4+. The reduced ratio Mn4+/Mn3+ makes a free surface magnetic structure
homogeneous that results in disappearance of splitting in the spectrum.

The multipeak resonance spectrum allows one to check the dispersion rela-
tion since a position of each resonance peaks is proportional to the energy of an
appropriate spin wave according to the well-known Kittel resonance condition [32]:

ω

γ
= Hres − 4πM + Ha + Dk2, (4)

where Hres is the resonance field, ω — resonance frequency, M — saturation mag-
netization, Ha — anisotropy field, and γ is the spectroscopic splitting ratio. As
it follows from (5), the dependence of Hres as a function of k2 should be linear.
The dependence Hres(k2) for a spectrum recorded at three different temperatures
in the perpendicular orientation is shown in the inset of Fig. 2. As it can be re-
marked, for the most long-wave modes there is a deviation from a simple linear
dependence. It is related to the fact that these modes (and especially surface
modes) are more sensitive to an inhomogeneity of magnetic structure in a surface
layer. Therefore, to determine a more realistic value of D it is necessary to take
into account only the linear part of dispersion dependence. In this case D will hold
information about a bulk average exchange constant. In Fig. 2 the temperature
dependence of D is shown. From these data, a value of D(0) = 156 meV · Å2 was
found. This value agrees within the experimental error with the one determined
from the magnetization saturation temperature dependence [43].

For spin waves with small k the experimental D(T ) data can be compared
with the Dyson formalism of two-spin-wave interactions in a Heisenberg ferromag-
net [52], which predicts that the dynamical interaction between the spin waves
gives a T 5/2 behavior:

D(T ) = D(0)

{
1− v0l

2
π

S
ζ(5/2)

[
kBT

4πD(0)

]5/2

+ . . .

}
, (5)

where v0 is the volume of the unit cell determined by the nearest neighbors, S

is the average value of the manganese spin, and ζ(5/2) is the Riemann integral.
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Fig. 2. The spin-wave stiffness coefficient D vs. T for annealed sample. The solid

curve presents fitting of Eq. (6) to experimental points. The arrow points the Curie

temperature position. The inset shows three dependences of the resonance field, Hres,

versus the square of the spin wave vector k2 at T = 10 K, 90 K, 130 K. Note that the

values of k are normalized to the lattice constant and therefore are dimensionless.

l
2

is defined by l
2

= (S/3D)
[∑

ln+2J(l)
]
, which gives information on the range

of the exchange interaction. The solid curves in Fig. 2 are fittings of Eq. (5) to
the experimental data being in good agreement with them for temperatures up
to 165 K, which is quite close to the Curie point, TC = 205 K. The fitted values

of l
2

give
√

l
2

= 5.4a0, where a0 is here the distance to the nearest neighbors
(3.907 Å), and indicate that the exchange interaction extends significantly beyond
nearest neighbors. For T > 165 K the resonance peaks becomes unresolved not
allowing the D evaluation. However, it should be noted that the experimental
D(T ) dependence departures from theoretical curve for T > 150 K, when the
SWR spectrum begins to show the splitting. It is known for other manganites
[16, 39] that, at temperatures close to TC, their D(T ) dependences have rather
power-law behavior, and appearing to collapse as T → TC. In La0.7Mn1.3O3−δ

the deviation in opposite direction could be explained by decreasing of l
2
, which

mean that itinerant eg electrons become localized and it is consistent with charge
ordering and stripe formation of Mn ions.

The spin-wave stiffness at T = 0 K, D(0), is related to intrinsic property of
magnets and it seems to be of some interest to compare these values for different
manganites known from the literature. Figure 3 shows the D(0) as a function
of the doping level x evaluated in different manganites with the aid of both: in-
elastic neutron scattering [10–12, 15, 16, 23, 25, 28] and microwave techniques
[39, 43]. The D(0) values obtained using the SWR are in good agreement with
those measured in other ferromagnetic manganites. There are no compound that
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Fig. 3. The spin-wave stiffness coefficient, D(0, x), evaluated from both: inelastic neu-

tron scattering and microwave techniques, as a function of the doping level x.

was studied by two techniques simultaneously, however D(0) values are very simi-
lar for La0.7Ba0.3O3 studied by the INS technique and La0.67Ba0.33O3 studied by
the SWR.

4. Conclusions

The review of experimental studies of manganites shows that the magnons
dominate the spectrum of magnetic excitations. For small wave vectors at low
temperature the dispersion relation is quadratic as in a Heisenberg ferromagnet.
In the case of thin films, inelastic neutron scattering experiments can be success-
fully replaced by microwave technique for studying spin dynamics. Besides bulk
magnetic properties, the spin wave resonance spectrum allows one to make deep
insight into surface effects, like excitation of surface spin waves or stripe formation
as it was shown in an example of La0.7Mn1.3O3−δ film.
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