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Magnon damping by magnon-phonon coupling in manganese perovskites
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Inelastic neutron scattering was used to systematically investigate the spin-wave excitaggm®ns in
ferromagnetic manganese perovskites. In spite of the large differences in the Curie tempefaiisiesf(
different manganites, their low-temperature spin waves have very similar dispersions with the zone-boundary
magnon softening and broadening that cannot be explained by the canonical double exchange mechanism.
From the wave-vector dependence of the magnon lifetime effects and its correlation with the dispersions of the
optical-phonon modes, we argue that a strong magnetoe{asdignon-phononcoupling is responsible for the
observed low-temperature anomalous spin dynamical behavior of the manganites.

The elementary magnetic excitatiofspin waves or mag- the conduction band. For manganites with higher Curie tem-
nong in a ferromagnet can provide direct information aboutperature Tc) and lower residual resistivity, the low-
the itinerancy of the unpaired electrons contributing to thetlemperature spin-wave excitations are that of a conventional
ordered moment. In insulatingpcal momenk ferromagnets, metallic ferromagnet and their dispersions can be described
such excitations are usually well defined throughout the Briloy a simple Heisenberg Hamiltonian with the nearest-
louin zone and can be described by the Heisenberg model afeighbor exchange coupling’ Indeed, such behavior is ex-
magnetisnt. On the other hand, metallitinerany ferro- pected from the canonical double exchang®E)
magnets are generally characterized by the disappearance mechanisfiin the strong-coupling limit, where the hopping
spin waves at finite energy and momentum due to the preskinetic energy(t) of the conduction bande() electrons is
ence of the Stonefelectron-hole pajrexcitation continuum much less than the intra-atomi¢iund-rule coupling ex-
associated with the band structure and itinerant electrons ichange energyl, (Jy/t—=).°"* With decreasinglc and
the systent. In the mixed valent ferromagnetic manganeseincreasing residual resistivity, anomalous softening and
perovskitesimanganites Ay /By aMNnO; (whereA andB are  broadening of magnons deviating from the simple Heisen-
rare-earth and alkaline-earth elements, respectiyehe fer-  berg Hamiltonian were observed near zone boundary at low
romagnetism and zero-temperature electric conductivity catemperature$®> The question is whether such anomaly is
be continually suppressed by differeA(B) substitutions purely electronic in origitt'* or the consequence of
until an insulating, charge-ordered ground state is stabifized electron-lattice coupling known to be important to the trans-
Due to the octahedral crystalline field, thd 8nergy levels port properties of these materials arouf.*>26 In particu-
of the Mr* ion in Ay /Bo sMnO; split into a lowert,q trip-  lar, if DE mechanism alone is insufficient and electron-lattice
let, forming anS=3/2 core spin, and an uppey doublet,  coupling must be included to explain the anomalous behav-
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rapid decrease of the manganese magnetic form factor at these large

_ FIG. 1. Temperature dependence of the resistiitl) for  ave vectors ensure that the scattering stem mostly from the lattice
single crystals used in the neutron-scattering experiments. The Iarq}?brations(phonom

drop in p(T) corresponds to the Curie temperature:) of our
samples. They are 301, 238, and 198 K for PSMO, LCMO, and
NSMO, respectively. The inset shows the normalized resistivity . . . . .
p(T)/p(0), it is clear that all three samples have the same—L13-6 meV with typical collimations of, proceeding from
p(T)/p(0) temperature dependence below about 100 K. the reactor to the detector, 48-40-60-120 rtfinl width at
half maximun). To label wave vectors in reciprocal space,
we use reciprocal-lattice unitslu) such that the momentum

ior, it is important to establish how electrons couple to thetransfer (i.dy.q,) in units of A~* are at reciprocal space
underlying lattice on a microscopic scafet® positions H,K,L) = (q,a/2m,q,a/2m,q,a/2m) rlu, where a

Here we present inelastic neutron-scattering data that sug=3.86 A) is the lattice parameter of the pseudocubic unit
gest a microscopic origin for the observed low-temperatureell. In this notation, the zone boundary along fltg0£]
spin-wave softening and broadening. By comparing spindirection for ferromagnetic spin waves is at #0,0.5 rlu.
wave excitations of three manganite single crystals that havEor the experiment, we oriented the crystals such that wave
approximately the same nominal carrier concentration buvectors in the form of ii,H,L) rlu can be accessed in the
significantly differentT’s and residual resistivitysee Fig.  horizontal scattering plane.
1), we show that the single-band DE model and Heisenberg The temperature-dependent resistivifT) for these
Hamiltonian do not capture the physics of their spin dynamithree samples is shown in Fig. 1. The characteristic drgp in
cal properties. Moreover, from the wave-vector dependenceoincident withT¢ is clearly seen to increase with decreas-
of the magnon lifetime effects and its association with theing T¢. At the same time the residual resistivity increases
dispersions of selected optical phonon modes, we argue thatmost linearly with decreasing., indicating that the sys-
the observed magnon softening and broadening are due tem becomes a worse metal at low temperatures for materials
strong magnetoelastior magnon-phononnteractions, con-  with larger magnetoresistance effect. An interesting feature
sistent with the electron-lattice coupling for the manganitesof p(T) at low temperatures is that all three samples exhibit
in the proximity of the charge ordered insulating state. the same temperature dependence beld@0 K whenp(T)

For this study, we prepared ferromagnetic pseudocubiis scaled to the residual valy€0). Theinset to Fig. 1 illus-
single crystals of RrgSty3MnO3 (PSMO), Lag L& MnO;  trates this point.
(LCMO), and Ng -SrpMnO; (NSMO) by floating zone The open symbols in Fig. 2 summarize the spin-wave
technique. The properties of PSMO and NSMO were dedispersions along two high symmetry directions at 10 K for
cribed in detail previously’ The LCMO single crystal is PSMO, LCMO, and NSMO. Clearly, the dispersions of these
approximately 0.4 crhin volume and has mosaic of about three manganites are remarkably similar at the measured fre-
1°. The experiments were performed using the HB-1, HB-2guencies, indicating that the magnetic exchange coupling
and HB-3 triple-axis spectrometers at the High-Flux Isotopestrength, derived from the hopping of tleg electrons be-
reactor of the Oak Ridge National Laboratory. Most of thetween the MA* and Mrf* sites, depend only weakly on
spin-wave measurements were carried out on the HB-1 sped . These results are in sharp contrast to the single-band DE
trometer with pyrolytic graphite as the monochromator, anamodel where the spin-wave dispersions are directly related to
lyzer, and filters. The final neutron energy was fixecEat electronic bandwidth and henc&..®"! In the strong-
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coupling limit of this model, the spin-wave dispersion of the ' ' '
ferromagnet is consistent with the nearest-neighbor Heisen- LCMO

berg Hamiltonian and the spin-wave stiffness constant 1000 (0,0,€)

should be proportional to the electron transfer endr@®re-
vious work has shown that such single-band DE model is £=0.14
adequate for describing the spin dynamics of the highgst
ferromagnetic manganit@s/ To estimate the spin-spin ex-
change coupling strength, we note that the low-frequency —%,5=0.27
spin waves ofA, B, ;MnO; manganites LCMG? NSMO, 600

and PSMO(Ref. 19 are isotropic and gapless with a stiff- £=0.35
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nessD~165 meV A~ 2. For a simple cubic Heisenberg fer-

romagnet with nearest-neighbor exchange couplingdd

=2JS&, whereSis the magnitude of the electronic spin at £20.40
the magnetic ionic sites and (a=3.86 A) is the lattice M
parameter. From the measured spin-wave stiffness, one car  »qg M‘ﬁ%
calculate the exchange coupling strengttand hence the
expected dispersion for a simple nearest-neighbor Heisen-
berg ferromagnet. The solid lines in Fig. 2 show the outcome 0 | .
of such calculation which clearly misses the measured spin- o 10 20 30 O
wave energies at large wave vectors.

Figure 3 shows typical constagtscans along thg0,0£]
and|[ &,£,0] directions for LCMO and NSMO. Most of the

data are well described by Gaussian fits which give the am- LCMO xNSMO B

£=0.50

0
Energy (meV)

plitude, widths, and peak positions of the excitations. While 4

the dispersion curves shown in Fig. 2 are obtained by peak-“g 600 1 &50) 550
positions at different wave vectors, the amplitude and widths 3 £=0.07
provide information about the damping and lifetime of the .g
magnon excitations. Figurga& displays the result along the
[0,0£] direction and similar data along thé, £,0] direction
is shown in Fig. 8). It is clear that spin waves are signifi-

400 1

£=0.20
o, @
cantly damped at large wave vectors. Although still rela- @ 200 | ¢ | |
tively well defined throughout the Brillouin zone in the §=025 & J k ;
[0,0£] direction for both compounds, the excitations are be- | $ ) i

%
low the sensitivity of the measurements at wave vectors be- 4 y
yond(0.25,0.25,0rlu along thd ¢, £,0] direction for NSMO. 0 20 40 0 20 40 60
To further investigate the wave-vector dependence of the Energy (meV)
spin-wave broadening and damping, we plot in Fig. 4 the

intrinsic widths of the magnons along the,0£] direction.

The full width at half maximum(FHWM) of the excitations * !
T shows a similar increase at wave vectors larger tan tlons._The data were taken with PG as monochromator and analyzer
. . at a final neutron energy d&;=13.6 meV. Analyzer turned back-

~0.3 rlu for _all 'Fhree manganites. To d_etermlne Whetherground have been subtracted from the data. The magnetic nature of

such broadening is due to the Stoner continuum, we note thate signal was confirmed by measuring the temperature and wave-

at low temperatures, the spin moment of itinerant electrongector dependence of the scatterisge Fig. 2 of Ref. 18 There is

of ferromagnetic manganites is completely saturated and the dispersionless crystal electric-figldEP level at~12 meV from

system is in the half-metallic statéIn this scenario of the Nd for NSMO. The horizontal bars show the resolution along the

DE model, there is complete separation of the majority andcan direction. Solid lines are Gaussian fits to the data.

minority band by a largdy . As a consequence, the Stoner

continuum is expected to lie at an energy scal&)2much

higher than that of the spin-wave excitatidfi$zor this rea- temperatures near and abdlg,*>*®such coupling may also

son, the observed magnon broadening and damping for lowdre important to understand the low-temperature magnetic

T manganites are unlikely to be due to Stoner continuunproperties.

excitations?? If electron-lattice coupling is indeed responsible for the
On the other hand, such behavior may be well understoodbserved spin-wave broadening and damping, one would ex-

if one assumes a different spin-wave damping channel that igect the presence of such coupling in the lowgrsamples

related to a strong coupling between the conduction banthat should be absent in the highes materials. Experimen-

(ey) electrons and the cooperative oxygens in the Mn-O-Mrtally, there have been no reports of magnon-phonon coupling

bond, analogous to that of a dynamic Jahn-Tell@f) in the higherTc Agy-BoMnO;.>® For the DE ferromagnet

effect’” Although JT based electron-lattice coupling is LaggSro,MnO; (Tc=304 K), Mouddenet al.” have mea-

known to be important for the metal-to-insulator transition atsured the spin-wave, acoustic, and optical-phonon disper-

Intensity (a

FIG. 3. Constang scans at selected wave vectors for LCMO
and NSMO at 10 K along thg0,0£] (A) and[£,£,0] (B) direc-
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15 = = = = = tions of the magnetic moment may interfere with the lattice
® LCMO vibrations, resulting in significant magnetoelastic interac-
v NSMO tions or magnon-phonon coupling. One possible conse-
<& PSMO guence of such coupling is to create energy gaps in the mag-

10 4 T=10K + non dispersion at the nominal intersections of the magnon

and phonon modes. Our spin-wave dispersion data in Fig. 2
show no obvious evidence for such gap at the magnon and
phonon crossing a§~ 0.3 rlu. However, we cannot rule out

ik the presence of such gap because the broad nature of the
scattering for £>0.3 [Fig. 3@]. Alternatively, magnon-
phonon coupling, present in all exchange coupled magnetic

w
t

Magnon widths [FWHM (meV)]

v [0,0.5] compounds to some extent, may give rise to spin-wave

0 , : , , : broadening® In this scenario, the vibrations of the magnetic
0.0 0.1 0.2 0.3 0.4 0.5 ions about their equilibrium positions affect the exchange
& (rlu) energy through the spatial variation of the spin-spin ex-

change coupling strength, which in turn leads to spin-wave
FIG. 4. The intrinsic magnon widthE along the[0,0,1+ ¢] broadening at the magnon-phonon crossing points. Gener-
direction for PSMO, LCMO, and NSMO at 10 K. To obtdih we  ally, one would expect such coupling to be strong for the
have deconveluted the spin-wave widths from the instrumentalower Tc ApBoMnO; manganites because of their close
resolution calculated using the spin-wave dispersion at the megyroximity to the charge-ordered insulating stAfEhis is ex-
sured wave vectors. Significant broadeninglofs seen a&~0.3  actly what is observed for these materialgzt0.3 rlu along
rlg. The_ arrow indigate_s the cro_ssing point of magnon and phonor@he[oyog] direction. Constant scangFig. 3] show sud-
dispersions. Solid line is the guide to the eye. den broadening of the spin waves from wave vector
=0.27 to 0.35 rlu in LCMO and NSMO. Similarly, Fig. 4
) reveals that magnon widths increase considerably at wave
sions from the zone center to the zone boundary along thgactors¢=0.3 riu for all three manganites investigated, con-

[0,0£] direction. Phonon branches were found to crossistent with the expectation of a strong magnon-phonon hy-
smoothly through the magnon dispersion with no hint ofpidization.

magnon-phonongybridization. Similar results were found in  \we have discovered that spin-wave softening and broad-
Lag76Ca ,MnO;. For ferromagnet LgCa MnOs, infra-  gning along thé0,0£] direction occur at the nominal inter-
red reflectivity spectra show three zone cent€=0)  section of the magnon and optical phonon modes in Iokyer
transverse—ogtlca[TO) phonons located around. 20.4.1,. 42, p B, 4MnO; manganites. This result strongly suggests that
and 73 me\/2 These three phonon modes were identified asnagnetoelastic coupling is important to the understanding of
external, bengllng,_ and stretchmg_ modes-wh|ch €O~ the low-temperature spin dynamics Af B, MnOs. In the
respond to the vibration of the La/Ca ions against the MNnO |5,ver doping canted ferromagnet d—@slro 1gjwn03,26 much
octahedron, the bending motion of the Mn-O-Mn bond, andger spin-wave broadening and damping were found at low
the internal motion of the Mn ion against the oxygen oCta-igmperatured’ Although the magnon dispersion relation in
hedron, respectively. _ . that system appears to be consistent with the simple nearest-
To search for possible magnon-phonon coupling in the,eighhor Heisenberg Hamiltonian, the observation of strong
lower Tc manganites, we have measured selected opticalyisotropic spin-wave broadening is in sharp contrast to the
phonons in the LCMO single crystal. Figure 2 shows tWogypectation of the single-band DE model where magnons in
longitudinal opticaLO) phonon modes throughout the Bril- e ground state are eigenstates of the sy&fefmerefore it

louin zone as solid symbols. The energies of the two LOyecomes clear that the single-band DE mechanism cannot
modes observed by neutron §catter|ng1§t0 are very c_Iose describe the spin dynamics of 4@Sr, ;:MnO; and lower
to that the external and bending modes identified by mfrareei—C Ay BoMNO; manganites ‘not _even in the low-

re_:flectivity.z“ At wave vectors larger than 0.3 rlu, the disper- gmperature ground state. To understand the extraordinary
sions of these two phonon modes are remarkably close chagnetic and transport propertiesff_,B,MnO3, one must
those of the magnons along the,0£] and[¢£,¢,0] direc-  gypjicitly consider the close coupling between charge, spin,

tions. This suggest that the softening of the spin-wave,nq |atiice degrees of freedom in these complex materials.
branches in Fig. 2 may be due to the magnon-phonon cou-
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