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Polaron lifetime in La0.75Ca0.25MnO3
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Abstract. As part of continuing effort to accurately char-
acterize the nature of the polaron in perovskite manganese
oxides, quasielastic neutron scattering measurements were
performed on a single-crystal sample of La0.75Ca0.25MnO3.
Energy scans at the wavevector for the short-range correlation
peak in the paramagnetic insulator phase show that the line
widths are resolution-limited at all temperatures. In contrast,
the line width of the diffuse part of the scattering due to un-
correlated polarons was found to be much larger, as large as
4 meV (FWHM), and of the same order of magnitude as that
of magnetic scattering. Results of the measurements are inter-
preted on the basis of a scattering function consisting of terms
for isolated polarons and for polarons in clusters.

PACS: 61.12.-q; 71.27.+a; 71.38.+i

Results of recent measurements on diffuse scattering in both
pseudo-cubic [1] and layered [2] perovskite manganites have
been interpreted as due to a lattice distortion of the Jahn-
Teller type arising from charge localization. Rather well
defined peaks were observed at certain wavevectors, (0.15
0.15 0) for (Nd0.125Sm0.875)0.5Sr0.5MnO3(NSMO, for short)
in cubic notation, for example. They are regarded as indica-
tions for the existence of short range orders in the polaron
positions. This type of order appears to have a life-time longer
than 1 ps [2, 3]. The decrease in the diffuse scattering on in-
creasing temperature has been considered to be due to the
decrease in the residence time, or life-time, of uncorrelated
polarons. At higher temperatures, the polaron motion may be-
come too fast for the lattice to follow, resulting in the decrease
in lattice distortion. If this picture is correct, one expects that
the inverse of the residence time (the polaron life-time) is
comparable to the phonon frequency at q-vectors where the
diffuse scattering has a significant temperature dependence.
More recently, Adams et al. [3] showed that the diffuse in-
tensity in La0.7Ca0.3MnO3 has very little temperature depen-
dence. This may be regarded as an indication that the polaron
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life-time is not extremely short. Related results are reviewed
by Lynn [4]. In this report, results of quasi-elastic scattering
measurements on La0.75Ca0.25MnO3(LCMO, for short) are
presented and information obtained therefrom is interpreted
on the basis of the polaron picture. Both NSMO and LCMO
have transitions from paramagnetic insulator to ferromagnetic
metallic phases below TC = 230 K for NSMO and 190 K for
LCMO. No charge ordered phases were found in these sys-
tems. However, the ratio, the number of Mn3+ ions to that of
Mn4+ ions, is much larger in LCMO, and one should expect
the short range correlation in LCMO to be different from that
in NSMO.

1 Experimental results and analysis

Neutron measurements were performed at triple axis spec-
trometers HB1 and HB1A installed at HFIR of ORNL. The
HB1 data were taken with the final energy fixed at 13.5 meV.
Pyrolitic graphite monochromator and analyzer were used.
The energy resolution at zero energy-transfer is approxi-
mately 1 meV. Measurements involving HB1A spectrometer
were carried out with the incident neutron energy fixed at
14.7 meV. The (002) plane of pyrolytic graphite served as the
monochromator and Be(101) was the analyzer, and the energy
resolution was 0.6 meV. In addition to the strong intensity
around the Bragg peak, rather well defined peaks were found
around (2.25 ±0.25 0) at higher temperatures as reported for
other LCMO [5]. A similar intensity distribution was ob-
served also in NSMO. However, the peak positions are very
different. The wavevector (0.25 0.25 0) in cubic notation cor-
responds to (0.5 0 0) in orthorhombic notation and is approxi-
mately equal to the diffuse peak positions in Pr1−xCaxMnO3
(x = 0.35, 0.4 and 0.5) above the charge order transition [6].
However, it should be noted that, while the latter group of
compounds has a charge ordered state characterized by the
satellite peak at (0.5 0 0) at low temperatures, no charge
ordered states could be detected for the LCMO studied here.
The peaks at (0.25 ±0.25 0) disappear below TC as reported
for some other LCMO in [5]. Quasi-elastic lines were meas-
ured for (2.25 0.25 0) and (2.20 0 0) at 100 K, 200 K, 250 K
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and 290 K. The former wavevector is near the position of
the local maximum in the diffuse scattering (the short range
correlation peak) and the latter is chosen as a representa-
tive position in the broad diffuse intensity distribution. Line
shapes are also measured at (1.20 0 0) in order to determine
the line width of the magnetic scattering. Figure 1 shows the
results at 250 K as examples. The results for 100 K are also
included to show extremely large contributions from the in-
coherent scattering by Mn. The scans at 100 K gave 0.6 meV
for the FWHM of the incoherent elastic scattering peaks. To
extract information about the scattering intensity due to lat-
tice distortion, the intensity at 100 K is subtracted from those
observed at each temperature, and the resulting difference
counts are shown in Fig. 2. In order to reduce the inevitable
counting fluctuations in difference counts involving two large
numbers, the difference counts for (1.2 0 0) and (2.2,0,0) were
averaged over 0.6 meV around each energy of scans. Since
the peak widths are much larger than 0.6 meV, the widths
of the peaks are not significantly affected by this procedure.
The solid lines in Fig. 2a represent the results of the fitting
the difference counts to Lorentzian functions in the form of
A 2γ

ω2+γ 2 , with linear background, where hω is the neutron
energy transfer. The fit resulted in the width of 0.6 meV at
200 K and it is slightly larger at higher temperatures, but the
change is within the uncertainties of the fits. Thus, intrinsic

ba c
Fig. 1. Scattering intensity at 250 K,
100 K and the difference for representa-
tive wavevectors

a b c

Fig. 2. The difference intensities. Errors
in intensity are estimated from counting
statistics and those for energy transfers
show 0.6 meV over which the counts were
averaged for better counting statistics

width was not clearly detected. It should be noted in Fig. 2
that, although the short-range order peak intensity exhibits
strong temperature dependence, both the integrated intensity
and the energy width for the diffuse and magnetic peaks are
nearly unchanged as the temperature is increased from 200 K
to 290 K. Previous reports also showed the weak temperature
dependences in some LCMO [3, 5].

2 Discussion

X-ray measurements on NSMO have shown that all the dif-
fuse intensity disappears below TC except for the thermal
diffuse scattering. This result is consistent with the picture
that in a magnetically ordered phase, the holes are capable
of making transitions to neighbors whose spins are ferromag-
netically aligned to that at the original site and the system
becomes a metal. The time scale is much shorter than that as-
sociated with lattice vibrations and the carriers do not form
polarons below TC.

This leads to a simplified picture for lattice distortions
above TC. In this picture two extreme configurations are as-
sumed to coexist: n1 isolated polarons having the life-time
τ1 and n2 polarons in clusters having short-range orders with
a longer life-time τ2. The short range order is dynamical but
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the life-time τ2 may be much longer than that of an isolated
polaron, τ1. Once in a cluster, the life-time of polarons is as-
sumed to be much longer than τ1. On a further simplifying
assumption that the deformation in the cluster as a whole is
represented by the sum of the lattice distortion due to each po-
laron in the cluster, one can write the scattering intensity as
proportional to

|Fq|2(
ω2 −ω2

q

)2

{
n1

2γ1

ω2 +γ 2
1

+n2g(q)
2γ2

ω2 +γ 2
2

}

where g(q) is the Fourier transform of the pair correlation
function for the polaron positions in the cluster, Fq is the in-
teratomic force producing the Jahn-Teller distortion, ωq the
phonon frequency and γ1,2 = 1/τ1,2. If there is no correlated
polarons and the polaron life-time τ1 is infinitely long, or as
long as γ1 is much smaller than the phonon frequency ωq , the
expression reduces to the usual Huang scattering due to iso-

lated polarons: the first term is, then, |Fq |2
ω4

q
δ(ω). Since g(q)

should have a peak centered around (2.25 0,25 0), the energy
width of the scattered intensity at this wavevector is mostly
due to γ2 whereas that at (2.2 0 0) is given by γ1. The inten-
sity observed at (1.20 0 0) should be mainly due to magnetic
scattering. It is temperature independent within experimen-
tal uncertainties and the energy width is approximately 4 meV
(FWHM). In contrast, the short range order peak intensity at
(2.25 0.25 0) has an energy width barely outside the reso-
lution limited value and, hence, τ2 is estimated to be larger
than 10 ps. A similar analysis of the energy width of the in-
tensity at (2.20 0 0) is frustrated by the possible, perhaps
significant, contribution from magnetic scattering. The inten-
sity at this wave vector also contains the contribution from
the tail of the short range order peak centered around (2.25
0.25 0). However, since the peaks do not distinctly show sharp
peaks having resolution limited widths, the tail contribution
is assumed negligible. The widths of the peaks do not signifi-
cantly change with temperature, and they are approximately
equal to the widths of magnetic scattering at (1.20 0 0). Since
the peak at (2.25 0.25 0) does not show contribution from
magnetic scattering even at 290 K, it may be argued that the
difference intensity at (2.2 0 0) a significant fraction of the
intensity is due to isolated polarons although it may be in-
fluenced by contribution from magnetic scattering. It is not
possible to unambiguously determine the life-time of isolated
polarons, but it may be similar to that corresponding to the
energy width of magnetic scattering peaks. X-ray diffuse scat-
tering intensity in NSMO decreases slowly with increasing
temperature and the decrease is attributed to the change in
the kinetics of polarons. If the polarons are isolated but can

not be regarded as static having a decay time 1/γ , the inten-
sity observed by X-ray, which is the integrated intensity, is
proportional to

1

ω4
q

{
1

1 + (γ/ωq)2

}2

|Fq|2.

It should be noted that, in order for the diffuse scattering in-
tensity to be significantly modified from that for the static
Huang scattering, the inverse life-time must be of the same
order of magnitude as the phonon frequency for that wavevec-
tor. The phonon energies at wavevectors (0.25 0.25 0) and
(0.2 0 0) are larger than 7 meV. If the width 2γ = 4 meV ob-
served in the present measurements is representative of the
polaron life-time, it is unlikely that the polaron kinetics is di-
rectly affecting the X-ray diffuse scattering intensity through
the change in its life-time with temperature in this compound.
The possibility still exists that γ1 becomes extremely large as
soon as the temperature is raised above TC. However, since
the diffuse intensity pattern observed in [5] clearly exhibits
the butterfly shape characteristic to a polaron, it is reasonable
to assume that the width is not too large to be detected in the
present measurements.

Obviously, it is very important to measure the peak width
at a large momentum transfer for which the magnetic scatter-
ing contribution is negligible. This is not a trivial task. The
incident neutron energy must be large in order to perform
measurements for large momentum transfer, but this may re-
sult in an energy resolution too low to accurately determine
the peak width.
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