POLARONS IN
COLOSSAL MAGNETORESISTIVE
MATERIALS

he magnetic properties of the lanthanum manganese oxiddistortions around the localized charges. Figure 1(a) shows two
Tclass of materials have attracted tremendous interest  of the observed incommensurate superlattice peaks associated
recently because of the dramatic increase in conductivity thesewith the charge ordering, characterized by the wave vector
systems exhibit when the magnetic moments order ferromagnef-3, 0, 1). Polarized neutron scattering has shown that the
cally, either by lowering the temperature or by applying a incommensurate superlattice peaks are pure structural reflections,
magnetic field. This huge change in the carrier mobility, which originating most likely from M#&"-Mn** charge correlations.
has been given the name “colossal magnetoresistance” (CMR), is
both of scientific and technological interest. In particular, it is 500 | ‘ ‘
anticipated that related materials may provide the next generat a Neutrons
of read/write heads for the magnetic data storage industry, whi 450
the “half-metallic” behavior provides fully spin polarized elec- 7
trons for use in magneto-electronics applications, and for sens ,
in a variety of applications such as in the automotive industry. 350

CMR can be strongly enhanced in systems with reduced i
dimensionality and so there has been considerable interest in t =
two-layer Ruddlesden-Popper compounds, 4 8r; ,, Mn,0,. 250
The reduced dimensionality leads to significant extension of tht ;
temperature range over which magnetic correlations are impor-
tant, and thereby allows a detailed examination of the link 150
between local spin correlations and the resulting magnetotrans
port. We have therefore investigated the magnetic correlations 1,000 ‘
La, ,Sr; gMn, O, using neutron scattering. Over a large tempera b e 0=(2301)
ture range aboveJ= 112 K, we found evidence for two-dimen-
sional magnetic correlations which peak in intensity at the tran:
tion. Although the in-plane correlations are predominantly ferro
magnetic, a canting of spins in neighboring planes within the 600
bilayers, at an angle that is dependent both on temperature an
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magnetic field, was observed [1,2]. 400 . ¢ b
One of the central questions in the field of manganites S ®
concerns the lattice involvement in the mechanism of CMR. 200 » ‘e .
While the relation between ferromagnetism and conductivity we o AT, .
explained in terms of double exchange, it is now clear that a fu L % e .
0 50 100 150 200 250 300

understanding of these materials must include the lattice degre
of freedom. In particular, the formation of lattice polarons abov Temperature [K]

the Curie temperaturg has b_een inferred from a Vénety of FIGURE 1. (a) I-scans through the charge ordering peaks at (2.3, 0, 1) at
measurements, but direct evidence has been lacking. T=120 K: energy-integrated (red), elastic (orange), non-spin-flip scattering

Neutron measurements carried out at NIST, and X-ray ~ Mmeasured with polarized neutrons (green diamonds), spin-flip scattering
' (green triangles). The orange and green data points have been scaled by
measurements at the Advanced Photon Source, have revealed appropriate factors. The I-scan at T=20 K (open purple circles) shows that
harae localization in th ramaanetic-insulating oh f the the charge peaks have vanished. (b) Temperature-dependence of the
charge localizatio the para ag. Etc_ sulating p _ase oft eintensily of the superlattice peak (2.3, 0, 1) (red), and of the diffuse
layered La ,Sr; Mn,O, CMR material, with the associated scattering after correction for the phonon scattering (green), showing that

diffuse polaron scattering that originates from the lattice the charge order and lattice polarons collapse at the Curie temperature.
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These caeldions ae quasi-stic on a time scale~#/2AE~1
ps set g the enegy resolution of the instiment.The supédgttice
peaks a& bioader than thg resolution in botth andl directions,
shawing tha both the in-plane and out-of-plankeame corela
tions lemain shdrrange & all tempeatures.The dhage oder
melts as the insular-to-metal tansition is taversed and long-
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FIGURE 2. (Top) Contour plot showing the lobe-shaped pattern of diffuse
scattering around (2, 0, 0). (Bottom) Neutron energy-integrated |-scans
across the diffuse scattering in the upper panel, for T=120, 100, and 20 K.
The scan at T=120 K (red circles) is an elastic scan, and has heen scaled
by an appropriate factor.
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range feromagnetic oder is esthdlished [3],as shan in Hg. 1h
By similaiity with the 3D peovskite mangnites and with the
cuprates,this scétering may originate from a hamge-ordered
stiipe phase laove T, which is destoyed when the doule
exchang metanism dives the system metalliche ldtice
strain induced ¥ the localizd damges gves ise to a durfold,
lobe-shped p#tem of diffuse sctering aound the Bagg peaks.
The upper panel ini§. 2 shavs a contour plot of the difse X-
ray scdtering in the

[h, 0, ] plane aound the (20, 0) reflection. Ony thel > 0 half is
shawn, but the péem is symmeic with respect td = 0,as
proved ly the neutonl-scans in the lwer panel of k. 2. The
shap rod of scétering along the [00, I] direction is esolution
limited in the p, k, O] plane and is assot&l with staking
faults. Rt of the lobe-shaed difuse scttering is due to coven
tional acoustic phononghile the tempeature dgpendence of the
additional, polaion scétering (green open cales in Rg. 1b),arnis-
es flom stdic or quasi-stac aomic displacements aevealed ly
elastic neutsn scétering (see k. 2 bottom).The Idtice stain
caused ¥ the polaons elaxes when the shasrange chaige oder
melts @ the Cure tempeature, providing compelling gidence of
the ole of polaons in the dgin of CMR. Futher work is now in
progress to detenine if the hiaige melting can be coriled by
the gplicaion of maynetic or elecic fields, which would open
up completef new averues br gpplicaions.
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