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Neutron scattering was used to study the ferromagnetic manganiteSiNgVInO; (T¢c = 197.9 K)
and P§¢3Sh37MnOs (T¢c = 300.9 K). The spin dynamical behavior of these two systems is similar
at low temperatures but drastically different at temperatures ardynd While the formation of
spin clusters of size~20 A) dominates the spin dynamics of the 197.9 K sample clos&dpthe
paramagnetic to ferromagnetic transition for the 300.9 K sample is more conventional. These results,
combined with seemingly inconsistent earlier reports, reveal clear systematics in the spin dynamics of
the manganites. [S0031-9007(98)06004-9]

PACS numbers: 72.15.Gd, 61.12.Ld, 75.30.Kz

The prospect of potential technological applications of By judicially tuning the lattice distortions through dif-
the so-called colossal magnetoresistance (CMR) [1] haferent A-site substitutions, we prepared two high quality
lead to a revival in the study of perovskite manganitegperovskite manganite single crystals that hae val-
A1—B,MnO; (where A and B are trivalent and diva- ues 197.9 K (Ng;Srp3MnO;, or NSMO) and 300.9 K
lent ions, respectively). For compositions ef= 0.3, (Pro.63Srh37Mn0O;3;, or PSMO). Our aim was to study,
these materials exhibit a resistivity drop that is inti- via elastic and inelastic neutron scattering, the systematics
mately related to the paramagnetic to ferromagnetic oref the unique coupling between the lattice distortion and
dering at the Curie temperatur€{). The magnitude the spin dynamics of these materials. We show that the
of the resistivity drop andl'c can be tuned continu- spin dynamical behavior of these two systems is similar
ously by different A-site substitutions [2]. The cen- at low temperature, but drastically different for tempera-
tral issue is whether the microscopic understanding ofures around’-. While the spontaneous formation of spin
these materials is complete within the double exchangelusters 20 A in size) close tol'- dominates the spin
(DE) model [3] or requires additionally a strong Jahn-dynamics of the 197.7 K sample, the paramagnetic to fer-
Teller based electron-lattice coupling [4,5]. Experimen-romagnetic phase transition for the 300.9 K material is
tally, large oxygen lattice distortions have been foundmore conventional.
in Lay7Ca3MnO; (T¢ ~ 250 K) [6—8], consistent with Large single crystals=1 cm’) of NSMO and PSMO
the existence of lattice and/or magnetic polarons [9,10]of mosaic spreads of0.5° full width at half maximum
These results may also be related to the developmettEWHM) were grown by the floating zone method. The
of a prominent diffusive central peak close ¥ in  neutron scattering experiments were carried out using the
this compound [11]. By contrast, no signatures of un-HB-1 triple-axis spectrometer at the High-Flux Isotope
usual oxygen lattice distortions or unconventional spinReactor at the Oak Ridge National Laboratory. We
dynamics have been reported [12—14] in higlflerma-  have used pyrolytic graphite (PG) as the monochromator
terials. In particular, Perringt al. [13] found that the and crystals of PG or Be as the analyzer to select
spin-wave dispersion throughout the Brillouin zone inneutrons with a wavelength of 2.46 A& (= 13.6 meV)
Lag7Phy3MnO; (T¢ = 355 K) can be described by the or 1.64 A (£ = 30.5 meV). The samples were slightly
conventional Heisenberg ferromagnet (FM) model withorthorhombic and twinned at the measured temperatures,
only the nearest-neighbor exchange coupling. Furukawhut for the purpose of our measurements (and the utilized
[15] has recently shown that this result can be fully ex-instrumental resolution) we assumed a cubic lattice=(
plained within the DE model. 3.86 A) for both crystals.

Thus, from the current experimental evidence it is dif- The temperature dependence of the intensity of the
ficult to develop a consistent picture of the spin dynami<(0 0 1) Bragg reflection for both samples [see Figs. 1(a)
cal behavior in the ferromagnetic perovskite manganitesand 1(b)] indicates that ferromagnetic ordering devel-
In particular, it is not known whether the central diffusive ops at low temperatures. These measurements were
component observed in kg Cay33MnO; close toT¢ [11] done allowing sufficient time=£20 min) for the samples
is a common feature to all CMR materials with= 0.3.  to reach thermal equilibrium and were performed both
A resolution of this issue is important because a theorpn cooling (solid circles) and on warming (open circles).
which purports to accurately describe the CMR effect musThere is a small but reproducible hysteresis in both
be able to explain the common features of allthee 0.3  data sets, suggesting that the ferromagnetic phase tran-
manganites. sition is weakly first order. The difference between
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zone (0,0,1 + ¢) in the long wavelength limit (small
wave vectorsg). In both cases the excitation spectra
consist of spin-wave peaks and a component centered at
hw = 0. The spin-wave peaks and the central component
are well resolved up t@ = 0.987¢ and the spectra were
least-square fitted to Gaussian line shapes. The spin-
wave energies obtained from this analysis can be fitted to
the well-known quadratic dispersion relatiaw = A +

Dq?, whereD is the spin-wave stiffness constant and

is a small dipolar gap. In the Heisenberg model=
2JSa?, where S is the magnitude of the electronic spin
at the magnetic ion sites andis the lattice parameter.
The quadratic dispersion form, however, is general and
not limited to this model. In all cases a very small
(=0.05 meV) energy gap was obtained from the fits, but
for practical purposes this gap was assumed to be zero.
To follow the spin dynamical properties closerXg, we
show in Fig. 2 the spin-wave stiffness constanir’) vs

T /T¢ for both samples up t6/T¢ = 0.98. AsT — T¢,

the hydrodynamic and the mode-mode coupling theories
[19] predict a temperature dependence of the spin-wave
stiffness of the formD(T) ~ [(T — T¢)/Tc]’ " B. The

fit of the spin-wave data for PSMO to this form yields an
exponent(r — 8) = 0.38 = 0.05 (solid line in Fig. 2).
This exponent should be compared to the value 0.34

FIG. 1. Temperature dependence of the (0 0 1) Bragg reflecpredicted for a Heisenberg FM and to the measured

tion of (a) PSMO, and (b) NSMO on cooling (solid circles) \ 4 e5 for iron .36 + 0.03), cobalt (.39 + 0.05) or
and warming (open circles). Spin-wave dispersion curves ot ) g ) :

(c) NSMO (solid circles) and PSMO (open circles) throughoutNickel (0.39 *0.04) [19]. The data for NSMO, on the
the zone(0,0,1 + ¢) atT = 10 K. The data for PSMO are other hand, show no evidence of the expected spin-wave

from [17].

collapse atT¢, just as in Lg¢Ca33sMnO; [11]. Thus,

while the low-temperature spin-wave stiffness for PSMO
and NSMO isD(0) = 165 meV A2 (very similar to the
the transition temperatures on cooling and on warmd70 meV A2 for Lay¢;Cay33MNn0;), it is evident that the

ing was less than~=0.5 K, and for the purposes of

this experiment we chose the average of these two as

Tc (1979 = 0.5 K for NSMO and 300.9 = 0.5 K for
PSMO). The ferromagnetic-to-paramagnetic transition
for NSMO is significantly rounder than that for PSMO;
this may be due to the special features of the former
system which will be addressed below. We also note
that, within the precision of our measurements, there was
no evidence of spin canting [16], or of a spin diffu-
sive peak at the antiferromagnetic positions in these two
samples.

The spin-wave dispersion curve for NSMO throughout

D(T) meV-A?
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the (0,0,1 + ¢) Brillouin zone at 10 K is plotted in
Fig. 1(c) (solid circles), which also shows similar data for ]
PSMO (open circles) [17]. Note that despite the large o IS S ——
difference in thel ¢ values of these two systems, the two 0.2 0.4
curves are remarkably similar. This observation cannot T,
be explained by any simple model of magnetic ordering.

In particular, for a Heisenberg ferromagnet with only FIG. 2. Spin-wave stiffnes®(T) vs T/T¢ for PSMO (open

hai ; ; ; circles) and NSMO (solid circles). The solid line is the fit
nearest. nellghbor exchange Ilnt_edractlbﬂ kTc s ne&:crlyh to the mode-mode coupling and hydrodynamic theories at high
proportional toJ [18]. To elucidate the nature of the yemperatures. The dashed line is an extrapolatiof te 0

spin dynamics of these two systems, we performed highfrom the low-temperature mode-mode coupling theory [i.e.,
resolution neutron inelastic scattering measurements in the(r) = D(0) (1 — AT/?)].
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FIG. 3. Energy scans for (a) PSMO, and (b) NSMO at

g = 008rlu. at least up td" = 1.25T¢ with little 7 dependence above

Tc. The magnetic nature of this component was verified

spin dynamics of these two systems become different Ry performing measurements close to the (0 0 2) Brillouin
T — Te. zone center which showed the expected intensity drop due

The striking differences between the spin-dynamical bel® the Mn magnetic form factor. o
havior of PSMO and NSMO aE — T are illustrated in To characterize the nature of the diffusive component of

Fig. 3. This figure shows energy (constaptscans for both samples, we performed systematic measurements of

an arbitrary wave vectog = 0.8 reciprocal lattice units
(rlu). The peaks at the positive side of the energy axis
correspond to neutron energy loss while those at the nega:
tive side are for neutron energy gain. A weak nonmag- o 0033riu o 00301l

. " 97 —~ 400 200
netic elastic incoherent contribution At = 0 has been 5 ° oownu g ® 0035ru o
subtracted. Both data sets show spin-wave excitations of &
similar energies at the lower temperatures and these en- =
ergies decrease as the temperature is increased. In PSM( Y 290
[Fig. 3(a)], the excitations soften and become more intense £
asT — T¢ as expected for a conventional FM. With in- =
creasing temperature, a central component develops. This
central peak may be related to the longitudinal spin fluctu- 0
ations from a Heisenberg FM at high temperatures, where
the spin-wave description is not strictly valid [20], or it
may already be a precursor of the spin dynamics seen in

® 0.027rlu a ® 0.025rlu b
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100

100 + T 100

the lowerT¢: NSMO, which is definitely unconventional. < e %

Above =0.91T¢, the spin-wave energy renormalization in  »» * .
NSMO is slower than in PSMO, while the spin-wave in- 0% ) 750
tensities damp dramatically and the excitation spectrum is i 2 PO \v_,

dominated by the central component [21]. Figure 4 shows 09 10 *

a plot of the intensity of this component (normalized by 0 0’9 1’0 o o 0

the spin-wave intensity & = 0.667¢) vs T /T for both
systems. The temperature dependence of the central com
ponent shown in Fig. 4 is somewhat different from that rer|G. 5. (a) Temperature dependence of the static wave-
ported for Lge7Ca33Mn0Os[11], which starts to develop vector-dependent susceptibilityy,(iw = 0) for PSMO.
aboveT = 0.6T¢. The intrinsic widthI" of the central (D) xq(i@ = 0) for NSMO. These measurements were
component in NSMO follows the quadratic dependence irEerformed with an energy window of 0.43 meV (this is the

T . . . WHM energy resolution at the elastic position of the experi-
— A2
q expected for spin diffusion (i.el, = Ag”); the inset of  \onia) setup). Temperature dependence of the spin-correlation

Fig. 4 shows the FWHM linewidtl' vs¢* atT = 0.98T¢  |ength for (c) PSMO and (d) NSMO. Insets: temperature
(A = 26(2) meV A%). This diffusive component persists dependence of the inverse spin-correlation length.
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TABLE I.  Summary of magnetic properties of various per-the last two (lowerTc) systems. This systematic trend
ovskite manganites, -.B,MnO; (x = 0.3) in order of decreas- occurs despite the fact that with decreasiiig the zero

ing Tc. temperature insulating state is approached.
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