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The coexistence of ferromagnetic metallic and antiferromagnetic charge-ord€®y states in
Pr,,5Ca,sMNn0O; has been investigated using zero-field muon spin relaxation, neutron diffraction, calorimetric,
and magnetic measurements. Calorimetric data evidence a high degree of disorder below the CO transition.
The data are consistent with large antiferromagn@tEM) CO regions containing structural and magnetic
inhomogeneities densely scattered. Below the charge order temperBigre 20 K) the dominant relaxation
mechanism of the muon polarization is based on ferromagnetic Mn-Mn correlations and the spin-lattice relax-
ation rate is peaked di; instead ofTy . The results agree with a spatial distribution of ferromagnetic and
AFM regions strongly interpenetrated. The presence of local magnetic order in the whole sample is only
achieved just below -~ 120 K.

[. INTRODUCTION and Coxet al2 have reported the induction of phase segre-
gation in Pg -Ca s;MNnO5; when exposing it to x-ray radiation

The very rich phenomena accompanying the structuralat low temperatures. The ferromagnetic phase created per-
magnetic, and transport properties of manganese oxides witkists when the exposure disappears and is only removed
perovskite-type structure  (Ln;_,AMnOg with  when the system is annealed above 40 K. This photoinduced
Ln=lanthanide and\=alkaline earth have been the subject phase separation leads to a persistent photoconductiVity.
of a large research effort during the last years. As a directnioka et al. reported that, for a single crystal at low tem-
consequence of the twofold degeneracy of ¢jeelectrons  perature, a fully ferromagnetic metallic state is achieved
and the remarkable competition among the relevant interadfirst order transitionwith the application of a magnetic field
tions, a large variety of ground states are being found in thi®f about 4 T. Moreover, the charge order state is not recov-
family of compounds. In addition to the ferromagnetic ered when the field is switched off. Slow thermal relaxation
double exchange interactions, favoring a ferromagneti@ffects from the metastable metallic phase to the insulating
ground state, Coulomb repulsion, and Jahn-Teller distortiol©O phase were reported by Anaaeal. below 50 K® The
favor the localization of the charges and the antiferromagferromagnetic metallic state can also be achieved by the ap-
netic coupling of the moments. The tilt of the Mg©ctahe-  plication of an electric field,high pressuré,irradiation with
dra when the mean siz&{) of the cations at the lanthanide a laser pulséwith visible light!° or electrons! In contrast
site is reduced favors the localization and ordering of thewith the final state of Rr,Ca, sMnO5 after x-ray irradiation,
charges. With this, at low temperatures, k@& ;MnO;  the existence of two segregated types of cells of different
(Ry=1.15A) is ferromagnetic and metallic, while characteristic volume has not been observed by synchrotron
Lag 35Y 0 3:Cah sMNO; (Ry=1.10A) presents no net magne- x-ray powder diffraction. Instead the presence of lattice
tization. In the middle RrCa MnO; (Ry=1.12A) pre- strain was associated with trapped ferromagnetic clusters. In
sents a charge order transition at 200 K, accompanied bgddition, the high level of noise measured recently in the
antiferromagnetic order below 150 K and the appearance of sample Py3C&,MnO; has been attributed to phase
net ferromagnetic moment below 100 K. This last transitionseparatiorjr.2
was attributed to a canting of the collinear-CE-type magnetic In the present work we have investigated the nonhomoge-
structure below 100 K.In the line of some other evidences neous nature of the charge ordered manganite
for phase separation phenomena between two characterisfir,sCa;sMnOs. Using neutron diffraction, muon spin relax-
states with well defined energy minima, Kiryukhet al?  ation, magnetic, and calorimetric measurements, we present
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results that, in particular, contribute to a more precise de 800 ————r———T1——1—— 6000 ——T——T————
scription and understanding of the spatial distribution of co- ]
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Polycrystalline PysCa;sMnO5 ceramics were prepared —. 200+ gl . t
by conventional solid-state reaction. A mixture of CafO
Mn,O3, and PgO;; at the desired ratio was prefired at 750 °C 2 N
in air. After some intermediate treatments, the powder wa'z ' 'm (1/'2 0('))
pressed into pellets, fired at 1400 °C for 15 h, cooled to roon & I
temperature and ground again for several times. With theS 6000 |
purpose of comparing the macroscopic and microscopic o?}
local information we have combined the following types of &
measurements. Neutron diffractidND) measurements were
performed at the Lab. Leon BrillouitParig and the Institut
Laue-Langevin (Grenoblé using G4.14=2.426A) and
D1B(A=2.52A) diffractometers at different selected tem-
peratures. ND data were analyzed using the prograr
FULLPROF!® Differential scanning calorimetri¢€DSC) mea-
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surements have been done using a noncommercii T (K) T (K)
calorimeter* DSC data were taken warming the sample, in
the temperature interval 90KT<340K. Lay3Ca;sMn0O; FIG. 1. Thermal evolution of the integrated neutron diffraction

was used as reference sample because it does not presiignsities for(a (2 3 0) [CO superlattick (b) (3 0 0) and (3 3 0)
phase transitions below its ferromagnetic critical temperatur€AFM CEJ, (¢) (0 0 2, and(d) (0 2 0. (c) and(d) have a contri-
Tc=274K. In order to determine the error bars we have alsdpution f.rom FM. grdering and are used to monitor the structural and
used Pb as a reference sample. A self-consistent method hH@gnetic transitions.
been used for the determination of the baseline. This methogexed referred to thebnmsetting. Fig. 1a) shows the in-
takes into account that the ratio between the thermal powegnsity of the superlattice reflectiof2 2 0), which gives
(dQ/dt) and the heating rate d{T/dt) is given by definitive evidence of the development of charge ordered
(dQ/dt)/(dT/dt)=dQ/dT=AC, whereAC is the differ-  (CO) regions in the sample below220 K. As expected the
ence between the heat capacities of the sample and the refarge order superlattice reflections can be indexed on the
erence. Macroscopic magnetic measurements were pepasis of a double orthorhombi@ax2bxc cell (Pbnm
formed using a SQUID magnetometer. Muon spin relaxatiorsetting.*® The perfect form of this charge order can only be
(n*SR) measurements were conducted at the ISIS pulsegchieved when the fractions of Mh and Mrf* ions are
muon facility (Rutherford Appleton Laboratory, Chilton, equal. The magnetic reflections at positioh® 0) and(33 0)
UK) using the MUSR instrument. A 10 g powder sample[Fig. 1(b)] appear affy~155K and are consistent with the
was mounted on an Al plate with a silver mask in a closecdevelopment of ‘a collinear CE-type antiferromagnetic
cycle refrigerator, and the measurements made over the terff@FM) structure’® This magnetic structure is characterized
perature range 15-350 K. In these measurements fully pdy two distinguishable manganese positions: (Mrwith
larized positive muons are implanted in the sample. The suRropagation vectogz, 0, 0 (mainly occupied by MA' ions),
sequent evolution of muon polarization occurs in response té‘_nd M) ‘_’f'_th propagation vecto_(§, 2 Q) (mainly occu-
the coupling between the muon spin and the internal magP'€d bY Mrf™ ions). The integrated intensity of some nuclear
netc fecs The decay of the muon,2.2,5) i oo 1ectenfor tancelo 30 ana 0 2] s 10,40
e oy Soston emision prferentaly song e e fomagnecf i order belowT. 120K Paril FM order
) O ok et W T of the Prions fup=0.4ug) has been described below 36°K.
axis coinciding with the d|rect|9n of the initial polarization Notice that, in Fig. 1), the intensity of the superlattice re-
of the_ muons, are placed at either S'd_e O_f the _sample. T.hﬁection (2 £ 0) systematically increases when decreasing
resulting positron count rate, collected in time hlstograms INemperature through the Curie point. According to the calcu-
forward (F) and backwardB) detectors, is used to monitor |ations, this peak is purely structural in origin with no con-
the eyoluﬂon qf the implanted muon polarization via the re-yipytion from AFM order. Figure (8) gives evidence that
laxation function G,(t) =aoP(t) =[1£(t) —alg(t)I/[1e(t)  there are no changes in the evolution of this intensity across
+alg(t)], wherel andlg are the time differential positron 7. . Therefore, the crystallization process of CO regions is

counts in theF and B detectors, respectively is a calibra- apparenﬂy unaffected by the appearance of static ferromag_

tion factor anda, the initial asymmetry. netic moments in the sample. A similar conclusion can be
drawn from the temperature evolution of ferromagnetic and
IIl. RESULTS antiferromagnetic sublattices. Namely, the growth rate of su-

perlattice AFM peaks3 0 0) or (3 3 0) [purely AFM, Fig.
Figure 1 shows the temperature dependence of the inte{b)] is not altered by the freezing of the ferromagnetic com-
grated ND intensities of some peaks, which have been inponent. Figures (t) and Xd) show the development of two
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peaks with a magnetic contribution due to FM freezing. It is 0.25 - . - r

clear from these observations that a thermally driven spin

reorientation(from a pure collinear CE AFM structure to a

canted magnetic orderinghould be completely ruled out in

this system. 0.20
The picture of two separated magnetic regions is consis-

tent with the observation of large ferromagnetic droplets in

Pr, [Ca sMNnO; after exposure to x-ray beahi,where the

ferromagnetic phase has a smaller volume than that of the 015

CO phasé€. In an attempt of clarifying whether it is or not

340K

200K

possible to distinguish different latticéas would happen in < i
the case of phase separabido, respectively, FM and AFM o) 170K
ordered regions in BECa;sMn0O;, we performed different 6°010

sets of Rietveld refinements of the low temperature ND data.
Allowing for two differentiated cells, the reliability factors
(Rwp=28.4) did not improve significantly and a clear conver-
gence to two well-defined sets of lattice parameters was not
obtained. The ordered magnetic moments obtained from 0.05
the refinements were mpey()=1.9(2)ug, mMpem(l)
=1.8(2)ug, and mgy,=1.5(3)ug. Therefore the total or-
dered moments,m(1)=2.5 and m(ll)=2.3ug/ion, are
clearly below the expected saturation valudg.g[ Mn(l)] 0.00 : : : .
and 3.33cg[ Mn(11)]). Their thermal evolution has been de- 0
picted in Fig. 7a). On the other hand, as expected, the time (us)
Maem/Mey ratio in our sample withk= 3 is larger than in
the samples with lower hole concentration previously
reportedt3 rex
One of the purposes of the present work has been to use a
local magnetic probe to give insight into the real spatial dis- 1o .
tribution of the FM ordered regions with respect to the AFM duces to; of its value 'at hlgher temperature. Only the com-
coupled charge-ordered zones. With this objective in mingPOnent of muon polarization parallel to the local magnetiza-
1SR spectra were collected in zero external figléf) over ~ tON is preserved. Integrating over all directions in a
the temperature range 15—350 K. Longitudinal fields up to Znultidomain or powder sample gives the factor
kOe were also applied at selected temperatures without ap- Figure 4a) shows the DSC thermogram obtained when
preciable changes in the relaxation. In Fig. 2, we show thé&-223CasMnOs is used as a reference sample. The area be-
evolution of theuSR asymmetryG,(t) at various tempera-
tures. Single exponential dec@,(t)=a, exp(—At)] char- 0.25
acterizes the depolarization aboVg~155K. \ is the dy- [
namic spin-lattice relaxation rate, proportional to the
amplitude of the local fieldH,) fluctuations at the muon site
(A= (yMH|)27; 7being the primary correlation time between
fluctuations andy, the gyromagnetic ratio oft*]. Below
155 K, a stretched exponenti¢8E), [ G,(t) ~exp{—(\st)?}]
function is required to describe the muon decsglid lines
in Fig. 2. The variation with temperature of the SE relax-
ation ratehg and the initial asymmetrya,) are shown in
Fig. 3. The solid line reproducings(T) above the ferromag-
netic transition in this figure is a fit by the function(T)
=No(T/T;—1)" 7 which givesT.=120(3) K, y=0.51(1),
and A\ y=0.066(1)us *. This transition temperature agrees 0.10
very well with that determined from magnetization and neu-
tron measurements. Though this power-law dependence i
expected only very close to the Curie transition temperature
it represents a phenomenological description of the relax- g5 . 1 0.0
ation rate abovel,. Moreover, the asymmetry loss below 0 50 100 150 200 250 300 350
Ty is shown in Fig. 3. The appearance of a spontaneous T (K)
nonzero static field causes a precession of the muon spin.
Because of the pulsed structure of the ISIS beam, the subse- F|G. 3. Temperature dependenwearming of the fitted relax-
quent muon spin rotation falls beyond the accessible freation raterg and the initial asymmetry for RgCaysMnOs. The
quency window at ISIShigh frequency cutoff As a result,  solid line is a fit to the power-law dependentg(T)=Xq(T/T,
below the magnetic transition the initial asymmetry re- —1)"7 (see text The SE exponeng is shown in the inset.
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FIG. 2. Time dependence of the ZF muon relaxation spectra at
some selected temperatures. Solid lines are fits as explained in the
t.
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FIG. 4. (8 Heat flow (warming obtained by DSC using

Ty andT¢p, the susceptibility decreases when the sample is
cooled down through the CO transition. The reason is the
switch from FM to AFM correlations that accompanies the
electronic reorganizatiolf, and the Curie temperature
changes its sign from positive to negative. The CO anomaly
with x=3% can be seen in Fig. 5. Although. has decreased
below T¢o, at variance with the commensurate case, the
Curie temperatures estimated at both sides of the transition
are both positive:9c=170K (T>T¢po) and 6.,=110K
(150 K<T<T¢q).

IV. DISCUSSION

The coexistence of ferromagnetic metallic and antiferro-
magnetic CO states in doped manganites is being extensively
investigated within the framework of double-exchange
theory, phase segregation and electronic phase separation
phenomena. BgCa;sMnO; is, within this context, a para-
digmatic compound representative of the intermediate-
gion in samples of a moderate distortidmandwidth placed
close to the boundary that separates metallic and insulating
low-temperature behaviprA feature to be emphasized in
the present compound is that the two cations sharing the
A site in the structure have very similar ionic sizes
(1.126 APP*] and 1.12 AC&"]). This represents a very
important advantage or simplification because it allows dis-
regard the strain effects and local structural modulations due
to size distribution and mismatch present in most of the

LayCaMnO; as reference sample and calculated baselingLn,Ln");_,A,MnO; compounds with coexistence of FM
(dashed (b) Relative(%) entropy change due to the CO transition gnd AFM ordering[(La, Y), (La, Th), etcd. Local strain ef-

for Pr,3CasMnO; (referred to the theoretical expected value

fects with origin at the size distribution of thesite cations
are thus completely minimized in the present compound.

low the peak isAh~93.1 J/mole. The measured change inHence, the presence of structural inhomogeneities in this

entropy across the transition 4s~0.06R. This result was

case should be ascribed to an inhomogeneous ground-state at

confirmed using Pb as reference sample in additional DS@ microscopic level (charge-delocalized versus charge-

measurements.

localized or charge-ordered states

Finally, the effects of the CO and magnetic transitions on The observation of the coexistence of FM and AFM

the susceptibility(y) are shown in detail in the Fig. 5. In
commensurate LpCa;,MnO3; compounds with separated
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FIG. 5. Detail of the dc susceptibilityopen circleg and its
inverse(squarey of Pry3sCa;;Mn0O; (20 O around the CO tran-
sition.

in PrysCa;;sMnO5 comes from the evolution of the integrated
intensities shown in Fig. 1. The h(2k/20) and
(h/2 k 0)AFM intensities continue to grow beloW. . From

ND data there is no evidence for a significant coupling be-
tween the FM and AFM phases in,R2€a;;sMnOs. In addi-

tion, the characteristic broadening of the AFM peak® (1)
associated with the M sublattice observed in
Lny»CaMNnO;  compounds is not appreciated in
Pr,sCaq,sMN0O;. The AFM Bragg peaks are very narrow,
similar to the nuclear ongsee Fig. 6. This is not surprising

if one considers that the magnetic domain boundaries break-
ing the magnetic coherence of the #rsublattice(magnetic
spin flip for x=3) are likely associated with structuratb
twins at Mrf* sites. They break the coherence of the orbital
ordering but not that of the charge ordering witk 3. For
x= 1% a fraction of ideally MA* sites is now occupied by the
extragy electrons, frustrating the mechanism of twin forma-
tion. In any case, the important point is that the coherence
length of the AFM domains is, from ND data, of the order of
>500-1000 A. The FM Bragg intensity at ti@0 2) and(1

1 0) peaks have been shown in Fig. 6. From the difference
pattern at both sides df; we estimate that the FM coher-
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15000 [T T T T T T T In oxides the coupling strength between muon and elec-
' ] tron spins(either dipolar or hyperfinedepends on the par-
ticular coupling between the electronic spiivi or AFM).
In polycrystalline charge-ordered manganites with the ideal
hole concentration Mh /Mn®*=1 (commensuraje the ex-
ponential relaxation rata in the PM/CO phase is always
within the interval\ ~0.04—0.06us 1, even very close to
but aboveTy .08 We call to mind that these values are
significantly smaller than the relaxation values found in the
paramagnetic  phase of ferromagnetic Ln-Mn-O
specimens®!8-22|n polycrystalline metallic manganites the
relaxation\ falls within the interval 0.10-0.3@s ! above
‘ " Tc.1618-211n addition, the second relevant featuredfT)
in the paramagnetic regime a&f=3 samples is a character-
istic relative maximum coinciding with the CO
transition'®'819As occurs with the magnetic susceptibility,
26 (deg.) the spin-lattice relaxation (T) drops belowT g due to the
substitution of AFM by FM interactions.

We turn to thex=3% sample noting that both these two
main characteristic features of the muon relaxationxin
=1 CO manganites differ from the spin dynamics observed

ence length should be at least of the order of several hurid PrsCa;sMnOs. (i) It is apparent from Fig. 3 that the
dreds of angstroms. Therefore, in a first approximation théelaxation rate of Bf;CasMnO; does not present a clear
compound presents large AFM domains associated with Cdpcal maximum coinciding with the real space ordering of
regions(origin of the observed structur 2 0) superlattice Mn®" and Mrf* ions around 220 K(ii) Furthermore, the
peak, which coexist with extensive regionenesoscopic absence of a local maximum &gq agrees with the fact that
rather than nanoscopiovith a ferromagnetic ordered com- muon relaxation in Bf;Ca;sMnO; is clearly dominated by a
ponent. In addition to this, it is important to emphasize thatnechanism based on FM instead of AFM Mn-Mn correla-
the volume proportion containing magnetic disorder shouldions. This is shown in Fig. 3, where the measured relaxation
be very high. Experimentally this is supported by the lowrates are remarkably larger than the characteristic values
values of the ordered moments at low temperatbegween  found inx= 3 compounds. BelowW ¢, the values of in this

1 and 1.5:5 below the saturation valugsAlthough the re-  figure are totally comparable to the relaxation found in FM
gions with magnetic disorder may be ascribed to domairimetallic Ln-Mn-O samples  (for instance,
boundaries separating well ordered FM and AFM domainsl-asCa;sMn0Os). %822 Consequently, the FM Mn-Mn cor-
we will demonstrate later that this picture is not supported byelations are the dominant relaxation mechanism of the muon
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FIG. 6. Low angle detail of the ND data illustrating the width of
the main magnetic peakAFM (stripes and FM (black Bragg
intensities afl =68 K].

experimental data. polarization at least beloWg and, therefore, clearly above
Before discussing the muon relaxation results we shouldhe N@I.tempera_tu.re. _
recall that the dynamical relaxation rat€T) in orthoferrites At this point it is convenient to realize that the AFM

showed minima and peaks, uncorrelated with the propearrangement of th&=$ andx=3 CO phases is not strictly
phase transition¥. The reason is that the muon starts slowidentical. In the pseudo-CE magnetic structure of the former
diffusion at about 250 K. Unlike these muon studies in ortho-the AFM Mn-O layers are ferromagnetically coupled along
ferrites, we found no evidence for muon diffusion in the c axis, whereas this coupling is antiferromagnetic Xor
Pr,sCay,sMNnO;5 in the temperature range of our stugip to =3 (CE magnetic structuyeAs mentioned in Ref. 3, this is
350 K). We are thus led to assume that possible effects dutikely the result of a sizeable number of Ffnions at the
to muon diffusion can be neglected in the present compounIn(ll) site (extra ey electrong having theds,2_,2 orbital
below the charge-ordering transition. along thec direction instead of parallel to thee-b layer. By

In the following we will focus on the important implica- looking at the tiny(; 0 1) and (3 3 1) intensities in Fig. 6,
tions that theuSR results and the observed spin dynamicshere is a very small fraction of cells with-b layers AFM
have with respect to the two most probable scena(ipdhe  coupled but that is negligible when compared with the inten-
first scenario consists of CO regions, with a long range cosity of (3 0 0) and (3 3 0) peaks. The magnetic coupling
herence and AFM ordered, spatially separated from the FNbetween layers has some implications because the most
domains or large clusters where the JT polarons have ngtrobable muon site, as determined on orthofertftesd in
frozen and which may have a broad size distribution. In thepure LaMnQ,?! is in the z=% mirror plane between Mn
framework of “phase separation” models, the second redayers, 1 A from the apical oxygen(D of the Mn-Q(1)-Mn
gions may be richer irey electrons than the firstii) The  apical bond. Namely, the observed FM relaxation mecha-
second scenario is closer to a canted magnetic arrangemenism might thus be related to the FM coupling between ad-
where AFM and FM regions have a spatial distributionjacenta-b layers, present in the CO phase. It is worthwhile
strongly overlapped. Namely, the volume occupied by do-oticing that if this was the main source of depolarization in
main boundaries is not negligible but, on the contrary, varithe CO regions an abrupt drop of the relaxation rate should
able size clusters of the minority phase are densely scatteregtcur belowT,. Interestingly, Fig. 3 confirms that such a
within the majority phase in a large fraction of the sample. drop does not occur, signaling the unlikely CO origin of the
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FM relaxation. Furthermore, the close relationship between
the FM relaxation mechanism beloli5 and the phase that
orders belowT ¢, is also confirmed by the following result
shown in Fig. 3: the peaked shapeng{T) is centered &t .,
not atTy as happens in homogeneous CO samples. Consider
the scenario of two magnetic subsyste(Rd1 and AFM),
spatially separated by domain walls of reduced extension
(disordered and/or cantedAssuming a relative domain dis-
tribution similar to the experimentéingy]%/[ Mey]? ratio,
or even below, an appreciable anomaly in the relaxation rate
would occur at the N&l temperature. Actually, the absence 3
of a relative maximum ing(T) at the Nel point is another
key result signaling the dominance in the sample of zones
with fluctuating internal fields caused by FM correlated Mn
moments. Close td; the evolution ofA¢(T) in Fig. 3 de-
scribes the critical slowing down in the spin dynamics as the
FM freezing is approached.

In agreement with the magnetic diffraction data, some of
the muon results presented above could be taken as evidence

Momentum (uB/Mn ion)

Ordere

Ordered Fraction 7]

for the existence of FM domains independent or decoupled § 0.8

from the AFM regions. This is the case of the FM correla- §

tions observed, when cooling the sample, betw&gg and i3 * x=1/3
Ty while the system approaches the critical slowing down == o x=1/2
leading to the AFM transition. In the scenario of spatially % 04 1
separated FM and AFM zones and neglecting muon diffu- 2

sion, the final relaxation would be the sum of the contribu- ©

tions from muons implanted in each zone. The depolarization 0.0 (b)
of muons in FM zones is more rapid than in pure AFM ]
zones. Thereby, the contribution ®,(t) from the first is S Y S S U RS R B
expected to decay more rapidly than that from the AFM 05 06 07 08 09 1 L1 12

zones. Nevertheless, the relaxation values belgyy con- T/TN

firm that the predominant contribution ®,(t) comes from

muons seeing FM correlations. Since muons in the sample FIG. 7. (a Thermal dependence of the ordered FM and
are randomly distributed, we are thus led to conclude thapseudo-CE AFM magnetic moments for,f€a,;MnO; (from ND
below To the volume fraction occupied by cells that expe- data. (b) Thermal dependence of the fraction of muons sensing a
rience FM fluctuating fields is very large, clearly much largerstatic magnetic field in incommensurate, §&a,;MnO; (tempera-

than the corresponding to pure AFM correlations. The im-ure refers to the Nal transition pointTy= 155 K). For comparison
portance of the FM and AFM interpenetrated regions in thigh® same dependence is shown for the commensurate
compound is thus confirmed. This fact seems to be very akiffZCaMnO; case Ty=190K). Temperature markers corre-

to the lack of two well defined cells in neutron and synchro-SPond tox=y3. Inset. different evolution arourity of thex= 3 and

tron diffraction daté Instead, lattice strain is particularly X=2 compounds.

apparent in the diffraction patterns belawg.

In Fig. 7(b) we show the temperature dependence of thdional confirmation of intrinsic structural and magnetic inho-
relative fraction of muons feeling a local static field at their mogeneities in the sample. The round transition in Fig) 7
site. This fraction, obtained from the evolution of the initial may be ascribed to a distribution of dleeemperatures with
asymmetry, is related to the relative volume fraction exhib-origin at the lattice strain and/or possibly driven by local
iting some degree of magnetic order. For comparison, théluctuations of the density o, electrons. On another hand,
dependence for RECa gMnO; is also shown in the figure a very low density of tinynanometri¢ clusters with trapped
and the temperature is referred to theeNpoint. Forx=3 electrons and blocked moments that may have nucleated
static fields develop over the interval 100—180 K. The existhrough the inhomogeneous CO transition could be the ori-
tence of frozen moments in the whole volume is only at-gin of the small ordered fraction detected below 180 K.
tained close to but below.. Moreover, it is worthwhile Finally, although the results suggest that the spatial distri-
noticing that in contrast with the abrupt behavior at the onsebution of AFM and FM regions strongly overlaps, the
of local AFM order in the manganite witk= %, the onsetin  ground state is clearly far from a quasihomogeneous canted
Pr,;sCasMNnO3 is very rounded. A significant change of magnetic arrangement. Additional information that suggests
slope seems to occur closeT@. In fact a very small frac- significant local fluctuations of the density of carriers as a
tion of this sample exhibits local order below180 K  source of disorder comes from the DSC measurenisets
[above the emergence of magnetic Bragg peaks; inset of Fidrig. 4(b)]. The entropy change throudhto (As~0.06R) is
7(b)]. From the evolution of the entropy changdes(T) considerably smaller than the expected change associated to
shown in Fig. 4b) this is the temperature at which the CO the ordering of theey electrons in this systemAsi,eq,
transition has come to completion. This represents an addi=0.32R. Namely, As<1/5Asy.,. The theoretical estima-
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tion comes from the assumption that abdig, the e, elec- ~ microscopic development of static FM moments agrees
trons are freely placed among the Mn positions, while belowwithin the error with the appearance of FM Bragg intensity
Tcoall the Mn(1l) positions are occupied kg electrons and N the ND data. Muon relaxation in fiCasMnO; does not
the Mn(1) sites are randomly occupied by the remaining elecexhibit the thermal dependence characteristic of commensu-
trons. This assumption is very crude but such a huge differfate charge-order LpCa,MnO; compounds. The spin-
ence between these two values cannot be easily justifi¢@tice relaxation\(T) does not drop beloWco. BelowTeo
without significant local inhomogeneties in the electronicthe dominant relaxation mechanism of the muon polarization
distribution and disorder. To illustrate this it is worth men- iS based on FM Mn-Mn correlations and the relaxation rate is
tioning that numerical integration of the specific heat ofPeaked aff¢ instead ofTy. Persistent FM correlations are
La0.3£a).6dv|n03 reported in Ref. 23 reveals an entropy Cleal’ly visible betWeenTN and TCO while the SyStem ap- .
change through the CO transition clearly closer to its theoProaches the AFM freezing. Instead of confined mesoscopic
retical valueA s~ 1/2A Syqo [NereA syq,, has been calculated FM clusters and in consistency with noticeable lattice strain
taking as low-temperature phase the CO proposed foP€low Tco, these results suggest a model where FM and
LaysCaysMnO; (Ref. 24. AFM regions have a spatial distribution strongly interpen-
etrated. In agreement with the results of Ref. 6, the large
coherent CO regions seems to contain structural and mag-
netic defects densely scattered. The nucleation of structural
V. SUMMARY disorder and magnetic frustration is favored by the quaside-
The unusual properties and mixed nature ofdeneracy of the ground state, the particular orbital occupancy

Pr,sCa,MNO, have been investigated combining neutron ©f thg extraeg e[ectrons, and likely local fluctuations in their
diffraction, muon spin relaxation, magnetic, and calorimetricSPatial distribution. . . .
techniques. Analysis of the calorimetric data evidences a We WOU"?‘ finally I|!<e to mention that the picture co.n3|d-'
high degree of disorder below the CO transitiénpriori, ereq above is an's.tr'sltlc approximation. From a dynamic point
one should expect less disorder in compounds with chargé)-f view, the possibility of Ioca_l slow fI_uctuatl_ons between_the
orbital ordered state of very high symmetry, such aSC_O and the FM states associated with the jumps frqr_n site to
Pr,sCa,sMnO,, than in systems that order with lower sym- site of' the excese, electrons(local AFM-FM transitions
metry, such as Lp:CayMnO,;. Conversely, the disorder entropically activatedrequires further experimental efforts.
kept in the system below g is much more pronounced in
Pr,,4Ca;,3MNnO; than in LnsCa,sMn0O5. This disorder is not
related to chemical disorder or physical defects, but it is of
electronic origin, probably due to the fact that FM metallic =~ The authors acknowledge financial support by the CICyT
and AFM CO states are, in this case, quasidegenerate (MAT97-0699, MEC (PB97-1175, Generalitat de Catalu-
energy’ There is no doubt that a thermally driven spin reori- nya (GRQ95-8029 and the EC through the “Oxide Spin
entation must be ruled out in favor of two coexisting phase<€lectronics(OXSEN)” network (TMR). The ISIS, ILL, and
of similar energy. LLB laboratories are acknowledged for making available the
The uSR technique has been used to get information obeam time. The EC HCM program for Large Scale Facilities
the real spatial distribution of the FM and AFM regions. ThesupporteduSR measurements at ISIS.
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