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We present hard x-ray scattering studies of the charge and orbital ordering  if\NsMnO; together with
magnetization and thermal expansion measurements as a function of temperature and magnetic field. Super-
structure reflections corresponding to the orbital ordering bélgw=160 K are observed in the ferromag-
netic metallic phase up to 200 K. The correlation length of the observed structural modulations is found to be
highly anisotropic; i.e., the correlations exist predominantly inabeplanes. Moreover, the periodicity of the
superstructure modulations is the same above and bE{gy As a consequence, the modulations found in the
ferromagnetic metallic phase are incommensurate to the average lattice structure. The results from hard x-ray
scattering, thermal expansion, and magnetization studies can be consistently interpreted in terms of short-range
orbital ordering in the ferromagnetic metallic phase of; pit;,,MnO; .
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[. INTRODUCTION eV/atom.*®As a consequence, strong fluctuations and in par-
ticular phase segregation are to be expected. Indeed, recent
The doped manganites are fascinating examples of mate-ray and neutron scattering results reveal the coexistence of
rials with strongly correlated electrons exhibiting a great vathe AFM, FMM, and CE_Bhases in NeSr;,MnO; over a
riety of intriguing phenomena. Their unusual physical prop-large temperature rangé&.*’As phase segregation might be
erties originate from the intimate coupling between©f crucial importance for the colossal ma E£1etore5|stance ef-
electronic, structural, magnetic, and orbital degrees oféct (CMR effecy observed in mangani Its Investiga-
freedomt—3which has been recently observed and intensivelyfion is not only of interest from a fundamental point of view,
discussed. A very interesting example for the simultaneou8ut may also be important for possible applications. Another
ordering of magnetic, charge, and orbital degrees of freedorffitéresting question concerns the origin of the CE phase.
is the insulating ground state of the half-doped perovskité/Vhile the microscopic structure of this phase has been well
manganites shown in Fig. 1. As a result of strong electroni@Stablished, the mechanism of the ordering phlelr;omena itself
correlations ferromagnetic charge- and orbital-ordered ziglS Still the subject of controversial discussicHs™ .
zag chains are formed in theb planes which are coupled !N this paper we report hard x-ray scattering studies of
antiferromagnetically to each other, resulting in the so-calleghort-range orbital correlations in hsbr,;MnO; above
antiferromagnetic CE structufdn what follows we will re-  Tco @long with measurements of the thermal expansion and
fer to this phase shortly as the CE phase and we call the1agnetization as a function of temperature and magnetic

corresponding ordering of the different degrees of freedom
CE-type magnetic, charge, and orbital order, respectively.
This particular type of ordering has been experimentally
observed in several half-doped perovskite manganites like
Pry;SnMn0;,°  PryCa,Mn0;,°  Lay,,Ca,MnOs,”
Nd;;,Sr,,MnO; 2° and also in the layered compound
La;,Sk,Mn0O,.1°  However, the CE phase of
Nd; _,Sr,MnO; is only stable at low temperatures in the very
narrow doping range 0.48x<0.51! More specifically, al-
ready atx=0.45 the system is a ferromagnetic mefiiM)
at low temperatures whereasxat 0.51 an A-type antiferro-
magnetic metallicAFM) ground state is formed. The drastic
doping dependence of the ground state araunad.5 can be
understood as follows: In the CE phase a gap opens at the
Fermi level and similar to the lattice Peierls effect the elec-
tronic energy at half band filling is reducétiTherefore, it is
clear that deviations from half filling lead to a destabilization
of the CE phase. Furthermore, it is known from band struc-
ture calculations that the energy difference between the CE, FIG. 1. View of theab plane in the magnetic, charge, and or-
FMM, and AFM phases is very smallaround 0.01 bital ordered ground state ofy2A;,MnO; (solid circles, MA™;
grey lobes, MA"). Theab plane consists of ferromagnetic zigzag
chains which are antiferromagnetically coupled to each other.
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field. We observe If,k=0.5,0) superstructure reflections Nd, Sr, MnO,

(throughout this paper all reflections are indexed in the 5.48 ‘ . :
orthorhombicPbnm setting characteristic for CE-type or- © @008, .
bital order in the FMM phase up to 200 K. These correlations 544 —— o © ° ]
start to develop predominantly in thab plane ¢, oy . °
=500 A) while the orbital order between successak - 5401 .
planes is only weakly correlated{,=80 A). Moreover, the o d x12-
observed structural modulations are incommensurate with 536 9 e Vo=

the mean lattice structure of the ferromagnetic metallic phase ® d, x\2=c/2
having the periodicity of the low-temperature phase. There- 532 & o @ 1

forg, our results lead to the_con_clusmn that large CE-type 140 160 1éo 2(')0
orbital-ordered areas persist in the FMM phase of
Nd;;»Sr,MNnO5. Furthermore, the field-dependent measure- T [K]

ments show that these CE-type orbital-ordered areas are g 2. Temperature dependence of the lattice plane spacings
strongly influenced by applied magnetic fields. dy10 and dgg, as deduced from @. Explanations are given in the
text.
Il. EXPERIMENTAL TECHNIQUES
reflections are observed around the same position, having

The Nd,;;Sr;,MnO; single crystals were grown using the siightly different scattering angles® As thec parameter is
traveling floating zone method and characterized by magnezlongated while tha andb parameters are shortenedTaly
tization, resistivity, and x-ray powder diffraction. The lattice ypon heating it is possible to discriminate between
constants as well as the observed macroscopic properti¢s+20) and(004) reflections.
agree well with measurements reported in Iiterafﬂn]é.The Figure 2 disp|ays the lattice Spacings derived from the
magnetization measurements have been performed usingt@mperature dependence of the two observed scattering
vibrating sample magnetometer described elsewffeFar  angles ®. Both curves show a clear anomalyTato: Upon
the thermal expansion measurement a capacitance dilatomeating the upper curve decrease3 @ as expected for the
eter was utilized which allows a very accurate study of crys{110) lattice plane spacing and the lower curve increases
tal length change$ Hard x-ray scattering experiments were corresponding to thé002) planes. Moreover, the derived lat-
performed at the beamline BW5 at the HASYLAB in Ham- tice spacings are in good agreement with the ones reported in
burg using hard x rays with photon energies of 120 keV. Dugjteraturel!
to the high penetration depths at this energyl(mm), sur- The results given above show that contributiongf 0)-
face effects have only a minor influence on the detected sigas well as(001)-oriented domains have to be taken into ac-
nal. Therefore, this radiation allows us to investigate the bulksount. In particular, we observe superstructure reflections at
properties of the sample. _ (h,k=%,0) and =+ 3,k,0) due to(110) domains with in-

We performed triple-axis diffraction in horizontal Laue terchanged andb directions. Furthermore, it is important to
geometry utilizing the (111) reflection of a Si/Ge- note that the¢001)-oriented domains do not contribute to the
monochromator and Si/Ge-analyzer crystal with mosaicitiesntensity at p+1,k,0) and f,k+2,0): For example, the

of 60". With this setup and the sample used the longitudina{s+1 2 0) reflection of 4001) domain corresponds to the

resolution was 0.009 A' [full width at half maximum (=151 —4+1) reflection of a(110 domain. Thus the

(FWHM)] and the transversal resolution was 0.015'A g perstructure reflections of110) and (001) domains
(FWHM) at the or_thorhomb|(¢220) position. The signal was emerge at different positions. Therefore we can conclude that
detected by a solid-state Ge detector with a resolution of 50§ ragjal scan through an(k=+%,0) or a 1=1,k,0) reflec-
eV at 100 keV allowing electronical suppression of higherig, probes the orbital correlations in ttzb plane. More-

harmonics in the beam. For temperature-dependent measuer, thel direction which is common for af|110)y domains
ments betwee 8 K and 300 K the sample was mounted onjg el defined.

the coldfinger of a closed-cycle cryostat which itself was
fixed on a standard Huber Eulerian cradle. The measure-
ments in magnetic fields up to 4 T were carried out utilizing
a liquid helium cryostat equipped with a superconducting |n Fig. 3 temperature dependences of the magnetization,
magnet. electrical resistivity, and integrated intensity of #%3/2,0
superstructure reflection are compared. In the temperature
IIl. EFFECTS OF TWINNING range between 270 K and 4.2 K two phase transitions can be
observed. The first transition takes place Tai=249.5 K
In this study we are mainly concerned with superstructuravhere the pronounced increase of the magnetization signals
reflections around th€220) Bragg peak. However, as the the onset of ferromagnetic order. In accordance with the
investigated samples were twinned in all three directions otjouble-exchange model, the electrical resistivity is reduced
the underlying cubic perovskite, t{é 10) direction of one  and shows a metallic characteristic in the temperature range
type of twin domains coincides with th@®01) direction of  of increased magnetization. Therefore, this phase is often
another type of domain. Therefore, the20) and(004) called the ferromagnetic metallic phase, although it has to be

IV. TEMPERATURE-DEPENDENT MEASUREMENTS
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1E3 | FIG. 4. Temperature hysteresis of the macroscopic length
1E-4 + } + } + 4 changesiL/L in zero field.dL/L shows a similar hysteretic behav-
0.6 | ext E ior as the magnetization measurement displayed in Fig. 3.
B =0.05
_ B3 T teresis extends up to 230 K and, second, the temperature
S o4l J dependence betweéir o and T deviates considerably from
> ] that expected for a simple ferromagnet. More specifically, the
s 03F T_*"_1505K | | ] magnetization starts to decrease already around 200 K upon
02 | c ] cooling, suggesting the development of antiferromagnetic
% ] correlations. Note that we also observe an analogous feature
0.1f k of suppressed magnetization in elevated magnetic fields
a0 : ] around 4 T(Fig. 10, excluding effects due to magnetic do-
)

50 100 150 200 250 mains. Furthermore, this observation is in agreement with
T[K] recent neutron scattering experiments where the onset of
o . _ A-type antiferromagnetic correlations at 200 K has been
FIG. 3. Top: normalized integrated intensity of ##3/2,0 su-  opserved® An unusual hysteretic behavior similar to that

perstructure reflection measured in zero field. Middle: zero-fleldobserved in the magnetization is also found in the macro-

resistivity of the same sample as a function of temperature on gcopic length changesL/L shown in Fig. 4 [: macro-
logarithmic scale. Bottom: magnetization vs temperature in an ap- : ;

plied magnetic field of 0.05 T. scopic samp_le lengih In particular,d_L/L also displays a
nonsymmetric temperature hysteresis and, moreover, the on-
set of anomalous contributions can be observed around 230
noted that the resistivity is still about three orders of magni-« as thedL/L measurement is a highly sensitive probe for
tude larger than that of a typical metal. The second phasge investigation of structural changes the comparison with
transition takes place ak&y'"=150.5 K upon cooling. At  the magnetization measurements shows that the onset of an-
this temperature the macroscopic magnetization is strongljiferromagnetic correlations in the FMM phase is connected
reduced and the resistivity increases by about three orders @) structural distortions.
magnitude. Moreover, the observation of {2¢3/2,0 super- The onset of orbital ordering in the FMM phase provides
structure reflection signals the doubling of the orthorhombica natural exp|anation for the unusual behavior found invihe
unit cell. These observations can be attributed to the deVEhnddL/L measurements, but such a microscopic Origin can-
opment of the CE antiferromagnetic, charge- and orbitalnot be clarified from the macroscopic behavior. However,
ordered ground statéig. 1), which has been established by recent neutron scattering experiments performed by Kawano
numerous experimental and theoretical investigations. Iind co-worker® revealed the existence of almost two-
what'f'ollows we will refer to this transition as the CO/OO dimensional magnetic fluctuations corresponding to the
transition. A-type antiferromagnetic ordering. Moreover, Kiryukhét
Focusing on the CO/OO transition a pronounced temperag| 14 investigated the same samples used in the present study
ture hysteresis is observed in all three measureméfify ( utilizing x-ray scattering as a probe for structural fluctua-
=160 K, Te%""=150.5 K) indicating the first-order charac- tions. Although the ferro-orbital ordering of the A-type anti-
ter of the transition. In particular, the temperature hysteresiferromagnetic phase does not lead to additional superstruc-
of the resistivity and the integrated intensity at {2¢3/2,0  ture reflections due to a larger unit cell, the authors found
position correspond nicely to each other, showing that botlindications for almost two-dimensional fluctuating structural
measurements characterize the same ordering phenomenaamains of a second phase abdvg, and argued that these
However, the temperature dependence of the magnetizatiatomains exhibit A-type orbital order. The two-dimensional
displays a remarkable behavior: First, the temperature hyszharacter of the magnetic and structural correlations found in
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FIG. 5. Intensity distribution in the vicinity of thé220) reflec- MR C I
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tion at T=185 K. A broad peak centered &.5,1.5,0 can clearly
be observed. The intensity around tf&5,1.5,0 position merges
into the strong anisotropic diffuse scattering around (220 re- T [K]
flection.
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FIG. 6. Zero-field temperature dependence of the integrated in-

. . . tensity aboveT - taken at increasing temperature. The inset shows
the two scattering experiments has been explained by the, enjarged view of the high-temperature regime above 180 K.
underlying A-type orbital order, which builds a two- Apove 200 K the intensity of thé2,3/2,0 superstructure reflection
dimensional orbital network afl,2_,2 orbitals inside theab  merges into the diffuse background originating from t&20)
planest Therefore, the results from the investigation of theBragg reflection.
macroscopic and microscopic properties can easily be under- - down
stood in terms of short-range A-type orbital correlations inPerature so that the CO/OO transition takes plac&"
the FMM phase which couple to the magnetism as well as t&- 150.5 K. The_radlal scans in the left part of Fig. 7 consist
the structure. of two contributions.

Next, we discuss the results of the hard x-ray scattering Oneo very broad intensity distribution around®2
experiments. In Fig. 5 the intensity distribution in the vicin- —3.15° and anothsr srlarp . and stror)gly lemperature-
ity of the orthorhombic(220) reflection is shown. A broad dependent peak at=—3 ® which can be identified as the

and anisotropic peak is observed centered around thg:3/2:0 superstructure reflection. Obviously, t2,3/2,0

(2.5,1.5,0 position, which merges into the strong anisotropicreﬂecnon merges into the diffuse scattering, which limits the
dif:fu,se. écattering ’around th@20) reflection. Note, that the observation of the superstructure peak at high temperatures.

intensity at the(2.5,1.5,0 position can be attributed to the But besides this, the radial scans reveal that the FWHM of

. ) . . i i |
(221) reflection of a different twin domain. These results arethe (2,3/2,0 reflection @(z3120) IS almost constant and,

. ) ) . ; moreover, comparable to the FWHM of the neighboring
in agreement with the observations of Kiryukrghal. men- (220 Bragg peak 4 (55) Which represents the experimental

tioned above, indicating the presence of A-type orbital orderggo|ytion. At the same time thescans taken at the position
But moreover, we do also observe CE-type orbital correlagt the sharp superstructure reflection show a pronounced
tions: Unlike the A-type orbital order, the CE-type orbital proadening with increasing temperature. This anisotropic
order gives rise to a larger unit cell, because its leads to groadening of thé2,3/2,0 reflection is further illustrated in
doubling along théd direction (Fig. 1). Therefore, this type Fig. 8a) which shows the temperature dependence of
of orbital order can be observed in a more direct way Using A , 5/, )/ A 220y for the radial and scans. The comparison
rays by investigating the corresponding additional superelearly shows that thg2,3/2,0 superstructure reflection
structure reflections. In particular, we used hard x-ray scataboveT.q is considerably broadened in thdirection, while
tering to investigate the temperature dependence of thi stays sharp in the radial direction. This indicates that above
(2,3/2,0 superstructure reflection abovie-o. As demon- T short-range CE-type orbital correlations exist predomi-
strated in Fig. 6, intensity can be observed at (88/2,0  nantly in theab plane whereas the correlations between the
position up to about 200 K upon heating. Above 200 K theab planes are weak. More specifically, our measurements
intensity of the superstructure peak lies below a strong difshow that on cooling the in-plane correlation length of the
fuse background centered at tl{@20) Bragg reflection, orbital ordering around 180 K is already about 500 A, while
which can be attributed to the scattering from uncorrelatedhe correlation length in the perpendicular direction is only
Jahn-Teller-polarons!*?*2?*This is further illustrated in Fig. about 80 A. Another remarkable observation concerns the
7 where the temperature dependence of the radial antl thdattice constants of the short-range orbital-ordered areas
scan through thé2,3/2,0 reflection are compared. Note that which differ from those of the mean lattice.

the measurements have been performed with decreasing tem- This can be seen in Fig(l® which shows the temperature
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dependence ofd/d, whered is lattice plane spacing corre- Of the structural modulations decouples from the mean lattice

sponding to the€220) and (2,3/2,0 reflections, respectively. Structure approaching again its low-temperature value. It can
Approaching Tco from below, Ad/d for the (2200 and be concluded that the lattice spacings in the short-range
(2,3/2,0 lattice planes display a rather similar behavior orbital-ordered areas differ from those of the mean lattice
which is expected from the temperature dependence of thetructure, thus being incommensurate. Incommensurate
lattice parameters. AT the lattice plane spacing corre- short-range charge and orbital order has also been observed
sponding to thg220) reflection changes drastically, due to in PrysCa sMnO; and Lg Ca sMnO; using neutron and
the structural phase transition. The relative changiéd=  x-ray scattering techniqué&25-2

—4.5x10 2 agrees well with the changes of the lattice pa- To summarize so far, the above results obtained from the
rameters reported in previous literatdfeThese changes of hard x-ray scattering experiments reveal the existence of
the mean lattice structure are not reflected by the lattice planghort-ranged structural modulations betw@gy, and 200 K.
spacing corresponding to ttg,3/2,0 reflection. In particu- The corresponding correlation length is highly anisotropic;
lar, the lattice plane spacing corresponding to tB&/2,0 i.e., the correlation length in thab plane is about 6 times
reflection shows the opposite behavior abdyg,, as it in-  larger than in the perpendicular direction. These short-range
creases again to zero. This demonstrates that the periodicitprrelations abov8 o are incommensurate with the mean

T 'Nd1/28~r1/2MnO3 T b)
_95 o o - 0.000

a) T
i [
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FIG. 10. Hysteresis loop of the macroscopic magnetization
taken atT=150 K<To. The strong increasédecreasg of the
magnetization with increasin@ecreasingfield signals the phase

lattice structure and, moreover, have lattice spacings similagansition between the CE and FMM phases.

to the CE phase beloW.q. Therefore, these results strongly
indicate the presence of almost two-dimensional CE-typ&upports our conclusion that the anomalous length changes
observed in the thermal expansion are directly connected to

orbital-ordered areas betwe&gpg and 200 K in theab plane
orbital ordering processes, because the A- and CE-type or-

which are weakly correlated along tleedirection.
As the CE-type orbital ordering also takes place inside thejtal ordering induces antiferromagnetic interactions which

ab planes building nearly one-dimensional zigzag chainsare destabilized in applied magnetic fields.
(Fig. 1) along theb direction it is natural to assume that the  The destabilization of the long-range-ordered antiferro-
planar character of the observed structural modulationghagnetic CE phase by the application of a magnetic field is
is the result of the underlying CE-type orbital order. shown in Fig. 10. In this figure a magnetization versus ap-
Furthermore, we mention, again, that the coexistence of thglied magnetic field curve taken at 150<Klq is shown.
A, CE, and FMM phases aboVE:, is in agreement with  Starting from the zero-field-cooled stateBat 0 T the mag-
the fact that these phases are nearly degenerate in energytizationM below 1.2 T shows a typical antiferromagnetic
which has been proved by experimental and theoreticahehavior, i.e., a small magnetization which is proportional to
investigations:*310:47 the applied magnetic field. As the CO/OO transition is
Finally, we mention again that the development of A- andshifted to lower temperatures by the application of a mag-
CE-type short-range orbital ordering in the FMM phase natunetic field (see Fig. 9 the transition from the antiferromag-
rally explains the anomalous behavior observed between 23fetic CE to the FMM phase is induced by further increasing
K and Tco in the magnetization and thermal expansion,the magnetic field strength. This field-induced phase transi-

since the orbital ordering couples to the magnetic exchanggon is signaled by the strong increaseMfbetween 1.2 and
3 T. However, the field dependenceMfabove 3 T deviates

T [K]

FIG. 9. Comparison of a field-cooled-C) and a zero-field-
cooled(ZFC) measurement of taken at increasing temperature.

interactions as well as to the structure.
considerably from that expected for a ferromagnetic material.
V. FIELD-DEPENDENT MEASUREMENTS In particular, between_3 and 10M increases slowly and lies
well below the saturation value of about g.5/Mn. Further-

Next, we discuss the influence of applied magnetic fieldsmore, a pronounced field hysteresis is observed, manifesting
on the CO/OO transition. Figure 9 compares two zero-field-once again the first-order character of the CO/OO transition.
cooled warming measuremefftof the thermal expansion Note that in this field regime it is very unlikely that magnetic
coefficient @ which is the first temperature derivative of domains are responsible for the reduced magnetizadon
dL/L discussed in the previous section. The first measure<3.5u5/Mn. Therefore, the field-dependent magnetization
ment has been performed in zero field and the second ongeasurement strongly indicates the presence of antiferro-
was done in an applied magnetic field of 8 T. Focusing on thenagnetic correlations even at high magnetic fields within the

zero-field measurement, the onset of anomalous contribiferromagnetic majority phase.

tions is observed around 230 K. These anomalous length The destabilization of the long-range-ordered CE phase in
applied magnetic fields is also demonstrated in Fig. 11,

changes are connected to the unusual hysteresisLAf
shown in Fig. 4. The structural phase transitionTal, is  where the field dependence of the integrated intensity at the
(2,7/2,0 position at 140 K is presented. The strong reduction

signaled by a pronounced anomalydnaround 160 K. This
anomaly is shifted about 76 K in an external field of 8 T. Butof the integrated intensity with increasing field reflects the

moreover, the anomalous contributionsdare also shifted collapse of the long-range charge- and orbital-ordered CE
to lower temperatures by a similar amount. This stronglyphase. However, similar to the temperature-dependent stud-
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Nd,,Sr, MnO, T=140K place above the critical field. Indeed, the ferromagnetic order
o T ' T ' T " T " in the FMM phase produces considerable internal fields
§ 003 i @720 . which act in a similar way as applied magnetic fields.
e < Z 10 AX‘AQA“M | The field-dependent measurements @f M, and the
% \ g 08 \ A \ (2,7/2,0 reflection strongly indicate the existence of antifer-
g 0.02 | = 06 \ . romagnetic correlations in the field-induced FMM phase
B 2 04 | ; i i
b5 g o2 \ A which are connected to structural modulations. Again, the
5 \ S 0o Yo e presence of short-range A- and CE-type orbital correlations
g oo01F e 00 08 16 24 32 40 in the FMM phase provides a natural explanation for the
k= B [Tesla] experimental observations given above.
£ . | p g
2 O
0.00 O 7 VI. SUMMARY AND CONCLUSION
1 N 1 N 1 " 1 "
2.8 3.0 3.2 3.4 3.6 We have presented magnetization, thermal expansion, and
B [Tesla] hard x-ray scattering studies on Mbr;,,MnO; as a function

of temperature and magnetic field. The hard x-ray studies
FIG. 11. Field dependence of the integrated intensity of theindicate the presence of incommensurate and highly aniso-

(2,7/2,0 reflection taken at 140 KT¢o in the FMM phase. The tropic CE-type short-range orbital correlations in the FMM
inset displays the field hysteresis of the integrated intensity at thghase which can naturally explain the anomalous features
(2,7/12,0 position. found in the magnetization and thermal expansion measure-

ments: The onset of A- and CE-type orbital ordering inside
ies, not all of the intensity vanishes above the critical field.theab planes leads to a reduction of the macroscopic sample
Moreover, we again observe that the FWHM of the radiallength in thec direction which is observed in the thermal
scan is nearly unchanged across the phase transition as deexpansior’* Furthermore, the orbital correlations induce an-
onstrated in Fig. 12. Obviously, the integrated intensity of thetiferromagnetic interactions in agreement with the magneti-
(2,7/2,0 reflection is reduced by a factor of 140, while the zation measurements. As the presence of A-type correlations
FWHM stays almost constant across the field-induced phadeas already been reported in the previous literafuret is
transition?® Furthermore, it can be seen in Fig. 12 that thevery likely that betweefT o and 200 K three phases coexist:
position of the(2,7/2,0 reflection is also almost unchanged namely, the A-, CE-type, and FMM phases. The coexistence
across the phase transition; i.e., the periodicity of the strucef three phases is further indicated by numerous experimen-
tural modulation does not change. Unfortunately, we couldal and theoretical investigations which show that these three
not observe the broadening in thelirection due to experi- phases are nearly degenerate in enétg§We conclude that
mental restrictions® However, the results strongly indicate at T¢q the long-range charge- and orbital-ordered CE phase
that the same short-range orbital ordering phenomenonollapses and phase segregation occurs betWieenand
which has also been observed abdvg, in zero field takes 230 K. In this temperature regime short-range A- and CE-

Nd1 /ZSrl /ZMn03 (2,7/2,0) / T=140 Kelvin
ocl . . : ] . . ;
L {0.015
o B=0 Tesla B=2.7 Tesla
2 z
g :
[
é 410.010 =3
= 10.005 g FIG. 12. Field dependence of
§ 5 the radial scans taken at the
4 < (2,7/2,0 position at 140 K. The
t t : t t : width and position of the super-
r 10.004 structure reflection are nearly field
= 0006l B=2.8 Tesla ] B=2.9 Tesla - independent. The measurements
@ ’ Q have been performed with increas-
% 5 ing field.
=
?g 0.004} 0.003 &
8 =
£
Z0.002 ] <
: L s - s s 0.002
4.40 445 4.50 4.55 4.60 4.40 445 4,50 4.55 4.60

26 [Deg.] 26 [Deg.]
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type orbital correlations persist in the FMM phase. It is im-ducing the antiferromagnetic interactions between them. The
portant to note that the large-scale phase separation indicategsults given above show that phase segregation and perco-
by the hard x-ray results is in agreement with the fact that theative effects are of fundamental importance for the CMR
three coexisting phases have similar charge carrier concegffect of this compound.

trations. In this case long-range Coloumb interactions do not

prevent the large-scale phase segregdfidtinally, we dem-
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