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Electron spin resonance and relaxation studies of double-layered manganites

F. Simon}? V. A. Atsarkin? V. V. Demidov? R. Gaal,! Y. Moritomo,* M. Miljak,® A. Janossy? and L. Forrd
YPMC, Ecole Polytechnique Rierale de Lausanne, CH-1015 Lausanne, Switzerland
2Institute of Physics, Budapest University of Technology and Economics, H-1521 Budapest, P.O. Box 91, Hungary
SInstitute of Radio Engineering and Electronics, Russian Academy of Sciences, 125009 Moscow, Russia
“4Center for Integrated Research in Science and Engineering, Nagoya University, Nagoya 464-8601, Japan
SUniversity of Zagreb, Institute of Physics, CR-41001 Zagreb, Croatia
(Received 19 December 2002; published 27 June 2003

Electronic properties of La ,,Sr ;. »,Mn,0; (x=0.4 and 0.5 single crystals are studied by electron spin
resonancéESR and spin-lattice relaxation time measurements. Spin susceptip(lity determined from the
ESR signal intensity and macroscopically measured static-susceptibility data are in good agreement, thus ESR
detects all spin species in the system. In both compounds, the ESR spectra contain a single, nearly isotropic
Lorentzian line associated with the exchange coupled™and Mrf" ions. For thex=0.5 compound, the
fingerprints of charge orderin@CO) transition atT =226 K are detected. In addition, strongly anisotropic
ferromagnetic resonance spectra are found in both materials, suggesting the presence of extrinsic ferromagnetic
phases. Fox=0.4, the longitudinal relaxation tim&; and the transversal relaxation tiriig are equal around
room temperature that is a sign of exchange narrowing.ThHH& , ratio increases to about 5 approaching the
Curie temperatur@ =126 K. No sign of critical speeding up @f, is detected. Instead, the slowing down of
the relaxation rate takes place ahgis proportional toT y(T). This is attributed to the freezing of short-range
magnetic correlations in the external field.
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. INTRODUCTION below Tc=126 K. The half-doped La$kin,0, compound
separates the FM and antiferromagnetic insulatifd|)
Recently, double layered variants of the perovskite-ground states and has some peculiarities: it contains equal
structure  manganites represented by the formulaumbers of MA* and Mrf* ions and undergoes charge
La,_,,Sh4.,Mn,0; attracted much attention due to their (Tco=226 K) and antiferromagneti¢éAFM, Ty=170 K)
unusual conducting and magnetic properties, including coordering? This material has not been studied by ESR to the
lossal magnetoresistan¢EMR), charge and orbital order- present day.
ing, and especially the effects of low dimensionalige, for We also studiedr; and T,, the longitudinal and trans-
example, Refs. 196 These crystals consist of Mpilay-  verse electron spin relaxation times, respectively. The relax-
ers separated by insulating (La,8D) sheets, a quasi-two- ation ratesT; * and T, ! are proportional to the correspond-
dimensional2D) structure leading to anisotropic properties. ing spectral densities of the internal field fluctuatichand
The rich phase diagram of the double layered mangahitesso provide a great deal of useful information about changes
shows that considerable changes in magnetic ordering can lbelated to phase transitions; in particular, critical “speeding
caused by slight variations of the Kih (i.e., hole concen- up” of the relaxation rates is usually expected when going
tration represented by doping Electron spin resonance through the critical temperature from above. Using conven-
(ESR is an important technique to study magnetically cor-tional ESR it is impossible to measufg in systems with so
related materials and thus the different parts of the phastast relaxation that encountered in manganites. However, the
diagram of manganites. Up to now, the ESR data on thenodulation technique with longitudinal detection which was
Lay 355N 6gMN,0, ceramicé and La ,Sr; Mn,O, single  originally proposed by Hwe and Pescid'®and modified a
crystal$® were reported, both compounds revealing typicalfew years agtf enables the measure ®f values as short as
CMR behavior near the transition from paramagnetic insula10~ s. Using this techniqud;;; have been measured®in
tor to ferromagnetic metal. Chauvet al.” detected the pres- a series of perovskite manganites;LaCaMnO; in the
ence of ferromagnetic clusters and magnetic polarons; howparamagnetic state and across the Curie temperaligk (
ever, some later investigations carried out on singleStriking absence of the critical speeding up of the longitudi-
crystal§~1° cast doubt on this suggestion. Instead, an addinal spin relaxation neaf . was reported, in contrast with
tional strongly anisotropic spectrum observed in most of theheoretical predictions’™*° The origin of this phenomenon
samples was associated with intergrowths of other perovskiteras not cleared up, and new investigation on the layered
phases. The relative size of the additional signal was foundquasi-2D manganites is desirable. The goal of this study is
to depend on crystal growing conditiohss would be ex- to investigate spin dynamics and phase transitions in single
pected from inclusions. crystals of two double layered manganites using ESR and
In this paper, we report ESR results on single crystals o6pin relaxation techniques, with particular emphasis on criti-
La; ,Sr gMn,0; (x=0.4) and LaSiMn,0; (x=0.5) com-  cal behavior of spin relaxation and seeking for signs of mag-
pounds. Thex=0.4 material is a ferromagnetic met®M)  netic polarons.
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FIG. 1. Typical ESR spectra of the Lg5r; gMn,0; single crys- [ T T
tal at 9.5 GHz forH in the (a,b) plane. Temperatures are indicated B C A b
at the curves. The arrows show th&™and “ B” lines. 183 K
Il. EXPERIMENTAL TECHNIQUES J\/ 173 K
Our ESR, relaxation, and dc magnetization measurement J\/ﬁ 159K
have been carried out on single crystals of }%; Mn,0; . | . | . | . |
(x=0.4) and LaSiMn,O; (x=0.5). The samples were 0 > 4 6 8
platelike in shape, of a few nfirin area and 0.7-0.9 mm H KO
thick. Thec axis was perpendicular to the largest plane. The [kOe]

crystals were prepared in the Center for Integrated Research
n S_Clence and Engineering, Nagoya.l Umversﬁy using thecrystal at 9.5 GHz(a) Hilc; (b) H in the (a,b) plane. Temperatures
floating zone method. X-ray characterization showed that thg s indicated at the curves. Th&* “ B.” and * C” lines are shown
crystals were of high quality. The ESR spectra at 9.5 @Kz the arrows. o

band were taken in Bruker ESR spectrometers in Moscow

and Lausanne; the high-frequency measuremet8s and 5 proaq, slightly anisotropic lingalled the “A line”) char-
150 GH2 were performed in Budapest in a home-built spec-pterized by & factor close to 2, and strongly anisotropic
trometer. The dc magnetization studies were carried out if\no «B.” |n addition. a weak additional linécalied the ‘C
Zagreb- with a tprqug magnetometer. The longitudinal _EIeCIine") is observed in LaSMn,O: this line is not well re-
tron spin reIaxapon timé was mgasured by the modulation solved in the ESR spectfaee Fig. 2, but it is clearly seen in
technique previously described in Refs. 12-16. The methoghq |ongitudinal response due to its relatively lafgevalue
involves detection of the longitudinal magnetization re-(see below, Sec. IIIB All the lines are shifted from their
sponse to radio-frequency modulation of the MICrowave,igh_temperature positiong=2) to higher fields when the

power acting upon the ESR line. The ‘amplitude” gyio1nal magnetic fieltd is along thec axis, and to lower
versiort*~18was used, which is in fact analogous to the CON-5nes whenH is in the @,b) plane. The spectra of

ventional cw saturation technique, with the difference thatl_al ,Sn, MN,0, are similar to those reported previoudfy
the lextredmilly low saturationdfzzctors{ 10_3f_tr}0_|4) a{ed_ he resonance fieldd,, Hg, andH¢ of the corresponding
Sglgcoti);en 'Thgymirgugﬁgrfté:gque);]cn;%?nls 60MH§ a%gg;nl:crlcr: nes for thex=0.5 compoundafter corrections made for the

C : "Dysonian distortion, see belgvare plotted in Fig. 3 versus
wave power(in the X band of about 200 mW were used. Y 9 P 9

. X temperature. The temperature interval in Fig. 3 is restricted
We employed diphenyl-picryl-hydrazyDPPH as a stan- the range where the resolution allows determination of the
dard reference with temperature-independent value o

_ 5 esonance fields with proper accuracy.

T1=5X10""s. The behavior of thé\ line can be attributed to ordinary
paramagnetic resonance of the exchange coupled®Mn

Ill. RESULTS —Mn*" spin system. Fox=0.4, this was thoroughly dis-
cussed in previous publicatiofS.As clearly demonstrated
by Morenoet al.’ the shifts of theA line to higher and lower

Typical ESR spectra of LaSr gMn,O; (x=0.4) and fields are proportional to magnetizatiOd) of the paramag-
LaSKrLMn,0; (x=0.5) taken in theX band at various tem- netic sample and can be associated with the single-ion an-
peratures are presented in Figs. 1@2and 2Zb). In both  isotropy and Dzialoshinsky-Moriya interaction. In the
compounds, above critical temperatures, the spectra include 0.5 compound, théd, value depends ofi only slightly

FIG. 2. Typical ESR spectra taken on the La8n,0; single

A. ESR spectra and susceptibilities
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FIG. 3. The resonance fields of theline (triangles, B line
(circles, and C line (squareys in LaSr,Mn,O; H in the (a,b)
plane.

FIG. 5. Angular dependence of the resonance shift oBtfine
in LaSL,Mn,0; at T=236 K. The solid curve is calculated from the
model of an easy-plane ferromagnet with,;=2.65 kOe.

(Fig. 3, in agreement with expected low magneti- quenciegfrom w/27w=9.5 to 150 GHz for bothc and (a,b)
zation values typical of AFM mate_nals. Note thqt both directions of the magnetic field. The shift is nearly indepen-
Ha and Hc temperature dependencies change their slopegent of» and so caused by the effect of the sample magne-
below Tco=220 K. ) . . tization rather tharg-factor anisotropy. The dependence of
As tolthe.stronglly anlsotroplB Ilne., there are some dis- Hg on the angled between thed direction and the axis is
crepancies in the interpretation of its origin. In the early gpvn in Fig. 5. The plot is typical of FMR in thin ferro-

d . .
work by Chauvetet al.” (performed on ceramics withk magnetic platelet or, alternatively, of anisotropic ferromagnet
=0.325), this line was attributed to intralayer ferromagnetic,y;ith an easy planésee below, Sec. IV

clusters of fixedmicroscopig¢ size. Instead, in more recent

publications’ the B line observed in th&=0.4 single crys-  seems to be natural due to an admixture of the dispersionlike
tals was considered as ferromagnetic resondibtR) origi-  (pysonian component typical of conducting samples having
nating from intergrowths of other parasitic phases undergogejr skin depths at microwave frequencies of the order of
ing ferromagnetic transition belovTé%Z?_O K. Figure 4 the sample thicknessl). We have performed corresponding
shows temperature dependence of the $hift- Hy of theB  ¢orrectiof®?* by means of subtracting the dispersionlike
line relative to the nearly isotropi& line; the presented data (symmetrig part of the Aline absorption derivative. As a
are taken on th&=0.5 sample at various microwave fre- resylt, the values al/ & presented in Fig. 6 were worked out,
which are in agreement with conductivity d&t3?>Once the

The ESR lines in Figs. 1 and 2 are asymmetric. This

6 T . . T . correction has been made, tAeline was found to be well
]
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FIG. 4. Shift of the resonance field of tiBdine in LaSpMn,0O,
at Hilc (open symbols and in the &,b) plane (filled symbols FIG. 6. Sample thicknes&l) over skin depth(é) versus tem-
relative to theA line as a function on temperature. Squares: 9.5perature for La,Sr gMn,O; (open triangles and LaSsMn,0;
GHz; triangles: 75 GHz; circles: 150 GHz. (filled squares
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FIG. 7. The shape of thB line after subtracting the Dysonian _[!G- 8. Temperature dependencies of the inverse ESR suscepti-
distortion (at the top and the same line recorded by longitudinal Pility of the A line (filled triangles and theB line (open circles;
detection (below), both registered on LaSK gMn,O; at T note the _scale chang&)r La; ,Sr gMNn,07; H in the (a,b) plane.
=168K andH in the (a,b) plane. The dotted line represents Pashed lines are guides for the eyes.
the best fit accounting for distribution of the Lorentzian packets, see

the text. We observed thay,(T) deviates from the Curie-Weiss

behavior in thex=0.4 sample, thus pointing to the existence
of superparamagnetic clustefshort-range ferromagnetic

described by Lorentzian shape in the whole temperatur orrelations. Unlike this, for thex=0.5 material bothy

range corresponding to paramagnetic phases of the bo d xc pass through maxima in the vicinity ofco
compounds(above Ty=170K for x=0.5 andTc=126 K _ 556k the temperature of the charge ordering. A0
for x=0.4). Below these critical temperatures, additionalggtration of the magnetization is clearly seen in both
shifts and distortions arise, typical of long-range magneticcompounds, that confirms the ferromagnetic nature of the
ordering. B line.
Using the determined!/$ ratios, we performed similar
correction for theB line. It was found, however, that thg
line is strongly asymmetric in both compounds even after )
subtraction of the Dysonian distortion. This suggests inho- Temperature dependencies Bf and T, for the x=0.4
mogeneous broadening caused by random deflection of fef/ystal are shown in Fig. 10 witfii, values calculated from
romagnetic magnetization from tha,p) plane. the equation
To check the validity of the correction procedure, the ESR
spectra obtained after subtracting the Dysonian distortion
were compared with those observed by means of the longi-
tudinal detection used fofl; measuring(see below. It ‘ ' — v =
should be noted that the longitudinal magnetization responst I A
is proportional to the absorbed microwave power. So it is 4 '{5-~g,:;-'
insensitive to the “dispersion” mode and presents the pures 1 L oa Lt -
absorption spectrum. It was found that both methods of reg-5 i . A
istering the resonance absorption spectra are in good agre@ I o C .
ment. An example is shown in Fig. 7. I ’ ) T
Knowing the corrected absorption spectra and the skin=
depth values, the total resonance absorption areas of eacs
ESR line can be used to determigg, xg, and yc, the
ESR susceptibilities related to th& B, and C lines. The
corresponding temperature dependencies are shown in Fig:
8 and 9. The overall temperature dependence of the macrc
scopic static susceptibility,(T), determined on th&=0.5
sample from the torque measurements agrees with the sum ¢
the ESR susceptibilitiegesg= xa+ xs+ xXc. Moreover, the
maximum absolute valuesy(226 K)=2.3x10"* emu/g FIG. 9. Temperature dependencies of partial ESR susceptibili-
and xesg(226 K)=3x10"* emu/g, are within 30%. Such an ties (A line: filled triangles;B line: open circles:C line: filled
agreement is usually considered as a strong evidence that 8fuaresfor LaSL,Mn,O,; H in the (a,b) plane. Dashed lines are
spin species are accounted for in the ESR experiment. guides for the eyes.
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FIG. 10. Temperature dependencies of the longitudifl, ( T K]

solid symbol$ and transverseT(,, open symbolsrelaxation times

for L&, ;Sn gMn,O7; H in the (a,b) plane. Triangles:A line; FIG. 11. Temperature dependenciesTof (filled symbol$ and
circles:B line. Solid curve represents the “noncritical Huber law,” T, (open symbolsin the LaSsMn,O; crystal withH in the (a,b)
Eq. (). plane. TrianglesA line; circles: B line; squaresC line. Dashed
lines are guides for the eyes.

Here y=gug/# is the electron spin magnetogyric ratio
(ng being the Bohr magneton aridthe Planck constant  assumed to be caused by demagnetization field according to
and A, is the half-width of the Lorentziar line or a spin  the well-known formula®
packet forming the inhomogeneo@sline (see below, Sec.
IV). One can see in Fig. 10 that tlig=T, equality holds for w)? _
the A andB lines only at the highest part of the temperature (;) =H(H+47M), H in (a,b) plane, (33
range. Upon cooling below 250-300 K, tfg/T, ratio in-
creases progressively to about 5 when approaching the Curie ®
temperature. Moreover, the temperature dependencg, of —=H-47M, Hilc. (3b)
for the A line can be well fitted by the “non-critical Huber Y

law” 2% (see below, Sec. | .
( N In the work by Bhagaet al.® this model was successfully

T,cTx(T), 2) used for fitting the observed angular dependence of the reso-
nance fieldHg. It should be emphasized, however, that the
where the temperature dependent susceptibjitf) was fitting of the same quality can be obtained with another ap-
taken from Fig. 8. In Fig. 10, the relation E(R) is repre- proach, namely, by accounting for anisotropic ferromag-
sented by the solid curve. Similar behavior was reported ometism with an easy&,b) plane that is just the case for the
the La _,CaMnO; manganite§'®with the difference that, double layered manganités® In this model, Egs. @ and
in the La _,CaMnO; case, the “slowing down” ofT; and  3(b) remain valid after substitution of anisotropy fietths
raising of T, /T, were observed only in a narrow temperaturefor 27M (see Ref. 2 The calculated angular dependence
range just above the Curie point. of Hg for x=0.5 is shown in Fig. 5 together with the experi-
Relaxation data fox=0.5 are presented in Fig. 11. In this mental data; the best fit was obtainedHa},<=2.65 kOe &
case, the longitudinal response from théine was too weak =0.5) and 2.2 kOeX=0.4; not showh So the model of
to be detected with proper accuracy, so only upper limit ofintralayer ferromagnetic clusters proposed by Chaevet.’
about 0.1 ns has been determined Tg(A) (it will be re-  cannot be conclusively excluded if one suggests that the
called that the magnitude of the longitudinal response is procluster size is large enough to be considered as an anisotropic
portional to T,, see Ref. 1% Unlike this, theT, values object allowing observation of the FMR spectrum.
measured on th® line andC line were found to be suffi- Some information on this subject can be obtained from
ciently long. The largesT, /T, ratio is observed on th€  the behavior of thé-line parameters in the vicinity of criti-
line, being indicative of strong inhomogeneous broadening.cal points ¢, Tco, andTy) characterizing the host lattice
(and not the intergrowth®of the manganite crystals. First, as
can be seen in Fig. 2, the AFM ordering beldy=170 K
V. DISCUSSION (atx=0.5) manifest itself in the splitting of thB line. Sec-
First, we will discuss the origin of the ferromagnet®-  ondly, there is a slight dip in the temperature dependence of
line) spectra observed in botk=0.4 and 0.5 compounds. the longitudinal relaxation rate nedgg (Fig. 11); however,
The most plausibléand the simplestmodel was suggested this effect might fall within the experimental error. The most
in Refs. 8—10 where thB line was attributed to thin ferro- pronounced peculiarity can be observed as follows.
magnetic plateletsintergrowthg which occupy only a few As mentioned above, the overall asymmetric shape of the
percent of the total volume. The observed anisotropy wa8 line was supposed to be formed by superposition of ho-

224433-5



F. SIMON et al. PHYSICAL REVIEW B 67, 224433 (2003

VT T ] ferromagnetic clusterémagnetic polaronsembedded in a
F ] short-range charge/orbital matrix was reported recently for
351 ] some “cubic” manganite4® Nevertheless, at the moment we
; 3 ] cannot be sure about the origin of tBeandC lines: further
S0 ] investigation is needed, both theoretical and experimental, to
2 ] resolve this problem.
§ 251 o 5 o ol 1 Finally, we discuss the relaxation data. The theory of elec-
S 5 5 90 ] tron spin relaxation in a concentrated paramagnet undergoing
- 20 3 3 ] FM or AFM phase transition was elaborated by KawaSaki
“ 52 ] and Hubert®*®further development and applications to ESR
5P 2 & . data were performed in a number of studisse, e.g., Refs.
] ] 23 and 26—3R The theory is concerned with strong isotropic
10F T, 3 exchange interaction that averages an anisotropic part of
. l oG g o w o w oo oo spin-spin interactiongas well as the single-spin anisotropy
150 200 250 300 due to the crystalline field thus resulting in effective line
T K] narrowing. It was suggested that approachiiggor Ty from

higher temperatures results in increase of the lifetime and
FIG. 12. The width of the angular distribution of the magneti- correlation length of critical fluctuations related with FM or
zation direction as obtained from the analysis of Bakne shape in ~ AFM short-range ordering. This should lead to the critical
Lay »Sn gMNn,0; versus temperaturé] in the (a,b) plane. broadening of the ESR lingspeeding up” of the transverse
spin relaxation rate Th). The general expression describing
mogeneous Lorentzian FMR linspin packetsshifted by ~ the temperature dependence of 1has the forrf®
local magnetization with different values 6f the angle be-
tweenM and thec axis. Using theM values obtained from _, C+f(e)
Eq. (3a) and assuming Gaussian distributionédrounds/2 T, =T (4)
with the dispersio §6%) as a fitting parameter, the resulting X
line shapes were calculated and successfully fitted to the Ol?/\'/hereC is a temperature independent paramefée) ac-
served ones. Temperatpre dependencétofor the'x_=0.4 ._counts for the critical speeding up; heﬁe:(T/TC,—l),
sample is shown in Fig. 12. A pronounced minimum iS\;nere T s the critical temperature. AT>T,, the second

clearly observed af =126 K. : : : .
. . . term in the nominator of Eg4) is negligible, and Eq(4
So there exist some correlation between the behavior educes to the “noncritical I(j(uk))er Iawg’ 9 a4

the ferromagnetid line and the state of the surrounding
background. On one hand, this might support the idea of

microscopic origin of the ferromagnetic objects in question; To1= c (5)
on the other hand, the FMR parameters in any thin flake of 2T’

parasitic phase should be affected by the surface conditions

dependent on magnetic order in the environment. [This is equivalent to Eq_2) if one acceptS ;=T, as typical

Similar arguments can be related to tbdine observed in  of the exchange narrowed ESR spetttdpon heating, the
the x=0.5 sample. The anisotropy of ti@line is interme-  noncritical relaxation rate increases for FM ordering materi-
diate between the “normal” paramagneticline and ferro- als and decreases for AFM ones, according to the Curie-
magneticB line (see Fig. 3. According to Ref. 9, the shift of Weiss Law; in both cases, it tends to a constant value at high
the resonance field to lower values upon cooling can béemperatures. Such behavior was really observed in a num-
caused by increasing magnetization with account made fdper of paramagnetic substances, including the *“cubic”
the crystal field anisotropy. Thus the observed change in thea; _,Me,MnO; manganites>34
temperature dependencies of bétlh andH¢ below T is In the vicinity of the transition, thé(e) term in Eq.(4)
consistent with progressive decreasing of magnetization dueecomes dominant and diverges g% where a>1 is a
to development of antiferromagnetic correlations. This iscritical exponent depending on specific mechanism of the
supported by the susceptibility data. As it is seen from Fig. 9magnetic ordering’~'° This critical speeding up of spin re-
the temperature dependencexqf is quite similar to that of laxation was indeed observed in several substances undergo-
xa: both ya andyc pass through their maxima at the chargeing AFM and FM transitiong®~2?but was not found in some
ordering temperatur&.o. Thus theC line might be attrib-  others, such as yttrium and manganese ferfftegrium-
uted either to magnetic polarons or to another parasitidron garnets: and, what is most intriguing, in the nonlayered
phase. In fact, a borderline separating two models is rath€eMR manganites. In the latter case, the broadening of the
uncertain and reduces to distinction between a microscopiESR line neafT¢ claimed initially by many authors as the
spin cluster and macroscopic ferromagnetic phase. Whdtritical” one, was then suggested to be inhomogené&ds
should be the cluster siZee., how many exchange coupled and proved to be caused by the demagnetization fields in the
spins should be involvedo be considered as a macroscopic presence of sample irregulariti¥s® Absence of any critical
ferromagnet? Whether 181n, as suggested by Chauvet speeding up and, on the contrary, the critical slowing
etal,” are sufficient? Note that the existence 0.8 nm  down of the longitudinal relaxation rateT{') which
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obeys the relation of Eq.2), was observed recently muon spin relaxation by the external field of 3 kOe was
on the La_,CaMnO; (x=0.1-0.33) materials by demonstrated on the La,CaMnO; manganité’The es-
Atsarkin et al1>16 sence of this effect lies in the fact that local fields produced
Consider now the temperature dependencies of Bgth by the polarized spin clusters become static and so lead to
andT; for our x=0.4 crystal(Fig. 10. One can see that the the inhomogeneous broadening of the ESR liagparently
T, value determined from thA linewidth shortens as tem- increasing II',), whereas I/;, being insensitive to static
perature approacheb: (Fig. 10. This was interpreted by fields, remains unaffected. In the layered manganites studied
Morenoet al® as Huber’s critical speeding up. However, the in the present work, the correlation lengthSat T, Ty are
longitudinal relaxation time of thé line does not demon- expected to be even larger because of quasi-2D dimension-
strate any acceleration upon cooling; instead, it increaseslity. As a result, theT,/T, ratio exceeds unity at much
progressively in a good agreement with E8) as repre- higher temperatures such as-2, see Fig. 10.
sented by the solid curve in Fig. 10. So the concluSatrout The absence of critical speeding up in the CMR mangan-
critical behavior of the ESR linewidth appears to be doubtdites might also be caused by the existence of strong AFM
ful. Rather, an increasing contribution of inhomogeneousorrelations which, on the one hand, are typical of these
broadening can be suggested, which is caused by randomaterials*>*'and on the other can suppress the “Huber de-
static fields of the exchange coupled FM clusters polarized iway” in the vicinity of the transition temperatufé3°
the external fieldH. Similar increase of th&, /T, ratio upon In conclusion, a comparison study of ESR, susceptibility,
cooling is also observed on th&line ascribed to FMR. In and longitudinal spin relaxation have been performed on two
this case, however, the Huber’s formulas are not applicabld.a,_,,Sr, | »,Mn,O; double layered manganites differing in
Here, we cannot discuss this issue, mainly because the origtheir magnetic ordering. From temperature dependencies of
of the B line is not clear. Absence of the critical speeding upthe ESR susceptibilities, definite evidences are found for fer-
was also found in th&=0.5 crystal, both for thd andC romagnetic X=0.4) and antiferromagnetic& 0.5) correla-
lines(Fig. 11). Suppression of the critical speeding up in spintions well above the magnetic ordering temperatures, with a
relaxation may be caused by the influence of the externgbronounced peculiarity neaf.o for x=0.5. Additional
field H (see Refs. 26, 29 Corresponding theory was devel- strongly anisotropic FMR-like spectra were observed in both
oped by Lazuteet al,>**° however, detailed discussion on materials, suggesting FM intergrowths or large FM ordered
this subject is beyond the scope of our present work, and welusters. Measurements of longitudinal spin relaxation have
shall restrict our consideration to simplified estimation.revealed the proportionality betwe&n andT x(T) (the non-
Kawasakt’ predicted that the critical broadening of the ESR critical Huber law in the whole temperature range. The ab-
linewidth in ferromagnets is expected only in the small-fieldsence of critical speeding up of the longitudinal spin relax-
limit ation and growing th&, /T, ratio as approaching the phase
312 transitions from th(_a paramagn_etic state were obsgrved, analo-
H<Hex(—) 6) gous to the “cqblc” perovskite manganites. Th!s can be
’ caused by freezing of the dynamical spin fluctuations due to
partial ordering of superparamagnetic spin clusters in the ex-
ternal magnetic field.

le

whereHq,~kgTc/gug is the exchange field] is the lattice
constant, and. is the correlation length. In conventional
paramagnetic materials, the correlation length steeply in-
creases only in a close vicinity @ ; in such a case, E{6)

is fulfilled in a broad temperature range abdvg, provided
thatH,, is large enough. In the CMR manganites, however, The research was supported by the Swiss National Sci-
strong ferromagnetic correlations develop even in the paraence FoundationGrant No. 7GEPJ062429the Russian
magnetic phase, well abovie- (see Ref. 41, and references Foundation for Basic ReseardiGrant No. 02-02-16219
therein. As a result, thal/l; ratio is small, the inequality6) ~ and the Hungarian State Grants No. OTKA T029150, OTKA
breaks down, and the critical acceleration of relaxation isSTS040878, and FKFP 0352/1997. One of the authiBrS)
absent. Total suppression of the critical speeding up in thacknowledges the HAS-Bolyai for support.

ACKNOWLEDGMENTS

1Y. Moritomo, A. Asamitsu, H. Kuwahara, and Y. Tokura, Nature °D. B. Romero, Y. Moritomo, J. F. Mitchell, and H. D. Drew, Phys.

(London 380, 141(1996. Rev. B63, 132404(2001).

°T. G. Perring, G. Aeppli, Y. Moritomo, and Y. Tokura, Phys. Rev. 5C. L. Zhang, X. J. Chen, C. C. Almasan, J. S. Gardner, and J. L.
Lett. 78, 3197(1997). Sarrao, cond-mat/020319@npublished

5C. D. Ling, J. E. Millburn, J. F. Mitchell, D. N. Argyriou, J. ’0. Chauvet, G. Goglio, P. Molinie, B. Corraze, and L. Brohan,
Linton, and H. N. Bordallo, Phys. Rev. &, 15096(2000. Phys. Rev. Lett81, 1102(1998.

4D. N. Argyriou, H. N. Bordallo, B. J. Campbell, A. K. Cheetham, 2S. M. Bhagat, S. E. Lofland, and J. F. Mitchell, Phys. Let259,
D. E. Cox, J. S. Gardner, K. Hanif, A. dos Santos, and G. F.  326(1999.
Strouse, Phys. Rev. B1, 15269(2000. 9N. O. Moreno, P. G. Pagliuso, C. Rettori, J. S. Gardner, J. L.

224433-7



F. SIMON et al.

Sarrao, J. D. Thompson, D. L. Huber, J. F. Mitchell, J. J. Mar-

tinez, and S. B. Oseroff, Phys. Rev.@, 174413(2001).

10C. D. Potter, M. Swiatek, S. D. Bader, D. N. Argyriou, J. F.
Mitchell, D. J. Miller, D. G. Hinks, and J. D. Jorgensen, Phys.
Rev. B57, 72(1998.

A, Abragam, The Principles of Nuclear MagnetisiClarendon
Press, Oxford, 1961

123, Heve and J. Pescia, C. R. Hebd. Seances Acad.25¢j.665
(1960.

133, Pescia, Ann. PhysParig 10, 389 (1965.

V. A. Atsarkin, V. V. Demidov, and G. A. Vasneva, Phys. Rev. B
52, 1290(1995.

15y, A. Atsarkin, V. V. Demidov, G. A. Vasneva, and K. Conder,
Phys. Rev. B63, 092405(2001).

16y A. Atsarkin, V. V. Demidov, G. A. Vasneva, and D. G. Gotovt-
sev, Appl. Magn. Resor21, 147 (200D.

7K. Kawasaki, Prog. Theor. Phy89, 285 (1968.

8D, L. Huber, J. Phys. Chem. Soli@®, 2145(1971).

19D, L. Huber, Phys. Rev. B, 3180(1972.

20, walmsley, J. Magn. Reson., Ser.122, 209 (1996.

2H. Kodera, J. Phys. Soc. Jp28, 89 (1970.

22T, Kimura, R. Kumai, Y. Tokura, J. Q. Li, and Y. Matsui, Phys.
Rev. B58, 11 081(1998.

23D, L. Huber and M. S. Seehra, J. Phys. Chem. Sclifis723
(1975.

2p. G. Gurevich,Magnetic Resonance in Ferrites and Antiferro-
magnetgNauka, Moscow, 1973(in Russian.

253J. M. De Teresa, M. R. lbarra, P. Algarabel, L. Morellon, B.
Garcia-Landa, C. Marquina, C. Ritter, A. Maignan, C. Martin, B.
Raveau, A. Kurbakov, and V. Trounov, Phys. Rev. &5,
100403R) (2002.

26M. S. Seehra and R. P. Gupta, Phys. Re®, B97 (1974.

27E. Dormann and V. Jaccarino, Phys. Lett48 81 (1974).

28R. H. Taylor and B. R. Coles, J. Phys. F: Met. Phgs.121
(1975.

PHYSICAL REVIEW B 67, 224433 (2003

29y, N. Berzhanskii, V. I. Ivanov, and A. V. Lazuta, Solid State
Commun.44, 771(1982.

30y, N. Berzhanskii and V. I. lvanov, Phys. Status Solidi81, 259
(1989.

31|, Laulicht, J. T. Suss, and J. Barak, J. Appl. Phy8, 2251
(199).

32A. G. Flores, V. Raposo, J. Iniguez, S. B. Oseroff, and C. De
Francisco, J. Magn. Magn. Mate¥26-230, 574 (2002.

33\M. T. Causa, M. Tovar, A. Caneiro, F. Prado, D. Ibanez, C. A.
Ramos, A. Butera, B. Alascio, X. Obradors, S. Pinol, F. Riva-
dulla, C. Vasques-Vasques, M. A. Lopez-Quintela, J. Rivas, Y.
Tokura, and S. B. Oseroff, Phys. Rev.58, 3233(1998.

34D. L. Huber, G. Alejandro, A. Caneiro, M. T. Causa, F. Prado, M.
Tovar, and S. B. Oseroff, Phys. Rev.@8, 12155(1999.

355, E. Lofland, P. Kim, P. Dahiroc, S. M. Bhagat, S. D. Tyagi, S. G.
Karabashev, D. A. Shulyatev, A. A. Arsenov, and Y. Mukovskii,
Phys. Lett. A233 467 (1997.

%M. Dominguez, S. E. Lofland, S. M. Bhagat, A. K. Raychaudhuri,
H. L. Ju, T. Venkatesan, and R. L. Greene, Solid State Commun.
97, 193(1996.

S7F. Rivadulla, M. A. Lopez-Quintela, L. E. Hueso, J. Rivas, M. T.
Causa, C. Ramos, R. D. Sanchez, and M. Tovar, Phys. Rev. B
60, 11 922(1999.

38F. Rivadulla, L. E. Hueso, M. A. Lopez-Quintela, J. Rivas, and M.
T. Causa, Phys. Rev. B4, 106401(2002.

39A. V. Lazuta, S. V. Maleyev, and B. P. Toperverg, Zh. Eksp. Teor.
Fiz. 81, 2095(1981).

4OA. V. Lazuta, S. V. Maleyev, and B. P. Toperverg, Solid State
Commun.39, 17 (198J).

41E. L. Nagaev, Phys. Rep46 387 (2001).

42R. H. Heffner, L. P. Le, D. E. MacLaughlin, G. M. Luke, K.
Kojima, B. Nachumi, Y. J. Uemura, G. J. Nieuwenhuys, and
S.-W. Cheong, Physica B30-232 759 (1997).

433, V. Maleev, Pis'ma zh. Eksp. Teor. Fi26, 523(1977).

224433-8



