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Lag Y 0.1Ca aMNO;, an ABO; perovskite manganite oxide, exhibits a nontrivial behavior in the vicinity of
the sharp peak found in the resistivityas a function of temperature in zero magnetic field. The various
features seen omlp/dT are discussed in terms of competing phase transitions. They are related to the
Mn—O—Mn bond environment depending on the content of Aherystallographic site. A Ginzburg-Landau
type theory is presented for incorporating concurrent phase transitions. The specificdfisatch a compound
is also examined from 50 to 200 K. A log-log analysis indicates different regimes. In the low temperature
conducting ferromagnetic phase, a collective magnon signatireT¢’?) is found as for what are called
magnon-polaron excitations. &=T%3 law is found at high temperature and discussed in terms of the fractal
dimension of the conducting network of the weakly conductisg-called insulatingphase and an Orbach
estimate of the excitation spectral behaviors. The need of considering both independent spin scattering and
collective spin scattering is thus emphasized. The report indicates a remarkable agreement for the Fisher-
Langer formula, i.e.C~dp/dT at second order phase transitions. Within the Attfield model, we find an inverse
square root relationship between the critical temperé&usnd the total local MAR-O—Mn strain.
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. INTRODUCTION Mn®*/Mn** sites and strong on-site Hund’s coupling. In
other words, the mobility of the conduction electrons be-
The properties of manganite’s famiB; _,A,MnO; com-  tween heterovalent Mn/Mn pairs is supposed to be greatly
pounds(whereR=La,Y,Nd,Pr andA=Ca,Sr,Ba,Pb) with a enhanced when the magnetic moments on adjacent Mn ions
Mn3*/Mn** mixed valence keep attracting much attentionare aligned. The mixed valency also leads to the formation of
of both experimentalists and theori$t$/ In the doping small polarons, arising from Mn/Mn valence changes and
range 0.2:x<0.5, these compounds are known to undergo alahn-Teller distortions involvinlyln that leads to incoherent
double magnetic and conductive phase transition under coohopping and high resistivity in the insulating phase. The es-
ing from a paramagnetic weakly conductive, usually calledtimated exchange energydS=45 meV (whereS=2 is an
insulating (1), state to a ferromagneti€M) metalliclike (M) effective spin on a Mn sife being much less than the Fermi
state. Thus a Curie temperatufg and a charge carrier lo- energyEg in these materialstypically, Er=0.15 eV), fa-
calization temperaturé,,, are respectively defined. The ob- vors an FM ground state.
servable difference between the two critical temperatures is The localization scenaritf,in which Mn oxides are mod-
usually attributed to the quality of the samplé! Neverthe-  elled as systems with both DE off-diagonal spin disorder and
less it could be ascribed to intrinsic interaction interplays,nonmagnetic diagonal disorder, predicts a divergence of the
enhanced by the inhomogeneity content. No need to recatlectronic localization lengtl§(M) at some so called-|
that some anomalous expansion also takes place at thhase transition afy,, . A critical spontaneous magnetization
transitions?® thus indicating a strong coupling between theM strength separates both phases, i.e.Nbsmall, 0<M
lattice, spin, and electronic degrees of freedom. <M, the system is in a highly resistiveénsulator-like
The magnetic localization of spin polarized carriers, form-state, while at low T, foM>My>0, the system is in a low
ing so-calledspin polaronsresults in a diffusivity dominated resistive, metallic-like, ferromagnetic phase. Within this sce-
charge carrier transport mechanism belbwwith a steadily — nario, the Curie poinT ¢ is defined through the spontaneous
increasing resistivityp with increasing temperature. How- magnetizationM as M(T¢)=0, while the M-I transition
ever aboveT ¢, the resistivity decreases and follows a ther-temperaturely,, is such thatM(Ty,)=Mgq with M, being
mally activated Mott-like variable-range hopping lagw  a fraction of the saturated magnetizatibhy, thereby with
cexp(Ty/T)* with 1/4<z<1. Despite a variety of theoretical Ty, <Tc.
scenarios attempting to describe this phenomenon, practi- The influence of magnetic fluctuations on electron-spin
cally all of them adopt as a starting point the so-calledscattering neafly,, and T¢ is expected to be rather impor-
double-exchang€DE) mechanism, which considers oxygen tant. They might easily tip a subtle balance between mag-
mediated electron exchange between neighboringnetic and electronic processes in favor of either charge local-
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ization or delocalization, and shift the relative position of 300 K has been investigated with great care, using a PPMS
Ty andTc. Moreover as in any phase transitions, a relevanfrom Quantum Desigif when it works. The method is a
question pertains to the observation or not of criticalsemiadiabatic experiment. We observe contributions from the
fluctuations?® and the order of the transitidfi.lt seems that collective spin reservoir. For the electrical resistivity the
the ferromagnetic ordering is a thermodynamic first-ordeisame care was taken as in investigations aimed at measuring
transition, intrinsically broadened by a distributionTa .26 Critical exponents>*®

We will give an interpretation of that broadening, and its fine. From the theoretical point of view we adopt the main
structure, from a chemical point of view. ideas of the microscopic localization thebhand can con-

struct a phenomenological free energy functional of
&nzburg-LandatﬂGL) type which describes the temperature
ehavior of the spontaneous magnetization in the presence of

strong localization effects. Calculating the background and

. ; . Sluctuation contributions to the total magnetization within the
highly responsible for the observed features in the GMR GL theory, the localization related magnetic free energy

We will not report magnetic field effects here below. leads to the specific heat through
In view of its charge carrier density sensitive nature, spe-
cific heat measurements complement the traditignand P2F
GMR data and be used as a tool for probing the intrinsic C=-—.
delocalization of the charge carriers beldw,,, and thus al

below T . The observe giant magnetientropy changén It is also knowr” that when(critical) fluctuations are impor-
manganitegproduced by the abrupt reduction of the magne-tant, the specific hea® and dp/dT contain the same tem-
tization and congruent to an anomalous thermal expansioperature dependent kernel; thus
near the Curie pointgives another reason to utilize the spe-
cific heat data in order to obtain additional information on C— ap
the underlying interaction mechanisms in these materials as T aT”
well as on excitations present in the vicinity of the critical
temperatures).?*=%’

On the other hand, substitution on tlle(or R) site is
known to modify the phase diagram through cation size ef- The La,gY(1Ca sMnO; samples were prepared from sto-
fects leading toward either a charge-ordered or an antiferraehiometric amounts of L#;, Y,0;, CaCQ, and MnQ
magnetic(AFM) instability® In particular,Y substitution is powders, among many other cases. The mixture was heated
responsible for weakening the system’s robustness againit air at 800 °C for 12 h to achieve decarbonation and was
strong AFM fluctuations, developed locally within the or- pressed at room temperature unde? kG/cn? in order to
dered FM matrix thereby shiftin§ . Some difference i obtain parallelipedic pellets. A sloduring two dayg an-
and Ty, positions related to modified collective excitations nealing and sintering process was made from 1350 to 800 °C

An applied magnetic fieltH enhances the FM order, thus
reduces the spin scattering and produces a negative so-call
giant magnetoresistivitytGMR). A sharp peak occurs around
Twm - The localized spin disorder scattering is thought to b

@

2

II. EXPERIMENTAL RESULTS

can be expected. in order to preserve the stoichiometry, though no perfect
In Lag gY ¢.1Ca sMNn0O3,* the negative GMRAp observed sample homogeneity is claimed.
atB=1 T shows a fine symmetry arourigy=160 K. This A small bar (length 1=10 mm, cross sectionS

suggests a usual transport mechanism controlled by fluctua=4 mn?) was cut from one pellet. The electrical resistivity
tions, in a polycrystalline or inhomogeneous system, since ip(T) was measured using the conventional four-probe
is known that the transition should be very sharp for singlemethod, taking a data point every 0.5K. To avoid Joule and
grains?® There are indicatiort$ that the observable GMR Peltier effects, a dc curret=1 mA was injectedas a one
Ap(T,B) scales with the magnetizatidvl in the ferromag- second pulsesuccessively on both sides of the sample. The
netic state and follows aM? dependence in the paramag- voltage dropV across the sample was measured with high
netic region implying thus some kind of universality in the accuracy by aKT182 nanovoltmeter. Measuremerits a
magneto-electrical transport properties below and aigve  magnetic field indicated a magnetoresistancéMR)
as in metal$®~* Strong magneti¢and charggfluctuations A p(T,H)=p(T,H)—p(T,0) as shown in Fig. 1 in Ref. 19.
are thought to be triggered by Y substitution and further enThe negative MRAp(T,H) shows a peak at some tempera-
hanced by the magnetic field. The Ref. 19,20 data were inture ca.T* =170 K. The magnetothermopow&was also
terpreted in terms of nonthermal spin hopping and magnetimeasured as reported elsewh@re.
zation M-dependent charge carrier localization leading to  However further examination afp/d T shows some fine
Ap=—py(l—e” 7’\"2) with M(T,B)=CB/|T—Tc|".*° This  structure, as seen in Fig. 1. The inflexion pointeofs pre-
formula generalizes the usual law for independent spin scatisely defined througdp/dT at T=149 K, the maximum in
tering in metal$8-3° p occurs fordp/dT=0 at T=170 K. A second inflexion

In the present paper we report and discuss some analygi®int occurs at 188 K. Moreover one observes a singularity
of typical results on the specific heat for a in dp/dT above the inflexion point, i.e., &=158 K, and
Lag gY 9 1Cay sMNO5 sample from the same batch previously \-like peaks at 94, 110, and 130 K. This may be reminding
used to measure the GMR and magnetothermoelectric poweis of dp/dT behavior at ferromagnetic transitions in metals
(MTEP).2®*%°A wide temperature interval ranging from 20 to and suggests the existence of specific energies.
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FIG. 1. Temperature behavior of the temperature derivative of T (K)

the electrical resistivity, i.edp(T)/dT and the value o€/T where
C is the specific heat of LgY1Ca sMnO;. FIG. 3. Temperature behavior of the specific heat of

] ] LaggY.1CaMNnO; on a log-log plot. The best fits to the data
We were able it? to successfully fit theAp(T,B) data, points lead to the indicated slopes.

where A means the deviation from thB=0 case, for the

whole temperature interval with as that used for measuring the MR. It is observed that singu-
_ AT larities occur at thesametemperatures fo€ anddp/dT. In
Ap(T.B)=-All-e 1, @ the intermediate temperature regime hereby examifieth
where 108 to 156 K the rather flat though quite bumpy behavior
reflects the complex phase transition dynamics and compli-
4) cated contributions from the spin-phonon-electron system.
For a general input at this point, let us recall a few specific
heat data, like that on CaMnOcharacterized by &Iy
=131 K,?” or that on Lgg;Ca 1,0MNO3 which presents

TO 2v

T-To

in which A, By, and v are temperature-independent param-
eters, under the conditiofiy=T*. Furthermore we observe :
that thedp/dT behavior rather looks like the change in re- three well spread anomalies at 315, 146 and 80 K, and a

o . \ ” broad (hystereti¢ feature at 35 K
sistivity occurring near most anti- andfor ferromagnetic ™ o0 it is well known that the specific heat has simple
order-disorder phase transitiotfs>3"~3° ’

Next Fig. 2 shows a typical unsmoothened run for thebehawors at low T, arising from different mechanisnis:

. - . the electronic contribution, i.eG,=T; (ii) the phonon con-
:ﬁren?:t%tér(?r)bﬁrh?swgggr:gz (Is:?ecg‘)lc Sf‘:gz:’alflrorgv;g'_ﬂ tribution, asC,=T?3; and (iii) the magnon contribution, i.e.,
sample has been placed on ags;am.ple holderyf:omposeg ofcgﬂagnszlz-40 Since the data have been very finely taken we
litle paddle (3<3 mmz) in teflon. A heather placed on the can expect to treat it as when searching for critical exponents

back of the paddle increases the temperature of the sampﬁn a log-log plot. In the temperature interval so examined
during 3 s; a data point is taken every 1.5 K. Both thermal ree regimes are markedly evident, see Fig. oAt tem-

X rature a 3/2 exponent is observedte 94 K, followed by
answers of sample holder and sample are recorded and fitt€d'. .
! ) SO a linear temperature regime up To=156 K, thereafter fol-
by exponential laws for which the characteristic time is re-

23 rani 25
lated to the thermal capacity of the system. The addendu jowed by aT**regime. Okudzt al,™ also recently reported

_ i 3 15
contribution has to be first measured and substracted frogbat aroun_d them -| "?‘.”S'“O”T. and T componen_ts are
rﬂ?served in the specific heat, in a;LagCaMnO; series at

the raw data. We stress that this is done for the same sampIOW temperaturdbelow 10 K

B(T)=PBo

100 211

10 Ill. DISCUSSION

Since we are mainly dealing with the temperature changes
below the transition temperatygg it is reasonable to as-
sume that the observed behaviors can be attributed to phonon
and electron backgrounds, but also to some magnetic entropy
s due to the spontaneous magnetization collective fluctuations.
3 We can writeF=F,,— F, for the balance of magneti#,

4 and electronicF, free energies participating in the processes
13
0

q
Mow/r) 0

under discussion. The observed magnetizalibshould re-
sult from the minimization of . We have discussed
elsewher® that after trivial rearrangements, the above func-

FIG. 2. Temperature behavior of the specific h€atind the  tional F can be cast into a familiar GL type form describing
resistivity p at B=0 for LaygY g 1Cay MnOs. a second-order phase transition, namely

0.1
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B TABLE |. Statistical table of the percentage of the most often
Fypl=an’+ > nt— 9%, (5)  expected £8.0%)[La,Y,Cd clusters in theABO, structure for one
Lag gY 0.1Ca 3MNO5; notations as in Fig. 4. A cluster is considered

where 7 is the order parameter, in our notatihghe  to be made of four cations placed on the corners of a square itself in
squareof the magnetization. As usual, the equilibrium state@ Perpendicular plane to the quasilinear M®—Mn bond. The

of such a system is determined from the minimum energf'USters are ranked according to their most probable joint frequency
condition 9.F/97=0 which yields7,, for T<T of occurrence, assuming independent probabilities. The displayed
o o frequency does not take into account a possible short range order

a(To—T)+¢ for the (*) clusters for which several ion configurations are possible.
= (6) The third column gives the sum of the coherent and incoherent

B strain parametew?+[(r,)°—(r,)]%. The corresponding critical
temperature is indicated

2:

This leads to an expression for the total magnetization

(2 Cluster type Frequency Total strain Critical temperature
M=M_,+Mg=M| 75— F) : ™ 3La,1Ca 25.92 0.009 146
B 1o Il 2Ca2Ld*) 19.44 0.011 130
in terms of theZ, 8, andn, parameter of the GL free energy 4La(t) 12.96
functional. Given the above definitions, the critical tempera-ll  2La,1Ca,1lY  12.96 0.018 108
tures are related to each other as v 3La,lY 8.64 0.020 94
2MgH,
Twi= 1——__) c 8 . . .
NeEK(0,00—nJS are unavoidable, and subsist even after repeated annealing, as
with later checked from the x-ray spectrdfn.
The plausible explanation for an intrinsic material origin
ynJs 1 of the substructures observedgd(T), rather than an extrin-
TC:<1+ '—) T, y=1-—. (9)  sic one as in Ref. 43 is provided by the model of Attfield
NeEx(0,0) V3 et al,* It is hereby used in order to evaluate whether there

where T* =170 K, the peak of the GMR which “normal- exist such “environmental effects” on the local distortions of

izes” the temperature scale in such a theory. In the abovi® Mn—O—Mn bond, thereby significantly affecting the
equations, E,(0,0)=#%2/2m&2(0,0), where &(T,H) is the local exchange mtegra_ls, whence th_e “average_t_ransmon
field-dependent charge carrier localization length, emdn ~ {emperatures).” Local distortions leading to specific ex-
effective electron mass. The balance of the exchangé  change integrals responsible for magnetic transitionesn
and localization induced magneMSHo energies can also called Clusterb have been parameterised here Using two
be described by the parametern;JSMH,; the mean- guantities:(i) the coherentstrain parametefr(r)°—(r)J?,
field expression for the “critical field” is Hy derived from the expression of the tolerance factor describes
=3kgT/2Sug . Notice that we founah,/n;=2/3, wheren; the deviation from the mean cation size,)° is the ideal
and n, stand for the number density of localized spins andperovskiteA cation ionic radius, i.e., 1.30 A for LaMnO
conduction electrons respectively, from the competition beperovskite® and(r,) is the mean radius of the occurring
tween the electron-spin exchand®& and the induced mag- A-site cations{ii) the statistical variance? in the distribu-
netic energyM¢H, in analyzing theR(T) data'®® The tions of ionic radii for each local configuration; the variance
analysis of such data producesc=195K and JS measures thisncoherentstrain, i.e., the effect of disorder due
=40 meV, instead of 45 meV in Ref. 15. However, we to the disparity or mismatch of individuah cation radii.
hereby conjecture that the value of the exchange eng®jy  Thereby we indicate that different samples with the same

Whence the tl’ansition temperature, as in any mean f|elaop|ng |eve| and to'erance factors can have qdi‘f&rent
theory* depends on the type of bonding, thus on thegransition temperatures.
Mn—O—Mn bond environment, and calculate such an ef-
fect next. -

A list of possible Mr—O—Mn bond environments is TABLE II. Statistical table o_f the percentage of more rarely
given in Tables | and Il with their respective probability of expected [La,¥.Cd _rclluster_s n t.he Ab||303 structure  for
occurrence, assuming statistical independence of the condifosY01CaMnOs with notations as in Table I.

tional probabilities, in other words no short range order. It is~

easily understood that due to the respective concentrations n#USter type Frequency Cluster type Frequency
La, Ca, and Y a few types of MpR-O—Mn bond environ- 3Ca,lLa 6.48 2Ca,1lLa,1Y 6.48
ments are practically relevant, each one being characterizezi a,2Y(*) 2.16 1La,1Ca,2Y 2.16

by its “cluster critical temperature” related to the “cluster 3ca,1Y 1.08 4Ca(t) 0.81
DE-effective exchange integral”; see E@&). Notice that due  2ca,2v(*) 0.54 1La,3Y 0.24

to the incommensurability of the ion content with respect tojca, 3y 0.12 4Y(1) 0.01

the available crystallographic site numbers, such “clusters”
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Mn Mn relative exchange energies for the clusters drawn in Fig. 4.
| Y | _©2 This would lead to establish the values the M@ bond
I. La7(|)—"La III. La70—La lengths and Ma-O bond angles in the Mngoctahedra as a
La Mn La N} function of the environment. It is also known that the elec-
n

tronic bandwidthW depends on the Mn-O tilt anglé§These
depend on the B-O—B bond angles and B-O lengths
through the overlap integrals between the @&bitals of the
Mn N l\ffn c B ion and the » orbitals of the O anion. Moreovél con-
1L La7OiCa V. La—OiCa trols the critical temperature through
|
La vn La i Te=Wexp( — yEsn)/hw, (10

FIG. 4. Sketch of the four main relevant clusters of wherew is an appropriate optical mode frequency, d&hg
Mn—O—Mn bonds in the presence of La, Ca, and YAasites in  the Jahn-TellerJT) energy (circle 0.3 eV.*8*° W should
the ABO; structure. decrease with increasing temperatfitéeading to electronic

Among the clusters, we should disregard at once th‘,ﬂlpcalization at high temperature. This confirms that the dis-
formed by 4La’s indicéted by a (1) in Table I, since this cussed magnetic transitions should occur below the main
would correspond to a LaMnOcompound which isnot M-|I: one 'nd?ed‘ | . h . |
ferromagneti¢® Only the four other main local configura- or completeness, let us point out that as in several re-
tions, i.e., according to the above statistical anal{Eble | ports one might also attempt to discuss featurgs in terms of
they occur more than 8% of the time, have thus been takeﬂTh effects ra_tger tr;]an through ab DI(Ej formalism. The JT
into account, considering specific cationic site distributions>¢"1€Me considers the MaO—Mn hon _geometr)per S€
around each oxygen idsee Fig. 4 each one is octahedraly V& emphasue the role of the bond environment. Both might
coordinated by two Mn cations and by foércations in the be highly relate(_j of course. - .
plane perpendicular to thguaslinear Mn—O—Mn bridge. In the same line of thought, the specific heat regimes t_ne-
In such a first orderand reasonabjeapproximation the low T¢ aanM' are thus easily understood from ba§|c solid
change in the spin-spin DE-integral, thiig is essentially state physics as recalled here above. We emphasize the re-
attributed to local strains resulting from oxygen atom dis_r_narkable agreement betweef‘ the te_mperatur_e of the anoma-
placements. A plot off ¢ vs a2+[(r »)°—(r »)]? from data lies in C _and dp/dT thereby illustrating the F|sher-L.'c.1nger
calculated and reported in Table I is shown in Fig. 5. Thisformula, "e"FNdp/dT at ;e(:lond order ﬁhﬁse transﬂﬁils.
indicates a marked inverse square root relationghig. 5), For completeness again, let us recall that Castral.
(in contrast to Attfield estimated linear relationsffpnark- ~ attributed three widely spaced anomaly in the specific heat of
edly unphysical allowing us to rank and confirm the role of Lao_875Ca)_1251r\1/lan)3 (in. ordefr of degrea5||r19 temperathre
each environment on the respective transition temperatureg.310 K) to t, e formation o magnetlg_po aro146 K a
That is the 3La,1Ca cluster corresponds to the GMR comParamagnetic to ferromagnetic transitid0 K) a charge

pound La 7:Ca, ,MnO; which has a transition temperature ordering_or spin-glass_transit_ion, a_nd the 35_ !(to a movement
near 225 K. of domain walls or spin reorientation transition.

Further ab initio calculations, outside the scope of this ©ON€ point might still be in doubt, i.e. whether the lindar

paper, would be useful in order to estimate more exactly, th&€9ime is a truly electronic effect orsmoothcrossover. As
an argument of a physical effect, we may argue that one

——y=13.85"x"-0.499) ; R= 0.987 should distinguish betweesmoothand sharp crossovers, the
150 ———~7——— 17— ] latter indicating a specific energy, here a temperature or a
; \ Y La.VY. . Ca.MnoO measure of the corresponding effective exchange integral,
140 ¢ 06 01 03 3I while the former points out to disorder or inhomogeneities.
T 130 . N 1 In view of the well defined positions of the 94- and 156-K
= c 1 temperatures we might rightly considdremas crossovers.
F 120" 1 Keeping coherent with the above analysis we consider there-
; ] fore that the temperature interval between these temperatures
110 ¢ S 1 is the siege of a specific set of phenomena without any
: 1 disorder-like effects. It might be also argued against our in-
100 terpretation that théow temperature electronic regimgiv-
ook L T ing a linear variation in temperature that extends a little bit
0.005 0.010 0.015 0.020 0.025 high (a euphemismin temperature. This would be valid but

(strain)? [A2] only if disregarding the marked importance of the electronic
effects in such materials for which th-I phase transition
FIG. 5. Plot of T¢ vs the total coherent and incoherent strain OCcUrs at rathehigh temperature in fact.
parameters?+ [(ra)°—(r)]? from data collected in Ref. 45 for Thus we seem to have accounted for the observed tem-
the main relevant clusters of MRO—Mn bonds in the presence of perature  dependences of the specific heat in
La, Ca, and Y distributed oA sites in theABO; structure. LaggY o1Ca sMNn0O;, in terms of ideas derived from the DE
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localization model for GMR materials. All such features arethe specific heatand the electrical resistivitycan be well
in agreement with the usual microscopic spin-polaron anciccounted for as due to electromsd so called spin-polarons
electronic localization theories. Next, concerning the poweand magnon-polarons. Thereby we emphasize the role of
law exponent less than unity here above observed in the speollective excitations beyond the metecalized spin (scat-
cific heat temperature behavior the matter is not so trivial. Aering) background. During the final writing of this paper, we
C=T?®law, as found at high temperature, can be discussefoticed one by Huhtinest al,?2 which explains the overall
in terms of the fractal dimension of the conducting networkpenavior of p(T) as a weighted sum of a variable range
in the so-called insulating phase, as in Orbach description gfopping mechanism and of itinerant electrons. In the latter,
random media excitation$.1t is known that depending on they use ar*® electron-magnon interaction term as well in
the excitation spectrum, be it of bosohy(i.e., phonons and e y(T) fit.
magnons, or fermionsf, i.e., electrons, their density of  The results are supported by a free energy functional of
states depends on the effective dimensionafityf the sys- GL type describing magnetic phase transitions near such
tem, i.e., temperatures. We pin point the possible occurrence of sepa-
- rated and competing phase transitions depending omthe
D(w)~ 1) (1))  andR ion distribution near the Ma-O—Mn bond respon-
or sible for the GMR effect. This leads to a formal description
of the specific heat as an equilibrium property. The case of
D(e)~ c(4i-1 (12) the electrical _re_sistivjty temperature derivative can next _be
understood within this framework, as due to electron “criti-
for bosons and electrons, respectively, thus giving respecal scattering processes” of correlatédcalized spin fluc-

tively a specific heat behavior like tuations. Notice that we do not discuss here whether the con-
~ duction mechanism differs above and beloW., as
C,~T%» (13 attempted elsewhere in order to explain optical spectra in
and related materials, i.e., k@ yY«Bay3MnO;.°r Moreover
those different magnetic cluster scattering processes are
C.~ T(?sffl)/z (14) weakly relevant for the overall resistance behavior which has

a metallic character up to the localization transition.
for the phonon and electron contributions in a truly three |t is interesting to re-emphasize that we associate each
dimensional system. Therefore the exponent 2/3 can be thitical temperature, with an exchange integral for a specific
signature of a percolation network for the hopping chargdinite size cluster, one critical temperature usually character-
carriers with a(very reasonableeffective dimensionalityd  izing acooperativephenomenon. This is an amazing demon-
=7/3 in the less conductingnigh temperatuneregime. This  stration of so many observed long range cooperative phe-
is easily contrasted to the linear regime in thev tempera- nomena due to short range interactions; see for example a
ture) conducting phase, and the appearance of an electronzalculation of a diverging susceptibility for short range spin-

transition at intermediate temperatures. spin interactions in Ref. 41. Moreover, the cooperativeness is
still manifested in the fact that only the clusters having a
IV. CONCLUSION concentration larger or as large as the order of magnitude of

the percolation concentration give a remarkable effect. After

On the one hand, we have observed on a log-log plot threghis paper was reviewed we came across an interesting study
regimes for the specific heat in a temperature range encongf critical exponents at CMR transitiotfswhere the above
passing the charge carrier localization temperalyje and  comment is outlined. We quote a few lines : "The DE inter-
the magnetic transition temperatufg . At not too low tem-  action has a distinguishable property compared to ordinary
perature, a collective spin excitation or magnon signatur@xchange interactions in spin systems. Effective ferromag-
(C=T%? is found, for what we could thus call a magnon- netic interaction is induced by the kinetics of electrons which
polaron regime or magnetopolaron excitations in such mantavor extended states with ferromagnetic spin background to
ganites. A simpleT law occurs before the transitions. @  gain the kinetic energy. If we integrate out the electron de-
=T2?Jaw is found at high temperature and is interpreted ingrees of freedom to describe the action as a function of spin
terms of the fractal dimension of the conductitigpppping configurations, it is necessary to introduce effective long-
network in the so-called insulating phase. range two-spin interactions as well as multiple-spin interac-

On the other hand, in the temperature regime near thdons which depend on sizes and shapestio§) ferromag-
drastic magnetic and charge localization transitions, the reaetic domain structure. The range of the interaction is
port well illustrates the Fisher-Langer formula, i.&C,  determined(in ordep to minimize the total free energy for
~dp/dT at second order phase transitiGAsThe various charge and spin degrees of freedom. As the system ap-
Mn—O—Mn bond environments, within the model of proaches the critical point, the magnetic domain structure
Attfield,*® explain the complex features of the transition re-fluctuates strongly. Thus, it is highly nontrivial how the DE
gion, though we disagree with Attfield on the analytical forminteraction is renormalized, whether it is renormalized to a
of the relationship between the transition temperatures anshort-range one, othow) the long-range and the multiple-
the strains. spin interactions become relevant to cause the mean-field-

In so doing, the temperature dependence of the regimes iike transition through suppression of fluctuations. The re-
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sults ... indicate that the universality class of thements and subsequent analysis on the temperature behavior
ferromagnetic transition in the DE model is consistent withof the MTEP(Ref. 20 in terms ofstrong magnetic fluctua-
that of models with short- range interactions. ” tion effectsnear the critical temperatus.
As we mentioned in the introductory part, along with low-
ering the Curie point, Y substitution brings about other im-
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