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Estimation of the charge carrier localization length from Gaussian fluctuations
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The magneto-thermoelectric power~TEP! DS(T,H) of perovskite-type manganese oxide
La0.6Y0.1Ca0.3MnO3 is found to exhibit a sharp peak at some temperatureT* 5170 K. By approximating the
true shape of the measured magneto-TEP in the vicinity ofT* by a linear triangle of the formDS(T,H)
.Sp(H)6B6(H)(T* 2T), we observe thatB2(H).2B1(H). We adopt the electron localization scenario
and introduce a Ginzburg-Landau~GL!-type theory which incorporates the two concurrent phase transitions,
viz., the paramagnetic-ferromagnetic transition at the Curie pointTC and the ‘‘metal-insulator’’~M-I ! transi-
tion at TMI . The latter is characterized by the divergence of the field-dependent charge carrier localization
lengthj(T,H) at some characteristic fieldH0. Calculating the average and fluctuation contributions to the total
magnetization and the transport entropy related magneto-TEPDS(T,H) within the GL theory, we obtain a
simple relationship betweenT* and the above two critical temperatures (TC and TMI). The observed slope
ratio B2(H)/B1(H) is found to be governed by the competition between the electron-spin exchangeJS and
the induced magnetic energyMsH0. The comparison of our data with the model predictions produceTC

5195 K, JS540 meV,M050.4Ms , andj055 Å for the estimates of the Curie temperature, the exchange
coupling constant, the critical magnetization, and the localization length, respectively. The magneto-TEP data
obtained by other authors are discussed and found to be consistent with the model predictions as well.
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I. INTRODUCTION

The intriguing magnetotransport properties of man
nite’s family R12xAxMnO3 ~where R5La,Y,Nd,Pr andA
5Ca,Sr,Ba,Pb) with a Mn31/Mn41 mixed valence keep at
tracting much attention of both experimentalists a
theorists.1–21 In the doping range 0.2,x,0.5, these com-
pounds are known to undergo a double phase transition f
paramagnetic~PM! insulator~I! to ferromagnetic~FM! metal
~M! state characterized by the Curie temperatureTC and the
charge carrier localization temperatureTMI , respectively.
The so-called giant magnetoresistivity~GMR! exhibits a
sharp peak aroundTMI , while belowTC the system acquire
a spontaneous magnetization accompanied by giant mag
entropy changes.14 Despite a variety of theoretical scenari
attempting to describe this phenomenon, practically all
them adopt as a starting point the so-called double-excha
~DE! mechanism, which considers the exchange of electr
between neighboring Mn31/Mn41 sites with strong on-site
Hund’s coupling. The estimated exchange energy11 JS
545 meV ~whereS52 is an effective spin on a Mn site!,
being much less than the Fermi energyEF in these materials
PRB 600163-1829/99/60~17!/12322~7!/$15.00
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~typically, EF50.15 eV), favors a FM ground state. In tur
an applied magnetic fieldH enhances the FM order thu
reducing the spin scattering and producing the obser
negative GMR. The localization scenario,13 in which Mn ox-
ides are modeled as systems with both DE off-diagonal s
disorder and nonmagnetic diagonal disorder, predicts a
vergence of the electronic localization lengthj(M ) at some
M-I phase transition. In terms of the spontaneous magnet
tion M, it means that forM,M0 the system is in a highly
resistive~insulatorlike! phase, while forM.M0 the system
is in a low resistive~metalliclike! state. Within this scenario
the Curie pointTC is defined through the spontaneous ma
netizationM asM (TC ,H)50, while the M-I transition tem-
peratureTMI is such thatM (TMI ,H)5M0 ~with M0 being a
fraction of the saturated magnetizationMs). Furthermore,
the influence of magnetic fluctuations on electron-spin sc
tering nearTMI is expected to be rather important, for the
can easily tip a subtle balance between magnetic and e
tronic processes in favor of either charge localization
delocalization.15 Besides, the observable difference betwe
the two critical temperatures~usually attributed to the quality
12 322 ©1999 The American Physical Society
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PRB 60 12 323ESTIMATION OF THE CHARGE CARRIER . . .
of a particular sample used5–8! is ascribed to the random
nonmagnetic scattering which is highly responsible for
magnitude of the observable GMR.13

The substitution on the La site was found to modify t
phase diagram through cation size effects leading toward
ther charge-ordered~CO! or AFM instability.17 In particular,
Y substitution is responsible for three major modifications
the parent manganite:~i! it changes the Mn41 content,18 ~ii !
lowers the FM Curie temperatureTC ,19 and~iii ! weakens the
system’s robustness against strong AFM fluctuations~which
are developed locally within the ordered FM matrix!.15 The
latter is considered15,20 to be the most probable cause f
strong magnetic localization of spin polarized carriers~po-
larons!. According to Jaimeet al.,20 even in the FM metallic
state~just belowTC) there still remain significant indication
of spin scattering, and as a result the collapse of large
larons in the FM state reduces the effective exchange c
pling via the DE mechanism, causing a ‘‘bootstrap’’ destru
tion of FM and concomitant M-I transition.

On the other hand, in view of its carrier charge~and den-
sity! sensitive nature, thermopower~TEP! S(T,H) measure-
ments could complement the traditional MR data and be u
as a tool for probing the field-induced delocalization of t
carriers. Indeed, it was found16 that the TEP in manganites i
very sensitive to the Mn41 content. In particular, for our
composition@with S(T,0)523 mV/K # the fractional carrier
content is expected to bex.0.2. Field behavior of the TEP
in manganites was found to essentially depend on the t
perature range and the sample’s quality~thin films, single
crystals, or ceramics!.5–8,16,19–21For example, belowTC the
TEP of La2/3Ca1/2MnO3 thin films was found20 to increase
with an applied magnetic field as in nonsaturated FM me
while ceramics usually exhibit adecreaseof S(T,H) with
increasing the field~at least at high temperatures!.21

Studying the observable magneto-TEPDS(T,H)
5S(T,H)2S(T,0) has already proved to be useful for pr
viding important insights into different aspects of high-Tc
superconductors in the mixed state.22–24 Besides, magneto
TEP can be directly linked to the transport entropy chang
applied magnetic field. The recently observed14 giant mag-
netic entropy change in manganites~produced by the abrup
reduction of the magnetization and attributed to an ano
lous thermal expansion just at the Curie point! gives another
reason to utilize the magneto-TEP data in order to get
additional information as for the underlying transport mec
nisms in these materials.

In the present paper we discuss some typical res
for magneto-TEP measurements on a manganite sam
La0.6Y0.1Ca0.3MnO3 at H51 T field for a wide temp-
erature interval~ranging from 20–300 K!. By approximat-
ing the true shape of the measured magneto-TEP in the
cinity of the peak temperatureT* by a linear triangle of the
form DS(T,H).Sp(H)6B6(H)(T* 2T), we observe that
B2(H).2B1(H). In an attempt to account for the observ
behavior of the magneto-TEP, we adopt the main ideas of
microscopic localization theory13 and construct a phenom
enological free-energy functional of Ginzburg-Landau~GL!
type which describes the magnetic field and temperature
havior of the spontaneous magnetization in the presenc
strong localization effects nearT* . Calculating the back-
ground and fluctuation contributions to the total magneti
e
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tion and the transport entropy-induced magneto-T
DS(T,H) within the GL theory, we obtain a simple relation
ship betweenT* and the above two critical temperatures (TC
and TMI). We find also that the observed rat
B2(H)/B1(H) asymmetry is governed by a universal p
rameterz5JS/MsH0 whereJS is the electron-spin exchang
and MsH0 is the localization related magnetic energy. B
comparing our data with the model predictions, we dedu
estimates for some important model parameters such as
Curie pointTC , the localization lengthj0, the critical mag-
netizationM0, and the exchange energyJ, all in good agree-
ment with the existing microscopic localization theories.
addition, to further test the validity of the model, we discu
the field-induced behavior of the TEP maximumSm for a
similar material studied recently by Jaimeet al.21

II. EXPERIMENTAL RESULTS

La0.6Y0.1Ca0.3MnO3 samples were prepared from stoichi
metric amounts of La2O3, Y2O3, CaCO3, and MnO2 pow-
ders. The mixture was heated in the air at 800 °C for 12 h
achieve the decarbonation. Then it was pressed at room
perature under 103 kG/cm2 to obtain parallelipedic pellets
An annealing and sintering from 1350–800 °C was ma
slowly ~during two days! to preserve the right phase stoich
ometry. A small bar~length l 510 mm, cross sectionS
54 mm2) was cut from one pellet. The electrical resistivi
r(T,H) was measured using the conventional four-pro
method. To avoid Joule and Peltier effects, a dc currenI
51 mA was injected~as a one-second pulse! successively
on both sides of the sample. The voltage dropV across the
sample was measured with high accuracy by a KT256 na
voltmeter. The magnetic fieldH of 1 T was applied normally
to the current. Figure 1 presents the temperature depend
of the magnetoresistance~MR! Dr(T,H)5r(T,H)
2r(T,0) for a La0.6Y0.1Ca0.3MnO3 sample atH51 T field.
As is seen, the negative MRDr(T,H) shows a peak~dip! at
some temperatureT05160 K ~referred to asTMI , in what

FIG. 1. Temperature behavior of the observed magnetoresi
ity Dr(T,H)5r(T,H)2r(T,0) in La0.6Y0.1Ca0.3MnO3 at H
51 T.
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12 324 PRB 60SERGEENKOV, BOUGRINE, AUSLOOS, AND GILABERT
follows! where the GMRDr(T,H)/r(T,0) reaches 40%
The thermopower~TEP! S was measured using the differe
tial method.25 In order to generate a heat flow, a small hea
film (R5150 V) was attached to one end of the samp
Two calibrated chromel-constantan thermocouples were u
to measure the temperature difference between two point
the sample. The TEPS(T,H) is deduced from the following
equation:S(T,H)5SAu(T)2Vs(T,H)/DT, whereSAu(T) is
the TEP of the gold wires used to measure the voltage d
Vs at the hot junctions of both thermocouples. Figure 2 p
sents the temperature dependence of the observed
S(T,H) for a La0.6Y0.1Ca0.3MnO3 sample at zero andH
51 T field. Notice a maximum and a bell-like shape arou
T5195 K, typical for ceramics. As usual,21 the applied field
results in a decrease of the peak and its slight shift tow
higher temperatures. As is seen, zero-field and field-indu
contributions to the TEP merge both at low (T,150 K) and
at high (T.225 K) temperatures marking the well-know
scaling behavior for both temperature regions.21 The corre-
sponding magneto-TEPDS(T,H)5S(T,H)2S(T,0) for the
same sample~at H51 T) is shown in Fig. 3. Observe that
has an asymmetricL-like shape near some critical temper
tureT* .TMI where it reaches its field-dependent peak~dip!
value Sp(H). Approximating the shape of the observe
DS(T,H) by the asymmetric linear triangle of the form

DS~T,H !.Sp~H !6B6~H !~T* 2T!, ~1!

with positive slopesB2(H) and B1(H) defined forT,T*
and T.T* , respectively, we find~see Fig. 3! that B2(H)
.2B1(H) in the vicinity of T* . Now, with all this informa-
tion in mind, let us proceed to the interpretation of the e
perimental results.

III. DISCUSSION

A. Model

Since we are dealing with the magnetic-field induc
changes of the TEP, it is reasonable to assume that the

FIG. 2. Temperature behavior of the observed thermopo
S(T,H) in La0.6Y0.1Ca0.3MnO3 at zero field~solid circles! and at
H51 T ~open circles!.
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served behavior can be attributed to the correspond
changes of transport magnetic entropy~and thus spontaneou
magnetization! in the presence of strong electron-spin e
change and localization effects, near some critical temp
ture T* . Later on, we will establish a simple~linear! rela-
tionship between the peak temperatureT* and the two
critical temperaturesTC and TMI , responsible respectively
for PM-FM and M-I phase transitions. Based on the abo
considerations, we can writeF5FM2Fe for the balance of
magneticFM and electronicFe free energies participating in
the transport processes under discussion. The observed
netizationM and the magneto-TEP behavior should res
from the minimization ofF ~as, for example, is the case i
superconductors whereF measures the difference betwee
the normal and condensate energies22,23!. In our case, the
above electronic contribution readsFe5MHe5h2(neEk
1niVDE) and describes a coupling of spontaneous magn
zation M5Msh

2 ~whereh is the order parameter andMs
the saturated magnetization! with ~i! an effective DE energy
VDE52JS ~whereS is an effective spin on a Mn site, andJ
the exchange coupling constant!, and ~ii ! the electronic~lo-
calization! energyEk(T,H)5\2/2mj2(T,H) @wherej(T,H)
is the localization length, andm an effective electron mass#;
ni andne stand for the number density of localized spins a
conduction electrons, respectively. At the same time,
magnetic contribution FM5M(He f f2H)5Msh

2(gh2

2H) includes the effects due to the molecular fieldHe f f
5gM/Ms ~where g53kBTC/2mBS is the characteristic
magnetic field withkB the Boltzmann constant andmB the
Bohr magneton! and an applied magnetic fieldH. After
trivial rearrangements, the above functionalF can be cast
into a familiar GL-type form describing the second-ord
phase transition from PM~insulator! to FM ~metal! state near
T* , namely

F @h#5ah21
b

2
h42zh2. ~2!

r

FIG. 3. Temperature behavior of the observed magneto-T
DS(T,H) in La0.6Y0.1Ca0.3MnO3 atH51 T. The best fit to the data
points according to Eq.~1! yields Sp(H)525.4960.01 mV/K for
the peak, andB2(H)520.1460.01 mV/K2 and B1(H)520.08
60.01 mV/K2 for the slopes.



t

-
nt
l

so
p
fo
en

P

p
R

te

-

er

.

to
m-
in

eto-
etic

ser
e
-

c.

tion

act

m-

PRB 60 12 325ESTIMATION OF THE CHARGE CARRIER . . .
Here z(H)5MsH2niJS is the effective field-dependen
chemical potential of quasiparticles;a(T,H)5a(H)(T
2T* ) with a(H)5ne\

2/2mj0
2(H)T* ; b52gMs , and we

used the conventional expressionj2(T,H)5j0
2(H)/(1

2T/T* ) for the correlation length. It is worthwhile to men
tion that a somewhat similar mean-field model has rece
been suggested by Jaimeet al.21 to reproduce the essentia
features of a microscopic model and provide a compari
with their experimental data on the magnetization, susce
bility, and thermoelectric coefficient. Besides, to account
the field-induced localization effects, we assume after Sh
et al.13 that j0(H)/j0(0)51/(12H/H0) with H0.g}M0.

B. Mean value of the magneto-TEP:DSav„T,H …

Given our previous experience with high-Tc supercon-
ductors, we can readily present the observed magneto-TE
a two-term contribution form:23

DS~T,H !5DSav~T,H !1DSf l~T,H !, ~3!

where the average termDSav(T,H) is nonzero only below
T* while the fluctuation termDSf l(T,H) should contribute
to the observableDS(T,H) both above and belowT* . In
what follows, we shall discuss these two contributions se
rately within a mean-field theory approximation for GM
materials.

As usual, the equilibrium state of such a system is de
mined from the minimum-energy condition]F /]h50
which yields forT,T* :

h0
25

a~H !~T* 2T!1z~H !

b
. ~4!

Substitutingh0 into Eq. ~2! we obtain for the average free
energy density

Vav~T,H ![F @h0#52
@a~H !~T* 2T!1z~H !#2

2b
. ~5!

In turn, the magneto-TEPDS(T,H) can be related to the
corresponding difference of transport entropies22–24 Dsav[
2]DVav /]T as DSav(T,H)5Dsav(T,H)/ene , where e
andne are the charge and the number density of free carri
Finally the mean value of the magneto-TEP reads~below
T* )

DSav~T,H !5Sp,av~H !2Bav~H !~T* 2T!, ~6!

with

Sp,av~H !52
a~0!Dz~H !

ebne
~11z!, ~7!

and

Bav~H !5
2a~0!Da~H !

ebne
, ~8!

where z5Da(H)z(0)/a(0)Dz(H) with Da(H)5a(H)
2a(0) andDz(H)5z(H)2z(0).
ly
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C. Mean-field Gaussian fluctuations of the magneto-TEP:
DSfl „T,H …

The influence of fluctuations~both Gaussian and critical!
on transport properties of high-Tc superconductors~includ-
ing TEP, electrical, and thermal conductivity! was exten-
sively studied and is very well documented~see, e.g., Refs
26–32 and further references therein!. In particular, it was
found that the fluctuation-induced behavior may extend
temperatures more than 10 K higher than the critical te
peratureTc . As for manganites, the fluctuation effects
these materials appear to be much less explored.33 Nonethe-
less, according to the interpretation of the observed magn
TEP we adopt in the present paper, influence of magn
fluctuations on electron-spin scattering nearT* should be
rather important. So, it seems appropriate to take a clo
look at the region nearT* to discuss the fluctuations of th
magneto-TEPDSf l(T,H). Recall that according to the text
book theory of Gaussian fluctuations,34 the fluctuations of
any observable~such as heat capacity, magnetization, et!
which is conjugated to the order parameterh can be pre-
sented in terms of the statistical average of the fluctua
amplitude^(dh)2& with dh5h2h0. Then the TEP above
(1) and below (2) the critical pointT* have the form of

Sf l
6~T,H !5A^~dh!2&65

A

ZE dh~dh!2e2S[h] , ~9!

where Z5*dhe2S[h] is the partition function withS@h#
[(F @h#2F @h0#)/kBT, andA is a coefficient to be defined
below. Expanding the free-energy density functionalF @h#,

F @h#'F @h0#1
1

2 F ]2F
]h2G

h5h0

~dh!2, ~10!

around the mean value of the order parameterh0, which is
defined as a stable solution of equation]F/]h50 we can
explicitly calculate the Gaussian integrals. Due to the f
that h0 is given by Eq.~4! below T* and vanishes atT
>T* , we obtain finally

Sf l
2~T,H !5

AkBT*

4a~H !~T* 2T!14z~H !
, T<T* ~11!

and

Sf l
1~T,H !5

AkBT*

2a~H !~T2T* !22z~H !
, T>T* . ~12!

As we shall see below, for the experimental range of para
eters under discussion,z(H)/a(H)@uT* 2Tu. Hence with a
good accuracy we can linearize Eqs.~11! and~12! and obtain
for the fluctuation contribution to the magneto-TEP:

DSf l
6~T,H !.Sp, f l

6 ~H !6Bf l
6~H !~T* 2T!, ~13!

where

Sp, f l
2 ~H !52

AkBT* Dz~H !

4z2~0!
, Sp, f l

1 ~H !522Sp, f l
2 ~H !,

~14!

and



to

le

io
ge

d
ica

-
fin

za

II,

-

e
za
e

w

i-
ther

ions
n

-

to

m-

d

sity
d

wo

ple

at

.

ob-
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Bf l
2~H !52

AkBT* Da~H !

4z2~0!
S 12

2

zD , Bf l
1~H !522Bf l

2~H !.

~15!

Furthermore, it is quite reasonable to assume thatSp
25Sp

1

[Sp , where the magneto-TEP peak~dip! values are defined
as follows, Sp

25Sp,av1Sp, f l
2 and Sp

15Sp, f l
1 . The above

equations allow us to fix the arbitrary parameterA yielding
A524z2(0)a(0)(11z)/3ekBT* bne . This in turn leads to
the following expressions for the fluctuation contribution
peaks and slopes through their average counterparts@see Eqs.
~7! and ~8!#: Sp, f l

1 (H)5(2/3)Sp,av(H), Sp, f l
2 (H)5

2(1/3)Sp,av(H), Bf l
2(H)52(1/2)Bav(H), and Bf l

1(H)
5Bav(H). Finally, the total contribution to the observab
magneto-TEP reads@cf. Eq. ~1!#

DS~T,H !5Sp~H !6B6~H !~T* 2T!, ~16!

where

Sp~H !52
~11z!Ek

0

3eT*
S H

H0
D , ~17!

B1~H ![Bf l
1~H !5S ne

ni
D ~z22!Ek

0

JST*
Sp~H !, ~18!

and

B2~H ![Bav~H !1Bf l
2~H !5F 3z

~z11!~z22!
2

1

2GB1~H !.

~19!

Here Ek
05\2/2mj0

2(0), and z5niJS/MsH0. Notice that
within our model the asymmetry of slopes rat
B2(H)/B1(H) originates from the balance of the exchan
niJS and localization induced magneticMsH0 energies.

D. Magnetization and the critical temperatures

Before turning to the comparison of our theoretical fin
ings with the experimental data, let us discuss the crit
temperatures which control the magnetic (TC) and carrier
localization metal-insulator (TMI) phase transitions. Accord
ing to the adopted model, these two temperatures are de
through the spontaneous magnetizationM5Mav1M f l

2 as
follows: M (TC)50 andM (TMI)5M0. HereM0}H0 is the
critical magnetization at which the zero-temperature locali
tion length j0(H)5j0(0)(12H/H0)21}(12M /M0)21

→` marking the M-I phase transition. According to Sec. I
the average magnetization readsMav(T)[M(h0)
5Msh0

2(T), where Ms5nimB is the saturated magnetiza
tion, and the equilibrium order parameterh0(T) is defined
by Eq.~4!. Now, for the self-consistency of our approach, w
need to find the fluctuation contributions to the magneti
tion as well. Following the lines of the previous section, w
obtain

M f l
2~T,H !5

CkBT*

4a~H !~T* 2T!14z~H !
, T<T* ~20!

and
-
l

ed

-

-

M f l
1~T,H !5

CkBT*

2a~H !~T2T* !22z~H !
, T>T* . ~21!

As usual, to fix the constantC, we assume thatM (T* )
5M 1(T* ), whereM 15M f l

1 is the magnetization aboveT* .
As a result, we obtainC524Msz

2/3kBbT* which leads to
the following expression for the total magnetization belo
T* :

M5Mav1M f l
25MsS h0

22
z2

3b2h0
2D , ~22!

with z, b, and h0 defined earlier. Given the above defin
tions, the two critical temperatures are related to each o
and to the magneto-TEP peak temperatureT* within our
model as follows:

TMI5S 12
2M0H0

neEk
02niJS

D TC , ~23!

with

TC5S 11
yniJS

neEk
0 D T* , y512

1

A3
. ~24!

Let us compare now the obtained theoretical express
with our magneto-TEP experimental data o
La0.6Y0.1Ca0.3MnO3 ~see Fig. 3!. First, by comparing the ra
tios „B2(H)/B1(H)…exp and „B2(H)/B1(H)…theor , we ob-
tain z.3 for the slopes asymmetry parameter leading
JS53mBH0. Then, using Eq.~18!, Bexp

1 , T* 5170 K,
and just obtainedz, we getEk

0/JS52.5(ni /ne) which in turn
brings aboutTC5195 K for the Curie temperature~this
value falls into the reported range of the FM transition te
peratures for this class of manganites5–8!. Using this tem-
perature and assumingS52 for an effective Mn spin, we can
estimate the value of the exchange energyJ ~via the mean-
field expression for the critical fieldH053kBTC/2SmB). The
result is: JS540 meV, which agrees with other reporte
estimates of this parameter.11 Next, using16 ne /ni50.7/3 for
an estimate of the free-to-localized carrier number den
ratio in La0.6Y0.1Ca0.3MnO3 ~which leads to the saturate
magnetization Ms5nimB.4nemB), Eq. ~17! yields j0
.5 Å for the estimate of the localization length5,13,19,20~us-
ing a free-electron massme for m). Besides, from Eq.~23!
we immediately get a simple relationship between the t
critical temperatures,TMI /TC5124M0/9Ms , which allows
us to estimate the critical magnetizationM0. Using TMI
5160 K ~deduced from the GMR data on the same sam
as a peak temperature, see Fig. 1!, we obtainM050.4Ms , in
a good agreement with the localization theory prediction.13 It
is also worth noting that the found localization energyEk

0 is
of the order of the Fermi energyEF , as expected for
manganites.11 To conclude with the estimates, we note th
z(H)T* /a(H).1 whicha posteriori justifies the use of the
linearized Eq.~13! for the fluctuation regionu12T/T* u!1.
As is seen in Fig. 3, this criterion is well met in our case

Finally, to put our model predictions@in particular, the
field-dependent behavior of the TEP given by Eqs.~16! and
~17!# to test, in Fig. 4 we present the experimental data
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tained in Ref. 21 for a similar material. As is seen, with
good accuracy the data points follow a linear field dep
dence~straight line!, in agreement with the theory predictin
@see Eqs.~16! and ~17!#

Sm~H !5Sm~0!S 12
H

Hm
D ~25!

for the maximum of the TEPSm(H)[S(T* ,H). Here,Hm

5@3eT* Sm(0)/(11z)Ek
0#H0 and we neglected a small fiel

dependence of the peak temperatureT* .21 The linear fit ac-
cording to Eq.~25! yields Hm514 T for a characteristic
field. In turn, using the above-obtained estimates forH0 , z,

FIG. 4. Field dependence of the TEP maximumSm calculated
according to Eq.~25!. The experimental points are deduced fro
the TEP data~Ref. 21! on La0.67Ca0.33MnO3.
pl

ys

P

pl

ia

e

ett

v.
-

andEk
0 along withT* andSm(0), we getHm.0.07H0 which

leads to the expected value of the Curie fieldH0
53kBTC/2SmB.200T.

IV. CONCLUSION

To account for the observedL-like shape of the tempera
ture dependence of the magneto-TEPDS(T,H) in
La0.6Y0.1Ca0.3MnO3, exhibiting a field-dependent peak a
some temperatureT* ~lying in between the charge carrie
localization temperatureTMI where the observed negativ
magnetoresistivity has a minimum, and magnetic transit
temperatureTC which marks the occurence of the spontan
ous magnetization!, we adopted the ideas of the localizatio
model and introduced a free-energy functional of Ginzbu
Landau~GL!-type describing the phase transition from pa
magnetic~insulator! to ferromagnetic~metal! state nearT* .
Calculating both average and fluctuation contributions to
total magnetization and magneto-TEP within the GL theo
we were able to successfully fit the data and estimate s
important model parameters~including the metal-insulator
TMI and magneticTC transition temperatures, localizatio
length j0, electron-spin exchange coupling constantJ, and
the saturated magnetizationMs , all in a reasonable agree
ment with existing microscopic theories. The Gaussian fl
tuations both above and belowT* are found to substantially
contribute to the peak valueSp(H)[DS(T* ,H) of the ob-
served magneto-TEP, amounting to 67 and 33 %, resp
tively.
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