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Intermediate-valence model for the colossal magnetoresistance in,Mn,0-,
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The colossal magnetoresistance exhibited BiALO; is an interesting phenomenon, as it is very similar to
that found in perovskite manganese oxides, although the compound differs both in its crystalline structure and
electronic properties from the manganites. At the same time, other pyrochlore compounds, though sharing the
same structure with IMn,0O,, do not exhibit the strong coupling between magnetism and transport properties
found in this material. Mostly due to the absence of evidence for significant doping into the Mn-O sublattice
and the tendency of Tl to form conduction bands, the traditional double-exchange mechanism mentioned in
connection with manganites does not seem suitable to explain the experimental results in this case. We propose
a model for TMn,O, consisting of a lattice of intermediate-valence ions fluctuating between two magnetic
configurations, representing Mrd3rbitals, hybridized with a conduction band, which we associate with TI.
This model had been proposed originally for the analysis of intermediate-valence Tm compounds. With a
simplified treatment of the model we obtain the electronic structure and transport propertiggliofd, with
good qualitative agreement with experiments. The presence of a hybridization gap in the density of states
seems important to understand the reported Hall 8@163-18207)05345-9

[. INTRODUCTION the ordering temperature, the compound is ferromagnetic and
metallic, whereas abovg; it is paramagnetic. The magne-
Perovskite manganese oxides like ;LaM,MnO;  toresistance maximum around the ferromagnetic ordering
(M=Ca,Sr,Ba have been the subject of study for many temperature is similar to that obtained for the manganese
years} and a strong correlation between transport propertieperovskites. The sharp decrease in resistivity with the devel-
and magnetism was recognized. Shortly after the discovermpment of spontaneous magnetization bel®w and the
of these materials, the double-exchange mechanism wafagnetoresistance with field-induced magnetization above
proposed to describe the interactions between the Mn ionst_jngicate a strong coupling between transport and magne-
Due to the ld|valent supstltutlon for _Eé_, itinerantey holes  tism in TLMn,O,, similar to that in perovskite manganese
are doped into the antiferromagnetic insulating parent comg,jjes7-10 Nevertheless, important differences arise regard-
pound LaMn@, and Mn ions appear in a mixed-valence ;
state. Double exchange occurs between heterovalent

; + M4t ;
Prilrms l\(/ll\r?;f toM(gz‘ )ar?g é;[n tL:)I tﬁﬂnnagui;ra::ffr;r?;zrr] oeclil(j?son structuret! consisting of strongly distortedOg cubes and

necessarily conserving the spin orientation, an effective fer:—Sllghtly distortedBO; octahedra. Each metal atoa or B)

romagnetic coupling appears due to the intra-atomic Hund’_'I,Orrns a 2three—<j|men3|onal _network .Of cprner—sharlng
rule requirement.Clearly, in this framework the carrier hop- tetrahedrd’ The interpenetrating sublatt|(7:(3313|nzl17ln207
ping is intrinsically coupled to and enhanced by the mutuaf'® respectively, given by F and MnOe. "™ The tetra-
alignment of the two magnetic moments. As a result, resishedral MnOg network differentiates the pyrochlores from
tivity will depend on the spin disorder and is expected tothe perovskiteABO; structure, with a cubic Mnnetwork.
display pronounced features at the ferromagnetic orderinghere are also significant differences in the bond length and
transition temperatureT(,). Application of a magnetic field, angle between Mn and O in the Mg@ctahedra, which in
which favors alignment of the local spins, will produce a T1,Mn,0; are both smaller than for CMR perovskité$”’as
decrease of the resistivity. well as almost temperature independent, thereby indicating
Interest in the study of perovskite manganese oxides wagegligible correlations between spin and latti€€onsider-
renewed recently, as colossal magnetoresisté@bR) was  ing electronic properties, an important difference with the
observed near the ferromagnetic ordering temperdtée. hole-doped perovskites comes from Hall experiment data,
present, there is strong debate as to whether the doublédicating a very small number of electronlike carriers:
exchange mechanism and theoretical models based solely on0.001-0.005 conduction electrons per formula unit. The
it are able to account quantitatively for the observed transauthors of Refs. 7 and 9 mention that such Hall data could
port and magnetic properties of the manganese perovskiteggsult from a small number of carriers in the T$ ®and.
It has been proposed that other ingredients such as disbrdeAssuming T8, TI2*Mn3* Mn2" O, with x~0.005 the data
Jahn Teller distorsionscharge ordering.etc., could play an  could be accounted férThis would seem to indicate a very
important role and should be taken into account. small doping into the Mfi” state’°in contrast to manganese
In 1996 colossal magnetoresistance was reported for thgerovskites where CMR is obtained around 30% of hole dop-
nonperovskite TMn,0, compound.~® The material under- ing. It is important to take notice also of the different origin
goes a ferromagnetic transition with,~140 K.”~2°Below  of the doping. Recent electronic structure calculations for

ng crystalline structure and electronic properties. In fact
1,Mn,O, is characterized by a “pyrochlore”A,B,0;
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TI,Mn,O, (Ref. 13 indicate that the bands inmediately be- compounds>*® These compounds distinguish themselves
low the Fermi level correspond mainly to M, states, from other IV rare earths by evidencing a rare sensitivity to
above the Fermi level appear Té®ands, while O states are the application of magnetic fields in many physical proper-
mixed with these around the Fermi level. Another calculatiorties, like resistivity, specific heat, thermal expansion, etc.
by SingH* obtains a strong spin differentiation in the elec- The exactly solvable impurity model which incorporates the
tronic structure around the Fermi level in the ferromagnetianost important feature for TmSe, namely, valence fluctua-
ground state. The majority spin Mi3;—0-2p bands below tions between two magnetic configuratidiesrresponding to
the Fermi level are separated by a gap from theTm?":4f12 and Tn¥":4f%%), was showf? to describe most
Mn-ey-derived bands, though there is also a mixing with Tlof the peculiar features of the magnetic properties of para-
and O states above and below the Fermi level. Thus a smatagnetic intermediate valence Tm compounds. The impurity
near-band-edge Fermi surface is obtained. For the minoritynodel resistivity exhibits an explicit quadratic dependence
channel instead, a highly dispersive band with a strong adyith the magnetizatioh® Such behavior has also been found
mixture of Mn, Tl, and O is found around the Fermi level, jn transport experiments slightly aboife for colossal MR
leading to a metallic minority spin channél. pyrochlore$ and manganese perovskitésEmploying the
Mostly due to the absence of evidence for significant dOpperiodic version of the mod®l the phase diagram at=0
ing in the pyrochlore Mn-O sublattice and due to the ten-yas obtained, indicating magnetic ordering. A ferromagnetic
dency of Tl to form & conduction bandgunlike in manga-  metallic phase appears for nonstoichiometric samples, while
nese perovskites where the rare-earth levels donate chargedq antiferromagnetic insulating ground state is obtained for
the Mn-O bands but are otherwise electronically inagtive stoichiometric ones. Calculations of the specific heat and
among other differences between the compounds discusseghgnetic susceptibility in the paramagnetic phase treated
above, it has been speculated that a double-exchange mechgth the coherent potential approximati‘ﬁn(CPA) were
nism similar to that of perovskites is unlikely to be effective done and the neutron-scattering spectrum was stdfied.
in TI,Mn,0,,"*%***accounting for the experimental re- Many of these results are reminiscent of the behavior of
sults. Based on all these faCtS, we decided to eXplore th'¢|2|\/|n207 and Other CMR Compounds discussed in the pre_
suitability of a different model, to provide an explanation for yjous section. In fact, for manganese perovskites a similar
CMR in pyrochlore TjMn,O;. It may be useful to remark  model has been considef8do propose the possibility of a
here that related pyrochlore compounds have been the suletal-insulator transition.
ject of experimental study, and while sorfe=Y, Lu) re- We will now present the model proposed for,Nh,0O-,
vealed no long-range magnetic ordéin,Mn,0; exhibits a  considering that experimental res@lisould be compatible
similar ferromagnetic transition but the ordered phase reyith the presence of mixed-valent KiAMn®" in the form
mains insulating:'° In this sense, the behavior of ;Mn,0;, T3 TI2*Mn%* Mn3*0;,, as discussed in the previous sec-
is very interesting due to its unique characteristics and striktion_x 'Fhe m(;délg describes a periodic lattice of

ing differences with other known pyrochlores and CMR intermediate-valence ions, which fluctuate between two mag-
compounds. ) . i netic configurations. To simplify the problem, these are as-
In the following section we will describe the model we gggiated with single $=1/2) or double occupationS=1)
employed for the calculation of the electronic structure ancy the jon. It is assumed that the results are dependent on the
transport properties of IWn,0;. The intermediate-valence zyajlability of two magnetic configurations and not by their

(IV) model was proposed originally for the study of Tm getailed structuré® The IV ions are hybridized to a band of
compounds”*® Basically, a periodic array of mixed valent ¢onduction states. The Hamiltonian considerdd is
ions, fluctuating between two magnetic configurations,

would represent the Mn ions appearing in H=H_+H+Hy, D)
T3, TI2*Mn3 " ,Mn2*O,. These would be responsible for
magnetism. A conduction band would represent the §1 6
orbitals, which hybridize with the 1V ions. For simplicity, we

where

do not take into account the O orbitals. Through hybridiza- HL=Z (ERimGTIHETDGLD
tion a gap can appear in the density of states. Transport is !
due to carriers in the conduction bands. The scattering +H(EL]j+ )+ +E_|j=Xi-D

mechanism originating from the hybridization with the IV

lattice is dependent on the magnetic configuration of the lat-

tice or spin disorder in the material. As a result, electric HC=E ek,gcllgck,g,

conduction and magnetism are intrinsically coupled and ko

CMR results on application of a magnetic field. In Sec. IlI

we will make a complete presentation and discussion of the HH=Z Vi (i+ )G Tlen 4= Xille, ) +H.e.
results obtained with our treatment of the model. A short i

resentation of our approach to the problem with some pre;: : . : .
I?minary results has bpepen given bef&pFeln Sec. IV a sum-p H, describes the lattice of IV ions, which for ;Mn,O; we
mary of our study of TMn,O, is given ' would identify with the Mn ions. Thé&= 1/2 magnetic con-

27 .

figuration at sitej is represented by statégo) (o=1,])
1I. MODEL AND ANALYTICAL METHOD with energieSEU, Spllt in the presence of a magnetic fidd

according to
The model to be introduced in this section was proposed

originally for the description of intermediate-valence Tm Ei(h=E—(+)ueB. 2
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The S=1 magnetic configuration is considered in the highly H=H,+H,,

anisotropic limit, where th&,=0 state is projected out of

the subspace of interest as in Refs. 15 and 16. This has been

done for the sake of simplicity, as will be discussed shortly. HT:(A_,LLDB)E dJ-T'TdJ—,pLUE dijde,T

The S=1 states at sitg are then represented Bjs)(s= Jel jel

+,—) and energiek;, split by the magnetic field as

+§k: ek,TCI,TCk,TJFizj: (Vidf.ci;+Hc). (8

E.=E+A¥uB. 3
H. describes the conduction band, which fopMh,0, we  H| is analogous tdi,, one having only to reverse the sign
would identify with the Tl & conduction band. of the magnetic field and the spin orientation. In the follow-

The hybridization ternH,; describes valence fluctuations ing, we neglect the splitting of the conduction-band energies
between the two magnetic configurations at one site, medin the presence of the magnetic fiddd (e ,= €) and take
ated by the conduction electrons. For example, promoting £ the hybridizationV; ;=V 4, ;.
spin-up electron into the conduction band the 1V ion at pite Given a certain configuration of spin orientations distrib-
can pass from sta{¢+) to state|j 1). Notice that the highly uted among the sites, one can now solve two separate prob-
anisotropic limit considered inhibits any spin-flip scatteringlems described byH; and H,, respectively. Each corre-
processes, which would involve transitions between the exsponds to the problem of a band of conduction electrons of a
cluded S,=0 state of theS=1 configuration and thes  given spin orientation, hybridized with a binary alloy char-
=1/2 states mediated by conduction electrons of opposit@cterized by the spin orientation of the electrons occupying
Spin_ So the direction of the local Spin at each site is Conlhe local orbitals. These prOblemS we solve with a generali-
served, and IV ions only hybridize with conduction electronszation of the CPA approximation, as in Ref. 16. A similar
of parallel spin. This will allow for an important simplifica- treatment was used by Saletial** We introduce an effec-
tion in the solution of the scattering problem, by separating itive diagonal self-energy for the local orbitalsy ,(w), for
in two parts associated with the spin orientation of the conihe H, alloy problem, through which on average transla-
duction electrons. tional symmetry is restored. We will now sketch the solution

The Hamiltonian can be rewritten in terms of the follow- Of the spin-up problem, the extension to the spin-down case
ing creation(and the related annihilatiproperators for the ~being straightforward®

local orbital$® (Mn 3d orbitals, in this case For spin up, the effective Hamiltonian reads
dl =i +Xj1l,
Eatariil o () =[8~ 0B+ Sy (]S d] o,
df ,=li=Xitl, @
+ i
for which one has +2k ékcvaCva+; (Vdj¢j,1+H.C).
[di; ,d;TL: 6 j(Pit+Pi 1), In terms of the effective Hamiltonian, the effective propaga-
tor in Fourier space can be calculat@d2x 2 matrix here,
[d;, ,d;rﬂ+ =6 (P, +Pi ), with components associated with thendd spin-up bands
_ 1
Pi,++Pi,T+Pi,*+Pi,l_11 k — 7
Getr,1 (@) w——HW (7)

whereP; = |j @)(j a| are projection operators onto the local

magnetic configuration states. The local hamiltonian nown the CPA the effective propagator is taken equal to the

reads ensemble average of the propagator determineHl py The
average local Green'’s functions obtained can be expressed as

HL=(A—MDB); djdej,T+(A+MDB); dfd;,. 1

W~ € Vz/[w—a(d)T(w)] '

(CRCHNOEED>

MD= M1~ Mo- 5

Now advantage will be taken of the type of hybridization (d; ; ,d;rw»(w): -
present, resulting from the highly anisotropic limit chosen N = 0q)(®)
for the S=1 states. Given a certain configuration for the V2
occupation of the local orbitals at all sites by spin-up or + {ci ¢l Ww),

. . - [w—o g (w)]? T

-down electrons, the spin-up conduction electrons will hy- (A1
bridize only with those IV ions occupied by spin-up elec- )

trons(i.e., in T or + local states One can simulate this by

including a very high local correlation energy {~=) to be ~ Where

paid in the event of mixing the conduction electron with ions

occupied by opposite-spin electrons. Concretely, we'fake gy (0)=A— upB+2 g (w). 9
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to determine self-tained in CPA for a one-band model with diagonal disorder,

consistently the effective spin-up and -down self-energies redue to the short range of the atomic scattering potentials. For
late them directly to the local Green'’s functions for the IV the same reason, mainly, no vertex corrections to the con-

ions1®

_ p-t
>@1(@)= g T (@)

-P

@)= g Ww) (0

ductivity were obtained by Brouert al?* with a CPA treat-
ment of ans-d model for disordered noble- and transition-
metal alloys. Their analysis also applies to our problem.
Furthermore, in the absence of a direct hopping term be-
tween local orbitals only the conduction band will contribute
to the conductivity in our cas®.

As in Refs. 23, 24, and 21 we can obtain the conductivity
through Boltzmann equation in the relaxation time approxi-

Herep denotes the concentration of spin-up sites, includingmation as
single and double occupation of the ion by spin-up elec-

trons: p=(P;;+P; ). Due to the correlations included,
for the densities of states the following hold:

f dpr,(T(w):la

| dopasr=p. | dopy)=1-p. @1

Given a concentratiop, which is determined by the mag-
netization, we solve the CPA equatiotspin up and down

O'ZO'C'T'FO'CJ ,

If(w)
Jw

UC’T:nCeZJ dw( - )H;T(w)cp(w), (14)
where f is the Fermi distributionn. the total number of
carriers per unit volume, and the relaxation time for spin-up
conduction electrons is

k —
TC,T(("))_ 2||mECRT(w)| . (15)

self-consistently together with the total number of particlesFrom Eq.(8) the self-energy for conduction electrons is re-
equation, through which the chemical potential is deterdated to the effective medium CPA self-energy through

mined.

To take into account the effect of temperature on the mag-
netization in a simple form and describe qualitatively the

experimental data in pyrochloré$® we used a simple

2

2(0)= (16)

w—o(d)T(w) '

- - _ 2
Weiss molecular field approximation to obtain the magneti-2nd is actuallj independentb = (1/N) 2y (e) 5(w = €,
zation at each temperature. A similar approach was adoptetherevc(e) is the conduction electron velocity. The exten-
before for calculations of the magnetoresistivity in CeSion of these formulas for spin down is straightforward.

compound$? For a ferromagnet with critical temperature
T., saturation magnetizatioM ,;, and local magnetic mo-

ments of magnitudg which can align with an external mag-
netic fieldB one has

M

] 22
Msat

kel '

TM
) (12

TMgy

Concerning the application of this approximation for the

magnetization to our model for IMn,O, we take the local
magnetic momenj coincident with the experimental value
for M, roughly 3ug per Mn ion2 This is an intermediate
value between the local moments for ¥n of 3.87ug, and
Mn**, of 2.83ug.

Once obtained the magnetization from EtR), we deter-
mine the concentratiop of ions occupied by spin-up elec-
trons using the relation between them

M=[p—(1-p)]u. (13

Considering temperatures much lower than the Fermi
temperature, one can approximétéw) ~v2p?(w), v be-
ing the Fermi velocity. The results presented here were ob-
tained assuming for simplicity a semielliptic density of states
for the bare conduction bamﬁ(w). In this case, as can be
seen from Eq(8), the local Green'’s function for conduction
electrons also will have a semielliptic forfwith the ener-
gies shifted by2¥ (w)].

IIl. RESULTS AND DISCUSSION

We now present the results obtained for this model with
the parameterg/==6 eV for the semielliptic bare conduction
half-bandwidth(centering the conduction band at the orjgin
E=0,A=—-4.8¢eV, andV=0.6 eV. To reproduce qualita-
tively the experimental magnetization daid’we takeT, as
142 K and a saturation value for the magnetization pf3
per Mn ion (like that of free MA™ iong in the Weiss
molecular-field approximation, as well as,=1ug. In Fig.

This simple equation expresses the intrinsic link between thé we plot the temperature dependence of the magnetization
magnetic order measured by the magnetization and the trangbtained for different values of the magnetic field.

port properties which are determined by the CPA self-

In Fig. 2(a) we show the hybridization gap obtained in the

energies obtained solving the alloy problems correspondin§PA spin-up densities of states Bt=0 with those param-

to a concentratiop of spin-up sites in the sample, as will be
shown next.

eters. No gap occurs in the spin-dowrdensity of states, as
there is strictly no spin-dowd density of states to hybridize

We now consider the determination of transport properwith in the ordered statep=1), due to the sum rule of Eq.

ties. Using the Kubo formula it has been proved befbiteat

(11). In Fig. 2b) we observe that at temperatures abdye

no vertex corrections to the electrical conductivity are ob-there still are hybridization gaps present for spin-up bands,



FIG. 1. Magnetization as a function of temperature for magnetic
fields:B=0 (solid line), 1 T (dashed ling 4 T (dotted ling, and 8
T (dot-dashed line ParametersT =142 K; Mg ,=3 ug, and up

=1pg.

and similar gaps have been opened for the spin-downd
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FIG. 3. Chemical potential as a function of temperature. For
various fillings, from top to bottonm=1.085, 1.07, 1.06, 1.03, 0.3,
and 0.15. Solid lineB=0; dashed linesdB=8 T. Parameters as in
Fig. 2.

The temperature dependence of the chemical potential is

d bands(or at least pseudogaps, as is the case for spin-dowplotted in Fig. 3 for various values of the total number of

bands at the higher magnetic fields considerddl=4 and

8T).

[1/ eV]

pa,o

FIG. 2. Local densities of states as a function of energi at
=1Tand(a T=0, (b) T=200 K. p ; (dotted ling, p. (dashed
line), pgy, (solid ling), and py , (dot-dashed line Parametersw
=6eV,E=0,A=-4.8eV,V=0.6 eV, and others as in Fig. 1.
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particles: below, through, and above the hybridization gap.
Notice that the chemical potential is only sensible to the
magnetic field when it falls inside the gap, outside which the
temperature dependence is also very smooth.

In Fig. 4a we show the resistivity curves obtained for
three different values of filling, in the absence of a magnetic
field. The results can be qualitatively understood in the fol-
lowing way. At T=0 the resistivity is zero due to the ab-
sence of spin disorder, hence of scattering as can be seen
quickly from Egs.(10), (15), (16), and (9) with p=1. At
finite temperatures the “impurity approximatiof’is useful
to explain the results obtained: A given spin component of
resistivity is proportional to the conduction-electron relax-
ation time for that spin direction at the Fermi level, which in
turn is proportional to thed density of states of that spin
direction at the same energy. At zero temperature there is no
spin-down resistivity due to the absence of a spin-daivn
density of states, as obtained from Efjl). As the tempera-
ture increases, spin disorder appears anditdewn density
of states becomes finite, and hence resistivity increases. At
T. paramagnetism sets in, and tHedensities of states for
both spins tend to become equal; hence the total resistivity
takes a value about half of theirs. The small negative slope of
resistivity atB=0 aboveT, can be adscribed to the decrease
of thed density of states at the Fermi level with temperature.
The absolute values of resistivity depending on filling are
distributed corresponding to the respective values ofdhe
density of states at the Fermi level. In cases when the Fermi
level falls inside the hybridization gap our resistivity results
seem not very reliable, in accordance with the limitations of
validity of the Boltzmann treatment for transportt.

In Fig. 4(b) we depict the resistivity curves obtained for
different magnetic fields at a filling corresponding to having
placed the Fermi level slightly above the gap; 1.085. This
is the situation of interest in order to explain the transport
properties of TIMn,O, as can be seen from the strong re-
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FIG. 5. Magnetoresistivity as a function of temperature.
MR 4= [p17(T) = pa1(T) 1/ p47(T), where pg(T) is the resistivity
at temperaturd and magnetic field, for n=1.085 (solid line),
0.15 (dotted ling, and 1.055 (X). MRug=[par(T)

(o) — par(T)Vpar(T) for n=1.085 (dashed ling 0.15 (dot-dashed
line), and 1.055+). (MR data forn=1.055 plotted divided by 1D.
' Parameters as in Fig. 2.
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self-energy. Also, thel-down density of states is zefaote

the sum rule of Eq(11)], and hence there is no spin-down
resistivity atT=0. Increasing the temperature both resistiv-
ities build up along with spin disorder, dominating the
spin-up one due to a highet-up density of states at the
Fermi level. AboveT., one enters the paramagnetic phase
and both resistivities tend to be very similggqual for B
=0). For a higher filling, e.g., the Fermi level slightly above
the gap, liken=1.085, the spin components of resistivity
appear inverted. Here hybridization gap effects on the CPA
T K] self-energy become relevant. At=0, spin order again
causes zero resistivity. But increasing temperature, the pres-
ence of the spin-up hybridization gap near the Fermi level
on filling at B—0: n—1.085(solid line), 0.15 (dashed ling and produces an important increase in the real part of the CPA

1.055 (dotted lind. (b) Dependence on magnetic field at self-energy q); for those energies. At temperatures below

—1.085:B=0 (solid ling), 1 T (dashed ling 4 T (dotted ling, and  1¢- the absence of a hybridization gap in the spin-down
8 T (dot-dashed line (c) Spin components of resistivity 8 density of states instead is reflected in a smoother behavior

—1T. At n=0.15, p, (solid line), and p, (dashed ling at n (and lower valuesof the_ real part of the CPA_ self-.eljergy

=1.085,p; (dot-dashed ling andp, (dotted ling. Parameters asin >(d)| - AS @ result of this the spin-up relaxation tinfie-

Fig. 2. c=(eV)¥[ne%?#], e.g.,c~0.1Q cm for ng~10%cn versely proportional to the real part of the alluded CPA self-

andvg~10" cm/s. energy and resistivity become smaller than their spin-down
counterparts. This effect of split-band behavior on the real

semblance of these curves to the experimental data arounmhrt of the CPA self-energy is well known from the general

T..”'° An order of magnitude estimate for our resistivity CPA theory?® For n=0.15, as the Fermi level falls in a

results forn=1.085 is compatible with the values experi- region with an enhancedtup density of states, a compensa-

mentally found'see Fig. 40)]. In any case the absolute value tion of the effects of the real and imaginary partgf,; on

of resistivity we obtain depends on the total number of parthe relaxation time occurs, and the resistivity results can be

FIG. 4. Resistivity as a function of temperatufa. Dependence

ticles, as shown in Fig.(4). explained in terms of the “impurity approximation” as done
Figure 4c) shows the two components of the resistivity, above. The absolute values of resistivity obtained for
one for each spin direction, B=1 T and two fillings of Fig. =~ =1.085 are lower than those for=0.15, in accordance with

4(a). For a low total number of particles such that the Fermigeneral lower values of the density of states. For cases of
level falls below the hybridization gagm=0.15, herg the intermediate filling, with the Fermi level inside the gap, we
results can be qualitatively understood employing the impufind that the spin components of resistivity interpolate be-
rity approximation. Here, alT=0 the spin-up resistivity is tween the two regimes just described.

zero due to the absence of spin disorder, resulting in a null In Fig. 5 we plot the magnetoresistance results obtained,
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employing the same parameters as above for the model. Heobange inR, . With a gap(larger thankgT) present in the
our results exhibit a difference in value between the magnedensity of states and the Fermi level lyifglightly) above
toresistivity maxima around, for lower (measured by Mg, the gap, it is only carriers in that uppéiconduction”) band
here and higher magnetic fieldgiven by MRyg) which is  which are effective for transport. This holds for spin-up elec-
present in the experimental datalVe also reproduce the trons up to room temperature in our case, the resulting
crossing of the magnetoresistivity curves for lower andspin-up Hall coefficient having a negligible temperature de-
higher magnetic fields which is found at temperatures abovpendence. For spin-down electrons, instead, there is no gap
T.. Our magnetoresistivity peak values for 1.085 are ap- present in the ferromagnetic phase. Onlyrathas the spin-
proximately a factor 3 smaller than those which can be obdown ¢ density of states developed a gap, similar to the
tained from the data of Ref. 9. The features mentioned herspin-up one. Due to this fact, the number of spin-down elec-
as present in the experimental magnetoresistivity data wergons effective for transport is reduced abdve resulting in
determined performing a scan of the resistivity curves of Refan increase oR| and Ry in accordance with experimental
9 and afterwards processing those data. Magnetoresistivitybservationg:®
results obtained for fillings such that the Fermi level is Meanwhile, it is the total number of conduction electrons
placed inside either band, below and above the hybridizatiofwhich includes those below the gap and with our parameters
gap, are quite independent of the precise value of fillingjs about 0.15, about 10 times the number of carriers above
which is not the case when the Fermi level falls inside thethe gap which would represent the real doping)(into the
gap region. There, our results would indicate that higher valMn** state to take into consideration. In this way, the diffi-
ues of magnetoresistance can be attained and shifts of MBulties arising from the small number of carriers obtained
peaks appear. In all, our description of the main feature$rom Hall data which are mentioned in Refs. 7 and 9 could
exhibited by transport measurements igMh,O; aroundT be solved. It is interesting to note that a similar difficulty
is quite remarkable, considering the simplifications adoptedegarding the number of carriers detected and those doped
in our treatment. into the sample had been mentioned by the authors of Ref.
We will now refer to the implications for Hall transport 28 when presenting their Hall data for TmSe.
experiments. In our case, two kinds of carriers are contribut- To end this section, we now briefly comment on the trans-
ing to the transport, namely, conduction electrons of eitheport results obtained with the impurity version of the model
spin direction. The ordinary Hall coefficient for the system, discussed above.Using parameters for the impurity in ac-
Ry , in terms of those for each type of carri®; (o=1,|), cordance with those employed here for the periodic model

takes the forrfP and a filling such that the Fermi level falls slightly above the
peak of the impurity density of states, we obtain magnetore-
RTO'%-F Rlof sistance results very similar to those presented above. Nev-

RH(w)ZT- 17 ertheless, the impurity picture would be hard to reconcile

with the Hall data in TJMn,O;, indicating a very small num-
In the ferromagnetic phase, additional “extraordinary” or ber of carriers effective in transpdrt.
“spin Hall” terms in Ry, accounting for coupling between

orbital motion of the carriers and the magnetization, may IV. SUMMARY
become importarft’
The reports on Hall experiments for ;Mn,O; (Ref. 7) Summarizing, in this paper we have presented a complete

indicate the presence of electronlike carriers, about 0.003liscussion of the magnetotransport properties obtained with
conduction electrons per formula unit aboVg. In the fer-  the intermediate-valence model model for the CMR pyro-
romagnetic phase, the Hall coefficient is repoftedbe field  chlore compound FMn,O; which was proposed in Ref. 17.
independentfor magnetic fields up to 6 )T no anomalous The model had been used before for the description of inter-
Hall signal is observed, and the number of carriers at lownediate valence Tm compountis® A lattice of
temperatures is about 3 times the value abdye We will intermediate-valence ions fluctuating between two magnetic
interpret these facts on the basis of the results obtained witBonfigurations describes the Mn ions, which are hybridized
our model. The absence of anomalous Hall contributions bewith a conduction band which we relate to TI. In this model,
low T, would indicate that the ordinary Hall coefficient ferromagnetism originates from the IV lattice, but transport
should suffice to explain the data. We shall assume a simplg intrinsically coupled to the magnetic configuration of the
free-electron form for the Hall coefficient of each carrier lattice (or spin disorder through the scattering mechanism
species, namelyR,=1/ecn,,, where n,, denotes the for conduction electrons which is determined by the hybrid-
number of conduction electrons with spincontributing to  ization. As a result of this coupling between magnetic order
transport. Consider the model with the parameters usednd transport properties, colossal magnetoresistance is ob-
above, and a filling such as=1.085, i.e., the Fermi energy tained. We would like to observe that in spite of the simpli-
placed slightly above the gap in the density of states. At veryications adopted in our treatment of the model and the cal-
low temperatures, the resistivities for spin up and spin dowrculation of magnetotransport properties, the qualitative
are both negligible. In such a case, from E#j7) the Hall agreement between our results and the experimental data
coefficient would resultRy~(R;+R|)/4. In the paramag- available on CMR pyrochlore IMn,0O; is quite remarkable.
netic phase abov&., again both conductivities tend to be  In connection with the model proposed here, it is impor-
similar, though being finite now, and the same formal ex-tant to mention that Shimakawet all° in a recent paper
pression forRy holds. Nevertheless, the difference Ry comment that the ferromagnetic metallic state and the mag-
above and below ; can be explained through the necessarynetoresistance in pyrochlore,Mn,O; are reminiscent of the
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s-f interaction in europium chalcogenides and make a sugreduce spin-flip scattering processes, and so we would not
gestion in favor of a mechanism for CMR similar to the oneexpect major deviations from our magnetotransport predic-
we propos& and our calculations substantiate. Europiumtions by relaxing this approximation. In any case, in the
chalcogenides have some features in common with mixedframework of the model and assuming
valent Tm compounds, for which our model has been origi-T|gij|>2(+Mngijn§+o7 the magnetization should be cal-

nally proposed>° o _culated considerings=1 and 3/2 magnetic configurations
The presence of hybridization gaps or pseudogaps in thgyr the IV ions and deriving the magnetization from the free
electronic structure, such as those considered here, could Nehergy, though we do not expect major differences for mag-
only solve the problems posed by the Hall data which areyetotransport results. A more accurate treatment of transport
mentioned by the authors of Refs. 7 and 9. They shoulgh presence of a hybridization gap in the density of states

cause observable effects in other experiments, such as spWould be required to obtain better results for fillings such
polarized tunneling and optical properties which are interestthat the Fermi level lies in the gap region. Also, a realistic
ing to investigate. It is interesting to note that electroniccajculation of the Hall coefficient for this material is a non-

structure calculations by Singhfor the ferromagnetic phase

trivial and interesting problem.

possess many features in common with our proposed band

structure.
Concerning
adopted here for th&=1 magnetic configuration, it should

the strongly anisotropic approximation
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