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Excitonic correlations in the intermetallic Fe,VAI
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The intermetallic compound EF€Al looks nonmetallic in transport and strongly metallic in thermodynamic
and photoemission data. It has in its band structure a highly differentiated set of valence and conduction bands
leading to a semimetallic system with a very low density of carriers. The pseudogap itself is sensitive to the
presence of Al states, but the resulting carriers have only minor Al character. The effects of generalized
gradient corrections to the local density band structure are shown to be important, reducing the carrier density
by a factor of 3. Spin-orbit coupling results in a redistribution of the holes among pockets at the Brillouin zone
center. Doping of this nonmagnetic compound by 0.5 electrons per cell in a virtual crystal fashion results in a
moment of 0.z and destroys the pseudogap. We assess the tendencies toward the formation of an excitonic
condensate and toward an excitonic Wigner crystal and find both to be unlikely. We propose a model in which
the observed properties result from excitonic correlations arising from two interpenetrating lattices of distinc-
tive electrons €, on V) and holes (4 on Fg of low density(one carrier of each sign per 350 formula upits
[S0163-182698)03235-4

. INTRODUCTION Guo, Botton, and Nishifoand Singh and Mazfhhave
reported local density functional results that indicate that

The electronic behavior of F#AIl has recently been dis- Fe,VAI is a low carrier density, compensated semimetal.
covered to be highly unusudiThe resistivity increases by a I'-centered holes of F&,4 antibonding character are com-
factor of 6 from 400 K to 2 K(where p=3 mQ cm), pensated by zone-edgepoint holes of Vey character. Be-
which is characteristic of a nonmetal, but other propertiecause the data cannot be interpreted simply in terms of de-
indicate metallic character. A sharp Fermi cutoff is observedyenerate, noninteracting carriers with this semimetallic band
in the photoemission spectrum and the specific heat coeffstructure, Singh and Mazin suggest that the behavior is
cient y(T)=C/T more than doubles below 6 Kto caused by strong spin fluctuations of Fe atoms on the V site,
12 mJ/mol K¥). FerromagnetisniFM) in the related com- due to nonstoichiometry or to antisite defects.
pounds FgAl and FeSi and probable antiferromagnetism  In this paper we discuss other possible causes of the pe-
(AF) in Fe,VSi (Ref. 2 suggest that magnetic behavior may culiar observed behavior, starting from the semimetallic
be responsible. The stoichiometric compound itself has ndand structure obtained in the local density approximation
magnetic transition, although the alloy system F&/_,Al (LD). We show that Al plays a crucial, but ultimately indi-
and the isoelectronic system FgV,_,Ga (Refs. 3 and #  rect, part in determining the electronic structure and that the
are ferromagnetic with a Curie temperature that extrapolatesiagnetic state is unusually sensitive to band filling. Based
to zero asx—0"%. The behaviors ofp and C/T were on a calculated carrier density of one electron and one hole
suggestetl as similar to those of heavy fermion metals, for each 350 unit cells, we consider parameters related to a
which would make it a candidate for aldased heavy fer- possible excitonic condensate or to an excitonic Wigner
mion system. If the resistivity peaked and began to decreasgtystal. These exotic phases are not favored by the param-
below 2 K (as happens for UBg, for example the resem-  eters. The character and density of the carriers, the structure
blance would be closer; however, the observed value of of their sublattices, and the anticipated dielectric behavior
=12 mJ/mol K at 2 K iswell below that of accepted heavy suggest that dynamic correlations of excitonic character are
fermion materials. candidates to account for the enhanced “metallic” spectral

Although this compound falls within an alloy system gensity that is accompanied by decreasing conduction.
where the V/Fe ratio can be varied continuously, indications

aré' that the properties noted above apply to the material
near or at the stoichiometric limit of an ideal Heuslé&r2()
structure compound. This structure type is based on an un-

derlying bcc lattice of lattice constaat2, with V at(0,0,0, We have used the linearized augmented plane wave
Al at (1,%,1)a, and Fe atoms ati(:,5)a and ¢,2,%)a,  (LAPW) method that utilizes a fully general shape of den-
wherea=5.761 A is the lattice constant of the resulting fcc sity and potential. Both theviEN97 code® and thewM-NRL
compound. This structure is also that of;Aé which has codé! have been used on different aspects of the calcula-
two inequivalent Fe sites. The Fsite (which is the V site in  tions. The lattice constant of 5.761 A was used. LAPW
Fe,VAI) has eight Fe neighbors in an octahedral configura-sphere radii R) of 2.00—2.30 a.u. were used in various cal-
tion, while the Fg site has four Fe and four Al neighbors. In culations, and with very well converged basis sets no dis-
Fe,.,V1_4Al the larger V atoms occupy the Fsite forx  cernible effect of sphere radius size was found. Cutoffs of
<0. This trend is followed by all transition metal atoms to RK,,x Up to 8.6—8.9 provided well converged basis sets
the left of Fe in the Periodic Tabldi, V, and Cp.® varying from 330 to more than 500 functions per primitive

Il. METHOD OF CALCULATION
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FIG. 1. Full band structure of F¥Al along principle symmetry 0 L L .
lines. The dashed line denotes the Fermi level. The lower band is -6 -4 -2 0 2
s-like, primarily Al character. The Fe and & bands lie between Energy (eV)
—5and 2 eV.

FIG. 2. Density of states of F¥Al (bottom panél projected
onto thee, (solid lineg andt,, (dashed linescrystal field charac-
cell. Self-consistency was carried out kpoint meshes of ters of the Fdtop panel and V (middle panel atoms. Note that the
around 200 points in the irreducible Brillouin zone (122  Fermi level falls precisely in the minimum, which is shown in more
X 12 and 1% 15X 15 meshes detail in Fig. 5.

To assess the finer details of the predictions of density
functional theory, we used two forms of generalized gradienatom, leaves a network that can be pictured as V-centered
corrected exchange-correlation functionals from Perdew andubic VFg clusters connected along all edges in a fcc ar-
co-workers? Gradient corrected functionals have been ob-rangement.
served to give small but sometimes important corrections to Contour plots of the holes and the electrons G140
the band structure in several compounds. Spin-orbit couplinglane that contains the nearest neighbor separations are
was included in a second variation approach as formulateghown in Fig. 3. Thet,y character of the holes is not so
by MacDonaldet al*® apparent in this plane, but they show the normigl shape

when plotted in thg001) plane. It is apparent from Fig. 3
that the hole and electron wave functions are essentially non-
1. CALCULATIONAL RESULTS bonding and this character impacts the model we present in
A. LDA band structure Sec. IV. . . ) .
_ o The DOS shown in Fig. 2 is projected ongg and t,q

The band structure of B¥Al is shown in Fig. 1. The  states on both Fe and V. The Eg states lie almost entirely

crucial feature is a disjointedness between occupied vaIenqgemeF, whereas the Fe, DOS is split into roughly equal

bands and unoccupied conduction bands that is unusual in 8f},0unts below and above the pseudogap. For \éjfetates
intermetallic compound. There are 12 bands to be filled by

the valence electrons. Interestingly, these lower 12 bands are <110>
disconnected from the remaining bands throughout the Bril-

louin zone. The result is not quite a gap but rather a deep g k% k@

minimum (pseudogapin the density of state$DOS) pre-

cisely where the Fermi leveHy) falls. The density of states

N(Eg) does not vanish because there is a very small overlap
of a V-derived conduction band minimum, containing elec-
tron carriers at the three inequivalexitpoints, with a three-
fold degeneratd ', valence band maximum arising from
Fe-derived holes. C@ C@

The hole band al’ is roughly 40%t,, on each Fe atom
and 15% V, with minor Al character. Tﬁe electron pockets at @ m @
X are V ey states(with minor Al charactey, but Fed char- FIG. 3. Contour plot of the Fe-centered hole carriémsm thel’
acter is forbidden by symmetry. The total and atom decompgint valence band maximunand thee-g—type V-centered elec-
posed and projected DOS's are shown in Fig. 2. The Alkon carriers(from theX point minimum in Fe,VAI, plotted in the
states(not shown here, but presented by Gebal.) are (110 plane. Al atoms are centered in the empty regions. The sepa-
repelled from a wide region including the Fermi level by therate densities were added to produce this figure. fEE}eype den-
strongd-d bonding, as discussed by Singh and Mazin. Thissity on Fe(corners, edges, and center of the ploioks normal
repulsion, as well as the apparent unimportance of the AWhen viewed in 4100 plane, as is normally done.

<001>
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\ very near the Fermi level, from a small wave vector expansion
04 discussed in the text. Two of the hole bands are nearly unoccupied
L r X w and are neglected in the discussion in the text.

FIG. 4. Enlargement of the band structure ofW¥a&l near the
Fermi level. The upper panel shows how gradient corrections affect 3. Determination of the Fermi level
the band overlajggdashed lines show bands before gradient correc-
tions are includedby shifting states aX. Both gradient corrections
and spin-orbit coupling are included in the lower panel.

To determine the position of the Fermi level, the hole
pocket and the electron ellipsoids Xtwere fit along high
symmetry directions to small wave vector expansions

lie entirely above the pseudogap, while thg states form

bonding-antibonding complexes separated across the gap b

lvals g comp P gap by o= so+ ak?+ BK*. &
The minimum direct gap of approximately 0.2 eV occurs

?rllgngct:he(.le%@aggecgggi n?:g(bésiennh%ap _b:;w;erg hSince thek* term is important even though the Fermi energy
up!t u up! , WRICH gIVe .ugis small, effective masses do not describe the dispersion pre-
measure of where there is substantial absorption weigh

. ; * .
would be at least 2 eV. The susceptibility of this system isd|sely. We obtam* roughlymy, %1;9_ 1.1 m for the main
discussed below. hole. popket andn’; =0.8m and m;; =0.3—0.35 m for the
longitudinal and transverse electron masseX.afhe band

overlap is 130 meV and compensation determines the Fermi
levels of 70 meV for the large hole pocket and 60 meV for
1. Gradient corrections electrons (relative to their respective band edyeShe
DOS’s of the various pockets are shown in Fig. 5.

We finally obtainN(Eg)~0.1 states/eV, corresponding to
a bare band specific heat coefficiept~0.2 mJ/mol K.
ompared to the extrapolated {-0) observed valdeof

B. Gradient corrections and spin-orbit coupling

The LDA band structure we obtain without gradient cor-
rections and neglecting spin-orbit coupling is indistinguish-
able from that of previous work® Since the fine details are
of interest in determining the predicted effective masses an§

carrier densities, we have calculated the generalized gradie t4 mJ/mol K, the apparent enhancement factor of the ther-

corrections of Perdew and co-workErand also included mal mass ismy,/m,~70. We address this discrepancy in
spin-orbit coupling® The resulting bands are those shown inSec. V.

Fig. 1 and an enlargement near the Fermi level is pictured in

Fig. 4. Gradient corrections lead to a shift of tHepoint 4. Mechanical properties and effect of pressure

conduction minimum upward with respect to the point We calculated the energy for several crystal volumes a

band maximum, by 95 meV. This reduces the band overlag,,, hercent on either side of the experimental volume. The
(before spin-orbit couplingfrom 200 meV to 100 mevland lattice constant that minimizes the energy is 0.7% smaller
reduces the number of carriers by roughly (100/266)3. than the experimental valu&/(V,,.=0.98). A fit to a poly-
nomial gives a bulk moduluB=0.49 Mbar. This indicates a
relatively soft lattice, which can be compared to 1.7 Mbar for
The result of spin-orbit coupling is to split the triply de- Fe and 0.7 Mbar for Al.
generatd’,5 band maximum of mostly Fgg character into It will be of interest for future experiments what the effect
j=2 andj=3 levels separated by 56 meV. The lower dou- of pressure on the band overlap of the semimetallic state is.
blet leads to a pair of hole pockets whose occupation is affrom calculations a¥=1.025/,,s andV=0.95V,,s, which
order of magnitude less than that of the remaining holdranslates to a pressure difference of 36 kbar, the change in
pocket. The result is that the number of hole carriers is afband overlap is negligible. Hence we predict that the effect
fected only a little, but the “degeneracy” is lifted and the of even substantial pressure on the semimetallic state will be
Fermi wave vector of the holes is increased B{?81.4. small.

2. Spin-orbit coupling
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FIG. 7. Band structure of the fictition compound,¥e after the

dFIG‘ﬂ?' \I?eftwar\]/ﬁlor of (tjh(g;mr(])mefr_wts don t_he Fe at()tsmllld dIOI_S) removal of the Al atom. The bands narrow by at least 1.5 eV and
andon the v atonopen dotswhen fixed spin moment calculalions  y,q 1y topology near the Fermi level rearranges.

are carried out. Calculations were actually carried out for moments

above as well as for the points indicated. . .
¥s P t,4 character and the Fe sites form a sc array of lattice con-

C. Magnetic tendencies of FVAl stant a/2, on which the holes are an average of
o = (350)Y%(a/2)~20 A apart.
We have checked for a ferromagnetic instability by per- £or qualitative purposes we can think in terms of a mass

forming fixed spin moment calculations. No such instability ..x 1 tor holes with 1/700 of sites occupied and mags
was found, consistent with the results of Singh and Mazin n

. . ~0.5 of electrons with 1/350 of available sites occupied.
and also with expectations based on the very small value Ofaking the Drude plasma frequencies Q§=4Trne2/m*

.N(EF).’.WhiCh would leave the system far from a Stonergiveshﬂpzm meV for the holes and 50 meV for the elec-
instability. For small forced moments the V moment is par- ons

allel to that on the Fe ion and the energy vs moment curve is
parabolic. For total moment greater than &3 however,

the V moment becomes antiparallel and saturates around E. Importance of the Al site

0.5ug as the Fe moments are driven tpgand above. This Singh and Mazifihave noted that the Adp orbitals mix
behavior is plotted in Fig. 6. In this range the energy vswith the transition metadl states, with the result that little of
moment curve is linear. the Al DOS remains in the vicinity of the Fermi level. Since

A FM instability involves the(j:o response of the sys- isoelectronic F&vGa has properti€d similar to those of
tem, which is weak due to the very small Fermi surfaces. Thé&e&,VAI, we have carried out parallel calculations on the Ga
band structure contains a more interesting low energy recompound at its lattice constant of 5.776*AThe resulting
sponse at the zone boundar¥ point) wave vectorQ;q, band structure is very s_imilar. Thigrimarily Ga s band_
=(1,0,0)27/a, which could encourage an AF instability. centered 9.3 eV be_IO\E,: is 1 eV lower than the Al band in
This response arises from the intersection of the Fermi suff&VAl, but other differences are smaller. The band overlap
faces when the hole-derived surfaced aare displaced by 9iving rise to semimetallic character is 230 meV, compared

Q100. We searched for AF ordering of the simple cubic Fe'© 130 meVin _the Al compoqnd. As a resul, Fermi surface
sublattice, with cubiérocksali ordering of Fe moments. The sizes and carrier concentrations are correspondingly larger
energy increases monotonically with the Fe monanising than in FQVAI.

from the imposed external staggered fiéld) and no ten- To explore further the effect of the Al states, we calcu-

dency toward instability was found. These results are consié—at?d el structure of the f'Ct't'Ou.S compoung\Fm
tent with the lack of any observed magnetic order. which the Al atom is simply removed. Since this unit cell has

an odd number of electrons, the electronic structure must
differ qualitatively; it cannot be a paramagnetic semiconduc-
tor or be isomorphic to on@s the FgVAI band structure is

The predicted carrier concentration is .80 3 carriers  The resulting band structure is shown in Fig. 7. The differ-
of each sign per formula uniior one per 358 7X7Xx7  ence in the electronic structure is substantial and is most
primitive cell. This number is four times smaller than that obvious along theX-W direction.
reported by Singh and Mazin due to the effect of the gener- The combined Fe-\W bands are considerably narrower,
alized gradient corrections to LDA, which push the electronbut corresponding bands can be located throughout the Bril-
band atX upward and thereby acts to decrease the bantbuin zone and throughout the valence/conduction band en-
overlap and hence the carrier concentration. Since the eleergy range. This congruity of the band structures indicates
tron carriers are \&y character, they reside on the V sites that removal of Al is analogous to removing three valence
that form a fcc lattice. The hole carriers are of primarily Feelectrons from the cell without removing bandssis states

D. Characteristics of the semimetallic state
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0.6 doping on the V sublattice: The ferrimagnetic moment is
04 | \% i again near 0.bg, with 0.42 on each Fe atom ard0.26 on
~ ' each V atom. The differences between doping on the V and
% 02t ] Al sublattices can be accounted for almost entirely by the
5 00 / \\ lowering of the V-derived electron bands when doping is
i done on the V site. We will report more of these results and
02} / \\ //L& 1 a study of FgVSi elsewhere.
-0.4
L r X w IV. DISCUSSION OF EFFECTS OF INTERACTIONS
0.6 A. Excitonic condensate?
_oar ] The study of semiconducting or semimetallic systems in
3 o2l i which the gapEq (positive or negativeis very small has a
5 / long history, with residual interactions leading to the possi-
L%’ 0.0 — bility of several exotic phases. A spontaneous condensed ex-
02| \/\ ] citon phase is possibféwhen the gapE, is less than the
exciton binding energ¥y . The occurrence of the spontane-
04 T X W ous excitonic phase in a narrow gap semiconductor or low

density semimetal has been extensively studied and searched
for experimentally, but only a few systems such as
TmSe 45T€y 55 provide reasonable candidates for such a
Ssysteml.5 Specific theoretical predictions are quite sensitive
to the size and shape of the electron and hole Fermi
surfaces® The possibility of an exciton condensate in more
available for occupation As a result, there isl—s charge  highly correlated systems such as Kondo insulators has been
promotion on both Fe and V as the lowest, primastike, suggested by Duan, Arovas, and Shdm.
band changes from largely Al character to totally Fe and V. The classic case of the group V semimetals lies at one
character. The filling of thel bands drops, with an entire extreme, where a one-electron picture works well and the
band alongI’-X-L becoming unoccupied and two bands effect of residual interactions is small. Bismuth is a compen-
along I'-L becoming half empty. Relative band shifts are sated semimetal with less than FOelectron and hole carri-
also substantial and the resulting change in band topologgrs per atom, yet it behaves at low temperature as a straight-
leads to the complete disappearance of the pseudogap dueftpward degenerate metal with observakiteit tiny) Fermi
band rearrangements at tié point. Thus the Al atom or at surfaces. An intermediate case is represented by ScN, a rock-
least its three electrons play a crucial role in determining th&alt structure semimetal with a LDA band structure very
electronic behavior of F&Al. The active states at the Fermi much like that of FgVAI: a calculated band overlap of 80
level nevertheless have only a small amount of Al characterimeV involving a threefold degeneralys hole pocket af”
as emphasized by Singh and Main. and electron ellipsoids &. Monnieret all® considered the
additional correlation energy of the electron and hole carriers
within the LDA and concluded that ScN remains semimetal-
lic (i.e., an electron-hole liqu)dwith only modestly renor-

As an indication of the effect of replacing V with a malized band overlap and effective masses.
heavier transition metal atom, a virtual crystal calculation The present case of PéAl has two features not included
was carried out for the case where the charge on the Vh previous modeld*!®First, the electrons and holes are well
nucleus and the number of electrons are increased by 0.6onfined to distinct interpenetrating lattices so that the dis-
This corresponds roughly to the case oL W¥g,Cri0Al, or  creteness of the lattice may have an effect. Second, there are
more roughly to F&VsgFe;6Al. The result is a ferrimagnetic  likely to be strong residual interactions. There will be repul-
state with a net moment near @.5, i.e., almost equal to the sive electron-electron and hole-hole interactions, not only
extra electronic charge in the cell. The band structure, shownn-site but also intersite due to the weakness of the metallic
in Fig. 8 in a region near the Fermi level, is severely dis-screening. On-site exchange interactions on Fe and V may
rupted neaEg, not resembling at all a situation in which the lead to magnetic fluctuations, although they should be much
bands are rigidly split in a Stoner fashion. The convergencsuppressed due to the low value d¢Eg). Then there will
to a self-consistent solution was very slow, suggesting thalbe the attractive electron-hole interactions.
the FM state should not be very stable. The net moment is The response is described by the dielectric function

derived from 0.52.5 within each Fe sphere an€0.45ug  =1-7py, wherev is a mean matrix element of the Coulomb

within the V sphere. interaction and the noninteracting susceptibility is
We have looked at the same doping level by doing a

virtual calculation using the Al site, i.e., treating - f(en) —fekigm
Fe,VAI 1,5Siy;,. Considering the behavior we found in Sec. Xo(q'“’)zzkE o e —tho'
Il E, that Al seems to simply dump its electrons into the R
system, this virtual crystal calculation may be a very realistiovhere g, , is the band energy of band and f(e) is the
treatment of the AI-Si alloy. The result is very similar to Fermi-Dirac thermal occupation factor. For the band struc-

FIG. 8. (@) Majority and (b) minority band structures of the
ferromagnetic state of the virtual crystal of,Mg,,Cry5Al, illustrat-
ing the strong deviation from a simple Stoner splitting of the band
in this system.

F. Doping on the V sublattice

@
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ture of FeVAI there are three types of contributions at low  TABLE I. Values of the excitonic radiuag, binding energy

- X H .
energyfio. For G—0 there is the usual repulsive intraband 8+ @nd density parametef, for representative values af. .
scattering(from holes and electrons separajetiat gives

X X X
rise to Drude absorption in the optical spectrum. This re-~ 35/ Eg (meV) s
sponse corresponds to a Lindhard-like susceptibility fromp 6 1150 5
both the hole and electron pockets, with Drude plasma enesi 15 180 2
gies given in Sec. IlI D. The characteristic Fermi wave-1g 30 45 1
lengths are of the order ofc~12a=70 A. 20 60 11 0.5

Second, near th& point where(i:@loo and equivalent
points there will be loww response as thE-centered hole . ) )
Fermi surface displaced b@loo intersects one of the elec- whereEg, is the Rydberg andg is the Bohr radius. In Table

tron ellipsoid Fermi surfaces. Third, there will be low | We provide values of these parametersdor=2, 5, 10, and

. . = 20. From the band structure and the band character we ex-
energy intervalley scattering of electrons centered)aty pecte,, to lie in the lower end of this range. In any case,

=(1,00)(27/a) = (0,~1,0)(2n/a) and symmetry-related 1, over the exciton radius is large and the resulting effec-
vectors. In the fcc lattic€,,o reduces t@Q;oo. Thus attrac- e density parameter is far from the low density range
tive electron-hole scattering and intervalley repulsiveyypere an exciton condensate might be expected. Moreover,
electron-electron scattering occur at the same reduced WayYge Thomas-Fermi screening length for this density of elec-
vectors. trons(or holes is still approximately equal to 2 A, so screen-
ing is still a consideration. In any case, a true exciton con-
B. Excitonic parameters densate would be an insulator, which is not the case for the
The scale factors describing the excitonic sysfede- reported samplesur_ﬂess the conduqtion . d?'
pend on the background dielectric constantfor the rigid fects. Thus an exciton condensate is not expected to arise.

lattice in the absence of carriers and on the reduced mass Moreover, since there is only a factor of 2 d|ﬁ¢rence In
masses, a hole Wigner crystal screened by the lighter elec-

iven b i . .

g y trons also is not a likely scenario. However, an electron-hole
1 1 1 plasma of low density ri=30) may have strong dynamic
—=—t— 3 correlations, which we address next.
~oomg omy

where the electron effective masg is given by C. Excitonic correlations

An interaction that will be nearly unscreened in this sys-

3 1 2 . . .
- = (4 temis the attraction between an electrana@V site and a
my M, My hole on a neighboring Fe site. The V-Fe separation is only

2.5 A, and since the density of electrons and holes separately
in terms of the longitudinal r,) and transversenfy) s in the vicinity (if €., is smal) of that where Wigner crys-
masses of the electron ellipsoid. For the calculated bands wgylization should occut® a homogeneous screening approxi-
obtain u~3m. The density of electron-hole pairs corre- mation may have broken down anyway. We suggest that a
sponds to dbare; see belopwdensity parametar,=30. The  Hamiltonian of the form

dielectric constant is difficult to estimate. It involves dipole

matrix elements betweed bands, which vanish in the H=> t°.e e o+ > t" hf hyrs

atomic limit (dipole transitions requirp—d or d—f transi- s T s

tions in this limi). Moreover, the valence and conduction

bands are dominated by Fe and V, respectively, on two sepa- —yeh 2 ne nhs, + UeE nf nf_

rate sublattices, which will tend to reduce matrix elements. (i.j).s.s' b P

Since the Fe and \d states retain much of their atomic

character in this solid, we do not expect a large value.af + UhE n;‘ +n=‘ B (8)
The exciton radiusy, effective RydberdEy, (the binding oo . .

energy, and density paramete{ are given by includes the important residual interactions. Hefecreates

an electron of spis (equal to+ or —) on theith site of the
m Vv sublattice,th,S creates a hole of spmon thejth site of the
ag= €. —ag, (5 Fe sublatticen®=e'e, and similarly for the hole occupation
# operator. The constani®" and U¢,U" represent the corre-
sponding interactions confined here to on-site for like par-

E)é:iz ﬁER, (6) ticles or nearest neighbors for the electron-hole interaction.
e m The hopping amplitudes® andt" are determined so as to
reproduce the dispersion seen in Fig. 4. The attraatie
and attractionVe" might be of the order of
. s 1u e? 5 eV
== m's (7 Veh= g krefnn= X 0.3~150 meV (9)

B oo €xI’NN €
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if e.,~5, with the equality being applicable only if Thomas- V. SUMMARY
Fermi screening is applicable. If both dielectric and Thomas-

Fa:m| screening are inapplicable due to the short separatiog, e 4 jow density semimetal. It is not unstable toward mag-
v CO.L"d approaqh the 01_2 e\/ range. netic ordering, in agreement with observation, although the
Falicov and Kimbafl® considered such a model, but ,qgition of rather small amounts of carriers produces ferro-
treated only the case of infinitely heavy holes and neglect Offnagnetism, as observed. The Al atom is found to have a
identical particle repulsion. They obtained an anomaloustrong but indirect effect on the electronic structure of this
temperature dependence of the carrier concentratiorsompound. The observed properties, including a heat capac-
Kasuy&" has considered the possibility of Wigner crystalli- jty that is 70 times larger than the semimetallic DOS can
zation of excitons in a related picture and suggested that thaiccount for, indicate that other processes are occurring in this
picture might be appropriate for rare earth pnictides such asystem.
LaSh. The situation presented by,NMé&l does not seem to fit The density of electrons and holes is in the range where
well within either of these pictures. individual formation of a Wigner crystal is expected and
Since we expect the kinetic energy to be sufficient to in-hence long-range interactions might be expected to be of
hibit the formation of bound excitonG@s discussed in Sec. importance. We have suggested rather that dynamic exciton-
IV B), dynamic correlations of excitonic character may belike short-range correlation@rising from short-range inter-
substantial. To account for the observed behavior, the inte@ctions will dominate the observed behavior and account for
actions have to be large enough to keep the system frot least some of the er]hgr}cement of the thermal mass and for
simply reverting to a degenerate metalich as Bi. Two the upturn in the resistivity at low temperature. We have
effects oppose the formation of coherent propagatin%ons'dered the possibility of an exciton condensate ground

electron-hole pairs: The electrons and holes have differerfiate; but for this picture to be viable even for an unreason-
velocities (although very similar in magnitudeand they ably small background dielectric constant, a conventional

move on inequivalent sublattices. Nevertheless, excitoni?onge;zatibdogs no(; slee.trr;] tottbe ;_ndmaltec:. A tt\1N(|)-b.a?d, ex-

correlations should occur and grow in strength as the tem,[—.en E t;J ard mo et \év' attrac |\/_E|eec ré)nl-toe |nteract—h

perature is lowered. These correlations result in neutral ob:0N Nas been suggested as a possibie modet 1o captureé he
ssential processes, including excitonic correlations. The

jects that do not carry current, hence the resistivity shoulfSSeNte ) :
pssibility of inhomogeneous magnetism, as suggested by

increase at low temperature, as observed, as carriers are S ah and Mazin. remains a possibility for accounting for
fectively removed in pairs from the conduction process. Ing ZIn, : ! possibility unting
ome of the observed behavior.

Whether the photoemission spectra and the thermal mass en’
ha_mcement can .be thalneq will require further treatment of ACKNOWLEDGMENTS

this model Hamiltonian, which will be presented elsewhere.

This Hamiltonian would be expected to show superconduc- We are grateful to W. L. Lambrecht for bringing Ref. 18
tivity in its phase diagram as well, although perhaps not ato our attention. This work was supported by the U. S. Office
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Within the local density approximation, jéAl is found
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