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Transfer of spectral weight in the degenerate Hubbard Model in infinite dimension
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Infinite dimensional degenerated Hubbard model has been studied within the framework of the generalized
noncrossing approximation. Details on the behavior of excitation spectra are given here, concerning transfer of
spectral weight between different energy scales as well as low energy excitation properties. Effective mass
evolution close to metal-insulator transitions has been investigated.
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[. INTRODUCTION approach is essentially a perturbation theory with respect to
the correlation strength, which is the highest energy scale of
Recent research concerning high-temperature supethe system. The noncrossing approximatibiCA) (Ref. 17
conductor$ and giant magneto-resistaiceave stimulated Wwas shown to be in excellent agreement with quantum Monte
the interest for strongly correlated electronic systems. DeCarlo calculations for the dynamical mean field theory
spite a large amount of papers on this fascinating field, ADMFT) of the one-orbital cas€;'® even far away from
complete physical understanding of these systems remainsh@lf-filling. NCA has also been used successfully for multi-
major problem of condensed matter theory. Even the simchannel impurity model& Here, we present an approach
plest Hamiltonian describing such systems, given by thdased on the NCA within the dynamical mean field DMFT.
Hubbard model, is still an unsolved challenging problem.
The seminal work of Metzner and Vollhafdbas shown Il. THEORY
the importance of large spatial dimensiobs Taking the . )
limit D— leads to significant simplification of the many = We start with the standard two-orbitals degenerate Hub-
body problem while retaining essential dynamical features oP@rd model taking into account itineracy, strong correlation
low dimensional situations. An important amount of studies@"d two orbitals degree of freedom.
has been done within this approach, mapping the lattice U+

problem onto a self-consistent Anderson single impurity — — N qabet o L Z SN g
model. This mapping becomes exact in the limit of infinite (ifFe 1 aoTibe T el oty
spatial dimension. For a review, see Ref. 4. Most of this U U—J
work has been done focusing on the original one-band Hub- e 2 N 2 n
. . N . + nlaonlb*0'+ NiagNibe

bard model, which is the simplest model to describe the 2 id7b.o 2 ja#bo
electron-electron interaction-driven metal-insulator transition P
(MIT). -5 CiaoCia—oCib_ oCi 1

However, orbital degeneracy is known to play a crucial 2 i,a;),a lagia=atib-oiban @

role in correlated systems. The degeneracy ofdhmnd is o ] ]
two in V,04 (Ref. 5 and three in LaTi@. Orbital degree of Where the syW ,j) is the sum over nearest nelghbor sites of
freedom is relevant to explain some very interesting proper@ Bethe lattice and,b=1,2 is the band index;,,, (respec-
ties like colossal magnetoresistafic®IT in alkali-doped tively, Cio;) denotes the creatioffespectively, annihilation
fullerenes’® and for any physical property involving orbital operator of an electron at the lattice sitevith spin o and
ordering. orbital indexa and n;,,, is the occupation number per spin
Many theoretical approaches have been proposed to d@nd per orbital. The onsite Coulomb repulsibhand the
scribe the effect of strong Coulomb interaction in systemseXchange parametdrare assumed to be independent of or-
with orbital degeneracy, using the slave-boson methdd, bital. In addition we will neglect the last term by takidg
the variational method and the limit of high spatial dimen- =0 in the Hamiltonian(1) and the hopping between differ-
sion. Some results of these works concerning the transitiognt orbitalstﬁbz —1t8,p. Hund's rule coupling influence will
criteria and the order of the MIT are substantially different. Abe examined in a future work.
unified theory describing degenerate Hubbard model is still Within such approximations, the Hamiltonian becomes
missing. Concerning high spatial dimension approaches,

quantum Monte-CarlgQMC) (Refs. 14,24 and a general- N u

ized iterated perturbation theof§PT) (Ref. 15 have been H:_t<i g:ao CiaoCjac ™ 5 2:0 NiaoNia—o
proposed. Imaginary time results, high computational time o o

and fundamental difficulties at low temperature can be a u u

limit for QMC calculations. The generalization of the IPT, + 2 i';‘fm NiagNib—o T 2 i’a;M NiacNiba

developed in Ref. 16, presents the advantage of being able to
deal with particle-hole asymmetric problems. However, thisand can be written simply
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This Hamiltonian was studied previously by quantum

Monte-Carlo(QMC) in Ref. 14. Integrating out all fermionic

degrees of freedom except for a central site in the action

associated with Hamiltonia(2) leads to the single-site ef- £, 1. Two orbitals local model. The sixteen local stdies3)

fective action are all coupled by the orbital dependent effective medium hybrid-
ization 7'(w) and 7%(w).

s Jﬁd f’ed 'S (DG = )Connl( )
= — C — C
o Jo 0T ) U7 & Coart T 0al T T [Boanl T Gao(®) 1= 02— ap( )~ 2G4, (@),

we found the self-consistent set of equations
TN (0)=t*G,y(w).

+ > noa(T)nob(T)>, In the following, we solve the impurity model of E(B)
(aZb) using the extended version of the noncrossing approximation
presented in a previous wofk.NCA is a perturbative ap-
proach with respect to the hybridization of the impurity with
the effective bath. Therefore, NCA is a good approximation
for large values ofU. Propagators and self-energies of the

Therefore, as in the one-band case, the Idgeersion of ~ Sixteen local statefkr,8) are introduced, where: (respec-
the degenerate two-bands Hubbard model is mapped onto &iYely; 3) is the local occupation of orbita=1 (respec-
effective impurity model. The local correlated site is now tively, a=2). Each local statga, 8) is an eigenstate of the
orbitally degenerated, and two different effective media havdocal part of the model Hamiltonian. The corresponding local
to be considered. The corresponding Hamiltonian reads model that have to be solved is schematically represented in
Fig. 1. The impurity site is coupled with two effective media

U
+ EfoﬁdT( g Noao(T)Noa—o(7)

where

Noa=MNoar T Nog| -

Hetr=Hioct Hmeds (3) by two effective dynamical hybridizations7*(w) and
. T w).
where the local part is Local states|a,8) and |a’,8’) are coupled by NCA
U equations if one of the two following conditions is fulfilled:
Hige= >, EoMoart o > NoaNoa st > NoaNob| s {Ino1(@)—noi(a’)[=1 and B=p'} or {a=e' and
ao ao (a#b) Ingo(B) —Nngo(B’)|=1} as shown in Fig. 2. The firgtespec-

tively the second case involves 7'(w) [respectively,

and the coupling with the effective medium is
T ()]

+ a, + R
Himed= 2 (WEb_ - CoaptH.C)+ 2 e2b.: Daiy-

kao kao

€, IS the onsite energy for the impurity sitWE represents N
hybridization between the site= 0 and the effective medium
corresponding t@ orbital. sE is the band energy of the same y . N
effective medium.b;zﬂ (respectively,b,i,) is the creation ' A
(respectively, annihilationoperator of an electron in the / . N
effective medium. The orbital dependent coupling with this [ ++ 1 [ --_ ] [+- | [+ ] [20 ] [[02] n=2
two-components effective medium is characterized by the >
following effective dynamical hybridizations:

w2 (=01 [0 0] [0 n=1

T w)=2,

K w+|0+—8§ |

From the equation of motion of the local Hamiltoni€), it

follows that . . .
FIG. 2. NCA coupling between the sixteen local eigenstates of

Gao(w) 1=w—eg,—3 1 (0)— T ). the local part of Hamiltonian(3). Only coupling involving thea
=1 effective medium are displayed. Solid lifrespectively, dashed
Comparing this equation to the following property of line) represents coupling by exchanging an electron of spifrep
Green’s functions on a Bethe lattice spectively, of spin down
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FIG. 3. Densities of states for a constant electronic occupation FIG. 4. Densities of states for a constant electronic occupation
n=0.95 and for various interaction strendthit=2, 3, 4, and 5. n=1.90 and for various interaction strengthit=2, 3, 4, and 5.

NCA was in very good agreement with essentially exact The temperature dependence of low energy excitations
quantum Monte Carlo simulations for the one-band casewill be examined at the end of this section. For all other
This approximation is then a good candidate for the investicalculations of this paper, temperature has been chosen high
gation of the multiband generalization of the Hubbard modelenough T=1000 K) to prevent from the NCA pathology at
In the next section we present the main results of our dytow temperature. The critical temperature for this NCA pa-
namical mean field theory. thology is aroundr =250 K121

The evolution of electronic densities of states with respect
Ill. RESULTS AND DISCUSSION to correlation strengtiu/t is shown in Fig. 3 for an almost
quarter-filled system, and in Fig. 4 for an almost half-filled
one.n~1 in Fig. 3 andn~2 in Fig. 4. We do not consider
The NCA approach presents the advantage to provide diexactly half- and quarter-filled systems to prevent numerical
rectly real frequencies one-particle Green’s functions. Locaproblems from arising when the Fermi level density of states
qguantities like densities of states can therefore be computed very close to zero. Nevertheless, our approach is numeri-
for any regime of parameters without having to perform ana<cally well defined for filling arbitrary close to integer values,
lytical continuation. Useful and comprehensive informationwith increasing numerical efforts. As in the one-orbital metal
concerning electronic dynamic processes are given by thege insulator Mott transition, an increasirig/t produce an
densities of states, without any size effects due to small clusmportant transfer of spectral weight from low to high energy
ters and till very low temperature. Nevertheless, temperaturgcale. Low energy excitations get narrower and Hubbard
has to remain higher than a critical temperature under whiclhhands appear simultaneously. Lower and upper Hubbard
the NCA presents a pathological behavior. We will discussbands positions are shifted by an energy of orderCon-

A. Density of states

this point in the following of the paper. trasting with these common properties, quarter-filled and
Spin and orbital dependent densities of statgg w) are  half-filled systems differ strongly regarding the spectral
obtained from NCA Green’s functions by weight distribution between occupied and empty states. For
large values ofJ/t where LHB and UHB are well separated,
1 relative spectral weight is 1/3 far=1 and 2/2 fom=2. The
Pao(@) =~ ;Im{Ga“(w)}' n=2 electron-hole symmetry is no more fulfilled for=1.

In this paper, we will examine in detail the doping dependent

A typical NCA density of states per spin and per orbital istransfer of spectral weight which is responsible for this be-
displayed in Fig. 3 for the doubly degenerate Hubbard modehavior.
and for a total occupation number aroume 1. Both lower The correlation strengtiJ/t has been chosen large
[LHB, (A)] and upper[UHB, (C)] Hubbard bands are enough to expect that the noncrossing approximation is cor-
present. As in the one orbital case, these high energy excitaect. NCA is a perturbation theory in which the small param-
tions are separated by enerly Relative spectral weights eter is the hybridization between the impurity and the con-
between LHB and UHB are given by the ratio 1/3. Quasipar-duction bath. This approach has the advantage of taking into
ticle excitations can be seen around the Fermi I¢bbahd account explicitly all many particles local states for the im-
(B)]. The origin of this low energy structure can be clarified purity. Thus, the atomic limit wherg/t is large is exact. On
in the context of NCA by observing its temperature and fill- the other hand, one severe drawback of the NCA is its failure
ing dependenc® or by reducing the Hilbert space of avail- to capture the noninteracting case.
able local states onto the impurft. To understand the influence of orbital degeneracy in this
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FIG. 5. Comparison of NCA densities of states for a one orbital 0.1 frmmrimmsnseiionne s il N iz e ]
Hubbard model and for the two degenerate orbitals Hubbard model. 0.05 Fn=0.96 E

Parameters ar&J/t=5 and n,=0.94 in both cases. The inset -10 0 energy [eV]I0 20
shows the low energy behavior of the same densities of states in _ _
details. Label(g) designates a band which will be discussed FIG. 6. Densities of states per spin and per orbital for various

in Sec. Il C. fillings. The correlation strength if=5 eV,t=1 eV and tem-
perature isT=1000 K. For each curve, Fermi level is labeled by a
Lo . . Plack point.
model, it is interesting to compare two-bands densities o

states with one-band NCA results. This is shown in Fig. 5,=3, the system is an insulator. It is metallic for any other
for U=5 eV andny,=0.94. Spectral weights are in good filling. This is in good agreement with the metal-insulator
agreement with previous approaches such as'iRViore phase diagram obtained by Quantum Monte Carlo simula-
precisely, we found that degeneracy has a strong influenagons in Ref. 14. Fon=0.96 the system is metallic. The high
only on high energy excitations: respective spectral weightgffective mass of banB) quasiparticles is the signature of
of lower and upper Hubbard bands fag,=1 are 1 and 3 in  the proximity of the MIT. High energy band®\) and (C)
the two-orbitals problem, instead of 1 and 1 for the samalisplay a relative spectral weight which is consistent with
filling in the one-orbital problem. However, NCA band struc- probabilities for adding or removing an electron to the sys-
tures are strongly different from IPT ones. Fine structuregsem in a singly occupied configuration. Doping up to the
displayed by IPT results are not present in our approackntermediate fillingn= 1.6, a complete redistribution of spec-
which is confirmed by recently obtained QMC spectral func-tral weights is observed. The system is still a metal. A struc-
tions for the multiorbital Hubbard model in infinite ture is still observed around the Fermi level but the peak is
dimensior?* broader. The corresponding effective mass is smaller. The
Figure 6 shows the DMFT-NCA densities of states permetallic system is far from the insulating phase. Higher en-
spin and per orbital for various fillings and foaf=5 eV,  ergy structures can be well understood by looking at the
t=1 eV, andT=1000 K. The temperature is high enough spectrum evolution for various values of the occupation
to be far from the NCA pathology at low temperature. In theFor example, the small spectral weight of bai@) of the
strongly correlated regime whetg/t=5, NCA is a good n=1.88 density of states, can be interpreted as the small
approximation. Each density of states corresponds to a giveprobability of removing an electron from a singly occupied
electronic occupation increasing from 0.96 to 3.66. In ordesite. This probability was large far close to 1[band(A)]
to examine more clearly spectral weight transfers betweeand strongly decreases for increasingFor n~2, singly
bands, densities of states have not been displayed with reccupied sites are unlikely and ba(@®)) spectral weight van-
spect to the shifted energy— e but directly with respect to ishes. On the contrary the probability of adding an electron
w. Therefore, contrasting with other plots in the paper, Fermbnto a doubly occupied site is increasing witkand is rep-
level position is not zero. For each curve, Fermi level positesented by the right ban®) in the n=1.6 spectrum. Such
tion is labeled by a black point on the energy axis. Totalprobability interpretation of densities of states will be de-
occupation numbers are indicated for each density of tailed in the following of the papeisee Sec. IlI B.
states. Quasiparticle low energy excitations can be seen More information on these metal-insulator transitions can
around the Fermi level. Qualitative effective mass behaviobe obtained by plotting the Fermi level dependence of total
of quasiparticles can be deduced from the thickness of theccupancy. This is displayed in Fig. 7. As it was recently
low energy excitation peak. Note that effective mass of quaebserved by QMC simulations for the multiorbital Hubbard
siparticles increases when approaching the Mott insulatingnodef* a plot of occupation number versus chemical poten-
state, which is consistent with experimental observations inial displays a plateau as soon as a MIT is crossed. When the
filling controlled oxides family such as Sr,La,TiO3.2° A system in an insulator, as fat=4 eV in the figure, a small
quantitative study of the quasiparticle effective mass will bedisplacement of the Fermi level in the insulating gap does
done in Sec. lll C. For integer fillinga=1, n=2, andn not lead to a significant variation of the total occupation
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8(a) shows that added holes go preferentially in low energy
FIG. 7. Total occupation number with respect to Fermi level ofstates and at the same time, a transfer of spectral weight

d electrons. Parameters die=5 eV,t=1 eV and temperature is occurs from high to low energy states. A similar behavior is

T=1000 K. The inset shows the occupation up to the transitiorobserved in the second domajart (b)], wheren goes from

valuen=1, forU=4 eV. quarter-filled case~1 to half-filled casen~2. Such spec-

tral weight transfers are consistent with expected behavior of

number. Our results show that three successive MIT at intestrcl)ngly coréelated S)l/ster'nsh.  oach d band with
ger fillings occur in the systenmn=1 andn=3 transitions ntegrated spectral weight of each unoccupied band wit

are equivalent because of the particle-hole symmetry. For respect to electronic occupation number are displayed in Fig.

given U, the Mott gap of then=2 transition is smaller than 8 For electron filling going fronm~2 to n~3 the electron-

_ i ; : hole symmetry can be used. Going frans+2 to n~0, new
then=1 gap. This is in good agreement with previous cal- . . : .
culationsgle%ding to aglargergcriticauc for ?he n=2 added holes display the following general behavior previ-

transition™ We found U (n=2)~3.5 andU(n=1)~3.1. ously dlscussed: new holes go prefgrenually into states close
. . ; tp the Fermi level and at the same time, an important transfer
The inset shows that although an exactly integer value is NOL: < actral weiaht from hiah to low enerav scale takes place
possible using NCA because of numerical problems arising TFr)1e behaviogr of the Iov? ener art o?‘);he spectral eri ht.
from a zero density of states at Fermi level, fillings very gy b P g

. . upon temperature is displayed in Fig. 10. Temperature is cho-
close to integer values are nevertheless accessible. .
. o ; sen such that our results are believed to be not affected by
The sequence of MIT for integer fillings is a natural gen-

o . ; the NCA pathology at very low temperatur&?! The states
eralization, using Landau theory analysis, of the well known .
near the Fermi level are strongly temperature dependent. At

first order MIT for the one-orbital model at half-filling. In a low temperature. a coherent quasiparticle peak oceurs close
recent worlké® clear numerical evidences have been given by, pera ' quasip b
to the Fermi level. The same kind of behavior was observed

QMC for the coexistence of metallic and insulating solutions ) X
for the DMFT in a half-filled one-orbital Hubbard model at for the one orbital systetfl and for the two-band system

g 2 . .
finite temperature. These results are consistent with a finite(-t ransition metal and oxyged® As was already discussed in

temperature numerical renormalization group study of the
Mott transition for the same systeffiThe problem of the
coexistence of two solutions at integer fillings for the two-
orbital model have not been discussed here because of the 3|
NCA pathology at low temperature. Indeed, the critical tem-
perature for the NCA pathology is of the order of the tem-
perature at which the coexistence is observed by other ap-
proaches. In spite of this shortcoming, our approach has the
advantage of providing directly and easily real frequency re-
sults.

The transfer of spectral weight upon doping is shown in
Fig. 8. Only empty states have been displayed, correspond- 0
ing to experimental inverse photoemission spectra. The up- 0
per part(a) of the figure corresponds to a first domain, where
total occupation number goes fram=0 ton~1 (and empty FIG. 9. Integrated spectral weight of each unoccupied band with
states number goes from 4 to 3). Starting for tikel side, respect to electronic occupation number. TemperatureTis
where we have three holes per site, and adding holes, Fig:1000 K andu/t=5.
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B FIG. 10. ?ensmes of stj\tes for various temperatures fiom FIG. 11. Spectral densities @2(w) andF2(w) for a slightly
=500 KtoT=2000 K.U/t=5 and electronic occupation number ) g 4
is n=0.83. doped quarter-filled degenerate Hubbard model,&erl and o

=1. Total occupation isn=0.96. U/t=5 and temperaturel

Fig. 5 the degeneracy has a strong influence only on high:1000 K.

energy excitations. o ) ] o
Physical interpretation of spectral weight distribution for
G2(w) function is the following: occupied states spectral

weight represents the probability of finding an electron of
One of the advantages of the DMFT-NCA approach prespin o in a state of energy. Conversely, empty states spec-

sented in this paper is to provide an easy way for computingg weight represents the probability, for an extra spin
varioys Green’s functions. Thg u;ual one-particle G_reen’%lectron added to the system, to occupy a state of energy
function G§(w)=((CariCly)), iS given by the following  similar interpretations are valid fd¥%(w) function as soon
expression with respect to the local NCA propagators: as one considers the presence of an onsite spinelectron
as an extra necessary condition.

In the following, NCA results for spectral densities of
Fé(w) and Gi(w) are presented for fillings near quarter-
filled case, near half-filled case, and near 3/4-filled case. Fig-

where the projectorX are defined by ure 11 displays quarter-filled results for propagators as well
as most relevant local atomic states. Here we have four such

XT=i)(jl. ,
[l states. In the quarter-filled case, the average number of elec-
{|i)} are the sixteen eigenstates of the local part of théron per site is one. Most of the time, a correlated site is

Hamiltonian(3). The (16<16) matrixD, , is given by de-  singly occupied|7,0), ||,0), |0,1), or |0,]) depending on
veloping the destruction operatar,, on the projector the electron spin and on the nature of the occupied orbital.
basis{ X'/} Physical interpretations d62(w) and F2(w) spectral den-
sities allow us to explain relative spectral weights of Fig. 11
bands. ConcerninG:(w), there are three wayghree local
states over fourfor adding a spino electron to the system
by c;’[,, and only one waystate|o,0) if a=1) for removing
More complicated Green’s functions can be extractedan electron byc, ,. With the extra condition of having an
from local propagatorg(X';X")),. Using the samd®,,  electron of spin— o on the same orbital, these relative spec-
matrix, two-particles or three-particles Green’s functions carral weights become respectively one and zero. This behav-
be calculated. For example, the useful propag#&ffw) ior, which is purely due to strong correlations between elec-
=((CapNa _»iCh. )Y, is given by trons, is correctly described by the DMFT-NCA.
Corresponding results for the slightly doped half-filled
case(respectively, 3/4-filled caseare displayed in Fig. 12
(respectively, in Fig. 1B Calculated behavior for the
3/4-filled case is similar to the quarter-filled case because of
the particle-hole symmetry. On the contrary, the half-filled
case involves six doubly occupied local states. Removing an
electron of spint ona=1 orbital (applyingc, ;) is possible
on state$2,0), |1,1), and|1,|). Applying c] , is possible on
stateq0,2), ||,1), and||,|). We have therefore equal spec-
Fé(w) Green's function has been recently investigated fortral weights for empty and occupied bandi?qlf(w) spectral

the one orbital Hubbard model in Ref. 27. density. With conditionn, =1, remaining states become

B. Multiparticle Green'’s functions

G;“,(w):; (Dao)ij[(Da.o) T ((X1; X1,

Ca()'E ; (Da,a')ijxij .

Fo(@)=2 (Bar)y[(Dao) T (X" X)),
wherehljavg is the following (16x 16) matrix:

(Ba,o)ij :%: (Dao)ik(Da,—o)ik(Da,— o) -
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FIG. 12. Spectral densities @2(w) andF2(w) Green's func- FIG. 14. Doping dependence of quasiparticle effective mass for

tions for a slightly doped half-filled degenerate Hubbard model, forT::LOOO K-U=1 eV (respectivelyU=2 eV andU=4 eV) is

a=1 ando=1. Total occupation i#=1.90.U/t=5 and tempera-
ture T=1000 K.

represented by dotted lifeespectively, dashed line and solid line

22(0) =[G ,(0)] =[G p(@)] 71, @
only |2,0) for removing one electron, and|(1),|],])) for  where
adding one electron. Calculated results for spectral weights
are in good agreement with this qualitative behavior. Rel- [Gao(@)] t=0—2,— T w).
evant microscopic processes between local states can then Re it i ¢ ting Y is timate th
identified for each metal-insulator transition. n alternative way for compu ing; ,(w) is to estimate the
ratio F; (w)/G;(w):
C. Effective mass SU U F2(w) .
In this section, we present quasiparticle effective masses ac(@)= G(w) : (5)

calculated by NCA for the doubly degenerate Hubbard

model. Effective masses are calculated from the frequenc@ne advantage for using E(p) instead of Eq(4) is to give

dependence of the self-energy real part using the equationa solution for a shortcoming of NCA. NCA is a perturbative
approach with respect to the hybridization of the impurity
with the effective bath. This implies that NCA can capture

. many particle dynamical processes which is not possible us-

=0 ing a U-perturbative approach. But the noncorrelated situa-
tion is not well described by NCA, because hybridization is

Within the NCA framework, local states self-energies areno more the smallest energy scale in the system. One sign of

directly given from local states propagatgsee Ref. 22 On  this important NCA misleading in the=0 case is the cal-

the contrary, total interaction part self—energ&§(,(w) are culated density of states which is not identical to the noncor-

m* :1_[&R€[2(w)]

F Jdw

calculated indirectly, using the total Green’s function related density of states. TherefoBe;’;O(w) iS nonzero
when computed by Eq4). Using Eq.(5) gives the correct
T T T T T T T T EU:O( )=0
a,u'_ w " . . . )
025l XNV ] _ Figure 14 shows the quasiparticle effec'glve mass_behawor
: CYVACYANYIN Y, | with respect to the number of charge carriers per site. For a
% ook ] correlation strengtty larger than the Mott transition critical
= A | value, divergencies ofm*/m are observed for each integer
8 1 filling. For smaller values o, a sensible increase of the
s 015F [—F (®) ! \ = . . -~ .
= I I s ! | effective mass close to integer fillings is precursor to the
; 0.1k = if 2 _ transition. A strong asymmetry is observed aroundrtkel
'z L '-' _ and n=3 situation contrasting with the particle-hole sym-
< 0.05- 1 _ metric casen=2. A similar behavior was displayed by a
L : i previous QMC approacH.
0 Lomms A . PR | N Useful information to understand these properties of sym-
-15 -10 'g)_sF[e\(,)] 5 10 metry can be obtained within our NCA approach, by com-

paring densities of states aroumé=1 andn=2. Slightly
FIG. 13. Spectral densities @?(w) andF3(w) Green’s func- electron-doped and hole-doped situations are displayed in
tions for a slightly doped 3/4-filled degenerate Hubbard model, forfFig. 15 forU=4 eV andT=1000 K. Part(a) of the figure
a=1 ando=1. Total occupation i:=2.97.U/t=5 and tempera- corresponds ta=2. Corresponding densities of states for
ture T=1000 K. electron and hole doped cases are characteristic of a particle-
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IV. CONCLUSION

025 _|( ) ' | T | ' | ' | 7]
I (a ]
02+ — In summary, we have proposed an approach based on the
015 N dynamical mean field theory for the doubly degenerate Hub-
L 4 bard model, combined with a generalization of the noncross-
= 01 . ing approximation in order to solve the equivalent self-
§ 005 - o consistent local impurity problem. This impurity problem
k4 r, K consists in a doubly degenerate local correlated(siteeen
g 0.22 1 Ml local statesembedded in a conduction band which is orbital
E AL § dependent.
§ 0.2 ] We obtained a description of the integer filling metal in-
S 015 — sulator transitions consistent with previous theoretical works
o1k 1  using slave-boson formalisti}? variational method?® and
L g g quantum Monte Carlo dynamical mean field the¥§ The
005~ Il“ 7] range of validity of our approach is restricted by two impor-
0 I5 (I) I L IJO \m——lis n tant limitations. First, the NCA pathology at low temperature

makes it impossible to investigate electronic systems at tem-
perature lower than a critical temperatufg~250 K. This
FIG. 15. Densities of states aroumd=2 [part (8] andn=1 limitation prevents us from discussing the interesting ques-
[part(b)] for U=4 eV andT=1000 K. Dotted lines correspond to tion of the coexistence of two solutions for the MIT at low
Fermi levels. Solid line(respectively, dashed linerepresents a temperature. Secondly, the exact limit of the NCA is the
slightly hole dopedrespectively, electron dopgdystem. atomic limit. Therefore, the noncorrelated limit is wrong in
this approximation. Despite these limitations, one of the ad-
hole symmetric system. For the hole doped system, lfland vantages of our approach is to provide the full spectrum of
corresponds to a nonzero probability of removing an electromxcitations for any value of the occupation number. The ef-
onto a singly occupied state. For the electron doped systenfiect of orbital degeneracy in density driven Mott transition
band(d) corresponds to a nonzero probability of adding ansystems has been studied within this approach. For each
electron onto a triply occupied state. This symmetric situaimetal-insulator transition, relevant microscopic processes
tion is no more valid around=1 (or n=3). Band(g) cor-  have been exhibited. Transfer of spectral weight between dif-
responds to a nonzero probability of adding an electron ontéerent bands have been studied in detail.
a doubly occupied site and does not have any equivalent in In addition, many extensions of the model Hamiltonian
the unoccupied part of the spectrum. Indeed, it is impossiblean be done within this framework. In future calculations, we
to remove an electron from an empty state. Additional bandsvill increase the degeneracy(some oxides, like
(h), (d), and (g) are specific to the two-orbitals Hubbard Sr; _,La,TiO5 are triply degenerajeand we will take explic-
model as shown in Fig. 5. These simple considerations agtly into account the exchange interaction by introducing a
pear directly in the densities of states of Fig. 15, providing anonzero Hund coupling parametér The latter is an open
clear interpretation of the relevant electronic dynamicsgquestion of primary importance as pointed out recently in
around each metal-insulator transition at integer fillings.  Ref. 28.
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