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Low-energy interband Kondo bound states in orbital-selective Mott phases
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Low-energy excitations in correlated electron systems may show intricate behaviors and provide essential
insights into the dynamics of quantum states and phase transitions. Here, we study a typical half-filled two-
orbital Hubbard model featuring the so-called holon-doublon (HD) low-energy excitations in the orbital-selective
Mott phase (OSMP), where the principal form of the low-energy excitations has been considered to be a HD
bound state. We employ standard single-site dynamical mean-field theory (DMFT), using NORG as an improved
impurity solver to calculate the spectral functions at zero temperature. We show that the HD bound state gives
an incomplete or even wrong picture for the low-energy excitations. Instead, the excitations are composed of
a Kondo-like state in the wide band and a doublon in the narrow band, termed as interband Kondo-like (IBK)
bound states. Remarkably, we find that, as the bandwidths of the two bands approach each other, anomalous IBK
bound-state excitations appear in the metallic wide band. Our study provides a new picture for the low-energy
excitations in the OSMP.
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I. INTRODUCTION

The Mott transition, which indicates the transformation
of a quantum many-body system from metallic to insulating
states driven by strong electron interactions, is a pivotal phe-
nomenon in condensed matter physics [1,2]. In multiorbital
systems with varying bandwidths, the phase in which some
bands are Mott insulating while the others remain metallic
is known as an orbital-selective Mott phase (OSMP) [3,4].
This phenomenon was initially discussed widely in theoretical
studies [5–9]. Recently, it has been found experimentally in
some materials [10–16].

In earlier years, research on low-energy excitations near
Mott transitions was limited to single-band Hubbard models
[17,18]. Recently, Núñez-Fernández et al. [19] studied a half-
filled two-orbital Hubbard model as a typical representative of
multiorbital Hubbard models but being the simplest,
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where c†
ilσ and cilσ are the electron creation and annihila-

tion operators for orbital l on site i with spin σ , U (U ′)
is the intraorbital (interorbital) Coulomb repulsion, nilσ =
c†

ilσ cilσ , nil = ∑
σ nilσ , and 〈i j〉 indicates that only the nearest-

neighbor hoppings are considered. l = 1, 2 denote the wide
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band (WB) and narrow band (NB), respectively, namely t1 >

t2. As U increases, with � = U − U ′ > 0, the NB first tran-
sitions into a Mott insulating state, while the WB remains
metallic, indicating that the system has entered an OSMP. This
is illustrated in Fig. 1(a). Núñez-Fernández et al. [19] iden-
tified new quasiparticle (QP) states. In the OSMP, these QP
peaks persist as in-gap states around ω = ±� in the Mott gap
of the insulating NB. They also introduced the concept of the
holon-doublon (HD) bound state, in which a doublon in the
NB binds with a holon in the WB. They proposed that the QPs
are mainly formed by the HD bound states at ω = ±�. At the
symmetric point � = 0 (U = U ′), the QP peaks are located at
the Fermi energy, leading to a simultaneous Mott transition in
the two bands even if the bandwidths are different.

The discovery of the HD bound state inspired subsequent
research on low-energy excitations in two-orbital systems.
Niu et al. [20] studied a Kanamori model, which extends the
two-orbital Hubbard model (1) by adding spin-flip and pair-
hopping Hund interactions, and found similar QP low-energy
excitations. Hallberg et al. [21] studied a hole-doped system
and observed that the Hund’s coupling splits the HD excitation
peaks. Subsequent studies extending to three-orbital systems
[22] as well as using different numerical methods, such as
the slave-spin method [23], numerical renormalization group
[24], and density matrix renormalization group [25,26], have
also found similar excitations. Thus far, comprehensive the-
oretical studies of the low-energy excitations in the OSMP
agree that the HD bound states are a principal form of the low-
energy excitations for multiorbital Hubbard models [19–26].
However, our study shows that this picture is incomplete or
even wrong.

In this paper, we employ standard single-site dynamical
mean-field theory (DMFT) method with the natural orbitals
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FIG. 1. (a) DOS for the two-orbital model with U = 3, � = 0.3,
and t2 = 0.1t1. In the WB, a prominent Kondo-like QP peak is
evident around the Fermi level, and in the NB, two distinct QP
peaks are visible around ω = ±�. Inset: the total spectral weight
of the two peaks around ω = ±� in the NB matches the spectral
weight of the Kondo-like QP peak in the WB. (b)–(e) Unraveling
the excitation spectra in the WB and NB and comparing with the
standard Green’s function A ≡ − 1

π
ImG>. Individual special Green’s

functions (b) A′S
WB and A′D

WB, (c) A′HD
NB and A′SD

NB . Combined special
Green’s functions (d) A′S

WB + A′D
WB and A′S+D

WB , (e) A′HD
NB + A′SD

NB and
A′HD+SD

NB . See the text for details.

renormalization group (NORG) [27–29] as the impurity solver
to study the low-energy excitation behavior of the two-orbital
model (1). By calculating the density of states (DOS) and
special Green’s functions, we find previously undetected
components of the low-energy excitations in the Mott insu-
lating narrow band. These components reveal a new picture
for the low-energy excitations: they are an interband bound
state composed of a Kondo-like QP state in the WB and
a doublon/holon in the NB. We term these low-energy ex-
citation states as interband Kondo-like (IBK) bound states.
Additionally, when the bandwidths of the two bands approach
each other, we have observed two anomalous IBK bound
states around ω = ±2� in the WB.

II. MODEL AND METHOD

We consider the half-filled two-orbital Hubbard model,
described by Eq. (1), on a Bethe lattice with an infinite
coordination number [30], resulting in a half-bandwidth of
Dl = 2tl . We set t1 = 0.5 so that the WB’s half-bandwidth
D1 = 1, which we adopt as the energy unit. We utilize DMFT

with NORG to study this model. For technical details, see
Appendices A, B, and C.

In Fig. 1(a), we present the DOS, demonstrating that
the NB becomes insulating while the WB remains metallic,
indicating that the system enters an OSMP under certain con-
ditions (U = 3, � = 0.3, and t2 = 0.1t1). Notably, the WB
exhibits a Kondo-like QP peak around ω = 0, while the NB
has two low-energy QP peaks around ω = ±�.

To further clarify the nature of the low-energy excitations,
we define and calculate the special Green’s functions to un-
ravel the spectral function:

A′(ω) ≡ − 1

π
ImG′>(ω)

= − 1

π
Im〈φ|(ω + iη − Himp)−1|φ〉, (2)

where |φ〉 is a single-particle excitation state and Himp is the
Hamiltonian for the DMFT-mapped quantum impurity model
(for details, see Appendix A). For the excitations in the NB,
|φ〉 can be one of the following states:

∣∣φHD
NB

〉 = (1 − n1↑)(1 − n1↓)n2↓c†
2↑|gs〉,∣∣φSD

NB

〉 = n1↑(1 − n1↓)n2↓c†
2↑|gs〉

+ (1 − n1↑)n1↓n2↓c†
2↑|gs〉,∣∣φDD

NB

〉 = n1↑n1↓n2↓c†
2↑|gs〉, (3)

where |gs〉 refers to the ground state of the impurity model,
c†

lσ is the electron creation operator for the impurity orbital l
with spin σ , and nlσ = c†

lσ clσ . The impurity orbital of the NB,
after inserting a particle, becomes mainly doubly occupied,
and the impurity orbital of the WB may be empty (|φHD

NB 〉),
singly occupied (|φSD

NB〉), or doubly occupied (|φDD
NB 〉). Noting

that |φHD
NB 〉 + |φSD

NB〉 + |φDD
NB 〉 = n2↓c†

2↑|gs〉 with a doublon in
the NB. Note that the system is particle-hole symmetric and
our analysis focuses only on the particle excitation case.

III. RESULTS AND DISCUSSION

A. Kondo-like excitations

The WB exhibits a Kondo-like QP peak around ω = 0, as
shown in Fig. 1(a). We unravel the DOS for the WB using
Eq. (2). In Fig. 1(b), AWB represents the standard Green’s
function, AWB ≡ − 1

π
ImG>

WB. A′S
WB and A′D

WB are the special
Green’s functions that correspond to the particle excitation
states with single occupancy |φS

WB〉 = (1 − n1↓)c†
1↑|gs〉 and

double occupancy |φD
WB〉 = n1↓c†

1↑|gs〉 in the WB, respec-
tively. We have observed that both A′S

WB and A′D
WB are nonzero

around ω = 0. This indicates that the particle excitation state
has contributions from both the |φS

WB〉 and |φD
WB〉 components.

In Fig. 1(d), we introduce a special Green’s function A′S+D
WB

with |φ〉 = |φS
WB〉 + |φD

WB〉 in Eq. (2) and compare it with AWB

and the sum A′S
WB + A′D

WB. We find that A′S+D
WB matches AWB,

while A′S
WB + A′D

WB does not. The difference between the two
is that the off-diagonal parts, 〈φS

WB|(ω + iη − Himp)−1|φD
WB〉

and 〈φD
WB|(ω + iη − Himp)−1|φS

WB〉, are present in the former
but missing in the latter. This shows that the Kondo-like
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particle excitation state is a superposition state of the singly
and doubly occupied states in the WB.

B. IBK bound states

We show the calculated special Green’s functions of the
NB [Eq. (2)] in Fig. 1(c). Surprisingly, in addition to an
HD component around ω = �, an SD component is also
identified. This shows that the HD component alone is in-
sufficient to account for the low-energy excitation. Thus,
this low-energy excitation is not an HD bound state (with
a localized holon in the WB and a localized doublon in the
NB). To further unravel this excitation, we introduce a special
Green’s function A′HD+SD

NB with |φ〉 = |φHD
NB 〉 + |φSD

NB〉 in Eq. (2)
and compare it with A′HD

NB + A′SD
NB and ANB ≡ − 1

π
ImG>

NB in
Fig. 1(e). A′HD+SD

NB perfectly matches ANB, while the sum
A′HD

NB + A′SD
NB does not. The difference between the two is

that the off-diagonal parts, 〈φSD
NB|(ω + iη − Himp)−1|φHD

NB 〉 and
〈φHD

NB |(ω + iη − Himp)−1|φSD
NB〉, are present in the former but

missing in the latter. Therefore, in the low-energy excitation
state, the impurity orbital of the WB is neither in a localized
holon state nor in a localized single-occupancy state, but
rather in a superposition state involving both the impurity
and the bath, noting that the WB itself is particle-number
conserved. It turns out that the NB is in a localized doublon
state, while the WB is not in a localized state involving only
the impurity orbital. Additionally, the inset of Fig. 1(a) shows
that the total spectral weight of the two QP peaks around
ω = ±� in the NB is approximately equal to the spectral
weight of the Kondo-like QP peak around the Fermi level.
We term the excitation states around ω = ±� in the NB as
interband Kondo-like (IBK) bound states.

We use a Bethe lattice with a coordination number of two
to further explain the key features of an IBK bound state in
the OSMP, with a schematic of this state shown in Fig. 2(a).
Inserting an electron into the orbital at the middle site in the
NB leads to a doublon in the NB. An HD component is created
when the doublon binds with an empty state (a holon) in the
metallic WB, as depicted in the right part of Fig. 2(a). The
interaction potential energy of the HD component is only �

higher than that of the ground state but lower than the inter-
action potential energies of the SD and the DD components.
More specifically, as described in Eq. (1), the interaction
potential energy for the middle orbital of the HD component
is 1

4U for both the wide and narrow bands, and −U ′ for the
interorbital part. Comparing this to the ground-state potential
energy of the middle site, which is − 1

4U because of single
occupancy in both the WB and NB, one finds that the en-
ergy gap between the HD component and the ground state
is � = U − U ′. In contrast, the energy gap between the DD
(SD) component and the ground state is U + U ′ ( 1

2U ). Noting
that the DD component is much higher than �, this excludes
the DD component from the low-energy excitation states.

Since the WB is close to the Mott transition, the kinetic
energy in the WB is comparable to the potential energy. This
makes the empty state in the orbital at the middle site of the
WB, namely the holon in the WB, unstable. This instability
allows an electron to appear at the middle site in the WB, lead-
ing to the existence of an SD component, as depicted in the left
part of Fig. 2(a). The nonzero off-diagonal contributions [e.g.,

FIG. 2. Schematic diagrams of (a) the IBK bound states and
(b) the anomalous IBK bound states. The WB are represented by
thicker lines, while the NB are depicted with thinner lines, indicating
their respective hopping integrals −t1 for the WB and −t2 for the
NB. For the (anomalous) IBK bound states, the existence of an HD
(DH) component allows the system to reduce its U ′ energy cost. The
double arrow indicates that the SD and HD (DS and DH) states form
superposition states.

〈φSD
NB|(ω + iη − Himp)−1|φHD

NB 〉 �= 0] demonstrate that an IBK
bound state is a superposition of empty and singly occupied
states in the WB with a doublon in the NB, as marked by
the middle double arrow in Fig. 2(a). The interplay between
intra- and interorbital interactions results in the IBK bound
states being � higher in energy than the ground state. Note
that the Kondo-like state in the WB is not produced by a
single-particle excitation in the WB but by a single-particle
excitation in the NB. For this excitation state, the interband
interaction U ′ plays a key role.

C. Anomalous IBK bound states

We consider another scenario where the bandwidths of
the two bands approach each other. In Fig. 3(a), we present
the DOS with t2 = 0.8t1, U = 3.3, and � = 0.2. The WB
exhibits a Kondo-like QP peak around ω = 0, while the NB
has two IBK QP peaks around ω = ±�, similar to what we
discuss above for the normal IBK bound state. Unexpectedly,
in Fig. 3(a), we have observed additional QP peaks around
ω = ±2� in the WB, distinct from the Kondo-like QP peak
around the Fermi level.

To confirm these additional QP peaks, we calculate the
DOS with different � while keeping other parameters fixed.
In Fig. 4, we show the dependence of the QP peaks with �

in both the NB and WB. The IBK bound states in the NB are
observed around ω = ±�, as shown in Fig. 4(a). In Fig. 4(b),
besides the Kondo-like QP peak, we observe additional QP
peaks in the WB around ω = ±2�.

To understand the additional excitation peaks at ω =
±2�, we applied a similar analysis used for the IBK
bound states in the NB and calculated the special
Green’s functions AWB, A′DH

WB , A′DS
WB, and A′DH+DS

WB as de-
scribed in Eq. (2). The impurity orbital of the WB, after
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FIG. 3. (a) DOS for the two-orbital model with U = 3.3, � =
0.2, and t2 = 0.8t1. (b)–(c) Unraveling the excitation spectra in the
NB and WB and comparing with the standard Green’s function
A ≡ − 1

π
ImG>. (b) NB’s special Green’s functions A′HD

NB , A′SD
NB , and

A′HD+SD
NB . (c) WB’s special Green’s functions A′DH

WB , A′DS
WB, and A′DH+DS

WB .
See the text for details.

inserting a particle, becomes mainly doubly occupied.
The impurity orbital of the NB may be empty [|φDH

WB〉 =
(1 − n2↑)(1 − n2↓)n1↓c†

1↑|gs〉], singly occupied [|φDS
WB〉 =

n2↑(1 − n2↓)n1↓c†
1↑|gs〉 + (1 − n2↑)n2↓n1↓c†

1↑|gs〉], or doubly

FIG. 4. Dependence of the IBK QP peaks on �. U = 3.3, t2 =
0.8t1. � = 0.12, 0.16, 0.20, 0.24, and 0.28. The IBK excitation peaks
around ω = ±� in (a) the NB and (b) around ω = ±2� in the WB
are clearly seen. The gray dashed lines guide the eye for the positions
of the QP peaks.

occupied (|φDD
WB〉 = n2↑n2↓n1↓c†

1↑|gs〉). Note that |φDH
WB〉 +

|φDS
WB〉 + |φDD

WB〉 = n1↓c†
1↑|gs〉 with a doublon in the WB. We

compare these special Green’s functions with the standard
Green’s function AWB. As shown in Fig. 3(c), both A′DH

WB and
A′DS

WB are nonzero at ω = 2�. The A′DH+DS
WB matches AWB,

while both A′DH
WB and A′DS

WB are smaller than AWB. This indicates
that the excitation state has off-diagonal contributions from
both DS and DH components. Therefore, the impurity orbital
of the NB is neither in a localized single-occupancy state nor
in a localized holon state. Instead, it is in a superposition state
involving both empty and singly occupied states, reminiscent
of the IBK bound state in the NB discussed above. However,
these states are quite anomalous, leading localized insulating
NB states to have Kondo-like excitation states, which contra-
dicts the typical characteristics of the localized Mott states.
This shows that the particle excitation in the WB can affect
the NB’s localization and insulation in the anomalous IBK
bound states.

To further explain the anomalous features of IBK bound
states in the WB around ω = ±2�, we show a schematic of
these states in Fig. 2(b). Inserting an electron into the orbital
at the middle site in the WB leads to a doublon in the WB.
An DH component is created when the doublon binds with
an empty state (a holon) in the insulating NB, as depicted
in the right part of Fig. 2(b). The DH component gains an
advantage in interaction potential energy for reasons similar
to the HD component (discussed in normal IBK bound states
in the NB). Since the NB is close to the Mott transition, the
kinetic energy in the NB is comparable to the potential energy.
This makes the empty state in the orbital at the middle site of
the NB, namely the holon, unstable. This instability allows
an electron to appear at the middle site in the NB, leading
to the existence of an DS component, as depicted in the
left part of Fig. 2(b). The nonzero off-diagonal contributions
[e.g., 〈φDS

WB|(ω + iη − Himp)−1|φDH
WB〉 �= 0] demonstrate that an

anomalous IBK bound state is a superposition of empty and
singly occupied states in the NB with a doublon in the WB, as
marked by the middle double arrow in Fig. 2(b). However, the
position of the anomalous IBK QP peaks (around ω = ±2�)
in the WB cannot be explained with the interaction potential
energy, unlike the normal IBK excitations in the NB.

IV. CONCLUSION

Using state-of-the-art numerical calculations for the two-
orbital Hubbard model with a repulsive interorbital interac-
tion, we have found that the bound-state excitations appearing
in the Mott gap of the NB in the OSMP is composed of a
Kondo-like QP state in the WB and a doublon in the NB. This
corrects the view of the HD bound state in the literature. When
the bandwidths of the two bands approach each other, we have
found anomalous IBK bound states around ω = ±2� in the
WB. This discovery challenges the conventional understand-
ing that the Mott insulating bands decouple from the other
bands in an OSMP.
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APPENDIX A: METHOD: DYNAMICAL
MEAN-FIELD THEORY

The dynamical mean-field theory (DMFT) [30] helps us
understand electron behavior in strongly correlated materials
in a nonperturbative way. The DMFT neglects spatial corre-
lations (assuming the self-energy of a system is local) and is
exact in three limits: (i) noninteracting, (ii) atomic (infinite
interactions), or (iii) infinite dimensions.

As the DMFT disregards spatial correlations and focuses
solely on local correlations, it maps the lattice model (1) into
a quantum impurity model

Himp = Hloc + Hbath + Hhyb, (A1)

where Himp is the Hamiltonian, and is determined self-
consistently. Hloc is the local part of the lattice Hamiltonian.
Hbath describes an electronic bath for the impurity. And
Hhyb represents the hybridization between the impurity and
the bath.

Hloc = U
∑

l

(
nl↑ − 1

2

)(
nl↓ − 1

2

)

+ U ′(n1 − 1)(n2 − 1),

Hbath =
∑
lkσ

εlkb†
lkσ

blkσ ,

Hhyb =
∑
lkσ

Vlkc†
lσ blkσ + H.c., (A2)

where b†
lkσ

creates an electron with spin σ at bath site lk; nlσ

is the number operator; εlk is the on-site energy of the bath site
lk for the impurity orbital l; Vlk is the hybridization strength
between the impurity orbital l and its corresponding bath site
lk. Hbath and Hhyb are determined by requiring G−1

imp,0 = G−1,
where Gimp,0 is the noninteracting impurity Green’s function
and G is the Weiss field for a lattice site. Here, the bath is
discretized, i.e., k = 1, 2, . . . , nb, where nb is a finite number
denoting the number of bath sites for each impurity orbital l .
εlk and Vlk are determined by fitting the impurity hybridization
function Γimp(z) to the local hybridization function Γloc,l (z) =
z − G−1

l (z), where z is the complex frequency. And the

impurity hybridization function is expressed as:

Γimp,l (z) =
∑

k

|Vlk|2
z − εlk

. (A3)

The DMFT self-consistency equations [30] are then ob-
tained by assuming that the single-site impurity model can
captures the local dynamics of the original lattice model, i.e.,
by requiring the Green’s function of the quantum impurity
model equal to the local Green’s function of the original lattice
model, Gimp(z) = Gloc(z), with identical self-energies.

Given an infinite coordination number of the Bethe lattice,
the DMFT becomes an exact theory for this model, resulting
in a notably simple form for the local Green’s function [19,30]
of the lattice Hamiltonian (1),

Gloc,l (z) =
z − 
loc,l (z) −

√
[z − 
loc,l (z)]2 − 4t2

l

2t2
l

, (A4)

In the DMFT framework, the self-consistency equa-
tions are solved iteratively as follows. Starting from an initial
guess for the local self-energy 
loc(z), we first compute
Gloc(z) using Eq. (A4). The Weiss field is then obtained as
Gl (z) = G−1

loc,l (z) + 
loc,l (z). Using the Weiss field, we recal-
culate the local hybridization function. Next, we construct
a new impurity Hamiltonian Himp (A1) with a hybridization
function Γimp(z) (A3) determined by fitting Γloc(z). We then
solve the impurity model using an appropriate impurity solver
to obtain a new impurity self-energy 
imp(z). Updating lattice
local self-energy 
loc(z) with 
imp(z), we recalculate Gloc(z)
and repeat the entire procedure until Gimp(z) = Gloc(z) is sat-
isfied within an acceptable error tolerance.

APPENDIX B: IMPURITY SOLVER: NATURAL
ORBITALS RENORMALIZATION GROUP

Solving a quantum impurity model in practice is challeng-
ing, as it is also a strongly correlated system [30]. However,
the correlation in a quantum impurity model differs signifi-
cantly from that in a regular strongly correlated system, since
the impurity orbitals can only entangle with a finite number
of degrees of freedom in the bath. We refer to this property of
a quantum impurity model as sparse correlation [27]. Being
underlied by it, He and Lu proposed the natural orbitals renor-
malization group (NORG) [27–29] to find the ground state
of a quantum impurity model, which selects many-body basis
states based on the eigenvalues of the single-particle density
matrix D of the ground state, with matrix elements defined as

Dαβ = 〈ψgs|c†
αcβ |ψgs〉, (B1)

where c†
α creates an electron at orbital α, and ψgs is the

ground-state wave function. The eigenvectors of D define the
nature orbitals for the ground state. The occupancy numbers
of the natural orbitals are the corresponding eigenvalues of the
density matrix D. The ground state |ψgs〉, when expanded in
the natural orbital basis, consists of very few Slater determi-
nants compared to the size of the entire Hilbert space [27,31].

The NORG has been demonstrated as a powerful method
for solving quantum impurity models, as it can efficiently
and explicitly find the ground state and accurately calculate
the Green’s functions for a multi-impurity/orbital Anderson
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FIG. 5. An example of the bath fitting. The imaginary part of the
impurity hybridization function �imp(iω) (A3) for the WB is shown.
U = 3, � = 0.3, and t2 = 0.5t1. The inset shows the fitting error for
the two bands with different nb.

model [27]. By using it on a two-impurity Kondo prob-
lem with up to 1022 bath sites, a longstanding discrepancy
between the NRG and quantum Monte Carlo studies has
been resolved [28]. Recently, we have applied NORG as an
impurity solver for DMFT to study the high-temperature su-
perconductivity and electron correlation in La3Ni2O7 [32,33].

APPENDIX C: BATH FITTING

Hbath and Hhyb in the quantum impurity model (A2) are de-
termined by fitting iω − G−1(iω) to the impurity hybridization
function �imp(iω) (A3). To assess the accuracy of our fitting,
we calculated the fitting errors with different nb, which de-
notes the number of discretized bath sites per impurity orbital.
An example of the fitting is shown in Fig. 5. The fitting quality
improves as nb increases. As shown in the inset of Fig. 5, the
fitting error decreases exponentially as nb increases. Notably,
when nb � 7, the error is reduced to be smaller than 10−4 for
both the wide band (WB) and narrow band (NB).

APPENDIX D: SOME DETAILS ABOUT THE SPECTRA

We compare the real-frequency local spectra calculated,
respectively, using the Lanczos and maximum entropy meth-
ods for the same quantum impurity model with � =
0, 0.1, . . . , 0.4, U = 3, and t2 = 0.1t1. The Lanczos method
directly obtains the real-frequency spectra [20,30,34,35]. The
method is readily integrated into the NORG. The maximum
entropy method obtains the real-frequency spectra from the
Matsubara Green’s function through a numerical analytical
continuation. For this method, the ANA_CONT package [36]
is employed. In Fig. 6, we present the DOSs of the NB with
different � ≡ U − U ′. The DOSs obtained via both the meth-
ods match very well in the low-frequency region, particularly
for the IBK QP peaks. The IBK peaks are located at ω = ±�,
which is consistent with the results in Ref. [19]. In the high-
frequency region, the results from the Lanczos method show
discrete peaks due to the bath discretization.
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FIG. 6. DOS of the narrow band for � = 0, 0.1, . . . , 0.4 (with
U = 3 and t2 = 0.1t1). The black solid lines indicate the results ob-
tained through numerical analytical continuation using the maximum
entropy method, while the red dashed lines indicate the results cal-
culated directly on the real-frequency axis using the Lanczos method
implemented with the NORG.

APPENDIX E: ABSENCE OF ORBITAL SELECTIVE
MOTT TRANSITION

As discussed in Appendix D and the main text, the IBK QP
peaks are located at ω = ±�. When � = 0, the IBK peaks
merge at zero frequency, as shown in Fig. 6. Consequently,
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FIG. 7. Quasiparticle weight Z as a function of U . � = 0 and
t2 = 0.5t1. The inset shows the DOS for U = 3.8.
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both the WB and NB exhibit central peaks: a Kondo-like QP
peak in the WB and an IBK QP peak in the NB. Figure 7
shows the quasiparticle weight Z as a function of U with � =
0 and t2 = 0.5t1, where Z−1 = 1 − ∂ Re 
(ω)

∂ω
|ω=0. The quasi-

particle weights of the WB and NB remain equal across dif-
ferent values of U . The inset of Fig. 7 shows that the QP peaks

of the WB and NB overlap around ω = 0, indicating that the
two peaks have the same spectral weight. The quasiparticle
weights decrease as U increases, and eventually vanish at
U = 4.0. This indicates that these peaks disappear simultane-
ously, demonstrating the absence of an orbital-selective Mott
transition. Similar results were reported in Refs. [19,37,38].
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