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Abstract

Quantum materials whose properties lie beyond the celebrated Landau Fermi-liquid
paradigm have been observed for decades across diverse material platforms. Finding mi-
croscopic lattice models for metallic states that exhibit such peculiar behavior remains
a major theoretical challenge, as these features often originate from strong quantum
fluctuations in strongly interacting electron systems. Here we investigate a three-orbital
Hubbard model at a high-symmetry point that hosts a transition from a metallic to an
orbital-selective Mott (OSM) phase. Employing single-site dynamical mean-field the-
ory combined with full-density-matrix numerical renormalization group, we chart the
T-U phase diagram and obtain high-resolution real-frequency dynamics. In the OSM
regime we find asymptotically scale-invariant (power-law) single-particle spectra and
asymptotic w/T scaling in both charge and spin channels, spanning several decades in
frequency and temperature.
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1 Introduction

Strong electron—electron interactions govern the low—energy physics of a broad swath of quan-
tum materials, including cuprate [ 1] and iron-based superconductors [2], heavy—fermion com-
pounds [3], transition—-metal oxides [4], and organic charge—transfer salts [5]. These systems
host emergent phases—from unconventional superconductivity and putative spin liquids to
metallic states that violate Landau’s Fermi-liquid expectations. Such anomalous metals fre-
quently arise near Mott regimes and/or competing orders, where quantum criticality often
provides a unifying framework for the observed power laws and scaling collapses in thermo-
dynamic, transport, and dynamical probes.

A hallmark of scale invariance is the collapse of dynamical responses when plotted versus
/T, indicating temperature as the dominant low—energy scale. In heavy—fermion metals, in-
elastic neutron scattering on CeCug_, Au, revealed a dynamical spin susceptibility y”/(Q, w, T)
consistent with w/T scaling at an antiferromagnetic quantum critical point (QCP) [6]. In the
cuprates, optical studies uncovered w/T scaling of the conductivity over wide (e, T) windows
in the strange-metal regime [7-9]. Related magnetic scaling near putative QCPs appears in
iron pnictides such as BaFe,(As;_,P,)o [10]. Additional examples include layered cobalt ox-
ides, where a low—energy optical mode displays /T scaling up to room temperature [11].
Taken together, these observations show that e /T scaling is not confined to a single materials
class or probe.

Theoretically, @/T scaling is natural in regimes dominated by quantum-—critical fluctua-
tions, where temperature provides the sole infrared cutoff. It is expected when hyperscaling
holds near interacting fixed points and is compatible with local/boundary criticality, where
imaginary—time correlators often assume conformal forms. At the impurity level, pseudogap
Anderson and Kondo models host interacting critical points with /T scaling in charge and
spin dynamics [12-14]. In lattice settings, beyond phenomenologies such as the marginal
Fermi liquid [15], controlled field—theoretic and (extended/cluster) DMFT treatments pre-
dict /T scaling for spin and/or charge responses in quantum-—critical fans above finite-T
end points or T = 0 QCPs [16-19]. For example, DMFT for the half-filled Hubbard model
yields a finite-T Mott end point above which local spin and charge dynamics can exhibit w/T
collapse [20], consistent with approximate local quantum criticality [21]. Constructions in-
spired by Sachdev—Ye—Kitaev physics or holography provide complementary paradigms with
explicit scale-invariant responses (often of e /T form), albeit typically relying on randomness
or all-to—all couplings rather than microscopic short-range lattice physics [22-24]. Despite
this breadth, clean microscopic lattice Hamiltonians with purely local interactions that pro-
duce robust w/T scaling—especially in the single—particle sector and over many decades in
w/T—remain scarce. By contrast, Gaussian Hertz-Millis theory does not generically yield
simple w/T scaling [25, 26].

Motivated by these considerations, we study a three—orbital Hubbard model in which two
symmetry-related conduction bands hybridize locally with a correlated f band. This symmetry
stabilizes an orbital-selective Mott (OSM) phase—equivalently, a Kondo-breakdown phase in
heavy—fermion language [27]. Using single-site DMFT combined with full-density-matrix
NRG (FD-NRG), we show that the OSM phase exhibits power-law single—particle spectra at
T = 0 and a striking asymptotic & /T collapse at finite T, spanning several decades in w/T. By
“asymptotic” we mean that the scaling originates from a self-consistently generated pseudogap
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impurity problem in the local-moment regime rather than from proximity to a lattice QCP
Correspondingly, w/T scaling is realized for T < T*, with a crossover scale T* that remains
finite—but large—throughout the OSM phase.

2 Model

Following Ref. [27], we consider a minimal three-band Hubbard Hamiltonian in which two
symmetry-related, noninteracting conduction bands couple locally to a single, strongly corre-
lated f band:

H = Hypands + thb + Hjpy. (D
The three contributions read
Hbands = Z €k (CI’k’acl,k,a - C;,k’o.cz,k,cr + fl:,afk’” ), (2)
k,o

Hiy =2 >, (VA cino+he), 3

k,o i€{1,2}
T S o

1 lL,o

Here ¢4 k,o (C2,k,0 fk,o) annihilates an electron with momentum k and spin o in the respective
band with dispersion %€y ; the two noninteracting ¢ bands hybridize on site with the f band
via V, and the f electrons experience a local repulsion U.

The sign difference in Eq. (2) enforces destructive interference in the real part of the hy-
bridization, producing a symmetry-protected node at @ = 0. This node precludes Kondo
screening and stabilizes an orbital-selective Mott (OSM) phase without Hund’s coupling al-
ready within single-site DMFT [27]. A simplified mechanism is outlined in Appendix C.

While this band-structure symmetry may seem special, it naturally arises in systems with
enlarged real-space unit cells: back-folding into a reduced Brillouin zone can generate anal-
ogous interference conditions [28]. In contrast to Ref. [27], we here include a finite f-band
dispersion, rendering all three bands itinerant.

Despite the symmetry constraints, the model captures several materials-relevant limits, in-
cluding flat-band physics and regimes supporting both antiferromagnetic (AF) and ferromag-
netic (FM) correlations. In the limit of a vanishing f-orbital bandwidth, the noninteracting
spectrum hosts a strictly flat band; for concrete real-space realizations of this class, rigorous
flat-band mechanisms predict an FM ground state [29,30]. By contrast, a finite f-bandwidth
naturally generates antiferromagnetic superexchange between correlated orbitals, favoring AF
ground states within the OSM phase. Strange, non-Fermi-liquid features are indeed reported
in flat-band materials such as magic-angle twisted bilayer graphene [31,32], in strange metals
near antiferromagnetic domes such as the high-T, cuprates [9, 33,34], and also in ferromag-
netic heavy-fermion compounds [35].

We solve the interacting lattice problem using dynamical mean-field theory (DMFT) [36],
which maps the lattice Hamiltonian in Eq. (1) onto a self-consistent quantum impurity model,
thereby determining the algorithmic complexity. Even the simplest impurity realizations al-
ready enable atomistic first-principles calculations for correlated materials [37-42], while
more elaborate variants systematically approach the full lattice problem and may be realiz-
able on current noisy intermediate-scale quantum (NISQ) devices [43-54].

In this work, we restrict ourselves to conventional single-site DMFT and solve the resulting
impurity problem using the Numerical Renormalization Group (NRG), as implemented in the
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Figure 1: Phase diagram and local f-orbital spectra across the orbital-selective
Mott (OSM) transition. (a) Phase diagram in the T-U plane showing regions I
(metal), II (coexistence), and III (orbital selective insulator with power-law spec-
trum). (b) f-orbital spectra at T = 10710 across the II-III boundary, initialized
from the metallic solution. (c) f—orbital spectra at T = 10~1° across the II—I bound-
ary, initialized from the power—law solution.

open-source NRG Ljubljana package developed by Rok Zitko and collaborators [55,56]. Details
of the DMFT equations and their numerical implementation are provided in Apps. A and B.

3 Results

Here we will present our results on the phase diagram and the finite T dynamics. These results
will be further analyzed and discussed in Sec. 4.

Throughout this section we consider a Bethe lattice with infinite coordination number and
measure energies in units of the half~bandwidth, D = 1. In line with the original analysis of
the three-band OSM phase in Ref. [27], the qualitative features discussed below are largely in-
sensitive to the choice of lattice geometry and its corresponding density of states. We keep the
hybridization fixed at V = D /4 and drive the transition by increasing the on-site interaction
U.

3.1 Phase diagram at particle-hole symmetry

Figure 1(a) shows the phase diagram in the T-U plane at particle hole symmetry, €, = —U/2.
Three regimes appear, labeled I, II, and III (shaded in different colors). In region I (light
blue), DMFT admits a single metallic solution in which the real-frequency f-orbital spec-

trum, ps(w) = —%Im ij(w), exhibits a quasiparticle resonance centered at w = 0. At low

temperature this resonance is pinned to p /7, where po denotes the noninteracting density of
states of the Bethe lattice at the Fermi energy, po = 2/(7tD). In region III (light green), a single
solution is found whose f—orbital spectrum follows a power law o< |w|/3 down to |w|~ T,
below which it crosses over to a constant; thus, at T = 0 this phase has insulating f-orbitals.
Region II (orange) is a coexistence regime: both the metallic and the power-law solutions can
be stabilized, depending on the initial effective medium used in the DMFT self-consistency.
The coexistence is bounded by two critical interactions, U.; and U,,, and terminates at a fi-
nite-temperature critical endpoint, as expected for a first-order Mott transition within DMFT.

Figure 1(b) displays f-orbital spectra at T = 10710 across the II—III boundary when the
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Figure 2: /T scaling of single-particle spectra in the OSM phase at parti-
cle-hole symmetry. (a) c;-orbital spectra plotted as p.,(w)/po T1/3 versus w/T
collapse onto a single curve over many decades. Guide lines highlight |w/T|~1/3
at large |w|/T and |w/T|[~Y/2 at small |w|/T. (b) f-orbital spectra plotted as
ps(w)/po-T~1/3 versus w/T collapse onto a universal curve with | /T |*1/3 at large
|w|/T and a constant plateau at small [w|/T, consistent with ps(w =0, T) ~ T3,
The interaction is fixed, U = 10 > U., while colors encode temperature (blue: low
T; red: high T).

DMEFT cycle is initialized in the metallic state. For U < U,y &~ 5.895, the spectrum remains
metallic with the zero—frequency value pinned to pq/7, while the resonance narrows upon
approaching U.,. At the phase boundary, the resonance collapses and the spectrum crosses
over to the |w|/3 power law down to |w|~ T. In region III (U > U,,), the spectral shape
depends only weakly on U.

Figure 1(c) shows f-orbital spectra at T = 10710 across the II—I boundary when the
DMEFT cycle is initialized in the power—law state. For U > U, & 5.355, the spectrum retains a
power—law form; as U — Uc+1, the apparent exponent drifts toward 1/6. - This is similar to the
single-band Hubbard model, where the insulating solution posses a full gap in general, how-
ever, when U, is approached from the insulating side a power-law spectrum emerges [21].
- At the boundary, the spectral features change discontinuously; for U < U,.; the metallic
solution becomes stable again and shows only a weak dependence on U.

3.2 /T scaling in the orbital-selective Mott phase
3.2.1 particle-hole symmetric f-orbitals

We now analyze dynamical scaling inside the OSM phase at particle-hole symmetry and fix
the interaction to U = 10 > U,,. As the spectra of both c-orbitals are qualitatively similar,
we focus on the cq-orbital only. For a wide range of temperatures, the single—particle spectra
collapse onto universal scaling functions of the ratio w/T. Specifically, the spectra depicted in
Fig. 2 are well described by

P (0, T)=TPF, (0/T), pslw,T)=T"3F(w/T), (5)

so that TY3p,, and T~'/3p; become temperature-independent functions of w/T. In our
plots we normalize by pg, the Bethe-lattice density of states at the Fermi level, and display
pe,(@)/po-TY? and p(w)/po- T~Y/3 versus w/T. This reveals a robust data collapse across
many decades in w/T and over temperatures spanning roughly 10710 to 10~ (blue to red).
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Figure 3: Local dynamical spin susceptibility in the OSM phase at particle-hole
symmetry (U = 10 > U,.y). Temperature-dependent curves of the imaginary part
of the local spin susceptibility, x;’ (w, T), are plotted against w/T after rescaling by

T® (an additional factor 1019¢ is applied for better comparison). (a) With a = %,

the high-frequency tail collapses and follows y¢’ o< lew|~1/3 for |w|/T > 1. (b) With
a= %, the low-frequency sector collapses for intermediate temperatures (T > 1077)
and is linear, x;’ o< w, for |w|/T < 1. (c) With @ = 1, the low-frequency sector
for ultra-low temperatures (T < 10~7) again shows x;' o< w, indicating a change in
the temperature scaling exponent while preserving the linear w dependence. Colors
encode temperature (blue: low T; red: high T).

The asymptotics of the scaling functions follow clear power laws. For |w| > T, we find
pe,(w) o< |w|71/3 and py(w) o< |w|*1/3. For |w| S T, the c;-spectrum crosses over to a
steeper |w|~1/2 behavior in the rescaled representation, while the f-spectrum approaches a
T1/3-controlled plateau, i.e., it is essentially w-independent after rescaling. These features are
evident from the reference slopes indicated in panels (a) and (b).

We next examine the local dynamical spin susceptibility in the OSM phase at particle-hole
symmetry and U = 10 > U_,. For each temperature we compute the imaginary part of the
retarded local spin response, y¢'(w, T), and test a scaling form

15 (@0, T) = T &(w/T), (6)

by plotting T¢ x;’ versus @ /T. A data collapse is observed in three complementary regimes:

(i) High-frequency tail: Using a = % produces a collapse for |w|/T > 1 with a clear power
law 7/ (w) o< lw|~1/3.

(ii) Low-frequency, intermediate-T regime: For T > 10~7, choosing a = % collapses the
curves for |w|/T < 1, revealing a linear low-frequency form, z¢'(w, T) o< T-12(w/T).

(iii) Low-frequency, ultra-low-T regime: For T < 10~ the optimal collapse at |w|/T < 1is
obtained with @ = 1, again linear in frequency, x;’(a), T) o< T 1(w/T).

Thus the small-w sector remains linear in w, while the temperature scaling dimension
crosses over from a = % to @ = 1 upon lowering T.

3.2.2 particle-hole asymmetric f-orbitals

We now break particle-hole (PH) symmetry while remaining in the OSM phase by fixing
U = 10 and shifting the f-level to £ = —4. Frequencies are measured relative to the chemical
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Figure 4: w/T scaling at particle-hole asymmetry in the OSM phase. Spectra are
plotted on log-log axes using a mirrored abscissa: for @ < 0 we show —log|w/T]|
(hole side, left), and for @ > 0 we show log(w/T) (particle side, right). Curves are
color—coded by temperature (blue: lowest T; red: highest T). (a) f-orbital spec-
trum: T~Y2p¢(w, T). (b) effective medium: T~V2[—ImA(w, T)]. (¢) ¢;-orbital
spectrum: hole-side collapse for T+1/ 2p.,(w,T), and an additional particle-side
low—frequency collapse for 0 < w < T when plotted without a temperature prefac-
tor (effective exponent a = 0).

potential such that w < 0 denotes the occupied (hole excitation) side and « > 0 the unoccu-
pied (particle excitation) side. All spectra are shown on log-log axes; to display both signs on
a logarithmic scale we use a mirrored representation, plotting the abscissa as —log|w/T| for
w < 0 and log(w/T) for @ > 0 (i.e., |w|/T on a log scale, mirrored about w = 0).

In this PH-asymmetric case, we find robust w/T scaling on the hole side for all three dy-
namic quantities considered: the f-orbital spectrum, the effective medium at self consistency,
and the ¢;-orbital spectrum. Specifically, for @ < 0 plotting T~/2p;, T=Y/2[—-ImA], and
T+1/2 P, versus |w|/T results in a nice data collapse for several decades of temperature (left
halves of the panels). The high—frequency tails of the f-spectra obey the common asymptotic
|w/T|Y2, while for |w|/T S 1 the rescaled curves approach constants, consistent with ther-
mal cutoffs of the scaling functions. The hole spectra of c;-orbital is temperature independent,
and, thus o< w=1/2 down to w = 0.

On the particle side, scaling is more selective. While we still find p¢(w < T, T) o< J/T and
—ImAf(w <T,T) o< VT, the c;-orbitals still show power law scaling for w < T but with a
different exponent a = 0: p, (w < T,T) o< /T /w.

At Frequencies w > T all three spectra feature a sharp gap, as depicted in the inset of
panel (b) for the imaginary part of the effective medium at self consistency. The relative width
scales as T, while the total width is determined by the degree of particle-hole asymmetry (not
shown).
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4 Discussion

The results presented in Sec. 3 demonstrate that the single-particle spectra and the effective
medium in the OSM phase of the Hamiltonian in Eq. (1) exhibit a robust data collapse when
plotted as /T and rescaled appropriately. In contrast, the local dynamical spin susceptibility
shows @ /T scaling only at intermediate frequencies w > 0, while the low-energy sector w < T
requires distinct rescaling exponents for T > T* and T < T*, with T* denoting an additional
(possibly very small) crossover scale.

Within single-site DMFT, w/ T scaling can in principle arise in two ways. Since the f-orbital
self-energy is determined self-consistently from the effective medium,

¥(w,T) =3 Agrl(w, T)], 7)

the scaling could either originate from the temperature dependence of the medium itself or
from intrinsic properties of the effective impurity problem. We have verified that in the present
case at PH symmetry the latter mechanism applies: the finite-T solution can be obtained from
the effective medium at zero temperature (T = 10710 in the calculations),

S(w, T Aci(w, T)] ~ B(w, T Adgi(w, 0)]. (8)

Consequently, the finite-T dynamics of the f-orbital spectra and the self-energy emerge en-
tirely from the effective pseudo-gap impurity problem characterized by A.g(w, 0).

Pseudo-gap SIAM. The phase diagram of the single-impurity Anderson model (SIAM) with
a pseudo-gap density of states characterized by an exponent r < 0.5 is well established. It
hosts an interacting non-Fermi-liquid fixed point with pronounced local-moment (LM) fluctu-
ations [57-60], and displays w/T scaling in both the charge and spin sectors [58], at a critical
interaction UPS™M. For U < UPSM the impurity spin is screened, while for U > UM it
remains unscreened.

In the OSM phase discussed here, however, DMFT self-consistency always stabilizes the LM
phase (see Sec. 4.3.2 of Ref. [27]), raising questions about the origin of the observed scaling
behavior.

From the hyperscaling properties of the interacting fixed point in the pseudo-gap SIAM,
the general scaling form of the single-particle spectral function is known [13,61]:

S 1)
pr(@) oot 62, ), ©
where 7) is a scaling dimension and T* denotes the crossover scale that vanishes at the critical
point U = UcP SIAM,

True quantum-critical /T scaling across all temperatures occurs only at T* = 0, i.e.,
precisely at the critical point. Nevertheless, Eq. (9) also allows for asymptotic @ /T scaling in
the regime T /T* < 1, provided the scaling function admits an expansion in small parameter
T/T*:

0~ ¢o(w/T) + (T/T*)$1(w, T)+ O ((T/T*)?) (10)

As far as we are aware, accurate numerical results on the scaling properties of the LM
phase of the pseudo-gap SIAM are scarce. We therefore revisit the pseudo-gap SIAM defined
by the hybridization function

slw/D|Y3, if |w| <D

11)
0 else

_SAimp(w) = {
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Figure 5: Single-particle spectra and dynamic spin susceptibility of the pseudo-
gap SIAM. Results are shown for the spectral function (a—c) and the imaginary part
of the local spin susceptibility (d—f). Panels (a,d) display data at the quantum crit-
ical point U = UfSIAM &~ 5.784, panels (b,e) close to the QCP on the LM side with
U =72 U™ and panels (c,f) deep in the LM phase with U = 20 3> UFS'M. All
spectra are plotted as functions of /T and rescaled by T® with exponents @ chosen
for optimal data collapse.

which yields UESIAM ~ 5.784. Figure 5 summarizes our results.

At the QCP [panels (a,d)], perfect w/T scaling is observed when rescaling by T® with
a =1/3 for py and @ = 0.82 for y”’. In agreement with Ref. [14], the scaling function tends
to a finite constant for p¢ and vanishes for y” as w/T — 0. Notably, the finite p;(0, T) at
criticality contrasts with perturbative expectations [61] and Callan-Symanzik resummation
results [13].

On the LM side close to the QCP (U = 7, panels (b,e)), we do not obtain full data collapse
across all T, but at very low T < 107 the spectra converge toward a scaling function with
exponent @ =—1/3. Deep in the LM phase (U = 20, panels (c,f)), the finite-T spectra for ps
and y”’ resemble those in the OSM phase [cf. Fig. 2(b) and Fig. 3(a)]. Here the single-particle
spectra collapse over the full temperature range, while y’/ exhibits scaling only over restricted
frequency intervals.

We conclude that the LM phase of the pseudo-gap SIAM admits asymptotically scale-
invariant single-particle spectra with w/T scaling, while in the spin response it emerges only
in the limit T /T* — 0 within finite frequency windows. The crossover scale T* increases with
distance from the QCP; deep in the LM phase, T* can become large enough that /T scaling
appears already at intermediate temperatures.

Therefore, the /T scaling observed in the OSM phase of Eq. (1) does not reflect genuine
quantum-critical behavior but rather asymptotic scaling. Unlike in the pseudo-gap SIAM, how-
ever, the crossover scale T* in the OSM phase is not solely fixed by the distance to the phase
boundary: here T* is determined self-consistently through the effective medium. Figure 6
illustrates this point: for U = 6 near U, the scaling closely resembles that deep in the OSM
phase (U = 10, Fig. 2), with only moderate deviations at the highest T. This indicates a mild
increase of the crossover scale, T*(U = 6) < T*(U = 10).
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Figure 6: w/T scaling of single—particle spectra in the OSM phase near the phase
boundary. Same as Fig. 2, but for U = 6 close to the OSM phase boundary at
U, = 5.9.

5 Summary and outlook

Using single-site DMFT in combination with state-of-the-art FD-NRG, we have calculated the
phase diagram of the three-band Hubbard model at a high-symmetry point in the T-U plane.
We identified a coexistence regime separating a metallic from an orbital-selective Mott (OSM)
phase. Within the OSM phase the zero-temperature single-particle spectra are asymptotically
scale invariant, exhibiting power-law behavior, p(w, T = 0) o< |w|". The exponent r differs
between orbitals: while the f-orbital is insulating with r = 1/3, the two conduction orbitals
remain metallic with r = —1/3, highlighting the orbital-selective character of the Mott local-
ization.

We have further analyzed the finite-temperature dynamics inside the OSM phase with re-
spect to possible w/T scaling, for both particle-hole symmetric and asymmetric f-orbitals.
Analogous to the local-moment (LM) phase of the pseudo-gap SIAM, we find asymptotic w/T
scaling in the single-particle spectral functions,

T%pi(w,T) o< ¢po(w/T) + (T/T*)¢p1(w, T)+ O ((T/T*)?) (12)

with a crossover scale T*. In contrast to the pseudo-gap SIAM, however, T* does not van-
ish at the OSM phase boundary but remains finite and relatively large throughout the OSM
phase. As a result, w/T scaling manifests already at moderate temperatures, rather than only
asymptotically close to zero temperature.

The behavior of the local dynamical spin susceptibility in the OSM phase is more intri-
cate. While T*y”(w, T) exhibits asymptotic /T scaling for T/T* < 1 over intermediate
frequency ranges, the low-energy sector requires different temperature exponents a = 0.5
and @ = 1 depending on whether T is larger or smaller than some energy scale T* < T*.

Our results demonstrate the realization of robust power-law spectra and asymptotic w/T
scaling in a microscopic lattice model with purely local interactions. Such exotic scaling be-
havior is expected to strongly influence transport, potentially giving rise to /T scaling in
the optical conductivity and non-Fermi-liquid dc resistivity. While our model relies on strong
symmetry constraints in the band structure, it naturally includes a flat-band limit, and both fer-
romagnetic and antiferromagnetic phases are expected to emerge beyond the single-site DMFT
approximation when band width of the localized orbital is tuned. This connection suggests a
broader relevance: strange non-Fermi-liquid features in transport are indeed reported in flat-
band materials such as magic-angle twisted bilayer graphene [31,32], in strange metals near

10
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antiferromagnetic domes such as the high-T, cuprates [9,33,34], and in ferromagnetic heavy-
fermion compounds [35]. Numerical calculation of transport properties and future extensions
incorporating cluster DMFT or non-local correlations could therefore provide important in-
sights into these experimentally observed non-Fermi-liquid regimes.
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A Dynamical mean-field treatment

To capture local quantum fluctuations non-perturbatively we employ single-site dynamical
mean-field theory (DMFT) [36], which maps the lattice problem (1) onto a self-consistent
single-impurity Anderson model (SIAM).
Starting from the matrix representation of the full lattice Green’s function G(E, 2) along
the energy shell E = €:
2—E 0 % -
G(E,2) = 0 2z+E v . (AD)
\% V 2—E—X(2)

The local f Green function glf) C(z) of the lattice model can be obtained from integrating the
f-orbital contribution G ¢(E, 2):

gl (2) = J dE po(E) G (E, 2), (A.2)

which is required to coincide with the impurity Green function

G (2) = [5—er— Aelx)—2(z)] (A3)

imp
where 3(2) is the local electron self-energy and A g(2) describes the effective medium. Self-
consistency demands QI{) c(z) = Qi’:n 1)(z); thus
-1
Aeii(z) = z—2,—%(2)—[G] ()] (A4)

Starting from an initial A.g(2) we iterate: (I) solve the impurity problem to obtain X(z)
and Qﬁn p(z); (II) compute QI{) c(z) from Eq. (A.2); (II) update A g(2) via Eq. (A.4); (IV) repeat
until convergence is reached.
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For details on the efficient and accurate computation of Eq.(A.2), see Appendix B.2.

To solve the effective SIAM, characterized by A.g(2) in Eq.(A.4), we employ the Numeri-
cal Renormalization Group (NRG) technique, as implemented in the open-source NRG Ljubl-
jana code developed by Rok Zitko and collaborators [55,56]. In our NRG calculations, we
exploited total spin and particle number conservation, combined with an improved discretiza-
tion scheme [56,63]. The discretization parameter was set to A = 2.5, and 2000 states were
retained at each NRG iteration.

To compute spectral functions, we employed the full-density-matrix NRG (FD-NRG) algo-
rithm [64], which makes use of a complete basis set of the Wilson chain [65]. Spectral fea-
tures were broadened using the method described in Ref. [64], with a broadening parameter
a = 0.8. Additionally, we apply the recently developed self-energy trick [66], which signifi-
cantly improves numerical accuracy and enables state-of-the-art NRG spectral calculations.

B Numerical evaluation of lattice integrals

All impurity-lattice self-consistency steps can be reduced to one—-dimensional energy integrals.
In this appendix we show how these integrals are evaluated numerically by means of a par-
tial-fraction decomposition of the three-band Green function. Throughout we write complex
frequencies as 2 = w + 6, with 6 = O(1071%) smaller than any energy scale of interest, and
suppress the (trivial) spin index.

B.1 Partial-fraction form of the lattice Green function

Performing the inversion in Eq. (A.1) analytically can be rewritten in a compact form:

. 3
Gi;(E,2) = % P(E,z) =nz=(:)pn(z)E", (B.1)
where P(E, ) is a cubic polynomial in E with
po(2) = zz(z—Z(z)—ef—ZVZ), (B.2)
p1(z) =—2%, (B.3)
p2(2) = 3(2) — €5 — 2, (B.4)
p3(2)=1, (B.5)

and the matrix numerator Q(E, g) is at most quadratic. The two components relevant for the
results presented in the main text read:

Qy,s(E,2z) =(2—E)(z +E), (B.6)
Qc,,(E,2) = (z+E)(z—ef—E—Z(z))—V2. (B.7)

Let {&,(2)} (with £ = 1,2,3) be the complex roots of P(E,z). Because the roots are
pairwise distinct for generic parameters one can write

3 RW(2) 3
Gi;(E,z) = Zm R(z) =

(=1

Q;ij(&¢,2)

—_—, (B.8)
Pl(gl’ Z)

with P’ the derivative with respect to E. The residues Rg” ) depend smoothly on the external
frequency z and on the self-energy %(z) that enters through the f-orbital diagonal element
of Hk .

The complex roots &, were obtained from Cardano’s formula, evaluated numerically with
high decimal-digit precision using the multiprecision Python library mpmath [67].
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B.2 Local lattice Green function in the DMFT loop

In order to accurately and efficiently compute the local Greens function glf; C(z) from evaluating
Eq. (A.2) we substitute the partial fraction from of G (E, z) from Eq.(B.8) to obtain

3

gl{)c(z) = ZREH)(Z)H[PO](Q(Z)), (B.9)

=1

where ‘H denotes the complex Hilbert transform

(7, pol(E)
H[po](&) = J_oodE i

For the Bethe lattice with half~bandwidth D = 1 one has po(E) = %V 1—E2 and

H[pol(§)=2(5—y/&2—1),  H(E)=H(E), (B.10)

so that Eq. (B.9) is obtained in closed form once the three roots {§,} are known. Equation (B.9)
replaces numerical quadrature by simple residue algebra and is evaluated at each step of the
self-consistency cycle.

In summary, by decomposing every lattice Green function into simple poles and using the
analytic Hilbert transform of the Bethe density of states, all energy integrals required for the
DMFT self-consistency reduce to algebraic expressions involving only the roots &, and the

residues Rzab).

C Simplified mechanism for restoring the OSM phase in multi-
band models

Here we provide a simplified physical picture to explain why the three-orbital model is able to
restore the orbital-selective Mott (OSM) phase within single-site DMFT. The following discus-
sion is based on a series of approximations and is intended to offer a qualitative understanding
rather than a quantitatively accurate description.

Critical interaction from linearized DMFT From linearized DMFT [68], one can obtain an
analytical estimate of the critical interaction strength U, for the Mott transition in a single-band
model with hopping elements t;; and DOS p(€):

U =6 ‘ tizj = 61 f e2p(e)de. (C.1)
J

This estimate has been shown to agree well with full DMFT calculations and highlights the
importance of the high-energy tail of the DOS in obtaining a finite U, < 00.

Effect of hybridization on the DOS Now consider the case where this band hybridizes with
another band via a coupling V. This hybridization effectively renormalizes both the hopping
amplitudes and the dispersion: electrons from one band can tunnel into the other, propa-
gate there, and return, leading to modified effective hopping terms t;; — ti’j and dispersion

’
€ — 6k.

13
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In the simplest approximation—neglecting retardation effects—this additional tunneling
amplitude from site i to j can be estimated as V23iG;;(w = 0), where G;;(w) is the single-
particle Green’s function of the additional band. This results in the renormalized dispersion:

€ =€+ v:
, Tk
where 7} is the dispersion of the additional band.
The corresponding renormalized DOS becomes:

, 1 V2
p(e)=ﬁz5(e—ek——). (C.2)

k

Breakdown of the Mott transition At high energies € > D the € term becomes negligible
and the effective DOS p’(€) is dominated by contributions from V2/y. Using the identity
6[g(x)]=6(x —x0)/Ig’(xo)l, we find:
, V2 &
p(e>D)=—po|— |- (C.3)
€ €

Inserting this result into Eq. (C.1) shows that the integral diverges as long as po(0) is finite,
implying:
U= o009,
i.e., the Mott transition is suppressed due to the enhancement of the DOS at high energies
caused by the hybridization.

Restoring a finite critical interaction To restore a finite U,, two strategies are possible:

1. Nodal Hybridization: Introduce a hybridization function that vanishes at the Fermi
level, e.g., V} o< 1. This approach was analyzed in Ref. [69].

2. Destructive Interference: Add a third band with dispersion 1y, leading to a interfer-
ence of the hybridization effects. The renormalized dispersion becomes:

vz v?
€, = €+ —+—.
Tk Mk
In certain cases, i.e. M, = —7, this effectively restores a finite support of p’(€) and

thus a finite U, when Eq. (C.1) is evaluated again.

This explains qualitatively how the presence of a third orbital can stabilize the OSM phase
within single-site DMFT by preventing the unbounded growth of effective tunneling ampli-
tudes through interference.
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