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A general understanding of the mechanism underlying the pressure-induced Mott insulator-metal transition
in strongly correlated materials is still lacking. Here we explore the pressure-induced electronic reconstruction
in BaFe,Ses, a potential two-leg ladder system for unconventional (non-BCS) superconductivity. We stress the
importance of multiorbital Coulomb interactions in concert with first-principles band-structure calculations for
a consistent understanding of its intrinsic Mott-Hubbard insulating state both at ambient and under pressure. We
elucidate the nature of pressure-induced insulator-metal transition seen in experiment, showing that it is driven
by bandwidth broadening under pressure. We reveal an orbital-selective electronic state where Mott localized
and itinerant electrons coexist in compressed BaFe,Ses;, which incorporates orbital-resolved scattering rates and
renormalization factors hidden in the normal state at high pressures.

DOLI: 10.1103/PhysRevB.101.245133

I. INTRODUCTION

Orbital-selective charge and spin fluctuations in Fe-based
superconductors are now recognized to represent a com-
plex many-body problem of fundamental importance, and
its understanding and implications has attracted much in
condensed-matter and material physics community in recent
years [1,2]. The majority of the Fe-based superconductors
comprise a two-dimensional Fe square lattice tetrahedrally
coordinated by pnictogens or chalcogens and display metallic,
bad-metallic, and insulating normal states arising from the
interplay among structural, orbital, charge, and spin degrees
of freedom. Magnetic and electronic excitations have been
extensively studied since their discovery in 2008 [3], but
a unified description of many-particle correlation effects on
electrons occupying all active Fe 3d orbitals remains a chal-
lenging theoretical task [4].

Most of the parent Fe superconducting compounds show
tetragonal-to-orthorhombic structural changes accompanied
by para-to-antiferromagnetic phase transition at low tempera-
tures (T'), typically exhibiting striped-type antiferromagnetic
ordering [5]. According to theoretical analyses based on
multiband models with hole and electron Fermi pockets, the
striped-type magnetic ordering is stabilized by Fermi-surface
nesting, and the associated magnetic (or spin) fluctuations
are believed to induce unconventional high-7;. superconduc-
tivity [6]. However, it has also been found that some Fe-
based superconductors show significant deviations from the
Fermi-surface nesting mechanism. Among the best-known
examples are the alkaline Fe selenides, K;_,Fe,_,Se,, where
superconductivity appears at the border of Mott localization-
delocalization transition [7]. Importantly, pressure-induced
Mott insulator-to-metal transition followed by superconduc-
tivity has also been observed in the Fe ladder superconductor
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BaFe,S; [8]. This widens the understanding of electronic
and magnetic instabilities [9] as well as of different possible
pairing mechanisms [10] in Fe superconductors.

Whether unconventional superconductivity is intrinsic to
Fe ladder compounds is still under debate, with experimental
studies at high pressures displaying apparently conflicting
results [11-13]. Particularly interesting in this context is the
two-leg ladder BaFe,Se; compound, where a striking experi-
mental study suggests that superconductivity can be induced
within a pressure range between 10.2 and 15 GPa [11]. At
ambient and low-pressure conditions the resistivity of pure
[11,14] and doped [12,15,16] BaFe,Se; shows clear insulating
behavior with a thermal activation energy close to 0.178 eV
above 170 K [14]. As expected in strongly correlated mate-
rials under extreme pressure conditions [17], the resistivity
of BaFe;Ses; gradually decreases under compression and a
pressure-induced Mott insulator-metal transition sets in be-
tween 8.8 and 10.2 GPa [11]. Albeit not clearly seen in recent
experiments [12,13], the electrical resistivity of Ref. [11]
shows metallic behavior up to 250 K above 10.2 GPa.

The application of pressure often induces strong many-
particle reconstruction of Mott localized electrons [17-19].
Therefore, an understanding of the hidden mechanism un-
derlying the pressure-induced insulator-to-metal transition in
BaFe,Se; requires a precise description of the pressure evo-
lution of its electronic structure. The challenges to micro-
scopically explore the multiorbital (MO) electronic struc-
ture of BaFe,Se; are as follows: What interaction strength
determines the insulating state at ambient and low-pressure
conditions? How is metallicity induced in a system, which
is expected to be in close proximity to Mott localization? In
this work we answer these questions, providing a microscopic
description of electronic transport seen in the insulating and
metallic phases of normal and compressed BaFe,Ses. In our
modeling we assume that the observed insulator-metal transi-
tion is neither characterized by a structural distortion transi-
tion nor by the collapse of electron-electron interactions, but
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FIG. 1. Pressure-dependent polymorphism of BaFe,Se;: (a) Am-
bient pressure crystal structure of BaFe,Ses in the Pnma space group
(Fe: red; Se: purple; Ba: green). Fe-Fe ladders are shown in red.
One set of Fe-Se tetrahedra is shown within a single ladder only
(transparent gray polyhedra). (b) The electron density of the ground
state orbital 3z> — 2 is shown as isosurface within a single Fe ladder.
The 3z2-r? orbital axis is close to the Fe-Fe ladder direction, z.
(c) High-pressure (12.7 GPa) polymorph, Cmcm. The z direction is
chosen along the Fe ladders in all snapshots.

it is shown to be bandwidth-controlled Mott transition [8,19].
We reveal an orbital-selective (OS) phenomenon where Mott
localized (with xy, 3z> — 2 orbital character) and quasico-
herent metallic states (with xz, yz, x> — y* orbital character)
coexist in BaFe,Se; at 12.7 GPa, where the superconducting
anomaly becomes sharp in experiment [11].

BaFe,Se; is an antiferromagnetic Mott insulator with a
Néel temperature Ty =~ 256 K [20]. At ambient pressure
(AP) it adopts the CsAg,I3-type structure (Pnma space group)
which can be viewed as distorted BaFe,;S; (Cmcm space
group). Each unit cell has two Fe ladders along z direction
(see Fig. 1) which are built by edge-sharing FeSe, tetrahe-
dra [12,14,21]. BaFe;Se; hosts a block magnetic order with
its magnetic spin moments aligned perpendicular to the leg
direction [20,22], in contrast to the Fe-pnictide superconduc-
tors which usually exhibit stripe magnetic order. Similarly
to BaFe,S [23], it has been proposed that BaFe,Se; forms
an OS Mott phase, where localized and itinerant electrons
coexist in the normal state [20,22,24]. By applying pressure,
a structural transition is induced around 6 GPa, transform-
ing the crystal into a higher-symmetry structure, similar to
that of compressed BaFe,S; [25]. However, whether an OS
metallic state can be induced and how it will evolve under
pressure is still unknown in this material. Motivated thereby,
in this work we provide a local density approximation plus
dynamical mean-field theory (LDA+DMFT) [26] description
to this problem, showing good theory-experiment agreement
with ultraviolet photoemission spectroscopy (UPS) at ambient
pressure [23] as well as with resistivity data for both normal
and compressed structural phases of BaFe,Ses [11].

II. THEORY AND RESULTS

Using the experimentally determined crystal structure
parameters at AP [27] we have performed LDA band-structure
calculations within the linearized muffin-tin orbitals (LMTO)
method in the atomic sphere approximation [28]. To obtain
structural parameters for the Cmcm structure, we have
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FIG. 2. Pressure evolution of the total LDA DOS for the
Fe 3d orbitals of paramagnetic BaFe,Se;. An important feature to
be seen is the bandwidth broadening with increasing pressure. Inset
shows the relative changes in the orbital-dependent crystal field split-
ting 8, = 8,(P) — 8,(AP) (a =x>—y?, 32> — r?, xz,yz, xy), be-
tween ambient (AP) and two high-pressure cases relevant to transport
experiments [11]. This shows that strong, bare electronic reconstruc-
tion occurs in compressed Fe spin-ladder compounds.

performed additional LDA calculations by relaxing all atomic
coordinates at experimental lattice constant values [29].
[Relaxed Wyckoff positions: Fe (8e)0.1487 0.0 0.0,
Ba (4c)0.00.31590.75, Se;(4c)0.00.87010.75, and
Sez(4c¢) 0.0 0.13 0.25.] Our LDA results in Fig. 2 confirm
that the active electronic states in this Ba 123-spin-ladder
compound are the Fe 3d carriers, where all 3d bands (see
Fig. 4) have appreciable weight below and above the Fermi
energy, Er = w = 0 [30]. As displayed in Fig. 2, the total
density of states (DOS) shows metallic behavior at AP in
contrast to the insulating state seen in transport [11,12,14]
and optical conductivity spectra [15]. This can be taken as
an evidence that correlated band-structure calculations [26]
are needed to unveil the one-particle spectra of normal and
compressed BaFe,Ses.

It is noteworthy that the use of a localized basis has
important technical advantages in order to reduce the number
of nonzero short range electron-electron interaction terms
[31]. Analogously to LDA+U calculations, we choose a
projection local basis in which the Fe 3d occupancy matrix
is diagonal. However, due to the strong hybridization of
Fe 3d orbitals with Se 4p orbitals [see LMTO band structure,
Fig. 4(a)], the number of bands considered for the calculation
of the occupation matrix, and therefore the projection band
energy range, are critical factors. To illustrate this, we have
constructed a tight-binding model based on Wannier functions
[32], using 76 bands and as many Wannier projectors centered
on Fe and Se atoms. To obtain this tight-binding model (see
our result below), first-principles calculations for BaFe,Se; at
ambient pressure have been performed using pw.x from the
Quantum Espresso [33] distribution v6.4.1, using the Perdew-
Zunger (LDA) exchange correlation functional. Pseudopoten-
tials (PAW) from the PSLibrary [34] have been used. Cutoffs
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FIG. 3. Projected band structures of BaFe,Se; at ambient pres-
sure obtained from LMTO (a) and reconstructed (b) from maximally
localized Wannier functions for the nonmagnetic state. In the latter,
76 bands are shown (Se 4p and Fe 3d). Higher- and lower-lying
bands were not considered. The Fermi level is at zero energy and it is
shown with dashed (solid) lines. The band structure is more disper-
sive from I" to Z than along other directions, which is consistent with
the presence of quasi-one-dimensional ladders along the k, axis, in
agreement with extant calculations for RbFe,Te; and BaFe,S; [36].

of 70 and 800 Ry were chosen for the expansion of the wave
functions and the charge density, respectively. The charge
density was converged self-consistently to an error smaller
than 1.0~® meV. Maximally localized Wannier functions have
been calculated with version 3.01 of the Wannier90 code.
Fe 3d and Se 4p orbitals were chosen as initial projections for
a total of 76 band in the energy range —6.0 to 2.0 eV. Lower
and higher energy bands have been excluded. Convergence
has been achieved when the total spread change was less
than 1.07'2 A for 10 iterations. The resulting reconstructed
band structure shown in Fig. 3(b) is in good agreement with
extant calculations for the nonmagnetically ordered state of
BaFe;2Se; [35]. The choice of this energy range guarantees
Fe localized, atomic-like Wannier functions, with the correct
site symmetry. In the same spirit, in LMTO the occupation
matrix is calculated for all 76 Fe and Se bands, over their rel-
evant energy range [—5.9 to 1.6 eV, Fig. 3(a)]. This provides
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FIG. 4. Pressure evolution of the orbital-resolved LDA DOS for
the Fe 3d orbitals of BaFe,Se;. Important features to be seen is the
bandwidth broadening and the emergence of an anisotropic, V-shape-
like electronic structure near Er with increasing pressure.

a robust strategy for the choice of an atomic-like basis in a
situation of strong interband hybridization. The corresponding
projected DOS are shown in Fig. 2.

Using the Wannier functions formalism we have also com-
puted the bare (one-particle) Hamiltonian in the matrix form
at ambient and the high pressure regime of the Cmcm phase
considered in this work. In the basis used here, the on-site
hopping matrix for 0.0 GPa and 12.7 GPa have, respectively,
the form

—0.9847 —0.0087 —0.0789 0.0727 0.0223
. 0.0087 —0.8018 0.0219 0.0467 —0.0320
Hy=1-0.0789 0.0219 —0.9714 0.0846 0.0088
0.0727 0.0467 0.0846 —0.9143 0.0278
1 0.0223 —0.0320 0.0088 0.0278 —0.8195
and
r—1.2781 —0.0010 0.0099 —0.0319 —0.0016
R —-0.0010 —1.2774 0.0015 —0.0021 —0.0091
Hy = | 0.0099 0.0015 —1.3222 —0.1496 —0.0006 |,
—0.0319 —0.0021 —0.1495 —1.3366 0.0006
L —0.0016 —0.0091 —-0.0006 0.0006 —1.3189

with the orbital order representing Hy being 3z> — 12, xz, yz,

x?> —y?, and xy. As seen, the off-diagonal elements are
close to zero in both cases, attesting our choice for the
local axis used for the Wannier function projection. As ex-
pected all diagonal hopping elements increase with increas-
ing pressure due to enhanced interorbital overlap, which is
constituent with the bandwidth broadening with increasing
pressure, see Fig. 2. Importantly, in the local basis which
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diagonalizes the one-particle density matrix, this residual
interorbital one-electron overlap is zero, and so in the para-
magnetic phase the many-particle Green’s functions and self-
energies become diagonal in orbital and spin flavor [37].

Relevant to our study is the bandwidth broadening, which
accompanies the pressure induced metals from Mott insu-
lators [19]. As shown below the competition between one-
particle band broadening, which is enhanced by almost 2.0 eV
from AP to 12.7 GPa and the local Coulomb repulsion U in
BaFe,Se; generates an OS metallic state at high pressures.
Similar bandwidth-control-type Mott transition has been pro-
posed for BaFe,S; [8,38], and it therefore appears to be
an intrinsic property of the Fe spin-ladder superconductors.
In addition to band broadening also relevant for the Mott
transition is the rearrangement of the 3d electronic structure
due to changes in the crystal field splitting under pressure [38].
This nontrivial structural phenomenon acts like an orbital
field [39] which modifies the on-site orbital energies [10] or
the center of gravity 8, of the LDA 3d manifold a = x> —
y?, 32> —r?, xz, yz, xy. As shown in the inset of Fig. 2,
large changes in the orbital-dependent crystal field splitting
[10] &, = 8,(P) — 8,(AP) takes place in BaFe,Se; at the two
pressure regimes considered in this work. As seen, particular
strong reconstruction sets in within the yz orbital at 12.7 GPa.

In order to get insights into the changes in the bare elec-
tronic structure of BaFe,Se; from ambient to high pressures,
in Fig. 4 we compare the corresponding orbital resolved LDA
DOS. As seen, on compression we find substantial transfer of
spectral weight, particularly at the valence band states below
Ep. Albeit the overall shape of the LDA spectral functions
shows only weak pressure and structural-phase dependence,
our results exhibit clear increase in the bare bandwidth and
subtle splitting of peaks on different orbitals. Interestingly and
consistent with the pressure evolution in Fig. 2, our results
reveal a nonnegligible reduction of the Fe 3d spectral weight
near Ep, particularly within the x2— yz, xz, yz orbitals where
the LDA DOS exhibit a monotonous increase of V-shape-like
electronic structure. Similarly to topological insulators and
some Fe-based superconductors [40], this result can be taken
as an evidence that anisotropic Dirac-fermion physics might
be hidden in the bare electronic structure of BaFe,Se; at
pressure close to 12.7 GPa. Viewed in light of this result, our
finding suggests interesting avenues for future studies.

The one-electron part of the Fe 34 model Hamilto-
nian relevant for the Fe spin-ladder compounds is Hy =
Zk’(w ea(k)c;i 2.0Ck.a,0» Where a denotes its diagonalized 3d
orbitals and €, (’k') is the corresponding band dispersion, which
encodes details of the one-electron (LDA) band structure.
These five Fe 3d bands are the relevant one-particle inputs for
MO-DMFT which generates a Mott-Hubbard insulating state
at ambient and low-pressure conditions as shown below. The
correlated many-body Hamiltonian considered for BaFe,Se;

reads
Hinl =U Zni.u,Tni,ct,¢ + U/ Z n; oM p
i,a

i,a#b
—Ju Z Sia-Sip-
i,a#b
Here U is the on-site Coulomb interaction, U’ = U — 2Jy
is the interorbital Coulomb interaction term, and Jy is the
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FIG. 5. Evolution of the LDA+DMFT (U =4.7¢eV, Jy =
0.7 eV) total spectral functions of normal and compressed BaFe,Ses.
While all orbitals are Mott localized at ambient pressure, incoherent-
band states with xy orbital character almost touch the Fermi energy
(Er =w=0) at P =7.0GPa due to pressure-induced selective-
orbital electronic reconstruction in BaFe,Se;. Noteworthy is the
comparison between the LDA+DMFT DOS with ultraviolet pho-
toemission spectra (UPS, triangles) [23], showing good quantitative
theory-experiment agreement up 1.2 eV binding energy. In particular,
the low-energy line shape and the peak structure around —1.0eV
are accurately resolved by the insulating spectrum of BaFe,Se;. The
solid line shows the energy dependence of the total Fe 3d electronic
structure which might be probed in future photoemission and inverse
photoemission experiments of superconducting BaFe,Se;.

Hund’s coupling. Consistent with earlier studies [41], we
focus on the leading correlation effects and will not consider
the pair-hopping term for simplicity. We evaluate the many-
particle Green’s functions [G, (K, )] of the MO Hamilto-
nian H = Hy + H;, using the multiorbital iterated perturba-
tion theory (MO-IPT) as impurity solver [42]. This interpola-
tive ansatz is known to account for the correct low- and high-
energy behavior of the one-particle spectral function and self-
energies of Hubbard and periodic Anderson like models in
the large-D limit (DMFT). It ensures the Mott-Hubbard metal-
insulator transition from a correlated metal to a Mott insulator
as a function of the Coulomb interaction U. The MO-IPT
scheme is computationally very efficient, with real frequency
output at zero and finite temperatures [43], enabling the study
electronic structure reconstruction and transport properties of
real materials with different magnetically ordered states and
superconducting phase instabilities. The full set of equations
for the MO case can be found in Ref. [42] so we do not repeat
the equations here.

To elucidate the bandwidth-controlled Mott mechanism, in
Fig. 5 we display the total LDA4+DMFT DOS [piota(w) =
>, Pa(®)] computed using U = 4.7eV and Jy = 0.7¢V for
the three regimes considered in this study: This particular
U was chosen since it is the critical value for opening the
Mott bandgap at 7.0 GPa. As seen in this figure, at AP
BaFe,;Se; is a Mott insulator, where all LDA bands split
into two branches by sizable on-site Coulomb scattering of
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FIG. 6. T dependence of electrical resistivity (normalized at
250 K) for insulating and metallic BaFe,Se;, showing qualitative
good accord with transport data [11] at different pressures. The
semiconducting and metallic behavior for the compressed (Cmcm)
phase is consistent with normal state transport data. Inset: Theory-
experiment comparison of resistivity versus temperature normalized
to the experimental value at 12.7 GPa [11].

electrons within DMFT [17]. In this regime the one-particle
spectral weight is transferred from low energies to lower-
and upper-Hubbard bands at —1.5 and 3.5 eV, respectively.
Hubbard bands are also visible in a similar energy window
in the spectral function at 7.0 GPa. The valence band state
in these two orbital-blocked Mott phases of BaFe,Ses; show
similar tendency toward local moment formation, attesting the
stability of the insulating phase at low-pressure conditions, as
seen in Fig. 5.

Additionally, in Fig. 5 we compare our all-electron Mott-
insulating state to photoemission data [23]. Good quantitative
agreement over most of the energy scale from zero to —1.2eV
is observed. In addition to the detailed line shape at low bind-
ing energies, good agreement with the intense peak in UPS
at —1.0eV is visible, proving that LDA+DMFT(MO-IPT)
is suitable to capture exotic electronic structure reconstruction
phenomena in correlated electronic materials [26]. Particular
relevant in this context are valence band states at 12.7 GPa,
which are more severely reshaped due to strong intra-
and interorbital charge and orbital excitations intrinsic to
BaFe,Se; [2,44]. Across the Mott transition the incoherent
Hubbard bands loses part of their spectral weight due to
dynamical spectral weight transfer from high to low energies,
with concomitant formation of OS quasiparticles [45] near
Ep as shown below. Therefore, large-scale changes in spectral
weight transfer (SWT) characterizes the Mott transition in
Cmcm BaFe,Se; at high pressures. The spectral functions
are predicted to be highly reshaped by external pressure and
future spectroscopy and optical experiments could verify this
aspect.

Figure 6 shows the T dependence of the electrical resis-
tivity pq.(T) of BaFe,Ses;, computed using the MO spectral
functions [46] at AP and the two pressurized regimes consid-
ered in Fig. 5. The insulating behavior is caused by strong
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22
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0.6 . . . .
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L | L | L | L
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FIG. 7. Orbital-resolved LDA+DMFT DOS for the Fe 3d or-
bitals of BaFe,Se; at 12.7 GPa, showing coexistence of metallic
(main panel) and Mott insulating (inset) states near Ep. Notice
the low-energy Kondo-quasiparticle resonances and the incoherent
Hubbard bands above 3.0 eV, a fingerprint of electron correlations
effects in metals.

Coulomb repulsion between Fe 3d electrons, which as in
experiments [11,12,15] becomes prominent at AP conditions.
This orbital-blocked Mott state is partially suppressed within
the Cmcm phase at 7.0 GPa. Noteworthy, due to partial
increase of the bare bandwidth, the resistivity curve shows
an insulating upturn below 18 K in good agreement with
experiment [11]. Interestingly, the detailed 7 dependence in
Fig. 6 resembles the one seen in experiment both at ambient
and moderated pressures, providing support for the correlated
scenario derived above. Also remarkable is the change from
the insulating to metallic behavior with increasing pressure
from 7.0 to 12.7 GPa. Thus, reducing by effective U/W ratio
on increasing the one-particle bandwidth W with pressure
[17], we derive an OS metallic state which correctly describes
the T evolution of p,.(T) close to the superconducting phase
instability, as shown in the inset of Fig. 6. Apart from the
good theory-experiment agreement, a particularly interesting
feature is the resistivity drop below 4 K also observed in
experiments at 7 ~ 9.5K [11]. Taken together our results
in Figs. 5 to 6 with extant spectroscopy [23] and transport
experiments [11] confirms that metal-insulator transition in
BaFe,Se; can be characterized as a bandwidth-controlled
Mott transition similar to what has been proposed for
BaFeQS3 [8]

To rationalize the overall metallic behavior and sudden
resistivity decrease of pressurized BaFe,Se; at low T [11],
in Fig. 7 we display the orbital resolved spectral functions
used to compute the T dependence of p(7T) at 12.7 GPa
in Fig. 6. In this pressure range metallic (xz, yz, x> —y?)
and localized (xy, 3z2 — r?) electronic states coexist. This
remarkable situation is closely tied to the OS Mott state
[43,47,50], in which electronic localization is restricted to a
particular subset of the active orbitals present in the problem.

Figure 7 can be taken as a microscopic evidence that
localized and itinerant electrons coexist in Ba-123-spin ladder
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compounds [23]. Similarly to BaFe,S3, where metallicity with
yz, x> — y? orbital character is predicted to exist near the all-
electron Mott phase [48], asymmetric Kondo-quasiparticles
with xz, yz, x> — y? orbital character are predicted to coexist
with Mott localized xy, 37> — r? electronic states at low ener-
gies. Thus, apart from crystal field splitting effects [38,49], the
threefold orbital character of the hidden metal is also relevant
for the superconducting state of Cmcm BaFe,Ses;. More-
over, the presence of well-defined Kondo-quasiparticle reso-
nances also suggests that double-exchange-like [50] charge
and spin fluctuations between itinerant and localized chan-
nels are greatly suppressed, leading to an orbital decoupling
phenomenon of strong correlations [45] at 12.7 GPa. Since
infrared Fermi-liquid behavior is relatively immune to scat-
tering between distinct MO components, this must be seen a
manifestation that Anderson orthogonality catastrophe [51] is
absent in the single crystals of Ref. [11]. According to our
results a pressure-induced confined metal [19] with mostly
xz, vz, x> — y?* orbital character could be observed in future
experiments of compressed BaFe,Se;. The sudden decrease
around 11 K, which together with susceptibility signals was
taken as fingerprint for the superconducting phase transition
in BaFe,Se; [11], is caused by the presence of a narrow
Kondo-quasiparticle peak with x> — y? orbital character at Ef..
This is the key step, which allows to understand the low-T
drop in resistivity observed at pressure range between 11.5 to
12.7 GPa [11].

Since the correlated Fermi sea expected to be seen in
future experiments at pressures close to 12.7 GPa can be
described in terms of well-defined quasiparticles, it is instruc-
tive to look at the orbital-resolved scattering rates I',(w) =
—2Z,(0)ImX,(w) [52] as a function of binding energy de-
rived from LDA+DMFT for U = 4.7eV. Here

ReZ, (w)]™"
Jw

Zo(®) = [1

is the quasiparticle residue, or the inverse of the electron mass
renormalization, and ReX,, Im¥, are, respectively, the real
and imaginary parts of electron’s self-energy computed within
the DMFT approximation. Z characterizes the degree of elec-
tronic correlations of the normal metallic state, establishing
the energy above which the lifetime of quasiparticles becomes
short and many-particle coherence is lost [53].

Interestingly, our results for I',(w) in Fig. 8 suggest that
compressed BaFe,Se; is close to a Hund’s metal state [45],
where the interplay between U, U’ and the Hund’s exchange
interaction Jy leads to decoupled orbital degrees of freedom
as proposed to LiFeAs superconductor [54]. In spite of the
different Kondo-screening mechanisms similar lifetimes as
found here have been extracted from angle-resolved photoe-
mission (ARPES) linewidths of LiFeAs [55], indicating a
common Hund’s metal scenario in these systems. Also inter-
esting is the energy dependence of the quasiparticle weights
Z,(w), indicating OS correlation effects and dynamical mass
enhancement [m) /m, = Z 1(0)] due to slightly different LDA
bandwidths in the correlated electronic structure of com-
pressed BaFe,Se;. Future experiments are called for to cor-
roborate this prediction.
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FIG. 8. Orbital-resolved scattering rates I',(w) (U = 4.7eV and
Jy = 0.7eV) for the metallic orbitals of BaFe,Se; at 12.7 GPa.
Notice the small deviations from quadratic Fermi-liquid behavior
due to residual interorbital scattering processes. The inset shows
the corresponding quasiparticle weights or the inverse of the energy
dependent mass renormalization factor.

III. CONCLUSION

In summary, we have used LDA+DMFT on a five-band
Hubbard model to derive a pressure-induced electronic recon-
struction in the spin-ladder compound BaFe,Se;. We have
analyzed its Mott-insulating nature, baring it as an effect
of multiorbital dynamical correlations. As a consequence
of bandwidth broadening by pressure two distinct Mott in-
sulating states are derived at ambient and moderate pres-
sures. The metallic state, which is relevant to experiments
at pressure close to superconducting phase instability [11],
is shown to be of selective Mott type where localized and
itinerant electrons coexist in the nonmagnetically ordered
state. Particularly interesting is the emergence of low-energy
Kondo-quasiparticles with xz, yz, x> — y? orbital character in
the selective metallic phase, which represents the mechanism
for the normal-state electronic behavior seen in BaFe,Se;
at 12.7 GPa. The existence of well-defined quasiparticles
suggests a Hund-induced orbital decoupling phenomenon
[45] between Mott localized and itinerant components of
the many-particle electronic fluid at high pressures. The in-
terplay between local electronic correlations and bandwidth
broadening in pressurized BaFe,Se; yields a promising and
practical route to access orbital-resolved quasiparticles [45]
and scattering rates [56] of Hund’s metals, but this prediction
for BaFe,Se; remains to be seen in future studies.
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