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Multiorbital physics is important to both the correlation physics and topological behavior of quan-
tum materials. LiFeAs is a prototype iron pnictide suitable for indepth investigation of this issue.
Its electronic structure is strikingly different from the prediction of the noninteracting description.
Here, a multiorbital Hubbard model is studied using a U(1) slave spin theory. We demonstrate a new
mechanism for a substantial change to the Fermi surface, namely, orbital selectivity of the energy-
level renormalization cooperating with its counterpart in quasiparticle spectral weight. Using this
effect, we show how the dominating features of the electronic structure in LiFeAs are understood
by the local correlations alone. Our results set the stage to understand the origins and nature of
both the unconventional superconductivity and likely electronic topology in this prototype iron p-
nictide and, more generally, reveal a remarkable degree of universality out of the seemingly complex
multiorbital building blocks across a broad range of strongly correlated superconductors.

Introduction. Establishing features that are univer-
sal across the different families of strongly correlated
systems and identifying properties that are particular
to each family are important routes towards elucidat-
ing these quantum materials. For iron-based supercon-
ductors (FeSCs)1, an important feature that is of ex-
tensive current interest is their multiorbital behavior2–9.
It has been recognized that electron correlations are
strongly orbital dependent in many FeSCs10–22. This
strong orbital selectivity not only causes large effective
mass enhancements23 and a substantial renormalization
of the electronic structure in the normal state24 but al-
so affects the pairing structure of the superconducting
state25–28. Previous studies showed that the Hund’s
rule coupling between the multiple orbitals plays a cru-
cial role in suppressing the interorbital correlations10,13

and pushes the system towards a novel orbital-selective
Mott phase (OSMP), in which the iron dxy orbital is
Mott localized while other 3d orbitals are still itineran-
t12. In experiments, this OSMP can be accessed from a
Fermi-liquid-like metallic phase by increasing the temper-
ature16. More recently, angular resolved photoemission
spectroscopy (ARPES) measurements29 have implicated
an OSMP as a ground state in the iron chalcogenides
upon isovalent doping29, and observed a Fermi surface
reconstruction associated with the orbital-selective Mot-
t transition (OSMT). The orbital selective Mott physics
is recognized as universal across essentially all the iron
chalcogenides24 and actively interplays with their ne-
maticity and superconductivity30–34.

In other FeSCs, in particular for iron pnictides, the
situation remains open. On general grounds, one may
expect that several factors, including the effective or-
bital dependence in the bandwidth and the extent of
the kinetic interorbital hybridization as well as the de-
gree of orbital-degeneracy breaking (crystal level split-

ting) may interplay with the Hund’s coupling and influ-
ence the strength of the orbital selectivity. It has been
proposed that the orbital selectivity is enhanced when the
3d electron occupation number per Fe site is decreased
from n = 6, the case of the parent compound, towards
n = 5.13,35,36 For the typical iron pnictides with carrier
concentrations close to n = 6, there is not yet a clear-cut
case for orbital selective correlations.

The 111 iron pnictide LiFeAs presents a promising and
pressing case for elucidating the multiorbital correlations
of the iron pnictides with broader importance. It super-
conducts in its pristine form37,38, and there is no static
magnetic or nematic order in its phase diagram. A recent
ARPES study39 reveals features that are reminiscent of
the behavior of the iron chalcogenides. In addition, and
particularly notably, its correlation-induced renormaliza-
tion to the electronic structure near the Fermi energy is
especially puzzling.

To put the last feature in a larger context, we note
that, in general, electron correlations cause mass en-
hancements, squeezing the bands toward the Fermi level.
This is captured by a local self-energy which, in single-
band/orbital systems, cannot change the Fermi surface
from its noninteracting counterpart. Even in multior-
bital systems, without orbital selectivity, the Fermi sur-
face would be unchanged given that the mass enhance-
ment factors are identical in all bands. Surprisingly, in
some FeSCs, the observed volume of some Fermi pock-
ets are shrunken compared to that from local density
approximation (LDA) calculations; this reflects the op-
posite (“blue/red”) correlation-induced shifts of the elec-
tron and hole bands40,41. In particular for LiFeAs, LDA
obtains three hole Fermi pockets centered at Γ point of
the BZ. The outermost one has mainly a dxy orbital char-
acter, and the inner two are dominated by the dxz/yz
orbitals. By contrast, ARPES measurements show that
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FIG. 1. (Color online) Shrinkage of the Fermi surface in the
model for LiFeAs. The Fermi surfaces are calculated at (a)
U = 0 and (b) U = 2.5 eV. The correlation removes the
innermost hole pocket and reduce the other pockets.

the band giving the innermost hole pocket in LDA is
actually below the Fermi level42–45. The origin of the
Fermi-pocket reduction is a subject of controversy. In
calculations using two-particle self-consistent and/or ran-
dom phase approximation approaches46,47, this reduction
is attributed to non-local electron correlations. A more
recent study48 suggests that experimental spectrum ob-
served by ARPES can be fit in terms of a local (i.e.,
k-independent) self-energy.

In this paper, we address the orbital selectivity of
LiFeAs, with two findings. First, the small As-Fe-As
bond angle helps stabilize an OSMP over a broad pa-
rameter regime in the ground-state phase diagram. With
increasing temperature, the system is driven through an
OSMT. Second, we advance a natural but surprising
mechanism for a substantial change in the Fermi sur-
face. We demonstrate a new effect, an orbital-selective
energy-level renormalization, and show how it cooperates
with the orbital dependence in the quasiparticle spectral
weight to cause a shrinkage of the Fermi pockets; most
drastically, the innermost hole pocket disappears com-
pletely (see Fig. 1). Thus, the main features of the elec-
tronic structure are captured by the local correlations.

Model and method. We study a five-orbital Hubbard
model for LiFeAs. The Hamiltonian reads as

H = HTB +Hsoc +Hint. (1)

HTB is a five-orbital tight-binding Hamiltonian with
tetragonal lattice symmetry49,

HTB =
1

2

∑
ijαβσ

tαβij d
†
iασdjβσ +

∑
iασ

(εα − µ)d†iασdiασ, (2)

where d†iασ creates an electron in orbital α (α = 1, ..., 5
denoting xz, yz, x2−y2, xy, and 3z2−r2 orbitals, respec-
tively) with spin σ at site i, εα refers to the energy level
associated with the crystal field splitting (which is diag-
onal in the orbital basis), and µ is the chemical potential
that fixes the total electron density to 6 per Fe. Impor-
tantly, the inter-orbital hopping terms act as a kinetic

inter-orbital hybridization, making the OSMP delicate
and different from the conventional treatment50,51. The
tight-binding parameters tαβij and εα for LiFeAs are de-
termined by fitting the LDA band structure. The proce-
dure is presented in Appendix A. As shown in Fig. 1(a)
[and also, see below, Fig. 5(a)], this model, similar to
other tight-binding models52–54, captures major features
of the non-interacting electronic structure of LiFeAs and
gives the correct geometry of the LDA Fermi surface.

Hsoc =
λ0
soc

2

∑
iαβσσ′ (L · τ )ασ,βσ′ d

†
iασdiβσ′ is an atomic

SOC term, where L denotes the orbital angular momen-
tum operator and τ refers to the Pauli matrices. We take
the bare value of the SOC λ0

soc = −30 meV, which is also
renormalized in an orbital-selective way. Note that the
SOC expands the 5-orbital model to the 10-orbital one
defined in the 2-Fe unit cell. The on-site interaction Hint

reads

Hint =
U

2

∑
i,α,σ

niασniασ̄

+
∑

i,α<β,σ

{U ′niασniβσ̄ + (U ′ − JH)niασniβσ

− JH(d†iασdiασ̄d
†
iβσ̄diβσ + d†iασd

†
iασ̄diβσdiβσ̄)

}
,(3)

where niασ = d†iασdiασ. Here, U , U ′, and JH, respective-
ly denote the intra- and inter- orbital repulsion and the
Hund’s rule coupling, and U ′ = U − 2JH is taken59.

We investigate the correlation effects using a U(1)
slave-spin theory50,57, which generalizes the single-band
slave-boson theory56 to multiorbital settings. We ex-

press d†iασ = S+
iασf

†
iασ. Here, S+

iασ (f†iασ) is a quantum
S = 1/2 spin (fermionic spinon) operator introduced to
carry the electron’s charge (spin) degree of freedom, and

Sziασ = f†iασfiασ − 1
2 is a local constraint. At the saddle-

point level, the constraint is handled via a Lagrange mul-
tiplier λα and the slave-spin and spinon operators are
decomposed so that λα and the quasiparticle spectral
weight Zα ∝ |〈S+

α 〉|2 are determined self-consistently (see
Appendix B for details).
Orbital selectivity in the ground state. We first exam-

ine the correlation effects of the model by presenting its
ground-state phase diagram in Fig. 2(a). It consists of
a metallic phase, an OSMP, and a Mott insulator (MI),
with increasing the on-site Coulomb repulsion U . In the
metallic phase, there is a crossover at Ucr (the red dashed
line) from a weakly correlated metal (WCM) to a strong-
ly correlated metal (SCM) with strong orbital selectivity,
as shown in Fig. 2(b). In the SCM, the system exhibit-
s bad metal behavior and Zxy is reduced the most. Zxy
can be suppressed to zero at UOSM, signaling a transition
to an OSMP. Further increasing U the system eventually
becomes a MI with electrons in all orbitals localized.

The phase diagram of LiFeAs stands out in the iron
pnictides. While orbital-selective correlations develop
in general, the other parent iron pnictides, such as
LaOFeAs, contains no OSMP as a ground state57. The
stronger orbital selectivity in LiFeAs lies in its small-
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FIG. 2. (Color online) (a): Ground-state phase diagram of
the model for LiFeAs. MI, OSMP, SCM, and WCM denote
the Mott insulator phase, orbital-selective Mott phase, and
regimes of strongly correlated and weakly correlated metals,
respectively. Ucr refers to a crossover between WCM and
SCM. UOSM and UMT denote the critical U values of the
orbital-selective Mott transition and the Mott transition, re-
spectively. (b): Evolution of the orbital resolved quasiparticle
spectral weights Z with U at JH/U = 0.25. (c): Effective level
energies of the dxy and dxz/yz orbitals vs. U at JH/U = 0.25.

er As-Fe-As bond angle, which significantly reduces the
interorbital hoppings involving the dxy orbital (see Ap-
pendix C). Our result represents the first realization in
the iron pnictides of an OSMP ground state, which an-
chors the orbital selectivity in these systems.

Temperature induced orbital-selective Mott transi-
tion. Given the proximity to the OSMP in the ground
state of LiFeAs, we address whether this OSMP can be
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FIG. 3. (Color online) (a): Evolution of the orbital resolved
quasiparticle spectral weights with temperature at JH/U =
0.25 and U = 2.5 eV for LiFeAs. An OSMT takes place at
about 230 K. (b): The thermal phase diagram of the model
for LiFeAs at JH/U = 0.25. The shading shows the regime of
the estimated U values in LiFeAs.

approached by increasing the temperature. In Fig. 3(a)
we show the evolutions of Zxy and Zxz/yz with temper-
ature at U = 2.5 eV and JH/U = 0.25. While Zxz/yz
shows only a small drop with increasing temperature, Zxy
decreases rapidly and vanishes at T ≈ 230 K, signaling an
OSMT. The thermal phase diagram at JH/U = 0.25 is p-
resented in Fig. 3(b). The critical U value for the OSMT,
UOSM, decreases with increasing temperature and merges
to the crossover line at Ucr at high temperatures. By
comparing to the experimental mass enhancement fac-
tors44, we estimate U ∼ 2.4 − 2.7 eV for JH/U = 0.25
(shaded area in Fig. 3(b)), which results in an OSMT at
T ∼ 150 − 250 K. This is consistent with the tempera-
ture evolution observed in a recent ARPES experimen-
t39. Fig. 3(b) and the associated placement in Fig. 2(a)
show that LiFeAs is just inside the orbital-selective SCM
regime.

Renormalization of electronic structure and shrinkage
of Fermi pockets. In a single-orbital model, electron
correlations modify the electronic structure by renormal-
izing the bandwidth while keeping the Fermi surface un-
changed as a consequence of Luttinger theorem. In a
multiorbital model with orbital selectivity, with Z being
orbital dependent, the situation is considerably richer.

Our key finding is that the renormalization of the ener-
gy levels, εα, is also orbital-dependent. This warrants the
introduction of a second orbital-selective renormalization
factor, Z ′α, for the energy levels:

ε′α = Z ′αεα . (4)

The renormalized energy level, ε′α, as a function of U is
shown in Fig. 2(c). In general, Z ′α 6= Zα are independent,
as illustrated in Fig. 4.
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FIG. 4. (Color online) Evolution of the orbital resolved quasi-
particle spectral weights Zα and the renormalization factors
Z′α with U at JH/U = 0.25 for LiFeAs.

We now show that the orbital-selective energy-level
renormalization, Z ′α, can lead to a shrinkage of the Fer-
mi pockets. We start by specifying the orbital depen-
dence of the quasiparticle weight Z, which differentiates
the renormalization of the bands with different orbital
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characters. This is clearly seen in the calculated band-
structure of LiFeAs in Fig. 5: The bottom of the γ band,
with a dominant dxy orbital character, is renormalized
from about −0.5 eV to −0.1 eV, with a renormalization
factor of about 5; while the bottom of the δ band, with a
dxz/yz orbital character, is only renormalized by a factor
of about 1.4.

We proceed by focusing on the α, α′, and β bands
near the Γ point, which mainly have dxz/yz and dxy or-
bital characters, respectively. Here, the interorbital hy-
bridization can be neglected60. The dispersion can then
be expressed as

E(k) ≈ Zαξα(k)+ε′α = Zα[ξα(k)+εα]+(Z ′α−Zα)εα, (5)

where ξα(k) is the Fourier component of the hopping pa-
rameter tααij . For simplicity, we have set the Fermi level to
E = 0, and the Fermi surface in the noninteracting limit
is defined by ξα(k)+εα = 0. Clearly, the Fermi surface is
un-renormalized if Z ′α = Zα. Importantly, for Z ′α 6= Zα,
the Fermi pocket either shrinks or expands depending on
the sign of the last term in Eq. (5). For LiFeAs, tak-
ing JH/U = 0.25 and U = 2.5 eV, we find from Fig. 2
and Fig. 4 that Z ′xy ≈ 0.18 < Zxy ≈ 0.19, εxy > 0, and
Z ′xz/yz ≈ 0.73 > Zxz/yz ≈ 0.63, εxz/yz < 0. Therefore,

according to Eq. (5), the pockets of the α, α′, and β sheet-
s are all reduced in size. The difference between Zxy and
Z ′xy is relatively small, and the Fermi-surface reduction
of the β sheet is, correspondingly, relatively small. How-
ever, the difference between Zxz/yz and Z ′xz/yz is larger,

leading to an additional energy-level shift of about 20
meV. This level shift causes a much stronger shrinkage
for the inner hole pockets (see Table I for details). Be-
cause the innermost α′ pocket has the least Fermi wave
vector kF , it is the most susceptible to the level shift.
Indeed, it is completely eliminated as shown in Fig. 1
and Fig. 5. Note that the electron pockets also slightly
shrink in a way to fulfill the Luttinger theorem.

Discussions and conclusions. Several remarks are in
order. First, the calculated low-temperature quasiparti-
cle spectral weights Zxy ≈ 0.2 and Zxz/yz ≈ 0.6 in the
physical regime agree well with the strong orbital depen-
dent mass renormalization factors (m?/mb)xy ∼ 4−5 and
(m?/mb)xz/yz ∼ 1.3 − 2.3 found in experiments44. (We
note in passing that the ARPES line-width in LiFeAs
may be influenced by the larger kz-dependence of the
xz/yz orbitals than that of the xy orbital61.) Our re-
sult indicate LiFeAs is at the crossover into the strongly
orbital-selective regime of the zero-temperature phase di-
agram, which is confirmed by a recent theoretical work62.
Relatedly, we show that the system undergoes an OSMT
at T ≈ 230 K, which explains the strong reduction of the
xy-orbital spectral weight with increasing temperature as
observed in ARPES39. Both features are to be contrasted
with what happens from the non-local correlation effects.
The latter would produce a larger renormalization of the
quasiparticle weight to the 3dxz/yz orbitals than that to

the 3dxy orbital46 given that the xz/yz-orbital-hosting
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FIG. 5. (Color online) Comparison of the electronic structures
in the model for LiFeAs at (a) U = 0 and (b) U = 2.5 eV,
showing a strong renormalization effect. JH/U = 0.25 and
λ0
soc = −30 meV are taken in the calculation.

inner hole states have a larger phase space than the xy-
orbital-hosting outermost hole Fermi pocket for nested
coupling to the electron Fermi pockets via the (π,0) in-
teractions; this is opposite to the ARPES observations of
LiFeAs. In addition, the non-local mechanism does not
account for the temperature-induced supression of the
3dxy quasiparticle spectral weight.

Second, and importantly, our work advances an en-
tirely new mechanism for the Fermi pocket shrinkage
in terms of local, orbital-selective, electron correlation-
s. The key new ingredient is our demonstration of the
orbital-selective energy-level renormalization, Z ′α in E-
qs. (4,5). The Fermi surface differs from the one in the
noninteracting limit only when Z ′α 6= Zα, which is nec-
essarily the case in the presence of orbital selectivity.
Our results imply that the dominant effect of electronic-
structure-renormalization in LiFeAs, e.g. the shrinkage
of inner hole pockets, is understood by the local cor-
relations alone. More generally, our work advances a
new mechanism for the general phenomenon of “blue/red
shifts”40, namely the differing renormalization of the en-
ergy levels and quasiparticle weights, Z ′α 6= Zα. More
quantitative aspects of the Fermi surface change are sum-
marized in Table I. It is interesting that a similar effect
in Ruthenates is seen in ab initio calculations 63.

Third, our results suggest that the electronic structure
of the iron pnictides, like their iron chalcogenide coun-
terpart, is predominantly influenced by the local elec-
tron correlations. Such correlations provide a starting
point to understand the nature of the superconducting
state30,31,34; indeed, our work sets the stage to address
the role of short-range interactions in driving the super-
conductivity of LiFeAs and its derivatives, as has been
experimentally implicated64,65.

We close the discussion by noting on several addition-
al features. Because of the strong renormalization of the
xy orbital, the 3z2 − r2 band along the Γ-X direction
is pushed closer to the Fermi level in LiFeAs, as shown
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A(U = 0) δA(U = 2.5 eV) δA(U = 2.6 eV) δA(U = 2.7 eV) δA(U = 2.8 eV) δA(exp.)

α′ sheet 0.0020 100% 100% 100% 100% 100%

α sheet 0.0278 13% 33% 49% 58% 50%–80%

β sheet 0.2461 2.4% -4.6% -9.9% -13.2% -10%–10%

TABLE I. Areas of the hole pockets without interaction, A(U = 0), and their respective reduction normalized by the corre-
sponding non-interacting area, δA(U) ≡ (A(U = 0) − A(U))/A(U = 0). Here, the areas are shown in units of (π/a)2, where
a is the nearest-neighbor Fe-Fe distance. The last column shows the estimated hole pockets area reduction in experiments by
comparing the ARPES data to the DFT values, which are extracted from Refs. 41 and 44.

in Fig. 5. This serves as a particularly convenient di-
agnostic of strong orbital selectivity29. In addition, in
strongly correlated electronic topology, multiorbital cor-
relations can play a crucial role for the band inversion
and other inherent multi-band behavior. LiFeAs is e-
merging as a candidate system in which its band topol-
ogy in the bulk leads to topologically-nontrivial super-
conductivity on its surface66. Given the important role
that strong correlations are expected to play in the band
inversion of Fe-based systems67, the orbital-selective cor-
relations we have advanced for LiFeAs set the stage for
the much-needed understanding of the topological behav-
ior in LiFeAs. In this connection, we note that, taking
into account the renormalization effect on the SOC, the
calculated splitting between the α and α′ bands is about
20 meV (Fig. 5(b)), which is consistent with the reported
value in experiments42,45.

Our results suggest that the electronic structure of the
iron pnictides, like their iron chalcogenide counterpart,
is strongly influenced by the local electron correlation-
s. Such correlations underlie the bad-metal normal state
observed in many families of strongly correlate supercon-
ductors. Our results not only provide the understanding
of a striking puzzle in the iron pnictides but also uncover
a hidden simplicity in the seeming complexity of the mul-
tiorbital superconductors. This implicates a remarkable
degree of universality across the iron-based superconduc-
tors that is shared with many other families of strongly
correlated superconductors.

Note Added. Recently, we became aware that the
behavior we predicted in Fig. 3b has been experimentally
observed (Y. Cai, J. Huang, et al., unpublished (2024)).
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Appendix A: Details on the tight-binding model

To include the realistic band structure at low ener-
gies into our tight-binding modeling, we have first car-
ried out band structure calculations for LiFeAs (Space
group: P4/nmm) within the framework of density func-
tional theory (DFT). We have used the full-potential
linearized augmented plane wave (FP-LAPW) method
as implemented in the WIEN2K code69. The general-
ized gradient approximation was chosen for the exchange-
correlation functional. Experimental lattice parameters
(a = b = 3.776360 Å, c = 6.35679 Å)58 were used in
the simulations. We then follow the procedure suggested
by Graser et al.70 to fit the Wannierized bands71,72 with
a five-orbital tight-banding Hamiltonian75, unfolding the
small two Fe per unit cell BZ to a large one Fe per u-
nit cell BZ. In this procedure, an interface73 between the
WIEN2k code and the wannier90 code74 is also employed.
The tight-binding parameters so derived are listed in Ta-
ble II.

The electronic structure of the tight-binding model is
shown in Fig. 5(a), which produces the Fermi surface
of three hole pockets centered about Γ point and two
electron pockets centered about M point, as presented in
Fig. 1(a).

To clarify the origin of the enhanced orbital selectivity
compared to other parent iron pnictides, we calculated
the total density of states (DoS) and the DoS projected to
the dxy of the tight-binding model. They are contrasted
to those of the tight-binding model for LaOFeAs49 in
Fig. 6. Though the overall DoS of the two models are
comparable, the DoS projected to the dxy orbital in the
model of LiFeAs has a much narrower bandwidth (∼ 2
eV) than in LaOFeAs (∼ 3 eV). This indeed suggests a
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α = 1 α = 2 α = 3 α = 4 α = 5

εα 0.06517 0.06517 -0.38097 0.18026 -0.63628

tααµ µ = x µ = y µ = xy µ = xx µ = xxy µ = xyy µ = xxyy

α = 1 -0.02507 -0.49888 0.24903 0.04834 0.00813 -0.02776 0.04531

α = 3 0.42894 -0.01946 -0.01032

α = 4 0.16275 0.13559 -0.00441 -0.05245 -0.03593

α = 5 -0.08510 -0.04632 0.01048 -0.00195

tαβµ µ = x µ = xy µ = xxy µ = xxyy

αβ = 12 0.19318 -0.05864 0.07046

αβ = 13 -0.42376 0.07714 0.01353

αβ = 14 0.03406 -0.02355 -0.00376

αβ = 15 -0.14608 -0.09700 -0.00683

αβ = 34 -0.00635

αβ = 35 -0.26547 0.03472

αβ = 45 -0.10611 0.03363

TABLE II. Tight-binding parameters of the five-orbital model for LiFeAs. Here we use the same notation as in Ref. 49. The
orbital index α =1,2,3,4,5 correspond to dxz, dyz, dx2−y2 , dxy, and d3z2−r2 orbitals, respectively. The listed parameters are in
eV.

stronger orbital selectivity in LiFeAs; see the main text
for a detailed discussion.
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FIG. 6. (Color online) Density of states (DoS) projected onto
the dxy (in (a)) and the total d orbitals (in (b)) at U = 0 of
models for LiFeAs (red curves) and LaOFeAs (black curves),
respectively.

Appendix B: Details on the U(1) slave-spin theory

Here we present a brief introduction to the U(1) slave-
spin method. For more details, we refer to Refs.50,57.

In the U(1) slave-spin formulation, we introduce a
quantum S = 1/2 spin operator whose XY component
(S+
iασ) is used to represent the charge degree of freedom

of the electron at each site i, in each orbital α and for each
spin flavor σ. Correspondingly, we introduce a fermion-

ic “spinon” operator (f†iασ) to carry the spin degree of
freedom. The electron creation operator is represented
as follows,

d†iασ = S+
iασf

†
iασ. (B1)

This representation has an enlarged Hilbert space com-
pared to the one for the physical d electrons. To restrict
the Hilbert space to the physical one, we implement a
local constraint,

Sziασ = f†iασfiασ −
1

2
. (B2)

This representation contains a U(1) gauge redundan-

cy corresponding to f†iασ → f†iασe
−iθiασ and S+

iασ →
S+
iασe

iθiασ . As a result, the slave spins can be used to
carry the U(1)-symmetric physical charge degree of free-
dom, similarly as in the slave-rotor approach55.

To ensure that the saddle point captures the correct
quasiparticle spectral weight in the non-interacting limit
(being equal to 1), we define a dressed operator in the
Schwinger boson representation of the slave spins (in a
way similar to the standard slave-boson theory56):

ẑ†iασ = P+
iασS

+
iασP

−
iασ, (B3)

where P±iασ = 1/
√

1/2 + δ ± Sziασ, and δ is an infinites-

imal positive number to regulate P±iασ. With this con-
struction, Eq. (B1) becomes

d†iασ = ẑ†iασf
†
iασ. (B4)

The Hamiltonian given in Eq. (1) of the main text can
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then be effectively rewritten as

H =
1

2

∑
ijαβσ

tαβij ẑ
†
iασ ẑjβσf

†
iασfjβσ +

∑
iασ

(εα − µ)f†iασfiασ

− λiασ[f†iασfiασ − S
z
iασ − 1/2] +HS

int.

Here, λiασ is a Lagrange multiplier used to enforce the
constraint in Eq. (B2). In addition, HS

int is the interac-
tion Hamiltonian in Eq. (3) of the main text rewritten

in the slave-spin representation Hint → Hint(S)57. The
quasiparticle spectral weight

Ziασ = |〈ẑiασ〉|2 ∝ |〈S+
iασ〉|

2. (B5)

After decomposing the slave spin and spinon operators
and treating the constraint on average, we obtain two
saddle-point Hamiltonians for the spinons and the slave
spins, respectively:

Hmf
f =

∑
kαβ

[
ξαβk 〈z̃

†
α〉〈z̃β〉+ δαβ(εα − λα − µ)

]
f†kαfkβ , (B6)

Hmf
S =

∑
αβ

[
Qfαβ

(
〈z̃†α〉z̃β + 〈z̃β〉z̃†α

)
+ δαβ(λα − µ̃α)Szα

]
+HS

int, (B7)

where δαβ is Kronecker’s delta function, ξαβk =
1
N

∑
ijσ t

αβ
ij e

ik(ri−rj), and

Qfαβ =
∑
kσ

ξαβk 〈f
†
kασfkβσ〉/2, (B8)

In addition, µ̃α is an effective onsite potential whose def-
inition is given in Ref.57.

Eqs. (B6) and (B7) represent the main formulation
of the U(1) slave-spin approach at the saddle-point lev-
el. We study the metal-to-insulator transitions in the
paramagnetic phase preserving the translational symme-
try. The latter allows us to drop the spin and/or site
indices of the slave spins and the Lagrange multiplier
λα in Eqs. (B6) and (B7). We refer to Refs. 57 and 50
for a detailed derivation of these saddle-point Hamilto-
nians. At the saddle-point level, Zα and λα are solved
self-consistently. In the single-band Hubbard model, the
slave-spin method is reduced to the standard slave-boson
method56. At half-filling, it gives rise to a quasi-particle
weight Z going to zero when U approaches to a finite val-
ue Uc, where the transition to the Mott insulator takes
place, in a linear fashion: Z ∼ (Uc − U). This result
is consistent with the well-established Brinkman-Rice re-
sult68 as derived from, e.g. the Gutzwiller-wavefunction
method. For a general multiorbital model three saddle-
point solutions can be stabilized: a metallic state with
the quasiparticle spectral weight Zα > 0 in all the or-
bitals, a Mott insulator (MI) with Zα = 0 in all the
orbitals with a gapless spinon spectrum, and an OSMP
in which Zα = 0 in some orbitals whereas Zα > 0 in the
others. The solution of the model for LiFeAs is presented
in Fig. 2, along with Fig. 7.

In this work, we focus on the electronic bandstructure
in the metallic phase. In this phase, the quasiparticle
spectral weights are nonzero in all orbitals, and the U(1)

gauge fields are gapped (the corresponding gauge theory
is in the Higgs phase) and will be irrelevant to the low-
energy physics near the Fermi level. At the saddle-point
level, the spinon dispersion is identical to the one of the
physical electrons in the metallic phase, with both be-
ing naturally renormalized by the quasiparticle spectral
weights

√
ZαZβ and shifted by the effective level energy

ε′α = εα − λα = Z ′αεα, where Z ′α is a function of Zα and
λα of all the orbitals. (Here we set the Fermi level at
zero energy.)

We now turn to the effect of the spin-orbit coupling
(SOC). In the models for iron-based superconductors, the
spin-orbit coupling λ0

soc is about 10-30 meV, which is
much smaller than the bandwidth of the Fe 3d electrons
or the dominant interactions (either is of several eVs).
For this reason, the SOC will have a negligible effect as far
as the quasiparticle spectral weights (Z’s) are concerned.
We thus adopt the following strategy: 1) performing the
self-consistent slave-spin calculation (as described above)
without the SOC term to obtain the Z values; 2) adding
the SOC as a perturbation in an effective tight-binding
model with the obtained renormalization factors (Z’s).
For example, the spinon dispersion is determined by the
following model:

Hmf,SOC
f = Hmf

f +
λ0

soc

2

∑
iαβσσ′

(
L̃ · τ

)
ασ,βσ′

f†iασfiβσ′ ,

(B9)

where L̃αβ =
√
ZαZβLαβ is the renormalized orbital an-

gular momentum.



8

Appendix C: Bond angle and enhanced orbital
selectivity in LiFeAs

As shown in Fig. 2(a) of the main text, the ground-
state phase diagram of LiFeAs contains a large regime of
OSMP. This differs qualitatively from other parent iron
pnictides for which the OSMP was not stabilized in the
ground state57; it shows that, in the overall phase dia-
gram of the iron pnictides, the OSMP anchors the SCM
phase with a large orbital selectivity. To understand this
enhanced orbital selectivity in LiFeAs, we note that its
As-Fe-As bond angle is about 103◦, which is much small-
er than those of other parent iron pnictides (& 110◦),
but is similar to that in Li0.8Fe0.2OHFeSe9,58. A small-
er bond angle corresponds to an elongated tetragon that
significantly reduces the interorbital hoppings involving
the dxy orbital because of the in-plane symmetry of this
orbital. This is clearly seen by comparing the interorbital
hoppings of LiFeAs in Table II to those of LaOFeAs in
Ref. 49. Smaller interorbital hoppings result in narrow-
er bandwidth projected to the dxy orbital. As shown in
Fig. 6, the projected band of the dxy orbital in LiFeAs is

much narrower than that of LaOFeAs though the overal-
l d-orbital bandwidths are comparable between the two
cases. This feature leads to the stronger orbital selectiv-
ity in LiFeAs.
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FIG. 7. (Color online) Evolution of the orbital resolved elec-
tron occupation number n with U at JH/U = 0.25 for LiFeAs.
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