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Resonant inelastic x-ray scattering spectra in the hyperhoneycomb iridate β-Li2IrO3:
First-principles calculations
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We studied the electronic structure of the β-Li2IrO3 insulator within the density-functional theory using the
generalized gradient approximation while taking into account strong Coulomb correlations in the framework
of the fully relativistic spin-polarized Dirac linear muffin-tin orbital band structure method. The β-Li2IrO3

undergoes a pressure-induced structural and magnetic phase transition at Pc ∼ 4 GPa with symmetry lowering to
the monoclinic C2/c. The structural phase transition is accompanied by the formation of Ir2 dimers on the zigzag
chains, with an Ir-Ir distance of ∼2.66 Å, even shorter than that of metallic Ir. The strong dimerization stabilizes
the bonding molecular-orbital state, leads to the collapse of the magnetism, and opens the energy gap with a
concomitant electronic phase transition from a Mott insulator to band insulator. The resonant inelastic x-ray
scattering spectra (RIXS) at the Ir L3 edge were investigated theoretically from first principles. The calculated
results are in good agreement with the experimental data. We show that the drastic reconstruction of the RIXS
spectral peak at 0.7 eV associated with the structural Fddd → C2/c phase transition at Pc can be related to the
disappearing of the Coulomb correlations in the high-pressure C2/c phase.
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I. INTRODUCTION

Quantum spin liquids (QSLs) [1–3] represent a novel state
of matter in which quantum fluctuations prevent the conven-
tional magnetic order from being established, and the spins
remain disordered even at zero temperature. It is an emerging
and fast growing field. In this context the Kitaev Hamiltonian
on honeycomb lattices has great promise [4]. The paramount
attention given to such states can be understood by the fact
that they may be topologically protected from decoherence
[5], display fractional excitations with Majorana statistics, and
therefore hold promise in the field of quantum information and
quantum computation [6,7]. The field of QSLs is still wide
open, both theoretically and experimentally. So far, there have
been new experimental discoveries, and theoretical ideas are
rapidly emerging. However, a basic mathematical framework
that can be used to understand QSLs systematically is still
lacking. The major difficulty in understanding QSLs is that
they are intrinsically strongly correlated systems, for which
no perturbative approach is available.

Possible realization of such an exotic state has been sug-
gested in Mott insulators such as the 213 iridates A2IrO3

(with A = Na, Li), which have a honeycomb layered structure
consisting of IrO6 octahedra [6,8]. They have drawn much
attention as a candidate for topological insulators [9,10] with
electron correlations. Both nontrivial hopping terms induced
by the strong spin-orbit (SO) coupling and significant on-site
Coulomb correlations make honeycomb iridates a possible
candidate also for the compounds with a Kitaev spin liquid
type ground state [11–17]. It was proposed that strong SO

interaction in these iridates reorganizes the crystal field states
of the 5d orbitals into a J-multiplet structure, where J is
the combined spin and effective orbital angular momentum.
In this case, the Ir t2g bands are most naturally described
by relativistic atomic orbitals with the effective total angular
momentum, Jeff = 3/2 and Jeff = 1/2. In this approximation,
the splitting between the 3/2 and 1/2 states is larger than their
dispersion. The Jeff = 1/2 band is half filled, and the relatively
weak Coulomb repulsion U is sufficient to split the Jeff = 1/2
doublet into lower and upper Hubbard bands, giving rise to a
novel Mott insulator [18].

There are several recent publications on the experimen-
tal and theoretical investigations of the electronic structure
and various physical properties of honeycomb iridate Li2IrO3

[13,19–28]. However, the long-sought spin-liquid state has
remained elusive. All three honeycomb polytypes of Li2IrO3

(including the α, β, and γ phases) are magnetically ordered,
which suggests that the Heisenberg interaction is still sizable.
In addition, trigonal crystal fields also compete with the Ki-
taev interaction.

In the present study, we focus our attention on the theo-
retical investigation of the resonant inelastic x-ray scattering
(RIXS) spectra in the β-Li2IrO3 compound from first prin-
ciples. RIXS is a fast developing experimental technique in
which one scatters x-ray photons inelastically off matter. It is
a photon-in, photon-out spectroscopy for which one can, in
principle, measure the energy, momentum, and polarization
change of the scattered photon. Compared to other scattering
techniques, RIXS has number of unique features. It covers a
large scattering phase space and is polarization dependent,
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element and orbital specific, and bulk sensitive [29]. The
RIXS spectra at the Ir L3 edge in β-Li2IrO3 were measured
by Takayama et al. [27] as a function of applied hydrostatic
pressure. β-Li2IrO3 undergoes a pressure-induced structural
phase transition at Pc ∼ 4 GPa with symmetry lowering to the
monoclinic C2/c. The structural phase transition is accom-
panied by the formation of Ir2 dimers on the zigzag chains,
with an Ir-Ir distance of ∼2.66 Å, even shorter than that of
metallic Ir. The strong dimerization stabilizes the bonding
molecular-orbital state, leads to the collapse of the magnetism,
and opens the energy gap with a concomitant electronic phase
transition from a Mott insulator to a band insulator [27]. The
experimental measurements showed the drastic reconstruction
of the RIXS spectra associated with this dimerization [27].
With increasing pressure above Pc the prominent peak at
∼0.7 eV is suppressed strongly. The one at 3.5 eV is broad-
ened but remains in the high-pressure phase. There are some
changes in the 0.5 to 2.0 eV energy interval, and a shoulderlike
feature around 2.8 eV emerges. The aim of the present work
is to investigate the RIXS spectra in the β-Li2IrO3 compound
from first principles and its evolution under pressure-induced
structural phase transitions.

This paper is organized as follows. The computational de-
tails are presented in Sec. II. Section III presents the electronic
structure and theoretically calculated RIXS spectra of the
β-Li2IrO3 compound compared with the experimental mea-
surements. Finally, the results are summarized in Sec. IV.

II. COMPUTATIONAL DETAILS

a. Crystal structure. β-Li2IrO3 crystallizes in the or-
thorhombic space group Fddd , with zigzag chains running
in alternating directions (see Fig. 1 in Ref. [30] and Fig. 1 in
Ref. [27]). In the language of the Kitaev interactions, these
chains form the x and y bonds, while the z bonds link to-
gether adjacent layers of chains. In the hyperhoneycomb Ir
sublattice of β-Li2IrO3, the zigzag Ir chains are connected
by the bridging bonds parallel to the c axis; all the angles
between the three Ir-Ir bonds are close to 120◦, and the
distances between Ir atoms are almost equal (only ∼0.2% dif-
ference). At ambient pressure, Ir-Ir bonds along zigzag chains
have a length dx,y = 2.9729 Å, and bonds between the chains
dz = 2.9784 Å.

As pressure increases from ambient pressure to 3.08 GPa,
the dx,y Ir-Ir bonds shrink from 2.9729 to 2.9246 Å; the
corresponding dz Ir-Ir bonds also decrease from 2.9784 to
2.9379 Å [27,31]. At Pc, the bonds between the chains dz

slightly increase to 3.0129 Å; one of the x/y bonds also
increases to 3.0143 Å, while the other one decreases strongly
to 2.6609 Å. Note that this distance is even smaller than the
Ir-Ir distance of 2.714 Å in Ir metal. Such a remarkably small
interatomic distance strongly suggests the formation of Ir2

dimers at Pc [27]. The pressure dependence of the structural
parameters of the orthorhombic β-Li2IrO3 can be found in
Refs. [27,31].

b. Resonant inelastic x-ray scattering. In the direct RIXS
process [29] an incoming photon with energy h̄ωk, momen-
tum h̄k, and polarization ε excites the solid from a ground
state |g〉 with energy Eg to the intermediate state |I〉 with
energy EI. During relaxation an outgoing photon with energy

h̄ωk′ , momentum h̄k′, and polarization ε′ is emitted, and the
solid is in state | f 〉 with energy Ef . As a result an exci-
tation with energy h̄ω = h̄ωk − h̄ωk′ and momentum h̄q =
h̄k − h̄k′ is created. Our implementation of the code for the
calculation of the RIXS intensity uses Dirac four-component
basis functions [32] in the perturbative approach [33]. RIXS
is the second-order process, and its intensity is given by

I (ω, k, k′, ε, ε′) ∝
∑

f

∣∣∣∣∣
∑

I

〈f|Ĥ ′
k′ε′ |I〉〈I|Ĥ ′

kε|g〉
Eg − EI

∣∣∣∣∣

2

× δ(Ef − Eg − h̄ω), (1)

where the δ function enforces energy conservation and the
RIXS perturbation operator in the dipolar approximation is
given by the lattice sum Ĥ ′

kε = ∑
R α̂ε exp(−ikR), where α̂

are Dirac matrices. Both the |g〉 and | f 〉 states are dispersive,
so the sum over final states is calculated using the linear
tetrahedron method [34].

Detailed expressions for the matrix elements in the electric
dipole approximation in the framework of fully relativistic
Dirac representation were presented in Ref. [35].

c. Calculation details. The details of the computational
method are described in our previous papers [36–39], and here
we only mention several aspects. Band structure calculations
were performed using the fully relativistic linear muffin-tin
orbital (LMTO) method [40,41]. This implementation of the
LMTO method uses four-component basis functions con-
structed by solving the Dirac equation inside an atomic sphere
[32]. The exchange-correlation functional of the generalized
gradient approximation (GGA) type was used in the version of
Perdew, Burke, and Ernzerhof [42]. Brillouin zone integration
was performed using the improved tetrahedron method [43].
The basis consisted of Ir s, p, d , and f and Li and O s, p, and
d LMTOs.

To take into account electron-electron correlation effects,
we used in this work the “relativistic” generalization of the
rotationally invariant version of the local spin density approx-
imation (LSDA)+U method [44] which takes into account
SO coupling so that the occupation matrix of localized elec-
trons becomes nondiagonal in spin indexes. We use in our
calculations the value of Ueff = 1.5 eV (U = 2.15 eV and
JH = 0.65 eV), which gives the best agreement between the
calculated and experimental optical spectra in the β-Li2IrO3

[30].
We used in our calculations vector q = (0, 10, 0) real lattice

units. Takayama et al. [27] show that at a low pressure of
0.9 GPa, the RIXS spectrum at the Ir L3 for the single crystal
agrees well with that of the polycrystalline sample at ambient
pressure. This supports the idea that the d-d excitations show
only a small q dependence in β-Li2IrO3.

III. ELECTRONIC STRUCTURE

Figure 1 presents the ab initio Ir 5d partial density of
states (PDOS) of β-Li2IrO3 in an energy range of −2 to
4.7 eV for the ambient pressure Fddd phase, calculated in the
fully relativistic Dirac GGA+SO approximation [Fig. 1(a)]
and with taking into account Coulomb correlations in the
GGA+SO+U approximation [Fig. 1(b)]. Figure 1(c) presents
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FIG. 1. (a) Ir 5d partial density of states [in electrons/(eV atom)]
of β-Li2IrO3 for the ambient pressure phase (Fddd) in the fully rela-
tivistic Dirac GGA+SO approximation. (b) The PDOS of β-Li2IrO3

for the ambient pressure phase (Fddd) in the GGA+SO+U approx-
imation. (c) The PDOSs of the β-Li2IrO3 for the high-pressure phase
(C2/c) in the GGA+SO approach.

the PDOSs of β-Li2IrO3 for the high-pressure phase (C2/c) in
the GGA+SO approach.

The GGA+SO approximation produces a metallic ground
state in β-Li2IrO3 [Fig. 1(a)], in contradiction with resistivity
measurements which claim that β-Li2IrO3 is a magnetic Mott
insulator. The correct ground state in the orthorhombic struc-
ture can be obtained only when the Coulomb interaction and
SO coupling are both incorporated. Strong SO coupling splits
the six t2g orbitals into two manifolds with Jeff = 3/2 and Jeff
= 1/2. The Jeff = 3/2 states are fully filled, and the Jeff = 1/2
states are half filled. The Jeff = 3/2 quartet is a mixture of d3/2
and d5/2 states, while Jeff = 1/2 is dominated mostly by d5/2
states [Fig. 1(a)]. The Jeff = 1/2 states form a narrow band so
that even small Ueff = 1.5 eV opens Mott gap and splits the

5d5/2 (Jeff = 1/2) band into the upper Hubbard band (UHB)
above the Fermi level and lower Hubbard band (LHB) below
the Fermi level [Fig. 1(b)]. The formation of the Jeff bands
is a natural consequence of the Jeff Hubbard model. The eg

orbitals are almost degenerate at ambient pressure, occupying
the 3.4–4.2 eV energy interval.

β-Li2IrO3 undergoes a pressure-induced structural phase
transition at Pc with symmetry lowering to the monoclinic
C2/c structure [27,31]. The phase transition is accompanied
by the formation of Ir2 dimers on the zigzag chains, with an
Ir-Ir distance of ∼2.66 Å, even shorter than that of metallic
Ir. The strong dimerization stabilizes the bonding molecular-
orbital state, leads to the collapse of the magnetism, and
opens the energy gap with a concomitant electronic phase
transition from a magnetic Mott insulator to a nonmagnetic
(NM) noncorrelated band insulator. This phase does not ac-
commodate local Jeff = 1/2 moments, indicating a delicate
balance between magnetism and the intermetallic covalency.
This naturally implies the nonessential role of Hubbard U
and SO coupling in the high-pressure monoclinic structure.
The energy gap is reduced by only 0.5 meV after switching
off SO interaction. It is also consistent with the pressure
dependence of the branching ratio BR = IL3/IL2 , where IL2,3

is the integrated intensity of the isotropic x-ray absorption
spectra at the L2,3 edges [30,31], and supported by the x-ray
magnetic circular dichroism (XMCD) measurements by
Takayama et al. [15]. They found that the x-ray magnetic
circular dichroism is strongly reduced at ∼1.5 GPa and com-
pletely suppressed around 2 GPa in β-Li2IrO3, indicating
a rapid suppression of magnetic-field-induced ferromagnetic
moments. These conclusions are also consistent with a neu-
tron and resonant inelastic x-ray scattering study [27] and
Raman scattering under pressure [28].

Figure 1(c) presents the ab initio PDOSs in β-Li2IrO3

for the monoclinic C2/c structure calculated in the fully
relativistic Dirac GGA+SO approximation. There are two
peaks at −1.7 and 0.7 eV which can be assigned to the
σ bonding and antibonding states of Ir2 dimer molecules.
These states possess predominantly dxz character [in the co-
ordinate system x′ = (x + z)/

√
2, y′ = (x − z)/

√
2, z′ = y,

with the dxz orbital directed along the dimer Y bond]. The
large bonding-antibonding splitting stabilizes the dxz-orbital-
dominant antibonding σ ∗ state of t2g holes and makes the
system a NM band insulator. SO coupling separates the
dxy/dyz bands into two groups, bonding π/δ and antibonding
π∗/δ∗ states situated at −0.5 to −1.4 and 0 to −0.3 eV, re-
spectively. These orbitals contribute to the subbands between
the σ bonding and antibonding subbands due to stronger
hybridization between the nearest-neighbor Ir atoms than
that of dxz orbitals. An energy gap is formed between the
occupied antibonding π∗/δ∗ and the empty antibonding σ ∗
subbands.

Comparing Figs. 1(b) and 1(c), we can see that the energy
position of the antibonding σ ∗ peak in the NM high-pressure
C2/c phase coincides with the position of the corresponding
UHB Jeff = 1/2 states in the magnetic Mott insulator at ambi-
ent pressure.

Due to the strong distortion of IrO6 octahedra in the C2/c
high-pressure phase the eg orbitals, which are almost degen-
erate at ambient pressure, split into z2 and x2-y2 states and
become broader, occupying the 3–4.5 eV energy interval.
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FIG. 2. (a) The experimental RIXS spectra at the Ir L3 edge
for β-Li2IrO3 for ambient pressure at room temperature [27] (open
green circles) compared with the theoretically calculated spectra in
the GGA+SO approximation. (b) The experimental RIXS spectra at
the Ir L3 edge for β-Li2IrO3 for ambient pressure [27] (open green
circles) compared with the theoretically calculated spectra in the
GGA+SO+U approach (solid curves). (c) The experimental RIXS
spectra at the Ir L3 edge for β-Li2IrO3 for the high-pressure phase
(C2/c) above Pc [27] (open magenta circles) compared with the
theoretically calculated spectra in the GGA+SO (solid lines) and
GGA (dashed lines) approximations.

IV. Ir L3 RIXS SPECTRUM

Figure 2 presents the experimentally measured RIXS spec-
trum at the Ir L3 edge for β-Li2IrO3 for ambient pressure [27]
(green open circles) compared with the theoretically calcu-
lated ones in the GGA+SO [Fig. 2(a)] and GGA+SO+U
[Fig. 2(b)] approximations for the Fddd phase. Figure 2(c)
shows the experimental RIXS spectrum for the high-pressure
phase (C2/c) above Pc [27] (open magenta circles) compared
with the theoretically calculated spectra in the GGA+SO ap-
proximation.

The experimental RIXS spectrum at the Ir L3 edge for
ambient pressure in addition to the elastic scattering peak at
0 eV possesses a sharp narrow peak at around 0.7 eV, followed
by a broad structure between 1 and 2 eV and a broad peak
centered at around 3.5 eV. The latter represents the excitations

from Ir 5d t2g to eg manifolds. The peak at ∼0.7 eV can be
assigned to the local excitation between the filled Jeff = 1/2
and empty Jeff = 1/2 states. The fine structure at 1 to 2 eV
is derived by the excitation between the filled Jeff = 3/2 and
empty Jeff = 1/2 states.

The GGA+SO approximation fails to reproduce a sharp
narrow peak at around 0.7 eV. The corresponding peak
is situated at 0.1 eV [blue curve in Fig. 2(a)] and has a
much lower intensity in comparison with the experimentally
observed peak at 0.7 eV. On the other hand, the theory cor-
rectly reproduces the energy position of the wide peak at
3.5 eV responsible for the t2g → eg transitions [black curve
in Fig. 2(a)]. In contrast, the GGA+SO+U approach well de-
scribes the shape and intensity of the LHB Jeff = 1/2 → UHB
Jeff = 1/2 peak at 0.7 eV. We calculated the RIXS spectra for
the ferromagnetic and antiferromagnetic ordering along the c
direction and in the ab plane for the Fddd phase and found
that the type of magnetic ordering weakly influences the shape
and intensity of the major fine structures of the Ir L3 RIXS
spectrum.

Figure 2(c) presents the experimental RIXS spectra at
the Ir L3 edge for β-Li2IrO3 for high-pressure C2/c [27] in
comparison with the theoretically calculated spectrum in the
GGA+SO (solid lines) and GGA (dashed lines) approxima-
tions. Although SO coupling has a minor influence on the
value of the energy gap in high-pressure C2/c, it influences
the shape and intensity of the RIXS spectrum.

Comparing Figs. 2(b) and 2(c), we can conclude that
although there is reasonable agreement between the theo-
retically calculated and experimental RIXS spectra for the
high-pressure C2/c structure, the GGA+SO+U approach
provides an unsatisfactory description of the RIXS spectrum
in the ambient pressure Fddd phase. The calculations over-
estimate the intensity of the fine structure in the 1 to 1.5 eV
energy region and shift the Ir t2g → eg peak towards higher
energy. We should mention, however, that the energy position
of eg states is very sensitive to sample preparation and sample
quality. For example, the energy positions of the Ir t2g →
eg peak in the iridate Eu2Ir2O7 in Hozoi et al.’s [45] and
Clancy et al.’s [46] measurements differ from each other by
approximately 0.5 eV. On the other hand, the GGA+SO+U
approach produces excellent agreement in the energy position
and intensity of the prominent peak at 0.7 eV (which is our
major concern).

We should mention that the GGA+U method, which
combines the GGA with a basically static, i.e., Hartree-Fock-
like, mean-field approximation for a multiband Anderson
lattice model, does not contain true many-body physics. This
method is too simple to capture all the peculiarities of the
electronic correlations in β-Li2IrO3. Applications of new
many-body approaches such as dynamical mean-field approx-
imation (GGA+DMFT) and multiplet structure calculations
to the calculations of the electronic structure and RIXS spectra
of β-Li2IrO3 are highly desirable.

Both the ambient pressure (Fddd) and high-pressure
(C2/c) phases possess an empty peak in proximity to the
Fermi level at around 0.7 eV (Fig. 1); therefore, one would
expect similar RIXS spectra in the low-energy range below
1 eV. However, RIXS measurements show the drastic recon-
struction of the electronic structure associated with the Ir
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FIG. 3. Comparison of RIXS spectra for the ambient (green
circles) and high pressure above Pc (magenta circles) phases [27]
with the constant matrix elements (JDOS) calculated for the ambient
pressure phase (Fddd) in the GGA+SO+U approximation (solid
blue curve) and for the high-pressure phase (C2/c) in the GGA+SO
approach (dashed red curve).

dimerization [27]. The 0.7 eV peak is suppressed strongly in
the high-pressure dimerized phase above 4 GPa.

The RIXS spectrum is a convolution of the densities of
the occupied and empty valence states [the so-called joint
density of states (JDOS)], weighted by appropriate matrix el-
ements. Figure 3 presents a comparison of the experimentally
measured RIXS spectra for the ambient and high-pressure
phases [27] with the JDOS calculated for the ambient pressure
phase (Fddd) in the GGA+SO+U approximation (the solid
blue curve) and for the high-pressure phase (C2/c) in the
GGA+SO approach (the dashed red curve). We see that with-
out taking into account the corresponding matrix elements the
theoretically calculated prominent peak at 0.7 eV has simi-
lar intensities for both phases and significantly differs from
the experimentally measured ones. Therefore, the reason for
strong suppression of this peak in the high-pressure phase is
the significantly different matrix elements in these two phases.

There are two reasons why the matrix elements can be
strongly altered in the phase transition at Pc. First, the promi-
nent peak at 0.7 eV above the Fermi level is created by
different orbitals (t2g states in the Fddd phase and almost
pure dxz orbitals in the high-pressure C2/c phase). Yang at al.
[47] showed that angular matrix elements for dipole-allowed
transitions in x-ray absorption at the L3 edge strongly depend
on the type of orbitals involved in the transitions. Second,
the matrix elements can be strongly modified due to different
ground states of the phases: a magnetic strongly correlated
Mott insulator at ambient pressure and a NM noncorrelated
band insulator at Pc with vanished Hubbard U .

We examine the dependence of the RIXS spectra on the
Hubbard U at the Ir site, calculating the spectra for U =
2.15, 1.9, 1.65, 1.4, 1.15, 0.9, and 0.65 eV. It corresponds
to Ueff = 1.5, 1.25, 1.0, 0.75, 0.5, 0.25 eV, and 0 eV. The
results of these calculations for the RIXS spectra dependence

FIG. 4. The experimental RIXS spectra at the Ir L3 edge for
β-Li2IrO3 for the ambient pressure (Fddd; open green circles)
and high-pressure (open magenta circles; C2/c) phases above Pc

[27] compared with the theoretically calculated spectra in the
GGA+SO+U approximation for different values of Ueff at the Ir site.

on Ueff are shown in Fig. 4. The reduction of Ueff leads to
a gradual reduction of the peak intensity of the prominent
peak at 0.7 eV. For Ueff = 0 eV this peak reduces to the value
observed in the high-pressure phase. We found that the energy
gap is also reduced by 0.102, 0.202, and 0.301 eV for Ueff =
1.25, 1.0, and 0.75 eV, respectively. The gap is closed for
Ueff = 0.5 eV. As a result, the prominent peak situated at
0.7 eV shifts towards lower energy with the decreasing of the
Ueff parameter. To show more clearly how the peak intensity at
0.7 eV depends on Ueff we keep this peak artificially at 0.7 eV
above the Fermi level in Fig. 4.
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We can conclude that the drastic reconstruction of the
RIXS spectrum associated with the structural Fddd → C2/c
phase transition at Pc is related to the Coulomb correlations
disappearing in the high-pressure C2/c phase.

V. CONCLUSIONS

The electronic structure and RIXS spectra of the hyper-
honeycomb iridate β-Li2IrO3 were investigated theoretically
within the density-functional theory GGA approach in the
framework of the fully relativistic spin-polarized Dirac LMTO
band structure method, taking into account Coulomb electron-
electron correlations.

The GGA+SO approximation produces a metallic ground
state in β-Li2IrO3, in contradiction to resistivity measure-
ments which claim that β-Li2IrO3 is a magnetic Mott
insulator. The correct ground state in the orthorhombic struc-
ture can be obtained only when the Coulomb interaction and
SO coupling are both incorporated. The Coulomb repulsion
Ueff splits the half-filled Jeff = 1/2 band into an empty UHB
band with pure d5/2 character and occupied LHB.

β-Li2IrO3 undergoes a pressure-induced structural phase
transition at Pc with symmetry lowering to the monoclinic
C2/c structure. The phase transition is accompanied by the
formation of Ir2 dimers on the zigzag chains. The strong
dimerization stabilizes the bonding molecular-orbital state,
leads to the collapse of the magnetism, and opens the energy
gap with a concomitant electronic phase transition from the
magnetic Mott insulator to nonmagnetic noncorrelated band
insulator. This phase does not accommodate local Jeff = 1/2
moments, indicating a delicate balance between magnetism
and the intermetallic covalency. This naturally implies the
nonessential role of Hubbard U and SO coupling in the high-
pressure monoclinic structure.

Both the ambient pressure (Fddd) and high-pressure
(C2/c) phases possess an empty peak in proximity to the
Fermi level at around 0.7 eV; therefore, one would expect

similar RIXS spectra in the low-energy range below 1 eV.
However, RIXS measurements show the drastic recon-
struction of the electronic structure associated with the Ir
dimerization. The reconstruction of the RIXS spectral peak
at 0.7 eV associated with the structural Fddd → C2/c phase
transition at Pc can be related to the disappearing of the
Coulomb correlations.

Although there is reasonable agreement between the the-
oretically calculated and experimental RIXS spectra for the
high-pressure C2/c structure the GGA+SO+U approach pro-
vides an unsatisfactory description of the RIXS spectrum in
the ambient pressure Fddd phase. The calculations shift the
Ir t2g → eg peak towards higher energy and overestimate the
intensity of the fine structure in the 1 to 1.5 eV energy region.
However, it produces excellent agreement in the energy posi-
tion and intensity of the prominent peak at 0.7 eV.

We should mention that the GGA+U method, which com-
bines the GGA with a basically static, i.e., Hartree-Fock-like,
mean-field approximation for a multiband Anderson lattice
model does not contain true many-body physics. This method
is too simple to capture all the peculiarities of the electronic
correlations in β-Li2IrO3. Applications of new many-body
approaches such as GGA+DMFT and multiplet structure
calculations to the electronic structure and RIXS spectra of
β-Li2IrO3 are highly desirable.
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