
Reviewers' comments:  

 

Reviewer #1 (Remarks to the Author):  

 

The work is aimed at the single hole/electron dynamics in  

quasi-2D irridates. It is established that undoped irridates  

under discussion have the long range AF order. So the charge  

dynamics is determined by virtual emission/absorption  

of magnons. The paper employs the t-J-like model and the  

self-consistent Born approximation to calculate spectral functions.  

One of the most important conclusions is that the correlation  

physics in electron- and hole-doped irridates is fundamentally different.  

 

This is timely and important work. The results and conclusions are interesting and important. 

However, I have two questions that have to be elucidated before I can recommend the paper.  

 

1) The first question concerns justification of the t-J like  

model in the case of hole doping. It is known that in  

cuprates holes resides mostly on oxygen sites (~70% of  

probabity). Naively, this implies that the one band t-J  

model is not valid. Nevertheless the model is valid due to  

the Zhang-Rice singlet formation.  

In irridates:  

(i) What is the probability for hole to reside on oxygen sites?  

This must be known from DFT calculations.  

(ii)Is the Zhang-Rice-like physics applicable here too? It  

cannot be just singlet, there is also a triplet.  

 

 

2) In the low energy sector the usual t-J model is equivalent to  

the Shraiman-Sigia model with fermions having pseudospin  

1/2 originating from two sublattices, magnons are described  

by non-linear sigma model. The fermion-magnon interaction  

is zero at q -> 0 according to Adler's theorem. Adler's  

theorem is reflected in Eq.(10) of the supplementary  

materail, V_{kq} is zero at q=0. The pseudospin 1/2 is  

reflected in double degeneracy of spectral functions  

plotted in Fig2b.  

Questions:  

(i) In the case of hole in irridates, what is the degeneracy of  

spectral functions in Fig2a? In other words, what is the  

pseudospin of the hole?  

(ii) Looking at Eqs.(19-24) describing the hole vertex one sees  

that some terms do not vanish at q=0. In principle this is  

possible. However, in the end Adler's thjeorem must be  

valid. Is the Adler's relation restored in the fully dressed  

hole Green's function?  

 

 

 

 

 

 

Reviewer #2 (Remarks to the Author):  

 



The authors present theoretical investigation on the many-body spectra function of  

the spin-orbit interaction mediated antiferromagnetic insulating states in iridates with  

square lattice. The main focus is the effect of spin-polarons, with detailed comparison  

to such excitations in cuprates.  

 

The idea behind the manuscript, i.e., to study the correlations in the exotic J=1/2  

states in iridates, is very interesting for both experimentalists and theorists.  

The methodology is well established, where detailed derivation has been specified for clear 

understanding. However, I would not recommend the manuscript as a publication  

on Nature Communications, because the arguments in the draft can only be qualitatively correct 

thus are descriptive.  

 

(1) The authors selectively neglected the electronic structure of iridates obtained based on DMFT 

calculations, where a faithful treatment of local Coulomb interaction can  

be done. No doubt that the spin-polaron excitations can modify the physical properties  

significantly, but regarding the spectral function, it is not clear what is induced  

by such non-local excitations beyond DMFT.  

 

For instance, following PRL 111, 246402 (13), the spectral function of Sr2IrO4 has been  

calculated, where all features claimed by the authors, such as indirect band gap, J=0 holes at 

(π,0), J=1 triplet state at Γ, have already been obtained at the DMFT level  

considering local excitations.  

 

In this regard, the authors are presenting biased arguments which requires more detailed  

clarification.  

 

(2) I am not convinced by the tight-binding parameters used in the manuscript in order  

to compare with experimental ARPES measurements, as shown in Fig. 4. As shown in the  

supplementary information, the three parameters used can not fully account for the most  

important features of the LDA band structure. For instance, the down-turn of one band  

from (π/2, π/2) to Γ across the Fermi energy indicates that hopping to  

further neighbors are required. For Fig. 4, yet two times larger tight-binding parameters  

are used, and it is not clear what the resulting non-interacting band structure looks like.  

 

On the other hand, the fine features of PES and IPES the authors claim should be very  

sensitive to the starting electronic structure.  

 

Therefore, even though the methods of the manuscript are well established and the idea  

behind is enlighting, the main conclusions about the non-local spin-polaron excitations  

are misleading and not convincing.  

 

One minor comment is that the journal name for Ref. 10 is missing.  

 

 

Reviewer #3 (Remarks to the Author):  

 

In this paper, the authors have studied the motion of a charge (hole or electron) added to the 

proposed ground-state of quasi-2D iridates such as Ba2IrO4 or Sr2IrO4. The authors show within 

the self-consistent Born approximation that the hole and electron carriers behave very differently. 

They claim that an added electron forms a spin-polaron, which resembles the well-known cuprates, 

but a removed electron is far more complex.  

 

The authors’ Hamiltonian is not at all clear neither in the d6 case nor in the d4. How does the spin 

orbit interaction enter in the final Hamiltonian? Neither Eq.(10) nor Eq.(11) contain the parameter 

for the spin orbit interaction, because they depend only on t1, t2 and t’ which look the parameters 



derived without the spin orbit interactions in (6) and (7) in the basis of xy, yz and zx orbitals.  

 

After deriving the tight binding form including the contribution from the spin orbit interaction, the 

question is how one can be compatible between the small optical gap obtained in the optical 

conductivity (Moon et al. Phys. Rev. B 80, 195110 (2009)) and the strong coupling picture of the 

spin-wave analysis here.  

 

Aside from them, the authors’ claim that the PES excitation spectra are different from the electron 

doped PES is related to the higher energy bands away from the fermi level and looks details for 

understanding low energy excitations. The authors did not clarify what are the consequences of it.  

 

Based on the above, I do not recommend this paper to publish in Nature Communications.  
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1 Reply to Referee 1

1.1 Remark #1

The first question concerns justification of the t-J like model in the
case of hole doping. It is known that in cuprates holes resides mostly
on oxygen sites ( 70% of probabity). Naively, this implies that the
one band t-J model is not valid. Nevertheless the model is valid due
to the Zhang-Rice singlet formation. In irridates: (i) What is the
probability for hole to reside on oxygen sites? This must be known
from DFT calculations. (ii)Is the Zhang-Rice-like physics applicable
here too? It cannot be just singlet, there is also a triplet.

We are very grateful to the Referee for the above remark. Indeed the problem
of the Zhang-Rice singlet formation might in principle be of crucial importance
for the understanding of the properties of the doped iridates. However, there is
considerable evidence that the iridium oxides do not lie in the charge transfer
regime but instead should be regarded as the Mott-Hubbard insulators:

First, according to “our” LDA calculations the anti-bonding combinations
of the strongly mixed Ir-t2g orbitals and O-2p orbitals of same symmetry are
in the energy interval between -2 to 0.5 eV, and this is where the hole (in this
uncorrelated picture) would go. However, unlike in the cuprates, the Ir-t2g
character dominates here meaning stronger localisation on the transition metal
(Ir) sites compared to the cuprates. The relative contribution of the Ir-5d is
roughly 60 -70%.

Moreover, the ab-initio quantum chemical calculations suggest that the charge
gap in the quasi-2D iridium oxides (Ba2IrO4 or Sr2IrO4) is of the order 0.5
eV, while the iridium-oxygen charge transfer gap is of the order of 2-3 eV, see
Refs. [1]. There exists also strong evidence that the charge gap in the iridates
is a Mott gap [2] that is much smaller than the charge transfer gap, putting the
iridates in the Mott-Hubbard regime. Therefore the Zhang-Rice singlet physics
should only affect the really high energy (2-3 eV) features of the PES spectrum
which justifies neglecting the oxygens in this first correlated study of the PES
/ IPES spectra of the quasi-2D iridates.

Nevertheless, even though the Zhang-Rice singlet physics is most probably
not of relevance for the relatively low energy features of PES that we consider
here, we note that, as suggested in Ref. [1], interestingly, ”a major difference
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with respect to the 2D S = 1/2 cuprates is that in the iridates the lowest charge
transfer states have apical hole character, whereas in the 2D Cu oxides the
lowest electron-removal states have predominant in-plane O 2p character”.

We added the above remarks in the main text of the paper (see summary of
changes).

1.2 Remark #2

In the low energy sector the usual t-J model is equivalent to the
Shraiman-Sigia model with fermions having pseudospin 1/2 originat-
ing from two sublattices, magnons are described by non-linear sigma
model. The fermion-magnon interaction is zero at q− > 0 according
to Adler’s theorem. Adler’s theorem is reflected in Eq.(10) of the
supplementary material, Vkq is zero at q = 0. The pseudospin 1/2 is
reflected in double degeneracy of spectral functions plotted in Fig2b.
Questions: (i) In the case of hole in iridates, what is the degeneracy of
spectral functions in Fig2a? In other words, what is the pseudospin
of the hole? (ii) Looking at Eqs.(19-24) describing the hole vertex
one sees that some terms do not vanish at q=0. In principle this is
possible. However, in the end Adler’s theorem must be valid. Is the
Adler’s relation restored in the fully dressed hole Green’s function?

We thank the Referee for these remarks. It can easily be shown that the
PES spectra, just as the IPES spectra, are implicitly doubly degenerate - in this
respect there is no difference between the standard spin 1/2 t-J model and our
pseudospin 1/2 t-J model. The reason for this is that there are two ways to re-
move an electron from the d5 shell, either removing it from the j = 1/2, jz = 1/2
state or from the j = 1/2, jz = −1/2 state. The pseudo-spin of the hole is thus
1/2. Also the point that the referee makes on Adler’s theorem is interesting - we
checked that the self-energy vanishes identically for the lowest quasiparticle pole
for both the PES and IPES part of the spectra in the self-consistent calculation.
Thus Adler’s theorem is not violated. Vice versa, checking its validity explicitly
in an analytical way is complicated by the self-energy having a rather complex
matrix structure in our case.

We added the above remarks in the main text of the paper (see summary of
changes).

2 Reply to Referee 2

2.1 Remark #1

The authors selectively neglected the electronic structure of iridates
obtained based on DMFT calculations, where a faithful treatment
of local Coulomb interaction can be done. No doubt that the spin-
polaron excitations can modify the physical properties significantly,
but regarding the spectral function, it is not clear what is induced
by such non-local excitations beyond DMFT. For instance, following
PRL 111, 246402 (13), the spectral function of Sr2IrO4 has been cal-
culated, where all features claimed by the authors, such as indirect
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band gap, J=0 holes at (pi,0), J=1 triplet state at Gamma, have al-
ready been obtained at the DMFT level considering local excitations.
In this regard, the authors are presenting biased arguments which
requires more detailed clarification.

We are very grateful to the Referee for this very insightful remark. Let us
firstly note that, while DMFT is a perfect method to understand the generic
role of correlations, it is an approximate method which assumes a momentum-
independent self-energy. Therefore, as already pointed by the Referee, the
single-site DMFT cannot capture the spin polaron physics. For instance, the
DMFT–like study of the problem of a single hole doped into the undoped ground
state of the t–J model [3] does not allow for the existence quantum spin fluc-
tuations and the formation of a mobile spin polaron. This fact is confirmed by
the momentum-dependence of the self-energy of the spin polaron problem [4].
Similarly, in the here studied ‘spin-polaronic’ problem applicable to the iridates,
the self-energy is also explicitely momentum dependent, as illustrated in Fig. 1
and Fig. 2, which makes the presented here result qualitatively distinct w.r.t.
the one obtained using DMFT.

Naturally, the spin-polaronic approach to the problem, presented in the pa-
per, is also an approximate method of calculating the quasi-2D iridate spectral
function. For instance, the ligands are not taken into account in the model,
the higher lying iridium multiplets are neglected, and the Trugman paths are
not in the solution. Since these are completely different kinds of approximation
than the ones used by the DMFT method, we believe that the only way to tell
which method yields more ‘realistic results’ is to compare the results obtained
using these methods with the experiment, Fig. 3. It turns out that, although
the DMFT results indeed are in good agreement with the experimental ARPES
spectrum, there are few important spectral features that are observed experi-
mentally, are not well described by DMFT, but are present in our study [see
Fig. 3]:

• Experimentally observed maximum at Γ point in ARPES is 150-250 meV
lower than the maximum at the X point [5, 6, 7, 8, 9, 10, 11, 12].

• Far more incoherent spectral weight just below the quasiparticle peak
around the Γ point than around the M point [9, 8, 12]

• Significant amount of spectral weight below the quasiparticle peak around
the M point [9, 6, 12].

In order to make the above important remarks clear for the Reader, we
modified the main text of the paper in appropriate places (see summary of
changes).

2.2 Remark #2

I am not convinced by the tight-binding parameters used in the
manuscript in order to compare with experimental ARPES measure-
ments, as shown in Fig. 4. As shown in the supplementary informa-
tion, the three parameters used can not fully account for the most
important features of the LDA band structure. For instance, the
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(a) (b)

Figure 1: The momentum dependence of imaginary (a) and real (b) part of
the self-energy calculated as the Greens function in the main text of the paper.
Model parameters as in the main text of the paper: spin exchange J1 = 0.06 eV,
J2 = −0.02 eV, J3 = 0.015 eV, and spin-orbit coupling λ = 0.382 eV following
Ref. [13]; tight-binding hopping integrals calculated as the best fit to the LDA
bands [14] t1 = −0.2239 eV, t2 = −0.373 eV, t′ = −0.1154 eV, t3 = −0.0592
eV,t′′ = −0.0595; spectra offset by (a) E = −1.47 eV and (b) E = −0.77 eV.
Broadening δ = 0.01 eV.
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Figure 2: The imaginary and real part of the self-energy calculated using pa-
rameters as in the main text and Fig. 1 plotted for three high symmetry points
in the Brillouin zone: (a) (0, 0), (b) (π,0), and (c) (π2 ,π2 ).

down-turn of one band from (π2 ,π2 ) to Gamma across the Fermi en-
ergy indicates that hopping to further neighbors are required. For
Fig. 4, yet two times larger tight-binding parameters are used, and it
is not clear what the resulting non-interacting band structure looks
like. On the other hand, the fine features of PES and IPES the au-
thors claim should be very sensitive to the starting electronic struc-
ture. Therefore, even though the methods of the manuscript are well
established and the idea behind is enlighting, the main conclusions
about the non-local spin-polaron excitations are misleading and not
convincing.

We are very thankful to the Referee for the comment on our choice of the
tight-binding (TB) parameters. Indeed, once we extended the set of our TB
parameters by adding the third neighbor hopping (t′′) and allowing for a small
but finite nearest neighbor hopping along the so-called “inactive axis” of the
dxz and dyz orbitals in the xy plane (t3), [see Eqs. (6)-(7) of the Supplementary
Information], all of the important features of the LDA bands, including the
down-turn of the band from the (π/2, π/2) to the Γ point, are accounted for,
see new Fig. 1 of the Supplementary Information. Moreover, using the derived-
in-this-way TB parameters in our polaronic model, we obtained an even better
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(a) IPES

(b) PES

Figure 3: Theoretical (a) IPES and (b) PES spectral functions of quasi-2D
iridates plotted in the same manner as the spectral functions calculated using
DMFT in Ref. [15] using parameters as in the main text and Fig. 1.

agreement between the theoretical and the experimental result than for the
previously used choice of the TB parameters.

We stress that the above mentioned polaronic calculations were now obtained
without invoking the additional increase of the TB parameters in the polaronic
model, as suggested in Ref. [16]. Therefore, taking also into account the fact
that such an increase cannot be easily justified (see also discussion in Ref. [16]),
we decided not include this correction anymore.

Concerning the fine-tuning of the TB parameters, let us note as follows:
while of course the resulting PES or IPES spectra depend on the initial choice of
the TB parameters, small changes in the TB parameters usually do not strongly
affect the PES or IPES spectra (i.e. the obtained PES / IPES spectra are quite
robust w.r.t. such changes). In particular, as long as the TB parameters provide
a ‘relatively good’ fit to the LDA spectra, they lead to the SCBA spectra with
all of the reported features. As an example we present here in the reply, the
PES and IPES spectra calculated using a different set of TB parameters (called
model TB2) that gives a slightly worse fit to the LDA band structure (see
Fig. 4 below). One can see that although the parameters of Model TB2 are
quite different than those of the model used in the main text of the paper, all
of the main features of the PES or IPES spectra in the main text of the paper
are also present in Fig 5 below.

In order to take into account the above results, we revised the manuscript
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in appropriate places (see summary of changes).
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Figure 4: Another set of the TB model parameters (model TB2): (a) A cartoon
illustrating the t1, t2, t3, t′ and t′′ hopping paths between the Ir-5d-t2g orbitals.
(b) Comparison between the DFT (blue) and TB model TB2 (red) dispersion
of the Ir-5d-t2g bands in Sr2IrO4. Hopping integrals are t1 = −0.186 eV, t2 =
−0.314 eV, t′ = −0.1216 eV, t3 = t′′ = −0.0694 eV. The Fermi energy is set to
zero.

3 Reply to Referee 3

The authors’ Hamiltonian is not at all clear neither in the d6 case
nor in the d4. How does the spin orbit interaction enter in the final
Hamiltonian? Neither Eq.(10) nor Eq.(11) contain the parameter for
the spin orbit interaction, because they depend only on t1, t2 and t’
which look the parameters derived without the spin orbit interactions
in (6) and (7) in the basis of xy, yz and zx orbitals.

We agree with the Referee that in the submitted version of the manuscript
it was indeed not fully detailed how the spin-orbit coupling entered the final
Hamiltonian. First of all we note that we assume that the spin-orbit coupling
term is larger than exchange interaction J (typical asumption for iridates, see
Refs. [5, 17, 18]), though smaller than the on-site Coulomb integrals which lead
to the multiplet structure of the 5d4 configuration (see e.g. Ref. [16]) Naturally,
we only consider t2g shell since the cubic crystall field splitting being of order
2.5−4eV is far bigger than other scales in the problem [19]. Therefore, the ionic
Hamiltonian Hionic ' HSOC +HCoulomb (where HSOC = λ

∑
i lisi and HCoulomb

describes the on-site Coulomb interactions, see e..g. Ref. [20]) is diagonal in
the following ionic basis states (see Fig. 1 of the main text): (i) for the 5d6
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(a) PES (b) IPES

Figure 5: Theoretical (a) PES and (b) IPES spectral functions for the quasi-
2D iridates using the TB parameters from model TB2: hopping integrals are
t1 = −0.186 eV, t2 = −0.314 eV, t′ = −0.1216 eV, t3 = t′′ = −0.0694 eV;
spectra offset by (a) E = −0.69 eV and (b) E = −1.03 eV. Broadening δ = 0.01
eV.

configuration: one state with the total angular momentum J = 0 state, (ii) for
the 5d5 configuration: two states with the total angular momentum j = 1/2, (iii)
for the 5d4 configuration: three states with the total angular momentum J = 1
(‘triplet’) and one state with the total angular momentum J = 0 (‘singlet’)
(higher lying multiplets are neglected in this low energy study, see Ref. [16]). In
this basis, the spin-orbit coupling enters the final Hamiltonian [Eq. (2) or Eq.
(4) of the main text] in three distinct ways:

1. Explicitly, as the local on-site term, which splits the ‘triplets’ from ’sin-
glets’ for the 5d4 configuration, see Eq. (4) of the main text and the text
immediately below that equation.

2. Implicitly by leading to a particular form of Hmag – this problem is dis-
cussed in detail in Ref. [17].

3. Implicitly by leading to a particular form of Hdt and Hh
t , see below.

Presumably the main concern of the Referee is to understand how the spin-
orbit coupling enters the Hamiltonian in the third case mentioned above, i.e.
for Hdt and Hh

t [given by Eqs. (7) and (10) of the SI]. We note that here, the
spin-orbit coupling enters only in an implicit way, i.e. via the above mentioned
form of the eigenstates Hionic: calculating the matrix elements of Hdt and Hh

t

in the polaronic basis basically boils down to calculating the matrix elements of
the tight-binding Hamiltonian [Eq. (6) of the SI] in the appropriate eigenstates
of Hionic.

In order to make the above point clear, we modified the manuscript in ap-
propriate places (see summary of changes).

After deriving the tight binding form including the contribution
from the spin orbit interaction, the question is how one can be com-
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patible between the small optical gap obtained in the optical conduc-
tivity (Moon et al. Phys. Rev. B 80, 195110 (2009)) and the strong
coupling picture of the spin-wave analysis here.

We are grateful to the Referee for this interesting remark on the strong
coupling limit used here. We believe that using this approach is well justified
here – the size of the optical gap is not large indeed, around 500 meV, but it is
still more than twice larger than the largest energy of the magnon, at ca. 200
meV [see, for example, experimental data in [18, 13]]. Moreover, the linear spin
wave theory very well describes the experimental RIXS spectra of the quasi-
2D iridates and the broadening of the magnon excitations is lower than the
currently available experimental resolution [18, 13].

We added a remark about this problem in the main text of the paper.

Aside from them, the authors’ claim that the PES excitation spec-
tra are different from the electron doped PES is related to the higher
energy bands away from the fermi level and looks details for under-
standing low energy excitations. The authors did not clarify what are
the consequences of it.

Concerning the third remark, we point out that the claimed differences be-
tween calculated PES and IPES spectra are observed not only in the higher
energy bands but also in the lowest energy part of the spectra, see page 6 and
7 of the main text. Thus, there is a rather shallow minimum at (π/2, π/2) and
a maximum at the Γ point in the IPES spectra whereas in the PES spectra the
first electron removal state is at a deep minimum at (π, 0) and there is a plateau
around (π/2, π/2) and the shallow minimum of the dispersion at the Γ point.

4 Summary of changes

(1) Following the advise of Referee 1 and Referee 3, we introduced a remark
about the charge transfer and Zhang-Rice physics as applied to Iridates in the
main text of the paper:

“We note here that in what follows we assume that the iridium oxides are
in the Mott-Hubbard regime, since the on-site Hubbard U on iridium is smaller
than the iridium-oxygen charge transfer gap [14, 38, 39].”

in lines 59-62 and added citations to the relevant papers, including Moon et
al. [Phys. Rev. B 80, 195110 (2009)]. We also explicitly clarified the role of
oxygens in our calculation in the following sentence in lines 213-215:

“These features, however, may in case of real materials be strongly affected
by the onset of the oxygen states in the PES spectrum (not included in this
study, see above)“

We also introduced the following remark on the size of the optical gap and
strong coupling limit in lines 86-91

”We note here that, although the size of the experimentally observed optical
gap is not large (around 500 meV [21]), it is still more than twice larger than
the top of the magnon band in the RIXS spectra (around 200 meV) [18, 13].
This, together with the fact that the linear spin wave theory very well describes
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the experimental RIXS spectra of the quasi-2D iridates [18, 13], justifies using
the strong coupling approach.”

(2) In order to more clearly explain how the spin-orbit coupling entered
the final Hamiltonian, as advised by Referee 3, we introduced the following
clarification:

“(i.e. taking into account in an appropriate ‘ionic Hamiltonian’ the cubic
crystal field splitting [19], the spin-orbit coupling λ [17], and the on-site Coulomb
interaction [16])”

in lines 73-74. Also, we have modified the sentence about singlet and triplet
formation in lines 131-134, so that now it reads:

“Moreover, in the strong spin-orbit coupled regime the L = 1 and S = 1
moments the eigenstates of such an ionic Hamiltonian are the lowest lying J = 0
singlet S, and the higher lying J = 1 triplets Tσ (σ = −1, 0, 1, split by energy
λ from the singlet state) and J = 2 quintets.”

We have also extended and rewritten the first two paragraphs of section C
of the Supplementary Information (lines 63-81) in order to make the derivation
of our model more clear to the reader. After modification it reads

“Having obtained the TB Hamiltonian we are now ready to derive the Hamil-
tonian which would describe the motion of the “5d6 doublon” added to the Mott
insulating ground state formed by the 5d5 iridium ions of the (undoped) quasi-
2D iridates due to the nonzero hopping elements of the TB Hamiltonian. This
means that the main task here is to calculate the following matrix elements of
the tight-binding Hamiltonian [Eq. (6) above] 〈5d6i 5d5j |HTB|5d5i 5d6j 〉. This is
done in several steps:

Firstly, we calculate the above matrix elements in the appropriate eigen-
states of ionic Hamiltonian of the 5d5 and 5d6 configurations (these states are
listed in Fig. 1. of the main text). We note that these matrix elements do not
explicitly depend on the strong on-site spin-orbit coupling λ, though the form
of the appropriate eigenstates of the ionic Hamiltonian (Fig. 1 of the main text)
is of course due to the onset of strong on-site spin-orbit coupling λ. Secondly,
we assume the so-called no double occupancy constraint, which follows from
the implicitly assumed here limit of strong on-site Coulomb repulsion – which
prohibits the creation of “unnecessary” “5d6 doublons” once the electron added
to the quasi-2D iridate 5d5 ground state hops between sites. Technically this
amounts to the introduction of the projection operator which takes care of this
constraint. Finally, following the path described for example in Refs. [4, 22]
and introducing the slave-fermion formalism followed by Fourier and Bogoli-
ubov transformations, we arrive at the following polaronic Hamiltonian which
describes the motion of the “5d6 doublon”

(3) Motivated by insightful comments of Referee 2 on our choice of the
tight-binding (TB) parameters we have extended set of our TB parameters and
introduced the following changes into the new version of the paper:

1. The description of the extended TB model is given in lines 116-121

2. The sentence in lines 152-154 was modified accordingly, now being “the
term ∝ V̂ 0

k describes the nearest, next nearest, and third neighbor free

hopping, and the terms ∝ V̂ αk,q and ∝ V̂ βk,q describe the polaronic hop-
ping”.
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3. The sentence in lines 202-203 was changed to “To directly compare our
results with the experimental ARPES spectra of Sr2IrO4 [5, 9, 6, 7], we
plot the zoomed in spectra for PES, see Fig. 5.“ to accommodate the
change of the final TB parameters.

4. We have consequently modified Figures 2, 3 and 4.

5. To accomodate new figures, the caption of the Fig. 2 where the TB
parameters are given was modified.

6. We have added the following comment concerning the fine-tuning of the
TB parameters in lines 123-125:

“While in what follows we use the above set of tight- binding parameters
in the polaronic model, we stress that the final results are not critically
sensitive to this particular choice of the model parameters.”

7. The Eq. (13)-(31) of the Supplementary Information that describe vertices
were modified to comprehend new extended TB model.

(4) Following the advice of Referee 2 we modified the manuscript in order to
relate our study to existing DMFT investigations, thus, we have modified the
last sentence in the introduction (lines 49-52):

“However, on the theoretical side this correlated electron problem has not
been investigated using the above approach [5, 23, 11, 24] - although it was
suggested that the LDA+DMFT (or even LDA+U) band structure description
might be sufficient [15, 5, 25, 6, 9, 10]“

and also added the following paragraph in lines 217-226:
“Finally, we note that, although the iridate spectral function calculated us-

ing LDA+DMFT is also in good agreement with the experimental ARPES
spectrum [15], there are two well-visible spectral features that are observed
experimentally, and seem to be better reproduced by the current study: (i) the
experimentally observed maximum at Γ point in ARPES being 150-250 meV
lower than the maximum at the X point [5, 6, 7, 8, 9, 10, 11, 12], and (ii) the
more incoherent spectral weight just below the quasiparticle peak around the Γ
point than around the M point. We believe that the better agreement with the
experiment of the spin polaronic approach than of the DMFT is due to inter
alia the momentum independence of the DMFT self-energy – which means that
the latter method is not able to fully capture the spin polaron physics [4, 3].“

(5) Minor modifications of the text were made in several places in order to
remove ambiguity, to provide additional explanation, to improve the reading,
and to remove some misprints.
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REVIEWERS' COMMENTS:  

 

Reviewer #1 (Remarks to the Author):  

 

I am fully satisfied by the revised manuscript and by the clarifications and changes made.  

The analysis of the spin-polaron physics for quasi-2D irridates, the account of correlations, and the 

demonstration of the hole-electron asymmetry is an important and interesting development.  

This is timely and important work, I recommend it for publication.  

 

 

 

Reviewer #2 (Remarks to the Author):  

 

In the revised version of the manuscript, the authors considred carefully my comments with 

proper correspondence. It is indeed very interesting to learn that the spin-polaron effects can be 

so strong that the fine features in the spectral functions are so well reproduced, somehow 

independent of the starting TB model parameters in the single particle picture. I am a bit 

conservative in this respect, though.  

 

In short, the manuscript is well written with brilliant results seeking another possible way of 

understanding the J=1/2 insulating state in Sr2IrO4. I would recommend it be accepted for 

publication in Nature Communications.  


	TPR 1
	TPR 2
	TPR 3

