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Sr2IrO4 and Sr3Ir2O7 form two families of spin-orbit Mott insulators with quite different charge
gaps and an antiferromagnetic (AF) ground state. This offers a unique opportunity to study the
impact of long-range magnetic order in Mott insulators. It appears to play a different role in the
two families, as there is almost no change of the resistivity at the magnetic transition TN in Sr2IrO4

and a large one in Sr3Ir2O7. We use angle-resolved photoemission to study the evolution of the
spectral lineshape through the magnetic transition. We use Ru and La substitutions to tune TN

and discriminate changes due to temperature from those due to magnetic order. We evidence a
shift and a transfer of spectral weight in the gap at TN in Sr3Ir2O7, which is absent in Sr2IrO4.
We assign this behavior to a significantly larger coherent contribution to the spectral lineshape in
Sr3Ir2O7, which evolves strongly at TN . On the contrary, the Sr2IrO4 lineshape is dominated by
the incoherent part, which is insensitive to TN . We compare these findings to theoretical expections
of the Slater vs Mott antiferromagnetism within Dynamical Mean Field Theory.

I. INTRODUCTION

The motion of one hole in an antiferromagnetic (AF)
background is a central problem for many correlated sys-
tems, among which high temperature cuprate supercon-
ductors remain a hallmark. As moving one hole neces-
sarily breaks some AF bonds, the charge and spin sectors
become intimately intricated. The relative energy scale
for charges are of the order of the charge gap ∆, set by
Coulomb repulsion U in a Mott insulator, independently
of the magnetic order. AF order usually sets in at a
lower temperature, depending on magnetic couplings J.
Most treatments of the metal-insulator transition (MIT)
are implicitely deep in the Mott insulating state and ne-
glect the role of magnetic order. This is typically rel-
evant for cuprates where U»J. However, when the two
energy scales become similar, closer to the MIT, the in-
terplay between the two degrees of freedom may become
quite complex1,2. The role of AF long-range order on the
MIT has been treated with DMFT theory in ref. 3 and
predicts the coexistence of Mott-like and Slater-like ex-
citations. To our knowledge, this has never been directly
compared to experiments.

Iridates offer a unique opportunity to carry over this
comparison by tuning (∆, J) parameters. Indeed, the
first two members of the Ruddlesden-Popper perovskite
serie, Sr2IrO4 and Sr3Ir2O7, have quite significantly dif-
ferent charge gaps ∆ at low temperatures, but similar
magnetic transition temperature TN . The two fami-
lies can essentially be understood4 as built from two
filled J3/2 bands and a half-filled J1/2 band, which is
split by the electronic correlation opening a gap ∆ (see
sketch in Fig. 1a, J is the effective angular momentum).
The Mott nature of the insulating state in Sr2IrO4 was

supported by cluster-DMFT calculations5. Sr2IrO4 is
built from single IrO2 layers, stacked with SrO layers,
and ∆ ' 0.6eV was estimated by optical spectroscopy6,
STM7–9 and ARPES using a small electron doping to vi-
sualize the whole gap10. For the bilayer version Sr3Ir2O7,
the gap is smaller ∆ ' 0.2eV 6,11–13. The different ∆ in
the two families is essentially understood from the dif-
ferent effective dimensionality of the structure, leading
to larger bandwidth for the bilayer compared to single
layer6. There are also some more subtle differences in the
electronic structures. For example, interactions within
the bilayer bands in Sr3Ir2O7 leads to a non-interacting
semi-metallic electronic structure with an indirect gap of
0.05eV14, which is simply enlarged by correlations13,15.

The two compounds display slight differences also in
the AF magnetic structure. In Sr2IrO4 a transition
takes place at TN=240K to a canted in-plane AF state,
where RIXS measured Heisenberg-like magnon disper-
sion over 0.2eV, characterized by J=0.06eV between first
neighbors16. In Sr3Ir2O7, the magnetic transition at
TN=280K gives rise to an AF order with moments along
the c-axis17. The magnetic interaction have similar order
of magnitude (J=0.09eV), but the magnon dispersion is
characterized by a large gap of 0.07eV due to pseudodipo-
lar interactions in this geometry18.

On one hand, the two compounds display insulating
behavior in transport measurements above TN , up to
more than 600K19,20. This suggests that correlations, in-
cluding short-range magnetic correlations, which persist
above TN

8,21, are responsible for the insulating proper-
ties, rather than the magnetic order. On the other hand,
there is a rather strong temperature evolution in optical
spectroscopy, characterized by weight appearing in the
gap at high temperatures22–24, indicative of bad metal
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Figure 1. (a) Sketch of the electronic structure expected for
Sr2IrO4 and Sr3Ir2O7. The J3/2 band is filled with 4 electrons,
the J1/2 band is half-filled and split into Lower Hubbard Band
(LHB) and Upper Hubbard Band (UHB) by ∆. The gap be-
tween the tail of the bands is δ. (b) Temperature dependence
of the resistivity in Sr2IrO4 either pure (blue line), or doped
with Ru (red-brown lines) or La (green line). The doping lev-
els are indicated on the graph. TN , determined by magnetic
measurements, is indicated by an arrow. (c) Same as (b) for
Sr3Ir2O7.

properties. As the evolution is smooth and the transi-
tion temperature relatively high, it is difficult to disen-
tangle the role of temperature and magnetic transition.
These were tentatively attributed to the temperature de-
pendence of polaronic excitations25, but never fully clar-
ified. More recently, Song et al. used Ru doping, which
decreases TN , to correlate a transfer of spectral weight
with TN in Sr3Ir2O7

26. Another optical study in Rh-
doped Sr2IrO4 observed a transfer of spectral weight to
a mid-infrared peak, which was interpreted as a spin-
polaron feature from a one band Hubbard model24. From
a different viewpoint, STM favors an inhomogeneous pic-
ture, where in-gap states are observed near dopants7,27
or defects11 and may lead to a percolative-like MIT9.
Angle-resolved photoemission could in principle go fur-

Figure 2. (a) Temperature dependence of the resistivity ob-
tained within DMFT for strong interaction U/D = 4 for var-
ious doping x. The magnetic transition temperature TN is
indicated by an arrow. (b) same as (a) for U/D = 1.7.

ther by resolving the gapped structure in k-space. Its
lineshape could help understand the nature of coherent
and incoherent excitations and the possible emergence of
in-gap states. However, there are few ARPES data avail-
able as a function of temperature and only for Sr3Ir2O7,
either pure28 or doped with La29 or 30% Ru26.

In this paper, we study systematically the evolution
of the ARPES lineshape through TN in Sr2IrO4 and
Sr3Ir2O7 and use La30,31 and Ru32–34 substitutions to
tune TN . La substitutes out-of-plane for Sr (we define
x as Sr1−xLax) and induces electron doping. This leads
to the reduction of the magnetic order, which vanishes
around x=0.0430,31. On the contrary, Ru substitutes in-
plane for Ir (Ir1−xRux) and, although Ru has one less
electron than Ir, it seems there is an electronic phase
separation at early dopings, so that Ru dilutes the mag-
netic state rather than dopes it32–35. A high concentra-
tion around x=0.35 is required to suppress the magnetic
order and induce a metallic state.

We shall qualitatively compare our results with ref-
erence theoretical results obtained by Dynamical Mean
Field Theory on the doped Hubbard Model. A detailed
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quantitative comparison with iridates would require em-
ploying more realistic material approaches, which can in-
clude short ranged spacial correlations (e.g. the cluster
extension of DMFT), spin-orbit coupling, multi-bands ef-
fects and possibly weakly correlated bands within the ab-
initio framework. However such studies, which demand
future developments5,36–38, are beyond the scope of this
paper which focus on the general properties of the anti-
ferromagnetic Slater to Mott crossover. We shall consider
two different interaction regimes: the rather weakly cor-
related one (U/D= 1.7), which is dominated by the Slater
AF mechanism, and the strongly correlated one (U/D=
4), dominated by the Mott localization mechanism. We
shall show that as a matter of facts many physical prop-
erties of Sr3Ir2O7 can be described with the former Slater
regime, while the Sr2IrO4 well fits the latter Mott regime.
This is especially true for transport, but also for the
ARPES spectral lines, provided we make some assump-
tion on features related to the chemical substitution and
disorder, which can broaden the spectra and affect the
Fermi level position. Our experimental-theoretical com-
parison shows that Ir-based oxides can provide a unique
platform to study non-trivial correlation phenomena, like
the evolution from weak to strong correlation, the inter-
play of Slater magnetism and Mott localization and the
effects of doping, temperature and disorder.

II. METHODS

Single crystals of Sr2IrO4 and Sr3Ir2O7 were grown by
a standard flux growth technique. High-purity powders
of SrCO3 (99.995%), IrO2 (99%), RuO2 (99.9%) were
dried, weighed, and mixed in a glove box under argon
with SrCl2 (99.5%) flux. The mixture was loaded into
a platinum crucible covered with a platinum tip, under
ambient atmosphere, and heated in a muffle furnace. For
Sr2IrO4, we used ratios 2:1:10, heated up to 1300 ◦ C
and then slowly cooled down at a rate of 10◦ C/h to
800◦ C. For Sr3Ir2O7, we used ratios 3:2:5, heated at a
rate of 190◦ C/h up to 1100◦ C for 6 hours and then
slowly cooled down at a rate of 10◦ C/h to 600◦ C, at
which temperature the furnace was turned off. Deion-
ized water was used to dissolve the SrCl2 flux and ex-
tract the single crystals. The crystals were platelets with
larger dimensions between 0.3 and 2 mm, and with the
smallest dimension along the [001] direction. The ex-
act composition of each studied sample has been deter-
mined via energy-dispersive X-ray spectroscopy (EDS)
measurements in several spots of the surface of several
crystals from the same batch. The structure was further
refined by x-ray diffraction. The results for nine samples
of Sr3(Ir1−xRux)2O7 with x in the 0-0.78 range are given
as supplementary material.

ARPES experiments were carried out at the CAS-
SIOPEE beamline of SOLEIL synchrotron, with a SCI-
ENTA R-4000 analyser, 100 eV photon energy and an
overall resolution better than 15meV.

DMFT calculations where performed on the Hubbard
Model, the reference playground to study correlated
phenomena39. The model has the typical semi-circular
density of states of bandwith D, which fixes the en-
ergy unit throughout the paper. The DMFT is imple-
mented by means of the continuous time diagrammatic
Quantum Monte Carlo40. Spectra are obtained via an-
alytic continuation of the one particle propagator per-
formed by the Maximum entropy method41. DMFT al-
lows to unbiasedly access the paramagnetic insulating
and metallic states, as well as the ordered antiferromag-
netic insulator2,3. Here we shall study how these states
evolve and compete upon doping the system with holes.

III. RESISTIVITY BEHAVIOR

A clear indication of the different role of the magnetic
transition in the two families is already evident in the
evolution of resistivities plotted in Fig. 1. The arrows in-
dicate TN , as determined from magnetic measurements
(by SQUID in Sr2IrO4 and neutrons in Sr3Ir2O7

15,32,42).
There is almost no change in Sr2IrO4 at TN , while there
is a clear anomaly in Sr3Ir2O7 leading to a more conduct-
ing state in the paramagnetic regime.

The resistivity does not follow a simple activated be-
havior on the full temperature range. Fitting to an acti-
vated law between 100 and 200K gives a gap of the same
order of magnitude in the two systems, δ '60meV. This
is much smaller than the gap ∆ previously evaluated. It
can be understood as the smallest energy distance be-
tween the tail of the peaks (see Fig. 1a). This empha-
sizes the importance of in-gapped low energy states in
these systems, but also that limited information on the
evolution of ∆ can be extracted from resistivities alone.

This qualitative behavior is in good agreement with
what is expected within a Slater-to-Mott antiferromag-
netic crossover. To show this point, we plot in Fig. 2 the
resistivity vs temperature obtained by DMFT for two
values of the interactions strength, U/D = 4.0 (panel a),
which is deep in the strongly correlated Mott regime, and
U/D = 1.7 (panel b), which is in the weakly correlated
regime. The system is lightly doped, up to x = 0− 10%.

These theoretical curves display a qualitative behavior
in line with what is observed in the experimental curves
described above in Fig. 1. Namely, in the correlated
regime, alike to Sr2IrO4, the resistivity vs T curve is
rather flat and does not display any anomaly in corre-
spondence to the antiferromagnetic transition tempera-
ture TN . In sharp contrast, the weakly correlated regime
looks like Sr3Ir2O7, clearly displaying an anomaly in the
curve in line with TN . These features disappear at higher
doping level in the absence of magnetic transition.

In tracing the comparison between these experimen-
tal and theoretical resistivity curves, some caveats must
be taken into consideration. In the strongly correlated
regime U/D = 4, the system immediately becomes
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Figure 3. (a-c) Stacks of EDC spectra at X in the three indicated compounds as a function of temperature (from lowest in blue,
20K, to highest in red, 300K). The top spectrum (light blue) is taken at 20K after a temperature cycle. The blue lines are in the
magnetic state, the red ones in the paramagnetic state (TN=240K for the pure, 150K doped with 20%Ru and 200K for 2% La).
Dotted lines indicate the baseline used in the fit. (d-f) Top : zoom on the spectra superimposed for low and high temperatures,
with the baselines as dotted lines. Bottom : corresponding spectra with baseline subtracted. The arrow indicates the size of
the gap ∆ expected at X (0.6eV in each case). The two spectra are normalized to their maximum for easier comparaison of
the lineshape (high temperature spectra are magnified by the indicated amounts). The fit used to extract position and width
in Fig. 5 are shown as dotted lines (often indistinguishable from the raw data). The model chosen for the fit (an asymmetric
Gaussian with width L1 and L2) is also presented.

metallic upon doping, though the metallic character is
very weak (for example, the absolute value of the resis-
tivity on a doped state curve for U/D = 4 is an order
of magnitude higher than the resistivity of the weakly
correlated U/D = 1.7 case). In a real material, such a
state would likely display insulating-like properties. Dis-
order, not taken into account in our theory, can play an
important role and localize a small number of carriers.
This was observed for instance in Rh-doped Sr2IrO4

43.
Overall, our theory-experiment comparison enforces the
interpretation that Sr2IrO4 is deep in the Mott state,
while in Sr3Ir2O7, both correlation and Slater antiferro-
magnetism play a key role.

IV. OVERVIEW OF ARPES LINESHAPES

Fig. 3 and 4 present ARPES Energy Distribution
Curves (EDC) as a function of temperature taken at the
top of the J1/2 band, located at the X point of the recip-
rocal space (see supplementary material15 for a sketch

of the electronic structure). The position of the mag-
netic transition is indicated by the change of line color
(blue to red). In each family, we examine three cases
: pristine compound (TN=240K for Sr2IrO4 and 280K
for Sr3Ir2O7), doped with 20% Ru (TN=150K and 180K
respectively) and with a few percent La [TN=200K (2%
Sr2IrO4) and 130K (2.4% Sr3Ir2O7)]. More dopings are
presented in supplementary information, these ones illus-
trate the universality of the behavior. Two bands can be
observed in each EDC, J1/2 around -0.2/-0.3 eV bind-
ing energies and J3/2 around -0.8/-1eV10,13. At the bot-
tom of Fig. 3 and 4, we show superimposed spectra at
low and high temperatures. To isolate the shape of the
J1/2 peak, we subtract a parabolic baseline (bottom, see
supplementary material15 for more details). The spec-
tra are scaled to their total area. The high temperature
spectra is magnified by the indicated number to better
compare the lineshapes.

For the pure compounds, a gap ∆ opens up in J1/2 at
X. The Fermi level is roughly in the middle of the gap ∆
estimated by STM and optics for the undoped systems.
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Figure 4. Same as Figure 3 for Sr3Ir2O7 family. TN=280K for the pure, 180K doped with 20%Ru and 130K for 2.4% La. The
arrow indicating the size of the gap ∆ measures 0.3eV. In (d) a Fermi-Dirac step at 300K is shown as thin black line. In (e),
the low temperature spectrum shifted to the high temperature one position is shown as thin blue line.

The peaks are quite broad (0.2eV at half maximum for
Sr2IrO4 (Fig. 3d) and 0.15eV for Sr3Ir2O7 (Fig. 4d)
and the distance between the tail of the peaks will be
significantly smaller than the peak to peak positions, in
agreement with the smaller gap δ dominating the resis-
tivity, as indicate in Fig. 1a. For a quasiparticle (QP)
excitation, the ARPES lineshape should be lorentzian-
like with a width given by the QP inverse lifetime. How-
ever, the peak here is rather gaussian-like, asymmetric
and much broader than what would be expected for a
QP. This situation is common to many insulating oxides,
as cuprates44 or manganites45. This suggests a compos-
ite nature of the line, where the spectrum is the enve-
lope of a distribution of excitations. A possible origin is
the formation of polarons45–47, as was actually proposed
to explain the ARPES linewidth in Sr3Ir2O7

28. In this
case, the shape of the peak is fixed by the strength of
electron-phonon coupling, asymmetric for low couplings
and gaussian for higher ones. As there is no obvious rea-
son why the electron-phonon coupling should be different
in Sr2IrO4 and Sr3Ir2O7, this picture does not explain
easily the much more asymmetric lineshape of Sr3Ir2O7.
Also, we will see that the lineshape changes at TN ,
whereas no strong evolution of the electron-phonon cou-
pling would a priori be expected there. Indeed, Raman
experiments, which are sensitive to the phonon renor-
malization due to pseudospin-lattice coupling, do not ev-

idence large changes at TN
48.

When the samples are lightly doped, the gap essen-
tially does not change (as will be justified later), but the
Fermi level moves inside the gap, as a result of filling of
the first available states. In Sr2IrO4 (Fig. 3), there is no
big change of the lineshape between high and low temper-
atures, except for a slight broadening on both sides. In
particular, there is no sudden shift at TN , implying that
the gap does not suddenly close. The J1/2 peak inten-
sity however is strongly supressed at high temperature.
This effect is only partially reversible and it is difficult
to disentangle the role of the temperature increase and
of TN in this intensity loss.

On the contrary, in pure Sr3Ir2O7, there is a clear de-
formation of the spectrum, which extends towards EF

(see Fig. 4). The leading edge shifts up by 50meV, but
remains away from EF . A comparison with a Fermi-
Dirac distribution at 300K (black line) suggests a remain-
ing "pseudogap" of 50meV in Fig.4d. Nevertheless, some
residual density appears at EF , which is consistent with
a bad metallic character. The peak maximum itself has
not moved significantly, ruling out a sudden collapse of
the gap at TN . This comparison implies that the dif-
ference between the two systems is more complex than
a gap simply closing in one case and not the other. It
seems rather related to a transfer of weight in the gap
for Sr3Ir2O7 that is not present for Sr2IrO4. In doped
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Figure 5. (a) Resistivity in (doped) Sr3Ir2O7. The vertical lines indicate the width of the magnetic transition, as seen by
neutron experiments (see text). (b) Shift of the ARPES peak position in (doped) Sr3Ir2O7 with respect to its low temperature
value, for J1/2 at X (closed symbol) and J3/2 at Γ (crosses). Raw data are shown in the supplementary material. (c) The two
widths L1 (towards high binding energy) and L2 (towards low binding energy) in (doped) Sr3Ir2O7 extracted from a fit of the
J1/2 peak at X to an asymmetric gaussian. L2 is magnified to match L1 value at low temperatures, as indicated. (d) Same as
(c) for (doped) Sr2IrO4. TN (arrow) is defined here by the onset of the ferromagnetic signal in SQUID measurements15.

Sr3Ir2O7, there is in addition a clear shift of the spec-
tra towards EF , both for J1/2 and J3/2, bringing weight
at the edge of EF . As J3/2 should not be affected by a
gap closure in J1/2, this behavior suggests a shift of EF

inside the gap. To compare the lineshape, we shift the
low temperature spectra to the high temperature one for
20% Ru (thin blue line, shifted up by 70meV). This re-
veals a similar change of the lineshape as for the pure,
with a characteristic extension of the spectrum towards
EF . The comparaison is more difficult for the La case,
where the low temperature spectrum is broader than the
other ones, especially towards EF . This is probably due
to some distribution in La content, which hides the in-
trinsic lineshape at low temperatures.

V. CHANGE AT TN

We now study how these temperature evolutions cor-
relate with the magnetic transition. The magnetic tran-
sition is quite broad in doped iridates, probably pro-

ceeding through some phase separated region32. For
Sr2IrO4, we define TN by the onset of the ferromag-
netic signal in SQUID measurements15. This is not pos-
sible for Sr3Ir2O7, where this signal is very weak, and
we rely on neutrons scattering performed in Ru32 and
La31 doped Sr3Ir2O7. We define two temperatures limit-
ing the magnetic transition, TN,1 where magnetic Bragg
peaks appear, and TN,2 where their intensity saturates.
Experimentally, it is this latter value that corresponds
to the anomaly of resistivity, reported as TN on Fig-
ure 1. To characterize the temperature dependence of
the lineshape, we fit spectra at each temperature to an
asymmetric gaussian, as shown in Fig. 3d and 4d. This
emphasizes the key evolution we have described and lim-
its the number of parameters (more examples of fits are
shown in the supplementary material15).

We first focus on Sr3Ir2O7 where there are clear
changes. In Fig. 5a, we observe that the change in
resistivity starts at TN,2 (solid line) and evoluates un-
til roughly TN,2 (dotted line). Similarly, the shift of the
peak position of J1/2 at X, shown in Fig. 5b, is pre-
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Figure 6. Peak position as a function of temperature of the asymmetric gaussian used to fit the J1/2 EDC at X in Sr2IrO4 (a)
and Sr3Ir2O7 (b) for the indicated dopings. (c) Sketch of the evolution at TN , involving a transfer of spectral weight from the
Hubbard bands to in-gap states. The initial position of EF for the different dopings is sketched by color lines on the top graph,
which all move to the middle of the ∆ gap above TN . The detail of the bands above TN cannot be known from ARPES.

cisely tied to the magnetic transition, it starts at TN,2

and saturates above TN,1. We compare it to the shift of
J3/2 observed at Γ (details are given in supplementary15)
and find that it exhibits a very similar temperature evo-
lution, although smaller by a factor 2. This suggests that
the shift is at least partly due to a motion of EF in the
gap and not simply to a change in the energy scales ∆
and δ.

Interestingly, the lineshape also changes at the mag-
netic transition. In Fig. 5(c), we present the two widths
of the asymmetric gaussian, L1 (towards high binding
energies) and L2 (towards EF ), scaled to the low tem-
perature value. We find that they are roughly constant
below TN,2, but L2 increases above TN,2, strongly diverg-
ing from L1, which remains constant or even decreases.
This is in agreement with the evolution described in Fig.
4, where only the low energy side of the peak changes
at high temperature. This however further demonstrates
that this evolution is triggered by magnetic ordering. A
first possibility would be that this reflects a distribution
of positions arising above TN . As we have seen that the
transition is quite inhomogeneous, it has to be consid-
ered. However, a narrower lineshape would then be ex-
pected again, when the sample has fully transited, con-
trary to our observation (the linewidth saturates but re-
mains broad above TN,1). Therefore, although disorder
certainly plays a role, it cannot explain the broadening
above TN . We then assume that spectral weight is trans-
ferred in the gap, deforming the lineshape towards EF .

This behavior (both the shift and the spectral evolu-
tion) is intrinsic to Sr3Ir2O7. In Fig. 5(d), we give a
similar view of the evolution of the widths in Sr2IrO4

(we could not fit reliably the widths at high tempera-
ture for high Ru dopings, the spectral weight becoming
too small to be separated from the background). They
do not point to a systematic change of lineshape at TN .
The width broadens moderately with increasing temper-
ature, but it is sometimes L1 that is largest (La doped)
or L2 (pure) or they remain similar (Ru doped), with no
clear anomaly through TN .

In Fig. 6(a-b), we summarize the evolution of the
J1/2 position in the two families. For Sr2IrO4, there is no
particular shift at TN . In the case of La, we observe a
small shift with temperature, but it is not happening at
TN (200K in this case) and it could be due to the forma-
tion of defect states in the gap moving EF to a new posi-
tion. Indeed, it is not completely reversible (see Fig. 3c).
For completeness, we add the case of a small hole dop-
ing of Sr2IrO4, obtained by 5% Rh43 (TN=170K), which
confirms the absence of shift at TN in Sr2IrO4 family.

For Sr3Ir2O7, the shift is significant for all doped com-
pounds and Fig. 6(b) further reveals that all peaks seem
to converge to the position of the pure at high temper-
ature, independently of the doping. For the pure com-
pound at low temperature, this position is well under-
stood as corresponding to a Fermi level in the middle of
the Mott gap, at ∆/2. This convergence then means that
the Fermi level is fixed at ∆/2 at high temperatures, for
all dopings. This also implies that there remains a Mott-
like energy scale ∆ above TN for both families.

Fig. 6(c) summarizes our understanding of the evo-
lution. At low temperatures, the position of the Fermi
level is fixed by the doping. It is either near the mid-
dle of the gap (pure compound), at the tail of UHB for
electron doping (La case) or LHB for hole doping (Rh
case). For more disordered situations (Ru case), it is
found at intermediate position. Above TN , the Mott-like
gap ∆ is not closing suddenly, neither for Sr2IrO4, nor
for Sr3Ir2O7. There is a remaining LHB at ∆/2 in both
cases, which still dominates the spectral weight. How-
ever, spectral weight is transferred in the ∆ gap, in a
much more pronounced way for Sr3Ir2O7 than Sr2IrO4,
and this transfer starts and stops over the width of the
magnetic transition. This transfer fixes the position of
the Fermi level at the center of the ∆ energy scale, over-
ruling the previous disorder/doping dependent position
and producing a shift of the spectra in doped cases. By
comparison, the absence of shift in Sr2IrO4 appears as a
sensitive sign that there is no significant change of the
in-gap structure.
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Figure 7. Temperature evolution of antiferromagnetic DMFT
spectra (from top to bottom) for the strongly correlated Mott
case (U/D = 4, left hand side) and the weakly correlated
Slater case (U/D = 1.7, right hand side). In the strongly cor-
related case U/D = 4, a Mott energy scale ∆ (separating the
Hubbard bands) remains well defined and line-shapes do not
essentially move. Antiferromagnetism is restored by the re-
covering of equal spin up (red) and spin down (blue) spectral
weights. For weak correlation U/D = 1.7, though Hubbard
bands remain visible across TN , an antiferromagnetic gap δS
closes at the Fermi level across TN , inducing a shift of spec-
tral weight to the Fermi energy, as expected within a Slater
mechanism. This forces the Fermi level to be located at the
middle of ∆.

To distinguish the "filling" of the Mott gap, from a
"closure", we add the case of a higher La doping of 6%
in Sr3Ir2O7, where the metallic state is realized13,14 (dark
yellow triangles in Fig. 6(b)). Clearly, the peak is much
closer from EF at low temperatures in this metallic com-
pound. We will further show in Fig. 8 that the lineshape
is also completely different, with a narrow peak.

VI. DISCUSSION

We now compare these experimental spectra with the
theoretical expectations in a Mott vs Slater scenario. For

Figure 8. (a) ARPES lineshape at 15K for J1/2 (EDC at
X with subtracted background) for Sr2IrO4 (black), Sr3Ir2O7

(blue) and metallic Sr3Ir2O7 (doped with 6% La, orange). (b)
Same at 300K. (c) Simulation of the low temperature spec-
tra with a peak and hump structure (see text). (d) Same
for high temperature spectra. Insets show the evolution in
temperature of the peak contributions.

this purpose we show in Fig. 7 the DMFT spectra of the
Hubbard Model at small doping. On the left column we
display the strongly correlated Mott regime (U = 4D),
on the right one the weakly interacting Slater regime
(U = 1.7D), for increasing temperature (from top to bot-
tom). The system is at small hole doping, x = 2.5% and
x = 3.5%, for strong and weak correlations respectively.
Spectra put into evidence the sharp difference between
the Mott and the Slater mechanism closing of the gap
above TN .

In the Mott regime a Mott energy scale is well defined
at low temperature, marked as ∆ on the top left panel,
separating the LHB from the UHB. Upon doping, a small
QP peak appears at the Fermi level, at the upper edge
of the LHB. The AF is evident from the strong spectral
weight differentiation between the spin up (red dashed
line) and spin down (blue dashed line) species. This weak
QP peak feature in the strong correlation regime is likely
to be washed away by disorder and impurity effects in a
real material. Indeed, we have seen with Figure 1 that
lightly doped Sr2IrO4 is not immediately metallic, con-
trary to this prediction, and that EF is not fixed to the
upper of LHB, but remains within the gap, at a posi-
tion depending on doping and/or impurities. The key
point is that upon increasing temperature, the spectra
are little affected, and AF is suppressed only by recov-
ering the balance between the spin up and spin down
spectral weights.

In the Slater regime, we can still identify a Mott en-
ergy scale ∆, separating the LHB and the UHB, though,
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with respect to the correlated Mott regime, this scale is
now renormalized to a smaller value than the onsite in-
teraction U . Much more pronounced QP peaks appear
now at the edges of the Hubbard bands and they define
a small gap δS around the Fermi level. This gap is this
time opened by the AF mechanism (besides the spin up
and spin down spectral weight differentiation), separat-
ing spin up and spin down QP-like peaks. This is the
key difference with respect to the Mott regime, for which
the QP peak, though weak, is at the Fermi level even at
small doping and T<TN . Upon increasing the temper-
ature, while the Mott ∆ scale is only slightly affected,
the low δS energy scale collapses at the transition tem-
perature TN . At the same time the spin up and spin
down spectral weight imbalance disappears. The distinc-
tive feature is that with the closing of the δS energy scale,
a sharp increase of spectral weight appears at the Fermi
level explaining the "anomaly" observed in the resistivity.

We now attempt a direct comparison between the ex-
perimental spectra and the two theoretical scenarios. In
Fig. 8(a-b), we compare three different ARPES line-
shapes (a baseline has been subtracted) for large gap
∆ (Sr2IrO4), smaller gap (Sr3Ir2O7) and a metallic case
(Sr3Ir2O7 with 6% La). We find that the lineshape at
low temperature in Sr2IrO4 (L1=0.15 and L2=0.08eV) is
broader and more symmetric than in Sr3Ir2O7 (L1=0.12
and L2=0.05eV). It narrows down significantly in the
metallic state, where a peak with L=0.025eV dominates.
Although none of the spectra exhibits a well resolved
peak-hump structure, as for the theoretical spectra, it
may be present but hidden by broadening. Assuming
this, the different lineshapes mean that the hump dom-
inates in Sr2IrO4, the peak and the hump have similar
contributions in Sr3Ir2O7 (building a more asymmetric
shape) and the peak dominates in doped Sr3Ir2O7, as
sketched in Fig. 8(c) for low temperatures. As there is no
well defined separation between peak and hump, it is of
course impossible to refine the fitting further. However,
it gives a simple and natural way to explain the evolution
from the more insulating state to the more metallic situa-
tion, by simply transferring weight from the broad hump
to the peak. Such a decomposition was actually already
proposed to describe the insulator to metal evolution of
the lineshape in Sr3Ir2O7 doped with La49.

The very interesting point is now to use this underly-
ing structure to better understand the evolution at TN .
The experimental high temperature spectra after back-
ground subtraction are compared in Fig. 8(b). The ab-
sence of sensitivity of Sr2IrO4 to TN can be explained
if the incoherent hump is not sensitive to the magnetic
order. This is in agreement with the theoretical scenario
for the strongly correlated case, where most of the weight
correspond to the Hubbard bands. In Sr3Ir2O7, most of
the changes are due to the evolution of the coherent peak.
More specifically, to explain a more symmetric lineshape,
the coherent peak has to shift towards EF , as sketched in
the inset of Fig.8(d). This is in agreement with the clo-
sure of the δS gap described before in the theory of the

weakly correlated case. This suggests to identify the δ
and δS energy scales. We note that the shift in Sr3Ir2O7

is only indirectly due to the closing of δS . The main driv-
ing force for the shift is the relocation of the Fermi level
at the middle of the ∆ energy scale. Interestingly, there
is a clear difference in theory for this position in the Mott
and Slater cases at small dopings. In the Mott case, the
QP peak forms at the edge of the Hubbard band with-
out a gap. In contrast, in the Slater case, the QP forms
at the edge of the remaining "Slater" gap δS , around
∆/2. In the experimental case, it seems that as long as
a gap is open (either ∆ or δS), extrinsic degrees of free-
dom (disorder/impurities/dopant) may fix the position
of the EF within the gap. Indeed at low temperatures,
the peak poistions are similar in Sr2IrO4 and Sr3Ir2O7

for the same dopings. On the other hand, as soon as the
low energy gap δS closes, EF is fixed to the theoretical
position, inducing a shift in the weakly correlated case.

In Fig. 1, there is obviously a continuity between
the metallicity found at high temperatures in the com-
pounds keeping a magnetic ground state and the com-
pletely metallic ones. This decomposition bridges the
two behaviors. The evolution in metallic Sr3Ir2O7 im-
plies a rather large broadening of the peak with increas-
ing temperature. Consequently, it is not well resolved
from the hump anymore at high temperatures and the
metallic nature of this spectrum is not obvious. Indeed,
the lineshape for Sr3Ir2O7 pure and doped with 6% La
are very similar (Fig. 8b). This is why identifying the
nature of the metallic state at high temperatures was
difficult. This decomposition offers a qualitative under-
standing, but, here again, any more advanced fitting is
impossible as it is difficult to separate not only the co-
herent part from incoherent part, but also the incoherent
part from the background at high temperatures.

VII. CONCLUSION

Iridates offer a unique opportunity to study the
crossover from Mott to Slater behaviors as a function
of correlation strength. Although there are many exam-
ples of Mott oxides with magnetic transitions50,51, there
is often an orbital degree of freedom, which complicates
the analysis of the mere impact of long-range magnetic
order on the Mott state. This is not the case in iri-
dates, where the filled J3/2 states do not take an active
part in the transition. Here, we have studied the evolu-
tion of ARPES lineshapes corresponding to the half-filled
J1/2 across the temperature driven magnetic transition in
Sr3Ir2O7 and Sr2IrO4 compounds, using different dop-
ings to establish the universality of the behavior. We
have then compared our results to theoretical expecta-
tions within the Dynamical Mean Field Theory.

We argue that iridates are intermediately correlated
systems, where the ARPES lineshape is formed by a con-
tinuity between incoherent Hubbard-like features and co-
herent QP-like excitations. In the more weakly correlated
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compound Sr3Ir2O7, a key change of the spectral line-
shape at the magnetic transition is a broadening towards
EF , which we attribute to a shift of the coherent weight
towards EF . This result agrees with the closing of a co-
herent "Slater" gap at the magnetic transition expected
by DMFT in the weakly correlated regime. This coher-
ent weight coexists with incoherent features, centered at
the position of Hubbard bands ±∆/2. In contrast, we
find that the behavior of Sr2IrO4 agrees more with the
Hubbard-Mott scenario. The coherent part of the line-
shape is small and no clear evolution is observed through
TN , as expected within the DMFT description. This de-
composition of the spectra implies the existence of two
energy scales, the large Mott-like gap ∆, essentially fixed
by short-range magnetic correlations and the small co-
herent gap δS , fixed by the long range magnetic order.
This is consistent with the absence of correlation between
the large charge gap and the short-range magnetic order
observed in Sr2IrO4 by spin-polarized STM8.

We further find that in the weakly correlated case, the
closing of the small magnetic gap δS redefines the position
of the Fermi level in the middle of the Hubbard bands.
This drives a shift of the whole spectrum towards this po-
sition, exactly starting and stopping over the width of the
magnetic transition. This view is quite different from the
Lifshitz-like transition that was proposed before, where
the shift of the band would bring weight to the Fermi
level26. In future experimental and theoretical investiga-
tions, the role of disorder, also induced by the chemical
substitution, should be investigated to fully describe the
lineshapes and their behavior as a function of doping and
temperature. The width of the magnetic transition, as
well as the spectral changes observed by STM near de-
fects and/or dopants9,11,52, implies that there is some
degree of heterogeneity in these systems, which certainly
plays a role in the absence of well resolved coherent peak
in ARPES.
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