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Photoexcited states of the harmonic honeycomb iridate γ -Li2IrO3
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We report equilibrium and nonequilibrium optical measurements on the recently synthesized “harmonic”
honeycomb iridate γ -Li2IrO3 (LIO), as well as the layered honeycomb iridate Na2IrO3 (NIO). Using Fourier
transform infrared microscopy we performed reflectance measurements on LIO, from which we obtained the
optical conductivity below 2 eV. In addition, we measured the photoinduced changed in reflectance �R, as
a function of time t , temperature T , and probe field polarization in both LIO and NIO. In LIO, �R(t,T ) is
anisotropic and comprises three T -dependent components. Two of these components are related to the onset of
magnetic order and the third is related to a photoinduced population of metastable electronic excited states. In NIO,
�R(t,T ) has a single T -dependent component that is strikingly similar to the electronic excitation component
of �R in LIO. Through analysis and comparison of �R(t,T ) for two compounds, we extract information on
the onset of magnetic correlations at and above the transition temperature in LIO, the bare spin-flip scattering
rate in equilibrium, the lifetime of low-lying quasiparticle excitations, and the polarization dependence of optical
transitions that are sensitive to magnetic order.
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I. INTRODUCTION

Transition metal oxides (TMO) host complex phases
resulting from interactions with a hierarchy of energy scales.
In 3d and 4d TMOs, competition between kinetic energy,
quantified by the parameter t , and Coulomb repulsion,
parametrized by U , are the major factors determining the
nature of lowest energy phases. However, in 5d systems the
spin-orbit (SO) interaction, which plays a subsidiary role in
the lighter TMs, becomes an equal partner in shaping the
nature of the electronic states.

The iridate family of TMOs are a particularly striking
example of interplay between SO and U interactions. It is
proposed that strong SO interaction reorganizes the crystal
field states of the 5d orbitals into a J -multiplet structure, where
J is the combined spin and orbital angular momentum. The
relatively weak U is then sufficient to produce localization in
the singly occupied J = 1/2 doublet, giving rise to a novel
Mott insulator in which the local moments have both spin
and orbital character [1,2]. Based on an effective single-band
Hubbard model obtained by projection onto the J = 1/2
subspace, it was predicted that the layered perovskite iridates
are analogs of cuprate parent compounds and could exhibit
high-Tc superconductivity when doped [3]. Recently, evidence
for a metallic state with a pseudogap [4], as well as hints
of high-Tc superconductivity [5,6] have been reported in
Sr2IrO4 with an overlayer of K, heightening interest in the
electronic properties of iridates. However, despite the appeal

of the J = 1/2 picture it remains somewhat controversial, as
quantum chemical considerations suggest that SO, U , t , and
crystal field interactions are of comparable magnitude, such
that neither a local J multiplet nor delocalized orbital picture
is entirely appropriate [7–13].

In addition to the questions concerning the origin of the
insulating ground state and low-lying electronic excitations,
there is considerable interest in the magnetic correlations in
iridates. In compounds of the form A2IrO3, where A is Na or Li,
the combination of strong SO coupling and edge sharing IrO6

octahedra is thought to give rise to anisotropic Kitaev magnetic
exchange [14,15]. Na2IrO3 (NIO), which possesses a layered
honeycomb structure, was the first iridate to be scrutinized
in the search for a realization of the Kitaev spin liquid.
Neutron and x-ray diffraction studies revealed instead a rather
simple form of magnetic order: a coplanar antiferromagnet
with a zigzag structure [17,18,20]. Although recent diffuse
x-ray scattering measurements provide direct evidence for
the existence of bond-directional magnetic interactions in
NIO [19], this conventional form of magnetic order suggests
that Kitaev interactions do not dominate the other symmetry-
allowed spin couplings in this system [11,21,22].

Recently, two polytypes of Li2IrO3, β [23], and γ [24]
have been synthesized with structures that were previously
unknown. Each of these has the same basic building block
of threefold coordinated Ir ions as the layered honeycomb
structure. However, in both new polytypes the plane formed
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by the triad of Ir links rotates to create three-dimensional
rather than layered structures. In contrast to the comparatively
conventional magnetic structure in NIO, these harmonic hon-
eycomb iridates host pairs of incommensurate, noncoplanar,
and counterpropagating spin spirals [25]. Comparison with
the ground state of model spin Hamiltonians suggests that
Kitaev interactions must dominate Heisenberg terms in order
to produce the complex spin spirals that are observed [26–29].

The detailed knowledge of the magnetic order of the new
iridate compounds is in sharp contrast with our understanding
of their electronic structure, both from an experimental and
theoretical point of view. In the case of the layered honeycomb
iridates, the results of RIXS, PES, and optical spectroscopy,
considered together with T dependence of the resistivity, point
to an insulating state with a bandgap on the order of 0.5 eV
[8,13,16,30]. Far less is known about γ -Li2IrO3 (LIO) because
of its recent discovery, as well as the relatively small (100 μm)
dimensions of crystals synthesized to date.

In the work reported here we probed electronic excitations
using two optical methods. We used Fourier transform infrared
microscopy to perform broadband polarized measurements of
the infrared reflectivity on LIO single crystals, from which we
extract the two in-plane components of the optical conductivity
tensor in the photon energy, �ω, range from 0.2 to 2.0 eV.
In addition, we have performed transient optical reflectivity
measurements on both LIO and NIO, probing the dynamics of
magnetic ordering and photoexcited quasiparticles.

II. EQUILIBRIUM OPTICAL CONDUCTIVITY

Figures 1(a) and 1(b) illustrate the atomic structure of LIO.
Figure 1(a) provides a three-dimensional (3D) perspective on
the overall crystal structure, showing only the Ir atoms for
clarity. The structure is seen to consist of two sets of chains of
hexagons, oriented in the directions a ± b. A hexagon that
lies in one set of such chains is connected to its nearest

FIG. 1. (Color online) (a) Three-dimensional view of the crystal
structure of LIO, with only the iridium atoms shown for simplicity.
(b) and (c) show the positions of Ir atoms as viewed in the plane from
which the reflectance is measured, for LIO and NIO, respectively.

FIG. 2. (Color online) Optical conductivity of LIO and NIO. The
green and purple curves correspond to the a- and b-axis optical
conductivity in LIO. Optical conductivity of NIO from Ref. [13]
is shown by the gray dashed line. The colored dashed lines show the
contributions from Lorentz oscillators used to fit the LIO reflectance
curves shown in the inset.

neighbor chain in the other set through an Ir-Ir link oriented
in the c direction. The surface of the crystals suitable for
optical microscopy is the plane perpendicular to c, as shown
in Fig. 1(b). The simple two-dimensional (2D) honeycomb
structure of NIO is illustrated in Fig. 1(c).

The spectra in Fig. 2 show that the anistropy in the
equilibrium reflectivity, R(ω), is rather small. The fits to R(ω)
were obtained by modeling the optical conductivity, σ (ω),
as a sum of contributions from four Lorentz oscillators at
0.4, 0.7, 1.3, and 1.7 eV. Excellent fits were obtained for
the two principal axes using the same resonance frequency
and damping but slightly different oscillator strengths, with fit
parameters given in Table I. The σ (ω) thus obtained (shown
as solid lines) is quite similar to that found at low energy in
NIO (<1 eV), but is substantially smaller at higher energy.
Calculations of σ (ω) have been performed within density
functional theory (including both SO and U couplings) for
the layered honeycomb polytype of Li2IrO3 and Na2IrO3 [31].
The spectra that emerge from this theory are quite similar for
these two compounds, suggesting that the large difference we

TABLE I. Fit parameters for the optical reflectivity data in Fig. 2,
with all values given in cm−1. The background dielectric constants
used in the fit are εa

∞ = 2.24 and εb
∞ = 2.56.

ω0 � ωa
p ωb

p

Phonon 248 0.997 991 985
Interband 3154 983 515 493

5968 3829 3224 3483
10 540 6929 10 691 11 119
13 506 4310 6935 8374

115154-2



PHOTOEXCITED STATES OF THE HARMONIC HONEYCOMB . . . PHYSICAL REVIEW B 92, 115154 (2015)

FIG. 3. (Color online) �R(t,T ) as a false color image for LIO
along the a axis (a) and for NIO (b). The same data are plotted as a
series of curves for LIO (c) and NIO (d).

observe is a consequence of the inherently 3D structure of
γ -Li2IrO3, rather than the replacement of Na by Li.

III. TRANSIENT REFLECTANCE

A. �R(t,T ) in LIO an NIO

Measurements of �R were performed with
100-fs pulses of 800-nm light, with pump and probe
beams focused to a 100-μm spot on the sample. The
measurements were performed in a low pump power regime,
1 μJ/cm2, where the magnitude of �R is a linear function
of pump fluence and the rise and decay times for �R are
independent of fluence. The dependence of �R(t,T ) on
temperature T , and delay time t , for LIO and NIO are
illustrated in Fig. 3. �R in the t-T plane is shown as a
false color image in Figs. 3(a) and 3(b) for LIO and NIO,
respectively, and in waterfall plots of �R(t) for various
temperatures in the range 5–50 K [Figs. 3(c) and 3(d)]. For the
LIO data, the probe was polarized in the a direction (data for
probe parallel to b will be described below). In NIO, �R(t,T )
is independent of probe polarization as expected for electric
fields in the ab plane of the layered hexagonal structure.

To introduce the comparison of transient photoreflectance
in the two compounds, we first plot �R(t) at the high and low
T limits of our measurement range. Figures 4(a) and 4(b) show
�R(t) of the two compounds at 5 K and 295 K. The magnitude,
sign, and time dependence of �R in both compounds are

FIG. 4. (Color online) Pump-probe reflectivity at room tempera-
ture (red) and 5 K (blue) is shown along LIO a axis in (a) and for NIO
in (b).

strikingly similar at these two temperatures. At 295 K, �R(t)
is negative with an abrupt onset of less than 1-ps duration.
The initial rapid decay of �R(t) likely reflects the cooling of
photoexcited electrons and holes as they reach quasithermal
equilibrium with the lattice. The ultimate return to equilibrium
of the coupled electron-phonon system then takes place on
the nanosecond time scale. At low T , in both NIO and LIO,
the negative reflectivity transient is accompanied by a larger
positive component of �R(t) that rises on a much slower,
∼10 ps, time scale.

Although �R(t) is virtually the same in LIO and NIO at
5 K and 295 K, the pathway from low to high temperature
is quite different in the range of T where magnetic order
appears. While this contrast is already apparent in Fig. 3,
we can illustrate the difference more clearly by comparing
�R(T ) for the two compounds sampled at a fixed time
delay of t = 20 ps (Fig. 5). In NIO the positive component

FIG. 5. (Color online) �R(t,T ), sampled at a fixed time delay of
20 ps, is plotted as a function of temperature. �R(20 ps,T ) is nearly
identical for the two compounds below 30 K, but note the abrupt jump
in the LIO response near its Tc of 36 K, which is absent in NIO at its
Tc of 14 K.
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FIG. 6. (Color online) Temperature dependence of the exponen-
tial rise time of �R. The inset shows the slow-rising component of
�R, isolated by subtracting the data at T = 50 K, with fits in black
dash. Note that τr diverges at Tc in LIO, while there is no feature
at the magnetic transition temperature of 14 K in NIO. The smooth
temperature dependence of the noncritical component is illustrated
by the solid line guides to the eye. The black dashed line is a fit to the
model of critical slowing down described in the text.

of �R(T ) emerges gradually upon cooling below ∼40 K
whereas in LIO an abrupt change appears at its magnetic
transition temperature, Tc, of 36 K.

To describe the time dependence of �R at low T the positive
component was isolated by subtracting �R(t,T = 50 K) from
the curves at lower T . The resulting single component signals
can be accurately fit with an exponential rise of the form,
�R(t) = A(1 − e−t/τr ). In Fig. 6 we plot τr (T ) thus obtained
for both compounds. The contrasting behavior of LIO and NIO
seen in �R(20 ps,T ) appears clearly in τr (T ) as well. Whereas
in NIO the rise time increases smoothly with decreasing T , in
LIO it diverges at Tc.

B. Critical component in LIO

The behavior of �R(T ) and τr (T ) near Tc in LIO has been
observed in many systems that undergo second-order magnetic
phase transitions [32–34], and is seen whenever the order
parameter can be probed by reflectance. A phenomenological,
mean-field model that accounts for the enhanced amplitude
and divergent time scale of �R was developed by Koopmans
et al. [35]. Their analysis is based on the assumption that the
pump pulse increases the effective temperature of the spin
system Ts . The reduction in spin order δS corresponding
to an increase in spin temperature δTs approaches δS ∝
(Tc − T )−1/2δTs as δTs → 0, which diverges at the transition.
In actual experiments the divergence is broadened by both
disorder and the nonzero value of δTs .

The principle of detailed balance can be used to calculate
the rate at which a system with spin order S(Ts) approaches

the quasiequilibrium value S(Ts + δTs). In mean-field theory,
the time rate of change of S is

dS

dt
= 2γsf (S↓e−b/Ts − S↑), (1)

where γsf is a bare spin flip rate, b(Ts) is the effective
self-consistent exchange field, and S↓ and S↑ are the fraction
of spins aligned and antialigned with b(Ts), respectively. If
at equilibrium at Ts , dS/dt = 0, then following a steplike
increase to Ts + δTs , S will decrease at a rate given to leading
order in b(Ts) by

dS

dt
≈ −γsf

(
b

T 2
s

)
δTs. (2)

The characteristic time to approach quasiequilibrium is,
therefore,

τS ≡ δS

dS/dt
= 1

2γsf

d ln b

d ln T
, (3)

which yields τr = γ −1
sf Tc/2(Tc − T ) for any power law sin-

gularity of b(Ts). The dashed line in Fig. 6 shows a fit to
this prediction for τr (T ) with parameters Tc = 36.5 K and
γsf = 1.75 THz.

C. Noncritical component in LIO and NIO

The data and analysis presented thus far suggest a descrip-
tion of �R in terms of two contributions, one of which is
common to both NIO and LIO, and the other that is unique to
LIO. The common component is one that grows gradually
in amplitude and appears above the detection threshold at
approximately 30 K, while the component that appears only
in LIO has a sharp onset at its Tc of 36 K. Below we analyze
the noncritical component that is common to both compounds
and we discuss possible explanations for the absence of the
critical component in NIO in Sec. III D.

In Figs. 7(a) and 7(c) we plot A(T ) obtained from the
fit procedure described above for NIO and LIO, respectively.
The solid line is a guide to the eye that has the same shape
in both plots and illustrates the commonality and contrast
in the NIO and LIO data. In NIO the amplitude and rise
time of �R increase monotonically with decreasing T . The
correlation between the two parameters is shown in the double
logarithmic plot of A(T ) vs τr (T ) [Fig. 7(b)], where the straight
line fit indicates the relation A(T ) ∝ [τr (T )]1.75. In LIO this
correlation is observed only at temperatures below the critical
regime, as shown in Fig. 7(d). The black dots correspond to
temperatures below 25 K and fall on a straight line of slope
1.06, indicating an approximately linear relationship between
A and τr . On the other hand, the points shown as blue squares,
which correspond to 25 K < T < 40 K clearly have a different
relationship between amplitude and rise time that is related to
criticality.

The correlation between the amplitude and rise time in
the noncritical regime can be described by a simple kinetic
model, whose basis is independent of the microscopic nature
of the photoexcitations. First, we recognize that excited states
are created simultaneously with the absorption of the pump
photons. Therefore, the relatively slow rise time of �R

indicates that the initial photoexcited state, which we label
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FIG. 7. (Color online) The amplitude A obtained from the fits
described in the text is plotted as a function of temperature and rise
time τr for NIO in (a) and (b) and LIO in (c) and (d). The red lines in
(a) and (c) plots are a guide to the eye showing the smooth temperature
dependence of A. The red lines in (b) and (d) show a power law fit to
the data, with exponents of 1.75 for NIO and 1.06 for LIO. The blue
squares that deviate from the power law dependence in (d) represent
data in the critical regime, T > 20 K.

1, does not generate a measurable change in reflectance at
the probe photon energy of 1.5 eV. We assume that state 1 can
either decay directly to the ground state, or to a metastable state
(labeled 2) that generates a �R at 1.5 eV in proportion to its
population. Such a kinetic model is described mathematically
by two coupled rate equations of the form,

dN1

dt
= �(t) − N1

τ1
− γ12N1, (4)

dN2

dt
= γ12N1, (5)

where N1 and N2 are the initial and secondary excited state
densities, respectively, 1/τ1 is the rate for direct decay of
excitation 1 to the ground state, and γ12 is the rate of conversion
of species 1 to 2. The solution for pumping term �(t) = Fδ(t)
is

N2(t) = F
γ12

γ
(1 − e−γ t ), (6)

where γ ≡ (τ−1
1 + γ12). In the limit that τ−1

1 
 γ12, the
metastable population of state 2 approaches Fγ12τ1 and
τr → τ1. Therefore, if the conversion rate is independent
of temperature, the model predicts a linear relationship
between the amplitude and rise time of �R. The physical
picture for the correlation between A(T ) and τr is that, with
decreasing T , the increased lifetime of the initial (but invisible)
state allows more time for buildup of the secondary (but
observable) state. As previously noted, this linear relationship
between A(T ) and τr holds for LIO, while in NIO we observe

a power law relationship with an exponent of 1.75. This
difference could arise from T dependence in NIO of γ12 or the
proportionality of �R to N2, both of which could potentially
give rise to a power law different from one over the relatively
small T range from 7 to 27 K.

D. Anisotropy

In this section we describe the dependence of �R on the
polarization of the probe pulse and discuss the relationship
between anisotropy and the absence of the critical component
in NIO. Figure 8(a) illustrates the strong anisotropy that we
observe in LIO by comparing �Ra(t,T ) and �Rb(t,T ), the
change in R with probe field E parallel to a and b, respectively,
for selected temperatures from 10 to 65 K. In contrast, �R is
isotropic in NIO, as is illustrated in Fig. 8(b).

As the dependence of �R in LIO on polarization is rather
complicated, we have used shading in Fig. 8(a) to illustrate
how the anisotropy develops with decreasing T . In addition,
in Fig. 8(c) we compare the temperature dependence of �Ra

and �Rb sampled at t = 20 ps. The negative component of
�R observed at high T is isotropic. Upon cooling below
65 K, �Rb(t,T ) varies from the isotropic high-T response,
becoming more negative, whereas �Ra(t,T ) remains roughly
T independent. However, as T reaches Tc, the nature of the
anisotropy changes with the appearance of the large critical
component discussed above. Although the steplike change in
�R is observed for both directions of E, the amplitude of the
step is approximately 2–3 times larger for E parallel to a, as
illustrated in Fig. 8(c).

FIG. 8. (Color online) (a) The pump-probe response in LIO with
probe polarization along the a and b axes is shown for a series of
temperatures spanning Tc. The a-axis data for each temperature is
shown in green, with the b-axis data in purple. The dashed gray lines
show the 70-K data as reference, with the blue shading indicating a
positive difference from the 70-K signal and red shading indicating a
negative difference. (b) The isotropic nature of �R in NIO illustrated
by reflectance transients observed at 7 K. �R(t = 20 ps,T ) for the
probe polarization parallel to a and b is plotted in (c).
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The contrast in the polarization dependence of the transient
reflectivity in LIO and NIO is very likely related to the
difference in the orientation of the hexagonal Ir units with
respect to the crystallographic axes and to the surface from
which R is measured. In NIO, the Ir hexagons are coplanar,
forming a honeycomb network in the plane containing the
probe field. In LIO, the Ir hexagons form two sets of chains.
Looking down on the reflecting a-b plane surface, there are
two sets of hexagons viewed edge on. As stated earlier, the
normal directions for the two sets are oriented in directions
a ± b, respectively. Thus, in the case of LIO, R samples
transition dipole moments both parallel and perpendicular to
the hexagonal planes, while in NIO only the in-plane polar-
ized transitions are detected. This basic structural difference
immediately suggests an explanation for the missing critical
component in NIO: The component of the optical response
at 1.5 eV that is sensitive to the magnetic order parameter is
polarized in the direction normal to the Ir hexagons. While
this clearly can account for the lack of a step in R in NIO at its
Tc of 14 K, below we show that same assumption can account
for the observed anistropy in LIO as well.

To model the component of R in LIO that depends on
S we add contributions to the polarizability from the two
inequivalent hexagons. We assume that the response of each
hexagon can be parametrized by α‖ and α⊥, polarizabilities
for E parallel and perpendicular to the hexagon plane,
respectively. The optical response in the a-b plane is the sum
of contributions from two sets of hexagons counter-rotated by
θ = 35◦, corresponding to the 70◦ angle observed between
honeycomb chains in LIO [24]. With this assumption we can
write the components of the polarizability tensor for directions
a and b in terms of α‖ and α⊥,

αa = cos2(θ )α⊥ + sin2(θ )α‖,

αb = sin2(θ )α⊥ + cos2(θ )α‖.
(7)

The model predicts a polarizability ratio, αa/αb = cot2(35◦) =
2.04, which is consistent with both the direction and magnitude
of the observed anistropy. We note that this anisotropy is
stronger than is observed in the equilibrium optical conduc-
tivity shown in Fig. 2, suggesting that only the component of
the optical response that is sensitive to the magnetic order is
strongly polarized with respect to the plane of the Ir hexagons.

We conclude this section with a discussion of the other
striking feature of the �R anisotropy in LIO, which is the onset
of a slow, negative component of �Rb well above the magnetic
transition temperature. This component is highlighted by the
shaded regions in the depiction of the 40, 50, and 60 K data
in Fig. 8(a). The observation that �Rb(t,T ) is special for
T > Tc is consistent with a unique structural feature of the
LIO harmonic honeycomb. As depicted in Fig. 9, there are
two c-oriented links in LIO: one that bridges two chains of
hexagons and another that forms a bond in each Ir hexagon.
The hopping between linked Ir atoms is mediated by the two
nearest neighbor O atoms, which all together form a coplanar
Ir-O2-Ir unit. In the γ -Li2IrO3 structure, as opposed to the
layered honeycomb, the normal to this plane is parallel to the
b principal axis. By contrast, the IrO2 planes in the layered
honeycomb structure are neither parallel nor perpendicular to
the layer plane.

FIG. 9. (Color online) An illustration of the arrangement of two
iridium hexagons in LIO that belong to nearest neighbor chains.
The x, y, and z Kitaev bonds are shown in blue, green, and red,
respectively, with the principal crystallographic axes in black. The
triangular pop-out shows the oxygen 2p orbitals involved in hopping
between the neighboring iridium atoms.

The fact that in LIO, �Rb deviates from the high-T
isotropic signal well above Tc suggests that magnetic cor-
relations develop in the normal state initially on the b-axis
oriented Ir-O2-Ir planes. This observation is consistent with
the magnetic susceptibility χ of LIO, where it is found
that χb grows much more rapidly than χa and χc as the
temperature is lowered towards Tc [24]. The nearly divergent
χb implies correlations of moments on the c-oriented Ir2 links
that favor ferromagnetic alignment in the b-axis direction.
This is precisely the correlation that is expected to develop
from the Kitaev interaction. When this coupling is sufficiently
dominant, the ground state is expected to be a spin liquid,
rather than a magnetically ordered state [27]. The transition
to magnetic order in LIO indicates that subdominant magnetic
interactions destabilize the spin liquid state, leading to the
complex spiral magnetism that is seen by x-ray diffraction.
The abrupt appearance of a positive component in both �Ra

and �Rb at Tc is consistent with the idea that the spin order
that onsets at Tc is distinct from the Kitaev-like spin alignment
that appears in the normal state.

IV. SUMMARY AND CONCLUSIONS

The work reported here is the first study of the equilibrium
and transient optical reflectance of the recently synthesized
“harmonic honeycomb” or γ polytype of Li2IrO3 [24].
Throughout we have the compared the properties of LIO,
in which the basic building block of Ir hexagons form a
three-dimensional network, with those of NIO, where the
hexagons form a layered honeycomb lattice. The equilibrium
optical conductivity of LIO indicates that it is an insulator with
an optical gap in the range from 0.3 to 0.5 eV, as expected from
measurements of resistivity vs temperature [24]. At photon
energies below 1 eV the optical conductivity of LIO is equal to
that of NIO within experimental uncertainty, indicating that the
low-energy electronic excitations are very similar, despite their
structural differences. Detailed measurements of the transient
reflectance of LIO as a function of delay time and temperature
reveal a three-component picture, with significant anisotropy
with respect to the direction of the probe electric field in the
ab plane. In contrast, the transient reflectance of NIO is
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isotropic, as expected for reflection from a planar hexagonal
structure, and has only one temperature-dependent component.

Of the three components observed in LIO, one clearly
has the same origin as the single component observed in
NIO, as judged from the similarity of the time delay and
temperature dependence. The excited state that gives rise
to this component can be characterized as metastable, as
once it appears on a 10-ps time scale it survives for several
hundred picoseconds. The same photoexcitation state has
been seen previously in a transient grating study of NIO
[36], where it was proposed that �R(t,T ) at low T arises
from low-lying holon-doublon states that are bound by the
energy cost of deforming NIO’s “zig-zag” magnetic structure.
However, given that this component of �R(t,T ) is essentially
identical in the two compounds despite the fact that LIO
manifests incommensurate spiral rather than commensurate
ziz-zag order, it is clear that the nature of photoexcited
quasiparticles in these hexagonal iridates is not determined
by the form of long-range magnetic order. It is likely that
the properties of these states derive from the local electronic
structure of the edge-sharing Ir-O octahedra. Whether these ex-
citations are topologically trivial, for example, spin polarons,
or more exotic topologically protected quasiparticles, remains
a subject for future research. In particular, measurements of the
conductivity of the photoexcited state, either by direct transport
or contactless terahertz methods, can determine whether these
excitations are charged or neutral. Certainly, understanding
the nature of the low-lying photoexcited states takes on a
heightened significance if future work confirms that iridates
exhibit high-Tc superconductivity when doped.

The components of �R that are unique to LIO are
associated with magnetic order. One component onsets dis-
continuously at Tc, with a divergent rise time, indicating that
it is associated with critical slowing down at a continuous
transition to a long-range ordered state. The steplike increase
in �R is roughly twice larger for probe electric field parallel
to the a than to b. We showed that this anisotropy is consistent
with the hypothesis that the optical transitions in LIO that are
sensitive to long-range magnetic order are polarized in the
direction perpendicular to the plane of the Ir hexagons. This
same hypothesis can then account for the absence of a critical
component of �R in NIO at its critical temperature of 14 K, as
in the layered honeycomb structure the probe electric field is
oriented parallel to the Ir hexagons. The remaining component
of �R in LIO appears only for probe field in the b direction and
is observable approximately 15 K above Tc. We suggested that
this component arises from local magnetic correlations on the
c-oriented bonds that link the two sets of Ir hexagonal chains,
and is related to the nearly divergent magnetic susceptibility
seen above Tc for magnetic fields in the b direction [24].
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