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FeSe,Te;_, compounds present a complex phase diagram, ranging from the nematicity of FeSe
to the (m, ) magnetism of FeTe. We focus on FeSeg.4Tep.6, where the nematic ordering is absent
at equilibrium. We use a time-resolved approach based on femtosecond light pulses to study the
dynamics following photoexcitation in this system. The use of polarization-dependent time- and
angle-resolved photoelectron spectroscopy allows us to reveal a photoinduced nematic metastable
state, whose stabilization cannot be interpreted in terms of an effective photodoping. We argue
that the 1.55 eV photon-energy-pump-pulse perturbs the Cy symmetry of the system triggering
the realization of the nematic state. The possibility to induce nematicity using an ultra-short
pulse sheds a new light on the driving force behind the nematic symmetry breaking in iron-based
superconductors. Our results weaken the idea that a low-energy coupling with fluctuations is a
necessary condition to stabilize the nematic order and ascribe the origin of the nematic order in
iron-based superconductors to a clear tendency of those systems towards orbital differentiation due

to strong electronic correlations induced by the Hund’s coupling.

INTRODUCTION

Quantum-correlated materials based on transition
metal atoms usually display rich phase diagrams where
multiple electronic phases can be explored by tuning ex-
ternal parameters, like temperature or pressure. In the
last years a novel handle to explore the complex prop-
erties of these materials has been found in time-resolved
spectroscopies where the system is driven out of equilib-
rium by an ultrashort light pulse. In several cases, pho-
toexcitation can trigger novel metastable transient states,
whose existence could not be trivially inferred based on
the equilibrium properties of the system.

In this perspective, time-resolved spectroscopies
emerge as ideal tool to shed light on the competing
orders characterizing the equilibrium phase-diagram of
iron-based superconductors (IBS). In most members of
the IBS family, by lowering the temperature, the undoped
parent compounds show a structural-nematic transition
from a tetragonal to an orthorhombic phase, often accom-
panied by a transition into a striped-antiferromagnetic
metallic phase, while a superconducting phase emerges
via doping or applying pressure [1, 2]. The interplay be-
tween superconductivity and the other instabilities is still
debated.

In this work we study the electron dynamics of the
FeSep.4Teg g IBS using Time-Resolved ARPES (TR-
ARPES). This technique, taking advantage of the se-

lection rules of the photoemission process and the ex-
perimental geometry [3], allows us to analyze the elec-
tron dynamics with orbital sensitivity, by performing
polarization-dependent measurements. Our main result
is the observation of a persistent modification of the elec-
tronic band structure, that indicates the realization of a
new metastable condition triggered by the pump pulse.
We argue that the new metastable state is the realization
of a nematic phase in FeSeg 4Teg g, in line with previous
experimental indications of instability of the C4y symme-
try in this compound [4]. We propose that electronic
correlations induced by the Hund’s coupling, which has
been proved to strengthen the nematic orbital differenti-
ation in the nematic phase of FeSe [5], stabilize the small
anisotropy induced by the ultrafast excitation.

In the last years FeSe,Te;_, attracted a growing in-
terest due to their anomalous phenomenology with re-
spect to other members of the IBS family. The pure
FeSe system undergoes a structural transition from the
tetragonal to the orthorhombic phase around 7T = 90
K, but no long-range magnetic order develops upon low-
ering the temperature, while a superconducting phase
appears below T, ~ 8 K [6]. Isovalent substitution of
tellurium in place of selenium makes T, increase to 15 K
while suppressing the structural phase transition, which
disappears around x ~ 0.5 [7].

In this work we focus on samples with x = 0.4, for
which quasiparticle scattering microscopy clearly shows



that the electronic structure remains unstable against a
reduction of the symmetry from C4 to Cs, i.e. with re-
spect to a nematic symmetry breaking[4]. Despite the
absence of long-range magnetic order, spin-fluctuations
peaked at the nesting wave-vector between the hole and
electron Fermi Surface (FS) are experimentally observed
[8-10], as well as short-range magnetic excitations at mo-
mentum Q,, = (m,7) [9, 11-13]. Increasing further the
Te-concentration suppresses the superconducting state
around = ~ 0.3 and leads to the formation of a long-
range magnetic order @Q,, = (m, ) characteristic of FeTe.

From a theoretical point of view, the complex phe-
nomenology observed in the FeSe,Te;_, system by vary-
ing the Te-concentration appears as a serious obstacle for
the existence of a universal scenario for the IBS. Within
low-energy approaches, in fact, the ordered phases of IBS
are originated by FS instabilities resulting from the ex-
change of low-energy collective modes (with either or-
bital or spin character) between hole and electron pock-
ets connected by a nesting vector[14, 15]. However, while
a low-energy approach can still explain the presence of a
nematic phase without magnetism on the FeSe side [16],
the appearance of a magnetic phase at a momentum dif-
ferent from the nesting one on the FeTe side can hardly
be explained by any modelling based exclusively on the
low-energy F'S properties.

The discussion about the most appropriate low-energy
description for FeSe-based systems cannot neglect the
role of electron-electron interactions, which are hardly
negligible in IBS and are particularly strong in chalco-
genides, as theoretically discussed, e.g., in [17, 18] and
experimentally found in [19-24]. Analogously to other
IBS, correlations in FeSe-based materials are mainly aris-
ing from local electronic interactions, and in particular by
the Hund’s coupling [25]. A number of experiments [26—
29] place FeSe-based systems close to a crossover between
a standard metal and a Hund’s metal, where theoretically
we expect that the suppression of the overall coherence of
conduction electrons, is accompanied by a simultaneous
effect of orbital differentiation [25] which descends from
an effective decoupling between the orbitals [25, 30].

The theoretical study of strong electronic correlations
in IBS has been so far widely devoted to the properties
of the metallic phase and the relationship between the
emergence of orbital-selective correlations and the low-
temperature instabilities has been touched upon only re-
cently. In particular, in Ref. [5], the analysis of the ne-
matic susceptibility in the correlated regime reveals that,
within the correlated description, the nematic order is
not spontaneously established, i.e. we need to explic-
itly break the Cy symmetry to trigger it. However, once
the symmetry is broken, electronic correlations induced
by Hund’s coupling cooperate to make the nematic order
stable and enhance the differentiation between the xz and
yz orbitals, thereby increasing the nematic character.

RESULTS

In order to set the notations, we report in Fig. 1a the
basic crystal structure of a FeSe,Te;_, layer, with the
chalcogen atoms alternating above and below the Fe-
atoms plane. Fig. 1b shows the projection on the xy
plane with the indication of the 2-Fe unit cell (black
square). Fig. lc represents a sketch of the experimental
geometry describing the sample alignment with respect
to the electron analyzer slit: equilibrium ARPES mea-
surements have been performed along the Fe-Fe direction
(dashed line of panels b,c), corresponding to the high-
symmetry direction I'M in the 2-Fe unit cell notation. At
hv = 6.2 eV probe photon energy, only the momentum-
space region near the I' point can be accessed, where the
hole-like bands are located. The two innermost bands,
named a and 8 (not to scale in Fig. 1c), display a sin-
gle 3d orbital component along the I'M high-symmetry
direction [31], which can be selectively probed thanks to
the polarization-dependence of the ARPES matrix ele-
ments (see TABLE I).

The polarization-dependent ARPES maps collected on
FeSeg.4Tep ¢ are shown in Fig. 1d, le, for p and s po-
larization, respectively. We clearly resolve and isolate
two hole-like bands, a and S, lying close to the Fermi
level. The a band, revealed in p polarization, is touching
the Fermi energy, Fr, and is centered at k = 0; the
band, revealed in s polarization, crosses the Fermi level
at kp ~ 0.12 A", We do not observe the third hole-like
band -, predicted by band calculations [31, 32] and ex-
perimentally detected in [21-24, 32-34], since it crosses
the Fermi level at a larger wave-vector, beyond the re-
gion of momenta we can access. The direct comparison
between the main panels of Fig. 1d and le and their in-
sets, where we use the opposite polarization with respect
to the main panel in the same energy and momentum
ranges, clearly proves the capability to selectively probe
the a or 8 bands by proper choices of the probe polar-
ization state. In fact, the a band signal is completely
suppressed in s polarization (inset of Fig. 1d), while we
recorded only a weak intensity in p polarization (inset of

Fig. le) at k ~ 0.2 A" with the B band signal around
kr completely suppressed. From this picture we learn
that the « (8) band has even (odd) initial state with
respect to the scattering plane, in agreement with pre-
vious polarized ARPES studies [21, 32, 34]. The result
is consistent with band calculations giving the o and
bands defined at low-energy from the even and odd com-
bination of xz/yz orbitals [31, 32], with the a (8) band
purely zz (yz) along T' — M (see TABLE I). The resid-
ual spectral weight appearing below Er in p polarization
around k ~ 0.2 A" (inset of Fig. le) is compatible with
the presence of 22 orbital states below the Fermi level,
as also discussed in [21, 22] and in agreement with the
selection rules summarized in TABLE 1.
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FIG. 1: FeSe,Tei1—_, crystal structure, sketch of the experiment and polarization-dependent ARPES maps at equilibrium. a,

b Crystal structure of a FeSe;Tei_, layer and projection on the xy plane.

The black square indicates the 2-Fe unit cell.

¢ Brillouin zone in the 2-Fe notation rotated by 45 degress with respect to panel b showing the geometry of the ARPES
experiment. High-symmetry points are indicated. ARPES measurements have been performed along I'M (dashed black lines).
In this experimental geometry the orbital character of the o (8) band is purely dq. (dy-), as indicated by red (green) color.
All the other bands are neglected for visualization clarity purpose. d ARPES map acquired in p polarization about k& = 0,

evidencing the a band. In inset the ARPES intensity acquired in s polarization is shown.

e ARPES map acquired in s

polarization centered about k ~ 0.16 A evidencing the 8 band. In inset the ARPES intensity acquired in p polarization is
shown. Insets share the energy, momentum and intensity scales of the corresponding main panel.

High-Symmetry Experimental 3d-orbitals

direction geometry d,2 dx2_y2 dez dyz day
r-m D v v v
s v v

TABLE I: Polarization-resolved ARPES, using p (horizontal)
or s (vertical) polarization, allows to disentangle the Fe 3d-
orbitals contribution when measuring along the I' M high sym-
metry direction.

Having clarified the nature of the electronic bands mea-
sured by ARPES and their orbital character, we turn to
analyze the non-equilibrium dynamics. TR-ARPES mea-
surements are performed in the same geometry used for
the experiments at equilibrium. The photoexcitation at
hvpymp = 1.55 €V (in p polarization) is collinear to the
probe pulse, and the absorbed fluence is set to ~200425
uJ/em?. The non-equilibrium signal is uniquely related
to a single orbital according the selection rules of the
photoemission process discussed within the equilibrium
measurements. Fig. 2 displays the non-equilibrium elec-
tron dynamics for the a and /8 bands.

Fig. 2a, 2b show the differential ARPES maps for the a
and B bands respectively, collected 120 fs after the exci-
tation. The maps has been obtained by subtracting from
the map acquired at pump-probe delay ¢t = 120 fs the cor-
responding map acquired before the arrival of the pump
pulse (at t = —1 ps). A reduction of the photoemission

intensity is depicted in blue, and indicates the depletion
of the occupied states, while the red color indicates an in-
crease of intensity with respect to equilibrium. Fig. 2c, 2d
show the time-dependent dif ferential Energy Distribu-
tion Curves (EDCs) averaged over the momenta falling

within the range (0.06 at wide) indicated with black
dashed lines in 2a-b, for the o and 8 bands respectively.
The differential EDCs clearly present two phenomena.
The first, occurring just after the excitation, consists in
an impulsive signal decaying on an ultrafast timescale.
The second develops for ¢ 2 500 fs and mainly affects
the states below Er. The first effect can be attributed
to a population effect and can be mimicked by an in-
stantaneous increase of the electronic temperature, while
the second consists in a persistent modification of the
photoemission intensity, which lasts for several tens of pi-
coseconds, and indicates a metastable modification of the
electronic properties. The electron dynamics extracted
above and below Er in the intervals 80+ 10 meV (in red)
and —20 £ 10 meV (in blue) are shown in Fig. 2e-f and
2g-h for the v and S band respectively. The fitting anal-
ysis of the traces, performed using a single-exponential
decay convoluted with the experimental time-resolution
of 200 fs (mimicked by a Gaussian), confirms the quali-
tative picture. At first, we observe a fast decay of both
the time-resolved signal above and below Er. Then, we
find a large persistent signal for both bands below Ep,
and for the 8 band also above Ff.
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FIG. 2: Out-of-equilibrium ARPES maps and electron dynamics. a, b Differential ARPES maps for the a and 8 bands,
collected 120 fs after excitation. The dashed black lines indicate the momentum region in which the EDCs shown in panels c,
d for all pump-probe delays have been extracted. Panels a-d share the same colorscale. e, f (a band) and g, h (5 band) show
respectively the intensity integrated in a 20 meV wide energy window centered either at +80 meV above Er (indicated by red
dashed lines in panels ¢,d or at -20 meV below Er (indicated by blue dashed lines in panels ¢,d). Solid black lines in panels
e-h are the fit to the data (see main text). The time-constants extracted are reported on each graph. Both bands display a
persistent signal below Er. Above the Fermi energy, only the 8 band present the same persistent signal.

To quantify those effects and disentangle the impul-
sive temperature modification from the persistent mod-
ification of the spectral weight, we carefully analyze the
lineshape of EDCs curves as a function of pump-probe
delay. For this reason, here we average over a tiny 0.01
A~" momentum range. This choice makes the weak sig-
nal measured above Fr at large pump-probe delays not
detectable. As a consequence, this signal will not enter
in the analysis described below. Fig. 3a, 3b show, for the
« and 8 bands respectively, three representative EDCs
collected at pump probe delays t = —1 ps, 120 fs, 3.5 ps.
We model the photoemission intensity along each EDC
at fixed pump-probe delay as:

1
f(E) = e(E*EF)/kBTe i 1 : (Lpeak + Ltail) (1)

where kg is the Boltzmann constant and 7, is the effec-
tive electronic temperature. L; are Lorentzian functions.
To reproduce the EDCs we use two Lorentzian functions:
Lyeak, for the lineshape, and L¢qy for the high-binding-
energy tail. The parameters of L;,; are obtained from
the fit of the EDC at the equilibrium, and are kept fixed
for the subsequent analysis. For all the pump-probe de-
lays the lineshape evolution can be reproduced by chang-
ing the intensity, Ipeak, of Lpear only. The description of
the electronic population through the Fermi-Dirac func-

tion is satisfactory at all pump-probe delays by invoking
a modification of the electronic temperature 7T, alone,
with no change of the chemical potential. Hence, the
time-dependent EDCs for both the o and S bands can be
reproduced at all delays by only two parameters, namely,
Ipear(t) and Te(t). Anyhow, because of the broad spec-
tral features and the energy resolution of the TR-ARPES
experiment, we cannot exclude that the modification of
the intensity Ipeq,(t) arises from a shift (or splitting) of
the bands that affects the Fermi wavevector, which rep-
resents a fingerprint of the nematic order in FeSe [6].

In Fig. 3a, 3b the fits (solid black lines) are super-
imposed to the curves, showing a good overall agree-
ment. T.(t) (orange curves) and Ipeqr(t) (violet curves)
obtained from the analysis of all the pump-probe delays
are shown in Fig. 3c, 3d and Fig. 3e, 3f for the a and 3
band respectively. T.(t < tp) is slightly larger than the
target sample temperature (T~ 130 K), for both bands.
This effect can be ascribed to the heating of the sample
induced by the pump pulse power, of the order ~ 10 mW.
The small difference (< 4 K) between the T.(t < tg) of
the two band can be related to both temperature fluctua-
tions in the experiments and the uncertainty in the anal-
ysis, due to the small non-equilibrium signal. For both
bands, the time evolution of the effective temperature,
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FIG. 3: Lineshape analysis. a, b Energy Distribution Curves collected at pump probe delays t = —1 ps (before the pump),
t =120 fs (just after to) and ¢t = 3.5 ps (after the pump) for the a and 8 bands respectively. ¢, d T.(t) (orange) and Ipeqr(t)
(violet) for the « band. e, f Tc(t) (orange) and Ipeqx(t) (violet) for the 8 band. For both o and 8, T.(t) displays an impulsive
behavior and relaxes to the initial value. Conversely, I,cqr(t), after a fast depletion, saturates to ~ 94% and ~ 88% of the

initial value for the o and S bands respectively.

T.(t), displays an impulsive behavior, with an increase of
the order 10-15 K, followed by a fast relaxation to val-
ues close to the initial one. The main result of this work
comes from the analysis of the time evolution of Le. (%),
shown in Fig. 3d, 3f. This quantity is expressed as a per-
centage of the intensity of the peak at time ¢ with respect
to the value determined for ¢ = —1 ps. We first observe
a reduction of the intensity characterized by a fast dip,
having timescale of the same order of the experimental
time resolution. The dip is followed by a steady condition
that lasts for several tens of picoseconds for both o and
B, confirming the qualitative observation of a metastable
state shown in Fig. 2. Notice that, after t ~ 1 ps from
the excitation, the intensities of the peaks for the two
bands saturate to different values with respect to their
equilibrium intensity, namely ~ 94% and ~ 88% for the
« and (B bands respectively. This tiny difference is a ro-
bust feature of the system dynamics that we observe in
every measurements and reveals that the persistent sig-
nal observed below Ep presents a differentiation in the
populations of the o and 8 bands. It is worth noticing
that even if it was not possible to perform a quantita-
tive analysis of the persistent signal that we appreciate
above Er in Fig. 2g, we find that it goes in the same

direction of the differentiation found below Er in terms
of orbital populations. In fact, the g band that below Er
recovers only the ~ 88% of its equilibrium population, is
the one that consistently shows the strongest persistent
signal above Er (see Fig. 2g vs 2e).

DISCUSSION

The analysis of the TR-ARPES data clearly shows
that an ultrafast excitation can trigger a metastable state
which affects mainly the electronic states below the Fermi
level and, most importantly, survives on a picosecond
timescale. It is worth mentioning that at the tempera-
ture of our experiment (130 K) and at higher tempera-
tures, FeSeg 4Teg.¢ presents a tetragonal structure and it
is a standard paramagnet characterized by a bad metallic
behavior as other members of the IBS family. Even by
lowering the temperature this compound does not display
any phase transition i.e. it does not become magnetic as
FeTe neither nematic as FeSe. Thus, the photoinduced
metastable state appears to induce in FeSeg 4 Teg ¢ a new
phase not present at equilibrium.

The analysis of the persistent signal gives indications



about the nature of the metastable phase. We found,
in fact, a tiny, but robust, differentiation in the popula-
tions of the a and 8 bands. Since along I'M the « and 3
bands are composed by zz, and yz orbitals respectively,
this means that the metastable phase presents a differ-
entiation in the orbital populations, similarly to what
observed in the nematic phase of FeSe [35]. Notice that
the orthorhombic phase transition found in pure FeSe
is suppressed upon Te-doping and completely disappears
around z = 0.5 in FeSe,Te;_, [7]. There are however
evidences that FeSeg4Tey ¢ strongly responds to a re-
duction of symmetry from Cj to C3, as shown in Ref.
[4], where quasiparticle scattering measurements show-
ing x/y anisotropic signals at low temperature have been
interpreted as the evidence of electron nematicity prob-
ably triggered by strain induced upon cooling.

The small unbalance in the orbital population of the
nematic metastable phase observed in our compound is
consistent with ARPES observations in FeSe [6] that
found zz/yz orbital splitting at the symmetry points for
both hole and electron bands, with a sign change of the
orbital polarization in momentum space [35-39]. Small
values of the imbalance between the population of zz/yz
orbitals are also theoretically expected in systems, as
IBS, characterized by a sizeable value of the Hund’s cou-
pling, that favors configurations where the orbital occu-
pation is uniform in order to locally maximize the total
spin. Among different nematic orderings, in fact, only
those with small charge unbalance between the zz/yz
orbitals can survive in a correlated regime dominated by
Ju, as shown in [5, 40]. For this kind of orders, the effect
of a generic small zz/yz nematic perturbation, is found
to be enhanced by correlations induced by Jg. These re-
sults highlights a non-trivial interplay between the trigger
which breaks the Cy symmetry and Hund’s driven cor-
relations which enhance the differentiation between the
orbitals and consequently the nematic character of the
system. We propose that this mechanism is behind the
photoinduced nematic state found in our time-resolved
experiments and that, while in equilibrium the breaking
of the symmetry is naturally associated with spin and/or
orbital fluctuations, in the present non-equilibrium re-
sults it can be caused by the pulse driving the system
out of equilibrium. An ultra-short pulse can in fact ex-
plicitly break the C; symmetry randomly exciting the
xz/yz electronic orbital states and, once the symmetry is
broken, electronic correlations can cooperate to enhance
such differentiation and make this phase metastable.

In the following we want to corroborate this interpreta-
tion quantitatively. The ultra-short pulse cannot excite
selectively any orbital or any particular symmetry, thus
it can be modelled as a generic linear combination of any
possible perturbation of the electronic structure of the

system as:
P:Zai Pé4+bi Pé«z (2)

where a; and b; are the coefficients of the linear com-
bination and P? the perturbations. We distinguish be-
tween perturbations preserving the Cj; symmetry Pé4
and nematic perturbations as e.g. Pé2 ~ Any =
Ny (k) — ny.(k), characterized by an occupation unbal-
ance between the zz/yz orbitals. The analysis of [5]
demonstrates that, among all the nematic perturbations,
only perturbations with a sign modulation in the mo-
mentum space survive in the correlated regime. For all
these perturbations, that we indicate as Sign-Change Or-
bital (SCO) perturbations P, the unbalance An in-
troduced by the SCO component is maintained almost
unchanged by interactions, while a strong enhancement
of the orbital differentiation is found. This effect can be
quantified by considering the orbital quasiparticle spec-
tral weight Z,., that is equal to one in non-interacting
systems and decreases with increasing correlations. In
the C4 symmetric phase the xzz/yz orbital are equiva-
lent, i.e. Z,, = Z,.. The nematic perturbation Péz
introducing a finite population unbalance Any induces a
differentiation AZ = Z,, — Z,.. By studying the depen-
dence of AZ from local interactions, it has been shown
[5] that AZ grows monotonously with the interactions
and presents a maximum for interactions values corre-
sponding to the crossover between the weakly correlated
metal and the strongly correlated regime. We can esti-
mate the role of the Hund’s coupling in inducing such
enhancement by computing the orbital differentiation in
the correlation strength AZ for different values of the
Hund’s coupling Jg. Using the numerical results of [5]
we find that AZj, +0/AZ;,—0 is always larger than 1
and at the crossover it is around 70. This result indicates
that the Hund’s induced correlations makes the system
extremely sensitive towards an orbital nematic differenti-
ation. We argue that, once the ultra-short pulse perturbs
the system inducing a small difference in the population
of the xz/yz orbitals, the correlations induced by local
interactions stabilize that phase maintaining unchanged
the small population unbalance An, and enhancing the
correlation strength orbital differentiation AZ.

The above picture is consistent with the experimental
result discussed in this work that highlights the creation
via ultra-short pulse of a small o/ population unbalance
that persist on a timescale of the order of picoseconds.
The analysis of the dynamics displayed by the electron
pockets at M would give more information about the na-
ture of the metastable nematic state, including its sym-
metry. This would provide a verification of the cooper-
ative mechanism we proposed since, within a correlated
scenario, a SCO polarization creating a small charge im-
balance in the orbital population is the only perturbation
expected to survive and be stable in a correlated system



as FeSe, Te;_, [5].

It is finally worth to notice that any chemical doping
starting from stoichiometric compounds of the IBS family
results in a reduction of the nematic ordering tempera-
ture, in striking contrast with the light-induced nematic
transient state reported here. This clearly rules out an
interpretation of the present experiment in terms of a
photodoping of the FeSeq 4Tep.¢ band structure.

CONCLUSIONS

We performed an orbital-resolved study of the elec-
tron dynamics of FeSey 4Tep.¢ by means of TR-ARPES.
At equilibrium, we resolve two hole-like bands composed
by xz and yz orbitals crossing the Fermi level close to
the I'-point. Time-resolved measurements clearly iden-
tify for both bands two separate effects: the instanta-
neous modification of the electronic temperature and the
modification of the photoemission intensity of the bands,
mainly affecting the electronic states below the Fermi en-
ergy. The latter effect persists on a picosecond timescale
and indicates that the ultra-short pulse triggers the cre-
ation of a metastable state. The quantitative analysis
of the persistent signal reveals the nematic character of
such a phase. The signal is in fact characterized by a
population unbalance between the a/f bands, i.e. be-
tween the xz/yz orbital states composing those bands
along the I'M high-symmetry direction measured in the
experiment. The stabilization of such a nematic state is
clearly in contrast with an effective photodoping, which
is expected to reduce the nematic ordering in analogy
with chemical doping.

The possibility of inducing a metastable phase hav-
ing nematic character in FeSeq 4Teg ¢ using an ultra-short
pulse can help to shed light on the driving force behind
the nematic symmetry breaking in IBS. Our results are
compatible with a scenario in which spin fluctuations
peaked at the nesting vector mediate nematic ordering
in undoped FeSe, while Te-doping weakens these fluctu-
ations in favor of (w,7) ordering and as a consequence
nematicity disappears. In our sample, which lies close to
this crossover, nematicity turns out to be restored by an
impulsive excitation which breaks the rotational symme-
try. In that respect, our results weaken the idea that low-
energy coupling with fluctuations is a necessary condition
to stabilize the nematic order. It is indeed unlikely that a
pulsed photoexcitation could trigger a collective (orbital
or spin) mode capable to induce the nematic order, while
it is more plausible that the pulse randomly perturbs the
electronic structure of the system breaking accidentally
the C4 symmetry. We argue that, once the pulse breaks
the symmetry, electronic correlations induced by Hund’s
coupling cooperate to stabilize the metastable conditions
triggered by the pulse.

FeSeg 4Teps [4] and more in general IBS [41] appear

to be systems prone to a nematic symmetry breaking.
Our study ascribes the origin of such effect to a clear
tendency towards orbital differentiation due to electronic
correlations induced by the Hund’s coupling. In this
scenario, strain, spin- or orbital-fluctuation anisotropy
or ultra-short pulse excitation represent just the trigger
to realize such a tendency.

Note added: In the last phase of preparation of the
article we became aware of the results of a recent pump
and probe experiment analyzing the dynamics of the ne-
matic orbital order in FeSe [42], where the femtosecond
optical pulse is used to perturb the electronic nematic
order of FeSe and study the ultrafast dynamics of elec-
tronic nematicity, finding a rapid destruction of nematic
ordering. This is not in contrast with the experimen-
tal results reported in this work where starting from the
paramagnetic FeSey 4Teg ¢ we observe the appearance of
a persistent nematic state and it is fully compatible with
our theoretical picture, which does not predict a pump-
induced enhancement of a pre-existing nematic order.

METHODS

High quality single crystals of FeSeg 4Teq ¢ were grown
by the self-flux method, as discussed in [43]. ARPES
and TR-ARPES measurements were performed at the
T-ReX Laboratory (Elettra, Trieste), using hv = 6.2 eV
as a probe photon energy. This has been obtained as
the fourth harmonic of the fundamental laser output of
an ultrafast Ti:Sapphire regenerative amplifier (Coherent
RegA), producing ~ 50fs pulses at A ~ 800 nm directly
used as a pump. The photoelectrons are detected by a
Specs Phoibos 225 hemispherical electron analyzer. The
energy and momentum resolutions of the setup are re-
spectively ~ 50 meV and ~ 0.005 A" The sample is
mounted on a six-degrees of freedom cryomanipulator.
The polarization state of the probe beam can be set to
either p state (horizontal) or s state (vertical), using a
A/2 waveplate. The slit of the electron analyzer is hor-
izontal. The temperature throughout the experiments
was set to ~ 130 K.
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