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Abstract
We report on the nonequilibrium dynamics of photoinduced collective excitations in FeSe0.8Te0.2 superconducting (SC) thin 
film. The obtained transient reflectance traces show three distinct regions attributed to different dynamical processes. First 
two processes are observed within a sub-picosecond scale and are associated with photoexcitation of quasi-particles (QP). 
The first process is attributed to QPs accumulation and is sensitive to structural anisotropy. We use nematicity measurements 
to determine its time constant. The electron–phonon coupling constant of λ = 0.2 was derived and is consistent with previous 
studies for similar materials. Strong acoustic phonons generation was observed on a longer timescale.

Introduction

Recent studies of hidden nematicity and spin subsystem in 
FeSe by the polarized femtosecond pump–probe spectros-
copy [1] show two distinct relaxation components in tran-
sient reflectivity signal. A correlation was found between the 
topology of the Fermi surface and the magnetism. Simul-
taneous probing of the electronic structure and the mag-
netic interactions through quasiparticle dynamics reveals 
both the electronic and magnetic nematicity in FeSe below 
and far above the structural phase transition (TS = 90 K), 
up to ~ 200 K. Transient reflectivity measurements reveal 
unique information about QP relaxation processes [2, 3] such 
as electron–electron and electron–phonon scattering, optical 
[4] and acoustic phonons generation. Experimental results 
are greatly expanded by theoretical advances and are widely 
used to relate QP relaxation time to the second moment of 
the Eliashberg function 𝜆 < 𝜔2 > , from which electron–pho-
non coupling (EPC) constant λ can be derived [2, 4] if main 
contributing phonon modes are known [3]. Due to rela-
tively simple crystal structure and intriguing electrical and 
physical characteristics, FeSe superconductors and related 
systems have received much attention. In the Fe(Se,Te) sys-
tem, Se can be replaced with Te to increase Tc up to 24 K 
[5–8], and superconductivity can sustain throughout a wide 

composition range. Unlike other iron pnictides, as BaFe2As2 
[3, 9] or FeSe [2], there are fewer results on nonequilib-
rium carrier dynamics reported for FeSexTe1-x, especially 
in higher pump fluences range (above 1 mJ/cm2). Ultrafast 
optical spectroscopy is a powerful tool for investigating 
the ultrafast dynamics of excited states in quantum materi-
als and is very attractive to probe QP dynamics in Fe(Se,Te) 
systems. It provides unique information about interactions 
between QPs and different degrees of freedom in supercon-
ductors [2, 10–12].

In this work, we report on the photoexcited dynamics of 
FeSe0.8Te0.2 within picosecond time domain. The measure-
ments were performed at a relatively high fluence excita-
tion regime. The nematicity measurements are used both for 
the identification of the nematicity transition temperature 
and the time-constant evaluation of the processes straight 
after the light excitation. We examine EPC strength by 
obtaining the second moment of the Eliashberg function. 
The acoustic phonons generation and decay are observed. 
Here we provide a phenomenological model, identify pho-
non modes, and their lifetimes.

Materials and methods

Epitaxial FeSe0.8Te0.2 films of 290 nm thickness were grown 
on CaF2 single-crystal substrates by pulsed laser deposi-
tion (PLD). The ablation of the premixed FeSeTe target 
was performed at 10–6 Torr chamber pressure by excimer 
laser (Lambda Physik Compex 110) with 1.5 J/cm2 fluence. 
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During the deposition process, the substrate temperature was 
fixed at 573 K. The SC properties were tuned by varying 
the strain level by altering the film thickness of the epitaxial 
film. The thinner the film was, the better SC properties it 
showed, down to the critical thickness, when superconduc-
tivity vanished.

In pump-probe measurements, we used the Spectra-Phys-
ics Ti:Sapphire femtosecond laser system with the central 
wavelength of 800 nm and a pulse duration of 35 fs. The 
pulse duration is the factor that limits the temporal resolu-
tion of our setup. The pump-probe experiments were carried 
out in reflection geometry, with the adjustable pump flu-
ence of up to 8 mJ/cm2. The pump and probe pulses, of the 
same wavelength, were overlapped on the sample surface, 
and probe intensity was substantially reduced by a neutral 
density filter to avoid its nonlinear interaction with the sam-
ple. For the precise control of pump power, the pump beam 
passes through the computer-controlled λ/2 waveplate com-
bined with the Glan polarizer. For nematicity measurements, 
probe polarization was set to circular and detected in two 
orthogonal polarizations through the Wollaston prism. SRS 
Boxcar was used to process the signal from the photode-
tector. A closed-cycle cryostat with a minimum guaranteed 
temperature of 7.5 K was applied with 0.1 K temperature 
control precision.

Results and discussion

Electron phonon relaxation dynamics

After photoexcitation, the FeSe0.8Te0.2 material experiences a 
subsequent multi-step thermalization process. Figure 1a shows 
traces of the relative change in reflectivity at the 8 K sample 
temperature. The exponential fit shows a good approxima-
tion of the experimental data. It can be seen that the scan-
ning traces after t > 0 ps are composed of both increasing and 

decreasing components, whose amplitude and lifetime vary 
both with fluence and temperature. A change in the transient 
signal |ΔR/R(t)| is proportional to the density of photoexcited 
free carriers [11, 13], as the absorption of the probe pulse 
depends linearly on the change in the quantum occupation 
number induced by the pump pulse. In the time scale of 50 ps, 
the reflectance traces indicate three distinct dynamical pro-
cesses in the material: (i) drop of the reflectivity signal within 
200 fs, (ii) its subsequent rise within 1 ps, and (iii) much longer 
process of tens picoseconds. First two processes are associ-
ated with collective excitations and photoexcitation of QPs in 
FeSe0.8Te0.2. A gradual increase in the excitation energy results 
in a proportional increase in QPs density. Moreover, the QPs 
decay rate slows down as the excitation fluence increases. As a 
consequence, transient measurements manifest a gradual time-
shift of the minimum on the reflectivity diagram (Fig. 1a). The 
characteristic time of the process (ii) shows a linear increase 
with excitation fluence (inset of Fig. 1a), while the process (i) 
is more complex. Process (ii) reflects the e-phonon interaction, 
which is the dominant mechanism in QPs dynamics at the 
given time frame. Process (iii) is associated with phonon–pho-
non scattering demonstrating a decrease of its characteristic 
time as excitation increases. It should be noted that process 
(iii) starts after a few picoseconds and is associated with strong 
phonon–phonon scattering that may contribute to additional 
lattice distortion of the material. As a consequence, this dis-
tortion alters the electronic density of states. At this stage, the 
system is still in a highly excited nonequilibrium state, which 
consecutively alters the relative change of the reflectivity coef-
ficient to positive values.

The photoinduced QP relaxation time is determined by the 
electron–phonon coupling strength in metals [14]:

(1)Te =
3ℏ𝜆 < 𝜔2 >

𝜋kB
𝜏e−ph,

Fig. 1   a Power-dependent tran-
sient reflectivity at 8 K with fit-
ting curves. The inset shows the 
relaxation time τ1 vs pump flu-
ence, as obtained from exponen-
tial fitting. The fitting formula 
and parameters for the traces are 
mentioned. b Adjusted tempera-
ture of electronic subsystem vs 
relaxation times τ1. The inset 
shows obtained values for the 
second moment of Eliashberg 
function
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where 𝜆 < 𝜔2 > is the second moment of the Eliashberg 
function, τe-ph is considered to be τ1 from exponential fits of 
experimental data and Te = Tth

e
− T0 , where Tth

e
 is obtained 

using [2, 4, 15]:

where R is the unperturbed reflectivity, F is the pump flu-
ence, ls is optical penetration depth and γ is the linear coef-
ficient of heat capacity due to the electronic subsystem [2]. 
Parameters for calculation were taken from [2]. Tth

e
 was 

found to be in the range from 370 to 840 K. After plotting 
Tth
e
vs �1 , linear relationship of the data was observed, but 

with initial systematic error. That is why the value of elec-
tronic subsystem temperature was corrected by T0 = 290 K. 
This difference in temperatures is caused by possible inaccu-
racies in the estimation of the optical penetration depth and 
the heat capacity. The adjusted temperature of the electronic 
subsystem Te vs τ1 is presented in Fig. 1b.

Using Eq. (1) the second moment of the Eliashberg func-
tion was found to be 𝜆 < 𝜔2 >= 81 ± 15 meV

2 , the values 
are presented in the inset of Fig. 1b. The value is within the 
range of 60–100 meV2, which is consistent with most peers 
[2, 4, 9]. The symmetric A1g mode is coherently excited by 
photoexcitation and coupled efficiently at BaFe2As2 [3]. For 
FeSe, A1g is the strongest phonon mode in electron–phonon 
spectral function [16]. Taking A1g = 19.9 meV

2 as in [2], 
leads to � = 0.2 ± 0.04 meV

2 , which is close to 0.16 meV2 
for FeSe [2] and its theoretical value of 0.17 meV2 [16]. It 
is slightly higher than 0.11 meV2 and 0.13 meV2, reported 

(2)T
th

e
=

⟨
√

T2

l
+

2(1 − R)F

lS�
e
−

z

lS

⟩

,

for FeSe0.2Te0.8 [4], and lower than the theoretical value of 
0.3 meV2 for FeTe0.5Se0.5, reported in [17]. As for the critical 
temperature, for FeSe Tc = 8.8 K [2], we observe Tc ~ 12 K 
from resistivity temperature dependence measurements, pre-
sented in Fig. 2(c), for FeSe0.8Te0.2, close to Tc = 10–13.5 K 
for FeSe0.2Te0.8 [4], and 14.5 K for FeSe0.5Te0.5 [18]. A 
higher Tc of 17 K in FeSe0.5Te0.5 is measured in [19] and up 
to 24 K in the family of FeSe1-xTex [5–8].

Nematicity

The ultrafast optical spectroscopy presents an important 
tool for studying transient nematicity along with other 
nonequilibrium processes and phase transitions [11, 
20–22]. In contrast to static, time-averaged measure-
ments, ultrafast spectroscopy may be able to reveal tem-
poral fluctuations in the nematic order parameter. Through 
femtosecond-resolved optical reflectivity ΔR/R, we dem-
onstrate a different way of obtaining key information about 
electronic nematicity. We detect light-induced change of 
the circularly-polarized probe pulse reflectance by measur-
ing two orthogonally polarized contributions: ΔR∥/R∥(0) 
and ΔR⊥/R⊥(0). The differential nematicity signal defined 
as η = ΔR∥/R∥(0)– ΔR⊥/R⊥(0) was measured at the fluence 
of 5.4 mJ/cm2 (Fig. 2a, b) as a function of both tempera-
ture and time delay. As compared with optical reflection, 
the light-induced polarization anisotropy changes are 
approximately ten times smaller. However, a good sig-
nal resolution for differential reflectivity measurements 
makes it possible to detect key signals originating from 
the nematic state. During the first 200 fs upon 35-fs laser 
excitation, QPs are generated as an accumulation process. 

Fig. 2   a Nematicity signal 
at 9 K, 13 K and 62 K. b 
Two-dimensional map of the 
nematicity signal as a function 
of both temperature and time 
delay. c Resistivity of the super-
conducting film vs temperature. 
d Time delay of nematicity 
minimum vs temperature
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The temporal width of this response is larger than the 
pulse duration. The accumulation process has anisotropic 
character, and this results in the formation of nematicity 
minimum as seen in Fig. 2a. As the temperature rises, we 
observe very noticeable shift of nematicity minimum posi-
tion that proceeds up to Tc ~ 12 K (Fig. 2d).

At this point, it should be noted that the delay time 
at the position of minima is equivalent to the charac-
teristic time of the (i) process. This can be derived by 
considering two exponential functions with slightly 
different time constants for reflectivity signals with 
orthogonal polarizations measured in two differ-
en t  channels :  ΔR∥∕R∥(0) = A0 + A1exp

(

−t∕�0
)

 and 
ΔR⊥∕R⊥(0) = A0 + A1exp

(

−t∕(𝜏0 + Δ)
)

 . The condition 
d�∕dt = 0 gives the time t = �0 for the position of minima 
in Fig. 2a, b. In our measurements, �0 reduces from 130 fs 
to approximately 100 fs as the temperature rises from 8 to 
15 K. We note that this characteristic time is difficult to 
evaluate directly from exponential fitting with acceptable 
accuracy, owing to very large fitting error.

The signature of the nematic phase transition is mani-
fested in the increment of the nematic susceptibility when 
approaching structural transition. The high-temperature 
tetragonal symmetry of the sample is lowered to orthorhom-
bic at the TS temperature that, in most of the iron pnictides, 
is about 1–2 K higher than the nematic phase transition 
temperature TN. We identify TN to be 66 K, as indicated by 
the arrow in Fig. 2. The nematicity transition is manifested 
in a rapid change of the nematicity minimum amplitude a 
few degrees both below and above TN. During the set of 
measurements on FeSe0.8Te0.2 samples of different thick-
ness we detect nematic phase transition temperatures in the 
range from 56 to 69 K. This finding coincides with the result 
reported in [23].

Acoustic phonons generation

Power-dependent transient reflectivity measurements 
demonstrate strong acoustic phonons generation on 
longer time-scales, up to 1 ns. A generation of coherent 
acoustic phonons is the subsequent process of the stage 
(iii) that could provide important information about low-
energy phonon interactions with QPs and/or about the final 
thermalization stage of the system. The signal in Fig. 3a 
consists of two terms: one is an exponential term due to 
the heat redistribution in the sample, and another one is 
an oscillatory term related to coherent acoustic phonons 
[24]. Figure 3b demonstrates the oscillatory term of the 
transient reflectivity data after subtraction of the expo-
nential term. The formula used for modeling phonons is:

where �3 = 2�2 = 4�1 , Li(t) is modified logistic function 
responsible for generation, duration, and decaying rate 
of each of the following phonon modes. From their time-
dependent behavior (see Fig. 3c), it can be stated that higher 
frequency phonons decay into lower frequency ones. The 
lifetime of phonon modes τphonon was identified from the 
Li(t), and their dependence on the mode frequency is pre-
sented in the inset of Fig. 3b. Thomsen et al. [24] showed 
that the oscillations in transient reflectivity for thin films 
within the picosecond domain are related to the photogen-
eration of acoustic phonons and elastic properties of the 
material. In the present experiment, the acoustic phonon 
decay through anharmonic interaction in FeSe0.8Te0.2 and 
can be considered as its diffusive propagation in the film. 
As shown in [25], the characteristic phonon lifetime strongly 
depends on phonon frequency as �phonon ∼ �−5 . This theo-
retical work fully supports our current observation.

(3)
ΔR

R
(t) = L1(t)sin

(

�1t + �01

)

+ L2(t)sin
(

�2t + �02

)

+ L3(t)sin
(

�3t + �03

)

,

Fig. 3   a Transient reflectivity signal within 800 ps time scale and b the oscillatory part of reflectivity signal caused by coherent acoustic phon-
ons, and a modeled signal. The inset shows the lifetimes of three phonon modes used in the model. c Modified logistic functions from the model
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Conclusions

In summary, we have investigated power- and temperature-
dependent nonequilibrium ultrafast dynamics of FeSe0.8Te0.2 
by pump-probe femtosecond spectroscopy. Three distinct 
processes were identified and quantitatively described. 
Nematicity measurements were used to explore processes 
upon laser excitation and show strong temperature depend-
ence in the superconducting phase. The electron–phonon 
relaxation times were extracted from power-dependent tran-
sient reflectance measurements, and are in the range from 
100 to 500 fs in the pump fluence range from 1.6 to 8 mJ/
cm2. The temperature of the electronic subsystem was esti-
mated, and together with electron–phonon relaxation time 
τ1 was used to obtain the electron–phonon coupling con-
stant of λ = 0.2. Three coherent acoustic phonon modes were 
observed, and their lifetimes were estimated.
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