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We systematically investigate temperature- and spectrally dependent optical reflectivity dynamics in AAs2Fe2,
(A = Ba, Sr, and Eu), iron-based superconductors parent spin-density wave (SDW) compounds. Two different
relaxation processes are identified. The behavior of the slower process, which is strongly sensitive to the
magnetostructural transition, is analyzed in the framework of the relaxation-bottleneck model involving magnons.
The results are compared to recent time-resolved angular photoemission results (TR-ARPES) and possible
alternative assignment of the slower relaxation to the magnetostructural order parameter relaxation is discussed.

DOI: 10.1103/PhysRevB.89.165131 PACS number(s): 75.30.Fv, 78.47.jg, 74.70.Xa

I. INTRODUCTION

Time domain optical spectroscopy has been, among other
spectroscopies, very instrumental in elucidating the nature
of the superconducting and unusual normal states in novel
superconductors and related materials by virtue of the fact that
different components in the low-energy excitation spectrum
could be distinguished by their lifetimes [1–13]. Unfortunately,
the all-optical technique lacks the momentum resolution so
assignments of the relaxation processes were indirect, based
on model-predicted temperature and fluence dependencies
[14–16]. Despite the indirect assignments no inconsistencies
with the previous all-optical based results were found for the
cuprates by the recent laser time-resolved angular-resolved-
photoemission [17,18] experiments.

Most of the published all-optical time resolved experiments
were performed using relatively narrowband spectrally unre-
solved probes. Since narrowband probes can be rather selec-
tive, probing only a limited subset of the relevant low-energy
electronic states, and laser TR-ARPES suffers from surface
sensitivity and limited momentum range, broadband spectrally
resolved all-optical transient experiments are necessary to
complement both probes and elucidate information about any
additional relaxation processes, that might have been missed
due to the limitations.

In the cuprates, a few such experiments have been
performed [19–21] indicating, that there are no additional
low-temperature relaxation processes to the ones previously
observed by all-optical narrowband probes and associated with
the pseudogap and the superconducting states [21]. In iron-
based superconductors, to our best knowledge, no broad-band
time-resolved spectroscopy data exist, except in the terahertz
region [22]. Similarly to the cuprates, however, the narrowband
all-optical time-resolved spectroscopy indicates a limited
number of distinctive relaxation components [9,10,12,13,23].

The multiband nature of iron-based pnictides offers a
possibility of additional photoexcited quasiparticle relaxation
pathways that might remain undetected by the narrowband
optical and laser TR-ARPES [24] probes. In the absence
of broad-band time-resolved spectroscopy data in iron-based
pnictides and in order to check about existence of additional

processes, we therefore performed a systematic spectrally
resolved visible broad-band probe transient-reflectivity study
of the SDW state in three related undoped parent compounds
AFe2As2 (A-122) with A = Ba, Sr, and Eu.

Previously it was shown [23,25] that in the SDW state a sin-
gle ∼1-ps relaxation component dominates the near-infrared
narrowband optical response, while TR-ARPES experiments
[24] indicate at least two distinct relaxation processes, with
the longest relaxation time similar to the one observed in the
optical response.

Our new broadband-probe results confirm previous near-
infrared narrowband results and suggest the existence of
another faster sub-200-fs relaxation component in addition
to the previously reported slower one [23–25] for all three
investigated compounds. The additional component is com-
parable or faster than the experimental temporal resolution of
∼200 fs and compatible with the fastest component measured
by TR-ARPES [24]. The slower, previously observed, shows,
differently from TR-ARPES, a divergentlike relaxation time
at the respective magnetostructural transition temperatures.

The temperature dependencies of the optical-relaxation-
transient amplitudes are analyzed and discussed in the frame-
work of the relaxation bottleneck due to opening of the partial
charge gap in the orthorhombic SDW state. An alternative
assignment of the slower component to the SDW amplitude
mode is also discussed in relation to the recent proposal
for description of the transient optical reflectivity in the
charge-density wave state [26].

II. EXPERIMENTAL

A. Samples

Single crystals of EuFe2As2 and SrFe2As2 were grown at
Zhejiang University by a flux method, similar to a previous
report [27]. Small Eu chunks and powders of Fe, As (Alfa
Aesar, >99.9%) were mixed together in the molar ratio of
Eu:Fe:As = 1:5:5 and sealed in an evacuated quartz ampoule.
After heating the mixture up to 973 K for 24 hours, the obtained
precursor was thoroughly ground before being loaded into an
alumina crucible. The crucible was then sealed by arc welding
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in a tube made of stainless steel under atmosphere of argon, and
then heated up to 1573 K over 10 hours in a muffle furnace
filled with argon. After holding at 1573 K for 5 hours, the
furnace was cooled down to 1223 K at the rate of 5 K/h.
followed by switching off the furnace. Large crystals with size
up to 4 × 4 × 0.6 mm3 could be harvested.

The as-grown crystals were characterized by x-ray diffrac-
tion, which showed good crystallinity as well as single
“122” phase. The exact composition of the crystals was
determined by energy dispersive x-ray spectroscopy affiliated
to a field-emission scanning electron microscope (FEI Model
SIRION). The measurement precision was better than 5%
for the elements measured. Single crystals of BaFe2As2 were
also grown from from a self flux at Stanford University, and
characterized as described previously [13,28]. In all three
compounds, the onset of the magnetic SDW ordering is
concurrent with the structural transition from tetragonal to
orthorhombic symmetry at TSDW = 134 K for Ba-122 [28],
190 K for Eu-122 [29], and 203 K for Sr-122 [29].

B. Optical setup

Measurements of probe-photon energy (�ωpr) dependent
photoinduced reflectivity �R/R were performed using a
standard pump-probe technique. 50-fs optical pulses from
a 250-kHz Ti:Al2O3 regenerative amplifier seeded with an
Ti:Al2O3 oscillator were split in two mutually delayed parts.
The pump photons with energy �ωP = 3.1 eV were derived
from one part by the standard frequency doubling in a BBO
nonlinear crystal. The probe photons were obtained from a
suprecontinuum generated in a 2.5-mm-thick Al2O3 plate by
the second part. A short-pass Schott-glass filter was used to
suppress the strong spectral density around 1.55 eV resulting
in the useful spectral density within 1.65–2.55 eV band. The
polarization of the probe photons with respect to the crystal
was controlled by a broadband half waveplate and the beam
was focused on the sample by a pair of achromatic lenses.
The reflected probe beam was collimated, dispersed by a
transmissive optical grating and focused on a 48-channel
silicon PIN diode array. The array was connected to an in-
house built 64-channel integrating analog to digital converter
that was synchronized to the laser and synchronously drove an
optical chopper inserted in the pump beam.

The supercontinuum pulse is chirped and about 2-ps long.
The chirp enables recovery of the temporal resolution by
spectrally resolved detection. The chirp was calibrated by
determination of the zero delay as a function of the probe-
photon energy from the data measured near the room T ,
where the relaxation dynamics is comparable [13,23] to the
temporal resolution of the setup of ∼200 − 300 fs. For Ba-122
and Eu-122, the chirp calibration was based on Ba-122 data
measured at T = 280 K with an increased pump fluence to
improve the signal to noise ratio. Sr-122 was measured in a
separate run and has independent chirp calibration based on
T = 270 K Sr-122 data.

The pump and probe beams were nearly perpendicular
to the cleaved sample surface (001). The probe polarization
was oriented with respect to the crystals to obtain the
maximum/minimum amplitude of �R/R at low temperatures
with the pump polarization at ∼45◦ with respect to the probe.

The pump beam diameters were, depending on experimental
conditions, in a 100 μm range with a smaller probe beam
diameter of ∼50 μm.

Due to a smaller signal/noise ratio of the broadband setup
with respect to the narrowband one, the pump fluences used
were higher than in our previous narrowband work [13,23], in
the ∼50 μJ/cm2 range. However, the linearity of the responses
with respect to both, the pump and the probe fluences was
checked to ensure that the experiments were performed in the
weak excitation regime.

C. Overview of the experimental data set

In Fig. 1, we show temperature dependent �R/R in Eu-
122 measured by narrowband 50-fs probe pulses at, �ωpr =
1.55 eV, photon energy. A marked increase of �R/R transients
amplitude is observed around the magnetostructural transition
temperature upon cooling, consistent with previous reports in
Sr-122 and Ba-122 [9,13,23]. Similarly as observed in Ba-122,
the transients show a twofold in-plane rotational symmetry
well above the tetragonal to orthorhombic magnetostructural
transition at TSDW = 190 K. In Fig. 2, the probe-photon energy
dependence of �R/R at and above TSDW is shown for the
two orthogonal polarizations. In the absence of information
about the orientation of the crystallographic axes, we denote
the polarizations P+ and P− according to the sign of the
response at the lowest probe-photon energy. With increasing
�ωpr the response for the P+ polarization changes sign at
�ωpr ∼ 2.35 eV. The signal for the P− polarization, on the
other hand, changes sign at a slightly larger �ωpr ∼ 2.5 eV,
almost at the edge of our experimental spectral range.

Similar behavior is observed in Sr-122 (see Fig. 3), where
the zero crossing is slightly lower, at �ωpr ∼ 2.23 eV, for the
P+ polarization and slightly higher, just at the edge of the
spectral window, at �ωpr ∼ 2.56 eV, for theP− polarization. In
Ba-122, the signal is less anisotropic below TSDW [13] so only
the P− polarization was measured, that shows no indication
of the sign change below T SDW as shown in Fig. 4. In all three
samples, the spectral dependence of the transients does not
change qualitatively through the transition.

(a) (b)

FIG. 1. (Color online) Photoinduced reflectivity transients at rep-
resentative temperatures atF � 10 μJ/cm2 and 3.1-eV pump-photon
energy in EuFe2As2. Left and right panels correspond to P+ and P−

polarizations, respectively. The traces are vertically offset for clarity.
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(a) (b)

(c) (d)

FIG. 2. (Color online) Photoinduced reflectivity transients in
EuFe2As2 as a function of the probe-photon energy at TSDW, (a)
and (b), and above TSDW, (c) and (d). (a), (c) and (b), (d) correspond
to P+ and P− polarizations, respectively. The traces are vertically
offset for clarity.

III. DATA ANALYSIS

A. Determination of independent components

The measured data points at each temperature can be
arranged into a rectangular matrix and decomposed using
the standard singular value decomposition (SVD) to obtain
orthonormal eigenvectors describing the data:

�R(ωpr,i ,tj )

R(ωpr,i)
=

∑
wkuikvjk

=
∑

Ak(�ωpr,i)rk(tj ). (1)

Here, wk , uik , and vjk are the singular values (SV), the
left singular eigenvectors and the right singular eigenvectors,
respectively. With the above matrix arrangement we define the
SVD spectral weights (SW) as weighted left singular eigenvec-
tors Ak(ωpr,i) = wkuik , while the right singular eigenvectors
correspond to the orthonormal temporal eigenvectors (TEv):
rk(tj ) = vjk .

In Fig. 5, we plot a few most significant TEv for each sample
at temperatures just below TSDW [31]. It is obvious that for each
sample only the three most significant TEv contain most of the
coherent response, while the rest represent noise only. Some

(a) (b)

(c) (d)

FIG. 3. (Color online) Photoinduced reflectivity transients in
SrFe2As2 as a function of the probe-photon energy just below TSDW,
(a) and (b), and above TSDW, (c) and (d). (a), (c) and (b), (d) correspond
to P+ and P− polarizations, respectively. The traces are vertically
offset for clarity.

spikes observed near the zero delay in less significant TEvs
contribute very little and can not be reliably assigned as intrin-
sic due to the possible chirp-calibration-error induced artifacts.

(a) (b)

FIG. 4. (Color online) Photoinduced reflectivity transients in
BaFe2As2 as a function of the probe-photon energy just below and
just above TSDW (a) and (b), respectively. The traces are vertically
offset for clarity.
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(a) (b) (c)

FIG. 5. (Color online) A few temporal eigenvectors with the
highest singular values near TSDW. The lines are exponential fits (2)
for the three most significant temporal eigenvectors. The numerical
labels are the normalized singular values wk/

√∑
w2

l . The traces are
vertically shifted for clarity.

Since any errors in chirp calibration can lead to spurious
components also for the more significant TEvs we checked for
the presence of subpicosecond transients in the near-room-T
SVD. From Fig. 6, it can be seen that near the room T the
subpicosecond component is well contained in a single TEv.
In Ba-122 and Eu-122, however, some chirp-calibration-error
induced contribution can not be completely excluded due to
the small SW of the second and third TEv.

SW corresponding to the three most significant TEv are
shown in Fig. 7. The TEv with the largest SV clearly dominates
the spectral response in all compounds. In Ba-122 and Eu-122,
the SW of the next two TEv are near the noise level while in
Sr-122 they are almost comparable to the first TEv SW for the
P+ polarization. The spectral dependence of the most intensive
component SW is very similar to the static reflectivity change
when crossing the magnetostructural transition [30] in Ba-122.
In Sr-122, however, the similarity is only in the peak position
at ∼1.7 eV with a large difference between the positions of
the zero crossings.

(a) (b) (c)

FIG. 6. (Color online) The three temporal eigenvectors with the
highest singular values near the room temperature. The numerical
labels are the normalized singular values wk/

√∑
w2

l . The traces are
vertically shifted for clarity.

(a) (b) (c)

FIG. 7. (Color online) Spectral dependence of the three most
significant SVD temporal-eigenvectors weights just below respective
TSDW. The numerical labels are normalized singular values. The
thermal reflectivity difference from Ref. [30] for Ba-122 in Sr-122 is
shown for comparison.

The three largest SV TEv can be rather well fit by a double
exponential relaxation model with a finite risetime/resolution
and a finite long delay value (see Fig. 5):

rk(t) =
∑

m∈{A,B}

Am,k

2
e− t−t0

τm erfc

[
σ 2 − 4(t − t0)τm

2
√

2στm

]

+ AC,k

2
erfc

[
−

√
2(t − t0)

σ

]
. (2)

Here, the rise-time/resolution parameter σ and relaxation times
τm are shared among the three TEv, while the amplitudes Al,k

are kept independent.
The fits yield virtually T -independent σ of 200–300 fs

shown in Fig. 8 indicating that it corresponds to the instru-
mental resolution [32]. One of the relaxation times, τA, was

FIG. 8. (Color online) The rise-time/resolution parameter and
the longest relaxation time, τB, as a function of T . The shortest
relaxation time, τA, is shorter than σ , so it was kept constant at 50 fs
for all fits. The 1.55-eV probe result in Eu-122 is also shown for
comparison.
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found significantly shorter than σ so it was kept constant at 50
fs for all fits. The second relaxation time τB shows a marked T

dependence with a divergent like behavior at TSDW. In Ba-122,
it sharply drops above TSDW, while in Eu-122 and Sr-122 the
drop is somewhat less steep. At T significantly above TSDW it
becomes comparable to the experimental temporal resolution.

B. Bottleneck model fits

To analyze the anisotropic T dependence of the �R/R

amplitude, we start with the general form of equation that
describes the photoinduced reflectivity change due to the
presence of photoexcited carriers for a pair of bands [13]:

�Rα,β ∝
∫

d3k[|Mα,β(k)|2�fα(k)

× g(εβ(k) − εα(k) − �ωpr)]. (3)

Here, Mα,β is the effective probe-polarization dependent
optical-dipole matrix element between an initial band, α,
and a final band, β, �fα(k) the photoexcited change of the
quasiparticle distribution function in the initial band, g(ε)
the effective transition line shape and �ωpr the probe-photon
energy. For simplicity, we assumed that the energy of the final
band is far from the Fermi energy, |εβ(k) − εF| ∼ �ωprobe �
kBT , so �fβ(k) can be neglected after the fast initial relaxation
of the ultrahot carriers.

The integral (3) selectively samples �fα(k) in different
regions of the k-space depending on the probe polarization
and photon energy. Due to contributions of several optical
transitions with finite effective linewidths it is usually assumed
that (3) smoothly samples over the relevant energy range in
the vicinity of the Fermi energy and �R can be approximated
by the total photoexcited carrier density, �R = γ npe [14,33],
and any change of �R upon change of external parameters
(T for example) is attributed to the change of npe, while the
proportionality factor γ is assumed to be constant.

In AFe2As2, however, a complex band structure reorga-
nization, with bands shifting by as much as 80 meV, has
been observed below TSDW [34]. These shifts can significantly
modify the sampling region of the integral (3) and violate

FIG. 9. (Color online) The amplitude of the �R/R transients in
BaFe2As2 as a function of T . The thin lines are the bottleneck-model
(4) fits discussed in text. The traces are vertically offset for clarity.

(a) (b)

FIG. 10. (Color online) The amplitude of the �R/R transients in
EuFe2As2 as a function of T . (a) and (b) correspond to P+ and P−

polarizations, respectively. The thin lines are the bottleneck-model
(4) fits discussed in text. The traces are vertically offset for clarity.

the assumption of a constant γ . To take this into account, we
therefore assume that γ is temperature dependent and expand
it in terms of an order parameter. The order parameter can be
associated with the opening of a partial T -dependent charge
gap �(T ) upon the Fermi surface reconstruction below T SDW

[35]. Assuming a complex BCS-like order parameter with
the magnitude �(T ), we expand γ to the lowest symmetry-
allowed order and obtain [13]

�R =
[
γ0 + η

�2(T )

�2(0)

]
npe. (4)

To describe the T dependence of npe, we use the bottleneck
model from Kabanov et al. [14],

npe ∝ 1{( 2�(T )
kBTSDW

+ T
T SDW

)[
1 + gph

√
kBT
�(T ) exp

(−�(T )
kBT

)]} , (5)

(a) (b)

FIG. 11. (Color online) The amplitude of the �R/R transients in
SrFe2As2 as a function of T . (a) and (b) correspond to P+ and P−

polarizations, respectively. The thin lines are the bottleneck-model
(4) fits discussed in text. The traces are vertically offset for clarity.
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TABLE I. Charge gap magnitudes and the relative effective
number of involved bosons as obtained from the fits of (4) to the data
shown in Figs. 9–11. The results of a fit to the data in YBa2Cu3O7−δ

superconductor [1] (Tc = 93 K) and the larger-gap values obtained
from the optical conductivity (indicated with “*”) are shown for
comparison.

Sample 2�(0)/kBT SDW gph

Ba-122 8 ± 6 3.2 ± 1.1
Eu-122 13 ± 8 2.8 ± 1.4
Sr-122 8 ± 3 2.7 ± 0.8
YBa2Cu3O7−δ [1] 10 ∼60
*Ba-122 7.7 [30], ∼9 [38] · · ·
*Sr-122 8.7 [30], ∼9 [38] · · ·
*Eu-122 5.6 [39] · · ·

where gph represents the relative effective number of the in-
volved boson degrees of freedom. Using the BCS temperature
dependent gap, we can obtain a good fit [36] of Eq. (4) to
the �R/R amplitude [37] for both probe polarizations (see
Figs. 9–12). The relative gap magnitudes are consistent (see
Table I) with previously reported values [13,23] and the larger
of the two gaps observed in the optical conductivity [30,38],
with a somewhat bigger discrepancy for Eu-122 [39].

IV. DISCUSSION

The bottleneck model [5] is based on the assumption that
on a certain timescale a quasi-equilibrium is achieved between
a gaped quasiparticle population and a boson population with
characteristic energy of �ω = 2�(T ). This assumption is valid
when the energy relaxation is sufficiently slow, even if the
system is not fully gaped as is the case of the investigated
SDW iron pnictides, that remain metallic below TSDW. The
quasiequilibrium is achieved on a timescale of ∼200 fs and
the energy relaxation time is in the 0.5–1.5 ps range. Based
on the room-T relaxation times [13,23], where the relaxation
is governed by the electron phonon interaction [19,40], the
rise time is long enough for establishing a quasiequilibrium
between the quasiparticle and high-frequency phonon popu-
lations. On the other hand, the characteristic boson energies

(a) (b) (c)

FIG. 12. (Color online) Spectral dependence of the fit amplitudes
for all three samples.

obtained from the fits are in the range ∼100–200 meV and
significantly exceed the maximum phonon energy, <50 meV
[41]. The phonon bottleneck is therefore not consistent with
the fit results, except near the transition, where �(T ) is smaller.

Another possible boson reservoir are antiferromagnetic
magnons with maximum energies exceeding ∼200 meV
[42–44]. The number of magnon degrees of freedom is,
however, much smaller than the number of phonon degrees
of freedom [45] and should be reflected in gph. Indeed, the
obtained values of gph are significantly smaller than in the
cuprate superconductor YBa2Cu3O7−δ (see Table I) [46],
where the phonon bottleneck was clearly established.

As for the phonons, the quasiparticle-magnon interaction
timescale needs to be fast enough for establishing the
quasiequilibrium. For itinerant magnetic systems, it has been
shown [47] that the demagnetization upon photoexcitation
appears on a few-hundred femtoseconds time scale. Moreover,
the quasiparticle-magnon interaction is determined by the
spin-orbit coupling, which is large (∼0.4 eV) for As-p orbitals,
which hybridize with Fe-d orbitals [48] and increase the cou-
pling. In A-122, hence the quasiparticle-magnon interaction
timescale is expected to be short enough to be compatible with
the magnon bottleneck mechanism.

The bottleneck model with magnons therefore consistently
describes the data including the divergentlike increase [14] of
τB at the magnetostructural transition and the obtained gap
parameters are consistent with results obtained by means of
the steady-state optical spectroscopy [30,38,39].

Comparing our data with the TR-ARPES results in Eu-122
[24] reveals agreement between the relaxation time of the
resolution-limited fast component observed in our case and the
T -dependent hole relaxation time of ∼200–300 fs observed by
TR-ARPES. A similar fast component was observed also in Co
doped Ba-122 and Sm(Fe,Co)AsO by means of an all-optical
narrowband probe [13,49]. We should note, however, that in
Ba-122 and Eu-122 the magnitude of this component is very
small and could be affected by the chirp-calibration errors.

Contrary, the T -dependent relaxation-time of the dominant
slower component observed in our case differs from the slower
TR-ARPES electron-relaxation time beyond the combined
error bars of the experiments. While the low-T optical value
of 650 fs is just slightly smaller than the TR-ARPES value
of 800 fs, at TSDW, the optical relaxation time shows a clear
divergentlike behavior, which is absent in the TR-ARPES data.
This indicates that either (i) the optical probe and TR-ARPES
probe detect different relaxation processes or (ii) there are
some unidentified surface effects that influence the relaxation
near the surface probed by TR-ARPES preventing divergence.
Since more systematic TR-ARPES investigations are needed
to clarify possibility (ii) let us focus on possibility (i).

The photoinduced dielectric constant changes captured in
Eq. (3) and taken into account in the bottleneck model are lim-
ited to the change of the nonequilibrium quasiparticle distribu-
tion function and neglect any change in ε(k) or the matrix ele-
ments. In collectively ordered systems such are density waves,
however, the collective degrees of freedom can be significantly
perturbed by the photoexcitation affecting both ε(k) and matrix
elements. It was proposed recently [26,50] that the relaxation
dynamics in charge-density waves can be described by coupled
dynamics of an overdamped electronic amplitude mode and
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phonon modes, without directly invoking the photoinduced-
quasiparticles absorption scenario. In SDW systems, a similar
overdamped Raman active amplitude mode was predicted
[51,52], but, to our best knowledge, never observed.

Despite the fact that the bottleneck relaxation model dis-
cussed above describes the data below TSDW rather consistently
in a broad frequency range, there exists a possibility that
the observed optical relaxation is due to the order param-
eter relaxation, the SDW amplitude mode. Indeed, the gap
dynamics from TR-ARPES [24] shows 100–200-fs rise time
and a subpicosecond decay consistent with the slower optical
relaxation timescales. Moreover, the transient optical response
shows a dominant single-component relaxation over a broad
spectral range with a spectral dependence (Fig. 7) similar to
the equilibrium phase-transition-induced reflectivity change
[30,53] suggesting the transient order-parameter modulation
origin of the optical response. The divergent behavior of the
relaxation time near TSDW is also consistent with the critical
slowing down of the amplitude mode at the transition.

Above TSDW, the spectral signature of the response that
remains and is clearly breaking the tetragonal symmetry, is
similar as in the SDW state. It was previously assigned [13,49]
to the bottleneck due to the normal-state pseudogap and related
to the nematic fluctuations. However, the same reasoning as
above can be applied and assign it to the fluctuations of the
magnetostructural order parameter.

The two alternative origins of the optical transient re-
sponse, based on the microscopic nonequilibrium quasiparticle
distribution function �f (k) in Eq. (3) on one hand, and a
macroscopic order parameter on the other, are, however, not
completely independent nor exclusive. In a BCS-like scenario
the order parameter is directly related to the quasiparticle
distribution function through the gap equation. Provided that
the condensate dynamics is faster than the kinetics of �f (k),
the time evolution of the order parameter is direcly governed
by the �f (k) kinetics [54].

In the SDW state, the characteristic frequency of the pure
electronic SDW amplitude mode is predicted [51] to be 2�/�.
Taking 2� ∼ 200 meV would lead to ∼3-fs time scale, which
is much faster than the observed relaxation time. This would
suggest that, irrespective of the origin of the optical coupling,
the relaxation dynamics is governed by the bottleneck physics.

In the iron-based pnictides, however, the SDW order is
clearly related to the structural transition, so it would not
be surprising if the amplitude mode effective mass was
renormalized due to coupling with the lattice, just like in
charge density wave systems. In such case, the dynamics in
the presence of a bottleneck is more complicated, leading
to at least two distinct relaxation timescales, related to
the bottleneck relaxation and the magnetostructural order
parameter relaxation. In the absence of a bottleneck, however, a
single magnetostructural order parameter relaxation timescale
is expected.

Assuming that the fast component in our data corresponds
to the relaxation at the ungapped parts of the Fermi surface,

as suggested by Rettig et al. [24], the presence of the
single-component exponential slower relaxation is compatible
with either the pure bottleneck-driven dynamics with a fast
amplitude mode dynamics or the complete absence of any
bottleneck with slow pure magnetostructural order parameter
dynamics.

By taking into account the bottlenecklike amplitude T

dependencies and the indication of a fast initial suppression
of the gap upon photoexcitation by TR-ARPES [24], the
experimental data are in favor of the pure bottleneck-driven
dynamics with the fast amplitude mode dynamics. The
difference in the relaxation time behavior near the transition
between optics and TR-ARPES could then be attributed to
surface effects.

The process responsible for the modulation of the di-
electric constant, however, can be a combination of the
direct photoinduced absorption given by Eq. (3) and the
indirect coupling through the order parameter modulation
of ε(k) and matrix elements, as suggested by the similarity
of the spectral dispersions between the transient photoin-
duced and the static phase-transition-induced [30] reflectivity
changes.

V. SUMMARY AND CONCLUSIONS

A systematic all-optical spectrally resolved transient re-
flectivity study in AFe2As2 is presented for the first time. Two
distinct relaxation components are identified.

(i) A fast one, previously unobserved by the near-infrared
narrowband probe, which is faster or similar to the exper-
imental temporal resolution of ∼200 fs, is consistent with
recent TR-ARPES [24] results and could be associated with
relaxation at the Fermi surface.

(ii) The slower one on the timescale of 0.6–1.5 ps, observed
previously by the near-infrared narrowband probe, with strong
sensitivity to the magnetostructural transition, contrary to
TR-ARPES, slows down near the magnetostructural transition.
It can be well quantitatively described in a broad spectral range
by a bottleneck model, with zero temperature gap magnitudes
2�(0)/TSDW ∼ 8, which are consistent with steady-state
optical spectroscopy results. The bottleneck-model fits and
the magnitude of the gap suggest that magnons play the
role of the bottleneck bosons. An alternative assignment of
the response to the SDW magnetostructural order-parameter
amplitude mode dynamics was also discussed, however, the
present experimental data are in favor of the pure bottleneck-
driven dynamics.
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