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We use femtosecond time-resolved optical reflectivity to study the photoexcited quasiparticle (QP) dynamics in
the iron-based 112 type superconducting (SC) samples Ca0.82La0.18Fe1−𝑥Ni𝑥As2, with 𝑥 = 0 and 0.024. In the
parent sample, a fast and a slow relaxation emerge at temperatures below the magnetic-structure (MS) transition
𝑇ms ≈ 50K and the SC transition 𝑇c ≈ 33K, respectively. The latter obviously corresponds to an SC QP
dynamics, which is further confirmed in the 𝑥 = 0.024 sample with 𝑇c ≈ 25K. The former suggests that a partial
of photoexcited QP relaxation through a pesudogap (PG) channel, which is absent in the doped 𝑥 = 0.024 sample
without the MS transition.
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In high-temperature superconductors (HTSCs),
the relation between the pseudogap (PG) state and
superconductivity (SC) has been one of the major
controversies. In the cuprates, the PG phase appear-
ing above 𝑇c in the underdoped region has been pro-
posed to be independent/competing with SC,[1−4] or
it acts as a precursor of Cooper pairs.[5−7] Very sim-
ilar to the cuprates with CuO2 planes, the iron pnic-
tide superconductors have a FeAs layer-by-layer struc-
ture. The phase diagram is more different: in RFeAsO
(1111 type, with R = rare-earth element) and AFe2As2
(122 type, A= Ba, Sr) iron pnictides, the magnetic
and structure transitions in parent compounds are
well suppressed when the SC phase is realized by
doping,[8−12] while in LiFeAs and NaFeAs (111 type)
the parent compounds are superconductors without
doping.[13] More interestingly, the PG or PG-like fea-
tures have been reported in all of these systems,[14−19]

suggesting that study of the PG phase and its relation
with SC may provide helpful understanding of the SC
mechanism.

Time-resolved optical reflectivity has been proven
to be an effective way of detecting the ultrafast dy-
namics of quasiparticles (QPs) in gapped systems.
The initially photoexcited QPs first loss energy and
undergo a thermalization process, then they slow
down and accumulate above the gap due to a bottle-
neck effect. Further across-gap recombination process

occurs and is probed by a second weak pulse, result-
ing in the reflectivity changes in time-domain, allow-
ing the track of QP recovery processes and analysis
of gap properties. For example, in charge-density-
wave (CDW) materials, this method can monitor
the across-gap recovery of electron-hole pairs and re-
solve CDW collective excitations in K0.3MoO3.[20] In
MgB2 superconducting state, the pair breaking dy-
namics via electron-phonon coupling has been found
to dominate the transient signals right after the
initial photoexcitation.[21] In cuprate superconduc-
tors, the PG and SC QP dynamics coexist below
𝑇c, resulting in two-component relaxation in time-
dependent reflectivities in Bi2Sr2CaCu2O8+𝑦

[22] and
Y1−𝑥Ca𝑥Ba2Cu3O7−𝛿.[23] In iron pnictides, the PG
relaxation channel has been well resolved in 111, 122
and 1111 type systems.[17,24−26] Whether the PG be-
havior is universal in other new type of iron pnictides
is obviously an interesting question.

The recently discovered Ca1−𝑥La𝑥FeAs2
(CaLa112) crystal structure has a lattice structure
with FeAs layers sandwiching Ca/La layers as well
as a new kind of zigzag As chains,[27] as shown in
Fig. 1(a). CaLa112 compounds possess structure and
magnetic transitions, from a monoclinic to triclinic
and from a paramagnetic (PM) to stripe antiferro-
magnetic (AFM) transition.[28] The replacing of Fe
by Co/Ni can effectively enhance the bulk supercon-
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ductivity, and by further doping, the magnetic and
structural transitions are well suppressed.[27,29,30] Its
magnetic order contains both AFM and FM stripes
along different directions.[29] These scenarios suggest
the importance of the interactions among structure,
magnetism and superconductivity in CaLa112 com-
pounds.

In this Letter, we study QP dynamics in
Ca0.82La0.18Fe1−𝑥Ni𝑥As2, a newly discovered 112 type
iron-based superconductor, using time-resolved opti-
cal reflectivity. We study the parent compound (𝑥 =
0) with the magnetic-structure transition 𝑇ms ≈ 50 K
and the SC transition 𝑇c ≈ 33 K, and a pure super-
conducting sample 𝑥 = 0.024 with only 𝑇c ≈ 25 K,
for comparison. We observe both the excitation and
recovery dynamics of the PG and SC QPs, appearing
around 𝑇ms and 𝑇c in the parent compound. The ex-
istence of SC QPs is further confirmed below 𝑇c in the
𝑥 = 0.024 sample, while the PG behavior is completely
absent at this doping. The coexistence of the PG and
SC orders in the parent compound is supported, based
on our result that the PG QP amplitude remains con-
stant even below 𝑇c.
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Fig. 1. (a) Crystal structure and magnetic order of
Ca1−𝑥La𝑥FeAs2. (b) The temperature versus doping (𝑇–
𝑥) phase diagram of Ca0.82La0.18Fe1−𝑥Ni𝑥As2. 𝑇ms and
𝑇c are the magnetic-structure and SC transitions, respec-
tively. The black stars on the 𝑇c curve mark the two
samples at different dopings for our time-resolved mea-
surements. (c) Superconducting transitions of the single
crystals Ca0.82La0.18Fe1−𝑥Ni𝑥As2 with 𝑥 = 0 (𝑇c ≈ 33K)
and 0.024 (𝑇c ≈ 25K) by magnetic measurements (zero-
field cooled and magnetic field 𝐻 = 10Oe).

In our time-resolved optical reflectivity setup, we
used a Ti:sapphire amplifier system operating at a rep-
etition rate of 1 kHz, to produce optical pulses with
temporal duration of 35 fs at central wavelength of
800 nm. The sample was glued on a cryostat with a
temperature sensor mounted nearby. Together with a
heating loop, we could obtain a precise control of tem-
peratures from 5K to 300K. Both the pump and probe
beams were focused onto the 𝑎–𝑏 plane of a freshly
cleaved sample surface in vacuum. The spot sizes on
the sample surface were about 0.4 mm (pump) and
0.2 mm (probe) in diameter, ensuring a good pump-
probe overlap and all probe signals from the photoex-
cited volume. The probe fluence was at least an or-

der of magnitude lower than the pump beam, in or-
der to minimize probe-induced perturbation of the
system. The time delay between pump and probe
pulses was realized by using a motorized delay line.
With the pump beam modulated by a optical chopper,
the reflected probe signal was collected by a Si-based
detector and a lock-in amplifier, where the photoin-
duced changes in reflectivity ∆𝑅/𝑅 were recorded.
Single crystalline Ca0.82La0.18Fe1−𝑥Ni𝑥As2 samples
were grown by the self-flux method. More details
of the sample growth and characterizations can be
found in Refs. [29,31]. Figures 1(b) and 1(c) show the
schematic phase diagram of Ca0.82La0.18Fe1−𝑥Ni𝑥As2
with different dopings and transition temperatures.
We select two types of doping to study the PG and QP
dynamics: the parent compound (𝑥 = 0) that under-
goes both the magnetic-structure and SC transitions,
and the doped sample with 𝑥 = 0.024 that lies in the
pure SC regime.
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Fig. 2. Results of the parent compound. (a) Time-
resolved reflectivity changes Δ𝑅/𝑅 of the parent sample
(𝑥 = 0) measured at 𝐹 = 18µJ/cm2 from 5 to 70K. The
dashed horizontal lines represent the constant background
(decay plateau) after 5 ps. The red and blue arrows denote
the amplitudes of the fast and slow relaxations, peaked at
0.7 and 2 ps, respectively. (b) Selected Δ𝑅/𝑅 curves at 20,
50 and 70K without offset. The dashed black lines high-
light the two relaxation processes, 𝜏fast and 𝜏slow below 𝑇c.
(c) Δ𝑅/𝑅 at 0.7 and 2 ps by subtracting the background,
corresponding to the amplitudes of the fast and slow com-
ponents. A(0.7)–A(2) is the amplitude difference between
the fast and slow components, indicating that the increase
of A(2) below 𝑇c is due to the appearance of A(0.7). The
inset plots 𝜏fast and 𝜏slow as a function of temperature.

Figure 2(a) shows the time-resolved reflectivity
changes of the parent compound at different temper-
atures. The curves (60 and 70 K) above 𝑇ms present a
constant plateau beyond the measurement regime, due
to some long-lived relaxation processes such as heating
diffusion. As temperature decreases, between 𝑇c and
𝑇ms, a peak feature appears at about 0.7 ps and van-
ishes at around 2 ps with a fast relaxation (𝜏fast) in the
∆𝑅/𝑅 curves. More interestingly, a slow relaxation
(𝜏slow) in terms of an intensity uprising from 2 to 5 ps
emerges in the ∆𝑅/𝑅 curves at around 𝑇c and contin-
uously increases upon temperature decreasing, giving
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rise to a much clearer hump feature at 2 ps at lower
temperatures. These suggest that two types of QPs
appear, corresponding to two gap openings. We at-
tribute the fast and slow relaxations to the PG and SC
QP dynamics, respectively. In order to highlight the
differences between phases from normal to SC states,
three typical curves at 20, 50 and 70K are plotted and
normalized in Fig. 2(b), in which the fast relaxation
starts appearing at 𝑇ms, and it is followed by a slow
relaxation in the SC phase. More detailed analyses are
shown in Fig. 2(c), with extractions of the peak inten-
sity at 0.7 ps [A(0.7)] and the hump intensity at 2 ps
[A(2)] as a function of temperature. Here A(2) only
appears below 𝑇c, indicating that the slow relaxation
is induced by the pure SC QP recovery/relaxation,
while A(0.7) shows two abrupt changes at 𝑇ms and
𝑇c. The curve of difference A(0.7)−A(2) is reason-
ably used to extract the pure PG QP density, which
presents no change at 𝑇c and keeps constant at lower
temperatures. In the inset of Fig. 2(c), we obtain
𝜏fast (0.5–1.5 ps) and 𝜏slow (2–5 ps) by fitting the re-
laxations using one-component (𝑇c < 𝑇 < 𝑇ms) and
two-component (𝑇 < 𝑇c) exponential functions with a
flat background. This confirms that the fast and slow
relaxation are bottlenecked QPs due to the appearing
of the PG and the SC gap, respectively.
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Fig. 3. Time-resolved results of the doped
Ca0.82La0.18Fe1−𝑥Ni𝑥As2 sample with 𝑥 = 0.024.
(a) Temperature evolution of Δ𝑅/𝑅 curves. Above 𝑇c the
slow relaxation disappears, leaving only a long-lived flat
plateau, as indicated by the dashed horizontal lines. (b)
Temperature-dependent amplitude of the slow relaxation
(peaked at 2 ps), obtained by subtracting the background.
The inset plots the decay time of the slow relaxation.

Figure 3 depicts time-resolved results of the doped
Ca0.82La0.18Fe1−𝑥Ni𝑥As2 with 𝑥 = 0.024 and 𝑇c ≈
25 K. In Fig. 3(a), again in normal state one can only
see a plateau above 𝑇c, consistent with that of the
parent compound. In all curves the fast relaxation
is not observed since the magnetic-structure transi-
tion is completely suppressed in this compound. In
Figs. 3(a) and 3(b), only the slow relaxation robustly
appears below 𝑇c with a peak feature at 2 ps and with
𝜏slow from 2 to 4 ps. This strongly confirms that the
slow relaxation is the SC pair recovery dynamics.

The QP dynamics in gapped systems can be ana-

lytically described by the Rothwarf–Taylor model,[32]
using two non-linear equations written as

𝑑𝑛p

𝑑𝑡
= 𝛽𝑁p − 𝑟𝑛2

p, (1)

𝑑𝑁p

𝑑𝑡
= −1

2
(𝛽𝑁p − 𝑟𝑛2

p) − 𝛾esc𝑁p, (2)

where 𝑛p is the QP density/population proportional
to the amplitude of the reflectivity change ∆𝑅, and 𝑁p

is the density of bosons populated after photoexcita-
tion. We assume that the thermally excited densities
𝑛T and 𝑁T are small and neglectable at low temper-
atures. Here 𝛽 is the probability of pair breaking by
boson absorption and 𝑟 is the rate of pair recombi-
nation with boson emission. The loss rate 𝛾esc refers
to boson decay from photoexcited volumes. Ultra-
fast photoexcitation initially breaks pairs and excites
electrons to high energy levels, and in the following
thermalization process the energy loss via the emis-
sion of bosons and electron scattering. The emitted
high frequency bosons, which have higher energy than
gaps, have chances to be reabsorbed and further ex-
cite more electron QPs, meaning a large number of
𝑁p, 𝛽𝑁p > 𝑟𝑛2

p and 𝑑𝑛p/𝑑𝑡 > 0. Therefore density
increases of the excited PG and SC QPs appear, cor-
responding to additional rising edges in ∆𝑅/𝑅 curves.
From our experimental results, the PG QP excitation
dynamics occurs from ∼0 to ∼0.7 ps below 𝑇ms and
the SC QP excitation takes part in the dynamics from
∼0 to ∼2 ps below 𝑇c. In the following recombina-
tion/recovery process, with the loss of high frequency
bosons (either escape from photoexcited volume or de-
cay into low energy bosons), 𝑁p effectively decreases
to generate 𝑑𝑛p/𝑑𝑡 < 0, and in this sense, recovery to
equilibrium dominates the QP dynamics giving rise to
decays in ∆𝑅/𝑅.

T < Tms

T < Tc

~ 0 ps ~ 0.7 ps ~ 2 ps ~ 5 ps Time

PG QP

excitation Recovery

RecoverySC QP excitation

Fig. 4. A simple picture for the transient PG and SC
QP dynamics in time domain. Below 𝑇ms, the excitation
of PG QP occurs from photoexcitation to 0.7 ps, while
from 0.7 to 2 ps the PG QP recovery dominates the tran-
sient dynamics in terms of the fast relaxation. In the SC
phase, SC QP gets excited from the initial photoexcita-
tion to 2 ps, while the SC pair recovery plays a major role
after 2 ps, giving rise to the slow relaxation. In the par-
ent compound the PG QP dynamics appears below 𝑇ms

and coexists with the SC QP dynamics below 𝑇c, while
the latter only exists in the SC phase in the doped sample
(𝑥 = 0.024).

As shown in Fig. 4, a possible schematic illustra-
tion is proposed for the dynamics in different phases.
In the parent sample, the PG QPs are continuously
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excited up to ∼0.7 ps after the initial photoexcitation
between 𝑇ms and 𝑇c, and recover from ∼0.7 to ∼2 ps.
With the SC gap opening below 𝑇c, a new bottleneck
is introduced and the SC QP excitation (∼0 to ∼2 ps)
and recovery (∼2 to ∼5 ps) are well found.

In summary, our time-resolved results on
Ca0.82La0.18Fe1−𝑥Ni𝑥As2 reveal the emergence of the
PG QP dynamics around 𝑇ms, which coexists with
the SC QP below 𝑇c in the parent compound. Upon
doping with 𝑥 = 0.024, the PG channel is suppressed,
leaving only the SC QP dynamics in the pure SC
phase. The PG QP dynamics from our results is more
or less consistent with that in other iron-based su-
perconductors by time-resolved reflectivities,[17,24−26]

indicating an universal PG physics among these ma-
terials.
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