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SPECIAL TOPIC — States and new effects in nonequilibrium

Ultrafast dynamics in photo-excited Mott insulator
Sr;Ir, 05 at high pressure
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High-pressure ultrafast dynamics, as a new crossed research direction, are sensitive to subtle non-equilibrium state
changes that might be unresolved by equilibrium states measurements, providing crucial information for studying delicate
phase transitions caused by complex interactions in Mott insulators. With time-resolved transient reflectivity measurements,
we identified the new phases in the spin—orbit Mott insulator Sr3Ir,O7 at 300 K that was previously unidentified using
conventional approaches such as x-ray diffraction. Significant pressure-dependent variation of the amplitude and lifetime
obtained by fitting the reflectivity AR/R reveal the changes of electronic structure caused by lattice distortions, and reflect
the critical phenomena of phase transitions. Our findings demonstrate the importance of ultrafast nonequilibrium dynamics
under extreme conditions for understanding the phase transition of Mott insulators.

Keywords: ultrafast dynamics, high pressure, phase transition, Mott insulator

PACS: 61.82.Ms, 63.20.kd, 64.60.F—

1. Introduction

The ultrafast dynamics of non-equilibrium excited
states offer direct insight into phase transitions in strongly
correlated =31 and spin—orbit coupling (SOC) materials, [*-10]
both of which are key topics in condensed matter physics. In
5d transition metal compounds, particularly typical Mott insu-
lator St;,+111,03,+1 (n = 1, 2, =), electron—electron correla-
tion and spin—orbit coupling have similar energy scales. They
play important roles among all cooperative and strong compet-
ing interactions resulting in a remarkable playground for ex-
ploring not only novel phases at equilibrium states,!'!! but also
emergent transient phases and ultrafast dynamics of quasipar-
ticles in non-equilibrium processes.!?! Sr,,, Ir,03,.1 (n =1,
2, o) has attracted much attention due to complex magnetic
states at high critical temperature and abnormal insulating
states rather than metallic states.!'>~!7! This narrow-bandgap
Mott insulating phase has a complex lattice frustration under

e,[18-201 and does not exhibit the expected insulat-

high pressur
ing state collapse and metallization with compression of the
unit cell, which has stimulated great interest in tuning the ma-
terial with pressure.!!°-26] However, the ultrafast dynamics of
the transient phases in the non-equilibrium region is still less
explored at high pressure,?”-?8] especially the related research
on Sr3Ir,O7 has not been published yet.

Recently, several studies have shown that the magnetic
and structural transitions of Sr3Ir,O7 at high pressure are in-

terdependent. While at 14 GPa in Sr3Ir,O7, a magnetic transi-

TCorresponding author. E-mail: yang.ding@hpstar.ac.cn
fCorresponding author. E-mail: junchang@snnu.edu.cn
© 2024 Chinese Physical Society and IOP Publishing Ltd

DOI: 10.1088/1674-1056/acdc8c

tion occurs at 10 K?°! and a structure transition occurs around
25 K,?! respectively. Because these two transitions are prac-
tically simultaneous, it becomes uncertain whether the mag-
netic transition is caused by the structural transition or vice

1301 the magnetic

versa. According to theoretical modeling,
transition is triggered by a lattice distortion from a tetragonal
IrOg¢ octahedral to a cubic IrOg octahedral through spin-lattice
coupling. To confirm the prediction requests to decouple the
magnetic transition and structural transition. One approach
is to investigate the lattice distortion above the Néel temper-
ature (285 K)!'* where the magnetic transition is inhibited.
Intriguingly, such structural transition observable at room tem-
perature as well as the metal—insulator transition does not oc-
cur until 60 GPa,!?>% possibly because the structure change
is too small to be resolved by conventional high-pressure x-
ray diffraction and Raman methods. As ultrafast dynamics
are sensitive to subtle non-equilibrium state changes, time-
resolved studies provide critical information for studying del-
icate phase transitions at high pressure.

In this work, we investigate the time-resolved differential
reflectivity AR/R of Sr3Ir,O7 at room temperature and high
pressure by combining the pump—probe approach with dia-
mond anvil cells (DAC). Our work has achieved high pressure
of 23.2 GPa and in situ environment. To minimize the errors
caused by removing the sample and DAC from the light path
to change and measure the pressure, which is a critical step
in the pump—probe transient reflectivity measurements, we
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and colleagues have developed an on-site in situ setup.!?’-?8]
We discover that above the Néel temperature, the density and
lifetime of quasiparticles (QPs) fluctuate significantly at the
transition pressure 14.3 GPa and remain stable in other pres-
sure ranges, indicating the formation of a critical phenomenon.
Furthermore, we provide a model that combines quantum in-
terference to account for the crucial behavior near the transi-
tion pressure, which provides important information for un-
derstanding the phase transition. Our findings suggest that ul-
trafast non-equilibrium excited states could provide important
information for studying phase transitions inaccessible from
equilibrium states, and also reveal the potential development

prospects for high-pressure ultrafast physics research.

2. Experiments

The 5d transition metal oxide St 11r,03,41 (n =1, 2, )
with typical Jegr = 1/2 Mott insulating state has a tetragonal
perovskite structure, where n represents the number of Ir—O
layers in each unit cell. Electron hopping depends on the over-
lapping d—d orbitals of Ir ions or/and the p orbitals of oxygen
atom, therefore the ground state is exceptionally sensitive to
the lattice structure. As n increases, the ground state has nar-
rower charge gap A and wider Jeir = 1/2 bandwidth, develop-
ing from stable insulating phase in Sr,IrO4 to weak insulating
state in Sr3IrO7."#! Sr31rOy is at the Mott insulation limit with
a charge gap of 0.15 eV[3!l and a bandwidth of 0.56 eV.[*]
The IrOg octahedra in Sr3IrO5 has structural distortion with
significance for ground state, exhibiting a rotation angle of 11°
along the c-axis and a tilt angle of about 1° between the c-

18,33.34] Related reports of

axis and the z direction (Fig. 1(a)).!
Sr3IrO7 show that the crystal structure measured from x-ray
diffraction is usually stable at 14 /mmm!3! symmetry, but may
be reduced to Bbca,'8! Bbcb®* or even C2/c.33! due to the
structural distortion. In this work, the single crystal samples
were all synthesized by flux technique. High-purity SrCOs,
IrO, and SrCl,-6H,O powders were mixed in a certain pro-
portion and kept at high temperature (~ 1500 K) for several
hours. The high-purity single crystal of 0.8x0.8x0.3 mm?
can be obtained after gradually cooling to room temperature.

We performed the high-pressure time-resolved reflectiv-
ity measurements on Sr3IrO; single crystals loaded in Mao-
Bell type DAC. The DAC enables a pressurized environment
by type-II diamonds with 300 um culet size, and T301 stain-
less steel gaskets with 30 um thickness and 150-170 pum di-
ameter. The selected square sample has a width of 40-50 pm
and a thickness of 10 um. The inert gas neon was used as the
pressure transmission medium to achieve a better hydrostatic
pressure environment, and the specific pressure was obtained
through the ruby fluorescence signal.
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Fig. 1. (a) The lattice structure of Sr3Ir,O7, with iridium atoms in red,
oxygen atoms in green, and strontium atoms in blue. ¢ is in-plane ro-
tation angle. (b) The main components of high-pressure pump—probe
optical path.

A pump-probe system equipped with a regenerated Ti:
sapphire amplifier generates an incident ultrafast pulse laser
with a center wavelength of 800 nm, an initial pulse duration of
80 fs, and a repetition rate of 250 kHz. We developed an in situ
setup to reduce possible measurement artifacts,*®! in which
the DAC pressurized using a gas membrane system was kept
fixed in the optical path and the pressure was calibrated with
an online spectrometer system. The measurement on Sr3IrO;
used a 400 nm pump laser beam with a diameter of 4.93 um
(1/ ¢ beam diameter) and a fluence of 11.89 mJ/cm?, and a
800 nm probe beam with a diameter of 4.69 um and a flu-
ence of 2.16 mJ/cm?. These beams pass through a motorized
translation stage to generate a time-dependent optical path dif-
ference, which is time-delayed to enable the time-resolved ca-
pacities (Fig. 1(b)). The fluences of the pump and probe pulses
are linearly dependent on the signal, allowing us to minimize
the heating effects. Additionally, the selected data ensures a
sufficiently high signal-to-noise ratio, enabling us to acquire
high-quality data.

3. Results and discussion
3.1. Time-resolved reflectivity of Sr3Ir, 07 at high pressure

We obtained the dynamic process of Sr3lr,O; at high
pressure of 2-23.2 GPa by time-resolved pump—probe reflec-
tivity (AR/R) at room temperature. In the pump-probe exper-
iments, a larger pump laser energy was chosen to enhance the
intensity of reflection to counteract the possible drop of the
signal passing through the DAC, while the probe energy was
concentrated near the Fermi surface we are interested in. Ac-
cording to the electronic structure of Sr3Ir,07,1?%! the 3.1 eV
pump laser pulse excites electrons from the O 2p orbital to

016103-2



Chin. Phys. B 33, 016103 (2024)

the Joir = 1/2 upper Hubbard band (UHB) in Sr3IryO7,[6:3%]
and the probe laser pulse with an energy of 1.55 eV excites
electrons from the Jeir = 3/2 to the Jogr = 1/2 states (inset of
Fig. 2). In theory, AR/R is proportional to the QPs density
of the photo-excited states,?”-38! and its variation over time
reflects the ultrafast relaxation dynamics observed in pump—
probe measurements. AR/R shows a rapid positive peak at the

initial time (f = 0 ps) and decays with time, as shown in Fig. 2.

AR/R (10-3)

Time delay (ps)

Fig. 2. Time-resolved differential reflectivity AR/R of Sr3Ir,O7 in the
pressure range of 2-23.2 GPa. The colors of the curve (from green to
red) show the strength of AR/R (from low to high). The inset shows the
schematic diagram of the low-energy electronic density of states evolv-
ing with pressure. The blue arrow indicates the pump pulse with the
energy of 3.1 eV, and the red arrow is the probe pulse with the energy
of 1.5 eV. The circles with signs are photo-induced holes and electrons.

Sr3Irp O7 exhibits pressure-regulated rotation and tilt dis-
tortions, which can have a significant impact on its magnetic
and electrical properties due to the strong influence of O 2p
orbitals on electronic hopping. Previous studies have identi-
fied a structural phase transition driven by lattice frustration
at P, (~ 14 GPa) using x-ray diffraction (XRD).[>”) The anti-
ferromagnetic transition and structural phase transition were
found to occur simultaneously at PC7[20] and a several-fold
drop in resistivity also occured at this pressure.[?%3°! Inter-
estingly, these conclusions were drawn from low-temperature
experiments, and neither XRD nor Raman spectroscopy was
able to detect the structural transition characteristics at room
temperature. The subtle nature of this structural distortion
makes it challenging to discern using traditional methods, and
its source is difficult to analyze since no symmetry transition
is induced. However, despite its subtlety, this transition can
cause significant changes in the magnetic and electrical prop-
erties, making it a topic of great interest. In our experiments,
we have observed that the amplitude of AR/R near t = 0 ps de-
creases with increasing pressure, but exhibits a suppression at
P. = 14.3 GPa, which is in good agreement with the observed
transition pressure. This is the first time that high-pressure
phase transition signatures in Sr3Ir,O; have been observed
by measuring non-equilibrium dynamics at room temperature.

The lattice structure transition also affects the electronic struc-
ture, as reflected in the non-equilibrium dynamic process, pro-
viding us with a research idea to capture the subtle phase tran-

sition.
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Fig. 3. (a) The normalized results of relative differential reflectivity
AR/R of Sr3Ir;07. (b) Schematic of the deconvolution fitting of AR/R
at 9.3 GPa. The red solid curve is the fitting result according to the
function. Residuals of fitting are shown by the red line above the exper-
imental data.

Phase transitions can also manifest themselves through
relaxation processes AR/R (¢t > 0). The dynamic behavior of
Sr3Ir,O7 occurs quite rapidly (in less than 1 ps), possibly due
to its narrow energy band gap.’!! Nevertheless, a compara-
tive analysis of the normalized relaxation process reveals dis-
tinct dynamic characteristics within the two pressure ranges
(Fig. 3(a)). The relaxation process is divided into 2—11.7 GPa
and 12.6-23.2 GPa, with the decay becoming slower at higher
pressure range. The relaxation frequently involves multiple
time-dependent processes, requiring more detailed fitting to
determine the details of the phase transitions observed in ex-
periments. Each process can be characterized with two pa-
rameters, amplitude A and lifetime 7, by fitting AR/R in ex-
ponential function. In our measurements, the output signal
results from a convolution of the resolution function with the
response function from the samples. Peak fitting and decon-
volution techniques are commonly used to resolve the time
response from samples. Fitting AR/R to the convolution func-
tion accomplishes this, >

regn= [ r@er-¢)dE, 0

where the exponential function f (1) = Aexp(—1/7) + Ao (Ao
is the time-independent component) and g(¢) is the Gaussian
function. The fitted half-width of the Gaussian function is
160 fs, which correlates to the laser pulse. The fitted image
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and raw data are shown in Fig. 3(b), with error bar reflected
by the residual that is 1-2 orders smaller than the experimental
result (see Appendix B for detailed fitting process). Through
deconvolution fitting, the data reflecting the real dynamic pro-
cess in the experimental results can be more accurately sepa-
rated, consequently, a clearer and more refined physical image
can be extracted.

3.2. Critical anomalies of dynamic parameters at P,

Sr3lr,O7 usually has two relaxation components at
low temperatures.l”] At room temperature, the fitting yields
only one process characterized by parameters A, T and Ag
(Figs. 4(a)-4(c)). R, exclusively excited by the probing laser,
exhibits a uniform linear relationship (Fig. 4(d)), indicating
that the critical dynamics reflect sample characteristics rather
than being influenced by the background. The linear decrease
of R under high pressure may be affected by diamond window
or pressure transmission medium on pulsed laser under high
pressure, and the influence of this problem on the signal can
be reduced by AR/R processing. We discovered that the den-
sity A and lifetime 7 of quasiparticles (QPs) vary significantly
at P, indicating an unusual electrodynamic signature.

6
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Fig. 4. Pressure dependence of the (a) amplitude A, (b) lifetime 7 and (c)
constant Ag in Sr3Ir,O7. (d) The experimentally measured R when only the
probe laser is used for excitation. It is relatively stable at high pressure and
proves that there is indeed a critical fluctuation. The vertical dotted lines
mark the phase transition pressure, and the green curves in (a), (b) and red
dotted lines in (a), (c), (d) represent the trend guide of points.

Overall, A decreases linearly with pressure, but there is a
noticeable dip near critical pressure and rapidly reaches a min-
imum at F.. In this pressure range, 7 rapidly increases from
0.15 ps to 0.22 ps, also forming a small peak at 14.3 GPa.
This type of fluctuation distinguishes a crucial phenomenon
from the rest of the pressure range. According to the pres-
sure dependence of A and 7, the phase space can be divided
into three regions: phase I (< F.), a critical region around F,
and phase II (> F;). Simultaneously, it can be considered that
time-independent component Ag fluctuates around a relatively

stable constant value at high pressure. The following discus-
sion will focus on the phenomena observed in A and 7.

According to the Fermi gold rule,*”! the amplitude A in
the photoexcited system is dominated by the joint electron
density of states between the O 2p band and the Jegr = 1/2
UHB, and the successive decrease of A with pressure reflects
the increases in bandwidth due to compression. Given that the
O 2p band is commonly wider than the Jei = 1/2 UHB, it
is expected that the broadening of the O 2p band will play a
dominant role in the change of A, which is not very sensitive
to small change of the IrOg octahedral. As pressure-induced
increase in bandwidth is common, a decrease in the amplitude
A with pressure at the non-phase transition point is also fre-
quently observed in some high-pressure studies.?”#! Another
possibility is that the pulse signal is weakened by the diamond
window and the pressure medium at high pressure. However,
none of the above can explain the problem of fluctuations in
the critical pressure point P, observed in A.

The fast decay component (as shown in Fig. 4(b))
less than 1 ps is widely thought to reflect electron—phonon

(27281 which is usually difficult to change by ex-

scattering,
ternal temperature or pressure modulation, and also generally
manifested a constant in ultrafast experiments.[*>] The 7 ob-
tained in this experiment remains stable in phases I and II, but
exhibits some critical pressure dependence, such as a rapid rise
near the P..

The anomalies observed in the ultrafast dynamics have
important implications for the study of difficult-to-metallize
properties and associated phase transitions at high pressures.
First-principles calculations**! predict that the 0.15 eV band
gap in Sr3lr,O7 will be closed at 20 GPa due to volume-
reduction-induced bandwidth broadening,?>*! while up to
60 GPa, Sr3Ir, 05 still does not exhibit full metallization. 23]
This is due to Sr3Ir,O7’s remarkable lattice frustration, which
is caused by the spin—orbital coupling presenting in the in-
terplay of the lattice, orbital, spin, and charge.[14.20-22:29.43.44]
In previous work, structural phase transitions at ~ 14 GPa
were often accompanied by changes in conductivity and
magnetism,?%2%%1 and such strong correlations could not be
separated. However, the critical anomaly observed in this
study coincides well with the phase transition pressure P
and occurs at room temperature (above the Néel temperature
285 K of paramagnetic—antiferromagnetic transition point),
which can clearly rule out the influence of the magnetic or-
der phase transition. Therefore, the observed rapid increase in
the quasiparticle (QP) lifetime 7 at P, can be attributed to the
abundance of lattice distortions in iridium oxides. Theoretical
models suggest that high pressure may induce lattice distortion
from tetragonal IrOg octahedra to cubic IrOg octahedra, 3!
and some experiments have found that variations in the ro-

120

tational angles within the Ir—O-Ir plane!?’! or the tilting an-
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41 may affect the band structure. These

gles outside the planel
lattice distortions of IrOg octahedra will affect the distribu-
tion of O 2p orbitals and overlap of d—d orbitals,!'*! leading
to hybridization of ty, orbitals and affecting electron hopping,
which can result in changes in electron—phonon interaction
and/or band gap, and reflected in the dynamic lifetime 7. In
any case, it is obvious that we observed an anomaly in the
nonequilibrium dynamics at phase transition pressure through

the analysis of the QPs density and lifetime.

3.3. Critical phenomena model

The fluctuations in density A and lifetime 7 around P, can
also be explained by critical phenomena. The non-equilibrium
critical slowing is universally observed at the charge density
wave or superconducting transition temperature,*°! however,
similar fluctuations near the critical points of other phase tran-
sition mechanisms repeatedly found in ultrafast experiments

d.[127AL47] 1 the following section,

are still poorly understoo
we use a model to account for the universal temporal behavior
of the photoexcited states forming around the phase transition
point of the phase transition.

According to Landau phase-transition theory based on the
free energy of equilibrium ground states, the well-known crit-
ical slowing down or the lifetime divergence under perturba-
tion can clearly be observed at a continuous phase transition
point. However, the photoexcited states are far from the equi-
librium states and our experiment’s relaxation-time enhance-
ment is relatively weak. More remarkably, in some other ex-
periments, the relaxation time even is strongly shortened at the
phase transition point,'*?"! in contrary to the expectation of the
critical slowing down. In addition, the density of the photoin-
duced QPs shows a dip near the critical pressure but almost
linearly depends on the pressure in other pressure regimes.
A parameter change that is induced by the phase transition is
supposed to give rise to a step function-like response for the
density. Therefore, a new model is expected to explain the
anomaly around the phase-transition point. The anomalous
phenomenology of dynamics near a phase transition point is
much more general in first and second order phase transitions,
glasses and dynamical systems.*3! Here, we propose a phe-
nomenological model to study the time evolution of the pho-
toexcited states near the phase-transition points, as shown in
Fig. 5. We assume that y; and y, are the wave functions of
the excited states in the neighboring phases I or II, respec-
tively. At the phase-transition point, two excited states coexist
and weakly couple. The quantum coherence is set up by “tun-
neling” between the two excited states. Mimicking Feynman’s
phenomenological model of the Josephson junction, %! the
time evolutions of the two coupling wave functions of the ex-
cited states are written as

i ay

1 T;:(UI—IH)WI"‘(K_]K/) II/27 (2)

ih% = (- iB)w+ (K—iK)y, ()
where Uj, U, and I3, I, are the energies and the relaxation
rates of the two excited states, respectively. K and K’ are the
state coupling constant and relaxation rate constant, respec-
tively. If K and K’ are zero, then the two Schrodinger equa-
tions only describe the two respective excited states. Near the
phase transition point, the coupling or fluctuation between the
two states may induce tunneling from one state to the other.
Following Feynman’s method, we define the wave functions
as y| = ﬁleiel, Y, = \fpzei%, where 6, and 6, are the
phases of the two wave functions, respectively, and p; and
P> the corresponding densities of the QPs of the two excited
states. Substituting the above equations into the Schrodinger

equations, one gets

d
h% = —2I1p1 + 2K /p1p2sind — 2K /p1pacosd, (4)
with the phase difference 6 = 6, — 0;. We further de-
fine the total excited QPs density as p = p; + p, giving
hdp/dt= —2I"'p with the effective relaxation rate

=02 P2 ok YPP2 5. 3)
p p p
We assume I ~ I = I" when only considering the phase-
transition point; then, the effective relaxation rate reads

r'= <1+2Vp":r Cosa)r. ©6)

Since 0 < 2,/p1p2/p < 1, the relaxation rate I'"” at the phase-
transition point is not equal to I unless the phase difference
is 6 = m/2 or 371 /2. Furthermore, when p; = p, and K’ =T,
one finds I'" = (1+cosd) I". Therefore, the lifetime anomaly
at the phase-transition point could result from the interfer-
ence between the two coexisting excited states in neighboring
phases, the phase difference 6 could be associated with the
electron—phonon coupling changes caused by the lattice dis-
tortion. But the underlying microscopic mechanism still re-
mains to be explored.

This model could also explain the prominent dip in am-
plitude A of the QPs at the phase transition point (Fig. 4(a)).
The amplitude of the QPs A ~ pope, Where pg is the density
of the electrons in the O 2p band, and p. is the unoccupied
density of the QPs in the photoexcited states. Near the phase-
transition point, two phase states coexist, and the amplitude of
the QPs is A ~ p10P1e + P20P2e- We assume po = p1o + P20
and e = Pie + Pae. giving 29 < piopie + P20P2e < POPe-
Here, we assumed that the electrons in phase I (II) could not
be excited to the photoexcited state in phase II (I). When the
system locates in single phase I or II near the critical pressure,
we assume P10 = P20 ~ Po and Pre & Pae & Pe. Consequently,
according to the results of our critical model, the population of
the photoexcited QPs always decreases to less than half around
the phase-transition point.

016103-5



Chin. Phys. B 33, 016103 (2024)

2

e

4

1 Excited state I ' Excited state II

}Ground state 1

Phase 1

’Ground state I1

Critical region Phase II

Fig. 5. Schematic of critical point model demonstrating interference
between two excited states belonging to two neighboring phases. The
wave figures show the real (imaginary) part of the wave functions
v =P, el in phase 1, Yy = ﬁzeiez in phase II and y, in the
critical region. The ground state I, II and the excited state I, IT could
coexist together and the relaxation time could be far from that in phase
I and II in the critical region.

4. Conclusion and perspectives

In summary, we investigated the ultrafast dynamics
in photo-excited Sr3zIr,O; under high pressures at 300 K
by applying in situ time-resolved differential spectroscopy.
The density and lifetime of QPs vary widely at P. =
14.3 GPa, evincing the lattice phase transition induces sig-
nificant changes in the transient dynamics. Furthermore, we
propose a model that accounts for the crucial behavior near
the transition pressure point. The ability to reveal novel phase
from its distinct non-equilibrium states demonstrated in this
study gives a new way to investigate more delicate phases
at high pressure, which are unresolvable by standard x-ray
diffraction and Raman spectroscopy. Since non-equilibrium
dynamics involves many influencing factors, we need fur-
ther experimental or computational support to explain the ob-
served physical phenomena at high pressure clearly. For ex-
ample, if the correlation between structural transformation and
electroacoustic coupling can be clarified, the lifetime differ-
ence between two phases at high pressure can be well ex-
plained by electron—phonon coupling alone without introduc-
ing other considerations. In any case, paying attention to non-
equilibrium state under high pressure will provide a new per-
spective for the study of condensed matter physics and help
people solve some long-standing problems.

Appendix A: The trajectories of Gaussian func-
tion and exponential function fittings

In the measurements, the output signal is resulted from a
convolution of the temporal resolution function of the instru-
ment with the temporal response function from the materials.
To resolve the time response from samples, one needs to ap-
ply peak fitting and deconvolution techniques, the precision of
such analysis is typically about 1/10 of the temporal resolu-
tion of the experiment, which in this study is about 8-10 fs.

Figure A1 shows the analysis. It can be observed that using
deconvolution fitting reveals the true relaxation dynamics pro-
cess (green curve), while neglecting this treatment would mask
this information.

2.4r s Experimental data|
11.7 GPa 4 QP dynamics
2.0F y Gaussian curve
Convolution result
7 16r
S o
Aaml
—1.2¢
~
~ °
ﬁ 0.8
0.4rf .
" 7~0.16 ps
O C° aI. 1 1 1 1 1 1 1
—0.8 —0.4 0 0.4 0.8

Time delay (ps)

Fig. A1. Deconvolution of the QP dynamics in Sr3Ir,O7.

Appendix B: Deconvolution fitting of high pres-
sure time-resolved dynamics

In this study, carefully fitting the dynamic spectra under
high pressure was performed, as shown in the comparison be-
tween the deconvolution fitting results and the original data of
the differential reflectivity AR/R. The peak shape of the dif-
ferential reflectivity can be well fitted, and the relaxation pa-
rameters obtained from the fitting above O ps accurately reflect
the dynamic processes of the experimental data.

12.6 GPa
— Fitting curve

23.2 GPa
—— Fitting curve
- 19.8 GPa
—— Fitting curve
« 18.0 GPa
—— Fitting curve

- 11.7 GPa
Fitting curve

° 9.3 GPa
Fitting curve

- 16.9 GPa
—— Fitting curve

7.8 GPa
— Fitting curve

AR/R
AR/R

15.5 GPa
—— Fitting curve
° 6.1 GPa
— Fitting curve - 14.8 GPa
—— Fitting curve

« 14.3 GPa
—— Fitting curve

° 3.6 GPa
Fitting curve

= 2.0 GPa

A « 13.6 GPa
Fitting curve

—— Fitting curve

0 2 4 6 0 2 4 6
Time delay (ps) Time delay (ps)

Fig. B1. Raw data and deconvolution fitting results of each high-
pressure ultrafast dynamic spectrum in the pressure range of 2—
23.5 GPa.
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