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Ultrafast optical switching to a metallic state via photoinduced Mott transition
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Photoinduced Mott transition has been revealed as a superior method to control the optical and electronic
properties in excited semiconductors on ultrashort timescales but the corresponding ultrafast carrier dynamics
and the underlying many-body interactions, together with their responses to external stimuli besides optical
excitation, are still poorly understood. Herein, we experimentally demonstrate that the photoinduced Mott
transition in few-layer MoS2 at room temperature can be achieved and subtly tuned under mild optical excitation
via hydrostatic pressure. Utilizing ultrafast pump-probe spectroscopy, significant reduction of the Mott density
by more than two orders of magnitude and a gradual acceleration of the optical switching to the metallic
electron-hole plasma state under elevated pressures up to ∼3 GPa are experimentally revealed, which can be
attributed to the reduction of the exciton binding energy and the acceleration of the exciton dissociation under
hydrostatic pressure.
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I. INTRODUCTION

The study and control of many-body interactions between
charge carriers, which govern the electronic properties and
optical responses of excited semiconductors, are of pivotal
importance in condensed-matter physics [1]. Under low op-
tical excitation, bound electron-hole pairs, or excitons, can
be formed via Coulomb interactions in semiconductors and
quantum wells [2–4]. With the increase of the charge carrier
density beyond the so-called Mott density, insulating excitons
will dissociate due to the screening of the Coulomb inter-
actions and transform into an exotic electron-hole plasma
phase [5–7]. Since the plasma phase exhibits unique metallic
conductivity, this nonequilibrium phase transition is often re-
ferred to as a photoinduced Mott transition [8–10]. Due to the
significant exciton dissociation and band-gap renormalization,
spectral features like exciton energy shifts are accompanied.
Based on these features, the Mott transition together with the
Mott density can thus be defined and demonstrated in this
paper.

The thermodynamic balance of the transition between ex-
citons and electron-hole plasma in excited semiconductors
can be described by the scheme of ionization equilibrium
[11]. According to a recent theoretical study [12], this ther-
modynamic balance can be efficiently tuned via means like
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dielectric engineering as well as charge carrier doping, which
triggers the motivation for the experimental study and con-
trol of the optoelectronic properties and phase transitions in
semiconductors via photoinduced Mott transition. In this con-
text, the emergence of two-dimensional (2D) semiconducting
transition-metal dichalcogenides (TMDCs) provides great op-
portunities to achieve this goal experimentally [13,14]. Owing
to the strong quantum confinement and the greatly reduced
dielectric screening, Coulomb interactions in atomically thin
TMDCs are significantly enhanced, which results in tightly
bound excitons with binding energy of several hundreds
of meV that dominate the optical response as pronounced
resonances [15–20]. These advantages lay the foundation
for the study of exciton-related many-body interactions and
strong-correlation effects in atomically thin TMDCs via spec-
troscopic methods at room temperature [21–26]. Utilizing
ultrafast pump-probe spectroscopy, photoinduced Mott transi-
tion accompanied by the development of population inversion
in mono and bilayer WS2 under pump fluences of several
mJ/cm2 at room temperature has been explored [27], which
indicates the promising application of TMDCs in the con-
struction of nanolasers [28–31]. Meanwhile, the significant
changes in the optical response after excitation are found to
be highly transient with lifetimes of the metallic state on the
picosecond timescale, which reveals that the photoinduced
Mott transition in atomically thin TMDCs could be exploited
to build new types of ultrafast optical switches [9,32].

In practical optoelectronic applications, various exter-
nal stimuli, such as temperature, pressure, or magnetic
fields, can significantly affect the device performance besides
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illumination. Owing to the weak van der Waals interlayer
interactions, a few-layer TMDC semiconductor like MoS2

is extremely sensitive to external compression strain [33].
Meanwhile, with remarkably strong mechanical strength in
the monolayer limit, atomically thin TMDCs can withstand
ultrahigh external pressure [34]. As a clean and nonintrusive
strain-engineering approach, hydrostatic pressure generated
by a diamond anvil cell (DAC) is able to impose ultrahigh
and reversible compression strain without breaking the sam-
ple, which makes it a potential and widely used mechanical
method in the modulation of structural, electronic, and optical
properties of 2D nanomaterials like TMDC semiconductors
[35,36]. However, though a number of studies have addressed
the optical properties and electronic structures of TMDCs
under pressure in the steady state [37–45], systematic investi-
gations of the influence from the pressure on nonequilibrium
phase transition and the underlying many-body interactions
between photogenerated charge carriers are still lacking.

Here, utilizing the broadband femtosecond TA spec-
troscopy combined with DAC devices [46], we experimentally
demonstrate that the photoinduced Mott transition in few-
layer MoS2 at room temperature can be achieved and subtly
tuned under low excitation density via hydrostatic pressure.
First, we show that the variations of the optical response of the
sample under elevated pump fluences, especially the relative
energy shifts of the lowest exciton resonance (A exciton) in
the absorption spectra of MoS2, reflect directly the evolution
of ionization equilibrium between excitons and electron-hole
plasma at the Mott transition. Based on analyses of these
critical behaviors, a Mott density of ∼4.2 × 1013/cm2 of the
sample under ambient pressure is derived, which is in good
agreement with previous studies [19,27]. Under pressure of
around 3 GPa, the Mott density is significantly reduced by
more than two orders of magnitude. As the pressure increases
from 2.00 to 3.25 GPa, the time needed for the ultrafast
establishment of the metallic electron-hole plasma state after
excitation is successively reduced from 5.8 to 2.9 ps with
an almost linear acceleration of the corresponding transition
rate, which is ascribed to the reduction of the exciton binding
energy and the acceleration of the exciton dissociation via the
enhanced dielectric screening of the Coulomb interactions by
the pressure.

II. RESULTS AND DISCUSSION

The sample of the few-layer MoS2 was prepared via liquid-
phase exfoliation [47], which possesses an average thickness
of ∼2 nm and corresponds to 2–3 layers with sample charac-
terization using atomic-force microscopy topography (see Fig.
S1 in the Supplemental Material [48]). Throughout the TA
experiments at room temperature, femtosecond laser pulses
with a duration of 35 fs at 400 nm were utilized as the pump,
which deliver a single photon energy of 3.10 eV that is much
higher than the quasiparticle band gap of ∼2.4 eV in atomi-
cally thin MoS2 [18]. White light supercontinuum pulses with
a spectral range from ∼420 nm to 800 nm were used as the
probe, where the pump and the probe pulses are colinearly
polarized. Without the pump excitation, the linear absorp-
tion spectrum of the few-layer MoS2 is dominated by the A
and B exciton resonances, which originate from the direct

transition at the K and K′ points in the first Brillouin zone
with energies of around 1.85 and 2.01 eV, respectively [15].
At time delay of 2 ps after the pump excitation, the absorption
spectra of the A exciton in few-layer MoS2 under a series of
pump fluences from 17.7 to 707 μJ/cm2 are measured, and
the resultant energy shifts of the exciton resonance energy as a
function of the pump fluence are shown in Fig. 1. Note that the
MoS2 dispersion is highly transparent and uniform, then the
reflection or scattering of the probe can be neglected, and thus
the measured absorbance A [or optical density (OD)] mainly
comes from the absorption of the probe by the sample.

Upon excitation, hot carriers are pumped from the valence
band up to the conduction band, which cool down to the
band edge in few-layer MoS2 on subpicosecond timescales
[23]. Therefore, at time delay of 2 ps, hot carrier cooling
has already finished, while the recombination of electron-hole
pairs has not yet happened, which ensures the rationality for
the study of excitons at 2 ps. In Figs. 1(a) and 1(b), the rise
and decline of redshift of the A exciton absorption peak in
few-layer MoS2 with the increase of the pump fluence under
ambient pressure are shown, and the corresponding exciton
resonance energy shift (�E) as a function of the pump fluence
(excitation density) is shown in Fig. 1(c). When the pump
fluence is lower than 62.5 μJ/cm2, the A exciton resonance
energy gradually redshifts for ∼9 meV with the increase of
the excitation density. When the elevated pump fluence ex-
ceeds 62.5 μJ/cm2, however, a remarkable declining redshift
occurs for the A exciton resonance energy, which shares sim-
ilarity with the findings in a previous experimental study on
monolayer WS2 [49]. It is well known that the measured exci-
ton resonance energy actually reflects the energy difference
between the quasiparticle band gap and the related exciton
binding energy [50]. Upon optical excitation, efficient tuning
of both the exciton binding energy and quasiparticle band gap
due to the dynamical screening of the Coulomb interactions
from the photogenerated electron-hole pairs and free carriers
have been observed in atomically thin TMDC semiconductors
[51]. Basically, with the increase of the electron-hole excita-
tion density, one consequence from the dynamical screening
of the Coulomb interactions is the decrease of the so-called
self-energy contribution, which can be used to quantify the
repulsive interactions between identical charges. The decrease
of self-energy will then lead to a reduction of the quasiparticle
band gap, which is called the photoinduced band-gap renor-
malization [27,51–53]. In addition, with the increase of the
exciton and free carrier density, the screening of the attrac-
tive interactions in electron-hole pairs will result in a further
reduction of the exciton binding energy and facilitate exciton
dissociation [12,51]. The competition between these two ef-
fects eventually leads to the shifts of the exciton resonance
energy.

According to the theoretical study of the ionization
equilibrium between excitons and electron-hole plasma in
TMDCs [12], when the electron-hole excitation density is
lower than the Mott density, the ionization equilibrium will
be dominated by the excitons. Under this circumstances, the
dipolar screening from the excitons will result in promi-
nent band-gap renormalization, leading to a redshift of the
exciton resonance energy. With further increase of the exci-
tation density above the Mott threshold, the dominance of
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FIG. 1. The (a) rise and (b) decline of redshift of the A exciton absorption spectra in few-layer MoS2 under ambient pressure with the
increase of the pump fluence, respectively. The corresponding time delay is fixed at 2 ps. In both panels, two vertical dashed lines are shown to
highlight the initial (blue) and the maximal redshift (red) of the A exciton resonance peak position. (c) Relative energy shifts of the A exciton
resonance energy in few-layer MoS2 under ambient pressure as a function of the pump fluence or electron-hole excitation density. The yellow
vertical dashed line is shown to highlight the observed rise and decline of redshift of the A exciton together with the corresponding pump
fluence of around 62.5 μJ/cm2 and electron-hole excitation density of 4.2 × 1013/cm2.

the ionization equilibrium will be transferred from the ex-
citons to the electron-hole plasma, which is accompanied
by a significant reduction of the exciton binding energy and
efficient dissociation of the insulating excitons into metal-
lic electron-hole plasma. Once the decrease of the exciton
binding energy becomes larger than that of the band-gap
renormalization, a declining redshift of the exciton resonance
energy is expected. Within this context, the rise and decline
of redshift shown in Fig. 1(c) can be attributed to the on-
set of the photoinduced Mott transition in few-layer MoS2

at the pump fluence of around 62.5 μJ/cm2. Note that the
transition happens roughly at a ten times increased pump
fluence in our experiment compared to that in Ref. [49],
where monolayer WS2 was experimentally studied at room
temperature. Generally speaking, the onset of exciton Mott
transition (EMT) sets in when the screening length due to
excitons and free carriers becomes comparable to or less
than the Bohr radius of the bound exciton. Different from
the monolayer condition where excitons are spatially con-
fined in the single layer, more bound excitons can be held
before EMT in few-layer TMDCs with spare layers. In return,
more injected electron-hole pairs are needed to fulfill the
requirements for EMT, which should be the leading cause

of the much higher pump fluence found in our experiment.
Considering the absorbance of the sample at the pump wave-
length, the corresponding electron-hole excitation density is
estimated to be 4.2 × 1013/cm2 (see the Supplemental Mate-
rial [48] for details), which is in agreement with previously
reported values of Mott density in atomically thin TMDCs
[19,27].

To get a deeper insight into the ultrafast optical responses
of few-layer MoS2 around the Mott transition under ambient
pressure, series of selected TA spectra of the A exciton with
the increase of the pump fluence from 17.7 to 707 μJ/cm2

are presented in Fig. 2 (the corresponding TA spectra with
full spectral range of the probe are shown in Figs. S3 and
S4 in the Supplemental Material [48]). In our TA experiment,
each measurement under a certain pump fluence or hydrostatic
pressure was repeated at least ten times to sufficiently reduce
the system error, which leads to smooth TA spectra as shown
in Figs. 2 and 3. Here the main x axis of wavelength scale was
adopted to exhibit the TA spectra from 620 nm to 730 nm,
and an additional x axis on top was also shown to provide
the corresponding energy scale as a reference. The y axis
�OD = ODpump on − ODpump off represents the difference of
the absorbance or OD of the probe with the pump on/off,
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FIG. 2. The variation of TA spectra of the A exicton in few-layer MoS2 with the increase of the pump fluence (a) below and (b) above the
Mott threshold under ambient pressure, the spectra are taken at fixed time delay of 2 ps at room temperature. The vertical dashed lines indicate
the A exciton energy without the pump excitation.

which delivers information of TA behavior of the sample at
certain time delay after the excitation of the pump. The TA
spectra in Fig. 2 are taken at time delay of 2 ps, which share
common spectral features with a negative peak at around
660–670 nm surrounded by two positive peaks. From previous
studies, it is known that the negative peak represents the signal
of ground state bleaching of the A exciton which dominates
the steady-state absorption spectrum in few-layer MoS2 [15],
while the positive signal on the low energy side is claimed to
be related to the excited state absorption of charged excitons
(trions) or biexcitons [54–58].

As shown in Fig. 2(a), the intensity of the A exciton
bleaching peak is significantly enhanced with the increase of
the pump fluence from 17.7 to 70.7 μJ/cm2. With the further
increase of the pump fluence beyond the Mott threshold, dif-
ferent variation tendencies of the TA spectra are shown in

FIG. 3. The variation of TA spectra of the A exciton in few-
layer MoS2 with the increase of the hydrostatic pressure from
0.30 to 3.25 GPa under low excitation density of 3.29 × 1012/cm2

(5.64 μJ/cm2), the TA spectra are taken at time delay of 7 ps at room
temperature.

Fig. 2(b). On the one hand, an unexpected decrease of the
intensity of the negative bleaching peak occurs as the pump
fluence increases from 141 to 531 μJ/cm2, which reflects a
successive rising of the whole spectrum. Strikingly, the whole
spectrum eventually evolves into an overall positive signal,
together with the survival of the exciton bleaching peak as a
valley against the positive background under the pump fluence
of 707 μJ/cm2 (4.7 × 1014/cm2) (see the corresponding TA
spectra at selected time delays under pump fluence of 70.7 and
707 μJ/cm2 in Fig. S5 and S6 in the Supplemental Material).
On the other hand, a relatively slow but steady broadening
of the linewidth of the exciton bleaching peak arises with
the increase of the pump fluence beyond the Mott threshold.
Upon the excitation density above the Mott threshold, the
ionization equilibrium will be transferred from the excitons
to the electron-hole plasma. In other words, the photogener-
ated electron-hole pairs tend to exist as free charge carriers
rather than excitons under intense optical excitation above the
Mott density. Meanwhile, the exciton dissociation will also
be enhanced. Therefore, the intensity decrease of the exciton
bleaching peak and the successive rising of the whole spec-
trum, which eventually manifests itself as a positive signal
after sign reversal shown in Fig. 2(b), could be attributed to
the enhanced exciton dissociation and the broad and growing
positive absorption signal of the free charge carriers at ele-
vated excitation densities beyond the Mott threshold, whereas
the overall linewidth broadening of the exciton bleaching peak
is a natural result of the exciton fission together with the
enhanced carrier-carrier and carrier-phonon scattering. Note
that the exciton signal here survives beyond the Mott transi-
tion even under pump fluence of 707 μJ/cm2, which is more
than ten times larger than the corresponding pump fluence of
62.5 μJ/cm2 of the Mott density. As a reasonable explana-
tion, the Coulomb or excitonic enhancement effect could be
adopted [59], which refers to the persistence of excitons in an
electron-hole plasma due to the remaining correlation effects
even above the Mott transition [60–62]. These findings may
provide a direct ultrafast spectroscopic proof for the theoreti-
cal studies on the ionization equilibrium between excitons and
electron-hole plasma in TMDC semiconductors [12].
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With the aim to further investigate the response of the con-
cerned nonequilibrium phase transition to external strain, we
then conducted TA measurements of few-layer MoS2 under
hydrostatic pressure with fixed pump fluence, and the details
of the experimental setup can be found in the Supplemental
Material [48]. To our surprise, the above-mentioned spec-
tral feature of sign reversal of the A exciton bleaching peak
from negative to positive under strong excitation at ambient
pressure was also found under high pressure above 1.81 GPa
with only mild excitation. Specifically, the sign reversal in
TA spectrum first arose under pressure of 2.00 GPa at time
delay of around 6 ps. With further increase of the pressure,
the concerned sign reversal always occurred. Meanwhile, the
higher the pressure was, the faster the sign reversal arose. To
show the evolution of the TA spectra with special emphasis
on the positive ones shortly after the sign reversal, in Fig. 3,
a series of selected TA spectra of few-layer MoS2 with the
increase of pressure from 0.30 to 3.25 GPa are presented at a
time delay of 7 ps.

The elimination of the influence from optical excitation
is a prerequisite for a reasonable discussion of the influ-
ences induced solely by the hydrostatic pressure. To this
end, a careful examination of the absorbance of the few-
layer MoS2 sample at the excitation wavelength of 400 nm
under different pressures has been conducted using steady-
state absorption spectroscopy, and the results are presented
in Fig. S2 (see Fig. S2 in the Supplemental Material [48]).
In contrast to the significant blueshift and gradual weakening
of the exciton resonances, the absorbance at the excitation
wavelength remains almost unchanged under elevated hydro-
static pressures (Fig. S2). The final electron-hole excitation
density at the sample inside the DAC cavity is estimated to
be ∼3.29 × 1012/cm2 (see the Supplemental Material [48]
for details), which is maintained throughout the TA mea-
surements under hydrostatic pressure. Since this excitation
density (3.29 × 1012/cm2) is an order of magnitude lower
than the Mott density (4.2 × 1013/cm2) of the few-layer MoS2

at ambient pressure, the Mott transition should not be able to
occur under relatively low pressures, which is evidenced by
the overall similarity between the initial TA spectra in Fig. 3
below 1.09 GPa and those shown in Fig. 2(a) under ambient
pressure.

Following the black dashed arrow in Fig. 3, successive
blueshift of the TA spectra especially for the bleaching peak
of A exciton with the increase of the hydrostatic pressure
can be observed, which is attributed to the pressure-induced
enlargement of the direct bandgap at the K point in the first
Brillouin zone of MoS2 where the A exciton is located. Ac-
companied by the shrinkage of the whole TA spectra along
the vertical axis with the increase of the pressure, the seeming
decrease of the negative bleaching peak eventually evolves
into positive signals just like that shown in Fig. 2(b) under the
pump fluence of 707 μJ/cm2. Meanwhile, the linewidth of the
bleaching peak in the first three TA spectra remains almost
unchanged under low pressures, which is in sharp contrast
to the linewidth broadening under pressures above 1.81 GPa.
The same variation tendency of the spectral features found in
Figs. 3 and 2(b) (above the Mott threshold) are direct proof of
the successful achievement of photoinduced Mott transition in
few-layer MoS2 under low excitation density via hydrostatic

FIG. 4. TA traces of A exciton in few-layer MoS2 under hydro-
static pressure from 1.81 to 3.25 GPa. The excitation density is fixed
at 3.29 × 1012/cm2. The evolution of the moment for the TA traces
rising up across the zero baseline (horizontal blue dashed line), which
is defined as the critical rising time, is presented as a function of the
pressure in the inset and a red fitting curve is shown to guide to the
eye.

pressure. Besides, since the totally positive TA spectrum in
Fig. 2(b) at ambient pressure can be only obtained under
high pump fluence of 707 μJ/cm2, which corresponds to an
excitation density (4.7 × 1014/cm2) of more than ten times of
the Mott density (4.2 × 1013/cm2), thus the fixed excitation
density of 3.29 × 1012/cm2 should also be about ten times
larger than the Mott density of the few-layer MoS2 under
pressures above 2.20 GPa, according to the spectral feature of
totally positive TA signals. This suggests that the Mott density
is at the 1 × 1011/cm2 scale under pressures above 2.20 GPa.
Thus, we can conclude that the Mott density of few-layer
MoS2 can be significantly reduced by more than two orders
of magnitude via hydrostatic pressure of ∼3 GPa.

To provide a further description of the ultrafast dynamics
at the Mott transition under hydrostatic pressure, TA traces
of A excitons are shown in Fig. 4 with the increase of the
pressure from 1.81 to 3.25 GPa (as a direct visualization of the
pressure-induced dynamic changes under conditions below
and above the Mott threshold, the full TA spectra as a function
of time delay and wavelength in false color together with
TA slices at selected time delays in few-layer MoS2 under
pressure of 0.50 and 2.39 GPa are shown, respectively, in Figs.
S7 and S8 in the Supplemental Material [48]). As shown in
Fig. 4, the relaxation of the negative bleaching peak of A
excitons gets faster and eventually rises up across the zero
baseline within a shorter period of time on the picosecond
timescale under elevated pressures. According to our previous
study [46], the exciton relaxation dynamics in few-layer MoS2

under hydrostatic pressure are dominated by the initial hot
carrier cooling process within ∼1 ps followed by the exciton
dissociation with a lifetime of ∼3–6 ps. On the one hand, it
can be seen that the moments at which the TA traces of the
exciton rising up across the zero baseline, which are defined
as the critical rising time and marked with red circles in
Fig. 4, fall exactly in the same time range of ∼3–6 ps as
the lifetime of the exciton dissociation. On the other hand,
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as the TA traces were obtained via spectral integration over
the A exciton bleaching peak, the sign reversal of the TA
traces across the marked critical rising time is just another
manifestation of the emergence of a totally positive A exciton
signal as shown and discussed in Figs. 2 and 3, which has
been assigned as the main spectral feature for the occurrence
of photoinduced Mott transition. Thus, the critical rising time
we defined here serves as a bridge that connects the exciton
dissociation and the photoinduced Mott transition. Indeed, the
free carriers originating from the dissociation of the excitons
will in turn enhance the dynamical screening of the Coulomb
interactions between electron-hole pairs and further facilitate
the exciton fission, which contributes to the Mott transition
from an insulating excitonic regime to a metallic electron-hole
plasma phase.

Based on the above discussion, the underlying physical
mechanism for the successful achievement of the Mott tran-
sition and the significant reduction of the Mott density under
pressure with only mild excitation can be attributed to the
reduced interlayer distance and the enhanced screening in
few-layer MoS2 under pressure, which then enhance the ex-
citon dissociation and finally facilitate the photoinduced Mott
transition. Actually, upon the compression strain from the hy-
drostatic pressure, the interlayer distance in few-layer MoS2

can be readily reduced [41]. In previous studies, it has been
verified that with the decrease of the interlayer distance in
TMDCs, the Coulomb screening effects from adjacent layers
will be enhanced, which result in the reduction of the exciton
binding energy [63]. Together with the contributions from the
photogenerated charge carriers to the dynamical screening of
attractive Coulomb interactions between bound electron-hole
pairs, exciton binding energy can be further reduced, which
facilitates the exciton dissociation and significantly lowers the
Mott threshold.

More importantly, since the critical rising time is directly
related to the onset of the Mott transition, we can then use
it as a quantitative parameter of the time needed for the
ultrafast establishment of the metallic electron-hole plasma
state after optical excitation. As shown in the inset of Fig. 4,
with the increase of the pressure from 2.00 to 3.25 GPa, the
critical rising time can be gradually reduced from ∼5.8 to
2.9 ps. Furthermore, as shown in Fig. S9 (see Fig. S9 in the
Supplemental Material [48]), the transition rate corresponding
to the reciprocal of the critical rising time increases as a
linear function of the pressure up to 3 GPa. These findings
reveal unambiguously that the ultrafast optical switching to
the metallic state in few-layer MoS2 can be subtly tuned and
accelerated via the hydrostatic pressure with a subpicosecond
time resolution. As shown by the red fitting curve in the inset

of Fig. 4, the critical rising time evolves nonlinearly with the
pressure under the fixed low excitation density. This nonlinear
behavior indicates that the switching to the metallic state
can be manipulated with much higher time resolution under
higher pressures, which may find promising applications in
strain-tunable ultrafast optical switches and phototransistors.

III. CONCLUSION

In summary, we have experimentally demonstrated that the
photoinduced Mott transition in few-layer MoS2 under mild
excitation density can be successfully achieved and subtly
tuned via hydrostatic pressure at room temperature. Utilizing
the strategy of combining ultrafast pump-probe spectroscopy
with DAC devices, we find that the Mott density of few-layer
MoS2 under pressure of ∼3 GPa can be significantly reduced
by more than two orders of magnitude compared with that at
ambient pressure. Besides, with the increase of the pressure
from 2.00 to 3.25 GPa, the time needed for the ultrafast
optical switching to a metallic state in few-layer MoS2 after
excitation can be successively reduced from ∼5.8 to 2.9 ps,
which is attributed to the reduction of the exciton binding
energy and the acceleration of the exciton dissociation by
the enhanced dielectric screening of the Coulomb interactions
with the pressure. Our findings enrich the understanding of
many-body interactions in atomically thin TMDCs under ex-
ternal strain, which may facilitate their promising applications
in next-generation 2D-based phototransistors, strain-tunable
ultrafast optical switches, and energy-efficient nanolasers.
Meanwhile, the proposed strategy with the combination of
ultrafast pump-probe spectroscopy with DAC devices is ver-
satile and powerful, which paves the way for the study of
strong-correlation effects and macroscopic quantum phenom-
ena like Bose-Einstein condensation [11,64] in solids under
extreme conditions.
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