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The recent development of ultrashort laser pulses allows for optical control of structural and electronic
properties of complex quantum materials. The layered transition-metal dichalcogenide MoTe2, which can
crystallize into several different structures with distinct topological and electronic properties, provides
possibilities to control or switch between different phases. In this study, we report a photoinduced
subpicosecond structural transition between the type-II Weyl semimetal phase and normal-semimetal phase
in bulk crystalline MoTe2 by using ultrafast pump-probe and time-resolved second-harmonic-generation
spectroscopy. The phase transition is most clearly characterized by the dramatic change of the shear
oscillation mode and the intensity loss of second-harmonic generation. This work opens up new
possibilities for ultrafast manipulation of the topological properties of solids, enabling potentially practical
applications for a topological switch device with ultrafast excitations.
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I. INTRODUCTION

Layered transition-metal dichalcogenide (TMD) MX2

[where M is a transition metal (Ta, Nb, Mo, and W), and
X is a chalcogen (S, Se, and Te)] represents one of the
most interesting material groups that shows rich physical
phenomena such as charge-density wave, superconductiv-
ity, quantum spin Hall effect, topological nontrivial state,
unsaturated extremely large magnetoresistivity, etc. Among
them, MoTe2 has recently attracted particular attention
because it hosts type-II topological Weyl fermions in a
noncentrosymmetric octahedral Td structural phase [1–3],
which allows for fundamental studies of intriguing topo-
logical physics. Actually, MoTe2 can crystallize into
several different structures with different properties, for
example, the trigonal prismatic coordinated hexagonal 2H
phase (space group P63=mmc), distorted octahedral coor-
dinated monoclinic 1T 0 (space group P21=m), and ortho-
rhombic Td (space group Pmn21) phases [4–6]. The 2H
phase has a central symmetric structure and is semicon-
ducting, but the 1T 0 and Td phases show semimetallic
nature. The 1T 0-MoTe2 phase is centrosymmetric and can
be transformed into the Td-MoTe2 phase with broken

inversion symmetry by cooling the compoundbelow approx-
imately 250 K [4,5]. Td-MoTe2 is also found to be super-
conducting with Tc ¼ 0.1 K, thus, serving as a promising
candidate for the topological superconductor [7–9]. Since
the energy difference between different phases is small in
MoTe2 [10], the system provides a good possibility to
manipulate or engineer controlled phase transitions.
The lattice structures and symmetries of materials are

usually probed and determined by elastic x-ray, neutron,
and electron diffractions or inelastic Raman spectroscopy.
With the development of advanced femtosecond laser
techniques, ultrafast coherent phonon spectroscopy based
on the pump-probe technique and second-harmonic-
generation (SHG) spectroscopy provide alternative routes
to resolve lattice symmetry [11–17]. Such optical probes
are particularly effective for detecting structural change
associated with inversion symmetry breaking. When the
inversion symmetry is broken, parity is not a good quantum
number, giving rise to a mixture of even and odd states.
The sudden lattice symmetry change would lead to a
variation in A1 Raman active phonon modes, which can
be tracked by the ultrafast coherent phonon spectroscopy
through the displacive excitation of coherent phonons or
stimulated Raman-scattering process [18,19]. SHG spec-
troscopy is extremely sensitive to inversion symmetry
because the leading-order contribution to the SHG signal
is nonzero only when the inversion symmetry is broken,
e.g., at the interfaces or in bulk noncentrosymmetric crys-
talline. More importantly, the employment of such optical
probes allows for time-resolved measurement after ultrafast
photoexcitations. Up to now, the experimental realization of
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a switch between different structural phase transitions in
MoTe2 was mainly achieved via application of strain,
doping, or static electric field on few-layer samples
[20–22]. Ultrashort laser pulses provide a new route to
manipulate the structural and electrical properties of a
quantum material. When the electric field of the pumping
pulse is comparable to the potential gradients of atoms, the
intense pulse can change the landscape of free energy and
induce a phase transition. There are many good examples
of theultrafast photoinduced transitions such as the insulator-
to-metal transition in VO2 [12,23], the lattice distortions
in manganites [24], and the charge-density-wave insulator
to metal transition in quasi-one-dimensional K0.3MoO3

[11,25]. A recent study indicated that strong laser radiation
can induce a nonreversal structural phase transition between
the 2H and 1T phases in MoTe2 [26]. Here we report an
ultrafast photoinduced subpicosecond structural transition
between the type-II Weyl semimetal Td phase and normal-
semimetal 1T 0 phase in bulk crystalline MoTe2. The onset
and degree of the phase transition are determined by transient

photoinduced coherent phonon spectroscopy and time-
resolved SHG separately.

II. SAMPLE CHARACTERIZATION

The MoTe2 single crystals are grown by vapor-transport
method using iodine as the transport agent, similar to the
method reported in earlier work [9]. The high-temperature
centrosymmetric monoclinic 1T 0 structure and low-
temperature noncentrosymmetric Td structure are shown
in the Figs. 1(a) and 1(b), respectively. The structural
difference between the two phases is small, only by a 4°
tilting angle from the stacking direction (c axis). The type-
II Weyl semimetal characteristics in the Td phase are
identified by angle-resolved-photoemission-spectroscopy
and scanning-tunneling-spectroscopy studies [27,28].
We perform temperature-dependent resistivity and opti-

cal SHG measurements on the crystals. The resistivity
measurement is measured by a standard four-probe method
on a Quantum Design physical properties measurement
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FIG. 1. Sample structure and characterization. Crystal structures of MoTe2 in the (a) 1T 0 and (b) Td phases. Beam path in the SHG
experiment is shown in (c). (d) T-dependent resistivity. (e) Optical SHG intensity measured with an incident photon energy of 800 nm.
Both ρðTÞ and the SHG measurement show a temperature-induced first-order phase transition. SHG characteristics (f) for the s-polarized
SH photons while the incidence polarizer is rotated and (g) for the incidence p polarized while the SH analyzer is rotated.
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system. The SHG is measured with a Ti:sapphire amplified
laser of 800-nm pulses with 100-fs duration at 1-kHz
repetition rate focusing on the abðxyÞ plane of the sample
(0.1 to 0.8 mWon a 110-μm spot) in reflection geometry at
a 45° angle of incidence. A schematic diagram of the
optical path arrangement is shown in Fig. 1(c). The p (s)
polarization of the incidence is in the ac plane (xz plane)
(along the b axis) of the sample crystal. The incident
polarization is controlled by a half wave plate, and the
polarization of the reflection SHG is analyzed by a Glan
laser prism. Figure 1(d) shows the temperature-dependent
resistivity of the crystal. The presence of significant
hysteresis in the transition temperatures between cooling
down (about 240 K) and warming up (about 250 K) [inset
of Fig. 1(d)] yields evidence for the first-order phase
transition at TV . Figure 1(e) shows the optical SHG
intensity at a particular measurement configuration of
p-polarized incidence and p-polarized second-harmonic
(SH) photons. The signal is absent at high temperature but
increases suddenly below the phase transition, yielding
evidence for the inversion symmetry breaking in the Td
phase. The signal also shows a clear hysteresis across TV
with cooling down and warming up the sample, further
supporting the first-order phase transition.
Figures 1(f) and 1(g) show the SH polarization patterns

in MoTe2 for two different measurement configurations,
with a fixed s-polarized incidence-rotatable SH analyzer
and a fixed p-polarized SH photon-rotatable incidence
polarizer, respectively. For Fig. 1(f), the incident electric
field êω2¼½E2

x;E2
y;E2

z ;2EyEz;2EzEx;2ExEy�¼½1
2
cos2θ;sin2θ;

1
2
cos2θ;−

ffiffiffi
2

p
sinθcosθ;−cos2θ;

ffiffiffi
2

p
sinθcosθ� (θ is the angle

the incidence polarizer rotates from p polarization) gen-
erates a second-harmonic signal along the ê2ω ¼ ½0; 1; 0�
for s polarization. The generated SHG intensity ISHG can be
expressed as ISHG ∝ jê2ω · d∶ê2ωj2, where d is the con-
tracted notation of the second-order susceptibility tensor. d
is a 3 × 6 second-rank tensor, and the nonzero tensor
elements for the mm2 point group are d15, d24, d31, d32,
and d33. So, we can easily lead to Is−out ∝ d224 sin

2 2θ. It is
used to fit the polarization pattern in Fig. 1(f) very well.
Similarly, when θ ¼ 0, the incident electric field is êω2 ¼
½E2

x; E2
y; E2

z ; 2EyEz; 2EzEx; 2ExEy� ¼ ½1
2
; 0; 1

2
; 0;−1; 0�. We

fit the lobes in Fig. 1(g) by equation Ip−in ∝ ð−d15 þ d31=
2þ d33=2Þ2 cos2 φ, where the SH analyzer is rotated at an
angle φ from p polarization. The polarization patterns
can be well reproduced by the symmetry analysis based on
the space group Pmn21 further proving the structure of the
compound [21].

III. ULTRAFAST COHERENT PHONON
SPECTROSCOPY

In order to monitor the ultrafast dynamics of the phase
transition, the equilibrium technique can be extended to
the time domain via a standard pump-probe configuration.

A Ti:sapphire amplified laser of 800-nm pulses with 35-fs
duration at 1-kHz repetition rate is utilized as the source
of both the pump and probe beams. The pump beam is
modulated by a chopper at a frequency of 333 Hz and
polarized perpendicular to the probe beam (p-polarized
pump, s-polarized probe). We keep the pump fluence at
about 100 μJ=cm2, 10 times stronger than the probe pulses.
Figures 2(a) and 2(b) show the photoinduced reflectivity
change ΔR=R as a function of time delay measured from 4
to 300 K (the warming process) and from 300 to 4 K (the
cooling process) separately. The decay dynamics contains
two processes [29,30]: a fast component (τ1) about 0.3 ps
and an almost constant or very slow component (τ2) about
hundreds of picoseconds. The coherent vibrational dynam-
ics is obtained after subtracting the two decay processes.
The coherent vibrational dynamics contains the oscillation
signals originating from the low-energy A1 optical phonons
[18]. In principle, the reflectivity changes induced by
coherent phonons arise from the modulation of the optical
susceptibility at the phonon frequency. The dielectric sus-
ceptibility can be expressed by displacement coordinateQðtÞ
around equilibrium as χ ¼ χ0 þ f½ð∂χÞ=ð∂QÞ� �QðtÞg,
where the second-rank tensor ð∂χð1ÞÞ=ð∂QÞ is linked to
the Raman tensor, and the third-rank tensor ð∂χð2ÞÞ=ð∂QÞ is
related to the hyper-Raman tensor [17]. It can be seen clearly
in the time-domain spectrum that a long-period optical
coherent phonon suddenly disappears above the structural
phase-transition temperature.
Figures 2(c) and 2(d), respectively, show a Fourier

transform of these oscillations of Figs. 2(a) and 2(b) after
subtracting the two-exponential-decay components of the
form ΔR=R ¼ A0 þ A1 expð−t=τ1Þ þ A2 expð−t=τ2Þ,
where Ai and τi (i ¼ 1, 2) are the fit parameters that
represent the amplitude and recovery rate of the dynamics,
respectively. Six distinct peaks are observed in the Fourier
spectrum at 0.42, 2.3, 3.4, 3.89, 5.0, and 7.77 THz
(approximately 14, 77, 113, 130, 167, and 259 cm−1) at
the low temperature. We found that all these phonons have
been detected in the Raman spectrum as A1 modes [31–33].
The 0.42-THz phonon, which appears around 240 K during
the cooling process [Fig. 2(d)] and disappears around
250 K during the warming process, has much stronger
intensity [Fig. 2(c)]. It shows the same hysteresis as
observed in the temperature-dependent resistivity and
SHG signals. The same hysteresis has also been reported
in the Raman measurement [31,32]. Based on the sym-
metry analysis and calculation results reported before, the
0.42-THz phonon is a shear mode between layers and is
Raman active in the Td phase and inactive in the 1T 0 phase
(since the zone-center lattice vibrations have odd parity in
the inversion-symmetric structure in the 1T 0 phase) [32].
So, we can take the 0.42-THz shear mode as an indication
of the change of the structural transition in this compound.
Figure 2(e) shows the temperature evolution of the

amplitude of the phonon at 0.42 THz together with other
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modes extracted from Fig. 2(c). In principle, the other A1

phonon modes should also change at the phase transition.
However, since the structural change is very subtle and
the related modes at similar frequencies are also present in
the 1T 0 phase based on calculations [31–33], their change
cannot be well resolved. Additionally, the phonon intensity
decreases as the temperature increases, as shown in Fig. 2(e).
Because of the enhanced scattering fromelectrons at elevated
temperature, some weak modes gradually disappear at
temperatures even much lower than 250 K, while the strong
mode at 0.42 THz remains but drops suddenly at Tv.
Having identified the shear mode as an indication of

structural transition [31,32,34], we now explore the fluence
dependence of the pump-probe signal. Figure 3(a) presents
the pump-induced reflectivity change of MoTe2 for differ-
ent selected pump fluences at the low temperature
T ¼ 4 K. The curves are vertically shifted for clarity.
The Fourier transformations of the oscillations after sub-
tracting the background are shown in Fig. 3(b). Under very
low fluence, the signal is so small that only the strongest
0.42-THz phonon can be detected. With increasing the
fluence, the other five phonons show up, but the 0.42-THz
phonon tends to disappear near 5 mJ=cm2. Figure 3(c)
displays the fluence dependence of the maximum change
of the reflectivity [peak intensity in Fig. 3(a)]. It is clearly
seen that the maximum change saturates at high fluence.
Figure 3(d) shows the fluence dependence of the ampli-
tudes of different phonons. It can be seen that amplitudes of

other phonons slightly increase with fluence. It satisfies the
theory of displacive excitation of coherent phonons [18]
that the intensity of the coherent phonon should increase
with increasing fluence before reaching the damage thresh-
old of a material [35]. But for the amplitude of the shear-
mode phonon at 0.42 THz, it increases linearly at small
fluence and then decreases after reaching a maximum
near 1.5 mJ=cm2.
There could be two possible reasons for the intensity

reduction of the 0.42-THz phonon mode in the high
fluence. One is a dephasing mechanism arising from
oscillation damping and another is due to the symmetry
change of the lattice structure. Since the coherent phonon
manifests as an oscillation in the recorded time trace of
transient reflectivity, we can roughly estimate the dephas-
ing time from the damping of the oscillation. As shown in
Fig. 3(a), the oscillation still lasts for a long time at the high
pump fluence, suggesting an almost unchanged lifetime
of the coherent phonon, which essentially excludes the
dephasing mechanism. Then we need to consider the
pump-induced structural symmetry change. The compound
has a first-order transition at about 250 K, and the 0.42-THz
phonon mode disappears in the high-temperature phase
while other modes at similar frequencies remain [31]. A
possible scenario is that the intensive pump can directly
drive a structural change from the Td to T 0 phase.
Photoinduced structural phase transitions have been found
in some other compounds [24,36,37], but the mechanisms
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FIG. 2. The temperature-dependent coherent vibrational dynamics. The transient-pump-induced reflectivity at 800 nm (a) from 4 to
300 K (warming process) and (b) from 300 to 4 K (the cooling process). Above 240 K, all the curves are vertically shifted for clarity.
Inset of (a): Pump-induced reflectivity change at a longer time-delay scale at 4 K. We can see that the coherent phonons last for a very
long time delay. Color plots of the Fourier transformation of the transient reflectivity after subtracting the background: (c) the warming
process and (d) the cooling process at selected temperatures. (e) The temperature dependence of the amplitudes of different phonons
during the warming process.
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of the transition remain debated. Another possibility is the
thermal effect in the lattice temperature induced by the
intense pump [38,39]. In the latter case, the expected
temperature rise ΔT at temperature (T0) can be estimated
by the equation Sδρ=M

R T0þΔT
T0

CpðTÞdT ¼ ð1 − RÞFS,
where S, ρ, M, R, F, and δ are the excitation area, the
mass density (7.78 g=cm3), the molar mass (351.1 g=mol),
the reflectivity of MoTe2 (about 0.45 at 800 nm from our
own measurement), the laser fluence, and the optical
penetration depth (δ ≈ 100 nm), respectively. Cp is the
temperature-dependent thermal capacity. We estimate the
values of ΔT to be approximately 120 and 300 K with
excitation fluence about 1 and 5 mJ=cm2, respectively, at
T0 ¼ 5 K. It seems that the thermal effect can also explain
the observation. However, it is hard to define the accurate
temperature increase in ultrafast laser excitation since
thermal diffusion is neglected in the equation. In the next
section, we explain that the latter possibility is unlikely or
can be essentially ruled out. As a matter of fact, the
timescale of the phase transition appears to be more reliable
evidence to distinguish between the thermal and non-
thermal effects [12,40].

IV. THE TIME-RESOLVED SECOND-HARMONIC
GENERATION

It is well known that the nonlinear susceptibility (espe-
cially second order) is very sensitive to the symmetry
change of a lattice [15–17,41]. As we demonstrate in
Fig. 1(d), the SH intensity in MoTe2 is nearly zero in the

1T 0 phase while sharply enhanced in the Td phase where
inversion symmetry is broken; hence, more valuable insight
into pump-induced lattice symmetry change can be gained
from the time-resolved second-harmonic generation (TR
SHG) spectroscopy. We perform a near-infrared (800 nm)
pump, SHGmeasurement on the sample as seen in Fig. 1(c).
ATi:sapphire amplified laser system of 800-nm laser pulses
with 100-fs duration at 1-kHz repetition rate is used for the
measurement. The spot sizes are about 150 μm for the pump
and 110 μm for the probe in 45° configuration. The pump is
in normal incidence, and the scattering surface is in the ac
plane of the compound. Earlier structural study based on
the crystallographic data analysis of single-crystal samples
has revealed that the polar direction related to the inversion
symmetry breaking of MoTe2 in the low-temperature phase
is along the c axis [21]. The p-polarized SH photons with
p-polarized incidence are recorded as the probe.The pump
is also p polarized. Obviously, the change of the probe
is proportional to the change of the polar degree [as we
demonstrate in Figs. 1(f) and 1(g)].
Figure 4(a) shows the temperature-dependent relative

change of the SHG intensity at fixed pump fluence about
2 mJ=cm2 as a function of the time delay. We find that the
SHG intensity has no response above TV , while it drops to a
lower value quickly (about 0.7 ps) upon pump excitation
and lasts over 100 ps below TV. The SH intensity in the Td
phase drops rapidly as the temperature decreases and
saturates at about 50 K. The 0.42-THz (period about
2 ps) phonon is also visible below 150 K in Fig. 4(a).
Though the linear phonon spectroscopy also detects the

Time F

P P

(a)

(d)

(b)

Peak

(c)

FIG. 3. The fluence-dependent coherent vibrational dynamics. (a) The transient-pump-induced reflectivity changes in MoTe2 at 4 K
with different excitation fluences. (b) The Fourier transformation of the transient reflectivity after subtracting the background in (a).
(c) The fluence dependence of the maximum change of the reflectivity. The green curve is a guide to the eyes. (d) The fluence
dependence of amplitudes of different phonons. The intensity increases linearly at small fluence.
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0.42-THz shear mode, the mechanisms behind the dynami-
cal oscillation through the linear and nonlinear probes are
different. The oscillation in pump-probe spectroscopy has
been ascribed to the displacive excitation of the coherent
phonon mechanism which is linked to Raman tensor, while
the oscillation in SHG has often been taken as a hyper-
Raman process [17]. The symmetry of the potential
changes under intense fluence at low temperature is already
demonstrated from the coherent phonon spectrum in Fig. 3.
The reduction of the SH signal after intense pump implies
that the polar degree of the crystal indeed decreases but not
vanishes yet; namely, the positions of the atoms have not
yet shifted to the totally centrosymmetric phase. The out-
of-equilibrium SHG signal might be influenced by other
effects such as the excited carriers and electron-phonon
scattering mechanism, but it can be ignored since SHG is so
sensible to the lattice symmetry that it is often taken as a
tool to detect the symmetry change of a compound such as
GaAs [42]. It is worthy to note that even at 240 K, which is
very close to the structural phase-transition temperature, the
relative reduction of the SHG signal is found to be about
20%. It means that the strong pump at this fluence does not
drive the compound to the T 0 phase. On this basis, a simple
laser heating effect appears to be unlikely.
To explore the impact of pump fluence on the polar of the

compound, we perform fluence-dependent time-resolved
SHG measurements at T ¼ 10 K [Fig. 4(b)]. We can see
that the shape of the SHG transient does not change, and
the intensity drops with the increase of the fluence. The SH
intensity drops to a maximum of nearly 80% but does not
completely disappear at a fluence of 4 mJ=cm2. This is
probably because the Gaussian-like beam profile leads to
a larger effect in the center of the beam than at the edge
where the optical intensity is weaker, and not all of the
Td phase enters the normal-semimetal 1T 0 phase. The
0.42-THz coherent phonon disappears at higher fluence.
The fast decrease of signal intensity within about 0.7 ps
after pumping suggests that the structural transition takes

place in a subpicosecond timescale. This timescale is much
smaller than the timescale of the increase of the lattice
temperature arising from the coupling of optically excited
hot electrons to the phonon modes, which could last for
several hundreds of picoseconds [12,40]. The correspond-
ing electric field intensity could be estimated from the
equation Ep ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2ZF0
ðP=AeffÞ

p
, where ZF0

¼ 377 Ω, Aeff

is the beam size at focus, P ¼ ðw=τFWHMÞ, w is the pulse
energy, and τFWHM is the duration of pulse [43]. From the
inset of Fig. 4(b), we can see that the relative change of the
SHG intensity scales linearly with the electric field inten-
sity. It is likely that this phase transition is closely related to
field strength.
To verify the nonthermal picture, we further perform a

time-resolved SHG measurement with the pump excitation
wavelength at 2.6 μm being tuned from the idler beam of
an optical parametric amplifier pumped by another ampli-
fied Ti:sapphire laser system at 800 nm with 35-fs duration
and 1-kHz repetition rate. At such a longer wavelength, the
reflectivity of the compound becomes higher, R ≈ 0.55
due to metallic response, and the optical penetration depth
becomes much longer δ ≈ 250 nm based on our own
reflectance measurement over broad frequencies and sub-
sequent Kramers-Kronig transformation, which is also in
agreement with the recent optical measurement on MoTe2
[44]. According to the equation used in the estimation of
the lattice temperature increase in Sec. III, both effects lead
to a smaller increase of lattice temperature when comparing
with 800-nm excitations at the same fluence. As we show in
Fig. 4(c), the SHG signal of the material drops to about
19% of its original value at about 2.4 mJ=cm2, and its
electric field intensity is 6.14 MV=cm, which is consistent
with the field strength in the above-800-nmpumpwith 100-fs
pulse width at a fluence of 4.5 mJ=cm2. The lattice temper-
ature is estimated to be less than 90 K by the heating effect
equation at this fluence, which is far below the structural
transition temperature. These results unambiguously support

FIG. 4. (a) The relative change of SHG at fixed pump fluence of 800 nm about 2 mJ=cm2 measured at different temperatures. The inset
is the signal at longer time delay. (b) and (c) are pump-induced SHG time traces of MoTe2 at selected fluences at T ¼ 10 K. The inset of
(b) is the relative change of SHG at various pump field strengths. The pump pulse has a wavelength of 800 nm with 100-fs pulse width in
(b) and a wavelength of 2.6 μm with 35-fs pulse width in (c). Both of their incident probe pulses have a wavelength of 800 nm.

M. Y. ZHANG et al. PHYS. REV. X 9, 021036 (2019)

021036-6



the scenario that the switching effect is not driven by the
thermal effect but by the electric field of the laser pulses.
It is worthy to mention a closely related work on WTe2

by Sie et al. [45]. They performed an intense terahertz and
midinfrared pump time-resolved TEM study as well as a
time-resolved SHG measurement with a 2.1-μm pump and
found a very similar lattice symmetry switch from the Td
to the 1T 0 phase [45]. Since the WTe2 compound is very
similar to MoTe2 but does not have a structural phase
transition at elevated temperature, their experiments rule
out the possibility of the heating effect for the pump-
induced lattice symmetry change. Since the pump energy is
low, they proposed an electric-field-driving mechanism to
explain the phase transition. The applied field accelerates
electrons away from the topmost valence band constituting
an interlayer antibonding orbital. This kind of situation will
change the coupling strength between layers. Interlayer
shear movement makes the material reach a new equilib-
rium position, where the material changes from the Td
phase into the 1T 0 phase. It seems that the same driving
mechanism may also apply to the strong field pumping on
MoTe2 with higher excitation energy of 800 nm (1.55 eV).

V. CONCLUDING REMARKS

The combined coherent phonon spectroscopy and the TR
SHG study reveal unambiguously a photoinduced switch
between the Td and 1T 0 phases in MoTe2. Several features
deserve to be further addressed here. First, the time-
resolved SHG measurement demonstrates that the sharp
drop of the SHG signal is within a timescale of subpico-
seconds after ultrafast excitations, indicating a nonthermal
pathway for the photoinduced phase transition. This time-
scale is intrinsic since it is longer than the experimental
time resolution. Second, both the pump-probe and the time-
resolved SHG measurements reveal that the photoinduced
state lasts for a very long time without showing noticeable
decay [see inset of Fig. 4(a)]. This indicates that the intense
photoexcitations actually drive the Td phase of the com-
pound to a metastable phase, though this metastable phase
is likely to be a known one in equilibrium, i.e., a monoclinic
1T 0 phase. In fact, for many quantum materials, ultrashort
pulses can drive them to certain novel quantum phases
inaccessible in a typical tuning method (temperature,
chemical doping, pressure), such as bismuth [46],
1T-TaS2 [47], and WTe2 [45]. Third, it is well known
that the energy difference between the Td and 1T 0 phases is
small. Theoretical calculations [10] suggested that the hole
doping can destroy the orthorhombic phase and stabilize
the monoclinic phase in MoTe2 once the doped hole
density exceeds approximately 1020 cm−3. Different from
the hole doping, the ultrashort photoexcitation presented in
this work offers a new route to manipulate different orders
in MoTe2. Our experiments indicate a nonthermal lattice
symmetry transition and suggest that the electric field of
laser excitations plays an important role in phase transition.

It is noted that a similar ultrafast symmetry switch was
found very recently in WTe2 [45].
The present study represents the first realization of

an ultrafast subpicosecond switch between the Td phase
and 1T 0 phase in bulk MoTe2 among all possible tuning
methods. It opens up new possibilities for ultrafast manipu-
lation of the topological properties of solids, thus, enabling
potentially practical applications for a topological switch
device with ultrafast excitations. Our results indicate that
investigating photoinduced structural change and its decay
dynamics by direct time-resolved structural probes, e.g.,
time-resolved x-ray diffraction, would be an interesting
direction to pursue in future research.
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