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i % : Among natural energy resources, methane clathrate has attracted tremendous attention because of its
strong relevance to current energy and environment issues. Yet little is known about how the clathrate start to
nucleate and disintegrate at the molecular level, because such microscopic processes are difficult to probe
experimentally. Using surface-specific sum-frequency vibrational spectroscopy, we have studied in situ the
nucleation and disintegration of methane clathrate embryos at the methane gas/water interface under high
pressure and different temperatures. We find a clear vibrational spectral feature of an intermediate microscopic
structure appears in induction time. Our findings not only provide a better microscopic understanding on the
nucleation mechanism of clathrates, but also open up an opportunity for rational control of their formation and

disintegration.
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Ultrafast decay dynamics of higher-lying excited states of water

G. Wu*, D. Yang, Y. Min, Z. He, Z. Chen, K. Yuan and X. Yang
State Key Laboratory of Molecular Reaction Dynamics, Dalian Institute of Chemical Physics,
CAS, Dalian 116023, China
Study of the photophysical and photochemical processes in the electronically excited states of
water is very important in the understanding of atmospheric chemistry. It also serves as an ideal
model system to study complicated excited-state dynamics of polyatomic molecules.
Excited-state dynamics of water molecules has been intensively studied, both experimentally and
theoretically, for more than four decades and rich information has been obtained from various
studies, such as absorption spectra, resonance-enhanced multiphoton ionization (REMPI) spectra,
OH product fluorescence excitation spectra, H product action spectra and photodissociation
dynamics, time-resolved excited-state dynamics, etc.
Among these studies, experiments are mainly limited to the frequency domain, due to the lack of
the wavelength-tunable fs laser source in the VUV range. In the last couple of years, we have
studied the ultrafast decay dynamics of water molecules excited into the C, D, D’, D and F
states, by using two-photon excitation and time-resolved photoelectron imaging (TRPEI)
techniques. Extensive information on the ultrafast decay dynamics of these higher-lying excited
states has been derived. In this talk, a detailed report on the experimental results will be given.
References:
[1] Z. He, Z. Chen, D. Yan, D. Dai, G. Wu and X. Yang, Chin. J. Chem. Phys. 30, 247 (2017).
[2] Z. He, D. Yang, Z. Chen, K. Yuan, D. Dai, G. Wu and X. Yang, Phys. Chem. Chem. Phys. 19,
29795 (2017).
[3] D. Yang, Y. Min, Z. Chen, Z. He, Z. Chen, K. Yuan, D. Dai, G. Wu and X. Yang, Chin. J.
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Abstract : By using a three-dimensional time-dependent Schrodinger equation (TDSE) in prolate
spheroidal coordinates, we investigate the ionization dynamics of one-electron diatomic molecules in different
laser fields. It is found that the ionization probability shows oscillatory behavior vs alignment angle for large
internuclear distances, and the ionization probabilities of the molecules with different initial states (1 0 g and 1
0 u) oscillate out of phase vs internuclear distance, which can be ascribed to the low-energy electron
interference comparing with SFA simulations. Furthermore, it is demonstrated that, the ionization probability
decreases as a function of the alignment angle in tunneling ionization regime, while it ascends with the
increase of orientation angle in multiphoton ionization regime for the internuclear distance R=2 a.u. Analysis
indicates that the above intriguing feature can be attributed to the interference between the partial electron
wave packets emitted from different atomic cores, which becomes evident at low laser intensity due to

increased width of the initial mechanical momentum of the photoelectron at ionization moment.
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Fig. 1: Molecular ionization as a function of aligment angles and internuclear separations in different laser fields.
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Figure 3. a) Solid lines with scatters are TA decays for the SE (551 nm) under different excitation energies, solid line is the corresponding fitting and
dashed line is the IRF at 300 nm; b) emission intensity at ASE wavelength of the sample for TA measurement and the rate constant I” obtained by the
kinetic model as a function of pump energy. Inset shows the pump energy dependence of the TA signal for the SE and PA_; ¢ the transient PL spectrum
and the fitted peaks assigned as the ASE component and the spontanecus emission (Sp) component at an excitation of 43.6 u] em™. Inset shows their
decays curve and the fitting by a single or double exponential function; d) streak camera patterns under different excitations.
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Abstract : In previous studies on atomic non-sequential double ionization (NSDI) process in intense
infrared laser field, quantum interference effect has eluded experimental observation and the NSDI can be
well understood from a semiclassical perspective. Recent progress in experimental technique makes it
possible to measure the process more accurately and reveal new effect related to quantum interference
effect in the NSDI process. In this talk, we report some of our recent work on the quantum interference effect
in atomic double ionization process.

We perform coincidence measurements of the momenta of the doubly charged ion and the two



electrons arising from NSDI of xenon subject to midinfrared laser pulses at 2400 nm. It is found that the
intensity dependence of the asymmetry parameter between the yields in the 2nd and 4th quadrants and
those in the 1st and 3™ quadrants of the electron-momentum-correlation distributions (i.e., asymmetry
between side-by-side and back-to-back emission) exhibits a peculiar fast oscillatory structure, which is
beyond the scope of the semiclassical picture. Our theoretical analysis using the S-matrix theory indicates
that this oscillation can be attributed to interference between the contributions of different excited states in
the RESI channel and interference between different return trajectories. Our work provides solid evidence
that quantum interference plays a pivotal role in the NSDI process [1].

Moreover, we show that the doubly differential cross sections (DDCSs) of the target ions, e.g., Ar* and Xe*, can

be accurately extracted from the 2-dimensional photoelectron momentum distributions measured in the
NSDI process of the corresponding atoms. The extracted DDCSs exhibit interference structures strongly
dependent on both the target and the laser intensity, in good agreement with calculated DDCSs from the
scattering of free electron on the corresponding ions. Based on this work, we propose a novel laser-induced
inelastic diffraction (LIID) scheme which may be extended to molecular systems and provides a promising
approach for the imaging of the gas-phase molecular dynamics induced by a strong laser field with
unprecedented spatial and temporal resolution [2].

Key Words: Nonsequential double ionization, strong laser field, interference
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on the atomic time scale
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Physics, chemistry and biology are the same at the atomic level, studying how atoms behave, and the period of
atomic motion is on the order of femtoseconds. Extremely high speed videography on the atomic scale is a
powerful tool for studying intra- and inter-atomic/molecular dynamics in photonic material, plasma



physics, living cells, and neural activity. Pushing the imaging speed to the quantum limit could reveal
extraordinary scenes about the questionable quantization of life and intelligence, or the wave-particle
duality of light. However, previous designs of ultrafast photography are intrinsically limited by framing
speed and spatial resolusion.

Here, we introduce a new technique based on a multiple non-collinear optical parametric amplifier
principle (MOPA), which readily push the frame rate into the area of 1.5x10" fps with higher spatial
resolution than 30 Ip/mm. The MOPA imaging has been applied to record the femtosecond early evolution
of laser-induced plasma grating in air and the optical ring-shape lattice with a rotating cycle down to
femtosecond region for the first time. Our approach avoids the intrinsic limitations of Heisenberg's
uncertainty principle of previous techniques, thus can be potentially optimized for higher speed and
resolution, opening the way of approaching quantum limits to test the fundamentals.

Meanwhile, in view of recently existing conception inconsistency or rather confusion in the high speed
photography field, it is necessary to briefly explain the information theory on high speed imaging
presented and deduced firstly by Dr. Schardin, German scientist, who is referred to as a pioneer in a high
speed photography field.

Q032
FERT: Q
Orientation-dependent depolarization of supercontinuum in barium

fluoride crystal

Cheng Gong"", Zixi Li'?, Linqiang Hua!, and Xiaojun Liu'*
1State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Institute of Physics and
Mathematics, Chinese Academy of Science, Wuhan 430071, China
2University of Chinese Academy of Sciences, Beijing 100049, China

Email: *gongcheng@wipm.ac.cn, #xjliu@wipm.ac.cn

Keywords: filamentation, supercontinuum, depolarization

Supercontinuum generation in transparent media including gases, liquids and solids has been a hot
research area since it was first discovered by Alfano and Shapiro in 1970 [1]. Much attention has been paid to
investigate the physical mechanism of supercontinuum generation due to its wide range of potential
applications in various research fields [2]. Apart from concentrating on generating broader supercontinuum
spectra, much attention has also been paid to the polarization properties of the supercontinuum due to its
important role in spectroscopic applications. Usually, when supercontinuum is generated in isotropic
amorphous media, the polarization is believed to be the same as the incident laser [1]. However, when intense
laser pulses propagate in BK7 glass, it has been found that the polarization of the generated supercontinuum
could be different from the incident laser [3], which was described as the depolarization of the supercontinuum.
In that work, the depolarization of the supercontinuum was attributed to the scattering of the generated plasma.
In contrast, Yu et al. recently found that the polarization of the supercontinuum could also be changed by the
initial polarization perturbation induced by the focus lens and this depolarization can be magnified by the

cross-phase modulation of the nonlinear third-order polarization [4]. Therefore, whether the generated plasma
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play an indispensable role in the depolarization of the supercontinuum is still under controversial and more
experimental investigations on the polarization properties of the supercontinuum are quite necessary.

In this work, we study the depolarization properties of the supercontinuum accompanied with
femtosecond laser filamentation in the cubic BaF, crystal at various input laser energies and crystal
orientations. It is found that the depolarization of the supercontinuum is strongly dependent on the crystal
orientations. At the same time, the depolarization of the supercontinuum changes with the increasing of the
input laser energies due to the scattering of the generated plasma and finally saturates due to the intensity
clamping effect at most crystal orientations. Moreover, a linearly polarized supercontinuum which has the
same polarization of the incident laser can be obtained even at high input laser energies when the crystal
orientation is chosen as 45 degree in BaF, crystal. Our experimental results reveal the critical role of
ionization-induced plasma in the depolarization properties of the supercontinuum accompanied with
femtosecond laser filamentation in cubic crystals.

Acknowledgments: This work was supported by the National Natural Science Foundation of China (No. 11527807, No.
11674356), the Strategic Priority Research Program of the Chinese Academy of Sciences (No. XDB21010400) and the Open
Fund of the State Key Laboratory of High Field Laser Physics.
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Abstract

Coherent radiation in the ultraviolent (UV) range has high potential applicability to the diagnosis of the
formation processes of soot in combustion because of the high scattering efficiency in the UV wavelength
region, even though the UV light is lost largely by the absorption within the combustion flames. We show
that the third harmonic (TH) of a Ti: sapphire 800 nm femtosecond laser is generated in a laser-induced
filament in a combustion flame and that the conversion efficiency of the TH varies sensitively by the
ellipticity of the driver laser pulse but does not vary so much by the choice of alkanol species introduced
as fuel for the combustion flames. We also find that the TH recorded from the side direction of the
filament is the Rayleigh scattering of the TH by soot nanoparticles within the flame and that the intensity
of the TH varies depending on the fuel species as well as on the position of the laser filament within the
flame. Our results show that a remote and in situ measurement of distributions of soot nanoparticles in a
combustion flame can be achieved by Rayleigh scattering spectroscopy of the TH generated by a
femtosecond-laser-induced filament in the combustion flame.

Keywords: Soot; Third harmonic (TH); Femtosecond laser; Filament; Flame.
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Abstract: During the development of ultra-short pulses in recent years, the duration of laser pulse gradually
decreased from femtosecond to attosecond!'-l. The ultraviolent few-cycle intense femtosecond laser pulses
have many characteristics such as strong electric field, wide spectrum and ultra-short time resolution. Also,
ultra-short laser pulses have been widely applied to various domains such as physics, chemistry and biology,
providing microscopic insights into atoms, molecules and materials, chemical and biochemical reaction
processest*6l.

Clean 9.107 fs pulses at 400 nm with 180 mJ energy were obtained by spectral broadening in a hollow
fiber, where several chirped mirrors are used to dispersive compensate. The self-diffraction signal shows a
smoothed and broadened laser spectrum, it allow us to generate near Fourier transform limited pulse, higher

single pulse energy of ultraviolet and few-cycle femtosecond intense laser pulses. It more useful in the

experimental study of warm dense matter, high-order harmonic generation, isolated attosecond pulse

generation and the ultra-fast pump-probe technology.
500

(a) (b)

460

ey
N
o

Wavelength (nm)
&
o

340

300
80 60 40 -20 0 20 40 60 80 80 60 40 -20 0 20 40 60 80

Time (fs) Time (fs)
Fig. 1. (a) FROG trace measured in the experiment. (b) FROG trace retrieved by the algorithm.

Key Words: pulse compression; ultrafast non-linear optics; driving laser of attosecond pulse; few-cycle pulses;
SD-FROG;
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The ionization dynamics for atoms subject to an intense laser field can be comprehended with the
physical picture between two limiting cases, i.e., multiphoton ionization and tunneling ionization. A pivotal
role is given to the Keldysh parameter v to indicate the transition between these two limits, which has already
been elucidated by plenty of documented works (see, e.g.,[1-3]). In contrast to the atomic ionization dynamics
in strong laser field, atomic excitation dynamics has not yet been well understood. The consensus on the
mechanism of atomic excitation in an intense laser field hasn’ t been reached so far. More importantly, the

formation of a complete picture of this strong field phenomenon is still hindered by the limited experimental



works and, meanwhile, the rather coarse measurement precision so far.

In this Letter, we report a comprehensive investigation of the atomic excitation dynamics and successfully
observe a transition from MPI to TI regime. We show a clear transition of strong field atomic excitation from
the regime of multiphoton to tunneling ionization by investigating the intensity dependence of the yields of
neutral excited atoms (Ar*) and singly charged ions (Ar+) of argon. Our results indicate that, for 400 nm, the
multiphoton resonance mechanism plays a significant role at low intensity and coherent recapture mechanism
becomes important at high intensity. While for 800 nm, distinctive out-of-phase oscillations of Ar* and Ar+
yields are identified in experiment for the first time, implying that coherent recapture mechanism dominates.
Our work provides a more comprehensive understanding of the atomic excitation mechanism in an intense
laser field [4].

Key Words: Atomic excitation, strong laser-field, multiphoton resonance mechanism, coherent recapture
mechanism.
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Femtosecond filamentation has been a hot topic in strong field laser physics in the last two decades [1].
Generation of a supercontinuum (SC) ranging from UV to near IR accompanied with filamentation in
transparent solids represents a compact and versatile source of coherent radiation, which offers potential
applications in various research fields [2]. In recent years, many efforts have been being directed to study
filamentation with ultrashort mid-infrared (MIR) laser pulses, which give an access to the range of anomalous
group velocity dispersion (GVD) [3]. In this regime, the interplay between self-action effects and anomalous
GVD facilitates generation of ultra-broadband supercontinuum, self-compression of the laser pulse down to
few-optical-cycle duration and eventually, formation of spatiotemporal light bullets. These phenomena can be
understood by the effective three-wave mixing (ETWM) model [4], which relates the spectral information to

the laser pulse propagation dynamics in the media [5]. Especially, when femtosecond MIR pulses filament in
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fused silica, a blue-shifted continuum peak in the visible regime was generated [6], which can be quantitatively
reproduced by the ETWM model. However, to the best of our knowledge, there is yet little research about the
structure of the peaks in detail.

In our work, we experimentally investigate the structure of the blue-shifted SC peak when mid-infrared
wavelength laser pulses filament in a fused silica. An asymmetric blue-shifted peak in the supercontinuum is
generated in the visible regime. After numerically simulating the femtosecond laser pulse propagation in the
sample, it is found that the blue-shifted SC peak can only be formed after intensity clamping, and its
asymmetric spectral structures can be related to the temporal pulse propagation dynamics in fused silica by the
ETWM model. Our work indicate that the formation of blue peak accompanied by filamentation presents a
new method of transferring pulses energy to specific wavelengths in the visible region, and the spectral
structure of the supercontinuum can provide us a new insight in the femtosecond laser propagation dynamics
in condensed media.
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Abstract:
A free-standing GaAs membrane is investigated by pump-probe reflectivity measurements with
femtosecond laser pulses of 400-nm wavelength. It is found that the detected wide spectrum of laser-generated

coherent strain waves in the membrane does not contain a specific hypersonic frequency. Theoretical analysis



reveals that this effect is related to zero sensitivity of the acousto-optic detection at a particular frequency
defined by the wavelength of the probe laser pulse on the mechanical free surface of the GaAs membrane. We
predict that a similar behavior is expected in Si and Au membranes and films, indicating that the presence of
zeros in the spectral transformation function of acousto-optic conversion is a rather general phenomenon in

picosecond ultrasonics that has so far been neglected.

Key word: acoustic waves; transient reflectivity measurements;
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Abstract: We use the Wigner distribution-like function (WDL) based on the improved strong field approx-
imation theory (ISFA) to obtain the rescattering time-energy (higher kinetic energy) distribution

(RTED) of the rescattering electrons ionized by few-cycle laser fields with four different frequencies.

The semiclassical results are given by the simple-man method with considering different tunnel exits

and the initial longitudinal momenta at the tunnel exit. Comparison between the central maxima of

the outmost stripes in the RTED and the semiclassical results indicates the existences of the tunnel

exit and it becomes closer to the core with the increasing frequency. Our results also imply that the

effect from the tunnel exit is more important than that from the initial longitudinal momentum at
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the tunnel exit for the backward-scattering electrons. Moreover, we give the origins of the stripes
appearing in the RTED and find that the existence of the interference between electrons with only

long or short orbits.

Keywords: Wigner distribution-like function; Higher-order above threshold ionization
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Abstract: We report on the experimental demonstration of a technique for rapid fabrication of black silicon
with enhanced absorption in the short-wavelength infrared (SWIR) region, directly in the ambient air, and at a
standoff distance of about 1 m. Our approach is based on the irradiation of a surface of the crystalline silicon,
coated by a 100-nm-thick aluminum film, by femtosecond laser pulses that are propagating in the air in the
self-channeling regime known as laser filamentation 2. In Fig. la-c, which correspond to different
partitioning of the processed sample between the filament and the reservoir parts of the laser beam, the
application of aluminum coating prior to the laser irradiation improves the absorptivity, most notably in the
SWIR spectral range. For the case of Fig. 1b, which shows the data for nearly optimal processing conditions,
the maximum improvement of absorption, relative to the case of laser-processed sample without Al coating,
is by as much as 50%. The maximum improvement occurs in the wavelength range between 2.0 and 2.5 1 m.
Microscopic and elemental analyses of the processed samples suggest that the absorptivity enhancement is
due to both the changes in the morphology of the microstructures formed on the sample surface by the laser
irradiation and the modification of the energy-band structure of silicon, as a result of aluminum implantation.
Our technique could enable rapid and cost-effective fabrication of silicon-based opto-electronic devices for
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applications in the infrared spectral range.
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Abstract: The emission dynamics of two electrons from sequential double ionization of Mg driven by strong

circularly polarized laser pulses is investigated with the three-dimensional classical ensemble approach. The
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numerical results show that the momentum spectra of the doubly charged ions exhibit the pronounced
double-ring structure and the relative yield of the double rings depends on the laser wavelength of the driving
pulses. By back tracing the classical trajectories, it is found that the ionization of the two electrons are
clustered in two time windows during the laser pulses and the two rings in the ion momentum spectra are
determined by the time delay between the emission of the two electrons. As the wavelength increases, the time
window for the first electron moves forward gradually, which result in the more favorable side-by-side
emission of the electron pairs and thus the enhancement of the outer rings in the ion momentum spectra. Our
results imply the ion momentum distribution is a sensitive indicator for dynamics of the electron emission in
SDI and this sub-cycle emission could be accurately adjusted by the wavelength of the driving pulses.
Keywords: strong-laser field, sequential double ionization, electron dynamic
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