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A Journey of Simulating Gauge Field with Cold Atoms
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Abstract: I will review the developments of simulating gauge field with cold atoms in the past decades. For abelian gauge field, it

starts from a constant gauge field to synthetic electric or magnetic fields. The later progress is to simulate density dependent gauge field,
and the density fluctuation introduces dynamics to gauge field. On the other hand, the dynamical gauge field requires local gauge symmetry.
I will discuss the emergent many-body localization in dynamical gauge field. For non-abelian gauge field, it introduces effects of spin-orbit
coupling and topological bands. I will discuss how to detect the topological effects from dynamical processes.
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Dynamics on discrete time crystal in a finite chain of cold Rydberg atoms
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Abstract: We study the collective dynamics of two realistic clean Floquet systems based on a regular chain of about 10 Rydberg

atoms. These atoms interact via the nearest-neighbor van der Waals couplings and are driven by a periodically turned on and off laser field.
Numerical simulations show that the population evolution and its Fourier spectrum display clear signatures of a discrete time crystal (DTC)
in the absence of disorder. We find in particular the appearance of a robust subharmonic oscillation which persists on a time scale
increasing with the chain size in a wide range of control parameters. We also characterize how the DTC stability is affected by the
dissipative processes, typically present in this atomic system even though the high Rydberg state is very long lived.

Key words: Discrete Time Crystal; Rydberg Atoms; Clean Floquet System

Ref: Chu-Hui Fan, D. Rossini, Han-Xiao Zhang, Jin-Hui Wu, M. Artoni, G. C. La Rocca; Discrete time crystal in a finite chain of Rydberg
atoms without disorder; arXiv: 1907.03446v1.
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Abstract: For liquid water in the far-infrared sepctrum, the phonons of molecular vibrations constitute two bands with a narrow gap at

around 30 meV. Interestingly, there are two distinct peaks for ice in this gap. We demonstrated that the two peaks come from two categories
of translational modes. Considering different O-O-O bengding constants, we yielded two frequncies based on ideal model of ice Ic. These
two kinds of vibrational modes do not exist in liquid water due to collapse of the rigid tetrahedral structure. Thus, a window remains for ice
resonance absorption with minimum energy loss in water. A new method to decompose gas hydrates was proposed by supplying two
terahertz radiation energies at ~ 6.8 and 9.1 THz. This is also applicable to flow assurrance in gas pipeline, aircraft deicer and so on.
Experimental measurements are expected to verify this finding along with the rapid development of THz laser.

Figure 1. The absorption band of ice and water in the far-IR region. Compared with the gap at around 30 meV (from 200 to 310 cm-1) of
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Abstract: Highly-excited Rydberg atoms have played important roles in quantum information processing and quantum optics. The

long lifetime, large dipole matrix element, and strong interaction between neighboring Rydberg atoms make the Rydberg blockade
mechanism ideal for quantum memory and quantum computing. Employing the self-designed 2-W UV laser system, we demonstrated the
single-photon Rydberg excitation spectroscopy of cesium (Cs) atoms from 6S1/2 ground state to 71P3/; Rydberg state with a purely optical
detection method. We observed the Autler-Townes doublet and Zeeman spectra in velocity-selective spectra in room-temperature vapor
cell. Additionally, utilizing trap-loss spectra we observed clearly that Rydberg excitation was partially suppressed due to long-range
interactions between Rydberg atoms in a cold atomic ensemble. Furthermore, we observed and analysed the Stark map of Rydberg states
in a DC electric field, and then inferred the background DC electric field from the measured Stark splitting. Next step, we will implement
the magic-wavelength optical dipole trap to confine both the ground-state and Rydberg-state Cs atoms in order to maintain coherent
character. Based on the multi-level model, we firstly analysed and calculated light shifts for 6S1/2 ground state and nPs/; Rydberg state of
Cs atoms.

HETH: ExERBEIEETIH (No.61475091, 61875111)

References

[1] Jiandong BAl, Jieying WANG, Shuo LIU, Jun HE, and Junmin WANG*, “Autler-Townes doublet in single-photon Rydberg spectra of cesium atomic vapor with
a 319 nm UV laser,” Appl. Phys. B, 125(3), 33 (2019).

[2] Jieying WANG, lJiandong BAI, Jun HE, and Junmin WANG*, “Single-photon cesium Rydberg excitation spectroscopy using 318.6-nm UV laser and

room-temperature vapor cell,” Opt. Express, 25(19), 22510-22518 (2017).

[3] Jiandong BAI, Jieying WANG, Jun HE, and Junmin WANG?*, “Electronic sideband locking of a broadly tunable 318.6nm ultraviolet laser to an ultra-stable
optical cavity,” J. Opt., 19(4), 045501 (2017).

[4] Jieying WANG, Jiandong BAI, Jun HE, and Junmin WANG*, “Development and characterization of a 2.2 W narrow-linewidth 318.6-nm ultraviolet laser,” J.
Opt. Soc. Am. B, 33(9), 2020-2025 (2016).

[5] Jiandong BAI, Shuo LIU, Jieying WANG, Jun HE, Junmin WANG*, “Single-photon Rydberg excitation and trap-loss spectroscopy of cold cesium atoms in a
magneto-optical trap by using of a 319-nm ultra-violet laser system,” arXiv:1811.05092v2.


mailto:wwjjmm@sxu.edu.cn

C010 TERS: C

EZEEHBLHERKEFSENNNERR
K, 53K
BAEMERFHEAEAFZERRKBR T EERE, L& 200062
Email: hbwu@phy.ecnu.edu.cn

FE: RN RGNRLT 2 1) EA SRR AR 0 2 BT RGN 3h I 2 400 Ak B s — . A Bk
JA 7S H T Feshbach JEHREIAR L o i A& BOVE I S BOR IR, A 8ON —ANEAE 1 22 1R R G0 5 0F FUIR SE LA (1 ) L
H Tt gt fkve B UAIN SR 7B, SR 73 A B A A AR R, A IREE R A, 5l AR 5K I 5 1]
AR RIE T RARK AP P o 38 A iR 1) 7 582 R M R s P AL 28 DB ARER (R B BB T A IR R P8y, TR
g L MR SR SEIR A R, ANAEE TR B T AR SR IBA B A BT 1 1l 550 77 27 19 FU LDA SE AUt & 1R KR PR Pk 1E
R, BATRAAIATH AT S T ML 51 SOk TR TR e . M) DMD JEsUCEB IR, SEBL 1 #1004
RV TR, SRR IR, AR R, ERWER 7 IORSIE S A, W EIER 2R 5

KEEIE: POKE TR, AW, BT7EE
GEIWH . ExRARRIEE4S (11374101, 91536112, 11704126)

[1] A.L. Gaunt, T.F. Schmidutz, I. Gotlibovych, R.P. Smith, and Z. Hadzibabic, Phys. Rev. Lett. 110, 200406 (2013).
[2] B. Mukherjee, Z. Yan, P. Patel, Z. Hadzibabic, T. Yefsah, J. Struck, and M. Zwierlein, Phys. Rev. Lett. 118, 123401 (2017).

10


mailto:hbwu@phy.ecnu.edu.cn

Co11 LT C
ETF W F 7SRt - 55 8 s H T e py S A 5

A58
KXIAAKRF ALvfz85ME TSR, KX 430205
Email: jrbgyj@foxmail.com Homepage :www. qubob. com

FE: ETHEASE THEHIE R E NI TSR TOCEH T E AR R TOCU . SO6T 25 MR R 2 5
AR B A R o AR A A AR XU 7~ 25 I gk - A4 57 AR 6 05 TR B — 2 AR (1) XO6 T I ZE () B A 5
Hong-Ou-Mandel T-#/(NOON Z5T-#) 2 800 A /& — X —HEE L AR # o0 R, 128 R T TR 4RGN -F P0e B IA . S 45 R,
A0t 2Z 8] A S S 0T LUE T X NOON A9 Sp SUMU AL AR A3 21, 1y ZE 045 B PT BLE I XS HOM Y- Sk u i /i S v
ZHAGRI[1]. (2) ROET RIERE U AT JSA) 5 HIR G I AT JTA) 2 T8 5 — X “ 4B LM AR WO &, FATE dod il & X0
T R AT 358 70 A RATE FERUOE T (RIS AR E o SIZ36 25 SRR T XU 1 (KA 73 A7 96 A2 L - AR e PR G 25 5 10 B0 A4 2 A1 DL
AN BEBR 264 (210 (3) FRATIAE S o0k — A 2 18] o X0 T A MR AR AL #EAT 1 R %, 8 & X0 1550 7 A Al
Hong-Ou-Mandel T-# KA IARTE AR, 12 TP B NSCI 2t T B EIE . ARE R TR0Y G s 5UE 25 63,4

K XOETE WP 322

S5 3R
[1] Rui-Bo Jin, Ryosuke Shimizu “Extended Wiener-Khinchin theorem for quantum spectral analysis” Optica 5, 93-98 (2018)
[2] Rui-Bo Jin, Takuma Saito, Ryosuke Shimizu “Experimental demonstration of time-frequency duality of biphotons” Physics Review Applied 10,

034011 (2018)

[3] Rui-Bo Jin, Ryoji Shiina, Ryosuke Shimizu, "Quantum manipulation of biphoton spectral distributions in a 2D frequency space toward arbitrary
shaping of a biphoton wave packet,” Opt. Express 26, 21153 (2018)

[4] Rui-Bo Jin, Neng Cai, Ying Huang, Xiang-Ying Hao, Shun Wang, Fang Li, Hai-Zhi Song, Qiang Zhou, Ryosuke Shimizu “Theoretical investigation
of a spectrally pure-state generation from isomorphs of KDP crystal at near-infrared and telecom wavelengths” Physics Review Applied
11.034067(2019)

HEWH: HFARBSESTHE (NO. 91836102, 11704290) 2

11


mailto:jrbqyj@foxmail.com

C012 TERS: C

Hetero magnetism with ultracold spinor gases in optical lattices

FoRi%, £, ZERK
B AR KFEFEHEZ, KiP 41000, # @
Email: li_yg@nudt.edu.cn

Abstract: We investigate heteronuclear mixtures of ultracold spin-1 bosons in a cubic optical lattice. For this purpose we develop a

generalized bosonic dynamical mean-field theory, which reliably describes the full range from small to large coupling. Rich phase
diagrams of the system are mapped out, which contain superfluid, spin-singlet insulator, and nematic, cyclic, charge-density-wave and
ferromagnetic phases, and are understood by an effective-spin model. We find that heteronuclear spin-change processes lead to additional
magnetic phases, pronouncedly stabilized against pairing states as a result of suppressed quantum fluctuations. Our simple model is an
example of large-spin systems that can stabilize spin-ordered phases and opens up new possibilities for the experimental realization of

exotic phases.
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Coulomb-induced ionization time lag after electrons tunnel out of a barrier

Y. J. Chen, X. J. Xie, C. Chen, G. G. Xin, and J. Liu
College of Physics and Information Technology, Shaan’xi Normal University,Xi’'an710119, China

Abstract: After electrons tunnel out of a laser-Coulomb-formed barrier, the movement of the tunneling electron can be affected by

the Coulomb tail. We show that this Coulomb effect induces a large time difference (longer than a hundred attoseconds) betweenthe
exiting time at which the electron exits the barrier and the ionization time at which the electron is free. This large time difference has
important influences on strong-field processes such as above-threshold ionization and high-harmonic generation, with remarkably
changing time-frequency properties of electron trajectories. Some semi-quantitative evaluations on these influences areaddressed, which
provide new insight into strong-field physics and give important suggestions on attosecond measurements.
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Coherent driving versus decoherent dissipation in the double inner-shell ionization of neon atoms by

XM, FRRR, RHEK

attosecond pulses
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Abstract:

Email: jpliu_nolll@163.com

Exchange correlation plays an important role in double ionization of complex atoms by ultrashort laser pulse. In this work

we investigate two-photon double inner-shell electron ionization of neon induced by an attosecond extreme ultraviolet pulse in the

framework of the quantum master equation. Our simulations reveal a distinct nonsequential effect via broadened double peaks, as a result

of energy sharing between the two ionized electrons. When dissipation is included to show the interplay of coherence and decoherence, the

two-photon double-ionization (TPDI) scaling law breaks down. Details can see Fig. 1. Our results confirm that induced decoherence from

other ionization channels are modulated by XUV pulse parameters, manifesting time-dependent properties. A distinct breakdown of scaling

laws reveals the importance of decoherence in inner-shell 2s> TPDI. We further study the total cross section of 2s? double ionization as a

function of photon energy in both nonsequential and sequential regions. Besides, our simulations show the critical role of decoherence even

on the attosecond scale. Due to the kinetic energy distribution and domination of intermediate states by 2s'2p%, we believe it is possible to

observe 2s? TPDI events in the coincidence measurement
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Fig. 1. A log-log plot of scaling laws of the yield of TPDI as a function of pulse duration or intensity. (a) Total yield vs duration. (b) Yields for different

free-electron energies along the resonant line vs duration. (c) Total yield vs intensity.
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PT symmetry of the Su-Schrieffer-Heeger model with imaginary boundary potentials and

next-nearest-neighboring coupling
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Abstract: Over the past decades, systems with non-Hermitian Hamiltonians have become an important research concern in the

quantum-physics-related field. As the simplest topological model, the Su-Schrieffer-Heeger (SSH) structure certainly attracts extensive
attentions, by taking the PT symmetry into account from different aspects. By introducing the next-nearest-neighboring (NNN) intersite
coupling, we investigate the eigenen-ergies of the PT -symmetric non-Hermitian Su-Schrieffer-Heeger (SSH) model[1] with two
conjugated imaginary potentials at the end sites. It is found that such a coupling does not only enable to change the eigenenergies of both
the bulk states, but also modifies the properties of the topological states in a substantial way. On the one hand, with the increase of NNN
coupling, the bonding band is first narrowed and then widened with the top-bottom reversal, whereas the antibonding band is widened
monotonously. On the other hand, the topological state in the non-Hermitian SSH model undergoes abundant properties. It shows that the
real part of its energy departs from the energy zero point, and this state can also extend into the original topologically-trivial region.
Furthermore, new topological state emerges in such a region. These changes lead to the new and complicated PT-symmetry breaking. All
these phenomena should be attributed to the interplay between the particle-hole symmetry breaking and PT -symmetric non-Hermitian
nature. Therefore, the topological properties of the SSH model, as well as the PT -symmetry breaking, can be efficiently modulated by

considering the coexistence of the PT -symmetry mechanism and NNN intersite coupling.

T .
_ AR -1y
1y Y v ¥ A y v v

Fig.1 Schematic of the PT -symmetric non-Hermitian SSH model with NNN coupling. Two conjugated imaginary on-site potentials are introduced at its end

sites to mimic the non-Hermitian terms.

K TA]: PT symmetry; non-Hermitian system; SSH model
[1] W. P. Su et al., Solitons in polyacetylene, Phys. Rev. Lett. 1979, 42, 1698-1701.
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[1] Weckbecker, D et al., Controlling the conductance of a graphene-molecule nanojunction by proton transfer, Nano Lett. 2017, 17, 3341.

[2] Wang, Zi-Qun et al., High-Performance Single-Molecule Switch Designed by Changing Parity of Electronic Wave Functions via Intramolecular Proton
Transfer, J. Phys. Chem. C 2018, 122, 17650.
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Abstract: One of the outstanding challenges to information processing is the eloquent suppression of energy consumption in the

execution of logic operations. The Landauer principle sets an energy constraint in deletion of a classical bit of information. Although some
attempts have been made to experimentally approach the fundamental limit restricted by this principle, exploring the Landauer principle in
a purely quantum mechanical fashion is still an open question. Employing a trapped ultracold ion, we experimentally demonstrate a
quantum version of the Landauer principle, i.e., an equality associated with the energy cost of information erasure in conjunction with the
entropy change of the quantized environment. Our experimental investigation substantiates an intimate link between information
thermodynamics and quantum candidate systems for information processing.

729 nm Laser

Figl. Schematic of information erasure
H#A]:  Landauer Principle, Single-Atom, Information Erasure

S5 3R
[1] R. Landauer, Irreversibility and Heat Generation in the Computing Process. IBM J. Res. Dev. 5, 183 (1961).
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[3] A. Berut, A. Arakelyan, A. Petrosyan, S. Ciliberto, R. Dillenschneider, and E. Lutz, Experimental verification of Landauer’s
principle linking information and thermodynamics. Nature(London) 483, 187 (2012) .
[4]J. Hong, B. Lambson, S. Dhuey, and J. Bokor, Experimental test of Landauer’s principle in single-bit operations on
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Progresses in building a femtosecond extreme-ultraviolet (XUV) comb at WIPM
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 State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Institute of Physics and Mathematics, Chinese
Academy of Sciences, Wuhan 430071, China
® University of Chinese Academy of Sciences, Beijing 100080, China
# Corresponding author: xjliu@wipm.ac.cn

Abstract: XUV comb has lead to a joint frontier of precision spectroscopy and ultrafast science since its first demonstration in

2005 [1-2]. On one hand, it provides a coherent light source in the XUV region with narrow band width for the first time. This advance
pave the way for precision spectroscopic measurements in the XUV region. On the other hand, ultrafast electronic processes in atoms or
molecules can be traced on the unprecedented attosecond time scale via high order harmonics generation when the laser intensity inside an
enhancement cavity reaches ~10'> W/cm?.

In this work, we report on the recent progresses in building an XUV comb at Wuhan Institute of Physics and Mathematics (WIPM).
The driving IR comb has a repetition rate of 100 MHz, a pulse duration of ~100 fs and a maximum output power of 100 W. After mode
matching, this IR comb was coupled into a 3-meter long travel wave enhancement cavity. With Pound-Drever-Hall (PDH) method, we were
able to lock the length of the enhancement cavity to the repetition rate of the driving laser for more than one hour. The average power in the
enhancement cavity can be as high as 6.08 kW. After introducing Xe gases into the focus region, clear sign of plasma has been observed.
The generated harmonics can be coupled out of the enhancement cavity with a Brewster plate, and detected with a grating and a sodium
salicylate plate. The shortest wavelength that we can reach is 55 nm. Preliminary power measurement indicates more than 5.35 mW for the
third harmonics is generated in the focus region, implying that a few tens pW could be obtained in the XUV region. A beat note
measurement of the third harmonics (one beam from the enhancement cavity and the other from the sum frequency in BBO crystal) yield a
line width of a few Hz, indicating a coherent time of the order of second. Further improvement of the performance of the XUV comb setup

is on the way.

[1]R. J. Jones et al., Phys.Rev.Lett., 94 (2005) 193201.
[2] C. Gohle et al., Nature, 436 (2005) 234.
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Abstract: New memory devices have been central to the development of modern integrated circuits. These include resistive memory,

magnetic memory, ferroelectric memory, spintronic memory, and charge-trapping memory. In most of these devices, whether volatile or
non-volatile, a storage unit is simulated by an electronic state. Here we study the single cluster device of endohedral metallofullerence
Gd@(C82 with single-electron characteristic Coulomb diamonds in the differential conductance measurement. Two sets of stability
diagrams were observed and determined to be the two sets of energy levels of two trapping states of the Gd atom in the carbon cage by the
quantum chemistry calculation. The device thus demonstrated a bi-steady state memory unit, showing a resistance change of up to 271%
for each operation. The two states were found to exhibit different electrical dipoles, which could be switched by the back gate in a

hysteresis loop-like operation with a coercive gate field of ~0.5 V/nm. This suggests the realization of the long desired single cluster
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Demonstrating of the single cluster memory device using the two stability diagrams. A: The source—drain current plotted against the gate voltage with the

source—drain bias at 2 mV. B: Single molecular memory created using figure a.

JH#iA: Single Cluster Memory; Ferroelectric-Like Switching

FH 4 H : National Key R&D Program of China (Grant No. 2017YFA0303203), National Natural Science Foundation of China (Grant No. U1732273,
No. 91622115, No. 11522432, No. 11674165, No. 11834006 and No. 11574217).
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Abstract: Supported gold nanoclusters are of significant interest in catalysis and optics. Among all the ligand-free Au clusters, Au20 is

the most remarkable one. It has been discovered in the gas phase as highly stable size with a tetrahedral structure and an exceptionally
large HOMO-LUMO gap of around 1.8 eV. However, the existence and stability of the tetrahedral structure and the electronic property on
surfaces so far have not been confirmed.  Here, we combine cluster beam deposition and scanning tunneling microscopy techniques to
explore the structural and electronic properties of size-selected Au20 clusters, as well as their aggregation behavior on ultrathin NaCl films.
Both our experiments and density functional theory simulations demonstrate that the predicted tetrahedral structure as well as the
theoretically described closed-shell electronic configuration of Au20 is retained on NaCl surfaces. We further reveal that the
Smoluchowski ripening mechanism governs the layer formation of supported Au20 clusters. Our work also provides a generally applicable
routine to study the intrinsic properties of well-defined clusters on surfaces.

I Au20 cluster, supported cluster, scanning tunneling microscopy
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Abstract: The properties of an atom immersed in dense plasmas, such as the transition rates and the optical spectra, are strongly

modified by the interactive plasma environment. We derive a quantum master equation for an atom coupled to a heat bath represented by
the charged particle many-body environment. In Born-Markov approximation, the influence of the plasma environment on the reduced
system is described by the dynamical structure factor, which accounts for the detailed spatial and temporal correlations and fluctuations of
the plasma environment. The plasma spectral line profile is derived by means of a quantum master equation approach, which coincides in
the quantum mechanical region with the spectral line profile calculated via the thermodynamic Green's function technique. Additionally,
transition rates for highly excited Rydberg levels are also investigated within this quantum-statistical approach. Wave packets are
introduced as robust states allowing for a quasi-classical description of Rydberg electrons. In the quasi-classical region of highly excited
Rydberg states, it has been shown that the circular-orbit wave packet is more reasonably to describe the localization of electrons within

Rydberg states. The calculated transition rates are in a good agreement with experimental data.
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Hyperspherical coordinate-Phase space optimization (HC-PSO) method and its application in

resonance of O(*D)HBr
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Abstract: In the present work, an efficient phase space optimization method in combination with hyperspherical coordinate, which is

called Hyperspherical coordinate-Phase space optimization method (HC-PSO), has been developed to perform molecular dynamics
calculations in polyatomic system. In this coordinate, the hyperspherical angle has many choices whereas the hyperspherical radius is set as
the only internal coordinate. HC-PSO method can obtain the best direct product of one-dimensional (1D) phase space optimized (PSO)
discrete variable representation (DVR) basis function representation in order to construct the Hamiltonian matrix. Compared with other
calculations, the DVR direct-product basis function in HC-PSO is very little. Additionally, the iterative numbers needed are far less other
methods and the speed of convergence in energy is very fast. In order to obtain useful scattering dynamics results, a new absorption
potential is added into the potential energy along the hyperspherical radius direction. The method described above has been successfully

applied into resonances of O('D)HBr. Some meaningful results have been gained.

Keywords

Phase space optimization (PSO); Hyperspherical coordinate; Discrete variable representation (DVR); Resonances.
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Photoinduced charge transfer rate of Cy3/Ceso blend material
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Abstract: The rates of charge separation and charge recombination of the cyanine dye/Cgo heterojunction solar cell in an external

electric field were provided using the Marcus and Marcus-Levich-Jortner formalisms. The vibrational mode as another influencing factor
was also introduced into the rate expression for the planar heterojunction solar cell. Detailed theoretical analysis of the excited-state of the
Cy3/Ceo blend was achieved using density functional theory and time-dependent density functional theory. The Gibbs free energy was
regulated by an external electric field, while the reorganisation energy presented the opposite conclusion. Frequency analysis was utilised
to demonstrate the energy stability of the obtained structures. The rate calculated using the Marcus formalism was greater than that
obtained by the Marcus-Levich-Jortner formalism. Consideration of the calculated rates in all vibration modes and at different external
electric field strengths indicated that vibrational mode and external electric field played important roles in determining the rates of charge

separate and charge recombination, which could provide a more accurate theoretical rate for organic photovoltaic devices.

Keywords: External Electric Field, Charge Separation, Charge Recombination, Vibrational Mode
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Abstract: Pure platinum (Pt) clusters have been widely studied to catalyze dissociation of water (H,0) for generation hydrogen (Ha)
due to enhancing utilization efficiencies of atoms via increasing the surface-active sites [1, 2]. Density functional theory (DFT) study on a
Pts cluster has shown the on-top site is the most active site for adsorption of H> [1]. In contrast, DFT study of H>O dissociative adsorptions
on small clusters at the sub-nano scale of intermetallic compounds of Pts with rich elements on earth of C, Si, and Ge for generation of H»
has not yet carried out. The possibility for recycling usages of the hydrolyzed products O+PtsM (M = C, Si, Ge) for oxidation the toxic CO
gas has not reported neither. In this study, we performed the first-principles calculations based on the DFT by using PtsM nano-clusters as
catalysts, and the useful results to these interesting questions have been found.

The structures of Pt¢M are optimized and the stable one has been obtained, analyzed, and the active sites of it have been tested. The
initial adsorption structures of the compound of H>O and Pt¢M cluster (referred as HoO@ PtsM) are taken as reactants and are constructed
by placing the H.O molecule at the on-top, the bridge, and the hollow site of PtsM cluster, while the initial structures of the products are
built based on the optimized structures of PtsM. Several stable structures of reactants of HxO@PtsM are obtained. The cluster structural
evolution from the reactants to products via the transition states have been investigated by the intrinsic reaction coordinate (IRC) method.
Two types of reaction pathways have been found H>O + PtsM’ — Ho@O + PtsM’ (M’ = C and Ge) and H,O + PtsSi — OH + H@PtsSi. The
static points of all structures of the reactants, compounds in transition states, and products are confirmed by frequency analyses. When the
H> molecule leaves the cluster, the adsorption of CO on the hydrolyzed product of O+PtsM in the ground state was studied. We found that
the CO gas can be oxidized to form CO; gas in the reaction pathway of CO@(O+PtsM) — CO@PtsM (M = C, Si, Ge). We also found that
the adsorption energy of CO2 molecule on Pt¢M clusters is between -0.45 and -0.71 eV. In comparing with our previous results [2], these

values indicate that the CO2 molecule can release at higher temperatures than the room temperature of 293 K.

Key words: PtsM (M=C, Si, Ge), H,O dissociation, H2 generation, CO oxidation, Reuse of the hydrolyzed products
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Abstract: When a strong femtosecond pulsed laser interacts with a transparent solid medium, the polarization of the medium is

modulated by the intensity of the light, resulting in effects like femtosecond laser filament formation [1], supercontinuum [2], stimulated
Raman Scattering, in which stimulated Raman scattering is an efficient third-order nonlinear frequency conversion method especially after
the development of CARS Technology, it has important applications in frequency conversion and compression pulse width.

Our team adopted 800nm mid-infrared femtosecond laser and chose LiNbO3 as the Raman medium. The anti-Stokes Raman sidebands of
20th order were achieved by CARS technology in it, and the Raman frequency shift amounts are 232 cm™,468 cm™ and 633 cm™ which
stimulates by different angles of pump light. In this case, these three kinds of frequency shifts can correspond to several Raman modes of
LiNbOs3 [3]. More deeply, the vibration modes of LiNbO3; molecules can be selected from the angle of the pump light. We are considering
this problem at the level of molecular structure in order to have a clearer understanding of the physical process of stimulated Raman
scattering. And after that, we may able to extend the frequency range of the comb laser by CARS to achieve more valuable frequency
measurements.

[1] A. Couairon et al., Femtosecond filamentation in transparent media. Phys. Rep. 2008, 441 (2-4), 47-189.

[2] S. A. Frolov, et al., Multi-octave supercontinuum generation with IR radiation filamentation in transparent solid-state media. Appl. Phys. B 2016, 122 (5),
124.

[3] Y. Repelin, et al, "Raman Spectroscopy of Lithium Niobate and Lithium Tantalate. Force Field Calculations." J. Phys. Chem. Solids. 1999, 60 (6),
819-825.
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FIG. 1: Simulated absorption spectra for the first singlet excited state(S)) in good agreement with
the experimental results. The spectra are described using the calculated oscillator strengths and
the excitation energies broadened with the Gaussian function(FWHM = 0.4 €V). The red dashed
lines are the two peaks of the spectrum observed in the experiment. Experimentally, the singlet
ESA spectrum were measured only up to 2.76 eV,
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Abstract: 2-(4-(dimethylamino)phenyl)-3-hydroxy-6,7-dimethoxy-4Hchromen-4-one (HOF) was synthesized in experiment (Wang et
al., Sensor. Actuat. B-Chem. 277 (2018) 484), and its photophysical and photochemical properties was reported. However the
corresponding full theoretical interpretation of mechanisms is inadequate. In the present research, the intermolecular hydrogen bond
structures of HOF-methanol complex (HOF-2M) were found, and mechanism of alcohols monitoring of HOF was deeply studied using the
density functional theory (DFT) and time-dependent density functional theory (TDDFT). The enhancing mechanism of the excited state
hydrogen bond is verified by analyzing the hydrogen bond parameters, infrared spectra and frontier molecular orbitals. Importantly, the
reduced density gradient visual analysis and topological quantificational analysis confirm that the intramolecular hydrogen bond of HOF is
broken by strong intermolecular hydrogen bonds of HOF-2M using the Atoms-In-Molecule theory. The obtained absorption and emission
spectra are found to agree well with the experimental results, and the complete quenched keto-emission in methanol and ethanol
solvents provide a suitable sensing mechanism for detecting alcohols. The reaction path of the excited state intramolecular proton

transfer for HOF is explained in detail through the constructed potential energy curves.

Figure.1. The geometries and RDG diagrams of HOF-2M in Sp and S; states

Keywords: ESIPT; Hydrogen bond; Sensing; RDG; Topology analysis
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Abstract: For its particular characters, Rydberg atoms are widely used in metrology, quantum computation, and quantum

information processing. In view of decoherence due to the photon scattering by intermediate state and ac Stark shift induced by excitation
beams in multiphoton excitation scheme, we choose single-photon excitation scheme therefore a high-power narrow linewidth 318-nm
ultraviolet laser system are developed. After sum-frequency process which utilized 1560-nm and 1077-nm infrared lasers, 318-nm
ultraviolet laser is obtained by cavity-enhanced frequency-doubling process. Then we have excited cesium atoms from 6S1, ground state to
nP3, (n=70-94) states in a room-temperature cesium cell. Using sub-Doppler spectroscopy, we have observed Rydberg excitation signal of
nP3, (n=70-94) states and quantum defects of high-excited states, which are important to the calculation of transition matrix element, are
obtained by a high-accuracy wavemeter. After analysis of measured values, the Stark effect is considered for the difference between
experimental data and theoretical calculation values. Then we have calculated the Stark shift of cesium nP3» (n=70-94) states due to a weak
electric field and use the amount of frequency shift to correct the experimental data, the corrected result is consistent with theoretical model.
After investigation and discussion, we confirm that the Rydberg screen effect in room-temperature cesium vapor cell cannot fully screen

the external electric field, so there is a weak residual electric field that significantly affect the energy level of Rydberg atoms.
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‘ shield Experimental data 49426.6 1.8
| j \‘ Effective wave vector 49435.5 0.5
g Detector difference 1.0 2.5
P»< Detector B Coriolis effect 0 2.0
Detector A 5.¢ Wave-front aberration 0 5.0
L ac Stark shift 0 0.6
f;m.h:rr ii';mg;b Quadratic Zeeman shift 0 2.0
"alf ' Gravity gradient -5.5 1.2
by 25 Others 0 1.0
errorf‘ e ' Total -4.4 6.7
1 S E R K x1 RGRER
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ATAE XA A FHE A 3h & 8Rb 1 87Rb HE AT E (Fll: 8Rb | F=2>5 ®Rb | F=3>, ¥Rb | F=1>45 %Rb | F=3>. ¥’Rb
| F=2>5 #Rb | F=2>), MIMJFEFE-fZIRARI . X TAES T7Rb Al 85Rb JE75F I S HE AL 18 155 R0 B sk HRR
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R —RHEAER] T 3.6x10°Pa, JWARH —ZHAN 1.8x107Pa.
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B2, 3]e H TR A F B R ORI 2046 75 [RIRF Stark REZAE ), MFDEH T AT, MRS T REW b H I
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Abstract: We theoretically investigated the electron dynamics in frustrated double ionization (FDI) of Argon atom using a

three-dimensional classical ensemble model. Our results show that the probability curves of FDI increases nearly linearly at low peak laser
intensity followed by a sharp decrease in slope at high peak laser intensity [1], and compared with DI, FDI prefer low-intensity and
short-wavelength laser pulses. Back analysis reveals that FDI trajectories can be associated with RESI channel [2] . A portion of the trapped
electrons come from the returning electrons whose final ionization velocity are similar to the vector potential corresponding to the final
ionization time due to a weak recollision. The other parts are from the struck electrons which remain in the excited state after recollision
until be pulled out after a laser maximum, and with the increase of the laser wavelengths, the time windows of the final ionization
decrease, which can be explained by the increase of the peak vector potentials and the principal quantum numbers of the trapped

electron.

Keywords: frustrated double ionization RESI time window of the final ionization
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WE: m0%0 TIREOGE IR T 4. 8 LU R & 1, R T4 SR B S FBL. X
TREAEWE., KSWE. BOYEE S5 H 1R ARG %5 BN L.

F2SO 52 SFe [—Fh s Z M REME =4, HAADGIE RAEBIT Z 21 60E . SFe HA RAFIKIUREE, w2 AR G s i 4k
K. SFeSMRTE R AR . KAESAE BN 0 R EL SFas SFa. SF2 SHRRBRALY) . X EARBBR AL 2 R AR5 1R, 5 SFe
) HaO On 28R AR AL FaSO F2SO. FaS02. FaSO 5 HO i — P BRI A i SO2+ HF S5E5m I il <ff . IX Be <44
BB S V5 e s, IR RRERE . BRI Ab, SFe 7E5F B A ZI T2l F 5 EEI N .

BT % P2z R AR (DFT)HH ) B3LYP.B3P86.B3PWI1 LUK B it fi(MP2) 77245 & Dunning AH%—E 3 4H (ce-pvgz. ce-pv5z.
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— 7 AR A AT F B LI MBI T k. ATAERTARKRME 73R #%{ (Cold target recoil ion momentum
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