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Sensors-Driven Innovation in Fluorescent Materials
Yu Fang

Institute of New Concept Sensors and Molecular Materials, School of Chemistry and Chemical Engineering, 
Shaanxi Normal University, China

Abstract: Film-based Fluorescent Sensors (FFSs) are a critical solution for developing high-performance sensors capable of 
detecting hazardous, toxic, and harmful chemicals, biological substances, radioactive materials, as well as strain, stress, 
humidity, and other parameters. By examining key factors such as mass transfer, energy transfer, microenvironment effects, 
sensing unit utilization efficiency, the photochemical stability of sensing materials, and moisture/dust barrier materials—all of 
which significantly influence FFS performance—we highlight the essential role of innovation in sensing and barrier materials. 
This includes advancements in sensing unit design and synthesis, modulation of excited-state processes, optimization of ad-
layer structures, and internal structural tuning of barrier materials. Additionally, we explore innovations in sensor hardware ar-
chitecture and improvements in detection equipment. Based on these insights, we assess the future development prospects 
and major challenges for FFSs.

For details, see our review papers published recently: (1) Yan Luo, Xiaoyan Liu, Yu Fang. Acc. Mater. Res. 2025, 6, 5, 600; (2) 
Rongrong Huang, Taihong Liu, Haonan Peng, Jing Liu, Xiaogang Liu, Liping Ding, Yu Fang. Chem. Soc. Rev. 2024, 53, 6960.

Biography: Yu Fang is a Professor at Shaanxi Normal University, a Joint Professor at Xi’an Jiaotong Uni-
versity, and an Academician of the Chinese Academy of Sciences. His current research focuses on: (1) 
Film-based fluorescent sensors—designing novel sensing fluorophores, modulating excited-state process-
es, and regulating aggregated structures in films.(2) Functional molecular materials—developing diverse 
structures for applications in future technologies such as millimeter-wave communication and terahertz 
technology with an emphasis on surface and interface physical chemistry.

Control of Attosecond Entanglement and Coherence
Marc Vrakking

Max-Born Institute, Berlin

Abstract: Attosecond pulses produced using high-harmonic generation (HHG) have photon energies in the extreme-ultravi-
olet (XUV) and soft x-ray regime. As such, these pulses are ionizing radiation for any sample (atomic, molecular, liquid, solid) 
placed in their path. In attosecond pump-probe experiments, the time-resolved dynamics under investigation is commonly 
associated with either the photoelectrons (e.g. in measurements of photoionization time delays) or located within the ions (e.g. 
in observations of so-called “charge migration”). However, the observable dynamics may be compromised by quantum en-
tanglement between the ions and photoelectrons.

We have investigated, both experimentally and theoretically, the role of ion-photoelectron entanglement in attosecond 
pump-probe probe scenarios relying on the creation of vibrational, respectively electronic coherence in H2

+ ions that are pro-
duced via attosecond ionization of H2. In the former experiments, we could show that the degree of vibrational coherence 
in H2

+ ions produced by a few-femtosecond long attosecond pulse train (APT) can be controlled by using a pair of APTs and 
varying their relative time-delay [1-3]. In the latter experiments, we could show that the degree of electronic coherence in 
H2

+ ions produced by a pair of isolated attosecond pulses (IAPs), could similarly be controlled by varying their relative delay [4]. 
Demonstrating the sensitivity of electronic coherences to quantum entanglement is particularly significant, since electronic 
coherences underlie the observation of time-dependent electron motion, the raison d’être of attosecond science.

[1]	 M. J. J. Vrakking, Phys. Rev. Lett. 126, 113203 (2021) 
[2]	 L.-M. Koll et al., Phys. Rev. Lett. 128, 043201 (2022) 
[3]	 L.-M. Koll et al., Opt. Expr. 30, 7082 (2022)
[4]	 L. M. Koll et al., (under review, 2025)

Biography: Prof. Marc Vrakking completed his Phd at the University of California at Berkeley in 1992. After 
postdoc positions at the National Research Council (Ottawa) and the Vrije Universiteit Amsterdam, he 
led a scientific group at the FOM Institute for Atomic and Molecular Physics (AMOLF) in Amsterdam from 
1997 to 2011. While at AMOLF, he initiated a research program focusing on the use of ultrashort (fem-
tosecond and attosecond) extreme-ultra-violet (XUV) and X-ray laser pulses in studies of time-resolved 
atomic and molecular dynamics. In March 2010 he was appointed as director at the Max-Born Institute 
(MBI) in Berlin, and as a professor of physics at the Freie Universität Berlin. At MBI, Marc Vrakking is the 
head of Division A (“Attosecond Science”), and leads a team of researchers that are both further devel-
oping and applying techniques to study electron dynamics on attosecond timescales as well as nuclear 
dynamics on femtosecond timescales.
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Photoacoustic, Light-Speed, and Quantum Imaging
Lihong Wang

California Institute of Technology

Abstract: We developed photoacoustic tomography (PAT) for deep-tissue imaging, offering in vivo functional, metabolic, 
molecular, and histologic imaging from organelles to entire organisms. PAT combines optical and ultrasonic waves, over-
coming the optical diffusion limit (~1 mm) with centimeter-scale deep penetration, high ultrasonic resolution, and optical 
contrast. Applications include early cancer detection and brain imaging. 

Additionally, we developed light-speed compressed ultrafast photography (CUP), capable of capturing the fastest phenom-
ena, such as light propagation, in real time. CUP, with a single exposure, captures transient events on femtosecond scales. 
CUP can be paired with various front optics, from microscopes to telescopes, facilitating diverse applications in fundamental 
and applied sciences, including biology and cosmophysics.

Further, our research extends to quantum entanglement for imaging. Quantum imaging utilizing Heisenberg scaling enhanc-
es spatial resolution linearly with the number of quanta, outperforming the standard quantum scaling’s square-root improve-
ment.

Biography: Lihong Wang is Bren Professor of Medical and Electrical Engineering at Caltech. Published 
615 journal articles (h-index = 165, citations = 117K, #1 most cited in optics according to Stanford/Elsevi-
er). Delivered 630 keynote/plenary/invited talks. Published the first functional photoacoustic CT, 3D pho-
toacoustic microscopy, and light-speed compressed ultrafast photography (the world’s fastest cam-
era). Served as Editor-in-Chief of the Journal of Biomedical Optics. Received Goodman Book Award; 
NIH Outstanding Investigator, NIH Director’s Transformative Research, and NIH Director’s Pioneer Awards; 
Optica Mees Medal and Feld Award; IEEE Technical Achievement and Biomedical Engineering Awards; 
SPIE Chance Award; IPPA Senior Prize; honorary doctorate from Lund University, Sweden. Inducted into 
the National Academy of Engineering.

Intense attosecond pulse generation from visible to soft x-rays
Yuxi Fu

State Key Laboratory of Ultrafast Optical Science and Technology, 
Xi’an Institute of Optics and Precision Mechanics (XIOPM), Chinese Academy of Sciences.

Abstract: Since the first demonstration of attosecond pulse generation and characterization at the beginning of this centu-
ry, attosecond science has attracted a lot of attention due to its significant potential applications in revealing dynamics of 
electrons. Up to now, isolated attosecond pulses can be generated by high-order harmonic generation (HHG), free electron 
laser (FEL) and laser driven plasma emission. Attosecond facilities have also been constructed or proposed in different coun-
tries. In this presentation, I will show our work on generating attosecond pulses in the soft x-ray, XUV and visible regions, with 
potential maximum peak power reaches GW and even TW-class, with a table-top scale. These high-energy isolated atto-
second pulses will be significant for high resolution spatial-temporal imaging, ultrafast dynamics capturing of electrons, and 
strong attosecond laser field physics.

Biography: Yuxi FU got his Ph.D in State Key Laboratory of Strong Field Laser Physics, Shanghai Institute 
of Optics and Fine Mechanics, Chinese Academy of Sciences in 2010. From 2010 to 2019, he worked in 
attosecond science research team of RIKEN first as a postdoctor and then as a Research Scientist. Then, 
he joined Xi’an Institute of Optics and Precision Mechanics (XIOPM) as a professor. He is currently the 
deputy director of XIOPM and Director of state key laboratory of ultrafast optical science and technol-
ogy. His research interest includes strong infrared femtosecond laser technology, high-order harmonic 
generation and attosecond science, and ultrafast dynamics. 
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Thin Film Lithium Niobate Electro-Optic Devices and Ultralarge-
Scale Photonic Integration

Ya Cheng
School of Physics and Electronic Sciences, East China Normal University

Abstract: The recent advancement in thin film lithium niobate (TFLN) photonic integration technology has been rapid, driven 
by profound physical, material, and technological factors. Single crystal thin film lithium niobate is particularly noteworthy 
for offering the most comprehensive performance solution to date, addressing long-term challenges in low transmission loss, 
high-density integration, and low modulation power consumption within the realm of photonic integrated circuits (PICs). To 
realize large-scale PICs, we develop photolithography assisted chemo-mechanical etching (PLACE) and apply it for fabri-
cating PICs on TFLN. We then demonstrate various kinds of PICs ranging from low-loss optical delay lines and photonic neural 
network to EO tunable lasers and high-power waveguide amplifiers. Significant improvements have been achieved with re-
spect to the key parameters/performances of TFLN photonics devices, such as modulation bandwidth, power consumption, 
propagation loss, active and passive functionalities, and scale of integration. 

Biography: Ya Cheng is now a Professor of East China Normal University. His research focuses on ultra-
fast nonlinear photonics and femtosecond laser micromachining. He has been granted more than 30 
Chinese invention patents and 8 US patents, and published more than 300 peer-viewed papers. He has 
also published 5 books in English, and 1 book in Chinese. Additionally, he has given more than 150 invit-
ed talks at various international conferences. He is an Optica Fellow and a Fellow of Institute of Physics, 
UK. 

Ultrafast nanoprinting for precision manufacturing
Baohua Jia

Centre for Atomaterials and Nanomanufacturing (CAN), RMIT University, Melbourne, Australia

Abstract: This presentation mainly introduces the interaction between 3D nanoprinting and various materials at the atomic 
scale. Describe the precise and unparalleled manipulation of materials by nanoprinting at the spatial, temporal, and atomic 
scales. In particular, the application status and broad prospects of optical nanoprinting and two-dimensional photonic inte-
grated devices are introduced in detail. The report will also share the future development directions of ultrafast optical nano-
printing and angstrom material devices, and the major challenges faced. The developed scalable graphene metamaterials 
show attractive optical and thermal properties. Through patterning with advanced laser nanoprinting technique, functional 
photonic devices with ultrathin, light weight and flexible nature have been demonstrated promising exciting opportunities 
for integrated photonics. 

Biography: Distinguished Professor Baohua Jia is a Fellow of Australian Academy of Technological Sci-
ences and Technologies (FTSE), and Future Fellow at RMIT University, Australia. Before joining RMIT Uni-
versity in 2022, Baohua was a tenured professor at Swinburne University of Technology and Founding 
Director of Centre for Translational Atomaterials. Professor Jia is a Fellow of Optica (previously known as 
the Optical Society of America), and a Fellow of the Institute of Materials, Minerals and Mining (IMO3). 
Since 2019, Prof. Jia has served as a Colleague of Expert for the Australian Research Council. Professor 
Jia’s research focuses on the design and optical characterization of novel nanostructures and nanoma-
terials, fabrication, and efficient conversion and storage of light energy. As a leading Chief Investigator, 
Professor Jia received a total of more than $90 million in research funding support. Professor Jia has pub-
lished more than 350 journal papers with an h-index of 84 (Google Scholar) and developed over 20 in-
vention patents and patent applications. Based on Professor Jia’s outstanding contributions in scientific 
research, she has won many awards, including the 2024 Vice Chancellor Research Award, 2017 finalist 
of the Australian Prime Minister’s Science Award, the Vice Chancellor’s Industrial Achievement Award in 
2011, 2016, and 2018, 2013, Young Science Leader Award, 2012 UNESCO L’Oréal Australia New Zealand 
Women in Science Award.
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Decoding the Earliest Moments of Charge Transfer in 
Molecules with Attosecond EUV and UV Pulses

Mauro Nisoli1,2

1Department of Physics, Politecnico di Milano, Milano, 20133, Italy
2Institute for Photonics and Nanotechnologies, IFN-CNR, Milano, 20133, Italy

Abstract: Photoinduced charge transfer (CT) is a fundamental process underpinning a wide range of phenomena in both 
natural and engineered systems. Despite significant advancements in ultrafast spectroscopy, the elementary mechanisms 
governing the initial stages of CT remain incompletely understood. A major challenge lies in capturing the complex coupling 
between electronic and nuclear degrees of freedom that emerges immediately after photoexcitation. Elucidating these ul-
trafast dynamics is critical not only for advancing fundamental knowledge but also for enabling innovation in optoelectronic 
and molecular electronic technologies. Ultrafast CT can be initiated either by attosecond extreme ultraviolet (EUV) pulses, 
which induce photoionization and permit tracking of electronic motion in molecular ions, or by few-cycle ultraviolet (UV) 
pulses, which maintain the molecule in a neutral state. Achieving femtosecond or sub-femtosecond resolution in the latter 
case requires UV pulses confined to only a few optical cycles.

This work employs both approaches in a complementary fashion. Using attosecond EUV-IR photoion spectroscopy, we ex-
amine a model donor–acceptor system to resolve the structural dependence of charge dynamics. Our findings reveal that 
CT does not proceed via continuous electron flow but initiates with a prompt redistribution of electron density, characterized 
by oscillatory behavior linked to nuclear motion. Additionally, we present a cutting-edge beamline designed for time-re-
solved photoelectron spectroscopy, featuring sub-3 fs tunable UV pump pulses and attosecond probe pulses. This setup 
enables high-resolution studies of ultrafast electronic processes, including nonadiabatic transitions and vibronic coupling, 
providing unprecedented insight into the interplay between electronic structure and nuclear rearrangements. 

Biography: Mauro Nisoli is Full Professor at Politecnico di Milano since 2011. He leads the Attosecond 
Research Center within the Department of Physics of Politecnico and serves as co-director of the in-
ternational school The Frontiers of Attosecond and Ultrafast X-ray Science. He is the author of over 230 
peer-reviewed publications in international journals and has delivered numerous invited talks and tutori-
als at leading international conferences and schools. He was awarded an ERC Advanced Grant in 2009 
(Electron-scale dynamics in chemistry, ELYCHE) and an ERC Synergy Grant in 2020 (The Ultimate Time 
Scale in Organic Molecular Opto-Electronics, the Attosecond, TOMATTO). In 2019, he was named OSA 
Fellow for his innovative contributions to attosecond science and technology, particularly for pioneering 
applications of attosecond pulses to molecular systems.

He has made groundbreaking contributions to attosecond science, especially in ultrafast electron dy-
namics in molecules and condensed matter. He co-invented the hollow-fiber compression technique, 
which enables few-cycle laser pulses at millijoule energies, now a global standard for generating isolat-
ed attosecond pulses. In 2006, his group achieved the first complete temporal characterization of isolat-
ed attosecond pulses, and in 2010 he developed an advanced temporal gating technique to produce 
high-energy isolated attosecond pulses. A pioneer in attochemistry, Nisoli performed the first attosec-
ond pump-probe experiment on H2 and D2 in 2010. In 2014, he extended these studies to amino acids, 
achieving the first experimental observation of charge migration in complex molecules. Most recently, in 
2024, he investigated the earliest stages of charge transfer in donor–acceptor systems, uncovering the 
fundamental coupling between ultrafast electronic redistribution and structural dynamics.

Ultrafast dynamics of complex systems in biology and 
materials
Dongping Zhong

Center for Ultrafast Science and Technology, School of Chemistry and Chemical Engineering, Zhangjiang Insitute of Ad-
vanced Study, Shanghai Jiao Tong University 

Abstract: The dynamics of complex system in biology and materials usually contain many elementary processes and deci-
phering their underlying mechanisms is difficult and challenging. To resolve their detailed dynamic evolution and determine 
their actual timescales, we need to combine various state-of-the-art methods to dissect those processes. Here, we use fem-
tosecond spectroscopy, molecular biology and ultrafast electron microscopy to map out their entire dynamics. We report 
several complex systems in biology and materials such as DNA repair by photoenzyme, dimer dissociation of photoreceptor 
UVR8 and nanomaterial dynamics. These results reveal their significant complexity and strongly suggest that the high spatio-
temporal resoliution is a necessity to completely reveal their dynamics and elucidate the molecular mechanisms at the most 
fundamental level.

Biography: Dongping Zhong received his B.S. in laser physics from Huazhong University of Science and 
Technology in China and his Ph.D. in chemical physics from California Institute of Technology in 1999 
under the late Prof. Ahmed H. Zewail. For his Ph.D. work, Dr. Zhong received the Herbert Newby McCoy 
Award and the Milton and Francis Clauser Doctoral Prize from Caltech. He continued his postdoctoral 
research in the same group with focus on protein dynamics. In 2002, he joined The Ohio State University 
as an Assistant Professor and was promptly promoted as Robert Smith Professor of Physics and Professor 
of Chemistry and Biochemistry. He is the Packard Fellow, Sloan Fellow, Camille Dreyfus Teacher-Scholar, 
Guggenheim Fellow, APS Fellow, AAAS Fellow, as well as the recipient of the NSF CAREER award and 
the Outstanding Young Research award from the International Organization of Chinese Physicists and 
Astronomers. He was the international Jury member in physical science for the L’Oréal-UNESCO awards 
for“Women in Science.”His early work on femtochemistry and recent work on the enzyme dynamics 
have been cited in the press release and Noble lecture of two Nobel Prizes (1999 and 2015). Recently, 
he moved to China and now is a chair professor in Shanghai Jiao Tong University. His research interests 
focus on protein and nanomaterials dynamics using ultrafast photons and electrons.
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Coherent emission and attosecond absorption of molecules driven by strong laser fields 

Zengxiu Zhao1∗

1 Department of Physics, National University of Defense Technology, Hunan, China, 410073

Abstract: Strong field ionization (SFI) of molecules prepares the ions in coherent yet exotic exaction states which 
manifest extraordinary emission and absorption properties. In this talk, we present theoretical and experimental 
explorations of the muliti-dimensional dynamics of atoms driven by strong laser fields, from SFI of the neutral, 
multiphoton excitation of the ion to coherent emission. We show that coherent supercontinuum can be generated 
in either the ultraviolet for molecules or EUV region for noble gas atoms. We identify the crucial role of quantum 
coherence built by the strong field ionization. With the state-of-art attosecond transient absorption spectroscopy, 
we demonstrate that the subcycle dynamics and the quantum coherence can be probed in attoseconds. It is shown 
that  the modulation of the absorbance provides importance clue of the electronic and vibronic coherence as well 
as the time-delay of resonant absorption of the ions. 

[1] L. Wang, G. Bai, X. Wang, J. Zhao, C. Gao, J. Wang, F. Xiao, W. Tao, P. Song, Q. Qiu, J. Liu, and Z. Zhao, 
Nature Communications, 15, 2705 (2024).

[2] J. Zhao, G. Bai, Q. Zhang, B. Zhang, W. Tao, Q. Qiu, H. Lei, Y. Lang, J. Liu, X. Wang, and Z. Zhao, Phys. 
Rev. Res. 7, L012070 (2025).

[3] Z. Zheng, D. Wang, M. Wang, L. Wang, X. Sun, J. Zhao, Z. Lv, X. Wang, and Z. Zhao, Chinese Physics Let-
ters, 42, 053702 (2025).

[4] Q. Zhang, G. Bai, B. Zhang, J. Liu, H. Lei, X. Wang, J. Zhao, and Z. Zhao, SCIENCE CHINA Physics, Me-
chanics & Astronomy, 67, 124202 (2024).

[5] H. Lei, J. Yao, J. Zhao, H. Xie, F. Zhang, H. Zhang, N. Zhang, G. Li, Q. Zhang, X. Wang, Y. Yang, L. Yuan, Y. 
Cheng, and Z. Zhao, Nature Communications 13, 4080 (2022).

[6] Q. Zhang, H. Xie, G. Li, X. Wang, H. Lei, J. Zhao, Z. Chen, J. Yao, Y. Cheng, and Z. Zhao,  Communications 
Physics 3, 50 (2020).

Track 1  Attosecond Science and Technology
Spatial and Spectral characters of high harmonic generation in liquids 

Wanchen Tao1, Zhuang-Wei Ding2,3, Lixin He1, Changlong Xia 4, Xingdong Guan1, Xue-Bin Bian2, Pengfei 
Lan1, and Peixiang Lu1

1Wuhan National Laboratory for Optoelectronics and School of Optical and Electronic Information, Huazhong 
University of Science and Technology, Wuhan 430074, China

2Wuhan Institute of Physics and Mathematics, Innovation Academy for Precision Measurement Science and Tech-
nology, Chinese Academy of Sciences, Wuhan 430071, China

3School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

4College of Physics and Information Engineering, Shanxi Normal University, Taiyuan 030031, China

Abstract: High-order harmonic generation (HHG) has been widely explored in gaseous media and crystalline sol-
ids with well-established mechanisms such as the three-step model and Bloch electron dynamics.  HHG not only 
can produce attosecond pulse but also can be used to probe the ultrafast dynamics in gas and solids. In contrast, 
the study of HHG in liquids-even though liquids are the most prevalent and functionally important phase of matter 
at the molecular scale-remains in its early stages. 

In this talk, I will report our recent works about the high-harmonic generation from bulk liquid driven by intense 
femtosecond laser fields. Through comparative measurements in water, ethanol, and gaseous argon, we identify 
universal intensity-dependent spectral redshifts and broadening in the liquid phase. These spectral features are 
consistently observed across different liquids but absent in the gas, indicating a phenomenon intrinsic to the liquid 
phase. The spectral modulations in liquid HHG can be attributed to scattering-dominated nonlocal electronic tra-
jectories modulated by liquid-specific structural disorder. The interplay between delocalized-state electron motion 
in liquid and dynamic scattering emerges as the governing mechanism, contrasting sharply with Bloch oscillations 
in solids or recollision physics in gases. 

Moreover, we have investigated the spatial characters of HHG in liquids. Similar to the HHG in gases, we ob-
served that the spatial profiles of the generated high harmonics in liquids also depend on the focusing position of 
the driving laser pulse. On the other hand, we have shown that the HHG yields of  D2O/H2O and propyl alcohol 
and its isomers are also different. These experiments indicate HHG as a potential tool for attosecond spectroscopy 
in liquids. 

Keywords: High harmonic generation, liquids. 



12 13Page Page

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

OCT
23-26

OCT
23-26

Attosecond Tunneling Dynamics in Atoms and Molecules

Weifeng Yang1

1School of Physics and Optoelectronic Engineering, Hainan University, Haikou, 570288, China.

Abstract: Attosecond dynamics represents a frontier research direction in the field of strong-field atomic and 
molecular physics, with its core aim being to unveil the microscopic mechanisms of tunneling ionization and the 
resulting attosecond electron dynamics in intense laser fields. Real-time tracking and imaging of ultrafast elec-
tron dynamics constitute essential approaches to understanding and exploring photophysical, photochemical, and 
photobiological processes. We propose an integrated self-referenced molecular attoclock theoretical–experimental 
scheme, through which we reveal transient resonance ionization radial patterns in Ar–Kr⁺ dimers. By employing 
directly ionized electrons as self-referenced pointers of the molecular attoclock, we measure and extract a time de-
lay of 3.5 ± 0.04 fs for electrons trapped in molecular resonance states. Furthermore, using the quantum-trajectory 
method, we investigate the photoionization dynamics of atoms and molecules driven by strong laser fields, thereby 
elucidating the role of sub-barrier interactions in attosecond angular streaking measurements as well as in reso-
nance-enhanced molecular ionization.

Keywords: Attosecond dynamics; Strong-field physics; Molecular attoclock

The Key Applications of Femtosecond/Attosecond High-Harmonic Generation Laser source in Advanced 
Semiconductor Manufacturing

Xiaoshi Zhang

Yunnan University

Abstract: Since the discovery of high-harmonic generation (HHG) based on pulsed lasers in the 1980s, it has 
undergone significant advancements, becoming one of the most efficient, compact, and cost-effective methods for 
producing short-wavelength lasers, ranging from deep ultraviolet to X-ray (1–200 nm). With the rapid progress of 
femtosecond laser technology, HHG has now reached the ability to generate milliwatt-level power and attosecond 
pulse durations. In fact, research on attosecond pulses was recognized with the 2023 Nobel Prize in Physics, mark-
ing a major milestone in the field.

A critical milestone in HHG technology’s application to semiconductor manufacturing was the development of 
milliwatt-level extreme ultraviolet (EUV) lasers. In 2012, Intel, in collaboration with KMLabs and the University 
of Colorado Boulder, first applied HHG to EUV lithography, specifically for mask defect inspection and overlay 
calibration. This was followed by similar applications from Samsung, TSMC, and National Tsing Hua University, 
all of which explored EUV lithography applications in semiconductor manufacturing. By 2016, as HHG power 
improved significantly, ASML, in partnership with Delft University of Technology and TRUMPF, extended this 
technology to advanced (<3 nm) wafer defect inspection, further demonstrating its potential in semiconductor pro-
duction.

In 2025, EUVtech in the United States began developing metrology and inspection equipment based on high-har-
monic generation EUV lasers. Meanwhile, China has actively incorporated milliwatt-level HHG technology into 
its “14th Five-Year Plan,” focusing on advancing its use in semiconductor defect inspection.

Looking ahead, as high-harmonic generation technology continues to mature with improvements in wavelength 
shortening, power scaling, pulse duration reduction, and engineering feasibility, its applications are expected to 
expand even further. It holds promise for transformative impact in areas such as advanced semiconductor manu-
facturing, large-scale quantum chip production, and biomedical diagnostics.
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Photoelectron Spin Texture in Strong-field Ionization Induced by a Linearly Po- larized Laser Pulse

Pei-Lun He1 *

1Key Laboratory for Laser Plasmas (Ministry of Education) and School of Physics and Astronomy, Collaborative 
Inno- vation Center for IFSA (CICIFSA), Shanghai Jiao Tong University, Shanghai 200240, China

Synopsis We demonstrate that photoelectron spin texture exhibits a vortex structure relative to the laser polari- 
zation axis in the strong-field ionization of inert gas atoms. The momentum-resolved polarization originates from 
the emergence of spin-correlated quantum orbits in the continuum. For direct electrons in few-cycle pulses, the 
nonvanishing initial transverse velocity of the electron is responsible for the polarization. In long pulses, the spin 
texture is essentially shaped by recollisions. Furthermore, the interference between direct and rescattering ioniza- 
tion leads to spin-polarized electron holography, offering an alternative method for extracting atomic fine structure 
information.

Spin-orbit coupling in bound states can create a strong correlation between the electron’s spin and orbital an-
gular momentum due to degenerate atomic energy levels. This correlation, combined with significant angular 
momentum-dependent ionization probability, results in a nontrivial pho- toelectron polarization. When com-
bined with circular dichroism in strong-field ionization, sig- nificant polarization along the laser polarization 
axis becomes possible.

In contrast to a circularly polarized pulse, the total polarization of the ionized electron vanishes when the la-
ser pulse is linearly polarized. Never- theless, we demonstrate the emergence of signif- icant momentum-re-
solved  spin  polarization (spin texture). We trace the origin of the spin tex- ture to the correlation between 
spin and the initial transverse velocity of the photoelectron at the tunnel exit, which gives rise to spin-de-
pendent quantum orbits. For direct electrons, using saddle point approximation in spin-resolved strong- field 
ionization, we demonstrate that the spin po- larization forms a vortex relative to the laser po- larization axis:

⟨𝜻(𝒑)⟩~ 𝒑×𝑬(𝑡𝑟)
,

|𝑬(𝑡𝑟)|

where  𝒑  is  the   photoelectron   momentum and 𝑬(𝑡𝑟) is the electric field at the instant of ioniza- tion. For 
rescattering electrons, the nontrivial momentum-resolved spin texture arises from for- ward rescattering of 
the spin-dependent quantum orbits and the associated quantum phase shift.

Moreover, the interference between direct and rescattered trajectories can lead to photoelectron

Fig. 1, the typical spider structure is not only vis- ible in the momentum distribution but also ap- pears with 
enhanced resolution in the spin polar- ization.

The photoelectron spin texture is generally nontrivial in strong-field ionization, providing complementary in-
formation to the photoelectron momentum distribution. The nontrivial spin tex- ture not only shows promise 
for enhancing the sensitivity of ultrafast electron spectroscopic techniques—such as photoelectron hologra-
phy, attoclock, and streak camera measurements—but also may reveal novel methods for generating spin-po-
larized photoelectrons.

Figure 1. Photoelectron holography fringes observed in

(a)	 photoelectron momentum distribution and (b) spin tex- ture from a Xe atom.
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Few-cycle attosecond driver source at MHz repetition rates

Takuya Okamoto and Katsuya Oguri

NTT Basic Research Laboratories, 3-1 Morinosato Wakamiya, Atsugi, Kanagawa 243-0198, Japan.

Abstract: Few-cycle intense pulse sources at high repetition rates are essential for photon-hungry applications 
such as isolated attosecond pulse (IAP) generation. Ytterbium (Yb)-doped amplifiers are emerging as next-genera-
tion attosecond driver sources, offering hundreds of watts to kilowatt-class average power at kHz–MHz repetition 
rates. Their narrower gain bandwidth, however, leads to longer pulse durations than conventional Ti:sapphire am-
plifiers. Thus, for IAP generation, two challenges must be addressed: post-compression with a high compression 
ratio into a few-cycle regime and carrier-envelope phase stabilization.

In this talk, we present our recent progress on MHz-repetition few-cycle attosecond driver source based on a 
Yb:KGW amplifier and its application to attosecond pulse generation. This source will further advance attosecond 
spectroscopies previously developed by NTT Basic Research Laboratories, including transient absorption spec-
troscopy, sub-10-fs time-resolved ARPES, and time-resolved Fourier-transform spectroscopy.

Keywords: Post compression; Yb-doped amplifier; Isolated attosecond pulse; CEP stabilization

Isolated attosecond pulses generated from plasma mirrors using non-collinear laser pulses

Hyeon Kim1,2, and Kyung Taec Kim1,2*

1Center for Relativistic Laser Science, Institute for Basic Science, Gwangju, 61005, Korea

2Department of Physics and Photon Science, Gwangju Institute of Science and Technology, Gwangju, 61005, 
Korea

Abstract: Relativistic high-harmonic generation (HHG) from plasma mirrors enables the production of intense at-
tosecond pulse trains when an ultraintense laser is reflected from an overdense plasma surface. For many applica-
tions, such as pump–probe spectroscopy and attosecond-resolved studies of laser–plasma dynamics, it is essential 
to isolate a single attosecond pulse. Conventional isolation schemes demonstrated in gases—such as amplitude, 
polarization, or ionization gating—require ultrashort, few-cycle drivers that are difficult to realize at petawatt-class 
powers. Here, we introduce and numerically demonstrate a noncollinear temporal gating scheme that separates 
an isolated attosecond pulse from a relativistic plasma mirror. The method employs a long, intense driving pulse 
combined with a weak, single-cycle gating pulse incident at a small angle. Their superposition rotates the wave-
front within a single optical cycle, deflecting a selected attosecond burst from the train. Particle-in-cell simula-
tions confirm that this approach yields isolated attosecond pulses that can be readily separated by spatial filtering. 
Moreover, by varying the delay of the gating pulse, we selectively access individual bursts from the train, thereby 
reconstructing the temporal profile of the emission. This enables attosecond-scale diagnostics of plasma dynamics, 
such as surface denting and the reflection position shift caused by radiation pressure. Our results demonstrate that 
noncollinear gating provides a practical and scalable route to isolated attosecond pulses at relativistic intensities, 
overcoming the constraints of few-cycle driving fields. Beyond pulse generation, this method offers a new method 
for probing ultrafast laser–plasma interactions with attosecond temporal precision.

Keywords: Attosecond pulses, Relativistic high harmonic generation, Plasma mirror, Isolated attosecond pulses, 
noncollinear laser pulses
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Intense isolated attosecond pulse generation and characterization through perturbed waveform synthesizer

Dianhong Dong1,2,3, Hushan Wang1,2, Bing Xue1,2,3*, Yuxi Fu1,2, Eiji J. Takahashi3

1Center for Attosecond Science and Technology, Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Chi-

nese Academy of Sciences, Xi’an, 710119, China.

2University of Chinese Academy of Sciences, Beijing, 100049, China

3RIKEN Center for Advanced Photonics, RIKEN, 2-1, Hirosawa, Wako, Saitama 351-0198, Japan

Abstract: We have demonstrated the stable generation of high-flux isolated attosecond pulses (IAPs) through 
a three-channel parallel waveform synthesizer operating at 10 Hz [1]. The generated sub-microjoule IAPs were 
characterized using the frequency-resolved optical gating for complete reconstruction of attosecond bursts 
(FROG-CRAB) technique, yielding a pulse duration of 226 as [2]. This achievement represented the first experi-
mental characterization of gigawatt-scale IAPs at a low repetition rate. Nevertheless, the conventional FROG-CR-
AB method inherently requires a time-consuming data acquisition process, as the electron time-of-flight (eTOF) 
spectrometer must scan the delay over tens of femtoseconds with sub-femtosecond steps. Typically, it takes tens 
of minutes or even more to complete. To overcome this limitation, we employed an all-optical FROG scheme [3], 
enabling a substantially faster characterization of the IAP duration.

The all-optical FROG setup introduces a weak gating pulse (intensity ratio < 10⁻³) as a perturbing waveform ap-
plied to the HHG process with a variable delay. The resulting HHG spectra trace exhibit modulation dependent 
on the perturbing field. By eliminating the eTOF spectrometer, the harmonic spectra are directly acquired using 
a CCD camera, thereby reducing the total measurement time to only a few minutes. From the experimentally re-
corded all-optical FROG trace, both the temporal profile of the IAP and the gating waveform can be reconstructed 
numerically. The retrieved temporal and spectral profiles reveal an IAP duration of 224 as, in excellent agreement 
with the result obtained using the conventional FROG-CRAB technique [2]. This proposed approach also helps us 
to achieve the temporal characterization of subgigawatt IAP (128 as, 107 eV) generated in neon gas with several 
tens of nanojoules [4].

Keywords: attosecond pulse, waveform synthesizer, pulse characterization, high intensity.
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Polarization and OAM control of laser-driven plasma high-harmonics and attosecond pulses

Jingwei Wang 1*

1 Shanghai Institute of Optics and Fine Mechanics, CAS, Shanghai, 201800, China.

Abstract: Plasma surface high-order harmonics (SHHG) generation is a nonlinear process on the solid target sur-
face driven by a relativistically intense laser pulse. The SHHGs with wavelengths ranging from extreme ultravio-
let to soft X-ray are characterized by perfect temporal coherence and a high conversion efficiency. Free control of 
their polarization and orbital angular momentum (OAM) is of great importance, which is motivated by the appli-
cations of dichroism, magnetization dynamics, and probing chiral molecules. We studied the ways to manipulate 
the SHHG polarization by employing an external magnetic field, a strong space-charge field or by controlling plas-
ma profiles, thus are able to generate circularly polarized high-harmonics or attosecond pulses. We also introduced 
OAM to SHHG by spin-to-orbital conversion when a CP laser interacts with a dented solid target, and introduced 
time-varying OAM to SHHG when two time-delayed vortex laser pulses with different OAMs interact with a solid 
target.  All these theoretical and numerical studies pay the way for the relevant SHHG experiments in the near fu-
ture. 

Keywords: plasma surface high-harmonics, circularly-polarized attosecond pulses, orbital angular momentum, 
relativistic laser plasma interactions
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100 kHz Repetition Rate Extreme Ultraviolet Beamlines at the Artemis Facility

Emma Springate

STFC Central Laser Facility, Rutherford Appleton Laboratory, Harwell Campus, Didcot, OX11 0QX, UK.

Abstract: The Artemis laboratory at the UK’s Central Laser Facility (CLF) is a user facility offering access to high 
average power femtosecond laser systems and HHG sources for a variety of ultrafast extreme ultraviolet (XUV) 
experiments. The XUV beamlines provide the capability for time-and angle- resolved photoemission spectroscopy 
(TR-ARPES) on solid samples, and photoelectron spectroscopy (PES) on gas-phase small molecules, with tunable 
optical pump pulses and XUV probe pulses. In the gas-phase, recent experiments include measurements of the full 
excited state dynamics of 1,2-Dicholoroethene [1].                                   

TR-ARPES with high harmonic probe pulses has enabled studies of electron dynamics in 2D materials [2]. We use 
a 100 kHz optical parametric chirped pulse amplification system [3] to drive the HHG source. Our HHG beamline 
includes demagnification optics to give a sub-20 micron XUV focal spot and spatial mapping capability. We have 
also upgraded our TR-ARPES end-station with a new Fermi surface mapping analyser, enabling efficient acquisi-
tion of high-quality ARPES spectra of optically pumped excitations close to the Fermi surface level [4].  

We have recently secured funding for a major upgrade of all the CLF’s ultrafast facilities. The upgraded Artemis 
will offer a 100 kHz Yb-based laser system, with 1.5 mJ, <50 fs pulses at 1 micron for HHG, and tunable <50 fs 
pulses from 235 nm to 10 microns. A new gas-phase end-station will offer dual electron and ion coincidence spec-
trometers, with gas-jet and laser desorption sources. A new materials science end-station will offer a momentum 
microscope and a hemispherical analyser for time- and angle-resolved photoemission.  

Finally, we aim to expand the facility’s capabilities with the addition of a new beamline that will generate broad-
band XUV pulses for time-resolved XUV and soft-X-ray absorption spectroscopy in liquid- and gas-phase sam-
ples and perform XUV ptychographic imaging of microscopic samples. 

The new capabilities will be available to access starting in 2026.   
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Stabilization and Destabilization of Multimode Solitons in Nonlinear Degenerate Multi-Pass Cavities

Junhan Huang1, Bingbing Zhu1, Shanyue Li1, Kun Ding1, Zhensheng Tao1*

1 State Key Laboratory of Surface Physics, Key Laboratory of Micro and Nano Photonic Structures (MOE), and 
Department of Physics, Fudan University, Shanghai 200433, China.

Abstract: Optical solitons in multimode nonlinear optical systems offer a unique platform for exploring the in-
terplay of nonlinearity, dispersion, and spatial mode coupling, offering insights into complex nonlinear wave phe-
nomena. Multi-pass cavities (MPCs) incorporating nonlinear Kerr media serve as prototypical systems, enabling 
high-efficiency supercontinuum generation and pulse compression. However, stabilizing femtosecond laser pulses 
in solid-medium-based MPCs (solid MPCs) under strong Kerr nonlinearity remains a significant challenge due to 
multimode coupling, which disrupts beam stability. In this work, we address this challenge by investigating the 
stability of laser pulses in MPCs using Floquet and perturbation model. We identify novel mode-coupling-sup-
pression (MCS) medium lengths, where destructive interference among multimode wave components suppresses 
coupling and facilitates soliton stabilization. Under MCS conditions, our simulations demonstrate stable beam 
propagation in solid MPCs with nonlinear phases up to 1.5π per pass, achieving >13-fold pulse compression with 
excellent spatio-spectral homogeneity. Our findings offer valuable guidance for designing advanced MPCs with 
tailored Kerr media.

Keywords: Soliton, Nonlinear optics, Supercontinuum generation, Ultrashort pulse
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Compact single-stage sub-TW Ti:Sa amplifier with high contrast，high repetition rate and CEP stabiliza-
tion

Rui LOU, Xianglin WANG, Wenjie LIN, Guanhua LIN, Yvxi Fu, Yishan WANG, Zhao CHENG

Center for Attosecond Science and Technology (CAST), Xi’an Institute of Optics and Precision Mechanics, Chi-
nese Academy of Sciences, Xi’an 710119, China

Abstract: Carrier-envelope phase (CEP) stabilized femtosecond lasers with high repetition rate and high 
temporal contrast are essential tools for attosecond science, strong-field physics, and laser–plasma in-
teraction studies. Traditionally, achieving both sub-terawatt (sub-TW) peak power and high repetition 
rate requires complex multi-stage amplifier chains, which increase system complexity and implementa-
tion effort and limit system compactness and reliability. The objective of this work is to demonstrate a 
compact, single-stage Ti:Sapphire (Ti:Sa) chirped-pulse amplifier (CPA) delivering sub-terawatt (sub-
TW) peak power that combines CEP stabilization, high temporal contrast at kilohertz repetition rate. 
The amplifier is seeded by a cross-polarized wave (XPW) generation pumped by CEP-stabilized sub-30fs pulses 
from a commercial laser. Seed pulses are temporally stretched in a bulk-material stretcher, spectrally shaped and 
phase-pre-compensated by a Dazzler(AOPDF) and injected into a single-stage 6-pass Ti:Sa amplifier pumped by 
two kHz frequency-doubled laser. Careful optimization of the multi-pass configuration and thermal management 
enables efficient energy extraction while minimizing amplified spontaneous emission (ASE), suppressing thermal 
lensing, and preventing optical damage.

The amplified pulses were subsequently recompressed in a high-efficiency transmission-grating compressor and 
two pairs of chirped mirrors. Slow CEP drifts in the system were stabilized by a feedback loop consisting of an f–2f 
interferometer and a PTC controlled material dispersion management.

P u l s e  d u r a t i o n  a n d  t e m p o r a l  c o n t r a s t  w e r e  c h a r a c t e r -
i z e d  b y  T I P T O E  a n d  t h i r d - o r d e r  c r o s s - c o r r e l a t o r  S E Q U O I A  r e s p e c t i v e l y . 
The single-stage Ti:Sa amplifier delivers sub-25fs pulses with energies exceeding 15 mJ at a repetition rate of 1 
kHz, corresponding to peak powers approaching 0.65 TW after compression. Preliminary measurements demon-
strate a temporal contrast exceeding 10⁹ at as early as 10 ps prior to the main pulse. This performance is primarily 
due to a unique single-stage amplification architecture and the implementation of cross-polarized wave (XPW) 
filtering. The pulse peak-peak stability is better than 1.2% RMS. 

Compared to conventional multi-stage Ti:Sa amplifier systems, the presented design reduces complexity, footprint, 
and cost while preserving key performance metrics such as energy, stability, and contrast. The compactness and 
reliability of this architecture make it highly suitable as a driver for attosecond pulse generation, high-harmonic 
generation (HHG), and strong-field experiments requiring both high repetition rate and CEP-stable sub-TW pulses. 
We demonstrate a compact, single-stage Ti:Sa CPA system that combines CEP stabilization, high temporal con-
trast, and sub-TW peak power at kHz repetition rate. This work highlights a route toward highly compact, robust 
ultrafast laser sources with state-of-the-art performance for attoscience and strong-field physics applications.

Keywords: Ultrafast amplifier, CEP stabilization, temporal contrast, high repetition rate

Track 2  Ultrafast Lasers and Applications

Generation of two-cycle 5 µm pulses with high spatio-temporal homogeneity and multi-mJ energy via non-
linear compression in II-VI chalcogenides

Uwe Griebner*, Martin Bock, Günter Steinmeyer 

Max Born Institute, Berlin, Germany.

Abstract: Based on a midwave-IR OPCPA at 1-kHz repetition rate delivering performance parameters well be-
yond the state of the art for few-cycle sources at wavelength above 4 µm, temporal soliton self-compression with 
simultaneous formation of a radial Townes profile was demonstrated in ZnS. Two-cycle pulses at 4.9 µm with 2.0 
mJ energy were generated, yielding a record peak power of 45 GW. The 37 fs self-compressed pulses exhibit an 
outstanding spatio-temporal homogeneity over the entire beam profile due to combined action of self-focusing and 
subsequent diffraction behind the ZnS sample, which distinguishes them from other bulk compression schemes.

Keywords: Mid-infrared lasers, nonlinear post-compression, few-cycle pulses
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Frequency conversion of femtosecond spatiotemporal optical vortex

Yi Liu, Qingqing Liang, Dan Wang, Jiahao Dong, Liang Xu 

Shanghai Key Lab of Modern Optical System, University of Shanghai for Science and Technology, 200093 Shang-
hai, China

Abstract: The realization of spatiotemporal vortex structure of various physical fields with transverse orbital an-
gular momenta (OAM) has attracted much attention and is expected to expand the research scope and open new 
opportunities in their respective fields[1]. Here we present frequency conversion of the femtosecond spatiotempo-
ral optical vortex (STOV), extending its available frequency to the UV and XUV regime [2,3]. For the generation 
of STOV in the UV regime, we demonstrated a cascaded second harmonic generation (SHG) and third harmonic 
generation (THG) process, which enables the realization of highly charged STOV field [2], as shown for the SHG 
in Fig. 1. For the attosecond XUV pulse with STOV feature, we theoretically studied the high harmonic generation 
(HHG) by a two-color femtosecond light field, with each color carrying transverse OAM. Through careful opti-
mization of relative phase and intensity ratio, we validate the efficient upconversion of the infrared pulse into its 
tens of order harmonics, showing that each harmonic preserves a corresponding intact topological charge [3]. This 
unique characteristic enables the synthesis of an extreme ultraviolet attosecond pulse train with transverse OAM.

Fig. 1. Generation and characterization of the second harmonic STOV field at 400nm with different topological 
charges, as indicated in each panel. 
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Attosecond Metrology for Electron Dynamics Observation

Dandan Hui1*, Ligong Zhao1, Jiahui Huang1, Yuxi Fu1

1 State Key Laboratory of Ultrafast Optical Science and Technology, Xi’an Institute of Optics and Precision Me-
chanics, Chinese Academy of Science, Xi’an, China

Abstract: Attosecond science exploits the extreme nonlinearity of strong-field interactions, driven by few-cycle 
laser pulses, to achieve attosecond temporal resolution, enabling real-time observation of electron dynamics in 
matter. Advances in this field, particularly the generation of extreme ultraviolet (XUV) attosecond pulses, have 
opened new opportunities for studying ultrafast electron behavior in matter. Here, we introduce a novel all-optical 
attosecond metrology technique to investigate light-field-induced electron dynamics. This methodology leverages 
phase transitions in dielectrics introduced by intense visible light fields. Such interactions trigger interband and 
intraband transitions, as well as their coherence effects, resulting in modifications to the electronic structure and 
optical response. Consequently, the dielectric experiences an adiabatic semimetal phase transition characterized by 
strong polarizability. This transition manifests as reflectivity changes that closely follow the shape of the driving 
optical field. Accordingly, the time-resolved reflectivity measurements provide direct access to the phase transition 
and the associated electronic dynamics in real-time. In addition, a new multimodal ultrafast electron imaging plat-
form, integrating scanning electron microscopy (SEM), ultrafast electron diffraction (UED), and ultrafast electron 
energy-loss spectroscopy (Ultrafast-EELS), will be discussed. This approach offers unprecedented insight into 
microscopic structural and electronic dynamics, with wide-ranging implications for ultrafast science in quantum 
physics, chemistry, and biology.

Keywords : Attosecond science, Light-field-induced electron dynamics, Multimodal ultrafast electron imaging, 
Attosecond visible light
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Mid-infrared pumped high-efficiency optical rectification in lithium niobate

Jingui Ma

State Key Laboratory of Dark Matter Physics, Key Laboratory for Laser Plasmas (MOE), Collaborative Inno-
vation Center of IFSA (CICIFSA), School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 

200240, China

Abstract: Efficient terahertz (THz) wave generation is pivotal for advancing ultrafast optics and enabling diverse 
applications. This invited talk presents our recent works in achieving high-efficiency optical rectification (OR) 
through mid-infrared (MIR) pumping in lithium niobate (LN) crystals. Traditional OR systems utilizing near-infra-
red (NIR) pumping suffer from limited conversion efficiencies. Our studies demonstrate that MIR pumping, partic-
ularly at wavelengths around 2 μm, significantly enhances laser-to-THz conversion efficiency. By leveraging qua-
si-phase matching (QPM) in stacked LN wafer stacks and tilted-pulse-front (TPF) configurations in LN prisms, we 
have achieved substantial efficiency improvements. Experimental results show that QPM macro-crystals pumped 
at 2 μm reaching ~0.4% conversion efficiencies at room temperature. Further enhancement to a record-breaking 
2.12% was achieved under cryogenic cooling conditions with 2-μm pumped TPF OR, generating single-cycle 
THz pulses centered at 0.4 THz. These findings establish MIR pumping as a potential approach for developing 
high-power, tunable THz sources, with significant implications for both fundamental research and technological 
innovation in ultrafast optics.

Keywords:Mid-infrared laser, optical rectification, terahertz pulses, lithium niobate, tilted-pulse-front.

Stray Light Measurement for Space Optical Systems using the Time-Domain Method

Qinfang Chen

Xi’an Institute of Optics and Precision Mechanics, CAS 

Abstract: Stray light significantly degrades the performance of space optical payloads. Ground-based calibration 
serves as a critical assurance measure to mitigate stray light risks for instruments in orbit. However, laboratory 
environments often introduce unwanted interference, limiting the accurate evaluation of stray light in instruments 
under test.

This report proposes a time-domain stray light measurement method utilizing a pulsed light source and a time-re-
solved detector. By analyzing the distinct characteristics of background noise and target light, filtering the tem-
poral properties of optical signals, and enabling precise control, the method facilitates accurate identification and 
isolation of target stray light signals. Experimental results demonstrate that the point source transmittance (PST) 
achieved was below 10-10. This approach offers a cost-effective and straightforward solution for stray light mea-
surement in space optical systems.
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Few-cycle femtosecond pulse combination and optical parametric amplification of ultrabroad band chirped 
laser pulses

Xinglong Xie1,2,*, Xiao Liang1, Meizhi Sun1, Ping Zhu1, Xuejie Zhang1

1National Laboratory on High Power Laser and Physics, Shanghai Institute of Optics and Fine Mechanics, Chi-
nese Academy of Sciences, No. 390, Qinghe Road, Jiading District, Shanghai 201800, China.

2Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, No. 
19(A), Yuquan Road, Shijingshan, Beijing 100049, China

Abstract: In this presentation we report a method in which synchronization of the time and carrier envelop phase 
(CEP) are realized simultaneously between the two few-cycle pulses. The technique gives a compact and simple 
solution to minimize the efficiency deterioration of few-cycle pulses coherent combining caused by the time jitter 
and CEP difference. Accuracy of the ΔCEP measurement is investigated and compared with the theoretical results. 
While set the theoretical value of ΔCEP difference 0.106 rad/μm at the center wavelength of 800 nm, the overall 
measurement gives a ΔCEP variation of 0.110 rad/μm, that matches the theoretical calculation quite well. By spec-
tral interferometry, the two few-cycle femtosecond laser pulses are synchronized at the accuracy of 50 attoseconds. 
For ultrabroad-band chirped pulse amplification, we studied an optical parametric chirped pulse amplification 
(OPCPA) method based on mixed cascaded crystals, taking advantage of the unique phase-matching of LBO and 
YCOB crystals. OPCPA properties, of LBO at 880 nm, YCOB at both 750 nm and 1080nm are studied respective-
ly. After the mixed crystals cascading amplification, a total gain of 108 and spectral bandwidth close to 400 nm are 
obtained. Pulse duration is measured 9.4 fs by a SHG-frequency-resolved optical grating (FROG). 

Keywords: femtosecond pulse combination, carrier envelop phase, optical parametric chirped pulse amplification, 
broadband laser pulse.

Ho:YLF composite thin disk laser at 2 μm

Bingying Lei1,2, Hua Lin1,2,*, Yuxi Fu1,2,*

1State Key Laboratory of Ultrafast Optical Science and Technology, Xi’an Institute of Optics and Precision Me-
chanics, Chinese Academy of Sciences, Xi’an 710119, China

2Center for Attosecond Science and Technology, Xi’an Institute of Optics and Precision Mechanics, Chinese Acad-
emy of Sciences, Xi’an 710119, China

Abstract: Lasers operating in the 2-μm spectral range have garnered significant interest due to their wide-rang-
ing applications in science and industry. Their advantages include eye-safe operation, a higher water absorption 
coefficient, and low atmospheric attenuation, making them ideal for laser processing, surgery, remote sensing, 
and countermeasures. Recent advancements in 2-μm laser technology have also demonstrated their potential as 
efficient drivers for mid-infrared, terahertz, and attosecond light generation in the water window spectral range 
(284–530 eV).

Ho:YLF stands out as an ideal laser crystal, offering key advantages such as low multi-phonon relaxation, a long 
excited-state lifetime, and favorable thermo-optical properties, in particular its natural birefringence and nega-
tive thermal refractive index. When combined with in-band pumping—where the pump wavelength is closely 
matched to the absorption bands of the laser medium—Ho:YLF benefits from reduced quantum defect heating and 
enhanced overall efficiency. These attributes, combined with its intrinsic properties, make Ho:YLF particularly 
well-suited for thin-disk lasers, enabling high beam quality and efficient performance under demanding conditions.

However, the relatively low hardness of Ho:YLF presents challenges in crystal processing, especially in fabricat-
ing thin disks with thicknesses on the order of hundreds of micrometers. Moreover, amplified spontaneous emis-
sion (ASE) effects in thin-disk configurations hinder aperture scaling and degrade gain storage performance. To 
address these limitations, we introduced a composite thin-disk (CTD) design, where an undoped YLF cap layer 
is diffusion-bonded to the doped Ho:YLF disk. This innovative configuration enhances the mechanical strength 
of the crystal and suppresses ASE, thereby improving both power scaling and gain storage. Furthermore, this ap-
proach simplifies thin-disk fabrication and provides a viable pathway for achieving high-power operation under 
room-temperature conditions.

Here, we report, to the best of our knowledge, the first Ho:YLF-based composite thin-disk laser. Operating at 
room temperature and cryogenic conditions, it achieved output powers of 26 W and over 120 W, respectively, 
while maintaining near-diffraction-limited beam quality. These results demonstrate the significant potential of 
Ho:YLF composite thin disk laser to deliver high efficiency, high power, and excellent beam quality in the 2-μm 
wavelength regime.
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Measuring electron dynamics in molecules, solids and layered systems on an attosecond timescale

Reinhard Kienberger

School of Natural Sciences, E11, Technische Universität München, James Franck Straße, 85748 Garching

Abstract: The generation and measurement of single isolated attosecond pulses in the extreme ultraviolet (XUV) 
at the beginning of this century has recently been awarded with the Nobel Prize in Physics [1]. 

A pump/probe technique, “attosecond streaking” [2], was used to investigate electron dynamics on surfaces and 
layered systems with unprecedented resolution. Photoelectrons generated by laser based attosecond extreme ultra-
violet pulses (XUV), are exposed to a dressing electric field from well synchronized few-cycle infrared (IR) laser 
pulses. The energy shift experienced by the photoelectrons by the dressing field is dependent on the delay between 
the XUV pulse and the dressing field and makes it possible to measure the respective delay in photoemission be-
tween electrons of different type (core electrons vs. conduction band electrons). The information gained in such 
experiments on tungsten [3] triggered many theoretical activities leading to different explanations on the physical 
reason of the delay. Attosecond streaking experiments have been performed on different solids [4,5], layered struc-
tures and liquids, resulting in different delays – also depending on the excitation photon energy. These measure-
ments lead to a stepwise increase of the understanding of different physical effects contributing to the timing of 
photoemission. In this presentation, an overview on the different physical contributions to attosecond time delays 
in photoemission will be given. The “absolute” time delay, i.e. the delay between the instant of ionization and 
the emission of a photoelectron will be discussed and latest measurements on oriented molecules on surfaces and 
isosteric molecules in the gas-phase will be presented. 

Reference:

[1] M. Hentschel*, R. Kienberger* et al., Nature, 414, (2001)

[1] R. Kienberger et al., Nature 427, 817 (2004)

[2] A. Cavalieri et al., Nature 449, 1029 (2009)

[3] S. Neppl et al., Nature 517, 342 (2015)

[4] M. Ossiander et al., Nature 561, 374 (2018)

High-power HHG driving source operating in the green wavelength range

Dongliang Wang 1, 2, Qi Liu 3, Zhongchao Li 4, Xinyue Yuan1, 2, Hongyue Wu1, 2, Zixi Liu5, Wei Liu 4*, and 
Guoqing Chang 1, 2, 6*

1Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, 
Beijing 100190, China

2University of Chinese Academy of Sciences, Beijing 100049, China

3Institute of Advanced Light Source Facilities, Shenzhen 518049, China

4School of Science, Sun Yat-Sen University, Shenzhen 518107, China

5School of Physics, Nankai University, Tianjin, 300071, China

6Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China

Abstract: High-order harmonic generation (HHG) in noble gases driven by femtosecond lasers is currently a 
feasible solution to obtain ultrafast pulses in the extreme ultraviolet (EUV) wavelength range. Implementation of 
high-flux EUV sources requires driving HHG using an ultrafast laser source at the visible wavelength range with 
MHz repetition-rate. In this paper, we employ a multi-pass cell followed by chirped mirrors to compress 1-MHz, 
200-W, 300-fs pulses at 1.03 μm to a duration of 35 fs. The resulting 186-W compressed pulses are focused onto 
0.5-mm thick BBO crystal to drive second harmonic generation and produce positively chirped pulses at 520 nm. 
These green pulses are dechirped to 26 fs in duration with an average power of 64 W, which, to the best of our 
knowledge, represents the highest average power of green pulses with the duration below 100 fs.

Keywords: ultrafast lasers, nonlinear compressor, second harmonic generation, ultrafast and attosecond optics
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Progress on visible-wavelength mode-locked ultrafast fiber lasers

Zhengqian Luo*

1Fujian Key Laboratory of Ultrafast Laser Technology And Applications, Xiamen University, Xiamen, 361005, 
China.

Abstract: In this talk, I will focus on the recent progresses on visible-wavelength rare-earth-doped fluoride-glass 
fiber lasers, mainly including: 1) high-power all-fiber visible lasers at deep-red, red, green, yellow and blue 
wavelengths; 2) passively mode-locked visible fiber lasers from DSR, vortex, spatial-temporal to femotosecond 
mode-locking operations.

Keywords: Fiber laser, ultrafast, visible

High performance femtosecond solid-state laser technology and its advanced applications

Jiangfeng Zhu
1  School of Optoelectronic Engineering, Xidian University, Xi’an 710071, China

Abstract: With the development of ultrafast laser interaction with matter, such as high harmonic generation, sec-
ondary optical source generation, laser micromaching, the femtosecond lasers feature high average power, high 
single pulse energy, ultrashort pulse duration, high repetition frequency and attainable wavelength. Among these 
high-performance femtosecond lasers, femtosecond solid-state laser has the comprehensive advantage of flexi-
ble output parameters, extremely good beam quality and very simple architecture. In this presentation, I will talk 
about the recent progress of 10 mJ/ 100 W average power femtosecond solid-state amplification and discuss my 
understanding on the beam quality concerning the cutting-edge demand of advanced applications.
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High power ultrafast laser sources enabling efficient mid-infrared parametric conversion

Junqing Zhao

Shenzhen Technology University

Abstract: Our group’s Recent progress on high power ultrafast laser sources as well as their further efficient 
mid-infrared parametric conversion will be presented. These in-lab developed sophisticated near infrared laser 
sources, some with all-fiber design and the other with fiber/bulky hybrid architecture, enable desired flexible pa-
rameters. By using them, we can more freely optimize the further parametric conversion, realizing some break-
throughs in both efficiency and power level. 

The applications of high-order multiphoton absorption-based optical and optoelectronic nonlinearities

Jinlong Xu1,2*

1College of Physics and Information Engineering, Fuzhou University, Fuzhou, Fujian 350108, China

2National Laboratory of Solid State Microstructures, School of Electronic Science and Engineering, Nanjing Uni-
versity, Nanjing 210093, China

Abstract: Femtosecond lasers have long been recognized as revolutionary tools that have enabled numerous sci-
entifical breakthroughs. In particular, multiphoton absorption (MPA)—a prototypical nonlinear optical effect in 
response to intense femtosecond laser excitation—facilitates sub-bandgap carrier excitation and has been widely 
exploited in advanced optical and optoelectronic technologies. Here, we demonstrate that our findings and results 
in this field, including the exciton-enhanced giant high-order MPA nonlinearities, the high harmonics generation in 
solids, and their diverse applications in broadband sub-bandgap photodetection, direct full-color upconversion in 
the NIR-III/IV spectral windows, and quantitative retrieval of electronic band structure. These results offer valu-
able insights into advancing high-order nonlinearity based on femtosecond lasers.

Keywords: femtosecond lasers; multiphoton absorption; high-order nonlinearity

Reference:

1.J.L Xu* et. al. “Broadband Photodetection of Intense Lasers via Exciton enhanced High-Order Multiphoton Ab-
sorption in 2D Perovskite,” Sci. Adv. 11, eadt9952 (2025)

2. J.L Xu* et. al. “All-in-one, all-optical logic gates using liquid metal plasmon nonlinearity,” Nat. Commun., 15, 
1726 (2024)

3. J.L Xu* et. al. “High-harmonic generation in Weyl semimetal β-WP2 crystals,” Nat. Commun., 12, 6437 (2021)

4. J.L Xu* et. al. “Giant and Broadband Multiphoton Absorption Nonlinearities of a 2D Organometallic Perovskite 
Ferroelectric,” Adv. Mater., 32, 2002972 (2020)
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Efficient generation of Bessel-Gauss attosecond pulse trains via nonadiabatic phase-matched high-order 
harmonics

Mingxuan Li1,2, Xiangyu Tang1,2 , Huiyong Wang1,2, Jialong Li1,2, Wentao Wang1,2, Jiaao Cai1,2, Jieda 
Zhang1,2, Xinyue San1,2, Xinning Zhao1,2, Pan Ma1,2, Sizuo Luo1,2, Cheng Jin3,4 and Dajun Ding1,2

1Institute of Atomic and Molecular Physics, Jilin University, 130012 Changchun,China.

2Jilin Provincial Key Laboratory of Applied Atomic and Molecular Spectroscopy, Jilin University, 130012 Chang-
chun, China.

3Department of Applied Physics, Nanjing University of Science and Technology, 210094 Nanjing, China.

4MIIT Key Laboratory of Semiconductor Microstructure and Quantum Sensing, Engineering Research Center of 
Semiconductor Device Optoelectronic Hybrid Integration in Jiangsu Province, Nanjing University of Science and 

Technology, 210094 Nanjing, China.

Abstract: Generating Bessel-Gauss beams in the extreme ultraviolet (EUV) with attosecond pulse durations poses 
a significant challenge due to the limitations of conventional transmission optical components. Here, we propose a 
novel approach to produce such beams by inducing an annular EUV source through high-order harmonic genera-
tion (HHG) under nonadiabatic phase-matching conditions. The resulting light pulse maintains temporal coherence 
and manifests attosecond pulse trains as confirmed by the reconstruction of attosecond beating by interference of 
two-photon transitions (RABBIT) measurements. Macroscopic HHG calculations reproduce the measured spatio-
temporal structures, demonstrating the plasma-induced spatial modulation on the formation of an annular source. 
Propagation simulations further confirm the feasibility of this approach for generating attosecond Bessel-Gauss 
beams, presenting exciting prospects for various applications in EUV photonics and attosecond science.

Figure1. Formation of an attosecond Bessel-Gauss beam. a Illustration of the annular EUV emissions resulting 
from the reshaping of the intense femtosecond NIR laser after propagation and harmonic generation in the nona-
diabatic phase-matching regime. b Spatiotemporal structure of the NIR laser field at the exit plane. c Attosecond 
bursts observed at the exit plane of the interaction area. d The optical path for generating an attosecond EUV Bes-

sel-Gauss beam using the annular EUV source. e Evolution of the Bessel-Gauss beam simulated for the annular 
source along the propagation axis.

Reference:

 [1] Mingxuan Li1, Xiangyu Tang1, et. al., Light: Science & Applications, 14, 181 (2025).
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Track 3  Ultrafast Terahertz Science and Technology

Classical Electrodynamics in the Study of Dielectric Properties of Subwavelength Heterostructures Using 
Pulsed Terahertz Radiation.

Alexander Shkurinov1*

1Department of Physics, Lomonosov Moscow State University, Moscow, 119992, Russia.

Abstract: For the terahertz frequency range, the possibility of studying the complex permittivity of heterostruc-
tures made of subwavelength planar layers of multilayer materials and metamaterials with a strong change in per-
mittivity and conductivity using the TDS technique is considered. I consider a wide range of expert methods for 
pulsed probing of planar structures and various teleretic models based on both depolar re-emission and elementary 
current models. Using analytical estimates and numerical modeling, it is shown that the described approaches 
allow one to accurately and simply study the complex refractive index of planar elements of heterostructures for 
arbitrary polarization states (TE or TM) and angles of incidence of the terahertz beam on the sample.

An experimental setup based on simultaneous analysis of both reflected and transmitted THz waves for the sample 
under study (hereinafter referred to as a two-channel setup) is proposed and implemented. For a model containing 
a thin dielectric film, analytical and numerical solutions of Maxwell’s equations are presented, which allow one 
to accurately and easily determine the complex refractive index of the film for arbitrary polarization states (TE or 
TM) and angles of incidence of the terahertz beam on the sample. A numerical verification of the model is per-
formed, demonstrating the main advantages and limitations of the proposed model. The proposed method reduces 
the contribution of noise associated with laser radiation fluctuations, which improves the accuracy of determining 
the permittivity. An experimental verification of the approach is presented using the example of studying the di-
electric properties of phase-change material GeTe films of different thicknesses. The focus of our study is a strong 
change in the permittivity and conductivity of a GeTe film during the transition of the film from a crystalline to an 
amorphous state upon heating with ultraviolet laser pulses.

Based on the reconstructed values of the complex permittivity of GeTe films, we developed, fabricated, and char-
acterized a metastructure for the THz frequency range that demonstrates suppression of the resonant Fano mode 
by photoswitching. The phase state of GeTe films in the metamaterial was monitored using Raman spectroscopy.

Keywords: Terahertz spectroscopy, electrodynamics, phase changed materials

Research on intense Terahertz Surface Wave Pulsed Source and Applications

Ye Tian

Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences

Abstract: High field ultrafast laser pulse can instantaneously generate intense electromagnetic fields at a very 
small scale of focus, in which microscale region it is expected to generate compact  radiation sources. Here we 
present a principle of surface wave radiation amplification using laser pumping. When an ultrafast laser focus on a 
metal wire waveguide, the excited electron pulse pumps surface plasmon polaritons and achieves coherent ampli-
fication, which is observed by the ultrafast optical pump-probe method. Using this natural surface modes, we have 
demonstrated a new method of waveguide-coupled terahertz electron acceleration. Within    an acceleration dis-
tance of 5 mm the electron energy gain exceeding MeV. This demonstrates a new type of fingertip-sized electron 
gun. Furthermore, using this intense-field surface wave to ionize gas, we achieved a ball-lightning-like soliton and 
enabled the nonlinear excitation of phonon polaritons, among other phenomena. Such intense-field terahertz sur-
face waves hold significant scientific potential in research areas such as particle acceleration, control of material 
states, nonlinear optics, and spectroscopy.
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Broadband THz pulse production with TW femtosecond laser in air and plasma

D.Gorlova1, D.Urypina1, I.Tsymbalov1, E.Mitina1, A.Samsonov1,2, K.Ivanov1, D.Pushkarev1, R.Volkov1, 
A.Savel’ev1,2,*

Faculty of Physics, Lomonosov Moscow State University, Moscow, 119991, Russia

2Sarov branch, Lomonosov Moscow State University, Sarov, 607328, Russia

Abstract: THz radiation has a wide variety of applications in material science, medicine, biology, non- destruc-
tive testing and other areas of fundamental research, applied science and engineering. Broadband THz sources are 
of particular importance here. High peak power femtosecond lasers provide different ways to generate such pulses. 
This paper describes two approaches based on TW high repetition rate Ti:Sa laser: DC field enhanced remote pro-
duction from air filament and THz unipolar pulses from relativistic laser plasma interaction.

Femtosecond filamentation in air is known as a very promising source of THz pulses. Different schemes were de-
veloped to enhance efficiency, and among them the scheme with an external DC field looks especially interesting 
for the remote applications. Our experiments proved that maximum THz efficiency can be achieved if DC electrodes 
have the same length as the single-color filament and this scheme is efficient even at long distances from the laser 
source.

The main drawback of all the approached based on non linear conversion of femtosecond laser pulses into THz 
range is intensity limitations (filamentation in air, lithium niobate or organic molecular crystals, etc.). This limita-
tion can be avoided if plasma is used instead. Here we report on our progress toward generation of sub cycle (quasi 
unipolar) THz pulses from relativistic laser interaction of laser pulse with thin plasma slab. Various approaches and 
optimization of the THz sources are presented.

Keywords: Femtosecond lasers, plasma, Terahertz radiation

THz emission spectroscopy: probing and controlling ultrafast photocurrents in ferroelectric  α−In2​Se3​ 

Xinlong Xu1*

1 Shaanxi Joint Lab of Graphene, State Key Lab Incubation Base of Photoelectric Technology and Functional Ma-
terials, International Collaborative Center on Photoelectric Technology and Nano Functional Materials, Institute 

of Photonics & Photon-Technology, Northwest University, Xi’an 710069, P. R. China    

Abstract: Nonvolatile control over the physical state of polar materials through all-optical methods and eluci-
dating intricate photophysical processes has been a long-standing objective pursued in optoelectronics. Photo-
ferroelectric semiconductors exhibit immense potential in capturing multimodal nonvolatile states, attributed to 
their spontaneous and reversible in-plane and out-of-plane polarizations, stemming from the versatility of their 
electronic degree of freedom. Herein, we uncover an unprecedented nonvolatile, zero-bias, ultrafast photocurrent 
hysteresis response with an innovative all-optical approach, discerned by analyzing in-plane and out-of-plane THz 
waves emitted from photoferroelectric α-In2Se3. The mechanism underlying such ultrafast photocurrent hysteresis 
arises from anomalous linear and circular photovoltaic effects synchronously fueled by a localized rearrangement 
of polarization. By harnessing the anisotropic photoferroelectric kinetics-induced relative phase between the in-
plane and out-of-plane polarizations, we further demonstrate the flexible selection of chirality, tunable rotational 
angle, and optimizable ellipticity of THz waves. Our findings present a unique ultrafast and non-destructive strat-
egy for investigating photoferroelectric hysteresis, empowering dynamic polarization manipulation of THz waves 
for a wide range of THz applications.

Keywords: Terahertz Emission Spectroscopy, Ultrafast Photocurrent, Photoferroelectric Semiconductor
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Nonlinear Photonics in the Terahertz Regime

Liwei Song

State Key Laboratory of Ultra-intense Laser Science and Technology, Shanghai Institute of Optics and Fine Me-
chanics, Chinese Academy of Sciences

Abstract: Ultrashort pulse laser technology and its associated instrumentation have achieved remarkable progress 
in recent decades, establishing themselves as indispensable tools across frontier scientific research, precision in-
dustrial manufacturing, and advanced biomedical applications. Capitalizing on these advancements, the synergistic 
integration of ultrafast laser systems with nonlinear optical frequency conversion techniques has catalyzed a par-
adigm shift in high-field terahertz (THz) source development. Modern THz sources now deliver tunable spectral 
characteristics across multiple frequency bands, offering tailored excitation capabilities for probing non-equilibri-
um states in low-photon-energy condensed matter systems. The marriage of these intense THz sources with ultra-
fast pump-probe spectroscopy has opened unprecedented observational windows into THz-driven non-equilibrium 
dynamics. By leveraging both high peak fields (up to 10 MV/cm scale) and optimal photon energies (meV range), 
these THz excitations enable coherent manipulation of quantum states and lattice interactions with femtosecond 
precision. This talk will explore cutting-edge strategies for high-field THz generation and nonlinear photonics 
within the THz regime.

Chiral Fermion Enantiomers Identification via Circular Photogalvanic Effect Related Ultrafast Terahertz 
Emission

Lu Wei

Songshan Lake Materials Laboratory

Abstract: Chirality is becoming one of the new cores of condensed matter physics, affecting multiple fields from 
quantum materials to topological quantum materials, and exotic properties in various quantum materials and 
promising future applications are emerging. Topological chiral semimetals are ideal material platforms for studies 
of chirality-related phenomena as well as topological properties. However, high-throughput identification of chiral 
enantiomers, which is the first and foremost characterization in chiral studies, is still lacking. Here, we show that 
terahertz (THz) emission from ultrafast excited circular photogalvanic effects of chiral fermions can be used to 
identify the chirality of topological chiral semimetal. The emitted THz electric fields induced by transient photo-
galvanic effect are reversed for the opposite enantiomers. This efficient and simple optical measurement and its in-
tuitive results reveal that THz emission spectroscopy is very promising as a high-throughput, contactless and non-
destructive method for identifying the chirality of chiral materials and therefore promotes studies of chiral physics 
and chiral materials.
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Terahertz-driven Subcycle Electron Emission Dynamics and Multidimensional Control

Yushan Zeng1,2, Ye Tian1,2*

1State Key Laboratory of Ultra-intense Laser Science and Technology, Shanghai Institute of Optics and Fine Me-
chanics (SIOM), Chinese Academy of Sciences (CAS), Shanghai 201800, China.

2Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Bei-
jing 100049, China

Abstract: Ultrafast laser fields enable coherent control of electron beams across energy, temporal, and quantum 
domains—key to advancing attosecond science and lightwave electronics. While free- space interactions face lim-
itations in field strength and phase-matching, exploiting optical near- fields like surface plasmon polaritons (SPPs) 
unlocks efficient light-electron coupling. In our prior work, we demonstrated terahertz (THz) SPP amplification 
via free-electron pumping, achieving coherent energy transfer through superradiant growth of the SPPs. Building 
on this, SPP-driven acceleration in an integrated waveguide was implemented, where THz Sommerfeld waves de-
livered record 1.1 MeV gains (210 MV/m gradients) by synchronizing the electron phase with subcycle optical 
fields. Critically, these advances reveal THz’s unique ability to bridge macroscopic energy control and microscopic 
subcycle dynamics via its long wavelength and single-cycle waveform.

Capitalizing on this  feature  of  THz,  we  recently  developed  a direct  reconstruction method resolving emission 
dynamics without pump-probe techniques. Driving a graphite nanotip with phase-stable THz pulses (191–290 kV/
cm), spatially inhomogeneous near-fields established a monotonic energy-time map, which allows for extracting 
temporal emission profiles. We found that at near-zero carrier-envelope phase (CEP), spectral peaks scaled lin-
early with field strength, confirming Fowler-Nordheim emission. Temporal profiles extracted solely from energy 
spectra revealed pulse durations broadening from 97.3 to 114.3 fs with rising intensity—quantitatively validating 
tunneling theory. At opposite CEP (0.80π), however, deceleration fields anchored a stationary spectral peak, while 
simulations showed 71.2% cutoff-energy modulation and 99.7% current suppression, highlighting coherent phase 
control.

Further leveraging THz’s subcycle control, we also proposed a design for generating isolated attosecond electron 
pulses: a bow-tie resonator enhanced THz fields to 13.9 GV/m, slicing 817- as pulses from 500-fs bunches via 
streaking and aperture gating. This scheme—extendable to

DC sources—enables compact temporal sculpting for ultrafast microscopy. Collectively, these advances establish 
THz-driven coherent control spanning  energy  transfer (SPP  acceleration), temporal tailoring (attosecond chop-
ping), and dynamics quantification (subcycle reconstruction), paving the way toward programmable electron wave 
packets.

Keywords: Terahertz; Electron dynamics; Attosecond pulses; Surface plasmon polaritons

Terahertz Radiation Enhancement, Modulation, and Diagnostics via Near-Field Manipulation of Plasma 
Filaments

Jiayu Zhao, Yan Peng and Yiming Zhu*

University of Shanghai for Science and Technology

Abstract: Over the past three years, we have developed methods for manipulating the dielectric constant distribu-
tion in the near-field of laser-induced plasma filaments. By employing perturbations with polar materials, spatial 
shaping of filament density, and multi-filament interactions, we achieved precise control over the dielectric con-
stant distribution at the peripheries of the filaments at sub-terahertz wavelength scales. This approach has not only 
enabled the diagnostics of terahertz bound modes in the near-field and enhanced far-field terahertz radiation but 
also facilitated all-optical calculus operations (first- and second-order) on broadband single-pulse terahertz signals. 
These advancements provide a theoretical foundation and key technological support for deepening the understand-
ing of laser-plasma-terahertz wave interaction mechanisms and developing novel free-space all-optical terahertz 
modulation platforms, including radiation sources, waveguides, and modulators.
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Systematic optimization of the THz yield from the dual-color air-based plasma

Olga Kosareva1,*, Irina Nikolaeva1, Jiayi Xie2, Daniil Shipilo1, Nikolay Panov1, Haizhu Zhao2, Weiwei Liu2

1Physics Faculty, Lomonosov Moscow State University, Leninskie Gory 1-62, Moscow, 119991, Russian Federa-
tion

2Institute of Modern Optics, Nankai University, 38 Tongyan Road, Tianjin 300350, China

Abstract: Among the terahertz (THz) sources, a two-color femtosecond filament in gases provides the coherent 
THz emission with the most broadband spectrum, which spans up to several tens of THz. Optical to terahertz con-
version efficiency in the gas-based plasma reaches ~0.01% for the near infrared (800+400 nm) or up to 1% for the 
mid-infrared pump [1]. By positively chirping the initial pulse, one can increase the optical to THz conversion 
efficiency by an order of magnitude [2]. The THz yield depends strongly on the relative phase between the funda-
mental and the 2nd harmonic radiation. Recently it was found that the relationship between THz pulse energy and 
chirp changes with variations in the specific phase difference between the first and second harmonics, and that the 
maximum THz energy might be attained not only for positively, but also for the negatively chirped pulse [3].

In this work we find both experimentally and numerically that the initial duration of the chirped pulse in the two-col-
or (800+400 nm) filament in air is the major factor that determines the THz energy yield. By scanning through the 
relative (ω–2ω) phase shift in the range (0–180°) for each chirped pulse duration between -200 and 200 fs, we found 
that the optimum pulse duration, responsible for the maximum THz energy, does not change essentially with the 
chirp sign. This scan presents systematic multiparameter optimization of optical pulse to terahertz radiation con-
version.

In the experiment the fundamental 800 nm, 4.5 mJ, 37 fs FWHM pulse with 9 mm beam diameter was focused 
with f = 30 cm lens followed by the beta-BBO crystal into air, where it created a filament. The THz radiation, re-
mained after the Teflon plate, was collected by the two parabolic mirrors with f = 15.4 cm followed by the Golay 
cell. In the simulations we used 3D+t axially symmetric carrier-resolved code based on unidirectional pulse propa-
gation equation.

In conclusion, we demonstrate that the chirped pulse duration, but not the chirp sign, is the major factor determin-
ing the THz yield from a dual-color filament in air. In both the experiment and simulations, the THz energy reaches 
its maximum at approximately the same pulse duration but the opposite chirp signs, if the relative initial phase shift 
between the first and the second harmonics is gradually varied to attain the maximum THz yield.

The  research  was  supported  by  Russian  Science  Foundation,project  No.    25-49-00154   ( https://rscf.ru/en/
project/25-49-00154/), and National Natural Science Foundation of China  ( project No. W2412044)

A. D. Koulouklidis, C. Gollner, V. Shumakova, V. Yu. Fedorov, A. Pugžlys, A. Baltuška, S. Tzortzakis, “Ob-
servation of extremely efficient terahertz generation from mid-infrared two- color laser filaments” Nat. Com-

mun. 11, 292 (2020).

T.-J. Wang, Y. Chen, C. Marceau, F. Théberge, M. Châteauneuf, J. Dubois, S. L. Chin “High energy terahertz 
emission from two-color laser-induced filamentation in air with pump pulse duration control” Appl. Phys. 
Lett. 95, 131108 (2009).

A. Martinez, J. Houard, A. Hideur, D. Paparo, A. Vella “Controlling the time shape of terahertz pulses from 
two-color plasma by combining wavelength dispersion and laser chirp” Appl. Phys. Lett. 124, 021105 (2024).
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Nanoscale THz nonlinearity driven by femtosecond laser filamentation

Zeliang Zhang, Pengfei Qi, Weiwei Liu*

Institute Institute of Modern Optics,  Nankai University, Tianjin 300350, China 

Abstract: Although THz scattering near-field optical microscopy (THz s-SNOM) with sub-diffraction limit spa-
tial resolution and remarkable field enhancement can provide new insight into efficient Terahertz nonlinearity in 
nanoscale, exploring nanoscopic THz Nonlinear optics (NLO) still remains challenging due to the universally 
adopted low excitation power with the high repetition for near-field demodulation. Here we report an intense THz 
s-SNOM by combining high peak power THz pulse emitted from two-color femtosecond laser filaments with 
common THz s-SNOM for demonstrating the efficient THz third harmonic generation in 3D DSM Cd3As2 with 
nanoscale localized field enhancement. Additionally, the near-field third harmonic imaging with resolution of 200 
nm, that is nanoscopic near field THz THG of 3D Dirac semimetal are demonstrated. 

Keywords: THz, scattering near-field optical microscopy, nonlinear optics, nanometer resolution

Enhancement of laser-induced single-cycle terahertz generation in a spintronic Pt/Co emitter with a compo-
sition-gradient interface

L. A. Shelukhin,a A. V. Kuzikova,a A. V. Telegin,b V. D. Bessonov,b A. V. Ognev,c,d 

A. S. Samardak,c,d Junho Park,e Young Keun Kim,e A. M. Kalashnikovaa,* 
aIoffe Institute, 194021 St. Petersburg, Russia; 

bM. N. Mikheev Institute of Metal Physics, Ural Branch of Russian Academy of Sciences, 620108, Yekaterinburg, 
Russia; 

cFar Eastern Federal University, 690922, Vladivostok, Russia; 

dSakhalin State University, Yuzhno-Sakhalinsk, 693000, Russia; 

eDepartment of Materials Science and Engineering, Korea University, Seoul 02841, Republic of Korea

Abstract: Generation of electromagnetic radiation in the terahertz (THz) frequency range is an interesting fun-
damental and technical problem, while sources of such radiation are in demand in several applications, from the 
study of biological objects to the development of security systems [1]. Spintronic emitters, in which THz radiation 
is generated as a result of the excitation of laser-induced spin dynamics in thin magnetic films, have proven to be 
promising sources of broadband pulses with frequencies from fractions of a terahertz up to 20 THz [2]. However, 
the radiation intensity of such sources is still inferior to alternatives, in particular, generators based on nonlinear 
optical effects in lithium niobate and organic crystals [3]. In this regard, an important fundamental and applied 
challenge is to find ways to optimize the structures employed as spintronic emitters.
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Figure 1. (a) Schematics of Pt/Co spintronic. Spin current Js is generated via ultrafast laser-induced de-
magnetization in Co, injected through the interface with a transmittance T into Pt, and converted to the 
change current Jc conversion via inverse spin-Hall effect. Jc serves as a source of the single-cycle THz 
pulse. (b) Temporal waveforms of the THz pulses generated in the Co/Pt emitter with the gradient inter-
face (red symbols) and with the abrupt interface (blue symbols). (c) FFT spectra of these THz pulses. 

The aim of this work [4] is to determine the influence of the ferromagnet/heavy metal Pt/Co interface on the effi-
ciency of converting optical femtosecond laser pulses into THz pulses in a spintronic emitter Co/Pt (Fig. 1(a)). For 
this purpose, we study experimentally single-cycle THz pulse generation from a laser-pulse excited Pt/Co emitter 
with a composition gradient interface between Pt and Co and compare it with the emission from a conventional Pt/
Co structure with an abrupt interface. The two main structures under study were (numbers are layer thicknesses in 
nm):

Si/Ta(2)/Pt(3)/Co(1.2)/Ta(2) – a structure with the abrupt interface between Co and Pt layers; 

Si/Ta(2)/Pt(3)/gPtCo(1.2)/Co(1,2)/Ta(2) – a structure with the interface between Co and Pt layers being a compo-
sition gradient layer gPtCo [5].

Femtosecond laser pulse with a central wavelength of 800 nm, duration of 50 ps and energy density up to 3 mJ 
cm-2 were used to excite the structures. Time-resolved THz spectroscopy was used to obtain the temporal wave-
forms of the generated THz pulses.

The main result is that the gradient interface enhances the efficiency of optics-to-THz conversion by a factor of 
two (Fig. 1(b,c)) in a wide range of optical fluences up to 3 mJ cm-2. This enhancement is caused by a pronounced 
increase in transmittance T of the laser-driven spin-polarized current through the gradient interface compared 
to the abrupt one. Furthermore, such a transmission deteriorates with laser fluence due to the spin accumulation 
effect. We also note that the Pt/Co structure with the gradient interface supports in-plane magnetic anisotropy re-
quired for THz emitters in combination with a small Co layer thickness optimal for efficient spin current genera-
tion. This contrasts with Pt/Co structures typically characterized by an out-of-plane anisotropy.

This work is partly supported by the Russian Science Foundation grant No. 23-12-00251.

Reference:

1. X. C. Zhang, J. Xu, Introduction to THz wave photonics. New York: Springer, 2010.

2. T. Seifert, et al. // Nature Photon. 10, 483 (2016).

3. J. A. Fülop, et al. // Adv. Opt. Mater. 8, 1900681 (2020).

4. L. A. Shelukhin, et al. // Science and Technology of Advanced Materials 26, 2448417 (2025).

5. Junho Park, et al. // Acta Materialia 241, 118383 (2022).

Nonlinear terahertz dynamics of solid-state materials

Zhe Wang 

Department of Physics, TU Dortmund University, Dortmund, Germany 

Corresponding author e-mail address: zhe.wang@tu-dortmund.de

Abstract: In the talk I will present an overview of our recent experimental studies of nonlinear terahertz dynamics 
in several representative classes of solid-state materials, including Dirac semimetal, semiconductor, and strongly 
correlated metal. By using time-resolved ultrafast terahertz high-harmonic generation spectroscopy, we are able to 
reveal characteristic nonequilibrium nonlinear dynamics of Dirac fermions [1], may-body excitonic states [2], and 
quantum critical metal [3] in the terahertz frequencies. I will show that the ultrafast terahertz high-harmonic gen-
eration spectroscopy is very powerful for the investigation of the complex dynamic behaviors of Dirac fermions, 
many-body excitons, or strongly correlated electrons, and present our understanding of the physics responsible for 
the very intriguing nonlinear phenomena.

Keywords : Terahertz high-harmonic generation, ultrafast nonequilibrium dynamics, Dirac fermions, many-body 
excitons, strongly correlated electrons

Reference:

[1] S. Kovalev, R. M. A. Dantas et al, Nature Communications 11, 2451 (2020).

[2] C. Zhu et al, Phys. Rev. Lett. 134, 196503 (2025).

[3] C. Reinhoffer et al, Phys. Rev. Lett. 132, 196501 (2024).
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Anomalous third-order nonlinearity of disordered superconductors close to a superconductor-insulator 
transition

Tao Dong

International Center for Quantum Materials, School of Physics, Peking University, Beijing 100871, China 

Abstract: Disorder significantly influences the coupling between the terahertz (THz) photon and the Higgs mode, 
yet the effect of strong disorder on the nonlinear spectrum of superconductors remains largely unexplored. Here, 
we present a systematic THz third-harmonic generation (THG) study on NbN thin films with varying Ioffe-Regel 
parameters (kFl), as functions of temperature and magnetic field. In strongly disordered NbN (kFl≈2.5) near the 
superconductor-insulator transition (SIT), we observe an anomalous normal-state THG signal, absent in both clean 
superconducting (kFl≈7.2) and nonsuperconducting (kFl<1) films. This signal persists even when superconductivi-
ty is fully suppressed by a magnetic field, ruling out superconducting fluctuations as its origin. Below Tc, the THG 
intensity rises sharply, indicating a dominant contribution from the driven Higgs mode. Notably, the THG spec-
trum of the strongly disordered sample displays a characteristic multi-peak structure, attributed to path interfer-
ence between distinct THG channels involving unpaired electrons and Cooper pairs confined in superconducting 
islands. This feature directly reflects how strong disorder modifies the nonlinear spectrum of the Higgs mode. Our 
results establish THz nonlinear spectroscopy as a bulk-sensitive, statistical probe of mesoscopic inhomogeneity in 
disordered superconductors through their collective modes.

Coherent SHG Modulation via THz-Driven Phonon-Polaritons in ZnO

Yifei Fang, Jiajing Hao, Jianhua Sang, Jixing Gao, Liwei Song and Ye Tian

State Key Laboratory of Ultra-intense Laser Science and Technology, Shanghai Institute of Optics and Fine Me-
chanics, Chinese Academy of Sciences, Shanghai 201800, China

Abstract: The coherent control of phonon polaritons (PhPs) in holds transformative potential for nonlinear pho-
tonics. We demonstrate terahertz-driven excitation of low-frequency PhPs in zinc oxide (ZnO) crystals, with their 
nonlinear dynamics resolved via time-resolved second harmonic generation (SHG) spectroscopy. By achieving 
phase matching via nine sequential reflections within a millimeter-scale crystal, we observe sustained SHG os-
cillations with 3–4 THz modulation frequencies, achieving optimal extinction ratios of ~18 dB that persist for 90 
picoseconds—a temporal span directly governed by polariton propagation dynamics. This work establishes a du-
al-functionality platform enabling spectral-temporal resolved mapping of quasiparticle interaction dynamics while 
simultaneously advancing polariton-engineered nonlinear optical modulators through symmetry-broken frequency 
conversion architectures.
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Nonlinear Spin-Lattice Dynamics in A Layered Antiferromagnet Revealed by Terahertz 2D Coherent Spec-
troscopy

Qi Zhang

School of Physics, Nanjing University, Nanjing, 210093

Abstract: The response of quantum materials to external perturbations is largely governed by collective exci-
tations, which dictate many correlated phenomena. Nonlinear dynamics of these collective modes offer rich in-
sights into the underlying interactions between different degrees of freedom and provide pathways for manipulat-
ing quantum phases. Two-dimensional (2D) honeycomb lattice spin systems, with their diverse magnetic orders, 
present an ideal setting for studying the coupling between magnons and phonons in both linear and nonlinear 
regimes. In this presentation, we first report the observation of the magnon-phonon hybridization in 2D zigzag 
antiferromagnets. Using terahertz two-dimensional coherent spectroscopy, we further unveil the nonequilibrium 
and nonlinear dynamics of both magnons and phonons, shedding light on their intricate interactions in 2D antifer-
romagnetic materials.

References: 
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Two-dimensional fluorescence excitation spectroscopy (2D-FLEX): 
experimental approaches and first insights

Juergen Hauer*1

1Dynamic Spectroscopies, TUM School of Natural Sciences, Department of Chemistry, Technical University of 
Munich, Lichtenbergstr. 4, 85748 Garching, Germany 

Abstract:Multidimensional time-resolved spectroscopy has emerged as the most comprehensive method in 
non-linear spectroscopy. Despite its advantages, the wealth of information in two-dimensional electronic spec-
troscopy (2D-ES) can turn into a downside, as several signal pathways such as stimulated emission and excited 
state absorption may overlap. In the recently proposed two-dimensional fluorescence excitation spectroscopy 
(2D-FLEX), we retain the advantages of excitation frequency resolved signal representation, but focus on a single 
signal pathway, namely fluorescence. In this way, 2D-FLEX reports exclusively on excited state processes and 
eliminates ambiguities in data interpretation.

The most straightforward way of implementing 2D-FLEX is by adding an interferometer to the pump arm of a 
fluorescence upconversion (FLUPS) experiment. We show how a collinear interferometer based on birefringence 
(TWINS) adds the desired excitation frequency resolution. First results on Stokes shift dynamics on a solvated 
dye molecule will be discussed. An alternative approach is given by time-resolving fluorescence in a non-collinear 
parametric amplification (NOPA) process. This approach has been shown to provide a large fluorescence ampli-
fication factor of up to six orders of magnitude, see e.g.  Xiao-Feng Han, Xing-Hai Chen, Yu-Xiang Weng, and 
Jing-Yuan Zhang, “Ultrasensitive femtosecond time-resolved fluorescence spectroscopy for relaxation processes 
by using parametric amplification,” J. Opt. Soc. Am. B 24, 1633-1638 (2007). We compare both approaches to 
2D-FLEX (FLUPS and NOPA-FL) and discuss a third variant based on two-photon excitation. The latter provides 
spectral separation of pump- and fluorescence wavelengths. We show how two-photon fluorescence excitation 
spectra are obtained with a TWINS interferometer. The spectral resolution of the experiment is more than suffi-
cient to resolve vibronic progression peaks in the two-photon excitation spectrum of perylene dyes in solution. The 
latter serve as linkers in metal-organic frameworks (MOFs). We discuss how the architecture and inter-chromo-
phore coupling in a MOF affects the two-photon response as compared to uncoupled linker molecules in solution.

Besides first results on the FLUPS-based implementation of 2D-FLEX, we will discuss theoretical aspects of 
2D-FLEX, specifically the mutual dependence of frequency- and time-resolution on the detection axis, which is 
missing in 2D-ES. Based on simulations of time-resolved signals of a paradigmatic four-level system and the Fen-
na-Matthews-Olsen complex (FMO), we provide a direct comparison to 2D-ES and 2D-FLEX, underlining the 
simplicity and ease of data interpretation in the latter.

Keywords: Multidimensional spectroscopy, 2D-ES, 2D-FLEX, FLUPS, NOPA-FL
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Fast Detector for High-Sensitivity Ultrafast Spectroscopy

Chunfeng Zhang1,*

1School of Physics, Nanjing University, Nanjing 210093, China

Abstract: Ultrafast spectroscopy has been widely employed to probe the excited-state dynamics underlying so-
lar-to-electricity conversion in optoelectronic materials. However, because of limited detection sensitivity, exper-
iments are often performed at excitation densities far above solar illumination. To overcome this challenge, we 
developed a high-speed, large-well-depth, low-noise spectroscopic detector that significantly enhances sensitivity. 
This advance enables precise characterization of excited states in photoactive materials under excitation densities 
equivalent to sunlight. Building on this foundation, we further developed methods including transient magneto-op-
tical spectroscopy, two-dimensional electronic spectroscopy, and high-precision terahertz spectroscopy. These 
experimental breakthroughs have revealed intrinsic excited-state dynamics in molecular systems and provided im-
portant insights for optimizing the performance of optoelectronic devices.

Keywords: Ultrafast spectroscopy, Solar energy conversion

Energy transfer and charge separation mechanisms initiated by antenna excitons in the Heliobacterial reac-
tion center

Yin Song1,*

1School of Optics and Photonics, Beijing Institute of Technology, 100081, China

Abstract: The heliobacterial reaction center (HbRC) is widely regarded as the closest modern analog of the an-
cestral photosynthetic reaction center[1]. Although structurally similar to photosystem I (PSI), it features chem-
ically distinct pigments—such as Chl aF—as its primary electron acceptors. Investigating the mechanisms of 
energy transfer and charge separation in HbRC is therefore critical for understanding not only the mechanisms of 
excited-state processes in other photosynthetic reaction centers, but also their structural and functional evolution. 
Building on our previous work[2] that characterized the excitonic structure and charge separation dynamics within 
the core RC of HbRC, we now explore the photophysical processes initiated by antenna excitons using two-dimen-
sional electronic spectroscopy (2DES) [3]. The high temporal and spectral resolution of 2DES enables us to disen-
tangle overlapping pathways of energy transfer and charge separation arising from distinct excitons. Through life-
time density and global-target analyses, we construct a comprehensive kinetic map involving most energy transfer 
and charge separation pathways. Notably, we resolve and assign several key excitonic states to specific pigment do-
mains within the HbRC. Among them, we identify a low-energy exciton located near the reaction center that acts 
as an energy funnel bridging the antenna and core RC. These results offer new insight into excitonic structure and 
photophysical mechanisms of HbRC, and shedding light on how early photosynthetic systems may have evolved 
to achieve efficient energy conversion.

Fig. 1 Energy transfer and charge 

separation in the HbRC

Keywords Energy transfer, charge separation, photosynthesis, two-dimensional electronic spectroscopy
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Song, Y.; Sechrist, R. et al Nat. Commun. 2021, 12: 2801

Song, Y.; Ogilvie, J. P. et al, in preparation.

Femtosecond Broadband Transient Fluorescence Spectroscopy

Hailong Chen1,2*, Heyuan Liu1,2, Yu-Xiang Weng1,2

1 The Laboratory of Soft Matter Physics, Beijing National Laboratory for Condensed Matter Physics, Institute of 
Physics, Chinese Academy of Sciences, Beijing 100190, China

2 School of Physical Science, University of the Chinese Academy of Sciences, Beijing 100049, China

Abstract: The femtosecond time-resolved transient fluorescence spectrometer, based on the principle of non-col-
linear optical parametric amplification (NOPA), possesses unique advantages including high temporal resolution, 
high gain, broad measurement bandwidth, and low detection limit. This makes it a crucial tool for investigating 
ultrafast photochemical and photophysical dynamics. However, parametric superfluorescence (PSF), originated 
from the intensity fluctuations of vacuum quantum noise introduced during the optical parametric amplification 
process, constitute the primary noise source, significantly limiting the instrument’s ability to detect weak transient 
fluorescence signals. We propose and implement for the first time a femtosecond fluorescence conical optical para-
metric amplification spectroscopy (FCOPAS), aimed at effectively suppressing the noise fluctuation from the PSF 
background. In contrast to traditional NOPA configurations utilizing lateral fluorescence collection and dot-like 
parametric amplification, FCOPAS employs an innovative conical fluorescence collection and ring-like amplifica-
tion setup. This design enables effective cancellation of noise fluctuation across the entire PSF ring, resulting in an 
approximate order of magnitude reduction in PSF noise compared to prior NOPA outcomes. This breakthrough en-
ables the detection of previously undetectable weak transient signals. Utilizing this advanced technique, we have 
experimentally observed the transient fluorescence dynamics of chlorophyll molecular excited states and various 
photosynthetic protein systems. These observations have revealed key ultrafast dynamical processes within these 
systems, including energy transfer, charge separation, and vibrational cooling.

Keywords: Femtosecond transient fluorescence spectroscopy; Parametric superfluorescence; Vibronic coupling; 
Chlorophyll excited states; Photosynthetic protein systems
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Ultrafast all-optical logic gates in quasi-2D perovskites

Yulan Fu1,*, Yi Zhang1, Xinping Zhang1

1 Institute of Information Photonics Technology and Faculty of Science, Beijing University of Technology,  
Beijing, 100049, China

Abstract: Optical logic gates are fundamental building blocks for all-optical computing and optical interconnects. 
Spin-based optical logic gates have the potential to enhance information capacity and processing speed, meet-
ing the growing demand for information processing in next-generation optical networks. Owing to dielectric and 
quantum confinement effects, two-dimensional/quasi-two-dimensional perovskite materials exhibit high exciton 
binding energies. Meanwhile, the strong spin–orbit coupling of heavy atoms such as lead makes them promising 
candidates for spin-optoelectronic devices and provides a platform for studying the relaxation behavior of spin-po-
larized electrons. The use of chiral metasurfaces enables further control over the excitation and relaxation process-
es of spin-polarized electrons, laying the groundwork for ultrafast spin–photon devices.

We investigated the exciton dynamics of quasi-two-dimensional perovskite PEA₂(FAPbBr₃)₂PbBr₄ films under 
non-resonant excitation. Using a circularly polarized pump–probe technique, we observed a spin-selective optical 
Stark effect (OSE), achieving a Stark shift of 3.3 meV under 1.11 eV excitation. In spin-selective OSE, the OSE 
signal is strong when the pump and probe beams share the same circular polarization, and weak when they have 
opposite circular polarizations, enabling the realization of a spin-encoded all-optical XNOR gate with a response 
time of approximately 180 fs. 

To enable more logic functions, we proposed further manipulation of spin-selective OSE using chiral metasurfac-
es. We fabricated two-dimensional perovskite (PEA₂PbI₄) metasurfaces with optical chirality near the optical com-
munication wavelength of 1550 nm, where the local electric field intensities for left- and right-handed circularly 
polarized light differ significantly. When the pump and probe beams have the same circular polarization, pump 
pulses with the same energy density but opposite handedness produce OSE signals of different intensities. Using 
a pair of enantiomeric chiral metasurfaces, we realized AND, NOR, and NOT gates with response times reaching 
122 fs. Our work offers a new approach for implementing spin-based all-optical logic devices with femtosecond 
response times using perovskite materials.

Keywords: Quasi 2D perovskite, optical Stark effect, chiral metasurfaces , optical logic gates

Ultrafast photoelectron imaging of spatiotemporal plasmonic vortices

Yanan Dai

Southern University of Science and Technology

Abstract: Optical vortices and their spatiotemporal extensions provide a powerful means to structure light in both 
space and time, enabling advances in ultrafast optics, quantum control, and topological photonics. Translating 
these concepts to surface plasmon polaritons unlocks new possibilities for nanometer–attosecond field engineering 
at metal–dielectric interfaces. In this talk, I will present the generation mechanism of spatiotemporal plasmonic 
vortices (STPVs), created by coherently interfering two plasmon vortex wave packets to sculpt spatiotemporal 
vortex singularities in joint space–time coordinates. Using interferometric time-resolved two-photon photoemis-
sion electron microscopy (ITR-2P-PEEM), we directly image their evolution with simultaneous nanometer spatial 
and attosecond phase resolution, revealing tunable vortex charge, position, and time-reversal symmetry breaking 
on deep-subwavelength scales. I will further discuss the generation and characterization of higher-order STPVs, 
supported by quantum pathway mapping and density-matrix modeling of the coherent nonlinear photoemission 
process. These STPVs offer promising routes toward ultrafast topological field control, coherent quasiparticle ma-
nipulation, and on-chip Petahertz optoelectronic functionalities.
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A 4D Spectroscopic Diagnostic Method for Laser-induced Plasma aided by Femtosecond Filamentation 
probe

Boping Xu, Jiajia Hou, Dacheng Zhang*, Huailiang Xu
1School of Optoelectronic Engineering, Xidian University, Xi’an 710071, China

Abstract: Understanding the spatiotemporal evolution of species in laser-induced plasma (LIP) is significant 
for LIP applications, such as laser fusion, extreme ultraviolet, laser processing, LIP spectroscopy, and so forth. 
However, common LIP diagnostics only allow for capturing two-dimensional (2D) characteristics of the LIPs and 
suffer from spatiotemporal integral effects. These effects obscure the large gradients in the physical and chemical 
properties of LIPs over time and space. Therefore, in this work, we introduce for the first time a four-dimensional 
(4D) ultrafast spectroscopic diagnostic, that is, a temporal dimension and three spatial dimensions, for the spa-
tiotemporal evolution of species in LIP using femtosecond laser filamentation. The schematic diagram of the 4D 
spectroscopic diagnostic is shown in Figure 1. By virtue of the extremely high-power density in filamentation 
probe, species within the plasma are re-excited, and fs-laser induced breakdown spectroscopy (FIBS) for the local 
species is obtained, as shown in Figure 1(c). It follows from the FIBS that the spatiotemporal distributions of Fe, 
Al, and Mn in the vertical plane of plasmas with a thickness of about 100 μm are mapped, effectively avoiding the 
spatiotemporal integral effects. Moreover, the fractionation of the elements in LIP is obtained, showing that the 
Al elements mainly distributed in the outer shell and the tail of the plume. In contrast, the Mn element is mostly 
distributed in the inner shell of the plume. Additionally, the self-absorption effects on diagnosis through the FIBS 
in the horizontal direction are investigated. This study provides a novel and important avenue to diagnose the LIP 
with high spatiotemporal resolution in a 4D manner, exhibiting great potential in LIP applications. 

Figure 1. Schematic diagram of the laser-induced plasma 4D diagnosis using a femtosecond laser filamentation. 
(a) Interaction between a femtosecond laser filamentation probe and a laser-induced plasma. (b) Spectral signals of 

FIBS and ns-LIPS. (c) Differential FIBS spectra.

Keywords: Laser-induced plasma, 4D ultrafast spectroscopic diagnosis, femtosecond laser filamentation, fraction-
ation effect.

Unravelling photo-induced hot charge carrier dynamics in low-dimensional perovskites by ultrafast optical 
spectroscopy

Peng Zeng1*

1School of Mechanical Engineering, Chengdu, Sichuan, 610207, China.

Abstract: Rapid cooling of photoinduced carriers with excess energy above the bandgap, or hot charge carriers 
(HCCs), is one of the major energy loss channels in current photovoltaics/photocatalysis applications. These pro-
cesses are receiving intense interest following the triumph of the perovskite-based photoelectronic devices. In 
particular, the emergence of low-dimensional perovskite structures have again revived the HCC-based applicati-
ons for their potential in control of HCC dynamics. For example, 2D organic-inorganic lead halide perovskites, in 
which interspersed organic spacers clamping the assembled Pb-X octahedra form typical periodic quantum well 
structures, provide tunable dimensional quantum confinement and subsequently possible control of energy flow 
of HCCs. Concurrently it has been revealed that the relaxation is mostly mediated by the carrier-phonon coupling 
(CPC) interaction. Although by suppressing CPC it is straightforward to slow the HCC cooling accordingly, so far 
the community still lacks an insightful investigation in direct control of the CPC. This is largely due to the chal-
lenges in reliably probing the coupling with diverse phonon modes in low-dimensional perovskties, as well as the 
lack of theoretical frameworks capable of quantifying their energy dissipation pathways.

In this talk, we raise the question in what ways low energy phonons or lattice oscillations in low-dimensional 
perovskties affect the CPC interaction and subsequently the HCC relaxation. By fitting to ultrafast transient ab-
sorption spectra using a fine model based on the Fermi-Dirac distribution with modulation effects on the bandgap, 
the HCC dynamics on short time scales can be reliably revealed. We then find a suppressed HCC cooling rate by 
reducing mechanical oscillation (MO) frequency of the 2D pervoskite film sample when an additional surface load 
layer is deposited. We further supplement a periodically forcing oscillation model and unravel the role of MOs in 
HCC energy dissipation. By this model, we elaborate the counterintuitive trend found herein of the HCC cooling 
in different 2D perovskite film samples with different organic cations that could result in different MOs. Our work 
complements the missing understanding of the role that MOs paly in HCC relaxation in 2D perovskites, and may 
provide a practical approach by stiffness engineering to manipulate the HCC behaviors in 2D perovskites towards 
to diverse applications.

Keywords: Hot charge carrier; ultrafast carrier dynamics; ultrafast optical spectroscopy; optoelectronic materi-
als; low-dimensional perovskite.
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Unveiling Solvation Dynamics of Excited and Ground States Via Ultrafast Pump-Dump-Probe Spectrosco-
py

Andong Xia

Beijing University of Posts and Telecommunications (BUPT), Beijing 100876, People’s Republic of China 

Abstract: The conventional ultrafast pump-probe spectroscopy has primarily focused on examining the formation 
and decay of the excited state intermediates, but it is very difficult to detect those intermediates while the forma-
tion is slow and dissipation is much fast, because of the limited concentration during the intrinsic photocycle. To 
address this issue, a multi-pulse ultrafast pump-dump-probe spectroscopy was employed to generate and probe the 
short-lived ground state intermediates (GSIs) in an electronic push−pull pyrene derivative (EPP). This particular 
derivative undergoes planarized intramolecular charge transfer (PICT) in the excited state upon initial femtosecond 
pulse excitation. After applying the dump pulse once the PICT was formed, the blue shifted transient absorption 
GSIs with the ground state dynamics of the structure recovery was directly observed. It is found that GSIs undergo 
slower reorganization than the PICT formation in the excited state of EPP due to solvation effect with different 
dipole moments of ground states and excited states. These findings provide a comprehensive understanding of the 
full photocycle dynamics of both the ground and excited states, shedding light on the presence of hidden ground 
state behaviors.
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Figure 1. Schematic depiction of planar intramolecular charge excited-state relaxation via (a) pump-probe spec-
troscopy and (b) pump-dump-probe spectroscopy for correlating. (c) Molecular structure of the compound EPP.

Keywords: ultrafast pump-dump-probe spectroscopy, solvation, dipole moment

Mid-IR Harmonic Generation from Liquid Water Jets under Extreme Conditions

T. Yang1, T. Kurihara1, T. Mizuno1, T. Kanai1, and J. Itatani1*

1Institute for Solid State Physics, The University of Tokyo, 5-1-5 Kashiwanoha, Chiba, 277-8581, Japan

Abstract: We investigate harmonic generation in the visible spectral range from a flat liquid water jet driven by 
resonant mid-infrared (MIR) pulses. Intense MIR excitation induces strong vibrational absorption in water, pro-
ducing high-temperature and high-pressure states, while strong-field excitation with intense 800 nm pulses creates 
high-density electron plasmas. Remarkably, harmonic generation is observed under both extreme conditions. In 
the first experiment, ~30 µJ, 70 fs pulses at 3100 nm were focused on an ~8 µm-thick water jet. With weak MIR 
prepulses, a gradual enhancement of the harmonic yield appears about 2 ps after pre-excitation and lasts for more 
than 120 ps. This enhancement becomes more pronounced near the 2940 nm resonance, suggesting ultrafast heat-
ing of liquid water to ~4200 K and the loss of hydrogen bonding [1]. In the second experiment, the rapid creation 
of plasmas leads to an electron density exceeding the critical density. Under such conditions, harmonics are still 
generated by intense evanescent fields confined at the air–water interface, and spectral narrowing is observed due 
to the absence of nonlinear propagation [2]. These results demonstrate a new regime of harmonic generation in liq-
uids at intensities of 1014–1015 W/cm², which may enable attosecond-scale control of electron motion in condensed 
matter.

Keywords: Liquid water jet; intense mid-infrared pulses; harmonic generation, strong-field interaction
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THz selective control of quantum materials at ATHOS/SwissFEL

Biaolong Liu

Center for Photon Science, Paul Scherrer Institute, 

Forschungsstrasse 111, 5232 Villigen-PSI, Switzerland

Abstract: The physics of quantum materials is enriched by the interplay between charge, orbital, spin, and lattice. 
This interplay can in principle be exploited to achieve ultrafast control of the material properties. High-tempera-
ture cuprates are one of the most studied classes of strongly correlated materials, however, the microscopic mech-
anism behind superconductivity in these materials has not been fully understood. Ultrafast laser pulses, especially 
strong-field THz pulses, can effectively manipulate the coupling between the co-existing and/or competing phases 
and enhance quantum properties. In this regard, further understanding of the ultrafast dynamics in light-driven cu-
prates might define a novel route toward the realization of superconductivity at even high-temperatures.

Taking advantage of the brilliant soft X-ray pulses from the ATHOS beamline at SwissFEL, we aim to discover 
the underlying physics of quantum materials with state-of-the-art ultrafast laser sources and complementary X-ray 
detection techniques at Furka, the condensed matter endstation at Athos. In this talk, I will give a short overview 
of the laser infrastructure and scientific capability of Furka endstation. Then, I will discuss the potential of THz 
quantum control with a special focus on our recent experiments of probing dynamics of competing charge orders 
(CO) in cuprate superconductor induced by mid-infrared and THz excitation with time-resolved resonant inelastic 
X-ray scattering (tr-RIXS). We study YBa2Cu3O6.6 (YBCO), a bi-layer cuprate in which CO is established below 
TCO = 103 K and superconductivity sets in below TSC = 58 K. Experimentally, we set the X-ray photon energy to 
932 eV and collect RIXS spectra with 150 meV energy resolution, near wave vector q// = -0.31 to monitor the 
dynamics of CO after THz excitation. The sample was first pumped by 20-THz pulses with grazing incidence to 
resonantly excite the out-of-plane optical phonon, which previously showed the signature of enhancing supercon-
ducting correlations. A systematic measurement at different temperatures revealed that the CO was suppressed 
in both pseudogap and superconducting phases, which could potentially support the previous assumption of pro-
moting incipient superconducting condensation. To compare, we also excite the system with strong-field pulses 
centered at 2 THz. The CO was enhanced with a higher intensity than the equilibrium value at TSC, indicating the 
effect of quenching superconductivity, similar to applying magnetic field. Notably, a coherent oscillation of the CO 
intensity at 0.8 THz was observed at 80 K in the pseudogap phase, which could be associated with the amplitudon 
of the CO. It implies that, by perturbing the system with photon energy much lower than the corresponding energy 
scales, the order parameters of the competing phases started to largely oscillate around the equilibrium of the ener-
gy potential, inferring a corresponding fluctuation of the incipient superconducting correlation. We hope our result 
will shed new light on the understanding of light-induced phenomena in cuprate superconductors.

Keywords: THz quantum control, time-resolved RIXS, superconductivity, charge order

Ultrafast electron microscopy: Instrument developments and scientific applications

Xuewen Fu1*

1Ultrafast Electron Microscopy Laboratory, The MOE Key Laboratory of Weak-Light Nonlinear Photonics, School 
of Physics, Nankai University, Tianjin 300071, China

Abstract: In the past decade, four-dimensional electron microscopy (4D-EM), which enables the direct observa-
tion of transient structures, morphologies and even carrier transport of materials in real time and space, has attract-
ed increasing interest to the research community due to its powerful capability in the interdisciplines of physics, 
chemistry, material science, and biology. In this presentation, I will firstly give a brief introduction of the devel-
opment of 4D-EM and the state-of-the-art of its applications in scientific research. Then, I will present our recent 
progress in the development of a new generation 4D-EM based on a 200kV field emission transmission electron 
microscope at Nankai University and its application to the dynamics of topological magnetic structures. Following 
that, I will talk about our development of the development of a femtosecond electron-based versatile microscopy 
that combines scanning ultrafast electron microscopy (SUEM) imaging and time-resolved cathodoluminescence 
(TRCL) detection, which allows for visualizing and decoupling different dynamical processes of carriers involved 
in surface and bulk in semiconductors with unprecedented spatiotemporal and energetic resolutions. Using this 
technique, we directly tracked and distinguished the surface and bulk carrier dynamics involved in n-type GaAs 
and other semiconductors. We revealed, in real time and space, that hot carrier cooling, defect trapping, and inter-
band-/defect-assisted radiative recombination in the energy domain result in ordinal super-diffusion, localization 
and sub-diffusion of carriers at surface, elucidating the crucial role of surface states on carrier dynamics. The high 
versatility and sensitivity of our method would allow capturing the magnetic domain and electronic dynamics of a 
wide range of materials with ultimate spatiotemporal resolution. 

Keywords: Ultrafast electron microscopy, topological magnetic structures, scanning ultrafast electron microscopy, 
time-resolved cathodoluminescence, Photocarrier dynamics
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Ultrafast Carrier Transport in Two-Dimensional Semiconductors

Long Yuan

University of Science and Technology of China

Abstract: Two-dimensional (2D) semiconductors have garnered significant attention due to their distinctive 
optical properties and electronic structures at the nanoscale. Gaining insight into charge carrier transport in these 
materials is essential for understanding their energy conversion mechanisms and advancing the development of 
next-generation, high-performance optoelectronic devices. In this work, we utilize an ultrafast optical imaging 
technique that integrates pump-probe and stroboscopic wide-field imaging, enabling high-throughput visualization 
of charge transport dynamics across various 2D semiconductors. Our study reveals a pronounced hot carrier dif-
fusion process on the picosecond timescale in WS₂ and WSe₂—behavior that is absent in MoS₂ and MoSe₂. The hot 
carrier dynamics display strong thickness dependence and are markedly affected by substrate interfaces. Addition-
ally, photocurrent imaging demonstrates that hot carriers possess significantly longer diffusion lengths than cold 
carriers. These results offer both experimental evidence and theoretical insights to guide the design of efficient 2D 
semiconductor-based optoelectronic devices.

Photon Momentum Transfer and Partitioning: From One to Many

Xiaodan Mao1, 2

1State Key Laboratory ofPrecision Spectroscopy, East China Normal University, Shanghai, China.

2Present address: Key  Laboratory for Laser Plasmas (Ministry of Education),  School of Physics and Astronomy, 
Shanghai Jiao Tong University, Shanghai, China.

Abstract: 
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Photoelectron Spin Texture in Strong-field Ionization Induced by a Linearly Po-
larized Laser Pulse 

 
Pei-Lun He1 * 

 
1Key Laboratory for Laser Plasmas (Ministry of Education) and School of Physics and Astronomy, Collaborative Inno-

vation Center for IFSA (CICIFSA), Shanghai Jiao Tong University, Shanghai 200240, China 
 

Synopsis    We demonstrate that photoelectron spin texture exhibits a vortex structure relative to the laser polari-
zation axis in the strong-field ionization of inert gas atoms. The momentum-resolved polarization originates from 
the emergence of spin-correlated quantum orbits in the continuum. For direct electrons in few-cycle pulses, the 
nonvanishing initial transverse velocity of the electron is responsible for the polarization. In long pulses, the spin 
texture is essentially shaped by recollisions. Furthermore, the interference between direct and rescattering ioniza-
tion leads to spin-polarized electron holography, offering an alternative method for extracting atomic fine structure 
information. 
 
Spin-orbit coupling in bound states can create 

a strong correlation between the electron's spin 
and orbital angular momentum due to degenerate 
atomic energy levels. This correlation, combined 
with significant angular momentum-dependent 
ionization probability, results in a nontrivial pho-
toelectron polarization. When combined with 
circular dichroism in strong-field ionization, sig-
nificant polarization along the laser polarization 
axis becomes possible. 

In contrast to a circularly polarized pulse, the 
total polarization of the ionized electron vanishes 
when the laser pulse is linearly polarized. Never-
theless, we demonstrate the emergence of signif-
icant momentum-resolved spin polarization 
(spin texture). We trace the origin of the spin tex-
ture to the correlation between spin and the initial 
transverse velocity of the photoelectron at the 
tunnel exit, which gives rise to spin-dependent 
quantum orbits. For direct electrons, using saddle 
point approximation in spin-resolved strong-
field ionization, we demonstrate that the spin po-
larization forms a vortex relative to the laser po-
larization axis: 

⟨𝜻𝜻(𝒑𝒑)⟩~ 𝒑𝒑×𝑬𝑬(𝑡𝑡𝑟𝑟)
|𝑬𝑬(𝑡𝑡𝑟𝑟)|

, 
where  𝒑𝒑  is the photoelectron momentum and 
𝑬𝑬(𝑡𝑡𝑟𝑟) is the electric field at the instant of ioniza-
tion. For rescattering electrons, the nontrivial 
momentum-resolved spin texture arises from for-
ward rescattering of the spin-dependent quantum 
orbits and the associated quantum phase shift. 

Moreover, the interference between direct and 
rescattered trajectories can lead to photoelectron 

Fig. 1, the typical spider structure is not only vis-
ible in the momentum distribution but also ap-
pears with enhanced resolution in the spin polar-
ization. 

The photoelectron spin texture is generally 
nontrivial in strong-field ionization, providing 
complementary information to the photoelectron 
momentum distribution. The nontrivial spin tex-
ture not only shows promise for enhancing the 
sensitivity of ultrafast electron spectroscopic 
techniques—such as photoelectron holography, 
attoclock, and streak camera measurements—but 
also may reveal novel methods for generating 
spin-polarized photoelectrons. 

 

 
Figure 1. Photoelectron holography fringes observed in 
(a) photoelectron momentum distribution and (b) spin tex-
ture from a Xe atom. 
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Track 5  Ultrafast Phenomena and Dynamics

Specific Structure and Ultrafast Vibrational Dynamics of Water Layers at the Interface of Fluorinated 
Polymers and Chiral Biomolecules

Shuji Ye*

Hefei National Research Center for Physical Sciences at the Microscale, University of Science and Technology of 
China, Hefei, Anhui, 230026, China

Abstract: Water layers at polymer and biomolecular interfaces play a critical role in mediating the structure, dy-
namics, function, and stability of proteins and other biomolecules. Elucidating the structure and ultrafast dynam-
ics of water molecules at these confined environments is essential for understanding the interaction mechanisms 
between biomolecules and water, which underpin many biological processes. This report highlights our recent 
advances in investigating the structure and ultrafast vibrational dynamics of water at the interface of fluorinated 
polymers and chiral biomolecules using femtosecond time-resolved sum frequency generation vibration spec-
troscopy. We identified a two-dimensional “hydrophobic water layer” on the Teflon surface at room temperature 
[1], isolated “H2O” monomers and chiral OH-(H2O) species within Teflon matrices [2], and observed a structured 
“chiral water” arrangement at chiral biomolecular interfaces. By selectively exciting the N-H and C=O groups of 
protein amide bonds, we uncovered energy coupling between interface proteins and H2O molecules, as well as the 
role of interfacial water in facilitating vibrational energy transfer within biomolecules [3]. Specifically, chiral wa-
ter was found to couple strongly with the N-H vibrational mode while decoupling from nearby achiral interfacial 
water and bulk water [4], demonstrating distinct behavior relative to achiral water. These findings underscore the 
important role of chiral water in vibrational energy redistribution and propagation in biomolecular systems and 
provide new insights into the mechanism of chirality generation and transfer.

Keywords: hydrophobic water layer; water monomers; chiral water; ultrafast vibrational dynamics; sum frequen-
cy generation vibration spectroscopy
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Time-Domain Spectroscopy with Quantum-Correlated Light: Electron dynamics and interactions

Zhedong Zhang1

1Department of Physics, City University of Hong Kong, Hong Kong SAR

Abstract: Quantum-correlated light, e.g., entanglement and squeezing, open up a new avenue for molecular spec-
troscopy, by using parameters of the quantum-light correlations as new control knobs. With recent advancements 
of quantum optical technologies, imaging and controlling the electron and phonon motions in a variety of mole-
cules are achievable, towards unprecedented time-energy scales and precision that are not attainable by classical 
light. Two essential problems emerge thereby: 1. quantum-light interactions with molecules containing much 
richer degrees of freedom than atoms; 2. Quantum fluctuations. The underlying physics still remains elusive for 
molecular spectroscopy and metrology.

In this talk, I will present an overview of our recent works on nonlinear optical spectroscopy for ultrafast electron 
dynamics, using quantum-correlated photons. The entangled twin photons and squeezed light will be of the most 
interest, with a focus on the time-resolved scheme. The transient absorption and Raman spectra with quantum-cor-
related light are studied, where the microscopic models are developed for a real-time monitoring of electron 
dynamics. Our results reveal an incredible time-frequency resolution beyond the classical Fourier’s limitations, 
which therefore presents a quantum supremacy in the ultrafast spectroscopy.

Enhancement effect of third-order transient optical nonlinearity under strong light-matter coupling 

Kuidong Wang

Key Laboratory for Physical Electronics and Devices of the Ministry of Education & Shaanxi Key Lab of Informa-
tion Photonic Technique, School of Electronic Science and Engineering, Xi’an Jiaotong University, Xi’an, 710049, 

China

Abstract: Strong coupling of an optical mode with organic or inorganic materials paves the way for understand-
ing the light-matter interactions. With the existence of this hybrid light-matter state, many properties of the mate-
rial can be modified significantly1. Besides, recent studies also connected the hybrid light-matter states of specific 
organic materials with their nonlinear optical responses. For instance, the second harmonic generation2 and the 
third harmonic generation3, can be enhanced remarkably under strong coupling condition. However, the measure-
ments in these works are only focused on some specific nonlinear optical phenomenons, this limits their generality 
in other nonlinear optical processes. In addition, the synthesis of those molecules is quite complicated, which pre-
cludes their practical application. 

In our work, by means of electronic strong coupling (ESC) and optical strong coupling (OSC), here the ESC is 
obtained by strongly couple the Frenkel excitons of J-aggregate cyanine molecules (TDBC) to an optical mode 
in a Fabry-Perot cavity, and the OSC is realized by couple the Mie resonances of the dielectric nanocavity to the 
epsilon-near-zero mode of an ultrathin indium tin oxide layer. We achieve enhancement of both nonlinear refrac-
tive index (n2) and nonlinear absorption coefficient (β) of the coupled systems for more than 2 orders of magnitude 
with respect to that of the uncoupled conditions. In addition, the temporal response of the coupled systems show 
a few hundreds of femtoseconds, which have promising applications in ultrafast optical switching and high speed 
data processing. These findings make them possible to study the effect of strong coupling on a series of n2, β-related 

nonlinear optical phenomenons4-6.
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Nonadiabatic Dynamics and Time-Resolved Spectra

Zhenggang Lan1*

1South China Normal University, Guangzhou, 510061, China.

Abstract: Nonadiabatic dynamics widely exist in photophysics, photochemistry and photobiology. We tried to de-
velop theoretical approaches to study the photoinduced nonadiabatic dynamics. Particularly, we developed the on-
the-fly surface hopping dynamics to simulate the nonadiabatic dynamics of polyatomic systems.

We combined the doorway-window representation of the nonlinear response theories and ab initio nonadiabatic 
dynamics to simulate various time-resolved spectra, including both transient absorption spectra,  time-resolved 
fluorescence spectra and two-dimensional electronic Spectra. A few interesting examples, including photoinduced 
energy transfer and photoisomerization, are discussed.

Keywords: Nonadiabatic Dynamics, Ultrafast Dynamics, Conical intersections, Ultrafast Spectra

From Graphite to Diamond in a Flash — Playing with Carbon–Carbon Bonds

Duan Luo1,* , Lili Li1,  Liuxiang Yang2, Wenge Yang2, Jinshou Tian1, Ho-kwang Mao2 
1State Key Laboratory of Ultrafast Optical Science and Technology, Xi’an Institute of Optics and Precision Me-

chanics (XIOPM), Chinese Academy of Sciences (CAS), Xi’an, Shaanxi 710119, China

2Center for High Pressure Science and Technology Advanced Research, Beijing 100193, China

Abstract: Understanding the ultrafast dynamics of carbon–carbon bond rearrangements during the graphite-to-di-
amond transition has been a longstanding challenge in condensed matter physics. Despite decades of study, the 
atomic pathways, transient intermediates, and potential novel diamond polymorphs have remained elusive. Here, 
using ultrafast electron-based characterization with atomic spatial and fs temporal resolution, we captured key 
transient states and revealed new metastable phases. Aberration-corrected electron microscopy and diffraction di-
rectly visualized the long-predicted orthorhombic graphite (AB′ stacking) intermediate, resolving the full pathway 
from hexagonal graphite (AB) to orthorhombic graphite and ultimately to hexagonal or cubic diamond, thereby 
providing direct evidence for a nucleation–growth mechanism. Furthermore, fs pump–probe ultrafast electron 
diffraction (UED) on twisted bilayer graphene uncovered the transient (~100 fs) formation of a novel 2D diamond 
phase in AA/AB′ stacked systems, highlighting the potential of ultrafast light fields for optically controlling phase 
transitions and suggesting a route to 2D diamond synthesis. In parallel, millimeter-scale, high-purity hexagonal 
diamond was synthesized under quasi-hydrostatic high-pressure–high-temperature conditions (20 GPa, 1400 °C). 
Atomic-resolution measurements confirmed its unique mixed sp³ bonding with two distinct C–C bond lengths, 
and mechanical tests revealed a Vickers hardness up to 110 GPa, comparable to cubic diamond, thus definitive-
ly confirming hexagonal diamond as a distinct carbon phase. Finally, a next-generation UED system integrating 
jitter-free Ω-type magnetic compression, UHV tight-focusing optics, and MEMS-based multi-field excitation, 
was developed for a deeper understanding of these discoveries. Together, our results resolve enduring debates on 
graphite–diamond transition dynamics, demonstrate femtosecond optical control of sp³ carbon phases, and estab-
lish a versatile methodology for probing ultrafast structural transformations in condensed matter.

Keywords: ultrafast electron diffraction; graphite–diamond transition; transient phases; femtosecond dynamics; 
sp³ carbon materials; hexagonal diamond
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Multistable soliton collisions in an optical microresonator

Zichun Liao1,2, Yuchong Cai1,2, Lun Li3, Shuai Li1,2, Chi Zhang1,2* and Xinliang Zhang1,2

1 Wuhan National Laboratory for Optoelectronics & School of Optical and Electronic Information, Huazhong 
University of Science and Technology, Wuhan 430074, China.

2 Optics Valley Laboratory, Wuhan 430074, China.

3 Photonics Research Institute & Department of Electrical and Electronic Engineering, The Hong Kong Polytech-
nic University, Hong Kong SAR 999077, China.

Abstract: Microresonator-based optical frequency combs (microcombs) exhibit high repetition rate, broad band-
width, compact footprint, high coherence, and compatibility with CMOS fabrication processes, playing an import-
ant role in spectroscopy, precision measurement, high-speed optical communications and basic physics researches. 
Multistable solitons generated via multicolor pumping in a microresonator constitute a novel class of high-perfor-
mance on-chip single-cavity dual-comb sources. Multistable solitons exhibit dispersion-governed group velocity 
and repetition rate mismatch, which result in the transient collision dynamics of multistable solitons. However, 
limited by the high free spectral range (FSR) and large bandwidth of the microcombs, real-time full-field charac-
terization of multistable soliton dynamics in microcombs remains highly challenging in experiments. Here, we ap-
ply an improved way named chirped coherent detection, completely capturing the real-time spectral and temporal 
evolution of solitons in microcombs firstly, as the dynamics pass through different multistable solitons states with 
complex collisions and fusions before the stable singlet soliton state. This could be helpful to understand mul-
tistable soliton interaction mechanisms.

In this work, based on coherent detection and optical Fourier transform, the real-time full-field spectral and tem-
poral characterization of the complex soliton dynamics transition is realized firstly, with about ~25 nm bandwidth 
and ~28 pm spectral resolution, as well as a high measurement speed of ~20 MHz, which can provide a useful 
tool for developing new soliton applications and understanding the complex soliton physical processes much 
better in microcavites. For the signal under test (SUT) and local oscillator (LO), by using dispersive time stretch, 
their spectrums are mapped into the frequency-mapped waveform with the same wavelength-to-time relationship, 
which keeps the interference frequency of the SUT and the LO always at fundamental frequency. And by the digi-
tal signal processing (DSP), the real-time full-field characterization of soliton spectrums in microcombs is figured 
out unaffected by the signal aliasing. Meanwhile, by Fourier transform, the full-field temporal waveforms can also 
be obtained. 

Figure 1. The principle of chirped coherent detection.

Figure 2. Experimental observations of multistable soliton collision dynamics. (a) 2D temporal evolution portrait. 
(b) spectral evolution portrait. The x-axis in both 2D portraits represents the slow time (in units of round-trip 
number). The y-axis of the temporal map corresponds to the fast time (full scale is one round-trip time), while the 
spectral portrait’s y-axis spans the wavelength range.

Keywords: microcomb, multistable soliton dynamics, coherent detection, optical Fourier transform 
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Macroscopic Alignment-mimicking Effect Induced by Few-State Quantum Amplification in Dephased Rota-
tional Wave packets

Hongqiang Xie1,3,Guihua Li2, Haisu Zhang1,2*, Zengxiu Zhao3

1School of Science, East China University of Technology, Nanchang 330013, China.

2State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200062, China 

3Department of Physics, National University of Defense Technology, Changsha 410073, China

Abstract: Achieving macroscopic observable measurements in dephased rotational wave packets presents per-
sistent challenge. Here, we report a remarkable observation of macroscopic alignment-mimicking modulations in 
coherent emissions from N2

+ within the non-revival delays spanning tens of picoseconds. These coherent modu-
lations vanish as the gas pressure increases slightly from 3 mbar to 10 mbar, revealing its exquisite sensitivity to 
collisional processes. Through time-frequency analysis, we identify that only few rotational states J with beating 
frequencies near 100 cm-1 dominate the emission dynamics. This phenomenon arises from gain-driven amplifica-
tion competition among spectrally indistinguishable  transitions undergoing strong interference. Our simulations 
confirm that few-state quantum amplification in dephased rotational wave packets selectively enhances specific 
rotational pathways, generating measurable macroscopic signals despite vanishing ensemble alignment. This work 
uncovers a new regime of room-temperature quantum control beyond revival structures, with implications for mo-
lecular lasers and quantum-coherent photonics.

Keywords: N2
+ lasing, coherent rotational wave packets, few-state quantum amplification, alignment-mimicking 

modulations

Ultrafast magneto-optical phenomena in europium chalcogenides

Pavel Usachev*

Ioffe Institute, St. Petersburg, 194021, Russia

Abstract: The manipulation of magnetic materials with light has become a highly promising concept in devel-
oping innovative magneto-optical devices. In this lecture, we demonstrate a number of ultrafast photo-induced 
magneto-optical phenomena in europium chalcogenides EuX (X = O, S, Se, Te), which are intrinsic magnetic 
semiconductors with unique electronic, magnetic, optical and magneto-optical properties. The top of the valence 
band of the Eu2+ atom in these compounds is formed by 4f states, which contain seven strongly localized electrons 
with a total spin of 7/2. The first empty 5d state forms the conduction band. When the EuX sample is illuminated 
by light with photon energy exceeding the band gap, it significantly enhances the exchange interaction between 
excited 5d-electrons and surrounding lattice 4f spins compared to the ground state.

We report on an experimental study of ultrafast photo-induced phenomena in europium chalcogenides. The ap-
proach offers direct observation of spin dynamics in EuX on a broad timescale from hundreds femtoseconds up 
to hundreds microseconds, providing a deeper understanding of the light-induced manipulation of magnetism in 
these materials. Pump-probe measurements of EuO-based ferromagnets by a time-resolved two-color stroboscopic 
technique establish optical spin orientation by the electronic transition 4f75d0 → 4f65d1 as a mechanism triggering 
collective magnetization precession [1]. Acting on the lattice 4f spins, a photo excited 5d1 electrons lead to the for-
mation of giant magnetic polarons with a large magnetic moment. It is shown that in the antiferromagnetic EuTe 
at temperature 5K light generates magnetic polarons with a magnetic moment larger than 600 Bohr magnetons [2]. 
Rather efficiently magnetic polarons are excited in metamagnetic EuSe [3]. In this material, the concentration of 
polarons is not saturated with an increase in the intensity of the pump light. Thus, EuSe can be completely trans-
ferred to a ferromagnetic state by the optical excitation. By time-resolved pump-probe technique the spin dynam-
ics involving the growth of giant spin polarons in a EuSe is investigated. Photo-induced Faraday effect helps to 
unveil the excitation of magnetic polarons with an extra-large magnetic moment in the ferromagnetic europium 
oxide EuO. The temporal dynamics of magnetic polarons with a record high magnetic moment up to 175·103 µB 
is disclosed at temperatures slightly higher the Curie temperature [4]. A reversal of the magnetic hysteresis loops 
by the Photo-induced Faraday effect is detected, which is due to the relaxation of excited electron associated with 
a magnetic polaron from 5d minority spin state to 5d majority spin state. The decay times of 5 µs is determined 
revealing the polaron lifetime. The colossal magnetic moments of magnetic polarons and its temperature behavior 
are in good agreement with available theoretical predictions on EuO. This finding has a great impact on the effi-
cient optical control of magnetic state in solids.

Support by the Russian Science Foundation (project No. 24-12-00348) is acknowledged.

Keywords: Europium Chalcogenides, Photo-Induced Magneto-Optical Effects, Magnetization Precession, Mag-
netic Polaron, Magnetic Semiconductor
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Ultrafast Excitonic Nonlinear Spectroscopy in Two-Dimensional Semiconductors

Kaiqiang Lin1*

1Xiamen University, Xiamen, 361005, China.

Abstract: Strong light–matter interactions can provide opportunities for the development of novel optoelec-
tronic devices and quantum technologies, such as inversionless optical gain, laser cooling, and optical quantum 
information processing. Transition metal dichalcogenides (TMDs) have emerged as a new platform for studying 
strong light–matter interactions due to their excitonic properties. Recently, we have observed exciton quantum 
interference behaviors in both monolayer [1] and bilayer [2] TMDs, and found that these mainly originate from 
a three-level excitonic system near the momentum-space K point in the material [3]. By constructing monolayer 
or bilayer WSe₂ transistor devices, we can effectively regulate this three-level excitonic system [4], thereby con-
trolling exciton quantum interference behavior [5]. We developed time-resolved sum-frequency generation (SFG) 
and four-wave mixing (FWM) spectroscopy to probe the dynamics of exciton quantum interference in monolayer 
WSe₂ [6]. Through two-photon resonant pumping, high-energy excitons are populated, which then trigger a four-
wave mixing radiation process via a non-resonant pulse. At the exciton resonance, the intensity of the nonlinear 
spectrum as a function of the time delay between the two pulses can help to understand Rabi oscillations during 
the exciton quantum interference process, providing insights into the dynamics of coherent excitons. This time-re-
solved nonlinear spectroscopic approach offers a new method for investigating condensed matter chemical sys-
tems.

Keywords: Ultrafast nonlinear optics, exciton, two-dimensional semiconductors
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Progress on ultrafast Kapitza-Dirac effect

Kang Lin

School of Physics, Zhejiang Key Laboratory of Micro-Nano Quantum Chips and Quantum Control, Zhejiang Uni-
versity, Hangzhou, 310058, China.

AbstractIn 2024, we report on the discovery of a principally new phenomenon, termed as ultrafast Kapitza- Dirac 
effect. Similar to the optical diffraction of light passing through a material grating, the Kapitza-Dirac effect occurs 
when an electron is diffracted by a standing light wave. In its original description, the effect is time independent. 
In the ultrafast case, we extended the Kapitza-Dirac effect to the time domain. By tracking the spatiotemporal evo-
lution of a pulsed electron wave packet diffracted by a 60 fs standing wave pulse in a pump-probe scheme, we ob-
served time-dependent diffraction patterns. The fringe spacing in the observed pattern differs from that generated 
by the conventional Kapitza-Dirac effect. By exploiting this time-resolved diffraction scheme, we can access the 
time evolution of the phase properties of a free electron and image the ionic potentials. Now, we have successfully 
applied it to the phase imaging of Coulomb-focused electrons in strong- field ionization by observing the distorted 
interference fringes. Moreover, we have successfully observed the diffraction pattern beyond two-photon recoil 
limit.

Keywords: Ultrafast Kapitza-Dirac effect; Coulomb focusing; Strong-field ionization

Femtosecond dynamics of small molecules in helium nanodroplets 

Wenbin Zhang

State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200241, China

Abstract: Superfluid helium nanodroplets cool embedded molecules to 0.37 K, making them ideal nanoreactors 
for light-induced interactions between cold molecules and the helium environment. To investigate the ultrafast dy-
namics of in-droplet molecules induced by femtosecond laser pulses, we developed helium-nanodroplet target re-
coil ion momentum spectroscopy (HeNTRIMS), a reaction microscopy technique in which electrons and ions eject-
ed from a molecule within the droplet are measured in coincidence. Using femtosecond pump-probe experiments 
with HeNTRIMS, we observed laser-induced, field-free molecular alignment dynamics of D2 inside He droplets [1]. 
Our measurements indicate that for at least 100 ps, equivalent to more than 500 rotational periods, D2 molecules 
in He droplets rotate as if they were isolated gas-phase particles, a behavior strikingly different from that observed 
for larger molecules within droplets. Moreover, we captured in real time the collision-induced ultrafast dissipation 
of vibrational nuclear wave packet dynamics in D2⁺ ions embedded in helium nanodroplets [2]. Our results show 
that, unlike neutral in-droplet molecules, charged ions strongly couple to the helium solvent via ion-He collision-
al interactions, leading to rapid vibrational decoherence on the order of ~140 fs. We also examined how strong 
ion-He interactions affect light-induced molecular bond breaking. By analyzing the above-threshold multiphoton 
ionization of H₂ embedded in a superfluid helium nanodroplet [3], we found that low-vibrationally excited H2⁺ in 
droplets is more prone to dissociation, whereas in the gas phase only highly vibrationally excited H2⁺ dissociates. 
These findings are significant for understanding and steering light-induced molecular dynamics in helium nano-
droplets. Additionally, by considering the molecule as a de Broglie wave interacting with the confining potential 
of the droplet, we explored the spatial scale of a cold molecule’s matter wave relative to the nanodroplet by exam-
ining the angular nodal structures in the photoelectron momentum distributions (PMDs) [4]. The preserved nodal 
structures in the PMDs allowed us to distinguish between the delocalization of the lightest H2 molecules and the 
localization of heavier D2 and O2 molecules, whose de Broglie wavelengths are comparable to or smaller than the 
droplet size. 
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Light-induced structural phase transition in WTe2

Shuaishuai Sun1,2*, Wenli Gao1,4, Huanfang Tian1, Huaixin Yang1,3, Jianqi Li1,2,3

1Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, 
Beijing 100190, China;

2Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China;

3School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China;

4School of Physics, Northwest University, Xi’an 710069, China;

Abstract: The rapid advancement of ultrafast technique enables optical control and transient probing of the struc-
ture and electronic properties of complex quantum materials. Layered transitionmetal dichalcogenide  such as W/
MoTe2, can adopt several distinct crystal structures via interlayer sliding, each possessing distinct topological and 
electronic characteristics1,2. In our earlier work we demonstrated that femtosecondlaser excitation can be used to 
identify the stacking sequence of octahedral MoTe2 by monitoring the response of optical or acoustic shear pho-
nons3. Here we extend this approach to WTe2 and further investigate the structural pathway of its photo-induced 
phase transition (PIPT) by ultrafast electron diffraction (UED). By analyzing the relative intensities of the (010) 
and (020) diffraction spots under three conditions—(i) in situ thermal heating the sample, (ii) continuous laser 
pumping, and (iii) ultrafast pulsed-laser excitation—we extracted a transition temperature of ≈570 K and iden-
tified a threshold fluence of 3.6 mJ/cm² (Fig. 1a,b). Tracking the intensity evolution of multiple diffraction spots 
(Fig. 1c,d) then allowed us to delineate the multistage pathway of this PIPT. Within the first 50 ps, the intensities 
of odd- and even- order diffraction spots oscillated and evolved in opposite directions, indicating a transformation 
from TdWTe2 to the highersymmetry T0 phase (Fig. 1e). After 50 ps, all the intensities except (200) spot decays 
and a pronounced oscillation appears whose period matches that of acoustic shear phonons, signifying a subse-
quent transformation of the T0 phase into the T′ phase (Fig. 1f) through collective shear sliding. Approximately 
50 µs later, the diffraction intensity have fully recovered, conforming the completion of structural relaxation 
(Fig. 1d). Thus, using ultrafast electron diffraction and microscopy, we report the systematic observation of PIPT 
in WTe2 and elucidates the interlayersliding processes that unfold on multiple timescales.

Figure 1. Structural pathway of photoinduced phase transition in WTe₂. (a, b) Determination of the transition tem-
perature, Tc​=570 K and threshold fluence, Fc​=3.6 mJ/cm2. (c) Comparison of the diffractionspot intensity before (0 ps) 
and after (1 ns) the laser excitation. (d) Intensity evolution of characteristic diffraction spots as a function of time delay. 
(e) Intensity changes of odd and evenorder diffractionspot within the first 50 ps, below and above Fc​. The inset on the 
right shows the experimental and simulated changes of diffraction intensity, while the lowerleft inset illustrates the cor-
responding interlayersliding. (f) Temporal evolution of the (120) diffractionspot intensity showing the acoustic shear 
phonons. The lowerleft inset depicts the collective interlayersliding.

Keywords: Photo-induced phase transition; Ultrafast electron diffraction; WTe2; Shear phonon; Interlayer sliding
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Track 6  Ultrafast Particle Science, Technology and Applications

Ultra-high fluxes of direct laser accelerated electrons, MeV photons and neutrons using overcritical-density 
foams

Olga N. Rosmej1, 2, Parysatis Tavana1, 2, 3, N.E. Andreev4, 5 

1GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt, Germany
2Institute of Optics and Quantum Electronics (IOQ), Friedrich Schiller University Jena, Jena, Germany

3Institute for Applied Physics (IAP), Goethe University Frankfurt, Frankfurt am Main, Germany
4 Joint Institute for High Temperatures, RAS, Izhorskaya st. 13, Bldg. 2, 125412 Moscow, Russian Federation

5 Moscow Institute of Physics and Technology (State University), Institutskiy Pereulok 9, 141700 Dolgoprudny, 
Moscow Region, Russia 

Abstract: The aim of the presented research is to significantly improve the performance MeV particle and radiation 

sources powered by petawatt-kJ-class lasers in the context of ICF research and applications in laboratory 

astrophysics. Experiment was performed at the 200 TW, sub-picosecond PHELIX laser pulse at a moderately 

relativistic intensity of 1019 Wcm−2, delivering ∼50 J of energy into pre-ionized, overcritical-density foam targets. 

Interaction of relativistic laser pulse with long-scale plasma resulted in production of beams of direct laser 

accelerated (DLA) electrons. 

The electron spectrum measured along the laser axis exhibited an effective temperature of ~ 30 MeV and energies 

beyond 100 MeV. A total charge of ~300 nC for electrons with energies E > 1.5 MeV, and ~80 nC with energies 

E > 7.5 MeV within 2π. The fraction of DLA electrons with energies exceeding 7.5 MeV, directed within a half-

angle of ~13◦ along the laser axis, carries a charge of ~20 nC, corresponding to a flux of directed electrons of 

approximately 2 × 1024 sr−1 s−1.This high-current, relativistic electron beam efficiently generates MeV X-rays by 

penetrating 3 mm-thick high-Z converter, enabling the subsequent production of isotopes and neutrons with 

exceptional yield and application potential. In laser shots employing overcritical-density foam placed in front of a 

high-Z converter, bremsstrahlung photons with energies up to 70 MeV were generated and analyzed via nuclear 

activation of tantalum and gold. The formation of the isotopes 176Ta and 190Au, with their photonuclear cross-

section peaks at 50 MeV and 70 MeV, respectively, confirmed the presence of high-energy photons. 

Nuclear diagnostics indicate an unprecedented photon flux of ∼2×1022sr−1s−1, corresponding to up to 1011 photons 

per shot propagating in a half-angle of 22° with energies exceeding 7.5 MeV. The conversion efficiency of focused 

laser energy into bremsstrahlung reached 1–2% (within the FWHM of the X-ray beam). More than 5×109 photo-

neutrons per shot are emitted isotropically, corresponding to a peak flux of 2×1020cm−2s−1 at the back of the 

converter (4×1018cm−2s−1J−1 of laser energy on target). 

This approach demonstrates a robust and scalable method for generating ultra-intense MeV photon beams at 

kilojoule, petawatt-class laser facilities operating at moderate relativistic intensities, with strong implications for 

high energy density physics and nuclear astrophysics research.

Key words: Laser-plasma interaction, over-dense foam, direct laser accelerated electrons, MeV bremsstrahlung, 

photo-nuclear reactions, isotopes, neutrons. 

Generation mechanism of high-energy polarized and vortex particle beams driven by strong fields
Jian-Xing Li1

1.School of Physics, Xi’an Jiaotong University, Xi’an 710049, China
Abstract: Recently, with the rapid developments of ultra-strong ultra-short laser technologies, strong laser field 

driven high-energy polarized and vortex particle beams (e.g., electrons, positrons and Gamma-photons) with spin 

and orbital angular momenta, which have significant applications in many fields, have attracted broad interests. 

However, their generation and measurement are still great challenges. In this talk, we would like to introduce the 

related progresses of our group [1-6]. 

Key words: Strong field QED; Nonlinear Compton scattering; Nonlinear Breit-Wheeler process; Spin polarization; 

Orbital angular momentum
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Control of laser-driven high-current relativistic electron beam and its application in generating compact 
radiation sources

Taiwu Huang*, Hao Peng, Peng Chen, Ke Jiang, Ran Li, Mingyang Yu, Sizhong Wu, Hua Zhang, 
Hongbing Zhuo, and Cangtao Zhou

College of Engineering Physics and Center for Intense Laser Application Technology, Shenzhen Technology 
University, Shenzhen, China

Abstract: The advent of short intense lasers has revolutionized the generation of relativistic electron beams (REBs), 

enabling unprecedented currents up to mega-amperes – surpassing any previously achievable in laboratory settings 

by several orders of magnitude. As these high-current REBs propagate through materials, the latter is immediately 

ionized into plasma, giving rise to various new phenomena. Transport of these high-current REBs in plasma is a 

fundamental issue relevant to high-energy-density space and laboratory plasmas, and has attracted much research 

interest. The problems involved include collisionless shocks, cosmic magnetic field generation, gamma-ray bursts, 

etc. It is also relevant to many applications, including inertial confinement fusion, compact particle and/or radiation 

sources. In this paper, I will introduce our recent research progress on the microscopic transport of REB in plasmas

and its application in generating compact radiation sources. Some interesting new results are obtained, including 

the branching, super-channeling, and anomalous stopping of REB in porous materials. Based on these new 

phenomena, we have further extended the applications of REB in generating coherent radiation source and high-

brilliance incoherent gamma-rays. In particular, we propose new approaches for producing coherent intense 

radiation pulses by simply directing a REB into a plasma with a density up-ramp or by interacting a laser pulse with 

an REB at a grazing angle. Super-channeling of high-current electron beam in disordered microstructures is also 

discovered and this phenomenon can lead to extremely high conversion efficiency gamma-rays. These results should 

be of much interest to researchers in many areas. 

Key words: Relativistic electron beam, coherent radiation pulses, high-brilliance gamma-rays, porous materials

Toward the Realization of a Tabletop XUV Free-Electron Laser Driven by Laser Wakefield Acceleration 
Z. Jin1,3*, M. Kando2,3, Y-J. Gu1,3, Z-Z. Lei1,3, S. Sato1,3, K. Huang2,3, N. Nakanii2,3,

I. Daito2,3, T. Muto1,3, S. Yamamoto4,3 and T. Hosokai1,3

1SANKEN, The University of Osaka, Mihogaoka 8-1, Ibaraki, Osaka 567-0047, Japan
2Kansai Institute for Photon Science (KPSI), National Institutes for Quantum Science and Technology (QST), 8-1-

7 Umemidai, Kizugawa, Kyoto 619-0215, Japan
3Laser Accelerator R&D, Innovative Light Sources Division, RIKEN SPring-8 Center, Kouto 1-1-1, Sayo-cho, 

Sayo-gun, Hyogo 679-5148, Japan
4Photon Factory, Institute of Materials Structure Science, High Energy Accelerator Research Organization, KEK, 

1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan
Abstract: To develop a stable laser wakefield acceleration (LWFA)-based accelerator [1] and demonstrate free-

electron laser (FEL) generation, a novel LWFA platform was constructed at the RIKEN SPring-8 Center. Systematic 

experiments were carried out under the support of the ImPACT (2013–2018) and JST MIRAI (2017–present) 

programs. Although undulator radiation in the XUV spectral range, driven by LWFA electron beams, was 

successfully demonstrated in 2019, reproducibility was hampered by poor electron pointing stability and large 

energy fluctuations. To overcome these challenges, the quality of the accelerated electron beam was enhanced 

through the development of a shock injection scheme, which allows precise injection control and ensures stable 

plasma conditions. This advancement significantly improved both the reproducibility and stability of the LWFA 

electron beam. This presentation will outline the LWFA platform, detail the setup of the proof-of-concept 

experiments with a focus on key improvements, and discuss the results obtained.  

The experiment was conducted at Laser Acceleration Platform LAPLACIAN (Laser Acceleration Platform as a 

Coordinated Innovative Anchor), a specialized facility designed for laser wakefield acceleration research (Fig. 1). 

This platform is located at the RIKEN SPring-8 Center. The laser system utilized in the platform is a custom-built 

Ti:Sapphire femtosecond laser system capable of delivering three laser beamlines with adjustable parameters, all 

synchronized with each other.

For the FEL experiment, beamline 2 was employed as the driver laser, providing a laser pulse energy of 0.8 J and a 

minimum pulse duration of 21 fs post-compression. A gold-coated off-axis parabola with a focal length of 1500 

mm was used to focus the laser onto the gas target.

Figure 1 Schematic experimental setup of LWFA 
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A stable laser wakefield accelerator relies on two key factors: a well-tailored, stable plasma (gas) density distribution 

and a stable drive laser with suitable parameters. Efforts have been made to enhance both plasma and laser stability 

[2, 3].

By ensuring precise injection control, stabilization of the laser wavefront, and optimal performance of the gas jet, 

as well as by optimizing phase rotation and beam loading, we can generate quasi-monoenergetic electron beams 

with an energy spread of less than 1%, energies approaching 400 MeV, pointing stability of less than 0.5 mrad, and 

energy stability of less than 6% (rms). Demonstration experiments by sending these beams into a mini-undulator 

have shown a FEL gain of 14 times in XUV range.

This work was funded by the JST-MIRAI program grant no. JPMJMI17A1. We are grateful to the technical teams 

of Spring-8 Center for their support to the Laser Acceleration Platform.

Key words: laser wakefield acceleration, free-electron laser
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Laser-driven ion acceleration and its applications
Xiaofei Shen1*

1School of Physics, Peking University, Beijing 100871, China
Abstract: Laser-driven ion acceleration has attracted significant interest over the past decades owing to its potential 

towards the development of a new generation of compact and cost-effective accelerators. Ion beams accelerated by 

intense lasers exhibit unique properties such as ultrashort burst emission, high brilliance, and low emittance, which 

open opportunities for a wide range of applications in proton imaging, cancer therapy, warm density matter 

production, neutron sources, etc. Here I will present recent theoretical and experimental progress achieved by our 

group in optimizing ion acceleration mechanisms and exploring their applications in diverse fields.

Key words: Laser-driven ion acceleration, Intense lasers, Neutron sources



92 93Page Page

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

OCT
23-26

OCT
23-26

Tunable High-Field Terahertz Radiation from Plasma Channels
Linzheng Wang1,2*, Yanping Chen1,2, Zhengming Sheng1,2,3

1 Key Laboratory for Laser and Plasma (MOE), School of Physics and Astronomy, Shanghai Jiao Tong 
University, Shanghai 200240, China

2 Collaborative Innovation Centre of IFSA, Shanghai Jiao Tong University, Shanghai 200240, China
Abstract: High-field terahertz radiation with highly tunability is essential for relative applications, i.e., terahertz 

communications, optical manipulations, and terahertz imaging. Here, we introduce methods for the generation and 

manipulation on high-field terahertz radiation, which is introduced by the laser wakefield excited by weakly 

relativistic laser pulses inside plasma channels. Firstly, we demonstrate that terahertz radiation with field strength

up to sub GV/cm can be generated by off-axially injecting a laser pulse inside a parabolic plasma channel. Two-

dimensional particle-in-cell simulations shows that such a terahertz radiation can be tuned between two modes, i.e., 

linearly polarized mode and radially polarized mode, by simply changing the injection condition or the channel 

length. Secondly, we present a way to generate intense terahertz vortex beams with continuously tunable topological 

charge by injecting a weakly-relativistic ultrashort laser pulse into a parabolic plasma channel. By adjusting the 

injection conditions of the laser pulse, the trajectory of the laser centroid can be twisted into a cylindrical spiral, 

along which laser wakefields are also excited. Due to the inhomogeneous transverse density profile of the plasma 

channel and laser wakefield excitation, intense terahertz radiation carrying orbital angular momentum is produced 

with field strength reaching sub GV/m, even though the drive laser energy is at a few tens of mJ. The topological 

charge of such a radiation is determined by the laser trajectories, which is continuously tunable as demonstrated by 

theoretical analysis as well as three-dimensional particle-in-cell simulations.

Key words: Terahertz radiation, laser-plasma interactions, laser wakefield, optical vortex.

Generation and applications of strong terahertz bursts driven by high-intensity laser pulses
Yutong Li

Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences
Abstract:Recently Terahertz (THz) radiation from laser-produced plasmas has attracted much interest since 

plasmas can work at arbitrarily high laser intensity. We systematically investigate the generation of strong THz 

radiation from solid targets irradiated by ultraintense laser pulses with relativistic intensities exceeding 

1018W/cm2.The experiments were performed with femtosecond and picosecond laser facilities respectively. The 

numerous energetic MeV fast electrons produced by the high-intensity laser pulses serve as the primary source of 

the THz radiation. When the forward fast electrons reach the target rear surface, THz radiation is induced via the 

mechanism of transition radiation. To enhance the THz radiation, a variety of techniques have been employed. 

These include increasing laser absorption through the use of a preplasma, fabricating nanostructures on the front 

surface of the target, optimizing the target thickness, applying a CH coating, and employing an additional laser pulse 

to ablate the target rear. The optimized energy of the terahertz pulses can reach the millijoule to hundreds of 

millijoules range, depending on the specific parameters of the driving laser pulses. Additionally, we have conducted 

preliminary studies exploring the new physics driven by the strong terahertz pulses, such as the excitation of 

biological protein dynamics, water dynamics, and THz-induced plasma.



94 95Page Page

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

OCT
23-26

OCT
23-26

Recent developments of a laser-driven ion acceleration beamline at SIOM
J. H. Bin1

1 Shanghai Institute of Optics and Fine Mechanics, CAS, China;
Abstract: Laser driven ion acceleration provides a route to achieve high quality ion beams, which could be superior 

for specific applications. In this talk I will present recent development of a laser driven ion acceleration beam line 

based on a homemade table-top 200 TW laser system at Shanghai Institute of Optics and Fine Mechanics (SIOM).

Our major motivation is the potential application of such pulsed ion sources.

  

MeV Ultrafast Electron Diffraction Using a Laser Wakefield Accelerator with Double Bend Achromat 
Beamline

Yu Fang, Fei Li*, Jianfei Hua*, Bo Guo, Linyi Zhou, Bing Zhou, Zhihao Chen, Jianyi Liu, Zheng Zhou, 
Yipeng Wu, Yingchao Du, Renkai Li, Wei Lu*

Tsinghua University
Abstract: MeV ultrafast electron diffraction (UED) has emerged as a powerful tool for investigating structural 

dynamics across various scientific domains. The advent of laser wakefield accelerators (LWFAs) offers promising 

prospects for developing compact, all-optical electron sources for UED applications. In this work, we present an 

experimental demonstration of a tabletop UED system employing an LWFA coupled with a miniature permanent 

magnet beamline. Key to our approach is the implementation of a double bend achromat that compensates for 

temporal broadening induced by the beam's energy spread while maintaining isochronism. This design can 

effectively mitigate arrival time jitter caused by shot-to-shot energy fluctuations, preserving the inherent laser-beam 

synchronization advantage of LWFAs. Through energy filtering, we achieve a 3% (FWHM) energy spread while 

retaining sufficient bunch charge (11.9 fC) for diffraction measurements. Characterization using a laser-driven THz 

deflector reveals a bunch length of 49.6 fs (RMS) and an arrival time jitter of 4.7 fs (RMS) at the sample plane, 

yielding an overall temporal resolution of ~49.8 fs. Our simulations suggest the potential for reaching ~10 fs (RMS) 

temporal resolution with further optimization to 1.6% energy spread. The system's capability is validated through 

clear single-shot and multi-shot diffraction patterns from single-crystalline gold samples, with derived lattice 

constants showing excellent agreement with reference values. These proof-of-principle results establish LWFA-

based electron sources as viable candidates for ultrafast structural dynamics studies and lay the foundation for future 

sub-10-fs UED applications.



96 97Page Page

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

OCT
23-26

OCT
23-26

Radiative spin-polarized plasmas driven by ultrafast laser or electron beams
Zheng Gong1, *

1Institute of Theoretical Physics, Chinese Academy of Sciences
Abstract: Radiative spin-polarized plasmas represent a novel frontier in high-energy-density plasma physics, where 

the intrinsic spin degrees of freedom of electrons become dynamically polarized through interaction with ultra-

intense electromagnetic fields. In this talk, I will present recent theoretical and numerical advances in understanding 

how ultrafast laser pulses or relativistic electron beams can drive spin-polarized plasmas via spin-dependent 

radiation processes. When electrons undergo synchrotron-like emission in strong fields, spin-selective radiation 

losses lead to spontaneous spin polarization, analogous to the Sokolov-Ternov effect but occurring on femtosecond 

timescales. I will discuss key mechanisms underlying this phenomenon, including the role of radiation reaction, 

radiative spin flips, and plasma collective effects. Using spin-resolved particle-in-cell simulations coupled with 

Monte Carlo modules, we show how spin polarization evolves in various configurations, such as laser-plasma 

interactions, beam-plasma systems, and radiative magnetic reconnection layers. These findings indicate the potential 

for generating relativistic spin-polarized electron beams and exploring spin-informed plasma instabilities. The 

implications might offer alternative perspectives for laboratory astrophysics and high-brightness beam applications. 

This work highlights the interplay between quantum spin effects and classical plasma dynamics in extreme 

environments, marking a step toward the emerging discipline of spin plasma physics.

Efficient Free-Electron Laser Modelling Using a Lorentz-Boosted Coordinate System
Luo Runfeng, Najmudin Zulfikar

Imperial College London
Abstract: Free Electron Lasers (FELs) are novel light sources capable of generating ultrashort, femtosecond-

duration pulses via electron oscillations in electromagnetic fields. A defining advantage of FELs is that the radiation 

wavelength is inversely proportional to the square of the electron beam energy, allowing continuous and tunable 

access across the electromagnetic spectrum. At electron energies of 10 GeV, FELs can produce hard X-rays—

wavelengths otherwise unattainable with conventional lasers. These X-rays, characterised by their high penetration 

and ultrashort wavelengths, are uniquely suited for applications such as imaging dense materials (e.g. bone 

tomography) and time-resolved probing of dynamic processes like shock wave propagation in metals. 

Recent progress in compact free-electron laser (FEL) concepts, driven by laser and beam-plasma wakefield 

acceleration, has demonstrated exponential gain using electron beams with energies of a few hundred MeV. While 

wakefield acceleration offers a pathway to significantly more compact FEL systems, accurately modelling their 

performance remains computationally demanding. This challenge arises primarily from the vast scale disparity 

between the nanometre-scale radiation wavelength and the macroscopic length of the beamline. Moreover, at these 

relatively low electron energies, space-charge effects and beam emittance critically influence both the beam 

dynamics and overall FEL performance. 

In this work, we employ boosted-frame particle-in-cell (PIC) simulations to perform efficient, start-to-end 

modelling of the SPARC FEL. The use of a Lorentz-boosted frame leverages the Doppler redshift and length 

contraction, yielding a substantial computational speed-up that scales as γ². Simulations that would require over a 

month in the laboratory frame can be completed within hours in the boosted frame. Importantly, PIC simulations 

inherently capture self-consistent space-charge and emittance effects, making them ideally suited for exploring the 

beam dynamics and lasing behaviour in compact FEL systems.
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Photoinduced ultrafast phase transitions in strongly correlated materials
Jiyu Xu1,2*, Daqiang Chen2, Sheng Meng1,2*

1. Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China
2. Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

Abstract: The charge, lattice, orbital, and spin degrees of freedom are strongly coupled together in strongly 

correlated materials, leading to a variety of insulator-metal transition pathways in strongly correlated materials [1-

2]. Using real-time time-dependent density functional theory (rt-TDDFT) simulations, we found that 800 nm laser 

pulses can excite electrons at the valence band to the conduction band of M1-VO2 and triggers the ultrafast structural 

and electronic phase transitions in photoexcited M1-VO2 [3]. The structural and electronic phase transitions have 

the same threshold of laser intensities. The electronic phase transition is instantaneously generated, while the 

structural phase transitions have time constants of 100 to 300 fs, leading to the isostructural electronic phase 

transitions in M1-VO2 configuration. At the same time, THz-induced strong-field tunneling processes were also 

shown to induce the effective carrier generations. In contrast to conventional Zener tunneling for static electric fields, 

the slow-varing THz electric fields lead to the delayed carrier generation and the occupation of photocarriers 

restrains the subsquent photoexcitation. 

Figure. Photoinduced decoupled ultrafast electronic and structural phase transitions in photoexcited M1-VO2.

Keywords: Strongly correlated materials, photoexcitation, ultrafast phase transition, rt-TDDFT
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Track 7  Laser-Matter Interactions

Sub-picosecond topological phase transition in nonlinear exciton-polaritons 
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Femtosecond Laser Spatiotemporal manipulation and Its Research

Minglie Hu

Tianjin University, Tianjin, 300072, China

Abstract: In this report, we demonstrated the recent progress made by Tianjin University’s Ultrafast Laser Lan 
in the field of femtosecond laser spatiotemporal manipulation. This includes achieving higher-performance fem-
tosecond laser output through spatial synthesis, analyzing and regulating ultrafast laser nonlinear dynamics with 
attosecond temporal resolution, and realizing precise control of femtosecond lasers by combining spatiotemporal 
manipulation. Systematic research has been conducted in areas such as precision machining and precision mea-
surement.

Keywords: Femtosecond laser

Design of 340 attoseconds long high-brightness 2GeV electron beams LWFA accelerator and pre-
liminary Free Electron Laser optimization for water-window single/few-spikes X ray sources.

Paolo Tomassini1, Federico Avella2, Nasr A. M. Hafz3, Luca Labate2, Vojtech Horny1,

Szabolcs Toth3, Domenico Doria1, Leonida A. Gizzi2, Luca Serafini4 and Vittoria Petrillo4

1IFIN-HH/ELI-NP (RO), 2CNR-INO (I), 3ELI-ERIC Alps (HU), 4 INFN-MI (I)

Abstract: Ultra-low emittance and length-tunable electron beams 

can be obtained with the Laser Wake Field Acceleration (LWFA) by employing advanced ionization injection tech-
niques, such as the Two-Color and the Resonant Multi-Pulse Ionization injection (ReMPI) [1,2] schemes. There, a 
tightly focused, short wavelength (ionization) pulse extracts electrons from a selected inner shell of a dopant, al-
lowing them to be longitudinally compressed and trapped in the wakefield excited by a different (driver) pulse.

We demonstrate [3], by means of analytical results and Particle In Cell simulations, that 340as long electron beams 
with 2.3GeV energy, 6.1 pC charge, 0.15% projected energy spread, 60nm normalised emittance, and projected 
6D-Brightness in excess of 3x1018A/m2/0.1%BW can be generated with a ~200TW Ti:Sa laser system. The beam slice 
analysis reveals its potential for driving single or few-spikes attosecond long X-ray Free Electron Laser (FEL).

We finally show preliminary results about the related FEL source optimization in in the SASE configuration. 
GENESIS simulations show that single-spike or few-spiles radiation in the water window, with about 1012 pho-
tons/shot, can be obtained with a 10-20m long undulators.

References:
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Subcycle bandstructure videography of lightwave-driven currents

Ulrich Höfer1,2, *, Rupert Huber1

1 Department of Physics and Regensburg Center for Ultrafast Nanoscopy (RUN), University of Regensburg,       
93040 Regensburg, Germany

2 Department of Physics, Philipps-University of Marburg, 35032 Marburg, Germany

Abstract: Lightwave ARPES, a recent development of time- and angle-resolved photoemission (APRES), makes 
it possible to explore light-matter interaction in the strong field regime with subcycle time resolution. Our first 
experiment employed electric fields of a few kV/cm from a THz wave to induce electrical currents at the topolog-
ically protected Dirac surface state of Bi2Te3 [1]. The electrons in these states move like relativistic particles and, 
since spin-momentum locking suppresses scattering, they travel ballistically over distances of several 100 nm. 
Subsequently, we demonstrated subcycle time-resolution at mid-infrared frequencies of 25-40 THz and electric 
fields in the MV/cm range. Under these conditions, the accelerated electrons in the Dirac cone give rise to strong 
high-harmonic generation [2]. Moreover, Floquet-Bloch sidebands build up. Starting with strong intraband cur-
rents, we observe how Floquet replicas emerge already in the second optical cycle of the driving field and how 
electrons in high-order sidebands scatter into bulk states [3].

In this work, we present the next generation of subcycle band-structure videography. Hemispherical photoelec-
tron analyzers in combination with near-UV probe pulses (photon energy, 3 to 6 eV) can image electron dynamics 
along specific directions near the Brillouin zone center. In many quantum materials, however, critical phenomena 
occur at the Brillouin zone boundaries. Our new experiment combines atomically strong 1.5-cycle mid-infrared 
(MIR) driving fields with sub-10-fs EUV probe pulses (photon energy, 21.7 eV) and state-of-the-art photoemission 
momentum microscopy. It allows us to explore field-driven electron dynamics throughout the entire first Brillouin 
zone. To reach good measurement statistics within short acquisition times, we develop a laser system that operates 
at a high a repetition rate of 50 kHz while still reaching MIR peak electric fields above 200 MV/cm, correspond-
ing to an average MIR power as high as 1 W. The new laboratory allows us to drive electrons in a monolayer of 
graphene with MIR pulses (center frequency, 27 THz) while EUV pulses probe the dynamics with subcycle time 
resolution. Observing the full 2D carrier distribution with sub-fs temporal resolution, we uncover the fundamental 
microscopic processes at play. In particular, the dynamics of intraband currents and interband transitions as well as 
the subsequent interplay between different scattering channels are revealed. 

Our approach provides key insights into the conditions necessary for achieving fully coherent, field-driven elec-
tronic dynamics and opens new avenues for exploring rich phenomena in the strong-field regime, including Lan-
dau-Zener tunneling, dynamical Bloch oscillations, optical band-structure engineering and light-induced phase 
transitions.

Keywords: Strong-field light-matter interaction, subcycle time-resolved photoelectron spectroscopy, topological 

surface states, Dirac cone, graphene, lightwave electronics
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Ab Initio Strong-Field Physics

Kenichi L. Ishikawa1-4* and Takeshi Sato1-3

1Department of Nuclear Engineering and Management, Graduate School of Engineering, The University of Tokyo, 
Tokyo 113-8656, Japan

2Photon Science Center, Graduate School of Engineering, The University of Tokyo, Tokyo 113-8656, Japan

3Research Institute for Photon Science and Laser Technology, The University of Tokyo, Tokyo 113-0033, Japan

4Institute for Attosecond Laser Facility, The University of Tokyo, Tokyo 113-0033, Japan

Abstract: To theoretically study laser-matter interaction, in particular, attosecond and strong field processes from 
the first principles, we have developed various cost-effective wavefunction-based methods such as the time-depen-
dent multiconfiguration self-consistent-field (TD-MCSCF) methods, the time-dependent optimized coupled-cluster 
(TD-OCC) methods using time-varying orbitals, and the gauge-invariant time-dependent configuration-interac-
tion-singles (TDCIS) method (see Ref. [1] and references therein). In this talk, we report on their formulations, nu-
merical implementations and results, and comparison with experimental results.

For example, we show that the Rabi coupling converts ion-photoelectron entanglement in two-color photoionization 
of Ne to coherent superposition. This creates coherence between the two, otherwise incoherent, photoelectron wave 
packets, leading to, e.g., coherent control of the photoelectron angular distribution through the relative phase be-
tween the fundamental and second-harmonic extreme-ultraviolet pulses [2,3].

In addition, we study laser-solid interaction, based on the time-dependent density functional theory (TDDFT) using 
the SALMON code [4]. For example, we investigate high-harmonic generation (HHG) from bilayer WTe2 [5]. The 
HHG spectra under a strong field clearly exhibit a plateau and energy cutoffs, i.e., an unambiguous signature of 
nonperturbativeness. If we take a comprehensive all-band perspective, the anomalous Hall responses are attributed 
to the interband processes.

Keywords: First-principles calculation, attosecond science, entanglement, Nonlinear Hall effect
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Enhancing laser plasma accelerator for nuclear physics

Liming Chen*

State Key Laboratory of Dark Matter Physics, School of Physics and Astronomy, 

Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: Laser plasma acceleration is not only suitable for advanced accelerator, but also possess great potential 
for plasma nuclear exciter or collider. At present, most of research topics in this field focus on the quality improve-
ment of accelerated particle beams. On the other hand, the laser plasma accelerator also has extremely high densi-
ty which will produce high brightness gamma ray source and intense neutron source, resulting in powerful tool for 
nuclear physics research.

Recently, our team has carried out systematic studies on electron acceleration with large charge. For example, we 
used a solid target to realize relativistic electron acceleration of 100 nC [1] with very small divergence angle; And 
achieved stable acceleration of ~ 20 nC with electron energy tens MeV using high-density gas targets, through 
a novel efficient injection that the atom inner shell electrons are ionized and continuously injected into multiple 
plasma bubbles [2]. Micro-C level electron beam produced via combination of near critical density plasma and 
PW lasers [3].

Based on new experimental results of electron acceleration, we have carried out the research about „laser-plasma 
exciter/reactor“. Firstly, a high brightness neutron source [4] is obtained by driving a solid target with an electron 
beam. And, with optimized high charge electron beam driven (γ,n) reaction, the peak flux of neutron source rea-
ches to 10^20 n/cm^2/s, which is comparable to Supernova [3]; Then, using the nonlinear resonance of Kr clusters 
excited by intense laser, the 83Kr isomeric state is achieved experimentally with peak efficiency 2x10^15 p/s [5]. 
After carefully measurement of the excitation cross section, the 83Kr excited from the ground state to the 3rd ex-
citing state with cross section as small as 10-11 barn [6], which is usually have to measure them deep into ground 
to reduce the background; Using the enhanced electron accelerator, MeV-level ellectron beam has been introduced 
to excite high energy isomeric states such as In [2]. With the above novel method, a systematic nuclear excitation 
techniques have benn constructed covering low energy to high energy range, suitable for the study of BBN, steller 
and SuperNova nucleosysnesis.

In order to carry out the experimental verification of laser „laser-plasma exciter/reactor“ based on extremely 
strong field QED, we will finalizing the construction of the „laboratory astrophysics research platform“ (LAP) [7] 
in TsungDao Lee Institute, for the nuclear astrophysics research in relativistic.

Keywords: Laser wakefield acceleration, Isomeric state, nuclear excitation
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Optical second harmonic generation in antiferromagnets

Victor Pavlov*

Ioffe Institute, St. Petersburg, 194021, Russia

Abstract: Among the various optical phenomena associated with the frequency conversion of electromagnetic 
waves, the second harmonic generation (SHG) is the simplest nonlinear process of the second order [1]. Nonlinear 
spectroscopy using the method of SHG allows one to obtain fundamentally new information in the study of solids 
in comparison with studies using linear optical techniques. This is due to the difference in the selection rules for 
single-photon and multi-photon processes [2].

In this lecture, we will consider nonlinear magneto-optical phenomena associated with SHG in various classes of 
antiferromagnets. These materials not only make up the vast majority of magnetically ordered substances, but also 
possess many specific physical properties unique to them. Antiferromagnetic materials attract significant research 
interest due to their potential for modern technologies, including antiferromagnetic spintronics, opto-spintronics, 
and memory devices [3, 4].

Antiferromagnets can be divided into three classes – magnetoelectrics (well-known example is Cr2O3), ordinary 
antiferromagnets (like NiO) and altermagnets (for example, CoF2). In the electric dipole (ED) approximation, SHG 
is allowed only in noncentrosymmetric materials. SHG is also allowed in centrosymmetric media in the magnetic 
dipole (MD) or electric quadrupole (EQ) approximations. In the classical magnetoelectric antiferromagnet Cr2O3, 
the spatial inversion is violated due to the spin order below the Néel temperature TN, therefore ED SHG can be 
observed in the temperature range below TN. A new magnetic-field-induced mechanism of SHG is associated with 
the magnetoelectric effect [5]. In centrosymmetriс antiferromagnet NiO the SHG is due to the nonlinear optical 
susceptibility of the MD type. A novel nonlinear optical susceptibility of the EQ type is observed in altermagnetic 
CoF2. Materials, that can have both ferroelectric and antiferromagnetic order parameters simultaneously, are mul-
tiferroics. Hexagonal manganites RMnO3 (R = Sc, Y, Ho, Er, Tm, Yb, Lu) belong to this group of antiferromag-
nets. In RMnO3 SHG is associated with a nonlinear optical polarization of the ED type, being a bilinear function 
of two order parameters. The interference of various SHG contributions can be used to visualize antiferromagnetic 
domains that are invisible in linear optics. SHG technique makes it possible to identify new nonlinear mechanisms 
related to the light-matter interaction.

Support by the Russian Science Foundation (project No. 24-12-00348) is acknowledged.

Keywords: optical second harmonic generation; nonlinear spectroscopy; antiferromagnets
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Ultrafast Dynamics of Strong-Field Ionization

Yongzhe Ma1, Ru Zhang1, Qingcao Liu2, Hongcheng Ni1,*, and Jian Wu1,*

1State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200241, China

2College of Science, Harbin Institute of Technology, Weihai 264209, China

Abstract: Under strong laser fields, the ionization processes of atoms and molecules primarily involve three mech-
anisms: multiphoton ionization, tunneling ionization, and over-barrier ionization. This talk highlights our recent 
progress in the dynamics of these ionization mechanisms. In the context of multiphoton ionization, we have devel-
oped a universal framework for photon momentum transfer applicable to an arbitrary number of absorbed photons, 
revealing that on average, an electron acquires twice of the photon momentum per absorbed photon [1]. Regarding 
tunneling ionization, by exploiting dynamical symmetries in circularly polarized laser fields, we uncovered a new 
energy–angular momentum conservation law on the sub-cycle scale [2]. Furthermore, we demonstrated that the 
quantum tunneling process is primarily driven by the electric field, while the subsequent classical continuum mo-
tion is governed by the vector potential [3,4]. Additionally, we found that the presence or absence of a tunneling 
time delay is determined by the relative magnitudes of the intrinsic timescale of the system and the timescale of 
the probing pulse [5,6]. For over-barrier ionization, we generalized the backpropagation method to investigate, for 
the first time, the dynamical evolution of this process, leading to a new physical picture of over-barrier ionization 
[7].
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The ultrafast electronic response of small quantum systems, and modifying it by intense-laser interactions 

Thomas Pfeifer

Max-Planck-Institut für Kernphyik, 69117 Heidelberg, Germany

Abstract: Atoms are fundamentally well-defined quantum objects, found in a pure multi-particle correlated elec-
tronic ground state even at room temperature, yet providing an infinite number of internal quantum states.

In our experiments, we explore the controlled modification of small quantum systems, such as atoms, in their 
bound states, by intense and short-pulsed laser light. We observe characteristic changes of their spectra and thus 
learn from their response to intense ultrafast questions carried and encoded by near-visible laser pulses and atto-
second extreme-ultraviolet (XUV) and x-ray bursts.  

Some of our findings include the time-resolved observation of Rabi cycling between auto-ionizing states and rec-
ollision electron dynamics at extremely low intensities in circularly polarized laser fields [1].    We achieve the 
speeding up of molecular dynamics by strongly driving vibronic states in neutral hydrogen molecules [2].  The re-
vival time of a molecular wavepacket can be shifted forward in time, observed solely by analyzing the absorption 
spectrum, without requiring a second (“probe”) pulse. 

We also employ Free-Electron Lasers (FELs) to control electronic transitions of one and two valence electrons, 
and the combination of core- and valence electrons to achieve element specificity.  Resonant nonlinear interactions 
are quantified by high-resolution XUV and x-ray-optical spectroscopy of photons transmitted through dilute and 
dense gas-phase samples.

An interesting recent development is the enhancement of weak (“forbidden”) transitions.  Opening an additional 
“bridge” pathway to an excited state of interest by intense-laser coupling linearizes the otherwise unfavorable tran-
sition-matrix-squared scaling of linear absorption and thus can in principle enhance extremely weak transitions 
uby many orders of magnitude. As a first proof-of-principle, we enhance an XUV transition by a factor of ten [3].  
Future applications could aim at the identification of clock transitions used in the search for new physics beyond 
the standard model, including low-energy nuclear transitions such as the one in metastable Thorium 229mTh.

With all this controllability on the atomic level, we consider an opportunity for future development: Atomic-scale 
information processing at ultrafast clock speeds, programmed by intense laser light [4].

Keywords: Laser, Atom, Molecule, Optics, Photons, Ultrafast, Quantum, Electron, Dynamics
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In situ monitoring ultrafast laser-induced material modifications using high-harmonics generation

Seonwoo Lee1,2, Olivier Bernard1,3, Manon Bournazel1, Chrysoula Stathaki1, Vasiliki Stergiopoulou1, Yves 
Bellouard1,*

1 Galatea Lab, Institute of Electronics and Micro-engineering, Ecole Polytechnique Fédérale de Lausanne (EPFL)

2 Present address: Harvard Medical School and Wellman Center for Photomedicine, Boston, MA, USA

3 Present address: Morgridge Institute for Research and Dept. of Biomedical Engineering, University of Wiscon-
sin-Madison, Madison WI, USA

Abstract: Femtosecond laser offers a means to confine energy beyond the diffraction limit. Triggered by pio-
neer works performed at the turn of the millennia and in the early 2000s, the use of femtosecond lasers to induce 
non-ablative transformation of transparent materials have emerged as a key technology for functional devices im-
pacting numerous fields, from integrated photonics to complex micro-parts processing fluids or fulfilling mechan-
ical functions (including actuators), and from high-density optical memories to solving complex packaging issues. 
The core of all these technological developments is the ability of ultrafast lasers, thanks to non-linear absorption 
processes and strong field interaction with high energy confinement, tailoring the intimate structure of the matter 
and inducing a variety of localized structural modifications, including densification, nano-crystallization, or phase 
separation. This broad diversity of laser-induced modifications enables a rich taxonomy of functional properties 
that can be selectively introduced in the bulk of materials, enabling novel types of integrated systems finding a 
broad range of applications, from photonics integrated circuits in quantum computing to lab-on-a-chip, and from 
miniaturized sensors to novel concepts of optical packaging.  As a single laser can produce a variety of morpho-
logical transformations of the material structure, in situ monitoring how the material is transformed while being 
exposed to the laser is a key endeavor for achieving robust functional integration. 

Towards this goal, the use of second and third harmonic light generation from the same laser (referred as ‘SHG’ 
and ‘THG’, respectively) used to transform materials is particularly interesting as it offers a direct means to re-
trieve morphological and/or crystallographic information from the exact same volume being exposed for process-
ing by the laser. 

In this talk, we will present results from both SHG and THG experiments performed on various transparent glass 
substrates, highlighting how these methods can be used to identify different types of laser-induced transforma-
tions, such as densified volumes, self-organized nanograting and nano-crystallites. As another example, we will 
show how polarimetry SHG can be used to retrieve rich information on the crystal nature and characteristics of 
nano-crystalline phases forming in tellurite substrates during ultrafast laser exposure. 

Keywords: Ultrafast laser processing, higher-harmonics generation, in situ monitoring, laser-induced crystalliza-
tion

Spectroscopic detection and microscopic imaging via solid-state high-order sideband generation

Yaxin Liu†, Bingbing Zhu, Weifeng Liu, Sheng Zhang, & Zhensheng Tao*

State Key Laboratory of Surface Physics, Key Laboratory of Micro and Nano Photonic Structures (MOE) and 
Department of Physics, Fudan University, Shanghai, China.

Abstract: Ultrafast control of electronic states in quantum materials is a key challenge in advancing quantum 
technologies. While strong-field-driven systems exhibit rich phenomena such as topological transitions and ex-
citon dynamics, experimentally resolving quantum state evolution remains difficult. Here we present solid-state 
high-order sideband spectroscopy and microscopy techniques that enable frequency-, time-, polarization-, and spa-
tially-resolved probing of quantum states and near fields under strong-field excitation. We applied this approach 
to study the decoherence of Autler–Townes excitons in monolayer MoS₂, and extended it to dielectric resonator 
tomography, super-resolution imaging, and plasmonic near-field mapping. These results highlight the technique’s 
potential for exploring ultrafast dynamics, controlling quantum states, and advancing nanoscale optical diagnos-
tics.
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Track 8  Large Scale Scientific Facilities

Attosecond optics and attosecond research infrastructures

Kun Zhao1,2*

1National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 
100190, China.

2Songshan Lake Materials Laboratory, Dongguan 523808, China

Abstract: I’m going to review the development of attosecond optics, and explain how high-order harmonics and 
attosecond pulses in the extreme ultraviolet band are generated from a gas target. I will also introduce the structure 
of an attosecond streak camera and how to construct an attosecond light source and beamline. At the end I’ll show 
the attosecond research infrastructures around the globe.

Keywords: attosecond optics, attosecond pulse, attosecond streak camera, attosecond research infrastructure

Fe-Doped Mid-Infrared CPA Systems and Their Prospects for Strong-Field Physics

Shigeki Tokita 1,*, Daiki Okazaki 1, Yuri Kirita 1, Linpeng Yu 2, Ryo Yasuhara 2

1Institute for Chemical Research, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan 2National Institute for 
Fusion Science, 322-6 Oroshi-cho, Toki, Gifu 509-5292, Japan 

Abstract: Fe-doped II–VI crystals, such as Fe:ZnSe and Fe-doped chalcogenides, have recently attracted attention 
as promising gain media for high-power, broadband mid-infrared (mid-IR) ultrafast lasers. Their gain spectrum cen-
tered near 4 μm, combined with long upper-state lifetimes at cryogenic temperatures, enables chirped-pulse am-
plification (CPA) of few-cycle pulses with high energy and excellent stability. Such laser systems are particularly 
attractive for strong-field physics, where the ponderomotive energy scales quadratically with wavelength, making 
mid-IR drivers uniquely suited for generating relativistic intensities at moderate pulse energies. In this work, we 
present our recent progress toward a terawatt-class Fe-doped mid-IR CPA system and discuss its potential for rela-
tivistic high-order harmonic generation (HHG).

Our approach is currently under development and combines a high-contrast optical parametric amplifier (OPA) 
based on potassium titanyl arsenate (KTA) with a planned multipass Fe:ZnSe CPA stage. The front end, which has 
already been constructed, consists of a nonlinear polarization rotation mode-locked Yb fiber oscillator, followed 
by a Yb:CaF₂ CPA delivering femtosecond pulses at 1040 nm. These pulses pump a three-stage KTA OPA to gen-
erate broadband seed pulses at 4 μm with ~100 fs duration and μJ-level energy. The next stage, a cryogenically 
cooled Fe:ZnSe amplifier, is being designed to boost these seeds to pulse energies exceeding 100 mJ at 10 Hz, 
corresponding to peak powers beyond 1 TW. The broad gain bandwidth of Fe:ZnSe supports less than 200 fs com-
pressed pulse durations, enabling electric field strengths sufficient for driving relativistic plasma dynamics.

One of the key motivations for this development is the application of mid-IR drivers to relativistic HHG from 
solid-density plasmas. In this regime, the laser’s long wavelength increases the quiver momentum of electrons, al-
lowing coherent radiation to be emitted at much higher harmonic orders than with near-IR drivers. Moreover, the 
relativistic regime can produce bright, coherent extreme-ultraviolet (XUV) and soft X-ray with attosecond-scale 
duration, opening new possibilities for probing ultrafast electron dynamics in solids and dense plasmas. The high 
pulse energy and excellent beam quality achievable with Fe:ZnSe CPA systems are critical for maintaining the re-
quired intensity and contrast on target while minimizing preplasma formation.

In addition to relativistic HHG, such a laser platform is relevant to a broad range of strong-field phenomena, in-
cluding laser-driven particle acceleration, nonlinear Compton scattering, and terahertz generation from plasma 
currents. The combination of high peak power, long wavelength, and excellent temporal contrast distinguishes Fe-
doped mid-IR CPA systems from conventional near-IR and short-wavelength drivers, offering complementary ca-
pabilities for strong-field science.

We will present the current status of our Fe:ZnSe CPA development, including system design, amplifier modeling, 
and preliminary results from the OPA front end. The roadmap toward achieving multi-hundred-millijoule pulses at 
4 μm will be outlined, together with strategies for optimizing gain extraction, managing thermal loading, and sup-
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pressing amplified spontaneous emission and parasitic oscillations in the Fe:ZnSe crystal. Finally, we will discuss 
experimental plans for relativistic HHG, including target chamber design, diagnostics for XUV emission, and pros-
pects for scaling toward multi-tens-of-terawatt mid-IR drivers.

Our work aims to establish Fe-doped mid-IR CPA technology as a robust, user-friendly platform for the next gener-
ation of strong-field experiments. By leveraging the advantages of long- wavelength drivers, we anticipate opening 
new frontiers in attosecond science and relativistic light– matter interaction studies.

Development of High average Power direct-liquid-cooled Yb:YAG thin disk laser for pumping mid-infrared 
Optical Parametric Amplifiers

Huabao Cao

Xi’an Institute of Optics and Precision Mechanics

Abstract: The amplification of high average power 1030 nm laser pulses based on direct-liquid-cooled Yb:YAG 
thin disk laser head was experimentally demonstrated. The 1 kHz pulse was amplified to >260 mJ by a regenera-
tive amplifier. The pulse duration was measured to be around 1 ps after the compressor. The power stability was 
better than RMS 0.6% over 6 hours. The beam quality of M2<1.3 was achieved. This technique provides a prom-
ising approach for pumping mid-infrared Optical Parametric Amplifiers, which will be used for Soft X-Ray High 
Harmonic Generation.
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Research on Key Technologies and Development Prospects of the Laser Fusion Energy Drivers

Ju Wang1, Jun Zhang1, Xiangbing Wang1, Jingqin Su1, Ping Li1*

1Laser Fusion Research Center, China Academy of Engineerng Physics, Mianyang, 621900, China

Abstract: Enhancing the laser repetition rate and bandwidth is critical for the development of laser fusion energy 
drivers. However, constrained by the thermal conductivity and gain-bandwidth of laser gain materials, mainstream 
operational laser drivers to date cannot meet the requirements of fusion energy research. This report focuses on 
laser technology-related considerations for fusion energy. A spectral broadening scheme at the final stage of laser 
system is proposed, which effectively decouples the challenges of achieving high repetition rate and broad band-
width. To address the demand for broad-bandwidth ultraviolet lasers, a technical approach based on signal-excited 
stimulated rotational Raman scattering (SRRS) was developed and validated for achieving large bandwidth. As for 
the thermal depolarization introduced by high repetition rates, a mechanistic study was conducted with Nd:glass. 
Based on polarization control and conjugate reflection methods, a solution was proposed, showing promise for 
compensation thermal effects. A research platform for broad-bandwidth ultraviolet and high-repetition-rate lasers 
has been arranged. Furthermore, insights into the future of fusion energy are provided, regarding the recent prog-
ress in laser fusion energy driver research.

As the engine of laser fusion energy, the laser-target coupling efficiency and high-repetition-rate capability of the 
laser drivers are crucial for reducing the cost of electricity. Playing a decisive role, the broadening of the laser 
bandwidth and mitigating thermal depolarization must be addressed.

Broadband lasers can effectively suppress laser-plasma instability (LPI) and reduce scattered losses, serving as one 
of the viable pathways to enhance laser-target coupling efficiency. In response to the demand for large-bandwidth 
ultraviolet lasers, an innovative approach based on signal-excited stimulated rotational Raman scattering for spec-
tral broadening has been proposed. Integrating the amplification of both signal and pump beams, a comprehensive 
design for a large-bandwidth UV laser system has been developed. Preliminary results demonstrate that the frac-
tion of scattered light after the bandwidth boarding is significantly reduced from 63% to 80%.

Thermal deposition in optical components under high-repetition-rate operation induces thermal depolarization, 
which significantly degrades the output energy, beam quality and operational stability. To address the challenge 
of thermal depolarization, a mechanistic study was conducted with Nd:glass. By optimizing the laser polarization 
orientation, the average depolarization of a single amplifier was reduced by a factor of four. Furthermore, optical 
phase conjugation was employed to compensate the distortions between the two orthogonal polarization compo-
nents. Through backward propagation, the phase distortion between these components was effectively mitigated, 
thereby achieving the depolarization compensation.

Based on the technical advancements, a research platform for large-bandwidth ultraviolet and high-repetition-rate 
lasers has been arranged. This facility is expected to significantly bolster innovation and breakthroughs in critical 
technologies for fusion energy drivers.

Keywords: Fusion Energy，Laser Driver System，Broad Bandwidth，Thermal Depolarization

Current progress of SEL-100 PW laser facility

Yujie Peng, Yi Xu, Xinliang Wang, Xiaoming Lu, Yanyan Li, Lianghong Yu , Cheng Wang, Xiaoyan Liang, 
Yuxin Leng, Ruxin Li

 State Key Laboratory of Ultra-intense Laser Science and Technology, Shanghai Institute of Optics and Fine Me-
chanics, 

Chinese Academe of Sciences, No.390 Qinghe Road, Jiading, Shanghai 201800 

Abstract: Development of ultra-intense and ultrafast lasers have promised scientists with unprecedented extreme 
physical conditions and new experimental techniques. The Station of Extreme Light (SEL) at Shanghai high rep-
etition rate XFEL and Extreme Light Facility (SHINE) facility started at April-2018, will pioneer cutting-edge 
researches on strong field QED physics with the marriage of XFEL and the 100PW laser. The SEL project is the 
product of the marriage of the most two powerful lasers 100 PW optical laser and hard XFEL, for quantum elec-
trodynamics (QED) physics and other high energy density physics researches, powered by the unprecedented 
capability first in the world. In SEL facility, a 100 PW laser facility based on all optical parametric chirped pulse 
amplification (OPCPA) will be developed, which can provide the focused intensity of more than 1023 W/cm2. SEL-
100PW is also based on OPCPA, which will deliver 1.5 kJ energy in 15 fs pulse width. According to the schedule, 
the facility will be completed in 2027 and then open to users. We will report the new progress of the latest prog-
ress of SEL-100PW laser.

Shanghai Soft X-ray Free-electron Laser Facility (SXFEL) is the first XFEL user facility in China, which is quite 
suitable for the generation of ultrashort, high intensity x-ray pulses with the typical pulse duration of 100 fs. In the 
past decade, many schemes have been proposed to generate fs/as level pulses, which may have potential applica-
tion on ultrafast sciences. We could introduce the status of SXFEL facility including the performance of the radia-
tion and the experiments. Prospects and the upgradation of the facility could be exhibit as well.



118 119Page Page

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

OCT
23-26

OCT
23-26

Dual-front-end high-contrast 1-Hz, 200-TW/1-PW femtosecond laser system

Hui Zhang1,2, Yuze Guo1,2, Minjian Wu1,2, Yixing Geng1,2,3, Yanying Zhao1,2,3*, Xueqing Yan1,2,3

1State Key Laboratory of Nuclear Physics and Technology, and Key Laboratory of HEDP of the Ministry of Edu-
cation, CAPT, Peking University, Beijing 100871, China

2Beijing Laser Acceleration Innovation Center, Huairou, Beijing 101400, China

3Institute of Guangdong Laser Plasma Technology, Baiyun, Guangzhou, 510475, China

Abstract: Ultra-intense and ultrafast lasers are becoming increasingly indispensable for exploring extreme states 
of matter under strong electromagnetic fields. This paper presents the development progress and current key per-
formance metrics of a high-contrast petawatt (PW) femtosecond laser system independently developed at Peking 
University. 

The laser system is a chirped pulse amplification (CPA) system based on a Ti: sapphire final amplifier, capable of 
outputting femtosecond laser pulses at a repetition rate of 1 Hz with peak powers of 200 TW and 1 PW, respective-
ly. The laser system incorporates two independent front ends: a conventional front end composed of a regenerative 
amplifier Ti: sapphire CPA1 system combined with a cross-polarized wave (XPW) filter, and a high-contrast front 
end based on optical parametric chirped pulse amplification (OPCPA) self-seeded at a central wavelength of 1600 
nm via white light supercontinuum generation (WLG) pumped by an ultrafast Yb: YAG solid-state laser, combined 
with second-harmonic generation (SHG) technology for the seed laser. Both front ends share the same CPA2 opti-
cal system, which contains an Öffner stretcher, a five-stage multi-pass amplifier, and a Treacy compressor. Within 
this chain, the first amplifier is a 1000-Hz booster amplifier, while the remaining amplifiers operate at 1 Hz. 

Based on the first four amplifier stages, we have achieved output from both front ends at a repetition rate of 1 Hz 
with peak powers at the 200-TW level; the pulse duration after compression in vacuum is approximately 30 fs 
for both, the beam diameter is approximately 80 mm for both, and the temporal contrast at 100 ps is 10⁻⁹ (XPW 
front end) and 10⁻¹² (OPCPA front end), respectively. Building on this foundation, we have further completed the 
design and construction of a 1-Hz, PW-level amplification system. The PW amplifier utilizes four pump lasers op-
erating at a central wavelength of 532 nm and a repetition rate of 1 Hz, providing high-quality linearly polarized 
light with a maximum energy of 8 beams at 14 J each, energy stability (RMS over 8 hours) better than 1%, top-
hat beam profile flatness better than 1.7, and pointing stability better than 10 μrad. By formulating a refractive in-
dex-matching fluid, designing a dual-circulation cooling system, and actively adjusting the pump laser timing, we 
successfully suppressed parasitic oscillations in the PW amplifier and stabilized the temperature rise of the crystal. 
Ultimately, using the XPW front end, the PW amplifier achieved amplified energy of approximately 48.7 J, energy 
stability (RMS over 600 consecutive shots) of approximately 0.93%, while compressing the pulse to 27.5 fs in air 
with a compression efficiency of approximately 77%. 

These results indicate that this laser system has already achieved the capability to output laser pulses at a 1-Hz 
repetition rate with peak power exceeding 1 PW. Next, we will continue to complete tasks including PW-level 

commissioning of the OPCPA front end at the 1-Hz repetition rate, construction of the PW-level vacuum compres-
sor, and comprehensive diagnostics and optimization of laser parameters.

Keywords ultra-intense and ultrafast laser; 1Hz; Ti: sapphire; dual-front-end, high-contrast
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Beyond 100 Petawatt Laser and Related Technology Developments

Zhaoyang Li

Zhangjiang Laboratory, Shanghai 201210 China

Shanghai Institute of Optics and Fine Mechanics, Shanghai 201800 China

Abstract: Many 20-100 Petawatt laser projects have been proposed worldwide, and some are under construction 
now. Considering the development of ultra-intense lasers in the post-10/100-Petawatt era, several technological de-
velopments have been presented by many groups. Here, I am going to introduce the technology of the wide-angle 
non-collinear optical parametric chirped pulse amplification (WNOPCPA) and, especially, the prototype facility 
construction in Shanghai, China. The goal of this technology is to realize near-octave ultra-broadband high-energy 
amplification for future near-single-cycle Exawatt-class lasers, and that of the prototype facility is to demonstrate 
the performance in experiments. In this talk, I will also introduce the near-octave ultra-broadband gratings for 
pulse stretching/compression and near-octave ultra-broadband mirrors for beam propagation those developed for 
our WNOPCPA laser.
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Addressing Key Challenges to Enhance Peak and Average Power in CPA Laser Systems

V. Chvykov 1*

1 Center for Extreme Ultraviolet  Science and Technology, Colorado State University,  Fort Collins, 80523, USA.

Abstract: Chirped Pulse Amplification (CPA) laser systems have reached extremely high peak power levels—
up to tens of petawatts [1]. However, two major challenges remain for their widespread adoption in scientific and 
industrial applications: increasing the pulse repetition rate and improving the overall energy efficiency of the sys-
tems.

There are two primary strategies to address these obstacles. One approach involves using laser gain media with 
a broad fluorescence spectrum and high thermal conductivity of the suitable laser crystals—to enable high-ener-
gy, broadband amplification. The second approach focuses on gaining media with a low quantum defect, such as 
Yb:YAG [2]. For overwhelming a  narrower fluorescence spectrum of this crystals,  the post-compression tech-
niques are employed to broaden the spectrum after amplification, allowing for shorter pulse durations and thus 
higher peak power.

This report discusses both strategies in detail, comparing their advantages, limitations, and applicability to future 
high-power CPA laser systems.

Ti:Sapphire  (Ti:Sa) is a typical laser crystal known for its broad fluorescence spectrum and high thermal conduc-
tivity, making it well-suited for ultrafast amplification. However, its relatively high quantum defect leads to signif-
icant heat generation. This report will examine various Ti:Sa crystal configurations used in final amplifier stages, 
tailored to specific CPA system parameters such as pulse repetition rate and pulse energy [3]. The example of de-
sign  of a rectangular thin-plate Ti:Sa laser amplifier—capable of delivering over 3 J of output energy per pulse at 
a repetition rate of 1 kHz, corresponding to pulse powers exceeding 100 TW—will be presented.

In the context of Yb:YAG laser systems combined with post-compression techniques, existing methods are lim-
ited in their ability to scale both pulse energy and repetition rate [4]. This report introduces a novel approach for 
post-compressing high-energy laser pulses using gas-filled multipass cells.

To overcome the pulse energy limitation and reduce the footprint of the setup, the spectral broadening by free 
beam propagation at high intensities using flat mirrors to fold the beam similar to MPC optical scheme was pro-
posed and demonstrated. Self-focusing compensation by initial wavefront and beam shape tailoring allows achiev-
ing long propagation distance while avoiding beam collapse for pulses exceeding the critical power for self-fo-
cusing. A spherical convex initial wavefront is a one example of this tailoring; elliptical beam shape is another. A 
numerical estimation shows that the critical power for self-focusing can be significantly mitigated by increase of 
the beam divergence, which was demonstrated in our experiments.  In this scheme the intensity of Gaussian beam 
remains nearly constant along the length of propagation, allowing efficient light-gas interaction throughout the en-
tire beam volume. Furthermore, this configuration simplifies the need for complicated optical schemes and optical 
elements.  
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Keywords: High peak power laser; High average power lasers; Ultrafast lasers; Thin disc amplifiers; Nonlinear 
optics; Self phase modulation;  Post compression technique.  
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Shanghai Soft X-ray Free-electron Laser Facility: Status and Prospects

zhen wang

Shanghai Advanced Research Institute, Chinese Academy of Sciences

Abstract: Shanghai Soft X-ray Free-electron Laser Facility (SXFEL) is the first XFEL user facility in China, 
which is quite suitable for the generation of ultrashort, high intensity x-ray pulses with the typical pulse duration 
of 100 fs. In the past decade, many schemes have been proposed to generate fs/as level pulses, which may have 
potential application on ultrafast sciences. We could introduce the status of SXFEL facility including the perfor-
mance of the radiation and the experiments. Prospects and the upgradation of the facility could be exhibit as well.



124 125Page Page

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

T h e  3 r d  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  U l t r a f a s t X

OCT
23-26

OCT
23-26

Attosecond Laser Station in Synergetic Extreme Condition User Facility

Teng Hao1,2, Zhong Shiyang1, He Xinkui 1, Zhao Kun1, Yun Chenxia1, Dong Shuo1, Wei Zhiyi1,2

1 Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, 

Chinese Academy of Sciences, Beijing 100190, China; 
2 University of Chinese Academy of Sciences, Beijing 100490, China; 

Abstract: With the development of ultrafast laser technology, the attosecond laser based on high order harmonics 
generation has become one of the leading direction in ultrafast sciences. The generation and measurement of atto-
second light pulses provided scientists to master a powerful tool to peek into ultrafast processes inside 
materials at unprecedented precision, and give birth to a new field and research direction: attosecond 
science. 

In order to better realize the application of attosecond light pulses in multiple fields for more users, the Institute 
of Physics CAS has built a large ultrafast dynamic and image system as one of the four extreme conditions of 
the “ Synergetic Extreme Conditions User Facility (SECUF)”, with the support of National Major Basic Science 
Infrastructure Projects, in September 2017. The attosecond laser station is responsible for the generation and ap-
plication of isolated attosecond pulse based on high harmonic generation with pulse duration of less than 100 as 
in XUV, and is equipped with time-resolved angular resolved photoelectron spectrometer (ARPES), photoelectron 
microscope (PEEM), cold target recoil-ion momentum spectrometer (COLTRIMS) and other end-stations. Thus, 
it provides users with the attosecond to femtosecond time resolution and momentum, energy resolution measure-
ments for study on the ultrafast dynamics of physical, chemical and biological materials on atomic scale.

After 5 years of development of four XUV beamlines and end stations, the attosecond laser station can out-
put extreme ultraviolet (XUV) coherent radiation with photon energy of nearly 100eV and isolated 
attosecond pulse (IAP) with duration of 86 as. The time-resolved ARPES beamline use a femtosecond laser 
with an average power of 280W in 57 fs at repetition rate of 500 kHz to produce high order harmonics of 20~50 
eV. A narrow-band high-order harmonic light source was selected by a monochromator and combined with a 
femtosecond IR laser to form a pump-probe pulses, which was jointly focused on the ARPES sample. The photo-
electrons generated were detected by an energy analyzer. By scanning the precise delay between the pump light 
and the detection light, the time resolution was demonstrated to be 125.75 fs, as well, the energy resolution is 43.9 
meV. The minimum temperature of the sample is 3.8 K. As for the PEEM, the spatial resolution of PEEM with 
21.6 eV high harmonic light source generated by few-cycle laser at 100kHz was demonstrated to be less than 100 
nm. As for the COLTRIMS, the momentum resolution of electron was 0.03 a.u., and the momentum resolution of 
ion was 0.04 a.u. 

After passing the national acceptance inspection, the facility has been fully open to users since 2023. The attosec-
ond laser station has provided users with approximately 9,000 hours of beamline time, and achieved some results, 
such as the generation of sub-60-as light source, revealing light-induced charge density wave melting and carrier 

redistribution in 1T-TiSe2, etc. 

Keywords  attosecond pulse; few-cycle laser pulse; high harmonic generation; carrier envelope phase; attosecond 
streaking spectroscopy; PEEM; COLTRIMS; ARPES; TOF；XUV spectroscopy 
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Generation and Application Prospects of Tabletop Muon Sources Driven by Laser Wakefield Electron Ac-
celerators

Feng Zhang1*†,  Li Deng2,3, Yanjie Ge4,9, Jiaxing Wen1, Bo Cui1, Ke Feng4, Hao Wang4, Chen Wu5,6, Ziwen 
Pan7, Hongjie Liu1, Zhigang Deng1, Zongxin Zhang4, Liangwen Chen3,2,8, Duo Yan3,2,8, Lianqiang Shan1, 

Zongqiang Yuan1, Chao Tian1, Jiayi Qian4, Jiacheng Zhu4, Yi Xu4, Yuhong Yu3,2,8, Xueheng Zhang3,2,8, Lei 
Yang3,2,8, Weimin Zhou1, Yuqiu Gu1, Wentao Wang4, Yuxin Leng4, Zhiyu Sun3,2,8, Ruxin Li4,9

1 Nation Key Laboratory of Plasma Physics, Laser Fusion Research Center (LFRC), China Academy of Engineer-
ing Physics (CAEP), Mianyang 621900, China

2 Advanced Energy Science and Technology Guangdong Laboratory, Huizhou 516000, China

3 Institute of Modern Physics, Chinese Academy of Sciences (CAS), Lanzhou730000, China

4 State Key Laboratory of High Field Laser Physics and CAS Center for Excellence in Ultra-intense Laser Sci-
ence, Shanghai Institute of Optics and Fine Mechanics (SIOM), Chinese Academy of Sciences (CAS), Shanghai 

201800, China

5 Institute of High Energy Physics, Chinese Academy of Sciences (CAS), Beijing 100049, China

6 Spallation Neutron Source Science Center, Dongguan 523808, China

7 State Key Laboratory of Particle Detection and Electronics, University of Science and Technology of China, 
Hefei 230026, China

8 School of Nuclear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049, China

9 Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Bei-
jing 100049, China.

Abstract: Muons, which play a crucial role in both fundamental and applied physics, have traditionally been 
generated through proton accelerators or from cosmic rays. With the advent of ultra-short high-intensity lasers 
capable of accelerating electrons to GeV levels, it has become possible to generate muons in laser laboratories. In 
this work, we show the first proof of principle experiment for novel muon production with an ultra-short, high-in-
tensity laser device through GeV electron beam bombardment on a lead converter target. The muon physical sig-
nal is confirmed by measuring its lifetime which is the first clear demonstration of laser-produced muons. Geant4 
simulations were employed to investigate the photo-production, electro-production, and Bethe-Heitler processes 
response for muon generation and their subsequent detection. The results show that the dominant contributions of 
muons are attributed to the photo-production/electro-production and a significant yield of muons up to 0.01 μ/e- 
out of the converter target could be achieved. This laser muon source features compact, ultra-short pulse and high 
flux. Therefore, its implementation in a small laser laboratory is relatively straightforward, significantly reducing 
the barriers to entry for research in areas such as muonic X-ray elemental analysis, muon spin spectroscopy and so 
on.

Track 9  Ultrafast Laser Processing and Manufacturing

High-repetition-rate Femtosecond Laser Micro/Nano-Processing Via Multiple Pulses Incubation

Jingbo Yin1,2, and Minghui Hong1,2,*

1Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, Xiamen, 361005, China.

2Discipline of Intelligent Instrument and Equipment, Xiamen University, Xiamen, 361005, China

Abstract: As a flexible and efficient non-contact processing strategy in ambient air, femtosecond laser precision 
engineering has become an advanced technology for micro/nano-structures’ fabrication. Femtosecond laser can 
output ultrashort laser pulses at a very high repetition rate, ensuring higher machining accuracy and improving the 
machining efficiency. The femtosecond laser manufacturing is mostly processed under multiple pulses irradiation. 
At a high-repetition-rate, incubation effect based on the multiple pulses irradiation provides a new theoretical and 
technical support to realize precision manufacturing. This report summarizes the influence of femtosecond laser 
repetition rate on the mechanism of multiple pulses incubation. Based on the incubation effect of defects’ accumu-
lation at kHz, the thermal incubation effect at MHz is proposed. Our latest progress in high-repetition-rate femto-
second laser precision engineering based on multiple pulses incubation is emphatically introduced. At a repetition 
rate of kHz, the incubation effect manifests as a reduction in the ablation threshold due to the accumulation of sur-
face defects inside materials. When the repetition rate reaches MHz, the thermal relaxation time of the materials 
and the pulse interval achieve a dynamic equilibrium, resulting in the heat accumulation. Through the precise con-
trol of this thermal incubation, various processes can be realized, such as oxidation structure patterning, nanostruc-
ture synthesis and flexible nanopatterning. These processing strategies based on multiple pulses incubation provide 
unique insights for femtosecond laser micro/nano-processing. Furthermore, the challenges and future prospects of 
high-repetition-rate femtosecond lasers in both fundamental research frontiers and industrial applications are dis-
cussed.

Keywords: high-repetition-rate femtosecond laser; incubation effect; defects’ accumulation; heat accumulation; 
micro/nano-processing.
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Uultrafast laser high-aspect-ratio extreme nanostructuring of optical materials

Guanghua Cheng1*, Guodong Zhang1, Razvan Stoian2

1School of Artificial Intelligence, Optics and Electronics, Northwestern Polytechnical University, Xi’an 710072, 
China.

2Laboratoire Hubert Curien, UMR 5516 CNRS, Université Jean Monnet, 42000 Saint Etienne, France

Abstract: A capacity to substantially exceed optical limits and to structure below 100 nm is essential to advance 
ultrafast processing into the field of metamaterials. Using ultrafast nondiffractive Bessel beams, we demonstrate 
unprecedented feature sizes down to 7 nm, result from self-generated near-field light components initiated by cav-
ities induced by far-field radiation in a back-surface illumination geometry. This sustains the generation of more 
confined near-field evanescent components along the laser scan with a nanometer pitch, perpendicular to the in-
cident field direction, driving a super-resolved laser structuring process via local thermal ablation. The near-field 
pattern is replicated with high robustness, advancing toward a 10-nm nanoscribing tool with a millimeter-sized 
photolithography. The nondiffractive irradiation develops evanescent fields over the focusing length, resulting in 
high-aspect-ratio trenching with a nanometer section and a micrometer depth. A predictive multi-pulse simulation 
method validates the far-field-induced near-field electromagnetic scenario of void nanochannel growth and repli-
cation, indicating the processing range and resolution on the surface and in the depth. We conducted in situ recon-
struction of thermodynamic states over the entire matter relaxation path in bulk fused silica irradiated by ultrafast 
nondiffractive laser beams using time-resolved optical phase microscopy. The dispersion and time design of the 
optical beam to picosecond durations increases the spatial confinement and triggers an extreme nanostructuring 
process based on nanocavitation. This allows for structural and morphological nanoscale material features under 
3D confinement that can engineer optical materials.

Keywords: Ultrafast Laser, Nanoscribing, Transient Thermodynamic

Ultrafast laser-induced modulation of structures and photonic functionalities in glass

Dezhi Tan, Jianrong Qiu

Zhejiang University, Chhina

Abstract: Various functional structures have been created by ultrafast laser direct writing. A novel mechanism 
for controlling glass structure through ultrafast laser-induced nanophase separation and ion migration has been 
proposed. This innovation has led to the invention of three-dimensional micro-nano photonic structures with 
broadly and continuously tunable luminescence, and the development of the first glass-based micro-LEDs[1,2]. 
Additionally, a new method for rapid optical field modulation driven by deep learning has been developed to re-
duce focal spot and structural distortions, increasing the speed of holographic phase calculation by two orders of 
magnitude[3,4]. This enhancement improves the precision and efficiency of glass structure modulation, achieving 
the world’s lowest loss in optical waveguides and significantly expanding their operational wavelength range. 
Furthermore, a butt-coupled optical chip architecture has been introduced, along with an ultra-broadband, low-en-
ergy nonlinear optical modulation method[5]. This method exhibits a ultrasmall threshold for nonlinear activation 
function that is an order of magnitude smaller than previously reported, enabling the construction of an optical 
neural network. The invention of the first glass optical chip capable of all-optical nonlinear operations has notably 
improved the accuracy of image recognition and classification in optical neural networks through its nonlinear ac-
tivation functions.
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Burst-Mode Femtosecond Laser Coloring of Pure Titanium Products

Liping Shi

Xidian University

Abstract: Coloring on pure titanium without toxic chemicals or thermal distortion remain  a key challenge for 
consumer products. Here, we introduce burst-mode femtosecond laser processing that tailor  oxide growth on tita-
nium surface by varying the number of sub-pulses within each 400 kHz burst. We observe a continuous transition 
from muted, low-saturation hues to vivid, uniform colors as the sub-pulse count gradually increases from 1 to 10. 
This evolution arises from the synergy between ultrafast non-thermal oxidation and gentle heat accumulation, 
which progressively smooths the oxide surface and suppresses iridescent microstructures. The resulting colors are 
free of electrolyte residues and the underlying titanium retains its original flatness. The technique thus offers an 
acid-free and mask-less route for high-resolution decoration of pure titanium products.

Beam Shaping Empowered Ultrafast Laser Processing

Jian Xu1*, Yuanxin Tan1,2, Jianping Yu1, Yunpeng Song1, Ya Cheng1*

1East China Normal University, Shanghai 200241, China

2Shandong Normal University, Jinan 250014, China.

Abstract: Precision and efficiency are crucial metrics for evaluating laser processing performance. Beam shaping 
in temporal, spatial, and spectral domains provides a powerful toolkit for enhancing the accuracy and efficiency 
of laser processing. Ultrafast laser processing, known for its distinctive nonlinear optical effects, has become an 
effective approach for three-dimensional (3D) machining of transparent materials. However, the spatial resolution 
and processing throughput often remain limited with conventional Gaussian ultrafast laser pulses. Therefore, de-
veloping tailored beam-shaping strategies has become essential to meet the diverse needs of different applications. 
We present our recent advancements in beam-shaping-assisted high-precision and high-efficiency ultrafast laser 
3D processing in glass materials, including: spatially shaped laser fabrication of multifunctional optofluidic wave-
guide devices, Bessel-beam-assisted fabrication of high-depth, high-aspect-ratio microstructures, 3D isotropic 
fabrication through spatiotemporal focusing using high-repetition-rate femtosecond laser pulses,  and 3D isotropic 
processing aided by high-speed rotating slit beam shaping.

Keywords: Beam shaping; Ultrafast laser processing; Spatiotemporal focusing; Bessel beam; Glass
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Attosecond seeded intensity gating for second plateau generation in solid-state HHG via Landau–Zener 
inter-conduction-band transfer

Lu Liu*

Mathematics and Physics Department, North China Electric Power University, Beijing 102200, China

Abstract: This study presents a novel mechanism for generating the second plateau in solid-state high-harmon-
ic generation (HHG): the combination of attosecond seeding and intensity gating under weak-field conditions. 
Through Landau–Zener inter-conduction-band transfer, we demonstrate how attosecond pulses enable stable 
generation of the second plateau under moderate MIR intensities without exceeding damage thresholds. Time–fre-
quency analysis shows that the second plateau emits once per MIR cycle, exhibiting a 2ω_MIR delay modulation, 
and its envelope rigidly shifts by T/4 when the CEP of the MIR is changed, confirming the intensity gating nature 
of the second plateau. Furthermore, even harmonics in the first plateau exhibit a 2ω modulation out of phase with 
the second plateau, demonstrating the vector-potential/slope gating effect. Channel ablation and transient absorp-
tion spectroscopy (ATAS) confirm the critical role of attosecond injection and conduction-band handoff in second 
plateau generation.

This work provides a new pathway for programmable high-energy HHG in solids, offering a clear theoretical 
framework with experimentally verifiable mechanisms and tunable parameters (such as delay, CEP, and intensity) 
for future ultrafast light source design and applications.

Keywords: attosecond seeding; solid-state HHG; intensity gating; Landau–Zener transfer; intraband acceleration; 
time-delay modulation; CEP phase shift; TDSE; ATAS

Results

Figure 1. (a) Band structure used in the TDSE simulations. The lowest, upper valence bands and the 

first, second, third conduction bands are indicated. Dashed markers highlight the minimal and max-
imal band gaps among different bands. (b) Attosecond transient absorption (ATAS) with the attosec-
ond pulse alone for different frequencies. Prominent absorption features are annotated and coincide 
with the extreme gaps in panel (a), providing band-structure fingerprints that will be used to identify 
emission channels and interpret the second-plateau formation in the combined as+MIR case.

Figure 2. (a) High-harmonic spectra as a function of MIR field amplitude for MIR-only driving. 
Before EMIR=0.003 a.u., a single first plateau is observed across the scan, no second plateau appears. 
(b) Same scan with an attosecond seed (ωas=11ωMIR) arriving before the MIR. A robust second pla-
teau emerges at weak–moderate fields, while the first plateau remains.
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Figure 3. Delay-dependent HHG map (as+MIR). Horizontal axis: MIR–as time delay τ; vertical 
axis: harmonic order; color scale: spectral intensity (log). Two plateaus are clearly visible. Key 
features: (1) In the first plateau, the dominant odd orders are essentially delay-flat (no observable 
modulation). (2) The even orders interleaved between adjacent odd harmonics within the first pla-
teau show a pronounced 2ωMIR modulation versus τ. (3) The second plateau exhibits a strong 2ωMIR 
delay modulation with two maxima per MIR cycle. The maxima of the second-plateau envelope are 
phase-shifted by π/2 relative to the even-harmonic maxima in the first plateau.

Femtosecond laser atomic-scale processing for inherently  superhydrophobic metal surfaces

 Jianjun Yang

Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun, 130033, 
China.

Abstract: Superhydrophobic metal surfaces are great significant for many applications in industry, aerospace, naviga-
tion and medical fields, because of having self-cleaning, high corrosive resistance, drag reduction and anti-icing behav-
iors. Currently, their realization is mostly based on a combination of micro/nanostructure with low-surface-energy or-
ganic coatings. This inevitably results in serious problems of aging instability and poor durability for superhydrophobic 
properties, which becomes a bottle-neck challenge hindering its pratical applications. 

To solve the above issues, we recently proposed a new stratergy of femtosecond laser atomic-scale processing of 
aluminum alloys to achieve the coating-free inorganic superhydrophobic surface. The laser-induced modulations 
are manifested in three aspects: the surface morphology converting into topological anthill-tribe structures, the 
atomic composition transferring into silicate ceramics, the atomic arrangement changing into amorphous and para-
crystalline phases. The subsequent low-temperature annealing endowed the surface with the evident superhydro-
phobic performance. 

Remarkably, the availlable extreme water repellency was found to well remain within the simulated seawater im-
mersion over 2000 hours. A series of additional tests, including rigorous electrochemical measurements, mechan-
ical friction, ultraviolet exposure, freezing cycling, acidic/alkaline solutions, were also employed to validate the 
superhydrophobic property. Moreover, the measured corrosion current of the superhydrophobic sample exhibits 
a striking reduce by about 5 orders of magnitude when compared to the pristine material. Ab initio calculations 
revealed that the paracrystalline formation within the structures can facilitate the surface energy reduction and the 
chemical stability enhancement, thereby posing the extraordinary long-lasting superhydrophobic effects. These 
findings demonstrate a potential of femtosecond laser-driven atomic-level engineering of material surfaces for de-
velopment of eco-friendly inorganic superhydrophobic surfaces to fulfill mutiple demonds.

Keywords:Femtosecond laser , Metal surface, Superhydrophobicity
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Ultrafast Laser Multi-Scale Manufacturing of Inorganic Nanomaterials

Linhan Lin 

Tsinghua University

Abstract: Laser 3D nanoprinting is a maskless manufacturing technique, which can achieve high-resolution fab-
rication of diverse 3D nanostructures. However, traditional laser printing techniques are limited by the photopo-
lymerization process and are only applicable to some photoresists. In this talk, I will introduce several additive 
manufacturing techniques such as photoexcitation-induced chemical bonding (PEB) and optofluidic crystallithog-
raphy, which allows the 3D printing of inorganic materials including semiconductors, metals, insulators, as well as 
the laser direct writing of single-crystal halide perovskites. These laser manufacturing techniques open new ways 
for the fabrication of functional nanodevices and will find many applications such as integrated chips and near-eye 
display.

Laser Mode Manipulation in Both Solid-State and Fiber Lasers

Sha Wang

Sichuan University

Abstract: The modes of lasers include two types: transverse modes and longitudinal modes. This report mainly 
focuses on the regulation of transverse modes and longitudinal modes in lasers.

For the transverse mode manipulation of lasers, methods such as off-axis pumping, Sagnac interferometric struc-
ture, and polarization rotation technology are adopted to realize the generation of vortex beams, flat-top beams, 
and skyrmions in solid-state and fiber lasers.

For the longitudinal mode manipulation: in the single-frequency laser regime, high-stability single-frequency laser 
output is achieved through a composite cavity structure; in mode-locked lasers regime, stable mode-locked lasers 
and single-cavity dual optical comb lasers are obtained by combining multiple mode-locking mechanisms, and the 
intelligent control of mode locking in both solid-state and fiber lasers is explored.
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Attosecond electron and gamma-ray sources by intense laser-plasma interactions

Tongpu Yu1*

1Colleage of Science, National University of Defense Technology, 410073, China

Abstract: The rapid development of laser technologies promises substantial growth of peak laser intensities and 
thus has pushed laser–plasma interaction to the relativistic regime over the past several decades. This has provided 
opportunities for building tabletop particle accelerators and compact X/γ-ray radiation sources. High energy den-
sity electron beams and γ-rays with attosecond duration, high collimation and beam angular momentum (BAM) 
may find many potential applications in several fields like nuclear physics, astrophysics, laboratory astrophysics, 
etc. Especially, the generation of attosecond bunches of energetic electrons offers significant potential from ultra-
fast physics to novel radiation sources. A proper laser field structure in time and space potentially provides effec-
tive manipulation of atoms and charged particles, including the generation and acceleration of ultrashort electron 
bunches. In this talk, we propose a scheme to generate such electron and γ-ray beams by a few-cycle twisted laser 
pulse interacting with plasma targets. Our model clarifies the laser intensity threshold and carrier-envelope phase 
effect on the generation of the isolated electron sheet. Three-dimensional numerical simulations demonstrate the 
γ-ray emission with 320 attoseconds duration and peak brilliance of 9.3×1024 photons s−1 mrad−2 mm−2 per 0.1% 
bandwidth at 4.3 MeV. The γ-ray beam carries a large BAM of 2.8×1016ℏ, which arises from the efficient BAM 
transfer from the rotating electron sheet, subsequently leading to a unique angular distribution. This work should 
promote the experimental investigation of nonlinear Thomson scattering of rotating electron sheets in large laser 
facilities.

Keywords: Attoseond electron beams, LG laser pulse, Beam angular momentum.

Femtosecond laser fabricated functional micro/nanostrucutres and applications

Guoliang Deng1*, Jie Wu1, Yue Li1, Rubo Chen1, Gangrong Fu1, Shutong Wang1, Shouhuan Zhou1

1College of Electronics And Information Engineering, Sichuan University, Chengdu, 610064, China.

Abstract: Compared to traditional laser processing technology, femtosecond laser offers higher precision, reduced 
thermal effect, and a broader range of material applicability. Here, we present the research progress on the fabri-
cation of functional micro/nanostrucutres, such as waveguides, grating, based on femtosecond laser. Furthermore, 
we report applications in spectroscopy and nonlinear optics. 

Femtosecond lasers possess the capability to readily process three-dimensional micro- and nano-structures inside 
transparent hard materials, enabling the fabrication of complex three-dimensional micro- and nano-structures 
inside the material. Among these, three-dimensional optical waveguides, as the most fundamental optical compo-
nents in integrated optics, find extensive applications in waveguide lasers, frequency converters, and supercontin-
uum generation. We fabricated helical three-dimensional optical waveguides in YAG using femtosecond laser pro-
cessing. By creating auxiliary etching dual lines and auxiliary etching pores at both ends, followed by wet etching 
to expose these positions to air, we successfully produced hollow channel waveguides in YAG. The results show 
that the waveguide exhibits excellent light-guiding properties and supercontinuum characteristics. Furthermore, 
calculations indicate that small-sized hollow-channel waveguides can achieve dispersion control, with smaller di-
mensions yielding stronger dispersion control capabilities. Combined with near-field enhancement effects, the fab-
rication of nanoscale three-dimensional hollow-channel waveguides can be easy, thereby achieving highly precise 
dispersion control.

Fig.1 The microscopic images of the end-faces (a) and top-view patterns (b) of the helical hollow channel wave-
guide.

Keywords: femtosecond laser processing, waveguide, supercontinuum generation
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Generation of strong attosecond field in soft x-ray region: Toward attosecond nonlinear experiments

Dianhong Dong1,2,3, Kotaro Imasaka1, Bing Xue1,2, Natsuki Kanda1, Hushan Wang1,2, Yuxi Fu2,3, and Eiji J. 
Takahashi1,*

1RIKEN Center for Advanced Photonics, RIKEN, Wako-shi, 351-0198, Japan 

2Center for Attosecond Science and Technology, Xi’an Institute of Optics and Precision Mechanics, Chinese Acad-
emy of Sciences, Xi’an, 710119, China

3University of Chinese Academy of Sciences, Beijing, 100049, China

Abstract: We developed a perturbed waveform synthesizer to generate and characterize intense, low-repeti-
tion-rate isolated attosecond pulses. Intense IAPs are characterized by an efficient and convenient all-optical fre-
quency-resolved optical gating method, demonstrating pulse durations of ~227 as and ~128 as with central photon 
energies of 60 eV and 107 eV, respectively. Ultra-intense isolated attosecond fields were realized through sub-mi-
crometer focusing with a high-precision ellipsoidal focusing mirror. The peak power intensity is expected to reach 
the Petawatt/cm2 level, enabling access to attosecond nonlinear spectroscopy.

The generation of isolated attosecond pulses (IAPs) is vital to attosecond science, enabling ultrafast investiga-
tions of electronic dynamics in atoms, molecules, and condensed matter. In this study, we developed a perturbed 
three-channel waveform synthesizer for efficient IAP generation and characterization at low repetition rates (10 
Hz)[1]. Intense IAPs centered at photon energies of 60 eV (227 as duration, as shown in Fig.1) in argon (Ar) and 
107 eV (128 as duration) in neon (Ne) were generated by the driving field from an optimized three-channel wave-
form synthesizer and characterized using all-optical frequency-resolved optical gating (AO-FROG) by introducing 
a perturbed pulse to the waveform synthesizer, which proved to be an effective and precise method for analyzing 
IAPs, providing fast feedback and improved spectral flexibility for the tunability of the IAP source. We demon-
strated the generation of gigawatt and subgigawatt-scale IAPs in the extreme ultraviolet (XUV) and soft X-ray 
region, respectively, achieving peak powers higher than previously reported values.

Furthermore, the proposed tabletop gigawatt-class IAP was tightly focused down to a sub-micrometer scale spot 
size by employing a custom-made ellipsoidal mirror, where the peak power intensity is expected to reach a Pet-
awatt/cm² level. The surface of the ellipsoidal mirror was finely polished to meet the requirements of such extreme 
focusing and was coated with a multi-layer Mo/Si coating, which supports high reflectivity of up to 28% for the 
60 eV regime. The focused spot size was evaluated using the knife-edge method, which employed the atomically 
flat edge of a silicon window and an X-ray CCD camera. A preliminary demonstration is presented in Fig.2, cor-
responding to the sub-micron focusing of attosecond pulse trains driven by a multi-cycle 800 nm femtosecond 
pulse, which validates the focusing capability of the system. Although sub-micrometer focusing of IAPs has been 
achieved, their repeatability and long-term stability require further improvement.

Fig. 1. Results of gigawatt-scale XUV IAPs in Ar gas. (a) Experimentally measured AO-FROG trace. (b) Retrieved IAP intensity and 
phase profiles, the experimentally measured spectrum, along with the retrieved spectrum from the IAP profile via Fourier-Transform, 
are shown in the inset.

Fig. 2. Results of knife-edge measurement. (a) and (b): results for attosecond pulse trains with beam diameter (FWHM) of 0.95 mi-
cron along the X axis and 0.64 micron along the Y axis, respectively. 

The ability to generate such powerful IAP fields opens the door to realizing and exploring attosecond nonlinear 
optics, such as nonlinear frequency conversion and four-wave mixing. This work will also help build a method for 
the application of IAP pump-IAP probe nonlinear spectroscopy, which has been considered a powerful tool for un-
derstanding ultrafast electron dynamics.

Keywords: isolated attosecond pulses, intense attosecond fields, attosecond nonlinear optics

1. 	 D. Dong, H. Wang, B. Xue, K. Imasaka, N. Kanda, Y. Fu, Y. Nabekawa, and E. J. Takahashi, Opt Lett 50, 1461 (2025).
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Ultrafast dynamics of charge ordered phases of IrTe2

Hongchen GAOa, Fardiman Rulia, Choongwon Seoa,b, Yoon Seok Ohc, Sang-Wook Cheongd, Kyungwan 
Kima*

a Department of Physics, Chungbuk National University, Cheongju, Chungbuk 28644, Republic of Korea

b Linac Coherent Light Source, SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, Cali-
fornia 94025, USA

c Department of Physics, Ulsan National Institute of Science and Technology, Ulsan 44919, Republic of Korea

d Rutgers Center for Emergent Materials and Department of Physics and Astronomy, Rutgers University, Piscat-
away, New Jersey 08854, USA

Abstract: IrTe2 exhibits several charge-ordered (CO) phases. The low temperature polarized Raman 
spectroscopy studies on single crystals have revealed distinct active phonon modes at various tempera-
tures; however, these modes were not directly linked to a specific CO phase. Additionally, tunning the 
system through chemical doping or reducing its thickness induces superconductivity in the ground state 
and stabilizes a CO state in the normal state. Understanding of the intrinsic properties of each individ-
ual CO phase in IrTe2 single crystal is essential for unraveling the fundamental mechanisms governing 
phase transitions.

We used near-infrared pump-probe technique to investigate various charge ordered phases of IrTe2. Initiated by an 
ultrashort laser pulse, coherent lattice vibrations can be detected by measuring a transient reflectivity change. The 
Fourier transform spectra of the oscillations reveal three distinct low-temperature phases. Temperature-dependent 
measurements allowed us to identify each phase and correlate its unique oscillation characteristics with the under-
lying structural configuration. Furthermore, by analyzing the polarization dependence of the ultrafast dynamics, 
we determined that both the oscillation frequencies and polarization-dependent responses serve as key signatures 
for distinguishing between different CO phases of IrTe2.

Simulation of Quantum nature in High-Harmonic Generation

Yifei Fu1, Di Zhao1,*, Shaoyan Gao1, Pengbo Li1

1Ministry of Education Key Laboratory for Nonequilibrium Synthesis and Modulation of Condensed Matter, Shaanxi Province Key Labo-

ratory of Quantum Information and Quantum Optoelectronic Devices, School of Physics, Xi’an Jiaotong University, Xi’an 710049, China.

Abstract: High Harmonic Generation (HHG) is an extremely nonlinear optical phenomenon that occurs when 
intense laser fields interact with matter, which leading to the emission of high harmonics of driving frequency that 
can extend to the X-ray spectral ranges and reduce to the attosecond timescale. This process has become a power-
ful tool in the generation of coherent X-ray resources, attosecond pulses, ultrafast spectroscopy and transient elec-
tron dynamics. For decades, three-step model within Strong Field Approximation(SFA)  has provided a semi-clas-
sical theory for revealing its spectral features, such as the characteristic plateau and cutoff frequency. Classical 
descriptions of the driving and emission field is sufficient in most experimental environments. However, recent 
advances in HHG emission photon statistics constituted an experimental demonstration of the quantum-optical na-
ture of the HHG process, opened a new avenue for extending HHG to a fully quantum optics regime. I. Kaminer, 
M. Lewenstein have introduced Quantum Optical-corrected Strong-field Approximation(QOSFA) model, reveal-
ing non-classical phenomena such as preservation of the quantum properties of the quantum driving field, and the 
squeezing of the initial coherent driving field. This model can reveal the primary quantum properties of the optical 
field in the high-harmonic generation process, yet its results remain dependent on semiclassical numerical calcula-
tions.

The QOSFA model partitions the driving field into the classical strong-field component and the quantum fluc-
tuation component, thereby leveraging established outcomes from the semiclassical SFA. This approximation 
neglects quantum interactions between optical modes and the material system, leading to a loss of correlations 
between the system and field, which may consequently result in the absence of partially corresponding quantum 
properties. In this talk, we numerically investigate quantum effects in HHG by using the fully quantized model for 
the interaction between the intense laser field and a two-level system. In this model, we quantized both the driv-
ing mode and the harmonic modes, and directly solved the time-dependent schrodinger equation. Our model fully 
incorporates the quantum nature of both the driving field and the high harmonics. The precise numerical solution 
describes the dynamics of the two-level system and the photon distribution in each mode. Our results confirm the 
existence of squeezing in the driving field. Especially, we found that both the driving and harmonic fields exhibit 
more significant squeezing as the field intensity grows, demonstrating that the quantum nature of high harmonic 
generation is intensity-sensitive.

In summary, we have precisely calculated a fully quantum high-harmonic generation model. We anticipate that 
this approximation-free full quantum treatment will help exploring additional non-classical properties in high-har-
monic generation.

Keywords: Ultrafast Lasers; Quantum Optics; Harmonic Generation; Nonlinear Optics
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Intense 11 eV femtosecond beamline by third harmonic generation in Xe and Kr

Yimin Gu 1, Takayuki Kurihara 1, Tomoya Mizuno 1, Ahmed R. A. Ibrahim 2, Teruto Kanai 1, and Jiro 
Itatani 1

1The Institute for Solid State Physics (ISSP), the University of Tokyo, Kashiwa, Chiba 277-8581, Japan

2 RIKEN, the Institute of Physical and Chemical Research, Wako, Saitama 351-0198, Japan

Abstract: Vacuum Ultraviolet (VUV) at 11 eV (114 nm) is suitable for Time- and angle-resolved photoemission 
spectroscopy (Tr-ARPES) beamlines [1-4], as it lies in the shortest wavelength range where transmission optics 
such as LiF and MgF2 are still available. Starting from the 1030 nm Yb-based lasers and focusing its 3rd harmon-
ic around 343 nm into an enclosed noble gas chamber, THG at 11 eV with high conversion efficiency have been 
demonstrated.

One difficulty in such a setup is the separation of 11 eV from the much stronger 343 nm driver beam; while spec-
tral separation optics such as LiF prisms and dielectric beamsplitters exist, they offer limited throughput and often 
suffer from long-term degradation. Here, we propose an alternative approach: the 343 nm beam spatially filtered 
into a donut shape as the driver pulse. By carefully adjusting the pressure, it is shown that the emitted 11 eV beam 
can form a gaussian-like profile, filling the central part of the beam where the driver has little intensity, giving a 
good spatial separation.

A turnkey Yb:KGW laser with a central wavelength at 1030 nm and repetition rate up to 50 kHz is used to pro-
duce 3rd harmonic pulses at 343 nm with single pulse energy up to 51 µJ. The central part of the 343 nm beam is 
then clipped a metallic spatial filter with a diameter of 1.9 mm, turning the beam into a donut shape. The outer part 
of the beam is additionally clipped by an iris. The remaining intensity of 28 µJ is then focused into an enclosed 
gas chamber filled with Xe or Kr by a CaF2 lens with a focal length of f=500mm. The generated 11 eV beam exits 
from a LiF window, is sent into a grating monochromator and then finally measured by an X-ray CCD camera, as 
shown in Figure 1. 

Figure 1. Vacuum system setup and light propagation

Figure 2 shows the Kr-pressure dependence of the beam profile of the emitted 11 eV pulse, measured along the 
vertical direction. As the pressure increases from zero, the total yield of the 11 eV rises, peaking around 6-8 kPa. 
At lower pressure range, the 11 eV beam shows two peaks, reflecting the original beam shape of the 343 nm driv-
er. At higher pressures, the two peaks become less separated, gradually merging into a gaussian-like single peak. 
The conversion efficiency is estimated to reach 0.4% in Xe gas, and 0.1% in Kr. We indicate that the observed 
beam shaping effect can be explained by the geometrical phase matching conditions around the focus point.

Fig. 2. Beam profile of the 11 eV emitted from a donut-shaped 343 nm driver pulse, measured under different 
pressures. 

We demonstrated a bright femtosecond 11 eV generation from a commercial Yb:KGW laser system with the high-
ly efficient THG process in Xe/Kr gases.  By modulating the 343 nm driver beam profile into a donut shape, an 
excellent spatial separation of the 11 eV emission from the driver is achieved. This offers a simple and robust 11 
eV light source, potentially suitable for a Tr-ARPES beamline in future.
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Continuum-continuum transition: the hydrogen model and beyond

Jia-Bao Ji1*, Vladislav V. Serov2, Meng Han3, 
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1Laboratorium für Physikalische Chemie, ETH Zürich, Zürich 8093, Switzerland

2Department of Medical Physics, Saratov State University, Saratov 410012, Russia

3J. R. Macdonald Laboratory, Department of Physics, Kansas State University, Manhattan, KS 66506, USA

4Department of Chemistry, Tohoku University, Sendai, 980-8578, Japan

5School Physical Science and Technology, ShanghaiTech University, Shanghai 201210, China

6Research School of Physics, The Australian National University, Canberra ACT 2601, Australia

Abstract: Continuum-continuum (CC) transition plays an important role in the attosecond photoionization 
time-delay measurements using the two-photon scheme such as the RABBIT technique, where the two-photon 
transition amplitude is decomposed as the product of the bound-continuum transition and the CC transition. For 
a long time, the CC transition has been only available with asymptotic approximation [1], which is less accurate 
at low-kinetic energy and cannot correctly describe the angular dependence of the time delay [2]. We have de-
rived the analytical formula for the CC transition amplitude for the hydrogen-like atoms using the exact Coulomb 
wavefunctions without asymptotic approximation [3], which overcomes the inaccuracy in the low-kinetic-energy 
region and agrees with the experimental and TDSE-simulated angle-dependent time delay [4]. This formula also 
reveals a Cooper-like minimum in the CC transition for high-angular-momentum states due to the centrifugal po-
tential, which is confirmed by TDSE on the Ce 4f two-photon ionization [5]. More recently [6], we have extended 
the treatment of CC transition amplitude into the Coulomb potential accompanied with a short-range potential, 
hybridizing the numerical and analytical methods. This approach can be further extended to the case where the in-
termediate state of the absorption pathway lies under the ionization threshold. Results on He 1s, Ar 3p, and Xe 4d 
XUV-UV two-photon ionizations agree quantitatively with TDSE, showing the violation of Fano’s propensity rule 
[7,8] at certain energies. Our new approach paves the way for calculating the CC transition amplitudes in molecu-
lar potentials with consideration beyond the central force field.

Keywords: Two-photon transition, continuum-continuum transition, Coulomb Green’s function, Cooper minimum
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Generation of isolated white-light attosecond pulses in solids

Gefei Li1,2, Hao Teng1,2,3, Zhiyi Wei1,2,3, Sheng Meng1,2,3, Pengju Zhang1,2,3 

1Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
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3Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China

Abstract: Attosecond-pump attosceond–probe spectroscopy (APAP) is the key to understanding electronic-dom-
inated dynamics in light-matter interactions. Although the feasibility of APAP has been demon-strated using iso-
lated attosecond pulses (IAPs), the efforts are mainly confined to the ionization-induced dynamics triggered by the 
extreme ultraviolet (XUV) and soft X-ray lights. However, thegeneration of IAPs capable of exciting neutral elec-
tronic excited states, which are more prevalentin nature, is still in its infancy, significantly limiting a comprehen-
sive insights into valence-electron wavepacket dynamics. Here, we theoretically demonstrate a novel scheme for 
the straightforward and compact generation of white-light IAPs covering the visible and ultraviolet regions, based 
on solid-state HHG. By analyzing the strong-field-induced electron-hole dynamics together with a saddle-point ap-
proximation, we unfold its microscopic generation mechanism. Furthermore, the feasibility and robustness of this 
approach are validated by the generation of IAPs from various ma-terials under the same mechanism. Our work 
paves the way for generation of tabletop white-light IAP sources, thereby harnessing the widespread applications 
of APAP.

Keywords: white-light isolated attosecond pulse; solid-state HHG; attosecond science

2.7-octave supercontinuum generation spanning from ultraviolet to near-infrared in thin-film lithium nio-
bate waveguides
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Abstract: Supercontinuum generation (SCG) with spectral coverage across the full visible and ultraviolet (UV) 
ranges is crucial for numorous quantum computing and atomic systems. Here, such ultrabroad-bandwidth SCG 
was demonstrated in thin-film lithium niobate (TFLN) nanophotonic waveguides fabricated by photolithography 
assisted chemo-mechanical etching method, without introducing complex periodic poling during process flow. 
The MgO doped waveguides were designed to exhibit anomalous-dispersion in the telecom band, simultaneously 
enabling dispersive wave emergence to broaden spectrum. Thanks to the utilization of the strong χ(2) and χ(3) 
nonlinear processes, 2.7-octave SCG spanning from 330 nm to 2250 nm was observed by pumping the waveguide 
with a 1550-nm femtosecond pulsed laser with 0.687 nJ, agreeing well with numerical simulation. This spectral cov-
erage represents the state of the art in TFLN platforms without fine microdomains, and even close to the record in so-
phisticated chirped periodically poled TFLN waveguides. Meantime, photorefractive effect of lithium niobate (LN) 
was effectively suppressed by doping of MgO to support long time maintenance of spectra.

Keywords: Supercontinuum generation, thin film lithium niobate, nanophotonic waveguides
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Exploringhigh Tcsuperconductorsat High Pressures using Ultrafast Spectroscopy

Yanghao Meng

Institute of Physics, CAS 

Abstract: High pressure is a clean and efficient platform for studying high Tc superconductors. However, a major 
challenge is that most experimental probes are incompatible with high-pressure environments, hindering the direct 
observation of many intertwined orders. Ultrafast spectroscopy provides a powerful solution to this limitation. 
In this report I will present our findings on the nickelate superconductor La₃Ni₂O₇ and cuprate superconductor 
Bi₂Sr₂CaCu₂O₈₊δ, using a custom-built high-pressure ultrafast spectroscopy system. In La₃Ni₂O₇, we give the full 
evolution of density-wave-like phases for the first time at high pressures. In Bi₂Sr₂CaCu₂O₈₊δ, we observed a pres-
sure-temperature phase diagram distinct from the hole concentration-temperature phase diagram, revealing differ-
ent roles of charge and spin degree of freedom in the pseudogap phase.  

Terahertz third-harmonic generation of lightwave driven Weyl fermions far from equilibrium

Patrick Pilch1, Changqing Zhu1, Sergey Kovalev1,2, Renato M. A. Dantas3, 4, Amilcar Bedoya-Pinto5, 6, Stuart 
S. P. Parkin5, and Zhe Wang1

1Department of Physics, TU Dortmund University, Dortmund 44227, Germany

2Helmholtz-Zentrum Dresden-Rossendorf, Dresden 01328, Germany

3Department of Physics, University of Basel, Basel 4056, Switzerland

4Center of Physics, University of Minho, Braga 4704-553, Portugal

5Max Planck Institute for Microstructure Physics, Halle (Saale) 06120, Germany

6Institute of Molecular Science, University of Valencia, Paterna 46980, Spain

Abstract: While terahertz (THz) high-harmonic generation (HHG) has been studied in Dirac materials such as 
graphene, topological insulators, and three-dimensional Dirac semimetals, this nonlinear phenomenon has not yet 
been reported in Weyl semimetals. In this work, we report on room-temperature THz third-harmonic generation in 
the Weyl semimetal TaP [1]. We find that the third-harmonic signal exhibits a cubic power-law dependence on the 
incident THz field, confirming its perturbative origin. In addition, we observe a pronounced sensitivity of the har-
monic efficiency to pump-pulse ellipticity [1,2], enabling control over the nonlinear response through polarization 
tuning. The qualitative features of the measured response are consistent with nonlinear kinetics of Weyl fermions, 
where the topologically protected band crossings – Weyl points – play a central role in mediating harmonic gen-
eration. Our results establish Weyl semimetals as a new material platform for THz nonlinear optics, providing in-
sight into ultrafast carrier dynamics and offering opportunities for polarization-controlled photonic functionalities 
in the THz regime.

Keywords: Weyl semimetals, THz spectroscopy, High harmonic generation
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Supercontinuum generation assisted by 2.8 μm high repetition rate and high power mode-locked fluoride 
fiber lasers

Ren Hang1, Cao He1, Lip zhanhong1, Ruan Shuangchen2, and Guo chunyu1

1Shenzhen Key Laboratory of Laser Engineering, Guangdong Provincial Key Laboratory of Micro/Nano Optome-
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Abstract: This letter reports a mode-locked fluoride fiber laser (MLFFL) based on hybrid mode-locked technol-
ogy, with a center wavelength of 2.8 μm, a repetition rate of 176 MHz, an average output power of 440 mW, and 
a pulse width of 285 fs. To the best of our knowledge, this is the highest repetition rate output from a MLFFL. 
Due to the low pulse peak power of high repetition rate MLFFL, the accumulation of nonlinear phase shift can be 
effectively suppressed during amplification to avoid pulse splitting. We employ the high repetition rate MLFFL 
as the seed source. The average output power of the pulse was increased to 5 W, and the pulse width was com-
pressed to 135 fs, after two-stage amplification of pre amplification and main amplification. Subsequently, the 
amplified pulse was injected into an indium fluoride fiber to generate a supercontinuum spectrum. The influence 
of the length and dispersion characteristics of the indium fluoride fiber on the broadening of the supercontinuum 
spectrum was further simulated. The simulation results show that the spectral coverage range can reach 4.5 μm by 
using a 10 m long indium fluoride fiber.

Keywords: hybrid mode-locked, high repetition rate, high average power, supercontinuum spectrum

Nonadiabatic Effect in High-Order Harmonic Generation Revealed by a Fully Analytical Method

Fengjian Sun

1.Center for Attosecond Science and Technology, Xi’an Institute of Optics and Precision Mechanics, CAS; 2.Xi’an 
JiaoTong University 

Abstract: We propose a fully analytical method for describing high-order harmonic generation (HHG). This meth-
od is based on the strong-field approximation (SFA) and utilizes the perturbation expansion method. Specifically, 
we expand the laser-induced dipole moment to third-order analytical expansion (TAE) and fifth-order expansion 
(FAE) with respect to the Keldysh parameter γ, presented the scaling law of HHG with respect to the wavelength 
and intensity of the driving laser. We show that higher-order perturbation terms usually capture the nonadiabatic 
effect, while the zero-order term always represents the adiabatic effect. Furthermore, we reveal how the nonadia-
batic effect influences HHG intensity by impacting electron dynamics and apply it in HHG phase matching.
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Enhanced terahertz emission signal in antiferromagnet-heavy metal heterostructures
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1Research Institute of Superconductor Electronics (RISE) & Key Laboratory of Optoelectronic Devices and Sys-
tems with Extreme Performances of MOE, School of Electronic Science and Engineering, Nanjing University, 

Nanjing 210023, P. R. China.

2 Purple Mountain Laboratories, Nanjing 211111, P. R. China.

Abstract: Antiferromagnetic materials (AFMs), have potential to achieve spintronic applications due to their 
advantages, such as being insensitive to external magnetic fields, the resonance frequency of AFMs being in the 
terahertz (THz) region. In addition, the zero net magnetization in AFMs makes them easier to design some devic-
es of high-density integration. On the other hand, the insensitivity of AFMs to external magnetic fields makes the 
manipulation and detection of spin currents or magnetic order in AFMs difficult. Since some available techniques 
has been set up for antiferromagnetic order, for instance by electromagnetic radiation we can probe the order of 
AFMs due to magneto-optical effect. Among the outstanding questions is how to generate, manipulate and detect 
the spin currents of an antiferromagnet effectively. It has been reported that the THz spin currents can be generated 
by a femtosecond laser pumping the AFM film. And the THz spin currents in AFM can be injected to the adjacent 
heavy metal (HM), as a spin current detector due to inverse spin Hall effect (ISHE), i.e. covert spin current into 
charge current. However, the injection of the THz spin currents is inefficient in such a process, sometimes we can 
even not distinguish observation signals from system noise. In this research, a significant improvement of the in-
jection of THz spin currents will be accomplished by us. In order to raise the efficiency, two methods are adopted 
by us. It has been found that the signal of THz spin currents is bolstered, and ultimately could achieve a largely 
boost comparing to original state.The results from our research can be conducive to the understanding of the gen-
eration, transportation and detection of spin currents in both magnetism and spintronics, especially in antiferro-
magnetic spintronics. Besides, it can pave a road for the design of spintronic application based on AFMs as well.

Keywords: terahertz emission, antiferromagnets, spintronics, orbitronics

High-Magnification Asynchronous Time Lens System 

Shaokai Wang1, Chun Yang1*, Hehong Fan2, Xueming Liu2 

School of Integrated Circuits, Southeast University, Nanjing, 210000, China. 

School of Electronic Science & Engineering, Southeast University, Nanjing, 210000, China 

Abstract: Time-lens systems exploit space-time duality to transform optical waveforms between temporal and 
spectral domains, enabling pulse compression, temporal broadening, and real-time analysis of single-shot ultra-
fast phenomena. Traditional electro-optic time lenses face inherent trade-offs between modulation bandwidth and 
temporal aperture, leading to waveform distortion, while conventional parametric designs struggle with limited 
figure-of-merit (FOM) and stability. Here, we present an asynchronous four-wave mixing (FWM) time lens with 
a record magnification factor of 445.97×, surpassing prior fiber-based systems by over 220%. This architecture 
eliminates strict repetition rate alignment requirements by employing two mode-locked fiber lasers (MLFLs) with 
different central wavelengths operating at 1531 nm (signal) and 1555 nm (pump) with a 26 Hz repetition rate dif-
ference. The system integrates soliton molecule generation, distributed Raman amplification, and cascaded disper-
sion compensation to achieve unprecedented temporal resolution and stability. 

The experimental framework utilizes a signal arm with a carbon-nanotube mode-locked laser (10.559411 MHz) 
and a pump arm based on nonlinear polarization rotation (10.559385 MHz). A MachZehnder interferometer gen-
erates soliton pairs with 13.74 ps separation, verified via spectral modulation (0.569 nm periodicity). Dispersion 
pre-chirping is implemented using 50 m of dispersion-compensating fiber (DCF1: −160 ps/nm/km, φₛ ≈ 10.2 ps²) 
and erbium-doped fiber amplification (EDFA), while the pump arm employs 100 m DCF2 (φₚ ≈ 20.4 ps²) for 
linear chirp induction. Asynchronous FWM occurs in a 100 m highly nonlinear fiber (HNLF, γ ≈ 10 W⁻¹ km⁻¹), 
producing idler pulses that undergo cascaded dispersion compensation (φᵢ ≈ 4506.3 ps²) to achieve temporal 
broadening. Theoretical magnification (M = 441.79×) aligns with experimental results (434.66×), with deviations 
attributed to third-order dispersion effects and detector response limitations. 

Key innovations include distributed Raman amplification to mitigate idler pulse attenuation, enhancing signal-to-
noise ratio (SNR) by 18 dB, and active polarization control to optimize FWM efficiency. Autocorrelation measure-
ments confirm soliton separation (14.08 ps, 2.5% deviation from theory), while real-time oscilloscope data (20 
Gsamples/s) reveal a 6.12 ns pulse interval, corresponding to a 434.66× magnification. Comparative analysis with 
low-magnification configurations (93.04×) demonstrates a 4.8fold resolution improvement, validating the system’s 
capability to resolve sub-picosecond dynamics. 

This advancement addresses critical limitations in ultrafast metrology by decoupling FOM from power-dependent 
parameters, achieving a 220% improvement over prior fiber-based systems. The asynchronous architecture elim-
inates synchronization constraints, enabling flexible temporal window adjustment (spanning thousands of cavity 
round trips) and robust operation under environmental perturbations. Applications span high-speed communica-
tions, nonlinear optics, and single-shot spectroscopy, where precise characterization of ultrafast phenomena is par-
amount. For instance, in optical time-domain reflectometry, this system could enhance fault detection resolution in 
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fiber networks by resolving sub-ps reflections. 

Future work will focus on multi-wavelength scalability using wavelength-division multiplexing and adaptive feed-
back control for real-time imaging. Integration with machine learning algorithms could further optimize dispersion 
management and polarization alignment, reducing measurement uncertainties. By overcoming traditional band-
width-aperture trade-offs, this technology establishes a new paradigm for ultrafast optical systems, with transfor-
mative potential in next-generation photonic networks and quantum coherence studies.  

For FWM time lens, in 2020, Zhang et al. used time lens technology for pulse dynamics observation of passively 
mode-locked fiber lasers and achieved time magnification factors of 100 and 165 times [1,2]. 

In 2022, Joshi reported a picosecond resolution quantum signal all-optical time lens based on Bragg scattering 
four-wave mixing. The system achieved a time magnification factor of 158 times at singlephoton input [3]. In 
2023, Li et al. proposed a time amplifier based on a synchronized time lens to characterize ultrafast pulses, achiev-
ing a time magnification factor of 200 times[4]. In 2024, Kilic et al. demonstrated Time Lens Photon Doppler Ve-
locimetry for the first time, verifying the performance in the 74 km/s speed range with high accuracy using a time 
magnification factor of 7.6[5]. 

Prior studies indicate that conventional all-fiber time-lens amplification systems exhibit a maximum magnification 
factor of approximately 200×, while characterization of ultrashort optical pulses necessitates significantly greater 
magnification capabilities. To address this limitation, we developed an all-fiber asynchronous four-wave mixing 
(FWM) time-lens system. Through soliton molecule spacing analysis, this architecture achieves a magnification 
factor of 445.97×, surpassing current fiber-based implementations by over 220%. 

The experimental architecture, illustrated in Fig. 1, employs two custom-built mode-locked fiber lasers (MLFLs) 
as dual-wavelength seed sources. The signal arm utilizes an MLFL operating at 10.559411 MHz repetition rate 
(central wavelength: 1531 nm) with carbon-nanotube-based mode-locking for stable traditional soliton generation. 
Synthetic soliton pairs are created via a Mach-Zehnder interferometer (upper branch, Fig. 1) incorporating a tun-
able time delay line (TDL) for precise pulse spacing control (50:50 optical coupler splitting ratio). Spectral char-
acterization (Fig. 2a) reveals a 0.569 nm modulation periodicity, corresponding to a 13.74 ps soliton separation. 
Subsequent dispersion pre-chirping is achieved through 50 m dispersion-compensating fiber (DCF1: −160 ps/nm/
km, φₛ ≈ 10.2 ps²), followed by erbiumdoped fiber (EDF) and ASE suppression via a 1530 nm bandpass filter 
(BPF1). 

Fig. 1: Schematic diagram of the time lens system 

Fig. 2: Spectrum of the time lens system. (a) Spectrum of the signal pulse after the soliton molecule is formed. (b) Spectrum of the pump pulse. (c) 
Spectrum of the soliton molecule and the pump pulse after four-wave mixing. 

 

The pump arm features an NPR-based MLFL (nonlinear polarization rotation) generating dissipative solitons at 
10.559385 MHz repetition rate (central wavelength: 1555 nm; spectrum in Fig. 2b). The repetition frequencies 
of the signal pulse and the pump pulse only differ by 26 Hz. Pump pulses undergo dispersion tailoring via 100 m 
DCF2 (φₚ ≈ 20.4 ps²) to induce linear chirp, followed by erbium-doped fiber amplification (EDFA)   and ASE fil-
tering (1550 nm BPF, 15 nm bandwidth). 

Our time lens system leverages asynchronous four-wave mixing (FWM) between signal and pump pulses in a 
highly nonlinear fiber- based time lens, enabling a record temporal measurement window spanning thousands of 
cavity round trips. In synchronous FWM systems, stringent repetition rate matching between pump and signal 
pulses is required. To achieve this, we stabilize the repetition rates using a synchronization device, implemented 
by integrating a tunable delay line (TDL) into the signal modelocked fiber laser (MLFL) cavity. By contrast, the 
asynchronous FWM time lens eliminates the need for strict repetition rate alignment. Instead, its temporal mea-
surement window is governed by the stable repetition rate difference between signal and pump pulses, significant-
ly enhancing operational flexibility and scalability. 

Four-wave mixing interaction occurs in a 100 m highly nonlinear fiber (HNLF: γ ≈ 10 W⁻¹ km⁻¹; output spectrum 
in Fig. 2c). The generated idler undergoes spectral isolation via a tunable bandpass filter (TBPF) and temporal 
broadening through cascaded dispersion compensation DCF3 (15 km DCF + dispersion compensation module, φᵢ 
≈ 4506.3 ps²). The additional dispersion φₛ and φₚ introduced by the signal arm and the pump arm satisfy the fol-
lowing formula [6]: 

	 1	 1	 2

−   = 

𝜑 𝑠   𝜑𝑖   𝜑𝑝

Therefore, the theoretical time magnification factor is M = φᵢ / φₛ ≈ 441.79. In practice, due to the distortion in-
duced by third-order dispersion, the residual linear chirp of the pump pulse, and the response time of the detector, 
the actual magnification factor may be larger or smaller. 

To enhance the temporal measurement range of our time lens system, we integrated distributed Raman amplifica-
tion. This approach compensates for idler pulse attenuation, achieving a significantly improved signal-to-noise ra-
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tio (SNR). Furthermore, we employed an extracavity polarization controller to actively align the pump and signal 
pulse polarization states, optimizing four-wave mixing (FWM) efficiency and ensuring robust nonlinear interac-
tions. 

The laser output was measured by a high-speed real-time oscilloscope (20Gsamples/s sampling rate) and a 25-
GHz bandwidth photodetector (PD). 

To validate measurement fidelity, autocorrelation characterization of the soliton molecule signal pulse was per-
formed (Fig. 3a). Experimental data reveal a pulse separation of 14.08 ps, exhibiting a 2.5% deviation from theo-
retical predictions. This discrepancy arises primarily from pulse broadening during erbium-doped fiber (EDF) am-
plification, compounded by systematic measurement uncertainties inherent to autocorrelation trace interpretation. 
The observed temporal expansion underscores the importance of accounting for nonlinear propagation effects in 
high-magnification temporal imaging systems. 

Fig. 3: (a)Autocorrelation curve of a soliton molecule. (b) 445.97× time lens measurement result. 

As shown in Fig. 3b, measurements from the high-speed real-time oscilloscope and photodetector reveal a pulse 
interval of 6.12 ns. Combining this value with autocorrelation curve analysis, we calculate a system magnification 
of 434.66×. This aligns closely with the theoretical soliton molecular spacing prediction (445.97×), with devia-
tions attributed to erbium-doped fiber (EDF) broadening effects. Both experimental and theoretical results are con-
sistent with the dispersion-derived magnification of 441.79×, falling within the acceptable error margin. 

To validate the fidelity of soliton molecules after undergoing a 434.66× temporal magnification via time-lens 
technology, we analyzed the peak height ratios of the triple-peak structure in their autocorrelation traces. The in-
trinsic soliton molecule exhibited a baseline peak height ratio of 1.01:2.68:1. Based on the measurement principle 
of autocorrelation, the derived peak height ratio of the original soliton molecule was calculated as 2.232:1. As 
demonstrated in Fig. 3b, experimental measurements revealed a post-time-lens peak height ratio of 2.0498:1. The 
discrepancy of 8% between the initial peak height ratio of molecular solitons and the Time-lens-measured ratio 
objectively demonstrates the measurement accuracy of our 434.66× time-lens system. This quantitative agreement 
between pre-compression and post-compression profiles rigorously validates the fidelity of temporal waveform 
characterization in our photonic time-lens architecture. 

Fig. 4: (a) 357.35× time lens measurement result. (b) 95.34× time lens measurement result. 

To further validate our findings, we replaced the post-stage dispersion with two dispersion compensation modules 
(results in Fig. 4). The first DCM implementation achieved a 357.35× temporal magnification factor, as shown in 
Fig. 4a. This result demonstrates close agreement with the 348.72× magnification derived from autocorrelation 
trace analysis. Quantitative evaluation of the soliton molecule’s peak height ratio revealed a measured value of 
2.374:1, deviating merely 6% from the initial configuration, confirming the system’s accuracy at 348.72× magnifi-
cation. 

In contrast, the second DCM configuration yielded a reduced magnification factor of 93.04×. Here, the magnifica-
tion factor measured via autocorrelation is 93.04×, closely aligning with the 95.34× predicted by soliton molecule 
spectral modulation theory. Analysis of Fig. 4b showed an altered peak height ratio of 1.86:1, corresponding to a 
16.76% discrepancy from the original molecular configuration. This distortion phenomenon aligns with theoretical 
predictions from equation1/φs -1/φi =2/φp, which establishes that decreased post-dispersion compensation disrupts 
the critical quadratic phase relationship between φs and φp . The compromised phase matching not only induces 
defocusing effects in time-lens measurements but also directly reduces the achievable magnification factor. How-
ever, compared to the highmagnification time lens system (445.97×), the lower amplification factor induces partial 
soliton molecule overlap, as shown in Fig. 4b. This overlap obscures clear temporal distinction between soliton 
molecules— a limitation absents in the high-magnification configuration. Thus, the high-magnification time lens 
proves superior for resolving ultrafast dynamics with precision. These experimental results quantitatively demon-
strate the sensitivity of time-lens performance to dispersion management, particularly emphasizing the importance 
of maintaining proper phase relationships for distortion-free temporal imaging applications. 

 

Keywords: Time-lens, Real-time observation, Asynchronous four-wave mixing 
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Ultrafast Laser Patterning of Topology and Phonons in WTe₂

Jianyu Wu1*, Arthur Niedermayr1, Gaolong Cao1, and Jonas Weissenrieder1*

1Department of Applied Physics, KTH Royal Institute of Technology, 10691 Stockholm, Sweden

Abstract: Topological materials have fundamentally transformed the landscape of condensed matter physics, 
owing to their unique band structures and robust boundary states that enable applications in quantum information 
processing, spintronics, and low-power electronics. A major challenge in this field is achieving real-time, revers-
ible control over topological phases with both high spatial and temporal resolution. While static approaches—such 
as strain engineering, doping, or layer stacking—have enabled access to topological states, they are inherently 
limited in speed and reconfigurability. Dynamic, spatiotemporal modulation of topological order remains an open 
frontier.

In this work, we demonstrate ultrafast, spatially patterned control of the topological phase transition in the layered 
semimetal WTe₂, achieving nanometer-scale spatial precision and picosecond temporal resolution using femtosec-
ond laser excitation. We generate a transient optical grating (TOG) by interfering two femtosecond laser pulses, 
creating a spatially periodic excitation pattern. This patterned optical field selectively drives the structural phase 
transition from the topological Td phase to the topologically trivial 1T* phase in WTe₂.

To visualize the resulting phase patterns and dynamics, we employ ultrafast four-dimensional scanning transmis-
sion electron microscopy (U-4D-STEM). This technique reconstructs structural phase maps across multiple lattice 
planes, revealing nanoscale heterostructures between the two phases. Dark-field imaging using Ultrafast transmis-
sion electron microscopy (UEM) enables real-space tracking of the structural evolution over time.

Our measurements reveal that the structural transition is not only reversible but also strongly modulated by the 
spatial profile of the optical fluence, resulting in a transient striped domain structure of alternating Td and 1T* 
phases. U-4D-STEM reconstructions show well-defined interfaces between these phases, while UEM dark-field 
imaging captures their dynamic behavior. Notably, we observe strain-mediated diffusion of the excited 1T phase*, 
indicating that the transition is influenced not only by local excitation but also by mechanical coupling across the 
lattice. Furthermore, we investigate the generation of coherent interlayer shear phonons, particularly the 1A₁ mode, 
under TOG excitation. We map the phonon amplitude distribution in real space from dark field image series. The 
results show that the phonon population is confined to the optical grating fringes, demonstrating spatial control of 
lattice vibrations in sub-micron regions and confirming that the optical field effectively shapes both structural and 
vibrational dynamics.

In conclusion, we present a new framework for ultrafast, light-driven patterning of topological phases in layered 
quantum materials. This approach offers reversible, high-resolution control over both phase transitions and phonon 
populations. Our findings pave the way for optically reconfigurable topological circuits, ultrafast logic devices, 
and dynamic quantum-state engineering in van der Waals materials.

Keywords: Topology phase transition, WTe2, Phonons, Transient optical grating, Ultrafast electron microscopy
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Generation of Ultrafast Drill-Like Laser Fields with Shot-to-Shot Intensity Rotation

Kaipeng Wu1,2,3, Hongmei Zhong1,2,3, Xuanke Zeng1,2,3, Yi Cai1,2,3, Congying Wang1,2,3, Xiaowei Lu1,2,3, and 
Shixiang Xu1,2,3,4

1 State Key Laboratory of Radio Frequency Heterogeneous Integration (Shenzhen University), College of Physics 
and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China 

2 Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and Guangdong Province, Col-
lege of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China 

3 Shenzhen Key Laboratory of Micro-Nano Photonic Information Technology, Shenzhen University, Shenzhen, 
518060, China

Abstract: Thermal and stress effects play key roles in the interaction of light with solid materials. Prior studies 
proposed employing intensity-rotating optical fields to mitigate the impact of these factors. Conventional rotating 
optical fields exhibit intra-pulse rotation. To achieve a sufficiently large rotation number, the rotation period must 
be much shorter than the pulse duration. This requirement limits the applicability of intra-pulse rotating optical 
fields in the ultrashort-pulse regime. This work presents an alternative based on shot-to-shot control that homog-
enizes the multi-pulse accumulation of the thermal and stress effects, which circumvents the above constraint. 
Superposing the vortex pulses allows to generate a structured light field with azimuthal-dependent petal-like in-
tensity, which can be rotated by the manipulation of phase differences. Here, we demonstrate inter-pulse rotating 
optical fields with two complementary designs, all-optical control and electro-optic modulation. These drill-like 
optical field hold many potential applications, e.g. precision laser machining and manufacturing.

Light field manipulation; Carrier-envelope phase; Drill-like optical field; Optical parametric amplification; 

Ultrafast laser nanostructuring and its application in electrochemical deposition of metal microstructures 
with high density and robust bonding strength

Jinlong Xu1, Guodong Zhang*1, Guanghua Cheng *1 

1- School of Artificial Intelligence, OPtics and ElectroNics (iOPEN), Northwestern Polytechnical University, 
Xi’an 710072, China 

Abstract: Ultrafast laser direct writing technology, with its capacity to efficiently and conveniently induce mi-
cro-nano structures on material surfaces, has opened up new avenues for precision material processing and the 
preparation of functional devices. In this study, we investigate the potential application of laser nanostructuring 
for surface functionalization and therefore localized electrochemical deposition. The surface skin-layer nanorelief 
structures induced by ultrafast laser are demonstrated to provide localized field enhancement and create attach-
ment sites for electrochemical reactions, thereby enabling equivalent parallel localized electrochemical deposition 
under standard plating conditions. Furthermore, these nano-relief structures form a unique interdigitating junction 
structure between the depositor and the substrate, significantly enhancing the bond strength between the depositor 
and the substrate. The shear test results indicating the bond strengths can be up to 100 MPa, significantly exceed-
ing that of conventional localized electrochemical deposition techniques. With the incorporation of electrochemi-
cal inhibitors, crystalline growth during electrochemical deposition is regulated, realizing efficient and controllable 
deposition of high-density copper microstructures. The hardness and elastic modulus of the deposited copper were 
tested to be 0.95 GPa and 67.99 GPa, respectively, approaching those of forged copper. For microstructure arrays 
on a centimeter scale, the electrodeposition time can be reduced from hundreds of hours to tens of minutes. This 
method is not only applicable to metallic conductive substrates but can also be extended to localized electrochemi-
cal deposition on semiconductor materials, offering promising prospects for the high-efficiency, high-performance, 
and practical manufacturing of metallic complex structured devices.  

Figure 1 Schematic diagram of localized electrodeposition based on ultrafast laser surface modification[1].  
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Figure 2(a) Schematic diagram of tip effect. (b)Simulation result of fluid field. (c)Surface after laser modification. (d)Surface after electrodepo-

sition. (e) Circle array of deposited copper.  

[1] Jinlong Xu and Guodong Zhang et.al, High-efficiency localized electrochemical deposition based on ultrafast laser surface modification, Surface 

& Coatings Technology, 471, 129923, (2023). 

 

Pulse quality refinement enabled by programmable spectral shaping in high-power ultrafast fiber laser

Binqi Wang1,2, Libang Yao2,3, Gengji Zhou2,3*, and Yuxin Leng2,3

1School of Optical and Electronic Information, Huazhong University of Science and Technology, Wuhan 430074, 
Hubei, China

2State Key Laboratory of Ultra-intense laser Science and Technology, Shanghai Institute of Optics and Fine Me-
chanics, Chinese Academy of Sciences, Shanghai 201800, China

3University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: High power ultrafast fiber lasers have been widely used in scientific and industrial applications, such 
as nonlinear frequency conversion, strong field physics, precision micromachining, and advanced manufacturing 
[1, 2], owing to its high peak power, short pulse duration, and good beam quality. The average power of ultrafast 
fiber laser could and has been boosted to 10s of kilowatt (kW) level through coherent beam combination [3], since 
single fiber emitter power restrained to below 1 kW. Further scaling the average power of single fiber emitter 
could suffered from severe hazardous nonlinear effects during fiber amplification, including self‑phase modulation 
(SPM), stimulated Raman scattering (SRS), gain narrowing, etc., leading to compressed pulse quality degradation. 
It is challenging to boost the average power of single fiber amplifier into the kW class while maintaining short 
pulse duration in good quality. Traditional method to generate high power ultrafast pulse employs Chirped‑pulse 
amplification (CPA) [4], which mitigates these effects by stretching the pulse duration in time domain first, then 
pulse energy scaling while maintaining relative low peak power in gain fiber, at last a bulk grating pair compressor 
is utilized to compress the pulse back into short duration with high peak power. However, the grating compressor 
offers limited capability to compensate residual higher‑order dispersion or nonlinear phase besides group delay 
dispersion (GDD), leading to a nearly picosecond pulse duration with large pedestal, and eventually lower down 
the peak power of ultrashort pulse. To address this issue, programmable spectral modulation devices have been 
explored to manipulate the seed spectral phase and amplitude before amplification, enabling the generation of 
high-fidelity femtosecond pulses with negligible pedestal [5]. Such spectral pre-shaping has become an attractive 
technique to improve compressed-pulse quality at the kW-level average power.

Here we present a high‑power Yb‑doped fiber CPA system that employs a reflective amplitude‑modulation spatial 
light modulator (SLM) as a spectral shaper ahead of main fiber power amplifier, which could effectively reduce 
the pedestal of compressed pulse, concentrating more energy in the main pulse, leading to a high-quality sub 400-
fs pulse at average power of 522 W. Figure 1 plots the experimental schematic, including a mode-locked oscilla-
tor, stretcher & preamplifiers, main power amplifier, and compressor. The spectral modulator and followed power 
compensation fiber amplifier is depicted in detail. The seed pulse centered at 1050 nm with 258 MHz rep-rate 
was first stretched to ~2 ns through a chirped fiber Bragg grating (CFBG); with a maximum 1.7-kW pump power 
launched in the main fiber amplifier, we could generate 1.4-kW signal pulse average power; amplified stretched 
pulse was de-chirped with a pair of reflection gratings in the end. As shown in Fig. 2(a), autocorrelation (AC) trace 
exhibits a reduction in the pulse pedestal while employing SLM to modulate the seed spectral shape, leading pulse 
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energy concentrating in the main pulse increased from 85.5% to 88.3%. We could generate a total 650 W output 
power under 50% pump power, approximately 522 W signal pulse was obtained after pulse compression. Figure 
2(b) plots the dechirped pulse AC trace, the pulse pedestal is reduced and 3% more energy concentrating in the 
main pulse. Further power scaling is limited by accumulated nonlinear phase, which cannot be effectively sup-
pressed by SLM shaping for now.

Figure 1. Schematic of the high‑repetition‑rate, kilowatt‑class femtosecond fiber laser system. PM‑YDF: polarization‑maintaining Yb‑doped gain 
fiber; WDM: wavelength‑division multiplexer; Pump: pump; HWP: half‑wave plate; ISO: isolator; Col: collimator; Grating: diffraction grating; HR: 
high‑reflector mirror; Coupler: fiber coupler; CIR: optical circulator; Polarizer: polarizer; SLM: spatial light modulator.

Figure 2. (a) Seed pulse autocorrelation trace before SLM shaping (blue curve) and after shaping (orange curve); (b) Autocorrelation traces at 50% 
pump power (SLM unshaped: blue curve, SLM shaped: orange curve).

Keywords: High‑power, ultrafast fiber laser, amplitude modulation SLM.
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Ultrafast Dynamics of Liquid Water Induced by Strong Terahertz Field 

Yanyu Wei1,2, Ran Yan1,2, Yezi Pu1,2,Jieya Ruan1,2, Litong Xu1,2, Guoqian Liao1,2,3* and Yutong Li1,2,3*

1Institute of Physics, Chinese Academy of Science, China;

2University of Chinese Academy of Sciences, China;

3Songshan Lake Materials Laboratory, China;

Abstract: Liquid water at room temperature exhibits ultrafast molecular motions and complex dynamic behavior. 
The hydrogen bonds connecting water molecules have characteristic energies and intrinsic motion frequencies 
that fall within the terahertz (THz) frequency range. THz radiation is a unique tool for probing and manipulating 
the ultrafast dynamics of water molecules. We developed an experimental platform based on a strong THz pump 
broadband THz probe setup, along with a dual-filament-guided continuous liquid film generation system. Using 
single-shot THz nonlinear spectroscopy, we investigated the ultrafast dynamics of the interaction between intense 
THz pulses and water. Experimental results reveal distinct relaxation evolution patterns in the THz dielectric 
properties of water under varying THz pump field strengths, reflecting a synergistic competition between impact 
ionization caused quasi-free electrons and dynamics of hydrogen-bond networks induced by the strong THz field. 
Based on the impact ionization theory and the ab initio molecular dynamics (AIMD) simulation, we effectively ex-
plain the experimental phenomena. This work demonstrates direct observation of coupled electron-hydrogen bond 
dynamics in water, providing new experimental pathways for exploring radiation chemistry, ultrafast solvation 
processes, and non-equilibrium reaction pathways in biomolecular environments.

Keyword: ultra-intense Terahertz, liquid water, impact ionization, hydrogen-bond dynamics

Generation of deep-sub-cycle optical pulses by the mid-infrared laser

Hongliang Danga, Jiaxin Gaoa, Yudong Zhanga, Xin Guoa, Limin Tonga,*

a New Cornerstone Science Laboratory, State Key Laboratory of Extreme Photonics and Instrumentation, College 
of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China

Abstract: We introduce a novel scheme to generate deep-sub-cycle optical pulses by converting deep-sub-wave-
length spatial confinement into deep-sub-cycle temporal confinement via inverse Compton scattering. The method 
utilizes a relativistic electron bunch interacting with a mid-infrared laser field tightly confined in a slit nanostruc-
ture. Simulations of a 2-MeV, 50-as electron bunch with a confined 4.4-µm driving field yield a unipolar, 99-as 
extreme ultraviolet (EUV) pulse, corresponding to just 0.26 optical cycles at its 2.6 PHz peak frequency. While the 
pulse’s deep-sub-cycle character is widely tunable via the driving field parameters, this uncovers a fundamental 
trade-off with the scattered photon number; a slight relaxation in confinement can boost the photon number nearly 
tenfold while the pulse remains deep-sub-cycle. This work establishes a robust and flexible pathway for producing 
ultrashort deep-sub-cycle pulses, offering novel design methods for next-generation light sources in ultrafast sci-
ence.

Keywords: Deep-sub-cycle, inverse Compton scattering, relativistic electron bunch, mid-infrared laser
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Cross-Timescale Dynamics of Dehalogenation in Photoenzymatic Catalysis: Mechanistic Insights from 
Nanosecond to Picosecond Electron Transfer

Xinxin Zhang1, Yi Sun1, Xiankun Li1*, Dongping Zhong1,2*

1Center for Ultrafast Science and Technology, School of Chemistry and Chemical Engineering, Zhangjiang Insti-
tute for Advanced Study, Institute of Medical Robotics, Shanghai Jiao Tong University, Shanghai, 200240, China

2School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai, 200240, China

Abstract: Photoenzymatic catalysis utilizes photoexcited flavin cofactors (FMN/FAD) to drive non-natural radical 
reactions, offering a sustainable pathway for asymmetric synthesis. Among these transformations, dehalogenation 
serves as the critical step for acyl radical generation, where its kinetic efficiency directly governs overall catalytic 
performance. This study investigates dehalogenation mechanisms in flavoenzyme lactate monooxygenase (LMO) 
and ene-reductase from caulobacter segnis (CsER). Despite both utilize FMNH⁻ as the cofactor, they exhibit strik-
ingly distinct electron transfer (ET) kinetics.

In LMO-catalyzed dehalogenation, initial ET from photoexcited reduced flavin (FMNH⁻*) to  α-, β-, and γ-acyl 
halides occurs on nanosecond timescales (1.1–6.2 ns), with efficiency governed by substituent position and pro-
tein microenvironment. Transient absorption (TA) spectroscopy reveals that all three substrate classes undergo ET 
within nanoseconds yet follow strikingly divergent pathways: α/β-halogenated substrates (e.g., bromoacetate, ethyl 
3-bromopropionate) exhibit ultrafast C-X (halogen) bond cleavage generating acyl radicals that combine with the 
flavin semiquinone (FMNH•) to form covalent N5-flavin adducts. The γ-halogenated esters (e.g., methyl 4-chlo-
robutyrate) undergo exclusively unproductive back electron transfer (bET, τ = 8.2 ns) without dehalogenation. 
Molecular docking and Marcus theory analysis demonstrate cooperative control of ET kinetics by Halogen-flavin 
distance (3.3–5.1 Å)，thermodynamic driving force (ΔG⁰ = –0.26 to –0.01 eV) and reorganization energy (λ = 
0.88–1.35 eV). Radical combination kinetics (1–11 ns) further depend on substrate conformational flexibility and 
hydrogen-bonding networks with residues (Tyr44/Tyr152/His290). These results establish positional substitution 
effects as the decisive factor in catalytic efficiency.

In contrast, CsER-catalyzed dehalogenation exhibits ultrafast ET characteristics (τ = 7 ps). While subsequent ki-
netic steps converge on nanosecond timescales across both enzymatic systems, CsER uniquely employs hydrogen 
atom transfer (HAT) for substrate hydrofunctionalization. Notably, when CsER catalyzes intermolecular reactions, 
a bicooperative substrate effect accelerates ET between FMNH⁻* and halogenated substrates to 4 ps, enhancing 
radical initiation efficiency by 43% confered to single-substrate system. The radical addition step proceeds in 80 
ps. Terminal HAT requires ~5 ns for completion. Crucially, competitive pathways emerge. Back electron trans-
fer (BET, τ = 51 ps) from the second substrate to FMNH• kinetically competes with radical addition (80 ps). The 
branching ratio dictates quantum yield, highlighting the critical need to suppress parasitic BET.

This study elucidates that the disparity in ET rates primarily stems from the synergistic interplay between substrate 
binding conformations and the electrostatic environment of the protein cavity, establishing fundamental kinetic 
principles for the rational design of high-efficiency photoenzymatic catalysts and expansion of substrate scope.

Methods 

Protein samples preparation, transient absorption spectroscopic experimental, time-correlated single photon count-
ing (TCSPC) experimental, molecular dynamics (MD) simulation, Cyclic voltammetry experiments, Gibbs free 
energy and reorganization energy calculation, molecular docking calculation.

Keywords: Ultrafast Dynamics; Flavoenzyme; Photodehalogenation; Transient Absorption; Electron Transfer; 
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Pre-chirp and gain jointly managed nonlinear amplification

Yutong Zhang1, Yang Yu1*, Han Liu1, Wenlong Tian1, Jiangfeng Zhu1, Zhiyi Wei2

1School of Optoelectronic Engineering, Xidian University, Xi’an 710071, China

2Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Science, 
Beijing 100190, China

Abstract: Nonlinear fiber amplification based on gain management enables the generation of femtosecond laser 
pulses with durations below 50 fs using a simple and stable system. To achieve amplified pulses with higher ener-
gy, narrower pulse widths, and better compressed pulse quality, it is essential to better balance dispersion, dynamic 
gain, and nonlinear effects during the amplification process. The seed pulse energy influences both gain extraction 
and nonlinear effects during amplification. 

Following the seed source, a pre-amplification stage and an acousto-optic modulator (AOM) were incorporated to 
adjust the repetition rate to 11.53 MHz . Then the seed was directed into a pre-chirp module for pre-chirp manage-
ment. The pre-chirped seed pulse subsequently entered a 5-meter single-mode polarization-maintaining ytterbi-
um-doped fiber (PM-YDF) to achieve gain and pre-chirp jointly managed fiber amplification. 

Fig.1. (a) Gain management amplification efficiency and (b)amplification pulse width after compression with different seed pulse en-
ergy.

With a pre-chirp set at +29723 fs², we measured the efficiency of the gain-managed amplification and the variation 
in compressed pulse width at seed energy of 0.066 nJ, 0.17 nJ, 0.37 nJ, 0.68 nJ, and 1.1 nJ. As the seed energy 
increased, the amplification efficiency improved from 40% to 48%. However, at seed energy of 0.066 nJ and 0.17 
nJ, the compressed pulse width after amplification was 92 fs. When the seed energy was increased to 0.37 nJ, the 
compressed pulse width decreased to 59 fs. Further increasing the seed energy to 0.68 nJ reduced the compressed 
pulse width to 43 fs. At last, increasing the seed energy to 1.1 nJ resulted in the compressed pulse width rising to 
67 fs.

To further investigate the influence of the pre-chirp on gain-managed amplification, the pre-chirp was adjusted 

based on compression results. At a seed energy of 0.17 nJ, the narrowest pulse width was 63 fs when the pre-chirp 
was +16290 fs². With the seed energy of 0.37 nJ, the narrowest compressed pulse width was 49 fs when the pre-
chirp was increased to +35555 fs².

Fig.2. (a) Compressed pulse width corresponding to different pre-chirp amounts with the seed energy of 0.17 nJ.

 (b) Compressed pulse width corresponding to different pre-chirp amounts with the seed energy of 0.37 nJ.

Fig.3. Gain-managed amplification spectrum and compressed pulses with the seed energy of 0.68 nJ and the pre-chirp of +29723 fs2.

According to experimental results, ultrashort pulses with a central wavelength of 1083 nm, pulse energy of 21.38 
nJ, pulse width of 43 fs, and peak power of 437 kW were obtained with the seed pulse energy of 0.68 nJ and the 
pre-chirp of +29723 fs². Furthermore, the pre-chirp significantly impacts nonlinear effects during amplification. 
Our experimental findings indicate that, while keeping the seed pulse energy constant, adjusting the pre-chirp can 
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effectively improve the compression quality of the amplified pulse. This work provides insights for further optimi-
zation of gain-managed amplification.

Keywords: Fiber amplification , Nonlinear amplification , Gain managed amplification  , Ultrafast pulse amplifi-
cation .

The Development of Spatial Resolution in Single-Shot Ultrafast Active Compressed Imaging

Yizhao Meng1, Pengfei Zhang1, Jiaxin Yin1, Yu Lu1*, Fei Yin2, Qing Yang2, and Feng Chen1*,
1State Key Laboratory for Manufacturing System Engineering and Shaanxi Key Laboratory of Photonics Tech-

nology for Information, School of Electronic Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, 
People’s Republic of China

2 School of Instrument Science and technology, Xi’an Jiaotong University, Xi’an, 710049, PR China

Abstract: Since the advent of ultrafast imaging technology, there has been progressively clearer understanding of 
transient changes in the microscopic world. The well-known phenomena such as transfer of photosynthetic energy, 
nuclear fusion and protein structure formation occur at extremely fast time scales (fs-ns), where ultrafast imaging 
plays an important role. For instance, visualizing the dynamic process of protein folding not only enhances our 
comprehension of protein function but also offers insights into disease mechanisms and facilitates drug develop-
ment. Traditional pump-probe technology captures a time slice information per measurement, reconstructing an 
ultrafast film of transient phenomena through repetitive experiments. Unfortunately, this approach fails to preserve 
the authenticity of observation for transient phenomena such as optical rogue waves and inertial confinement fu-
sion, which exhibit stochastic behavior or difficult to reproduce. 

To overcome this limitation, single-shot ultrafast imaging technology provides an irreplaceable advantage for 
studying non-repetitive phenomena by completely capturing the spatiotemporal evolution of transient processes in 
one measurement. However, current single-shot ultrafast imaging techniques—whether direct imaging or compu-
tational imaging—face the key challenge of the trade-off between the number of captured frames and spatial res-
olution. The root of this problem lies in the inherent limitations of these two imaging methods. Direct imaging re-
quires the spatiotemporal information of transient phenomena to be directly acquired on the detector, which leads 
to the need for strict division of the imaging area of the detector to prevent the overlap of images between frames. 
For this reason, while this method ensures relatively high spatial resolution, the number of frames is severely lim-
ited. On the other hand, computational imaging combined with compressed sensing allows spatiotemporal mixing 
of signals, enabling the capture of dozens to hundreds of frames. However, the extremely high compression ratio 
leads to significant loss of detail in the reconstructed images. Therefore, to avoid losing key spatiotemporal infor-
mation of transient phenomenon within the study’s time window, it is necessary to develop novel single-shot ultra-
fast imaging technologies that balance both the number of frames and spatial resolution.

Here, our research group innovatively developed a series of methods to improve the spatial resolution of ultrafast 
compressed imaging based on compressed ultrafast spectral-temporal imaging technology. It includes High-chan-
nel Spectral-temporal Active Recording (H-STAR), High-frequency Enhanced Compressed Active Photography 
(H-CAP), Round-View Projection Ultrafast Compressed Imaging (RVP) and Multi-dimensional Spatial-temporal 
Projection Ultrafast Compressed Imaging (MSP). These technologies iteratively optimize each other and contin-
ue to make breakthroughs in key indicators such as spatial resolution and frame count. At present, our imaging 
system has shown outstanding performance in capturing ultrafast phenomena such as femtosecond laser self-fo-
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cusing, air plasma evolution and femtosecond laser-material interaction. It achieves a high frame number of 200 
frames and an ultra-high spatial resolution of 690 nm, providing a more powerful tool for studying non-repeatable 
ultrafast phenomena. In the future, with the coordinated development of optical design, computational algorithms 
and detector technology, single-shot ultrafast compressed imaging is expected to further break through the existing 
performance limits and promote the progress of scientific research and industrial applications.

Keywords: ultrafast compressed imaging, high spatial resolution, high frame number, transient processes

Femtosecond Laser Micropatterning of Ga-Based Liquid Metal for Multifunctional Soft Tactile Electronic 
Skins 

 Haoyu Li1, Cheng Li1, Junpeng Zhong1, Haoran Li1, Qing Yang2, and Feng Chen1*

1State Key Laboratory for Manufacturing System Engineering and Shaanxi Key Laboratory of Photonics Tech-
nology for Information, School of Electronic Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, 

People’s Republic of China

2 School of Instrument Science and technology, Xi’an Jiaotong University, Xi’an, 710049, PR China

Abstract: Soft tactile electronic skins, which can emulate human tactile perception, require electrode materials 
that exhibit high conductivity, stretchability, and adaptable microstructures to enable multifunctional sensing. Gal-
lium-based liquid metals (LMs), such as eutectic gallium-indium (EGaIn), are promising candidates due to their 
inherent conductivity, fluidity, and biocompatibility. However, precisely micropatterning these LMs into functional 
configurations remains a significant challenge, hindering their integration into advanced soft electronic systems. 
Conventional microfabrication techniques, such as photolithography and inkjet printing, encounter limitations in 
terms of resolution, scalability, and compatibility with liquid-phase materials. To overcome these limitations, we 
propose a novel femtosecond laser micropatterning approach that enables high-resolution and customizable struc-
turing of LMs for the development of multifunctional soft tactile electronic skins.

This study utilized the characteristics of the ultrashort pulse duration and high peak intensity of femtosecond 
lasers to achieve high-precision microfabrication on soft polymer substrates. Meanwhile, with the assistance of 
hydrogel-assisted technology, the microstructure regulation and patterning of LMs thin films were successfully 
achieved. By optimizing key laser parameters—including fluence, scan speed and scan spacing—we demonstrate 
the direct fabrication of programmable microstructures, such as flexible circuit, pressure sensors, and tactile ar-
rays, on flexible elastomeric substrates. A key innovation lies in exploiting the unique wettability properties of 
LMs. By precisely depositing LM onto the complex micro- and nanostructures fabricated by femtosecond lasers, 
three-dimensional microstructuring of LMs was achieved, thereby overcoming the limitations inherent to tradi-
tional two-dimensional patterning and enabling the development of flexible electronic components with superior 
electrical performance.

Experimental results demonstrate that devices based on LMs fabricated by femtosecond laser exhibit excellent per-
formance, including: (1) Stretchable flexible circuits that are strain-insensitive and capable of maintaining a stable 
electrical response (with resistance variation of less than 3%) even under strains exceeding 50%; (2) Embedded 
low-crosstalk tactile sensor array composed of a 10×10 pixels, capable of achieving pressure mapping on curved 
surfaces; (3) Highly sensitive and high-speed soft capacitive pressure sensor based on interlocked microstructures, 
exhibiting a sensitivity of 45.33 kPa⁻¹, microsecond-level response time, and the ability to detect minute pressures 
as low as 0.14 Pa. This sensor enables multi-functional detection of pressure, vibration, and texture, with perfor-
mance surpassing that of traditional flexible sensors; (4) Flexible pressure sensor based on stepped microstructures 
of LMs, which achieves a highly linear response and can be used for non-destructive, real-time, and convenient 
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identification of skin scar dimensions. By integrating these sensing capabilities with machine learning algorithms, 
the system achieves real-time recognition of complex patterns and textures, demonstrating its broad application 
potential in the fields of human-machine interfaces and soft robotics. 

This three-dimensional patterning ability of LM is of great significance in the fabrication of high-performance 
micro- and nanoelectronic devices. Its scalability and good compatibility with various substrates offer broad 
prospects for the development of next-generation wearable electronic devices and bio-integrated systems. Future 
research directions will focus on the complex interactions between lasers and materials to expand sensing capabil-
ities and enhance environmental adaptability. This innovation not only expands the boundaries of soft electronics 
but also makes it possible to manufacture biomedical devices and intelligent prosthetics with excellent adaptabili-
ty.

Keywords: Femtosecond laser; Liquid metal; Soft electronics; Tactile sensing; Micropatterning.
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Development of high-repetition rate OH planar laser induced fluorescence using Ti: sapphire laser 
Zhonglin Zhang

Northwestern Polytechnical University

Abstract: This presentation focuses on the application of Ti:sapphire-based planar laser-induced fluorescence 
(PLIF) of OH molecules for flame morphology in combustion diagnostics. Flame morphology measurement plays 
a vital role in understanding combustion processes and validating numerical models, and the OH-PLIF technique 
has been widely used due to its non-intrusive nature and real-time capability.

In traditional OH-PLIF thermometry, the dye laser and optical parametric oscillator (OPO) are the primary sourc-
es used to tune the excitation wavelength to match OH electronic transitions. However, both approaches have 
inherent limitations. The dye laser system is constrained by the dye solution circulation rate, which restricts pulse 
energy and repetition rate. Although OPOs offer higher repetition rates and better beam quality, their cascade non-
linear conversion leads to lower energy efficiency and broader linewidths, often ranging from several to tens of 
nanometers. This is incompatible with the narrow-linewidth requirement of resonance excitation. Although seed-
ing an OPO with a narrow-linewidth laser can suppress the output linewidth, this increases system complexity and 
sensitivity to misalignment and environmental fluctuations.

In contrast, the Ti:sapphire laser provides a promising alternative due to its wide tunable range (650–1100 nm), 
high output stability, and excellent beam quality. It combines the advantages of solid-state lasers with sufficient 
spectral resolution for resonance excitation, making it well-suited for tracking flame morphology and temperature 
measurement.

In this work, we demonstrate a Ti:sapphire-based OH-PLIF system capable of performing spatially resolved 
two-dimensional flame morphology imaging. The linewidth of the oscillator was stabilized using three equilateral 
prisms made of SF10 glass. The optimal output coupler transmissivity was determined to be 25%, with a pumping 
configuration of 527 nm, 1 kHz, and 15 mJ. The maximum power was 3.22 W at 850 nm and the linewidth was 
suppressed to approximately to 0.5nm. Second-harmonic generation (SHG) was achieved using a type-I phase 
matched LBO crystal, yielding a maximum output power of 1.6W with an optical-to-optical conversion efficiency 
of 50%. Subsequently, the fundamental 850nm laser and its second harmonic at 425nm were mixed to produce a 
283nm ultraviolet radiation for exciting OH radicals, achieving a maximum output power of 0.5 W. The 283 nm 
laser beam was reshaped into a light sheet with dimensions of 0.5 mm × 100 mm using a pair of cylindrical lens-
es. The Dragon 200 Bunsen burner was employed as the flame source in this experimental setup, utilizing n-butane 
as the fuel to generate a stable premixed flame with a maximum adiabatic temperature of approximately 1300 °C. 
The high-speed camera with image intensifier was used to capture the fluorescence image with 1280*800 resolu-
tion.

Representative results will be shown for Bunsen flame, demonstrating the ability to quantify combustion structure. 
The study successfully demonstrates the potential of Ti:sapphire lasers in combustion diagnostics, providing a 
highly efficient and stable approach for exciting OH fluorescence. With its compact and integrated system design, 
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this method not only simplifies the instrumentation and enhances operational convenience but also holds promise 
for real-time, high precision combustion diagnostics capable of meeting the demands of complex practical envi-
ronments.
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