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Conference Introduction

Quantum Electrodynamics (QED) theory is the fundamental theory describing
the interaction between light and matter. With the development of high-intensity laser
technology, the corresponding QED processes exhibit increasingly strong nonlinearity,
prompting scientists to focus on the application of QED theory under extreme conditions.
Such research not only helps to advance the frontier of theoretical physics, plasma
physics, particle physics, and astrophysics, but also holds the promise of exploring new

physics beyond the Standard Model.

The topic includes:

1. Strong-field QED theory and its applications

2. Numerical methods for strong-field QED

3. Strong-field QED phenomena in intense laser or astrophysical environments
4. Next generation of light/particle source based on Strong-field QED effects

5. The future of strong field physics
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Conference Guidelines

1. Conference Schedule and Registration

August 19 10:00 AM - 6:00 PM: Conference Registration

If you arrive at the hotel between 10:00 and 18:00 on August 19, please first go to
the Conference Center to complete the Workshop check-in procedures, and then proceed
to the resort hotel front desk to check in. If you arrive after 18:00 on the same day, please
check in directly at the hotel and complete the Workshop check-in at the Conference
Center between 08:00 and 09:00 on August 20.

August 20-23 9:00 AM - 5:10 PM: Thematic Presentations

August 24 Conference Departure

2. Conference Venue and Dining Arrangements

Location: Chunhuiyuan Hot Spring Resort, 37 Yuzhuang Section, Gaosi Road,
Shunyi District, Beijing

Meeting Room: Conference Center, 2nd Floor, Room 12

Buffet Restaurant: Conference Center, 2nd Floor, Gallery Restaurant

Breakfast: 6:30 AM - 9:00 AM

Lunch: 11:30 AM - 1:30 PM

Dinner: 5:30 PM - 7:30 PM

Please collect your meal vouchers and conference badge at the sign-in desk. Meal

vouchers are required during the conference for dining.
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3. Contact Information
Conference Contact:

Qingzheng Lyu, +86 152 0129 1048
Event Coordination Contact:

Mei Zheqing, +86 132 6317 1528

Conference Email: neosfqed@gscaep.ac.cn

Special Reminder: Please send your PPT to the conference email at neosfqed@
gscaep.ac.cn the day before your presentation, or bring a USB drive to use the conference
computer to present your materials. The presentation materials are only supported in PPT

or PDF format.
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Summary Agenda
August 19th August 22nd
Time Event Time Topic
10:00-18:00 Conference Registration 9:00-10:20 Plenary Talks
18:00-19:30 Reception 10:20-10:40 | Break
August 20th 10:40-12:10 | Invited Talks
Time Topic 12:10-14:00 | Lunch
9:00-9:20 Opening Ceremony 14:00-15:30 | Invited Talks
9:20-10:40 Plenary Talks 15:30-15:50 | Break
10:40-11:10 | Group Photo 15:50-17:00 | Invited Talks & Oral Talks
11:10-12:10 | Invited Talks 17:30-19:30 | Dinner
12:10-14:00 | Lunch August 23rd
14:00-15:30 | Invited Talks Time Topic
15:30-15:50 | Break 9:00-10:20 Plenary Talks
15:50-17:00 | Invited Talks & Oral Talks 10:20-10:40 | Break
17:30-19:30 | Dinner 10:40-12:10 | Invited Talks
August 21st 12:10-14:00 | Lunch
Time Topic 14:00-15:30 | Invited Talks
9:00-10:20 Plenary Talks 15:30-15:50 | Break
10:20-10:40 | Break 15:50-16:50 | Oral Talks
10:40-12:10 | Invited Talks 17:30-19:30 | Dinner
12:10-14:00 | Lunch
14:00-15:30 | Invited Talks
15:30-15:50 | Break
15:50-17:00 | Poster Session

17:30-19:30

Dinner
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Conference Schedule

August 19th
Time Event
10:00-18:00 Conference Registration
18:00-19:30 Welcome Reception
August 20th
Time Topic Speaker Chairperson
9:00-9:20 Welcome Address TBA Qingzheng Lyu
9:20-10:00 Pho'ton—photor) scattering and Axion-like Baifei Shen
particle generation Matteo
Tamburini
10:00-10:40 | TBA Bin Qiao
10:40-11:10 Group Photo and Break
AN, Linear Breit—Wheeler process driven by .
11:10-11:40 compact lasers Jinging Yu
Tongpu Yu
— 1 Photon—photon and photon—nuclear interactions .
400 in heavy ion ultraperipheral collisions ShiPu
12:10-14:00 Lunch

10
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August 20th
Time Topic Speaker Chairperson
A Coherency revisited: Collective effects in Stefan
14:00-14:30 nonlinear Thomson scattering Weber
AN A= Numerical Investigation of Polarization o
14:30-15:00 Dynamics in Strong—Field QED Yanfei Li o
Jinging Yu
Quantum Mechanisms of Particle Acceleration
A= through Nonlinear Compton Scattering and
15:00-15:30 Nonlinear Breit—Wheeler Process in Coherent Bo Zhang
Photon Dominated Regime
15:30-15:50 Break
EA_AA. Strong-field QED research in China , ,
15:50-16:20 University of Mining and Technology, Beijing Miao Jiang
16:20-16:40 | Vortex particle scattering in strong laser fields Mamutjar_\ Wenpeng Wang
Ababekri
A7 Generation of Quantum Vortex Electrons with ,
16:40-17:00 Intense Laser Pulses Zhigang Bu
17:30-19:30 Dinner

11
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August 21st
Time Topic Speaker Chairperson
9:00-9:40 Frqm_one to many partiples: Coherent Matteq _
emission and radiation reaction Tamburini
Yutong Li
9-:40-10:20 Strqng Elec_:tro_magne_tic Fields and elec_:tron— She—-Sheng
positron pairs in Physics and Astrophysics Xue
10:20-10:40 Break
10:40-11:10 Ellsgglfii(c::f[i)eel(rjmittivity of the vacuum in a strong Higl_gt;:hi
11:10-11:40 | GOPIOUS ere/n + v = Palrs Generation bY | ongou vy | Yanjun Gu
1rd0-12:10. | SGH Setaton X-vay Soure Developed 21| gong .
12:10-14:00 Lunch
14:00—-14:30 | Ultrarelativistic spin—polarized plasma Zheng Gong
14:30-15:00 tl\/lh:r!&tﬂaﬂr;g_éfgzitqrgﬁr::tiyergti\gancuum to control Dandan Su Liangliang Ji
15:00-15:30 | Vacuum propulsion Yusong Cao
15:30-15:50 Break
15:50-17:00 Poster Session
17:30-19:30 Dinner

12
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August 22nd
Time Topic Speaker Chairperson
9:00-9:40 Nonlinear QED effects and brilliant gamma- | Zhengming
' ) ray emission induced by plasma acceleration Sheng
Sergey Bulanov
AN Strong field QED driven ultrarelativistic . . .
9:40-10:20 particle sources with large angular momenta Jianxing Li
10:20-10:40 Break
Attosecond, ultrabright, and collimated Wenben
10:40-11:10 | y —photon driven by relativistic spatiotemporal Wapn 9
optical vortex lasers 9
11:10-11-40 Towards High—Level Precision and Statistics Conor Jianxing Li
' : in High—Field QED Experiments McAnespie
11:40-12:10 | Study of beam—driven strong—field QED Xanghlﬁng
12:10-14:00 Lunch
AN Extreme field physics and the 10/100 PW | , . , ,
14:00-14:30 lasers at SIOM Liangliang Ji
AN A= The measurements of QED vacuum | Wangmei . .
14:30-15:00 | o, Gitation from RHIC-STAR Zha Gianluca Sarri
A= Fermionic signal of vacuum polarization in Yueyue
15:00-15:30 strong laser fields Chen
15:30-15:50 Break
15:50-16:20 | From collisional to collisionless QED plasmas Husaoll;l%ng
16:20-16:40 Momentum spiral on pair production in Lina Hu
' ' rotating fields Wenchao Yan
Electron Self-Polarization in a Quantum-
16:40-17:00 | Radiation—-Dominated Beam—-Plasma Kun Xue
Interaction
17:30-19:30 Dinner

13
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August 23rd
Time Topic Speaker Chairperson
9:00-9:40 From Nonlinear Optics of Quantum Vacuum Sergey
' ) to Relativistic Catoptrics Bulanov
She—-Sheng Xue
9:40-10:20 High—field QED in the laboratory: current Gianluca
' ) status and near—term opportunities Sarri
10:20-10:40 Break
AA_AA. Stable electron acceleration via LWFA for .
10:40-11:0 1 ohust table—top XUV—FEL Yanjun Gu
11:10-11:40 Opportunities in the strong field QED based | Wenchao
' : on the large scientific facilities Yan Hidetoshi Taya
Generation of highly spin—polarized energetic Xiaofei
11:40-12:10 | electrons via intense laser—irradiated
Shen
overdense targets
12:10-14:00 Lunch
14:00-14:30 | Highly nonlinear light—nucleus interaction Xu Wang
) ) . e Michael
14:30-15:00 | Tunneling time in strong field ionization Klaiber Zheng Gong
A= Monoenergetic proton beam acceleration and
15:00-15:30 depolarization in the PW lasers Meng Wen
15:30-15:50 Break
On the spin—quantization—axis selection for Xianavan
15:50-16:10 | the spin polarization modeling during laser— A%y
electron collision
e — Breit—-Wheeler Process Dressed in Intense . : Xiaofei Shen
16:10-16:30 FaserFiaid Shiyu Liu
= Enhancement of pair production in oscillated Adiljan
16:80=16:50 overlapped fields Sawut
17:30-19:30 Dinner

14
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Plenary Talk Introduction

August 20th 9:20-10:00

Photon-photon scattering and Axion-like
particle generation

Baifei Shen'”
1. Shanghai Normal University, China

2. Shanghai Institute of Optics and Fine Mechanics, CAS, China

Abstract:

Based on the ultra intense 100 PW optical laser and hard XFEL at SHINE in
Shanghai, China, possible QED experimrnts in vacuum are considered. For photon-
photon scattering, we consider the changes of polarization, energy, and tranverse
momentum of the probe XFEL due to the QED effects [1-6]. The experiment for vacuum
birefringence is designed for SHINE considering the effects of vacuum degree and
focusing lens. The pump laser of flying focus is suggested to be used to enhance the
vacuum birefringence. To avoid the strong signal in the forwand direction, we consider
the vacuum wave mixing with resonance at an angle away from the forward direction
and vacuum diffraction of the probe XFEL from the intense optical laser where multi
XFEL modes are used to enhance the sianal. We also consider the axion-like particle
generation in laser-plasma interaction. By detectinng the change of polarization of the

XFEL, we may know the generation of axion-like particles [7].

15
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References:

1. Baifei Shen et al., Photon-photon scattering in a plasma channel, Physics of plasmas, 10(4570),
2003.

2. Baifei Shen et al., Exploring vacuum birefringence based on a 100 Pw laser and an x-ray free
electron laser beam, Plasma Phys. Control. Fusion, 60(044002), 2018.

3. Dirui Xu, Baifei Shen et al. XFEL beamline design for vacuum birefringence experiment,
Nuclear inst. and Methods in Physics Research, A 982 (164553). 2020.

4. S. Huang, B Jin, and B Shen, Two-beam vacuum wave mixing using high-power laser and x-ray
free-electron laser, Phys. Rev. D 100( 013004), 2019.

5. Bufan Jin, Baifei Shen et al., Enhancement of vacuum diffraction by interference of signals
produced by a probe x-ray free-electron laser with multiple transverse modes, PHYSICAL REVIEW A
106(013502), 2022.

6. Bufan Jin and Baifei Shen, Enhancement of vacuum birefringence with pump laser of flying
focus, PHYSICAL REVIEW A (accepted), 2023.

7. Shan Huang, Baifei Shen et al., Axion-like particle generation in laser-plasma interaction, Phys.

Scr.97 (105303), 2022.

August 20th 10:00-10:40

TBA

Bin Qiao

Peking University

16
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August 21th 9:00-9:40

From one to many particles:
Coherent emission and radiation reaction

Matteo Tamburini

Max Planck Institute for Nuclear Physics

Abstract:

The trajectories of relativistic particles in an intense electromagnetic field can
be described by the Landau-Lifshitz equation, where the effect of radiation emission
i1s accounted for via a self-force, and interparticle fields are often neglected as an
approximation. Yet, the inclusion of interparticle fields is necessary to ensure energy-
momentum conservation, particularly during coherent emission. By simulating a neutral,
relativistic bunch of electrons and positrons colliding with a laser pulse, we show that
the inclusion of interparticle fields can significantly affect the particle dynamics, and can
result in sustained coherent emission and the rapid formation of microbunches over a
few micrometers distances, six orders of magnitude shorter than the typical length of an

undulator in a free-electron laser.

17
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August 21th 9:40-10:20

Strong Electromagnetic Fields and electron-
positron pairs in Physics and Astrophysics

She-Sheng Xue
ICRANet, Rome University, INFN

Abstract:

I present a theoretical discussion on the dynamical issue of electron-positron
pair productions in strong static or alternating fields and high-energy photon collisions
in Quantum Electrodynamics (QED). I come into the question of semi-classical and
adiabatic approximation approaches to the calculation issue.l suspect an effective field
theory of quantum electromagnetic dynamics realises in a strong coupling regime. I
advocate a fully nonperturbative computation approach to the strong-coupling QED.
I briefly mention the recently observed signal of electron-positron annihilations in

astrophysics and other relevant experimental and observational issues.

18
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August 22th 9:00-9:40

Nonlinear QED effects and brilliant gamma-ray
emission induced by plasma acceleration

Zheng-Ming Sheng
School of Physics and Astronomy, Shanghai Jiao Tong University

Tsung-Dao Lee Institute, Shanghai Jiao Tong University

Abstract:

The technology progresses in the generation of ultra-intense lasers and brilliant
electron beams provide unique opportunities for the experimental investigations of
nonlinear QED effects and their applications. In this talk, I will present our recent
theoretical and numerical studies on the nonlinear QED and their applications in
brilliant gamma-ray emission and positron generation driven by intense lasers and high
energy electron beams. Numerical simulation (particle-in-cell) codes are developed to
investigate the involved highly nonlinear physics, such as radiation damping, gamma-ray
photon emission, pair production via linear and nonlinear Breit-Wheeler processes, and
beam polarization via the Sokolov-Ternov effect. The propagation of multi-PW intense
lasers in plasma is investigated with some QED effects included. Several schemes are
discussed for the production of GeV gamma-rays with unprecedented brilliance via laser
wakefield acceleration of electrons with multi-PW lasers in underdense plasma and via

the interaction of high energy electron beams with solid targets.

19
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[14] H.H. Song, W.M. Wang, M. Chen, and Z.M. Sheng, Phys. Rev. E 109, 035204 (2024).

20



S—EanEFBINNZHABTHITS

orkshop on New Opportunities of Strong—Field Quantum Electrodynamics

August 22th 9:40-10:20

Strong field QED driven ultrarelativistic particle
sources with large angular momenta

Jian-Xing Li

X1’an Jiaotong University, China

Abstract:

Ultrarelativistic particle sources with large angular momenta have significant
applications in many fields. In this talk, we will introduce the generation mechanisms of
those particle sources by employing strong field QED effects, e.g., nonlinear Compton
scattering and nonlinear Breit-Wheeler process. And, the angular momentum transferring
mechanisms therein will also be revealed. Besides, we will further introduce some

applications of vortex particles in nuclear reaction.

21
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August 23th 9:00-9:40

From Nonlinear Optics of Quantum Vacuum to
Relativistic Catoptrics

Sergei Bulanov

ELI-ERIC, ELI BEAMLINES, Za Radnici 835, Dolni Bfezany, 25241, Czech Republic

Abstract:

Here we present an overview of the latest results obtained by the ELI-BL team
and colleagues on problems related to strong field quantum electrodynamics. The
talk starts with a discussion of nonlinear optics of the quantum vacuum, where the
dependence of the vacuum refractive index on the electromagnetic field amplitude and
photon energy leads to the generation of high-order harmonics, solitons and synergistic
Compton-Cherenkov radiation. We then discuss an approach to the extremely efficient
generation of gamma-ray flashes using the nonlinear Compton scattering mechanism in
the interaction of a multi-petawatt laser with a high-density target. Multi-petawatt lasers
interacting with low-density plasma targets are expected to accelerate electrons via the
LWFA mechanism to energies where radiation corrections are not negligible in electron-
laser collisions. The role of these effects increases dramatically as the electromagnetic
field amplitude approaches the limits of the critical QED field. The use of relativistic

catoptrics will allow us to approach the critical QED field.

22
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August 23th 9:40-10:20

High-field QED in the laboratory:
current status and near-term opportunities

G. Sarri
School of Mathematics and Physics, Queen’s University Belfast, BT71NN, Belfast UK

Abstract:

The fast-paced advance in the high-power laser technology has recently allowed
reaching focussed intensities exceeding 10°' Wem °, with realistic plans to reach > 10”
Wem ° in near-term largescale laser facilities worldwide. While these intensities are still
orders of magnitude lower than those needed to produce an electron-positron pair from
the vacuum, this limitation can be overcome by focussing the laser pulse onto an ultra-
relativistic electron beam. In this case, the electric field in the rest frame of the electron
is relativistically boosted by its Lorentz factor. As an example, a 1 GeV electron beam
interacting with a laser focussed intensity of 10>' Wem > will experience, in its own rest
frame, an electric field of the order of 20% of the Schwinger field. GeV-scale electron
beams suitable for these experiments can be provided either by laser-wakefield or radio-
frequency accelerations.

At these unique field intensities, a plethora of exotic processes can be triggered
and studied, including highly non-linear Compton scattering, quantum radiation
reaction, Breit-Wheeler pair production, and elastic photon-photon scattering. Detailed
experimental characterisation of these phenomena will not only advance our fundamental

understanding of this branch of fundamental physics but will also be instrumental for
23



e T S e

astrophysics, cosmology, and plasma physics. An international collaboration led by UK
scientists has recently performed the first experiments in this area at the Rutherford
Appleton Laboratory, unveiling quantum signatures of radiation reaction [1,2] and
commissioning the first laser-driven photon-photon collider [3]. Several other campaigns
at different world-class physics laboratories, including the E-320 experiment at SLAC
[4], the LUXE experiment at the Eu-XFEL [5], and experiments at the Extreme Light
Infrastructure and the Astra-Gemini laser, are currently in their preparation stage and aim
at pushing our experimental capabilities even beyond the Schwinger field.

In this talk, an overview of the current status and near-term opportunities in this
area of physics will be given, with a particular focus on novel diagnostics [6,7], analysis

methods [8,9], and challenges in high-power laser design and handling.
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