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ABSTRACT

Physics education research is a discipline-based education research to explore practical
problems in physics education, seek effective solutions, and improve the quality of
physics education and teaching. The accumulated research results have had a profound
impact on the construction of physics courses and teaching reforms. This presentation
will present several typical examples to briefly introduce some of the research
achievements in this field by Fudan University and its collaborating institutions in
recent years. It also puts forward thoughts and suggestions for improving the current
situation of physics education research in China, aiming to provide reference for
promoting the development of domestic physics education research.
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ABSTRACT

In the era of digital intelligence, higher education is undergoing a profound shift from
"teaching-centered” to "learning-centered” paradigms. Taking Fudan University's
"Semiconductor Physics" course as an example , this report elaborates on how digital
and intelligent technologies can be leveraged to establish a new teaching model. The
course adopts a blended teaching model. In the online phase, we carry out problem-
oriented learning, mind map construction, and online testing, to supplement students'
knowledge gaps. Meanwhile, offline classrooms are transformed into student-led
seminars, focusing on representative reports, critical discussions, in-class tests, and peer
evaluations. The course assessment emphasizes process-oriented evaluation. Practice
has shown that this hybrid design effectively enhances students' self-learning ability,
higher-order thinking, and physics professional competence.
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ABSTRACT

The rise of Generative Artificial Intelligence (GAI) presents both opportunities
and challenges for a paradigm shift in science education. This study systematically
examines the dual effects of integrating GAI, analyzes its enabling pathways and
value-added potential, and critically evaluates the technical, ethical, and practical
constraints. The study finds that GAI drives innovation through three pathways: in
experimental design, by generating simulated environments that reduce cost risks and
expand the boundaries of inquiry; in personalized instruction, by constructing
adaptive learning pathways based on learning analytics to achieve data-driven
differentiated instruction; and in promoting deep learning, by creating complex
open-ended problem scenarios that guide students toward critical thinking and
inquiry-based learning. This enhances the value of science education, facilitating
interdisciplinary integration, personalized practice, and empowerment throughout the
entire inquiry process.

However, the demands of science education for accuracy, rigor, and verifiability
conflict with the limitations of GAI, such as “hallucinations,” uncertainty, and
insufficient interpretability. Based on the current landscape, the study identifies
practical challenges: insufficient technological applicability, particularly in
high-precision scientific contexts; high implementation costs for teachers, including
cognitive load, time investment, and lack of support; and data security and ethical
issues involving privacy, algorithmic bias, and accountability. Therefore, there is an
urgent need to develop a collaborative framework: establishing science-oriented
quality standards and evaluation systems for GAIl content; developing teacher
professional development models centered on “human-machine collaboration” to
strengthen digital literacy and technology integration capabilities; and formulating
ethical governance and application guidelines to ensure technological reliability,
fairness, and educational value. Through multidimensional advancement, we aim to
build a new ecosystem for science education that is intelligent, trustworthy, and
learner-centered.
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ABSTRACT

When several degrees of freedom in quantum materials have similar energy scales, the
intertwined electronic orders, which exhibit broken symmetries, are often strongly
coupled. Recent studies on kagome superconductors, such as CsV3Sbs, report rotational
and time-reversal symmetry breaking linked to a charge density wave. Here we observe
a momentum-selective response of the electronic structure of CsV3Sbs to an external
magnetic field. By performing angle-resolved photoemission spectroscopy in a tunable
magnetic field, we demonstrate that the response of the electronic structure is
compatible with piezomagnetism along with strong orbital selectivity. Our results show
that the origin of the time-reversal symmetry breaking is associated with the vanadium
Van Hove singularities at the onset of the charge-density-wave order. We also
demonstrate the presence of fluctuations beyond the charge ordering temperature. Our
results reveal that magnetic fields can be used as tuning knobs for disentangling
intertwined orders in the momentum space for quantum materials.
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ABSTRACT

Over the past decade, significant progress has been made regarding the Fermi—Pasta—
Ulam-Tsingou problem: whether weakly nonlinear lattices thermalize and how.
Current understanding is as follows. (a) Classical lattices fall into two universal classes.
In the first, the Hamiltonian has extended normal modes. For sufficiently large systems,

the thermalization time scales as Tgq ~ g~ 2%, where g measures nonlinearity. Thus, in

the thermodynamic limit, thermalization is inevitable. Examples include common one-,
two-, and three-dimensional lattices. In the second class, all normal modes are localized.

Here, although T, ~ g7, the exponent y diverges as g — 0; thus, arbitrarily weak

nonlinearity cannot induce thermalization, making such systems theoretical thermal
insulators. (b) For the first class, disorder does not hinder thermalization. By breaking
translational symmetry, disorder relaxes wave-vector resonance constraints and
increases quasi-resonant processes, thereby accelerating thermalization. (c) In systems
of the second class, when both on-site potentials and disorder are present, all normal
modes become localized in large systems, suppressing thermalization. The perturbative
framework underlying these conclusions is also outlined, emphasizing the
thermalization criterion based on resonance network connectivity, an approach
originating from weak wave turbulence theory.
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ABSTRACT

Generative artificial intelligence (GenAl) has shown growing potential in supporting
teacher education, yet little is known about how pre-service teachers collaborate with
Al during instructional design (ID). This study examined the effects of DeepSeek, a
Chinese large language model, on pre-service physics teachers’ ID performance and
cognitive processes. A quasi-experimental design was conducted with 220
participants completing a 45-minute ID on Newton’s Third Law, either with or
without DeepSeek assistance. Data from IDs, interaction logs, and interviews were
analyzed through statistical tests, Epistemic Network Analysis (ENA), and thematic
coding. Results indicated that the DeepSeek-assisted group outperformed the control
group in analytical and structural aspects of ID, such as Teaching Content Analysis
and Learner Analysis. ENA revealed that high-performing participants exhibited
proactive “problem representation—Al interaction—monitoring” patterns while low-
performing participants relied on reactive prompting. Interviews further confirmed
that Al was helpful in contextual introductions and experiment design but also
revealed issues such as outdated curriculum references and overly absolute
expressions that lacked sensitivity to teaching contexts. The findings suggest that
GenAl can serve as a cognitive scaffold when used strategically and highlight the
need to integrate Al literacy and metacognitive training into teacher education.
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ABSTRACT

Nuclear power plants are representative heat-to-work conversion systems, and
improving their thermodynamic performance is essential for cost-effective low-carbon
energy supply. Classical thermodynamics provides an upper bound on efficiency, but
offers limited guidance when power output is the primary concern under realistic finite-
rate heat transfer. In this work, nuclear power plant heat cycles are revisited from the
perspective of finite-time thermodynamics. First, the structural evolution and efficiency
characteristics of nuclear power plants across four generations are reviewed, showing
that gross efficiency generally increases with Carnot efficiency and is strongly
associated with higher coolant outlet temperature. A finite-time model is then
developed for the Brayton cycle without phase transition and for the Rankine cycle with
liquid-vapor phase transition. For the Brayton cycle, the analysis recovers the Curzon-
Ahlborn efficiency at maximum power. For the Rankine cycle, the model explicitly
incorporates phase transition and reveals an intrinsic trade-off between output power
and efficiency. Numerical calculations based on representative nuclear-power-plant
conditions further show that the mass flow rate, high-temperature pressure, and phase-
change properties of the working fluid substantially affect the attainable power-
efficiency domain, with identifiable optimal operating conditions for maximum power.
These results provide physical insight and a practical framework for optimizing nuclear
power plants and other Rankine-type energy-conversion systems.
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ABSTRACT

Traditionally, descriptive assessments of teachers’ pedagogical content knowledge
(PCK) have focused primarily on “what teachers ought to do” and “what teachers
could do”, while paying limited attention to “what teachers actually do” in classroom
practice. Guided by the Refined Consensus Model (RCM), this study shifts the
analytical focus toward the dynamic processes of teaching, examining how physics
teachers mobilize, integrate, and transform subject matter knowledge in real time to
address specific instructional challenges and achieve instructional goals. Based on an
empirical analysis of multi-source data from 19 physics teachers, three categories of
enacted PCK (ePCK) were identified: (1) transformation of the representation of
subject matter knowledge, involving the activation of static symbols into dynamic
sensory experiences; (2) transformation of the logical structure of subject matter
knowledge, involving the integration of fragmented information into coherent
conceptual frameworks and the reconstruction of knowledge production processes;
and (3) transformation of the meaning of subject matter knowledge, involving the
restoration of condensed disciplinary knowledge to real-life contexts and the design of
structured cognitive conflicts to facilitate conceptual change. By further considering
the quality of classroom interactions and students’ learning outcomes, these ePCK
forms were categorized into low-, medium-, and high-quality levels. This study
advances PCK research toward a more practice-oriented approach that foregrounds
the dynamic nature of teaching and teachers’ professional agency, while offering both
reflective insights and practical implications for improving physics teaching and
student learning.
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ABSTRACT

Traditional textbook evaluation methods face growing challenges as revision cycles
shorten. Large language models (LLMs), with their capacities for semantic understanding
and logical reasoning, offer a promising alternative; however, their reliability for such
tasks remains insufficiently validated. This study employed both human raters and an
LLM (Gemini-3-pro) to quantitatively analyze STEM-related content in the latest science
textbooks from three major Chinese publishers. Human evaluation reveals that all three
editions are science-centered in their STEM content distribution, with technology and
mathematics primarily serving supportive roles. Engineering content shows the most
notable variation across editions. Three-discipline integration is the most common
interdisciplinary pattern. Comparing human and LLM performance, Gemini-3-pro
demonstrates reproducible stability across repeated trials and achieves high precision but
low recall, reflecting a conservative coding tendency. The model performs well when
textual cues are explicit, but tends to miss content requiring contextual interpretation,
particularly in the technology and mathematics dimensions, due to its reliance on surface-
level semantic matching. Based on these findings, we propose a human—Al collaborative
framework in which LLMSs handle structured extraction and preliminary annotation,
while human raters focus on boundary-ambiguous segments, thereby improving both
efficiency and reliability.
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ABSTRACT

Large language models (LLMs) show considerable promise for educational question
answering and learning support, yet their application in physics education remains
constrained by output uncertainty. Physics problems involve strict conditional constraints,
well-defined conceptual boundaries, and multi-step reasoning, making LLM-generated
explanations particularly sensitive to subtle variations in external settings. Consequently,
the same problem may elicit substantially different responses under different conditions,
raising concerns about reliability and interpretability. This study investigates the factors
shaping LLM uncertainty in explaining physics problems, focusing on prompt design,
retrieval-augmented generation (RAG), and temperature settings. We systematically
examine how these variables influence response uncertainty and use visualization methods
to illustrate variation patterns across conditions. This research provides a basis for
evaluating the quality of LLM applications in physics education, optimizing model
deployment strategies, and improving intelligent instructional systems for discipline-
specific learning contexts.

REFERENCE STYLE

Naive beliefs in 'sophisticated' subjects: Misconceptions about trajectories of objects,
Cognition, 9, 117-123, 1981, A. Caramazza, M. McCloskey, B. Green.

Three types of conceptual change: Belief revision, mental model transformation, and
categorical shift, International handbook of research on conceptual change, 61-82, 2008,
M.T.H. Chi.



Synthesis of discipline-based education research in physics, Physical Review Special Topics:
Physics Education Research, 10, 020119, 2014, J.L. Docktor, J.P. Mestre.

LM-polygraph: Uncertainty estimation for language models, arXiv preprint
arXiv:2311.07383, 2023, A. Fadeeva, A. Rubashevskii, A. Shelmanov, S. Petrakov, I. Khan, E.
Tutubalina, A. Panchenko.

Detecting hallucinations in large language models using semantic consistency, Nature, 630,
625-630, 2024, S. Farquhar, ]. Kossen, L. Kuhn, Y. Gal.

A survey of confidence estimation and calibration in large language models, Proceedings of
the North American Chapter of the Association for Computational Linguistics, 6577-6595,
2024, ]. Geng, F. Cai, Y. Wang, H. Koeppl, P. Nakov, I. Gurevych.

On calibration of modern neural networks, Proceedings of the International Conference on
Machine Learning, 1321-1330, 2017, C. Guo, G. Pleiss, Y. Sun, K.Q. Weinberger.

More than misconceptions: Multiple perspectives on student knowledge and reasoning,
American Journal of Physics, 64, 1316-1325, 1996, D. Hammer.

Aleatory and epistemic uncertainty in probability elicitation with an example from
hazardous waste management, Reliability Engineering and System Safety, 54, 217-223,
1996, S.C. Hora.

Aleatoric and epistemic uncertainty in machine learning: An introduction to concepts and
methods, Machine Learning, 110, 457-506, 2021, E. Hullermeier, W. Waegeman.

Language models (mostly) know what they know, arXiv preprint arXiv:2207.05221, 2022, S.
Kadavath et al.

ChatGPT for good? On opportunities and challenges of large language models for education,
Learning and Individual Differences, 103, 102274, 2023, E. Kasneci et al.

Naive theories of motion, Mental Models, 299-324, 1983, M. McCloskey.

Rethinking the role of demonstrations: What makes in-context learning work?, Proceedings
of the Conference on Empirical Methods in Natural Language Processing, 11048-11064,
2022,S. Min et al.

Generative large language models for dialog-based tutoring, Proceedings of the
International Conference on Educational Data Mining, 548-554, 2023, B. Nye, D. Mee, M.G.
Core.

Self-consistency improves chain of thought reasoning in language models, International
Conference on Learning Representations, 2023, X. Wang et al.



Can LLMs express their uncertainty? An empirical evaluation of confidence elicitation in
large language models, International Conference on Learning Representations, 2024, M.
Xiong et al.

Calibrate before use: Improving few-shot performance of language models, Proceedings of
the International Conference on Machine Learning, 12697-12706, 2021, Z. Zhao, E. Wallace,
S. Feng, D. Klein, S. Singh.

KEYWORDS

physics education, large language models, uncertainty analysis, prompt design, retrieval
augmentation

Corresponding author email: zijingfang@seu.edu.cn



ASSESSMENT OF KNOWLEDGE INTEGRATION IN STUDENT
LEARNING OF GALVANIC CELL: AN INTERDISCIPLINARY
APPROACH CONNECTING PHYSICS AND CHEMISTRY

D. Yel, L. Bao?!

1School of Biological Science and Medical Engineering, Research Center for Learning Science,
Key Laboratory of Child Development and Learning Science (MOE),
Southeast University, Nanjing, Jiangsu 211189, China.

ABSTRACT

The galvanic cell is a typical interdisciplinary topic, which is primarily taught in chemistry but
its underpinning is closely related to physics. Student learning in galvanic cell has been
extensively studied in chemistry education, which has revealed a large number of
misconceptions that are difficult to change through traditional instruction. A source of the
learning difficulties is that most students lack an explanatory framework to integrate the many
complex phenomena and processes into a coherent knowledge system. As a result, students often
rely on memorization of terms, laws, and equations in solving problems but without meaningful
understanding in their reasoning. To address the deficit in learning, this study aims to help
students develop an explanatory framework for supporting an integrated knowledge structure.
Specifically, a conceptual framework model about galvanic cell is developed based on the central
idea from physics, which is used as the core concept for mechanistic explanations of the related
chemistry concepts. Guided by the conceptual framework, an instrument is developed to assess
the knowledge integration in student learning of galvanic cell. A combination of qualitative and
quantitative measures were used to assess the levels of knowledge integration in learning
galvanic cell with a large number of Chinese high school and college students. The assessment
results show that the conceptual framework model can effectively represent the knowledge
structures of students at different levels of knowledge integration. The galvanic cell conceptual
framework and assessment results can provide useful resources for teachers to develop
instruction for promoting knowledge integration.
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ABSTRACT

Realizing fusion energy requires not only high-performance plasmas but also the ability to
maintain stable operation. In tokamaks, major disruptions are rapid terminations of plasma
confinement, typically involving thermal quench and current quench, remain one of the main
obstacles to safe tokamak operation. They can cause severe damage, long interruptions of
operation, and major economic losses. Reliable early warning is therefore required for disruption
mitigation and, where possible, avoidance in future devices. Data-driven predictors have shown
strong performance, but their extension to large, high-parameter devices is limited by the scarcity
of target-machine disruption data. Disruption data on large, high-parameter tokamaks are
inherently scarce because deliberately accumulating disruptive shots to train a predictor risks
severe damage to the machine. We present a systematic framework addressing this challenge
through physics-guided transfer learning, using J-TEXT as the source platform, EAST for small-
to-large-device transfer, and HL-2A for cross-regime studies at higher parameters. We developed
single-device disruption predictors using both physics-guided feature extraction and deep
architectures, demonstrating real-time density-limit disruption avoidance. We then studied
transfer from J-TEXT to EAST, an ITER-like fully superconducting long-pulse tokamak, we
studied transfer under deliberately limited target-machine data to simulate the conditions future
large-device predictors will face, and extended this to adaptive prediction from the very first
plasma discharge. On HL-2A, cross-regime transfer revealed that disruption precursor patterns
are not universal. High-performance operational regimes exhibit distinct precursor signatures,
requiring regime-aware transfer strategies rather than naive pooling of data from different
regimes. Interpretability is used here not mainly to explain model outputs after training, but to
study disruption physics from data, identify physically meaningful and transferable precursor
information, and motivate physics constraints for prediction on data-scarce new tokamaks. Taken



together, these studies support a practical route toward transferable disruption prediction under
the data constraints expected in future tokamaks.
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ABSTRACT

This study explores the application effectiveness of virtual simulation technology in
inquiry-based physics instruction, using the topic of ideal gases in junior secondary
school physics as a vehicle. A virtual simulation tool for visualizing the motion of ideal
gas molecules was designed and developed, enabling the simulation of molecular
motion under adjustable parameters such as temperature and volume. Based on this tool,
an inquiry-based lesson titled The Invisible “Gas Spirits” was designed for eighth-grade
students, integrating elements such as engaging introduction, foundational knowledge
building, virtual inquiry, and real-life applications to establish connections between
microscopic and macroscopic understanding. Classroom assessment questions were
developed, covering topics such as molecular thermal motion and the relationship
between gas pressure, temperature, and volume. Data collected include students’ hands-
on operation data, assessment responses, video recordings, and classroom participation
performance. Subsequent analysis will focus on the effectiveness of virtual simulation
in enhancing students’ conceptual understanding, students’ inquiry abilities when
manipulating different parameters, and the practical value of virtual demonstration
technology in addressing instructional challenges related to microscopic physics
concepts.
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ABSTRACT

The High Energy Photon Source (HEPS) is the first fourth-generation synchrotron
radiation light source project in Asia, with an electron energy of 6 GeV, a circumference
of 1360 m and a natural emittance of a few tens of picometers. As a green-field light
source, the HEPS construction started in 2019 and is scheduled to be completed in 2025.
Now civil construction, component fabrication and tunnel installation have been
complected, and multipole milestones have been achieved in commissioning of the
accelerator and beamlines. The HEPS pass the performance acceptance review in
October 2025. In this paper, the construction process as well as the commissioning
progress of the HEPS are reported, where the challenges faced and corresponding
measures during the commissioning are introduced.
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thermodynamics
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The central objective of finite-time thermodynamics is to optimize the efficiency of
energy conversion and utilization in processes carried out within finite durations.
Classical thermodynamics usually assumes quasi-static processes that proceed
infinitely slowly; however, in practical engineering systems and natural processes,
rapid changes often occur over limited timescales, rendering the quasi-static
assumption inapplicable. This report reviews the development of finite-time
thermodynamics and then focuses on three representative topics: the power-efficiency
trade-off in finite-time thermodynamic cycles, geometric optimization schemes for
minimizing energy dissipation under finite-time control, and related experimental
progress in the field.

O+, %—#
finite-time thermodynamics, energy efficiency, power optimization, geometric control,
experimental progress
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Fermion Sign Problem and Lee-Yang Phase Transition Theory
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ABSTRACT

To simulate indistinguishable particles, recent studies of path-integral molecular
dynamics formulated their partition function Z as a recurrence relation involving a
variable & , with & = 1(—1) for bosons (fermions) [1-3]. Inspired by Lee-Yang phase
transition theory, we extend & into the complex plane and reformulate Z as a polynomial
in & [4]. By analyzing the distribution of the partition function zeros, we gain insights
into the analytical properties of indistinguishable particles, particularly regarding the
fermion sign problem (FSP). We found that at 0 K, the partition function zeros for N
particles are located at § =—1, —1/2, —1/3, ..., =1/(N — 1). This distribution disrupts the
analytic continuation of thermodynamic quantities, expressed as functions of & and
typically performed along £ = 1 — —1, whenever the paths intersect these zeros.
Moreover, we highlight the zero at § = —1, which induces an extra term in the free
energy of the fermionic systems compared to ones at other & = ¢! values. If a path
connects this zero to a bosonic system with identical potential energies, it brings a
transition resembling a phase transition. These findings provide a fresh perspective on
the successes and challenges of emerging FSP studies based on analytic continuation
techniques.
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ABSTRACT

Understanding fluctuation phenomena plays a dominant role in the development
of many-body physics. The time evolution of entanglement is essential to

a broad range of subjects in many-body physics, ranging from exotic quantum
matter to quantum thermalization. Stemming from various dynamical processes
of information, fluctuations in entanglement evolution differ conceptually

from out-of-equilibrium fluctuations of traditional physical

quantities. Their studies remain elusive. Here we uncover an emergent random
structure in the evolution of the many-body wavefunction in two classes of
integrable—either interacting or noninteracting—Ilattice models. It gives rise to
out-of-equilibrium entanglement fluctuations which fall into the paradigm of
mesoscopic fluctuations of wave interference origin. Specifically, the entanglement
entropy variance obeys a universal scaling law in each class, and the

full distribution displays a sub-Gaussian upper and a sub-Gamma lower tail.
These statistics are independent of both the system’s microscopic details and
the choice of entanglement probes, and broaden the class of mesoscopic
universalities. They have practical implications for controlling entanglement in
mesoscopic devices.
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First-principles electronic structure calculations have profoundly advanced research in
physics, chemistry and materials science, yet their further development remains
constrained by the accuracy - efficiency dilemma. In this talk, I will present recent
breakthroughs in deep-learning methodologies aimed at overcoming this bottleneck,
with an emphasis on deep-learning density functional theory for efficient and intelligent
materials simulations. These advances extend the reach of first-principles calculations
to unprecedented scales and complexity, enhancing the impact of quantum mechanics
in scientific discovery.



Energy Transport in Superionic Crystals
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ABSTRACT

Compared with conventional solids such as crystalline silicon, the molecular
structure of superionic crystals is special. The anions form a rigid sublattice while
cations are highly disordered and superionic with liquid-like mobilities, which makes
the transport property of superionic crystals nontrivial and forms a judicious platform
to study unique energy exchange mechanism between the rigid sublattice and an ion-
conducting subsystem. For example, researchers found that more than 87% of Li" ion
diffusion in the superionic Li3.042Ge0.042P0.95804 originates from less than 10% of the
vibrations between 8 and 20 THz. For another example, our recent preliminary results
indicate that thermal conductivity resulting from the diffusion of liquid-like cations in
superionic Li2S can contribute around ~30% of the total thermal conductivity,
suggesting that thermal transport channels resulting from lattice vibrations and the
diffusion of liquid-like cations should be considered. These unusual transport properties,
which are strongly related to interactions between ions and vibrations in superionic
crystals, however, have rarely been investigated. This is mainly because the
conventional theory fails to treat systems with significant movement of ions. In this talk,
I will introduce our developed methodology to quantify the detailed transport process
in superionic crystals, and unveil the understanding mechanisms for the abnormal
transport phenomena observed in superionic crystals.
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ABSTRACT

Localized hotspots and steep temperature gradients in nanoelectronics degrade
performance and impede further device miniaturization. Imaging these nanoscale
temperature fields in operando is essential for fundamentally understanding thermal
transport and interfacial nonequilibrium in nanodevices and developing more effective
thermal dissipation designs. Scanning transmission electron microscopy based
thermometry methods, despite their high spatial resolution, cannot be used for regular
devices as they require an ultrathin sample for electron transmission. Here we propose
a generic topside nanoscale thermometry compatible with devices on regular thick
substrates utilizing elastic energy spectroscopy of reflection electrons, termed
Reflection Electron Elastic Energy Thermometry (REEET), which directly measures
the mean kinetic energy of thermally vibrating atoms in materials. Local temperature is


mailto:haom@seu.edu.cn
mailto:qiyezheng@ust.hk
mailto:cdames@berkeley.edu

measured by directly probing the mean kinetic energy of thermally vibrating atoms via
the electronic Doppler broadening effect. The measurement principle is experimentally
validated on diverse material types including graphite, Si3Ns, and W, all showing good
agreement with first-principles predictions. Using this technique, we visualized the
phononic/lattice temperature field of several in operando carbon-based nanodevices,
exhibiting a high spatial resolution of 14 nm. Furthermore, we experimentally reveal
nonequilibrium thermal transport and anisotropic mode coupling across interfaces in
Joule-heated nanodevices where Fourier’s law breaks down, highlighting operando
thermal imaging as essential for overcoming the heat dissipation bottlenecks in
nanoelectronics. These results demonstrate that the present method, with its inherent
topside imaging advantage and sample flexibility, could become a transformative tool
for future nanoelectronics research and development.
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ABSTRACT

Student engagement in science classroom is an essential element for delivering
effective instruction. However, the popular method for measuring students’ emotional
learning engagement (ELE) relies on self-reporting, which has been criticized for
possible bias and lacking fine-grained time solution needed to track the effects of short-
term learning interactions. Recent research suggests that students’ facial expressions
may serve as an external representation of their emotions in learning. Accordingly, this
study proposes a machine learning method to efficiently measure students’ ELE in real
classroom. Specifically, a facial expression recognition system based on a multiscale
perception network (MP- FERS) was developed by combining the pleasure-displeasure,
arousal-nonarousal, and dominance- submissiveness (PAD) emotion models. Data were
collected from videos of six physics lessons with 108 students. Meanwhile, students’
academic records and self-reported learning engagement were also collected. The
results show that students’ ELE measured by MP-FERS was a significant predictor of
academic achievement and a better indicator of true learning status than self-reported
ELE. Furthermore, MP-FERS can provide fine-grained time resolution on tracking the
changes in students’ ELE in response to different teaching environments such as
teacher-centered or student-centered classroom activities. The results of this study
demonstrate the validity and utility of MP-FERS in studying students’ emotional
learning engagement.
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ABSTRACT

Classical thermodynamics studies macroscopic systems. In small-particle systems far
from the thermodynamic limit, many concepts and issues in classical thermodynamics
need to be redefined and explored due to the influence of quantum effects, gradually
forming the emerging field of quantum thermodynamics. With the development of
quantum information technology, many quantum systems can now be precisely
controlled, providing an ideal platform for experimental research in quantum
thermodynamics. In particular, as a highly controllable room-temperature spin
ensemble system, nuclear magnetic resonance (NMR) offers unique advantages in the
study of quantum thermodynamics. In this talk, 1 will first briefly review the basic
principles of NMR and spin control techniques. Then, by utilizing two different
quantum resources, namely indefinite causal order and three-body interactions, we can
construct quantum versions of working substances and implement refrigeration cycles.
Finally, I will present experimental results demonstrating a "quantum refrigerator with
indefinite causal order” and a "self-contained quantum refrigerator” using NMR spin
ensembles.
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ABSTRACT

Chaotic systems are highly sensitive to a small perturbation, and are ubiquitous
throughout biological sciences, physical sciences and even social sciences. Taking this
as the underlying principle, we construct an operational notion for quantum chaos.
Namely, we demand that the future state of a many-body, isolated quantum system is
sensitive to past multitime operations on a small subpart of that system. By “sensitive',
we mean that the resultant states from two different perturbations cannot easily be
transformed into each other. That is, the pertinent quantity is the complexity of the
effect of the perturbation within the final state. From this intuitive metric, which we
call the Butterfly Flutter Fidelity, we use the language of multitime quantum processes
to identify a series of operational conditions on chaos, in particular the scaling of the
spatiotemporal entanglement. Our criteria already contain the routine notions, as well
as the well-known diagnostics for quantum chaos. This includes the Peres-Loschmidt
Echo, Dynamical Entropy, Tripartite Mutual Information, and Local-Operator
Entanglement. We hence present a unified framework for these existing diagnostics
within a single structure. We also go on to quantify how several mechanisms lead to
quantum chaos, such as evolution generated from random circuits. Our work paves the
way to systematically study many-body dynamical phenomena like Many-Body
Localization, measurement-induced phase transitions, and Floquet dynamics.
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ABSTRACT

Achieving plasma detachment is essential for managing divertor heat loads in
magnetic confinement fusion devices. In this work, we investigate detachment physics
in configurations relevant to a lower single-null Tokamak a Configuration Variable
(TCV) using the 2D simulations with the HERMES-3 code. By scanning a range of
upstream densities, we identify the onset and evolution of detachment within TCV
geometry. The model incorporates self-consistent plasma-neutral interactions,
including ionization, recombination, and charge-exchange process, enabling detailed
analysis of momentum and power balance in the divertor region. Our result captures
the characteristic ion flux “rollover”, marking the transition from attached to detached
regimes characterized by strong volumetric power losses, reduction of target ion flux,
and the formation of a cold, dense plasma region near the divertor plates. These results
provide insight into the mechanisms governing detachment in TCV configurations and
offer guidance for experimental scenarios and future predictive modeling of divertor
operation in next-step devices.

This research is supported by the National Research Foundation, Singapore. The
computational work for this research was fully performed on resources of the National
Supercomputing Centre, Singapore. This research is prepared in part by LLNL under
Contract DE-AC52-07NA27344.
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This study focuses on the research progress of semantic analysis models in physics
education, with particular attention to their applications in open-ended response
analysis, automated scoring and feedback generation, learning process text analysis, as
well as instructional resource and curriculum text analysis. With the development of
natural language processing, pretrained language models, and large language models,
semantic analysis models have gradually expanded from the automatic classification
and scoring of students’ answers to the identification of conceptual understanding,
types of misconceptions, reasoning processes, and learning support needs. Compared
with traditional objective assessment methods, these approaches can reveal students’
underlying understanding structures in physics learning in a more fine-grained way,
thereby providing support for formative assessment, personalized feedback, and
instructional decision-making. At the same time, existing studies still face several
challenges, including limited interpretability, unstable scoring reliability, insufficient
cross-task generalizability, and the need for better educational applicability. Therefore,
this paper aims to systematically review the major application pathways, technological
development, educational value, and practical limitations of semantic analysis models in
physics education, and to provide a theoretical foundation for the subsequent
development of tools for diagnosing conceptual understanding based on open-ended

responses.
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ABSTRACT

We explore how quantum mechanics affects low-temperature heat transport in billiard
systems at low temperatures. In the classical setting, by considering a simple
paradigmatic model, our results reveal the emergence of negative differential thermal
resistance: paradoxically, increasing the temperature bias by lowering the cold bath
temperature reduces the steady-state heat current. In sharp contrast, the quantum
version of the model, described by a Lindblad master equation, shows no such effect—
heat current rises monotonically with bias. This marked divergence highlights the
fundamental role of quantum effects in low-temperature thermal transport and
underscores the need to reconsider classical predictions when designing and optimizing
nanoscale thermal devices.
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ABSTRACT

The origin of a and [ relaxations in glass-forming liquids remains a fundamental
challenge. Here we report a unified picture emerging from extensive molecular
dynamics simulations. First, a double percolation scenario is established: the o process
corresponds to percolation of immobile particles, whereas the (3 relaxation—when well
separated—originates from percolation of mobile particles. The ratio of the two
percolation temperatures determines whether the 3 process appears as a distinct peak,
a shoulder, or merely a wing. In two dimensions, where simultaneous percolation of
both species is impossible, no separate B relaxation exists. Second, a global order
parameter, the inherent structure minimal displacement (IS Dmin), is introduced to
quantify configurational variability via pattern matching. Across seven model glass
formers, the mechanical damping factor (phase angle d) follows a universal power law
with IS Dmin>, reflecting the local curvature of the potential energy landscape.
Together, these findings demonstrate that percolation of dynamically distinct regions
and landscape based configurational overlap provide complementary frameworks
linking atomic scale heterogeneity to macroscopic relaxation. This unified perspective
offers predictive routes for understanding and designing the mechanical properties of
amorphous materials.
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ABSTRACT

Turbulence spreading is a fundamental nonlocal process in which fluctuation energy
propagates from unstable into weakly unstable or stable regions through nonlinear
mode coupling. Its properties depend heavily on the underlying turbulence regime. In
particular, drift-wave and interchange turbulence are characterized by different
instability drives, mode structures, and transports, all of which can affect the radial
propagation of turbulence intensity. In this work, turbulence spreading is investigated
using two-dimensional drift-reduced two-field fluid simulations with TOKAM2D. The
model evolves the density and vorticity fields and allows systematic variation of the
interchange forcing parameter, g, and the adiabaticity parameter, C. This provides a
controlled framework for examining how turbulence spreading changes across regimes
ranging from drift-wave-dominated to interchange-dominated dynamics. The study
helps clarify the regime dependence of turbulence spreading and offers a reduced-fluid
perspective on the mechanisms governing its propagation.

This research is supported by the National Research Foundation (NRF), Singapore. The
computational work for this work was fully performed on resources of the National
Supercomputing Centre (NSCC), Singapore.
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ABSTRACT

High-fidelity plasma simulations based on the Global Braginskii Solver (GBS) are
essential for studying edge plasma dynamics, but they are often computationally
expensive, especially when simulations start from random or uniformly prescribed
initial conditions. Such initializations may require long transient evolution before
reaching physically meaningful plasma states, leading to a considerable waste of
computational resources. To address this issue, this work develops a generative
reconstruction framework that combines a variational autoencoder (VAE) with latent
flow matching for GBS simulation data. The VAE first learns a compact latent
representation of high-dimensional plasma fields, while the flow-matching model
learns the distributional evolution in the latent space and generates physically plausible
plasma states. These generated states are then decoded back to the physical field space
and used as simulation initial conditions, replacing conventional random or uniform
initialization strategies. By initializing GBS simulations from data-informed generated
fields, the proposed approach aims to reduce the initial relaxation stage and accelerate
convergence toward statistically meaningful plasma dynamics. Preliminary results
show that the VAE-based latent generative model can reconstruct the dominant spatial
structures of GBS fields and produce initial states that are more consistent with learned
plasma patterns than manually specified initial conditions. This suggests that generative
modeling can serve not only as a surrogate reconstruction tool, but also as a practical
initialization strategy for accelerating physics-based plasma simulations. The proposed
framework provides a promising route toward combining data-driven generative
models with first-principles simulation codes for efficient plasma modeling.
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ABSTRACT [major heading style: Bold 12 pt, UPPERCASE]

How energy spreads in complex materials is a fundamental question connecting physics,
chemistry, and materials science. For decades, theoretical descriptions of energy
transfer in nonlinear condensed matter systems have been built on multi-wave exact
resonance conditions. However, the actual dynamical role of exact resonances has
remained unclear.

Here, we provide direct evidence that exact resonances are notthe dominant
mechanism of energy transport in classical lattices. First, we show that symmetry-
induced structures in the kinetic equations cause energy equalization within decoupled
mode subsets, dynamically invalidating exact resonance conditions. Second, we
demonstrate that exact and quasi-resonances exhibit opposite behaviors with respect to
system size: the connectivity of exact resonances decreases monotonically, while that
of quasi-resonances increases.

These findings reveal that energy redistribution and eventual thermalization are
dominated by quasi-resonances—fleeting interactions enabled by nonlinear frequency
broadening. This work establishes a clear distinction between the roles of exact and
quasi-resonances in classical lattice dynamics, reshapes our understanding of heat and
energy transport in solids, and may inform future strategies for controlling energy
transfer in technologies ranging from thermal management to quantum materials. It also
implies that thermalization in finite lattice systems requires a threshold in the nonlinear
perturbation strength—suggesting that the original FPUT model may never truly
thermalize.
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ABSTRACT

Recent advances in two-dimensional (2D) materials have enabled new device
opportunities, yet achieving high performance requires precise control of interfaces and
integration. While epitaxy of 2D materials on conventional substrates has been
extensively studied, the emerging concept of epitaxy on 2D materials remains less
explored. In this talk, I will present our recent advancements in epitaxy on 2D materials,
including 2D-2D epitaxy and the growth of epitaxial metal and oxide layers on 2D
MoS,. The resulting high-quality oxides enable integration of high-k dielectrics,
leading to MoS; top-gate FETs with sub-nanometer equivalent oxide thickness (EOT)
and high transconductance. Furthermore, I will discuss the feasibility of remote epitaxy
of metals on MoS, mediated by ultrathin oxide interlayers, highlighting new pathways
for scalable device integration and interface design.
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Nonlinear optical thermodynamics from a van der Waals-type mean-

field theory
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ABSTRACT

Optical thermodynamics offers a distinctive framework for understanding complex
phenomena in multimode systems, yet standard ideal-gas-like formulation neglects the
effect of nonlinear interaction on thermodynamic quantities, significantly restricting its
range of validity. Here, we overcome this limitation by developing a mean-field
thermodynamic theory that incorporates the nonlinear renormalization of the mode
spectrum. The resulting nonlinear equation of state, analogous to that of the van der
Waals for gases, enables the prediction of power-dependent mode localization and the
description of optical cooling and heating in photonic Joule-Thomson expansion. Our
work establishes a unified thermodynamic perspective on the nonlinear control and
transport of optical waves.
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Laser Wakefield Acceleration and Compact Radiation Sources

W. Wang*”, R. Li!
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ABSTRACT

Laser wakefield acceleration (LWFA), with an acceleration gradient three orders of
magnitude higher than that of conventional radiofrequency accelerators, has become an
important research direction in ultrafast and high-intensity laser facilities. After more
than two decades of rapid development, the field has gradually transitioned from
fundamental studies of LWFA to the development of compact secondary radiation
sources driven by such accelerators. In this talk, the research team at SIOM has
progressively developed three main research directions based on advancements in
electron beam performance: first, the generation of compact free-electron lasers driven
by high-quality electron beams; second, the production of intense Betatron radiation X-
ray sources using high-charge electron beams; and third, the realization of a laboratory-
scale muon source driven by high-energy electron beams. These research directions not
only demonstrate the broad application prospects of LWFA in the future but also
contribute to advancing the technology toward greater maturity and practical utility.
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Laser Plasma Accelerator and Applications at Peking University
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ABSTRACT [major heading style: Bold 12 pt, UPPERCASE]

An abstract not more than 300 words in length should be typed here. The abstract
should provide a concise synthesis of the entire paper, including the purpose of the
study, approach, main findings, and interpretation of their significance. The abstract
should be a self-contained statement that summarizes the entire paper. Please do not
use references and figures in the abstract.

[leave one blank line between the abstract and ““Reference Style”’]

In 2004, laser electron acceleration achieved a milestone breakthrough, and due to its
significant importance in high-energy physics and applications, Prof. Mourou and
Prof. Strickland were awarded the Nobel Prize in 2018. In the Nobel Prize report, it
was mentioned that laser accelerators have the advantage of high electric field
gradients, which can accelerate electrons to nearly 10GeV within a distance of~10cm.
However, the application of this acceleration technology still faces bottlenecks such
as large energy spread, poor stability, and poor repeatability. The beam provided by
the laser accelerator has characteristics such as high peak current intensity, short
duration (fs~ns), wide energy spread, and controllable single shot dose. In recent
years, Peking University has built a laser accelerator device (CLAPA-I), which can
provide ~10 MeV/10pC proton beams with energy spread better than 1%, nC
level~100 MeV intense electron beams, MeV/u heavy ions, and ultra strong transient
gamma rays (8~100 MeV, 10 ~ 9/s). Recently, Peking University had built a CLAPA
Il accelerator for 100 MeV proton based on PW laser at the Huairou National Science
Center. The mouse experiments have confirmed the effectiveness and safety of
ultra-high dose-rate laser proton beams (super FLASH), which not only effectively

protect normal tissues but also enhance tumor-killing effects, compared to



conventional FLASH radiation therapy. The first human trial is expected to

commence next year.
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ABSTRACT

Hadron accelerators are widely used in medical applications. In the hadron therapy field,
cyclotrons and synchrotrons are used for producing proton, carbon or multi-ion to treat
the cancer tissue. In order to get more higher beam intensity and quicker energy switch
time, Full energy linac and laser accelerators are involved for FLASH. In the baron
neutron capture field, cyclotrons, RFQ Linac, and tandem provide more than 30 kW
proton beam to the target to bombard neutron. In the isotope production, proton
cyclotrons no more than 30 MeV are the most used. High energy and power proton
Linac, cyclotrons, that can produce alpha-isotope, are more and more studied.
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ABSTRACT

Steady state microbunching (SSMB) proposed by Alexander Chao and Daniel
Ratner is a new concept of accelerator light source, which means to maintain the
microbunching in storage rings for coherent radiation production. By combining the
high coherence and high repetition rate, SSMB can provide very high average power
radiation. And the radiation wavelength can cover THz to soft X-ray.

To promote the SSMB physics research and develop a SSMB-EUV light source,
a taskforce has been established in Tsinghua University since 2017. Recently, we are
continuing the proof of principle experiment and have observed multi-turn coherent
radiation by modulating the electron bunch with laser turn-by-turn on MLS storage ring.
The experiment results are in very good agreement with theoretical prediction, which
proof this kind of mechanism (maintain micro-bunch in storage ring) can work well.

We have also proposed a complete design for high average power EUV radiation
based on SSMB. The proposal will provide 350 W EUV average power at the radiation
wavelength of 13.5 nm within 2% bandwidth. We have done the start to end study for
this proposal and the researches on the key technologies are also underway. This kind
of EUV light source may open a new roadmap to meet the requirements of EUV
lithography.
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Construction and Commissioning Progress of the SHINE A ccelerator
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ABSTRACT

The Shanghai Hlgh repititioN rate XFEL and Extreme light facility (SHINE) is one of
the world's most powerful photon sources. Initiated in 2018, this project is designed to
build an 8 GeV continuous-wave superconducting linac operating at a repetition rate
as high as 1 MHz, with two beamlines delivering photons between 0.2 and 15 keV
and six experimental stations in the first stage. Following a step-by-step installation
and commissioning approach, major phased milestones are scheduled annually from
2024 to 2027: the 100 MeV injector, 300 MeV linac section, 4 GeV linac with soft
X-ray FEL line, and finally the 8 GeV linac with hard X-ray FEL line. This talk will
present the progress of SHINE construction and commissioning to date.
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Physics design of the Hefei Advanced Light Facility storage ring
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ABSTRACT

The Hefei Advanced Light Facility (HALF), a soft X-ray diffraction-limited storage
ring light source, is currently under construction in Hefei, China, with construction
started in 2023 and scheduled for completion in 2028. The HALF storage ring, with a
full-energy linac as its injector, consists of 20 identical cells, which employ a modified
hybrid six-bend achromat lattice with both long and short straight sections. The natural
emittance of the HALF storage ring is 85 pm rad at an energy of 2.2 GeV, with the
capability to be increased to 2.5 GeV. The dynamic aperture allows for a nonlinear
kicker injection scheme used for user operation. The Touschek lifetime is nearly 8 hours
for a 10%-coupling beam. The beam current is 350 mA for Phase | of HALF. HALF
will have approximately 35 beamlines in total, the vast majority of which are insertion
device beamlines, and 10 of these will be constructed in Phase I.
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ABSTRACT [major heading style: Bold 12 pt, UPPERCASE]

The Shanghai Soft X-ray Free-Electron Laser (SXFEL), China’s first X-ray FEL,
provides unprecedented capabilities for probing ultrafast dynamics. This presentation
reviews its current operational status and recent frontiers in beam physics. SXFEL
operates highly efficiently, delivering over 4,500 hours of beamtime annually for user
experiments in quantum materials, life sciences, and EUV lithography. We will
highlight recent technological breakthroughs, including the milestone demonstration of
PWFA XFEL saturation, high-intensity 7-30 THz radiation, and advanced external
seeding schemes for fully coherent FELs. Furthermore, developments in attosecond
pulses, X-ray vortex beams, and other advanced techniques will be discussed. These
continuous upgrades significantly enhance SXFEL’s performance, opening new
avenues for cutting-edge scientific research.
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Discrete Simulation of Nonlinear Schrodinger Dynamics in a Two

Coupled Fiber Loop Temporal Photonic Lattice
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ABSTRACT

The nonlinear Schrédinger equation can describe rich wave phenomena such as
soliton formation, modulational instability, and nonlinear localized states. Here we
investigate a two coupled fiber loop temporal photonic lattice as a discrete platform
for simulating novel nonlinear Schrddinger type propagation, where the effective
spatial and evolution dimensions are constructed through time multiplexing and the
nonlinear response is introduced through intensity gradient-dependent phase
modulation. Theoretical simulations show that, under suitable nonlinear strength and
initial conditions, a Gaussian beam can form a stable localized cusp soliton structure
and approximately maintain its spatial distribution during propagation. For a flat-top
initial beam, the considered topological nonlinearity can preserve the sharp edges of
the beam and stabilize localized structures near the boundaries. Our results indicate
that the two coupled fiber loop platform can serve as an experimentally realizable
system for studying novel discrete nonlinear Schrédinger dynamics, soliton
formation, and nonlinear boundary localized states.
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ABSTRACT

With the increasing interest in Muon beam science and applications, more Muon
beams are needed around the world. Based on the recent developments of the high
power accelerators in China, Muon beam is proposed as one important application in
these facilities, like CSNS, SHINE, HIAF and CiADS. With different beam
parameters of these facilities, the proposed Muon beam lines have different features
and therefore aim for different purpose, like beyond standard model physics, high
precision measurement, atomic physics, condensed matter physics, material science
and non-destructive element identifications. The energy of Muon beams will cover
from meV to GeV level, with the flux from 10%/s~10°/s. In the talk, the design, key
technology development and the future plan of the new Muon beam facilities will be
summarized and presented.

KEYWORDS
Muon Beam, Accelerator, Muon Science and Application, New Physics, Condensed
matter

* Corresponding author email: jiahuan@impcas.ac.cn
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Accelerator-Driven Nuclear Energy System

H. Yuan
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ABSTRACT

The accelerating global energy transition and stringent dual-carbon targets necessitate
a scalable, safe, and sustainable nuclear fission pathway. Accelerator-Driven Systems
(ADS) offer a transformative solution by enabling subcritical operation, transmutation
of long-lived actinides and fission products, and closed fuel cycles with uranium
utilization exceeding 90%. This report presents the engineering progress of the
Accelerator-Driven Advanced Nuclear Energy System (ADANES), anchored by the
China initiative ADS (CiADS) experimental facility. Key milestones include the
commissioning of a high-power superconducting proton linac (600 MeV, 5 mA, beam
power >25 MW with beam loss control <10 ¢), successful thermal-hydraulic
validation of a 3 MW liquid lead-bismuth (Pb-Bi) spallation target, and design
completion of a 10 MWt pool-type subcritical reactor. Parallel advancements in
high-temperature dry reprocessing (PUMA platform) have demonstrated >95%
uranium recovery and efficient separation of semi-volatile/metallic fission products,
enabling regenerated fuel pellet fabrication. The CiADS facility is currently
advancing through accelerator-target coupling and non-nuclear integral testing, with
full-power operation targeted for 2028-2030. The ADANES deployment roadmap
outlines a phased progression: a 10 MWt experimental facility (2030), a 100 MWt
demonstration plant (2035), and GW-scale industrial units (2040), leveraging a
multi-stage breeding—transmutation—burner architecture. With projected generation
costs competitive with current PWRs and the elimination of conventional
reprocessing surcharges, ADANES positions ADS technology as a technically robust,
economically sustainable, and proliferation-resistant cornerstone for next-generation
nuclear energy systems and circular fuel management.

KEYWORDS
A scalable, safe, sustainable nuclear fission pathway/ Accelerator-Driven Advanced
Nuclear Energy System



Promoting Deep Learning in Physics with the Conceptual Framework Model of Knowledge
Integration

Lei Bao

School of Biological Science and Medical Engineering, Research Center for Learning
Science, Key Laboratory of Child Development and Learning Science (MOE), Southeast
University, Nanjing, 211189, China

lei.bao@outlook.com

Deep understanding of core scientific ideas and cross-cutting concepts in STEM has
become a central goal of contemporary science education standards. However, extensive
research shows that traditional instruction often falls short in helping students develop deep
conceptual understanding in physics. To support assessment and instruction that promote
knowledge integration and deep learning, we have developed a new Conceptual Framework
model, which represents students’ knowledge structures with particular attention to the core
ideas and sub-dimensions of a given concept. A Conceptual Framework is a content-specific
model that maps the knowledge structures of novices and experts, helping to identify missing
connections between core conceptual ideas and other elements within the knowledge
structure. Assessments based on the Conceptual Framework model emphasize determining
which connections exist in students’ knowledge structures, while instruction informed by the
model targets the development of more expert-like connections. This talk will introduce the
Conceptual Framework model and review recent studies demonstrating promising outcomes
from its application. Examples of instructional and assessment approaches based on the

model will also be discussed.
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[Ultralight Particle Hunts Using Gravitational-Wave Interferometers and Black Hole
Polarimetry |

Yue Zhao

"Hong Kong University of Science and Technology, Hong Kong, China

ABSTRACT

Ultralight particles, such as axions and dark photons, arise naturally from the
compactification of extra dimensions. This talk presents new detection strategies to
search for these candidates. First, I will show how LIGO-Virgo-KAGRA gravitational-
wave detectors serve as multi-purpose direct-detection observatories for ultralight dark
matter. Direct searches for various possible candidates—including dark photons, axions,
and dilatons—have been performed and previously unexplored parameter space has
been covered. Second, I will discuss how the Event Horizon Telescope’s angular
resolution enables tests of axion clouds around a supermassive black hole, like M87*.
By analyzing the azimuthal distribution of linear polarization, we derive the strongest
constraints on the axion—photon coupling in a certain mass window. Together, these
results demonstrate that gravitational-wave interferometers and black-hole polarimetry
have become powerful laboratories for ultralight particle detection.
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polarimetric measurements of supermassive black hole M87*
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ABSTRACT

The Circular Electron Positron Collider (CEPC), proposed by the Chinese High Energy
community in 2012, is designed to run at a center-of-mass energy of 240 GeV as a
Higgs factory. The CEPC can also be operated at lower energies to deliver an
unprecedented amount of Z and W bosons, and further be upgraded to run at higher
energy to the top pair threshold. The CEPC Conceptual Design Report (CDR) was
formally released in November 2018. Subsequently, the Technical Design Report (TDR)
for the CEPC accelerator was published on December 25, 2023, followed by the
reference detector TDR on October 6, 2025. The CEPC team is now advancing key
technology development and validation efforts, with the goal of delivering an
Engineering Design Report. In this talk, we will briefly review the CEPC’s physics
potential and focus on the current status of R&D activities for both the accelerator and
the detector.
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ABSTRACT

In relativistic heavy-ion collisions, the collective behaviors of deconfined quarks and
gluons characterized by the hadron spectra and anisotropic flow reveal the formation of
quark gluon plasma (QGP), which can be macroscopically described by relativistic
hydrodynamics with the transport coefficients governed by the underlying strong
interaction. Recent measurements of the global spin polarization of Lambda hyperons
further indicate the presence of strong vorticity of the rotating QGP and manifest the
relativistic Barnett effect at the subatomic scale. However, it is elusive how we could
further explore the microscopic properties of a QCD medium through spin-related
observables. Recently, the measured spin alignment phenomena of vector mesons
cannot be simply explained by the vorticity, which may lead to such a new opportunity.
Microscopically, a considerable number of soft gluons, in the QGP phase or even in the
glasma phase as its precursor with overpopulated gluons in the color-glass-condensate
effective theory, may be delineated by fluctuating chromo-electromagnetic fields (or
color fields for short). We will discuss how such color fields may potentially result in
the spin alignment through the anisotropic spin correlation of the quark and antiquark
forming a vector meson via quark coalescence. Also, the pertinent effects from color-
field correlators with anisotropic quark flow could give rise to local spin polarization
of Lambda hyperons along the beam direction. We may employ the spin transport
phenomena to probe the microscopic interaction of QCD matter in high-energy nuclear
collisions.

REFERENCE STYLE
KEYWORDS
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Hunting the Unusual: Al and Exotic Signatures Beyond the Standard Model
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ABSTRACT

The Standard Model (SM) is remarkably successful yet incomplete, inspiring a rich
landscape of theories for physics beyond the SM (BSM), including supersymmetry,
hidden or dark sectors, and extended Higgs or gauge sectors predicting heavy
resonances and long-lived states. These scenarios often produce unusual collider
signatures that evade traditional prompt-object searches. This talk, ‘“Hunting the
Unusual: Al and Exotic Signatures Beyond the Standard Model,” will present recent
LHC results that probe a broad range of such phenomena, from high-mass resonances
in dijet and multilepton final states to unconventional topologies with striking spatial
and temporal structures. Particular emphasis will be placed on long-lived particles
producing displaced vertices and displaced leptons, as well as dark-sector—motivated
emerging jets in which hadronic activity gradually develops from displaced, low-
multiplicity seeds. Complementing these targeted analyses, we are developing and
deploying real-time Al strategies at the trigger level to identify anomalous events with
these exotic signatures, enhancing the LHC’s ability to capture unanticipated BSM
phenomena in current and future running.
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Experimental Studies of Chiral Magnetic Effect and Magnetic Field in Heavy lon Collisions
Huan Zhong Huang
huang@physics.ucla.edu
Department of Physics and Astronomy
University of California Los Angeles

Quantum ChromoDynamics (QCD) which governs the interactions of quarks and gluons allows for
collective gluonic excitations with finite topological charges due to the non-Abelian nature of the
guantum field theory. Transitions between these excitation states could lead to the formation of
chirality unbalanced domains where the numbers of right handed and left-handed quarks are unequal.
The chirality of these quarks, under the influence of the strong magnetic field generated by spectator
protons moving at nearly the speed of light, could produce an electric current along the magnetic field
direction. This Chiral Magnetic Effect (CME) could result in charge separation signals along the magnetic
field direction in the final state charged particles. The presence of the CME violates the Parity symmetry
locally in the strong interactions, and could represent intrinsic properties of the QCD theory. The search
for the CME in heavy ion collisions has been a major scientific objective at RHIC. | will review the status
of experimental studies of the CME and the magnetic field in heavy ion collisions at RHIC with the STAR
experiment.



KOTO and KOTO-II: Search for New Physics

through the K; —» m%vv decay
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ABSTRACT

The rare decay K; — m°vv is considered a "golden channel" in particle physics,
providing one of the cleanest probes for New Physics due to its theoretical precision
and rareness in the Standard Model (SM). KOTO is the dedicated experiment searching
for this decay and has recently set the world-leading upper limit on its branching ratio
at 2.2 x 1079 (90% confidence level) using data collected in 2021. While significant,
this limit remains two orders of magnitude above the SM prediction. To precisely
measure this decay and examine the SM, the KOTO-I1 experiment has been proposed
as a major upgrade. By utilizing a harder K; momentum spectrum, increased K; flux,
and an optimized detector design, KOTO-II aims to either confirm SM predictions or
uncover clear evidence of New Physics. The KOTO-II collaboration, consisting of 87
members from 11 countries, aims to begin the experiment in the 2030s. This
presentation will cover the current status and future prospects of the project.

REFERENCE STYLE
Search for the K, —» % Decay at the J-PARC KOTO Experiment, Physical Review
Letters, 134, 081802, 2025, J. K. Ahn et al.
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A Proposal for a Quantum Mechanical Model of Black Hole

Chong-Sun Chu
Department of Physics, National Tsing-Hua University, Hsinchu, Taiwan

ABSTRACT

Black holes pose sharp consistency questions at the interface of gravity, quantum
mechanics, and thermodynamics. It is widely believed that resolving problems such
as providing a microscopic account of Bekenstein—-Hawking entropy, understanding
the origin of black hole thermodynamics, and resolving the information paradox
posed by Hawking radiation will provide valuable insights to the construction of the
theory of quantum gravity.

In this talk, I discuss a recent proposal [1,2] of a quantum mechanics of quantized
space as a model of quantum black hole and quantum gravity in 4-dimensions. Our
construction was motivated by the bottom-up approach [3,4]. As a system of
quantum bits of quantum space, our model reproduces not only the needed
macroscopic properties of the Schwarzschild black hole [1] and the rotating Kerr
black hole [2], it also provides a microscopic counting of the Bekenstein-Hawking
entropy of black hole [1,2] and explains the origin of Hawking radiation in terms of a
tunneling process of emission of monopole in the quantum mechanics [5].

As application, I discuss how the well-known membrane paradigm of black hole is
modified by quantum gravity effects [6]. In classical general relativity, the black hole
membrane is an electrical conductor with a constant vacuum resistivity. We identify
new quantum gravity effects and show that the quantum black hole membrane has
also a frequency dependent inductance and a chiral Hall conductance. We propose to
test these new effects with the observation of quasi-normal modes.

1. Matrix model proposal for quantum gravity and the quantum mechanics of
black holes, Phys.Rev.D 112 (2025) 6, 066001, Chong-Sun Chu

2. Quantum Kerr black hole from matrix theory of quantum gravity, Phys.Rev.D
112 (2025) 4, 046014, Chong-Sun Chu

3. Fermi model of a quantum black hole, Phys.Rev.D 110 (2024) 4, 046001,
Chong-Sun Chu

4. Tunneling of Bell particles, page curve and black hole information,
Phys.Lett.B 865 (2025) 139486, Chong-Sun Chu

5. Hawking Radiation from Tunneling in Black Hole Quantum Mechanics, e-
Print: 2603.12199 [hep-th], Chong-Sun Chu

6. Membrane Paradigm for Quantum Black Hole, to appear, Chong-Sun Chu
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Extraction of transverse-momentum dependent helicity distribution

functions
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ABSTRACT

Three-dimensional imaging of the nucleon spin structure provides essential insight
into nonperturbative QCD dynamics. Building on our previous extraction of
transverse-momentum-dependent helicity distributions from SIDIS longitudinal
double-spin asymmetries within TMD factorization[1], this work revisits the
interpretation of existing experimental data and refines the treatment of the
corresponding x? analysis. Based on the extracted helicity TMD distributions, we
investigate the transverse-momentum dependence of parton polarization and its
connection to spin-dependent nucleon tomography. Predictions for the cos ¢y
azimuthal modulation are presented and compared with available measurements as an
independent phenomenological check of the TMD framework. We further perform
projection studies for the future electron-ion collider in China, incorporating its
expected high luminosity, polarized beams, and broad kinematic coverage. The
projected measurements demonstrate strong potential to improve the determination of
helicity TMD distributions and related azimuthal observables, particularly in the
sea-quark and low- X regions. These studies show that spin-dependent observables at
EicC can provide important information on the three-dimensional spin structure of the
nucleon and the underlying nonperturbative mechanisms of QCD.
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Classical analog of the T. D. Lee model for renormalization

Kang Xu, C.P. Sun”

Graduate School of China Academy of Engineering Physics, Beijing 100193, China.

ABSTRACT

Although divergence and renormalization of physical quantities are frequently
encountered in quantum field theory (QFT), they are not necessarily quantum-specific
characteristics. We show in this paper that there exists a classical counterpart of the Lee
model which is the model of coupled harmonic oscillators (CHO). It is demonstrated
that the frequency divergence in this classical model precisely replicates the
phenomenon of mass divergence in the Lee model, as does the corresponding
renormalization procedure. Considering the arbitrariness in renormalization schemes,
we establish necessary conditions that a general renormalization must satisfy for the
model of two coupled oscillators which corresponds to the single-mode Lee model.
Furthermore, we analyze the classical analog of the N-6 scattering process and show
that the dependence of scattering strength on the cutoff mode mirrors that of the
quantum case. These findings challenge the quantum-centric view of mass
renormalization in the Lee model and offer new insights into the classical-quantum
correspondence in renormalization theories.

REFERENCE STYLE
Classical analog of the T. D. Lee model for renormalization, Nuclear Physics, Section
B, 1022, 117228, 2026, K. Xu, C.P. Sun.
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HADRON PRODUCTION IN DEEP-INELASTIC SCATTERING
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Frontier and Interdisciplinary Science, Shandong University, China.

ABSTRACT

Semi-inclusive deep-inelastic scattering (SIDIS) is high-energy lepton-nucleon
scattering with a produced hadron measured in the final state. It is a central tool for
probing hadron structure and testing quantum chromodynamics (QCD). Persistent
discrepancies between theory and data have been observed in SIDIS at large transverse
momentum, where quantum electrodynamics (QED) corrections remain poorly studied.
The purpose of this work is therefore to determine how QED corrections modify SIDIS
observables in this regime.

To address this question, we carry out a systematic analysis in a hybrid
factorization framework, incorporating QED corrections within collinear QED
factorization and describing the hadronic subprocess with transverse-momentum-
dependent (TMD) and collinear QCD factorization in their respective kinematic regions.
We evaluate the resulting corrections to SIDIS hadron multiplicities for COMPASS
and Electron-Ion Collider kinematics.

Our analysis shows that QED corrections can have a substantial numerical impact
in the large-transverse-momentum region, in some cases changing predicted
multiplicities by up to an order of magnitude. This sizable effect can help reduce,
though not fully resolve, tensions between theory and existing SIDIS data. More
importantly, we identify a kinematic mechanism by which QED corrections shift the
underlying hard-scattering configuration so that the true hadron transverse momentum
can become small even when the observed transverse momentum is large. As a result,
nonperturbative TMD dynamics and uncertainties from the TMD-to-collinear matching
region can contaminate observables that are usually assumed to be governed purely by
perturbative large-transverse-momentum dynamics.

These results demonstrate that QED corrections are not a minor effect but an
essential ingredient of a consistent factorized description of SIDIS. The study has
important implications for precision QCD analyses and for the interpretation of future
measurements at facilities such as the Electron-Ion Collider.
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ABSTRACT

This talk will give an overview of recent LHC Electroweak physics results from
ATLAS, CMS and LHCb experiments including the highlights of recent W/Z mass
and Weak Mixing Angle precision measurements, inclusive di-boson precision
measurements, Vector Boson Scattering (VBS) polarization measurements, tri-boson
measurements and observations, etc. With the presented results, the talk will also
emphasize the important and deep connection between Electroweak Symmetry
Breaking (EWSB) and Higgs mechanism, particularly on the VBS longitudinal
polarization and Higgs unitarization interplaying the EWSB and Nambu-Goldstone
nature of weak bosons, the tri-boson productions and Higgs production with di-boson
decays in association with a vector boson. The related BSM probes via anomalous
gauge couplings with EFT interpretations will also be presented and discussed.
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Measurements of differential cross sections and search for neutral triple gauge
couplings in pp collisions at Vs = 13 TeV with the ATLAS detector, ATLAS-CONF-
2025-001, ATLAS Collaboration
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ABSTRACT

Free electrons provide coherent and ultrafast probes of light-matter interaction,
enabling electron-beam shaping, photonic state control, quantum sensing, and free-
electron quantum optics. However, direct inelastic photon absorption and emission by
free electrons in spatially extended optical fields are strongly constrained by energy—
momentum conservation, leading to negligible coupling in free space or conventional
cavity modes. Existing strong-coupling platforms therefore often rely on highly
localized near fields, as in photon-induced near-field electron microscopy, but this
requirement limits the range of accessible geometries and physical scenarios.

Here, we show that an optomechanical cavity with a vibrating mirror can open a
new route to strong coherent free-electron—light interaction. Starting from a relativistic
Hamiltonian for a free electron coupled to a cavity field and a mechanical phonon mode,
we derive an effective scattering operator and evaluate the corresponding coupling
strength. We find that the mechanical vibration is not a passive background degree of
freedom: through radiation pressure, a single collective vibration mode of the mirror
enters the microscopic electron—photon scattering pathway and forms hybrid electron—
photon—phonon channels. In these channels, photon absorption or emission by the free
electron is accompanied by an optomechanical Kerr energy shift, which compensates
the energy mismatch that suppresses the direct inelastic process.

By engineering the optomechanical response, the hybrid scattering channel can be
shifted into a phase-matched regime, producing a strong enhancement of the effective
electron—photon coupling without requiring highly localized optical near fields. Our
results identify optomechanical cavities as a promising platform for mechanically
assisted coherent free-electron—light interactions and reveal how mechanical motion of
a cavity element can actively reshape microscopic free-electron quantum scattering.
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ABSTRACT

The LIGO-Virgo-KAGRA network and Pulsar Timing Arrays have recently produced
results with significant implications for fundamental physics. The O4 observing run of
the LIGO-Virgo-KAGRA network has expanded the catalog of compact binary
mergers, enabling precision tests of general relativity in the strong-field regime. These
observations place competitive constraints on the graviton mass and gravitational-
wave propagation speed. Meanwhile, the nanohertz stochastic background detected by
NANOGrav and global Pulsar Timing Arrays collaborations may carry signatures of
cosmological phase transitions or cosmic string networks scenarios. We summarize
the current landscape of results and discuss how next-generation detectors such as
Einstein Telescope and LISA will sharpen these fundamental physics tests in the
coming decade.
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ABSTRACT

The Shanghai Laser Electron Gamma Source (SLEGS) at SSRF is a cutting-edge laser
Compton scattering (LCS) gamma-ray facility dedicated to photonuclear physics
research. Commissioned in 2022 and open to users since 2023, it uses 10.64 um photons
from a 100 W CO: laser and 3.5 GeV electrons circulating in the SSRF storage ring to
generate quasi-monochromatic, continuously energy-tunable gamma-rays from 0.25 to
21.7 MeV by varying the scattering angle from 20° to 160°. SLEGS is able to deliver a
flux of ~107 photons/s with 5%—-15% energy resolution [1]. It is the world’s first
versatile slant-scattering LCS beamline, offering unique energy scanning capability
without changing the electron beam energy, which is highly attractive for systematic
nuclear physics studies. The beamline is equipped with multiple spectrometers,
supporting nuclear resonance fluorescence (NRF), photoneutron, and photon-induced
charged particle reaction measurements. Recent scientific highlights include systematic
(y,1n) cross section measurements for '°’Au and '*’Tb that resolve long-standing
discrepancies between previous Livermore and Saclay data [2]; the first systematic 2D
mapping of the polarimetric distribution of linearly polarized gamma rays produced in
relativistic Compton scattering at a finite scattering angle [3]; a high-precision
measurement of the D(y,n)p photodisintegration reaction with implications for Big
Bang nucleosynthesis [4]; and the extraction of the sum of the electric and magnetic
dipole polarizabilities of the deuteron based on a dense continuous dataset covering
2.33-19.65 MeV [5]. Beyond SLEGS, a new LCS source based on the Shanghai Soft
X-ray Free-Electron Laser (SXFEL) is planned at SSRF, and a future source at SHINE
is under consideration. This presentation will review SLEGS design, performance,
operational status, user achievements, and emerging opportunities for the international
community.
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ABSTRACT

We propose the "Theory-Data-Intelligence" paradigm driven by Al agents for
microscopic calculations of nuclear systems. By coupling theoretical results with
experimental feedback, we developed a dual-agent coupling framework to describe
complex quantum states in light nuclei. This framework features two deeply coupled
agents: the Control Neural Network (Ctrl.NN) extracts quantum features from high-
dimensional many-body wave functions to predict imaginary-time evolution paths,
efficiently guiding basis vector optimization; the Hamiltonian Generation Network
(Ham.NN) uses experimental data as supervisory signals to adjust effective nuclear
forces, ensuring physical self-consistency. We applied this framework to study the
cluster structures and decay properties of *C and '"F nuclei. By introducing high-
momentum nucleon pairs to characterize the a -cluster dissolution effect, we
constructed the CB-Brink wave function that incorporates both cluster and shell
characteristics. In the study of *C, we successfully identified three 0" states with
significant cluster components near the ‘He+a+a threshold. Analysis of the basis
structures confirmed the existence of m- and o-bond linear-chain states, and reaction
channel analysis further revealed that the first 0* state above the threshold is a Bose-
Einstein Condensation (BEC)-like state. Additionally, comparisons of partial decay
widths derived from the R-matrix theory with experimental data provide crucial
theoretical support for the experimental discovery of the BEC-like state. For ''F, we
investigated the excitation process from the ground-state shell structure to the cluster
degrees of freedom in excited states. The results show that the theoretical branching
ratios for a-decay and proton emission highly agree with the latest experimental data
from the Institute of Modern Physics, verifying the exotic quantum phenomenon of
shell-cluster phase coexistence near the !'2C+ a +p threshold. By synergistically
optimizing both high-dimensional wave functions and effective nuclear interactions,
our dual-agent framework significantly simplifies the numerical calculations of
quantum systems under multiple constraints, and offers a new perspective for solving
the nuclear many-body problem.
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ABSTRACT
Proton-boron (B (p, ) ) fusion, an ideal aneutronic reaction, is a promising
next-generation clean energy. Precise calculations of cross-sections and S-factors for
dominant resonance peaks are crucial for ignition prediction and reactor design.
However, the two key intermediate 12C states corresponding to these peaks lie above
16 MeV, a region scarcely explored in previous theoretical works. Employing the
Control Neural Network (Ctrl.NN) based on the GCM, we systematically investigate
the exotic structures and decay properties of these intermediate states (the 2% state at
16.1 MeV and the 2~ state at 16.6 MeV). Our model incorporates cluster-breaking
configurations alongside 3a cluster wave functions, constructing a complex basis
space of + +3H+p, + +°3He+n, and 3 configurations, which is efficiently
optimized via Ctrl.NN. This approach successfully identifies the key states above the
11B+p threshold. RWA calculations reveal that while the 2% state is dominated by
the 'B+p component, the 3  configuration still contributes significantly to the
-decay RWA. Furthermore, R-matrix theory is applied to extract partial decay
widths for the 1'B(3/27)+p and ®Be(0*, 2*)+  channels. The derived S-factors
and cross-sections successfully reproduce the magnitude of the 2~ resonance
cross-section. This work establishes a robust theoretical framework for describing
intermediate states and calculating cross-sections, deepening our understanding of
fusion mechanisms and providing an effective approach for broader reaction studies.
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