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Steering committee

Format of MLPhys (2022-2027, 6M USD)

A03: AI condensed matter physics

A04: AI quantum + gravity

A02: AI particle physics

B02: Numerical sampling efficiency

B03: Topology and ML
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A01: AI computational physics

B01: ML models for physics



Giving-up Interpretability, while bridging 

AI hep-lat : Spin MC by transformer

AI hep-ph : Jet tag by transformer

AI cond-mat : Superconductor wave fn

AI hep-th ：Emergent spacetime

AI stat-mech ：Diffusion model is QM



AI hep-lat : spin MC by transformer

[Tomiya, Nagai,   
PoS LATTICE2023 (2024) 001] 

Attention mechanism 
describes nonlocality

A01



AI hep-ph : jet tag by transformer

[Hammad, Nojiri, JHEP 06(2024)176, 
JHEP 03 (2024) 114] Cross-attention learns

Physical energy scales

Particle

A02



AI cond-mat : superconductor wave fn

[Schmid, Morée, Kaneko, Yamaji, Imada,
Phys. Rev. X 13, 041036 (2023)]

Quantum many-body wave 
functions by Boltzmann 
machine
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[Hashimoto, Matsuo, Murata, Ogiwara, 
Takeda, ICML 2024 workshop poster]

NN derives emergent bulk 
spacetime from data 
on material 

=
Material “CFT” “AdS”

DNN

?

Data
Learn

Interpret

AI hep-th : emergent spacetime A04



AI stat-mech：Diffusion model is QM

[Hirono, Tanaka, Fukushima, ICML 2024,    
arXiv:2403.11262]

Diffusion model for generative 
AI is rewritten by path-integral

B01+B03



https://mlphys.scphys.kyoto-u.ac.jp/ic_mlphys2026/report_en.pdf

Summary, MLPhys 2026 conference (Jul 2026)



Step I (AI) : Neural network applied (Giving up Interpretability)

https://mlphys.scphys.kyoto-u.ac.jp/ic_mlphys2026/report_en.pdf

Summary, MLPhys 2026 conference (Jul 2026)

Typical research progress in MLPhys

Step II (Human) : Discoveries interpreted by human

Step III (AI + Human) : Interpretable architecture applied

E.g. “Fermi machine” M. Imada (2024)



ARiSE AI4MP   (2026-2029, 4M USD)
Koji Hashimoto + Masataka Imaizumi 
+ Tomiya + Otsuki + Nojiri + Kabashima + Sugiyama + Iso

AI agents with math and physics verification for unsolved physics problems

AI for Math & Phys
International 
benchmarks

Challenges for 

unsolved physics 

problems
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AI theory

particle
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AI4MP
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Example of Generative Science

Generated by Chat-GPT o3-mini-high, Feb 2025, 1 hour
(Unpublished)



AI prover agent for auto-math 
[Baba, Liu, Kurita, Sannai, ArXiv:2506.19923]

World record: 
AI agents and Lean 
LLM are unified

Question
Sample number

Gold medal level
of International
Math Olympic

Success rate



Millenium problem on Navier-Stokes eq, OpenAI, 8 Sep 2026



722 preprints released by OpenAI, 6 Oct 2026



One of OpenAI 722 preprints, on string theory



On the existence of QCD, OpenAI, 26 Oct 2026



“AI should support mathematical understanding and human creativity, rather than 
simply accelerate the production of benchmark solutions and formal results.”

A declaration signed by 8000 mathematicians, including 20+ Fields Medallists,
warning of a growing misalignment between AI development and the values of 
mathematical research.

Mass Petition from the Mathematics Community

https://mathandai.org/ 11 Sep 2026

https://mathandai.org/


Study Summary
• 268 early-career mathematicians from 60 institutions in 5+ countries.
• AI use is already common, especially for search, checking, coding, and proof assistance.
• 70% became less likely to pursue academia
• Most are not anti-AI: they see strong potential, but dislike how adoption is unfolding.

Recommendations – Rebuild Evaluation-Education system 
• Redesign hiring and promotion beyond Paper counts
• Preserve easy problems for Training young mathematicians
• Set clear rules for AI use

• Reward human understanding, explanation, and conceptual synthesis

Early-Career Mathematicians on AI: Concerns and Recommendations

https://arxiv.org/abs/2610.40584 29 Oct 2026

https://arxiv.org/abs/2610.40584


“Physics community should preserve the core values of physics, protect PhD 
training as a process of developing independent researchers, and establish clear 
norms for AI-assisted research, publication, and peer review”

Community discussion from a KITP program, involving more than 20 physicists 
and summarized in an arXiv paper.

AI Concerns are already being discussed in HEP

https://arxiv.org/abs/2605.03185  4 May 2026



US HEP th+ph+lat blueprint paper

https://arxiv.org/abs/2610.28505  20 Oct 2026

• Build shared AI infrastructure for particle theory.
• Train an AI-ready theory workforce.
• It does not yet address how to sustain the theory community as AI takes on more 

theoretical research.
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Proposal 

Establish an international WG of major HEP laboratories to define how
AI is integrated without hollowing out a part of theory community.

Issues WG should address:
1. Preserve Theory as a Strategic Capability
2. Protect the Next Generation of Theorists
3. Redefine What We Value in Theoretical Physics
4. Integrate and Govern AI—Rather Than Replace Theory with It

• Develop a joint statement on the role of theory in the AI era.
• Assess the impact of AI on the training and career pipeline.
• Recommend common principles for AI-era research and 

institutional policy.

Roles of WG:

“What scientific capabilities, human expertise, and training ecosystem 
must HEP preserve and develop as AI capabilities rapidly change?”



1. Preserve Theory as a Strategic Capability
Why: AI can accelerate existing problem-solving, but HEP still needs people who decide 
which questions matter, how results are interpreted, and where the field should go next.

Action: Maintain theory groups and protect long-term, curiosity-driven theoretical research.
2. Protect the Next Generation of Theorists

Why: If junior positions and formative research tasks disappear, the field may lose theory 
people who will jointly provide future scientific judgment.

Action: Protect PhD, postdoctoral, and junior-theory positions, rebuild education, and 
preserve research experiences that develop intuition and independence.

3. Redefine What We Value in Theoretical Physics
Why: As AI makes calculations, proofs, and paper production cheaper, output volume 

becomes a poorer proxy for scientific value.
Action: Reward question formulation, conceptual advances, physical insight, connections to 

experiment, and long-term scientific direction—not simply publication counts.
4. Integrate and Govern AI—Rather Than Replace Theory with It

Why: AI can greatly strengthen HEP, but unmanaged adoption can weaken human scientific 
capacity and distort research incentives.

Action: Build Experiment – Theory - AI teams, establish shared AI norms, and treat AI 
investment as an augmentation of scientific capability.


