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The Higgs boson AlexNet



Machine Learning 

• Differentiable programming

• Backward Propagation

• Gradient Descent Algorithm

Fundamental Belief: Universal Approximation Theorems

-- A neural network can effectively approximate a high-dim. function
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Machine Learning 

AI GeneratedSlides courtesy to Prof. Kai Zhou
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Machine Learning 
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Machine Learning 
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https://iml-wg.github.io/HEPML-LivingReview/

>1000 papers

Machine Learning and HEP, a long story



Machine Learning and HEP, a long story
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Machine Learning and HEP, a long story



What’s happening
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AI+HEP analysis: a huge inverse problem
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A few examples @ BESIII

12

GeneratorTheory

Collider Detector

High level 
concepts

InferenceLow level,
High dim. data

Generation

Simulation

TDAQ

Reconstruction
Event

Selection

Statistical 

Analysis

Discovery & 

measurement

Nature

HEP: 

High level 
concepts

AI: 

Declaimer: a random selection of published BESIII works



Example: Reweighting: to create data-like MC

• Rich structures in data of hadron 
spectroscopy cannot be described 
by generic MC

• Amplitude analysis is mandatory to 
extract the resonances

• Data-like MC  is useful to calculate 
efficiency or to estimated 
backgrounds

J/𝜓 → ҧ𝑝𝑛𝜋+
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[EPJ Web Conf. 214, 06033] 
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Original distribution After reweighting

⚫ A classifier to distinguish Data and MC provide probabilities 𝑝𝑅𝐷 𝑥 and 𝑝𝑀𝐶 𝑥 [1] 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 𝑤 𝑥 =
𝑓𝑅𝐷 𝑥

𝑓𝑀𝐶 𝑥
~
𝑝𝑅𝐷 𝑥

𝑝𝑀𝐶 𝑥

⚫ We utilize this approach with XGBoost algorithm

[1] Martschei, D., Feindt, M., Honc, S., & Wagner-Kuhr, J. (2012). Advanced event reweighting using multivariate analysis. Journal of Physics: Conference Series, 368(1), 012028. 

[EPJ Web Conf. 214, 06033] 



J/ψ → γγϕ, a s ҧs flavor filter
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BESIII PhysRevD.111.052011(2025)

From the amplitude analysis,

• η 1405 is observed, while η 1475 can not be excluded

• X 1835 → γϕ suggests its assignment of η′ excitation

• ηc → γϕ are observed. The very first radiative decay mode of ηc
• Observation of f2 1950 and f0 2200 → γϕ unfavored their glueball interpretations 

[PRD 108, 014023, Sci.China Phys.Mech.Astron. 67 (2024) 11, 111012]

PR D97 051101 (2018) 

Fit to mass spectrum

𝜼 𝟏𝟒𝟕𝟓 13.5𝝈

X(1835)6.3𝝈

𝒇𝟏 𝟏𝟐𝟖𝟓 <5𝝈

Amplitude analysis with 
ML techniques for 
background subtraction

More than proof-of-concept, but in production:
PRL 134 (2025) 201902, PRL 136 (2025) 161902, 
PRD 103 (2021) 012009, arXiv:2510.25111, arXiv:2501.04451, etc



Example: Hunting for Λ𝑐 → 𝑛𝑒+𝜈
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[Nat. Comm. 16, 681]

• Nearly unlimited labeled samples

• Structured data

• Clear training objectives

• Sharing of parameters across node 

and edge updates in the graph.

• Permutation invariance

Phys.Rev.D 101 (2020) 5, 056019ParticleNet: Jet Tagging via Particle Clouds

Slides courtesy to Prof. Xiaorui Lv
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[Nat. Comm. 16, 681]Machine-learning-driven observation of the elusive semi-

leptonic decay of charmed baryon
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[Nat. Comm. 16, 681]



Where it begins
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Example: MDC tracking with GNN 
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[EPJ Web Conf. 295, 09006 ]



ML as Surrogate Models for simulation
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Deep Generative Models

22

Learn p(x) implicitly

Learn p(x) explicitly



23

[NIM.A 1065, 169544]

Example: A data-driven dE/dx simulation with normalizing flow



What’s next
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Data with many forms and modalities
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Figure from Nature Comm. 12, 1120 (2021) 

Sparse, Heterogeneous, Multi-scale measurements



Challenge of Representations

26courtesy to B. Nachman courtesy to C. Li arXiv:2403.07066, 2503.11632

Self-supervised LearningPhysics informedIndustrial

Rich streams of data to be combined in a uniform and distilled 

representation  serving a large variety of downstream tasks

→ Foundation models 



The Power of Scale
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With massive corpus data and large models, 

ChatGPT

• A success in “Predicting The Next Word”

• More over, a compression of world’s knowledge 

With massive HEP data and large models, ??? 

What can we get from an effective compression?



Powered by LLM:
From discriminative tools to generative agents

• Recap

• AI models to approximate the patterns in data

• AI models to approximate the patterns of human behavior
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Powered by LLM:
From discriminative tools to generative agents
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From OpenAI

• Enabling scientists to focus on 

domain science via automation 
• Ultimately increasing efficiency 

and accelerating scientific 
discovery



Dr.Sai: Advancing LLM agents for autonomous HEP data analysis

30Integrated workflows to accelerate discovery



Outlook
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WWW

（1989）
Google founded
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（2012）
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