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Disclaimers 

• This is a very personal review, mainly focus on offline data processes,

highly biased 

• Lots of things not covered



Outline

• Introduction

•ML and a few words on it

• Deep learning

• LLM

• Summary
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Introduction

• The Standard Model (SM) theory was 
completed following the discovery of 
the Higgs boson in 2012.

• However, it remains merely an 
effective theory at low energies.

• The search for new physics beyond 
the SM is a top priority in particle 
physics.

2025.10.20-11.02 第四届全国核物理及核数据中的机器学习应⽤研讨会 4



2025.10.20-11.02 第四届全国核物理及核数据中的机器学习应⽤研讨会 5
The best way: Big data + AI
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Toolkits for multivariate analysis
TMVA more than 20 years
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What should we know about ML?



Fact 1: Why it works？ Neural network as universal function approximator 

A notable fact about neural networks is that they can approximate a continuous function to 
any desired level of precision, provided that there are enough neurons in the hidden layers.

1D 2D



Fact 2: Why it is difficult？ Curse of dimensionality

• When D=1:    100 evenly distributed points can sample a unit interval with a distance no greater than 0.01;

• When D=10:   it requires 1020 sampling points to achieve the same sampling rate.

• Almost all points in high-D are isolated 

On one hand: fortunately, most specific problems can be reduced in dimensionality!



On the other hand:
Neural networks have demonstrated their ability to effectively 

address the dimension problem!
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Fact 3: No Free lunch theorem and bias-variance tradeoff

No free lunch theorem ( http://www.no-free-lunch.org )

There is no single algorithm that is universally the best for all problems

Performance of a learning algorithm is problem-specific

Why do some models perform well on certain datasets? Inductive bias

http://www.no-free-lunch.org/
http://www.no-free-lunch.org/
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Inductive bias of various algorithms
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c.o.g

arXiv:1806.01261

https://arxiv.org/abs/1806.01261
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Deep learning era

Summary of the HEP ML Living Review

https://iml-wg.github.io/HEPML-LivingReview/
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Classification

Anomaly detection

Unfolding

Statistical inference

… …

2025.10.20-11.02 第四届全国核物理及核数据中的机器学习应⽤研讨会 14

Lots of tasks using AI

Particle identification

Tracking

calorimeter clustering

Fast simulation

Trigger

… …



The most successful story starts from jets

2025.10.20-11.02 第四届全国核物理及核数据中的机器学习应⽤研讨会 15

• Jet Classification

(jet tagger)

• Jet Regression

• Jet Clustering

ü Jet: a spray of a bunch particles
ü Invariance: edge, node permutations
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Learn the History of ML…in ATLAS FTAG



17Slide  /

Jet as images



Jet as sequence

2023年粒⼦物理实验计算软件与技术研讨会
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Point cloud vs particle cloud
Jet as sets or cloud



Particle Transformer

Multi-head attention 
2023年粒⼦物理实验计算软件与技术研讨会

The-state-of-the-arts
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On top quark tagging dataset

The most performant
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All 11 types of jets PRL 132, 221802 (2024)

Based on the CEPC simulation



Not only jets
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Multi-classification of event

39 classes



25Slide  /

Sophon at CMS
hep-ex:2405.12972

~200 classes
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Large Language Model
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©旁⻔左
道PPT

用于BESIII物理分析的“Dr.Sai”智能体

(a) (b)

当前目标：“赛博士”智能体重新发现Zc(3900)粒子
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CHATLAS: copilot of ATLAS experiment
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Supersymmetry Technologies

Feed data to LLM directly with
some sophisticated tokenizer

The results comparable with the-
state-of-the-art models



Summary

• Experimental particle physics is accumulating ever-increasing volume of data

• AI (machine learning) is essential for the search for the BSM physics

• Traditional methods remain powerful and offer greater interpretability

• Deep learning shows promising performance when proper invariance is injected

• Systematics uncertainties remain challenging

• LLMs simultaneously used as a copilot or directly employed to process data.
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Extras
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What we observed with noise

What we want to
know in a event


