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Jet Tagging
1.

A Brief Introduction
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The particles are detected and 
reconstructed as point clouds

Jet Tagging
Identify signal vs background in 
particles coming from different 
processes
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The issue of Boosted Jet Tagging

The angular resolution depends on the pT of the jets…
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ML for Jet Tagging
2.

A Brief Introduction
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Why Machine Learning?

Jet-Tagging Papers:

10

ML papers:
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The model size is a determining factor
In other fields: (LLMs) Particle physics
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https://huggingface.co/blog/large-language-models
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What information should we give the models?

Low level variables High Level variables
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End-to-end jet classification of quarks and gluons with the CMS 
Open Data. Andrew et Al.
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What about inductive biases?

What symmetries 
are involved in the 
process?
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What Lorentz group equivariant 
message passing networks achieve?

Bogatskiy et al.
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A problem…
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Murnane et al. Qu et al.
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The Boost Invariant 
Polynomials

3.

A Brief Introduction
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SOTA Accuracy with a fraction of the parameters
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A basis change
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A basis change… such that
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A basis change… such that
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis: 
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis: 

23

A general basis allows to introduce additional 
features… e.g 

Bessel 
polynomials
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis: 

24

Decoupled generators
(rotations + boosts)
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis: 
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis: 
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis.

2. Symmetrize the basis:
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis.

2. Symmetrize the basis.

3. Keep Invariant features:
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The Atomic Cluster Expansion Recipe:

1. Build a one particle basis.

2. Symmetrize the basis.

3. Keep Invariant features.
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Results
4.

Of the approach
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Versatility on the basis size
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Versatility on the classifier algorithm
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From logistic regressions To DL and GBT
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Versatility on the classifier algorithm
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Expressive representation
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Umap Componen 2
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Data Efficiency
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High efficiency
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Also on… 

same performance
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Outlooks
5.

& Conclussions
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Now… go deep

+ Learnable embeddings
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By Huilin Qu

Batatia et. al
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Play with the model

40

Paper
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Thanks for the 
attention!
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Please contact me for anything related
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The classifier setup:
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BIP

Jet representation

classifier Probability
Score 



A many body expansion
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Or a density


