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Overview
•Architecture Summary 
•Tagging and Vector Reconstruction 
•Small Parameter Limit



• Lorentz and permutation symmetries are fundamentally important to jet physics 

• Begin with a jet , and its constituent four-vectors  

• Use the full set of natural Lorentz invariants  as building blocks 

• Use particle-index permutation-equivariance tensors  as fundamental 
network operations

J pi

pi ⋅ pj

Bijkl
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Symmetries as a Fundamental Orientation



Lorentz Equivariance
• Construct Lorentz-scalars (particle ID) and vectors (intermediate particles) 

• Target Lorentz-scalars:  

• Target Lorentz-vectors:

f({pi}) = I({pi ⋅ pj})

4

f μ({pi}) = ∑
k

Ik({pi ⋅ pj})pμ
k

Bijkl



Permutation Equivariance
• 15 permutation equivariant linear maps of matrices into matrices 

• 5 maps of matrices into vectors 

• 2 maps of matrices into scalars
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Permutation Equivariance
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Identity 
δikδjl(pi ⋅ pj) = pk ⋅ pl

Bijkl

• 15 permutation equivariant linear maps of matrices into matrices 

• 5 maps of matrices into vectors 

• 2 maps of matrices into scalars



Permutation Equivariance
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Permutation Equivariance
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Permutation Equivariance
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Identity 
δikδjl(pi ⋅ pj) = pk ⋅ pl

• 15 permutation equivariant linear maps of matrices into matrices 

• 5 maps of matrices into vectors 

• 2 maps of matrices into scalars



Tagging
• Target Lorentz-scalars:  

• Hadronic top-jet vs. QCD background jets 

• SOTA performance at all orders of parameters! 

f({pi}) = I({pi ⋅ pj})
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Multiclass jet dataset (q, g, W, Z, t) Quark-gluon dataset

Toptag dataset

https://zenodo.org/records/3602254
https://zenodo.org/records/3164691
https://zenodo.org/records/2603256


• Target Lorentz-vectors: 

• Consider hadronically decaying top-quarks

Four-Vector Reconstruction
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• Target Lorentz-vectors: 

• Consider hadronically decaying top-quarks

Four-Vector Reconstruction
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• Target Lorentz-vectors: 

• Compare to John-Hopkins W-boson reconstruction

Four-Vector Reconstruction
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Reconstruction as a Tagger
• Start with mixed bag of top-quark and QCD jets: classify  vector reconstruction→
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Reconstruction as a Tagger
• Start with mixed bag of top-quark and QCD jets: classify  vector reconstruction 

• Can cut on assumed reconstructed “W-boson” as a tagger!

→
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• Interpretability is crucial in particle physics 

• Construct smallest viable models
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Small Model Limit: nanoPELICAN
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• Interpretability is crucial in particle physics 

• Construct smallest viable models 

• Reduce to a single hidden layer 

•  is traceless and symmetric 

• Only 6 aggregators remain

pi ⋅ pj
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nanoPELICAN
• Only 6 aggregators remain 
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nanoPELICAN
• Only 6 aggregators remain 
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Accuracy: 
AUC:        
Parameters: 

91.8% 
97.2% 
19

Top Mass



Conclusions
• PELICAN achieves SOTA performance with explainable outputs on Lorentz-

scalar and Lorentz-vector targets 

• Relatively performant even with O(10) parameters! 
• Gives hope for full PELICAN interpretability 

• Many prospects for future applications! 
• Fast tagging and other online analyses  
• Explainable energy calibration 
• Particle helicity measurements 
• High-precision jet-containment measurements for offline analysis 
• Track reconstruction 
• Astrophysics applications
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Thanks!
PELICAN paper 

NanoPELICAN paper 
PELICAN codebase 

nanoPELICAN codebase 
Data generation codebase 

Alexander Bogatskiy Timothy Hoffman David W. Miller Xiaoyang Liu Jan T. Offermann

https://arxiv.org/abs/2307.16506
https://arxiv.org/abs/2310.16121
https://github.com/abogatskiy/PELICAN
https://github.com/abogatskiy/PELICAN-nano
https://github.com/janTOffermann/HEPData4ML
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More Classification
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Quark-gluonMulticlass



Vector Reconstruction

24



Vector Reconstruction

25



Vector Reconstruction
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Vector Reconstruction Weights
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Dataset Details
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