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Fundamental Question: What shape is this?

Pictured: (Fake) event that you might 
have measured at the LHC

Red dots are detector hits on a patch 
of the LHC cylinder, weighted by 
energy

Goal: Construct an observable 𝒪 that 
generically answers this question!
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Fundamental Question: What shape is this?

Using the SHAPER framework and 
optimal transport ……

Circle with radius 0.767, center 
(0.50, 0.36) and a “circle-ness” value 
of 0.32.
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Yes, you CAN hear the shape of a jet!

𝜀 𝜀𝜃
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SHAPER: Learning the Shape of Collider Events

Piecewise-Linear Manifold 
Approximation with K-Deep Simplices 

(KDS, 2012.02134)

An IAIFI Story

Well-Defined Metric on Particle Collisions 
using Energy Mover’s Distance (EMD, 

2004.04159)

https://arxiv.org/abs/2012.02134

Framework for defining 
and calculating useful 
observables for collider 
physics!
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https://arxiv.org/abs/2012.02134
https://arxiv.org/abs/1902.02346
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Building SHAPER
Key Component: The Loss function! Step 1: Manifold Learning

Dogra Ba
K-Deep Simplices, 
Dictionary Learning, & 
Manifold Learning
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[P. Tankala, A. Tasissa, J. M. Murphy, D. Ba, 2012.02134;
see also F.Dornaika, L.Weng, DOI: 0.1007/s13042-019-01035-z;

see also S. Roweis and L.Saul, DOI: 10.1126/science.290.5500.2323]
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Building SHAPER

Dogra Ba
K-Deep Simplices, 
Dictionary Learning, & 
Manifold Learning

[P. Komiske, E. Metodiev, J. Thaler, 1902.02346;
see also T. Cai, J. Cheng, K. Craig, N. Craig, 2111.03670;

see also C. Zhang, Y. Cai, G. Lin, C. Shen, 2003.06777;
see also L. Hou, C. Yu, D. Samaras, 1611.05916;

see also M. Arjovsky, S. Chintala, L. Bottou, 1701.07875]

Key Component: The Loss function! Step 2: Physical Principles

Gambhir Thaler

IRC Safety, 
Unclustered Radiation, &

Wasserstein Geometry
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Building SHAPER

Dogra Ba
K-Deep Simplices, 
Dictionary Learning, & 
Manifold Learning

Key Component: The Loss function! Step 3: Synthesis

Gambhir Thaler

IRC Safety, 
Unclustered Radiation, &

Wasserstein Geometry
+
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Building SHAPER

Dogra Ba
K-Deep Simplices, 
Dictionary Learning, & 
Manifold Learning

Key Component: The Loss function! Step 3: Synthesis

Gambhir Thaler

IRC Safety, 
Unclustered Radiation, &

Wasserstein Geometry
+

Conversations with:

● Connections to LHCb Trigger development
● Potential applications to future colliders
● Discussion of implementation details

Nolte Williams Kitouni

Connections made at the IAIFI penthouse and coffee hours!
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Fun Animations

9

Red: Event Y
Purple: Shape 𝜀𝜃 with structure points ai
Grey: Matrix xij connecting y’s and ai’s
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Fun Animations Cont’d
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Red: Event Y
Purple: Shape 𝜀𝜃 with structure points ai
Grey: Matrix fij connecting y’s and ai’s

Left: 𝜀𝜃 = 

Right: 𝜀𝜃 = 

EMD = 0.245

EMD = 0.279
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New IRC-Safe Observables
The SHAPER framework makes it easy to 
invent new jet observables!

e.g. N-Ellipsiness+Pileup as a jet algorithm.

● Learn jet centers
● Dynamic jet radii (no R hyperparameter)
● Dynamic eccentricities and angles
● Dynamic jet energies
● Uniform Pileup Subtraction
● Learned parameters for discrimination

Can design custom specialized jet algorithms to 
learn jet substructure!
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Low Max Eccentricity (.001) High Max Eccentricity (.972)

Max Eccentricity
Top Quark Jet
Light Quark Jet
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Other Developments: Statistics in Physics
Gaussian Ansatz Statistical Framework (2205.03413)
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Machine Learning Calibrations (2205.05084)

Problem!

Solution!

Gambhir

Thaler

Nachman

continues!

https://arxiv.org/abs/2205.03413
https://arxiv.org/abs/2205.05084
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Other Developments: MSRP

W Mass Measurements (DOI: 10.112)

Gaussian Ansatz Statistical Framework (2205.03413)

Exposing students to both particle physics and machine 
learning to explore new ways to synthesize the two!

Sergio Diaz
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https://www.science.org/doi/10.1126/science.abk1781
https://arxiv.org/abs/2205.03413
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Other Developments: Summer Students
Moment Pooling (WIP)Attention Is All You Need (1706.03762)

Translating machine learning language into physics language:
What does the attention mechanism look like for a physicist?

Athis Osathapan
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https://arxiv.org/abs/1706.03762?context=cs
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Outlook
Exciting research in physics and machine learning enabled by IAIFI!

● Ideas from dictionary and manifold learning to analyze jet data
● Statistical frameworks for precision electroweak measurements
● Efficient machine learning architectures translated to physics language

Made possible by collaborations across fields and institutions!
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