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Abstract

Topological Data Analysis (TDA) and persistent homology are applied to relativistic proton—proton and nucleus—nucleus
collision data to detect “jet” production from quark and gluon interactions. Quarks and gluons are the fundamental
building blocks of the protons and neutrons that make atomic nuclei. The goal of relativistic nuclear collisions is to create
and study a unique form of matter called quark-gluon plasma (QGP). TDA provides a framework for characterizing the
geometric structure of high-dimensional data, and persistent homology quantifies features such as clusters and loops
that remain distinctly identifiable in the data as a function of the distance between data points. In high-energy nuclear
collisions, “jets” are sprays of particles emerging from high-momentum exchanges between quarks and gluons and they
can provide insight into the properties of QGP. The primary objective of this project is to identify jets without relying on
the traditional jet-finding algorithms. We generate simulated collision data with the PYTHIA Monte Carlo event generator
[1] and analyze it using Fastlet [2] and the anti-kt algorithm [3] to create training data. We use the Vietoris-Rips
algorithm [4, 5] to build persistence diagrams from the particle transverse momenta. We plan to train machine learning
(ML) models [6] to classify events using their topological features. To evaluate our TDA method, we will compare jet
observables calculated with the training events to those of the TDA-ML classified events.

Persistence Homology

trigger particle Preliminary Jet Criteria:

R = 0.8 (Jetresolution parameter)
 Back to back opening angle = 0.05 rad
* Jet Prmin=15GeV, (Pr=);p7i)
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Detectors measure individual particles
rather than quarks and gluons directly.
Jet-finding algorithms group particles into
jets. We use the anti-kt algorithm [3].
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Persistence landscapes vectorize persistence diagrams to create features for machine
learning [5]. Landscapes and images are computed for each event. Events are divided
into jet and no-jet categories using anti-kt[3].
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Goal: Train ML classifiers to identify jet events using images or landscapes.

Future: Test different ML classifiers and different experimental observable combinations. birth
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Vietoris-Rips is used to evaluate persistence homology [4]. Each point in the cloud
represents a particle momentum. A growing “filtration radius” is applied around
the points. When the radii intersect, edges are formed. A simplex is created when
three edges form a triangle. A simplicial complex is when multiple simplexes and
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QGP behaving Gas of Particles
like a fluid

Features:

HO: Clusters
H1: Loops

Persistence: How long features

III ive”

Birth: The value of the filtration
radius when features form or

change

Death: The value the filtration

radius grows to before the next
change

Persistence diagrams cannot be
averaged directly. Persistence

landscapes and images are used to

compare diagram features.

p-p 2760 GeV

Preliminary Pipeline — Jet Event Classifier
Persistence Images — Standard Scalar — Support
Vector Machine [6]
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