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https://cerncourier.com/a/finding-the-w-and-z/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-092/fig_30.png
https://www.symmetrymagazine.org/article/august-2009/weak-neutral-current
https://cerncourier.com/a/finding-the-w-and-z/
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Classic object detection
T Features: RGB value array
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Classic object detection
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Particle reconstruction
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Particle reconstruction

Features: [energy, location, ..]
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Particle reconstruction
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Particle momentum measurement
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An algorithm that combines the
information from both tracker
and calorimeter to optimize
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Particle momentum measurement
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Particle momentum measurement

Calorimeter:

NZEZ.

cells

“Particle flow"

An algorithm that combines the
information from both tracker
and calorimeter to optimize

the momentum prediction
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The core challenge: overlap

How to correctly split clusters among the tracks to disentangle particles
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The core challenge: overlap

How to correctly split clusters among the tracks to disentangle particles

arXiv:0907.3577
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https://arxiv.org/abs/0907.3577

Set-to-set ML architecture
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Benchmark: MLPF

arXiv:2101.08578 , arXiv:2309.06782

See Farouk’s talk yesterday
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https://arxiv.org/abs/2101.08578
https://arxiv.org/abs/2309.06782
https://indico.in2p3.fr/event/33627/contributions/154577/
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[ N.B. in practice the tasks are simultaneous ]
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Ours: HGPflow

arXiv:2212.01328, arXiv:2410.23236
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https://arxiv.org/abs/2212.01328
https://arxiv.org/abs/2410.23236

Ours: HGPflow
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https://arxiv.org/abs/2410.23236

Ours: HGPflow
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Ours: HGPflow
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How to predict a hypergraph?

Incidence matrix
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Perks of learning incidence matrix

Assuming we predicted the incidence matrix correctly...
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Perks of learning incidence matrix

Assuming we predicted the incidence matrix correctly...

... then we can already estimate
the properties of the particles:
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Perks of learning incidence matrix

Assuming we predicted the incidence matrix correctly...

... then we can already estimate
the properties of the particles:

E 1.0
1[3 0.58 ﬁ E, ~E, +(0.58-E)+(0.15 - Ey)
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Learning the energy-based incidence matrix is an inductive bias

that makes predictions more accurate and fully interpretable -
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arXiv:2410.23236 (soon to appear in EPJC)

High Energy Physics - Experiment

[Submitted on 30 Oct 2024]

N .
= X]_V > hep-ex > arXiv:2410.23236

Search...

HGPflow: Extending Hypergraph Particle Flow to Collider

Event Reconstruction

Nilotpal Kakati,IEtienne Dreyer, Anna lvina, Francesco Armando Di Bello, Lukas Heinrich,

Marumi Kado, Eilam Gross

In high energy physics, the ability to reconstruct particles based on their detector signatures is
essential for downstream data analyses. A particle reconstruction algorithm based on learning
hypergraphs (HGPflow) has previously been explored in the context of single jets. In this paper, we
expand the scope to full proton-proton and electron-positron collision events and study
reconstruction quality using metrics at the particle, jet, and event levels. Rather than operating on
the entire event in a single pass, we train HGPflow on smaller partitions to avoid potentially learning
long-range correlations related to the physics process. We demonstrate that this approach is
feasible and that on most metrics, HGPflow outperforms both traditional particle flow algorithms and
a machine learning-based benchmark model.
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https://arxiv.org/abs/2410.23236

Datasets

COCOA (2023) MLST 4 035042 CLICdet arXiv:812.07337

® Similar to ATLAS ® Publicly-available dataset: zenodo/8260741
® Relatively low granularity ® High granularity

® Comes with basic particle flow algorithm ® Sophisticated Pandora particle flow algo.

pp — 1t ete™ > 1t

Source: arXiv:1208.1402

Statistics
Detector Process train  val. test
ptpt — zq 250k 10k 35k
single 7 - —  30k/ pr bin
COCOA prpt i ) _ _ 20k
ptpt = Z(VW)H(bb) | - - 10k



https://iopscience.iop.org/article/10.1088/2632-2153/acf186/meta
https://arxiv.org/abs/1208.1402
https://arxiv.org/abs/1812.07337
https://zenodo.org/records/8260741
https://arxiv.org/abs/0907.3577
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Performance:

boosted ZH(bb)

(COCoAa)

Not encountered during training!
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Performance:
boosted ZH(bb)
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Jets

Performance: e¢'¢” — gg (cLic)
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Summary

Particle reconstruction is a set-to-set problem that is
foundational for collider physics
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Performance: #f (cocoa)

Not encountered during training!
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Performance
dijet, particle-level (cocoa)
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ATLAS particle flow

We want to use tracks at low momentum (better resolution)...

.. but we first need to remove their expected contribution

Subtract energy from cells
in rings around the track

"EMB3
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ATLAS particle flow

We want to use tracks at low momentum (better resolution)...
... but we first need to remove their expected contribution

Subtract energy from cells [ N.B. Comparing calibrated and uncalibrated jets ]
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CMS particle flow
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Pandora: particle flow for CLIC

rmMSgo/Ejet [70]
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® Multiple pattern recognition steps
® Highly-granular calorimeter
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Pandora: particle flow for CLIC

rmMSgo/Ejet [70]

29

10

‘!l‘l I I I I I I 1 I 1 I I I | 1 I 1 1 | I I ||

—— Particle Flow (ILD+PandoraPFA)
(I Particle Flow (confusion term)
T L - Calorimeter Only (ILD)

|50 % /\E(GeV) ® 3.0 %

0 100 200 300

Ejo/GeV

® Multiple pattern recognition steps
® Highly-granular calorimeter

® Cleaner eTe™ collision environment

Charged ;'
Hadrons

-
ey
)
1.

~_

~—

'ili Neut-l;'\é\l\\\\\\\\
e Hadron




