Doga Elitez!,
Paul Gessinger1 Daniel Murnane?, Andreas Salzburgerl, Andreas Stefl! ,
Anna Zaborowska!

!CERN, *Uni Copenhagen



M Otivati on Current Datasets

O Limited availability of objects

Only high level (i.e. Particle flow) or medium level (i.e. Tracks) objects

O Limited availability of simulations

Mostly using fast simulations, rather than realistic full simulations

O Limited availability of datasets

Private to experiments, not open-source

O Limited availability of physics scenarios

Missing variety of models i.e. multi-ohenomena



MOtivatiOn Can we have all-in-one? Yes, we can! — ColliderML

O Including all scales of physics objects

Event-level statistics, Particle flow objects, Tracks, Calo Clusters, Detector hits

O Produced by a full-simulation chain

Particle production, decay and hadronisation, interaction with the detector, digitization

O Open-source dataset

Next-generation detector geometry, large and noisy HL-LHC like environment

O A rich variety of physics scenarios

Aiming 1 mio. HL collision and 10 mio. hard scatter events in 10 different production channels,
10 mio single-particle simulations, 300,000 challenging events
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Pipeline Simulation
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Pipeline
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<u>=200
< u>=200
< u>=0,200
< u>=20,200
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ID Process Label Process Type Comments
1 pp — tE Top quark production; important for SM tests and complex
final states.
_ Drell-Yan process; detector calibration and electroweak
2 pp— 4 —e'e
probe.
3 pp— Z — putu Drell-Yan process; detector calibration and tracking probe.
4 99 — HH Glugn fusion di-Higgs; benchmark for high-Luminosity
e studies.
5 diphoton pp — VY Diphoton production; loop-induced QCD/EW process.
6 miltijet pp — jets QCD production; dominant background for hadronic sig-
— natures.
7 pp — H Gluon-gluon fusion; main Higgs production channel.
- GMSB gluino production; X! NLSP provides displaced
8 PP — 99 vertex benchmark.
9 PP — Zgsuy Heavy resonance; standard candle for bump hunting.
10 7 pp — Z' — dark Dark QCD sector; semi-visible jets for anomaly detection.

Simulation



Pipeline Simulation
Detector description
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Pipeline Simulation
Detector description
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Simulation and Digitization
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Propagation of primary
particles: Pythia8

Decays to secondaries:
Geant4d

Customized DD4Hep library
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Pipeline Simulation and Digitization
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Pipeline Simulation and Digitization
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------ > Simulation Tracker Digitization Position and direction

\ J \ J of each particle are

extracted from the hits

created at simulation

and the particle path is

K DD4Hep + Geant4 J k ACTS J projected onto flat

sensor surface

15



Pipeline Simulation and Digitization
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e Per-cell threshold of 50
Digitization

keV (ECAL) and 250
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No energy calibration
Implementation yet
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Pipeline Reconstruction of Objects
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Pipeline Reconstruction of Objects
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Pipeline Reconstruction of Objects
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Pipeline Reconstruction of Objects
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Pipeline Patasst

Output collection is available in four parquet files delivered by HuggingFace,
on disk at NERSC and CERN

Object Key Features

Particles Kinematics: 4 momentum, mass, charge

Vertex: Production position and truth perigee
Identity: PDG code, Unique ID, Parent ID

Origin: Primary particle boolean, primary vertex index

Tracker hits |Position: Measured vs. true, time
Hierarchy: Volume, Layer, Surface and Detector IDs

Truth: Link to generating particle_id

Calo hits  |Energy: Total energy and cell position
Contributions: Truth particles contributing to the cell (IDs, energy fractions,

Tracks Fitted Helix: Track parameters
Associatins: list of tracker hit ids

Truth: truth matching (majority_particle_id)
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Conclusion

ColliderML dataset

O Using OpenDataDetector

A realistic, new generation, general-purpose HL-LHC detector geometry

O Including all scales of physics objects

Produced by a full-simulation chain

O A rich variety of physics scenarios

Future releases planned with additional samples and reconstructed objects
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Pipeline Samples

Samples

1M events

wvarfpp > tt PRI /oo Z

gegf /I pp — H susy / pp — gg zprime / pp — Z’

hiddenvalley / pp — Z' — v-hadrons

100k events | " Single particles 1M events

ttbar / pp — tt e~

dihiggs / gg — HH |} gegf / pp — H

CTD 2025

Paul Gessinger
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Backup

Pileup

- Usually
1. produce a large pool O of pile-up simulations,
2. sample N << P (sub-events)
3. combine with a hard-scatter sub event to producea full pile up event -->
at low-level, can lead to recurring same tracker hits and calo contributions

- pileup generation: every pile-up sub event is generated independently ana
combined without repetition before simulation — to avoid recurring tracker
hits and calo contributions

- LO matrix element calculation and shower with pyhtia8



