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Motivation                                               Current Datasets

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

 Limited availability of simulations 
Mostly using fast simulations, rather than realistic full simulations 

 Limited availability of datasets 
Private to experiments, not open-source 

 Limited availability of physics scenarios 
Missing variety of models i.e. multi-phenomena
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Motivation               Can we have all-in-one?   Yes, we can! — ColliderML

 Including all scales of physics objects  
Event-level statistics, Particle flow objects, Tracks, Calo Clusters, Detector hits 

 Produced by a full-simulation chain 
Particle production, decay and hadronisation, interaction with the detector, digitization 

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

 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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Generate every pile-up 
sub event 

independently  & 
combine without 
repetition before 

simulation
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Simulate finite beam 
spot by shifting each 
sub-event randomly 

with gauss centered at 
origin and sigmas
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Pipeline
Detector description

Simulation
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 General purpose detector for 
HL-LHC studies 

 Inner tracker inspired by ITk, 
ECal and HCal inspired from 
different future technologies 

 3T Solenoid magnetic field
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Available

Propagation of primary 
particles: Pythia8 

Decays to secondaries: 
Geant4 

Customized DD4Hep library
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Available

 Position and direction 

of each particle are 

extracted from the hits 

created at simulation 

and the particle path is 

projected onto flat 

sensor surface
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Available

Per-cell threshold of 50 
keV (ECAL) and 250 
keV (HCAL) applied


 No energy calibration 
implementation yet
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Output of the pipeline is a combination of EDM4Hep and custom root files



Pipeline Dataset

Output collection is available in four parquet files delivered by HuggingFace, 
on disk at NERSC and CERN
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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, 
timing)Tracks Fitted Helix: Track parameters

Associatins: list of tracker hit_ids

Truth: truth matching (majority_particle_id)



Conclusion
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ColliderML dataset 

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

 Including all scales of physics objects  
Produced by a full-simulation chain 

 A rich variety of physics scenarios 
Future releases planned with additional samples and reconstructed objects



Backup
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Pipeline Samples
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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 and 
combined without repetition before simulation — to avoid recurring tracker 
hits and calo contributions 

- LO matrix element calculation and shower with pyhtia8


