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What Have We Released? PATI AS

ATLAS has released substantial event generation via the CERN Open Data Portal
o Part of our broader Open Data program, which you are encouraged to check out!
Initial release of 25M events as a test sample, not broadly advertised (~1 TB)
Current step: 12.77B events in 6213 samples
o Available now in atlasopenmagic - (more in a moment) and soon on the CERN OD Portal
e Ultimately plan for this year: 13.4B events in ~6541 samples (~900 TB)
o Broad range of physics, SM and BSM, many different generators; 13 TeV and 13.6 TeV
o No more than 10M events in a sample, no fewer than 10k events; generally enough for
double the effective luminosity
o  Expecting more significant advertising once this complete release is ready, but the data are
fine 1o be used (there is just a risk of breaking changes in some APIs)

e HEPMC format (txt.tgz) in (mostly) 10k event files
e Have not committed to any updates of these samples — it will depend on
community interest and engagement
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How is this all put together?

e \We have two entry-point records (please cite those) linking to all available samples

e Like-samples are then grouped on the Open Data portal for findability
o For example, all the nominal Z-boson samples are together

HEPMC format 13 TeV proton-proton Open Data from the ATLAS experiment

ATLAS collaboration

DOI:10.7483/OPENDATA.ATLAS XPJL.4L42

BT O ED D EED

Description

HEPMC format 13 TeV proton-proton Open Data from the ATLAS experiment.

This summary record is provided as a single point of entry and single record to cite for the HEPMC open data.

As additional datasets are added to the open data, this record will be extended.

Created on June 10th 2025. The record currently only contains the first set of samples. This is to allow time for community feedback (which is welcome). More samples
will be added in the near future.

Related datasets

ATLAS HEPMC format Specialised SM Z-boson 13 TeV

Dataset characteristics
24190000 events. 2671 files. 1.1 TiB in total.

aregular basis as improved configurations are identified and new generator versions become available. All data were reprocessed using Athena Release 25 to create
HEPMC files from the ROOT-based EVNT format used internally in the collaboration.

How can you use these data?

The event generation output provided by the ATLAS experiment in HEPMC format is released under a CCO license; citation of the data and acknowledgement of the
collaboration is requested. This format can be used in simple analysis scripts (it is text-based) or as input to various phenomenological tools.

Coming soon!
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What Have We Documented?

YATLAS

EXPERIMENT

Obviously, Open Data is useless without good documentation...
Documented sample availability, metadata, limitations, and how to combine

A > TheData > Dataforresearch > EventGenerationData > Combining Samples

Combining Samples

Many of the common Standard Model processes are not generated as a single inclusive process, but as many individual samples
that have to be combined in order to be used in a physics analysis. In many cases, it's not obvious which samples are "safe" (or
necessary) to combine. This is tricky for a variety of reasons, and this page is intended to help guide users through some of the
common issues.

The metadata page is an extremely useful reference to identify samples that are meant for specific use-cases (e.g. as the
baseline, starting point estimate for a physics process, or for calculating a systematic uncertainty). With a bit of practice, reading
the "Physics short" (short description of a sample) becomes easier and can reveal most of the key features of a sample.

The QCD jet samples provide a nice example of a combination. They are named "JZ0", "JZ1", "JZ2", and so on, with each sample
corresponding to a specific range of leading jet transverse momenta. In order to create a complete, smooth jet spectrum, one
must combine all of these samples according to their cross sections, filter efficiencies, and k-factors. If an analysis is being done
that requires a 500 GeV jet, then there is no need to consider the first few samples. "Slicing" the transverse momentum spectrum
provides an analysis with roughly constant statistical uncertainties with increasing jet transverse momentum without the need to
generate (and analyze) billions of events.

The divisions between samples might not be consistent between event generators, which can lead to further confusion. Some
event generators, like Sherpa, can generate final states directly (e.g. "four leptons") without regard to the internal configuration of
the physics process. Another generator might only be able to generate "two Z boson" events that then decay into four leptons.
With Z bosons and four leptons, there is likely little ambiguity. Two charged leptons and two neutrinos, however, can be created by
either two Z bosons or two W bosons. Some generators will provide these in two separate samples (ZZ and WW), and others will
provide these as a single sample (llvv). When comparing these two configurations, it is important to compare apples to apples,
and therefore to carefully consider these sorts of issues.

Explaining the origins and combinations of all the samples available is a significant undertaking. On this page, we aim to document
the most common setups and questions. As users request help with other samples, we will continue to add to these pages to
document features and clarify points of confusion. In order to make the discovery process as painless as possible, related samples
in the Open Data portal have been gathered into collections.

"

Metadata

Below, you will find the metadata for all the samples, which includes the following:

> TheData > Dataforresearch > EventGenerationData > Metadata

Dataset ID: Unique identifier assigned to each dataset.

Physics short: Short name with information regarding the content of the dataset.

CoM Energy (GeV): Center of mass energy.

Cross section (pb): A cross section represents the probability of a particular interaction occurring, measured in picobarns
(pb). It is a fundamental parameter that helps understanding the likelihood of specific particle interactions under given
conditions. The cross section is usually what is returned by the generator - a user needs to multiply by the filter efficiency and
k-factor (see below) to get a complete sample weight.

Filter efficiency: Measure of the effectiveness of the selection criteria applied to the data. It indicates the fraction of events
that pass the filters applied during the data processing stages.

K-factor: Multiplicative correction factor used to account for higher-order effects in theoretical calculations. It adjusts the
leading-order theoretical predictions to better match the observed data by incorporating next-to-leading order (NLO) or next-
to-next-to-leading order (NNLO) corrections.

Number of Events: Total count of events in the released HEPMC dataset.

Generated events: Total count of generated events available internally. If you require more events and we have them
available, please get in touch.

Generator used: Specifies the simulation software used to generate the data. Information about the generators can be found
in the Simulation Tools section.

Generator tune: The parameter settings used in the event generation, in particular for fragmentation and hadronization.
PDF: The parton distribution function used for the event generation.
Keywords: Terms or phrases associated with the dataset that help to find specific datasets.

Process Description: Brief description of the physics process being studied. For instance, "H->yy" denotes the Higgs
boson decaying into two photons.

Release: Version of the ATLAS software (usually the AthGeneration release version) used to generate the events.
Filters: A list of any filters applied during event generation (e.g. requiring at least two leptons.)

Job options: Link to the specific code or configuration files used to generate the sample.
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What’re the Metadata Like?

e Metadata are super important. Notebook tutorial. Runs on Colab, Binder, SWAN.
e \Welcome to atlasopenmadic /

# First we install atlasopenmagic into our environment

%pip install atlasopenmagic ATLAS open Maglc / lll
# Now we can safely import atlasopenmagic - _
import atlasopenmagic as atom Tests [passing codecov | 100%

atlasopenmagic is a Python package made to simplify working with ATLAS Open Data by providing utilities to
# Now let's see what releases are available to us -
atom.available releases() manage metadata and URLs for streaming the data.

Available releases:

2016e-8tev 2016 Open Data for education release of 8 TeV proton-proton collisions (https://opendata.cern.ch/record/3860).

2020e-13tev 2020 Open Data for education release of 13 TeV proton-proton collisions (https://cern.ch/2r7xt).

2024r-pp 2024 Open Data for research release for proton-proton collisions (https://opendata.cern.record/80020).

2024r-hi 2024 Open Data for research release for heavy-ion collisions (https://opendata.cern.ch/record/80035).

2025e-13tev-beta 2025 Open Data for education and outreach beta release for 13 TeV proton-proton collisions (https://opendata.cern.ch/record/93910).

2025r-evgen-13tev 2025 Open Data for research release for event generation at 13 TeV (https://opendata.cern.ch/record/160000).
2025r-evgen-13p6tev 2025 Open Data for research release for event generation at 13.6 TeV (https://opendata.cern.ch/record/160000).

[12]: # And let's use the latest release of Event Generation Open Data
atom.set_release('2025r-evgen-13p6tev')

——— pTE————— . 2025 306t Loading the 13 TeV data takes
etching and caching all metadata for release: r-evgen-13p6tev... - "
Fetched 1509 datasets so far... 20-30s (ItS a lot of datasetS!)

Successfully cached 1509 datasets (It might wipe out the available memory in binder)
Active release: 2025r-evgen-13p6tev. (Datasets path: REMOTE)
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What’re the Metadata Like?

e Metadata are super important. Notebook tutorial. Runs on Colab, Binder, SWAN.

e \Welcome to atlasopenmagic /

[14]: # Now we can look at the metadata for a specific sample

atom.get_metadata(510203) .
# Notice that the function here will accept either the dataset identifier or the ATLAS open Maglc / Ill

# "physics short", a short unique descriptor for the sample %% [markdown] That's
# a lot of metadata! Let's go through the fields a bit:

[14]: {'dataset_number': '510203', pypi 1.6.0 codecov | 100%

'physics_short': 'MGPy8EG_A14NNPDF30_SM4topsLOInclusive_run3',

IEI/I\\I/.:L‘:J

'e_tag': None, . . - . . .. e
'cross_section_pb': 0.0092591, atlasopenmagic is a Python package made to simplify working with ATLAS Open Data by providing utilities to
- e manage metadata and URLSs for streaming the data.

'nEvents': 10000,
'sum0fWeights': None,

'sumOfWeightsSquared': None,

'process': None,

‘generator': 'MadGraph(v.3.5.3.atlas4)+Pythia8(v.310)+EvtGen(v.2.2.1)",

‘keywords': ['4top', 'Systematic', 'lo', 'sm', 'top'l,

'description': 'Standard-Model 4tops production at LO with MadGraph5 and Pythia8',

'job_path': 'https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/510xxx/510203/mc.MGPy8EG_A14NNPDF30_SM4topsLOInclusive_run3.py",
'CoMEnergy': 13600.0,

'GenEvents': 41240000,

‘GenTune': 'Al4 NNPDF23LO',

'PDF': 'NULL',
'Release': 'AthGeneration_23.6.24',
‘Eilters®: **j

'cross_section_uncertainty': 0.0,
'hepmc_version': 2,
'‘release': {'name': '2025r-evgen-13p6tev'}}

That's a lot of metadata! Let's go through the fields a bit:

+ dataset_number : Unique identifier assigned to each dataset.

e physics_short : Short name with information regarding the content of the dataset.

e cross_section_pb : Represents the probability of a particular interaction occurring, measured in picobarns (pb). It is a fundamental parameter that helps understanding the likelihood of specific particle

interactions under given conditions.
genFiltEff : Measure of the effectiveness of the selection criteria applied to the data. It indicates the fraction of events that pass the filters applied during the data processing stages.

kFactor : Multiplicative correction factor used to account for higher-order effects in theoretical calculations. It adjusts the leading-order theoretical predictions to better match the observed data by incorporating

next-to-leading order (NLO) or next-to-next-to-leading order (NNLO) corrections.
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What’re the Metadata Like? *

e Metadata are super important. Notebook tutorial. Runs on Colab, Binder, SWAN.
e \Welcome to atlasopenmadic /

[15]: # Keywords are a great way to find datasets that you're interested in. Let's see
# what keywords are available.
atom.available_keywords()

[15]1: ['1lepton',
'2electron’,
'2jet',
'21lepton’',
'2muon’',
'2photon',
'2tau’,

[16]: # Now let's find datasets that match one of those keywords [19]: # Now lets look for samples that have ‘W' somewhere in the description
atom.match_metadata(field='keywords',value='higgs"') # Notice that this also catches things like ‘Wprime'!

atom.match_metadata(field='description',value='W")

[16]: [('525154', 'MGPy8EG_NNPDF30_mh2400_wh25_hbsm4tops_stchan'),

('525155', 'MGPy8EG_NNPDF30_mh21000_wh230_hbsm4tops_stchan'), [19]: [('513093", 'MGPY8EG_Wenu_FxFx3jHT2bias_SW_BFilter'),

('525156', 'MGPy8EG_NNPDF30_mh22000_wh2100_hbsm4tops_stchan'), ('513094", 'MGPy8EG_Wenu_FxFx3jHT2bias_SW_CFilterBVeto'),

('602635', 'PhH7EG_PDF4LHC21_ttH125_dilep'), ('513095', 'MGPy8EG_Wenu_FxFx3jHT2bias_SW_CVetoBVeto'),

(1602636, 'PhH7EG-PDF4LHC21_ttH125_semilep' ), ('513096', 'MGPY8EG_Wmunu_FxFx3jHT2bias_SW_BFilter'),

(1602637 'PhPySEE PDE4LHC21 ttH125 dilep') ('513097', 'MGPy8EG_Wmunu_FxFx3jHT2bias_SW_CFilterBVeto'),
’ — - P, ’

('513098', 'MGPy8EG_Wmunu_FxFx3jHT2bias_SW_CVetoBVeto'),
('513099', 'MGPy8EG_Wtaunu_L_FxFx3jHT2bias_SW_BFilter"'),
('513100', 'MGPY8EG_Wtaunu_L_FxFx3jHT2bias_SW_CFilterBVeto'),
('513101', 'MGPy8EG_Wtaunu_L_FxFx3jHT2bias_SW_CVetoBVeto'),
('513102', 'MGPy8EG_Wtaunu_H_FxFx3jHT2bias_SW_BFilter'),

('602638"', 'PhPy8EG_PDFALHC21_ttH125_semilep'),
('602852"', 'PhPy8EG_PDF4LHC21_ttH125_pThardl_dilep'),
('602853"', 'PhPy8EG_PDF4LHC21_ttH125_pThardl_semilep'),
('603293"', 'PhPy8EG_NNPDF30_gg41_noHiggs_m41_70_3000'),

{ 004224", "PhPySEG_POFALHCZ] alltad tth125 HTop" ), , ('513103', 'MGPy8EG_Wtaunu_H_FxFx3jHT2bias_SW_CFilterBVeto'),
('604304', 'PhPy8EG_PDFALHC21_qqzH125]_Zincl Hincl_MINLO'), ('513104' . 'MGPyBEG_ Weaunu_H_FxFx3]HT2bias_SW_CetoBVeto'),
('604305', 'PhPy8EG_PDFALHC21_WmH125]_Zincl _Hincl_MINLO'), ('513105'. 'MGPYBEG_ Zee. FxFx3{HT2bias. SW.BFLLTer'),
('604306', 'PhPy8EG_PDF4LHC21_WpH125J_Zincl_Hincl_MINLO')] ('513106', 'MGPy8EG_Zee_FxFx3jHT2bias_SW_CFilterBVeto'),
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How about an Example? PATI AS

e \We provide a fully worked-out example notebook

Getting files locally (sometimes
Making basic plots

Examining Delphes output
Takes <5 minutes to run

O O O O O O O O

Combines a few different goals

Runs on Binder; some features not as nice on Colab
Set up and sample identification

a 504 from the gateway)

Visualizing events with pyhepmc

Running Delphes (in the notebook!)

o Demonstrating access / use of the open data
o Teaching some basics about HEPMC records
o Demonstrating parametric simulation
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103 4

Events
—
o
4

101 4

TN

Pyt

EITTOR
!

0 25

50

75 100
Leading Lepton p_{T}

125
[GeV]

150

175 200

[16]: dimport uproot # for reading .root files
# Get the tree with our data directly from the ROOT file
tree = uproot.open("delphes_output.root:Delphes")

# Just for an example here, we'll print the transverse momenta of the electrons
tree["Electron.PT"].arrays()

[16]:

[{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT"':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':

ceey
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':
{'Electron.PT':

1},
1},
1},
13},
1%},

[75.41},

1},

[39.1]},

1%},
1%,

(1},

[51.1]},

(1},
(1},
1}

[78.513,



https://opendata.atlas.cern/docs/tutresearch/openevgentut
https://mybinder.org/v2/gh/atlas-outreach-data-tools/notebooks-collection-opendata/HEAD?labpath=for-research%2FOpenEvgenTutorial.ipynb
https://scikit-hep.org/pyhepmc/
http://delphes.github.io

Some technicalities PATI AS

e Files are stored on a Rucio endpoint at CERN (on eospublic)

atom.get_urls('301057',protocol="eos"')
['/eos/opendata/atlas/rucio/mc16_13TeV/HEPMC.43646538._000001 .tar.gz. 1"
'/eos/opendata/atlas/rucio/mc16_13TeV/HEPMC.43646538._000002.tar.gz.1'
'/eos/opendata/atlas/rucio/mc16_13TeV/HEPMC.43646538._000003.tar.gz.1"
'/eos/opendata/atlas/rucio/mc16_13TeV/HEPMC.43646538._000004.tar.gz.1'
'/eos/opendata/atlas/rucio/mc16_13TeV/HEPMC.43646538._000005.tar.gz.1",
'/eos/opendata/atlas/rucio/mc16_13TeV/HEPMC.43646538._000006.tar.gz.1",

e (Can be copied around via xrootd or https protocols (or eos for those at CERN)
o Also available to all ATLAS users via rucio directly (in principle also other rucio users)
e Thin application to transform our internal EVNT files to HEPMC

o Not done automatically currently. Long-term would be nice to get away from this, if the user
base becomes significant and this takes off.

e Intentionally tried to keep all internal manipulations as thin as possible
o You really get what we use, for better or worse!

U G G |
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Experience so far YATLAS

e Mostly positive responses

o “FYIl our undergrad looked at the [Drell-Yan] MC and said it was super easy to run on (for our
workflow), and included all the info she expected in a HepMC”

o  Another MCNet student working with CMSSW able to use the samples

o “Checkmate - runs with no problems, but requires as input the MC output cross section and
uncertainty (checkmate doesn't read this from the hepmc files). Would it be possible to add
this info to the metadata? Rivet (with and without smearing) - runs with no problems.
Delphes - DelphesHepMC2 runs with no problems, but DelphesHepMC3 crashes with the

error message 'invalid vertex format'...”
m — Both (uncertainty where available and HEPMC version) now added to the metadatal

e Not clear yet what the broader uptake is or will be (but this is relatively new)
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What More Could We Do? YATLA;

Obviously, we could release more samples, events, configurations, etc
o Primary limitation right now is disk space provided by CERN IT (this much was a fight).
o If we have a big (and loudly supportive) user base, | imagine this will be ‘easier’.
o No objection to releasing LHE format files as well (we’d need a request)
Could develop more notebook-like examples for running on HEPMC (one is a start)
o We have these sorts of things for ATLAS Open Data already
o HIghTEA looks similar to some of our open data setups, at least in principle
Could discuss whether ATLAS and CMS could share event generation
o Raised in the Dark Showers workshop and years ago in the HSF Event Generation WG
o Sharing does not mean we disallow separate samples, or even use the same nominal
If we develop some custom / common (e.g. ROOT-based) format, we should work to
integrate it with existing tools
o Delphes, PGS, Rivet, others? Need a (complete?) list if we embark on this path
o Could consider a document recommending a simulation (configuration) and pointing out
some of the known limitations (working document of improvements®?)
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Shameless Plug: ATLAS Open Data Tutorial

e \We will run an Open Data Tutorial this November

e Aimed at people (esp. non-ATLAS) interested in
learning about and using our open data

o Two days on Outreach and Education Open Data
o Two days on Research Open Data

e T[his tutorial is in person

e \We expect to follow up with a virtual tutorial some
months later (once we’ve smoothed out the kinks)

e Planning a short introduction to the event
generation open data on Thursday of the tutorial

ATLAS Open Event Generation — 2 October 2025
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Brief Summary

Please feel free to look at the ATLAS Open Event Generation datal

e \We aren’t perfect (and I’'m far from it), so please report any issues you find with the
samples, documentation, tools, or metadata

e Please let us know if you have requests

e In both of the latter cases, your concrete help with improvements is very welcome
o If that happens at a significant rate, then (I believe) this effort will be successful long-term

This is a also test of the community:
Can we work together to support common samples?
When issues are found, are they reported back? Do people help correct issues?
e |f samples are insufficient for some reason, is that reported back? Do we make the
samples better together?
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Example Run 2-like Event Generation

e Internally, we have a substantial number of events

Table 3: Number of datasets (with unique configurations) and events (in billions) generated with various generators
thus far during the MC simulation campaign of Run 2.

Event Generator Datasets Generated Events (x10°)  Simulated Events (x10°%)

SHERPA 3887 89.7 27.6

PowHEG 6747 55.7 159

MADGRAPH 251023 52.2 12.5 Totals in Run 2-like configuration.
PyTHIA 6240 13.8 7.5 Some samples are obsolete now
PyTHia 8B 422 5.1 2.0 (newer configurations exist)
Herwic 813 4.3 2.4

Others 9851 3.5 0.5

Total 280935 224.4 68.4
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Format Technicalities ?

e Theorists/Phenomenologists seem to want compressed HEPMC (for now) — right”?
o Primarily because that interfaces well with existing tools
o Could move to an alternative format if the tools support that format; we could push the
community towards something ROOT-based(?) if desired
o ATLAS and CMS both use ROOT-based representations of HEPMC (v3 for ATLAS)
e Quick size comparison test with an Run 3 (13.6 TeV C.0.M) ttbar file (10k events):
EVNT (ATLAS internal format): 58.2 kB/event (~2x variations depending on ROOT settings)
Compressed HEPMC: 54.5 kB/event (variations depending on compression settings)
Uncompressed HEPMC: 210 kB/event
TRUTHO derivation (easy ROOT-readable EVNT): 35.9 kB/event
TRUTH1 derivation (TRUTHO+pre-built simplified collections like ‘jets’): 40.8 kB/event
e (Converting our EVNT to HEPMC
o 0O(4k) CPU-core-days (not much by modern standards; 0.6% of ATLAS for a day)

O O O O O
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Why Open Event Generation? YATLA:

e Theorists and phenomenologists generate their own MC simulation when needed
e The LHC experiments put enormous effort and CPU into running event generation
e \Why should we experimentalists help the theorists out?

O

O

@)

e Reminder: our software for event generation is public, builds are available publicly as

It would support the community — this would be a great service

It would avoid lots of duplicate and wasted CPU — good for the environment

It would encourage phenomenologists and theorists to look at our MC simulation, which
could have a number of ancillary benefits: experts coming to help with configurations,
identifying issues in our configurations, improved documentation, maybe validation help?
(Of course, this would also be a means of sharing our event generation samples between
e.g. ATLAS and CMS, but that is only an interesting-to-explore side-effect here)

containers or on cvmfs, and configuration is public
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