ATLAS Open Data

High Energy Physics data for everyone.

For Education For Research
To provide data and tools to high school, undergraduate and graduate students, as To provide researchers with high-quality data recorded by the ATLAS detector,
well as teachers and lecturers, to help educate them and exercise in physics enabling them to conduct state of the art analyses in particle physics.

analysis techniques used in experimental particle physics.
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https://indico.global/event/16443/timetable/
http://opendata.atlas.cern
http://opendata.atlas.cern

The Levels of Open Data from DPHEP YATLAS
4 )
Level 1: Additional Documentation
We do this all the time through plot records, HepData, Rivet Analyses...

Almost all physics papers should have some combination of thesel!

- J
4 )
Level 2: Simplified Formats for Education and Outreach
CMS and ATLAS have quite a bit (10 year anniversary for ATLAS Open Datal).

- J
4 )
Level 3: Analysis Formats and Software
Includes both analysis formats and custom datasets for a wide variety of applications.

\ J
4 )
Level 4: Experiment Raw Data
Will preserve it; won’t make it public at large scale (there’s too much and it’s too hard to document).
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https://arxiv.org/pdf/1205.4667.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-05
https://www.hepdata.net/record/ins2758009
https://rivet.hepforge.org/rivet-coverage#atlasexpt
https://cms-opendata-guide.web.cern.ch/
https://opendata.atlas.cern/docs/category/13-tev-2025-beta-release

Bespoke datasets ¥ ATLAS

e \We have lots of bespoke datasets for targeted research applications
o JetSet, Top jet tagging (w/systematics), Fast Sim training, BSM BDT training, ...

m We try to always have an example git repo with the dataset
o Participation in Kaggle Challenges: Higgs boson ML Challenge, TrackML Challenge, ...
e Notice the common theme here: machine learning (more discussion here)
o Seems to be the ‘best’ motivation for specialized research data
e Thereis also sharing of files for technical purposes (e.g. ROOT/compression tests)
e \We are quite amenable to adding new datasets with a well-motivated request
o Several such requests ongoing now
o CMS recently released some RAW data for the CICADA project. Interesting test: minimal
documentation (that | can find), but CMS members allowed to use internal documentation.
Not clear if this would fly in ATLAS, but if there’s interest...

WHAT DO YOU WANT?

ATLAS folks can see

i 1 .
& upcoming / proposed
releases here; quite a

N | v
il A A h\ —
WHAT. DO.YOU. WANT!D few in flight
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https://opendata.atlas.cern/docs/data/for_research/bespoke_datasets
https://opendata.cern.ch/record/93940
https://opendata.cern.ch/record/80030
https://opendata.cern.ch/record/15012
https://opendata.cern.ch/record/28100
https://opendata.cern.ch/record/328
https://www.kaggle.com/c/trackml-particle-identification
https://indico.cern.ch/event/1588582/
https://opendata.cern/search?q=&f=experiment%3ACMS&f=file_type%3Araw&l=list&order=desc&p=1&s=10&sort=mostrecent
https://github.com/Princeton-AD/cicada
https://its.cern.ch/jira/projects/MYATLAS/issues/MYATLAS-257

Big Open Data Datasets YAT.AS

For Research For Education and Outreach
Proton-Proton Collisions 8 TeV (2016)
36 fb™! proton-proton collisions in PHYSLITE 3 fb™! proton-proton collisions in XML and ROOT
format. 7B data, 2B MC evts, 373 MC sets. NTuple formats. 60M events, 42 MC sets
~65 TB
Heavy Ion Minimum Bias 13 TeV (2020)
486 ub! lead-lead collisions in HION14 format. 10 fb-1 proton-proton collisions in ROOT NTuple
221M data + 100k MC events. ~4 TB format. 940M events, 228 datasets

Event Generation Data

>12B events, >6000 datasets in HEPMC format. 13 TeV (2025 Beta)

13 TeV and 13.6 TeV. ~1 PB 36 fb proton-proton collisions in ROOT NTuple
format. 9.8B events (dupes), 373 MC sets. ~2.5
TB

Heavy Ion Hard Probes

New format, similar to PHYSLITE, being prepared
now

All data are released under a CCO license (free use) with a request for citation.

ATLAS members may publish using the Open Data.
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https://opendata.atlas.cern/docs/data/for_research/pp_data
https://opendata.atlas.cern/docs/data/for_research/hi_data
https://opendata.atlas.cern/docs/data/for_research/evgen_data
https://opendata.atlas.cern/docs/data/for_education/8TeV_details
https://opendata.atlas.cern/docs/data/for_education/13TeV_details
https://opendata.atlas.cern/docs/data/for_education/13TeV25_details
https://creativecommons.org/public-domain/cc0/

Open Data for Research Schedule YATLAS

e ATLAS Schedule for Open Data releases

50% of Run 2
2021 2022 2023 2024 2025 2026 2027 2028 2029

J|FIMIAIM|J|J]A|S|O|N|D} ]| FIMIAIM| ]| J|A|S|O|N|D} | FIMIAIM] J| J|A|S|O|N|D} | FIMIAIM] ]| J|A|S|O|N|D} | FIM]A[M] ]| J|A[S|O|N|D} | FIM]AIM| ]| J|A[S|O|N[D} ]| F[M|A[M[ ]| J|A[S|O|N|D] | F[M|A[M| ]| ] |A|S|O|N|D} J | F[M|A[M[ ]| ] |A|S|O|N| D}

Run 3 [ Long Shutdown 3 (LS3) J

T T

‘2500 of Run 3 50% of Run 3 5% of Run 4
2030 2031 2032 2033 2034 2035 2036 2037 2038

J|FIMIAIM|J|J]A|S|ON|D} J | FIMIAIM| ]| J|A|S|O|N|D} | FIMIAIM| J| J|A|S|O|N|D} | FIM]AIM] J| JA|S|OIN|D} | FIM]A[M] J| J|A[S|O|N|D} )| FIM]AIM| ]| J|A[S|O|N|D} | FM|A[M| ]| J|A[S|O|N|D} | FIM]A[M| ]| J|A|S|O|N|D} J | FMIA[M| ]| J |A[S|O|N| D}

Run 4 LS4 Run 5

50% of Run 4

2039 2040 2041
JFMAMTAISIOND T FMAM AN [ FIMAM S AlS[ONY Snifsmiradneslas “... and no more than 20% of the data
) el i available to the collaboration...”
EYETS be after;L> , ,
biiavonioh. s (might cap our output in the 2030s)

Last update: September 24
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Our Documentation Goal YATLAS

e Our goal is to have open data that’s accessible to a wide variety of audiences

e \We want learners to be able to move to more or less complex setups painlessly

e For more complexity than the Outreach and Education Open Data allow, try the Open
Data for Research! If O&E OD are too complex, try the Histogram Analyzer!

ATLAS Open Data in the Classroom

Introductory

“Classroom Apps”
(Also in Spanish and Italian)

Standard Model

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Jupyter Notebooks

Uproot

Using the PHYSLITE Format

—
75" PHYSLITE TUTORIAL

What's Inside the Notebook

Open Data for
Education and Outreach

™

No-code “Histogram Analyzers” ML ‘explainer’
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Research


https://opendata.atlas.cern/docs/webapps/teachersapp
https://opendata.atlas.cern/docs/webapps/histanalyser
https://opendata.atlas.cern/docs/webapps/histanalyser
https://opendata.atlas.cern/docs/webapps/mlapp
https://opendata.atlas.cern/docs/webapps/mlapp
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/tutresearch/physlitetut
https://opendata.atlas.cern/docs/tutresearch/physlitetut

What’re the Metadata Like? PATLAS

EXPERIMENT

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

ATLAS Open Magic / il

# First we install atlasopenmagic into our environment
%pip install atlasopenmagic

pypi 1.8.0 codecov |100%

atlasopenmagic is a Python package made to simplify working with ATLAS Open Data by providing utilities to
manage metadata and URLs for streaming the data.

# Now we can safely import atlasopenmagic
import atlasopenmagic as atom

# Now let's see what releases are available to us
atom.available_releases()

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')

Fetching and caching all metadata for release: 2025r-evgen-13p6tev...
Fetched 1509 datasets so far...

Successfully cached 1509 datasets.

Active release: 2025r-evgen-13p6tev. (Datasets path: REMOTE)
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https://opendata.atlas.cern/docs/13TeV25Doc/Concepts#accessing-metadata-new
https://pypi.org/project/atlasopenmagic/
https://pypi.org/project/atlasopenmagic/
https://pypi.org/project/atlasopenmagic/

What’re the Metadata Like? YATLAS
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 ATLAS Open Magic / III

atom.get_metadata(510203)
# Notice that the function here will accept either the dataset identifier or the
# "physics short", a short unique descriptor for the sample %% [markdown] That's

# a lot of metadata! Let's go through the fields a bit: pypi 1.8.0 codecov [IOBSH

[14]: {'dataset_number': '510203',
'Ph}(’SiCS-:thf' : "MGPY8EG_A14NNPDF30_SM4topsLOInclusive_run3', atlasopenmagic is a Python package made to simplify working with ATLAS Open Data by providing utilities to
'e_tag': None .
'cross_section_pb': 0.0092591, manage metadata and URLs for streaming the data.

‘genFiltEff': 1.0,

'kFactor': 1.0,

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

'job_path':

'CoMEnergy': 13600.0, - - - -

Comn Con3|der|n_g tying th!s more closely
PO “HILES, together with our existing metadata

'Release': 'AthGeneration_23.6.24',

(Filters's ", systems (e.g. AMI and Rucio)

'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: N OW ava i Ia ble: atlaso pen magq ic_ mcg
« dataset_number : Unique identifier assigned to each dataset. N B: ami_ mcg and rucio_ mcg eXiSt

e physics_short : Short name with information regarding the content of the dataset.
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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https://opendata.atlas.cern/docs/13TeV25Doc/Concepts#accessing-metadata-new
https://pypi.org/project/atlasopenmagic/
https://cds.cern.ch/record/2649430
https://oscars-project.eu/projects/streamlining-open-data-policies-rucio-data-management-platform
https://github.com/atlas-outreach-data-tools/atlasopenmagic-mcp
https://pypi.org/project/ami-mcp/
https://pypi.org/project/rucio-mcp/
https://pypi.org/project/atlasopenmagic/
https://pypi.org/project/atlasopenmagic/

What Sorts of Things are There?

Concepts

These notebooks introduce a variety of concepts in High Energy Particle physics. They are intended to
provide both a conceptual introduction and some real examples of how to study the concepts with the
ATLAS Open Data.

Jupyter Notebooks

All New!

Uproot

Accessing Metadata [

This notebook introduces the atlasopenmagic package, which is used throughout these notebooks for
environment setup and data access. It introduces the concept of metadata, explains what metadata are
available for the samples that have been provided, and introduces the use of a handful of convenient search
functions to identify samples that might be of interest based on their metadata.

Detector Acceptance and Efficiency [EIJ

This notebook introduces the concepts of detector and used to the
response of the detector to different types of events. Using the 2025 release of ATLAS Open Data, we guide
you through a practical example of how to calculate acceptance and efficiency, and show you how these
concepts are used in real physics analyses.

Systematic Uncertainties [{EIJ

This notebook introduces the concept of systematic uncertainties, providing a small variety of examples of
uncertainties that you might run into while sing the ATLAS Open Data. There is both a pedantic
i anda ion of the ion of uncertainties using the Open Data.

Working with the Open Data Work in Progress
This notebook introduces the basics of how to work with the Open Data for Education and Outreach.

Non-Collision Backgrounds [

This notebook introduces non-collision backgrounds — things that ATLAS records that aren't proton-proton
(or heavy ion) collisions.

Fluctuations [

This notebook is designed to help build some intuition around fluctuations: what level of agreement we
expect between our background estimates and the data even in an analysis where we have done everything
right, because of the intrinsic limitations of statistical and systematic uncertainties.

Standard Model

These notebooks dive into the world of Standard Model searches, exploring the fundamental particles and
forces that constitute the universe as described by the Standard Model of particle physics. Through these
analyses, we aim to test the predictions of the Standard Model, enhancing our understanding of the
universe.

Jupyter Notebooks

Revised!

Uproot

Higgs to 2z [T

This notebook uses the 2025 release of the ATLAS Open Data to show you the steps to rediscover the Higgs
boson yourself! You will discover the Higgs boson decaying into a pair of Z bosons, which are in turn
decaying into a lepton-antilepton pair each.

oo e

Higgs to vy analysis [

This notebook uses the 2025 release of ATLAS Open Data, with 36.1 b1, to show you the steps to
rediscover the Higgs boson yourselft You will discover the Higgs boson decaying into two photons.

T EXTETET

Find the Z boson [T}

This notebook guides you through finding the Z boson in events with two muons. It gives you a variety of
possible extensions to explore these events, understand more about the Z boson, identify other Standard
Model particles, or search for new particles.

© uren e

Higgs boson to Muon-Antimuon Pair [{EJ

Using the 2025 release of ATLAS Open Data, this notebook walks you through the process of rediscovering
Higgs-boson production via its decay into a muon-antimuon pair..

Searching for top-antitop quark pairs [IETJ

This notebook uses 2025 release of the ATLAS Open Data to guide you through the steps needed to
rediscover the production of top-antitop quark pairs.

New!

This notebook uses the 2025 release of ATLAS Open Data, with 36.1fb—L, to show you the steps to find
events where a W- and a Z-boson have been produced and decayed into lepton-neutrino and lepton-
antilepton pairs, You will be able to the mass of both the W- and the Z-boson
using both electrons and muons

launch lbinder | O_Open in Coiab

WZ to three leptons [{ET

Higgs to bb analysis [ET)

This notebook uses the 2025 release of ATLAS Open Data, with 36.1 b, to show you the steps to attempt
to find the Higgs boson when it decays into two b-quarks. This is a challenging analysis even for ATLAS

Statistical and Systematic Fluctuations

open data

ATLAS

1s. Itis intended

This notebook uses ATLAS Open Data 2025 beta release to build your intuition for istical and ic fl
for an education audience and is written to be accessible to a wide range of students.

What are Fluctuations?

When we perform an analysis with ATLAS data, very often we are confronted with histograms of data and a background prediction,
and we need to make a judgement about whether the two agree. It can be difficult to build intuition for what level of disagreement one
might expect, and often even experienced physicists disagree about whether there might be a discrepancy that is worthy of closer
inspection (for example, one that might be a hint towards a new discovery). The alternative, of course, is that the differences are
simply statistical fluctuations — the regular thing we expect in every analysis.

Looking at fluctuations

In this notebook, we are going to start from the background in the H — ~yy analysis, which you can find at the end of our H — ~yy
notebook.

We are going to use a random number generator to create two kinds of fluctuations:

« Statistical fluctuations. These are random fluctuations that occur in all counting experiments. As a simple example, imagine
counting the number of cars that pass by you on a road. You might have a very good understanding of the number of cars that will
go by in an hour (the rate), but if you watch the road for only a few seconds it is likely that you would not see an "average" number
of cars go by — it might be quite a bit lower or higher than you expect.

« Systematic fluctuations. Most data analyses have systematic uncertainties, which we explore in this notebook. These uncertainties

cause a ic bias when estimating the number of events we will see. We might always be a bit high, or a bit low.

ATLAS Open Data— TREASURE — 27 April 2026

YATLAS

EXPERIMENT



https://opendata.atlas.cern/docs/13TeV25Doc/Concepts
https://opendata.atlas.cern/docs/13TeV25Doc/Concepts
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/Fluctuations.ipynb
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/Fluctuations.ipynb

Getting help / community support YATLAS

e \We're very happy to help
e [he CERN Open Data Forum is the best place

to ask questions

O

@)

@)

Other users can find questions similar to theirs
We can easily crowdsource answers

We can keep track of how many people are
asking great questions about the Open Data
(we are asked about this regularly)

We have (obviously) discussed ChatBot support
as well, and would be happy to have help there

e [et us know about your projects as well!

@)

We are happy to hear about educational /
outreach projects and research projects

You can also use those as inspiration... and we
can advertise for you!

Projects

Explore various projects and initiatives based on ATLAS Open Data.

language:

t 3

ester
LHC particle

HEP Data Analysis
physics concepts

Tutorial with the

&
’y

Introduction to
Machine Learning
for Physicists
Discovery of the
ggs Boson Final Project

¢ ZBoson and Search
for New
Resonances with
ATLAS

Community Cbntributions

Here we gather various projects and analyses created using our open data for research. We believe in the power of collaboration
and the insights that can emerge from diverse perspectives. If you've used our open data for something cool, we would love to
hear about it! Please share your work with us through the contact us form. Your contributions can inspire others and help to show
the potential of open data.

A full list of academic uses of ATLAS Open Data can be found on INSPIRE-HEP.

We check projects before posting them here, but do not perform a detailed validation. In case you find any issues, you are always
welcome to get in touch with the authors.

Notebooks

723 HOW THE SCIENTIFIC PYTHON ECOSYSTEM HELPS ANSWERING FUNDAMENTAL QUESTIONS OF THE
= UNIVERSE
By Vangelis Kourlitis

4 launch 'binder
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https://opendata-forum.cern.ch/
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/docs/tutresearch/contributions
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/software/16
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/datasets/17
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/documentation/18
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/contributing/19
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/projects
https://opendata.atlas.cern/docs/tutresearch/contributions
https://opendata.atlas.cern/docs/tutresearch/contributions

Monitoring and Feedback YATLAS

EXPERIMENT

e Monitoring via Motomo (website) and Monit-Grafana (open data portal, metadata)
o  Still iterating with CERN IT on the best (long-term) metrics consistent with privacy rules
e Added some feedback forms throughout our materials so that we can see what folks
think is working / isn’t working, who we’re reaching, etc

e \We've implemented feedback forms in our notebooks and web applications
o Very positive feedback, with most material at the right level (or a little easy)
e Most material has been pretty well received

o Upcoming white paper from the LHC REI' WG on event generation open data, highlighting
use of our samples

How was the learning experience?
12 responses

How was the difficulty / complexity?
12 responses

8

8 (66.7%)

6

4

2

1(8.3%)

1 2 3 4 5
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https://monit-grafana.cern.ch/d/da06d76c-24f0-4d23-b51e-da08d36c4ece/welcome?orgId=93
https://lpcc.web.cern.ch/content/lhc-rei-wg

Al/ML might be the future? YATLAS

EXPERIMENT

e T[he open data for education provides a
grea‘t ‘tes‘ting ground for many things Eli Gendreau-Distler,»?:* Joshua Ho,»'?'T Dongwon Kim,"?'# Luc

Tomas Le Pottier,»2§ Haichen Wang,"»2' 9 and Chengxi Yang! 2 **
. . ! Department of Physics, University of California, Berkeley, Berkeley, CA 94720, USA
o Partlcularly for agentlc WO rkflOW 2 Physics Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
We present a proof-of-principle study demonstrating the use of large language model (LLM)

d eve | O p m e nt an d p roof_ Of_ CO n Ce p-t WO rk’ agents to automate a representative high energy physics (HEP) analysis. Using the Higgs boson

diphoton cross-section measurement as a case study with ATLAS Open Data, we design a hybrid

Automating High Energy Physics Data Analysis with LLM-Powered Agents

system that combines an LLM-based supervisor—coder agent with the Snakemake workflow manager.

no need to go straight to the research OD
e Interesting possibilities for Open Data and o | = B == E=
Analysis Preservation === B - N - N
o Take this paper, create a workbook |
analysis for a second-year undergraduate, ‘ng;es'—' H— S
write the instructions in Hindi. L i

o Produce a preserved workflow from this
repo. Validate it from the INT note / L1 VI. LIMITATIONS

open data. Update it for the new release. This study shows that LLMs can support HEP data

o Could be game-changing for the effort analysis workflows by interpreting natural language, gener-
problems we have in these areas. ating executable code, and applying basic self-correction.
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https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/software/16
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/datasets/17
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/documentation/18
https://opendata-forum.cern.ch/new-topic?title=topic%20title&category=atlas/contributing/19
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785
https://arxiv.org/pdf/2512.07785

Summary / Conclusions YATLAS

e \We have lots of Open Data available for use
o Both ‘big datasets’ and smaller custom datasets
o Releases are almost entirely limited by available effort
o Read: we have not encountered any resistance inside the collaboration yet to the principle of
releasing more data when the requests are reasonably well justified
Monitoring is showing us what’s being used; surveys showing us how it lands
Gathering contributions; happy to advertise your projects
Happy to contribute to common projects in the future, if that might be of interest
Lots of interesting opportunities for Al/ML use “for the open data” and “for the field”
o User support, real-time /integrated support (co-dev), and learning assistants
o  Creation of new tools for a huge variety of audiences, and customizing learning tools for the
specific audience (“Take this quiz, and the notebook will be customized automatically to the
appropriate level for you” with explainers for code or physics as required)
o Tests of foundation models and fine-tuning (e.g. train on our open event generation,
fine-tune on our open PHYSLITE, see how things look)
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Discussion Points (from Last Week) YATLAS

EXPERIMENT

ATLAS Open Data are about 1PB, hosted on the CERN Open Data Portal
o pp-collision ‘Open Data for Research’ is about 65 TB including MC

A second copy could (?) be posted on HuggingFace / FDP / AmSC_X/ HPDF / ...
o atlasopenmagic already supports providing file location metadata for multiple use-cases

(https / xrootd / eos direct read / local disk mapping) and could add more

o HuggingFace has nice support for storing, publishing, and providing models
o CERN hosting has significant bandwidth limitations (primary bottleneck for usage today)
o Could consider e.g. ATLAS/CMS Ops hosting of the data on US sites”?

Foundation model applications might benefit from more data
o We generally make public O(10%) of what we have
o Discussing larger data formats, which would of course require more resources

We could invest in more open data... but need human and computing resources
o Bespoke datasets take real work
o Support takes a lot of work

We’'ll prepare a white paper describing a ‘Vision for Open Data in the Age of Al’
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ATLAS Open Data

High Energy Physics data for everyone.

For Education @ For Research ¢
To provide data and tools to high school, undergraduate and graduate students, To provide researchers with high-quality data recorded by the ATLAS detector,
as well as teachers and lecturers, to help educate them and exercise in physics enabling them to conduct state of the art analyses in particle physics.

analysis techniques used in experimental particle physics.

Get Started

Thank you!
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https://opendata.atlas.cern
https://opendata.atlas.cern

Event Generation Open Data

New, 12.7B events in ~6500 datasets

O

O

Access via atlasopenmadgic (metadata tutorial)
Publicly documented naming, sample availability,
metadata, limitations, how to combine... all useful
for ATLAS newcomers as well!

e \We provide a fully worked-out example notebook

O O O O O

O

Runs on Binder; some features not as nice on Colab
Set up, sample identification, files access

Visualizing events with pyhepmc

Making basic plots

Running Delphes, examining output

Takes <5 minutes to run

Significant community interest in the Open Data

@)

Upcoming white paper from the LHC REI' WG on
evgen open data, highlighting use of our samples
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YATLAS

EXPERIMENT
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[16]: dimport uproot # for reading .root files

[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},

[78.51},

# 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()



https://pypi.org/project/atlasopenmagic/
https://opendata.atlas.cern/docs/13TeV25Doc/Concepts#accessing-metadata-new
https://opendata.atlas.cern/docs/data/cern_opendata_portal#file-naming-convention
https://opendata.atlas.cern/docs/data/for_research/evgen_data
https://opendata.atlas.cern/docs/data/for_research/evgen_metadata
https://opendata.atlas.cern/docs/data/for_research/limitations_evgen
https://opendata.atlas.cern/docs/data/for_research/evgen_collections
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
https://lpcc.web.cern.ch/content/lhc-rei-wg

Other Open and Preserved Data News YATLAS

e New bespoke datasets since the last DPHEP Workshop
o Simulation voxelized photon showers dataset

o fttbar for ML-based flavour tagging dataset
o Several more in the pipe — mostly supporting Al/ML applications

e Still working to provide Plot records and HepData
o Major milestone: in 2025, all exotics analyses had HepData! (100% coverage)

e Unfortunately, saw a drop in Rivet coverage, driven by the impressive number of

analyses published since the last DPHEP workshop...
o Seems to be universally true around the ring...

o |Rivet analysis coverage Rivet analysis coverage
_8 Rivet analyses exist for 1838/6446 papers = 29%. 261 priority analyses required. Rivet analyses exist for 1637/6404 papers = 26%. 329 priority analyses required.
&) Total number of Inspire papers scanned = 10889, at 2024-08-08 Total number of Inspire papers scanned = 11088, at 2025-08-08

B Breakdown by identified experiment (in development): Breakdown by identified experiment (in development):
D_ Key ALICE ATLAS CMs LHCb A . Key ALICE ATLAS CMS LHCb 8_
L g

Rivet wanted Rivet wanted

E (total): 380 477 562 205 1 e 411 556 633 150
D Rivet REALLY Rivet REALLY

- o 54 62 98 15 o e 87 78 106 19

&

. ; 9 44/424 = 212/689 = 135/697 = 71/276 = 1 . " . 40/451 = 218/774 = 136/769 = 75/225 =

1 Rivet provided: 10% 31% 19% 26% 3 Rivet provided: 9% 565 b 33%
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https://opendata.cern/record/93941
https://opendata.cern/record/93940
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-05
https://www.hepdata.net/record/ins2758009
https://rivet.hepforge.org/rivet-coverage
https://rivet.hepforge.org/rivet-coverage

Newly-available Monitoring Y ATLAS

e Monitoring via Motomo (website) and Monit-Grafana (open data portal, metadata)
o Still iterating with CERN IT on the best (long-term) metrics consistent with privacy rules
e Added some feedback forms throughout our materials so that we can see what folks
think is working / isn’t working, who we’re reaching, etc

Website visits in 2H 2025 Portal access since September 2025
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https://monit-grafana.cern.ch/d/da06d76c-24f0-4d23-b51e-da08d36c4ece/welcome?orgId=93

Newly-available Monitoring YATLAS

e Monitoring via Motomo (website) and Monit-Grafana (open data portal, metadata)
o Still iterating with CERN IT on the best (long-term) metrics consistent with privacy rules
e Added some feedback forms throughout our materials so that we can see what folks
think is working / isn’t working, who we’re reaching, etc

Website visits in 2026 Metadata release setup, last 30 days
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https://monit-grafana.cern.ch/d/da06d76c-24f0-4d23-b51e-da08d36c4ece/welcome?orgId=93

Updated Collaboration Policies YATLAS

e Software Policy is now more strongly open source,
recommending DOls
o All software internally visible; software open by default
e Data Preservation Policy now more firm about Run 1-3
o We commit to preserving all raw data

© We forma”y have no aCtlve SU’O’OOI’T for Run 1 data (The Pantry in LosAeIes; the gold standard of “pen by

o For Run 2/ 3 data during the HL-LHC era we expect 10: o oo X vooran o sinos troy nosdeas)
Allow statistical combinations with Run 4 / 5 (of course)

m Retain ‘final’ analysis formats only (e.g. DAOD_PHYSLITE)
m Produce new MC using fully containerized workflows
m Drop support for ‘new’ processing of Run 2 / 3 data in our

main software releases (reconstructing the data in a new
release implies new calibrations and uncertainties, which
require an enormous amount of effort)

e Documentation policy now public by default

o Should mean less duplication of documentation for the
Open Data users
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https://cds.cern.ch/record/2955163
https://cds.cern.ch/record/2954457
https://en.wikipedia.org/wiki/Original_Pantry_Cafe

