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https://hepdata.net

Code:  https://github.com/HEPData

Email:  info@hepdata.net
Forum:  hepdata-forum.cern.ch
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G. Watt

What is HEPData?
• Unique open-access repository for high-level data from 

almost 10,000 HEP (“hep-ex” or “nucl-ex”) papers.

• FAIR data:  Findable, Accessible, Interoperable, Reusable.

• Complementary to other HEP information providers, e.g. 
INSPIRE-HEP (literature), PDG (particle properties), 
CERN Open Data (event-level data), Zenodo (files).

• Based in Institute for Particle Physics Phenomenology 
(IPPP) at Durham University (UK), going back to 1970s.

• Transition in 2017 to hepdata.net site, hosted at CERN. 
Partnership with CERN Scientific Information Service. 
J. Phys.: Conf. Ser. 898 102006 [arXiv:1704.05473]
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https://inspirehep.net
http://pdg.lbl.gov
http://opendata.cern.ch
https://zenodo.org
http://hepdata.net
http://library.cern
https://doi.org/10.1088/1742-6596/898/10/102006
http://arxiv.org/abs/1704.05473


G. Watt

Search from inspirehep.net
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• New INSPIRE (blog) shares many features with HEPData.

• INSPIRE publication records link to hepdata.net records.

• Search INSPIRE for publication records with HEPData.

• LHC publications with HEPData (Jupyter Notebook):

ALICE:  92%
ATLAS:  57%
CMS:  49%
LHCb:  13%

INSPIRE search query:
•  hep-ex or nucl-ex
•  Published in a journal
•  Not conference paper

Belle: 31/533 = 6%
Belle-II: 1/9 = 11%

http://inspirehep.net
http://inspirehep.net
https://blog.inspirehep.net/2020/03/the-next-inspire-generation-is-here/
http://inspirehep.net
http://hepdata.net
http://inspirehep.net
https://inspirehep.net/literature?q=external_system_identifiers.schema:HEPData
https://github.com/HEPData/miscellaneous/blob/master/notebooks/count_inspire_records_with_hepdata.ipynb
http://inspirehep.net/literature?q=tc+p+and+not+tc+c+and+(primarch+hep-ex+or+primarch+nucl-ex)
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Search from hepdata.net

https://www.hepdata.net/search/?q=collaborations:Belle&sort_by=latest
http://hepdata.net
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Connection to Rivet analyses

• HEPData exports data in YODA format for Rivet.

🆕

https://www.hepdata.net/search/?q=collaborations:Belle+AND+analysis:rivet&sort_by=latest
https://rivet.hepforge.org
https://www.hepdata.net
https://yoda.hepforge.org
https://rivet.hepforge.org
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Record from hepdata.net

• DOIs minted for whole (versioned) record and each table.

http://hepdata.net
https://www.hepdata.net/record/ins1860766?version=1&table=Selection%20efficiency
https://www.doi.org


G. Watt

Data output formats

• JSON:  JavaScript Object Notation.

• CSV:  comma-separated values.

• YODA:  for inclusion in a Rivet analysis.

• ROOT:  binary .root file.

7

YAML:  native 
HEPData format.

submission.yaml 
+ YAML data files for each table
+ optional resource files

• Programmatic access to download data in different formats.

• format={original,yaml,json,csv,yoda,root}

• Additional (optional) arguments for version and table.

• 🆕 curl record w/o format returns Schema.org JSON-LD.

https://www.hepdata.net/record/ins1860766?format=csv

hepdata.net/formats

https://www.json.org
https://en.wikipedia.org/wiki/Comma-separated_values
https://yoda.hepforge.org
https://rivet.hepforge.org
https://root.cern.ch
https://yaml.org
http://hepdata-submission.readthedocs.io
http://Schema.org
https://www.hepdata.net/record/ins1860766?format=csv
http://hepdata.net/formats
http://hepdata.net/formats
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Modes of data entry
1. Manually harvested from “hep-ex” / “nucl-ex”.  

HEPData staff extracted tables from .tex source.

2. Data points directly submitted by experiments.

• Pre-2014:  no guidelines on preferred format.

• Early 2014:  encourage standard “input” format.

• Late 2014:  introduce online submission system.

• Early 2017:  allow submissions from hepdata.net.

8

Mode 1. now phased out in favour of mode 2.

http://hepdata.net


G. Watt

Submission system on hepdata.net
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• Also a Sandbox for any user to test uploads without special privileges. 

https://hepdata.net/submission

http://hepdata.net
https://hepdata.net/record/sandbox
https://hepdata.net/submission
https://www.hepdata.net/permissions/coordinators


G. Watt

Submission system usage (01/2017-)
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• Total of 1392 finished submissions, comprising ALICE (214), 
ATLAS (328), CMS (403), LHCb (31), Non-LHC (416).



G. Watt

Submissions per month from 2017 to 2022

• Year-on-year growth: 125 in 2017, 171 in 2018, 
201 in 2019, 275 in 2020, 352 in 2021. 11



G. Watt

submission.yaml file
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• Validated against submission_schema.json

• Separate YAML “document” for each data table, e.g.

https://hepdata.net/submission/schemas/1.1.0/submission_schema.json
https://yaml.org


G. Watt

YAML data file
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• Validated against data_schema.json

• “Independent” and “dependent” variables:

https://hepdata.net/submission/schemas/1.1.0/data_schema.json


G. Watt

Covariance matrices
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CMS LHCb

• Export to JSON, CSV, ROOT (TGraph2DErrors, TH2F), YODA (Scatter3D).

ins1605749 ins1454404

 hepdata-submission.readthedocs.io

https://www.hepdata.net/record/ins1605749?version=1&table=Table19
https://www.hepdata.net/record/ins1454404?version=1&table=Table11
https://hepdata.net/record/ins1605749
https://hepdata.net/record/ins1454404
https://hepdata-submission.readthedocs.io/en/latest/data_yaml.html#correlation-covariance-matrices
https://hepdata-submission.readthedocs.io/en/latest/data_yaml.html#correlation-covariance-matrices


G. Watt

• Documentation at hepdata-submission.readthedocs.io. 
Includes example Python scripts (simple, complicated).

• HEPData YAML files checked against JSON schema by 
validation code during submission.  hepdata-validate

• hepdata_lib package by Clemens Lange and Andreas Albert. 
Library to read in text/ROOT and write HEPData YAML. 
https://github.com/HEPData/hepdata_lib

• Similar Python package by Christian Holm Christensen. 
https://gitlab.com/cholmcc/hepdata

• Also hepdata_maker tool by Krzysztof Bożek (ATLAS).

• Experiments often develop internal HEPData tools/docs.

Submission documentation
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http://hepdata-submission.readthedocs.io
https://raw.githubusercontent.com/HEPData/hepdata-submission/master/examples/BELLE_2017_I1512299/1512299.py
https://raw.githubusercontent.com/HEPData/hepdata-submission/master/examples/DESY-16-200/process_ins1496981.py
https://github.com/HEPData/hepdata-validator/tree/master/hepdata_validator/schemas/1.1.0
https://github.com/HEPData/hepdata-validator
https://github.com/HEPData/hepdata-validator#usage
http://hepdata-lib.readthedocs.io
https://github.com/HEPData/hepdata_lib
https://gitlab.com/cholmcc/hepdata
https://github.com/butsuri43/hepdata_maker
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• CLI and Python API for HEPData search/download/upload.

• Summer project in 2020 by Giuseppe De Laurentis.

• Install (in venv) with:  pip install hepdata-cli

• Examples of usage:

hepdata-cli download 1860766 -f csv -i inspire

Code:  https://github.com/HEPData/hepdata-cli

hepdata-cli

hepdata-cli find 'collaborations:"Belle-II"' -i inspire

hepdata-cli fetch-names 1860766 -i inspire

hepdata-cli upload /path/to/TestHEPSubmission.tar.gz -e 
my@email.com -p $PASSWORD —r 123456 -i $INVITATION_COOKIE -s False

https://gdelaurentis.github.io
https://github.com/HEPData/hepdata-cli
https://pypi.org/project/hepdata-cli/
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HistFactory
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Lukas Heinrich

• Based on simple ROOT histograms organised in an XML file.

• ROOT/XML workspace replaced by plain-text pyhf JSON.

https://cds.cern.ch/record/1456844
https://pyhf.readthedocs.io/en/v0.7.0/likelihood.html


G. Watt

pyhf likelihoods
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• Separate DOIs now allocated for attached pyhf archive files.

See later talk by 
Lukas Heinrich

🆕

https://pyhf.readthedocs.io/
https://indico.belle2.org/event/7653/contributions/44072/


G. Watt

Summary

• HEPData is the repository for publication-related HEP data.

• Caveats:  design restricts size (~MB) and format (mostly tabular).

• Responsibility for data submission now held by experiments.

• Belle II Coordinators:  mgt-hepdata-coordinators@belle2.org

• 🆕 A Belle and a Belle II record completed on 29th August 2022.

• Documentation and software tools available to assist upload.

• hepdata-cli search/download/upload from command line.

• 🆕 Enhanced linking to Rivet analyses and pyhf likelihood data.
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Email:  info@hepdata.net
Forum:  hepdata-forum.cern.ch

Code:  https://github.com/HEPData
Credit:  Thanks to Alison Clarke for her software contributions from 11/2019 to 05/2022. 

https://www.hepdata.net/record/ins1895149
https://www.hepdata.net/record/ins1860766
https://pypi.org/project/hepdata-cli/
https://www.hepdata.net/search/?q=analysis:Rivet&sort_by=latest
https://www.hepdata.net/search/?q=analysis:HistFactory&sort_by=latest
mailto:info@hepdata.net
http://hepdata-forum.cern.ch
http://twitter.com/HEPData
https://github.com/HEPData

