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https://hepdata.net

Email:  info@hepdata.net

Code:  https://github.com/HEPData

overview

https://indico.cern.ch/event/795041/
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
http://www.dur.ac.uk
https://stfc.ukri.org
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://www.ippp.dur.ac.uk
http://hepdata.net
mailto:info@hepdata.net
http://twitter.com/HEPData
https://github.com/HEPData


G. Watt

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

almost 9000 experimental HEP (“hep-ex”) papers.

• Publication-related data complementary to event-level 
data provided through recent CERN Open Data portal.

• Traditional focus on unfolded measurements, but in recent 
years also include material for recasting LHC searches.

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

• Funded by UK Science & Technology Facilities Council 
(STFC) until 09/2019.  Pending application from 10/2019 
for two positions of Project Manager and Software Engineer.
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http://opendata.cern.ch
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• Software completely rewritten (2015-2016) with new 
hepdata.net site replacing previous hepdata.cedar.ac.uk.

• Partnership with CERN Scientific Information Service.  
Lead developer:  Eamonn Maguire (03/2015–10/2016).

• Started from a fork of Zenodo code.  Overlay on Invenio v3.

• hepdata.net hosted on CERN OpenStack infrastructure.

• External data submissions from January 2017 onwards.

Transition to hepdata.net

Production
Development

Plot from Google Analytics

http://hepdata.net
http://hepdata.cedar.ac.uk
https://zenodo.org
https://github.com/zenodo/zenodo
http://inveniosoftware.org
http://hepdata.net
http://hepdata.net


G. Watt

CHEP 2016 paper
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[arXiv:1704.05473]

J. Phys.: Conf. Ser. 898 102006

http://arxiv.org/abs/1704.05473
https://doi.org/10.1088/1742-6596/898/10/102006


G. Watt

Data output formats
• JSON:  JavaScript Object Notation.

• CSV:  comma-separated values.

• YODA:  for inclusion in a Rivet analysis.

• ROOT:  binary .root file.
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https://hepdata.net/record/ins1422615

• Each table in a directory.
• TGraphAsymmErrors for 

each dependent variable.
• If finite bin width, also separate 

TH1F for value and each error.
• Multidimensional (TH2F, TH3F).

YAML:  native 
HEPData format.

submission.yaml  
+ YAML data files for each table

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://hepdata.net/record/ins1422615
https://yaml.org
http://hepdata-submission.readthedocs.io


G. Watt

DOIs and versioning

• DOIs minted for whole record and each table via DataCite.
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https://www.hepdata.net/record/78375?version=3
https://www.doi.org
https://datacite.org


G. Watt

“Watch List” and “Ask a Question” 
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• Feedback from kick-off meeting in 2016 implemented.

• Both features require login.



G. Watt

Publication-driven search
• Powerful search and faceting provided by Elasticsearch.

• Or find via DataCite Search or Google Dataset Search.

 8
https://hepdata.net/search/?q="dark+matter"&collaboration=ATLAS

Append 
format=json 
to URL to return 
search results in 
JSON format.

http://elastic.co
https://search.datacite.org/data-centers/cern.hepdata
https://toolbox.google.com/datasetsearch/search?query=site:www.hepdata.net
https://hepdata.net/search/?q=%22dark+matter%22&collaboration=ATLAS
https://hepdata.net/search/?q=%22dark+matter%22&collaboration=ATLAS


G. Watt

Links from inspirehep.net
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• New INSPIRE beta in development (blog) using Invenio v3.

• Legacy INSPIRE records updated to link to hepdata.net.

• Search INSPIRE for HEPData records with “035:hepdata”.

• LHC publications with HEPData (Jupyter Notebook):

ALICE:  90%
ATLAS:  53%
CMS:  39%
LHCb:  14%

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

http://inspirehep.net
http://beta.inspirehep.net
https://blog.inspirehep.net/2019/02/introducing-inspire-beta/
http://inveniosoftware.org
http://inspirehep.net
http://hepdata.net
http://inspirehep.net
http://inspirehep.net/search?p=035:hepdata
https://github.com/HEPData/miscellaneous/blob/master/notebooks/count_inspire_records_with_hepdata.ipynb
http://inspirehep.net/search?p=tc+p+and+not+tc+c+and+(primarch+hep-ex+or+primarch+nucl-ex)


G. Watt

Coverage of LHC publications by year
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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


G. Watt

Submission system usage (01/2017-)
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• Total of 375 finished 
submissions:

★ ALICE (71)

★ ATLAS (149)

★ CMS (122)

★ LHCb (13)

★ Non-LHC (20)

• 58/375 with version ≥ 2

• 1086 users created an 
account (as of 29/03/2019).



G. Watt

Submissions by ATLAS/CMS physics groups

• All 7 ATLAS and 9 CMS physics groups submit to HEPData.

• New activity by CMS EXO and SUS physics analysis groups.
 13



G. Watt

Submission documentation

• Many code improvements to smooth submission process: 
propagate error message from exceptions, EOS fixes.

• New hepdata-submission.readthedocs.io web site.  
Includes example scripts (simple, complicated) and  
offline validation script.

• New hepdata_lib by Clemens Lange and Andreas Albert.  
Library to read in text/ROOT and write HEPData YAML.  
https://github.com/HEPData/hepdata_lib
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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://raw.githubusercontent.com/HEPData/hepdata-submission/master/scripts/check.py
http://hepdata-lib.readthedocs.io
https://github.com/HEPData/hepdata_lib


G. Watt

Links to analysis code

• JSON file maps INSPIRE IDs to Rivet analysis names:  
 

• Badge appears in search results and link on record:
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http://rivet.hepforge.org/analyses.json

{"422172": [“SLD_1996_S3398250”], 
…,”1304688": [“ATLAS_2014_I1304688”]}

• Extendable to other analysis 
frameworks containing 
publication-specific code.

https://hepdata.net/record/ins1304688


G. Watt

HEPData / Rivet compatibility

• HEPData exports data in YODA format for Rivet.

• Observed divergence in recent years between 
Rivet reference data and HEPData export.

• Python scripts written to assess compatibility.

• Rivet 2.6.1:  73 of 378 (19%) were compatible.

• Scripts rivet-diffhepdata and rivet-diffhepdata-all 
now included in official Rivet distribution.  

• Rivet 2.7.0:  149 of 404 (37%) were compatible.
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Thanks to 
Christian 

Gütschow.

https://www.hepdata.net
https://yoda.hepforge.org
https://rivet.hepforge.org
https://github.com/HEPData/miscellaneous#scripts
http://www.ippp.dur.ac.uk/~watt/RivetDiffHEPData/Rivet-2.6.1/
https://phab.hepforge.org/source/rivethg/browse/release-2-7-x/bin/rivet-diffhepdata
https://phab.hepforge.org/source/rivethg/browse/release-2-7-x/bin/rivet-diffhepdata-all
http://www.ippp.dur.ac.uk/~watt/RivetDiffHEPData/Rivet-2.7.0/


G. Watt

Covariance matrices in HEPData
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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

Error breakdown in HEPData
• One independent variable and one dependent variable:
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https://www.hepdata.net/record/ins1325553

• Export to JSON, CSV, ROOT (TGraphAsymmErrors, TH1F), YODA (Scatter2D).

https://www.hepdata.net/record/ins1325553


G. Watt

Error breakdown in YODA

• Work with Louie Corpe (talk).  New converter 
release deployed on 26th November 2018.
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Louie Corpe

https://indico.cern.ch/event/770471/#3-hepdata-rivet-and-correlated
https://github.com/HEPData/hepdata-converter
https://github.com/HEPData/hepdata-converter/releases/tag/0.1.34


G. Watt

Summary

• Software completely rewritten (2015-2016) with new 
hepdata.net site replacing previous hepdata.cedar.ac.uk.

• Continuous improvements to HEPData operations, software, 
and documentation since original transition in January 2017.

• Increasing adoption by LHC physics groups, including BSM.

• Recent efforts to better sync reference data included in Rivet 
analyses and to export error breakdown in YODA format.

• Pending STFC grant application to continue HEPData support.
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Email:  info@hepdata.net

Code:  https://github.com/HEPData

http://hepdata.net
http://hepdata.cedar.ac.uk
https://rivet.hepforge.org
https://yoda.hepforge.org
https://stfc.ukri.org
mailto:info@hepdata.net
http://twitter.com/HEPData
https://github.com/HEPData


G. Watt

HistFactory

• Based on simple ROOT histograms organised in an XML file.
 21

Lukas Heinrich

https://cds.cern.ch/record/1456844


G. Watt

pyhf data format
• Recent Python implementation (pyhf) using a JSON schema.
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Lukas Heinrich • Idea:  replace 
usual HEPData 
YAML data files 
with HistFactory 
JSON data files.

• Validate w/ schema.

• Need to develop 
visualisation and 
conversion tools.

http://diana-hep.org/pyhf/
https://github.com/diana-hep/pyhf
https://github.com/diana-hep/pyhf/blob/master/validation/spec.json
https://github.com/HEPData/hepdata-validator
https://github.com/diana-hep/pyhf/blob/master/pyhf/data/spec.json
https://github.com/HEPData/hepdata/tree/master/hepdata/modules/records/static/js
https://github.com/HEPData/hepdata-converter

