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CERN Open Data portal

opendata.cern.ch launched in November 2014

LHC collaboration data policies
– restricted→ embargo period (∼5 years)→ open

over 1.5 Petabytes of open particle physics data
– datasets, software, VMs, configuration, documentation, . . .

users
– education: general public, high-school students, masterclasses
– research: data scientists, physicists

Developed by CERN-IT and CERN-SIS
in close collaboration with Experiments

@tiborsimko 2 / 37



CERN Open Data portal

http://opendata.cern.ch/
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Information organisation

Context information about data selection, validation, use

@tiborsimko 4 / 37



Information discovery

Explore a variety of data, software, VMs, supplementary material. . .
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Visualise detector events

Interactive event display for high-level derived datasets
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Visualise histograms

Interactive histogramming for high-level derived datasets
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Jupyter notebooks

CMS education activities using notebooks and CMS open data
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Virtual machines

Install CernVM virtual machines to explore primary datasets
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Analysis examples

Run realistic physics analysis examples
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Release-driven usage patterns

Open data releases are widely
covered by general media

Six weeks in 2016: 200K users,
40K viewed records, 70K used

event display, 3K used
histogramming
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Research-grade open data use

First independent analyses by theorists (Jesse Thaler et al, MIT)
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Technology

Technology stack using digital repository
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Data exposure

HTTP and XRootD access scenarios
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Open development

https://github.com/cernopendata
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FAIR data principles
Findable

– persistent identifiers
– rich metadata
– indexed and searchable

Accessible
– retrievable by identifiers
– standard protocols
– metadata vs data accessibility

Interoperable
– knowledge representation language
– common vocabularies
– references to other metadata and data

Reusable
– domain-relevant attributes and community standards
– clear licensing
– provenance tracking

https://www.nature.com/articles/sdata201618
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Reusable and reproducible?

https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

Half of researchers cannot reproduce their own experimental results
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Long-term value of knowledge?

CMS collaboration

Experimental physics done by
groups of ∼3000 physicists

Career after PhD

High turnover of young re-
searchers
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Long-term value of data!

Achim Geiser https://indico.cern.ch/event/588219

Collaborations publish papers
even ∼15 years after data tak-
ing ends

DPHEP https://arxiv.org/abs/1205.4667

JADE data (1979–1986) still
unique even ∼35 years later
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CERN LHC Experiments
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HEP data analyses

D. Krücker et al https://indico.desy.de/indico/event/18343

Targeting both data production and data analysis stages
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Preserving data

∼GB/analysis

∼TB/analysis

∼PB/year

∼GB/sec

↑
analysis

↑

Slicing through LHC data pyramid
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Preserving code

https://guides.github.com/activities/citable-code

GitHub↔ Zenodo bridge to automatically preserve releases
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Structuring analyses

JSON Schema
W3C DCAT
domain-specific
fields

Structuring knowledge behind research data analysis
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Capturing analyses

datasets:
local storage,
cloud storage
software:
Git, SVN
information:
DBs, TWiki,
SharePoint
protocols:
HTTP, XRootD

Taking consistent snapshot of analysis assets at a certain time
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CERN Analysis Preservation

Web based and command-line based deposit workflows
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Reusing analyses

Reproduce analysis computations on containerised compute clouds
@tiborsimko 27 / 37



Four questions

1 Input data

What is your input data?
– input files
– input parameters

3 Compute environment

What is your environment?
– operating system
– database calls

2 Analysis code

Which code analyses it?
– software frameworks
– user code

4 Analysis workflow

Which steps did you take?
– single command
– complex workflows
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Simple example

1 input: CSV file

3 environment: CentOS7, IP5 2 code: Jupyter notebook

4 workflow: papermill ...

https://github.com/reanahub/reana-demo-worldpopulation
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Example from medicine

8.8±6.6% (volume) and 2.8±1.3% (cortical thickness)

@tiborsimko 30 / 37



Computational workflows

Serial Yadage CWL
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Example: Beyond Standard Model

https://github.com/reanahub/reana-demo-bsm-search/

Complex computational workflows typical in particle physics analyses
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REANA Reusable Analyses

Reproducible and reusable research data analysis platform
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Reproducibility 
 Preservation

,
physicist

reproducible workflows digital repositories

preserve

reuse

use archive
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“Open is not enough”

https://www.nature.com/articles/s41567-018-0342-2.pdf
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Conclusions

CERN Open Data CERN Analysis Preservation REANA Reusable Analyses

“Capturing, preserving and sharing FAIR data and action-
able knowledge behind particle physics data analyses in
order to facilitate future data reuse”

CERN IT D. Kousidis, R. Maciulaitis, J. Okraska, D. Rodriguez, T. Šimko · CERN SIS S. Dallmeier-Tiessen, S. Feger, P. Fokianos,
A. Lavasa, S. van de Sandt, I. Tsanaktsidis, A. Trzcinska · ALICE Y. Foka, M. Gheata, C. Grigoras, M. Zimmermann · ATLAS

K. Cranmer, L. Heinrich, A. Sanchez Pineda, D. Rousseau, F. Socher · CMS H. Bittencourt, A. Calderon, E. Carrera, A. Geiser,
A. Huffman, C. Lange, K. Lassila-Perini, L. Lloret, T. McCauley, A. Rao, A. Rodriguez Marrero · LHCb S. Amerio, C. Burr,

B. Couturier, S. Neubert, C. Parkes, S. Roiser, A. Trisovic · OPERA G. De Lellis, S. Dmitrievsky · CERN CernVM J. Blomer ·
CERN EOS L. Mascetti, H. Rousseau · CERN Kubernetes R. Rocha · CERN OpenShift A. Lossent, A. Peon
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