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CERN Open Data Policy for LHC experiments

CERN announces new open data
policy in support of open science

A new open data policy for scientific experiments at the Large Hadron Collider (LHC)
will make scientific research more reproducible, accessible, and collaborative

11 DECEMBER, 2020

utions at the CERN data centre (image: CERN|

Geneva, 11 December 2020. The four main LHC collaborations (ALICE, ATLAS, CMS and LHCb) have unanimously
endorsed a new open data policy for scientific experiments at the Large Hadron Collider (LHC), which was
presented to the CERN Council today. The policy commits to publicly releasing so-called level 3 scientific data,
the type required to make scientific studies, collected by the LHC experiments. Data will start to be released
approximately five years after collection, and the aim is for the full dataset to be publicly available by the close
of the experiment concerned. The policy addresses the growing movement of open science, which aims to
make scientific research more reproducible, accessible, and collaborative.
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CERN committed to openness and
preservation for a long time

Policy relates to data collected by LHC
experiments

Endorsed by all LHC experiments
Different levels of abstraction:

Level 1 (published results and numerical
information (likelihoods))

Level 2 (outreach and education)
o simplified format
Level 3 (reconstructed data)
o research quality
o latency/embargo periods apply

o restrictions apply
Level 4 (row data)
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https://cds.cern.ch/record/2745133
https://home.cern/news/press-release/knowledge-sharing/cern-announces-new-open-data-policy-support-open-science#:~:text=CERN%20announces%20new%20open%20data%20policy%20in%20support%20of%20open%20science,-A%20new%20open&text=Geneva%2C%2011%20December%202020.&text=Scientific%20data%20are%20considered%20to,needed%20to%20use%20the%20data.

Level 3 (reconstructed dataq)

e All LHC experiments share common strategies for Level 1, 2, and 4.
e Level 3 strategies differ, within a common ground.

o |LHC experiments will release:

Calibrated

reconstructed data

e Including provenance
data, simulated

samples, example
workflows and
documentation

Periodically

e With an appropriate
latency period.

e Data releases within 5
years of the conclusion of
run period.

e Timeline defined by
experiments but full
dataosets will be made
public at the end of the
collaborations

e Some data may be
withheld if active analyses
ongoing
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LHC experiments and their Open Data

And may offer

association programs

e  External authors may
not get access to
cumulative knowledge
within the
collaborations

e Association programs
may be provided

Using the CERN Open
Data Portal (CODP)
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CERN Open Data Portal (CODP)

Help  About ~

Explore more than two petabytes ¢ httos://ooendoto.cem.ch/
of open data from particle physics! / //
(N o e Access point to data
/l e Also software and
T . documentation

Explore

Sort by: Bestmatch v|[asc. v| Display:[detailed  v|[20 results |
3 in .
O include on-demand datasets Found 3994 results
J Filter by type
+ (O Dataset
Getting 2010 Open Data
analys 0, e

or try this

[oocnnsien Lovie Lo Y oecngsuces

e Products shared under open
licenses

e |[ssued with a Digital Object
|dentifier (DOI) to make them

Getting Started with CMS 2011 Open Data

Toa collected in 2011 and 2012, you need version 5.3.32 of CMSS

[oocmnsien Lovie Tous Y e

CMS Guide to generate configuration files for event production

o
C |to ble T e O T——
[o-cumensin T cuae L s Y cengsiae
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https://opendata.cern.ch/
https://opendata.cern.ch/

ALICE open data for RS

ALICE
Release Policy: \
e Public data releases expected periodically ?/
e Needed appropriate latency period to allow (true .
o ALICE O2 Project

for all experimentsy:
+ thorough understanding of the data ALICE
+ reconstruction and calibrations

energies. The ALICE experiment will be upgraded during the Long Shutdown 2 (LS2, 2020-2021) in order to e future LHC

+ scientific exploitation of the data
e Aim to commence data releases within five years of

the conclusion of the run period
e Size of the released datasets commensurate with
the amount of data collected

Sort by: | Best match VHascA V‘ Dlsplay:‘detailed v||20 results V‘

Found 15 results.

[ include on-deman

Filter by type
Data Products and computing environment: I b . .
e Conversion of Run1and Run 2 ESD and AOD into “Mpeie ' e at the co o 276 TeV per nucieon pair from RurH of 2010
new AOD format (based on ALICE O2 Project) i : e
e Also derived nanoAOD considered iy - ———
e Real (Hl) and simulated datasets in new AOD format s : LHC2010h_PbPb_ESD_138275
expected E— . i 0f 2.76 TeV per nudeon pair from RunH of 2010
e Related software via VM and/or containers S ) : F -
Current status and timeline: ) Fiter by experiment CHEATH i 5. 117222 -
e 5% (7%) of Pb-Pb (pp) 2010 ESD datasets released s o romonm
e Conversion into new AOD format expected by the . - Lo Lo T
end of 2021 D opea o

LHC10h_PbPb_ESD_139438

e Expect to populate CODP with new AOD from 2022
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https://alice-o2-project.web.cern.ch/node-25-test_content_type

. ALICE open data for (UTREACK AND EDUCATION

RALICE

Sort by: [Best match v|[asc. v| Display: [detailed  v|[20 results v @

ALICE Masterclass Home

Event handier dview | Particle
O include on-deman Event2 Invariant
- Found 4 results. previous  next g Keon bl (-1
Filter by type e [ Histograms
Detector
v [ Dataset 1 Tracks < Kaon Lambda Anti >
Y Decay -
O Derived 3 ALICE Masterclasses s .
+ [ Documentation 1 3D View M
~ year, in the frame of the International Masterclasses in Particle c ands of high- R —
0 2 &
ChACvities ! students become physicists for a day t a nearby institute and analyse real LHC Viewt zeom
v [ Software 2
O Analysis 2 e - Calculator = r R
) B ®
Filter by experiment - Particle masses P (GeV/e)
. i Py (GeV/c)
ALICE a e,e" 0.0005Gev/d
i LHC2010h_PbPb_VSD_139036 T 01396Gev/@ B
O ATLAS 57 K 04976 GeV/ 2 mass (GeV/c?)
O cMs = Pb-Pb VSD maste data sample at the collision energy of 2.76 TeV per nucleon pair. o "

O LHCb 4
E——

Large Scale Analysis

Filter by file type ®
Olpg 1 ALICE strangeness masterclass module  Navigation

O root S g for strange partic

Particle Type 7
= -3
f a search for strange particles, produced from collisions 7007}

Collision & Centrality

Xercise p d here

Filter by event number t the LHC and recorded by the ALICE experiment. Itis b

Pb-Pb 10%-20% -

0 0-999 1 6004
) 1000--9999 o =D Plot invariant mass
[0 10000--99999 o = 500+ )

CRt— |
0 100000999999 ° ALICE nuclear modification factor masterclass Signal range 400
) 0000009999999 o o 2 L
5 Vi P —— |
s & ns at the LHC have been recorded by the 300 - ‘X

) Background range
suited for the 5 5
200

° ESD files in COPD have also been used for outreach and education -
e new version of the ALICE - strange particles masterclass exercise is
web-based: https://alice-web-masterclass.web.cern.ch/ (all data sets
needed are provided by the web server)
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https://alice-web-masterclass.web.cern.ch/
https://alice-web-masterclass.web.cern.ch/

ATLAS ATLAS open data for RESEARH

EXPERIMENT

Release Policy:
e Preparing periodic releases in alignment with
new CERN-LHC policy
e Appropriate latency period needed to understand
and scientifically exploit the data

~

Data Products and computing environment:
e Full likelihoods released (level 1 data) for
reinterpretation
e Real and simulated datasets in PHYSLITE
format (calibrated objects and information to
compute systematics)
e Associated software (containers)

~

Current status and timeline:

e Only datasets for education purposes
released so far.

e Association progroms established
(case-by-case for external proposals) for
specific analyses

e Special datasets may also be approved for
release

<

ATLAS approach to releasing

likelihoods for reinterpretations

ReINPS2021
Eric Schanet
on behalf of the ATLAS collaboration
February 15, 2021

Luxembourg National e @ TL
Fund LMU Monenen EXPERIMENT
2T i)
2

® HEPData
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https://indico.cern.ch/event/982553/contributions/4219480/attachments/2190171/3701485/reinterpretation_workshop_210215.pdf

ATLAS

EXPERIMENT

CaTLAS
Vi

nent. Create

ABOUT DISCOVER

N,

totakea

Online Open Data Analysis

upyter ATLAS OpenData anayss_@xampio Dymon Hyy chsnnl s sewm o
B En ve MmmmC e At @ 6 O0EE A3

Searching for the Higgs boson in the H—yy channel
Python notebook example

Edgar F. Carrera (ecarrer

RESOURCES UPDATES Q SEARCH

in collak tion with
te students - or even enthi
The ATLAS detector

Alook inside & around the ATLAS detector

Histogram Analyser: Real & Simulated Data

m-analyser-02/

ATLAS open data for (UTREACK AND EDUCATION

Helping Develop America’s Technological Workforce

QuarkNet\

ul
I ATLAS Z-Path —-3ICh
= i Masterclass Start-up

EXPERIMENT

VWHAT IS MACHINE LEARNING?

« “The science of getting computers to act without being
explicity programmed” - Andrew Ng (Stanford/Coursera)

+ part of sandard computer science curriculum since the 905
 inferring knowledge from data
+ generalzing to unseen data

+ usually no parametric
model assumprions.

+ emphasizing the computational

Perform real HEP analysis with your mouse

Jupyter Notebooks
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https://atlas.cern/resources/opendata
http://cds.cern.ch/record/1702668/

CMS

CMS open data for RS

Release Policy: N\ N
e 50% aofter 6 years and Usage:
e 100% within 10 years of data taking e About 30 articles* produced (SM, BSM,
e Limit of 20% if data taking still planned computing)
e 100% ot the end of collaboration e About 15 published in indexed journals
e CB approval always needed ( which can modify the

dates and sizes)

Journal of Instrumentation
Data Products and computing environment: \ PHYSICALREVIEWD
o Reol_ Ond S|muloted dotosets |n AOD (Run 1) formot » . Highlights ~ Recent  Accepted  Collections  Authors ~ Referees  Search  Press
L. Opportunities and challenges of Standard Model production
° MiniAOD and nanoAOD (Run 2 and bGYOﬁd) cross section measurements in proton-proton collisions at
e VM and Docker containers with CMSSW software Ys=8 TeV using CMS Open Data , SR e et
. . Gro o o A.Apyan‘,WCuozzo‘,M Kiute?, Y. Saito?, M. Schon"zandﬂsintayehu‘ BaliC s, R e fiyle S EREI e sne e
e Trigger info and conditions database (align., calib, Py 20 PPt S e
Journal of Instrumentation, Volume 15, January 2020
etC.) thrOUQh CVMFS . . . . cmmApyanerarzuznmsnsPmonqL Afie  References cungarces &) [N I
e Doata quality and luminosity information tools
e Additional level-1 (numerical info) through Inspire

and HEPDato. PHYSICAL REVIEW D e

covering partices,fields, graviation, and cosmology

Testing non-standard sources of parity violation in jets
\ Highights ~ Recent  Accepted  Collections ~ Authors ~ Referees  Search  Press  About at the LHC, trialled with CMS Open Data
.

Current status and timeline:
e Most pp data from Run 1 released (2010-2012)

ABSTRACT

Jet substructure studies with CMS open data

e First batch of HI Run 1 data released in 2020 el Wonre v e i
e Few other datasets released for, e.g.,, machine

learning studies (including Run 2 simulations) g - |~ | - |
e First Run 2 release expected by the end of 2021 or -

early 2022 *link not exact but a reference
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=2&q=references.reference.dois%3A10.7483%2FOPENDATA.CMS%2A

CMS

CMS open data for (UTREACH AND EDUCATION

inclu Foemand datasets

Filter by type

v [ Dataset

Activities

Help

Filter by experiment

Ms

Filter by year

o
8 8 8
i

Filter by file type

Sort by:[Best match v|[asc. v] Display: [detailed _ v|[20 results_v| LANGUAGES R
DEUTSCH NEDERLANDS Watch later  Share
ENGLISH POLSKI
ERANGAIS PORTUGUES
My PYCCKUM
Higgs candidate events from CMS 2011 and 2012 open data release selected MAGYAR CSPARGL Computing Me}f)gf{s in High-Energy Physics
in the Higgs-to-four-lepton analysis example ITALIANO TURK
B&E
LIETUVIY (simplified)

Physics Masterclasses

Computing Methods in High-Energy Physics
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cms-opendata-education

lable from the portal, but have not bey

I Repositories Z to two muons from 2011

ey, Thomas

Lo L o Lcoron L s Lo ] e e ot s romive urainsngeeec

Description

erials-finnish Related datasets

file and other similar d

be found from

Dataset characteristics
10000 events.

Dataset semantics
Variable Description

Run

run number of t
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% LHCb open data for RESEARCH, OUTREACH AND EDUCATION

Quantum-inspired Machine Learning on high-energy physics data

\ Marco Trenti,' Lorenzo Sestini,? Alessio Gianelle,> Davide Zuliani,! ?
Timo Felser,’*%3 Donatella Lucchesi,’»? and Simone Montangero!:?

Release POIIcy: ' D di Fy A “G. Galilei”, U di Padova, I-35131 Padova, Ital
ipartimento di Fisica e Astronomia “G. Galilei”, Universita di Padova, 1-35131 Padova, Italy
PS 50% Ofter 5 yeo rs Ond v 2INFN, Sezione di Padova, 1-35131 Padova, Italy.

S Theoretische Physik, Universitit des Saarlandes, D-66123 Saarbriicken, Germany.

e 100% ofter 10 years (from the end of LHC P )

One of the most challenging big data problems in high energy physics is the analysis and classi-

runnin Q per io d) fication of the data produced by the Large Hadron Collider at CERN. Recently, m

. B o techniques have been employed to tackle such challenges, which, despite being very effective, rely on
classification schemes that are hard to interpret. Here, we introduce and apply a quantum-in;

b S o m e reSt r I Ct I o n S m Oy O p p ly b Ut 100 /o Ot th e machine learning technique and, exploiting tree tensor networks, we show how to efficiently c

g sify b-jet events in proton-proton collisions at LHCb and to interpret the classification results. In

end of collaboration. st importau features aud adapt.the nsbyork: goometry bese

information mq\uud in the learning process. Moreover, the tree tensor u(:twurk can be adapted for
optimal precision or fast response in time without the need of repeating the learning process. This
he way to high-frequency real-time applications as needed for current and future LHC event
sification to trigger events at the tens of MHz scale.

particular, we show how to sel

Apr 2020

~

Data Products and computing environment:
e Real and simulated data in DST and microDST
formats e .- | e ] oo |
e Associated software (containers) _ .
e Calibration tools (at user's responsibility)

Join us on a journey to the smallest pieces of matter! Learn what is happening 100 meters
the ground at the European Organization for Nuclear Research (CERN). In the Large

~

Current status and timeline:

e Small sample of simulated events released in
2020 for quantum-inspired machine learning
techniques (led to paper pre-print)

e Otherwise, releases currently limited to
outreach and education

Credits
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Summary

o | HC experiments ot CERN have recently (Dec, 2020) announced a
new, revitalized policy on open data

e The new policy puts emphasis on the release of Level 3 (research
quality) scientific data

e LHC experiments have agreed to start releasing Level 3 data as
soon as o years after data taking periods end, and to make 100%
of such data available aofter the end of each collaboration.

e While strategies differ and some restrictions are imposed, all the
LHC experiments are committed to open data for research.

e All LHC experiments have made important contributions to
outreach and education using their open data.
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Backup slides
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Summary of common L1, L2 and L4 strategies

° Level 1 (published results):
Peer-reviewed publications available with Open access
o  Make public additional information and data at the time of publication (in portals such as HEPData)
o The data made available may include simplified or full binned likelihoods, as well as unbinned likelihoods
based on datasets of event-level observables extracted by the analyses.
o  Reinterpretation of published results possible through analysis preservation and direct collaboration with
external researchers.
e Level 2 (outreach and education):
o Dedicated subsets of data are used, selected and formatted to provide rich samples to
maoximise their educational impact, and to facilitate the easy use of the data.
o Data are released with a schedule and scope determined by each experiment.
o Data are provided in simplified, portable and self-contained formats suitable for educational
and public understanding purposes.
o Notintended or adequate for the publication of scientific results.
o Lightweight environments to allow the easy exploration of these data may be provided.
o Data accessible through the CERN Open Data Portal.

e Level 4 (raw data):
o Not intended for release
o  Small samples may be approved for release if useful for, e.g., the development of new
reconstruction algorithms.
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