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CERN Open Data portal

» launched in November 2014
» rich content
» collision and simulated datasets for research
» derived datasets for education
» configuration files and documentation
» virtual machines and container images
> software tools and analysis examples
P total size in March 2021
> over 7’600 bibliographic records

> over 900'000 files
» over 2.4 petabytes

B
Explore more than two petabytes ° \
of open data from particle physics! /

search examles: colson

Explore Focus on

-
ALICE

https://opendata.cern.ch

=
Developed by CERN in close collaboration with Experiments A@’S = % -

@tiborsimko
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Education-oriented use cases

i]e afofi[alala]

the LHC, CERN

Interactive event display and histogramming for derived datasets
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Research-oriented use cases

3 sopononeers [ ALGE s madies

Higgs-to-four-lepton analysis example using 2011-2012 data

Jormhart Nur Zulah; Giser Achir: Bin A, Al Az
Cite as: Jomhari, Nur him; Bin Anuar, ddin; 2017, i 20112012 data.
WELCOME to ROOT CERN Open Data Portal. DOIf10.7433/0PENDATA.CMIS KBS RR42
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Run CernVM Virtual Machines Run simplified research-level analysis examples
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Latest research-level content news

CMS releases heavy-ion data from 2010 and 2011

20201221 by €S Collaboration

The CMS experiment at CERN has released into the public domain its first batches of open data from heavy-ion collisions
a the Large Hadron Colider. The two batches contain two datasets from 2010 and four from 2011, recorded!during the
LHC's first data-taking period ("Run 17), along with eight sets of reference data from proton-proton collisions recorded at
the same colision energy. The total disk volume of the release is 214 T,

Famous for the proton-proton colisions that resulted in the discovery of the Higgs boson, the LHC also collides nuclei
from heavy elements (neavy ions) for a few weeks each year, complementing data from proton-proton interactions.
Heavy-lon collsions at the LHC occur at the highest energy achieved in the laboratory. They can recreate the very early
conditions of the universe, when the quarks and gluons, which are normally bound together to form particles like
protons and neutrons, existed freely in a soup-like state known as a quark-gluon plasma. Scientists at the LHC can use
Such callisions to understand these early-universe conditions and study the intéraction of other particles with the quark-
gluon plasma.

In 2010 and 2011, the heavy-ion collisions were between nuclei of lead. Using these data, CMS could observe several
signatures of the quark-gluon plasma, including the imbalance between the momenta of each jet of particles produced
in a pair, the suppression (“Guenching’) of particle jets in jet-photon pairs and the “melting” of certain composite
varticles

@tiborsimko

» August 2020 CMS released fifth batch of

new open data. All proton-proton collision
data recorded in 2010-11 and half of 2012
are available throughout the portal.

https://opendata.cern.ch/docs/cms-completes-2010-2011-pp-data

October 2020 CMS run a CMS Open Data
Workshop for Theorists at the LPC.

https://indico.cern.ch/event/882586/

December 2020 CMS released first 2010-11
heavy-ion data samples and reference
proton-proton datasets (214 TB).

https://opendata.cern.ch/docs/cms-releases-heavy-ion-data
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Enables independent theoretical research
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Over thirty papers citing CMS open data

@tiborsimko
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arXiv:1704.05066 arXiv:1807.11916 arXiv:1902.04222

Searches, QCD jet studies, Machine Learning. ..

A measurement of the z; distribution in pp collisions, using CMS open data, was recently re-
8 PP 8 per ly
ported [33}34]. In PbPb collisions, this measurement reflects how the two color-charged par-

[33] A. Larkoski et al,, “Exposing the QCD splitting function with CMS Open Data”, Phys.
Rev. Lett. 119 (2017) 132003,/doi:10.1103/PhysRevLlett.119.132003,
arXiv:1704.05066.

[34] A. Tripathee et al., “Jet Substructure Studies with CMS Open Data”, Phys. Rev. D 96
(2017) 074003, /doi:10.1103/PhysRevD.96.074003,[arXiv:1704.05842

arXiv:1708.09429v2

.that the CMS collaboration cites!
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LHC collaboration data preservation and open access policies

ALICE ATLAS %

Restricted data — embargo period (~5 years) — open data
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A FAIRy tale
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FAIR guiding principles for scientific data management

scientific data

Explore Content v Journal Information v Publish With Us v

nature > scientific data > comment > article

Open Access | Published: 15 March 2016

The FAIR Guiding Principles for scientific data
management and stewardship

Mark D. Wilkinson, Michel Dumontier, [..] Barend Mon:

Scientific Data 3, Article number: 160018 (2016) | Cite this article

180k Accesses | 2306 Citations | 1797 Altmetric | Metrics > Accesi ble

@ An Addendum to this article was published on 19 March 2019

» Interoperable
Abstract > Reusa ble

There is an urgent need to improve the infrastructure supporting the reuse of scholarly data.
Adiverse set of stakeholders—representing academia, industry, funding agencies, and
scholarly publishers—have come together to design and jointly endorse a concise and
measureable set of principles that we refer to as the FAIR Data Principles. The intent s that

these may act as a guideline for those wishing to enhance the reusability of their data

holdings. Distinct from peer initiatives that focus on the human scholar, the FAIR Principles
put specific emphasis on enhancing the ability of machines to automatically find and use the
data, in addition to supporting its reuse by individuals. This Comment is the first formal
publication of the FAIR Principles, and includes the rationale behind them, and some

exemplar implementations in the community.

@tiborsimko
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FAIR principles: F is for Findable

The first step in (re)using data is to find them.
Metadata and data should be easy to find for both humans and computers.
Machine-readable metadata are essential for automatic discovery of datasets and services.

» F1. (Meta)data are assigned a globally unique and persistent identifier

» F2. Data are described with rich metadata (defined by R1 below)

> F3. Metadata clearly and explicitly include the identifier of the data they describe
» F4. (Meta)data are registered or indexed in a searchable resource

Qtiborsimko 11/46



Dataset information: persistent

O@tiborsimko

Mu primary dataset in AOD format from RunB of 2010
(/Mu/Run2010B-Apr21ReReco-v1/AOD)

/MU/RUN20108-Apr21ReReco-v1/AOD, cis cllborstion

Cite as: 1 Mup D
Apr21ReReco-v1/AOD), CERN Open Data Portal. DOL10.7:

Description
Mu primary dataset in AOD format from RunB of 2010

Notes
This dataset contains allruns from 2010 Run. The lst of validated runs, which must be applied to all analyses, can be
found in

M lst o d runs Cert

2.7TeV_Apr21ReReco_Colisions10_JSON_v2.x

Related Datasets
MURUN20108VI/RAW

Characteristics
Dataser: 32376291 events 2979 fles 3.2 T8 n total

System Details
Globaltag: TR 42.V10K3A1
Recormmended eleas for anayss; CSSW_A4.2.1 pach

https://opendata.cern.ch/record/14 =

Each dataset is identified by a “record ID” and optionally minted with a DOI

identifiers & machine readability

"2020-12-21710156:53. T41TAT 091601,

010</p> <pThis dataset contains a1l runs from 2010 Rund. The List of validated

714/ 115/CHS_Run20105 20D Apr21Reseco 1 6089_fike_Tndex. txt*,

http://doi.org/10.7483/0PENDATA.CMS.B8MR . C4A2

126168 My_AGD_Apr21Reieco-
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Dataset information: rich context description & machine readability

@tiborsimko

How were these data selected?

There are four categories of triggers in the Mu dataset (with significant overlaps):

911,13,15,17,19.21 GeV plus a fewwith

igger p
loosened qualiy cuts.

~20% isolated single muon triggers with varying trigger pt threshold 9,11,13,15,17 GeV.

~10% inclusive dimuon triggers with varying triger pt threshold 35 GeV plus one Z->mumu trigger with loosened

quality cuts.

911 Gev

muon ptthresholds 3,
hadronic/jet energy deposit with thresholds 6-100 GeV.

How were these data validated?

During data taking all the runs recorded by CMS are certifled as good for physics analysis I ll subdetectors, trigger,

tand
Certfication s based first on I d later on the ang
Based on
Registy, itoring group json fie of
d be used for For each the raw data, the
repeated. For more information see:
M data quality monitoring: Systems and experiences
The CMS Data Quality Monitoring software experience and future improvements
The CMS data quality monitoring software: experience and future p
How can you use these data?
thecs see Machine
and getting started in
fowto instal the CMS Virtual Machine

Getting started with CMS open data

https://opendata.cern.ch/record/14 = http://doi.org/10.7483/0PENDATA.CMS.B8MR.C4A2
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s
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s 1 90 sttetectors, g, ot a

Y
e iriea Tam o be Vesd Tor POYS1Ck SRYETE, For Asin TepocssLtng of tha 1ae ta, the shovs Mentioned sepe are Tepesten For sark Taformation

Specific database cotied hun Regiotry, e Data Quatity Monttor g grou
sk o
<
ssescriptiont: +cas asta quaticy muntcortn
e s Ropachence Top o250k 219111012030 4565342191 072020, oo
seecriptans
UL g s corn.an/record 31039 4 e/ CRIOLS 415 par

1
g e 6 s qutiy mrs
)

pdsted: *2020-13-21710:85:54. 1Tos61408:00"
)

ng sorcware: experien
iopscience. tap org/ F4s- 6596/ 513/ 31837078 par 17e1-

e s s ustty orstoring sorcare agerence sn utrs Tproenents”,

a0 ruture prospectst,
5133032028 par

Rich curated context information on data selection, validation, and use
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Associated documentation and guides

Search Help  About ~

CMS Guide to the CMS condition database
[ occunentaton J cutce |

This page explains the use of global tags and the condition database with the CMS Open Data.

A Global Tag is a coherent collection of records of additional data needed by the reconstruction and analysis software.
The Global Tag is defined for each data-taking period, separately for collision and simulated data.

These records are stored in the condition database. Condition data include non-event-related information (Alignment,
Calibration, Temperature, etc.) and parameters for the simulation/reconstruction/analysis software. For CMS Open Data,
the condition data are provided as sgite files in the /cunfs/cns-opendata-conddb. cern.chy/ directory, which is
accessible through the CMS Open Data VM. Note that when using CMS Open Data docker images, connecting to this area
With the command process.GlobalTag. connect in the job configuration file is not required.

ems.string(

Most physics objects in the CMS Open Data are already calibrated and ready-to-use, and no additional corrections are
needed other than selection and identification criteria, which will be applied in the analysis code. Therefore, simple
analyses do not need to access the condition database. Examples of such analyses are the di-muon spectrum example
or the Higgs analysis example.

However, access to the condition database s necessary, for example, for jet energy corrections and trigger configuration
information. Examples of such analyses are for the PAT object production or the top quark pair prodiiction.

Note that when you need to access the condition database, the first time you run the job on the CMS Open Data VM, it
will download the condition data from the /cvnfs area. It wil take time (an example run of a 10 Mbps line took 45
mins), but it will only happen once s the files will be cached on your VM. The job will not produce any output during
this time, but you can check the ongoing processes with the command 'top’ and you can monitor the progress of
reading the condition data to the local cache with the command 'df

The Global Tags for condition data are different for different types of data taking. Below, the instructions are given for
proton-proton and heavy-ion data.

Proton-proton data
For 2010 collision data, the global tag available in the /cvafs area is FT_R_42_V10A. When using the "CMS-OpenData-
1.1.2" VM or a higher version, it is recommended reading the condition data from there. First, set the symbolic links:

n -sf /cunfs/cns-opendata-conddb. cern.ch/FT R 42 V10A FT_R 42 V10A
n -sf /cunfs/cns-opendata-conddb. cern. ch/FT_R_42_V10A.db FT_R_42_V10A.db

Then, define the correct set of condition data by mentioning the Global Tag in the configuration file of the job.

#globaltag
process.GlobalTag. connect = cns.string('sqlite_file:/cnfs/cns-opendata-conddb.cern.ch/FT R 42 V10A.db')
process.GlobalTag.globaltag = 'FT_R 42 V1eA::ALL"

Note that this only works in the "CMS-OpenData-1.1.2" or a higher version of the 2010 CMS Open Data VM.

For 2010 Montecarlo data, the global tag is START42_V17B. To access the condition database, first, set the symbolic
links

In -sf /cunfs/cns-opendata-conddb. cern. ch/START42 V178 START42 V178
n -sf /cunfs/cns-opendata-conddb. cern. ch/STARTA2_V178.db START42 V178.db

Then, define the correct set of condition data by mentioning the Global Tag in the configuration file of the job

#globaltag for 2010 MC
process.GlobalTag.connect = cms.string('sqlite file:/cunfs/cns-opendata-conddb.cern. ch/START42 V178.db")
process.GlobalTag.globaltag = 'START42 V17B::ALL"

Note that this only works in the "CMS-OpenData-1.1.2" or a higher version of the 2010 CMS Open Data VM.

For 2011 collision data, the global tag is FT_53_LV5_AN1. To access the condition database, first, set the symbolic links:
In -sf /cnfs/cns-opendata-conddb. cern.ch/FT_53_LVS_AN1 RUNA FT_53_LVS_ANL

n -5t /cvnfs/cns-opendata-conddb. cern. ch/FT_53_LVS_AN1_RUNA.db FT_53_LV5_ANL_RUNA.db

Make sure the cns-opendata-conddb. cern. ch directory has actually expanded in your VM. One way of doing this is
executing:

1s
Us -1 /cumts/

A detailed guide to CMS global tags and condition database
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Information discovery
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Faceted search interface Corresponding REST API
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FAIR principles: A is for Accessible

Once the user finds the required data, she/he needs to know how can they be accessed,
possibly including authentication and authorisation.

» Al. (Meta)data are retrievable by their identifier using a standardised communications
protocol

> Al.1 The protocol is open, free, and universally implementable

> Al.2 The protocol allows for an authentication and authorisation procedure, where
necessary

> A2. Metadata are accessible, even when the data are no longer available

Qtiborsimko 16 / 46



Downloading content

W Sl
AT s st of files

O0E1GF05.9071-£011-6303.0030488731 200t sow [
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File Indexes
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Disclaimer
e open data are eleasedt under the Neither CMS nor CERN endorse any works, scinti or ofherwise,
produced using these data. All releases will have 3 unique DO tha you are requested to cite in any applications or publications

[©::: |
Browsing and downloading files manually

@tiborsimko

cernopendata-client

ke tool to facilit files from
the CERN Open Data portal. The tool enables to query datasets hosted on the
‘CERN Opén Data portal and to download and verify the individual data set fles

hecomopendaactiontisa # 1, Installation
command.e ol o
interact with the CERN Opes © L1 PyPL
Datz porta. © 1.2 Docker
Navigation * k.t
© 2.1, General hlp
1. Installation © 2.2, Selecting records
2. Usage © 2.3, Getting metadata
5.CLIAPL o 54, Listing vailabe data iles
4 Changes . 25 Dowenloading data fles
5. Contributing © 2. Verifying iles
o Liconse © 27, Lising dirctories
7. Authors © 2. More information

o 3.CLIAPI

cernopendata@GitHub

© 3.1, cernopendata-client

1. download files
2. get fle locations
3. getmetadata
L listdirectory

opendata-forum cern.ch
data.cern.ct

Quick search

© 4. Changes
© 4.1, Version 020 (2020.11.19)
© 4.2, Version 0.1.0 (2020.09.24)
© 1.3, Version 0.0.1 (2020.09.09)
« 5. Contributing
©5.1, Issues
© 5.2, Pull requests
o 6. License
7. Authors

Automated cernopendata-client

17 /46



Command-line client

/tmp $ cernopendata-client —-help

/tmp § cernopendata-client get-file-locations --recid 5500
Usage: cernopendata-client [OPTIONS] COMMAND [ARGS]...

http://opendata.cern.ch/eos/opendata/cns/sof tware/HiggsExanple20112012/8ui ldFile. xml
http://opendata.cern.ch/eos/opendata/cns/sof tware.
http://opendata.cern.ch/eos/opendata/cs/sof tware /HiggsExanple20112012/List_indexfile. txt
Command-line client for interacting with CERN Open Data portal. http://opendata.cern.ch/eos/opendata/cns/sof tware/HiggsExanple20112012/M4Lnorndatall. cc
http://opendata.cern.ch/eos/opendata/cms/software/HiggsExanple20112012/MaLnormdatall_lvl3.cc
http://opendata.cern.ch/eos/opendata/cms/sof tware/HiggsExanple20112012/demoanalyzer _cfg_level3Hc.py

. X http://opendata.cern.ch/eos/opendata/cs/sof tware/HiggsExanple20112012/demoanalyzer_cfg_level3data.py
——help Show this message and exit. http://opendata.cern.ch/eos/opendata/cms/sof tware/HiggsExanple20112612/demoanalyzer_cfg_levelamc.py
http://opendata.cern.ch/eos/opendata/cns/sof tware/HiggsExanple20112612/demoanalyzer_cfg_leveladata.py
http://opendata.cern.ch/eos/opendata/cms/software/HiggsExanple261126012/mass4l_combine. pdf

e

options:

Commands :

o o tiles e € (s G 5 O CEE e e s e e i YO R Y PN
get-file-locations Get a list of data file locations of a record. o © e (e HARCS =T G —erTe

get-metadata Get metadata content of a record. > Downloading file 1 of 11

list-directory List contents of a EOSPUBLIC Open Data directory. e

verify—files Verify downloaded data file integrity.

version Return cernopendata-client version. > Expected size 305, found 305

> Expected checksum adler32:ff63668a, found adler32:ff63668a
==> Downloading file 2 of 11

/tmp § cernopendata-client get-metadata --doi 10.7483/OPENDATA.CMS.ZVT8.MZNY \

-> File: ./5500/HiggsDemoAnalyzer.cc
- ——output-value distribution ~> Progress: 81/81 KiB (100%)
{ > Verifying file WiggsDemoAnalyzer.cc...
W formats": [ *> expected size 83761, found 83761
o o > Expected checksum adler32: 2057068, found adler32:f205f068
EEEE > Downloading file 3 of 11
"root"

-> File: ./5500/List_indexfile.txt
1, -> Progress: 1/1 KiB (100%)
"number_events": 30125269,

"number _files": 26958,

-> Expected checksum ad\eraz 46a907fc, found adler32:46a907fc
"size": 9560202852603 > Downloading file 4
3 > File: .ISSBQ/KALnormdata'll.c(

> Progress: 14/14 KiB (100%)

> Verifying file MaLnormdatall.cc...

-> Expected size 14943, found 14943

-> Expected checksum adler32:af301992, found adler32:af301992
> Downloading file 5 of 11

/tmp § cernopendata-client get-metadata --doi 10.7483/OPENDATA.CMS.ZVT8.MZNY \
--output-value distribution.size
9560202852603

Downloading metadata information Downloading and verifying files
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Working with large datasets

open Searcn

A dataset of 9.6 TB size, 26'958 files

@tiborsimko

Simulated dataset QCD_Pt_170_250_EMEnriched_TuneZ2star_8TeV._pythiaé in

AODSIM format for 2012 collision data

/QCD_PL_170.250_EMEnriches Tunez2str 8Te)pythas/Sumimer12 DRSSKPU_RD1_STARTS3 VIN-v1/AODSIN, CHS collaboratn

D py 170 2
N A8 HINT

Cle 25 VS collboraion (2017, Simulatd dtaset
data CERN Open D3 Poral. DOL10.7423/PEND)

Description

Simulated datasal QCD_PC_170_250_EVERvched_TuneZ2star_TV_pythas in AODSIM formatfo 2012 coson da.

See he descripon of e simulated dataset nmes i Aot CHIS sl datast

1ot colsor in2012

Dataset characteristics
30125269 cents. 26958 les, 9678 1 ot

System details

Recommended gl L2 fo analysis: STARTS3_V27:A1

Recommendad rlesce fo snabysis: OWSSIS 3 32

How were these data generated?

These dats were enerated inseveralstes see also CHS Nore Carlo prducton ovevie:

s (revin (i)

)
Ot catset JQCD_PL 170,250 EMEnviched TuneZ2star STe pythiaSummer 2. STARTS0 V1341 GEN-SH

Step HLT RECO

0 EVIEniched_TuneZ2star ST, pyhias in AODSI format or 2012 ollsion

/tmp § cernopendata-client download-files --help
Usage: cernopendata-client download-files [OPTIONS]

Download data files belonging to a record.

Select a CERN Open Data bibliographic record by a record ID, a DOI, or a
title and download data files belonging to this record.

Examples:
$ cernopendata-client download-files —-recid 5500
4 cernopendata-client download-files —-recid 5560 --filter-name BuildFile.xml
$ cernopendata-client download-files --recid 5500 --filter-regexp py$
$ cernopendata-client download-files —-recid 5500 --filter-range 1-4
$ cernopendata-client download-files —-recid 5500 --filter-range 1-2,5-7
$ cernopendata-client download-files —-recid 5500 --filter-regexp py -—filter-range 1-2

/tmp 1m 4s $ cernopendata-client get-file-locations —-recid
http://opendata.cern.ch/eos/opendata/cms/MonteCarlo2812/Summer12_DR53X/QCD_Pt_
v1/060000/6052F9A9-5EB2-E311-81A9-0026189437ED. root
http://opendata.cern.ch/eos/opendata/cms/MonteCarlo2612/Summer12_DR53X/QCD_Pt_
v1/0606060/60BF7DFE-69B2-E311-89E6-003048678E8A. root
http://opendata.cern.ch/eos/opendata/cms/MonteCarlo2012/Summerl2_DR53X/QCD_Pt_
v1/00000/020194EC-CAB2-E311-8B3A-003048678894. root

Downloading file locations

/tmp § cernopendata-client download-files —-recid 8884 —-filter-range 1
Downloading file 1 of 1

-> File: ./8884/0052F9A9-5EB2-E311-81A9-0026189437ED. root
[] -> Progress: 38s69/150643 KiB (25%)

Downloading one file for inspection
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Supporting HTTP and XRootD access protocols

HTTP reverse proxy
CERN Open Data T
P i
- -
file

general public INVEN LO)

Y
A

HTTP XRootD

Root
URI file

t CernvM

data scientist
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FAIR principles: | is for Interoperable

The data usually need to be integrated with other data.

In addition, the data need to interoperate with applications or workflows for analysis, storage,
and processing.

> |1. (Meta)data use a formal, accessible, shared, and broadly applicable language for
knowledge representation.

» 12. (Meta)data use vocabularies that follow FAIR principles
» [3. (Meta)data include qualified references to other (meta)data

@tiborsimko
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Data formats and vocabularies

Filter by file type
C
aod
aodsim
cc
sy
docx
fevtdebughlt

gen-sim

gen-sim-digi-raw

gen-sim-reco
4

hs

html

Ipynb
irg

json

115

849

Ir8

Json
mav
miniaodsim
nanocaod
ova

pdf

png

py

raw

reco
root

tar
tar.gz

txt

xls

xml

zip

A variety of data formats

ROOT as a community standard

@tiborsimko

2

Filter by category

B physics and Quarkonia
Exotica
Gravitons
Miscellaneous
Higgs Physics

Beyond Standard Model

Standard Model
Physics Modelling
Standard Model Physics

Drell-Yan

Electroweak

Forward and Small-x QCD Physics

Minimum Bias

QD

Top physics
Supersymmetry

No formal vocabularies
Some common classification
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Data semantics

open Searcn out

Dataset characteristics
9430509 everts, 14825 s, 12.8T8 In ot

Samples with full event information including tracker hits for tracking, ML, and

top quark tagging studies Dataset semantics
Usai Emanueie : © nirens, Michael : © Burkie, jon : © Gleyer, Srgei © Narai, Meenakahi Variabie pe Descrption

: U Emnucis fnarens e Burde, bor: Gl Serg o, Hesnaa: (2019, Sampes el event ot

g ks S o s, W2 1 ks Ssdies, N O Dts P, D010 48310 it gobal x stvector<ioars gobal x postion of the Recht
€0 I R ) 0 (e e hit globaly sttvectoreioar> gobaly posio of the Reckit

hit global 2 stdsvecordtonr gobal 2 pastion of the Rectil.

hitfocalx stdsvecordtonr 605, of the it In the lcal sensor coorainate
Description

hitlocaly stvectoreioar> ¥ pos. ofthe it i th focal sensor coordinate
Semples i s record are i custon roolnluple format and contan the posion of the s and fnformaton from the generaorfevel objcts
assoiated to th wacke i, The samples ca be used o tudy 0p quark dentiction aiorthms tha use foveve dtecir formation such it ocalx.srror svectoriont eror inthe locl sensor coorcinace
25 wacker it Machineleaming alorftms are sufabe or this casficion tsk. R
They Fave been prociced from datasets, which consises of evets extractd from simulated protonproton colson evens a center-of mass hitfoca . rror sutvectorsfosc erro n the local sensor coornate
energyof 8 Te generate vith Pytna 6 (QCD)or st Th o
\ravtss theough a simalation of the CMS detectr hitsub_det stdsvecor<unsigned ine> subdetector generating the it 1 PxeBarel, 2 ielEndeap, 3 1B, 4 TID, 5.

08,5 )

The parent datasets of hese samples contaln IEht et (QCD} 1 Various energy range or allnadronic Ngh transyerse momentum decays of 0p
quarks and consistof his from the tracking detector, reconsvucte racks,simulaled tracs,gensrated parils, and ftsclustred from the AT T T —
genérted partces, The various bjects are matched in rdr t feConSITct the pravenance of th various hits, Sampls ar produced from the

tandare CHIS format “AODSIMT plus 2 srie offovtave rackr-refates colections that llow the xtaccon of th tracker s,

hittype stvector<unsigned > ype ofssip i [0 Pixel i, 1 rpiRech, 2 sterofecki, 3
Dateset nameescription Number of eventsumber of files rhRechtUnmatched, 4 stereoRecHitUnmatched]
T hat specrum, 300 < pT ht < 600 GeV 1é97 »

eouaoann Co T et specu, 200 <t 600 oo e hitsimrack 14 stdvectarsint> 10 number of th sim rack matched t the it
QCDANGE00 QCD,Mat T hat spetrum, 400 < T hat <G00 Gel. 1983000 s
‘QCDEYD3000 QLD fat P ha spectrum, 600 < T it < 3000 Ge 27480 hed hitsimrack index  stvectorsunsgned int> indes ofthesim ack matched to the it
ar W, fly hadronic decays T ofthe topfantop reater than 400 G 2969109 a5

hitsimrack match  sidvector<bool Isthe it matched t0. sim trock
Related datasets

hitgenpartice . stdvectorsunsigned i Index of the gen portice matched f the it
QCD300060DRunt. T s derived from:
Track o In of QCD.Pr-15t63000 TuneZzstar it hitpagid sttvectarsint> PG ID of the gen partice matched to the it
QDo 181 v e o
Tackarhicer inof Q0. st hit recotrack id stvector<unsigned > indes ofthe reco track matche o the it
ot un 31 s gt om: hit recotrack mateh  sid:vector<boo Isthe it matched t0. reco rack?
Trac o5t Tunez2starFat S1e_pytiac
s o hitgenparticle match  sdvector<bool> Isthe it matched t0  gen partice?
Tracker-hicenriched Tt HadronichGDecays. 8Tev-madgraph

hitgenjet ¢ sttvectorcunsgned nt> indes ofthe g jt matched t the i

Dataset variables coming with detailed semantics description
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Search Q

About ~

Analysis of the di-muon spectrum using data from the CMS detector taken in
012
Wunseh, Stefan

e a5 Wunsch, Sfn; (2015). Anslyssof thediuonspecrm using dat rom the CS deecor aken n 2012, CERN Open Data ortal
ENDATA.C

Description

T analysi takes data from the CWI experiment recorde in 2012 during Run B and C and extracts the di-muon spectrum. The di-muon
spectrum Is computed from the data by caiculating the Invariant mass of muon pairs with opposlte charge. [y tha resulting plo, you 37 able to
rediscover partice resonances in @ wide energy range from the 7] meson at about 548 MeV up to the Z.

on at about 91 GeV.

‘Tne analysis code opens an Interactive plot, which allows to 200m and navigae In the spectrum. Nore that the bump at 30 GeV Is no

resonance but an effect of the data taking due to the used trigger. Th technical descrption of the dataset can be found In the respective record
linked below

The result of this analyss can be compared with an offcal result of the CMS collaboration using cata

102010, see the plots belows:

CMS Open Data

Tev, L, - 11617

Events /e
3

i iy
10

Dimuon mass (Gevic)

£

Dimuon spectrum analysis example

O@tiborsimko

Interoperability via accompanying examples

open:

Analysis of Higgs boson decays to two tau leptons using data and simulation of
events at the CMS detector from 2012

wnseh tetan

o 5 e, s (2011, Ayt of s oson dcys ot pons using 4 nd sten o vens e S et fom

CERN Open Data Portal. DO

Description

This analysis uses 42 and simulation o evets a he CVIS experiment rom 2012 Wi the g0al 0 study decays o 2 HIges boson o o tau

Ilons el e 1 3 e It 3 3 hanically Gecaye e lpon. T naysts (o osey e seup of

s publisned n 2

oo o e ol Sl i 1l 4 st of 00 Higs bonGucag 1 vt oS g e
i full consideration of il s s
o Kt roprtes of s s

snaes ey

reducas snass s compin

e offical G

sk, e

(i et o e f 3 e i

oo

st pret

ch are explainec i th following, T analysis has mplementedthe vialzation of 3 such ooservab

CMS Open Dat 1151 2012, 8 TeV) CMS Open D 1151 (2012,8TeV)
s N i U I R ML AR R
£ so00f- Zow  mmzor N P Zo mzo

£ % i i e mives  mi ]

D matier — gt (x10) QChmatt —go-m (0]
e+ o [ bty + b
P 10000
|| 8000
3000 o on e e ]
- sooof . T

awoof B -

2000

eral \
SE s 0o s o Wz 140
Taun Visbledita masa GeV

H — 77 analysis example

quilatve

example resus prodiuced by his analyss can b seen Below. The plts show the data recorded by the detector compared t the estimarian
of the contributing processes, es.
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FAIR principles: R is for Reusable

The ultimate goal of FAIR is to optimise the reuse of data.
To achieve this, metadata and data should be well-described so that they can be replicated
and/or combined in different settings.

» R1. (Meta)data are richly described with a plurality of accurate and relevant attributes
» R1.1. (Meta)data are released with a clear and accessible data usage license
» R1.2. (Meta)data are associated with detailed provenance

» R1.3. (Meta)data meet domain-relevant community standards

Qtiborsimko 25 /46



Data provenance: how were the data generated?

GEN SIM

Simulated dataset BulkGravTohhTohbbhbb_narrow_ M- 270 . _ P
4500_13TeV-madgraph in MINIAODSIM format for 2016 collision e
data

‘
i -
! Hadronization Detector Digitization L1 trigger
. simulation simulation
generator
/BulkGravTohhTohbbhbb_narrow_M-4500_13TeV-madgraph/RunilSummer16MiniAODv2- i /_j 1
I
I
I

!
I
PUMoriond17_80X_mcRun2_asymptotic_2016_TranchelV_v6-v1/MINIAODSIM, cms Collaboration i o

Lostaset | simuatea T ecoica T cravions T cus Jotareuceunic A VL SO, R

Beam

Cite as: CMS Collaboration (2019). Simulated dataset BulkGravTohhTohbbhbb_narrow_M-4500_13TeV-madgraph in
MINIAODSIM format for 2016 collision data. CERN Open Data Portal. DOI:10.7483/OPENDATA.CMS.7N4X.Z7FA

Detectors

Colisions Trigger

How were these data generated?

These data were generated in several steps (see also CMS Monte Carlo production overview) . RECO Data Analysis
CMS Experiment

Step LHE

Release: CMSSW_7_1_16

Output dataset: /BulkGravTohhTohbbhbb_narrow_M-4500_13TeV-madgraph/RunliWinter15wmLHE-MCRUN2_71_V1-

V1/LHE

Note: To get the exact generator parameters, please see Finding the generator parame

» full capture of data generation steps

Step SIM

Release: CMISSW.7.1.20 » full capture of compute environments

I Configuration file for SIM (link)

\?bll;;:i?:\:sel /BulkGravTohhTohbbhbb_narrow_M-4500_13TeV-madgraph/RunliSummer15GS-MCRUN2_71_V1- > fu I I Ca ptu re of Con ﬁgu ration fi |es
Step HLT RECO » full capture of production scripts

Raloaca: CMSSW & 0 91

Data records come with full provenance information
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Data provenance is part of the standard JSON metadata

"methodology”: {
"description”: "<p>These data were generated in several steps (see also <a href=\"/docs/cms-mc-production-overview\">CMS }
"steps": [

"configuration_files": [
"script”: "#!/bin/bash\nsource /cvmfs/cms.cern.ch/cmsset_default.sh\nexport SCRAM_ARCH=slc5_amd64_gcc462\nif [ -r
"title": "Production script”

—~—

"title": "Generator parameters”,
"url®: "https://cms-pdmv.cern.ch/mcm/public/restapi/requests/get fragment/HIG-Summer12-02276"

"cms_confdb_id": "a97a2f6c22dfba%99c@131657a81ecfd",

"process": "SIM",
"title": "Configuration file"

3
T
"generators”: [

"pythia6”

1
"global_tag": "START53_V7C::All",
"output_dataset": "/BBH_HToTauTau_M_125_TuneZ2star_8TeV_pythia6_tauola/Summer12-START53_V7C-v1/GEN-SIM",

"release”: "CMSSK_5_3_13",
"type": "SIM"
1

"configuration files": [
CERN Open Data portal standardises CMS DAS/McM information

@tiborsimko
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Can we reprocess published data samples?

SingleElectron primary dataset sample in RAW format from RunA
of 2011 (from /SingleElectron/Run2011A-v1/RAW)

/SingleElectron/Run2011A-v1/RAW, cMs collaboration

Cite as: CMS collaboration (2019). SingleElectron primary dataset sample in RAW format from RunA of 2011 (from
/SingleElectron/Run2011A-v1/RAW). CERN Open Data Portal. DOI:10.7483/OPENDATA.CMS.6084.WLN8

LovisccTconen L s e Lconnarc |

Description
A sample from SingleElectron primary dataset in RAW format from RunA of 2011. Run range [161224,163286].

This dataset contains selected runs from 2011 RunA. The list of validated lumi sections, which must be applied to all
analyses on events reconstructed from these data, can be found in

CMS list of validated runs Cert_160404-180252_7TeV_ReRecoNov08_Collisions11_JSON.txt

Dataset characteristics
2064298 events. 116 files. 424.3 GB in total.

How can you use these data?

These data are in RAW format and not directly usable in analysis. The reconstructed data reprocessed from these RAW
data are included in the data of this record. The reconstruction step can be repeated with the configuration file below
and the resulting AOD has been confirmed to be identical with the original one with comparison code available in
Validation code to plot basic physics objects from AOD

RAW

@tiborsimko

SingleElectron primary dataset in AOD format from RunA of 2011
(/SingleElectron/Run2011A-120ct2013-v1/AOD)

/SingleElectron/Run2011A-120ct2013-v1/AOD, cus callsboration

Cite as: CM: 16). in AOD format from RunA of 201
(USingleElectron/Run2011 A-120¢2013-v1/AOD), CERN Open Data Portal DOF10.7483/0PENDATA (MS PE7ZTXTV

Description
SingleElectron primary dataset in AOD format from RunA of 2011. Run period from run number 160404 to 173692.

This dataset contains all runs from 2011 RunA. The list of validated runs, which must be applied to all analyses, can be
found in

CMS list of validated runs Cert_160404-180252_7TeV_ReRecoNov08_Collisions11_JSON.txt

Dataset characteristics
41709195 events. 1542 files. 5.8 TB in total

How were these data selected?

Events stored in this primary dataset were selected because of the presence of at least one high-energy electron in the

Data taking / HLT
The collision data were assigned to different RAW datasets using the following HLT configuratior

Data processing / RECO
“This primary AOD dataset was processed from the RAW dataset by the following step:
Step: RECO

Release: CMSSW_5.
Global tag: FT_R 531
jon file for RECO step reco_2011A SingleElectron

AOD
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Reprocessing environment: containers

cmssw-docker

atlas/analysisbase

ATLAS collaboration CMS collaboration

https://hub.docker.com/r/atlas/analysisbase/tags https://gitlab.cern.ch/cms-cloud/cmssw-docker
Docker and Singularity images help to encapsulate the computing environment
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https://hub.docker.com/r/atlas/analysisbase/tags
https://gitlab.cern.ch/cms-cloud/cmssw-docker

Reprocessing workflow: computational recipe

3. Workflow

The workflow can be logically divided into several parts:

o.

Upload all files.
Some files cannot be generated at run time and need to be uploaded.

P

Fix the CMS SW environment variables manually.

First, we have to set up the environment variables accordingly for the CMS SW. Although this is done in the docker
image, reana overrides them and they need to be reset. This is done by invoking the cms entrypoint.sh script

commands.

See also this issue.

2

3

Create the specific CMS path.
CMS specific data analysis framework requires two directory levels. See also this issue.

mkdir Reconstruction 44 cd Rec

mkdir Validation &i cd Validation

Create the reconstruction file.
See also this repo.

$ cmsDriver.py reco -s RAW2DIGI,LlReco,RECO,USER:EventFilter/HcalRawToDigl/hcallaserhbhehffilter2012_of

4. Adjust the reconstruction file to the specific data file.
using parameters, the file still requires changes.

on.A1Ca.GlobalTag import Globa

5. Link the CVMFS files.
‘The Is -1 commands are explicitly needed to make sure that the cms-opendata-conddb.cem.ch directory has
actually expanded in the image, according to this guide. See also this issue.

6. Run the reconstruction.
Atthis point all environment variables and files should be proper.

7. Adjust project structure for validation
Copy the required files for the next steps.

8. Run CMS scram command to fix librarios.
Most importantly, the BuildFile.xmi has to be inside the directory where the scram command is executed.

9. Run the validation fife.
See also this repo

Workflow steps to run CMS reconstruction in CMSSW environment

O@tiborsimko
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Four pillars of reusable computational research

O@tiborsimko

l. Input data

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

I1l. Computing environment

What is your environment?
— operating system

— database calls

Il. Analysis code

Which code analyses it?
— user code

— software frameworks

IV. Computational recipes

Which steps did you take?
— shell commands

— notebooks and workflows
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REANA: A platform for reproducible analyses

reana Getsiared Documentaton N

reana

Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational  Support for remote compute  Containerise once, reuse Free Software. MIT licence.
workflow engines clouds. elsewnere. Cloud-native. Made with @ at CERN.

W &»® O

kubernetes

http://www.reana.io

Install and run containerised workflows on Kubernetes, HT Condor, Slurm backends

@tiborsimko
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REANA: Running containerised workflows on remote compute clouds

[ image registry docker
CLI e‘Ve [*
/

ra Wpedantic -o skin sk

-
e
‘ex dm.cxx “root-config --cflags --Llibs f\ ~
\° ° }\ reana-cluster |
env-roote:s.18.08 <y,

\
. B8
env-roote:5.10.04 \ www
browser

—®

reana fm caph

- python plot.py

i

https: //github. con/cms—opendata-analyses https://doi.org/10.1051/epjconf/201921406034
Structure data analysis by means of a Use command-line and web interfaces to
reana.yaml file launch analysis on remote compute clusters
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Computational recipes: notebooks & workflows

S

-—
ssssssssssbbveBEEBSS
Se——

13Tev

T

g 10°F ]
& 1°F AL Preliminary - 137ev 1 2 T :
=107 [ snecast o none, 0wl Mews s 4 £ 1o s GCD Monte Carlo
; 1105 - M5 dspaces s resun @) (961 ') —Obs. d 2 1.2 wat Anti-k; R=0.4, PF+CHS
3 o 1aF E
§ 10 1 = 5
£ 10°F et 1 09f+ E|
5 1°F 1
2 e 3 o0sf*
S G 1 07k E
=10 o hl<13
o 1 08F 13 <hl<25]
[ s, wsssm) 05 L 2ls<mi<a0
10 | 2 . 04af ) - 3p<hi<so ]
10 0 20 100200 10022000
7 proper decay length () [m] P (GeV)
ATLAS http://cdsweb.cern.ch/record/2714064 CMS https://github.com/alintulu/reana-demo-JetMETAnalysis

Data analysis example: ATLAS displaced  Data production example: CMS jet energy
jet search reinterpretation resolution and corrections
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Reprocessing CMS datasets on REANA

dataset=Jet
year=2011A

input

parameters serving open data files

factory
4 run by REANA platform LS —
ﬂ output

reana.yam| histograms

Parametrised workflow runnable on REANA reproducible analysis platform
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An ecosystem of sister data repositories
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HEPData widens publication-level data scope

-® HEPData  Quecvirsss [ | LI

@ HEPData Qo =

ATLAS collaboration https://www.hepdata.net/record/ins1809175 ATLAS collaboration https://www.hepdata.net/record/ins1748602
HEPData provides interactive interface  ...now starting to handle more data types:
to explore and download publication-level  likelihoods!

data behind plots and tables
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Zenodo preserves research software

2000 Em— Cm—
=) == == Latest release =
o " . O 1,159

muwaskom/seaborn: v0.10.1 (April 2020) 2200

— Svo.10.1 —

GitHub

© dd4efde
''''' OpenAIRE
!;.:5 . . R e
:;M: cea0 3 =
“ew
saa‘hom: statistical data visualization “": s

. ‘ Rl DO! | 10.5281/zen0do.3767070 RS

Al

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

GitHub < Zenodo bridge to automatically preserve releases
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Machine Learning community on Zenodo

22000 E— [ B
[ye—
Sample with tracker hit information for tracking algorithm ML CMS 2011A Simulation | Pythia 6 QCD 300-470 71 765
studies TTbar_13TeV_PU50_PixelSeeds |pT > 375 GeV | MOD HDF Format N “
OpenAIRE

=
‘BEmcooom
.

Di Florio et al http://opendata.cern.ch/record/12320 Komiske et al https://zenodo.org/record/3341498

Machine-learning related datasets on the

Machine-learning related datasets on
CERN Open Data portal

Zenodo

O@tiborsimko
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Preserving “restricted” analysis knowledge

2 cern
Analyss Preservtion

CERN
Analysis
Preservation

capture, preserve and reuse physics analyses

Capture Collaborate Reuse

= _

https://analysispreservation.cern.ch

CERN Analysis Preservation framework for collaboration-restricted data.

Following the same FAIR principles (FAIR # open!)

@tiborsimko

Home WhatbCaP? Garsmd megarons  Documerin Login | G R =25 |
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https://analysispreservation.cern.ch

A family of digital repositories in movement

publication-level data

20000 e— 1=
—t— -l
....... =
~ < ,,,,,, _’—_‘
invidivual researchers
..................................... >
= INVENIO)

event-level data
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Conclusions
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Fostering FAIR science

w CERN
1petaie > Analysis Reproducible research data analysis platform
= ) Preserva'lo’n

= \ ’ Flexible Scalable Reusable Free

W 8 &6

CERN Open Data CERN Analysis Preservation REANA Reusable Analyses

“Capturing and sharing actionable data and knowledge behind parti-
cle physics data analyses in order to facilitate future data reuse”

CERN IT A. Metionis, D. Rodriguez, P. Shandilya, T. Simko, M. Vidal Garcia - CERN SIS P. Fokianos, |. Koutsakis, K. Naim, A. Papadopoulos - 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, G. Galati, A. Ustyuzhanin - HepData A. Clarke, E. Maguire,
G. Watt - Invenio L. H. Nielsen, P. Panero - Zenodo F. Decourcelle, A. loannidis, G. Lignos - CERN CernVM J. Blomer - CERN EOS L. Mascetti, H. Rousseau -

CERN Kubernetes R. Rocha - CERN OpenShift A. Lossent
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Free open-source solutions
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CERN Open Data

Explore more than two petabytes of open data from parice physics!
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cms-opendata-guide

https://github.com/cernopendata/

CERN Open Data on GitHub

@tiborsimko

open
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Categories

*Welcome to the CERN Open Data forum!
s

Welcome to the CERN Open Data

fon forum! The CERN Open
f open data from particle physics

peabytes “The data are released by LHC collaboraii

batches after a certain en... read more

processing specific trigger analysis e
nc

X11 forwarding with docker o

Error response from daemon: pull access denied for 3813b5241687, repository does not exist

or may require ‘docker login’ 00
 Contaners

Git usage in CMS open data environments o

m Somware toos

CMS open data VM images updated o

-

Running CMS OpenData containers in WSL2 )

=

https://opendata-forum.cern.ch

CERN Open Data user forum
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Open is not enough

PERSPECTIVE

Openis not enough

. Robi

DiegoRodrgues Rorigues TiborSims, T

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

O@tiborsimko

» CERN Open Data portal
» more than 2 petabytes of
research-level LHC data
» enables independent physics
research
» Open is not enough
» importance of runnable usage
examples
» “workflow is the new data”

» data + code + environment +
workflow — data reusability
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CERN Open Data portal: future plans

CERN announces new open data
policy in support of open science

» December 2020: A common statement on the open data e eemermmes oo oo
policy by CERN management and ATLAS, ALICE, CMS, oo
LHCb and TOTEM experiments.

https://opendata.cern.ch/docs/cern-open-data-policy-for-lhc-experiments
» Prepare for forthcoming increase in open data publishing.

» Introduce flexible hot/cold disk/tape storage solution.
Part of dataset files on disk, part on tapes.

» Simplify ingestion and exposure of experiment datasets )
(Rucio, Dirac). e et

cientific experiments at the Large Hadron Collider (LHC), which was

» Further automatise provenance testing and usage e ey o

approximately five years after ollection, and the aim s for the full dataset to be publicly avail

examples. "
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