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CERN Open Data portal

» launched in November 2014
» rich content

>
>
| 4
| 4
>

derived datasets for education

collision and simulated datasets for research
configuration files and documentation
virtual machines and container images
software tools and analysis examples

» total size in June 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 8 ) % b == oy

@tiborsimko
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https://opendata.cern.ch

Education-oriented use cases

i]e afofi[alala]

the LHC, CERN

Interactive event display and histogramming for derived datasets
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Latest education-level content news

ATLAS simulated samples collection for jet reconstruction training, s part of the Examples of basic analysis techniques for neutral meson and photon data from
2 n Data release the P

coenomom

» May 2021 ATLAS releases jet » June 2021 First open data release
reconstruction training samples from the PHENIX experiment
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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

e e

m Description
“& T sl il ol S imemeraan f s f gl CUS g o o o rys s
’ Phys.Lett. 6716 (2012) 30,61, ar

ALICE |™ El The published reference plot which is being approximated in this examle is ntips:/inspirehep.net/record/ 1124335/
OtherFiges ot stves (.5 Hggs ot prokond) which were i pat of e same IS paper nd strangly conro

discovery, are not covered by this example.

Lmass_3.png,
to the Higes boson

The example consists of different evels of complexty. The ighest levelofthis example adresses users who feel they have at least some
e il understanding ofthe conent: ot e

e meaning of ths referer can e reacheg via(seoarate)

e ecucatonalexrc o xcquaintance
with the linux ope § .
Bt
827
Bt e 125 GV

Use with

The example uses
publication due t«
but notidentical 1
in many later CM

1e original
again close o,
tyastheyare,

3 100 120 140 160 180
my [GeV]

Run CernVM Virtual Machines Run simplified research-level analysis examples
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enables independent theoretical research

Welcome o INSPIRE, the High Eneray Physcs formaion o
iN B
{eahack inspiehep et
[ BB veeNawes : insmrumions :: Conrerences : Joss JournaLs ©: HELP §
$o
[reference:10. .CMS [ Brief format [ 5earch Frrere Sae
P Roen 15" + s 2 Search the new INSPIRE | 2
@ 02
Sortoy Dispay resuts:
[l ol el el T — w
CR N o
No exact match found for 10.7483/OPENDATA.CMS, using 10 7483 OPENDATA CMS instead... Stonal Effclency il
HEP 42 records found 1-25P jump to record: [T Search 100k 0.13 secons
st and Accurate Simulation of Particle Detectors Using Generative Adversarial Networks arXiv:1704.05066 arXiv:1807.11916 arXiv:1902.04222

63 Pasquale Musella (ETH, Zurich (main) Fancesco Pndofl (NP, Fome). My 2 2016, 859
Published in Comput.Softw.Big Sci. 2 (2018) no.
DOI: 10.1007/541781.016-0015:
e-Prnt arX1v:1805.00850 [hep-ex] | PDE.

St o o Searches, QCD jet studies, Machine Learning.

Detaled record - Cied by 42 records

2. Exposing the QCD Splitting Function with CMS Open Data

) Andrew Larkosii (Reed Col), Simone Marzani (SUNY, Buftio), Jesse Thaler, Aashish Tripathee, Wei Xue (MIT, Cambridge, CTP). Apr 17, 2017. 7 pp.
Pubished in Phys.Rew.Lett. 119 (2017) no.13, 132003
MIT-CTP-4891
D010 LoveSRaatte 157003

Efesnces B0TeX | SRR A measurement of the z, distribution in pp collisions, using CMS open data, was recently re-
st en- o 28 s ported [33]34]. In PbPb collisions, this measurement reflects how the two color-charged par-

3. Reil i LHC Results for ysics: Status and i after Run

fgivs Ree e 8 Ca ) 11 War 15, 2020, 58 g

o~

>
<)
I
=
D
=]
=]
=]
=
2

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

Published in SciPost Phys. 9 (2020) no.2,
GERNLPCC 2020001, FERMILAG i Los6 CMS-T ImperaiEPr2020RIF01
DOI: 10.21468/SciPosiPhy:

W\M\M@\anm\
'OSTi gov Server; Link to Eermiab Library Server L

s
Detailed record - Cied by 21 recorgs

[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

Over forty papers citing CMS open data ...that the CMS collaboration cites!
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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

heavy-ion data samples and reference
proton-proton datasets (214 TB).

https://opendata.cern.ch/docs/cms-releases-heavy-ion-data

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

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

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

» December 2020 CMS released first 2010-11
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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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Findable: persistent identifiers &

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
Apr21ReReco-v1/AOD), CERN Open Data Portal. DOL10.7:

mat from R
DPENDATA.CMS BEMR.C4A2

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 of validated runs Cert_1360:

42 7Te_Apr21ReReco_Colisions 10 JSON.v2.xt

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 =

machine readability

15,3500

CNS_Rur26168_ .

AprIReReco-v1_0690_file_index. txt",

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

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

2010¢/p> <pTnis dataset contans S11 rums fro

s fopendata.cern.ch/record/ 14/ T1es CHS Runz0105 . A0D prZ1Rsdeco-y2. S080_f1le_tndex. Json,
- Tnaexas, CHS_Runza1ss Mo_AGD_Apr2iRedeco-

Recp:  /opendata. cern.ch/ecord/ L4/ 11es CHS_Runzo105_My_A0D AprZ1Aesece-v1_6089_file_index. txt",
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Findable: rich context description & machine readability

How were these data selected?
There are four categories o tiggers in the Mu dataset (with ignificant 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.

s rsietece v,

~10% inclusive dimuon triggers with varying triger pt threshold 35 GeV plus one Z->mumu trigger with loosened
it J ntaset. n'A0D forsat. from Rund of 2010 (/M/Run2010B-prZIRcicco-vL/AOD) ",

quality cuts.

muon ptthresholds 357,6,9,1 Gev or
hadronic/jet energy deposit with thresholds 6-100 GeV.

o
. e ption": You can access these data thrcugh the CNS Virtush Nachine. See the Tnstructions for setting up the Virtusl Hachine and gtting
How were these data validated? srares v,
e (
During data taking all the runs recorded by CMS are certified as good for physics analyss If all subdetectors, trigger, ettt o o et e o et recn
. tand e cne et ragmine |
Certfication s based first on I d later on the ang »
Based on cescripetont: “Gecting starces with OIS open aatat,
Regsy coring group: o Jsonie ot urt: docs<ns- getting-stareea. 2010
d be used for For each the raw data, the
repeated. For more information see: L
ey ', oo ot taing 1L he s ocrded by O are o1 gt o ghytcs sty 11 1 sbitectors, S, Lt
CMS data quality monitoring: Systems and experiences Enys1cs aagects Ctracking, SLectron, mion, proton, Jet and NET) Show the Expectas perfaraance. Certirication 1s ased FIrst on the afriine shirtsrs
EL3liatson sna- taer o She Fecorach provices oy Getaccar s Py OoJeck Grow cxpertc, Essed on he e intormacion, WNICh 12 ciored 10
The CMS Data Qualty Monitoring software experience and future improvements 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
The CMS data quality monitoring software: experience and future p s ¢
ssescriptiont: +cas asta quaticy muntcortn
e s Ropachence Top o250k 219111012030 4565342191 072020, oo
How can you use these data? ‘ ‘asscipens e us o Gty portorig seonre aprtece ne utre provene,
thec: o . Wachine SO ERLpe g carn. o ecore 31035 1 Lee CRIOLS 415 par
and getting started in v
‘aesripens e 1 v iy soriarig srtmre cnerirce s v prspects,
ot el e S e e ST g/ apacsence- o org HS-GS36 15/ 53054 par 743 39 315033034 g
)

Getting started with CMS open data

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

https://opendata.cern.ch/record/14 = http://doi.org/10.7483/0PENDATA.CMS.B8MR.C4A2

Rich curated context information on data selection, validation, and use
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Accessible: downloading content

How can yo

File Indexes

Disclaimer
n data are rel

4 using these da

Browsing and downloading files manually

@tiborsimko

ODE167BB-9071-E011-83D3-003048673F 200t

0248915T-EE71-£011-8894 002590200985 root.

02687635-B671-£011-9090-002481E14E00.root

0278765 9AT1-E011-A5C0-0025902008A8 root

O2FF3ED0.C171.£011-84C7-002590200ADC 1ot

under th Neither CMS nor CERN

830
6770 M8 hysics object
s25M8 a specic

| e of certifie
20218 Informaton se
7665 MB
Cose |
endorse any works,scienific or otherwise,
i any applcations or publicat

cernopendata-client

the CERN Open Data portal. The tool enables to query datasets hosted on the
‘CERN Open Data portal and to dovwnload and verify the individual data set fles

necemopendaactientisa @ 1, Installation
command inerool o
interact with the CERN Open © 1.1. PyPI
Da pora © 12, Docker
Navigation ° 2.Usage
© 2.1, General help
1 Installation © 2.2. Selecting records
2 Usage o3
a.cuan 05 afles
3 © 35, Dowaload 7
5. Contributing o 26 Verifying files
6. License , 57 Listing directories
7. Authors © 25, More information
S o s.cLAn
. 031 fotacliont
opendata forum.cern.ch = 5,11, downloadfles
opendata.cern.ch = 3112, gerle-ocations

Quick search

» September 2020 Automated client

= 3.13. get metadata
= 314 listdirectory
w315, verify files
= 3.L6. version
o 4. Changes
© 4.1, Version 02,0 (2020-11-19)
© 42, Version 0.1.0 (2020-
© 4.3 Version 0.0.1 (2020

© 5. Contributing
© 5.1, Issues
© 5.2, Pull requests

o 6, License
o 7. Auihors

ke tool
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Accessible: 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 and verifying files
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Interoperable: 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

Uil Emanuel : © Andrews, Michae ; © Burki, Born ; © Gleyzer, Serge : © Narin, Mecrakshi Vorisble e Description

e U Emanul: Anrews o urde, o, iy, Srg: o, eenks (2019 Somples il vt nformation

incuding vacker IS fo racking, ML a1 10p Quark Lagig stdie. CERN Opeh Dats ora. D010 7423 hit global x sttvectoretioar ol x posiian of th RecHit

frne ] o 1 s i hit globaly sttvectoretoar: gosaly posiion of he Recki
hit global z stdvectorefoar> bl 2 posiin of the RecHl

hitfocal x stdvector<oas> o5, of the it n the local sensor coarcinate

Description

hitlocaly sttvectoretoar  pos. o the hit inthe local sensor coordinate
Samples in s ecord are i custom ool nluple forat and contain the posion o the his an nformaion fom the generator leve objcts

ssociate t th tracker i, The samples can b used 1o Sy top quark dentfiaton aigorithms tht use foeevel detéctr formion such it local x error Stecoreton error inthe local sensor coordinate

25 wacke it Machinaleaming aigorthms are sutabie or hf classfesion task. v

They have been procuce rom datasets, which consissofevents xtraced rom Simulted proton groton collon events 3¢ cencr ot mass hitlocaly_error suvecorchose: Y eror i the ocalsensor coornate

anery o  Te gencrated wth ytla 6 (QCD) or e, T o

Wravers through a Simulaion of the CMS detectr it sub det sutectorsunsgned int> subdetctor generating the i 1 PclBrrel, 2 Petndcap, 3T, 4TI, 5
108, 6 TeC]

The parent datasets of hese samples contaln IEht et (QCD} 1 Various energy range or allnadronic Ngh transyerse momentum decays of 0p

quirks and consitof his from the Lracking detecar, raconsiucta racks, imulate racks, gensrated parics, and et custred 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, [ savectorsunsigned int> e of sistrip i 0 Pie i, 1 rphiReck, 2 stereoRecki, 3
rphiRecHKUnmatched, 4 stereoRecHUnmatehed]

Data set nameDescription Number of events Number of fles
T hat specrum, 300 < pT ht < 600 GeV 1é97 496
eouaoann Co T et specu, 200 <t 600 oo s 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
Nt genpartcle ld stdvector<unsigned i Index of the gen portice matched f the it
QCD300060DRunt. T s derived from:
Tr e 2009 600 bin f QCD. 15163000 TuneZztar. it hitpagid sttvectarsint> PG ID of the gen partice matched to the it
QDo 181 v e o
Tackarhicer 0 bin of Q0. b 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?
acir o5t Tunez2starFat S1e_pytiac
s o it genpartcle match  std:vector<bool= Isthe it matched t0  gen partice?
ackerniceniched TTjets HacroricMGDecays, STev-madgraph
hitgenjet ¢ sttvectorcunsgned nt> indes ofthe g jt matched t the i

Dataset variables coming with detailed semantics description

Qtiborsimko 13 /26



Interoperable: accompanying examples

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

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
as

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

sk, e

quta

(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

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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Reusable: how were the data generated?

Simulated dataset BulkGravTohhTohbbhbb_narrow M- N P Mo
4500_13TeV-madgraph in MINIAODSIM format for 2016 collision e ”ml“mim““] : ! [n‘tl:.] [n‘gmmon] [ ”.'l"?“]

Matrix

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

‘
i
data i generator
/BulkGravTohhTohbbhbb_narrow_M-4500_13TeV-madgraph/RunliSummer16MiniAODv2- |
I
| Particle
P s

PUMoriond17_80X_mcRun2_asymptotic_2016_TranchelV_v6-v1/MINIAODSIM, cws Collaboration
 oataset ] simatatea J exotica L cravicons J cus L isrev L cenn.ic R e VTS, [

Beam

i
I

| I

i1 Pile-up
i1 (simulation
I

Detectors

Colisions Trigger

How were these data generated?

RECO Data Analysis

These data were generated in several steps (see also CMS Monte Carlo production overview) CMS Experiment
xperiment

Step LHE
Release: CMSSW_7_1.16
Output dataset: /BulkGravTohhTohbbhbb_narrow_M-4500_13TeV-madgraph/RuniiWinter15wmLHE-MCRUN2_71_V1-
VI/LHE

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

» full capture of data generation steps

Step SIM .

e U120 » full capture of compute environments
onfiguration 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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Reusable: 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 2011
(USingleElectron/Run2011 A-120¢2013-v1/AOD), CERN Open Data Portal DOF10.7483/0PENDATA.CMS PE7ZTXTY

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
file for RECO step reco_2011A SingleElectron

AOD
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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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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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Latest technology news

)
Explore more than two petabytes e \ /

of open data from particle physics! Y / \ 2

et .

¥ Getstarted ¥

> March 2021: Major upgrade of the underlying digital repository software framework
(Invenio 3.4, Elasticsearch 7, Angular — React, Bootstrap — SemanticUl, ...)

Qtiborsimko 19 /26



Future plans

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)
» December 2020: A common statement on the open

data policy by CERN management and ATLAS, ALICE, v
CMS, 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

H ts. Data willstart to be released

» Further automatise provenance testing and usage
examples. "

approximately five years after ollection, and the aim s for the full dataset to be publicly avail
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https://opendata.cern.ch/docs/cern-open-data-policy-for-lhc-experiments

O@tiborsimko

An ecosystem of sister data repositories

21/26



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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https://www.hepdata.net/record/ins1809175
https://www.hepdata.net/record/ins1748602

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

Zenodo hosts Machine Learning community data

22000 E— - EE
==
Sample with tracker hit information for tracking algorithm ML CMS 20114 Simulation | Pythia 6 QCD 300-470 71 765
U50_PixelSeeds |pT > 375 GeV | MOD HDF5 Format N *

OpenAIRE

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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http://opendata.cern.ch/record/12320
https://zenodo.org/record/3341498

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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