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CERN Open Data portal

B opendata.cern.ch launched in November 2014

m LHC collaboration data policies
— restricted — embargo period (~5 years) — open

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

m users

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

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

OF AT
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CERN Open Data portal
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http://opendata.cern.ch/
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opel

Mu primary dataset in AOD format from RunB of 2010
(/Mu/Run2010B-Apr21ReReco-v1/AOD)
IMURUN20108 Apr21ReRecovI/AOD, s coboraten

e s VS colaboraion 2014) M primary Gataset 0 A0D forma rom Runt o 2010 (\Runz01 0
Apr21ReReca-y1/AOD). CERN Open Data Porlal DO 0./ 483/0PE DA

Description
Mo primary dataset i AOD format rom Run of 2010

Notes

10 R, ‘which must be applied to all analyses, can be
foundin

TV pr21

CMS st of validated runs Cert_136033-149 Olisions 10 SON.v2.t

Related Datasets
IMURUN2010B-VI/RAW

Characteristics
Dataset: 32376291 events 2079 es 32T 1n

System Details
Glabaltag: T_R_42 v 10AA1

Recommended release or analysis: CMSSW_ 2.1_patcht

Information organisation

How were these data selected?

There are four categories of riggers n the Mu dataset (with significant overlaps):

arying trigger pt threshold 357,9,11,13,15,17,19,21 GeV plus a few with
loosened qualty cuts

ger p 9,11,131517 Gev.

o 35 GeV plus one 2

qualiy s,

~20% combinations of muon triggers with various pt thresholds 3,57,69,11 GeV with some EVle/gamma or
hadranic/jet energy deposi with thresholds 6100 Ge.

How were these data validated?

During data taking al the MS are certified as good or . rgger,
umi and physics objects(tracking, electron, muon, photon,jot and MET) showthe expected performance.

Cert

Physics Object Group experts. Run
Registy,the Data

ed for for the raw data, the

repeated. For mare Information sec:

ystems and experier

s datag

monicoring software: exp

How can you use these data?
the CS Vil Macr p a

and getting started in
Howrto install the CMS Virtual Machine

etting star

with CMIS open data

Context information about data selection, validation, use
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Information discovery

open

CERN

Filter by type
v pataset
O coltision
O perived
Simulated
O pocumentation
O About
O activities
Authors
O cuide
O Help
Policy
O report
Environment
O condition
w
O validation

O glossary
News
v software
O Analysis
O Framework
Tool
Ovalidation

Supplementaries
O configuration
Luminosity

Orrigger

Explore a variety of data, software, VMs, supplementary material. . .

@tiborsimko

m

Sortby:| Mostrecent v | asc. v Display: | detailed v | 20results v

Found 3778 resuts. .2 34567809 >

/MTJets_MSDecays_scaleup_mt172_5_7TeV-madgraph-tauola/Summer11LegDR-
PU_S13_START53_LV6-v1/AODSIM

Simulated dataset TTjets_MSDecays_scaleup_mt172_5_7TeV-madgraph-tauola in AODSIM format for
2011 collision data (SM Systematic Variations)

See the description of the sim...

| oataset | simuiatea J cus J

NectorMToZZTo4L_M-125p6_7TeV-JHUGenV3-pythiaé/Summer11LegDR-
PU_S13_START53_LV6-v1/AODSIM

Simulated dataset Vector1MToZZTo4L_M-125p6_7TeV-JHUGenV3-pythiat in AODSIM format for 2011
collision data (SM Inclusive)

See the description of the simulated dataset nam.

[ oataset | simusatea J cus J

/VBFHiggsOPToGG_M-125p6_7TeV-JHUGenV4-pythia6-tauola/Summer11LegDR-
PU_S13_START53_LV6-v1/AODSIM
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Masterclasses

Masterclass resources held on the CERN Open Data portal
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Filter by type
0 Dataset
Derved

~ O Environment

+ O Software
Analysis
ool

Filter by experiment
Auce
ATLAS
s
LHe

Filter by year
20m
2012

Filter by file type

e
root

Filter by keywords
education
external resource

@ masterclass
teaching

Sort by:[Bestmatch v/ asc. v Display: detalled _v][20 results

Found 66 results

ATLAS ZPath 2015 Masterclass dataset 1

A dataset of 1000 event display files accessible via HYPATIA as part of the Masterclasses Z-Path. The
events were recorded in 2012 by the ATLAS detector.

ATLAS WPath 2015 Masterclass dataset 5
A dataset of 1000 event display files accessible via MINERVA as part of the Masterclasses W-Path. The
events were recorded in 2011 by the ATLAS detector.

ATLAS WPath 2015 Masterclass dataset 7
A dataset of 1000 event display files accessible via MINERVA as part of the Masterclasses W-Path. The
events were recorded in 2011 by the ATLAS detector.

L oataset [ oeried [ s |

ATLAS WPath 2014 Masterclass dataset 5
A dataset of 1000 events taken in 2011 by the ATLAS Detector, used in the Physics Masterclasses W

path

D e
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Visualise detector events
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Detector
23 GMT

Pixel Barrel

Pixel Endcap (+)

Pixel Endcap (-

Tracker Inner Barrel

Tracker Outer Barrel

Tracker Inner Detector
(+)

Tracker Inner Detector
)

Tracker Endcap (+)

Interactive event display for high-level derived datasets
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Visualise histograms

dimuon events with invariant mass between 2-110 GeV -

Select one or more parameters:

ooEmoan

moan

Logx Log v [CRTSMMEN St Undo selection(s) 2] set
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@ e

30

w
20

© 250
20
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e W @ E] 0 23 ] g T 7
The total energy of the first lepton [GeV] y of the first muon
Log LI sc: oo selectionts) WP sec  undoselections)

20

10 -
20

0
150

5 o

B o = 6 = E3 z v g T
The total energy of the second lepton [GeV] The pseudorapidity of the second lepton

Interactive histogramming for high-level derived datasets
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First non-LHC data releases

apen Search Q About ¥
cern
OPERA electronic ay
nuT. i

OPERA tau neutrino candidate and multiplicity studies data
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Jupyter notebooks

CMS education activities using notebooks and CMS open data
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Marketplace  Exph

# Let's choose Dimuon_Doubl
dat:

i read_cov{ NEtp//apendata. cern.ch/record/s45/ iles/Dinuon DoubleMcsv' )

fuass Zieearm

masses to iMass

# Plus draw the b
“bins, st (itass, 300, facecolor='g')

Dbt Treariant Hass- (6o )

pLt.ylabel (*Anount" )

P jupy gl Owoten~ 5 s 7 Yrok 7
OCode  Oksuesa  IPulrequesis o FPojecis o WK L nsghts
p— Finatie | Copy pan
= ! Advanced |
+ meatumiagor Adafles va pcas ansun
 contrbatr
) s © B e oame weoy ST
Creating a normfit and transverse
momentum+pseudorapidity
The pintof this exercise s toleam o create the dat,
First the fit
Lets begin by oading the needed modues, cata an creating a istogram of the data o see the more nteresting pons (he area
for which we want o creato th f)
In {15 [# This 1s needed to create the fit
Fron scipy.stats inport norm
import pandas a5 pd
import nunpy as
import matplotlib mlab as nl
inport matplotiin.pyptor as it
In(]
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Virtual machines

a = ] =1 | un @

AJ0URNEY oF pIscoveny]

EEECEE

Install CernVM virtual machines to explore primary datasets
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Analysis examples

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

Jomhari, Nur Zulaiha; Gelser, Achim; 8in Anuar, Afig Alzuddin;

Cite as:Jomhar,Nur Zulaina; Geiser, Achm; in Anuar, Afig Azuddin; (2017). Higgs-o-four-epton analysis example using 2011-2012 data.
CERN Open Data Portal. DOL10. ol

[ soroeare Y anaiyis T cus L acceerator cennsc

Description

This research level example is a strongly simplified reimplementation of parts of the original CMS Higgs to four lepton analysis published in
Phys.Lett. B716 (2012) 30-61, arXiv:1207.7235

The published reference plot which is being approximated in this example is https://inspirehep.net/record/1124338/files/H4|_mass_3.png.
Other Higgs final states (e.g. Higgs to two photons), which were also part of the same CMS paper and strongly contributed to the Higgs boson

discovery, are not covered by this example. T HE Y SR soom! L leTIL-aamleaTen e neb!

2 &30~ CMS Open Data o Data N
The example consists of different levels of complexity. The highest leve © ° =2
minimal understanding of the content of this paper and of the meaning £, B2z--4

2 H B, < 125 Gev
educational exercises. The lower levels might also be interesting for ed £ &

with the linux operating system and the ROOT analysis oo}

Ever

Use with

The example uses legacy versions of the original CMS datasets in the A(
publication due to improved calibrations. It also uses legacy versions o
but not identical to, the ones in the original publication. These legacy d
in many later CMS publications.

/DoubleElectron/Rus

D
80 100 120 140 160 18 & o t2o - Td0 T80 180

mg (GeV)
DoubleMu/Run2011A-120ct2013-v1/AC m; [GeV]

Run realistic physics analysis examples
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Run analyses on the cloud

r; Hle‘system
5 —] =
: § OO0
9 shared comnute openstack
@ceph F= mpte |

http://www.reana.io/

REANA reproducible research data analysis platform
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Release-driven usage patterns

II News Video Events Crunchbase
10TH ANNUAL CRUNCHIES AWARDS Sz iho i Tse Home TopHorers At Our

ssssss

80000
70000
E= [oc ]
CERN releases 300TB of Large Hadron Collider data 60000
into open access
oevin Goldeny, 50000
[ ¢ [o]n [s-[5]w[] ]
1 40000
30000
20000
Thu 26th
10000 Reddit AMA

I

0
04/14 04/21 04/28 05/05 05/12 05/19 05/26 06/02  06/09

Six weeks in 2016: 200K users,
Open data releases are widely ~ 40K viewed records, 70K used
covered by general media event display, 3K used
histogramming
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Research-grade open data use

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

A pgthon ‘

'%HHHHI
HA

PIRIOIXIY ¢ jauery

| load web web
balancer front-end
Em-l_-ll g ﬁjm]a

155‘ XRootD EOS

Technology stack using INVENIO) digital

@tiborsimko

search

S~

BRabbitM

& redis

SQLAlchemy

elasticsearch.

repository
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Data exposure

>
HTTP reverse proxy
— 3 | CERNOpenData | —————
i — <«
file
general public INYENIO) -
EOS
HTTP XRootD

Root
URI file

i @(;grllvr\f

data scientist

HTTP and XRootD access scenarios
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Synergies for outreach

m digital repository use cases?
— upload/download data, VM, documentation
— version control, mint and cite persistent identifiers (DOI)
— organise and search through data
m reaching wider scope?
— traditionally hosting LHC experiments
— first non-LHC data by OPERA
— forthcoming Machine Learning reference datasets
m reaching wider audience?
— O(200K) “visitors” in six weeks; O(40K) deeper, O(3K) heavy use
m run realistic examples?

— in-browser visualisations and histogramming

— analysis examples via Virtual Machines (ROOT, non-ROQT)
— analysis examples via containers (ROOT, non-ROOT)

— run locally or on cloud?
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CERN Open Data

Explore more than 1 petabyte ° -
of open data from particle physics!

@ http://opendata.cern.ch
© http://github.com/cernopendata

CERN IT D. Rodriguez, T. Simko - CERN SIS S. Dallmeier-Tiessen, S. Feger, P. Fokianos, A. Lavasa, |. Tsanaktsidis,

A. Trzcinska - ALICE Y. Foka, M. Gheata, C. Grigoras, M. Zimmermann - ATLAS K. Cranmer, L. Heinrich, A. Sanchez Pineda,
D. Rousseau, F. Socher - CMS H. Bittencourt, A. Calderon, E. Carrera, A. Geiser, A. Huffman, K. Lassila-Perini, T. McCauley,
A. Rao, A. Rodriguez Marrero - LHCb S. Amerio, C. Burr, B. Couturier, S. Neubert, C. Parkes, S. Roiser, A. Trisovic - OPERA
G. De Lellis, S. Dmitrievsky - CERN CernVM J. Blomer - CERN EOS L. Mascetti, H. Rousseau - CERN OpenShift A. Lossent,
A. Peon
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