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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

@tiborsimko

4/37



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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Visualise detector events

@tiborsimko

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
10
@ e

30

w
20

© 250
20

| 150
100

»
B

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

@tiborsimko 7137



Jupyter notebooks

CMS education activities using notebooks and CMS open data

@tiborsimko

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

BEO=A0E=8

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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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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Open development

Pullrequests Issues Marketplace Explore IS

oendata - CERN Open Data

DRepositories & People 33 Teams 3 Projects 0 Setings
Pinned repositories Gustomize inned reposiories
opendata.cern.ch

o k2w Yoz

Top languages
opendata.cern.ch P languag

‘Source code for the CERN Open Data portal A @HTML © JavaScript
Pyhon  fask  bodaa  jonschema  opondata  openscience
@nmu k2ss Ys2 dhopL20  Updaied 1 housage People 3>

data-curation

Data ingestion and curation tools

On ki ¥3 hoPL20  Upsstea7 s sm

demobbed-viewer
https://github.com/cernopendata

@tiborsimko
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FAIR data principles

m Findable
— persistent identifiers
— rich metadata
— indexed and searchable
m Accessible
— retrievable by identifiers
— standard protocols
— metadata vs data accessibility
m Interoperable
— knowledge representation language
— common vocabularies
— references to other metadata and data
m Reusable
— domain-relevant attributes and community standards
— clear licensing
— provenance tracking

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

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

IS THERE A REPR ODUCIBILI TY CR’SIS7 Most scientists have experienced failure to reproduce results.
® Someone else’s & My own
D 'tk7% \5’2% ignificant crisi:
- on’ no‘w ‘es, a significant crisis Chemistry -
No, there is no
crisis

Biology

Physics and
engineering [

1,576

researchers
surveyed

Medicine [£=0

Earth and
environment |
38%

Yes, a slight

= Other [
crisis

enature 0 20 40 60 80 100%

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

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

CMS collaboration Career after PhD

THE ROYAL SOCIETY

Experimental physics done by High turnover of young re-

groups of ~3000 physicists searchers
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Long-term value of data!

ZEUS published

2017

anticipated

[ HERA 0, data 1991-1995
HERA Ib, data 1996-2000

[0 HERA 11, data 20032007

g

1995 2000 2005

ng Al |
2015 2020 2025 2030

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

Collaborations publish papers
even ~15 years after data tak-

ing ends

@tiborsimko

ot \ [\  } JADENNLO
o % N % ALEPHNNLO

D
016 -\ % 1-T,My, By, By, Cyyyy

014

013 [ . E

011 f

o ag(m,)=0.1210+0.0061
0.1 L

10 10°
Vs [GeV]

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

JADE data (1979-1986) still

unique even ~35 years later
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CERN LHC Experiments
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HEP data analyses
—

Event Filtering

Reconstruction

=
Analysis
Formats

Data Storage: Local, Network

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

Targeting both data production and data analysis stages
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Preserving data

~GB/analysis

~TB/analysis

~PB/year

~GB/sec

@tiborsimko

1. Provision of
additional
documentation for
the published results

2. Simplified data formats N
for analysis in outreach and
training exercises
analysis

3. Reconstructed data and simulations as
well as the analysis level software to N
allow a full scientific analysis

4. Basic raw level data (if not yet covered as level 3
data) and their associated software which allows access
to the full potential of the experimental data

Slicing through LHC data pyramid
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Preserving code

D= oo =
e T— —— " w3
.................. - = | © 0702526 [Dzip Dtargz
. o — ] |, p—lonces
r——— , S T : - Releases

——
.zenodo.json

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

GitHub +~ Zenodo bridge to automatically preserve releases
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Structuring analyses

formats

eeeee provenance
low level high level workflows validation
TECHNICALMETADATAl | PHYSICS KNOWLEDGE | | USAGE | | PRESERVATION

INVENIO)

m JSON Schema
m W3C DCAT

m domain-specific
fields

physicist

Structuring knowledge behind research data analysis
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Capturing analyses

I CERN Analysis Preservation I INVENIp)

m datasets:
local storage,
cloud storage

m software:
Git, SVN

m information:
DBs, TWiki,
SharePoint

i m protocols:

physicit HTTP, XRootD

ORGANISE

EOS EOS EOS

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

CERN Analysis Preservation muon Q create Search &
Anaysis entifer: - [ share |J] save
Submssionform )
Preserve your analysis
Nameit to distinguishitfrom your other
drafts Basic Information >
e 3 sarts of
Anlysis Name
Stripping/ Turbo selections [0 items] D
Start Preserving
ntuple/userDST-production [0 items] D
{User Analysis v

$ pip install cap-client

_SERVER_URL-https://analysispreservation.cern.ch/
JKEN=<your generated ess token from serve

»

cap-client files upload <file path> --pid/-p <existing pid>
$ cap-client files upload file.json -p B9Ib593c498874ecBbcafcB8944cd58aT

File uploaded successfully.

Web based and command-line based deposit workflows
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Reusing analyses

1. input data?
2. analysis code?
3. compute environment?

4. analysis workflow?

| workflow execution controller |

allocate *stan
workflow '
workflow
>| controller §

monitor [ A
instance
VLmn step report
” -
resource ]Db -
controller * ’sj

r; File system
. openstack

5 shared compute
@ceph = e HICoNaYr

Reproduce analysis computations on containerised compute clouds
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Four questions

Kl input data H Analysis code

What is your input data? Which code analyses it?
— input files — software frameworks
— input parameters — user code

E] Compute environment I3 Analysis workflow

What is your environment? Which steps did you take?
— operating system — single command
— database calls — complex workflows
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Simple example

Region, 1560, 1600, 1760, 1750, 1869, 1850, 1900, 1050, 1999, 2008, 2610, 2612, 2650, 2150 PO - i T (T
viorld, 100,160,100, 100,100, 160,100, 100, 10, 100, 100,100,106, input_file = *../data/Morld historical and predicted_populations in percentage.csv”
Africa, 168.8,19.7,15.5,13.4,10.9,8.6,8.1,8.9,12.8,14.5,14.8, . 2,19.8,23.7 output_file = *../results/plot.png”

Asia,s 4,65.9,63:5,64.9,64.1,57 4155 6,50.8,00.4,60.4,60.5,55.1,57 1 reglon = 'Africa

Europa it 3 10 1 10/5,20.6,30 82119, 2417, 21.7 12/010/0, 10710 5.7, yearTaineyicoy
Lathmechzandthe(zr)hhezn3517lSzZSEASEEBSEBEEBEQlQA = ==

Northern America,0.7,0.5,0.3,0.3,0.7,2.1,5,6.8,5.1,5,5,5,4.4,4.1 n 1 8 ren i s
Oceania,0.7,0.5,0.4,0.3,0.2,0.2,0.4,0.5,0.5,0.5,0.5,0.5,0.5,0.5 e ooy it eite)

™ [4]: # ado

. . . 017 set_indexhegton”, drop-ratse)
Kl input: CSV file

# select region and years based on input parameters
dfs = df loc[region, str(year min):str(year max)]
1€ = pd Datarane({'year: dfs.index.astype(int), 'percentage’: dfs.values}, colums=['year’,

“percentage’])

In [6]: # create output plot and save it to a file
plot = plt.plot(dft['year ], dft['percentage’], color="blue')
plt.title("World population in {6)'.format(region))
plt.xlabel ('year*)
plt.ylabel(*% of total world population’)
plt. savefig(output_file)

world

»

5 5

" B e o wh o we  me

p5s B code: Jupyter notebook

E] environment: Cent0S?7,
n workflow: papermill ...

©) nhttps://github.con/reanahub/reana-demo-worldpopulation
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Example from medicine

The Effects of FreeSurfer Version, Workstation Type, and Macintosh

Operating System Version on Anatomical Volume and Cortical
Thickness Measurements

Ed H. B. M. Gronenschild Petra Habets, Heidi |. L. Jacobs, Ron Mengelers, Nico Rozendaal, Jim van Os, Machteld Marcelis

Published: June 1,2012 « DOI: 10.1371/journal.pone. 0038234

8.8+6.6% (volume) and 2.8+1.3% (cortical thickness)
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Computational workflows

commandy

output,

S
DICD) i
DICEY | Workflow Inputs !
e i i
| meweight ” nevents | 1 | "sig" |
1 ]

pevents /type

read

histograms

i

commands

eight | merge ” "nominal" || "signal" |

outputy

output,_1

commandp,

i

Serial Yadage CWL
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Example: Beyond Standard Model

% 4 3 2 10 1 2 3 4 5 % 4 3 2 10 1 2 3 4 5

©) nttps://github.com/reanahub/reana-demo-bsm-search/

Complex computational workflows typical in particle physics analyses
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REANA Reusable Analyses

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 elsewhere. Cloud-native. Made with @ at CERN

Reproducible and reusable research data analysis platform
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Reproducibility = Preservation

Jeana archive

i v o #@

physnmst
reproducible workflows digital repositories

\m/
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“Open is not enough”

PERSPECTIVE NATURE PHYSICS

OPEN

Open is not enough

XiaoliChen'?, S lessen’”, Robin Dasler',
Dinos Kousidis,

TiborSimko, TimSmith', AnaTrisowc'*,

Tl 1] Termisiog ted o eprdecble s
rsdueeduy e bl nd Lo A B3ba
Tem mome ouersien

o

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

reana

o Welcome to the CERN Analysis Reproducible research data analysis platform
/ - Preservation Portal.
{ w92 &6 ‘
CERN Open Data CERN Analysis Preservation =~ REANA Reusable Analyses

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

CERN IT D. Kousidis, R. Maciulaitis, J. Okraska, D. Rodriguez, T. Simko - CERN SIS S. Dallmeier-Tiessen, S. Feger, P. Fokianos,
A. Lavasa, S. van de Sandt, |. Tsanaktsidis, A. Trzcinska - ALICE Y. Foka, M. Gheata, C. Grigoras, M. Zimmermann - ATLAS
K. Cranmer, L. Heinrich, A. Sanchez Pineda, D. Rousseau, F. Socher - CMS H. Bittencourt, A. Calderon, E. Carrera, A. Geiser,

A. Huffman, C. Lange, K. Lassila-Perini, L. Lloret, T. McCauley, A. Rao, A. Rodriguez Marrero - LHCb S. Amerio, C. Burr,
B. Couturier, S. Neubert, C. Parkes, S. Roiser, A. Trisovic - OPERA G. De Lellis, S. Dmitrievsky - CERN CernVM J. Blomer -
CERN EOS L. Mascetti, H. Rousseau - CERN Kubernetes R. Rocha - CERN OpenShift A. Lossent, A. Peon

@tiborsimko 36/37



References

@tiborsimko

CERN Open Data

@ http://opendata.cern.ch

© http://github.com/cernopendata
4 cernopendata

CERN Analysis Preservation

@ nhttp://analysispreservation.cern.ch

© http://github.com/cernanalysispreservation
% analysispreserv

REANA

@ nttp://www.reanahub.io

) http://github.com/reanahub
% reanahub

Invenio

@ http://inveniosoftware.org

© http://github.com/inveniosoftware
% inveniosoftware

Zenodo

@ nttps://zenodo.org

© http://github.com/zenodo
% zenodo_org

37/37



