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CERN Large Hadron Collider

Large Hadron Collider with ATLAS, ALICE, CMS, LHCb detectors
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HEP data analyses
b

Event Filtering

Reconstruction

= e
Analysis
Images

Formats

Data Storage: Local, Network

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

Typical data chain from acquisition through analysis to plots
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LHC data pyramid

ATLAS 201 2012 |

1. Provision of
additional

~KB/paper documentation for : »
the published results 0TI e e i

. 2. Simplified data formats
~G B/anaIyS|s for analysis in outreach and
training exercises

~TB/analysis 3. Reconstructed data and simulations as
well as the analysis level software to N
NPB/year allow a full scientificanalysis

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

Four data levels for capture, preservation and opening
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CERN Open Data portal

==
Explore more than 1 petabyte ’ '\
of open data from particle physics! \ /

search examles: colsion datasets, keguords e

Explore Focus on
daraser aTuas .
1 ALCE

s

v Getstarted v

http://opendata.cern.ch/
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LHC collaboration data policies

ALICE ATLAS

vvvvvvvv

e

s

Restricted data — embargo period (~5 years) — open data
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Information organisation

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

IMURUNZ0T0E-Apr21 R

AAOD, cas collboraton

Cite as: n 2014).
‘Apr21ReReco vI/AOD). CERN Open Data Portal. DO 0.7453/0PE

Description
s primary ot n AOD format from Run o 2010

Notes

This dataset contains allruns from 2010 Run, The st of validated runs, which must be applied (0 all analyses, an be
foundin

(CMS st of validated runs Cert_136033-149442_ 7Te\_Apr Collisons 21

Related Datasets
IMUIRUNZD10BVI/RAW

Characteristics
Dataser: 32376291 events 2979 lles 3.2T8 I total

System Details
Globaltag: T R 42 v10KSAll

Recommended release for analysis: CVISSW_4_2_1_patcht

How were these data selected?

There are four

ot 7911,13,15,17,19.21 GeV plus a few with
loosened qualty cuts

~20%solated single muon triggers with varying trgger pt threshold 9,11,13,15,17 GV.

~10%inclusive cimuon triggers with varying trgger pt threshold 3.5 GeV plus one Z-mum trigger with loosened
qualiy cuts.

53578911 GeV wi
hadronic/jet energy depositwith thresholds 6100 GeV.

How were these data validated?
Durin S are certifid

a
Hurmi and physics objects (tracking, electron, muon, photon,jet and MET) show the expected performance.
cert I

Run
Regisry, the Data Quaiy < of
for For the raw data, the

repeate. For more nformation see:

M data quality monitoring: Systems and experiences.

i Quality Monitoring software experience and fulure improvernents.
The CWS data quality monitoring xperience and future prospes

How can you use these data?
S Virust Machine,

and getting started in
Howrto Install the CMS Virtual Machine

Getting started with CMS open data

Curated 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

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

Explore a variety of data, software, VMs, supplementary material
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Education use cases

iSpy WebGL bleMu.ig:Events/Run_167674/Event_2:

Detector
Pixel Barrel
Pixel Endcap (+)
Pixel Endcap (-
Tracker Inner Barrel
Tracker Outer Barrel

Tracker Inner Detector
)

r Inner Detector

Use interactive event display and basic histogramming
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Analysis examples

open -

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. DOL:10 M

[ otimare L anaysis T cus L aceeertor cenic
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 ME P SR o e L leTIL-aamleaTen e neb!
3 ., « Data &2 CMS Open Data oD
The example consists of different levels of complexity. The highest leve © ° |z
minimal understanding of the content of this paper and of the meaning Wzx 2. Szea o
educational exercises. The lower levels might also be interesting for ed & 107 Ozvz 7 H DImy = 125 Ge
with the linux operating system and the ROOT analysis tool 2 =
perating sy y & o [Jm=126Gev {
Use with
The example uses legacy versions of the original CMS datasets in the At
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.
D
/DoubleElectron/Ru AOD 0=g0 100 120 140 160  18( 50 To0 TR0 e T
DoubleMu/Run2011A-120ct2013-v1/A0D mq [GeV]

Install virtual machines and run realistic physics analysis examples
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Research use cases

Expusing the QCD Spling Funct

Independent analyses by theorists (Jesse Thaler et al, MIT)
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Long-term value of data!

2017

ZEUS published anticipated

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

[0 HERA 11, data 20032007

0
~10% of total benefit
(for <1% of total cost,
of which ~90% during
: active phase)
end of data 1M1

af
fonding} |, § | | |
1995 2000 2005 2010 2015 2020 2025 2030

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

Collaborations publish papers
even ~15 years after data tak-
ing ends
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DPHEP https://arxiv.org/abs/1205.4667

JADE data (1979-1986) still
unique even ~35 years later
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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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Preserving scientific code

=0

[ —— \_\‘ IR K

g E A < 0702526 [Dzip [Dtargz
Releases

Decouple and Recouple

B ! p— T —
= .zenodo.json

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

GitHub +~ Zenodo bridge to automatically preserve releases
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Code is not enough

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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Preserving analyses 1/2

eeeee provenance
low level high level workflows validation

TECHNICALMETADATA' | PHYSICS KNOWLEDGE | | USAGE | | PRESERVATION

INVENIO)

m JSON Schema
m W3C DCAT

m domain-specific
fields

Structuring knowledge behind research data analysis
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Preserving analyses 2/2

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
@tiborsimko 18/31



How FAIR is scientific data?

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 REPRODUCIBILITY CRISIS? Most scientists have experienced failure to reproduce results.
® Someone else’s My own
7% 52% ;i
Don't know Yes, a significant crisis

Chemistry

3%
No, there is no
crisis

Biology =

y Physics and
engineering |=
1,576 _
researchers Medicine [
surveyed

Earth and
environment

38%
Yes, a slight

gh Other [
crisis

onature 0 20 40 60 80 100%

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

Half of researchers cannot reproduce their own experimental results
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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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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

$0 W LAC

kubernetes

http://www.reana.io/
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REANA architecture
X

scientist

\4

3. compute environment?
4. analysis workflow?

>
monitor workflow execution controller w

allocate ¢ start

workflow workflow
3
monitor [€ controller

1. input data?
2. analysis code?

instance
VL..... step | report
»
job
resource -
N execution r
controller & s \
File system

& .
@ n
openstack

compute

@EEDh shared ompu HTCOHC’\U/r

storage
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Data production examples

opendat: [N a Avout -

Example code for production of flat jet tuple using 2011 data

Validation code for reprocessing AOD from 2011 MinimumBias
RAW sample

Gt s zensi Wt 2017, Exampecode forp e e using 201 gt
CER Gpen Do Portal 0K 716215 9
s @07 rom 2011 inimumBas R sample, CERN
GpenData ortal DOITD 410 rait —
2 e e e
Description
Description T codeis a e o 20114 et dat, et upa esearch el
s i s pckage
s coe forvalkaton reprocices AOD fomatin i ccord from e 2011 Hnimis RAW sapie K on o < 23wl 2 o e s nesdd
Contas e coniguraion i 0 berunan 2011 Ope CSS_5.3 32.No complaion s equired.The
g, il coneting ot syt Use with
meant o1 a pdagogcl xamplebut . alication 0o st 201 e 4D i dtaset e i cote
Use with b
040120, Tunez2_TTeV_pyaBrSummer!L€5DR U 513 STARTS3 LYG-1AODSIY

Use s i the folowng darser
o Notes

Characteristics he content ofthe resuting roa e i dscrvad i raading

Datast e 14 KB n ot

Characteristics

System Detalls Datases 1 s 7.0k n ot

Usenis cose wn

Soare relase; CHSSM

pen Data ¥ arvronmen or 2011 open ciata
2 System Detalls
S open dats Use i codewith the CHS Ope Data VM envircnmens
Software release: SSW.3.32

MV s, o

Reconstruction and flat jet tuple production from CMS open data
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Data analysis examples

ATLAS BSM search ATLAS RECAST CMS Higgs-

Several physics analysis examples
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Reproducibility = Preservation

_eana archive

i v o >

physnmst
reproducible workflows digital repositories

\m/
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Fostering FAIR science
reana

Reproducible research data analysis platform

Welcome to the CERN Analysis

5 tow o
bl Reusable

Scalable

Flexible

{w o ®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 R. Maciulaitis, J. Okraska, D. Rodriguez, T. Simko - CERN SIS S. Feger, P. Fokianos, A. Lavasa, S. van de Sandt,
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
27/31
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Conclusions

m opening complex LHC physics data beyond education use cases
— enables independent physics research
— validates and enriches knowledge preservation techniques
m open data is not enough
— code, environments, runnable recipes and analysis workflows
— science is born naturally ‘closed’; FAIR principles apply early
m “top-down” approach
— funding agency requirements for preservation and openness
— collaboration best practices for better reproducibility
m “bottom-up” activities
— building tools to fit scientists’ daily workflow
— pre-producibility rather then re-producibility
m time is ripe for driving the change
— technological progress meets sociological challenges
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Further reading 1: CERN Courier

CERN Courier March/April 2019
“The rise of Open Science”

Features:
B open access
m open data
B open source
B open science

https://cerncourier.com/

@tiborsimko 29/31



Further reading 2: Nature Physics

NATURE PHYSICS

Open is not enough

XiaoliChen®, " Robin Dasler™",

Diego Rocriguez Rodriguez’,TiborSimko", TimSmith', Ana Trisovic', Anna Tracinska’,
i KyleC: inricht, Gordon Watts),

e
e b

Tabe ) Temiclogy et t repesducble semch

PRS-
e oty

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