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The |dea of Open Data

Key principles of Open Data:

® Freely available to use,
reuse and redistribute

® Enhances transparency
® Enhances social impact

® Enables involvement of
3rd parties

® Enables future research
innovation
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F.A.l.R. Principles - Findable
The first step in (re)using data is to find them. h
Metadata and data should be easy to find for ) indable

both humans and computers. Machine-readable
metadata are essential for automatic discovery

of datasets and services, so this is an essential - .
! Y
component of the FAIRification process. ACCGSSIbIe
® F1. (Meta)data are assigned a globally

unique and persistent identifier
® F2. Data are described with rich %O nteropera ble

metadata (defined by R1 below)

® F3. Metadata clearly and explicitly
include the identifier of the data they /\
describe p eusable

® F4. (Meta)data are registered or indexed [Wilkinson, M., Dumontier, M., Aalbersberg, I. et al.

. habl The FAIR Guiding Principles for scientific data management
In a searchable resource and stewardship. Sci Data 3, 160018 (2016)]
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https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618

F.A.l.R. Principles - Accessible

Once the user finds the required data, it must be
clear how they can be accessed, possibly includ-
ing authentication and authorization.

® Al. (Meta)data are retrievable by their
identifier using a standardized
communications protocol

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

» Al.2 The protocol allows for an
authentication and authorization
procedure, where necessary

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

Findable

ccessible

nteroperable

i S

eusable

[Wilkinson, M., Dumontier, M., Aalbersberg, I. et al.
The FAIR Guiding Principles for scientific data management
and stewardship. Sci Data 3, 160018 (2016)]
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https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618

F.A.l.R. Principles - Interoperable
The data usually need to be integrated with other h
data. In addition, the data need to interoperate ) indable

with applications or workflows for analysis, stor-
age, and processing.

® 1. (Meta)data use a formal, accessible, Accessible

shared, and broadly applicable language
for knowledge representation.

® |2, (Meta)data use vocabularies that
follow FAIR principles %O nteropera ble

® 13. (Meta)data include qualified

references to other (meta)data /\ R
TR eusable

[Wilkinson, M., Dumontier, M., Aalbersberg, I. et al.
The FAIR Guiding Principles for scientific data management
and stewardship. Sci Data 3, 160018 (2016)]
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https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618

F.A.l.R. Principles - Reusable

N

The ultimate goal of FAIR is to optimize the
reuse of data. To achieve this, metadata and .
data should be well-described so that they can |ndab|e

be replicated and/or combined in different set-
tings.

® R1. (Meta)data are richly described with ACCGSSible

a plurality of accurate and relevant

attributes

» R1.1. (Meta)data are released with I
a clear and accessible data usage nteroperable
license

» R1.2. (Meta)data are associated
with detailed provenance b

» R1.3. (Meta)data meet eusable
domain-relevant Community [Wilkinson, M., Dumontier, M., Aalbersberg, I. et al.
standards The FAIR Guiding Principles for scientific data management

and stewardship. Sci Data 3, 160018 (2016)]
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https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618
https://www.nature.com/articles/sdata201618

CERN Level 3 Open Data Release Policy

LHCb and other experiments at CERN have made a decision to make the collected data
available to the public.

This should be done in-line with F.A.l.R. principles.

__o
\

Which data to release? ) -
® Level 3 open data: reconstructed events (DPHEP definition) 'X /

When to release it? - ’ / >N,
® 50 % of data 5 years after end of running period (a.e.r.) N /l

» Run I: End of 2017

® 100 % of data 10 years a.e.r. \
» Run I: End of 2022 :
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open

CERN

Explore more than two petabytes
of open data from particle physics!

® Datasets

® Records

® Documentation
Pages

® Glossary

search examples: colisio
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LHCb 2012 Beam4000GeV MagDown EW Stream Stripping21

LHCh collaboration

Description

prcton-prolon (b colision cata callected by the LHCB experiment n the year 2012 of Run ofthe LHC.

Dataset characteristics

334776609 events. 6292 fles. 19.3 T8 in otal

How were these data selected?

These steps, soft d and
41836
Merge

41835

Parent Prod type: DateSipping
Conditons:

dde 201308251
cond.20t41107

List of Trigger Configuration Keys (TCH

TCK  Number of Files

0E60040 42

om0 4
0Ec0040 699
o7e00sa 9

004003 570

05003 11
0E7003 774
0Ge000 3

0090042 1091

0990044 633

0xa30044 935

0xa%0046 416

0a30046 G0

xab00ss 379

Oxacd0d8 634

0ad00ss 32

Dataset X Golfsion X LHGS X 2011 x Sort by [Best match v

DSTx ppx Magoowx EWx

Display: [detailed _v][20 resulfs v]
swppnc21rt < Found 1 result

O inciue on-demand datasets

Fiter by type LHCb 2011 Beam3500GeV MagDown EW Stream Stripping21r1
@ Dataset ' proton-proton (pp) colision data collacted by the LHCD experiment in the year 2011 of Run of
Caision . o LHC.
Fiter by experiment [lount ] comen )
B f
Fiterby yoar ‘|-
CE f
Fiter by il type
ost f

Fitter by collsion type
» .

Filter by collision energy
oy '

Filter by magnet polarity
MagDown f
Dmagp f

Filte by stripping stream

ew f
O RapIATVE f
Fitter by stripping version
@ suipping21r1 .
O sipping21r1p1 .
O svipping21r1p2 .

(MINTREE(mus

BSID,PT) > 650.0 "MeV) & (MINTREE(mu:

ABSID,P~ onnn 0 s s

Code VFASP ABSD .
(MAXTREE(mu+==ABSID TRCHIZDOF) \< 5.0) & (M > 3000.0) & (VFASP 20.0°Mev)

Inputs [ Phys/ StdLooseDIMuonSamesign "1 Pt

DecayDescriptorNone

Output Phys/MicoDSTDIMuonDiMuonSameSignLine/Particles

Author

oxe
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LHCb Stripping V21 commonparticles
=D

stripping21
Common partcies:

« Basic
« Intermediate

Standard basic particles:
+ StéAlLooseANNElecions
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cooeoee
EEEEEEE
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$5%2888¢8
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EEE
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2222
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£5%%
EEEE
EEE R
53

SIAITightSymGammaDD
StdAITightSymGammaLL

eeeee
EZESE
SERFZ
£ 884
£ 83%
& 933§
g 352
m 238

StdLooseANNDownKaons

222
ggg
22
22
hog
§33

StdLooseANNKaons

LHCb Stripping V21 stdallloosegammall
==z

stripping21 lines]

StdAllLooseGammalL
DilectronMaker/StdAllLooseGammaL.
nputs
nput Rec/ProtoP(Charged
DecayDescrptorgamma - e e-
utput Non
parce gamma
s:
oF GammaLL Elect
AuditFinaize Faise
Auitiitaize Faise
Audistart: Faise
Auitsiop Faise
AuitTools Faise
Context None
GontextService AgContexisve
CounterList 1
I 19%I11.5g] |(%1#9.6g| +- -
ErtorsPrint Trie
GiosalTmeOset 00
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Meytes
00041840_00000043_1.ew.dst
00041840 00000044_1.cw.dst

_1.ew.dst

00041840_00000227_Lew.dst * 4.17 Goytes
00041840 00000235 _1.ew.dst
140 Goyte
0.76 MByte:
00041840 00000323 Lew.dst - 2.65 GBy:
00041840_00000337_1.ew.dst = 1.96 Gayte
0004184 0359_1.ew.dst 7 1632 MBytes

owner

group

At
egroup:opendata-admins:rwxem

egroup:opendata-admins:n

File Indexes

Fianame
LHCD_2012_Beami000GeV_VeloClosed_Magbown_ReaiData_Reco1é._Stipping21_EW_DST.fl_indxx
Files

Fioname

LHCb_2012_Beam4000GeV_VeloClosed_Magbown_ RealData_R EW_DST_LFNS i

List of files

00041836_00000008_1.ew.dst
00041836_00000022_1.ew.dst
00041836_00000036_1.ew.dst
00041836_00000050_1.ew.dst

00041836_00000064_1.ew.dst

sizo

Size

391.0 kB

655.2 kB

7.3MB

62.0 MB

1482 MB

Close
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LHCb Run | Data Release

5

® Over 800TB of files moved to dedicated storage
® |ndex files created for every data set
® |ist of LFNS stored for prevalence

® ~ 7500 LHCb Stripping Pages converted to Open Data Portal format and provided with the rest
of documentation

® Glossary of Open Data Portal is enriched with 960 LHCb specific terms (like LoKi functors)
® Routine for scraping metadata from DIRAC created
® LHCb Open Data already adopted for educational purposes
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What about Run Il (and beyond)?

Centralized Data Handling

Trigger 100GB/s |  Reconstruction 10GB/s Stripping
Moore Brunel Davinci
4 ol
L .,:'.u-mmamnion ““"'lvi;stripping 15PB /ye ar
Particle simulation Digitisation Storage Storage Storage
Gauss Boole ‘ FULLSTREAM ‘ ‘ FULLSTREAM ‘ ‘ CHARM.MDST ‘ ‘ DIMUON.DST ‘ ‘ ‘

l

Analysis Ntuple making

Generation Decay Propagation
Pythia/POWHEG/... EvtGen Geant4

ROOT/Numpy/... Davinci

Personal Data Handling
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What about Run Il (and beyond)?

L LHCbDIRAC
' Metgdata generated ' _ _ _ _ _ _ S .. (submission handled -
;! during deployment | Web interface Dl . by LHCb responsible) -

Config files for

, Analysis Productions

1 \
| | 1
1 [
| 1 [
|
I
1
|

N
Parsers

| 1
I

3 !
i Configure i
g ntupling :
algorithms |

LHCb stack Analysis

; . NTuples on
Prcé?]ugﬁlizns : Open Data
: portal
Dataset and
selection
discovery

Bookkeeping Dataset info

LHCb data

[Ntuple Wizard: An Application to Access Large-Scale Open Data from LHCb |

14/16


https://link.springer.com/article/10.1007/s41781-023-00099-5

Using Open Data

[Using CMS Open Data in research — challenges and direc-
tions]

® Jet Substructure Studies:

» [Jet Substructure Studies with CMS Open Data]
» [Exposing the QCD Splitting Function with CMS
Open Data]

® Searches for New Particles:

» [Searching in CMS Open Data for Dimuon
Resonances with Substantial Transverse
Momentum]

» [Search for Non-Standard Sources of Parity
Violation in Jets at /s = 8 TeV with CMS Open
Data]

® Standard Model Analyses:

» [Exploring Uncharted Soft Displaced Vertices in
Open Data]

————— Breit-Wigner Fit

L
110

120 1,"(0 140
m(u*uT) [Gev]
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https://arxiv.org/abs/2106.05726
https://arxiv.org/abs/2106.05726
https://arxiv.org/abs/1704.05842
https://arxiv.org/abs/1704.05066
https://arxiv.org/abs/1704.05066
https://arxiv.org/abs/1902.04222
https://arxiv.org/abs/1902.04222
https://arxiv.org/abs/1902.04222
https://arxiv.org/abs/1904.11195
https://arxiv.org/abs/1904.11195
https://arxiv.org/abs/1904.11195
https://arxiv.org/pdf/2107.11405.pdf
https://arxiv.org/pdf/2107.11405.pdf

Open Questions

- )

® How do we keep data open with increasing size of the
datasets?

® How do we tackle the increasing complexity of particle
physics data analysis wrt. open data?

® Can we start releasing raw data?

® How do we increase the focus on open data?
® How do we fund open data efforts?

® How usefull is LHC open data in the end?
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End of slides

Thanks for your attention
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