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Mission du CERN

Fournir une gamme unique
d’acceélérateurs de particules qui
permettent la recherche a la pointe
des connaissances humaines,
effectuent des recherches de classe
mondiale en physique fondamentale,
unissent des personnes du monde
entier pour repousser les frontiéres de
la science et de la technologie, au
profit de tous
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Ive creee en

1954 avec 12 éetats membres européens

Collaboration ouverte et inclus

~ 13'000 Physiciens (utilisateurs)
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de 1200 MCHF
~ 2'600 Collaborateurs
~ 2'000 Contractors
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Nouvelle-Zélande — Macédoine du Nord — Palestine — Paraguay — République populaire de Chine — Pérou — Philippines — Qatar
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Albanie — Algérie — Argentine — Arménie — Australie — Azerbaidjan — Bangladesh — Biélorussie — Bolivie Bosnie-Herzégovine —
République de Corée — Arabie saoudite — Sri Lanka — Afrique du Sud — Thailande — Tunisie — Emirats arabes unis — Vietnam

Brésil — Canada — Chili — Colombie — Costa Rica — Equateur — Egypte — Géorgie — Islande
Iran — Jordanie — Kazakhstan — Liban — Malte — Mexique — Mongolie — Monténégro — Maroc — Népal
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... et les résultats de ces
travaux experimentaux et
theoriques sont publies ou de
toute autre facon rendus
genéralement accessibles.”

Convention de fondation du CERN (1953)

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

¥

CONVYENTION

FOR THE ESTABLISHMENT OF A EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

PARIS, 1st JULY, 1953

lllustration par Stephanie van de Sandt
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La science ouverte au CERN

CERN
\
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o 1 PB/sec de donnees de collisions impossibles a o Le centre de données du CERN dispose de 411 PB sur
stocker ; ~ bandes + 3635 PB sur disques (y compris les doublons).
. ggﬁetg{gﬁfsdperigggggihement 25 chacuh Gh " o EOS (le systeme de stockage propriétaire du CERN) -~
Nive réductic.Jn Stesd bt it tee| € 28 héberge désormais plus de 5 milliards de fichiers et a
o ; . \
: - )71 ’ 2, tet 202
microsecondes) a 100 000 événements/seconde ST BN R ™
o Niveau 2 : dansyles 200 microsecondes, réduction o Latence elevee des bandes problematique pour les
supplémentaire a 1 000 événements/seconde pour : services de données ouvertes (1-3 minutes ou méme 4
le stockage AP plus) ’
o 90 PB/an du LHC + 25 PB d'autres expériences 4
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Au début: Les trois piliers de la réussite
des données ouvertes

Publier et

partager Reéutilisation

Plateformes Plateformes
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\

NS

) z - .
o Plateformes numériques d'analyse de
S d'archivage et données de
3 publication (+P’assurance recherche
qualité) reproductibles
Ifdable ACCGSSIb]e nteroperable Reusable
J©, Fo e
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Scientific

Information
Service

26t October 2022

Dr. Suinje Dallmeier-Tiessen | Sauvegarder et ouvrir la recherche pour tous



FAIR est le nouveau standard

Bien que les données ouvertes soient cruciales, I'intégrité des résultats de la recherche est la
base.

La préservation des résultats tout au long du processus de recherche est nécessaire afin
d'assurer...

La découvrabilité, trouvabilité

L'accessibilite a long terme Eﬂable /" \ccessivle |nteroperable

La standardisation, interopérabilite O Q : ‘
L'assurance qualité / O "

La (ré)utilisation

eusable
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FAIR partage de donnees : identifiants persistants

(e.g. DOI)

o Connecter les articles, les données et les logiciels...

literature

Literature Authors Seminars Conferences

Measurements of the Higgs boson production and decay rates and constraints on its couplings from a Citations per year
combined ATLAS and CMS analysis of the LHC pp collision data at \/E = 7and 8 TeV

ATLAS and CMS Collaborations - Georges Aad (Marseille, CPPM) Sh
Jun7,2016 00

70 pages

Published in: JHEP 08 (2016) 045

Published: Aug 5, 2016

e-Print: 1606.02266 [hep-ex]

DOI: 10.1007/JHEP08(2016)045

Report number: CERN-EP-2016-100, ATLAS-HIGG-2015-07, CMS-HIG-15-002
Experiments: CERN-LHC-ATLAS, CERN-LHC-CMS

View in: HAL Archives Ouvertes, ADS Abstract Service, 0S

! Ecre

2013 2016 2019 2022

(® HEPData @ [ 5o | o

Abstract: (Springer) . Table 1 minsinms [r——
Combined ATLAS and CMS of th¥ijggs bo f the Higgs boson production and decay ey
production processes, namely gluon fusion, vector bog {  ates and constraints on its couplings from a combined
assuming a value of 125.09 GeV for the Higgs boson mass ~ ATLAS and CMS analysis of the LHC pp collision data at S Setsauesa B/ s sxchspecicchannei » H — £, it 23 prametr sin
CMS experiments in 2011 and 2012, corresponding tointe | V3 = 7148TeV o S s i e 5T 0T T s e e - T g e S o
two experiments are combined within the context of three (  The~ATuAS & s calabortons & Jey » 22 e
with more model-dependent parameterisations are also git e, bbor, Al ol forth g and VBF production processs
the vector boson fusion production process and for the H - "™ e & —— — renctions
P -
Note: 70 pages plus author lists + cover page (104 pages t N & =
5-07/ and at http://cms-results.web.cern.chjcms-results/pt Jez=a] - |
Absrct eata st Visualize
12606 cERmARC. Cor sas) TmoTommocey
oxatpe cvres s
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Les identifiants persistants sont la clé !
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Le CERN et ses partenaires ont créé une suite
d'outils de gestion des données de la recherche

ey
“open: Z2nodo @ HEPData

o Zenodo est un serveur de
recherche ouvert multidisciplinaire
commandé par la EC

o HEPData est la plateforme
principale pour les tableaux et les

o Le portail Open Data du CERN
permet aux expériences HEP de

partager leurs données (collisions, ensembles de données liés a env.
. . . . s () oy . .
simulations, logiciels associés, o Inclut 80 % des DOI de logiciels 10'000 articles.
du monde . : "
etc.) o Géré par I'Université de Durham

o Contient déja > 2 PB de données en collaboration avec le CERN
E}Iable Accessible nteroperable Reusable

O & do O
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ZENODO

un exemple
de réalisation

m _ Upload Communities ose.benito.gonzalez@cernch | ~

Featured communities e e (e ng T Cont i

l Transform to Open Science Browse

Transform to OPen Science (TOPS) is a $40 million, 5-year mission, led by NASA's Science Mission Directorate's Open-
Source Science initiative. Within the TOPS mission, NASA is designating 2023 as the Year Of Open Science, a community
initiative to spark change and inspire open science...

\7

Curated by: cgentemann

TOPS

NASA
D

Recent uploads Need help?
[ octber 12020 (w4.20.1) | Sotvare J 0pen Acces View Contactus

Transformers: State-of-the-Art Natural Language Processing e T e

Wolf, Thomas; Debut, Lysandre; Sanh, Victor; Chaumond, Julien; Delangue, Clement; Moi, Anthony; Cistac, Perric; Ma, Clara; COVID-19 outbreak.
Jernite, Yacine; Plu, Julien; Xu, Canwen; Le Scao, Teven; Gugger, Sylvain; Drame, Mariama; Lhoest, Quentin; Rush, Alexander 5
M We can help with:

» Uploading your research data, software,
preprints, etc.
« One-on-one with Zenodo supporters.

This patch releases fixes a bug in the OPT models and makes Transformers compatible with huggingface_hub version
0.8.1. Add final_layer_norm to OPT model #17785 Prepare transformers for v0.8.0 huggingface-hub release #17716

Uploaded on June 21,2022 * Quota increases beyond our default policy.

83 more version(s) exist for this record « Scripts for automated uploading of larger
datasets.

[ 15,2022 1119 | Datasr | opan Access | View

A large-scale COVID-19 Twitter chatter dataset for open scientific research - an

international collaboration Why use Zenodo?

» Banda, Juan M.; ® Tekumalla, Ramya; Wang, Guanyu; Yu, Jingyuan; Liu, Tuo; Ding, Yuning; Artemova, Katya; Tutubalina, Safe — your research is stored safely for the
Elena; ® Chowell, Gerardo future in CERN's Data Centre for as long as
CERN exists.

Trusted — built and operated by CERN and
OpenAlIRE to ensure that everyone can join in
Open Science.

Uploaded on June 21,2022 Citeable — every upload is assigned a Digital
119 more version(s) exist for this record Object Identifier (DOI), to make them citable
and trackable.

No waiting time — Uploads are made
available online as soon as you hit publish,

[ Software | Open Access | View and your DO is registered within seconds.

geosapi: GeoServer REST API R Interface Open or closed — Share e.g. anonymized
clinical trial data with only medical
®» Emmanuel Blondel

professionals via our restricted access mode.
Versioning — Easily update your dataset with
our versioning feature.
Uploaded on June 17, 2022 GitHub integration — Easily preserve your h tt S - //Ze n O d O O r /
10 more version(s) exist for this record GitHub repository in Zenodo. " n

Lcana, Allunlaads dicol.

Version 119 of the dataset. MAJOR CHANGE NOTE: The dataset files: full_dataset.tsv.gz and full_dataset_clean.tsv.gz
have been split in 1 GB parts using the Linux utility called Split. So make sure to join the parts before unzipping. We had to
make this change as we had huge issues uploading...

https://github.com/eblondel/geosapi/blob/master/NEWS.md#geosapi-06-3—-

CERN

Scientific
Information
Service
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Faciliter la tache des utilisateurs (*Zenodo)

Publication

Télecharger

50 GB* pour chaque set de données
Tous les formats de fichiers sont
acceptés

nsoe | (I

New upload

Instructions: (i)
diting

upload fo

es W
- €2 Choose files
Filename (4 files) Size Progress Delete
2020-06-report-3.json.gz 5Mb w
broker-2019-01-17T13:48:21.bk 200 Mb W
pubmed-events.json 957 Kb o]
storage_growth.py 703B o}

Décrire

Métadonnées riches mais flexibles
Basées sur le schéma DataCite
Réserver le DOI avant la

B O

Publication Poster
o o
Basic information

|Im Digital Object Identifier

£ Publication date *

& Title *

& Authors *

# Description *

publication

required ¥
23] Wil B <> ]u‘ *
Presentation Dataset Image Video/Audio Software Lesson Other
O ® o O o o o
required ¥
10.5072/zenodo.682186 B

Il Reserve DOI | ¥

2020-10-15

e, please use the date of first

red. Format: YYYY-MM-DD. In case your upload was

Data and descriptions for XYZ research project

Alice Smith

Alex loannidis

@® B I S x ¥ & » B o« L ZQ

B souce 53

Thisis and their for the work published on project XYZ

DOI citable

Formats d'exportation

August 12,2020

osucc ] opn s

OpenAlRE Covid-19 publications,
datasets, software and projects
metadata.

®Bard

Data curator(s)

Erin; Romanowski

Evgeny; Truccolo, Ivana; M

This dump provides access to the metadata records of publications, research data, software and
projects that may be relevant to the Corona Virus Disease (COVID-19) fight. The dump contains
records of the OpenAIRE COVID-19 Gateway (https:/covid-19.openaire.eu/), identified via full-text
mining and inference techniques applied to the OpenAIRE Research Graph
(https://explore.openaire.eu/). The Graph is one of the largest Open Access collections of metadata

4,620 438

@ views & downloads

indexed in

OpenAIRE

Publication date:
August 12,2020
I

records and links between publications, datasets, software, projects, funders, and or 2
aggregating 12,000+ scientific data sources world-wide, among which the Covid-19 data sources
Zenodo COVID-19 Community, WHO (World Health Organization), BIP! Finder for COVID-19, Protein
Data Bank, Dimensions, scienceOpen, and RSNA.

The dump consists of a gzip file containing one json per line. Each json is compliant to the schema
available at https://doi.org/10.5281/zenodo.3974226

F v
Name Size
528 MB & Download
5 e
ﬂr ations @ @ v
Show only: Literature (0) | Dataset (0) | Software (0) Y Q

Unknown (0)

Ocitations to this version

License (for files):
& Creat

e Commons Zero v1.0

Versions

n10

Cite all versions? You can cite all versions by
using the DOI 10.
DOI represents all versions, and will always
resolve to the latest one. R ore.

Scientific
Information
Service

CERN
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Donner le pouvoir aux utilisateurs !

CERN
\\

Recent uploads

TWISTx Proceedings

Recent uploads

Knowledge Junction

Recent uploads

Q
[ Jomsary 18.2019.1.0 | Tochwical sote | Opan Acoons | Vew
Chemical Monitoring Reporting Guidelines (SSD2)
Eurnpean Food Safety Authorty,

This document is designed 1o provide additional guidance 10 data providers preparng transmissons
of chemical monfering data on the implementation of the Standard Sample Description Version 2.0
2013 (SSD2) and the Guidance on Data Exchange version 20 2014 (GDE2) and to solve certan
dentifiedfnb

| Jomsary 17,2019 (1) | working paper | Open Acoess | View
Concept paper on the future of data in EFSA
Gilseran, Mary Vierioo, Didier, Richardson, Jane, Cappe, Stefan, Scoto, Asgeio;

Concept paper on the future of scientific dots In EFSA: summary of thematic areas emerging from
two internal brainstorm workshops Data are at ™e heart of EFSA's 2020 Strategy. Within the
framework of strategic objective 2. Widen EFSAS evidence base and maximise access 10 its da

Information
Service

LORY - Lucerne Open Repository

Communities

26t October 2022

Stimsmth@cemch

& New upload

b Bkt

M :
~efsam

European Food Safety Authority

Knowledge Junction

The Knowledge Junctien 5 a curated,
cpen repesitory for the exchange of
edcence and SLppering Mmaterals used
in food and feed safety risk assessmonts.

Our 8im i 10 ImErove transparency,
reproducbiity and evidence reuse

’ Communities created and curated by Zenodo users

Want your own community?

?_E_v'are Carpentz' : It's easy. Just sign-up and create a new
community.
The most recent upload: ﬂ =
* Curate — accept/reject what goes in your
@E v Using ndSQL g community collection.
Alen, James ; Ancrea. Paula ; Banasziewscz. Pat ; Barmby Pasine ot ok 0 * Export — your community collection is
At dny ¢ 508 for deveiooet by automatically exported via OAI-PMH

nwmm‘

scadet by wecarpentry on |8 Auguen 2973

:
- efsam
urogean tood Sebety durtorty
About v News v
Hove Sy

| 17 Jenvary 2019

EFSA 1 Share Suth o0 5900 SCCRSS DhaEhor

o linlaad — nat ruetam tinlaad link ta cond 1o

« Accept X Reject

©

Oiscover v Scence v Publications v Applications v Engage v

EFSA to share data on open-access platform

" N

EFSA has taken a major step towards becoming a fully open data organisation by committing to
publish the scientific data it uses for EU-wide monitoring programmes and surveys and many of its
risk assessments.

In & report published today, EFSA lays out how it intends to share data collected in areas such as: food
consumption habits; pestiode residues In food; chemical contaminants and additives in food; foodborne
Gsease ovtbreaks, and antimicrobal resistance.

Anryone can use the platform and your

Dr. Suinje Dallmeier-Tiessen | Sauvegarder et ouvrir la recherche pour tous




Standardisation et flexibilité

December 31,2018

Fig. 7 in A mountain of millipedes VI. New
records, new species, a new genus and a
general discussion of Odontopygidae from the
Udzungwa Mts, Tanzania (Diplopoda,
Spirostreptida, Odontopygidae)

Enghoff, Henrik

Fig. 7. Hoffmanides dissutus (Hoffman, 1963), &, from Udzungwa Mts National Park. Photograph by A. lllum. Scale bar = 5
mm.

Preview v

Files (2.8 MB) N

Name Size
figure.png 28MB @ Preview | & Download

md5:9191af35e44c7ba2659ed5a41b2bf22b @

w(b
5 Citations @) >
Search

Show only: Literature (0) ~ Dataset (0)  Software (0)  Unknown (0)
Citations to this version

» Biodiversity
=~ Literature

== Repository

ngpenAlRE

Publication date:
December 31,2018
Dol
Keyword(s):
=
[
Published in:
European Journal of Taxonomy: 394 pp. 1-29.
Related identifiers:
Cited by:
http://treatment.plazi.org
/id/038D2864FFA3FFA2FDA4FEBABBBIFCD9
Part of:
10.5852/¢jt.2018.394,
urn:lsid:plazi.org:pub:FFB4501CFFB2FFB1FF94FFB
0892EFF8E (LSID), https://zenodo.org/record
/1146158, 10.5852/€jt.2018.394,
https://zenodo.org/record/1146158
Communities:
Biodiversity Literature Repository

License (for files):
(' License Not Specified

Versions

Version 110.5281/zenodo.1146170 Dec 31,2018

Cite all versions? You can cite all versions by using the DOI
10.5281/zenodo.1146169. This DOI represents all versions,
and will always resolve to the latest one. Read more.

No citations.
Share
REDAEN
(o Scientific
. Information
>~ Service

Keyword(s):
PID Graph, research.fi, persistent identifier, interoperability,

legal interoperability, research output
Subject(s):
research work (£ || research activity ('
Meeting:
(4 Pidapalooza 2021, 27-28.01.2021 (Session
Block 2, track 2)

Related identifiers:

Cites
10.11646/z00otaxa.4193.3.7 (Publication)

0(200 FOC]2.0.CO;2 (Publication)
10.11646/z 47.2.10 (Publication)
Has part
http://treatment.plazi.org/id/03DF87B7FF86FFBF

FF68FF340F5BFET0 (Taxonomic treatment)
http://treatment.plazi.org/id/03DF87B7FF86FFBF
FF68FDBOOFEBFC3A (Taxonomic treatment)
http://treatment.plazi.org/id/03DF87B7FF86FFBF
FF68FBOD0OB1CF82B (Taxonomic treatment)
http://treatment.plazi.org/id/03DF87B7FF83FFBA

FF68 D2 (Taxonomic treatment)

Custom keywords:

Genus ('
Pliolestes

Species (£
venetus

Kingdom (£
Animalia

Order (&
Paucituberculata

Scientific name authorship ('
Goin

Phylum ('
Chordata

Taxon rank (&'

Family (£

Caenolestidae

Locations:

R/ V Alis, EBISCO Expedition, st. DW 2613, Plateau
des Chesterfield (-19.616667, 158.7 (1)

NEW CALEDONIA: 42.5 x 19.4 mm, R/V Alis, EBISCO
Expedition, st. DW 2613, Plateau des Chesterfield, 19°37'S,
158°42" E, 519-522 m (MNHN IM-2007-30854; Fig. 9A;
GenBank accession number (cox1 sequence): KJ550158).

R / V Alis, EBISCO Expedition, st. DW 2610, Plateau
des Chesterfield (-19.566668, 158.68333 (')

16.3 x 13.0 mm, R/V Alis, EBISCO Expedition, st. DW 2610,
Plateau des Chesterfield, 19°34' S, 158°41" E, 486-494 m
(MNHN IM-2000-30789; paratype 2; Fig. 9D; fragment of the
spire, well preserved).

Coral Sea (-19.616667, 158.7 (")
NEW CALEDONIA: Coral Sea, Plateau des Chesterfield,

19°37' S, 158°42°E, 519-522 m (EBISCO st. DW 2613)




Zenodo en chiffres

e ~2,8 millions d’entrées
o 1.5m textes
o 7950k images
o 200k logiciels

o 200k sets de données
e 1000 TB de données,
e ~8 millions de fichiers
e ~10000 communautés
e 15 millions de visiteurs/an

e Déja 14,8 millions en juin 2022

15,424,630

14.8m visits

2

021

2022
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ZENODO A OUVERT LA VOIE AUX "CLONES"
SUIVRE

aperts  EEEE— (o]

Aperta Nedir? o
Aperta, TUBITAK AGk Argirin adde.

Aperta kapramuna gren bimse Carymaarnd by
ortala yubieyebi ya da yukienmg Cakymaiars
Kolayea engebirsing.

Son yuklenen galigmalar

o= o Gorunte
TERMAL GUNES ENERJIS| UYGULAMALARI

Yor n0 69 Demrbag no 128

Aperta'nin Kapsami Nedir?
(Y00 ] sow maew | Asa o | Goruntise © TUBITAX tarafindan fonkanan projelere o
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Principes pour les infrastructures ouvertes (une
selection)

« Open source

« Conduit par la communauté (=écouter les utilisateurs)
« Gouverné de maniere transparente

 Prestation de services/décisions transparentes

* Financé durablement

Avantage pour vous:

Vous et la communauté le pilotez ensemble, vous avez votre mot a dire, et vous contrblez le
budget durablement.
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Comment créer une plateforme de données de
recherche

« (Gardez le processus ouvert et participatif
« Intégrez les commentaires et les besoins des utilisateurs (cela semble plus simple que ¢a ne l'est !).

La plateforme elle-méme
* Rendez-la utilisable et focusses sur des interface et processus simples

« Utilisez une infrastructure ouverte et fiable (extensible, modifiable, personnalisable aux sous-groupes),
par ex. Dataverse, DSpace, InvenioRDM, etc.

« Contenu : aussi ouvert que possible, aussi fermé que necessaire

Frais:

« Codlts de mise en ceuvre, par ex. frais de personnel ou par l'intermédiaire d'un service/d'une société de
logiciels. InvenioRDM, Dataverse etc sont gratuits et open source.

» Colts opérationnels a long terme : fonctionnement, développement d'améliorations et de
personnalisation, colts de conservation ou de modération (selon la configuration). Bénéfice : vous
renforcez vous-méme vos capacités.
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Un peu de motivation : les chercheurs du monde
entier utilisent les données ouvertes du LHC@CERN

MIT-CTP 4891 MIT-CTP 5129

Exploring the Space of Jets with CMS Open Data

ing the QCD itti ion with CMS Open Data
HEP bLisiED Fon SISSA By &) SpriNGER Andrew Larkoski,!* Simone Marzani? f Jesse Thaler, ¥ Aashish Tripathee,% | and Wei Xu Patrick T. Komiske,"? * Radha Mastandrea,|1 Exic M. Metodiev,?# Preksha Naik,' % and Jesse Thaler!2:%
= * Physics Department, Reed College, Portland, OR 97202, USA ! Center for anmml Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
RECEIVED: May 17, 2019 2University at Buffalo, The State University of New York, Buffalo, NY 14260-1500, USA epartment of Physics, Harvard University, Cambridge, MA 02138, USA
Reviseo: November 26, 2019 *Center for Theoretical Physics, Massachusetts Insttute of Technology, Cambridge, MA 02139, USA
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v Decomber 16, 2019 ‘The splitting function is a universal property of quantum chromodynamics 1QCD) which describes

MIT-CTP 5185

We explore the metric space of jets using public collider data from the CMS experiment. Starting
from 2.3fb™" of proton-proton collisions at /s = 7 TeV collected at the Large Hadron Collider in
w energy is shared between partons. Despite its 2011, we a sample of 1,690,984 central jets with transverse momentum above 375 GeV. To

the splitting function cannot be measured directly, since it always appears mult; lDI ed by a collinear validate the performance of the CMS detector in reconstructing the energy flow of jets, we compare

singularity factor. Recently, however,  new jet substructure observable was introduced which the CMS Open Data to corresponding simulated data samples for a variety of jet kinematic and

asymptotes to the splitting function for sufficiently high jet energies. This provides a way to expose substructure observables. Even without detector unfolding, we find very good agreement for track-

the splitting function through jet substructure measurements at the Large Hadron Collider. In this based observables after using charged hadron subtraction to mitigate the impact of pileup. We

letter, we use public data released by the CMS experiment to study the 2-prong substructure of perform a range of novel analyses, using the “energy mover’s distance” (EMD) to measure the

~ jets and test the 1 — 2 ap]lmng nmcuen of QCD. To our knowledge, this is the first ever physics pairwise difference between jet energy flows. The EMD allows us to quantify the impact of detector

Testing non-standard sources of parity violation in jets
at the LHC, trialled with CMS Open Data

The Hidden Geometry of Particle Colli:

analysis based on the C\ o effects, visualize the metric space of jets, extract correlation dimensions, and identify the most and [=}
— N least typic:
f=) datasets an
on Pi_y;5(2) in data, S hundred gigat] PHYSICAL REVIEW D 100, 015021 (2019) . 3
Christopher G. Lester® and Matthias Schott’ cunmlssinneinsae il ing indirect evidence o omiske, Eric M. Metodiev, and Jesse Thaler
“Cavendish Laboratory, University of Cambridge, https:/doi.org/10.1007/541781-021-00060-4 “::“;‘y“h“’:\”u‘z‘r‘:.’g ?‘::c ;}_’ col heoretical Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA
JJ Thomson Avenue, Cambridge, United Kingdom ) ) = g i
* Massachusetts Institute of Technology, ORIGINAL ARTICLE et method o test (o Searching in CMS open data for dimuon resonances miskeGnit.edu, metodievenit. edu, jthaler@mit.edu
Cambridge, U.S.A. es ICD by studying the "= IL Processing the CMS Oy with substantial transverse momentum
“Institute of Physics, Johannes Gutenberg University, method is based on [=% A. Jet Primary Datase] s 5t i W n We establish that many fundamental concepts and techniques in quantum field
Staudingerueg, Mainz, Germany Analysis-Specific Fast at the LHC with Deep Learning 52, 69, 70]), which o B. MIT Open Data Fr Cari Cesaroti,”" Yotam Soreq,”*" Matthew J. Strassler,” Jesse Thaler,""* and Wei Xue! llider physics can be naturally understood and unified through a simple new
Ermaii e i from a jet until hard 15} C. Triggers, Prescales, l)epnr;menl of Physics, Harvard University, Cambridge, Massachusetts 02138, USA hguage. The idea is to equip the space of collider events with a metric, from
l: . .ac.uk, applied to ordinary = D. Monte Carlo Event Thwremul Physics Department, CERN, 1211 Geneva 23 Swuarl‘md i + .
C.Chen' - 0. Cerri-T. Q. Nguyen? - J. R. Vlimant? - M. Pierini*© e ot sabatuo. = E. Jet and Trigger Sel riment of Physics, Technion, Haifa 32000, I eometric objects can be rigorously defined. Our analysis is based on the energy
ABsTRACT: The Standard Model violates parity, but only by mechanisms which are] core of the jet. As e i Apede s“bmn “Center Inr Theoretical Physics, Massachusetts Institute o/ Tezhrmlngy. nce, which quantifies the “work” required to rearrange one event into another.
ible to Large Hadron Collider (LHC) experiments (on account of the lack of initia} Received: 12May 2021 ine:9 June 2021 sharing between the e S Cambridge, Massachusetts 02139, USA [which operates purely at the level of observable energy flow information, allows
or in the detectors). new physical processes] OThefuterid 2 lated to the momen- g B. Jet Constit m: ®  (Received 8 March 2019; published 16 July 2019) definition of infrared and collinear safety and related concepts. A number
C. Jet Substructure Ol N N .
potentially violate parity in ways which are detectable by those same experiments. and e croes scctlan . . In collider observables can be exactly cast as the minimum distance between
sources of new physics occur only at LHC energies, they are untested by direct se: Abstract e 4] IV. Exploring the Space of| 8o s:,"dy gt ":,,2;,“:,‘,'? A [7T€\1'£2;°GII.':,'°TS",“MT,K|FM51 o e various manifolds in this space. Jet definitions, such as exclusive cone and
Wb s i — 1y 0.25-" of dat ‘We present a fast-simulation application based on a deep neural network, designed to create large analysis-specific datasets. 29 have appeared in S el o, difion:resonance with odezite iasd ( eV) and substantial transverse momentum (py). NS N ¢ X St y
fe probe the feasibility of such measurements using approximately of data| aki h - el -13 s s fably the \/§ param- g  Aaview Applying dimuon p; cuts of 25 and 60 GeV, we explore two overlapping samples: one with isolated Fombination algorithms, can be directly derived by finding the closest few-particle
was recorded in 2012 by the CMS collaboration and made public within the CMS st s lasnlbiblhbudicre LD Ensn il et i £ our knowled; o 1 |Quantilying Detoot muons, and one with prompt muons without an isolation requirement. Using the latter sample requires i i it :
aeoncee : Jomtie : e network to model detector resolution effects s a transfer function acting on an analysis-specific set of relevant features, our knowledge, no =3 C. Visualizing the Spad O A Lo PO A O . P AW B lerupil 520 m to the event. Several area- and constituent-based pileup mitigation strategies
Data initiative. In particular, we test an inclusive three-jet event selection which is p computed at generation level, i.c., in absence of detector cffects. Based on this model, we propose a novel fast-simulation een presented using = D. Correlation Dimens} eoae e A ;’f fertimmd il el expressed in this formalism as well. Finally, we lift our reasoning to develop
ily sensitive to non-standard parity violating effects in quark-gluon interactions ‘workflow that starts from a large amount of generator-level events to deliver large analysis-specific samples. The adoption re preliminary z re- - E. The Most Represen| e i s e L ance betwean theories, which are treated as collections of svents weighted by

d ALICE [75]. Here, and efficiencies. These limits are stronger, elative 10 a corresponding inclusive search without a py cut, by

il Ao iablor 5656\ St Modal s 4 . F. Towards Anomaly IJ
our measurements, no significant deviation from the Standard Model s scen of this approach would result in about an order-of-magnitude reduction in computing and storage requirements for the col- S LiiC st kg = iirh 6d 6 sS40 OOF b o idioh SRa1g) Eoovioed lipeoveal Btvy o - T all ofthese various cass, a better understanding of existng methods in our
vious experimental limitations have been found. We discuss other ways that seard lision simulation workflow. This strategy could help the high energy physics community to face the computing challenges e seissont Bithe 54 V. Conclusions models in which a new particle is produced mainly in the decay of something heavier as could occur, for N s = ol
non-standard parity violation could be performed, noting that these would be sensi of the future High-Luminosity LHC. A R example, in decays of the Higgs boson or of a TeV-scale top partner. An implementation of this method
very different sorts of models to those which our method would constrain. We hop| i . o § . T TV Gentee < o with the current 13 TeV data should improve the sensitivity to such signals further by roughly an order of
our initial studies provide a valuable starting point for rigorous future analyses usi Keywords Hadron Collider Physics - Fast Simulation - Deep Learning - High Energy Physics computing ded in 2010 and re- A. Missing and Zeroed Lu magnitude.
full LHC datasets at 13TeV with  careful and less conservative estimate of experi ren Data 1;)0&3;!];11\ B s i T T
ERctaimhcs, Introduction rely extensively on an accurate simulation of the physics a CMS-specific data ¢, Additional Pl
processes under study, including a detailed description of vork (78], Crucially ktional Flots
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understanding of pnyslcs at the cncrgy l'mnncr and possi-
bly 10 searchfornew phenomena, Wi these stdiesare
typically
synthetic dam fmm sxmnlawd pp collisions are a key ingre-
dient to a robust analysis development. Particle physicists
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1211 Geneva 23, Switzerland

ated with experiment-specific simulation software, based on
the GEANT4 [1] library. Through Monte Carlo techniques,
GEANT4 provides the state of the art in terms of simula-
tion accuracy. The first two runs of the LHC highlighted
the remarkable agreement between data and simulation,
with discrepancies observed at the level of a few percent.
On the other hand, running GEANTA is demanding in terms
of resources. As a consequence of this, delivering synthetic
data at the pace at which the LHC delivers real data s one of
the most challenging tasks for the computing infrastructures
of the LHC experiments. It is then more and more common
for LHC physics analyses to be affected by large systematic
uncertainties due to the limited amount of simulated data.
‘This is particularly true for precise measurements of Stand-
ard Model processes for which large datasets are already
available today. In the future, with the high-luminosity LHC
upgrade, this will become a serious problem for most of the
LHC data analyses [2]. Our community is called to reduce
the computing resources needed for central simulation work-
flows by at least one order of magnitude, not to jeopardize
the accuracy gain expected when operating the LHC at a
high luminosity.

Q Springer

hw candidates (PFCs)
MS [81], and we can
irectly on the PFCs
pssociated conditions

rrcction (JEC) fac-
ts, though no speci
c studies. The main
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‘The CERN Open Data portal [1] aims to make data from
the Large Hadron Collider (LHC) publicly available as a
long-term archive, with the first research-grade data from
the CMS experiment released in 2014 [2]. In order to
identify any issues that might interfere with their use by
physicists of the future, it is important that open data
frameworks be tested today. There are good scientific
motivations to make use of this resource [3]. Open data
make it possible for scientists outside of the LHC collab-
orations to study standard model (SM) processes that are
o well ol by Moate Calo (MC) genereay, much
rare QCD Together with d
samples, open data also make it possible to test event
analysis strategies that rely on a detailed understanding of
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exploratory studies of QCD has been demonstrated in
Refs. [4,5]; see Refs. [6-8] for machine-leaning studies on
detector-simulated CMS samples, Refs. [9-11] for QCD
studies on archival ALEPH data, and Ref. [12] for a
diphoton analysis with public LHCb data.

In this paper, we report the first utilization of the CMS
Open Data in a search for beyond the standard model
(BSM) phenomena. We seck a new particle V that decays
promptly to dimuon pairs (44 ") and is typically produced
with substantial transverse momentum (py). Our analysis is
based on 2.11 fb! of 7 TeV center-of-mass pp collision
events recorded by the CMS experiment during the first
part of 2011 and made public through the CERN Open
Data portal [13]. We perform a narrow resonance search in
the dimuon mass range my € [14,66] GeV and study the
effect of modest cuts on pr, namely, py > 25 GeV and
60 GeV; this approach (which we refer to as py enhanced)
could be applied to larger p values as well, or alternatively
t0.acut on the V' boost factor pY/my. This type of search
strategy was suggested some time ago [14], as one of
several unconventional approaches for finding low-mass
dilepton and diphoton resonances [15], but to our knowl-
edge has never been carried out as a public analysis by the
LHC collaborations. For this reason, the mass and pr
regime we cover is relatively unexplored. Moreover, our
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