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ESCAPE From Open Science to Open Data

Open science for three main ambitions :
1)  Change the way citizens could perceive research and public investments for research.

2)  Enable opportunities offered by the digital revolution to allow everybody to participate in the scientific
process by accessing research data.

mm) 3) Accelerate the discoveries and increase scientific value by sharing data and by transferring knowledge
within scientific communities.

Open data means ‘FAIR Data’
support and uptake a set of guiding principles about the way to plan, produce and reproduce scientific data
‘Data’ are any ‘digital objects’ (including software, workflows, algorithms, ...)

‘Open data’ does not mean ‘free data’
(depending on what ‘data’ are being referred to, conditions governing their access and reuse will always be applied. )
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‘ EC science cluster initiative
ESCAPE

ESCAPE proposal in response to H2020-INFRAEOSC-04-2018 call
Clusters to ensure the connection of the ESFRI RIs with EOSC (and the construction of EOSC)

Expected impact:

Improve access to data and tools leading to new insights and innovation

Facilitate access of researchers to data and resources for data driven science. ENVR I

Create a cross-border open innovation environment.
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Rise the efficiency and productivity of researchers through open data services
and infrastructures for discovering, accessing, and reusing data.

Foster the establishment of global standards.

Develop synergies and complementarity between involved research
infrastructures.

Adopt common approaches to the data management for economies of scale.

E‘Jdbh_— Accu: ssible ntcros}crublﬂ Reuwdble
Working together making data FAIR ... O % C?‘D
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ESCAPE 3 EUROPEAN OPEN

== SCIENCE CLOUD

EOSC is the European Commission action in response to EU member states’
shared policy about the uptake of Open Science:

EOSC is a cloud for research data in Europe that allows universal access to data

EOSC will federate existing resources across national data centres, e-infrastructures, and research
infrastructures, allowing researchers and citizens to access and re-use data produced by other
scientists.

Indeed (as per the ESFRI vision as well as the current goal) EOSC is more as :
Enable Open (data) Science Commons
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ESCAPE Astrophysics and Nuclear/Particle Physics: pre-analysis

'Aligned expectations:

Large volumes of data generators (up to multi-Exabyte scale level)

“Observatory” and “Facility” type of operation requires global open access and long-term sustainability of
research data

The astrophysics and the accelerator-based particle/nuclear physics ESFRI facilities joined for a multi-probe
approach towards the understanding of the Universe.

Addressing expectations of new generation researchers for a “virtual space” sharing workflows and interoperate data
Acknowledge commitment of scientists (on transversal research) .

Engage with society and citizens

Decide to enhance the coordination:

leveraging two major complementary excellences in data stewardship:
the astronomy Virtual Observatory infrastructure;
long-standing expertise of the HEP community in large-scale distributed computing and big-data management.

operating a shared open innovation environment, adopting cooperatively the FAIR/Open-Science principles
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ESCAPE ESCAPE in a nutshell 3 Nyo

+ for Scientific Research
31 partners (including 2 SMEs) )
7 ESFRI projects & landmarks: CTA, ELT, EST, FAIR, HL-LHC, KM3NeT, SKA " (g
2 pan-European International Organizations: CERN, ESO (with their world- e oh Cta dprento
class established infrastructures, experiments and observatories). L/ e
2 European research infrastructures: EGO and JIV-ERIC =1 F_\lR
Formal commitment of their legal entities and
management boards required by EC Qi TV i

of EDINBURGH

1 involved initiative/infrastructure: EURO-VO
4 supporting European consortia: APPEC, ASTRONET, ECFA and NuPECC.

Heidelberg Institute for
Theoretical Studies

]HITS

OROBIX ¥
=
Budget: 15.98 M€ “/
rlespnlversﬁelt
groningen

Started: 1/2/2019
Duration: 48 months (end date 31/1/2023) %ARA
Coordinator: CNRS-LAPP gt TrustIT Services

* ke k RoyIObser atory
* &k k  of Bele
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ESCAPE in a nutshell
ESCAPE
\As per H2020 INFRAEOSC-04-2018 call - CLUSTER MEMBERSHIP and PARTNERSHIP:

The EC funding contributions proportional to the number of pan-European research infrastructures (ESFRI
project/landmark) that the science cluster connects to the EOSC.

Each Rl legal entity commits -

together with a sub-set of o CAIR
. . {FAIR, GSI, RUG)

associated national stakeholders. - s s ' T e HLLHC and CERN
INAF, CSIC, {CERN, INFN, DESY,
SUR;‘S;:)RM CNR:lSS,;;AE)

Furthermore:

The Director of each ESFRI Rl is a member of the

ESCAPE Supervisory Committee (E-SC) -

APPEC, ASTRONET, ECFA, NuPPEC chairs e s OB OGS

and ESA representative form the T ! IEAE, UCM, MPE)

EST KM3NET 11%
ESCAPE External AdVIsory Board (E-EAB) - [ﬁ\i}ng?gRKBI)S' lcml;lssirfsll;w) Eﬁo ||l\aF:NL,Lh::\:.{RoS-;)
10% 1% % 11%

Distribution of personnel costs among partners grouped by Rl

Funded by the European Union’s
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ESCAPE ESCAPE Work Programme

Daﬁa Lake:

Build a scalable, federated, data infrastructure as the basis of open science for the ESCAPE
ESFRI projects within ESCAPE. Enable connection to compute and storage Datg In
resources. &

Software Repository:

Repository of "scientific software" as a major component of the “data” to be ; E 2 ESCAPE
curated in EOSC. Implementation of a community-based approach for the 00 e
continuous development of shared software and for training of researchers and

data scientists.

Virtual Observatory: 1. ESCAPE
'?.ﬂ.;i:' Virtual
Extend the VO FAIR standards, methods and to a broader scientific context; > | Sbservatory

prepare the VO to interface the large data volumes of next facilities.

Science Platforms: < ESCAPE

Flexible science platforms to enable the open data analysis tailored by and for
each facility as well as a global one for transversal workflows.

Citizen Science: oo, ESCAPE

Citizen
Open gateway for citizen science on ESCAPE data archives and ESFRI community °© o

Science
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ESCAPE, FAIRness and computing
& ESCAPE

nfrastructure
or Upen =clence

ESCAFE

DATA LAKE : A new model for federated computing and storage to face the
(overall) Exabyte scale of data volumes of next generation ESFRI RIs in ESCAPE.

The astrop. next Rls (such as SKA et al.) will operate as “observatories”. World-wide scientists
have open access to science-ready data and potentially lower-level data for further analysis
through regional centres.

The HL-LHC data challenges and the quality of the network implies the evolution from
hierarchical (WLCG) to regional distributed data centres.

FAIR-GSI has similar needs and follows the same path.

For all: increasing offer of large-scale heterogeneous CPU-only resources (grid, HPC, public and
commercial cloud, volunteer computing) ; CPU and storage resources are no longer always co-
located as it is in the GRID.
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ESCAPE Software repository as part of the EOSC catalogue

® 00
cee ESCAPE =~
coe

Objectives:
Each ESCAPE ESFRI Rl needs individually to expose and make accessible data & software (each one
needs a sort of “start-kit”).

All together they wish to adopt common solutions and offer a virtual space for interoperability and
multi-messenger & multi-probe data research to next generation scientists (Astro. & Particles)

All are willing to co-develop new methods/algorithms, share (novel) software and expose the open
science tools under the EOSC catalogue

ESCAPE deliverables:

Establish a community-foundation

Expose/share software to users via the EOSC catalogue

Train and guide the scientists/users

Provide a scheme to acknowledge and reward scientists for their commitment
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Esc,;pE ESCAPE final goal: building a community-based EOSC cell

an Sei
pEyaets ESFEI P

.

Management Innovation Networking Dissemination

g VO Users
+

Training
Publications

ESFRIRIs A ( ) VO Registry
stronomy Data : ; ESFRIRIs
Anal Tool
Data = " 1 ‘ VO Registry DatyElS. 10MS Science Tools
Products VO Services
. ESFRIRIs Science
Virtual Observatory Catalogue of Community

Services Foundation Datasets

Software

Citizen Science Mass o S  sofew
Participation Experiments oftwares and Service Catalogue IRESUES

i i CTA
" EGO-Virgo
= N/ Authentication & Authorization Tools | ELT
[. ) EST
ofe . FAIR
ESFRIRI ’\Q & @ v Science Workflow L‘ HL-LHC
D ts =p | GEANT HPC  HTC Analysis " M4=ESFRIUsers JIVE >
ala e _ Platform 'Web Interface | KM3Net
Commercial Data Lake Compute | SKA
‘ )| Cloud L | Services y Science Analysis Platform £SO observatories
Data Lake of Cloud Service CERNemetiments. -

Academic Data Centres
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ESCAPE The 2020 European Strategy

“Cluster” is the most successful (network) tool that the European Commission has ever

proposed, thanks to indispensable ingredients: network + funding + focus + high-level
commitment + coherence with European policy + multi-disciplines + bottom-up researchers’
involvement + training.

Science clusters (within the EOSC Association) to build a coordinating structure;
Physicists together with data-scientists, researchers in computer science and digital SMEs.
Virtual Research Space for open science, R&D and open data uptake.
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... more about SYNERGY
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ESCEPE Broader synergies with other research clusters

\\\

ESFRI cluster projects -

" European Science Cluster of
ESCAPE Astronomy & Particle Physics
: ESFRI Research Infrastructures

*‘:

ESCAPE®
Gatfg;intq the ] POSITION
contributions from a STATEMEN

RIs Directors (E-SC) '

Five thematic
Science Clusters
founded under

INFRAEOSC-04-2018
(80% of ESFRI RIs)

https://zenodo.org/record/4044010#.X20aYtaxVcs
https://zenodo.org/record/3675081#.X2R2PJNLhTY

https://www.projectescape.eu/sites/default/files/Escape position statement web.pdf
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https://www.projectescape.eu/sites/default/files/Escape_position_statement_web.pdf

ESCAPE Open Data Science in Nuclear Physics

Open Science in Nuclear Physics (ESFRI Rls such as FAIR-GSI, SPIRAL2-GANIL, ELI-PN, NICA and
MYRRHA) concerns the “data management policy” issue first and then capacity to leverage data for
transdisciplinary research and innovation: B -

Nuclear facilities for science:

“open facilities” exploited for multidisciplinary
research (e.g. industrial research, technology,
medicine, etc.) imply embargo and proprietary . s P = a7
data (but still F.A.I.R. data). Large innovation P ==l | S —
potential [...] (... central metadata, standard data format, : — :

software tools (for facility exploitation and data access), services
(AAl) for scheduling, archive and data embargo monitoring...)

Nuclear research data: fundamental research and
key data for astrophysics when matter at extreme
conditions is studied as the one in giant planets,

stars, and during stellar explosions and collisions.

(... data preservation (as for HEP), data access, science-ready
data for “interoperability”, e.qg. AbPEC and NuPECC synergies
and ... scientific computing are the main topics....)
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ESCAPE Open Data Science in Nuclear Physics

Horizon Europe framework opportunities ?
More NUPECC ESFRI Rls joining ESCAPE;
Taking over domain-based data-services consolidation and operation;

Science projects in synergy (within JENA as well as) with other communities (such as neutron
sources, environment, health clusters ...);

Facilitate and increase Rls transnational access and enhance science content in EOSC
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ESCAPE ESCAPE for open data: FAIRness towards “VRE

\ - https://indico.ijclab.in2p3.fr/event/5418/contributions/17542/
RECALL (from slide 13) 3 pillar of Open Science :

Accelerating discoveries and increasing scientific value by sharing software and knowledge within scientific
communities.

Preliminary, Granada May 2019 LHC Dark Matter Wo

10% S

“Test Science Projects (TSP)” to validate the ESCAPE § o s
towards “virtual research environments”: R : 1=
0 g 14 TN %ol =
Some potential examples to pursue: ey o RS = 1=
e Dark Matter: From legacy data of gamma-ray dwarf galaxy observations to S TN e _ !_

... Data registry and software through multi-messengers data for Indirect : :zj;jﬁizz.m:.,.ﬂacom """ Girsan 1

Dark Matter search, Direct search, Accelerator results, models and AT S &
phenomenological studies. j"m R mm] “

. . . é Metzer, Martinez-Pinedo, Arcones et al. %I ;-‘ //’ ' \
* From high-energy detection of GRBs, FRBs to ... Multi-lambda, nuclear §1o“°<i:t1rf:phym.84& . | < ; i

astrophysics, Gravitational Waves, fundamental physics and relativistic | R :

astrophysics computational modelling.

! 1 6 o 6 17 " 5.0
| B 1
|

A vision proposed by G.Lamanna at JENAS 2019 workshop ...
And an important path has been accomplished in one year |[...]
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ESCAPE Synergy: Test Science Projects

TSPs originally part of the ESCAPE work programme, proposed to validate ESCAPE
services for Open Science at the end of the project.

The ESCAPE-TSP concept finds consensus and evolves.

Thanks to synergies and shared plans with ESFRI-EOSC task force, EC and other Science Clusters.

Stimulating and/or cooperating with JENAA Eols.

It is now in all clusters aiming at enhancing researchers participation in open science and cross-
domain scientific research.

Included by all five Science Clusters in one more H2020 EU funding request
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EscApE ESCAPE TSPs participating to the JENAA Eols

Da}k Matter TSP:

o understand the nature of dark matter by collecting data, analysis pipelines and results from complementary astronomy,
particle and nuclear physics sources on a broad platform that will be ultimately be hosted on the EOSC Portal.

o exploit synergies and complementarities across different communities, creating a unique link between dark matter as a
fundamental science question and the Open Science ESCAPE services needed to answer it.

Extreme Universe TSP:

o do ‘frontier’ multi-messenger science to understand extreme matter and particle processes in strongly curved space-time.

o combine astronomy and e-infrastructures and focus on data organisation

o organise data from different wavelengths/messengers - and different types of extreme astrophysical transients (SNe, GRBs,
FRBs, TDEs) - so that they can be easily gathered, analysed and modelled holistically, and not remain fragmented as present.

Llnked to two corr esp on dl ng 'IENAA EOIS “Gravitational Wave Probes of Fundamental Physics” - a cross-cutting
(with already about 1000 subscribed scientists) initiative

22 septembre 2020

JENAS Eol: Initiative for Dark Matter in Europe and beyond: Towards
facilitating communication and result sharing in the Dark Matter Accuel
community (iDMEu) Agends

Liste des contributions

If you would like to endorse this Expression of Interest, please use the menu on the left

3y
on “Gravitational Wave Probes of

Endorse this Expression
of Interest

JENAA

Joint ECFA-NUPECC-APPEC Activities

List of Endorsers

il Following the call for Expressions of Interest by APPEC-ECFA-NUPECC at JENAS 2019 (attached below)

Endorse this Expression for possible projects with interest spanning the high energy physics, astroparticle physics and

of Interest nuclear physics community, we have drafted an open Eol on dark matter. The text is just below. If you'd
like to endorse this initiative and be involved in further activities, please fill the form on the side of this
page.
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ESCAPE Some final (personal) considerations

An European Union Research Ecosystem in evolution:

At present definitely more cohesion and cooperation (e.g. the five science clusters) among
disciplines (also in view of the next EU strategy in research).

“Science Cluster” scheme is a potential model of “coordinating structure”, because it combines
the top-down (as for the ESCAPE-SC) and bottom-up (thanks to ApPEC, NuPECC, ECFA /JENAA
community consultations) approaches.

At EC level we can enhance cohesion and coordination (among ApPEC, NuPECC, ECFA), more
inclusiveness (FAIR-GSI + SPIRAL2-GANIL, ELI-PN, NICA, MYRRHA and more RIs). At the same
time we could consider to consolidate the Cluster as a (JENA+AstroNet) “Community Platform RI”
to operate O.S.

The five clusters have already started debating and stimulating discussions for positioning in
Horizon Europe framework and envisaging the future of the Cluster consortia. [...]
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0 ESCAPE brings together Astronomy, Astrophysics, Astro-Particle, High Energy and Nuclear
Physics communities

Common interests in Exabyte-scale FAIR data management and open science

Objectives are science-driven (multi-messenger/multi-probe key approach) as well as commonality and
synergies across infrastructure, services and tools.

1 Broader synergies within a large scientific community and for innovation/society
Facilitate or follow up high-level cooperative agreement among flagship Rls

Test Science Projects (TSP) to enhance researchers commitment in Open Science and building EOSC by
focusing on transdisciplinary scientific objectives (and supporting JENAA)

Committing in and leveraging ESCAPE for longer-term cooperation

J Broader synergies with the other ESFRI science cluster projects towards new focus

All acting in concert towards the EOSC — aligned goals and common interests across a broad range of
European Research actors

New challenges, opportunities and potential focus in Horizon Europe. “Cluster too
NuPECC/JENA international community to keep coordinated.

|II

to be leveraged;
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ESCAPE The ESCAPE Data Infrastructure for Open Science

The ESCAPE Data Infrastructure for Open Science (DIOS) aims at delivering a
prototype of the Data Lake concept, a common storage infrastructure that:

'S ESCAPE

Data Infrastructure
for Open Science

. . igh 1
- Provides global data management orchestration ESCAPE =~ oo —ove- Dara Tanagement System
me SITEs FEDERATTONs of sites Federates and define
' Large Scale Storage Large Scale Storage ?Zﬁ:t:{‘e:ﬂs’
) ) \\_] ..&.. e é:mg gﬁg Replication rules)
- Contribute to deliver Open Access and FAIR data #; H. @@ " % snabies sorage Ges,
services: trustable data repositories; enable data UZS @@@@@ ® @ = ey e
management policies; transparent data access g
Iayer. | Latency hilding and corntent deliIvery I
Y Y Y Y c1ba
- SCIe.nce prOjeCtS to d-rlve the Se r\{|Ce5 Remote data access  Stateless storage stm:::siegt:rzze HPC centers Remotely Commercial
requirements most suitable to their needs. operated sies - cloucs
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ESCAPE First achievements : a functional Data Lake pilot

©® Pilot Data Lake with 10 storage endpoints functional:
CERN, DESY, GSI, IFAE-PIC, IN2P3-CC, INFN-CNAF, -ROMA, -Napoli, LAPP-MUST and SURF-SARA

® The high level Data Lake orchestration layer is consolidated

Orchestrator
‘? Rucio Server
—)

=
:

(Y

T

-

wn

) ” o T L EOS J
E0s ; M |
/ \ N DPM ) dCache dCache
$ dCache
. W StoRM ==
[ K
N ¥
G o :
Flle cess P F A

S Lt N http V4 -
E ,? xr?ot v / i dCache
11‘_' i . gsiftp  / £ -—
| Jt A !
o X R 1
N j |

& M

oA € 5 v Lomanns 20 Fondedbyhecuopen s IR
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EscEpE First achievements : Science in the Data Lake

® Strong involvement of ESFRI RIs and other experiments: Fles por Soopa
ska_skao_coLtinson [EBEREEE 1246 mi
= Data injection within the Data Lake by: - Jax
LSST_CCINZP3_GOUNON . 454K
ATLAS, CMS, CTA, FAIR, LOFAR, LSST, MAGIC, SKA, and VIRGO/EGO LoFAR ASTRON_GRANGE [ 238K
SKA_SKAO_BARNSLEY-testing [ 107K
MAGIC_PIC_BRUZZESE [Jj 7.532K
. . ATLAS_LAPP_JEZEQUEL [ 1.408 K
@® Data management demonstrator from Astroparticle, Radio-astronomy, SRS 212
Gravitational Waves, Cosmology and Particle Physics communities together SKASKAD COLtesting [} 70
. ESCAPE_DESY_TEAM-testing [ 56
on a common data management infrastructure L v | ’
LSST_CCIN2P3_GOUNON-test [ 20
. . . . cMS_INFN_DcIaNGOT [ 14
@O Pipeline data analysis tests currently in progress sk ska0_Team | 13
ESCAPE_CERN_TEAM-testing [l 1
) VIRGO_EGO_CHANIAL [ 6
Used Storage per RSE ~ Files per RSE ESCAPE_CERN_TEAM . 1
sara-pcacHE (I 17.40TB sara-pcacHE (e 1.444 Mil ESCAPE-CCINZP3-RAHAL-test l 0
ineN-NA-DPM (D 5.908 TB pesv-ocacke 1.338 Mil lofar [ 0
IN2P3-cc-DcAcHE (D 3.408 TB EULakE 1.249 mil
pesy-ncacHE (DD 3.055TB inzp3-cc-ncacHE (D 201K
Lapp-ncacHe (D 2.793TB INFN-NA-DPM ([ 63.3K
euLaxe (D 1.997 T8 Lapp-DcacHE [ 554K
cnarsTorv (D 1.9457T8 CNAF-STORM [ 50.6 K
pic-ocAcHE (D 1.7407T8 PIC-DCACHE [ 42.8K
ALPAMED-DPM (D 1.57178 ALPAMED-DPM 29.4K DEMO
GskrooT 472 GB GskroOT ) 23.2K
LAPP-WEBDAV | 100 GB LAPP-WEBDAV | 178
INFN-NA-DPM-FED | 0B INFN-NA-DPM-FED | 0

' (( 5/3/2021 Giovanni Lamanna 30 Funded by the European Union’s
Horizon 2020 - Grant N° 824064



https://www.youtube.com/watch?v=cYP16fnsVwo

~
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ESCAPE

Uwrepsan Scionca Claster af Ast r:r-ﬁ'. L
Partiele gyaees ESFRI rearaseh Inlrant

AN

e

Exchange documents

Continuous Integration and Development

Issues

Manage project

Long-term archive
Findable data Data Lake

Transparent use of the data

Y
Re-run existing analysis with other dataset —__

\J

Access and install software from repository ——

NuPRCC

Building up a global Virtual Research Environment

Chat =
Collaborative plateform

Forum =
A

Answer questions and provide support to users

A

Needs from developpers Discuss with other developpers

Visilibility
Publish software / datasets <
Citable

Development plateform

Comment / Ask questions -

Rate
Publish Re-use
Releases
Cite
Y
As been used / cited by
ESCAPE Repository
Find associated publication
Discovery of Find associated datasets
Needs from users .
software / services
Build Find documentation / tutorials
Container &
& .
> Research and filter
"
&
o - .
QX _~ Run existing analysis
/
7
/ _— Modify existing analysis / workflow Interactive Test
oo
S '/ _— Re-use analysis in other workflow Common
3 A&A

A

~ Build new analysis .
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ESCAPE OSSR and Development Platform
— how to ease the publication and integration process?

* Publishes source code

publishes
singularity image

/ Citable
singularity image

From a dat <t * Longterm
single click (upda € yourexisting archived
record with new versions) e Findable
1. Make a new tag (release) \ ‘ \
2. Letthe Cldotherest * buildsa
a \ I
under << e builds a
dev docker contain

-" docker hub

* publishes
_/
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Example project: The CRAB bundle
ESCAPE

The CRAB multi-instrument gamma-ray analysis with MAGIC, VERITAS, FACT and H.E.S.S.
https://zenodo.org/record/2381863#.XkxcD5NKhhA

https://github.com/open-gamma-ray-astro/joint-crab/tree/v0.1 IicTnse
TRy e =3 F M . w l.ic:vw [f.urﬁlu):
The joint-crab bundle 141 *12 e o T

Versions
oo .
Citn all versions? You can cite all versions by using the DOI
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Example project: The CRAB bundle
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ESCAPE Interfacing the Particle Physics CERN Open Data portal

. htt}://cti;n_c':ourier.com ¢ data ol CMS open data :dal?
Today CERN’s open-data portal hosts and serves B S = E
data including many software tools and virtual
machines to run the analysis code. } ! ;
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open
CERN Fig. 1. The official CMSplot for the Higgs-to-four-leptonchannel shownduring the Higgs-bosondis announcement (left),
andasimilarplot (right) produced using CMS opendata that contains more data buthasn rbe crutini edbyLMs Xperts.

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