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Would you be able to reproduce your results?
or another particle/astroparticle physicist's results?

® Someone else’s My own

Chemistry

70% |
Biology P
researchers tried and
failed to reproduce PRYSIGS and

engineering

others' results

Medicine

Earth and
environment

Other

>50%

researchers failed to
reproduce own
results

0 20 40 60 80 100%

Baker, M. 1,500 scientists lift the lid on reproducibility. NatBure 533, 452-454 (2016).
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g science question: Dark Matter

.

velocity

observation

prediction from light nufpﬁi

>
distance from center

Vera Rubin,
© Washington Times & Zuma

Wikipedia &
Hopkins Research Group/Caltech
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Simulations were performed at the National Center for
Supercomputer Applications by A. Kravtsov and A. Klypin.

15%



Dark Matter. Complementary Approach

Focus: Looking for Weakly Interacting Massive Particles (WIMPs)

[needless to say: more viable DM models, see the particle/astroparticle sessions!]

“shake” dark matter

UONI313P 19311P

indirect detection

X “break” dark matter |

Dark matter

“make’”’ dark matter

collider searches

SM

Ordinary matter

SM

UOTIAAP 1911P

) 4

EXPERIMENT

ATLAS cUAPP

A joint discovery of the nature
of dark matter requires
different experiments and inputs

Experiments have different data sizes,
workflows, data, and result sharing policies
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Example of a discovery scenario

—t— Mid 2030s

—— 2040s

Inspired by:
Dark Matter Complementarity (Snowmass report), arXiv:2210.01770

T. Slatyer's "Paths to discovery" talk at Snowmass 2022

* K 5
* *
ruere ESCAPE Pk
‘‘‘‘‘‘‘‘‘ s
Particle physics ESFRI research nirasroctures * o K
European
Commission

— ate 2020 Direct detection experiment sees a hint of a signal,
ate > With characteristics compatible with WIMP DM

Sketch depicting qualitative projections, which are further quantified by the references provided in the text
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https://arxiv.org/pdf/2210.01770.pdf
https://indico.fnal.gov/event/22303/contributions/245276/attachments/157467/206034/PathsToDiscovery_DarkMatter_Slatyer.pdf

Example of a discovery scenario

confirms these hints

—t— Mid 2030s

—— 2040s

Inspired by:
Dark Matter Complementarity (Snowmass report), arXiv:2210.01770
T. Slatyer's "Paths to discovery" talk at Snowmass 2022
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* *
* K
European
Commission

— Jate 2020 Direct detection experiment sees a hint of a signal,
ate > With characteristics compatible with WIMP DM

Direct detection experiment (using another technique)

Sketch depicting qualitative projections, which are further quantified by the references provided in the text
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Example of a discovery scenario

Direct detection experiment sees a hint of a signal,

| Late 20205 it characteristics compatible with WIMP DM

Sketch depicting qualitative projections, which are further quantified by the references provided in the text

Direct detection experiment (using another technique)
confirms these hints -

—— Mid 2030s & L

Indirect detection experiment observes
signals of DM annihilation
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Example of a discovery scenario

Direct detection experiment sees a hint of a signal,

| Late 20205 it characteristics compatible with WIMP DM

Direct detection experiment (using another technique)
confirms these hints

—t— Mid 2030s

Indirect detection experiment observes
signals of DM annihilation . ) .

107
20405 Future collider, built to target particles with the mass of 2 %
the putative DM candidate, sheds light on interactions 3 Yy . //é
. — 3 5 7 .g../
between DM and ordinary matter o7 H
S I o
Inspired by: %S %% 58 % //ﬁ;
Dark Matter Complementarity (Snowmass report), arXiv:.2210.01770 1 TeV 100 TeV
T. Slatyer's "Paths to discovery” talk at Snowmass 2022 dark matter mass
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Example of a discovery scenario

We must be able to reproduce and
Direct detection experiment sees a hint of a signal, cross-interpret these results!

—— Late 2020s with characteristics compatible with WIMP DM

Such a scenario requires

Direct detection experiment (using another technique) interoperable and reproducible
confirms these hints analyses

—1— Mid 2030s _ _ | e comparison and combination
Indirect detection experiment observes of results from different
signals of DM annihilation experiments

¢ end-to-end workflows
available for cross-checks

1 50405 Future collider, built to target particles with the mass of
the putative DM candidate, sheds light on interactions 1
between DM and ordinary matter

Inspired by: with the Dark Matter Science PrOJECt,

Dark Matter Complementarity (Snowmass report), arXiv:2210.01770 . .
I. Slatyer's "Paths to discovery" talk at Snowmass 2022 we b Ul |d d p rOtOtype th at fU |ﬂ |S th ese
requirements
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Context the ESCAPE Project

o ESCAPE is an EU-funded project (now completed) which aims to bring together different research infrastructures
o 10 ESFRI(CTA, EST, FAIR, HL-LHC, KM3NeT, SKA, LSST, VIRGO,ESO JIVE)
o 2 pan-European International Organisations (CERN, ESO)
o 4 supporting European consortia (APPEC ASTRONET,ECFA, NUPECC)

o ESCAPE services contribute to the European Open Science Cloud (EOSC) through the EOSC-Future project
e 2 Science Projects to produce cutting edge results and test tools: Dark Matter and Extreme Universe

= ESCAPE
:"{Q't:' Virtual
Observa tory

@O0

®0C ESCAPE

ook Open-source Scientific Software
and Service Repository

Virtual Observatory

oo ESCAPE O—

Citizen
o fo) Science

< ESCAPE
ESCA p E Eﬁzwgif‘g‘g Efgl’l't'l
y |

| Data Infrastructure
for Open Science

EOSC - Future Dark Matter Science Project - 16.6.2023 - Partikeldagarna - C. Doglioni
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The DM Science Project in EOSC-Future

EOSC-Future Science Projects demonstrate
e multi-domain science integration across the ESCAPE project
 unification of services under one Proof of Concept (PoC) analysis platform, the Virtual Research Environment
 interdisciplinary open science example from bottom-up effort as a science driver for other communities

Virtual Research Environment

Authentication &
Authorization

Data
Management Analysis

DARK
MATTER
Science
Project

e Neutrino Observations Notebook
e High Energy Astronomy service
e Low Frequency Telescopes
e Particle Physics

cruere ESCAPE . . . .
| e EOSC - Future Dark Matter Science Project - 16.6.2023 - Partikeldagarna - C. Doglioni

European
\ Commission
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Experiments in the Dark Matter Science Project

Direct detection: DarkSide Colliders: ATLAS @ LHC Indirect detection: FermiLAT, KM3NeT

DM SM

r.’rcl\‘ ~ s = & -"'-j‘.'_
Wida < o
N I P 5 : ::i ! F s .,;._ 5-._.‘» {
e e R G Sl
e LAl S R T

.and their evolutions: DarkSide-20k / Argo, ATLAS @ HL-LHC, CTA
Some of the analysis & ML tools necessary for these evolutions are also part of this Science Project

With the Dark Matter Science Project, we implemented analysis workflows from different DM experiments
on the same platform: the Virtual Research Environment

VAN
EOSE Future
EOSC - Future Dark Matter Science Project - 16.6.2023 - Partikeldagarna - C. Doglioni




14

The Virtual Research Environment (VRE)

The ESCAPE Science Projects use the Virtual Research Environment:
e an open source analysis platform
e researchers have access to all the digital content needed to develop, share and
reproduce an end-to-end scientific result
o compliant with FAIR (findable, accessible, interoperable, reproducible) principles.

Researchers

Community Software & Analysis development

Data & Workflow Management AL
~ EOSC Future

IT administrators

/ escare  ENVR|
1 community

&J ssHoc

\.\ﬂ.\\
< panosc /
EOSC-Life Y

‘2 * Srience cLoun

QEUSB Future
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. ATLAS Dilepton Resonance on the Virtual Research Environment - EOSC resources integration

CESNET S3
118
cloud storage

|
ister O @oA0 WS

Watch on £ Youlube ® & ® | ~ O ® » § A ¥
ik = = - .

https.//www.youtube.com/watch?v=nYp_wsXhKSo&ab_channel=ElenaGazzarrini



https://www.youtube.com/watch?v=nYp_wsXhKSo&ab_channel=ElenaGazzarrini

Hiustrative example  INAirect detection plane

, Illustrative example

. T 10 — 120 - :
Science outputs of o
'2; 10 __E Collider experiments g,=0X,g ,=0Y) «, 10
3 107*° | observed exclusion 90% CL E 10-22
107 Collider search — 10_23
the Dark Matter SP o S 10
e a r a e r 107 s ~ 10 .
107 gt 10%°F e T
1™ Direct Detection gxperiments 10_26 Uy ; -;;i.l;].f_‘.l;l ........ :
10-% Obsew:j;’{xu::?;:n{?? CL 10'2?; :g E:-:gerimem ; projection i
. . . 10-42 P ‘ 10-23;_ IDEprerirnem 3, projection 3
e Individual results and publications 105 — 10_29/ Collder search j
| - N D Experi - |
o So far,2 peer-reviewed papers and 3 o " /rﬁ - Mediator Type, DM Type j
! 10 g 10_31;3 =0X,g =0Y ]
whitepapers (Snowmass) 1o~ 10-32-0““”‘*‘“'“‘”“‘95""“1 .
RTITNY : L i 10 10*
° P.lots hlghllghtllng complementarity of \ e [T
different experimental efforts -
5M i w0 .
o Future: combination of experimental results K:i p= DI ﬁ
I TN
= ::3{}_..;{1? | :1,
« Data and software objects + pipelines ‘ : | ECARS |
Direct Colliders Astrophysics ~ Theory Indirect
o Data on the Data Lake, and software on Detection Necassany lor bothiierpretstions Datection

the ESCAPE Software Catalogue

o Pipelines accessible via VRE Q‘_ @) C@

Machine Learning algorithms for scientific L 2

data compression CMS CUAPP (INFN (

o Example; Baler (see A. Ekman's poster) o

XL @ %\’...

: FermilLAT
\z
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Conclusions

It has been a successful journey so far, more to go!

e DM Science Project’'s analyses and tools on the VRE are providing:
o new scientific results discovering or constraining dark matter hypotheses
o necessary understanding to reproduce analyses from different communities
o possibility to comparing and combining results from different experiments
o FAIR data and interoperable workflows as an example for the community
working prototype cell for the European Open Science Cloud
testing ground for software & computing that can be explored by future experiments

@)

@)

e Escape Open Collaboration Agreement ensures the collaboration and joint common activities across scientific
communities in the development of VREs — Collaboration Open Meeting_in July 2023

e VRE awoke interest from scientific domains who are in early-stage prototype phase
o Einstein telescope (next generation gravitational waves detector)
o NUCLEUS experiment (elastic neutrinos scattering)
o VAR Wurzburg - German centre for Data-Intensive Radio Astronomy
Also interest from new digital models (i.e. digital twins) developed within European projects

EOSC - Future Dark Matter Science Project - 16.6.2023 - Partikeldagarna - C. Doglioni
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Timeline

ESCAPE project
EOSC-Future project

2019 2020 2021 2022 2023 2024
First ESCAPE initial VRE today!
Data Lake design
prototype

Science Projects
onboard the

VRE
Fut *  x -—
D ;‘ e E“ @&I!T nﬁ é C?APP EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, |. little




Dark Matter Experiments

e large, complex, costly experiments
e Only one or a few experiments of each type worldwide

ATLAS CUAPP

EXPERIMENT

Commission

>

Maximising each experiment's science outputs is imperative
e create and store new analyses, datasets and results
o combine multiple results studying the same question
 reinterpret existing studies for new questions

cherenkov  the observatory for
‘ a telescope  ground-based
array gamma-ray astronomy
‘ HL-L R I

=
o2

PROJECT

0 KM3NeT

EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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Virtual
Research
Environment




The building blocks

o0

Authentication &
Authorization

Data
Management EIWETS

Distributed
storage

Notebook
service

ﬁ cloud, HPC

( Continuous Integration / Continuous Delivery
( Container Orchestration
( Infrastructure As Code

)
)
)

sssssssssssssssssssssssssssssssssssssssssss

.
) < enserae EscaPE Y ATLAS CUAPP

EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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Authentication & Authorisation

@ { INFEN

CNAF

INDIGO Identity and Access Management

(IAM) - adopted by WLCG for token Authentication &

Authorization

e OIDC tokens
e X509 certificates / one VO
for all the experiments

subject mapping cronjob

v

Data
Management

Notebook
service

) < enserae EscarE Y ATLAS CUAPP

========================================== EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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Data Management

DATA LAKE of experiment data

Rucio is an open-source data management and orchestration project initially developed by the ATLAS experiment to manage large
volumes of data. It is now used by various CERN and non-CERN communities.

The Data Lake is a policy-driven, reliable, distributed data infrastructure able to deliver data on-demand at low latency to all types of
processing facilities. It ensures data security, quality and access. The storage elements are managed by partner institutions.

Cﬁw *****
ruure ESCAPE £ @ :
\\_/ % PR &Ir!T nﬁ é CBAPP EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little

European
\ Commission
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https://rucio.cern.ch/
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Ruclo instance

Data Lake

\/ dCache ‘ ~
\/ >LORM < Central Relational
v/ XRootD
; Database
FTS3and GFAL2
Main &
[ ?'J authorisation

servers

Daemons for data access
& replications through
gridFTP,
HTTP(S)/webDAV, XRoot
protocols

ATLAS cUAPP

EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little



https://inspirehep.net/literature/1911950
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NOte bOOk Se rV|Ce Server Options

® Minimal environment
Based on jupyter/scipy-notebook (active reana-client)

9] ROOT environment
ROOT v6.26.10, a C++ kernel is implemented too - DASK testing

To facilitate interactive analysis.

@) Minimal environment - python 3.9.13
Contains a REANA client

@) Virtual Observatory environment
Contains Jupyter Notebooks examples with the basic usage of the IVOA tools

.A ..= O Indirect Dark Matter Detection Environment
[ T T 11} Contains a GCC compiler and the MLFermiLATDwarfs and fermitools libraries - not fermipy
upyter
J d k 7 O Common gamma analysis tools
OC er Contains a GCC compiler and astropy, sherpa, agnpy, gammapy libraries

. O Wavelet Detection Filter (WDF) project environment
H 1 H Contains the full WDF env
interface to run containerised environments on
pub“c repositories 0 Compact stars Science Project environment

Contains the matchmaker library

preliminary analysis

O KM3NeT Science Project environment
Contains the common gamma analysis tools and the km3io, km3pipe and km3irf libraries

'®) KM3NeT & CTA combined analyses
~ Compatible environament with gammapy and the km3io, km3pipe and kma3irf libraries (env testing)
m O (oot

SKA environment profile for SDC

C e p h 0 LOFAR environment

Based on the prefactor container. Can be used to image LOFAR data

| _ client libraries and CephFS volumes
CERN Virtual Machine software installed to provided as shared, O I s
FS (CVMFES) installed - -
( ) I nte raCt WIth tem pO Fa I’y StO rage @) ESAP shopping basked environment (with astropy)
. . ESAP shopping basket and astropy, e.g. to download and plot images from the virtual observatory
underlying services solution

\K *
O < estrae Escare [ FATLAS CLAPP

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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Data Into the notebook

The Jupyterhub Rucio extension hides the complexity of the Data Lake and

File Edit View Run Kernel Tabs Settings

).

allows users to B 3 RUCIO
e browse experiments’ data catalogue © Eexpore  NOTEBOOK t 0
e authenticate with OIDC tokens to the Rucio infrastructure
e replicate data into the notebook i= | ATLAS_LAPP_SP~ =

import the data into the notebook by assigning a parameter to it
run preliminary analysis to prototype code

earch Everything -

EARCH RESULTS

* ) ATLAS LAPP_SP:DM-dilepton-14TeV-2018

1 ATLAS LAPP_SP:DM.LeptonResonance.Data...

1 ATLAS LAPP_SP:DMsummary.dilepton.14TeV....

HRUCIO B

1 ATLAS LAPP_ SP:DMsummary.dileptonReinter...

@ © © © ©

= ATLAS LAPP SP:jared little

& All files available

7 % N E“ @EAXP-IE-I!T nﬁ é C?APP EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little



Data into the notebook

Data gets replicated through Rucio daemons from any storage
element to an EOS storage element of half a Petabyte FUSE

mounted on the Jupyterhub node.

The computation is limited to the CPU capacity of the node.

How do we SCALE OQUT?

Openstack
Jupyterhub node FUSE mount

_
n Jjupyter
o :

<

ATLAS < LAPP

EXPERIMENT

CERN ),
\/W %Future
XL/ |

31

Data Lake
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Computing

e Distribute the analysis
o resource managers (Kubernetes, HTCondor (High Throughput Computing (HTC)) and Slurm (High
Performance Computing (HPC))
o work schedulers (Dask, Reana, Spark)

e Preserve the analysis for reuse
o work schedulers (Reana)

reana
e (CINEN /7) DASK |
machines

work scheduler connected over a

Authentication &
Authorization — network (C[ugter Qf

resource manager cloud, local or grid
28, resources)
1 TH
kubernetes :"!.'-!!'"!"
HTCondr

High Throughput Computing

?E/RW %Future & ATLAS < LCAPP

N, S

European
\ Commission
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Analysis preservation and distribution

00 — Reana is a reproducible analysis project developed at
~ a— CERN, to make the preservation of heavier analyses
20— eana

seamless.
00 —

database
e |Intuitive declarative programming approach

(reana.yaml file) with:
o Input data
o environment
o code
o computational steps
e Isolates each analysis step with different
containers
e Supports workflow engines
o CWL
o Snakemake
o Yadage --> workflow concatenation (output
becomes input)

job kubernetes
controller

5||_|r|1'| High Throaghpat Gomputing

workload manager

compute resources shared storage

Sy

(iE/RW SC Future
\l

) < e SPATLAS CUAPP
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https://iopscience.iop.org/article/10.1088/1742-6596/898/10/102019
https://reanahub.io/

Non-local analysis preservation

From the Reana client;

00 —| e authenticate via IAM to Rucio with a side-car container
— e get data from distributed storage
E reana — the analysis can be reproduced fully and independently

from local storage

database S

job kubernetes
controller n n
_:E EE:. v
clurm  HICONdO! n n

workload manager

Data Lake

v EOS
v DPM

\/ dCache
/ StoRM
v XRootD

compute resources shared storage

? Future @AT LAS cLAPP
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Workflow distribution with Dask

Daskhub helm chart: Dask Gateway + Jupyterhub
e multi-user, configurable usage profiles

e gateway to distribute access to all cloud nodes of the VRE
e code needs to be adapted

e dashboards of work progress

MMMMMMMMM
IIIIIIIIIIIIII
HHHHH
GGGGGGGGGGGG

UUUUUU

NNNNNNNNNNN

SSSSSSSS

TTTTTTTTTT
RRRRRRR
EEEEEEEEEEEEEEEEEEEE
RRRRRRRRRRR
SSSSSSSSSSSSSSSSSSS

RRRRRRRRRRRRR

RRRRRRRRRRRRR

WORKERS NETWORK TIMESERIES

N Sy

%E/RW @Sﬂ fuire ESCAPE

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

ATLAS cUAPP

EXPERIMENT

N |/ Particle physics ESFRI research Infrastructures
O\

Cluster Firewall
-A'
Jupyter _I_ [/ DASK
m released ‘ '.: \ /
éi; l W memory u [ )
f::' i m processing (3
i > N |
=1 E%i l u N
_’:i ]
-1 y
x l:EE; I
_ i i
= _:i =
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Monitoring, testing, dashboards, on-boarding

e Continuous monitoring and testing of transfers between Rucio Storage Elements (RSEs) is in place on Grafana dashboards
hosted at CERN.

Events by type over time

Al current total ~

; == transfer-queued 505 20K

=

== transfer-submitted 505 20K

I I == transfer-failed 243 10K
IIIIIIIIIIIIII I I I o 155 mH
N

50
0411 00:00 041112:00 04120000 04/1212:00 O04M1300:00 04/1312:00 04774 00:00 04M14112:00 04/1500:00 04/512:00 O041600:00 04M612:00 0417 00:00 041712:00

2

=

2

=

o

. Submitted Transfers ' Transferred Volume . Average Throughput (per file) Events by type by protocol
022 02.4 28.4
= fransfer-done davs 7K 80%
. K . GB . Mb/S - transfer-donegsiftp 1K 1%
== transfer-done root 438 5%
: Successful Transfers i Failed Transfers : Successful Transfers (%) — transfer-failed root 403 4%
- transfer-failed gsiftp 1 0%
8.81« 405 95.6: e

. K « V%

CERN oo
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Monitoring, testing, dashboards, on-boarding

e Rucio and Reana Ul interfaces deployed with K8s allow to explore and debug failed transfers and workflows.

@ AnalysisElenaNontuples #3 finishedin3minddsec .  Name i RSE Expression e e . E:'T'_a'"f"ﬂ State
Finished 16 days ago step 4/4 ' A19tne
2023-05-
| test:2023.03.16-11.19.03.txt azza EULAKE-1 7d STUCK
SOnaCRe heanmad 07T13:22:23.000Z
: . 2023-05-
user.ron:test_from_CERN-030523_1643.txt garcia SURF-IOP-EXP - STUCK
. - - - 04T10:35:14.0002
©; Enginelogs  »_Joblogs [ Workspace [ Specification
. 2023-05-
-ron:test_f CERN-030523_1643.txt EULAKE-1 - OK
user.ron:test_from_| = X garcia 03T14:43:27.000Z
Step htup[eAnaIstsEI - & Kubernetes & gher.io/vre-hub/atlas-dilepton:latest $ echo 'Current Directory' echo $PWD ... 2023-05-
user.ron:mytestfile_2 garcia DESY-DCACHE - OK
- 03T14:35:27.000Z
-rw-rw-r——. 1 root root 26222 Apr 21 10:32 prunSelector.py . - 2023-04-
{ test:test-file- -2023-04-24-01 .txt PIC-DCACHE - OK
) . - . . - . elena_test:test-file-rucio b4 egazzarr 24T14:13:33.0002
drwxrwxr-x. 1 root root 25 Apr 21 10:34 recast
-rwW-rw-r--. 1 root root 118253 Apr 21 10:32 runSelector.py elena_test:test-file-rucio-2023-04-24-02 txt egazzarr PIC-DCACHE 2023-04- -
- 24T14:12:45.0002
=rW=rw=r==-. 1 root root 172 Apr 21 10:32 runprunSelector.py
elena_test:test-file-rucio-2023-04-24-01 .txt egazzarr EULAKE-1 b = OK
““““““““““““ - ' 24T14:12:12.0002
Error in <TChain::LoadTree>: Cannot find tree with name nominal in file 2023-04-
elena_test:test-file-rucio-2023-04-20-04 txt egazzarr IN2P3-CC-DCACHE =
ntuples/mcléa/user.dummy.recastSignal.mclé_13TeV.500353 .MGPY8EG MET_ S0 _1lv_lds mZp 500 _ee minitrees.root/user.dummy.dummy. 000001. 20T15:08:51.000Z
Rminitrees:zeot elena_test:test-file-rucio-2023-04-20-03 txt egazzarr DESY-DCACHE :gﬁ"g’géz e -
Error in <TChain::LoadTree>: Cannot find tree with name nominal in file
, i o , . 2023-04-
ntuples/mcléa/user.dummy.recastSignal.mcl6_13TeV.500353.MGPyEEG_MET_50_lv_lds mZp_500_ee_minitrees.root/user.dummy.dummy. 000001. elena_test:test-file-rucio-2023-04-19-01 txt egazzarmr SURF-IOP-EXP 19T15:53:19.0002 & STUCK
minitrees.root 2023-04-
Erroer in <TChain::AddBranchTeCache>: Could not lecad a tree eIena_test:test—ﬂle—ruclc—2023—04—‘l9—01.txt egaczam iSRS GE DC i 19T15:42:32.000Z ) Rl
Error in <TChain::LoadTree>: Cannot find tree with name nominal in file . 2023-04-
elena_test:test-file-rucio-2023-04-19-01.txt egazzarr EULAKE-1 iy - OK
ntuple s/mclea/user. dummy . recastSignal.mecl 5_'. 3TeV,.500353 .!-!G?yEEG_.H-EET_Eﬂ_l'.r_'.ds_:an_SDCl_ee_mir.i: rees . root/user .d'Jmmy.d:mmy._ClSﬂDCl - 19T15:35:53.0002
. : 2023-04-
minitrees.root | - -file- . -04-19-01.t 5 =
elena_test:test-file-rucio-2023-04-19-01.txt egazzarr DESY-DCACHE 19T15:33:53.000Z OK
user.dummy.recastSignal.mclé 13TeV.500353.MGPyBEG MET 30 lv lds mZp 300 ee minitrees.root
o s comen (2 meeEsood 6 elena_test:test-file-rucio-2023-04-19-01.txt egazzarr CESNET-S3 2028-04- - OK

\k 1
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Monitoring, testing, dashboards, on-boarding

e Documentation is hosted on Github pages and is made easy for both The VRE The Virtual Research Environment
users and SyStem administrators \x/ho would l.ike to get inSpired by A comprehensive analysis platform to The Virtual Research Environment Is an analysis platform developed at

serve the particle physics and CERN serving the needs of sclentific communities Involved In European

astrophysics community. Projects. Its scope Is to facilitate the development of end-to-end physics
th e V R E m Od el workflows, providing researchers with access to an infrastructure and to

View My GitHub Profile the digital content necessary to produce and preserve a scientific result in

compllance with FAIR principles. The platform’s development Is aimed at

® PUbliC Gith Ub rePOSitory h OStS demonstrating how sclences spanning from High Energy Physlcs to
Astrophysics could benefit from the usage of commaon technologles, Initially
' . born to satisfy CERN's exabyte-scale data management needs.
o cloud deployment of the infrastructure components with Helm, ’
The virtual Research Environment’s main components are:
F |.UX, Te rrafo rm a n d K8S 1. Afederated and rellable Authentication and Authorization layer
2. A federated distributed storage solution (the Data Lake), providing

o Science Projects software to reproduce the analyses clemsim it e e

3. A computing cluster supplying the processing power to run full

O fo ru mS and diSCUSSionS analyses with Reana, a re-analysis software

4. An enhanced notebook interface with containerised environments

to hide the infrastructure’s complexity from the user.

Virtual Research Environment
"E’:m Technologies deweloped by CERN within the EOSC Future project 1o promote open science and collaboration between astropa

R 2 fomowes

s @ Swazedand o npseoschituresy W @ECSCRuture 3 vie-adminghcern.ch

) Overview ] Reposiores 10 0 Discussions [ Projects 1 f) Packages A Teams 1 A People 5 0 @1 S

README.=d pl
Virtual Research Environment

EOSC Futire 5 an EU-funded H2020 peoject that i implementing the Ewopean Open Scence Cloud (EQST), EDSC will give Ewopean
researchess access to a wide web of FAIR data and related services.

0w team at CERN is developing and contribution to the infrastructure code base of EQSC.

or'qgnyls-qny-aJa

Mare information can be found on our websie,

PFinned
B vre | Pubkc H B environments  Pubkc
unning &1 CERN WRE Ut @mironment images o workfows and notebodis
[ Jb
B science-projects  putac i  wre-hub.githubdo  puss:
. i ' ;E S The deployment of the Virtual Research Environment Is open-source and
Jupyior Mobebook HTML
madular, in order to make it easily reproducible by partner institutions; It is
O Repostories publicly accessible and kept up to date by taking advantage of state of the
ol jiely] -
pisshe art IT-infrastructure technelogles.
Q Fird a reposatory Type - Language - SOrt -

The Sclence Projects which are using the VRE are described here.

environments  Publc

VRE user enviror yoks " If you are d sclentist or a new user curious to use the above resources,
@CH Tro BMT Yo Q0 [10 Updsied s wes please refer to the following documentation:

wre | Pubic 1 Hosted on GitHub Pages — Theme by orderedlist 1. AAl

VRE infrastructure template running at CERN o, A "I II La

2. Ruclo Data Lake
w3 Bwr Yo Ow 110 uUptaed2weeks ago 3. Reana cluster
4, Notebook service

* %
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https://vre-hub.github.io/
https://vre-hub.github.io/

Behind the scenes...

Server Options

o Minimal environment
Based on jupyvten'scipy-notebook (active reana-client)

1 ROOT environment
Start your ROOT analysis. & C++ karnel is implemanted too

MASTER @}
) .

K8s spawns a pod per user

] ROOT environment (Xcache testing)
Fun the extension in Download maode "
Q SHKA 5DC1

SKA anvironmenl profile for SDC

) Indirect Dark Matter Detection Environment
Contains a GCC compiler and the MLFarmilL AT Dwarfs, fermipy, farmitools libraries (TESTING)

] Common gamma analysis tools
Conlains a GCC compiler and astropy, sherpa, agnpy, gammapy libraries

"

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Behind the scenes...

.. File Edit View Run Kernel Tabs Settings

#RUCIO

Jjupyter
® :

&
o EXPLORE NOTEBOOK
docker

=

Server Options ATLAS LAPP SP:*

C Minimal environment
Based on jupyter'scipy-notebook (active reana-client) Search Everything -
"
i ROOT environment ﬂ
Star your ROOT analysis. & C++ karnel is implemanted toa SEARCH RESULTS
O ROOT environment (Xcache testing) % ATLAS LAPP SP:DM-dilepton-14TeV-2018 03

Run the extension in Download maode
- SKA SDC1 ATLAS LAPP SP:DM.LeptonResonance.Data... ®
. SKA anvironment profile for S0C

ATLAS LAPP SP:DMsummary.dilepton.14TeV... 4

1 Indirect Dark Matter Detection Environment

Caoniains a GCC compiler and tha MLFermilLATDwarfs, fermipy, farmitool: ATLAS LAPP SP'DMSL-ImmaW dlle -y Eir‘lter @ {
_ data gets replicated to EOS fmaunted storage
) Common gamma analysis tools . .

Contains a GCC compiler and astropy, sherpa, agnpy, gammapy libraries ATLAS_LJ:‘.PP_SP.]EF > = ©® -

& All files available

CERN v, Cx %
©)) < st EscaPE [ SPATLAS CUAPP
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Behind the scenes...

reana.yaml

0O~ un B WK -

fersion: 0.8.1
inputs:
directories:
- python/ I
workflow:
type: serial
specification:
steps.

- name: fetchdata-rucio
voms proxy: true
rucio: Jtfue
environment:
commands:

- rucio whoami
- rucio get ATLAS LAPP SP:DMsummary.dileptonReinterpretat:

- name: SetLimits
environment: ‘reanahub/reana-env-root6:6.18.04"'
compute backend: kubernetes
kubernetes memory limit: '9Gi’
commands:

- mkdir plots/
- python python/MakeLimit.py

‘projectescape/rucio-client’

outputs:
directories:
- plots/

%Future

Sy
ESCAPE i

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn *****

ssssssssssssssssssssssssssssssssssssssssss

Q’

ATLAS < LAPP

EXPERIMENT
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_ /
REST API 4

/@
F 4

/!
/

myschedd

—

-

O,

shatch

Shared storage

data gets downloaded on Reana storage

/

Kubernetes

HTCondor

Slurm
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Status

The VRE is an R&D project and it is not a production system. As such, the platform is maintained by a team of 3 people.
For the moment, ~ 230 users subscribed on the |AM platform and have therefore access to the resources,

VRE documentation and links to resources at: https.//vre-hub.github.io/.

Links to useful related works are provided by clicking on the underlined text in the slides.

vCPUs RAM (GB) Masters Nodes Remote Storage (IB) CephFS (TB) | 250Openstack machines

184 335.8 3 23 646 18 14.6GB RAM
8 VCPU

80GB Disk
Fedora CoreOS 35
LINUX

ATLAS cUAPP

EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little



https://vre-hub.github.io/
https://openstack.cern.ch/project/images/0548fdd4-2bf4-4678-9d43-b873da90f60f/
https://openstack.cern.ch/project/images/0548fdd4-2bf4-4678-9d43-b873da90f60f/

Two sides of the coin

A bipartite look at the ideal infrastructure ...

SCIENTIST IT ADMINISTRATOR
Ergonomic (onboarding,
USEABILITY documentation) Maintenance, portability, modularity
. Security, varied protocols and
DATA ACCESS Various FAIR data/metadata types technologies
ANALYSIS Performance Cost, energy consumption
REPRODUCIBILITY / Software and analysis steps Casy re - deplovment
SUSTAINABILITY oreservation Y IOy

SPATLAS CUAPP
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Analysis Workflows for the DM Science Project

Generation &
simulation

Expt. data

JupyterHub

(smaller workflows)

REANA

(larger workflows)

Data processing }

Analysis of

events/distributions

)

Virtual Research Environment

ESCAPE Data Lake

Data sharing and data processing

ATLAS CUAPP

EXPERIMENT

Combination of results
with other
searches/experiments

A

Interpretation of results

v

Comparison of results with
other searches /
experiments

ESCAPE Software Catalogue

Data analysis, preservation and interpretation

EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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Dark matter at particle colliders:
searches in the ATLAS experiment

Jared Little
Laboratoire d'Annecy De Physique Des Particules (L AP.P.)

Supervised by:
Tanya Hrn'ova and Stephane Jezequel (LAPP),
Caterina Doglioni
(University of Manchester and Lund University)

indirect detection

' X “break” dark matter SM

uondAAP 19211p
= -
- =
=}
: L
ks
<
E
&
uonIAAP 12211p

“shake” dark matier

>
ATLAS CLAPP EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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DM Science Project - ATLAS

The ATLAS Experiment, along with CMS, are two general
purpose detectors located on the Large Hadron Collider.

Wide range of physics investigated:
e Higgs discovered in 2012.
e Precision measurements on Standard Model properties.
e Searches for new physics, including particles that make up
dark matter.

» >

particle!

\

At the LHC, we are trying to “make” dark matter.
By probing the interactions with ordinary matter, we can better
understand the nature of DM.

SPATLAS CUAPP
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Inclusive Dilepton Resonance Search

Looking for a bump (= new particle)
over the background of known particles

B ATLAS DM mediator decays in two electrons
(s =13 TeV, 139 fb" — search in di-electron final state
e No sighal = constraints on the fiducial cross-

section of a new Z' particle.

—
o
.

Events / 10 GeV
] g

10 o Data
1 . gﬁﬁ.ﬂl";n;" :; 1;“.34 TeV, [/m = 0% : Two prQieCtS within this TSP:
ro1E- -~ Ganaio signsl at Tev, - 0% | 1.Reinterpretation of inclusive resonance search in
o 4 - — terms of dark matter mediators
= 2Lt ! } i ! i
% _g+++++++‘t i) +ﬁ+’t+~+ w,,*w# +++ ﬁ++++} “+-+-++ ............ ochneeem 2.Exclusive Z+MET analysis
° 4 3x10? 10° 2x10°  3x10°
m,, [GeV]

ATLAS cCAPP

EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

CERN QBSB Future ESCAPE
\_/

42



Relinterpretation of the Resonance Search

Use the dilepton resonance search to constrain dark matter mediators.
e Assuming a non-zero coupling to leptons, a neutral mediator associated with a
dark sector would produce an excess in the dilepton invariant mass distribution.

Upper Limit 1200 -
e Veqtor 0 dijet
g 10p—— 73§ kb 100015 20,1, 9001, i rolet
2 : Expected p*u limit : e F g PR S 1 dilepton
‘ 0 ] 1.8
2 3 Vector Z',,, (m =2.00 TeV) = N 3800 -
: ‘ : 1.6H —y
E ] = >
10" = B O i
E = o ~ 600
C ] ol >
o - 5 B 00
o : g 400
10°F E ¥ 200
10_4_ e T S ] O-4z| PRI T TN W W T TN T T T [N T N T SN N T T S N T A B 0 : !
¢ 4 6 8 10 e 0 | 2 R N 0 2000 4000 6000
Mass Z' “ Mmeq [GeV]
Results included in this paper:
(prepared within the US prioritization effort “Snowmass”)
CERN ESCAPE 7
- 7 QEBSI: Future SC Ee I:IE-I!T nﬁ |\§ (LAPP EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little
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https://arxiv.org/abs/2206.03456

Reinterpretation of the Resonance Search

This reinterpretation was set up with REANA, sending the jobs to a remote
computer from the VRE.

e Multiple stage workflows can be sent, passing the output to the following
stage.

reana

reana

Reproducible research data analy5|s platform

@ SettingLimits #29 finished in 1 min 34 se

step 343 i - )
s 4 most visited €0 Getting Started
L 3 Workipac 5pe
ating
Mame = Modified = Size =
7 E e K
ks
B S RUCIO 5
T
O  eweione  momesook o] L
* ol
IF B da
B
— Search Everything - ey
B oy
'l
Valid REANA specification File. I -
== Verifying REAMA specification parameters...
REANA specification parameters appear valid.
== Verifying workflow parameters and commands...
Workflow parameters and commands appear walid.
=== Verifying dangerous workflew operations...

wWorkflow operations appear valid.
=== Verifying compute backends in REANA specification file...
wWorkflow compute backends appear to be valid.

File spython/MakeLimit.py was successfully uploaded.
File spython/Summary.py was successfully uploaded.
File sdata/DMCrossSectionGraphs_axial_massmass.root was swccessfully wploaded.
File spython/MakeLimit.py was successfully uploaded.
File fpython/Summary.py was successfully uploaded.
File fdata/DMCrossSectionGraphs_axial_massmass.root was successfully uploaded.
Settinglimits has been queued
jovyan@jupyter-jlittle:~ atlas—dm-reinterpretat ions

Q\ < ez ESCAPE B $ATLAS CUAPP
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Exclusive Z+MET Analysis

Search targeting dilepton resonances in the [I*MET final state.

e Searching for well-motivated models that could have escaped detection up to this point.
e Benchmark models help guide our analysis techniques, but we aim to stay as general as possible.
o Reproducible and reinterpretable results are necessary for collaboration.
e By targeting dilepton events with MET in the final state, we will be more sensitive in the low-mass regions
where the dilepton analysis was dominated by Standard Model events.
o Results expected soon.

Dark Higgs Light Vector

Z!
7! X2 ¢/

X1

q X1

ATLAS CUAPP
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https://arxiv.org/pdf/1504.01386.pdf
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Exclusive Z+MET Analysis
[ DxA0D | y

Calculate Kinematic Variables

I
ntu ples -
mapping[0] mapping[1] mapping[2] mapping|3] mapping[4] mapping[5] mapping[6] mapping[7] mapping| 8] mapping[9]

IR CD A CO R COECHRCORCIRCDRCEDIRCD
Selections / Validation *
Ctvorteonnt ) Ctworteoun > Cpwordcoun ) Ciwordeoun ) oo ) Ciwordeount ) wordeount ) fwordeount ) fwonteound )  pordeoun
ntuples/histograms el regst

X

Statistical Analysis

>
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Dark matter Direct Detection:
Darkside plans and results

Maria Adriana Sabia (INFN/La Sapienza)
Paolo Salomone (INFN/La Sapienza)
Marco Rescigno (INFN)

Valerio Ippolito (INFN)

INFN & APTENZA
ROMA \E@ﬁ,ﬁ §NIUE:H\‘I'I'A D1 ROMA =t
Istituto Nazionale di Fisica Nuclea re
Sezione di Roma

_ indirect detection
“break " dark matter 'f SM

“shake” dark matter
=
=
=
B
]
o
c.
=]
=]
]
=
E

“make” dark matter ~ SM

collider searches

>
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Direct Detection with a LAr TPC

e DM as WIMP-like particle produces a nuclear or an electron recoil.
e Elastic scattering with Argon Nuclel results in Scintillation & lonization.

Evolution of the DarkSide Experiment

SiPMs

Electron
Recoil TN Nuclear

2012 2013 -2018 2026 - 2036 2030+

Recoil

Exmtatlon Excited molecule

. Pl Ar
" Ar “'\ @ DarkSide-10 . g
. \5;_'__ _ 00 | : L Darz(glflcel-50 DarkSide-20k Argo
If:.;:mid molectle . 200 tyr 3000 tyr

ATLAS cUAPP
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[ |
"~ File Edit View Run Kemel Tabs Settings Help
[ | +] - Q 7| high_mass_recast.ipynb x %
B+ X OO0 » = ¢ » Markdown v @ Ready Python3 O

Q
o Let's visualize how the number of expected events varies with the WIMP mass

M / notebooks /

. " plt.plot{masses, yields)
1= |Name St Ul plt.xlabel('WIMP mass [GeV]')

- [ high_mass... amonth ago plt.ylabel(f'Events per {exposure:.2g} t day')
1 cuts'

plt.title('Signal yield after all }

x,l plt.xscale("log')

Signal yield after all cuts

* // Implemented a reanalysis tool for a high-
Iy mass search on the VRE platform.

I o Qutput: DarkSides0 exclusion curve for

WIMP mass [GeV]
In the assumption we observe 0 events, the Feldman-Cousins limit on the number of .
signal events is known. We can therefore calculate naively our limits on the signal — I . l I‘ eOI l ‘ rOSS Se‘ IOI I
1

upper_limit = 2.34

plt.plot(masses, xsec / (np.array(yields)/upper_limit))
plt.xlabel('WIMP mass [GeV]')

plt.ylabel('Spin-independent WIMP-nucleon cross-section [cm$72%$]')
plt.title(f'DS-50 90% CL upper limits with {exposure:.2g} t day')

Further work is ongoing.

= " ST rr—— o Low mass analysis to be implemented
== > Different theoretical models (\WIMP
i nalo, argon response..) can be inserted
g oy the user to produce different limit
» results

g o \¥orking towards first open

WIMP mass [GeV]

implementation,

>
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Indirect dark matter search with
gamma rays

..and its association with the VRE platform via open-science tools

Pooja Bhattacharjee, Christopher Eckner
Laboratoire d'Annecy De Physique Des Particules (L. A.P.P)

Supervised by:
Francesca Calore

Laboratoire d'Annecy-le-Vieux de Physique Theorique (L AP.Th)

shake " dark matter
uond3)ap 12211p

X

R 4

Dark matter

indirect detection >

prea dark matter

SM

“make’’ dark matter

collider searches

Ordinary matter

UONOAIAP 192IIP

) 4

ATLAS cUAPP

EXPERIMENT
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. Ve
Indirect Searches for Dark Matter T

diffusive
propagation

C. Eckner
SPATLAS CUAPP
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e )
Fermi Large Area Telescope “ermi

Gamma-ray

/ SpaceTelescope
T | MLFermiDwarfs

Learn to predict the gamma-ray background over the entire sky via training
i ﬁ . . .
data based on real gamma-ray measurements from Fermi-LAT in a machine

Dople i fonbay I learning based approach
LA ' ' (performance demonstrated in [F. Calore et al. JCAP10 (2018) 029][A. Alvarez et al. JCAPO9 (2020) 004])

Indirect Dark Matter Detection on the VRE

e The data and main processing software (Fermi Science Tools) are publicly
accessible, and now fully available in the VRE.

o Code is entirely written in python 3 using well-known packages like scikit-learn.

e Package can be optimized from the command line enabling a quick check of the
viability of a user-defined Dark Matter model.

CERN QEBSB Future ESCAPE
\../
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. /
Fermi Large Area Telescope < ermi

¥ Gamma-ray
Space Telescope
\
102 Draco + Leoll + Seulptor + UrsaMinor 102 Draco + Leoll + Sculptor + UrsaMinor
] —— stacked dSphs (J profiling) : stacked dSphs (J profling)
- Draco - - Draco
10_23? Leoll E 10_23? Leoll 3
; Sculptor ' F ; Seulptor r
ﬁ:ﬂ ) UrsaMinor UrsaMinor
. =7
2107
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MLFermiDwarfs code is accessible at https.//gitlab.in2p3.fr/escape2020/virtualenvironment/mlifermilatdwarfs
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https://gitlab.in2p3.fr/escape2020/virtualenvironment/mlfermilatdwarfs
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Brown Dwarf Analysis e;mz

Gamma-ray
Space Telescope
|
— AN Sketch depicting qualitative projections, which are further quantified by the references provided in the text
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Based on the recent Published paper on Bhattacharjee et.al, PRD,107, 043012, 2023.

Code is accessible at https.//gitlab.in2p3.fr/escape?020/Virtual-environment/brown-dwarfs-gamma
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Instrument Response Function of
KM3NeT for point-source analysis

Mikhail Smirnov
(Friedrich-Alexander University FAU-ECAP)

Supervised by:
Kay Graf
Friedrich-Alexander University FAU-ECAP
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KM3NeTl Detector

KM3NeT (cubic kilometer neutrino telescope) J.Phys. G43 (2016) 084001

KM3NeT/ARCA (Astroparticle Research with Cosmics in the Abyss) ~ KM3NeT/ORCA (Oscillation Research with Cosmics in the Abyss)

discovery and observation of HE cosmic neutrino sources determination of the neutrino mass hierarchy
(Ev ~ GeV-PeV) high energy neutrinos (Ev ~ MeV - GeV) low energy neutrinos
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KM3NeT - IRF Concept

Instrument Response Function of neutrino telescope provides a quantitative
estimation of the event and background rates.

e Contains physical characteristics of the detector.
e |t allows to avoid extensive MC simulations each
time for a new configuration of neutrino source.

o |t supports different configurations of neutrino sources: pip install km3irf
o Point source with power law E*-a from km3irf import utils
o Diffuse source new_plot = utils.DrawAeff() > i
o Extended source new_plot.peek() k

Compatibility with gammapy will give an easy combination
with other gamma experiments like CTA.
Active development of the km3irf python package.
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https://gammapy.org/
https://pypi.org/project/km3irf/

Common tools: Machine learning
for big data compression

Axel Gallen, Alexander Ekman
(Lund University)

Supervised by:
Caterina Doglioni
University of Manchester and Lund University
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Baler. data compression using ML

Idea behind the Baler compression tool:
e Train autoencoder on scientific (e.g. HEP) data
o Compress/decompress data by storing model + autoencoder's latent space (fewer
dimensions)

encoder decoder

output

Idea behind its inclusion in European Open Science Cloud / EOSC Software Catalogue:
- Provide “off the shelf” algorithms/tools that everyone can use

Compressed data

« - C @ O G &= https:;//escape-notebook.cern.chfuser/pekman/labjtree, '90% W Y 0 & 9 = Or| |na| data
-5) Import bookmarks... @ Getting Started @ Getting Started @ Autoencoder (AE).ipy... ™ AKX00018 | Arduino ... »» [0 other Bookmarks g
'_" File Edi View Run Kemel Tabs Seitings Help
- . c w Autoencoders_and_PCA_v2 x %
a B + X O 0 » = C » Code w Python 3 (ipykernel) O @
O wiousnerestuer s Running the Autoencoders/PCA ¢
= Name - Last Modified Status:
CMS-AE-T.. 6 months ago . f . ' '
c D S Preparations e Jupyter notebook containing Baler prototype available on Virtual
et's set up the autoencoder's parameters with some defaults from Georges Dialektakis's studies [1 '
. T — s st S e Research Environment
qochs =50 e Many improvements since ( ), these will be ported on VRE
B e il e as well
mum_of. vaclabies = 24
Wstree
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https://zenodo.org/record/7817467#.ZFPcSy8w2Rs
https://iris-hep.org/fellows/70752300.html

Future outlook

Future plans include

e Consolidation of EOSC Future Science Projects
o widening participation of scientists to Open Science tools
o onboard new analyses requiring o(TB) data
o guarantee restricted data access until embargos lifted
o expand use cases to real-time analysis and more complex workflows on constrained infrastructure
o ensure the sustainability of the VRE infrastructure
o strengthening cooperation and sharing experience across scientists
o publish all software and pipelines on ESCAPE Software Catalogue
o use Gambit software for combination of results
e connection with HPCs, commercial clouds and other external computing resources
o FENIX and the EuroHPC Joint Undertaking work (eg: FTS delivering files to Julich-HPC with S3 protocol)
e Caching data on distributed storage on the VRE for faster data access

ATLAS cUAPP

EXPERIMENT EOSC - Future Dark Matter Science Project Webinar - 6.6.2023 - E.Gazzarrini, J. little




