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 HEP activities with :  ATLAS, ANTARES and 

KM3NeT

 WLCG : ATLAS cloud model

 ASCC: African SuperComputer Center

Outline
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ATLAS

181 Institutions

3000 Scintific authors, 1200 PhD students

41   Countries
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ATLAS (LHC luminosity)
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One-loop process


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Results

•59 events observed  (where 12 ± 3 background events expected) 

•Observed signal significance over the background only hypothesis 

is of 8.2σ

•Updated cross-section: σ = 78 ±13 (stat) ±8 (sys) nb

•SM predictions:  51 ±5 nb Phys. Rev. C 93 (2016) 044907

50 ±5 nb Eur. Phys. J. C 79 (2019) 39

Phys. Rev. Lett. 123 

(2019) 052001

Phys. Rev. Lett. 123 

(2019) 052001
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Results

mγγ = 29 GeV

ATLAS-CONF-2019-002
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Search for ALPs in UPC Pb+Pb

collisions 

Same event topolgy as light-by-light
Data : 2015+2018 heavy ions (UPC)
MC Signal : Starlight generator
Backgrounds : same as light-by-ight +  light-by-light

Limit on cross section Limit on coupling Compilation of exculsion 

limits

Results

arXiv:2008.05355
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Search for dark photons in ZH mode

•  This is a search for a Higgs boson decaying into a photon and a dark 

photon (missing transverse momentum). 

•  Considering the   production mode, benefitting from a clean 

final state ( ) to search for    within a dark photon mass 

range of  

(qq, gg) ZH

Z→ l+ l− H → γγd

0→ 40 GeV

SIGNAL REGION OPTIMISATION

•Fake  :  Data-driven ABCD

•   fake:  Data-driven fake rate and probe-electron CR

• top: MC, with 20% systematic uncertainty from the top VR (>=1 b-tag).

•  : MC  normalised to data in the   CR  (enhanced in  ).

•  , Higgs: pure MC.

Emiss
T Zγ+ jets, Z + jets⇒

e→ γ VV, VVV⇒

VVγ VVγ WZγ (3 μ + 1γ)

Wγ

BACKGROUND ESTIMATION

RESULTS AND INTERPRETATION

Post fit distribution of the BDT classifier  response

No excess is observed with respect to the 
Standard Model predictions

Observed (expected) exclusion limits at 95% CL on the 

  as a function of the dark photon mass:

[2.19-2.52]% ([2.71-3.11]%).

� � (� → γγ� )

Production ZH VBF

ATLAS 2.3 (2.8)%  1.8 (1.7)%

CMS 4.6 (3.6)% 3.5 (2.8)%

Observed (expected) LHC Limits on 

  for massless dark photons :� � (� → γγ� )
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Exotic Physics with ANTARES

Morocco joined the collaboration in 2011,

represented by Mohammed I University in

Oujda. Mohammed V University in Rabat,

Cadi Ayyad University of Marrakesh and the

National Center of Energy, Sciences and

Nuclear Techniques CNESTEN.
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ANTARES Telescope

mγγ = 29 GeV

ATLAS-CONF-2019-002

~70 m

350 m

100 m

14.5 m

Interlink cables 

Junction 
box

(since 
2002)

40 km

Anchor/line socket
©Montanet

Deployed 

in 2001

• 25 storeys / line

• 3 PMTs / storey

• 885 PMTs

Detector completed in May 2008
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ANTARES First detector line (2006-2022) 

Deployment 14/02/2006  

Connection March 2006  

Disconnection February 2022



Marrakech, 13 October 2022 14

ANTARES. (Junction Box)
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Search for Magnetic Monopoles

number of fired PMTs in the track

β in [0.906 , 0.9505] β in [0.906 , 0.9505]
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Search for Magnetic Monopoles

JHEP 07 (2017) 54

JHEA 34 (2022) 1-8
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Search for Nuclearites

Snapshot duration (dt) left, and log10(nhits3)/nfloor distributions; these two variables 

are the best discrimination variables for nuclearites



Marrakech, 13 October 2022 18

Search for Nuclearites

Sensitivity obtained for nuclearites in ANTARES 
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High Granularity Timing Detector
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KM3NeT
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KM3NeT

2475m ORCA

3400m ARCA
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KM3NeT

• 31 PMTs in one sphere

• 3 x cathode area wrt ANTARES OM 

• Single photon counting

• Directional information

• Inspiring design for IceCube-Gen 2

200 m

KM3NeT ARCA/ORCA
Astrophysics/Oscillation Research

with Cosmics in the Abyss

ARCA: 3.5km depth, 100km from Capo Passero (Sicily)

Focus: Cosmic Neutrino Sources

large, sparse grid -> high energy 

ORCA: 2.5 km depth, 40km from Toulon (France)

Focus: Atmospheric neutrino oscillations

small, dense grid -> low energy 

ARCAORCA
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KM3NeT : Current status

ARCA8 ORCA10

• 8 functional lines in ARCA (Italie)

• 10 functional lines in ORCA (France)

PS: 11 new lines added to ARCA very recently (June 2022)

23
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National DOM integration site in Rabat
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National BM integration site in Oujda

Agreement for the establishment of a 

second national site which will be 

installed at the Mohammed Premier 

University of Oujda. 

This large-scale project will be dedicated to the 

integration of "Base Modules" for the KM3NeT-

ORCA Telescope.
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Trigger

Reconstruction

Derivation

Analysis

Derivation

Reconstruction

Digitization+Trigger

Simulation

Generation

Online

Tier-0

Grid

Organized 

production

Heterogeneous 

analysis Detector

data

Simulated data

Grid & Analysis 

Facilities

ATLAS data processing chain

40M of photos / sec

Only 1k are saved
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Our Computing Centers (WLCG)

● We have a pretty traditional, though evolving, computing 

infrastructure 

● Racks of linux boxes distributed around the world in 

“sites”

● Sites classified in “tiers” and organized into “clouds”

● Integrating High-Performance Computing systems and 

Cloud resources
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How Much, How Big?

Worldwide, LHC-wide:

● 1.5M CPU cores

● 1.4 EB of disk+tape

● 200 PB/month of data 

transfers (between computing centers)
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ASCC

3.15 PF of performance

1300+ servers

67000+ CPU cores

8000 TB of combined

storage

In the TOP 150 

systems

worldwide (#147)

About 650KW of 

electrical power at 

full capacity

Largest system 

in the African

continent

Regional

Academic

Research Hub

Fruit of a 

partenership with the 

University of 

Cambridge

African SuperComputing Center
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ASCC: What is the vision?
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National ATLAS Tier2



Marrakech, 13 October 2022 32

CERN’s technological innovations have 
applications in many fields

CERN has years of experience 

in designing technology with 

direct applications to

QUANTUM COMPUTING, 

COMMUNICATIONS, AND 

SENSING

and complex

COMPUTATIONAL NEEDS

Technologies to directly 

CAPTURE, STORE AND 

PROCESS QUANTUM STATES 

from future detectors would 

allow to accelerate new physics 

discoveries and enable 

revolutionary new applications 

in many fields

17/10/22Presentation32

Quantum Phase Detection Circuit

The CERN QTI was designed 

to EXPLORE the applications 

of quantum technologies and 

CONTRIBUTE to the 

advancement of the state-of-

the-art bridging fundamental 

research, quantum information 

science, and engineering

https://quantum.cern

Quantum R&D Areas
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Quantum R&D Areas

33

Computing Sensing Communications Theory

Simulatio

n

Reconstructio

n

Classificatio

n

QKD 

infrastructures

Quantum 

Internet

Quantum Field 

TheoryLow-energy experiments, quantum 

states measurements, nano-

technologies

https://doi.org/10.1140/epjst/e2015-

02607-4

Lattice QCD

https://cds.cern.ch/record/2703396

Future HEP Detectors

09/06/2022CERN QTI & VDMA

https://doi.org/10.1140/epjst/e2015-02607-4
https://cds.cern.ch/record/2703396
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Quantum Technology Collaborations

34

Organizations and Projects Industry

Academia, Research Labs and Agencies

IBM Q-Net
Intel

Xanadu

09/06/2022CERN QTI & VDMA
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Conclusions

• Technology Transfer through HEP and Astroparticles

• To become a Tier2 it would be important to be able to run all the ATLAS workflows, 

including the I/O intensive ones like derivations and analysis. 

We need an upgrade at least at the 10Gbps level, and on storage, which

ideally should be above 0.75 PB
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ATLAS upgrade (HGTD)
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ATLAS upgrade (HGTD)
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ATLAS upgrade (HGTD)

ATLAS Technical Associate

optimization and design of a prototype of the HGTD in order to participate in the 

assembly of part of this detector.

Benefit from the expertise of the MAScIR Foundation in terms of applied 

research, in particular as regards the methods of validation and verification of 

electronic systems intended to ensure the smooth running of experiments during 

the operation of the LHC collider.

MAScIR one of the six sites chosen for the production and quality control of 16% 

of the overall volume of the HGTD project, in its final phase.

LGAD :    30ps



Marrakech, 13 October 2022 39

Preparing the future — the grand plan

We are here


