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Introduction
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Astroparticle physics investigates the connection between astrophysics and particle physics

• Introduction

Cosmic rays Neutrinos Dark matter

By studying these astroparticles, researchers aim to gain insights into the nature of the Universe and its 
fundamental processes.

4



There are several neutrino telescopes and astroparticle detectors in the Mediterranean sea that have been 
developed to study neutrinos and other high-energy particles originating from space.

• Introduction

ANTARES KM3NeT
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1. The Collaboration
2. Detector layout
3. Detection principle
4. Triggering systems

The ANTARES neutrino telescope

2. The ANTARES neutrino 
telescope
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• The Collaboration • Detector layout • Detection principle • Triggering systems

ANTARES (Astronomy with a Neutrino Telescope and Abyss Environmental Research) 

The ANTARES collaboration is 
composed of around 150 
engineers, technicians and 
physicists from different institutes 
principally located in Europe

ANTARES is located 40 km off the 
coast of Toulon in France( at the 
coordinates 42°48’N, 6°10’E)
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Morocco is a Member of the 
ANTARES collaboration :
• Oujda
• Rabat
• Marrakech



• 12 detection line
• Each line contains 25 floors (storeys)
• Each floor is a set of 3 optical modules

45°

ANTARES (Astronomy with a Neutrino Telescope and Abyss Environmental Research) 
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 What can be done with neutrino telescopes?

Oceanography, biology, seismology, bioacoustics …

9

• The Collaboration • Detector layout • Detection principle • Triggering systems



• Large volume needed due to weak interaction.

• Distinguishing upward and downward muons required.

• Earth filters other particles.

• ANTARES targets muon neutrinos, while electron and tau neutrinos pose obstacles.
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 Trigger systems

Hit Cluster
L0 hits: hits passing the L0 threshold set to 0.3 p.e
L1 hits: are either:

• An L0 hit with high amplitude (3 p.e. or 10 p.e.)
• Two or more L0 hits in coincidence in two different OMs in the same storey in a time window of 20 ns

T3 cluster: coincidence of two L1 on two adjacent (next to adjacent) storeys, in an interval of 100 ns (200 ns).

Triggers

• T3 trigger: A manifestation of at least one T3 hit
• 3D (3N) trigger: Requires at least five L1 hits in a time window that correspond to the passage of a muons.
• GC trigger: the GC trigger looks for one L1 hit and four L0 hits in the direction of the Galactic center
• K40 trigger: it requires two L0 hits on two different OMs of the same storey in a time window of 50 ns.

• A run is a period of data taking  

• A hit is an ensemble of time and 
amplitude information from a 
PMT

• An event in an hits of hits
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2. Nuclearites of SQM

The strange Quark matter SQM

3. The strange Quark matter 
SQM
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 What is the Strange Quark Matter ?

SQM is an exotic state of matter with unique properties and potential implications for our 
understanding of fundamental physics.

Composition: SQM consists of a mixture of up, down, and strange quarks, with the strange quark 
content dominating.

High Density: SQM is characterized by incredibly high densities, exceeding nuclear densities by several 
orders of magnitude.
Stability: According to certain theoretical models, SQM may be more stable than ordinary atomic 
matter under extreme conditions.

• Introduction • Nuclearites of SQM

Normal nuclear matter Strange quark matter

13



Neutron star Strange star Cosmic rays Heavy Ion Collisions

 SQM sources 

• Neutron stars: Strange quark matter may be present in the core of neutron stars, where the pressure 
and density are incredibly high.

• Cosmic rays and colliders: High-energy cosmic ray collisions or particle collider experiments could 
potentially produce strange quark matter, offering opportunities to study its properties and investigate 
its existence. 
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 What are nuclearites ?

Nuclearites are heavy quark nuggets with a mass greater than 𝟏𝟎𝟏𝟎 GeV. They are lumps of SQM. 

In the MIT bag model, SQM objects are degenerate Fermi gases consisting of 3𝐴 quarks confined 
within a "bag“. 𝐴 stands for the baryonic number.

A nuclearite is defined as a spherical bag with a radius 𝑅0, a volume 𝑉, and an external pressure 𝐵.
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Search for nuclearites with the ANTARES neutrino telescope

4. Search for nuclearites 
with the ANTARES 
neutrino telescope
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• Introduction • Search strategy • Analysis • Results and discussion

 Unexplored Exotic Matter: Nuclearites are hypothetical exotic particles that could exist if certain
models of physics beyond the Standard Model are correct

 Exploring Dark Matter Candidates: Nuclearites have been proposed as possible candidates for
dark matter, which is the elusive form of matter that does not interact with light or other
electromagnetic radiation

 Unique Interaction Signature: Nuclearites, if they exist, would interact with matter in distinct ways
compared to other known particles. They would produce specific signals when passing through a
neutrino detector, such as the creation of a Cherenkov radiation cone or energy deposition in the
detector medium

 Neutrino Telescope Sensitivity: Neutrino telescopes, such as those like IceCube and ANTARES, are
designed to detect neutrinos, which are extremely weakly interacting particles. Due to their high
sensitivity and ability to detect rare signals, these telescopes can be repurposed to search for other
types of exotic particles, including nuclearites
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• Introduction • Search strategy • Analysis • Results and discussion

2009 2012 2017
1. Choose the analysis period

2. Simulate the 
response of 
the detector

4. Check 
agreement 
between data 
& MC

3. Identify the 
discrimination 
variables and 
optimise them

5. Compute the 
sensitivity/Flux 
upper limits if no 
candidate event 
found
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• Introduction • Search strategy • Analysis • Results and discussion

• Analysis period : 2009 → 2017
• Using RbR

• Runs selection (silver runs)
 Livetime before quality selection: 9 years.
 Livetime after quality selection: 842 days.

 For Nuclearites (our signal) : 
• masses: 4× 1013 threshold detection mass, 1014, 1015 and 1016 GeV/c2 with β0 = 10-3 at the top of the 

atmosphere
• generating 100 events for each run

 Muons (dominated background source) : 

T3 3D

3
D

 &
 T

3

Trigger condition

 Cut flow and run selection
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 Threshold detection mass

Vertical incident assumption
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• Introduction • Search strategy • Analysis • Results and discussion

 Event Simulation

Simulation chain: generation, propagation, light, and the detection

• Nuclearites are generated on the simulation hemisphere
• Galactic velocities
• Random generated angles 

Antsim, the simulation program
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 Events Simulation

Mass production

Atm. muons files were retrieved from their lactation  on the 
collaboration storage

All the runs were simulated in CC-in2p3 (thank you!)

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

Nb. Of runs 1138 1513 1669 881 261 208 192 248 174

• Each run takes in average several days depending on the mass and the 
year (typically up to 10 days/run)

• The full production takes several months
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 Discrimination variables

• Snapshot duration (dt) left, it represent the transit time of an event in the detector.

• log10(nhits3)/nfloor distributions, right; it refers the luminous weight of the event in the detector
• nhits3 is the number of hits with charge >= 3 p.e.
• nfloor is the number of floors recording at least one hit 
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 Event analysis

L0 Quality cut

• We select only events with a number of L0 hits ≥ 300 
• Using L0 cut, we suppress all events with log10(nhits3)/nfloor higher than 0,02
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 Discrimination variables

2D plot for the discrimination variables
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• Introduction • Search strategy • Analysis • Results and discussion

 Cuts optimisation 

Model Rejection Factor
G. C. Hill and K. Rawlins

Optimisation procedure

 Optimize the selection of event cut parameters in neutrino detectors
 Minimize biases in the selection process and maximize the sensitivity of the detector
 Takes into account the signal and background distributions
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Optimisation resutls and the associated flux upper limit at 90% C.L.
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Computed from the unified 
approach of Feldman-Cousins
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90% C.L. flux upper limit
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• Overview • DOM integration at Rabat • BM integration at Oujda

KM3NeT is a research infrastructure housing the next 
generation neutrino telescopes

KM3NeT = Cubic Kilometre Neutrino Telescope

DU

Digital Optical Module (DOM)
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• Overview • BM integration at Oujda • DOM integration at Rabat

Three parts:

• The optical part
• The electronic part
• The power unit

 What is a Base Module
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 BM under integration at Oujda
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Integration of the optical parts of the BM at Oujda

For the time being, the 2nd BM is under integration at Oujda

• Overview • BM integration at Oujda • DOM integration at Rabat



DOM for Digital Optical Module
• A DOM is a pressure-resistant glass sphere

• It holds 31 PMTs
• It contains a piezo
• It contains a compass

 Overview

DU
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 DOM integration at Rabat
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• Overview • BM integration at Oujda • DOM integration at Rabat

The Rabat team has already integrated 7 DOMs. 



Conclusion and perspectives

6. Conclusion and 
perspectives
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Conclusion and perspectives

 Conclusion

 We have simulated the nuclearites in ANTARES
 We found two discrimination variables that reflect perfectly the nuclearites signal
 The results obtained are the most stringent ever set by an experiment -> Good thing
 The first results reported by a neutrino telescope
 The contribution of Moroccan teams in the KM3NeT construction is a very good opportunity to 

get closer to such experiments.
 The integration of the first BM at Oujda and the first set of 7 DOMs at Rabat reflect the success 

of Moroccan teams to this contribution 

 Perspectives

 The analysis could be enhanced by extending the analysis period
 Machine learning methods could also be used to improve the analysis
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Thank you
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