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Exploring Dark Side of the Universe
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• 2nd-7th June in Noirmoutiers 

• Discussions around dark matter and dark energy with 
different approaches : particle physics, astro-particles 
and cosmology  

• Focus on tools (instrumentation, big data, AI, theory, 
models) 

• One day with other topics, that use similar tools 
(exoplanets, quantum physics, photonics, astronomy) 

• Michel Mayor talk on exoplanets, very interesting !

Introduction
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Direct search for dark matter
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• ton-scale experiments, very low interaction rate : 0.01 
counts / kev ton year  

• NaI (Sodium Iodide) detectors sensitive to high DM 
masses (>30 GeV) 

• galactic dark matter 

• No any sign of new particule…. except in DAMA ! 

• DAMA: matrix of NaI(TI) scintillation detectors (γ-ray 
detector) 

• located underground (Laboratori Nazionali del Gran 
Sasso)

Direct search for dark matter 
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• Annual modulation of signal. Sign of DM in galactic halo ?  

• APPEC Recommendation: “The long-standing claim from DAMA/LIBRA [...] needs to be 
independently verified using the same target material.” 

Dark Matter signal ?

period:                                     0.99834 ± 0.00067 years 

Maximum

Minimum
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• Checked by DM-Ice, Cosine-100 -> no sensitive 

• Checked by  ANAIS-112 -> no compatible with oscillation at ~3σ level -> 5σ at reach in late 2025 

• Other experiments in construction to make the same study (SABRE, PicoLON-Japan)

Timeline of direct NaI experiments

will exclude seasonal effects (north/south)
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Cosmology
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spectral distortion of the CMB through inverse Compton scattering 
by high-energy electrons in galaxy clusters -> independent of z 14
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• Clean and well-understood 
selection of candidates  

• Very high redshift clusters can 
be detected !
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• 1005 confirmed clusters above z > 0.25 
over 5,200 deg^2 

• Almost 700 SPT clusters (redshift 
0.25—0.95) with DES Y3 shear

SZ Cluster Selection + Optical Confirmation 
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First images of Euclid 
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Supernovae
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Neutrinos 
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Neutrino mass 
KATRIN world best measurement 
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Katrin

28



• Particle and antiparticle (Majorana) 

• Violation of lepton number  

•

Neutrinoless double beta decay
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Astroparticules 
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• Fermi experiment launched in 2008 (particle detector in space : trigger, calorimeter, tracker, 
anticoincidence detector)

gamma-ray from galactic center 
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• But could be 
rather interpreted 
as stellar bulge  

• Being investigated 
by many teams 
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• Can deduce properties of dark-matter 
by studying velocities of stars in satellite 
galaxy 

LMC

most massive satellite of the Milky Way 

Gaia 
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Gravitational waves  
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To get the redshift-distance relation 
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Ground detectors currently not 
providing competitive measurements  

Future detectors (LISA, Einstein 
Telescope, Cosmic Explorer) could 

improve a lot precision 
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3rd generation of GW detectors 
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Timelines
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LISA
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Primordial universe
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Inflation
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LiteBird
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• Only a small subset of results shown here, many other interesting presented ! (also in backup)  

• https://indico.cern.ch/event/1267450/timetable/?view=standard  

• Many interesting project staring soon, or being planned  

• useful for prospectives :-)

Summary
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https://indico.cern.ch/event/1267450/timetable/?view=standard


Additional topics 



-> cryogenic experiments 
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Current and projected results 
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Modified gravity 
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Tensions in LCDM

5σ
2-3σ
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• Decaying Dark Matter (DDM) is a potential candidate -> can 
explain S8 tension  

• Early Dark Energy can be a candidate to explain H0 tension 

Theoretical solutions ?
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Quantum gravity 
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• Still in 
construction 

Gravitational effects on entangled photons 
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