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Astroparticles: multi-messager



Why I have decided to work in 
the astroparticles field

It is really an aventure !!! 
Center of different thematics  

(particle, astrophysics, cosmology, engineers…)
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Rayons cosmiques: AMS



Rayons cosmiques: AMS

?



ratio e+/e- : AMS



Rayons cosmiques: AMS

Unexpected features in the positron spectrum



Rayons cosmiques

Anisotropy in the CR distribution



Rayons cosmiques: UHE
Pierre Auger  
Observatory

Telescope Array 
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Rayons cosmiques: UHE

Hillas
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Rayons cosmiques: UHE

Auger

TA

231 events 2004-14



Indirect CR detection



Astronomy VHE g



Astronomy UHE g
Fermi

HESS
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Astronomy VHE g
Up to 10^17 eV, probably SNR are one of 

the main sources of cosmic rays 



Indirect CR detection



neutrino



HE neutrinos

Ice Cube ANTARES
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HE neutrino

36 events (~15 bkg): detection à 5sigma 



HE neutrino

Difficulty: low Ang. Resol. for cascade event (15deg) 
Exclusion of a single PS by ANTARES



HE neutrino
Search for the 

neutrino 
sources

?
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neutrino solaire
!  Composition :  
73% hydrogène (H) 
25% hélium (He) 
2% autres éléments 

Mesure du flux de neutrinos: 
modele standard du soleil

environ 65 milliards/cm2/s	





neutrino solaire
Homestake (1968)

Déficit de 
neutrinos

Confirmé par Gallex, Sage



neutrino solaire



neutrino atmosphérique

Super-Kamiokande



SN1987a
core-collapse supernova in the Large 
Magellanic Cloud, 50 kpc away from Earth. 
Two water Cherenkov detectors, 
Kamiokande-II and the Irvine-Michigan-
Brookhaven (IMB) experiment, observed 19 
neutrino interaction events altogether  
over a 13 s interval at a time consistent 
with the estimated time of core collapse 

confirm the baseline 
model of core collapse 

Typical 3 1053 erg SN (10 kpc & <Enu>=15 MeV), 
the total flux of neutrino flowing through the 
detector is around 1016 m-2 



neutrino: oscillation



neutrino: PMNS matrix



neutrino: PMNS matrix



theta 13



Hierarchie de masse
Orca/Pingu



violation CP

Baryon asymmetry in the Universe: CP violation 
in baryon not sufficient, need also CP violation 

in lepton (through leptogenesis) 



Majorama ou Dirac



Masse des neutrinos



Masse des neutrinos

KATRIN



Cosmologie



Neutrino sterile ?

Many small anomalies 
found in  different 
experiments : 
=> difficult to explain in 
the 3nu scenario 
=> possible hints of new 
neutrinos not coupled with 
the Z (3+1 favor than 3+2)




