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Bonus: where are neutrinos coming from?



Neutrinos: protagonists of the multi-messenger era
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Neutrinos: kittens of the multi-messenger era



     Neutrinos experiments: so challenging!



  Where are neutrinos hiding?
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KATRIN (KArlsruhe TRItium Neutrino)

From TAUP 2019 talk  by T. Lasserre .  for details on the set up: arXiv:1909.06069

  



KATRIN (KArlsruhe TRItium Neutrino)

From  Aker M. et al.,  arXiv:1909.06069

  



Reactor neutrino experiments

Accelerators experiments 

Neutrino telescopes

Solar neutrinos

Neutrino oscillations

Double Beta Decay



Reactor neutrino experiments

IBD



Double Chooz

Stolen from Mariam’s talk

*

*



Double Chooz



Double Chooz

From Suekane F. et al. (2016),  NPB 908, 74 



RENO (Reactor Experiment for Neutrino Oscillation)

From Ahn J. K.. et al. (2010),  arXiv: 1003.1391 



Daya Bay

Latest results from Daya Bay in Adamson P.  et al. (2016),  
arXiv: 1607.01177 



Combined results from reactors

De Salas et al., PLB 782,633 (2018)



Accelerators experiments



MINOS and MINOS+ (Main Injector Neutrino 
Oscillation Search)



MINOS and MINOS+ (Main Injector Neutrino 
Oscillation Search)

From A. Aurisano, talk at Neutrino 2018 



MINOS and MINOS+

J.Todd, Nufacts 2018



NOvA

From Neutrino 2018 conference, “Nova results and prospects” by M. Sanchez et al.  



NOvA

From Neutrino 2018 conference, “Nova results and prospects” by M. Sanchez et al.  



T2K (Tokai to Kamioka)



Combined results  from accelerators

Stolen from Mariam’s talk



Combined results 
from reactors and 
accelerators

From Suekane F. et al. (2016),  NPB 908, 74 



Neutrino telescopes

From Neutrino 18 conference, “Future neutrino telescopes” by U. Katz et al.  



KM3Net ORCA3

ORCA (Oscillations Research with Cosmics in the Abyss) is the low-energy branch of 
KM3NeT, the next generation underwater Cherenkov neutrino detector in the 
Mediterranean.
Interactions of neutrinos in seawater at low (< 100 GeV) energies.
Goals:  -to resolve the long-standing unsolved question of whether the neutrino mass   
              ordering (NMO) is normal or inverted by measuring matter oscillation effects with 
              atmospheric neutrinos; 
              -to  study exotic oscillation phenomena such as sterile neutrinos and non-standard 
              Interactions
              -astrophysics and supernova neutrinos (reference to multi-messenger astronomy)



KM3Net ORCA

From PoS ICRC 2017 by A. Kouchner et al.  

NSI-> Non Standard Interactions



IceCube DeepCore

-designed to lower the IceCube neutrino energy threshold by over an order of magnitude, to 
energies as low as about 10 GeV. 
-situated primarily 2100 m below the surface of the icecap at the South Pole, at the bottom 
center of the existing IceCube array, and began taking physics data in May 2010.
-neutrinos from WIMP dark matter annihilations, atmospheric neutrino oscillations, galactic 
supernova neutrinos, and point sources of neutrinos in the northern and southern skies. 

arXiv: 1109.6096

Decoherence in neutrino propagation through matter (arXiv 1803.04438 
Coloma et al.)



ANTARES (Astronomy with a Neutrino Telescope and 
Abyss environmental RESearch)



Combined results for atmospheric neutrinos



Solar neutrinos



Combined results for solar neutrinos

De Salas et al., PLB 782,633 (2018)



A lot of other experiments could not be mentioned….

Double beta decay experiments (very important!)

DUne
SuperK
Baikal Deep Underwater Neutrino Telescope
Borexino (BORon EXperiment )
SAGE (Soviet–American Gallium Experiment)
Radioactivity experiments (GERDA, Mayorana demonstrator…)



Bonus question: where do neutrinos come from?






