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neutrino 2024

• conference held every 2 years since 1972
• 2024 edition in Milan (Italy)
• 71 plenary talks
• 460 posters
• 828 participants
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neutrino oscillations

two-flavors approximation

flavor 
states

mass 
states
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neutrino unknowns
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double 
beta decay

• LEGEND
• KamLAND-Zen
• CUORE
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double beta decay

• 2 very rare process
• 0 never observed
• find signal by total energy
• proves  is Majorana particle
• proves lepton number is violated
• explain mass smallness

• measures  mass

2 (background) 0 (signal)

• uncertainty in nuclear matrix element
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LEGEND [Italy, 2023-]
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LEGEND
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KamLAND-Zen [Japan, 2011-]
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KamLAND-Zen
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KamLAND-Zen



Federico Nova neutrino 202413

CUORE [Italy, 2003-]
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CUORE

• a
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CUORE
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CUORE



Federico Nova neutrino 202417

tritium 
beta decay

• KATRIN
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tritium  decay why tritium?
• small Q-value (~19 keV)
• short mean life (18 y) -> small mass -> 

small inelastic scattering
• simple atom and nucleus
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KATRIN [Germany, 2019-]

(gas)
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KATRIN
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KATRIN
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solar 
neutrinos

• Borexino
• Super-Kamiokande
• SNO+
• JUNO
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solar neutrinos

• e emitted by sun
• total flux directly constrained by luminosity
• on the way oscillations happen

𝜈𝑒
𝜈𝜇 + 𝜈𝜏

2
• enhanced by matter effects in the sun
• oscillation profile at 3 MeV chooses between 

models (but as yet unknown)
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Borexino [Italy, 2007-21]
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Borexino
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Borexino

Earth orbit is an ellipse
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Super-Kamiokande [Japan, 1996-]
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Super-Kamiokande

SK VIII
last week
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Super-Kamiokande
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Super-Kamiokande
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SNO+ [Canada, 2017-]
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SNO+
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SNO+
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SNO+
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JUNO [China, 2024-]



Federico Nova neutrino 202436

JUNO
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JUNO
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JUNO
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JUNO
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reactor 
neutrinos

• Daya Bay
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reactor neutrinos

• 4 MeV e

• disappearence experiments
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Daya Bay [China, 2011-20]
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reactor neutrinos global fits
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reactor neutrinos global fits
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atmospheric 
neutrinos

• Super-Kamiokande
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atmospheric



Federico Nova neutrino 202447

Super-Kamiokande [Japan, 1996-]
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Super-Kamiokande
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Super-Kamiokande
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Super-Kamiokande
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Super-Kamiokande



Federico Nova neutrino 202452

Super-Kamiokande
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Super-Kamiokande
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atmospheric neutrinos global fits
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long 
baseline

• T2K
• NOvA
• DUNE
• Hyper-Kamiokande
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long baseline
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T2K [Japan, 2010-]
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T2K
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T2K
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T2K
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T2K



Federico Nova neutrino 202462

T2K
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T2K
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T2K
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T2K
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T2K
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NOvA [USA, 2014-]
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NOvA
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NOvA
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NOvA
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NOvA
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NOvA
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NOvA
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DUNE [USA, future ]
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DUNE
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DUNE
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DUNE
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DUNE
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Hyper-Kamiokande [Japan, future]
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Hyper-Kamiokande
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Hyper-Kamiokande
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Hyper-Kamiokande
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Hyper-Kamiokande
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Hyper-Kamiokande
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astrophysical 
neutrinos

• IceCube
• KM3NeT
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astrophysical neutrnos
• diffuse supernova neutrinos

• remnants of all exploded supernovae
• isotropic
• redshifted by universe expansion (0, 20) MeV

• first hints by Super-Kamiokande with Gd
• 2.3  excess
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IceCube [South Pole, 2010-]
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IceCube
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IceCube
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IceCube
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IceCube
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IceCube
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IceCube
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KM3NeT [Mediterraneum, 2020-]
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KM3NeT
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KM3NeT
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KM3NeT
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KM3NeT
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KM3NeT
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KM3NeT
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geoneutrinos
• KamLAND-Zen
• Borexino



Federico Nova neutrino 2024102

geo-neutrinos



Federico Nova neutrino 2024103

geo-neutrinos
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geo-neutrinos
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geo-neutrinos
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geo-neutrinos
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geo-neutrinos
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summary

• double-beta decay
• tritium
• nuclear reactors
• accelerator neutrinos
• solar neutrinos
• atmospheric neutrinos
• astrophysical neutrinos
• geo-neutrinos
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