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Towards precise neutrino mixing measurements

Past measurements

® Jarge mixing angles

® non-zero masses
Remaining questions

® Majorana vs Dirac

® absolute masses

® degree of CP violation

® some low-energy v fluxes

Snowmass Neutrino Frontier Report
How to achieve it? All hands on deck

® Many new experiments comimg online soon, DUNE, JUNO, HK,
DARWIN-LZ...

® variety of approaches — superb sensitivity 7


https://arxiv.org/pdf/2212.00809.pdf

Atmospheric neutrino flux
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Mixing: NuCraft 2/7

Past measurements: energies > 100 MeV


https://arxiv.org/abs/2110.14723
https://arxiv.org/abs/1409.1387

Distinctive nuclear channels

Neutral current channels
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® instantaneous decay of >C*

® emission of a monoenergetic
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Distinctive nuclear channels

Charged current channels: v,
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e coincidence detection of et and e~

e difference in uBg,s, and 12Ng,s, lifetimes — v, vs. v, distinction
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Distinctive nuclear channels

Charged current channels: v,
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® coincidence detection of y, its decay e and (-decay e
e difference in uBg,s, and 12Ng,s, lifetimes — v, vs. v, distinction

e triple vs. double coincidence detection — v, vs. v, distinction
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Distinctive nuclear channels

A

15.11 MeV signal

]
Also suggested for supernova Background
neutrino detection, see, e.g., Frerey >
Fukugita et al. 1988, Laha et al. ,_
2014, Lu et al. 2016
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The Jiangmen Underground Neutrino Observatory (JUNO)

large-scale carbon-based liquid scintilator detector

® soon operational (~ 2024)

excelent energy resolution < 3%

excelent spatial resolution O(5) cm

low backgrounds in the considerd channels

An et al. (2015), Sitsi (2022) 4)7


https://arxiv.org/pdf/1507.05613.pdf
https://agenda.infn.it/event/30418/contributions/170630/attachments/95799/131781/JUNO_MonicaSisti_NOW2022.pdf

Cross section: elementary particle treatment (EPT)
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e superallowed transitions from 0™ to 1% states
e the exclusive v - 2C cross sections measured only at low energies
¢ experimental data agrees well with the EPT treatment

® 5-40% difference with respect to, e.g., RPA calculations

Fukugita et al. (1988), Pourkaviani & Mintz (1990), Kubodera & Nozawa (1993), Engel et al. (1996), Kolbe (1996), Samana et al. (2010)
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https://www.sciencedirect.com/science/article/abs/pii/0370269388905138?via%3Dihub
https://iopscience.iop.org/article/10.1088/0954-3899/16/4/007
https://arxiv.org/abs/nucl-th/93100147
https://arxiv.org/abs/nucl-th/9606031
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.54.1741
https://arxiv.org/abs/1005.2134

Atmospheric neutrino detection in JUNO
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Conclusions

® high statistic era of neutrino physics
® goal is exploring all the available channels

® high-precision measurements of the mixing parameters
and neutrino fluxes

e exclusive nuclear channels — clean observables

® similar channels exist for different nuclei?

Thank you for the attention!
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Atmospheric neutrino oscillations
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EPT cross sections

3G? 3G?
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CORPA cross sections
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