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Neutrino Oscillations

; Neutrino interaction eigenstates different from mass

e | g e nStates normal hierarchy inverted hierarchy
B Neutrino flavour can change through
propagation —— () () —r——
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;} Era of neutrino precision physics
B Currenterrors~1 -10% a— i i

} Experimental unknowns and anomalies
B CP Violation? Sign of Y& ? Octant of — ? Sterile Neutrinos ?
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Neutrino Oscillations

} Matter effect important in Sun
B Resonant enhancement of mixing
B Decoherence of oscillations

B’ produced in Sun
but 0C © ' ) T® (dep. on energy).
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Neutrino Oscillations

} Matter effect important in Sun
B Resonant enhancement of mixing
B Decoherence of oscillations

B’ produced in Sun
but 0C © ' ) T® (dep. on energy).

Solar neutrinos: Oscillations or No-oscillations?

A. Yu. Smirnov

(Submitted on 8 Sep 2016 (v1), last revised 19 Sep 2017 (this version, v2))

The Nobel prize in physics 2015 has been awarded "... for the discovery of neutrino oscillations which show that neutrinos have mass". While SuperKamiokande
(SK), indeed, has discovered oscillations, SNO observed effect of the adiabatic (almost non-oscillatory) flavor conversion of neutrinos in the matter of the Sun.
Oscillations are irrelevant for solar neutrinos apart from small v, regeneration inside the Earth. Both oscillations and adiabatic conversion do not imply masses
uniquely and further studies were required to show that non-zero neutrino masses are behind the SNO results. Phenomena of oscillations (phase effect) and
adiabatic conversion (the MSW effect driven by the change of mixing in matter) are described in pedagogical way.

Comments: 19 pages, 12 figures, Comments and 1 figure added

Subjects:  High Energy Physics - Phenomenology (hep-ph); Solar and Stellar Astrophysics (astro-ph.SR); High Energy Physics - Experiment (hep-ex)
Cite as: arXiv:1609.02386 [hep-ph]

(or arXiv:1609.02386v2 [hep-ph] for this version)

Frank Deppisch | Neutrino Physics | 18/01/2018




Neutrino Oscillation
Experiments
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Solar -,

B Radiochemical: Homestake , Gallex, SAGE Eo,m v, spectrum at JUNO, L = 52.5 km ]
1 Only rate of ' , no energy 3012 —No osc. E

B Cherenkov radiation: (Super -)Kamiokande , | £ 1-P,, osc.
SNO @ 0.10 :
1 Real-time, energy and direction, all flavours o Bl

B Liquid scintillation:  Borexino i PeeforiO
1 Low energy threshold e i :

B Reactor: KamLAND 0.04 | Yo = Z

Atmospheric ('O ' A6 4 A)6 e AN?

B Super- Kamiokande B
1 Originally background to proton decay am, ? E, [MeV]

B Neutrino telescopes: ANTARES, IceCube i u
1 Originall y for high energy neutrinos

Short - baseline Reactor

B CHOOZ, Palo Verde, Daya Bay, RENO, Double Chooz,

Future: JUNO, RENO- 50
1 Measurement of —

Long - baseline Accelerator

B K2K, MINOS, T2K, No ’ a, Future: DUNE, T2H(H)K,
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Neutrino Oscillations
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NeUtrinOS and the Universe University Coliege London

} Impact on the evolution of the Universe

B Practically massless neutrinos act as radiation ( photons)
B Possibility to count the number of neutrinos
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