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NEUTRINO MIXING & OSCILLATIONS

Schechter & JV PRD22 (1980) 2227 & PDG

Rodejohann, JV Phys.Rev. D84 (2011) 073011

PHYSICAL REVIEW D 90, 093006 (2014)
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http://prd.aps.org/abstract/PRD/v22/i9/p2227_1

Great achievement but

o Why mass scale so different from charged fermions?

< Why mixing so different from CKM?
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Great achievement but

o Why mass scale so different from charged fermions?
Because of LNV, e.g. seesaw

o Why mixing so different from CKM?

Because of some flavor symmetry, e.g. A4

neutrinos as gateways to new physics
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origin of neutrino mass and seesaw

fermion exchange Scalar-exchange
TYPE | TYPE II
Minkowski 77 Schechter-Valle 80/82

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle, 80 & 82

SCALE vav ~ vy With vy 3> vy 3> 03

MECHANISM Number & properties of messengers

LOW-SCALE SEESAW

FLAVOR STRUCTURE Mohapatra-Valle 86

Akhmedov et al PRD53 (1996) 2752
Malinsky et al PRL95(2005)161801
Bazzocchi et al, PRD81(2010) 051701
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Pathways to Naturally Small Neutrino Masses

Ernest Ma
partment of Physics, University of California, Riverside, California 92521
(Received 11 May 1998)
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pattern of oscillation parameters ...

pattern of charged fermion masses...

b-tau unification without GUIS...
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PHYSICAL REVIEW D, VOLUME 64, 113012

Softly broken 4, symmetry for nearly degenerate neutrino masses
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Physics Department, University of California, Riverside, California 92521
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ELSEVIER Physics Letters B 552 (2003) 207213

Underlying A4 symmetry for the neutrino mass matrix and
the quark mixing matrix
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Today
Life on earth

Acceleration

Neutrinos affect the CMB el
and la rge SCd le Stru cture Star formation peak

Galaxy formation era\

|n the U n IVE rse . Earliest visible galaxies

14 hillion years

Recombination Atoms form
Relic radiation decouples (CMB)}

Matter domination
Onset of gravitational collapse

Nucleosynthesis
Light elements created — D, He, Li

Nuclear fusion begins

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Grand unification transition
Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down
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Neutrinos affect the CMB
and large scale structure
in the Universe...

are key in the synthesis of
light elements

can “probe” the Universe
earlier than photons ...

inflation

neliriny
IH5s

haryogenesi
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Verifiable radiative seesaw mechanism of neutrino mass and dark matter

Ernest Ma

Physics Department, University of California, Riverside, California 92521, USA
(Received 27 January 2006: published 14 April 2006)

Neutrino oscillations have established that neutrinos »; have very small masses. Theoretically, they are
believed to arise through the famous seesaw mechanism from their very heavy and unobservable Dirac
mass partners N;. It is proposed here in a new minimal extension of the standard model with a second
scalar doublet (n™, n°) that the seesaw mechanism is actually radiative, and that N; and (n™, n?) are
experimentally observable at the forthcoming Large Hadron Collider, with the bonus that the lightest of
them is also an excellent candidate for the dark matter of the Universe.

How Many Neutrinos?

Ernest Ma and Jon Okada
Department of Physics and Astronomy, Univevsity of Hawaii at Manoa, Honolulu, Hawaii 96822
(Received 24 March 1978)

Measurement of e"e” — yvv at the new colliding-beam facilities can determine directly
the total number of neutrino types (v,,v,,v,, etc.).



ThanK you ...

Thank you Ernest !!
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