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Some History about Neutrinos

I In 1896, the Franch physicist Henri Bequerel discovered the
radiocativity.

I As a consequence, a neutron (1932) may give a proton (1911) and an
electron (1897): n→ p + e−. BUT ...

Is the ENERGY CONCERVATION PRINCIPLE CORRECT??
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Fermi Theory for Weak Interactions

I In 1933, E. Fermi put his theory to describe the beta decay
n→ p + e− + ν̄ but assuming a POINT interaction between two
charged curents: hadronic (proton and neutron) and leptonic
(el;ectron and neutrino) as LF = GF√

2
p̄γµn ēγµν + h.c . , with

GF = 1.1663787× 10−5 GeV−2.

I When generalized

Later on, it had been realized that this theory is not valid at higher
energies. It needed to be modified ...
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Fermi Theory for Weak Interactions

There existed other reasons:

I

I P violation : consider only left-handed Chirality (PL = 1
2(1− γ5)) for

fermions in interaction with W±.
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Fermi Theory for Weak Interactions

I Analogy with QED : in 1954, Yang & Mills introduced non-abelian
gauge theory as a QED generalization ... the introduction to spin-1
particle like γ but charged W±.

So the leptonic current should be J` = ēγµ
1
2(1− γ5)ν ... the so-called V-A

theory (Sudarshan, Marshak, Feynman, Gell-Mann and Sakurai in 1957).

I Since only left-handed neutrino (νL = 1
2(1− γ5)ν) exists =⇒ MUST

BE MASSLESS.
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A Glimps on the Standard Model
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Neutrino: Dirac or Majorana
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Neutrinos in Nature
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Neutrino Oscillations

The solution = neutrinos change their flavor during when traveling ... this
is possible only if they are massive; and the mass eigenstates and the
falvor eigenstates are DIFFERENT!!
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Neutrino Oscillations
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Neutrinos experiments
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Neutrinos experiments
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Neutrinos in BSM Theories (ν-mass)

How to get naturally small neutrino mass?
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Neutrinos in BSM Theories (ν-mass)
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Neutrinos in BSM Theories (ν-mass)
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⇣

mt = 175 GeV
⌘

m1 = heaviest of neutrino mass in neutrino mass hierarchy

= O

⇣

5⇥ 102 eV
⌘
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Neutrinos in Astrophysics & Cosmology

Supernova type-II and neutrinos
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Thank you for your attension.

One has to mention that when preparing this lecture, I relied on many excellent lectures and talks by many scientists like

Pascoli, Buchmuller, de-Gouvea and others.
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