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Neutrinos are needed !

Paull
1930

Intensity

Energy spectrum of beta
decay electrons from 210g;

0 0.2 0.4 0.6 0.8 10 12
Kinetic energy, MeV

210Bi A ?19Po + € +n,

Neutrino required to conserve energy,
momentum, angular momentum

Neutrino must have no electric charge,
little or no mass, and interact weakly
with matter



It took 25 years for the
neutrino to be observed In
the laboratory!
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Fred Reines Clyde Cowan

In 1955, at the Savannah River nuclear reactor, Reines and
Cowan used the reaction n,+ pA n+ e*to detect anti -
neutrinos using a liquid scintillator detector

Nobel Prize in Physics
1995




There are different
kinds of neutrinos !

Leon Melvin Jack
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In 1962, using a high -energy accelerator at Brookhaven
National Lab., Lederman, Schwartz, and Steinberger
showed evidence for two kinds of neutrinos 0 one
associated with the electron, and one associated with
the muon (a heavy cousin of the electron)

Nobel Prize in Physics =
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NEUTRINOS

Neutrino interaction

In a bubble chamber at
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accelerator




The o0Standard Mod




Neutrinos do not have a well -defined mass, but
are actually mixtures of 3 different mass states!
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Neutrino Oscillations

M. Nakagawa, H. Okonogi, S. Sakata, and A, Toyoda,
Prog. Theor. Phys. 30, 727 (1363); B. Pontecorvo, Zh.
Eksp. Teor. Fiz. 53, 1717 (1967) [Sov. Phys. JETP 26,
984 (1968)]1; V., Gribov and B, Pontecorvo, Phys. Lett.

28B, 493 (1969).
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SuperKamiokande
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Core collapse of a massive star

Supernova Explosion

Temperature goes up
Density goes up
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99% of SN energy

comes off 1n neutrinos

SN 1987a



Neutrinos from SN1987a
observed by Kamiokande and IMB
underground telescopes
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Atmospheric neutrinos
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Evidence for neutrino oscillations from SuperK
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The Sun shines by nuclear fusion reactions!
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Pioneers in Solar Neutrino Science

1968 First Solar Neutrino Experiment



SuperKamiokande



