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The “Revolutions”

e Fantastic increase in the capabilities of observational as-
tronomy (e.g., “Keck-Class” telescopes)

e Neutrino Physics has become an experimental science, with
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The Three Families
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e Neutrinos Come in Three Flavors
(six species: Ve, Ve, Vy, Uy, Vr, Ur)
( Majorana or Dirac)
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e Neutrinos Interact Weakly

+ Electromagnetic Cross Section:
~4+eT = yte, T~ 1024 cm?
* Weak Cross Section:
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Experimental Limits on Neutrino Masses

m,. < 20MeV

m,, < 180keV

m,, < 4.4eV

e Ancillarv constraint on Majorana mass of v. from absence
of observation of neutrinoless double bera decay

mMAT < 1oy
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Why Are Neutrinos So Light?

B

Dirac Neutrinos: v # v v+uv= 4 states

Majorana Neutrinos: py = p v+ v =2 states

The "See-Saw' Mechanism
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(See Gell-Mann, Ramond, Slansky; Yanagida; Mohapatra &
Senjanovic)
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- Photons
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Mass states Weak states
First Second First Second

() = (2 2m)()

0 Time, ¢

P(V, — Vo) + PV, — V)

o

Distance, x = cf

[l Provabiity that v, has become v, Bl Provability that v, is still v,
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——  Coupled oscillator analog for vacuum
neutrino oscillations

very different moments of inertia
and different pendulum lengths
correspond to different neutrino
masses
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