Neutrino Physics



8um.m.a'c# of what we leatned fcom. the last lecture

Neutrinos are very weakly interacting fermions and are part of the SU2L doublet

There are three “types” of neutrinos: Ve Vy Vr
Electrically neutral fermion of the SM and there are no right-handed neutrinos in SM

While we don’t understand neutrinos very well they are omnipresent!

NEUTRINO
FACTORIES

FACT: about 65 million neutrinos pass
through your thumbnail every second.
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* Neutrinos get produced via cosmic rays (accelerated protons, He) interacting with
the atmosphere

Ll p,He Nk N
- + & N + N
7T \TC—
A+
'V 1“ Exercise: showthat I (7T — etwe)
” \ , xercise: show tha s - N
; & (a7 = i)




d@tmob,o/ze’cic neuttinos

/
1/

/ zenith

* 1998 Super-Kamiokande experiment: 40 kton water cherenkov

experiment detected atmospheric neutrinos
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The Cerenkov radiation
from a muon produced
by a muon neutrino event

V. yields a well defined circular
H ring in the photomultiplier
Muon detector bank.

The Cerenkov radiation
from the electron shower
produced by an electron
neutrino event produces
multiple cones and
therefore a diffuse ring

in the detector array.
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Super-Kamiokande IV
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T2K could not “see” the tau
neutrinos so it appears
there is a deficit of muon
neutrinos

Exercise: What is the minimum
energy a neutrino must have to
create a charged lepton when it
interactions with a neutron i.e.
Van — Plo calculate this for each
neutrino flavour



Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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Neutrino Gscillations
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