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alpha decay
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beta decay

1920s Many elements were known to have B-decays: No(A, Z) =2 N(A, Z+1) t+ €.
e Energy released was due to a small difference in nuclei masses £, = M, — M ~ a few MeV
e Measurements of electron energy spectra were controversial:

Problem?

Energy spectrum of beta
decay electrons from 27 Bj
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Beta decay free neutron is unstable!
n—p+e —+
rest mass: m(n) > m(p) +m(e”) +m(v)

m(n) = m(p) + m(e” ) + m(v) + kinetic energy

By this process, unstable atoms obtain a more stable ratio of protons to neutrons.

1920s Many elements were known to have B-decays: No(A, Z) =2 N(A, Z+1) + €.
e Energy released was due to a small difference in nuclei masses £, = M, — M ~ a few MeV
e Measurements of electron energy spectra were controversial:

Energy Loss kinetic energy is shared by electron and neutrino

B p

Kin

Why not proton?
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Figure 2: Continuous 8~ and 8% spectra


https://en.wikipedia.org/wiki/Proton%E2%80%93neutron_ratio
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Vector Bos

s: spin = 1 particles

|
| B

Leptons

Particle Standard Model
SU(3)*SU(2)*U(1) neutrino is massless



Direction of motion

~ "Right-handed" ‘Left-handed”
N

? Yes!
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solar neutrino problem

The flavor of neutrino changes periodically as it propagates
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eigenstates  (PMINS matrix) eigenstates

time

described by mixing angles 6,,, 6,5, 8,5 and CP phase 0,

~34,~457 ~9°
v oscillation also depends on Amfj = m‘l?‘ — m}?‘
Questions: Am35,~7.5%105, |[Am3,|~2.3%103 eV?

Unknown!
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Direction of motion
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sterile neutrino?

Dark Matter candidate!

 "Right-handed" ‘Left-handed"




Neutrino Astronomy



The speed of source of the light (charged particle)
iIs greater than light

g

speed of light in
water is ~ 0.75c

blue glory of nuclear
reactor under the water

A common analogy is the sonic boom of a supersonic aircraft or bullet. The sound waves generated by the supersonic body
propagate at the speed of sound itself; as such, the waves travel slower than the speeding object and cannot propagate

forward from the body, instead forming a shock front. In a similar way, a charged particle can generate a light shock wave as
it travels through an insulator.



https://en.wikipedia.org/wiki/Sonic_boom
https://en.wikipedia.org/wiki/Supersonic
https://en.wikipedia.org/wiki/Aircraft
https://en.wikipedia.org/wiki/Bullet
https://en.wikipedia.org/wiki/Sound
https://en.wikipedia.org/wiki/Supersonic
https://en.wikipedia.org/wiki/Shock_wave
https://en.wikipedia.org/wiki/Shock_wave

Large Scale Neutrino Detectors
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IceCube, South Pole, Antarctica

Neutrino Astronomy J. Goodman — Univ. of Maryland March 2005
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ANTARES is installing a 0.1 km? demonstrator detector close to Toulon

to be deployed by
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/ cascade-like event: tau

track-like event: muon
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Neutrino Cosmology



! 722 ,nz

A  E— V‘, A
Normal |“ Vu| Inverted
—] \/T
m32—- = E— — -_mzz
solar~7x10 eV 2 .
- fr===] __ml-
atmospheric
~2x10-3eV? .
atmospheric

‘9
”13-~— X 3
= , &~
solar~7x10 eV~

2 2

>
|

.II

/1 ™ N < LN = = Ab/ ]
W EERIRR AN EREE, 4 BERTRE

== ra- 342 \/ sp B3 =]
@,?Eﬁ%%MJEUL*ﬁﬂﬂMEiEmE!

WHY?




CDM
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