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Puzzle with Beta Spectrum

A Three-types of
radioactivity: a, b, g

A Both a, gdiscrete
spectrum because

F. A. Scott, Phys. Rev. 48, 391 (1935)

Ea’g: E.1 E;
A But b spectrum
continuous Tz o ot

V (electron volts)

F1G. 5. Energy distribution curve of the beta-rays.

Bohr: At the present stage of atomic theory, however, we
may say that we have no argument, either empirical or
theoretical, for upholding the energy principle in the case of

b-ray disintegrations
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r4,1930 g, decay

r radioactive ladies and gentlemen,

: I have hit upon a
save...the law of conservation of energy.

Namely the possibility that there exists in the
nuclel electrically neutral particles, that | call
neutrons...| agree that my remedy could seel
Incredible...but only the one who dare can wi

- Unfortunately | cannot appear in person, sinc
- am Indispensable at a ball here in Zurich.

Your humble servant
W. Pauli




A Neutral Particle - Desperate remedy from Pauli

Beta Decay of Radioactive nucleus

Energy Momentum conservation demands

Energy spectrum of t'u.'-"'_.15-_]__
rjr-:e-:::.ﬂ.'}' slectrons from = '~ Bl

£
o]
=
i |
L=

0.2 0.4

Kinatic energy, MeV

+ - —
Aauli suggested the existence of a new particl n- p +e +n
ﬁ+ + _ n+e+
Miscovered by Reines and Cowen in 195¢ P A



+

v+p - n°+
/
e +e

(severaly

Experiment attempted at Hanford in 1953,
too much background. Repeated at Savannah
River in 1955. [Flux: 1& neutrinos/(cms)]




Neutrino Time Line

: 1930 : Proposed by Pauli 1987 : Detection of
Elementary Particles Supernova neutrinos

1934 Fermi 6s "7 neodry~of
beta decay

1956: Discovery of n,

1962 : Discovery of n,,
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1965 : First detection of
atmospheric neutrinos

1968 : Detection of solar
neutrinos and the
beginning of solar neutrino
puzzle



The stuff of the Universe

A We are made out of and

A Or more correctly --- Up & Doun Quarks and
Electrons
|s the whole universe made of Protons, Neutrons
and Electrons ?

The universe is made of Protons, Neutrons,
Electrons, Dark Energy, Dark Matter and Neutrinos



Where do neutrinos come from?

i\

330 n/cm?3; E,~4 X 104%eV
Decoupled about 1 min. after the Big bang

A

Sun burns through nuclear Reaction
E.~0. 1 -~eV;,EZlGx~M'?/cn?/s

‘ \ Restes de la

Supernova 1987A

Most of the binding energy released When a neutron by
star is born is emitted in the form of neutrinos @

-
E,~10°3 ergs, E ,~10-30 MeV, T ~10 sec
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Where do neutrinos come from?

I Neutrinos produced by
particle accelerators

AE,~4MeV,Flux |
I AGN, GRBs ~5 X 10%sec from|_
a standard nuclear ja -
plant. Al

I Radioactivity at the core of the earth:
A Power ~16 Terra Watts.
A Flux ~6X16/cm?/sec.




