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The number of galaxies in the 
universe



How many neutrinos cross your 
finger

nail every second? 
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The world in the XXth century

Protons and neutrons in the nucleus
electrons orbiting around



Circa 1900

Universal exposition
Paris New York
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Dear Radioactive Ladies and Gentlemen,

As the bearer of these lines, to whom I graciously ask you to listen, will explain to you in 
more detail, how because of the "wrong" statistics of the N and Li6 nuclei and the 
continuous beta spectrum, I have hit upon a desperate remedy to save the "exchange 
theorem" of statistics and the law of conservation of energy. Namely, the possibility that 
there could exist in the nuclei electrically neutral particles, that I wish to call neutrons, which 
have spin 1/2 and obey the exclusion principle and which further differ from light quanta in 
that they do not travel with the velocity of light. The mass of the neutrons should be of the 
same order of magnitude as the electron mass and in any event not larger than 0.01 proton 
masses. The continuous beta spectrum would then become understandable by the 
assumption that in beta decay a neutron is emitted in addition to the electron such that the 
sum of the energies of the neutron and the electron is constant...

I agree that my remedy could seem incredible because one should have seen these 
neutrons much earlier if they really exist. But only the one who dare can win and the difficult 
situation, due to the continuous structure of the beta spectrum, is lighted by a remark of my 
honoured predecessor, Mr Debye, who told me recently in Bruxelles: "Oh, It's well better not 
to think about this at all, like new taxes". From now on, every solution to the issue must be 
discussed. Thus, dear radioactive people, look and judge.

Unfortunately, I cannot appear in Tubingen personally since I am indispensable here in 
Zurich because of a ball on the night of 6/7 December. With my best regards to you, and 
also to Mr Back. 

Your humble servant, 

W. Pauli
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Versuch einer theorie der b-
strahlen (Fermi, 1936)

Point interaction among four spin 1/2 particles. 
Theory is relativistic. Wave functions are spinors 
satisfying  Dirac equation. Particles are created at 
the instant of decay.

Prediction of  decay rates and electron energy 
spectra depends only of one constant, GF, determined 
experimentally. Energy spectrum depends of neutrino 
mass . Measurable distortions near end-point of 
spectrum if >0. 



The discovery of neutrinos

Sir Arthur Eddington 



The discovery of neutrinos

In an ordinary way I might say 
that I do not believe in neutrinos. 
Dare I say that experimental 
physicists will not have 
sufficient ingenuity to make 
neutrinos..

Sir Arthur Eddington 
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If n are produced by b decay, they 
can be detected using the inverse 
reaction.

σ (νp) ≈ 10−43cm2 Eν ~ 3MeV

λ = 1
NAρσ

λ(Pb) ~ 1
61023(nucleon / g)(7.9 g / cm3 )(10−43 cm2 )

~ 4 light years!



So one needs 



So one needs 

Intense neutrino 
sources



So one needs 

Intense neutrino 
sources Massive detectors



So one needs 

Intense neutrino 
sources Massive detectors

Long exposures (lots 
of patience)



Intense neutrino sources = nuclear reactors





Reines y Cowan, 1953

Savanah River

νe



Experimental signature



Who ordered that?



π → µ +ν

π decay is a two body process
(muon has always the same energy
when pion decays at rest). One
undetected particle (kink in
emulsion) signals the presence of
a neutrino

µ decay is a three body
process (observed electron
has a continuous spectrum).
One needs two neutrinos

Are all those neutrinos the
same than the one emitted
in β decay?



How to build a neutrino beam

HARP BE Target DATA



Discovery of
the muon neutrino



Ds →τντ ντ + N →τ + X

Discovery of the tau neutrino
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sir Arthur & the neutrinos

Sir Arthur would not have made a living as a prophet.
Physicists have got ingenuity enough to detect not only electron 
neutrinos but also muon and tau neutrinos.
Furthermore neutrinos coming from the sun, from the atmosphere from 
supernovae (1987A) have been observed.
Some experiments (NOMAD) have registered millions of neutrino 
interactions.

Pauli can reast in peace. His beast has been detected and exhaustively 
studied!


