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Puzzle with Beta Spectrum

ÅThree-types of 

radioactivity: a, b, g

ÅBoth a, gdiscrete 

spectrum because 

Ea, g= Ei ïEf

ÅBut bspectrum 

continuous

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

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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bdecay
Dear radioactive ladies and gentlemen,

...I have hit upon a ódesperate remedyô to 

save...the law of conservation of energy. 

Namely the possibility that there exists in the 

nuclei electrically neutral particles, that I call 

neutrons...I agree that my remedy could seem 

incredible...but only the one who dare can win...

Unfortunately I cannot appear in person, since I                                  

am indispensable at a ball here in Zurich.

Your humble servant

W. Pauli

December 4, 1930
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A Neutral Particle - Desperate remedy from Pauli
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Beta Decay of Radioactive nucleus

Energy Momentum conservation demands-

ÅPauli suggested the existence of a new  particle. 

ÅFermi Called it neutrino.

ÅDiscovered by Reines and Cowen in 1956
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Project 

Poltergeist 
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Signal 2g, then several g~few ms later

Experiment attempted at Hanford in 1953,

too much background.  Repeated at Savannah

River in 1955. [Flux: 1013 neutrinos/(cm2 s)]
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Neutrino Time Line

1930 : Proposed by Pauli1930 : Proposed by Pauli

1934 : Fermiôs Theory of 1934 : Fermiôs Theory of 

beta decaybeta decay

1956:  Discovery of 1956:  Discovery of nnee

Nobel Prize  in 1995

1962 : Discovery of 1962 : Discovery of nnmm
Nobel Prize in 1988

1965 : First detection of 1965 : First detection of 

atmospheric neutrinosatmospheric neutrinos

1968 : Detection of solar 1968 : Detection of solar 

neutrinos and the neutrinos and the 

beginning of solar neutrino beginning of solar neutrino 

puzzlepuzzle

1987 :  Detection of 1987 :  Detection of 

Supernova neutrinosSupernova neutrinos

Nobel Prize in 2002
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The stuff of the Universe

ÅWe are made out of Protons, Neutrons and Electrons

ÅOr more correctly --- Up & Doun Quarks and 

Electrons

Is the whole universe made  of Protons, Neutrons 

and Electrons ?

NO!

The universe is made of Protons, Neutrons,  

Electrons, Dark Energy, Dark Matter  and Neutrinos

For every Proton & Neutron the universe contains a 

billion neutrinos!

To understand the universe, we must understand the 

neutrinos
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ÅNeutrinos from Big bang:

ÅNeutrinos from Sun:

ÅExplosion of Star:

Where do neutrinos come from?

330330n/cmcm33 ; EEn~ 4 X 104 X 10--44eVeV
Decoupled about 1 min. after the Big bangDecoupled about 1 min. after the Big bang

Sun  burns through nuclear ReactionSun  burns through nuclear Reaction

EEn ~ 0.1 ~ 20 M0.1 ~ 20 MeV; Flux ~10eV; Flux ~101212 /cm/cm22/s/s
4pĄ 4He + 2e-+2ne+g

Most of the binding energy released When a neutron Most of the binding energy released When a neutron 

star is born is emitted in the form of neutrinosstar is born is emitted in the form of neutrinos

EEbb~10~105353 ergs,  Eergs,  Enn~10~10--30 MeV, T ~10 sec30 MeV, T ~10 sec
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Å Atmospheric neutrinos:

Å UHE (  1012 ) eV Neutrinos :

ï AGN, GRBs

Å Cosmic Ray sources ( > 5 X 1019eV)

Å Neutrinos from the Earth Core:

ïï Radioactivity at the core of the earth:Radioactivity at the core of the earth:

ÅÅPower   ~16 Terra Watts.Power   ~16 Terra Watts.

ÅÅFlux      ~ 6 X 10Flux      ~ 6 X 1066 /cm/cm22/sec./sec.

Where do neutrinos come from?

Å Neutrinos from Man made 
activities:

ïïNeutrinos produced by Neutrinos produced by 
particle acceleratorsparticle accelerators

ïReactor Neutrinos:

ÅÅEEnn~ ~ 4 4 MeVMeV, Flux , Flux 
~5 X 10~5 X 102020/sec from /sec from 
a standard nuclear a standard nuclear 
plantplant.


