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The Fermi theory of beta-decay 

Nuclear and Particle Physics

4th lecture 
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The beta-decay

atom        0,1 nm

nucleus     10 fm

nucleon      1 fm

quark       „elemi”


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Energy spectra in beta-decay 
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Examples of beta-decay 

Nucleus level 

40K, 214Bi, 3H
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Examples of beta-decay 
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Examples of beta-decay 
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Types of nuclear beta-decay 
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Fermi theory of beta decay 

Transition probability

Interaction matrix element

1. local interaction 

2. Z=0
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Approximations in the theory
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nuclear matrix element

=

4. enabled transition (selection rules)
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Approximations in the theory

5. recoil of the daughter nucleus is negligable 
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6. neutrino mass is negligable 

7. direction of the neutrino and the electron are independent
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Shape of the energy spectra, FGR 

Calculation of the energy spectra 

)()()( VEconstEwEp 

For enabled transition, where l=0: v and k not ortogonal

and with Z=0 approximation  

Generally:  )(),(),()()( VEEZSEZFconstEwEp 

F(Z,E) Fermi function   Z>0

S(Z,E) Shape function  forbidden transitions
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E )( density of states at EV energy of electron
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Shape of the spectra, density of states 

area of the surface 4p2

volume of the shell V=4p2dp

number of states dN=V/V1

density of states dN/dE=(…) p2dp/dE

there are neutrino states

to each electron state 
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Shape of the spectra
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p(E) probability of creating an electron with E kinetic energy

p the momentum of the electron 

W = E+mc2 total (relativistic) energy of the electron  

W0=E0+mc2


