The Fermi theory of beta-decay
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Energy spectra in beta-decay
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Examples of beta-decay
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Examples of beta-decay

Barion level (nucleon level)
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Examples of beta-decay

Hadronic beta-decay
U Quark level
S —-—)\\ (2/3) d vs, elementary weak interaction
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Types of nuclear beta-decay
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Fermi theory of beta decay

Transition probability
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Approximations in the theory

DT e I
3. long wavelength DL < Pet
R 5MeV4fm ., 20 _ 1
pT< Ehc m—200_10<<1
)+ P T l
e h‘r Y L+ h(p +p,)r
nuclear matrix element
M = My, = /D (r)* ®p(r)dr? = const(p,)

MY = / Dy (1) P (1 ET(p +p,)rdr’ = (p,)

—/

4. enabled transition (selection rules)

My >>M Y
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Approximations in the theory

5. recolil of the daughter nucleus is negligable

m,,Cc°> =myc”+m.c’+mc’ +E,
E,=E,+E +E, /< E,=E.+E
€ 14
2
Po

Ep = <E, Mp=>m,

6. neutrino mass Is negligable

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

Calculation of the energy spectra

For enabled transition, where ¢=0: ®, and ®, not ortogonal
and with Z=0 approximation

p(E) = w(E) = const - p(E, )

Generally:  P(E)=w(E)=const-F(Z,E)S(Z,E)(E,)
F(Z,E) Fermi function Z>0
S(Z,E) Shape function forbidden transitions

p(E,) = ;Erl density of states at E,, energy of electron
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Shape of the spectra, density of states

P 0:
of Ay
Px Ox
area of the surface 4 7p? there are neutrino states
volume of the shell V=4 p%dp to each electron state
number of states dN=V/V, q=E /c=(E,-E)/c

density of states dN/dE=(...) p*dp/dE Independent direction

dn dp , dg
E - — (.. 2 2
p(E) = (.)p R 0E.
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Shape of the spectra

p(E)= an _ ()\/(E +mc?f —m%c* (E +mc? (E, — EY
p(E) =const-F(Z,E)S(Z,E) pW (W, —W)?

P(E) probability of creating an electron with E Kinetic energy

p the momentum of the electron
W = E+mc? total (relativistic) energy of the electron

W,=E,+mc?
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