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Outline- 1

1. Introduction / 2 lectures

- role of beta decay in weak interaction physics

- beta decay Hamiltonian

- beta decay angular distribution

2. ft-values / 3 lectures

- definition

- corrected ft-values

- test of CKM matrix unitarity

- role of mirror beta transitions and neutron decay

3. Correlation measurements / 5 lectures 

- correlation formula

- physics content and opportunities

- testing parity violation

- searching for time reversal violation

- probing the structure of the weak interaction (scalar and tensor currents)



Outline - 2

4. Status of new physics searches / 1 lecture

- overview

- prospects and comparison to LHC

- weak magnetism

5. Beta spectrum shape / 1 lecture

- description 

- ongoing and planned experiments

6. Reactor neutrino anomaly / 1 lecture

- the problem (rate and bump)

- critical analysis

- searches for a fourth, sterile neutrino

- role of first-forbidden beta transitions



Experiments at the frontiers of standard theory

Beta decay has played and is still playing a visible role in 

the determination of properties of the weak interaction, e.g.

Contribution of beta decay to weak interaction

1. discovery of the neutrino



searching for

F. Reines and C.L. Cowan, Phys. Rev. 113 (1959) 273





2. determination of the helicity of the neutrino

M. Goldhaber et al., Phys. Rev. 109 (1958) 1015



3. discovery of parity violation

C.S. Wu et al., Phys. Rev. 105 (1957) 1413



L.M. Chirovsky, C.S. Wu et al., Nucl. Instr. Meth. 219 (1984) 103



4. determination of the structure of the weak interaction

measured beta-neutrino correlation

for several beta decays 

with different Fermi fraction;

extracted  values for

the correlation coefficients

corresponded to line for V, A currents

J.S. Allen et al., Phys. Rev. 116 (1959) 134



5. determination of the absolute neutrino mass

XXXXXXXXXXXXXXXXXX
KATRIN experiment at KIT,

towards sensitivity of 0.2 eV

m( ) 2 eV  (95% CL)e 

E.W. Otten and C. Weinheimer,
Rep. Prog. Phys. 71 (2008) 086201



6. double beta decay

e.g. B. Pritychenko, Nuclear Data Sheets 120 (2014) 102–105
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Experiments at the frontiers of standard theory

High energy frontier Precision frontier
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1. Introduction -

 decay hamiltonian

and angular distribution

Nathal Severijns

KU Leuven Univ., Belgium
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the  Standard Model and  beyond:

*   CV  1;   CA =  -1.27 (gA/gV from n-decay)

*   CV
’ = CV &  CA

’ = CA (maximal P-violation)

*   CS =  CS
’ = CT =  CT

’ = CP =  CP
’  0

(only V- and A-currents)

*   no time reversal violation (except for the CP-violation 

described by the phase in the CKM matrix)

experimental upper limits on 

scalar and tensor couplings 

involving right-handed neutrinos

are at the 5 to 10 % level

(neutron and nuclear -decay)

M. Gonzalez-Alonso, O. Naviliat-Cuncic, NS,

Prog. Part. Nucl. Phys.  (arXiv:1803.08732)
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5% level  ~ 350 GeV

per mille level   ~ 2.5 TeV



 decay Hamiltonian

Fermi, 1934

Analogous to electromagnetic interaction Fermi chooses a vector interaction

( are Dirac matrices)



Intermezzo:  the Pauli matrices and the Dirac  matrices

The Pauli matrices





 =

The Dirac  matrices:



Wave functions



Free particle solutions of the Dirac equation









A few specific cases:





Solutions of the Dirac equation for a massless spin-1/2 particle



 decay Hamiltonian



Gamow and Teller (1936) include spin

coupling constants – to be determined by experiment
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and the operators Oi expressed as Dirac  matrices



Lee & Yang, 1956 – Wu et al., 1957

(maximal) violation of parity

or:

Goldhaber et al., 1958  measure helicity of neutrino

 V-A theory, left-handed interaction



-decay Hamiltonian (Lee & Yang, 1956) :
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boson

Structure of the weak interaction in  decay



the  Standard Model:

*   V-A interaction CV  1;   CA =  -1.27 (CA/CV from n-decay)

*   maximal P violation CV
’ = CV &  CA

’ = CA

*   no S, T, or P components CS =  CS
’ = CT =  CT

’ = CP =  CP
’  0

*   no time reversal violation all C’s are real   

(except for the CP-violation included in the CKM matrix)
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5% level            ~ 350 GeV

per mille level  ~  2.5 TeV

and  Beyond:

experimental upper limits for at few % level

(neutron and nuclear -decay)

boson

Ci
(‘): coupling constants for the 

different types of weak interaction



 decay rate and angular distribution 

















Beta decay transition probability :
distribution in energy, emission angle and polarization of -particles

for allowed -decay of polarized nuclei

J.D. Jackson, S.B. Treiman, H.W. Wyld, Nucl. Phys. 4 (1957) 206 & Phys. Rev. 106 (1957) 517

2

:  momentum of beta particle

:  momentum of neutrino

E: energy

m: electron rest mass

:  spin of nucleus

= (1 ( )

p

q

J

Z 

(Z of daughter nucleus)

-correlation Fierz interference term

-asymmetry
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-asymmetry

longitudinal polarization transversal polarization



...

with



Fermi

function
phase space



with: MF(GT) = Fermi(Gamow-Teller) nuclear matrix element,

Ci = coupling constants of the S, V, A, T weak interactions,

and assuming time-reversal invariance  (i.e.  all Ci real).



Full equations for the beta decay correlation coefficients

J.D. Jackson, S.B. Treiman, H.W. Wyld, Nucl. Phys. 4 (1957) 206 & Phys. Rev. 106 (1957) 517



J.D. Jackson, S.B. Treiman, H.W. Wyld, Nucl. Phys. 4 (1957) 206 & Phys. Rev. 106 (1957) 517



J.D. Jackson, S.B. Treiman, H.W. Wyld, Nucl. Phys. 4 (1957) 206 & Phys. Rev. 106 (1957) 517



Spin and momentum vectors indicate geometry required for maximal sensitivity:





Behavior of correlation coefficients under P(parity) and T(time-reversal) operations


