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Neutron Decay
• Neutron is a baryon, consisting of one up quark and two down quarks;
• Quarks carry color charge and interact via the Strong force, exchanging the gluons;

• Free neutron is unstable: β- -decay in about 15 minutes, but in some nuclei it can be stable.

or in terms of the quarks

Current has (V – A) type, so at vertex:

Process conserves Baryon number, Lepton number and electric charge;
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Neutron Decay
• Neutron is a baryon, consisting of one up quark and two down quarks;
• Quarks carry color charge and interact via the Strong force, exchanging the gluons;

• Free neutron is unstable: β- -decay in about 15 minutes, but in some nuclei it can be stable.

or in terms of the quarks

Current has (V – A) type, so at vertex:

Process conserves Baryon number, Lepton number and electric charge;

Conservation of Vector Current  (CVC) =>

Partial Conservation of Axial Current  (PCAC) =>

From superallowed
transitions 

effect of Strong 
interaction (non-
perturbative)
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Neutron Lifetime Problem
• Beam experiments count 

produced protons and 
measure β-decay rate

• Trap experiments 
measure neutron 
disappearance rate;

• If neutron has new (BSM) 
decay channel 

or
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Axial Coupling

From relation: 

Axial coupling        is extracted from 
measurements of asymmetry 
parameters of decay.

against dark decay prediction

Only possibility is due to BSM contributions in β-decay
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BSM: adding possible non-standard four-fermion operators 

In SM 

Involving all possible current structures

where    is running through all 
possible bilinear covariants, that 

satisfy Lorentz invariance
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Decay Rate Distribution Function and Asymmetry Parameters
The distribution in the electron and neutrino directions and in the electron energy from oriented nuclei is given by

polarization of nuclei,

Energy, momentum and angular coordinates of 
electron and neutrino

Fermi function

Asymmetry parameters, are functions of 

Fierz term

Superallowed Fermi transition

Gamow-Teller transition
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A - correlation between electron momentum and nuclei polarization 

In SM

In general

For any asymmetry parameter

Integrating distribution function gives so called ft values 

Taking the ratio of superallowed
transition and neutron decay
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Results of Fits: Adding Scalar coupling 

free parameters:data:
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Results of Fits: Adding Tensor Coupling

Summary: Inclusion of scalar and tensor currents in 
the theory was unable to modify λ
parameter in the way, to make it 
compatible with beam lifetime and          . 
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