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The Standard Model cannot explain:

• Neutrino flavour oscillations which imply massive neutrinos and lepton mixing;

• Observed dark matter abundance;

• Strong CP problem: Lack of a theoretical explanation for the non-observation of the neutron 

electric dipole moment which indicates that strong interactions preserve CP symmetry. 
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New class of models where neutrino masses are radiatively generated 

by coloured particles which simultaneously solve through the PQ mechanism the 

strong CP problem. The predicted axion particle accounts for dark matter.

Our approach:

Strong CP problem
Peccei,Quinn (1977),   

 Weinberg (1978), Wilczek (1978)

Vector-like quarks

KSVZ (1979, 1980)



Axion paradigm with colour-mediated neutrino masses

3Aditya Batra – Corfu2024 – August 31, 2024



Axion paradigm with colour-mediated neutrino masses

3Aditya Batra – Corfu2024 – August 31, 2024

Vector-like quarks

Complex scalar singlet

Coloured scalars



Axion paradigm with colour-mediated neutrino masses

3Aditya Batra – Corfu2024 – August 31, 2024

Vector-like quarks

Complex scalar singlet

Coloured scalars



Axion paradigm with colour-mediated neutrino masses

3Aditya Batra – Corfu2024 – August 31, 2024

Vector-like quarks

Complex scalar singlet

Yukawa Lagrangian

Coloured scalars



Axion paradigm with colour-mediated neutrino masses

3Aditya Batra – Corfu2024 – August 31, 2024

Vector-like quarks

Complex scalar singlet

Scalar Potential

Yukawa Lagrangian

Coloured scalars
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Vector-like quarks

Complex scalar singlet

Coloured scalars

Cortona et al.(2016)

Colour-anomaly factor

QCD axion mass relationAxion decay constant
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Axion-to-photon coupling

Model dependent contribution to the electromagnetic and colour anomaly factors:
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The different models can be probed through the axion-to-photon coupling at helioscope 

and haloscope experiments. 
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For                    axions can account for the full CDM budget,

provided , a region currently under scrutiny at haloscopes.
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Thank you!
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Post-inflationary scenario
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