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Peccei-Quinn solution to the strong CP-problem

Potential Dark Matter candidates

Give a contribution to

Most general Lagrangian for a classically shift symmetric, gauge singlet, 
pseudoscalar ALP:
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Dimension-6 SMEFT Wilson coefficients are generated via modification of the RG 
evolution even if the ALP is very light!

Divergence absorbed in  
bare dimension-6 SMEFT  
Wilson-coefficients  
together with the  
   -dependence.

UV-divergent amplitudes

Master’s Thesis Projects

Anne Galda Invisibles’23 August 29, 2023 2/5



5

A consistent effective theory necessarily includes the dimension-6 SMEFT Lagrangian!

…etc!

e.g. leptonic:

Gravitational Waves from First Order Phase Transitions
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� Goal of this project:

� Implement the results of a new "hybrid simulation" approach

for the GW spectrum [arXiv:2010.00971]

� Compare the spectra with the former results

("semi-analytical formulas")

� Update phenomenological implications

(singlet extension in LISA, NANOGrav data)
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Large set of coupled differential equations!
Solved numerically using a modified version of  

Result: SMEFT Wilson coefficients at a low scale    in terms of ALP-couplings  
at the scale     .  

We use SMEFT constraints from low-energy, 
Higgs and top data in a      fit to constrain  
the ALP-coefficients.
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Our bounds on the ALP-couplings are model-independent and are competitive or 
stronger for                                 than existing direct bounds that often depend on a  
variety of assumption on branching ratios, lifetime etc.   

95% CL 

The Effective Potential
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first-order

phase transition


