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Many important properties of the Higgs boson still

need to be verified. In particular, precision

measurements of the Higgs couplings are important

to determine the nature of the electroweak symmetry

and of the electroweak phase transition in the early

universe.
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Parameterizing new physics 

 High-dimensional operators consistent with  

gauge invariance 

 Non-linear realisation –
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Non-linear realisation

 Parameterize coset with

 Higgs is residing in a singlet field  

 Connection with the SM Higgs doublet
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Non-linear realisation

 Many new couplings – constraints from electroweak 

precision data, flavour data, violation of perturbative

unitarity…

 Simplified model – less constrained, relevant for the 

electroweaak baryogenesis –
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Non-linear realisation

 Perturbative unitarity –

 No 1-loop corrections to S, T, U parameters

 Fermion EDM 
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Electroweak Phase transition

 Higgs potential:

 Classical potential at zero temperature : 
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• μ2 < 0, min [0,v], -3mh
2 < vκ < - mh

2

• μ2 > 0, min [v’,v], -mh
2 < vκ < 0

• μ2 =0, v= - κ/λ 



Electroweak Phase transition

 Finite temperature potential (high-T limit): 
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Electroweak Phase transition
 Critical temperature
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Electroweak Phase transition
 Bubble nucleation
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Electroweak Phase transition
 Bubble nucleation
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 Nucleation probability -



Electroweak Phase transition
 Nucleation temperature
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Cosmological baryogenesis at the electroweak 
scale

(nucleosynthesis, CMBR+LSS)

Sakharov’s conditions are met within the SM:

• CP violation – Kobayashi-Maskawa mechanism

• B-violation   – nonperturbative sphaleron effects

• Non-equilibrium – electroweak phase transition

Phase transition
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Cosmological baryogenesis at the electroweak 

scale

 SM fails to reproduce the desired asymmetry,  

for 2 reasons: 

(i) Not enough CP-violation;

(ii) The phase transition is not enough strongly 1st order

 Anomalous trilinear Higgs coupling may enhance the 1st

order phase transition

 Anomalous Higgs-top coupling may contain additional CP 

violation  
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Electroweak Baryogenesis: Baryon number
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Electroweak Baryogenesis: Baryon number

16



17



Gravitational waves from EWPT

• Bubble collisions

• Sound waves

• Turbulence
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G. Janssen et al, 1501.00127



Gravitational waves from EWPT

• Latent heat 

• Inverse time duration of PT

19



Gravitational waves from EWPT

Typical parameters
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Gravitational waves from EWPT
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Conclusion

 The discovery of the Higgs boson is an important milestone
in particles physics. However, the nature of the electroweak
symmetry breaking still needs to be clarified

 Important goal – precise measurement of Higgs couplings,
especially Higgs-top and trilinear Higgs couplings, which
may shed light on the nature of electroweak symmetry and
phase transition in the early universe

 Successful electroweak baryogenesis is still a viable option
within the effective SM with nonlinearly realised electroweak
symmetry

 Gravitational waves from the electroweak phase transition –
new probe of BSM physics
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Anomalous Higgs-Top interactions
[A.K., L. Wu, J. Yue, JHEP 1410 (2014) 100 [arXiv:1406.1961]]  
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Cosmological baryogenesis at the electroweak 

scale
 Finite temperature potential:

Sphaleron rate –
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Electroweak Baryogenesis: Phase transition
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Electroweak Baryogenesis: CP-violation
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Gravitational waves from EWPT

Bubble collisions
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Gravitational waves from EWPT

Sound waves
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Gravitational waves from EWPT

Turbulence

32


