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Electroweak phase transition in the SM
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Cross-over transition.
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Classically conformal 𝑼(𝟏)𝑩"𝑳 extension of the SM
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• new gauge boson 𝑍′ and a new scalar 𝜙

• only dimensionless parameters:

• radiative corrections break the conformal symmetry: 
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phase transition temperature

triggered by QCD

𝑼(𝟏)𝑩"𝑳 breaking phase transition
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excluded 
by LHC

𝑇 = 0

𝑇 ≫ 0

1st order PT
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Bubble nucleation rate:

𝑼(𝟏)𝑩"𝑳 breaking phase transition
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fast:
many small bubbles,

large 𝛽/𝐻

slow:
a few large bubbles, 

small 𝛽/𝐻

inverse duration of the transition
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temperature after the transition

e-folds of thermal inflation

triggered by QCD

𝑼(𝟏)𝑩"𝑳 breaking phase transition
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Evolution of finite patches
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fraction of the patch not covered by bubbles:
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small 𝛽/𝐻! ⟹ slow transition    ⟹ large variance of 𝛿

Distribution of density constrast
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Primordial black holes
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GW spectrum

1. Primary GWs from bubble 
collisions:

2. Secondary GWs induced by 
curvature fluctuations:
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GW prospects
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Summary

• Extensions of the SM can include first-order phase transitions.

• delayed transition  ⟹  thermal inflation caused by the vacuum energy

• slow bubble nucleation ⟹ large density fluctuations  ⟹ PBHs

• GWs from bubble collisions/fluid motions and from large curvature 
fluctuations

• GW experiments can probe parameter space not accessible by colliders.


