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First order phase transitions



Second order phase transitions



Stochastic gravitational waves are generated in FOPT



Planned GRW detectors 



Effective potential at finite temperature

Tree level One loop

One loop at non-zero T

Thermal masses 
(ring diagrams)



One loop potential



Standard model Higgs potential



Higgs and “Goldstone boson” masses

Only at the minima of the potential



Coleman-Weinberg potential for the SM Higgs

Degrees of freedom



Finite temperature part

Debye mass



Criteria for FOPT



High temperature expansion of thermal potential

Bosons in the loop

Fermions in the loop

Fermions in the loop don’t contribute a cubic term



Tunneling from false vacuum to true vacuum: bubble 
nucleation



Bubble nucleation rate: 

Inverse of time of phase transition:

In a strong first order phase transition



Ratio of vacuum every to radiation energy

Peak frequency of GRW in the present
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 symmetry spontaneously broken at T



Domain wall
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