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Gravitational waves from phase transitions
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Gravitational waves from phase transitions

Work-flow:

1. Compute PT parameters:
(!) finite-T theory, effective action, bounce solution, 
quantum corrections, ...

2. Cosmological simulations:
(!) bubble expansion in plasma, collisions, sound waves, 
turbulence, vortices, droplets, particle production, ...

released 
energy released energy
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Quantum-field theory at finite temperature

The high-T limit of a given model is described by an Euclidean 
static 3D EFT involving only bosons
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Quantum-field theory at finite temperature

The high-T limit of a given model is described by an Euclidean 
static 3D EFT involving only bosons

QFT at finite T equivalent to a regular QFT with periodic time

Each field comes with a tower of Matsubara modes (equivalent to 
Kaluza-Klein excitations in extra-dimensions)

x
integrate out
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The high-temperature limit of a toy model

Let’s consider a model with a real scalar and a fermion:
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Phase-transition parameters

Nucleation temperature:

Strength:

Inverse duration:
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Phase-transition parameters

Nucleation temperature:

Strength:

Inverse duration:

They all depend on extrema of the action. The bounce can be 
computed using existing tools:

gravitational waves
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What about all those neglected operators?

We obtain:

They’re unavoidable. They introduce important corrections. 
Their effects are however much harder to estimate

...
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What about all those neglected operators?

We obtain:

They’re unavoidable. They introduce important corrections. 
Their effects are however much harder to estimate

...

strong PT if
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Problems with effective operators

Sum-integrals:
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Problems with effective operators

Sum-integrals:

Well-known methods/codes for computing the bounce solution 
only in the presence of a “standard” kinetic term
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Compute the bounce perturbatively

Use the EFT expansion parameter:

And solve for the minimum of the action order by order in 
perturbation theory. The leading bounce is the usual one; the 
first correction reads:
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Back to phase-transition parameters

In dashed, we neglect effective operators. The vertical lines 
represent the (very conservative) limit of validity of the EFT
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Back to gravitational-wave spectrum

In dashed, we neglect effective operators. The vertical lines 
represent the (very conservative) limit of validity of the EFT
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What’s next?

Use dimensional reduction in precision studies of thermal phase 
transitions and don’t neglect effective operators [MC, Criado, Gil, 
López-Miras ‘24; Bernardo, Klose, Schicho, Tenkanen ‘25; MC and Guedes ‘25]
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Thank you!
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What if we don’t use effective field theory?

Say we don’t integrate out the Matsubara modes:

Then usual problems of multiple scales, e.g. more complicated 
calculations, unavoidable large logs, ...

As well as specific ones, e.g. effective action not well-defined at 
non-homogeneous backgrounds, bad perturbation theory, ...

x
integrate out
X
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Perturbative bounce solution

       computed this way is physical (i.e. invariant under field 
redefinitions); physical observables independent of how matching 
is performed
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