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Cosmological phase transitions
thermal corrections typically restore
spontaneously broken symmetries at
high temperatures
=⇒ symmetry breaking phase transition
can be crossover or first-order
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Phase transition parameters (thermodynamic parameters)
Phase transitions can be characterized in terms of four parameters that determine the
corresponding gravitational wave spectrum:
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≃ ∆Veff
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1 + α

nucleation time scale β−1
∗ / bubble size R∗

Γ(t) = Γ∗ exp (β∗(t − t∗)) , R∗ = (8π)1/3 max(ξw, cs)
β∗

bubble wall velocity ξw, here: ξw ∼ 1
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Templates
broken power-law
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bubble collisions: [Lewicki & Vaskonen, 2023]

(n1, n2, a1) = (2.4, −2.4, 4)

double broken power-law
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sound waves: [Jinno et al., 2023]

(n1, n2, n2, a1, a2) = (3, 1, −3, 2, 4)
MHD turbulence: [Roper Pol et al., 2022]

(n1, n2, n2, a1, a2) = (3, 1, −8
3 , 4, 2.15)
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Geometric parameter reconstruction
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Reconstructing thermodynamic parameters
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Fundamental Theories

calculation of PT parameters from fundamental model parameters is expensive

=⇒ direct parameter inference not a good option

strategy:

1. Calculate thermodynamic/geometric PT parameters on a grid

2. Reconstruct signal in terms of geometric parameters

3. Interpolate on grid to convert geometric parameters to model parameters
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Parameter reconstruction
gauge singlet extension w/ Z2

V (H, s) ⊃ µ2
s

2 s2 + λs

4 s4 + λhs
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Conclusions

for the geometric parameters (amplitude, peak/break frequencies, . . . ), we can
estimate the reach using Fisher analysis

the reconstruction of thermodynamic parameters of cosmological phase transitions
(α, H∗R∗, T∗, . . . ) suffers from degeneracies

a potential observed SGWB signal can determine/constrain fundamental model
parameters

Thank you for your attention!
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Very strong transitions (α ≫ 1)
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[Koskwsky, Turner & Watkins, 1992; Kosowsky & Turner, 1993;
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Lewicki & Vaskonen, 2020, 2023; . . .

]

https://doi.org/10.1103/PhysRevLett.69.2026
https://doi.org/10.1103/PhysRevD.47.4372
https://doi.org/10.1088/1475-7516/2008/09/022
https://doi.org/10.1088/1475-7516/2009/05/009
https://doi.org/10.1088/1475-7516/2017/05/025
https://doi.org/10.1103/PhysRevD.93.124037
https://doi.org/10.1103/PhysRevD.95.024009
https://doi.org/10.1088/1475-7516/2019/01/060
https://doi.org/10.1088/1475-7516/2018/03/047
https://doi.org/10.1140/epjc/s10052-021-09232-3
https://doi.org/10.1140/epjc/s10052-023-11241-3


Sound waves
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Magnetohydrodynamic turbulence
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Gauge singlet extension with Z2 symmetry
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GWs predominantly produced by sound waves
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[see e.g. Lewicki, Merchand, Zych (2022)
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Gauge singlet parameter reconstruction
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Classically conformal U(1)B-L model
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supercooled PT =⇒ bubble collision / highly relativistic fluid shells
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see e.g. Jinno, Takimoto (2009)

Marzo, Marzola, Vaskonen (2019)
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U(1)B-L parameter reconstruction
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