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Introduction

inverse phase transitions have different
fluid profiles than direct ones

sound wave contribution to GW
spectrum depends on fluid profiles
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[Gowling, Hindmarsh (2021)]

=⇒ Can we distinguish GWs from direct and inverse PTs?

" WARNING: work in progress
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Direct vs. Inverse Phase Transtitions
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direct transitions: (exothermic)
plasma fluid pushed in front / dragged behind

inverse transitions: (endothermic)
plasma fluid sucked/pushed invards

see: G. Barni’s talk;
Barni, Blasi, Vanvlasselaer (2024);
arXiv:2503.01951 [hep-ph]
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Sound Shell Model
semi-analytic model for sound wave component of GW
spectrum in weak - moderate transitions (α≪ 1)

Hindmarsh (2018);
Hindmarsh, Hijazi (2019);
Roper Pol, Procacci, Caprini (2024)



fluid shells propagate as sound waves

=⇒ superposition of self-similar fluid profiles

Gaussian velocity field: 〈v v v v〉 ∼ 〈v v〉〈v v〉

ΩGW(k) ∼
∫

dτ1

τ1

∫
dτ2

τ2
〈Πi j (τ1,k)Πi j (τ2,k)〉cosk(τ1 −τ2)

∼
∫

d p
∫

d p̃ f (p, p̃)Ekin(p)Ekin(p̃)∆(k, p, p̃,δτGW)

Πi j ∼Λi j kl vl vm

Ekin ∼ 〈v v〉 time dependence

log f

lo
g

Ω
G

W

b
u

b
b
le

sp
a
ci

n
g

sh
el

l
w

id
th

3 / 9

https://doi.org/10.1103/PhysRevLett.120.071301
https://doi.org/10.1088/1475-7516/2019/12/062
https://doi.org/10.1103/PhysRevD.109.063531


Sound Shell Model
semi-analytic model for sound wave component of GW
spectrum in weak - moderate transitions (α≪ 1)

Hindmarsh (2018);
Hindmarsh, Hijazi (2019);
Roper Pol, Procacci, Caprini (2024)



fluid shells propagate as sound waves

=⇒ superposition of self-similar fluid profiles

Gaussian velocity field: 〈v v v v〉 ∼ 〈v v〉〈v v〉

ΩGW(k) ∼
∫

dτ1

τ1

∫
dτ2

τ2
〈Πi j (τ1,k)Πi j (τ2,k)〉cosk(τ1 −τ2)

∼
∫

d p
∫

d p̃ f (p, p̃)Ekin(p)Ekin(p̃)∆(k, p, p̃,δτGW)

Πi j ∼Λi j kl vl vm

Ekin ∼ 〈v v〉 time dependence

log f

lo
g

Ω
G

W

b
u

b
b
le

sp
a
ci

n
g

sh
el

l
w

id
th

3 / 9

https://doi.org/10.1103/PhysRevLett.120.071301
https://doi.org/10.1088/1475-7516/2019/12/062
https://doi.org/10.1103/PhysRevD.109.063531


Sound Shell Model
semi-analytic model for sound wave component of GW
spectrum in weak - moderate transitions (α≪ 1)

Hindmarsh (2018);
Hindmarsh, Hijazi (2019);
Roper Pol, Procacci, Caprini (2024)



fluid shells propagate as sound waves

=⇒ superposition of self-similar fluid profiles

Gaussian velocity field: 〈v v v v〉 ∼ 〈v v〉〈v v〉

ΩGW(k) ∼
∫

dτ1

τ1

∫
dτ2

τ2
〈Πi j (τ1,k)Πi j (τ2,k)〉cosk(τ1 −τ2)

∼
∫

d p
∫

d p̃ f (p, p̃)Ekin(p)Ekin(p̃)∆(k, p, p̃,δτGW)

Πi j ∼Λi j kl vl vm

Ekin ∼ 〈v v〉 time dependence

log f

lo
g

Ω
G

W

b
u
b
b
le

sp
a
ci

n
g

sh
el

l
w

id
th

3 / 9

https://doi.org/10.1103/PhysRevLett.120.071301
https://doi.org/10.1088/1475-7516/2019/12/062
https://doi.org/10.1103/PhysRevD.109.063531


Gravitational Waves in the Sound Shell Model
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Gravitational Wave Spectra
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Gravitational Wave Amplitude
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Double-Broken Power Law Fit
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Spectral discrimination
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Conclusion

Tunneling away from the zero-temperature vacuum can lead to inverse PTs

Inverse PTs can produce observable SGWB

GW signal from inverse PTs similar to direct transitions

=⇒ should to be taken into account when analyzing data

Thank you for your attention!
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