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EW phase transition?
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PRODUCTION OF GRAVITATIONAL WAVES
Bubbles collisions

Acoustic waves in the plasma
Ultrarelativistic,  

accelerating bubble-walls

vw ≈ 1
Energy stored  

in the scalar field
Stationary bubble-walls,  

Different expansion modes

vw ≲ 1
Energy transferred  

to the plasma

Key parameters:

 - transition strength
α ≈ ΔV

ρr

 - bubble-wall velocity
vw

 - characteristic timescale

β
H

Magnetohydrodynamic 
turbulences

Typically subdominant?

Associated with 
 acoustic waves 



⟨ϕ⟩ = υ

Driving  
force

ΔV = ∫ dz
∂V
∂T

dT
dz

− ∑
i

∫ dϕ
dm2

i (ϕ)
dϕ ∫

d3p
(2π)32Ei

δfi(p, x)

Hydrodynamic  
backreaction

Non-equilibrium friction

⟨ϕ⟩ = 0

balance of forces  stationary state↔
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Æµ = 0.1

deflagrations hybrids detonations

2
v
ξ

= γ2(1 − vξ)[μ2/c2
s − 1] ∂ξv

∂ξw = w(1 + c−2
s )γ2μ∂ξv

+Hydrodynamic equations Matching conditions
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+v2
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ξ = r/t

DYNAMICS OF THE EXPANDING BUBBLE

Plasma velocity profiles

Deflagrations Hybrids Detonations

vw < cs cs < vw < cJ cJ < vw



LOCAL THERMAL EQUILIBRIUM
2402.15408

−∂2
t ϕ +

1
r2
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∂ϕ

∂tϕ +

∂tτ +
1
r2

∂r(r2(τ + p)v) = ηγ(∂tϕ + v∂rϕ)∂tϕ
∂V
∂ϕ

+

∂tZ +
1
r2
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s−γ−v− = s+γ+v+

Conservation of entropy  only hydrodynamic backreation↔

Hydrodynamic real-time simulations:
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In LTE  η = 0

Stationery states from simulations agree very well with analytic predictions, 
however we observe much more runaways!

vw(α, Ψ)Analytical prediction for

BEYOND LOCAL THERMAL EQUILIBRIUM
2411.16580

∂μ(uμs) =
η
T (uμ∂μϕ)

2

Entropy production  non-equilibrium friction↔
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s−γ−v− − s+γ+v+ =
η
3

υ2
0

Lw

γ2
+v2

+

T+
New matching condition:

We can calculate friction-dependent wall velocity and predict if the LTE 
result is physical!

vw(α, Ψ, η)Analytical prediction for


