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Phase dynamics
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Bubble dynamics

Bubble expansion in vacuum VS Bubble expansion in plasma

Bubble walls collide with each other Bubble walls collide with each other

when they are rapidly accelerating when they are steadily expanding
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GW specturm

Scalar contribution : bubble wall collision
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Fluid contribution : sound wave + MHD turbulence (negligible)
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~ Expansion suppression

i

Huai-Ke Guo 2020

Spectrum factor




Numerical simulation
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Thermal
Equilibrium

Thermal
Equilibrium

Thermal friction

Bodeker & Moore 09 Particle transmission and reflection

Am?T? B
P_ |~ Y = Apio

Run-away

Transition splitting of a fermion

Bodeker & Moore 17 emitting a soft vector boson

P,_, ~ yg*AmyT’ = yApnio

Non-run-away

Re-summing multiple soft gauge

Hoche et al 2007.10343 ) cons scattering to all orders

P,_y ~ 0.005/°¢°T* = y*Apy1o = Non-run-away

Mancha et al 2005.10875
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Effective picture

Apg. = Apro + M(Y)Apyio

y-independent friction force ..J AN y-dependent friction force
L Potential Work done by
Kinetic energy ..
of bubble wall energy friction force on
of bubble bubble wall
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General solution
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V(R)

Wall velocity

Pi_y = h()Apaor h(p) =7
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Efficiency factor

1.0

Keol (Reol s Qo ! O, Yeq )
Kcol (Reol s Qo Q4 Veq )

For dash lines, see KCL group’ works

1. Previous estimations are reproduced when bubble walls collide with {
each other long after they have been approaching the terminal velocity R., 2 @(103)R

2. Important for strong FOPT : bubble walls collide with each other just
around the time when they are starting to approach the terminal velocity R., < O(109)R,

2
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An example



Take-home message

Effective EOM for an expanding bubble wall in thermal plasma out-of equilibrium

RdAp,\ dr 2
ot ) Ly 2L = Apy — Ap,
3 dy dR R

General expansion solution with arbitrary 7-scaling friction Apg; = Ap; o+ h(y)Apyio

M —h() 3y 1
h(ye) — h(1) ~ 2R 2R3

General expression for the efficiency factor from bubble wall collisions

_ ( aw) J AR | HGR)
Keol = | —— — |1 -
o 1 Rcol h(yeq)

Use our general formula if bubble wall collisions dominate over sound waves

Use KCL’s asymptotic expression if sound waves dominate over bubble wall collisions

%@%
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Backup slide
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Backup slide
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Backup

Thermal bubble out-of thermal equilibrium
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Backup slide

Thermal bubble in thermal equilibrium
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Backup slide

Thermal bubble out-of thermal equilibrium Our proposal of effective description

S — 4 -
— 4roR*V 1 = R + —7R* (Apy = Appo + f(R)S(R)) ~> f(R) = Apyyo

3f(R) + Rf'(R) _ 3A

_ . _ SR h(y)APy1Lo
Rg'(R) — g(R) = h(y(R))
—> g'® =rre)

dy 4 2y _ Apy—Apo S+ RS
dR R o 30

(Rg' - 8)

B ApnLo Apg — ApLo

o ApnLo

R L2 _ e
<1+7h (7/)) TR = N((yeg) — () =

Ly .y ]
L = — 4noR*/1 — R*> + —nR30n (h(yeq) + Rg'(R) — h(y(R)))
Same solution , 3

oL . N 4. : ; )
E=—R—-L =4n0R“y + gﬂR on(h(y) — h(yey)) + E]Z'R on (g”(R) —y h’(y)) R

OR
>

16/11

4
= 4roR% + ZnRon(h(y) - hrey)



