GWs from FOPTs:
Recent progress on bubble expansion
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GWs from FOPT
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Effective picture of bubble expansion
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Efficiency factor for wall collisions
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Efficiency factor for sound waves
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Beyond constant sound velocity

&Sk | K2 T* m?
Effective potential Vi@, T) = Z igiTJ' Inflxe ™7 | =— ) gJ.| —

3
i=B,F (271.)

. J s — _ o e—m,- 1 + @ -
Heavy particles BIF\ T2 ( 27ZT> m;

Light particles

m? 1 (m S m; . 1 m ! mye’e=34 1 lC(Zl + 1) 1 :
Sl = ]|=—+ —— = - In — E (—1) —
T? 90 24 \T 127 \ T 2722\ T 4nT 16752 - 1)' 2 A472T?

m? 7 n? 1 /m\* 1 m\* m-eyE_3/4 (:(2l+ 1) 1 1 :
Jl—=]=-==—+ -]+ -] In— —1) C(l+=
F < T2 890 48 ( T> 3272 ( T> zT 87z5/2 < ) g( b +1)! ( 221“) < 2) T2

1 _ 7
EoS p=—-F =-V, =—V0(qb)+3aT4 bT*+cT a—zgﬁgzgi
= i=F
p=T0rp—p=Vug—T0;V = Vo(gb)+aT4 bT? 2 (l_ZB giml.2 + Z g;m: )
1 4bT — 3¢ 1 ;
2 —
() 3 ( 12aT3—6bT> lzng‘

9/20




Solving fluid EoM iteratively

Fluid equations of motion

2% = (1 — cfv)<

D e —— +1 |
gz RSP ame) T ) ae

v($)
1(¢) = T(5p)exp J y(V)*u(€, v)dv
v(So)

pE: | dv
cs(T(£)) d¢

Iteration method

cOE) = 1/3 2 vOE), w0, TOE¢)
c (&) = c(TOE) = vIDE), wb(E), TDE)

(&) = c(TV(E) = vP(E), wP(©), TH(E)

10/20



v(é)

lterative solu

tions

0.3r 035 ——mm ™ ———————————————————
0.2l 0.34:— ----- - O-order —— 1-order ----- 2-order
0.33}
0.1 i e [
Deflagration 032}
0.0y 0395
o 0.30" - - - - -
0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.40 0.45 0.50 0.55 0.60 0.65 0.70
0B & 0.35 &<
0.5} [
----- - O-order 0.341 ------ 0-order —— 1-order ----- 2-order
0.4 —— 1-order : )
0.3f 2-order o3
i i < [
i Hybrid 0.32}
i 0.31}
03
: 0.5 0.55 0.60 0.65 0.70 0.75 0.80
§
0.3 - 0.35¢ ¢
[ - 0-order /: 0.34f
021 4 order o i :
----- 2-order 0.33f
0.1 ] ¢ |
,,,,, Detonation 032}
0.0 = :
[ 0.31F
-0.1 — - 0.30L—————— — -
0.5 0.6 0(;;7 0.8 0.9 11/20 0.5 0.6 O;c? 0.8 0.9



Efficiency factor for sound waves
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1. The efficiency factor beyond the constant sound velocity
is suppressed with respect to the case with a bag EoS

2. The suppression effect is less announced for a strong first-
order phase transition with a large strength factor alpha_N

12/20



2205.02492 SJW, Zi-Yan Yuwen

Hydrodynamic backreaction force
of cosmological bubble expansion




Boltzmann equations of motion
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New picture of bubble expansion
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Hydrodynamic evaluation
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Total back-reaction force
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Backreactoin force on the wall

Barroso Mancha et al.,“Field theoretic derivation of bubble wall force,” 2005.10875
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Backreaction force on the wall
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Conclusions and discussions

We have proposed an analytical evaluation method
for the efficiency factor of bubble wall collisions

We have proposed an iteration method for the efficiency factor
of bulk fluid motions beyond a constant sound velocity

We have proposed a hydrodynamical evaluation for the
total backreaction force along with its wall contribution

We want to propose a hybrid method from hydrodynamics
and microphysics to compute the friction force evolution
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