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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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Bag equation of state

p± = c2
s a±T4 − ϵ±
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Beyond bag equation of state — constant sound velocity : ν − model
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Beyond constant sound velocity
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Solving fluid EoM iteratively
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2
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Iterative solutions
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Efficiency factor for sound waves
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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
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Δwall(p) ≡ p+ − p− = w−γ̄2
−v̄2

− − w+γ̄2
+v̄2

+ ≡ − Δwall(wγ̄2v̄2)

Barroso Mancha et al.,“Field theoretic derivation of bubble wall force,” 2005.10875 
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Fwall

back

A

Δwall(Veff) = Δwall[(γ̄2 − 1)w] ≠
(γ2
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(4/5)αNwN
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w, γw → ∞
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w − 1), γw → ∞
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w − 1)TΔwall(s)

There is a misleading deduction that this evaluation implies γ2
w − scaling friction force

(w+γ̄2
+v̄2

+ − w−γ̄2
−v̄2

−) →
3
2

αNwN, γw → ∞However, we can analytically prove that

In fact, we can numerically show that



Backreaction force on the wall
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Thank you

Conclusions and discussions

/2020

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


