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Monopole annihilation

Yprod
M ∼

ξ−3

s(TPT) plasmaW′￼
±

Yann
M ∼ q−2

M
T̄

MPl
∼ g2 mW′￼

MPl

YM,0 = min [Yann
M , Yprod

M ]

MM̄



Second order phase transition
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Second order phase transition
Global monopoles

ξKZ < rM < H(Tc)−1 :

rM > H(Tc)−1 :
[Barriola, Vilenkin, 1989]



First order phase transition

Teq : ρr = ρv ⟹ Teq = ( 30
g*π2

ΔV)
1/4

∼ gη

Γ ≈ T4e−S3/T ≈ C eβ(t−tp) ⟹

I(T) ≈
8π
3

v3
b

Γ(T)
β4

nb(t) =
Γ(t)
βI(t) [1 − 𝒫f(t)] Rb(Tp) ≈ vbβ−1



First order phase transition
Bounce action

m3
T

δ2
T

2π
3(κ − 2/9)2

F(κ), κ > 0 [Adams, 1993]

[Levi et al., 2022]

m3
T

δ2
T

27π
2

1 + exp (−1/ |κ|)
1 + 9|κ|/2

, κ < 0 [Levi et al., 2022]

[Salvio, 2023]

Veff(ϕ, T) ≃
m2

T

2
ϕ2 −

δT

3
ϕ3 +

λT

4
ϕ4

S3 =
κ ≡ λT

m2
T

δ2
T



V(T, ϕ) ≈
1
2 ( g2

2
T2 − λη2) ϕ2−

g3

2π
T|ϕ|3 +

λ
4

(ϕ2)2

≡ m2(T )

[Dolan, Jackiw, 1974]

[Arnold, Espinosa, 1994]

Weakly first-order phase transition Tp ≈ Tc
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Tc ≈ (1 + g)T0

m2(T0) = 0

⟹ T0 ≲ Tp ≲ Tc

λ = g3



Teq : ρr = ρv

ρr ∝ a−4 ∝ T4

ρv = ΔV ∝ ′￼′￼const .′￼′￼

Thermal inflation

ΔV

Strongly first-order phase transition

N = log
Teq

Tp



V(T, ϕ) ≈
g2

4
T2ϕ2 −

g3

2π
T|ϕ|3 +

3g4

16π2
log ( η

T )(ϕ2)2

[Salvio, 2023]

≡ m2(T )

Strongly first-order phase transition Tp ≪ Tc

ρr(Teq) = ρv

N ≈ log
Teq

Tp
⟹    if h2ΩW′￼

∝ e−3N, Treh < Tfo

[Hambye et al., 2018]

Classically scale invariant model
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m2(T) → m2(T) − m2
0 ⟹ Tp ≈ T0,m0

⋘ Teq

Classically scale invariant model



Supercooled phase transition



 freeze-outW′￼

λ > g2 : W′￼W′￼ → γ′￼γ′￼

+λ < g2 : W′￼W′￼ → γ′￼γ′￼, ρρ


