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  Input: Effective potential 

 SchemeMS HT Expansion OS-like Scheme 3D EFT

 Gauge Rξ Covariant Gauge 

Arnold-Espinosa 
Approach Parwani  Approach

Outputs

Phase structure Critical Temperature Bounce Action Nucleation 
Temperature

Strength factor Transition duration Gravitational Wave 
Spectrum 

Gravitational Wave 
SNR

BubbleProfiler TransitionSolver

FlexibleSUSY DRalgo
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➤ Model: SM, Singlet extension, 2HDM, NMSSM 

➤ Input: , num of fields, symmetry,  field-dependent masses, Debye massesVtree

V0(h, s) =
μ2

H

2
h2 +

λH

4
h4 +

μ2
S

2
s2 +

λS

4
s4 +

λHS

4
h2s2

V(h, s) = V(−h, s), V(h, s) = V(h, − s)

nscalars = 2
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➤ Model: SM, Singlet extension, 2HDM, NMSSM 

➤ Input: , num of fields, symmetry,  field-dependent masses, Debye massesVtree

m2
b,t,τ(ϕ) =

y2
b,t,τ

2
ϕ2

h

nt = 12, nb = 12, nτ = 4

nh = 1, ns = 1, nG = 3
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➤ Model: SM, Singlet extension, 2HDM, NMSSM 

➤ Input: , num of fields, symmetry,  field-dependent masses, Debye massesVtree

nWL
= 2, nZL

= 1, nγL
= 1,nWT

= 4, nZT
= 2, nγT

= 2
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➤ Model: SM, Singlet extension, 2HDM, NMSSM 

➤ Input:  from DRalgoV3D
eff

Example
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DRalgo
An automated interface is in development.

… …
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Outputs of  PhaseTracer2
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➤ Critical temperature  

➤ For SSM of high temperature approximation, we have analytical result

TC
Error < 0.01%
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➤ Bounce action  

➤  

➤  

➤  

➤  

➤  

➤

SE
Γ
V

= A(T)e−SE/T[1 + 𝒪(ℏ)]

SE = 𝒮d−1 ∫
∞

0
ρd−1( 1

2
·ϕ2 + V(ϕ))

··ϕ(ρ) +
d − 1

ρ
·ϕ(ρ) = V′ (ϕ)

·ϕ(ρ) = 0

ϕ(ρ → ∞) = ϕf

·ϕ(ρ → ∞) = 0
Path Deformation BubbleProfiler

Perturbative algorithm
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➤ Nucleation temperature ,  strength factor , transition’s durationTN α

➤
 

➤  

➤
 

➤

N(T) = ∫
T

TC

dT′ 

Γ(T′ )Pf(T′ )
T′ H4(T′ )

SE(TN)
TN

∼ 140

α =
Dθ

π2g*T4
* /30

=
1

π2g*T4
* /30 (V(ϕ) −

T
4

∂V(ϕ, T)
∂T )

ϕf

ϕt

β(T) =
d
dt ( SE

T ) = TH(T)
d

dT ( SE

T )

Outputs of  PhaseTracer2
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+ TransitionSlover
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➤ Dealing with discrete symmetries
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V(ϕ1, ϕ2) = V(−ϕ1, − ϕ2)

➤ In CosmoTransitions, half of the space is forbidden. 

➤ In BSMPT3, the one with shorter distance is chosen. 

➤ In PhaseTracer2, the one with minimum action is chosen.
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➤ Comparation with CosmoTransitions 

๏ A toy model including two scalar fields and an extra boson：

Outputs of  PhaseTracer2
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On laptop

On desktop

1

2
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➤ An improvement of  calculationβ

Outputs of  PhaseTracer2
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β(T ) =
d
dt ( SE

T ) = TH(T )
d

dT ( SE

T )
Polynomial Fit
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Outputs of  PhaseTracer2
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➤ Gravitational Wave 
๏ Bubble collisions 

๏ Turbulence 

๏ Sound waves 

+ TransitionSlover
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Outputs of  PhaseTracer2
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➤ Gravitational Wave
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Outputs of  PhaseTracer2
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➤ Gravitational Wave
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Summary and outlook
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PhaseTracer2



Thank  you !


