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Cosmological Phase Transitions
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I order phase transitions (FOPTs)

→

Motivation

↑ EW baryogenesis

↓ Constraints on BSM models
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C. Caprini et al. (JCAP10(2024)020)

https://inspirehep.net/files/66e50dbaffe795cfb29292946ec70379
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Thermal potential → GW
analytics

Thermal potential

(BSM)

Bubble

dynamics
SGWB

Relativistic

hydrodynamics

EFT →
?

 SGWB

1. Analytics

• bounce action: 
𝑆3
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2. Numerical methods
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Thermal potential → GW
tool comparison
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Package Language Maintained Dimensional reduction PT+GW parameters

CosmoTransitions Python X X X

BSMPTScanner C++ ✓ X ✓

PhaseTracer C++ ✓ ~ ✓

Similar packages
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Thermal potential → GW
tool comparison

Package Language Maintained Dimensional reduction PT+GW parameters

CosmoTransitions Python X X X

BSMPTScanner C++ ✓ X ✓

PhaseTracer C++ ✓ ~ ✓

PT2GW Mathematica ≥ tgraduation ✓ ✓

Similar packages

Strengths

• User-friendly

• Freedom to construct effective potential

➢ interface with DRalgo

• Polygonal bounce method (FindBounce)

• ModulararXiv 2505.04744
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https://arxiv.org/abs/2505.04744
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PT2GWFinder
schematics
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PT2GWFinder
method•

𝑆3

𝑇
𝑇  numerical estimation: FindBounce

✓ thin-wall regime

• efficient: 𝑡 ∼ 𝒪 # fields , 𝒪(# segments)

• 4𝑑 𝑆4  or 3𝑑 𝑆3 B
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Guada, Nemevšek, Pintar (CPC 256 (2020) 10748)

polygonal bounce

𝑉

𝜙

https://www.sciencedirect.com/science/article/pii/S0010465520302253?via%3Dihub
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PT2GWFinder
method•

𝑆3

𝑇
𝑇  numerical estimation: FindBounce

✓ thin-wall regime

• efficient: 𝑡 ∼ 𝒪 # fields , 𝒪(# segments)

• 4𝑑 𝑆4  or 3𝑑 𝑆3

• Method

1.  ෨𝑇𝑛 estimate via Γ/𝐻4 ∼ 1

2.  𝑆3/𝑇 fit/interpolation about ∼ ෨𝑇𝑛, 𝑇𝑐

3.  𝑇𝑛, 𝑇𝑝 via above integrals
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PT2GWFinder
action refinement

• Several options to refine the bounce solution

• Check profile

• Shift of exit point

• Lower action tolerance 

• Refine around inflection

• Bisection method to identify

the failure temperature
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PT2GWFinder
GWs

C. Caprini et al. (JCAP10(2024)020)

Soundwaves & MHD turbulence:

→ double broken power law

ℎ2Ωsw~𝐾2 𝑓

𝑓1
𝑠𝑤 1 +

𝑓

𝑓1
𝑠𝑤

2 −1

1 +
𝑓

𝑓2
𝑠𝑤

4 −1

 

ℎ2Ωtur~𝜀2𝐾2 𝑓1
𝑡𝑢𝑟

𝑓2
𝑡𝑢𝑟

𝑓

𝑓1
𝑡𝑢𝑟

3

1 +
𝑓

𝑓1
𝑡𝑢𝑟

4 −
1

2

1 +
𝑓

𝑓2
𝑡𝑢𝑟

2.15 −1.7

 

Bubble wall collisions:

→ broken power law

ℎ2Ωsw~ ෩𝐾2 𝑓

𝑓𝑝

2.4

1 +
𝑓

𝑓𝑝

1.2 −4
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PT2GWFinder
GWs

data adapted from K. Schmitz (JHEP01(2021)097)
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PT2GWFinder
fully documented
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2404.17632

• Scalar potential

𝑉 𝜙, 𝑇 =
𝑐2

2
𝑇2 − 𝑇0

2 𝜙2 −
𝑐3

3
𝑇𝜙3 +

𝑐4

4
𝜙4 

• Analytic derivation of the action

• in thin/thick wall regimes 

• intermediate interpolation

Matteini, Nemevšek, Shoji, Ubaldi (2024, 2404.17632)

Example 
Fluid-field model

Linde (1983, NPB 216. 2)
Hindmarsh, Huber, Rummukainen, Weir (PRD.92.123009)
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https://arxiv.org/pdf/2404.17632
https://www.sciencedirect.com/science/article/abs/pii/0550321383902936?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.123009
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• Dimensional reduction (DR)

• time → temperature ⇒ high-𝑇 approach

• include systematically higher-order resummations

• Narrower theoretical uncertainties

⇒ narrower GWB uncertainties

• DR implementation
Automated extraction Dralgo → 𝑉eff ,

including

• export of DR quantities

• RG resolution

• closed-form 𝑉eff 𝜙, 𝑇

Dimensional Reduction
An improved recipe for thermal EFTs

17

4𝑑
𝑡→𝑡+𝑖/𝑇

 3𝑑 EFT

M. Bertenstam, MF, A.P. Morais, R. Pasechnik, J. Rathsman (2501.01286)

𝜏𝑡

𝑇−1
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• Dark 𝑈 1  gauge sector

• Scalar content:

𝑉 𝜙, 𝑇 = 𝜇2𝜙2 + 𝜆𝜙4 

+ fermions

• 𝑉eff @ NLO

→ Paclet

Dimensional Reduction
Dark Abelian Higgs
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Outcome

& Future Endeavours
▪ Paclet current status

✓ characterization of FOPTs and GWB

• of single-field models

✓ 𝑆3/𝑇 via polygonal bounce (FindBounce)

✓ optional, user-friendly interface with DRalgo

▪ Upcoming developments

➢ improved phase-tracing routine

➢ multi-field

▪ Potential developments

? 𝑣𝑤 estimation in LTE (WallGo)

? Decay rate prefactor Γ = 𝐴 𝑒−𝑆3/𝑇

? higher order in 𝛽

? GW uncertainties

22

𝜙 FALSE

𝜙 TRUE

𝑣𝑤?

Suggestions are welcome!
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https://www.sciencedirect.com/science/article/pii/S0010465520302253?via%3Dihub
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LISA Project
Filtering out the Astrophysical Foreground
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EW Baryogenesis
The matter-antimatter problem
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Dimensional Reduction
Paclet Tool

1. Extract & store DR expressions (⇐ DRalgo)

2. Benchmark-specific check functions

3. Construct effective potential E
x
tras
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