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• Matter-Antimatter asymmetry: 

• No explanation in Standard Model

• Singlet extension:

- Usually: 1st order EWPT 

- Here: topological defect mediated, first from Brandenberger et al, 1996

Motivation

η =
𝑛𝐵 − 𝑛 ത𝐵

𝑠
≈ 10−10

difficult to probe
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Timeline

𝑇𝐸𝑊

Walls decay
EW phase
transition

𝑍2 breaking

𝑇𝑤 𝑇𝑑

Baryon production

𝑆 𝑆 𝑆

ℎ ℎ ℎ

0,0 ±𝑣𝑆 , 0 ±𝑣𝑆 , 𝑣ℎ

𝑆

ℎ

𝑣𝑆 , 𝑣ℎ



Minimal EWBG with Domain Walls Azzola Jacopo, 29.05.2025

Mechanism

Step 0: S-domain wall formation

Press, Ryden, Spergel 1989

𝑆 𝑧 = 𝑣𝑠𝑇𝑎𝑛ℎ
𝑚𝑆

2
𝑧
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Mechanism

Step 1: EW phase transition

EW core
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Mechanism

Step 2: CP violation

Anti quarks

Quarks

Anti quarks Quarks

Wall speedWall speed
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Mechanism

Step 3: EW sphaleron

Anti quarks Quarks

EW sphaleron

Anti quarks Quarks

Wall speed
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Free Parameters

• Minimal extension

• Parameter space
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• Baryon asymmetry only in volume swept

• Evolution steps:

i. Scaling regime

ii. Collapse

Wall Network Evolution
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• Baryon asymmetry only in volume swept

• Evolution steps:

i. Scaling regime

ii. Collapse

Wall Network Evolution

Walls too fast (?)

Press, Ryden, Spergel 1989

𝑉𝑐

𝐴𝑐
∼ ϵሺη − η𝑤)

δ𝑉𝑐

𝑉𝑐
∼ 𝑙𝑛

𝑇𝑖

𝑇𝑓
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𝑇𝐸𝑊

Walls decay
EW phase
transition

𝑍2 breaking

𝑇𝑤 𝑇𝑑

Baryon production

Not delayed for

𝑠𝑖𝑛 θℎ𝑆 ≲ 𝑚𝑆/𝑚ℎ

Avoid DW domination

𝑠𝑖𝑛 θℎ𝑆 ≳
𝑚𝑆

𝑀𝑃

𝑣ℎ

𝑇𝑑
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Conditions on Wall Profile

EW core
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𝑣ℎ 𝑆 = 0 ≲ 𝑇

𝑣𝑆 ≳ Τ𝑣ℎ 𝑠𝑖𝑛 θℎ𝑆

EW core

Conditions on Wall Profile
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𝑙𝑤 > 𝑅𝑠𝑝ℎ

1

𝑚𝑆
≳

1

𝑔2𝑇

𝑚𝑆 ≲ 30 GeV

𝑣ℎ 𝑆 = 0 ≲ 𝑇

𝑣𝑆 ≳ Τ𝑣ℎ 𝑠𝑖𝑛 θℎ𝑆

EW core

Conditions on Wall Profile
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Numerical Results

EWPT not delayed

𝑅𝑠𝑝ℎ < 𝑙𝑤

No wall domination
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Experimental bounds
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Conclusions

Novel mechanism for EWBG in Singlet Extension:

✓ Minimal model, good analytical understanding

✓ Mass range: 10−2eV ≲ 𝑚𝑆 ≲ 15GeV 

✓ Rich phenomenology
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Conclusions

Novel mechanism for EWBG in Singlet Extension:

✓ Minimal model, good analytical understanding

✓ Mass range: 10−2eV ≲ 𝑚𝑆 ≲ 15GeV 

✓ Rich phenomenology

Thank you for the attention :)
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Numerical methods

𝑆′′ = 𝜕𝑆𝑉 ℎ, 𝑆

ℎ′′ = 𝜕ℎ𝑉 ℎ, 𝑆
Solve the system: { with ℎ ±∞ = 𝑣ℎ , 𝑆 ±∞ = ∓𝑣𝑆

• 𝑉 = 𝑉0 + 𝑉𝐶𝑊 + 𝑉𝑇 + 𝑉𝐶𝑇

• Solution via fictitious time-evolution

• Very slow and unstable

Full solution
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Numerical methods

𝑆′′ = 𝜕𝑆𝑉 ℎ, 𝑆

ℎ′′ = 𝜕ℎ𝑉 ℎ, 𝑆
Solve the system: { with ℎ ±∞ = 𝑣ℎ , 𝑆 ±∞ = ∓𝑣𝑆

• 𝑉 = 𝑉0 + 𝑉𝑇,high

• Parabolic approximation ℎ 𝑆 =
𝑣ℎ−ℎ0

𝑣𝑆
2 𝑆 − 𝑣𝑆 + 𝑣ℎ

• Bogomolny trick

Approximate algorithm

1D, 1st order equation 
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Numerical profiles – h field

𝑣ℎ
2 =

−μℎ
2 + Τ1 2 λℎ𝑆 𝑣𝑆

2

λℎ

Tuning
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Numerical profiles – S field
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CPV & eEDM bound

• CPV term

• Contribution from BarrZee diagram

• Result for quadratic CPV:

𝑑𝑒 =
2𝑒

3π2
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On CP violation

Higgs profile μ𝑡𝐿

Work in progress…
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EWBG not delayed

𝑣ℎ 𝑇 = 𝑣ℎ 𝑇 = 0 − 𝑇2
𝑐𝑇/λℎ
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EW restoration in core

Δ𝑇 ≈ Δℎ ≲
λℎ𝑆𝑣𝑆

2

2 λℎ

Δℎ2 ≈ 𝑣ℎ
2
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𝑚ℎ
2 ≈ 2λℎ𝑣ℎ
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λℎ𝑆𝑣ℎ𝑣𝑆

𝑚ℎ
2
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𝑣𝑆 ≳ 𝑣ℎ/ 𝑠𝑖𝑛 θℎ𝑆
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Domain wall problem

ρ𝑤 = σ𝑤

𝐴𝑝

𝑉𝑝

𝐴𝑝

𝑉𝑝
=

1

ϵ𝑎 η η − η𝑤
= ϵ𝐻 𝑇 1 −

𝑇

𝑇𝑤

−1

σ ≈ 𝑚𝑆𝑣𝑆
2

ρ𝑤

ρ𝑟
< 1 𝑚𝑆𝑣𝑆

2 < 0.1 𝑔∗ 𝑇 𝑀𝑃𝑇2
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Volume swept

𝑉𝑐
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Scaling regime Volume swept

Integrate

Function of T
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Standard singlet mechanism

𝒗𝒉 = 𝟎



Minimal EWBG with Domain Walls Azzola Jacopo, 29.05.2025

Standard singlet mechanism

1st order EWPT

𝒗𝒉 > 𝟎

𝒗𝒉 = 𝟎
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Standard singlet mechanism

CPV

𝒗𝒉 > 𝟎

𝒗𝒉 = 𝟎

Anti-baryons
Baryons
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𝒗𝒉 > 𝟎

𝒗𝒉 = 𝟎

CPV Anti-baryons
Baryons

Standard singlet mechanism
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Standard singlet mechanism

𝒗𝒉 = 𝟎

𝒗𝒉 > 𝟎

EW sphaleron

• Active for 𝑣ℎ/𝑇 ≲ 1

• Violates B

• Relaxes anti-baryon 

abundance
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Standard singlet mechanism

𝒗𝒉 = 𝟎

𝒗𝒉 > 𝟎

EW sphaleron

• Active for 

• Violates B

• Relaxes anti-baryon 

abundance
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Standard singlet mechanism

𝒗𝒉 = 𝟎

𝒗𝒉 > 𝟎
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Standard singlet mechanism

𝒗𝒉 > 𝟎
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Parameter space

ℎ3

𝜕μ 𝐻 2 2

A. Benival et al, 1702.06124
M. Carena et al, 2104.00638
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