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Domain walls



Domain wall formation
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Kibble mechanism: 
 - a simplest case Z2

V(ϕ) = −
1
2

μ2ϕ2 +
1
4

λϕ4

⟨ϕ⟩ = ± v v = μ2/λ



Domain wall formation
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ϕ(z) = v tanh
z
Δ

Δ =
2

λv2

∂2ϕ
∂z2

=
∂V
∂ϕ

, ϕ(±∞) = ± v



Domain wall formation
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E=
1
2

ϕ′ 2 + ΔV

σ = ∫ dz =
2 2

3
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• Abelian: 


• Non-Abelian： , , ……

Zn

An Sn Δ(27)

Discrete Symmetries
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Roles: flavour symmetries, dark matter, …
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• The octahedral/cube group :


• The most general renormalisable flavon potential:

S4

 scalar theoryS4

8

BF, S.F. King, L. Marsili, S. Pascoli, 
J. Turner, Y-L. Zhou, 2409.16359 

T = (
0 0 1
1 0 0
0 1 0) , S = (

1 0 0
0 −1 0
0 0 −1) , U = ± (

1 0 0
0 0 1
0 1 0)

Also for A4 × Z2

V(ϕ) = −
μ2

2
I1 +

g1

4
I2
1 +

g2

2
I2

I1 = ϕ2
1 + ϕ2

2 + ϕ2
3 , I2 = ϕ2

1ϕ2
2 + ϕ2

2ϕ2
3 + ϕ2

3ϕ2
1

Ishimori, etc 1003.3552

https://arxiv.org/abs/1003.3552
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g1

g2 > 0

ϕi =
ϕi

v
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μ

3g1 + 2g2
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g1 < g2 < 0

ϕ̃i =
ϕi
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SI SII

TI TII TIII
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Straight line SI solution

Independent of β = g2/g1

Stability of DWs
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SI Two SIII solutions with 

pitstop at v2

SII

SII

Intermediate solution (still 

satisfies EoM)

BF, S.F. King, L. Marsili, S. Pascoli, 
J. Turner, Y-L. Zhou, 2409.16359 



Stability of DWs
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SI DW unstable & would 
decay to SII

β ≪ 2 : σ (SI) > 2σ (SII)

SI

SII

SII
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SI
2 SII



Stability of DWs
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SI




SII DW unstable & would 
decay to SI

β ≫ 2 : σ (SI) < 2σ (SII)

2 SII

SI

SII

SII
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Stability of DWs
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ω = 0.3
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ω = 0.3

For , the SI-type DW 


will decay to two SII type DWs

β = 0.3

SI

SII

SII
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Gravitational waves



Gravitational wave from DWs

• Exact discrete symmetry  stable DWs


• Bias  unstable DWs

⟹

⟹
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Pressure difference Δp ∝ Vbias

v1 v2
v1

ΔpΔp

v2
v1

v1 v2

Saikawa 1703.02576

Vbias ≡ V(v2) − V(v1)

Ωpeak
GW (σ, Vbias)

f > fpeak, ΩGW ∝ f −1

f < fpeak, ΩGW ∝ f 3{

https://arxiv.org/abs/1703.02576v2


Gravitational wave
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• Non-abelian DWs have more interesting and non-
trivial structure and phenomena


• In certain range of parameter space, unstable DWs 
can show up


• If the DWs are stable, they can give rise to a unique 
multi-peak GW signal


• The signature of GW raised by unstable domain walls 
is still unexplored

Summary and Outlook
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