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Introduction

• Pulsar timing arrays: NANOGrav, EPTA with InPTA, PPTA, and Chinese PTA →
• stochastic gravitational waves background

• supermassive black hole binaries are the most likely source

• primordial sources are also possible

• we focus on domain walls

• CosmoLattice computer code – Figueroa et al., 2021
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Scaling regime

• One domain wall per horizon

• Distance between walls = Hubble radius

ρwall ∼
H−2σwall
H−3

∼ σwall/t (2)

ξdw = ρwall
σwall

t – scaling-parameter; σdw = 2
√
2λη3

3 – tension of domain walls

∆2 = 2
λη2

– domain wall width

→ ξ = ξsc = const

kτ ≪ 1
dρgw
d ln k ∝ k3 Caprini et al., 2009
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Scaling regime

P ∼
...
Q2

ij/(40πM
2
pl) (3)

Qij ∼ Mwall/H
2 (4)

Mwall ∼ σwall/H
2 (5)

ρgw ∼ PtH3 ∼
σ2
wall

40πM2
pl

(6)
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Initial conditions

⟨ϕ(k)ϕ(q)⟩ = A(k)δ(k+ q), ⟨ϕ̇(k)ϕ̇(q)⟩ = B(k)δ(k+ q)

Vacuum initial conditions:

A(k) =
Θ (k − kcut)

16π3k
, B(k) =

k

16π3
·Θ(k − kcut) (7)

Thermal initial conditions:

A(k) =
1

8π3 · k
(
e

k
T − 1

) , B(k) =
k

8π3 ·
(
e

k
T − 1

) (8)
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Snapshots
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Scaling-parameter
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ξ = 0.85± 0.04 (vacuum) (9)

ξ = 0.63± 0.04 (thermal) (10)
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GW energy density
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Numerical artefact
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Spectra of GW: vacuum initial conditions
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Spectra of GW: vacuum initial conditions
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Spectra of GW: thermal initial conditions
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Spectra of GW: thermal initial conditions
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Results

Ωgw ,peak(τ) ≈ 7.7(4.6)×10−10 ·
(

Hi

H(τ)

)2

·
( η

6 · 1016 GeV

)4
vacuum (thermal) (11)

Ωgw ,peakh
2
0 ≈ 1.0(0.6)×10−10·

(
100 MeV

Tdec

)4

·
σ2
dw

(100 TeV)6
·
(

10

g∗(Tdec)

)4/3

vacuum (thermal)

(12)

fpeak = Fpeak(τdec) ·
adec
a0

≃ 0.7Hdec ·
adec
a0

≃ 7.5 nHz

(
Tdec

100 MeV

)
·
(
g∗(Tdec)

10

)1/6

(13)
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Summary

• Domain wall network settles to scaling regime: ξ and energy density of GW are
constant.

• Different value of ξ in the cases of thermal and vacuum conditions may have physical
origin.

• It is possible to get rid of numerical artifact in the UV part of the spectrum.
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Potential bias

S =

∫
d4x

√
−g

[
1

2
(∂µχ)

2 − 1

4
· λ(χ2 − v2)2 − Vbreaking

]
(14)

Vbreaking = ϵχ3 (15)

Vbias = Vbreaking (χ ≈ v)− Vbreaking (χ ≈ −v) ≈ 2ϵv3 (16)

Vbias ≪ λv4 ϵ ≪ λv (17)

⟨χ2(x)⟩ =
∫ kcut

kmin

dk · k
4π2

, ⟨χ̇2(x)⟩ =
∫ kcut

kmin

dk · k3

4π2
(18)
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Snapshots
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Scaling parameter
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False vacuum fraction
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−
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)p]
. kcut = 1, N = 1024.
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False vacuum fraction
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Gravitational waves
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Gravitational waves

fpeak ≃ 8 nHzλ1/4 ·
( ϵ

10−36 · λv

)1/3
·
√

v

100 TeV
·
(

100

g∗(Tann)

)1/12

(19)

Ωgw ,peakh
2
0 ≃ 1 · 10−10 ·

( v

100 TeV

)4
·
(
10−36 · λv

ϵ

)4/3

·
(

100

g∗(Tann)

)1/3

(20)
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Summary

• Introduction of potential bias solves the DW-domination problem

• Domain walls decay faster than expected from the estimate σwallHann ∼ Vbias ∼ ϵv3

• As a result, GW signal from domain walls is weaker than expected
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Thank you for your attention!
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