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Gravitational wave detectors

Search for a stochastic GW signal⇒ search for GW noise
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Domain walls in the early universe

Universe high-T: from T ∼ 1015 GeV

Breaking of symmetry → GW stochastic background

h2Ωtoday
GW ∼ h2Ωrad︸ ︷︷ ︸

∼10−5

× ε︸︷︷︸
∼0.01

× S(??)× f(k)︸ ︷︷ ︸
source characteristics
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Main question

How generic is it for symmetry breaking to
induce detectable GW ?
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GW from symmetry breaking remnants
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GW from symmetry breaking remnants

Topological Defects from Symmetry Breaking

Symmetry breaking ⇒ Topological defects
form via Kibble-Zurek mechanism.

Defect type depends on the symmetry group
and its breaking pattern:

1 Discrete symmetry ⇒ Domain Walls (DW)
2 U(1) symmetry ⇒ Cosmic Strings
3 SU(2) or higher ⇒ Magnetic Monopoles
4 Non-Abelian groups ⇒ Textures

Defects are stable if topology forbids decay.

Figure:
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form via Kibble-Zurek mechanism.
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Figure: Domain Wall (2D defect)

Domain Walls (DW)
Form when a discrete symmetry (e.g., Z2) breaks.
Energy density σ ∝ Λ3 (where Λ = symmetry-breaking scale).
Problem: Overclose the universe if stable (require annihilation).
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Figure: Cosmic String (1D defect)

Cosmic Strings
Form when a U(1) symmetry breaks (e.g., in axion models).
Tension µ ∝ Λ2 (e.g., µ ∼ (1016 GeV)2 for GUT strings).
Can produce gravitational waves (GW) via cusps/kinks.
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Figure: Magnetic Monopole (0D defect)

Magnetic Monopoles
Form when SU(2) → U(1) (e.g., in GUTs).
Mass M ∝ Λ/g2 (e.g., M ∼ 1016 GeV for GUT monopoles).
Problem: Monopole problem (inflation needed to dilute them).
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Figure: Texture (3D defect)

Textures
Form when a non-Abelian symmetry breaks (e.g., SO(3) → SO(2)).
Unstable: Collapse and unwind, producing GWs.
Rare in cosmology (no stable examples known).
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GW from symmetry breaking remnants

Domain walls in the early universe
Universe high-T after inflation:cooling of primordial soup

axion example

Vd(a) = m2
af

2
a

(
1− cos

(
a

fa

))

Potential V (T, a) = Vd(a) + Vthermal(T, a)
High T, potential melts: Vd ∼ const.
Formation of DWs at T ∼ Tform ∼

√
fama

σ ∼ maf
2
a
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