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Domain Wall

» Topological Defect from SSB of discrete symmetry
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Domain Wall

o domain walls
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Topological Defects

* \What about Cosmology?
* Not present in SM, but prevalent in many BSM (e.g. GUT, Axion cosmic string)
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Dynamics of Domain Wall



DW Dynamics in Expanding Universe

* The universe is expanding
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DW Dynamics in Expanding Universe

* The universe is expanding

(single) 1

p X —
DW a

» Defects form ‘networks’
* interact each other, and asymptotically fall into ‘scaling regime’
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Numerical Simulations

o
ppw (t) = A? O(1) DW per Hubble Volume
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Scaling Solutions
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Cosmological History with DWD
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Cosmological History with DWD
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GW Spectrum



General Formula
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GW Emission
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GW Emission
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GW Emission
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GW Emission

» Confirmed by simulations * During DWD, GW emission is suppressed

pew = eawGA*0?
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Power Spectral Density (PSD)
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= Spectral information is encoded in PSD
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Power Spectral Density (PSD)

[T. Hiramatsu, M. Kawasaki, K. Saikawa 1309.5001]
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GW Evolution
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GW Evolution
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GW Evolution

» Evolution history is encoded in the Transfer function

h(ag, k) = T (ac.k)h(ae, k)
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Causality Tail

= Normally (RD), Qcw o k°



Causality Tail

= Normally (RD), Qcw o k°

» Generalized to arbitrary equation of state:

. . 15w+1
= Decelerating universe  Qagw o< k 3w+l




Causality Tail

= Normally (RD), Qcw o k°

» Generalized to arbitrary equation of state:

. . 15w+1
= Decelerating universe  Qagw o< k 3w+l

- . 5+3w
= Accelerating universe + RD Qaw X kT+3w

= DWD universe: w = —g Qaw o< k=3



Final Spectrum
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Final Spectrum
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GW Spectrum with DWD
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Intuitive Picture



GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DW Dominant Era
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GW Spectrum with DWD
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Conclusion

scales

=" | ong lived DWs lead to DW dominant phase. 1 ()™

Uweq ap Qeq )

" [t may leave distinctive SGWB spectrum.
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» More analytical/numerical understandings are still required.



Thank you!



Back-Ups



Numerical Simulations : GW
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Analytic Understanding : VOS Model

» Velocity-dependent One Scale
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Unstable DW

[A. Vilenkin ‘81] . . »
[T. W.B. Kibble, G. Lazarides, and Q. Shafi ‘82]

» Potential Bias <: 50 sissrs e | - String Nucleation v resa vien o
= Pressure catalyzes the collapse = Spontaneous decay of DW
* May not work for DW dominance = Still works for DW dominance if I pw > H

[1703.02576]

V(e)

¢ [2111.08750]

Sung Mook Lee (CERN) PASCOS 2025 46



Large Inhomogenities
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Causality Tail

' 4+ 2HK + k*h = J.0(1 — 7o)



Causality Tail

' 4+ 2HK + k*h = J.0(1 — 7o)
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Causality Tail
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