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Spontaneous Breaking of Discrete Symmetry 
 -symmetric scalar fieldZ2
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Energy-Momentum and Surface Tension
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Note that Great Wall

Jeff_Hu | E+ | Getty Images Even a Greater One!
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photon temperature due to redshift
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ΔΦ ∼ G σwall δ (z)Poisson Equation

Φ ∼ G σwallz
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≃ G σwallH−1
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Large CMB fluctuations 

≃ 1010 λ1/2 ( η
100 GeV )
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“Apparently, domain walls are cosmological bad news…”

Even Larger Mass 

Mass inside the horizon  H−1

Mwall ∼ σwall /H2

≃ 4 × 1065 λ1/2 ( η
100 GeV )
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 -symmetric DM scalar field   coupled to

  - a multiplet of N thermal degrees of freedom

Z2 χ
ϕ
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λ
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χ4

portal coupling

increasing during preheating, 

then red-shifting μ2 = g2⟨ϕ†ϕ⟩ ≃

Ng2T2
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Tachyonic thermal mass 

  β =
λ
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≥
1
λϕ

potential bounded 
 from below

weak coupling 

≥ 1

+
λϕ

4 (ϕ†ϕ)2

potential bounded from below 



Direct Phase Transition

Early universe spontaneously Broken Phase

μ > M

+χmin−χmin

Domain Walls!

μ ≳ H
Avoid too much friction to start rolling

Ti ≃ g MPl
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Correction 
taking into 

account time 
to get to the 

minimum 
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12λ
= μ2/λVeff ≃
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Tension    σwall =
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In the scaling regime (Kibble 1976): one domain wall per Hubble volume: 
 


 Mwall ∼ σwall /H2

ρwall ∼ MwallH3 ∼ σwall H ∝ T5

Melting 
Domain 

Walls

Usual Constant 
tension DW 
ρwall ∝ T2

melting away as  !∝ T3



ℒ =
(∂χ)2

2
− (M2 − μ2(t, x)) ⋅ χ2
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−

λχ4
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Inverse Phase Transition At Meltdown

Babichev, Gorbunov, Ramazanov(2020)

Late Universe 


Tachyonic mass   

slowly decreases / 

redshifts 

due to cosmological 

expansion

μ(t)

Early Universe 
 spontaneously Broken Phase

μ < M

−χmin +χmin

μ > M

H < M
for Hubble parameter

oscillations around restored symmetric vacuum

χmin (t) =
μ2 (t) − M2

λ
scalar field 


traces vacuum 

·Meff

M2
eff

≪ 1as long as



·Meff

M2
eff

≪ 1Adiabatically tracing the minimum

Tracing the vacuum

M2
eff (t) = 2 ⋅ (μ2(t) − M2)In the minimum

Adiabaticity is definitely violated when   i.e. when  ! Meff = 0 μ* ≃ M

At this point one cannot trace the minimum as    diverges! ·χmin =
μ ·μ

λ (μ2 (t) − M2)

χmin (t) =
μ2 (t) − M2

λThe minimum moves as



adiabaticity is violated at , before  , if   the field starts to oscillate with amplitude t* μ ≃ M M > H*

χ* ≃ (2M2)1/3
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·μ
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Resulting Energy Density

dμ2(t)
dt

= − κHμ2(t)where we assume cosmological evolution

for the model of this talk κ = 2

 the field behaves as DM

Position of the minimum 
at    when 
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Dynamics only depends on  

one single free dimensionless parameter
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cf. WKB



Assume Whole DM is in χ

equality time ρχ = εrad (Teq) =
π2g* (Teq)

30
T4

eq

sa3 = const s =
2π2g* (T ) T3

45
from entropy conservation where
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which one uses in 

to obtain  M
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λ3/5
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Mass of DM

Teq ≃ 0.8 eV

M ≃ 10−13 eV ⋅
β3/5

N
⋅ ( g*(T*)
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Recalling that 

  β =
λ
g4 ≥

1
λϕ

potential bounded 
 from below

weak coupling 

≥ 1



Allowed Parameter Space

M ≃ 10−13 eV ⋅
β3/5

N
⋅ ( g*(T*)

100 )
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NANOGrav



Thanks a lot for attention! 


