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Introduction

In a FOPT, the transition from false vacuum to the true vacuum proceeds via nucleating 
bubbles of the true vacuum, as a result of tunneling process or due to thermal fluctuations 
large enough to jump over the barrier.

 Domain wall can arise from spontaneous breaking of a discrete symertry. domain walls will give rise to a 
rich impact on the dynamics of the cosmological phase transition.  For instance, domain walls can  
catalyze bubble nucleation. However, this realization is still based on the quantum tunneling effect.

In this Letter, the author suggest a competing way to achieve the FOPTs where bubbles nucleation is 
inefficient or even absolutely prohibited. 



Model

As a simple model admitting the domain wall solution and a two-step phase transition, 
the authors consider the SM extended with a real scalar singlet S.

The effective potential in terms of the two scalar condensates: 



Model

at
domain walls are generated, the field 
configurations interpolating between the 
s± vacuum are given by

at
a new minimum having the same 
value of V as the s± vacuum
appears in the h field direction.

When the temperature drops below Tc,
h vacuum develops into the true vacuum.



Numerical simulation of the wall instability

the field configurations governed by the equations of motions of ϕ = h, s fields,

the authors set the initial profile for the two fields as follows:

where δh is uncorrelated and spatially inhomogeneous perturbations that 
originate from the vacuum fluctuation on the h field. In the vacuum  it obeys 
the stochastic Gaussian distribution. 

on the k-lattice: on the x-lattice



Numerical simulation of the wall instability

the domain wall turns 
into the domain trench, 
making the entire 
volume eventually
transition to the h 
vacuum state.



Methods of evaluating the rescue temperature.

to evaluate from which temperature the domain 
wall becomes the domain trench, consider the 
homogeneous (spatial-independent) fluctuations 
δh ≡ ∆.

at T = Tc y the h field exhibits a small oscillation 
around h = 0, s field has no significant change.
(upper panel) 

at T ≪ Tc  the h field in the wall region will quickly 
move to h = vh and meanwhile, the s field will 
tend to zero.
(lower panel)

By finely adjusting T , we find a critical 
temperature at which a stable configuration can 
be achieved in the h field.
We define this critical temperature as the rescue 
temperature Tres.(middle panel)



Methods of evaluating the rescue temperature.

In addition to the lattice simulation, Tres can be  estimated from the view of energy conservation.

the energy per area deposited into the domain wall, relative to the initial stable wall, is

the wall tension  is characterized by the gradient energy in the unit area associated with the domain wall,

If σV exceeds σg, this would make possible the destruction of the domain wall. Therefore, we define Tres 
as the highest temperature T that satisfies

at Tres the h field configuration appears steady and can be approximately described by a Gaussian wave-packet

it is convenient to define a reduce g that is irrelevant to A



Methods of evaluating the rescue temperature.

seeding a FOPT without bubbles is 
impossible in the BMP-B since g
remains negative.

for BMP-A, Tres corresponds to the
temperature at which the function g has 
exactly one zero root.



Methods of evaluating the rescue temperature.

the results from the inhomogeneous 
fluctuations(IF) and homogeneous
fluctuations (HF) reached satisfactory 
consistency.

the theoretical calculation (TC) approach 
predicts a relatively smaller
value.  the discrepancy may
arise from two factors:
 we do not model the s-field 
configuration.
we are unable to accurately determine 
the size of α.



Results & Discussions


