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What are domain walls?

Domain walls are sheet-like topological defects which can appear in case of existence
of two (or more) local minima of a potential. They are formed during spontaneous
symmetry breaking at boundaries of regions (domains) where symmetry breaking field
has different vacuum expectation values (VEVs).

Does the SM allow
for domain walls?

The quantitative study of the renor-
malisation group improved (RG im-
proved) effective potential of Stan-
dard Model (SM) has revealed exis-
tence of the deeper family of min-
ima at superplanckian values of
Higgs field strengths. Domain walls
can interpolate between these min-
ima and (physically non-equivalent)
electroweak minima.
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Fig. 1: The RG improved potential of the SM Veff

as a function of the VEV φ of the Higgs field.

The profile of the
SM domain wall

The estimation of the width of do-
main walls is crucial for lattice sim-
ulations. The width must be a few
times larger than a lattice spacing
used in simulations in order to as-
sure sufficient accuracy to model
profiles of walls. On the other hand
if we choose the lattice spacing too
small only few walls will fit into the
finite lattice.
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Fig. 2: Potential energy density Veff(φ(x)) of the

planar domain wall as a function of the distance x

in the direction perpendicular to the wall surface.

Networks of domain walls

It is possible that in the early Universe, the Higgs field acquired quantum fluctuations
large enough to overcome the potential barrier between the two minima and either of
two vacua is randomly selected in each patch of the Universe. This resulted in creation
of the network of domain walls which interpolate between regions of the Universe
occupied by the Higgs field laying in different minima. Cosmological domain walls
could form infinite networks.

Fig. 3: The visualization of the network of SM domain walls obtained during a simulation.

The problem of cosmological domain walls

Networks of domain walls have an effective equation of state ρ = wp with w deter-
mined generally to be −2/3 < w < −1/3, so with negative pressure. The energy
density of networks of domain walls grows faster then the energy density of both:
the radiation and the dust, so long lived domain walls will dominate the Universe.
Measurements of the Cosmic Microwave Background radiation exclude existence of
domain walls with the energy scale > 1 MeV (Zel’dovich bound [4]) during the recom-
bination. Moreover present measurements of the expansion of the Universe disfavor
domain walls as a main component of the Dark Energy. SM domain walls are consis-
tent with the present experimental data only if they decay enough fast.

About our simulation

We modeled the Higgs field with a positive, real scalar field with a potential equal
to the RG improved potential of the SM Higgs. We used the PRS algorithm [3] and
optimization of a time step [2]. Our simulations were run on a lattice of the size
5123. Following general considerations [1] we assumed an initial distribution of field
strengths is given by the gaussian probability distribution (with a mean value θ and
a standard deviation σ).

Dependence on the initialization conformal time

Observed decay times display weak dependence on the initialization conformal time ηstart. For initial configurations where the
electroweak vacuum strongly dominates, late domain walls decay faster then early ones. For more moderate contribution of the EW
vacuum in initial conditions the decay time of late domain walls can be longer than for early ones. For nearly equal contributions
of both vacua at the initialization, late domain walls decay longer leading to domination of the EW vacuum even if the fraction
of lattice sites occupied by this vacuum decreases initially. The decay of domain walls ending in state without the EW vacuum is
possible even for the initial configuration with a slight dominance of the EW vacuum.
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Fig. 4: The fraction of lattice volume occupied by field strengths belonging to the basin of attraction of the electroweak minimum for θ = 0 and different σ: (a)—1.5 × 1010 GeV,

(b)—3.0 × 1010 GeV, (c)—3.5 × 1010 GeV and (d)—4.0 × 1010 GeV.

Dependence on the standard deviation at initialization

We investigated the initial conditions satisfying θ + σ = vmax, where vmax is position of the local maximum of the potential. In
this case the evolution of networks displays the weak dependence on the value of the σ and for all simulations the final state is the
EW vacuum. For late domain walls i.e. ηstart ≥ 10−9 GeV−1 we observed the oscillations of surface area of the network. Moreover
we considered possibility that θ = vmax, when both vacua are equally populated. We found that in this case the only possible final
state is the high field strength minimum. For θ = vmax the decay time strongly depends on the value of σ at the initialization.

σ=108

σ=109

σ=1010

0.0 0.5 1.0 1.5 2.0

0.85

0.90

0.95

1.00

η−ηstart[ 10
−10GeV−1]

Fig. 5: The fraction of lattice volume occupied by field strengths belonging to the basin of

attraction of the electroweak minimum for θ + σ = vmax and ηstart = 10−11 GeV−1.
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Fig. 6: The fraction of lattice volume occupied by field strengths belonging to the basin of

attraction of the electroweak minimum for θ = vmax and ηstart = 10−7 GeV−1.

Conclusions

• Domain walls which separate regions with different
VEVs of the Higgs field could be formed in the early
Universe.

• We observed networks of domain walls which evolution
ends in the electroweak vacuum.

• The decay time of SM domain walls ranges from
8 × 10−11 GeV−1 to 4 × 10−9 GeV−1.

• Models of the early Universe predicting the validity of
SM up to high scales and Higgs field strengths of the
order of the local maximum can lead to a unphysical
final state.

• Decaying networks of domain walls can produce grav-
itational waves.
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