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Abstract. We suggest a scenario of spontaneous (or dynamical) C and CP violation ac-
cording to which it is possible to generate domains of matter and antimatter separated by
cosmologically large distances. Such C(CP) violation existed only in the early universe
and later it disappeared with the only trace of generated matter and antimatter domains.
So this scenario does not suffer from the problem of domain walls.
According to this scenario the width of the domain wall should grow exponentially to
prevent annihilation at the domain boundaries. Though there is a classical result obtained
by Basu and Vilenkin that the width of the wall tends to the one of the stationary solution
(constant physical width). That is why we considered thick domain walls in a de Sitter
universe following paper by Basu and Vilenkin. However, we were interested not only in
stationary solutions found therein, but also investigated the general case of domain wall
evolution with time. When the wall thickness parameter, δ0, is smaller than H−1/

√
2,

where H is the Hubble parameter in de Sitter space-time, then the stationary solutions
exist, and initial field configurations tend with time to the stationary ones. However,
there are no stationary solutions for δ0 > H−1/

√
2. We have calculated numerically the

rate of the wall expansion in this case and have found that the width of the wall grows
exponentially fast for δ0 � H−1. An explanation for the critical value δ0c = H−1/

√
2 is

also proposed.

1 Introduction

Our local cosmological neighborhood is made of baryons, while fraction of antimatter is vanishingly
small. Therefore, it looks like the universe is 100% baryo-asymmetric (at least locally). The Stan-
dard Model (SM) cannot explain this asymmetry (BAU). Many quite different extensions of the SM
and various scenarios for the BAU generation were suggested in the literature, for a review see e.g.
Refs. [1–5]. Typically, consideration is restricted to the models where the universe is asymmetric
globally. However, it is not excluded that the real universe may be globally symmetric. It may consist
of domains of matter and antimatter, and if the domains are sufficiently large and far away, they may
escape observational constraints on matter-antimatter annihilation at the domain boundaries. In the
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simplest version of the scenario the distance to the nearest domain of antimatter should be close to the
present day cosmological horizon [6].

Corresponding particle physics models, leading to the universe creation with abundant antimatter
domains were suggested and developed in the past. While being more involved, the models of this
type also suffer from the inherent problem — a domain wall problem [7]. However, there is a way out
of this restriction: domain walls should exist only in the past and should disappear by now, though
their effects in the form of matter and antimatter objects would survive to the present day.

One class of models where this can be achieved has been suggested in Refs. [8–11]. The main idea
behind is a possibility of an unusual symmetry behavior at high temperatures. It is well known that a
symmetry, which is broken in vacuum, at high temperatures tends to be restored. But in general, it is
also possible for a symmetry to be broken only in a specific range of temperatures, for the particular
models and details see [8–11]. This is just what is needed for a matter-antimatter domain generation
without domain wall problem. However, if a model is based on the unusual symmetry behavior at
high temperatures, then the size of domains will be too small from the cosmological point of view.
We suggest the scenario in which this happens during inflationary stage. Domains with different
sign of CP disappear by now, so the domain wall problem is absent. However, they appeared during
inflation and survived at the baryogenesis epoch, therefore, cosmologically large1 domains of matter
and antimatter could be created.

The scenario described above inspired the consideration of the related problem: is it possible for
the domain wall width to grow almost at exponential rate in expanding universe? The evolution of the
domain walls in de Sitter space-time was considered by Basu and Vilenkin [12]. The authors argued
that the width of the domain wall is determined by the ratio C ≡ λη2/H2 > 0, where H is the Hubble
parameter, which was assumed to be constant, η is the vacuum expectation value of the Higgs-like
field which induced the spontaneous symmetry breaking, and λ is the coupling constant in the double-
well potential, see (17). If C � 2, the width of the domain wall would be close to its flat space-time
value, δ0 = 1/(

√
λη), which is microscopically small.

On the other hand, if C < 2, it is not excluded that the width of the domain wall may be as-
tronomically large. We show that this is indeed the case. In ref. [12] only the stationary problem
was considered, when the shape of the domain wall was a function of a single variable, the physical
distance. In the paper [12] it was found numerically that the stationary solution exists only if C > 2.

In what follows we lift the assumption of the stationarity and consider the general plane solution
being a function of both variables: the distance from the wall and time. It allows us to see how the
solution approaches the stationary one and, in particular, what happens with initial configurations if
C ≤ 2, when the stationary solution does not exist. The related problems were considered in [13].

This talk is based on papers [14] (written in collaboration with I.I. Tkachev) and [15].

2 Generation of matter and animatter domains

2.1 Model

In the suggested model the difference between matter and antimatter is generated by pseudoscalar
field χ which interacts with inflaton field Φ. We assume the following Lagrangian:

L = LΦ + Lχ + Lint, (1)

1The matter-antimatter domains should be separated by at least several megaparsec in terms of the present day scale to avoid
excessive matter–antimatter annihilation. On the other hand, the distance should not be too large, otherwise the scenario would
lead to too large angular fluctuations of CMB [6].
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Figure 1. Potential U(Φ, χ) at constant Φ. The left plot corresponds to the moment when the effective mass of χ

becomes zero, i.e. when m2/2−µ2V(Φ) = 0, orΦ = Φ0+2Φ1

√
ln (
√

2µ/m). The middle and the right plots show
the moments when Φ = Φ0 + Φ1 and Φ = Φ0, respectively. The parameters are Φ0 = 3.1 mPl, Φ1 = 0.02 mPl,
µ = 10−4mPl and m = 10−10mPl. Field χ is measured in units of M and U(Φ, χ) is measured in units of 10−12 m4

Pl.

where

LΦ =
1
2

(∂Φ)2 − 1
2

M2Φ2, Lχ =
1
2

(∂χ)2 − 1
2

m2χ2 − 1
4
λχχ

4, Lint = µ
2χ2V(Φ). (2)

Here the metric tensor enters into kinetic terms in the usual way, and M,m, λχ, µ are some constant
parameters. The dimensionless function V(Φ) is chosen in the way that it is non-zero only when Φ is
close to some constant value Φ0. In this paper we choose it as Gaussian function

V(Φ) = exp
− (Φ − Φ0)2

2Φ2
1

 (3)

Parameters Φ0 and Φ1 have dimension of mass and indicate position of the "bell" center and charac-
teristic width of the "bell", respectively.

The equations of motion have the form:

Φ̈ + 3HΦ̇ + M2Φ + µ2χ2Φ − Φ0

Φ2
1

V(Φ) = 0, (4)

χ̈ + 3Hχ̇ + m2χ + λχχ
3 − 2µ2χV(Φ) = 0, (5)

where H = ȧ/a is the Hubble parameter, a(t) is the cosmological scale factor which enters into the
FLRW metric as

ds2 = dt2 − a2(t) dx2. (6)

It is assumed here that fields Φ and χ depend only on time, Φ = Φ(t) and χ = χ(t).
The Hubble parameter is expressed through the energy density ρ as

H =

√
8πρ
3m2

Pl

=

√
8π

3m2
Pl

(
Φ̇2

2
+

M2Φ2

2
+
χ̇2

2
+

m2χ2

2
+
λχχ4

4
− µ2χ2V(Φ)

)
, (7)

where mPl ≈ 1.2 · 1019 GeV is the Planck mass.
The interaction introduced above leads to the following scenario. During inflation the magnitude

of the inflaton field Φ decreases and when it reaches vicinity of Φ0 two minima appear in the potential

U(Φ, χ) =
(

1
2

m2 − µ2V(Φ)
)
χ2 +

1
4
λχχ

4 +
1
2

M2Φ2 (8)
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at constant Φ, so the point χ = 0 becomes local maximum (see Fig. 1).
Therefore, in the spatial regions where the field χ turns out to be positive (due to fluctuations)

it rolls down to the positive minimum η > 0, and in the regions where χ is negative it goes to the
negative minimum −η < 0. Thus one can substitute χ = χ̃ + η and χ = χ̃ − η, respectively, where η
and −η have the meaning of the vacuum expectation values 〈χ〉. Thus, due to initial fluctuations we
should obtain domains of the field χ which will provide the source of CP violation, so in the domains
with positive 〈χ〉 we will have domain of matter while in the domain with negative 〈χ〉 we will have
domain of antimatter. After the interaction term V(Φ) is switched off there is again single minimum
χ = 0 so there is no domain walls problem at the present time.

We expect that the distances between domains, as well as domain sizes exponentially grow with
the scale factor a(t), so at the present time these domains are of cosmological size and they are sepa-
rated by large distance which prevents the annihilation at their boundaries. According to [6], a very
large piece of space between the domains, devoid of baryons, would lead to too large angular fluctua-
tions of the CMB temperature. On the other hand, if the distance between domains is smaller than the
baryon diffusion length, they would be able to meet successfully their counterparts and to annihilate.
These arguments resulted in the conclusion that the nearest domains should be at the cosmologically
large distance from us, about a few Gpc. On the other hand, the effects of the cosmological inhomo-
geneity, not yet studied, could inhibit the baryon diffusion and would relax the bound on the distance
to the nearest antimatter domain.

Now let us consider what happens at different stages of the scenario, so we will be able to put the
limits on initial conditions and parameters of the model.

For simplicity we assume, though it is not necessary, that the impact of field χ on cosmological
expansion at inflationary stage is negligible. To this end we suppose that the energy density of Φ
dominates over that of χ and the energy density of their interaction. In this approximation the second
derivative term and the interaction term proportional to V(Φ) in the inflaton equation of motion (4)
can be neglected. Therefore, we find

Φ̇ = −M2Φ

3H
, Φ(t) = Φin −

MmPl t

2
√

3π
, (9)

where Φin is an initial value of Φ. In this scenario of inflation the Hubble parameter gradually de-
creases, H ∼ Φ, and to obtain a sufficiently long inflation it is sufficient to take Φin � 3.3 mPl.

In order to avoid too large density perturbations one should choose the value of the inflaton mass
M in the range 10−7 � M/mPl � 10−6; accordingly we take M = 10−6 mPl.

To arrange the desired scenario we should set the value of Φ0 still at inflationary stage such that
the distances between different domains and the domain sizes exponentially expanded up to cosmo-
logically large scales. To ensure it we should take Φ0 � 3.1 · mPl (see [14] for details).

Depending upon the value of Φ, there are three different regimes of the evolution of the field χ:

1. Initial stage: Φ > Φ0 and (Φ − Φ0) � Φ1.

The mass of χ is supposed to be small in comparison with the expansion rate, m < H, so field χ
sits near the minimum of its potential at χ = 0 (see left plot in Fig. 1).

2. Second stage: |Φ − Φ0| � Φ1.

At this stage the squared effective mass of χ becomes negative. The minima of the potential (8)
move from zero as η(t) or −η(t), where η2(t) = 1

λχ

(
2µ2V(Φ) − m2

)
. To have equal amplitudes

of both positive and negative CP violation we need to impose the condition that χ reaches
one or other minimum χ = ± η(t) and stays there (approximately). This minimum moves
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sits near the minimum of its potential at χ = 0 (see left plot in Fig. 1).

2. Second stage: |Φ − Φ0| � Φ1.

At this stage the squared effective mass of χ becomes negative. The minima of the potential (8)
move from zero as η(t) or −η(t), where η2(t) = 1

λχ

(
2µ2V(Φ) − m2

)
. To have equal amplitudes

of both positive and negative CP violation we need to impose the condition that χ reaches
one or other minimum χ = ± η(t) and stays there (approximately). This minimum moves

exponentially fast and χ would follow it e.g. if µ � H (since in this case χ ∝ exp(µt)). For
M = 10−6mPl, Φ0 = 3.1 mPl we get µ � H =

√
4π/3 M/mPlΦ ∼ 6 · 10−6mPl.

But even when χ grows exponentially there still should be enough time for χ to reach the
minimum η(t). If the inflaton Φ goes from Φ0 + 2Φ1 to Φ0 − 2Φ1 during the interval τ, we
should require that

µτ = µ
8
√

3πΦ1

MmPl
� ln
ηmax

χin
=

1
2

ln
2µ2

λχχ
2
in

⇒ µ � MmPl

16
√

3πΦ1
ln

2µ2

λχχ
2
in

, (10)

where ηmax ≡ 2µ2/λχ and χin is initial value of χ.

According to this scenario χ2 ∼ η2
max ≡ 2µ2/λχ is the largest value of χ2. So to be sure that the

inflaton field Φ always gives the main contribution to the energy density, we should impose the
conditions:

M2Φ2
0 � µ2 χ2

∣∣∣
Φ=Φ0

∼ µ
4

λχ
⇒ µ4 � M2Φ2

0λχ. (11)

For M = 10−6mPl, Φ0 = 3.1 mPl we get µ � 1.8 · 10−3mPl
4
√
λχ.

After Φ passed Φ0, η(t) started to decrease exponentially and turned zero when Φ = Φ0 −
2Φ1

√
ln (
√

2µ/m), so the potential (8) started to have only one minimum at χ = 0 again. The
field χ also began to decrease rapidly until V(Φ) became small in comparison with other terms
in Eq. (5).

3. Final stage: Φ < Φ0 and (Φ0 − Φ) � Φ1.

When the interaction term µ2χ2V(Φ) vanishes, the evolution of field χ would be determined by
the terms with λχ and m, see Eq. (5). If λχ is not small enough and χ is still large then the term
λχχ

3 dominates and the equation of motion turns into 3Hχ̇ + λχχ3 = 0, which has the solution

χ =
√

3H
2λχ

1√
t−C

, where C is a constant of integration. We see that in this regime χ decreases as
a power of t.

When χ becomes quite small, Eq. (5) turns into χ̈ + 3Hχ̇ + m2χ = 0, so the field χ slowly
oscillates and decreases due to redshift related to cosmological expansion.

2.2 Numerical calculations

In order to check that the described scenario is indeed operative we performed the numerical calcula-
tions in the homogeneous case with the following set of parameters (all dimensional values are given
in the Planck mass, mPl, units):

Φin = 4, Φ0 = 3.1, Φ1 = 0.02, M = 10−6, χin = 10−6, m = 10−10, λχ = 2 · 10−3, µ = 10−4. (12)

In Figs. 2 and 3 the results of numerical simulation are shown. One can see that the interaction of
the inflaton field Φ with the field χ does not break the standard inflation, Φ(t) only slightly deviates
from straight line around Φ = Φ0 = 3.1 mPl.

In Fig. 3 one can see how the field χ rolls down to the minimum of the potential η(t) > 0 and
oscillates there. Then it goes back to the old minimum at χ = 0, but even at the end of inflation χ
remains an order of magnitude larger than it was at the beginning (χ ∼ 10 M at t ≈ 25 M−1, while
χin = 1 M). At the moment t ≈ 35 M−1 the field χ crosses zero and starts slow oscillations with very
low frequency, which could be much lower than the characteristic rate of baryogenesis.
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Figure 2. Time evolution of the inflaton field Φ(t) for the parameters (12). Time t is measured in units of
M−1 and Φ is measured in units of mPl. The right plot shows the evolution of Φ in more detail near the point
Φ = Φ0 = 3.1 mPl.
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Figure 3. Time dependence of the field χ(t) for the parameters (12). Time t is measured in units of M−1 and χ is
measured in units of M. All the three plots depict the evolution of χ during different time intervals. In the middle
and right plots one can see that at the end of inflation, t ≈ 25 M−1, the field χ remains quite large.

So we see that parameters (12) are chosen in a proper way. In this model the influence of χ on the
process of inflation is insignificant, thus the domain size grows exponentially. The remained question
is how the distance between domains grows. The related problem of domain wall width in expanding
universe is considered in the Section 3.

2.3 Production of heavy particles after inflation and baryogenesis

As it is commonly known, the stage of inflation is followed by the stage of (re)heating, during which
the very heavy X particles can be produced through decay of inflaton field (see e.g. book [16]) or from
vacuum fluctuations in gravitational field [17].

Let us consider the situation when the inflaton field Φ interacts with X particles (for example,
scalar bosons) through the coupling g2

XΦ
2X2. As is shown in Refs. [18–20], the particle production

can be strongly enhanced due to parametric resonance. For an unsuppressed production it is essential
that the resonance is broad, which is true for the wide range of coupling constant, gX � 4 · 10−6.
Because of resonance, very heavy X-bosons with masses even of GUT scale mX ∼ (MmPl)1/2 ∼ 1016

GeV can be produced under quite reasonable assumption gX ∼ 1 [16]. Moreover in this case of
comparatively large coupling constant gX ∼ 1 the decay of the inflaton field occurs very rapidly,
during only one or few oscillations.
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that the resonance is broad, which is true for the wide range of coupling constant, gX � 4 · 10−6.
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GeV can be produced under quite reasonable assumption gX ∼ 1 [16]. Moreover in this case of
comparatively large coupling constant gX ∼ 1 the decay of the inflaton field occurs very rapidly,
during only one or few oscillations.

Let us assume that the produced X-bosons in turn decay into fermions, for example, into quark-
quark and antiquark-antilepton pairs, X → qq and X → q̄l̄, respectively. If the corresponding coupling
constants are large enough, the X-bosons decay very quickly. Therefore, the field χ(t) may remain
non-zero yet to the moment when X-bosons have been completely decayed, indeed χ ∼ 2 M ∼ 1013

GeV at t = 30 M−1 (see Fig. 3).
We want to provide the source of CP violation for this mechanism via the introduced field χ. It

can be done if we suppose that χ interacts with the produced fermions as

Lχψψ = gklχψ̄
kiγ5ψ

l = gklχ(ψ̄k
Riγ5ψ

l
L + ψ̄

k
Liγ5ψ

l
R) = igklχ(ψ̄k

Lψ
l
R − ψ̄k

Rψ
l
L), (13)

where k and l denote the fermion flavor (sum over repetitive indices is assumed), ψR = ((1 + γ5)/2)ψ,
ψL = ((1 − γ5)/2)ψ. Since χ is supposed to be electrically neutral, it interacts with quarks with the
same electric charge, so k and l either run over u, c, t or d, s, b and there are no cross terms.

The interaction of fermions with pseudoscalar field χ can be “rotated away” two unitary transfor-
mations ψR → ψ′R = URψR and ψL → ψ′L = ULψL. However, the interaction of fermions with vector
(gauge) boson X remains the same under these transformations:

gRklXµψ̄k
Rγ
µψl

R + gLklXµψ̄k
Lγ
µψl

L → g′RabXµψ̄a
Rγ
µψb

R + g
′
LabXµψ̄a

Lγ
µψb

L, (14)

here g′R = URgRU†R and g′L = ULgLU†L are matrices of coupling constants in mass eigenstate basis, so
ψa describes a-th sort of fermion with definite mass. The constants g′ab are complex in general case,
and if there are at least three species of fermions, one cannot rotate away simultaneously all phases
in complex matrices g′R,L [21]. The complexity of the coupling constants means that CP is violated
in the X-boson decays [22]. The magnitude of this CP violation depends on the value of the field χ
through the matrices UR,L and coupling constants g′R,L. Since χ is essentially non-zero after the end of
inflation and during baryogenesis, the CP-odd effects can be large enough.

We assume also that gauge interactions involve fermions with certain chirality, see (14), and thus
these interactions break C-invariance.

C and CP violation is one of the necessary Sakharov conditions of generation of baryon asymme-
try [23]. The another one is baryon number violation, so one needs to assume also that in the decays
of X-bosons the baryon number is not conserved. Let δ be the baryon asymmetry generated in the
decay of one X-boson. Then it can be easily demonstrated [16] that the ratio of the baryon number
density to the entropy density is estimated as

∆B =
nB − nB̄

s
∼ δ h
gX

(
mth

mPl

)1/2
, (15)

where h and gX are typical coupling constants of X-boson with fermions and inflaton, respectively,
mth is mass scale of the theory. It is quite reasonable to believe that h/gX ∼ 1 and mth ∼ M ∼ 10−6 mPl,
so one has ∆B ∼ 10−3δ. Thus, to get observed value ∆B � 0.86 · 10−10 it is sufficient to have only
δ ∼ 10−7. Such small δ seems to be easily produced in the decay of X-boson. Therefore, the observed
baryon asymmetry of the universe can be generated in the decays of X-bosons, without fine tuning of
parameters of the theory.

3 Domain walls in expanding universe
3.1 Stationary solutions

In spatially flat section of de Sitter universe the expansion rate, H = ȧ/a, is constant and the scale
factor evolves as a(t) = exp Ht. The FLRW metric for such universe has the form:

ds2 = dt2 − e2Ht
(
dx2 + dy2 + dz2

)
. (16)
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Let us consider a model of real scalar field ϕ with the Lagrangian

L = 1
2
gµν∂µϕ ∂νϕ −

λ

2

(
ϕ2 − η2

)2
. (17)

The corresponding equation of motion is

1
√−g∂µ

(√−ggµν∂νϕ
)
= −2λϕ

(
ϕ2 − η2

)
. (18)

In flat space-time, H = 0, and in one-dimensional static case, ϕ = ϕ(z), the equation takes the
form d2ϕ

dz2 = 2λϕ
(
ϕ2 − η2

)
and has a kink-type solution, which describes a static infinite domain wall.

Without loss of generality we can assume that the wall is situated at z = 0 in xy-plane:

ϕ(z) = η tanh
z
δ0
, (19)

where δ0 = 1/(
√
λη) has the meaning of the wall thickness (subscript 0 indicates that H = 0).

Now let us consider an expanding universe with constant H > 0. In this case, if one looks for
stationary solution (see [12]), it is reasonable to suggest that the field ϕ depends only on za(t) =
z exp Ht, which is the proper distance from the wall. So, one can choose the following ansatz for ϕ:

ϕ = η · f (u), where u = HzeHt, (20)

where u and f are dimensionless. Then the equation of motion takes the form:
(
1 − u2

)
f ′′ − 4u f ′ = −2C f

(
1 − f 2

)
. (21)

Here prime means the derivative with respect to u. It is noteworthy that all parameters of the problem
are combined into a single positive constant C = 1/(Hδ0)2 = λη2/H2 > 0.

Since we are interested in kink-type solutions, the boundary conditions should be

f (0) = 0, f (±∞) = ±1. (22)

Corresponding numerical solutions for different values of parameter C are shown in Fig. 1 of
[12, 15]. We see that the larger is C the closer is the solution to the flat space-time one (H = 0), as is
naturally expected.

As it is noticed in ref. [12] the stationary solutions can be found only for C > 2, but no explanation
of this observation is given therein. For the detailed explanation see [15].

3.2 Evolution of domain walls beyond the stationary limit

As we have seen in the previous section, Eq. (21) allows to find the field configurations, which describe
stationary domain walls in expanding universe. However, it is also interesting to see how domain walls
evolve from some initial states. Beyond the stationary approximation we can find not only solution
for C > 2 but also for C ≤ 2, for which the stationary approximation does not exist.

To this end one should solve the original equation of motion (18) in the case when the field ϕ is a
function of two independent variables, z and t. It is convenient to introduce dimensionless variables
τ = Ht, ζ = Hz and function f (ζ, τ) = ϕ(z, t)/η. As a result one obtains the equation

∂2 f
∂τ2 + 3

∂ f
∂τ
− e−2τ ∂

2 f
∂ζ2 = 2C f

(
1 − f 2

)
, (23)
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Figure 4. Evolution of domain wall for C = 4. Black curve corresponds to stationary solution.

where C = λη2/H2 = 1/(Hδ0)2 > 0 as it was above.
The boundary conditions for the kink-type solution should be

f (0, τ) = 0, f (±∞, τ) = ±1, (24)

and we choose the initial configuration as the domain wall with ”natural” thickness 1/
√

C (with
respect to dimensionless coordinate ζ) and zero time derivative. Of course, this is a toy model with
the artificial initial conditions. The realistic model should describe the evolution of domain walls from
the very beginning, including the process of wall formation. This will be studied elsewhere.

The evolution of the domain wall for C = 4 is depicted in Fig. 4. The stationary solution is shown
by black curve (it is denoted by "BV" because of Basu and Vilenkin who found it [12]). One sees that
the domain wall evolves in somewhat non-trivial way. At the very beginning the wall starts to broaden
in terms of the proper distance from the wall, zH exp Ht, and at some moment it becomes wider than
the stationary solution. However, afterwards the wall broadening changes to contraction. Finally, the
wall comes to the stationary configuration after several damped oscillations around it.

When C is close to 2, the stationary solution is very broad and the solution of Eq. (23) converges
to the stationary one very slowly. Unlike using plots like in Fig. 4, it is more convenient to look at
the evolution of the wall width with time. At the initial moment in our model the wall is described
by hyperbolic tangent. Although in the realistic course of the evolution the wall is not "pure" hyper-
bolic tangent, nevertheless one can use the same definition for the thickness δ(t) as the value of the
coordinate z at which the field φ reaches the value φ/η = tanh 1 ≈ 0.76.

In Fig. 5 the time dependence of the physical width of the wall for different values of C is pre-
sented. In the left plot (C > 2) one can see that all the curves indeed tend to constant values corre-
sponding to stationary solutions (dashed lines). Oscillatory behavior mentioned above is also appar-
ent. Right plot contains curves for C < 2. It is clear that for C = 1, i.e. for not very small values of C,
the wall thickness increases slower than exponent. However, for smaller values of C, e.g. C � 0.1 the
rate of the wall expansion is the exponential one with a good accuracy.

The Hubble constant, H, plays the role of friction in this problem and when it dominates over the
potential term (C � 1), the field configuration as a function of coordinates becomes almost static.
Therefore the width of the wall is growing nearly as the scale factor a(t), i.e. almost exponentially.
This is why there are no stable solutions for C � 1.
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Figure 5. Time dependence of domain wall thickness for C > 2 (left plot) and C < 2 (right plot). Dashed lines
describe the stationary solutions.

4 Conclusions

We have presented a model of baryogenesis which may lead to baryo-symmetric universe with cos-
mologically large domains of matter and antimatter, avoiding the domain wall problem. Breaking of
charge symmetry is induced by a non-zero amplitude of a scalar field χ, which slowly relaxed down
to equilibrium, much slower than the process of baryogenesis goes on. In classification of different
types of CP violation which might be operative in cosmology this type is called dynamical one [24].
Later, after the baryon asymmetry was developed, χ evolved down to the equilibrium point χ = 0 and
thus domain walls disappeared rather early in the universe. Inflation is an essential ingredient of the
scenario. A coupling to the inflaton field was introduced on purpose to generate a non-zero value of χ
and to keep it non-zero during baryogenesis.

This scenario inspired us to consider time evolution of thick domain walls in a de Sitter universe.
We have shown that for large values of parameter C > 2 the initial kink configuration in a de Sitter
background tends to the stationary solution obtained by Basu and Vilenkin [12].

For C < 2 the stationary solution does not exist and the width of the wall infinitely grows with
time. For C � 0.1 the rise is close to the exponential one within the precision of our numerical
calculations. This result confirms the assertion made in ref. [14] that the transition region between
matter and antimatter domain might be cosmologically large. This result is essential for application
of spontaneous breaking of symmetry between particles and antiparticles to realistic cosmology.
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