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Lagrangian:
L= Lq> + LX + Lint,
where
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Evolution of the potential
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® = ®9+201/In (v2u/m) &=y + D, P =
m?/2 — *V(®) =0

®o =3.1mp;, 1 =0.02mp;, = 10"*mp;, and m = 10" %mp;.
Field x is measured in units of M, U(®, x) is in units 1072 m%,.
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Equations of motion

Equations of motion:

—dp
5
X +B3HX +m x4+ Ao’ — 22XV (@) = 0,

. . )
S+ 3HD + M*® 4 1°x° V(®) = 0,

where H = a/a is the Hubble parameter, a(t) is a scale factor, which enters the FLRW

metric
ds® = dt* — a®(t) dx>.

The Hubble parameter is defined by energy density p

8mp \/ <I>2 qu)z X2 m22 . At

3mPl +

— 112~2
3mPl 2 2 2 g X V(q))) ’

where mp; ~ 1.2- 10 GeV is the Planck mass.
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Bounds on model parameters

@ We do not want to break common inflation scenario:
Din > 3.3mpy, 1077mpz <M< 10*6mpl.
@ The size of a domain should be large enough (at least 10 Mpc):
q)o 3. lmpl
@ x should not noticeably affect the inflaton field:
222 2 2 H
MP®G > 107 X7 | g ~ e
pt < M2,
For M = 10"%mp;, ®o = 3.1mp; we obtain p < 1.8 - 10 3mp; /A,
@ x should be able to reach the minimum:
x o< exp(ut) for p > H = \/4r /3 M/mp; ® ~ 6 - 10 Smp

2
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Mmp, Xin 2 MXin

2

BT =

Mmpl n 2/1,
TV =N e

o Field x should slowly decrease with time after after vanishing of V (®):

3H 1
27y Vi-C

If A,x® dominates in equations of motion then x =

S.1. Godunov Domain Walls and Matter-Antimatter Domains in the Early Universe June 30, 2017



Inflaton field evolution

B =4, P9 =31, =0.02,M =10"%, xin =10, m =10""" A, =210, p = 10"*.
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Inflaton field evolution

B =4, P9 =31, =0.02,M =10"%, xin =10, m =10""" A, =210, p = 10"*.
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Evolution of x

Bip =4, P9 =31, =0.02,M =10"%, xin =10, m =10""" A, =210, p = 10"".
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BAU generation

Liree = 9F 00" — myndp® ' = @Ridvh + 91wl — mym(Ppvl + PLvk).
Lywy = guxP*ivst = gax(@hivsyh + PLivsr) = igux (VT vk — PRYL).

Liree + Lyyy = VriOYR + $ridpr, — (brMytpr, + @LMJJ/)R%
where My = my + igx.

With two unitary transformations, ¥r — ¥% = Uryr and vp, — ¥}, = Urtyr, it is
always possible to diagonalize mass matrix:

L;‘ree = &ai&ﬁa - mf(/)ab’(;awb7
If there is an interaction with a vector boson X:
Tk ! Tk ! Ta b Ta b
9rr X VRV VR + gL Xp ULy YL = Grao X 0RY VR + 9Lap Xu 1Y V1.

Asymmetry:

1/2
ABN(Si <%> = for h/gx ~ 1, ms ~ M we get § ~ 107"
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Evolution of a domain wall in the expanding Universe

ds® = dt* — 2™t (dﬂc2 +dy® + sz) .

1 A
L= 39" updup -5 (0" =)

H = 0, one-dimensional case (¢ = ¢(z)):

2

e
T =220 (" ).

Solution (wall at z = 0):
2
¢(z) =n tanh —,
do

where dy = 1/(v/An) is the width.
H > 0, stationary solutions (¢ depends only on za(t)):

Basu, Vilenkin, Phys. Rev. D 50 (1994) 7150
o=mn-f(u), where u=Hze""
Equation of motion:

(1—u?) f" —duf = —20f (1 - f?),
where C = 1/(Héo)* = M\ /H? > 0.

Boundary conditions:  f(0) =0, f(+oo) = %1.
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Stationary solutions

¢/n
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Non-stationary solutions

0? [ Op o —2Ht o 2 _ .2
oz T3H G, ez = 2P ).

With the dimensionless variables 7 = Ht, { = Hz, f((,7) = ¢(z,t)/n:
Pf  LOf 2 Of

o g2
Gz T35, ¢ 8—@_2010(1 ),

where C = An?/H? = 1/(Hdo)?
Boundary conditions:
f0,7) =0,  f(doo,7)==£1

Starting conditions:

f(¢,0) = tanh ? = tanh VCC, 05 (¢, 7) =0.
0

or T=0
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Conclusions

@ The scenario for generation of matter-antimatter domains (separated by
cosmologically large distances) is suggested:

o We found bounds on parameters at which this scenario can be realized.
o The numerical simulation was performed to demonstrate that this scenario is possible.

@ The evolution of a domain wall in the de Sitter space was studied:

o In case C = An?/H? = 1/(Hdp)? > 2 the solution tends to the stationary one.

o Incase C = \n?/H? = 1/(Hdp)? < 2 the solution is quickly expands. For C' < 0.1
the growth of the width becomes almost exponential, i.e. the wall expands with the
Universe.
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