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HEJINMHEVNHOE B3ANMO/JIENCTBUE AKCOHHOTI'O II0JIS C
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OCHOBBIBasICh Ha, KOHIIEMIINYA BO3HUKHOBEHWS JIWHAMUIECKOTO 3(upa B pe3y/bTaTe CIIOHTAHHON TOJISPU3AIAA
nsetHoro »dupa, mMbl paccMarpubaeM SU(2) CHMMETPHUYHYIO TEOPHIO B3aMMOAEHCTBHS KaIMOPOBOTHOTO H
AKCHOHHOTO IIOJIEl B PaMKaxX AaHU30TPOIHON KOCMOJIOTHYECKON Momesm tuna bBwmamkwu-I. Msr doxycupyem
BHUMaHWE Ha aHaim3e neabemesa amasora U(l) cmMMeTpuaHONH MOJEIN aKCUOHHO-WHIAYIMPOBAHHON TeHeparun
JIEKTPUIECKOTO TIOJIS B CPEJI€ C MATHUTHBIM TIOJIEM.
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Based on the concept of the dynamic aether emergence as a result of spontaneous polarization of the color
aether, we consider the SU(2) symmetric theory of interaction of the gauge and axion fields in the framework of
anisotropic cosmological model of the Bianchi-I type. We focus on the analysis of the non-Abelian analog of the
U(1) symmetric model of axionically induced generation of the electric field in a magnetized medium.
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Introduction

In the recent papers [1,2] we have formulated the general relativistic theory of nonlinear interaction
between pseudoscalar (axion) field, SU(N) symmetric Yang-Mills field and color aether. This theory has
been applied to the model, which describes evolution of the anisotropic early Universe in that era,
when two phase transitions have just been realized. The first (hypothetical) event was the spontaneous
polarization of the color aether, i.e., the event that resulted in the lining up of the SU(N) symmetric
vector field multiplet U(ja) along the timelike unit vector field U7 attributed to the canonic dynamic aether
velocity four-vector [3]. From the mathematical point of view, we considered the relation U (ja) = q)U 7,
where q(q) is the co-vector in the group space, and the subscript (a) runs in the range (1, oy N2 —1).
The second phase transition, which was assumed in [1,2], could be the parallelization of the Yang-Mills
potentials Agﬁ) in the group space, i.e., Ag,‘f) = Q@A,,. This procedure makes the gauge field quasi-
Abelian. In the presented paper we assume that the first phase transition has already taken place, but
the second has not yet. In other words, the novelty of this work is that the gauge field is considered to
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be non-Abelian. Also, we consider now the SU(2) gauge group, and we study the non-Abelian SU(2)
symmetric analog of the axionically induced generation of the electric field in the magnetized medium
(see [4-6] for details).

The paper is organized as follows. In Section 1 we present the theory formalism. In Section 2 we
apply this formalism to the Bianchi-I spacetime model, we obtain the model evolutionary equations and
formulate the preliminary results of analysis.

1. The formalism

We use the following total action functional:

5= / d*v\/=g { [R+204 (U U0 -1) +KZ0 DU DUP| +

+4F,<,§QF{;” + fsm(ﬁF*(“)F(a) +5 \1/2 \% (¢)—vk¢v’f¢}} . (1.1)

Here R is the Ricci scalar, A is the cosmological constant, x = 87G is the Einstein constant (¢ = 1), ¢
describes the pseudoscalar (axion) field; V(¢) is the potential of the axion field. The potential V(¢) is
chosen to be of the periodic form V(¢) = 2m? (1— cos ¢). The constant ¥ is reciprocal to the coupling
constant of the axion-gluon interactions gag, i-e., gag = ,1%0 For the multiplet of parallel vector fields
the term (U, Ule )—1) transforms into (U™U,,—1) thus providing the vector U’ to be timelike and unit.

The constitutive tensor ICE;’;ZZ) is considered to contain four coupling constants:

KT = Gy [C197 g™ +Cog™™g"" +C39™ ¢"™] + q(ayayCaU' U7 g™ . (1.2)

(a)(b

a)

The gauge covariant derivative ﬁmU,(l can now be reduced to

lA)mUr(La) = q(“)VmUn + gf(zlb))(c)A%)q(C)Un . (1.3)

The term }1 sin ¢ Fi® F{7y in the action functional 1) is the nonlinear periodic generalization of the

term 4¢an F(i" introduced by Peccei and Quinn [7]. The Yang-Mills field strength tensors F%) and
its dual are standardly expressed as follows:

a a a c *ik(a 1 ikls a
F) =V AD =V, A0 + g @) S AD AL, opike) = < P (1.4)

Variation with respect to Aga) gives the axionically extended Yang-Mills equations
Dy |F¥ + oF(F| = f( O UKt Dy U (1.5)

Keeping in mind three details: first, for the SU(2) symmetry the group constants coincide with the Levi-
Civita symbols, f(a)@s)(c) = €(a)(b)(c); S€cond, €(a)(b)(c)€(a)(b/)(cl) = 4%,0¢,—0% 65,5 third, we work with the
Landau-type gauge conditions Agﬁ) U™ = 0, we obtain

901

kaik(a) + gf((l{)l))(c)Agcb)Fik(C) — *zkvk¢ _ Al (b) [J(G )Q(b):| . (16)

For the illustration, we consider the Bianchi-I anisotropic homogeneous spacetime with the metric
ds® = dt? — a*(t)da® — b (t)dy* — (t)dz> . (1.7)

We assume that all the unknown model state functions inherit the spacetime symmetry and depend on
the cosmological time only. The global unit timelike vector U is assumed to be of the form U’ = §!.
The metric (1.7) provides the covariant derivative to be symmetric, the acceleration four-vector to be
vanishing, and the expansion scalar © to have very simple form:
: — 77k _ P b ¢
VilUp =V, U = 39mn, G = UV U; =0, O()=VU"= p + 3 + P (1.8)
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2. SU(2) model on the Bianchi-I platform

For the illustration of the suggested idea, we consider the class of homogeneous spacetimes with
the metric
ds® = dt? — a*(t)dz? — b (t)dy? — 2(t)dz>. (2.1)

Generally, this metric describes the Bianchi-I model. When a(t)=b(t)=c(t) we obtain the Friedmann
type model. We assume that all the unknown model state functions inherit the spacetime symmetry and
depend on the cosmological time only.

In the model with SU(2) symmetry we deal with the triplet of four-vectors A,(Ca) (12 unknown
functions). Using the analogs of the Landau gauge Agﬁf)U ™ = 0 we reduce the number of unknown
functions to nine. Also, keeping in mind that all the state functions have to depend on the cosmological
time only, we are plunging into a new paradigm. In the U(1) symmetric models attributed to
the electromagnetic theory we introduced a static magnetic field By = Fjo = const using the
nonhomogeneous potentials Ay = $Boz!, A; = —1Byz? In the SU(2) symmetric model with A;a)(t)
we have principally another possibility. We consider the SU(2) symmetric analog of the magnetic field
to have the structure Fl(;)( t) = 5((;))14(1)( )AgQ)(t). Assuming that the analog of the magnetic field
can produce the analog of the electric field, we have to introduce the potential A( ) and thus the electric

type term Fég) = 58)) A?). Also, we consider that ¢(*) = 6((;1)) In other words, our ansatz is that in

the model under consideration we can operate with three independent potentials Agl)( t), Agz)( t) and
Ag”(t); the corresponding six non-vanishing Yang-Mills field components are

a) a a a 1 (1 a a 1 (3
Foy —5 )A ) Fo(z):‘sén)Aé)a F53)=5E3))A§)»

Fl(g = —gd(a A(1 A(2) , Fl(g) =g0 (a) 4 2)A(3 Fz(g) 5(‘1)14(1 A(?’) (2.2)

9°(1) 9%(2)
For this non-Abelian gauge field configuration the equations (|1.6) gives three nontrivial equations:

i ()t e | Go) ()" () ()= () = odomonta?
1) A a2 [ (5) (4) "+ () (4" =2 (59)] = oot

d b b 2 2 .
() G e [ () () () (40) ] = oo o

The master equation for the axion field can be now reduced to

)

d2¢
a2

d¢ . gcos ¢ d 2) 4(1) 4(3
[log (abc)] E—i—mi sin¢ = (W%abc pn [A( A; )Aé )} . (2.4)
The format of this note does not allow us to analyze in detail the equation for the aether velocity four-
vector U7. We can only confirm that there exist the solution U’/ = 58 to the corresponding equation
(see [112] for details). When we deal with the gravity field equations, we obtain analogs of the equations
derived and analyzed in [1,12].

Conclusion

The set of four equations , , derived above, describes the SU(2) symmetric model of
interaction of the axion and non-Abelian gauge fields. Clearly, when the product AgQ)Aél) is nonvanishing
and thus one deals with the SU(2) analog of the magnetic field Fl(g) # 0, the axion field creates the
source in the right-hand side of the equation for Aé3), i.e., the SU(2) analog of the electric field Fég)
inevitably appears. The profiles of the corresponding solutions will be analyzed in the next work.
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