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Abstract: We study the isotropization process of Bianchi-I space-times in Horndeski theory with G3(X,¢) # 0 and
Gs =const/X. A global unidirectional electromagnetic field interacts with a scalar field according to the law

FAHF wI* . In Horndeski theory, the anisotropy can develop in different ways. The proposed reconstruction meth-

od allows us to build models with acceptable anisotropy behavior. To analyze space-time anisotropy, we use the rela-

tions a;/a (i =1,2,3), where g; are metric functions, and a = (a1apaz)'/3.
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I. INTRODUCTION

Large-scale magnetic fields in the Universe are im-
portant and enigmatic phenomena. The influence of these
fields on the evolution of the Universe has been the sub-
ject of many studies over the years [1-11]. The origin of
the magnetic component of the Universe is unknown, but
there are various hypotheses. Here, we adhere to the hy-
pothesis regarding the primordial origin of the magnetic
field, that is, the field may arise before or during primary
inflation. There is academic interest in the interaction of
the magnetic field with the scalar field that causes infla-
tion. In addition, the combined influence of these fields
on the development of the Universe expands the possibil-
ities of observing its dark sector.

To explain the accelerated expansion of the Universe
and other observational facts, various modifications of
gravity theory are used. A prominent representative is
Horndeski gravity (HG) [12]. HG is constructed in such a
way that the motion equations are of the order of a deriv-
ative no higher than the second. In this sense, HG is the
most general variant of the scalar-tensor theory of gravit-
ation. The action density for HG can be represented as
follows [13]:

Ly = N=8(La+ Ls+ Li+ Ls), (1)
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L =Gy(9,X), L3 =-G3(¢,X)0¢,
Ly =G4, X)R+Gux(¢,X) [(@g)’ - (V,V,0)]

1
Ls =Gs5(¢. )Gy V'V'$ = < Gy [(Ce)’

—306(V,V,¢) +2 (V,V,0) | . )

where g is the determinant of the metric tensor g,,, R is
the Ricci scalar, and G, is the Einstein tensor. The
factors G; (i =2,3,4,5) are arbitrary functions of the scal-

ar field ¢ and canonical kinetic term X = —%V” PV.$. We
consider the definitions Gy =0G;/0X, (V,V,¢)*=
V,V,0 V'V, and (V,V,8) = V,V,6 V' VPGV, 6V¢,

The electromagnetic component is represented in the
form

1
LF(f) = _Z[f(¢)]2F/JvF#Va (3)

where F,, is the electromagnetic field. Selection f~const
corresponds to minimal interaction between the electro-
magnetic and scalar fields.

In recent decades, the technical basis of observational
science has undergone significant development; for ex-
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ample, the Wilkinson Microwave Anisotropy Probe
(WMAP) [14], Planck satellites [15], and the Dark En-
ergy Spectroscopic Instrument (DESI) [16, 17]. Observa-
tional data indicate that the modern Universe is almost
isotropic. In Ref. [18], constraints were obtained on the
isotropy of the Universe in a general test using Planck’s
data on the temperature and polarization of cosmic mi-
crowave background (CMB) radiation. Anomalies have
been observed on a large scale of CMB radiation; there-
fore, the early Universe may have been anisotropic. The
Bianchi Universe can explain these CMB anomalies
[19-21].

A cosmological model containing the global magnet-
ic field is necessarily anisotropic because the magnetic
field vector specifies a preferred spatial direction. Here,
we consider Bianchi type-I space-time (BI). BI models
have been studied from different perspectives [22—33]. In
general relativity (GR), a scalar field is not anisotropic
matter, whereas in HG, the scalar field can increase the
anisotropy level (the "anisotropization" process) [34, 35].
An important criterion of the viability of any anisotropic
model is a sufficiently low level of anisotropy at certain
stages of Universe evolution. It was argued in [36] that
from the perspective of particle production, a significant
decrease in anisotropy should occur early on and no later
than the beginning of primary nucleosynthesis. Ref. [37]
analyzed the effects of cosmic anisotropy on the primor-
dial production of “He. The modern Universe is close to
an isotropic state [38], and the issue of isotropization in
the modified theories of gravity has been studied in many
studies [39—44]. In this study, we search for models with
acceptable anisotropy behaviors using a reconstruction
method that is commonly used by researchers [45—51].
There are five arbitrary functions G,(X,¢), f(¢) in action
densities Ly, Lr,. This number of degrees of freedom en-
sures an effective reconstruction method.

Here, we develop a reconstruction algorithm for case
Gs = const/X, which distinguishes this study from previ-
ous ones [46—48]. The function Gs(X,¢) provides a non-
minimal kinetic coupling to the spacetime curvature [52,
53], which may appear in some Kaluza-Klein theories
[54, 55]. We also select the following HG functions:

1
G, =eX-V(¢),G3#0, Gy, = —, e ==1. 4
167

We previously considered the theory with Gs=
const/X in Ref. [56], in which G; =0 was assumed. The
anisotropic properties of the models were analyzed based
on the ratio o/H, where o is the shear scalar. Cosmolo-
gical models with a constant small anisotropy value and
those with a decreasing anisotropy to a constant small
value were obtained. Here, we determine the anisotropy
of the Universe based on the ratios a;/a, where a; are
metric functions in (5). As a result, we obtain models
with anisotropy that can have a value arbitrarily close to

zero during Universe expansion. A comparative analysis
of different isotropization criteria can be found in Ref.

[6].

II. FIELD EQUATIONS

We consider the homogeneous and anisotropic Bian-
chi [ metric

ds? = —df* +a;(t)dx} + a5 (t)dx; + a5 (t)dxs. %)
The field equations of HG have the form

1 . . .
—Gg =G, — Gox¢® —3G3xHP + G3y¢p*—

87
~5GsxH\HyH¢® — Gsyx H HyHy§* + TE™
(6)
1 .dG,
— G =Gy —p—2—
8 ! 2= ¢ dt
d . .
- &(G5X¢3Hij) —Gsx¢’H;Hy(H;
+H)+ T, (7)
1d,,, . .
=4 (a6 [Gax —2Gsy + 3H$Giy + Hy HyH3(3Gsxdh
+G5xx¢3)] > == G2y — $*(Gpp + Gaxsb)
f(@)f(#)
_ % Fs F7 (8)
dula’ fA(9F*1=0. 9)

The dot denotes the ¢-derivative, H; = a;/a;, and the
3

1
average Hubble parameter is H = 3 ZHi =a/a with a =

(a1a2a3)"?. In equation (7), there is 10 summation over
the indices 7; the triples of indices {i, j,k} take values of
{1,2,3}, {2,3,1}, or {3,1,2}. The Einstein tensor compon-
ents are

G8=—(H1H2+H2H3+H3H1), (10)

Gj::—(Hj+Hk+HJ2~+HI§+Hij). (11)

The stress—energy tensor of the electromagnetic field
is expressed as
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1
T,(,em)” _ f2(¢) (_Zé,tyleéFV& + Fyﬁ]:ﬂﬁ) . (12)

We assume that there are homogeneous electric and
magnetic fields with the same direction x;. The electro-
magnetic field tensor F*° has non-vanishing components,

03 _ 30 _ _ Ye _ _
F*=-F _a3f2(¢)’F21__F12_qm’ (13)
where ¢, and ¢,, are constants. The electric and magnetic
field strengths are determined by the equalities

2 30 % 2 21 q,
E =F03F‘ 276,3 =F21F =55 (14)
aiay f4(9) aia;

We assume that there is no electric field, that is,
qe = 0.
The tensor T™* has non-zero components:

T(()em)() — Téem)B — _Tiem)l — _Téem)z —

R0 10)

5 22>
2 2aia5

(15)
where
¥(9) = q,,/*(¢) > 0. (16)
We parameterize the three scale factors as follows:
a, = aé®* V¥ g, = adP V¥ ay = ae P (17)

Then, the Hubble parameters in the directions x;, x, ,
and x; are given by

Hi=H+B.+ 3., Ho=H+p, - V33_,Hy=H-23,.
(18)

In view of (17) and (18), Egs. (6), (7), and (8) have
the consequences

3 Y(o) . .
s (Hz - 0-2) =St G, +¢*Gox +3G3x HP’
- G3¢<2’2 + +¢3(5G5X + Gsxxflsz)

X (H=2B,)[(H+B.) ~34],

o? Eﬂi +,8%, (19)

¥(g)

1 . .
o (QH+3H430%) = — 20— Ga + Gayd?
+ G+ 3 [Goxd (H = 0?)]
+2Gsx¢’ (H +5 = 36:52) . (20)
3 . .. . C_
- God’ (BB -HB) = @1

B, S .
S +Gsx¢” (B2 -B - HB.) =

1 [W(dr  C.
3a3 ae¥+ a3’

(22)

¢ {Gax = 2Gsy + 3H§Gsx + 3Gy + Gsyxd®)(H - 28.)

. . 1 ;
X [(H+p.y =38} = / <G2¢—¢2(G3¢¢

’

.. C
+G3x¢¢) - )a3dt+ 7;? N
a

¢
2ateb
(23)

where C,, C, , and C_ are integration constants.

The system in (21) and (22) is nonlinear for j3..
Therefore, the "anisotropization" process [34, 35] by the
scalar field is possible even in the absence of an aniso-
¥Y(¢)
ae’f+’

We use the following criterion for isotropization of
the cosmological model:

tropic source

a<
— — const as v — +00, (24)
a

where v = a® is the volume factor.
Next, we apply the reconstruction method. Using
(24), we set az/a=1, or

B. =0. (25)
Therefore,
H;=H. (26)

We will study the behavior of relations a;/a and a,/a.

From equalities (14), (17), and (25), it follows that the
magnetic field strength decreases monotonically with
Universe expansion.

. 27)
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Next, let us set

(28)

(29)

The choice in (28) allows us, without unnecessary
technical difficulties, to obtain interesting cosmological
models based on the nonlinearity of Egs. (21) and (22) re-
lative to B.. As shown below, function (28) allows for ac-
ceptable anisotropy behavior in cosmological models.

Then, from (21) and (22), it follows that

H=yg, (30)

8nyd
3a?

1)

b D) ]

a

[a

2

The shear scalar o> and Hubble parameters take the

form
2 _ 8y ()
o’ =35 [/dr y +3C+}, (32)
o=ne S22[ [ a?@ ac,). (33)
a- a

From (30), the connection between the scalar field ¢

and scale factor a is

q):lln(ﬁ), ora=ce”. (34)
Y €
The system in (19) and (23) takes the form
378 {Gud - - } =62~ v+ Gaud?
232
yeo Y@
8t 2a*’ (35)

Bashir Chin. Phys. C 48, 115107 (2024)
. . . L 2y
37 { G = L) = G+ 2610 - 22
&r 8
C,—3yC.)¢ }
+ Loz CP Z/ +)KZB+—2 drd’
a a-

X {sz/) —*(Gigp + Gaxp)

2a* (36)

(¥, +27¥)] .

Eq. (20) can be ignored because it is automatically
fulfilled via the Bianchi identities. We have four un-
known functions (a(r),G,,G3,¥) and two independent
equations, (35) and (36). Function ¢(r) is determined
from (34). Therefore, we have two degrees of freedom.

We make the first assumption for the integral in (36):

2y¢

. .. cne U/ a)
Gy + G+ Geab) + o (W + 2%) = HOS

a
) .

€0

By specifying function U(a), we exhaust one degree
of freedom. Equation (36) becomes

. Y Y . L 2y
378 {Gaxd? = - | == #Gax+ 26 -
+ a% (Cy=3yCi-U@).  (38)
Thus, we obtain the system in (35), (37), and (38).
Let us consider the following model:
n, X
Gy=5Inz+x V2X +G(¢), G, = eX - V(). (39)

The form G; ~ InX is associated with the existence of
the black hole solution with a scalar hairy black hole [57,
58]. The logarithmic form G; was also studied in Refs.
[59, 60]. From Egs. (35), (37), and (38), it follows that

. [9? . 1 U(a)-Cy+3yC
é %—s—3yn—3yx|¢|+26¢} S U@ -Gt HC,
T a
(40)
V() ., {272 ; }
= |22 _3yp— ’ 41
V+ 2w =Y % 2 3yn=3yxlgl+Gy|,  (4])
’ ’ y U(/l Yy alld 42
V¢+g(‘l’¢+27‘l‘)=y¢;—¢ Gy (42)

If we choose G(¢) and U(a) and consider (34), from
(40) and (34), we obtain the function ¢(a). Therefore, the
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right-hand sides of Eqgs. (41) and (42) are expressed
through the scale factor a:

¥
Vg@)+ 2D = 5 @) 0, 3)
R AN A
Va+ 27‘14 (‘Pa—i-ZE) —N(a), (44)
where
. [292 .
S(a)= ¢’ [8% -2 =3y =3yl +G;,} : (45)
1 [ .U, .,
N(a) = a {w; - ¢ZG¢¢} . (46)

The system in (43) and (44) has the solution

5

W= %(N—S;), (47)

v=5+g(s;—1v). (48)

Thus, two degrees of freedom are reduced to the
choice of two functions, U(a) and G(¢). Below, we
provide examples of these functions for which isotropiza-
tion condition (24) is satisfied. We restore functions
V(¢)and ¥(¢) and analyze the resulting models.

Functions G; ~InX and G5 ~ 1/X have a exotic form.
However, these functions and the kinetic part X of the
well-known function G, =eX-V make a homoge-
neous and standard contribution to the field equations,
namely, ¢*. In Egs. (40) and (41), combinations of the

2
parameters g?’ g, and yn arise. Thus, in addition to func-
tional freedom, U(a) and G¢), we obtain parametric free-
dom. By adjusting these parameters, we obtain cosmolo-
gical solutions with certain properties, including aniso-
tropic ones.

III. MODEL y #0, U(a) = 0, G = ée ™

Here, we assume

U@=0,G=¢e*,6>0,k>0,C,=C,=0.  (49)

In this case, from Egs. (40), (45), and (46),

1 [y
lpl = — {L —&- 37n—2§ke"‘¢}

3yy L8
1 [y c k/y}
= | L —e-3yp-2ek (2 50
3yx {Sﬂ &= 3yn =2 (a) ’ (50)
S {72 3yn—2¢k [ £ k/yr
(a)_gyzxz g_‘g_ yn—2& (;)
2 kly
y £ a
<[Grsea()"] o
__ &R eny
N = 9y3)(2a(a)
2 k/y]?
X{y——g—3yr]—2§k(c—l) «/} . (52)
8m a

Equations (47) and (48) provide the functions W¥(¢)
and V(¢):

412 galdy—k
_261k§C(7 )¢

2y* —ke
27X2'y3 . |:8 + g + 2{-’]{6

2
x {g - 877 +3yn+ 2§ke"k¢} , (53)

1 { 22 - }
= + = +28ke™
18y2y2 T 8 che

¥
X {s - —+3yn+ 2§ke_k¢}

8m

'a k
x{e——+3yn+2§ke”“”<l——>}. (54)

8m 3y

The inequalities £ > 0, k>0, and

2 2

2
Y 50,61 43yp>0,k<3y, y>0, y <0 (55)
8 8

e+
lead to the constraint ¥ > Oand V > 0. Hereafter, we ad-
here to these conditions.
The Hubble parameters take the form

1 v? a k/y}
= = —_— _—— - 56
H=Hy= 5o o=+ +2§k(a> O (56)
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2y?

8+§+ 28k (Cl)k/y

a

H1’2=H 1+

3y3 a

To analyze the anisotropy level, we write the relation

o? 8

— = dr
H?> 3d°H a 9y3
2y?
8+§+ 28k (ﬁ)k/y
3—-kly 3-2k/y\a
2

kly *
e- L +3yn+2&k (ﬁ)
8 a

a

Y(p) _ 167k (cl )k/w

(58)

The scale factor has the form

26k { (kHoot> ””k
= = —_— - 1 s Z O,
a=as=cC {3IX|HOO exp 5 t

(59)

1 y? )
Ho=—-—\|&e- 5= .
3yl (‘9 gz TN

We use the following approximations (H,, # 0):
a=ayoct®as Hot < 1; a=a; xe™" as Hot> 1. (60)

In the case y < k < 3y/2, the phase of Universe expan-
sion without acceleration is replaced by a phase of accel-
erated expansion. When k <y, power-law inflation is re-
placed by the exponential inflation over time. The scalar
field ¢ has the time dependence

T |

A. General case

Now, we consider the qualitative anisotropic behavi-
or of the model for the following case:

2 2 2
s+l>0, 8—y—+3777>0. (62)
8 8

For H.t> 1, the following approximation is valid:

16m&k? (c]>"/7. 3—-k/y 3-2k/y
')/2 ci\ kv
&——+3yn+2¢k (—)
8 a

, k<3y/2. (57)

2y?
8k (S+ g) _ kHot

. 63
WGk (63)

H1,2 = Hoo

ain ~ s e exp 74

Consequently, the model isotropization condition is
satisfied,

ain _ 2 <8+ %) _ kHoot
—= ~expy F\ | ——<e ¥
a 3ky(3—-k/y)
— const as Ht — +00. (65)
At early times (H.t < 1), we obtain

8 1 1
Hy,~+ _ 81y 1 (66)

' kK*(3-2kly) £ k t

27y 1
KG3-2k/y) ﬂﬂ} - )

ajp R S 'tY/k -eXp {¢4

The Universe is expanding along the x; and x; axes:
H;; >0, and the Hubble parameter H, takes on negative
and positive values. The Universe contracts in early times
and expands in late times along the x, axis. A change in
the sign of H, indicates a possible bounce of the scale
factor a,. At the beginning ¢ = 0, the Universe is an infin-
ite straight line along the x, axis: a;(0)=a3(0)=0,
a(0) = +o0. If there is a bounce, the model can only be
applied to the early Universe before the end of primary
inflation.

In the case

115107-6



Isotropization of the magnetic universe in Horndeski theory with G3(X,¢) and G5(X)

Chin. Phys. C 48, 115107 (2024)

1 ¥? ) ( 2y2) 1
r _ (g2 68
3—2k/7(8 se ) =\t 5r ) 30y, 0 (O

using (62), we obtain an example of an exact solution in

elementary functions:
né €1\ k)
— = . (69
3y(3-2k/y) ( a ) } (69)

The scale factors a;(a) are shown in Fig. 1, revealing
a bouncing scale factor a,. The function a, falls from a
greater value at the beginning, bounces to the minimum
value

ajp = S12-a-exp {18-

167Ek>

ylk
=y —2 70
A2 min Cq (3')/3(3 — 2k/')’) ) 5 ( )

and then rises again at the end.

a;/ s

as/ so

\ .-
o T

\ e a3

\ T
2 o

IR YED)

== T
0 1 2 3

(l
Fig. 1. Profile of a;; k=7y/5, £ =3y/(320m), ¢; = 1.

B. Special cases

Let us consider thg following borzderline cases:

2
1. If we set e+l =0 and e- L +3yn >0, then
8 8r

1
=_1’ =2 5 7’]( 3 >
e=-Ly=2vRn> po k<IVE ()

and scale factors a;, are expressed through the scale
factor a:

a1y =810 axex {¢4 T
R S TR Ry )

_3/2+6n VT + 26k (C‘ )Wﬁ)} (72)

a

From (59) and (71),
~ 26k kH. .t 2k
“—Cl{m{e"l’(zﬂ‘lﬂ 120, ()
_A4nyr-1
H. = T

In the case 2 /r < k <3 +/r, the phase of Universe ex-
pansion without acceleration is replaced by a phase of ac-
celerated expansion. When k < 2 +/rr, power-law inflation
is replaced by exponential inflation over time.

The anisotropic behavior of the model does not differ
qualitatively from the previous one. The model becomes
isotropic over time, and the scale factor a, has a bounce.
At the beginning ¢ = 0, the Universe is an infinite straight
line along the x, axis.

v 2y
2. If we set 8—§+37"7=0 (Ho=0)and &+ < >0,
the scale factors a;, are expressed through the scale
factor a:

L2y
B | V2 <a>k/7 V2 (a)k/y k
aip =824 +Xé c—l + A—% a
k/
xexp{i 4 v+ A} (C—]) «/},
a
(74)
2y?
o8k T o l6mEk (75)
3y  3—k/y’ " 3B -2k/y)
From (58), it follows that
a? VAL fo\KY
i U ek 76
H* 3 * 3 (a) ’ (76)

The isotropization condition (24) is not satisfied,

a
=2 LM as a — +oo. (77)
a

However, when |v| <« 1, functions a;,/a change with-
in a narrow range, a*™ ~ const; therefore, the anisotropy
level tends to a constant low value,
‘0-‘ id <1 as + (78)
— > —= a — (ool
HIT V3

A small anisotropy is allowed by observational data.

The Hubble parameter and scale factor are, respect-
ively, given by
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108
=¢ [32»5\57;/ 4 W, t>0. (80)

In the case k/y < 1, we have power-law inflation. The
scalar field ¢ has the time dependence

L1 (28K
¢= %m(%m). (81)

At early times, the model behaves in the same man-
ner as the previous ones.

IV. MODEL y =0,G=¢£-¢

Let us consider the following model:

x=0,G=¢-¢. (82)

In this case, from Egs. (40), (45), and (46) it follows
that

. U -~
¢:73, UEU(Cl)—C¢+3’yC+, (83)
aa
U2 uu;
Sw=L Na= ", (84)
a
where
) Y _¢
a= - —g-3yn+2¢, ﬁ:——f—3yn+§>0. (85)
8 2

Equations (47) and (48) provide the functions W(¢)
and V(¢):

|G-

e ¢

680>
a

[(Z ) M CRCON 6f3?72<a(¢))} :

3c 3c2a?
(86)
1 a\ (U2,
“ 5 (F73) "
_yle ™ @\ ,
el CREICRC N (87)

The Hubble parameters o/ H? take the form

H=Hy= "0 (88)
aa
da-U N
H,=H |1+ 8—” a—2ﬁ+6%8/ﬂ+%
‘ 3y? U a U
(89)
2 17
o8 a—2ﬁ+6£/—d“ UL20C  (on)
H? 9y U a U
Choosing a simple function
U(a)=Ad", n>0 o1
and C, = C4 =0, we obtain the Hubble parameter
A
H=Y (92)
aa’™"
Moreover, the condition
A
50 (93)
a
ensures Universe expansion. Therefore,
_ 1/G=n)
_ {M . ,} (94)
«
If n <3, then # > 0. In the case
2<n<3, (95)
the Universe is expanding under acceleration. If
n>3, (96)

then ¢ < 0 and we obtain the Big Rip in time at ¢ = 0:

1/(n-3) 1 1/(n-3)
(L —teo. (97
(L) am=se o

s

The scalar field ¢ has the time dependence

_ 1/G-n)
6="Lin {1 {LG’ n) 4 } . (98)
vy c a

Equations (86) and (87) provide the functions ¥(¢)
and V(¢):
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2(71 1)A2
P = 2. [2,8+ -2, (99)

a?

Camtpe, 1" AT (2B~ a)

= 100
V=e a2 (100)
The inequalities
2,8+§(a/—2ﬂ)>0, 2B-a>0 (101)
lead to the constraints ¥ >0 and V > 0.
The magnitude o?/H? takes the form
o _ 8 [2ﬁ+ " a— 25)] = const (102)
H?>  3ny? 3 B ’
where
8x [2ﬁ+ E(a-zﬁ)} >0 (103)
3ny? 3 '
The anisotropy is small, |[o/H| < 1, if
8
[2;% + M a- 2;3)} <. (104)
3ny
The Hubble parameters take the form
8m
Hi,=H <1 £ G {2,8+ 2o 2,8)} ) (105)

The scale factors a; are expressed through the scale
factor a:

/i[5 020)] (106)

ajp=sy-a =a.

If condition (104) is satisfied, the Universe is close to
the isotropic state:

an +

8n n,
a

~ const. (107)

If there is no Big Rip, the model is applicable to the
era of primary inflation or late acceleration. If there is a
Big Rip, the model is limited to late acceleration.

Inequalities (85), (93), (101), (103), and (104) lead to
the following system:

2

e
A _Z 108
- 3y 2+§>0, (108)
YA
PIED—3yr—e+2E (199
y?
§—777>07 (110)
¥
8—(4—n)+m/(n—6)—s+2§>0, (111)
Vs
87r
(4 n)+ny(n—6)—e+2¢| < 1. (112)
ny?

Next, we provide an example of the parameters for
which this system of inequalities holds. We select the
parameters

n=0, e=1, £=0, n>2. (113)
Considering (111), (112), and (113), we set
8
b—n-"2 =250, (114)
Y
where |u| < 1. Other inequalities take the forms
2y 1 YA
§—§>O, ’)/72_1>0. (115)
8m

Two cases are allowed:

1. yA<0. Then,
3 —u?. The Universe is expanding with acceleration. The
Big Rip model is excluded, n < 3—.

2. yA > 0. Then,

n < 4. The Universe is expanding with acceleration. The
Big Rip model is not excluded.

8m
1< 7 <4-n; therefore, 2<n<

8
— <1, v <4-—n; therefore, 3 -’ <

V. MODEL y #0,G=£-¢

Here, we assume

X#0,G=¢-¢,Cy=C, =0. (116)

Assuming
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2

y——s—3yn+2§=0,
8

¥y>0,6>0, x<0,U>0,

using (30) and (40), we obtain

b= (;M';)m’ (117)

(118)

that is, we obtain a model of the expanding Universe. In
the case

2y’ &
&Y 2 = 119
e 72 3yn+&=0, (119)
from Eqs. (45) and (46), it follows that
1 ANE
S@=—(Z) . 120
@= g () (120
1 Uu\"u,
- I a 121
Na) (3y[)(| a3> @ (121)
then
5 1/2 / /
\yz‘i.(i.g) {Ua_§(£>} (122)
3 \3ylyl a? ad 2\d/,

v (o) e (E-3(0)]

a

(123)
Choosing the function

U=A2(1_2n+3, A>0, (124)

we obtain the Hubble parameter

1/2
y A

H=|-"1 L 125
<3|X|) ar (125)

Therefore,

(126)

a= (\/TM-nA-t)l/n.

If n>0, then r>0. In the case 0 <n<1,the Uni-
verse is expanding under acceleration. If n <0, then r <0
and we achieve the Big Rip in time at ¢ = 0:

v Uil g Vi
- L. = = . 127
“ [\/3[/\4 '”'A} (—t)  @0) = too. (121)
The scalar field ¢ has the time dependence
1 [1 < \/T )”"
=—In{—( /= -nA-t .
*=5 {cl 3"

Equations (34), (122), and (123) provide the func-
tions ¥(¢) and V(¢):

(128)

- 3 _ 3
__BG-mA* _ (B-mA® e, (129)
6(3ylD'2a* 63yl et
— (3 +7’l)A361473n _ (3 +f’l)A3C41‘73n X (4—311)y¢' (130)
3Gyl 3Gyh'?
The inequalities
-3<n<3 (131)
lead to the constraints ¥ >0 and V > 0.
The Hubble parameters take the form
3 8rly|'2AGB+n) 1
masr 1 ST ) 0

where a new requirement arises, n<3/2. The scale
factors a; are expressed through the scale factor a:

2 8aly|12A(3 +n)
311293/2(3 = 2)

na''?

} (133)

dip = S1p-a-exp |:$

The model isotropization condition is satisfied for
n>0:

nan/Z

2 87y |'/2A(3 +n) }

D2 g, exp | ¥
a e 312y32(3 - 2n1)

(134)

— const as a — +oo.

Because n >0, the Big Rip is excluded. The aniso-
tropic properties of model (133) are similar to those of
model (69). The function a, falls from a greater value at
the beginning, bounces to the minimum value
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1/n
o = <w> (135)

3129323~ 2n)

and then rises again at the end. At the beginning, ¢ =0,
the Universe is an infinite straight line along the x,axis:
a1(0) = a3(0) =0, ay(0) = +o0. The model can be applied
to the early Universe before the end of primary inflation.

VI. CONCLUSION

We construct anisotropic models in BI for a subclass
of HG:

Gy=1/(16m), G, =eX-V(¢),

1 n
Gs = C32myX’ G:=3

In % +x V2X +G(). (136)

with the non-minimal interaction by the law f2(¢)F,, F*.

Using the reconstruction method, we present func-
tions W(¢) = g2 f*(¢) and V(¢), for which the isotropiza-
tion criterion lim a;/a = const is satisfied.

The function Gs ~ 1/X results in the possibility of an
anisotropic bounce. At the beginning, ¢ = 0, the Universe
is an infinite straight line along the x, axis: a;(0) =
a3(0) =0, ay(0) = +co.

Combinations of the parameters ¢, v, 1, x , and G(¢)
allow for different possibilities for Universe develop-
ment: power-law inflation, exponential inflation, the Big
Rip, and two-phase expansion. In all cases, the aniso-
tropy behavior is acceptable.

In conclusion, we find a method of obtaining exact
solutions for a large subclass of HG with an electromag-
netic field.
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