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I. INTRODUCTION

Thanks to its flexibility to simulate the different charactécs of matter from perfect fluid
to dark energy and its ability to describe the different egagf the evolution of the Universe,
spinor field has become quite popular among the cosmolddis&l] . But some recent study
[22, 23] suggests that flexible though it is, the existenaeoofFdiagonal components of the energy-
mamentum tensor of the spinor field imposes very severacgstis on the geometry of the Uni-
verse jas well as on the spinor field, thus justifying our presiclaim that spinor field is very
sensitive to the gravitational one [24].

In some recent papers [22, 23] within the scope of Bianchetlyposmological model the
role of spinor field in the eviolution of the Universe has beemligd. It is found that due to the
spinor affine connections|the| energy momentum tensor ofgimeisfield becomes non-diagonal,
whereas the Einstein tensor is diagonal. This non-triyiaf non-diagonal components of the
energy-momentum tensor imposes some severe restrictithes en the spinor field or on the
metric functions or on both of them. In case if the restrici@re imposed on the components of
spinor field only, it becomes massless and invariants aectsi from bilinear spinor forms also
become trivial. Imposing restriction wholly on metric fuimns one obtains FRW model, while if
the restrictions are imposed both on metric functions aimbsfield components, the initially Bl
model becomes locally rotationally symmetric. These tesulotivated us to consider the other
Bianchi models and study the influence of spacetime georoettiie spinor field and vice versa.

A Bianchi typeV lp model describes an anisotropic spacetime and generatesfsrinterest
among physicists. Weaver [25],di€z et al. [26], Socorro and Medina [27], and Bali et al. [28]
have studied B#lp spacetime in connection with massive strings. Recentlyn8son [29] studied
several cosmological models with\Bly & B-lll|symmetries under the self similar approach. A
spinor description of dark energy within the scope of & B-model was given in [30]. Bianchi
typeV lp spacetime filled with dark energy was investigated in [31].

In this paper we study the self-consistent system of noatigpinor field and gravitational one
given by the Bianchi typ¥ lp spacetime in order to clarify the role of non-diagonal comgras
of the energy-momentum tensor of spinor field in the evoluabthe Universe.

II. BASIC EQUATION

Let us consider the case when the anisotropic space-timiéets With nonlinear spinor field.
The corresponding action can be given by

SACRADE / Lv/—gdQ (2.1)
with
HereL4 corresponds to the gravitational field
R
9= 5, (2.3)

whereR s the scalar curvature, = 8mG, with G being Newton’s gravitational constant angl is
the spinor field Lagrangian.

A. Gravitational field

The gravitational field in our case is given by a Bianchi ty¥flg-anisotropic space time:
ds? = dt? — ae 2™edxé — a3e™8d)é — a3dx3, (2.4)
with a1, a» andag being the functions of time only andis some arbitrary constant.
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The nontrivial Christoffel symbols fof (2.4) are

L4 2 &2 3 &
01 a17 02 a27 03 3.3,
0 s A—2MX 0 ; mx 0 ;
M9 =andie 2™, 9, = apde™™e, ;= agds, (2.5)
ma maj
1 2 3 —2mx; 3 mx:
r31:—m, r32:m, r]_l: 2 3, r22:— 2 92 3.
ag ag

The nonzero components of the Einstein tensor correspgndithe metric[(214) are

Gil=—X_=2_=Z + =, (2.6a)
Gi=->-=2 22 +—, (2.6b)

Gi=—T—-—=-_==_ , (2.6¢)

GO __TLTe TeTo  TeTL + — (26d)
agady adag agar a3
a
Q= _m(E_2) 2.6e
0 (al az) (2.6¢)
B. Spinor field

For a spinor fieldp, the symmetry betweegr andy appears to demand that one should choose
the symmetrized Lagrangian [32]. Keeping this in mind wead®the spinor field Lagrangian as

[5]:
Lap 3 | V0t~ Oy | — gl F. @7

where the nonlinear terf describes the self-interaction of a spinor field and can lesgnted
as some arbitrary functions of invariants generated froerdal bilinear forms of a spinor field.
Sincey andy* (complex conjugate ap) have four component each, one can constructi4= 16
independent bilinear combinations. They are

S=yy (scalay, (2.8a)

P=1py’y  (pseudoscaldr (2.8b)

Vi = (YY" ) (vecton, (2.8¢)

AH = (Qy’yHy)  (pseudovector (2.8d)

QY = (patVy) (antisymmetric tensor (2.8e)

whereg"V = (1/2)[y"y¥ — yYyH]. Invariants, corresponding to the bilinear forms, are

| =&, (2.9a)

J=P? (2.9b)

lv=vp V' = (V@) g (YY), (2.9¢)

la= AL A" = (OYVY ) g (B Y W), (2.9d)

lg = Quv Q" = (Fo*' ) 9paGyp (PP ). (2.9¢)
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According to the Fierz identity, among the five invariantdyoh and J are independent as
all others can be expressed by them= —la =1 +J andlg = | — J. Therefore, we choose
the nonlinear tern¥ to be the function of andJ only, i.e.,F = F(l,J), thus claiming that it
describes the nonlinearity in its most general form. Indeeithout losing generality we can
chooseF = F(K), with K taking any of the following expressiod$, J, | +J,1 —J}. Here[, is
the covariant derivative of spinor field:

oy _ oy
with I, being the spinor affine connection. [n (2y7 are the Dirac matrices in curve space-time
and obey the following algebra
Py Y =20 (2.12)
and are connected with the flat space-time Dirac matgdaghe following way
Juv(X) = eﬁ(x>$(x>rlab, Yu(X) = eﬁ(x>¥7&1 (2.12)

Whereef, is a set of tetrad 4-vectors.
For the metric[(Z}4) we choose the tetrad as follows:

eéo) —1 e(ll) —ae ™, e(22) — a,e™s, e(33) —ag. (2.13)

The Dirac matriceg* (x) of Bianchi typeV lp spacetime are connected with those of Minkowski
one as follows:

P=P F=SCF PSR PP

ap

V= VTV = PR =

P=(65) 7-(2%9) v-7-(5 %)

whereg; are the Pauli matrices:

1 01 2 0 —i 3 1 0
w=(10) (1) - 5)
Note that they and theg matrices obey the following properties:
VvV +yy=2n", i,j=0123
VP+yP¥ =0, (¥)?=1, i=0123

Gij:5jk+i8jk|G|, j,k1=123

with

wherenij = {1,-1,-1,—1} is the diagonal matrixdj. is the Kronekar symbol ane is the
totally antisymmetric matrix witlg103 = +1.

The spinor affine connection matrideg(x) are uniquely determined up to an additive multiple
of the unit matrix by the equation

oV
ﬁ_reuyp_ruyv—f—yvru =0, (2.14)

with the solution L L
M= Z%yva“e(va) - 21ypyvrﬁv. (2.15)
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From the Bianchi type-VI metrid (2.15) one finds the follogiiexpressions for spinor affine
connections:

Mo=0, (2.16a)
r— %(alylyo—m:—;yif’)emxa (2.16b)
rp= %(azy—zm mE2 e, (2.160)
s %;73;70. (2.16d)

C. Field equations

Variation of [2.1) with respect to the metric functigp, gives the Einstein field equation
1
Gl =Ry — 50 R=—kT, (2.17)

whereR;j andR are the Ricci tensor and Ricci scalar, respectively. H'gfrds the energy momen-

tum tensor of the spinor field.
Varying (2.7) with respect tg/(y) one finds the spinor field equations:

HOuW —msply — 24 — 19y =0, (2.18a)
1Oy PyH + Mgl + 2P +19@y° = 0, (2.18b)

where we denot& = 2SKkK| and¥ = 2PRKKj, with Fx = dF/dK, K; =dK/dl andK; = dK/dJ.
In view of (2.18), eq.[(2]7) can be rewritten as

Lep= = [By*Outy — O, GyH )] — mepiy — F (1, )
2

= SO0 — ] — S By +mly —F (1,9,
= 2(IF +JF) — F = 2KFx — F(K). (2.19)

In what follows we consider the case when the spinor field dépent only, i.e. ¢ = (t).

D. Energy momentum tensor of the spinor field

The energy-momentum tensor of the spinor field is given by

T;f = Ll‘rgPV (LI_IVHDVW+LI_]VVDHLII_DHLI_IVVW_DVJVHLII) —5ﬁ|—sp- (2.20)

as Thenin view of [2.10) and (2.19) the energy-momentum teabthre spinor field can be written

Tup = égp"(tﬁvuﬁvar l.t_’yvauw—ﬁud_’va— av'I’Vu‘.U)
_ Lllgpvzﬁ(y“rﬁrvy“ W+ T g W — 88 (2K — F(K)). (2.21)

As s seen from(2.21), in the case where, for a given mejris are different, there arise nontrivial
non-diagonal components of the energy momentum tensor.
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After a little manipulations fron1(2.21) one finds the follmg components of the energy mo-
mentum tensor:

To = MspS+ F (K), (2.22a)
T = Tz2 = T33 = F(K) — 2KF, (2.22b)
TP = —gmite ™ GRRPY — —gmEte ™Al (2.22¢)
0_ _l 2 X3 ([ — _} % 3 Al
T, = 4masem PRy Yy = 4mase’“ Al (2.22d)
T9 =0, (2.22€)
= e (22 gpppy - Dapeyl
_ }% mx: ﬂ Y 3 2m 0
e sKal az)A aSA} (2.22f)
1_1a& ag & a o a a
5= gmt (a3 )wf?‘iﬂw— 3<a3 a1>A (2.229)
2_ 18 mg (% a3 1613 & &\,
7= e 3(a2 )wfysyow_ <a2 aS)A . (2.22h)

As one sees froni (2.22) the spinor field possesses nonl-tniviu)n-diagonal components of
the energy momentum tensor.

lll.  SOLUTION TO THE FIELD EQUATIONS
In this section we solve the self consistent system of spanadrgravitational field equations.
We begin with the spinor field equations and then solve theitgitaonal field equations. Finally
we study the influence of the non-diagonal components of tleegy momentum tensor on the
components of the spinor field and metric functions.

A. Solution to the spinor field equation

Let us begin with the spinor field equations. In view of (2.80)d [2.16) the spinor field
equations[(2.18) take the form

.1V
V(P +55%) — Ml — 79— 19y =0, (3.1a)
- 1V _ _ _ _
|(w+§\—/w);7°+mspw+9w+|gw¢°:o, (3.1b)

where we define the volume scale
V = ayaas. (3.2)
As we have already mentionegl,is a function oft only. We consider the 4-component spinor
field given by
Y

| ¢
=1 g | (3.3)

Ya
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Denotingg = vV from (3.1a) for the spinor field we find we find

PL+1PP + Y3 =0, (3.4a)
@+ 1P+ Gy =0, (3.4b)
G- 1Px— G =0, (3.4¢)
o — 1Py — Y@ =0. (3.4d)
The foregoing system of equations can be written in the form:
@ =Ag, (3.5)
with @ = col(¢1, ¢, @3, ) and
-1 0 -9 O
0O -1 0 -9
A=l ¢ o0 10 o (3.6)
O ¥ 0 1o
It can be easily found that
detd = (02 +92)%. (3.7)
The solution to the equatioh (3.5) can be written in the form
ty
o(t) = Texp(~ [ Au(r)d ) () (3.8)
where
-1 0 -9 0
A= 0 -1 0 -9 (3.9)

g 0 19 O
0 ¥% 0 19

and @(t;) is the solution at = t;, with t; being quite large, so that the volume scdlehence
the expanding Universe becomes large enough. As it will lbeveHater,K = VZ/V2 for K tak-
ing one of the following expressionsl, | +J, 1 — J} with trivial spinor-mass and = VOZ/V2
for K = | for any spinor-mass. Since our Universe is expanding, traniifies ¥ and¥ be-
come trivial at large = t;. Hence in case d = | with non-trivial spinor-mass one can assume
@(t1) = col (e 'Md1 e~'Msd1 gMsdls @Msdt) whereas for other cases with trivial spinor-mass we
haveg(t1) = col (¢, ¢, @, @) with @° being some constants. Here we have used the fact that
® = msp+ Z. The other way to solve the systein (3.4) is given in [8].

It can be shown that bilinear spinor fornis (2.8) the obey ttlewing system of equations:

S+YA=0, (3.10a)

Po— ®A =0, (3.10b)
A+ DRy -9 =0, (3.10¢)
AS=0, (3.10d)

Ww=0, (3.10e)

e+ Q0 +9Q3t =0, (3.10f)
Q- P =0, (3.10g)
Q-9 =0, (3.10h)
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where we denot& = SV, Py = PV, Aj = A¥V, v = vV andQ}” = Q#YV . Combining these
equations together and taking the first integral one gets

(S0)*+ (Po)*+ (A9)* = 1 = Const (3.11a)
A3 =15 = Const (3.11b)

(@)% + (@Y + (vg)? =13 = Const (3.11c)
Vo =I5 = Const (3.11d)

B. Solution to the gravitational field equation

Now let us consider the gravitational field equations. Invweé (2.6) and[(2.2R2) with find the
following system of Einstein Equations

d & adag n?
2y 220 —k(F(K) - 2KF), (3.12a)
d d4Adz aag az
AL BT K (F(K) - 2KR), (3.12b)
a a as ap a3
a1 d aa m?
A R, R M (FK)—2KF), 3.12¢
~ a2+a1a2+a% (F(K) K) (3.12c)

qa aa aga nv

ajay apaz agar as (mspS+F (K)) ( )
a_%_ (3.12€)
a o
with the additional constraints
1 a
TP =—m—e ™A%=0 3.13a
1 4 as ) ( )
TO — _}m@emstl =0, (3.13b)
4 a3
i i 5
71 132 oms Kﬂ_@)Af*__on] —0, (3.13¢)
4ay a a as
1 i i
-|-21 _ _@emx?, (@ _ ﬂ)AZ =0, (3.13d)
4ay a3 o
18.3 _ 32 33 1
T2 -Bame(Z_S\al_q. 3.13e
3 4a (az ag) ( )
From (3.12E) one dully finds
a» = Xpay, Xp= Const (3.14)
Let us now find expansion and shear for Bianchi tyfdg-metric. The expansion is given by
9 =uly = up +Tau”, (3.15)
and the shear is given by
1
0% =Zayot, (3.16)

2
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with 1 1
O—“V — é [U“,GP\? + uV;CI Pﬁ] - 519 Puv, (317)
where the projection vectdt:

In comoving system we hawe' = (1,0,0,0). In this case one finds

& & A V

9 = = — 3.19
a3 a a3 V’ ( )
and
01:_}<_2ﬁ & %) _a 1 (3.20a)
1 3\ "3y "a, a3/ ay 37 '
1 a a3 a a 1
2 p ag )
02— (%, B A\ & -4 3.20b
2 3( a az a1> a 3 ( )
1 a3 4 a a 1
3 3 a  a 3
—_ (2242 V29 3.20c
93 3( a o a2> az 3 ( )

One then finds

N\ 2
RO F Rl ew

Inserting [3.14) into[(3.19) and (3/20) we find

g2, % (3.22)
a; a3
and
1,8 a
1 1 3
e 2
9i 3<a1 ag)’ (3.23)
1,4, a
2 1 3
e 2
0% 3(m_ %)’ (3.23b)
2,4 a
3_ _4f(H1_ =
o3 3<m_ &) (3.23¢c)

As it was found in previous papers, due to explicit preserfcasan the Einstein equations, one
needs some additional conditions. In an early work we prepa® different situation, namely,
setag = v/V andag = V which allowed us to obtain exact solutions for the metrioctions.

In a recent paper we imposed the proportionality conditigdely used in literature. Demand-
ing that the expansion is proportion to a component of tharstemsor, namely

9 = N3a3. (3.24)

The motivation behind assuming this condition is explaingith reference to Thorne [33]. The
observations of the velocity-red-shift relation for exfa#actic sources suggest that Hubble ex-
pansion of the universe is isotropic today withn30 per cent [34, 35]. To put more precisely,
red-shift studies place the limit

(o)
— < 0. .
- <03, (3.25)
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on the ratio of shear to Hubble constanitl in the neighborhood of our Galaxy today. Collins et
al. [36] have pointed out that for spatially homogeneousiaeahe normal congruence to the ho-
mogeneous hypersurfaces satisfies the condifoa:const Under this proportionality condition
it was also found that the energy-momentum distributiorhefrnodel is strictly isotropic, which
is absolutely true for our case.

Further on account of (3.2) we finally find

1

78 azzxo[

! lv]z_lsax[ v]%“_13
XoX1 XoX1 BT M XXy

As it is obvious from[(3.26) the isotropization of the spaoetcan take place only for large value
of Ns.

The equation fo¥ can be found from the Einstein Equatidon (2.6) which after somanipula-
tion looks 3K

OJII—‘
Wi

ag = [ v] (3.26)

V = XV 4 25 [megS + 2(F (K) — KRV, (3.27)

with X = 2n2xZ/Net23x2/N7173 1 order to solvel(3.27) we have to know the relation between

K andV. Recalling thak takes one of the following expressiofis J, | +J,1 —J}, with & =
2SKK; and¥9 = 2PK K} let us first find those relations for differekit

In case oK =1, i.e.¢4 = 0 from (3.10&a) we find
$=0, (3.28)

with the solution

K—|—52—V02 = s=Y0 v —const (3.29)
— 1= - V2’ - VA& 0= .
In this case spinor field can be either massive or massless.
In the cases wheii¢ takes any of the following expressiofi$ | +J, | —J} that giveK; = +1,
we consider a massless spinor field.

Incase oK =J, ® =2 =0. Then from[(3.10b) we have
Py =0, (3.30)
with the solution
K=J=P?=

Y/
= P= 0, Vo = const (3.31)

2
_0 A
V2’ \Y,

In case oK = | +J the equationd (3.10a) arld (3.10b) can be rewritten as

S+ 2PRA] =0, (3.32a)
Po— 2SKAJ = 0, (3.32b)
which can be rearranged as
. : 1d
SS9+ PPy =2 (%+ PZ) = Sat (VZK) =0, (3.33)
with the solution )
V,
K=1+J=S+P?>=_-% \,=const (3.34)

V2’
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It should be noticed that in this case one can use the follgpwarametrization fog andP:
. Vo . Y/
S=+vKsinf = vosme, P=+Kcosf = vocose. (3.35)

Here we like to note that for the case in concern one can cen#i@ massive spinor field as
well. In that case we have

S+2PRAS =0, (3.363)
Py — MspAJ — 2SK A = 0, (3.36b)
which can be rearranged as
SSo+PoPo = 5= (S+P§) = 5= (VK) = msgPoAg. (3.37)
2dt 2dt
From (3.11h) follows
(A2 =12-V2(S+P?) =12-V. (3.38)

Further settings= v/K sinf andP = /K cosf Eq. (3.37) can be written as
d (V2K)
V(V2K) (12 (v2K))

= 2mgpcosBdt, (3.39)

with the solution

2
K = % (1+ sin(2mgpcosht)) . (3.40)

As one sees for massless spinor field from (3.40) follsws|2/2V?2, which is equivalent td (3.34)
for V§ =12/2. Moreover, given the fact that simspcosft) € [—1, 1] for the massive spinor field

K comes out to be a time varying quantity that has the raage[0, If/Vz]. In our purpose we
consider here only the massless spinor field.

Finally, for K = | — J the equationg (3.10a) arid (3.10b) can be rewritten as

S —2PRA) =0, (3.41a)
Po— 2SKA§ = 0, (3.41b)
which can be rearranged as
: : d d

SS— PP =5 (S§—PE) = o (VK) =0, (3.42)

with the solution )

V,
K:I—J:SZ—PZZV—OZ, Vjp = const (3.43)
In this case one can use the following parametrizatiorsfandP:

S=vKcoshg = \gcoshe, P=+Ksinhg = \ésinhe. (3.44)

Thus we see tha is a function ofV. For the cases considered here we established that
K :VOZ/VZ. So one can easily consider the case Wkenl = . In that case itis possible to study
both massive and massless spinor field to clarify the roleivfos mass. Further insertirfg(K)
into (3.27) one finds the expression #r One can further study the behavior\6fnumerically
for differentF. But before that let us first see what happens to the resudtroda if the additional
conditions are taken into account.
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IV. INFLUENCE OF ADDITIONAL CONDITIONS ON THE SOLUTIONS
Thus, until this point we have only used the Einstein systémgoiations without the addi-

tiolnal conditions[(3.13). In what follows we turn to them @&k how these conditions effect our
solutions

From (3.13h) and (3.18b) one dully finds
A2=0, and A'=0. (4.1)
In view of (4.1) the reIationﬂﬂBdﬁ arlEI(ZlISe% fulfill eweithout imposing restrictions on the

metric functions. On account 2e) fro 3c) onedind
A% = 0. (4.2)
The equalitied (4]11) and (4.2) can be rewritten in terms of@field components as follows:

Y — Yo n + P — Yy @3 =0, (4.3a)
Y+ Pn + P+ YyP3 =0, (4.3b)
U s+ s Ps+ Yz + Yu i =0. (4.3¢)
On the other hand, in view df (4.1) arid (4.2) from the equality

VAH = 0= »A3 =0, (4.4)

we have either 2
A’ =0= Y1yn—Ypn+ P3P — Py, =0, (4.5)

or

VP =0=> (i s— s s+ Psgn— Wi =0. (4.6)

In case ofA® = 0 we find A# = 0. Then taking into account thit = A AH = —(S? + P?) we
ultimately find [23]

F+P?=0=—S=0 and P=0. (4.7)
Thus we see that in the case considered here the initiallgimgsionlinear spinor field becomes
linear and massless as a result of special geometry of thecBidypeV Iy spacetime, which is

equivalent to solving the corresponding Einstein equatioracuum.
In this case for volume scalé we find

V = XV1/3-2/Ns (4.8)
with the solution in quadrature
dv BNaX
 —t4t Py =4/ —"_\/(4N3—6)/3N3 4.9
o, Lt Po \/4N3—6 +Co, (4.9)

with tg andCp are being some arbitrary constants.

In Fig. [1 we have plotted the evolution of volume scale. Faorgicity we have sem = 1,
Xo=1,X; =1,Co =10 andNz = 3. The initial value of volume scale is taken to\€0) = 0.1
andV(0) is calculated using (4.9).

As far as spinor field is concerned the MatAxin (3.5) in this case becomes trivial and the
components of the spinor field can be written as

Yi=—, 1=1234, (4.10)
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FIG. 1. Evolution of the Universe in absence of spinor fieldgdum solution).

with ¢;’s being the constant of integration obeying

C1C1+ C5C2 — C3C3 — C4C4 = 0, (4.11a)
CiC3+ C5C4 — C3C1 — C4C2 = 0. (4.11b)

The second possibility is to consider (4.6) wih £ 0. In this case the nonlinear term as well
as the massive term do not vanish. In what follows, we willssder the case fdf =1, setting

F= Z)\kl”k = ZAksz”k. (4.12)

As far as other cases are concerned we can revive them sgpiimgy massnsp = 0.
Then inserting[(4.12) intd (3.27) and taking into accouat th this cas& =\ /V we find

. — 3
V= dy(V), ®=XVY32/MNsy ?K MepVo + 2;)\;((1— NOV2RVI2% | (4.13)
with the solution in quadrature
dv 6N3X
o, ~ o ®, = ﬁvﬂ'“s—@/% + 3K [ MspVoV + Z/\kv(f”kvzﬂ—nk) +Cq, (4.14)
2 3~

with tg andC; are being some arbitrary constants.

It can be shown that the metric functions and the componédrtseapinor field as well as the
invariants constructed form them are inverse functiovf of some degree, hence at any spacetime
pointwhereV = 0 itis a singularity. So we assume that at the beginkingas small but non-zero.
From (4.18) we see that at initial stage the nonlinear terwails if n, = n; such thain; > 1/2
andn; > 1/3+ 1/Ng, whereas for the nonlinearity to become dominant for largjees ofV one
should haven, = ny such than, < 1/2 andny < 1/3+ 1/Nga.
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In Figs.[2 andB we have plotted the evolution of volume saalpdsitive and negative coupling
constants\; andAy, respectively. For simplicity we set=1,Xg=1,X; =1,N3 =3, mgp= 1,
Vo=1,k=1,C; =10,n; = 3,n, =1/4 andN3 = 3. In case of positive coupling constaits—= 1
and A, = 1 the model describes an expanding Universe, while for negabupling constants
A1 = —0.5 andA, = —0.5 we have a cyclic Universe that expands to some maximum amd th
contracts to minimum only to expand again. The initial va@idevolume scale is taken to be
V(0) = 0.1 andV (0) is calculated usind (4.14).
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0 2 4 6 8 10

FIG. 2. Evolution of the Universe filled with massive spinaldi with a positive self-coupling constants
A1 =1andA, = 1.

FIG. 3. Evolution of the Universe filled with massive spina@ldi with a negative self-coupling constants
A1 =—-0.5andA, = —-0.5.

Let us also see what happens to deceleration parameterdiiivpaoupling constants. Using
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the definition

vV VP,
- —_ - 4.15
g V2 P2 (4.15)

it can be shown that in this case our Universe is expanding adteleration. Taking into account
the discussion about the valuermgfwe can rewrite

0 X\VA4/3-2/Ns 4 3¢ [ms,ovov 4+ 220(1— ng)VEMV2(L-m) | 235(1 nz)voz'“zvzufnz)]

AN 3-21M 13k [megVoV + VGV 2 4 AV 2| 4Gy

(4.16)
As it was mentioned earlier, at largehence for largd/ prevails the term withy = np < 1/2.
Taking this into account we find

limg— —(1—np) <O0. (4.17)

V—o0
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FIG. 4. Evolution of the deceleration parameter for the @ree filled with massive spinor field with a
positive self-coupling constanfg = 1 andA, = 1.

In Fig.[4 we have illustrated the evolution of the the deadlen parameter. As we see that the
spinor field nonlinearity leads to the late time acceleratgehnsion of the Universe.

V. CONCLUSION

Within the scope of Bianchi typedp spacetime we study the role of spinor field on the evolu-
tion of the Universe. In this case we consider the spinor fieddl depends only on tinte Even in
this case the spinor field possesses non-zero non-diagamg@lanents of energy-momentum ten-
sor thanks to its specific relation with gravitational fielchis fact plays vital role on the evolution
of the Universe. Due to the specific behavior of the spinodfie¢ have two different scenarios.
In one case the bilinear forms constructed from it becomeslirthus giving rise to a massless
and linear spinor field Lagrangian. This case is equivaletihé vacuum solution of the Bianchi
typeV Iy spacetime. The second case allows non-vanishing masgivecatinear terms and de-
pending on the sign of coupling constants gives rise to edipgnmode of expansion or the one
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that after obtaining some maximum value contracts and entgicrunch generating spacetime
singularity. This result once again shows the sensitivitypanor field to the gravitational one.
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