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Introduction

The modified teleparallel gravity with higher-derivative torsion terms have been introduced into
consideration as analog of f(R,(VR)% 0R) gravity [1,2]. It is clear that for such complicated theory
as F(T,(VT)?,0T) gravity rather difficult to find exact or approximate solutions without some
simplification of the model. Therefore we started from study of truncated F(T,(VT)?) model where
the function F is represented as F(T, (VT)?) = Fy(T) + F»(T, X) [3], where X = V,TV*T. Further
simplifications in this work are the choice of Fy part corresponding to TEGR as F(T,(VT)?) =
T + F»(T,X) (where F; = w(T)X) and consideration of power-law expansion of the Universe
a(t) = ast™, (as = const., m > 1). The equations of cosmological dynamics are analyzed for private
values of w(T) with the following choice of the function F: F = T + w(T)V,TV*T. It is shown that
the energy and pressure of the dark sector, arising due to higher derivatives, weaken over large times.
At the early stage of the Universe’s evolution, they support power-law inflation, and the dependence of
the potential V(¢) on the scalar field ¢ is justified from a physical point of view.

1. Equations of cosmological dynamics

The modified teleparallel gravity with higher-derivative torsion terms, of the form F(T, (VT)?,0T)
was constructed in [1]. The action of the model is expressed as follows:

1
§=3 /d%eF(T, (VT)?,07T) + Sm(e), ¥rm), (1)

where the light speed ¢ = 1, Einstein’s gravitational constant x = 87G = 1, T is the torsion scalar,
e = det(ef) = /=g the determinant of the tetrad, u,v,...=0,1,2,3; (VT)? = nBel e, V, TV, T =
gV, v, T, 001 = V,VHT. S, is a general matter action comprised of general fields ¥,,,. We are going
to start with a truncated version F(T, (VT)?) in the Friedmann-Robertson-Walker (FRW) metric:

ds® = dt* — a*(t)d;;da’dx?, (i,5,...=1,2,3), (2)

which arises from the tetrad el‘;‘ = diag(1,a(t),a(t),a(t)), where a = a(t) is the scale factor. The
equations of cosmological dynamics in the tetrad corresponding to the FRW metric are presented in the
following form:

3H? = ppm + ppp, —2H = pm + Pm + pE + PDE (3)

where p,, and p,, denote the density and pressure of the matter component. ppr and ppg are the
effective terms arising from higher-derivatives for truncated model by the following way:
poE=—7 = 6H?Fr +3H? — 432HH*Fx — 144HH*Fx — 144HH?F, (4)
ppE = —3H? —2H + 2HFr + 3H?Fp + 2HFr + 96HH?Fx + 144H*HFx + 144HH3F,
+A8HH?Fx +48H H?Fx + 576 H>H?Fx + 48HFx + 192HHHFx + 144H H3F, (5)

where X = (VI)% T = —6H% T = 4L = —12HH; X =T? = 144H?H?, Fx = £ pr = 4&

By analogy with the investigation of f(R, (VR)?) [2] we choose the function F(T, (VT)?) as follows:
F=T+w(T)X. (6)

Such choice means that we kept teleparallel equivalent of GR (TEGR) when kinetic part is absent,
i.e. w(T) = 0. Let us study few specific cases:

A, F=T+ o X, where w(T) = ay = const.

B. F =T+ aTX, where w(T) = asT, ay = const.
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C. F=T+ %X, where w(T) = %%, a3 = const.

For each case, the derivatives of the function F(T,(VT)?) with respect to T, X and time t are
computed as follows:

(A): Fp=1; Fr=0; Fx =aq; Fx =0; Fx =0, (7)
(B) Fr=14ayX; FT:OZQX; Fx = aoT; FX:OQT; FX:a2T7 (8)
azX - azX . a3z o az o sz .o 2a3T2 a3T

Substituting these values into the field equations (3) with density (4) and pressure (5) of dark energy,
we can derive the field equations for these models.
For the case (A), F =T 4 «; X we obtained the following expressions:

ppE = —T201 H2H? — 4320, HH* — 1440, HH?, (10)

ppE = 48a1 H H? + 57601 H*H? + 48a1 H® + 19200 HH H + 1440, HH®. (11)

For the case (B), F =T + asTX, the expressions for density and pressure are given by:
ppE = 259200 HH® + 8640 HH® + 12960, H? H*, (12)

ppE = —3024a H>H* — 86400 H H® — 172800y H® H? — 23040, H H H® — 28800y H H* — 17280, H? H?. (13)

Finally, for the case (C), F =T + %2 X we have:
ppE = T203HH? — 1203 H? + 2403 HH, (14)

ppE = 48a3H? — 108a3 H?>H? — 8as HH? — 2403 HH®. (15)

In all three cases, when the coefficients a1, as and ag are equal to zero, we obtain the teleparallel
equivalent of general relativity, as ppg and ppg are vanishing. The energy and pressure of dark sector
are used to describe the later inflation. To study early cosmological inflation it is possible to make
transformation to self-interacting scalar field with the following relations

¢ = ppr +ppE, 2V = ppE — PDE, (16)
where ¢(t) is the scalar field, V' (¢) the potential energy of the field ¢.

2. Power-Law Inflation

Let us consider a power-law evolution of the scale factor a(t) = ast™, where a; is the constant.
Evidently the Hubble parameter takes the form H = Z*. Specifically for inflationary expansion we choose
m greater than one (m > 1). This applies to all three aforementioned cases of the model. For each case,
we will find the values of density and pressure of dark sector. In the first case (A), by substituting the
Hubble parameter H = 7 into the expressions for the density (10) and pressure (11) of dark sector, we
obtain the following values:

m* m3
PDE = 72a1t—6 (6m —5), ppr = 144a1t—6 (6m —5). (17)
By performing similar transformations using equations (12) and (13) for the second case (B), and
equations (14) u (15) for the third case (C), we obtain:

6 5

m m
ppE = —43202 =5 (6m —T7), ppp = —14daz—5 (45m — 56), (18)
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2

m m
pDE=36a3t—4(1—2m), pDE=12a3t—4 (4—9m). (19)

By taking the limit ¢ — oo in equations (17), (18) and (19) , we observe a diminishing influence
of dark energy on cosmological dynamics. Thus, these models are unable to adequately describe late
inflation. Furthermore, examining the equation of state of dark sector given by w = ig—g , We can see
that it is time-independent and has a specific constant value for each case, depending on the expansion

exponent m:

3m (6m —7) 9mn — 4
Bw=——— (Crw=—r———.
B)w =56 = samr o1
Note, that in the case (B) we have the range 1.166 < m < 1.244 which leads to negative w.
Now, let us consider existence of the early power-law inflation.

(A): w = (20)

2
m’

Using the relations for the scalar field and the potential (16) we can find the dependence of the
potential on the scalar field.
For the case (A), using (17) we find that this dependence will be cubic:
2 m—2

=3 3
V_3(m+2) \/20z1m3(6m—5)(m-|-2)gZS ’ (21)

For the case (B), using (18), we find that this dependence contains ¢ in the power % and it will
have restrictions on the expansion parameter if :1 < m < 1.2, ag > 0:

m® (3m —7) (3m — 4)

V = 144as S8, (22)
(F4v/=2am® (9m? + 12m - 28))’
For the case (C), using (19) , we find that this dependence is quartic:
13 (3m?* — 6m + 2
V= (8 — 6m +2) Pt (23)

~ 576asm (3m2 + 3m — 2)

Below are the graphs of the dependencies of the potential V' on the scalar field ¢. The values of m
and the coefficients a1, ag, ag from equations (21), (22) u (23) have been selected for clarity, and they
are specified in the descriptions accompanying the graphs. Considering specific cases of the model, one
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Puc. 1. Graph of the dependencies of the potential V on the scalar field ¢ a) The solid line represents the
model F' =T + a1 X, with a1 = —1000 and m = 1, 3; the dashed line is for the model F' = T + a2T' X, with
a2 =1 and m = 1,2 and the dotted line corresponds to the model F =T + %X, with a3 = 0.0001 and m = 1,3
b) The solid line represents the model F' = T + a1 X, with a1 = 1000 and m = 1, 3; the dashed line is for the
model F' =T + axTX, with az = —1 and m = 1,2 and the dotted line corresponds to the model F =T + 22 X,
with ag = —0.0001 and m = 1,3

can conclude that models (B) and (C) are suitable for describing the behavior of the early universe in
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power-law inflation, while the model (A) has not minimum (maximum) of the potential and it does not
admit chaotic inflation at least.

Conclusion

Our result is as following. Considered power-law models could not effectively describe the later
inflation, because of dark energy weaken on large times. As for early inflation, we found that models
(B) and (C) have suitable from physical point of view potentials which can support chaotic inflation.
Also, we note that power-law evolution of the scale factor does not admit "graceful exit" from inflation,
nevertheless this model gives opportunity to find the method of investigation more realistic models, say
exponential power-law inflation.
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