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2 Introduction

» Teleparallel gravity (TG) is based on geometry of
absolute parallelism (Einstein, 1920-th) — using a fielc
of orthonormal bases (tetrads) eﬁ for tangent space-
times at each point of space-time.

» The Weitzenbock connection (1923) is applied in this
theory instead of the Levi-Civita one, that leads to
zero curvature R = 0 and non-zero torsion T.

* Equations of motion of TG coincide exactly with those
of General Relativity (GR). However, modifications of
these theories are not equivalents and their field equa-
tions differ from each other. Therefore, generalizations
of TG (for example, f(T) gravity, scalar-torsion gravity)
give rise to new cosmological dynamics and can des-
cribe late-time cosmic acceleration of the Universe



Introduction

The Weltzenbock connection is used in teleparallel
gravity
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The relation between of quantities, which are

calculated applying the Levi-Civita connection (L) and
the Weitzenbock one (W):
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4 Aim of the work

The aim of this work was the investigation of the late-
time cosmological evolution in teleparallel gravity with
nonminimal coupling with the following Lagrangian
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where

£<0,B(p)=¢" ,N>2 and V(p)=V,¢"
p=wp , wWE|—1;1 V.20 n<0

The tetrad eAu:diag(l,a(t),a(t),a(t)) (ds’=dt*—a"(t)dl’)
and Planck units are used c=h=1



Methods of the investigation

Numerical integration,
methods of theory of differential equations,
algebraic methods

are applyed in this work.
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Main equations

Equations of gravitation and scalar fields are derived by
varying the action with the considered Lagrangian

S =K( S0+ (@) =3 Bl@)+p), (1)

DH=—K|p*+25HPpB'(p)+25H B(p)+p(1+w)] ,(2)

P+3IHP+3IEH B (p)+V ' (p)=0 (3)

here K=8mG |, =

d
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The vacuum case (p=0).

The asymptotic solution (¢ — ) for N > 2,

Vip)=V,p",n<—N.

N
H(t)=H,t "% > a(t)=a,e

2
P(t)=p t""* > o+

This solution is stable with respect to homogeneous

variations of the initilal data (hnumerical result).The

Universe expands with the deceleration at late times
and approaches asymptotically a static state. It is rather

surprising since not so many stable stationary
cosmological models are known.
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Fig. 1. The evolution of the scale factor a(t)
forN>2, V(p)=V,p ,n<—N,p= 0
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9| Fig. 2. The evolution of Hubble parameter H(t)
forN>2, V(p)=V,¢" ,.n<—N, p=0
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@ Fig. 3. The evolution of the scalar field ¢ (t)
forN>2,V(p)=V,¢" n<—N ,p=0

g:l ) VOZI , K=1

10—

10%8L
10'F _
I ] 107k
© P
i | 100.5_
10%4}
100.3
100—2 I III””I—1 I IIIH”ID I IIIH”I'I I IIIH”IE T -2 I IHH”I—'I I IHH”ID I IIIH”I1 I IIIH”IZ —
10 10 10 10 10 10 10 10 10 10

N=—n=6 N=8,n=—10



11 The matter case (p#0).

Fig. 4. Evolution of a(t), P (1) |
forN>2, V(p)=V,¢o"n==N, p70K1
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If the cosmological evolution starts from small p then it
pass through several transient quasistatic stages with
(1 ~ CONSt similarly to «loitering universe» in GR.



12 The matter case ( p#0 ).
The asymptotic solution (¢ — ) for N > 2,

Vip)=V,p", n<=N,

This asymptotic regime is scaling one as (v =cv,,. Itis
the generalization of the solution for N = 2, which has
been found earlier in the paper M.A.Skugoreva,
A.V.Toporensky, Eur. Phys. J. C 76, 340 (2016). It can
suitable for description of radiation- and matter-
dominated stages of the Universe.



@ Fig. 5. The evolution of the scale factor a(%)
forN>2, V(p)=V,p",n<-=N, p#(
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14 Fig. 6. The evolution of @ (t), p(t) for N> 2,
Vie)=Ve@" ,n<=N, p#0
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15 Conclusion

1. In the model of teleparallel gravity .,
with nonminimal coupling function B(qj)zgoh, N> 2
and the potential V' (p)=V,p", n<0
two asymptotic solutions have been found at late
times, which are stable with respect to variations of
initial data: 1). the vacuum solution with a(¢)— const
2). the scaling solution — in the matter case.

2. Strongly decreasing potentials (n <— /NV) lead to the
late-time behaviour of cosmological quantities diffe-
ring from those at the cosmic acceleration stage of
the real Universe.

3. Models with decreasing potentials and a perfect fluid

might be intresting due to the scaling solution, which
can be used for constructing realistic cosmological
models.



Thanks for attantion!

Proposals of a work send to
Maria A. Skugoreva
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