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KUPAJIbBHA YA KOCMOJIOTUYECKASA MOJEJIb F(R,00R) TPABUTAIINN
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Poccusa

Usygaem wmomubunupoBannyio rpasutammio f(R,JR), koropag MoOxer ObIThb CBEJEHA K KHPAJIbHOI
KOCMOJIOTMYECKON MOJIEIN CIIEIHAJBHOTO THUMA C TPEMsl CKAJSPHBIMU TMOJIMU X, ¢, @. Merom cBemeHust K
KIPATHHON KOCMOJIOMMIECKOIl MOIEIH HCIomb3oBasics aas mogenu f(R, (VR)?), Ho M3HAMAIBLHO GBLI TPIMEHEeH
Naruko mst 6osee o6mieit mogenn f(R) rpaBuranym. B mannoii paboTe peacTaBIeHbl ypaBHEHNUS /1S KHPAJTHHBIX
noJsieli u ypasuenua diumreitna-Opunmana B merpuke @punmana-Pobeprcona-Yokepa. Ormernm, perienns ajis

JAHHON BBIOPAHHON MOIEIN CTPOATCH HA CIEIUAJIHLHOM BBIOODE OJHOrO M3 KUPAIbHBIX MOJel: X = —\/g In 2.
PaccmaTpuBaiorcst pemeHnst B Caydae CBeIEHUS MOJETN K OJHOTIONEBON MOIEN: ABa KUPAJIHHBIX TIOJIS MOJIETN
3aBUCAT JIMHEHHO OT Tperhero. llosydeHHBIE perneHus MPEeICTABJISIOT CO0O0M WHTEpec, TaK KaK IMpH aHAJIN3e
HEOOXO0IMMO YUUTHIBATH ¥ KBAHTOBBIE MMOMTPABKU.

Karouesvie ca06a: KUpaIbHAsT KOCMOJIOTHIECKAST MOJIENb, CKaIsIpHO-TeH30pHas u f(R) Teopusi rpaBUTAINA, BCE-

nenrasg PpuaMana, KOCMOJIOIMIECKHE IAPAMETDHI, CIIEKTPAJIbHbIE [1aPAMETPHI.
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We study the modified gravity f(R,OR), which can be reduced to a chiral cosmological model of a particular
type with scalar field observers x, ¢, ¢. The method of studying the chiral cosmological model was used for
the f(R, (VR)?) models, but was first used by Naruko for the more general f(R) Gracing model. In this paper,
equations for chiral fields and the Einstein-Friedmann equations in the Friedmann-Robertson-Walker metric are
presented. Note that the solutions for this chosen model are based on a special choice of one of the chiral fields:

X = f\/gln 2. Solutions are considered in the case of reducing the model to a one-field model: two chiral fields
of the model depend linearly on the third one. The obtained solutions are of interest, since quantum corrections
must also be taken into account in the analysis.
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Introduction

The need of modification of Einstein gravity closely connected with discovery of the acceleration
in the expansion of the Universe. After this discovery it became clear that GR could not explain this
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phenomena by natural way without introduction of additional fields (dark energy). Therefore there were
studied modifications of gravity theory such as the Einstein-Gauss-Bonnet theory, scalar-tensor theory
of gravity, f(R) gravity and f(R) gravity with high derivatives.

1. Chiral Cosmological Model of f(R,[JR) gravity

The method of transformation of the model f = f(R,0R) to Einstein gravity with scalar fields,
according to the method described in [1] for the model f(R, (VR)?,[JR), is represented in the paper [2]
in detail. The final form of the action after such transformation in Einstein frame is [2]:

1 1 1 p) 1 p)
5= /d4xﬂ{2R = 59" XX — 567‘@"9"”@,;@# + 1672\/;" (f(d,0) — ©B(9, ) —
_ ie—\/gx(b} (1.1)

where f(¢, ) and B(¢, ) are the functions defining concrete form of the model.

The action integral can be considered as three-component chiral cosmological model with
fields {x(¢), ¢(t), o(t)}, the target space metric with non-zero components h1; = 1, hoz = %e_\/%x and
the potential of interaction W (x, ¢, ¢) = ie_\/gxqzﬁ - ie—%/gx (f(p,0) — B¢, ©)).

From the action by standard variation we obtain the chiral fields equations

v v L*ﬁx",i*\/ﬁx _9e—VEx[f_ -

M (qb 2~ VEX[f @B])f(), (1.2)
. ) 2., 1 e
$H+3HY —[3xP+ 5 (1—6 3 [f,¢—soB,¢]) =0, (1.3)
G+ 3HG —\[3X%6 — 5o VX [f, —B—pB ] =0, (14)
and Einstein — Friedman equations
1 1 o1 1

3H? = o + 5e Vg + 2e7VEG - 2o VI (£(0,0) - 0B(5,9)), (15)
H= —% _ %e_\/gx(i)gb. (1.6)

2. Solutions for the selected model

To simplify the search of model’s solutions we study the case when the scalar field x is equal to the
special constant x = —\/g In 2. This value of x corresponds to identical conformal transformation [3|, [4].
For this case, the system of equations of the model can be easily obtained from —.

We analyzed the following cases:

1) When we set potential W (¢, p) equal to zero: W (¢, p) = %gf) — (f(@,¢) — @B(d,p)) = 0, the
case which is valid for rather large class of f(R,R) models of gravity. the solution is

1

H= ETCETaE (2.1)
o =Cyln(t —t.) + ¢u, (2.2)
¢ =Cyn(t —t,) + ¢u. (2.3)

2) When we set the potential equal to constant: W, = 3H 24 H. Then is possible to find a connection
between chiral fields. The fields equation will be the same for W = W,. Therefore we find the following
solutions
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W,

H=1/= tanh(\/3W.(t —t.)), W.>3H? H >0, (2.4)
¢ = €5 Gnh /3 (t—t.,)+o (2.5)

\/W * * %y
Y= Co sinh /3W. (t — t.) + ps. (2.6)

\/W * * *

The second solution for W, < 3H?:

H= VBW.(t—t,)), W.<3H? H <O, (2.7)
¢ = CyIn [tanh ( 32W* (t— t*)> ‘ + ¢us (2.8)
¢ = CyIn [tanh ( 32W* (t— t*)) ‘ + Q. (2.9)

If W, < 0 we have H < 0. Therefore we have the solution:

H:_m ( _3W*(t_t*))’ (2.10)
Gy 1+ sin (\/TVV* )

= 2\/TW*1 1 —sin (vV=3W(t - t.)) + ¢ (2.11)
Gy, 1+ sin (V=3W.(t — t.))

P s T (Vo= ) | T (212

Once again one can see the linear dependence of chiral fields ¢ and .

Following by procedure introduced in the article [5] to apply the standard method of cosmological
parameters calculation (power spectrum, spectral indexes, tensor-to-scalar ratio) we reduce three-field
model to single field inflationary model assuming linear dependence between fields:

o(t) = kox(t), @(t) =kyx, k¢ = const, k, = const. (2.13)

Analysis of obtained parameters shows the necessity to include quantum corrections (say as Gauss-
Bonnet term) into consideration.

Conclusion

The paper considers a chiral cosmological model of the form f(R,JR), as well as some solutions
found for the model. The material presented in the article is of interest for further analysis of the results
obtained and the search for approaches to match the model with observational data.
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