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Abstract. The article studies the inflationary properties of a cosmological model
with the scalar field containing a non-minimal coupling with a modified Gauss-Bonnet
invariant Sf{G)f{(¢) and the trace of the energy-momentum tensor of the scalar field af{¢)
T in the framework of a flat, homogeneous and isotropic Friedman-Robertson-Walker
Universe. To study the inflationary properties of the model, the chaotic potential, the
natural potential, and the Starobinsky potential were selected. Within the framework
of the slow-rolling approximation and assuming the coupling constants a and £ to be
small (a1 and p<1), generalized expressions for the scalar spectral index n_and the
scalar tensor ratio r are obtained. In the work, the Cobaya cosmology shell for cos-
mological calculations together with the Polychord sampler was used to calculate the
theoretical values of the scalar spectral index and the scalar-tensor ratio and compare
them with the observables. It is shown that for the chaotic potential, only the value of
the scalar spectral index agrees with the observed data of Planck2018, and the value
of the scalar-tensor ratio r exceeds the observed value. For the natural potential and
the Starobinsky potential, both values of the inflationary parameters are consistent
with observations. It is shown that for the case f{G)=G and all types of potentials, the
coupling parameter o is marginalized in each model, and the coupling parameter 8 does
not affect the dynamics of inflationary parameters and is not constrained in any way.
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Modified gravity models for inflation with non-minimal coupling trace of the
energy-momentum tensor of the scalar field and the Gauss-Bonnet invariant

Introduction

Modern cosmology is based on Einstein’s General Theory of Relativity and assumes that on scales larger than
galaxies, the Universe is homogeneous and isotropic. This model is described by the Friedmann-Robertson-Walker
metric, in which the scale factor determines the degree of the Universe’s expansion over time. The evolution of this
factor is governed by the Friedmann equations, which relate the expansion rate to the energy density and pressure
of various components (radiation, matter, dark energy). However, the standard Big Bang model faces several fun-
damental problems. The flatness problem arises from the fact that even tiny deviations from the critical density in
the early Universe would have led to a highly curved geometry today - which we do not observe. The horizon prob-
lem stems from the observation that opposite regions of the Universe, such as those seen in the cosmic microwave
background, could not have been in causal contact - yet they exhibit the same temperature and properties. These
paradoxes are resolved by the introduction of the inflationary theory, according to which, in the first fractions of
a second after its birth, the Universe underwent a phase of exponential expansion. As a result, even very small re-
gions of space were “stretched” to cosmological scales, ensuring uniform physical conditions and smoothing out the
curvature. Thus, inflation simultaneously solves both problems: it makes the Universe appear flat and establishes
a causal connection between distant regions [1]. Inflationary cosmology also provides the initial conditions for the
formation of large-scale structures, explaining the origin of density fluctuations that later evolved into galaxies and
clusters. These quantum fluctuations, which arose during the inflationary period, became “frozen” into the fabric of
spacetime and are observed today as anisotropies in the cosmic microwave background radiation (for reviews, see,
e.g, Refs. [2, 3]). At present, inflation is considered an integral part of the standard cosmological model. However,
the exact mechanisms underlying the inflationary expansion of the Universe remain not fully understood. There are
numerous competing inflationary models, among which single-field slow-roll models attract particular interest due
to their structural simplicity and effectiveness. Nevertheless, recent data from the Planck mission in 2018 [4] have
cast doubt on the validity of some of these models. Before moving on to more complex constructions of inflationary
scenarios, the authors suggest approaching the problem from an alternative perspective.

Modern modified theories of gravity, such as f(R) gravity and its extensions, offer a promising approach to
providing a unified description of both early-time inflation and the late-time accelerated expansion of the Universe
- without the need to introduce dark energy as a separate component. Within these theories, the geometric part
of the gravitational action is modified in such a way that cosmic acceleration arises naturally from the structure of
spacetime itself. This not only allows for the reproduction of inflationary dynamics but also offers an explanation
for phenomena traditionally attributed to dark matter and dark energy. Thus, modified gravity provides an oppor-
tunity to reconsider the standard ACDM model by addressing its conceptual challenges, including the origin and
the extremely small value of the cosmological constant [5]. The ACDM model, which incorporates the cosmological
constant A, provides a successful fit to observational data and is therefore regarded as the standard model of cos-
mology. However, it does not offer a complete explanation of cosmological dynamics, as the two dominant compo-
nents—dark energy and dark matter-remain insufficiently understood. In particular, the physical or geometrical
origin of the cosmological constant A, as well as its remarkably small value, still requires clarification. By moving
beyond the assumption that the Universe is precisely described by the ACDM framework, one can consider modified
gravity theories, which are extensions of Einstein’s general relativity, to address these unresolved issues [6]. These
extensions may involve modifications to the geometrical part, the matter part, or both components of the Einstein-
Hilbert action. Numerous modified gravity models have been developed, such as f{R) gravity [7] and f{T) gravity [8],
where T denotes the torsion scalar in the teleparallel formulation. Moreover, theories with non-minimal coupling
between geometry and matter have also been explored, including f{R,L, ) gravity [9] and f(R T) gravity [10], where
L_m and T are the matter Lagrangian and the trace of the energy-momentum tensor, respectively. One of the main
motivations for considering such modifications is the possibility of naturally explaining the late-time acceleration
of the Universe without introducing a separate dark energy component [11].

Beyond late-time cosmology, modified gravity models are also relevant in the context of the early Universe,
particularly during the inflationary epoch. From a phenomenological standpoint, these theories may serve as effective
descriptions of a more fundamental, yet unknown, quantum theory of gravity below a certain energy scale. Within
this perspective, it is plausible that such modifications leave observable signatures during the inflationary phase.
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For instance, Higgs inflation is based on a non-minimal coupling to the Ricci scalar, while the Starobinsky model
[12,13] incorporates a quadratic R? term in the action and is known for its excellent agreement with observational
data when expressed in the Einstein frame. The interplay between inflation and modified gravity has been widely
discussed in the literature [14-23], with a comprehensive overview presented in [24].

In this work, we propose a novel modified gravity model, referred to as f{¢)T gravity. This theory extends
Einstein-Gauss-Bonnet gravity [25] by introducing a direct coupling between the inflaton field ¢ and the trace T of
the energy-momentum tensor. The action of f{¢)T gravity is

$=J (&4 BF@F @) + af @) + L) y=gd*x
= 8nG EMLZZ,MPI =1

Mz, Mp; =1, is the redused Planck mass and R is the Ricci scalar, T is the trace of the
energy-momentum tensor, £, is the matter Lagrangian.

where k = 8nG =

The function is a dimensionless function of the inflaton ¢ , satisfying the condition f{0)=0, ensuring the
recovery of General Relativity (GR) in the absence of the inflaton. Thus, this model represents a modification of
gravity that operates exclusively during the inflationary period. In the limit a—0, the theory reduces to standard GR.

In this work, we consider the simplest case

fe) =Vrg @
This approach generalizes the form of modified gravity
f(R,T) =R + 2kaT (3)

interpreting o as a field identified with the inflaton. Such a modification of gravity has not been explored
previously and can be motivated within certain semiclassical frameworks of quantum gravity[26, 27].

General framework
We introduce a new model of f{¢@)T- gravity, an extension of GR with a direct inflaton - trace coupling of
the energy - momentum tensor. The action of f{¢)T - gravity has the following form

S=J (Z+BFEf(@) +af ()T +Ly)J—gd'x @

We consider action (4) together Friedman-Robertson-Walker metric discribes spatal flat and homogenious
space-time ds? = dt? + a?(t)dx;dx" .Here we give notations for our action such as the Ricci scalar and the
Gauss-Bonnet invariant, mater Lagrangian and trace of the energy-momentum tensor
2

a

G =24 R =g —1p2 = 2 5)
=24——,R=6|_+— ), Ln=70¢ —V(p), T = ¢* —4V(p)

Taking into account the FRW metric, we rewrite the action, substitute R and introducing indefinite Lagrange
multiplier

S=/ dta3[% (g + Z—) + BVEF(G)p + avkoo? — 4aKoV (9) + %4;2 —V(p)
A (G — 24 “ai>] (6)
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To find the indefinite Lagrange multiplier, it is necessary to differentiate the action by G and equate the
derivative to zero, which corresponds to the extremum condition

Z_z = 0= [pVkfs(G)pa® — 1a®] = 0= 1 = BVkf(G)p @
We obtain lagrangian, after a simple transformation
L=—2aa+ pVif(6)aPp — BVifsGalp + aicp?adp — davikV (9)ap +

. o |
~¢?a® —V(p)a® — 8pVkfea’p — 8fVkfecGap

@_i(ﬂ)_o
9q  dt\aq) 8)

Aplying the Euler - Lagrange equation 34 ~ ae \,.

aL  d (Eﬂ.
aq

), for the scale factor a(t) , we obtain

2H +2H? = ~ 192 4 V(p) ~ BVRF (@) — avRPp + 4avRgV (p) + fVRfsGy
~8fVKfaH? — 165V oG GoH? — 16fVKfapHH — 165ViefopH
_ ~8BVKfe66G*H?* @ — 8BV feGH? @ — 16V fecGHHo —

16B8VKfecGH3p
9
Then we find the total energy oL a-+ a—l-'(p + oL G — L = 0, we obtain
_ da dy G
La+lp+2e-L=0,
da o9 aG

32 = 24K fopH? — 24BVKfagGH 9 — BVRF () + £ (1 + 2aR)
+V(9)(1 + 4avkp) + BVkfGo

aL d (oL
———|=)=0f
aq dt (6q> (10)

oL d faL
Aplying the Euler - Lagrange equation 2q at (a—) = O for the scalar field ¢(t), we obtain
q

<})(1 + 2avkp) + 3H¢(1 + 2avkp) — a\/Eq}Z +V'(0)(1 + 4avkp) a1
+4aVkV (@) = BVEf(G) = 0

In the below parts we consider f{G)=G. That reduction is physicaly existing case. In that case equations
(10)-(11) take the form

ZH+2H2 = =2 (1 + 2avkg) + V(9) (L + 4avkg) — 88kgH? -
168vK@H(H + H?) - ©a2)
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%HZ = —243\/@1{3 + %(1 + 2aVEp) + V(@) (1 + 4avKp)

gb(l + 2avke) + 3H¢(1 + 2avkep) — a\/Eq.)Z + V' ()(1 4+ 4avkp) + (12)
4KV (@)

—24B\KkH? (H + HZ) =0 (13)

The methodology. Slow roll approximation in the nonminimal coupling model
The slow roll approximation of the scalar field ¢ with respect to the potential V(¢) is determined by the

conditions . ; :
2 2
21, |8« 1, Y90
4 Ho Ho (14)
Applying them to equations (12)-(13), we obtain
2H? = V(p)(1 + 4avkp) — 24p\KpH® (15)
3Ho(1+ 2avke) + V' (p)(1 + 4avke) + 4aVkV (p) — 24BVkH* = 0. (16)
Then the effective potential and its derivative are determined by the following expressions
Verr =v(p)(1 + 4avke) (17)
5
yerf — V(@) (1+4avip)+4aky (9) v (p) (1+4avie)’ (18)

P 1+2avke

Let’s consider equations (15) and (16) as a system equation and assume that a<<1 and <1 and omit the
higher-order terms, we can find that

H? = ZkV (@) + ga;cfv(fp) + gﬁ’ng(@)V'(fp) +0(a®) + 0(B?) + 0(ap) (19

The Hubble slow roll parameters €, and 1, are expressed in terms of the effective potential and its deriva-
tives Veff, V;’f’r and V;q’;’f

H €EH

EH - _E, nH - _HEH (20)

Next, the slow roll parameters (20) are used to calculate the spectral index of scalar perturbations n, and
the tensor-to-scalar ratio r, whose values can be compared with observational data

ng=1-—2ey —ny,r = 16€y (21)
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In the f{¢)T modified gravity, substituting the potential into (15) and (16), we get the slow roll parameters

1 (v’ 2 4y’ v’ vV V'3 ,
e =§( (<p)) _l_%( (<p)_¢( (<p)) )+ /3 @V _VEQ) _ @)

V(p) V(p) V(p) V(p) V2(p)
(22)
Ny = 1v"(@) _(4V’(<p) _ V(o) ) 4t ,6’ V2@V (@) | 453 () _V'(pV"(@) _
H™ xvip) " ve\ vip) V(p) V'(¢) V2(p) V(p)
, 1% v
2V () + 4xc (V' () + —(“;),(m“"))> 23
The number of e-folds is
Pend H
N = j —d§0
@* ()

(14 2avko) <KV(<0) + darzoV (9) + %ﬁK%V(w)V’Gp))

Pond V’(go)(l + 4avkep) + 4a\/EV(go) — 24BKH? — BRH? do

= [ g + 2o (03555~ 2my) + o (552 + 3 o

(24)
We omit the higher-order terms in @ and £ in the last expression. With the field value evaluated at the horizon
crossing using (24), one can calculate the observables n_and r using (21).

Findings and discussion. Application to inflationary models

1. Chaotic inflation
We consider first the chaotic inflation model [26], where the potential is of the power-law form

vV = AME, (Mpl)n (25)

In the f{¢)T modified gravity, substituting the potential into (17) and (18), we get the slow roll parameters

nz an 4 2 l -3 4 E -1
€y = — @4 —-n (——n KzAQP"™° — —nkzAp" ) 26
H= 2t T g AW B (3 @ S nKeAp (26)
_ — 32 8 2 11 n-3 _ 8 3 11 n-3

"H_mp+ 2 8n-32)+8 S NoK2AQ SNoK2 AP 4
g 1 _ 8 1 _
SnKzAgn 2 —sn K2/1<p" K2/1<p" 1 +—nKZA<p” 142 Kz/lfp ——ic2/1<p )

(27)
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The spectral index and tensor-to-scalar ratio are modified accordingly to be

_q4_m _2n @ _ 2 _16_ 3 29 n-3
ng=1 o K‘P2+\/E§0(32 16n+2n)+ﬁ( S norzAQtT +
& 313 — Snkiden 2 + Sn2iadgn? 4 2iadgnt — dniidgn! —
S ¢ Sz - ¢ ~ K2 nk2¢
16 L. . 16 L. o
S KAQ™ + K2 ) (28) (28)
8n? | 16an 64 1 a3 64 3. .
= T T 4-n)+p (—?nzkz/lgon > — = nk2dg" 1) 29)

The spectral index and tensor-to-scalar ratio are calculated by (17) and their MCMC corner plot present
in Figure 1. We have three free parameters «, f and n. The other internal parameters are expressed in terms of the
free parameters. Table 1 shows the mean values of the coupling constants a and S for reconstruction with chaotic
potential.

Figure 1. The spectral index and tensor-to-scalar ratio for the chaotic inflation potential (25).
The range of is, is and is Marginalized joint 68% and 95% C.L. regions for and at from Planck 2018
data [4] are shown in blue and light blue, respectively.

Table 1. Parameter values in the confidence interval for the chaotic inflation potential (25).

a B n n r

-0.0098+0.0063 No limit 1.38+0.42 0.96295+0.00434 0.050+0.01

2. Natural inflation

Natural inflation [27] is a well-motivated inflation model, as the flatness of the inflationary potential required
by the slow-roll is guaranteed by a quasishift symmetry. In natural inflation, the inflation is an axionlike particle
and has a potential of the following form
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vV =2a% [1 + cos (?)] (30)

Within the nonminimal coupling gravity, the slow-roll parameters are

s (5 ))2_a< ssn®) es() ))2)+ [),(_(L

ZfK(1+COS($ fK§(1+COS(%)) f2K5(1+cos($ 3f

4K%A4 cos(%) sin(?) 4K% A4sin3 (?) )

(o) aps(reos(?))

€y =

(31)
sctg[% esin[%
Zcos(f) ZSinz(g) @ f +f(1+COS[£]) COS[_]
M=~ fzx(1+co£(f))+ T TS S| -
f f K(1+COS(?))
2 6A*Cos[2]sin[4] 4n*sin[%)3
44% (1 + cos[Z]) ctg[Zlesc[¥] - L L
( COS[f]) c g[f]CSC[f] f3(1+cos[%]) fg(l_l_cos[%)z
. A4(1+Cos[%])60t[%] ~ 44*sin[%)
f f
(32)

We see again that when a—0, the results of f{¢)T modified gravity go to the Einstein gravity ones. The
spectral index and tensor-to-scalar ratio in the of f{¢)T gravity can be expressed accordingly

3sin? (2) 2 cos(f) o <_ 16sin(%) N 2¢@sin? (%

fzx(1+cos(%))2 B fzzc(1+cos(%)) B fk%(1+cos(%)) fz;c%(1+cos(£)) -

SZCtgl(%)> + ﬁ (_ 8K%A4 sin(%) _ 41(%/14 cos(%) _ 4—}c2A4 cos(f)ctg(f) + 32}c2A4ctg ( )

ng=1-

P 3f2 3f 3f
161c2/14 cos(f)ctg (f) N 16K%A4 cos(%)csc(%) N BK%A“sin(%) N 16K%A4sin(%) cos(?) N
3 3 3f 3f3(1+cos(%))
SK%A4sin3 (%)
3f3(1+cos(%))2 (33)

. 8$in2(%) ))2 ‘g (_ 164sin(%) B 16¢ sinz(% )2> B (64K;A4sin($) N

fztc(1+cos($ f;ci(1+cos($)) fzx%(1+cos(%) 3f

64K%A4 cos(?) sin(?) 64;c% A*sin3 (%)

3f3(1+005(%)) * 3f2(1+cos($))2>

(34)
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The spectral index and tensor-to-scalar ratio are calculated by (21) and their corner MCMC plot present in
Figure 2. We have three free parameters «, 5. The other internal parameters are expressed in terms of the free pa-
rameters. Table 2 shows the mean values of the coupling constants @ and £ for reconstruction with natural potential.

Figure 2. The spectral index and tensor-to-scalar ratio for the natural inflation potential (30).
The range of is for, is.Marginalized joint 68% and 95% C.L. regions for and at from Planck 2018
data [4] are shown in blue and light blue, respectively.

Table 2. Parameter values in the confidence interval for the natural inflation potential (30).

a B F ng r

(-1.099+0.153)x103 No limit 4 0.96491+0.00419 0.01327+0.00036

3. Starobinsky inflation
In this subsection, we will consider the effective potential of the Starobinsky inflation [13] in Einstein frame as

2K

V=A*1-e 37 (35)

For Starobinsky inflation we also find the slow roll approximation parameters. To simplify the expression,
we will introduce some definitions such as

2e72¢ 8e~¢® 4e72¢ 8 2 4 _ 8 3 4 _
EH:ﬁ'l'a T ) —:fz +ﬂ §K2A4e 2"’—5K2A4e Y —
kK(1-e~9) K2(1—e—®) kK(1—-e~9)
1

16A*Kk2e™¢

— (36)

3(1—e~9)
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4e™® 16e~% 32 32 1 16 3 4 _
MH = (qe9y "%\ 2 — I tp ?K2A4_?K2A4e -
r(1=e7?) KZ(1-e=?)  KZ(1-e~9)
1

1 3

1 1 > 14 ,—3 > a4 p—2 >4 3

Z 8 = 64K2A*e 3% 32k2A%e %% 4K2A 40 =
8kzA*e™? — —k2A%e?® — — —KzA*e™?®

3 3(1—e~%) (1—e~%) t 3 3 t
3
44K2N%*e~®
3 37)

The spectral index and tensor-to-scalar ratio are modified accordingly to be

_ 4 4eT2 4e7® 32 __lee™® 8pe2¢
=1 e ke “(ﬁ(l—e-«’) ﬁ(l—e-<ﬁ>+ﬁ(1-e—<p)2)+

1
32 1 16 1 _ 1 _ g 1 64K2N*e=39
B —?K2A4 + ?K2A4e 2¢ + —8KkzA*e™® + §K2A4e‘p +—

3(1—-e~9)
3 3 3 3 4
64 = _ 4 = =z _ 28Kk2A%e~ %
—?K2A4€ 2¢ + §K2A4 + 8K2/14€ Y — T ‘
(38)
2 2 L a2 3
32e~2%¢ 128e~¢ 64@pe%®P 256K2A%e%% 128 = —
= 1oz T -5 +B —31_—_<p+7K2/14e 20—
Kk(1-e~%) K2(1—e=?) Kk2(1-e—¥)2 (1-e7%)

3
128kz2A%*e =% (39)

In this way, the spectral index of scalar perturbations and the ratio of tensor perturbations to scalar ones
are expressed. The spectral index and tensor-to-scalar ratio are calculated by (21) and their MCMC corner plot

present in Figure 3. We have three free parameters «, . The other internal parameters are expressed in terms of

the free parameters. Table 3 shows the mean values of the coupling constants a and f for reconstruction with the
Starobinsky potential.
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Figure 3. The spectral index and tensor-to-scalar ratio for the Starobinsky inflation potential (35).
The range of is, is.Marginalized joint 68% and 95% C.L. regions for and at from Planck 2018 data [4]
are shown in blue and light blue, respectively.

Table 3. Parameter values in the 16 confidence interval for the Starobinsky inflation potential (35).

a B ng r
(-3.6+£12.3)x10°® No limit 0.9650+0.00392 0.00217+0.00012

Conclusion

The article presents a study of a cosmological model with a scalar field containing a non-minimal coupling
with a modified Gauss-Bonnet invariant Sf{G)f{¢) and a trace of the energy-momentum tensor of the scalar field
af(¢)T in the framework of a flat, homogeneous and isotropic Friedman-Robertson-Walker Universe. To study
the inflationary properties of the model, the probabilities for the chaotic potential, the natural potential, and the
Starobinsky potential are calculated. For the chaotic potential a*¥*=-1.0983-10°3, **¥= nonconstrained means
that the Planck 2018 data impose restrictions on the non-minimal coupling of f”*bestfit=nonconstrained and the
absence of restrictions on the non-minimal coupling of Bf(G)f(¢). For the natural potential a?*¥*=-1.0983-10-3,
preft=nonconstrained, which corresponds to the same consequences as for the chaotic potential. For the Starobinsky
potential, a”**=-3.7510-10°, f**¥* = nonconstrained, means that the Planck2018 data does not require modification
of the equations of motion due to the introduction of a non-minimal coupling af{¢)T in the case of the Starobinsky
potential, there are no restrictions on the non-minimal coupling Sf{G)f{¢). Generalize classification of nonminimal
coupling Einstein-Gauss-Bonnet with af{¢)Tpresent in Table 4.

Table 4. Classification cosmological model

Potential o / B constrained Planck 2018 agriment
Chaotic Yes/No 3.6021-10%+1.2572-10? No
Natural Yes/No 1.3270-10%+3.6207-10* Yes
Starobinsky No/No 2.1717-103+1.2794-10* Yes
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JHeprua-uMIyJabC TEeH30PbIHbIH, i3iMeH MUHMMAaJIAbl 6al/IaHbICHI
6ap uHQISInMAFa apHAJIFaH aybIPJbIK KYIWiHIH MoguPuKanMsa/IaHFaH TeOPHUSACBIHbBIH,
MoJeJibJepi cKassAp epici xxoHe laycc-BoHH HHBapHUaHThI

Axparna. Makanaja mogudukanusianrad laycc-boHHe MHBapuaHThI koHe PpuamaH-PobepTcoH-Yokkep
Ka3blK, OIPTEKTI »KoHe U30TPOINTHI FAJIAMHBIH, 66JIiri peTiHje ckausap epiciHiH 3HepTrUsA-UMNY/IbC TEH30PbIHbIH,
i3iMeH MMHUMaJbl 6alIaHbIChI 6ap CKaJsp epici 6ap KOCMOJOTHUAIBIK MOJAebIH NHQAALMANBIK KacueTTepi
3epTresesi. Moaenb/iH MHPAALUAIBIK KACHeTTEPiH 3epTTeY YILiH XaOTHUKaJIbIK [T0TEeHIMaJ, TAOUFH NOTeHLHaJ
»koHe CTapOGHMHCKUN NOTEHLIMAJbI TaHJAN/bl. Basty *KblIKYABIH KYbIKTAYbI IIeHOepiH/e )KoHe KoHe GaiJaHbIC
KOHCTaHTaJIaphblH Killi fien caHay (»kaHe ) CKaJIAPJBIK CIIEKTPJIiK UHEKCI MeH CKaJIAPJbIK-TeH30pJIbIK KaTbIHAC
YILiH >Ka/NblJIaHFAH 6pHEKTep alblHAbI . CKaJIAPJIBIK CIEKTPJIIK UHAEKC ITeH CKa/IAPJbIK-TeH30PJIbIK KATBIHACTHIH,
TeOpPHUSJIBIK MOH/IEPIH ecenTey XoHe 6alKalFaHAapMeH CabICTIPY YIIiH KOCMOJIOTHSJIBIK YIIiH Ka6bIK KOJI1aHbI/IbL.
Cobaya cosmology ecentey Polychord cbiHaMacbiMeH 6ipre. XaoTHKaJIbIK IOTeHLMA YIlliH 6aKbliaHaThIH Planck2018
JlepeKTepiHe TeK CKaJISIPJIbIK CIEKTPJIiK UHAEKCTiH MOHI ColiKeC KeJIeTiHI KepceTinreH, a CKalspJiblK-TEH30PJIbIK,
KaTbhIHACTBIH MoHI GaKplJIaHATBIH MOHHEH achll TyceAi. CTapoOUHCKUN/IH TabUFH dJieyeTi MeH dJieyeTi yIliH
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UHOIANUAIBIK TapaMeTpJIep/liH eKi MoHi Jle 6aKblIay/IapFa colKec Kese/li. JKaFAalbl XKoHe OTeHI[UaIAap/IbIH
OapJIbIK TYypJiepi YIIiH 6aliJaHbIC TapaMeTpi ap MoJieJIb/ie MapTUHAJaHa/Ibl, a1 GaiIaHbIC TapaMeTpPi MHPJSIUSAIIBIK
napaMeTpJiepiH JUHAMHUKACbIHA 9Cep eTIel/ii )koHe leKTey KOUblIMalabl.

TyiiH ce3aep: unoasanus, [aycc-boHHe MHBapUaHThI, SHEPTUSA-UMITY/IbC TEH30PHI, 6asty JoMaJayFa
YKAKbIH/|Ay, CKJISIPJIBIK CHEKTPJIIK UHAEKC, CKaJISIPJIbIK-TEH30PJIbIK, KAaThIHAC, 6aKblIay HIEKTEY/IEPI.
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Mogenu MoaupUIMPOBAHHON TEOPpUM rPaBUTALMU AJ151 UHPISALMYA C HEMUHUMAJIbHOMN
CBSAI3BIO CO CJIeJOM TeH30pa 3HEePTrUuUu-uMIyabca
CKaJISIPHOTO M0JIA M UHBapuaHToM l'aycca-BoHHe

AHHOTauMs. B cTaTbe u3y4yaroTcs UHQASLUOHHBIE CBOMCTBA KOCMOJIOTMYECKOH MOJIE/IN CO CKAJIIPHBIM
10J1eM, cojiepKallel HeMUHUMAJbHYIO CBA3b C MOAUGUIIMPOBAHHBIM HHBapHaHTOM ['aycca-boHHe U c1ejoM TeH30pa
3HepPTUHU-UMIyJIbCa CKAJIIPHOIO M0JIsI B paMKaX IJIOCKOH, OJHOPOAHOM U u30oTponHoi BecesenHol PpuamaHa-
Po6epTcoHa-Yokkepa. [lyis1 u3yuyeHUs1 UHQJISAIIMOHHBIX CBOMCTB MO/Ie/IM ObIIM BbIOpaHbl XaOTUYECKUH OTEHI A,
NPUPOAHBIN NoTeHIMa M noTeHaa CTapobrHcKoro. B paMKax npu6/IMKeHUs Me/IJIeHHOTO CKaTbIBAaHUA U [IPU
YCJIOBUM MaJIOCTH KOHCTAHT CBSI3U U (U ) OJydeHbl 0600611ieHHbIe BbIPAXKEHU [I/151 CKaJIIPHOIO CIIEKTPaIbHOT0
MH/JIeKCa U CKaJIIPHO-TEH30PHOI0 OTHOIEeHUs . B paboTe [/1s1 BBIYMCIEHUS TEOPETUYECKUX 3HAaUeHUH CKaJISIPHOT0
CHEeKTPa/IbHOTO UH/IeKCA U CKaJIAPHO-TEH30PHOI'0 OTHOLIEHUS, a TaKXKe CpaBHEHHUS ¢ HabJ110aeMbIMU 6bly1a
npUMeHeHa 060J1049Ka [iJisl KOCMOJIOTMYeCKUX BbiuucaeHui Cobaya cosmology coBMecTHO ¢ cammiepom Polychord.
[TokasaHo, 4TO /I XaOTUYECKOro MOTEeHI[MAJa COIJIacyeTcs ¢ HabJroaaeMbIMU faHHbIMU Planck2018 Tosibko
3HaueHHe CKaJIIPHOTO CHeKTPaJbHOI'0 UH/IEKCa, a 3Ha4eHHe CKa/IIPHO-TEH30PHOT0 OTHOIIEHHUS NpeBbIllaeT
HabJitojaeMoe 3HayeHue. [l IpUpoHOro NoTeHMala U oTeHLMa a CTapo6MHCKOro 06a 3HaueHUs1 UHQJIALMOHHBIX
[apaMeTpOB COIVIACyoTCs ¢ HabutoAeHUsAMU. [lokaszaHo, YTo A5 caydyas M BCeX TUIIOB MOTEHI[UaI0B apaMeTp
CBA3M MaprUHaJIU3UPYeTCs B KAXJ0H MoJiesy, a MapaMeTp CBSA3U He BJUsET Ha JUHAMUKY UHQIALMOHHBIX
NapaMeTpPOB U HUKAK He OrpaHUYEH.
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Me/I/IEHHOT'0 CKaTbhIBaHUS, CKaJIAPHBIN CNeKTPabHbIM UHJIEKC, CKaJIIPHO-TEH30pHOE OTHOLIEeHHe, HabJItojaTe/IbHble
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