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Introduction

There are the observational bounds on the inflationa-
ry parameters:

the amplitude of scalar perturbations 4,=(2.10=0.03)x107",
the spectral index n,=0.9654+0.0040

and the tensor-to-scalar ratio r<0.028.

The models with the minimally coupled scalar field
and the quadratic and quartic potentials give rise too
large value of r compared to the observed one.

The models with the nonminimal coupling of the
scalar field and the scalar curvature F(p) R, where
F(p)=1/(87G)+E¢’, and the same potentials are in
good agreement with the observations. They are
include the well-known Higgs-driven inflationary
model.



3 Introduction

To calculate the inflationary parameters one usually
uses the slow-roll approximation, which was applied
initially for General Relativity (GR) models with
minimally coupled scalar field. Then it was expanded for
the nonminimal coupling (D.l. Kaiser, 1995).

However, it was shown in several papers, that the
standard slow-roll approximation does not always
work well for the models with the nonminimal coupling
(A.V. Toporensky, L. Jarv, 2022 — the nonminimal
coupling with the scalar curvature,
M.A. Skugoreva et al., 2024, E.O. Pozdeeva, 2021 —
the nonminimal coupling with the Gauss-Bonnet term).
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Goal of the work

ne goal of the present work was to obtain new more

accurate slow-roll approximations, to compare them
with the known ones, with the numerical calculations
and the observational data, to find more suitable from

them for the description of the inflation in the
cosmological models with following Lagrangian

,. | 1 wvaA A
L=\—g EF((p)R—Eg‘ 0, p0,p—VI(p)|,

where F(p)=1/(8mG)+E¢p’, &>0,

Vip)=V,p', V,>0.

he FLRW metric ds’=—dt"+a"(t)dl’

and Planck units are used c=#A=1



Methods of the investigation

Methods of the numerical integration,
algebraic methods

are applyed in this work.



Main equations

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

EHIF(@):%¢E+V(@)—3F@¢H;, (1)

YHF(p)=—¢*+F pH—-F, ¢$*~F, p, (2
G+3Hp+V ,—3F, (H+2H")=0, (3)

dv _ dF _ d°F
where %_VW R_FW _



Main equations

The system (1)-(3) can be rewritten in Einstein form
without the transformation to the Einstein frame:

3M Y= “g PV, (4)
- A\? q’j:} (5)
2M
qu\lMif Y@+;—qu+ Vj‘”:() (6)
where MPI_:ST{'G: Vﬁﬁ:MPf;,
A(q))—ﬂi‘f 1+32F]_f2), Y:{%T H+i“f).




The slow-roll and the inflation
parameters.

1. The slow-roll parameters:

H dInle E dIn|C
11— "3, E,= ‘ l‘) CIZ—: CEZ ‘1‘
H d N FH d N
Here N=1In a.
2. The inflation parameters:
) H? 2&,6,+C,C,
r=82&+¢,|, A="F—, n=1-2&-C,— - .
‘ 1 1‘ T Fr | b 26,+C,



9| The known slow-roll approximations.

The simplest one.
In order to find the slow-roll parameters we solve

the reduced system of the field equations

=3 [c<reer]
H~—— << ,0. <1
< 3F° C

B3HQ+V,~6F H ~0.




10 The known slow-roll approximations.

The more accurate one.
We do the transformatlon from the Jordan frame to

the Einstein frame: g,,.=Q"g,.,, @ _F(
and recalculate them for the Jordan frame

! » 7
H(p) Y

20FV _=2F_ TV
3Hp+ S B )%O
- 2F+3F

2F (2F_ V—FV,)
4 '

F(2F _ V—FV,)
V(2F+3F 7




11 New approximation |
In order to find the slow-roll parameters we solve

the reduced system of the field equations

SH’F~V-3F,pH, e <1,0.<1.

2HF~—@*+F,pH,
3HG+V,—3F (H+2H)~0.

2FV—-F,V+2FF,V,
3F(2F+3F )

.. G Hd(H?Y H o H d(H?)
H = ) = =—
Yot o2HY do

b

F(2F,V—FV,)
2FV+2FF V _—FV
2
| 2EV A2F VAF VA2 FF, V +2FF V m2F F, V. Fy 2F,(143F,,)|

X

L @

2FV+2FF,V —F,)V F 2F+3F;




12 New approximations ll, |l
In order to find the slow-roll parameters we solve

the reduced system of the field equations

3M p Y~V ., e <1,0.xl.
| oV

2 oy
H ((P) q : 2 1 ’N3F(1+C1)'
M p 1"'5:1) 3F 1+5C1)
. v V2FV+FF,V,+F,V) 1
qj"ﬂt"_a ~ o) »
3F(1+¢,) 3F(Q2FV—FF_ V _+5F_ V)
o)~ e q%(ZFVJrFF(pV(p-FF(p'V)'. i

3FV(2F+3F )



13 New approximations ll, |l
Differentiating the found expressions for H*(¢) we
obtain the parameter &,( ).
H_ ¢@Hd(H)
H 2H' do

F(2F_ V—FV )
2FV+FF,V _+F 'V
+2PV’+2F V+2F 'V +FF V +FF V__+2F F_ V

Y P

2FV+FF VotF, v
2KV A2F VHAF V —FF_ V —FF_ V_ _+10F_F__V

PP (P

2F+3F,)

X

X

F(2F V-FV,) i

C2FV4FF,V +F Y
[202Fr +2F v 12F, 'V +FF, V +FF,V,  +2F F, V) Vo Fy 4F,(143F,,))

e @ P

2FV+FF,V,+F,V V- F 2F+3F,




E Fig. 1. The dependences ¢,6ron the scalar fieldP
for the model V' (p)=V,p"', F(p)=1/(8nG)+E Q"
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E Fig. 2. The dependence r on the scalar field ©_
for the model V' (p)=V,p", F(p)=1/(8TG)+E& ¢
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@ Fig. 3. The dependence A on the scalar field ¢
forthe model V' (p )=V, , F(p)=1/(8TG)+E ¢ .
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@ Fig. 4. The dependence 7 on the scalar field P
for the model V' (p )=V,p ", F(p)=1/(8TG)+E ¢’
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@ Fig. 5. The dependences As and ns on the scalar

field @© for the best known slow roll approxmatlon
for the model V' (¢ )= Vo' F(p)=1/(8TG)+E ¢ .
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19 Conclusion

1. We have investigated the inationary models with the
scalar field nonminimally coupled to gravity F'(¢ )R |
where F(p )—1/(81TG)+E(P
and the potential V()= Vop'

2. We find new slow-roll approximations for these
models. The inflationary dynamics have been inves-
tigated in the Jordan frame for three scenarios inclu-
ding the Higgs-driven inflation, which demonstrates that
new slow-roll approximations are more accurate at
the end of the inflation, but also give essentially more
precise estimations for r u As.
3. We have shown that the best known slow-roli
approximation are not suitable for the calculations
of the inflationary parameters in these models.



Thanks for attention!

Proposals of the work send to
Maria A. Skugoreva

masha-sk@mail.ru
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