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Inflation

>

The inflation theory proposes a period of
extremely rapid (exponential) expansion of
the universe during the an early stage of
evolution of the universe.

The inflation theory predicts that during
inflation (it takes about 10734 s) radius of the
universe increased, at least e®® =~ 102° times.

FLRW metric  ds? = g, dx*dx? = dt* — a®(t)(dr? + r?d0?) e
The Einstein equalions NG U= %gwR = ?—fTw R = 8
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The most important way to test inflationary cosmological models is to
compare the computed and measured values of the observational
parameters.

380,000

101 1,100

10" GeV 1 MeV leV

0 0 0
- 0 0
ie-—n 0
0 0 -p

A condition for inflation
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A negative pressure runs inflation!
a(t) - the scale factor

k — the spatial curvature parameter
H(t) - the Hubble rate



Standard Single Field Inflation

>

The simplest models - standard single scalar field inflation, a field ¢ — inflaton
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The Friedmann equation H? 8“6( $2 + V(cp))
Time evolution of homogeneous scalar field, for FLRW metric
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Baumann, D. TASI Lectures on Inflation. (2009)




Tachyon inflation

» String theory: states of quantum fields with imaginary mass
(i.,e., negative mass squared).

» It was realized that the imaginary mass creates an instability and tachyons
spontaneously decay through the process known as tachyon condensation.

» Effective tachyonic field theory was proposed by A. Sen

Dirac-Born- Infeld (DBI) Lagrangian

» The corresponding Lagrangian and the Hamiltonian are. PG )\/1 —2f ()X = V(o)
lp=L£(6,0) =-V(O)W1—62 |
I R 4C)) : Examples:
| V1-— 62 | V(6) = wf™"
» Properties of a fachyon po’renhol V(@) =e "
V(0) = const, V'(68>0)<0, V(|§] - o) - 0. o !
cosh(w - 6)

D. Steer, F. Vernizzi, Tachyon inflation: Tests and comparison with single scalar field inflation, Phys. Rev. D. 70 (2004) 43527.
M. Milosevic, D.D. Dimitrijevic, G.S. Djordjevic, M.D. Stojanovic, Dynamics of fachyon fields and inflation, Serbian Astronomical Journal. 192 (2016).
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Braneworld cosmology

» Braneworld universe is based on the scenario in =
which matter is confined on a brane moving in the "
higher dimensional bulk with only gravity allowed
to propagate in the bulk.

» Randall-Sundrum models

The RSII Model

 Observeris
placed on the
positive
tension brane

« 2 prane s
pushed to
infinity
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Holographic braneworld xsisane

Z = Zpr
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» Holographic braneworld - a cosmology
based on the effective four-dimensional

Finstein equations on the holographic Conformal e
boundary in the framework of anfi de boundary at i
Sitter/conformal field theory (AdS/CFT) 0 .
corespondence. NG SRR = 4
» The modelis based on a holographic braneworld scenario with an effective tachyon 7 +’/'“Q
field on a D3-brane located at the holographic boundary of an asymptotic AdS; O/’,'))
bulk. S
20
» The cosmology is governed by matter on the brane in addition to the boundary CFT /O/)
» The holographic Friedmann equations
—— e e SRR | £ is the AdS curvature radius
| 2 2
{ K | h=¢H is a dimensionless
| 2 T T ed
| L 4 f 3 2 | expansion rate
| ; & k% 3 | 281G /2 is the fund fal
Al1=—p2l==—"_rp k-=8nG/ Is the fundamenta
: < 2 ) 3 ) : dimensionless coupling
|

N. Bilic, Randall-Sundrum vs Holographic Cosmology, IRB (2015)



Observational parameters (ng, r)

» Three independent observational parameters: amplitfude of scalar
perturbation A, tensor-to-scalar ratio r and scalar spectral index ng

ne = 0.9649 + 0.0042

» Numerical calculation
r < 0.056

Holographic cosmology
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Planck 2018 results. X Constraints on inflafion, arXiv:1807.06211 [astro-ph.CO]



Observational parameters (ng, r)
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60 < N<90, 0<w<1




Observational parameters (ng, r)

Planck satellite
ng = 0.9649 1+ 0.0042

r < 0.056

The constant-roll inflation
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0.08 <7 < 0.085




Conclusion

» We discussed model of tachyon inflation based on a holographic braneworld scenario.

» We solve the evolution equations numerically and confront our result with the Planck data.

» The agreement of our model with the Planck observational data is good for holographic model with a
higher number of e-folds.

» The constant-roll inflation in holographic cosmology gives significantly lower values for the number of e-
fold, which are closer to to the typical value N = 60.

» It would be of considerable interest to perform precise calculations for other types of tachyon potentials
that are currently on the market.

» Preliminary results are promising and open good opportunity for further investigation (PBH).
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