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INnfroduction

» The inflation theory proposes a ey formation 447K cnOTEY
periOd SC‘.E{].C’. d“'1 . . dark aces refonization j i
of extremely rapid (exponential) T e —— 21 cm
expansion of the universe during the ’ S
an
early stage of evolution of the
universe. 5
» The inflation theory predicts that g ‘¥ Cosmic Microwave Background
during inflation (it fakes about density Ructuations [l o
10734 s5) radius of the universe — S-mode Polarisation
increased, at least e®® = 10%° times. ) ' I
» Although inflationary cosmology has 10%s  3min 350,000 137 billion - PT; e
successfully complemented the ' ot L0 o —
10 GeV 1 MeV 16V 1 meV

Standard Model, the process of
inflation, in parficular its origin, is sfill Baumann, D. TASI Lectures on Inflation. (2009), arXiv:0907.5424
largely unknown. (hep-th]



INnfroduction

» Over the past 40 years numerous models of
inflationary expansion of the universe have
been proposed. galaxy formation

Qrnla oft) reionization
Scale aft) .. dark ages
recombination =

» The simplest model of inflation is based on eheating BN 21em
the existence of a single scalar field, which is | e
called inflaton, which drives inflation.

» Recent years brought us a lot of evidence
from WMAP and Planck observations of the

dark energy

CMB . : i "- Cosmic Microwave Background
. o o density fiuctuations [
» The most important way to test inflationary B B-mode Polarizaion
cosmological models is to compare the
computed and measured values of the . B i ST —_—
observaf,ona’ parameferS. 10-M 5 3min 380,000 13.7 billion ° it .
100 1,100 25 6 2 0 tedshilt
» We present a computational method for ey T o Bw
fast numerical testing of different models
based on standard single field and tachyon Baumann, D. TASI Lectures on Inflation. (2009), arXiv:0907.5424

inflation [hep-th]



The Homogenous and Isofropic
Universe

» The Friedmann-Robertson-Walker (FRW) metric:

2
+ r2(d0? + sin?8d ¢?)

ds? = c*dte o

)

1 — kr?

where a(t) is the scale factor, k is the spatial curvature parameter (+1,0,-

1ij8

» Comoving coordinates — the universe expands as a(t) increases,
however galaxies stay at fixed coordinates r, 8, ¢.

» The physical (real) distance is time-dependent even for object with
zero peculiar velocities, i.e.

X=a(®)?



Dynamics of the Universe

pc> 0 0
: . i : . u 0O —-p O
» Itis determinated by the Einstein equations R 0

G/,w = Rpw T7 Eg”VR = _C4' T[,LVI
where R,,, and R are Ricci tensor and scalar, and T, is energy-momentum tensor .

» The Einstein EQuations --> two coupled the Friedman equations

e <a>2 816 kc?

a 3 a?
: a 4G 3p
2 ISEN
e —a—‘T<f’+c—z>

where p = L is pressure, and p = H is energy density.



Standard Single Field Inflation

» The simplest models - standard single scalar field inflation, a field
¢ - inflaton

» A condition for inflation (from the Friedmann equations)

MEEL R
dt % dt? P P
» The dynamics of the classical real scalar field A negative pressure runs inflation

SE= —ﬁf\/ Rd4x e f\/ L(X (p)d4
» where L(X, @) is the Lagrangian, with kinetic term X = E PO, @

» Energy density and pressure :
PE%=§¢2+V(¢)

b
p=L= Eqbz 4 the canonical Lagrangian



Standard Single Field Inflation

» Time evolution of homogeneous scalar field, for FRW metric - the Klein-Gordon
equation

$+3Hp+V' =0, V= —

» The Friedmann equation

B e
HeSais? + V (9)

» Slow-roll condition

4 3G
H zTV(fb)

3Hp +V' = 0

ond reheating

P K V(p) =

» In order for inflation to last long enough |
| |<[3H¢|

¢ 1<V’



Hamilton's equations

» Definition:
dp _0H dm R dH
dt B 3Hm A
where i = H(¢p.m,t), L = L(p, P, t) and & = g—i IS a conjugate momenta

» Recall

p=H =32 +V($)

1 .
pEL:Ed)Z_V(d)) i (]5=7T
mw=—-3Hr -V’
i
_ G,



Observational parameters

Su
1l
Q|

y Hubble expansion rate
» Hubble hierarchy (slow-roll) parameters _— at an arbitrarily chosen

din|e;| dlIn|e;| H, fime
Ei+1E = ) 120, EOE_
dN dlna H 2,

» Duration of inflation g « 1 o TP

H

tend tend Pena H Saps 21 + HEH'
a
N =1In :‘d= j dina = JHdt= —d¢
temb temb qb
¢cmb

» The end of inflation €;(t.ngq) = 1

» Independent observational parameters: tensor-to-scalar ratio » and scalar

spectral index ng
r = 16&; (temp)

ng =1-2g (tcmb) — & (tcmb)

At the lowest order in parameters €; and &,



Observational parameters

» Three independent observational parameters:
amplitude of scalar perturbation A, tensor-to-
| TT,TE,EE+lowE+lensing

scalar ratio r and scalar spectral index ng EEE T TEEE+IONE+Iomng+BK14
B TT,TEEE+lowE+lensing+BK14+BAO

» Satellite Planck
(May 2009 — October 2013)

» Planck Collaboration

» Latest results are published in year 2018.

£
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®
"
&
S
3
o
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0.96
Primordial tilt (ns)

Planck 2018 results. X Constraints on inflation, arXiv:1807.06211 [astro-|



Numerical simulations

» For each model two potentials
> V(@) =00, x(8) = ex®?
1 1
» V(O) = P x(8) = coshs(w - )
» About 10000 simulations for different sets of
» Free parameters N, k, o (random numbers in the given interval)

» Inifial conditions 6;, w;, h; (random numbers and/or slow-roll approximation)
» System of Hamilton's equations is solved

» €, €,, €3, €tC. are calculated

» t.nqg ONd 0,,4 are calculated from e;(tonq) = 1

» t.mp IS Calculated fora given N, N = fte”d Hdt

temb

» Observational parameters ng and r, as a functions of €;(temp). h(temp) AN ifs
derivatives are calculated



Models and appros

g2

» Models: R
- Tochyon_j
[ RondoI_IT‘

e

» Holog "'j%f.
> Approxim
» for J,"
» for DB N

» k-inflation (high-order co




Tachyons

» Traditionally, the word tachyon was used to describe a
hypothetical particle which propagates faster than light.

» In modern physics this meaning has been changed:
» The effective tachyonic field theory was proposed by A. Sen

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

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

» Quanta are not tfachyon anymore, but rather an "ordinary”
particle with a positive mass.




Lagrangian of a scalar field - L(X, ¢) l

» In general case — any function of a scalar field ¢ and kinetic energy X = %aucpav<p.

» Canonical field with potential V(¢)
L(X,p) =BX —V(p).

» Non-canonical models
['(X' (P) — V(QD)'

» Dirac-Born-Infeld (DBI) Lagrangian

1
LX,9) =———=/1=2f(p)X — V(p),
f(®)

» Special case — tachyonic L(X, @) = =V (p)V1 — 24X,




Tachyon inflation

» Properties of a tachyon potential
V(0) = const V'(0 >0)<0, V(8| > ) — 0.

» The corresponding Lagrangian and the Hamiltonian are
p=L(6,0) = —V(O)V1- b2 the non-canonical (DBI) Lagrangian
, L)
V1—62
» The Friedmann equation
e (a)z 8nG__ 81G V(9)

a

3 3 1_9’2

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 tachyon fields and inflation, Serbian Astronomical Journal. 192 (2016)



Tachyon inflation

» Dynamic of infl "'—

-
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» Dimensionle
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» Rescaling



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.

One of the simplest models - Randall-
Sundrum (RS)

RS model was originally proposed to
solve the hierarchy problem (1999)

Later it was realized that this model, as
well as any similar braneworld model,
may have interesting cosmological
implications

Two branes with opposite tensions are
placed at some distance in 5
dimensional space

- Jlpyre ranaxcuje-,

Hama Gpana

Hama ranakcHja .o

Jpyra Gpana

PR B I, G
. N

weer JIpyre ranakcuje -

R
NN

2 DT,
AN




The RS Model

+ Observerreside
on the brane
with negafive
tension,

« Distance to the
2nd brane
corresponds to
the Netwonian
gravitational
constant

i °

Animation: N. Bilic, “Braneworld Universe”, 2nd CERN — SEENET-MTP PhD School, Timisoara, Dece



The RSl Model

« QObserveris
placed on the
positive tension
brane

« 2" brane is
pushed to
infinity

Animation: N. Bilic, “Braneworld Universe"”, 2nd CERN — SEENET-MTP PhD School, Timisoara, December 2016



The (extended) RSIl Model

» The original RSl model consists of two D3-branes in the 4 + 1 dimensional anti-de
Sitter (AdS;) background with line element
dsfsy = e 2K gtV dxtdyxY — dy?

with the observer brane placed at y = 0 and the negaftive tension brane pushed
of toy - oo,

» One addifional brane dynamical 3-brane moving in the AdS; bulk behaves
effectively a tachyon with a potential V(8) « 6~%.

» The extended RSIl model - the RSl model is extended fo include matter in the bulk.
» The presence of matter modifies the warp factor which results in two effects:

» a modification of the RSIl cosmology

» a modification of the tachyon potential.

N. Bilic, G.B. Tupper, AdS braneworld with backreaction, Cent. Eur. J. Phys. 12 (2014) 147-159.
N. Bilic, D.D. Dimitrijevic, G.S. Djordjevic, M. Milosevic, Tachyon inflation in an AdS braneworld with back-reaction, IJMPA.

B . & - — =~~~ o~



The (extended) RSIl Model

» The corresponding Lagrangian and the Hamiltonian are

L 1 1 :
p = —_ = — == ——4 1 —_ 92
o)
)(4\/1 + x8n;
==== |14 y8nj = i =

g \/ &’ x* J1-62
: ) . oL
where r, Is the conjugate momentum, i.e. Ty = o

» Tachyonic potential is given as

V(8) = ax*(6),

where y(0) is arbitrary function depends on the self-interaction potential of the bulk
scalar field.

N. Bili¢, S. Domazet, G.S. Djordjevic, Particle Creation and Reheating in a Braneworld Inflationary Scenario, Physical Review D, 96 (2017), 083518
N. Bili¢, S. Domazet, and G. S. Djordjevic, Tachyon with an inverse power-law potential in a braneworld cosmology, Class. Quon’rum Grow’ry 34



The (extended) RSIl Model

» Dynamic of inflation » The modified Friedmann equations
(hondimensional equations) . K?
4 he=—plxe+t—=p
ol X g N 3 12
p ; K? K2 K2p :
1+ y8m5 h=——(+ — —— X000
J X 94 > P EDP)\Xo+ P |+ Koo
7:[9 = —3h7'[9 + 4.8 2 ) - 2

¢ The dimensionless constant k? = 8noG£~% = 8noGsG~*; where g is brane tension, £ is the AdS

1 G o
curvature, and the mass scale S fixed from phenomenology.
5

& Rescalingt=t/¢, 0 =0/¢, g =1lg/c and h = fH

)

2

h = r I h = g 1 i o
= 2(19 p) = 2(29 p) e P

X6 = 5p



pace

Holographic braneworld«sierane

at z=z,

» Holographic braneworld - a cosmology
based on the effective four-dimensionatsnformal
Einstein equations on the holographic poundary
boundary in the framework of anti de at z=0
Sitter/conformal field theory (AdS/CFT)
correspondence. O/’,'))
S

» The modelis based on a holographic braneworld scenario ”%
with an effective tachyon field on a D3-brane located af the
holographic boundary of an asympftotic AdS; bulk.

» The cosmology is governed by matter on the brane in
addition to the boundary CFT

N. Bili¢, Randall-Sundrum vs Holographic Cosmology, IRE



Holographic tfachyon cosmology

» The holographic braneworld is a spatially flat FRW universe with line element
ds? = g, dxbdx” = dt? — a®(t)(dr? + r2dn?)

Standard cosmology:
2
K

» The holographic Friedmann equations s’
P2 K2 h= —K—Z(P +p)
h? — Th‘L = ?ip §0 Extended RSl cosnrzmlogy
2 % h? =§p(x,<p +§p>
; Tt IR e . 03 ! K2 K2 K2 :
h<1— > h )— 3 >(p + p) h=—7(p+p)<)(,g+zp>+6—hp)(,909

» Where the scale £ can be identified with the AdS curvature radius and we
intfroduced a dimensionless expansion rate h = #H and the fundamental

dimensionless coupling
8l

=

KZ

Bili¢, N., DimitrijeviC, D. D., Djordjevic, G. S., Milosevi¢, M. & Stojanovi¢, M. Tachyon inflation in the holographic braneworld. JCAP 2019, 034-034 (2019).



Holographic tfachyon cosmology

» Interesting property - solving the first Friedmann equation as a quadratic equation

2
h2 =2<1i /1—%194;))

» We do not want our modified cosmology to depart too much from the standard cosmology after the
inflation era and demand that this equation reduces to the standard Friedmann equation in the low
density limit (k2£%p « 1)

» This demand will be met only by the (=) sign solution. We discard the (+) sign solution as unphysical.

» The ph;\/)slcol range of the Hubble expansion rate is between h,;, = 0 and the maximal value
Amax = V2

» It corresponds to the maximal energy density pmax = 3/ (x2£%)

» Assuming no violation of the weak energy condifion p + p = 0, the expansion rate will be a
monotonously decreasing function of fime.

» The universe starts from t = 0 with an initial h; < h,,,4, With energy density and cosmological
scale both finite.

» The Big Bang singularity is avoided.



Holographic tfachyon cosmology

» The nondimensional equations of motions

(|
J1+n?
S ESREe n*
R e 1 2
1 f V( +n+/1+n2
LV
where ; ==L

» Asusual, the pressure and energy density are equal to Lagrangian and Hamiltonian

. 274y
=L=—0VY1-62=-
4 Ji-n

274V
p=H=— = [T
Vv1-—62




Summary of the Models

' | cl
mainModel class \ l

The child class for each model:
Inherits everything that is common, override what is necessary



Observational parameters (ng, r)

» SSFI, Tachyon and RSl Extended inflation

» The second order of parameters &;
r=16&(1+ Ce, — 2a¢;)

ng=1-—2¢ — &, — [26 + (2C + 3 — 2a)e &, + Ceyes]

» In all models we will discuss here € = —0,72, however:
» «a = 0 for SSFI,

> a= % for tachyon inflafion in standard cosmology,

Q= % for Randall-Sundrum cosmology.

“T THINK. YOU SHOWD BE MORE EXPLICIT
Ne@e N STEP TWO. Y

Y R e )




Observational parameters (ng, r)

» Holographic cosmology

2(2 — h?
r=1&4}+€@+ ( )Pmm]l

E
3(4—h?) p%

8h? g2 — h-
PP,XX) 812 o (3 420 + ( )PP,XX

= -
+3M—h%2p§ 3(4—hz)p§()€1£2 T

n5=1—281—€2—(2

» ForX =62 andp = —-VV1—X we have 22XX — 1

P x

Bertini, N. R., Bilic, N. & Rodrigues, D. C. Primordial perturbations and inflation in holographic cosmology. arXiv:2007.02332 [gr-qc]



Case 1: Approximation of (ng,r)

>

Parametrizing the specira, for example by power-laws, is well suited to testing the
infationary models but will only correctly estimate cosmological parameters if the
parametrization is suffciently accurate.

There are different approaches to approximately calculate and parametrise power
spectra.

» all of these approaches have some advantages or disadvantages but leads to the same
final expressions

The scalar and tensor spectral index at n-th order an be written as
ne—1~-2(e;+ef+--+€") —¢,
nr~—2(e; +€f + - +€l)

r r r 2 r o
RIS g "T=—2[(1—6)+(1—6) +'"+(1—6)]
Works for Standard Single Field Inflation

E. D. Stewart, D. H. Lyth, A more accurate analytic calculation of the spectrum of cosmological perturbations produced during inflation. Physics Letters B 302, 171-175 (1993)
S. M. Leach, et al. Cosmological parameter estimation and the inflation cosmology. Physical Review D, 66(2):023515 (2002)
D. J. Schwarz, et al. Higher order corrections to primordial spectra from cosmological inflation. Physics Letters B, 517(3-4):243249 (2001)



Case 2: Approximation of (ng,r)

» One of the main predictions of inflationary DBl models is that the Tachyon / RSII models

inflaton perturbations can propagate with a sound speed ¢, < 1 ¢s = 1—2ae;
» Sound speed is defined as Holography
C2=a—p =p'—X szl—MEl
o T

» Afleading order in the slow-roll parameters the scalar power spectrum
depends on the sound speed
ng—1=-2¢; —€;,—s
r ~ 16€;¢q
where s = <=

csH

J. Garriga, V. F. Mukhanov, Perturbations in k-inflation. Physics Letters B, 458, 219 (2019)
Planck Collaboration et al. Planck 2015 results. XX. Constraints on inflation. Astronomy and Asfrophysics 594, A20 (2015)



Case 3: Approximation of (ng, )

» This approximation is valid for k-inflation

» It represents the most general SSFI, in which the perturbations usually obey
an equation of motion with a time-dependent sound speed

» Based on high-order uniform asymptotic approximation method

» the slow-roll expressions of the parameters (ng, r) are written in terms of the
Hubble and sound speed flow parameters

» Two conditions that k-inflation must satisfy:

oP %P , 9P
’a—X>0CInd 2Xﬁ+a>0
28 P x
» Sound speed ¢ = P
» Hierarchy of sound speed g, = iz, go = =
dlna Cs

Zhu, T., Wang, A., Cleaver, G., Kirsten, K. & Sheng, Q. Power spectra and spectral indices of k-inflation: high-order corrections. Phys. Rev. D 90, 103517 (2014).



Case 3: Aproximation of (ng, )

n, =1+q1—2q—ez—qf+(%—lni
C

0,0, + 30,6, — 2€” + e, +
27 g

73 e
+ ——In—= |g,0,6, + 0 —407¢ + 50,6 — 26’ — e, +
81 Cy

38 , 442 2867In2 9In4 3 803 3
+aezes+ - — + 2 +3Inc— g, d, + ——5InC geess

81 315 ! 81 3

19 7% 10, 3 1., 3 | 260N .
H et et =N - = |l +| —————In—+ 123 0,07 +
324 24 27 CON 81 24 27- ol i
+ @—ﬁ—%lni+llnzi 0,0, + S e 0,0, +
8L 24 27 ¢ 2 Gy NG
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Zhu, T., Wang, A., Cleaver, G., Kirsten, K. & Sheng, Q. Power spectra and spectral indices of k-inflation: high-order corrections. Phys. Rev. D 90, 103517 (2014).



Case 3: Approximation of (ng, )

p Caseiesl » Case 3b - only for ,,holographic* modell
» Using only general expressions; » Analytical expressions for
numerical calculafions, spline B . -,

inferpolations
P » q1.92. 93

» €;, q;. ¢; (and higher derivatives) e E

» Numerical calculation (always )
» h and higher derivatives

» Analytical expressions (always)
» cs. P=L, Py, Pxx



Tachyon inflation

0 TT,TE,EE+|lowE+lensing
B TT,TEEE+lowE+lensing+BK14
Il TT,TEEE+IowE+lensing+BK14+BAO

0 TT,TE,EE+IowE+lensing
B TT,TEEE+lowE+lensing+BK14
I TT,TEEE+IowE+lensing+BK14+BAO

Model Model

V(8) = 1/cosh(w - 08)

60<N<90, 0<w<1

1st order eps
Analytical expr
Custom appro
Kinf approx
Kinf2 approx
SSFI approx

Tach approx

1st order eps
Analytical expr
Custom appro
Kinf approx
Kinf2 approx
SSFI approx

Tach approx

V(O) =e "



Tachyon inflation

cosh
FLRW cosm.

1st order

Casel

Case 2

Case 3a
3rd order
Case 3a
2nd order

Case 3b

cosh
RSIl cosm.

1st order

Casel

Case 2

Case 3a
3rd order
Case 3a
2nd order

Case 3b

Mean

3.680E-04

5.838E-03

3.680E-04

1.467E-02

1.460E-02

Mean

4.359E-04

6.925E-03

4.359E-04

1.249E-02

1.243E-02

sD

1.148E-04

1.990E-03

1.148E-04

9.273E-03

9.315E-03

sD

1.211E-04

1.669E-03

1.211E-04

5.720E-03

6.064E-03

Median

3.616E-04

6.240E-03

3.616E-04

1.132E-02

1.124E-02

Median

4.183E-04

7.056E-03

4.183E-04

1.114E-02

1.105E-02

Min

4.002E-05

1.918E-04

4.002E-05

8.435E-03

8.376E-03

Min

1.484E-05

1.159E-04

1.484E-05

8.480E-03

8.416E-03

Max

6.004E-04

8.483E-03

6.004E-04

5.018E-02

5.035E-02

Max

6.944E-04

9.573E-03

6.944E-04

5.928E-02

1.563E-01

Relative distance D,.,; =

exp
FLRW cosm.

1st order

Casel

Case 2

Case 3a
3rd order
Case 3a
2nd order

Case 3b

exp
RSIl cosm.

1st order

Casel

Case 2

Case 3a
3rd order
Case 3a
2nd order

Case 3b

Mean

3.882E-04

6.885E-03

3.882E-04

1.006E-02

9.970E-03

Mean

4.583E-04

7.734E-03

4.583E-04

1.028E-02

1.018E-02

SD

9.341E-05

8.170E-04

9.341E-05

1.177E-03

1.156E-03

SD

1.113E-04

9.465E-04

1.113E-04

1.207E-03

1.184E-03

Median

3.696E-04

6.766E-03

3.696E-04

9.891E-03

9.809E-03

Median

4.396E-04

7.635E-03

4.396E-04

1.014E-02

1.005E-02

Min

2.595E-04

5.673E-03

2.595E-04

8.252E-03

8.194E-03

Min

2.979E-04

6.225E-03

2.979E-04

8.249E-03

8.185E-03

Max

5.948E-04

8.575E-03

5.948E-04

1.255E-02

1.242E-02

Max

6.972E-04

9.667E-03

6.972E-04

1.291E-02

1.277E-02




The (extended) RSIl model

TT,TE,EE+|lowE+lensing
TT,TE,EE+|lowE+lensing+BK 14
TT,TE,EE+lowE+lensing+BK14+BAO

i TT,TE,EE+lowE+lensing —
B TT,TE,EE+IowE+lensing+BK14 ==
BN TT,TEEE+lowE+lensing+BK14+BAO _—

Model - . . by . : Model

©® st order eps ©® 1storder eps

Analytical expr Analytical expr

Custom approx Custom approx

Kinf approx Kinf approx

Kinf2 approx Kinf2 approx

SSFI| approx SSFI| approx

Tach approx

Tach approx

V(H) = 1/cosh(a) 2 9) V(Q) — g~ w0

60<N<90, 0<w<1



The (extended

cosh

1st order

Case 1l

Case 2

Case 3a
3rd order
Case 3a
2nd order

Case 3b

Mean

3.639E-04

4.962E-03

3.639E-04

1.771E-02

1.774E-02

SD

1.249E-04

1.981E-03

1.249E-04

9.395E-03

1.378E-02

Median

3.493E-04

5.314E-03

3.493E-04

1.493E-02

1.482E-02

Min

3.011E-06

5.400E-05

3.011E-06

9.803E-03

9.739E-03

Planck TT + lowP: ¢ from NG

B Planck TT,TE,EE + lowP: ¢ from NG

mmm Planck TT + lowP: s =1

Max

6.743E-04

8.825E-03

6.743E-04

5.716E-01

1.116E+00

RSIl model

exp

1st order

Casel

Case 2

Case 3a
3rd order
Case 3a
2nd order

Case 3b

Mean

4.505E-04

7.502E-03

4.504E-04

1.144E-02

1.158E-02

SD

1.581E-04

9.323E-04

1.499E-04

1.681E-03

5.220E-03

Median

4.350E-04

7.428E-03

4.350E-04

1.131E-02

1.124E-02

Min

3.662E-08

5.989E-03

3.662E-08

4.308E-04

5.237E-04

Planck TT + lowP: ¢ from NG
B Planck TT,TE,EE + lowP: ¢ from NG

mm Planck TT + lowP: ¢ =1

Max

1.139E-02

1.874E-02

1.017E-02

6.771E-02

2.767E-01




Holographic tfachyon cosmology

T,TE,EE+lowE+lensing
T,TE,EE+IowE+lensing+BK 14
T,TE,EE+IowE+lensing+BK 14+BAO

Model
©® 1storder eps
Analytical expr
Custom appro:
Kinf approx
Kinf2 approx
SSFI approx

Tach approx

V(8) = 1/cosh(w - 08)

60<N<90, 0<w<1

W TT,TE,EE+IowE+lensing

TT,TE,EE+|lowE+lensing+BK 14
TT,TE EEﬁlO\NE+IG‘\Sing+BK14+BAO

4.

Model

1st order eps
Analytical expr
Custom approx|
Kinf approx
Kinf2 approx
SSFI approx

Tach approx

V(@)= e ©°



Holographic tfachyon cosmology

cosh Mean

1st order 8.686E-04

Casel 3.801E-03

Case 2 3.075E-04

Case 3a
|::>6.147E—02
3rd order

Case 3a
2nd order

Case3b [T5)2.584E-02

6.394E-02

SD

5.779E-04

2.495E-03

1.511E-04

2.318E-02

1.197E-01

1.095E-02

Median

7.407E-04

3.368E-03

3.006E-04

6.077E-02

6.095E-02

2.404E-02

Min

4.345E-05

1.563E-04

3.950E-06

1.713E-02

2.524E-02

5.690E-03

Planck TT + lowP: ¢ from NG
B Planck TT,TE,EE + lowP: ¢ from NG

mm Planck TT + lowP: ¢ =1

Max

2.886E-03

1.080E-02

1.566E-03

1.769E+00

9.021E+00

5.555E-02

exp Mean
1st order 2.109E-03

Case 1 9.503E-03

Case 2 3.962E-04

Case 3a
|::>6.554E—02
3rd order

Case 3a
2nd order

Case 3b [ 8.280E-03

6.678E-02

SD

2.645E-04

1.186E-03

1.621E-04

5.147E-03

1.209E-02

2.082E-03

Median

2.078E-03

9.349E-03

3.735E-04

6.502E-02

6.533E-02

8.188E-03

Min

1.534E-03

7.502E-03

2.350E-06

4.804E-02

5.069E-02

6.156E-04

Planck TT + lowP: ¢ from NG
B Planck TT,TE,EE + lowP: ¢ from NG

mm Planck TT + lowP: ¢ =1

Max

3.100E-03

1.331E-02

1.744€E-03

1.563E-01

5.208E-01

2.213E-02




Root mean square error (RMSE)

E[EE 5]

m

» Find “the best” model RMSE =

» where m is number of simulations (ng;, ;). m = 10000, and (i, 7) are values
determinated by the Planck collaboration (i, = 0.9668, ¥ ~ 0.035).

Potential
exp
cosh
exp
cosh

exp
RSIl model

Holography

Analytic
9.9075E-01
9.8232E-01
9.9174E-01
9.8866E-01
9.9149E-01
9.8197E-01

9.9139E-01

1st order

9.9075E-01
9.8232E-01
9.9174E-01
9.8866E-01
9.9149E-01
9.8197E-01

9.9141E-01

Case 1

9.9081E-01
9.8239E-01
9.9181E-01
9.8873E-01
9.9155E-01
9.8203E-01

9.9147E-01

Case 2

9.9075E-01
9.8232E-01
9.9174E-01
9.8866E-01
9.9149E-01
9.8197E-01

9.9139E-01

Case 3a
2nd order

9.9066E-01
9.8186E-01
9.9166E-01
9.8846E-01
9.9139E-01
9.8160E-01

9.9081E-01

Case3b
3rd order

9.9066E-01
9.8186E-01
9.9166E-01
9.8846E-01
9.9141E-01
9.8155E-01

9.9107E-01




Conclusion

» We discussed models of tfachyon inflation based on a tachyonic, RSl and
holographic braneworld scenario.

» We simulated observational parameters of inflation for two potentials

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

» Preliminary results showed that observational parameters (ng,r) can be
estimated very fast using the approximation.

» Preliminary results are promising and open good opportunity for further
analytfical research of these potentials and looking for a better approximation
suitable to more different types of models.
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