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Cosmological evolution

 Homogeneous and isotropic Universe
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The Universe in the Past

The energy densities dilute at various rates:
— pressureless matter
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— radiation
1 1 >
Przgpr — pr X 3 Ina
matter-radiation equality
(20 ~ 104, T ~ 3.10%K) now (7" ~ 3K)

T x1/a a T ]
ﬁ ime

| |

nucleosynthesis last scattering (7 ~ 3.10%K)
(T ~ 0.1MeV)



CMB seen




CMB seen by Planck ?
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Primordial spectrum + cosmological parameters ‘ CMB predictions

What is the origin of the primordial fluctuations ?



Inflation

« A period of acceleration in the early Universe
a > ()

« Solves the horizon and flatness problems

 QOirigin of the primordial perturbations
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Hubble crossing

Vacuum fluctuations



Scalar field inflation

How to get inflation ? g = —? (p+3P).

Scalar field S, = /d4x¢fg (—%6‘%58#@5 — V(¢))

Homogeneous equations
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Perturbations during inflation

Scalar field fluctuations: & (t, ©) = (1) + do(t, T)

Metric fluctuations (of scalar type)

ds? = —(1 + 2A)dt? + 2a(t)8; B dzidt + a>(t) [(1 — 24)8;; + zaiajE} dz'dx’

Freedom in the choice of coordinates
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Single scalar degree of freedom

Its dynamics is governed by a Lagrangian of the form

S(a) = %/dt >z a’ [Q2 — %@Qé’i@ — M?*(t)Q?



Quantization
Using the conformal time d7 = dt/a  and
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Power spectra

2-point function  (0|Q(#1)Q(72)|0) = /d?’k e“;'(fl‘@ﬂﬁ—g?
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From inflation to present cosmology

Early Universe

(inflation)

conservation law

« For a cosmological perfect fluid, with

Tup = (p + P)uaup + Pggp “

one can define:
— Expansion: ©® = V¥V u“

1
— Integrated expansion: o — §/d7' ©

B |ocal scale factor S = &“



Conservation law

The conservation law VaTab = O implies that the covector
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satisfies the identity
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[ DL & Vernizzi '05 ]
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For linear perturbations, this implies that (= —vY——0p
is conserved on large scales for adiabatic perturbations, P
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Observational constraints

Chaotic Inflation

IIIIIIIII|IIIIIIlIIIIIIIl'llllllﬁlllllll

N= 50 60

Mt e | @
N-flation m?¢% © [ ©

HZ B

WMAP5+BAO+SN

3|
w

On large scales

ST 1

T =58
Pr

r =
Pr

[ From WMAPS: Komatsu et al. |



Beyond the simplest models

In high energy physics models, one usually finds many scalar fields.
multi-field inflation !

The kinetic terms can also be non-standard

General multi-field Lagrangians [DL, Renaux-Petel, Steer & Tanaka ‘08 ]
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Multi-field inflation

* /R no longer conserved

on large scales T '((‘J)' | '( | H)J ]
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« Transfer from the entropy mode(s) into the adiabatic mode.
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Non-Gaussianities

 Bispectrum
(Giey Gy Cics) = (2m)36D (k) Be (ki ko, k3).

One also uses the fy, parameter
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* Link with inflation
Using the dN-formalism [ Lyth & Rodriguez '05 ]
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Non-Gaussianities

(ChyChrChs) = D> NN JNK<59%159%259%3> +
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» |f the scalar field perturbations are quasi-Gaussian, local NG
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 If the scalar field three-point function is significant, like in models
with non standard kinetic terms, equilateral NG

« Observational constraints —9 < o <111 (95% CL)

[ WMAP5: Komatsu etal’08] 151 — ¢l 953 (950, (1)



Example: multi-field DBI inflation

[ DL, Renaux-Petel, Steer & Tanaka ‘08 ]

« Inflation: motion of a D3-brane, described by the Lagrangian

"= _f(jbl) [\/det(&,j + [ Gr0r¢l0,¢7) — 1| — V(¢")

 Power spectra
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« Expansion of the action up to third order
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Conclusions

After nearly 30 years of existence, inflation has been so
far successful to account for observational data.

However, the nature of the inflaton(s) remains an open
guestion.

More sophisticated models involve multiple fields and/or
non-standard kinetic terms.

Hope that future cosmological data will enable us to
discriminate between various types of models.

Signatures: non-Gaussianities, gravitational waves, entropy modes.






DBI inflation

— Brane inflation: inflaton as the position of a
brane

E> effective 4D scalar A

— Moving D3-brane in a higher-dimensional
background 3

— D3 brane

2 1/2, K 1/2, K KN T J =-—warped throat
ds® = b2 (y") g datde” +r 2 (y™) G 1y (v ) dy' dy

—=—anti—D3 brane
at Y=\,

Its dynamics is governed by a Dirac-Born-Infeld
action
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DBI inflation

One dimensional effective motion (radial motion)

5= [dov=a |31+ [0:00° - V()| = [ =3 P(x.0)

 |n the homogeneous case,
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1. Slow-roll regime:

fd? <1 [ KKLMMT ]

2. “Relativistic” regime:
.o , [Silverstein, Tong '04;
l—fo" <K< 1l=|¢p|~1/ ﬁ Alishahiha, Silverstein, Tong’04]



Multi-field DBI inflation

« Take into account the other internal coordinates [ gasson, Gregory, Tasinato

:> multi-field effective description ! & Zavala '07; Huang, Shiu &
Underwood '07 ]
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« Homogeneous case

S = /dt a’ [—%\/1 — fGrrdled? —v(eh)



Including bulk forms

[ DL, Renaux-Petel, Steer, 0902.2941 ]

« One can include the NS-NS and R-R bulk forms

Sppr = —T5 / d*z e—@\/ — det (&W + B, + 27ra’FW)

A > /
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4—form

o Variatonw.rt Ao vyields the constraint
27'('0/}11/2140 — b[JQBIQJ =0

> all new scalar terms cancel in the 2" and 3" order actions !

» Vector degrees of freedom



