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Problems of modern cosmology

* Cosmic acceleration — Cosmological constant
* Dark Matter

Cosmic acceleration

% Canonical quintessence
* or non-minimally coupled scalar field?
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* de Sitter vacuum with anti D3 brane — landscape k.
Kallosh, Linde, Trivedi] [Achucarro, de Carlos, Casas, Doplicher]

* Brans-Dicke-like runaway dilaton (casperini Piazea, Veneziand]

* Gauss-Bonnet coupling

Phenomenological models

* Quintessence, Brans Dicke
* MOd'fy gl’aVIty at |arge SC8|€S [Carroll, ADF, Duvvuri, Trodden, Turner, PRD]
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Gauss-Bonnet cosmologies

Scalar field non-minimally coupled with gravity

Coupling may arise naturally in string theory

* Powers of curvature invariants — ghosts
*x No 4th derivatives for the Gauss-Bonnet term
* Possible non-minimal couplings bw ¢ and R¢,p
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GB — The Model Il

The action under study

5 = / e V=g [Lf1(6) R — 1 w(6)(09)’
V() + fol@) R

It leads, in general, to a system of 2 non-linear ODEs of
2nd order in @ and ¢ in FRW.
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Functions depend on explicit model

Massless dilaton,

*flz_w:6_¢7 U:O7 f2:%)\6_¢7
«A=1/4, 1/8, 0

Simple case of a single modulus

x* fi=1, w=3/2, U =0, fy=~ cosh(¢p)

In general F = (3¢e?, U non-perturbative.
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Existence of late-time power-law
It can lead to an accelerating universe
Any problem with this non-minimal coupling?

Particle content: Graviton 4+ ¢ + matter
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Backgrounds and Ghosts

RZ%y is topological in 4D
If coupled, no ghosts for Minkowski background
What about other backgrounds?

all backgrounds may be safe
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Cosmological perturbations

Background 1s FRW

Expand the action about general flat FRW!
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Propagating modes
Study of the scalar, vector and tensor perturbations

Expansion of the action at the second order about FRW

General expression
S = /dta3 {—A(t) VA B{)

- —-UViY
a

Speed of propagation
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Ghosts and instabilities

No-Ghosts and instabilities: A(t), B(t) > 0 so that
s >0

No-Superluminal modes, s < 1

These constraints pertain to scalar and tensor modes

Vector modes do not propagate jiwene noh prD 61 (2000)]

12



Problems

Ghosts: , failure of energy conser-
vation, wild particle production A, B < 0

13



Problems

Ghosts: , failure of energy conser-
vation, wild particle production A, B < 0

Instability: No wave-propagation, Euclidean box, expo-
nential behaviour, AB < 0

13



Problems

Ghosts: , failure of energy conser-
vation, wild particle production A, B < 0

Instability: No wave-propagation, Euclidean box, expo-
nential behaviour, AB < 0

Superluminal: No unicity of the future cone, ill-defined
Cauchy problem, B/A > 1
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Only an effective action

* High energy: higher powers contributions
* Low energy: GB dominant

SL? No problem

* Not unique definition of future

* Black hole may not be black

* Spatial sections could be causally connected
* lll-posed Cauchy problem

Ghosts instabilities, no FRW

14
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Analisys

Analized some models w/ this coupling

Antoniadis, Rizos, Tamvakis 1994
Nojiri, Odintsov, Sasaki 2005

Calcagni, Tsujikawa, Sami 2005
Difficult to find a model which satisfies all bounds

Unless fao(¢p) — 0
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