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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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Stringy models

* de Sitter vacuum with anti D3 brane — landscape i,
Kallosh, Linde, Trivedi PRD 68 (2003)] [Achucarro, de Carlos, Casas, Doplicher hep-th/0601190]
* Bra nS—D|Cke_||ke ru naway dl|at0n [Gasperini, Piazza, Veneziano PRD 65

(2002)]

Phenomenological models

* Quintessence, Brans Dicke
* Modify gravity at large scales
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Modified Gravity Models

Low energy effective theories described by f(R) o

Duvvuri, Trodden, Turner PRD70 (2004)]

This is equivalent to a subset of Brans-Dicke theory
Same bounds apply

Other curvature invariants?

DGP model [Dvali, Gabadadze, Porrati Phys.Lett.B485 (2000)]

[Koyama PRD 72 123511 (2005)] [Charmousis, Gregory, Kaloper, Padilla hep-th/0604086 (2006)]
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CDDETT Model

Define P = R,p3 R* and Q = Rosys RoPYe

4n+2
S = | d*z+/— R—6 a .
/ VT {7 (a1 R4+ as P+ a3 Q)"

[Carroll, ADF, Duvvuri, Easson, Trodden, Turner PRD 71 (2005)]

It leads, in general, to a system of non-linear ODEs of
fourth order in the scale factor ens, santiago, Weller PRL 96 (2006);



Existence of late-time power-law attractors



Existence of late-time power-law attractors

It can lead to an accelerating universe



Existence of late-time power-law attractors
It can lead to an accelerating universe

de Sitter is unstable



Existence of late-time power-law attractors
It can lead to an accelerating universe
de Sitter is unstable

No spin-2 ghosts for GB combination, as = —4as
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Degrees of freedom

CDDETT action is equivalent to

_ / d'z /=gy R~ U() + b f(¢) R+ f(6) Riyl

where b = a1 /a3 — 1, as = —4a3 and
0 An—+2 1 0 4n—|—2
g dp (nt 1) gt
ag ¢n n¢n—|—

¢ eqn: ¢ = bR’ + RZ
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Equivalent to a scalar coupled to GB and potential
Graviton + ¢ + R?
Similarity with 4D GB cosmology [Calcagni, de Carlos, ADF NPB 752 (2006)]

No ghosts for dS but ; an attractor

he eqns are 2" order: no spin-2 ghost! (e, solganik pLE 608

(2005)][Chiba JCAP 0503 (2005)]|[Navarro, van Acoleyen gr-qc/0511045]
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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

Squared Speed of propagation
B(t)

S — —(———

A(?)
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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)]
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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

13



Objections

Only an effective action

14



Objections

Only an effective action

* High energy: higher powers contributions

14



Objections

Only an effective action

* High energy: higher powers contributions
* Low energy

14



Objections

Only an effective action

* High energy: higher powers contributions
* Low energy

SL? No problem

* Not unique definition of future

14



Objections

Only an effective action

* High energy: higher powers contributions
* Low energy

SL? No problem

* Not unique definition of future
* Black hole may not be black

14



Objections

Only an effective action

* High energy: higher powers contributions
* Low energy

SL? No problem

* Not unique definition of future
* Black hole may not be black
* Spatial sections could be causally connected

14



Objections

Only an effective action

* High energy: higher powers contributions
* Low energy

SL? No problem

* Not unique definition of future

* Black hole may not be black

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

14



Objections

Only an effective action

* High energy: higher powers contributions
* Low energy

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



Constraints from attractors

Look for accelerating power-law attractors space
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