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Introduction

Introduction

@ The expansion of the universe seems accelerating
@ Room forwg < —1 ?
@ In phantom energy model

@ Null energy condition is not satisfied
e Energy density is a growing function of the scale factor
e May be big rip singularity

@ May be phantom divide crossing
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Introduction

Phantom energy with w = constant

@ Equation of state p =wp, w = constand w < —1

@ Energy density p oc a—3(W+1) p
@ Big rip singularity in the future:

@ At a finite cosmic time tmax

@ a—oo,p—ooandp — oo

tmax t

Caldwell, Kamionkowski and Weinberg 2003
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Outline

e Brane-World Models with Induced Gravity
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Brane-World Models with Induced Gravity

Induced Gravity on the brane

@ Brane embedded in a 5D bulk 4

brane
@ Brane action contains 4D scalar curvature e
AN\ o T

@ Two ways of embedding the brane

N

e One way generalises RS geometry

e One way generalises DGP geometry " .
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Brane-World Models with Induced Gravity

Dvali,Gabadadze and Porrati Model

@ One brane embedded in a 5D Minkowski

space-time ol
on the
- brane
@ Brane has no tension _
_ . \ cocape nto
@ Brane action contains 4D scalar curvature N
@ Extra dimension is infinite
brane bulk
Dvali, Gabadadze and Porrati ‘00
Deffayet '00
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Brane-World Models with Induced Gravity

Late-time acceleration on a DGP Brane

@ The bulk is flat. Then the expansion of the brane

@ (+) solution: The self-accelerating solution (Deffayet '00)
@ (-) solution: The non self-accelerating solution

o ADGP: Effective phantom-like behaviour. p = A + pm
Sahni, Shtanov '02, Lue, Starkman '04

e QDGP: Phantom divide crossing is possible. p = pq + pm.
The effective 4D phantom description breaks down at some
point.
Chimento, Lazkoz, Maartens, Quiros '06
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Chaplygin DGP Cosmologies

CDGP model

@ Brane: the non self-accelerating DGP branch
@ Matter on the brane

e Dark energy component is a GCG

0<As<1,As=A/py
Kamenshchik et al 01, Bili¢ et al ‘01, Bento et al '02

e CDM component

@ The modified Friedmann equation

H/Ho = \/Q,C + Qm(1+2)3 + Qen [As + (1 = Ag)(1 + z)3etD] e —  /Q,
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Chaplygin DGP Cosmologies

Acceleration on the brane-1-

@ There is a mimicry of a closed FLRW universe in the
(Qm, Qcn) plane Qn+Qeh =142/,

@ The brane never super-accelerates H<O0

@ The brane transits between CDM (past) and de Sitter
(future) limits —-

3 a certain redshift below which the brane accelerates.

@ No future singularity



Chaplygin DGP Cosmologies

Acceleration on the brane-2-

@ For a fixed amount of

matter, the late-time
acceleration starts sooner N T m]
the larger is As ) 0:

@ A =0.991,0.981,0.971 oa]

® Qn =02

o (Q,,2)=(0.01,0.9)
CENTRA



Chaplygin DGP Cosmologies

Acceleration on the brane-3-

@ For a fixed As, the larger is

Qm, the latter is the "
beginning of the cosmic | 0 os % og /@,,:jjff»%
speed up , 70: ’

® Qm =0.3,0.25,0.21 |

o As =0.991

o (O.,0)=(0.01,0.9)
CENTRA



Chaplygin DGP Cosmologies

Crossing the phantom divide: Effective description-1-

2 _
o Effective Friedmann Eq. | SH~ = Pm + peit

_ H
@ Effective energy density | Peff = Pch— 3%

— peﬁ
o Effective Wes 1+ Weft = — 31150
@ peif IS always positive if 4As(1 — As) > (%)
ch

@ With this condition the effective picture is always well

defined CENTRA



Chaplygin DGP Cosmologies

Crossing the phantom divide: Effective description-2-

@ There is a phantom divide crossing if 1 4+ wef change sign;
i.e. pefi Change sign (pef iS positive)

. 9HHZ(1+42z)3
Pell = (HiHo/0n0)
@ At high redshift (z > 1) peff IS negative = 1 + Wegr > 0
@ Atz ~ —1 the quantity pef is positive =— 1 + Weg < 0

X ~ QmHp/€, for a >0

@ Therefore, there is a phantom divide crossing if « > 0 and

Qm #0
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Chaplygin DGP Cosmologies

Crossing the phantom divide: Effective description-3-

@ Why Q, # 0 is a necessary condition for “crossing the
phantom divide™?

e In absence of CDM the Raychaudhuri equation reads

2H = —(1+Wef) pet

e There is no super-acceleration on the brane (in all cases)
e Then the phantom divide crossing cannot occur if Qy =0
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Chaplygin DGP Cosmologies

Crossing the phantom divide: Effective description-4-

Redshift values z; at which the crossing takes place

0.89 089 0.89 089
079 084 089 004 099 079 084 089 004 089 079 084 089 094 099 079 084 089 084 099
—

zZc < —0.4 zc = 0.0 zc < 0.4

@ For a fixed value of Q,_, z; grows with increasing Qn,
@ Q, =0.04 and @ = 0.20,0.25,0.30,0.35 (left to right)
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Chaplygin DGP Cosmologies

Crossing the phantom divide: Effective description-5-

Redshift values z; at which the crossing takes place

0.89 089 0.89 089
079 084 089 004 099 079 084 089 004 089 079 084 089 094 099 079 084 089 084 099
—

zZc < —0.4 zc = 0.0 zc < 0.4

@ For a fixed value of Qm, z; grows with increasing €2,
@ Oy =0.25and Q, = 0.01,0.04,0.07,0.10 (left to right)
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Summary and Conclusions

Summary and Conclusions

@ CDGP model: The non self-accelerating (normal) branch
of the DGP model filled with dark energy modelled through
a Chaplygin gas + CDM

can describe the late-time acceleration

mimics “crossing the phantom divide”

effective description remains valid at all redshift

("]
("]
("]
e no future singularity
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