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1998: The accelerating universe
breakthrough of the year
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Slow-roll inflation: A paradigm for the early universe
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Magnitude versus red-shift
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Age of the Universe and Hubble constant

Hy =T72Km/(Mpc sec)
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Hoto ~ 0.96 to ~ 13.7 Gy
A = U.
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Primordial Nucleosynthesis
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Today's picture of the universe

No Big Bang
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Concordance cosmological model!
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Dark energy dominates in the (flat) universe

Energy in the universe

Matter 27%
(baryons 4% & cold datk matter 23%)

_|_

Dark enetgy 73%
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Dark energy equation of state w

B Theory : w < -1/3

B Observations : 1.2 < w < -0.8
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What is dark energy?

B Introduced by Einstein for a

static universe
B Allowed by all symmetzies

B ACDM agtees with data

B The cosmological and

coincidence problems
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Cosmological constant
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B Disagreement
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Field equations for gravity
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Two choices

B Geometrical dark energy

B Modity left hand side

— new gravitational theory

G,u,l/ = T[JJ/

B Dynamical dark energy

B Modify right hand side = new dynamical component
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A very active field

S. Nojiti, S. D. Odintsov and M. Sami, arXiv:hep-th/0605039; V. Sahni
and Y. Shtanov, arXiv:astro-ph/0202346; R. A. Brown, R. Maartens, E.
Papantonopoulos and V. Zamarias, arXiv:gr-qc/0508116; P. S.
Apostolopoulos and N. Tetradis, arXiv:hep-th/0604014; arXiv:astro-
ph/0605450; C. Wetterich, L. P. Chimento, R. LLazkoz, R. Maartens and
[. Quiros, Nucl.\ Phys.\ B 302 (1988) 668; B.Ratra and P.J.E.Peebles,
Phys.\ Rev.\ D 37 (1988) 3400;

R. R. Caldwell, R. Dave and P. J. Steinhardt, arXiv:astro-ph/9708069];
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Q: Why Qs of matter and dark energy are so similar in
magnitude ?

B [irst answer

| . current universe

B Sccond answer

B Because of . current universe close to a
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Not so simple to realize !

B Cosmology of type

H? = 27(p+ppE)

| energy exchange

p+3H(p+p)=0

u energy exchange

p+314+w)Hp=-T

ppe +3(1+wpp)Hppeg =T
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Superstring theory: basic idea
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Extended objects: Branes
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A simple brane model
(Dvali, Gabadadze, Porrati, 2000)
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Cosmology for DGP
(Deftayet, 2001)
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A more realistic model
(G.Kofinas, G.P., T.N.Tomaras, 2005)
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Cosmological solution

ds* = —n(t,y)?dt* + a(t,y)*yi;dz'dz? + b(t,y)*dy”
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Cosmological equations
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Final form

W :wm[(l—l—Bw)(wm— )7 — A4

Vul

1_22_ 1 — 2,,—1 .
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Critical points and their stability

— [v<spv=82[v>32

Table 1: The fixed points for w=0, influx

 |v<8/2|v=8/2|3/2<v<2| v=2 [v>2

Table 2: The fixed points for w=1/3, influx
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Numerical results for brane model
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Interacting (dynamical) datk energy
(Quintessence)

_ ( any mote)

B Usually assume source ( )

m Modelwith (ORI (0911.3089,
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Our model (O.Mena, L.L.Honorez, G.P., 2010)

- — Canonical scalar field ( )
B —>
- — lLagrangian

mdm(gb)\If\If
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Equations of motion

Q= 90

G Panotopoulos

- 0 1n Mdm (gb)

Pdm + 3Hpgm = @

O+3Hd+Vy=—Q

pqub

MPI seminar, Munich 2010

31



—>
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V(o)

Require Q X Pdm P

M*? exp|—a¢/My]

mam(9) = exp | (V(6)/2)"
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Phase-space analysis

T =
6 H 2
-
2 __
Hy
7= —
H+ Hj
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New dynamical equations
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Stable fixed point — acceleration
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Comparison with data

dr.(z = 0.35)2 3
H(z = 0.35)(1 + 0.35)20.352)
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Global analysis

X%ot(c’i) — X%NI@(C’L') + XQBAO(C??) + X%MB(C?:)
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Numerical results for 4D model
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Diagnostic for different cosmological models

a
aH?3

T =

r—1
§ = ————
3(qg—3)
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4D model with interacting dark energy

lﬁ‘,2

y
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Iizp /f2pX
QU = ——HQ O, +0Qxy =1
Y E ot

0 = —0.03Jw = —1.02}0x0 =0.73
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Statefinders for the 4D model
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(s-r) plane for two models
(5D brane model, 4D model in GR)
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Conclusions

B Cosmic acceleration — Dark energy

B CC & LCDM: Simplest choice

B Other possibilities: Dynamical datk energy (quintessence) or geometrical
datk energy (brane models)

B Statefinders: Can descriminate between different dark

energy models with same expansion history
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