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Today's picture of the universe
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Dark energy dominates in the (flat)
universe

Energy in the universe

Matter 27%
(baryons 4% & cold dark matter 23%)
+
Dark energy 73%
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Dark energy equation of state w

B [heory : w < -1/3

B Observations : 1.2 < w < -0.8
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Magnitude versus red-shift
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What is dark energy?

m |Introduced by Einstein
flor a static universe

m Allowed by all
symmetries

m ACDM agrees with data

m [he cosmological and
coincidence problems
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Cosmological constant
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Field equations for gravity

B Observation: accelerated expansion

B [heory: with matter or radiation — decelerated
expansion

m Disagreement between theory and observation
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Two choices

m Geometrical dark energy
m Modify left hand side
— new gravitational theory

G,u,l/ = T[JJ/

m Dynamical dark energy

m Modify right hand side — new dynamical
component
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Q: Why Qs of matter and dark energy are
so similar in magnitude ?

m First answer

m : current universe

B Second answer

m Because of : current universe
close to a
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Not so simple to realize !

m Cosmology of type

H? = 27(p+ppE)

n 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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Interacting (dynamical) dark energy

(Quintessence)

any more)

m Usually assume source ( )
RNy (0911.3089,

m Model with
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Our model

— Canonical scalar field ( )

— Lagrangian
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Q) =
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Equations of motion

pdm + 3dem — Q

o 6 lIl ™Mdm (gb)

8¢ pdm¢
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Require [N Y

V()) = M* exp[—a¢/My]

.. (0) = exp [ (V(6)/2)"
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Phase-space analysis
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New dynamical equations |
(exponential)
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New dynamical equations Il
(Inverse power-law)
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Stable fixed point —» acceleration

Ze = 1
B 04

m For case [N Y = 1

and for
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Comparison with data

d
ﬂ—5bg( )+25

Mpc

dr, (2 = 0.35) /3
H(z = 0.35)(1 + 0.35)20.352)
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Global =EMEWAS

X%ot(c’i) — X%NI@(C’L') + XQBAO(C??) + X%MB(C?:)
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Numerical Results |
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Numerical Results Il
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Conclusions

m Cosmic acceleration —» Dark energy
m |nteraction between DE & DM is possible
B Model with quadratic coupling from a
Lagrangian
B Phase-space analysis attractor, acceleration

m Comparison against data from SN,CMB,BAO

B Allowed parameter space Is shown In figures
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