








...predicted 1n models where
dark energy 1s naturally of the same order as matter

Crossover Quintessence Evolution
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Structure
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cosmological constant : , ~ t* ~ (1+z)3



Early dark energy

A few percent in the early Universe

Not possible for a cosmological constant



Structure formation

Structures in the Universe grow from tiny

fluctuations in density distribution

stars , galaxies, clusters
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m Matter dominated universe with Q,

P.Ferreira,M.Joyce

B Dark energy slows down structute formation
== () < 10% during structure formation
B Substantial of Q. (1) since structure has formed!

—

B Question “why now’ is back ( in mild form )



Fluctuation spectrum

— Early quintessence, n=0.99
--- Early quintessence, n=1.05
—- ACDM WMAP only
-+ ACDM WMAPext + 2dFGRS
A Lyman-o

o 2dFGRS
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Models and Parameters

B
W

0.05

0.02 0.0
-0.91 -0.95
0.99 1.05
0.65 0.70
G5 =016
Quh?  0.024 0.025
T 0.17 0.26

osg : 0.87

2 1432
Xeff/V 1342 1342




Doran, Schwindt,...
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for varying early dark energy :
weighted average of €2

S'Bfli = [Inag — In a.{;,q]_l / Q4(a) dlna

In ae

influence of late evolution of o
[ Qa(a)/w(a)dIna

1 In air
conformal time 1, and w

quintessence through

0
f Q4q(a)dIna
averaged equation of state Inagr

a.. : transition from slow early evolution of €2,
to more rapid late evolution



at most a few percent dark energy
in the early universe !



Jeans avalysis for fluctvatbions
nside the horiaon
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pressure & Heets ( ‘77-}" )

Uy ¢ veloeby of seond
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L inear analysis
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presence of early dark energy decreases @ for given t
slower growth of perturbation
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kinetic energy

_ 1=V

W= =TV

Depends on specific evolution of the scalar field



mw <0 Qh increases (with decreasing z)

late universe with 1 0?2 h

small radiation component : Wh = 382y, (1 _Qh) oIn(1+2)
mw<-1/3  expansion of the Universe is
accelerating

mEw = -1 cosmological constant



m fraction in dark energy has substantially
increased since end of structure formation

m cxpansion of universe accelerates in present

epoch
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Q= 0.29
+0.05-0.03

(SN alone, for 2. =1)
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supernovae :
negative equation of state and
recent increase
in fraction of dark energy
are consistent !



influence by
m carly dark energy

B present equation of state



Anisotropy of cosmic background
radiation

CGarly quintessence, n=0.94
Early yuinleesence, n=1.05
ACTDM, WATAPext + 2dT GRS
ACIM, WAAP only
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Caldwell,Doran ,Muller,Schafer,. ..
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Peak location in quintessence models
for fixed cosmological parameters

M. Doran, M. /_z'//e‘y/ J. Schwinatt ...

Wo 11 12 12/11 Alestim. Alpum.
Leaping kinetic term (A), QF = 0.6 '
8.4 x 10~° —0.76 215 518 241 292
0.03 —0.69 214 520 2.43 294
0.13 —0.45 2 523  2.4¢ 299 30 0.471
0.22 —0.32 207 524 2.53 302 307  0.286
Inverse power law potential (B), ¢ =06
8.4 x 107° —0.37 199 480 2.4l 27 : 0.610
9.9 x 1072 —0.13 178 443 2.49 25: 29 0.177
0.22 —8.1x 1072 172 444 2.58 257 257 0.089
Pure exponential potential, Qf = 0.6
T 107 190 573 3.02 368 377  0.011
Pure exponential potential,ﬁﬂg’ = 0.2 e
4.7 %3107 294 490 2.53 282 0.375
Cosmological constant (C), Qf = 0.
—1 219 527 241 296 295 0.965
Cold Dark Matter - no dark energy, Qf = 0 i
—~ 205 496 242 269 268  1.493







y=In(l+2)=—Ina

(1 —Q,)w, ( matter domination )




fraction 1n matter

present equation of state
bending parameter



_xp(Ro + 3we/b)
1 + exp(Ry + 3wy /b)

Qe = Q(y = 00) =

wi(z) =wo+w'z+ ...
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equation of state changes between w, and 0
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Cosmon @ : scalar singlet field

Lagrange density L. =V + Y2 k(@) 0p 0@

(units: reduced Planck mass M=1)
Potential : V=exp[-0]
“Natural initial value” in Planck era ¢=0

today: =276



for ¢ standard “ exponential potential :

construction of kinetial from equation of state

—10 [ 4, o Ow, 1
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3(1 + wa)) { (1+wp) Oy 1—-m,,}
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How to distinguish Q from A ?

o g

i1) equation of state w; (today) > -1
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