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€2,=0/ 0 H=ala

fraction 1n baryons

energy density in baryons over critical
energy density







~60,000 of
>300,000
galaxies




. Abell 2255 Cluster
" ~300-Mpc |







Q, =0.045

trom nucleosynthesis,
cosmic background radiation




B Om = 0.27 total “matter”

m So far tested only through gravity

m Pvery local mass concentration ==

gravitational potential

m Orbits and velocities of stars and galaxies =
measurement of gravitational potential

and therefore of local matter distribution




gravitatio_nal fens‘ HST




Shear estimate
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Ranges for Q_, Q, from WMAPext, SNla and Cosmic Shear

- WMAPext

0.40

0.30 Cosmic Shela;/KSI%)

0o 01 02 03 04 05 06 0.7

Waerbeke Qm




Q =1

tot

m theory (inflationary universe )

(2. =1.0000
m observation ( WMAP )

Q. =1.02 (0.02)




picture of the big bang




Wilkinson Microwave Anisotropy Probe

A partnership between _
NASA/GSFC and Princeton

Science Team:

NASA/GSFC

Michael Greason
Bob Hill

Gary Hinshaw
Al Kogut
Michele Limon
Nils Odegard
Janet Welland
Ed Wollack

Brown  UCLA i ';_{"

Greg Tucker Ned Wright

. Princeton
U BC Chl Cago Chris Barnes Lyman Page

Mark Halpern Stephan Meyer Norm Jarosik Hiranya Peiris
Eiichiro Komatsu  David Spergel
Michael Nolta LiciaVerde
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prediction:
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LINEAR SCALE OF UNIVERSE RELATIVE TO TODAY
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Entire High-Z SN la Data Set
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Supernova Ia Hubble-diagram
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Structure formation




Structure formation :

fluctuation spectrum
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® Cosmic Microwave Backgro
®Z2dl galaxie:

#w Cluster abundance

® Weak lensing

4 Lyman Alpha Forest

pial Lol Lo el

Waerbeke

0.01 0.1
Wavenumber k [h/Mpec]

CMB agrees with
galaxy distribution
Lyman — o forest
and

gravitational lensing
etfect !







clumping

clumping

homogeneous
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Cosm. Const. | Quintessence

static dynamical




homogeneous dark energy: ?,/M*= 6.5 10712

matter: ?/M4=3.5 10 121




t2  matter dominated universe

l?m/M4Na_3N A o . .
t732  radiation dominated universe

m? /M~ a " ~ t2 radiation dominated universe




C.Wetterich,Nucl.Phys.B302(1988)668, 24.9.87
P.J.E.Peebles,B.Ratra,Ap]J.Lett.325(1988)L17, 20.10.87










“Fundamental” Interactions

Strong, electromagnetic, weak
interactions

gravitation = cosmodynamics




FField equation

Potential V(1) determines details of the model
e.g. V(©) =M*exp( - ©/M)

for increasing ¢ the potential decreases towards zero




b+ 3Hd = —dV/do

lng




Solutions independent of
initial conditions

typically V~t -2

¢ ~In(t)
(2, ~ const.

details depend on V(y)
or kinetic term

=20

I eatly cosmology

Ic:g.;c,az-lcrgm{j +2)




O : scalar singlet field

Lagrange density L. =V + % 0¢ ¢

(units: reduced Planck mass M=1)
Potential : V=exp[-§]

“Natural initial value” in Planck era ¢=0

today: ©=276




s k(f) = k=const. Exponential Q.
m k()= exp ((f —T )/a) Inverse power law Q.
n kf )=“1/QEf .—T)” Crossover Q.

- else: explanation needed -




Crossover Quintessence Evolution




kinetic energy

TV
w— — TV

Depends on specific evolution of the scalar field







Crossover Quintessence Evolution
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cosmological constant : Q, ~ t* ~ (1+z)>




A few percent in the early Universe

Not possible for a cosmological constant
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Fluctuation spectrum

— Early quintessence, n=(.99
-— Early quintessence, n=1.05
ACDM WMAP only
oo ACDM WMAPexi + 2dFGRS
s Lyman-
o 2dFGRS

)
=
=
)
¥

10” 10"

k/h [Mpc ]
Caldwell, Doran, Muller,Schafer,. ..




Anisotropy of cosmic background
radiation
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How to distinguish Q from ? ?

g







Quintessence and
Time dependence of
“fundamental constants”

Webb et al




Fractional look—-back
0.4 0.6

L Tuilnin Valame | gua! , : |

1

=4 ]
= i
=3 1

Redshift Webb et al




No/o = -0.54 (12) 103

Murphy, Webb, Flammbaum, june 2003




® Oklo natural reactor  Do/a < 10 7/ 7z=0.13
m Meteorites ( Re-decay ) Aa/a <3 10" 2=0.45




Fractional look—-back
0.4 0.6
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Time evolution of fundamental couplings

traces time evolution of quintessence




Time variation of coupling constants
1S tiny —

would be of very high significance !







Cosmon mediates new long-range interaction

Range : size of the Universe — horizon

Strength : weaker than gravity

Small correction to Newton’s law




Different couplings of
cosmon to proton and
neutron

Differential acceleration

Violation of equivalence

principle

cosmon
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Qp(1+wp)
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B Question “why now” 1s back (1in mild form )




m Mediated by scalar field

R.Peccet,].Sola,C.Wetterich, Phys.Lett. B195,183(1987)

—>

m Quintessence: connected to time variation of

fundamental couplings
C.Wetterich , Nucl.Phys.B302,645(1988)




MO~ My ™ X AQCDN X > Mg~y -




m [agrange density:
— \/g(_EXQR + 5(5 — 6)0Mx0y,
+V () + hxy))

m Dilatation symmetry for

V = Xx*, A = const.,d = const., h = const.

m Conformal symmetry for 6=0




m Vet Moy )~ %

m V/M*~ " : decteases for increasing

m [E>0: crossover quintessence




Weyl scaling: g ! (M/y)’g,, .

o/M = In (y *“/V(x))
L = \/5(—§M2R + 5#6%8@







W 94 GHz

Dipole R emoved







Anisotropy of CMB

Angle

amplitude of

fluctuations




209 SN Ia and medians
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