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Radiation (� 0:01%)

Luminous Matter (� 0:1%)

Baryoni Matter (� 4%)

Dark Matter (� 25%)

Dark Energy (� 70%)



Supernova Cosmology Project
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Desribe dark energy by (Turner & White 1999)
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Cosmologial tests of Dark Energy
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Strong Gravitational Lensing Statistis
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No Big Bang
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CMB and Dark Energy
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CMB provides a single measurement of the distane to LSS, therefore

� Degeneray in parameter estimation

� Only w

e�

is probed
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(Spergel et al. 2003)



Assuming w(z) = w
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But osmi variane rules...
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Getting Around Cosmi Variane!
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Growth Rate of utuations
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Polarization measurements from

lusters
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Most optimisti ellipses assume:

� 3 armin resolution ! � 2 meter dish

� a few �K

p

se resolution per detetor with � 100 detetors

so that� 10,000 sq. deg. an be overed in about 1/2 year at� 0:1�K

sensitivity.

or, in several years of running, a few tens of nK sensitivity.



CMB-LSS Cross-Correlation
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Non-zero orrelation would be a signature of ISW

and, therefore, dark energy!
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Will it work even better with C
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(z)?



Polarization from lusters reap:

� Observationally hallenging.

� Provides C

2

(z)

� Whih leads to

dg

dz

(z)

� Dereases osmi variane on C

2

� Probes di�erent sales of P (k)



\Multipole Vetors"!

(Copi, Huterer & Starkman 2003)

WMAP siene team
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Tegmark et al. 2003
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Tests of Non-Gaussianity with

Multipole Vetors

(PRELIMINARY!)
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4 parts in a thousand!

But: goes away when quadrupole, otupole are omitted.




