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Supernovae
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Vacuum energy A

(also known as dark energy or cosmological constant)
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SN 1A Riess et al. p002

(w/ Perimutier et al 1999)
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We can “measure” dark energy because of its effects on the
expansion history of the universe: a(t)

’ dt
SN: measure dL d, =(1+z) f (1+ z')gdz'
CMB: 6x and ISW - a(t) ?

LSS or LENSING: g(z) or r(z) =2 a(t)

AGES: H(z) 2 a(t)




1a:WMAP+external data sets:Constraints on Quintessence (?)
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WMAP+external data sets:
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WMAP+external data sets:
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LARGE SCALES: 1:CMB and Large scale structure
la- WMAP + external data sets results %
(WMAP team 2003)
1b- CMB X lensing X Rees Sciama
(Verde & Spergel 2002)

SMALL SCALES: 2. A cosmologist’s use of stars

2a- Globular clusters ages
(in collaboration with L. Verde, T. Treu, D. Stern 2003)

preliminary




2a:Globular clusters ages: THEORY

Assume the universe to be flat: £, depends on w and age

11=sound horizon(decoupling)/angular diameter distance (decoupling)

for a fixed value of w, a change in _ _h* that keeps l 1 fixed will also

keep age unchanged (Cadwell et al. 1998, Knox et al. 2001, Hu et al. 2001)
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2a: Globular clusters ages: independent age estimate

Monte Carlo for
age of oldest GC
paying careful
attention to
systematics

M92

From Krauss & Chaboyer 2003
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2a:Globular clusters ages: Constraint on “effective” w
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1b:Dark energy and secondary CMB
(Verde, Spergel 2002,PRD)
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1b: Bispectrum :

Luo 1994,.... Spergel Goldberg 1999, Goldberg, Spergel 1999, Komatsu,
Spergel 2001 etc...

to couple the high z universe (low ) to the
low z universe (high? ) via the weak lensing signa
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Consider primordial, lensing & Rees-Sciama:
Balance of 2 competing contributions:

=Decay of gravitational potential (non Einstein de Sitter Universe)

 Amplification due to non-linear gravitational evolution
Balance depends on Q2m and w




Bispectrum: Cross correlating primordial-lensing-Rees Sciama

ACT+WMAP2yr data
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See also Giovi Baccigalupi, Perrotta 2003 for w(z)




.= The ACT telescope
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6T = [1(1+1)C,/2m]"/2 [uK]

Arcminute Resolution mm-wave Observations
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m-M (mag)

A(m-M) (mag)
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Reconstructing w: a

difficult task
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2b:Reconstruct w(z): use dz/dt -2 T
- —U.0 _"E.:__“'__ e e
. ¥ -0.8 e -
Non-parametric! -:;gE— S AT e
0 dt E: T
Note: d, =(l+2)[(+2) =i i
z dz 2ok
52 a __.._—_7;.:=—-— e e e
H(Z) __ 1 dz 55 :

w(z) 1n here 20

ity
I 2 E

dt*

dzZ dZ 1 5 3 s B E p3 e T
b2 o+ % af gl
(d)( 2) (2 2w(z)) e

20 ,.-f—_ﬁ-;':""" 3
3 ) —
_Egm(l ¥ Z) W(Z) e Eg ?:"-lt___._'..__. R AR PR gyt ._______
2 e T A e —
(LR 0.3 1.0 1.5 5 0

(from Jimenez & Loeb 2002)




2b:Reconstruct w(z): cosmic chronometers
The Red Envelope
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2b:Simulating the “edge”, error budget,
tests for sistematics Small burst of SE?
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See also Jimenez & Loeb 2001




2b:Reconstruct w(z): Age-redshift relation
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2b:Reconstruct w(z) with dz/dt: Difficult, BUT:
© Relative ages !!!

© Battery of tests for effects possible systematics
(Jimenez & Loeb 2002, Jimenez , LV, Treu, Stern 2003)
© At z=1 the restframe UV spectrum of ellipticals is %%o“
dominated by main sequence stars '00%\
s

© You've got to be honest with uncertainties

@ Many high S/N spectra will help improve the statistics.



2b:Reconstruct w(z): CAN IT work?

At z=0 dz/dt gives Ho and we have SDSS galaxies:
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2b: Reconstruct w(z): Age-redshift relation

Linearly to
w=0 for 0<z<I

Every high-z spectrum helps:
Please give generously!




New data at high-z

1 Models with
J arbitrary HO




The almost “impossible” task of reconstructing the potential
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from Maor et al. 2002



CONCLUSIONS

The effective w is around —1.
It's important to beat systematics by using cross checks.

WMAPext: w=-098+0.12 CG ages: w<-0.8

SDSS consistent

For the moment, looks like dark energy 1s consistent with A

The next challenge 1s to track w(z) possibly in a non-parametric way

I have shown a preliminary attempt to do just this using relative ages

More data are needed



