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Luminous Matter (� 0:5%)

Baryoni
 Matter (� 5%)

Dark Matter (� 25%)

Dark Energy (� 70%)

Eviden
e for dark energy:

1) Stru
ture formation: 


M
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2) CMB: 


TOT

' 1:0� 0:06

3) Type Ia Supernovae: 0:8
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Supernova Cosmology Project

   

34

36

38

40

42

44

WM=0.3, WL=0.7

WM=0.3, WL=0.0

WM=1.0, WL=0.0

m
-M

 (m
ag

)

High-Z SN Search Team

0.01 0.10 1.00
z

-1.0

-0.5

0.0

0.5

1.0

D(
m

-M
) (

m
ag

)




m = M + 5 log

�

d

L

(z;


M

;


�

; : : :)

10 p


�



Parameterize with 
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Fine-Tuning Problems

1) \Why now?"
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2) \Why so small?" (The Cosmologi
al Constant, that is)
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Kinemati
 Tests
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Growth of Density Perturbations
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Galaxy Cluster Abundan
e
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CMB and Dark Energy

Lo
ation of the �rst peak: l
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CMB provides a single measurement of the distan
e to LSS, therefore

� Degenera
y in parameter estimation

� Only w

e�

is probed
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Weak Lensing and Dark Energy

(Huterer 2001)





Power Spe
trum of the Convergen
e
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Parameters:

Æ

H




X

w 


M

h

2

n

s




B

h

2

m

�

Fisher Matrix formalism:

F

ij

= �

�

�

2

lnL

�p

i

�p

j

�

=

X

l

1

(�P

�

l

)

2

�P

�

l

�p

i

�P

�

l

�p

j

Results:

0 0.2 0.4 0.6 0.8 1
ΩM

−1.0

−0.8

−0.6

−0.4

−0.2

0.0

w

WL+COBE
WL+COBE+photo−z
WL+COBE+photo−z+Planck(T)

current

SNe Ia



WL Tomography
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Can 
lustering of Dark Energy be seen

in WL?

Ma et al. 1999
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Biases: Non-linear Power Spe
trum
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Bispe
trum and Skewness
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•  Measure  Ω    and  Λ

•  Measure w and w(z)
M

SCIENCE

•  Sufficient (~2000) 
    numbers of SNe Ia

•  ...distributed in redshift

•  ...out to z < 1.7

STATISTICAL 

REQUIREMENTS

Identified & proposed 
systematics:

   •  Measurements to 
       eliminate / bound 
       each one to +/-0.02mag

SYSTEMATICS 

REQUIREMENTS

SATELLITE / INSTRUMENTATION 

REQUIREMENTS

DATA SET 

REQUIREMENTS

•  Discoveries 3.8 mag before max.
•  Spectroscopy with S/N=10 at 15 Å bins.
•  Near-IR spectroscopy to 1.7 µm.

•
•
•

•  ~2-meter mirror
•  1-square degree imager
•  3-channel spectrograph

(0.3 µm to 1.7 µm)

Derived requirements:
  •  High Earth orbit
  •  ~5 Mb/sec bandwidth

•
•
•



SNAP
 SuperNova
Acceleration
     Probe

~2500 SNe Ia
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network of cosmic strings
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Strategies: Optimal Redshifts

(Huterer and Turner 2000)
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Beyond Constant w: Probing w(z)

The diÆ
ulty:
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Probing w(z): w = w

1

+ w

0
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)

(Cooray and Huterer 1999)
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Probing w(z): Re
onstru
tion

(Starobinsky 1998; Huterer and Turner 1999; Chiba and Nakamura 1999)
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Good: Non-parametri
 (e.g., no assumptions about w(z) needed)

Bad: The 
onstraint upon w(z) is relatively weak

Ugly: Need to �t r(z) with a smooth 
urve �rst.



What next?

� Explore the a

eleration using future powerful measurements:

e.g., measure isotropy of expansion using SNAP.

� Work on optimization of proposed methods:

e.g., weak lensing tomography.

� Combine various measurements in a 
lever way in order to get to

w(z).

� But to understand dark energy, esp. if w = �1,

major input will be needed from theory!


