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The data are pouring in: CMB anisotropy, SNIa, LSS surveys, galaxy

ounts, et.

� How to best use them to onstrain the osmologial parameters?

� How to best probe the dark energy?

� What redshifts are optimal for probing the dark energy?



At what redshift should we look for

supernovae?

� \Global" parameter determination

Calan/Tololo
(Hamuy et al, 
A.J. 1996)

Supernova
Cosmology
Project
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Supernova Cosmology Project
Perlmutter et al. (1998)


astro-ph/9812133

In flat universe:   ΩM = 0.28 [± 0.085 statistical] [± 0.05 systematic]

Prob. of fit to Λ = 0 universe:  1%



� Establish that dark energy auses the faintness of SNe

Cosmological Params.
Dark Matter Properties

Dark
Energy Properties
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� This talk: Ahieving the best loal parameter determination.

Spei�ally, we minimize the area of the unertainty region.
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Assume:

� The total number of available SNe is �xed

� The unertainty �

m

in eah SN is the same

� There is an in�nite supply of SNe at eah redshift



One an show that V / [det(F )℄

�1=2

where V is volume of unertainty ellipsoid and
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Example (2 parameters, no orrelation):
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So, to minimize V , we need to maximize det(F ).



Calulation of the Fisher matrix for supernovae:
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We represent the measurements as a sum of delta-funtions
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Our goal is to �nd g(z) suh that det(F ) is maximal.



Case of one parameter:

det(F ) = F
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Case of two parameters
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For the 


M

{ 


�

ase:

g(z) = 0:50 Æ(z� 0:44) + 0:50 Æ(z� 1:00);

0 0.5 1
Redshift z

0

0.5

1

1.5

0 0.5 1
Redshift z

−0.02

−0.01

0

0.01

0.02

R
el

at
iv

e 
m

ag
ni

tu
de ΩM=0.28, ΩΛ=0.68

ΩM=0.28, ΩΛ=0.66

ΩM=0.3, ΩΛ=0.7



and for the 


M

{ w

Q

ase (at universe):

g(z) = 0:50 Æ(z� 0:36) + 0:50 Æ(z� 1:00):

Three parameters:

For the 
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Q

{ w

Q

ase:

g(z) = 0:33 Æ(z� 0:21) + 0:33 Æ(z� 0:64) + 0:33 Æ(z� 1:00)



Inluding marginalization over M

This only adds another delta-funtion at z = 0!
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Improvement due to this hoie of

redshifts:
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Finding the \thinnest" ellipse

Tegmark, Eisenstein, Hu & Kron 1998
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� We need to maximize the bigger eigenvalue of the Fisher matrix.

� Result: all SNe should be at z

max

.

But then the ellipse is in�nitely long!



� For all purposes, the minimum-area ellipse is the \thinnest" ellipse.
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Conlusions:

� For the tightest onstraint on N parameters, supernovae should ide-

ally be loated at N spei�ed redshifts (one of them z

max

)

� The same strategy works to obtain the \thinnest" ellipse in the
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{


�

plane

� This proedure an be tailored to spei�ations for any given SN

searh

� There are many other things to onsider in answering the question

of how to best onstrain the parameters/dark energy.


