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

counts, etc.

e How to best use them to constrain the cosmological parameters?

e How to best probe the dark energy?

e What redshifts are optimal for probing the dark energy?



At what redshift should we look for
supernovae”?

e “Global” parameter determination

Supernova Cosmology Project
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e Establish that dark energy causes the faintness of SNe
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e This talk: Achieving the best local parameter determination.

Specifically, we minimize the area of the uncertainty region.

QP

Assume:
e The total number of available SNe is fixed
e The uncertainty o, in each SN is the same

e There is an infinite supply of SNe at each redshift



One can show that V x [det(F)]_l/ 2

where V' is volume of uncertainty ellipsoid and
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Equation of ellipse: Fy; p? + Fyy p3 = Const.
Area of ellipse: A = 87(Fyy Fys) /2 o [det(F)]7H?

So, to minimize V', we need to maximize det(F').



Calculation of the Fisher matrix for supernovae:
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We represent the measurements as a sum of delta-functions
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Our goal is to find g(z) such that det(F') is maximal.




Case of one parameter:
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Case of two parameters
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This is a problem in quadratic programming.
Unfortunately, w?(2;, z;) is not concave, so we maximize using brute

force.



For the €2, — Q) case:

g(z) = 0.50 6(z — 0.44) + 0.50 6(z — 1.00),
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and for the Q5 — wg case (flat universe):

g(z) = 0.505(z — 0.36) + 0.50 §(z — 1.00).

Three parameters:

For the (23, — Qg — w( case:

g(z) = 0.33 5(z — 0.21) + 0.33 §(z — 0.64) + 0.33 J(z — 1.00)



Including marginalization over M

This only adds another delta-function at z = 0!
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Improvement due to this choice of
redshifts:
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Finding the “thinnest” ellipse

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

e Result: all SNe should be at z.x.
But then the ellipse is infinitely long!



e For all purposes, the minimum-area ellipse is the “thinnest” ellipse.
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Conclusions:

e For the tightest constraint on N parameters, supernovae should ide-

ally be located at N specified redshifts (one of them zy,ay)

e The same strategy works to obtain the “thinnest” ellipse in the

Q25 plane

e This procedure can be tailored to specifications for any given SN

search

e There are many other things to consider in answering the question

of how to best constrain the parameters/dark energy.



