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Theoriginal Hubble Diagram
(Galaxies)
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A modern Hubble Diagram
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Theexpansion of the universe

L uminosity distance in an isotropic,
homogeneous universeasa Taylor

expansion
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Supernovae
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SN la spectral evolution
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Thenearby SN la sample
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Thenearby SN |la
Hubble diagram
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H, from the nickel mass
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and risetime

Need bolometric flux at maximum F and
theredshift z as observables



Comparison with models
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Adding jerk ...
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Friedmann cosmology

Assumption:
homogeneous and isotropic univer se

Null geodesic in a Friedmann-Robertson-Walker metric:
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Theeguation of state parameter w

General luminosity distance
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Four redshift regimes

z<0.05

o Definethe characteristics of Type la
Supernova

e Understand the explosion and radiation
physics

e Determination of H,
z<0.3

» Explorethe systematics of SNe la
o Establish distance indicator



Four redshift regimes (cont.)

0.2<7<0.8

 Measurethestrength of the cosmic
acceleration (dark energy)

z>0.8
* break the degeneracy
e measure matter density

All redshifts

 Measuredetailsof dark energy



The SN la Hubble diagram

o powerful tool to
e measurethe absolute scale of the universe
HO
e measurethe expansion history (q,)
o determine the amount of dark energy

 measurethe equation of state parameter of
dark energy



Caveats

Warning to thetheorists,

Claimsfor a measurement of a change of the
equation of state parameter w are exagger ated.
Current accuracy isinadequate for too many
free parametersin the analysis.



Summary

Type la supernovae appear currently the
most promising routeto providea
possible answer to what the Dark Energy
IS.

All redshifts need to be covered

o distant SNela alone are useless

* nearby SNe |la arethe source of our
under standing of the distance indicator



