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Outline

Systematics of Typela Supernovae

The Hubble diagram of Type la Supernovae
From distances to acceleration

Theequation of state parameter



Theprinciple

Establish a cosmological distance indicator
In the local univer se (z<0.05)

evolution (primary and secondary)
Interstellar and intergalactic dust
gravitational lensing

M easur e obj ects at cosmological distances
o establish identity of distance indicator
e control measurement errors



The experiment

Establish a cosmological distance indicator
In the local univer se (z<0.05)

evolution » light curve shapes, colours, spectroscopy
dust > colours, spectroscopy

gravitational lensing » difficult, need mapping of
light beam

M easur e obj ects at cosmological distances
o 77 distant SNela (0.3<z<1.0) published

(Garnavich et al. 1998, Riess et al. 1998, PerImutter et al. 1997,
1999, Tonry et al. 2003, Suntzeff et al. 2003, Jha et al. 2003,

L eilbundgut et al. 2003)



Stepsin the analysis

Accurate photometry = photometric system

Secur e classification > Spectr oscopy
Light curve & photometry, epoch, K-corrections
Nor malisation > light curves, colours
Distances > local calibration

Cosmological parameters = luminosity distances
Cosmological implications= cosmological models
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Light Curves

Deter mine the maximum for the distance
deter mination
o K-corrections

— based on spectra series from nearby supernovae

* light curvefitting
— light curve shape — luminosity correlation



Light curve shape—luminosity

Am . relation
Phillips (1993), Hamuy et al. (1996), Phillips et al. (1999)

MLCS

Riess et al. (1996, 1998), Jha et al. (2003)

stretch
Perimutter et al. (1997, 1999), Goldhaber et al. (2001)

MAGIC

Wang et al. (2003)
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Starting from Einstein’s Field
equation




Friedmann cosmology

Assumption:
homogeneous and Isotropic univer se

Null geodesic in a Friedmann-Robertson-Walker metric:
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Distant SNe la

Distant objects appear

fainter than their Checks:

near by counter parts Dust

Thisisa2.50 result » observationsover many

(High-z SN Team and filters

Supernova Cosmology  Evolution

Proj ect) e Spectroscopy
 evolution Cosmology
* dust  moredistant SNela

e cosmology
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SN |a and 2dF constraints
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Post 1998 High-Z SN la Data Set

2dF:
02,=0.2+0.03 1.5
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Entire High-Z SN la Data Set
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RELATIVE BRIGHTNESS OF SUPERNOVAE
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SNelain €liptical galaxies

Deter mination of host galaxy mor phologies

e 38 SNelafrom the SCP sample

Sullivan et al. 2003
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Mag Residual

Modified Hubble diagram

Super nova Cosmology Project Sample
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SN |a Systematics?

Explosions not fully under stood

 many possible models
— Chandrasekhar-mass models
— deflagrations vs. detonations

Progenitor systems not known

o whitedwarfsyes, but ...
— double degenerate vs. single degenerate binaries

= Evolution very difficult to control



IsA real?

YES NO
v (ageof theuniverse)  ® evolution
v (CMB and cluster ® dust
masses) ® gravitational lensing
v (inflation) ® selection biases

® inhomogoneities

@ changing constants
(G, q,c

@ particle physics
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Nature of the Dark Energy?

Currently four proposals:
e cosmological constant

e gquintessence
— decaying particle field
— signature:
— equation of state parameter v # —1 with w = LZ
 |eaking of gravity into a higher dimenécon
e phantom energy = leadsto the Big Rip



On to new physics?

All proposed solutionswould require

additions

beyond the current standard

mode! of physics.
Type la Supernovae can distinguish

between t
* reguirec

nose possibilities
IS a large homogeneous set (about

200) of C

istant (0.2 < z< 0.8) supernovae



Theeguation of state parameter w

General luminosity distance

D, = 1+ z)c

“hofo,

y ‘}é X
HJ{QK(H Z)* + ZQi (1+ Z')s(lmr)} &

'WI'[hK:].—ZQi and w = P

2

0.C

wy,= 0 (matter)
we= % (radiation)
w,= -1 (cosmological constant)
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High-Z Supernova Search Team
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SN |a and 2dF constraints
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Summary

Supernovae measur e distances over alarge
cosmological range

They are complementary tothe CMB
measur ementsin that they can measure
the dynamics of the cosmic expansion

= map the cosmological expansion

 SNe laindicate accelerated expansion for the
last 6 Gyr

e Thereareindicationsthat the accelerations
turnsinto a deceleration at z>1 (>8 Gyr)

 dynamic age of the universe H4t,=0.95+0.04
(13 Gyr for H=72 km s*Mpct?; 15 Gyr for H,=64 km siMpc?)



Summary (Problems)

Super nova systematics
« unknown explosion mechanism
e unknown progenitor systems

e light curve shape correction methodsfor the
luminosity normalisation (SCP vs. HZT)

e signatures of evolution in the colours?
e Spectroscopy?




The Future

Future experimentswill distinguish
between a cosmological constant or
guintessence

« ESSENCE, CFHT Legacy Survey, VST,
VISTA, NGST, LSST, SNAP
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The Future

Future experimentswill distinguish
between a cosmological constant or
guintessence
« ESSENCE, CFHT Legacy Survey, VST,

VISTA, NGST, LSST, SNAP

Systematic uncertainties depend on our
under standing of the supernovae

e near by samples, explosion models, radiation
hydrodynamics



