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Supernova cosmology

* o firmly established

— general agreement between different

experiments
Nen Qm(flat) w (constant, flat) | Light curve fitter | Reference
115 |0.26370923%0033 | —1.023%3833 0022 SALT Astier et al. 2006
162 |0.26770028 —1.06973351 #5143 MLCS2k2

— P— Wood-Vasey et al. 2007
178 |0.28879022 —0.958% 0058 7513 SALT2
288 |0.30719012+0.023 —0.7612:97+0.11 MLCS2k2

T S e Kessler ot al. 2009
288 |0.265Ig016 0023 —0.962 506013 SALT2
557 |0.279%3017 —0.99719829 0077 SALT2 Amanullah et al. 2010
472 —0.9 1tg_'{;,;,§g;ﬂ SiIFTO/SALT2 Conley et al. 2011
472 |0.269 +£0.015 —1.06113:983 SALT2 Sullivan et al. 2011
580 |0.27170501% —1.013%39%3 SALT2 Suzuki et al. 2011




15 years of progress
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logy — more?
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Systematics

“[T]he length of the list
Contamination indicates the maturity
Photometry of the field, and is the
K-corrections result of more than a

Malmquist bias decad,c,a of careful
Ak study.

Normalisation |

Evolution

Absorption

Local expansion field




What next?

e Already in hand
—>1000 SNe la for cosmology
— constant w determined to 5%
— accuracy dominated by systematic effects



Type la SNe P ———
are not

standard
candles

anadard Carct

They are not even
standardizable

Maybe some of
them can be
normalised to a
common peak
luminosity

Paradigm 1



Why no standard candle?

e Large variations in
— luminosity
— light curve shapes
— colours
— spectral evolution
— polarimetry

 Some clear outliers
— what is a type la supernova?

» Differences in physical parameters
— Ni mass
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Type la SNe do not all come from
Chandrasekhar-mass white dwarfs

Annu. Rev. Astron. Astrophys. 2000. 38:191-230
Copyright (©) 2000 by Annual Reviews. All rights reserved

TypE IA SurERNOVA ExProsiON MODELS

Wolfgang Hillebrandt! and Jens C. Niemeyer?

IMax-Planck-Institut fiir Astrophvsik, Karl-Schwarzschild-Str. 1, 85740
There are good reasons to believe that perhaps most type Ia
supernovae are the explosions of white dwarts that have approached the Chandrasekhar

mass, Mcpan =~ 1.39 M. and are disrupted by thermonuclear fusion of carbon and oxy-
gen.

E AUdLIAall DCUAUSC Cdlluldleud HIEIL CULVEd UL LYPC 1d SUpPCLIIOVAC 1Ldve UCCULLIC d
major tool to determine the local expansion rate of the universe and also its geomet-
liC'll structure, cousidemble '1'rteuti011 has been given to models of these events over

nwla Afsranes The nra rand sancane ta haliasra that svashaae maant trraa Ta

“Type Ia Supernova progenltors are not
Chandrasekhar-mass white dwarfs” (2012)

well as several of the still open questions are addressed 1 this review. Although the
main emphasis 1s on studies of the explosion mechanism 1itself and on the related phys-
ical processes, including the physics of turbulent nuclear combustion in degenerate
stars, we also discuss observational constraints.

Paradigm 2



Ejecta masses

Large range in nickel and ejecta masses
— no ejecta mass at 1.4Mg
— factor of 2 in ejecta masses

— some rather small " —————r *
differences N ]
between ' |
nickel and ejecta
mass
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Ejecta masses

Super-Chandrasekhar | +
explosions? |
— also

SN 20069z, 2007if,§
2009dc

— inferred
Ni mass > 1 Mg
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HoweII et aI 2006
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Type la supernova
cosmoloy

Excellent distance indicators!



SN |la Hubble diagram
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What next?

« Already in hand
— >1000 SNe la for cosmology
— constant w determined to 5%
— accuracy dominated by systematic effects
* Missing
— good data at z>1
e light curves and spectra

— good infrared data at z>0.5
o cover the restframe B and V filters
e move towards longer wavelengths to reduce
absorption effects

— restframe near-infrared Hubble diagram

* Nobili et al. 2005, Freedman et al. 2009,
Barone-Nugent et al. 2012, Kattner et al. 2012



|-band Hubble diagram

e Currently only 35
SNe la
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J- and H- band Hubble dlagrams
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Distant SNe with
CANDELS and CLASH

. Multl cycle HST Treasury Programs

Pls: S. Faber/H. Fergusson Pl: M. Postman

HST MCT SN Survey
Pl. A. Riess

SN discoveries and target-of-opportunity follow-up
SNe la out to z=2
Determine the SN rate at z>1 and
constrain the progenitor systems



4 arguments for a SN la @ z=1.55

1. color and host galaxy photo-z ...+ i+

23

2. host galaxy spectroscopy %?

3. light curve consistent with e ©
g 26
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| | 1 I I I |
0 1 2 3 4 5 b 7 .05.1
F350LP - F160W color

rest wavelength (A)

4500 5000 5500 6000 6500 10 010 zlrtJ 30 40 50 0 | f Il Il
I I I I I U‘S T A Template: i e [O "I]
e SN 2005¢f [ [ Il : 1l Hex
SN 96X (Ia-norm,+8) 0.6 . 1% ' I i
Y =24 N ‘5 2t E : :'3‘:-. F125W (]) —25;:_':' E: | Il

p=10.26 é i E 2§ % _ [ om | Il

- 404 =% £ § | . [
2 E< | [om | Il | Il |
] £ B 5 ﬁ ‘ I N TR Vo
- - 0.2 3||--.'|'|’|','| ST AT T T R
+ :: il-'r':"ljﬂ-l" 4'jr:"‘."n|f‘—"-"'f.-- ILI "'1"|;"f':'-+-%| N R
H | | | — 0.8 CL T LT |

M |
bl |
3730 4950 4980 4970 OO0 5010 E5!
FRestirama wavelangth (A)



SNe la at z>1

e SN la at z=1.91

Time relative to best-fit SM la peak (rest frame)
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SN UDS10Wil at z=1.91
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SNe at z>1
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Supernova Cosmology —
do we need more?

o Test for variable w
— required accuracy ~2% in individual
distances

— can SNe la provide this?
e can the systematics be reduced to this level?
 homogeneous photometry?

o further parameters (e.g. host galaxy metalicity)
* handle >100000 SNe la per year?

e Euclid
— 3000 SNe la to z<1.2 with IR light curves
(deep fields) = restframe I-band Hubble
diagram
— 16000 SNe discovered



Summary

e Concentrate on A not covered so far

— particular IR is interesting
 reduced effect of reddening
 better behaviour of SNe la

e Understand the SN zoo

— many (subtle?) differences observed in recent
samples (PanSTARRS and PTF)

e subluminous and superluminous

— understand potential evolutionary effects

e spectroscopy important > PESSTO
 DES, LSST, Euclid follow-up?
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