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Questions

® How dothe progenitorstellar populations influence
SN la properties?

® What arethe consequencesforSN la cosmology?

® Sub-luminous SN la rates



Cosmology: Standardising SNe la

® SN cosmology depends critically on empirical relations to decrease the
scatterin SN peak luminosities

® Brighter have a) wider, slower light curves, and b) bluer colours

® Manytechniques

® OSALT, SiFTO, MLCS, BATM, Am, ..., ...
® Mg — absolute magnitude for as=1 c=0 SN (Arbitrary definition)
® o —parameterisesthe stretch—luminosity relation
°

B —parameterises the colour—luminosity relation

U, =m, —+§(S—1)—Z)’}

e Empirical, yet captures most of the variation in SN la properties

® Assumed to be universal (and therefore unevolving with redshift)



Typical Hubble Diagram
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Hubble residual, no s
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SN Stretch

Brighter SNe have wider,
slower light curves

Classic Phillips relation

Almost certainly an intrinsic
relationship

Why should this be linear in
magnitude (log) space?

Should this be invariant with
age or metallicity?



Hubble residual

Hubble residual, no ¢
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SN Colour
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Colour correction

Brighter SNe have bluer light
curves

Picture very confused

Dust would give a linear
relation in log/log space

Slope, B, << 4.2 (MW dust)
True forALL light curve fitters

Mixture of external extinction
and intrinsic relation?

Properties of dust near SNe?

Dust in MW is different to
other galaxies?



Theoretical predictions
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® Models can reproduce sense and ~magnitude of the two relations

® An strong intrinsic colour—luminosity relationship is apparent

Kasen et al. 2009



SN properties and environment
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Old

Young

SN properties and environment
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SN la mix evolves with redshift

Relative mix of
young+old
evolves
strongly with
redshift

Mean stretch
evolves with

redshift

LOG(SN la Rate) (events yr~' Mpc™)

See Howell et al.
(2007) for a
detection of this
effect
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Relative Number

Relative Number

Sill EW versus host type
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F, (arbitrary scaling)
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Hubble residual
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Residuals versus galaxy properties

e Hubble residuals versus host galaxy SFR and host galaxy <age>_

e Aftercorrections, SNe in younger galaxies appear fainter, o.ogmag
at~2-—-2.5o
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Hubble residual
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e Similar weak trends seen with all light 0.5 F -

curve fitters (right, SALT; below, SiFTO) L i
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appear similar across

Stretch relation

Slope of stretch corrections

Split point in <age>, (Gyr)

environments
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Compare to theory
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Colour relation

® Some evidence forlarger in
younger galaxies

® Note strong colour relation
in old, passive galaxies
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Wang et al. HV SNe la
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Standardisaton Summary

® Testsforthe cosmological effects of “two components” are
non-trivial —supplementary host information is required

® Some evidence for differences in nuisance parameters

® Not clear whetherthisis a property of:
e The SNe (e.g., two progenitors)?
® The galaxies and environments (e.g., dust)?

® The light-curve fitting techniques?



SN la rates
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SN la rates
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Sub-luminous SN la rates

Sub-luminous — up to 2mags fainter
Narrow, fast, redder light curves (see poster by S. Gonzalez)
Till and enhanced Sill in spectra; classical example SN1gg1bg

Usually found in old stellar populations

Not yet located at z>~o0.1:
® Too fainttofind? Too faint to spectroscopically confirm?

® Don'texist —delay time too long? Different progenitors?

Defined here as s<0.8 (typically not used in cosmology)

Search in SNLS data and identify photometrically

Gonzalez-Gaitan et al., in prep



Redshift and

stretch histograms

® Redshifts show excellent agreement

® Many low-s SNe identified at high-z
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Hosts of sub-luminous SN la

Hosts tend to be high mass and low (zero) specific SFR (as expected)
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Sub-luminous SN la rates
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® Sub-luminous (s<0.8) rate evolution

Gonzalez-Gaitan et al., in prep



