SNFactory: when spectra help
standardizing type la supernovae

(artist's concept)

E. Gangler
For the SNFactory




Nearby Supernova Factory

Spectrophotometric time series
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Custom, unique spectrometer
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Principle of SNIFS
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The sample so far
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The sample so far
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Example : SN2011fe

SN2011fe time serie

Normalized Flux (F,) + Const.
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Some astrophysics results

Delayed detonation

Comparison with explosion models

Merger model
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. see also Sasdelli 2015
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Derivation of ejected mass
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Flux [erg/s/cm2/]
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Calibration accuracy

Given by repeated observations on
Standard Stars
~ 4700 observations of 28 Stdstars

GD71 spectra [542/537]
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Achromatic scatter ~ 0.03

Color RMS 0.005 - 0.011 mag
— calibration uncertainies correlated

Validation on Supernova
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AB mag + constant

SALT2 standardization from spectral series
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Standard Hubble diagram fit :
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Beyond traditional SALT2

e Host studies
e SED model

e TWins




12 +log(O/ H)

SN hosts follow normal mass-metallicity relation
Color-metallicity follows Hoeflich prediction
Simple A+B model for host mass distribution

Global Host Analysis

Mass-metallicity of SNF hosts
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Local Host Analysis

Rigault et al. (2013, 2015)
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The Locally Star-forming bias

Rigault et al. 2013, 2015
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Bias due to local environment

Bias on HO

Cepheid-SN calibrators are from LSF environment
while only 50% of the Hubble Flow SNe are
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Building an SED model

beyond SALT2

The SUGAR approach :
i=3
M(t; )\) = Mo(t; )\) + Z Oé,'(t; )\)quAvf(Rv, )\) + A/wgrey
i=1

3 intrinsic parameters
— Physically inspired (derived from
spectral indicators)

1 color
— no a priori on color shape

Normalized Flux (F,) + Const.
Phase Relative to B Maximum (days)

A

w by There is also the GP-based approach
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SN2011fe (Pereira et al. 2013)




SUGAR Spectral Energy Density model :

=3
M(t;A) = Mo(t; \) + > ai(ti \)gi+Avf(Ry; A) + AMgrey
1 i=1
Model response :
= a2 Stretch B | Average spectrum

Time (days)
viearn specLrurm witn

y Shallow =

Spectral vector 1 : (0.13 mag)
— Brighter / Shallower
= stretch

0.0p

=0,\) +cst

0.5

M, (t

1.0}

0.05
0.00
—0.05F,
< —-0.10f
<]
—-0.15} — Mean effect (mag)=0.125|]
—-0.20

4000 5000 6000 7000 8000
wavelength [A]



BD17 mags
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Impact on color law
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Using SUGAR as a fitter :

Spectral time serie view

Light-curve view
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Flux + offset

Another look at spectra : Twins

— SNF20070531-011
SNEZ0071003-016 Some SN look very similar

(up to an extinction + offset)

Do they have the same flux ¢
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Flux + offset

Another look at spectra : Twins

— SNF20070531-011
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Analysis v2.0 in progress

Some SN look very similar
(up to an extinction + offset)

Do they have the same flux ?
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Bulk flow studies

» No evidence for backside infall to Shapley
« Mass of Shapley supercluster insufficient to explain velocities
« Sloan Great Wall may explain remaining velocity
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(artist's concept)

« SNIFS instrument still alive and running !

- 5-10 nights/semester for calibration, SN screening,

- would need refurbishing for more ambitious survey
« Data quality is good enough for cosmological use

- 0.15 mag SALT2 dispersion as other surveys

- still some improvements going on : Stdstar network, non-linearity
Investigation, ...

» Improvement of standardization techniques

- SED model, multiband fit = 0.12-0.13 total dispersion easily
achieved

- 0.08 mag standardization achieved on best twins SN...

« More analysis to come...
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