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↳ cosmological parameters can be constrained

➤  Context : The use of type Ia supernovae (SNeIa) : the accelerated expansion of the universe 

➤  To reduce systematics and standardize SNeIa :  better comprehension of SNeIa and their properties

Limit the use of SNeIa for 
cosmological works

Cosmological Context and Aim
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ABSTRACT

We combine high redshift Type Ia supernovae from the first 3 years of the

Supernova Legacy Survey (SNLS) with other supernova (SN) samples, primarily

at lower redshifts, to form a high-quality joint sample of 472 SNe (123 low-z, 93
SDSS, 242 SNLS, and 14 Hubble Space Telescope). SN data alone require cosmic

acceleration at > 99.999% confidence, including systematic effects. For the dark

energy equation of state parameter (assumed constant out to at least z = 1.4) in
a flat universe, we find w = −0.91+0.16

−0.20 (stat)
+0.07
−0.14 (sys) from SNe only, consistent

with a cosmological constant. Our fits include a correction for the recently dis-

covered relationship between host-galaxy mass and SN absolute brightness. We

pay particular attention to systematic uncertainties, characterizing them using a

systematics covariance matrix that incorporates the redshift dependence of these

effects, as well as the shape-luminosity and color-luminosity relationships. Un-

like previous work, we include the effects of systematic terms on the empirical

light-curve models. The total systematic uncertainty is dominated by calibration

terms. We describe how the systematic uncertainties can be reduced with soon

to be available improved nearby and intermediate-redshift samples, particularly

those calibrated onto USNO/SDSS-like systems.

Subject headings: cosmological parameters — cosmology: observations — super-

novae: general

1. INTRODUCTION

The Supernova Legacy Survey (SNLS) is a 5 year program to measure the expansion

history of the universe using Type Ia supernovae (SNe Ia). The goal of this survey is to

measure the time averaged equation of state of dark energy w to 0.05 (statistical uncertainties

only) in combination with other measurements, and to 0.10 including systematic effects. The
fundamental nature of dark energy, which makes up 3/4 of the mass-energy budget of the
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Fig. 5.— Hubble diagram of the combined sample. The residuals from the best fit are shown

in the bottom panel.

Conley et al., 2011

09-03-2011



↳ cosmological parameters can be constrained

➤  Context : The use of type Ia supernovae (SNeIa) : the accelerated expansion of the universe 

➤  To reduce systematics and standardize SNeIa :  better comprehension of SNeIa and their properties

Limit the use of SNeIa for 
cosmological works

➤  Method : comparison of SNeIa observed spectra from 
     SuperNova Legacy Survey (SNLS) and SNFactory (SNF) 
     with the predictions of various supernovae formation 
     models (W7, Delayed Detonation models)

Cosmological Context and Aim
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Conley et al., 2011

➤  Aim : to evaluate how observations can discriminate models, in order to constrain and improve them
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➤  Explosion model   +  radiative transfer code  = synthetic spectra  

W7 or DD25 Phoenix

➤  W7 (Nomoto et al., 1984) : deflagration model  

     DD25 (Kokhlov, 1991 ; Hoefflich 2002 ) : delayed detonation model  

SNeIa formation models : W7 and DD25

4

20 phases =

(provided by D. Jack and P. Hauschildt, Hambourg)

number of days since the 
begining of the explosion in 

the supernova restframe

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

sperical core
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➤  Explosion model   +  radiative transfer code  = synthetic spectra  

W7 or DD25 Phoenix

➤  W7 (Nomoto et al., 1984) : deflagration model  

     DD25 (Kokhlov, 1991 ; Hoefflich 2002 ) : delayed detonation model  

W7 ≠ DD25
burning front velocity

↳ spectral differences

SNeIa formation models : W7 and DD25
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First 3 years data set 
of 5-year SNLS

5

Balland et al., 2009

242 SNeIa

Spectra measured 
at VLT

139 spectra

Spectra extracted 
separately from the host

51 spectra

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

Sample of SNLS observed spectra

➤  Aim : redshift (0.15 < z < 1.1) and distance measurement of SNeIa to 
               build a Hubble diagram to constrain cosmological parameters

➤  When ? 2003 - 2008

➤  Method :

imaging survey
CFHT (Hawaï)

spectroscopic program
VLT, Gemini, Keck telescope 

(Hawaï or Chile)

➔  detect SNe 
➔  monitor their light-curves

➔  confirm the nature of the 
     SNeIa candidates
➔  measure their redshift

days (MJD)

Fl
ux

SNLS-04D2fs
z=0.357
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First 3 years data set 
of 5-year SNLS

Échantillon de spectres observés

Flora Cellier-Holzem Stage de Pré-Thèse – M2 NPAC 21 Juin 2010  

SNLS 3 ans

250 SNe Ia

Spectre mesuré au VLT
139 spectres 

Supernova extraite séparément
de sa galaxie hôte

51 spectres de SNe Ia
Balland et al. (2009) 

8  

Échantillon de spectres observés

Flora Cellier-Holzem Stage de Pré-Thèse – M2 NPAC 21 Juin 2010  

SNLS 3 ans

250 SNe Ia

Spectre mesuré au VLT
139 spectres 

Supernova extraite séparément
de sa galaxie hôte

51 spectres de SNe Ia
Balland et al. (2009) 

8  Phase distribution for observed spectra

Redshift z
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Redshift distribution for observed spectra
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04D2cf_447 : z = 0.368 / phase = 8.48 days 04D2an_386 : z = 0.3620 / phase = -3.39 days

04D2cf_447 and 24 days W7 spectra

04D2cf_447 and 20 days DD25 spectra

04D2an_386 and 16 days W7 spectra

04D2an_386 and 14 days DD25 spectra

SNLS observations vs simulations

6

Best
 fit

Best
 fit
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➤  Hypothesis testing : models are equivalent to reproduce data

Models discrimination by observed data ?

➤  Method :                 follows a F-Test probability law

Qualification des ajustements

12  

Hypothèse à tester : les 2 modèles sont statistiquement équivalent à reproduire les données

! P(F) ! 1 : hypothèse vraie ! pas de discrimination possible des modèles  
! P(F) << 1 : hypothèse fausse ! un des 2 modèles est favorisé

Méthode : évaluation de                 qui suit la loi de probabilité F-Test

En pratique : coupure P(F) < 5% ! 21 spectres

Flora Cellier-Holzem Progress report 5 Octobre 2010  

• P(F) ≈ 1 : true ➜ can not discriminate models

• P(F) ≪ 1 : false ➜ one of these models is favoured

➤  In practice : selection of spectra for which P(F) < 5%

↳ for 21 spectra the discrimination of the models by the data is significant 

7

↳ 2 subsamples for W7 or DD25 best fits : Do they represent different populations of SNeIa ?
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Hypothèse à tester : les 2 modèles sont statistiquement équivalent à reproduire les données
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Méthode : évaluation de                 qui suit la loi de probabilité F-Test

En pratique : coupure P(F) < 5% ! 21 spectres

Flora Cellier-Holzem Progress report 5 Octobre 2010  

• P(F) ≈ 1 : true ➜ can not discriminate models

• P(F) ≪ 1 : false ➜ one of these models is favoured

➤  In practice : selection of spectra for which P(F) < 5%

a weak effect :                              

↳ for 21 spectra the discrimination of the models by the data is significant 

SNeIa                      

7

0 < z < 0.6
< MB > < s > < c > type de l’hôte

W7 (23 spectres) -19.20 ± 0.05 0.987 ± 0.017 -0.020 ± 0.019 précoce 61% - tardif 39%
DD25 (11 spectres) -19.26 ± 0.04 1.025 ± 0.024 0.011 ± 0.018 précoce 56% - tardif 44%

0.6 < z < 1
< MB > < s > < c > type de l’hôte

W7 (12 spectres) -19.26 ± 0.06 1.010 ± 0.025 -0.046 ± 0.030 précoce 67% - tardif 33%
DD25 (13 spectres) -19.29 ± 0.05 1.018 ± 0.023 -0.016 ± 0.020 précoce 31% - tardif 69%

Ajustement des modèles sur les spectres NoGalaxy (51)

ajustement à 1 paramètre

< MB > < s > < c > host type
W7 (13 spectra) -19.20 ± 0.04 1.014 ± 0.024 -0.021 ± 0.018 50% early-type - 50% spiral

DD25 (8 spectra) -19.30 ± 0.04 1.048 ± 0.022 0.003 ± 0.021 17% early-type - 83% spiral

ajustement à 2 paramètres

< MB > < s > < c > type de l’hôte
W7 (14 spectres) -19.22 ± 0.05 1.010 ± 0.022 -0.032 ± 0.021 précoce 60% - tardif 40%

DD25 (8 spectres) -19.30 ± 0.04 1.047 ± 0.020 0.003 ± 0.021 tardif 80%

Ajustement des modèles sur les spectres FracGal < 20% (28)

ajustement à 1 paramètre

< MB > < s > < c > type de l’hôte
W7 (6 spectres) -19.19 ± 0.15 1.033 ± 0.030 -0.0179 ± 0.0524 précoce 33% - tardif 67%

DD25 (7 spectres) -19.29 ± 0.07 1.021 ± 0.031 -0.008 ± 0.030 précoce 43% - tardif 57%

2

↳ 2 subsamples for W7 or DD25 best fits : Do they represent different populations of SNeIa ?

➔	 comparison of average photometric properties :

fainter SNeIa with a smaller stretch                     

brighter SNeIa in spiral galaxies with an higher stretch

W7 fit                        

DD25 fit                        

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology09-03-2011



Why a model is favoured by the data ?

8Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

Most of the differences can be attributed to the Calcium feature (λ≈3700Å) 
              ↳ equivalent width of Ca (EW Ca) calculation
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➤  Earlier phases : equivalent width of Ca (EW Ca) for W7 spectra is too small compare to the data

Why a model is favoured by the data ?

➤  Postmaximum phases : EW Ca for DD25 spectra is too big compare to the data 

8Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

Most of the differences can be attributed to the Calcium feature (λ≈3700Å) 
              ↳ equivalent width of Ca (EW Ca) calculation

↳ DD25 is favoured

↳ W7 is favoured

Phase (days from the begining of the explosion)
10 20 30 40 50

 )
Å

E
W

 C
a 

( 
39

00

50

100

150

200

250

300

350

evolution of EW Ca with the phase for W7 and DD25 (20 objects)

W7
DD25

EW Ca for W7 and DD25 spectra

Models                       

Phase (days from the maximim of the explosion)
-6 -4 -2 0 2 4 6 8 10 12

E
W

 C
a

 (
3

9
0

0
 A

)

60

80

100

120

140

160
W7 (13)
DD25 (8)

../Comparaison/NoGalaxy/NoGal_F-Test_selec-0.05_w7-dd25.dat / ew_Ca-3900_NoGal_F-Test_selec-0.05_w7-dd25.dat (21 objects)EW Ca for the two observed subsamples

Observations                      

EW
 C

a 
(λ
≈3

70
0Å

)

EW
 C

a 
(λ
≈3

70
0Å

)

09-03-2011



• Cosmological context and aim

• SNeIa formation models : W7 and DD25

• Comparison between SNLS observations and synthetic spectra

• The use of SNFactory data to continue and improve the analysis

• Conclusion and Future

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

Outline

09-03-2011



9Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

SNFactory data to continue the analysis

➤  When ? 2004 - now

➤  Method : • detection of SNeIa candidates by PTF (Palomar Transient Factory) telescope (California)

• spectro-photometric follow-up with SNIF (Supernovae Integral-Field Spectrograph) on 
the UH88 telescop (Hawaï)

   ↳ measures time series (spectra for each SN starting 1-2 weeks before peak 
        brightness and continuing several weeks after this peak) and calculates light-curves 

!!"#$%&'()'&(*#'(+&!#,-./,0$1%-"

2-%03450(36&7%1%891-"

!."(1791'$6&7%1%891-"
! :(60("650(36;
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➤  Aim : Measure low-redshift (0.03 < z < 0.08) SNeIa to complete the 
               Hubble diagram and to better understand SNeIa properties

09-03-2011



at least 5 spectra 
with several phases

+ one spectrum 
before the maximum

9

232 SNeIa

Good SNeIa for 
cosmology

120 SNeIa

Training sample

62 SNeIa

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology

SNFactory data to continue the analysis

SNFactory
2004 - 2009

➤  When ? 2004 - now

➤  Method :
• spectro-photometric follow-up with SNIF (Supernovae Integral-Field Spectrograph) on 

the UH88 telescop (Hawaï)

• detection of SNeIa candidates by PTF (Palomar Transient Factory) telescope (California)

09-03-2011

   ↳ measures time series (spectra for each SN starting 1-2 weeks before peak 
        brightness and continuing several weeks after this peak) and calculates light-curves 

2 samples for 
cosmological 

analysis : 

“training” and 
“validation”

➤  Aim : Measure low-redshift (0.03 < z < 0.08) SNeIa to complete the 
               Hubble diagram and to better understand SNeIa properties



SNF20061111 : z = 0.069 / phase = 0.16 days SNF20080920 : z = 0.040 / phase = -1.23 days

SNF20061111 and 18 days W7 spectra

SNF20061111 and 16 days DD25 spectra

SNF20080920 and 16 days W7 spectra

SNF20080920 and 14 days DD25 spectra

SNF observations vs simulations

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology 10

Spectre SNF20080920-000
z = 0.03989 et phase = -1.23329702608 jours dans galaxie Sbc
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Figure 1 : Spectres de SNF20080920-000 et de W7 : χ2
ν
= 27.853 pour la phase modèle = 16 jours
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Figure 2 : Spectres de SNF20080920-000 et de DD25 : χ2ν = 12.712 pour la phase modèle = 14 jours
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Spectre SNF20061111-002
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Spectra SNF20061111-002 06_324_039_003 phase=0.16d and w7 18dSpectra SNF20061111-002 06_324_039_003 phase=0.16d and w7 18d

Figure 1 : Spectres de SNF20061111-002 et de W7 : χ2ν = 3.8879 pour la phase modèle = 18 jours

)Å (!restframe 
3000 3500 4000 4500 5000 5500

Flu
x (

ar
bit

ra
ry

 un
its

)

0.2

0.4

0.6

0.8

1
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Figure 2 : Spectres de SNF20061111-002 et de DD25 : χ2
ν
= 4.9452 pour la phase modèle = 16 jours
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Spectra SNF20061111-002 06_324_039_003 phase=0.16d and dd25 16dSpectra SNF20061111-002 06_324_039_003 phase=0.16d and dd25 16d

Figure 2 : Spectres de SNF20061111-002 et de DD25 : χ2
ν
= 4.9452 pour la phase modèle = 16 jours
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Model discrimination with SNF data ?

➤  SNF data around maximum of luminosity : same analysis with F-Test and cut when P(F) < 5%

↳ for 49 spectra the discrimination is significant between the models

↳ 2 subsamples for W7 or DD25 best fits : 

Flora CELLIER-HOLZEM - Azores School on Observational Cosmology 11

• W7 ➜ 31 spectra

• DD25 ➜ 18 spectra

 comparison of average 
photometric properties : 
   ongoing analysis
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➤  Time evolution of the 2 subsamples size : 

Model discrimination with SNF data ?
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• W7 ➜ 31 spectra

• DD25 ➜ 18 spectra

 comparison of average 
photometric properties : 
   ongoing analysis

➤  EW Ca : 

Proportion of W7 and DD25 best fit 
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same results as SNLS analysis : DD25 is favoured by ealier phases and W7 by postmaximum phases                        
↳ can be attributed to the Calcium feature and EW Ca value
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Conclusion and Future

12

➤  spectral differences between models (CaII ~3700Å)

• identify  and understand the origine 
• make the link between these differences and the physical properties of SNeIa
• investigate the parameter space to reproduce observed spectra ➜ work with W. Hillbrandt team

➤  continue this analysis with low-redshift data : SNfactory 

• compare time evolution of observed and synthetic spectra
• investigate others avenues and compare with high-redshift

➤  Aim : improve the models, reproduce the differences between SNeIa and understand their 
              physical properties for a better calibration of SNeIa for cosmological works
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➤  SNLS / SNF analysis :  data have the power to disciminate models 
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➤  SNLS / SNF analysis :  data have the power to disciminate models 

Thanks for your attention !
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