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The use of SNeIa for cosmology is limited 
today by systematic uncertainties
↳ to reduce these uncertainties and  standar-
     dize SNeIa, we have to better understand 
     their physical properties

• Method : We compare SNeIa observed 
spectra from SuperNova Legacy Survey 
(SNLS) with the predictions of various 
supernova formation models (W7, Delayed 
Detonation models)

• Aim : To evaluate how observations can   
discriminate models, in order to constrain 
and improve them

1. Cosmological context and aim
synthetic spectra (and LC)  =  explosion model  +  radiative transfer code

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

• DD25 : deflagration + detonation model (Kokhlov, 1991)

2. SNeIa formation models : W7 and DD25 3. Sample of observed SNeIa
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Superposition of 18 days W7 (red line) and 18d DD25 (blue line) 
spectra to see where are the spectral differences between the models

First 3 years data set 
of 5-year SNLS

Spectra measured 
at VLT

Spectra extracted 
separately from its host

250 SNeIa 139 spectra 51 spectra

The two synthetic spectra samples (W7 and DD25) are fitted in amplitude by a reduced χ² mini-
misation at several phases on each spectrum of the observed sample :

3. Comparison between observed and synthetic spectra

04D2cf_447 and 24 days W7 spectra
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04D2cf_447 and 20 days DD25 spectra

04D2an_386 and 16 days W7 spectra

04D2an_386 and 14 days DD25 spectra
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04D2cf_447 : z = 0.368 / phase = 8.48 days 04D2an_386 : z = 0.3620 / phase = -3.39 days

We find that for 21 observed spectra, the discrimination is significant between the models	 
  ↳ 2 subsamples for W7 or DD25 best fits  ➔	 Do they represent different populations of SNeIa ?

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%
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↳ some observed data favour one model over the other : most differencies are seen in the 
UV part of the spectra (λ<4300Å)

4. Models discrimination by observed data ?

a weak effect                             
fainter SNeIa in early-type galaxies with a smaller stretch                     

brighter SNeIa in spiral galaxies with an higher stretch
W7 fit                        

DD25 fit                        

Most of the differencies can be attributed to the 
Calcium feature (λ≈3800Å)
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evolution of EW Ca with the phase for W7 and DD25 (20 objects)

W7
DD25

• earlier phases : equivalent width of Ca (EW Ca) 
   for W7 spectra is too small compare to the data 
     ↳ DD25 is favoured
• postmaximum phases : EW Ca for DD25 spectra 
   is too big compare to the data 
     ↳ W7 is favoured

EW Ca for W7 and DD25 spectra5. Why a model is favoured by the data ? EW Ca for the two observed subsamples

      SNLS spectral data had the power to constrain models : deflagration models fit better fainter SNeIa 
          and delayed detonation models fit better brighter SNeIa

• this has to be confirmed with SNFactory data set (better S/N, spectral time series)
• large the set of models to broaden space parameters

➔	 comparison of average 
      photometric properties                      
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../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)
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Phase = date of acquisition  -  date of B-band max
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Phase distribution for observed spectra
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