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Abstract
Spectral indicators are known to trace intrinsic type Ia supernova (SNIa) properties such as stretch and to provide clues to supernova standardization. It remains to be clarified how many significant intrinsic parameters affect the SNIa
diversity. With the advent of spectrophotometric time series covering the extended visible range from the Nearby Supernova Factory, it is possible to investigate the parameter space of a broad range of spectral indicators at maximum
light. In order to determine the number of components needed to describe the spectra variability and to remove the noise contribution, an Expectation-Maximization Principal Component Analysis (EM-PCA) on spectral indicators is
used. Three main intrinsic components dominate the spectral variability at maximum light, and provide also a fair description of other phases. As a by-product we derive an extinction law and find it compatible with a Cardelli law as
in Chotard et al. 2011.

I) Spectral indicators at max

V) Spectral indicator model results

Spectral indicators are reddening and distance independent, which provides a good insight into of the intrinsic
variability of SNIa. With the Nearby Supernova Factory data it is possible to compute a large sample of spectral
indicators in the extended visible range, and to see their influence directly on the spectra.
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At max:
• The shape of the spectra can be reproduced within
an accuracy of 4% in the best window ( [6360Å −
6600Å] )

Selection of spectral indicators:
• 9 equivalent widths (all)

• Mean wRMS ' 6% ([3200Å − 8700Å] )

• 4 velocities

Out of max:

• Spectra closest to the B-band maximum light
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• Only spectral indicators at maximum light are used

• Phase at max +/- 2.5 days

• The shape of the spectra can be reproduced within
an accuracy of 4% to 7% in the best window
([6360Å − 6600Å] )

• Using a training sample to avoid overtraining
• Base sample −→ 52 supernovæ

• Mean wRMS ' 7 − 13% ([3200Å − 8700Å])
Figure 1: The fit result at maximum light. All the spectra corrected from intrinsic and extrinsic parts are presented (top). The
wRMS as a function of wavelength is shown (bottom).
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II) EM-PCA on spectral indicators
Before studying the influence of spectral indicators on the spectra, we perform an Expectation-Maximization Principal Component Analysis on the spectral indicator space.
• Role of EM-PCA : space decorrelation, dimensionality reduction and noise contribution suppression
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III) EM-PCA results
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Figure 2: The effect (±1σ) of the three first eigenvectors on the mean spectrum (top) and the three αi (λ) (bottom) are presented
at maximum light.
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We get three dominant eigenvectors:
t

• Vec 1: variation in the CaH&K, Ca IR, and
velocity.

• The reddening law of supernovæ is compatible
with a Cardelli law : we find results consistent with
those of Chotard et al. 2011

• Vec 2: correlation with Si II 4131Å,
Si II 6355Å and O I 7773Å, global impact in magnitude

• The value of Rv is blinded t

• Vec 3: evidence for high velocity calcium
The other eigenvectors are buried into noise.

Figure 3: The solid line shows the extinction law found by the
fit. The dotted line represents the Cardelli law with the best
value of RV fitted on the extinction law.
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Pearson correlation coefficient
between spectral indicators
used in the EM-PCA and the
three first eigenvectors.
Figure 4: SNF20080522-011 spectra at different
phases. The reconstructed spectra (blue) are in very
good agreement with the observed spectra (red) with
a RMS of 0.05 mag.

IV) Spectral indicator model
After the EM-PCA studies, we establish a spectral model based on the 3D space defined by the three first eigenvectors. If M (t; λ) is the absolute AB magnitude of one supernova at phase t and at wavelength λ, we can define
this model :
M (t; λ) = M0 (t; λ) +

i=3
X

αi (t; λ)qi +AV f (RV , λ) + ∆Mgrey (t)

i=1

Intrinsic part :

Extrinsic part :

Conclusions & perspectives

• M0 (t; λ) −→ Mean spectrum

• AV −→ Absorption in V band due to the host dust

• qi −→ Sub-projection in the 3D space

• f (RV , λ) −→ Cardelli law

– 3 dominant eigenvectors (correlated with Ca, Si and stretch)

• RV −→ Parameter of the Cardelli law

– The extinction law is compatible with a Cardelli law as in Chotard et al. 2011

• αi (t; λ) −→ Slope which depends on qi
toto
toto
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• ∆Mgrey (t) −→ Calibration offset and remaining dispersion

Fit at max:
• αi , M0 , ∆Mgrey are found by χ2 minimization
• AV and RV are found like in Chotard et al. 2011

• Conclusions :

– The spectral indicators allow to reproduce the shape of the spectra at max and out of max within 4% to
7% (best window)
– At all phase we employing only the spectral indicators at maximum light
• Perspectives :
– Apply the model on the light curves
– Build a full fitter/generator

• Phase is centered on maximum light
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Fit out of max:

Reference

• Spectral indicators are again the ones measured around maximum light
• AV & RV found at maximum light are kept
• The fits are performed for each phase interval of 5 days

• Chotard, N., Gangler, E., et al. The reddening law of type Ia supernovae: separating
intrinsic variability from dust using equivalent widths, A&A, 529, L4+ (2011)
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