
Therefore, only three parameters would be needed to adjust these 
three EVs to any SNe II light-curve:

Statistical methods on type II Supernova 
photometric Hubble diagram

Lluis Galbany, Millenium Institute of Astrophysics (MAS) & Departamento de Astronomia U. de Chile (DAS)

We present a Principal Component Analysis (PCA) of the light-curves of a sample of more than 100 nearby Core collapse 
supernovae (SNe) from several sources, and most of them previously unpublished. We used different reference epochs 
in order to extract the common properties of these light-curves and searched for correlations to some physical 
parameters such as the burning of Ni56, amount of Hydrogen, and morphological parameters such as the length of the 
plateau, the stretch of the light-curve, and the decrements in brightness after maximum and after the plateau. We also 
used these similarities to create SNe II light-curve templates that will be used in the future for standardize these objects 
and determine cosmological distances.
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SNe II represent the most homogeneous set of CC SNe and, although they are on average 1.2 mag intrinsically fainter than SNe Ia, 
their use as independent cosmological distance indicators has been already demonstrated (Hamuy et al. 2002). They also are the 
most common of all SN types, although there is a deficit in the literature as compared to the prioritized SNe Ia, especially at higher 
redshift. The advantages of SNe II as cosmological probes over SNe Ia reside on the simplicity of their hydrogen dominated 
atmospheres and low-density surrounding media, and on understanding of the explosion mechanism and progenitors stars . These 
advantages together with their high rates and homogeneity, make SNe II promising independent cosmological probes.

We have used a sample of 116 SNe II at low-redshift from 
Anderson et al. 2014 for which several V-band light-curve 
parameters have been determined and measured.  
After several attempts, we found the best correlations by 
normalizing the light-curves in brightness to the magnitude at 
the peak, and took the explosion date as the reference epoch. 
After having optimized the number of SNe and epochs, our final 
sample is 29 SNe with available light-curves between 15 and 
110 days after explosion.

 Method
We have performed a Principal Component Analysis (PCA) of the 29x32 matrix 
containing the 32 epochs for each of the 29 SNe. The PCA gives an 
orthonormal set of 32 eigenvectors (EV) ordered by decreasing variability, and 
a matrix of 29x32 projections (one projection for SN and EV). In our case, the 
first four EVs account for more than the 99% of the light-curve variation. 
One can see the contribution of this four EV to reproduce a SN light-curve by 
multiplying the 2-sigma variation of all 29 SN projections in each of these 4 
EVs. 
We have then correlated each pair of projection and physical or light-curve 
parameter for all SNe in our sample, for which the required information was 
available.

 Results

W e h a v e f o u n d s t r o n g 
co r re la t ions be tween the 
projections of: 
 - EV1 with s2, Mmax, and s1 
 - EV2 with tPT 
 - EV3 with Ni mass synthesized 
 - EV4 with ttrans 

We have also been able to 
reproduce the original light-
curves with only these four EVs. 
The agreement is remarkable 
even wi th the three f i rs t 
components.

 Hubble Diagram
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from Anderson et al. 2014

Light-curves with data between
15d < t < 110d after texplosion

variation within [-2,2] std. dev.

We are able to standardize SN II peak magnitudes 
to a level of an RMS of 0.47, equivalent to an 
uncertainty of 20% in distance. Although it is still not 
better than EPM and SCM methods (which use 
spectroscopy), these results are promising given 
that: 
1. only uses one broad band information (V). There 

is room for improvement when adding other 
bands. 

2. It only has one ‘LC morphological term’ and no 
information on color, only available when using 
at least two bands.
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