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1 Introduction

The aim of the project is to study the extinction law for a given supernova (SN2016ija) resulting
from the collapse of a massive star. Indeed most supernova observations are affected by dust in
their host galaxies, which must be corrected for in order to get the true spectra and photometry.
Here the chosen SN 2016ija, will be compared to two other type II supernovae with no dust ex-
tinction (SNe 2013by and 2013ej). We will use broad-band photometry to plot and compare the
supernova color curves. Then we will deduce the color excess between the reddened SN 2016ija and
the un-reddened supernovae, and find the best-fit dust extinction law.

1.1 Classification of Type II supernovae

Type II supernovae are stellar explosions resulting from the core collapse of massive stars (with
masses > 8 M�). After the explosion we generally observe some ejected stellar material which is
for type II supernovae characterised by the presence of hydrogen, then observed in the spectra.
It is explained by the fact they have retained the hydrogen layer before the core-collapse. The
helium layer is also retained by type II supernovae. We find type II supernovae in the spiral arms
of galaxies and in H II regions, starforming and dusty regions.

However there are differences between type II supernovae distinguished based on their light-curve
evolution (type IIP and IIL) and two other categories based on their spectral properties (type IIb
and IIn).

We classify Type IIP supernovae for which the expected shape of the light curve is a ‘plateau’
lasting 80-120 days after the explosion until the nebular phase.
The nebular phase of a supernova occurs after few months from the initial explosion. It is preceded
by the diffusion phase when the energy slowly diffuse before reaching the surface of the star. We
say that the nebula is optically thick, the light is easily absorbed by the medium. Then the energy
breaks out the surface, the nebula expands and becomes optically thin : the light passes easily
through the medium. The nebula enters the nebular phase.
Type IIL supernovae show a linear decline of the light-curve.
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In this project, SN2016ija, SN2013by and SN2013ej show characteristics of type IIL supernovae
respectively according to Tartaglia et al. 2017, Valenti et al. 2015 and Valenti et al. 2014. We will
discuss about the the light curve characteristics that we find and about the supernovae classification
in our case.

SN2016ija is located in a dusty region of the galaxy NGC1532 at 47 millions light years from
the Milky Way, causing extinction. On the contrary SN2013by and SN2013ej have a very little
extinction.
The star at the origin of those type of supernovae have a hydrogen envelope and the supernovae
has a linear decline of brightness with time before transitioning to a radioactive decay phase such
as : 56Ni ⇒ 56Co ⇒ 56Fe.

1.2 Dust extinction

The majority of astronomical observations are affected by cosmic dust particles which modify spec-
tra and magnitudes. Indeed, SN2016ija being in a dusty region of its host, appears redder and
fainter than it is.
In our case we consider only the interstellar dust, dust in the host galaxy between stars. We define
the parametrization of the dust extinction law by e.g. Cardelli : RV parameter correlated with the
size of the dust grains responsible for the extinction. The measure of RV can also give us clues to
the location of the dust. For example low RV (∼1.4) has been proposed to be due to circumstellar
dust or dust with different gran sizes than what we typically see in the Milky Way. For us the
interstellar dust in the Milky way gives RV about 3.1 mag in most sight lines.
Then we introduce the object’s color excess E(B − V ) which is related to the object’s B -V color.
We will detail later their definition.

The composition, size and other properties of the dust differ according to its location.
The main models for the interstellar dust, for example Jones et al. 2013 model, agree on some prop-
erties like the composition. Silicates would be the main constituents of bigger grains and smaller
carbonaceous grains would also be present in the dust.

Dust has a great effect on the visible bands in supernovae spectra. We call this reduction of
brightness extinction whose the amount depends on wavelength: for example less blue wavelengths
reach us compare to red ones. Thus we perceive supernovae redder than they are. This phenomenon
is the reddening and is observed with SN2016ija only in our case. We will compare data from the
same filters for SN2016ija with SN2013by and SN2013ej which are not reddened. Then we will
evaluate the color excess between supernovae and we will deduce the extinction.
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2 Methods

We start by taking SN2016ija photometric data from the Tartaglia et al. 2017. study and data
of SN2013ej and SN2013by respectively from Valenti et al. 2014, and Valenti et al. 2015 stud-
ies. In particular we are interested in the evolution of the supernovae apparent magnitudes mx :
-2.5log10(Fx/Fx0) for different filters, in function of time data converted into “Days after explo-
sion”. The Figures 1 ; 2 and 3 from the appendix show several curves, each one corresponding to
optical filters : g , r , i , and near-infrared filters : J , H and K, as function of days after explosion.
In order to get a curve matching with data we fit each light curve using either ”Gaussian Processes”
or spline models.

Then we plot the g−r , g− i , g−J , g−H and g−K color curves in magnitudes, in function of
days after explosion for each supernova with error bars. In figures 4, 5 and 6 we compare different
colors curves from one supernova. And in figures 7, 8 and 9 we compare the same color curves for
the three supernovae. Although SN2016ija is a type II L, we observe a ’plateau’ characteristic of
type II P, and which is a bit increasing because of the cooling of the supernova. We also observe a
drop in the light curves after 100 days.

Now in each graph we notice a gap between the color curve of SN2016ija compared to the two
others supernovae. This difference in magnitude between two supernovae is called color excess.
Here the color excess is due to dust extinction, which happens when there is dust particles between
the observer and the supernova and then causes reddening.

We express the color excess for g-r color curve such as :

E(g-r) = (g-r)observed - (g-r)unreddened = Ag - Ar

with Ax the extinction for the band x.

We get the following values if we compare SN2016ija and SN2013ej:

E(X-Y) Value (mag) Error
E(g-r) 1.58 ±0.19
E(g-i) 2.80 ±0.24
E(g-J) 5.07 ±0.20
E(g-H) 5.63 ±0.22
E(g-K) 6.07 ±0.24

Table 1: E(X-Y) observed

Now our aim is to find the correct E(B−V ) and RV =A(V)/E(B-V) parameters for the extinc-
tion curve, as parametrized by e.g. Cardelli, Clayton and Mathis (1989).
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First we need to fit a model to the observed E(B − V ) values. For that we use the statistical

approach χ2 =
∑ (

Yn−f(xn)
σn

)2
which gives the difference between the observed E(B−V ) value Y n

and the E(B−V ) model value f(xn). This difference must be minimised if we want the best fitting
model, and the sum of these differences must be minimum too for each filter wavelength. Then we
set a list of 2 numbers giving the index of RV and E(B − V ) for which the difference is minimum.
We represent the zones where the best RV and E(B − V ) occur into a graph of contour lines with
x-axis as RV and y-axis as E(B − V ) (Figure 11). Three zones are delimited giving a precision of
68% in purple, 95% in blue, and 99,7% in yellow, on the RV and E(B − V ) parameters. Finally
we calculate the extinction AV associated with RV and E(B − V ) from the best fitting model.
We plot in Figure 10 the extinction law from the model with the extinction that we obtain from
observations and the errors.

3 Conclusion

The RV /E(B − V ) diagram gives the value of 1.4±0.4 mag for the best fit E(B − V ) value which
matches with the one from Tartaglia et al. 2017 : E(B − V ) = 1.95 ± 0.15 mag if we take the
intervals extrema for both values.
Then we get the best fit total to Selective Extinction Ratio RV at 4±2 mag, which correlates with
the milky way value of RV assumed by Tartaglia et al. 2017. Finally we find for our best fit
V-band extinction Av = RV ∗E(B− V ) = 4 ∗ 1.4 = 5.6 mag, which is comparable with the best fit
Av = RV ∗ E(B − V ) = 3.1 ∗ 1.95 ' 6 mag value found by Tartaglia et al. 2017.
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Figure 1 : Magnitude for each filter, as function of days after explosion for SN2016ija 

 



 

Figure 2 : Magnitude for each filter, as function of days after explosion for SN2013by 

 

 



 

Figure 3 : Magnitude for each filter, as function of days after explosion for SN2013ej 



 

Figure 4 : Colors curves of SN2016ija ; Magnitude as function of days after explosion 

 



 

Figure 5 : Colors curves of SN2013by ; Magnitude as function of days after explosion 

 



 

Figure 6 : Colors curves of SN2013ej ; Magnitude as function of days after explosion 

 



 

Figure 7 : g-r color curves for the three supernovas, Magnitude as function of days after 

explosion 

 



 

Figure 7 : g-i color curves for the three supernovas, Magnitude as function of days after 

explosion 

 



 

Figure 9 : r-i color curves for the three supernovas, Magnitude as function of days after 

explosion 



 

Figure 10 : Extinction in magnitude as function of wavelengh, between SN2016ija and 

SN2013ej 

 



 

Figure 11 : Best fit RV as fuction of E(B-V) with contours showing the 68%, 95% and 

99,7% confidence levels. 


