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Host galaxies of 87A-like SNe

SN 1987A is the most studied SN ever and was a peculiar Type II SN.
It was the result of the explosion of a blue supergiant star (BSG).
SN 1987A-like events can be defined as characterized by H-rich
spectra and long rising light curves, as opposed to the normal SN IIP
which show a constant luminosity (plateau). The rise time can vary
between 50 and 110 days.

In Taddia et al. (2013, A&A, 558, A143), we spectroscopically
observed the host galaxies of the known SN 1987A-like events
with the NOT and the VLT, to obtain the metallicity of the SN
locations. We wanted to answer the question: do 87A-like
progenitors need low (LMC) metallicity to be produced?
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Modeling of PTF and CCCP events
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Introduction

Location of SN 1987A-like events
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Bersten et al. 2009

We contributed to expand the family of well observed 87A-like
SNe, to better characterize the properties of this family and to
clarify the nature of their progenitors. We also investigated the
properties of their environments, trying to understand how the
progenitors of this class can be formed. Our works are based on
observations carried out by the Carnegie Supernova Project (CSP),
the Caltech Core Collapse Project, (CCCP) and the Palomar
Transient Factory (PTF).
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To model the light curves of these 87A-like SNe, we built a
series of progenitor star models with MESA characterized by
large initial mass (15-30 solar masses) and with different radii
(from 30 to 1000 solar radii). We forced these stars to retain the
H envelope in order to match the Type II.

These SNe are extremely rare (<3% CC SNe), and before our works
only a few were presented in the literature with good data, namely
SN 1998A (Pastorello et al. 2005), SN 2000cb (Kleiser et al. 2011),
SN 2009E (Pastorello et al. 2012).

SN 1987A-like events are located either in dwarf, low-luminosity
galaxies or in the outskirt of more luminous hosts.
●

Metallicity of SN 1987A-like events
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87A-like SNe from CSP

These progenitor stars were then exploded with the
hydrodynamical SN Explosion Code (SNEC) in order to obtain
the SN bolometric properties (light curve, temperature, velocity).
These stars were exploded with different energies, Ni masses
and degree of Ni mixing. Based on these models, we derived
simple scaling relations to measure the radius, and the other
explosion and progenitor parameters for our six SNe.
●

In Taddia et al. (2012, A&A, 537, A140) we presented the
Carnegie Supernova Project data of SN 2006V and SN 2006au.
These are among the best observed 87A-like, with unique
coverage in the near infrared. Their light curves are remarkably
similar to those of SN 1987A, but these SNe are bluer, brighter
and expand faster. SN 2006au also exhibits an early peak.
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We modeled their
bolometric properties
with a semi-analytic
model by Immshenik
and Popov 91, finding
that these SNe were
more massive and
energetic version of SN
1987A, with ejecta
masses of ~20 solar
masses and energies of
a few foe.

SN 1987A-like events show a metallicity distribution with lower
average metallicity compared to normal SNe IIP or SNe Ibc. LMClike values for the oxygen abundance [log(O/H)+12=8.3-8.4] are
typical, as observed in the case of SN 1987A.

87A-like SNe from CCCP & PTF
●

Observations of PTF and CCCP events
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The radii and the large ejecta masses found for our SNe suggest
a Blue Supergiant (BSG) to Yellow Supergiant (YSG) origin for
these events. Canonical SN 1987A-like SNe arise from compact
BSGs (e.g., SN 2005ci), while SNe with more luminous early
phases arise from stars with a radius of a few hundred Rsun (e.g.,
SN 2004em).

Conclusions
1) We have added 8 well-observed SNe similar to SN 1987A to
this rare family of transients (<3% CC SNe). This was done by
using data obtained by the Carnegie Supernova Project, the
Caltech Core Collapse Project and the Palomar Transient
Factory.
2)We found these SNe being characterized by a relatively low
metallicity at their location, which seems necessary to
produce most of their progenitors.

The fit of the early light
curve (using a model by
Chevalier and Fransson
1992) revealed compact
radii for both events,
i.e., < 100 solar radii.
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Progenitors of PTF and CCCP events

3)Characterized by long rising light curves and H-rich spectra,
the family of SN 1987A-like events exhibits large variety of
luminosities, at all epochs. This is the result of different
amount of radioactive 56Ni (at peak and at late epochs), and of
different progenitor radii (at the early epochs).
4)Detailed modeling reveals that canonical SN 1987A-like
events are coming from the explosion of compact Blue
Supergiant Stars (a few tens solar radii), whereas other SNe
with luminous early phases and double peaked light curves
are likely the result of the explosion of more extended (a few
hundred solar radii) progenitors.

Based on the radius
and on the inferred
initial mass, we
concluded that the
progenitors of both SNe
where B supergiant
stars, similar to the
progenitor of SN 1987A.

With data from the Caltech Core Collapse supernova Project
(CCCP) and from the Palomar Transient Factory (PTF), in
Taddia et al. (2016, A&A, 588, A5) we added six new SNe
similar to SN 1987A (SN 2004ek, SN 2004em, SN 2005ci,
PTF09gpn, PTF12gcx, PTF12kso) to this rare family. Beside
the common long rise-time, these objects present interesting
differences, especially the luminosity at early epochs.
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