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Abstract. Adopting the explosion properties derived by the first-principle simulations, we
perform multigroup radiation hydrodynamics calculations of the light curves (LCs) for the
massive electron capture supernova (SN) and the low-mass iron-core collapse SN. The simula-
tions use evolutionary pre-SN models and derive multicolor LCs from shock breakout epoch to
%Co decay, photospheric velocity and temperature evolution. The results of simulations con-
strain what observational features we can expect from low-mass SNe and help to distinguish

types of their progenitors.

Key words. Stars: AGB and post-AGB - Supernovae: general

1. Introduction

The explosions of stars in mass range from
8 to 12 solar masses include both the most
massive electron capture SN (EC-SN) and the
lowest mass iron-core collapse SN (FeCCSN)
(Nomotol1984, 1987 Woosley & Heger|2015).
Predicting the photometric and spectroscopic
properties of these SN explosions is important
to identify them in observations. But simula-
tions of SN observational properties are of-
ten complicated by the lack of reliable pre-SN
models. A step forward in construction of pre-
SN models is stellar evolution simulations of
Jones et al.| (2013) to follow the most mas-
sive EC-SN progenitors to collapse, represent-
ing an evolutionary path to EC-SN in addi-

tion to that from super-AGB (SAGB) stars un-
dergoing thermal pulses. The simulations also
include the models through its entire thermal
pulse phase until electron capture and models
until the core-collapse. In this paper using sev-
eral pre-SN models published by Jones et al.
(2013) we overview the information that we
can get from multicolor LC simulations. Here
we limit our discussion by comparison of 8.8
Mg and 9.5 M models, while more complete
study will be published elsewhere. The choice
of these two models is due to their structure
difference. While the 8.8 M model possesses
an SAGB-like structure following dredge-out,
the 9.5 M, is more reminiscent of a massive
star with distinct He- and C- shells.
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Fig. 1. Multicolor light curves in the models M880 (left panel) and M950E1 (right panel).
Table 1. Presupernova parameters
Model M, My Z,Zo Mo, Mo 1gR Ro Teg, 10°K MC®Ni), My  Eyn, 105! erg
M3880 8.6 1 1.38 13.89 33 0.002 0.15
M950 9.3 1 1.50 13.48 42 0.002 0.15
MO950E1 9.3 1 1.50 13.48 4.2 0.1 1

Note. The first column shows the model name. The numbers shown are the mass of the presu-
pernova, the metallicity, the mass cut, the radius, the effective temperature, the mass of SONji, the

explosion energy.

2. Methods

We consider pre-SNe being red supergiant
stars with extended H-rich envelope (Table [I).
SN explosion energy and mass of the °Ni are
parameterized by the most typical values for
these types of SNe (Janka et al.|2008} [Woosley
& Jankal 2005; [Wanajo et al.| 2O13] 2017).
Explosive nucleosynthesis should not affect the
LCs significantly due to small ejecta mass from
the core and it is not taken into account.

For calculations of the LCs, we use 1D
multigroup radiation hydrodynamics numeri-

2006). The explosion is initialized as a ther-

mal bomb just above the mass cut, producing
a shock wave that propagates outward.

3. Results

3.1. Bolometric and multicolor light
curves

The properties of SN LCs are determined by
the structure and chemical composition of the
progenitor. There are analytic estimations of
the bolometric LCs (Litvinova & Nadezhin
1985} Popov|[1993] Kasen & Woosley|Z009),
and based on the pre-SNe parameters it is
easy to predict that the LCs of our models are
plateau like with the duration of plateau phase
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Fig. 2. Left panel: the comparison of the photosperic radius evolution in the models M880 and M950. Right
panel: the color temperature evolution for the same models.
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Fig. 3. Evolution of the photospheric velocities in
the models M880, M950 and M950E1.

t, ~ 100 days and luminosity about Lj.ps ~
—15. Thus, SNe are not faint due to large ra-
dius of their progenitors despite of low energy
of the explosion.

More information we can get from multi-
color LCs during plateau phase (Figure [). In
optical bands there is not so much difference
in LC shape between M880 and M950 mod-

els, but bluer bands reveal faster decline of the
LCs in more massive model, following the dif-
ference in structure of SN interiors.

3.2. Photosphere evolution

Larger density gradient of external layers of
more massive model M950 leads to faster ex-
pansion of photosphere and faster decrease of
the temperature in the beginning of the plateau
phase (Figure 2)] This is also the reason for
higher velocity of photosphere in M950 model
at the same explosion energy Es; = E/10°!
erg= 0.15 in the models M950 and M880
(Figure 3 In case of larger explosion energy

Es; = 1 of FeCCSN velocity naturally in-
creases.
3.3. Metallicity

We compare several progenitor models with
similar density structure, but different metal-
licity (Z = 0.014;1073;107°). Bolometric
LCs for these models do not have any low-
metallicity specific features. The difference be-
tween the models is observed in U- and UV-
bands where the luminosity decreases dur-
ing plateau phase for solar metallicity model,



Tolstov: SN LCs from 8.8 and 9.5 solar mass stars

while for the model with metallicity Z = 107>
the luminosity is close to constant during all
plateau phase. This effect is discussed more in
detail by [Tolstov et al.| (2017).

3.4. Comparison with observations

The rough comparison with observations
(Pastorello et al.|[2009) shows that bolomet-
ric LCs in mass range 8-12 M, fits several
observed SNe (SN 1999em, SN 1999gi, SN
2003gd, SN 2004dj) with plateau luminosity
Ly abs from —15 to —16.5. Similar values of lu-
minosity are also presented by [Sukhbold et al.
(2016) using different approach to calculation
of SN LCs.

3.5. Mass loss

For SAGB stars at pre-SN epoch the mass loss
rate can be rather high and the structure of
the wind can also be complicated. In case of
strong mass loss, the envelope with a mass less
than several solar masses can explain low lu-
minosity SNe. In case the envelope is com-
pletely lost our preliminary simulations pro-
duce low-luminosity LCs, that are similar to
LCs produced by recently observed faint tran-
sients (Drout et al.2014). An opposite situa-
tion we have in case of dense wind. The lu-
minosity of the plateau phase increases up to
Ly abs ~ —19 and it can be used to explain ob-
served type IIn-P SNe (Chugai et al.[2004).

4. Conclusions

Our simulations show that intermediate mass
stars produce plateau like SNe with typical du-
ration of the plateau phase 7, ~ 100 days.
The LCs have a drop of luminosity after the
plateau phase due to low amount of *°Ni. Color
evolution and photospheric velocities are de-
fined by pre-SN structure and metallicity of the
progenitor. The large uncertainty is mass loss.
Depending on the rate it produces a wide range
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of LCs from faint SNe to rather luminous type
IIn-P SNe.

In addition to construction of more realistic
models, the multicolor LC observations from

shock breakout to radioactive tail are highly in
demand to clarify the late evolution of stars in

intermediate mass range.
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