The Lives and Death-Throes of Massive Stars

Proceedings IAU Symposium No. 329, 2016

J.J. Eldridge, J.C. Bray, L.A.S. McClelland © International Astronomical Union 2017
& L. Xiao, eds. doi:10.1017/S174392131700254X

Core-Collapse Supernovae in the Early
Universe: Radiation Hydrodynamics
Simulations of Multicolor Light Curves

Alexey Tolstov!, Ken’ichi Nomoto!' %, Nozomu Tominaga?',
Miho Ishigaki', Sergei Blinnikov®*! and Tomoharu Suzuki®
'Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of
Tokyo Institutes for Advanced Study, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa,
Chiba 277-8583, Japan
email: alexey.tolstov@ipmu. jp
2 Department of Physics, Faculty of Science and Engineering, Konan University, 8-9-1
Okamoto, Kobe, Hyogo 658-8501, Japan
3 Institute for Theoretical and Experimental Physics (ITEP), 117218 Moscow, Russia
* All-Russia Research Institute of Automatics (VNIIA), 127055 Moscow, Russia
® College of Engineering, Chubu University, 1200 Matsumoto-cho, Kasugai, Aichi 487-8501,
Japan

6 Hamamatsu Professor

Abstract. The properties of the first generation of stars and their supernova (SN) explosions
remain unknown due to the lack of their actual observations. Pop III stars may have been very
massive and predicted to be exploded as pair-instability SNe, but the observed metal-poor stars
show the abundance patterns which are more consistent with yields of core-collapse SNe. We
study the multicolor light curves for a metal-free core-collapse SN models (massive stars of 25-
100 solar mass range) to determine the indicators for the detection and identification of first
generation SNe. We use mixing-fallback supernova explosion models which explain the observed
abundance patterns of metal poor stars. Numerical calculations of the multicolor light curves are
performed using the multigroup radiation hydrodynamic code STELLA. The calculated light
curves of metal-free SNe are compared with our calculations of non-zero metallicity models and
observed SNe.
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1. Overview

Blue supergiants are typical presupernovae for Pop III core-collapse SNe with Myg <
40-60 Mg, and their structure determines the properties of the light curves. We found
that first SNe are bluer, shorter and fainter than ordinary SNe. The most important
result is the flat color evolution curve with typical values B-V from 0.0 to 0.6 during the
plateau phase can be used as an indicator of Pop III and low-metallicity SNe. In contrast,
all solar metallicity models show gradual reddening during the plateau. The low amount
of 55Ni that is used to explain carbon-enhanced metal-poor stars with mixing-fallback
and sharp luminosity decline after the plateau phase can also be used as indicators of a
low-metallicity progenitor.

Our results can be used to identify first-generation SNe in the current (Subaru/HSC)
and future transient surveys (LSST, JWST). They are also suitable for identifying of the
low-metallicity SNe in the nearby Universe (PTF, Pan-STARRS, Gaia).
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