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Veiled supernovae provide clue to stellar
evolution
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Artist's impression of a red supergiant surrounded with thick circumstellar
matter. Credit: NAOJ

At the end of its life, a red supergiant star explodes in a hydrogen-rich
supernova. By comparing observation results to simulation models, an
international research team found that in many cases this explosion takes
place inside a thick cloud of circumstellar matter shrouding the star. This
result completely changes our understanding of the last stage of stellar
evolution.

The research team led by Francisco Forster at the University of Chile
used the Blanco Telescope to find 26 supernovae coming from red
supergiants. Their goal was to study the shock breakout, a brief flash of
light preceding the main supernova explosion. But they could not find
any signs of this phenomenon. On the other hand, 24 of the supernovae
brightened faster than expected.

To solve this mystery, Takashi Moriya at the National Astronomical
Observatory of Japan (NAOJ) simulated 518 models of supernovae
brightness variations and compared them with the observational results.
The team found that models with a layer of circumstellar matter about
10 percent the mass of the Sun surrounding the supernovae matched the
observations well. This circumstellar matter hides the shock breakout,
trapping its light. The subsequent collision between the supernova ejecta
and the circumstellar matter creates a strong shock wave that produces
extra light, causing it to brighten more quickly.

Moriya explains, "Near the end of its life, some mechanism in the star's
interior must cause it to shed mass that then forms a layer around the
star. We don't yet have a clear idea of the mechanism causing this mass
loss. Further study is needed to get a better understanding of the mass
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loss mechanism. This will also be important in revealing the supernova
explosion mechanism and the origin of the diversity in supernovae."

These observations were performed by the Blanco Telescope at Cerro
Tololo Inter-American Observatory during six nights in 2014 and eight
nights in 2015. The simulations by Moriya were performed on the NAOJ
Center for Computational Astrophysics PC cluster. This research was
published in Nature Astronomy on September 3, 2018.
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Light curve (points) of SNHiTS15aw one of the observed supernovae, compared
to standard model (dashed line), and simulations of this study (continuous lines).
The observed light curve rises up faster than the standard model and matches the
simulation results very well. Credit: Forster et al. Nature Astronomy 2018,

modified
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More information: F. Forster et al, The delay of shock breakout due

to circumstellar material evident in most type Il supernovae, Nature
Astronomy (2018). DOI: 10.1038/s41550-018-0563-4
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