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Supernovae from binary



Massive stars are born in binary

Effectively

single
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How the companion stars affect stellar evolution?
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Mass of Wolf-Rayet stars from single stars
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Mass stripping

Roche-robe overflow
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Binary evolution extends SN progenitor possibilities
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Binary evolution extends SN progenitor possibilities
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Binary companion for the SN 2011dh progenitor
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SN 2011dh: a SN with H
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Binary companion for the SN 2011dh progenitor

SN 2011dh: a SN with H-rich envelope of ~ 0.1 Msun

B= 0.25
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About 4 years later...

Folatelli et al. (2014)



Binary companion for the SN 2011dh progenitor
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Indications of binary in supernova olbservations

- gjecta mass predictions for stripped-envelope SNe
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Estimating ejecta mass from stripped-envelope SNe
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Ejecta mass estimates for stripped-envelope SNe
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Massive WR star explosions

PTF15dtg: a Type Ilc SN with ~ 10 Msun ejecta
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Massive WR star explosions

Wolf-Rayet population in Large Magellanic Cloud
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Massive WR star explosions
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Ultra-stripped supernovae
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Ultra-stripped supernovae
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Ultra-stripped supernovae
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Ultra-stripped supernovae
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Ultra-stripped supernovae
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Explosion energy of ultra-stripped supernovae

- explosion energy ~ 1e50 erg Suwa ot al. (2015)
uwa et al.
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IPTF14gqr: an ultra-stripped supernova
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How the companion stars affect stellar evolution?

mass stripping

h 4

merger

rotation

B D



SN 1987A
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Progenitor of SN 1987A: a blue supergiant

Sk -69°202
a single star progenitor with ~ 10 Msun of H-rich envelope
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Progenitor of SN 1987A: a blue supergiant
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riple rings around SN 1987A




riple rings around SN 1987A
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How the companion stars affect stellar evolution?

mass stripping

h 4

merger

rotation
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Massive binary black hole formation
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Massive binary black hole formation
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Massive binary black hole formation
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Supernova from binary: summary

mass stripping - stripped-envelope SNe are largely affected
by the binary mass stripping

merger SN 1987A-like SN progenitors may be a
product of stellar mergers

rotation efficient rotational mixing in binary can lead to

massive black hole binary systems



Pair-instability supernovae



Dynamical instabllity by pair creation
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Pair-instabllity supernovae

thermonuclear explosions of very massive stars

~ 150 Msun - ~ 250 Msun if there is no mass loss
No remnants remain!
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Explosive nucleosynthesis
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Explosive nucleosynthesis
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Explosive nucleosynthesis
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Possible star contaminated by PISN vyields
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Explosion energy
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56NI mass
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Observational properties

hydrogen-rich PISN explosions
- red supergiant progenitors
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Observational properties

- hydrogen-rich PISN explosions
- blue supergiant progenitors
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Hydrogen-free pair-instability supernovae

* N0 mass loss prevents hydrogen-free stars from exploding as PISNe?
No!
rapid rotation can make hydrogen-free PISNe
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Hydrogen-free pair-instability supernovae
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Hydrogen-free pair-instability supernovae

-19.0
o —16.04
o
-
=
a
g -13.04
Q
5
"5‘ —10.0 H
7))
L0
d
>
—7.0 H
—4.0 1 T ! {

i L
0 29 S0 75 100 125 150
time [days]
Herzig et al. (1990)



PISN candidates

-+ Superluminous supernovae
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PISN candidates

Superluminous supernovae
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log Lbol [erg s"]

PISN candidates

OGLE14-073 (Terreran et al. 2017)
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Pair-instability supernovae from the first stars

many massive stars in the PISN range are predicted to form

+ ~150 Msun - ~ 250 Msun
they can be found with coming NIR surveyors like WFIRST
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Pulsational pair-instability supernovae
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Velocity (1,000 km s-7)

Pulsational pair-instability supernovae
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Pulsational pair-instability supernovae
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Pair-instabllity supernovae: summary

thermonuclear explosions of very
massive stars triggered by the
dynamical instability from the pair
creation
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