Missing Red Supergiants
and

Carbon Burning
by
Tuguldur Sukhbold

based on
Sukhbold & Adams 2019, submitted to MNRAS

"’(H" e

o c T e Collaborators:
P o Stan Woosley (UC Santa Cruz)
Al PN CAPP Thomas Ert] (Max Planck IA)
i’o iy (c\’o. Thomas Janka (Max Planck TA)
{T i I "g Alex Heger LR
"..o 'ITTuguTTL ,t‘

Ohio Supercomputer Center

FOE19, NCSU, 23 May, 2019



Which Massive Stars Explode?

~8 < Myays < ~30 [M,] at solar Z
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Older picture, until ~ 2010
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New evidence: Missing Red Supergiants
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Theory:

1. do not die as luminous RSG:

(ignore explosion physics, edit stellar evolution)
e.g.,

Yoon & Cantiello (2010) ‘ ‘ ‘ ‘ ‘ ‘
Chieffi & Limongi (2013)

Groh et al. (2013)

Limongi & Chieffi (2018)
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~8 20 30 initial mass

N = explosion # = implosion
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~8 20 30 initial mass

N = explosion # = implosion

light curves of Type I b/c SN
ratio of Red/Blue SGs

mass distribution of BHs
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direct imaging of implosion candidate
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Theory:
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~8 20 30 initial mass
N = explosion # = implosion

2. luminous RSG don’t explode:

(keep stellar evolution, include explosion physics)
e.g.,

O’Connor & Ott (2011)
Ugliano et al. (2012)
Sukhbold & Woosley (2014)

Ertl et al. (2016)
Sukhbold et al. (2016) T T T T T LT |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||>

Miiller et al. (2016) ~8 20 30 1n1tlal mass
Sukhbold et al. (2018)
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Non-monotonic Final Core Structure

less massive O-core

compact final core structure

stars mostly explode

N

— massive O-core
extended final core structure

stars mostly implode
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C-burning Transition: Convective vs Radiative

e.g., Barkat & Marom (1990) Weaver & Woosley (1993) Timmes et al. (1996)
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Transition and Explodability

central C-burn is convective central C-burn is radiative

— less massive O-core — massive O-core

— compact core structure — extended core structure

— stars mostly explode — stars mostly implode
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Nucleosynthesis

* neutron stars
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First Detection of Implosion

. 42015

Progenitor

Smartt (2015)

Search for Progenitors of SN Search for Disappearing Stars
l l l l l l (Kochanek et al. 2008)

First candidate N6946-BH1:

SN1999am
SN2009H
SN2012ec
SN2009kr
SN2002hh

SN2009ib
SN199%m
SN1999br
SN2009hd
SN2009N
SN1999gi
SN2007aa

N6946 Z BH1 — 1n1tlal mass ~ 25 (+/‘3) M*

SN2008bk
SN2004et
SN2001du
SN2004dg
SN2006ov
SN2013ej
SN2012A
SN2006my

—— QObserved transient consistent

explosion
implosion

SN2018ao0q
SN2016cok
SN2009md
SN2005cs
SN2003gd

with envelope ejection
(Lovegrove & Woosley 2013)
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Adams et al. (2016)



Constrain Massive Stellar Models?

sensitivity to *C(c,7y)"°0: C-burn. transition mass in literature:

1.6 central C — burn.
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Constrain Massive Stellar Models?

“Sometimes speculation advances science.” Stan Woosley (in response to referee)

1.6

0.6

sensitivity to “C(a,y)"°O:

central C — burn.

upper mass limit of exploding RSG

Smartt (2015)

Sukhbold et al. (2018)
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Sukhbold & Woosley (2014)
Limongi & Chieffi (2018)
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C-burn. transition mass in literature:
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Possible Caveats

Observations:

RSG really missing?
—— bias due to circumstellar dust extinction? probably a small effect
Walmswell & Eldridge (2012) and Beasor & Davies (2016) Kochanek et al. (2012)
—— bias due to improper bolometric correction? maybe improper
Davies & Beasor (2018) statistical analysis
Kochanek 2019, in prep

Theory:

robust and reproduced?
stellar evolution results with KEPLER;:
MESA v e.g., FRANEC ? GENEC ?” HONGO ?

— explosion results with P-HOTB:
GR1D v 1D turbulence based models?
Miiller et al. (2016) </ e.g., Couch et al. 2019
Mabanta et al. 2019
FOE19, NCSU, 23 May, 2019 (but see Mueller 2019)



To sum up:

fairly clear that luminous
RSG stars (M, > 16-20) central C-burning

do not result in SN convective radiative
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