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Super-AGB stars: EC-SN progenitors!?
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* Off-centre carbon ignition = O + Ne core, thin pulsing
helium shell, hydrogen envelope

* AGB Mass loss:
Mass loss > core growth & ONe white dwarf
Mass loss < core growth = Oxygen deflagration =& EC-SN

Oxygen
deflagration
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Miyaji+ (1980); Nomoto (1984, 1987); Miyaji & Nomoto (1987); Ritossat+ (1999); Poelarends+ (2008); Takahashi+
(2013)
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Super-AGB stars: EC-SN progenitors!?
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Fate of super-AGB stars depends on uncertain mass-loss rates
and uncertain convective boundary mixing (CBM) efficiency

8.7 Mo star from Jones+ (201 3)

Bloecker (1995)
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NEUTRON STAR

10-5 L
f=0.02 f=0.005 Reimers (1975) (eta=1)
10° - ‘ -
10°® 107 10° 10°
J\[(‘()rl‘

10

log(D/[cm’/s])

see also Poelarends (2008)

Convective boundary mixing modelled with
exponentially decaying diffusion coefficient

(Freytag+ 1996, Herwigt+ 1997)
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f = 0.25 for shallow surface convection zones (Freytag+ 1996)
f = 0.008 below helium shell flash (VWerner & Herwig 2006, Denissenkov+ 201 3)
f = 0.128 at bottom of convective envelope for 3DUP in AGB stars (Lugaro+ 2003)
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Another path to EC-SNe: some stars with

. CCSN
off-centre Ne-burning?
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CBM chokes flame propagation
following off-centre ignition

arXiv:1407.0248

Hybrid C-O-Ne white dwarfs as progenitors of type la
supernovae: dependence on Urca process and mixing
assumptions

P. A. Denissenkov'**, J. W. Truran?%?, F. Herwig'%?, S. Jones'®? B. Paxton®,
K. Nomoto®, T. Suzuki’ and H. Toki®
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'2C abundance profiles at the end of carbon burning in models
of hybrid C-O-Ne WDs with convective boundary mixing
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Choking of neon flame would produce “failed massive stars”

Jones+ (submitted to Ap))
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URCA process
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High density
(i) 4Z + e - YZ-1) + v
(22) AZ-1) — 4Z ol -

Low density

At critical (intermediate) density, equilibrium is
achieved and strong neutrino cooling occurs

Key reactions:

Mg «— »°Na

23Na — 23Ne

.QI
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CO WDs (Type la)
Denissenkov+ (2014, in press)
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Impact of new *°Ne + e rate
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Rate by Lam, Martinez-Pinedo+ (201 3)

Oxygen deflagration ignites at higher density with appropriately
resolved reaction rate including Coulomb corrections
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O-deflagration pre-ECSN
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Takahashi+ (201 3)
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Carbon deflagration (Ropke+ 2006)
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Do hydrodynamic instabilities and
high-density nuclear reactions
play a role during deflagration!?

Does O-deflagration necessarily
result in collapse?
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Herwig (2005)

Main s-process component
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Hydrogen-ingestion thermal pulses

At = time between extinction of pulse-driven convection zone
(PDCZ) and beginning of third dredge-up (3DUP)
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Dredge-out in massive super-AGB star
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Validity of |-D stellar models
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“Delayed-split” model informed by 3D simulation
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’ PR e 3D PPM simulation of very-late thermal pulse
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One-zone
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Could proton-ingestion events
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What are the properties of mixing at convective boundaries!?
e Neon shell burning behaviour and EC-SN impact
e Hybrid C-O-Ne white dwarfs and SN la impact
e Efficiency of 3DUP in super-AGB stars - can these stars become EC-SNe!?
* How does mixing behave in region of strong electron capture?

Mass loss vs core growth - more EC-SNe at low metallicity?

Are EC-SNe core-collapse or thermonuclear supernovae!?
* New weak interaction rates increase O-deflagration ignition density
e Convection and turbulence during deflagration (cf. C-deflagration in Type la
supernovae)

What is the nucleosynthesis contribution of 8-10 Mo stars!?
* Hydrogen-ingestion events could produce intermediate neutron densities
e EC-SN vyields
* Thermonuclear ONe core explosion!?
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