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Outline

@ SN-II progenitor evolution overview

@ Motivation for and importance of studying 8 — 12 M, stars

@ Modelling stars

@ new ECSN progenitor models

@ Improvements to nuclear physics considerations for weak reaction rates
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Massive stars - CCSN progenitors
M > 10Mq:

Central H, He, C, Ne, O, Si burning — Fe core — e~ -captures — collapse —
explosion
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Massive stars - CCSN progenitors
M > 10M:

Central H, He, C, Ne, O, Si burning — Fe core — e~ -captures — collapse —

explosion
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Super-AGB stars - EC-SN progenitors?

H, He, C burning — ONe core growth — e~ -captures — O delfagration — Fe
core — e~ -captures — collapse — explosion
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Miyaji et al. (1980), Nomoto (1984, 1987), Miyaji & Nomoto (1987), Ritossa et al. (1999),
Poelarends et al. (2008), Takahashi et al. (2013)
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Super-AGB stars - EC-SN progenitors?

H, He, C burning — ONe core growth — e~ -captures — O delfagration — Fe

core — e~ -captures — collapse — explosion
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Motivation - statistical

@ N(8—12 My)/N(M > 8 M) = 0.42
(a = —2.35)

@ Jennings et al. (2012, see figure right)

@ Distinct lack of low mass SNII

progenitor models
(Nomoto ’84, '87; Takahashi et al.

2013; Mueller et al. 2012)
@ Many challenges!
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Motivation - compact objects

@ Bimodal NS mass distribution
(Schwab et al., 2012)

@ BeX spin period and orbital 41 Measured Mass 1
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Motivation - Nucleosynthesis

@ Abundance anti-correlations - second
(weak) r-process?
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@ Electron capture supernovae — weak
r-process?

@ 2-D simulations produce n-rich
pockets with Ye,min ~ 0.4
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- no r-process (not even Pd or Ag)
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Modelling Stars - the MESA code
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Transition evolution: super-AGB — massive star
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logy(p./g cm ™)
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8.75 and 8.8 M., models - weak interactions

@ Both SAGB (8.75 Mo) and failed massive stars (8.8 Mo) may produce an

ECSN

URCA pairs: 2’Al «» 2’Mg; 2°Mg <+ ®°Na; 23Na > 23Ne
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CCSN

CSN

9 | 10
log,o(p./g cm®)ONe WD  ONe WD

Jones, S. (Keele University) 8-12 M stars Nov. 2013 17/35



Progenitor structures
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Convective Boundary Mixing (CBM) in super-AGB
stars - 3DUP efficiency

H, He, C burning — ONe core growth — e~ -captures — O delfagration — Fe
core — e~ -captures — collapse — explosion
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Miyaiji et al. (1980), Nomoto (1984, 1987), Miyaji & Nomoto (1987), Ritossa et al. (1999),
Poelarends et al. (2008), Takahashi et al. (2013)
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Convective Boundary Mixing (CBM) in super-AGB
stars - 3DUP efficiency
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Boundary mixing and NeO flame propagation

@ Stronger mixing at interface: different behaviour, same fate of 8.8 M,

model (EC-SN)
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@ No mixing at interface: conductive propagation — NO CONTRACTION
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@ Mixing at interface characterised by f-py = 0.005: compressional

propagation (periodic contraction)
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(S-)AGB hydrogen ingestion

(S-)AGB thermal pulse (‘TP’)
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Weak rates - problems and solutions

@ Consistent e*-capture, 3T -decay,
@ log(ft) v-loss rates.

@ Sufficient resolution to determine @ Coulomb corrections.
threshold densities.

A**Mg(e,7)**Na) at Ty = 0.4
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8.75 and 8.8 M., models - weak interactions

@ Both SAGB (8.75 Mo) and failed massive stars (8.8 Mo) may produce an

ECSN

URCA pairs: 2’Al «» 2’Mg; 2°Mg <+ ®°Na; 23Na > 23Ne
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8.8 My Y.-driven contraction (Y min < 0.48)

0.510 T -
— 875 M,
0.505(| — 8.8 M,
0.500f
0.495
o

0.485F

0.4801

0'470.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Mass/M g

8.75 My: Mco,e-driven contraction (time for v-losses)
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New SD-shell rates (URCA pairs)

@ Results for A=25 URCA pair (Toki et al., 2013), USDB
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New SD-shell rates (URCA pairs)
@ Results using A=23, 25, 27 pairs (Toki et al. 2013) in MESA
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Summary

@ ECSN progenitor models from 2 evolutionary paths. (well known SAGB
and new ‘failed massive star’).

@ Mass loss still very uncertain for super-AGB phase.

@ 3D simulations of stellar regimes are cruicial to constrain boundary
behaviour (e.g. Herwig et al. (2011), Mocak et al. (2011)).

@ Well resolved grids of weak rates, especially sd-shell nuclei. Coulomb
corrections to both the rate and the energy production/loss should be
included.
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Summary
Jones et al. (2013), Apd 772, 150
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New 2°Ne(e~, v)?°F rate
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