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Type la Supernovae

« Type la supernovae (SNla) are luminous stellar
explosions which marks the destruction of white
dwarfs in binary systems.

‘

« Two main scenatios to make SNla explosions:
Single-Degenerate (SD, here considered;
Whelan & Iben 1972) and Double Degenerate
(DD; Iben et al. 1984).

« Travaglio et al. 2011 showed how SNIla could be
a relevant source for the p-process isotopes
made by (y,n), (y,p) and (y,a) photo-
disintegrations reactions on ASSUMED pre-
existing heavy-element seeds distribution

SD scenatrio artist’'s impression (from Wikipedia)

formed from the neutrons released during the M. Arnould, S. Goriely| Physics Reports 384 (2003) 184
He-flashes occurring all along the accretion.
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Type la Supernovae

Main target of this work: to verify and 5
test this assumption by self-consistently
computing the nucleosynthesis on the
surface of massive accreting white dwyarfs

v

« Travaglio et al. 2011 showed how SNIla could be
a relevant source for the p-process isotopes
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...put here we make another BIG

assumption

« SD scenario can only be successful if the WD mass is high (> 1.2
M,,,) from the beginning of the accretion (see Denissenkov et al.

2017)...

e ..but the maximum mass with which a CO WD can be born is ~
1.1 M, (Umeda et al. 1999)

« How can we reach the Chandrasekhar-mass (~1.4 M,,) then?

Rotating stellar progenitor can possibly form more massive CO WD (see
Dominguez et al. 1996)... BUT stellar cores already loose most of their angular

momentum before the AGB phase is reached (possibly unlikely)

12C + 12C uncertainties can impact the WD size (see Chen et al. 2014 and Tumino
et al. 2018). Waiting for the LUNA measurement

How you describe convective boundary mixing really matters. In theory, hybrid
(C-O-Ne) WD as massive as ~1.3 M, could be formed (see Chen et al. 2014)




Nuclear rates tests: what is the main neutron source?
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Extended energy network test
(thanks to Sergio Cristallo for suggesting)
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...about Type Il Sne... Reaction rates uncertainties impact:

Results from Monte Carlo variations

Nuclide room0  feom 1 foom 2 Key rate Key rate Key rate Xo (2 GK) Xo (3 GK)
Level 1 Level 2 Level 3 capture capture
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Conclusions

* | presented for the first time a heavy-element distribution calculated from
realistic simulations of WD-accretion phase in the single degenerate
scenario channel to SNla.

e Such distribution arised for recurrent TP events very similar to those
happening during the AGB phase and characterized by very high
temperatures, ranging from 0.35 to 0.59 T9 at the bottom of the PDCZ -
very high neutron densities (~1015 n cm-3) when the WD gets close to the
Chandrasekhar mass — large quantities of Rb, Zr, Ba-peak isotopes and
Pb .

» Globally very similar to the one adopted in Travaglio et al. (2011), when
used as a starting abundance distribution, p-nuclei are significantly
produced in the mass range 96<A<196. Full results to be published in
Battino et al. 2019, in prep.

e Suggestion for future reaction rate measurement: 22Nb(p,y)2Mo
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