The hidden harmony is better than the obvious one.
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Explosion: the Astrophysics
of Degenerate Stars

On Variations in the Peak Luminosity
of Type la Supernovae




An outline of this talk on thermonuclear supernovae

e A few observations

e Why the intrinsic scatter?
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The spectra and light curves near peak light are similar.
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Brighter light curves are broader.
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as measured

* The Phillips relation compensates
for the variation in peak luminosity
to give a standard candle.
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Dimmer than the template is interpreted
as evidence an accelerating universe.
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k magnitude is ~0.5 in the B andV bands.
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For nearby supernovae, the intr
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Most of a main-sequence star's initial metallicity comes from the CNO
and °°Fe nuclei inherited from its ambient interstellar medium.

The slowest step in the hydrogen burning CNO cycle is '*N(p,y).
All the CNO piles up at '*N when hydrogen burning is done.




Mass and charge conservation set the white dwarf’s
22Ne mass fraction and neutron enrichment




We’'ll assume the standard model of a Type la supernova.

Carbon-Oxygen White Dwarf

Accrete He Accrete H or He Accrete C+O
Double degenerate merger

M < 10-8 Msun/yr

M > 3X10_6 Msun/yr

M < 4x10-8 Msyn/yr Supersoft x-ray
sources?




Nearly all such 1D models produce most of their *°Ni in a nuclear
statistical equilibrium environment between ~ 0.2 and 0.8 M.
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While many ID models have sophisticated flame treatments, we want
to elucidate physics that are robust to any complicated hydrodynamics.
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Consider the case when ®Ni and °®Ni are the only two species in
nuclear statistical equilibrium. Mass and charge conservation

En:Xi = N 2’”: %Xz
i=1 i=1 """

imply a linear relationship between the mass fraction of *°Ni and Ye:




The average peak B andV magnitudes of nearby Type la events imply
~0.6 Msun of *®Ni is produced. Using this fiducial mass gives

' 7
M(°°Ni) = / X(°°Ni)dm ~ 0.6 |1 — 0.057— | Mg




This result is robust.

As long as the region that reaches NSE does so on a timescale over
which Y. is nearly constant, then the mass of *®Ni produced is largely
independent of the details of flame front propagation.
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— ~25% variation

in *°Ni
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Post-processing thermodynamic trajectories of D simulations
reproduces the analytical result to within 5%.
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From 3D simulations the Max Planck group find *®Ni variations of
2% from the C/O ratio, 7% from the central density, 20% from metallicity.

Travaglio et al. 2004
[

Roepke et al. 2005




From ~60 host galaxies, Ivanov et al (2000) and Gallagher et al (2005)
suggest age rather than metallicity better expresses the observed trends.
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Podsiadlowski et al 2006 showed that electron captures on 22Ne during
the simmering phase could magnify the effect of metallicity

0.165\
X(°°Ni) =1 — [ 0.111 -
0.058 ) “©

and examined the effects of metallicity on the
determination of cosmological parameters. e
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Metallicity reduces the ignition time; even modest amounts of 22Ne can
reduce the ignition time of CO mixtures 20-30% +
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lgnition occurs at rare peaks in the
tails of PDFs; *Ne can greatly
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Metallicity increases the laminar flame speed; being roughly linear with
22Ne and ~ 30% for X(*?Ne)=0.06.
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Can 2?Ne be produced in-situ?

Yes, during the helium shell flashes in an AGB star.
Falk Herwig and | are calculating some numbers.

Yes, during laissez-faire carbon burning during the simmering phase!
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