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Outline

• The abundance of 22Ne in white dwarf stars

• The production of 56Ni during explosive nucleosynthesis

• The contribution to variations in the peak luminosity of SNeIa

• New stuff

• Effects on burning

• Electron captures during “simmering”



14N(p,γ)15O limits CNO cycle
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14N(α,γ)18F(β+)18O(α,γ) 22Ne
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Scatter in [O/H]
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Production of 56Ni during explosion
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Factor of 3 variation

in the CNO + Fe abundances

~25% variation
in 56Ni

Timmes, Brown & Truran 2003Suppose NSE dominated by 56Ni and 58Ni, and
Ye = const. Then

X(56Ni) = 58Ye−28

and if there are no captures in situ then

Ye =
10
22
X(22Ne)+

26
56
X(56Fe)

+
1
2

[

1−X(22Ne)−X(56Fe)
]

.

For a solar distribution of metals, this gives

M(56Ni) =M0(56Ni)
[

1−0.057
Z
Z"

]

.
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14 Woosley et al.

Fig. 20.— Effect of varying MNi while keeping the total iron
group production (MNi + MFe) fixed. The models shown have
MNi = [0.5, 0.6, 0.7, 0.8] M!, MIME = 0.3 M!, and MFe + MNi =
0.8 M!. Such a variation might be attributed to a variable amount
of electron capture and metallicity in an otherwise standard super-
nova. However, Model M080003, which has no neutronized iron, is
not realistic. The total range of metallicity and electron-capture
effects is probably bounded by the red and green points, i.e., about
0.3 magnitudes. The range of metallicity effects alone is less.

 m080003

 m070103

 m060203

 m050303

Fig. 21.— Same as Fig. 20, but computed with stella. A
WLR of the correct sign is also present, though the agreement
with observations for these particular models is not as good. For
models with a small quantity of initial iron, especially M080003
and M070103, the light curve at early times is fainter in stella
because of a deficiency of lines included for Ni and Co (the Fe line
list is more nearly complete). See text.

Mburn = 1.0 − 1.1 M!, MFe = 0.1 − 0.3 M! and
MIME ≥ 0.1 M!. A smaller range of 56Ni masses were
also explored MNi = 0.4−0.8 M!. Figure 19 (left panel)
shows the width-luminosity relation for this set of mod-
els. The scatter is reduced compared to the full plot, but
is still larger than the observed.

A second cut of these models is then made assuming
that the total mass of iron group elements, as well as
the total burned mass, must also lie within a restricted
range. Figure 19 (right panel) shows only those models
in which MFe + MNi = 0.7 − 0.9 M!, which are seen to
be the models that fall within the observed WLR.

Fig. 22.— Effect of varying the abundance of stable iron group
throughout the 56Ni zone, as might be attributable to variations in
progenitor metallicity. The figure shows six models derived from
Model M070103, in which the ratio of stable iron to 56Ni is varied
throughout the 56Ni zone from 0 to 25%. All models have, in
addition, 0.1 M! of stable iron at the center of the ejecta. The
total mass of stable iron thus varies from 0.1 to 0.275 M!. The
models follow the observed WLR.

The necessity of having iron group elements in the re-
gion 0.7-0.9 M! follows from the spectroscopic and color
evolution effect discussed in Kasen & Woosley (2006).
The B-band decline rate is largely determined by the
rate at which Fe II/Co II line blanketing develops in the
post-maximum spectra. In order for this line blanket-
ing to develop, there must be a high abundance of iron
group elements out to layers v ≈ 8000 km s−1 which cor-
responds to mass coordinate m = 0.8 M!. This can also
be achieved by mixing.

It is not unreasonable that the explosion produce a
nearly constant mass of iron group elements. The iso-
topic composition may vary because of ignition density
and metallicity, but all matter that burns with a temper-
ature over ∼ 5×109 K will be iron-peak isotopes of some
variety. Apparently, not only do common SN Ia burn a
nearly constant fraction of their total mass, but a nearly
constant fraction of that achieves nuclear statistical equi-
librium. Delayed detonation at a nearly constant density
(after a nearly constant amount of mass has been burned)
might be one way, but not the only way of achieving that
requirement.

7.3. Variable Electron Capture and Metallicity

The results of the last section suggest that SNe Ia mod-
els in which both the total iron group production and the
total mass burned are constants of the explosion are in
better accord with the observed WLR. In such a scenario,
the amount of MNi is varied at the expense of stable iron
group elements such as 54Fe and 58Ni. There are two
ways in which this may come about.

First, stable iron group elements are produced at the
center of the ejecta from electron capture (embodied in
our MFe parameter). If the central density of the white
dwarf is higher, electron capture will be enhanced and
the ratio of MFe to MNi will increase. Such variations in
ignition density might reflect variations in accretion rate
in binaries with different separation, masses, metallicity,

Woosley et al. (2007), fig. 22

Predicted “brighter-broader” relation
for M(Fe+Ni) = constant
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Flame structure
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thermal time ∼ heating time
δ 2

χ
∼

CT
ε

and the flame velocity is then

Slam ∼

δ
CT/ε

∝ (εχ)1/2
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[

1+0.3
(

X22
0.06

)] Important in two places

• At ignition, before 
flame speed set by 
turbulence

• At transition to 
distributed burning

Transition to distributed burning may occur where
δ ∼ !G (Niemeyer & Woosley 1997, e.g.).
For Kolmogorov turbulence,

!G ∝ S3lam

so increasing the burning rate makes δ smaller
and !G larger—delays transition?



Where have all the protons gone?
The importance of the simmering phase (Podsialowski et al. 2006)

During simmering, we have protons and 4He avail-
able via

12C(12C, p)23Na

and
12C(12C,α)20Ne.

Podsialowski et al. (2006) proposed that
22Ne(p,γ)23Na

and subsequent p and e-captures would reduce
Ye.

Neutronization would 
still be proportional to  

22Ne abundance, but 
with a larger amplitude!
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A reaction flow out of a nuclide i is defined by
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Summary and conclusions

• 22Ne is a function of the composition of the progenitor white dwarf, and this can 
vary by a factor of 10.

• All else being equal, a higher 22Ne abundance leads to a lower 56Ni yield and a 
dimmer Ia.

• Other effects: Increase in burning rate, delay of transition to distributed burning?

• Neutronization during “simmering”—sets base Ye during explosion (Piro & 
Bildsten; Chamulak, Brown & Timmes)

• Much undone...

• Correlated changes in other progenitor properties (see Umeda et al. 1999, 
Domínguez et al. 2001)

• Electron captures during explosion (see Iwamoto et al. 1999, Brachwitz et 
al. 2000, Calder et al. 2007, Townsley et al. 2007)


