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3Facultad de Ciencias Astronómicas y Geofı́sicas, Universidad Nacional de La Plata, Argentina
4Max-Planck-Institut für Astrophysics, Garching bei München, Germany

Abstract

Stars with initial masses 7M⊙ . MZAMS . 9M⊙

reach temperatures high enough to ignite C un-

der degenerate conditions after the end of He-

core burning (Garcia-Berro & Iben 1994). These
isolated stars are expected to evolve into the so-

called super AGB (SAGB) phase and may end their
lives as ultra-massive ONe WDs (see Siess 2006,

2007, 2010; Camisassa et al. 2019, and references

therein). The exact proportions of O and Ne found
in the core at the end of the SAGB phase will deter-

mine the cooling times and pulsational properties

of these WDs. Uncertainties affecting the rates of
nuclear reactions occurring during the C burning

phase should have a measurable impact on the dis-
tribution of 16O, 20Ne, 23Na and 24Mg and, conse-

quently, on the evolution of the WD.

Here we present a study of the impact of uncer-

tainties in the 12C(12C, α)20Ne and 12C(12C, p)23Na
nuclear reaction rates (and their branching ratios)

on the chemical structure of intermediate- to high-

mass progenitors at the end of the C-burning phase.
Using the stellar evolution code Modules for Ex-

periments in Stellar Astrophysics (MESA) we com-

puted evolutionary sequences for stars with ini-
tial masses 7.25≤ MZAMS/M⊙ ≤ 8.25, from the

ZAMS to the SAGB phase, adopting different pre-
scriptions for the 12C+12C burning rates. We found

that adopting lower reaction rates for the 12C+12C

burning delays C-ignition by at most 2700 yrs, and
the ignition takes place in a position further from

the center. Our results shows that differences in

the 20Ne central abundances remain modest, below
14%.

Methodology & Input physics

We computed the complete evolution of progenitors

stars of 7.25≤ MZAMS/M⊙ ≤ 8.25 from the zero
age main sequence (ZAMS) to the beginning of the

SAGB phase. During the carbon burning phase, we
adopted the total nuclear reaction rate values from

Caughlan & Fowler (1988) (CF88) and the recently

provided by Monpribat et al. (2022) Be test both the
model based on the fusion-hindrance phenomenon

(HIN rate) and the fusion-hindrance plus resonance

model (HINRES), see Fig. 1. Both CF88 and HIN-
RES rates shows very similar behaviour in the tem-

perature range of C-burning. Branching ratios of 65%
for the alpha exit channel, 12C(12C, α)20Ne, and 35%

for the proton exit channel, 12C(12C, p)23Na, were

adopted according to Pignatari et al. (2013). Addi-
tional evolutionary sequences with branching ratios

56-44 (Caughlan & Fowler 1988) were also computed.

For a better comparison, overshooting was adopted
only during the central H- and He-burning phases.
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Figure 1: Normalized reaction rates from Monpribat et al.

(2022). Shaded region represent the temperature region of

C-burning.
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Results

C-ignition occurs forMZAMS ≥ 7.25M⊙ for CF88 and

HINRES rates, and forMZAMS ≥ 7.30M⊙ for the HIN

rate. The ignition is delayed by at most 2700 yrs for
lower reaction rate and it occurs at a location further

from the center. The chemical profiles of 7.50, 8.00

and 8.25M⊙ models at the end of the C-burning phase
are shown on Figs. 2 and 3. The core mass are about

1.148, 1.225 and 1.264M⊙, respectively. The impact
on the central 20Ne and 16O abundances are small,

near ∼ 4%. Higher 20Ne abundances are associated

to lower values of the 12C+12C reaction rate due that
higher temperatures are needed to ignite carbon. Fig.

4 shows the evolution of several quantities at the posi-

tion of the flame front. It can be seen that the flame
in the HIN model is characterized by higher temper-

atures. Fig. 5 show the frequency of Tmax
1 all along

the C-burning phase for the three rates adopted, un-

veiling the similarities in the temperature regimes of

C-burning for CF88 and HINRES reaction rates. This
explaining the very similar core chemical profiles for
20Ne and 16O. However, we note differences in the

position of the O/Ne chemical transitions that could
lead to different pulsation patterns of ultra-massive

WDs. Finally Fig. 6, we show the chemical profiles

of the 7.50 and 8.00M⊙ models for the CF88 reac-
tion rate with branching ratios of 65-35 (filled line)

and 56-44 (dashed line). The induced impact of the
selected branching ratios on the chemical profiles av-

erages 10% in the center.
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Figure 2: Chemical profiles for the most abundant species

for the 7.50M⊙ model. Filled lines correspond to the stan-

dard value CF88, while dashed and pointed lines corre-

spond to the HINRES and HIN values from Monpribat et al.

(2022).

1Temperature at the base of the flame.
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Figure 3: Same as Fig. 2, but for the 8.00 and 8.25M⊙

models, left and right panels respectively.
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Figure 4: Evolution of Tmax, NA < σv > ρ and total 20Ne

content for the 8.00M⊙ model for the three nuclear reaction

rates adopted.
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Figure 5: Histogram of Tmax for the three nuclear reaction

rates adopted of our 8.00M⊙ model.
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Figure 6: Chemical profiles for 56-44 (dashed line) and 65-

35 (solid line) branching for the 7.50 and 8.00 M⊙ models

(left and right panel, respectively).
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Conclusions

We computed the complete evolution of progenitor

stars from ZAMS to the end of the C-burning, vary-
ing the values of the reaction rates for the 12C+12C

nuclear reaction as shown in Fig. 1. Our results shows

that lower reaction rates leads to a late C-ignition that
occurs further out form the center. In consequence,

the minimum initial mass for C-burning to occur is
shifted ∼0.05M⊙ for the HIN rate. Although differ-

ences in the most abundant species are small, averag-

ing 4% in the center, we note that the location of the
O/Ne chemical transition is affected. Additionally, we

explored the relevance of the branching ratios for the

final chemical structure. We found that differences in
the central abundances of 16O and 20Ne remains below

10%. These features could lead to different pulsation
patterns in ultra-massive WDs, that we will explore in

the near future.
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