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Abstract. Super-AGB stars reside in the mass range ∼ 6.5–10 M� and are char-
acterised by off-center carbon ignition prior to a thermally pulsing super-AGB phase.
These stars can undergo from many tens to even thousands of thermal pulses and ex-
perience extreme nucleosynthetic conditions, with temperatures both at the base of the
convective envelope and within the helium-burning intershell regions far higher than in
their lower-mass counterparts. This can result in interesting nucleosynthesis from ex-
treme hot bottom burning and also different heavy-element distributions caused by the
high neutron density generated within the thermal pulse, with this material later mixed
to the surface during third dredge-up events. We discuss recent nucleosynthetic yield
results for super-AGB stars over the range of metallicity Z= 0.02× 10−5 ([Fe/H] ∼ 0 to
–3.3), and present a small suite of heavy element super-AGB star yield predictions. We
also apply our nucleosynthetic results to examine the possible role of super-AGB stars
as polluters of the anomalous stars within globular clusters.

1. Super-AGB Star Nucleosynthesis

Prior to the thermally pulsing super-AGB phase, first and second dredge-up events1 can
enrich the surface in products of partial H burning. In the most massive super-AGB
models, they may also undergo corrosive 2DU/dredge-out events which can enrich the
surface in products of partial He burning.

During the thermally pulsing phase, the competing processes of hot bottom burn-
ing (HBB) and third dredge-up (3DU) alter the surface composition, and hence the
nucleosynthetic yields of super-AGB stars. The very high temperatures attained at the
base of the convective envelope (up to ∼ 150 MK) leads to activation of the CNO,
Ne-Na, and Mg-Al chains/cycles and potentially even heavier proton-capture reactions.
The efficiency and/or occurrence of 3DU in super-AGB stars is greatly debated, with

1The first dredge-up occurs only for super-AGB models with Z > 0.001.
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values of the 3DU efficiency parameter λ ranging from zero (Siess 2010; Ventura et al.
2013) to ∼ 0.7−1 (e.g. Karakas et al. 2012; Herwig et al. 2012; Gil-Pons et al. 2013;
Doherty et al. 2014a,b, 2015). Third dredge-up events enrich the surface in 4He, 12C,
16O, 22Ne, 25,26Mg and s-process elements.

2. Light Element Stellar Yields

We have produced light element super-AGB star nucleosynthetic yields for the range
of metallicities 0.02 ≤ Z ≤ 0.004 (Doherty et al. 2014a). Our work supports the results
from previous studies (e.g. Siess 2010; Ventura et al. 2014) which show that HBB is the
key driver in altering the surface composition, and hence nucleosynthesis, in (relatively)
metal-rich super-AGB stars. We also confirm that super-AGB stars produce substantial
amounts of 4He, 13C, 14N, 17O, 23Na, 25Mg and 26Al. Our models, with their efficient
3DU, also produce 22Ne, 26Mg, 60Fe and our s-process proxy isotope g.

By weighting our results by an initial mass function (Kroupa et al. 1993) and
comparing to lower mass AGB-star nucleosynthetic yields (Karakas 2010), we have
been able to examine our results in a Galactic context. This showed that, whilst super-
AGB stars produce a wide variety of isotopes, they only make an important contribution
to the isotopic inventory of 14N, the heavier Mg isotopes 25Mg and 26Mg, 27Al, and
possibly 7Li and heavy elements.

In Doherty et al. (2014b) we analyzed the light element nucleosynthesis of metal-
poor and very metal-poor super-AGB stars (Z= 0.001 and 0.0001 respectively), whilst
in Gil-Pons et al. (2013) the elemental yields of C, N and O for extremely metal-poor
(Z= 10−5) super-AGB and massive AGB stars were computed. In these works, we
examined the surface enrichment from corrosive 2DU events and found this can lead
to an increase in 12C and in some cases 16O. These (very and extremely) metal-poor
super-AGB stars create isotopes similar to their metal-rich counterparts. However, in
our lower metallicity models we find positive yields of the species 12C, 16O, 15N, 17O,
and 28Si, which is not the case for the more metal-rich super-AGB stars.

With our large grid of nucleosynthetic predictions we are able to assess the relative
importance of dredge-up events and HBB over a wide range of metallicities. We find
that, at high (close to solar) metallicity, nucleosynthesis is driven primarily by HBB,
whilst at lower metallicity corrosive 2DU and 3DU also have a large contribution. The
transition metallicity where dredge-up becomes an important effect occurs at metallicity
Z ≈ 0.001.

2.1. Comparison between Model Results

In Figure 1 we compare the light-element yields from C to P for the 9.0 M� Z= 0.02
(top panel) and the 7.5 M� Z= 0.0001 (bottom panel) model results from Doherty et al.
(2014a,b) and Siess (2010). Close agreement is found between studies for metal-rich
super-AGB star yield predictions; however, as the metallicity decreases the differences
between results increase. This is due to many factors, such as variations in nuclear
reaction rates and HBB temperatures, but is largely related to the occurrence or not of
3DU, with the relative 3DU contribution higher at lower metallicity. At the very low
metallicity of Z= 0.0001 the yield of many major elements such as C, O, F, Ne, Na
and Mg differ so much that there is no consensus on whether these elements are either
produced or destroyed within super-AGB stars.
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Figure 1. Comparison of light-element yields of C to P for the 9.0 M� Z= 0.02
(top panel) and 7.5 M� Z= 0.0001 (bottom panel) model results from Doherty et al.
(2014a,b) and Siess (2010). Note the change of scale for the y-axis between panels.

2.2. Super-AGB Stars as Polluters of NGC 2808 ?

Super-AGB stars have been considered a prime suspect in the case of the extreme
generation stars within massive globular clusters (D’Ercole et al. 2008). In Doherty
et al. (2014b) we critically assessed the potential role of super-AGB stars to explain
the chemically anomalous population in the globular cluster NGC 2808 by comparing
our results, and those from previous studies (Siess 2010; Ventura et al. 2013), to the
observations. Based purely on nucleosynthetic yield predictions, which appear incom-
patible with the observations, this scenario seems unlikely. However, due to the quite
large uncertainties both in the theoretical predictions and in the observations, we can
not conclusively rule out this scenario.

2.3. Heavy-Element Nucleosynthesis

In Figure 2 we show the yield predictions for elements heavier than Fe (in [X/Fe]2) for
super-AGB stellar models of 8.5 M� Z= 0.02, 8.0 M� Z= 0.008, and 7.5 M� Z= 0.004.
These models were produced using the MONSOON nucleosynthesis program with the 324-
species, 2344-reaction network described in Lugaro et al. (2014). Probably the most no-

2Where [A/B]= log10(n(A)/n(B))∗ – log10(n(A)/n(B)) �



250 Doherty et al.

Figure 2. Yields for elements heavier then Fe (in [X/Fe]) for the 8.5 M� Z= 0.02,
8.0 M� Z= 0.008, and 7.5 M� Z= 0.004 models scaled to the solar abundances of
Asplund et al. (2009). The breaks in the distribution are for the three elements Tc
(Z= 43), Pm (Z= 61) and Po (Z= 84) which have no stable isotopes. The shaded re-
gions represent the elements used to calculate the three s-process peaks ls, hs and Pb.
These yields have been calculated assuming that the long-lived radioactive isotopes
have decayed.

table feature in this figure is the large production of Rb, Kr and the light s-process peak
elements Sr, Y and Zr, with minimal further heavy-element production. Also apparent
is the strikingly similar abundance distribution for models over this range of metallic-
ity. This distribution is expected from strong activation of the 22Ne(α,n)25Mg neutron
source, with the neutron densities in these models reaching ∼ 1013 to 1014 n cm−3.

2.4. Conclusions

Grids of light-element nucleosynthesis yield predictions for super-AGB stars, over a
large range of metallicities and produced by different groups, have finally started to
populate the literature (e.g. Siess 2010; Ventura et al. 2013, 2014; Gil-Pons et al. 2013;
Doherty et al. 2014a,b).

With the large activation of the 22Ne neutron source, heavy element nucleosyn-
thesis in the majority of massive AGB and super-AGB stars produces primarily Rb, Kr,
and the light s-process peak elements Sr, Y, and Zr.

Acknowledgments. This research was supported under the Go8-DAAD Australia-
Germany joint research grant. CLD would like to thank the stellar group at AIfA for
their warm hospitality during her stay in Bonn.

References

Asplund, M., Grevesse, N., Sauval, A. J., & Scott, P. 2009, ARA&A, 47, 481



Nucleosynthesis in Super-AGB Stars 251

D’Ercole, A., Vesperini, E., D’Antona, F., McMillan, S. L. W., & Recchi, S. 2008, MNRAS,
391, 825

Doherty, C. L., Gil-Pons, P., Lau, H. H. B., Lattanzio, J. C., & Siess, L. 2014a, MNRAS, 437,
195 (Paper II)

Doherty, C. L., Gil-Pons, P., Lau, H. H. B., Lattanzio, J. C., Siess, L., & Campbell, S. W.
2014b, MNRAS, 441, 582 (Paper III)

Doherty, C. L., Gil-Pons, P., Siess, L., Lattanzio, J. C., & Lau, H. H. B. 2015, MNRAS, 446,
2599 (Paper IV)

Gil-Pons, P., Doherty, C. L., Lau, H., Campbell, S. W., Suda, T., Guilani, S., Gutiérrez, J., &
Lattanzio, J. C. 2013, A&A, 557, A106

Herwig, F., VandenBerg, D. A., Navarro, J. F., Ferguson, J., & Paxton, B. 2012, ApJ, 757:132
Karakas, A. I. 2010, MNRAS, 403, 1413
Karakas, A. I., García-Hernández, D. A., & Lugaro, M. 2012, ApJ, 751:8
Kroupa, P., Tout, C. A., & Gilmore, G. 1993, MNRAS, 262, 545
Lugaro, M., Heger, A., Osrin, D., Goriely, S., Zuber, K., Karakas, A. I., Gibson, B. K., Doherty,

C. L., Lattanzio, J. C., & Ott, U. 2014, Science, 345, 650
Siess, L. 2010, A&A, 512, A10
Ventura, P., Di Criscienzo, M., Carini, R., & D’Antona, F. 2013, MNRAS, 431, 3642
Ventura, P., Di Criscienzo, M., D’Antona, F., Vesperini, E., Tailo, M., Dell’Agli, F., & D’Ercole,

A. 2014, MNRAS, 437, 3274

Discussion

Ventura: Do you have any idea why you get a more efficient third dredge-up, compared
to the models by Ventura and Siess?

Doherty: It is due to the treatment of the convective borders.


