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AGB NUCLEOSYNTHESIS
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AGB NUCLEOSYNTHESIS
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e Straniero, Gallino & Cristallo (2006), Nucl. Phys. A, 777, 311
Origin of the strong s-process component in low-metallicity AGB stars

o Karakas & Lattanzio (2007), PASA, 24, 103
AGB yields of light and heavy elements; stellar evolution across mass and metallicity

e Cristallo, Straniero & Gallino (2009), Ap]J, 696, 797
First full AGB stellar models with detailed s-process yields

e Karakas & Lattanzio (2014), PASA, 31, e030
Updated review of AGB nucleosynthesis and stellar evolution models

Modelling of Intermediate Mass AGB Stars and Hot Bottom Burning

* Ventura & D'Antona (2005), A&A, 431, 279
Modelling of hot bottom burning in massive AGB stars

e Ventura et al. 2013, MNRAS, 431, 3642)
Advanced models of HBB and nucleosynthesis in intermediate-mass AGB stars

Extra Mixing Processes

* Boothroyd & Sackmann (1999), Ap]J, 510, 232
Cool bottom processing (CBP) in low-mass AGB stars

* Nollett, Busso & Wasserburg (2003), ApJ, 582, 1036
Deep mixing and its impact on light-element abundances

Observational Pioneers of Post-AGB Stars as Tracers

 Lloyd Evans (1985), MNRAS, 217, 493
Identification of post-AGB stars as IR-bright evolved objects

e  Waelkens et al. (1991), A&A, 242, 433
Spectroscopic studies of post-AGB stars; depletion phenomenon

 Kwok (1993), ARA&A, 31, 63
Post-AGB evolution and chemical signatures in proto-planetary nebulae

Conceptual origin: Burbidge, Burbidge, Fowler & Hoyle (1957), *  Kwok & Hrivnak (early 1990s)

R M d Ph 29 547 ns h . f h El . S T First systematic observations of post-AGB stars and dusty envelopes
ev. iod. rnys., 29, — "dynthesis of the Elements in dStars . Van Winckel (2003), ARAGA. 41,391

Post-AGB stars as tracers of AGB nucleosynthesis and binarity



ORIGINS: CNQO, IRON-PEAK, S-PROCESS ELEMENTS

Present-day solar abundances

Weak component: Fe to Sr

ot = (.06 mbarn—1

e Massive stars
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Strong component: Pb

et~ 7.0 mbarn—1

40 60 * Low-mass, Low-metallicity AGBs
Atomic number

Asplund et al., 2021



e Tracing AGB Nucleosynthesis Through Post-AGB Observations
* Revealing Chemical Diversity in AGB Nucleosynthesis

e Implications of the Observed Chemical Diversity



AGB STARS AS TRACERS OF AGB NUCLEOSYNTHESIS

distance: 1R,

temperature: ~2000K  ~1000K
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AGB STARS AS TRACERS OF AGB NUCLEOSYNTHESIS
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POST-AGB STARS AS TRACERS OF AGB NUCLEOSYNTHESIS

|

FPost-AGH

Central stars of planetary nebulae

Herwig 2005




POST-AGB STARS AS TRACERS OF AGB NUCLEOSYNTHESIS

A-K Spectral Types *
Low Log g (0 to ~1.5 dex) *
Low Metallicity *

SINGLE STARS

Post-AGB

Circumstellar?

| “@ COUSINS
Envelope ; @ GENEVA

O~ IRAS

AGB Star =t ~ R\ n| o e whe N\ | ® jounsoN
T/ i AP ; | © STROMGREN

TYCHO2

73" USNOB1
WISE

Pulsations => Mass Loss

wavelength [um ]

Kwok et al., 1980; Reddy et al., 1999; Bakker et al., 1997; Bakker & Lambert 1998; Van Winckel 2003; Van Winckel et al., 2009;
Rao et al., 2012; Sczerba et al., 2009; Kamath et al., 2014, 2015; and all others...




THE HUNT FOR POsST-AGB STARS

A% 11974
WAY LMC

* Initial Sample: Combination of UV,
SMC

Optical and IR Photometry

e Candidate List: Low-Resolution
Spectroscopic Analyses

* Final Catalogue: High-resolution
Spectroscopic Analyses

Current Sample:

Galaxy: 300 candidates

LMC: 35 post-AGBs; 120 post-RGBs
SMC: 20 post-AGBs; 30 post-RGBs

Galaxy: Kwok et al., 1980; Van Winckel 2003; Szczerba et al., 2007; Kamath et al., 2022; Kluska et al., 2022
LMC/SMC: Van Aarle et al., 2011; Kamath et al., 2014; 2015



POST-AGB STAR SPECTRA: TRACING SURFACE CHEMICAL SIGNATURES

| HD 108015
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POST-AGB STAR SPECTRA: TRACING SURFACE CHEMICAL SIGNATURES
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SINGLE POST-AGBS: EXQUISITE TRACERS OF CNO, FE-PEAK & s-PROCESS

Carbon and s-vrocess rich stars:

& 004441.04

 IRAS06530 21 micron
™~
' ddened photosph
Tb Lu re ene p 0 osp are HAC/PAH >
!?

Sir

® Mznztml ~ 1 tO 15 -
e [Fe/H] =-1.0 to -1.5 Van Winckel 2003

o 7 ~0.001
o T, ~6000 K All C-rich and s-process rich post- AGB stars

® [0g ¢ ~1to1.5dex

show the 21-micron feature!

e.g., De Smedt et al., 2012, 2015; Kamath et al., 2022; Menon et al., to-be-submitted



SINGLE POST-AGBS: EXQUISITE TRACERS OF CNO, FE-PEAK & s-PROCESS




S-PROCESS TRENDS ACROSS POST-AGB POPULATIONS

e Strong positive correlation

e Higher overall s-process enrichment
leads to greater production of
heavy-s elements (consistent with
increasing neutron exposure).

e Overall trend confirmed

*no systematic dependence on galactic
environment (Galaxy, LMC, SMC).




S-PROCESS EFFICIENCY AND METALLICITY TRENDS IN POsST-AGB STARS

e Lower-metallicity stars show higher neutron-
to-seed ratios and higher [hs/ls].

e Deviations suggest additional factors beyond

metallicity (e.g. initial mass, neutron source,
TDU efficiency).




COMPLEXITIES IN s-PROCESS NUCLEOSYNTHESIS



LEAD-ING US ASTRAY?
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LEAD-ING US ASTRAY?
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NO CLEAR LUMINOSITY (PROGENITOR MASS) DEPENDENCE IN LEAD PRODUCTION

2500 5000 7500 10000 12500 15000 17500
L/Lsun

Kamath & Van Winckel 2021




LEAD-ING US ASTRAY?
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CONSTRAINING AGB NUCLEOSYNTHESIS WITH POST-AGB STARS
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THE INTERMEDIATE NEUTRON-CAPTURE PROCESS AND LEAD ABUNDANCES
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THE INTERMEDIATE NEUTRON-CAPTURE PROCESS AND LEAD ABUNDANCES

Low-Pb Post-AGB stars require:

Moderate neutron exposures (t = 1.0 mbarn)

Low neutron densities n = 1011-1012 ¢cm—3

CEMP-i stars requires:
* Higher neutron exposures (t > 2.0 mbarn")

* Higher neutron densities, typically at or above n = 10*-10'> cm=3.

Hampel et al., 2019



LEAD-ING US ASTRAY?
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THE REVELATION OF CHEMICAL DIVERSITIES IN AGB NUCLEOSYNTHESIS...

Van Winckel 2003; Kamath et al., 2017; 2020; 2022; 2023, Menon et al., 2023



CHEMICAL DIVERSITIES WITHIN THE SINGLE STAR SAMPLE
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CHEMICAL DIVERSITIES WITHIN THE SINGLE STAR SAMPLE
s-process rich versus non-enriched:

S
-15{NON S-proces i
1

enriched

Kamath et al., 2022

AGB Nucleosynthesis is NOT homogenous!



e A chemical dichotomy in the C
and s-process abundances:

enriched and non-enriched (in

disagreement with models!)

e No obvious trends in O and N

non
Is-process

s-process
rich




LLUMINOSITIES FOR SINGLE POST-AGDB STARS WITH GAIA
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POSITIONS OF GALACTIC POST-AGB STARS IN THE HR-DIAGRAM
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USING POsT-AGB MODELLING WITH ATON TO CONSTRAIN AGB EVOLUTION
AND NUCLEOSYNTHESIS
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A subset of post-AGB stars reflect a lack of carbon production during the AGB phase
efficiency of the third dredge-up

Non-uniform s-process production
AGB nucleosynthesis

Under-abundance of lead (b)
s-process nucleosynthesis

Intrinsically enhanced s-process binaries
Impact of binary interactions



CURRENT CHALLENGES AND THE ROAD AHEAD

Key Questions:

* What drives the chemical diversity among post-AGB stars?
(s-rich vs. s-poor, Pb-rich vs. Pb-poor)

* Why do current s-process models systematically over-predict Pb abundances?

* What is the precise role of the i-process in shaping heavy-element abundances in post-AGB stars?
* How does binarity influence surface abundances and the chemical yields of AGB stars?

Critical Priorities Going Forward:

* Develop multi-phase studies — linking photospheric, circumstellar, and dust-phase tracers — to
build a complete picture of nucleosynthesis and element transport.

* Conduct systematic observational studies to map chemical diversity across metallicities and
evolutionary stages. (AGB — post-AGB — PN)

* Refine stellar yields — incorporating chemical diversity, binary evolution, and realisticcircumstellar
effects — to improve Galactic Chemical Evolution models.



