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S-process elements

® The neutron-capture processes are responsible for the production of about half the abundances of

elements heavier than iron in the Galaxy
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Temporal evolution of s-elements
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Calibrators for the temporal evolution

® |n order to investigate the temporal evolution of these elements, we need precise ages:

A. Star clusters > Precise age from isochrone fitting (e.g., Casamiquela+20, Viscasillas Vazquez+22, Sales-
Silva+22)

B. Solar twins » High precision spectroscopy = Precise age from isochrone fitting (e.g., Nissen+15,

Spina+16, Spina+18, Casali+20, Jofré+20)

C. Stars with asteroseismic age » Measuring the global frequencies of a star allows reaching a
high precision on the inferred ages
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Age from asteroseismology

Credits: IAC

Asteroseismology is the study of stellar pulsations,
directly related to physical properties

Hekker & Christensen-Dalsgaard (2017)
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We can detect these oscillations by measuring the changes in the
brightness, which we can measure over time in a time series. We
can then perform a Fourier transform on the time series data and

get the power spectrum



Age from asteroseismology

® average seismic parameters
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Stars with asteroseismic age

Data samples (giants):

_—

1. Kepler + APOGEE DR17

2. + APOGEE DR1/

For all of them, stellar age was computed using PARAM tool
(Rodriguez et al 2017)
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TESS/Kepler + APOGEE

The only s-process element in APOGEE is Cerium
[Ce/Fe] vs Age
[Ce/Fe] vs [Fe/H]

[Ce/a] vs Age — additional tool to date stars



® Metal-rich stars have lower [Ce/Fe] than metal-poor

[Ce/Fe] VS Age N

Increase of [Ce/Fe] at recent epochs » the

enrichment from AGB stars is predominant in latest

MW evolution

stars

From a nucleosynthesis point of view:

Important step in understanding the late-time
contribution in the Ce production by low-mass

AGB stars (M < 1.5 M)
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[Fe/H]

[Ce/ Fe] VS Age
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[Ce/Fe] vs [Fe/H]
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® Recent works on Ce in open clusters:
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Chemical clocks: [Ce/a] vs Age
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What they are?

A combination of the
abundances of an s-process
element with other elements
with opposite behaviour (@
elements) that maximises their
correlation with stellar age
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[Ce/a]

Chemical clocks: [Ce/a] vs Age
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Chemical clocks: [Ce/a] vs Age

Metallicity dependence of chemical clocks:
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Chemical clocks: MCMC titting

Through a MCMC simulation, we derive the probability
density distributions of the parameters in Equation:

x<=k
x>k

|Cela] =m, -Age+m, - [Fe/H] + ¢
[Cela]l =n, - (Age—k)+ (m;-k+m, - [Fe/lH]+ c)

[Ce/Mg]

Unitorm priors for all parameters: m¢, mz, ¢, n1, k, €

Free parameter € which ‘__/

accounts for the intrinsic
scatter of the relation
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Different temporal evolution at different Rgc: K2
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Summary

The investigation of the temporal evolution of s-process elements (in this case, Ce) is fundamental for
the comprehension of the nucleosynthesis of AGB stars

Asteroseismology unveils the temporal evolution of these elements and their application as age tracers

We study two data samples: Kepler and TESS with abundances from APOGEE DR17

|Ce/Fel]-[Fe/H]: [Ce/Fe] increases as the metallicity decreases, with a possible downturn in the trend at
roughly =0.2 in [Fe/H]

[Ce/Fel]-Age, [Ce/a]-Age: [Ce/Fe] and [Ce/a] increase with decreasing age

[Ce/a] can be use as an additional tool to date stars

N
Future plan: to move from local volume to other regions of the MW disc: K2 dataset @)



