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Perugia, 24/06/2022

The first time I met Maurizio
IAU Symposium 234 
Planetary Nebulae 
2006

….but yet there were no heavy elements in my life



Short story of a long collaboration

Magrini+09 D’Orazi+09

Surprising observational results, missing theoretical 
interpretation….I remembered that I met Maurizio…

….few years later….
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See Martina’s talk for the observed overabundance of Ba



Short story of a long collaboration

3 December 2008

Maurizio's fundamental insight and 
contribution, the role of low-mass 
AGB stars is discussed for the first 
time



Adding pieces to the intricate puzzle: collaboration between Arcetri and Perugia

Not only Barium, but all the s-process 
element abundances increase with time

Maiorca+12 Lambert&Reddy17



Adding pieces to the intricate puzzle

Adding more elements and 
confirming the trend

Maiorca+12

Consequences:  

•Constraints on the 13C pocket and on the  mixing 
episodes in evolved stars of a mass below 1.5 M☉.  

• Similar requirements were already inferred from very 
different constraints (Palmerini et al. 2011) to explain 
the isotopic admixture of oxygen in presolar oxide 
grains (many other results on this trend, see Palmerini 
et al. 2021).  

•On the composition of the youngest stars, possible 
application of the s-process abundances as age 
tracers. 



Enlarging the sample of open clusters:  
Best tracers of time evolution of abundances

We were limited to a small statistics and to few stars 
with an age measurement

Need of large spectroscopic surveys and reliable 
ages

Ages are among the most difficult quantities to be 
measured

2011: First observations of Gaia-ESO  

2013: Launch of Gaia



Observations at VLT (8 m)  
Duration: 2011-2018 for 340 nights 
Spectral Resolution: R=47000 with UVES 
Final release (June 2022): 104 UVES stars 
Abundance Precision: 0.05-0.1 dex for 30 species 
(UVES) 
Neutron capture elements: Y, Zr, La, Ce, Ba, Eu, Nd, 
Mo, Pr 

Gaia-ESO: Technical Details  

Randich+22



Viscasillas Vasquez, LM+22

Confirmation of the previous finding of a recent 
increase of the abundances of all s-process 
elements 

Differences in the time growth in 
different Galactocentric regions 

Viscasillas Vasquez, LM+22

S-process evolution with Gaia-ESO



•Growth with time of [El/Fe] 

•The changes of the relations in 
the different radial bins (with 
different metallicities) indicates a 
metallicity-dependent yields for s-
process elements 

•Differences between ls (first 
peak) and hs (second peak) 
elements 

Magrini+22

Radial and temporal evolution of ls and hs elements



To produce the  “less” s-process elements at high metallicity, 
acting in a different way for light and heavy elements: 
  

•mechanisms able to depress their production; FRUITY 
(opacity-induced overshoot) and FRUITY magnetic (with 
magnetic-buoyancy induced mixing) yields 

•At low metallicities:  neutron fluxes are sufficiently high to 
robustly produce Y but not to saturate the first s-process 
peak and move to the second peak, so efficiently 
producing Ba.  

•At higher metallicities: the net Y production of magnetic 
models drops faster than standard FRUITY models. The 
decrease is less evident for the Ba yields

Magrini+21, Vescovi 22

A possible explanation



Measuring ages using abundance ratios



• Good relation, but still some scatter
• Related to secondary effects, like metallicity

Feltzing et al. 2018

• [Y/Mg] to infer 
(statistically) stellar ages
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Measuring ages using abundance ratios

Casali et al. (2020)



• Caveat: this relation was initially built with a sample of solar twins stars located in the solar neighbourhood. 

• We can extend it to different radial regions with open clusters

Magrini+22. Viscasillas Vasquez, LM+21Can we apply it to the whole Galactic disc? Open clusters indicate a change in the [Y/Mg] and [Ba/
Mg] behaviour in the inner galactic regions

Limited by clusters’ age ⇢ see Giada’s talk for the use of ages from asteroseismology

Viscasillas Vasquez et al. 
2022



Recovering the cluster ages: using multi-parametric relationships

Viscasillas Vasquez et al. 
2022



Implications for the study of our Galaxy

Viscasillas Vasquez et al. 
2022

Ages derived for the [s/alpha] abundances ⇢ considering the radial variation of the relations



The potential of s-process Neutron capture elements 
for stellar physics and Galactic archaeology

•Understanding the physics of low and intermediate mass stars 

•The role of magnetic field in the mixing process in the AGB phase 

•Tools to measure the ages of stars

meeting point of the different souls of 
astrophysics: observations, nucleosynthesis 

and stellar evolution, Galactic chemical 
evolution



Thanks Maurizio!

Thanks for you attention


