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From starlight to abundances of chemical elements

ABUNDANCES OF CHEMICAL ELEMENTS IN STARS: CURRENT TRENDS AND ADVANCES
• Millions of stars studied with modern spectroscopic surveys
• Impressive advances in automated state-of-the-art abundance analysis tools

HOWEVER

• “Classical” approaches dominate automated abundance analysis:
• 1D hydrostatic model atmospheres, local thermodynamic equilibrium (LTE) abundance analysis
• 3D NLTE stellar abundances still rare, even in the contexts where this may make a difference

• Diverse landscape of abundance analysis tools:
• Methods and tools differ, sizeable systematic differences in the results of different groups
• Automated stellar abundance pipelines rarely open-source
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From starlight to abundances of chemical elements

ABUNDANCES OF CHEMICAL ELEMENTS IN STARS: HOW TO IMPROVE?
• 3D hydrodynamical model atmospheres instead                                                                                  

of “classical” 1D hydrostatic
• Non-local thermodynamic equilibrium (NLTE)                                                                                      

abundance analysis instead of ”classical” LTE

• Automated open-source abundance pipeline

3D NLTE abundances instead of 1D LTE

stellar parameters & 3D NLTE abundances 
for large numbers of stars
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ChETEC INFRA WP5: goals and deliverables

THE GOAL
Perform tasks aimed at homogenising stellar abundance analyses and at providing the nuclear-astrophysics 
community with the new abundance analysis tools

THE DELIVERABLES
• Database of 3D NLTE Abundance Corrections (deliverables D5.1, month 24 - DONE; D5.3, month 36; 
D5.5, month 48)

• Homogeneous Open-Source Stellar Pipeline (deliverables D5.2, month 30; D5.4, month 42)

THE TEAM
27 participants from 19 institutions (13 countries)

Partners Associated partners
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ChETEC INFRA WP5: results

TASK 5.1: 3D NLTE ABUNDANCE CORRECTIONS DATABASE
• New grid of 3D hydrodynamical model atmospheres:

• 77 3D model atmospheres of red giants
• >7 million CPU hours used

• New tools for 1.5D NLTE abundance analysis                                
(talk by A. J. Gallagher):

• massive parallelized computations of                                                                                         
1.5D NLTE abundance corrections using                                                                                        
3D hydrodynamical model atmospheres

© Jonas Klevas, VU
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ChETEC INFRA WP5: results

Ba II 4554.033 Å line formation in the atmosphere of red giant star

© Andrew J. Gallagher, AIP

Barium abundance correction
D3D NLTE–1D LTE = 0.17

Departure, lower level           Ba II 4554 line Departure, upper levelTemperature map

Optical depth (depth in the atmosphere)
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ChETEC INFRA WP5: results

TASK 5.1: 3D NLTE ABUNDANCE CORRECTIONS DATABASE
• New grid of 3D hydrodynamical model atmospheres:

• 77 3D model atmospheres of red giants
• >7 million CPU hours used

• New tools for 1.5D NLTE abundance analysis                                         
(talk by A. J. Gallagher):

• massive parallelized computations of                                                                                         
1.5D NLTE abundance corrections using                                                                                        
3D hydrodynamical model atmospheres

• Grid of 1.5D NLTE abundance corrections for Ba                                    
(talk by A. J. Gallagher):

• 1.5D NLTE corrections for 56 3D models
• part of computations done on the VIPER                                                                                       

HPC cluster at Hull University, via the                                                                                      
ChETEC-INFRA TNA

• >7.5 million CPU hours used 
• database (v1.0, 2023-04): https://web.vu.lt/tfai/j.klevas/

© Andrew J. Gallagher, AIP3D corrections, [Fe/H] =  0.00
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ChETEC INFRA WP5: results

TASK 5.2: ABUNDANCE DETERMINATION PIPELINE
• Automated open-source abundance pipeline: stellar parameters, 3D/1D LTE/NLTE abundances

• prototype of the abundance determination pipeline and its online interface available (talk of J. Puschnig)
• preliminary results on the correction of the abundances due to stellar evolution

Stellar parameters
and abundances 

pipeline

3D model atmosphere 
grid

Synthetic spectra
1.5/3D NLTE

3D NLTE abundances of chemical 
elements Xi, A(Xi)

Photometry
Astrometry

+

Observations WP5 Task 5.2 WP5 Task 5.1

1D LTE abundances
3D NLTE abundance 
correction database

3D NLTE corrections

Observed 
spectrum
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ChETEC INFRA WP5: results

CONFERENCES, MEETINGS, SCHOOLS
• Organisation the 1st ChETEC-INFRA Observational school (ChINOS; 24-28 July 2023)
• Russbach School on Nuclear Astrophysics: lectures by G. Cescutti, A. Korn, J. Puschnig
• NPA-X summer school at CERN, Aug 29 – Sep 3, 2022: organisation of remote observations at the NOT 

(La Palma, Canaries) and hands-on experience with stellar analysis tools
• Presentation on ChETEC-INFRA at a workshop in Sexten “Stellar Ages and Galactic Archaeology”         

(G. Cescutti https://www.sexten-cfa.eu/event/stellar-ages-and-galactic-archaeology/)
• Regular online meetings of WP5 Task 5.1 & 5.2
• Involvement in organizing 12 SNAQs online schools since Feb 2021 (https://events.hifis.net/event/606/). 

Three SNAQs schools were organized by WP5 on topics related to WP5 matters

https://www.sexten-cfa.eu/event/stellar-ages-and-galactic-archaeology/
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ChETEC INFRA WP5: results

HIRING OF PERSONNEL
• 2-year PDRA at the Astrophysical Institute Potsdam (Andrew J. Gallagher)
• 2-year PDRA (1-year funding from ChETEC-INFRA) at Uppsala Observatory (Johannes Puschnig)
• 2-year PDRA at the Trieste Astronomical Observatory (Chi Thanh Nguyen)
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ChETEC INFRA WP5: results

A SPIN-OFF PROJECT MINCE
• “Measuring at Intermediate Metallicity Neutron Capture Elements” (MINCE) 
• Abundances in the Galactic halo stars at [Fe/H] = -1 … -2.
• Small-to-medium size telescopes, medium-to-high resolution spectra
• Significant amount of data via ChETEC-INFRA TNA
• MINCE Paper I published: analysis of the first year sample, 46 stars
• Public MINCE database: http://archives.ia2.inaf.it/mince/
• Future: final sample of 200-300 stars, WP5 abundance pipeline to                                                              

obtain 1.5D NLTE abundances of s-process elements
© Cescutti, INAF

Astronomy
&
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A&A 668, A168 (2022)
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© G. Cescutti et al. 2022

MINCE

I. Presentation of the project and of the first year sample?,??

G. Cescutti1,2,3 , P. Bonifacio4 , E. Caffau4 , L. Monaco5 , M. Franchini2 , L. Lombardo4 , A. M. Matas Pinto4,
F. Lucertini5,6 , P. François4,7, E. Spitoni8,9 , R. Lallement4, L. Sbordone6, A. Mucciarelli10,11 , M. Spite4,
C. J. Hansen12 , P. Di Marcantonio2 , A. Kučinskas13, V. Dobrovolskas13, A. J. Korn14 , M. Valentini15 ,

L. Magrini16 , S. Cristallo17,18 , and F. Matteucci1,2,3
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ABSTRACT

Context. In recent years, Galactic archaeology has become a particularly vibrant field of astronomy, with its main focus set on the
oldest stars of our Galaxy. In most cases, these stars have been identified as the most metal-poor. However, the struggle to find these
ancient fossils has produced an important bias in the observations – in particular, the intermediate metal-poor stars (�2.5< [Fe/H]<
–1.5) have been frequently overlooked. The missing information has consequences for the precise study of the chemical enrichment
of our Galaxy, in particular for what concerns neutron capture elements and it will be only partially covered by future multi object
spectroscopic surveys such as WEAVE and 4MOST.
Aims. Measuring at Intermediate Metallicity Neutron Capture Elements (MINCE) is gathering the first high-quality spectra (high
signal-to-noise ratio, S/N, and high resolution) for several hundreds of bright and metal-poor stars, mainly located in our Galactic halo.
Methods. We compiled our selection mainly on the basis of Gaia data and determined the stellar atmospheres of our sample and the
chemical abundances of each star.
Results. In this paper, we present the first sample of 59 spectra of 46 stars. We measured the radial velocities and computed the
Galactic orbits for all stars. We found that 8 stars belong to the thin disc, 15 to disrupted satellites, and the remaining cannot be
associated to the mentioned structures, and we call them halo stars. For 33 of these stars, we provide abundances for the elements up
to zinc. We also show the chemical evolution results for eleven chemical elements, based on recent models.
Conclusions. Our observational strategy of using multiple telescopes and spectrographs to acquire high S/N and high-resolution
spectra for intermediate-metallicity stars has proven to be very efficient, since the present sample was acquired over only about one
year of observations. Finally, our target selection strategy, after an initial adjustment, proved satisfactory for our purposes.

Key words. Galaxy: evolution – Galaxy: formation – Galaxy: halo – stars: abundances – stars: atmospheres –
nuclear reactions, nucleosynthesis, abundances

1. Introduction

The project titled Measuring at Intermediate metallicity
Neutron-Capture Elements (MINCE) is aimed at gathering abun-
dances for neutron-capture elements for several hundreds stars
at intermediate metallicity using different facilities worldwide.
The main idea is to study the nucleosynthetic signatures that
can be found in old stars, in particular, among the specific class
of chemical elements with Z > 30, that is, the neutron-capture
elements. They are mainly formed through multiple neutron cap-
tures and not through the fusion reaction that create the vast
majority of elements up to the iron peak. The neutron-capture
process is split in the rapid process (r-process) or slow process
(s-process) depending on whether the timescale for neutron cap-
ture is faster or slower than radioactive beta decay, according
to the initial definition by Burbidge et al. (1957). These ele-
ments have complex nucleosynthesis and they are not yet deeply

? Full Tables B.1, C.1–C.3 are only available at the CDS
via anonymous ftp to cdsarc.cds.unistra.fr (130.79.128.5)
or via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/
668/A168
?? Based on observations made with HARPS-N at TNG, FIES at NOT,

Sophie at OHP and ESPaDOnS at CFHT.

investigated as, such as ↵�elements. Recent investigations
expanded the number of stars with detailed chemistry at
extremely low metallicity up to approximately a thousand objects
(e.g. Roederer et al. 2014; Yong et al. 2014). After this incredible
effort in searching and measuring the most extreme metal-poor
stars (which is still ongoing), it is natural to think that adding
valuable knowledge in this field can be difficult or extremely
expensive, especially in terms of observing time. However, the
search for the lowest possible metallicity almost completely
ignored all the stars in the intermediate range of metallicity
between the very metal-poor stars ([Fe/H]< –2.5) and thin or
thick disc stars ([Fe/H]> �1.5). In this region, the number of
stars with any measurements of the neutron-capture elements is
small, only 25% (332 objects) according to the sample gath-
ered by the JINA database (1213) and less than 10% (103)
with Eu measurements. According to the metallicity distribution
function of the Galactic halo (Bonifacio et al. 2021) there are
more halo stars in this region, by a factor of 12, than at lower
metallicity; therefore, an enormous number of halo stars are yet
unexplored as far as the abundances of neutron-capture elements
are concerned.

That apart, the more general target of a complete census
of the Galactic halo stars, several scientific questions can be
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G. Cescutti et al.: MINCE. I.

Fig. 19. [Mn/Fe] versus [Fe/H] abundances measured in the MINCE
stars; the details are the same as Fig. 6.

Fig. 20. [Co/Fe] versus [Fe/H] abundances measured in the MINCE
stars; the details are the same as Fig. 6.

Fig. 21. [Ni/Fe] versus [Fe/H] abundances measured in the MINCE
stars; the details are the same as Fig. 6.

to the explosion conditions. In fact, theoretical computations
have found that different classes of supernovae Ia are expected
to produce different amount of manganese (Kobayashi et al.
2015). Thanks to this characteristic, it was possible to exclude the
exclusive enrichment of single degenerate SNe Ia from chemical
evolution modelling. It was also possible to evaluate the fraction

Fig. 22. [Cu/Fe] versus [Fe/H] abundances measured in the MINCE
stars; the details are the same as Fig. 6, but without the lines of the
models.

Fig. 23. [Zn/Fe] versus [Fe/H] abundances measured in the MINCE
stars; the details are the same as Fig. 6.

of different SNe Ia contributing to the enrichment of manganese
(Seitenzahl et al. 2013; Eitner et al. 2020), although the impact of
NLTE in the determination and also the exact metallicity depen-
dence of the yields of SNe II can impact the exact determination
of this fraction. Moreover, the differential enrichment of man-
ganese by the SNe Ia classes may also produce a spread in the
enrichment, as shown in Cescutti & Kobayashi (2017).

On the other hand, copper is not expected to be significantly
produced by SNe Ia, and the rise toward the solar metallicity is
driven by a strong metal dependency in SNe II (Timmes et al.
1995). Contrary to copper and manganese, scandium presents a
behaviour similar to the one of the ↵-elements, with a [Sc/Fe]> 0
for [Fe/H]< –1. This is controversial, in the sense that the results
from François et al. (2004) seem to indicate a behaviour simi-
lar to standard iron peak elements, so approximately a constant
[Sc/Fe]⇠ 0. In this case, it is difficult also to rely to theoretical
nucleosynthesis expectations, since the yields for scandium are
usually too low by 1 dex (Romano et al. 2010; Kobayashi et al.
2011).

The chemical evolution deduced from the MINCE stars for
the rest of our iron peak elements appears to be remarkably
similar to iron. We also note that our estimates for Cr I and
Cr II are in agreement, contrary to the discrepancy observed in
the Ishigaki et al. (2013) data for this element between ionised

A168, page 15 of 21

http://archives.ia2.inaf.it/mince/


07/06/2023 Arūnas Kučinskas, Vilnius University, Lithuania, arunas.kucinskas@tfai.vu.lt 12

THANK YOU!

Partners Associated partners


