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The star TYC 6044-714-1  

A Carbon Enhanced 
Metal-Poor star (CEMP): 

[Fe/H] = -2.1 dex
[C/Fe] = 1.35 dex

With both s- and r-process 
element enhanced

with a relatively precise Th 
abundance:

A(Th) = -1.70 ± 0.2 dex
[Th/Fe] = 0.50 ± 0.24 dex 

Gull et al. (2018)

Prior r-process enrichment

s-process material accreted 
from an AGB companion

Choplin et al. (2022) support that Th 
can be produced in significant amounts 

by the i-process



Objectives
1. To capture the signatures of the i-process

'A goal is not always meant to be 
reached, it often serves simply as 
something to aim at.'



Methods
To submit the star to as many tests as possible to have a comprehensive 
criterion at judging the presence of i-process signatures

1. Isotopic ratio measurements of Ba and Eu

2. Comparison of observationally-based element abundances with those 
from nucleosynthesis models Abundances from observation depend on line formation 

models,  therefore they can be biased, especially those 
from the most intense lines



New quality data of TYC 6044-714-1  

blue: S/N = 185 
red: S/N = 480

ESO UVES spectra acquired in January 2025 
addressed to:

● Derive element abundances of precision 
A(X) ± 0.02

● A(Th) abundance of precision ± 0.15, whose 
detection exceeds 3𝝈

● Enough precision to distinguish between s-, 
r-, and i-process line profiles, i.e. ΔFlux < 2%



Atmospheric parameters

● H𝛼 profile fitting method calibrated in Giribaldi et 
al . (2019, 2021, 2023)

● 3D NLTE models of Amarsi et al. (2018)

● Metallicity ([Fe/H]) and surface gravity (log g) 
determined under NLTE using line synthesis. Method 
tested in Giribaldi et al. A&A 779, 110 (2023).

● Microturbulence MUST by determined by LTE (Giribaldi 
et al. in prep. 2025).

Giant star

Teff = 4818 ± 89 K
log g = 1.60 ± 0.15 dex
[Fe/H] = -2.10 ± 0.09 dex



Barium isotopic ratios



Ba subordinate lines



Ba line at 4934 Å sensitive to isotopic ratios



Ba line at 4934 Å sensitive to isotopic ratios

R = 490 000
Infinite S/N



Ba line at 4934 Å sensitive to isotopic ratios
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Ba line at 4934 Å sensitive to isotopic ratios

● Interpretation 1:
Ba produced by both the r- and s-processes, with 28 and 72%
contributions

● Interpretation 2:
The contribution of 28% may be shared between the r- and       
i-processes. Considering the abundance due to Galactic 
evolution A(Ba) ≈ −0.3 ± 0.07 dex (measured in field stars; 
Giribaldi et al. in prep), it would represent the 8% of the 
total. Thus, a maximum of 20% is expected for the 
i-process nucleosynthesis.
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Eu isotopic ratios



Eu lines insensitive to isotopic ratios



Eu lines sensitive to ratios of the isotopes 151 and 153



12C14N

● log gf of a Ti I and 
a 12C14N 
features were 
modified

● HFS from da Silva 
& Smiljanic (2025)

● NLTE departure 
coefficients of 
Storm et al. 
(2024)

Eu lines sensitive to ratios of the isotopes 151 and 153



Eu lines sensitive to ratios of the isotopes 151 and 153

● HFS from da Silva 
& Smiljanic (2025)

● NLTE departure 
coefficients of 
Storm et al. 
(2024)



Nucleosynthesis models

Pr, Nd, Sm, Gd, Dy, Er Yb, Hf, Th

● s-process : 2 Mo AGB (STAREVOL, Goriely & Siess 2018)
● r-process : solar (Arnould+2007)
● i-process : 1 Mo AGB (STAREVOL, Choplin+2022)



Thorium abundance



Thorium abundance



Thorium abundance



Take home messages

1. If the products of the i-process are present in TYC 6044-714-1, its Ba and Eu 
line profiles are very similar to those of the r-process.

2. In the attempt to capture the signatures of the nucleosynthesis processes, 
it is paramount to calibrate the methods of stellar parameter 
determination, line fitting, and abundance measurement.

Thanks!



Backup slides



Atmospheric parameters

● Method 
scrutinised in 
Giribaldi et al . 
(2019, 2021, 2023)

● 3D NLTE models of 
Amarsi et al. (2018)

● Metallicity ([Fe/H]) and surface gravity (log 
g) determined under NLTE using line 
synthesis. Method scrutinised in Giribaldi et 
al. A&A 779, 110 (2023).

● Microturbulence MUST by determined by 
LTE (Giribaldi et al. in prep. 2025).



Giribaldi et al. A&A, 679A, 110 (2023)Giribaldi et al. A&A, 673A, 18 (2023)



Eu

 Os (4420 Å)

Os (4260 Å) 

Ir

Nucleo-cosmo-chronology

where r is a stable third-peak r-process element (here 
Eu, Os, and Ir) (e.g. Cayrel et al. 2001)

For Th/Eu we obtain between a star age of 8-20 Gyr 



Ytterbium (Yb)



Osmium abundance



Fe ISm II
12CH

12CH



Iridium abundance





Hafnium abundance



Hafnium (Hf)



6141 Å

6496 Å

Ba subordinate lines

● Abundances from subordinate 
lines may show erratic results 
likely due to chromospheric 
effects, specially affecting 
intense lines.

● Barium anomalies are frequent 
in chromopherically active 
stars, younger than ~8 Gyr (The 
Barium Puzzle, e.g. D’Orazzi et 
al. 2009, 2012; Reddy & 
Lambert 2017; Baratella et al. 
2020).



Microturbulence adapted to Ba lines

● Fe lines under 1D LTE
 

● Fe lines under NLTE

● based on 3D LTE modeling 
(Dutra-Ferreira et al. 2016)

 

● Calibration using a star cluster 
(Giribaldi et al. in prep.)



Mashonkina et al. (1999)



The star TYC 6044-714-1  

Choplin et al. (2022)



12C/13C


