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Contribution ID: 4 Type: Oral Contribution

Exploring the Galactic halo neutron-capture
enrichment through the MINCE project

Tuesday 10 June 2025 09:30 (20 minutes)

The chemo-kinematical properties of the Milky Way stellar halo contain the fossil records of our
galaxy assembly history.

The Measuring at Intermediate Metallicity Neutron-Capture Elements (MINCE) project aims to
provide high quality measurements of n-capture elements in halo stars at intermediate metallicity.
In the metallicity range -2.5 < [Fe/H] < -1.5, only 20% of the stars with available chemical abun-
dances have n-capture elements

measurements.

Thus, the MINCE project represents an opportunity to shed light on the origin of n-capture ele-
ments, the early interstellar medium pollution

processes and the timescales of the Galactic halo formation.

This talk shows our recent results for about 70 Galactic halo stars observed with worldwide facili-
ties.

In particular, the chemical abundances of 27 species (Na, Mg, Al Si, S, Ca, Sc, Ti, V, Cr, Mn, Co,
Ni, Cu, Zn, Rb, Sr, Y,

Zr, Ba, La, Ce, Pr, Nd, Pm, Sm, Eu) will be presented.

The kinematical analysis revealed that a sub-sample of stars has been accreted from Gaia Sausage
Enceladus (GSE) and Sequoia.

Finally, the comparison of our results with stochastic chemical evolution models provides clues on
the Milky Way, GSE and Sequoia evolution.

Author: LUCERTINI, Francesca (ESO-European Southern Observatory -Alonso de Cordova 3107,
Vitacura, Santiago, Chile)

Presenter: LUCERTINI, Francesca (ESO-European Southern Observatory -Alonso de Cordova 3107,
Vitacura, Santiago, Chile)
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Contribution ID: 6 Type: Oral Contribution

Ab Initio Simulations of Electroweak Decay Spectra

in astrophysical scenarios: the role of the electronic
structure

Tuesday 10 June 2025 18:10 (20 minutes)

We present two recently developed ab initio methods for the calculation of beta decay spectra of
light to heavy nuclei in astrophysical contexts.

The first method uses a variational approach with trial wave functions expanded in multidimen-
sional Gaussian basis sets to accurately account for the electron-electron correlation in order to
calculate bound and scattering states of few-body systems. We apply this approach to compute
the photodetachment cross section and resonances of the positronium ion (Ps™) and the electron
capture of "Be, considering its ionisation state and excitation level to determine the configuration-
dependent EC decay rate.

Furthermore, we discuss a theoretical approach based on the numerical solution of the electroweak
Hamiltonian using a mean-field Dirac-Hartree-Fock method. This method is applied to calculate
the beta decay of 134:135Cs, crucial production channels for Ba isotopes in asymptotic giant branch
(AGB) stars. By including multiple nuclear and electronic excited states (ES) above ~ 10 keV for
both the parent and daughter nuclei, we find that the half-lives for 7 > 10% K for 134Cs increase
by more than a factor of 3 compared to previous works based on systematics. These new rates
enable nucleosynthesis models to better explain the isotopic composition of Ba in presolar SiC
grains and the Sun. We also demonstrate the applicability of our method to calculate beta decay
in astrophysical scenarios with 17614, 63N, 87Rb, 93Zr and 7 Se.

Author: Dr TAIOLI Simone (European Centre for Theoretical Studies in Nuclear Physics and Related

Areas (Fondazione Bruno Kessler))

Presenter: Dr TAIOLI Simone (European Centre for Theoretical Studies in Nuclear Physics and

Related Areas (Fondazione Bruno Kessler))
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Contribution ID: 9 Type: Oral Contribution

The Role of Carbon-Oxygen Shell Interactions in the
Nucleosynthesis and Final Fate of Massive Stars

Tuesday 10 June 2025 17:50 (20 minutes)

Abstract: Carbon-oxygen (C-O) shell interactions in the late evolutionary stages of massive stars
play a crucial role in determining their final fate and have a significant impact on the pre-supernova
and explosive nucleosynthesis. In this talk, I will explore the complex dynamics within C-O shells,
and how these interactions drive the production of intermediate and heavy elements. Recent ad-
vancements in theoretical models and observational data provide new insights into how C-O shell
interactions influence the synthesis of elements, shaping the chemical evolution of the star and
the broader universe.

Author: ROBERTI, Lorenzo (Konkoly Observatory, Research Centre for Astronomy and Earth Sci-
ences)

Presenter: ROBERTI, Lorenzo (Konkoly Observatory, Research Centre for Astronomy and Earth
Sciences)
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Contribution ID: 11 Type: Oral Contribution

Chemical Fingerprints of AGB Mass Transfer in
Open Clusters

Monday 9 June 2025 17:50 (20 minutes)

Blue straggler stars (BSSs) are thought to form from binary interactions, particularly mass transfer,
mergers, and collisions. If a BSS forms from mass accreted from a thermally-pulsing asymptotic-
giant-branch (AGB) star, it can bear distinctive surface abundance markers as a result of s-process
nucleosynthesis that occurred in the evolved donor star. We present an abundance study of BSSs
in two open clusters, NGC 7789 (1.6 Gyr) and M67 (4 Gyr), looking for signatures of AGB mass
transfer, using high-resolution optical spectra obtained at the WIYN 3.5m Observatory. We place
them in the context of the previously studied open clusters NGC 6819 (2.5 Gyr) and NGC 188 (7
Gyr). We find remarkable similarities in the positions on the color-magnitude diagram of barium-
enriched BSSs in NGC 7789, M67, and NGC 6819, and we find an anticorrelation between the
degree of Ba enhancement in the BSSs with respect to cluster age. We also find that 40+16% of the
Ba-enriched BSSs are in spectroscopic binary systems with orbital periods less than 10,000 days,
indicative of the frequent occurrence of wind mass transfer or wind Roche-lobe overflow. It is
probable that AGB mass transfer is the dominant mechanism of BSS formation in open clusters
older than about 1 Gyr.

The authors acknowledge funding from the National Science Foundation grant AST-1714506, Sigma
Xi grant G20201001111059492, and the Wisconsin Alumni Research Foundation.

Author: NINE, Andrew (University of Wisconsin-Whitewater)

Co-authors: Prof. MATHIEU, Robert (University of Wisconsin-Madison); Prof. SCHULER, Simon
(University of Tampa); Prof. MILLIMAN, Katelyn (American Public University)

Presenter: NINE, Andrew (University of Wisconsin-Whitewater)
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Contribution ID: 12 Type: Oral Contribution

The origin of weak r-process nucleosynthesis

Thursday 12 June 2025 09:50 (20 minutes)

The origin of the rapid neutron-capture (r-) process is a major question in astrophysics. The clue to
answer this question is the chemical abundance patterns of extremely metal-poor (EMP) stars with
[Fe/H] < —3, which are believed to reflect the nucleosynthesis yields of a single event. Recent high-
resolution spectroscopic observations have shown that the abundance patterns of neutron-capture
elements in many metal-poor stars are consistent with the solar r-process abundance pattern, in-
dicating the universality of the r-process (e.g. Sneden et al. 2008). On the other hand, it has also
been confirmed that some metal-poor stars (e.g. HD 122563; Honda et al. 2006) have an excess of
light neutron-capture elements such as strontium (Sr, Z = 38) compared to heavy neutron-capture
elements such as barium (Ba, Z = 56), and thus the other process that mainly produces light neutron
capture elements, the weak r-process, has been proposed.

To clarify the origin of the weak r-process, we study the extremely metal-poor star SMSS J022423.27—573705.1,
which has an extremely high lower limit on the [Sr/Ba] ratio as reported by Jacobson et al. (2015).
Analyzing the near-ultraviolet and visible spectra obtained with VLT/UVES. we measured 26 ele-

mental abundances. High signal-to-noise ratio observation allow us to determine the abundances

of nitrogen, oxygen, zinc and barium for the first time. The abundances of neutron-capture el-

ements were compared with the abundances of solar r-process and metal-poor stars from pre-

vious studies, and it was confirmed that the [Sr/Ba] ratio in SMSS J022423.27—573705.1 is the

highest among metal-poor stars observed. We also compare the chemical abundance in SMSS
J022423.27—573705.1 with theoretical nucleosynthesis models. In this talk, we summarize these

results and discuss the origin of weak r-process.

Author: OKADA, Hiroko (University of Hyogo)

Co-authors: AOKI, Wako (National Astronomical Observatory of Japan); TOMINAGA, Nozomu
(National Astronomical Observatory of Japan); HONDA, Satoshi (University of Hyogo)

Presenter: OKADA, Hiroko (University of Hyogo)
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Contribution ID: 14 Type: Oral Contribution

Cobalt and copper in bulge moderately metal-poor
stars

Monday 9 June 2025 09:30 (20 minutes)

The trans-iron elements with atomic numbers 27 < Z < 52 are still not well
understood (Peterson et al. 2020, A&A, 638, A64). There is some evidence
for Ge to be classified rather as an iron-peak element than a neutron-capture
element. In particular, abundances of

Cobalt and Copper are of interest to elucidate their origin as

neutron capture elements on iron-group nuclei during He burning and later
burning stages, also called the weak-s component

(Limongi & Chieffi 2003, ApJ, 592, 404), and the alpha-rich freeze-out

in the deepest

layers (Sukhbold et al. 2016, Ap], 821, 38).

Abundances in old stars of the Galactic bulge tend to show that

conclude that both Co and Cu appear to be more dominantly produced rather by
a weak s-process than by alpha-rich freeze-out.

Author: BARBUY, Beatriz (Universidade de Sdo Paulo)

Presenter: BARBUY, Beatriz (Universidade de Sdo Paulo)
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Contribution ID: 15 Type: Oral Contribution

The Contribution Path Picture of Flows for the s, i,
and r Processes

Monday 9 June 2025 09:50 (20 minutes)

The s, i, and r processes are neutron-capture nucleosynthetic channels that occur at different neu-
tron densities. Modern reaction network calculations follow these processes in great detail in
models of stellar environments, but those calculations do not necessarily provide a full but straight-
forward quantitative accounting of the flow of abundance from one species to another. This talk
will present the matrix-tree and matrix-forest theorems from graph theory and apply them to the
question of network flows. Under the often useful assumption of constant neutron density and
temperature, the theorems lead to elegant analytic solutions of the contribution of the abundance
of one species to another in s and i process nucleosynthesis. Such solutions give a valuable picture
of network flows and provide a quantitative estimate of the role of individual reactions in final
abundance yields. For the r process, the theorems lead to quantitative analysis of network flows
over a time step throughout r-process evolution from the (n, v) — (v, n) equilibrium phase through
freeze out. This permits a detailed analysis of the evolution of particular abundance features in
r-process calculations such as freeze-out smoothing and formation of the rare-element peak.

Author: MEYER, Bradley (Clemson University)

Presenter: MEYER, Bradley (Clemson University)
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Contribution ID: 16 Type: Oral Contribution

Astrophysical and Nuclear Uncertainties of the
r-Process

Friday 13 June 2025 12:30 (20 minutes)

The rapid neutron capture (r-) process is responsible for producing half of the elements heavier
than iron in the Universe. Significant uncertainties remain in understanding the astrophysical
environments capable of generating the necessary intense neutron fluxes. Detailed hydrodynam-
ical simulations of proposed astrophysical scenarios (e.g. binary neutron star mergers, magneto-
hydrodynamical supernovae, and collapsars) are computationally intensive and subject to various
uncertainties, including the nuclear equation of state, neutrino interactions, and initial conditions.
To address these challenges, we adopt an alternative approach that is instead based on a site-
independent parametric density profile. Our nuclear network calculations explore a wide range of
initial electron fractions, entropies, and expansion timescales. The results align well with those of
simulations and extend beyond conditions currently found in them.

Another important source of uncertainties arises from poorly constrained nuclear properties: Most
nuclei along the r-process path are currently not experimentally accessible, making theoretical pre-
dictions essential, e.g. for nuclear masses, reaction rates, and fission properties. Here we show the
impact of nuclear masses on r-process predictions and compare the results to observational data.

Author: Mr KUSKE, Jan (TU Darmstadt)

Co-authors: Prof. ARCONES, Almudena (TU Darmstadt, GSI, MPIK Heidelberg); Dr MIYAGI,
Takayuki (CCS, University of Tsukuba); Dr REICHERT, Moritz (University of Valencia); Prof. SCHWENK,
Achim (TU Darmstadt, MPIK Heidelberg)

Presenter: Mr KUSKE, Jan (TU Darmstadt)
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Contribution ID: 17 Type: Invited Review

Future telescopes and instruments for the study of
heavy elements.

Tuesday 10 June 2025 11:00 (30 minutes)

Recent large spectroscopic surveys have yielded significant new insights on heavy elements, their
distribution in the Galaxy, and their evolution over time. However, these discoveries have also
raised new questions that require investigation using even larger samples of stars, more precise
abundance measurements, and data on key, yet challenging-to measure, elements.

Following an overview of these findings, I will present future telescopes and instruments that have
the potential to substantially advance the study of neutron capture elements. In particular, I will
focus on: the Wide-field Spectroscopic Telescope, a facility under study that will be proposed as
the next ESO initiative, after the completion of the ELT; HRMOS, a high resolution multi-object
spectrograph that will be proposed at the upcoming ESO call for VLT instrumentation.

Author: RANDICH, Sofia (INAF-Osservatorio Astrofisico di Arcetri)

Presenter: RANDICH, Sofia (INAF-Osservatorio Astrofisico di Arcetri)
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Contribution ID: 18 Type: Oral Contribution

r, i & s Nucleosynthesis Sites in Multi-messenger Era
of Galactic Chemical Evolution

Monday 9 June 2025 12:30 (20 minutes)

GW170817 and SN1987A were the events of the century which opened a window to multi-messenger
astronomy and astrophysics. There is a growing consensus that the MHD-Jet supernova and col-
lapsar dominate the heavy r-element production over the entire history of cosmic evolution, and
the neutron-star merger contribution delays due to cosmologically long time-delay for slow GW
radiation [1,2]. We will first discuss when and how these astrophysical events contribute to the
element production in Galactic chemical evolution [3]. We have recently found that the i- and
s-processes could occur in the r-process site of collapsar nucleosynthesis [2]. We will propose
nuclear experiments to measure the neutron-capture cross sections relevant for the collapsar i-
process [4]. These explosive phenomena emit extremely large flux of energetic neutrinos that
provide unique nucleosynthetic signals for flavor conversions at high density. We will discuss the
neutrino-flavor conversions induced by collective and MSW effects at high density and propose a
new astrophysical method to constrain still unknown neutrino mass hierarchy [5,6]. If our theo-
retical prediction would be verified by precise meteorite analysis of SiC X grains, this could be a
piece of evidence constraining still unknown neutrino mass hierarchy, which is complementary
to laboratory experiments on vacuum oscillation [7].

[1] C. Kobayashi, A. Karakas, M. Lugaro, ApJ 900 (2020), 179.

[2] Z. He, T. Kajino, M. Kusakabe, et al., ApJ Lett 966 (2024), L37.

[3] Y. Yamazaki, Z. He, T. Kajino, et al., Ap]J 933 (2022), 112.

[4] Z. He, T. Kajino, et al., to be published (2025).

[5] H. Ko, D. Jang, M. Cheoun, et al. with T. Kajino, Ap]J 937 (2022), 116.

[6] H. Sasaki, Y. Yamazaki, T. Kajino, et al., ApJ 924 (2022), 29; PL B851 (2024), 138581.
[7] X. Yao, T. Kajino, Y. Luo, et al., to be published in ApJ (2025).

Author: KAJINO, Toshitaka (Beihang Univerdity / University of Tokyo / NAQJ)

Co-authors: YAO, Xingqun (Beihang Univerdity / University of Tokyo / NAOJ); WANG, Xinxu
(Beihang Univerdity / University of Tokyo / NAOJ); LUO, Yudong (Peking University); HE, Zhenyu
(Beihang Univerdity / University of Tokyo / NAQO]J)

Presenter: HE, Zhenyu (Beihang Univerdity / University of Tokyo / NAO]J)
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Contribution ID: 20 Type: Oral Contribution

The early chemical evolution of the Sagittarius dwarf
galaxy

Tuesday 10 June 2025 12:30 (20 minutes)

The Sagittarius (Sgr) dwarf galaxy experienced its first in-fall into the Milky Way (MW) about 5
Gyr ago. As it is being tidally stripped by the MW, its core and two stellar streams are now visible
in the Sky, as well as various associated globular clusters. Given its proximity, it is an ideal test-
bed for galactic chemo-dynamical models. So far, studies have typically focussed on metal-rich
and relatively young stars, given that they are the prevalent population. Further complicating
the study of the oldest/metal-poor stars is the strong overlap in the colour-magnitude diagram
between the Milky Way bulge population and stars in Sgr. However, the most metal-poor stars are
key to understand the early chemical evolution of Sgr.

My talk will focus on the nucleosynthetic channels that are responsible for the production of s-, i-
and r-process elements in Sgr, especially during its chemical evolution at early times. I will present
the most extensive chemical abundance analysis at the lowest metallicities and connect it to the
more studied metal-rich regime, also providing a complete panoramic of the system’s chemical
evolution. I will show that the interstellar medium of Sgr may have retained yields from more
energetic Population III and II supernovae than those imprinted in the stars accreted from the
Milky Way’s building block. Additionally, the lack of a particular population of Carbon-enhanced
stars, linked to the first supernovae, would suggest the need for a new definition for this class of
stars, which should be calibrated on the average [C/Fe] of a given system.

Author: Dr SESTITO, Federico (University of Hertfordshire)

Presenter: Dr SESTITO, Federico (University of Hertfordshire)

June 7, 2025 Page 11



s,i & r Element N... / Report of Contributions First measurement of the r-process...

Contribution ID: 21 Type: Oral Contribution

First measurement of the r-process abundance at the
Galactic Center using a hyper velocity star

Tuesday 10 June 2025 16:40 (20 minutes)

The Galactic-Center (GC) region of the Milky Way has been a focal point for astronomers for
many years, yet its formation history remains a subject of debate. So far, thanks to near-infrared
spectroscopic observations, which suffer least from interstellar extinction, abundances of Fe-peak,
alpha, and s-process elements have been determined for dozens of stars residing within the GC
region. However, the r-process elemental abundances have not yet been determined for any stars
in the GC region because r-process elements do not show detectable absorption lines in the near-
infrared.

To address this limitation, here we present optical high-resolution spectroscopic measurement of
[Eu/Fe] of a hyper-velocity star (HVS) originating from the GC region. Leveraging the very mild
extinction towards the HVS, optical spectroscopy offers an unprecedented opportunity to access
absorption lines from a wide range of elements, including r-process elements for the first time.
We find that the star has enhanced [Eu/Fe] along with mildly enriched [alpha/Fe]. These chemical
signatures indicate an enhanced contribution of neutron-star mergers to the chemical enrichment
at the Galactic Center.

Author: TANIGUCHI, Daisuke (National Astronomical Observatory of Japan)

Presenter: TANIGUCHI, Daisuke (National Astronomical Observatory of Japan)
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Contribution ID: 23 Type: Oral Contribution

High Precision Optical Follow-up of
APOGEE-Identified Chemical Doppelgangers:
Implications for Neutron-Capture Element Mixing in
the ISM

Monday 9 Fune 2025 16:40 (20 minutes)

Recent work using APOGEE stellar abundances have suggested that the Milky Way disk is well-
mixed and chemically simple, with age, [Fe/H], and [Mg/Fe] predicting a star’s detailed chemical
profile to high precision. APOGEE notably lacks access to strong lines of neutron-capture ele-
ments which may experience a distinct trajectory of chemical evolution that can not be traced
by the aforementioned parameters. To test this, we obtain optical, R~60,000 spectroscopy of 27
APOGEE “chemical doppelgangers,” random pairs of disk field giants that APOGEE indicates are
as chemically similar as stars within open clusters, and investigate whether they are also “dop-
pelgangers” in the neutron-capture elements. Selected doppelgangers are also required to have
nearly identical stellar parameters and C/N ratios, a tracer of stellar age in giants. We perform
line-by-line differential abundance analysis of doppelgangers’ optical spectra and confirm that all
are are indeed doppelgangers in the elements accessible by APOGEE with occasional exceptions
of Al. We find that 20 of 27 pairs, however, are not doppelgangers in the neutron-capture elements.
Additionally, we find apparent correlations between pairs’ similarity in neutron-capture elemental
abundances and their similarity in dynamical parameters. If we assume that stars in each doppel-
ganger pair were born at relatively similar times and positions in the disk, then these results could
point to a) azimuthal neutron-capture element variations in the interstellar medium that exceed
those of the lighter elements, b) radial neutron-capture abundance gradients that are steeper than
the gradients of lighter elements, and/or c) random neutron capture abundance variations in the
radial direction that act independently of the lighter elements. These results emphasize the value
of neutron-capture elements in identifying stars with similar chemical compositions and Galactic

origins.

Author: MANEA, Catherine (Columbia University)

Co-authors: Prof. HAWKINS, Keith (The University of Texas at Austin); Prof. NESS, Melissa (The
Australian National University)

Presenter: MANEA, Catherine (Columbia University)
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Contribution ID: 24 Type: Oral Contribution

Unlocking stellar ages with s-process elements:
Calibrating chemical clocks using Kepler data

Friday 13 June 2025 11:30 (20 minutes)

S-process elements (Y, Zr, Ba, Ce), produced via slow neutron-capture processes in stars, are key
tracers of stellar and Galactic evolution. When paired with alpha-elements (Mg, Ca, Si, Ti) in abun-
dance ratios, they serve as chemical clocks, providing a powerful tool for estimating stellar ages.
In this talk, I present a detailed spectroscopic analysis of 68 Kepler red giant stars, offering high-
precision abundances of s-process elements and asteroseismic ages with better than 10% precision
from individual mode frequencies.

This sample is used to calibrate chemical clock-age relations, which are fundamental for estimat-
ing “chemical ages” of field stars in large spectroscopic surveys. By applying these calibrations
to the APOGEE and Gaia-ESO surveys, I derived “chemical ages” for ~270,000 stars, uncovering
significant age trends across stellar populations. The results reveal critical insights, such as the
age separation of low- and high-alpha sequences, the age-metallicity relation, the flaring of the
Galactic disc, and the presence of old metal-rich stars.

This work underlines the importance of s-process elements in reconstructing the chemical and
temporal evolution of the Milky Way, highlighting their role in age-dating tools for the Galactic

archaeology.

Author: Dr CASALL Giada (Australian National University)

Presenter: Dr CASALIL Giada (Australian National University)
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Contribution ID: 25 Type: Oral Contribution

Identifying r-process Elements in Kilonova Infrared
Spectra

Monday 9 June 2025 11:50 (20 minutes)

Binary Neutron Star mergers are a promising site for the nucleosynthesis of heavy elements via the
r-process. This has been observationally confirmed with the detection of the kilonova AT2017gfo
and the investigation of its light curves and spectra. While much work has been done to decode
AT?2017gfo signatures, the specific identifications of elements responsible for each spectral fea-
ture is still challenging, particularly in the infrared range. In our study (Rahmouni et al. 2024,
arXiv:2412.14597), we conducted a systematic selection of heavy elements most likely to exhibit
strong transitions in the infrared range, using their experimentally calibrated energy levels. Our
analysis reveals that most elements with strong absorption lines are lanthanides (Z=57-71) and
actinides (Z=89-103). This is due to their complex atomic structures with many low-lying energy
levels, resulting in strong infrared lines. Previous studies (Domoto et al. 2022, Ap]J 939, 8) have
shown that La III and Ce III account for the absorption features at A ~ 12,000 - 15,000 A. While our
results support these findings, we further identify Gd III as the next most promising species. Due
to its unique atomic structure involving the half-filled 4f and the outer 5d orbitals, Gd IIT has one of
the lowest-lying energy levels, between which relatively strong transitions occur. By performing
radiative transfer simulations, we confirm that Gd III affect the feature at A ~ 12,000 A previously
attributed to La III. Future space-based time-series observations of kilonova spectra will allow the
identification of Gd III lines.

Author: RAHMOUNI, Salma (Tohoku University)

Co-authors: Prof. DAIJI, Kato (National Institute of Fusion Science); Prof. HOTOKEZAKA, Kenta
(University of Tokyo); Prof. TANAKA, Masaomi (Tohoku University); Prof. KUZUHARA, Masayuki
(National Astronomical Observatory of Japan); Prof. TAMURA, Motohide (National Astronomical Ob-
servatory of Japan); Mrs DOMOTO, Nanae (Tohoku University); Prof. KOTANI, Takayuki (National
Astronomical Observatory of Japan); Prof. HIRANO, Teruyuki (National Astronomical Observatory of
Japan); Prof. AOKI, Wako (National Astronomical Observatory of Japan)

Presenter: RAHMOUNI, Salma (Tohoku University)
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Contribution ID: 26 Type: Oral Contribution

Effects of multiple spiral arm patterns on O, Eu, Fe,
and Ba abundance gradients

Thursday 12 June 2025 18:10 (20 minutes)

According to observations and numerical simulations, the Milky Way could exhibit several spiral
arm modes with multiple pattern speeds,

wherein the slower patterns are located at larger Galactocentric
distances. Our aim is to quantify the effects of the spiral arms on

the azimuthal variations of the chemical abundances for oxygen, iron
and for the first time for neutron-capture elements (europium and
barium) in the Galactic disc. We assume a model based on multiple
spiral arm modes with different pattern speeds.

We apply new analytical prescriptions for the spiral arms in a

2D Galactic disc chemical evolution model, exploring the possibility
that the spiral structure is formed by the overlap of chunks with
different pattern speeds and spatial extent. The predicted azimuthal
variations in abundance gradients are dependent on the considered
chemical element. Elements synthesised on short time scales (i.e.,
oxygen and europium in this study) exhibit larger abundance
fluctuations. In fact, for progenitors with short lifetimes, the
chemical elements restored into the ISM perfectly trace the star
formation perturbed by the passage of the spiral arms. The map of the
star formation rate predicted by our chemical evolution model with
multiple patterns of spiral arms presents arcs and arms compatible
with those revealed by multiple tracers (young upper main sequence
stars, Cepheids, and distribution of stars with low radial

actions). Finally, our model predictions are in good agreement with
the azimuthal variations that emerged from the analysis of Gaia DR3
GSP-Spec [M/H] abundance ratios, if at most recent times the pattern
speeds match the Galactic rotational curve at all radii.

Author: SPITONI, Emanuele (Istituto Nazionale di Astrofisica (INAF), Osservatorio Astronomico di
Trieste)

Presenter: SPITONI, Emanuele (Istituto Nazionale di Astrofisica (INAF), Osservatorio Astronomico
di Trieste)
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Contribution ID: 28 Type: Oral Contribution

Spectral analysis and plasma ejecta opacity of the
early-stage kilonova

Tuesday 10 June 2025 09:50 (20 minutes)

In the context of the multi-messenger astronomy, the observation of an electromagnetic counter-
part of the GW170817 event, known as kilonova (KN), provided evidence that the coalescence of
binary neutron stars systems is a favourable stellar site hosting the rapid neutron capture process
(r-process). Critical information related to the KN plasma composition can be derived through the
analysis of spectra. In this framework, we present numerical results of selected light r-process
nuclei at different ionisation states of interest for the early-stage KN ejecta, which have been per-
formed using the relativistic atomic code package grasp2018 to estimate plasma opacity values.
Moreover, these opacity results were used as input to the radiative transfer code POSSIS (Bulla
M., MNRAS, 2019) to recreate and study spectral features and bolometric KN light curves, in
order to provide useful constraints with the observed data and to improve our understanding of
nuclear processes involved. Finally, we highlight the importance of having more and accurate
atomic inputs to better address the opacity estimation and KN light curves modelling.

Author: BEZMALINOVICH, Matteo (Istituto Nazionale di Astrofisica (INAF))
Co-authors: Dr VESCOVI, Diego (INAF - Osservatorio Astronomico d’Abruzzo); Dr BULLA, Mattia
(Universita degli studi di Ferrara); Dr CRISTALLO, Sergio (INAF - Osservatorio Astronomico d’Abruzzo)

Presenter: BEZMALINOVICH, Matteo (Istituto Nazionale di Astrofisica (INAF))
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Contribution ID: 29 Type: Oral Contribution

Barium isotope ratio in very metal-poor stars as a
key to a puzzle of light neutron-capture element
synthesis at the earliest epoch.

Friday 13 June 2025 18:30 (20 minutes)

Aim. We determine r- to s-process contributions to Ba isotope mixture along with Ba, Eu, and
Sr NLTE abundances in a sample of very metal-poor (VMP) stars. The selected stars have [Ba/H]
< -2.2 and, thus, formed before the contribution from the main s-process in low and intermediate
stars became significant. Some of our sample stars are enhanced in Sr with [Sr/Ba] up to 0.7. These
stars gained their high Sr abundance from a poorly known process, phenomenologically called in
the literature as a light element primary process (LEPP, Travaglio et al. 2004) that may appear to
be, for example, a weak s-process or a weak r-process. We aim to uncover the nature of this extra
Sr source via Ba r- to s- isotope ratio determinations.

Method. The abundances from the resonance Ba I 4554 and 4934 A lines are affected by the adopted
Ba isotope mixture. We compute Ba isotope mixtures that correspond to different r- to s- process
contributions (pure r-process, 80%/20%, 50%/50% and 20%/80%, i. e. solar ratio) and determine the
corresponding abundances from the Ba II resonance lines in each sample star. In addition to that,
we determine Ba abundances from weak subordinate Ba I lines, which are immune to the adopted
Ba isotope mixture. After that we compare Ba abundance from the subordinate lines with those
from the Ba II resonance lines.

Results. Three of our sample stars are strongly r-process enhanced, and consistent within the er-
ror bars abundances from the resonance lines and subordinate lines can be achieved with pure
r-process Ba isotope mixture, while including the s-process contribution results in a larger abun-
dance discrepancy between the subordinate and resonance lines.

We found higher s-process contribution in stars with higher [Sr/Ba] overabundance, arguing that
extra Sr synthesis was due to the early s-process occurring in massive stars. Using stars with high
[Sr/Ba] we estimated the [Sr/Ba] ratio produced in the early s-process and found [Sr/Ba]_earlyS =
1.1 +- 0.2. Our result suggests that variations in [Sr/Ba] ratios in VMP stars can be explained by
different contributions of the r-process and the early s-process to their chemical composition.

Authors: SITNOVA, Tatyana; LOMBARDO, Linda (Goethe University Frankfurt)

Presenter: SITNOVA, Tatyana

June 7, 2025 Page 18



s,1& r Element N ... / Report of Contributions Solving the Puzzle of the Cosmoch ...

Contribution ID: 30 Type: Poster

Solving the Puzzle of the Cosmochronometer 92Nb
Production Sites

Monday 9 June 2025 18:25 (5 minutes)

Charge-Exchange (CE) reactions are an important tool for studying the spin-isopin response of nu-
clei. They can be utilized to obtain information about interactions mediated by the weak nuclear
force, such as P and electron capture decay. Using the proportionality between Gamow-Teller
strength (B(GT)) and the CE differential cross section, B(GT) distributions can be extracted indi-
rectly. Since CE reactions are not limited to a narrow Q value window, they provide information
that is complementary to information obtained from P and electron capture decay. Such data are
necessary for constraining reaction rates that happen in dense and hot astrophysical environments.
The main goal is to combine measurements in which GT strengths are extracted with y-decay mea-
surements, utilizing the Charge-Exchange Oslo (CE-Oslo) method to extract level densities and
y-ray strength functions, which are also important for constraining astrophysical reaction rates.
As an initial test, the CE-Oslo method is being tested on 93Nb(t,3He+y) data taken previously with
the S800 spectrometer in coincidence with the GRETINA y-ray detector at FRIB. The y-coincidence
data for 93Zr was applied with the Oslo method to develop the CE-Oslo method, and nuclear level
densities (NLDs) and y-ray strength functions (ySFs) of 93Zr were then extracted. These NLDs
and ySFs were then used as inputs for the Hauser-Feshbach calculations using the TALYS to in-
directly constrain the 92Zr(n,y) cross sections, and hence 92Zr(n,y) Maxwellian-averaged cross
sections, which are crucial for understanding the astrophysical s-process nucleosynthesis. The
results of this analysis will be published soon as the first publication of the CE-Oslo method. It
is also planned to measure the 92Zr(3He,t+y) reactions in RCNP, as well as 93Nb(p,d+y) reactions
in the Oslo-Cyclotron laboratory to independently apply the CE-Oslo method and Oslo Method,
respectively, and extract reaction rates for the nucleosynthesis of cosmochronometer 92Nb. This
high-precision study will lay a solid foundation for using the CE-Oslo method in future (p,n+y) ex-
periments in inverse kinematics with rare isotopes and make it possible to simultaneously extract
NLDs, ySFs, p-decay strengths, and (f-delayed) neutron decay probabilities (Pn) on neutron-rich
unstable nuclei, which are important for several nucleosynthesis processes, including the 1, i, v,
and v processes. The high resolution available for (3He,t) experiments at RCNP will also make it
possible to extract level densities in two independent manners: by using the CE-Oslo technique
and by using the fine-structure analysis. From the measurement on 92Zr, it will be possible to
extract level densities and y-ray strength functions which are relevant for the y-process in type
Ia supernovae and Gamow-Teller strength distributions of relevance for the v-process in core-
collapse supernovae. These astrophysical phenomena are the possible sites for the production of
long-lived 92Nb, which can serve as a cosmochronometer.

This research is supported by the US National Science Foundation, Grant No. 2209429, “Nuclear
Astrophysics at FRIB”.

Author: DEVA PATHIRANA, Neshad (Michigan State University and Facility for Rare Isotope Beams)

Co-authors: Prof. ZEGERS, Remco (Michigan State University and Facility for Rare Isotope Beams); Prof.
SPYROU, Artemis (Michigan State University and Facility for Rare Isotope Beams); Prof. LARSEN, An-
n-Cecilie (University of Oslo); Prof. GUTTORMSEN, Magne (University of Oslo); Dr NOJI, Shumpei
(Facility for Rare Isotope Beams); Dr GAO, Bingshui (Institute of Modern Physics); Prof. RILEY, Lewis
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Contribution ID: 31 Type: Oral Contribution

Estimates for the nebular emission from r-process
elements

Tuesday 10 June 2025 17:00 (20 minutes)

The origin of heavy r-process elements in the universe is still a matter of great debate, with a
confirmed scenario being neutron star (NS) mergers. Additional relevant sites could be specific
classes of supernovae (SNe), such as Type Ib/c, where a central engine pushes neutron-rich material
outwards, contributing to the ejecta of the massive exploding star. We investigate our ability to
infer the production of heavy elements in such events, on the basis of the observed electromagnetic
(EM) nebular emission.

We solve the steady-state ionization, level population, and thermal balance, for ejecta in non-local
thermodynamic equilibrium (NLTE), in order to explore the role of heavy elements in cooling the
gas, and in the emergent spectrum. We find that heavy elements can dominate the cooling process
of the nebula if they constitute more than ~10% of the total ejected mass, especially for kinetic
temperatures above ~5000 K. While such an amount seems unlikely to be produced in many Type
Ib/c SNe, already a few 0.1% of the total mass could be instead sufficient to leave a detectable
imprint in the late infrared (IR) spectrum, which would be relatively clean from emission from
lighter elements.

Author: Mr RICIGLIANO, Giacomo (Technical University Darmstadt)

Co-authors: ARCONES, Almudena (TU Darmstadt, GSI, MPIK Heidelberg); HOTOKEZAKA, Kenta
(University of Tokyo)

Presenter: Mr RICIGLIANO, Giacomo (Technical University Darmstadt)

June 7, 2025 Page 21



s,i & r Element N... / Report of Contributions The production of heavy elements...

Contribution ID: 33 Type: Oral Contribution

The production of heavy elements from rotating
massive stars in the Galaxy

Friday 13 June 2025 10:10 (20 minutes)

Massive stars play a crucial role in the chemical evolution of galaxies, particularly enriching the
interstellar medium with heavy elements. Recent stellar modelling studies have highlighted the
beneficial effects of rotation in massive stars, enhancing their nucleosynthesis especially at low
metallicies, where stars are expected to rotate faster. Indeed, once rotation is taken into account
heavy elements are importantly synthetized in massive stars through s-process during their life-
time, and possibly through r-process upon their death. In this way, the yields from rotating massive
stars become a valuable ingredient for Galactic chemical evolution models to explain the abun-
dances measured in stars.

In this talk, I will present the results coming from the GEMS chemical evolution model, which
includes the nucleosynthesis of massive stars with a distribution of rotation velocities. The model
reproduces the scatter visible in the observations, and is able to explain the evolution of key heavy
elements. This approach allows us to derive significant constraints on the production sites of heavy
elements.

Author: RIZZUTI, Federico (Istituto Nazionale di Astrofisica (INAF))

Presenter: RIZZUTI, Federico (Istituto Nazionale di Astrofisica (INAF))

June 7, 2025 Page 22



s,i & r Element N... / Report of Contributions Neutron-capture processes reveale ...

Contribution ID: 34 Type: Invited Review

Neutron-capture processes revealed by dwarf
galaxies

Friday 13 June 2025 09:00 (30 minutes)

The Milky Way is an environment rich with satellite galaxies, stellar streams and accreted systems.
Looking at detailed chemical abundance patterns of individual stars in these systems allows us
to trace back different nucleosynthetic sources, such as the slow (s), intermediate (i) and rapid (r)
neutron-processes. Recent observations of these systems suggest that the i-process might have
been more important at low metallicities, compared to higher metallicities. With spectroscopic ob-
servations of individual stars in the Milky Way and the dwarf galaxy satellites, it becomes clear that
(at least) two distinct r-process sites are needed to explain the data: a quick source with timescales
comparable to core-collapse supernovae, and a delayed source with characteristic timescales of a
few ~Gyr, most probably originating in neutron star mergers. In this talk I will go over the data
and the arguments leading to these result sand show that only by looking at all the available data
in many galaxies will we be able to solve the puzzle that is the neutron-capture processes.

Author: SKULADOTTIR, Asa (Department of Physics and Astronomy, University of Florence)

Presenter: SKULADOTTIR, Asa (Department of Physics and Astronomy, University of Florence)
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Contribution ID: 36 Type: Oral Contribution

Diverse Stellar Neutron-Capture Isotopic Signatures
Recorded in Presolar Silicon Carbide Grains

Tuesday 10 June 2025 11:30 (20 minutes)

Presolar grains are submicron- to micron-sized meteoritic grains that originate from stellar winds
lost from the surfaces of multiple stars and from the ejecta produced by stellar explosions. Among
the best-studied presolar phases is SiC. Multielement isotope analyses of presolar SiC grains indi-
cate that most have origins in AGB stars and core-collapse Type II supernovae (CCSNe). AGB dust
constitutes the majority of presolar SiC grains (>90%), including mainstream (MS), Y, and Z grains,
while CCSN dust contributes a smaller fraction, including X, C, and D grains. Isotopic analyses of
presolar SiC grains, therefore, enable detailed examination of AGB and CCSN nucleosynthesis at
the level of isotopes.

We conducted a survey of Ni isotope ratios in presolar SiC grains using secondary ion mass spec-
trometry. We chose Ni isotopes for several reasons: (i) Ni is highly enriched in presolar SiC grains;
(ii) the most neutron-rich isotope, 64Ni, is primarily produced by the s-process in AGB stars and
is minimally affected by the initial stellar composition, making it a reliable proxy for probing s-
process efficiency; (iii) the least neutron-rich isotope, 60Ni, is poorly produced by the s-process,
largely reflecting the initial composition that indicates galactic chemical evolution (GCE); and (iv)
under different neutron exposures, a variety of Ni isotope patterns are predicted for neutron bursts,
a neutron-capture process driven by the 22Ne(o,n)25Mg reaction during CCSNe.

We selected a suite of presolar SiC grains based on their C, N, and Si isotope ratios for subsequent
Mg-Al Ti, and Fe-Ni isotope analyses. Statistically meaningful Ni isotope data were obtained for
56 new MS grains, 26 Y grains, 15 Z grains, 1 C grain, 1 D grain, and 17 X grains.

Our new Ni isotope data reveal several key observations: (i) Compared to existing data [1], we
observed more extreme Ni isotope anomalies in MS grains, likely resulting from our methodol-
ogy for suppressing Ni contamination. Our Ni isotope data align more closely with AGB models
that have been calibrated against the Sr, Zr, Mo, and Ba isotopic compositions of MS grains [2].
(if) By mitigating contamination, we robustly constrained the s-process efficiency in the parent
AGB stars of MS, Y, and Z grains, following the order of Y > Z > MS. This contrasts with previous
inferences based on Si and Ti isotope data [3]. (iii) The 60Ni/58Ni ratios of MS/Y and Z data are in-
fluenced by homogeneous and heterogeneous GCE effects, respectively. (iv) C and X CCSN grains
exhibit distinct Ni isotopic patterns, indicating a wide range of neutron exposures experienced by
the grains in their parent CCSN ejecta. Notably, the C grain recorded the highest neutron expo-
sure, providing stringent constraints on the exposure condition during the explosion and relevant
neutron-capture cross-sections, such as 63Ni(n,y)64Ni. Detailed data-model comparisons will be
presented at the meeting.

References:

[1] Trappitsch R. et al. (2018) GCA, 221, 87.
[2] Vescovi D. et al. (2020) Ap]JL, 897, L25.
[3] Zinner E. et al. (2007) GCA, 71, 4786.

Author: LIU, Nan (Boston University)
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Contribution ID: 37 Type: Invited Review

The Stellar Precursors of the Solar System?
Constraints from quantitative relations between
genetic anomalies and NRLEE ejecta

Monday 9 June 2025 15:40 (30 minutes)

The stellar precursors of the protoplanetary disk defined the Solar System’s composition, a funda-
mental property that influenced the nature of the subsequent planetary system. The identity of the
dominant stellar precursors, however, remains under investigation. Partial constraints have been
inferred from nucleosynthetic isotope (i.e., genetic) anomalies in meteorites. Genetic anomalies
are part per million-scale isotopic variations of a sample composition from a standard composition.
These fine-scale anomalies reflect the heterogeneous distribution of isotopically variable presolar
carriers throughout the disk.

Correlated genetic anomalies in neutron-rich iron group species 46Ti, 48Ca, 50Ti, and 54Cr charac-
terize bulk rock meteorite compositions. On the Solar System scale, these genetic anomalies form
two near-omnipresent groups, which are defined as the non-carbonaceous (NC)-carbonaceous
chondrite (CC) isotopic dichotomy. This dichotomy is widely used as the basis of qualitative and
quantitative models of Solar System formation. Using the NC-CC isotopic dichotomy for such
reconstructions, however, requires an understanding of the type and stellar origin of presolar car-
riers whose heterogeneous distribution in the disk resulted in genetic anomalies.

The presolar carriers and stellar precursors that are responsible for the correlated anomalies of
48Ca, 46Ti, 50Ti, and 54Cr in bulk meteorites are yet to be determined. In this contribution, the
approach to constraining the identity of these carriers comes from the stellar nucleosynthesis
standpoint. The stellar precursors of 48Ca, 46Ti, 50Ti, and 54Cr are identified and then assessed
to determine if sufficient quantities were synthesized and added to the disk to generate the ob-
served genetic anomalies in meteorites. Given the special nucleosynthetic requirement that 48Ca
be produced in neutron-rich, low-entropy matter expansions during rare astrophysical events in
the Galaxy, we focus on this type of stellar precursor. The exact nature of these events is un-
clear, but they are likely associated with the explosion of a dense white-dwarf star, such as the
deflagration of a near Chandrasekhar-mass white dwarf, an electron-capture supernova (ECSN),
or a thermonuclear ECSN (t-ECSN). Due to the variety of plausible sites, they are referred to here
generically as “NRLEEs”(Neutron-rich, Low-Entropy matter Ejectors).

This study quantitatively assesses the relative abundances of 48Ca, 46Ti, 50Ti, and 54Cr produced
in NRLEEs by using a simple one-dimensional model of the explosion of a carbon/oxygen-dense
white dwarf star with s-process enhanced abundances to illustrate the nucleosynthesis that could
occur in NRLEEs. A multicomponent Galactic Chemical Evolution (GCE) model provides a quanti-
tative estimate of the abundance of different dust types (processed, low-mass, SNIa, SNII, NRLEE)
and their isotopic compositions in the initial Solar System. To assess if NRLEEs are the source
of neutron-rich iron group species in the Solar System, mixing calculations between the average
Solar System composition and calculated NRLEE compositions are performed. The results are con-
trasted with NC-CC meteorite compositions. Preliminary findings will be reported to provide one
of the first quantitative assessments of the stellar precursors that underpin the NC-CC isotopic
dichotomy and the associated constraints on the dominant stellar precursors of the Solar System.

Author: Prof. BERMINGHAM, Katherine (Rutgers University)
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Contribution ID: 38 Type: Oral Contribution

Collective neutrino oscillations and the
heavy-element nucleosynthesis in supernovae

Wednesday 11 June 2025 12:30 (20 minutes)

In high energy astrophysical processes involving compact objects, such as core-collapse super-
novae or neutron star mergers, neutrinos are likely to play an important role in the synthesis of
nuclides. Neutrinos in these environments can experience collective flavor oscillations driven by
neutrino-neutrino coherent forward scattering. Recently, there has been interest in exploring po-
tential beyond-the-mean-field effects in the collective oscillations of neutrinos. Here, we seek to
explore possible implications of these effects for the heavy-element nucleosynthesis yields in su-
pernova environments with different astrophysical conditions and neutrino inputs. We find that
collective oscillations can impact the operation of the vp-process and r-process nucleosynthesis in
supernovae. The potential impact is particularly strong in high-entropy, proton-rich conditions,
where we find that neutrino interactions can nudge an initial vp process neutron rich, resulting in
a unique combination of proton-rich low-mass nuclei as well as neutron-rich high-mass nuclei or a
full “intermediate neutron capture process” like path. We describe this neutrino-induced neutron
capture process as the “vi process”. In addition, nontrivial quantum correlations among neutrinos,
if present, could lead to distinctly different nucleosynthesis results compared to the corresponding
mean-field treatments, by virtue of modifying the evolution of the relevant one-body observables.

Author: WANG, Xilu (Institute of High Energy Physics, Chinese Academy of Sciences)

Co-authors: PATWARDHAN, Amol; BALANTEKIN, Baha; CERVIA, Michael; SURMAN, Re-

becca
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Contribution ID: 40 Type: Oral Contribution

Trans-Fe elements from Type la Supernovae

Friday 13 June 2025 17:00 (20 minutes)

A Type Ia supernova (SNIa) marks the catastrophic explosion of a white dwarf in a binary system.
These events play a crucial role in galactic chemical evolution and serve as pivotal standardizable
candles for measuring cosmic distances, underpinning the discovery of the Universe’s accelerated
expansion. However, the progenitors of SNIa remain uncertain, introducing challenges to their
use in cosmology and nucleosynthesis predictions.

In this work, we present a grid of five models detailing the evolution and nucleosynthesis of slowly
merging carbon-oxygen white dwarfs approaching the Chandrasekhar mass. These models test
a variety of physics input settings, including accretion rates, nuclear reaction rates, convection
parameters, and the composition of the accreted material. During the merger process, as the
mass of the primary white dwarf approaches the Chandrasekhar limit, carbon burning is initiated
first on the surface before eventually igniting explosively at the center. As a consequence, the
22Ne(,n)?°Mg reaction activates in the outer layers of all models, producing a weak s-process-
like abundance pattern, peaking at Kr, overproduced by a factor of ~1000 compared to solar. The
trans-Fe elements-enriched outer layer mass varies from 0.05~Mg to 0.11~Mg), depending on the
accretion rate. Our explosion simulations of these progenitor models eject significant amount of
first-peak elements (e.g., Se, Kr) and light p-nuclei (e.g., "*Se).

Previous theoretical studies found that a similar nucleosynthesis process during the progenitor
phase may also occur on the surface of near-Chandrasekhar white dwarfs formed through the
accretion of H-rich material via the single-degenerate scenario. Therefore, these results suggest
trans-Fe enrichment might be a hallmark of near-Chandrasekhar SNIa ejecta, regardless of the
specific progenitor channel, and could provide a new spectral signature distinguishing them from
sub-Chandrasekhar explosions.

Author: BATTINO, Umberto

Presenter: BATTINO, Umberto
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Contribution ID: 41 Type: Oral Contribution

Chemical abundances of light neutron-capture
elements in metal-poor stars

Tuesday 10 June 2025 12:10 (20 minutes)

Metal-poor stars play a key role in understanding the nucleosynthesis of heavy elements in the

early Universe, as their chemical abundances reflects the composition of the gas in which they
formed.

High-resolution spectra show that metal-poor stars have robust chemical abundance patterns in

the 60<Z<70 region, while variations are visible in region of the lighter heavy elements (30<Z<50).
These abundance pattern variations seem to suggest that more than one formation site is responsi-
ble for the nucleosynthesis of these elements and/or that formation occurs under different physical

conditions.

In this talk, I will present the abundances of heavy elements, including the poorly studied Mo, Ru,
Pd and Ag, for a sample of 52 very metal-poor stars.

The talk will focus on exploring the impact of different neutron capture processes that synthe-
sise heavy elements at low metallicity, comparing the observed chemical abundances with those

predicted by theoretical models.

Author: LOMBARDO, Linda (Goethe University Frankfurt)
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Contribution ID: 42 Type: Oral Contribution

The time evolution of the s-process elements as
traced by Galactic open clusters

Thursday 12 June 2025 16:40 (20 minutes)

In recent years, the spectroscopic analysis of stars in Galactic open clusters showed a peculiar
behavior regarding the slow neutron capture processes. On one hand, clusters at ages younger
than 200 Myr display an unexpected over-abundance of Ba, reaching values up to ~0.7 dex at 30
Myr. On the other hand, regarding the other s-process elements such as Y, Zr, La and Ce, there is a
general disagreement in the literature. Some authors claim that these other elements, in particular
La and Ce that are produced in the same way as Ba, are found solar at all ages. Others instead
claim they show a slight increase in abundance with age. This is commonly referred to as the Ba
puzzle.

In this talk, I will present the latest results obtained by the analysis of FGK dwarfs stars belonging
to six open clusters observed within the Gaia-ESO large spectroscopic survey. From our deep
investigation, we found that stellar activity (more intense at these ages) might be responsible for
the Ba enrichment. Nevertheless, the hypothesis of a nucleosynthesis origin (activation of the
intermediate process) cannot be discarded yet.

Author: BARATELLA, Martina (European Southern Observatory, Chile)

Presenter: BARATELLA, Martina (European Southern Observatory, Chile)
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Contribution ID: 43 Type: Oral Contribution

I-Process nucleosynthesis in AM CVn Systems

Tuesday 10 June 2025 18:50 (20 minutes)

It is common opinion that AM CVn systems end their life as peculiar SNe Ia events due to detona-
tion of a massive He layer piled up via mass transfer onto the CO WD component.

However, it has been shown that, if the effects of rotation are properly taken into account in mod-
eling the evolution of the accretor in these systems, the accreting WD experiences recurrent very
strong He-flashes during which all the accreted mass as well as part of the underlying CO core is
lost via Roche lobe overflow episodes.

Moreover, it has been found that during the flashes the temperature at the base of the He-rich layer
largely exceeds 350 MK, so that alpha-captures onto 22Ne become possible and a neutron flux (of
the order of 10”15 cm”(-3)) typical of the I-process nucleosynthesis is delivered. The 22Ne mass
fraction abundance in the He-rich layer is almost equal to the initial metallicity of the progenitor
star, as it is produced via double alpha captures onto 14N, the ashes of H-burning via CNO cycle.

In this talk we discuss the nucleosynthesis produced during He-flashes by studying the future evo-
lution of the PTF ]J2238+743015.1 system. We extend our analysis by investigating the dependence
of the obtained results on the physical conditions in the He-burning shell and on the initial metal-
licity of the progenitor system. At the end we estimate the expected contribution of rotating AM
CVn systems to the evolution of the interstellar medium.

Author: PIERSANTI, Luciano (Istituto Nazionale di Astrofisica (INAF))

Co-authors: Dr VESCOVI, Diego (INAF-OAAbD); Prof. BRAVO, Eduardo (Departamento de Fisica
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the Russian Academy of Science); Dr CRISTALLO, Sergio (INAF-OAADb)
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Contribution ID: 44 Type: Oral Contribution

New results on AGB stars and meteoritic data

Thursday 12 June 2025 17:00 (20 minutes)

We run slow neutron-capture process (s process) nucleosynthesis calculations with the Monash
post-processing code for seven stellar structure evolution models of low-mass asymptotic giant
branch (AGB) stars with new sets of nuclear input. We present our new nucleosynthesis predic-
tions of a selection of isotopic ratios and compare them to the corresponding ratios measured in
presolar stardust grains from AGB stars. Our new models quantitatively reproduce the minor s-
process production of the classical p-only Mo observed in stardust silicon carbide (SiC) grains
(around 3-4%) and match the %4Ni/**Ni values from the SiC grain data. The predictions for the
He intershell ratios of 3°Kr/32Kr and surface ratios of 137Ba/!3Ba ratios are better fitted to SiC
grains than for the previous Monash models. The W produced by our new models still does not
match the tungsten isotopic composition of large SiC stardust grains but does match the tungsten
composition observed in other types of meteoritic materials well.

Author: SZANYI, Balazs (University of Szeged / Konkoly Observatory)
Co-authors: YAGUE LOPEZ, Andrés; KARAKAS, Amanda; LUGARO, Maria
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Contribution ID: 45 Type: Poster

A Prototype Neutron Detector Array for s-process
Measurements

Monday 9 Fune 2025 18:20 (5 minutes)

Neutron detection sometimes plays a vital role in direct studies of astrophysically important reac-
tions. In particular, the reaction 22Ne(a,n)25Mg is undergoing study using the SHADES array at
the Belotti Ion Beam facility at Laboratori Nazionali del Gran Sasso. This reaction, and 13C(a,n)160,
is widely regarded to serve as a neutron fuel for the slow neutron capture (s-) process occurring
in massive stars and asymptotic giant branch stars, which synthesise elements above A = 60 —
90 and 90 —209, respectively. Prior to constructing the full SHADES array, the neutron detection
capabilities of its detectors were tested using a scaled-down prototype array and a neutron beam
produced at the Goethe University Frankfurt’s Van de Graaf accelerator facility “FRANZ”. The
prototype consisted of an EJ-309 liquid scintillator surrounded by six 3He proportional counters.
Under study was the neutron / gamma-ray discrimination performance of the EJ-309 using tra-
ditional and machine-learning techniques, the lower detection limit of the neutron energy, and
the timing coincidence features between the EJ-309 and counters. In future, such coincidence is
expected to improve the sensitivity of the full SHADES array via a novel anti-coincidence gate on
background neutrons. This talk will summarise the measurement performed at Frankfurt and the
determined characteristics of the prototype array.

Author: CHILLERY, Thomas (LUNA, LNGS)

Presenter: CHILLERY, Thomas (LUNA, LNGS)
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Contribution ID: 46 Type: Poster

22Ne(a, n)25Mg at the INFN Bellotti lon Beam
Facility

Monday 9 Fune 2025 18:50 (5 minutes)

Neutron capture reactions are the main contributors to the synthesis of the heavy elements through
the s-process. 22Ne(a, n)25Mg is the main neutron source in stars together with 13C(x, n)160. In
the relevant stellar energy (450 keV < Ecm < 750 keV) few data ara available, Le. reaction cross
section upper limits from direct experiments and highly uncertain estimates from indirect sources
exist. The ERC project SHADES (UniNa/INEN) is currently performing direct cross section mea-
surements at these energies. We will present details on the ongoing experiment and discuss target
characteristics, experimental backgrounds and preliminary analyses on the detector efficiency and
the 832 keV resonance.

Author: RAPAGNANI, David (Universita degli Studi di Napoli "Federico II”)

Presenter: RAPAGNANI, David (Universita degli Studi di Napoli "Federico II”)
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Exploring Nuclear Formation Processes at
Intermediate Metallicity: The MINCE Project’s
Insights into Neutron-Capture Element Abundances

Friday 13 June 2025 09:50 (20 minutes)

The abundances of neutron-capture elements in metal-poor stars are crucial for understanding the
astrophysical sites and mechanisms responsible for heavy-element nucleosynthesis. While the
very metal-poor regime ([Fe/H] < -2.5) has been extensively studied, the intermediate metallicity
range (-2.5 \leq [Fe/H] \leq -1.5) remains poorly explored, leaving a significant gap in our under-
standing of nucleosynthesis. This transitional epoch in the Galaxy marks the interaction of slow
(s-process), rapid (r-process), and intermediate (i-process) neutron capture mechanisms, shaping
the chemical composition of the interstellar medium.

My work focuses on analyzing high-resolution spectra of about 90 stars, observed using FEROS,
achieving high quality spectra (signal-to-noise ratio S/N ~ 50). This dataset enables a detailed inves-
tigation of star-to-star abundance scatter of neutron-capture elements, including ~ 20 key elements
(e.g., Sr, Ba, Eu), as well as lighter elements such as CNO, \alpha-elements, and Fe-peak elements.
We will reveal distinct abundance patterns among neutron-capture elements, which could indicate
the relative contributions of s-, r-, and i-process nucleosynthesis. To further explore the s- and r-
process, I focus on the rarely studied elements Mo and Lu, which provide unique insights into
the mechanisms shaping neutron-capture nucleosynthesis and Galactic chemical evolution. Addi-
tionally, I will identify and examine stars displaying peculiar abundance signatures to gain deeper
insights into their origins and nucleosynthetic history, thereby uncovering new dimensions of the
Galaxy’s nucleosynthetic history and its chemical evolution.

Author: SCHICHTEL, Annika

Presenter: SCHICHTEL, Annika
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Constraining the neutron-capture nucleosynthesis
from surface chemical composition of chemically
peculiar stars: some highlights from our recent
studies

Friday 13 June 2025 17:40 (30 minutes)

Among the chemically peculiar metal-poor stars, the two sub-classes of carbon-enhanced metal-
poor (CEMP) stars, the so called CEMP-s and CEMP-r1/s stars are powerful tracers of slow (s) and
intermediate (i) neutron-capture nucleosynthesis, evolution of binary systems and mechanisms of
mass-transfer. The epoch of the earliest s-process nucleosynthesis that influenced the chemical en-
richment, as well as questions related to production sites and production mechanisms of i-process
nucleosynthesis, that are currently far from being clearly understood can be investigated using
these and related stars through accurate and precise measurements of elemental abundances of
heavy elements covering a wide range of masses and metallicity. However, to understand the
complex mechanisms underlying the nucleosynthesis and evolution of heavy elements a holistic
approach integrating observation, theories and simulations is necessary. Some recent results ob-
tained from our chemodynamical studies of a sample of chemically peculiar stars will be presented
in the light of companion low-mass,

low-metallicity AGB stars’contribution to the chemical enrichment of heavy elements. Many de-
tails associated with the early nucleosynthetic enrichment events that remain poorly understood
can be probed with the newly discovered rare pristine objects, the oldest stars believed to be asso-
ciated with the first supernovae. In this context, some areas where follow-up spectroscopic studies
would make an impact will be discussed.

Author: Dr GOSWAMI, Aruna (Indian Institute of Astrophysics, Bangalore)

Presenter: Dr GOSWAMI, Aruna (Indian Institute of Astrophysics, Bangalore)
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22Ne( XX )26Mg with EASK

Thursday 12 June 2025 09:30 (20 minutes)

The reaction 22Ne(®¥X)26Mg is associated with several questions in nuclear astrophysics, such as
the Mg isotope ratio in stellar atmospheres and the nucleosynthesis of element beyond Fe through
its competition with the neutron source 22Ne(XX)25Mg.

Due to very low stellar energies and therefore very low cross section, direct experiments have
been only able to provide upper limits below a strong resonance at 832 keV.

The purpose of the EASK project is to perform the first direct measurement of the 22Ne(®,X)26Mg
in the range of astrophysical interest below 600-800 and the remeasurement of the well-known
832 keV resonance.

The measurement will be performed at Laboratori Nazionali del Gran Sasso and will be carried
out using a high and stable o particle current delivered by the newly commissioned LUNA MV
accelerator.

Moreover, its position underground and additional passive shielding will reduce the y-background.
The y-rays produced in the reaction will be detected by a Nal scintillator array surrounding a
windowless, recirculating gas target.

I will present the current status of the project and the preliminary results of Nal detector array
simulations.

Authors: BEST, Andreas (University of Naples Federico II); MERCOGLIANO, Daniela (INFN-Na &
Unina); RAPAGNANTI, David (Universita degli Studi di Napoli "Federico II”)
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N-capture elements in GCs using the Gaia-ESO data

Tuesday 10 June 2025 18:30 (20 minutes)

Globular clusters (GCs) are important stellar objects for understanding the formation and evolu-
tion of our Galaxy, providing crucial constraints to the chemical evolution and assembly history of
the Galactic halo. Although there have been many individual efforts to characterise GCs in terms
of heavy elements chemically, there is a lack of a global analysis with a homogeneous method. I
present the most extensive study of neutron-capture elements in GCs using the Gaia-ESO survey
data to provide clues about the contribution of different stellar processes and events, such as su-
pernovae, AGB stars, or neutron star mergers. I show, from the observational point of view, the
neutron-capture elements (Y, Zr, Ba, La, Ce, Pr, Nd, and Eu) distribution within GCs, as well as the

relative contributions of s- and r-process to the chemical abundances in this objects.

Author: SCHIAPPACASSE ULLOA, Jose Luis (Istituto Nazionale di Astrofisica (INAF))

Co-authors: MAGRINI, Laura (Istituto Nazionale di Astrofisica (INAF)); Dr RANDICH, Maria Sofia
(Istituto Nazionale di Astrofisica (INAF))
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The Principal Components of Metal-poor Stars

Wednesday 11 June 2025 11:30 (20 minutes)

The nuclear mechanism responsible for roughly half of the heavy-elements (Z>30) abundances in
our Solar system—the rapid neutron capture (r) process—was long thought to produce a “universal”
abundance pattern. However, recent studies have challenged r-process universality by identifying
significant variations between the elemental abundances patterns of metal-poor ([Fe/H]<-1.0), r-
process-enhanced stars. In particular, r-process-rich ([Eu/Fe]>+0.3) stars show a signature that
may possibly only be explained by fission. In this work, we construct a method of decomposing
stellar abundance patterns into a basis set of patterns from which each star can be constructed
as a linear combination, akin to a principal component decomposition. We use this method to
uncover the underlying signature that is present in the r-process-rich stars in order to derive an
empirical record of fission in the r-process. This talk will present the “pure” fission pattern is that
is recovered from these metal-poor stars.

Support for this work was provided by NASA through the NASA Hubble Fellowship grant HST-
HF2-51481.001 awarded by the Space Telescope Science Institute, which is operated by the As-
sociation of Universities for Research in Astronomy, Inc., for NASA, under contract NAS5-26555.
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.

Author: HOLMBECK, Erika (Lawrence Livermore National Laboratory)

Presenter: HOLMBECK, Erika (Lawrence Livermore National Laboratory)
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Neutron capture and total cross-section
measurements on **%?Mo at n_ TOF and GELINA

Wednesday 11 June 2025 09:50 (20 minutes)

Cross-sections for neutron-induced interactions with molybdenum, in particular the neutron cap-
ture cross sections, play a significant role in various fields ranging from nuclear astrophysics to
nuclear power plants and the development of innovative nuclear technologies. Molybdenum is
found in pre-solar silicon carbide (SiC) grains and an accurate knowledge of its neutron capture
cross section has a crucial role in stellar nucleosynthesis models, in particular in Asymptotic Giant
Branch (AGB) stars. From the work of Liu et al., a deviation on the model predictions has been
observed when using Mo cross section data from the two main KADoNiS versions, with KADo-
NiS 1.0 providing the better agreement with the grains data. In addition to its astrophysical role,
molybdenum isotopes can be found as a fission product in fission power plants and the use of this
material is under study for future improved reactors. This shows the importance of an accurate
knowledge of the total and capture cross-section for molybdenum isotopes.

Experimental data in the literature for the capture cross-section of Mo isotopes suffer from large
uncertainties. This is also reflected in the large uncertainties of the cross-sections recommended
in the ENDF/B-VIILO library. Below 1 eV the relative uncertainty of the capture cross-section is
above 18% for ?*Mo and around 40% for %Mo, while above 2 keV the uncertainties are in the order
of 10-20% for 249596 Mo. The uncertainty on the capture cross section data in the libraires is also
reflected in the uncertainty of the MACS (Maxwellian Averaged Cross Section) found in the latest
version of KADoNIiS. The presents uncertainties are on the level of 10% in the MACS at 30 keV for
all the molybdenum isotopes, while an uncertainty below 5% would be needed to disentangle the
observed discrepancies. One of the reasons for these large uncertainties is related to the absence
of transmission data for enriched samples.

In this contribution the preliminary results of transmission and radiative capture measurements
performed at n_TOF (CERN, Switzerland) and GELINA (EC-JRC Geel, Belgium) will be presented.
Moreover, the updated values of the MACS for 94,95,96 Mo will be shown. The effect of these new
preliminary values of the cross section in stellar nucleosynthesis calculations for AGB stars will
be presented.

Author: MUCCIOLA, Riccardo (INFN Bari)

Co-authors: CRISTALLO, Sergio (Istituto Nazionale di Astrofisica (INAF)); KOPECKY, Stefan (Eu-
ropean Commission, Joint Research Centre (JRC)); MANNA, Alice (CERN); MASSIM]I, Cristian (INFN
Bologna); MENGONI, Alberto (ENEA Bologna); MOENS, Andre (European Commission, Joint Research
Centre (JRC)); PARADELA, Carlos (European Commission, Joint Research Centre (JRC)); SCHILLE-
BEECKX, Peter (European Commission, Joint Research Centre (JRC)); SIBBENS, Goedele (European
Commission, Joint Research Centre (JRC)); VESCOVI, Diego (Istituto Nazionale di Astrofisica INAF)); COL-
LABORATION, n_TOF
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Evidence for r-process production by rare
supernovae in the low metallicity environment

Monday 9 June 2025 19:00 (5 minutes)

The decreasing trend of the [Eu/Fe] feature caused by stars in the Large Magellanic Cloud (LMC)
is followed by a nearly constant value; this trend is generally attributed to an onset of the delayed
Fe release from type Ia supernovae (SNe), which is the same interpretation of the [c/Fe] feature.
However, this feature appears in the LMC at [Fe/H] of approximately -0.7, which is significantly
higher than that for the [a/Fe] case (==-2). We propose that this [Eu/Fe]-knee feature is created
by a fade-out of core-collapse SNe producing r-process elements. The metallicity threshold for the
occurrence rate of these r-process SNe at a subsolar is nearly identical to that for long gamma-ray
bursts.

Author: Dr TSUJIMOTO, Takuji (National Astronomical Observatory of Japan)

Presenter: Dr TSUJIMOTO, Takuji (National Astronomical Observatory of Japan)
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s-process and Carbon-Enriched Low-Mass Evolved
Stars as Tracers of s-process Nucleosynthesis

Thursday 12 June 2025 11:50 (20 minutes)

Observational studies focusing on low- to intermediate-mass evolved stars, such as post-AGB stars,
reveal remarkable diversity in their chemical compositions, particularly in terms of CNO abun-
dance and s-process enrichment. These stars provide critical insights into AGB nucleosynthesis,
dredge-up events, and hot-bottom burning. However, the mechanisms driving the observed diver-
sity in their chemical signatures remain uncertain.

In this talk, I will explore both observational and modelling perspectives on s-process and carbon-
enriched post-AGB stars. I will also discuss our recent discovery of the most carbon-rich and
s-process enhanced post-AGB star in the Small Magellanic Cloud (SMC). High-resolution optical
spectroscopy with VLT/UVES has revealed this star’s exceptionally high C/O ratio and a signifi-
cant enhancement of s-process elements, including the first-ever precise measurement of lead (Pb)
abundance, the final product of the s-process nucleosynthesis. These results challenge existing nu-
cleosynthesis models and set a new benchmark for understanding how mass loss rates and mixing
processes shape the chemical evolution of evolved stars.

Author: MENON, Meghna (Macquarie University)

Co-authors: KAMATH, Devika (Macquarie University); MOHORIAN, Maksym (Department of
Physics & Astronomy, Macquarie University, Sydney, NSW 2109, Australia); CRISTALLO, Sergio (IN-
AF-OAAb); VESCOVI, Diego (Istituto Nazionale di Astrofisica (INAF)); KARAKAS, Amanda; VEN-
TURA, Paolo (Istituto Nazionale di Astrofisica INAF)); VAN WINCKEL, Hans (Instiute of Astronomy,
Department of Physics and Astronomy, KU Leuven, Belgium)
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Spectral modelling of kilonovae in 3D NLTE

Wednesday 11 June 2025 09:30 (20 minutes)

Kilonovae are the transients powered by the radioactive decay of r-process elements, usually asso-
ciated with neutron star mergers (NSMs). The late-time spectrum of NSMs is the most important
tool to investigate the origin of the heaviest elements including the actinides, their nucleosynthe-
sis at these sites, the environments of their production, and whether or not their abundances can
be sufficiently explained by NSMs alone. Spectral modelling is an essential bridge to validate the
theory of r-process sites, as it allows the results of hydrodynamic explosion models to be compared
directly with observations.

We present the first results of our work on the spectral modelling of kilonovae in three dimen-
sions (3D) and non-local thermodynamic equilibrium (NLTE). This approach is essential since the
hydrodynamical model results of NSMs are highly asymmetric, requiring 3D treatment; addition-
ally, the elemental signatures of the bulk material in the ejecta become visible only at late times,
when NLTE is a necessity.

EXTRASS is a spectral code designed for the 3D NLTE modelling of supernovae in the late-time
nebular phase. It is able to generate light curves and spectra for arbitrary viewing angles by fol-
lowing photon packets, using explosion models as input. We are extending this code to kilonovae,
with the aim of producing the first 3D NLTE synthetic light curves and spectra of NSM models.

Author: VILAGOS, Blanka (Stockholm University)
Co-author: JERKSTRAND, Anders (Stockholm University)

Presenter: VILAGOS, Blanka (Stockholm University)
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An open-source library for performance-portable

neutrino reaction rates and Applications to neutron
star mergers

Wednesday 11 June 2025 11:50 (20 minutes)

A realistic and detailed description of neutrinos in binary neutron star (BNS) mergers is essential
to build reliable models of such systems. To this end, we present BNS_NURATES, a novel open-
source numerical library designed for the efficient on-the-fly computation of neutrino interactions,
with particular focus on regimes relevant to BNS mergers. BNS_NURATES targets a higher level
of accuracy and realism in the

implementation of commonly employed reactions by accounting for relevant microphysics effects
on the interactions, such as weak magnetism and mean field effects. It also includes the con-
tributions of inelastic neutrino scattering off electrons and positrons and (inverse) nucleon de-
cays. Finally, it offers a way to reconstruct the neutrino distribution function in the framework of
moment-based transport schemes. As a first application, we compute both energy-dependent and
energy-integrated neutrino emissivities and opacities for conditions extracted from a BNS merger
simulation with M1 transport scheme. We find some qualitative differences in the results when
considering the impact of the additional relevant reactions and of microphysics effects. For ex-
ample, neutrino-electron/positron scattering reactions are important for the energy exchange of
heavy-type neutrinos as they do not undergo semileptonic charged-current processes, when p are
not accounted for. Moreover, weak magnetism and mean field effects can significantly modify the
contribution of p processes for electron-type (anti)neutrinos, increasing at the same time the im-
portance of (inverse) neutron decays. The improved treatment for the reaction rates also modifies
the conditions at which neutrinos decouple from matter in the system, potentially affecting their
emission spectra.

Author: GUERCILENA, Federico Maria (Universita di Trento)
Co-author: Prof. PEREGO, Albino (Universita di Trento)
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Atomic Data Requirements for Non-LTE Modeling of
Kilonova

Monday 9 June 2025 12:10 (20 minutes)

The observation of kilonova AT2017gfo following the neutron star merger GW170817 [1] has pro-
vided compelling evidence for the production of r-process elements in these events. While recent
spectral analyses have identified several elements in the ejecta [2,3,4], accurate abundance deter-
minations remain challenging due to limitations in available atomic data, especially for modeling
later epochs where non-LTE effects become crucial [5].

We present extended and improved calculations for lanthanides and actinides, including forbidden
transitions, using both the Flexible Atomic Code [6] and AUTOSTRUCTURE [7], with atomic struc-
ture optimized using our recently developed sequential model-based optimization procedure [8].
Additionally, for selected elements, we benchmark electron-impact excitation cross sections and
collision strengths calculated within the distorted wave approximation. We also present prelimi-
nary results extending these calculations to selected lanthanides, providing new atomic parameters
necessary for non-LTE modeling of kilonova spectra.

This expanded atomic dataset, including forbidden transitions, improved energy levels, and electron-
impact excitation rates, establishes the construction of a foundational atomic dataset that can be
used for more reliable modeling of late-time kilonova spectra where non-LTE effects dominate the
emission features.

1] Abbott et al., Astrophys. J. 848, L13 (2017)
2] Domoto et al., Astrophys. J. 939, 8 (2022)
3] Gillanders et al., MNRAS stac1258 (2022)
4] Vieira et al., Astrophys. J. 962, 33 (2024)
5] Pognan et al., MNRAS 510, 3806 (2022)

6] Gu et al., Can. J. Phys. 86, 675 (2008)

7] Badnell, Astrophys. Source Code Libr. ascl:1612.014 (2016)
8] Flérs et al., MNRAS 524, 3083 (2023)
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Author: FERREIRA DA SILVA, Ricardo (LIP- Laboratory of Instrumentation and Experimental Parti-
cle Physics/FCUL - Faculty of Sciences of the University of Lisbon)

Co-authors: Dr FLOERS, Andreas (GSI); Prof. MARTINEZ-PINEDO, Gabriel (GSI); SAMPAIO,
Jorge (LIP - Laboratory of Instrumentation and Experimental Particle Physics/ FCUL - Faculty of Sci-
ences of the University of Lisbon); MARQUES, José (Lisbon University (FCUL) / LIP, Laboratory of
Instrumentation and Experimental Particle Physics); Mr LEITAO, Luis (LIP/FCUL)
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Neutron-capture signatures in a large sample of Ba
stars

Thursday 12 June 2025 12:30 (20 minutes)

Barium (Ba) stars belong to binary systems where a former asymptotic giant branch (AGB, now
a white dwarf) star polluted the less evolved companion, which became enriched with material
produced through the slow neutron capture process (s process). The currently observed Ba star
preserves the abundance pattern of the AGB, allowing us to test the imprints of the s process. Com-
paring different AGB nucleosynthetic models and Ba star abundances based on high-resolution
spectra, we are able to constrain, for example, the effect of the initial rotation velocity and the
nature of the neutron source. When comparing AGB models to the extended list of heavy element
abundances available for a large homogeneous observational sample of 180 Ba stars, we could
confirm that the polluting AGBs are of low mass (< 4 MSun). Most of the matching AGB models
require low accreted mass, but a few systems with high accreted mass are needed to explain the ob-
servations. However, approximately 25% of the sample stars show anomalous abundance patterns,
mainly at the first s-process peak (with higher Nb, Mo and/or Ru than the models), along with
high W. The high W value is comparable to some post-AGB stars, and might indicate that we can
identify different subgroups among the Ba star sample. The s-process temperatures derived with
the [Zr/Fe] - [Nb/Fe] thermometer have an unrealistic value for the majority of our stars. The most
likely explanation is that at least a fraction of these elements are not produced in a steady-state
s process, and instead may be due to processes not included in the AGB models. Additional mea-
surements could reveal the cause for these overabundances and can help to identify the underlying
processes.

Author: CSEH, Borbala (Konkoly Observatory, HUN-REN CSFK)

Presenter: CSEH, Borbala (Konkoly Observatory, HUN-REN CSFK)
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Calculation of electron impact excitation
cross-sections and collision strengths for non-LTE
modelling

Monday 9 June 2025 18:55 (5 minutes)

The production of heavy elements beyond iron in the expanding ejecta of binary neutron star
mergers (NSMs) provided evidence for the synthesis of lanthanides and possibly actinides through
rapid neutron capture (r-process) nucleosynthesis. However, identifying specific atomic absorp-
tion and emission features in kilonova spectra to associate them with individual elements remains
a significant challenge [1,2].

One of the primary obstacles is the lack of comprehensive atomic data for modeling the late nebu-
lar epochs (> 4 days post-merger). While it is a reasonable approximation to assume that the ejecta
is in local thermodynamic equilibrium (LTE) and that atomic absorption processes dominate in the
early hours (< 1 day after the NSM), it is not possible to assume LTE for nebular epochs (non-LTE).
During these late stages, relevant processes include photoionization, ionization and excitation by
electron impact, and electronic recombination, for which the data is very scarce [3].

In this work, we address this gap by benchmarking electron-impact excitation (EIE) cross sections
and collision strengths (CS) for selected elements, including Y, Pt, and Au [4], using the Flexible
Atomic Code [5] and AUTOSTRUCTURE [6]. Our results show that the approximations by van
Regemorter and Axelrod underestimate collision strengths by orders of magnitude, particularly
for forbidden transitions. Preliminary calculations of EIE cross-sections and CS for selected lan-
thanides will be also presented, providing new atomic parameters essential for advancing non-LTE
spectral modeling.

[1] N. Domoto, M. Tanaka, D. Kato, K. Kawaguchi, K. Hotokezaka, and S. Wanajo, “Lanthanide
Features in Near-infrared Spectra of Kilonovae”ApJ 939(1):8 (2022)

[2] R. F. Silva, J. M. Sampaio, P. Amaro, A. Fl6rs, G. Martinez-Pinedo and J. P. Marques, “Structure
Calculations in Nd III and U III Relevant for Kilonovae Modelling,” Atoms 10(1):18 (2022)

[3] Quentin Pognan, Anders Jerkstrand, Jon Grumer, “NTLE effect on kilonova expansion opaci-
ties”, MNRAS 513(4):5174 (2022)

[4] Michael McCann, S Bromley, S D Loch, C P Ballance, “Atomic data calculations for Au I-Au
IIT and exploration in the application of collisional-radiative theory to laboratory and neutron star
merger plasmas” MRNAS 509(4):4723 (2022)

[5] M. F. Gu, “The Flexible Atomic Code,”Can J Phys 86(5):675 (2008)

[6] Badnell, Astrophys. Source Code Libr. ascl:1612.014 (2016)

Author: SAMPAIO, Jorge (LIP - Lab. Instrumentacéo e Fisica Experimental de Particulas/FCUL -
Faculdade de Ciéncias da Universidade de Lisboa)

Co-authors: FLOERS, Andreas (GSI); MARTINEZ-PINEDO, Gabriel (GSI/TUD); MARQUES, José
(LIP - Lab. Instrumentacéo e Fisica Experimental de Particulas/FCUL - Faculdade de Ciéncias da Univer-
sidade de Lisboa); LEITAO, Luis (LIP - Lab. Instrumentacio e Fisica Experimental de Particulas/FCUL
- Faculdade de Ciéncias da Universidade de Lisboa); FERREIRA DA SILVA, Ricardo (LIP - Lab. In-
strumentacdo e Fisica Experimental de Particulas/FCUL - Faculdade de Ciéncias da Universidade de
Lisboa)
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Tracing r-process nucleosynthesis in neutron star
mergers with long-lived remnants: results from M1
neutrino transport simulations

Thursday 12 June 2025 10:10 (20 minutes)

Binary neutron star (BNS) mergers eject neutron-rich matter, providing ideal conditions for the nu-
cleosynthesis of heavy elements via the r-process. The radioactive decay of these elements powers
a quasi-thermal electromagnetic transient known as kilonova (KN). Despite significant progress
since the detection of GW170817, many open questions about KNe remain, such as the interpre-
tation of the spectral features observed in AT2017gfo. On the one hand, accurate predictions of
r-process yields are crucial for modeling and interpreting KN signals. On the other hand, precise
modeling of microphysics in BNS merger simulations is essential to determine the properties of
the merger ejecta, which provide the starting point for nucleosynthesis calculations. In my talk,
I will present the results of the nucleosynthesis from BNS merger ejecta, computed for the first
time using tracer particles from numerical relativity simulations performed with the M1 neutrino
transport scheme. These simulations predict long-lived remnants and account for three distinct

ejecta channels: dynamical ejecta, neutrino-driven wind, and spiral wave wind.

Author: LOFFREDO, Eleonora (Istituto Nazionale di Astrofisica (INAF))
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June 7, 2025 Page 50



s,i & r Element N... / Report of Contributions Statistical framework for nuclear p ...

Contribution ID: 65 Type: Oral Contribution

Statistical framework for nuclear parameter
uncertainties in nucleosynthesis modeling of r- and
iI-process

Wednesday 11 June 2025 10:10 (20 minutes)

Propagating nuclear uncertainties to nucleosynthesis simulations is key to understand the impact
of theoretical uncertainties on the predictions, especially for processes far from the stability region,
where nuclear properties are scarcely known. While systematic (model) uncertainties have been
thoroughly studied, the statistical (parameter) ones have been more rarely explored, as constrain-
ing them is more challenging.

We present here a methodology to determine coherently parameter uncertainties by anchoring
the theoretical uncertainties to the experimentally known nuclear properties through the use of
the Backward Forward Monte Carlo method. We use this methodology for two nucleosynthesis
processes: the intermediate neutron capture process (i-process) and the rapid neutron capture
process (r-process). We determine coherently for the i-process the uncertainties from the (n,7)
rates while we explore the impact of nuclear mass uncertainties for the r-process.

The effect of parameter uncertainties on the final nucleosynthesis is in the same order as model
uncertainties, suggesting the crucial need for more experimental constraints on key nuclei of in-
terest. We show how key nuclear properties, such as relevant (n,y) rates impacting the i-process
tracers, could enhance tremendously the prediction of stellar evolution models by experimentally
constraining them.

Author: MARTINET, Sébastien (Université Libre de Bruxelles)

Co-authors: GORIELY, Stephane (Universié Libre de Bruxelles); CHOPLIN, Arthur (Université Libre
de Bruxelles); SIESS, Lionel (Université Libre de Bruxelles)
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r-process nucleosynthesis and radioactively powered
transients from magnetar giant flares

Tuesday 10 June 2025 11:50 (20 minutes)

We present nucleosynthesis and light-curve calculations for a new site of the r-process from mag-
netar giant flares (GFs). Motivated by radio afterglow observations which indicate sizable baryon
ejecta from GFs, Cehula et al. (2024) recently proposed a scenario whereby magnetar crustal ma-
terial is ejected as a result of a shock driven into its surface layers during the reconnection-driven
GF. We confirm with nucleosynthesis calculations that these ejecta can synthesize moderate yields
of third-peak r-process nuclei and substantial yields of first- and second-peak nuclei through the
alpha-rich freeze-out mechanism. We use the nucleosynthesis output to make light-curve predic-
tions of novae breves, kilonova-like optical/UV transients, and the gamma-ray transients powered
by the radioactive decay of the unbound debris. We show that the predicted gamma-ray emis-
sion properties (light-curve, fluence, and spectrum) match a previously unexplained hard gamma-
ray signal observed in the aftermath of the famous December 2004 giant flare from the magnetar
SGR 1806-20. This MeV emission component is direct observational evidence for the synthesis of
~ 1078 My, of r-process elements. The discovery of magnetar giant flares as confirmed r-process
sites, contributing at least ~ 1-10% of the total Galactic abundances, has implications for the

Galactic chemical evolution, especially at the earliest epochs probed by low-metallicity stars.

Author: PATEL, Anirudh (Department of Physics and Columbia Astrophysics Laboratory, Columbia
University)

Co-authors: Prof. METZGER, Brian D. (Department of Physics and Columbia Astrophysics Lab-
oratory, Columbia University; Center for Computational Astrophysics, Flatiron Institute); CEHULA,
Jakub (Institute of Theoretical Physics, Faculty of Mathematics and Physics, Charles University); Prof.
BURNS, Eric (Department of Physics and Astronomy, Louisiana State University); Dr GOLDBERG,
Jared A. (Center for Computational Astrophysics, Flatiron Institute); Prof. THOMPSON, Todd A. (De-
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Ohio State University)
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Measurement of the neutron capture cross section of
%Ni at n_TOF

Monday 9 June 2025 11:30 (20 minutes)

The neutron capture cross section of 64Ni is an important parameter in nuclear astrophysics to
accurately simulate stellar nucleosynthesis and validate stellar models. 5*Ni is among the seeds
of the s-process and acts as an effective bottleneck for the production of the heavier nuclei in the
s-process path. For this reason, its neutron capture cross section has been found to be one of the
three key nuclear parameters that dominate the uncertainty on the predicted abundances of many
nuclei produced by the s-process up to Lead. Moreover, a discrepancy observed in SiC presolar
grains between measured 5*Ni isotopic ratios and predictions from a promising model for mixing
in AGB stars suggests a possible incorrectness of the recommended value of the neutron capture
cross section of 4Ni. Experimental measurements available in literature are indeed very scarce
and discrepant, especially concerning time-of-flight measurements that are ultimately needed to
determine Maxwellian Average Cross Sections (MACS) at different temperatures. For these rea-
sons, a new accurate time-of-flight measurement of the neutron capture cross section of *Ni has
been performed at the n_TOF facility at CERN, taking advantage of its high instantaneous neutron
flux and using a highly enriched %‘Ni sample. The preliminary results show interesting discrep-
ancies with respect to the cross section recommended in the most recent releases of the evaluated
nuclear data libraries. In particular, a huge resonance reported before at 9.52 keV is not observed.
As a consequence, a significant impact on the currently adopted MACS in the range of astrophys-
ical interest is expected. The astrophysical motivations, the measurement and the preliminary
results will be presented in this contribution.

Author: SPELTA, Michele (University of Trieste & INFN - Sez. di Trieste)

Co-authors: Dr TAGLIENTE, Giuseppe (INFN Bari); Dr MILAZZO, Paolo Maria (INFN Trieste); N_TOF
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Homogeneous abundances in the LMS-1 dwarf
galaxy stream and its globular clusters: extreme Ba
spreads in the galaxy and remarkable chemical
consistency in Eu

Thursday 12 June 2025 17:50 (20 minutes)

The LMS-1/Wukong stream represents the only chance locally to study a low-mass dwarf galaxy
and globular cluster system. As a low mass dwarf galaxy, it also offers insight into the extreme
chemical abundances and rare nucleosynthesis now synonymous with these objects. Currently on
a polar orbit, just north of the Galactic Bulge, LMS-1 was likely a major contributor to the build up
of the inner Milky Way at early times and given the close proximity in phase space and metallicity
to the globular clusters, NGC 5024 and NGC 5053, it is likely these clusters were accreted alongside
LMS-1. For the first time, we have performed homogeneous abundance measurements of stars in
LMS-1, NGC 5024 and NGC 5053 using high resolution spectroscopy to understand the chemical
similarities and differences between the galaxy and its clusters. We find a large >1 dex spread in
Ba in LMS-1 driven by two extremely s- and r-process deficient stars. This spread is not seen in
the two clusters. Neglecting these two stars, we see excellent consistency in the r-process element
Eu between the two clusters and the dwarf galaxy, suggesting that Eu remains a promising tag
linking clusters to their host galaxies. The nucleosynthetic implications of this finding and further
results from this remarkable system will be presented in this talk, linking back to the formation of
low-mass dwarf galaxy/globular cluster systems and extreme nucleosynthesis at early times.

Authors: MONTY, Stephanie (University of Cambridge); MATSUNO, Tadafumi (ARI, Heidelberg
University); Dr YUAN, Zhen (Nanjing University)
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Modeling Mass Transfer in AGB Binaries

Friday 13 June 2025 18:10 (20 minutes)

The nucleosynthetic s-process occurring in AGB stars from ~ 1-6MN is responsible for creating half
of the heavy elements in the universe, the chemical imprint of which can be studied by observing
the material on the surface of binary barium (Ba), CH, and carbon-enhanced metal-poor (CEMP)
stars. We simulate the results of AGB mass transfer in binaries by computing a grid of binary
stellar evolution models using the STARS code (Pols et al. 1995), using stellar yields from the
FUIl-Network Repository of Updated Isotopic Tables & Yields (FRUITY) database (Cristallo et al.
2011). We compare 1D-LTE abundance patterns (including C, Sr, Y, Zr, Mo, (Ru), Ba, La, Ce, Nd,
(Sm), Pb, Eu) and surface parameters of Ba stars from de Castro et al. (2016); Roriz et al. (2021,
2024), and a small number of Ba, CH, and CEMP-s from Dimoff et al. (2024) to the grid. We
find correlations between AGB masses and the abundance patterns of their polluted companions,
and we estimate accretion masses. We find the most frequently chosen scenario to explain heavy
element enhancement in Ba stars is a small amount of material (< 0.2 MK) accreted onto a > 2.3
MK binary companion to a 2.50 MK AGB star near the onset of core He burning. We compute
mass-transfer efficiencies, and find overall agreement with the slow AGB wind regime. We also
find scenarios with higher efficiencies, which may indicate other mass-transfer mechanisms.

Author: DIMOFF, Alexander (Max Planck Institute fiir Astronomie)
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Solar abundances for nuclei beyond Sr: s, i orr
element nucleosynthesis

Thursday 12 June 2025 11:30 (20 minutes)

We provide an update on nucleosynthesis beyond strontium, utilizing the latest nuclear data for
both the slow (s-process) and rapid (r-process) neutron capture processes. A significant portion of
the r-process abundance distribution is associated with neutron star mergers (NSMs).

At the state of the art, precise observational constraints on their nucleosynthesis are not yet avail-
able, and the uncertainties on the models of r-processe abundances do not depend only on the
knowledge of the astrophysical site where they occur, but also on the nuclear physics input.

We estimate the contributions from the r-process to Solar System abundances by adopting the
largely site-independent waiting-point concept through a superposition of neutron density compo-
nents normalized to the r-abundance peaks and the s-process contributions using recent models of
asymptotic giant branch stars, acknowledging that uncertainties in these estimates are dominated
by nuclear physics. The results from both approaches are critically compared to verify wether the
(few) discrepancies revealed hint to an i-process contribution or can be solved by providing more
precise nuclear physics input.

Beside the remaining challenges in the nucleosynthesis models, new measurements in ionized
plasmas, particularly B-decays from unstable cesium isotopes, could help refine these estimates.
For heavier nuclei, the situation is more complicated, as r-process progenitors are beyond current
experimental reach and uncertain branching ratios influence the s-process. This particularly con-
cerns nuclei with long half-lives in the lab, such as Lu-176 and Re-187, whose decay rates in stars
are not well understood. New measurements for these isotopes are urgently needed.

Authors: Prof. BUSSO, Maurizio Maria (University of Perugia, INFN Section of Perugia); PALMERINI,
Sara (University of Perugia)
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Exploring Neutron Capture Elements in Globular
Clusters with the GALAH Survey

Friday 13 June 2025 16:40 (20 minutes)

Contrary to the traditional view of globular clusters as single stellar populations, some ancient
star clusters exhibit remarkable diversity in their neutron capture process element abundances.
The Galactic Archaeology with HERMES (GALAH) Survey provides detailed measurements of key
neutron capture process elements, including Sr, Y, Zr, Mo, Ru, Ba, La, Ce, Nd, Sm, and Eu. Re-
cent observational campaigns have expanded the number of globular cluster stars included in the
survey, providing an opportunity to significantly enhance our understanding of these relics of
the early Universe. In this talk, I will present the quantity, quality, and scientific potential of
the globular cluster spectra obtained by the GALAH survey. I will also address critical caveats
and limitations in interpreting GALAH-derived neutron capture element abundances, informed
by insights from globular cluster analyses. Lastly, I will highlight ongoing efforts to investigate
the third s-process peak in anomalous star clusters, focusing on lead (Pb) abundances, through
high-resolution observations with the Magellan MIKE spectrograph.

Author: MCKENZIE, Madeleine (Carnegie Observatories)
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Correlation between nuclear capture rates and
abundances in r-process nucleosynthesis

Monday 9 June 2025 18:40 (5 minutes)

Neutron star mergers eject dense neutron rich material which are understood to be the primary
sites for the production of many of the heavy elements in the universe via rapid neutron capture
process, the r-process. There are several competing processes and reactions that determine the
amount of heavy nuclei produced during this process, including the cooling of the material, neu-
tron captures, compound nucleus formation followed by gamma emission, beta decays when free
neutrons become scarce, fission, and the complexities associated with forming nuclei away from
stability in the form of favorable shell closures for nucleons. In this talk we will discuss our work
on exploring the impact of correlation in nuclear reactions on astrophysical observations such as
the abundance patterns and the heating rates. We investigate the impact of correlations in neutron
capture rates which have not been studied in the past and conduct a reaction theory-consistent
Monte Carlo study to assess the full impact of rate uncertainties.

Authors: KEDIA, Atul (North Carolina State University); Prof. MCLAUGHLIN, Gail (North Carolina
State University); Prof. SURMAN, Rebecca (University of Notre Dame)
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[Y/Mg] as a Stellar Chronometer: Combining
Asteroseismic and Chemical Data

Monday 9 Fune 2025 19:05 (5 minutes)

The determination of stellar ages remains one of the greatest challenges in astrophysics, as age can-
not be directly measured. Advances over the last decade highlight the great potential of chemical
clocks, particularly abundance ratios involving s-process and a- elements to estimate stellar ages
with improved precision. For a sample of ~200 stars observed with the high-resolution spectro-
graph and 1.65 m telescope at the Molétai Astronomical Observatory in Lithuania, we determined
Y and Mg abundances and derived new asteroseismic ages from TESS observations. Our results
reveal a strong dependence of the [Y/Mg]-age relationship on the Galactic birthplaces of thin-disc
stars, while confirming previous results on negligible correlations for thick-disc stars. This study
highlights the importance of integrating chemical compositions, asteroseismic data, and precise
astrometric measurements from Gaia to refine the applicability of chemical clocks and enhance

our understanding of Galactic chemical evolution.

Author: VISCASILLAS VAZQUEZ, Carlos (Vilnius University)
Co-authors: TAUTVAISIENE, Grazina; PAKSTIENE, Erika; DRAZDAUSKAS, Arnas; CHORNIY,
Yuriy; BAGDONAS, Vilius; MIKOLAITIS, Sariinas; MINKEVICIUTE, Renata; STONKUTE, Edita
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The r, s, and p-process record in presolar grains

Friday 13 June 2025 11:50 (20 minutes)

The isotopic compositions of Sr, Zr, Mo, Ru, and Ba in presolar SiC and graphite have much to
tell us about nucleosynthesis in stars. We highlight here two examples from recent simultaneous
measurements on multiple elements in single presolar grains. (1) From their Mo and Ru isotopic
compositions, the mainstream, Y-, and Z-type SiC grains have remarkably constant and solar-like
ratios of r- to p-process isotopes, implying that their parental AGB stars had near-solar initial iso-
topic compositions. (2) Graphite grains contain Mo and Ru, but suffer from some solar system Mo
contamination. Ruthenium, on the other hand, seems pristine. One Ru-rich area within a graphite
grain has a more pure s-process component than any AGB star model is capable of producing in
well-mixed envelope. This implies that grain formation around AGB stars can occur before the
envelope is thoroughly mixed after a third dredge-up event. We will summarize recent data on
heavy elements and the constraints they place on nucleosynthesis mechanisms.

Author: DAVIS, Andrew (University of Chicago)
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Neutron capture rates in the i and r process

Tuesday 10 June 2025 10:10 (20 minutes)

The rapid (r) and intermediate (i) neutron capture processes are critical for explaining the observed
abundance patterns in stars. Both processes rely on neutron-capture rates, which remain largely
unconstrained, experimentally.

For the i process, we report the first experimental constraint on the ***Ba(n,y)*’Ba reaction rate
using radioactive ion beams (RIBs) from CARIBU at Argonne National Laboratory and the newly
developed Shape method [1]. Our results reduce the dominant uncertainty in lanthanum produc-
tion, a key i-process indicator, and confirm that elemental abundances in metal-poor stars are
consistent with an i-process scenario at neutron densities of 10** n/cm® [2].

For the r process, we present new measurements of neutron capture rates in neutron-rich Cs [3] iso-
topes, almost 10 neutrons away from the last stable Cs isotope, probing nucleosynthesis pathways
“north-east” of the doubly magic Sn-132 nucleus. These data provide critical inputs for statisti-
cal Hauser-Feshbach models, enabling improved predictions of neutron-capture rates in this key
r-process region.

Finally, we discuss ongoing efforts at RIB facilities such as TRIUMF (Canada) and FAIR (Germany)
to further expand the experimental neutron-capture rate database for both the r and i processes.

[1] Muecher, Spyrou et al., Phys. Rev. C 107, L011602, 2023
[2] Spyrou, Muecher et al., Phys. Rev. Lett. 132, 202701, 2024
[3] Greaves, Muecher et al., in preparation
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New and precise data of the possible i-process star
J094921.8-161722

Friday 13 June 2025 12:10 (20 minutes)

Several Carbon Enhanced Metal-Poor (CEMP) stars have been categorized as CEMP-rs, denoting
that their spectra show overabundances both slow (s-) and rapid (r-) process elements. The nature
of these stars is not yet explained, but hypotheses such as the “double pollution”and the inter-
mediate (i-) process nucleosynthesis have been proposed. Two groups of authors have studied
the stars GIU J190734.24-315102.1 and J094921.8-161722, and provided observation-based abun-
dances that support the double pollution hypothesis. However, using the same observation-based
data of J094921.8-161722, that shows a non-negligible enhancement of thorium, another group
of researchers supported the possibility of the i-process to be the source of enrichment, invok-
ing a parsimonious argument. Here we show element abundances, including Th and U, and Ba
and Eu isotopic ratio determinations, from new ESO UVES spectra of optimal quality in the blue.
Our approach is dedicated to re-derive stellar properties and abundances from revised methods
that use state-of-the-art 3D NLTE and 1D NLTE models, which have been scrutinized and proven
to minimize model and data processing biases. We discuss the compatibility with i-, and r- + s-
process nucleosynthesis models. Further, we evaluate the possibility of dating the star based on
cosmochronometry from Th and U.

Author: GIRIBALDI, Riano
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Galactic Chemical Evolution with r-process elements

Monday 9 Fune 2025 17:00 (20 minutes)

The origin of the heaviest elements is still a matter of debate. For the rapid neutron capture pro-
cess (r-process), multiple sites have been proposed, e.g., neutron star mergers and (sub-classes)
of supernovae. R -process elements have been measured in a large fraction of metal-poor stars.
Galactic archaeology studies show that the r-process abundances among these stars vary by over
2 orders of magnitude. On the other hand, abundances in stars with solar-like metallicity do not
differ greatly. While the large scatter at low metallicities might point to a rare production site,
why is there barely any scatter at solar metallicities? In this talk, I will discuss chemical evolution
scenarios that provide an explanation for the observed abundance features of r-process elements
in our Galaxy, especially at the lowest metallicities. Further, I will explain how adding short lived
radioisotopes to the model can help to further constrain the r-process and other processes, and
explain why certain short lived radioisotopes arrive conjointly on Earth, even though they were
produced at different nucleosynthesis sites.

Author: WEHMEYER, Benjamin
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Chemical clocks and their time zones: exploring the
cosmic time evolution of [s/Mg] in the Milky Way

Wednesday 11 June 2025 12:10 (20 minutes)

A linear relation between [s/alpha] and age has been found for stars with near solar metallicity.
However, this “chemical clock” relationship has been shown to be non-universal, with dependen-
cies on metallicity and position in the Galaxy. Using a novel empirical technique for recover-
ing stellar birth radii (Rbirth) in observations, I will show the cosmic time evolution of [Ce/Mg],
[Ba/Mg], and [Y/Mg] for different birth radii using APOGEE DR17 and GALAH DR3 data. The
age-[s/Mg] relation is strongly dependent on birth location in the Milky Way, with stars born in
the inner disc having the weakest correlation. The non-universal relations of chemical clocks is
caused by their fundamental trends with Rbirth over time, and suggest that the tight age-[s/Mg]
relation obtained with solar-like stars is due to similar Rbirth for a given age.

Author: MINCHEYV, Ivan

Presenter: MINCHEYV, Ivan

June 7, 2025 Page 64



s,i & r Element N... / Report of Contributions Progress on opacity measurements...

Contribution ID: 84 Type: Oral Contribution

Progress on opacity measurements in laboratory
plasma trap relevant for Kilonovae signals

Thursday 12 June 2025 12:10 (20 minutes)

Kilonovae (KNe) are promising electromagnetic signals arising from compact binary mergers,
which offer to nuclear astrophysicists a unique window to study the heavy-element nucleosyn-
thesis driven by the rapid neutron capture (r-process) nucleosynthesis predicted to occur in this
astrophysical environment. Deeply heterogeneous post-merging ejecta composition of both light
and heavy-r process nuclei, however, implies strong effects on the KNe light-curve due to the vary-
ing opacity of the system, yet hard to be fully addressed by theoretical models. In the framework
of the PANDORA project at INFN-LNS, we present a first-of-its-kind design of experimental and
computational activities, aiming at measuring the opacity of magneto-plasma under laboratory-
controlled conditions resembling the astrophysical scenario for KNe propagation in ejecta, as be-
ing an unsolved key variable of the problem. In this view, the results of recently performed ex-
periments at the INFN-LNS to reproduce stable early-stage ejecta thermodynamical conditions of
under-dense and low-temperature plasmas are here reported, along with preliminary results on
gaseous plasma opacity.

Author: PIDATELLA, Angelo

Presenter: PIDATELLA, Angelo

June 7, 2025 Page 65



s,i & r Element N... / Report of Contributions Nuclear Beta-decays of highly ioni...

Contribution ID: 85 Type: Oral Contribution

Nuclear Beta-decays of highly ionized heavy atoms
in stellar interiors: part Il

Friday 13 June 2025 09:30 (20 minutes)

The compilation1 of the beta-decay rates, based on the method developed in PART

L,2 has been extensively used for various s-process models. Given the advent of a

sophisticated modeling of the s-process associated with the thermal pulse/inter-pulse

and 3rd dredge-up phase in low-mass stars, and of a possibility of the s-processing

in the core/shell carbon burning phase in massive stars, it may be worth improving

the beta-decay formalism in PART I on some fronts: 1) updating nuclear input data

(ft-values, Q-values), 2) estimating the possible errors in the computed rates, 3) extending

the temperature- and density- domains, and 4) removing various approximations

and inter-/extrapolations that were necessary in PART I because of the limited computational
capabilities and budget (!). This contribution mainly concerns the item 3) & 4).

1 K. Takahashi & K. Yokoi, Atomic Data and Nuclear Data Tables 36, 375-409 (1987)
2 K. Takahashi & K. Yokoi, Nuclear Physics A404, 578-598 (1983)
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Unveiling the Mystery of Technetium-Rich M Stars:
Implications for AGB Evolution

Monday 9 June 2025 10:10 (20 minutes)

The technetium(Tc) -rich M stars reported in the literature

(Little-Marenin & Little 1979; Uttenthaler et al. 2013; Shetye et al. 2022) are
puzzling objects since no isotope of technetium has a half-life longer than a few
million years, and 99Tc, the longest-lived isotope along the s-process path, is
expected to be detected only in thermally-pulsing stars enriched with other
s-process elements (like zirconium). The anomaly deepens as carbon
enrichment is anticipated in tandem with zirconium, following each thermal
pulse on the asymptotic giant branch (AGB). Surprisingly, the Tc-rich M stars
lack significant zirconium enhancement (which would categorise them as
S-type stars) and display no substantial carbon overabundance (which would
label them as carbon stars).

In my talk, I'll present a systematic high-resolution study of a large sample of
Tc-rich M stars. I'll delve into the spectral properties of these stars, and its
comparison with those of Tc-rich S stars. Additionally, I'll present their s-process
element abundance analysis, accompanied by a comparison of their location

on the HR diagram with Tc-rich S-type stars. Lastly, I will discuss the role of
Tc-rich M stars as the potential tracer of the onset of the third dredge-up.

Author: SHETYE, Shreeya
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Nucleosynthetic Yields from realistic
neutrino-driven explosions of core-collapse
supernovae in 1D

Friday 13 June 2025 18:50 (20 minutes)

Core-collapse supernovae are one of the most important sources of heavy elements

in the universe. Therefore, accurate modeling of the stellar evolution and the explosion
phases are crucial to obtain accurate predictions of their nucleosynthetic

signature. In this talk I will present results from nucleosynthesis calculations of realistic
neutrino-driven supernova explosions in spherical symmetry. I will comment on the
explosive nucleosynthesis, weak r-process component calculated with realistic neutrino
spectra, as well as the contribution of the pre-supernova seeds to the final yields. As

a representative example, I will discuss Ti44, a radioactive isotope that powers the
late-time light curve of supernovae and whose abundance has been measured in several
supernova remnants. I will discuss different production mechanisms both pre- and postcollapse
as well as the potential impact of multi-dimensional effects on its final abundance.

Author: BOCCIOLI Luca
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Copper-hydrogen collisions and implications on the
Galactic evolution of copper

Monday 9 June 2025 18:15 (5 minutes)

The astrophysical production sites of copper and its Galactic chemical evolution remain poorly
understood. Reliable copper abundances in metal-poor stellar atmospheres can provide vital clues,
but these measurements are prone to modeling uncertainties due to departures from local ther-
modynamic equilibrium (LTE). One of the largest sources of uncertainty in non-LTE modeling of
copper arises from the cross-sections for inelastic collisions with hydrogen. To address this, we
present new calculations for inelastic collisions between copper and hydrogen, using a combined
Linear Combination of Atomic Orbitals (LCAO) and free electron model approach, which provides
improved and extended rate coefficients for non-LTE models.

By applying non-LTE corrections to LTE copper abundances in stars from the literature, we find
significant changes in the [Cu/Fe] trends. Our results reduce scatter in star-to-star and line-to-line
abundances and resolve previous discrepancies between dwarfs and giants. Notably, we identify,
for the first time, a potential upturn in [Cu/Fe] at low metallicity and a dip around [Fe/H] = -1.7,
which may hint at a Pair Instability Supernova (PISN) signature. These findings shed new light
on copper’s cosmic origins and highlight its potential as a tracer of nucleosynthesis in the early
Galaxy.

Author: CALISKAN, Sema
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Fluorine Abundances in Carbon Stars

Monday 9 Fune 2025 18:10 (5 minutes)

The fragile nature of the lone stable isotope of fluorine, 19 F, makes the light, odd-Z element flu-
orine a useful probe of the processes occurring in stellar interiors. Fluorine enhancements have
been observed in asymptotic giant branch (AGB) stars, and the observed excess of fluorine in AGB
stars relies heavily on measurements of stars with a C/O ratio of ~1. We determine the abundance
of fluorine in ten Galactic carbon stars (3 N-type, 6 R-type, and 2 J-type) with C/O ratios greater
than 1.1 using spectra obtained with the high-resolution spectrograph iSHELL (R~75,000) on the
NASA Infrared Telescope Facility (IRTF). We compare the observed fluorine abundances to the-
oretical models and investigate the relation between fluorine abundance and s-process element

enhancement in our sample stars.

Author: BRADY, Kristin E.
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Plasma-induced modification of 3-decay rates
relevant for the s-process

Monday 9 June 2025 18:45 (5 minutes)

The s-process nucleosynthesis pathway is governed by the competition between neutron capture
rates and B-decay lifetimes of radioisotopes. The latter are susceptible to changes in atomic con-
figuration of the parent and daughter ions and are consequently modified inside stellar plasmas
due to the ion charge state distribution and level excitation. PANDORA is an upcoming facility
at INFN-LNS which aims to use an electron cyclotron resonance ion source (ECRIS) as a com-
pact magnetoplasma to measure plasma-induced variation of f-decay rates. We report here on
upgrades in the theoretical modelling of in-plasma B-decay under different thermodynamic con-
ditions, through the examples of orbital electron capture in 7Be and bound/continuum decay in
134Cs. The

results reaffirm the impact of the electronic configuration on the decay rate and improve upon the
methodology of Takahashi-Yokoi by including finer atomic effects. Using a Particle-in-Cell Monte
Carlo (PIC-MC) code to model ECRIS dynamics, we extend the analysis to a realistic laboratory
plasma and demonstrate expected spatial gradients of isotope decay rates in the plasma chamber.
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Chemical evolution of neutron-capture elements

Friday 13 June 2025 11:00 (30 minutes)

The field of chemical evolution of galaxies is key to understanding the origin and distribution
of neutron-capture elements, able to provide insights into the astrophysical sites responsible for
heavy-element nucleosynthesis, as well as the mechanisms that govern their dispersal throughout
galaxies. In this review talk, I will present both past and recent advancements in this field. By
integrating observational constraints from metal-poor stars, Galactic and extragalactic surveys,
and theoretical nucleosynthesis models, I will discuss the relative contributions of different as-
trophysical sites to the enrichment history of heavy elements. While the s-process is generally
associated with asymptotic giant branch stars and rotating massive stars, the astrophysical origin
of the r-process is still debated. Neutron star mergers are considered a key site for producing heavy
neutron-capture elements, but their long merger timescales and low observed rates raise questions
about whether they alone can explain r-process enrichment in galaxies. Some rare classes of core-
collapse supernovae, such as magneto-rotational supernovae or collapsars, have been proposed as
additional sources, though their role remains uncertain. By comparing state-of-the-art Galactic
Chemical Evolution models with observational data, in this talk I will highlight key uncertainties
(including the timescales and relative contributions of different nucleosynthesis sites) and future
directions in the field, providing a comprehensive perspective on how neutron-capture elements
shape the chemical evolution of the Universe.

Author: MOLERO, Marta
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Theory of the intermediate neutron capture process
(i-process)

Monday 9 Fune 2025 11:00 (30 minutes)

Despite considerable progresses during the last decades, the origin of the elements heavier than
iron is not yet fully understood. In addition to the slow (s) and rapid (r) neutron capture processes,
an intermediate neutron capture process (i-process) is thought to exist at neutron densities inter-
mediate between the s- and r-processes. The astrophysical site(s) hosting the i-process is (are)
actively debated. In this presentation, I will review the current understanding of the i-process and
focus on its development in various sites. I will emphasize the unique chemical signature of the
i-process, including the production of actinides, address nuclear uncertainties, and compare model

predictions with observations of chemically peculiar stars and pre-solar grains.
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Neutron Capture Nucleosynthesis In Asymptotic
Giant Branch Stars

Tuesday 10 June 2025 16:10 (30 minutes)

This paper presents a general review of the Asymptotic Giant Branch

(AGB) evolutionary stages for Low and Intermediate Mass Stars and of the

nucleosynthesis processes occurring in them, chiefly as a consequence of the activation, in their
final phases, of two crucial neutron-releasing reactions, 13 C(a,n) 16 O and 22 Ne(a,n) 25 Mg. These
are jointly responsible for the production of most of the heavy nuclei generated through slow
neutron captures, i.e. the so-called s-process, where neutron additions on unstable isotopes close to
valley of beta-stability occur on average less effectively than the corresponding weak interactions
(mainly b - decays). In particular, AGB stars are recognized to produce almost entirely s-process
nuclei in the range from A ~ 85 (Kr, Rb, Sr) to A ~ 208-209 (Pb, Bi), i.e. the so-called Main Component
of the s-process, as observed in our Galaxy, together with variable contributions to lighter species.
As this field has been active now for almost 70 years and has seen the gradual development of
our knowledge of the basic nuclear mechanisms and the parallel growth in our understanding of
the stellar models for those advanced evolutionary stages, part of this review is dedicated to the
historical progresses in these fields.

More modern approaches encountered significant difficulties, hampered as they

were by our poor understanding of stellar (especially non-convective) mixing

mechanisms. This peculiarity will require therefore some a non-marginal mention.

Decisive improvements finally came jointly by gradually more precise

observational constraints and by increasing accuracy in the determination of neutron

capture cross sections. They both induced the understanding of 13 C(a, n) 16 O as the

dominant neutron releasing reaction for the production of heavy s-nuclei. I then

proceed to account for (some) contributions coming from various research groups to

the improvements of the present century, both on mixing mechanisms and on less-

widely parameterized approaches, which now seem to yield a rather comprehensive

view of the subject and to the establishment of the first credible constrains on the r-

(and possibly i-) processes, complementing the synthesis of heavy nuclei.
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Tracing the Origins of Elements: Insights from AGB
and Post-AGB Stars

Thursday 12 June 2025 11:00 (30 minutes)

Low- and intermediate-mass (LIM) stars are fundamental to the Universe’s chemical evolution,
yet their element production remains poorly understood. Recent observations of post-AGB stars
reveal striking chemical diversity—some exhibit strong carbon and s-process enrichment, while
others show no trace of these elements. Binary interactions further complicate this picture, with
most post-AGB binaries displaying photospheric chemical depletion, though recent discoveries
challenge this trend. This diversity has profound implications for Galactic Chemical Enrichment
models, which rely on theoretical stellar yields to trace the origins of elements. In this talk, I will
present insights from multi-wavelength observations of post-AGB stars and advanced modelling
to unravel this chemical diversity, highlighting recent advances and critical gaps in our under-
standing of LIM stars’ contributions to the cosmic chemical budget.

Author: KAMATH, Devika
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The weak s-process production in massive stars:
theory, uncertainties and comparison with
observations

Friday 13 June 2025 15:40 (30 minutes)

The abundances in the Solar System are the result of the contributions from many generations
of stars. Beyond the Fe-group elements, about half of the abundances were made by the slow
neutron-capture process, or s-process. Stars with initial mass of the order of 9 solar masses or
larger contributed a relevant fraction of the s-process elements between Fe (Z=26) and Zr (Z=40),
with free neutrons mostly provided by the alpha-capture reaction on Ne22. The predictions from
computational simulation of the s-process in these stars are strongly affected by nuclear and stellar
uncertainties. Therefore, after decades of research, the solar s-process abundance pattern of these
elements remains uncertain. In this presentation I will discuss current challenges for s-process
nucleosynthesis simulations in massive stars, the main uncertainties and available observations to
benchmark stellar models.

Author: PIGNATARI, Marco
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A Black Hole and Its Metal-Poor Companion: A Full
Chemical Analysis of the Red Giant in Gaia BH3

Monday 9 June 2025 18:35 (5 minutes)

Gaia BH3 is the third black hole that was discovered with in the early data release in Gaia DR4 due
to the astrometric implication of a ~33 solar mass companion of a red giant. This red giant com-
panion is an old metal-poor star that is likely a part of the Sequoia halo substructure. The possible
production mechanisms for this binary system and the initial detection of Eu in this star (Gaia
Collaboration et al. 2024) made this red giant companion a prime target to follow-up. Here we
present a full chemical abundance analysis of the red giant companion in Gaia BH3 with ~40 hours
of observations on the Tull Coudé Spectrograph on the 2.7 Harlan J. Smith Telescope at McDonald
Observatory. We confirm the presence of neutron capture elements as well as the detection of Li.
We attempt to use the r-process elements detected in this red giant to place an age on this system.
The presence of these heavy elements in this ~33 solar mass black-hole and red giant binary has
implications about the formation of this peculiar system and can help us constrain the environ-
ments that produce neutron-capture elements. These observations lay the groundwork for heavy
element chemical analysis for subsequent black-hole and stellar binaries that will likely be found
in Gaia DR4.

Author: HACKSAW, Zoe
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The quest for r-process cosmic forges

Monday 9 Fune 2025 16:10 (30 minutes)

Despite the first direct evidence of r-process nucleosynthesis occurring in the merger of two neu-
tron stars, the problem of the presence of one or more sites where the r-process can proceed is
not settled. Depending on the merger rate and on the average ejecta amount, mergers involving
neutron stars could explain the bulk of the r-process elements in the Galaxy. However, metal poor
stars and galactic chemical evolution seem to require other sites in addition to compact binary
mergers, especially due to the presence of heavy elements at very low metallicity. In this talk, I
will review the astrophysical sites where r-process nucleosynthesis can occur, with a special em-
phasis on compact binaries and special classes of supernovae, focusing on their possible diversity.

Author: PEREGO, Albino
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Measurements of the s process neutron sources

Tuesday 10 June 2025 15:40 (30 minutes)

The reactions 13C(a,n)160 and 22Ne(a,n)25Mg are the neutron sources for the main and (the latter)
the weak s process. Their cross sections need to be known at very low energies to provide for
reliable astrophysical reaction rates in the s process energy windows. In the recent years there
has been a world wide effort to both directly and indirectly measure these cross sections at low
energies, at experimental facilities on the surface of the earth as well as deep underground. In
this talk we will gave a status update on our knowledge and the measurement of these two crucial
reactions for astrophysics.

Author: BEST, Andreas
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Observations of r-process enriched stars

Wednesday 11 Fune 2025 09:00 (30 minutes)

About half the elements heavier than iron in the Universe, like silver and gold, are created in the
rapid neutron-capture (r-)process. However, today, almost 70 years after the theoretical prediction
of this process, it is still highly debated in what type of stellar explosions it can take place. One
of the best places to search for answers is in ancient, metal-poor stars formed from the enriched
gas. Their chemical makeup is like a time capsule, a direct fingerprint of the elements produced by
the stellar generations that came before them. Since the first r-process enhanced star, CS-22892-
052 was discovered more than 30 years ago, multiple projects like the Hamburg/ESO R-process
enhanced star survey (HERES), Chemical Evolution of R-process Elements in Stars (CERES), and
the R-Process Alliance (RPA) have searched for more r-process enriched stars in the Milky Way.
At the same time, numerous r-process enriched stars have been discovered in stellar streams and
dwarf galaxies. This talk focuses on recent advances in finding r-process enriched metal-poor stars
and what the detailed chemo-dynamical analysis of these stars can tell us about heavy element
nucleosynthesis and the astrophysical site(s) of the r-process.
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Neutron capture reactions for the astrophysical i
process

Wednesday 11 June 2025 11:00 (30 minutes)

The astrophysical i process has been proposed to explain astronomical observations that could not
be explained by the traditional s and r processes. It involves nuclei that are a few steps from stabil-
ity where the main missing piece of information from the nuclear physics side is neutron-capture
reaction rates. In this talk I will present an experimental program that aims at constraining im-
portant neutron-capture reactions for the astrophysical i process. I will focus on the mass 90 and
140 regions, where stellar observations show sensitivity to model parameters and nuclear physics
inputs. The measurements of the relevant reactions took place at the CARIBU facility at Argonne
National Lab using the SuN detector. The /3-Oslo method was used to extract the

nuclear level density and the ~y ray strength function, which were used to constrain the relevant
neutron capture reaction rates. The impact of the experimental results on the astrophysical i pro-

cess will be discussed.
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Nuclear weak-interaction processes in stars

Tuesday 10 June 2025 09:00 (30 minutes)

Nuclear weak-interaction processes play an important role in nucleosynthesis processes and late-
stages of the evolution of stars. These processes are often modified due to the temperature and
density conditions of the environment allowing for the appearance of novel decay channels nor-
mally not found under laboratory conditions. At the moderate conditions at which the s-process
operates in AGB stars atoms are partially ionized making necessary to consider both atomic and
nuclear corrections to the processes. An important example is 205T1 that decays by bound-beta
decay to 205Pb under stellar conditions. The evolution of the core of AGB stars is again determined
by weak processes that lead phases with URCA cycles and double electron capture processes. Typ-
ically in all these cases weak processes are determined by only a few nuclear transitions whose
strength should be determined experimentally whenever possible.

Weak processes are also fundamental to determine the collapse and explosion of massive stars.
Electron capture processes operating in nuclei determine the collapse dynamics. However, differ-
ently to low and intermediate mass stars, they operate in a broad range of nuclei excited to rather
high temperatures making an experimental determination challenging. As the density increases
neutrino matter interactions become more and more important being fundamental to determine
the supernova explosion.

Neutrino-nucleus reactions are also important for the nucleosynthesis of heavy nuclei. I will intro-
duce a new nucleosynthesis process, the vr-process, that operates in ejecta subject to very strong
neutrino fluxes producing p-nuclei starting from neutron-rich nuclei. It may solve a long standing
problem related to the production of 92Mo and the presence of long-lived 92Nb in the early solar
system.
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Nuclear theory and r-process observables

Thursday 12 June 2025 09:00 (30 minutes)

The nucleosynthetic pathway of the rapid neutron capture process (r-process) proceeds far to the
neutron-rich side of the valley of beta stability. Particularly for the heaviest species, this region
of the nuclear chart lies well past where current rare isotope facilities have so far been able to
reach. Thus simulations of the r-process rely on nuclear theory for key nuclear properties includ-
ing masses and fission rates and yields. In this review talk, we will examine the role played by

these nuclear properties in shaping r-process observables such as abundance patterns and electro-
magnetic signatures.
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Kilonova modeling

Thursday 12 June 2025 15:40 (30 minutes)

Kilonovae are optical-IR tr