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The solar spectrum: black

lines appear because

* photons pass through
the gas.

 photons with energies
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levels of the atoms are
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The solar spectrum: black

lines appear because

* photons pass through
the gas.

 photons with energies
matching the energy
levels of the atoms are
absorbed.

* Hydrogen is the main
component of the Sun!

* Hand He are found in much
greater quantities in the Sun
than Si, C, etc.
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The Sun is 98% H and He
More than 90% of the Earth's crust is O, Si, Al, Fe, Mg, Ca
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Abundances of  1s (Element/Mg) / Sun There are only 5 .conflrmed
Cl type meteorites, e.g.

the elements mei .
from meteorites - Orgueil (discovered in
1864, 14 kg).

Lodders et al. (2025) 04
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Abstract: The Commission on Isotopic Abundances and Atomic Weights (ciaaw.org) of the International
Union of Pure and Applied Chemistry (iupac.org) has revised the Table of Isotopic Compositions of the
Elements (TICE). The update involved a critical evaluation of the recent published literature. The new TICE
2013 includes evaluated data from the “best measurement” of the isotopic abundances in a single sample,
along with a set of representative isotopic abundances and uncertainties that accommodate known varia-
tions in normal terrestrial materials.
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What about
the isotopic
abundances?

Most are the same throughout the Solar System, from the
Sun to Jupiter to the human body!
Variations can be attributed to known chemical processes *
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Number of elements showing isotopic variability in meteorites
(not attributable to chemical processes!) Tissot et al. (2025)
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1. The
Isotopic
composition
of the Earth
tells us what
its building
blocks were
9
formation of
the terrestrial
planets
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2. The isotopic variability is due to original stellar material
distributed heterogeneously at large scale in the early Solar System
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Why is there a gap
between the inner
and outer Solar
System? A spatial
barrier in the disk?
For example, the
very rapid (< 1
million year)
formation of

Jupiter's core
(Kruijer et al. 2017)
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Kubies and sapphire

Solid stellar
material is found
In meteorites:
tiny pieces of
microscopic dust

Silicon carbide =
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¢ o Pl
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s ’ 4 .

Physical pieces of giant
stars and supernovae!
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Red lines: stardust from giant stars = effect of slow neutron captures

116%Mog 11 8'%°Moy,

694I|\/|0 | 695|\/|096 i
(%) T (%)

+800 | 96 i

R RN
1

+400

-400

-800 - Stephan & Davis 2021 .
P IR SR ST R P IS S RN R .|...|...|.||.|...|.... P ISR S BT R
-800 -400 0 -800 -400 0 -800 -400 0 -800 -400 0 -800 -400 0
f SZ2Mo ) S3Mo Eﬁ 4o S5Mo SeMo SYMo S8Mo & 100Mo

STAELE 40E+3 Y STAELE STAELE STAB STAELE 9S8 D STABLE

14 84% 9 15¢S 10.00 P P ) %10 9.63%

p-only S+ ‘ s onIy TR - 100.00% [N LY .

L¥4444441

™ ™A TL. ST et S ™



Red lines: stardust from giant stars = effect of slow neutron captures
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Red lines: stardust from giant stars = effect of slow neutron captures
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The Earth is the richest in stardust from red giant stars in the Solar System!
This is a problem because the Earth should have formed from a mixture of
material, how can it be an end member?




1) The even richer material fell into the Sun. Prediction: Venus and Mercury

should be even richer, but we do not know their Mo isotopic composition
(Mezger et al. 2020, Space Sci Rev)
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2) Or, the AGB stardust enrichment did not happen in the protosolar disk, but
during the formation of the Earth, assuming pebble accretion (Oneytt et al. 2023)
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Slope from neutron captures p>>Mo vs. u?*Mo

different symbols = different studies
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Slope from neutron captures p’>Mo vs. n>*Mo

different symbols = different studies
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‘Mo + n = 'Mo + v : Currently measured at#
CERN n_TOF and GELINA JRV-Geel NTOF
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Prediction of the
neutron capture
signal in giant stars

\

Future
tasks

the giant stars
from where the
signal
originated

|dentification of

‘Mo + n = 'Mo + v : Currently measured at#
CERN n_TOF and GELINA JRV-Geel NTOF

Understanding the
evolution of the

protoplanetary
disk

/

Determination of the type
of stardust in the outer
and inner early Solar
System
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Summary and conclusions

* The isotopic composition of meteorites is not 100% the same as terrestrial,
which shows that large-scale variation were present in the protoplanetary
disk due to variability of various stellar materials (e.g., stardust)

* [sotopic variations can be used to understand the environment of the Sun’s
birth, the evolution of the protoplanetary disk, and the formation of the
planets

* |dentification of their stellar origin is the new research direction needed to
test these theories
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