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NA4 Mass Spectrometry Network: Introduction

Mass 

Spectrometry 

analysis of 

different types of 

meteorites has 

revealed isotopic 

variations due to 

the presence of 

material (e.g., 

stardust) that 

preserved the 

signature of 

nuclear reactions 

occurring in 

specific stars. 
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NA4 Mass Spectrometry Network: Introduction

The interpretation of 

such variations 

provides evidence 

for 

➢ the environment of 

the birth of the 

Sun, 

➢ the accretion 

process,

➢ the evolution of the 

proto-planetary 

disk, and 

➢ the formation of 

the planets.
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Figure 2 | Cartoon illustrating dust formation and evolution as proposed in our model 299 

(not to scale). Stardust forms in different stellar environments with ongoing nucleosynthesis 300 

and retains the unique isotope composition of its formation site. The trace element 301 

composition of AGB stardust depends on the condensation temperature of individual 302 

elements and is depleted in volatile elements compared to the bulk Solar System s-process 303 

component. Stardust in the Solar System mainly originates from low mass AGB stars that 304 

produce grains with an s-process isotope composition (red squares). In particular, Solar 305 

System stardust is sourced from high metallicity AGB stars that produce less heavy elements 306 

(Z ≥ 56) compared to the average Solar System composition. Dust from other stellar 307 

environments (blue triangles), e.g. supernovae, contribute only a minor fraction to stardust. In 308 

dense molecular clouds, dust condenses from the homogenised gas phase onto pre-existing 309 

grains forming ISM dust mantles around stardust (dark grey). Due to gravitational 310 

instabilities a part of the molecular cloud collapses and forms a protoplanetary disk 311 

surrounding a proto-sun. Thermal gradients in the protoplanetary disk preferentially destroy 312 

ISM mantles in regions closer to the Sun (Yellow regions), which results in a relative 313 

enrichment of stardust, predominantly carrying an s-process composition in lighter elements 314 

(Z<56). The composition of infalling material changes with time and/or thermal 315 

processing
28,29,49

. Complete homogenisation between the inner and outer Solar System is 316 

blocked by the formation of Jupiter’s core
49,50

, which leads to two compositionally slightly 317 

different reservoirs.  318 

Figure from Ek et al. 2020
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NA4 Mass Spectrometry Network: Introduction

The comparison of the observed variations to predictions from models of nuclear 

burning in stars can help us to discover the physical origin of the isotopic variations.  

However, this comparison has been limited to a handful of model predictions because:
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NA4 Mass Spectrometry Network: Introduction

(I) the predicted stellar 

abundances need to be 

transformed into a

representation that 

nuclear astrophysicists 

are unaccustomed to.
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NA4 Mass Spectrometry Network: Introduction

➢ Isotopic ratios are 
internally 
normalized, to 
avoid the problem 
of mass-depended 
fractionation

➢ Variations are in 
parts per 10-4: 
stellar signatures 
are strongly diluted

➢ Chemistry effects 

(I) the predicted stellar 

abundances need to be 

transformed into a

representation that 

nuclear astrophysicists 

are unaccustomed to.

The comparison of the observed variations to predictions from models of nuclear 

burning in stars can help us to discover the physical origin of the isotopic variations.  

However, this comparison has been limited to a handful of model predictions because:

See Mattias Ek’s talk
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NA4 Mass Spectrometry Network: Introduction

(I) the predicted stellar 
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NA4 Mass Spectrometry Network: Introduction

(II) the stellar models are not 

fully available to/manageable 

by cosmochemists and 

planetary science researchers.

(I) the predicted stellar 

abundances need to be 

transformed into a

representation that 

nuclear astrophysicists 

are unaccustomed to.

Abundance profiles in the ejecta of a core-

collapse supernova (Marco Pignatari)

➢ Abundances (not yields) are 
need – often these are not even 
published! 

➢ Radioactive contributions 
depends on time scale relative 
to dust formation and chemistry

➢ Mixing of nearby layers?

The comparison of the observed variations to predictions from models of nuclear 

burning in stars can help us to discover the physical origin of the isotopic variations.  

However, this comparison has been limited to a handful of model predictions because:
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NA4 Mass Spectrometry Network: Introduction

(I) the predicted stellar 

abundances need to be 

transformed into a

representation that 

nuclear astrophysicists 

are unaccustomed to.

(II) the stellar models are not 

fully available to/manageable 

by cosmochemists and 

planetary science researchers.

Provide Virtual Access to: 

➢ codes/algorithms for the 

nuclear astrophysicists 

➢ stellar models for the 

cosmochemists and 

planetary science 

researchers 

The comparison of the observed variations to predictions from models of nuclear 

burning in stars can help us to discover the physical origin of the isotopic variations.  

However, this comparison has been limited to a handful of model predictions because:
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NA4 Mass Spectrometry Network: D9.1

Completed April 2022 based on Mattias Ek (ETHZ)’s python code

➢ Focus on slow neutron-capture process in AGB stars 

➢ Code available via the ChETEC-INFRA.eu website; more AGB data to become 

available soon from CSFK

➢ Dissemination via paper (Lugaro et al. 2023, EPJA, 59, 53) and talk (Lugaro et 

al.) at OMEG2022 conference (October 2022)

See Mattias Ek’s talk
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NA4 Mass Spectrometry Network: D9.2

Completed: June 2023 based on Marco Pignatari (CSFK)’s python code

➢Validation of the code completed using Ni isotopes, more development ongoing

➢Code available via the online platform: https://astrohub.uvic.ca/chetec/

➢ApJS paper (Pignatari et al., in prep) and talk (Lugaro et al.) at the Goldschmidt 

conference in Lyon (14th July 2023)

➢Six (seven) sets of core-collapse supernovae of masses 15, 20, 25 solar 

masses available to be processed (for a total of 18 models, to become 21)

https://astrohub.uvic.ca/chetec/
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NA4 Mass Spectrometry Network

15 M⦿ 25 M⦿

DATA

DATA

e.g., Steele et al. 2012

Nanne et al. 2019

Makhatadze et al. 2023

e.g., Hopp al. 2022

Figures by Gábor Balázs



07/06/2023 Maria Lugaro, Konkoly Observatory (HU), maria.lugaro@csfk.org, chetec-infra.eu 14

NA4 Mass Spectrometry Network: D9.3

In Progress: October 2023 

prototype from Mattias Ek

(ETHZ)
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NA4 Mass Spectrometry Network: Future D9.4, D9.5, D9.6

April 2024

April 2024

October 2024

See Benjiamin Wehmeyer’s talk
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NA4 Mass Spectrometry Network

➢ Bridge the gaps between nuclear astrophysics and cosmochemistry and planetary 

science 

➢ Combine expertise on mass spectrometry laboratory investigations and the 

theoretical modelling that can help to interpret the data

➢ Train a new generation of scientists who can understand both languages

➢ Provide the first comprehensive framework of Virtual Access to tools (D9.1, 

D9.2, D9.4, D9.6), data (D9.2), and resources (D9.3, D9.5) to the different 

communities


