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The r-process pattern is 
NOT universal

Homogeneous analysis of a sample of 10 stars

Both light elements and lanthanides 
abundance pattern 
are determined by the deposition of 
the fission fragments of transuranic 
nuclei generated via r-process2

The spread in the 
light r-process  
elements reduces
if rescaled to Zr 
instead of Eu1

➔ Halo stars

➔ Red Giants

➔ Cool stars: 4000 < Teff < 5500

➔ Metal poor, [Fe/H] < −2

➔ r-II stars: pure r process 
   enhanced stars, [Eu/Fe]≥+0.7

Historically, it was believed that many 
stars exhibited a consistent relative 
abundance pattern among the heavier 
r-process elements, a phenomenon 
referred to as the universality of the r-
process. 

However, recent results from the        
R-Process Alliance have challenged 
the universality(1,2,5) :

RPA criteria for the target 
selection

The method: stellar 
spectroscopy
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Radiative transfer code in 1D LTE:
MOOG

+
High resolution and high S/N

spectroscopic data

Model atom 
or line lists 

Stellar atmosphere 
models

Equivalent width or spectral synthesis 

Chemical abundances 
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Abundance analysis

1The R-Process Alliance: Abundance Universality among Some Elements at and between the First and Second R-Process Peaks, Roederer et al. (2022)
2 Element abundance patterns in stars indicate fission of nuclei heavier than uranium, Roederer et al. (2023)
3 HD 222925: A New Opportunity to Explore the Astrophysical and Nuclear Conditions of r-process Sites, Holbeck et at. (2023)
4 Spallation of r-Process Nuclei Ejected from a Neutron Star Merger, Wang et al. (2020)    
5The R-process Alliance: A Nearly Complete R-process Abundance Template Derived from Ultraviolet Spectroscopy of the R-process-enhanced Metal-poor Star HD 222925 , Roeder et al. (2022)

➔ This study will significantly enhance the 
amount of available data of Os and Ir 
abundances

➔ Models of r-process nucleosynthesis have 
show that the abundances of the third-peak 
elements, Os and Ir, can depend on a wide 
range of model parameters such as:
-  electron density, Ye
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- entropy of the dynamical ejecta, s 3 
- spallation 4

- amount of fission fragment deposition 2

Is the scatter also 
caused by a non 
homogeneous 

analysis?

What can we learn 
from the scatter in 

the third peak 
elements?
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THE ABUNDANCES WILL 
BE PUBLISHED SOON: 
Racca et al. (in prep) 

Third peak 
elements might 
be affected by 
fission fragment 
deposition

Are there two 
sites of the r-
process or 
some variation 
in a single 
process?

Possible 
correlation with 
the formation of 
the actinide 
element Th

The third peak elements

?

?

?

Preliminary results

Constraining the third peak elements 
abundances will help constrain the 
dependency on these parameters

https://ui.adsabs.harvard.edu/abs/2022ApJ...936...84R/abstract
https://www.science.org/doi/10.1126/science.adf1341
https://ui.adsabs.harvard.edu/abs/2023ApJ...951...30H/abstract
https://ui.adsabs.harvard.edu/abs/2020JPhCS1668a2049W/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJS..260...27R/abstract
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