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Observational studies of r- and s-process elements 
for Milky Way stars 

År- and s-process elements recorded in the solar-system material
ÅConstraints from metal-poor stars 

Contributions to Galactic chemical evolution
Elements recorded in companion stars in binary systems 

År-process observations
statistics obtained from large sample (R-Process Alliance: RPA)
origins of r-process enhanced stars 
connection to Galactic halo formation 

astrophysical site(s) of r-process
ÅMetal-poor stars studied with LAMOST and the Subaru Telescope

Abundance distributions of neutron-capture elements
Extreme CEMP-s star
r-rich star with dwarf galaxy origin
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Neutron-capture processes:
s-process and r-process

Snedenet al. (2008)
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Snedenet al. (2008)

Elemental abundances of 
solar-system material

Snedenet al. (2003)

ÅAbundances of elements heavier than Fe-group are separated 
into s-process and r-process components using s-process models. 

ÅTheir abundance patterns are compared with stellar observations 
and model predictions.
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Chemical abundances of extremely metal-poor stars 
Ҧ Nucleosynthesis of first stars/supernovae
Ҧ r-process by neutron star mergers? Magneto-rotational supernovae?
s-process by low-mass AGB stars would contribute to relatively metal-
rich stars

Constraints from metal-poor stars 
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Contributions of r-process and 
s-process to metal-poor stars
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ÅEu is overabundantin many stars at low metallicity, indicating 
that  r-process is effective even in early phase of the Galactic 
chemical evolution.

ÅLa/Eu (and Ba/Eu), representing s-process/r-process, suggests 
that contributions of s-process  increase with increasing 
metallicity.
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Snedenet al. (2008)

Constraints from metal-poor stars 
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Å Eu is provided by the r-process. Ba and La is mostly provided by the s-
process in low-mass AGB stars at high metallicity, while Ba and La in metal-
poor stars is explained by the r-process.  Ҧ [Ba/Eu]=-0.7, [La/Eu]=-0.5

Å Moderately metal-poor (-2<[Fe/H]<-1) stars show [Ba/Eu] and [La/Eu] 
higher than the r-process values. 
Ҧ AGB contributions even at low metallicity? 

Other sources of Ba and La at low metallicity?

Contributions of r-process and 
s-process to metal-poor stars

Bisterzoet al. (2017)

Constraints from metal-poor stars 

[Ba/Eu] [La/Eu] [Pb/Eu]

cf. discussion based on chemo-dynamical simulation: Hirai et al. (2017)
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Interaction between stars in binary systems: 
AGB yields withcarbonands-processelements 

recorded on a companion star

Mass accretion 
from AGB

H shell burning
He shell flash

C-O core

Faint white dwarf

AGB star

C-rich envelope

AGB: Asymptotic Giant Branch 

CEMP-s star:
Carbon-Enhanced 
Metal-Poor star 
with s-process 
element excess 

Constraints from metal-poor stars: binary stars 
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ÅThe companion star affected by mass accretion from AGB 
star is observed as a CEMP-s star. 

ÅDetailed elemental abundances are determined for CEMP-s 
stars, andused to constrain s-process models.

s-process studies for Carbon-Enhanced Metal-Poor stars

Aoki et al. (2007)

Constraints from metal-poor stars: binary stars 



Statistics studied by R-Process Alliance (RPA)
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1. Definition of r-II and r-I 
stars
r-II: [Eu/Fe]>0.7    (12%)
r-I :0.3<[Eu/Fe]<0.7    (39%)
[Ba/Eu]<0

2. Metallicity distribution
r-II stars have been found in 
[Fe/H]<-2.5. However, 
existence of r-II stars with 
higher metallicity ([Fe/H]>~-2) 
was confirmed.

r-II
r-I

r-process observations

Holmbecket al. (2020)

Ҧ[Eu/H] is as high as solar value (0): 
how can this be achieved.

The 4 Data Releases report 595 metal-poor stars.



Å Neutron star mergers (NSMs) are promising site that explain bulk of r-
process elements in the current universe. 

Å The long timescale expected for NSM is not preferable for enhancement of 
Eu at low metallicity.

Å However, recent chemo-dynamical simulations reproduce the Eu 
abundance distribution assuming NSMs as the r-process source.

Argastet al. 2004

r-process site: mergers of binary neutron stars?
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Hirai et al. (2015)

observations observations

r-process observations



The Milky Way Galaxy has been formed from 
small stellar systems (mergers of mini-halos). 
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r-process observations



Discovery of an r-process-enhanced dwarf 
galaxy Reticulum II Jiet al. (2016)

Roedereret al. (2016)

Eu

Jiet al. (2016)
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Å r-II stars have been formed in small 
stellar systems (like a dwarf galaxies), and 
have later accreted into the Milky Way, 
forming the halo structures.  

ÅNSM could be the source of the r-process.

r-process observations


