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• Sr/Ba ratios 
• Ba isotope ratios 
• Diversity of the weak r-process 

Abundance distribution of neutron-capture 
elements in very metal-poor stars 



Definition 
• Chemical abundance：abundance ratio with respect to H 
        log ε(X) or log A(X) = log(X/H) + 12 
      ex.  Fe/H=10-4.5 → log ε(Fe)=7.5  
    [X/Y] = log(X/Y)-log(X/Y)sun 
            ex. [Fe/H]=-2.0 →  1/100 of the solar Fe/H ratio 
 
• Metallicity： total abundance of heavy elements (elements 

heavier than boron) 
   important for stellar structure and evolution 
      sometimes presented as mass ratio 
      ex. Solar metallicity = 0.02 (2%) or slightly lower                 
   usually represented by [Fe/H] 

 



“main” and “weak” r-process 
abundance pattern 

Atomic number  

CS22892-052 

HD122563 

Sneden et al. (2003) 

Honda et al. (2006) 



Spectral features of “Sneden star” 
and “Honda star” 



HD122563, the “Honda star” 
Wallerstein et al. 1963, ApJ 



Sneden & Parthasarathy 1983, ApJ 

HD122563, the “Honda star” 



 

HD122563, the “Honda star” 
Sneden & Parthasarathy 1983, ApJ 
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Wavelength (A) 

HD122563, the “Honda star” 
Honda, Aoki, Ishimaru, Wanajo, Ryan 2006, ApJ 

Subaru Telescope 
90 minutes exposure 
R=90,000 
S/N~1000@4000A, 140@3100A 



“main” and “weak” r-process 
abundance pattern 

Atomic number  

CS22892-052 

HD122563 



Abundance measurements from 
spectral lines 

•Weak lines are preferable for 
abundance measurements, 
because they are sensitive to 
abundance change. 
 
•Strong lines are useful to 
study whole sample covering 
a wide abundance range. 

Gray (2005) 



Sr and Ba in periodic table 
Singly ionized Sr and Ba have strong resonance lines 
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Chemical abundances of solar-system material 
Sr and Ba are the 1st and 2nd peak elements corresponding to the 
neutron magic numbers 50 and 82, respectively. 



Sr and Ba abundance ratios 
Aoki, Suda, Boyd, Kajino, Fmiano 2013, ApJL 



r-II stars 

r-process 

Sr and Ba (and Eu)  abundance distributions 

BD+80 245 
(α deficient) 



Low Sr/Ba stars 

C-rich stars: s-process 
contamination 



Low Sr/Ba stars 



Low Sr/Ba stars 

HE0305-4520 
“C-rich” 

CS22946-011 
binary, Ba-rich 

CS22941-005 
binary, Ba-rich 

CS22950-173 
Binary 

Aoki, Suda, Boyd, Kajino, Fmiano 2013, ApJL 

CS30322-023 
C, N-rich, Ba-rich 

CS29493-090 
moderately C-, Ba-rich 
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Questions about Sr and Ba 
abundances in very metal-poor stars 

1. Existence (or absence) of the cut-
off at [Fe/H]=-3.5, below which Sr 
and Ba abundance scatter is small. 

2. Origin of (the small amount of) Sr 
and Ba in stars with [Fe/H]=-3.5: 
small yields by CCSN? 

3. Reason for the upper bound in 
Sr/Ba distribution ([Sr/Ba]～-1.5-
[Fe/H]) 



Ba isotope ratios 



Ba isotopes 

s-process r-process 

134 0.107 - 

135 0.0775 0.219 

136 0.353 - 

137 0.330 0.174 

138 2.76 0.459 

Solar-system abundances 
Arlandini et al. (1999) 



Ba isotope ratios in the very metal-poor 
star HD140283: fodd=(135Ba+137Ba)/Ba 

No detection of odd 
Ba isotopes in 
HD140283 
([Fe/H]=-2.5) 
→Is Ba originated 
from s-process at 
this metallicity? 



Ba isotope ratios in the very metal-poor 
star HD140283: fodd=(135Ba+137Ba)/Ba 

Gallagher et al. (2010) 



Ba isotope ratios 

fodd=(135Ba+137Ba)/Ba 

Gallagher 
et al. (2010) 

Gallagher, Ryan, Garcia-Perez, Aoki 2010, A&A 

Magain (1995) 

Lambert & Allende-Prieto (2002) 

Collet et 
al. 2009 



Ba isotope ratios based on 
3D model atmosphere 



New result on Ba isotope ratios 
based on 3D model atmosphere 

Gallagher et al. (in prep) 

Re-analysis of Ba isotope 
ratios based on 3D model 
atmosphere 



Ba isotope ratios 

fodd=(135Ba+137Ba)/Ba 

Gallagher 
et al. (2010) 
      1D 

Gallagher, Ryan, Garcia-Perez, Aoki 2010, A&A 

Magain (1995) 

Lambert & Allende-Prieto (2002) 

Collet et 
al. 2009 

Gallagher et 
al. (in prep) 
    3D 
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