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1<Z<5 
Shifts for atomic lines: 
H – D ~ 2Å 
3He - 4He ~ 0.5Å 
6Li - 7Li ~ 0.1Å  
10B – 11B ~ 25mÅ 



Hydrogen 
Spite et al. 1983 

N(D)/N(H)<10-5 



Helium 

Chemically pec. 
horisontal branch 
star Feige86 

Caffau et al. 2013 



Lithium 
M. Asplund 



Lithium 
Lind et al. 2013 



Lithium 

Cosmic ray 
production  

Lind et al. (2013) 
 
Li isotopic ratios 
overestimated by 
LTE modelling.  
No observational 
support for a Big 
Bang origin 



Boron 

Rebull et al. 1998 

High 11B/10B isotopic ratios slightly favoured in HD76932,  
a [Fe/H]=-1 dwarf star. GCR spallation not enough? 
    



6<Z<22 

CH, CN, CO, MgH, SiO, TiO 



Carbon 
Gratton et al. 2000 Charbonnel & Lagarde 2010 



Nitrogen 
Hedrosa et al. 2012 

14N/15N ratios measured 
in AGB C-stars from CN 
bands at ~8000Å 
Range in agreement with 
SiC grains  



Oxygen 
Abia et al. 2012 
Measured from CO 
bands near 5µm in 
Arcturus and 
Aldebaran 
 
 
à First dredge up not 
sufficient to explain 
carbon and oxygen 
ratios 

Arcturus : 
Dotted: Only 16O, Solid: Best-fit 



Magnesium 

Da Costa  
et al. 2013 

Isotopic ratios measured for GC red giantsà Increased rate of 
25Mg(p,γ)26Al  

?  



Silicon 

Ohnaka 2013 

Isotopic ratios measured from SiO bands for K-M giants à 
meteoritic, but with large (~30%) error bars  

28Si Black – 29Si Green – 30Si Red  



Titanium 

Chavez et al. 2009 
Approximately constant ratios over one dex in [Fe/H], 
measured from TiO bands in 11 M dwarfs  



Z=28 

58Ni – 60Ni ~ 0.1Å 



Nickel 
Caffau et al. 2013 
Solar 58Ni/60Ni ratio 
measured from 5 IR 
NiI lines. 
 
à Results in good 
agreement with 
meteoritic values 
except for 1658µm  



56<Z<63 
Incl. HFS 
Ba ~ 0.05Å 
Nd ~ 0.05Å 
Sm ~ 0.05-0.1Å 
Eu ~ 0.2-0.3Å 



Barium 
Mashonkina & Zhao 2006 

Even-to-odd isotopic 
ratio measured from 
the BaII 4554Å in 25 
cool dwarfs 
 
à Higher ratios in 
the thick disk (filled) 
compared to thin disk 
(open) indicate higher 
contribution of the r-
process  



Barium 
Collet et al. 2009 
Even-to-odd isotopic 
ratio measured in 1D 
and 3D from the BaII 
4554Å in metal-poor 
subgiant HD140283 
 
à 3D analysis points 
to s-process origin at 
[Fe/H]=-2.5  (!) 



Europium 
Roederer et al. 2007 
Pure r and pure s-
process fractions are 
similar.  
 
à Results for r-
process enhanced star  
in agreement with 
both 



Samarium 
Roederer et al. 2007 
Pure r and pure s-
process fractions are 
more different than 
Eu.  
 
à Ratios for two 
metal-poor giants 
support their 
respective  r- and s-
process origin. 



Neodymium 

Roederer et al. 2007 



Summary 

à  H, He, Li, B isotopic ratios are constrained by 
atomic lines. Implications for Big Bang, GCR 
spallation, mixing in low mass stars 

à  C, N, O, Mg, Si, Ti isotopic ratios measured from 
molecular bands. Low-mass stellar evolution, 
AGB/SN nucelosynthesis etc. 

à  Ni isotopic ratio measured from IR lines (Sun). 
à  Ba, Nd, Sm, Eu isotopic ratios measured from 

HFS-sensitive singly ionised lines. Ba and Sm can 
provide additional constraints for the r and s-
process channels. 


