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s process s-process r-process Nu-p 
LEPP 



Roederer (2013)   

upper limits in this figure 
are maybe just due to 
spectroscopic detection 
problems? 





r-process rich 

r-process poor 

Note general 
fall off:  
weak r-process 
or LEPP  
(Montes et al.  
2007) Roederer et al. (2010a) 

HEW 
SS r-process 

SS r-process 
(Sr,Eu) 



  Eu/Fe 

(r-process 
richness) 

The ubiqiuity of the r-process  (Roederer et al. 2010b) 





being done with Chris Sneden, Jesse Palmerio, Dick Boyd, Ian Roederer 



Simmerer et al. 
(2004) 

O’Brien et al. 
(2003) 

Burris et al. 
(2000) 

r-process only 
Arlandini et al. 

Trend is  
upward due 
to increasing 
s-process 
contribution to 
La 

■ r-process enhanced, • halo stars, ♦ disk stars 

R = SS-S 
Measure s-  
n-Cross Section  
of 139La 

Metallicity like time 

Where does  
it start? 



Roederer et al. (2012b) 

Some s-process? 
  ([Fe/H] = -2.5) 

Some s-process? 
   ([Fe/H] = -2) 



Roederer et al. (2012b) 

r-star but decrease in abundance  
with Z, no 3rd peak: incomplete 
r-process? 

Some elements(Sr, Zr, Ce & Pb)  would 
fit better with some  s-process 

Note Zn, Ge 

[Fe/H] = -2.7 [Fe/H] = -2.5 



being done with Chris Sneden, Jesse Palmerio, Dick Boyd, Ian Roederer 

Observational Approach 





Zr independent of [Fe/H], as shown already by Travaglio et al. (2004). 

JC et al. (2005) 



Travaglio et al. (2004) 

Much more  
extensive 
data sets. 

Evidence 
for  
the LEPP  
(Lighter 
Element 
Primary 
Process) ? 

Models are very 
complicated! 



JC & Thielemann (2004) 

Early Galaxy chemically inhomogeneous and unmixed for r-process elements.  

First seen 
by Gilroy 
et al. (‘88) 
Single 
SNe at  
early  
times? 

GCE 

scatter 
and  
slope 
with  
increasing 
metallicity 



Ge & Zr 
Show little 
Scatter. 

Os-Pt & Eu 
correlated 
and show  
similar scatter 
with [Fe/H] 

COMMON 

RARE 



JC & Thielemann (2004) 

Mg produced in different stars (more massive) than for r-process (Eu) elements.  

■ [Mg/Fe] 

Galactic 
Chemical 
Evolution 

Sneden, JC &  
 Gallino (2008) 

 = disk stars 
 = halo stars 

0 = solar values 







New focus on the Iron-Peak Elements 
transition probabilities from Lawler’s Wisconsin group 

Fe peak elements   



Henry, JC  
& Sobeck 
(2010) 

But  
uncertainty 
in abundance 
data due to 
poor atomic 
physics data 

Note Cr 
and Co 



 Co and Fe (from complete) and Cr (from incomplete) Si burning in SNe models: 
Coming from alpha capture not Si-Si 

Henry  
et al. 
(2010) 
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Theory ahead of observations 

Hypernovae = 
More energetic 
SN 



Heger & Woosley 2010 How are these stars different? 



Kobayashi et al. 2006 



Kobayashi et al. 2006 

same theory, different 
observed species of 
the same element 

Kobayashi et al. 2006 
Kobayashi et al. 2006 



this work concentrates on increasing accuracy of Fe-group elements 
 the big point:  must have better transition probabilities 
 groups at Wisconsin, London, Belgium lead the way 
 HST data at low metallicity end explores more species 

 

Kobyashi  
et al.  
(2006) 

Observed  
in  
HD 84937 
Lawler  
et al.  
(2013) 

Problems  
with SN 
models 



the big point:  Ti I & Ti II give same answer; scatter is very low; Ti is really overabundant 
compared to SN models (Wood, Lawler, Guzman, Sneden, Cowan 2013)  







[irrelevant; 
 decays too  
quickly] 

Rolfs & Rodney (1988) 



John’s 
--------- 



Note the strength 
of the Th lines 
independent of 
metallicity 



Ivans et al. (2006) 

Keck         o 
McDonald + 



Frebel et al. (2007) 

Much Harder!  Weak lines.  





Kratz et al. (2007) 

Newer  
fit to SS isotopic 
stable abundances 
allows for  
chronometric  
ratios 

New values of Th/Pt  
& Th/U  



Calculate radioactive abundance ratios based upon fitting stable elemental &  
isotopic values (Kratz et al. 2007). 





note  
difference 
between  
radioactive 
Th, U and  
solid line 



Errors uncorrelated leading to total uncertainty of  
~ 3 Gyr.  







younger than SS! 

note Pb in  
CS 31082-001 

back 



back 

Abundance distribution 





Note how Hf  
tracks the 3rd 

process peak 
elements,  
e.g., Pt.  

Hf can be  
observed from 
the ground. 
Do not need UV 
required for Pt 

Th/Hf might be 
preferable to  
Th/Eu but only 
2 stars so far. Death of STIS? 

Other UV  
spectrographs? 

Kratz et al. (2007) 
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