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stellar archaeology  
with the most metal poor stars  

[Fe/H] < -3 [Fe/H] < -5 

2014 Nature, 506, 463  

[Fe/H] < -7.1  



 the metallicity distribution function  
of  the Galactic halo 
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Schörck et al. 2009 
Christlieb   2013 



the C to Zn abundances of  metal poor stars 

Cayrel et al. 2004; Spite et al. 2005; François et al. 2007 



carbon-enhanced metal poor stars 

[C/Fe] > 0.7 

 CEMP – r/s     
 mass transfer from an AGB companion  
                      in binary systems 

CEMP – no        
metal yields from faint SNe with  
                    mixing/fallback 

~ 20 % of  stars with [Fe/H] < -2 are C-enhanced: [C/Fe] > 0.7 

Yong et al. 2013; Norris et al. 2013 

80%	  



  
Dtrans = Log(10[C/H] + 0.3 10[O/H])  

C-normal and C-rich stars:  
different formation patways? 

Frebel et al. (2009) 

C-normal stars with [Fe/H] < -3.5 can not form through metal line-cooling 
 
Dust-driven fragmentation if  the D > Dcr = (4.4 ± 2.0) x 10-9   

Norris+07 

	  forbidden	  zone	  for	  	  
CII	  and	  OI	  cooling	  Caffau+11 

Schneider & Omukai (2010) 
Schneider et al. (2012) 



Why is the relative fraction of  C-normal and C-rich stars varying with [Fe/H] ? 

What are the physical processes that shape the low-[Fe/H] tail of  the MDF ? 
	  

What are the formation pathways of  C-normal and C-rich stars? 
	  

Questions that we want to address: 



simulating the birth environment of  
C-normal and C-rich stars 

SDSS	  J102915+172927	  
[Fe/H]	  =	  -‐4.99	  

Caffau	  et	  al	  11	  

SMSS	  J031300.36-‐670839.3	  
[Fe/H]	  <	  -‐7.1	  

Keller	  et	  al	  14	  

C NO Mg Si Ca Ti Fe Ni Sr

C NO Mg Si Ca Ti Fe Ni Sr

Schneider et al. 2012 Marassi et al. 2014 

Pop III core-collapse SNe 
Mstar = 20, 35 Msun  

Pop III faint SNe 
Mstar = 13, 15, 50, 80 Msun  
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Schneider et al. 2012 

Marassi et al. 2014 

Silicate dust  
Mdust ~ 0.4 Msun 

0.2 < fsil < 0.6 

Carbon dust  
Mdust ~ 0.05 - 0.2 Msun 

0.01 < fcarb < 0.84 



simulating the birth environment of  
C-normal and C-rich stars 

SDSS	  J102915+172927	  
[Fe/H]	  =	  -‐4.99x	  
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Marassi et al. 2014 

a single formation pathway based on dust-driven fragmentation 
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dust	  cooling	  
FragmentaMon	  

molecular	  cooling	  
fragmentaMon	  

metal	  cooling	  
fragmentaMon	  

[Si/H], D > D
cr 



dark matter halo merger tree star formation and chemical evolution 

ti
m

e
 

re
d

sh
if

t MMW = 1012 Msun 

GAMETE 
GAlaxy MErger Tree and Evolution  

Salvadori et al. 2007, 2008, 2009; Valiante et al. 2011, 2014; de Bennassuti et al. 2014 

GAMETE 



The MW and its dusty progenitors 

de Bennassuti et al 2014 

global properties of  the MW 2-phase structure of  the ISM Pop III and Pop II SFRs 

average	  over	  50	  independent	  merger	  trees	  

1	  –	  σ	  	  



The MW and its dusty progenitors 
de Bennassuti et al 2014 

data points: 
sample of  local 
Virgo galaxies  

Corbelli et al. (2012) 

data points: 
sample of  GRB hosts  

0.1 < z < 6.3  Zafar & Watson (2013) 
Local dwarfs Galametz et al. (2011) 

Madden et al. (2013),  
Remy-Ruyer et al. (2014) 

gas and dust scaling relations 

dust-to-gas ratio  
vs metallicity 



The low-[Fe/H] tail of  the MDF 
Pop III stars  

       [10 – 300] Msun 
ordinary ccSN 

pair instability SN 

Pop III stars  
       [10 – 300] Msun 

faint ccSN 
pair instability SN 

Pop III stars  
       [10 – 140] Msun 

faint ccSN 
 

Pop III/II  
dust-driven 
transition 

	

 Dcr =4.4 x 10-9 

Pop III/II 
metal-driven 

transition 
 

Dtrans > -3.5 

 Pop III stars IMF à  [10-140] Msun and explode as faint ccSN 

Pop III/II transition criterium à degenerate with the Pop III IMF 

Change of  slope in the low-[Fe/H] tail à radiative feedback effects? 

de Bennassuti et al 2014 



Metallicity distribution of  C-rich stars 

Pop III/II  
dust-driven 
transition 

	

 Dcr =4.4 x 10-9 

Pop III/II 
metal-driven 

transition 
 

Dtrans > -3.5 

de Bennassuti et al 2014 



Relative fraction of  C-rich and C-normal stars 

de Bennassuti et al 2014 

data points from Yong et al. (2013) 



Why is the relative fraction of  C-normal and C-rich stars varying with [Fe/H] ? 

What are the physical processes that shape the low-[Fe/H] tail of  the MDF ? 
	  

What are the formation pathways of  C-normal and C-rich stars? 
	  

Conclusions: 

Stellar Archaeology of  the most metal-poor stars is a powerful way to 
constrain the first stellar generations 

Ordinary	  vs	  faint	  SN:	  	  a	  single	  thermal	  pathway	  with	  dust-‐driven	  fragmentaMon	  

very	  sensiMve	  to	  the	  adopted	  Pop	  III	  IMF	  and	  SN	  yields	  
interplay	  between	  chemical	  and	  radiaMve	  feedback	  effects	  

sensiMve	  to	  the	  Pop	  III/II	  transiMon	  	  
observed	  CEMP	  fracMon	  at	  [Fe/H]	  >	  -‐4	  may	  require	  that	  a	  fracMon	  of	  Pop	  II	  SN	  is	  	  faint	  	  
	  


