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Pop III Stars   Pop III GRBs – Pop III SNe ? 
M > 105M:SMS (Super Massive Stars) 

      GR instability         Collapse 
 

M ~ 300－105M:  
      Collapse (& Explosion )   IMBH   SMBH  ? 
                                              Pop III GRBs ?         

M ~ 140－300M: 
   Pair Instability SNe         Complete Disruption 

                                                 M(56Ni) < 40 M 
 
M ~ 8－140M: 

      Core Collapse 
  

 
 

Pop III GRBs, Hypernovae      

SNe II         M(56Ni) < 10 M 

          

–  
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McWilliam (1995),  Ryan (1996）, Cayrel +04   
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Hyper Metal-Poor (HMP) Stars 

 

Christlieb, Frebel, Aoki, et al. 
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 Mixing and Fall-back Model   
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Mixing & Fallback Supernova  

N
S 

 Carbon Enhanced Metal Poor        
(CEMP-no) Stars 
 M(Fe) small  Faint SN (Jet-induced) 



Tominaga et al. 2007 

Jet-induced  
SN models 

HMP Stars 

High E  
High Co/Fe  
 
Fallback  
Small Fe  

(Frebel et al. 2005) 

(Christlieb et al. 2002) 

Dark Hypernova 



(Ishigaki et al. 2018 ApJ) Best fit models 



Mass distribution 

(Ishigaki et al. 2018 ApJ) 



Mixing-Fallback (Jet-induced) SNe 
  EMP stars     BH Mass (incl. mass gap) 

                                       

(Tominaga+14) 

(Spinning BH) 
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Pop III GRBs, Hypernovae      

SNe II         M(56Ni) < 10 M 
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Pair-Instability SN yields: large odd/even Z 

Takahashi+18 



PISN:  [Na/Mg] too small  

Takahashi+18 





Pop III Stars: Mass Accretion   
Pair-Instability (140-300 M) or Core-Collapse  

Ohkubo et al. (2009) 

Accretion Final Mass 

1 M 

pp3  CNO α 
Core-Collapse 

Pair-Instability 



Ohkubo et al. (2009) 

          Pop III Stars: Mass Accretion   
  Core Collapse (40-140 M)   SLSN or GRB? 

Accretion Final Mass 

1 M 

pp3  CNO α   pulsation  



Pre-Collapse: 500 M 

Ohkubo+ (2006) 

Collapse of 500 M 
Star  
 



Black Hole forming Supernovae of 
500 – 1000 M Stars  

Ohkubo+ (2006) 



M/M 

1000       10.1              23.1              6.2 
 
  500         9.3              10.3              4.8 

（Jet) 
Nucleosynthesis in   
 500 – 1000 M Stars  

Ohkubo+ (2006) 



M = 500 M 
 
 
 

 
EMP Stars 
 

[O/Fe]  :  too large 

M82 
ICM 
 
[O/Fe]  

Ohkubo+ (2006) 



BH Mass of 300 – 1000 M Stars 

M/M    M(He)/M    M(BH)/M  
1000       ~500             480 
  500       ~240             230                       
~320       ~150           ~140     

M(BH) can be smaller (~100 M) if  [O-Si/Fe] of  
associated objects (ICM, EMP stars, etc.) are  
significantly large.  
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