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STARS LIGHT UP 
Seed Black Holes 2

INGREDIENTS CONDITIONS + = 
Rare, high density peaks •  PopIII formation 

•  No H2 cooling 
•  Supermassive star/cluster 
 

MBH, Seed = 
100-106M¤ 
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BH Seeds 

Courtesy of M. Volonteri 



Regan & Haelnet 2009 



Ma BH Seeds 
Small 

Large 

Grow Massive BHs 



BH Seeds 
Small 

Grow 

Courtesy of Marta Volonteri 



BH Seeds 
Small 

Grow 

PopIII 
remnants 

ü  First  stars (metal free) are massive 
    M★  ~O(100) M¤ 

ü  When they die they leave a remnant BHs of 
     MBH,seed ~ M★ ~ O(100) M¤ 

 



BH Seeds 

Grow 

PopIII stars 

ü  First  stars (metal free) are massive 
    M★  ~O(100) M¤ 

ü  When they die they leave a remnant BHs of 
     MBH,seed ~ M★ ~ O(100) M¤ 

 

Abel00, Wise+ 

Zero metallicity 
z=20-30, halos of  

 106Msun form 
H2 cooling 



BH Seeds 
Small 

Grow 

Hager & Woosley 03 
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BH Seeds 
Too 
Small? 

Grow 
ü  First  stars form in  
    mini-halos of 105-106 M 
    at z=20-30 
ü Current simulations  
   get low mass stars… 
(Clark+11, Greif+12, Latif+12, Hirano+14) 

PopIII 
remnants 



BH Seeds 
Large 

Grow 

Courtesy of Marta Volonteri 



BH Seeds 
Large 

Grow 

Direct gas 
collapse 

ü Deep potential well for gas infall and collapse 
   require inflow rete > 0.1M¤ 

 
ü Global instabilities to loose angular momentum 
    
ü  Form a supermassive star, that accretes  
     envelope forms  MBH,seed  ~ O(104-6) M¤ 

 



BH Seeds: Require 
Large 

Grow 

Direct gas 
collapse 

ü Very efficient ang. momentum transport 
      (or low ang. momentum protohalos) 
    
ü Gas must avoid fragmentation/star formation 
              zero/ low metallicity + 

  need intense dissociating UVbackground to quench  
  H2 formation in proto halo 



BH Seeds: Require 
Large 

Grow 

Direct gas 
collapse 

J21> Jcrit 
in units of  
10-21 erg/cm2/s2/sr J>Jcrit Atomic Cooling 

Omukai+01 

H2 cooling 



BH Seeds 

Grow 

Direct gas 
collapse Evidence?? 



BH Seeds 

Grow 

Direct gas 
collapse 

Cosmological Simulations 



BH Seeds 

Grow 

Direct gas 
collapse 



BH Seeds 
Large 

Grow 

Courtesy of Marta Volonteri 

Direct Collapse 
Of  Super Massive 
Star/ Cluster 



BH Seeds 
Large 

Grow 

Direct Collapse 
Of  Super Massive 
Star 

Fully cosmological 
rad hydro sims  
 

SMS~ 104 Msun 
 
Chon, Hokasawa, Yoshida17 



BH Seeds 
Large 

Grow 

Cosmological simulations: 
 
Supersonic gas streams 
(expected between gas 
dnd dark matter) 
 
-àgas condensation 
 

SMS~ 34000 Msun 
 
Hirano+17, Science 

Direct Collapse 
Of  Super Massive 
Star 



Cosmological Simulations 
How do the first massive black holes grow 
                
  
        1. BH Seed: Pop III stellar 

Remnant  
Gas/stellar Dynamical  
collapse 

High gas density 
Mseed=100-105Msun 



Cosmological Simulations 

Highest gas inflow rates 

Feasible? if so how, where?  

How do the first massive black holes grow 
                
  
        

Example: 

1. BH Seed: Pop III stellar 
Remnant  

Gas/stellar Dynamical  
collapse 

2. Gas accretion: Eddington (sustained) 

t < 1 billion yrs High gas density 



€ 

LEdd =
4πGcmp

σT
MBH = ε ˙ M c 2

MBH = Mseed e
t

tEdd

tEdd = 450 Myr ε
1−ε

ln(MBH/Mseed) = ln[109 /(100 −1e5)]
=10 −17 e − foldings

How/ where do MBH seeds grow at early time?  
 z=6 quasars imply  

MBH=109 Msun 
 
First billion years 
requires extremely 
large accretion rates 
 
 
 
 
sustained accretion at Eddington rates  

         in early growth 
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DC/supermassive 
Star Seed 

 

PopIII Seed 

 

 Myrs since the BigBang 





SURVEY MONKEY II: 

https://www.surveymonkey.com/r/PXBTSMY 


