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STARS LIGHT UP 
First QSOs 4

INGREDIENTS + Rare, high density peaks •  PopIII formation 
•  No H2 cooling 
•  Supermassive star/cluster 
  

Only speculate Only speculate Only speculate 
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Evidence 
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MBH(z=7) =109M¤ 



A sketch of Cosmic History 

300Myrs 800Myrs 

 z =8  z =6 z =7 
1Billion yrs 



Z > 6 QSOs 1.3x1010M¤ 
@ z=6.3 

¢ 

¢ 

Wu+15, Nature 

2x109M¤ 
@ z=7 
(Mortlock+11) 

A few (Gpc)-3 



h``11111	  

1 QSO 

z=6 qsos 
are this 
rare 



Z = 7.54
J1342+0928 
ALLWISE/Ukidss 

Banados+17, Nature 

MBH=8x108M¤ 
 

…. And after 6 years 



¢ 

¢ 
2x109M¤ 
@ z=7 
(Mortlock+11) 

Z > 6
BH as massive 
as most massive 
at z=0 
(t> 13 billion yrs) 

McConnel&Ma13 



Ma BH Seeds 
Small 

Large 

Grow Massive BHs 



€ 

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 



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

MBH=109 Msun 
 
Need to 
grow at Eddington 
all the time if 
MBH,seed=300 
 
Or 60% time if  
MBH,seed =105M¤ 
 Courtesy of M. Volonteri 



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 



Predictions from  
Simulations: 
  
Come back tomorrow please J 

High-z qso





Basics of  
Simulations  
of structure formation 
in the Universe 



§ The Cosmological Principle dictates that the Universe on  
large scales is both homogeneous and isotropic about every point: 
    -homogenous: the same at every point 
    -isotropic: the same in every direction 

homogeneous

A

isotropic about
point A

homogenous but
not isotropic

Einstein’s field Equation and  
      The fate of Universe 



Einstein’s field Equation and  
      The fate of Universe 

Mass/energy 
 density 

High density 
matter 

Critical density 
matter 

Accelerating! 
Matter & dark energy 



 Structure in the Universe

Observations: 
Large Sky Surveys 



Simulations: ‘real’ structure 

 Structure in the Universe



         
 ?



The rate at which structure forms depends 
on the initial power spectrum of matter fluctuation +  
expansion rate 

Inflation  + free parameters  



 ρ  ρ 

 r   r  

§  The evolution of density between two different 
times might look like this. 

§  With density fluctuations, the 
rich get richer, and the poor 
get poorer... 



The ICs 

Gravitational instability 



Cosmological Simulations: 

 Structure in the Universe



Simulations:  
Unlock the mystery 
of the unseen Dark Matter  
and Dark Energy 

 Structure in the Universe



methods: how to represent a fluid 

collapse 

Eulerian Lagrangian 

representation on a mesh 
     (volume elements) 

representation by fluid elements 
               (particles) 

discretize space discretize mass 

principle advantage: 
high accurancy (shock capturing) 
low num. viscosity 

principle advantage: 
resolution adjusts automatically 
to the flow 



Hybrid TreePM    (gravity) 

SPH   (Hydrodynamics – ideal fluid, baryons)  

N-Body Method  
   Grav. Potential, Poisson eq 

            à  FFTW 
    + Boltzmann Eq for 
                   collisionless  DM 

Euler  

Continuity 

3rd law of 
 thermodynamics 



Hybrid TreePM    (gravity- dark matter) 

SPH   (Hydrodynamics – ideal fluid, baryons)  
Cosmological expanding gasà a is the scale factor 

Euler  

Continuity 

3rd law of 
 thermodynamics 

Grav. Potential, Poisson eq 
            à  FFTW 

+ Boltzmann Eq for 
    collisionless  DM system 



MassiveBlackI simulation MassiveBlackI (DiMatteo et al. 2011) 

MassiveBlackII simulation MassiveBlackII (Khandai et al. 2014) 



MassiveBlackII simulation MassiveBlackII (Khandai et al. 2014) 



MassiveBlackII simulation MassiveBlackII (Khandai et al. 2014) 

Eagle 

Eagle (Crain et al .2015) 



Eagle (Crain et al .2015) 



 Algorithms keep up with computational power 
                   Hydro simulations: 

On 112k cores 
NICS Cray XT5 
Kraken 

On 0.72m cores 
NCSA Cray XE6 
Blue Waters 
 

-billion 

-trillion 
 



What we can resolve  
with 100 particles: 

We resolve galaxies across the full mass function  

Superclusters of  
galaxies 

Clusters of  
galaxies 
 

Milky way-sized  
galaxies 
 

Dwarf   
galaxies 



Simulations reproduce statistics of galaxy formation 



Simulations  
High-z quasars 



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 



 
Uniform Cosmological Simulations with BHs 

ü   biased regions           Large Volumes 

ü   Galaxy scales             High Resolution 

ü   Gas accretion              Hydrodynamics 
 

… 
+ star formation 
   BH accretion 
   feedback 

subgrid 





Given large enough sim volume and a BH seed…  
How can I approach this problem?   

Take a large DM simulation and evolve 
to z=6 



Do I pick the largest DM halo at z=6 and re-simulate 
with “full / gas physics”?  

Take a large DM simulation and evolve 
to z=6 



Do I pick the largest DM halo at z=6 and  
re-simulate with “full physics”?  

zoom in:  
Place BH seed, ad gas and 
Star formation, BH accretion + feedback 
evolve again, check: Do I get a 109 Msun BH? 



It is not obvious which halo / region I should pick 
to check for strongest gas inflows 
                        



It is not obvious what the ‘extra gas physics’  
I add to my zoom halo would do to the   
BH/galaxy population as a whole? 



Cosmological Simulations with BHs  
 

CONS:    Small vol.:  
                  1 or small samples 
                  Hand ‘picked’  
                  Quasar hosts based on 

       DM mass 
PROs:   highest resolution:  

       detailed studies 
       of host and quasar  

                   more detailed modeling 

Zoomed halos Uniform volumes 
Select rare peaks 
and re-simulate whole mass function  

Li et al., Sijacki et al., Alvarez et al., 
Cattaneo et al., Bellovary et al. Teyssier et al,. 
Dubois et al., Devriendt , Slyz. 

 
direct investigation of quasars 
growth as a function of environment,  
Direct statistics: M-sigma,  
BH mass functions, LFs,  
Correlation Functions etc..  

Never big enough vol.!  

Lower res. 

Di Matteo et al,  Booth & Shaye 09, 
Sijacki et al.,. 



Predictions from  
Simulations: 
  
Come back tomorrow please J 

High-z qso



 
  
SurveyMonkey III J 

https://www.surveymonkey.com/r/9HWQZ8G 


