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High-redshift quasars




3D Simulation of a Primordial Gas Cloud
Greif et al. (2012)




Upper limit on stellar mass

(Heger et al. 2003)

(Greif et al. 2012)

( - Hosokawa et al. 2012)



Can stellar seeds grow into z=6 quasar BHs?

M/(dM/dt) = 4 107yr

(0.8-1) x 10%yr







Growing SMBHs by Accretion + Mergers

Fraction of minihalos forming stellar BH seeds ?
- I\/Iseedz 20 M@
f . ~001-1

Time-averaged mass accretion rate ?
€=0.07

What happens to the BHs when halos merge?
gas drag
gravitational recoil



Making the ~10° M; SMBHs

Pay [MgMpc™]




Making the ~10° M; SMBHs
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Self-regulation by X-ray “Global Warming”

Pgy [MgMpc™]




Self-regulation by X-ray “Global Warming”

Pgy [MgMpc™]




(not everyone like this)



Alternative: direct collapse (I\7I>>I\7IEdd)

rapid formation of 10°-10° M black holes at z>10
- by direct collapse of gas

- Or via intermediary: supermassive star, quasi-star, or
ultra-dense cluster of low-mass stars

a promising site: T,,>10*K (M>108 M) halos
abundance: n ~ 1 Mpc™ at z=10



A promising site: T,;. > 10°K halos?
if gas remains hot T, = 10* K

107 Mgyr™
~IMgyr?



How to avoid H, cooling & fragmentation?

-

Omukai, Schneider & Haiman (2008) \

To avoid this, gas must stay 10'K until ‘safe zone’ at n>n_.,~10* cm™

J,(crit) = 10* shangetal. (2010)



Self-Shielding of H, Lyman Werner lines

Wolcott-Green, Haiman & Bryan (2011)

fhiea= J(N)/J(N,=0) = several x 0.01

H,+y = H,® > H+H+’

NHZ fshield(1VH2)

J . ~103

crit



3D proto-galaxy simulation with J,,=10°

Fernandez, Bryan, Haiman & Li (2013)




3D proto-galaxy simulation with J,,=10°
Fernandez, Bryan , Haiman & Li (2013)
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Mass of Central Object
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102 M, Pop III star

10° M, supermassive star/BH



H, cooling avoided without huge J,,?
Fernandez, Bryan, Haiman & Li (2013)

Inayoshi & Omukai (2012)



No strong shocks in dense core (J,,=10)
Fernandez, Bryan, Haiman & Li (2012)



But: physics of “safe zone” still works

(question is how to get there)
Fernandez, Bryan, Haiman & Li (2013)
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Possible Observational Probes



Conclusions

Growing z>6 SMBHs with ~10°M,, requires extreme assumptions:

Challenge (i): not to overproduce number of ~10°°M, SMBHSs.

Challenge (ii): not to cool by H, and fragment into Poplll stars.

Future Observations:






