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Supermassive Black Holes - Timescale Issues

How did the first SMBHs grow so large so fast?

z ~ 7 -> 750Myr

MBH ~ 10９M☉



High-Redshift (z ∼ > 6) Quasar Surveys 

Lyman-α break (912 Å)



High-Redshift (z ∼ > 6) Quasar Surveys 

MgII Line width

Mass prediction



Eddington Limit

Assumptions

1. Spherical symmetry of Radiation & Gravity

2. Radiation pressure = Gravitational force
(Inward) (Outward)

Limitations

1. Not spherical case?

2. Depends on opacity 



Growing BHs by Accretion – Eddington Limit

Maximum From low-z quasars Target massMaximum 
Stellar-BH mass



Possible Solutions – Hyper Eddington Accretion



Possible Solutions – Larger Seed Mass



Non-Interacting Cold Dark Matter (CDM)

Assumption

Steady state condition& spherical symmetry

mass flux conservation & Energy-momentum conservation
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Non-Interacting Cold Dark Matter (CDM)
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Non-Interacting Cold Dark Matter (CDM)
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Self-Interacting Dark Matter (SIDM)

Elastic scattering (without any other interactions)

SIDM 

uSIDM

estimated from

Bullet Cluster observation



SIDM – Possible Solution of LCDM Problems

Core-Cusp Problem

In comparison with observation,

DM halo density profile from

N-body simulation is too cuspy

Core ↔ Cusp

(observation) (simulation)

But, SIDM can solve Core-Cusp Problem! 

Choquette et al. 2019



SMBH Seed – Gravothermal Collapse of SIDM Halo

SMBH Seed

At

Possible parameter from simulation 

: not likely! Choquette et al. 2019

Assumption

1. Cooling by conduction (due to scattering)

2. Collapse occurs before dynamically relaxed



Mirror World

A duplicate of the Standard Model(SM) matter

A Cold Dark Matter(CDM) candidate

For simplicity, 𝛽 = 1 is taken

In order to avoid the CMB(Cosmic Microwave Background) & 

BBN(Bing Bang Nucleosynthesis)

In this case mirror matter behaves like CDM at the time of CMB last 
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Thermal History

Free electron number fraction

Gas temperature

For mirror world
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Structure formation
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Thank you!



Q&A


