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|. General Relativity and Black Holes

BlackHoleCam

AGravity i s successfully described
Theory of Relativity (GR)

A Black holes (BHs)are one of the
most fundamental predictions of GR

A Theoretically well studied - theory

more advanced than observations
(changing with GWs astronomy)

A The event horizon isthe defining N
feature of a BH®& and yet , we have S KL
never seen the event horizon

(LR/ITP)

Are Black Holes observable astrophysical objects?

O
O Does GR hold in its most extreme limit or are alternatives needed?



ll. Simulations of Black Holes
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1. theoretical modeling of the accretion onto SMBH

A GRMHD Simulations

2. Modeling the corresponding EM emission

A Radiative transfer models (ray tracing )

3. Tests of theories of gravity

A GR and alternatives



Modeling the accretion onto SMBHSs
1. GRMHD Simulations

BlackHoleCam

(Black Hole Accretion Code)



radlo galaxy Hercules A

Relativistic jets and BHs

Credit: X -ray:

. .
. NASA/CXC/SAO;, Optical:
Boccardi et al. 2017 : NASA/STScl Radio: - -




The Shadow of a Black Hole

Bardeen 1973, Luminet 1979
Falcke , Melia , Agol (2000)

Bronzwaer et al. 2018



The Shadow of a Black Hole

2. Radiative transfer models (ray tracing) to link to observations

S HOSHBlack Hole Observations in Stationary  Spacetimes )

Younsi, Bronzwaer , Davelaar



The Shadow of a Black Hole

Constraining BH spinand inclination

More face -on

More edge -on

Younsi et al., Bronzwaer et al., Davelaar , et al.



The Shadow of a Black Hole
3. Testing theories of Gravity N
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Goddi et al. 2017, Younsietal. 2017



The Shadow of a Black Hole
Astrophysical Targets N

R, =2 GMg, /C 2
éSch = RSch /D
a 0 .02 nano -arcsec (Mg, /M,,)/( kpc /D )

Stellar mass BHs (D~1Kpc , Mg, ~10 M,))
Super-massive BHs (D~1 Mpc -1Gpc, Mg, ~10°-10° M,))
=> Both generally too small

Two notable exceptions:
Sgr A* : D~8 kpc, Mgy ~4x10% M,, => é.,, ~ 10 micro -arcseconds
M87 :D~17 Mpc , Mg, ~7x10° M,, => é.,, ~ 8 micro -arcseconds

=> Gravitationally -lensed size ~50 micro -arcseconds



The Galactic Center contains the best and closest SMBH:

Sagittarius A * (4 10 solar masses

E MPGErching (Genzel, Gillessen, ¢é)
see also Ghez et al. (UCLA group)




The Galactic Center contains the best and closest SMBH:
Sagittarius A* (4 10° solar masses)

BlackHoleCam

S2 orbit over 16 years

Sgr A*

Stellar proper motions around  Sgr A*: 4.3110° M, Gillessen et al. 2017



