Global 3D radiation MHD simulations
of AGN accretion disks
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X~rag Binaries Do Not scale to AGNs
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Effects of Ve:y Strong radiation pressure:
See Omer’s Talk:

Omer convinces us
that accretion disks in AGNs

are interesting.
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Ideal MHD

Radiative Transfer

The lnput Phgsics
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Photon momentum

~ radiation energy

Lorentz transmcormation between lab Frame and co—-moving

Frame to hanc”e tl’ne Velocitg dependent source terms.



The lnput Physics
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The clensitg and temperature
ranges are very similar as in

massive star envelol:)esl



[ron OPacitg Peak Changes the Thermal 5tabi|it9
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lmplications: DePendence of accretion disk Prol:)erties with meta”icitg.



Global Radiation MHD Simulations of AGN

Accretion Disks

Jiang et al. 2017, in Preparation)
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Simulation Parameters

Variables/Units ~ AGNM1 AGNM?2 AGNBM1  AGNBM?2
ri/Tq 80 30 80 50
pi/po 50 10 10 10
T, /Ty 12.4 8.4 8.3 8.4
Ar/r 0.024 0.012 0.012 0.012

Af 0.024 0.012 0.012 0.012
Ad 0.024 0.012 0.012 0.012
Ny 80 80 80 80

B Loops Multiple Multiple Single Single




Global Radiation MHD Simulations of AGN

. Accretion Disks
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Mass Accretion Rates
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Flow Structures
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Flow Structures
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Radial Profiles of the disk
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The Densitg Waves
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Positions of the Spiral Shock
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The EHective Alpha
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Butterﬂg Diagram

No Net Vertical Magnetic Flux With Net Vertical Magnetic Flux
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Vertical Disk Structure

With Net Vertical Magnetic Flux

No Net Vertical Magnetic Flux

AGNM2, r = 30r,

i

d pr, v,
SOVRGEOWAR®

AGNBM2, r = 30r,




Compare with Stellar Mass Black Holes

=7 solar mass black hole

20 Eclc]ington accretion rate
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5ub~EcHington AGN disks
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5ub~Eddington AGN disks
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5ub~Eddington AGN disks
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Angular Momentum Transter
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The Opacitg
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Future Work

e AGN 5Pectra for ditferent accretion rates and black
hole mass
e Reverberation maPPing based on Simulation Data

o Signature of Continuum Radiation Driven Outflow



