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Reverberation mapping campaigns show that luminous AGN
are probably powered by optically thick accretion
in which accretion power is thermalized into radiation at some level
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But there are big problems with disk theory vis a vis observations...

e UV spectra have a quasi-universal shape with a break to a power-law at 1000 A (near
the Lyman limit), nothing like what standard accretion disk theory predicts.

* Microlensing and reverberation mapping place the optical emission radius to be about
a factor 3 larger than standard accretion disk theory predicts.

* Observed variability occurs on very rapid time scales compared to standard disk theory,
the most extreme manifestation being so-called Changing Look Quasars.

Also, the standard Shakura-Sunyaev-based theory is itself inconsistent because of thermal
and viscous instabilities.



Key Ingredients Not Addressed in Standard Model

Disk winds (Proga, Stone & Kallman 2000; Laor & Davis 2014)

FUV opacities in a radiation pressure dominated environment (Jiang,
Davis & Stone 2016; Jiang & Blaes 2020)

Magnetic pressure support, even in a SANE flow (Pariev, Blackman & Boldyrev
2003; Begelman & Pringle 2007; Begelman & Silk 2017; Dexter & Begelman 2019;
Mishra et al. 2020; Begelman & Armitage 2023)



Local Conditions in a Luminous AGN Accretion Flow
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The Iron Opacity Peak in FUV Temperature Plasmas
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Iron Opacity Effects in Massive Stars
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Iron Opacity Effects in AGN Disks

t =4.51 x 10° ¥, /¢

rcos@/r,

—20

—40

40 60 80
rsin@/r,

t = 8.00 x 10° r,/c

rcos@/r,

—20

—40

40 60 80
rsin@/r,

100

100

QL

rcos@/r,

rcos@/r,

S
o

[V
o

(=]

|
N
=]

40

20

—20

[
[=]

t =6.50 x 10° r,/c

100

40 60 80
rsin@/rg

t =8.99 x 10° r,/c

40 60 80
rsinf/r,

100

-Jiang & Blaes (2020)



logio(r/7g)

logio(r/7g)

Radial Clumping of Material in Disk is Caused by Radial Gradients in Enhanced Stress
Associated with Convective Cycles
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-These convection/MRI cycles are also seen in shearing box radiation MHD simulations of hydrogen (Hirose et al. 2014, Scepi
et al. 2018) and helium (Coleman et al. 2018) CVs, and FU Orionis disks (Hirose 2015). MRI and convective turbulence interact
in highly nontrivial ways (see also Held & Latter 2021).
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“Vertical” Profiles at Fixed Radius
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A (Very) Magnetically-Dominated Flow

Gas Radiation Poloidal kinetic energy
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Summary

AGN are characterized by similar opacities to those of massive star envelopes, resulting in (inefficient) turbulent
convection.

This intermittent convection cyclically enhances MRI stresses, driving transient clumping of surface
density and large amplitude variability on the local thermal time scale. (This might explain the characteristic

time scale observed in DRW modeling.)

(Supersonic!) turbulent kinetic energy is a substantial and sometimes dominant source of pressure support.

Magnetically elevated/dominated, SANE disks also exhibit substantial (Alfvénic) turbulent kinetic energy,
and appear to be long-lived.

Have not (yet) triggered continuum opacity-driven outflows, and also still need to model the magnetically
dominated flows.

These are not Shakura-Sunyaev disks.



