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cf. standard (Newtonian) disk theory:

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



But there are big problems with disk theory vis a vis observations…

• UV spectra have a quasi-universal shape with a break to a power-law at                (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.
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ABSTRACT

AGN SEDs generally show a turnover at λ ∼ 1000Å, implying a maximal accretion disc

(AD) temperature of Tmax ∼ 50 000 K. Massive O stars display a similar Tmax, associated with

a sharp rise in a line-driven mass-loss Ṁ wind with increasing surface temperature. AGN AD

are also characterized by similar surface gravity to massive O stars. The Ṁ wind of O stars

reaches ∼10− 5 M yr− 1. Since the surface area of AGN AD can be 106 larger, the implied

Ṁ wind in AGN AD can reach the accretion rate Ṁ . A rise to Ṁ wind ∼ Ṁ towards the AD centre

may therefore set a similar cap of Tmax ∼ 50 000 K. To explore this idea, we solve the radial

structure of an AD with a mass-loss term, and calculate the implied AD emission using the

mass-loss term derived from observations of O stars. We find that Ṁ wind becomes comparable

to Ṁ typically at a few tens of GM/ c2. Thus, the standard thin AD solution is effectively

truncated well outside the innermost stable orbit. The calculated AD SED shows the observed

turnover at λ ∼ 1000Å, which is weakly dependent on the AGN luminosity and black hole

mass. The AD SED is generally independent of the black hole spin, due to the large truncation

radius. However, a cold AD (low Ṁ , high black hole mass) is predicted to be windless, and

thus its SED should be sensitive to the black hole spin. The accreted gas may form a hot thick

disc with a low radiative efficiency inside the truncation radius, or a strong line-driven outflow,

depending on its ionization state.

Key words: accretion, accretion discs – black hole physics – galaxies: active – quasars:

general.

1 INTRODUCTION

The optical–UV emission in AGN is most likely the signature of

accretion on to the central massive black hole through a thin accre-

tion disc (AD; Shields 1978; Malkan 1983 and citations thereafter).

Malkan & Sargent (1982) noted that the UV emission shows a

turnover characteristic of a Tmax ∼ 30 000 K blackbody. Following

studies of larger samples showed that this is a general trend in AGN,

where the SED shows a turnover from a spectral slope of α ∼ − 0.5

(Fν ∝ να) at λ > 1000Å to α ∼ − 1.5 to − 2 at λ < 1000Å (Zheng

et al. 1997; Telfer et al. 2002; Shang et al. 2005; Barger & Cowie

2010; Shull, Stevans & Danforth 2012; cf. Scott et al. 2004), which

extends to ∼1 keV (Laor et al. 1997). The turnover at λ < 1000Å,

which corresponds to a blackbody with Tmax ∼ 50 000 K, is in con-

tradiction with the thin local blackbody AD models, which predict

peak emission νpeak ∝ (ṁ/ M )1/ 4, where M is the black hole mass

and ṁ ≡ L/ L Edd is the luminosity in Eddington units. Thus, νpeak

should range over more than an order of magnitude, as broad-line

AGN extend over the range ṁ = 0.01–1 and M = 106–1010 M ,

which is in contrast with the small range observed (e.g. Shang et al.

E-mail: laor@physics.technion.ac.il

2005; Davis & Laor 2011, hereafter DL11). For example, some

models predict a peak at νpeak > 1016 (e.g. Hubeny et al. 2001;

DL11), while objects with such SEDs appear to be extremely rare

(e.g. Done et al. 2012). Furthermore, high-ṁ/ M AD models predict

significant soft X-ray thermal emission, which is also not observed

(Laor et al. 1997), which again implies that the expected thermal

emission from the inner hottest parts of the AD is missing.

The extreme UV (EUV) emission spectral shape can also be

constrained based on various line ratios. The analysis of Bonning

et al. (2013) of a sample of AGN reveals similar observed line

ratios, again indicating similar EUV SEDs, and an absence of the

dependence of the EUV emission on the predicted maximum thin

AD temperature in each object.

In contrast, the SED of AD around stellar mass black holes,

which peak in the X-ray regime, matches observations remarkably

well, in particular near the peak emission which originates from

the hottest innermost AD region (Davis et al. 2005; Davis, Done &

Blaes 2006). The match is accurate enough that it can be used to

determine the black hole spin (e.g. McClintock et al. 2011).

What prevents AD in AGN from generally reaching Tmax

50 000 K? The universality of the observed νpeak suggests that it is

a local process in the AGN AD atmosphere, most likely related to

an atomically driven process. This process should be effective at
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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

Defines alpha!

IF diffusive transport



The Iron Opacity Peak in FUV Temperature Plasmas

Rosseland opacity
H/He Bound-free

Iron Opacity Peak

Electron

Scattering

-Jiang et al. (2015)



Slow photon diffusion:

density inversion wiped out

and convection is efficient.

Rapid photon diffusion:

strong turbulence results in

porous medium.  Density inversion is

maintained in time/space average.

Iron Opacity Effects in Massive Stars

-Jiang et al. (2015)



-Jiang & Blaes (2020)

Iron Opacity Effects in AGN Disks



-Jiang & Blaes (2020)

Radial Clumping of Material in Disk is Caused by Radial Gradients in Enhanced Stress
Associated with Convective Cycles



Time history
of fluctuations
at r=50rg

-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).



Rosseland opacity
H/He Bound-free

Iron Opacity Peak

Electron

Scattering

-Jiang et al. (2015)

Can we tickle
the dragon?



tsim=4x106s



Density

Plasma
Beta

Radiation
Entropy per
Unit Mass

t=100-200 t=200-300 t=300-400 t=400-500



Radiation
pressure

Magnetic
pressure

Turbulent
kinetic energy
density

t=100-200 t=200-300 t=300-400 t=400-500



Radial

Polar
(Vertical)

Azimuthal

t=100-200 t=200-300 t=300-400 t=400-500

Contributions
to turbulent
kinetic energy
density: polar
dominates in
regions of iron
opacity-driven
convection.



“Vertical” Profiles at Fixed Radius

Convective

Magnetically
dominated

Turbulent kinetic
energy is nearly in
equipartition with
magnetic energy,
similar to assumption
of Pariev et al. (2003).

Turbulent kinetic
energy completely
dominates in midplane
(supersonic and
super-Alfvénic).



A (Very) Magnetically-Dominated Flow

Time-averaged
pressures

Gas Radiation Poloidal kinetic energy

Magnetic pressures

Radial AzimuthalPolar



Time-Averaged Field Components

Radial Polar Azimuthal

Comparison with various
models of B-field saturation
(Begelman & Pringle 2007;
Begelman & Armitage 2023).



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.


