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AGN Accretion Disks

of Radio Galaxy 3C212
Montage (c) NRAO 1994

¥ Thin Disk Accretion (* o - Model’)

b Shakura & Sunyaev (1973), Novikov &
Thorne (1973)

b Cold & Bright (10° K)
b AGN, high/soft x-ray binaries
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The & - Model

¥ Time-steady, axisymmetric, “thin”

7

¥ F(r) independent of unknown “viscosity
¥ Explains basic properties of BH systems

3C 273
December 1990

IUE |HUT

Steiner et al. (2010) Kriss et al. (1999)
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@ - Model Issues

¥ Thermal & inflow instabilities

¥ Observations:

P High levels of UV

P Simultaneous variability
. . _ Zheng et al. (1997)
P Microlensing Sizes
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& - Model Issues:
Microlensing Sizes

¥ “Micro” — unresolvable image
separations (microarcseconds

Lensing

¥ Uncorrelated variations Galaxy
oetween images of strongly
ensed quasars

¥ Size discrepancy: 0.6 £ 0.3
dex! (Morgan et al. 2010)

JD—2450000 (days
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Quasar Optical Variability
¥ 10-20% optical variability

¥ Stochastic: Damped
random walk

¥ Unlikely to be coherent:
larger local fluctuations

0
Frequency [Day™']

Kelly et al. (2009)
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Inhomogeneous Disks

¥ O/ on average: <oT*>, . = F(r)

¥ let Tvary with p & t

¥ Many possible prescriptions for variability

¥ Explain all observations for large fluctuations

12/17/10 KIPAC Tea Talk



Damped Random Walk Disk Model

¥ Example (“DM”): Motivated by variability
¥ n zones per octave in radius, uniformin|nr,

¢
¥ Independent DRW in log,,T in each zone with
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DM Spectra & Variability

¥ “Simultaneous”
variability
¥ Inhomogeneous disks

IR IETI R REER
of observed UV

¥ Smaller F, at peak A, ' |

DM n=2200 " ;=0.56

DM n=2200 " ,=0.3
DM n=2200 " ;=0.50
DM n=140 " ;=0.35

DM n=9 " ,=0.35

I F, (arbitrary)

1000 2000
I (Angstroms)

larger area for same = ourin o3
flux, bigger disk ,
! (Algg(t)roms) 2000
Dexter & Agol (2010), Zheng et al. (1997)
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DM Sizes

¥ Inhomogeneous disks can explain ML sizes at

observed variability amplitudes
Dexter & Agol (2010)
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Microlensing Simulations

¥ Sizes from half-light
radius vs. ML light \

¥ Ray shooting code: \ \ | |

Wambsganss r
(1990)

¥ Einstein cross
parameters: \
Kochanek (2004)
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Microlensing Simulations

¥ Excellent fits using
thin disk models

¥ ML size consistent
with half-light radius
for allowed range of n

Magnification

DM n=2200 0,=0.35
DM n=2200 6,=0.50
DM n=140 ¢,=0.35
DM n=9 ¢,=0.35

¥ Deviations due to
inhomogeneity at 1%
level on average, 10%
max.
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Dexter & Agol (2010)
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Combined Constraints

Variability

0.35<!:<0.50, 100 < n < 1000, Dexter & Agol (2010)
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Physical Mechanisms

¥ Disks inhomogeneous to what Gammie et al (2004)
degree?

¥ Observations: o- = 0.35-0.50

¥ Reasonable? Depends on disk
instabilities

P Magnetorotational (MRI): Too
small?

P Thermal: Doesn’t operate?
P Inflow: Need to test!
P Photon bubble: May help
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Summary

¥ Observations of AGN have moved beyond a

¥ Inhomogeneous accretion disk models can
explain spectral, variability and microlensing
observations

¥ Simulations can test possible mechanisms

¥ Two future approaches:

b Inhomogeneous disks with some physics
P Radiation MHD simulations
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MRI-driven Inhomogeneity

¥ Fluctuations in current global sims not large enough (o; =
0.1)

¥ Similar in local sims with radiation
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Thermal Instability

¥ May not operate' (leose et al. 2009)
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Inflow Instability

¥ Would lead to large
density gradients

¥ Need to test in MRI
disks

P Standard local sims
are too narrow in

radius
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Lightman (1974)
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Exciting Observations of
Accreting Black Holes

Middleton et al. (2010) Fender et al. (2004)

VHS/IS
HS Soft Hard LS

¥ X-ray binaries

P State transitions
P QPOs
Plron lines

¥ AGN
P QPO(?)
P Microlensing

P Multiwavelength |
surveys ”

MCG-6-30-15 Miniutti et al. 2007]
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Future Work: Two Approaches

¥ Improved inhomogeneous toy model:

P Vary timescales/amplitudes with radius
(Kelly et al. 2009)

P Physically motivated toy mechanism
(e.g., King et al. 2004)

¥ From first principles:
P Wide shearing boxes (inflow instability?)
P Global radiative simulations
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Exciting Observations of
Accreting Black Holes

Steiner et al. 2010 Schmoll et al. (2009)

¥ X-ray binaries
P State transitions

P QPOs
Plron lines

¥ AG N Morgan et al.
) QPO(?) (2010)

P Microlensing

P Multiwavelength
surveys
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Caveats

¥ Other ways out of individual observations:

P Spectra: Comptonizing atmosphere
P Variability: Reprocessing
P Microlensing: Scattering, temperature profile

¥ Alternatives to inhomogeneity:
P Optically thin free-free (Barvainis 1992)
P Clumps (Krolik 1998)
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Additional Observations

¥ Inhomogeneity generically explains sizes,
spectra and simultaneous variability

¥ Further constraints:

P Quantitative Var amplitude vs. Frequency, cross-
correlations

P Trends with luminosity, black hole mass

¥ Need a (more) physical model!
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DM Variability

¥ Consistent with optical variability
¥ Increasing amplitude with frequency

¥ “Simultaneous” variability
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& - Model Issues:
Microlensing Sizes

Eigenbrod et al. (2008)

¥ Size vs. Wavelength
consistent with Alpha

¥ Multiwavelength ML can
map out accretion disk!

12/17/10 Berkeley Theory Lunch 25



& - Model Issues:
Optical/UV Spectra

¥ Trouble matching high levels of observed UV

Blaes et al. (2001) -

)

Zheng et al.
(1997)
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