
How to hide a supermassive Black Hole:
AGN obscuration through dusty infrared dominated flows.  

Anton Dorodnitsyn
NASA GSFC / UMD

Monday, April 30, 2012



• Tim Kallman

• G.S. Bisnovatyi-Kogan

Special Thanks

Dorodnitsyn, Kallman, Bisnovaty-Kogan,
ApJ,  2012, 747, 8

Dorodnitsyn, Bisnovaty-Kogan, Kallman, 
ApJ, 2011,  741, 29

Dorodnitsyn, A., Kallman, T.
2009, ApJ, 703, 1797

Dorodnitsyn, A., Kallman, T.
2010, ApJL, 711,112

Dorodnitsyn, Kallman, Proga, D. 2008, 
ApJL, 657, 5

Dorodnitsyn, A., Kallman, T., Proga, D.
2008, ApJ, 687, 97

Monday, April 30, 2012



Seyfert 1, galaxy, NGC 5548 NGC 3277
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AGN UNIFICATION

•  Seyfert 1: broad emission lines

•  Seyfert 2: narrow lines only

 So, “type 2” AGN seem to be “type 1” but  
with no broad lines. Typically, Type 2 are less 
luminous in optics
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Model X-ray spectra,
observed as a function of angle.
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Profiles of individual lines of OVII(left) and MgXI (right).
Blueshifts correspond to positive velocities, redshifts to negative 
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• The grating spectrographs on the X-ray telescopes 
Chandra and XMM-Newton provide unprecedented 

spectral resolution up to ~ 10 keV.
• These show that X-ray spectra obtained from ~ half of 
low-red-shift active galactic nuclei (AGN) contain many 

lines from ions of Fe, Si, S, O, Mg, and Ne, and that these 
are generally broadened and blueshifted by 100-500 km/s  
Kaspi, S., et al. 2002, ApJ, 574, 643; Steenbrugge, K.C. 2005, A&A, 

432, 453 
•The presence of X-ray absorbing gas has been confirmed 
in the majority of AGNs which are bright enough to allow 

detections. 
• There is also a partial correspondence between UV and 

X-ray absorbers

Warm absorbers

Dorodnitsyn, A., Kallman, T.
2009, ApJ, 703, 1797

X-ray polarimetry of warm 
absorbers

Dorodnitsyn, A., Kallman, T. 2010, ApJL,
711,112
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POSSIBLE CONNECTION WITH BLR
Czerny & Hryniewicz: The origin of the BLR in AGN

Fig. 1. The BLR region covers the range of the disk with
an effective temperature lower than 1000 K: the dusty wind
rises and then breaks down when exposed to the radiation
from the central source. The dusty torus is the disk range
where the irradiation does not destroy the dust and the
wind flows out.

as M23/21ṁ16/21 (in cm, not in gravitational radii), where
ṁ is the accretion rate in Eddington units. We can relate
the black hole mass to the monochromatic luminosity again
using the formula from Tripp et al. (1994). Thus, the ex-
pected scaling of the BLR radius in this scenario can be
represented as

Rradpres
BLR ∝ L23/28

5100 ṁ3/14, (8)

such that the slope of the dependence on L5100 is consider-
ably steeper than 0.5, but not much steeper than for pre-
vious results inferred from the reverberation mapping.

In the case of the self-gravity transition, we can estimate
the transition radius using the simple criterion that the
local disk density should be equal to GM/r3. But since this
region may occur in either region (b) or (c) (see Shakura
& Sunyaev 1973 for the definitions and analytic expression
for the density), we have to calculate the expected trend
for the two regions separately, obtaining

Rsg
BLR ∝ L1/36

5100ṁ
−83/54 (region b),

Rsg
BLR ∝ L−7/60

5100 ṁ−37/90 (region c), (9)

so in both cases the dependence on the monochromatic
luminosity differs strongly from our model. There is also
an additional dependence on the accretion rate, which is
weak (and positive) for the radiation pressure/gas pressure
scenario, but much stronger for the self-gravity onset sce-
nario. Monitoring results covering an even broader dynam-
ical range of luminosity may be required to definitively rule
out any of those alternative scenarios.

Within the framework of our BLR model, we can also
estimate the radial size of the BLR, assuming that it covers
the region from the radius where Teff = 1000K to the

beginning of the dusty torus, Rdust ∼ 0.4L1/2
45 pc (Nenkova

et al. 2008). The ratio of the two radii can be expressed in
terms of the black hole mass, the accretion rate, and the
accretion flow efficiency η (Lbol = ηṀc2)

r1000K
Rdust

= 0.03
M1/6

8

ṁ1/6η1/20.1

, (10)

where the black hole mass is expressed in 108M", and the
efficiency in units of 0.1. Since the dependence on the black
hole mass and the accretion rate is generally weak, in high
accretion efficiency sources the outer radius is larger by a
factor of 30 than the inner radius. However, if the accre-
tion rate drops by a factor of 10−3, and, more importantly,
the accretion efficiency drops by a factor of 100, then in
our model the BLR is expected to reduce to a narrow ring
(r1000K ≈ Rdust). It is possible that this is the basic expla-
nation of the relatively narrow BLR in several broad-line
radio galaxies with clearly visible double peaks in the Hβ
line (see e.g. Lewis et al. 2010 and the references therein).

If indeed the scenario outlined in the present paper is a
correct interpretation, it means that magnetic wind outflow
is not the dominant mode of outflow from the disk. On the
other hand, this type of outflow is still likely to be present,
perhaps being responsible for finally driving some material
far away from the disk where high ionization lines form.

Acknowledgements. Part of this work was supported by grant NN
203 380136 of the Polish State Committee for Scientific Research.
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ALTERNATIVES FOR THE OBSCURATION

• Warps in accretion disk at a pc scale

• Clumps/clouds

• Winds from short distance from the BH

• Radiation-driven winds

• MHD (Blandford-Payne -type) flows

• IR-driven
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DIRECT OBSERVATIONS OF THE TORUS

• Orientation effects play a 
major role in explaining 
many of the energetic 
phenomena in AGN

• Dusty clouds form a torus -
like structure of the 1 parsec 
size

• Interferometric mid -infrared 
observations of NGC 1068 
(Seyfert 2) reveals multi-
component structure

• Warm (320K) - 2.1 parsec 
thick and 3.4 parsec in 

Jaffe et al. Nature, 2004
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One of the major problems which should be addressed by a 
theory of AGN obscuration is how the torus resists collapse into 

a geometrically thin disk. If the torus is supported by rotation 
and gas pressure then the temperature of such gas should be of 

the order of the virial temperature: 

Clearly, such temperatures cannot be reconciled with the 
existence of dust.

Tvir,g = 2.6× 105 M6/rpc K
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Comparing the energy density of the X-ray and UV-photons,

3.44× 10−5 M6/r
2
pc erg cm

−3
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Comparing the energy density of the X-ray and UV-photons,

3.44× 10−5 M6/r
2
pc erg cm

−3

assuming that the black hole radiates at half of its Eddington luminosity and a 30% covering 
fraction of the Compton thick portion of the torus 

Monday, April 30, 2012



Comparing the energy density of the X-ray and UV-photons,

3.44× 10−5 M6/r
2
pc erg cm

−3

assuming that the black hole radiates at half of its Eddington luminosity and a 30% covering 
fraction of the Compton thick portion of the torus 

with the energy density of infrared radiation, we obtain that a gas-dust temperature of a 
few x 100K is required if all these X-ray and UV photons are converted to the infrared. A 
more elaborate treatment  shows that if the temperature of the torus is a fraction of

Tvir,r � 527 (
n/107

rpc
)1/4
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few x 100K is required if all these X-ray and UV photons are converted to the infrared. A 
more elaborate treatment  shows that if the temperature of the torus is a fraction of

Tvir,r � 527 (
n/107
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IR radiation pressure

β = Pg/P �
�
103

T 3
3

n7
+ 1

�−1
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Ledd =
4πcGMBH

κe

= 1.26× 1044 M6
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c,dust = 5× 10−4 − 0.01 Ledd
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Ledd =
4πcGMBH

κe

= 1.26× 1044 M6 LUV
c,dust = 5× 10−4 − 0.01 Ledd

Lc =
4πcGM

κd
� (0.03− 0.1) Ledd
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Ledd =
4πcGMBH

κe

= 1.26× 1044 M6 LUV
c,dust = 5× 10−4 − 0.01 Ledd

Lc =
4πcGM

κd
� (0.03− 0.1) Ledd

Purely local,
no transfer effects!
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Ledd =
4πcGMBH

κe

= 1.26× 1044 M6 LUV
c,dust = 5× 10−4 − 0.01 Ledd

UV is absorbed in a layer

δl/R1pc = 1.3× 10−3 n−1
7

Lc =
4πcGM

κd
� (0.03− 0.1) Ledd

Purely local,
no transfer effects!
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= 1.26× 1044 M6 LUV
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δl/R1pc = 1.3× 10−3 n−1
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4πcGM
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no transfer effects!

Teff =
�

4αΓ
GM

κTar2

�1/4

� 463 (
Γ0.5M7

r2
pc

)1/4
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• Condition for an outflow:

Monday, April 30, 2012



T0 > Tvir,r(r0) Γ1/4
c• Condition for an outflow:
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T0 > Tvir,r(r0) Γ1/4
c• Condition for an outflow:

• Virial temperature in radiatively-dominated plasma:
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T0 > Tvir,r(r0) Γ1/4
c• Condition for an outflow:

• Virial temperature in radiatively-dominated plasma:

Tvir,r =
�

GMρ

ar

�1/4

� 312 (
n5M7

rpc
)1/4 − 987 (

n7M7

rpc
)1/4 K
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grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2
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grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)
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- mean free path

grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)
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- mean free path

Optically thick diffusion:

grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)
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- mean free path

Optically thick diffusion: dE/dl ∼ E/L ∼ E/R

grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)
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- mean free path

Optically thick diffusion: dE/dl ∼ E/L ∼ E/R

Tvir,r =
�

GMρ
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grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)

Optically thin transport:
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- mean free path

Optically thick diffusion: dE/dl ∼ E/L ∼ E/R

Tvir,r =
�

GMρ
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)1/4 K

grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)

Optically thin transport: dE/dl ∼ E/λ
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- mean free path

Optically thick diffusion: dE/dl ∼ E/L ∼ E/R

Tvir,r =
�

GMρ

ar

�1/4
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n7M7
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)1/4 K

grad = κF/c = κλ dE/dl ∼ (1/ρ) dE/dl ∼ GM

r2

λ = 1/(κρ)

Optically thin transport: dE/dl ∼ E/λ

Tvir,flx =
�

4GM
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�1/4

= 292 (
M7

r2
pcκ10

)1/4 K
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• Mdot as an eigenvalue problem 

• Mass of the “torus”

• Speed of an outflow

• AGN feedback 
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RADIATION HYDRODYNAMICS OF
AGN OBSCURATION
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RADIATION HYDRODYNAMICS OF
AGN OBSCURATION

Dtρ+ ρ∇ · v = 0,

Dtv = −1

ρ
∇p+ grad −∇Φ,
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R = 1pc

τT = 0.53

L = 0.5Ledd
Dorodnitsyn et al. , ApJ, 2011,  741, 29 
Dorodnitsyn et al.,  ApJ,  2012, 747, 8
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L = 0.05Ledd

R = 1pc

τT = 1.8
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L = 0.05Ledd

R = 1pc

τT = 1.8
Monday, April 30, 2012



L = 0.05Ledd

R = 1pc

τT = 1.8
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Model Γ R0 τT n0 �v� v∗max Lkin Lbol Ṁ

1 0.5 1 0.53 3 · 105 138.4 666.61 1.23 · 1041 6.24 · 1044 1.71
2 0.3 1 0.53 3 · 105 104.87 560.27 6.38 · 1040 3.74 · 1044 1.38
3 0.1 1 0.53 3 · 105 55.82 373.46 1.48 · 1040 1.24 · 1044 1.85
4 0.05 1 0.53 3 · 105 36.63 282.23 6 · 1039 6.25 · 1043 0.64
5 0.8 1 1.8 1 · 106 112.62 765 4.11 · 1041 9.99 · 1044 5
6 0.5 1 1.8 1 · 106 90.55 513.42 2.56 · 1041 6.24 · 1044 4.18
7 0.3 1 1.8 1 · 106 73.18 348.45 1.37 · 1041 3.74 · 1044 3.37
8 0.1 1 1.8 1 · 106 59.73 159.74 3.09 · 1040 1.24 · 1044 1.88
9 0.05 1 1.8 1 · 106 42.8 129.39 1.31 · 1040 6.25 · 1043 1.39

RHD, time-dependent 2.5D

• As the luminosity of the central machine exceeds 
0.1L_edd

• The geometrically thick wind is formed
• This “wind” is obscuring AGN at high inclinations
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STATIC TORUS

CONCLUSIONS
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“Dynamic Torus”

CONCLUSIONS
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CONCLUSIONS

•  Active Galactic Nuclei (AGN), Seyfert galaxies and quasars, are powered 
by luminous accretion and often accompanied by winds which are powerful 
enough to affect the AGN mass budget, and whose observational appearance 
bears an imprint of processes which are happening within the central parsec 
around the black hole (BH).

•  Our results demonstrate that for  AGN luminosities greater than                
external illumination can support a geometrically thick obscuration via 
outflows driven by the infrared radiation pressure.

•  The terminal velocity of marginally Compton-thin models                              
is comparable or greater than the escape velocity.

•  In Compton thick models the maximum value of the vertical component of 
the velocity is lower than the escape velocity suggesting that a significant part 
of our torus is in the form of failed

Pressure of the infrared radiation on dust is crucial. Dusty winds may or may 
not be failed, i.e. returning. This flow is known aka “AGN torus”

0.1 Ledd

0.2 < τT < 0.6
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