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What is the Torus?
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Risaliti, Elvis & Nicastro 02:

Smooth distribution of dusty and dust-free clouds



Lag Times — BLR and near-IR

Suganuma et al 06
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BLR is dust bound (Netzer & Laor 93)




The Dust-Sublimation Transition

r < Ry— dust free clouds:
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r > Ry — dusty clouds:
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TOR = Torus



Black-Hole Influence Radius Ry

r=Rgyi Q(Rgh) = Qe(Rgn) = M(Rgy) =M,
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Grand Unification Theory

Emmering, Blandford
& Shlosman 92

Continuum Source
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Cloud Properties in TOR Outflow (1)

1, ~ 20-100 = N, ~ 10%2- 102 cm??



Tidal Shearing

Tidal force:

Self-gravity glue:

GM. _GM._ R, GM.
r¥FR.)” r* r r?
GM, .GM. R,

R? =2 iz

or: n.~n.,(r)




Cloud Properties in TOR Outflow (2)
1, ~ 20-100 = N, ~ 10%2- 102 cm??

Resistance to tidal shearing:
n>10" M,;/r,2 cm
Re < 1076 Ny 231, / M7 cm

Mc < 7-107 Ny 3R 16° Mo

Confinement?



Cloud Confinement

, 2GM,
R

C

M. =7-103My , R. =10 cm = o=0.1kms"

Self-gravitating clouds: o

Measly Confinement!

2

Magnetic confinement: g— = %Nnm_ o
T

~ 1/2
B~1.5 o, N7 mG



Cloud Properties in TOR Outflow

N, ~ 1022 - 1023 cm~2

n>10" M,;/r,° cm

Re < 1070 Ny 231 / M7 cm
M, <7:107 Ny 23 Rc,162 Mg

~ 1/2
B~1.5 o, N7 mG

Elitzur & Shlosman 06



TOR Scale Height

Clouds rise and expand
M ~ nR3=nRxR? = N, o M/R?
Crossing the TOR — factor ~10 expansion

o~1kms' v =208 (M;/r,)” km s
=H-~r



TOR Energy Outflow Rate

L, =f%MCv§ xNn_v_dA

Estimate at the wind base — disk surface

Outflow: Vv > v~ 10 km s

L, =7x10%® L)z N} ,;vs-I, ergs™

Negligible in the energy budget



TOR Mass Outflow Rate

Mout =0.02 Lﬁ NL,23 VeI, Mg yr™

MBH = NTOR _ MOUt —oM™R o <1

acc acc acc

L = nME" ¢? = MR 2 e =na~0.01(7?)

acc acc

MIOR —0.02L,./e M, yr™

acc

|\./Iout _ 1

ATOR ~ 112
|\/Iacc I—45

Torus disappears at L <~ 10*2 erg s !

.
€ NH,23 Ve -1



Torus Disappearance at Low Luminosities

Nucleus visible in FR | radio galaxies (Chiaberge+ 99)
... and LINERs too (Maoz+ 05)

LINER 1 & 2 UV colors similar (A, <~ 1)

No torus dust emission in M87 (Whysong & Antonucci 04;
Perlman+ 07)

No torus dust emission in FR Is and ~ half of FR lls
(Guido van der Wolk+ 07)



If only TORUS is removed, all
low-luminosity AGN become type 1

HOWEVER

= Both type 1 and type 2 LINERs do exist
(Maoz et al 05)

= “true” type 2 AGN exist at L < 1042 erg s
(Panessa & Bassani 02; Laor 03)

THEREFORE

BLR must disappear at some lower L



Accretion Disk

= Wind diminishes — mass outflow directed to jets (?)

* Ho ‘02, Sikora et al ‘07: Radio loudness (L ,4/L,)

varies inversely with M___!

= Similar effect in X-ray binaries



The relevant parameter is not L, but L/Lg,,




Mid-IR Spectroscopy of Radio
Galaxies and Quasars

Patrick Ogle (SSC/Caltech)

D. Whysong (NRAO), R. Antonucci (UCSB)
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Xi’an 2006



Mid-IR Spectroscopy of Radio
Galaxies and Quasars

Patrick Ogle (SSC/Caltech)

D. Whysong (NRAO) . Eddington Luminosity

Mbh estimated from ¢ or K
band luminosity of bulge.

1=1.7 L(15w) /0.6

All sources with broad
Balmer lines have
L/Ledd > 3E-3

Most FR Is and 50% of
FR IIs have L/Ledd < 3E-3.

Jets may be powered by
radiatively mefficient
accretion and/or black hole

Ogle et al. 2006, ApJ, 647, in press Spin.




Radio-loudness; Ho ‘02
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log R

Radio-loudness; Sikora+ ‘07
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The Maiolino Conjecture — Implications

= Torus disappears at L/Lgy, <~ 1073,

i.e., L<~10%M,, ergs

= TOR outflow: M, /M, TOR o (Lgyy/L)"

out accC

namely, € ~ 0.03 Lgyy?  [x f(L/Lggy)]

= Radiation pressure?
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Final Speculation

= Withn ~ 0.1, the required accretion rate is

Macc ~ 0.1 Lis Mg yr
= The AGN phase lasts ~ 107 — 108 yrs

= QOverall accreted mass ~ 10 - 107 L,s Mg

Is the whole Seyfert phenomenon the accretion of

just a single GMC?



Things to Ponder

It’s all probabilities!

UV/optical vs X-ray torus properties
f, decrease at high L — N, or o?
Low-luminosity end of AGN:

e TOR disappearance — IR emission

e BLR disappearance

e Switch from outflow to jets



