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Unified Scheme for AGN

M ~ 106   – 109 M

Rs ~ 1011 – 1014 cm



Type 2: Narrow Lines

Type 1: Broad Lines FeII

Line Spectra

Tran et al ‘99
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Unified Scheme 
– IR Successes

SED: I = AGN + II



Unified Scheme – IR Puzzles

Huge column range (1022 – 1025 cm-2) in 
x-rays, modest SED variation in IR

10µm absorption feature in type 2 never 
deep; depth uncorrelated with x-rays

No 10µm feature in type 1



Pier & Krolik 92, 93:

• Uniform density 
(although clumpy)

• No scattering

• 10µm emission suppression – fine tuning
• Extreme 10µm absorption – never observed
• Huge variation among SED’s



Granato & Danese ’94 – flared disks: θ
Efstathiou & Rowan-Robinson ’95 
– tapered disks:

Uniform density Models

with added 
dusty cone



IR Puzzles
Rowan-Robinson 1995

Clumps ?

Nenkova, Ivezic & Elitzur, ApJ 570, L9, 2002

Clumps !!!



Clumpy Medium
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=segment ds: emission:  ScλdN(s)

Rc

lnc (pc-3)filling factor:   φ = ncVc << 1

Natta & Panagia 84:       Pesc= e-t ;       t = N(s)(1 – e-τ)

φ = ncAcRc = Rc/l << 1

ICλ = ∫ e-t ScλdN(s)



Clump Emission - Anisotropy



α

Sd(α,r) Si(r)

observer

Direct & Indirect Heating

Composite source function:
Sc(α,r) = pSd(α,r) + (1 – p)Si(r)

p(r) = e-N(r)



Clump modeling

α

Solutions by DUSTY http://www.pa.uky.edu/~moshe/dusty/



Slab Temperature Profile

Increase τV:
• Temperature of cool material is flat
• Temperature profile saturates



Clump emission

Tm = 800 K

τ independence!!!



Clump emission, τV = 100

Limited 10µm depth!!!



Unified Scheme – IR Puzzles

Huge column range (1022 – 1025 cm-2) in 
x-rays, modest SED variation in IR

10µm absorption feature in type 2 never 
deep; depth uncorrelated with x-rays

No 10µm feature in type 1

Clumpiness!!!



AGN Modeling:

Tmi = 1500 K   (Ri = 0.85pc L½
12),    Y = Ro/Ri ,   σ

τV

l ∝ rq:    q,    ∫=
o

i

R

RT
drN
l

NT(β) = NT(0) exp(-β2/σ2)

sharp edge

Gaussian edge



Geometry effectτV = 60, Y = 100, σ = 45º, NT = 5, q = 1



τV = 60, Y = 100, σ = 45º

i = 0 – 90º,  10º steps  

# of clouds effect



Angular and radial parameters
(torus only)

Anisotropic obscuration but isotropic emission?  (Lutz et al ‘04)



Comparison with Observations

Determine FAGN for type 2!

Average Type 1 spectra

2D4

L
AGNF

π
=

Type 2 sources



Parameter Range:

σ = 30° – 60°

τV = 40 – 120 

NT = 5 – 10 clouds

q = 1 – 2 

Ro/L½
12 = 10 – 100 pc

Standard Galactic ISM Dust!
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Brightness Profiles (I)

VLTI – milliarcsec J-band!

θi = Ri/15Mpc ≈ 0.02”
“structures on scales of 
approximately 0.03 arcsec”

Jaffe et al ‘04



Torus Outer Radius

Ri = 0.85pc L½
12 Y = Ro/Ri
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It’s a point source!

NGC 1068:
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Inner parts are indistinguishable!

θi ≈ 0.02”

ALMA – ?
Herschel (6” at 100 µm) ?
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Sample cloud realization

q = 1, NT = 5, Y = 100, τV = 100

φ irrelevant when φ << 1 !
(Rc irrelevant when Rc << l)

1001r (pc)
RoRi

3·1033·105n (cm-3)

90.1Rc (pc)

assume: φ = 0.1,  L12 = 1



Risaliti, Elvis & Nicastro 2002

X-ray variability

time scales         ~ months – 20 years

radial distances  ~ 0.1 pc  – 10 pc



Kartje, Konigl & Elitzur 1999

Disk winds?



Poisson Probability
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Pk ∝ Nk/k!

P5 = 18%



Clumpy Tori

IR emission – average over many los

x-ray absorption – single los

type 1 vs 2 – probability

flips between type 1 ↔ 2

Seyfert 1.x – intercloud medium?

molecular lines – kinematics


