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@ LargerScale Obscurer
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LOerehce & Elvis 1982 ApJ 256, 410 : Thompson & Martin 1988 ApJ 330,121

AR A TR PO Kirhakos & Steiner 1990, AJ 99 1722
(8 - b1 — } PA - u SY - ey
! C | S : o
X us £ — (polarization) - 1 | EEE. —
= | x S o ¢ PA(host disk) 1| i D
L or - : N . 8 s| ¢ 7 Missing edge-
o’ [N (»; - @ - = £ E
o - s (87 Naie l on type Is.
ol . S §0f — . ‘ - !
: ol 5 |c8 e | I I e |
so . ] : ’ . S —— |
: . i £ % | cAo s 1:
1 1 TR oL 150 £ SR TR AR = L ABEE """ B 5= 1
o 0% aa 0% o8 1 [ G | Gops & wd T3
ECGE ON AZIAL RATO FACE ON e 1 | | &
: CB) ca jeav 5 —ShOW up as :
deZotti & Gaskell 1985 A&A 147, 1 25 o i ~ IRAS AGNs
. . . G i) : -
3 9‘7 %.o 0.z o4 0.6 o.8 1.0
L CEACATD CA o0 ca :cfiica | ce bigtel
; » OC- 1G 20 G 4z 50 £0 70 a0 a0
i / Offse! (degrees!
o) - -~ e
% (V) //
g
3
I %9 . . .
= Obscurer lies outside BH sphere of influence
9 e >~ 10pcC
. Larger than “torus”
Face on

T —

Harvard-Smithsonian Center for Astrophysics




@ shdlorSede Asorber L

Ropld Ubiquitous Absorption Variations in AGNs . .
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@ Tosisamyth
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Need to look carefully at each obscurer: Where and What is it?
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@ structureScalesinAGNs
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@ EcipsngMateral
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3 Types of absorber:

All possible ionization states
* Cold - mainly type 2
« Warm
« High lonization

counts/s/keV
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(@ Ecipsesare EosierinXrays

A(X-ray) ~ 1% A(UV)

Timescales shorter for

Close-in absorbers
V =r -1/2
UV/optical Kepler

—>
r(X-ray) ~ 3 Rg

-
r(UV) ~ 30 Rg
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__ Alomic Features in Quasarspectra

Broad Emission Lines
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@ ColdAbsorbers
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XMM-Newton (ESA)
high effective area
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Sdeu (Japan)
10-100 keV spectroscopy

Chandra (NASA)
high spatial resolution
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(@ Rapid xray Confinuum Eclipses _____
o

Chandra
Hot ISM

OPTICAL
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(@ Rapid xray Confinuum Eclipses _____
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Chandra monitoring: o i e

Compton Thin=Thick=>Thin | NGC1365 |
in 4 days |
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NGC 4388
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(@ 8road Line Region Clouds as Eclipsers
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Eclipser velocity, density match BLR clouds:
V>~103km s 108
n ~ 109-10"" cm=3

lonization consistent
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_ (@ Population Properties of Cold Eclipsers
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Frequency of NGC1365 eclipses:
I\Iclouds ~ 3X1 07

2MC|OUC|S ~0.004 M@ <€
c.f. MBLR —~ 0.7 M@ €l

Why are Cold Absorbers <1% of BLR?

« X-ray eclipses pick out small cloudse

« Local heating, not just central photoionization?

2(mass loss) ~ 0.01Mg/year.

Where does it go?
Makes hot WA/intercloud medium
by photo-heating at low densifiese

O o G e

There is something fascinating
about science. One gets such

wholesale returns of conjecture out
of such a trifling investment of fact.
Mark Twain.
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@ lonized Absorbers
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“Warm'": Moderate ionization Hot”: High lonization
Line driving dominates Compton scattering dominates
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(@ Warm Absorber Winds
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Warm Absorber
ionization (U,)
closely follows
continuum.

- high density

- small radius

~High lonization BLR

WAS vary in Ux
Always present:
= “Curtain”

Blueshifted
- Wind
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@ HighlonzatonWinds

* Variable velocity outflow — [T][ Cvvesefaowin e el
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@ AsmplewindModel
o
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& i _
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Does all this absorbing/emitting gas come from the disk?
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@ Fine Structure in the Eclipser
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@ “Comefary’ Eclipsers
o

NGC 1365 Suzaku Maiolino et al. 2010

dA!

Harvard-Smithsonian Center for Astrophysics



Sometar) EcligsenPropertes | || || |
" @ Cometar EcipserProperte

Asymmetric: not radial, unlike solar system comets
Tail from motion through hot (~10/K) medium?
Mach conese
M>20 opening angles 1.5-4deg

Mass Flow:
M(head)~ ~4x10 1" M,
Mass loss rate ~3x10°19M_/year
—->Head Lifetime ~ 2 months < P_ . ~1 year
> clouds constantly renewed
Never see the same gas fwice
at small radii
> clouds come from accretion disk

What l[aunches the wind?

Inner: Line-driven radiation pressure (Proga)
outer: Dust opacity (Czemy et al. 2010)

“--- .---I g
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@ A More Complete QuasarModel
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massive black hole
Lynden-Bell 1969

accretion disk

Lynden-Bell 1969, Pringle & Rees 19
Shakura & Sunyaev 1972

relativistic jet
Rees 1967 [PhD],
Blandford & Rees 1974

disk winds
Murray et al., 1995
Elvis 2000
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e X-ray Confinuum Source
(@ The X-rc uum Sourc

Reynolds C.
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@ Xxray'Coona”
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« Know a lot about behavior, little about

origin

*Options, as in binaries: (see Malzac
* Inefficient cooling?
» Reconnection?
 Jet?

- Less efficient corona production

high L (a_,- I, relation ) Tananbaum et al -
Steffen et al. 2006, Strateva et al. 2006, Young et al.,

e L,y NOT L/Lg,
- Different accretion modes?

» But continuous, large scatter
* Knowing geometry would help

5
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e X-ray ConfinuumSize
(@ The X-rc uum Siz

Light fravel time size= 200 lt-sec = 10R,
Mpr=1.7x10% Mg (Denney et al, 2009)

NGC4051: 300s time bins (EXOSAT)
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(@ Eclipse Size of the Xray source

Dy=V,T ~10" cm ~10 M, R Almost resolved

ingress i egress

é’ro’roli’ryé

Complete
Data 2>
tomography

b
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_ (@ __The Relativistic Iron Line Puz

Reynolds C.
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(@) “Fe-K" Profie changes in Eclipse
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Similar changes in long Suzaku monitoring — Brenneman et al., in prep.
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_ @ Eciiose of the ron Line: Unique Signature

Doppler
boosted
blue wing

Co-rotating
eclipser
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Wing
covered

Red
Wing
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_ (@ ASTROSAT and Quasor Eclipses

CZT IMAGER —_— i W IMAGING TELESCOPES

* Not subtle effects [ /-
 No need for CCDs N Y — ——
« But need wide band e - g
« Obscured Sample monitoring

«Statistics
 Unobscured AGN:

* WA variationse
« Cold Ny events

Intensive studies of Best AGNs

Structure of BELR clouds
Structure of X-ray source AN, ~10% crm2

* Dusty Absorbers? y - AT-2days s
*UVIT monitoring

A e 2 s T N N
=
T

Harvard-Smithsonian Center for Astrophysics

o DUAL GIMBAL ANTENNA

Puccetti et al., 2007




dreme Physics Explorer
“@  Exreme Physics Explore

GR Fe-K line tests, tomography needs: Big Area, Good Spectral Resolution

3.6m dia.
microchannel
plate optics

Spacecraft bus

1=
|IIIllllIl]lHl]1111111111!!1!1!!!!!! =

S —
qiLLugaapeeaarnrrntinl

extensible optical bench

30 meter focal length

Sq. meters A g

Sub-msec timing

Arcmin imaging - to reach bright AGNs
2eV resolution

Polarimetere

e e e N, )
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@ QuasorXray Eclipses
o

...give a new, unified, view of the innermost structure of quasars

Reynolds C.
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Donut Torus is oo simple: larger and smalller scale absorbers
2. Unified by accretion disk winds
3. Cometary Broad Line Region clouds
4. Close to resolving X-ray continuum source
5. ASTROSAT will be great !
6. Definitive test and properties of GR Fe-K line
/. Extreme Physics Explorer

] A\l 1 T T ]
Slow NLR
| High Warm Co.ld _ .
600 Iogizoﬁon Absorber/ Eclipsers/ Eicl{ld Bicones
Absorber High ionization Low clipsers
BLR ionization /
o BLR
~
N
Line-Driven
Failed — .
Compton aile ust-Driven S .
[ wind wind Wind - Risaliti & Elvis,
N0 A 1 /-A‘,. WﬁRT\\ 1 1 ! | 1 20]0 A&A
500 1000 516, A 89

“--- LN 1
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@ Discusion
wr

Top 3 recommendations for key science programmes with Astrosat
2. Top 3 requirements for Astrosat operations strategy:
e.g. TOO fraction, multiwavelength operation, calibrations etc.
3. Top 3 desired mechanisms for idea exchange
and follow-up of this conference:
e.g. conferences,
smaller workshops,
schools,
web-based discussion forum etc.
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