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Extended radio sources — shown is an FRII The host galaxy. Although shown as an early The outer extent of the broad-line region and the

source with an edge-brightened structure. The type galaxy with a smooth profile, it could also deep-walled molecular torus which can provide

FRIs have lower jet velocities and fade-out to be highly irregular with multiple nuclei as a an effective shield of the central AGN,

the ends. result of merging. depending on the relative orientation of the
observer.

Inside the molecular torus — the VLBI jet
becomes self-absorbed closer in, and the low
ionization lines of the BLR, which might be the
corona of the accretion disk.
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The central kpe star formation disk. This strong The narrow-line region comprising small but The accrcti(?n disk which radiates stlrongly at
far infrared emitting zone might be fed by abar  numerous clouds of the interstellar medium UV and optical wavelengths. The high

structure, as seems to be the case for NGC1068. ionized by the central AGN core. ionization clouds of the BLR are excited by the
central continuum radiation field.

Fig. 9.9 Cartoon of the representative scale sizes of an AGN. How we eventually see the object

depends on a number of parameters, the main one being the orientation of the obscuring torus H ST . O 1 b~ 2 C
with respect to the observer. (Adapted from Blandford. Active Galactic Nuclei, Saas-Fee - O —_— p
Advanced Course 20, Springer—Verlag, 1990.)

The black hole. The Schwarzschild radius for a
10° M, black hole is 2 AU {1073 pc). The spin
will introduce twisted magnetic field lines and

particle acceleration.

R. Blandford

1pc =3.31ly =1190. Id = 3-10"®cm




Broad Line Region SIUCIUiEY

EMMERING, BLANDFORD, & SHLOSMAN Vol. 385
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Fig.13. A schematic two-component model for the BLR. The high ionization lines are emit-
ted in a spherical system of cloids, and are excited by the direct ultraviolet radiation of the
central source. The low ionization lines come mainly from the outer regions of the central
disk, where most of the line excitation is due to back-scattered, hard ionizing photons. (Af-
ter Collin-Souffrin, Perry and Dyson(1987), Collin-Souffrin (1987) and Dumeont and Collin-
Souffrin (1990))

Radiatively accelerated clouds
| | in hydromagnetic wind?
el IS o el Ul Emmering, Blandford, Shlosman,1992

Two component BLR?



AGN working model

NGC 3783
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geometry, kinematics?
Narrow Line Region (~100-1000pc)



Study of Variability:

-Extension, Structure
-Geometry

-and Kinematics of the central
Broad Line Region in AGN

- Black Hole Mass

iIn NGC5548, Mrk926, Mrk110



NGC5548

V =137
M= -20.7
z =0.017

FWHM(HB)=4400 km s

25 x 30 arcsec



JD2447643 (high state)

JD2448733 (low state)
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BLR: ldealizedl Viodel

Response of BLR clouds on continuum flashes

_. Isodelay surfaces

to observer
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BLR stratification Delay by light travel time effects




BLR: Continuum & Integ: iz SNIER eI iy,
1989 - 2001
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B. Peterson et al., 2002

HB delay ~ 20 light days

1989



peak to peak
var. ampl. lightcurves (1989)
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BLR size and stratificationiniNES@5545

higher ionized lines: - broader line widths
- faster response
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Peterson, Wandel, 1999



BLR size and stratrficationmmyiviiiasio

Mrk110

V =154
M,= -20.6
z =0.036
FWHM(HB)=1680 km s
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HET variability campaig O iALl R

lona-term continuum liaht curve Mrk110 spectra taken between 1999
J J Nov. and 2000 May
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1987 2000 9.2m Hobby-Eberly Telescope at

McDonald Observatory
S/N >100



Hobby-Eberly Tel

-Univ. of Texas at Austin
-Pennsylvania State Univ.
-Stanford Univ.
-Gottingen Univ.
-Munchen Univ.




Hobby-Eberly Telescopeisi=ip

- fixed altitude telescope

- 70 percent of sky observable during
specific windows of opportunity

- -, -

Telescope structure, tracker,
and segmented primary mirror

-91 mirrors a 1 m diameter



HET variability campaignpeisiviigasio
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Mean spectrum of Mrk110

for 24 epochs from Nov. 1999 through May
2000

Rms spectrum

- the rms spectrum shows the
variable part of the spectrum

Kollatschny et al., 2001



HET variability, campaicnieii

E

Continuum and integrated
emission line (Balmer, Hell and
Hel) light curves

1999 Nov. - 2000 May

Kollatschny et al., 2001
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Mkn110

CCF functions of Hell, Hel and
Balmer line light curves with
continuum light curve.

— Hell4686
—-- Hel5876
-—-Hel5016

- Hel4471

Line Teent
[days]
(1) (2)

HelIM\686  3.972%

LA I I I I B B B B

—
o
o

Hel\4471  11.1%53

HeIAG016  14.3F70
HeIAGS76  10.7+50
Hey 26.5712
HJ 242757

Tyay & 4.3
a?lz-'f}t d .7

stratification

—
o
o




BLR size and stratrficationpmyiViiiesio
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Normalized rms line profiles in velocity Mean distances of the line emitting regions
from central ionizing source

space
as function of FWHM in rms profiles.

The rms spectrum shows the The dotted and dashed lines correspond to
virial masses of .8 - 2.9 10’M,,

variable part of the spectrum
(from bottom to top).



Long Term Lightcunve eV ZoadCoEsZiovs

Year
1891 1992 1933 1994 1995 1996 1997 1938 1933 2000 2001 2002 2003 2004 2005 MRK 926 Ha (2005 HET)
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Lightcurves of Mik926

Year
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T T

T T
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Year
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MRK 926 HB

F [1CI'15 erg :m'2 s'1 ]
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HET var. campaign:
Aug. - Dec. , 2005

mean distance of H[3 line emitting
region: 0.5 £ 2 light days

Ha: 1.5 = 2. light days




FITEXY 35 points
-—-— BCES 35 points
—— FITEXY 33 points Q= hyd rogen-
---- BCES 33 points . . .
-~ Slope fixed to 0.5 IoniZing phOtOnS

emitted per sec

AL, (5100 A)

Relationship between luminosity and broad-line region size

RBLR ~ |_O.65

But intrinsic scatter due to: BLR density, column density, ionizing spectral
energy distribution, ....? Kaspi et al. 2004



Central Black Hole Mass imsviiaadsio

Assumption:

emission line clouds

are gravitationally bound
by central object

M — ﬂ FwHM €

G

-4000 -2000 0 2000 4000
v [km/s]

cT = mean dist. of Normalized rms line profiles in velocity space
line em. clouds

Line FWHM(rms) M

: km s! 10" Mg

V = vel.disp. of clouds (1) | @) | | (4) 4
(from rms line width} —m

HellA4686 4444, + 200 2257558

HelA5876 2404. £ 100 ; 1.817,3%

f = factor (%2 - 5.5) HA 1515. £ 100 oL 63+g gf

(unknown geometry He 1315. £ 100 : __'4: 1641Lg§i

and kinematics)

Kollatschny et al., 2001, 2003



Central Black Hole: IVIasshi

MFK 925 Man (2005 HET) ct = mean dist. of HP3 line emitting
region: 0.5 light days

v = vel.disp. of clouds
(from line width)
~ 8 000 km/s

1.1410'M, (f=1.5)



Central Black Hole Massesin AG

Black hole mass vs. luminosity for AGN
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BH mass for 35 reverberation mapped AGN.

--- : lines of constant mass to luminosity ratio Peterson et al., 2004
open circles: NLSy1



BLR Kinematics: lIdealized Vieee]

Influence of BLR motions on line profile variations

outflow
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Theory : BLR kinematicsi- linepreiilENZneeiEs
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Y now also includes
information on
the velocity flow

The velocity information
is essential: it breaks the
degeneracy in the geometry.
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different flows
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Mean HB line profile of Mrk110 i aaanranassassnaans
In velocity space i

Light curves of the
continuum, of the Hf line
center, and of different
blue and red line wing

segments

Av = 400 km/s

Kollatschny & Bischoff 2002



BLR: Accretion disk structiENmuviiddsie

2-D CCF : correlation of Hf3 line
profile segments with cont.
variations (grey scale)

Contours of correlation coefficient at
levels of .85 to .925 (solid lines).

Dashed curves: theoretical escape velocity
envelopes for masses of 0.5, 1., 2. 10" M,
(from bottom to top).
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Echo image

Velocity-delay map Kollatschny 2003a

Theoretical velocity-delay maps for different flows:
Keplerian disk BLR model: fast response of both outer

line wings
Welsh & Horne 1991, Horne et al. 2004



time delay [day=]

elocity-delay maps: acereton

Ul
(—-
=

[ofu]
=

30

[3]
[==]

20

10 10 -

L I R

Hel

1 I
—2000 q 2000

v [km/s]

1 1 |
—2000 Q
v [km/s]

—-4000 2000 4000

4000

2-D CCF : correlation of H[3, Hel, Hell line
profile segments with continuum variations
(grey scale).

Kollatschny 2003

Keplerian disk BLR model: fast

response of both outer line wings
Solid line: innermost radius at 5 Id
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BLR: Accretion diskwWineriasviigasio
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Time delay of blue line wing to red line

2D CCF: velocity-delay map wing as function of dist. to line center

Outer line wings: inner BLR

Disk wind model of BLR: Slightly faster and stronger resonse of red wing
Chiang & Murray, 1996

Disk driven outflow models compared to spherical wind models:

velocity decreases with radius (rather than the other way around)
Koenigl & Kartje, 1994



BLR Structure and Kineme
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Broad-Lineg Regian

Fii. 13—35chematic representation of how a disk-driven hvdromagnetic
wind, which is characterized by a highly straified density distribution, inter-
- acts with the active galactic nucleus (AGN) contineum emission, The inner-
BH: 5 5 ]_UJ MP‘__ most regions are heated and tontzed by the powerful radiation field, with the

e femperature and degree of ionization varying both with distance and with the
polar angle, whereas the outer regioms (beyond the dust sublimination radius)
are cooler and contain dusi, The radiation pressure force on the dust causes
the outer streamlines to have a larger opening angle

Koenigl & Kartje 1994

accretion disk wind in Mrk110

Kollatschny 2003a




Gravitational Redshifit i VI IONSENGIES

- Hel5878 1 - Hell4G688
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Normalized mean and rms Balmer and He emission line profiles

Kollatschny, 2003b




Central Black HolerViassiVi(@reV)Ninyiigasio

Measurements of gravitational redshift:

Observed shift of rms profiles identified as gravitational redshift.

R=cT = mean distance of line em. clouds

Line  FWHM(rms) A #.,¢(rms) T
[km s~ [km s7!] [days]
(1) (2) (3) (4)
4444, + 200 H41. + 60 3.9 + 2.
2404. 4+ 100 186. + 60 10.7 + 6.

1515. £+ 100 118. + 50 24.2 + 4,
1315. £+ 100 74. + 50 32.3 + 5.

10
T [light days]

Line shift vs. distance Mgrav = 14. £ 3 - 10 Mg

Dotted and dashed curves: computed lines of gravitational
redshift for masses of 5. - 22. 10’M,, (from bottom to top).



XMM (RGS) Spectrim o N
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Smoothed fluxed RGS spectrum of Mrk110. The energies at which the most common
mission lines should lie are marked with vertical dashed lines.

Broad relativistic OVII emission ( Av = 6990 km/s)

Boller,Balestra,Kollatschny 2007



Gravitational Redshift in M
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R SR - Fig. 9. Synoptical plot with optical K03 data for Mrk 110
1 10 100 (boxes) and best fitting Kerr ray tracing simulation with

©
—

r [light days] i ~ 30° (filled circles) as well as lapse functions for a static

(Schwarzschild, solid) and rotating (Kerr, dotted) black

hole. An essential statement illustrated here is that optical

Relativ. line shift vs. distance BLR lines can not probe black hole rotation due to their

huge distance. Generally, multi-wavelength observations
are recommended to fill the gap at smaller radii.

OVIl: 0.34 Id
Mueller & Wold 2006




Inclination angle I ofi accretlienieISkagNViigasi

Morbital = | v'G'R

Myrpitar = 1.8 £4- 10" Mg Myra = 14.£3- 10" Mg

ﬂ"fﬂ'rb'ital / ﬂ"{g'rn.w = §n

Inclination 1 =21 £ 10 deg

Kollatschny 2003b



he Inner BLLR structurermsivigdsio

BH: 1.4 x 108M,,

OVII21.8  Hell4686
Hel

10'°
|

|
100 1d

opt.: 3.9 light-days (= 9.8 - 10'% cm) 230 Schwarzschild radii 7,

X—ray: 0.341d =21 rS (rs = ZGMQTMJ/CE)




