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Line Profile Variability in AGNs Line Profile Variability in AGNs 



Scale Sizes of an AGNScale Sizes of an AGN

R. Blandford

1pc = 3.3 ly = 1190. ld = 3·1018 cm
HST : 0.1“ ≅ 2pc



Broad Line Region Structure?Broad Line Region Structure?

Emmering, Blandford, Shlosman,1992

H, FeII, 
MgII

HeI,II, CIV

Collin-Souffrin et al., 1990

Two component BLR? Radiatively accelerated clouds
in hydromagnetic wind?



AGN working modelAGN working model

SMBH~108 MO ~ 1013cm

Broad Line Region (<1pc)‏

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

NGC 3783



--Extension, StructureExtension, Structure
--GeometryGeometry
--and Kinematics and Kinematics of the central of the central 

Broad Line Region in AGNBroad Line Region in AGN

- Black Hole Mass

Study of Variability:

in NGC5548, Mrk926, Mrk110



HST Image of NGC5548HST Image of NGC5548

NGC5548

V  = 13.7
MV= -20.7
z  = 0.017
FWHM(Hβ)=4400 km s-1

25 x 30 arcsec



High and low state spectra of NGC5548High and low state spectra of NGC5548

1989

1993



BLR: Idealized ModelBLR: Idealized Model
Response of BLR clouds on continuum flashes

Isodelay surfaces

Delay by light travel time effectsBLR stratification



BLR: Continuum BLR: Continuum && integ. Hinteg. Hββ line variabilityline variability

B. Peterson et al., 2002         

1989 - 2001

1989         

NGC 5548

Hβ delay ~ 20 light days
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BLR size and stratification in NGC5548BLR size and stratification in NGC5548
peak to peak 
var. ampl. ACF, CCFlightcurves (1989) ‏
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BLR size and stratification in NGC5548BLR size and stratification in NGC5548

Peterson, Wandel, 1999

Time lag (CCFs centroids) for various emission lines

higher ionized lines: - broader line widths
- faster response



BLR size and stratification in Mrk110BLR size and stratification in Mrk110

Mrk110

V  = 15.4
MV= -20.6
z  = 0.036
FWHM(Hβ)=1680 km s-1

tidal arm: 35kpc



HET variability campaign of Mrk110HET variability campaign of Mrk110

Mrk110 spectra taken between 1999 
Nov. and 2000 May

9.2m  Hobby-Eberly Telescope at 
McDonald Observatory
S/N >100

long-term continuum light curve

1987 2000



HobbyHobby--Eberly Telescope (HET),McDonald Eberly Telescope (HET),McDonald 

-Univ. of Texas at Austin
-Pennsylvania State Univ.
-Stanford Univ.
-Göttingen Univ.
-München Univ.



HobbyHobby--Eberly Telescope (HET) Eberly Telescope (HET) 

-segm. mirror, diameter: 11 m

-91 mirrors a 1 m diameter

- fixed altitude telescope

- 70 percent of sky observable  during 
specific windows of  opportunity

Telescope structure, tracker, 
and segmented primary mirror



HET variability campaign of Mrk110HET variability campaign of Mrk110

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 campaign of Mrk110HET variability campaign of Mrk110
Continuum and integrated 
emission line (Balmer, HeII and 
HeI) light curves

1999 Nov. - 2000 May

Kollatschny et al., 2001



BLR size and structure BLR size and structure -- HET variab. campaignHET variab. campaign

CCF functions of HeII, HeI and
Balmer line light curves with 
continuum light curve.

Mkn110

stratification



BLR size and stratification in Mrk110BLR size and stratification in Mrk110

Normalized rms line profiles in velocity 
space

Mean distances of the line emitting regions 
from central ionizing source
as function of FWHM in rms profiles.

The rms spectrum  shows the
variable part of the spectrum

The dotted and dashed lines correspond to 
virial masses of .8 - 2.9 107MO  
(from bottom to top).



Long Term Lightcurve of Mrk926 (1990 Long Term Lightcurve of Mrk926 (1990 -- 2005) 2005) 

mean spectrum

Hα var. in 2005



Lightcurves of Mrk926  Lightcurves of Mrk926  

mean distance of Hβ line emitting  
region:   0.5 ± 2 light days

HET var. campaign:
Aug. - Dec. , 2005

Hα:   1.5 ± 2. light days

Kollatschny et al., 2007 in prep.



Balmer line averaged BLR size in AGNBalmer line averaged BLR size in AGN

Kaspi et al. 2004

Relationship between luminosity and broad-line region size
RBLR ~ L0.65

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

photoion. theory:

Q = hydrogen-
ionizing photons 
emitted per sec



Central Black Hole Mass in Mrk110Central Black Hole Mass in Mrk110

Assumption: 
emission line clouds 
are gravitationally bound 
by central object

cτ = mean dist. of
line em. clouds

V = vel.disp. of clouds
(from rms line width)‏

f = factor (½ - ‏(5.5
(unknown geometry               

and kinematics)‏
Kollatschny et al., 2001, 2003

Normalized rms line profiles in velocity space



Central Black Hole Mass in Mrk926 Central Black Hole Mass in Mrk926 

cτ = mean dist. of Hβ line emitting 
region: 0.5 light days

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

1.1•107MO     (f=1.5)



Central Black Hole Masses in  AGN Central Black Hole Masses in  AGN 

Black hole mass vs. luminosity for AGN

BH mass for 35 reverberation mapped AGN.

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



BLR Kinematics: Idealized ModelBLR Kinematics: Idealized Model
Influence of BLR motions on line profile variations

outflow



Theory : BLR kinematics Theory : BLR kinematics -- line profile variationsline profile variations

Welsh & Horne, 1991
Horne et al.,  2004

accr. disk
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theoretical emission line profile 
variations to derive 
2-dim. velocity-delay maps ψ

velocity-delay maps for 
different flows



BLR kinematics and accretion disk structureBLR kinematics and accretion disk structure

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

Kollatschny & Bischoff  2002

∆v = 400 km/s

center

600-600

-1200 1200

-2000 2000

cont
Mean Hβ line profile of Mrk110 
in velocity space 



BLR: Accretion disk structure in Mrk110BLR: Accretion disk structure in Mrk110
2-D CCF : correlation of Hβ 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. 107 MO 
(from bottom to top).

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

Velocity-delay map

E
c
h

Echo image



VelocityVelocity--delay maps: accretion disk structure delay maps: accretion disk structure 

Kollatschny  2003

Keplerian disk BLR model: fast 
response of both outer line wings

Solid line: innermost radius at 5 ld

2-D CCF : correlation of Hβ, HeI, HeII line 
profile segments with continuum variations 
(grey scale).



BLR: Accretion disk wind in Mrk110BLR: Accretion disk wind in Mrk110

Disk wind model of BLR: Slightly faster and stronger resonse of red wing

2-D CCF: velocity-delay map

Time delay of blue line wing  to red line 
wing as function of dist. to line center

Outer line wings: inner BLR

Disk driven outflow models compared to spherical wind models:
velocity decreases with radius (rather than the other way around)‏

Chiang & Murray, 1996

Koenigl & Kartje, 1994



Koenigl & Kartje 1994

Kollatschny 2003a

accretion disk wind in Mrk110accretion disk wind in Mrk110

BLR Structure and Kinematics in Mrk110



Gravitational Redshift in Mrk110 Line ProfilesGravitational Redshift in Mrk110 Line Profiles

Normalized mean and rms Balmer and He emission line profiles

Kollatschny, 2003b



Central Black Hole Mass M(grav) in Mrk110Central Black Hole Mass M(grav) in Mrk110

Measurements of  gravitational redshift:

R=cτ = mean distance of line em. clouds

Observed shift of rms profiles identified as gravitational redshift.

Line shift vs. distance
Dotted and dashed curves: computed lines of gravitational 
redshift for masses of 5. - 22. 107MO  (from bottom to top).

He II

He I
H�

H�



XMM (RGS) Spectrum of Mrk110 XMM (RGS) Spectrum of Mrk110 

Broad relativistic OVII emission ( ∆v ≈ 6990 km/s) ‏

Boller,Balestra,Kollatschny 2007

Smoothed fluxed RGS spectrum of Mrk110. The energies at which the most common 
mission lines should lie are marked with vertical dashed lines.



Mueller & Wold 2006

Gravitational Redshift in Mrk110

Relativ. line shift vs. distance

OVII: 0.34 ldOVII: 0.34 ld



Inclination angle i of accretion disk in Mrk110Inclination angle i of accretion disk in Mrk110

Inclination i = 21 ± 10 deg

Kollatschny 2003b



The inner BLR structure in Mrk110The inner BLR structure in Mrk110

=opt.:opt.:

XX--ray: 0.34 ld  = 21 rray: 0.34 ld  = 21 rSS

i = 21°±10


