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Black Hole vs. bulge
in Active Galaxies

bulge relationship -quiescent & active gal




History of M z/bulge ratio of NLS1

» Steep soft X-ray excess of NLS1 => accretion disk spectrum of
lower BH mass (Wandel & Boller 1997)

* Mgy-Lg; g relation in quiescent galaxies (Maggorian+1997)

 Compare with AGN - Seyfert 1s have a lower Myy/Lg  ratio
than quasars and quiescent galaxies (Wandel 1999)

me Mg-Lg;  as quiescent galaxies



Radial velocity (km/s)

MBH in quiescent galaxies
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Massive BHs in quiescent galaxies

This side of the galaxy
is receding from us
(Its light is redshifted)
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This side of the galaxy
is approaching us
(Its light is blueshifted)
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A Massive Black Hole
in the center of M84

®* Material flowing into a
Galaxy M84 Nucleus black hole forms a gas
disk

®* Doppler effect measures
gas moving in a disk at
nearly 400 km/s within 26
light years of the center
of M84

®* The central velocity
increase provides a
"signature” of the black
WEPC2 ; hole's presence.

Hubble Space Telescope STIS
PRC97-12 « ST Scl OPO « May 12, 1997 « B. Woodgate (GSFC), G. Bower (NOAQ) and NASA
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Jets and disks in active galaxies
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Emission line spectrum of AGN
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Broad emission-line clouds
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Reverberation Mapping geometry

Equal time-delay surfaces Delay vs. v for spherical shells

The Broad-Line Region in AGNs
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Reverberation Mapping:
estimating Black Hole masses in AGN

Light-echo from gas in Broad emission Line Region

Time delay of line variations easures the distance of emitting
gas from the central source

oppler line broadening measures velocity




Reverberation Mapping:
mathematical formalism

® Line —continuum light curve relation (McKee &Blandford 1982)
® L(v,t)=| ¥(v,t-t) C(7) dr, W is the transfer function

® Time delay deined as the centroid of the cross-correlation
function CCF(t)=X C(t)(L(t+ T)
timated from the virial relation :
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Kepplerian signature of a
Black Hole in AGN

Peterson & Wandel ApJL1999
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Black Hole Signatures in AGN

Peterson & Wandel ApJL 2000
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The Photoionization vs. reverberation
Black Hole mass in AGN

Wandel Peterson & Malkan 1999 Reverb. mapplng from multi-
; scseoaf - year campaigns for 17 Seyfert
I oty G($3 galaxies (Wandel Peterson &
o %‘ A Malkan 1999)
] il T calibrate an empirical photoio
s | 51+M279 vs. reverberation
M110 e
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The empirical BLR size vs. continuum

Luminosity relation in AGN

® The HP BLR radius in AGN
scales as the L9307 (Kaspi et al.
2001;2005)

® Similar scaling CIV BLR radius =

(Vestergaard &Peterson 2006) z
lonization-parameter theory T

9:2009)
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Figure1. Balmer-line BLR slze plottad versus the AL, (3100 &) lumincsity
(In units of ergss™*). The BLR slze of each data set Is determined from the
averaged Balmer-line time lags. Objects with multiple data sets have been
averaged to one polnt per object. Sea Kaspl et al. (2003) for further detalls.



BH Mass -bulge relationship for quiescent galaxies
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Black Hole Mass Scales with Galaxy Size
Ground HST Black Hole Mass

2 billien suns

200 million suns

20 million suns
(&}

3 million suns

Black hole event horizons

- > - > —_
75000 light-years 3000 light-years Diameter of Earth’s Orbit
(186 million miles)

NASA and K. Gebhardt (Lick Observatory) ® STScl-PRC00-22

NLS1 conf. Milano 2011 - A.Wandel

18



The Black Hole -
Host Galaxy Relation

Correlation Between Black Hole Mass

and Bulge Mass
The mass of central g

black holes is e
approximately Datsat
proportional to the

luminosity (and mass)

of the host galaxy:
M,,~(0.001-0.002) M,

Do massive Black Holes
in AGN show a similar
relation?
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Quasar Light estimate of BH mass

 Integrated quasar light gives density of dead BHs:

p=¢" f fb(L,z)Ldet =2x10° MoMpc™

to light density of galaxies (10® Lo Mpc-?




Mgy-bulge relationship in AGN

Quiescent galaxies:

Mgy~ 0.006 Myyqge
(Magorrian et al. 1997)

asars BH/blg similar to
ies (Laor 1998)
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Improved data & modeling

® Corrected BH masses for quiescent galaxies

from HST data + improved modeles
(Kormendy & Gebhardt 2001, Merrit & Ferarrese 2001)

* Corrected L, for Seyfert galaxies & quasars
Lure & Dunlop 2001)




Improved data: BLS1s & Quasars have same
Mg,Ly,4e relationship as quiescent galaxies

NLS1 & NLQ (NLAN) Mgy/L,,, values are ~10 lower
10 |

+ galaxies Wandel 2002
G Q A Seyf1s . . .
‘i * quasars . . )
¢ 9 % L 4 —=
= NLAN ¢ x."
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Mass fraction: Mgyl My, 4. ~0.002
Narrow Line AGN (NLAN) have lower Mg,/M,,, values

10

galaxies
Seyf 1s
NLAN
quasars
— ——-NLAN
galaxies

Broad line
width

Wandel 2002



More BH-bulge relationships in AGN

* BH/bulge ratio — broad emission line width -
MBH/LbIg"‘V2
ize of Broad Emission-line Region -host bul




The Mgy/Ly,, ratio in AGN is correlated with the broad
emission line width — indep. correlation: Mbh/LblgNV2

-1

A Seyf1s
® quasars
——S+Q

y =2.0154x - 9.5091
R?=0.7054




Elliminating v gives a strong independent relation:

the size of the Broad Emission-line Region in AGN
scales with the host bulge R(BLR)~L, .

o © 4
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The M-0 relation:

in quiescent galaxies the BH mass 1s with
bulge stellar velocity dispersion than with bulge luminosity

Is 1t also in AGN?

BH Mass vs. Velocity Dispersion Gebhardt et al 2000
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The M-o* Relation:
BH mass — stellar velocity dispersion

BH Mass vs. Velocity Dispersion
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My -0* relation in AGN

Narrow Line Seyferts galaxies
(solid circles) seem to have a
lower Mgy -L,,,,e ratio than
inactive galaxies

.

Gebhardt et al.
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Geometrical aspects

« If the BLR has a flattened geometry,

* the lower Mg /Ly, of NLS1 could be an inclination effect
(flattened+ near face on)

 BH mass of NLS1measured by assuming isotropic geometry
uld be under-estimated

hould fall low also in the Mg,-0™ relati




The Faber-Jackson relation as a proxi for 6* in AGN
Do NLS1s have a different FJ relation than broad line
AGN? Brighter bulge or lower 6*??
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The BH-velocity dispersion relation of AGN: Mgy~0 4

o measured or estimated using the F-J relation
10

Solid symbols { measured o ° FM

9 open symbols 1 estimated o , 5 -

0o
\

¢ BL Sy1
= MRK530 = NLAN
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° quasars

®  NGC 405 Wandel 2002




N LR O proxi for 6* in AGN
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Are NLS1s on or off the My, — oo, relation?

* Off the BLS1 My — Oy relation
(Mathur+ 01),

e “on"“ Wang & Lu (2001)
* Few real o, measurements

Botte+ 05: “on“; Zhou+ 06: “off*;
(13 or “of “)

log Mgy

oY

/ .

Mathur & 01 Wanec & T1u 01 Wandel 02 Grune & Mathur 04 Rian & Zhao 04 06 Botte & 04 05 Barth & 05



Conclusions

 BLR Reverberation in AGN probably gives similar BH
masses to Mgy from stellar dynamics

« AGN have the same BH-bulge relation’s as inactive galaxies
* Narrow Line AGN have a lower Mg, /L, ratio

-bulge relations:



» Power spectral density (PSD) and structure-function
analyses of X-ray fluctuations

XMM data of ~ 20 Seyfert nucler




X-ray fluctuation analyses
of accreting Black Holes

 Power spectral density (PSD) — Fourier-like analyses of
time variability

- “Break” in the PSD of Cyg X-1 and other stellar BH-
systems

SD of Seyfert 1 galaxies also show “break”
o PSD-break of stellar BH but at lower
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PSD of Cyg X-1 (high/soft state)
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PSDs of Cyg X-1 and AGN
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NGC 3783
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Structure Function
analyses of time-series

S(t) = N( 3 Y L) —fe)? T SF: definition

i<j

S(t) = 2[¢* — ACF(1)]

Auto-correlation

() = 2[f P(f)df — Lw P(f) cos (21rft)df]

correlated, and its slope depends on the nk
nism responsible for the intrinsic vari

The timescale 7, ~ 7,,, at which the
ucture functlon ﬂattens may reprcsent a robust charao-

teristics, e.g,, mass and SIZe . provnd




Structure Function of NGC 3516
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PSD of NGC 4051




SF of NGC 4051
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Structure Function of NGC 3516

‘"N3516 Combined (ObsNrm—Y_.ObsNrm=—Y)
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Structure Functions of AGN

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00

o NGC 3783

* IgSF
——fit fb=0.5

Wandel, Markowitz & Malkan 2010




X-ray fluctuation time scale
correlated with BH mass

* 1987 - Einstein data: time-scale of variability of X-
rays in AGN prop. to BH mass (wandel & Mushotzky)

« 2010 - XTE/XMM data: correlation between break-
frequency in the fluctuation spectrum and BH
McHardy et al., Wandel, Malkan & Markowitz)




PSD Mbh-Tb correlation
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PSD-SF correlation

25

F9

NGC 3783L

Ig t(FSF)

NGC 3516
NGC 4151

,‘.’ ‘
" Akn 564

" "NGC 3783

MCG 6-15-3

» NGC 3227

0

Ilg t(PSD) days




Mbh-SFTb correlation

Cyg X-1 PSD
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Mg, -T, correlation (SF)
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Extended M, ,-T, correlation
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Accretion timescales

 Light-travel time at R,;: 2GM/c*~ 10° M, sec
rbital time at 5 R.: t,,,~10° Mg s ~ 1 My day.




Summary

Structure-function analyses of X-ray fluctuations
XTE and XMM data of about 20 Seyfert nuclei
Doubles the number of objects in the database

Linear correlation between the break-timescale in the
fluctuation spectrum (Tb) and the black hole mass Mbh

Improves the correlation found between Tb and Mbh with
power spectral density (e.g. McHardy 2004;06)

Extrapolation of the Mbh-Tb relation of Cyg X-1 & GBHs
ULXs (IMBHs?) and low end SMBHs

Common physical mechanism for X-ray variability in
BHXRBs and AGNs?

Predicted timescale for Sag A* Tb~1day

NLS1 conf. Milano 2011 - A.Wandel 57



Conclusions

» Reverberation Mapping +stratified BLR structure
>>Kepplerian measurement of BH mass in AGN

* AGN have the same BH-bulge relations as inactive
galaxies

* Narrow Line AGN have a lower Mg,/My,, ratio

* Mg, -T, correlation - between the break-frequency
In the fluctuation spectrum and the BH mass

» Extends over 8 orders of magnitude in BH mass

Common physical mechanism in accreting BHs
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Questions

o all galaxies have massive black holes (MB




New relation between host bulge
and BH mass in AGN ?

i MBH/Lblg depends on the gas velocity in the broad
emission line regions M/L~v >

used because the BH mass in A



Seyferts galaxies (solid) may have a lower Mg;-bulge
luminosity relation than normal galaxies (open), (a),
-- yet similar My ;-stellar velocity ratios (b)

Gebhardt et al.
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- My(bulge)

Non-linear BH-bulge relation?
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Correlation Between Black Hole Mass
and Bulge Mass
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The BH mass - bulge velocity dispersion relation

for Seyfert galaxies (Wu & Han, A&A 2002)
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The BH-velocity dispersion relation of AGN: Mgy~0 4
o measured or estimated using the FJ relation
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The Black Hole -
Halo Relation
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Possible explanation of R-M relation




