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MotivationMotivation

1. Knowing SBH masses is 
essential if we are to understand 
the mechanisms that drive the 
evolution of different types of
AGNs.

2. At the resolution capabilities of 
current instrumentation, 
spatially resolved gas/stellar 
kinematics can target (almost) 
exclusively the >107 M � � range.

Wandel 2001
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Dynamics of Gas Disks:�
NGC 4261 (Ferrareseet al. 1994)�
M 87 (Macchettoet al. 1997)�
NGC 4374 (Bower et al. 1998)�
NGC 7052 (van der Marel & van den 

Bosch98)�
NGC 6251 (Ferrarese & Ford 1999)�
IC 1459 (Verdoes Kleijnet al. 2000)�
NGC 5128 (Marconiet al. 2001)�
NGC 3245 (Barthet al. 2001)�
NGC 2787 (Sarziet al. 2001)

M � � ~ 4 ✕� 107 t o 4 ✕� 109 M� �
r h > 3 . 5 pc
ρ� h < 1  ✕� 107 M� � pc-3    (t ypi cal l y 104)

“ Cl assi cal ” SBH Masses i n“ Cl assi cal ” SBH Masses i n AGNsAGNs

M� = 4 ✕
�
107 M � �

rh = 0.016 pc
ρ� h = 1 ✕

�
1012 M � � pc-3

NGC 4258 (Miyoshi et al. 1995)

SBH masses are derived in a two step process:

1) Reverberation Mapping allows the measurement of the size r of the BLR 
through monitoring of the light-travel time delayed response of the emission 
lines to continuum variations (Blandford & McKee 1982, Peterson & Netzer
1998)

2) M 	 	 is derived from the virialtheorem as rσ
 2/G where σ� is measured from the 
width of the broad lines (generally Hβ� ).

How to look: Reverberation MappingHow to look: Reverberation Mapping
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Onken & Peterson 2002

NGC3783

Reverberation Mapping : Pros and ConsReverberation Mapping : Pros and Cons
� �
R M is intrinsically unbiased with respect to 
the SBH mass and the distance to the host 
galaxy.

� �
RM targets gas which is very close to the BH, 
therefore it is very unlikely to be influenced 
by the stellar gravitational potential.

� �
RM is the only method applicable to bright
AGNs(Seyfert1s and QSOs)

� �
Can only be applied to Seyfert1s and QSOs

� �
The kinematics of the BLR are complex and 
the risk of systematic errors is large (Krolik
2001; Peterson 2001)

� �
The method is observationally intensive, 
requiring frequent AGN monitoring over 
long periods

M B H = 1 ✕� 106   to  5 ✕� 108 M � �
rh = 1 to 400 light days
ρ� h > 1014 M � � pc-3

( Wandel, Peterson & Malk an 1999, Kaspi et al. 2000)

Peterson & Wandel 2000

“ Secondary ” Mass Esti mat ors: L(5100 A)“ Secondary ” Mass Esti mat ors: L(5100 A)

Koratkar & Gaskell(1991); Wandel, 
Peterson & Malkan(1999); Kaspiet al. 
(2000):

In reverberation mapped galaxies, RBLR
correlates loosely with the AGN
monocromaticluminosity at 5100 A. 

RBLR = (32.9 −1.9
+2.0)

λ Lλ (5100 A)
�

1044 erg s−1

 

 

 
  

 

 

 
  

0.700±0.033
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“ Secondary ” Mass Esti mat ors:“ Secondary ” Mass Esti mat ors: Phot oi oni zati onPhot oi oni zati on
Metho dMetho d

U = Lion

4πr2E nec

Padovani, Burg & Edelson
1990, Wandel, Peterson &
Malkan 1999, Netzer1990

The integrated mass density in Local AGNsis lower than the value inferred from the
energeticsassociated with QSO counts: the bulk of the mass connected withthe accretion of 
high z QSOs does not reside in local AGNs. Remnants of past activity must be present in a 
large number of quiescent galaxies

ComparingComparing SBHsSBHs Mass FunctionsMass Functions

XRB Constraints
z < 3 Local Quiescent Galaxies

z ~ 0

QSOs Optical Counts
0.2 < z < 3.3

Local AGNs (0 < z < 0.2)
Padovani et al. 1990

Ferrarese 2002a
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M � /Mbulge ~ 0.03%M � /Mbulge ~ 0.6%

Seyfe rt gal axi es seem t o harb or “ l i ght er ” SBHs, compare d t o t hei r bul ges, t han quie scent gal axie s

Local quie scent gal axie s (e.g.
Kormendy & Richstone 1995;
Magorrian et al. 1998):

Probl ems i n th e Local Unive rseProbl ems i n th e Local Unive rse

Seyfe rt 1 gal axie s ( Wandel
1999):

0. 15 %
0. 2 %

0.25%M � /Mbulge 0.6% 0.03%

SBH Demographics in LocalSBH Demographics in Local AGNsAGNs: the M: the MBHBH−− MM BB

RelationRelation
Laor (1998) Wandel (1999) McLure & Dunlop (2000)

BLR Size R∝L0.5 Rev.Map. R∝L0.7

Virial velocity v = 0.87 FWHM(Hβ) v = 0.87 FWHM(Hβ) v = 1.55 FWHM(Hβ)
Bulge Magnitude V-band B-band I-band

Bulge/Disk decomp. (Simien & de Vaucouleurs) Bulge/disk decomp.
Distances H0=80 H0=75 H0=50
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BH Demogr aphi cs i n LocalBH Demogr aphi cs i n Local AGNsAGNs (cont ’ d)(cont ’ d)

MB H/ Mbul ge ~ 0 . 2 %
in agreement with the value determined for local quiescent galaxies (Merritt & Ferrarese
2001a, Merritt & Ferrarese(2001b, ast ro- ph/ 0107134)

Testi ng Rever ber ati on Mappin g MassesTesti ng Rever ber ati on Mappin g Masses

Chal l enge: The s tel l ar conti nuum wi l l be severel y di l uted 
by th e non-the r mal nucl ear emis si on: onl y one 
rever ber ati on mapped gal axy has a  measurement of σ�

accur at e t o 30 % ( Nelson & Whittle. 1995)

Malkan, Gorjiam & Tam (1998)

NGC 5548

Gebhardt et al. 2000
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KPNO/4m + Gemini : On-going program to 
measure σ� for all reverberation mapped galaxies 
(Ferrarese,Pogge, Peterson, Merritt, Wandel & 
Joseph 2001)

SBH Demographics in LocalSBH Demographics in Local AGNsAGNs

Ferrarese et al. 2001, 2002c

� �
RM masses are not systematically 
underestimated (cfr.Richstoneet al. 
1998, Faber 1999, Ho 1999), in spite 
of the potential weaknesses intrinsic 
to the method (Krolik2001)

� �
Linear fits to the M � � -σ� relation for 
the AGN and quiescent galaxies 
samples give consistent fits gives, 

with slope � 4.5

� �
SBH masses i n Nar r ow Lin e Seyfe rt
1s agre e wi t h t hose i n “r egular ”
Seyfe rt s.

Wi sh li st : move t o l arg er redshift s, very smal l or very l arg e M� �

Most self-regulating models of SBH formation link M � to the total 
gravitational mass of the host galaxy or to the mass of the dark
matter halo, rather than to the mass of the bulge (e.g.Loeb & Rasio
1994, Haehenlt,Natarajan & Rees 1998, Silk & Rees 1998, Haehnelt
& Kauffmann 2000,Adamns, Graff & Richstone 2000).

Is the M � -σrelation the fundamental reflection of the processes that 
lead to the formation ofSBHs?  Could M � be controlled by the total 
gravitation mass of the host galaxy?

Beyond the Bulge: the Dark Side of GalaxiesBeyond the Bulge: the Dark Side of Galaxies
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Mass TracersMass Tracers
�
Spiral Galaxies: circular 
velocity of the cold disk 
component: 15 objects 
with HI or optical rotation  
curves extending beyond 
R25 (e.g.Begeman 1987,
Broeils1992,...)

�
Elliptical Galaxies: circular 
velocity derived from 
dynamical modeling: 20 
objects (Kronawitteret al. 
2000)

Begeman 1987 R25

r/re

v(
ci

rc
)/

v(
m

ax
,c

ir
c)

log vc = (0.88 ± 0.17) logσ + (0.47 ± 0.35); χ r
2 = 0.64

M33

N6503

N3198

TheThe vvcc-- σσ RelationRelation

Mtot(R)∝� vc
2(R)

M � �

M � � ∝ M(R) 2.6

M D M ∝ vvir
3

M � � ∝ MD M
1.73

  

M•
108 M§

~ 0.046
MDM

1012 M§

 

 
  

 

 
  

1.57

M � /MDM ~ 6✕10−5

M � /MDM ~ 10−6

???
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1. Measuring SBHs masses in AGNsis important to 1) constrain models of 
formation and evolutionfor different classes of active nuclei and 2) better 
characterize the demography ofSBHs both in the local universe and at high
redshifts.

2. Precise estimates of the bulge velocity dispersions in 10 reverberation 
mapped Seyfert1 galaxies show theirSBHs have masses consistent with those 
found in local quiescent galaxies. 

3. Preliminary results indicate that narrow line Seyfert1s do not seem to 
contain undemassive SBHs compared to regular Seyfert1s.

4.  A new, non-linear relation is found between the masses ofSBHs and the total 
mass of the dark matter halos in which they have likely formed. Halos 
become increasingly less efficient in forming SBHs as their mass decreases. 
Indeed halos < 1012 M � � might loose their ability to form SBH.The relation 
might provide a good fit to the QSO luminsoityfunction for a QSO lifetime ~
tSalp

ConclusionsConclusions


