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Mot i vati onMot i vati on
1. Knowin g SBH masses i s 

essenti al i f we are t o underst and 
th e mechani sms t hat dri ve t he 
evol uti on of dif fe rent t ypes of
AGNs.

2. At t he resol uti on capabi li tie s of 
curr ent i nst r ument ati on, 
spati al l y resolv ed gas/stel l ar 
kin ematic s can ta r get (al most) 
excl usi vel y t he >107 M�

� r ange.

Wandel 2001
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Dynamics of Gas Di sks:
�

NGC 426 1 ( Fer r ar ese et al. 1994)
�

M 87 ( Macchett o et al. 1997)
�

NGC 437 4 (Bower e t al. 1998)
�

NGC 705 2 (van der Mar el & van den 
Bosch98)

�

NGC 625 1 ( Fer r ar ese & For d 1999)
�

I C 1459 ( Verd oes Klei j n et al. 2000)
�

NGC 512 8 ( Marc oni et al. 2001)
�

NGC 324 5 ( Bart h et al. 2001)
�

NGC 278 7 (Sar zi et al. 2001)

M�

�

~ 4 5� 107 t o 4 5� 109 M�

�

r h > 3 . 5 pc
r� h < 1  5� 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 5
�

107 M�

�

r h = 0.016 pc
r� h = 1 5

�

1012 M�

�

pc-3

NGC 42 58 ( Mi yoshi et al. 1995)

SBH masses ar e deriv ed i n a  t wo step pr ocess:

1) Rever ber ati on Mappi ng al l ows th e measur ement of th e si ze r of t he BLR 
t hr ough moni to ri ng of t he li ght-t rav el t i me del ayed response of th e emi ssi on 
li nes to conti nuum vari ati ons ( Bl andfo r d & Mc Kee 1982, Pete rson & Netze r
1998)

2) M	

	
i s deriv ed f rom t he vi ri al t heor em as r s
 2/ G where s� i s measured f rom t he 

wi dt h of t he bro ad lin es (gener al l y Hb� ).

How t o l ook: Rever ber ati on Mappi ngHow t o l ook: Rever ber ati on Mappi ng
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Onken & Peterson 2002

NGC3783

Rever ber ati on Mappin g : Pr os and ConsRever ber ati on Mappin g : Pr os and Cons
�

�

RM i s i nt ri nsi cal l y unbi ased wi t h respect t o 
th e SBH mass and th e di st ance t o th e host 
gala xy.

�

�

RM t ar get s gas whi ch i s ver y c l ose t o t he BH, 
the ref ore i t i s ver y unl i kel y t o be i nflu enced 
by th e s tel l ar gra vi t ati onal pot enti al.

�

�

RM i s th e onl y met hod appl i cabl e t o bri ght
AGNs ( Seyfe rt 1s and QSOs)

�

�

Can onl y be appl i ed t o Seyfe rt 1s and QSOs

�

�

The k in ematic s of t he BLR ar e compl ex and 
th e ri sk of systemati c err ors i s la rg e ( Krol i k
2001; Pete rson 2001)

�

�

The met hod is observ ati onal l y i nt ensi ve, 
requi ri ng f requent AGN moni t ori ng over 
l ong peri ods

MB H = 1 5� 106   t o  5 5� 108 M�

�

r h = 1 to 400 li ght days
r� 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)

Kor at kar & Gaskel l (1991); Wandel, 
Pet erson & Malk an (1999); Kaspi et al. 
(2000):

I n rever ber ati on mapped gal axie s, RBLR
corr el at es l oosel y wi t h th e AGN
monocr omati c l umin osi t y at 5100 A. 

RBLR = (32.9 - 1.9
+2.0)

l Ll (5100A)
�

1044erg s- 1

æ 

è 

ç 
ç ç 

ö 

ø 

÷ 
÷ ÷ 

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

4pr2E nec

Padovani, Bur g & Edel son
1990, Wandel, Pet erson &
Mal kan 1999, Net zer 1990

The i nt egr at ed mass densi t y i n Local AGNs is l ower t han th e valu e i nfer red f rom t he
ener geti cs associ ated wi t h QSO count s: t he bul k of th e mass connect ed wi t h th e accr eti on of 
hi gh z QSOs does not resid e i n l ocal AGNs. Remnants of past acti vi ty must be pres ent i n a 
l arg e number o f quie scent gal axi es

Co mpari ngCo mpari ng SBHsSBHs Mass Functi onsMass Functi ons

XRB Constraints
z< 3 Local Quiescent Galaxies

z~ 0

QSOsOptical Counts
0.2 < z< 3.3

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

Ferrarese2002a
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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.
Kor mendy & Ri chst one 1995;
Magorri an 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� / Mbulg e 0. 6% 0. 03%

SBH Demogr aphi cs i n LocalSBH Demogr aphi cs i n Local AGNsAGNs: t he M: t he MBHBH-- MMBB
Rel ati onRel ati on

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

BLR Size Rµ L0.5 Rev.Map. Rµ L0.7

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

Bulge/Disk decomp. (Simien & deVaucouleurs) 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 %
i n agreement wit h th e valu e dete r mi ned f or l ocal qui escent gal axies ( Merri tt & Ferrares e
2001a, Merri tt & Fer rarese(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 s�

accur at e t o 30 % ( Nel son & Whi ttl e. 1995)

Malkan, Gorjiam & Tam (1998)

NGC 5548

Gebhardt et al. 2000
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KPNO/ 4m + Gemi ni : On- goi ng progr am t o 
measure s� f or al l rever ber ati on mapped gal axie s 
( Ferrarese, Pogge, Peterson, Merritt, Wandel & 
Joseph 2001)

SBH Demogr aphi cs i n LocalSBH Demogr aphi cs i n Local AGNsAGNs

Ferrareseet al. 2001, 2002c

�

�

RM masses ar e not systemati cal l y 
underesti mat ed ( cf r. Ri chst one et al. 
1998, Faber 1999, Ho 1999), i n spi te 
of t he pot enti al weaknesses i nt ri nsi c 
t o t he met hod ( Kr ol i k 2001)

�

�

Line ar fi ts to t he M�

�

- s� rel ati on fo r 
t he AGN and qui escent gal axi es 
sampl es gi ve consi stent fi ts gi ves, 
wi t h sl ope � 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 -regul ati ng model s of SBH fo r mati on li nk M� t o the tot al 
gr avi tati onal mass o f the host gal axy or to the mass of the dark
matte r hal o, rat her than to the mass o f the bulg e (e. g. Loeb & Rasi o
1994, Haehenl t, Nat araj an & Rees 1998, Si l k & Rees 1998, Haehnelt
& Kauffmann 2000, Adamns, Gr aff & Ri chst one 2000).

Is the M
�
- s rel ati on the fundament al refl ecti on of the processes that 

l ead to the fo r mati on o f SBHs?  Coul d M� be control l ed by the total 
gravi tati on mass of the host gal axy?

Beyond t he Bulg e: t he Dar k Si de of Gal axie sBeyond t he Bulg e: t he Dar k Si de of Gal axie s
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Mass Tr acersMass Tr acers
� Spi ral Gal axie s: ci rcul ar 

velo ci ty of the col d d i sk 
component: 15 obje ct s 
wi t h HI or opti cal rotati on  
curves extendi ng beyond 
R25 (e. g. Begeman 1987,
Broei l s 1992,...)

� El li pti cal Gal axie s: ci rcul ar 
velo ci ty deriv ed from 
dynamic al model i ng: 20 
obje ct s ( Kronawi tter et al. 
2000)

Begeman 1987 R25

r/re

v(
ci

rc
)/

v(
m

ax
,c

ir
c)

logvc = (0.88± 0.17) logs +(0.47± 0.35); c r
2 = 0.64

M33

N6503

N3198

TheThe vvcc -- ss Rel ati onRel ati on

Mt ot( R) µ� vc
2( R)

M �

�

M �

�

µ M( R) 2.6

MD M µ vvi r
3

M �

�

µ MDM
1. 73

  

M·

108 M§

~ 0.046
MDM

1012M§

æ 

è 
ç ç 

ö 

ø 
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1.57

M � /MDM ~ 65 10- 5

M � /MDM ~ 10- 6

???
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1. Measuri ng SBHs masses i n AGNs is i mport ant to 1) const rai n model s of 
fo r mati on and evol uti onfo r di ffer ent c lasse s of acti ve nucle i and 2 ) bette r 
char acte ri ze th e demogr aphy o f SBHs bot h i n th e l ocal univ ers e and a t hi gh
redshift s.

2. Preci se esti mat es of th e bul ge velo ci t y di spersi ons i n 10 rever ber ati on 
mapped Seyfe rt 1 gal axie s show th ei r SBHs have masses consi stent wi t h t hose 
f ound i n lo cal quie scent gal axie s. 

3. Prel i mi nar y result s i ndi cat e t hat nar r ow l in e Seyf ert 1s do not seem t o 
cont ai n undemassiv e SBHs compar ed t o regul ar Seyfe rt 1s.

4.  A new, non-l in ear rel ati on i s found bet ween th e masses of SBHs and th e t ot al 
mass of t he dar k matte r hal os i n whi ch th ey have lik el y fo r med. Hal os 
become in cre asi ngl y les s effi ci ent i n fo r min g SBHs as t heir mass decreases. 
I ndeed halo s <  1012 M�

�

mi ght l oose t hei r abili t y to for m SBH.T he rel ati on 
mi ght pro vid e a good fi t t o t he QSOl umi nsoi t y f uncti on for a QSO l i feti me ~
t Sal p

Concl usi onsConcl usi ons


