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not available the distance is determined from the i ing a Hubble of
80%km s~ Mpe™'. Methods: s=stellar radial velocities; p llar proper i radial ve-
lociti lerati '3 ing gas disk from emission-line observations; 3l=gencral (i.e. up
to three-integral) dy ical models. Refe (1) Chakrabarty & Saha (2001); (2) Tremaine (1995);

(3) Kormendy & Bender (1999); (4) Bacon et al. (2001); (5) Verlome et al. (2002); (6) Gebhardt et
al. (2002); (7) Bower et al. (2001); (8) Greenhill et al. (1996); (9) Sarzi et al. (2000); (10) Bower et
al. (2000); (11) Barth et al. (2001a); (12) Kormendy et al. (1098); (13) Gebhardt et al. (2000b); (14)
Miyoshi... (15) Ferrarese, Ford, & Jaffe (1096); (16) Cretton & van den Bosch (1908); (17) Harms et al.
(1094); (18) Macchetto et al. (1097); (19) Kaiser et al. (2002); (20) Marconi et al. (2001); (21) Ferrarese
& Ford (1999); (22) van der Marel & van den Dosch (1998); (23) Oapellari et al. (2003)
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Measuring BH Masses

® Masers : excellent for measuring BH mass
no information on orbital structure
Rare!!
(Miyoshi, Moran et al.)
® Gas: OK for BH mass
assumption of circular motion in question
no info on orbital structure
(Sarzi, Ford, Ferrarese, many others)

® Proper Motion : the best way, only possible nearby
(Ghez, Eckart : MW)
(Meylan, King : GC)
@® Reverberation : very good for BH mass if calibrated
potentially useful for all AGNs
new x=ray telescopes will do well

(Wandel et al.)

® Photoionization : easy and quick to apply to AGN

® Stars : complicated modeling and need high S/N data
determine BH and orbital properties!!
ALL galaxies have stars!!
(Kormendy, Dressler, many others)

Five Steps Towards Making a 3-Integral Model

Schwarzschild’s orbit-based method for axisymmetry

1) observe Z(r.0) —— = v(r.0)
deprojection: unique for edge-on only

2) v(r,0) —— = p(r.0)

need assumption of M/L
(either constant or vary according to colors)

3) p(r0) ———= @(r.0) + M_bh + M_halo

add black hole and halo of various sizes

4) run orbits in @

track r, theta, and velocity (in projection and real)
and store in bins for every orbit

5) M_galaxy (.6 v) = Zo m(r.6v)
i 1 1

find weights using Lagrangian constraints
by maximizing entropy

Entropy = dE x dLz x dI_3
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Black Hole Formation Models

Silk and Rees (98) : slope = §

Ostriker (00) : slope from 4-4.5

Haehnelt and Kauffmann (00) : slope < 3.8
Nulsen and Fabian (00) : slope = §
Blandford (99) : slope = 2

Adams, Graff, Richstone (01): slope =4

Burkert and Silk (01): slope from 4-5

many others in progress.....
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Fig. 6.— The velocity dispersion of the bulge of the Milky Way as a function of radius. PN =
planetary nebulae (Beaulien, Dopita, & Freeman 1999); OH/IR = OH/IR stars (Lindqvist
et al. 1092a; Lindqvist, Habing, & Winnberg 1992b; Sevenster et al. 1997); BW = giant
stars in Baade's window (Terndrup, Sadler, & Rich 1995); K,M = giant stars (Blum et al.
1994, 1995); GC = stars near the Galactic center (Genzel et al. 2000). Filled symbols denote
observations biased towards the Galactic plane, and open symbols denote observations biased
away from the plane.
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Black Hole Formation Models

Adiabatic BH Growth (Quinlan, Hernquist, Sigurdsson 95)
Slow accumulation of gas

B=-0.3
Y ==15

BH Infall Models (Nakano and Makino 99)
Single Black Hole falls into Galaxy Center

0.>p>-03
y=-0.5

BH Binary/Merger Models (Quinlan and Hernquist 97)

Black Hole falls in and forms a binary

with the present Black Hole; binary hardens
B= -1.0

0.>y>-=1.0

] b ]
B=1.- v/'/v; Y=dlogp/dlogr
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Average Rotation Profile for all clusters with over Fokker=Planck results from
500 radial velocities (8 total) Kim, Einsel. Lee, and Spurzem (2001)
T R e Einsel and Spurzem (1999)
i - —
W,=6, w,=0.6
7 2 TYnd l rvivy W K T I P | LB | L LI B S I |
- -~
- - —
. 1.6 — . e
L Initial ”
- s 1.2 - ol
W L )
3 3 L Core—collapsel]
> 0.8 e
) 0.4 3 Final ( x10) 7]
o e lllllll A A ILIAALI A A Akl d ll 1
0.1 1 10 0 IlJlllllll!illlllllllllllllllllll

0 1 2 3 4 5 6 7

R/Rhu.lt 1"/rh




Karl Gebhardt, Univ. Texas (ITP Black Holes Conference 2-25-02) SMBH in quiescent galaxies Page 14

L T T T ! T T T Li ] T T T T [ T
E M =
= -
= - o
i : 1~ = © =
- 1 e — ~
3 : B @ 2
X[ E 3 o o
o 4 e — —
Xt © ™~ ™~
‘g g 7 Sl ~_~ o
<) (o] /4] © - —
y 8 ] .‘?. Eco ©
< » 3| 28 =
:':_: - -: — (1] =
. s 1~ & 0 -
C ~ 1© o o
= g T —] =i
= L] < v *
& g a-- J o o
] L —
P ] S bt Ma3 S
_: o- e = [ ;4’ PV T 10 o 1 g O
i i
2 & 10 20 50 100 200
~ —
.Iﬂ o 1 o, (km/s)
1©
T R ) (N TR TN
Oc Gl 01 g 0
(;_s unq) o




Karl Gebhardt, Univ. Texas (ITP Black Holes Conference 2-25-02) SMBH in quiescent galaxies Page 15

Prospects for Quiescent Galaxies

In a year, we will have about another 50 BH measurements

Many galaxies will have multiple techniques used in order to

find potential biases (1C342: Capellari et al, N3379: Gebhardt et al
N4697: Pinkney et al)

Explore the low and high mass end from resolved kinematics

Look for other parameters (e.g., environment)

Prospects for Globular Clusters

M 15 STIS results soon to come (Gerssen et al.)
Gl in m3| W {Rich et Q.']

Combine HST imaging with ground-based velocities
to study about 15 clusters (Noyola & Gebhardt)

Major obstacle is understanding role of stellar remnants
Prospects for Quasars

Easy to obtain large samples of BH masses in AGN

Calibration of reverberation and photoionization techniques

Provides constraints on AGN physics

Evolution of BHs and Galaxies; soon we will have 10,000 BHs
over a large range of redshifts




