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What are Massive Dark Objects?
(MDOs)

C ely supermassive black holes

. Star clusters of the required mass and size are
difficult to construct and maintain

"Fit entire LOS v-dispersion for arbitrary

axisymmetric galaxy models

rude models predict MDO mass fairly
accurately (M87)




Purpose of Paper

3 m 36 bulges from HST photometry and
 decent ground based long-slit spectroscopy

Fit two-integral axisymmetric dynamical
models (not most general but computationally
Inexpensive)

ind a statistical distribution of MDOs as a
function of galaxy luminosity

Not meant to unambiguously show that an
MDQO is present in any individual galaxy




Modeling

= Two-integral approach (cylindrical and
~ axisymmetric about z-axis)

Assume constant mass to L ratio (Y)

Makes them flattened spherical isotropic
odels

= No physics behind why galaxies must be like
this




Procedure

B Us imum likelihood to find smooth L-
- density that fits observed surface brightness

= [arge range in density but uncertainty is less than
~ observed error

Calculate @ using Y and MDO mass M, then
ind v, and v, using the inclination angle (i)

= Project luminosity weighted moments to LOS
velocities and convolve with observations

= Least squares fit to obtain M_ and Y based on
the likelihood that we see the observed data




individual Galaxy Results

alaxies - not well fit by models

- = Known to have kinematically distinct cores

By comparison 2 of the other 32 others are
chown to have kinematically distinct cores

of 32 are consistent to 1 sigma with M_=0
4of 32 are consistent to 2 sigma with M_ =0

@ MDO - required to produce 2" moment in
galaxies
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ASew Interesting galaxies

a for M32, n3115, n3379, n4594

= Allare reasonably well fit
galaxies with nuclear activity or heavy dust
2 models to correct)
= Assume all light comes from stars
'Only use photometry >Rmin

= Galaxies with Rmin > 0 are subject to
skepticism
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DO Mass Distribution

\ssume MDO depends on x (x=M_/M,) and other
parameters (w)

Seek most likely set of parameters given data (5

TABLE 4
BEST-FITTING PARAMETERIZED PROBABILITY DISTRIBUTIONS

7§ log x, o or log A log {(x) (log x)
1.000*2:099 —0.63370-125 —0.78479:03¢ — 134770113 —3.178 2293
095073932 279079931 17259131 _2268+0:097
100020007 —1705X0:30s 045622133 —1.88010-131 . —2:3381D-453
094079922  _29309:325  _1717+3:9%38  _180873:195  _1992+9:106
097010933 —22817%100 028973000 —196570110 2 —228273103

Notes—The best-fitting parameters w and their 68% confidence limits for each assumed distribu-
tion Pr (x| w, P). By definition, 0 < f < 1. The last two columns give the logarithm of the expectation
value of x = M,/M,,. and the expectation value of log x for those galaxies with M, # 0 [both
calculated from Pr (x| w, P)]. The mean {x) does not exist for P, ,.




log x log x

F1G. 11—(a) Probability distributions Pr (x | @, P)for the best-fitting parameters . The heavy solid and dashed curves show results for Py, , and P, , the
two best-fitting cases. The light solid, dashed, and dotted curves are for P, Py, ;, and Pg, respectively. (b) “ Nonparametric” probability distribution Pr (x)
(heavy solid curve) and its 68% confidence limits (heavy dashed curves) obtained using the Metropolis algorithm with 4 = 5. The best-fitting parameterized
distributions Py, , and P, ; are overlaid as the light solid and dashed curves, respectively.




Conclusions

E 0 galaxies are well described by 2-integral
| ax1symmetr1c models

28 /32 require a substantial MDO
= 97% of galaxies have M,/M, ~ 0.05

robably a different formation history for
galaxies without a MDO

= 2-integral models are not the most generic but
fits agree reasonably well with previous data




