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Abstract. We argue that the velocity dispersion of the stars is likely a
monotonically decreasing function of radius along the minor axis in the
central regions of cuspy galaxies. We show that then a central mass con-
centration (a black hole) must be present and calculate its minimum mass,
M,. This lower bound is relevant and entirely consistent with current mass
estimates.

Cusps occur frequently in the density distribution of the central regions
of galaxies and bulges. If very massive, compact objects exist, they are
most likely to be found in the centers of galaxies. It is a logical thought to
associate both phenomena, which is of course a well established idea.

It is possible however to construct dynamical models for the observed
kinematics and photometry of cuspy galaxies without the necessity of in-
troducing a black hole (BH), as has been amply demonstrated for M87 and
M32. It would then seem that stellar dynamical models hardly constrain
the presence of a BH. We impose a restricting postulate on the stellar dy-
namical models : we assume that the velocity dispersion of the stars is a
monotonically decreasing function of galactocentric radius along the minor
axis inside the cusp. This assumption is supported both by observational
evidence (the velocity dispersion in normal galaxies generally keeps rising
inwards at the last measured point) and theoretical arguments (the virial
theorem spontaneously produces hot cores).

We approximate the central parts of elliptical galaxies as isotropic and
spherically symmetric (the argument also applies to the minor axis of ax-
isymmetric systems). In the absence of a BH, the potential is finite every-
where and the accessible region of phase space is limited. The distribution
function (DF) diverges in the center, causing the velocity dispersion to
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become zero for 7 — 0. Cuspy galaxies without a BH clearly violate our
assumption. Cuspy systems with a BH have a diverging potential so the
accessible region of phase space is unlimited. The DF is finite everywhere.
In the center the velocities can be very different and large, causing the ve-
locity dispersion to rise inwards. So only cuspy systems with a BH satisfy
our assumption.

For the cuspy spatial density p(r) = porP~2, we derive the velocity
dispersion 0%(r) = a/r + br?2~P + crP, with the coefficients depending on
M,, p, po and a radius R inside the cusp for which we know o?( R). Towards
the center, the contribution of the BH dominates, 0%(r) ~ 1/r, but when
the BH mass is too small, farther out in the cusp the velocity dispersion
can obviously start rising with radius, which we reject.

The minimum BH mass that causes the velocity dispersion to decrease
monotonically with rising r can be obtained by requiring that both the
first and second derivative of 02 become zero at the same radius r. This
translates into two equations that can easily be solved iteratively for the
radius 7 and the minimum M,.

In the following table we present some results. When data along the
major axis are used, the galaxy is labeled with an asterisk. The presented
values are indicative, due to the heterogeneity of the data and the uncer-
tainties on it. Slopes and kinematics are taken from different authors, the
method requires deconvolved and deprojected dispersions but usually only
projected values are available. When the projected slope was given, we sub-
tracted 1 from it to obtain the deprojected value. The resulting value of M,
depends sensitively on 0?(R) and the cusp index p. The BH masses found
in the literature are given in parentheses.

Galaxy M, (106 Mg)
NGC 3377 | 2 (80)

M 32 1(.7-3)

M 31* 3 (30)

NGC 3115* | 550 (1000)

NGC 3379 | 140 (50)

NGC 4486B* | 280 (500-900)

M 87* 2000 (1000-5000)
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