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Abstract. Evolution of rotating globular clusters with embedded black holes is presented. The
interplay between velocity diffusion due to relaxation and black hole star accretion is followed
together with cluster rotation, using 2-dimensional, in energy and z-component of angular mo-
mentum, Fokker Planck numerical methods. Gravogyro and gravothermal instabilities drive the
system to a faster evolution leading to shorter collapse times and a faster cluster dissolution in
the tidal field of a parent galaxy.

Angular momentum transport and star accretion support the development of central rotation
in relaxation time scales. Two-dimensional distribution (in the meridional plane) of kinematical
and structural parameters (density, dispersions, rotation) are reproduced, with the aim to enable
the use of set of models for comparison with observational data.
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The stellar system is assumed to be axisymmetric and in dynamical equilibrium. We
use initially rotating King models of the form:

frk(E, Jz) = const[exp(−βE) − 1] exp(−βΩ0Jz), (0.1)

ω0 =
√

9/4πGnc · Ω0 is the dimensionless angular velocity, and a modified evolving
potential φ(t) = φcl(t) − GMbh(t)/r, where G = Mi = rci = 1. Using an initial
Mbh = 5 × 10−5Mcl, we followed the evolution up to core collapse, where Mbh ∼ 0.1Mcl

was found. We confirmed the acceleration of core collapse in single-mass rotating systems
with BH with respect to the non-rotating case. At collapse time, the BH-potential domi-
nates the stellar distribution inside the influence radius (ra). The density and velocity dis-
persion distributions evolve to a power-law of n ∝ rλ, λ = −1.75 and σ ∝ rγ , γ = −0.5
(Bahcall & Wolf (1976), Marchant & Shapiro (1980)). Post-collapse is driven through
energy input from the central object. The rotational velocity and velocity dispersion
distributions in the meridional plane reproduce the observed morphological structure of
rotating clusters (see for example non-parametric fitting of kinematical data of ωCen in
Merritt et al., (1997), and compared to our data in Fiestas, Spurzem & Kim (2006)). Ro-
tational velocity grows inside the BH influence radius strong influenced by the interplay
between diffusion of angular momentum (gravogyro instability) and the redistribution of
high energy, low Jz orbits close to the BH (loss-cone effect).

The models presented, are able to reproduce 2D distributions of kinematical and struc-
tural parameters, at any time of evolution and deep in the stellar cusp surrounding the
central BH. Observational studies of globular clusters can be compared to evolutionary
models, to elucidate theoretical predictions and understand the common evolution of star
clusters and galaxies. With this aim, a detailed set of model data, covering a wide range of
rotation rates and initial concentrations of rotating GCs, with and without BH, has been
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Figure 1. 2D density (left) and rotational velocity distribution (right) in the meridional plane for
an initial King model (W0 = 6.0, ω0 = 0.9), at time t/trhi = 3.45. The BH (Mbh ∼ 0.01Mcl(0))
is located at the center of coordinates. Note the influence of rotation in the density distribution.

created, to enable observers to use them for comparisons with their data. The cluster
database can be found on the web, at http://www.ari.uni-heidelberg.de/clusterdata/.

The influence of rotation in the evolution and redistribution of orbits in the cluster
is illustrated in Fig. 1, for a high rotating model (ω0 = 0.9) at a late stage of evolution
(t/trhi = 3.45). Observe the increase of central rotation in torus-like contours of density
and vrot.

Although our models agree with published theoretical studies of dense stellar systems
in the spherical case and with the observed BH-mass in globular clusters, our models are
still idealized and simplified. Physical scalings, such as time scales, may change if more
effects such of a mass spectrum and binaries are included (items partly in work).
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