Self-consistent dynamical models with central black holes
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@ Dynamical evidence of intermediate-mass black holes (IMBH) in dense stellar
systems crucially relies on the interpretation of their velocity dispersion profile [1],
especially in the central regions.

@ Three key ingredients:
@ Lowered isothermal phase space density function [2]
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@ Three parameters: Minimum radius ¢, IMBH mass p, and central concentration W.




An interesting transition

Along a sequence of models with fixed W
and § we note

o A rapid expansion and contraction of
the spatial extent of the system.
@ The stellar mass quickly becomes

negligible with respect to the black hole
mass.

Two immediate questions emerge:
@ Where does this transition occur?

@ s there any physical meaning to
solutions on either side of this
transition?
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Figure 1: A plot of the spatial extent of the
system rt , and the total stellar mass of the
system in dimensionless units, for a sequence of
models with increasing black hole masses.
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Asymptotic explanation

@ Assume W — 4% = ad?, and let 7 = én.
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o For sufficiently large ri we can write down ¢(')
to second order
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9 1 [t (Vv Figure 2: Contour plot of the tidal
where ao = a_m/l ?1 sp (;) ds dt. radius across a 2-D slice of the
parameter space. Shown in red is the
@ Expansion breaks down for ri = 0(6*2) proposed condition for the transition
requiring further asymptotic regions, or 1" identified in Fig. 1.
reaches zero first. This suggest a change in
behaviour when ap = 0, supported by Fig. 2.
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Model properties

" (W.6) = (50.1)

@ The models are characterised by
substantial central slopes, both in the
density and the velocity dispersion

10!

ol

profiles. The properties of the central ——
regions may captured by asymptotic s e
solutions. Bt
o The equilibria change structure as i v e
the black hole mass is increased past " (w.9) = (50.)

the critical point indicated in Fig.2.

This results in low mass cluster with no
visible core in the profile, unlike the o
lower IMBH mass counterparts.
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Figure 3: Intrinsic profiles for the density (top)
and velocity dispersion (bottom).
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