MEASURING MASS LOSS RATES FROM GALACTIC SATELLITES
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Number count profiles of many Galactic and some extra-galactic satellite sys-
tems show evidence for associated stars beyond the cut-off in density that is
identified as the point of tidal limitation (e.g. Irwin & Hatzidimitriou 1995, Grill-
mair et al. 1995). These “extra-tidal” stars are assumed to be debris lost from the
satellite due to heating or stripping by the Galactic tidal field or (in the case of
globular clusters) evaporation of stars over the tidal boundary. In this contribution
we present a method for using these features to measure the mass loss rate from the
satellite, and test it on the results of numerical simulations of satellite disruption.
A more detailed discussion of all aspects of this work can be found in Johnston,
Sigurdsson & Hemquist (1998).

In the numerical simulations, the satellite’s evolution along an orbit in a three
component rigid model of the Galaxy is followed using a self-consistent field
(SCF) code (developed by Hemquist & Ostriker 1992) to calculate the mutual
interactions of stars in the satellite. Figure 1 shows the annularly averaged number
surface density from one example simulation “observed” from the viewpoint of the
center of the Galaxy after several Gigayears. The closed (open) symbols show the
profile recovered if only bound (all) stars are considered. Clearly there is a break
in the open symbols at the radius ryeax Where the analysis becomes dominated by
unbound stars.

Tremaine (1993) pointed out that the change in the orbital frequency of a star tom
from the satellite at 7preax Should approximately be given by AQ ~ rpredQ2/dR,
where Q(R) is the frequency of a circular orbit in the parent galaxy at radius R.
Hence, debris will spread over an angular distance comparable to the size of the
cluster (Tbreak / R) in a time (7prear/ R)/2AQ ~ T,pp /7, where Topp, is the azimuthal
time period of the orbit. This suggests that we can estimate the average surface
density of stars in an annulus between rpreax and r from the centre of the cluster to
be

(Za(r)) = %’?——-——(T ;b::“k) %5'3] /[7r(r2 - ""%reak)] ’ (1)

where dm/dt is the mass loss rate from the cluster. We can differentiate equation
(1) to find an approximate expression for the absolute surface density. This estimate
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Fig. 1. Number count profiles from a simulation of satellite disruption, as viewed from the
center of the Galaxy. The closed (open) symbols are for the bound (total) population of
stars. The dotted line shows the position of 7.k used to model the extra-tidal population.
The dashed line shows the model.

is overlaid in dashed lines on the profile shown in Figure 1 using dm/dt averaged
over the simulation, and myreax indicated by the vertical dotted line. This method
reproduces the extra-tidal features in all simulations with similar success.

Equation (1) can be used to measure the mass loss rate from a Galactic satellite
from the density of extra-tidal stars and assuming a value for Ti,. When tested on
the simulations, this method recovered the mass loss rate to within a factor of two.
When applied to observations it can be used to provide constraints on dynamical
models of individual satellites and to directly measure the current destruction rate
of the Galactic satellite system. Tests on simulations of mass-segregated globular
clusters also indicate that this mass-loss estimate can be used to place limits on the
initial mass function of stars in the cluster from local and global measurements of
the present day mass function (see Johnston, Sigurdsson & Hemquist, 1998).
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