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Abstract. We derive a dynamical mass of 1.2 £0.1 x 10° My, for the
young SSC M82-F and determine that the current (Ly /M )g is a factor of
~ 5 higher than that predicted by a standard Kroupa (2001) IMF. This
suggests that M82-F has a deficit of low mass stars and will not survive
to become an old globular cluster.

1. Introduction and Observations

M82 is one of the nearest examples of a spectacular starburst galaxy. Observa-
tions with HST reveal that hundreds of super star clusters (SSCs) reside in the
starburst region (O’Connell et al. 1995; de Grijs, O’Connell, & Gallagher 2001).
SSCs are often associated with starbursts and it is suggested that they represent
young globular clusters. One critical aspect is whether they have sufficient low
mass stars to remain as bound systems over long time-scales.

We have obtained high dispersion (8 kms™!) echelle spectroscopy of the
very luminous, young SSC ‘F’ in M82 with with the 4.2-m William Herschel
Telescope (WHT), for the purpose of deriving its dynamical mass and assessing
whether it will survive to become an old globular cluster. In a previous paper
(Gallagher & Smith 1999), we derived an age for M82-F of 60 + 20 Myr by
comparing its observed spectrum with theoretical model cluster spectra.

Aperture photometry was performed on M82-F using archival HST/WFPC2
images. We obtain V = 16.12 £ 0.10 and a half-light radius of 2.8 & 0.3 pc for
an adopted distance of 3.6 Mpc. We derive E(B — V) = 0.9 £0.1 towards M82-
F from comparison of the observed (B — V) and (V — I) colours with those
predicted for a 60 Myr old cluster from spectral synthesis models.

2. Derived Parameters

We have measured the line-of-sight velocity dispersion of M82-F by cross-corre-
lating the red spectrum with the spectra of suitable template stars observed at
the same time. We find that the closest spectral match is to an F8II type star
which is consistent with the age of the cluster. We obtain a velocity dispersion of
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13.4+0.7 kms~! and a dynamical mass of 1.240.1 x 10°® M by application of
the virial theorem. The corresponding mass density within the half-mass radius
is 6.4 +£0.9 x 103Mgpc™3. We also obtain My = —14.5 £ 0.3, and derive
a visual luminosity-to-mass ratio (Ly/M)e = 45 £ 13. M82-F clearly has the
luminosity and mass to qualify as a young globular cluster.

We compare our derived parameters for M82-F with two other SSCs, NGC
1569A and NGC 1705-1 in Table 1. We have derived up-dated masses and
visual luminosities for these clusters. For NGC 1705-1, we have re-measured its
radius from archival WFPC2 images and obtain r, = 1.6 0.4 pc for an adopted
distance of 5.3 Mpc (Tosi et al. 2001, in prep.).

Table 1.  Comparison of Properties of Super Star Clusters

Parameter NGC 1569A NGC 1705-1 MS82-F

Age (Myr) 4-10° 10-20° 60 £20
Metallicity (Zg) 0.20° 0.45¢ 1.0

My (mag) -140+£04% -138+04 -145403
r, (pc) 2.3+0.3% 1.6+ 0.4 2.8+0.3

o (kms™!) 15.7+15f 11.4+159 134407
Mass (x106Mg) 1.340.2 048 +0.12 1.2+0.1
(Ly/M)q 26 + 11 60 + 24 45+ 13

®Hunter et al. (2000); °Heckmann & Leitherer (1997); “Kobulnicky & Skillman
(1997); “Devost, Roy & Drissen (1997); ®McLeod et al. (1993); fHo & Filippenko
(1996a); YHo & Filippenko (1996b)

3. Discussion and Conclusions

To investigate the form of the present-day mass function (MF) for M82-F and
the two other SSCs, we have calculated (Lyv /M) as a function of age for var-
ious IMF parameterizations with the Starburst99 code (Leitherer et al. 1999),
allowing for mass loss from the cluster due to stellar winds and supernovae.

We adopt the parameterization of Kroupa (2001) to represent our IMF
model: o = 1.3 for masses in the range 0.1 < M < 0.5Mg and o = 2.3 for
M > 0.5Mg with an upper mass limit of 100 M, and lower mass limits m in
the range 0.1-3 Mg. These models are shown in Fig. 1. It is clear that there is
a fundamental mismatch by a factor of ~ 5 between the derived (Ly /M) for
MS82-F and that predicted by a standard Kroupa (2001) IMF with m; = 0.1 Mg.

Sternberg (1998) finds that NGC 1569A has a steep MF with a ~ 2.5,
extending to 0.1 Mg. This is confirmed in Fig. 1 where we show (Ly/M)g for
the Sternberg (1998) IMF parameters. For NGC 1705-1, Sternberg (1998) finds
that the IMF is either flat or truncated. OQur revised (Ly/M)g for this cluster
is lower by a factor of 2 but it still lies well above the standard curve, indicating
that NGC 1705-1 probably has a truncated MF with m; = 1-3 Mg.

The high (Ly/M)e that we have derived for M82-F indicates that this
SSC has an abnormal MF with a lower mass cut-off of 2-3 Mg to match the
observations. This then implies a ‘top-heavy’ MF in the tightly gravitationally
bound regions. The cluster is expected to dissolve within the next 1-2 Gyr.
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Figure 1.  (Ly/M)g plotted against age using the Starburst99 code.
The solid curves are for a Kroupa (2001) IMF with mjower = 0.1,1.0,2.0
and 3.0 Mg (see text for details). The derived (Ly/M)g and age values
for M82-F, NGC 1569A and NGC 1705-1 are plotted. The dotted curve
is for a slope of 2.5 and a lower mass cut-off of 0.1 Mg.
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The high mass and density of this cluster are not sufficient to assure its survival
without sufficient mass in the form of long-lived, low mass stars.
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