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Abstract. The Antennae is a pair of late type spirals in thenetallicities from the Geneva group and a Scalo IMF from 0.
course of merging. The interaction triggered an ongoing strot@60 M, (Fritze — v. Alvensleben & Burkert 1995, hereafte
burst of star formation that also produced a large number BB95). In analogy to the YSC system in NGC 7252 which, lik
Young Star Clusters (YSCs), many of which seem to be youtite Antennae, is an Sc — Sc merger, we assume that the met
Globular Clusters (GCs). The observed Luminosity Functiaty of the YSC population that forms out of the spirals’ ISM i
of the YSC system is a power-law. We use evolutionary syﬂr% X Zq (Fritze — v. Alvensleben & Gerhard 1994). In Pap.
thesis models for star clusters in comparison with HST WFR@dividual ages are determined froii (- I) colours for the 550
observations of the YSC system in the Antennae to analyse #tar clusters wit | —band detections. The age distribution clearl
mass function of this- 2 x 108 yr young star cluster system.reveals two populations of clusters,70 old GCs from the orig-
Properly accounting for age spread effects by individually ageral spirals, and- 480 YoungStar Clusters (YSCs) with ages
dating the YSCs we find that the intrinsic Mass Function (MF the rangg0 — 4) x 10% yr formed in the ongoing interaction-
is log-normal in shape and in intriguing agreement with the MIRduced starburst. Only the secondary population of YSCs
of old GC systems. We discuss this MF in the context of clustee considered in the following. Meurer (1995) was the first
formation and dynamical effects in the tidal field of the pareipbint out the possible importance of age spread effects on
galaxy and speculate about its future evolution. future evolution of the LF of a YSC system. With individual

YSC ages and the fading in various passbands as given by
Key words: Galaxy: globular clusters: general — Galaxy: opeBSP models we were able to calculate the future evolution o
clusters and associations: general — galaxies: interactiona Hubble time of the LF and of the colour distribution of th
galaxies: starbust — galaxies: star clusters YSC system under the unrealistic assumption that all clust
will survive. Atan age ofv 12 Gyr, when age differences of the
order of 108 yr do no longer play any role, the LF is shown t
be undistinguishable from a typical GC LF (i.e. Gaussian wi
a turnover atMy ~ —6.9 mag — appropriate for the metallic-

The Antennae (NGC 4038/39 = Arp 244) is a pair of late typ® [Fe/H] ~ —0.3 (Ashman et al. 1995) — and(My) = 1.3
spirals in the course of merging. It is the youngest in Toomre®a9)- The colour distribution will by then also be compatibl
(1977) dynamical age sequence of 11 interacting and mergiigh the one observed on old GC systems. While accounti
systems and comfortably nearby. This makes it a well-studi& stellar mass loss, this modelling, however, did not take in
system all over the wavelength range from X-ray through raccount dynamical effects like two-body relaxation, dynamic
dio wavelengths. The interaction has triggered a strong bursfi@§tion, or disk shocking that might act heavily on a YSC sy
star formation that has also produced a large number @i0  tem over a Hubble time. Already for the Milky Way, where th
bright star clusters as first observed with HST by Whitmore potential is rather well known, it is difficult and not uncontro
Schweizer (1995) (hereafter WS95). Many of those bright cluéersial to model the dynamical processes on individual clust
ters seem to be young Globular Clusters (GCs) due to their sigig. Chernoff & Weinberg 1990, Fukushige & Heggie 199
effective radii and high luminosities. The Luminosity Functiofnedin & Ostriker 1997, Vesperini 1997). This is, of cours
(LF) of this bright star cluster system looks like a power lagven more difficult, if notimpossible, in an ongoing merger lik
®(L) ~ L~1.78+0.05 with no hint of a turnover at fainter mag_The Antennae. Before one can try and quantify the efficien
nitudes down to the completeness limifidf= 22.3 mag which, of various destruction mechanisms, the intrinsic MF underl
at the distance of The Antennae (19.2 Mpc forH 75), corre- ing the presently observed LF has to be determined. Knowi
sponds tdVy = —9.6 mag (WS95). In Fritze —v. Alvenslebenindividual cluster ages offers the possibility to use M/L valu
(1998) (hereafter Pap.l) | analysed WS95's HST data with eiiom evolutionary synthesis models to derive the Mass Functi
lutionary synthesis models for single burst single metallicifMF) underlying the presently observed LF and this is what
populations (SSPs) using stellar evolutionary tracks for variog§e€mpt in this Letter. Since the age distribution of the YSCs
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strongly peaked withir< 2 x 108 yr and the YSCs have a mean
distance to the galaxy center of 3.5 kpc, a YSC on average
cannot have had more than 1 or 2 revolutions. We do not expect
the MF therefore to already be significantly affected by clustgr‘“’-O i Mo
destruction processes. Rather we expect the presently deriyed
MF to reflect the MF produced by the cluster formation process. . IN -
The mass spectra of molecular clouds, molecular clogdzoo |
cores, open clusters, and the LF of giant HIl regions (in non- -

interacting galaxies) all are power laws with exponenis the q W Hm
rangen ~ —1.5 ... —1.7 (e.g. Solomon etal. 1987, Ladaetal. o, /ﬁ |
1991, Kennicutt 1989, see Harris & Pudritz 1994 and EImegreen 0 50 Log &fysc o 80

& Efremov 1997 for overviews) as is the mass spectrum of open o . _
clusters in the Milky Way and the LMC (e.g. van den Bergﬁ'gél' EA?SS Distribution of the YSCs in The Antennae: 393
& Lafontaine 1984, Elson & Fall 1985). Both the LF and th s brighter than the completeness limit. A Gaussian with
: . . og (Mysc/Mg)) = 5.6 ando = 0.46 is overplotted, normalised

MF of old GC systems are Gaussians with typical parametgtSne number of YSCs in the histogram.
(My) ~ —7.3 mag,o ~ 1.3 mag, andLog (M/Mg)) ~ 5.5,
o ~ 0.5, respectively (e.g. Ashman et al. 1995).

The question immediately arises: Is the transition fromrived from the LF in Pap.l and are not the result of any fit to
power law molecular cloud mass spectrum to a Gaussian old @fe cluster MF in Fig. 1.
mass spectrum performed in the star/cluster formation processRemarkably enough, the parameters of this Gaussian —
or by secular destruction effects within a GC system? Or, elgghich in Fig. 1 is seen to reasonably describe the MF of the sec-
is already the mass spectrum of molecular clouds or molecuidary GC population — are quite similar to those given by Ash-
cloud cores different in strongly interacting and starburstingan et al. (1995) for the Milky Way and M31 GC systems. Using
galaxies from what it is in normal spirals? evolutionary synthesis results from Worthey (1994)N6fLy,
Ashman et al. findLog (M/Mg)) = 5.47 ando = 0.50 for
the Milky Way and(Log (M/Mg)) = 5.53 ando = 0.43 for
M31. The MF in Fig. 1 thus seems compatible with the bulk of
the YSCs really being young GCs rather than open clusters or
On the basis of individual YSC ages we use our SSP modalssociations, as was already indicated by their small effective
giving M/L, in the passbands = UBVRIK as a function of radii and high luminosities (WS95).
time to derive masses of individual clusters from their observed From the model side, uncertainties in the determina-
V — luminosities. tion of YSC ages (and hence masses) on the basis of their

This is done for all the 393 YSCs with ages4 x 10%yr (V — 1) colours are dominated by uncertainties in the YSC
and V — luminosities brighter than the completeness limitetallicities. Age uncertainties due to metallicity uncertainty
My = —9.6 mag. It is stressed that our model/L - val- (% X 7o < Zysc < Zg) are estimated to be of the order of
ues include the decrease in cluster mass due to stellar ma$5%. The uncertainty in M/L aZ = % x Za due to the age
loss (cf. Pap.l), but not that due to the evaporation of staracertainty is~ 8% and the uncertainty in M/L at all ages
from the cluster. The MF we recover in this way from theS 4 x 10® yr due to the metallicity uncertainty iS 5%. This
presently observed LF is presented in Fig. 1. A Gaussian widads to an overall uncertainty in the M/L ef 10%.
(Log (Mysc/Mg)) = 5.6 and o = 0.46, normalised to the Measurement uncertainties are £0.2 mag for the ob-
number of YSCs in the histogram, is overplotted. The intriserved(V — I) colours and< 0.15 mag for V magnitudes
sic MF we obtain for the YSCs brighter than the completenefss YSCs brighter than the completeness limit. The uncertain-
limit in The Antennae clearly looks log-normal in shape witties that the inhomogeneous reddening over the body of NGC
the maximum at a mean YSC mass-of4 x 10° M. Stel- 4038/39 brings along for the derived cluster ages and masses
lar mass loss within the clusters from the present mean ageadé difficult to quantify. Only a global average value is given for
~ 2 x 108 yr through an age of 12 Gyr will lead to a decrease the internal reddening of the YSC population in NGC 4038/39
in mass of< 15% for a Scalo — IMF & 10% for Salpeter). (Ev—_1 ~ 0.3 mag (WS95)) and applied before our age-dating,

Thus, without any destruction or evaporation effects thmit dust lanes and unrelaxed structures are seen all over NGC
mean mass of the secondary GC system in The Antenna&@38/39. The very good agreemert (107 yr) between ages
the age of a Hubble time would be 3.4 x 10° M. A cluster determined fron{U — V) and(V — I) colours, however, indi-
with this mean mass would ha¥y, = —6.9 mag at an age of cates that for the bright clusters seen on the short U exposure
12 Gyr according to our models. This is the position of the mathe reddening doesot seem to significantly deviate from the
imum of the Gaussian YSC LF we obtain at a hypothetic YS&verage reddening we use.
age of 12 Gyr (cf. Fig. 6ain Pap.l). The agreement is no surprise It should be noted in this context that inclusion of YSCs
since this is, in fact, the way how we obtained the parametdainter than the completeness limit — which tend to have signif-
for the Gaussian in Fig. 1. We stress that these parametersiea@tly larger observational uncertainties — doesaffect the

2. The mass function of the YSCs in the Antennae
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agreement with the Gaussian in Fig. 1 or its parameters (beyddjether with the difficulty of disentangling the old GC pop

the normalisation to the number of clusters in the histogramulation from the YSCs at these advanced ages the fact that
We conclude that the secondary GC population in The Alrnover is detected in the LFs for NGC 7252 and NGC 392

tennae is formed with a log-normal mass distribution very sirdoes not seem to rule out a Gaussian MF similar to the one

ilar to the one in the Milky Way or M31. It is not necessarilpbtain in The Antennae.

the secular evolution but rather the cluster formation process

that produces the Gaussian mass spectrum observed on old GC

systems. 4. Dynamical evolution of the YSC system
Since uncertainties in the MF from observational errors can- oL L

not be calculated in any straightforward way in the analysis pé_uantltatlvely, nothing is k_no_wn abqut the extern_al dy”a”.‘

sented here, we are currently trying an independent appro .effects_ on GC systems in mte_ractlng anq merging galz_m

We draw YSCs at random from different intrinsic MFs (Gau -orthe M|I!<y Way, \{vhgre dyngmlcal modelling on the basis g

sians, power-laws), randomly assign ages to them from diffé'?—e Galactic potential is possible and has been done by ms

ent age distributions (clusters formed uniformly over the bu:é%OUpS (6.9. Chemoff & Weinberg 1990, Gnedin & Ostrike

LETTER

duration or at an increasing or decreasing rate), and calcu 7 Fqkfgg;gig‘gge.?g'e |1995':h \{[etipegrélz & I—leggleb199
their present luminosities and colours to which, then, obser yopenn ot )_' IS clear that the System observ
tional errors can be added, again at random from the obser\t/.% YIS OW'V the hardiest SUrvivors qfa larger original popula
luminosity-dependent error distribution. Comparison of the ron I(I-:grns_lQ?lg: Ves?fentnl &fH;ag”gle (19|9 ? pret\s’,;a nth;ibod
sulting model LFs and colour distributions with the observ %mut.a |or(11§ Il?crl: 'T(g etiec Z ?h S t?dalr ?V%u Ifot?]’ l\/cl)l ovz N
ones should then allow to constrain the intrinsic MF (Kurth gxation, Cisk snocking, and Ihe€ tidal Tield ot tne i ky ay:
al. ,in prep). A somewhat similar procedure is used for YSC tudying the secular evolution of a number of GC systems wi

in NGC 7252 and NGC 3921 by Miller & Fall (1997), who find ifferent initial MFs, Vesperini (1998) shows thiithe initial

that power-laws are preferred over Gaussians for the MFSMF is log-normal then this Iog-n_ormal _f,hape andits pa}ramete
these YSC systems. are conserved over a Hubble tindespite the destruction of a

large part & 50%) of the original GC population. While evap-
oration and dynamical friction preferentially destroy low an(
3. Comparison with YSCs in NGC 7252 and NGC 3921 high mass clusters, respectively, both processes balance

other in the case of a log-normak(equilibrium) initial GC
NGC 7252 ar)d NGC 39.21 are the two oldest merger fem”aﬂ}fﬁ, so that no net selective destruction of specific GC masg
from Toomre’s (1977) list. Large enough YSC systems ha

ZE

: i . ) Its. If the GC destructi imilar in the A
been detected in both of them to define the bright end of their SUS © esIrUCion processes were simrarin the

. . . ehnae and in the Milky Way, and if, as indicated in Fig. 1, th
(Whitmore etal. 1993, Miller etal. 1997, Schweizer etal. 199 itial GC MF really were close to Vesperini's equilibrium MF,

Distances, however, are larger than to NGC 4038/39 by faCtWiﬁn the Gaussian MF could survive a Hubble time with its pq

3 and 4 for NGC 7252 and NGC 3921, respectively, pUSh"Fgmeter Log (M/M~)) ando essentially unchanaed despite
the completeness limit to significantly higher luminosities. Tr} SlLog (M/Mo)) ’ ity u g P

fe likely destruction of a large fraction of the YSC system sed
higher mean ages of the YSCs in these ca8g& € 750 Myr day y g y
for NGC 7252 an@50—750 Myr for. NGC 3921, depenq|ng O 1t will be interesting to analyse more YSC systems in th
metallicity) add another argument in favour of them being young.

GCs. si thev h ves 10 t Schwei i y we did in order to see if and in how far the YSC MF ig
al fé;g;ce €y have surviv X toross (Cf. Schweizer universal or depends on parameters of the progenitor galax

. or the interaction event. Moreover, studying secondary GC s
The LF wecalculatefor the YSCs in The Antennae at aNems on an age sequence of interacting, merging and mer.

age of~ 1 Gyr does show a marginal turnover at the eXpeCt?gmnant galaxies should allow to directly “observe” both th

<.M.V>. - ._929 mag for YS.CS brighter_than_ the completen_es[ﬁ_ne evolution of the LF and of the MF and thus offer a uniqu
limit, indicating that by this age the distortion of the LF Wltl’gﬁ

- ssibility to study the effects of dynamical processesitu.
respect to the MF due to age spread effects from the finite Y y y y P

f ton ti fthe ordeh0 — 400 Mvr) is already | eturnover ofan old GC populationdt, ~ —7.2 mag occurs
i%rng?t;)nr; imespan (of the o N yr)is already less aroundV ~ 24.5 at Virgo cluster distances and is well within

. . . . he reach of 10m telescopes. HST imaging allows to identi
In order to estimate if a turn-over in their YSC LFs coul P ging

lusters in regions not too crowded for ground-based MOS.
be expected in NGC 7252 and NGC 3921, we assume that their 9 9

YSC systems have the same MF as the YSC system in The An-
tennae. Then, we can calculate the mean absolute magnitgd
(My) from (Mysc) at the above-quoted mean ages. We obtain
(My) =-10 ... —9.5magandMy) = -9.5 ... —9mag The uncertainties in the metallicities and — more important
for YSCs in NGC 7252 and in NGC 3921, respectively. These the individual reddening of YSCs in The Antennae can b
luminosities are close to the 90% completeness limiting magbstantially reduced with spectroscopic observations of YS
nitudes of—9.5 (PC) and—8.5 (WF) for NGC 7252 (Miller et selected from the HST images. With MOS facilities on 10
al. 1997) and of-9.0 for NGC 3921 (Schweizer et al. 1996).class telescopes this should be possible in the nearest future

Biscussion and open questions
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One question that poses itself immediately in the contextknowledgementd.gratefully acknowledge a very prompt and con-
of the cluster formation mechanism is whether the moleculstructive report from an anonymous referee and I'm deeply indebted
cloud mass spectrum in a strongly interacting and starbursti@ddruce Elmegreen for critical and stimulating discussions.
galaxy like The Antennae does really have the same power-law
form as that in an undisturbed spiral forming stars at a level @§aferences
ders of magnitude lower? Elmegreen & Efremov (1997) pointed )
out that the high pressure of the ambient ISM produced inghman, K. M., Conti, A., Zepf, S. E., 1995, AJ, 110, 1164
strong interaction might favor the production of more massiya¢™Moff. D. F., Weinberg, M. D., 1990, ApJ, 351, 121
clouds. Information about the molecular cloud mass spectr yegreen, B. G., Efremov, Y. N., 1997, ApJ, 480, 235
. . . son, R. A., Fall, S. M., 1985, PASP, 97, 692
in merger—mduced strong starbursting systems Seems a prefgb.’ | Ajvensleben, U. 1998, A&A 336, 93 (Pap.))

U|S|te_ for the study of_the star an(_j cluster formation Processg&i,e _ v, Alvensleben, U., Gerhard, O.E., 1994, A&A 285, 751

First spectroscopic observations of a handful of YSCs ifitze — v. Alvensleben, U., Burkert, A., 1995, A&A 300, 58 (FB95)
NGC 7252 (Schweizer & Seitzer 1993, 1998) confirms th&ikushige, T., Heggie, D. C., 1995, MN, 276, 206
metallicity Of(% — 1) x Zg (cf. FB95) we predicted on the ba-Gnedin, O. Y., Ostriker, J. P., 1997, ApJ, 474, 223
sis of the progenitor galaxies’ ISM abundances. This enhandsdatris, W.E. 1991, ARAA, 29, 543
metallicity (with respect to the primary GC population) raiseldarris, W.E., Pudritz, R. E., 1994, ApJ, 429, 177
the question in how far the secondary GC formation procesd@nnicutt, R. C., 1989, ApJ, 344, 685

comparable to the primary one in the early Universe? Lada, E., Bally, J., Stark, A. A., 1991, ApJ, 368,432
Meurer, G. R., 1995, Nat, 375, 742

Miller, B. W., Fall, S. M., 1997, AAS, 119, #115.04
6. Preliminary conclusions Miller, B. W., Whitmore, B. C., Schweizer, F., Fall, S. M., 1997, AJ,

. 114, 2381
1. The MF of the YSCs in The Antennae seems to be log-normal, . eizer E. Seitzer P.. 1993 ApJ 417, 129

with parametergLog (M/Mg,)) ando very similar to those of Schweizer, F., Seitzer, P., 1998, AJ 116, 2206

the Milky Way GC system. Schweizer, F., Miller, B. W., Whitmore, B. C., Fall, S. M., 1996, AJ,

2. This suggests that the cluster formation process and not thel12, 1839

dynamical evolution produce the Gaussian MF. Solomon, P. M., Rivolo, A. R., Barrett, J., Yahil, A., 1987, ApJ, 319,
730

3. '_Fh.e CIOS?_ agfee',“?_”t of the YSC MF We_ Ok?tai” with Ve%omre, A., 1977, iThe Evolution of Galaxies & Stellar Populatians
perini’s equilibrium initial GC MF seems to indicate that the  g4s. B. M. Tinsley, R. B. Larson, Yale Univ. Obs., New Haven, p.
shape and parameters of this MF may survive a Hubble time 401

despite destruction of a large fraction of today’s YSCs. van den Bergh, S., Lafontaine, A., 1984, AJ, 89, 1822

4. In the older merger remnants NGC 7252 and NGC 3921 tMesperini, E., 1997, MN, 287, 915
completeness limit is close to the turn-over luminosity expect¢gSPerini. E., 1998, MN, 299, 1019

. . L . Vesperini, E., Heggie, D. C., 1997, MN, 289, 898
in case their MFs were similar to the one in The Antennae. Whitmore, B.C., Schweizer, F., 1995, AJ 109, 960 (WS95)

As long as the impact of observational colour and lumiyhitmore, B.C., Schweizer, F., Leitherer, C., Borne, K., Robert, C.,
nosity uncertainties on the MF we derive cannot be quantified 1993, AJ 106, 1354

rigorously, our conclusions have to remain preliminary. Worthey, G., ApJS, 95, 107
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