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Abstract. Using ground-based UBVRIa CCD photometry where Whitmore & Schweizer (1995) discovered more than
we have been carrying out a search for young massive star clt@9 blue point-like sources with absolute visual magnitudes up
ters (YMCs) in a sample consisting of 21 nearby spiral galaxigs. My, = —15. Other well-known examples are NGC 7252
We find a large variety concerning the richness of the cluster syé¢hitmore et al. 1993), NGC 3921 (Schweizer et al. 1996) and
tems, with some galaxies containing no YMCs at all and otheé&C 1275 (Holtzman et al. 1992). All of these galaxies are pe-
hosting very large numbers of YMCs. Examples of galaxies withuliar systems and obvious mergers. In factlincases inves-
poor cluster systems are NGC 300 and NGC 4395, while ttigated so far where star formation is associated with a merger,
richest cluster systems are found in the galaxies NGC 5236 {WICs have been identified (Ashman & Zepf 1998).
83), NGC 2997 and NGC 1313. The age distributions of clus- But YMCs exist not only in mergers. They have beenlocated
ters in these galaxies show no obvious peaks, indicating théto in starburst galaxies such as NGC 1569 and NGC 1705
massive clusters are formed as an ongoing process rather f{{@iConnell et al. 1994), NGC 253 (Watson et al. 1996) and M
in bursts. This is in contrast to what is observed in starbursts &8 (O’Connell et al. 1995), in the nuclear rings of NGC 1097
merger galaxies. The radial distributions of clusters follow trend NGC 6951 (Barth et al. 1995), and in the blue compact
Ha surface brightnesses. For the galaxies in our sample thergasaxy ESO-338-1G04(stlin et al. 1998). The magnitudes of
no correlation between the morphological type and the presefiYddCs reported in all these galaxies range frofy ~ —10 to
of YMCs. —15, and the effective radiR. (R. = the radius within which
half of the light is contained) have been estimated to be of the
Key words: galaxies: photometry — galaxies: spiral — galaxiesrder of a few parsec to about 20 pc, compatible with the objects
star clusters deserving the designation “young globular clusters”.

All of the systems mentioned above are relatively distant,
but in fact one does not have to go farther away than the Local
Group in order to find galaxies containing rather similar star
clusters. The Magellanic Clouds have long been known to host
During the last decade many investigations have revealed #fi@r clusters of a type not seen in the Milky Way, i.e. compact
presence of “young massive star clusters” (YMCs) or “sup@WSterS that are much more massive than Galactic open clus-
star clusters” in mergers and starburst galaxies, and it has b&g (van den Bergh 1991, Richtler 1993), and in many respects
speculated that these objects could be young analogues ofréggmble globular clusters more than open clusters. Some of
globular clusters seen today in the Milky Way. Itis an intriguinghe most conspicuous examples are thé years old cluster
idea that globular clusters could still be formed today in sonie the centre of the 30 Doradus nebula in the LMC (Brandl et
environments, because the study of such objects would be @k-1996), shining at an absolute visual magnitude of about -11,
pected to provide a direct insight into the conditions that we#®d the somewhat older object NGC 1866 (abHiit years),
present in the early days of our own and other galaxies whai§o in the LMC (Fischer et al. 1992), which has an absolute
the globular clusters we see today in the halos were formedvisual magnitude of/y- ~ —9.0. Even if these clusters are not

Probably the most famous example of a merger galaxy hoguite as spectacular as those found in genuine starburst galaxies,
ing “young massive clusters” is the “Antennae”, NGC 4038/3#ey are still more massive than any of the open clusters seen in
the Milky Way today. YMCs have been reported also in M 33
Send offprint requests t&.S. Larsen (Christian & Schommer 1988), and in the giant Sc spiral M 101

* Based on observations made with the Nordic Optical TelescogBresolin et al. 1996).
operated on the island of La Palma jointly by Denmark, Finland, Ice- Takinginto account the spread in the ages of the YMCs in the
land, Norway, and Sweden, in the Spanish Observatorio del Roq”e@rﬂennae, Fritze - v. Alvensleben (1998) recovered a luminosity

los Muchachos of the Instituto de Astrofisica de Canarias, and with tp . . )
' Ufhction (LF) resembling that of old gl lar cluster t
Danish 1.5-m telescope at ESO, La Silla, Chile. ction (LF) resembling that of old globular clusters (GC's) to

1. Introduction
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Table 1.The galaxies. In the first column each galaxy is identified by its NGC number, the second column gives the morphological classification
taken from NED, right ascension and declination for equinox 2000.0 are in columns 3 and 4. Apparent blue magnitude (from RC3) is in the
5th column, the distance modulus is given in column 6, and the absolute blue magWitudein column 7. The last column indicates which
telescope was used for the observations (DK154 = Danish 1.54m. telescope, NOT = Nordic Optical Telescope). The sources for the distances
are as follows?! de Vaucouleurs 1963, Carignan 1985% Freedman et al. 1992, Bottinelli et al. 1985° Nearby Galaxies Catalog (Tully

1988)° de Vaucouleurs 19794,de Vaucouleurs 19798, Shanks 19977 Karachentsev & Drozdovsky 1998 Freedman & Madore 1988

11 Karachentsev et al. 1996.

Name Type « (2000.0) ¢ (2000.0) mp m— M Mp Obs.
NGC 45 SA(s)dm  00:14:04 —23:10:52 11.32 28.42+0.41* —17.13 DK154
NGC 247  SAB(s)d 00:47:08 —20:45:38 9.67 27.0+0.42 —17.40 DK154
NGC300 SA(s)d 00:54:53 —37:41:00 8.72 26.66+0.10> —18.05 DK154
NGC 628  SA(s)c 01:36:42 +15:46:59  9.95 29.6 & 0.47 —19.77 NOT
NGC 1156 IB(s)m 02:59:43 +25:14:15  12.3229.46 + 0.15'* —17.84 NOT
NGC 1313 SB(s)d 03:18:15 —66:29:51 9.2  28.2¢ —19.03 DK154
NGC 1493 SB(rs)ed  03:57:28 —46:12:38 11.78 30.3° —18.62 DK154

NGC 2403 SAB(s)cd  07:36:54 +65:35:58  8.93 27.51 +£0.24'° —18.73 NOT
NGC 2835 SAB(rs)c  09:17:53 —22:21:20 11.01 28.93+0.42* —18.30 DK154

NGC 2997 SA(s)c 09:45:39 —31:11:25 10.06 29.9 = 0.47 —20.35 DK154
NGC 3184 SAB(rs)cd 10:18:17  +41:25:27  10.389.5 & 0.47 —~19.14 NOT
NGC 3621 SA(s)d 11:18:16 —32:48:42 10.28 29.1+0.18%  —19.21 DK154
NGC 4395 SA(s)m 12:25:49  +33:32:48  10.6428.1° —17.47 NOT
NGC 5204 SA(s)m 13:29:36  +58:25:04  11.738.4° —-16.68 NOT
NGC 5236 SAB(s)c  13:37:00 —29:51:58 8.20 27.844+0.15° —19.78 DK154
NGC 5585 SAB(s)d  14:19:48  +56:43:44  11.2(29.2° ~18.00 NOT
NGC 6744 SAB()bc  19:09:45 —63:51:22 9.14 28.5+0.47 —~19.50 DK154
NGC 6946 SAB(rs)cd 20:34:52  +60:09:14  9.61 28.7° —-20.70 NOT
NGC 7424 SAB(rs)cd 22:57:18 —41:04:14 10.96 30.5° —19.54 DK154
NGC 7741 SB(s)cd 23:43:53  +26:04:35  11.840.8 £ 0.47 —~19.10 NOT
NGC 7793 SA(s)d 23:57:50 —32:35:21 9.63 27.6+£0.20>0  —18.04 DK154

a very high degree when evolving the present LF to an ageletted from the Carnegie Atlas (Sandage & Bedke 1994), and in
12 Gyr. Elmegreen & Efremov (1997) point out the interestingrder to minimise the problems that could arise from extinction
fact that theupperend of the LF of old GC systems is veryinternally in the galaxies we selected galaxies that were more or
similar to that observed for YMCs, open clusters in the Milkless face-on. We tried to cover as wide a range in morphological
Way, and even for HII regions in the Milky Way, and this iproperties as possible, although the requirement that the galaxies
one of their arguments in favour of the hypothesis that the bakid to be nearby (because we would rely on ground-based ob-
mechanism behind the formation of all these objects is the sarservations) restricted the available selection substantially. The
They argue that massive clusters are formed whenever therénal sample consists of 21 galaxies out to a distance modulus
a high pressure in the interstellar medium, due to starburstsobim — M ~ 30, for which basic data can be seen in TdHle 1.
other reasons as e.g. a high virial density (as in nuclear rings In this paper we give an overview of our observations, and
and dwarf galaxies). However, this doesn’'t seem to explain thve discuss the main properties of the populations of YMCs in
presence of YMCs in apparently undisturbed disk galaxies likee galaxies in Tabld 1. In a subsequent paper (Larsen & Richtler
M 33 and M 101. 1999) we will discuss the correlations between the number of
So it remains a puzzling problem to understand why YMCSMCs in a galaxy and various properties of the host galaxies
exist in certain galaxies, but not in others. In this paper we more detail, and compare our data with data for starburst
describe some first results from an investigation aiming at eghlaxies and mergers published in the literature.
dressing this question. It seems that YMCs can exist in a wide
variety of host galaxy environments, and there are no clear sys- . .
tematics in the properties of the galaxies in which YMCs ha: Observations and reductions
been identified. And just like it is not clear how YMCs and old'he observations were carried out partly with the Danish 1.54
globular clusters are related to each other, one can also askiftelescope and DFOSC (Danish Faint Object Spectrograph
the very luminous YMCs in mergers and starburst galaxies &8d Camera) at the European Southern Observatory (ESO) at
basically the same type of objects as those in the Magellanig Silla, Chile, and partly with the 2.56 m. Nordic Optical Tele-
Clouds, M 33 and M 101. scope (NOT) and ALFOSC (a DFOSC twin instrument), situ-
We therefore decided to observe anumber of nearby galaxigsd at La Palma, Canary Islands. The data consists of CCD
and ook for populations of YMCs. The galaxies were mainly semages in the filters U,B,V,R,| anddH In the filters BVRI and
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Ha we typically made 3 exposures of 5 minutes each, and 3

Aperture corrections
e

V)

exposures of 20 minutes each in the U band. Both the ALFOSC 1.0
and DFOSC were equipped with thinned, backside-illuminated
2K? Loral-Lesser CCDs. The pixel scale in the ALFOSC is 0 8
0.189'/pixel and the scale in the DFOSC is 0/4pixel, and
the fields covered by these two instruments@bé x 6.5’ and
13.7" x 13.7', respectively. All observations used in this pape}
were conducted under photometric conditions, with typical seé-
ing values (measured on the CCD images) bein§ arisl 0.8
for the La Silla and La Palma data, respectively. @
During each observing run, photometric standard stars
the Landolt (1992) fields were observed for calibration of the
photometry. Some of the Landolt fields were observed several - -

times during the night at different airmass in order to measure 0.0 -~ . . |
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the atmospheric extinction coefficients. For the flatfieldingwe 0.0 0.5
used skyflats exposed to about half the dynamic range of the
CCD, and in general each flatfield used in the reductions was
constructed as an average of about 5 individual integrations.

R
e

1.0

(arcsec)

1.5

olour indices

N
o

After bias subtraction and flatfielding, the three exposure®.04 |
in each filter were combined to a single image, and star clus- |
ters were identified using thdaofind task in DAOPHOT (Stet- -
son 1987) on a background-subtractédhand frame. Aperture  0.0Z -

photometry was then carried out with the DAOPHgIot task, e

using a small aperture radius (4 pixels for colours and 8 pixels L

Errors in ¢
-

for theV-band magnitudes) in order to minimise errors arising0.00 N\/
from the greatly varying background. Aperture corrections from I

the standard star photometry (aperture radius = 20 pixels) to the
science data were derived from a few isolated, bright stars_in o, -
each frame. Because the star clusters are not true point sources, |
no PSF photometry was attempted. A more detailed description |

of the data reduction procedure will be given in Larsen (19990.04 . . . . |

The photometry was corrected for Galactic foreground ex- 0.0 0.5

tinction using thed g values given in th&hird Reference Cata-
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logue of Bright Galaxie&de Vaucouleurs et al. (1991), hereafter

RC3). Fig. 1. Aperture corrections as a function of intrinsic cluster radius.
Top: The errors in thé/-band aperture corrections for aperture radii
of 4 and 8 pixelsBottom The corresponding errors in the colours for

2.1. Photometric errors an aperture radius of 4 pixels.

The largesformal photometric errors as estimated flyot are
those in theU band, amounting to around 0.05 mag. for the
faintest clusters. However, these error estimates are basedrpg artificial clusters were modeled by convolving the point-
pure photon statistics and are not very realistic in a case likgread function (PSF) with MOFFAT15 profiles.
ours. Other contributions to the errors come from the standard The upper panelin Fig] 1 shows the errors in the aperture cor-
transformation procedure, from avarying background, and fra@ctions forl -band photometry through aperture raldjj, = 4
the fact that the clusters are not perfect point sources so thatghe|s andR,, = 8 pixels as a function oR., while the lower
aperture corrections become uncertain. . panel shows the errors in the colour indicesRay, = 4 pixels.
The r.m.s. residuals of the standard transformations wexg g_ ~ 1”, the error inV-band magnitudes usinB,, = 8
between 0.01-0.03 mags. in V, B-V and V-1, and between 0.@fkels amounts to about 0.15 magnitudes. For a giRenthe
and 0.06 mags. in U-B. _ - ~errors in thecoloursare much smaller than the errors in the
The errors in aperture corrections arising from the finifadividual bandpasses, so that accurate colours can be derived
cluster sizes were estimated by carrying out photometry @itough the smalR. = 4 pixels aperture without problems.
artlfICIaIIy generated clusters with effective radii in the rangehis convenient fact has also been demonstrated by e.g. Holtz-
R. = 0—4 pixels (0’ - 1.6” on the DFOSC frames)."Icorre- man et al. (1996).
sponds to a linear distance of about 20 pc at the distance of typ-The random errors, primarily arising due to background fluc-
ical galaxies in our sample, such as NGC 1313 and NGC 528@ations, should in principle be evaluated individually for each
cluster, since they depend on the local environment of the clus-
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In addition to these selection criteriae it was found very
useful to generate colour-composite images using the I, U and

N bbbl

E o+ . Rk . .
o] RS, SO PP ERPUINr: tr SO 3. 15, 1% 10 Ha exposures and identify all the cluster candidates visually on
16 17 18 19 0

these images. For the “red” channel we used theelkposures,

for the “green” channel we used the I-band frames, and for the
“blue” channel the U-band frames. In images constructed like
this, YMCs stand out very clearly as compact blue objects, in
contrast to HIl regions which are distinctly red, and foreground

+ +

+ +

+ + ++ * o + My
+* et + + fiap
SRR 'S Sy ﬁfﬁtﬁiﬂt %*fﬁiﬁiwﬁ*ﬁ*

Error(U—B)

17 18 18 20 stars and background galaxies which appear green.
Following the procedure outlined above, we ended up with
15E , alistof star cluster candidates in each galaxy. The cluster nature
% 10E e, N ﬁﬁﬂi *ﬁf#f - of the detected objects was further verified by examining their
5 gg* EE o, ¢+ﬁ+ﬁ+¢ﬁ££¢ﬁ *f*;iﬁ* ¢i¢ 3 positions in two-colour d|§grams (U-B,B-V and U-V,V-I), and
e - s 19 oo compare with model predictions for the colours of star clusters
v and individual stars. In addition, we have been able to obtain
Fig. 2. The random errors ifY, B — V andU — B as a function ol  spectra of a few of the brightest star cluster candidates. These
magnitude for clusters in NGC 5236. will be discussed in a subsequent paper.

The cluster samples may suffer from incompleteness ef-
gcts. In particular, we have deliberately excluded the youngest

ter. Fig[2 shows the random errors for clusters in NGC SZL{:JJsters which are still embedded in giant HIl regions (corre-

estimated by adding artificial objects of similar brightness an . .
. . sponding to an age of less than abbift years). Clusters which
colour near each cluster and remeasuring them using the SIS, i trinsi . .
hotometric procedure as for the cluster photometry. Again Ve intrinsicls — V- < 0.45 will also sip out of the sample
b P : : er p Y- QAN oir actual observed — V index is larger than 0.45 due to
is found that the errors in two different filters tend to cancel Olrléddening internally in the host galaxy
when colour indices are formed. Théband errors are quite '
substantial, but we have chosen to accept the large random er-
rors associated with the use of &, = 8 pixels aperture in 3.1. Counting clusters

order to keep the effect of systematic errors at a low level. The specific frequencfor old globular cluster systems has tra-

ditionally been defined as (Harris & van den Bergh 1981):

3. Identification of star clusters
SN = NGC X 100'4X(MV+15) (1)

After the photometry had been obtained, the first step in the

analysis was to identify star cluster candidates, and to makBere Ngc is the total number of globular clusters belonging
sure that they were really star clusters and not some other tjp@ galaxy of absolute visual magnitudif, . Such a definition

of objects. Possible sources of confusion could be compact Iip reasonable way to characterise old globular cluster systems
regions, foreground stars, and individual luminous stars in tRecauséVac is a well-defined quantity, which can be estimated

observed galaxies. However, each of these objects can be elifiib good accuracy due to the gaussian-like luminosity function
inated by app|y|ng the fo”owing selection criteriae: (LF) even if the faintest clusters are not direCtly observable. In

the case of young clusters it is more complicated to define a

— Hll regions: These can be easily identified due to tiéir yseful measure of the richness of the cluster systems, because

emission. the LF is no longer gaussian and the number of young clusters
— Foreground stars: Because our galaxies are located at rathgf one finds in a galaxy depends critically on the magnitude

high galactic latitudes, practically all foreground stars afgnit applied in the survey. Nevertheless, we have defined a

redder thanB — V' ~ 0.45, whereas young massive staguantity equivalent t& for theyoungcluster systems:

clusters will be bluer than this limit. Hence, by applying a ,

B~V limit of 0.45 we sort away the foreground stars whildy = Nywc x 1074 (M5+1%) 2

retaining the young massive cluster candidates. Remaini . . L
foregrognd st):;lrs c%uld in many cases be distinguished mc IS the number of clusterS 5 + Ny satisfying the criteriae

their position in two-colour diagrams, by their lack of an- scribed n Se@ 3. We have chosen to normzmseto the
. 2 . ._B-band luminosity of the host galaxy because it can be looked
gular extent, and by being positioned outside the galaxie

S .
— Individual luminous stars in the galaxies: We apply a brigh%l-p directly in the RC3 catalogue.
ness limit of My = —8.5 for cluster candidates with
U—-B > —04 and My = —9.5 for candidates with 4. Results
U_ — B < —04. The_bluer c_)bjects are often fc_)und i.n—4.1_ Specific frequencies
side or near star forming regions, but the magnitude limit
of My = —9.5 should prevent confusion with even veryin Table[2 we give the number of clusters identified in each

massive stars. of the observed galaxies. The columns labeMgd and Ny
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Table 2.Number of clusters identified in each of the galaxi€s. refer Histogram of T, values
to the ‘blue’ clusters (i.e. clusters with— B < —0.4 and Ny refer to = |
the ‘red’ clusters (clusters with — B > —0.4). The fourth column is H 1
the total number of clustersyg + Ng. The quantitied'y andT'n,c r 1
are defined in Se¢t.3.10nly the central parts of the galaxies were | ]
covered by our observations. ]
Name N Nr Nymc TIn Tn,c z 4 7 i
NGC 45 1 2 3 0.42 +£0.29 - / 1
NGC247 1 2 3 0.32+023 - 5 / ]
NGC300 1 28 3! 0.18:0.11' - 1
NGC 628 27 12 39 0.48 £0.19 0.50+£0.20 / 1
0.57+0.23 0 W% 1
NGC1156 13 9 22 1.61+£041 1.8140.46 00 05 ' 0 |5 50
3.0940.92 T
NGC 1313 17 29 46 1.124+0.27 1.36 £0.32 N
1.63+0.39 Fig. 3. Histogram of (uncorrected)y values.
NGC 1493 O 0 0 0 -
NGC 2403 4 10* 14 0.45 +0.16"
NGC 2835 7 2 9 0.43+0.22 - all galaxies with more than 20 clusters we estimated the incom-
NGC2997 20 14 34 0.25+0.10 0.28+0.11 pleteness by adding artificial clusters with magnitudes of 18.0,

0.31+0.12 18.5... 21.0, and testing how many of the artificially added
NGC3ls4 3 10 13 028x0.13 - clusters were detected by DAOFIND il of the filtersU, B
NGC3621 22 23 45 0.934£0.21  1.14:£0.26 andV'. Because the completeness depends critically on the size
1.40:£0.32 of the objects, we carried out completeness tests for artificial
NGC 4395 O 2 2 0.21+0.15 - . .
NGC5204 0 7 7 1494063 — clusters withR, = 0pc andR. = 20pc in each galaxy. The
NGC5236 55 96 151 1754028  1.9840.32 numbers of clusters actually detected in each of the magnitude
3.29+£0.58 bins [18.25-18.75], [18.75-19.25]. [20.75-21.25] were then
NGC5585 1 8 9 0574022 — corrected by the fraction of artificial clusters recovered in the
NGC 6744 12 6 18 0.43+0.22 corresponding bin, and finally the “correctefiy, values were
NGC6946 76 31 107 0.56+0.11 0.66+0.14 derived. These are given in the last column of Table 2, labeled
0.81+0.17 Tn ¢, for point sources (first line) and objects willhh = 20 pc
NGC 7424 7 3 10 0.15£0.09 - (second line). See Larsen (1999) for more details on the com-
NGC7741 0 0 0 0 - pleteness corrections.
NGC7793 12 8 20 1214035  1.3340.39 One additional source of errors affectifig which remains
05T i‘62 +0.47 uncorrected, is the fact that an uncertainty in the distance also af-
0.04 _ fects the magnitude limit for detection of star clusters. If a galaxy
is more distant (or nearby) than the value we have adopted, our
limit corresponds to a “too bright” (too faint) absolute magni-
tude, and we have underestimated (overestimated) the number
refer to the number of “blue” and “red” clusters respectivelyf clusters. Hence, the trd@y errors are somewhat larger than
according to the definition that “blue” clusters are clusters withose given in Tablg] 2, but they depend on the cluster luminos-
U — B < —0.4 (and henceMly, < —9.5) whereas the “red” ity function. If the clusters follow a luminosity function of the
clusters havd/ — B > —0.4 (and My < —8.5). See also form¢(L)dL < L~1-"8dL (Whitmore & Schweizer 1995) then
Sect[B. The data for the LMC are from Bica et al. (1996) araddifference in the magnitude limit & A/, = 0.1 would lead
those for M 33 are from Christian & Schommer (1988). to a difference in the cluster counts of about 7%.

The “specific frequencied’y for the galaxiesin oursample  Ahistogram ofthe uncorrectddy values (Fig_B) shows that
are given in the fourth column of Talile 2. The numb&fyc = awide range of iy values are present within our sample. Many
Np + Ng used to derively is the total number of clusters,of the galaxies in the lowest bins contain only a few massive
“red” and “blue”, detected in each galaxy. clusters or none at all, but a few galaxies have much higher

The errors oy were estimated taking into consideratio’y values than the average. The most extréfgevalues are
only the uncertainties of the absolute magnitudes of the héstind in NGC 1156, NGC 1313, NGC 3621, NGC 5204 and
galaxies resulting from the distance errors as given in TableNGC 5236. The galaxy NGC 2997 also hosts a very rich cluster
and poisson statistics of the cluster counts. However, it is clegstem, but thd'y value is probably severely underestimated
that this is not a realistic estimate of the total uncertainties bécause of the large distance of NGC 2997 which introduces
theTy values. Another source of uncertainty arises from incorsignificant incompleteness problems. A similar remark applies
pleteness effects, particularly for the more distant galaxies. Fortwo other distant galaxies observed at the Danish 1.54 m.

(LMC) 17
(M 33) 0o 1

= 00
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Fig. 4. U-B vs. B-V diagrams for the clusters in six galaxies, compared to stellar models by Bertelli et al. 1994 and the S-sequence defined by
Girardi et al. (1995)

telescope, NGC 1493 and NGC 7424, while all the remainidg2. Two-colour diagrams

galaxies in Tablgl1 are either more nearby, or have been observ
atthe NOT in better seeing conditions, and hence fhiewvalues

are believed to be more realistic.

|ne|gig.@ we show thé3 —V, U — B diagrams for six cluster-rich
galaxies. These plots also include the so-called “S” sequence
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‘ ‘N‘GCT ‘51 5‘ O@d‘ W 0 T ‘C“US‘tefS‘ - (1994) and found very good agreement between the S-sequence
10 r ‘ ‘ ‘ ‘ i and their synthetic colours. The models (solar metallicity) are
i Ly T Eessmedels included in Fig[® as a solid line. In these models the “red loop”
0.5[ # o +WiOTcsters is not as pronounced as in the BC93 models, and the youngest
B zjmd‘ models are in general not as blue as those of BC93, resulting in
0.0 s . a much better fit to the observed cluster colours.
i E Stellar models E
-0.5F j 4.3. Ages and masses
r AE(B-V)=0.30 7 A direct determination of the mass of an unresolved star cluster
-1.0¢ 7 requires a knowledge of the M/L ratio, which in turn depends
L ] on many other quantities, in particular the age and the IMF of
B Y N the cluster. However, if one assumes that the IMF does not vary

-0.5 0.0 0.5 1.0 1.5
B-V

™
o

too much from one star cluster to another, then the luminosities
alone should facilitate a comparison of star clustéth similar

Fig. 5. Comparison between photometry of clusters in NGC 1313 af@€s

M 101. ‘+" markers indicate the HST photometry of clustersin M 101 Applying the S-sequence age calibration to the clusters in
by Bresolin et al. 1996. our sample, the luminosities of each cluster can then be di-
rectly compared to Milky Way clusters of similar age, as shown

defined by Girardi et al. (1995, see also Elson & Fall (1985)) Fig.[8. Ages and absolute visual magnitudes for Milky Way
represented as a dashed line. The “S” sequence is essentialQREN clusters are from the Lya§1982) catalogue, and are rep-
age sequence, derived as a fit to the average colours of brigsented in each plot as small crosses. In the diagrams [0 Fig. 6
LMC clusters in thé/ — B, B — V diagram. The age increasedve have also indicated the effect of a reddening of E(B-V) =
as one moves along the S-sequence from blue to red colo@30. In these plots the “reddening vector” depends in principle
The colours of our cluster candidates are very much compatiBfe the original position of the cluster within the (U-B,B-V) di-
with those of the S-sequence, especially if one considers tRdfam from which the age was derived, but we have included
there is a considerable scatter around the S-sequence alséW8rtypical reddening vectors, corresponding to two different
Magellanic Cloud clusters (Girardi et al. 1995). Also include@9€sS.
in the diagrams are stellar models by Bertelli et al. (1994) (dots), In all of the galaxies in Fig.l6 but NGC 2403, the absolute
in order to demonstrate that the position of clusters within sucifigual magnitudes of the brightest clusters are 2-3 magnitudes
diagram is distinctly different from that of single stars. Alreadrighter than the upper limit of Milky Way open clusters of
from Fig[4 one can see that there is a considerable age sprag#lar ages. Accordingly they should be nearly 10 times more
among the clusters in each galaxy, with the red cut-off being dmassive. Inthe case of NGC 2403, the most massive clusters are
to our selection criteriae. The reddening vector correspondifgt significantly more massive than open clusters found in the
to a reddening of?(B — V) = 0.30 is shown in each plot as anMilky Way. Fig.[d also confirms the suspicion that the cluster
arrow, and it is quite clear that the spread along the S-sequefl@t in NGC 2997 are incomplete, particularly fdi, > —10.
cannot be entirely due to reddening effects. We have included population synthesis models for the lu-
Bresolin et al. (1996) used HST data to carry out photorﬁ]inosity evolution of single-burst stellar populations of solar
etry for star clusters in the giant Sc-type spiral M 101. A confnetallicity by BC93 in Fig.B, scaled to a total mass6f M.
parison between their data and photometry for clusters in dM@dels for three different IMFs are plotted: Salpeter (1955),
of our galaxies (NGC 1313) is shown in Fig. 5. It is eviderlliller-Scalo (1979) and Scalo (1986), all covering a mass range
that the colours of clusters in the two galaxies are very sinffom 0.1-65M,. The different assumptions about the shape of
lar. NGC 1313 was chosen as an illustrative example becati@ IMF obviously affect the evolution of the/y, magnitude
it contains a relatively rich cluster system, although not so rigt¢" unit mass quite strongly, and unfortunately the effectis most
that the diagram becomes too crowded. severe just in the age interval we are interested in. The differ-
In Fig.[8 we have also included a curve showing the colou@§ce between the Miller-Scalo and the Scalo IMF amounts to
of star clusters according to the population synthesis mod@|g10st 2 magnitudes, but in any case the most massive clusters
of Bruzual & Charlot (1993, hereafter BC93). The agreemefppear to have masses around M.
between the synthetic and observed colours is very good for In Fig[6 we have also indicated the location of a “typical”
U-B > —0.3, but for U-B < —0.3 the B-V colours of the BC93 0ld globular cluster system with an error bar centered on the
models are systematically too blue compared to our data and¢Rerdinates 15 Gy, = —7.4 and withoy = 1.2 mags. Al-
S sequence. The “red loop” that extends out to 863 and though the comparison of masses at high and low age based on
U-B~-0.5 is due to the appearance of red supergiants at an g@gulation synthesis models is extremely sensitive to the exact
of about10” years (Girardi & Bica 1993) and is strongly metalshape of the IMF, it seems that the masses of the young mas-
licity dependent. Girardi et al. (1995) constructed populati&lee star clusters are at least within the range of “true” globular
synthesis models based on a set of isochrones by Bertelli eCisters.
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Fig. 6. Absolute visual magnitudes versus ages for the clusters in six galaxies, compared with data for open clusters in the Milky Way (Lyng
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1982). Population synthesis models by Bruzual & Charlot (1993) for three different IMFs, corresponding to a @ss/of have been
included in each plot.
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Reddening effects alone are unlikely to affect the derivédhd of event stimulated the formation of massive star clusters
ages to a high degree, as a scatter along the “reddening vectorNGC 1313 a few hundred Myr ago, perhaps the accretion of a
in Fig.[8 would then be expected. Basically this would mearompanion galaxy. A second “burst” of cluster formation seems
that one would expect a much steeper rate of decreadf, in to have been taking place very recently, and is maybe going on
vs. the derived age, while the observed relation between ayen today.
and the upper luminosity limit is in fact remarkably compatible
with tha_t pre(_j|cte_d by the models. The comparison with mod§_l3_ NGC 2403
calculations implies that the upper mass limit for clusters must
have remained relatively unchanged over the entire period diC 2403 is a nearby spiral, morphologically very similar to M

ing which clusters have been formed in each galaxy. 33 apart from the fact that NGC 2403 lacks a distinct nucleus.
It is a textbook example of an Sc-type spiral, and it is very
5. Notes on individual galaxies well resolved on our NOT images. A photographic survey of
star clusters in NGC 2403 was already carried out by Battistini
5.1.NGC 1156 et al. 1984, who succeeded in finding a few YMC candidates.

Thisis a Magellanic-type irregular galaxy, currently undergoifd GC 2403 spans more than 2020 arcminutes in the sky, so
an episode of intense star formation. Ho et al. 1995 noted tM4 have been able to cover only the central parts using the AL-
the spectrum of NGC 1156 resembles that of the “W-R galaxg:)sc- Within the central.5" x 6.5’ (about 6<6 Kpc) we have
NGC 4214. NGC 1156 is a completely isolated galaxy, so t ated 14 clusters altogether, but the real number of clusters in
starburst could not have been triggered by interaction with ot C 2403 should be significantly higher, taking into account
galaxies. We have found a number of massive star clusterdhf large fraction of the galaxy that we have not covered, and

NGC 1156. considering the fact that in the other galaxies we have studied,
many clusters are located at considerable distances from the
centre.

5.2. NGC 1313

This is an SB(s)d galaxy of absoluf® magnitudeMp = 54 NGC 2997

—18.9. de Vaucouleurs 1963 found a distance modulus of

m— M = 28.2, which we adopt. The morphology of NGC 131NGC 2997 is an example of a “hot spot” galaxy (Meaburn &
is peculiar in the sense that many detached sections of star f&trett 1982) with a number of UV luminous knots near the
mation are found, particularly in the south-western part of tiggntre. Walsh et al. (1986) studied the knots and concluded
galaxy. There is also a “loop” extending about 1.5 Kpc (préhat they are in fact very massive star clusters, and Maoz et
jected) to the east of the bar with a number of HIl regions adh (1996) further investigated the central region of NGC 2997
massive star clusters. Another interesting feature is that one 819 the HST. Onanimage taken with the repaired HST through
see an extended, elongated diffuse envelope of optical |igqlq@ F606W filter they identified 155 compact sources, all with
with the major axis rotated5° relative to the central bar of diameters of a few pc. Of 24 clusters detected in the F606W
NGC 1313, embedding the whole galaxy. It has been suggesﬂgar as well as in an earlier F220W image, all have colours
by Ryder et al. (1995) that the diffuse envelope surroundifi§Plying ages less than 100 Myr and masges0* M. Maoz
NGC 1313 is associated with galactic cirrus known to exist gfal. (1996) conclude thatthe clusters in the centre of NGC 2997
this part of the sky (Wang & Yu 1995), but this explanatioMVi” eventually evolve into objects resembling globular clusters
does not seem likely since it would require a very perfect aligAs We know them in the Milky Way today.

ment of the centre of NGC 1313 with the diffuse light. Also, In our study we have found a number of massive star clusters
the outer boundary of the active star-forming parts of ga|a;g\}so outside the centre of NGC 2997. Taking the numpers atface
coincide quite well with the borders of the more luminous par¥@lue, the cluster system does not appear to be as rich as that of
of the envelope. In our opinion the most likely explanation R#GC 5236, but with better and more complete data we would

that the diffuse envelope is indeed physically associated witKPeCt to see a number of YMCs in NGC 2997 that could rival
NGC 1313 itself. that in NGC 5236.

Walsh & Roy (1997) determined O/H abundances for 33 HII
regions in NGC 1313, and found no radial gradient. This makges. NGC 3621

NGC 1313 the most massive known barred spiral without a%_ ] . ) . ) ]
radial abundance gradient. is galaxy is at first sight a quite ordinary late-type spiral, and

NGC 1313 hosts a rich population of massive star clustef@s not received much attention. It was observe_d wi_th the HST
When looking at the plot in Fi§l] 6 it seems that there is a cofy Rawson et al. (1997) as part of tBgtragalactic Distance
centration of clusters at log(Age) 8.3 or roughly 200 Myr. We Sca}le Key Projectand cepheids were discovered and used to
emphasize that this should be confirmed by a more thorougfive a distance modulus of 29.1. . . .
study of the cluster population in this galaxy, and in particularit Our data show that NGC 3621 contains a surprisingly high
would be very useful to be able to detect fainter clusters in ord®#mber of massive star clusters. The galaxy is rather inclined
to improve the statistics. If this is real it could imply that som& = 51°, Rawson et al. 1997), and nearly all the clusters are



68 S.S. Larsen & T. Richtler: Young massive star clusters in nearby galaxies. |

seen projected on the near side of the galaxy, so a numbe
clusters on the far side may be hidden from our view. Ryder
Dopita (1993) noted a lack of HIl regions on the far side of t
galaxy, and pointed out that there is also a quite prominent sp
arm on the near side that does not appear to have a counte
on the far side. So it remains possible that the excess of yo
clusters and Hll regions on the near side is real.

5.6. NGC 5204

NGC 5204 is a companion to the giant Sc spiral M 101. ThE
structure of the HI in this galaxy is that of a strongly warpes
disk (Sicotte & Carignan 1997), and one could speculate t
this is related to tidal interaction effects with M 101. Sicotte &
Carignan (1997) also find that the dark matter halo of NGC 52
contributes significantly to the mass even in the inner parts. §

The highT value of this galaxy is a consequence of it
very low Mp rather than a high absolute number of clusters
we found only 7 clusters in this galaxy. Curiously, all of thg
7 clusters belong to the “red” class, suggesting that no ng
clusters are being formed in NGC 5204 at the moment.

Fig. 7. A V-band image of NGC 6946. The cluster discussed in the
5.7. NGC 5236 text is the luminous object located to the lower left of the centre of the

NGC 5236 (M 83) is a grand-design barred spiral of type SB%l,Jbble'"ke structure.

striking by its regularity and its very high surface brightness

- the highest among the galaxies in our sample. The absolutéThe chemical abundances of Hll regions in NGC 6946 were
visual magnitude i8//y, = —20.0 (de Vaucouleurs et al. 1983).gied by Ferguson et al. (1998), who concluded that their
NGC 5236 is currently.undergo_ing a burst of star formation i3 were consistent with a single log-linear dependence on
the nucleus as well as in the spiral arms. the radius. At 1.5-2 optical radii (defined by the B-band 25th
A study in the rocket UV (Bohlin et al. 1990) has already,agnitude isophote) they measured abundances of O/H of about

revealed the presence of a number of very young massive §tgé4-159 of the solar value, and N/O of about 20% - 25% of
clusters inside the Hll regions of NGC 5236, and HST obsgfe solar value.

vations of the nucleus (Heap et al. 1993) showed an arc of nu- Among the approximately 100 clusters we have identified
merous OB clusters near the centre of the galaxy. These clusjgrgc 6946, one stands out as particularly striking (Fig. 7).
were found to have absolute visual m&_xgnitudt_—::s inthe range frgfs cluster is apparently a very young object, located in one
My = —10.4t0 My = —13.4. and typical radii of the order of nf the spiral arms at a distance of 4.4 Kpc from the centre, and
4 pc. Masses were estimated to be bethIé’mnle? Mo.  with an impressive visual luminosity gf/;, = —13. Using a

Our investigation adds a large number of massive star clygsconyolution-like algorithm (Larsen 1999), the effective radius
ters in NGC 5236 also outside the centre and the HII reglons.\,{[glS estimated to be about 15 pc. The cluster is located within a
terms of absolute numbers the cluster system of NGC 523,§yp|e-like structure with adiameter of about 550 pc, containing
by far the richest in our sample, and in particular there is a larg&merous bright stars and perhaps some less massive clusters.
number of clusters in the “red” group. This may be partly dugp, pptical images this structure is very conspicuous, but itis not
to reddening effects although Hig. 6 shows that there is in fac@iple on the mid-IR ISOCAM maps by Malhotra et al. (1996).
large intrinsic age spread among the clusters in NGC 5236. There are no traces df emission either, except for a small

patch at the very centre of the structure.

5.8. NGC 6946

The study of NGC 6946 is complicated by the fact that it 3-9- LMC and M 33

located at low galactic latitudé (= 12°), and there is an inter- For these galaxies, we have adopted data from the literature.

stellar absorption ofi 5 = 1.6 magnitudes and a large number - As mentioned in the introduction, both the LMC and M 33

of field stars towards this galaxy. NGC 6946 is nevertheleggntain young star clusters that are more massive than the open

a well-studied galaxy, and we also chose to include it in Offsters seen in the Milky Way. However, as is evident from

sample, reasoning that star clusters should be recognizablg&§e[2, only one cluster in M 33 is a YMC according to our

extended objects on the NOT data. criteriae. The LMC, on the other hand, contains a relatively
rich cluster population, with 7 clusters in the “red” group and 1
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Fig. 8. Radial cluster distributions compared with surface brightness profiles i, I and H«. The dots with error bars show the “surface
density” of clusters, and length of the error bars correspond to poisson statistics.

cluster in the “blue” group. The cluster R136 in the 30 Doradubke surface densities of YMCs (number of clusters per unit area)
nebula of the LMC has not been included in the data for Tableg a function of galactocentric radius with the surface brigth-
because of its location within a giant HIl region. Compared twess inU, V, I and H«. Obviously, such a comparison only
the other galaxies in our sample, the LMC ranks among theakes sense for relatively rich cluster systems, and is shown
relatively cluster-rich ones, but it is also clear that a cluster Fig.[8 for four of the most cluster-rich galaxies in our sam-
population like the one of the LMC is by no means unusual. ple. We did not include data for the apparently quite cluster-rich
Because the LMC is so nearby, the limiting magnitude faralaxy NGC 6946 in Fid.J8 because of the numerous Galac-
detection of clusters is obviously much fainter than in the othtic foreground stars in the field of this galaxy which make the
galaxies in our sample, and the Bica et al. (1996) catalogclester identifications less certain.
should certainly be complete down to our limitif,, = —8.5, The surface brightnesses were measured directly on our
corresponding t& = 10.25 (taking into account an absorptionCCD images using thphot task in DAOPHOT. In the case of
of about 0.25 mags. towards the LMC). If the LMC was locateH o we used continuum-subtracted images, obtained by scal-
at the distance of most of the galaxies in our sample we would) an R-band frame so that the flux for stellar sources was
probably not have detected 8 clusters, but a somewhat smater same in the R-band arda images, and subtracting the
number, and thd'y value would have been correspondinglgcaled R-band image from thé« image. The flux was mea-
lower. This should be kept in mind when comparing the data feured through a number of apertures with radii of 50, 100, 150
the LMC with data for the rest of the galaxies in the sample. ... pixels, centered on the galaxies, and the background was
measured in an annulus with an inner radius of 850 pixels and a
6. Radial density profiles of cluster systems width of 100 pixels. The flux through the i'th annular ring was
then calculated as the flux through the i'th aperture minus the

As an attempt to investigate how cluster formation correlatggy through the (i-1)'th aperture, and the surface brightness was
with the general characteristics of galaxies, we have compared
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finally derived by dividing with the area of the i'th annular ring. Sbc Sc Scd  Sd_Sdm Sm__Im
No attempt was made to standard calibrate the surface bright- |
nesses, so thg-axis units in FigLB are arbitrary. The cluster 2.0 -
“surface densities” were obtained by normalising the number i
of clusters within each annular ring to the area of the respective -
rings. Finally, all profiles were normalised to the V-band surface L
brightness profile. _ I
For all the galaxies in Fi@l8 the similarity between the sur= | o [

face brightness profiles and the cluster surface densities is quite
striking. In the cases of NGC 2997 and NGC 5236, where the
Ha profiles are markedly different from the broad-band pro- 0.5
files, the cluster surface densities seem to followfiheprofiles

rather than the broad-band profiles. Accordingly the presence of
massive clusters must be closely linked with the process of star 0 L P
formation in general in those galaxies where YMCs are present. 4 5 6 7 8 9 10
In order to get a complete picture one should include the clusters Hubble type

in the central starbursts of NGC 2997 and NGC 5236, but tr,j
would, in any case, affect the conclusions only for the innermos
bin.

.9. Ty values as a function of “T"-type.

case the Milky Way does not seemto contain any large number of
young massive clusters as seen e.g.in NGC 5236 or NGC 1313.
In general we find, however, that the distribution of YMCs
Perhaps the most striking fact about the cluster-rich galaxfedows the Hx surface brightness profile, at least for those
in our sample is that they do not appear to have a lot of othgalaxies where the statistics allow such a comparison. Taking
properties in common. Fif] 9 shows the specific frequéligy Ha as an indicator of star formation, it then appears that in cer-
as a function of the “T"-type (Tabld 1), and does not suppadin galaxies the formation of YMCs occurs whenever stars are
the suggestion by Kennicutt & Chu (1988) that the presencefofmed. This raises the question whether the presence of mas-
YMCsin galaxiesincreases along the Hubble sequence. Instesiek cluster formation is correlated with global star formation
atwide range df v values is seen independently of Hubble typéndicators, such a#l o luminosity or other parameters. These
soevenif YMCs might be absentin galaxies of even earlier typggestions will be addressed in more detail in a subsequent paper
than we have studied here the phenomenon cannot be enti(ebrsen et al. 1999).
related to morphology. Two of the galaxies in our sample, NGC 5236 and
However, what characterises all these cluster systems is tN&C 2997, have a lot of properties in common. Both galax-
they do not seem to have been formed during one intense bursesfare grand-design, high surface-brightness spirals although
star formation. Instead, their age distributions as inferred frodRGC 2997 lacks the impressive bar of NGC 5236, and both
the “S” sequence are quite smooth (possibly with the excepere known to contain massive star clusters near their centres
tion of NGC 1313), so in contrast to starburst galaxies like tladso before this study. We have identified rich cluster system
Antennae or M 82, the rather “normal” galaxies in our samptaroughout the disks of these two galaxies.
have been able to maintain a “production” of clusters over a Inouropinion itis becoming clearer and clearer thatawhole
longer timescale, at least several hundred Myr, in a more quiesntinuum of cluster properties (age, mass, size) must exist, one
cent mode than that of the starburst galaxies. The most lumingust has to look in the right places. For some reason the Milky
clusters we have found have absolute visual magnitudes of abdlaty and many other galaxies were only able to form very mas-
My, = —12, about three magnitudes brighter than the brightesive, compact star clusters during the early phases of their evo-
open clusters in the Milky Way, but still somewhat fainter thalution, these clusters are today seen as globular clusters in the
the My = —13 to My = —15 clusters in the Antennae andhalos of these galaxies. Other galaxies such as the Magellanic
certain starburst galaxies. Clouds, M 33 and NGC 2403 are able to form substantially
One notable exception is NGC 6946 which is forming sudharger number of massive clusters than the Milky Way even to-
a “super star cluster” just before our eyes. That cluster is locatdaly, and in our sample of galaxies we have at least 5 galaxies
far away from the centre of the galaxy, something which is ntitat are able to form clusters whose masses reach well into the
unusual at all. Also in NGC 1313 the most massive clusteriigerval defined by the globular clusters of the Milky Way. Still
located far from the centre of the host galaxy, at a projectetbre massive clusters are being formed today in genuine star-
galactocentric distance of about 3.7 kpc, and in the Milky Wayurst and merger galaxies such as the Antennae, NGC 7252,
a number of high-mass (old) open clusters are found in tMe82 and others, and it seems that the masses of these clusters
anticentre direction, e.g. M 67. It can of course not be excludedn easily compete with those of “high-end” globular clusters
that a massive cluster like the one in NGC 6946 could be locatedhe Milky Way. Whether YMCs will survive long enough to
in a region of the Galactic disk hidden from our view, but in angne day be regarded as “true” globular clusters is still a some-

7. Discussion
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what controversial question, whose definitive answer requirgshlin R.C., Cornett R.H., Hill J.K., Stecher T.P., 1990, ApJ 363, 154
a detailed knowledge of the internal structure of the individuBbttinelli L., Gouguenheim L., Paturel G., de Vaucouleurs G., 1985,
clusters and a better theoretical understanding of the dynamicalApJS 59, 293
evolution of star clusters in general_ Brandl B., Sams B.J., Bertoldi F., et al., 1996, ApJ 466, 254

One could also ask if the LF of star clusters really has &fésolin F.,, Kennicutt R.C., Stetson P.B., 1996, AJ 112, 1009
upper cut-off that varies from galaxy to galaxy, or if the presen&guzual G.A., Charlot S., 1993, ApJ 405, 538
of massive clusters is merely a statistical effect that foIIov%arfgpan g‘Algg‘r’H ApJS 52’ i071988 A1 95. 704
from a generally rich cluster system. In order to investigate thi rstian £.A., scnommer K.A., ' !

. L . . .. . EImegreen B.G., Efremov Y.N., 1997, ApJ 480, 235

question it is necessary to obtain data with a sufficiently hi

. son R.AW.,, Fall S.M., 1985, ApJ 299, 211
resolution that the search for star clusters can be extende épguson AM.N., Gallagher J.S., Wyse R.F.G., 1998, AJ 116, 673

much fainter magnitudes than we have been able t0 do in @{cher p, Welch D.L., Cote P., Mateo M., Madore B.F., 1992, AJ 103

study. 857
Freedman W.L., Madore B.F., 1988, ApJ 332, L63
8. Conclusions Freedman K.C., Wendy L., Madore B.F., et al., 1992, ApJ 396, 80

Fritze-v. Alvensleben U., 1998, A&A 336, 83
The data presented in this paper demonstrate that massive Glairdi L., Bica F., 1993, A&A 274, 279
clusters are formed not only in starburst galaxies, but alsoGirardi L., Chiosi C., Bertelli G., Bressan A., 1995, A&A 298, 87
rather normal galaxies. None of the galaxies in our sample shd&rris W.E., van den Bergh S., 1981, AJ 86, 1627
obvious signs of having been involved in interaction processé&$ap S.R., Holbrook J., Malumuth E., Shore S., Waller W., 1993,
yetwe find that there is alarge variation in the specific frequency BAAS 182
Ty of massive clusters from one galaxy to another. Some of tf{& L-C-. Filippenko A.V,, Sargent W.L.W., 1995, ApJS 98, 477
galaxies in our sample (notably NGC 1313 and NGC 5236) hazg:zmzz j'ﬁ" \'j\zﬁg:ﬁ/','\hs:ﬂagjfj& ete?I,;I 19122'6'6"36523;263116
considerably highefy than the LMC, while other galaxies T T oo " ’ ’
which at firsi/gla?wce cjguld seem in many ways morpr?ological :::z:izzg :'Dﬁigf:?vzkr)ilr:{glai fgfégg‘ AAS&E’; 1(:)l 792
similar to th_e LMC (e.g. NGC 300 and NGC 4395) turn out tR o icute R.C.,.,Chu YoH. '1’988, AJ 95"'720 ' '
contain norich cluster sy;tems. Ingeneral there is no correlatial), ot A.U., 1992, AJ 104, 340
between the morphological type of the galaxies in our samplgsen s 5. 1999, ARA, in preparation
and theirTy values. Whether a galaxy contains massive stg§rsen S.S., Richtler T., 1999, A&A, in preparation
clusters or not is therefore not only a question of its morphologynga G., 1982, A&A 109, 213
(as suggested by Kennicutt & Chu 1988), so one has to seawgihotra S., Helou G., Van Buren D., et al., 1996, A&A 315, L161
for correlations between other parameters andithevalues. Maoz D., Barth A.J., Sternberg A., et al., 1996, AJ 111, 2248
Within each of the galaxies that contain populations of YMC#eaburn J., Terrett D.L., 1982, MNRAS 200, 1
the number of clusters as a function of radius follows the HMiller G.E., Scalo J.M., 1979, PASP 90, 506
surface brightness more closely than the broad-band surf&@gonnell R.W., Gallagher Il J.S., Hunter D.A., 1994, AJ 433, 65
brightness, which implies that the formation of massive clustépsConnell R.W., Gallagher 1i J.S., Hunter D.A., Colley W.N., 1995,

in a given galaxy is closely linked to star formation in general, ApJ 446, L1
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