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ABSTRACT

HST/PC images of the dense stellar cluster at the center of the Galaxy’s most massive visible H 11 region,
NGC 3603, reveal remarkable similarity to the dense core R136 in the Local Group’s most massive Giant H 11
region, 30 Dor. The projected star density for stars brighter than M, = —5.0 in both objects increases
inwards to the last data bin in both objects at r = 0.033 pc with a power-law of slope close to —1.8. Even the
central star density in NGC 3603 is similar to that found in R136. Outside r = 1 pc, NGC 3603 plummets to
zero density, at least for its massive stars, while 30 Dor continues to decrease with similar power-law slope
out to r = 130 pc. Narrowband He 1 4686 A images reveal that NGC 3603 contains three WR stars; they
stand out as the brightest members of NGC 3603, all located within the central 0.1 pc. However, while R136
also contains three bright WR stars within 0.1 pc of its center, they are almost a magnitude fainter than NGC
3603’s WR stars. Reasons for these differences are probably related to the different environments and ages of

the two objects.

Subject headings: H 1 regions — ISM: individual (NGC 3603) —
open clusters and associations: individual (NGC 3603) — stars: Wolf-Rayet

1. INTRODUCTION

NGC 3603 appears to be the densest concentration of early-
type, massive stars known in the Galaxy, with the possible
exception of the Galactic center cluster (GCC), although the
latter seems to consist of a mixture of stars of different ages
(Rieke & Rieke 1988; Krabbe et al. 1991). NGC 3603 also
enjoys the distinction of being the most massive visible giant
H 1 region (GHR) in the Galaxy. The radio GHR W49A is
more massive but is not seen in the visible: Welch et al. 1987.)
NGC 3603 has often been compared in outward appearance
with 30 Doradus, the most massive GHR in the Local Group
system of galaxies, starting with the work of Walborn (1973).
This is remarkable, because both objects are at quite different
distances (~ 7 kpc for NGC 3603, ~ 50 kpc for 30 Dor in the
LMC). Taken at face value, it would thus appear that NGC
3603, and especially its core, HD 97950, must be considerably
more compact than even 30 Dor’s core, R136. Indeed, a
ground-based upper limit to NGC 3603’s core radius r, < 0"7
(0.02 pc) (Moffat, Seggewiss, & Shara 1985, hereafter MSS)
makes it possibly even more extreme than R136, with r, < 0725
(0.06 pc), based on recent HST/PC data (Campbell et al. 1992).
By comparison, the GCC has r, = 0.15 + 0.05 pc (Eckart et al.
1993). Based on the light distribution, MSS concluded that the
core of NGC 3603 must be ~300 x denser than R136’s core.
This yields a shorter relaxation time for NGC 3603, and hence
might explain why objects like NGC 3603 are so rare in the
Galaxy. Note that the total mass of 30 Dor exceeds that of
NGC 3603 by a factor ~ 3 in stars and ~ 50 in H 11 gas (MSS).

! Based on observations with the NASA/ESA Hubble Space Telescope,
obtained at the Space Telescope Science Institute, which is operated by
AURA, Inc., under NASA contract NAS 5-26555.

Although MSS could barely resolve the central visual com-
ponents A, B, C in NGC 3603 (van den Bos 1928; component
A has subsequently been broken up into unresolved com-
ponents A1, A2, A3 at 0709 resolution by Hofmann & Weigelt’s
1986 speckle data), their on- versus off-line He 11 4686 A data
yielded 2-3 (most likely 3) Wolf-Rayet (WR) stars. In fact, they
claimed that there was most likely one WR star of type WNL
in each of A, B, and C, one (or even two) of which are spectro-
scopic binaries (Moffat & Niemela 1984), as in R136 (MSS).
Note that WR stars are easily detected, discrete probes of the
initially most massive stars, especially in crowded regions of
recent star formation (ages 3—6 million years).

From previous work, several questions still remain unan-
swered:

1. Why is the core of NGC 3603 so dense, or in fact is it
really so dense? (Note that its structure was studied by MSS,
based on light distribution as opposed to star counts; both
need not lead to the same conclusion: cf. the GCC, Eckart et al.
1993,

2. Why are all of NGC 3603’s WR stars located close to its
center, while R136 contains only ~20% of 30 Dor’s WR stars
(MSS)? Is this due to small number statistics? Is NGC 3603
more relaxed than 30 Dor?

3. Are the speckle components A1, A2, A3, B further resolv-
able into still fainter stars?

Clearly, there is a need for higher resolution imagery of
NGC 3603, reaching fainter than just the four main speckle
components (two more added later by Baier et al. 1988).
Understanding close GHRs with high stellar density, like NGC
3603, may provide important clues for distant, unresolvable
extragalactic GHRs, including some active galactic nuclei and
our own Galactic center. We report here on the results of
Hubble Space Telescope Planetary Camera imagery of NGC
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3603, using two filters, one close to broadband B, the other
narrowband, centered on He 11 4686, to locate and count the
WR stars.

2. OBSERVATIONS AND REDUCTION

We have obtained images of NGC 3603 in 1991 August in
both broadband F439W (close to broadband B; exposures of 1
and 5 s) and narrowband F469N (FWHM = 20° A, centered
on He 11 4686 A, to isolate WR stars; exposures of 14 and 100 s,
giving comparable total counts as in the F439W images). Bias
subtraction and flatfield corrections were applied according to
the standard STScI pipeline. Unfortunately, part of NGC 3603
was located at the interface between the CCD chips, where the
PSF variations cannot be modeled with any precision. Thus,
the worst parts of the F439W and F469N images in the inter-
chip region were replaced by unaffected small strips of archived
images in V (F555W) and F469N, scaled in magnitude to
match the former image pair.

We show in Figure 1 an overview of the complete PC field
right to the edge of all four chips (after proper alignment), in
the F439W filter. Stars outside the central crowded region are
identified. A 10” x 10” blow-up of this is compared to a

Vol. 436

ground-based CCD image at the same scale and orientation in
Figure 2. Figure 3a shows a zoom of the central 13" x 13"
subfield in Figure 1, with a separate identification chart (Fig.
3b) to avoid confusion.

Using DAOPHOT, magnitudes were obtained with aper-
ture photometry (cf. Table 1). In the case of the F439W filter,
the magnitudes were converted by zero-point shift to standard
B-values calibrated by stars in common with the ground-based
work of Melnick, Tapia, & Terlevich (1989; hereafter MTT).
Figure 4a shows the comparison between our B-values and
those of MTT in the form of a color equation (data in Table 2).
This plot reveals that there is no significant color term (as
expected: see Harris et al. 1991), and the scatter is 0.16 mag for
an average magnitude difference. Assuming the ground-based
data to be more precise, this probably well represents the
typical scatter of the HST photometry. Magnitude difference
versus magnitude is shown in Figure 4b, where no correlation
is apparent. _

Table 1 gives a list of the magnitudes and HST pixel coordi-
nates of detected stars down to the 3 o level above the back-
ground. The F469N magnitudes were obtained by forcing a
mean difference of zero with the calibrated B-magnitudes,
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Fi6. 1.—Full HST/PC field in F439W (~ B) filter of NGC 3603. Stars outside the central crowded region are identified by HST numbers in Table 1. No

deconvolution has been carried out here. One pixel corresponds to 070439.
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FIG. 2.—Central 10" x 10" of a B-band ground-based CCD image of NGC 3603 (same source as Moffat et al. 1985), compared at the same scale and orientation
to the central HST/PC image in Fig. 1. North is up, East to the left. Van den Bos components A-F are indicated.

except for He 11 4686 A emission-line stars (see below). Note
that speckle magnitudes of components Al, A2, A3, B are
similar to those presented in Table 1, except that they are less
precise. (There are also some large differences in magnitude
between the two speckle papers by Baier, Ladebeck, & Weigelt
1985 and Hofmann & Weigelt 1986). Stars A1, A2, A3, B, C are
very bright compared to all other stars in the field, yet they
show no direct evidence for multiplicity at the 0”1 level; we will
assume they are single in the following discussion, although
this point needs to be pursued at a future date with even better
spatial resolution.

3. RESULTS AND DISCUSSION

3.1. WR and Of Star Content

From the scaled difference image (F469N — F439W) in
Figure 5 and the plot of magnitude differences in Figure 6, we
see a very significant He 11 4686 A emission excess in stars Al,
B, and C. We now calculate the net 4686 A emission in abso-
lute units for these three stars, based on the above magnitudes
and assuming a distance of 7 kpc, reddening Au¢gea =
3.83E5_,, with E5_, = 1.44 typical for stars in the central
region of NGC 3603 (MTT). We find net He 11 4686 A fluxes of
(5, 8,2) x 1036 ergs s~ ! for stars Al, B, C, respectively. These
compare with a mean of 1.7 x 1036 ergs s~ ! and a maximum
(R144 in 30 Dor) of 7 x 103 ergs s~* for WNL stars (Vacca
1990). Thus, taken as a single WR stars, A1, B, and C in NGC
3603 correspond to some of the more extreme WNL stars, as
found in 30 Dor, but outside R136 (Campbell et al. 1992).
These results confirm and refine those found previously from
ground-based observations of NGC 3603 by MSS. Note also,
that the core of NGC 3603 contains one short-period WNL
binary and a possible long period one (Moffat & Niemela
1984). However, this alone does not necessarily explain the
high brightness of A1 and B in NGC 3603, since most WNL
binaries are SB1 systems in which the companion is unseen in

the combined spectrum, and hence contributes little to the
total light. Although our completeness detection limit is M, =~
— 5 (see below), we would have detected fainter WR stars (e.g.,
down to M, ~ —3) easily, because of their high emission-line
fluxes. We conclude that, among WR stars, NGC 3603 con-
tains only intrinsically bright WNL stars.

Weaker net 4686 A emission is found (cf. Fig. 6) for stars
HST 2 [O5 V(f)], 39 [05.5 III(f); note that the ground-based
spectrum is a composite of stars HST 38, 39, and 43], and 48
[O6 If]. Note that stars HST 22 [OS III(f)] and 51 [(O4 V(f)]
apparently do not have as much He 11 4686 A emission as the
above 3 O(f), Of stars.

3.2. Spatial Density Profile

Figure 7 shows a plot of star number versus B-magnitude for
all stars detected on the F439W image (Table 1). A turnover
occurs at B ~ 15.0, implying that this is the limit of complete-
ness. The mean apparent modulus ¥V —M, = 18.86, mean
reddening Eg_, = 1.44, and mean color for the bright blue
members My — M, = —0.3 (Moffat 1983), leads to an intrinsic
completeness limit of My=B—-(V—-M,)—Eg_, —
(Mg — M) =B —20.0 = —5.0. For the remaining statistical
study, we limit the discussion to stars with B < 15.0.

In order to locate the cluster center, we carry out strip
counts (on all stars to B = 15.0) independently in both direc-
tions (cf. Fig. 8). The center of symmetry is found to lie at x,,
y. = 695, 495 pixels, close to Al—the brightest star in the
cluster. With these coordinates, we investigate how stars of
different absolute magnitude are distributed radially from the
cluster center in Figure 9 (cf. also Table 3), along with a similar
plot for R136, based on the HST results of Campbell et al.
(1992). Here, we see that, out to r ~ 1 pc, NGC 3603 behaves
like R136, except that NGC 3603’s three central WR stars are
~ 1 mag brighter than R136’s three central WR stars. Outside
r ~ 1 pc, the 30 Dor field exhibits an extended halo dominated
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FiG. 3.—(a) Central zoom of Fig. 1. (b) As in (a), showing identifications. A narrow rectangular strip of this image has been replaced by an intensity-scaled strip
from the archive F555W image for the stars A1, A2 (= HST 30, 31), which fell close to the inter-chip region of the Planetary Camera on the F439W image.

by member stars brighter than in R136. Such a halo is com-
pletely missing in NGC 3603.

Using the same data as in Figure 9, we show in Figure 10 a
radial plot of star number density for NGC 3603 and R136 and
their surroundings out to r ~ 4 pc (cf. Table 4). Both clusters
are limited to stars brighter than the same limit, M, = —35.0.
This limit is close to the main-sequence turn-off in both cases
(04 in NGC 3603, O3 in 30 Dor/R136), so that detailed differ-
ences in star counts, due to post-main-sequence evolution
between the two clusters are expected to be minimized. Figure
10 shows no significant evidence for a central flattening (core)
in either case, as expected for the youngest clusters (cf. Elson,
Freeman, & Lauer 1990). A power-law (linear in log-log),
weighted fit, of the form log o = ¢, + ¢, log r, between project-
ed star density and projected radius from the cluster center in
Figure 10, yields, ¢, ¢, = 0.10 + 0.12, —2.08 + 0.12 for NGC
3603 (out to r=1 pc) and 0.33 + 0.05, —1.65 + 0.08 for
R136/30 Dor (out to r = 4 pc). The slope found here (c,) based
on star counts for R136/30 Dor is similar to that found by
Campbell et al. (1992) based on total light distribution

(—1.72 4+ 0.06). Based on the WR star population alone in 30
Dor, Moffat et al. (1987) found ¢, ~ —2 extending from R136
out to r ~ 130 pc. Note the remarkable similarity in the spatial
distribution of the WR stars in each of NGC 3603 and R136.
Small numbers prevent us from judging whether relaxation
effects have made the more massive (progenitors of the) WR
stars sink more to the center than other stars; nevertheless,
their strong central concentration is remarkable.

Not only do NGC 3603 and R136 show remarkable simi-
larity in their projected radial star density profiles for their
massive stars. Both objects show similar projected central
density as well, within the errors. If anything, however, NGC
3603 has a central density that is at least as great as in R136,
contrary to the claim of Campbell et al. (1992).

Formal conversion of spatial density p(r) into projected
surface density a(r), or vice versa, can be made by integrating p
along the line of sight z:

m=fme
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where z2 = R? — r2, r = constant. If we adopt a spatial power i.e., also a power law, as observed, where
law of the form o2
p(R) = kR*, f@==n"! f df/cos**2 9,
-n/2

with k, a = constants, integration of the above equation yields . . .
* nstan g 4 4 in which, e.g, f(—2)=1. In the above notation c, = log

o(r) = nkf (Wr***, [mkf(«)] and ¢, = « + 1. Using subscript a for NGC 3603 and
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FiG. 4—(a) Color equation plot for the HST B (F439W) image magnitudes compared to B-magnitudes for the stars in common from MTT (cf. Table 3. The mean
difference is AB = —0.02, with standard deviation 6(AB) = 0.16 mag. (b) AB vs. BMTT) for the same data.
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TABLE 1

HST/PC CALIBRATED F439W B-PHOTOMETRY AND F469N He n
PHOTOMETRY OF NGC 3603

HST HST
Number MTT/van den Bos X Y B(HST) m(469N) Number MTT/van den Bos X Y B(HST) m(469N)
lo....... 12 764.0 370 13.69 13.69 40......... 7000  523.7 14.28 14.20
2, 18 929.2 93.7 14.43 14.27 41......... 690.7  532.8 1494 14.98
3o 32 621.0 131.5 1531 15.37 42......... ‘ 698.5 5350 13.89 13.82
4......... 41 756.3 169.5 15.82 15.96 43......... 602.6 5350 14.96 14.84
St 13 327.2 1979 13.50 13.55 4......... 733.5 536.1 16.01 16.15
6.conn. 29 10443  269.1 15.22 15.25 45......... 669.0 5392 15.03 14.88
Teeeeannen 26 5442 2932 14.64 14.56 46......... 754.1 540.7 15.29 15.34
8} 21 {832.2 299.0 15.64 15.57 48......... 14 12400  550.0 13.63 1345
9 8032 3153 14.79 14.86 49} D {680.9 550.2 13.73 13.71
10} » {573.3 348.0 15.13 15.06 50) 6854 5521 13.83 13.81
1 5960  359.8 15.59 15.50 51......... 23 8729 5582 14.35 14.34
12} 30 {940.0 361.2 16.06 15.70 52} D {686.0 558.7 14.77 14.70
1377 964.8  363.7 16.09 16.33 53y ) 689.4  559.0 15.38 15.18
14......... 678.3  386.0 1497 15.00 54......... 705.7  560.0 15.68 15.82
15......... 6624  389.0 16.28 16.43 669.5 5814 15.98 16.14
16......... 7359 4072 14.62 14.61 6570  582.0 15.69 15.63
17......... 679.8  418.1 15.13 15.08 6642  594.0 15.07 14.95
18......... C 7190 4429 12.66 12.32 15° 8160  606.1 1493 15.03
19......... E 632.2 4512 13.92 13.93 679.9 614.1 14.74 14.77
20......... 793.0  458.1 15.07 15.01 733.0 6160 14.69 14.77
21...e..l 7980 4590 15.53 15.65 G,10 5711 617.8 13.98 14.06
22......... 17 952.1  466.0 14.17 1421 15° 7849 6300 14.36 1437
23......... B 7150  475.1 12.12 11.45 63......... 40 10068  708.8 15.36 15.39
24......... 11 ’ 13390 4769 13.78 13.75 64......... 16 50.8 11140 14.22 14.23
6729 4813 14.10 14.13 65......... 7 330.7 12054 12.71 12.92
A3 7072 4822 13.59 13.64 66......... 948.7 70.0 16.46 16.24
6732 4844 14.16 14.16 67......... 36 9202 2942 16.35 16.03
7521 485.2 15.38 15.24 68} 44 {808.2 396.1 16.41 16.13
6770 4870 14.77 1490 69f 828.0 4003 16.83 16.80

Al 7030  488.5 12.25 11.75
A2 7100 4922 13.10 13.11
7290 4953 14.17 14.08

5360  501.7 15.42 15.25

576.0  504.5 15.83 15.68

6660  511.0 15.48 15.29

657.7 5205 14.98 14.85

633.5 522.0 14.12 14.08

F, 6 6100 5225 13.88 13.69

838.0  501.0 16.38 16.43
899.6 522.0 16.47 16.62
9170  561.0 16.94 16.86
6874 3300 17.05 16.55

45 363.3 4151 15.99 15.77
35 137.1 5329 15.63 15.31
39 366.8 9233 15.67 15.72

7280  533.0 1591 15.68

NoTes—HST numbers and X, Y coordinates (in HST/PC pixels: 1 pixel = 070439) refer to stars identified in Figs. 1 and 3, in order of increasing Y for HST 1-65.
Letters are from van den Bos 1928 revised for star A by Hofmann & Weigelt 1986. F439W magnitudes for stars Al and A2 (HST 30, 31) at the edge of a CCD frame
are unreliable; we have obtained B(HST) from MTT-calibrated F555W V-photometry in the HST archives, after adding (B— V) ~ 1.09, appropriate for cluster
members in the core region (MTT). MTT 7, 16, 30, 35 = HST 65, 64, 12 or 13, 75 are nonmembers, according to MTT.

* Stars 49, 50, 52, and 53 together correspond to star “D.”
® Stars 58 and 62 together correspond to star MTT 15.

b for R136, we find
pa(R)/Pb(R) = 10¢1a—c1bf(c2b _ I)Zf(CZa _ I)RcZa—ch
Substituting the above values for ¢,, ¢, for each cluster, yields
Po(R)/py(R) = 0.69R %43 = 3,0*3-2

for the innermost bin centered on R = 0.033 pc. Thus, within
the errors, both NGC 3603 and R136 have similar central
spatial density.

We do not attempt to estimate the relaxation time of NGC
3603. It depends critically on the total number of stars, some-
thing about which we know very little, if anything, below 30
M (see next section). In fact, the best way to probe the central
mass distribution and hence also the effects of relaxation, is via
velocity dispersion measurements of individual stars close to
the center. We plan to attempt this with HST during cycle 4 for
the core of NGC 3603, combined with ground-based CCD
spectra, already obtained for a dozen stars outside the core.

3.3. Initial Mass Function

In order to derive the IMF, we must convert absolute mag-
nitudes into mass. We do this following the recipe outlined by
Drissen, Moffat, & Shara (1993), which makes use of the iso-
chrones of Maeder & Meynet (1991) for solar metallicity (no B,
V isochrones are available for Z ~ Z/3 as in 30 Dor, but the
differences with Z ; are small for massive blue stars) and an age
of 3.2 x 10° yr, the youngest available, but also a reasonable
compromise for the age of NGC 3603 (MTT). The results are
shown in Figure 11, where a slope d log N(log M)/d log
M = —14 + 0.6, compared to a Salpeter value of —1.35
(albeit for 1-10M only). Thus, on the restricted observed
interval 30-60M ,, the IMF appears to be normal, within the
rather poor limits of the errors. Note that comparable slopes
emerge for 30 Dor in the LMC (—1.5+ 0.2 for M > 12M:
Parker & Garmany 1993) and NGC 604 and 595 in M33
(=09 + 0.2 for M =~ 15-60M  : Drissen et al. 1993).
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FiG. 5—Net He n1 4686 A image (F469N — F439W x scaling factor), on same spatial scale as Fig. 2a

No. 1, 1994
|
L LA B Y N L L L B L B L L
i NGC 3603 |
- .B 4
5 » Al —
i . C ]
48
b [ 4
| 0
= - .
> - i
@™
< . .
=
-5 —
P Lo v b v e by v b v b v aa
12 13 14 15 16 17
F439W

FiG. 6—Normalized magnitude differences of narrow-band on-line
(F469N) minus broadband B (F439W) magnitude vs. B(F439W) magnitude.
Stars with strong He 11 4686 emission will yield strong positive differences. The
three WR stars (star symbols) and three strong-line Of or O(f) stars are indi-
cated with HST numbers.

4. DISCUSSION

For stars of mass above 30 M, the core of NGC 3603 is
marginally denser than the core of R136. This is significantly
different from the factor 300 by which the core density of NGC
3603 was estimated to be greater than the core density of 30
Dor, deduced from ground-based data (MSS). Part of the
reason for this difference is due to the fact that MSS based their
estimate of the core density on the central light distribution.
We now know that the core of NGC 3603 (unlike in R136)
contains several exceptionally bright stars, which clearly
biased the conversion of light into mass, using a normal IMF.

Beyond this relatively small difference in central density,
NGC 3603 and R136 are quite similar both in stellar content
and star density profile out to r ~ 1 pc, with no convincing
indication of a flattened core down to the last bin centered at
r =0.033 pc. However, beyond r ~1 pc, NGC 3603 falls
rapidly in density of massive stars, while R136 joins up with 30
Dor and continues with the same density profile out to over
r ~ 100 pc. Thus, NGC 3603 can be considered to be essen-
tially a clone of R136, without the presence of a massive,
extended halo like the 30 Dor cluster around R136. At the
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HST StARs WiTH GROUND-BASED PHOTOMETRY (MTT) OR SPECTRAL TYPES (MOFFAT 1983)

TABLE 2

HST MTT B-V) Spectral Type
Number Number van den Bos/Sher B(MTT) B(MTT) — B(HST) (MTT) (MOF)
12 23 13.80 +0.11 1.14 09.5 Iab
18 22 14.31 -0.12 1.06 OS5 V(f)
32 24 15.32 +0.01 1.11
41 49 15.66 -0.16 1.10
13 25 13.62 +0.12 1.42 B1.5 Iab
29 55 15.14 —0.08 1.06 e
26 64 14.70 +0.06 1.12
21 60 14.66 (crowded) 1.33
22 65 14.63 (crowded) 0.83
30 58 15.29 (crowded) 0.47 e
E, 66? o5V
17 57 14.29 +0.12 1.06 Os II1(f)
11 47 13.83 +0.05 1.14 04V
B
A3
Al WN6 + O5
A2
6 F, 677 12.85 (crowded) 0.99 05.5 111(f)
D .. o5V
14 18 13.83 +0.20 1.21 06 If
23 56 14.44 +0.09 1.13 04 V()
15 63 14.07 (crowded) 1.05 055V
10 G, 68 13.74 -0.24 1.00 o5V
40 53 15.54 +0.18 1.12
16 28 13.93 —-0.29 0.52
7 30 12.72 +0.01 0.13
36 59 15.51 (crowded) 1.11
44 - 15.32 (crowded) 1.20
45 51 15.88 —0.11 1.06
35 26 15.33 -0.30 0.71
39 54 15.62 -0.05 1.08
35 T T T 1 LA B R I A B
N - -
30 — T T —
- { ~ 15_|||lll||lIII|||II|)|IIIIIIIIIIIII_
L ] Ny [ ]
- T . ol Lt .
RS — [ [ - - i
: : 5 —_ o o . . _:
20 |- J- - I ceL L
: : O_IIllTllllIlllI|Illlllllllllllllll?llllr—
- t . 300 350 400 450 500 550 600 650 700
L | y(pixel)
15 — —
— - 15_l||[||||l|\!l|||l||ll\l|l|||IIIIIIII_
B ] Nx [ oe 7
~ T 10 I ° ]
10 — — = 4
i _ 51— . o .
5 L completeness ] r ce o ° * ce o6 ]
0 . o
- limit ~ S v b b b b b 180D
- - 500 550 600 650 700 750 800 850 900
- l/ I - x(pixel)
0 CL b b 3 T F1G. 8—Strip counts in rectangles 240 pixels (perpendicular to the
12 14 18 18 counting direction) by 50 pixels (in the counting direction), centered on initial
approximate cluster center at x = 700, y = 510, for stars with B < 15.0 in
B (HST) Table 1. Filled circles refer to original points, open circles refer to reverse
points after choosing a center of symmetry as indicated. Note the excess

FiG. 7—Number of stars vs. B-magnitude from Table 1. Bins are 1 mag

wide. Errors are based on Poisson statistics.

of stars near y ~ 550-600, caused by the clump of stars in and around com-
ponent D.
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TABLE 3

MEMBER STARS WITH M, < —5.0 AND WITHIN 4 PARSECS OF THE
CENTERS OF NGC 3603 AND R136

Star r(pc) B M, Spectral Type Star r(pc) B M, Spectral Type
NGC 3603 R136
HST30=A1 .............. 0015 1225 -78 WR(+0?) 0089 1356 —6.1
3l=A2..ciienns 0023 13.10 —-69 0089 13.78 -—59
26=A3.............. 0026 1359 —64 0.102 1451 -5.1
29 s 0029 1477 -52 0116 1287 —-68 WR
27 i 0037 1416 —58 0.142 1392 -57
25 e 0039 1410 -59 0.160 1458 —5.1
0042 1212 -79 WR(+0? 0.169 13.58 —6.1
0044 1428 —5.7 0.176 1406 —5.6
0051 14.17 -58 0.197 1430 -53
0.057 1494 -—5.1 0203 1415 -55
0060 1389 -—6.1 0287 1452 -5.1
0.067 1498 —5.0 . 0315 1447 -52
0085 1266 —73 WR(+0?) 0389 1421 -54
0.085 13.73 —6.3 0408 1459 -50
0086 1383 —-62 OS5V 0413 1383 -—58
0096 1477 —52 0437 1432 -53
0.101 1412 -59 0438 1426 -—54
0114 1392 -61 OS5V 0442 1454 -—5.1
0.133 1388 —6.1  OSSIIIf) 0443 1428 -—54
0.145 1462 -—54 0464 1461 —50
0.149 1496 —50 0477 1431 -53
0.164 1497 -50 0539 1303 -66 Of?
0.179 1474 —-53 0.575 1437 -53
0.189 1469 —53 0.621 1453 51
0242 1436 —5.6 055V 0.681 1420 -54
0245 1493 -5.1 ' 0858 1286 —6.8 WR
0254 1398 —60 OS5V 0971 1460 —5.0
0281 1435 —-56 04 V() 1.09 1452 -5.1
0313 1479 -52 127 1421 -54
0376 1464 —54 129 1401 -56
0385 14.17 -—58 OSIIKf) 196 1408 -—5.6 .
0690 1369 —63 095 ]Iab 199 1267 —-70 O3 If/WN6—A
0692 1443 —56 OS5 V() 228 1440 -—-52
0705 1350 —6.5 Bl.5]Iab 251 1439 -52
0.816 1363 —64 O6If 266 1295 —6.7 WN45
0960 1378 —62 04V 287 1367 -6.0
1.15 1463 -54 290 1257 —-71  WN7
No more stars beyond this point —6005 = Mk37W... 291 1330 -63 WN7— A(Mk37)
—6013 = Mk33S.... 296 1420 -—-54 WCS5+ O4Mk33)
—6018.......ennennn. 299 1447 -52 -
R136 —6003 = Mk39 ..... 305 1294 —67 O3 If/WN6-—A
—6007 = Mk37 ..... 307 1346 —-62 WN7-A
PC6—9 .t 0006 12.85 —6.8 —6006 = Mk35 ..... 312 1336 —-63 O3 If/WN6—A
—1=R136a-AS .... 0015 1278 —-69 WR —6008...........0neee 340 1352 -6.1
—2=R136a-AN.... 0042 1309 —-66 WR —6014................ 343 1421 -54
=S 0079 1373 -59 —6010................ 365 1381 -58
=8 0080 1428 —54 —6019........ce..nl. 419 1457 =51

Notes.—Data are sorted by increasing r. For NGC 3603: center at (x,, y.) = (695, 495) pixels. With distance 7.0 kpc and 1 pixel = 070439 yieldsr(pc) = [(x — x,)*

+ (y — ¥.)*]'/2 (0.00149). With B < 150, E;_, = 1.44, V — M, = 18.86 and M, — M, ~ —0.3 for most of the (blue) member stars gives M,, < —5.0. For R136:

center at (x,, y,) = (346.26, 467.40) pixels (Campbell et al. 1992). With distance 52.5 kpc and 1 pixel = 070439 yields r(pc) = [(x — x,)* + (y — y.)*]"/? (0.0112). With
V < 14.64and V —M, = 19.64 gives M,, < —5.0, i.e., the same limit as for NGC 3603.

other extreme, one has the GHRs NGC 604 and 595 in M33,
which lack a dominating nucleus.

While both NGC 3603 and R136 contain similar numbers of
WR stars concentrated towards their dense centers, the WR
stars in NGC 3603 are, on average, 1 mag brighter than those
in R136. If this is not due to unresolved multiplicity, it might be
a consequence of the slightly oider age for NGC 3603 (earliest
spectral type O4) compared to R136 (O3, if like the surround-
ing cluster). The most massive stars in very young clusters will

not yet have had sufficient time to evolve away from and above
the main sequence. On the other hand, there do exist brighter
WR stars (e.g., R144) in 30 Dor outside R136 (Moffat 1989).
Why is a dense cluster like NGC 3603 so unique (hence rare)
in the Galaxy, while R136/30 Dor is merely the youngest
example of the LMC’s numerous populous clusters? A clue to
this difference might be the fact that the large-scale, disorga-
nized motion of the ISM in the Galaxy (~ 10 km s~ !) is insuffi-
cient to form large stellar complexes via ram shock
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F1G6. 9—Magnitude vs. radius dependence out to r ~ 4 pc for M, < —5.0
of stars in NGC 3603, compared to R136. Data are from Table 3 (taken from
Tables 2 and 4 of Campbell et al. 1992 for R136). WR stars are indicated by
star symbols, Of/WR and Of stars by open circles.

compression, compared to the larger dispersion in the LMC
(50-100 km s~ !) (Kumai, Basu, & Fujimoto 1993a; Kumai,
Hashi, & Fujimoto 1993b).

If objects like NGC 3603 are common in other galaxies, their
detection will be very difficult because of their extremely
compact nature, causing potential confusion with single bright
stars. Thus, its proximity in the Galaxy, even compared to
R136 in the LMC, makes NGC 3603 a very useful target for
the study of young stellar clusters of ultra-high density.
Clearly, we require even higher spatial resolution than we have
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Fic. 10—Radial dependence of star number surface density in NGC 3603
and R136 for stars of M,, < —5.0, in both cases. Data are taken from Table 3.
Straight lines are weighted fits (out to log r = —0.03 only for NGC 3603, after
which the counts plummit). Positions of known WR stars are shown by long
thick vertical bars, strong-line Of-stars by short thin vertical bars for each
cluster. Note that the inner three bars refer to WR stars in both cases.
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TABLE 4

RADIAL PROJECTED STAR COUNTS OUT TO R = 4 pc IN NGC 3603
(MEMBERS ONLY) AND R136/30 DOR FOR M, < —5.0

log o
r; (pc) r, (pc) log 7 (pc) NGC 3603 R136
O..ceeennan. 0.050 —1.48 3011513 2.58%9-12
0.025 ...... -0.075 -1.27 2801912 1.8019:31
0.050 ...... 0.100 —1.11 2.53 tg;;g 2.23tg;;g
0.075 ...... 0.150 —-093 223 :g;;g 2121918
0.10 ....... 0.20 —0.81 1931513 1.8725:18
0.15 ....... 0.30 —0.63 1.5213:14 1.45+9:18
0.20 ....... 0.40 —-0.51 1271334 1.03%3:47
0.30 ....... 0.60 —0.33 0.55f8;§2 1.15:’8;};
040 ....... 0.80 —0.21 0.30%9:29 0,90f8:{é
060 ....... 1.20 —0.03 0251913 017518
090 ....... 1.70 +0.13 —0.51%9:23 —0.21%9:18
130 ....... 230 0.27 —o00 —0.58+9:12
1.80 ....... 3.00 0.39 — o0 —0.2619:12
240 ....... 4.00 0.51 — —0.3919-14

Note—Projected density ¢ = N/A, where N + (N)'/? is the number
of starsin a bin r; < r < r, of mean radius

F= J orzdr/ j rdr. A= n(r2 —r?)

demonstrated here to verify whether the bright central stars of
NGC 3603 are in fact multiple objects, leading to yet a higher
star density.
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log(N )

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
log(M/Mo)
F1G. 11.—Initial mass function N(log M) vs. log M for members of NGC
3603. The straight line is a weighted fit for M = 30-60 M, with slope
—1.4 + 0.6.
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