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ABSTRACT 
The age of the LMC red globular cluster NGC 1783 is estimated as 0.9 ± 0.4 billion yr by photometry of 

the main-sequence turnoff. The accuracy of the estimate is limited chiefly by uncertainty in the distance 
modulus of the cluster. At (m — M)0 = 18.2 the cluster is aged 1.1 ±0.2 Gyr; at (m — M)0 = 18.7 it is 
0.7 ± 0.2 Gyr. NGC 1783 is a sufficiently rich cluster that one can see the full development of red giants on 
the asymptotic giant branch from the M type, through S, to carbon rich atmospheres. 
Subject headings: clusters: globular — galaxies: Magellanic Clouds — photometry — stars: evolution 

I. INTRODUCTION 

The Large Magellanic Cloud star cluster NGC 1783 has an 
absolute magnitude of = —7.5 and lies 3.8 kpc SW of the 
center of the LMC. The first photometric studies were by 
Sandage and Eggen (1960) and Gascoigne (1962), who noted 
the much greater red extent of the cluster’s giant branch than 
was seen in Galactic globular clusters. That observation was 
later understood when Mould and Aaronson (1979) found a 
carbon star in NGC 1783 and explained that it was formed 
during the evolution of intermediate-mass stars up the asymp- 
totic giant branch (AGB). The AGB was fully surveyed by 
Lloyd Evans (1980), allowing Mould and Aaronson (1982) to 
estimate the age of the cluster from the extent of the AGB as 
4 ± 2 Gyr. NGC 1783 has a type V classification by Searle, 
Wilkinson, and Bagnuolo (1980), and lies in between the old 
and young disk rotation curves of Freeman, Illingworth, and 
Oemler (1983). 

In this paper we present a deep color-magnitude diagram for 
NGC 1783 which permits its age to be estimated from the 
main-sequence turnoff. As shown in § III, the cluster is appar- 
ently a further member of the population of 1 to 3 billion yr 
clusters in the LMC. 

II. THE COLOR MAGNITUDE DIAGRAM 

We observed NGC 1783 at the du Pont telescope of the Las 
Campanas Observatory with the CHUEI reimaging CCD 
camera on 1983 October 9. Conditions were photometric, and 
the seeing was good, yielding images of T'4 FWHM. A total of 
2500 s was accumulated in the red in four separate exposures, 
together with three 1000 s green frames (see Fig. 1 [Plate 2]). 
Two short exposures were also obtained. 

1 Visiting Astronomers at Cerro Tololo Interamerican Observatory, a divi- 
sion of N.O.A.O., operated by AURA for the National Science Foundation. 

2 Deceased 1987 April 30. 

The methods of picture processing and calibration (Nemec, 
Kristian, and Mould 1988) and photometry within the cluster 
(Jensen, Mould, and Reid 1988) have been described in two 
previous papers. Within 2' of the cluster center 653 stars were 
automatically selected for photometry using the DAOPHOT 
program (Stetson 1987) with due regard for criteria such as 
image quality and freedom from contamination. These stars 
are identified in Figure 2 (Plates 3-4). Photometry of these 
stars on the Thuan and Gunn (1976) system is presented in 
Table 1 in the columns headed R and G-R. The columns 
headed x and y give the coordinates of these stars in pixel 
numbers with an origin at the bottom left of Figure 2a and a 
scale of 0.415" pixel-1. For comparison purposes photometry 
was also carried out in a subfield of equal size west of the 
cluster. To determine the relative efficiency of the program in 
finding stars in these two samples, artificial stars were inserted 
into the data with the same point spread function as was deter- 
mined for the data itself. We found that the completeness was 
~92% at 18th magnitude in the field sample, and ~ 52% in 
the cluster, falling to ~25% at 20th magnitude in the field, 
compared with ~ll% in the cluster. The color-magnitude 
diagram for the stars in Table 1 is shown in Figure 3 after a 
field star subtraction procedure. The subtraction procedure 
allows field and cluster stars to mutually annihilate if they lie 
within 0.5 in magnitude and 0.1 in color of one another. This 
procedure is clearly only statistically valid and is an approx- 
imate one, since completeness is a function of radius in the 
cluster. The procedure is best regarded as equivalent to choos- 
ing in an unbiased way a subset of the cluster sample to rep- 
resent the cluster color-magnitude diagram. We also cut off 
Figure 3 at R > 21.5, because of the low completeness and high 
probability of error due to confusion at this magnitude. 
Between R = 18.5 and R = 21.5 we required two field stars to 
eliminate one cluster star, and thus 439 field stars allowed us to 
represent NGC 1783 by 433 stars in Figure 3. 
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Fig. 1. The accumulated green image of NGC 1783. North is up, and west is to the left. The limiting magnitude is G = 23.7. 

Mould et al. (see 339, 84) 
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ma^ftudefishRr= Un abe ed StarS Can be ldentlfied from their relative (x, y) coordinates in the table. The orientation here is the same as Fig. 1. The limiting 

Mould et al. (see 339, 84) 
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PLATE 4 

Fig. 2.—(ft) The averaged red frame of NGC 1783 is shown with stars from Table 2 identified. The orientation here is the same as Fig. 1. 

Mould et al. (see 339, 84) 
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A check of the photometric zero points was carried out by 
identifying 32 stars in common with Gascoigne (1962). Gunn 
magnitudes were predicted from Gascoigne’s photographic 
magnitudes by means of the transformations described in the 
next section. After rejection of 2 cr residuals (probably mostly 
misidentifications) the difference between predicted and 
observed G-R was 0.02 ± 0.04 mag and the difference between 
predicted and observed R was —0.01 ± 0.03 mag. 

Stars brighter than R = 17.5 are not included in Table 1 
because their images are saturated on the red frames. We com- 
pared the photometry of stars in the next half magnitude to 
R = IS between the long and short exposures. The magnitude 
difference was found to be identical to that obtained for a 
sample of stars at Æ = 19. The photometry in Table 1 is there- 
fore free from any CCD saturation problems. 

III. THE AGE OF THE CLUSTER 

To fit isochrones and determine the age of the cluster, we 
need first to determine the reddening, metallicity, and distance 
modulus. The reddening maps of Burstein and Heiles (1982), 
based on H i data for the Galaxy, show E(B-V) between 0.03 
and 0.06 in the direction of N1783. The H i map of the Magel- 
lanic system by Mathewson and Ford (1983) shows N1783 

superposed on a region of high H i column density with a 
value of ~1021 atoms cm-2 at the position of the cluster. 
This corresponds to an additional possible reddening of 
E(B—V) = 0.04, if the calibration of Burstein and Heiles is 
appropriate. The cluster would therefore seem to be reddened 
by between 0.03 and 0.10 in E(B—V). 

The metallicity of NGC 1783 has been determined by Cohen 
(1982), who finds [M/H] = -0.45 ± 0.3. We can check this by 
means of the color of the giant branch at the luminosity of the 
horizontal branch, which is 0.42 < (G — Æ^ < 0.57 from 
Figure 3 with allowance for the reddening uncertainty. This 
corresponds to —1.0 < [M/H] < —0.5, if the age is close to 2 
Gyr (see Da Costa, Mould, and Crawford 1985 [hereafter 
DMC] for details of the calibration). A correction to [M/H] of 
approximately +0.2 dex is required for an age of 1 Gyr accord- 
ing to the Yale isochrones, indicating consistency with the 
spectroscopic determination. 

Superposed on Figure 3a and 3b are Vandenberg (1985) 
isochrones for Z = 0.006 for a distance modulus (m — M)0 = 
18.2 and reddenings of E(B—V) = 0.03 and 0.10. We have 
referred to this value of the distance as the short modulus in 
previous papers on this subject. DMC and Rich, Da Costa, and 
Mould (1984) discuss the distance modulus uncertainty for the 
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Fig. 3.—(a) A color magnitude diagram for NGC 1783 from the data of Table 1. Isochrones of Z = 0.006 and ages 0.8 and 1.25 Gyr are superposed at 
(m — M)0 = 18.2. A reddening equivalent to E{B—V) = 0.03 is assumed. Open circles indicate stars which have been “oversubtracted” by the field subtraction 
procedure described in the text. In (b) everything is the same except the isochrones are reddened by E{B — F) = 0.10. 
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Fig. 4.—(a) The same color magnitude diagram for NGC 1783. Isochrones of Z = 0.006 and ages 0.6 and 0.8 Gyr are superposed at (m — M)0 = 18.7. A 
reddening equivalent to E{B— V) = 0.03 is assumed. In (b) everything is the same except the isochrones are reddened by E{B— V) = 0.10. 
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^ Magellanic Clouds in more detail. The distance dichotomy 
^ relates to both the LMC and SMC. The Vandenberg iso- 
^ chrones have a helium content appropriate to the LMC of 
g Y = 0.25. Transformations to the Gunn system are required 
2 for the Vandenberg isochrones. We took the relations given in 

Bell and Vandenberg (1986, Figs. 1 and 2) and interpolated 
them appropriately in metallicity. The isochrones are not a 
good fit to the data, comparing very unfavorably with the 
excellent fit that can be obtained by CCD photometry of less 
crowded fields (see Hesser et al. 1987 for 47 Tue). In order to 
use them to evaluate the age of the cluster, one must attempt to 
isolate the tip of the main sequence and fit to that. The lower, 
1.25 Gyr isochrone passes 0.4 to 0.6 mag fainter than five stars 
in Figure 3 in the range 19.1-19.4 in /Land —0.1 to 0 in G-R. 
Most of these stars are likely to be cluster members, and thus 
represent the tip of the main sequence in NGC 1783 with an 
uncertainty of ~0.2 mag. Regardless of the quality of the fit 
and cluster membership, however, there are also systematic 
uncertainties to consider relating to the structure of stars 
exhausting their core hydrogen (Bertelli, Bressan, and Chiosi 
1985). We treat this matter, following DMC, by allowing 
0.3 mag of convective overshooting above the maximum main- 
sequence luminosity of this isochrone, and obtain an age esti- 
mate of 1.1 +0.2 Gyr for NGC 1783 at the short distance 
modulus. 

Figure 4a and 4b show isochrones for the same chemical 
composition and ages of 0.6 and 0.8 Gyr superposed on the 

TABLE 2 
AGB Stars in NGC 1783 

LE Mbo, Spectrum 

1   -5.35 C 
2   -4.5 S4/2 
3   -4.95 C 
4   -4.65 S5/2 
5   -4.55 M3 
6   -4.4 M3 
7   -4.2 M3 
8   -4.3 M3 
9   -4.8 S5/3 

10   -4.4 M4 
11    -4.3 
15  -4.1 Ml 

Sources.—For Identification: 
Lloyd Evans 1980. For Photometry: 
Frogel and Cohen 1983, Mould and 
Aaronson 1982, and Aaronson and 
Mould 1982. For Spectra: this 
paper; Lloyd Evans 1983, 1984; 
Bessell, Wood, and Lloyd Evans 
1983; and Mould and Aaronson 
1979. 

Fig. 5.—Spectra from top to bottom of LE 9, LE 10, LE 7, and LE 8. The wavelength scale is in angstroms and the vertical scale is inFx units. LE 9 and LE 10 
were vertically offset by two and four vertical divisions respectively. 
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color-magnitude diagram at a larger assumed distance: (m 

^ — M)0 = 18.7. The fit to the data is worse than for the short 
^ distance modulus in Figure 3h, but, following the arguments 
S presented by Paczynski (1984), we should pay less attention to 
2 color discrepancies in isochrones than to the luminosity fit. 

With the same allowance for the effects of convective over- 
shooting we obtain an age estimate of 0.7 ± 0.2 Gyr. The 
uncertainty in metallicity given by Cohen of 0.3 dex contrib- 
utes to a further uncertainty of 0.1 Gyr in age. The tendency for 
isochrones to be bluer than the observed main sequence seems 
to be general in Magellanic Cloud clusters of ~ 1 Gyr, and 
independent of photometric system (see DMC, Mateo and 
Hodge 1987). This suggests the effect is real3 rather than a 
transformation error. 

IV. THE ASYMPTOTIC GIANT BRANCH 

NGC 1783 is significantly younger than the other rich LMC 
clusters, whose AGB properties are discussed by Mould, Da 
Costa, and Wieland (1986). The AGB of NGC 1783 is well 
populated, as shown in Table 2, which summarizes our knowl- 
edge of its stellar content. The AGB is not seen in Figure 3; 
these stars are beyond the saturation limit of the long expo- 
sures. Spectra of four of these stars are shown in Figure 5, 
obtained with the RC spectrograph and GEC CCD detector at 
the 4 m telescope of the Cerro Tololo Inter-American Obser- 

3 An anonymous referee has suggested that an error in the envelope opa- 
cities used in calculating the models might be the source of this general 
problem. Color magnitude diagrams free of crowding noise will probably be 
required before this suggestion is entertained. 

vatory. The spectra were obtained on 1982 November 25, and 
include two stars with no previously reported spectroscopy. 
Figure 5 illustrates the transition from M type to S type on the 
AGB. The ZrO band at 6472 Â is present also in the three 
(lower) M type spectra, but increases greatly in strength in the 
top spectrum of LE 9. 

The AGB of NGC 1783 follows ideally the expectations 
from the theory of third dredge up (e.g., Iben and Renzini 
1983). This was first noted by Bessell, Wood, and Lloyd Evans 
(1983), but can now be fully appreciated from the more com- 
plete data in Table 2. M stars populate the luminosity range 
— 4.5 < Mbol < — 4 exclusively. The four S stars fall entirely in 
the range -4.9 < Mbol < -4.5. And the brightest stars (-4.95 
and — 5.35) are both carbon stars. 

Particularly noteworthy is the fact that the transition lumin- 
osity range, over which M stars turn into carbon stars through 
S stars on their way up the AGB is half a magnitude brighter in 
NGC 1783 than in the 2 Gyr clusters discussed by Mould, Da 
Costa, and Wieland. This supports a claim made by Lloyd 
Evans (1983, 1984), based on the integrated color classes of 
clusters. The result can be understood in terms of the higher 
luminosity at which more massive stars commence thermal 
pulsing on the AGB (e.g., Lattanzio 1987; Boothroyd and 
Sackmann 1988). 

This work was supported in part by NSF grant AST 85- 
02518 and in part by a NASA contract to the HST Wide Field 
and Planetary Camera team. 
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