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ABSTRACT. In this paper , I d i s c u s s some of the new facts that h a v e 
b e e n learned about Magellanic Cloud c l u s t e r s , mostly thanks to new 
de tec tors and associated reduct ion c o d e . I f irst show the ex ten t of 
the LMC c lu s t e r s y s t e m , in order to note that s tud ie s of a g e , 
a b u n d a n c e , and kinematics of the c lus ter sys tem have b e e n missing 
c l u s t e r s to the north and south of the Hodge and Wright a t la s , and to 
point out that s tar formation has gone on in places far from presen t 
day neutral h y d r o g e n . I will concentrate on the intermediate age 
c l u s t e r s (lO^-lO^O y ) i n the d i scuss ion concern ing new stel lar 
evolut ion r e s u l t s , neg lec t ing the 1 0 7 y c lu s t er s and 30 D o r a d u s . I 
fur ther res tr ic t my choice of topics to 1) the luminosity of clump 
g i a n t s , 2) the y o u n g e s t poss ible RR Lyrae s t a r s , and 3) the pat terns 
and h i s tory of c lus t er formation. The d i scuss ion of abundances of 
Cloud c l u s t e r s l eads readers to the exce l lent pos ter papers presented 
at this meet ing . 

1 . THE EXTENT OF THE MAGELLANIC CLOUD CLUSTER SYSTEMS 

I will s tart this d i scuss ion b y reminding readers what the 
Magellanic Clouds look l ike , and how far out the c lu s t er sy s t ems 
e x t e n d . Our typical conception of the LMC, for i n s t a n c e , i s shown in 
Figure 1 of Alcaino and Liller (1984) , which shows the LMC b a r , the 30 
Doradus reg ion , and goes north to s l ight ly beyond S h a p l e y ' s 
Constel lation III. Another example, the color picture in Sky and 
Te lescope (Apri l , 1984, p304) shows an e v e n more res tr ic ted r e g i o n . 
Casual inspect ion of the SRC J plates will also lead to a similar 
conc lus ion , for the ionized gas is most ev ident near the b a r , and the 
dens i ty of s tars drops off rapidly s o u t h , e a s t , and west of the b a r , 
and a couple of d e g r e e s north of Constellation III . 

This p icture of the LMC is incomplete, as the following three 
p ic tures will s h o w . The first is in Schommer, Olszewski , and Aaronson 
( 1 9 8 6 ) , and i s a reproduct ion of two Canterbury Atlas ( D o u g h t y , Shane , 
and Wood 1972) pr ints on which we have labelled some c l u s t e r s . What I 
want to mention h e r e , for I will re turn to the c lus t er E2 below, i s 
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Fig. 1. This i s the Magellanic Cloud H I dis tr ibut ion shown b y 
Mathewson and Ford in IAU Symposium 108· I have added the pos i t ions of 
the c l u s t e r s E2, 121SC03, NGC 2257, LW 47, and LW 207, which are 
mentioned in the t e x t . 

that there are LMC c l u s t e r s many d e g r e e s from the b a r , far b e y o n d the 
picture of the LMC descr ibed a b o v e . Lynga and Westerlund (1963, their 
Figure 1) showed this more than 20 y e a r s a g o . They also noted that a 
southern 'gap* in c lus t er s followed b y a more souther ly increase in 
c lus t er dens i ty corresponded in posit ion with features noted in de 
Vaucouleurs ' (1955) low resolution deep p h o t o g r a p h s . The second 
p i c tu r e , which I reproduce here as Figure 1, i s the LMC and SMC neutral 
h y d r o g e n distr ibut ion g iven in Mathewson and Ford ( 1 9 8 4 ) , with some of 
the c l u s t e r s from this review marked. Note that the northernmost 
c l u s t e r s e x t e n d beyond the detected neutral h y d r o g e n ( t h e limit i s 10*9 
atoms c m " 2 ) . The third p ic ture , Figure 2 , i s reproduced from Freeman, 
I l l ingworth, and Oemler (1983) , which was a compendium and analys i s of 
the kinematics of the LMC c lus ter s y s t e m . I have added to their f igure 
the outl ine of the Hodge and Wright (1967) a t las , NGC and IC c l u s t e r s 
outs ide the a t las , the c lus t er s in the Olszewski , Harris , and Schommer 
(1987) catalog of outer LMC c l u s t e r s , the region s tudied in Mateo's 
paper in this symposium, and the Reticulum s y s t e m . 

I think that there are two important points about LMC c l u s t e r s to 
be made h e r e . The first i s that while the more populous c l u s t e r s 
ins ide the boundaries of the Hodge and Wright atlas are reasonably well 
sampled, though not complete , there are 18 NGC and IC c l u s t e r s outs ide 
the a t l a s . The boundaries of the atlas were chosen b y the available 
plate material, which covered 'most of the recognized area of the LMC. 1 

The publicat ions resu l t ing from H o d g e ' s thes i s (1960, 1961) identif ied 
the red and blue c lus t er s within the atlas as well as a few o thers 
( e . g . , NGC 1868) . Aside from NGC 2257, 1466, and 1841, which were 
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Fig. 2. A map of the LMC, taken from Freeman, I l l ingworth, and 
Oemler (1983 ) · The dashed l ine is the boundary of the Hodge and Wright 
(1967) a t las ; s tars are NGC and IC c l u s t e r s outs ide the Hodge and 
Wright a t las ; ones are outer c lus t er s mentioned in the t e x t ; twos are 
outer c l u s t e r s from Olszewski , Harris , and Schommer (1987) ; the dotted 
l ine is the approximate boundary of the Mateo ( th i s volume) s t u d y . 

a lready well known c l u s t e r s , essent ia l ly all of the c l u s t e r s in the 
Freeman, I l l ingworth, and Oemler (1983) and Searle , Wilkinson, and 
Bagnuolo (1980) s tud ies are within the boundaries of the atlas or from 
H o d g e ' s t h e s i s . What of these other NGC and IC c lus ters? Many are as 
b r i g h t as representa t ive inner c l u s t e r s , and are in l e s s crowded 
f i e l d s . It seems to me that the problem was a lack of suitable chart 
material ( the SRC J plates have only recent ly become available; 
without marked charts f inding c lus t er s i s t e d i o u s ) , and I think the 
lack of recognit ion of the value of the Lynga and Westerlund s u r v e y . I 
hope that this 'Hodge Atlas b i a s ' can be corrected in future work. 

The second point i s that with the detector revolution of the past 
few y e a r s , we can relat ively easi ly measure CMDs and veloci t ies of any 
c l u s t e r s , not just the most populous o n e s . It i s not n e c e s s a r y to 
res tr ic t s t u d i e s to the c lus t er s which have colors compiled in van den 
B e r g h ( 1 9 8 1 ) , which in general r epresent some l inear combination of the 
least crowded and most luminous subse t of the s u b s e t of c lu s t er s within 
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the Hodge and Wright atlas* Mateo ( th i s volume) has s u r v e y e d all 
c l u s t e r s in a small northern region of the LMC, determining accurate 
a g e s from i sochrone f i t t ing , and der iv ing an age-metal l ic i ty relation 
for this spatially defined sample. In this way , one can avoid sampling 
the tail of the c lus ter distribution* 

I have general ly ignored the SMC in the above d i s c u s s i o n . The 
Hodge and Wright (1977) SMC atlas does seem to cover the ent ire SMC, as 
represen ted b y the c l u s t e r s . In order to have a more complete sample 
of the c l u s t e r s , h o w e v e r , h igher resolution plates must b e examined 
(SRC J) or obtained (Hodge 1987) . In the SMC, almost all of the 
c l u s t e r s which are reasonably populous and reasonably uncrowded now 
have CCD color-magnitude diagrams, mostly thanks to Da Costa, Mould, 
and co l laborators . Some of the resu l t s will be mentioned be low. Most 
of the SMC c l u s t e r s are in or near the b a r , which makes CMD work v e r y 
diff icult , and c lus ter membership hard to d e d u c e . 

My last point about the c l u s t e r s in the contex t of the two 
galaxies as a whole i s i l lustrated b y de Vaucouleurs and Freeman's 
(1972) review* Their Figure 9a, if we did not know was of the LMC/SMC, 
i s of some galaxies which have obvious ly undergone some s trong 
interact ion (among other t h i n g s , remember that the SMC has a f w i n g f and 
that the Magellanic Stream e x i s t s ) . I d o n ' t mean to make this case too 
s t r o n g l y , but I think that we should remember that the LMC and SMC do 
not ex i s t as is land u n i v e r s e s in majestic i so lat ion. If we truly wish 
to unders tand the c lus t er sys tem in the Clouds , we need to look for 
ev idence that interact ions ( s e e the c o v e r of IAU 108) have affected 
the c l u s t e r s , perhaps he lp ing to make the outermost c l u s t e r s , and 
almost certainly inf luencing the outer c lus ter dynamics* We should 
also remember that projection e f fects can dis tort our picture and that 
d i spers ion along the l ine of s ight may b e s igni f icant , especia l ly for 
the SMC. 

2 . STELLAR EVOLUTION 

In this s ec t ion , I will d i s c u s s some resu l t s which have come from 
a number of good CMDs of Cloud c l u s t e r s . We now can actually look at 
specif ic s t a g e s of stel lar evolution in c l u s t e r s of di f ferent a g e , 
which finally v indicates the optimism which Magellanic Cloud workers 
h a v e had for the potential of the confrontation of observat ion with 
stel lar evolution t h e o r y . Perhaps s u r p r i s i n g l y , most of the data to be 
d i s c u s s e d come from SMC c l u s t e r s . 

2 . 1 Clump Giants 

The clump giants are the more mass ive , hence y o u n g e r , analog of 
the globular c lus ter horizontal b r a n c h , and are b u r n i n g helium in their 
c o r e s . As we do for the horizontal branch s t a r s , in order to 
unders tand the c lump, we need to ask ques t ions l ike : 1) how do clump 
giant magnitudes vary with metall icity; 2) how do magnitudes and masses 
(or mass loss from main s equence s tar to clump giant) vary with a g e ; 3) 
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how does the morphology of the clump vary with metallicity or mass; 4) 
how well do models predict the o b s e r v e d features and can the model 
r e s u l t s b e reconci led with our prejudices ; and 5) can the s t u d y of 
c lumps help so lve other fundamental ques t ions about the Clouds? I d o n ' t 
think that we can answer all these q u e s t i o n s , b u t a good start has b e e n 
made. 

The ques t ions about metallicity really must await more c l u s t e r s , 
and of course are entwined with the quest ion of a g e . Mateo and Hodge 
(1985) have argued that Mv(clump) is a cons tant , if the c lus ter in 
ques t ion has an age > 3x10° y . Olszewski , Schommer, and Aaronson 
(1986) have t e s ted this hypothes i s b y plott ing the apparent mean R 
magnitude of the clump of s ix SMC c l u s t e r s v e r s u s a g e . The c l u s t e r s 
span an a g e of 1.5 - 12 Gyr; the resu l t s are shown in Figure 3 , both for 
the short SMC modulus of 18 .7 , and for this modulus corrected for the 
presumed tilt of the SMC at the posit ion of each c l u s t e r . Us ing the 
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Fig. 3. A plot of the apparent R magnitude of the giant branch clump 
v e r s u s der ived c lus ter age for several SMC c l u s t e r s . Open c irc les are 
measured from CMDs, while filled c irc les are magnitudes corrected for 
the presumed geometry of the SMC. 

data in Seidel , Da Costa, and Démarque (1986) g i v e s similar r e s u l t s . 
Formally, mR(clump) = ~ 18.8 + ~ 0 .02* (age in G y r ) , with a correlation 
coeff ic ient of ~ 0 . 4 . As Olszewski , Schommer, and Aaronson , and Seidel , 
Da Costa, and Démarque point out , the s e v e r e tilt of the SMC can cause 
in terpreta t ive problems for individual c l u s t e r s . At p r e s e n t there i s 
l i tt le ev idence for a variation of Myiolump) with a g e ; more CMDs need 
to be made, and much more work needs to be done on the d i s tances to and 
the t i l ts of the Magellanic Clouds . 

Seidel , Da Costa, and Démarque (1987) have gathered CMDs. made b y 
Da Costa and collaborators to inves t iga te clump g i a n t s , determining 
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their masses , and the amount of mass loss as a s tar evo lve s from the 
main s e q u e n c e to the c lump. The mass loss i s calculated b y determining 
the turnoff mass from conventional i sochrone fits to CMDs, while the 
clump mass comes from a new grid of models of core helium burn ing 
s t a r s . 

If the short modulus to the SMC is adopted , the older c lus t er s 
seem to lose ~ 0.2 Μ θ of material, while the ~ 1 Gyr c l u s t e r s lose ~ 
0.6 Μ θ · This latter large mass loss is somewhat u n e x p e c t e d , but is 
cons i s t en t with the conclus ion in Aaronson and Mould (1985) that 
quant i tat ive agreement be tween the o b s e r v e d luminosity of the AGB with 
theory is poss ible if mass loss on the AGB increases with increased 
luminosity for initial masses greater than 1.5 M@. I point the reader 
to the l e n g t h y d i scuss ion in Seidel , Da Costa, and Démarque. 

Not only did the Seidel , Da Costa, and Démarque s t u d y teach u s 
about clump giants and mass l o s s , but it was able to make a c o n s i s t e n c y 
argument about the c o r r e c t n e s s of the long and short d i s tance moduli to 
the Clouds . If the long moduli are adopted , the der ived clump giant 
masses are in general larger than their progenitor m a s s e s . Either the 
theory i s wrong , or more l ike ly , another reason e x i s t s for be l i ev ing 
the short s c a l e . (I point out that the pos ter papers at this conference 
d i s c u s s i n g Galactic RR Lyraes also point to the short s c a l e . ) 

2 .2 The Youngest Known RR Lyrae Stars 

This d i scuss ion is adapted from that g iven in Olszewski , Schommer, 
and Aaronson ( 1 9 8 7 ) . The problem can be s tated s imply: Lindsay 1 has 
an age of ~ 10 Gyr and has no RR Lyraes while NGC 121 is ~ 12 Gyr old 
and contains them. Have we d i scovered the approximate age of the onse t 
of the RR Lyrae phenomenon, and i s there any ev idence for 1 y o u n g f RR 
Lyraes in o ther galaxies? Again , remarkably, we are deal ing with SMC 
c l u s t e r s . 

The CMDs of LI (Olszewski , Schommer, and Aaronson 1987) and NGC 121 
( S t r y k e r , Da Costa, and Mould 1985) , both have well defined main 
s e q u e n c e turnof f s ; their a g e s are as well determined as for any o ther 
Magellanic Cloud c l u s t e r s . That e i ther c lus t er contains RR Lyraes i s 
somewhat s u r p r i s i n g , s ince the giant branch clumps are quite r e d . Both 
c l u s t e r s have approximately the same metal a b u n d a n c e . 

The absence of RR Lyrae s tars in LI is based on the u n s u c c e s s f u l 
b l inking of plates b y Gascoigne (1966) ; no modern s t u d y such as Graham 
and Nemec (1984) has b e e n made for this c l u s t e r . If we accept this 
pair of c l u s t e r s as r e p r e s e n t a t i v e , we conclude that a c lu s t er can make 
RR Lyrae s tars at an age of 10 Gyr < tRR < 12 Gyr , for [Fe /H] 1 . 3 . 

Evidence for y o u n g RR Lyraes in o ther galaxies inc ludes the metal 
rich disk RR Lyraes in the Milky Way (Taam, Kraft, and Suntzeff 1976; 
Strugnel l , Reid, and Murray 1986) . These form a kinematically d is t inct 
sample of RR Lyr aes , which can b e s t be called f o ld d i s k . f Current 
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wisdom maintains that the old disk is several billion y e a r s y o u n g e r 
than the Galactic globular c l u s t e r s . 

The Carina dwarf ga laxy prov ides ev idence which the presen t se t of 
observa t ions cannot unambiguously i n t e r p r e t . Mould and Aaronson (1983) 
deduced that the bulk of the stel lar population of Carina was ~ 7 Gyr 
o ld , with only a small old populat ion. Sana, Monet, and Seitzer (1986) 
have now found ~ 50 RR Lyraes in Carina, which can e i ther argue for a 
(small) old population or* for y o u n g e r RR Lyrae s t a r s . 

Clearly , the Magellanic Cloud c l u s t e r s provide the b e s t limits on 
the y o u n g e s t poss ible age of RR Lyrae s t a r s . Comments about increas ing 
the sample of L I - , N121-aged c lus t er s will be made be low. 

2 .3 Post-AGB Stars 

In the oral vers ion of this paper , I presented a crude argument 
which s u g g e s t e d that for e v e r y 10 AGB s tars we should expec t one 
post -AGB s t a r , and asked the ques t ion , 'where are the post -AGB s t a r s ? ' 
Renzini made a comment which can be read in the ques t ions following 
th is paper which said that my numbers were far too opt imist ic . This 
sect ion i s therefore r e v i s e d . 

Renzini and Voli (1981) estimate the AGB lifetime of ~ 1 M 0 s tars 
to be ~ 2 x l 0 6 y . Paczynski (1970) calculated lifetimes of post -AGB 
s tars (nucle i of planetaries in his c a s e ) to be approximately a few χ 
1 0 4 y . Given the total number of ~ 1-2 χ 1 0 2 AGB s tars found in the 
e x t e n s i v e s u r v e y s of Mould and Aaronson ( s e e Aaronson and Mould 1985) , 
and the total luminosity s u r v e y e d of ~ 3 χ 10& L 0 , we expec t to have ~ 
1 post -AGB star in these ~ 60 c l u s t e r s . What post-AGB s tars will look 
l ike is not clear to me. Will they be hot , b lue cores of s tars which 
h a v e lost their enve lopes (p lanetary nebulae nuclei) or s tars h ighly 
obscured b y their own d u s t y ejected atmospheres (RAFGL objects )? Do 
the latter evo lve into the former? 

3 . PATTERNS AND HISTORY OF STAR FORMATION 

3 .1 The Strange Age Distr ibut ions of the Oldest Clusters 

Figure 4 shows the spatial distr ibut ion of the oldest c lu s t er s in 
the SMC, those with B-V > 0 . 5 , U-B > 0 . 0 , from van den B e r g h ' s (1981) 
compilation of integrated c o l o r s . To this f i gure , I have added the 
c lus ter names and a g e s , the latter determined in most c a s e s from 
i sochrone f i t s . Note two important propert ies of these c l u s t e r s : 1) 
NONE are as old as Galactic globular c l u s t e r s ; and 2) most have ages 
be tween 3-12 Gyr . 

This age distr ibut ion of the oldest populous c l u s t e r s i s v e r y 
di f ferent from that in the LMC. If we examine H o d g e ' s (1984) l ist of 
' g e n u i n e ' g lobulars , we find that NGC 1466 may not be an LMC member; 
NGC 1841 is v e r y distant in project ion, with no CMD to the level of the 
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Fig. 4. The distr ibut ion of the oldest SMC c l u s t e r s , from van den 
B e r g h (1981) · I have added the c lus ter identif icat ions and der ived 
a g e s . 

main s equence y e t publ i shed; NGC 2257 and 2210 have not y e t b e e n 
publ i shed with i sochrone f i t s ; NGC 1786 and 1835 are not be ing 
attempted; and NGC 121 (SMC) i s s ignif icantly y o u n g e r than Galactic 
g lobu lars . Given the d i scuss ion of RR Lyraes a b o v e , there i s current ly 
no compelling ev idence for g lobu lar -c lus ter -aged c l u s t e r s in e i ther 
Cloud, a l though NGC 2257 is probably that o l d . 

Of all the other populous LMC c lus t er s s t u d i e d , none are o lder 
than 3-4 Gyr; I know of no good candidates for populous c l u s t e r s in the 
5-10 Gyr age r a n g e . Why are there no such c l u s t e r s in the LMC, y e t 
severa l in the SMC? Perhaps c lus ter des truct ion i s more important in 
the LMC for e v e n these most populous c l u s t e r s . It would be nice to 
have good models of the LMC tidal field and of c lus ter des truct ion (but 
note Schommer's comments in this conference on o b s e r v e d v s . computed 
tidal radii of Cloud c l u s t e r s ) . 

To s l ight ly complicate matters , Mateo, Hodge , and Schommer (1986) 
have shown that the sparse c lus ter ESO 121SC03, the northernmost LMC 
c l u s t e r , has an age of ~ 10 Gyr . This c lus ter is not in any l ist of 
in tegrated photometry . Uncovering more of these ( seeming ly ) rare 
c l u s t e r s will not be easy, but i s n e c e s s a r y if we are to unders tand 
both c lus t er destruct ion and poss ible b u r s t s in c lus t er formation. 

https://doi.org/10.1017/S0074180900042467 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900042467


167 

3.2 The E2, 121SC03, N2257 Region 

As Figure 2 s h o w s , the c lus t er s E2 (Schommer, Olszewski , and 
Aaronson 1986) , ESO 121SC03 (Mateo, Hodge , and Schommer 1986) , and NGC 
2257 ( s e e H e s s e r , McClure, and Harris 1984) all ex i s t far to the north 
of the LMC b a r , beyond measured neutral h y d r o g e n . E2 i s ~ 2 Gyr o ld , 
121SC03 - 10 Gyr , and NGC 2257 - 15 G y r . How this region of the LMC has 
made c l u s t e r s at such different epochs is hard for me to u n d e r s t a n d . 
Could some tidal mechanism be at work? 

3 .3 A Catalog of Distant LMC Clus ter s ; CMDs of Distant LMC Clusters 

Olszewski , Harris , and Schommer (1987) have compiled a catalog of 
c l u s t e r s outs ide the Hodge and Wright (1967) a t la s , from examining SRC 
J p l a t e s . This catalog contains ~ 150 c l u s t e r s , most rather s p a r s e , 
but 18 of which have NGC or IC n u m b e r s . This catalog i s v irtual ly 
identical to the s u b s e t of Lyngâ and Westerlund c l u s t e r s which are 
outs ide the Hodge and Wright a t las , with a few important addit ions to 
the n o r t h . 

We presen t here (Figure 5) CMDs of LW 177, 195, 399, 47, and 207, 
the f irst three to the nor th , and the last two to the south of the 
Hodge and Wright a t l a s . Along with E2, we now h a v e s ix c l u s t e r s all 
with a g e s 2-3 G y r . These c lus t er s were picked to be reasonably 
popu lous , v e r y d i s tant , and reasonably uncrowded , e x c e p t i n g E2, which 
was o b s e r v e d b e c a u s e El and E3 were amusing c l u s t e r s . 

Mateo ( th i s volume) has der ived a g e s for ~ 30 c l u s t e r s in h is 
northern LMC reg ion; he f inds a peak at 2-3 Gyr as wel l . This may be 
the most fundamental and least ambiguous way to see if there were 
b u r s t s of c lus t er formation. Certainly if we cont inue to find many 2-3 
Gyr c lus t er s it will be hard to accept the resu l t s of Elson and Fall 
( 1 9 8 6 ) , which are based on v e r y poorly determined a g e s . 

3 .4 Metallicities and the Age-Metall icity Relation 

This sect ion would b e s t be writ ten in a year or two, for the 
pos ter papers at this meeting show that many different t echniques are 
b e i n g succes s fu l ly used to der ive metallicities of Magellanic Cloud 
c l u s t e r s . I will s tate a prejudice , adver t i s e some of the work 
presented at this meet ing, and point out a resul t that a s ton i shes me. 

At the Schenectady meeting in 1981, we saw three attempts to 
der ive a g e s a n d / o r abundances of Magellanic Cloud c l u s t e r s : Searle and 
Smith ( 1 9 8 1 ) , who der ived their resu l t s from integrated s p e c t r o s o p y ; 
Hodge ( 1 9 8 1 ) , who attempted to compile and evaluate a g e s and abundances 
from all available t echn iques ; and Cohen (1981) , who measured spectral 
ind ices of individual s t a r s . The c lus t er s in these s tud ies are 
scat tered all about the face of the LMC; they are essent ia l ly the 
c l u s t e r s measured b y Freeman, Illing worth , and Oemler (1983) which are 
d i sp layed in Figure 2 . I ' v e always b e e n baffled b y what is meant b y an 
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Fig. 5. CMDs of several dis tant LMC c l u s t e r s , whose pos i t ions -are 
g iven in Figure 2 . These plots are from work be ing done b y Olszewski , 
H. Harris , and Schommer. 

age-metal l ic i ty relation for the ent ire LMC, g iven that s tar formation 
seems to appear in a place for a while then disappear (Hodge 1973) . 
Are we assuming something v e r y simplistic about the LMC, or i s it well 
enough mixed, or i s the t ime-averaged rate of s tar formation constant 
enough that there is one age-metal l ic i ty relation? 

Good a g e s are ge t t ing easy to come b y , with many good CCD CMDs, 
the u n d e r s t a n d i n g of the limitations of SWB c l a s s , and be t t er analys i s 
of in tegrated spec tra (Smith, Searle , and Manduca, this v o l u m e ) . 
Abundances are also now ge t t ing more cer ta in , partly b e c a u s e of new 
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ins trumentat ion , which allows new spectral reg ions to be profitably 
u s e d ( s e e Armandroff, this vo lume); partly b e c a u s e of b e t t e r 
cal ibrat ions and wider unders tanding of special photometric sy s t ems 
(Gei s l er , th is volume; Schommer and Geis ler , this vo lume); and part ly 
b e c a u s e of the number of complementary t echn iques be ing u s e d . I note 
that all the s tud ie s are g iv ing similar abundances for c l u s t e r s of 
similar a g e , except ing the work of Richtler and S e g g e w i s s ( th i s v o l u m e ) . 

Mateo ( t h i s volume) reports on a s t u d y of all the s tar c l u s t e r s , 
populous or o therwise , in a small northern sect ion of the LMC ( s e e 
F igure 2 ) . He der ive s a g e s for ~ 30 c l u s t e r s and metallicities for ~ 
16, from CCD CMDs, i sochrone f i t t ing , and in tegrated c o l o r s . The 
resu l tant age-metal l ic i ty diagram can b e s e e n in h is pos ter paper in 
this volume; this diagram has a var ie ty of o ther a u t h o r s ' relat ions 
s k e t c h e d i n . I am as tonished at the similarities be tween the two data 
s e t s . Mateo's region i s far from the LMC b a r , with part of the region 
b e y o n d detectable neutral h y d r o g e n . There had to be a lot of s tar 
formation in this remote piece of the LMC or a lot of mix ing . When we 
u n d e r s t a n d how this particular age-metal l ic i ty relation came to b e , 
we ' l l b e a lot c loser to an unders tand ing of the LMC. 

Bob Schommer and I have worked c lose ly toge ther on many of the 
topics d i s c u s s e d h e r e . I 'd l ike to special ly thank both him and Paul 
Hodge for help and inf luence for the past twelve y e a r s . This paper 
came into be ing b y assimilating the work of many peop le , especia l ly 
Mario Mateo and Gary Da Costa . Hugh Harris , Jim H e s s e r , and Marc 
Aaronson have also contr ibuted in many w a y s . I appreciate a travel 
grant from the IAU which helped defray some of my cos t s of a t tending 
IAU 126, and acknowledge NSF grant AST 83-16629 for support of all my 
r e s e a r c h . 
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DISCUSSION 

MCCARTHY: First, tell us what is the globular cluster distribution to 
the east and west of the Hodge Wright Atlas of the LMC. Why are there 
so few to the east and west and so many to the north and south? 
Second, How do your RV measures of stars in ESO 121-03 compare with 
the RV for the Magellanic Clouds. 

OLSZEWSKI: The LMC cluster system extends outside the Hodge and Wright 
atlas in the north and south, but not in the east and west. We 
searched outside the Atlas in all directions for several degrees beyond 
the last discovered cluster. Our discovery of clusters to the north 
and south is mostly an artifact of the plates Hodge and Wright chose to 
put in their atlas, and partly because of the better resolution of the 
SRC plates. In answer to your second question no velocities are known; 
we have time in Jan. 1987. 

SCHOMMER; I would like to mention that many of these outer clusters 
had been catalogued by LW, that is Lynga and Westerlund in 1963 
(MNRAS). We found some additional, fainter, objects, but I'm afraid 
some of us had failed to read this paper before, or at least appreciate 
its significance. 

LYNGA: I can mention that the LW survey was made over a field of 15 χ 
15° where we tried to find all clusters with a plate scale of 2 min of 
arc/mm. 

OLSZEWSKI: Most of the clusters we found were in your list; we found ~ 
25 new ones, mostly again due to improved resolution. 

RENZINI: To answer your question about the absence of Post-AGB stars 
in the Magellanic Cloud clusters; one expects to find one of such star 
for every five million solar luminosities of cluster light. One should 
then expect to inspect about 100 clusters before finding just one 
Post-AGB star. 

SMITH: It is worth noting that the most metal poor SMC stars yet 
identified are field red giants and RR Lyraes. Perhaps the absence of 
SMC clusters older than 12 Gyr is telling us that star formation took 
place outside of large clusters before that time. 

OLSZEWSKI: Most of the old SMC clusters seem to have [Fe/H] ~ -1.3! 

RICHER: The nearby galactic globulars show almost dispersionless main 
sequences down to a few magnitudes below the turnoff. The CM diagrams 
you showed have very wide main sequences. An honest error for the ages 
of the galactic globulars is at least ±3 Gyr. What error would you 
attach to the ages of the LMC clusters you discussed? 
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OLSZEWSKI; I can't quantify this, but it's my feeling that anyone in 
the audience who works in Magellanic Cloud cluster CM diagrams would 
get the same age to ± 1 or 2 Gyr, given the same data and isochrones. 
It's my impression that systematic errors are what's discussed most in 
Galactic globular cluster age determinations. 

DiFAZIO: If we inspect more closely the graph where you compared J. 
Cohen's metallicity-age relation to the data, since you only have one 
point in the lower-right end of the graph, and given the shape of the 
distribution of the other points, I think Cohen's relation cannot be 
said to fit the data very well; which I think can be fitted pretty well 
by a straight line too. Do you agree? 

OLSZEWSKI; All I wanted to state was my amazement that this distant 
place in the LMC had an age-metallicity relation similar to that given 
by Cohen for the inner clusters. There had to be a lot of star 
formation in the last 10 Gyr, which qualitatively contradicts our 
Astronomy 101 notion of where the important star formation in the LMC 
occurs. 
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