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Résumé: 

On développe une nouvelle méthode pour la synthese de p opulations stellaires 

dans les noyaux de galaxies,utilisant exclusivement une bibliotheque de spec-

tres intégrés d'amas d'étoiles.Cette méthode présente l'avantage,par rapport 

aux méthodes tradit i onnelles basées sur des bibliothêques d'étoiles ou mixtes 

-étoiles plus amas-,d'être une analyse à deux parametres: âge et métallicité. 

La fonction init i ale de masses est implicite dans le cas de s amas d'étoiles 

et l'évolution . stellaire est automati quement pris e en compte dans cette métho-

de.Les observations consistent en 63 spectres d'amas d'étoiles et 164 spectres 

de noyaux de galaxies av e c résolution de 1 2 A: dans le domaine yisible,ainsi 

qu'un sous-ensemble de ces objets dans le domaine i nfrarouge,sous-ensemble 

qui couvre néanmoins la même varieté de types d'amas d'étoiles et de noyaux 

de galaxies.Une extension de cette méthode au domaine ultraviolet est aussi 

presentée.Une attention spéciale a été donnée aux différentes sources de 

rougissement interstellaire affectant les amas d'étoi les et les galaxies.En 

part iculier on a développé une méthode pour la correction du rougiss ement in-

terne dG à l'incl i nai s on du disque des galaxi es spirales. Les différents ty-

pes de noyaux ont été synthétisés à partir d'une gril le de largeurs équivalen-

tes en fonction de l'âge et de la métallici té construite au moyen de s amas 

d'étoiles. Pour mener à bien cette synthese, on a développé un algorithme ca-

I 
pable de tester un três grand nombre de combinaisons d'amas d'étoiles le long 

de chemins évolutifs dan s le plan âge-métal licité ,qu i représentent des scéna-

rios possibles pour l'évolution chimique des noyaux de galaxies. Cette métho-

de a permis de dater les générations successives d'étoi les,de détecter d'éven-

tuels sursauts de formation d'étoiles,ainsi que de déterminer l'enrichissement 

chimique dans les noyaux. Cette approche a donc permis de faire pour la pre-

miere fois,une estimation directe de l'évolution chimique à partir du spectre 

e~ absorption des noyaux de galaxies. 

-------------



• • • Abstract: 

A new approach for population synthesis in galaxy nuclei is developed. It 

makes use exclusively of a library .of star cluster integrated spectra .This 

method presents the advantage,over those traditionally using libraries of 

stellar spectra or a mixture of stars and star clusters,of being a two para-

meter analysis: age and metallicity.The initial mass function is implicit in 

the case of star c lusters and the s tellar evolution is also automatically 

taken into account in the present method.The observations consist of 63 spec-

tra of star clusters and 164 spectra of galaxy nuclei with 12 Â resolution in 

the visible range,as well as a subsample of the same objects i n t he near-

infrared,which still spans the same var iety o f star clusters and galaxy ty-

pes . An extension o f the method to the ultraviolet is also provided.A special 

attention was given to the different sources of interstellar reddening affec-

ting star clusters and galaxies; in particular a new method was developed to 

correct the reddening aris i ng from inclination effects in spiral galaxies. 

The different types of nuclei were synthesized using a grid of equivalent 

widths as a function of age a nd metallicity, which was derived from the star 

cluster data. In order to compute the syntheses ,an algorithm was developed 

which tests an extremely large number of star cluster combinations along an 

evolutionary path in the plane age-metallicity . These paths represent several 

possible chemical evolution scenarios f o r the galaxy nuclei. This method has 

allowed to date the success ive stellar generations,to detect eventual bursts 

of star formation ,as well as to determine the chemical enrichment in the nuclei. 

Thus the present approach has prov ided , for the first time, a direct estimate 

of the chemical evolution in galaxy nuclei using absorption spectra. 



J 

• I 

' • 

~ • 

• 

.. 

.. 

TABLE DES MATIERES 

lntroductlon 

li Approchas antérlauras 

111 Una nouva l la approc ha spactras intégrés d'amas d'éto llas 

IV La matéria! d ' obsarvatlons 

v L'algor lthma da synthésa at las prlnclpaux résultats 

VI Autras étudas réallséas 

VIl Poursulta da ca travall at prospectiva 

Figuras 

Appandlcas 

A> Bica. E. Oottorl. H .. Pastoriza. M . 

B> 

C> 

Ages and metalllcities of LMC and SMC red clusters through H(3 and Gband 

photometry 

Astron. Astrophys . _:12~ . 261-267. 1986 

Bica. E . . Alloin. O. 

A base of star clusters for stellar population synthesís 

Astron. Astrophys. 162 . 21-31, 1986 

Bica. E .. Alloin. O. 

A grld ot star cluster propertles for populatlon synthes/s 

Astron. Astrophys . Suppl . Ser . 66. 171-179. 1986 



" I 

D> Bica . E .. Alloln. O. 

The lnterstel/ar Na/ strength versus reddenlng relatlonship lts lncldence 

on stellar population synthesls 

Astron. Astrophys. 166. 83-91. 1986 

E> Bica. E .. Alloin. D . 

Analysls of absorpt/on-1/ne spectra In a sample of 164 Galactlc Nuclel. 

Astron . Astrophys . Suppl. Ser .. 70. 281-301. 1987. 

f) Bica . E . . Alloin. D . 

G> 

On the meta/1/c/ty versus lumlnoslty relationshlp for ea r /y type galaxles 

Astron Astrophys. 181. 270-272 . 1987 . 

Bica. E .. Alloin. O. 

Near-lnfrared spectral propertles o f star c/usters and gatactlc nuclel 
-

Astron . Astrophys .. 186. 4 9-63. 1? 87 

H> Bica. E . 

Population synthesis in ga/axy nuclel using a llbrary of star c/usters 

Astron . Astrophys . . 1987.in p res s 

P\1&/...lCADO t-("1. ~G)'j )tb (t1~~~) 

I> Bica. E . . Alloin. O. 

Constralnts provlded by star cluster spectra on the nature of the UV turn-up 

In glant elflptlcal galaxles . 

Astron . Astrophys . . 1987 . in press 

f-' \)1!1\. ltll.))'i:l t'f\1\ ~) \ ~ (l"> 'il~J 



' 

• 

1 

I - INTRODUCTION 

La définltion photométrique -das composantes étendues des galaxles est 

assaz précise. En particull e r celle des disques. lasqueis suivent une loi l(r) 

exponentlelle. et celle des bulbes. lasqueis suivent une loi en r114 (de 

Vaucouleurs. 1979) . Par contra l'étude détalllée de s noyaux a toujours été dlfflclle. 

par sulte de l' exlstence de forts gradlents d' lntenslté dans les réglons centrales 

des galaxles et par sulte de leurs dimenslons angulalres réduites . Le 

développement récent de détecteurs linéalres à grande dynamique a 

considérablement amélioré la précislon des études de profils de luminos lté des 

noyaux . Cependant. pour les observations au sol . subs iste le probléme de la 

dégradatlon des lmages par la turbulence atmosphérlque . Le domalne prendra 

certainement plus d ' essor lorsque s'ouvrira la possiblité d ' obse rvations 

systématiques depuis !'espace. dans les années à venir . Dans le présent travail. 

nous déflnissons I e noyau en termas pratiqu es. com me étant le pie de lu m inos lté. 

assez facile à repérer au télescope. vu à trave rs la fen te du spectrograph e . Pour 

l ' échantlllon de la présente étude . las d im ensions angulaires typiques sont de 

s· x 8 " . En adoptant H0 = 50 km s- 1 Mpc-1. la région observée pour chaque 

galaxie est donnée dans l'appendice E. La su rface moyenne couverte est de 

0.8(± 0 . 5> Kpc x 1.4(± 0 . 9> Kpc. les valeurs extrêmes étant pour NGC 692-

<3 Kpc x 4. 8 Kpc> et NGC 625. 5236. et 5253 CO . 2 Kpc x O. 3 kpc> . 11 faut 

prendre en compte le fait que les observatlons spectroscoplques intégrent. le 

long de la llgne de vlsée des contrlbutions de plusieurs sous- systémes dans une 

galaxle . Alnsl on s'attend à la contrlbutlon de populatlons défl clen tes en métaux 

présentes dans les halos : une contrlbutlon encare plus Importante provlent des 

partias internes des bulbes ; enfin. dans I e cas partlculier des galaxies spirales . 

la réglon Interne du disque peut contrlbuer au f lux. De même l'lnclinaison du 
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disque a das effets supplémentalres en termas de rouglssement et de rales 

lnterstellalres sur I e spectre résultant observé c Appendtces O et E> . 

L 'objectlf principal de ce travall est la détermlnatton de l 'age et de ta 

métalllclté du contenu stellalre des noyaux ordlnalres de galaxles. autrement dlt 

das noyaux non-actlfs ou la source d'énergie est const ltuée au premiar ordre par 

le rayonnement das étolles. 

La noyau et la partia Interne du bulbe sont las réglons ou la taux de 

formatlon d'étolles a été la plus élevé . 11 est donc lm portant de comprendre 

l'évolution de ce taux au cours du temps et sa relation avec las autres paramétres 

qui défln lssent la galaxle. tal que par exemple. I e rapport bulbe/ disque . La noyau 

a une importance non seulement par l'informatlon qu'il renferme sur l'histoire de 

la formation stellalre dans la galaxle en tant que systéme lsolé. mais également 

parca qu'll constitue la puits gravltationnel d'une galaxie et pourrait ainsl garder 

trace de l'lnteraction d'une galaxle avec son envlronnement : accrétlon dlrecte 

d'autres systémes stellalres ou accrétlon de gaz ayant condult à une éventuelle 

formation additlonnelle d'étoiles. La noyau est aussi la régio n ou las plus fortes 

concentratlons en éléments lourds sont observées dans te gaz lnterste ll aire et 

dans l'atmosphére das étoiles. 

En déflnitlve. l'étude du spectre du noyau est un moyen d ' analyser 

l' évolutlon d'une galaxle. non seulement comme systéme lsolé ma is aussl dans 

son rapport avec l'envlronnement. et d ' analyser la synthése das éléments lourds. 

L'objectlf ultime de ce type d'étude est d'utlliser cette lnfo rmatlon conjolnteme nt 

avec das analyses de l'évolution dynamlque du systéme dans l'espoír de 

comprendre comment eut lieu la format ion das galaxles . 
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11 - APPROCHES ANTERIEURES 

Plusleurs articles de revue -ont été écrlts ces derniéres années sur les 

populatlons stellalres dans les galaxles. et en partlculler sur las méthodes de 

synthése de populations C e. g . van den Bergh. 1975 ; Faber. 1977. Tinsley . 

1980 ; Pagai and Edmunds. 1981 ; O'Connell. 1986> . 

La premlére étude tentant de déterminer les types d'étolles présents dans 

une galaxie a été falte par Whlpple C 1935) . 11 a développé une méthode pour 

synthétlser l ' lntenslté et le profil des raies d'absorption dans les galaxies au 

moyen de spectres d ' étoiles de dlfférents types spectraux et luminosités. 11 a ainsi 

démontré que ias spectres das galaxies étaient três composites . De Vaucouieurs et 

de Vaucouleurs C 1959) ont appliqué cette méthode au spectre lntégré de la barre 

du Grand Nuage de Magellan avec 16 raies dans le domaine spectral 3700 P.. à 

4900 P. et en ont déduit las contributions relativas das différents types spectraux. 

Stebbins et Whltford C 1948> on t falt la synthése de quelques galaxies en utllisant 

un systéme photométrique à slx couleurs entre 3530 P. et 10300 P.. . lls ont 

conclu qu'un simple mélange d'étoiles naines G et de géantes M reproduisait le 

spectre das galaxles elliptlques . Cela montra en réai l té que las couleurs . surtout 

à partir de photométrle à bandas largas. sont pau senslbles aux propriétés das 

populations et qu'il est indlspensable de prendre en compte las raies 

d'absorption dans une synthése de population ste l laire. 

Pius récemment. deux types d'approches ont été développés : 

A> Syn thése de popuiations proprem e nt dite . C'est la sui te directe de ces 

travaux pionniers . A partir d'observatíons d ' étoiles . on essaie de fabríquer un 

spectre syn thétique reproduisant celuí d'une galaxie C e. g . Spinrad et Taylor. 

1971 Alio in et ai . . 1971 ; Faber. 1972 ; Joly et Andriliat. 1973 ; O'Conneil . 

1976 Turnrose. 1976 ; Pritchet. 1977 ; Píckles. 1985) . Ces études dífférent 

---------------------------------------
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entre alies par : 

C i) le systéme d'acquisition das données . Certaines études reposent sur de la 

photométrle à bandas plus ou molrts étroites tandls que d'autres ont utllisé la 

spectrophotométrle. laquelle a bénéflclé. au cours des années. d'énormes progrês 

technlques . 

C li) le contenu de la blbllothêque d'étolles par l'lncluslon de types partlculiers 

d'étolles tels que das étolles super-métalllques ou das étolles de la branche 

horlzontale bleue . 

< IID par l ' algorithme de recherche de la solutlon et das contralntes 

astrophyslques lmposées. En falt las travaux plonniers étalent três simples et 

non-contralnts. las solutlons étant cherchées par essals-et-erreurs. Las études 

plus récentes ont utlllsé das algorlthmes au tomatlques d'optlmlsatlon . Un certaln 

nombre de contralntes sont généralement lntrodultes afln de garantir l'obtentlon 

de solutlons astrophyslquement plauslbles . 

8) Synthése évolutlve : Cette approche utlllse en pr lorlté la théorle de 

t'évotutlon stellalre pour calcular. à un ag e donn é. la population lssue d'un taux 

de formatlon d'étolles . d'une fonctlon lnltlale de masse et d'une métalllclté . 

adoptés . Le dlagramme HR résultant est utlllsé pour calcular un spectre ou blen 

des couleurs synthétlques. lasqueis sont comparés à ceux observés pour les 

galaxles C e . g . Tinsley. 1972 ; Rocca-Volmerange et ai. . 1981 ; Bruzual. 

1983 ; Arimoto et Yoshii. 1 986). Ces auteurs analysent différents scénarios pour 

l'évolution des galaxies. selon las lois adoptées pour le taux de formation d'étoiles 

et la fonction initiale de massa. Las études diffêrent a ussl par las tracés d'évolution 

stellalre ut ll lsés . Le résultat. de la mame façon que dans la méthode de synthêse 

de populations. est exprimé en fonctlon de la bibllothêque d'étoiles d is ponibles et 

du systéme photométrique ou spectrophotométr lque emp loyé . 

Les princ ipales limitations de ces deux approches de synthêse sont les 
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sulvantes : 

< 1> On ne connalt pas de façon exhaustlve toutes les étapes de l'évolutíon 

stellaire. surtout certaines phàses courtes qui. pourtant. peuvent contrlbuer 

beaucoup à la lumiére intégrée à cause d'effets de luminoslté ou de température ; 

de meme. certaines étapes avancées de l'évolutlon comme la branche 

asymptotique des géantes et sa suíte. ou lors des étapes inltlales telles que les 

"blue stragglers" . La synthése évolutlve est partlcullérement sensible à ces 

lncertitudes. La synthése de populatlons l'est aussi. quoique dans une molndre 

mesura . parca qu'elle fait souvent appel à des contraintes guidées par f' évolution 

stellaire. 

< ID Bibliothéques d'étoiles incomplétes : les blbliothéques possédent un bon 

échantlllon d 'étoiles proches. Dane la métallicité est iimltée à des valeurs voisines 

de l'abondance solaire. Ces bibllothéques n'lncluent pas en général toutes les 

étapes de l'évolution stellaire et. meme si cela éta it le cas. li serait dlfficlle d'en 

tenlr compte dans le calcul. par méconnalssance théorique de ces phases-là 

comme cela a déjà été mls en évldence cl-dessus po ur la synthése évolutlve . Dans 

le cas de la synthése de populations. leur non-i nc lu s ion peut entrainer 

l'atgorlthme à chercher das compensatlons Internes avec las étoites disponlbles. 

Mais aussl. leur lncluslon. en l'absence d'l n formatlons s ur leur probabllité de 

présence par rapport à des populatlons assoclées peut aussi conduire à des 

résultats assez arbttralres < appendlce I) . Certalnes études ont substltué aux types 

d'étolles d lfflclles à observardes spectres synthétlques <e. g . Barbaro et Olivi . 

1986) . Malgré une dépendance supplémentalre en fo nctlon des modéles 

d' atmosphéres. c'est certalnement une vale três prometteuse pour I e futur . 

c 111) Dépendance envers la fonctlon lnltlale de massa : la pente de la fonctlon 

inltlale de masse est un paramétre inhérent à toutes les méthodes utillsant les 

blbllothéques d ' étoiles . Parfols l'on adapte tout slmplement une valeu r plauslble. 

---------
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parfois i'on cherche le résultat au moyen de la synthése . Face à cette inévitable 

dépendance on peut se demander si des simpllficatlons souvent appliquées à 

d 'autres paramétres. par exempfe une métalllclté constante. ne sont pas 

compensées aux dépens de la fonctlon lnltlale de massa . De plus. la fonctlon 

lnltlale de massa posséde d'autres degrés de llberté en plus de sa pente : 

beaucoup d' analyses sont faltes aussl en fonctlon das limites supérleure et 

lnférleure de massa . 

< lvl lntardépandanca da l'aga at da la métalliclté . Da ns une atmosphére stallalra. 

au premiar ordre. l'augmantation de l'opaclté due à une forte abondanca da 

métaux ast à pau prés équlvalente à una dlminutlon da la températura moyanne du 

spactre émargant < O'Connall. 1986) . Cette ressamblanca de la distrlbutlon 

spectrale en fonctlon das varlatlons de la température et de la métalliclté résulte en 

ce que les couleurs obtenues à partir de photométrle à bandas largas na sont pas 

assaz senslbles pour séparer ces effets. 11 ast dane nécassalra d'avolr una 

résoiution sufflsante pour accédar aux raias métalllques. ce qui n'a pas toujours é té 

te cas dans certaines études. Un autre point crucial est le fait que souvent les 

synthéses de popuiatlons et las synthéses évolutlves ont expllcitement compansé la 

manque de données à forte métalllclté par des types spectraux plus tardlfs. de 

métallicité solaire . La méthode idéala sarait de disposer de tous les types 

spectraux. à toutes las gravltés et pour toutes les méta/1/c/tés. Mame si cette 

bibllothéque idéale pouvalt etre rassemblée. 11 y auralt une énorme quantlté de 

composantes à combinar . 11 est ela ir qu ' ll faut trouver un moyen de grouper las 

étoiles en populations de différents ages et métalllcltés . Un premiar pas dans ce 

sens a été I' inclusion d' amas globula ires pauvres en métaux pour tenir compte des 

effets de faibles métallicités dans les synthéses < Faber 1972 ; Cianni et ai. 

1984) . 
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111 - UNE NOUVELLE APPROCHE SPECTRES INTEGRES O' AMAS O'ETOILES 

On utillse exclusivement une . bibllothéque de spectres intégrés d'amas 

d'étolles couvrant de largas domalnes d'age et de métalllclté . On suppose que 

chaque génératlon d'étolles dans un noyau peut être re présentée par un amas de 

métalllclté Z et d'age t . L' avantage de cette méthode est de réduire le nombre de 

variables à ajustar pour résoudre le probléme. Une blbliothéque d'étolles est 

décrite par la température. la gravité et la métalllcité. tand is qu'une blb l iothéque 

d'amas est fonction de l'age et de la métaillcité seulement . Le nombre de 

composantes fondamentales dans une bibliothéque d' amas est évidemment 

beaucoup plus peti t. Ou coté des fa lbies métalllcités. les amas permettent de 

descendre d'un facteur 100 par rapport à l'abondance solaire. tand is qu'en 

pratique . 11 est três dlfflclle d'obtenlr des échantlllons assez complets d'étolles 

avec [Z/ZoJ < - 0 . 5. Ou coté des fortes métallic ités . 11 est aussl dlfficlle 

d ' acquérir das données observationneiles pour las bibilothéques d'étolles que pour 

celles d'amas . Néanmoins je souilgne la fait que j' ai observé des amas 

globulaires Galactlques présen tant das rales métailiques et das bandas 

molécula l res comparables à celles que l ' on observe dans le noyau das galaxies 

elliptiques géantes . Ces amas de la partia central e du bulbe . comme NGC 6440. 

6528 and 6553. ont un spectre intégré nettement plus métall lque que celui des 

amas globulaires généralement appelés *riches en métaux· dans la littérature. 

com me e . g . NGC 104 ( 4 ?Tu c) . NGC 6637 ( M69> et NGC 6356 (vai r figure 2 et 

les appendices B et G> . Oans la passé c'étalent ces amas- c! qu i étalent utillsés 

pour das comparaisons avec les galaxies en termes de spectres ou couleurs 

lntégrés et à cause d'une quasl-absence de recouvrement des proprlétés 

spectrales. s'était alors répandu dans la littérature le faux consensus que les amas 

globula i res Galactiques n'étaient pas utiles pour la synthése de noyaux de galaxies 

-----------------------------
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< voir appendice G> . La valeu r de la métallicité dans les amas globula ires à raies 

métalliques fortes <AGRMF) n'a pas encere été fermement établie au moyen de 

méthodes directes. i . e . en termas de spectres d'étoll es lndlvidueiles. Néanmoins. 

quelle que solt la valeu r exacte de cette métallicité. ces amas sont fondamentaux 

pour la synthése de populations. car leurs propriétés spectrales sont similalres à 

celles das galaxies . 11 est regrettable que jusqu'à présent. si peu d ' études leur 

aient été consacrées et li serait donc lmportant d'explorer leurs proprlétés en détail. 

La présente méthode est également llbre d'hypothéses sur la fonction lnltlale 

de massa et sur la théorie de l'évolutlon stellaire . En fait. les spectres lntégrés 

d'amas d ' étolles possédent lmpllcltement les proportlons relativas exactes. selon la 

Natura. des étolles nées d'un nuage de gaz ayant la métalllclté correspondante . 

Aussl les proportlons relativas d'étolles évoluées en fonctlon de l'age et de la 

métalliclté sont lmpllcltement correctes. 

Un autre avantage. en partlculler par rapport aux modéles de synthése 

évolutive. est la posslbllité d'obtenir une lnformatlon sur l'histolre de la formation 

stellaire dans une galaxie. d'une façon indépendante de scénarios établis à 

i' avance pour l 'évolution du taux de formation d'étoiles. Ceia est important. surtout 

pour les galaxles contenant d'éventuels sursauts stochastiques de forma t ion 

steilaire . 

Pour conclure sur ces avantages. soulignons enfin que cette nouvelle 

méthode garde une l iberté de combinaison de composantes d ' une bibliothéque. 

telie qu'on la trouve dans la méthode classique de synthése de populations . 

En même temps. la méthode Incorpore lmplicitement deux príncipes de la 

synthése évolutive. l'évolution steliaire et la fonction initiale de massa . tout en 

évitant les lnconvénients li és aux incertitudes inhérentes aux modé les théoriques. par 

l'utilisation d irecte des amas réels d ' étolles . lasqueis son t . aprés tout les meilleurs 

tests de laboratoi re des théories de formation et d'évolution stell aires. En outre. la 

- - -------------------------------------------------



9 

méthode permet aussl d'étudler les effets de mélanges de populatlons ayant des 

métalllcités dlfférentes ; ce qui est lnnovateur par rapport aux études passées . 

Les llmltatlons de la méthod'e développée dans ce travall concernent toutes 

les sources possibles d'incertltudes surtout sur la fonctlon lnltiale de massa du 
.. 

falt que naus utlllsons das amas Galactiques et des amas des Nuages de 

Magellan pour synthétiser las noyaux d' autres galaxies . On suppose que la 

fonctlon lnltlale de massa < IMF. d'aprés le sigla anglals usueD dans un noyau de 

galaxle peut être reprodulte à partir d'une comblnalson de I' IMF dans las amas . 

d'étólles individueis. Las sources d'lncertltudes possibles sont las dépendances 

de i'IMF en fonction de la métalliclté et de la dynamique des nuages de gaz 

initlaux. alnsi que des changements ultérieurs de la fonction de luminosité du 

systéme stellaire résultant. lnduits par l'évolution dynamlque. Néanmoins . com me 

cela est décrit en détail dans i' appendlce H. 11 existe plusleurs arguments 

lndlquant que la plupart de ces lncertitudes ne sont pas Importantes au premier 

ordre . Ainsl la dépendance de I'IMF avec la métalllcité est prise en compte par le 

fait qu'on observe des amas de différentes métalllcltés . Oans la plupart des types 

de noyaux les résultats de la synthêse c appendice H> montrent que des 

populatlons simllaires à celles des AGRMF comme NGC 6528 domlnent. Ces 

amas globulaires appartenant à la parti e centrale du bulbe de notre Galaxie. ont 

do être formés dans un envlronnement physlquement et chimlquement slmilaire à 

celul d'un noyau typique de galaxle masslve . Les effets de l'évolution dynamique 

des amas. de la relaxation et de la perte possible d'étoiles de fa ible masse par 

des effets de marée. seraient mlnimisés dans notre échantillon. puisqu'on 

observe las amas las plus massifs de notre Galaxie et des Nuages de Magellan . 

Une l imitation dans les données observationnelles vient du falt que nous 

n'avons pu observar das amas d'étolles super- métalllques pour les ages 

intermédiaires et jeunes. En fait les amas observés dans le disque Ga lactique ont 

---------------
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au mleux la métalllclté solalre . Cette lacuna pourralt etre comblée par 

l'observation future d'amas dans les bras internes de la galaxie M31. Dans la 

méthode de synthése que naus proposons. c e défaut est compensé par la création 

d'une grllle ou l'on extrapole les largeurs équlvalentes et la distributlon du contlnu 

aux fortes métalllcltés. Ces proprlétés pourront aussl etre comparées à celles des 

spectres synthétlques d'amas super-métalllques . Pourtant. vers les ages jeunes. 

las effets de métalllclté sont de molns en molns importants. surtout dans les 

domalnes spectraux bleus . 

Le domalne spectral de cette étude couvre le vlslble et l'lnfrarouge proche 

et. malgré cette llmltatlon. de nombreuses lnformatlons ont pu etre dédultes de la 

synthése ( appendice 1-D . Néanmolns la nécessité d'lncorporer le domalne 

ultravlolet est évidente surtout pour l'obtentlon plus préclse des contrlbut lons des 

composantes chaudes. Un premler pas dans ce sons a été réallsé par l'étude de la 

natura du flux ultravlolet des galaxies elllptlques géantes C appendlce I>. 

Tout en étant consclent des llmltatlons posslb les et réelles de la présente 

méthode. nous considérons que las avantages das au nombre rédult de degrés de 

llberté dans I' analyse justlfient son développement et son exploltatlon dans l'étude 

des populatlons stellaires et qu'elle représente un progrés . 

IV - LE MATERIEL D'OBSERVATIONS 

Le matéria! consiste en des observatlons spectrales d'un grand nombre 

d'amas d'étoiles et de galaxies dans le vlsible et l'infrarouge proche Cappendices 

B. E. G>. Le domaine sera prochalnement étendu à l'ultravlolet proche. dans le 

but de connecter l'optique à l'ultravlolet lolntaln dlsponlble dans la blbllothéque 

lU E . Une é tu de préliminalre sur tout I e domalne spectral ultravlolet lolntain. 

---------- - ------
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optlque. lnfrarouge proche . est présentée dans l'appendlce I. 

Les spectres vlslbles ont été obtenus au té lescope de 1 o 52 m de I ' ESO avec 

un détecteur IDS o Les spectres d-ans l'lnfrarouge proche ont été obtenus au 

télescope de 20 2m de I'ESO . avec un détecteur CCD O La résolutlon est de 

- 12ft... En falt . 11 n ' est pas nécessaire de rechercher une résolutlon plus élevée 

à cause de la grande d isperslon de vltesse des étolles dans las noyaux de 

galaxles. 

Las observatlons CCD dans l'lnfrarouge proche sont affectées par le 

probléme das franges d'interférence. J'al développé une nouvelle méthode pour 

leu r éllminatlon. laquelle a donné d 'excell e nts résultats < appendlce G> o 

On présente d ans la figure 1 las crltéres pour le t racé du contl n u pour da s 

populatlons typiques bleue et rouge. La méthode consiste à mesurer las largeurs 

équivalentes W avec das limites de fenêtres fixes dans le systéme de r éférence au 

repos . Les limites de fenêtres sont données dans les appendlces B et G 

respectlvem ent pour le vlslble et l'ln f rarouge- proch eo Das lden t lf icatlons de rales 

et molécu les sont au ssl données. mais en prlnc ipe dans cette m éthod e. 

l ' ldentlflcation préclse d e I' absorbant est secondalre ; l'lmportant est de suivre le 

comportement de I' absorptlon total e mesurée dans ch aq ue fenêtre en fonctlon de 

l'age et de la métallicité . 

Le s obse rva tions vislbles ont porté s ur 63 am as d ' étoll e s e t 164 noyaux de 

galaxies . Ce sont des amas globulaires et o uverts Gal act iques et des am as du 

Grand e t du Petit Nu age de Magellan o Ce la pe rm et de couvr i r un larga domaine 

dans le plan age versus métalllcité <voir figure 1 de l ' append ice B >. Les g a laxies 

recouvrent les types morphologiques E jusqu ' à Se e t on t das magnitudes 

absolues - 23 < M 8 < -16 . 5 <append ice E> o L' échantlllon lnfrarouge-proche 

d'amas et de galaxles est un sous-ensemble de celu l observé dans le vlslble. 

pourtant 11 couvr e la même varlété d'objets o 
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Pour tous les amas . des déterminations d'aga. métalllc lté at rouglssemant 

éta iant disponlblas dans la littératura . 11 a donc été posslble d'étudler les largeurs 

équlvalantas W at la dlstrlbutlon lntrlnséque du contlnu en fonctlon de l'aga et de 

la métalllcité . Las prlnclpaux résultats da catte analysa sont las suivants: C I> 11 y a 

una séparatlon an groupas d'agas dlfférants dans un dlagramma W versus 

métalllclté pour las absorbants métalliquas dans la bleu. comma Call K C vai r 

figure Sa de I' appendlce 8). Cala est da à la présence d'étolles chaudes 

lumlneuses dans las amas jeunes. lasquelles dlluant las rales métalllques ou las 

absorptlons moléculalres dans la bleu. Par contra las dlfférents groupas d ' ages 

ont une tendanca à fusionnar dans les domainas rouge et infrarouge procha. 

com ma c'est la cas pour Call 8542 fl.. C figure 7b dans I' appendlce G) . Dane la 

métalllclté ast I e paramétre domlnant vars les grandes longueurs d'onde. tandis 

que . outra la metalllclté. l'aga ast aussl un paramétra lmportant pour las 

absorbants métalllquas sltués vers las longueurs d'onde courtes. La largeur 

équlvalante W das rales de 8almar en fonctlon de l 'age présente un maxlmum vers 

5 x 108 années. lorsqua les étolles A domlnent la spactre intégré. tandls que la 

pente du contlnu croit fermemant vers les ages jeunes C appendlce 8) . Grace à 

cette analyse 11 a été posslbla de construire puls d'lnterpolar una grille de 

proprlétés spectralas d ' amas d'étolles à das pas convanables en age et en 

métalliclté c appendlces C et G>. 11 a aussi été possible d'extrapoler les propriétés 

spectralas à des amas suparmétalllques à [Z/ZoJ =O . 6 . On soullgna que cetta 

extrapolation est raisonnable du fait que naus avons dans l'échantillon . des amas 

d'étoiles dont le spactra est três samblable à celui des gaiaxies C section 111) . 

La figure 2 montra une séquence de spectres de groupes d'amas 

globulalres de différentes métallicltés . La figure 3 montra une séquence d'ages 

intermédiaires et jeunes pour des amas du d isque Galact ique et du Grand Nuage 

de Magellan. Dans cette derniére figure on voit que pau r certains amas três 
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jeunes l'lnfrarouge proche est domíné par des éto il es rouges o Dans I e cas de 

NGC 2004 <t - 1 O 7 ans> ce sont des supergéantes rouges et dans I e cas de 

NGC 1866 < t - 108 ans> ce sont probablement des étolles C de type M> 

appartenant à la branche asymptotlque des géantes c appendlce G> o 

lnitialement. on désiraít obtenír un type moyen de noyau de galaxies pour 

chaque boite détermlnée pa r le type morphologique versus la classe de 

luminoslté o Pourtant les observatlons ont montré que cela étalt imposslble car 

chaque boite contenalt des spectres atypiques et que ptus particuliérement les 

types morphologiq ues tardifs formaient une classe três hétérogêne de noyaux 

< append ice E> o Alors pour la synthêse naus avons tout d' abord grau pé les 

spectres partageant les mêmes proprlétés dans la limite des barres d'erreurs et 

seulement ensu lte naus avons appllqué d'éventuelles séparatlons selon le type 

morphotoglque ou la classe de tumlnoslté C appendíce H> o Neuf groupes de 

spectres ont été obtenus pour les gataxles E et SO dont 8 so nt montrés dans ta 

figure 4 o Les groupes E 1 à E4 sulvent ta relation lndicateur de metallicl té versus 

magnitude totate <appendice F>. Le groupe E1 posséde des absorptions 

métalliques extremement fortes et contlent des galaxles três massivas. tandis que 

I e groupe E4 renferme des galaxies de falble lumlnoslté lntrlnséque M8 :>: -18 o 

Les groupes plus clairsemés ES à E8. slgnent la présence de composantes plus 

jeunes o par rapport aux groupes de El jusqu ' à E4 o Particuliérement le groupe E? 

avec un excés de flux dans le bteu et la raie Hl3 três intenso en absorptlon. 

contient une importante composante d'age intermédlaire <append ices E et H) o Le 

groupe EB o qui correspond au cas partlculier de NGC 5102. a eu un sursaut de 

formation d'étoiles à t :>: 4 x 108 ans <appendices E. H> o Le groupe E9 est 

spectroscopiquement três similaire à E2 o mais comporte des galaxies moins 

lumineuses o Beaucoup d'entre elles présentent des signes d'arrachage d'étoiles 

par effets de marée lors d'une interaction avec des compagnons plus massifso 
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11 faut corrlger las spectres de noyaux de spirales du rouglssement 

provoqué par l ' lnclinalson de leur disque. Avant d'aborder ce sujet. rappelons 

comment las sources de rougissement sont tra ltées dans la présente méthode. 

Pour las amas naus avons adopté las rouglssements extrinséques indiqués dans la 

littérature ( appendlce 8) . Le rougissement extrinséque pour les galaxies sult la lo! 

en cosec avec tas régions polalres Galactlques non- rougles C appendlce E> . 

Aucune correctlon de rougissement Interne n'a été appllquée aux amas d'étolles. 

Cela est un des prlnclpes de la méthode : le rouglssement sara lmportant pour 

les amas jeunes. encare assoclés à des réglons de formatlon d'étolles. 11 dolt par 

conséquent etre malntenu dans les données. parca que d'éventuelles réglons de 

formatlon d'étolles dans un noyau da galaxle . auront certalnement une 

composante de pousslére semblable. três locallsée et n · affecteront pas 

nécessatrement les populatlons ptus agées envlronnantes. Dane te rouglssement 

dédult dans la synthése. par comparalson du modéle obtenu à partirdes largeurs 

équlvatentes . avec la galaxle observée. correspondra à de la pousslére dlffuse 

dans las bulbes ou las réglons centrales pour tous les types morphologlques. On 

trouve que ce rouglssernent-cl. non assoclé dlrectement aux réglons de formatlon 

d'étolles. est en falt três petlt C EC B-V> ::: O. 04 ) dans toutes las gataxles 

C appendice H> . 

Dans te cas des galaxies spirales. avant la synthése . il a faliu développer 

une méthode pour corrlger tes spectres du rouglssement da á l'lncllnalson du 

disque < appendlce E>. Le présent échantlllon posséde un grand nombre de 

galaxies spirales vues à différents angles d'incllnaison . Dane pour chaque 

galaxie inclinée. nous avons cherché une "référence " ayant ia meme population 

stellaire. parml les spirales vu es de face. Le critére pour décider si la meme 

populatlon stellalre est présente . est que W C rales métalllques> et W C bandas 

moléculaires> solent les memes sur tout te domalne de longueurs d'onde . Cela 

-----------------------
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repose sur las résultats de I' analyse du spectre intégré des amas d'étoiles de 

différents ages et métalllcltés C append lce 8) . Le rouglssement résultant pour les 

galaxles vues par la tranche est typlquement EC B-V) = O. 40 - O. 50 . On volt 

également dans ces objets de grands excés d'absorptlon dans la rale Nal O 

lnterstellalre. qui provlennent de la contrlbutlon du gaz dans I e disque lncllné 

C appenc,llces O et E> . On a aussl conclu que cette Importante contamlnatlon 

lnterstellalre rend la rale Nal O lnutlllsable pour la synthése de populatlons 

stellaires . 

Nous avens obtenu sept types de spectres dans les noyaux de galaxies 

splrales (figure 5). En gros. le groupe Sl correspond au type K et le groupe S7 

au type A dans la classlflcatlon spectrale de galaxles de Humason et ai . . 

< 1956> . Les noyaux rouges . groupes Sl jusqu'à 84. sont três simllalres aux 

groupes rouges E l à E3 . Les proprlétés spectrales de ces groupes S l à S4 sont 

associées à la lumlnosité du bulbo. mais li faut remarquer que S4 le groupe ayant 

les rales métalllques los plus falbles. a encere une métalllclté três forte par rapport 

aux spectres d'amas globulalres pauvres en métaux Cappendlces H et E). Le 

rouglssement interne assoclé aux réglons de formatlon d'étolles est lul-aussl 

détermlné dans cette méthode par les rales d'émlsslon des réglons Hll pour les 

noyaux ayant une telle contrlbutlon . Le groupe S7. aprés décomposltion spectrale 

selon los résultats de la synthése . Indique que EC 8 - V) =O. 35 à partir du rapport 

Ha/Ht3 Cappendlce H>. 

V - L'ALGORITHME DE SYNTHESE ET LES PRINCIPAUX RESULTATS 

On utlllse dans le calcul. les rales métalllques et les bandes moléculaires 

les plus Intensas et ayant un comportement bien modéllsé dans les grllles en 

L_ _____________________________________ , ___ _ 
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fonctlon de l'age et de la métalllclté. pour las amas d'étolles <appendlces B et G> . 

Ce sont Call K 3933 I( CN 4200 P... CH 4300 P.. C banda G> 

Mgl + MgH 5175 fi. et Call 8542. '8662 fi.. Las rales de Balmer sont utlllsées 

seulement quand elles ne sont pas affectées par l'émlsslon . 11 n'est pas 

nécessalre de tester tout la plan age versus métalliclté slmultanément. Un 

argument de l'évolutlon chlmlque Indique que la volume du noyau est assaz petlt 

pour que le gaz solt chlmlquement homogéne au cours du temps. et. par 

conséquent la solutlon décrlt un chemln dans la plan age versus métalllclté. Une 

autre ·contrainte consiste en ce que le contenu en éléments lourds na décrolsse 

pas au cours du temps. dane vers las ages jeunes . 

La méthode consiste à testar un nombre extremement grand de 

comblnalsons de N polnts dans la grllle <amas d'étolles> avec un petlt pas. I e 

long d'un chemln donné < évolutlon chlmlque) . Dans une premlêre phase N = 8 

avec un pas de 10%. et l'algorlthme sélectlonne toutes las solutlons qui 

reprodulsent les W de la galaxle dans la limite das barres d'erreurs. Dans une 

deuxiéme phase on utillse un plus grand nombre d ' amas et un pas de 5% pau r 

explorar !'espace des comblnalsons autour du pults solutlon. déduit dans la 

premlére phase. Typlquement l'on teste 5 chemlns dlfférents dont les 

caractérlstlques sont décrltes dans l'appendlce H. Les méthodes de synthése de 

populat lons dans le passé ont en général utlllsé des procédures de mlnlmlsatlon. 

lesquelles cherchalent une solutlon optlmale . 11 a toujours été difflcile. voire 

lmposslble. d'estlmer runiclté de la solutlon trouvée. à cause du grand nombre 

de paramétres . La présent algorlthme permet d ' obtenlr une estlmation de runlcité 

au moyen du nombre de solutlons obtenues par rapport au nombre de 

combinalsons testées . On obt lent typlquement une famllle extremement dégénér:ée 

de solutlons qui correspond à 1 partle entre 10000 posslbllltés ( appendlce H>. 

Las résultats de la synthése pour les 15 types de spectres de noyaux 

--------------------------------
-------------------------
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reconnus sont présentés dans l'appendlce H . La méthode permet donc de datar 

las génératlons successlves d'étolles. d ' ldentlfler et de dater d'éventuels sursauts 

de formatlon d'étolles. alnsl que de -détermlner l'enrlchlssement en métaux . La 

méthode est plus qu'une slmple synthése de populatlons. permettant pour la 

premlére fols. une estlmatlon dlrecte de i'évolutlon chlmlque dans ces noyaux. 

Soullgnons que les calculs de synthése utillsent une grllle couvrant tout 

l'espace nécessalre das proprlétés spectrales das amas d'étoiles en fonctlon de 

l'age et de la métalllclté. lnterpolées à das pas convenables. Elle contlent aussl 

une extrapolatlon ralsonnable de ces proprlétés jusqu'à [ZIZo) = +O. 6. Las 

décomposltlons spectrales présentées dans I' appendlce H sont. par centre. une 

slmple vlsuallsatlon de ces résultats. utlllsant les spectres d' amas las plus 

proches posslbles das résultats calculés. Dans cet art lcle on a créé emplrlquement 

le spec tre lntégré d'un amas globulalre supermétalllque à (Z/ZoJ = +0. 6. à 

partir das résultats de la synthése et de la décomposltlon spectrale das galaxles las 

plus métalllques. 11 seralt extrêment lntéressant de comparar ce spectre prédit 

avec des spectres synthétlques . 

Pour les groupes E/SO qui sulvent la relatlon métalllclté versus lumlnosité. 

la dernlére génératlon d'étolles a attelnt une métalllclté d'un facteur 4 supérleure à 

l'abondance solalre pour les galaxles ayant Mg = -22. et d'un facteur O. 5 à O. 3 

pour Mg = -18. La majeure partle de la populatlon est plus agée que 10 mllllards 

d'années. mais ces galaxles ont formé des étolles jusqu'à 5 mllllards d'années . 

Une dlsperslon de métalllclté est détectée dans I e noyau : 10% du flux optlque 

dans las galaxles E et SO massivas provient de populatlons sous-abondantes en 

métaux par rapport au solell. Pour las groupes E et SO plus bleus. quelques 

composantes d'àge plus jeune sont lsolées et datées. Las groupes de sptrales 

avec un spectre rouge formant une séquence de métalllclté dépendante de la 

lumlnoslté du bulbe. couvrent das métalllcltés jusqu'à 4 fols solalre. Flnalement. 
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las groupes de noyaux de splrales plus b leus possédent das composantes d'ages 

jeunes superposées à la vielle population . laquelle a attelnt au molns la métalllclté 

solalre. La méthode permet de détermlner l 'i mportance d'un sursau t de fo rmatlon 

d'étolle : pour le groupe le plus bleu . ayant NGC 5236 comme prQtotype. la 

populatlon plus jeune que 3 x 1 o8 ans contribue à 87% du flux à 4000 fi. et 57% 

à 9000 fi. . 

VI - AUTRES ETUDES REAUSEES 

Une analyse préllmlnaire utlllsant ensemble las domalnes ultraviolet. 

vlslble, et lnfrarouge proche. est présentée dans l 'appendlce I. On étudle la 

natura de l'excés ultravlolet dans las galaxles elllptlques massivas en supposant 

qu ' ll trouve son origine solt dans une formatlon récente d'étolles so lt dans une 

populatlon pauvre en métaux mélangée au noyau. On montra qu'un amas d 'age 

1 o7 ans explique blen l'excés sans affecter notablement le reste du domaine 

optique tandis qu'un amas globulaire pauvre en métaux ne !'explique pas. 

L'importance de cette analyse est de montrer las contralntes apportées par la 

fréquence d'apparltlon de types partlcullers d'étolles par rapport aux populatlons 

assoclées . Alnsl les éto l les de la branche horlzontale bleue ont été habltuellement 

cons ldérées com me un groupe stella lre libra, e n plus des groupes qu i sont 

métall iques . dan s les synthése de populatlons. Par conséquent das contrlbutlons 

assaz arb it ra ires ont é té permises. Leur con tr ibution est. a n fa it. l iée à calla das 

géantes pauvres an métaux at seu l la spact re intégré d'amas d'étoil es peut en 

indiquer las proportions correctas . 

Dans i'appendica A est présantéa une étude photométriqua das amas des 

Nuages de Magella n . Le fait d ' avolr utillsé des bandas étro ites avec las mesuras 

.~======--~=======~===========---~---------
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directes d'une rale de Balmer et d'une absorption métallique a permls de séparer 

las effets d'age et de métalllclté. Ceci constitue un grand p rogrés par rapport aux 

photométr les antérleures à bandas plus largas dans lesquelles les rales ne sont 

pas résolues. Cette conclusion est aussl va lable pour la synthése de populations 

basée sur des mesuras de rales qui a été la sujet central de cette thése. En effet la 

sim ilitude des effets d'age et de métalllclté lo rsqu'on utlllse des couleurs obtenues 

à partir de bandas largas et las dlfficultés que cela a engendré lors de synthéses 

de populatlons basées seulement sur cette lnformatlon ( volr dlscuss ion dans 

O'Connell. 1986> sont blen connus. 11 s' aglssa lt d'éviter ces écuells . 

VIl - POURSUITE DE CE TRAVAIL ET PROSPECTIVE 

a> Das galaxles référence non affectées par l'émlsslon. alns l que las 

spectres d'amas d'étolles comblnés selon les proportlons lndlquées par la 

• synthése das noyaux de galaxles ( append lce H> sont utlllsés pau r Isolar la 

composante en ém lsslon das noyaux de galaxles. Cette étude actuellement en 

cours portara dane sur la probléme das LINERS ( Keel. 1983) et de leu r 

mécanlsme d'lonlsation. 

b) Nous sommes en train d'étudler les spectres ln tégrés d ' amas d'étolles 

ainsi que le spectre de noyaux de ga laxies . dans l'infrarouge proche en fonction 

de spectres individueis d'éto i les . Cette analyse porte sur las indicateurs de 
' 

gravité . température et métallicité dans ce domaine spectral (Jonas et ai. 1984>. 

c> Naus étendons notre méthode au domalne ultraviolet avec la 

bibliothéque d' ILJE ainsi que des nouvelles observatlons dans l'ultraviolet proche 

obtenues avec des eco GEC pour falre la c on nectlon ultravlolet-optlque . Cette 

extenslon est importante par les cont raintes qu'elle apportera dans la 
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déterminatlon préclse de la contrlbution das composantes chaudes aux spectres 

intégrés das noyaux de galaxies < appendice I> . 

d) li serait lmportant d'obtenir de nouvelles observatlons d' amas d'étoiles 

surtout pour las ages intermédla lres et ]eunes pour afflner la grllle de proprlétés 

.. spectrales en fonctlon de l'age et de la métall lclté . Las amas de M31 . M33 et un 

plus grand nombre de ceux das Nuages de Magellan et du disque Galactlque 

seront étudlés. 

e> La synthése das amas de la présente blbllothéque. en termas d'étoiles 

lndlvldt..Íelles. réelles ou synthétlques seralt également d'une grande lmportance . 

O La présente méthode sara certalnement un outi l important dans l'étude 

das galaxies distantes . Pour l'instant. naus envisageons son applicatlon aux 

galaxie s à redshlf t lntermédialre < dans I e sens ou I' on a ancore accés au type 

morphologique de l'objet>. Ou polnt de vue de l'évolutlon chimlque. un volume 

plus grand ser a alors inclus dans ia tente du spectrographe. et las galaxles E et 

SO pourront être dl rectement comparées à das modéles d'évolutl on chlmlque 

globaux pour las sphéroides . Pour las spirales 11 sara intéressant d 'explorer l'effet 

de la contr lbution das disques. Soulignons que dans ce dernler cas. la solution 

de la synthése na décrlra pas nécessalrement un chemln dans la plan age versus 

CZIZo J. Pour las galaxles à redshlft lnterméd lalre li sara aussl posslble de 

comparar dlrectement le spectre lntégré des g a laxles splrales avec ceux de 

galax les en lnteractlon ou avec des sursauts de formatlon stellalre ce qui est 

fondamental pour comprendre ces objets plus dlstants pour lesquels naus 

n'avons pas accés à la morpholog le. Dans notre échan tlllon de galaxies proches 

il y a plusleurs noyaux avec sursauts de formation d ' éto iles. 

Un autre probléme lntéressant qui peut être étud lé avec les galaxles à 

redshlft tntermédlalre est l ' effet de l'lncllnalson des disques das galaxi es spirales 

sur I e spectre lntégré total . Nos études précédentes < appendices O et E) ont 
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montré de grands effets de rouglssement et de contamination par les rales 

interstellalres dans le spectre nuclêalre des splrales. dus aux disques lncllnés . 

Dans I' attente de nouvelles observatlons on fera plusleurs modéllsatlons 

de galaxies distantes avec la blbliothéque d ' amas et de galaxies : (I> en suivant 

des modéles d'évolutlon chlmlque. l'effet de la contrlbutlon dos réglons 

extranucléalres pauvres en métaux peut etre slmulé avec das spectres de noyaux 

de galaxies E et d'amas globulalres pauvres en métaux ; (li) das sursauts de 

formatlon d'étolles jeunes et d 'ages lntermédlalres peuvent etre emplrlquement 

somrríés avec dlfférentes intensltés par rapport à la populatlon vlellle . ( 111) la 

présente méthode Incorpore lmpllcltement plusleurs prlnclpes de la synthése 

évolutlve. parca que las amas présentent une IMF et une évolutlon stellaire en 

accord avec la Natura. Alors las spectres lntégrés d'amas peuvent également etre 

comblnés selon dlfférents scénarlos de l'évolutlon du taux de formatlon d'étoiles 

dans une galaxle. Ces modéles pourront etre comparés avec le spectre lntégré de 

galaxles distantes. Un avantage supplémentalre de cette méthode par rapport à la 

plupart das synthéses évolutlves dans la passé tlent en ce que las effets de 

métalliclté peuvent etre facllement lnclus. Ces modéles pourront aider à mleux 

comprendre par exemple la natura das spectres das objets E + A ( Dressler. 

1986> . tout en év ttant beaucoup d'hypothéses slmpllftcatrtces ou l'utlllsatlon de 

paramétres mal connus com me cela est de régle dans d' autres techniques de 

synthése. 
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figure 1 Tracé das continus dans le cas d'u n noyau rouge et d'un noyau bleu . 

Figure 2 

figure 3 

o 
f~ normalisé à F(5870 A> = 10. 

Séquence d 'a mas globuiaires en fonction de la metailicité ( lndlquée à 
o 

drolte). F" normaiisé à f(5870 A) = 10 . 

Séquence d'amas ouverts en fonction de l'age Cindiqué é drolte>. F" . 
o 

normalisé à F<5870 A) = 10 . 

o 
Figure 4 Groupes das gal axies elliptiques . F~ normallsé à FC5870 A> = 10. 

o 
Figure 5 Groupes des galaxles spirales . F~ normai isé à F ( 5870 A> = 1 o. 
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Summary. Wc prescnl na rrow ban d intcgrated photomctry o f lhe 
ll f! and G band abso rptio n featurcs for 4 1 LMC and IO S MC red 
star clus tcrs. An age-mcta llicity calibratio n is proviclcd fo r th e 
co lor-color diagram. We de ri ve SWB typcs betwcen IV and VIl 
for ~3 uncla ss ilicd cl ustcrs a nd di scuss their distr ibution in th e 
age vs mct a lli cit y pl ane. Wc stud y the chcm ica l evo luti on of th e 
Magc llanic Clouds (M C): thc .LMC prcscnts a steeper chemi cal 
en richmcnt slopc. An intrinsic mctallicit y dispcrsion is fo und in 
lhe LM C chemica l evo lu tion, indica ting that the gas has been 
inhomogeneous a t a ny time, prcvail ing a local enrichment over 
a globa l o ne . O ne zo ne models clcscribe the evo lut ion of bo th 
Clo uds, bcing the cfficiency of s ta r cl us ter formati on la rger in 
the LMC. The LMC prese nts a burst of star clus ter formation 
a t r = 4.5 I o~ yr. We a lso prcsent new 11 - V da ta for fa inter 
SMC clustcrs, pro viding a n csscntially co mplete co lor his togram 
for clu stc rs wi th gloh ula r el ustcr appcarance. 

Key words: M age ll a nic elo uds - red star clus ters - age- mctallicity 
rcl a ti ons hip 

I. lntroduction 

The study of the cvo lu tion o f sta r clus ters th ro ug·h their inte­
gra tcd light is no l simplc owing to thc difllcul ty of isolating 
sp.:c tral fca turcs sc ns iti vc <::it hcr to age or mct a llicity. A two 
dimensio na l classificatio n scheme for thé M C clustcrs was pro­
vid cd by Searlc, Wi lk inso n ancll3agn uolo, 1980 (S W I3 ) based o n 
int egrated pho tomctry in the G unn -Thuan system. Habi n (1982) 
compa reci mcasurcment s o f cquiva lcn t wid th s ( W) o f lla lmer !ines 
anct meta ll ic fea tures with syn the ti e speet ra in ordcr to es tima te 
ages and mctal licities. Scarlc (1984) showcd that thc SWB typcs 
IV to VIl ddinc a n.: la tÍ (1 nship in Rabin's d iagram and provided 
a th co rc tical agc-mc tallicity grid . 

The ODO G ba nd color ind ex C(42- 45) is high ly w rre­
latcd wi th 111C la li icity in th c in tcgra tcd light OJ' oJd S(a r cluS(CrS 
(M c- Ciur.: and Va n dcn Bcrgh, 196!::: Bi ca and J> as toriza , 1983: 
Do tto ri ct a i. , I 9XJ). 

Se11<J oj}prilll reques/ s lo: E. Bica 

* Partly baseei on obscrvatio ns eo llccted at thc Europcan 
Sout hern Obse rva tary, La Si ll a 

* * Fe ll owshi p from thc Brazi li an lns ti tuti n n CN Pq 
* * * Hum bold t Fo und ation Fell ow 

In thi s paper, wc prese nt na rrow hand photometry, earri ed 
ou t with li lters 42 and 45 of thc DDO Sys tem, as well as a na rro w 
Hfl (FWHM = 27 Á) liltcr, for rcd clusters in the MC. This 
approach presents the advantagc o f pho to met ric prccisio n ovcr 
thc Sp\.:C lropha tomet ric equ ivalcnt wid ths, as wcll as rcsoluti on 
o f spcctral fcaturcs with rcspcct to the SWB's photomctry. 

Wc prcsent the observa tions in Sect. 2. We derive an age­
mctalli eity ca lib rat ion o f thc reddcnin g corrected C(42- 45)

0 
vs 

C(45 - H{J)0 diagram and est imate SWB types for el usters not ob­
served p reviously, as well as discuss thc SW B's class ificatio n as a 
function of age and metallicity in Sect. 3. Thc chemical cvolution 
of each Cloud is discusscd in Sec t. 4. Supplemen tary 8 and V 
obscrva ti ons fo r SMC fain t clusters and eoncluding rema rk s of 
this papc r are given in Sects. 5 a nd 6 rcspcctivcly. 

2. Obscrvation 

lnt egrated light photometry of 41 LM C a nd 10 SMC red clusters, 
as wc ll as o f 6 Galactic globular clusters, were carried o ut in 
January a nd Novcmhcr 1984 a t th c lm ESO Cassegrai n tele­
sco pc. Thc ohservations werc madc th rough the DOO 42 and 
45 liltcrs. mcas uri ng thc G band a nd con tinuum rcspceti vcly 
(MeCiurc and Va n dcn Bergh, 1968) and th rough a nar row H{J 
(FWHI = 27 Á) int crfcrcnec li lter. Thc in tcgration time in each 
fi !ter was such as to pro vi de I% in clus tcr plus sky co unt sta n­
dard dcvia tio n, us in g a 2 s intcgra tion base; a sky int eg ra tion was 
sto pped when the prceis ion le ve i achievcd 1% with rcspec t to the 
elu ster plus sky co unt. This combined precision level led to mea n 
co lar crrors E(42 - 45) = 0.0 18 and €(45 - 1-1 /l) = 0.020 as well as 
E(m45) = 0.025, for repeated measurements. For each cl us tcr a t 
least two sky arcas at opposite position anglcs wcre obscrvcd; fo r 
cl ustcrs in crowdcd ficld s, severa! pos iti o n anglcs wcre sam pled. 
Eac h ni ght 2 s tars were mo nito red for ext inction co rrect ions a nd 
a set of 12 stan dard stars (includ ing DDO's) was observed . Fo r 
the eolor C(45 - H/I) we dcfined th e standard va lues wh ic h are;: 
listcd in Talllc I, togc thcr with DDO m4 5 and C(42 45) va lucs. 
In ordcr to cva luatc the errors in th e sta nd ard sys tcm trans­
forma tion , 15/;; of thc objt:cl sa mplc was obscrved on diiTcn.: nt 
niglll s, n::sulting in E(m45) = E(42 - 45) = E(45- H/f) = 0.007. Wc 
havc listcd lhe rcs ul ts in Ta blc 2: ( I) mune; (2) d iaphragm sizc 
in arcscc; (J) m4 5; (4) C(42 --45) and (5) C(45 - H/I). 

3. Thc agc-mctallicity calibration 

T hc calor indexes C(42 - 45) and C(45 - H/f) have been co rreeted 
for rcddcning using thc rel atio ns E(42- 45) = 0.23 E(IJ - V) 
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Tu ble 1 
!li.Anr1ard Sta r m45 C(42-45) C( 45-ll6l 

-----

llll \ ()(i 7 .J1 25 o. 753 0.648 

11 1) 11965 0. 0"19 0 . 329 o. Ol\l 

HO 6734 7 . 8 7 6 0.785 o. 723 

fiO 6833 8.150 • I .302 • 0 . 9G6 

HO 6949 7 .831 0.937 0.803 

110 13936 7 . 327 0.262 0 .1"16 

HD 2 1 197 ~. 41\1 l .264 0 . "166 

11 0 4661 6 6. 309 o . ~!)'/ 0.607 

tiO 51219 O. ?Od O. ?oc, 0.627 

110 52533 6 .1173 0 . 275 0. 393 

1\0 2241 55 7 . 555 0 . 28B -0.001 

AG 5 10 1 1. 084 0. 11 22 o. 376 

AG 513 10 .463 0.920 0.800 

• Volues dcrivet1 fr o m the pJ·co cnt pho tomct 1~y. Th1..: 000 
or la,l nol v uluc s nro.J 8 .1176 nnd O .H1 2 rc9pectivcl y 
(1-\t.: Clure, 19 76) . Van oble u t 01· '! 

and E(45 - l-l (l) = E(45 - 48) = O.JIE(B - V)(McClure, 1979). Wc 
ad nrteJ L(IJ ·- I ' ) = 0.06 and 1-:(/J -· V) = 0.03 n:srcctively for 
thc LMC and thc SMC (Mould and Aaronso n, 1980). Fo r thc 
Ga lactic globular clus tcrs wc uscd E( IJ -- V) from Bica and 
Pas toriza ( 19~3). In Fig.. la wc rrcsc nt thc rcddcning correctcd 
diagram C(42-45)0 vs C(45 - 1 1/1)0 : the Galactic g!obu!ar d ustcrs 
show a linea r re lationship in thi s diagram. This heh aviour is like­
wisc obscrvcd fo r the W o f Balmer lincs vs W o f mc tallic fca tures 
(Rahin , 19li2) anJ for thc W of mctallic f<:at urcs as a fun ction of 
mctallicity (Bica and Alloin, 1985). Thc globu lar clustcr scqucnce 
cssentiall y reprcscnts an isochronc fo r 1.65 10 10 yr (Va ndcnbcrg, 
19t:D; Jancs and Demarque, 198:1). T hc MC cl ustcrs define a sc­
quence simi lar to SWB's, as it can be seen in Fig. I b, where we 
show thc d istribution ofSWH tyres in thc color-co lo r diagram of 
the prescnt photometry, for the 27 clustcrs in common between 
the two samples. A comparison o f Figs. I a and I b allows the 
determination of SWB tyrcs for the 23 rcmaining unclassified 
cl ustcrs. Thc narrow band photomctry providcd a largcr dynam ­
ical range which allowed a sharpcr separation of SWB typcs. 
Part icu lar ly, it has becn poss ibl c to rcrtssign types in some doubt­
ful cases. The SWB types are lis tcd in column 6 of Table 2. 

The age-metallici ty cal ibration ofthe C(42-45)0 vs C(45 - l-I {J)0 

diagram consists of a grid wh ich was built according to the fol­

!mving criteria: 
a) Thc metallicity along thc Galact ic globular cluster iso­

chrone was Jcrivcd fr om 13ica and Pastoriza, 19SJ. 
(b) In arder to cons tra in thc grid a t thc lower age limit, wc 

havc uscd thc bluc-rcd transition object NGC 1868 a wcll as 
NGC 22ll9 (Van dcn Bcrgh, 1981; Hodgc, 19):;2). 

e) Finally, we took into account the distribution of clusters 
having age or metallicity determination through individual stars 
(Hodgc, I 9113; Mould and Aaronson, 1982; Cowley and Hartwick, 

19H2, Cohen, 1982). 
The rcs ulting grid is shown in Fig. 1. We derive new and 

homogcncous age and mctallici ty cstima tes for the whole cluster 

samplc (Table 2). 
The loci of SWB types VI and VII (Fig. Ib) with respect to 

the grid ind icate th at the type VI clusters are some billion yr 
'younger than thc Galactic globulars and rresent only intermc­
diatc metalli cities. On thc contrary, type VII cl usters are, in 
ge neral, indistinguishablc from me tal poor Ga lactic globu lar 
clustcrs. l t is also poss iblc th at some type VIl cl usters present 
youn ger ages than Ga lactic Globula rs. Thus they should bc the 
metal poor counterparts o f tyrc VI. Two examples a re NGC 221 O 
and 1466, which present partially blue horizontal branches (H B), 

a 

o L MC 

• SM C 
+ Go lac tic glo bular 

! Go \o ct rc d1sk 

L 

• 

7 10-16 

-0.5 

5 

C (L5 - H Jl )0 

O./. - - ·----''-----L-·-- -;c'-::;----c:-'-=----'=" 
0.3 O.L 05 0.6 0.7 08 

\/ !/ 

L 

0 L 

c) T he definition of intermcdiate isochroncs was made 
through thc distribu tion of SWB typcs in thc plane, loget hcr 
with thcir age calibra tion (Hodgc. I '))0 ). 

d) As a constrain t for thc metal rich locus a t t ~ 109 yr, wc 
have uscd spectrophotomctric observa tions or thc Galactic disk 
clusters NGC 2 I 58 and NGC 2660 (Bica and Alloin. 1985). We 
havc dcr ived two equa ti ons, respcctively for H/J and G band, 
rel ating the spectrophotomctric W and the redclcning corrected 
calor indexes, using the li clusters in common in both samples. 

b 0.3 O.L 05 0.6 07 08 

Fig. I. a The cluster distribution in the redden ing corrected color-color 
plane. Numhers along vertical and horizontal ti nes are respcctivd y ages 
in units !09 yr and metallicitics. b Numbers are SWD types, An asterisk 
denotes transition types as gi ven by SWB (e.g. s• means type V- VI ). 

The grid is accord in g to a. 
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Tablc 2 

Ob jec t. 

SMC 

K3 

K5 

NGC !:"!1 

NCC 152 

NGC 13~ 

NGC 361 • • 

Nr.C 411 

NGC ·116 

• NGC 1119 

Nt;c 643 

I.MC 

Jlr.C 1644 

NGC 16'>1 

NGC i65? 

NGê 1718 

NGC 1'1'1\ 

Nr:c 1777 

NGC 1763 

NCC 17A6 • • 

NGC 1795 

NGC 1806 

NCC 18:3'", 

NCC 18111 

NCC 10o1 ô 

NGC 1652 

tlGC 1866 

NGC 189C 

IIGC 1916 

,;J. 363 

NCC 1'117 

ru:c l'I'IH 

N (~C lCJlH 

SL ';,06 

NGC 200~ 

NCC 2019 

! C ?1 46 

NGC 2108 

NCC ?121 

IlCC 2 154 

NCC 2155 

Nc;c ~162 

NGC :"I'/ J 

NGC ~~ '"~1 

NGC 2:>03 

NCC 2?09 

Nr.c 2210 

NGC :'?D 

~1. €68 

CGC 

NCC 1011 

NGC 362 

ru;c 1.'61 

Il CC IB~J 

NGC 7018 

U lnph(") 

61 

61 

51 

6 1 

61 

61 

til 

61 

61 

61 

61 

61 

6 1 

,,, 
1 1 

61 

43 

61 

61 

6 1 

61 

61 

61 

f>l 

61 

61 

43 

6 1 

f. I 

61 

6 1 

61 

Gl 

l>l 

61 

61 

6 1 

43 

GJ 

h1 

61 

6 1 

6 1 

Gl 

51 

61 

6 1 

61 

13 . 500 

1 a. 73'/ 

12 . 71JA 

111 . 1150 

11\ . 3~0 

13. 950 

13.616 

12 . 863 

li. ~9J 

14. 538 

14.371 

14 .079 

14.813 

I 3. 739 

1 J . fi \ :1 

I J. ;II J 

12.268 

14.168 

1:? . 699 

11 . 7U5 

111.027 

12. 0 13 

13.1\9 .11 

12 .309 

1:1 . 240 

11.994 

13 . ~> 70 

13 . ~69 

12.100 

l 3. JtJ7 

l.tl, 932 

12.6H5 

12 . 409 

14.615 

13 .605 

13.80·1 

14.102 

14,01)1 

IJ l!lll 

l11.GI11 

13 . 51! 

14.462 

12 .5<;7 

13.U63 

12 . !.>~/ 

lO . JOG 

14 033 

7.060 

9.11~)!) 
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as wcll as RR Lyrae stars (1-lodge, 1984). Th is s uggests that , for 
metal poor clusters, RR Lyrae and blue HB stars may a rise a t 
younger ages than in classica l globu lars. 

Along with NGC 1466 a nd 22 10, the typc VIl clus tcrs NGC 
121, 1786, 1835, 1841 and 2257 contain RR Lyra stars, but none 
h as becn detected in the surveys o f NGC 339, 2019 and SL !l6!l 
(Graham and Nemec, 1984). As well , no RR lyrae have been 
found in type VI (e.g. NGC 4 16, 1978 and 2 155). Our results 
indica te tha t the LMC clusters NGC 171 8, 1754, 1898, 19 16,2005 
and !C 2 146, as well as K 3 in the SMC, a re worth heing s urveyed 
fo r R R Lyra e . 

4. The chemical evolution 

We show in Figs. 2a and 2b thc chemica l evolut io n of lhe LMC 
and SMC respcctivcly. We includcd in the figures the rcs ults fo r 
rc la tive oxygen abundances for H 11 regions (Pagcl ct ai. , 197!! and 
references therein) as well as metal abu ndan ces for LM C blue 

clus ters (10
7 

<ages< 5 108 yr), a s derivcd from spectra o f indi -

·r----.----,-~-

-0.5 

t -1 .0 

- 1.5 

8 10 

B 10 

Fig. 2a and b The chem ica l evolution ofthe L M C an d SM C rcspccti vcly. 
For da rity some error ba rs wcrc omi tt cd. Squarc,; a re H11 rcgions and 
crosscs are blue sta r dustc rs 

vidual s tars (Cohen, 1982). A de (Jnite chemica l enrichment occurs 
in bo th objects. For the LMC the sca tter appears to be int r insic, 
thercfore sugges ting that lhe gas has been inhomogeneous a t any 
time. This res ult supports a local rat her than global enrichment 
in the inters te llar gas. On the contrary, in the SMC, there is a 
mo re ho mogenco us chemica1 en richment. A sca tter in the LMC 
metalli citics is also vis iblc in the LMC H 11 regi ons + bl ue clus­
ters set. On the o ther ha nd the homogeneity of the chemical 
enric hm en t for the SMC o lder clusters is al so prcsent in the SMC 
H 11 regi o n da ta se t. We emp hasize that al though the SMC sta r 
cl ustcr sa mple amounts to 25% of that of the LM C, it is abou t 
comple te fo r popul o us clustcrs. 

Linea r rcgrcss ions y icld for thc chcmical enrichmcn t of thc 
Clouds (I in I 09 yr units): 

[Z/2 0 ] = -0. 123t - 0.52 
[Z/ 2 0 ] = - 0.060t - 0.85 

fo r thc LMC a nd SMC respecti ve ly. 

A s tcepcr s lo pc is found fo r thc LMC, b u t it is ra thc r ill-defined 
within the intrin sic dispersio n. 

The rn ea n meta l contcn t fo r t ~ 10 10 yr is essentially the 
sam~.: wi thin the crro r bars and intrin sic metallicity sca tter . 1-! o w­
cvcr, il is s triking tha t thc lo wcst mctallici ty in the SMC is 
[Z/Z0 J = - 1.5. 

The frequency distributi on o f ages for the LMC a nd SMC 
clus tc rs are shown in Fig. 3. The LMC his togra rn p rcsents two 
wcll -d efined maxima, thc o nc a t 4.5 109 yr corresponding to a 
b urst of s tar fo rmation. The peak in the dist ribution tail res ults 
from thc impossibility of separating ages for t > 10 10 yr. Thc 
rcd is tribution of this accumu la tcd pcak , following the general 
trend of the histogram, suggcsts a p ri mo rdi al clus tcr form a tion 
in the LMC a t 1 :<:; 14 ± 2 109 yr. This cumulative e fTect in the 
ta il o f thc dis tri bution is a lso visible in the SMC histogram. 

W e show th e meta ll icity his togra ms fo r the LM C and SM C 
in Fig. 4. Alth ough the L MC rnetallicity spread at a givcn time 
cannot bc describcd by a s implc chemical evolutio n model which 

Fig. 3 Age hi s t ogr~ms 
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Fig. 4. Metallicity histograms 

assumes a homogeneous metal content fo r the gas as a functi on 
of time, we have compared the LMC meta llicity histogram with 
onc-zone models (1-lartwick, 1976). This is justified by considcr­
ing that the gas local ad vanccs or delays with rcspect to the 
mean metal enrichment are implicitly takcn into account in the 
Z histogram. As can be seen i"n Fig. 5, a modcl with C= lO (thc 
ra ti o of the mass ejcction ratc from star fo rming rcgions to the 
star formati on rate) describcs thc star cluster formation in the 
LMC. This va lue confirms thc result dcrivcd from a smallcr 
sample in a prcvious paper (Dott ori et ai., 1983) and it is a factor 
5 smaller th an that deri ved for the LMC, frorn a sample of clustcrs 
with cl ass ica l globular properties (Hartwick and Cowley, 1980). 
lt is irnport a nt to notice that th e one-zone modcl describes quite 
well th e chemica l evolution of the LM C, but no t that of the 
Galactic halo including meta l rich globulars (Dica and Pastoriza, 
1983). Wc also compare in Fig. 5 the SMC data with thc one-zone 

1 .0 s;s, 

o 

0 .5 

o LMC 
• SMC 

• 

0.0 

z;z , 
0.0 0.5 1. o 

FiJ:. S. S is thc cumulati vc num hcr uf stars horn tu thc nlctallicity Z. 
Thc suhsc ri pt I denotes thc prcscn t statc of cach Cloutl . Lincs are onc­
zone models with upper and lowcr {Z/ 2 0 ) limits ( - 0.3, - 2.0) and 
( - 0.9, - 1.6) for thc LMC and SMC rcspcctivcly. Circlcs and sq uares 
are thc cumula ted mctallicity hi stograms rcspcc ti vcly for thc LMC and 
the SMC 

model. The best fit is obtained for C= 18. Owing to the scanti­
ness of clusters, the metallicit y limits to be uscd in the modcl 
are no t well -delined . Howevcr difTerent upper limits ( -0.7 :?. 
(Z/Z0 ~ - 0.9) and lower limits ( - 1.5 :?. [Z/2 0 ) ~ - 2.0) do not 
change much the value of C obtained for the bes t lit. Thus, the 
one-zone model a lso describes the star cluster formation in the 
SMC. The smaller value of C found fo r the LMC irnplies that 
star fo rma tion processes a re more eflicicnt in the LMC than in 
the SM C. 

S. The B - V photometry of SMC clusters 

In vicw of stud yi ng the chemical cvolution of the SMC through 
a larger sample of old star clustc rs, wc di scuss in this scction thc 
completeness of the present SMC red star cluster sample. Van 
den Dergh (1981) compiled and ana lyzed the UBV integrated 
photometry of the Magellanic Cloud clusters, being hi s SMC 
samplc esse nti all y complete to V "" 13. In this section wc ex tend 
thc photometry to V ~ 15. T he observations were ca rried ou t in 
1982 at lhe Casscgrain focus o f lhe 1.6 m telesco pc in It ajuba, 
Brazil. We obscrvcd 2 slars cach night at difTercnt a irmasscs for 
cxtinction corrcctions and abou t 12 stand ard UBV stars from 
Landolt ( 197 3) for the system fransforrn ation. The sky back ­
gro und was sampled at difTerent posi ti on angles a round the clus­
ter, particularly for crowded lields. We list in Table 3 the na me, 
diaphragm size, total number o f 60s integrations on lhe object, 
number of ni ghts and the V and 8 - V mcas urements wilh their 
respccti vc erro rs. T he table contains 27 ncw clusters with respect 
to Van den Bcrgh 's li st. The 13 clustcrs in common show a good 
agrecment between the two data sets (Fig. 6) with rms = 0.03 fo r 
B - V difTerences. Fo ll owin g Van cten Bergh, we have bu ilt th e 
int egra ted magnitude-color di agram: in our o hse rva tio ns we ex­
cludcd clusters associated with emiss ion , so no ncw poin ts a re 
sccn for (B - V) < 0. 1. Thus our obscrva tions covcr the plane 
for ages> I 07 yr a nd 13 < V < 15. From the B - V histogram 
(Fig. 7), thc nc w sample of bluc clustcrs (not associated with 
emiss ion) arno unts to 40% of the prcvious onc, 43% in lhe case 
of the ncw red sta r clusters samplc (B - V > 0.6) and 300% fo r 
the blue-red tra nsition objec ts (0.4 < (8- V)< 0.6). This con­
firms Van dcn Bergh's prediction th at many intermediate colo r 
clusters would fade below his survey limit, as a res ult of the 
evo lution and subseq uent disa ppcarance of the brightest clustcr 
stars. Also th e tot al number o f objects in this class is intrinsicall y 
smallcr than in lhe blue or red classes. This is obv iously due 
to lhe fac! th at lhe intermedia tc color interva l with respect to 
the red class co rres ponds to a rapid phase in the clus ter co lo r 
evolution, not exceeding 109 yr. Also unbounded blue clusters 
will havc disintegratcd before reachi ng the intermediate ages . 

The present pho tomctry mak es essentially complete the 
B - V color classification of clusters with globular clustcr 
appearance in thc SMC. Since the G Da nd-Hfl photometry for 
metallicit y and age detcrmina tions is va lid for (B - V) > 0.4, we 
concludc tha t thc SMC clusters uscd for thc chemical evo lution 
study in Scct. 4 is onc third complete and that the sarn plc is 50~.{. 
complete for clusters with (B - V) > 0.6. 

6. Concluding remarks 

a) The rho tometric sys tcm composed of DDO filters 42 ·and 45 
and a narrow 1-l fl filt er, allows the de tcrmin ati on of age and 
meta ll icity through the in tegrated li ght of red clustcrs. 



• 

I . 

' ... 

266 

Table 3 

LI 

K5, L7 

K3, LO 

K6, L9 

NCC 121 , Ké? , LlO 

K7, I.\ 1 

~GC 1~2. K10 , LIS 

Kl !l , L.!l 

K?1 , L 'I 

L2B 

K?7 , 1.36 

L4l 

L 52 

• K37, l.~l'\ 

• NGC 339, K36, Lo9 

K4 3 , L64 

L65 

KM, L60 

K4 5 , L69 

IC16<6, K53 , L77 

LRO 

K~S . L61 

NC.C. 4 11, L60, L8 2 

NGC 41 6, L59 , L8 3 

NGC 1119, K ~H, l.BS 

KS'/ I L06 

K6 l 

K6 3 , L88 

L9l 

!Cl662 , L92 

L95 

K6H , 1.98 

LlOO 

LI O? 

Ll 08 

Ll09 

L li O 

NGC 643 , L li 1 

Ll13 

LI 16 

Dluph (") 

50 

44 

50 

50 

50 

50 

20 

20 

50 

50 

50 

44 

50 

60 

44 

•• 

•• 

•• 
•• 
50 

9 

7 

A 

9 

3 

3 

9 

8 

8 

6 

6 

7 

9 

14 

2 

3 

V D-V 

13. 39' . 03 0 . 7 4 . 08 

13. 5 1 ' . 09 0.62 . 02 

12 .23' . 1'1 0 . 72 .01 

14.11 5 ! . 06 0 . 63 .04 

11.1111 t . 07 o . 71) . 0 1 

14.40 ! .lO o. 74 . 03 

D . 15 ! .1 0 

1<1. 55 !. . to 

JJ.2~J! .23 

13 . 58 ! . 02 

1 ~.oo .! . 11 

1 2 . 87 ! . 02 

14.58 ! . O!J 

14. 14 ! . 07 

13 . 01 ! . 20 

14 . 211 :! . 0 4 

0 . '/() .1 0 

o. 73 .00 

o. ó2 .02 

o . 7 1 .10 

0. 15 . 02 

0 .1 5 .06 

0 . 56 . Ot'l 

o. 71 . 0 4 

0 . ?.0 . 09 

13.79' . 03 0 . 24 . 0 4 

13. 79! .1 5 0 .84 .06 

14 . 65' . 0 4 0 . 53 .os 

13 .4 3 ' .02 0 . 3 4 . 03 

13.66 ' .o3 o . 26 .o• 

14.39! .15 0. 12 .08 

12.47 ' . 07 0.66 . 02 

11.62 ! . 0 1 0.73 .01 

10 . 56 ! . 08 0 . 6 11 . 02 

14.5[1! .12 0 .40 .10 

14.18' .04 0 . 25 .03 

14.29 ! .04 0.2G .05 

14 . 42 ! . 15 0 .611. 0'7 

1.<1. 20 !.. 0 3 0 . 12.03 

14 . 70 ' . 09 0 .1 7 . 09 

15.25 . 10 0 .11 . 09 

14 ,73! .03 0.61 . 03 

14. 63 ! .06 0. 40 . 03 

14.54 ! . 05 0. 11 9 . 011 

14.77 '! • 09 o. 59 . 03 

111.33 ! . 14 0 . 77 . 05 

11 .11 7 !. .111 0.57 . 0 4 

13. 73! . 28 0.75 . 02 

15 . 37 ! .1 7 0.45 .1 3 

• Objects with prcvious photometry (Van den Bergh, 1981) 

b) Wc tlcrivcd an age mclallicily cali bralion corrcsponding 
lo lhe color-color diagra rn. 

c) Wc ha vc eslimated SWB lypcs fo r 23 ncw cluster. The 
SW B classification has a largcr dynam ica l range in the presenl 
photomctry, lcading to a better understanding of typcs VI and 
Vil as a func tinn of age and melalli<.:ily. 

d) We have obtaincd ages and mctallicilics ror 41 LMC and 
I O SMC red star cluslcrs, which allow di n:<.:l cs limalc o f lhe 
chemical evo lution in both Clouds. 

c) An intrinsic mclallicil y sca !lcr is ohscrvcd along the 
chcmica l cvolut ion or lhe LMC. The LMC prcscnls a slcepcr 
chemical enrichment slope. 

f) The LMC presents a burst or star cluster formalion a l 
1 = 4.5 lO ~ yr. 

g) Om:-zone modcl s tlcscribc quite wcll lhe cvolution of bolh 

!8-VlaoP 

O.L 

0.5 

0.6 / 
/ 

0.7 • 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

t B -V)y 
O. 9 "---,L_-- ..L...---'----L-...,---'-----' 

0.9 0.8 0.7 0.6 0.5 0.4 

l'ig. 6 Comparison ur (IJ - V) belwcen the present photometry and thal 
of Van den Bergh (198 1) ror lhe 13 cluslcrs in common bt:twcen lhe two 
data scls 

N 

Fig. 7 Thc U - V hislogram: lhe dark area corresponds to Van den 
Bergh's ( 19!ll) sample; lhe ot hcr part is from lhe present pholometry 
or clustcrs wit h v ~ 13 

Clouds, bcing th e efTiciency o r star clusler formalion in the LMC 
largcr lhan in the SMC. 

h) We prescnl 27 new B and V obscrvations for SMC clus­
lers. Thcse resu lts makc esscntially complete the B - V color 
classifi cation of clusters with globular cluster appearance in the 
SMC. 

Ac:lwowled!Jments: Wc would li ke lo lhank the ESO slaff at la 
Silla as wcll as Alcx Schmidt for assistanee duri ng observa lio ns 
and/or rcduclions. We are indebled to O. Alloin ror reading thc 
manu cri pl and fo r lhe inlcresting suggestions. H. Do tt ori ac­
knowlectges the hospita lity at th e Astronomisehes I nslitut der 
Ruhr Un iversil a l Bochum. 
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Summary. lnlegraled spcctra o f 63 star cluslers wilh 106 yr ~age 
~t.6510 10 yr and -2.1~[2/20 ] ~0. 1 are prcscntcd in lh is 
pape r. The use fui wavelength range 3780, 7690 A was spli l in to 70 
consecutive windows, 24- 190 A wide. The ma in con tributors to lhe 
absorplion in each window were searched for: apart from the 
strong well-known absorption features, we detccted a number of 
weaker absorptions quite often due to molecular bands arising 
from red stars. The equivalent widths Wofthe spectral featurcs, as 
well as the con tinuous distribution are studied as a fun ction ofage 
and meta llicit y. 

Metallic !ines and molecular bands present esscl)t ia ll y thc 
same beha viour wilh metallicity . In particular, we show lhe 
influence o f younger turn-off points on W, for fcatures in the blue 
part of the spectrum. lndeed , the top main sequencc stars then 
enhance the co ntinuum, defining in the W vs. metallici ly plots 
severa! loc i de pending on the age. On lhe contrary, thc W vs. 
mela llicity rela t io nsh ip in thc red, lcnd s to be singlc-valucd, 
regardless o f age. 

For the windows containing Balmer I ines from H ex to Hô, lhe 
age dependence loo ks si milar whatcver thc linc, with a maximum 
W v alue for t- 4 1 QB yr. !f any, the effect o f diffe rent metallicities is 
weak in these windows. For a given age, W(Ha) is always smaller 
than W(H{J), W(H y) or W(Hc:5), dueto the facttha t its underlying 
continuum is dominated by late-type sta rs which contribute very 
little to the line absorption. For H c to H 1 O !ines, strongly blended 
with metallic features, a metal-domina tcd behaviour is observed. 

The con tinuous distribution of metal-poor globul ar clusters is 
strik ingly differcnt from that of young blue clustcrs of any age or 
mclallicity, whilc their Balmer equivalcn t width s partly overlap. 

These rcsults fo rma base of star clustcr propcrties which will be 
used for stellar po pulation sy nthesis in galaxies. The comparison o f 
W for melallic featurcs in thc sta r clustcrs and in a samplc of 152 
nuclei o f normal galaxies having types from E to Se and absolute 
luminosities M 8 fr om - 16.6 to - 23 .3 , shows that aro und 50% o f 
lhe nuclci can be population synthesized wilh the prescnt clu ster 
base. An extrapola tion of th e base properties to a meta llicity 
[Z/2 0 ] = 0.6 is requircd to descrihe the enlire galaxy sample. 

Kcy words: star clusters- spectrophotomet ry- stellar population 
synthesis 

Send offprint requests to: D. Alloin 

* Based on obscrvations collected at the European Southcrn 
Observatory, La Silla . Chile 

1. lntroduction 

So far population syn lhesis in ga laxies has been mostly based on 
spectra of individual stars (Van den Bergh, 1975; Pagel and 
Edmunds, 1981 ; Pick les, 1985 and refcrences therein). Some 
authors used a composite base of stellar speclra and integra ted 
spectra of globula r clusters in order to account for possibl e !ow 
metallicity populations in the synthcsis (e.g. Faber, 1972; Ciani et 
ai., 1984). Thc large numbcr o f required stcllar species and the need 
for three fundamental parameters (T, g, Z) make difficult the 
determinali on of unambiguous solutions, in spite of many 
plausiblc astrophysical constraints. 

We intcnd to undertakc a differen t approach to this problem, 
using star cluster integrated spectr.a only. Therefore a base of 
63 sta r clustcrs with - 2.1 ~ (Z/2 0 ] ~ 0.1 and 106 yr ~age~ 1.65 
1 O 10 yr, a nu o f known redd ening h as bcen studied. The da ta consist 
o f lo.w dispe rsio n integrated spcctra o f Galactic globula r clusters, 
intermediate age rcd globular clustcrs as well as blue globular 
clusters in lhe Magellanic Clouds (M C), ri c h and compact Galactic 
open clusters a nd H 11 regions . The ma in advantage o f this method 
over conventional ones isto reduce the number ofvariables. A base 
of stars is esscntially described by the temperature, gravity and 
metallicity. In the case of star clusters, this is reduced to age and 
metallicity on ly. Moreover, the number o f fundamental species in 
the cluster base does not need to be as large. Sta r clusters a!low a 
coverage in metallicity down to a hundreth of so la r, while it is 
observa tionally difficult to get complete subsets o f ma in sequence 
and evolvcd sta rs with [Z/20 ] < - 0.5. Finally, this approach is 
free ofany assumplion about lhe initial mass function (!MF) and 
the dctails of stellar evolution. Indeed, the integrated spectra of 
star cluslers are bu il l ofNalure's exact relative proportions ofslars 
of diffcrent masses born from a gas c!oud of the corresponding 
metallicity. As wel!, lhe re la tivc proportions of evolved sta rs as a 
function of age a nd metallicity a re implicil ly the right ones. No 
assumptions ha ve to be made in that ma tter. 

Thc choice of the clusters, th eir dislribution in the age vs 
metallicily plane and the observations are dcscribed in the nex t 
sectio n. In Scct. 3, we prese nt the spectra in metallicity and age 
scqucnces and discuss thcir main characleristics. Scction 4 deals 
with thc selection of the windows, the identifica tion of the 
contribuling absorbers a nd the analysis o f the W and continuum 
measuremcnts. In view of the population synthesis in galaxies, we 
derive in Sect. 5 grids o f star cluster properties as a functión o f age 
and metallicity, and summarize as well the concl usions of this 
study . 

-------------------------------------------
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Table t. Characteristics of the cl usters' sample 

NAME 

NCC 

121 

330 

4 19 

N aa 

· t~66 

•J 7 14N4A 

17a3 

• ta31 

• 1847 

•J056 

1866 

1868 

•J095N33 

1978 

2004 

2070
30Dor 

•2100 

2157 

2214 

10 4
47TUC 

362 

1851 

1904M79 

2808 

4590M68 
4833 

5024M5'! 
582 4 

5927 

• 59 46 

•60 93MaO 

• 6139 

6171 MI07 
• 6287 

• 6293 

• 6304 

• 6316 

• 6356 

• 6388 

• MOI 

6402M14 
6440 

• 6453 

• 6517 

6541 

• 6544 

•6553 

• 6558 

ACE 

10
7 

yre 

1200±300 

1.5±0.6 

200±100 

<0.2bl 

1400!300 

0.25±0.05b) 

300+200 
-100 

30!10 

2. 5±1.0 

10±3 

8.6±0.5 

50±20 

0.55±0.05b) 

200+200. 
-100 

0.8±0. 1 

0.20±0.05 

1.0±0. 2 

3±2 

4±1 

1650±150 

1650±150 

-1.4 10.4 

-1. 2 ±0 .3 

- 0.95cl 

-1.6 ±0.3 

-0.4c) 

-1.0 tO. 5 

-1.0 ±0 . 5 

-0.25±0.4 

- 0. 1 ±0.3 

- 1. 2 ±0.2 

-1.1 10 . 2 

-0.3c) 

- 0.8 !0.4 

- 0.25±0.25 

-0 . 5c) 

-0 .5 10.1 

- 0.6 ±0.3 

-1.2 ±0.2 

-0.70±0.15 

- 1 . 25±0.15 

- 1.3 ±0.2 

-1. 55±0.15 

-1 .25±0.20 

-2. 00±0. 15 

- 1.7 ±0 .2 

- 1.85±0.15 

-1.8 ±0.2 

-0.15±0.15 

-1.5 ±0.2 

-1.6 ±0.2 

-1. 5 :!:0.2 

- 0.90±0.15 

-1.6 ±0 . 5 

-1.6 ±0.2 

-0. 2 ±0. 4 

-0.1 !0.4 

- 0.25!0.35 

-0.6 ±0.2 

-1. 1 ±0.2 

- 1. 1 ±0.3 

0.04!0.3 

-1.4 ±0.2 

- 1. 75!0.4 

-0.05±0.2 

-1.65±0.25 

-1.1 ±0.4 

0.1 ±0.4 

-1.3 ±0.2 

E( B-V ) AREA 

'x ' 

Smal l Mage llanic Cloud 

1x1 

1 x1 

1x1 

• 0. 08x0. 22 

Large Magellan i c Cloud 

lx0. 5 

1x0 . 5 

1x1 

1x1 

1x1 

lx1 

1x l 1tx0.5 
lx0 .5 

1x0.5 

lx0.7 

1x1 
d) 

comp 

1x1 

1x0.5 

lx1 

Galact ic Globular Clusters 

0.00 ±0.04 

0.06±0.02 

0.09±0 .02 

0.00±0.02 

0.21±0.02 

0.04±0.02 

0.31!0.03 

0.01±0.02 

0.12±0.02 

0.47±0.05 

0.61±0.07 

0.17±0.03 

0.70±0 . 07 

0 . 37±0 .04 

0.5 ±0.1 

0 . 36±0 . 02 

0.50±0.07 

0 . 6 ±0 . 1 

0. 27±0.03 

0.37±0.02 

0.81±0.03 

0.55±0.06 

1.11±0 . 02 

0.61±0.02 

l.Ofh0.02 

0.66±0.09 

0.12±0 .05 

0 . 72±0.08 

0 .79±0 . 09 

0.40±0.15 

3x3 

{1.5xl . 5 
lx0 .5 
lx0 .5 

11x0.5 
1xl 
2x 2 

2x1 

1.5xl.5 

2x0.5 

lx0 .5 

lx0 .5 

0 .5x0.5 

lx0.5 

lx0 . 5 

2x2 

1x0.5 

l x0.5 

lx0.5 

l x0 . 5 

lx0 . 5 

1 .5x0 .5 

0.5x0. 5 

2x2 

lx05 

0.5x0 . 5 

0.5x0.5 

0 . 5x0 . 5 

2x0.5 

0.5x0.5 

lx0.5 

0.5x0 .5 

EXP 

mln 

60 

20 

40 

10 

50 

10 

70 

30 

26 

16 

{20 
20 
40 

30 

50 

20 

24 

20 

20 

30 

12 

{20 
15 
10 

{20 
20 
20 

40 

30 

30 

10 

20 

19 

' 10 

16 

50 

30 

16 

16 

20 

30 

10 

32 

50 

40 

20 

20 

20 

20 

20 

50 

20 

SOURCES 

[ 3), [5), [6] , [10), [19] 

[ 3), [6]. [7 ), [1 5 ] , [ 19] , [ 32] 

[1], [5), [6], [7], [ 10 ), (1 9 ) 

(19 ), [30) , [31] 

[3]. [to]. [ 11], [19) 

[1 9] , [ 31 ] 

[ 5]. [6]. [7]. [10], [19], [20 ) 

[5]. [6], [7]. [19). [22] 

[6]. [19 }. [ 25] 

[6}. [7]. [19]. [23) 

[6). [ 7). [1 5] , [16 ], (19 ) 

[6), [18}. [19] 

[19] 

[e] , [5]. [6 ) , [10), [11]. [1 9 ] 

[6]. [19]. [ 20] 

[17)' [19]' [24]' [31] 

[3], [6]. [1 9]. [20] 

[6}. (15], [19] 

[6}. [7), [15), [19) 

[8]. [9), [12]. [13}. [21] 

(4), [a) . [9 ] , [12], ( 13) , (2o] 

[4]. [a], [9], [12] , [13] 

[4), [6), [9], [12] , [ 13] 

[a]. (9), [12] . [13] 

[4] , [a) , [9], [12] , [ 13] 

[4]. (a], [9), [12 ], [13) 

(4), (8), (9), (12), [ 13) 

[e], [9] , [1 2) , [13] 

[B), (9]. (12), (13), [21) 

(B) , (9), (12] , (13) 

[a), [9}. [12]. [13) 

[6), [9), [1 2] , (13) 

( 4]. (8]. [9], [12], [13]. [21] 

[8], (9], [12] , [13) 

[e]. [9], [ 12]. [ 13 ) 

[8], (9] , [ 12] , ( 13] 

(6] , [9], [ 12], [1 3] 

[B), [9) , (12), [13) 

[6 ) , [9], [1 2] , [13] 

[o] [12], [13] 

[4], [6 ] , [9), [ 12) , [13] 

[8], [9] , (12]. [13] 

(e) , (9] , [ 12], (13] 

(0 ], [9] , [12), [13 ] 

[8], [9] , [12], [13 ] 

(8 ) , [9], [12], [13] 

[a ], (9], [ 12). [ 13 ] 

[8] , (9], [1 2), [13) 

[a ] . [9], [12], (13) 
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E. Bica a nd D . A lio in : A base o f sta r clusters fo r stella r po pulatio n synthesis 

T able 1 (continued) 

NAME AGE [ 2 / 20] E(B-V ) AREA EXP SOURCES 

NGC 10
7 

y r a ' x' mln 

• 6569 - 0 .6 ±0 . 1 0 .59±0.04 1x0. 5 30 (B) , [9) , [12), [13 ) 

• 6624 - 0. 3 !0 .2 0.29!0 .05 lx0.5 lO ( B} , [9 )' [ 12] , ( 13] 

•6637M69 -0. 55!0.3 0.16!0.02 lx0.5 16 (B) ' (9] , (12], (1 3) ' (2 1} 

• 6638 - 0.95!0.2 0.40!0 .02 l x0.5 16 [B}, [9), [ 12]' (13) 

•6642 -1.35!0.2 0.38!0.02 0 .5x0. 5 14 [ B} , ( 9) ' ( 12 ] , ( 13 ) 

• 6652 -0.6 !0.3 0 .09!0 .02 0.5x0 .5 18 [o], [9). [ 12) ' (1 3) 

• 6715M54 - 1. 25!0 . 2 0 . 14!0 .02 1x0. 5 lO [ 4]' [8), [9) . [1 2) ' ( 13 ) 

• 6750 -0.4 !0. 2 0 .85!0.09 1x0 .5 28 [ 8). [9)' [1 2). (13) 

666 4M75 
- 1. 25!0. 15 0.1 6!0.02 1x0.5 20 [ a) , [ 9 )' [ 12) ' [1 3} 

7006 -1. 45!0.20 0.07!0.05 lx0 .5 30 [ 8] , [9), [12), (1 3] 

.7078Ml 5 
-2.05!0.25 0. 08!0 . 02 2x0 . 5 20 [ 4) . [8) ' ( 9] ' (12) , [13] ' ( 20) 

Ga l act i c Open Cluatera 

2158 120!50e) -0. 65! 0.25 0 .43!0.05 l. 5xl. 5 90 ( 14). [ 27 ] 

2560 120!30 -0 .02!0.25 0.38!0.05 { 1x0. 5 {50 [14 J' [ 26] 
1 .5xl. 5 20 

5705Mll 17! 5 0.11!0 . 09 0.42!0 .05 2x2 30 [14) ' [28) ' [ 29) 

No tes to Table I 
• We adopted fo r homo geneity, a Galactic reddening E(B-V) = 0.03 and 0.06 fo r a li objects in the S M C an d LMC 
respectively (Mould and Aa ro nso n, 1980) . However, there a re indica tio ns tha t bo th H li regio ns and some blue sta r 
clusters may be reddened (e .g. H od ge and Lee, 1984) 
b T he age determina tion is based on the W (H {3) vs . age rela tionship in H 11 regions (Do tlori , 1981 ), corresponding to 
the 5" x 13" entrance slit 
c This value is deduced from the oxygen relative abundance 
d Sca ns are made of three cl um ps in the stell a r associatio n a nd of the central emission !ila ments free o f stella r 
contamina tio n. The emission spectrum was adjusted wi th the sum o f the stellar clumps' spectra soas to rc prod uce the 
integratcd HfJ equiva lent wid th in a 10 ' di a phragm (Do tto ri a nd Bica, 198 1) 
< A rp and C uffey (1962) co ncluded tha t the age of NG C 2158 is intermedia te between tha t o f the H yades a nd 
N G C 752. The va lue gi ven here is the mean o f recent age determina tions for lhe la tter cl usters (McCiure a nd T wa rog, 
1978) 

Ref erences to Table 1 

1 Du ra nd ct a i. ( 1984) 12 Ja ncs a nd Demarque (1983) 23 Hod ge a nd Lee (19!!4) 
2 Olszcwski ( 1984) 13 Z inn and West ( 1984) 24 D o tto ri a nd Bica (1981) 
3 Hodge (1 984a) 14 Ja nes (1979) 25 Nelson and Hodge (1983) 
4 Smith (1984) 15 R ichtkr a nd Nelles (1983) 26 Ha rtwick a nd Hesscr (197 3) 
5 Mould a nd Aaro nso n ( 1982) 16 Ucc kc r and Ma thews (1 983) 27 A rp anel Cu ffey (1962) 
6 H odge (1 983) 17 13oeshaa r el a l. (198 3) 28 M ermilli od (1 98 1 a) 
7 Searl e et a i. ( 1980) 18 Hodgc (1982) 29 Barba ro et a l. (1969) 
8 Va n den Bcrg (1983) 19 Mo ulcl a nd Aa ro nso n (1980) 30 Du fo ur a nd Ha rl ow ( 1977) 
9 Bica an d Pasto riza ( 1983) 20 Cohcn ( 1982) 31 Pagcl ct al. (1978) 

10 Do tt ori et ai. ( l <J83) 21 Co hcn ( l '.H\J) 32 Car ncy ct a l. (1985) 
11 Cowlcy and Hart wick (1982) 22 Hodge (1 9X4b) 

23 

2. C hoice o f thc clustcr base and observa tions 

Thc mai n crite rion in the select ion o f the sta r clusters was lhe 
k nowled ge o fthcir a ge, mctallicity a nd reddening. Thcse qua ntities 
a re listed respectivel y in co lumns 2-4 o f Tablc I , togcther with their 
uncerta in ties takin g into account bo lh individ ual errar ba rs and 
lhe discrepancies among di fferen t sources which a re given in 
column 7. The metal abunda nce determinations dc rived by a 
va r iety o f methods were gro upcd under lhe sym bo l [Z/20 ], lhe 
loga rithm of meta l contcn t rel ative to lhe Su n . 

The d ist ri but ion o f the cl usters in the pla ne age vs melall ici ty is 
shown in F ig. I . M etallicit ies from sola r down to [Z/2 0 ] ~ -2 fil l 
in the pla ne for esse ntia ll y ali ages, from yo un g cl usters abo ut 
107 yr o ld to Galact ic globula r cluste rs with ages in the ra nge 15 to 
18 109 yr (Va ndenberg, 1983; Ja nes and Demarq ue, 1983). The 
MC clusters allowed the coverage o f the intermedia te and low 
meta ll icity ra nges fo r young a nel intermedia te ages. The G a laclic 
opcn clu sters eover the me ta l rich yo un g a nd intermediate a ges in 
lhe pl ane. Th is base o ffers a w ide ra nge of possible chemica l 
evo lu tio n models fo r subsystems in ga la xies to be syn thesized . 

-----------
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Age 

Fig. I. Distribution of the cluster sample in the age, metallicity plane. For 
globula r clusters. 1650 1 O' yr old, the typica l erro r bar is indicated fo r one o f the 
points only. Open tri angles rcfer to Galactic o pen clusters (GOC); open circles 
to Galactic globular clusters (GGC); cresses a nd plus signs to thc LMC and 

SMC cl usters rc spcctivcly 

The observat io ns were carried out wi th the IDS attached to the 
Boller and Chivens spectrograph ·at the ESO 1.52 m telescope (La 
Silla). We obtained in January, July and November 1984 and May 
1985 integrated spectra o f 3 clusters in the SMC, 12 in the LMC, 41 
Galactic globular clusters and 3 rich compact Galactic open 
clusters, as well as o f 4 !-!11 regions. 

The wide range of cluster angular sizes required different 
observi ng techniques in order to get integra ted spectra. Larger 
angular size objects were scanned in declination with the slit height 
set along right ascension. Moreover severa! side by side successive 
exposures were made at difTerent right ascensions. Small compact 
clusters in the MC demanded only rcstricted sca nning. In column 5 
of Table I, we have listed the arca of thc cluster see n in our 
observations. Thc slit size was 5" x 13", exccpt in the case o f objects 
with an asterisk in column I, for which thc slit height had been set 
to 8". 

Low resolution spectra a re part icularly suitable for sy nthesiz­
;ng stellar populations in galactic nuclei which, quite often, have 
large stcllar vclocity dispers ions. Thcrefore, we used a 300 gr/ mm 
grating in the first ordcr providing a mean dispersion of 
224 A mm - 1 over thc range 3700,8200 Â. A final resolution o f li Â 
was a..:hicvcd, as mcasun:d by thc mcan FW I-1 M ofthc comparison 
I ines. We provide in co lumn 6 o f Table 1, the total effective 
exposure on each object. These were such as to produce about the 
same signa l to noise ratio for ali spectra. Two or threc sta ndard 
stars wcre obscrved each night for llu x calibra tion and cst imate of 
th e subscquent error-bars. The reductions were madc in a 
convc<.:tional way , using thc IHA P system at ESO (Garching) and 
IA P (Paris). 

3. Mctallicity and age sequences in the clustcr base 

A li clus ter spectra have been corrected fo r reddening usi ng the 
E( 8- V) valucs from Table I , a normal redclcning law A A = 0.65 
A,. (l /A-0.35) and the relat ion Av=3E(B-V). They have bcen 
normalized re la tive to the continuum a t 5870À . Apart from the 
strong well known absorptio ns, we detected a number of weaker 
features . Most ofthis wiclespread absorption, secn in clusters ofall 
ages, is d ueto molecular bands aris in g in rcd stars (Scct. 4) and it 
tends to be underestimatecl in higher dispersion data , owing to the 
inclusion of fewcr trustworthy maxima. 

In Fig. 2, we present the Galactic globular clusters in a 
downward decreasing metallicity sequence. An obvious enhance­
ment with metallicity appears for strong features such as Ca 11 K, 
the G-band, the Mg 1 triplet, Na 1 and TiO relativc to the 
continuum height. Metal-rich globular clusters like NGC 5927 and 
6528 exhibit lowe r blue to red co nt inu um ratios. This arises from 
both the blanketing effect of numerous metallic absorptions 
towards thc blue and lhe absence of blue horizonta l branch stars 
(BHB). Conversely, the prominent BHB in meta l poor clusters like 
NGC 7078 raises and Oattens the blue end o f the co ntinuum, as 
well as strengthcning lhe Balmer !ines. Thc latter effect can easily 
be seen by com paring the blend H c+ Ca 11 H toCa 11 K. 

We h a vc displayed in Fig. 3 a downward increasing age 
sequcnce for Magelli~nic clusters and one modcrately metal rich 
Galactic open cluster. The properties o f N GC 121 in the S MC are 
comparablc to those ofGalactic halo globular clusters with similar 
!-IR diagrams and havin g RR Lyra e stars (Van den Bergh, 1975 and 
references thcre in). The cluster NGC 1978 belongs to the red 
intermediatc age clustcrs of the MC. The distrib ution of the 
integra teci (U- B) 0 vs. (8-- V) 0 colo rs o f such clusters dcviates from 
that o f Ga lactic gl obular clusters (Van den Bergh, 1981) , owing 
mostly to younger ages from 109 to 10 10 yr, as dcrived from HR 
diagrams (Hodge, 1983). The integrated spectra o f red star clustcrs 
from 3800 to 5200Â have been analyzed by Rabin (1982); near thc 
lower age limit of this class, we show thc Galactic open clustcr 
NGC 2158 . The LMC cluster NGC 1868, with an integrated colar 
(B-V) = 0.45 (Van den Bergh, 1981) is one of the rare objects 
intermediate between the so-called blue and red Magellanic 
globular clusters. In lhe upper part of Fig. 3, we show blue 
Magellanic clusters togcther with the giant LMC H 11 region 
NGC 2070: the increasing contribution from brighter and bluer 
turn-offs in younger clusters strengthens the blue part of the 
integrated con tinuum. The blue to red continuu m ratios for star 
clusters younger tha n 109 yr (Fig. 3) are larger tha n those for old 
metal-poor objects like NGC 7078 (Fig. 2). Thus, the continuum 
distribution differences and not the Balmer line equivalent widths 
which partly overlap (Sect. 4) are important for distinguishing 
between young popula tions and old metal-poor ones in galaxies. 

The effect of intrinsic reddening is easi ly observed in H 11 

regions (NGC 2070). Together wi th internai reddening, the effect 
o f rapid stellar evolution around 107 yr (NGC 2004) decreases the 
continuum slopc by the dcvelopmcn t of an important rcd 
supcrgiant population . After this age, the clusters appear to be 
essentially du st free and as a consequence exhibit then a very blue 
continuum (Fig. 3) . 

4 . Sclcctcd windows and rcsults 

Evcn in the case ofindividual stars, it is nota simple task to find o ut 
from low dispcrsion spectra, the naturc of the numerous weak 
absorption fc at ures. This results obviously from blending effccts 
and from a large number of a tomic or molecular !ines to be 
possibly assigned. The composite nature o f a cluster spectrum is an 
addition a l difficulty in that matter. 

The equivalent width s of selected wavelength ranges in the 
spectra of differen t clusters are intended to be used in a syn thesis, 
for comparison with the sa me measurements in the spectra of 
ga laxics . This approach does not require a deta iled identification 
o f the absorbcrs. Consequently the useful wavelength range 3780-
7690Â was spl it into consecutive windows, 24-190Â wide. Such 
widths are suitable for avoiding problems due to possible 
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Table 2. Window parameters 

# 

2 

3 

4 

5 

6 

7 

e 
9 

lO 

11 

12 

13 

14 

15 

16 

17 

16 

19 

20 

21 

22 

23 

24 

25 

26 

27 

26 

29 

30 

31 

3 2 

33 

34 

3 5 

36 

37 

36 

39 

40 

41 

d2 

43 

44 

45. 

46 

47 

46 

49 

50 

51 

52 

53 

54 

55 

56 

3760-3614 

3614-3662 

3662-3906 

3906-3952 

3952- 3988 

3988- 4020 

4020-4058 

4056-4062 

4002-4124 

41 24-4150 

4150-4214 

4214-4244 

4244-4264 

4264-4318 

431 6-4364 

4364-4420 

44 20- ·14 50 

4450-4464 

4484-4510 

4510-4568 

4566-4622 

4622-4668 

4666-4696 

4696-4750 

4750-4602 

4602- 4646 

4646-4664 

4664-4906 

4906-4950 

4950-49!!6 

4998-5064 

5064-5130 

5 130-5156 

51 56- 5196 

5 196- 5244 

5244-5314 

5314-5364 

5364-5420 

6420-5460 

5460-5516 

5516- 5562 

5562- 5630 

5630-5676 

5676- 5726 

5726-5600 

5800-5846 

5646- 5860 

5660-5914 

5914- 5950 

5950-6002 

6002-6056 

6056-6108 

6106-6156 

6156-62 10 

6210-6274 

6274-6322 

W / 6~ 

0.13 

0 .19 

0.16 

0.20 

0.26 

0.04 

0.03 

0.06 

0.13 

0 . 0 6 

0.06 

0.06 

0.07 

0.14 

0.12 

0.06 

0 . 06 

0.04 

0 . 01 

0.03 

0.02 

0 . 02 

0 . 02 

0.02 

0 . 03 

0.03 

0. 11 

0.04 

0.03 

0.03 

0.04 

0.03 

0.05 

0.06 

0.04 

0.03 

0.02 

0.02 

0.02 

0.02 

0.01 

0.01 

0.01 

0 . 02 

0.02 

0.00 

0.01 

0.07 

0.03 

0.02 

0.01 

0.01 

0 . 03 

0 . 05 

0.06 

0 . 06 

ABSORBERS 

HlO CN Lband 

H9 

HB 

Caii K 

CN Lband Fel Mgl He i 

CN Lbend F e I 511 H e I 

Cal ! H i Ht 

Fel Hei 

Fel liel 

Fe l Srii 

Hõ 

Fel 

CN 

Cal 

Fe l i Cri 

CH Gband Fel i Cri 

Hy ; Fel ; Fell 

Fel c
2 

; Fel! T!II 

Fel ; Ca l 

TIO ; Mgii Cai ; Hei 

CH ; CN 

Fe l Baii Fe ii ; T!II 

Fel TIO ; Cal ; Feii ; T!II CN 

Fel TIO 

TIO c
2 

Fel c
2 

; Mal ; Til ; N!I ; Hei 

MgH TIO ; Fel ; Mnl ; N!t 

TI O MgH ; CN ; Mnl 

HB ; TlO ; Fel 

Fel 

Fel Fel ! ; CN ; Hei 

Fel TiO TI I 

Fel TIO CN Fel! T! I Hei 

Fel 

M&H Fel c
2 

CN 

Mgl+MgH ; C
2 

; Tl O 

MgH Fel Cri ; CN 

Fel TlO Cal ; Til 

Fel TiO CN ; Ca i 

Fel Mni 

TiO Fe l Mn l 

MgH TiO c
2 

; Mnl ; CN 

MgH CnOH ; C
2 

Mgi Mnl 

MgH Fe l ; Cal TIO c
2 

; CN 

TlO c
2 

; Fel 

TIO Na t ; Mgi Fel 

TiO CN Fe l 

TiO 

TiO CN Til ; Hei Cai 

Nal TIO ; Til 

TlO c
2 

; Til ; Fel 

TIO CN ; c
2 

TiO CaOH ; c
2 

; Fel 

TiO MgH ; Cal ; Fel 

CN ; c
2 

; Fel ; TI O 

TiO Cal C
2 

; CN Fe l 

TiO Fe l 

TI O Fel CN 

Table 2 (co nli nued) 

57 

56 

59 

50 

51 

52 

53 

64 

55 

56 

67 

56 

69 

70 

6À <Ãl 

6322- 6366 

6386-6474 

6 474-6540 

6540-6586 

6566-6670 

6670-6736 

6736-6658 

6658-6934 

6934- 7050 

7050- 7158 

7158- 7274 

7274-7464 

7464-7560 

7560-7690 

W/6À 

0.03 

0.02 

0.04 

0.06 

0.02 

0.02 

0.02 

0.09 

0 . 02 

0 . 03 

0.09 

0.03 

0.01 

0.29 

ABSORBERS 

TiO CaH ; Fel ; CN 

TiO Cal ; Fel ; CN 

Fel Bail ; Cai ; TIO CN 

Ha ; TiO ; Fel 

TiO Fel ; CN 

TiO ; Cai ; Fel 

TIO ; CN ; Fel CaH 

Atmoephert c o
2 

CoH ; CN ; Fel 

TIO ; CN ; Ca i ; Fel Hei N!I 

T!O+ Atmoopher!c H
2
o 

TIO ; VO ; CN Fel 

CaH ; Fe l 

Atmoepheric o
2 

eli!Terences bel wcen the velocity dispers ion o f the clusters a nd tha t 
o f the considcreel subsystems wi thin the galaxies. 

The choice o f the windows was based on the foliowing cri teria: 
(i) isolat ion of the strong, casily identifiable features, 
(i i) use o f abso rptio n fea tures in common a mong spectra from 

clusters in a broad range o f age an d metaliicity, 
(iii) cross compariso n of features bo th present in various age­

meta liici ty cl uster groups and in nuclei o f ga laxies. 
The latter spectra wili be presented a nd population synthesized 

in a futurc paper. 
We ha ve listed in Table 2, the window limits a nel the mos t 

probable contribulors, which, in some cases may beco me negligible 
due to age or me tallicity elifferences. A search was made for ali 
features so far used in steliar popul ation synthesis based on 
spect ral characte ristics (de Yaucouleu rs and de Yaucouleurs, 1959; 
A lloin et a l. , 1971; Joly and Andriliat, 1973; O'Conneli, 1976; 
Williams, 1976; Turnrose, 1976; Pritchet, 1977). A number o f 
fea tures or blenels, not inclueled in previous studies, especia lly 
between 5000 anel 7500Â, were assigned an identification through 
steli a r speclra a nalys is of elifferent spcct ral types (Gahm, 1970; 
Strom et ai., 1971; Fãy el a l., 1974). The limi ts of lhe windows 
represent a comprom ise between the width of the abso rption as 
seen on the spectra and the isolatio n o f selected groupings o f 
a tomic !ines anelfor molecular bands. As can be seen in Table 2, 
most o f lhe weak absorption features, mainly redward o f 5000 Â, 
seen on spectra from cl ustcrs of ali ages (Fig. 3) are molecula r 
bands arising in low tempera turc sta rs (Fiiy et a l., 1974). Thus, red 
stars provide an important co nt rib ulion lo the optica l light, not 
only in intcrmeeliate o r olel objects, but also in qui te you ng clu sters 
such as NGC 2004, via th e presence o f red supergianls. 

In colum n 3 ofTable 2, we proviele the ratio between the mea n 
equivalent wid th measured in a li clusters for a pa rt icu lar window 
a nel lhe width of this winelow (exclueling H 11 regions). This 
para meter represents the mcan elctcction levei o f the a bso rption 
fea turc or blend. Windows with a 2% levei or less, correspo nd in 
gene ra l, to !lux maxima defining continuum po ints for clusters of 
a ny age or metallici ty. Windows with a 3% or 4 % levcl, include 
features which are elefinitely present in most spectra but cannot be 
measureel accurately , owing to their weakness. T he com plete set of 
equivalen t wiel lh measuremen ts for ali windows is presentcd 
elsewherc (Bica anel Alloin, 1986a). We discuss below conspicuous 
rcsults regarding some o f the windows. 
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Flg. 4• and b. W (IH) and W (H a) rcspcclively, as a funclion o f age. Emply squares correspond to a melallicily less than - 1. 5; semi-empty ones 10 lhe melalli cil y 
range - 1.5 ~ (Z/Zo l ~ - 0.75 ; fill ed squa rcs to a metallicity largcr lhan -0.75 

In F ig. 4a, we have plo\ted W(Ho) as a functi on o f age. The 
la rgcr va lues occur fo r ages a round 4 108 yr , where the turn-off 
point atA sta rs domi nates the integrated spectrum of cl uste rs like 
NGC 1831 and NGC 1868. The obse rved W(Ho) fo r o lcl metal­
poor clusters overlap with those measurecl in clusters yo unger than 
5 107 yr. The metallicity effects a re wea k o r undetectable within the 
error bars. The !ines Hy and H/J present a simila r bchaviour. This 
holds truc for W(Hcx) (Fig. 4 b), in spite of the fac t that the 
underlying continuum is dominaled, then, by late ty pe stars which 
essentia lly elo not contribute to the line a bso rptio n. Due to the 
lat ter effect, the W values fo r H ex are much smaller lhan th ose of 
other Balmer I ines in the integra teci spectrum of star clusters. We 
emphasize tha t emission plays no role in this malter because it is 
present or suspected only m very young clusters. Thus, an 
absorption Balmer decrement hypothesis for an underlyin g stellar 
population cannot be use cl to cl isenta ngle absorption from 
cmission co mponent s in nuclei o f ga laxics. 

Wc havc plolted the cquivalenl widths of mctallic !ines or 
molecular band · as a functio n o fmctallic ily in Figs. Sa lhrough Si, 
in an increasing wavelength o rder. The isochrone delineei by the 
Ga lactic globular clusters in each plot shows a clear relat io nship 
between W o f the fea ture a nd (Z/Z0 ]. The same behaviour is 
observed for metallic I ines a nd mo lecu lar bands, with the exceptioh 
that the la tter o ne is more often subject to departures from linea rity 
(Sect. 5). The intermediate age clusters are, m some cases 
undistinguishable from the globular cluste rs and even tual drifts are 
systematically towards the seq ucnce delineei by thc you ng blue 
clu stcrs. Thc wavclength succession of the fi gures shows how 
younger turn-ofr points affect thc equi va lent wid th or meta llic 
features. lndeed, the enhancement of the blue co ntinuum, duc to 
the upper main scqucnce stars, splits thc W vs . [Z/Z 0 ] plots into 
severa! loci dependent o n the age . On the contrary , the W vs. 
metal lic ity rela tionsh ip for features in the red tends to be mo re 
single-va lued: in the Mg 1 + M gH plot, lhe isochrones deli neei by 
Galactic globula r clusters and by young cl usters a re closer to each 
o ther a nd the sets o f po ints even complc tcl y overla p fo r TiO bands . 

The in tcrstclla r co mponcnt o r the Na I absorption, espccia ll y 
for highly recldc ned globular clusters, is respo nsiblc for most o fth e 
dispersion in Fig . Sh. A detailed study of the interstellar Na 1 as a 
function of E(B- V) is given cl sew herc (B ica and Alloin, l'.>B6b). 

In Fig. 6, we have displayed W (Ca li H + l-11:) as a runction of 
mctallicity . A co mpariso n with Ca 11 K (Fig. Sa) shows that the 
strength o f thi s blcnd is ruled by mctallicily, cxccpt for the blue 
·ius ters about 4 lO ~ yr old in wh ich, obv iously, l-I r. co ntributes . 

much to W(Ca li H+ H ~). Thewindowscorresponding to H8, H9, 
and H I O, also strongly blended with metallic feat ures, are likewise 
metal domi na ted. 

We show in Fig. 7, the con tinuum slope as measured by e. g. the 
ra tio o f lhe Ouxes a t ..1.4020 a nd ).6630 A, as a function o f age. On 
th e contra ry to lhe W vs. age relationship for Hb through H o:, the 
values for young blue clusters do not overlap wi th th ose of o ld 
metal poor globular clusters. The effects o f metallicity differences 
are obvious in the globula r cluster sample whcre metal rich objects 
present steepe r spectra resulting from the blanketing effect and a 
lack o f BH B stars. Thc sha pe o f the curve around 108 yr represe nts 
an age effect as a resulto f rapid chan ges in the rei a tive populations 
o f evolved red sta rs and to p main sequence sta rs. We checked this 
result by synthesizing the V Oux ratio o f red ((B- V) 0 > 0.6) to blue 
stars in composite HR diagrams for different age gro ups of sta r 
clusters in thc Galactic disc (Mermilliod 1981 a , b). These va lues 
have been displayed in a n inset to Fig. 7. Thc Oux contributions 
fro m ma gni tude interva ls correspo nding to the lowest main 
seq uence part are negligible even bcfore incompleteness starts to 
affect the HR diagrams. Not only is such a shape observed for the 
overa ll cont inuum slope, but a lso for no rmalized continuum points 
at va rious wavclengths (Bica and Alloin, 1986a). The minimum at 
-8 10 7 yr in Fig. 7 coincides for C4020/C6630 and B/R, but a 
small age sh ift seems to be present towards 109 yr. We assign this 
difference to the difficulty of dating clusters as they approach the 
blue-red transition, whilc the determination of ages for bl ue 
clusters is quite precise from stell a r evolution models (Renzini and 
Buzzon i, 1985). 

The d~pcrsion of the co ntinuum slope in Fig. 7 for ages 
t < 2 107 yr is dueto th e combined effects ofinternal reddening and 
rapid inlcgra ted colo r va riatio ns as a consequence o f the evo lution 
o f massive sta rs. Indeed a var iable dust content among Ma gcllanic 
Cloud H 11 regions is suggested by the observed spread of H cx/ HfJ 
ratios (Pagel et a i. , 1978 and references therein). The interna! 
reddening o f NGC 330 is negli gible (Ca rney et a!., 1985) and oi der 
clusters are cxpected to bc dust frce . The strong TiO bands in the 
integrated spectrum o f NGC 2004 indica te an impo rtan t nux 
con tributi on fro m red su pergiants, co ntrarily to the slightly older 
clusters NGC 2100 and NGC 330. Also one sho ulcl keep in mind 
tha t, although these clus ters are among the most populous for th eir 
age range in the MC, their I-I R diagrams (referenccs in Tablc 1) 
indica te tha t most o f thc integrated light comes fro m · a small 
number o f luminous stars subject to a rapid evo lut ion. 

~~~---------------------------------------------------------------
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]. 

The window number is indica tcd near lhe line identifica lion . Filled circles 

corrcspo nd 10 lhe globular cluslcr isochrone . Semi-e mpty and emp1y circles 

rcspccli vcly rcprcscnl intermcdiale and young a ge clusters. To lhe righl o f eac h 

pl o l, we h ave displayed an histogram ofthe corresponding values observed in the 

samplc of 152 ga lact ic nuclci . Thc ha tchcd pan corresponds to gaÍaxy types 

Sa- Se and thc rcsl to types E- SO 
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contrihulions synthcsizcd from HR diagrams in cluslers of diffcrcnl ages 

S. Grids o f star cluster intcgratcd propcrties 
and concluding rcmarks 

The fundamental questions regarding the population synthesis 
approach underta ken in this papcr a re as fo ll ows: 

(i) What is the hi ghest meta l con tent of the stellar populations 
to be found in nuclear regions o f ga la xies? 

(ii) What is the fraction of gal axies which ca n be described by 
the prese nt base reaching up to the sola r metallicity? 

(iii) How fa r in [Z/20 ] is it neccssary to ex trapo la te the base 
propcrtics in o rder to sy nthcsize populati o ns in the most stro ng 
lined galaxies ? 1-! o w valid would such a n extrapolation be ? 

ln o rde r to a nswer these questions, let us co nsider the results we 
have recen ll y gat hcred o n 152 normal nuclei in ga laxies o f 
morphological types E through Se , in thc luminosi ty interval 
-23.3 < M8 < -16.6. The spectra, which were obta ined and 
red uced in co ndi t ions simil a r to those o f the star clusters, w ill be 
prcsc nt ed in a forth co ming papcr. They wcrc rebinncd to zero 
rcdsh ift , co rrected fo r Galactic reddening, while cont inuum and 
eq ui va lent width mcasuremen ts were made thro ugh the same 
windows . For each metallic window in F ig. 5, wc show an in set to 
the ri ght , co ntainin g the histogram o f the W values mcasurcd in 
galaxies. Giving more weight to metallic fea tures in thc red which 
a re less biased rega rding age effects (Sect. 4), no extrapolation a t 
a li is needed to describe 50% oft he objec ts and a n ex trapolatio n to 
[.%/ /.0 ] = 0.6 is rcquircd to dcscri bc esscntiall y thc cntirc galaxy 

sample. Metallicity estimates in early-type galaxies lead to 
maximum [Z/2 0 ] values aro und 0 .3 (e. g. Aaronson et ai., 1978) 
and 0 .3- 0 .5 ( Pickles, 1985). M oreover, the prese nt res ult, derived 
from absorption tines only, is in fai r agreeme nt with oxygen 
abundances in central H li regions o f spiral galaxies (Pagel and 
Ed mu nds, 1984). The [0/0 0 ] va lues for the gas imply that the 
present metal content in the most meta l rich stellar generation in 
the nuclei of spiral galax ies is at most a factor 4 higher tha n 
solar. Mo reover, 50% o f ga laxies in their sample (highly pea ked at 
-22 < M 8 < - 21) co uld be population synthesized with a solar 

· meta llicity base. T he required 0.6 dex extrapolation o f the cluster 
base properLies correspo nds to 20% o f the observed [Z/2 0 ] 

in terval. lt is im portant to note that th e globul a r cluster scale has 
been recen tly calibra ted up to the sola r a bundance thro ugh 
obse rvations of indi vid ua l stars in . NGC 5927 (Cohen, 1983). 
T oge ther with NGC 5927, we have a lso observed NGC 6528, 
NGC 6440 and NGC 6553 , some o f th e most meta l-rich globular 
clustcrs in the Galaxy, according to intermediate band photometry 
(B ica a nd Pastoriza, 1983; Zinn and West, 1984). lndeed , the 
integrated spcc tra of these thrce clustcrs are clearly more strong­
lined th an that or NGC 5927. 

Metallicity indices in lhe opt ica l (Fa ber, 1973; Burstein et a i. , 
1984) as well as in the infrared (Frogcl et ai. , 1978: Aaronson et a i. , 
1978), indicated tha t the metal rich glob ula r clusters were 
considera bly more me ta l-poor th an the major pa rt of luminous 
galaxies. In fact, the most metal-rich clusters in the fo rmer optica l 
and infrared sampl es (respectively NGC 6356 and NGC 6637) a re a 
facto r 4 to 6 more meta l poo r th an the sun. In F ig. 8, the ga p 
be tween NGC 6356 and, for example, one o f the strongest-li ned 
galaxies, the gia nt early- type Yirgo member NGC 4649, is filled in 
the prescnt sample by the very metal-rich globular cluster 
NGC6440. 

According to Fig. 5, th e pu re metallic features present a 
remarkabl e W vs. meta llici ty rela ti onship, both for the well defined 
glo bular cluster isochrone a nd the yo ung blue cluster sequence. A 
clear departure from linearity is prescnt fo r the metal rich glob ular 
clusters in the CN band (lt 11 ). A simila r effect h as been observed in 
M31 glo bula rs (Burstein et ai. , 1984). The windows tj3 2 to tj35 , 
which co nta in an important con tribution from M gH and C 2 , also 
present a sligh t departure from lineari ty . Possibly TiO d oes so. 

In view o f popula tion synthesis, we wish to derive agrid o f star 
cluster propcrties covering the wholc agc-meta llicity plane with a 
suita ble stcp. Therefo rc, we have for each feature, defined the 
extreme relations (W, metallicity) for the glob ula r cluster a nd 
yo ung cluste r isochrones (taking into account only clusters 
younger tha n 5 10 7 yr a nd excluding H 11 regions). These relat ions 
systematically converge a t low metal licities : li near regress ions fo r 
the 5 mo re signilicant features led to a zero-point [Z/2 0 ] = -2.45 
± 0.35 which was subseq uently used as a refe rence point. The mca n 
age within each group was assigned to the isoch rone. T he age 
interpo la tio n has been weigh ted by the con tinuum slope vs. age 
relatio nsh ip (Fig. 7). O n top of Fig. 5, we have drawn the two 
ex treme relations (globu lar and young clusters) and, in the case of 
Ca 11 K some intermed iate ones as well. The grid predictions to be 
used in futurc stella r po pulati o n synthesis is presented else wherc 
(Bica and Alloin, t986a ). The mean propert ies o f sta r clus ters, 
havin g - 2.0~ [Z/2 0 ] ~O . wit h an O.Sdex step as well as the 
extrapo la tecl value at [Z/20 ] = 0.6, a nd with ages I .65 10 10 yr. 
5 lO~yr, JO" yr, 5 108 yr, 10 8 yr, 5 10 7 yr, 10 7 yr have been 
interpolated for this purpose. 

The ma in concl usions o f the prese nt work are the foll.owing: 
(i) ln tegra ted spectra o f 63 star clusters provide a usefu l base 

for population sy nth esis in ga la xies. 
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Fig. 8. Spectra of one of lhe mosl metal rich globular cl uslers in ou r sample 
(NGC 6440). a cluster (NGC 6356) considercd melal-rich in prcvious 
comparisons wilh ga lax ies and NGC 4649, a very strong-lined carly-lype galaxy 

(ii) A number of weak absorption features from 3780 to 7690, 
mostly arising from molecular bands in late-type sta r atmospheres, 
are present not only in red clusters but a lso in young o nes via red 
supergiant stars . 

(iii) As a consequence of the low dispersion we used, many 
trustworthy maxima led to a good eslima tion of the continuum 
levei. 

(i v) About 30 out o f the 70 windows we defined present features 
ata significantle vcl t'or being used in stellar population synthesis. 

(v) We show the influence o f younger turn-off points on W for 
mctallic featurcs anti molecular bands. Thc enhancement of the 
bluc con linu um d uel o upper ma in scquence stars, defines, in the W 
vs. !Z/20 ] plots, severa! loci depending o n the age. On the 
contrary, the Wvs . [Z/2 0 ] relations in the case ofred fcat ures tend 
to be single-va lued . regardless o f age . 

tvi) Mctallic !ines and molecular banJs presen l a similar 
bchaviour as a function of [Z/2 0 ], the lattcr more ortcn dcparting 
from linearity for large [Z/2 0 ]. 

(vii) Thc !ines I-l a to Hc5 show lhe same dependence on age with 
maximum values at around 4 !OH yr. For a given age , W(Ha) is 
always smaller than the thrce next Balmer !ines because the 
um.lerlying conlinuum is dominated hy late typc stars which 
essentially do not con lributc to thc line absorptio n. Thus it is not 
possible to assume a Balmer absorption decrement in the 
underlying stcllar po pulations for disentangling emission from 
absorption components in gala xies. 

(viii) The !ines H e through H 1 O, strongly blended with metallic 
features, present a metal-dominated behaviour. 

(ix) The con tinuum distribution differences and not the Balmer 
tine equivalent widths allow one to distinguish between young 
populations and old metal-poor ones in galaxies. 

(x) Thc comparison of W for metallic features in !52 normal 
galactic nuclei and in the cluster base shows that around 50% 
of the galaxy sample can be population synthesized wi thout 
cxtrapolation of the clus ter base propcrties. An extrapolation to 

· [Z/2 0 ] = 0.6 is required to describe esscntially the whole sample. 
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Summary.- We present the measurements of equivalent widths in 70 windows as well as the normalized continuous 
distribution, from the integrated spectra of 63 star clusters with known age, metall ici ty and reddening. From th is data we 
de rive a grid of mean star cluster properties as a function of age and metallicity. We provide eq uivalent wid ths for the 
Balmer !ines and for a selection of 13 metallic feat ures, toge ther with the continuum · distribution, at ages 
1.65 x 10

10

, 5 x 10
9

, 10
9

, 5 x lOS, 10
8

, 5 x 10
7

, 107 yr and for metall ici ties [ z;z
0 
J = 0.6, 0.0, - 0.5,- 1.0,- I .5 and 

- 2.0. 

Key words : star clusters - spectrophotometry - stellar population synthesis. 

I. Introduction. 

In view of synthesizing stellar populations in nuclei of 
galaxies, we have studied a sample of 63 clusters _of 
known age, metallicity and reddening (Bica and Aliam, 
1986a, hereafter BA). The complete set of measurements 
is presented here . From these, we have built a grid of star 
cluster properties, following the method described in 
BA. We provide this grid in the form of the equivalent­
widths W of the selected spectra l features, and relative 
continuum po ints as a function of age and metallicity. 
The mean properties of star clusters having 
-2.0 ~ [ Z/20 J~ 0.0 are given with a 0.5 dex step, as 

well as the ex trapolated value at [ zj Z
0 

J = 0.6 . The age 
interval spanned by the present sample goes from 
10

7 
yr to 1.65 x 1010 yr. The star cluster properties have 

been interpolated at values 1.65 x 1010 , 5 x 109 , 109, 

5 x 108
, lOs, 5 x 107 and 107 yr. 

2. Discussion. 

'·Ye present in table I the measured equivalent widths in 
70 windows from the integrated spectra of 63 clusters 
(Mage llan ic Clouds objects and Galactic open cluste rs in 
Tab. Ia , Galactic globulars in Tab. Ib) . The definition of 
the windows and the respective contributors to the 
absorption are given in BA . We also give in table I the 
signal to noise ratios for the regions 

(*) Based on observations collected at the European 
Southern Observatory (La Si lla). 

Send offprint requests to: D. Alloin. 
Asl ronomy and Astrophysics n· 2-86 No'~cmbcr. - 3 

3800Á<A <4500Á, (S/N)b, and 4500Á<A < 
7500 A, (S/ N) ,, which must be taken in to account 
especially for faint !ines. The higher SjN in the long 
wavelength range is due to the better response of the 
detector in the red. The wide spread of S/N values in the 
blue mostly results from reddening effects. Equivalent 
widths for the cx tremely young clusters NGC 1714, 
NGC 1895, NGC 2070 and N88 indicate which windows 
will be seriously affected by emission !ines in nuc!ei of 
galaxies containíng HII regions . These windows are # 3 
([Neiii] 3869, H9 and He i 3889), # 15 (Hy), # 27 (H/3), 
~~ 29, 30, 31 ([OIII] 4959 and 5007), #59, 60, 61 (Ha, 
[NII] 6548 and 6584) and otF 66 (Hei 7065, [Ariii] 7136). 
Windows # 5 ([Neiii] 3967, H t:), # 9 (Hc5), # 47 (Hei 
5876) and # 62 ([SII] 6717 and 6730) will also be 
contaminated to a lesser extent. We also give in tab le I a 
selection of normalized contin uum points for the redde­
ning corrected spectra (BA). 

Applying the method described in BA we have built a 
grid of mean star c!uster properties. We show in tab le II 
the grid prcdict ions for the Balmer !ines Ha to Ho as a 
function of age . In tables II to V, we quo te a standard 
deviation which corresponds to the difference between 
the measured value and that deduced from the grid for 
three age groups: globular , intermediate age and young 
clusters. In tables III and IV, we present the grid results 
for normalized continuum points. Contrarily to the 
equivalent widths of Balmer !ines, the continuum points 
for globular clusters present a correlatíon with metallicity 
(e.g. Figs . la, lb) . Indeed such correlations for the 
continuous distribution are expected , owing to the fact 
that in more metal rich clusters, both the blanketing 
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effect and the absence of Blue Horizontal Branch stars 
(BHB) , increase the slope of the spectrum. On the other 
hand in the case o f the Ha to H8 windows, the 
weak~ning of Balmer !ines in metal-rich clusters due to 
the absence of BHB stars, is compensated by the growing 
st rength of underlying metallic features which are 
otherwise of second order in intermediate and metal 
poor clusters. We give in table III the metallicity depen­
dence of the continuous distribution for globular clusters. 
In younger clusters, no obvious trends with metallicity 
being found for the conti nuum , we give in table IV the 
continuum points as a function of age only . Finally, we 
p resent in table V the resulting W for selected metallic 
features as a function of age and meta ll icity. Due to 
interstellar contamination, the Na l window # 48 is 
discussed in more detail (Bica and Alloin, 1986b ). In 
some cases we added consecutive windows dominated by 
the same absorbers. In the CN window # 11, the W vs. 

[ Z I z0 J rel ationship prescnts a stro ng departurc from 

Rcferences 

BICA, E . , ALLOIN , D . : 1986a, Asrron. Astrophys. 162, 21. 
BICA, E. , ALLO IN , D. : 1986b, Astron. Aszrophys. in press. 
MATHIS, J. , CHU , PETERSON, D. : 1985 , Astrophys. J. 292, 155 . 

linearity for globular clusters with [ Z I 2
0 

J > - O. 7 
(Fig. Sb in BA) ; the isochrones corresponding to youn­
ger ages were interpolated taking into account this non­
linear effect. This is justified by the fact that for the same 
metallicity range in HII regions, both carbon and nitro­
gen abundances present a non-linear dependence on 
oxygen (Mathis et ai., 1985) . We adopted the same 
procedure for the slight departures from linearity obser­
ved in windows # 31 to # 36, which cover a spectral 
interval contaminated by C2 and possibly CN. As well 
window # ] O shows this effect which we assign to some 
blend with the CN heads in window # 11. The windows 
corresponding to HlO, H9, H8 and H~:, in spite of their 
good detection levei , were excluded from the present 
analysis since they are heavily blended with metallic 
features (BA) . 

The mean star cluster properties provided in tables II 
to V will be used for stellar population synthesis in 
ga laxies . 



. • 

\ 

I 

ST AR CLUSTER PROPERTIES FOR POPULATION SYNTHESIS 

T ABLE la. - Measured equivalent-widths for the 70 windows defined in BA 
as well as continuum values at 6 wavelength points relative to the one at 5870 Á. 
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-1.5 2 . 0 
0 . 9 0.6 
1.8 1 .2 
1.2 0 . 9 

NGC 2 15B I ,q 4 . 3 3 . 3 I .3 0 .7 3.4 3.9 
?6<>0 O. 4 1 . 4 1 . 1 2 . I I . I I . 6 2. 1 
6705 0.2 1.1 1 . 2 0.3 - 0 .3 0 . 7 0 . 1 

5.0 7.4 3.2 
3.-, 8 . 2 2 . 6 
1 . !> 8 . 6 0 . 7 

4.1 •. 9 ., . 7 
3. 0 2 .3 3.4 
0 .1 o. 7 2.1 

3 . 6 1.8 5 . 0 3 . 2 3.9 2.5 
2 . 7 1.5 3.1 2.2 3 . 4 1 . 4 
1.5 0.7 2.1 1.6 2 . 1 0 .8 

0.9 
1.6 
0.8 

- I. O 

1.2 
-0. 1 
2.5 
0.9 
1.1 
1. 0 
0 . 0 
0.4 

-1 .o 
1.8 
1 .0 

- 0 . 6 
I . O 
1 ,4 

1 . 4 

1 .3 
2. 1 
I .2 
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TABLE Ia (continueá) . 

Object 39 40 41 42 43 46 47 49 50 51 52 53 55 57 58 

SMC 

LMC 

coe 

NGC 121 
330 
419 

N 88 

NGC 1466 
1714 
1783 
1831 
1847 
1856 
1866 
1868 
1895 
1978 
2004 
2070 
2100 
2157 
221 4 

0 .8 
1.2 
0.8 

-0.8 

1 . 0 
1.3 
1 .5 
0.0 

-0.3 
0.3 

- 0 .1 
0.2 
4 . 6 
1.1 
0.9 

-1 .3 
0.8 
0.3 
1 .2 

1 .6 
1.0 
1.3 

- 3.3 

0 . 8 
0.4 
0.6 

-6.2 

0 . 4 0 . 2 
0.5 -1 .8 
2.4 0.9 
1.3 1.0 
1 .2 0.9 
0 . 4 0 . 6 
0.8 0.5 
0.0 0.4 
0.6 0.8 
2.2 0.5 
2.3 0.4 

- 0.9 -3 .1 
0 . 5 0.9 
0.9 0.5 
1.9 1.0 

l. 7 

2 . 1 
2.0 

-4.4 

0 . 6 
1 . 7 
1 . 7 
2.4 
1.5 
1.4 
0.0 
0 .8 

-2.4 
3.5 
1.7 

-0.3 
0.8 
0.6 
2.0 

-0 .4 
1.3 
1. 0 

- 2. 4 

J .3 
' 1.1 
1.1 
2 .0 
1.1 
1.2 
J .o 
0.5 

- 2.1 
1.3 
1.7 

-0.7 
1.3 
0.5 
J .9 

1.1 
2.2 
0. 4 

-1.5 

1.0 
-0.8 

1. 8 
2.5 
0.5 
0.9 
0.6 
1. 3 

-2.6 
0.5 
2 . 3 

-0 . 6 
1 .5 
1.0 
0.1 

1.1 
2.0 
1. 9 

-3.2 

1.8 
-0.8 
0.7 
3.3 
3.1 
2 . 1 
1.1 
1. 2 

-3.8 
'2 . 0 
1.3 

-2. 4 
1 .3 
0.2 
1.3 

0.7 
0 .2 

-0.5 
- 6.9 

-0.1 
0.6 
0.2 

-66 . 1 

2.3 
1.9 
1.4 

-41.7 

0 . 0 0.2 1.0 
-1 . 3 -19.8 -29.6 
- 0 . 2 0 . 3 1 . 7 
1.4 0. 1 0 . 3 
1.0 1.0 1.6 

-0. 1 - 0 . 1 1. 4 
-0.2 0.4 1 .6 
-0. 5 
0.1 
0.5 

-0.3 

0.3 1.9 
-4.3 - 11.8 

1.2 2.6 
0.7 

-4 .9 -23.1 
0.5 0 . 1 
0.0 0.2 
0.4 J . 1 

3 . 7 
-29.3 

1.9 
1.5 
2.7 

2.1 
1. 4 
1 . 3 

-5 . 0 

0.5 
-1.7 

1.5 
0 . 6 
1.0 
0 . 5 
1 .I 
0.9 
0.2 
2.3 
3.5 

-2.1 
0 . 1 
0.4 
I. 7 

NGC 2158 I. 3 1. 6 O . 6 I . 5 I. 2 2 . I 2 . 5 O. O - 0. 7 . 2 . l O . 6 
2660 1. 4 o. 7 o .7 1 . 8 o. 8 l. J I. 2 o. 4 o. 1 2. o o. 2 
6705 0.8 0.1 1.1 0.4 0.5 0 .6 2.9 1.1 0 .2 2.0 0 .8 

59 60 61 .62 63 64 65 66 67 68 69 

1.0 
2.3 
2.1 

-4.6 

0.3 
-0.1 
1.8 
2 .1 
1.2 
0 .3 
0.8 
1.2 

-1.4 
2.4 
2 .8 

-3.1 
0.7 
0 . 5 
2.3 

0 . 7 
0 . 5 
0.5 

-5.1 

1.9 
-2 . 1 

0 .8 
1.5 
1.0 
0.3 
1.0 
0.3 

-0.2 
1.0 
1 .0 

-2 . 2 
1.6 

-0 . 5 
1. 5 

0.9 
1.0 
0 . 7 

-4.3 

2. 1 
-3.4 

1.4 
I . 7 
1.4 
0.5 
0 .3 
0.6 
0.4 
0.3 
0 . 0 

-1. 9 
0.9 
0 . 3 

- 0.3 

1.7 
1.6 
1.0 

- 3.3 

1. 9 
2 . 7 
2 . 3 

-1.4 

3.0 2 . 8 
-1.0 -0 . 6 

1.1 3.6 
1.8 3.4 
2 . 3 2.6 
1.0 2.5 
0.8 2.7 
0.9 2. 7 
1.0 -2.9 
I. 4 2. 2 
2 .l 5. 3 

- 0.9 -0.5 
0.8 2 .I 
1.0 2. 5 
0.6 3.6 

3 . 1 3.2 1. 5 1.5 
4.6 3. 2 3.5 5.1 
2.4 2 . 0 2.1 2.7 

-2.0 -25.8 -13.4 -30.1 

3.9 3 .I 
-0.4 -11.7 

5 . 1 3. 5 
1.3 0.5 
4.2 4.0 
1. 7 3 .4 
3.3 2.3 
3.5 2.3 

-1.3 - 4 . 8 
3 . 3 2 . 2 

10 . 1 5.7 
-1.8 -11. 3 

2 .9 2.Q 
3. 0 2 . 2 
6 . 4 4 . 0 

2. 7 5.4 
-7.9 -18.9 

3.2 3.3 
-0.2 2.4 
2.• 1 . 2 
0.9 1.2 
1 .0 0.9 
1.6 1. 7 

-1.8 - 3 . 7 
1.4 0 .8 
4. 0 2. 7 

-7.7 -21.0 
1 . • 1. 5 
1. 6 0.6 
3.4 2.3 

1.6 1. 3 0.2 1.9 5.0 6 .6 7.3 
1 . 2 1.7 1 . 6 2.2 2.8 3 . 9 3.1 
1.3 0.8 0.9 1.9 2.4 2 .8 0.9 

3.5 4.6 
3.5 3 .8 
1.8 2.5 

70 4020 c4 5?o c~340 c6630 c699o c7520 
Obj e ct r c587õ 5870 5870 5870 5870 5870 

SHC 

LMC 

coe 

NGC I 21 3 . 6 3 . I 1 . 2 O . 4 I . 4 
330 3.9 3.0 1 .2 0.1 1.5 
419 3.2 4. 1 2.1 0.5 1.0 

N 66 -11 6 . - 2830 .-159 . - 101. -26 . 6 

NGC 1466 2 . 0 3 .4 3.9 
1714 - 52.2 - 1720.-147. 
1783 3.9 4.4 0.7 
1831 2.3 6. 4 3.5 
1847 1.4 2.2 2.7 
1856 2.8 5.0 0 .8 

1 . 4 
- 79.8 

0.9 
2 . 9 
1.1 
0.6 

1.6 
- 42.0 

2.0 
6.9 
1. 2 
1 . 7 

1866 1.6 3.7 1.1 1 . 7 4.9 
1868 2 . 1 5.2 0.3 0.0 2.1 
1895 - 24.5 - 788. - 93 . 7 -61. 8 -38.3 
1978 
2004 

2.3 3.3 
5.0 0.9 

2.0 
1 .3 

2070 -66.9 -1670. -158. 
2100 1.5 -7.3 0.2 
2157 1. 1 1.9 0.1 

0 . 7 2.7 
2 . 9 6 . 2 

- 95.7 -37.7 
o. 7 3.2 
0.5 2.5 

2214 2 . 5 -1 . 6 0 . 6 2.9 6.9 

10.9 7.8 1 .9 
7.3 4.4 3 . 6 
6.5 5.5 5 .1 
1.1 -11.3 -197. 

19.0 9 . 4 2.3 35.2 
18.3 9 . 8 0.6 32.0 
15.8 10.6 2.3 33. 4 
1.3 - 49.9 - 3.2 34.8 

6 . 5 0.9 1.8 . 5.0 6.9 4.4 35. 4 
2.5 -1 3.5 -89.2 2.1 -21.9 -6.3 37 . 5 
6.8 2 . 0 2.4 15 .9 9. 1 1. 5 31.8 
7.7 4.0 6.2 11.4 8. 4 3.4 35.5 
7.5 2.6 1 .6 6.7 4,9 4.8 34.6 
8.0 2 . 9 1.7 3.8 8.2 3.0 31.3 
8.5 1.6 7 .4 17.2 6.1 0.3 35.6 
6 . 6 2.0 0 .8 11 . 5 5.7 1.5 32. 7 
1 . 8 -1 1.0 - 52.7 2.45 -22.10 0.75 60.9 
8.5 5.3 6.6 17.6 9.2 - 0.3 35.0 
6.5 4.3 12.6 25. 6 11.6 0.9 35. 1 
6 . 5 -6.1 -102. - 1.5 -31. 3 2.0 31.6 
6.6 4.3 5. 4 13.1 10.7 3.6 33.2 
7.6 5.3 3.2 14.0 6.0 1 . 2 33 . 1 
9 . 9 1 . 6 11.3 19.0 10.0 0 . 6 38.8 

NGC 2158 3.3 3.8 3. 4 1 . 9 
2660 3 . 7 4 . 5 1 . 7 o . 1 
6705 2.5 5.5 0.8 0.2 

• .e Jo . • 
o . 7 6.2 
0.8 6.2 

6.7 5.3 12.8 
3.2 2.2 10.5 
0.5 1.4 9 . 2 

8.1 3.2 35.5 
4.4 0.2 29.1 
6. 8 1. 6 31. O 

0. 71 
2.07 
0.80 
1.88 

1.35 
2.50 
0.96 
2 . 19 
1.89 
1.89 
1. 66 
1.33 
2.11 
o. 77 
1.50 
1 .82 
2.35 
1.90 
2.12 

0.89 
1 . 67 
0.97 
1.39 

1.19 
1.66 
1.08 
1.67 
1.50 
1. 51 
1:50 
1.32 
1.66 
0.93 
1 . 24 
1.45 
1. 75 
1.58 
1.68 

0.85 0 .92 
1.08 1.17 
1 . 99 1. 54 

0.97 
1.17 
0.99 
1.1 0 

1.07 
1.25 
1.04 
1.21 
1.1 5 
1.15 
1.13 
1.08 
1.21 
0.97 
1. 02 
1. 17 
1.22 
1.18 
1.17 

0.99 
1. 07 
1.20 

1.04 
0.81 
0.93 
0.98 

0.90 
0.74 
0.94 
0. 79 
0 .80 
0.80 
0.86 
0. 68 
0.78 
1.05 
0.98 
0.83 
o. 77 
0.85 
0.84 

0.96 
0.85 
0.76 

1.05 
0.74 
0 . 91 
0.98 

0.85 
o. 71 
0.80 
0.72 
0.74 
o. 71 
0.84 
0.83 
o. 70 
1.07 
0.97 
0 .76 
0 . 72 
0.80 
0 . 82 

0.91 
0 . 78 
0.67 

1.04 
0.64 
0 . 87 
1.00 

0.80 
0.74 
0.86 
0.63 
0.66 
0.61 
0.82 
0.78 
0 . 61 
1. 10 
0.96 
0.73 
0.62 
o. 73 
0.78 

0.84 
0.68 
0.58 
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STAR CLUSTER PROPERTIES FOR POPULATION SYNTHESIS 

T ABLE Ib . - Same results as m table la, for Galaccic Globular Clusters. 

o bject I ( S/ tl)b (S / • ),. 1 
lO 11 12 14 15 

CGC 
fl GC 104 

362 
1851 
190 4 

2608 
4 590 

4833 
5024 , .. 
5927 
59 46 
6093 
6139 
6171 
6 2tH 
6 29 3 
6304 
63 16 

6356 
6388 
6401 
6<102 
6440 

64~3 
6517 

652e 
6!)4 1 

654 4 
6~53 

65S6 
6>69 
6624 

6637 
6636 
C.642 
66~2 

6715 
6760 
606 4 
7006 
7018 

60 
70 
5C 
70 
•o 
30 
lO 
3 5 
40 
15 
15 
35 
15 
15 
l O 

20 
l O 
15 
25 
30 
15 
30 
25 
15 
10 
15 
45 
l O 

5 
l O 
lO 
20 
20 
1 5 
15 
30 
30 

5 
60 
30 
e o 

Obj ~ c t ,f 19 

ccc 
NCC 104 0 .1 

362 o. 2 
1851 0 .4 
1904 0 . 4 
26L)8 0 . 0 
4~90 0.1 
4033 -0 . 2 
5024 0. 8 
5824 0.1 
5927 1.4 
5!)"6 -0.4 
60Y J 0.2 
6139 - 0.4 
6171 0. 1 
6287 I. 2 
6293 0. 4 
630~ 0. 1 
6316 o. 7 
6356 o. 5 
GJOO 0. 4 
6·101 -0.5 
6402 1 .o 
6440 o. 5 
6·153 0 .1 
6517 0 .8 
6~28 0.2 
65 41 o. 5 
6544 l. 5 
6553 0. 3 
65~8 -0.6 
6569 2.3 
b62 4 -0 . 6 

6637 -0.4 
6636 0 .6 
6642 0.0 
6652 -0 . 1 
6715 - 0.2 
6760 l. 7 
6864 0.6 
7006 o. 5 
70?8 0.3 

110 3 . 2 
90 l .6 
90 2. 7 
70 2.6 
60 -0.5 
45 1.5 
20 13.9 
60 3. 7 
65 O.J 
60 6 .8 
30 -1 .1 
50 l.2 
45 1 . 6 
45 4. 3 
25 8 .3 
45 1.0 
3~ 3.1 
40 1. 4 

35 6.8 
60 4 .9 
45 20 ' 6 
60 4.1 

100 11.5 
40 -1 .o 
J O - J. 5 
45 6.9 
60 2.2 
30 6. 7 
20 0 . 5 
20 5. 7 
25 10 .0 
45 6.1 
45 6.8 
40 0.2 
40 2.2 
o10 3.0 

70 1. 2 
30 19 .0 

100 3 . 8 
30 S . .t 
6 5 1 .9 

20 2 1 

1 '7 o.o 
1. 7 o. 5 
1.7 1.1 
0 .9 0 . 9 
2 .8 0. 8 
0. 9 1.0 
2. 4 o. 3 
1.5 l.O 
o. 7 0.5 
3.0 1 .o 
1. 6 1.5 
0. 6 0.1 
1.9 1.0 
1.2 1.6 
o. 4 0 . 8 
0.2 0.6 
2.6 0. 3 
1. 5 -o. 1 
I. 6 1. 2 
2. 1 1. 'I 
3.5 -0.5 
2. 4 1.8 
4 , 2 2. 3 
0 .9 o. 5 
2 . 5 l . 2 
1.2 1.7 
1. 2 1. 5 
3.9 ),4 
5.3 -0 . 1 
2. 7 0.0 
4 .s 1.4 
2 . 6 I . 3 
1.8 o. 7 

- 0 .3 0.5 
l. l 0 . 1 
2.3 o. 7 
1.8 1.1 
o. 1 3.4 
2 . 7 1. 4 
2.7 1. 0 
0.8 o . .: 

1.1. 7 8 .1 
6 .0 6.0 
8.5 6 .9 
5 .2 7 ,J 
2.6 4 .o 
2.\ 2.1 
2 . 2 3 .2 
6.5 5 . 9 
4 ,1 4.\ 

20.2 11 . 0 
1 . 7 3.0 
3. 2 6. 5 
8. 3 11.7 

17 .o 14.1 
-1. 3 1.0 

4 .1 3.9 
16 . 4 17.6 

15 . 0 13.1 
20 . 3 12.9 
16.6 11.2 
16.0 7 .o 
8. 7 6 . 7 

16.6 13.6 
!), 4 6.4 

-0 .3 10 . 6 
26. 0 le . 2 

3 .9 3.6 
g .9 4 .e 

22.0 20.0 
16.7 13. 1 
17 .s 7.6 
16.4 10. 4 
1-4.6 12.6 
8.4 9.3 
6. 3 5.6 

14.2 10.0 
6 .6 6.6 

- 3.0 22 . 0 
9. 4 7. 6 
9.0 10. 1 
3.2 4.0 

22 23 

0. 9 0 . 3 
0. 4 0 . 0 
0.6 0 .0 
0. 3 0 .2 

- 0 .2 - 0 .2 
l .o 0. 3 
1.1 0 .3 
0. 9 1. 0 
0 .3 0 . 3 
1.0 o. 7 
1. 3 0.7 
0.0 0 . 0 
0.9 - 0 .9 

- 0.1 0 . 3 
0. 9 0. 8 
0.4 -0. 1 

I .8 0.0 
0.2 0 .3 
0.1 o. 2 
0.5 0.9 
1.6 1.0 
0.9 o. 4 
1. 9 1..4 
0.7 -0.6 
0 .8 0. 4 
o. 4 0.9 
I. 4 1. 0 

- 0.4 0.2 
0 . 7 - 0 . 2 
2 . 2 o. 'I 

- 1 .e 2.0 
- 0.2 0.7 

I .2 0 . 0 
1. 2 0 . 0 
l. e -0.3 
0.3 -0.6 
o. 2 0. 9 
2 . 0 2.1 
1. 2 0.1 
0.6 0 . 2 
0. 1 -0 . 1 

12 .9 
10.~ 

10 . s 
9 .1 
o. 5 
4.9 ... 
5. 7 
5 . 3 

14.6 
10.1 
5.8 
6 .1 

1 4. 4 
5 .8 
6 . 4 

17 .4 
15.0 
17.5 
14 .3 
11 . 1 

5 .4 
17.1 
6.6 
9 . 0 

15 . 9 
6. 7 
e .4 

18.6 
10 .5 
13. 7 
15.5 

14.0 
12 .o 
8.5 

11. 4 

e.o 
15.1 
1 1.2 
10.4 
5.4 

o. 2 
o . 7 
0.1 
0.4 

-0 . 3 
1.3 
o. 7 
1. 0 
1.4 
2. 2 
0.6 
0 .2 
1.4 
o. 5 
3.5 
o. 7 

2 .1 
1.5 
I . 5 
o. 7 
2.3 
1.4 
J.s 
0. 1 
0.!) 
2.0 
2 .I 
1. 5 

- 0.7 
1.2 
O. J 
0 .4 
0 .6 

- 0 .6 
0 . 1 
I. I 
1. 1 

-0 .4 
2 .I 
o. 7 
o. 5 

9. 4 0 . 4 
9 . 1 1. 4 
9. 4 0.4 
9.1 1.3 
'Ll 0.7 
7 .2 1. 1 
5.2 4 .e 
o. 3 L. 1 
6 . 7 -0. 1 

12.2 2.0 
8.8 1 ,J 
6. 7 -0 . 1 
7.8 0 .5 
9 .0 4 . 5 
5.2 0 . 4 
7. 7 0. 4 

10.5 2 .5 
11.3 2 .1 
11. 8 0.5 
10 .1 o. 7 
12 ' 1 0 .3 
7 .o 1.0 

12 .5 4 ,0 
6.6 -0.2 
0.6 0. 5 

12 .4 5 .0 
7 . 2 1.3 

10 .3 - 0 .3 
10.0 1. 7 
o. 7 0.1 

12 . 0 0.4 
11.. 1 0 .3 
10.7 -0. 1 
9.3 -0. 4 
., . 2 1.2 

10.3 o. 5 
0 . 6 0.5 

16 . 9 5. 9 
0.6 0.2 

10 . 2 0.3 
5 .5 -0.2 

25 26 

o.e o. 9 
0. 6 0 .2 
1.0 1. 1 
0 . 5 0.0 
o. 6 o. 7 
1.4 1.0 
0 . 0 o. 7 
o. 7 0 . 8 
0.8 0 . 0 
1. 7 1. 2 
1 . 2 0 .2 
0 .4 0. 6 
1 .o 0 .2 
1. 1 0.6 
I .6 0 . 9 
1 .e 2.3 
I . 2 0 .8 
3.6 I. 5 
0 .0 o. 7 
l . I 0. 3 
3.8 I .O 
0 .9 0. 8 
3 . 9 2.9 
0.3 0. 9 
0.5 l. G 
2.9 2.8 
1.7 1.4 
2.5 1.3 
2 . 7 1.8 
2. I 1.6 
1.5 1.8 
0.6 0. 4 
0.2 - 0 . 2 

-0, 11 o . 7 
1.1 1.2 
0. 8 0.2 
1.1 0.0 
2 .3 l. 7 
l .6 0.8 
0 .9 1 . 0 
0.8 0 . .11 

0.6 1. 1 
0.5 ..0 .4 
o. 7 l.l 
0.3 1.5 
0.0 0 .3 
1. 0 1.6 
2 . ?. - 0 .2 
o. 7 o. 7 

0 .0 0. 8 
3.0 0.7 
2.2 1. 7 
0 . 0 0. 5 

- 0 . 4 0.2 
- 0 .5 1.9 

0 . 9 2 . 0 
0 . 9 1.6 
0.8 1.0 
0. 5 2 . 2 
2.1 2 . 8 
o. 5 2' 1 
1.2 3 .5 
0. 9 2 .6 
3. 2 2. 4 
1. ~ o.e 
3 . 4 1.5 

o. 7 2. 6 
0.5 0.8 
3 ' ., -0 . 3 
6.3 - 6. 1 
0 . 3 4.4 

-0. 7 0 . 2 
-o. s 2 . 1 

3.1 1.6 
1.8 2.8 
0 . 0 2 . 0 

-0. 1 1.6 
o.o 1.0 

-0.3 10.7 
1.0 1. 1 
1. 0 2.2 
0.3 0.3 

27 2e 

2.2 
2 .1 
4 . 1 
3. 7 
2 . 9 
3.6 
6 .• 
3.e 
• . 5 
4. 7 
6. 6 
4 . I 

3.0 
3 .e 
4 . 7 

~.9 
• . o 
2 .o 
3.5 
4 . 3 
9.3 
6. 0 
7.2 
4.3 
7 .• 

5 .2 
3.e 
3. 4 
0 . 4 
6.3 
5.2 
3.6 
2 . 2 
3 . 7 
5.4 
2.9 
3. 6 
8.0 
3 .2 
5.0 
3.2 

29 

1.7 
o. e 
0.0 
o. 7 

o.·, 
0.4 
1. 4 
0. 4 
0.9 
3 .0 
4.2 
0. 5 

-0.3 
2 . 3 
1. 4 

2.6 
3.o 
o. 7 

2 . 0 
2.ó 
4. 1 

1.5 
5 .9 
I. U 
3.0 
5. 5 
0.1 
0.5 
0 .5 
1.7 
0 . 5 
2. 7 
2.9 
1.3 
2 .1 
1.5 
t.J 
2 .e 
1.0 
0.5 

-0.1 

30 

2. 9 0 , 5 0.6 ].5 
2.9 0.7 0 . 0 0 . 5 
3.5 1.0 1.4 l.l 
3.4 0 . 5 0.3 0 .2 
3 . 3 0 .1 0 .4 0 . 11 
3.8 0. 9 0 .9 o. 7 
3.8 0.7 1. 3 0 .6 
3 .6 0.5 o. 7 0. 9 
2.7 0 . 3 0.6 0.1 
1\,l 0.9 2.3 2.0 
3,4 0.7 1. 0 1.2 
3 . 2 0 .2 0.1 0 .2 
3 . 9 0.4 0. 1 0 . 9 
2. 7 1.3 1. 4 1.5 
3.1 0 .3 0.6 1. 2 
4.9 1. 1 0.? 0 .5 
2.7 0.2 o.o 2 .4 
2 . 9 0.9 1 . 4 2.3 
2.0 0 . 5 t.:a 1 . 5 
2. 5 0.6 0,7 0.7 
4, 2 0 .0 0.0 1.7 
3 . 9 0 . 9 1 .3 2.2 
4.0 1.6 2. 4 I'J,7 

3 .9 0. 0 1. 5 0.7 
3.5 0 .6 0 . 7 -0. 6 
4.3 1.5 1. 6 3 . 3 
4,0 1. 0 0.9 0 .9 
4 . 1 l. 8 0.9 1.1 
6.2 1.4 2.3 4.3 
4.9 1 . 2 1. 1 - 0. 1 
2.3 0 .7 0. 6 2 .'/ 
2. 5 0 . 4 0 . 0 1. 0 
1.8 -0 . 8 -0.2 0 . 6 
4 .2 0.5 0.9 0 .6 
4.3 - 0.1 0 . 9 1.2 
2. 7 0.0 0 . 5 0. 8 
3.0 0.8 1.2 0.9 
3.0 1.6 J.l 11.6 
3.8 0 . 8 1. 6 2 . 1 
3.0 0.2 1. 2 0 . 9 
2.5 0.0 0 . 3 0 . 5 

6 .1 
2.5 
1. 2 
1.0 
2.9 
0 . 9 
1.9 
0.5 
o .• 
8.4 
2.0 
0.4 
0 .2 
S,4 

4 •• 

2 . 5 
9 .8 
7 .o 
7 .a 
0.3 
6.1 
4.9 

15.3 
- 1.0 

5 . 3 
14. 7 
1. 4 
5 . 7 

11.9 
2 .6 
9. '} 
'1 . 6 

7 .I 
2 .9 
3.2 
2.6 
2. 7 

14.6 
1.2 
3 .6 
0 .8 
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2. 3 
2. 1 
1.3 
0.6 
2.1 
0 . 2 
1.0 
1.3 
0 . 0 
4.3 
3.6 
0.9 
O.J 
4 .6 
2.3 
0.4 
4 . 0 
1.9 
3. 7 
2 . 7 
3.0 
2 . 'I 
7 .3 
1.1 
2.8 
5 . 7 
1.0 
2.9 
3.3 
2.0 
5.0 
3 . 1 
2. 3 
o.e 
1. 9 
1.3 
0.9 ... 
1.4 
1.9 
1.0 

32 

3. 7 
1.4 
0.9 
0 .9 
l.í! 
0 . 0 
3.0 
1.2 
0.2 
6 .2 
3 . 5 
1.7 
1.6 
5.0 
1.5 

1.5 
4. 6 
~ .5 
4 .o 
3.0 
6.0 
5 .0 
9.3 
3 . 0 
4.2 
7. 7 
0 . 6 
2. 7 
9 .3 
5 . 0 
3.9 
4.5 
4.4 

2 . 2 
3 .6 
3.4 
1.9 

10.7 
3.2 
2. 6 
1.6 

33 

3 . 8 4 .6 2 . 3 
1 .2 0 .5 0 .5 
1.5 0.0 0.5 
0 . 9 0. 11 0.6 
1.6 1.4 0 . 9 
0.3 0 . 5 0 .1 
2.1 0 . 5 0 . 1 
0 . 3 0.2 0 . 5 
1.7 1.1 0 . 4 
4. 7 4.7 2 . 2 
3 .1 1.7 0. 9 
0 .1 0 . 0 0. 5 
1. 3 0 . 5 0.8 
2.!) 4.3 1.5 
1. 0 o . ., 0 .4 
0 .6 - 0 .2 0.6 
4.6 3.8 2 . 3 
4.9 4 .8 2. 3 
3.2 2.0 2.0 
11.9 3 . 4 2 . 1 
3.4 5 .1 2 .5 
3 .1 3 .6 1.3 
7.2 6 .9 3 . 0 
2.4 0 .6 1. 0 
2. 1 0 .4 -0.2 
6.7 6 . 3 3.0 
l. 1 o. 7 0.6 
0.4 2.1 0. 1 
7.0 6 . 7 3 . 2 
2.7 3.3 1. 0 
2.3 3.6 2. 7 
5.1 4 .O 2. 1 
2.2 0.0 0.9 
2 .0 1.4 0.8 
2 .3 2 . 3 2.1 
3.2 2. 3 1.6 
3.2 2 .3 1.4 
7 , 5 3.9 2. 6 
2.7 1 . 6 0.9 
1.8 0.6 0 . 6 
0.9 0.2 0.1 

5.3 1 . 0 
3 . 9 2.6 
3' 1 3.6 
3 . 2 J. 5 
3. 7 2 .e 
1. 5 3.4 
3 . ., 4 .6 
2 . 7 3. 7 
2.9 .4 .8 
9 .o 4,9 
6.2 5. 3 
J. 5 4,8 
3 .o 5 . .4 
7 . 2 5.8 
3.6 4. 4 

4. 2 5.8 
7 .o 5.6 
8.4 5.8 
8 . 1 .4, 2 

5 . 0 .4, 1 
6.5 10 . 0 
5.9 6. 7 
9.3 7,4 
4 .9 4,9 
6.5 6.6 
e .3 6. J 
3.1 2.6 
1\,9 10.9 

14 .o ~.4 

4 .e 4 . 1 
7 ' 7 6. 5 
6.3 4. 2 
0.0 3 . 6 
5.6 4.8 
7 ' 7 5 . . , 
6.4 3.6 
4 . 9 1\.4 
7.6 4 ,4 
4 .2 3 . 3 
5.0 4.8 
2.4 4 .o 

34 35 

5.6 3 . 3 
1. 9 1.5 
2 . 0 1 .3 

1. 2 0.9 
1.6 1.2 
1.0 1.0 
2.2 1 .2 
1.0 o. 7 
1 . 3 - 0 .3 
(i .2 3. 7 
2.1 I .2 
1 . 3 0 .6 
3 . 3 1 .2 
5.0 ). 5 
1.6 l. O 
o. 9 o. 5 
5.5 3.2 
5 . 3 2.1 
5.1 2. 7 
5.3 3.6 
4 , 7 2. 7 

3.2 2 . 0 
7 .o 5 . 5 
1. 7 1.6 
o. 3 0. 4 
8 . 4 6.1 
1 , .11 0. 9 
3.3 2.2 
8.5 5 . 3 
3 .0 2 . 2 
5. 5 2 . l 
5. 4 3.2 
3 . 2 2. 3 
3.0 1 . 3 
4.4 2 . 9 
3. 5 0.9 
2.8 1 .2 
6.6 4,1 
3 . Z l .6 
2.2 0.9 
0.9 0.0 

16 

3 . 6 
1.5 
2. 7 
1. 7 
o. 5 
O.> 
1. 0 
1. 0 
0. 1 
4 .1 

2.6 
1.3 
I . 6 
6.5 
3. 5 
1.0 
6 . 6 
5.6 
b.l 

4. 2 
7 .o 
4 . 5 
9 . 4 
3 .4 
6. 4 
6.4 
o. 7 
9 .0 
2 . e 
7 . 9 
6 .0 
4.5 
5 . 0 
4.4 

5.6 
3. 5 
2 .0 
9. 7 
2. 7 
1.9 
0.7 

36 

18 

1. 4 ).4 

0.7 1. 2 
1.2 1. 7 
0 . 8 0.8 
0.4 1 . 4 
0.2 0.1 
1 .o 0.6 
0.2 O.J 
0 . 0 -0.1 
2.3 1.4 
2.t5 0 . 1 
0 . 1 0 . 5 
o. 7 o. 5 
2.3 -0.1 
2.4 2 . 2 
o. 5 o. 7 
1.8 1. 3 
1.9 2.1 
3 .o 1.8 
2.0 1.7 
3. 4 1 .6 
3 .o 1. 7 
IL 7 ) .6 
1.9 1.4 
3.4 2 . 3 
3.2 4 .o 
0.9 0 .8 
5 .1 1. 7 
4 , 3 3 .8 
3 . 7 -0 . 7 
2.8 3 .4 
1. 9 1. 8 

1.8 O.H 
2.0 0 . 3 
2.2 1.6 
1. 1 o. s 
0. 5 1 .4 
3.8 3.2 
1.6 l. l 
o. 7 0.9 
0.2 0 . 0 

37 30 

2 . 3 0 .0 
1.0 o. 5 
1.9 0.3 

1.5 0. 8 

0.6 
o. 7 
0 . 0 
o.e 
1. 3 
0.0 
1.7 
o. 7 
0 . 4 
1. 4 
o.e 
1. 2 
0.1 
o. 8 
1.7 
0.2 
o.e 
0. 9 
1.1 ... 
1. 0 
1. 6 
1. 6 
1. 2 
0 .1 
1. 7 
0.5 
1. 4 
1.4 
1. 7 
0. 9 
0.6 
0 . 6 
I. I 
t.e 
0.5 
0.6 
I .o 
0.5 
1.9 
0.6 

2.2 1 .3 
l. 5 0 . 6 
2.3 J.2 
0.6 0 . 9 
o. 2 0 .2 
2 . 7 1.0 
1.1 o. 7 
I .O 0.2 
1.4 0.1 
1. 7 o. 6 
o. 5 0. 3 
1.4 1.3 
2 .o -0 .1 
1 .3 0.6 
2.) 0.9 
3.9 1.0 
2.6 1.1 
1.6 0.5 
4.2 1.4 

2 .o 0 .9 
0 . 0 1.1 
4 . 6 1 . J 
0. 8 o. 5 
2 . 6 1.4 
4.5 -0.3 
3 .0 2.1 
2.0 0.1 
3 . 4 0.6 
1.8 O. J 
1 .s 0.6 
3.1 1.5 
l .5 0.2 
1. 5 0.6 
4. 0 l .2 
I . 7 O. 3 
1 .J 0.0 
0 .~ 0. 2 
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Objec:t 

ccc 
NGC 104 

362 
165 1 
1904 
2808 
4590 
4833 
502 4 
~824 

5927 
5946 
609 3 
6139 
6 17 1 
6287 
6 293 
630 4 
6 J16 
63~ 

6386 
(;1101 
6402 
6'140 

64~3 

6517 

6528 
6 541 
6544 
6553 
6558 
6569 
6624 
6637 
6638 
6642 
6652 
6715 
6760 
6664 
7006 
707 0 

Ob jec:t. I 
CGC 

NCC 10.1 
362 

1051 
l904 
2008 
4 590 
4833 
502 4 
~824 

5927 
59 46 
6093 
6139 
617 1 
6287 
6293 
630 4 
631 6 
6356 
6386 
640 1 
6 1!o 02 
6<140 
6453 
65 17 
6528 
6541 
6544 
6553 
6"6 
6 569 
662 4 
6637 
6638 
6642 
G652 
6715 
6760 
606 4 
7006 
7078 

39 40 41 

0 .1 0.8 0.4 
0.6 o. 7 0.2 
0.4 0 . 8 0.0 
0.7 1.0 0.1 
1 . 2 0. 9 0.5 
0.4 1.8 1.4 
o. 7 0.6 l.2 
0 . 9 0.6 0.0 
0. 4 0 . 3 - 0.1 
0 .6 1.5 O. !l 
0.8 1 . 9 -0. 1 
o . 2 0.0 0 .0 
0 . 5 -0 . 1 -0 .7 
0.0 0 . 0 \.5 
0 . 7 1 .2 - 0 .1 
0.0 0.5 -0.1 
0.7 1.4 -1. 0 
1.1 1 . 1 -0. 2 
0.5 1 .3 0 . 2 
0 . 9 1. 2 -0.7 
1 .6 l .2 0. 5 
1. 0 1.1 0.6 
1. 2 2. 0 0 . 9 
o. 7 0.0 0.0 
0.9 1.8 0. 4 
0:5 2.4 0.2 
0.3 0.3 0. 4 
0.7 0 . 3 - 0.6 
1 . 2 3.6 -0 . 8 
0.2 1 .2 - 0 . 7 
0.5 1.4 -1.6 
0.8 1.5 - 0 . 6 
0.1 0.2 -1.1 
0.4 0.3 0.0 
0. 6 0.9 0.1 
0.5 1.~ 0.0 
0.5 1 .2 - 0 .1 
2.4 4.4 o. 7 

0. 5 0.2 0.7 
1. 3 0.8 0.6 
0.7 0.5 0 .9 

50 

1.2 
2 .6 
1.6 
2. 5 
o. 7 
2.3 
1.9 
1.0 
1.8 
2. 3 
3 . 3 
1. 5 
2.6 
1.6 
2.3 
1. 7 
1 .3 
2.0 
1.6 
2.6 
2.3 
3 .a 
4. 0 
1. 7 
2.0 
3.4 
0. 9 
2.9 
3.9 
4. 9 
2. 7 
1.9 
1.5 
2.9 
1.4 
1. 2 
1.6 
4.2 
2.1 
0 . 9 
1.1 

60 61 

1 .6 -0.3 
3 .0 I .2 
2. 7 0.6 
3 . I O. 4 
2. I O. 7 
J. 4 2. 4 

3.0 0.3 
2 . 5 o. 2 
3 . 0 1 . 2 
2. 5 2.3 
J. 7 2 .o 
2.9 0.6 
2 . 0 1 .6 
2.5 1.4 
4 . 0 1 . 4 

2 . 6 0.9 
3. 1 2.2 
2 . 5 1.9 
2.3 1 .3 
2.4 1 ,4 
3.3 2.1 
3.4 2. s 
2. 3 5. 1 
3 .4 1. 3 
3. 2 2 . 2 
3 . 1 4 .6 
2. 7 1 . 3 
J , 4 2 . 4 

4. 2 3. ~ 
3.9 1 .9 
3. 6 l. 2 
2. 5 1.1 
2.3 1.0 
3.3 1. 1 
2.6 o. 7 
3.5 1 .2 
2 . 9 0.6 
3 .5 6 .6 
2.9 0 . 6 
3.1 o. 7 
2.~ - 0. 4 

4 2 4 3 

1 . 3 0.6 
0. 8 0 .6 
1. 7 0 . 7 
o. 7 0.2 
1.3 0.5 
2. 0 0 .9 
o. 5 0.2 
0.8 0 . 3 
o. 5 -0.1 
0.5 1.3 
0. 1 -0.1 
1.1 0.2 
0 .1 ~ 0. 4 

1.1 0 . 2 
- 0 . 5 0.9 
- 0.2 -0.1 
0. 6 0.5 
o. ~ o.s 
1.1 0.3 
0 . 4 o.~ 

0.3 -0.1 
1.1 - 0. 1 
1 .3 0.6 
0.3 0 . 0 
0.0 0 .6 
1.7 1.7 
0. 2 0 . 3 

- 0.5 0.2 
0. 8 0.5 
0 . 2 0.2 
0.9 -0 .3 
0.3 0.6 
o. 7 o. 5 
0 .2 -0. 2 
0.3 0.3 
1 . 9 0 . 0 
1.0 0. 4 
1.9 1.6 
o. 7 0 . 4 
1.6 1.0 
0.9 0.3 

62 6J 

-0 . 2 -0.2 
0, 4 1.1 

0. 1 0. 4 
-0.1 0.2 
0. 4 1.4 
0.8 3.0 

-0.5 0.1 
0. <1 1 .0 
0 . 6 O.J 
1 .0 4 ,() 

- 0 . 2 -0 .1 
0. 4 o.e 
0.2 0.8 
l. 1 o. 7 
0 . 7 1.6 

- 0 . 3 -0.3 
2.5 7 .J 
0.2 -0 . 1 
0.6 1. 7 
0 . 9 1 .2 

- 0.5 1 .4 
1.6 1.7 
4 . 8 6.11 
1. 5 -0. 11 

-0.4 0.3 
s.s 9.2 
0.9 3.5 
0. 4 O. J 
3.9 1 .n 
o .. , 2.0 
1 .o -0.3 
O. 1t -O.r. 
0.2 1.1 
1. 7 0. 1 
0.0 1.3 
0.2 0.2 

-0.2 -0.8 
6. 2 10 . 7 
0.6 0 .<1 
o.o 0.9 
0. 1 -0.3 

4 4 

0.9 
0.0 
1.1 
o.e 
1.3 
1.0 
o. 7 
0.3 
0.5 
1.7 
0.6 
o. 2 
0. 3 
0.4 
0.6 

-0 . 3 
o. 7 
o. 5 
1.1 
1. 7 
0.3 
0.2 
1 .2 

- 0.1 
o. 4 

2 . 2 
0.6 
0. 1 
o. 7 
1.6 
1. 3 
1.9 
0.2 
0.6 
0. 8 
1.0 
0. 4 
1.4 
0. 2 
1.5 
0. 3 

64 

6. 4 
0.6 
5 . 2 
6 .0 
7.3 
6 . 5 
5.9 
6 . 4 
7 .o 
7 .6 
6 . 2 
6 . 0 
6.5 
7.2 
? .s 
4 .9 
8.0 
6.3 
5 .1 
6.5 
S . 7 
7.4 
8. 1 
5 .6 
6.2 
8.2 
7.6 
5.9 
7 .I 
6. 7 
S. 7 
5.6 
6 .1 
6 . 5 
5.0 
6 .1 
5.9 
9.3 
7 .o 
6 .4 
7 .•1 

E. Bica er a/. 

TABLE Ib (continued). 

45 46 47 

0.9 - 0 .5 0 .1 
0.8 -0 . 1 -0.2 
1. 2 0. 1 0. 1 
1.1 0 .1 - 0. 2 
2 .3 0. 1 0. 1 
2 .6 0 .2 -0.1 
3 . 6 1.1 0. 4 
0.6 - 0 . 1 - 0. 1 
0. 7 0 . 2 - 0 .1 
2.5 0 . 6 0 . 1 
1.3 0 . 6 0 .0 

- 0 . 3 - 0 . 5 -0.3 
1. 0 0 . 2 -0 . 1 
1.2 0.3 -<>. 1 
0 . 1 - 0.3 0 . 2 
0. 6 - 0.2 - 0.3 

- 0. 1 - 0 .3 1.2 
0.7 0. 1 -0. 1 
O.J -1. 0 - 0. 1 
0. 6 -0.6 0 . .4 
0.6 - 1.5 0.0 
2.6 1.0 0.5 
1.7 

-0. 1 
0. 0 
1.2 
1.6 

0.1 0 . 5 
-0.2 - 0,4 
-0 . 2 0.2 
-0 . 2 0 . 9 

0 . 7 
2. 4 - 0 . 1 
o. 7 0,'} 

2. 4 o. 7 
0.0 - 0 . 4 
0 . 9 -0.3 
0. 6 - 0 .3 

o. 7 
-0 . 2 
0. 5 
0.0 
0.3 
0 .0 
o.o 

0.5 -1.3 -0.2 
0. 4 -1. 2 o.o 
0 . 1 0.3 -0.2 
0 .6 - 0 . 1 o.o 
1. 1 0 . 0 1.0 
2 . 0 0 . 0 0 .6 
2.0 0 . 6 0, 0 
2 . 2 0 .4 0. 2 

65 66 67 

1.5 3.6 14 . 9 
3 . 9 2. 5 15.0 
1. 3 1.4 9. 0 
2.2 0.7 11.0 
ti ,3 1.5 12 . 8 
3.1 3. 7 8.5 
0 .7 -0 . 5 3.7 
3.5 0.7 8 .9 
1 . 3 -0.2 8.2 
3.8 6.9 12.0 
0 .9 0 . 7 3.1 
2.0 0.9 6.3 
0.2 0 . 6 5.2 
3.4 1.6 9.3 
1.5 1.3 4 . 2 
0. 5 - 0 .3 6 .4 
0.5 9.5 12 .5 
1.7 2 . 7 0 .1 
0.1 1.0 6.0 
0.0 4.7 11. 2 
1.2 0 .6 6. 7 
4.2 4.3 12.0 
1.2 6.7 14.2 
3.3 1.3 6 .5 
1.1 0 .0 3.7 
2.3 11.3 15.0 
2.3 1.9 6. 6 
1. 7 2.9 6.1 
2.4 0 .6 16 .2 
4.6 4 . 0 7.0 
l .S l .O 8.5 
0.3 1.7 8 .0 
2 . 3 l.4 8. 0 
1 . 4 2.2 8.6 
O.G 0 .9 6.7 
1.1 0. 5 6.6 
1.1 1.0 7.2 

-0 . 6 13.6 15 ,4 
2.3 4,4 10.8 
1.9 0.5 9.1 
2 . 2 1.6 8.7 

46 4 9 50 

1 .2 0.9 
0.9 1.4 
0.6 0 .2 
0.8 1.0 
0.5 0 .9 
o. 5 0.9 
o . ., 0 .6 
0.8 0.6 
o. 5 0 . 4 
0.8 1.4 
l. t 0 . 3 
0.2 0 . 0 
0. 8 o. 7 
0 . 2 0. 2 
0 .0 -0.1 
0.4 0.2 
1 .8 0 . 9 
0.6 0 .0 
0 . 6 o. 7 
1.2 0 .5 

- 0. 1 0. 3 
1.2 2.1 
1. 7 1.2 
0.2 -0 . 2 

51 52 

0.3 0 . 6 
0 . 6 0.9 
0 .1 0.5 
0 . 7 0.9 
0.8 0.0 
o. 7 0.2 
2 . 0 1. 0 
1. 0 o . ., 

-0. 1 1.1 
0.0 o. 7 
o. 5 0 .2 
0. 1 0.2 
o. 5 0.5 
0,4 1. 1 
1.0 0.3 
0 .4 o. 7 
1.1 - 0.2 
0. 7 0 .1 
0 .1 o . ., 
0 .0 0.3 
0 . 0 0.1 
1.2 1. 7 
0.6 0.9 
0. 5 -0.5 

2.2 
... I 
1. 2 
1. 0 
2.0 
0.5 
2 .3 
0.9 
1.1 
4. 0 
3.1 
o. 7 
2.3 
o. 7 
0 .0 
1.8 
4 . 7 
3.7 
2 . ., 
4 .I 
3 . 7 
2. 5 
4. 5 
3.5 
2. 7 
6 . 1 
2.3 
1.4 
4 .2 
2.6 
2.5 
2. 9 
2. 4 
1 .9 
3 .3 
1.4 

0.7 0 . 4 -0 . 1 0.2 
2. 6 2.5 1.3 0.3 
1. 1 0 . 3 0.7 0 . 0 
0.1 1. 0 l.l 0.6 
1.0 1 . 7 1.4 -0 .6 
1.1 0 . 3 2.9 1.6 
0 .1 0 .4 0.1 0.5 
0 . 9 0. 4 0.3 1.9 
0.7 0.3 0.9 0 . 0 
0. 3 0.8 1.5 -0 . 2 
o.o 0.0 - 0 . 2 -0.1 
0.1 -0.3 0.2 0.5 

,1. 4 
4. 0 
1.3 
1.1 
1.5 

0.4 0. 1 0. 3 0.5 
1.9 2.0 1.4 1.4 
0.6 0 . 4 0 . 8 1.3 
0 .6 0.0 1.1 1.0 
0.2 0. 4 0.5 0 . 7 

68 69 70 

5.2 0 . 3 33.2 
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TADLE 11. - Balmer fine mean equivalem widths from the grid, as a fun ction o f age. 

H a H8 Hy Hó 
Age 

1.65 1010 3 . 0 ± 0.5 3.5 ± 0 . 9 4 . 9 ± 1.8 4.4 ± 1.8 
5 1 0

9 
3.6 ± 0 .5 4.9 ± 0 . 7 5 . 7 ± 1.8 5 . 0 ± 1.8 • 

10
9 

4.4 ± 0 . 5 7.5 ± 0.7 7.7 ± 1.0 9 .7 ± 1.8 • 5 10
8 

5 . 6 ± 0 . 5 7 . 9 ± 0 . 5 8.6 ± 0 . 8 11.9 ± 1.1 
108 

4. 6 ± 0.8 7 . 9 ± 0 . 5 9.9 ± 0.3 10 . 5 ± 1.1 
5 10

7 
3.3 ± 1.6 6 . 2 ± 0 . 5 7 . 6 ± 0.3 8 .9 ± 1.1 

10
7 

0 . 8 ± 1.6 3 . 9 ± 0 .5 3 . 5 ± 0 . 3 4 . 5 :t 1.1 

TADLE III . - For galactic globular clusters, mean relative continuum points at different 
wavelengths from the grid, as a fimction of metallicity. 

C4020 C4570 C5340 C6630 C6990 C7520 

C5870 C5870 C5870 C5870 C5870 C5870 

[Z/Z0 ) 

0.6 0.39±. 10 0.71 ± .09 0.91 ± .04 1 Dl ±.04 1.01±.06 1.02± .09 
0.0 0. 52±. 10 0.77±.09 o. 93±.04 0.99±.04 0-98± . o6 o ·97 ± ·09 . -0 . 5 0 . 63±. 10 0.83!:.09 0.95±.04 0.97±.04 0- 96± .06 o .93 :t .09 

. 
-1.0 0.74.:!:. 10 0. 88±.09 0.97±.04 0 . 96 ± . 04 0 . 93 ±.06 0.89 ± .09 
-1.5 0.84±. 10 o. 9 4± .09 o. 99± . 04 o . 94±. 04 0 . 90± . 06 o.85±.o9 .... 
-2.0 0 .95±. 10 o .99± . 09 1.01 ± .04 0.92± . 04 0 .88± .06 0 .81 ± .o9 

TADLE IV. - For intermediate and young clusters, 
mean relative continuum points at different wavelengths from the grid, as a function o f age. 

C402 0 C4570 C5340 C6630 C6990 C7520 

C5870 C5870 C5870 C5870 C5870 C5870 

age 

5 10
9 

0 . 82±0 . 18 0 . 95±0.11 0 . 99±0.04 0.95±0 . 05 0.91±0 . 10 0.90±0 .1 0 
10

9 
1.04±0.18 1. 08±0 . 08 1 . 03±0 . 03 0 . 92±0 . 05 0 . 87±0 . 06 0.80±0 .08 

5 108 
1. 41±0 .15 1 .. 33±0 . 08 1 . 08±0 . 03 0. 8 6±0 . 04 0 . 79±0.04 0.72±0 . 06 

10
8 

1. 84±0 .1 0 1. 52±0 . 05 1.15±0.01 0 . 82±0 . 02 0.77±0 . 04 0 . 68±0.06 
5 10

7 
1.87±0 .1 0 1. 54±0 . 05 1.16±0.01 0 . 85±0 . 02 0 . 82±0 . 04 0 . 77±0 . 07 

• 
10

7 
2 . 00±0 .26 1 . 55±0 .1 5 1 .1 6±0 . 06 0 . 84±0 . 08 0 . 80±0 . 10 o. 75±0 .1 3 
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Summary. W c study the eq ui va lent widt h W of the Na t DI ines in 
41 glob ular cl ustcrs w ith rcdd eni ng O ~ E(B- V)~ 1. 11 anda widc 
spatia l di stribut ion in the Ga laxy. Con tr ibu ti o ns to the tine 
abso rption fr m thc stellar an el in te rstc ll ar eomponc nts are 
separa teci via compariso ns with the Ca 11 K a nel th e Mgt b !ines. 
T he val uc W(Na 1) is found to be en ha nced fo r rcdclcned cl usters. 
The rc lationsh ip betwce n interstell a r Na 1 and E( B- V) prcsents 
a stceper slopc for globu lar c lu s tcrs than that dc rived fo r stars in 
thc s0lar ncigh borhood . 

In vicw o f stcllar pop ulation syn th csis in galaxies, we stud y the 
age an d metall ic ity cffccts in thc W(Na 1) vs W( M g 1) plane by 
mcans o f 15 Ma gdlanic.: C loud and :1 G alactic opcn dustcrs. Fo r 
so lar and lower th an so lar meta llicit ics a largc excess E(Na 1) can be 
produc.:cd o nl y by int crstcllar linc abso rption. 

Wc a lso anal y7.c 154 no rmal and 11 aclive ga la c.: tic nu clc i. Wc 
find th a tt he a 1linc iscnhanccd with gal axy inclinatio n in spirat s. 
Very mcta llic carly typc gal ax ies devia te from a linear rclation shi p 
in the W(Na 1) vs W(Mg 1) pla ne . T h is cxcess o fth c Na 1 abso rpti o n 
c.:an bc cqual ly acco unt cd fo r by, (i) a n intcrs tcllar co ntributio n 
rro m thc ce ntral rcgio ns <tndfor a n cxt endcd halo co mpatible wi th 
the exist ing H 1 d c tec ti o ns in ea rly typc gal ax ics, a nel (ii ) a n 
enh a ncemcnt o f W(Na I) wi th respect to W(Mg1) in the atnios­
phcrcs o f vcry met al ri c h la te typc stars as suggcs tcd by sy nth ctic 
spcct ra com put a t íons. 

Key words : in tcrstc ll ar Na 1 - glob ul a r clu s ters - galactic 
in clin a tion el'i'ccts 

I. I ntroduction 

The ex istcnce of a co rre lati on between th e linc s trength of 
interstc llar Na 1 a nel the cont in uous ex tinc tion of s tarli ght by 
in ters tellar grains is a n cvidencc that gas anel dust are gcnera lt y 
assoc iateel in the inte rs tell a r medium (S pitzer, 1948). lndeed , 
obscrva tio ns o f sta rs a t in termcdiatc anel high ga lactic la titud es 
indicatc that thc co lumn dcnsi ty o t' intcrst cll ar a 1 is co rrclatcd 
wi th E(B- V) ( Hobbs. 1974). H o wcver, spat ia l va riati o ns of this 
relati onsh ip are obscrved in th e G alaxy. In nea rby d isc rcgio ns lhe 

Sc•nd ojjjJrinrs r<'quesrs to: D. Alloin 

* Baseei on obsc rva ti o ns co llcc.:tcJ a t thc Europcan Sou thcrn 
Observato ry, La S illa. C hile 

eq ui valen t widt h of in te rs tcll a r Na 1 in spcctra o f stars s ituat ed 
behind o r within dcnsc clouds a re sma ll cr th a n th ose of m o re 
dis ta nt stars with thc same a m o unt of rcdeleni ng, a ri sin g from a 
long pathl cng th th rough relativcly diluted intc rstellar material. 
This is duc to Na 1 de pl e tio n frorn the gas in dcnse clouds, w here 
most of th e heavy elemcnts must be loc kcd on grains (Cohen , 
1973). The ve ry stro ng Na 1 D ti nes with respcct to Mg 1 b, observed 
in some galax ies indicate an intcrste ll ar tine abso rption much 
stro ngc r than in Galact ie stars h av ing thc sarne a m o unt of 
reclelenin g; this co ulcl be explai ned by a larger sodium a bundance 
ora highcr gas to clu s t ratio in thc centra l regions of these ga la xies 
(Vé ro n-Cc tty et ai. , 1982 ). 

We study the inters tclla r Na 1 D ti ne vs rcdden ing relatio nship 
us in g Ga la c ti c g lobular c.l uslt.!rs (GGC) wh ich p rese nt over sta rs, 
thc adva nta gc o ra widc spa tial di stribution in th c Galaxy. lndeed 
lhe ti nes o r sigh t to our sa mple of GGC p robe th c interstcllar 
medi um th ro ugh the ou te r halo. thc bu lge as well as th e cli sc. Thus, 
th cy co uld po te ntia lly providc an a vcrage relati onshi p fo r the 
Ga la xy. W c a lso di cuss thc de ri vcd rela ti o n with respcct to a set o f 
165 no rma l a nel active galax ics. 

T hc o bse rvations are presen teei in Sect. 2. We discuss in Sect. 3 
the m cthod ror scparat ing th e ste llar from th e interstellar Na 1 D 
a bso rptio n co mpone nt s, the co nstruct io n o f th e in tcrs tellar tine 
strcngth versus redde nin g relat io nship and its interpreta tion in 
terms of interste ll ar ma ttcr in the sola r neigbo rh ood. We a lso 
presenl in Sect. 4 the age anel meta ll ic ity effec ts in the W(N a I) : 
W(Mg 1) plane, o n the s t..:ll ar componcnt. In Sect. 5 wc apply these 
results to a sc t of normal anel act ive ga lax ies, some of w hich 
show in g a large Na 1 cxcess abso rpti o n with respect to tha t 
expec ted fro m th e ste ll ar popula ti o n . Co ncludi ng rema rk s a re 
given in Scct. 6 . 

2. Thc obscrvational data set 

The obse rva tions of 41 globular a nd 3 open Ga laetic clusters , as 
well as 15 Mage lla nic C loud clustcrs anel 165 ga lax ies are pa rt o f a 
program ro r pop ulatio n sy nthesis in galaxies using integrated 
spectra of s ta r clu sters. The observa ti o ns were ca r ricd o ut in 
J a nuary, July, Novcmber 1984 and May 1985 wit h the lOS 
a ttached 10 the 8 o ll cr anel C hi ve ns spect ro graph at the Euro pean 
Southcrn Observatory (ESO) , La Si lia, 1.5 2 m tclescopc. Fo r largc 
a ngul a r size objects a sca nning procedurc wa s used . The dispe rsio n 
was 224 À / mm in the ra nge 3700, 8200A, with 11 A rcsoluti o n. 
Reduc tio ns we re made using the II-I A P sys tem a t ESO (Ga rchin g) 
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H4 

Tablc I 

S I 

NGC3783 

NGC74 69 

Ty pe 

SBa(r)l 

Sabpec 

* 
lC 432'.lA SO/a 

G a laxy 

1\1 H'/' 

- 20 .8 1 

- 23.10 

* 
-2 1. 70 

bfa* 

A o v, I 

0.21 2790 0 .81 

0. 05 4890 0. 74 

* 
0. 12 48 15 0.3 2 

Date Ex p Slit W(M g t) W(Nat) 
(m in) (kpc) (Â) (Â) 

85 M ay 14 16 1. 2 X 1.9 0. 0 0 .0 

84 Nov 18 16 2.5 X 3.9 < 0 .2 0 .1 

"85 M ay 16 20 1.9 X J .2 0 .0 2.7 

O bsc rvcd para mcters are fro m Sa ndagc a nd T am ma nn ( 198 1) cxcc pt whcn deno tcd by an a stc ri sk ; then th ey are rro m de Va ucouleu rs e t 
a i. ( 1976) . F o r hom ogcneity, H 0 = 50 km s - 1 Mpc - 1 

a nti In sti tui d 'Ast ro ph ys iquc de Pa ris. Expos urc time, arca 
covcred by lhe o bserva ti o ns, s lit di mc nsio n a s wcll as physica l 
pro pertics - age. mcta llici ty, reddc nin g - ha vc becn g ive n 
prcvio usly ro r cach clustc r (Bica a nd A llo in , 1986 a ). T hc 
cq uivalc nt widt hs W(Ca 11 K ), W(Mg 1 b) a nd W(Na 1 D), mca surcd 
l'ro m wind o ws rcspecti vcl y 44, 40 a nd J 4 Â widc a re to bc ro und in 
T a b lc I o r Bica a nti Allo in ( 1986 b ). F o r 154 no rm a l gal a xics a s well 
a s 7 Scyfc rt 2. a nd 1 Seyre rt I objccts wi th spectrum a ro und 6000 À 
dom inated by the stcllar compo nent, we g ive morp ho logica l an d 
pho to metric para mcters, d cta ils o n the o bservat io na l co nditio ns 
a nel res ult ing measu rem cnt s fo r W(Na 1 D) a nd W(Mg 1 b) in a 
papcr to come (Bica anel A ll o in , 1986c) . F inally, wc prov ide in 
T able 1 observatio na l resul ts ro r 3 Seyfe rt 1 type ga laxics with 
negligi ble s tell a r co ntribut io n. 

Fo r such a study, exccll cnt sky ca ncclla tio n is requircd , owing 
to the a tmosph eric Na 1 D emiss ion !ines. We tes ted ou r sk y 
su btractio ns by sea rchi ng ro r res id ua is at [O 1] 5577 Â, which, in 
the n igh t sky emiss io n is a bo ut a f~t c t o r two s tronger than the to tal 
Na 1 D line a nd lies in a nearby spectral regio n vcry little di sturbed 
by a bsorpt io n !i nes. In 5 1 sta r c! us tc r spectra, no [O 1] res idua l 
co uld be d is tin gui shed a gainst the noise o r the eventual weak 
intrin si.: a bsn rptiu ns. In l'o ur ca~c s, dctcc ti o ns a re ~ u s pccted (1 
a bsorpt io n a nd 3 cmiss io ns) but thei r weakness implies Na 1 
residua is less tha n 0 . 1 A. l n three cases, NGC 1866, 4833 a nd 5024, 
an [O 1] resid ua l wa s l'o und in cmiss io n J'rom which we inl'cr N a 1 

n.:sid ua ls o f 0. 15. 0 .20 a nd 0 .25 À rcs pectively . T hcse object s are 
m:tr kcd with a colo n in F igs. 2, J a nd 4. In one case NGC 6 171, a 
stro ng residua l wa s l'o u nd a nd thi s object was then excluded from 
the anal ysis in Figs . 2a and 2 b . No te tha t the gal a xy spectra canno t 
bc a l't'c..: tcd by s ky em iss io n a s lo n g as V R> 700 k m s - 1• 

.l . 'l'hl· inll' rstl'il a r W ( Na t) \'l'rsns rr ddrning rclationship 
for G ala l· tic globular clus tcrs 

In addit io n to thci r wide spa t ia l dis t ribut io n in the Ga lax y, 
glob ul:t r cl us ters are uscful in th c st ud y o r t he int crstc llar Na 1 vs 
red d cning rclati o n bc.:a usc thcy havc cqua l a ges within the 
prcci sio n o f the de te rmina ti ons (Yan dcnberg, 198 3 ; Janes a nel 
Demarque, IY 83). Co nscq ucn tl y, d iffercn..:es obscrved amo ng 
int cgra tcd spec tra o f GG C a re in fi r~ t a rder due to mcta ll ic it y. Wc 
<.:ampa re in F ig. I the Na 1 a nd Mg 1 !ines in 3 pai rs o f' clustcr 
spcctra . wit h m o dcra tcl y rich, intermcd iatc a nd poo r mcta llic ity 
downward . W ithin cach pai r the clus ters di iTe r by large amo un ts in 
n.:dd cning. T o ma kc lhe lin e ~ tren gth com pari so n ca s ie r. th c 
.:o nti nuo us d is tr ib uti on has bccn dc rcddc ncd. T hc no ticcablc 
cnh a ncc mcn l o r Na t o bsc rvcd in thc m o re rcdde ned o bjec ts ca n 
n nl y be cx plai ncd in tcrms or int c rs tcll ar gas Na t :thso rptio n . 

Equal cl ustc r a ges a llo w th c compa ri son no t o nl y o f metallic 
!ines in lhe samc wa veleng th ra nge like Na 1 a nd M g t, but al so 
o r !ines furt hcr away to th c blu c likc Ca 11 K . W e have plo tted 
W (N a 1) a s a fu nc t io n o f W( M g 1) a nd W(Ca 11 K) respec­
t ivcl y in F igs. 2a a nd 2 b, c la ssifyin g the clus ters into th rce 
reddc nin g g ro ups: O~ E(/J - V) ~ 0.20 , 0.2 1 ~ E ( /J - V) < 0.50 a nd 
0.5 1 ~ L' (/3- V) ~ 1.! I. In pite o f thc ra th cr la rgc spread, so me 
separa ti o n a m o ng lhe poin ts is obser ved; li nea r regressi o ns and 
their a tt achcd r .m. s. elevia ti ons in th c th ree gro ups co nfi rm th a t 
these d iiTc rcnces a re signi fica nt. As a check , we have plotted 
W(M g 1) vs W(Ca 11) in F ig. 2c. No trcnel for a se pa ration is seen 
cont rar il y to w ha t happcns in thc pl o ts in Fi gs. 2a and 2 b . Yet , a n 
interstell ar abso rp tio n is kno wn to occur in the C a 11 K line, its 
equival ent wid th being o f the sa me o rde r as tha t o f N a 1 (e . g. 
Co hen, 197 3). We elo no t ele tec t it s imply because in compo site 
stell a r popu la tio ns W(Ca 11 K ) is genera lly a facto r 5 stro nger tha n 
W(Na t) . T he Mg 1 tr ip let ca nno t be inc reased by a n in terstell a r 
contributio n since essen tially all thc interstellar !ines a ri se fro m 
ground leve! tra nsitio ns ( Mii nch, 1968). l s is wo rth no tic in g that the 
g ro up with negligi ble E( /J- V ) in Fi g. 2 d oes not co nta in any meta l 
r ich cluste r . Thi s is due to lhe fact that ali metal rich G GC are 
co nccntra tcd towards thc central regio ns o f th c Gal ax y, at lo w 
G ala c tic la titudes a nd hence presen t a considerable reddening 
(Zinn, 1980; Bica a nel Pa sto ri za, 1983) . 

In orde r to som ehow qua n tify the in terstella r N a 1 vs reddening 
re lat io nshi p, we de fi ne in Figs. 2 a a nd 2b th e pu re ste lla r popu­
la t io n rc lati o ns fo r W(N a 1) vs W(M g l) a nd W( Na I) vs W( Ca 11 ) . 
Fo r this we use the regressio ns deduced fo r the g roup with negli­
gible red denin g, a sm a l! slo pe co rrect io n bei ng int roduced fro m the 
red dc ncd g rou ps which cover a wi de r ran ge in meta llici ty. An 
average exccss E(Na 1) with respect to W( M g 1) a nd W(Ca ll ) h as 
bee n dcr ivcd fo r each cluste r; they are plo tted a gains t E(B- V ) in 
F ig. 3. Th c s lo pe and d ispers io n o f th is rcl a t io n can be undcrstood 
in tcrms o f a co mbina tion o f d iffe rcnt inters te l! a r mat ter 
prope rties, as d erived from in ters tel!ar li nc cqui va len t wid th s a nd 
rcdele ning in so lar nc ighborhooel stars (Co hcn, 197 3, 1974 , 197 5; 
Co hen and Mcloy, 1975). In o rde r to co m pare those o bservat io ns 
to o urs, o b taincd with a lowe r d ispcrsio n , we selcc ted s tars hav ing 
bo th D 1 a nd D 2 N a 1 mea surements. A ltho ugh the o ri ginal 
co nclusions of thci r papers we re mos tl y based u po n the less 
saturat cd D 1 componcnt , they rem a in uncha ngcd using D 1 + D 2 

ro r thc prescnt star gro up. We al so use da ta fro m H o bbs (1969, 
1974). Wc show in F ig. J var ious zo nes fill ed in by sta rs fr o m thc 
G alac tic pla ne : (i) wi thin o r beh ind d ense el a rk c lo uds, (ii) m o re 
d is tant sta rs i'o r which the linc o f sight gocs th rough thc !ow d cnsity 
in tc rclo ud m cd ium , a s wc ll a s , ( iii) intc rm ed ia te a nd hi gh· la titude 
sta rs (some o f' t hem might even be Ha lo mcm bers). C !o ud sta rs 
cxhib it wcak er E ( Na 1) tha n d o the mo re d ista nt ones wi th the sa mc 
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lhe Na! anel Mg1lincsin pairsofGGCofsimilar 

melallicily , which differ by lheir amounl o f 

reddcning. The Na 1 enhanccmenl can on ly resull 

from interstell ar gas co ntribution 

amount of reddening. This results from Na 1 deple tio n in the gas 
cloud where most of the heavy elements must be locked in dust 
gra ins (Cohen, 1973). The reddening for intermediate and high 
latitude sta rs ari ses most probably from a disc layer with half­
thickness 100 pc. The line-st rengths indicate that gas must be 
present as fa r as 1 kpc or more above the plane (Cohen, 1974 ; 
Co hcn a nd Meloy, 1975). 

With respcct to sta rs, the GGC rclatio n present s a stcepcr slope 
although a si mila r sca tte r. For o ur threc reddcning groups, wc 
provide in Table 2 the mean solar dista nce ( d0 ) and the mean 
dis tancc abovc the Galactic plane ( Z), cterivcd from Bica and 
Pas toriza (1983). The steepcr globa l slope for thc GGC is cxplained 
by their much longer pat hl engths through the interstellar med i um. 
As a mal ler of fact, most stars in this subset a re within 1 kpc from 
the Sun, none exceeding 2.5 kpc, wh ile the nea rcst GGC lies at 
d0 "" 4 kpc and lhe sma ll es t mean distance in our reddencd groups 
is ( d0 ) = 7.3 kpc. Saturation effects in the I ines, a lth ough certa inly 
present do nol affcc t lhis conclusion. lndecd, diflerent systematic 
velocilies a nd velocity dispersions of thc gas clouds a nd the 10\v 

density inlercloud medium lhrough var ious su bsyslems in the 
Galaxy are lo be found along the !ines o f sigh t lo GGC. The spread 
in the re la tion ca n be assigned, at least in part, to the differen t 
amoun t and ph ysical co ndi tions of the interstell a r material 
interccpted towards each particular clus ter. A typica l globular 
cluster in the low redden ing gro up is a distant o u ter halo object a t 
high Galactic la ti tude with E(Na 1) a nd E( B- V) similar to the ones 
associa teci with intermediate anel high lati tude stars. The values o f 
E(Na 1) for these clustcrs, whose pathlength crosses bo th the local 
dust patches and lhe gaseous d isc layer, indicate that the upper 
limit for Galactic gas co ntami nalion in the Na 1 window for 
galaxies having V R< 1000 km s - 1

, is 1 A. In rnost cases however, 
thi s contribution shou ld not exceed 0.5 A. The group o f clusters 
with 0.21 ~ E(B-V) ~ 0.50 corresponds to typical low la titude 
bulge objects. They show a st ronger E(Na I) than the loca l stars 
with the samc E( B- V) , this being probably the result of a longer 
pa thlen gth th ro ugh the intcrstell ar rnatter above thc pla ne. 
C lusters from the las t gro up, wi th 0.51 ~ E(B-V) ~ 1.11 , lie a t 
small er values of (Z) and (d0 ) than the previo us 
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are given with rcspcct to ncarly facc-on spira l tcm plates o f similar stclla r 
population (Scct. 5) 

Table 2 

Grou p E(IJ - V) N ( do) ( Z) ( E(Na 1)) 
No . (kpc) (kpc) (Á) 

0--0.20 15 14 6± 11.6 6.3± 4.4 0.13± 0.47 
2 0.2 1- 0.50 13 8.5 ± 3.4 1.3± 0.7 1.1 3±0.70 
3 0.5 1- 1.11 D 7.3± 2.3 0.8± 0.7 1.52± 0.82 

o n~s. a result in agrccment wi th their large reddcni ng. The ti ne o f 
sight to thcsc dusters at very low Galactic la titu de cresses o n 
avcragc a larger numbcr of dense clouds so that their reddcning 
grows much faster than does E(Na 1). This explains why the two 
groups of intcrmcdia tc and high rcddening are a lmost undi stin­
guishable in Figs. 2a and 2 b. 

4. Age and mctallicity c ffects in lhe W(Na I) vs. W(Mg 1) plane 

In vicw o f stcllar po pulat ion syn thesis in ga laxies, wc study thc 
c ffects o f age a nel metallicity in thc W(Na 1) vs W(Mg 1) plane using 
the pure stc lla r population rel a tionsh ip dcrived in Fig. 2a .a nd thc 
results fr om the in tegra teci spcctra of in te rmedia te age and blue 
Ma gcll anic C loud clustcrs, as well as Galactic opcn cl usters fro m 
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Bica a nd A llo in (1986a , 1986b). In F ig. 4, the pu rc stellar 
po pula tion re la tion fo r the glo bul a r cluste r isochro ne is labelled 
with (2/2 0 ] . Th is demo nstrates thc effcct o fme tall icity variat io ns 
with in thc old clusters : as expec tcd , bo th m eta llic !ines M g 1 a nd 
N a 1 become wea ker fo r low melall icit ies. The vcc to r labc llcd 1 
corrcspo nd s to an a ge var ia tio n fro m a GGC to a rcd G O C 
a bo ut 109 yr, bo th with solar mcta ll icity. The two 10"yr o ld 
G OC, N GC 2158 and 2660 prcsc nt co nsidera blc red dcnin g 
(E (B- V) "' 0.40), so tha t W(Na 1) certai nly co nta in s some 
interstcll a r co ntributi o n. T hese co nsideratio ns mak c it s till m o re 
d ifficult to intc rpret thc W(Na 1) cnh ancemcn t in terms o f age 
variatio n. Thc vcc to r la bcllcd 2 co rrcspo nd · to a n age cha ngc fro m 
a GG C to the m\!a n loc us o f bl ue LMC clu stcrs, fo r a co nstant 
(Z/2 0 ] = - 0.5. The W( Na 1) measurements ro r L MC dustcrs 
ma y al so eonta in some interstell ar cont r ibut io n aro und O. SÁ due 
to the Ga lactic a nd MC ga s clouds (Y o rk, 1982). So , lhe intrinsic 
vec to r is mo re probably para !lei to th c GGC sequencc. Thi s is duc 
to the fac t tha tthc b lue turn-offpo ints fo r these cluste rs eontributc 
simi larl y to thc underl ying continuum owing to the wavele ngth 
prox imity of these !ines, wh ile no t to the line abso rptio n. This is 
also suppo rted by the po siti o n in F ig. 5, o f NGC 5102, a n S O 
ga laxy with a spectrum domina ted by a popula tio n yo unger tha n in 
o ther ea rl y ty pc ga laxies. The abnorma l positio n o f th e LM C blue 
cl ustcr NGC 2004 in F ig. 4 rcsul ts l'ro m a largc Ti O co ntri butio n to 
the Na 1 wi ndow as expccted fo r an enha nccd supergia nt 
po pul atio n in thi s clu ster, 10 7 yr o ld (Bica and A ll o in , 1986a) . A n 
a ge variatio n at co nstant sola r metall icity fro m a GG C to lhe blue 
Ga lactic ope n clu stcr NGC6705 is a lso csscn tiall y pa ralklto the 
GGC scq uence. We co nelude that fo r solar o r lowe r than so lar 
mcta llic ity a stro ng enha ncemcn t of Na 1 D can o nly be p roduccd 
by in tcrstellar gas absorpt ion . 

5. Position of galaxies in the pl ane W(N al) vs W(M g t) 

M easurements o f W(N a 1) a nd W(Mg 1) fo r o u r samplc ga la xies 
(B ica a nd Allo in , 1986e) are plo ttcd in F igs. Sa thro ugh Sd, 
corrcspo ndin g rcspcc tivcly to typcs E-S O, SO/Sa -Sa, Sab-Sb a nd 

87 

Sbc-Sc. Wc also reca i! in these fi gures the gas-free relat ion dcrived 
in Sect. 3 fo r G G C. The stro ng-lined early type galaxies (Fig. Sa) 
depa rt from the linear ex tra polation o f the G GC relati o nship, in 
th c sense tha t for la rge W( M g 1) va lues, a 2 Á excess is observed in 
Na t. It ca n a lso be noticcd tha t th is effec t tend s to be stronger for 
hi gher lum inosit ies . Wc a lso chccked the prescncc of othcr 
co ntri bu to rs to the a b o rp t ion in the M g 1 and Na 1 windows. 
Using loca l co nt inua, we esti mated th a t fo r E a nd SO gal axies, 
50 % of the abso rption in the Mg 1 window is dueto M gl-1 , while 
Ti O is rt:sponsib le fo r 25 % of the a bsorptio n in th e Na 1 window. 
T hi s im plies even stronger rela tive excess o f Na 1 with respect to 
M g t. Such an exccss might be expla ined by a la rger interste ll a r gas 
co ntent in the mo re mass ive ga la xies o r by an in tr insic po pulatio n 
effec t. 

A stc ll a r po pulatio n effec t co ul d re sul t from a va ria ble giants to 
dwa rfs ra ti o amo ng galax ies. A no ther possible expla na t io n is a 
larger increase ra te o f W(Na 1) with rcspect to W(Mg 1) fo r 
meta ll icit ics h igher tha n sola r, which co uld be associa ted with the 
diffcrcnt mccha nisms rcspo nsible fo r th e a bso rptio n in th e win gs o f 
thcse !ines. Acco rding to this la tter hypo thesis, fo r massive galaxics 
which are meta l en riched (Fa ber, 1973), W(Na 1) mi ght increase 
mo re ra pidl y than W(M g 1) with metallicity in the sta rs co ntribu­
ti ng most to thc gal axy light , an al terna ti ve to be cxplorecl . On th e 
ot hcr hand , va ria tions in the dwarfs to gia nts ra tio seemed to be a 
pro mising assump tio n beca use d warf sta rs show la rge r W(Na 1) 
values than gia nts of the same spect ra l type (S pinrad , 1962). 
1-lowever, de ta il ed po pula tio n sy nthesis usin g so la r meta llici ty 
s ta rs, in some cases SMR stars, an d fitti ng spectral fea turcs over a 
wide wavelcngth in te rva l, do no t al low a huge d wa rfs co ntr ibuti o n . 
l ndeed, largc Na 1 residua is rema in in the best fi t models fo r st rong­
lincd ga la xies likc M 31 and M 8 1 (S pi nrad a nd T a ylo r , 197 1; 
Faber, 1972 ; Pritchet, 1977) . 

Wc can investiga te the ex pla na tio n of the 2 Â excess in W(Na 1) 
with respect to W(Mg 1) in terms o f the rela tive increase rates o f 
W(N a 1) a nd W( M g1) with meta llicity. Wc co mpa re o ur ga la ctic 
o bservat io ns to sy nthct ic spectra o f K O gian t a nd dwarf sta rs 
rc presc nting bcst thc ste ll a r gro ups which domi na tc the 5000-
6000 Â llux in early type galax ies ( Pic klcs, 1985). T he m odels 
co nsist or cump utcJ profi lcs o f the Mg 1 tri plet a nd Na t do ubl et 
!ines fo r a grid o f va lues : Tcrr = 47 1 O °K , lo gg = 2.2 a nd 4.5, a nd 
[2 /2 0 ] = 0.6, O, - 1 an d - 2 (Cay rcl de Stro bel a nd Cay rel, 19!:l6) . 
A tm osph cre models are fro m G usta fsson et ai. (1975) , Bell et ai. 
(1 976) a nd G ustafsso n (1982). A deser iptio n o f the act ual pro fi le 
computa t io n is given in Cayrel et ai. (1985 ). R esul ts a re d isplayed 
in F ig. 6 where we compa re W(Na 1) a nd W(Mg 1) com puted from 
model a tm osph eres to th osc of GGC a nd fo r ga lax ies as derived 
from the mcan relat ion in F ig. 5 a assum ing (2/2 0 ] = 0.6 in strong­
lined ga lax ies (Bica and All o in , 1986a) . In the dwa rf modcls, we 
obse rve a t re nd for W(Na 1) increasi ng more ra pidly th an W(M g 1) 
in the in terval 0.0 ~ (2 /2 0 ] ~ 0.6. The increase of W per 
metallicit y interva l is presentcd in perce ntage, in lhe upper pa rt of 
Fi g. 6 : giant stars present a W(Na 1) increase ra le which is 
co nsistent wi th thal o bserved fo r gnlax ies, altho ugh thc a m plitude 
va ri a tio n is lcss fo r gia nts. We conclude fro m th is stud y that 
W(N a 1) gro ws fa ster tha n W( M g t) fo r meta llicities a bove so lar , 
bot h in dwa rfs a nd gia n ts. Th is is probably d ue to thc fact tha tthe 
da mping in th e M g 1 t rip lct wings is essen tia lly co ll is io na l whil e 
th a t in the N a 1 do ublet wings is rad ia tive. 

Follo win g Spinrad (1962) we ca n estimate the a mo unt of 
intc r~ t el l a r gas req uircd to produce a n cq uiva len t wid th o fth e Na 1 
D tines : WJ. =n 1NÀ2 e2ff rnc 2

, where I is the pa th lc ngth ; N th c 
number density of neu tra l Na ato ms, À= 5893Á a nd f = I. T ypi ca l 
val ucs for thc ga s de nsity in the G a laxy are N 11 = 0. 1 em - J a nd 
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Fig. 5a--<l. Line -strength comparisons for respectivcly E-S O (a), SO /S a-Sa (b) , Sab-Sb (c) , and Sbc-Sc (d) ga laxies. In a , black dots and opcn circles a re res peclively 

for p.alax ies wi th M ,. :::; -21 and M., > - 21 . In Figs . b lhrough d, opcn circlcs and barrcd circlcs tlcnolc rcspcctivcly liule and highly inclincd (bfa:::; 0.50) sp irals. 

E ncircled symbols a re for Seyfcrt galaxies wh ose spcclru m is domi naled in t he visible range by lhe stcllar popula lian component. We h ave rccalled with a so lid linc thc 

gas frcc GGC relalio nsh ip fro m Fig. 2a. whi lc lh e d a shed -line is lhe mcan rc la l ion for carl y lypc ga laxies from Fig. 5a 

NH = 8 em - 3 respectively for th e interclo ud med i um and the 
clo uds (AIIe n, 1973). Assum ing Nl-l = 1 em - 3 for a line o f sigh t 
intercepting bo th kinds of medium, a sola r sod ium abundance 

a{H = 1. 8 10 - 6 (A IIen , 1973) and lhe io nizatio n d egree o f Na in 
an H 1 region to be NJ N0 = 1500 (Spin rad, 1962), we obtain 
N = 1.2 1 O- 9 em - 3 . In o rde r to reproduce the observed 2 A excess 
in early typc galax ies, the pathlength shoul d then be o f 1.8 kpc. 
Undcr sim pie assumptions for thc gas dis tribution, a 1.8 kpc 
pathlength results in a to tal gaseo us mass ofabout6 10 7 M 0 . T his 
value is in agrccmcnt with the H 1 contcnt detected in some m ass ive 
E and SO ga laxics; it is al so compatibclc wi th most of the uppcr 
lim its ro r the u nde tec ted o nes, although in so me cases th c uppcr 
limits a re only M 11, ~ 5 10" M 0 (Knapp ct ai. 1985; Wardle a nd 
Knapp, 1986). We recall however that M 11 , - 106 M 0 is th c typi ca l 
H 1 contc nt found in dwar f early type galaxies in the Local G roup, 
such as NGC 185 and NGC 205. Th is sim pie es t ima te sugges ts 
that, i f the gas is to be respo nsi ble for the 2 A excess in W(Na t), it 
has to be m ost probably ex tcnded . Indeed, extended H 1 gas is 
observed in the el lip tica l NGC 1052 (Yan Gorkom et ai., 1986). On 
the other hand , would th e gas be confi ned to a sma ll volume, its 
density should be aro und th at fou nd in .Ga lact ic clouds; very hi gh 
density gas is likely to be associated with dust and then Na wo uld 
probably be depleted (Sect. J). In th is extreme case, a strong 
f..'( Na 1) is no t cxpected a nymorc. Thc prcsc ncc o f high dcnsity gas 

clouds in th e nuclear regions of some ea rl y type ga laxies is 
suggested by the detect ion o f dus t lanes o r co m plexes (Spa rk s e t a i. , 
I 985) . 

Ga laxies of !ater types (Figs. Sd to Se!) show three effects a s 
follows: (i) the increasing con tributio n from hot sta rs in the spect ra 
shi fts lh e points in the W(Na t) vs W(Mg 1) plots towa rds smallcr 
values, as does a lso a no nstellar continu um in act ive galax ies, ( ii) 
the cases of st rong W(Na 1) enhancement in the two last groups 
(Figs. Se and Sd) are prefere nti a lly associa ted with inclined 
galax ies, (iii) last, the lower envelo pe for W(Na I) co incides roughly 
with that for early type galaxies and th a t for GGC from Figs. Sa 
anel 2a. 

T he sh ifts dcscr ibed in (i) are consistent with the age effects in 
the plane W(Na 1) vs W(Mg 1), as dcrived for young sta r clusters in 
Sect. 3. Th is is abo the case o f the blue SO galaxy NGC 5102 in 
Fig. 2a. Such age effcc ts are no t expectcd to produce signi ficant 
enhancement of W(Na 1) with respect to W(Mg 1), as shown in 
Sect. J. 

In ordcr to study the effccts o f inclination on W(Na 1) in spira ls, 
we have applied a template mcthod for deriving the in ternai 
reddening due to galaxy incl inatio n (Bica and Allo in, J986c). For a 
given inclined spiral, it consists in se lec tin g from the nearly face­
on ga laxies (bfa"S 0.75), templa tes showing a similar s telÍar popu­
lation. The sclccti on criterion is the minim iza t ion o f differcnccs in 
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Fig. 6. The cqu ivaknt widths o f Na 1 (solid li nc) and Mg 1 (dashcd-linc) as a 

ru nc tion o f metallicity . Thick I ines cor respond to GGC plus carl y typc ga laxics, 

thin I ines to thc syn thct ic spcctru m o r a K O giant star and vc ry th in I ines to th a t 

ufa KO dwarf s tar. In thc uppcr in sl!t, wc ~huw thc pcrccn tagc incrcasc of 

cqt livalcn l width per rnctallicity intcrva l. with thc same co nvc ntion s 

W( Ca 11 K). W(Cb). W(Mg 1) and W(TiO ). Metallic features in lhe 
bluc in surc a sa mt: co ntent in younger age co rnpon cnt s, lhose in the 
rcd a samc mct;illiciiy ( nica and Ál!oin, 19X6a). Dueto <I possible 
cmission , l:lalmcr !ines are no t sui tabk for this anal ys is . The 
method is dcscribcd cx ten sively and lhe lemplaics found for cach 
inclined galaxy are givc n in IJica anti Áll oin ( 19R6c). Alth o ugh 
rather si milar populaiions may, in so me cases, exis t in ear ly or late 
spiraltypes, we have restricted our scareh to tcmplates with in 1.5 
mo rphol ogical class interva ls. We also incluclc in the prese nt 
analysis lhe Ihrcc Scy fcrt I ga la xics wit h ncgligi hk ,; tcllar co ntcnt 
(Tablc I ). Then. NGC 37!\3 was ad optcd as th c nca rl y face-on 
templatc. As an ill ustration o fth c mcthocl appli eclto a Sey lc rt and 
a no rmal galaxy, we provide in F ig. 7 the rcdd .: ncd ancl derccldcnecl 
spcc tra of a very inc lincd ga laxy, toget hcr with lhe rcspcctive 
tcmplatcs. By compa rin g cach ga laxy to Ihc fa cc-o n tcmplate in it s 
gro up, we derive the internai reddcning J'(B- V) n:q uired lo 
prod uce a co ntinu ous distri buti o n simila r 10 Iha I of lhe Iemplale, 
and w..: estima te lhe Na 1 anti Mg 1 cxcess 4'(N a 1) and ó"(Mg t) as 
H/~"' - W,<mpt . 

Galaclic nuclear regi ons, as sccn Ihro ugh the spcctrograph slit , 
a re howcvcr a spatial avcragc ove r zoncs possi bl y co mposi lc with 
respect lo lhe population co nlent and redde.ning distribu lion . A 
pupulatio n cffccl is not expectcd lo affec t mu ch thc averaged 
o hserva ti o ns. duc to stro ng lumin osi ty graclicnts which are as a rulc 
pn:scnt in thc nu..:lcar rcgions of mass ivc galaxics of ali 
mo rph ologica l types. On lhe other hand , lhe situation is di!Tercnt 
in thc case of an inhomogcncu us redd cning. Á mixt ure of hi ghl y 
rcdtkncd tn n:dtkn in~- frcc rcgi n ns produ..:cs a nllnposit..: rcdd..:n­
ing law which dcparts i'rom the normal onc, cvcn ir the indi vidual 
rcgio ns al o ng Ih..: line of sighl lhcmse lves obey a norma l 
rcddl'nnin~ law. For lhe sakc oi' simplicily we ha vc assumcd in lhe 

present s tudy lhal a normal rcddening law was slill valid. Whcn 
applicd to thc reddened nuclei in ou r sample, it al!ows to reproduce 
the conlinuum distribution o f the res pective templales, a t leasl 
over lhe 4000A wavelength range considerecl (Fig. 7). This 
indicatcs lhat an eventua l co mpos it e Jaw does not depart 
significa ntl y from the normal one, inlurn suggesting hi ghl y pca ked 
di stributions around lhe besl fil value of E(B- V). 

Rcsult s fo r lhe whole sampl e of inclined spira ls a re shown in 
Fig. 8. One observes that .á'( Na I) increascs with in clina tion, dueto 
lhe gas component in th e disc. As a tcst we ha ve displayecl .á'( Mg 1) 
\Vhich is null as mean. We also show <f(B- V) rcs ullin g from 
in cl inati un, which lcnds to bc la rger fo r Jow val ucs ofb/a, allhough 
thi s cfTect is notas co nsp icuous as that occuring for .g\Na 1). This is 
in agree mcnt with observations of the Milk y Way re vealing thal 
dus t and gas a re mos tly contained in la ycrs with halfl hickness 
100 pc anel 1 kpc respectively (Cohen , 1974; Cohen and Meloy, 
1975). We co mpare lhe excess in Na 1 anel th e rcdclening clue lo 
inclination in galaxics, with GG C anel stars in Fig. 3. This confi rm s 
lhe result that so me ga la xies ha ve a strong C( Na 1) with respect to 
Ga lactic st ars of lhe samc E(/J - V) (Véron-Cctty ct ai., 1982). 
llowcvcr, the lemplatc method uscd in o ur stucly as well as the 
res ull s for GGC in Sect. 3 suggest that lhe Na 1 excess results from 
lon g path s through inclinecl discs rather than from metal rich gas in 
lhe central regions o f ga laxies. 

We canlook for ga laxies with a large amount o f gas not localed 
in a di sc, by plotting th e residuais o f W (Na I) with respecl to lhe 
mean rclat io n in Fig. 5, for lhe elliptica l anel SO ga la xies, as well as 
the nearly face-on spi ral s having b/a ~ O . 75 (Fig. 9) . Large positive 
residuais wou ld be an indicati o n of atypical gas content, either in 
lhe ce ntral regions o r in a n cxtencled halo. This seems to be th e case 
for the spiral NGC 986, a nel lo as lesse r extenl for NGC 1316 and 
2442. As alrcady noliccd by Véron-Celty el ai. (1982), NGC986 
shows dust lanes associalcd with th e nucleus ; NGC 1316 also 
prcsents dus t la nes (13aaclc a nel Minkowski , 1954), as well as 
NGC 2442, but in this case lhe ga la xy secms to be more inclined 
lhan suggcs tcd by lhe axial rali o which is large owing to 
asymmctric a rms (Sersic, 1968) . 

Finally, wc obse rve lh al lhe lower cn vt.:lo ppe for spirals 
( Figs. 5 b lo 5 cl) co incides with lhal for E and SO ga laxies ( Fig. 5a). 
This sugges ls a com mon o ri gin in a li galaxies, for the linearity 
depa rturc o f W(Na 1) a t largc W(Mg 1) va lues. 

6. Concluding rcma rks 

The main co nclu sions of this sluely a re as follows : 
1. Thc absorplion Na 1 D linc is en hanced in rcddened G alaclic 

globular cl uslers. 

2. The slcllar anel inlersle lla r co mpo ncnls o fthe Na 1 DI ines are 
sepa ralccl via compa riso ns wilh Mg1 b and Ca 11 K !ines. 

3. The dcrivcd inlcrstellar W(Na 1) versus rcdelening 
rclaiionship fo r GGC shows a stro nger slo pc than that for G alactic 
stars. This a rises csscntia ll y from lon ger pa thlength s thro ugh lhe 
interstellar m..:dium outsicle the Ga la ctic plane . The charactcristics 
o l'the I ines ofsightto CiGC are inter prct cd in lerm s o fthe va riou s 
propcnics o f' lhe intcrstc lla r gas al o ng lhe I ines of sighl lo s lars in 
the so lar nei ghborhocl. 

4. Á comparison o f' G GC wilh Magell a nic Cloucl a nd Ga lactic 
o pcn cluslcrs in lhe plane W(N a 1): W(M g l} indicates that age and 
metallicit y clkcts cannot rroducc a relati ve enhanccmcnt of a 1 
wilh respccl lo Mg 1 for so lar anel lower lhan solar mctallicili es. 

5. Thc Na 1 li ne is enhanced with inclination in spiral s. 
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6. Y~ry mo:tallic ~arly typc galaxi~s d~v iat~ f'rom a linea r 
r~lationship in th~ J·V(Na t) : W(Mg t) plane. This cxcess in thc Na 1 

ahsorption could bc acco untcd for in differ~nt wa ys: 
(i) An int~rstellar cont ribution l'rom th~ central rcg.ions <tnd jor 

f'rom an extcndcd halo compatiblc with some cxisting H 1 

dc tcctions in carly typc g.al axics, 

(i i) An enhanccment o f W(Na 1) with respcct to W( Mg 1) in thc 
a tmosphc res of very metal rich late type stars as suggested by 
synthctic spcctra computations. 

7. Wc condudc that the Na 1 D !ines are not of .a stra ight­
forward use in stell ar population sy nthesis, owing to their 
con tamination by the interstcllar con tribut ion. This contribution 
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Summory.- We present in this paper speetral observations in the range 3700 A< A< 8000 A, of 154 normal galaetie 
nuclei , 2 amorphous galaxies, as well as of 8 intrinsically faint active nuclei with their visible spectrum dominated by the 
stellar component. This sample o f galaxies covers a range in luminosity - 23 .3 ""' M 13 ""' - 16.6 and spans morphological 
types from E to Se. We provide measurements of the continuous distribution and equivalent widths W for 14 metallic 
features, Balmer tines H a through Hô, metallic and Balmer tine blends H e through H9. We derive the internai 
reddening due to ·inclination in spiral galaxies through comparison with nearly faee-on spirals having a similar nuclear 
stellar population. We analyse the intrinsic seatter of the stellar population rontent within each group of galaxies aroÚnd 
a given absolute luminosity and morphological type . In each group from E to Sb versus - 23 .2 < M 8 <- 19.0, as well as 
for the very luminous Sbe and Se galaxies, it is possible to reeognize a typieal speetrum which is, as a rule in ali groups, 
red and strong-lined . The few atypical nuclei exhibit variable contents of bluer stellar eomponents. Also exeeptions are 
galaxies showing different degrees of aetivity in their nuclei. For Sbc and Se galaxies in the range - 21.9 < M 8 <- 19.0 
however, no prototype ean be assigned ; the spectra o f these nu ele i form a quasi-eontinuous sequenee from red strong­
lined to very blue ones, the latter being clearly dominated by a young star forrnation burst. Analysis of the W 
measurements indieates that CN AA4216-4250 is the feature with largest dynamical range as a funct ion of metallieity. As 
an example of the potential use for stellar population synthesis , of the present set of galaxy templates as well as of star 
clusters from papers I and li , we analyse empirically the speetra of the blueish early-type galaxies NGC 2865, 4382 and 
5102. We eonelude that young stars are responsible for the blue eolors and find strong evidence that metal-poor stars do 
not eontribute signifieantly . If the star formation burst is time·peaked , it is 4 ± 1 x 108 yr old in NGC 5102 and 
12 ± 3 x 108 yr old in NGC 2865 and NGC 4382. 

Key words : galaxies : stellar eontent of- galaxies : nuclei of- galaxies : evolution of- stars : formation o f. 

1. lntroduction. 

The blue-violet spectral classification of galactic nuclei 
has revealed that spectral classes do not closely correlate 
with morphological types (Humason et ai., 1956 ; Morgan 
and Mayall , 1957). In particular late spirals exhibit 
spectral types from AS to 05 covering almost the entire 
range observed in galactic nuclei. 

Early type galaxies exhibit both a strengthening of 
absorption !ines and a reddening of colours when their 
absolute luminos ity increases. This is thought to result 
mainly from metall icity differences ; however some scat­
ter is present which has led to various interpretations 
(Faber , 1977 ; Sandage and Yisvanathan, 1978). 

The interpretat ion of spectral characteristics in nuclear 

Send offprint requests to : D. Alloin. 
(•) Based upon observat ional data collected at the European 

Southern Observatory . 

regions of spiral galaxies is more controversial. For 
example, blue nuclei in late spiral galaxies have l;leen 
interpreted in terms o f a lÓw metallicity, on the basis o f 
their line-strengths in the blue spectral range being 
similar to those observed in metal-poor globular clusters 
(McC!ure et al., 1980; Cowley et al., 1982). However , 
UBV colours of Se nuclei cannot be reproduced from a 
mixture of globular clusters only (O'Connell, 1982). 
Balmer line profiles in the blueish nucleus of NGC 7793 
indicate that this object is light-dominated by A and 
early F main sequence stars rather than blue horizontal 
branch stars like in metal-poor globular clusters (Diaz 
et ai., 1982). Furthermore, the extension of the visible 
photometry to the infrared has demonstrated that no 
significant contribution from metal-poor stars is allowed, 
at any wavelength, in Se nuclei (Frogel, 1985). 

In this pape r, we present spectral observations in the 
wavelength range 3700-8000 Â of a sample of galaxies 
with absolute Juminosities M 8 from- 16.6 to- 23.3 and 
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morphological types from E to Se. The sample includes 
154 normal ga laxies, 2 HII region nuclt:i in amorphous 
galaxies anti 8 Seyfert galaxies having an active nucleus 
intrinsica lly fa int enough so as to exhibit a spectrum 
dominated by the stellar component in the visible. The 
spectra will be popu lat ion-synthesized in a forthcoming 
pape r, using a base o f star clusters defined by two 
parameters, age and metallicity. In that aim, we have 
built a grid of star clu ster spectral properties , obtained 
fro m integrated spectra (Bica and Alloin, 1986a, 1986b, 
hereafter Papers I and li ). T he main purpose of the 
presen t study isto outline the diffe rent stellar populations 
which can be fou nd within a given inte rval of galaxy 
luminosity versus morphologica l type. In view of the 
population synthesis, we group objects with similar 
spectral properties which might be described by the same 
model, and hence define templates. We also give some 
results concern ing age and metallicity effects, which can 
be readily drawn from o ur ga laxy sample , although 
straightforward conclusions will possibly be stated in a 
quantit ative form only from the simultaneous synthesis 
of many spectra l features and continuous distribution in 
the visible and near infrarcd, in a paper to come. 

The defin ition of the sample and the observational 
data are reported in section 2. T he set of equivalent 
widths, W, and continuum measurements are given in 
section 3. A specific method to determine the intrins ic 
reddening in spiral galaxies, resulting from galactic 
inclination, is described in section 4. In section 5 we 
present a se t o f prototypes corresponding to different 
type-lurninosity groups , a nd we rnention the atypical 
spectra. T he dependences of W and con tinuum measure­
rnents on the morphological type and lu minosity are 
discussed in section 6. Finally, examples o f empírica! 
popula tion synt hesis using ternplate ga lax ies and star 
clusters are given in sec tion 7, together wi th the conclu­
sions o f this study. 

2. Definition of the galaxy sample and observational 
condit ions. 

2.1. C IIOICE OF TllE SAMI'LE. - The primary objective 
of this program was to co llect spectra of southern 
galaxies, as f ar as possible free fro m ernission !in e~, 
spa nning ranges in absolute magn itude, - 23 < M u < 

- 17, and in morphological typc, E to Se. Being 
interested in syn thesizing absorption spectra , at first we 
sclected on ly objec ts without emission !ines, as reported 
in redshift surveys most ly based upon blue spcctra l data. 
From our observations however, many of thcse ga laxies 
turned o ut to show emission !ines in the red, Ha6562, 
[NII ]6548-84 and [SII ]6717-31. Hencc we decided to 
extend our sarnple as to include other normal galaxies 
known to contai n emitting gas, as well as some liner 
prototypes, in view of a future analysis of the e mission 
component. We a lso observed a few northern galax ies, 
especially Virgo members, in order to have some overlap 

with earlier spectral analysis. The objects o riginally 
selected under the absorption line criterion represent 
55 % of the total sample of 154 normal galaxies. In 
addition , we observed the Hll region nucleus of two 
amorphous ga laxies, NGC 625 and 5253 (in the forme r , 
the brightest knot lying slightly off-ce nter). This class 
consists of structurally normal low-luminosity early type 
ga laxies, whose appearance has been altered by recent 

.star form ation (Véron and Véron-Cetty, 1985 and Refs. 
therein) . Last, we included eight Seyfert or Seyfert-to­
liner transi tion galaxies with their optical spectrum 
dominated by the stellar cornponent . 

Global properties and observational data for these 
galaxies a re summarized in table I. Galaxy pararneters 
are from Sandage and Tammann (198 1), with the excep­
tion of a few (see the Tabl. notes). Througho ut the paper 
we adopted H0 = 50 km ç 1 Mpc- 1

• Following the 
colum ns o rder, we provide (1) the NGC or IC number, 
(2) the radial velocity, (3) the absolute blue magnitude, 
(4) the morphological type, (5) the extrinsic reddening 
E(B-V) = 0.25 A 13 where the Galactic absorption A 13 is 
from the cosec law with absorption-free polar caps 
(Sandage and Tammann, 1981), and (6) the axial ratio 
b ja derived from log R25 (de Vaucouleurs et a!., 1976) . 
In the case of NGC 692 , a br ight southe rn galaxy so far 
lacking published parameters, we derived them from our 
data and the ESO B survey as described in the table 
notes. 

The sample distribution, in terms of absolute mag­
nitude and morphological type is shown in tab le li. The 
galaxy NGC 4039, classified by de Vaucouleurs et a!. 
(1976) as Sm pec was grouped here with Se galaxies. 
lndeed it has a small nucleus, li ke an Se, and its irregular 
appearance results from its interaction with NGC 4038 . 
Seyfert galaxies are given separately ( + sign) . The sample 
is well represen ted in ali morphological types from E to 
Se, for galaxies brighter than Mv = - 20. We recall there 
is evidence that spiral galaxies from Sa to Se, fainter than 
M 13 - - 17 do not exist (Sandage et ai. , 1985). 

2.2 ÜfiS ERVATIONAL COND ITIONS.- The observations 
were carried out with the IDS attached to the Boller and 
Chivens spectrograph at the ESO 1.52 m telescope (La 
Silla) during three runs: July and November 1984 and 
May 1985. The slit size was set to 5" x 8", except in a few 

cases specified in the notes to table I. The slit length was 
always set E-W, but for NGC 4594 where it had been 
aligned with the mino r axis o f the ga laxy. We provi de in 
column (7) o f table I, the correspondi ng slit size in kpc . 
The mcan area covered by our observations of galactic 
nuclei is 0.8 (± 0.5) kpc x 1.4 (± O. 9) kpc, the extreme 
values being for NGC 692 (3 kpc x 4.8 kpc) and 
NGC 625, 5236, 5253 (0.2 kpe x 0.3 kpc). 

Low resolution spectra a re particularly suitable for 
synthesizing stellar populations in galactic nuclei which, 
quite often, display large velocity dispersions. Therefore, 
we used a 300 gr/mm grating over the range 3700-
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8200 A. A final resolution of 11 Â was achieved with 5" 
slit width, as measured by the mean FWHM of the 
comparison !ines. We give in column (8) in table I, the 
total exposure for each object. Two or three standard 
stars were observed each night for flux calibration. A 
classical reduction procedure was applied, using the 
IHAP system at ESO (Garching) and at the IAP (Paris). 
The present set of galactic spectra and the set of 
integrated star cluste r spectra from papers I and Il, have 
been reduced in a similar way, many objects in the two 
samples having been observcd on common nights. 

3. The data sct : rcsults. 

The galactic spectra have been corrected for externai 
reddening, using E ( B- V) values from table I and a 
norm al reddening law, A,~ = 0.65 A. (1/ A - 0.35) where 
A.= 3 E(B-V). Then, they have becn rebinm:d to ze ro 
redshift from the velocities in table I a nd normalized to 
the continuum :.lt 5870 Â. Thc uscfu l wave length range 
from 3780 to 7690 Â" was split into 70 consccutive 
windows, as defined previously for the star cluster 
spcctra in paper I. The widths of these windows, from 24 
to 190 Â , are suitablc for avoiding problems duc to 
possible differences in velocity dispersion among the 
galaxies and/or with respect to the star clusters. We 
provide in table III, columns (2) and (3), the signal to 
noise ratios respectively for the blue region 
3800 < Â <A< 4500 Â, (S/N)u, and for the red one 
4500 Â <A <7500 Â, (S/N)R. ,. 

To make easier the comparison of W and of the 
continuum distributions among normal galactic nuclei, 
we present the measurements in table Ill, classified in 
groups of morphological types vs. luminosity. In each 
group, the galaxies have been ordered by decreasing 
luminos ity . The results for amorphous and Seyfert ga lax­
ies are given separately a t the end of the table. Some 
ga lax ies in the latter group are rather transi tion objects 
between Seyfe rts and liners. We kept them apart from 
the rest of the sample because a nonstellar contribution 
might be present in their continuum. 

Taking into account our previous analysis of measure­
ment accuracy and feature strength for star cluster 
spectra in paper I, we give in table III only the most 
significa nt window measurements for the galaxy se t. In 
some strong-li ned ga laxies observed with a high signal to 
noise ra tio however, other fea tures could be accurately 
estimated a nd many weaker ones are definitely present. 
The main absorbers in each window are indicatcd in 
tablc III headings, and a detai led compilation o f ali 
possible contributors can bc found in paper I (Tab. li) . 

The set of selected windows for ga laxies consists of the 
13 meta llic features and 4 Balmer !ines for which a griJ 
W (age, [Z/ Z 0 ]) has bce n built fro m thc star clustcr 
sample (paper 11). We have also considered the blends 
Ca li + He, 1-!8 + CN Lband + Fc, ano H9 + CN 

Lband + Fe, which, in general, appear as very strong 
features in galaxy spectra . We provide too W(NaiD ), 
which, owing to the coritamination by the interstellar 
component, is discussed elsewhere (Bica and Alio in, 
1986c) . Last, we present results for window # 62, 
which contains a rather weak absorption - even in 
strong-lined elliptica ls - but encloses the (SII ]6717, 
31 !ines and hence, is a good indicator of the emission 
line contamination in galaxy spectra. 

Emissio ns in table III, distinguished by a negative 
sign , are not to be ta ken at face value since no attempt 
was madc to d ise ntangle them fro m the underlying 
absorption features , no r to deblend them from o ther 
nearby e mission !ines (e.g. H a + [NII ]). A more careful 
analysis o f these emission features will be presented in a 
paper to come, using synthetic absorption line spectrum 
subtractions. In additio n to the Ha through Hô !ines, 
also the fullowing windows are possibly con taminated by 
e mission in some ga laxy spectra : # 3( [Neiii ]3869, I-19 
and H e 13889), # 3 I ( [OIII ]5007) and , to a lesse r extent, 
# 5([Neiii}3967 , H e) . The rela tive importance of the 

emission contamination for a given normal galaxy, as 
seen in our windows defined for absorption feature 
purposes, can be estimated through a comparison with 
the HII region nuclei of the amorphous galaxies and with 
the Seyfert nuclei in table III , or even with the HII 
regions presented in paper Il. A straightforward emission 
correction for (OI )6300 and in some cases [FeX ]6374, 
was a pplied to the values W(TiO) denoted by the letter a 
in table III . 

Continuum points F,~, normalized to the continuum at 
5870 Â, C(5870), from spectra corrected for externai 
reddening , are also shown in table III. 

4. Internai reddening due to the lnclinatlon In spiral 
galaxies. 

The large number of spiral galaxies in our sample with 
different inclination angles, together with the 4000 Â 
range of co nt inuum covered by our observations allow us 
to estimate the internai reddening. We compare the 
observed continuous distribution of a given inclined 
spiral to that of a nearly face-on template (b/a"" 0.75) 
wirh a similar population content. The criterion used to 
search fo r simila r populations is the minimization of 
w gal- wlcmpl fo r meta llic features distributed over this 
wide wavclength inte rva l. We considered the st rongest 
metallic features which are free from emission tine 
contamination, i.e., CaiiK, Gband , Mg + MgH and 
TiO. The latter was corrected for a possible contribution 
from [OI j6300, 6364 and [FeX }6374 (Sect. 3). These 
emission !ines can be detected down to the 0 .5 Â levei, 
and , if weaker, their contr ibu tion is negligibl~ with 
respect to W (TiO) . 

The equivalent widths W of metallic features towards 
the bluc are sensitive to the younger age components, 
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while those in the red provide an estimate for the 
metallicity, as can be seen in the integrated spectra o f 
star clusters in papers I and ·u. Balmer !ines are not 
suitable for population comparison, due to their possible 
contamination by emission components. On the other 
hand, their presence with a variable strength in galactic 
nuclei, does not necessarily imply a subtantial population 
difference among nuclei of otherwise similar metallic 
feature strengths . Indeed if nuclear emission lines arise . 
from HII regions, their observed weak intensities in 
galactic nuclei imply a negligible optical continuum from 
the gas and ionizing star cluster with respect to the 
underlying older ste llar population. The nonstellar con­
ti nuum in liners is expectcd to be negligible (Keel, 1983). 
This is generally not the case for Seyfert nuclei ( e.g. 
Alio in et a!., 1985). For the stronger Seyfert nuclei in ou r 
sample however, the nonste llar continuum should not 
exceed 25 % in the blue and 10% in the red . Thus, we 
also applied this method for deriving the internai rcdden­
ing in inclined Seyferts ; we assumed that a small 
contribution from the nonste llar continuum mimics a 
slightly bluer population. 

Although rathcr similar populations may exist in early 
or late spiral types, we have restricted our search for 
templates within 1.5 morphological class intervals. Re­
sults are shown in table IV, where we give for each 
inclined spiral, the nearly face-on templates considered, 
the internai reddening & (B-V) due to inclination and the 
corrected continuum points. We show in figure 1, two 
examples, respectivcly for a red and a blue nucleus, 
where we compare the observed and the reddening 
corrected spectra to those of the templates. Note the 
stronger W (NalD) in the inclined spirals , enhanced by 
the interstellar contribution from gas in the discs (Bica 
and Alloin , 1986c) . 

A thorough discussion on the interna! reddening 
c; (B-V) and Na lO excess, &(Na!), as a function of 
inclination is presented in Bica and Alloin (1986c). We 
emphasize that the behaviour oi' G(B-V) and 0 (Nal) as a 
function of spiral type (Fig . 8 in Bica and Alloin, 1986c) 
is consistent with the expected higher dust and gas 
content towards !ater morphological types, although our 
sample !acks highly inclined Se galaxies owing to the 
intrinsic faintness of the nucleus in this morphological 
typc . 

Such an analysis allowed us, not only to identify spirals 
with similar population to be !ater described by the same 
model, but also to eliminate a free parameter from the 
synthesis, that is the interna! recldening dueto inclination 
which can be very important in some cases like 
NGC 5746 (Fig . 1) . 

S. The population content within each type/luminosity 
group. 

A simple comparison of W and continuous distributions 
for galaxies within a particular type/luminosity group 

(Tabs. III and IV), provides an estimate of the degree of 
inhomogeneity of populations in that group. We have 
displayed in figure 2 a selection of typical and atypical 
nuclear spectra found in different groups. Every galaxy is 
labelled with the externai and internai reddening correc­
tions which were applied to the continuum, according to 
sections 3 and 4. For the sake of simplicity, we shall 
assign to luminosity groups in table III the following 
notation, I', II', Ill' and IV', inspired by luminosity 
classes for late spirals. 

For very luminous ellipticals, the E I' group, a proto­
type spectrum is that of IC4296, with a red continuous 
distribution and very strong absorption !ines. The only 
peculiar spectrum in our sample, for this group, is that of 
NGC 4486 (M87). Although weak emission !ines are 
present in most of our early type galaxies with 
M 8 <- 20, in none of them are they as strong as in 
NGC 4486. Whatever the nature of the associated con­
tinuum , either nonstellar o r from a burst o f star for­
mation , it is negligible in the optical range. lndeed, the 
continuous distribution as well as the strength of metallic 
features in NGC 4486 are indistinguishable from those of 
other strong-lined ellipticals. 

The E II' group prototype, illustrated by NGC 1399, is 
much like the E I' one. One exception in this group is 
NGC 2865, wherc a bump centred at about 4600 À and 
associated with a strengthening of the Balmer !ines , is 
quite obvious. As shown in section 7 this bump arises 
neither from a very young residual star formation nor 
from old metal-poor stars, but rather from an inter­
mediatc age burst of sta r formation. The galaxy 
NGC 5061 represents an intermediate case between the · 
group prototype and NGC 2865. This interpretation of 
the bump would imply that elliptical galaxies suffer 
occasional bursts of star formation, which are more or 
less conspicuous according to their age and strength. If 
they are older than 2 x 109 yr, no bump would be seen 
any more, although strong Balmer absorption I ines 
should remain, as is the case in intermediate age G alactic 
open clusters and Magellanic Cloud clusters. Only a 
detailed synthesis will give precise information on the 
relative importance of such intermediate age bursts with 
respect to the underlying population, as well as on their 
age distribution. On the other hand, the optical signature 
of recent residual star formation in giant early type 
galaxies will be difficult to detect if it is related to the 
ultraviolet upturn observed in some of these galaxies. 

A similar picture is observed for the E III' group , with 
NGC 3379 as a prototype and NGC 4742 its bluer 
exception. In the low luminosity group, E IV' , the 
sample is small and possibly atypical. Two kinds of 
spectra can be seen ; firstly, NGC 4387, which resembles 
the strong-lined prototypes of the previous groups. This 
galaxy, together with NGC 4486B (Tab. III) are faint 
high surface brightness objects in the centre of the Virgo 
cluster, possibly tidally stripped by dose encounters with 
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giant neighbours (Faber , 1973 ; Sandage and Binggeli, 
1984). For the second type of spectrum, NGC 4476 
exhibits a continuous distribution Iike that of NGC 5061, 
the intermediate case in the E li' group. A fundamental 
difference, however, is that metallic features are sys­
tematically weaker in NGC 4476, both in the blue and 
red ranges, suggesting a lower metal content. Indeed, its 
spectrum looks like that of globular clusters in the range 
- 1.0 :os; {Z/Zo ] :os;- 0.5 (Paper I). Again, a deta iled 
synthesis is necessary to test this assumption or to check 
whether such a spectrum could be reproduced from 
mixtures of clusters covering a wider range in metallicity 
or even age. 

The SO groups are very similar to the E ones : we show 
in figure 2(b), successively a typical SO I ' NGC 5419, 
then NGC 7744 and 4382, respectively a red prototype of 
the SO li' group and the counterpart of the elliptical 
NGC 2865 presenting a bump around 4600 Â. For the SO 
Ill' group , we display NGC 3115, ali other objects in that 
group be ing also red and strong-lincd. From the low 
luminosity group, SO IV ', we show NGC 3056 having a 
moderately wea k-lined spectrum. Finally, we present 
NGC 5102 whosc spectrum resembles that of blue star 
clusters in paper I. In this case, obviously a recent burst 
of star formation has occurred in the nucleus, prevailing 
over the older underlying population (Sect. 7). 

The various Sa luminosity groups are the most homo­
geneous in our sample, both internally and one with 
respect to the others. They all show red strong-lined 
spectra like the prototypes in the E and SO groups and we 
show in figure 2(c) only the prototype for the Sa 
li' group, IC5267 . One exception is NGC 7213, which 
presents emission !ines much stronger than thc other Sa 
galaxies although the underlying stellar population re­
mains similar. 

The prototype for the Sb I' group, NGC 1398, does 
not differ much from those in the earlier groups of the 
same luminosity class (Fig. 2(c)). An atypical caseis that 
of the blue nucleus in NGC 4569 (Tab . III) which is due 
to contamination from a young ste llar component, a 
common phenomenon in !ater morphological types 
(Sect. 6). Prototypes for the Sb li' and Sb III' groups, 
respectively NGC 3521 (Fig. 2(c)) and NGC 4462, also 
have red spectra although not as strong-lined as those for 
the earlier groups. Examples of atypical nuclei are the 
blueish object NGC 3351, as well as the red nuclei 
NGC 4438 and 6300 hosting a liner and a Seyfert nucleus 
respectively. They will be discussed in detail in a pape r to 
come. 

Finally we come to the Se groups which are less 
homogeneous. Luminous Se I' can be represented by 
NGC 692 with a red strong-lined ·spectrum (Fig. 2(c)), 
except for NGC 4536 which shows signs of a bluer 
component. No prototype could be found for the Se 
li' group : it is more like a sequence from the red case o f 
NGC 6923 through moderately blue objects like 

NGC 6215 (Fig. 2(c)) to the very blue objects shown in 
figure l(b) containing obviously a young stellar com­
ponent. The less luminous Se III' group is likewise 
extremely heterogeneous and it is not possible to define 
any prototype. 

6. Discussion. 

6 .1 ANALYSIS OF THE MEASUREMENTS AS A FUNCI'lON 
OF MORPHOLOGICAL TYPES. EFFECI'S OF AGE CONTAMI­
NATION ON W FOR METALUC FEATURES.- We p!ot in 
figures 3(a), through 3(e) the equivalent width W for the 
strongest metall ic fea tures as a function of morphological 
type, in a sequence of increasing wavelength. Part of the 
late type spiral galaxies present very low W values for 
metallic features in the blue spectral range . On the other 
hand, for TiO a metallic feat ure in the red, W values are 
large for the whole spiral sample, suggesting that spiral 
nuclei are not metal -poor (Fig. 3(e)). Indeed, in the 
integrated spcctra of star clusters, W for metallic features 
in the red tend to be univalued functions o f metallicity, 
regardles of age, while those in the b!ue present also an 
age dependence, owing to dilution by b!ue sta rs in young 
clusters (Paper I) . 

Continuum slopcs of the spectra also corroborare the 
interpretation in terms of young age contamination 
rather than o f low metallicity, as the source o f low W 
values in many spiral galaxies. This is shown in figure 4 
where we give the spectral slope cxpressed as the 
FA ratio C (4020/7520 Â), as a function of morphological 
type. We also recall in this figure the values for metal 
poor Galactic globular clusters (MPGGC) having 
[Z/Z0 ] =- 2 and [Z/Zo ] =- 1 (Papers I and li). 
Spiral ga laxies showing small W values for metallic 
features in the blue are those with continuum slopes 
much steeper than that of MPGGC, resembling rather 
the continuum slopes observed in young blue clusters as 
recalled in figure 4 (Papers I and li) . Compare also these 
blue spiral galaxies with two amorphous galaxies in the 
upper left comer of figure 4 , which are HII region nuclei 
with essentially no contribution from the underlying old 
population. Measurements displayed in figure 4 corre­
spond to continua corrected for the instrinsic reddening 
& (B-V) due to inclination in spiral galaxies (Tab . IV). 
Non-corrected values for the blue galaxies, indicated by 
arrows in figure 4, do not alter the above interpretation 
because face-on galaxies remain unchanged and inc!ined 
ones, which enter the MPGGC zone, still differ from the 
latter by their stronger W(TiO) values. 

We show in figure 5, W vs. W plots for two metallic 
features in the blue, CaiiK and G-band (Figs. 5(a) 
through 5(c)), and for one metallic feature in the blue 
CaiiK against one in the red, TiO (Figs. 5(d) through 
5(f)). Groups of morphological types E+ SO, Sa + Sb, 
Se have been considered . Following Burstein (1979) and 
Heckmann (1980) we attempt to identify the direction of 
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age and metallicity effects. We provide in figures S(c) 
and 5(f) corresponding to the Se type, the loci of star 
cluster values (Papers I and li). We indicate two youth 
vectors for so lar metallicity clusters : Y1 from a Galactic 
globular cluster (1.65 x 10 10 yr) to a cluster 109 yr o!d , 
and Y2 from the latter cluster to a very young one, 
107 yr old. We also show two meta llicity vectors for 
Galactic globular clusters : M 1 from a solar meta llicit y 
cluster to one with [Z / z0 ] = - 1, and M2 from the 
Jatte r to a cluster having [Z/Zo ] = - 2. Young age and 
Jow meta llicity directions merge in the W(CaiiK) vs. W 
(G-band) diagram, while a separation exists for the 
W(CaiiK) vs. W(TiO) one. In this graph, Se galaxies 
with small W(CaiiK) fo llow the young age sequence 
rather than the metallicity one . This is a further evidence, 
in addition to those quoted by O'Connell (1982), Diaz 
et al. (1982) and Frogel (1985) , that the spectral índices 
defi ned by McC!ure et al. (1980) and Cowley et al . (1982) 
are not measuring metallicity differences in spiral galax­
ies . Indeed , ali the metallic features in their spectral 
índices are situated in the blue-green part of lhe spectrum 
and a re thus subject to dilution effects in nuclci with 
important young age contribut ions. McC!ure et al. (1980) 
argued that, fo r a composite population with a range in 
[ Z / Z 0 ] , one sees light predominantly from the metal­
poor population in the ultraviolet and from a more 
metal-rich o ne in the rcd. However, we po int out that , in 
the range covered by our observations and over which 
the spectral índices used by McClure et al. (1980) are 
defined, a me tal-poor population mixed to a metal-rich 
one would di lute metallic features as much in the blue as 
in the red since its continuum distribution is flat (a 
combination of almost featureless cool metal-poor giants 
in the red and blue horizontal branch stars in the blue). 

Comparisons of galaxies with sta r cluste rs in a W vs. W 
diagram are useful to fo llow the direction of age and 
metallicity effects. They cannot be used stra ight fordward­
ly to assign mean metallicities or ages to individual 
ga laxics bccausc in general, the resulting point for a 
mixture of two star clusters in a W vs. W plot does not 
necessa rily lie on a straight line joining them , owing to 
their respectivc underlying continua . Thc best approach 
is rather to reproduce the ga laxy spectrum empirically, as 
described in sectio n 7, o r to calcula te a syn thetic spec­
trum usi ng a large number of features and continuum 
points over a wide range, as will be presented in a 
forthcoming paper. 

It is interesting to note that in our sample, containing 
mostly luminous galaxies , the range in W(TiO) values for 
sp iral galaxies is essentia lly the same as that fo und for 
ea rly type galaxies (Fig. 3(e)). This result suggests that 
the range in metallicities in spi ral bulges is comparable to 
that in the central regions of Juminous E and SO galaxies . 
Only the lenticul ar ga laxy NGC 5102 which presents an 
important young age component (Sect. 7) exhibits a very 
small W(TiO) value, possibly tracing out a genuine metal 
deficiency compatible witb its low luminosity too. How-

ever, TiO shows a rathe r complex behaviour as a 
function of age amoung young star clusters. Rapid red 
phases occur, due to asyrnptotic giant branch stars with 
massive progenitors and to red supergiants , which can be 
seen more clearly through molecular bands in the near 
infrared (Bica and Alloin, 1987a). Examples of this 
phenomenon are the star clusters NGC 2004, 107 yr old 
with st rong TiO from red supergiants, NGC 2157, slightly 
Glder with weak TiO owing to the absence of such 
lumino us cool sta rs , and NGC 1866, 108 yr old with 
massivc AG B sta rs producing strong TiO absorption. 
Such a variab le content in young massive red stars does 
not affect our conclusions about blue spira ls derived 
from figu re 5(f) . On the contrary, the fact that T iO is 
quite st rong ind icates that red supergiants contribute to 
the flux in blue spiral nucle i and thus confirms the 
presence of a young age component rather than that of 
an olcl metal-poo r one. 

We also ca ll at tention in figure 3(b), to the fact that 
CN can reach re latively smaller W values than the 
neighbouring features Ca ll K and G-band . This cannot 
be assigned to di ffe rent dilution factors by blue ste llar 
compone nts because of the wavelength proximity of the 
three features. Furthermore , this e ffect is particularly 
prominent in early type ga laxies where the continuum is 
redd ish . We can explain this effect by the stronger CN 
dependence on metallicity, according to ou r results fo r 
GGC in paper I, where the slope ~W(CN)/D.[Z/Zo ] 

becomes remarkably steep for [Z/Zo ] > - 0.5, the 
metall icity range expected for galaxies brighter than 
Mv = - 18. This result suggests than CN AA4150-421 6 is 
the metallicity indicator with largest dynamical range in 
the visible . Indeed, CN is in general the feature showing 
the strongest radial gradients in individual galaxies and 
was used alone as a probe of metallicity gradient 
(Spinrad et al., 1971 ; Joly and Andrillat, 1973 ; Spinrad 
and Stone , 1975 ; Bu rstein, 1979). 

Thc behaviour of 13almer !ines vs. morphological type 
is quite complex. First, the ir W is not an univalued 
function of age in the integrated spectra of star clusters 
and fo r very metal rich red clustcrs, underlying metallic 
fea tu res beco me important , especia lly in the H y window 
(Paper I and li). Moreover, in ga lactic nuclei, emission is 
an addit ional complication . In the H8 window emission is 
generally negligible , in thc Hy one the age, metallicity 
and cmission effects are of the same order and fo r H{3 the 
emission may be prominent in a few cases. For Ha 
however, the emission dominates in most nucle i : in 
those nuc\e i where H a appears in absorption , W for the 
higher Balmer !ines can be safely used in population 
synthesis. 

In fi gure 6 we show W histograms for 17 metall ic 
featu res , only E and SO galaxies being considered since 
they are expected to be less affected by age effects. We 
have excluded from this subsample, the objects 
NGC 2865 , 4382 and 5102 in which we know that age 
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effects are important (Sect. 7). We have computed W 
normalized to its maximum value in the considered 
window. We have examined not only purely metallic 
features but also a few windows in which Balmer tines 
are blended with metallic absorptions (windows # 2, 
# 3 and # 5). The assumption that age effects are 

negligible on the metallic-Balmer blends for this sub­
sample can be tested by comparing the Call K and 
Call H + H E W distributions which are not very different 
one from the other. The large dynamical range of CN 
# 11 is remarkable. The two adjacent windows, 
Fel # 10 and Cal # 12 sha rc the same property, 
probably because of some CN contamination. The Oat 
distribution of the W/Wmax(CN) histogram is confirmed 
to result indeed from a high sensitivity to metallicity 
rather than to be dueto error bars or continuum dilution, 
from figure 7 where we compare CN as well as the 
neighbouring features Call K and G-band, to 
Mgl + MgH which is considered to be a good metallicity 
indicator (e .g. Terlevich et al., 1981). The two histograms 
in figure 6 which correspond to the CN Lband, show a 
dynamical range intcrmedia te betwcen thosc of 
CN # 11 and of the other meta llic windows. We assign 
this to strong iron !ines in windows # 2 and # 3 which 
must contribute significantly to the absorption (Paper I) . 
The absorption line of Nal (window # 48) in elliptical 
and SO galaxies in possibly enhanced by an interstellar 
gas · component. The latte r should behave however like 
the stellar Nal component due to thc expected larger gas 
content in more massive galaxies (Bica and Alloin , 
1986c) . 

6.2 ANALYSIS OF THE MEASUREMENTS AS A FUNCflON 
OF ABSOLUTE MAGNITUDE.- As seen in figure 7(b), 
W(CN) and W(Mg + MgH) are the most sensitive metal­
lic featu res. Thus, we use them jointly to analyse the 
re lationship between metallicity and absolute magnitude 
among early type galaxies . The scatter present in this 
relation (Faber, 1977 ; Sandage and Visvanathan, 1978) 
deserves a careful analysis and a complete discussion is 
given in Bica and Alio in ( 1987b ). For ou r galaxy sample 
we find that the scatter observeu in the W(CN) + 
W(Mg + MgH) vs. Mn diagram reflects genuine popula­
tion differences among the objects. 

Regarding the spira l galaxy sample the occurrence of 
strong age effects, especia lly in late types, precludes any 
concluding remark to be derived from the ana lysis of 
their tine strength vs. abso lute magnitude diagrams. The 
important clilution of metallic !ines in the blue requires a 
detailed population synthesis to be carried out. This will 
be done in a forthcoming paper for the rclevant objccts 
111 ou r sa mple. 

7. Empírica! population synthesis for blueish E and SO 
galaxies and concluding rcma ri{S. 

We demonstrate the potential use of the present set of 
ga lactic templates and star clusters from papers I and 11 

for extracting information about the star fÓrmation 
history in galaxies, by applying an empírica! synthesis to 
the spectra of the blueish early type objects NGC 2865, 
4382 and 5102. Beca use they show a very similar 
spectrum, we synthesize a mean of NGC 2865 and 4382. 
In order to estimate the contribut ion from the redder 
underlying population, we have built high signal to noise 
ratio templates in each case. For NGC 5102, it has been 
derived from 10 emission-free E and SO galaxies with 
- 19.3 ~ M 8 ~ - · 18.0 so as to consider objects with a 
comparable metal content. For NGC 2865 and 4382, the 
tcmplate has been built from 17 emission-free E and SO 
galaxies with - 21.9 ~ M 8 ~ - 21.0. We define R(5870) 
as the Oux ratio, at 5870 Â, o f the template to the studied 
object and find out the best R value so as to reproduce a 
rea l star cluster spectrum. The best fit we find for 
NGC 5102 is R(5870) = 0.30:!: 0.10 and for the mean 
spectrum of NGC 2865 and 4382 , R(5870) = 0.50:!: 0.05. 
In figure 8(a), we have displayed the following downward 
sequence : NGC 5102, its template a, the difference 
[NGC 5102 - (0.30 x template a)], the mean of 
NGC 2865 anu 4382, the corresponding template b and 
the difference (NGC 2865, 4382 - (0.50 x template b)]. 
These differences are compared to integrated spectra of 
star clusters of various ages in figure 8(b) : this allows to 
identify the age of the burst. In the case of NGC 5102, 
the residual spectrum is intermediate in shape, between 
those of NGC 1831 and NGC 1868, suggesting a burst 
age of 4 :!: 1 x 108 yr. A lthough these two clusters belong 
to the Magellanic Clouds, metallicity effects are expected 
to be negligible because of their young age and because 
NGC 5102 itself has a total luminosi ty comparable to 
that of the LMC. Regarding NGC 2865, 4382, the 
difference spectrum matches that of the solar content 
Galactic cluster NGC 2660, leading to an age of 
12 ± 3 x 108 yr ; for R(5870) * 0.50 none of thc residual 
continuum distributions provides a satisfactory fit to real 
cluster spectra. A de tai led comparison of NGC 2660 with 
the difference spectrum for NGC 2865, 4382 shows that 
the latter has stronger metallic !ines and in its short 
wavelength region suffers from a la rge line blanket ing. 
This effect can be attributed to a metal content larger 
than solar as expected for a moderately young stellar 
generation in massive E or SO galaxies. An attempt to 
cancel the metallic !ines, that is R~ 0.70, produces a 
steep spectrum with negligible flux in the red, very 
different from that observed in the metal poor globular 
cluster NGC 7078 (Fig . 8(b)). This result suggests that 
blue horizonta l branch stars are not responsible for the 
blue colours of NGC 2865 and 4382 unless they are 
present without metal poor giants, an implausible pic­
ture. The burst ages empirically derivetl above, assume a 
time-peaked burst durat ion. Different combinations of 
clusters in the range 108 - 3 x 109 yr like the Galactic 
open clusters NGC 6705 and 2158 (Fig. 8(b)), or even 
younger, may give similar results . lnformation on the 
duration of the bursts will possibly be derived by 
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considering a wider wavelength range , that is , near · 
infrared spect ra o f star clusters a nd galaxies (Bica and 
Alloin , 1987a). A burst of star formation occurring 1 Gyr 
ago in the SO NGC 4382, a Virgo member , might at first 
sight contradict the conclusion reached in section 6 that 
cluster giant galaxies stopped forming stars bcfore fie ld 
galaxies . However , NGC 4382 forms a close pair with the 
spira l NGC 4394 and the burst could be related to this 
interaction . 

The fact that a simple decomposition into a burst and 
an old underlying population is possib le for the blue ish E 
and SO ga laxies above, is perhaps no t fortuitous. Similar 
attempts in the case of spiral nuclei we re not successful, 
more complicated co mbinations being required. This 
result points towards a more continuous characte r o f the 
star forma tion in spira l nucle i. 

Conclusions of the present wo rk are as follows : 

(1) We present results for 164 spectra o f galactic 
nuclei in the luminosity range - 23.3 =s.:: M 0 =s.:: - 16.6, 
from E to Se morphological types. 

(2) Measu re me nts are provicled bo th for the con­
tinuum d istribution and the equivale nt widths of 22 
features . 

(3) We derive the internai redde ning dueto inclination 
in spiral galaxies through comparison with nearly face-on 
templates having a similar nuclear stellar population. 
The knowledge of the internai reddening removes one 
free parameter for the future population synthesis . 
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t UBO• 1 b3 1 · -:11 3 1S 10 ( 6) 
61 06 • 630 3 -ll.63 Vi 

6 217• 17 10 - 21 .6 3 s. 
63 26 • U77 - lO ,3 0 I c II -III 

. Of. 1.00 l. b!J. 4 . 'M t O U , N 

. Ol 

. 06 

. 03 

. OI 

o 

. 40 1 . 00,.;3 10 'l'l 

. &t l . llA l. Df. l O 

. 66 1 lhl 87 20 
• &3 2 !IJ.al . 72 !O .. 
.11 .8h l. 31 26 

1. 00 .7b1 , 13 150 

Notes to table 1 
,. I H I! region nuclcus in amo rp ho us ga laxy. 

,. 2 NG C 692 : vcloc ily fro m our spcclrum using Call K, Mg l b, Na ! D and [Nll] 6548, 84 , rcsu lling V = 628 1 ~ 354 km!s. B fro m a PDS mcasurcmc nt o n lhe ESQ 

B Pinte in G arching. Thc gala xy E1 97-G09 o n t hc samc pia te wit h B = 14 .0 (Laubcrts, 1982) was uscd as a standard, re sull ing fo r NGC 692 in 8 = 12.54 . 
Mo rpho logicn l typc fro m Ln ubcrt s (IY82). ri' 3 

,. 4 

,. 5 
,. 8 
,. 9 
Jt' 10 
,. 11 
,. 12 

ri' 13 
,. 14 

,. 15 

Axin l rntio cstim a tcd o n ESQ plate . 

Si it 4" X 4" ; 1f' 6 : 4 .6" X IJ" ; 71' 7 : 5" X 13". 
Vclcx:ity from de Vaucouleurs era/. (1 97ó) . 

Computed wilh Virgo ( m· M) = 31.7 and 8 fro m Sandagc and Binggcli (1984 ) or de V a ucoulcurs et a/. ( 1976). 
Vc locily from Eastwood and Abcll ( 1978). 

Mo rpho logical typc from Sandagc a nd Binggc li (1 984). 
Mo rpho logical typc fro m de Vaueoulc urs rt n/. ( 1976) . 

Compu1cd w i11t npparcn l magnitude fro m d e Vaucuu lcurs et a/ . (1976) . 

Thc vclocity fo r NUC 6942 is fro m our spcctrum usi ng Ca l! K, 11 /3, Mgl b and Na! D, rcsulling V = 3204 + 200 km/s. The valuc from Sanda gc and Tammann 
(1 98 1) is too high . lndccd in thc rc rcrc ncc thc rc in , thc mcasurcmcnt was classificd as unccrtain . T hc ltbso lutc magn itude was computcd w ith o ur vc loc it y . 
NGC 4038 and NGC 4039 form an imc mct ing pai r. 

[ I 
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TABLE li.- The sample properties. 

~~--A-m--------E-/S-0----S-0----S-0-/S-a----S-a----S-nb----S-b----S-b-c---S-c-------------
-23 2 3 

- 22 6 2 2 5 4 25 

-21 15 5 9 

-20 6 2 

- 19 2 2 15 

-18 8 

non - exis t ent 
-1 6 

2 3 5 9 25 8 

TABLE li I. -Equivalem widths (Â) and continuum m easuremellts F A relative to F A (5870 Â) . 

IOC (l/li) (1/1) 0'2 t.l " ·~ .. 110 111 11':1 
l•l t s6 r. a ca 

l I ' 

lt.OO ta. 
.. ~ .. " 
"" 10 
llO~• 30 

'"' 26 ·- .. 
I 11 ' 

-:12 .0 ~ M < - 22 .0 

•o 21.8 u .a u .t u .o a .4 1.1 u .-4. 1.1 
ao 21.2 tt .a 11 . 0 u .a 2 . 1 a.• to a .t 
10 UUI 1\ ,0 16 .1 12 .1 l . t 4 .8 U . t 5 .0 
U ]O , t U . l lt . l 11 . 1 I . T 1 , 1 10 . 8 4 . 2 

10 2 1.8 li . l U . f 10 . 2 1 .1 &.0 t . 2 4 . t 
61 tt .T 12 . 0 11 .7 12 . ( 2 .6 t .O U . l 1 .1 

IOit 40 TO 11 . 1 11 . 0 U . l t . l 4 .1 2 . 4 I , , 3 , 0 
Ult 20 t.6 tl . S 11. 1 tt . .S U . l 4 .2 6 . 2 Sl . 6 6 . :1 

nu a eo 21.1 11' 11 . 2 ti . T ' · ' ' · " 12 . 4 t .a 
t Ut• u ao 10 . 1 16 . 1 11 . 1 u .t a.o ' ·' u .1 4 . 0 
1&90 70 10 20 , 0 11 . 0 11 t 1 . 1 T . l l . fi ll . l 5 . 1 

!.0.1 !6 10 11 . 4 U . t 13 . 5 1 . 4 S . 6 l . .S 0 . 1 3 . Ji, 
4Mf 35 10 16 . 3 II . J U . 4 t . l 4 .3 1 .1 ll . t 4. . 0 

UU 40 TO U . t 16 . 1 J6 . T l O. t ! .0 l . l 10 . 1 3 ,2 

Uot 'l6 U 2& . 0 U . T 11 . 4. 11 . 1 f. .O 4 .3 10 . 8 f. , 4 

&0.0 :K1 10 ll . l lf. T l l .O 13 . 1 3 . 3 6 .0 "O 1 . 4. 

'"' n U Ot 10 
7144 lO 

T60T 15 
U:U DO 

1. III ' 

TU& 20 
SS'TO 4.0 

1'-27 l6 
1~7 25 
un li 
3004. ,. 

24H 16 

un l6 
U.St 'l6 
U 1t l4 

lllt 26 

I lY ' 

10 11 I li 4 ll . :l 10 . 0 4 . 1 1.1 f. , 1 1. 0 

TO 23 . 1 U , U 11 . t 11 . 1 6 . 1 4 . 4 lt.O 4 . 1 

40 2a .6 tT . Iil 10 . 0 ll . T e .o 6 .8 u . t. e . t 
10 l O f. 11 . 0 16 . 0 11.1 l . t ! .O 10 . 0 4. .0 
tO SO . l U t 16 . 'l 11 . 4 6 .0 6 . 1 te . 9 b . l 

·20 . 1 <C M c - 10 . 0 

40 22 . 1 14. . 1 11.2 IO . t 8 . 1 3 .0 O. I 4 . D 

10 20 l 17 . 3 11 . 5 ll . t 6 . 2 6 . l 11' ' · ' 
eo t6 . a 12 a " · ' 1 . 2 . 6 .s . 2 o . t a . a 
e o 22 .0 u . o u . l 10 . 1 6 .6 6 . 1 10 . 1 6 . r 
6 0 20 . 1 Jl . t 17 . l 12 . 6 l . t 6 . 1 9 . 6 4 . 0 

l6 24 . 0 12 . 1 16 . 1 10 . 2 3 .1 3 . 1 10 . ( 4 , ! 
lO 10 . 0 11 . 1 16 .2 12 I t t t . l 1 . 6 4 . 4. 
90 o o 1 . 6 tt .'l 10 . 0 f: . l 1.1 6 . & 1.7 
6 0 2 1. 3 12 . 6 11 . 1 1 . 2 1. 1 3 ,6 10 1 6 . 4 
10 115 . 1 13 . 1 17 I 11 l 6 . 4 4 . 8 11 . 1 4 . 6 
TO 20 . 0 16 . 1 17 . 4 13 . 6 4. 4. 3 . 8 11 . 8 15 , 4. 

· lt . l c M c - 11 . 6 

U8T lO .O :U . T IO ,TlO .T 14. , 4 1 . 4 4 . 8 ll. .S &.b 
:. r.. ftO t 8 9 ' 11.1 t t.O 2 . 6 t .e 1 ' t . 1 

UIQ lO TO 2 \. 0 1t O tb . b 13 . 9 'l O l , O 10 1 4. . & 

I OC 
IC• 

111 •u u& ut 
,, !fy ,. '" •P 

U l 132 134 I .U•a& lU 

Pt Pt MrMcW M.f;l 

& I' -22 .0 <C K < - 22 .0 

1100 ..... ... , 
6106• 

1771 

Uel 

c.t o.e 6 .6 e .& 
4 .3 7 . 2 2 . 1 t . O 

7 .4 0 .6 4t 7 .0 
6 .0 T . t 1 . 1 T . 4 

i. l l . t 1 . 1 • . • 
J .1 B. t 6 .1 6 .1 

' ·' 2 . 1 ... 
2 .0 . .. 
2 .l 

& u· -21.0 < N < - 2 1.0 

T .T 10 . 0 

0 .8 9 . 2 
l . t T , I 
8 , 6 • . • 

4 . 1 T . O 

t .l IO . t 

60 18 4 . T 0 . 2 t ,O t . 2 t ,T IS . t 1 . 1 
c~• Y . t o . o s .1 a . .s 2. 1 7 . t 1 .2 
8761 IS . t 8 . 8 4 . 1 I . T 2 . 4 1 .0 0 . 2 
1460 • 6 . 7 t . t 4 . 2 7 . 6 :J . O 0 .1 1 . 0 

I !OSI 7 . 3 O. t 15. .2 1 . e 3 . :S T . T 10 . 7 

6011 f. . t 8 . 3 ! .8 t . 4 4 , 0 t .& T . 6 
U07 e 1 0 . 4 4. .0 8 . 1.i 3 . 1 1 .6 T . f. 
UH 1 . 4 ! . 6 2 . 1 6 . 2 .!1 . 1 t . D 0 . 1 

1~05 6 . 0 1 . 1 2 . ft 5 . 15 4 . 1 T . C. 9 . 1 
5000 6 .1 B 6 6 . 1 8 .6 2 , 6 T . t 1 , 1 

n u 1.0 6 . 11 6 . & e .4 L4 t .a o.e 
U 0 4 e . e 8 ,8 4 .3 6 . 6 3 . t T ,3 0 , 4 

TIU 7 . 2 t . 7 8 .0 0 . 6 3 .6 t . T 8 ,1 

10 . 0 1o . a s . a 
10.0 tO . J 3 . 3 

0 . 0 0 . 6 l . 6 

10 . 4 10 . l ! . 2 

I . T 8 . 8 .S • .S 

10 . 4 10 . 1 .S . l 

1 . 6 6 . 0 3 . 1 
1 . 1 '1. 1 a . l 

10 . 1 D. O I I 

0 .1 10 . & • . • 
11. 4 11.1 .S , f 

a . s o . .s a .5 
1 . 6 v .1 a . 2 
O. J 0 . 8 ! . 4 

10 . 0 o.e t . t 
9 , T 10 . 0 r. O 

' . 6 7 • t . .S 
0 . 0 D. t ! . 4 

Q. 8 10 . 2 4 . 0 
f&Of 6 .1 1 O 2 . 3 15. . 4 2 . 6 f . 'l 8 . 8 10.1 11 3 6 . 3 

4611 7 . I 0 . 0 3 . 8 li . .S .S . O 8 . 6 tO . S 10 . 0 10 . e .S . O 

114.6 
1371 

1t27 

"" 1.$19 

'""' 24H 

Uf.l ,..,. 
4478 

aat a 

!UI ' - 20 . 0 < M < - 10 . 0 

6 .8 0 . 6 1 . .s 6 .1 4 . 6 
e . t s .o " o e .2 l . T 
fi e a fi 2 . 1 6 .9 3 . 1 

7 .o O. fi ! . 6 4 .3 3 . 8 
6 . 6 o 6 6 .2 e . o 2 . t 

T . O 0 .8 6 .7 7 . 6 &.2 
6 .0 0 . 6 ( . 1 l . t 3 .1 
2 . .s e t 6 .1 t .a 6 .o 
0 . 4. 0 . 4 6 . 7 7 . 7 4. .0 
0 . 4 8 . 0 6 . 1 7 . 0 3 . 1 
7 .3 o . Y .s .1 e .e 2 . t 

1 n · - 18 . 0 < N <1: - 16 . 6 

7 .T 7 . 0 
8 . 0 0 ,6 
4. . 4. 4 . 2 
T .O 1 . 1 
1 . 6 y . 1 

T . D 0 .1 
4 . 0 b . 6 
6 . .S 4. . 1 
1 ,0 8 . 0 
7 . 0 T . O 

1 .1 T . 6 

9 .1 0 . 8 4. . T 
10 . 2 10 y ! . t 

7 . .S 1 . 4. 2 . 1 

0 . 3 0 . 2 f. . O 
0 . 2 8 . 1 &. 8 

o . 1 10 . 4 • a 
8 . 3 8 , 4. .S . I 

1 . 2 e o 3 · ' 
to.e o.e a.e 

o . 6 10 s 4 .e 
o 6 10 . 1 &. 2 

'387 7 .8 0 , 6 7 , 4 8 .1 2 .7 6 . 1 6 . 0 7 . 3 7 . 1 2 . 0 
U 7 6 2 . 4 e l ' · ' .s' 3 , 1 4 . 1 t . s 6 6 ~> . 6 

uau 6 .7 0 . 1 1 . 2 e .e .s .& 1 .0 8 . 5 o . 4 10 . 0 l .s 

IOC 
I C• 

NU 16-f. - 67 160 •2 4020 ~ ~ M 80 !!!11 ~ 
la TiO l a (WII) U10 loi'TO UTO &.110 UJO UTO 

O I ' -2::1 .0 < M < - %L O 

1..00 t . l 11 . 2 1.1 2 . 2 .as .n ,.., .o1 . tT .IT 
l . D .17 . TI .16 1.01 · " .11 
4 . 1 .tt . 1'2 , t6 1 .00 . to ·" 
1 .0 , LO .TI . N .U . .. . H 

t20t• ~ . o 12 .1 .a 
1667 6 . 1 1T . I 1.7 

110~ 4 .T U . l · ' 
IJTI t . l 11 . 1 - . 1 .o .w .ea . 11 ... . M .06 

-1 .0 .11 .n . M . ta .n .11 U.at 1 .1 IO . Oa -11 . 4 

1.11 ' · 2 1. 1 < N <C - 1 1. 0 

I.Q ta a .s n . t 
41St fi. l 14 . 4 
t761 4. . 0 ll . T 
1461- 1 . 1 IT .Ja 
1100 l . f Jl .t 
5061 6 , 4. lT . ~ 

. I 1 , 4. , U . 11 . N 1 . 00 1 . 00 .H 
· 1 . 7 - t.T . U . TO .11 1.06 J,OT l.ll 

-1. 4 . t .u .n ·" 1.00 .n .n 
-4. . 7 .t . tt . 11 . M ,tt . M . H 

2 . 0 1 .1 . u .n . M .H · " 1.00 

2 . 41 . . .. · " . to .to ·" ... . ... 
U07 6 .1 11 .4 1.4. 1 .2 . ta . ft . N .H · " 1.00 

43H 6 . t " ·' -1 . 1 ' · ' · " .at . t1 . tT .11 . n 
1106 6. 0 22 . 4 2 . 0 1 .1 .U . 10 . H 1 .01 1 . 02 1 .01 

&000 i . l 11 . 6 -1 .1 . I . U . Tt . M 1 . 01 1 . 0 1 1 . 01 
2166 3 . 1 IO . T t.li . I . U . 08 t . O..S , t .S . 1& . 11 
14.04 6 .1 22 .1 2 . 2 l . t .it . 14 , 86 1 .001.00 1 ,00 

TIU 4. . 6 17 . 1 1.6 2 . T .67 .13 . N 1 .00 1 ,00 1 .00 
1601 1 .0 tf . l 2 . 1 &. 6 , U .16 . 9.! l.Ol I .G.l 1.01 

u11 1 . 6 n . & 2 . 1 1 . 2 .10 . n . te .os .o.s . u 

& III ' - 20 . 1 <C M < -10 .0 

"" 1 370 ,., 
lOJf 
U lO .... 
2<Jl 
4742 , .... 
U TIJ 

U tll 

4 .0 10 . 7 
6.4 16 .7 
4 . 1 t6 . T 

i .O 11 .1 
4 . 1 2t.Y 

6. f. 11 .0 
4 . 0 21 . 2 
1 . 4 11 . 1 

4. . 0 ~ . 0 

&. 4 " · ' 
4 . ' te .8 

E I V' 

U OT 2 .1 17 .0 
UTt 2 . 0 U .T 

U llta 4 . 7 10 .6 

2 . 0 
1.1 ... 
1.1 
2.< 
1.6 
1.2 
2 • 
2 . 2 
l.1 
2 . 2 

1. 4 .u . ll"l . 0'2 1.00 1.00 . •• 

1 .0 . 40 . T3 . I.S 1.01 1.01 1.02 
2 . 1 .10 . U . N 1 . 01 I . Cr.J 1 . 02 

1 . 4 .n .eo ·" 1.00 . M · " 
4 .T . ti . t2 1.00 , 07 . M . U 

2 .1 · " , 16 . 06 1.00 1 . 01 1 .01 
2 . 1 . 66 . T6 .t.s l.Ot 1. 01 1.01 

1.1 . U . to . K . 03 . 11 .1'1 
2 . 1 . n . re . H . oo t.oo 1.00 

2 . 4 . 65 .16 . 09 · " , 16 ,96 
1 . 1 . 4D .n . 01 .ta . te .u 

-18 . t c w < -1 e .• 

2 . 0 4 . 2 . u . 11 . 04 l .01 1 . 0 1 1 .01 

- . 4 1 . 6 . n . 19 · " .16 . 1 3 . a o 
! . l 4 . 1 . 511 . 18 1 . 01 .11 ... · " 
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JQC (1/1) (1/ 1) fl ., " •• .. 1\0 111 111 
t<' • L•Jt L t .. I J•R ( KÔ h Cl Ca 

10 l ' 

U72 tO !O 22 . 6 16 .7 17 .9 1t 6 7 .2 1 . 3 16 .2 5 .6 
un :t• ro 22 . 1 t7 . 4. 11 . 1 t l.t l .o fi . t tl .& r .& 
Ult 26 TO 23 . 1 14. . 4 11 . 1 11 . 9 4 . 0 4 . 8 8 . S. & O 

to I] . 

nn to 
6?U 26 

&MI 36 

684 li 

'"' :lO t.&ot 26 

!Ql.S &O 

tS.l 30 
TTU 10 

tTD7• l6 

•••· ao 
t"-3 30 .... "" 
1201 26 

10 111 ' 

Ull 30 

466] 1 0 
10&1 26 

U68 40 

13.17 n 
t6U :;tb 

1181 ,.. 

4436 30 
3116 &O 

U.ll :16 

4033 lO 

16H 26 

ao rv · 

UO'l &O 

3061 n 
13U 21 
H19 ll!t 

1&00 20 

-:u .o .c N..: -:u .o 

100 :u .t 16 I 16 . 4. 10 . 0 2 . 6 4 . 6 IS . O 6 .3 

ro u . t 12 . o te .& 11. 0 " · ' T . l T . .s s . l 
tO 13 . 1 I S . I lfL 4. 11.1 1 .0 6 , 4 16 . 6 fi . fl 
tO :ll . 'l U . l 16 . 1 1 . 7 l . l 1.7 10 . 3 &. 1 

60 28 . 2 16 . ! lf. .O 9 . 6 6 .8 6 . 1 ll . fi 6 .0 
IS O 1 3 , 8 18 . 0 IO . 'l 10 . 8 6.7 t . O 13 . ! &,0 
70 20 . 0 U . S 18 .1 ll . l &. 4 .S . IS 13 , 8 S , O 

TO l O. l U . l 12 .0 1 . 0 1 . 1 .\ . 7 0 . 0 S . l 
100 'J l. l \6 . ! 16 . 1 fl. t 1 .6 l . S 11. 6 t. . T 
70 :ZO . T 11 . 4. 10 S 1'1 . 4 3 . 4 2 . 1 11 . 4 4 3 

TO 2 2 . 9 13 . 7 lt . l 10 . 1 4 . 11 1 . 8 8 , 7 .!I , D 

70 U l 0 . 1 12 . 2 0 . 0 l . t 3 . 1 T , O 3 ,1 
00 17 . 4 14 . 0 U . & 10 . 3 6 . 0 4 . 6 11. 2 6 . 1 

to :::Zl . t t l . t t6 . s 12 . 2 " · ' 3 .e t o . .t. .t. . o 

TO 14 . 0 11 . 3 16 . 1 10 . 7 4 .0 l .O 8 , 4 4 . 4 
TO l4 1 17 . 111 . 8 ll . t 7 . 0 6 . 0 14 . 8 a 3 
10 :::zo . 16 . 6 18 ,0 l l l 6 . 1 4 . 7 1! . 0 6 , l 
oo 20 . 2 12 • 1e . a 12 . 1 4 .6 3 . 0 o . a 3 . 8 
eo 21 .s 10 t 17 . 3 10 11 1 . 1 ... a 11 . 0 &.e 
fiO lb . li 10 r, IO . fo lt . fo 6 .0 4 , 1 11 . 7 6 .1 
10 20 . 3 11 . 8 16 ,3 10 . 7 . 6 s .o 6 . 3 4 . 2 
u 11 o te e us.4 t o . t 6 . 8 a . e zo . o 4 . 1 
00 'lO. O JP, , l lf . 4 l O, 7 3 .O fo , 3 ll . l 6 . 4 

eo ·n .a u o 10 .2 11 .s 4 . 6 4 . 3 11.6 4 . :::Z 
TO 14 . 6 8 . 1 14 . 6 11. 6 3 . 1 2 . 0 G. l l T 
60 1 0 . 7 14 . 0 16 . 8 1\. .S 6 . 1 4 . .S 10 . 0 6 . 6 

- 18 . 0 c M c -IT . O 

40 6 I 8 . 0 1 . 4 10 . fo O . l . I . 3 . l 

10 13 . 0 o' 16 . 1 12 I 6 Q 2 . 4 4 3 1 .3 
I Q 11 . 4 16 I UI. :Z 10 . 6 fo . 4 ! . l 10 . 6 4.4 

'o 14 . 1 o.a u .. t 1 . 1 1.1 3 . 1 a . 6 3 . 8 
4& 'lt.8 13 . 3 13 .1 o . a 6 I fo . 4 IG T 6 6 

J ÇC (st • J ( :t / W) U •.s U tti U U O UI Ul 

tC• ! l. •KO L •K8 J: H+l ( K6 ,, CW C• 

.. 1 ' - 1 3 . 1 c N" -n .o 

U \6 30 TO I T 2 13 I U . O O 3 3 6 3 . 3 O O 4 6 

H IO 20 40 262 17b l1.1\60 1.16614 . 1 64 
aou 1 6 r.o u. 4 1 . 1 14 .3 10 . 0 4 . 2 4.2 1 . 4 3 . .S 

... IJ ' 

•H 'o 
li\ I liS 
3 341 26 

Ut7• l fi 
7040 20 
1e:u n 
1.560 16 

1380 30 

nar 10 
1301 20 

TOTO 40 
. 10 1 lb 

•• 111 ' 

IOo41 )() 
1811 26 

1n 1 21 
1117 30 

16-.U 16 
fo861 30 

uu u 
612 1 :u 
tUO l 6 
1M3 20 

· 'li O c N c - 11 . 0 

40 :H . t 17. 4. 1b , 4 ll 7 6 . 7 6 . 1 0 . 1 4 . 3 
LO l1 . 1 11 . 0 U . 6 8 'l 4 . 3 6 .0 10 . 1 6 . 1 
bO 10 , 8 13 . 1 11. . 1 8 . 0 1 . 4 3 . 4 1 . 3 4 . 6 

60 16 T 11 . 7 IT 7 0 . 1 6 . 3 2 . 4 O. I ! . O 
40 H . O 12 . 6 10 . 7 O 4 4 .1 4. .0 11 . 4 T . l 
1 0 16 4 11 . 1 13 3 8 . 0 4. . 6 4 . 3 11 . 8 6 . 8 
' o 11 . 1 u . 1 11' o . 1 3 .3 1.3 u . a 4 .6 
70 11. 0 13 . 1 10 . 1 lO I 6 . 8 6 1 13 . 1 b I 

10 20 . 1 t0 . 3 18 . 11 11. 0 !1.3 6 .0 \ t.O 6 e 
40 11. 11 I 16 . 0 0 . 3 .6 l . l b o 3 .0 

12 . 1 13 . 6 ta . 6 lO I 'l ,O lO 1 . 1' fo O 
•o 10 . 6 tb . l tl o o . .t. 4 . 3 6 . 1 13 . 1 6 .7 

- 70 . • c .. c - 11 o 

u 16 . 8 11 . 0 u . o o.• 1 . a t. o o . t ! . 1 
60 l T . l 11 . 3 17 . 1 12 . 7 1 . 6 l . T 0 . 1 4 .0 
60 11 . 1 u . 3 1& . 1 tt .7 3 . 1 3 . e r . .t. a 4 
10 l &. r u~ . 2 IB . l 10 . 1 l .O 4 . 3 11 . 0 4 . 6 
60 18 o 12 . 4. 10 .0 8 . 2 3 2 3 . 1 10 2 4 . 4. 
.a 10 . 0 16 . 1 18 . 1 11 . 1 2 . 3 ! , 4 8 . 3 3 . 6 

10 18 , 4. 16 . \ 17 . 1 11. 6 1 .1 1 . 1 6 . 8 3 ,7 
60 l l.1 11 . 1 l~ . fo 0 . 0 4 . 1 3 . 1 11 l fo . O 

60 2 1. 1 I.S . li 17 . 1 10 . 7 4 .6 .s . o 10 . 0 3 , 4 

22 o u 6 ur . 1 11 . 0 4 . 4 .s . a u . t t . 4 

E . Bica et a/. 

TABLE III (cominued). 

J CJC • u •u UI til •11 U I • 3'l U4. e33 • 36 •ae 
I C• ,. o RY ,. " ~ ,, ,, H.r•M&ll NJH , , 

ISO t ' - ll . S c N c · ll . O 

U.7l 0 . 1 I I 6 .0 T . S 1 .6 8 . 1 10 O 10 . 7 11. 4 6 . a 
6410 I O 0 , 1 4 . 1 1 . 1 .S . O 7 1 D. S 10 . 4 10 . 4 l . T 
&.s'l9 1 . 4 o . a e .o 8 . 0 .s .s a . 1 o.o o.e o.a .f. . 6 

110 ti ' -:u .o c N c - 21 . 0 

6818 6 . 7 8 . 2 3 . 1 7 . 4 ! . :1: 
62'10 " . .t. o 1 t. . 1 a .o , : 1 
tOU G, .S 9 . 8 4 . 0 T . 2 1 . .f, 

684 4 . 3 O. l 3 . 3 6 . t lLO 
U ll 4 . 0 0 . 0 3 . 3 6 . 1 3 . ! 

44.0 1 8 . 0 0 . 1 :1 . 6 6 . 8 3 . 
10l3 6 . 3 10 . 3 4 .1 7 . 3 3 8 
U 8 l 4. . 4 7 . 4 3 . 6 .S . T 4 . 8 

nu 6 . ! a 3 2 . 8 6 . D .s . 4 
u o7• .t. . o o . o 6 . 1 8 . e 2 . 6 
1 !1'8 0• 1 . 3 • . • 4 .3 1 . 4 3 . 6 
1663 6 .0 8 . 3 3 .1 7 .8 3 . 7 
! 686 6 . 4 0 . 1 1 . 3 7 . 8 3 , 3 

1201 7 . 2 10 . 6 4 . 1 9 . .5 4 , 7 

80 lll ' - 10 . 0 c M c - 10 .0 

40ft 11 .2 o. 6 .7 7 .o 6 . 4 
4b6l 7 . 6 8 . 0 4 .0 8 . 4 3 . 1 

1ou 8. t o .3 e .3 1 .1 .s .a 
4061 4 . 0 o . a 3 .6 6 . 7 2 . 0 
13S7 7 6 8 o 4 . 3 8 .2 4 . 7 

aoa 8 . 2 8 . 0 0 . 3 8 . 7 s .e 
1381 o . .t. 8 . 1 1.6 4 . 8 l . e 

44!6 6 . 6 8 . 3 4 . 3 8 . 2 4 . 3 
.S tlb 7 . • 0 , 0 • . • 8 . 0 4 . 1 
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F IGURE 1. - Examples of the method used to derive the 
internai reddening, respectively for red (left) and blue (right) 
nuclei. Downwards : (1) observed spectrum, (2) reddening 
corrected, (3) the respective nearby face-on template with 
similar population content. The flux F! is normalized to 10 at 
5870 A. 
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FIGU RE 2. - Some typical and atypica l spectra found in the luminosity vs. morphological type groups.·(a) e lliptical galaxies; (b) 
SO galaxies; (c) spira l galaxies. Each galaxy is labelled with the extrinsic and intrinsic reddening corrections applied to the 
cont inu um . Normalization as in figure 1. 
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FIGURE 2(c) . 

FIGURE 3.- Equivalent widths in À fo r the strongest meta ll ic 
features as a funct ion of morphological type (a ) Cali K ; (b) 
CN AA4150-4216 ; (c) G-band; (d) Mgi + MgH; (e) T iO . 
Some galax ies which are discussed with mo re de ta il in the text 
are labe lled : A = NGC 5102, young populat ion co mpo nent ; 
B = NG C 4382 and C = NG C 2865, intermediate age com­
ponent ; D = NGC 4476, genui ne me tal poo r ; 
E = NGC 5236, very blue nucleus in face-o n Se ga laxy. 
Fi lled tri angles represent Seyfert o r Seyfert to linea r tra nsition 
objects . We reca ll in the figures, values fo r metal poo r G alactic 
globul ar clusters , dotted line [Z/20 ] =- 1, dashed line 
[Z/2 0 ] =- 2. 
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FIGURE 5.- Figures S(a) though S(e) W vs. W for two metallie features in the blue (Ca li K and G-band), respeetively for 
morphologieal types E + SO, Sa + Sb and Se. W values are in A. 
Open eircles : elliptieal galaxies . 
Filled circles : SO galaxies. 
Open triangles : Sa galaxies. 
Filled triangles : Sb galaxies . 
Black stars : Se galaxies. 
Figure S(d) through S(f), W for o ne metallic feature in the blue (Call K) vs. another in the red (TiO). Arrows represent youth and 
me tallicity veetors as deser ibed in seetion 6.1. Partieularly, a eomparison o f the plots for the Se sample (Figs. S(e) and S(f)) shows 
how the contamination from young age eomponents mimies a metallicity sequence in diagrams involving only features in the blue. 
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globular cluster NGC 7078 . Norm alizatio n as in figure 1. Diffe re nce spcctra resemble you ng clustcrs rathe r than the o ld meta l­
poor o ne . 
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The metallicity versus luminosity relationship
tl. tìica and t). Altoin

Obscrratoìr'c tlc l'irris. Scction rlc McLrrlo0. l:-9:l! -S N4curlr)ll-l)riuripaÌ. l.rtrrr,..c

Ììccci!c!l Octobcr / I93ói;rcccpr.d l-.brurìÌy:1. l98j

Summary. ln thc e!Ìuivalent widrh (tÌl) vs absolutc magnitude
(,4íÌr)di.tgrirrì corrcspc,nding to th0 bcsr n.lctlllic fcxtures ìn tlte
visible rangc. L-N r!nd Mg+ MrÍ l, iìcld girnt Ir. iìnd S0 galaxics
arc shifted towards rvcaker line-slrcnglhs witb respecl to galaxics
belonging to lhc Virgo ancl [jornax clrrslers. We lìnd cr l(lcnce Ìhiìt
this ìs a genuinc stelÌr r populiì tÌon ellect. For p.ìrl ol Lhc deviüÌ ing
galilxics il rcsults liorn itn iìperturc clÍcct. rulitxics rt liìrgcr
rcdshifts ìnclrrding nloÍc ol- the nctal poor conlponcnl outsl(le
thcir nuclcus l'or thc rcst. thc shiÍt is dÌÌe lo lì yar iiìblc conl!ìni ol'
rnternlediâtc :Lgc co ìloncÌlls in thc riLngc 4 l0Cyr. supcr
inrposcd on thc \crv olrì unclcrllrng popLr!.ttioìr

Key rrords; qiÌÌirxies: eloÌrLtion ol- gelrrries: ltclÌiÌr' conÌcxi oí'
.".r1:.r.rr ' cllrft...r !lÌ. 1(r' ,'t,.,1.r\r,,

l\)rK()FI()MY

^Nt)

l. lnlroduction

1'hc strcrrgthcninq ol iìbsorftioÌì lincs ancl thc rctJticnìng ol'
colours in cirrly-typc galaxìcs whcil lhc itbsoluLc iLlminosl(y
rr(rc.r\(s. r\ urll csr:rb'.1ìcrl irn,l. nÌ,\,t fr,,h.rl ). r tc.,jll o,
nìetallicily clilÍìrcnccs. lhesd corrcliÌtions prcscnr howc!cr a
consirlcrablc rcuLtcr. íbr \vhich nì1ìriy c\pl Iilrtons hrLvc bceD
proposcrl. eithcr in tcrnrs of colours or !bsolLttc Ìnagrìilude
dispersions (l-rbcr, 1977, Sandar:e and Visvanarhrrn, 1918). Ìl'
rclaled 1o populalion ellccts. lh ts scaller i!nìong riÌlitrics at e givcn
lunrìno:iity. nììght result Íìorrr a variable cnntcnt ol_ hol stiÌrs
bclongìng Ìo a young populerìon ralhcr lh3n to thc bÌue hori-
zorlal branch (\'óÍon and Vcron-Cclly, l9S5). Anothcr sourcc ol
scât(ering nliqht be an ìntrìnsic dispersion in thc sltr lorilat;on
rate al fixed rllactic mass (Arinroto and yoshii. l9g?). Space
ultraliolet c.bservations (. g llcrlola ct a1., jg82) have rcvcalecl
inrportant colour dillìrences aÌnong elìrìy,1ypc ealarics tvhich.
extritpolrled Ìo longcr w:tvclcnrths could cxplaiI lhc coÌour
dispcrsion observcd in the visibÌc. Sonìc aiìrly-lvpe gillitxìes
pÍesenl iìn upturn ol_ thc lìux shortwards ol 2{)00Â lrnrl hcncc.
nlusl contain iì hol stcllar conìponent fhis populiìtion .olÌld
consist ol rccent residual st:Ìr lbrmiLtion ol biuc horizonlal blìncÌì
slars. ln lhe rrngc ló{)0 -Ìll0t)À,8i;rnt cil|Ìy tr-lìc'{iÌll\ics itlso
shorv sonte relative lìux scattcr. possibly duc to lì vufiitblo conlcnt
ol ìl)lcrnìcdiiìte iÌgc populutions. In thc prrlicultr casc olclÌipticrrl

AS'I]ìOPI{YSICS

fon carly-type Eâlâxies*

galaxies, the scaltea iÌr thc Ìine slrength vs absolule magnitude
relation is corrclatcd to thar obscrvcd in a simrlar plot of thc
vclocitv (Ìispcrsio \.s absolulc n1agüiÌude (Terlevich et al., 19g 1).
Jhis corrcÌetion o1'the scatlcrs seems to be associated wìlh the
ìntrinsic lxirrl ratìo, i1 woül(i aÌso be a natural conseouence of
Ìi1,C LrIrL \ rn thc .1,s,,lU C tì.rfÌ .r.rc \'alrrs su..,r l. Ih..s,.
irìlro.lulcd by dcprLrtL[cs lront a uniÍbrn IiÌ.]bblc llow.

2. I)iscussirrn

Iìcce l spcctr:tl o!ì!cr!rlioiìs ol'l sarnple oi l5 ciÌipLical an(l l,l
lcnlictrllr galaxres hali: been dcscribcd in Ilrca ancl Alloin (19gt).
I:r(rnì liìls JlìtiÌ sct. !\e ìlse lhc suÌÌì ot the mosl sensitive nìetallic
indices. nlnrcly cqr.rivalcnr $,idlhs tr(CN4150, 4214À) and
l/(Ìtl g I \4 gl I 5 I 5ó, 5 I 96,Á.), ro rnvestigatc the nìctallÌcity versus
.lb..,lUrc t'..r) tllrJr .ly's lc..,tlon.hrp rrr c:,rÌ'-t)lrc j., ,rtc,
Howevcr, onc shouÌd keep in n)ind thiìl both ìndjces arc subìect 1o
,l,lrrrr',rrctf,rr. tn J cotnlo\itL.ipc\.Lrun. lí intcrntcJi.rLc or vorrnË
âgc ccnìponcnts lrc presenl. Ifilurion will bc stronger for CN,
.rÌthouglt i\,1g+ ìv1gtl n1ighl bc consiclcrably aÍÍccrctl as wcÌ1,
according 1o our ünal)sis ol-inlcgÍilted staÍ clustcr spectra (llica
rnd All()r:r, lí)lì6). I hus, wc aÌso rtìcluclc in the present study the Il
rnd S0 !ÌlLiaxics which contuin iÌnporlanl conlribLìtions fronr
rllcrnrc(ìialc (NCC2tì65,4.1tt2) ancì young (NCC5t02) âgc
componcnls (lJica and Alloin. 1987). Results are displayed in
Fig. I where at firs! glance linle correla{ion appears, while a
coÌoirr nlâsnitude rehlionship cxists, cspecially if one considcrs
ultraviolct lnd infrarcd coloÌlrs and crrly type galaxies as lain! as

- 14 (c.9. Pcisson et al.. 1919). As ! matter of facÌ our sanìplc
cousrsls nlostly ol'luminous galaxies and some of lhc lainler ones
( 1t1.5=rllsS 16.5) aÍc cerrainly atypical. Galarxies which
dcpÂrt Íìost in thc right part of tlÌe diagram are NGC4.1868.
., tirl.rl.r srrrnncJ or.1c. r 

' Ui..r .,nd Âil-in. 198- y, ;rnJ NCa I.10U
lor $hiclì Íhc,&/, value is qüjte unccrtain Lhis S0 gaÌaxy, ai
Mr=. 11.9, is rcd and strong-linecl wirh liltlc evjdcnce for tidal
stripprng end it is probabÌy n)oÍe Iuminous than implied b), its
rcclshilt lt is proiecled on a snìall soulhcrn gÍoup of gaÌaxies.
lbrning u close pair \rìth thc lroup nìcmbcr NCìC 1407. 

.ihc
groupìlscll presentsa la.gerrcdshitì witlÌ //:700i:rns-r and ri'
NCìC1400 bclorts ro ir, rhcn ,/8: ..20.6. In addirron, lhc
!clocit), (ljspcfsion in NGC Í4(10 ìs typical ol n1tssive gaJexics
(KorJììcrrrly irnd lilingworth, 1981). prugniel et al. (19g1) have
slud;crl thc lurninositl pÌofijc and tlìc vciocjly dispcrslon ix thrce
M 37 d* rrr Í corrrploions which wc ha!e also obsc.\,cd. fhcv lìn(l
thirt lhc lLrnìinosÌty profilc oí NCC4478 is scvcrcly trun;xtcd
lrJrcLl.tr. :rl:rrr lrcs..l li,( ir, hr e.lrc ot lhcrcl,rlt.r,4 l.tÀ. tir.
sìrg]]rstinq thitt sonìc tidll stl'lpping nìiìy hilve ilÍlccÌcd it. Its

Sc'k! ol/prutt r(qrl.r1.ç rrr: D. AÌloin
i ÌJased upon observiltionâl datâ coÌlected rl the Ìlrlropcnn
SoÌr lhcrn Obscrvatory
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Fig. 1. a Bcst mcta lli city indcx , JV(CN) + W ( Mg + M gH ), a s a functio n o f absolute magnitude for ea rly- typc galaxics . Mcmbcrs o f "na li groups anti fiel o galaxies 

are shown wi th opcn circlcs . Virgo and Fornax mcmbc rs are reprcsen tcd with black dots and thc a rrow al!ached to eac h poin t shows th c e!Tect o f corrccting for thc 
V~rgo-centric in fal i (Fo rnax ga laxics corrcspond 10 arrows poi nling lo the righl a nd Virgo galaxics to the lcfl). No tice the systcmat ic lowcring o f this index in the case 
ofl umi nous ficld ga lax ics . T hc thrce poin ts wit h in sq uarcs ind ica te 1idally st ripped o bjccts. T he e rro r-bar is prov ided in the lowcr right co roe r. L ight continuous I ines 
cnclosc 90 % o f lhe Virgo and Forna x mcmhcrs. b Ali poin!s are show n again wi thout discr iminating bctween ficld and clustcr ga laxics. Po ints within diamo nds 
indica te gal axics for which the projcctcd sli t was la rger tha n 4 kpc1

; points wi lhin circles indicate ga lax ics tn which age effec\s havc bcen demonsl ra ted in Bica a nd 
Alloin (1987): poin ts wi lh in t riangles a re for ga laxics in which age e!Tects are suspccted from the ir strong H{J absorption. T herefore, the systema tic effect j ust 
describcd ( Fig. 1 a) can be u nderstood in te rm s o fa metal-poor populatio n around the nu deus o r in terms ofyoun g nuclear stellar component s. Galaxies discusscd in 

the lext a re given with lhe ir (M u; W) val ues : NGC 1400 ( - 17.94 : 27.8). NGC 2865 ( - 21. 37: 11.6}, NGC 4382 ( - 21. 60; 16.8), NGC 4387 (- 18.75; 18.6}, NGC 4476 

t- 18.62: 7.<J). NGC 44 n (- 19 .55: 20. 7), NGC 44S6 (- 22.0 K; 25.2). NGC 44H6ll ( - 16.59; 20.1 ). NGC 4649 (- 21.87 ; 27 0), NGC 5018 (- 21.99; 1 3.0), NGC 5061 
t-2 1.54 : 17.5). and NGC5 !02 (-18.73 : 2.9) 

ce ntral ve locity d ispe rsion is modera te however ( 150 km s - 1 ) . 

Acco rding to Fig. 1 a, NGC 4486 B shou ld be a highly str ipped 
objecl. a co nclusion in agreement with its la rge cent ral vc locit y 
dispersio n (200 km s - I) typica l o r massive ga la xics. I ts lum inosity 
pro file sho ws so me tru ncat io n too, al thou gh no t as mu ch as in the 
case ofNGC 44n. O n the o ther ha nd NGC4476 is defi nitely no t a 
tidally str ipped ga laxy si nce its lumi nosi ty profi le fo ll ows a n r 1

'
4 

law a nd its cen tra l ve locity d ispersion is smal l (132kms - 1
). lt 

represe nt s a ge nu ine low meta llicity, low luminosity ell ip tica l 
galaxy wi th a spectrum simil a r to th at o f a globular cluster in the 
range - 1.0 ~ [Z/ Z 0 ] ~ -0.5 (Bica a nd All oin , 19!;7) . A no ther 
d war f galaxy NG C 4387 falls at the cdge o f the rclat io nsh ip in 
Fig. 1 a. This ga laxy lics nca r thc centre o f thc Virgo cluster a nd, 
beca use of its high su r face brightncss. is suspccted to he a s tripped 
object. 

The sca ttc r o bscrvcd in the d iagram fo r lurn inous galaxies 
is o f lhe same order as that in the op t ica l colo urs (Faber, 1977; 
Sandage and Visva na th a n, 1978). Thc forma l error-bar in W(CN, 
Mg+ MgH ) is ± 2.1 Â. suggestin g that thc scattc r in F ig. 1 a is 
intrinsic . As recall ed in thc introduction , it could bc acco untcd for 
in man y ways. H owcver, ir on ly Virgo and Fo rn ax mcmbc rs a re 
co nsidered , a ti ghtcr corrcla t ion appcars, cspecially when o ne 
d is rcgards thc tid al ly strippcd ga laxy (NGC4486!3) and thc case 
o f NGC 43R2 fo r which age ellccts are obvious. Rcma ining 
scat tcred galaxics in this d iagra m a re licl d objccts or they bclong 
to sma ll g roups . Figure I a ind ica tcs th a t luminous licld ga laxies 

p resent wi th respect to gian t clus ter members, a sys te ma tic shift 
towards weaker li ne s t rcngth s. 

Absolute magn itudes fo r ou r sample ga lax ies were derived 
ass uming a un ifor m H u bblc !low (Sa ndage a nd Tamma nn , I n I ). 
Mo re specilica ll y, M 11 valucs for Virgo a nd Fo rnax members were 
co mpuled usi ng the mean vcloci ty of lhe co r responding cluster. 
T he infall of the Loca l G ro up towards Virgo (Aaronson et ai., 
1981) changes the rei ative posi t ions o f Virgo a nd Fornax gal axies 
as indica tcd by a r rows in Fig. 1 a . I ndeed corrccting fo r this effect 
red uces sl ightl y the scatter in lhe relationsh ip based upo n these 
two cl ustcrs. The d istribu tio n o f Virgo plus Fornax mc mbers with 
rcspecl to the rest of the sample rcma ins essen tia ll y unchanged. 

The effect o f departu res fr o m the Hubble flow o n the present 
samplc l<tkcn as a whole does no t seem to bc rcspo nsiblc fo r th e 
observed sca lter eithcr. Sa nda ge a nd Tammann (1984) suggest 
tha t lhe 600 km s - 1 i nf~d l o f the Local Gro up wi th respect to thc 
m icrowave background can be deco mposcd into a mo tion 
to wa rd s Virgo and a no thcr of Virgo towards the Hydra­
Ce ntaurus superclu ste r. Da vies et a i. (1986) think ra the r, tha t th c 
local volu me of the Universc, 120 Mpc acc ross, is mo ving wit h 
600kms - 1 towards 1==312" and b == + 6°, with respec t to thc 
m icrowavc backgrou nd. Rcgardless o fth e moti o n direction a ndo f 
which fra cti o n o f th e local U n ivc rse takes part in to these coherent 
motions, thc incl usion o f galax ies in thcir a pcx and antiapex wo uld 
introduce at mos t, a scaltcr o f± 600 km s - 1 in thc obscrved rad ia l 
ve locit ics ofa givcn ga laxy sa mple. The mca n recession ve loci ty in 
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ou r sa mple is 2000 km s- 1, implying that departures from the 
H ubble 11ow a mount to ± 0.6 magni tude in Fig. 1 a. This is too 
small to account for the total scat ter or fo r lhe systematic 
diiTerence bctwee n field and cluster giant galax ics. We suggest 
in stea d th a t this difference is due to a stella r population effec t. 

3. Concluding remarks 

lndced, Larson ct ai. (I nO) found a significant diffcrcncc in the 
co lour-magnitude d iagram be twcen ficld a nd c luster ga laxies : this 
effect could be duc to star formation in fi eld ga laxies which, 
because of thcir isola tion , have kcpt gas fo r a longer time. 
Positions in F ig. I b o f the galax ies NGC 2865 a nd 4382 
co ntaining a I Gyr co mponent (Bica and All o in , 19!!7), togc ther 
with NGC 50 18 and 506 1 showin g stro ng HfJ absorptions with 
rcspcct to the rem ain ing rcddc r giant ga laxies (13ica a nd Alloin, 
1987), suggest th a t the latter form a seq ucncc with variablc 
amoun ts of a n additio nal in tcrmcdia te age compone nt in th e 
range 4- 1 O Gy r. From o u r sim ple diagram however, we ca nnot 
cxdudc.: an int c.:rprctation of this ciTc.:c t in tcrms o f a variablc 
co n ten t o f a lo w mctall icity co mpo nent. In fac !, this sccm s 
to be thc case for galaxies at la rge rcdshifts for whi ch the 
apcrturc includc.:s more con tribution from the mctal-poo r zo ncs 
ou tside thc nud eus. This is particula rl y impo rtan t for ga laxics 
with M 11 < - 22, whcre ali devia tin g po ints corrcspo nd to 
apcrturcs larger tha n 4 kpc 2 (F ig. 1 b). The age effect rcmai ns the 
bes t expla nation in the rcgio n -22~ M8 ~ - 21, whc re most of 
the ga laxies a re sr.en throu gh sl it surfaces simil a r to those o f Virgo 
and Fornax galaxies, bccausc they p rescn t Wvalucs bctwcen thosc 
o f the cl ustcr ga laxies ando f objects in which age e iTects h ave been 
clearly demonstra ted. 

We suspect that the shift in F ig. 1 is not dueto a very recent 
star formation from residual gas ifthis is rela ted to the ultra violet 
upturn sho rt ward o f 2000A. bcca use two of th e most typica l 
exa mpl es o f th e la tter pheno mcno n, NGC 4649 a nd 4486 (13c rt ola 
ct ai. , 1982) a re Yirgo gian ts at thc to p orou r diagram. A bcttcr 
explanation to the sh ift is in terms of a n in tc rmediate age stellar 
co mpo nent. Thc spcct ral di !Tere nces observcd among m:arby 
massive E a nd SO galaxies indicate al so that the visible line indices 

•• 

o r colours may be misleading as lumi nosity criteria for dcriving 
distances o f mo re d ista n t galaxies, even after aperture effects h ave 
been taken into account. 

Ackno wledgemen ts. We are gra tefully indeb ted to Pr. B. Pa gel fo r 
intercsting s u ggc~tion s. E. B. th a nks thc Brazil ia n Jns titution 
CN Pq for a fe llowship. 
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Summary. We presen t eco spectra with 12.5 A reso luti on from 
6300 to 9700 Â o f 30 sta r clusters coverin g ranges 10° to 
1.65 10 10 yrin age,a nd -2.0to0. 1 inmctallicity,(Z/Z 0 ]. Aswell. 
62 ga lactic nuclei have been observed in galax ies with morph olog­
ica l types E to Se and intrinsic lu minosi ties -23.3 ~ M 8 ~ - 16.7. 
For cve ry object in the presen t sample. the visible spect rum has 
been discusscd in earlier papers . We dcscribe a powerful method 
for correcting CCO frin ges in the near-infrared. We measu re the 
near-infrared con tinu um distrib ut ion and the equi va lent widths 
(W) of 13 absorption featurcs. Ana lysis o f the star cluster sample 
indicates that in the nea r-in fra red spectral ra nge, mcta llici ty is the 
dominant parameter. Age produces second order cffccts of 
various types: (i) enhancement of mo lecula r bands in certain 
phases o f a bluc clustcr evo lution by the accumu lation of luminous 
red stars, (ii) contamination of metallic lines wit h Paschen 
absorpt ion !ines and, (iii ) sligh t stcepen ing ofthe cont in uu m slopc 
for young clusters. In view of popu lati on syn thesis of ga lactic 
nuclei using the star clusters. we presen t griel predictions as a 
function of mctalli city and age for 5 mctallic fca tu n:s and fo r thc 
cnntinu um dist ribution . Spi ral ga laxics and luminous t::llip tica l 
galaxies show similar strong-lincd spectra suggesting that thei r 
mctallicities in thc central regions are comparable. Even ve ry bluc 
galaxies exhibit in the near-infrared spectra quite similar to th ose 
o f more classica l galaxics. Evidencc is fou nd howevcr that a large 
nu~ contribution to this range is not from thci r old underl yi ng 
population. Strong-lined glob ular clusto:rs like NGC 6528 have 
intL'grated spco: tra compara hlc to thnsc of massivc galaxics. 
Consequen tly . thcy are of a grcat hclp in population synthcs is 
11 nrk . whateve r thcir precise metallici ty value . 

li. r~· words: nea r-in fran:d spectra - star clustcrs -- galactic nuclei 

I. lntrnduetion 

'' ,-~~ muci1 efTort h as been devoted to the interpretation o f near­
tnfr;t rcd rcature strengths in the spcctra ofgalactic nuclci. in tc rms 
,,ft hL· ' t dl;~r types which contribute most to thcir intcgratcd li gh t 
''" g. Spi nrad and Taylo r. 197 1; Tu rnrose . 1976; Cohen. 1979; 
I .thcr ;tnd French, 1980; Jones et ai.. 1984; Cartc r et ai. . 1986). 
I ht·,~ 'ludies also showed how the C a 11 trip let (8498. 8542. 
' 1 ' 1 '~ AI. the Na t 8190 Ali ne anel va ri ous molecular hands dcpend 

"'''' "fi!'r i11t rt'lf ii !'Sts to : D. i\ lloin 

' 11·"<·d upon obse rvational data colkctcd at thc European 
' "'u thnn Oh,crvatory 

on gravity. te mpcrature and metall icit y of sta rs. the la tter 
paramctcr bo:ing in genera l res tr ic ted to 0.5 dex around the solar 
va luc. We shall under take a similar ana lysis fo r our sam ple of 
galactic nuclea r spcct ra stud ying them in the light of stellar 
propert ics in a fort hcom ing paper. 

The ai m o f the prcsent work is. on the other hand. to analyze 
featurcs in galacti c nuclea r spectra as a function ofthose obse rved 
in the integra ted spectra of a sample o f sta r cl usters with known 
age, mcta ll icity and reddening. This new approach is par t of a 
populat ion synthesis program ove r a wide spectra l domain. The 
li brary o f sta r cl ustc r integra ted spcct r a covers a large range in age 
and metalli city . This method o fTers th e adva ntage over the one 
using ste llar librarics, o f bci ng a two-parameter ana lysis (Bica and 
Alloin, 1986a, hereafter Pape r I). The present approach consti­
tutes in turn, an intcrmedia te step towards a deeper insight into the 
stcll a r contcnt itsclf o f ga lac ti c nuclei since the H R diagrams o f the 
star clusters are kn own from independent studics . 

Thc ohsnvations are prcscntcd in Sect. 2. Wc describc abo in 
thi s scctillll. the eco rcducti on procedure. in particula r thc 
re mova! ofintc rfercnce frin gcs and thc correct ion ofatmosphc ri c 
abso rp tion bands. In Scct. 3 we identify absorption fcatures. we 
discuss cri teria for con ti nuu m tracings and we define windows for 
equ iva lcn t width measurements W to be used in the syn thes is . Wc 
study in Scct. 4 the star cluster propertics as a function o f age and 
metallici ty. Results for galac ti c nuclei are examined in Sect. 5, as a 
functi on or morpho logica l type and in trin sic lum inos it y of thc 
parent ga laxy . Conclusi ons of thi s work are given in Sect. 6. In 
Appe nclix A. wc present grid prcdic tions for equivaknt widths 
(W) and con tin uum distrihut ion of star clusters as a func tion of 
age and mctallicity [.2/Z 0 ]. following the grid already ob ta incd in 
the vis i hlc r a ngc ( I3ica anel A li oi n. 1986 b. hcrca f ter Pa pe r li) . 

2. Ohsrrvational data and rcduction procc::dure 

2. 1. The sam ph• 

We obsc.: rved 30 star cl ustcrs and 62 ga lactic nuclei for which a 
vi sible spec trum had already been obtained and discussed in Papcr 
I and Papers I! L IV (B ica and Alloin. 1987 a. b) . The presen t sam ple 
is a subset ofthc vis ible onc. about a half; ncve rthelcss. we still co ver 
for star cl ustc.: rs the same ranges in age fr om 106 to 1.65 10 10 yr 
and in me tallicity -2.0;;;; [Z!ZoJ ;;;; 0.1 . and. for galaxies the sa me 
ranges in in trinsic luminosit y -23.3 ~ AI 8 ~ - 16.7 and in mor­
phological typc.:s from E to Se. The star clusters are lis ted in Ta ble I 
a nd the galaxics in Table 2. whi le thcir basic pa rametcrs have been 
compilcd in Papers I and 111 respecti1·c.: lv 

------- ------------
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Table I. Col. ( 10), ( 12). anel ( 16): The valu..:s c.:orre s p~1nd to a low continuum tracing with the ai m of min 1m1Z1ng mo\cc.:ular 
contamination in the Ca 11 windows (Sect. 3). Symbol id. means thatthe measu rement is iden ticalto that inthe preceedingco\umn . Co\ 
( 19)-(25): Continuum points, express..:d in F, unit s. are c.:orrec.:ted for rcddcning ;.~ccording to Sec t. 3 andare no rma li zcd to the val uc at 
i.= 5870 Á 

(I) { ~) (') ( 4) {b) {e) {7) (U) (O) (10) (11) (12) ( 13) 

NCC tb9 

Co! 

Foi 

oeo 
H o 

166 / 7 / 8 17 1 
TiO TiO 

17 2 
CN 

174 n~/e 

Na l TlO 

li! 

17 7 

Ca Il 

TiO 

177 

Caii 

n s 11s 110 

Ca.Il Call P\4. 

TIO TIU 

1714 - 1370 - 103 - 26 o o o 
1783 0 . 4 2 o 18 . 3 6 . 6 2 . 6 1.3 4 . 6 2 6 !d . 4 . 0 !d . 1.0 
1831 0 . 4 7 . 3 6 I 0 .0 6 . 2 0 O 13 . 4 0 . 4 ld . 4 . 8 ld . 1.9 
1847 0 . 7 1 . 8 11.0 1 . 0 6 . 1 l 7 0 . 0 1 . 8 i d . 4 . 8 ic1 . . 4 

I Sbe O. 1 6 . 6 8 . 7 l 1 4 3 2 . 6 9 . 2 2 . 1 i d . 4 . I id . . 1 
18ee 1 . 1 3 .8 26 . 8 16 .0 12 4 0 .9 10 .3 4 . 3 3 . 1 6 .6 4 .6 3 . 9 
1868 0 . 4 5 . l 4 , (1 :z 1 4 . l 1.3 7 . 7 1.0 i d . 3 . 6 id , 1.3 

1978 0 . 9 3 6 14 1 0 .0 6 .2 1.4 8 . 8 0 . 7 id . 3 . 1 id . 0 . 8 
2004 2 . 6 0 . 0 3 4 . 8 3 f5 6 . 4 1.8 11.1 3 . ~ l . 3 8 . 1 6 . 4 1.7 
2167 0 . 3 2 .6 8 . 1 1 .4 ~ 2 1.6 7 . 6 1.6 1d . 4 .0 !d . 1.2 
l:.i114 0 . 8 -3 . 3 16 . 4 0 , 0 6 . 4 0 , 3 3 . 6 1.6 i d . 4 . 1 id . l.l 

Ca lact:LC Clobular Clushn 

6014 0 . 3 

6824 o 6 
6027 1 . 6 
e093 o 1 

e293 o. 4 
&3\15 o 8 

6366 0 . 6 
e3ss o.e 
6HO 1.1 
6463 0 . 7 
6628 2 . 1 
ee24 I 2 
8538 o .• 
6642 1. 1 
8667 0 . 3 
6716 0 , 3 
6864 0 . 4 

2660 o 6 
6706 1. I 

1 .1 0 . 0 0 . 6 ' 0 ,6 0 .3 2 . 2 0 . 7 1d . 1 4 i d . o 1 

2 .7 I O 0 . 2 0 .3 0 .6 1 . e 0 . 8 1d . 1.0 1d . 0 . 4 

4 . e 2e 8 8 . 2 e . o 1. 7 11 . 9 • . e 3 . 1 6 .8 4 .6 4 . 3 
1 , 6 4 4 1 1 I 2 I . 8 3 . o 1.2 id . 2.4 \d . 1.1 
4 . 4 0 . 7 1.0 1.3 0 .7 2 4 0 . 0 id . 1.4 id . 0 . 3 
1 . 8 11 . 7 .. . 7 3 . 4 :J: . l 10 . 2 l . 6 id . 4 . l i d . 1 . 8 

1 . 0 o . ~ 1 o 2 . 3 1.1 6 . 3 1 .9 14 . 3 .6 i d . 0 .1 

1 1 13 . 8 l . l :l . fi 1.6 8 . 6 3 . 0 id , 4 . 4 i d . l . .f. 

1 . 1 21.4 0 .2 7 .0 1.8 14 . 8 4 . 4 4 . 6 6 .8 4 . 1 4 . 4 

2 . 3 2 . 6 3 .e 1.1 I 6 6 . 4 I 4 ld . 2 . 6 i d . i. 8 

2 .7 38 , 6 14 .6 14 . 4 2 .3 18 . 2 6 . 7 3 . 3 7 . 4 &. 4 6 .0 

2 .6 26 . 0 Q.9 7 ,0 i. O .. 6 3 . 0 2 . 6 6 . 4 4 . 3 3 .3 

I 8 6 . 3 1 .0 1.3 1. 1 4 . 7 t.e td . 2 .o td . o . 3 

2 . 8 4 . 3 1.6 1.7 0 .1 4 . 4 1.1 l d . 2 .6 ld . o . o 
2 . 4 2 . 7 0 .3 1.3 ... 4 . 2 1.7 id . 2 .0 ld . 0 . 6 

2 6 6 . 4 3 . 1 4 .e 0 .0 3 . 8 2 . 1 ld . 3 .8 l.d . 1.4 
l . 4 1.7 1.0 1.7 o .e 4 . e 1.6 id . 3 .0 td . o . 8 

3 O 17 t 6 . 0 4.3 \.7 B . l I e id . 'l . 8 id . l . O 

6 .6 8 . 3 o .o 3 .8 1.8 1 . e 2 . 1 id . 3 . 7 l d . 2 . e 

The ohscr vations were carried o ut l'ro m 1985 Apri\29 to May 
J. wi th th.: 2.2 m tckscopc at ESO. La Si \la. Wc used a CCO 
attad1cd to thc Bulkr and· Chi ve ns spectrograph with a 300 
\in..:s /mm grating m t"1rst order providing a di spcrsion 
:!:!li A mm - 1, and an OG 590 til ter sn as to elimina te thc second 
order conwm inat io n. The CC O arra y (RC/\ thinned, backside 
il\uminated ) consists of 512 pixc\s alo ng thc di spersion, by 320 
pixels oi' which thc central I :w wcrc illuminated by lhe sl it length . 
1\ :10 p m s4 ua rc pi xcl corrcspo nds to I '.' X on t h c sk y and 6 Â along 
the dispersin n. The spectral resolution . as measurcd by lhe 
I :w 11 M nt' he i i um-a rg0n cmn pa risnn I i ncs is nt' 12 .5 A. In urde r to 
gct a spectral resolu ti on similar to that achievcd in thc visible 
range . wc had to keep a 2'.'5 slit width . narrower than the 4" to 5" 
s \it prL· viously emplnyed . This prncedure di d not introduce 
however . signific.:ant or systemat ic di!Ten.:nces in the spectra of 
galactic nuclt:i . as demonstratcd by the comp~trison o r the I 000 A 
nver lap bet w.:en th<.: two domai ns. For .:a c h ga lax y we summed the 
pixel rows perpendicu lar to the dispcrsion in ordcr to match lhe 
slit lcngths uscd for observations in til<: visibk. These valucs (in 
are.: sec.:) and thc co rrc ·pl>nding dimensions at thc sourcc can be 
found in Pap.: r Ill. 

The slit was gem:rally set E- W, hut ror galaxies prcsenting a 
preferential axis, pa rticular orientatio ns \\'er<.: c.:hose n in view ofa 
t'uture spati;d ana lysis o t' some absorption ka tures. Fo r instance, 

(14) (1 6 ) (16) (1 7 ) (18) 

IlCC li OO 100 18\ 183/ 84 

C&U Ca ll P t l TtO 

TiO Fel Ptl•lO 

1714 -6 - 11 -44 
1763 4 . o id 1 . 8 8 . 8 

183 1 e . l i d . 6 . 1 12 .8 
1847 6 . 0 id . 3 . 2 tS . l 

1866 4 .3 14 . 2 . 1 11 .6 
1866 6 .3 4 . 8 2 .6 14 .6 
18e8 3 .0 ld . i.O 10 . 1 
1078 2 . 0 14 . I o 4 .6 
2004 6 . J 4 . 8 1. 2 6 .9 
2 167 4 .3 1d . 1 . 4 o .e 
2214 4 .0 !d . 0 .0 1e . 2 

( 19) (40) (21 ) (42) (23) (44) (J6) 

Cont Cont Conl Cont Con t. Conl Conl 
G~JO 80'00 76JO 8040 840 8 8700 0100 

68 70 6970 6870 6e7õ 6870 6870 6870 

o.1e o .eo o . e1 o . co o . u o . u 0 . 37 
o.oJ 0 . 0 1 o .ae o . 8t 0 .11 0 . 11 o . 76 

0 . 70 0 . 72 0 .63 0 . 67 0 .62 0 . 60 0 . 40 
0 , 80 0 .73 0 . 67 0 . 61 0 .68 0.61 0 . &<1 
0 . 71 0 .71 0 . 64 0 . 68 0 . 64 0 . 64 0 , 60 
0 . 00 0 .8 4 0 .81 0 .76 0 .11 0.71 0 . 68 
o . o 1 o . 83 o .76 o . ro o .ee o . e6 o . 61 
1.10 1. 07 1.01 0 . 04 0 .80 0 . 00 o 86 
o . 06 o .oe o .o8 o . o4 o . o3 o . 04 o . o2 
0 . 88 O. TO 0 .71 0 .63 0 . 60 0 . 68 0 . 64 
0 . 80 0 .81 0 . 73 0 .16 0 . 61 0 . 61 0 . 68 

Cahctic Cl obu lar Chuhrt 

6024 1.8 id . 0 .7 
6824 2 . o id . o o 
6927 6 . 2 4 . 2 2 . 8 
eoo 3 2 2 id . o . 4 
6293 2 o id . 0 . 4 
8318 4 . 1 id . l.t 

636e 3 . 6 id . I . O 
8388 3 . o id . 1 . 7 

6440 6 .6 3 . 0 1 .1 

e463 3 .0 id . 0 . 3 
6628 6 .3 4 . 6 2 . 4 
e62 4 4 . 4 3 . 8 o .8 
6638 3 . O 1d . O . I 
884~ 3 . 0 id . 0 . 4 

6662 3 . 2 id . 0 .7 
e11 6 3 . 1 1d . o .e 
6864 3 .0 l d . 1.1 

3 .6 
1 .0 

8 . 4 
3 .7 
4 . 6 
3 .7 

2 . 4 
S .6 
6 ,7 
6 . I 
0 .3 
6 .2 

1.0 
3 .3 
4 .o 
6 . 2 
2 .6 

Cala ct.ic Open Cl u1 t e u 

4e60 4 . 4 1d . 3 . 3 10 .6 
8 706 4 . 6 id . 3 . 4 8 .7 

0 . 02 0 . 8e 0 . 81 0 . 77 0 . 73 0 . 71 0.60 
0 . 02 0 .80 o 84 0 . 80 0 , 76 0 . 76 0 . 73 
0 . 06 0 .06 0 .03 0 . 02 0 . 02 0 . 02 0 . 01 
0 , 06 0 .01 0 .8 6 0 . 82 0 . 70 0 . 70 0 . 71 
0 . 87 0 . 84 0 . 81 0 .78 0 . 74 0 . 74 0 . 71 
0 . 04 0 . 04 0 ,0 4 0 .03 0 .02 0 , 02 0 . 89 
0 . 00 0 .80 0 . 88 0 . 86 0 .83 0 . 83 0 . 80 
0 , 07 0 .06 0 .01 0 . 00 0 .00 0 . 80 0 . 88 
1.07 1.10 1.13 1 . 11 1.18 1. ~0 1.~1 

0 .06 0 .03 0 .80 0 . 8e 0 .8 4 0 . 84 0 . 81 
o . o4 o .o6 o .o8 o . o7 o .o7 o . oo 1. 00 
0 . 89 0 .8 0 0 .01 0 . 88 0 . 87 0 . 87 0 . 86 

0 . 01 0 . 80 0 . 80 0 . 86 0 .84 0 . 84 0 . 80 
1.01 1. 00 0 .08 0 . 06 0.03 0.03 0 . 00 
0 . 88 0 .86 0 .81 0 .17 0 . 14 0 . 14 0 . 10 
0 . 03 0 . 87 0. 82 0 . 70 0 . 74 0 , 76 0 . 73 

0 . 06 0 .00 0 . 84 0 . 80 0 .76 0 . 74 0 . 11 

o.81 o .78 o . n o 16 0 .63 0 . 62 o . u 
0 . 76 0 .17 0 .68 0 . 6l 0. 48 0 , 48 0 . 47 

in edgc-on spira ls and lenti cu lars, the slit Iength was sc t along the 
mino r axis . Sta r clusters were scanned spatial ly in the dispersion 
dirccti on and wc summcd pixel rows a long the sli t \ength in order 
to rerrod uce th e a reas wh ich had becn \ooked a t in the visi ble data 
as spccificd in P<tper I. For large c\usters a separate frame for thc 
sky was considered . Owing to thc strong night sky emission !ines in 
thc near-inf'rared range, thesc cases were given spccial attention in 
ordcr to ensure a satisfactory sky cance l\ation . 

2.2. Rcduclion {Jro< ·ed11re 

Thc reduct io ns wcrc carried out with the !H AP system at ESO 
G archin g and Institut d'Astroph ysique de Pa ris . The CCD 
reduction proccdurc consistcd of: 

(i) remo va \ of the dark curren t bias: 
(ii) tlat -ficldin g: 
{ii i) objcct and sky compression to onc dimensio n; 
(iv) sky subtraction and wavelength calibration ; 
(v) correcti on for atmosphcric extinction and nux ca líbration: 
(v i) remova\ o f atmospheric absorpt ion bands . 

ltems (ii) and (vi) deservc a more dctail cd descri ption . 
The presence off'ringes in nea r- infra red CCO spectra is a we\1 

known problem . Norma\ly these fringes should be removed 
through a standard divi sion by the nat field fratne ( FFF). 
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T ablc 2. Co!. (I): An as terisk deno tes IC ga la xies . Co!. (4 ): Co rrc<.:ti on for emission I i n~! contamina tion was ar pl ied to NGC 5643. 
Cals . ( I 0). ( 12) , and ( 16) : The val ues correspand to a low ca ntinuu m tracing with th c a im o f mini mi zi ng molecula r contarnina tio n in the 
Ca 1t wind ows (Sect. 3) . Sym bal id. mea ns that thc mcasurement is itlcntical to tha t in the precceding ca lum n. Ca ls. ( 19) - (25 ): 
Contin uu m poin ts, exp ressed in FJ. un its, a re co rrec tcd fo r rctldeni ng accordin g to Scct. 3 andare no rma li zed to the va luc a t i. = 5870 A 

(I) (l) 

HCC 16V 
Ca l 
r. x 

! r· 

(3 ) (4 ) ( 6 ) 

100 100/ 7/ 8 f7 1 
H o TIO TiO 

(O) (7) (8 ) (O) ( 10) (11 ) ( 11) (1 3 ) 

111 t 7t t 7&/ e n r •r ·, • re t7B 110 
CH Hd TIO Ca l! Cai! Call C•ll P14 

Tll Ti O TiO TLO 

- 2'2 1 < N < - l J . O 

t:xl&• o.e -os :ze .u 1 . 1 r .e 1 . 1 10 . 1 ' · " J .o 6 . t 4 . 3 2.o 
366 7 l.J 1. 1 30 . 1 0 .0 8 .3 3 . 1 11 . 3 4 . 6 3 . 0 0 . 3 6 o 3 . 7 
&171 o . 6 -t. o 11 1 a e 7 .6 2 . a 12 3 3 . 8 :z . o a . o t . e :z . e 

! u · 

60 18 0 . 6 
1036 o. 7 

0768 1.1 
606 1 1.3 
46V7 3 . 4 
::1: 8'86 I . 2 

7141 0 . 8 

1 li ! " 

711 6 0 . 7 
390 4. 1 . 1 

l<! l o o 
&74l 1 1 

U7 8 1 3 

38 18 1 . 7 

l IV . 

U8CB 1. 6 

SO I' 

b4 1V 1.6 

30 11 " 

- 11 . 9 < N < -:u . o 

0 .0 10 . 1 4 . 4 4 .3 1 .8 10 .8 4 . 4 1 . 0 6 . 7 ' .4 2 . ' 
-t .a 2J . G r • r .a t .e 13 . 3 t .e :z .o &.o 4 . b 3 . o 
· 0 .0 17 . 0 0 . 0 1 . 1 1.1 10 . 0 3 6 1 . 2 4 .7 3 . 6 2 . 1 

1 . 7 2 7 . 0 6 . 6 6 6, 2 . 2 12 . 6 ' · ' :2 . 7 6 7 4 . 3 3 . 3 

l . O 33 . 4 8 . 4 8 3 1 .3 14 6 4 . 7 1 . 8 6 . 8 4 . 2 2 . 4 
2 . 6 10 . 8 4 8 7 . 0 'l ., O . D 3 . 6 2 . 6 6 . 3 4 .6 2 . 6 
1 . 1 16 . 0 8 .6 0 . 4 1 .0 16 . 7 4 . 7 1 . 0 6 . 8 4 3 4 . 1 

- 20 . 0 < N < ·- 10 . 0 

1 3 16 . 6 8 .0 10 .0 1 .6 16 . 8 6 . 0 3 . 0 6 .6 4 8 
1 .3 11 . 0 0 . 1 o·. 6 2 . 1 16 . 1 1 4 1 1 6 1 4 . 7 

1 . 3 1 8 . 7 9 . 2 G. s t.a t 6 . 7 4 . 9 J 3 e . e 5 . 6 3 . 7 
7. . 7 7.3 . 0 6 . 7. 6 . 6 1.7 14 . 1 4 . 7 "2 . 7 6 . 7 4 . 1 

1 .V 13 . 6 7 . 8 0 .0 3 .0 , 4 . 6 3 . 7 1 . 1 6 . 3 3 .V 
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l lu11~n: r lhis was nul so in our speclra whcn: wc ve rifi eJ lhatthe 
l · rt n~c sy ~ t t:m ~ in rfic FF F a nti in lhe scient ilic J'ra mc tSF) migh l 
rrc ~e·n t rda tivc sh ift s up to 1.5 pixcls along the tli spe rsion. mos t 
pr,, n;~h l y as a n:sul t ofnexurcs. Furthermore. thc frin ge inlensities 
11\ th.: SI: wcrc around 10% sl ron gcr lha n in lhe F F F. a lt hnuc. h 
' htn1 1 11 ~ the· sa mc pattcrns. Thi s cf'fc:ct. d w: lL> sca tlerc:tll ight a !"t-er 
the· ~r;~ting . has a lsa bccn fa ccd by Ca rtcr ci a i. ( 1 9 ~6 ) . In orde r to 
r,·m"' ' thesc twa effccts. we fi rst separatcd lhrough fi ltc ring. the 
lntnk rc nce fringe syste m fro m the ll a t-fic ld highcr and lower 
' P.tll ;tl fre'Ljllt:tH:ics. Wc cmphasizc thc faclt hat . us ing al thi s stage 
·' tihe·n ng rr0cedu n: such as a mcdian lilter. avoids an y spcctral 
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degrada tion tn hc applietl to thc: SF. Thcn. on onc sid c the 
" fri ngelcss" FFF was uscd to correc t tht: S F. On tht: o ther sidc. the 
framc containin g onl y lhe frin gt: systc:m was t ra n ~la tetl a long lhe 
dispersion by thc requi rcd shi ft and it s intensit y scaled so as to 
mal ch lhe fringe ~yst em obscrvctl in the SF. This met hod provcd 
to be quite powc rful a1td allowed us lo rcd uce fringe resid ua is in 
most o f o u r sr cctra to a leve i comparab lc to the da ta no i se (F ig . 1 ). 

Because the nea r-in frared spectral ran ge cont a ins ma ny at ­
mosr heric abso rpti0 n bands (AA l3) . it is im reral ive to remove 
L hem ca rcf'ull y from sla r cluster antl galact ic spectra. by rneans of 
comparison with ho t stars con tain ing very fcw intrinsic absorrti on 
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Table 2 (co n tin ued) 
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078 2 o o -6 . 9 22 . 1 6 . s · 8 . 1 2 9 11.8 3 . 1 1 . 8 4 1 2 .9 1 .·r 
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I ines . For this purpo sc, we obs..: rvcd thc standa rd sta rs L T T 32 18, 
6248 . and 79R7. 1vhich a re hot wh ite dwa rfs usua ll y co nsidcred fo r 
ll ux ealihration in th..: near- inl'ra red ( 13aldw in and Sto ne. 1984). 
T ht: s ta r LTT 6248 is somc:what co9ic r 1ha n 1hc o thc r two a nd 
c:xh ibits d.:tectahlc Ca 11 tri plct whic h was straigh tfo rward ly 
re moveu . Th..:s..: thrt:c stars showi ng a n H et a bsorpt io n linc, thc 
corn:sponding spectral rangt.: was set to un ity in the a tmospheric 
co rrcc t ion lilcs. owi ng to thc absc ncc o i' /\1\B a ro und. We a lso 
veril"tt.:d that Pascht.: n lint.:s we rt.: ncgligih lc in the st ella r spcctra . 
ldca lly . for cac h clustcr or galactic nuc lcus. a h.ot star shou ld be 
nbserwd simultancously and at thc same airm ass . i f wc wish to 
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ach icve a perfcct AA 13 cancellation. In p ractice, we o bserved a 
standard sta r at the begin ni ng, m idd le a nd e nd o f cach night. 
Co m pa ri so n o f the AAB stre ngth s in these sta rs revea led tha t the 
a tmosp hcric a bsorpt ion rcmaincd sta ble wi th in each o f the 5 
nights. We h ave displaycd in F ig. 2 a n exa m ple o f the no rma lized 
a tmospheric co rrcction file dc ri ved fro m the th rce sta rs wi thin a 
givc n nigh t , as well as the spect ra fo r o ne of the sta rs befo re and 
a ft er th is co rrec tion was applied . Wc al so reca i! thc mai n AA B in 
o ur spec tra l ra nge . Standard stars wcrc obse rved a t sma ll 
a irmasses and so we re most of the galaxies a nd Ga lac tic s ta r 
clusters. In co ntrast , L M C clusters were o ften obse rved a t la rger 
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Fig. I. The fringc correction , (a) the fri nge system isolated from the nat fi e ld. (b) 

galaxy co rrcctcd by the frin gelcss Oat fiel d , (c ) simplc di vision o f the spcct rum in 

(b) by the fringc systcm in (a) showing that fringe residuais rcmain, (d) thc 

spc<:trum in (b) di vided by the fringe sys tcm (a) after shi fting the lattcr hy thc 

requi red pixel nurn be r and rn a tching the small fringe a mplitude differcnce. The 

fr inge resid uais are the n cssenti al ly indistinguishablc from thc noisc 

airmasscs, i\M - 2. In ortler to canccl at bcst the strongcr 
.imospheric absorptions seen at such largt.: airmasst.:s, we dc tcr­
mined for each objec t a constant percentua l leve! p% to be 
subtracted from tht: nnrma li zed atmospheric co rrccti on file , using 
the strongest 0 2 and H 20 AAB as a control for resid uais . The 
simultaneous cancell ation of molecular oxygen a nd water vapor 
absorption strengths indicates that they follow thc same linear 
dependence on airmass for AM ~ 2, described as p% = 20.3 
(AM- 1 ). The precision of a tmospheric absorpti on correcti ons is 
estima ted from the rms residuais measu red in the co rrespond­
ing windows for the hot standard stars. The strongest features, 
0 2 in windows No. 67 and No. 70A and H 2 0 in No. 87 provide 
values of respect ive ly 5'Yo , 6% , and 12%. For weakcr a tmos­
pheric fcatures, residuais are difficult to estima te since they 
become smaller than the measu rement precisio n. A precision levei 
o f I 0% fo r the corrections, together with the mean va lue 
IV- 1. 7 A for H

1
0 contamination in the Na 1 8190 A window of 

hot standard stars indicate that the expccted residuais for 
galaxies and cluste rs ammm t to 0.17 A. thus are small er than the 
0.25 A precision inferred for the measuro;:mcnts in this window. 

:1. i\ I rasurcments 

I he star cluster spectra were correctetl for Ga lactic rcddening 
usi ng the val ucs compilcd in Paper I. Galactic nucki werc 
corrected for (i) the Galac tic retltkning desc ribcd by a coseca nt la w 
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Fig. 2. Tho atmosphc ric ct> rrcct io n. (a) .:orrcction lik dcri vcd from :1 standard 

stars in onc o f the nigh ts. (h) a sta ndard sta r spcc trum a ffectcd hy atmosphe ric 
absnrptio ns, (C ) thc corrcctcd Spcc tru m 

wit h a bsorpt io n l"rec pola r caps a nd (i i) t h e intri nsic redtlen i ng d ue 
to inclined discs acco rding to the tem pla te method described in 
Paper (![ and to thc values given there in. Galactic nuclear spcctra 
were then co rrected fo r redsh ift with the veloci ties provided in 
Paper !li. We confírm from ou r ncar-i nfrared data that NGC 6942 
h as a velocity V= 3200 .:m s- 1 as derived previo usly (Pape r I I I), 
the va lue in Sandage and Tammann (1 98 1) being incorrect. The 
fully corrected continuum points. exp ressed in F, unit s a nd 
normalized to that at 5870 A by means o f the overlapping region 
for each spectrum are presen ted in Tables I a nd 2. respectively for 
star clusters anti galaxies. In al i fi gures in thi s study, the 
cont inuum dis tribution corresponds to reddening cor rected 
spectra . 

In vi ew of dcfining windows for IV measurements of wel1-
known featurcs, ando f prov iding ident ifíca tions fo r weaker ones, 
we generatcd hi gh signal to noise mean spec tra fo r typical red 
strong-lincd and bluc populations. Thcse are shown in Fig. 3 a a nd 
b respectivel y. The red spectrum is a mea n o f 22 redshift corrected 
early typc gala xies which are free from emiss ion !ines. The fa ct tha t 
thc ori ginally obsc rved spectra correspond to different galaxy 
velociti es ensures that a li rest frame sources of uncerta in ti es. 
namd y residu ais from nigh t sky emission. at mosphcric absorp­
ti on antl fri nges. avcrage out and thus every weak fe a ture in 
Fig. 3 a is real. This may not be the case in Fig. 3 b where the blue 
spectrum consists o f a mixture of young LMC clustcrs, thc Galactic 
opt:n cluster NGC6705 and thc hlue lcnticular NGC 5102 . 
Howcver. thc Pasc hcn sc ries is clearly seen up to P 18. We provide 
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Fig . )a-c_ High signal -to- no isc spectra for fcaturc idcn t ilicatinns, a rncan o f 22 
rc<l >lrong-hne<l catly 1ypc gala.,ics , b typical bluc po pu lation built up frorn 

Magcllanic Cloud and Galacti.: bluc clustcrs , a s wcll as frorn thc bluc SO galaxy 

NGC 5 10~. c lhe erniss1on linc gala .,y NGC 5253 

in Fi!!. 3l: onc: ex amplc: of an emission line galaxy (NGC 5253) in 
arde; to show which wi ndows might be se riously affel:ted by 
emission in such objects. 

The parameters of and main contributors to the absorption 
tine windows are li sted in Table 3. Thesc windows have been 
dc:tim:d from the st a r cluster sa mplt.: anJ are a continuation of the 

li sti ng initiatcd in the visibk range (Papcr 1). In Fig. 3a, wc have 
shown thc adoptcd cri teria for continuum tracings. Points A, C. F. 
and G ar<.: very possibly true co ntinuum points. Points B and Dare 
ccrtainl y dcpn.:sscd by molecular and jor line absorption but still 
reprcscnt localmaxima and were selected in arder not to rcly on a 
few po in ts on ly . Measurements ofthe strong absorption CN , ZrO 
from 91 .'\0 to 9490 A. are unfortunately very dependent on po int H 
which i~ at'fectcd by molecu lar absorption and furthermore is 
subjectto bo rde r effects in some o fthc spectra. Thus we do not use 
this fea ture. We pro vide in Tab les 1 a nd 2the eq uivale nt widths W 
for a se l<.:ction of 13 featurcs . Line EF matches an alternativc 
tracing which is intcndcd to minimize molecular absorption in the 
Ca 11 infrared tr iplet windows. lt corresponds to the local con­
tinuum define<.! fo r stellar spcctra by Jo ncs et ai. (1984). Point E 
depart s frorn the DF line more particularly in the case: o f strong­
lined ga laxies and very metal rich globular clusters. Whenever 
differcnces arise between the fea ture equiva1en t widths ou t1i ned by 
the two cli!Terent tracings. we provide in T ables 1 and 2 the two 
correspontling valucs. Line idcntifícat io ns antl continuum points 
di spla ycd in Fig. 3a are most important for the selectio n of 
sr ec t ral ran ges in futurc analysis of high dispersion spect ra . 
Absorptions bcin g prcscnt a lmost everywhere in thc ncar­
infran:d, some doubt raises about the usua l deftnition of mole­
cular band indices with res pect to !1ux síde bands. lndecd 
absorptions ma y quite often be very important in the so-called 
con ti nuum side ba nds, cha nging the des ired strcngth mcasurc­
merll of a feature into th at of a ratio bctween two fcat ures. In 
particular, such indices may hide important rneta11icity 
dependences . 

1 n ordcr to test the consis tency o f ou r IDS a nd CCD data sets, 
we have compared the results obtained for a window in the 
ovcrlappi ng regio n, H ex (Fig. 4) . This dernonstrates that the 
mcasurements from the two data sets are in good agreement, 
whc:ther Hcx appears in absorption or in emission and this 
eonclusion holtls true for more tha n 3 decades . 

In the case of star cluster spectra, a further check should be 
ma de about thc consistency o f the spatia l coverage for any cluster 
belo nging to the two data sets. To achieve this, the use of a 
molecular band is more a ppropriate than that of H cx, since 
molecular absorptions are quite strong in bright giant stars and 
hence would reveal a ny sensible difference in the spatial sampling. 
However, the strong TiO }), 7050, 7464 in the overlappi ng regio n 
could not be used in lhe case of the IDS data set, because the 
spcctra were not correc ted for atmospheric absorption. We 
decided to use instead the same molecule TiO, seen in its }..,\ 6156, 
6386 bant.l with the IDS and in its U 7050, 7464 band with the 
eco. thcsc two bands being expected to vary together in firsl 
a rder (Fig. 5). The scatter observed for star clusters is not larger 
than that for ga lactic nuclei which certainly are not subject to any 
sampling cllcct. In conclusion, we are fair ly co nfident that using 
two different devices, IDS and CCD, did not affect much the 
hornogeneity of ou r data set. 

4. Star eluster propcrties as a function of age and metallici ty 

The ma in properties o fstarclu ste r spectra in the near-infrarecl can 
be see n in Fig. 6a and b which prcsent respcctively a meta llicit y 
sequencc for Galactic Globular Clusters (GGC) and ·an age 
sequence for young and interrnedi a te age Magellanic Cloud 
C lustcr (MCC). Two major conclusions arise from these figures: 
(i) thc strength of molecular ba nds increases drastica lly in metal 
rich GGC, and (i i), in the MCC age sequence, a contin uurn slope 
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l llblc 3. Dcfinition of thc wind ows from the star clu stc r sa mplc 

Wind n\\' t1.l.(À) JVfJ1).tli Ahsmht:rs 

No . 59 6474- 6540 0.01 Ca 1; Fe 1; Ba 11 ; C N; l. e.m. 121 

60 6540- 6586 0.06 H ""; Ti O; Fe t 
61 6586 - 6670 0.01 TiO; Fet; CN 
62 6670- 6736 0.02 T iO ; Ca t; Fe 1 

63 6736 - 6858 0.02 TiO ; CN ; Fe1; Ca l-! 
64 6858- 693 4 0.01 Atm 0 2 res.; CN; Cal-! 
65 6934-7050 0 .01 Ca H ; CN; Fe t; l.c. m . 
66 7050-7158 } TiO; CN; Ca t; Fe t; He t; Ni 1 

67 7 158- 7274 0.03 TiO; Atm. H 20 res. 
68 7274- 7464 TiO; C:N; Fet ; VO 
69 7464 - 7580 0.00 Ca H; Fe 1; l.c. m. 
70A 7 580- 7640 - 0 .01 Atm. 0 2 res.; T iO; l.c. m . 
70 l3 7640- 7704 0 .03 TiO : K 1; Atm . 0 2 rcs . 
71 7704 - 7ll52 0 .02 TiO;Fc i:0 1 
72 7852 - 8040 0.02 CN; VO: Fc1 
73 8040 - 8160 0.01 CN; Fc t: l.c. m . 
74 8160 - 82:\4 0.02 Na 1; F e 1; T 10 ; H 1; Atm 1-! 20 n:s . 
75 8:!3 4--8408} 

0.03 
T iO ; T i1; Fc1; CN; Ht 

76 8408 - 8476 TiO ; T it ; l-lt(P17,18) 
77 8476- !!520 0.05 Cau; TiO: HI( P16): Fe 1; CN 
78 8520- 8564 0 .09 Ca11 ; TiO: Hl(P1 5): VO 
79 8564- 8640 0.02 TiO: H I (P 14): v o 
80 8640- 8700 0.07 Can; Ht(PI 3); T iO ; VO; Fe t 
81 8700-8786 0.02 HI (P l 2); Fc t; CN; Z rO 
82 8786- 8844 0.01 M g t; Fe t; l.c.m. 
83 8844-8940} 0 .03 

H t(P ll ); TiO 
84 8940- 9066 Ht.(P 12) ; Ti O; Fe t 
~5 9066 -9 130 O.D:\ TiO: l. c. m . 
86 9130- 9270 0.03 CN; Ht (P9) 
87 9270 - 9490 0.05 Z rO ; 11 1 0 131 ; CN: Atm. H 2 0 rcs 
88 9490 - 9600 0 .02 H I (PH) ; 11 2 0; Atm . 1-! 2 0 rcs: l. c.m 

• Notes to Table 3: 
111 Wfl!À for mctallic fcatures a ppears to bc systema ti ca lly lowcr than in thc st udy of 
the visible da ta refering to a la rgcr samplc. Alth o ugh the p resc nt infra red cluster 
samplc still covers thc entire metallici ty range spcci fied in Papcr I. as a mean thc 
cl ustcrs selected for thc infrarcd study ha ve a lo wer meta l co n tcnt a nd this cxpla in s 
the lowerin g o f Wf L! À 

'~ 1 1.c. m . = local co ntinuum max imum 
t)l We estima te that in this window, in tri nsic 1-1 2 0 absorptio n may contribute 
~i gnifican tly since o ther 1-! 2 0 bands a re detected a t longcr wavclc ngth s in stars a nd 

:xics (Aaronson et a i. , 1978) 
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efl'ect dueto the blue stella r content is sti ll de te..:table in the near­
infrared ra nge . as also rcvealed by the prcscncc of' the Paschcn 
s.:rics in these spectra . However, thi s spectra l range is obviously 
' cry sensitive to the flux co nt ri b uti o n from low tcmreraturc stars. 
This can bc secn more part icular ly at some short r hases in thc 
l'\·nlut ion of a youn g sta r cl uster, when an ac..: umulation of red 
l'\olwd stars occu rs. e.g. rcd supcrgia nts at 1- I 07 yr (NGC 2004) 
anJ asymptotic giant branch (AGB) stars with massivc progeni ­
tll r~ at t ~ 108 yr (NGC 1866). Thc reali ty of thc latter case. where 
A(il3 stars a re expec ted to cont ribute sign ifica ntly to the in ­
~~~ r ; Itcd flu x fo r a short pcriod of time in a bluc clustcr. is 
rrcthctcd.t hcoretically (Renzini a nd Buzzoni, 1985; C: hi osi et a i., 
l'l )(~l and is observed in thc LMC cluster NGC 1866 bes ides 
,., IJcn..:es that lhe same effect is prescnt in so me Ga lactic opcn 
' h"tns tPapcr 1). 

In the following anal ysis wc adopt for NGC 1866 a va lue 
[Z /Z 0 ] = - 0.5 ± 0.4 . The metallicity value [Z/Z 0 ] = - 1.2 from 
Richtler and elles (f 983) which wa s used in Pape r I. is not 
compa ti blc with the st ro ng TiO bands obse rvcd in the prescnt 
spcctrum , nor with the mcta llicity expected for a b lue LMC clustcr 
undcr thc chcmical evolu tion sccna rio of th e LMC. evcn if onc 
takes in to acco un t the i ntrinsic metallicity dispers ion ohserved for 
H t1 rcgions and red clu sters (Bica ct ai., 1986 ). Also. Becker and 
Mat hews (19!\3) deduced an almost so la r metallicity hy means of 
syn thetic HR diagram littin g in this cluster. 

W e show in F igs. 7a. 7b and 7c respcctivc ly. t he behaviou r o f 
metall ic tines W(Na t 8190 Á) . W(Ca 11 8542 Á) . and W(Ca 11 

8662 Á) as a funct ion of metallici ty. The rela ti o ns are esse ntially 
single-valued, rega rd lcss thc cluster a ge . Such a be haviour was 
expected from thc trend alrcady obscrved in the vi si blc ra nge 
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f ig. 4. Compa ri,on of IV(H x) mcasur~mcnt s d~rivcd fr o m lhe IDS (abscissa) 

and CCD (ordi nalc) da ta se iS. Opc n c irclcs r~prc,cnt sta r clustcrs and H 11 

rcgions. and black do is galact ic n ucki . Nega tive values o f W correspond to a n 

H xlinc in c mi ssion a n<.l 1hc wry large ~mi ssion I ines are shown in a lo g-log insc t 
in lhe uppcr lcft co rn c r of lhe d1<1g ra m 

( l' ~qxr I ) whcre isochrones in the IV vs 7. pla ne tcnded to mc rge a t 
longe r wavelengths. as a resul t ofa dec n:asingdilution cffec t from 
the bl uc ma in sc:quence sta rs. Sources o f scatter in Figs. 7 a 
t f1ro ugh 7 c a re v a rio us. In t h e a 1 wi nd o w t h e crro rs a re rclat ively 
largcr o wi ng to thc wcak ncss of thi s fca tu rc . In thc C a 11 wind o ws. 
<.:<lntaminat ion hy TiO and l'asc hcn !ines are rathcr to be 
incri minatcd : TiO ma y n:info n:c thc m..:tallicit y d<.:p<.: ndcncc while 
Pa sche n !ines introduce a sys tcmatic i n crca ~c for b luc clustcrs 
,,·hatcwr th•:ir mc tallicit y is. TiO C<lntaminalion is rn ost important 
in lhe Ca 11 8542 Á window and the Pasc hcn abso rpti on wil l affec t 
more th c Ca 11 8662 Á wi ndow. 

In first ordt:r. thc windows dominatcd by mo lecu lar abso rp­
lio n sha n: thc samc ch arac tc ri s1ic. e.g. TiO i./. 7050, 7464 fo r 
which thc mca n H' v.tluc increascs s tcadily with /. (Fig. 8 a ). Bu t 
lhe scattc r o f pl1int s is largcr than tha t observed for windows 
n.: la tctl to meta l a toini c !ines. A com pa riscl n with Fig. 5 a lso 
demons tmtes th a t thc scat ter is large r than that expcc ted from 
obscrvatio na l nrors and it is thus int rinsic . In pa rticul ar it a riscs 
mos tly from bluc clu s1ers rich in rcd cvolvcd stars like NGC 2004 
and GC 1866. Thesc clusters have strongcr TiO bands tha n 
GGC ofcomra rahlc m~ t allicit y. wh ilc o thcr yo un gcl ustc rs which 
:Hl' dcfic icnt in th is n:d cvolvcd rn pul a ti <>n tc ncl to show weakc r 
TiO th a n GGC. 

T hc n:a so n why. in intc:gra ted spcc tra. m o lecu lar ba nd s bchave 
with Z in a more compkx wa y than at o rnic metal !ines do, is 
ccrtainly n:l ated to thc fac t that ato mi c !ines can bc formcd 
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Fig. S. Compari so n of lhe st rengths of two TiO bands showing tha t the 
obsc rvcd sra tter for sta r clustcrs (circles) is not larger than that fo r ga lactic nuclei 
(dots). This indicatcs that no majo r difTcrcncc occ ured in thc spa tial cove ragc of 
lhe clustcrs. bc1wecn the lOS a nd CCO o bservations 

througho ut a wide ra nge of ste llar temperatures from early M up 
to F types which co nsti tu te the bulk o fthe flu x emi ssion from 6000 
to lO 000 A for clusters o f a i! ages . On the othcr hand, m o lecular 
bands a rise cssentially fro m cool sta rs, a nd th e flux con tribution 
from thesc cool s tars to the integrated light o f a clus te r strongly 
depcnds o n tht.: cl uster age . T hus, as shown in F ig. 8 b, abrupt 
changcs in thc cquivalcnt width of molecular bands occ ur at the 
red supt.: rgian t (1 - 107 yr) and at the AGB (t- 108 yr) phases. 
Thcsc rapid red phascs are accom pa nied by a fl a ttening of the 
nea r-infra red con tinuum slope as d isplayed in Fi g. 8c (see a lso 
Fig. 6 b). T hc behavio ur o f molecu lar bands a is o d iffers frorn that 
of a tomic !ines in t he sense tha t they p referentially e" hi b it a non­
li ncar depende nce on Z . This effec t is present in the CN and TiO 
wind ows (e. g. F ig. 8 a) , particula rl y for the GGC sa mplc wherc 
age effccts are absent : for [Z/ Z 0 ] < - 1.0 molecula r a bso rptio ns 
a re a lmost null whilc they become prominent at a meta ll icity 
around sol a r. On the contrary, me ta l a to mic tines (e .g. F ig. 7a) 
exh ibi t a s tcady regula r incrcase with z. The inc rease ra te may, 
howcvc r. change from onc li ne to the o ther. Taking as a reference 
thc W value at [Z/2 0 ] = - 1.0. for an increase in meta ll icity by a 
fa cto r !0, W(Na 1 /, 8 190) increases by around 66% . W(Call 
), 1!542 + T iO) by 62% a nd W(Ca 11 /. 8542), corrcctcd for TiO , by 
55'X, (co lumn 12 in Tablc 1). 1\n in te rmcdia tc bchavio ur betwcen 
me tall ic !ines and molecular bands is observed for wind ows in 
which both kinds o f absorptio ns co ntrib ute equa lly. Th is can be 
seen in Fi g. 9a a nd b the first o ne co rrespond ing to wind ows 
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Fig. 6. a Downward melallicily seq uence for G alacuc globula r cl uslc r5 showing lhe incrcasc o f C a 11. Na 1 and molecular hand~ Wtlh [Z •Z ::, ]. b Age seque ncc for 
yo ungcluslers; lhe age an d mcla llicily are providcd in lhe righ l pa n of lhc fi gu re. Age' arn un d lO ' yr and lO" yr a re do mtnaltd hy rcd c,·n lvcd stars. as traccd o u1 b) 
strong TiO mo lecu la r bands 

Nos. 75 + 76 whcrc thc T iO abso rption is signi fi can tly cn hanced 
hy Ti 1 and F c 1 \ines. and thc sccond one corres ponding to the 
'ma llcst Ca 11 tr iplc t line wh ich is blend wi th a stro ng T iO 
molecula r abso rpt ion. 

Fina lly, wc have di splaycd in Figs. tOa and IOb. the joined 
windows Nos. 81 + 84 wh ich. in red cl ustcrs co rrespond to T iO 
ahso rpt ion and in blu t: clus tcrs are dominated hy Paschen tines 
PIO and P 11. In thi s case we face mc ta ll icity ( Fig . I O a) and age 
tF ig. 10b) e!Tec ts of corn parablc impo rt ance. Rcga rding the Ca 11 

lriple t. indccd wcak Paschcn !ines may con trih utc to thc wi ndow; 
hu1 thcn. thc mctallic fca turc remains prcdo mi nanl evcn in bluc 
l'iustcrs whc rc . from the in tcnsit ies ofP 17. P 14 . and P 12 (Fig. 3a), 
111: es tima te th at P 16. P 15. an d P 13 corrcspond to 45% , 36% and 
~ ~ "o of thc absorption rcspect ivcly in th c C a 11 i. X4l) X. /. X542, and 
'· ~116~ windows. 

As in Papcr I, we prescn \ on thc right part of Fi gs . 7 th rou gh 
IO.the corrcspond ing histograms for spheroidal {E . SO) and spiral 
1S:1. Sb. Se) ga lax ics. Such a comparison is ncccssary in view of 
P<'pulation synthesis to be perfo rmcd and prcscntcd in a forth­
conli ng paper. In the near-in fr ared vcry me tal rich globular 
d u,lcrs like NGC 6440 and 6528 exhibit rneta lli c fea tu res compar­
. t hl~ to thc st rongest-lined ga la xies. Fo r examplc NGC 6528 
rr~ ,~nt · mo lecula r band s cve n stro ngcr than in a ny ga laxy 

{compa re Figs. 6a and 11. also) . In the vi sible range (Paper I) thesc 
two clustcrs. toget hcr with NGC 6553. also showcd W for mcta ll ic 
fea turcs com parab le to those observcd in the st rongest-l ined 
ga lactic nuclc i. with thc cxccpti on of windows corrcspondin g to 
Mg 1 + MgH and its su rrounding . At tha t time. wc ad optcd th us 
the conscrvativc conclusion that 50% of thc luminous gala xi cs 
co uld hc dcscribcd by thc cl us ter lihra ry without an y cx trapol at ion 
in the W vs mctallicity plane . T hc spcctra of galax ics shnu ld not 
necessarily bc idcnt ical to thosc of vc ry mctal-r ich globular 
c l u ~ t c rs 'ince the l;ttter a re ex pected to bc sin gle g~.:neration object~ 
whilc galactic nuclci mi ght co ve r a ce rt a in range in metal liclty and 
age. 1-l owcvcr, systematic diffc rcnces in the nu;an rne ta llicity or 
age do l lll l expiai n wh y some metall ic fca t ures a rc sligh tly st ronger 
a nd nth crs slig htly weakcr among di!Tcrcnt ohjects. Sc\'l.:ral 
cxplana li nns cou ld bc ra ised. such as abunda ncc annmaks for :1 
fc w clc111 cnts. tine sa \uration c!Tcc ts o r difl'crcnces in thc initia l 
mass function (IMF) . 1\nother intcrp rctat ion could simply bc 
va ria ti ons in thc nu mber of luminous stars in which partiç ular 
fc a turcs are stro ng. G lobular clustcrs a re star-r ich hut thc numher 
of luminous sta rs they co nt ai n is finite and subjec tto lluctuali ons. 
Thus. thc near-infrared molecular ba nd exccss in NGC 6528 wi th 
respcct to gala xics and to the othe rwise si mila r globula r clustc r 
NGC 6440. could rcsult fro m a slightl y en hanced po pu lation o i' 
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F i ~ . 7a- c. M~ t alli (' hnt: wi 1H.h1\v:- as a runcti fHl or mt.:t ;tllicny. Filkd cin:ks are 

Ciahu: tic glnhu lar d ustl·rs. :-.c mi -..:mp ty a11d t..•mpty cin.:ks rcprcsl·nt n:spcc ti vcl y 
1nt ..:rmcdJat c: agt.• and y t.Hlllg ~...· lu !) t c rs . Thc rd~tti ú ns an .. ~ agc -i ndcp~IH.knl. Un thc 
righl >i de w~ show his lo~ram s l't>r spiral ga laxics (halchcd ) and R+ SO galaxics 
rc:~-pcc.: ti n:·Jy 

hri l!ht M cian t stars in which those fca turcs are vcry strong. 
Co~ve rscly-. th e weakcr Mg 1 + MgH absorption in very metal rich 
glohula r clustcrs with rcspcct to gala xics mi gh t bc assigm:d to an 
c:-.ccss. in thc fo rmcr. o!'K giants whc rc this fcature is weaker th an 
in dwarfs (S pi nrau, 1962). Fo r thc futurc popula tion synthesis. 
it is thus . importan t to minimize nuctua tion effects in thc star 
clust.:r libra ry. by intcrpolat ing the mean propcrt ies as a func­
tio n of me ta!l icit y and age . Cri tcria for thc intcrpo la tions wc re 
cs!ahlishcd in Papcr I. Thc grid prcdict ions fo r th c ncar-infrarcd 
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range are g i v~n in Ap pendix A, fo llowing the sa me forma l as th at 
initia ll y used for it s visible countcrpart (Pape r l i) . 

Early spcctroscopic studi .:s had incl ud.:d the very metal ri ch 
GGC NGC 6440, 652g and 655 3. In part icular, Morgan (1960) 
pointcd out thc similar ity of their spcctrum with that of the 
nuclcus in M 31. Unfortunatc ly, rcccn t works compar ing GGC to 
galax y nuclci uscd. as met al rich clustcrs, NGC 6637 (M69) and 
NGC6356 which are no tas suita ble (e .g. Faber. 1973 ; Aa ro nso n 
Cl ai. , 197X; F rogc l Cl ai., 1978 ; nu rs tcin et ai., 1984) . The 
intcgratcd spcc: tra a nd colours o f the latter clusters a re indeed like 
thosc nf NGC 63!l!l ( Fig. 6<.1) and thus, wcak- lined with rcspect to 

massivc galaxy nuclea r spcct ra . Consec.juently, a consensus was 
estahli siH.:d sugg.:stin g that G GC were not usc ful for pop ul at ion 
compa riso ns with galaxy nuclei, un less la rge extrapola tions in 
metallic it y wcn: madc for the cluste r propert ics. This cxtrapol­
ati on prohkm was furth er exaccrbated by thc di ffe rcnt rn.: tallici ty 
scab proposcd in thc la st 10 y.:;.~rs based on 47Tuc (NGC 104) 
and M 71 (NGC 6!!38): different tcch ni4ues led to metallicities 
ranging from solar to [Z/Z 0 ] = - 1.2. Integrated properties of 
47 Tuc anel M 71 are also simila r to th ose o f NGC 6388, and hence 
their spectrum is weak -lined with respect to those ohserved in 
massive galaxy nuclei. Presently, the best [Z/2 0 ] values for 47 Tuc 
and M71 range frorn - 0.6 to -0.8 (Zinn and West, 1984: 
Gratton ct a i. , 1 9!!6) and the mctallicities we adopted in Pape r I a re 
from <J ca librat ion whe re 47 Tuc has [Z/Z 0 ] = - 0.7 . The cluster 
NGC 5927 (F ig. 6a) is 0.6 dex mo re metal-rich than 47 Tu c, on thc 
basis o f spectroscopic analy. is o f red gia nts (Cohen. 1 9S3 ) . 
1-l owevc r, va lucs for thc metal content in NGC 6440, 65 n . and 
655 3 still rely on cx trapo lat ions and it would bc interesting to 
derive them di rectl y fr om indi vidua l member stars . Inspection of 
thc intcgrated spectrum of NGC 6528 (Fig. 6a ) and it s locus in 
Figs. 7 and 8a, suggcst that a va lue [7./Zol as large as +0.3 mi ght 
be possiblc. Nevcrthcbs wc cmphasizc thc fact that thc GGC vs 
ga laxy nuclei problem is solved by the pre~ent observa tions and 
th ose prescnt cd in Papcrs I and 11 : lhe spet, ra ofverr strong-lined 
CGC are comparahle lo tlwse o( massive ga!axies. whalc ver the ir 
precise mctallicit y value. We al so point out that th c synt hesi s 
approach wc havc undertaken is little dcpendcnt on the adopted 
age and metallic it y c:al ibrat io ns for the clusters. lt relies rather 
upon th c.: prope rti es observed directl y on the cluster sp~c tra. 

5. Spcctral propertics of ga lactic nuclci in the ncar-infrarcd 

Wc havc di splayed in Fig. 11 cxampks of ga lactic spcctra for 
diffcrcnt morpho logica l type, lumi nosi ty groups . The spcc tra 
look similar . wh<Jte vcr the gro up. dominated by strong mctallic 
fe<Jturcs. Evcn ext rem e cases in the vis iblc range like thc hl uc 
objcc ts NGC 5102 and 5236 do no t show spectra rnuch difTcrent 
than for th c rcst of the ga lax y sample in th is range . However it 
should bc no ticcd that in the ncar-infrarcd wc are not necessarily 
looki ng at thc underlying o ld populat ion ofthese two bl ue nuclei . 
Indecd W C obse rve that the near- infrarcd nux in yo ung Slar 
clusters is alwa ys a significant fract ion o f the visible one (Table I) . 
The bu rst o f sta r formation 4 1 O" yr old in NGC 5102 (Paper I I I) 
and rcsponsible for 70 % of the light <J t 5870 A. sti lr dom ina tes at 
9!00À with a 57 'Y., cnntribution. Informa tion about the burst 
duration can a lso he derived as fo llows. The deep H :t. abso rpti on 
in th c star clusters NGCI S31 and 1868 (Fig.6b and Table I ) 
which ha vc thc samc age as thc burst in NGC 5102 (Papcr 11 1). 
indic:a tes that 1-l:t. is just filled in by emission in the latter . This 
evidence. togcth er with wcak [N 11] and [S 11]li ne erni ssion ( Fig. li ) 
indicatc 1ha t w.: an: still obsc rvin g a res idual sta r fnrmati on 
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Tahk 2 and wcre Lklincd in Pa pe r lll 

related to the stro ng burst initiated · 4 108 yr ago. A cletailed 
synt hesis wi ll possibl y give more inform at ion about how th e burst 
bchavcd in the meantime. Thc emis ·ion line spcctrum of 
NGC 5236 originates at kast in part. from H 11 rcgions. The 
con tinu urn di ·tri bution as well as the Balmcr \i nes higher than Hb 
which appear in abso rption (Paper I lI ) sugges t that star formatio n 
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h as bcen takin g place for severa! l 07 yr. Thus, some contribution 
to the strong molecu lar bands in the near-infrared necessarily 
origi nat es from rcd supergia nts 107 yr old like in the star cluster 

GC 2004 (Fig. 6 b) o r from the red stars at 108 yr like in the 
cluster NGC 1866 i f the burst ex tends further back in time. Other 
ga laxics in Fig. 11. when cxamined in detail , present small 
systematic differcnces with respect to a mean spectrum . The 
cllipt ica l ga laxy NGC 2&65 which conta ins a modcratcly old burst 
(109 yr. Paper lll ) still exhibits a detectable steeper continuum in 
the near-infrared. On the other hand , NGC 506 1 which has a 
visiblc spec trum intennediate between that of NGC 2865 and the 
mca n onc for the rcst of the group, is in the near-infrared 
indistin guishable from the other objects in its gro up . Finally, the 
lcnt ic ul:.ir ga laxy GC 3056 shows evidence of some metal 
dcfici ency with respect to mo re luminous groups. 

We providc in Fig. 12a anel b examples o f lhe behaviour of W 
with morph ologica l type for a molecu lar band and for a metallic 
line. Thc W values are quite comparable for the different 
morphological types. As our samplc consists essentia ll y of lumi­
nous ga laxies (M IJ < - 20). lh is indicates lhat ell iptica l, lenlicular 
and spiral ga la xies cover a similar range of melallicilies in their 
cen tral rcgions . Jusl likc in lhe visible spect ra , molecular bands 
clisplay a la rger dynamical range of W values than metall ic lines 
do. This renects a better scnsit ivi ty of molecular bands to 
metallici ty, according tostar cluster results (Sect. 4) . lndeed, the 
mean metallicity o f a massive ga laxy is expected to fali in the range 
where molecul a r bands grow non-l inearly with Z (Sect. 4) . The 
largcr dynamical ra nge of mo lecu lar bands can also be seen in 
Figs. 13a anel 13 b where we have plotted respectively W(TiO 
)). 7050, 7464) vsW(CN/.,\7852, 8040) , and W(Nar ). 8190) 
vs W(Ca JJ /.8542). 

In Figs. 14a and 14b, the behaviour of W(Cau ,\ 8542) and 
W (TiO}). 7050. 7464) as a funct io n o f absolute magn itude M 8 o f 
the ga laxy , is demonstra ted. No dependence o f the Ca 11 triplet line 
with lu minosit y is obse rved, poss ibly a resull of lhe smaller 
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s~nsi ti v it y of th is featu re to metall ic it y. If me tal lit:i ty cffccts are 
prcscn t they sho uld be mo re im po rtan t fo r TiO HS suggcs ted in 
Fig. 14 b . On 1y 3 ga laxies in ou r sample h ave M 8 > - 19 a nd they 
a re ali E o r SO galaxies. Onc , NGC 4486R. is com para ble to its 
ma ssive co un terpa rt s, in tcrms o f W values . Th is o bject is the 
compa nio n of a gia nt elli ptica l in th e Yirgo cluster and th us is 
possi bl y tid a lly stripped (Papcr IV a nd rcfe rences therei n). T here 
is cvidence tha t NGC 3056 is indeed meta l deficicn t with respect to 
more massive galaxies. Unfo rtu na te ly, we d id not observe in the 
nca r-infrared NGC 4476. which in th e visiblc ra nge appca rcd as a 
genui ne meta l-poor galaxy . Beca use o fits positi o n in thc meta ll ic 
fcature distribut io ns, N GC 5102 is probHbly meta l deficie nt. lts 
weak T iO however may also result from the burst age in this 
galax y. 4 108 yr corres po nding to fcwe r rcd sta rs. l ndeed , red 
cvolvcd stars are expec tcd to con tribute subs tan tia ll y at two peak 
val ucs which a re 10 7 a nd 108 yr, j ust p ri or to the bu rst age in 

NGC 5102. Spiral galaxies in Figs. 14a ant! 14b bchave lik e tht: E 
and SO galaxies. Thi s suggests that small bulges in spira l galélxies 
have a me tal co nten t comparable to that in early type galax ies, tht: 
to tal abso lutc lurninosit ies of the ga laxics bcing thc sa me. 

6. Condusions 

Main conclusions of thc present work a re as foltows: 
1. We present near- infrared CCD spcctra with 12.5 À reso­

lu ti on for 30 star clusters having known ages, meta ll ic iti es a nd 
reddenings. We Hlso observed a sample o f 62 nucle i in ga láxies o f 
a ll morphological typcs. A special at tcntion is given to remova ! of 
fri nges in this wavelengt h range. 

2. We measure the conti nuum d is t ribut ion a nd the equiva lcnt 
widths o f 13 abso rption fca tu res fo r sta r c lustcr a nd galact ic 
nut: lei. 
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3. Analysis o f thc star clu stcr sa mplc shows th a t in the nca r­
inl"ra rcd . me tallic it y is t hc:: dominant paramcter. M etallic lines 
prc::sent singlc-val ucd linear rela ti onship with thc meul co ntent 
whilc molecu la r bands tcnd to depart from lineari ty at la rge 
metallicities . Age effect s in blue clusters disturb the rela tionship 
fo r molecular bands . 

4. Age produces se<.:end order cffects of various types: (i) at 
some particular stagcs in the evolution o f a blue cluster, molecular 
hands a re qu ite strong owi ng to the accumulation o f lumino us red 
stars. (ii) ahso rp tion Pa s~:h~n lin.:s con taminate some of the 
mc ta lli c windows and , (iii) thc continuum slo pc stccpcns slight ly 
fo r yo ung ages . 

5. In view o f population synthesis o f galactic nuclei, we 
present star c lu ster grid predictio ns as a function of age a nd 
metallicity for 5 metallic windows and the co nti nuum di stribu tion. 

6. Strong-lincd globular clusters like NGC 6528 have in­
tegra ted spectra comparab\e to those ofmassive ga\axies. Conse­
quently. they are important tools for popula ti on synthesis, re­
ga rdless of their precise metallicity. 

7. Strong-lined spectra are observed in the centra l regions of 
bo th spi ra l ga laxies and lumino us elliptical ga laxies, suggesting a 
comparable meta l co ntent. 

8. Even very blue galaxies exhibit , in the near-infra red, spectra 
quite sim ilar to th osc obsc rved fo r the res t of the ga laxy sample . 
However. evidence is fo und that a large con tribu ti o n to this range 
is not from thcir o\d underlying popu lation. 

Appendix A 

We provide thc grid predictions as a function of star cluster age 
and meta llicity fo r a selectio n o f 5 a bsorpti on fe a tures and 7 
conti nu um poi nts l"rom T ab\e I (Tables A 1, 1\2, A3). Wc have 
c::xcluded a number o r features fo r va rious reasons: 

a) molecular wi ndows with stro ng CN a nd TiO, owing to a 
com plex beha vio ur we could not fully model beca use o f ou r 
restric ted number of data poi nts. 

b) Ca 1 + F e 1, No . 59, which is rathcr weak and moreove r 
contami na ted in emission line galaxies, 

Table A I. Fo r Galac tic glob ular c\ usters, mean re la ti ve co n­
tin uu m points at different wavclen gths, as a function o f metal lici ty 

C6t1 30 CtiOOO C76l0 C80 4.0 C8408 C8700 COlOO 
C6870 C6670 CSã10 CSã10 C5870 C6870 C&870 

[Z/ Z.,J 

0 . 8 0 .07t0 . 06 0 . 00! 0 . 06 1.0 1!0 .os 1.01 ! 0. 07 l .05 t0 .08 l .04t0 . 08 l.OJ t O. In 
o . o O. OS t O. 06 O.C5t0 .06 O.ll6tO .oe O. O<;tO .07 o. 06t0 . 08 o. 06~0 . 08 0 . 06!:l . O? 

- 0 . 6 0 .06t0 . 06 0 .04.t0 .06 0 .03;t<l .06 O. Ol t.0 .07 0 .00t0 .08 0 . 0~0. 08 0 . 88 t; O. OO 
-LO 0 .0 4t0. 06 O.Olt 0 .06 O BOtO .06 o . 8s.,o .o1 0 .8 4t_O , OB 0 .84!.0.00 0 .&2!0 .09 
- 1.6 0 ,03t0 .06 o. 80t0 ' 06 o. 86tO . oe 0 .8110 .07 o. 78t0 . 08 o. 78 t 0 . 08 0 . 7()~ 0 . 00 

- ~ . o o . 0 ~1 .0 06 0 . 87:t0 . 06 O. Blt0 .06 o . 77';0 .07 o .Tlt0 . 08 o .7h,0 . 08 0 . 6B!.D. OS. 

Table A2_ For intermediate and young clusters, mea n relative 
co ntinuum points at different wavelengths, as a function o f age 

C6830 C6000 C76~0 C8040 C8408 C8700 CO l OO 
C6870 C6870 C6i7õ C6B70 C6870 CSSTO CU70 

.,. 
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EO o. o:z.o.o6 o . 86t0 . 06 0 . 91~0 . 07 O . H tO .07 0 .7010 .0 8 0 .70!0 . 08 0 . 6Tt O. Ofl 
6 E8 0 .97t0 .04 0 . 80-t.0 , 04 0 . 11';0 .06 0 . 65!0. 06 o .euo . oe 0 . 10-t;O . OtO 0 . 67 t 0 . 07 

ES 0 .Blt0 . CI6 0 . 74t.0 . 06 o . 67-t;o .oe 0 . 6 1.!0. 07 o .60 t0. 07 0 .68t0 . 08 0 . 64.~0 . 08 
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ET o . 87~ 0 . 11 0 . 801;0 . 13 0 . 71 ;!0 . 16 0 .88.t0 . 17 O .G6!0. U O . ltl;~O . ll 0 . 64 ! 0 . 2.6 

Ta ble A3- Mean equivalent widths of tive metal\ic feat ures as a 
fun ctio n of metal\icity. Being age effects in these windows 
cssentia\\y negl igible, the values a re valid for cl usters of a li ages 
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c) Hcr, No. 60, which was already st udied in Papers I and li , 
d) P 14. No. 79 and P 12, No. 81, which, in blue clusters are 

indicato rs of the Paschen co ntamination in the Ca 11 windows, 
and, in red clu sters and ga lax ics are rather dominated by 
molecular abso rpti on, 

e) TiO, No. 83 and No. 84 , where age and metallicity effects 
are o f an equal weight (Fig. 1 O) as a rcsult o f th e presence o f P 11 
and P 1 O in blue clusters. Contamination from [S 111] may be 
importan t in emission line galaxies. 

The dispersion a ttached to each val ue rep resen ts the rms 
differences between W observed in the clustcr sample and the grid 
predictions for 3 age groups: (i) young clusters, (ii) intermediate 
age cl usters and (iii) glob ul ar clusters. Fo r blue clusters in 
particular, where W o f mo lecular bands va ry abruptly a long the 
red phases (Sect. 4), these dispersions are la rgc. Al though therc are 
strong observational and theore tical evidences tha t the red phases 
in bl ue clustcrs are real, wc do not take thcm hc.:re as age cri teria, 
i.e., using W o f st rong molecu lar bands to disti nguish popul a ti ons 
in sma ll in tcrval s arou nd 10 7 yr and I O" yr fr om thosc outsidc 
these age domains. But . indeed, wc belicve that a larger sam ple o f 
clt.:sters wou ld allow to derive the exact durati on of thesc phases 
and their dependence on metallicity . This, in turn, would provide 
important criteria for de termi nin g the age a nd duration of 
starbursts in blue galaxies, complementa ry to the best age 
discriminator, namely the continuum distribu tio n (Paper I) . 
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SUMMA.RY 

Population syntheses for normal nuclei in E/SO and spiral galaxies are 

derived using a library o f star clus t ers. This method allows t o determine the 

chemical e nrichment and to date s uccessive generat ions of star formation. 

Thus it i s more than a s:imple population synthesis , providing for the first 

time a direct estima te o f the chemical evolution in these nuclei. For the E/ SO 

groups fol l owing the norma.l a>etallicity vs luminosity relationship, the last 

generation o f s tars J.n the nucleus has r eached a metallicity 4 times solar for 

M8 = -22 and O. 5 to O. 3 solar f o r M8 = -18 . The b uJ.k o f the population ia older 

t han 10 Gyr but these galaxi es have formed stars at least until look-back 

times o f "' 5 Gyr. Some metallici ty dispe r sion is detected wi thin the nuclei : 

i n the most metal rich group, aro und 10\ o f the optical flux arises from 

popu1ations with metallici ties lower than solar. For the relatively less 

nu:nerous bluer E/50 groups, younger age c:omponents are present , which we have 

been able to isola te and date . The red spiral groups also fo rm a metallicity 

sequence which is related to the bulge luminosity, spanni ng metallicities 

from a factor 4 solar to s olar. Fina l l y, the groups of b luer s pi ral nuc l e i 

contain younger age components super:imposed on an older populat i on, which has 

reached a t l east the solar metallici ty. The relative importance o f the star 

fonnation bursts with respect to the older population is derived : in the 

bluest group, with NGC 5236 as a prototype, the population younger than 

3 x 108 yr amounts to 87\ o f the flux at 4000 R and 57\ at 9000R. The present 

me thod constitutes a poYerful tool for the inteepretation of composite 

spectra and will certainly have many applicat i ons in the study of l arge 

redshift galaxies . 

.. .... . . 
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I - INTRODOCTION 

Previous studies o f population synthesis in galaxies have been 

per fo rmed wi th libraries o f stellar spectra and, in sane cases, with 

libraries containing a mixture of stars and globular clusters (Pagel and 

Edmunds, 1981 ; Pickles, 1985 and references therei n ). We have undertaken a 

different approach using a base o f star cluster l nte grated spectra only. A 

synthesis us i ng stars requires the knowle<lge of T,g,Z and of the slope o f the 

Initial Mass Funtion ( IMF). The l atter par ame ter i s :implicit in real cluster 

spectra. Clearly, the advantage o f t he present method is to be a two parameter 

anal ysis : age and me t allicity (Bica and Allo i n, 1986a, hereafter BAS6a). 

we have ob tained visible and near-infrared spect r a for a large sample 

of star clusters and galaxy nuclei at 12 R resolution , respectively with the 

ESO telescopes 1.52m us ing the Image Dissecto~ Scanner and 2 . 2m using a CCD. 

The visible cluster spectra are discussed in BAB6a while those of galaxy 

nuclei are presented in Bica and Alloi n (1987a , hereafter BA87a). The 

near-infrared results are given in Bica and Alloi n, 1987b, hereafter BAB7b l . 

The sample cluste r s had a-priori lcnown age, metallicity [Z/Zol and 

redden ing. Thus it has been possible to study the equivalent vid t hs (W) and 

continuum distribut ion in the integrated spectr~ as a function of age and 

[ Z/Zo J ( BA86a) . Then a grid o f atar cluster p r operties was interpolated at 

suitable steps i n a ge and [Z/Zol and the res ults were given i n Bi ca and Alloin 

l 986b (hereafter BA86b) a nd BA87b , respect i vely for the visible and 

near-infrared ranges . 

An important r esult of this analysis is that the equivalent widths W of 

metallic lines in the near-infrared are simple fu nctions of [Z/Zgl, while 

those in the blue are sensit ive to age , in addition to me t allicity , owing to 
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the clilution effect o f olue l uminous stars in young clusters. The spectra o f 

star clusters anel galaxy nuclei hacl been previously corrected for foreground 

reddening . The internal redelening arising from inclination effects in spiral 

galaxies was straightforvardly rerroved using the method developed i n BAB7a . We 

have also shown that the Nai5890R .eloul:>let is not suitable f o r population 

synthesis, owing to its i nterstellar gas contril:>utio n, wh ich may elominate the 

stellaz one in the case of inclineel spiral galaxies ( Bica anel Alloin, 1986c, 

hereafter BABGc) . 

The present pape r deals with the synthesis r esults : In secti_on II \o'e 

group the gal<l,l.(Y spectra ~howing similar properties . In section III~o~e present 

details of the synthe~is method and the cornputat ions . In secti~ rvwe discuss 

the synthesis results for ou r 15 types o f galaxy spectra . Section V pro_vides 

comments on the synthesi s for individual groups. Finally, the concluding 

remarks of this worlc are given in section VI. 

I I - THE SPEC'I'RAL GROUPS 

Initially we intended to ol:>tain a mean galaxy spectrum for each l:>ox 

determined by morphological type vs luminosity class. Nevertheless it soon 

became clear that every l:>ox contained atypical spectra and particularly that 

late type spiral galaxies were_ fonning a highly heterogeneous class , f or which 

no prototype could be assigned (BA87a). Thus we have first grouped spectra 

sharing the same properties within error bars and in a second step maele the 

further separations according to rrorphological type or luru.inosity class. 

Aovever, we have analyzed E/50 and spiral galaxies separately. The galaxies in 

each group are given in Table 1 and values of w anel continuum clistril:>ution for 

the various groups are shown in Tal:>le 3. The descriptions of the clifferent 

,.. ... . . 
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lcinds o f spectra, i n BA87a , have d e linea ted the present g roups . We obtained ninE 

groups for early-type galaxies ( Tal:>le 1) . 'l'hey are shown in Figure 1, in terms 

of the best metallicity i ndicator and of the total magnitude M8 . The latter. 

relationship h as been discussed in detail in Bica and Alloin ( 1987c, hereafter 

BA87c). Groups El to E4 correspond to galaxies which follow the nonnal 

metallicity vs luminosity relationship , being dominated by a very olel stellar 

popula t ion . Groups ES to E8 rrost ly show age e ffects, as d iscussed in Sect ion IV. 

The shapes of the boxes in Figure 1 are rather irregular : they reflect the fact 

that the consideration of only t wo metallic lines i s in general insufficient to 

determine all spectral properties. 'l'his is illustrated particularly by a 

cornparison of E3 and E7 which have similar W(CN) and W( Mgi) but differ 

consideral:>ly in terms o f W( ll.O) and other Balmer lines, as well as in t erms o f 

continuum distril:>ution ( Tal:>le 3 and figures 4 and 8) . Thus we have also talcen 

into account the 1atter irnportant spectral pr?perties in the definition of our 

groups. Gr oup E9 corresponds mostly to galaxies with an evidence of tielal 

stripp ing (BA87c and references therein). However, spectroscopically it i s 

indistinguishable from group E2, which indicates that the star formation took 

place quite early, before the stripping. Owing to t heir s imilar properties we 

synthesize only the group E2. Group EZ is also spectroscopically very si.JT;ilar to 

the more luminous ES, but we h ave decide(j to Jceep them apart beca use there is no 

evidence that E2 are simply stripped E5 galaxies . Rather, ES might have been 

very strong 1ined lilce El anel the spectral similarity with E2 should arise from 

an additional population component which elilutes the metallic lines . E3 and E6 

are, perhaps, a more clear example of this effect : at similar metal indicator 

value (Figure 1), the more luminous group E6 presents a systematic increase of 

Balmer absorption lines ( Table 3). The cornponent which enhances the Balloer 

lines coulel also l:>e responsible for the dilution of metallic lines, which 
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othervise should be much stronger in such mass iva galax.ies. We emphasize 

h.,_ver that the objective of the spectral groups and the subsequent syntheses 

i s not to explore such <narginal differences bet.....:.en neighbouring groups . These 

should be regarded, rather, as the limita for the application of the method. 

The selected groups of spiral galax.ies are shown as a function of 

morphological type and luminosity class in Ta.ble 2 . Notice how the red groups 51 

to 54 migrate slmu'.tsnoously tawards lower lwninosities snd later morphological 

types. This is iooeed a metallicity sequence spanning a facto r 4 in metallici ty 

(section TV ), which is associated with the bulge size of the galaxies. On 

ave r age, the nuclear p r operties o f a giant se are similar to those o f a dwarf 5a . 

Note that galaxies in the l!lOSt metal poor groups 53 and 5 4 are strong-lined, very 

different from metal-poor globular clusters (BA87a) . Group~ 55 to 57 are . 

subject t0 various age effects ( 5ection Y) . The position o f these galaxies in 

the grids of Table 2 gives information o n the nature of the older underlying 

population. 

Within each E or S group a small dispersion in spectral properties exists 

and, in some cases , we have possibly sacrifi ed information for t he sal<e of a 

better signal to noise ratio. However the quantitative criteri~~ used in the 

def i nition of the groups ll'la):es the present classi!ication a more detailed and 

preci se version o f the early blue-violet spectral types o f qalax.ies ( HUJMSon et 

al . 1956). The extreme groups 51 and 57 correspond respectively to the ~ and A 

spectral types. We point out that the ranlcing order El-9 and 51-7 are si.mple 

designations not necessarily intended to represen t sequences whatsoever. 

flowever, the synthesis results ( sections rv and Y) indica te that El to E4 and 51 

to 53 fonn, basically, sequences o f <lecreasing ave r age metallicity at constant 

( 110stly old) age population content. 0n the other hand 5~ to 57 form a sequence 

of increasi ng · young age population content at nea.rly constant average 

. , ·~ . . . 
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metall~c1ty. 

Prior to averaging the spectra, it was necessary to apply a 

supplementary reddening correction to some particular galaxies, in addition 

to that arising from foreground sources or spiral inclination effects ( 5ection 

I ) . Evidence is found, as noted in Table 1, that for l!lOSt o f these galaxies, the 

extinction a.rises from an atypical amount of dust in the nuclear region. but 

for o thers at low Galactic latitudes , it possibly arises fr001 uncerta.inties i n 

the previous foreground reddening correction. 

we call attention to the fact that sou~ E and 5 groups are essentially 

indistinguishable from a purel y spectroscopic viewpoint (Table 3) in 

particular the s t r ong-lined El group is similar to 51 and E2 to 52. Thu~ the 

star formation history o f these nuclei must have been very similar, in spite o f 

the fact that t he global galaxies diffe r considerably in appeara.nce. 

Neverthe l ess the spiral groups which present clear young age population 

COülPOnents (55 to 57 c f. sections rv and Y) are spectroscopically very 

d ifferen t frorn the E7 and EB g roups , f o r which age effec ts are the strongest 

l 
among early-type galaxies . This suggests, at least for the present sample , 

that wh e never star formation has occured in the nuclei after the initial 

collapse , it has been d1fferent in spirals and ellipticals. 

II I - PRJNCIPLE OP THE HE'rnOD ANO COMPt.rrl\TION5 

We have used for the computations stronq !!>9tallic features over a wic1e 

spectral rango. Metallic lines provide constraints on the Jnetal content 1 but 

they also constitute a powerful age discrim.inator owing to their w wavelength 

dependence, which arises from dilution by blue stars in young star clusters 

( BA86a). We use ~ Caii 3933R, CN 4200R, the G band o f C!! 430JJ!, 

~ 
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Mgi•MgH 517 5R and Cair 8542, 8662R. These are stronq features measured ~ith 

a good precision, they are not disturbed by emission lines anel have a 

comprehensively-modeled behaviour as a function of the c1uster age and 

metallicity (BA 86b, 87b) . The Nai 5B90R line is strong as well, but the 

interstellar contamination precludes its use for population synthesis 

( BA 86c). Red TiO bands are not used owing to their complex behaviour in ycung 

clus ters containing luminous red stars ; this behaviour has to be f urther 

studied ( BA 86a, 87b) before we can model i t. However, ... -e use the TiO ba.nds to 

check the output of the computations, since the resulting template qalaxy 

spectrum, buil t from a combination of star cluster spectra, must reproduce 

them as well . The Balmer lines can be used only when they are free of emi.ssion 

contributions Ha, as a rule, is emission contaminated , even ~hen seen in 

absorption. In the latter case however, é'JJ can be safely employed and so on for 

Hy and H5. For the spiral groups ss to 57 , all Balmer lines are contaminated, so 

the computations in these cases rely exclusively on metal lic features. 

Previous population syntheses have used, in general, minimization 

procedures which looked for the best solution, starting from a plausible 

i nitial guess. The problem in these computations has always been to test the 

uniqueness of the solution . This has been very difficult, if not impossible 

altogether, owing to the fact that many parameters can be modified in a 

synthesis using stellar libraries. 

Using a fast computer and having only two parameters, age and 

metallicity, it has been possible to test an extremely large number of sta.r 

cluster combinations, and thus to be more confident about the uniqueness o f 

t he solution we found . ~ chemical evclution arguments constrain the space in 

the (Z/ZoJvs age plane where the s olu t i on is searched for. First, galaxy 

nuc1ei correspond to small volumes where it is plausible to assume that t he gas 

~ ·~ . . . 
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is chemically homogeneous at any time, so that t he solution must describe a 
path in the diagram. second, the metallicity cannot decrease for younqer 

gener ations. Thus in a first phase, the method consista of testing all possil>le 

combinaticns at 10\ step o f 8 points ( clusters) which fono a path ( chemical 

evolution) in the age versus ( Z/Zo J plane. We point out that it is not possil>le 

to have time information for ages older than - 8 Gyr. We assume in this work 

that the chemical enrichment in the nuclei has talten place quite early. Thus in 

practice an initial path of 8 star clusters in the ( Z/Zolvs age diagram i s 

distril>uted along bolo sequences : (i) a metallicity sequence frOõll (Z/Zol 2 -2 

to ( Z/Zo )MAX at fixed very old age and ( ii) an age sequence dO'ooltl to 106 yr at 

constant (Z/Zo JMAX ( see Tables 4 and 5). Typically we test 5 paths which reach 

up respectively (Z/ZoJ MAX ~ +0 . 6 1 •o.J :O: -{),5 and -1. We emphasize that 

the objective is not simply to de t ermine the ma.ximum metallicity reached up by 

the nucleus, but rather to determine the relative contril>utions of the 

different types cf clusters along the path. In spite of the fact that 1t is 

assumed that all the chemical enrichment has talcen place in the o ld age bin, the 

relative contril>utions of the components o f differing metallicity in this bin, 

still tell us about the chemical evolution (e. q. Hartwick, 1976). The points 

alonq the path are taken from the grid o f cluster properties >lhich was 

interpolated at suitab1e ste ps i n age and ~tallicity (BA 86b, 87b). The 

program selects the solutions which reproduce the galaxy W values ~ithin the 

error bars . Typically these errar bars are windows amounting to 10\ of a given 

ga1axy w value. We recall that for 8 points (clusters) a t lO\ step, 19448 

combinations have a sum of individual contributions totalling 100\. The result 

consists o f s -20 solutions which form a highly degenerate family in the sense 

that a cluster contribution in the set of solutions in general does not va:ry by 

an amount larger t han the 10\ step. The ratio be~-een the nwnber o ! solutions 
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fouod with respect to the total number of tested combinations in the 5 paths 

provides an estimate of the uniqueness of the resu l t. We find that a typical 

family of solutions corresponds to 1 part among 10 000 possLbilities. 

A second phase consista of explo ring at a 5\ step, a restricted space of 

combinations centred on the family o f solutions fcund during the f irst phase. 

This ti.Jne we use a larger number o f poi nts ( clusters) in the grid path and we 

obtain a larger number o f degenera te solutions . This allows to mal<e statistics 

on the individual cluster contributions. Thus a small star cluste r 

contribution of 1\ in tables 4 and 5 means that on average one solution presents 

a 5\ contribution and in four others it results null. I n the second phase the 

solut i ons remain essentially the same, but the finer s t ar cluster step then 

employed quite often provides improvements in the sense o f an 

astrophysically more plausible solution such as more smoothly increasing 

contributions towards high metal licities in the old age bin. 

l\nother way of estimat ing the uniqueness of the solution and the 

re l evance of the small number contributions in tables 4 and 5 is to cocnpa.re the 

outcome for groups with similar input spectra and to analyze t he path obtained 

and the corresponding contribu t ions of the three main components :( i ) old 

metal rich ; {i i) old metal poor and { iii) young componen t . We conc lude that 

the relevance o f differences in synthesis results between e . g. E5 and E2 are 

marginal, whereas e.g . between EG and E3 are s ignificant. In fact for part of 

the E groups the family of solutions is distributed between two metallicity 

paths and we have adopted the one where other E groups with s:im.ilar luminosity 

occured. Thus ES was placed in a path reaching the same meta l lici ty as El, and 

E6 was matched to E2 in arder to compare the resulting models asSUl!Ung equal 

upper metallicity. On the o ther hand differences between non-neighbouring 

groups like e.g . ~1 and E3 are fully s igni fi cant . We also concl ud e that the 

~li 
.... . • . . 

10 

contributions beccme relevant at the 10\ level ; however the small numbers ' 

a ccessed statiscally should not be d i sregarded. Although hig:her precision ia 

always desirable, we do not thinlt it will considerably improve the situation. 

Rather, it is the addition o f information in other spectral regions like the 

near-ultraviolet that will help to constrain more the models . I n the present 

worl< i f only the visible range ""'re available no t much informatio n would have 

been extracted from the data because we have verified that the near-infrared 

Caii lines have been fundamental for separating the c ompetinq contributions 

from old metal poor and young componente. 

It i s important t o note that no constraints are imposed on the continuUIII 

distribution. Instead the resulting co ntinuum when compared to that o f its 

respect iva real galaxy group is used t o determine the nuclear reddening. 

IV - RESULTS ANO DISCUSSION 

The mean observed w values f o r each galaxy group are qiven in Table 3 

together ..-ith thos e for t he computed templates. A set of observed and 

calculated continuum point s are also shown, from which we derived a nuclear 

reddening E{B-V) "' 0.04 affect ing most groups. We emphasize that the W 

computations straightfowardly give this kind of s o lution f o r the continu~ 

distribution. The fact that w-e obtain neither solutions with an a""""ard 

continuum distribut i o n nor solutions demanding a negativa reddening 

correct1on i s evidence that the library of clusters and t h e spectral range 

spanned by our observatio ns have considerabl y c onstrained the synthesis 

problem. We interpret the resulting E{B-V) "' 0.04 as a global ext i nction 

present in the bulge of many galaxies. A doubt could remain whether this 

extinction arose from an underestimation of the reddening in our Galaxy, since 
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we have use<l foregrou_nd cor_rections according to Sandage and Tamnann ( 1981). 

who predict very lov Galactic reddening. However Sparks et al. (1987) find 

inàependent evidence favouring this low reddening model, using Balmer-11ne 

flwc ratios in HII galaxies. We have also compared the co sec law values adopted 

in this pape r wi th the values from Burstein and Heiles ( 1984 ) , which are based 

on HI column densities a.-.d galaxy cou nts. Nearly 75\ of the present sample ar_e 

high Galactic latitude gala..ties and both methods pre<lic t E( B-V) < o. 04 with 

e ssentially no zer~point systematic difference. Fo r the rest of the sample 

Burstein and Heiles· method predicts o n average slightly stronger reddening 

values. Thus in the groups of Table 1 a large systernatic difference arising 

frorn foreground reddening corrections is not probable . Conseque ntly we 

conclude that our e xce ss o f reddening E(B-V) "0.04 arises indeed frorn a small 

amount of dust present in the interstellar mediurn of central regions of all 

galaxies, even in the absence o f obvious evidence o f recent star formation. we 

also call attention to the fact tha t we have not applied interna l reddening 

corrections to ou r li.brary o f s tar clusters . Thus the computations make '!~e o f 

blue c lus te r and HII r egion continua affected by the ext i nctions which are 

inherent tostar forming regions. This procedure is justified because in t h e 

case of a galaxy nuc l eus with regions of recent star fonnation, the associated 

dus t will certainly be localized with i n these regions, not necessarily 

affecting much t he s urrounding older populations . 

We present in Tables 4 and 5 , res pectively for the E/SO and spiral 

groups, the resulting percentage contributions at À = 5870R of the grid 

points ( clusters) o f different ages and metallici ties. It can be s een that the 

present method is IIX>re than a si.mple population s ynthesis, provi ding f o r the 

first time a direct e stimate of the chemical evolut ion of these nuclei . The 

fact that solutions e xist for at least one o f t he paths' in Section III supports 

·~ 
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the validity of the assumption that for all groups the chem.ical enrichment h'\S 

taken place very early. We can definetely exclude paths in the (Z/Zol vs age 

diagram linki ng a metal poor population directly to a meta l rich one younger 

than 1 Gyr, beca use these two types o f populatio n are too blue, and even ou r 

bluest nuclei demand at least s ome contri.butio n from a red population. We 

cannot exclude however the possibility that in some groups a metallicity 

increase o f O. 5 has occurred in bet......en the lllOSt metal rich globu lar- li.ke 

population and that a t 5 Gyr . Some enrichment is also possible for ages smaller 

than 1 Gyr, but thi s effect would be very hard to detect from the stellar 

population only, because the integrated spectrum becomes little sensitive t o 

rnetal licity, particularly f or À < 60ooR, owi ng to the dilution effects of 

blue stars. Por s o me groups in Tables 4 and 5, the maximum metallicity is 

certainly intermediate between two (Z/ Zol values in the grid, because the 

family o f solu t i ons is distribute<l in two different paths . Thus groups E2 and 

52 have possibly reached ( Z/Zol ; 0. 4, groups E3 and 54 (Z/Zo l = 0.1 and 

group E4 ( Z/Zol ; -o.3. A detailed comparison of the nuclear flux 

contributions at 5870R ( Tables 4 and 5) with chemical evolution models would 

require t ransforming them into mass contributions, as well as taking into 

account slit pro j e ction effects which i ntegrate along the line of sight outer 

metal poor shells . I n the present pape r we only point ou t that the computations 

indica te a dispersio n in rnetallicity for the observl!d nuc l ei (Tables 4 and 5). 

We illustrate in Figures 2 to 16, for each galaxy gro up, the real rnean 

galaxy spectrum corrected f o r the nuclear re<ldening derived in Table 3 as well 

as the template galaxy wi th its decomposition in tenns of cluster 

contributions. We also give the residual spectrurn (galaxy - template) which 

brings f orth the galaxy emission lines as well. Figures 2 to 16 allow to compare 

the average emission lines in normal galaxies with the respectiva underlyi ng 
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popu1ation. Kost of the qalaxies in our samp1e have very weax or otherwise 

u~etected emission lines. Thus, the mean emission line spectrum for each 

group corresponds to a phenomenon on a smaller scale than that occuring in 

typical LINER.S (e .g. Kee1, 1983). J>. detailed analysis o f the spectrum for each 

group as well as that of individual strong LINERS, wil1 be presented in a 

forthcoming pape r. In the present work "-e have excluded lO galaxies frorn ou r 

initial s~~1e of 164 objects (BA97a). These are two HII reqion nuclei for 

which the absorption line population i s essentially absent anel 9 Seyfert or 

Seyfert-like objects for which a non-thermal continuum contribution is 

certainly important . For mode1ling the groups in Table 1 a featureless BII 

region continuum was considered which was derived from the mean of several 

extragalactic HII reqion observations ( BA 96a, 97a, B7b). In the computations 

this component acts only as a dilution agent of meta1lic features. In the 

particular case of qroups with LINER characteristics this contribution 

resu1ts null and we do not think tha t an additional non-thermal continuum is 

detectable , unless it is much steeper than an HII region continuum. This should 

be further checked with spectra in the near-ultraviolet range. 

The star cluster groups used in the decomposition of Piqures 2 to 16 are 

av-erages of spectra from BJ>. B6a and BA 87b. The mean metallici ties of the tive 

globular cluster groups are [Z/Zol ; - 1.9, -1.5. -1.0. -0. 4 and +0.05. The 

latter group consists of the strong-lined inner bu1ge globular clusters 

(IBGC), NGC 6440. 6528 and 6553. Note that we have used E(B-V) = 1.25 for 

NGC 6440 • the v alue adopted in BJ>. B6a being slight1y underestimated. For the 

i ntennediate and young age groups we have used averages of Galactic disc and 

U«: c1usters, for the saxe of a better S/N. This is a reasonable choice because 

metal1icity effects on an integrated spectrum become increasingly sma1ler 

towards younger ages. Neverthe1ess we have excluded the SHC clusters from 

... 
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these means . 

We emphasize that Figures 2 to 16 are simply a visualization of the 

results. using the nearest avai1able c1usters. whilst the contributions in 

Tables 4 and 5 were computed as descri.bed in Section III, using a detailed grid 

of c1uster properties at suitable steps in age and metallicity. Thi s grid 

contains a straightforward extrapolation of the cluster properties to 

(Z/Zol 0.6 (BA 96b, BA 97b) . Particu1ar1y. the El ga1axy group 

computations have required the use of grid points at (Z/Zol = +0.6. For its 

visualization in Pigure 2b we have replaced the 66\ contribution of the super 

meta1- r ich globular cluster (SMRGC) at (Z/Zol ; 0.6 by the observed IBGC 

group. The s trongest residuals in Figure 2c correspond to the $\olan bands with 

heads at 4737R and 5165R . The latter region also contains MgH. but the fact 

that the (l,O}C2 473 7R head is clearly ~denti fied, implies that a 

non-negligi ble amount o f absorption f r om 5000 t o 516 5À is due to the stronger 

(O, O) c 2 head. Indeed. synthetic spec tra o f stellar types which are expected to 

domi nate t he flux in this spec tral range predict in many cases c 2 contributions 

wh i ch are stronger t han those o f HgH ( Barbuy, 1987). The remai ning f eatures 

cancel out qu i te well , part i cularly the near-infrared TiO bands. Thus c 2 is 

very s ensitive to an increase in the global metal content from solar to 

(Z/ Zol = +0.6. This strong metallic dependence might be associated with the 

diatomic nature of the molecule. The c 2 residuais decrease for the galaxy 

groups which reach (Z/Zol = +0.3 or solar metallicity (e.g. Figures 3 and 4) . 

Carbon stars do not seem to be responsi.ble for the c 2 residuals , because these 

stars are very weak in the blue. J>. suitable number o f such stars to explain the 

c 2 residuals would produce far too much flux in the near-infrared range . 

In the strong-lined E and SO galaxy nuclei significant NaiD residuals 

also remain. These residual& are possibly associated with an interstellar gas 
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c:<>mp:)nent (BA 96C). The existence of gas, at least i n ioniz ed fom, is 

indicate<l by the emission lines (e. g. Figure 2 ) . In addi tion, dust is detecteà 

o n eco images for- 25\ of elliptical ga..laxies ( Sparl<s et al. 1995). This dust 

could also be responsible f or the nuclear reddening E(B-V) ~ 0.04 derived in 

the present synthesis (Table 3) . In the case of the spiral galaxies, NaiD 

residuals also show up. But then, they arise at least i n part from gas in the 

disc, because the s~le contai na many very inclined spi.ral galaxies ( BA 96c). 

The spectrum of a SMRGC at [Z/Zol; +0.6 can be empirically derived by 

subtracting from the galaxy group El, all other cluster contri.butions ( Table 

4a ), as well as the emission line residuals (Figure 2) . This predicted spectrum 
, and to the~ 

is compared in Figure 17 to the observed group IBGC ' at [Z/Zol ~ - 0.4. we 

recall that the object with weal<est lines in the latter group is 

NGC 104(47TUC). Thus, this Figure shows that the presen t synthesis was made 

possi.ble beca use we have observed the IBGC NGC 6 440, 6528 and 6553 , which have 

metallic feature almost similar t o those in giant galaxies, while staz 

clusters usually called metal - rich in the l i terature, lil<e 47TUC. 

NGC 6637(M69), NGC 6838 ( M71 ) and NGC 6356 , would clearly not be suitable. The 

predicted SMRGC at [Z/ Zol = +0.6 will be i.mportant for comparisons wi th 

synthetic spectra o r wi th clusters i n the very c e nter o f M3l. I t could also be 

injected in spectral synthesis models . Indeed its use in other galaxy group s 

such as Sl, which also requ ires grid points at ( Z/Zo J = +O. 6, would obviously 

elim.inate the c 2 residual s . 

The present synthesis method relie s on the assumption t hat the IMF 

within a galaxy nucleus can be reproduced frorn a combination of t he IMF lolithin 

individual star clusters. There are several sources of uncertainty, such as 

possible dependences o f the IMF on the metallicity and on the Jcinematics o f the 

initial gas cloud, as well as changes in the luminosity function of the 

~ . ., . .. 
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resulting stel l ar system, as a consequence o f dynl!l!Úcal evolution. However, 

the fact tha t - obtain satisfactory synthesis resulta favours the validity of 

our assumption. Indeed the shape of the IKP' in the high mass range, talcen over 

sc;,les ;. ~ Kpc appears to be universal, with no compelling evidence for any 

systen-.atic slope variations depending o n metallicity, ga..lactocentric 

distance o r galaxy lllDrpholoqy ( SCalo, 1986). On the other hand there is 

evidence that in its low-ma.ss end , the IKP' presents a trend with metallicity, 

as indicated by the main sequence luminosity function of globular clusters 

from eco observatio ns (Me Clure et al. 1996). This dependence is implicitly 

tal<en into account in our synthesis , since we use real clusters spanning a wide 

range of metall icities . Another important question is a possi.ble spatial 

dependence o f the IKP', arising from the initial physical conditions in central 

regions of galaxies, s uch as the gas kinematics and a large gas density in a 

strong gravitational potential. Even star formation in such an environment has 

possibly been talcen into account in our synthesis, because, according to the 

computat ions . t,he dom.inant type o f population in IOClst nuclei. resembles that 

of the very me tal-rich globular clusters NGC 6440, 6528 and 6553. These are 

lnnsr bu/gs objsc rs wh i ch have been formed in such extreme physical conditions. 

A more d j fficult problem to solve is the possible effect of the internal 

dynarrlical relaxat i on of star clusters with t he subsequent evaporation of low 

mass stars by tidal effect s. Rowever, the 11111in sequence luminosity functions 

at least in the observed intervals, indicate that the loss ot low IM.SS stars 

occurs only in small clusters (Me Clure et al . 1986) . This etfect is minim.ized 

in our sample because we have observed the richest clusters in the Galaxy and 

Magellanic Clouds ( BA 86a). The dynl!l!Úcal evolution o f galaxy nuclei would be 

an additional complication . Nevertheless , the satisfactory synthesis results 

obtained wi th ou r method which does not make an explicit use o f the IM!', suççest 
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that in past stellar synthesis, the iJnportance of the s1ope of the IMF' has been, 

perhaps, overestimated wíth respect to more interast ing parameters like age 

and metallíci ty . 

Fínally we emphasíze that the present synthesis method is little 

dependent on the adopted age and rnetallicity calibrations for the star 

clusters. It rather relie s upon the properties directly observed in the 

cluster spectra. Thus, if revisions of the cluster ages and metallicíties 

eventually occur in ~he futur e ,the proportions of different types of clusters 

derived i n the synthesis will not be affected, o nly their assigned age and 

rnetallicity wo uld have to be modified. It should be stressed that there is 

still some uncertainty in the high metallicity end o f the cali.bration and that 

metal abundance determinations of ind ividual stars in the very strong-lined 

globular clusters NGC 6440, 6528 and 6553 are of great interest. 

V - COHMENTS ON THE SYNTHESIS FOR El'.CH GROUP 

Groups E1 to E4 follow the meta1licity vs luminosity relationship 

(Sect í on II). The results i n Tables 4a to 4d together with Figure 1 indícat e 

that the last generat ion of stars has reached (Z/Zgl = ~.6 at Ma ~22 to 

(Z/Zgl = -Q.3 or -<>.5 at M8 "' -18. 'I'he bu:UC of the population ís older than 10 

Gyr. 

No age has been assigned to the last column of the gríds in Tables 4 and 

5 ; we simply call ít GC (globular c luster) because the properties of the 

integrated spectra remain essent ial ly co nstant for t ~ 10 Gyr. However the 

cluster propertíes around 5 Gyr are signífícantly dífferent (Bica,Alloín 

86b). The present computations indícate that for the E1 to E4 groups this 

~nterrnediate age populatíon amounts to- 10\ in the optical spectrum (Figures 

... ., . .. 
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2 to 5 ). No s i gnifícant contr ibutions frorn young popu1ations ( T ,;; 5 x 108 yr) 

are detec t ed from the o p tícal data only. Old metal-poor contributions ar~ 

present even in the stro ng-lined E1 group ; then the 1ower than solar 

meta ll ici ty populatio n amounts to 10\ in the optícal flux (Figure 2) . Fo r the 

group E3 the [Z/Zgl < o population amounts t o 30\. Finally, fo r the group E4, 

the whole population is metal-poor. 

An extension of the present method to the ult r aviolet range , has 

demonstrated that the UV rising branch in giant elliptical galaxies arises 

from on-going star formation at a small rate rather than from metal poor 

populations (Bica and Alloin, 1987d) . The contributíon of this very young 

component has a minor effect in the optical, where at À ~ 587aR, ít is less 

than 2\ . 

The group E5 contains two types of nuclei (BA87c) : firstly, more 

distant gala.xies wh ich may differ frorn the strong- li.ned E1 galaxies due t o an 

aperture effect bringing a larger contribution from metal-poor camponents 

o utside the nucleus ; second ly , in galaxies for which the slit corresponds to 

t he same volume as that observed for E1, the spectral difference vith re,;pect 

to E1 cou1d ar i se from an age P.ffect. However the differences between the blo E5 

subgroups are only marginal , so it is their mean vhich ve have synthesízed. 'I'he 

results suggest a s light enhancement of the intermediate aqe and of the 

metal - poor components with respect t o those i n the El group (Ta.ble 4e, Figure 

6 ) . 

Groups E6 and E? are less constrained in te rms of computations. A 

signif.tcant contri.bution from intermediate age populations is requíred, 

particularly for the E7 group (Table 4g, Figure 8) ; but some metal-poor 

popu1ation excess sho'oo'S up toe, vith respect to the groups El an<1 E2. Basíc a11y 

two :nechanisms are possible : either a maj o r star formation event which has 
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evolved into an intermediate age population or a merging with a metal-poor metallicity has reached values a factor 4 solar (51) to s olar (54). Their 

ga laxy such as those in group E4, o r both. In order to clarify this point , high distri.bution in Table 2 thus i.Jnplies that the maximumll>E!tallicity is relateà to 

S/N observations of individual galaxies in these groups are required , toqether the bulge luminosity . Note that the most metal poor groups 53 ar~ 54 are 

wi th the extension o f the presen t method to the near-ul traviolet. However the strong-lined , very àifferent from metal poor g l obular clusters (BA 87a) . 

presence of an intermediate age population in group E7 is conclusiva and Groups 51 to 53 do not requ ire a significant contril>ut ion from young 

further evidence is given by the empirical synthesis in BA97a. There are also components, but the small bulges in group 54 are systematically coupleà with a 

difficulties in the visualisation o f the results because our intermediate age small amount o f recent star formation ( Table Sd and Figure 13). This is 

groups, which are made of Galactic disc and LI4C clusters are -.real<-lined with certainly due to the availability of gas but also to the fact that even a weak 

respect to the expected appearance of SMR intermediate age populations in star fonning event will show up easily with respect to the older population in 

giant E/50 galaxies. the sma11 nuclei of low 1uminosity Se galaxies. 

Group ES which corresponds to the particular case of the 1ow luminosity In the 54 group, all galaxies have their BO absorption line conta.minated 

50 galaxy NGC5102. shows a very strong age effect ( Table 4h, Pigure 9 ). There by emission. BO\o'E!ver, some o f them have a pure absorption at By and H5. 5o we 

are two methoos to compute such strong age effects i) using clusters of 
. . . ~ 

have used only the latter Balmer l1.11es ~n the computatJ.ons . In the groups to 57, 

various ages anel metallicities, as àescri.be<l in section 1 II and ii) computi ng 8almer lines down to H5 are emission contaminat;ed, thus the computations rely 

the excess population with respec t to an underlying red galaxy, which is on mer.allic features only . The fact that we find a unique fami1y o f solutions 

includeà together with intermediate and young age clusters in the mod e l . The confirms the powerfu1 use of metal lic fP.atures, when c ons idereà over a wide 

latter method relies on the assumption that a star burst has occurred indeed. spec tral r ange, as an age disc ri.minator. An additional test is provided by 

Por NGC 5102 both methods lead to the same r esu lt. The computations also comparing the computations for the 54 group , with and wi thout Hy and H5 bP.inq 

indicate that the metalJ \city in NGC 5102 has only reached a sub-solar level , taken into account, the solution remains the same . 

in agreement with its low luminosity . This case r epresents a major star fonning F'rom Figures 13 to 16, it is possi.ble to estimate <lirectly the relative 

event on top of an underlying population like in group E4. The bullc of the s tar contri.bution of younger components at any wavelength . Por the bluest group, 

burst was formeà betveen the ages 3 to 5 x 109 yr . The fact that t.his burs t is S7, the population younger than 3 x 108 yr representa 87 \ of the flux at 

rather old is also suggested by a small HII region cont.inuum contri.bution and 4000!\. and 57\ at 9000R. This will be a.n important constraint on the 

by the residual weal< emission lines (Figures 9b anel 9c). contril>ution of red supergia.nts with respect to other reà stars in lhe 

The reddest spiral spectra, in groups 51 to 54, are very similar to the synthesis using stel1ar li.braries. 

redE groups. Groups Sl to 54 migrate diagonally in the morpholoqical type vs For the group 56 no spectrum was tal<en for >. > eoooR . How-ever fr001 6000 

luminosity class diagram (Table 2). The computations indicate that the maxi.!nwn to eoooR, t.he spectrum in group 56 perfectly matches that observed for group 
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55. Thus we h ave used in the computat ions for group 56, the va1ues of 

W( Cali) B542, 86h7~ obtained from t he spectrum representative of group 55 . 

lndeed group 5 6 seelll.S to differ from g roup 55 on ly by the presence of a more 

important young age component (Figures 14 and 15). 

1'.B for gro up ES, the 55 to 57 groups have been compute.d with and witho ut 

an inpu t underlying red galaxy, at>d the results are essentially the saJDe. The 

underlying red populations from groups 53 and 54 provide the best results, as 

expected from the distributio n observed f or groups 55 to 57 in Table 2. This 

i nd icates that the blue spi rals have reached at least the solar t>e t all icity. 

The HII r egion continuum contribution increa.ses steadily from g r oup 54 

to group 57, in agreement with the strengthening o f the emission lines . Indeed, 

groups 55 t o 5 7 include many nuclei wh i ch have been spatially resolved i nto HII 

regions such as NGC 2903, 2997, 3351, 4303, 432l, 5236 , 5248 and 755 2 ( 5ersic 

and Pastor iza, 1965 ; Pastor i za , 1975 ). The contributions o f the nuclear HII 

regions i n Table 5 should be regarded as prelirninary , because a precise 

determinat ion r equires observations in the near--ultraviolet , where it i s more 

conspicuous. H<Never, we can discuss the i r average properties, using group 57 , 

where the HII contribution i s the s t rongest. Adding the featureless HII region 

continuum (Figure 16b) with t he residua ls contain ing the emission lines 

(Figure 16c) , we derive W(HO): 52R , l((OIIIJ ( 4959 + 5007)) / I(HO) = 0.6 

and I(Ha) / I (HO) = 4 . 2. It is knO"om that W(RO) and the ratio ( (OIIIJ) I I(HD) 

are good age indicators (Dottori and Bica , 198 1 ; Copetti et al . 1986) . The 

abserved values in our case imply that the average age of the nuclear HII 

regions is 4 .5 - 6 106 yr . The observed r atio I ( Ha) 1 I (HD) suggests an 

intemal reddening E(B-V) ~ 0.35. As already pointed out , this h igh reddening 

is inherent to star forming regions and does not necessarily a pply to t he 

surrounding older populations. 

... .. , . 
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A quantitative comparison o f the present resulta wi th previous 

syntheses is di f ficult because we derive s tar cluster contributions o f var ious 

ages and metall i.cit i es while previous results were expressed in terms o f 

stellar grou~ contributions of various spectral types and l uminosity classes. 

élowever, it i a gratifying that, at least qualitatively, both approaches agree 

well i n most o f their predictions. The s ynthe sis by O'Connell ( 1976) indicates 

t hat in giant elliptical galaxies the bull< of the stars were fo rmed 8 to 11 Gyr 

ago, with some residual star formation unti l 4 Gyr ago. This is i n fair 

agreement with o ur results for this galaxy group. Picl<les (1985) derived 

turnoff age s o f 6 to 10 Gyr for elliptical galaxies o f alllUID.inosities. We also 

f ind evidence that the E/50 galaxies in the who)e luminos ity range have fo rmed 

stars to look bacl< times o f 5 Gyr, but the present method indicates in addi tion 

that the rate of star fo rmat ion must have decreased by a factor 10 somet~ 

between lO and 5 Gyr. According to the present slóudy , the maximum retallicity 

reached ata given E/SO luminosity is in good agreement with Pickles• results 

for the Fornax ellipticn.l galaxies, considering that he derives mean 

metallicities. A dispersi on of metallicity, as we have detected in E/50 

nuclei, is also predicted by evolutionary synthesis methods (Arimoto and 

Yoshu, 1987) , at least for the total galaxy . The presence of a metal poor 

component in the nucleus is expected from si.mple trodels of galactic chemical 

enrichment and is also detected by the spectral index rnethod of Rose ( 1985) . 

HOiiever, as pointed out 1n Section IV, a detailed comparison o f the metal poor 

contributions i n Table 4 with chemical evolution models r equi res model 

predictions f o r the metallici ty distribution in galaxy shells, as well as the 

considération of slit projection effects . 

Our detection o f diffe rent amounts of younger age components for the 

spiral groups is in a greement wi th the synthesis results from TUrnrose ( 197&). 
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Also his internal reddening estiJnates for spiral galaxies, in the range E( B- V) 

0 .10 t o 0.40, are basically compat:i.ble with ours. The way we decompose the 

internal reddening i n terms of (i) inclinat ion effects, (ii) global nuclear 

and bulge absorption and ( iii) abRorption inherent t o star fonning regions, 

has however given more insight into this prablem . 

We conclude that synthesis methods based on st:<>llar l :i.braries and the 

present method are complementary . Both techniques should be further developed 

and applied to the 'study o f particular objects. O f fundamenta l importance will 

also be the application of ste11ar l:i.brary methods to the integrated spectra o f 

star clusters , particularly with the help of synthetic spectra for metallicity 

entries which are difficult to obs erve . 

VI - CONCLUDING REMARXS 

A new population synthesis method has been developed which mal<es use 

exclusively o f a l:i.brary of star c lusters. The method has allowed to date 

successive stellar generations and to determine the chemical enrichment in 

E/SO and spiral galaxies . It has provided a direct estimate of the chemical 

evolution in these nuclei. 

The method will have important applications for distant galaxies . A 

larger volume can be observed for distant early type galaxies, thus giving 

information on the global chemical evolution . Also it wil l be i nteresting to 

explore the di se contr:i.butions in spi rals. l'or very large redshi ft galaxies, 

the method can be used t o study galaxies in early evolutionary stages, which 

are becoming accessible with mode rn detectors and large telescopes. 

An extension to the ultraviolet range will help to determine more 

p recisely the contr:i.butions from hot populations. A preliminary study in this 

.... ., . • 
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direct i on is presented in Bica and Alloin (l987d). 

finally, the grid o f star cluster properties can be refined with a largar 

number o f cluster observations , particularly fo r young and intermediate age 

objects in the Magellanic Clouds, Galactic disc and in MJl . Also o f great help 

will be the use o f synthetic s pect ra . 

The present method is complementary to those using a libr ary o f s tellar 

spectra. Further development o f both techniques will certainl y clarify many 

aspects in the interpretation of integrated spectra. 
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Tilbla ana Pigure ~-

Table 1 : The galaxy groups . 

Table 2 : The dist r ibution o f the spiral groups as a function of roorphological 

t ypes anel absolute magnitude . 

Table 3 : Observed and computed properties anel determ.ination of the nuclear 

reddening. 

Table 4 : Percentage con t ribut ions a t À 

for the E/SO groups .. 

Table 5 : Percentage contributions a t À 

fo r spiral groups. 

587oR 

5870.!1 

the chemical evol ution 

the chemical evolution 

Figure 1 : Distribution o f the E/SO groups in a metal indicator vs absolute 

magnitude d i agram . 

Figures 2 to 16 : (a) t he observed group spectrum ; (b) the template built 

fro m cluster spectra and its decomposition into individual clusters of 

d i ffering age and metallici ty ; (c) r e s idual& and galaxy emission 

lines. The identifications of the main lines and molecular ba.'lds are 

given in F igures 2 and 16, repectively for t ypical red and blue 

popu lations . The s t ar cluster groups used for the decomposition in ( b ) 

are as follows. Globular clusters 

G2( (Z/Zo l = -D.4) G3((Z/ZQl • - 1.0) 

G5 ( (Z/Zol = -1.9). Intermediate age : 11 

Yo ung clusters : Y1(107 yr) ; Y2(5 

Y4(5 108 yr) . BII r egion : H. 

107 

G1( (Z/Zol O) 

G4( (Z/ Zol • -1.5) 

109 yr ) ; 12( 5 109 yr). 

yr) ; Y3( 108 yr) 
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Figure 17 a ) the predict ed spec trum f o r a globular cluster at 

[Z/Zol = +O.& ; b) and c) obser~ed globu l ar cluste rs at respec tively 

(Z/Zal =+0 . 05 and -o . 4. 
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CONSTRAINTS PROVIDED BY STAR CLUSTER SPECTRA ON THE NATURE 

OF THE tN TURN-{]P IN GIANT ELLIPTICAL GALAXIES1t: 

.... 
E. Bica, D. Alloin1Y 

1) Observatoire de Paris, Section de Meudon 

92195 Meudon Principal Cedex, France 

AST RON OMY ANO ASTROPHYSICS,IN PRESS 

Septembe r , l987 

P U e l.l < f\ ))O f M A g. A ) 

1t:Based upon observational data collected at the European Southern 

Observatory 

Thesaurus code 21.01.1. 07 . 06 . 1 ; 07.18.1 07.22.1 19.37.1. 

Main Journal section 1 ( extragalact i c astronomy) 

u New ad ress: Institu t o de Fi s ica,U F RG S . Av. Bento Gonçalves 9500 

Porto Al eg r e ,RS,90000, BRAZIL 



~ , ~ "> ;..- .,.. ., ~ .. 
.. 

2 

SU!4MARY I . I N'I'RODUCT I ON 

we have linked available ultraviolet observations to the v isible and so f ar, the nature o f the uv turn-up in giant elliptical galaxies (<;E) 

near infrared spectra o f some objects from our star c luster and galaxy nucleus has not been defin i tely established (see for a revi~~. Berto la, 1986) . 

samples . We h ave analyzed the nature o f the UV turn-up in giant elliptica l Basically, two types o f hot stellar comp:>nents have been proposed to expl a in 

galaxies (gE) in the light of our recent population synthesis res ults which this UV r ising branch luminous main aequenc e atara recently f ormed , or, 

are based upon a library o f star cluster integrated spectra in the visible and blue horizontal branch stars from a metal-poor population . In arldi tion, a few 

near infrared . We also investigate how star clusters can provide information peculiar t ypes of UV- bright stars may provi de some contril:>ution t o the UV 

on the f r equency of oc cu rence of particular types of stars with respect to the ris~ng b r anch , such as accreting white dwarfs o r post asymptotic giant branch 

assoc iated popu l ations of a given age and metallicity . We definitely exclude ( AGB ) s tars in the phase o f planetary nebula nucleus ( Nesci and Perola, 1995 ; 

the possibility that the UV turn-up in gE i s caused by blue horizontal branch Bertola, 1986) . The fact that it is not possil:>le to discriminate among all 

( B.HB) stars associated wi th metal-poor c c mponents even i f t hey were a major these poss ibili ties r eveal s that synthesis methods based o n stellar 

cont ributor to the optical spectrum, their UV turn-up would be unable to libraries are high ly unconstrained, but also , t hat the wa velengt.'l range then 

account for that observed in gE, simply because it i s not steep enough . considered migh t be too small. 

Furthermore, cur p revious v isible-near infrared synthesis has shown that we have rece nt l y developed a methocl f o r population synthesis in 

only 10\ o f the flux originates from low metallicity components . On the galaxies using a lil:>rary o f star cluster integrated spectra over the visible 

c ontrary ..-e fine'! strong evidence that this UV turn-up is a r e su lt of on-çoing and near infrared r anges (Bi ca and Alloin, 1986, 1987a; Bica, 1987) . Only two 

star f ormation in gE nuclei. Indeed, young blue clusters andjor BII region f r ee parameters are considered, age and metallic ity , the initi al mass 

spectra match t he UV turn-up quite well, wi t hout affecting much the c ptica l f unction ( IMP) being implicit in the ob.served star clus ter spectra. Also some 

o 
range where their contribution i s less than 2\ at 5870 A, Another ac'!vanced stages of s tellar evolution, which are still difficul t to model 

poss ibility ;.oould be that the UV turn-up i n gE is caused by post AGB stars from theoretically, are na turally tal<en in to accoun t in real st= cluster spectra 

metal-rich components data presently available about their frequency of wi th Nature ' s right proportions. This has cons i derably cons trai ned the 

occurenc e in metal-rich Galactic cluste rs , as well as about that o f planetary synthes1 s problem and has led to interesting resulta about t he population 

nebulae in the bulge of M31 do not favou r this i nterpretation however . c ontent and the chemical evolut i on o f different types o f galaxy nuclei (Bi c a, 

1987). In the present pape r ...e study more particularly the nature o f the UV 

t urn4.1p \Jhich is observed i n massiva elliptical galaxies , i n the light of our 

synthesis method . We have also inves tigated how star cluste rs can bring 

information about the f requency of occurence of certain types o f stars in t he 
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~ globu1ar cluster UV <lat a are from 01\0 an<l ANS ( <le Boer, 1905) an<l were used 

together with IUE observations providi ng complementa.ry i n f ormatio n for 

o 
'- < 1550A (Dupree et al. , 1979: ca.lo i et al ., 1981, 1 994, 1985). Redden i ng 

was taken into account like in the case of NGC 6093. The optical s pect r a are 

the average<l globular cluster groups for var i ous metal licites (Bica, 1987) : 

group GS ((Z/ Zol ~ -1.9), g r oup GJ ( CZ/Zol = -1 . 1) : group G2 (CZ/Zol 

-o.4) and group Gl ( CZ/ Zo l = +0.05). The connect ions are shown i n Fi gure 2 

and <leserve t he followi ng c omments 

( i ) the very metal-poor gro up G5 , fo r lofhich we have use<l UV data of NGC 5024, 

6341, 6397, 6779, 7078 and 7099, i s qu i te uniform in terms of i t s SED . As 

pointe<l out by de Boer (1985) clusters in this metallicity range have, on 

ave r age, a weaker UV flux than the G4 group at ( Z/Zo J == -1.6 represented by 

NGC 6093 in Figure 1. 

( ii) group G3 extlibits a wide range o f UV SED. Thia is cause<l by the well-known 

second parameter problem for horizontal branch ( HB) morphology ( e . g . Zinn, 

1980 ). These effects are minar i n the visible and near infrared r anges, which 

allowe<l us to define this group o n ly in te~~ of (Z/ Zol in our previous 

papers. In the UV range however . t he effe c t i s important a b lue HB c luster 

like NGC 6402 presents a SED like that o f NGC 6093 (Figure l c ) lofhe r eas a re<l 

HB cluster like NGC 362 sh<JI<'S a weak UV flux typical of more metal- rich 

globular clusters. For the salte o f s implic i ty we have a dopted the UV SED o f 

NGC 6715 to repr esent the group : i t is i ntermediate betw-een those o f 

NGC 6402 an<l NGC 362, as expected from its HB morphology wh i ch has equal 

proportions o f blue and red s tars ( Zinn, 1980) . However, the existence o f this 

additional degree of freedom in the UV, for group G3, does not affect our 

subsequent conclusions. Indeed, we shall also consider t he possibility that 

ali subsolar groups ( G2 through GS) present a UV bright flux lilce in NGC 6093 

and even then blue HB cannot explain the UV turn-up in gE (Section III). 

.... ... ... 
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( i i i ) the ANS and 01\0 clusters for group G2 are NGC 104 ( 47 TUc), NGC 6356 , 

6388, 6624 and 6637. Theae are c1usters usua l ly called metal-rich in the 

literat ura . although thair v isible and near infrared spectra are clear1y 

weak-lined with r espect t o gE (Bica and Alloin, 1986, 1987a) . As far as we are 

awa.re on1y NGC 6624 l".as a pub1ished IUE spectrun~ : i t shows a sma11 far 

uv--excess wh ich arises from a single non-exte nded s ource, possibly the UV 

counterpa.rt o f an X-ray source ( Dupr ee et al., 1979 ) , but i t could as well be a 

post-AGB star. Observations of 47 TUc are also r eporte<l i n that paper : i t s 

SED resembl es that of NGC 6624 for t h e 1ong wavelength camera and there is no 

o 
detectable flux shortward of 1900 A . Therefore, the small UV tur n-up adopted 

for G2 in Figure 2 arises from NGC 6624 only. 

( iv) group Gl corresponds to the strong-1ined Galactic globular c1usters 

NGC 6440 , 6528 and 6553 which have played a major role in the previous 

visible, near infr are d population synthesis because they present met allic 

f eatures c omparable to those of gE nuclei (Bica, 1987) . Unfortunately no UV 

observat i o ns are available f o r these clusters and so, we have linked group Gl 

t o the uv SED o f group G2 . This tenta tive subst i tution b y a 1ess metallic group 

must be r e minded because line blanlceting in the UV wi l1 therefore be 

und e r e stimated : this wi l l seriously l imit any attempt of a quantlratlve 

synthesi s f o r gE nuclei i.n the UV ( Section III) . 

Finally we have also linked the i.nterme<liat e age groups !1 and 12 (Bica, 

1987) t o t he UV SED of the LMC c l uste rs NGC 1987 and NGC 1978 + NGC 1806 

respect i ve l y (<:assatella et al., 1987) . The resulta are displ aYed in 

o 
Figure 3. Owing to the lack o f data in the range 3200-3700 A, it was 

neces sary to interpolate the spectra, as for NGC 2004 . The visible, near 

infrared spectra for Il are from the Galactic open c1uster ( GOC) NGC 2660 at 

an age "' 1 . 2 x 109yr, an<l for 12 are from the GOC NGC 2158 and the LMC clustera 

NGC 1783 and 1 978 with ages in the range 2 to 6 x 10Byr (Bica and Alloin, 1986, 
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1987a). As pointed out in the empi rical synthesis f or the elliptical galaxies 

NGC 4382 and 2865 (Bica and AJ.loin, 1987b ), these clusters s hould be 

metal~eficient with respect to an eventual intermediate age cc:xnpooent in qE 

nuclei. In the quantitativa synthesis (Bic a, 1987), this drawback was avoided 

i n the computations by using a complete grid of star cluster properties for 

all ages and metallicities. However, for the visualisation of the results, 

t he weak blanketing of the substituted cluster spectra is troublesome and 

should also be kept in mind while looking at representations in the lN range 

( section III). 

III. DISCUSSION 

We recall in Table 1, the optical population synthesis resul ts f o r the 

o 
El group, in terms of the relative flux contributions at À 5870 A (Bica, 

1987). The method gives infonr.ation about the nuclear chemical e volution 

o 
80% of the light at 5870 A arises from a population similar to that of very 

metal-rich inner bulge globular c lusters in group Gl with (Z/Zol ~ O 

( Section III ), 9'1; comes from moderately rich and metal-poor old populations 

( (Z/Zo < O) »'hile the remaining 11% of the flux is from metal-rich 

intermediate age populations ( 1 to 7 Gyr). No significant contribution from 

young ages ( l e ss than 1 Gyr) is detected using the opt ical range only . These 

resulta, includi ng the UV range, are displayed in terms o f a template and its 

decomposition ( Figure 4(b)) and compared t o NGC 4649 (Figure 4(a )). The 

residual (galaxy-template) is shown in Figure 4(c). The positive residual 

o 
from 1250 to 2400 A corresponds to the lN turn-up , while the negative 

o 
residual from 2500 to 4000 A can be assigned to the deficient blanketing in 

the available .clusters. Therefore, it is not possible to perform a 

quantitative synthesis in the lN range with the data presently available for 

• ·• ~ . ~ 
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star c l ustera. Bowever, in apite of this blanketing problem , we can study 

qualitatively t h e nature of the UV turn-up a a function of atar cluster 

apectra, assuming tha t it can arise from recent atar formation and from a 

metal-poor or meta l-rich old stellar population. 

In Figure 5, we see that the young atar cluster providas a good fit to 

the UV turn-up ~<~ithout introducing any significant change in the long 

o 
wavelength range because its flux contribution at 5870 Ais 1. 6% on l y . The 

problem of the small missing f lux in the UV rising branch could easily be 

solved by adding a slightly younge r cluster ( HII region) . The flux between 

o 
2500 and 4000 A could be matched if intermediate age and old s tar clusters 

with strong blanketing were available . 

It is obvious from Figure 6 that the metal-poor globular cluster 

NGC 6093 canno t reproduce the qE uv r i sing branch because the minimum i n the 

o 
cluster spectrum at 200Q-3000 Ais not deep enough, or, conversely , the UV 

rise in the cluster SED is not steep enough . Furthermore, the strongest 

possible contribution in the uv using NGC 6093 (Figure 6(b)), produces an 

optical flux whích is incompatible "'ith the populat ion synthesis i n Table 1 

o 
inferred from the optical spectrum (370Q-10000 A). It is a factor 7 to 8 

s tronge r t han the predicted contribution from metal--poor populations similar 

to NGC 6093 at [Z/Zol "'-1.6 (Figure 6(d)): remember t hat all the UV--t>right 

globular clusters have metallicities , -1.8 < [Z/Zol < -1.2, (Van AJ.bada e t 

al. , 1981 ; de Boer , 1985). We also see that the strongest possibl e 

contribution o f NGC 6093 in the UV (Figure 6( b)) is a facto r tvo stronger than 

the total contribution of populations with [Z/Zol < O ( F igure 6(c)). We 

emphasize that in this sum is included our average globular cluster group, 

centered at (Z/Zo l- --{) . 4 (G2), 'oiith clusters lüe NGC 104 (47 Tuc), 

NGC 6637 ( M 6 9 ) and NGC 6624 ..mich are am:mg the most metal--rich ones 

observed with IUE , ANS or 01\0 andare UV--...eak ( F igure 2). We thus conclude 
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that blue horizontal branch stars associated with metal-poor populations, 

even in an ext r eme case such as the cluster NGC 6093, cannot account f o r the uv 

turn-up in gE nuclei. In the case of previo us synthesis wi th libraries of 

stellar spectra, t h e contr ibut i o n of b lue HB stars was certainly 

overestimated because the wavelength range considered was too sma.ll when only 

the ultraviolet domain was used. lo.'hen both the ultraviolet and optical ranges 

we re taken into account, t he HB stars were treated as a supplementary group in 

addition t o metal- rich types. In f act, the HB contribution i s tied t o t he 

associated meta l-poor giants , which, as a rule, have been neglected and, 

consequently , quite arbitrary numbers o f blue HB stars were allO\oled in the 

synthesis . 'l'hus the f reque ncy o f occurence o f uv-bright s t ars with respect to 

t h e associat ed populatio ns is a strong astrophysical const raint . 

We compare i n Figure 7 NGC 4649 to the very metal-rich group Gl 

r epresenting the total contributio n of globular clus ter popul ations wit h 

[Z/ Zol ~ O in Table 1. The smal l UV t urn-up corres ponds to the SED of 

NGC 66 24 which in fact belongs to the l ess metal- rich group G2 ( Section II) . 

Assuming that this small t urn-up is due to a post-AGB , 7 such s t ars per 

metal-rich g l obular cluste r are required to r eproduce the UV turn-up in gE 

nuc l ei ( o r 5 s uch s t ars only i f the intermediat e age and metal-poor components 

in Table 1 are taken in t o account) . Considering the typical absolute 

magnitude for a globu l ar c luster, My : --9 ( Van den Bergh, 1 969), and a ssum.ing 

t hat the typical nuclear region of agE has My = - 19 , a total number of 104 

post-AGB s tars would be necessary to match the uv turn-up in a gE. An 

i nteresting tes t fo r this hypothesis would be t o observe with IUE t he very 

stro ng- lined Galactic globular clusters : NGC 6528 would be the best targe t 

beca use it is not as reddened as NGC 6 440 and it i s more compact than NGC 6553 . 

The fact that we dea l with small numbers of post-AGB stars in a given 

cluster, suggest s that a better approach might be to lool< for other i ndica tora 

... ~ . h . " 

10 

o f advanced s tages o f stellar e volution in l srge cluster samp19S . 'l'he 

frequency o f occure nce o f p la.netary nebulae in atar clusters m.ight g ive a hint 

on the probability o f h a v in9 post-AGB stars in different populations . Among 

1065 GOC (Alter et a.l., 1970) , only NGC 2437 and 2818 c onta.in pla.netary 

ne.bulae ( O' Dell , 19631 We.bster , 1976). Among 125 Ga1ac t ic globularclusters 

( Alte r et al., 1970) on1y t he meta.l-poor cluster NGC 7078 has a pla.netary 

ne.bula (Webster, 1976). For the 1146 clusters in the two main catalogues of 

LHC clusters (Hodge and Sexton, 1966), o nly the intermediate a9e c l uster 

NGC 1852 contains so far an identified plane t ary ne.bula (We.bater, 1976 ) , In 

the SMC fi nally , for 134 c l usters (Bodge and Wrigh t, 1974) only NGC 330 shows 

a p la.netary nebula which is certainly a projected object or else is anothe r 

t ype of err~ssion l ine star because of the very young age o f th i s cluster 

(Webste r, 1976), 'l'hus, planet ary ne.bulae appear to be very rare objects per 

population unit as defined f rom an entire set of star c lusters . Thi s 

observational evidence does not favour the hypothesis o f post-AGB stars for 

explaining the W turn-up in gE . It should be reminded hC~>~ever that rost o f 

these clusters have a solar or subsolar metallicity while it might be that a 

la.rge metallic ity somehow enhances the occurence o f post-AGB stars. A t est i s 

provided by the compa.rison o f the . far UV IUE spectra and of the c ounts of 

planetary nebulae in the bulge of M31 and i n i ts dwar f ellipt ical companion 

M3 2 . After c orrection for l osses in planetary ne.bul a counts , it is found NPN 

(M31 bulge)/ NpN(M3 2) = 775/3 4 = 23 (f'ord and Jenner , 1 9 75 ; f'ord and J acoby, 

1 978). The l um.inosity ratio in B light of the bulge o f M31 to the total for M32 

is 53 ( Cowl ey et al. , 1982) . Thus, the more metal rich bulge o f M31 ia a factor 

2 more deficient than M32 in planetary nebu lae per blue luminosity uni t . On 

the other hand , M31 is l<nown to h ave a UV tu rn-.Jp similar to those of <}E , whi l st 

M32 i s w wealc (Welch, 1982 ; Bertol a, 198&). 'l'his result also a..ryues a9ainst 

the possibility t hat post-AGB atara i n the phase of planetary nebula nucleus 
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are responsi.ble for the lN t urn-up. Last, pla.netary nebulae themselves might 

not be direct indicatora of the frequency of occurence of post- AGB atara in 

general , if the ejection of the outer envelope is a me t allicity dependent 

phenomenon. 

TV . CONCUJSIONS 

We conclude that horizo ntal b r anch stars associated wi th me tal-poor 

cornponents cannot explain the UV turn-up in gE . Post-AGB atara associated 

with metal-rich component s might explain it, although available 

observational resulta do not favor this interpretation . Ou r analysis r a the r 

suggests that on--going star formation is r esponsi.ble for the UV turn-up in 

g iant elliptical galaxies. Although the number o f elliptical galaxies 

observed in the uv is sma.ll , massive ones systematically exhi.bi t a uv rising 

branch ( Bertola, 1986). This e vidence implies that a posit i ve r a t e of present 

star fonr.ation in lum.inous el1iptical ga1ax.ies , a1though small, is a common 

phenomenon and should be representativa of the atar f ormation rate over the 

past few Gyr. We suspect that the resu1t o f these frequent small bursts o f a tar 

fonnation (or continuoua s tar f ormation ata low level) i a t he existence of 

inte rmediate age components (Table 1). 

It is also important to note that NGC 2004 is a young cluster with an 

important red supergi ant c omponent, as can be derived from ita strong TiO 

band a in t he near i n frared (Bica a.nd Alloin, 1997a ). It is interesting that 

the result ing red aupergiant popula tion from on--going s t ar formation in 

elli p tical galaxies vill be negligible in the nea.r-infrared with respect to 

o l de r popu lations (Figure S( a ) ). 

Finally , we also emphasize that i t is no t necessary to invol<e ext r eme 
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values f or the a lope or upper and lower maas limite o f the i nitial mass 

func t ion in order t o account for t he W turn-up 1 an ordinary atar forma tion 

event, lil<e those from which star c luatere are born, explains it qui t e well. 

We are presently extending our li.bra-ry of optical spectra - ata r 

cluat ers and galaxy nuclei- to the near lN range , using coated C(J) detectara . 

These ob se rvations will allow to link more precisely c lusters and galaxies 

with IUE data and will allow to use absorption line information at shorter 

wavelengths providing thus an i nvaluable tool fo r pe r forming a quantitativa 

o 
synthesis from 1000 t o 10000 A. 

Aclcnowl edgeme n ts : we thanl< Dr . Burstein as well as an anonymous referee for 

interes t ing suggest i ons. E.B . thanl<s the Brazilian Institution CNPq for a 

fellowship. 



• ,. 

13 14 

REPER.ENCZS O'Dell , C., 1963, P.A . S.P . 75, 370. 

Oke, J., Bertela , F., capaccieli, M., 1981, Astrephys. J . 243, 453. 
I 

Alter, G., Balazs, B. , Ruprecht, J., 1970. Akadémiai Kiade- Budapest. Savage, B., Mathis, J., 1979, Ann. Rev . Astren. Ap . !2· 73. 

Barbare, G .. Olivi, !'., 1986, in "Spectral Evelutien ef Gal.axies", ed. C. Van Albada, T .. de Boer , K .. Dickens, R .. 1981, Jolon. Net. R.A . S. 195, 591. 

Chiesi and A. Renzini, Reide1, p . 293 . Van den Bergh, S., 1969, Astrephys . J . 171, 145. 

Berte1a , 1' . , Capaccieli, M. , Helm , A. , Oke , J., 1982, Astrephys. J. 237, L65 . Webster, B., 1976, P.A . S.P. 88, 669. 

Berte1a, P., capacc i oli, M., Oke , J., 1982, As trephys . J. 25 4 , 494. Welch, G., 1982, Astrephys . J . 259, 77 . 

Bertela, P . , 1986, in "Spectral Evelutien e f Galaxies", ed . c. Oliesi andA . Zinn, R., 1980, Astrephys . J. 241, 602. 

Renzini, A. , Reide1, p . 363. 

Bica, E., Allein, D., 1986, Astren. Astrephys. 162, 21 . 

Bica, E., Al lein, D., 1987a , Astren. Astrephys ., in press. 

Bica, E . , Allein, D., 1987b, Astron. Astrephys. Suppl., 70,2 81 

Bica, E., 1987, Astren. Astrephys ., in press 

cassatella, A., Barbere, J., Geyer, E . , 1987, Astrophys. J . suppl. ~~. 83. 

calei, V., castellani, V., Galluccio, D., Wamsteker, W., 1 984 , Astren. 

Astrophys. 138, 485. 

calei, V., cassatela, A., Castellani , V., Machetto, F ., Melnick, J . , 1981, 

Astron . Astrophys. 103, 386. 

Calei , v., castellani, v . , Tarenghi, M., 1985, Astron. Astrephys . 145, 286. 

Cohen, J., Rich, R., Persson, s . , 1984, As t rophys. J. 285, 595. 

Cowley, A., Crampten, D., Me Clure, R. , 1982, Astrephys. J. 26 3, 1. 

de Boer, K., 1985 , Astron . Astrephys. 142 , 321. 

Duprée, A. et al . , 1979, Astrophys. J. 230, L89. 

Ford, H. , Jenner, o., 1975, ~~trephys . J . 202, 365. 

Pord, H., Jacoby, G., 1978, Astrophys . J. 219, 437 . 

Hodge, P., sexten , J . , 1966, Astro n . J. 71, 363. 

Hodge, P . , Wright, F., 1974, Astron. J . 79, 858 . 

Nesci, R., Perola, G. , 1985, Astron . Astrophys . 14~, 296 . 


