
1
9
8
9
A
&
A
.
.
.
2
1
7
.
.
.
5
7
A

Astron. Astrophys. 217, 57~65 (1989) AS1RONOMY 
AND 

AS1ROPHYSICS 

A comparative study o f Na 1 and C a n infrared lines in stars, 
star clusters and galaxy nuclei: 
an alternative to the dwarf-enriched population 
D. Alloin 1 andE. Bica2 

1 DAEC, Observatoire de Paris, Section de Meudon, F-92195 Meudon, France 
2 Instituto de Física, UFRGS, C.P. 15051, Av. Bento Gonçalves, 9500 Porto Alegre, RS-91500, Brazil 

Received August 16, accepted November 28, 1988 

Summary. We make a comparative study of the near-infrared 
Na I doublet and the Ca II triplet, among sets ofstars, star clusters 
and galaxy nuclei. In particular, we study the semistellar nucleus 
ofM31. We find evidence that the enhancement ofthe absorption 
feature around 8200 Á in galaxy nuclei is not due to a strength­
ening ofthe Na I !ines, but rather to another absorber, possibly a 
molecular band at À~ 8205 Á which varies strongly with O.rr and 
metallicity. Therefore, an alternative explanation to the classical 
discussion about dwarf/giant star content in M31, is that of an 
increased metallicity in the semi-stellar nucleus of M31, with 
respect to its bulge or to the nucleus of M32. A similar result is 
found from molecular bands in the visible part o f the spectrum, 
like CN and C2 which show highly non-linear dependences on the 
metallicity. 
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1. introduction 

The question o f whether o r not the stellar luminosity function in 
galaxy nuclei is dwarf-enriched has been discussed for over a 
decade. Contradictory answers have been given, up to now, in 
part because the metallicity may play too an important role in 
these composite objects. However, the way from an observed 
strong-lined spectrum to its interpretation in terms of a super 
metal-rich population is not straightforward. The existence of 
super metal-rich stars in the central parts of galaxies has been a 
matter of debate since Spinrad and Taylor raised this possibility 
(1971). For a review and complete discussion see Frogel (1988). 

To probe the presence of a dwarf-enriched population the 
gravity discriminator Na I 8183, 8195 Á !ines were considered in 
the analysis of M31 and M32: they led to discrepant results 
(Cohen, 1978; Faber and French, 1980). The conclusion of a 
dwarf-enriched population in M31 (Faber and French, 1980) was 
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in contradiction with the observation of the FeH Wing-Ford 
band, at À =:o 9910 Á, a well known indicator of the presence of 
giant stars (Whitford, 1977), and with the observed strengths of 
CO and H 20 between 2 and 2.4 Jlm (Persson et ai., 1980). 

More recently, Jones et ai. (1984) used the infrared Ca n triplet 
(8498, 8542 and 8662 Á) to investigate again this problem and 
concluded, in- agreement with Cohen (1978) and Persson et ai. 
(1980) that the luminosity function in the centre of M31 is not 
dwarf-enriched and that, rather, the near infrared light from this 
object is giant-dominated. Following this piece ofwork, Carter et 
ai. (1986) initiated a similar study, considering both Na I and Ca II 
!ines in the infrared. They confirmed a dwarf-enriched population 
in their galaxy nuclei sample, although their FeH measurements 
did not allow a large fraction o f the mass to be contributed from 
cool dwarf stars: a very confusing situation, then. The controversy 
was reopened by Frogel (1988). He pointed out that the conclu­
sions reached by Carter et ai. (1986) would imply far too blue 
colours for elliptical galaxies which are else observed to be quite 
red objects. 

We have recently developed a new method for population 
synthesis in galaxy nuclei, based on a library of integrated star 
cluster spectra exclusively (Bica and Alloin, 1986, 1987a, 1987b; 
Bica, 1988). In the course of this study, we have collected large 
data sets on star clusters and galaxy nuclei, but also on individual 
stars. Therefore, we can make a compara tive analysis of the Ca II 
triplet and Na I doublet in these various objects, investigating 
more thoroughly their possible use as gravity, temperature or 
metallicity indicators. We think it might be enlightening to 
analyze the behaviour of Na I and Ca II !ines in star clusters, 
before studying galaxy nuclei. These are simpler objects, for most 
of which the duration o f star formation is negligible with respect 
to their age andare, hence, more easy to understand. We briefty 
present the data sets in Sect. 2. In Sect. 3, we provide a 
documented discussion ofthe dependences ofNa I and Ca n !ines 
on g, O.n and [Z/Z0 ]. Finally, this approach has been quantified 
in Sect. 4, while our concluding remarks are given in Sect. 5. 

2. Observations 

2.1. Set of stars 

The sample of 62 stars studied by Jones et ai. (1984) has been 
almost entirely reobserved, implemented with some new entries, 
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