
shows the 0 . 4  JIHIK SHARP images 
(Table I ) ,  as well as a 0 . 6  J-K colour 
map (Tacconi-Garman et al. 1993, Gen- 
zel et al. 1994). Outside of the Seyfert 
nucleus (9OmJy at K) there is a 1.5" 
radius, ring structure with embedded 
knots. The colours of the ring are con- 
sistent with a stellar cluster reddened by 
A"-a few; in contrast, the very red nu- 
clear colours suggest hot dust emission, 
as in the case of NGC 1068. The near- 
infrared images of Figure 4 are in very 
good agreement with similar resolution 
visible speckle images (Mauder et al. 
1994) and with a VLA map of the 5 GHz 
radio emission (Wilson et al. 1991). All 
these data and - 0.9" near-infrared 
spectral line imaging with the MPE FAST 
spectrometer fit a model in which the 
-500 pc ring is powered by a luminous 
starburst forming about 50 Ma of new 
stars per year for the last 1 to 3 x 1 0 ~  
years (Weitzel et al. 1994). One super- 
nova explosion every two years is im- 
plied and may be detectable by means 
of time variability in the high-resolution 
near-infrared maps. The triggering 
mechanism for the circum-nuclear burst 
in NGC 7469 remains unclear as, in con- 
trast to NGC 1068, the SHARP data do 
not show evidence of a bar structure. 
Perhaps the burst was triggered by the 
interaction of NGC 7469 with its neigh- 
bour, IC 5283. 

The data we have presented in this 
report only represent a selection of a 
sample of about a dozen galaxies that 
have been observed so far with SHARP. 
We believe that this brief glimpse al- 
ready demonstrates the power of the 
new tool of subarcsecond near-infrared 
imaging. The future is clearly bright. 
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Infrared Spectroscopy of Galactic Globular Clusters 

'~sservatorio Astronomico, Pino Torinese, Italy; 'ESO; 30sservatorio Astrofisico, Firenze, Italy 

1. Introduction 

Galactic globular clusters (GGCs) are 
the best templates for studying the 
physical and chemical properties of old 
stellar systems at different evolutionary 
stages. Zinn (1985) distinguishes two 
main subsamples on the basis of their 
spatial distribution, kinematics and 
metallicity; the halo system charac- 
terized by low rotational velocity and 
metallicity ([Fe/H])S-0.8) and large ve- 
locity dispersion, and the disk+bulge 
system which is metal-rich ([Fel 
HI)>-0.8) and exhibits a large rotational 
velocity and lower dispersion. 

From theoretical models (Renzini and 
Buzzoni 1986, Chiosi et al. 1986) it is 
expected that the integrated luminosity 
of old stellar populations is dominated 
by the luminous red giant branch (RGB) 
stars which are close to the He-flash. 

This scenario is largely confirmed by 
photometric and spectroscopic optical1 
infrared observations of the central re- 
gions and of the brightest single stars in 
many clusters (see for example Frogel et 
al. 1983a, b and references therein). The 
average temperature of this red and 
cool stellar component, i.e. the location 
of the red giant branch in the HR dia- 
gram, is directly related to the metal 
content of the cluster; the higher [FeIH] 
the cooler the stars (Frogel et al. 198313). 
Therefore, any temperature sensitive in- 
dex (e.g. V-K, photometric CO) could, in 
principle, be used to determine the 
metallicity of globular clusters. The main 
limitations in the use of photometric in- 
dexes are extinction and contamination 
by foreground stars and both effects are 
particularly important when studying 
high metallicity clusters in the bulge. A 

way to overcome these problems is to 
use spectroscopic indices (which are 
intrinsically unaffected by extinction) in 
the infrared where the contamination 
from foreground stars is much less im- 
portant than in the optical. We use two 
spectral indices in the infrared H band 
centred on SiI+OH 1.59 ym and CO(6- 
.3) 1.62,um together with the "classical" 
CO(2-0) 2.29pm feature. These indices 
are good temperature indicators in cool 
stars (Origlia et al. 1993). 

In this article we present integrated 
spectra of these features for a sample of 
GGCs and show that diagrams based 
on their equivalent widths can be used 
to tightly define the metallicity sequence 
from metal poor halo clusters to the 
most metal rich in the disk+bulge. 

(continued on page 23) 
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Figure 1 : Spectra centred at 1.59, 1.62 and 
2.29 kim of the selected galactic globular 
clusters in the halo (top panel) and in the disk 
(bottom panel). The equivalent widths Ware 
in /! and the metallicities are given in the 
lower right hand corners. 

2. Observations and Data 
Reduction 

The data were collected during sever- 
al observing runs (June 1991, November 
1992, April and October 1993) at the 
ESO N l T  telescope using the IRSPEC 
infrared spectrometer (Moorwood et al. 
1991) equipped with a SBRC 62x58 
lnSb array detector. The pixel si:e was 
2.2 arcsec along the slit and -5 A along 
the dispersion direction yielding a re- 
solving power R=1500 with a 2 pixel 
(4.4) slit. 

Deep, long-slit spectra centred at 
1.59 (Sil), 1.62 (CO 6-3), and 2.29 (CO 
2-0) blm of a sample of galactic globular 
clusters in the halo and in the disk were 
obtained. The total average integration 
time was 16 minutes (sources+sky) for 
each grating position with automatic te- 
lescope beam switching every 2 min- 
utes. The instrumental and atmospheric 
responses were corrected using refer- 
ence spectra of featureless 05-6 stars. 
Data reduction was performed using the 
IRSPEC context of MlDAS and more 
details about IRSPEC reduction can be 
found e.g. in Origlia et al. (1993). 

3. Results and Discussion 

Normalized spectra of the central re- 
gion (about 6"x4" centred on the core) 
of the observed clusters are displayed in 
Figure 1. The shaded areas correspond 
to the measured equivalent widths in A 
given on each spectrum which were 
computed using the procedure de- 
scribed in Origlia et al. (1993). 

In Figure 2 we plot the measured 
equivalent widths in spectroscopic 
equivalents of colour-magnitude diag- 
rams, i.e. 1.62 vs 1.6211.59 and the 1.62 
vs 1.6212.29. 

In these diagrams the clusters are dis- 
tributed over the loci defined by giant 
stars (cf. Fig. 5c Origlia et al. 1993). The 
warmer and less metallic systems are at 
the bottom left while cooler and more 
metallic ones progressively move up 
and to the right. There is general agree- 
ment between the metallicities given in 
Figure 1 (taken from Zinn 1985) and the 
trend in Figure 2 but with a few remark- 
able exceptions: Ter 5 ([FeIH] = +0.24, 
the highest value in our sample) appears 
to be much warmer than NGC 6440 ([Fel 
HI = -0.26) and other clusters of lower 
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Figure 2: Spectroscopic 1.6; vs 1.62/1.59 
and 1.62 vs 1.62/2.29 colour-magnitude 
diagrams. 

metallicities while NGC 6553 ([FeIH] = 

-0.28) seems to be as cold as clusters 
with [Fe/H]>O (NGC 6528, Lil 1). Unless 
this is due to large anomalies in the CIFe 
and SiIFe abundances, this probably 
demonstrates that our IR indices pro- 
vide a more precise measurement of 
[FeIH] in high metallicity systems. The 
same conclusion can be drawn from the 
plots of spectroscopic indices versus 
[FeIH] in Figure 3 which show a scatter 
at large metallicities which is consid- 
erably in excess of the measurement 
accuracy. 

We are now studying the possible 

Figure 3: Correlation between the 1.62, 1.62/1.59 and 1.62/2.29 indices with the metallicities 
reported by Zinn (1985). Open circles are the halo clusters and filled ones are the disk+bulge 
clusters. 
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Probing Dust Around Main-Sequence Stars with TlMMl 
I? 0. LAGAGE and E. PA NTIN, SAp/DAPNIA, CE Saclay, France 

The search for extra-solar planetary 
systems is a fascinating challenge. Di- 
rect imaging of such planets is hope- 
less, at least nowadays, so that efforts 
have been focused on looking for possi- 
ble effects induced by a planet on its 
host star, such as faint modulation of 
the apparent flux (Paresce 1992 and 
references therein) or modulation of the 
apparent period in case of pulsars 
(Wolszczan and Frail 1992); but these 
searches are difficult. Since the discov- 

ery by IRAS in 1984, that many main- 
sequence stars are surrounded by dust 
(Aumann et al. 1984, review by Back- 
man and Paresce 1993 and references 
therein), it has been recognized that 
gravitational perturbations of dust orbits 
by a planet could result in large modifi- 
cations of the dust structure, such as 
voids of matter in the region inside the 
planet orbit or asymmetries (for exam- 
ple, Roque et al., in press). That is why 
many telescopes have been pointed to- 

wards main-sequence stars with IR ex- 
cess, in an attempt to image the dust 
responsible for the excess. 

Up to now, only the dust around the 
@-Pictoris star has been unquestionably 
imaged, thanks to visible observations 
(Smith and Terrile 1984). The dust was 
shown to be in a disk-like structure. But 
even with sophisticated techniques, us- 
ing coronographic adaptive optics or 
antiblooming CCDs, the region inside a 
radius of 2.5" (40 AU at the distance of 


