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Abstract. The ISOGAL survey (Omont et al. 1999) is devoted to the ob-
servation of selected regions of the Galactic plane in the mid-infrared with
ISOCAM. More than 240 fields were observed at 7 and 15 micron wave-
bands with ISOCAM at an angular resolution of 6′′ which has provided
a complete census, in the areas surveyed, of the stars in the late stages
(RGB/AGB phases) of stellar evolution. Optical counterparts are detected
for some of the ISOGAL sources in the directions where the extinction is
relatively lower. We obtained optical spectra of ∼100 such sources with
the Himalayan Chandra Telescope (HCT), India and estimated their spec-
tral classes. Optical spectroscopy together with mid-IR data is expected to
allow us to obtain the spectral-type vs mass-loss relation which are impor-
tant parameters to understand the late stages of stellar evolution. In this
paper, we present a set of spectra taken in the field FC97 for which ISO-
GAL survey is complete.
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1. Introduction

ISOGAL is a major survey (Omont et al. 1999) of the Bulge and the inner disk of
the Milky Way galaxy carried out by Infrared Space Observatory (ISO) at 7 and 15
micron wave-bands covering about ∼ 16 deg2 in selected fields of the inner Galactic
disk and has detected about 105 point sources down to flux level of ∼ 10mJy (Schuller
et al. 2003). This survey combined with 2MASS offers the possibility of investigating
different populations of infrared stars in Galactic disk (for details, see Omont et al.
2003). Red giants are by far the most numerous population of luminous bright stars
in the near and mid-infrared wavelengths. They are detectable throughout the Galaxy
with modern surveys (e.g. DENIS, 2MASS, ISOGAL, GLIMPSE and MSX). These
surveys have also detected dusty young stars of intermediate mass up to the Galactic
Centre. Apart from these sources, ISOGAL has also detected variety of other stars in-
cluding super-giants, dusty AGB stars, planetary nebulae, symbiotic stars, and various
other foreground stars ( details vide Omont et al. 2003). Some of the ISOGAL sources
are reasonably bright in optical region (I mag ∼ 11 to 15 ) to carry out their medium
resolution (R ∼ 2000) spectroscopy. Earlier Ojha et al., (2000) and Schultheis et al.
(2002) carried out low resolution optical spectroscopy of some ISOGAL sources.

Spectroscopy is powerful tool to characterize such peculiar stars. To achieve this
goal we carried out optical spectroscopy of some selected ISOGAL sources using the
HFOSC on the 2m HCT at Hanle, India. A sample of ∼ 100 ISOGAL sources were
identified keeping in mind the observability conditions from Indian Astronomical Ob-
servatory (IAO), Hanle, India. Here we report the results based on a subset of spectra
obtained in the field FC97 (Fig.1).

Figure 1. Field FC97. The image is taken from DSS and program stars are marked.
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2. Observations and analysis

The stars observed in the field FC97 are marked in Fig. 1. Observations during the
observing runs in June, August, October, November 2003 were made from a remote
station of Himalayan Chandra Telescope (HCT) at Hoskote near Bangalore, operated
by Indian Institute of Astrophysics, Bangalore, India. Observations were taken with
HFOSC spectrograph using grism Gr8 which covers wavelength range 5800-8350Å
with a resolution of 21901. All observations were made under good and stable sky
conditions. Analysis was carried out using IRAF2. Spectra are plotted in Figs 2 and
3. Spectral classification was carried out by comparing the observed spectra with the
Indo-US Library of Coudé Feed Stellar spectral library (Valdes et al. 2004).

Table 1. Spectral classes of the stars in the field FC97. Star number and their estimated spectral
classes are listed.

Star RA(2000) Dec(2000) Sp-Type Star RA(2000) Dec(2000) Sp-Type
H:M:S D:M:S H:M:S D:M:S

1 21:45:23.6 53:36:16.1 K0II 20 21:46:15.9 53:31:35.0 M1.5II-III
2 21:45:26.4 53:31:18.1 K0II 21 21:46:16.3 53:41:59.9 M1III
3 21:45:40.6 53:32:46.3 K0II 23 21:46:22.3 53:38:53.1 M0III
4 21:45:41.1 53:34:06.9 K0II 24 21:46:24.8 53:35:20.3 K0II
5 21:45:42.2 53:37:12.0 K0II 25 21:46:27.3 53:36:00.3 K0II
7 21:45:53.1 53:39:46.4 M1III 26 21:46:27.4 53:33:30.9 K0II
8 21:45:54.1 53:30:32.0 K0III-IV 27 21:46:27.9 53:32:43.8 K0II
9 21:45:57.7 53:38:54.9 K0II 28 21:46:28.1 53:38:01.3 M3III
10 21:45:59.4 53:36:12.9 K0II 29 21:46:29.8 53:29:58.5 K0II
11 21:46:03.5 53:24:26.2 K0II 33 21:46:36.0 53:38:52.8 M1III
12 21:46:04.1 53:34:10.5 K0II 35 21:46:37.4 53:29:15.7 M1.5II-III
13 21:46:04.3 53:34:48.0 K0II 37 21:46:41.0 53:35:35.5 F5IV
14 21:46:06.0 53:39:10.4 K0II 38 21:46:41.9 53:30:16.9 G5/G6IV
15 21:46:06.5 53:24:03.2 G1V-VI 40 21:46:45.3 53:33:49.3 K0II
16 21:46:11.0 53:37:39.3 K0II 42 21:46:46.5 53:35:25.4 F5IV
19 21:46:14.7 53:35:09.9 K0II 43 21:46:47.5 53:38:40.5 K0II

3. Results and discussion

Flux calibrated spectra are displayed in Figs 2 and 3 and their estimated spectral
classes are listed in Table 1. The spectral classes of the stars are estimated by com-
paring the observed spectra with the Indo-US spectral library which provides good
sample for making comparison. However, in the library there are several spectra with
gaps. As first step, spectra without the gaps were sorted out from the library and then

1vide: http://www.iiap.res.in/iao/2mtel.html
2IRAF is distributed by NOAO, USA
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Figure 2. Spectra of some ISOGAL sources in FC97 field. Spectra are normalized at wave-
length 7500Å and plotted by shifting normalized flux by 0.45 unit.

subsets of the spectra in the spectral range 5800 and 8300Å were extracted. These
subsets were used subsequently for comparing with the observed spectra. Observed
and library spectra were normalized with respect to the pseudo-continuum and then
comparison was made. It is clear that that majority of stars, as expected, are either K
or M types. A few (3 in present sample) are of earlier than K type which should be
near by foreground stars. A few K giants could also be nearby foreground stars. The
slopes of the spectra indicate that most of the stars are highly reddened. As majority
of observed stars have high reddening, the estimated spectral classes should be within
one or two spectral subdivision. In this communication no attempt has been made to
estimate the reddening.
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Spectra of ISOGAL Sources taken with HCT, Oct 4, 2003
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Figure 3. As in Fig. 2.

The 2MASS J vs J − KS colour magnitude diagram for this field is shown in
Fig. 4. The small range in J-K colour and nearly uniform distribution with magnitude
shows that in this field the extinction is relatively uniform in the direction of FC97.
Stars observed for spectroscopy and discussed in the current contribution are marked
with circles along with the spectral types on this figure. The spectral types deduced
from the spectra are consistent with the locations of the star in the CMD. Fig. 5 shows
the KS -[15] vs J-KS colour-colour diagram. This field has relatively few [15] micron
sources. From the range in colours it is also clear that very few sources have high
mass loss which is consistent with the small number of M giant type identifications.
The sample presented in this work is too small to discuss any relationship between
the spectral type and the mass-loss rates.
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Figure 4. Color Magnitude, J − Ks vs J, diagram. All 2MASS sources in FC97 field with J
brighter than 12 mag are plotted. ISOGAL sources with spectroscopic observations are marked
with circle and spectral class is written near it.

A complete study of all the spectra obtained under this program is underway and
will be published at a later date. As the spectra are flux calibrated, the work on finding
atmospheric parameters and the Galactic extinction using full spectrum fitting, as is
done in Koleva and Vazdekis (2012), will be taken up.

4. Conclusions

Following are the main conclusions:

1. As expected, majority of stars are K- or M-type. Three stars are earlier than
K-type and should be nearby foreground stars;

2. The slope of the spectra indicate high but different reddening for majority of
sources;

3. Spectral types deduced from the spectra are consistent with the position of stars
in 2MASS J vs J − KS colour magnitude diagram and the KS -[15] vs J-KS

colour-colour diagram.
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Figure 5. Color color, J − Ks vs K − [15], diagram. All ISO sources at 15 micron in FC97
field with 2MASS counterparts are plotted. ISOGAL sources with spectroscopic observations
are marked with circle and spectral class is written near it.
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