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Abstract. We report the study of ISOGAL fields in the outer galactic
bulge (-1.5°<f<+1.6°, -2.6°<b<+6.0°, area "-' 0.42 deg2

) . We have com-
bined 15 urn. and 7 urn. ISOCAM observations with 2MASS JHKs data
to determine the nature of the sources and the interstellar extinction.
Most of the ISOGAL sources show evolution of mass-loss rates in the
range 3xl0-8 to lxl0-6 (M8/year). Most of the detected sources are
red giants above the RGB tip; a few of them show an excess in J-Ks and
Ks-[15] colors. These sources are AGB stars with large mass-loss rates.

1. ISOGAL and 2MASS observations

ISOCAM (Cesarsky et al. 1996) observations at 6" resolution of 12 bulge fields
were used in this paper (Ojha et al. 2000, in preparation). These observations
were performed during 1996-1998 at 15 urti (filter LW3 : 12-18 urri & LW9 : 14-
16 j.,tm), and at 7 urn. (filter LW2 : 5.5-8.5 urri & LW6 : 7.0-8.5 j.,tm). In order to
ensure a reasonable level of reliability, completeness and photometric accuracy,
we presently limit the discussion of ISOGAL data to sources brighter than 8.5
mag (8 mJy) for 15 urn. sources and 9.75 mag (11 mJy) for 7 urn. sources. The
near- infrared data used in this paper were acquired from 2MASS survey in the
three bands, J (1.25 j.,tm), H (1.65 j.,tm) and x, (2.17 j.,tm). The scientific results
of the analysis of other ISOGAL fields are described in Perault et al. (1996),
Omont et al. (1999) and Glass et al. (1999). The cross-correlation between
ISOGAL and 2MASS sources has been made, which provide the multicolor data.
These cross-correlated data allow us to discuss the nature and properties of
individual sources, as discussed in the paper (Ojha et al. 2000, in preparation).
The adjunction of 2MASS near-infrared data adds much to ISOGAL data, by
providing different and more sensitive color indices, as well as estimates of the
interstellar reddening.

2. The nature of ISOGAL sources and mass-loss

We have studied various magnitude-color & color-color diagrams ofISOGAL/2MAS~
sources. In these diagrams, the ISOGAL sources form a mass-loss sequence start-
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ing with RGB tip stars having low to intermediate mass-loss rates and rising up
to high mass-losing AGB stars. The mass-loss rates for the ISOGAL sources are
calculated using a grid of models by Martin Groenewegen (private communica-
tion) for circumstellar envelopes. AGB stars with high mass-loss rates (1 x 10-6

M8/year) comprise rv 2 % of the sources, with most of the remaining sources
being low and intermediate mass-loss rate (3xl0-7 M8/year) AGB stars.

The brightest stars detected at mid-infrared wavelengths form a loose group
in the various color-magnitude diagrams. They are brighter than the tip of the
sequence of "intermediate-AGB" sources. These stars are inside a box defined by
Omont et al. (1999) for AGB stars showing high mass-loss rates. The bolometric
magnitude for these sources peaks around M bol rv -4. These stars have larger
mass-loss rate (2: 3xl0-6 M8/year) than for the intermediate-AGB sequence,
which marks the onset of the superwind. Glass et al. (1999) identify them as
miras which show lower mass-loss rates than OH/IR stars.

3. Conclusion

We have shown that the combination of near- infrared (2MASS) and mid- in-
frared (7 and 15 jjm) ISOGAL data allows reliable detection of AGB stars above
the RGB tip. We conclude that most of the ISOGAL sources detected both at 7
and 15 psti in the bulge fields are intermediate AGB stars or RGB tip stars with
low and high mass-loss rates. The sequence in various color-magnitude diagrams
coincides well with the late M AGB sequence, from M6 to M9, just above the
RGB tip. The most important conclusion from the present analysis is that the
ISOGAL sources detected in the bulge show the evolution of mass-loss rates in
the range: 3xl0-8 to lxl0-6 (M8/year).

Acknowledgments

This publication makes use of data based on observations with ISO, an ESA
project with instruments funded by ESA Member States (especially the PI coun-
tries: France, Germany, the Netherlands and the United Kingdom) and with
the participation of ISAS and NASA. This publication also makes use of data
products from the 2MASS Survey, which is a joint project of the University of
Massachusetts and the Infrared Processing and Analysis Center.

References

Cesarsky, C., et al. 1996, A&A, 315L, 32
Glass, LS., et al. 1999, MNRAS, 308, 127
Omont, A., et al. 1999, A&A, 348, 755
Perault M., et al. 1996, A&A, 315, L165

https://doi.org/10.1017/S0074180900221220 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900221220

