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Abstract. An infrared colour - MK spectral type diagram of optical
M giants, M Miras and M supergiants is presented. The area in the
diagram with mjo — mgs > 0.70 and MK spectral type earlier than M4
is occupied by early type optical M supergiants. The region of spectral
type later than M4 is occupied by optical late M giants (Mira variables)
and late M supergiants. The area in the diagram with a colour range of
0.15 < my3 — mas < 0.70 is occupied by optical giants (Mira Variables)
and supergiants (M supergiants with blue companions and probably some
M supergiants in the evolutionary stage pre or post M supergiants with
large infrared excesses). Finally, the area in the diagram with mya—maes <
0.15 is clearly occupied by M giants without circumstellar dust shells.
The colour distribution of the M giants, M supergiants and M Miras in
the colour - spectral type diagram suggests that we can use the colour
properties as search criteria for (i) early M supergiants with colours of
myg—mgs > 0.70, (ii) late M supergiants with colours of m12—mas > 0.70,
(iii) M giants with my2 — mgs < 0.15, (iv) Mira candidates using IRAS
point sources which are also identified as optical M stars.

1. Introduction

Low resolution spectroscopic surveys in the near-infrared (A 6800-8800 A) using
Schmidt telescopes equipped with low dispersion (typically 700-1870 A/mm at
A band) objective prisms provide a powerful deep survey method for search-
ing for galactic M stars in large sky regions. Examples of such optical surveys
for galactic M stars are given by Mavridis (1971), Albers (1972), Ichikawa et al.
(1982) and MacConnell et al. (1987). The infrared sky survey by IRAS (InfraRed
Astronomical Satellite) in 1983 provided homogeneous infrared photometry of
galactic infrared point sources at 12, 25, 60 and 100 pgm for most of the sky.
Based on the results of various studies of galactic infrared point sources identi-
fied as M giants or M supergiants (e.g. Hacking et al. 1985; Ishida & Othman
1988), it can be concluded that galactic optical M giants, Mira variables and
M supergiants are among the bright infrared sources. Many of these stars were
indeed detected during the IRAS survey.
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Figure 1. Infrared colour (Am) - MK spectral type diagram for K
and M stars with luminosity classifications as giants and supergiants

2. The Infrared Colour — MK Spectral Type Diagram

The availability of extensive homogeneous infrared photometry allows us to ex-
amine the infrared colours of M giants and M supergiants. For this purpose,
flux densities with good qualities in the IRAS 12 and 25 pm bands were used.
For the limiting magnitude of IRAS at 12 and 25 pym, my2 = 4.4, M Miras and
M Supergiants can be detected to distances of 20 and 40 kpc respectively.

The infrared colour, mjy3 — mgs, is defined as

Mg — Mg = —2.5 X lOg(flg/f25) + 1.56 (1)
where fi2 and fo5 are the IRAS flux densities at 12 and 25 pm in Jy.

Three main stellar data groups are used for this study. The ordinary K & M
giants (238 of 243) are taken from McWilliam and Lambert (1984), Miras (222
of 228) from Keenan, Garrison and Deutsch (1974) and K & M supergiants (86
of 91) from Elias, Frogel & Humphreys (1985), Lee (1970), Stothers & Leung
(1971) and Buss & Srow (1988). Most of the IRAS point source counterparts
can be found easily, and have unique associations. The apparent positional
differences are less than 30 arcsec.
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From the data discussed above, an infrared colour, my3 — mgs (Am), MK
spectral type diagram of K & M giant and supergiant stars was constructed.
The diagram is shown in Fig. 1. Similar diagrams are given by Habing (1987a;
1987b) and Lewis (1989).

3. Discussion

The typical errors of IRAS flux densities for bright sources at 12 and 25 um are
about 10 per cent. This will introduce a typical error in the infrared colour of
about 0.2 mag. The spread in infrared colour from 0 to ~ 1.5 for M giants, M
Miras and M supergiants is significant and reflects the nature of the optical M
stars.

The typical error in the MK spectral classification system is less than one
subclass. This is unlikely to cause a serious contamination effect in the luminos-
ity classifications. The variability in spectral type of M Miras causes changes of
to up 4 subclasses which may cause a contamination effect. Since the spectral
types of Miras at maximum light are used in the diagram, the spectral types
at minimum light will displace the classifications towards cooler (later) spectral
type.

A conversion in the M star classification system is necessary to avoid con-
fusion in placing the colour-spectral type properties of M stars in the colour -
spectral type diagram. Correlations in the spectral classification system of M
stars are given by Mavridis (1971), Mikami (1978) and FitzGerald (1969).

It can be seen in the IR colour - MK spectral type diagram that there
are clear distinct distributions for optical M giants, M Miras and M supergiants,
indicated by regions IT (M0 and later type with mi3—mgs < 0.15), V (late M with
0.15 < mq3 — mgs < 0.7) and VI (early M with 0.7 < my3 — mas < 1.6). Region
I is occupied by K giants and supergiants with ma — mgs < 0.15; region III is
occupied by K supergiants with 0.15 < mq2 — mgs < 0.7. Region IV is occupied
by early type M Miras and M supergiants with 0.15 < mg — m25 < 0.7. Region
V11 is occupied by late M Miras and M supergiants with 0.7 < my3 — mg5 < 1.6.
It is suggested that the colour distinctions for the luminosity classifications of
M stars in region II, V and VI can be used as an infrared colour discriminator
for the luminosity class of optical M-type giant and supergiant stars.
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