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Abstract. — From an ultra-low dispersion spectroscopic survey of the Cyg OB2 association several red and reddened
stars are detected. Most of these stars appear to be reddened early-type stars belonging to the Cygnus OB2 association.
The distance moduli V5 — M, = 11.2 and minimum reddening E(B — V) = 1.2 suggests that some of the red stars
in the magnitude range 15 to 17 are most likely reddened late B and early A main sequence stars of the Cyg OB2

association.
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1. Introduction

The Cygnus OB2 association (Cygnus II, VI Cygni) was
found by Miinch & Morgan (1953). This association con-
tains a group of very luminous and highly reddened (4, ~
4—10 mag) stars. It is very young, with members of spec-
tral type as early as O3 (Walborn 1973). Initially eleven
OB stars were found by Miinch & Morgan (1953). A fur-
ther seven fainter OB stars were found by Morgan et al.
(1954) using the technique of spectral classification by
very low dispersion objective prism spectra. This tech-
nique was again applied to detect the OB stars in this
region by Schulte (1956a, b & 1958) who found ten more
early type stars and a total of 88 suspected OB stars. Red-
dish et al. (1967) made U BV photographic photometry of
about 1600 stars in the region of Cygnus OB2 association.
They found more than 300 OB stars which are likely mem-
bers of the association. They also estimate that there are
900 stars brighter than m,; = 21 and 3000 brighter than
m, = 20.

Recently Torres-Dodgen et al. (1991) obtained wvby
and JHK photometry of 80 stars . They found the ratio
of total to selective extinction to be R, = 3.04 and true
distance modulus of Vy — M, = 11.2 corresponding to a
distance d = 1.7 kpc. More recently Massey & Thompson
(1991) studied this association using CCD, UBYV photom-
etry and spectroscopy. They conclude that the star forma-
tion in Cyg OB2 association is not strictly coeval and the
initial mass function (IMF) is considerably flatter (IMF

*Table 1 is also available electronically at the CDS via anony-
mous ftp 130.79.128.5
t Deceased on 17th November 1994

slope of 7 = —1.0) than that previously found for massive
stars in the Galaxy. Recently from an analysis of IRAS
data Parthasarathy, Jain & Bhatt (1992) detected sev-
eral possible young stellar objects (YSOs) in the region of
Cygnus OB2 association.

This association is very young. Its age is estimated to
be 3 million years (Torres-Dodgen et al. 1991). Detection
of fainter red and reddened stars in OB associations is
of considerable importance for proper understanding of
their initial mass function (IMF), stellar luminosity func-
tion (SLF) and star formation history etc. Morgan et al.
(1954) showed that very faint reddened early-type stars
and red stars could be detected on 103aF plates at a
dispersion of the order of 30,000 A mm —!. Subsequent
work by Schulte (1956a, b) identified several reddened
O-B stars of Cyg OB2 association from very low disper-
sion (10,000 A mm~1) objective prism spectra. This tech-
nique requires construction of prisms of very small an-
gle (Bidelman 1972). This ultra low dispersion or micro
spectra technique was developed at the Kavalur obser-
vatory and was successfully employed to detect red and
blue stars and to carry out approximate spectral classifica-
tion (Bappu & Parthasarathy 1977; Parthasarathy 1978).
Bappu & Parthasarathy (1977) and Bappu, Parthasarathy
& Scaria (1977, 1978, 1985) used this ultra-low dispersion
technique and detected several very red stars (M super-
giants and carbon stars) in the Large Magellanic Cloud
(LMC).

In this paper we report the detection of several red and
reddened stars in the Cyg OB2 association region using
the ultra-low dispersion spectra.
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2. The technique and observations

The instrument (Bappu & Parthasarathy 1977) used is an
f/2 slitless spectrograph with a three degree quartz prism
and a Schmidt camera at the Cassegrain focus of the 1-
meter Ritchey-Chretien reflector at the Vainu Bappu Ob-
servatory (VBO), Kavalur. The field is 40’ in diameter.
Spectra covering the wavelength range 3500 A to 6600 A
were obtained on Kodak 103 (a-E) emulsion. The disper-
sion is 10,000 A mm™!. The spectra are unwidened and
are about 250 y in length along the dispersion (Bappu &
Parthasarathy 1977). With this setup ultra-low dispersion
spectra of all the stars within the 40’ field can be recorded
in one exposure.

3. Classification

The principal criterion for classification is the shape of the
stellar spectrum and also the density in different portions
of the image. The ultra- low dispersion spectra of B, A,
F, G, K, M stars are shown in Fig. 1. The ultra- low dis-
persion spectrum of an O type star is not shown in Fig. 1.
Unreddened O -type stars are rare and the O - type stars in
the region of Cyg OB2 are all significantly reddened. The
least reddened OB stars in Cyg OB2 show E(B—V) =1.2
(Torres-Dodgen et al. 1991; Massey & Thompson 1991).
The method of classification was described by Bappu &
Parthasarathy (1977), and Parthasarathy (1978). From
Fig. 1 it is clear that one can easily distinguish O-B stars
and very red stars. The discontinuity in the spectrum is
due to the dip in the sensitivity of the 103 a-E emulsion in
the green region which serves as a wavelength reference to
distinguish the blue region of the spectrum from the red
region. For example notice the differences in the spectra
of B star and K or M star shown in Fig. 1. But by far the
easiest application of the ultra-low dispersion technique is
in the detection of faint red stars and faint blue stars, both
of which are of much interest. The Cyg OB2 association is
one of the most heavily reddened regions with a minimum
reddening of E(B—V) > 1.2 (Massey & Thompson 1991;
Torres - Dodgen et al. 1991). The ultra low dispersion
spectra of the most heavily reddened stars in Cyg OB2
association shows no extension of the spectrum shortward
of the green region.

4. Results

We have used the spectral types and colours of Cyg OB2
stars determined earlier by Schulte (1956a, b), Reddish
et al. ( 1967), Leitherer et al. (1982), Torres-Dodgen et
al. ( 1991), Massey & Thompson ( 1991) to compare and
calibrate our classification. We have detected a number
of new red and reddened stars in Cyg OB2 association.
These are shown in Figs. 2 to 7 and are listed in Table 1.
In Table 1 the first column is our identification number,
the second column is the number of the star in the paper
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of Reddish et al. (1967). The number in the parenthesis
in the second column gives the field number in the paper
of Reddish et al. (1967). If the second column is “NI”
it indicates that it is a new identification and the star
is not listed in the catalogue of Reddish et al. (1967).
Reddish et al. (1967) have obtained U BV photometry of
several stars brighter than 16.5 magnitude. Stars which
are cross identified with Reddish et al. numbers, their V'
and B — V values are given in Cols. 3 and 4 respectively
(Table 1). Using Reddish et al. photometry & Palomar
Sky Survey Charts we have estimated the magnitudes of
newly identified stars (“NI” Col. 2 of Table 1). The upper
limit of uncertainty in the estimated magnitudes is of the
order of &+ 0™5. The location of the stars in Figs. 2 to 7
is indicated in the 5 th column of Table 1. A few of the
stars listed in Table 1 are also in the list of Massey &
Thompson (1991). We have cross identified with Massey
& Thompson (1991) numbers and they are given in the
last column of Table 1.

The observed ultra-low dispersion spectra of the stars
(Figs. 2 to 7) suggest that most of the stars are red-
dened early-type stars belonging to the Cyg OB2 associa-
tion. (see Reddish et al. 1967; Torres-Dodgen et al. 1990;
Massey & Thompson 1991).

The ultra-low dispersion spectroscopy very easily per-
mits detection of early-type stars and very late-type stars
as most of the flux in the former case is in the blue re-
gion and in the latter case it is in the red region. In the
tadpole like appearance of the ultra-low dispersion spec-
trum the tail portion (blue region) is relatively longer and
prominent in the case of hot stars, and in the case of cool
stars the head portion (the red region) is prominent and
the tail length is relatively shorter. However there is some
amount of uncertainty in the separation of reddened early-
type stars from G-type giants and K-type dwarfs. In the
Cyg OB2 region we have identified many red or reddened
stars down to 16.5 magnitude (Table 1, Figs. 2 to 7).

Figures 2 to 7 indicate the presence of several fainter
red stars (fainter than 16.5 magnitude) which we have
not listed in Table 1. Some of these stars may be low-
luminosity and /or lower main sequence members of the
Cyg OB2 association or heavily reddened early-type stars.

We find several red stars in the magnitude range 15
to 17. Using the distance moduli Vo — M, = 11.2 and
minimum reddening E(B—V) =1.2 we find that the 15 to
17 magnitude stars in the Cyg OB2 have M, in the range
0.2 to 2.2 indicating that they are most likely reddened
late B and early A main- sequence stars. Reddish et al.
(1967) found a major concentration of points at V = 15.7
and B—V =0.9 and U — B = 0.6. They have argued that
these are reddened late B and early A stars belonging to
the association. Our survey also indicates the presence of
many fainter red stars in the region of Cyg OB2. Reddish
et al. (1967) estimated that there are 900 stars brighter
than mpg =21 and 3000 brighter than m, = 20. They find
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Fig. 1. The ultra-low dispersion (10,000 A/mm) spectra of stars of different spectral types. The longer wavelength is to the
right. The discontinuity in the spectrum is due to the dip in the sensitivity of the 103a-E emulsion in the green region

that the association stands out markedly from the field
star fluctuations for all magnitudes fainter than m = 13.
They also find the ratio of red stars to blue stars to be
3.43 indicating that the association contains more than
the average number of stars with large colour indices. If
we use the minimum reddening E(B — V) =1.2 and the
distance moduli Vy — M, = 11.2 the fainter red stars (mpg
= 21 or m, = 20 ) are found to have M, around +6.2
indicating that they may be K type dwarfs. However it is
not possible to conclude with any certainty whether the
large number of fainter stars are late type main sequence
stars or highly reddened OB stars or they may be pre-
main sequence stars with large positive B—V values (B —
V) =~ 3. The CCD UBV RI photometry down to 22nd
magnitude may further enable us to understand the nature
of these stars.

5. Conclusions

We have detected many red and reddened stars in the
Cyg OB2 association using the ultra-low dispersion spec-
tra. Since Cyg OB2 association stars show moderate to
heavy reddening, E(B—V) ranging from 1 to 3.25 (Torres-
dodgen et al. 1991; Massey & Thompson 1991), we con-

clude that several of the red stars that we find in our
survey (Figs. 2 to 7, Table 1) are most likely reddened
early-type stars and some of the fainter red stars may
be late type pre-main-sequence stars or heavily reddened
early-type stars of the Cyg OB2 association.
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Fig. 2. The ultra-low dispersion spectra of stars in the region of Cygnus OB2 (VI Cygni) association. North is towards left and
east is down. The scale is 6"'8/mm. The reddened and red stars are listed in Table 1
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Fig. 3. Same as Fig. 2 caption
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Fig. 4. Same as Fig. 2 caption
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Fig. 5. Same as Fig. 2 caption
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Fig. 7. Same as Fig. 2 caption
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