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RESUMEN

Se ha desarrollado un sistema de clasificacién visual de la intensidad de la banda de
absorci6n interstelar A4430. Este se basa en la observacién al microscopio de espectros tomados
a dispersién de clasificacién espectral. La intensidad de la banda fue dividida en 8 clases
principales definidas por un grupo de estrellas seleccionadas como prototipos.

El sistema fue aplicado a 1,111 estrellas O y B del hemisferio austral, contenidas en el
catdlogo de Garrison, Hiltner y Schild (1977). El error tipico en la clasificacién se estimé en
*1 clase. El ancho equivalente de la banda se midié para 100 estrellas y se encontré una
excelente correlacién con las estimaciones visuales. Se da una calibracién entre estos dos
parédmetros.

ABSTRACT

A system of visual classification of the strength of the interstellar band A4430 has been
developed, based on spectra taken at spectral classification dispersion. The intensity of the
band was divided into 8 main classes, defined by a group of selected standard stars.

The system was applied to 1,111 southern OB stars contained in the catalog of spectral
types by Garrison, Hiltner, and Schild (1977). The mean error in the classification was
estimated to be *1 class. Equivalent widths were measured for 100 stars; an excellent cor-
relation with the visual estimations was obtained. A calibration between these two parameters

is given.
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I. INTRODUCTION

For over 40 years the presence of interstellar bands
in the spectra of early type stars has stimulated many
astronomers to search for the origin and nature of
the absorption. In 1934 four interstellar bands in the
visual spectral region were first identified, (Merrill
1934). With time more features were discovered along
the spectrum and up to 1975, 39 features between
24430 and 16850 had been identified as “certainly or
very probably of interstellar origin” (Herbig 1975).
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Since their discovery, several theories for the
origin of the bands and the nature and properties of
the tracer have appeared. The two classical theories
for their origin are; by transitions in free molecules
and by some process on the solid interstellar grains.
These ideas have been considered for a long time
and were first presented by Beals and Blanchet (1937)
and Merrill and Wilson (1938) respectively. More
recently an origin by small (300 A) grains alone was
suggested by Martin and Angel (1974) and Herbig
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(1975). Also described have been some types of
molecular transitions which could reproduce the
observed profiles of the features (Smith, Snow, and
York 1977). Unfortunately even the most modern
studies have not had definitive success in confirming
these.

Most of the studies have been based on the results
of statistical analyses using the intensity of such bands
and their correlations with other related physical
parameters such as interstellar reddening, column
density, ultraviolet extinction, etc. As a measure of
the intensity, the equivalent widths have been mostly
used. It is desirable to have very accurate equivalent
width measurements, but since one has to have a
calibration of the plates in order to avoid problems
such as differences in exposure, the number of spectra
with which one can work is rather restricted. However,
there exist many spectra at classification dispersion
without calibration that can be useful. We suggest
that for these spectra, a visual classification —which
is in fact very efficient and, as will be shown in
§II, as accurate as the measurements of equivalent
widths when a calibration is not available— can be
carried out profitably.

In this work such visual inspection has been carried
out for the strong band 4430 which is the widest,
shallowest and bluest of the known features. Because
of its very shallowness and wideness the band is
overlapped, and can be confused, with some stellar
lines, OII A4415-17 being the most typical example.
This line can affect considerably the determinations
of the equivalent widths, however the eye is a good
tool that is able, in most of the cases, to differentiate
between the band and the line profile. Furthermore
it will be shown in a forthcoming paper (Arellano
Ferro 1980) that the presence of OII A4415-17 has
not affected the classification or the results obtained
by using it. The method used for the classification is
described in §II and the results are presented in Table

2.

II. THE CLASSIFICATION

1,111 southern OB stars from the catalog of
spectral types by Garrison et al. (1977) were clas-
sified. For this purpose Garrison’s collection of
spectra was used. These spectra were taken during
the years from 1966 to 1973 at the observatories
Cerro Tololo and Las Campanas in Chile,
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The classification is based on a set of standards
defined by looking through the complete file of
spectra. It is not very simple at the beginning even
to detect the band, but after practice one is able
to distinguish differences in intensity and width. We
have been able to differentiate 8 main classes of
intensity and we identified them with numbers from
0 to 7, where the class 0 has to be interpreted as no
band detectable at all and the class 1 as “well, T
think it is there”, i. e., it is at the limit of the visual
detection. However, a few cases show the band a bit
stronger than one of the main classes but not as
much as the next main one. Those stars were clas-
sified with half classes (e. g., 0.5, 1.5, etc.).

The stars used as standards are listed in Table 1.
The most frequently used are marked with an asterisk
and shown in Plate 7a.

TABLE 1
STANDARD STARS

HBG CPD HD CLASS
130 —48 1465 .. 0*
1610 —34 7719 167 647 0
1192 —46 8158 150 500 0
528 —60 2571 . 1%
340 —50 2848 85 983 1
45 —27 2151 60 284 2%
157 —43 2396 69 648 3%
313 —56 2319 83 060 3
299 —48 2401 e 4%
1298 —46 8391 154 339 4
50 —21 2383 . 5%
898 —59 5634 . 5
72 —32 1734 .. 6%
1071 —51 8967 144 555 6
958 —58 5910 136 471 7%
49 —21 2364 R 7

The M4430 band is framed, in most cases, by the
helium lines A4387 and A4471. Between these two lines
and the band there is a good space of continuum,
which can be used to see the contrast with the density
at the center of the band.
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PN The classifications are presented in Table 2. The
T columns are self-explanatory. For details see the

This problem is an important one to bear in mind
when the calibration of the band strength and the

notes to Table 2.

Most people are sceptical about visual estimations
when they are compared with more quantitative
classifications. A visual classification runs into as many
troubles as any other classification, for instance, the
determination of equivalent widths, which surely is
the most frequently used method of quantification
of the strength of spectral features, or central depths
with a microdensitometer. In both cases the local-
ization of the continuum level is a big problem.

In the classification by eye, one of the main
problems to deal with is the difference in densities of
the spectrograms. For spectrograms which are
overexposed the band will appear shallower than if
they were well exposed, and if they are underexposed,
the band may appear either deeper, if it is not very
underexposed, or may not even show up if it is too
underexposed. A good example of how the exposition
does affect the intensity of the band is shown in
Plate 7b for the star CPD —56°6206 (HBG 883).
However, during the classification a good idea of
how a well-exposed spectrogram appears was formed;
then, every spectrum unlike that average one was
marked, (see remarks column in Table 2).

Two other main problems arise during the clas-
sification: one is the guiding; when it is not very
good, the horizontal bands of different densities
crossing the spectrum produce confusion. In general,
in these cases, one tends to overestimate the band.
The other problem is the line of ionized oxygen,
A4415-17. This latter is on the blue wing of the band
and because of the superposition, it gives problems
for a good estimation of the contrast between the
band and the continuum. These characteristics are
also marked in Table 2.

The existence of other, weaker stellar lines in the
region of the band has always introduced a large
uncertainty in the estimations of the strength of the
band. Furthermore, it has been demonstrated that
those lines can produce a band-like appearance in the
spectrum, as is the case of the stars Rho Leonis (Blades
and Somerville 1977) and BD 69474, HD 269660,
HD 268718 and HD 269546 (Blades and Madore
1978). However, in most of the stars used in this
work, the band, when it exists, is very obvious. When
several lines were detected the band was not classified,
but was marked in Table 2 with a question mark.
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equivalent width is carried out. This problem will be
discussed in section III.

For 203 stars with two or more spectrograms
available, the spectra were classified independently.
In some cases the classification was exactly the same
but in others it differed. Because of the randomness
of this sample of stars, the multiple spectrograms give
us an idea of how consistent the classification is.
From the statistics of this sample we found that; for
a star picked at random from the sample, there is
a 37% probability that its actual class is the one
with which it was classified, 78% is in the range
1 class and 95% is in the range =2 classes. From
this, we therefore estimate that the mean error in
the classification is a bit less than 1 class.

For these 203 stars, the spectra were classified
again independently of the first classification. It was
found that in most of the cases the classification was
equal to the first one and that the differences were
due mainly to differences in density, exposition, or
to poor guiding. The poor spectra were rejected.
When differences in class still persisted, then the
remaining spectra were averaged. These cases are
indicated in the remarks column of Table 2 (see notes
to Table 2).

Naturally, one is always tempted to compare the
classification by eye with some other method of
measurement. For some stars the spectra were traced
with a microdensitometer and then the tracings were
compared with the tracings of the standards. A
classification following this method can also be
carried out, but the accuracy is not higher than the
eye method. Nevertheless one can use both methods
complementarily. In our case, for those where the
class was in doubt, the tracing method was used to
reinforce the visual one.

Of course, several other methods of classification
might have been used but for general purposes the
visual classification is a good enough method that
works well.

ITII. CALIBRATION WITH EQUIVALENT WIDTHS

We have calibrated the classification in terms of
equivalent widths. In order to do that, 100 spectra
with similar densities, but without the OII 14415-17
line and without problems of guiding or exposure,
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were chosen. Those spectra were scanned, normalized
and traced with the DDO PDS microdensitometer.
For the normalization, two continuum points were
defined, A4400 and A4460. Once the spectra were
normalized, the equivalent widths were measured
with a planimeter.

The tight relationship between the class (C) and
the equivalent widths is shown in Figure 1. The two
lines represent the two correlation lines;

C=176 W (A) — 135, (1)
W (A) =040 C + 1.22. (2)

These lines determine the two extremes of a family
of lines whose slope is different, depending on how
much the class or the equivalent width contribute to
the dispersion due to intrinsic error in the determina-
tion of each of them. We considered that 50% due
to each of them is a good compromise, and in this

case the average line of equation (3) represents well

the calibration between the class and the equivalent
width.

W (A) = 047 C + 1.03. (3)

The reason why this line does not pass through
the origin might be the possible presence of stellar
lines across the band (Blades and Somerville 1977;
Blades and Madore 1979), which contribute to the
equivalent width measurement and may cause a
misclassification. Obviously the existence and strength
of the stellar lines depends on the spectral type of
the star. Because this sample of stars is well mixed in
spectral types O and B, as well as all luminosity
classes, part of the dispersion in Figure 1 could be
due to this effect.

Because of the very good correlation between the
class and the equivalent width, we are confident that
the visual classes will work as well as the equivalent
widths and the former is a much more efficient
method.

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System
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Fig. 1. Calibration between Class(C) and Equivalent Width (W). The
small scatter illustrates the equivalence of both methods of strength
estimation for the 14430 band.

A statistical study for these stars based on the
classification is in preparation.

We are grateful to CONACYT( Consejo Nacio-
nal de Ciencia y Tecnologia) of México and to the
National Research Council of Canada for financial
support.
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Plate 7a. 'The most frequently used standard stars.
Plate 7b. An example of the effect of the exposure time on the intensity
of the A4430 band, for CPD-56°6204.
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