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The S2/68 experiment of the satellite TD1A has supplied, in the wavelength region of 1350 A to 2550 A, a very large number of
spectra of stars classed B in the visible. A statistical study as well as a general analysis of these spectra have been carried out in order
to establish criteria relative to the spectral region envisaged and independent of any previous study in the visible. On the basis of
these criteria, a system of classification has been outlined.

In this first paper, only the spectra of stars classed B0 to B5 have been considered.
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1. INTRODUCTION

The S2/68 experiment aboard the satellite TD1A has supplied a large number of stellar spectra in the
wavelength region of A\ 1350-2550 A with a resolution of 37 A. The satellite swept the whole sky
systematically in six months and the experiment has produced spectra for about 80% of the hot stars with a
visual magnitude limit of about nine. The general description of the S2/68 experiment has been summarized
by several authors (Wilson et al. 1972, Barker et al. 1973, Boksenberg et al. 1973). In these publications
and in Humphries et al. (1975), the reduction procedure may be found. Essentially the final result of observations
is an absolute flux measurement as a function of wavelength, in steps of 10 A. This result can be reproduced
either as a numerical table, or as a graph.

Up to the present time, practically all stellar classifications have been established from spectra in the AA
3700-7000 A range and have been represented by some photospheric models. But recently a statistical study
on the ultraviolet continuum of A-type stars has shown:

1) the inadequacy of the classical radiative equilibrium models to represent the observations at 2100 A when
the Balmer continuum at 2100 A is compared to the Paschen one at 5480 A (Malaise et al. 1974);

2) large variations around 1400 A from star to star within a same spectral type (Malaise et al. 1974).
Consequently, it appears that both a larger statistical study of the ultraviolet spectra and an analysis of their
correlation with the visible are necessary for all types of stars. The availability of the above-mentioned
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material for all types of stars supplied by S2/68 permits such a morphological study to be made, which
consists in fact in drawing up a spectral classification based only upon the AL 1350-2550 A range; and
secondly, to establish a correlation with visible data. However, because of the interstellar reddening, no
comparison between the Balmer and Paschen continuum can be made for B and other hot stars, so the
features to be used for this work are the best remaining characteristics of the UV spectrum.

Since the problems posed are rather complex, it has been necessary to proceed by successive steps. It is
for this reason that in this paper we shall only consider all available spectra (about 450) classified as BO to B5
in the Harvard system. This we shall consider as constituting one single group (from hereon called the sample)
independently of their accurate classification, in the Yerkes system.

2. CLASSIFICATION SCHEME

Within the sample a search was made for criteria of classification. Three features were observed to
occur simultaneously in all spectra. As a first approach, they were regarded as morphological characteristics
of the sample. Figure 1 provides an illustration of the features.

As can be seen, the three features are situated approximatly at AA 1410 A, 1550 A and 1620 A.
They are in fact blends of many absorption lines whose contributions to the blend and relative strengths vary
with the temperature and the luminosity of the star. The proposed identifications of the main contributions
of these features are listed in table 1.

It is clearly desirable that the features be described quantitatively. It would, for example, seem appropriate
to measure the central depths of the features. Such a procedure requires the definition of a continuum from
which to measure the depth, and this turns out to be difficult. It was, therefore, decided to use line-ratios,
whenever possible because these can be done without fixing the continuum. As a definition of the ratio of the

features r; and r,, we have used:
ry F,~1410

ry F,~1550
where F, represents the absolute flux at the wavelength A, which corresponds to the center (bottom) of the
feature. It is clear that sometimes the center may be displaced. For r, and r5 the corresponding ratio is

rs F;VN 1620

r, Fy~1550

The first search was made for a temperature indicator. If such an indicator can be found, it should
correlate closely with other temperature indicators, such as (U — B)o. We have plotted ry/r; vs. (U — B)o and the
result is given in figure 2. The correlation is sufficiently close for us to regard r,/r, as a temperature
indicator in the range 1.12-1.37. This point can be further illustrated by introducing the MK spectral types,
and this has been done in the same figure by means of different symbols. As can be observed, the correlation
is remarkably good. Beyond r;/r, =1.37, the correlation weakens, both with respect to the colour and the
spectral type. It was found that the depth of the r; feature was useful in such cases. Figure 3 shows a plot of:

F,~1580
F;"'V 1620’

the latter quantity is related to the depth of the feature. It has the advantage that the flux at both points is
usually defined without ambiguity. From the figure, one can see that the separation between spectral types is
again very clear.

Although by their nature the parameters used are continuous, one can subdivide the total range into
intervals corresponding to the discontinuous spectral types. The situation is summarized in table 2.

(U—B)o vs-
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To estimate the error of our indices, one has to consider the statistical fluctuations in the number of
photons counted in each channel, and also the agreement between the different spectra of the same star.
The first error is dependent on magnitude. For m,<3, m,<5, m,<7, the errors amount on an average
to 0.7%, 1.6%, 3.8%. Since the stars included in this study are mostly brighter than m,=6, this error is less
than 2%. The second error (external error) has been evaluated separately for each star (and this, in average,
from four spectra); there results an average error of 2%. Concerning both sources of error one arrives at an
accuracy which corresponds to about +0.7 tenths in spectral classes. This should be compared to errors of
+0.7 tenths in spectral type (Houk et al. 1975) and .02 in (U — B),.

The second step is to find a luminosity criterion. A visual study shows that the important feature is r,
and several criteria involving this feature were therefore tested, namely:

a) The central depth of r,, measured from a continuum fixed by three points which are well defined,
namely 1500-1700-2500 A (Malaise et al. 1974). The two latter points were chosen to avoid the interstellar
hump at 2200 A. After a few trials, it seemed that the sum of the central depths of r; and r,, called r, +r;, was an
even better way of expressing the visual impression of the spectrum. Figures 4a and 4b show the result.

b) The equivalent width of r,. The equivalent width was defined as being the product of the central
depth and the width of the feature at half central depth. Figures 5a and 5b show the result.

¢) The ratio r3/r, defined as above. Figures 6a and 6b show the result.

Although all three figures display a separation of supergiants and dwarfs and perhaps permit even an

intermediate group to be defined, it is also clear that procedures a) and b) are open to criticism because
the results depend very much upon the drawing of the continuum, which is difficult to define. In conclusion,
we think that the best procedure is ¢), which is independent of the continuum.
F 1580
F 1620°
luminosity, defined by the lines plotted in figures 6a and 6b. In the lower part only dwarfs are found
(with very few exceptions); in the uppermost region only bright giants and supergiants are found. It is to be
remarked that there are too few supergiants in the sample for this region to be well defined. In the inter-
mediate there is a predominance of giants, although one finds also many subgiants.

Concerning the influence of interstellar extinction, the spectra of the initial sample correspond to bright
stars, therefore, they should be essentially unreddened. On the other hand, the wavelength range (AA 1400-
1650) is narrow enough to permit any remaining differential interstellar extinction to be neglected in the
first approximation; a rough estimation gives a value <0.08 m for ry/r, and <0.01 m for r3/r,. The stars
with E(B—V)>0.06 have not been considered in the initial sample.

It would seem possible to divide the planes (r;/r,, r3/r2) and< r3/r2> into three regions of different

3. RESULTS

According to the scheme outlined herein, 426 stars of the sample have been classified. The results are
given in table 3. In order to avoid confusion with the MK luminosity classes, the prefixes d for dwarfs,
g for intermediate stars and s for supergiants have been used. The spectral types quoted from literature were
taken from what was considered to be the most reliable classification lists (ref. a, b, c, d).

In spite of the good correlation observed between the UV and the MK classification, some stars do not
agree with the scheme proposed in table 2. The discrepancies may be due to the spectral types and UV
indices errors. However, if only the stars, whose visual magnitude is less than 4 and for which a minimum of
3 scans has been obtained are considered, the error on the UV indices falls to +0.3 tenths in spectral classes.
Then, the discrepancies between the two sets of classifications, which can be observed for these stars on graphs 7
and 8, become significant, and show that a real problem exists between the UV and visible spectra.
This implies that for each star of the sample which does not fit into the proposed correlation scheme, such
a problem can exist and needs an individual study.
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The present scheme has not been applied to 5% of the initial sample (spectra too noisy, strong peculiar
characteristics...). These stars will be considered in detail elsewhere; one finds among them stars of the Helium
weak type and objects of the CNO group. As for the Be stars, they do not exhibit outstanding characteristics;
for luminosity they fall, as expected, into the intermediate group.

4. CONCLUSION

This work demonstrates that it is possible to classify the ultraviolet spectra supplied by S2/68 experiment
by means of ultraviolet criteria exclusively.

The classification thus established can be linked both to longward photometry (U —B for example) and
spectroscopy (Yerkes classification). The fit is very satisfactory.

The question to be raised is whether such a result is unexpected. Since the layers where the ultraviolet
lines originate could be different from those where the visible spectrum originates, it is not obvious that the
classifications derived from both sets should be coincident. The fact that they do coincide would appear to
imply that the basic physical situation in both cases is dominated by the same process.
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Figure 7 Absolute flux ratio of A\ 1410 and 1550 A lines vs. (U — B), for the
stars with m, <4 and for which a minimum of 3 scans has been obtained.

Figure 8 Absolute flux ratio vs. (U—B)o for

F 1620
the stars with m,<4 and for which a minimum of
3 scans has been obtained.
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