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SPECTROPHOTOMETRIC STUDY OF Be STARS

P. S. GORAYA
Uttar Pradesh State Observatory, Manora Peak, Naini Tal, India

(Received 21 December, 1984)

Abstract. A large sample of Be stars has been studied spectrophotometrically in the visible region. The
continuum energy distribution data for 23 Be stars included in the list of Harmanec et al. (1983) are
presented and discussed in the wavelength range 143200 A—8000 A. For 15 Be stars the observations
reported in the present work are new. By comparing the observed continua with models, the effective
temperatures of these stars have been estimated. It is found that, in general, Be stars have lower effective
temperature than the corresponding normal B stars. The present study shows that the early-Be stars
(B0-B5) possess near-ultraviolet and near-infrared excess emissions more frequently than the late-Be stars
(B5-B9). The seven new Be stars are detected to show pole-on characteristics.

1. Introduction

The nature of Be phenomenon is still not well understood. Since, Be stars are a very
inhomogeneous group, it might be necessary to observe a large sample of these objects,
simultaneously, with different techniques covering wide spectral range. Such obser-
vations can contribute much to the improvement of models for Be stars. An excellent
work has been done by Schild efal. (1974) and Schild (1976, 1978) on the energy
distribution of Be stars in the past years. They have measured the continuum energy
distributions of a large number of Be stars. Their observations of the continuum are very
much valuable for investigating the variations of the continuum by comparing new
observations. They have added much to the understanding of peculiarities of these
objects.

Recently, there is a growing interest in Be stars (Harmanec, 1983) and special
attention is being paid to the systematic photometric observations of these objects.
Realizing the importance of systematic photometric observations of Be stars, an inter-
national observing campaign (Harmanec, 1980; Harmanec e al., 1980; and Harmanec
et al., 1982) has been organised to obtain photometric data of a large but defined group
of bright Be stars over a period of some ten years. Such data would increase our
knowledge of different possible types of the photometric variability of Be stars. They
can also help us in classifying relation between photometric and spectroscopic, photo-
metric and spectrophotometric behaviour of Be stars, etc.

Since, the photometric variations for many Be stars are related to the ultraviolet and
infrared excess emissions, it is desired to find the type of relation between them. The
exact knowledge of ultraviolet and infrared excess emission comes primarily from the
continuum energy distributions in the appropriate spectral range. Thus, the continuum
energy distribution data in the optical region can provide valuable complementary data
to the photometric observations obtained simultaneously. In the present paper we
present the new measurements of the continuum of Be stars.
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2. Observations and Reduction

The stars were observed during 1980-1982 with the 52-cm and 104-cm reflectors of
Uttar Pradesh State Observatory. A Hilger and Watts monochromator was used for
obtaining observations. The observational procedure and instrumentation have been
described earlier (Goraya, 1984). An exit slit of 50 A pass band was used for securing
continuous scans of the stars. The stars included in the present program are listed in
Table 1. Alongwith the Be stars, the standards, &2 Cet, « Leo, and y Gem were observed
for applying extinction corrections and to reduce observations of Be stars to absolute
values. The observed continuum of each star was transformed to the standard system.
The transformation corresponds to the absolute calibration system of Tug et al. (1977).
The absolute monochromatic magnitudes of Be stars were measured at 46 wavelengths
separated by 100 A. The standard deviation of the measurements on an individual night
does not exceed + 0703 in the entire wavelength range.

Especially important in the determination of effective temperature for Be stars from
continuum energy distribution is the calculation of colour excess for interstellar redden-
ing. It has already been discussed in our earlier paper (Goraya, 1984) that direct
measurement of interstellar reddening in Be stars is difficult, mainly because of the
existence of ultraviolet and infrared excess emissions. To avoid this difficulty we have
used the distance moduli method (Goraya, 1984) for the determination of colour excess,
E(B - V), of Be stars for the present study. The values of E(B — V) estimated by this
method are listed in the sixth column of Table I. The values by Jamar et al. (1976) and
Macau-Hercot et al. (1978) are given in the seventh column of Table I for comparison.
It is clear from these two sets of E(B — V) values that the values of Jamar et al. (1976)
and Macau-Hercot et al. (1978) are, in general, higher (much higher in some stars) than
those determined by us. This is most probably because their E(B — V) values are also
contaminated by infrared excess emission in Be stars, whereas ours are free of this effect.

For the present stars the reddening corrections were calculated by using E(B — V)
values determined by us. The mean value of total-to-selective extinction, R = 3.25 was
adopted from Moffat and Schmidt-Kaler (1976). Different interstellar reddening curves
by Lucke (1980) were used for different regions. The monochromatic magnitudes of Be
stars were corrected for interstellar reddening and were normalised to wavelength
15500 A. The de-reddened normalised magnitudes thus obtained are tabulated in
Table II.

3. Measured Continua and Effective Temperatures

The de-reddened continuum energy distribution data tabulated in Table II are displayed
in Figures 1 and 2. We have arbitrary divided Be stars into two groups:

(i) early-Be stars (B0-BS5); and

(i) late-Be stars (B5—-B9).

Figure 1 contains early-Be stars and Figure 2 shows a plot of late-Be stars. In
Figures 1 and 2 the measured continua are shown by filled circles. The double circle at
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Fig. 1. De-reddened normalised observed energy distribution curves of early-Be stars (filled circles)
superimposed by appropriate models (solid continuous curves). The normalisation point at 15500 A is
shown by double circle.

© Kluwer Academic Publishers * Provided by the NASA Astrophysics Data System



1985Ap&SS. 112. . 325G

SPECTROPHOTOMETRIC STUDY OF Be STARS 333

T T T T ]
| _
- 2
T_ —]

_1

ot j

y i

ux | —
g

o [ ]

N - i

. i

- |

_‘

| 1 I | ]

30 25 20 15

1/ (um")

Fig. 2. De-reddened normalised observed energy distribution curves of late-Be stars (filled circles) super-
imposed by appropriate models (solid continuous curves). The normalisation point at 15500 A is shown by
double circle.
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45500 A indicates the normalization point in each of the measured continuum. Since
most of the energy is emitted in the visible region in early-type stars, so the observed
continua can be used to derive effective temperatures of these objects.

It is well known that most of the Be stars possess ultraviolet and infrared excess
emissions. As a result of these excess emissions the continuum of Be stars is disturbed
appreciably. The ultraviolet excess radiation affects the Balmer continuum shortward
of 14000 A and the infrared excess radiation disturbs the Paschen continuum longward
of 25500 A. The part of the Paschen continuum from 14000 A to 15500 A is least
disturbed by these excess emissions. Therefore, in order to estimate effective tempera-
tures of Be stars, we have compared the observed continuum with the synthetic models
(Kurucz, 1979); primary in the 244000-5500 A wavelength range. A comparison of
models with observations is shown in Figures 1 and 2. The grid of models superimposed
on the measured continua are indicated by continuous curves and filled circles,
respectively. The numbers in the bracket (followed by HR number of the star) attached
to each continuous curve indicate the value of the effective temperature (7.4) and
effective gravity (log g), respectively, of the best fitted model. In deriving effective
temperatures of Be stars we have assumed that log g = 3.5 for luminosity class III and
log g = 4.0 for luminosity class IV and V (Kontizas and Theodossiu, 1980). The derived
values of effective temperatures are given in Table I.
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Fig. 3. The position of observed Be stars (filled cirlces) on the 6,4-spectral type plot for normal B stars.
The relation for normal B stars is shown by the solid continuous curve.
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The uncertainty in the derived temperature is + 2000 K around 30000 K and + 700 K
around 10000 K. The effective temperatures of Be stars derived in the present paper
were converted into 6.;. The position of Be stars (filled circles) are shown on the
0.q-spectral type plot as'shown in Figure 3. The solid curve in Figure 3 corresponds to
the relation for normal B stars obtained from the data for early-type stars given by
Kontizas and Thedossiu (1980). From this figure one can easily make out that, in
general, Be stars have some tendency to give lower effective temperatures than normal
B stars. This effect is slightly more pronounced for early Be stars.

4. Excess Radiation in Be Stars

Figures 1 and 2 give the comparison of observed continua with theoretical curves. It
is obvious from these figures that the observed continua of most of the Be stars deviate
remarkably from the theoretical curves, either in the near-ultraviolet or in the
near-infrared region or in both. The observed continuum of six stars viz. HR 1051,
HR 1761, HR 2142, HR 2521, HR 7807, and HR 9068 matches well with models in the
whole observed spectral range (A13200-8000 A). These stars show normal continuum
energy distributions. The other star-HR 2231 is found to show near-ultraviolet deficiency
in its continuum. The rest of the 16 Be stars show excess radiation. The excess emissions
in Be stars are known to originate from the circumstellar envelopes of Be stars. The
nature of ultraviolet excess emission is not well known but the infrared excess emission
is relatively well understood. The most widely accepted explanation for the infrared
excess emission is the free-free and bound-free emission originating in the ionized
circumstellar envelopes (Schild ez al., 1974; Gehrz et al., 1974; and Scargle et al., 1978).

In the present study we have suspected seven Be stars as belonging to the category
of ‘pole-on’ stars. The term ‘pole-on’ was introduced by Slettebak (1949). Later on
Schild (1973) used the term extreme Be stars to denote those stars formerly called
pole-on. He suggested that extreme Be stars have permanent strong hydrogen lines than
another group of stars. From infrared observations, Schild (1973) also concluded that
extreme Be stars are, as a class, strong infrared sources. According to Schild (1973),
the existence of the stars with measured projected rotational velocities v sini no greater
than those of the stars identified as pole-on but with properties very similar to the
majority of Be stars (Balmer line emission, infrared excess, etc.) can give rise to the
identification of the true pole-on stars. The seven Be stars: HR 1204, HR 1763, HR 1820,
HR 2418, HR 3135, HR 6881, and HR 7403 in the present study have projected
rotational velocity less than those identified as pole-on (Schild, 1973) and possess strong
near-infrared excess emission (see Figures 1 and 2). We hope that these stars belong to
the group of pole-on stars. In order to confirm the pole-on character of these stars it
is necessary to observe these stars in the Hu line and infrared regions. Permanent strong
Ho and infrared emission can prove their pole-on nature.
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