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SOME PHOTOMETRIC CHARACTERISTICS OF Be STARS
(Review Paper)

Eugenio E. Mendoza V.
Instituto de Astronomia
Universidad Nacional Autdnoma de México

Abstract, Homogeneous observational data on four photometric systems

which cover the spectral range from 0.14 to 4 microns through narrow,

intermediate and broad passband filters are used to review and derive

some photometric characteristics of Be stars. We find that 60% of the
stars under discussion have ultraviolet and infrared excesses.

1. INTRODUCTION

The subject "Photometry of Be Stars' is too extense to give a full
account of it at this symposium. Therefore, I have to restrict myself
to a selection, which naturally is biased by my own knowledge and
interests. However, some facts derived from photometric measurements
will be discussed.

2. FOUR PHOTOMETRIC SYSTEMS

We are including in our discussion observational data taken in four
photometric systems, namely,

1) Absolutes fluxes in four passbands centered at AA1565, 1956, 2365
and 2740A observed by the Ultraviolet Sky Survey Telescope. Its main
photometric characteristics are given in the Catalogue of stellar
Ultraviolet Fluxes compiled by Thompson et al. (1978).

2) The UBVRIJHKL-system (Johnson et al., 1966).

3) The 13-color photometric system (Johnson and Mitchell, 1975).

4) The a(16), A(9) photometric system (Mendoza, 1977, 1979). These
photometric systems cover the spectral range from 0.l4 to 4 microms,
approximately, through broad intermediate and narrow passbands filters.

3. THE ObSERVATIONAL DATA

We have reduced the observational data very much to be discussed herein,
The criterium was to include 09.5-B8 type stars which have o (16) and
A(9) measurements made by ourselves, and which are also suspected or
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confirmed to have Balmer lines contaminated by emission. We have
collected 56 stars altogether. They are listed in Table 1. The star's
designations are HD numbers; spectral types are from Mendoza (1958),

and Jaschek et al. (1971). The a(l6) and A(9)-indices are new, except
for the four Be Pleiades stars (Mendoza, 1979). The UBVRIJHKL
photometry has been taken from Mendoza (1967, 1969), and Johnson et al.
(1966). H-magnitudes from Iriarte (1969), and Morel and Magnenat (1976).
The 13-color photometry from Johnson and Mitchell (1975). The
ultraviolet fluxes were transformed to the visual magnitude scale using
the absolute calibration of Hayes and Lathman (1975):

m(A) = - 2.51logF(A) - 21.175

the derived magnitudes are referred in Table 1 and herein as 16, 20, 24
and 27-magnitudes.

The photometry given in Table 1 is characterized by its homogeneity
and high quality. We illustrate in Figure 1, as an example, a comparison
of the 0.(16)-indices and the strengths of HO given by Andrews (1968).
This comparison includes 100 normal early type stars, plotted as a solid
line. The actual scatter is very small around it, less than 0.03
magnitudes, no a single normal star departs from the line more than this
amount. The open circles in Figure 1 represent the Be stars listed in
Table 1. Its scatter is not unexpected since the strength of the
emission in Ha varies as function of time. The time difference between
Andrew's data and ours in about 15 years. We notice from figure 1 that
around one-third of the stars listed in Table 1 have changed their Ho
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Fig. l.~ A comparison of two Ho-photometric systems
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strength in this lapse of time, a few of them as much as 0.4 mag. other
Be stars show only a faint emission, if any. It should also be pointed
out that several of the Be stars listed in Table 1 have changed their Ho
strength from one year to the next. For instance X Persei brightened by
0.12 mag. from 1978 to 1979, and ¢ Tauri by 0.06 mag. from 1977 to 1978.
The probable error of a single observation of the ®(l6)-index is around
0.004 mag. (Mendoza 1979). Thus these changes are 30 and 15 times this
observational error. It is interesting to mention that two stars

listed in Table 1 with a(l6)-indices contaminated by emission do not
appear in the Be catalogue (Jaschek et al, 1971), namely, BS 1761 and 10
Monocerotis. The first onme is in Andrew's (1968) catalogue with an Ra
value which indicates its Be nature.

4, SOME PHOTOMETRIC PROBLEMS

Normal stars are often obscured by interstellar extinction, thus, their
colors depart from the intrinsic colors, which in most cases are not
accurately known. A study of 800 normal Main Sequence stars, taken
mostly from the Bright Star Catalogue (Mendoza, 1975), which contains
many unreddened stars, indicates that mean colors deviate from Johnson's
(1966) as much as 0.3 magnitudes. The exact amount depends on wavelength
and spectral type. For instance, at Bl V mean colors are redder than
intrinsic colors from 0,03 (visual) to 0,17 (infrared) mag. This can be
interpreted either as there are not unreddened early type stars or
Johnson's intrinsic colors are too blue or the 'cosmic scatter'" is too
large. More work is needed in this direction.

Additional problems are encountered in the Be stars, per example,
1) Variability. Ho emission variations were stated above. 1In addition,
Banhg (1976), among others, have reported rapid variations of Hu
Variability in the UBVRI has also been reported by many authors, see
for instance Feinstein (1968). A systematic study of a number of Be
stars by Alvarez and Schuster (1981) in the 13 color system shows that a
number of Be stars are undoubtedly variable stars. Variations in the 52
and 58 magnitudes are the most common form of variability. Variations
in the Balmer continuum and near infrared are the most common color
changes,
2) Emission. Several filters of the Photometric systems under
consideration allow the pass of spectral features contaminated by
emission, such as the R-filter which transmits at the Ha-wavelength.
Thus, the colors containing the R-magnitude may be different in Be
stars than in normal B-type stars.
3) Color excesses. Ultraviolet and infrared color excesses have been
reported by several authors (Mendoza 1958, 1969; Feinstein 1968) which
are unexplainable solely by interstellar extinction.
4) Binaries. Several Be stars are binaries with a probable red
companion (Polidan and Peters, 1976). If this is the case their colors
may be distorted.
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5. TWO COLOR DIAGRAMS

The analysis of the 28-color photometry contained in Table 1 could
include many comparison of the several color indices. We begin by
plotting a(16) versus A(9) in Figure 2. The symbols in Figure 2
represent: the solid line, the standard relationship for normal 09.5-B8
Main Sequence early type stars. In addition, extreme shell Be stars lie
in Figure 2 to the right, even further than the early type supergiants.
This probably means that these Be stars have larger but similar
envelopes than early type supergiant stars. A number of Be stars have
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an A(9)-index contaminated by emission, such as those shown in the
extreme left in figure 2. However, the reverse is not true. For
instance P Cygni has an OI (A7774A) both in emission and in absorption
(Mendoza and Johnson, 1979) which yields an A(9)-index similar to that
of a Main Sequence B-type star,

The photometry from the Ultraviolet Sky Survey Telescope indicates
that roughly half of the Be stars listed in Table 1 have UV-Main
Sequence colors like. The other half sets aside from the unreddened
Main Sequence B-type stars. We show, as an example, the relationship
between the (16-27) and (16-24) colors in Figure 3. The symbols in
this Figure represent: solid line, an approximate Main Sequence
relationship for unreddened B-type stars; open circles, Be stars;
crosses, supergiant stars (the crossed cirle represents B Orionis). 1In
the (20-27, U-B)-array Be stars are better separated than in the (16-27,
16-24)-diagram. This is illustrated graphically in Figure 4 (the
symbols in Fig. 4 have the same meaning as in Fig. 3). Infrared colors
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Fig. 6.- The (35-37), (52-58)-plane
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can also be used to divide color diagrams in two regions, namely, Be
and normal B-type stars. In figure 5 the stars listed in Table 1 are
plotted in the (K-L, H-K) array. Other stars which are not contained
in Table 1 also show the same characteristics, Early type supergiant
stars perhaps do not lie far from the unreddened Main Sequence in the
(K-L, H-K)-plane. The triangles in Figure 5 represent early type
supergiant stars not listed in Table 1, The broken line represents the
Main Sequence for spectral type later than B8. Another interesting two-
color diagram is (35-37) vs (52-58) shown in Figure 6, where again a
number of Be stars are separated from normal B-type stars.

6. COLOR-EXCESSES

Two-color diagrams which involve either ultraviolet or infrared colors
(see for instance Figs. 3-6) give a qualitative account of color
excesses for a number of Be stars. These excesses can be investigated
further with the aid of intrinsic colors. Since the infrared excesses
seem to be too large to be explained by solely interstellar obscuration,
then it is also necessary to know the extinction law valid in the
direction of each Be star.

We are going to assume a single normal extrinction law, such as
the one of Cygnus (Mendoza 1968) and to use Johnson's (1966) intrinsic
colors for the UBVRIJHKL-photometry, and provisional values, derived
from hopefully unreddened Main Sequence early type stars for the far
ultraviolet and 13-color photometries. We are also going to assume that
the colors least disturbed by the Be-phenomenon are (V-R) and (52-58).
Let us once more recall that variability, less accurate types for Be
stars, and other items mentioned above may affect the end product.

The results indicate that the Be stars listed in Table 1, around
60% of them have ultraviolet and infrared excesses, the 13-color
photometry shows that in the 0.3-1,1 micron region some of the Be stars
with color excesses have secondary peaks in both the Balmer and Paschen
continua (filters 37 and 80), probably contaminated by emission. The
broad passband photometry does not show these features; however, it
indicates that larger excesses exist in the neighborhood of A2365 in
the UV, and 4 microns and at longer wavelengths in the infrared. Y Cas
and ¢ Per have these properties. Their color excesses versus 1/\ are
shown in Figure 7,

7. SUMMARY AND CONCLUSIONS

The four photometric systems which yield 28 color indices in the wave-
length interval from 0.14 to 4 microns, approximately show that Be
stars have as a group:

1) Light variations in their continua and in some spectral lines.

2) Ultraviolet and infrared color excesses (see Fig. 7) for about 607
of the Be stars under discussion, o

3) Some extreme shell Be stars have the OI A7774A enhanced absorption
stronger than in supergiant stars of the same spectral type. This

https://doi.org/10.1017/5S0074180900037487 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900037487

SOME PHOTOMETRIC CHARACTERISTICS OF Be STARS

15

0.4 - | 1 -
Color >
Exc. o
o X
0.2 o -
o) x x 20 X
< (o)
x b (o]
o o)
o F < 8 ® © -
| | | ] | L 11 11
33 37 40 45 52 63 72 86 |0
35 58 80 99
Y Cas as o ¢ Per as x
: |
x
1.4 -
Color o
Exc. | = *
I.Or— (o) —
o)
0.6 5O -
o
Lo} o
0.2+ —
o 008
1 1 | | Lt
16 20 24 27 U B V R | JHKL
A

Fig. 7.- Color excesses for two Be stars in two photometric systems

https://doi.org/10.1017/5S0074180900037487 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900037487

16 E. E. MENDOZA

information may be obtained from the A(9)-index.

It should be pointed out that a few specific Be stars have quite
different photometric characteristics than the average. P Cygni is one
of them., 1Its (V-R) and (52-58) seem to have an additional reddening,
other than interstellar, which perhaps will make that the derived color
excesses from these indices may be wrong by a considerable amount (too
large in the far UV and too small in the near IR). P Cygny in most
two-color diagrams lies close to the 55 Cygni locus (see Figs. 3, 4, 6)
the supergiant star listed in Table 1 with the strongest Ho-emission
(Mendoza and Johnson, 1979).

Current work on Be stars at the University of Mexico is:
1) Light variability on the 13-color (Alvarez and Schuster)
2) Michelson Fourier Spectra.
3) H, He and OI-line strength measurements (Mendoza and Ortega).

More new observations and explanations of the photometric
characteristics presented here, most likely, will be treated in this
symposium.
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DISCUSSION
Jaschek: Which is the least affected passband by colour excess, both
ultraviolett and infrared?

Mendoza: Perhaps the (52-58) colour index of the 13 colour system.
For the broad passband photometric system I have assumed that V-R
is the least affected by the colour excess.

Kozok: How does a star behave in your colour system, if it loses its
emission?

Mendoza: A Be star without emission is not seperated from the normal
early type star relationship, when an emission index is used. However
it may still keep a colour excess, thus, for instance it behaves like
a Be star in the K-L vs. H-K colour diagram.

Traving: Did you include in your program Herbig-Be stars?
Mendoza: No, only Be stars from the Bright Star Catalogue.

Harmanec: Referring to the probable variability of most Be stars on
different time scales, it would be important to publish exact J D of
every observation even in studies of statistical character. Otherwise
an important piece of infromation is lost.

Mendoza: The J D is included in the broad band pass photometry and 13
colour photometry. The J D for the a(16), A(9) indices will be given
on request.

Feinstein: Do the same stars have infrared and ultraviolet excesses?

Mendoza: Be stars have sometimes only UV excess other times only IR
excess, and also sometimes both UV and IR excess.

Viotti: In your sample of Be stars you included some objects that
cannot be considered properly as Be stars, like P Cygni which has no
signs of "photospheric" lines in its optical spectrum, and even B
Lyrae. But it could be useful to find out some statistical properties
of these stars, in particular to have a basis for modelling, looking
at their time variations.
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