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Spectrophotometry of speckle binary stars
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Abstract.

Spectrophotometric observations of 20 speckle interferometric binary stars in the

wavelength range 3640-8340 A with a resolution of 18 A are presented in the form of the measured
flux corrected for atmospheric extinction in the units of erg/cm? - s-A, with no corrections for
interstellar reddening. B,V, and R magnitudes, B — V colour indices and entire spectral types
are also presented and compared with those of Hipparcos and Tycho catalogues and SIMBAD.
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1. Introduction

The study of binary and multiple systems by means
of speckle interferometry made a valuable contribu-
tion to the understanding of formation and evolution
of stellar systems, especially in the recent years with
the aid of large telescopes and utilization of diffrac-
tion limited techniques. The direct results of speckle
interferometric observations are separation angle, ori-
entation angle, and magnitude difference for the sub-
components of each binary or multiple system (Balega
el al., 2002). In its turn this leads to the determination
of orbit and orbital period. Using other kinds of obser-
vations, like high resolution spectroscopy (Tokovinin,
1995) or wide range spectrophotometry (Al-Wardat
et al., 2002; Al-Wardat, 2002}, the number of deduced
parameters can be raised, and wide understanding of
such systems can be achieved.

In this paper, a wide range (3640-8340 A), low
resolution (18 A, 6 A/px) spectrophotometry of 20
speckle interferometric binary stars is presented. The
objects of the study were taken from the speckle inter-
ferometric programme, which has been carried out at
the 6 m telescope of the Special Astrophysical Obser-
vatory since the early 90s. The programme mainly in-
cludes late type dwarfs in the vicinity of the Sun, and
their fundamental parameters are badly known. The
presented data can be used as a reference for building
theoretical spectral energy distribution curves on the
basis of Kurucz blanketed models. This, along with
the magnitude difference from speckle interferometric
observations, can be used to build a spectral energy

_distribution for each of the components from which
we can get their Tsy, lg ¢, and spectral types.

The stars are listed in Table 1 with different iden-
tifications: Hipparcos (Col. 1), HD (Col. 2), other

stars: spectrophotometry: spectral energy distribution - stars: binaries: speckle

identifications (Col. 3). The coordinates of the stars
(Table 1, Col. 4, 5) were taken from SIMBAD astro-
nomical database.

2. Observations and data analysis

Spectra were obtained using a low resolution grat-

ing (325/4° grooves/mm, 5.97 A/px reciprocal dis-
persion} within the UAGS spectrograph at the
Cassegrain focus of the Carl Zeiss Jena (Zeiss—1000)
1 m telescope of SAQ during the photometrical nights,
January 28 and February 4, 2002. The seeing was
around 1.5”. The times of observations in terms of
Julian Dates are listed in Table 1, Col.6. The stars
AD Leo, Wolf424, and Hip78864, which exhibit vari-
ability, were observed at a specific time.

The spectrograph has an ISD015A 530x580 px
CCD detector. A 0.5 mm slit width was used to en-
compass all light from the star, and it was rotated
(by changing the angle of the instrument’s table) to
a suitable direction to prevent the effect of nearby
stars.

Two positional angles for the grating were used to
cover the spectral range between 3640A and 8340A,
29° for the blue part and 30°40' for the red part. This
was done for two reasons: first, because of small di-
mensions of the detector which does not cover this
spectral range, and, second, in order to overcome the
falling sensitivity of the detector in the blue part of
the spectrum by applying longer integration times in
this part, and there were at least 500A of overlap be-
tween the two regions (see Fig. 1), allowing us further
checks on our internal agreement.

Standards from Massey et al. (1988), Oke (1990)
and Hamuy et al. (1992, 1994) were used for the cal-
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ibration of the system. The spectra were sky sub-
tracted and wavelength calibrated. Then the spectral
sensitivity curve of the CCD derived from the stan-
dard stars’ spectra for each angle, was used for flux
calibration of the object spectra. All steps were made
using ESO-MIDAS ‘routines. The wavelength cali-
bration was performed by means of He-Ne-Ar lamp
emission spectra.

For each star, the spectra were averaged sepa-
rately for angles of the grating. Then by averaging
the resulting individual spectra in the overlap region,
we obtained a single 4700 A band spectrum.

As an example, four individual spectra of
Hip12552 obtained on February 4th, 2002 are plot-
ted together in Fig. 1. No adjustment has been made
in their flux level. The coincidence reflects a good in-
ternal agreement of our results.

The standard deviation of B and V magnitudes,
obtained for each star from the sample of the spectra,
is typically better than 0™06, and for the R band it
is better than (07707, The error bars are the lowest in
the central part of the spectrum where the blue and
red spectra overlap.

To investigate the external agreement of our re-
sults, we used some of the standard stars. We ob-
served these standards as objects, then we compared
the results with the published spectral energy dis-
tributions of these standards. We observed the stars
HR718 (4m28, BOIII), HR5501 (568, B9.5V), and
HR1544 (4™36, AIV), where Hilt600 (10™44, B1)
from Massey et al. (1988), Feige66 (10™50, sdo) from
Massey et al. (1988), and HD93521 (704, O9Vp)
from Oke (1990) were used as standards in obtain-
ing the spectra, respectively. Then we compared our
results with those published by Hamuy et al. (1992,
1994) (Figs.2, 3, and 4). The comparisons show a
good agreement within the estimated error values
from the internal agreement.

3. Results and discussion

Table 2 lists the measured flux of the stars, corrected
for the atmospheric extinction, in units of erg/cm?s-
A, where Hipparcos identification, if exists, was used
for the stars, else other identifications were used. The
data are plotted in Fig.5. The low sensitivity of the
detector in the blue part is noteworthy here, which is
clear in the spectra.

BV R synthetic magnitudes were computed using
the following integrals:

[ Sa(A) FrdA

X =—-2.5log TS, (dn

+ ZPF,

- Munich Image Data Analysis System, developed, maintained
=nd distributed by the European Southern Observatory.
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Figure 1: Superposition of 4 different spectra of
Hip12552 is shown as an evidence for the final agree-
ment of spectra. The overlap region between blue and
red spectra is shown also.

where S, () is the transmission function for the pass-
band X. We adopted the filter functions Bgg, Vgq and
Rgo published by Bessel (1990). ZP is the zero point
for the magnitude scale. For V band ZP was solved
using the spectrophotometric calibration of Vega pub-
lished by Hayes (1985) and the V magnitude of 0™03
measured by Johnson et al. (1966). While for B and R
bands it was solved using the Vega magnitudes pub-
lished by Hamuy et al. (2001) as B = 0™014, and
R = 0M042, since they are more reliable than those
obtained by Johnson et al. (1966) (see Appendix B
in Hamuy et al., 2001). The integrals were computed
after interpolating S;(A) to the wavelength spacing of
Ff‘“" which is 6 A. The results of these calculations
are listed in Table 1, Col. 7, 8, 9, and 10.

Figs.6, 7, and 8 show comparisons between the
calculated B magnitudes, V magnitudes and B — V
colour indices with Johnson B, V, and B — V of Hip-
parcos catalogue (fields H5 and H37). The Hippar-
cos magnitudes were taken either from the ground
based observations or calculated from Br and Vr of
Tycho using different relations for different kinds or
luminosity classes of the stars (for more information
see Hipparcos and Tycho catalogues sec. 1.3 (ESA,
1997)).

The entire spectral types of the binaries were esti-
mated by comparing B — V with the intrinsic colours
of FitzGerald (1970) neglecting interstellar redden-
ing since all of the stars are nearby stars and their
interstellar reddening lies within the error values of
B — V (see Al-Wardat, 2002). Results are listed in
Table 1, Col. 11, along with those from SIMBAD
{Col. 12) for comparison sake. where they show a
good agreement (within the error values of B —1") for
15 stars, while the other 5 stars: (Hip1053, Hip51945,
Hip64838, Hip70973, and Hip78864; show differences
between the estimated spectral tvpes in this work and
those given by SIMBAD.
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Figure 2: Blue part (a) and red part (b) comparisons between the obtained spectral energy distribution of HR718
(4™28, BIIII) (dotted line) and that published by Hamuy et al. (1992, 1994) (solid line). Hilt600 (10™44, B1)

from Massey et al. (1988) was used as a standard in obtaining the spectrum.
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Figure 3: Blue part (a) and red part (b) comparisons between the obtained spectral energy distribution of HR5501
(5768, B9.5V) (dotted line) and that published by Hamuy et al. (1992, 1994) (solid line). Feige66 (10™50, sdo)

from Massey et al. (1988) was used as a standard in obtaining the spectrum.
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Figure 4: Blue part (a) and red part (b) comparisons between the obtained spectral energy distribution of
HR1544 (4736, AIV) (dotted line) and that published by Hamuy et al. (1992, 1994) (solid line). HD9S8521

(™04, O9Vp) from Oke (1990) was used as a standard in obtaining the spectrum.
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Figure 5: Spectral energy distributions of the stars labeled with the star names.
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Figure 6: Comparison between the calculated V; mag-  Figure 7: Comparison between the calculated B; mag-
nitudes and V; magnitudes of Hipparcos and Tycho  nitudes and B; magnitudes of Hipparcos and Tycho
catalogues. catalogues.
4. Conclusions parameters of these late-type binaries is important

for the improvement of mass-luminosity relation at
Composite spectral energy distributions of 20 speckle  the bottom of the main sequence.
binary stars were measured, from which 17 are G, The BV R magnitudes and the B — V" colour in-
K. and M dwarfs. The knowledge of the fundamental  dices have been calculated, and the entire spectral



64 AL-WARDAT

B-V Hipparcos (Magnitude)
-
(=]
T
1

0.0 " L A L . L A A 1 I . L " | "
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.

B-V (Magnitude)
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types of the pairs have been estimated.

A good agreement has been found between the
calculated colour magnitudes and colour indices and
those of Hipparcos and Tycho catalogues. Also a com-
parison of the estimated spectral types with those
given by SIMBAD shows a good agreement for 15
stars within the error values of B — V. Here it is note-
worthy that previous papers concerning the quadru-
ple system ADS11061 (Tokovinin, 1995, Al-Wardat,
2002) showed a big difference between the estimated
entire

spectral types and those given by SIMBAD.
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