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Abstract.

Spectrophotometric observations of the second set consisting of 15 stars of speckle

interferometric binaries are presented. Observations covered the range 3700-8100 A with a reso-
lution of 18 A. Results 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 catalogue and SIMBAD.
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1. Introduction

As we mentioned in paper I (Al-Wardat, 2002a):
“the study of binary and multiple systems by means
of speckle interferometry made a valuable contribu-
zion to the understanding of formation and evolu-
tion of stellar systems, especially in the recent years
with the aid of large telescopes and utilization of
diffraction limited techniques”. The direct results of
speckle interferometric observations are separation
angle, orientation angle, and magnitude difference for
the subcomponents of each binary or multiple system
Balega el al., 2002). In its turn, this leads to the
determination of the orbit and orbital period. Using
<ther kinds of observations, like high resolution spec-
zroscopy (Tokovinin, 1995) or wide range spectropho-
rometry (Al-Wardat, 2002b), the number of deduced
parameters can be raised, and wide understanding of
such systems can be achieved.

In paper I, we introduced spectrophotometric ob-
servations of 20 stars. In this paper we present the
observations of a new set consisting of 15 stars. The
observations cover the range 3700-8100A with a res-
olution of 18 A, 6 A/px. The objects of the study were
taken from the speckle interferometric programine,
which has been carried out at the 6m telescope of
the Special Astrophysical Observatory since the early
90s. The programme mainly includes late type dwarfs
1 the vicinity of the Sun, fundamental parameters
of which are badly known. The presented data can
be used as a reference for building theoretical spec-
tral energy distributions on the basis of Kurucz blan-
keted models. This, along with the magnitude differ-
ence from speckle interferometric observations, can be
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used to build a spectral energy distribution for each
of the components from which we can get their Ty,
lg g, and spectral types.

The stars are listed in Table 1 with different iden-
tifications: Hipparcos (Col. 1), HD (Col. 2), other
identifications (Col. 3). The coordinates of the stars
(Table 1, Cols. 4, 5) were taken from SIMBAD as-
tronomical database.

2. Observations and data analysis

Spectra were obtained using the same system which
was described in paper I, at the same telescope (Carl
Zeiss Jena 1m of SAQO) during the photometrical
nights, May 25, 26 and 27, 2002. The seeing was
around 1.5". The times of observations in terms of
Julian Dates are listed in TableZ-, Col.6.

Standards from Massey et al. (1988), Oke (1990)
and Hamuy et al. (1992, 1994) were used for the cal-
ibration of the system. Spectra were reduced by the
same way which was described in paper I using ESO-
MIDAS !routines. 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 0™07. The error bars are
the lowest in the central part of the spectrum where
the blue and red spectra overlap.

! Munich Image Data Analysis System, developed, maintained
and distributed by the European Southern Observatory.
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Table 1: List of the stars and log of observations
Star name
Other Q2000 82000 Times of obs.
Hip HD identifications | (h)(m)(s) ey o JD 2452420+
(1) (2) 3) (4) (5) (6)
55266 | 98353 55UMA 1119079 | +38 11 08 1.299, 1.315, 2.239, 2.26
75529 | — - 152548 +84 30 14.4 | 2.389, 2.433
79796 | — - 16 17 05.4 | +35 16 09.1 | 2.399, 2.423
81470 | - Cou985 16 38 24.2 | +35 13 33.8 | 0.445, 0.506, 1.383, 1.447, 2.299, 2.325
82817 | ~ Wolf630 16 55 28.8 | -08 20 10.8 | 0.469, 0.518, 1.401, 1.442
83064 | — Coul289 16 58 22.9 | +39 42 35.8 | 0.463, 0.513, 1.388, 1.452, 2.304, 2.33
83791 | - Coul291 17 07 30 +38 10 20.6 | 0.474, 0.500, 1.392, 1.456, 2.335, 2.378
84140 | 155876 GL661 17 12 07.9 | +45 39 59 0.479, 0.495, 1.397, 1.458, 2.34, 2.372
87991 | — KUIg4 17 58 24.4 | +04 27 41.3 | 1.408, 1.438
88127 | - 40Dra 18 00 03.2 | +80 00 14.7 | 1.538, 1.552
88136 | — 41Dra 18 00 09.2 | +80 00 14.7 | 1.534, 1.549
88817 | 166046 - 18 07 49.5 | +26 05 50.4 | 1.470, 1.500
88818 | 166045 - 18 07 49.6 | +26 06 04.6 | 1.468, 1.494
95995 | 184467 - 19 31 08 +58 35 09.6 | 2.408, 2.416
96302 | 184759/60 | CYGY 19 34 50.9 | +29 27 46.6 | 0.533, 0.545, 1.474, 1.49

3. Results and discussion

The final results (By, Vy, Re, (B —V)y, and the en-
tire spectral types) are listed in TableZ.. The raw
data of the SED of the stars (corrected for the at-
mospheric extinction) are listed in Table 3 in units
of erg/cm? - s- A. These data are plotted in Fig.1 ,
where graphs are arranged according to the spectral
type.

BV R synthetic magnitudes are computed using
the following integrals:

_ [ Sz (A)FxdA
X = -2.5log T5.(0dN + ZP,

where S () is the transmission function for the pass-
band X. We adopted the filter functions Byg, Vg and
Rgo published by Bessel (1990). ZP is the zero point
for the magnitude scale. For V band ZP is solved us-
ing the spectrophotometric calibration of Vega pub-
lished by Hayes (1985) and the V magnitude of 0703
measured by Johnson et al. (1966). While for B and
2 bands it is solved using the Vega magnitudes pub-
lished by Hamuy et al. (2001) as B = 0™014, and
R = (™042, since they are more reliable than those
obtained by Johnson et al. (1966) (see Appendix B
in Hamuy et al., 2001). The integrals are computed
after interpolating S;(A) to the wavelength spacing
of Fgter which is 6 A.

Figs.2 and 3 show comparisons between the
calculated V magnitudes and B — V' colour indices
with Johnson V and B — V of Hipparcos catalogue
(fields H5 and H37). The Hipparcos magnitudes are
taken either from the ground-based observations or

calculated from Vi of Tycho using different relations
for different kinds or luminosity classes of the stars
(for more information see Hipparcos and Tycho cat-
alogues, Sec. 1.3 (ESA, 1997)).

The entire spectral types of the binaries are 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, 2002b). The results are listed
in TableZ:, Col. 8, along with those from SIMBAD
(Col. 9) for comparison sake, where they show a good
agreement (within the error values of B - V) for 15
stars, while the other 5 stars (Hip75529, Hip83791,
Hip84140, Hip88136, and Hip96302) show differences
between the spectral types estimated in this work
and those given by SIMBAD. The spectral type
of Hip88136 was approved as F8 using atmospheric
modeling by Al-Wardat (2002b).

4, Conclusions

Composite spectral energy distributions of 15 speckle
binary stars are measured. 3 are of A, 5 of F, 2 of G,
2 of K, and 3 of M spectral type.

The BV R magnitudes and the B — V colour in-
dices are calculated, and the entire spectral types of
the pairs are estimated.

A good agreement has been found between the
calculated colour magnitudes and colour indices and
those of Hipparcos catalogue. The entire spectral
types of the stars are also estimated and compared
with those given by SIMBAD.



" 2 Flux (10™erg/cm?®s.A)
Flux (10" ergicm?s A} Flux (10™ergicm®s.A) g

Flux (10" orglcm™s A)

‘1000000

800000

600000

400000

200000

350000

300000

250000

200000

150000

100000

50000

2000

250000

200000

150000

100000

SPECTROPHOTOMETRY OF SPECKLE BINARY STARS. IT

31

i i L L L -

4000 4500 5000 5500 6000 6500
Wavelength (A)

7000 7500 8000

! i - 1

1

4000 4500 5000 5500 8000 6500
Wavelength (A)

7000 7500 8000

L 1 " i

4000 4500 5000 5500 6000 8500

Wavelengtn (A)

7000 7500 8000

T T 1 ¥ T
i Rip55266
<
kg
«
E
L
=4
2
=)
hul
x
=2
w
1 ) 1 L 0
4000 4500 5000 5500 6000 6500 7000 7500 8000
Wavelength (A)
T T T T T 30000
I Hip8sg17
~ 25000
<
v
4
|3
L 20000
<
@
2
o
< 15000
x
2
w
10000
5000
1 1 A L L
4000 4500 5000 5500 6000 6500 7000 7500 8000
Wavelength (A)
180000
180000
=z
= 140000
o
5 120000
)
L)
e 100000
=)
< 80000
3
w
80000
40000
20000 [
1 e 1 1 . 1 H
4000 4500 5000 5500 6000 6500 7000 7500 8000
Wavelength (A)
L] T T T T 350000
i Hip88136 | T
. 300000
<t
“
E
250000
L
=4
o
2
o 200000
z
x
=2
T 150000
100000
1 N 1 " L N L X 50000

4000

4500 5000

Figure 1:

[Fez] |

5500 8000 8500 7000 7500 8000
Wavelength (A)

Spectral energy distributions of the stars

1
4000 4500 5000 5500 6000 8500
Wavelength (A)

labeled with the star names.

7000 7500 8000



32

-16 2
Flux (10™erg/cm®s.A) Flux (10" ergicm’s.A) Flux (10%erg/cm®s A)

Flux (10™ergicm®s.A)

100000

20000 |-

15000

10000

10000

8000

4000

2000

AL-WARDAT

4000 4500 5000

5500
Wavelength (A)

6000 8500 7000

! 1 1

4000 4500 5000

5500 6000 7500

Wavelength (A)

6500 7000

A )
4000 4500 5000

1 1 "
5500 8000 6500 7000 7500 8000

Wavelength (A)

T T

1 1 i

4000 4500 5000

5500 6000 6500 7000 7500 8000
Wavelength (A)

Flux {10™erg/cm®s.A) Flux (10 erg/icm®s.A)

Flux (10™erg/icm’s.A)

7000

6000

5000

4000

3000

2000

8000

4000

3000

2000

1000

30000

20000

10000

1 i L ) — 1

4000 4500 5500 6000 6500 7000 7500
Wavelength (A)

T T T T T

i i L 1, 1
4000 4500 5000 5500 6000 6500 7000 7500  BO0O
Wavelength (A)
T T T T T
Hip82817
L o
1 1 ~ 1 1 A
4000 4500 5000 5500 6000 6500 7000 7500  B0OO

Wavelength (A)

Figure 1: (Continued).
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Table 2: By, V;, Re, (B — V), and spectral type results of this work
Star name
Other B;mag | Vymag | Remag | (B—V), | Sp. type | Sp. type
Hip HD identifications | +£0.06* | £0.06* | £0.07* +0.08* | this work | SIMBAD
L | @ (3) (4) (5) ORENG (8) (9)
55266 | 98353 55UMa 4.84 4.77 4.75 0.07 A3 A2V
75529 | - ~ 9.54 8.82 8.34 0.72 G6 KoV
79796 | — - 11.40 9.92 8.97 1.48 M4 M1
81470 | - Cou985 10.26 9.50 9.18 0.76 G9 K2
82817 | - Wolf630 10.48 8.98 7.95 1.50 M4 M3Ve
83064 | - Coul289 8.64 8.13 7.90 0.51 F8 GO
83791 | - Coul291 9.09 8.56 8.33 0.53 F8 Gb
84140 | 155876 GL661 10.86 9.41 8.44 145 MO0.5 K5
87991 | - KUI184 10.97 9.81 9.19 1.16 K5 K8
88127 | - 40Dra 6.63 6.10 5.81 0.53 F8 7
88136 | — 41Dra 6.25 5.73 5.45 0.52 F8 K2v
88817 | 166046 - 6.00 5.81 5.72 0.19 A6 A3V
88818 | 166045 - 6.05 5.90 5.86 0.15 A5 A3V
95995 | 184467 - 7.47 6.61 6.13 0.86 K1 K2V
96302 | 184759/60 | CYG9 5.96 5.40 4.98 0.56 9 AQV
* The error values for most of the stars are better than these values.
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Figure 2: Comparison between the calculated Vy mag-
nitudes and V; magnitudes of Hipparcos catalogue.
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