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Abstract. We present speckle observations of 48 double
and multiple stars observed with the 2-meter “Télescope
Bernard Lyot” (TBL) in December 1995, January 1997
and June 1997. Angular separations, absolute position an-
gles and relative photometry result from these observa-
tions. New orbital elements have been recalculated for 8
double stars.

Key words: techniques: interferometric — binaries: close

1. Introduction

This paper presents the results of double and multiple star
speckle observations performed with the 2 m Télescope
Bernard Lyot of the Pic du Midi observatory (France).
Instrumentation and data analysis were partly described
in a previous paper (Aristidi et al. 1997b). During the run
of June 1997, we tested a real time system described in
Sect. 2. Five stars could also be observed using the PAPA
photon-counting detector (Papaliolios et al. 1982, 1985).
Double stars measured here are either long-period bi-
naries for which the last observation is old, or stars previ-
ously observed by us and for which the companion’s posi-
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tion was measured far from the predicted value (Aristidi
et al. 1997b). Some stars were also selected because their
orbit parameters are very uncertain. Two of these dou-
ble stars were recently discovered as double: MoOAI 1
(SAO 12917) observed in December 1995 (Carbillet et al.
1996, 1998b), and v Cyg discovered by Hipparcos (The
Hipparcos Catalogue, 1997). Multiple stars were selected
from the Multiple Star Catalogue (Tokovinin 1997). All
of them present a lack of measurement: unknown or-
bits, unknown spectral classes of the components, com-
panion suspected from other observational techniques
(spectroscopy). These stars were selected together with
A.A. Tokovinin.

2. Observations

Data were recorded during three observing runs in
December 1995, January 1997 and June 1997 at the TBL.
We had quite poor weather conditions with very short co-
herence times of a few milliseconds only and a FWHM
seeing often larger than 2 arcsec. A total of 33 double
stars and 15 multiple stars was observed; details are given
in Table 1. The focal instrumentation is the speckle cam-
era of the Aperture Synthesis group of Observatoire Midi-
Pyrénées (OMP). For the major part of the nights it was
coupled with the ICCD detector of Nice University. This
instrumentation is described in Aristidi et al. (1997b) and
Prieur et al. (1998). During the runs in January 1995 and
January 1997, the images were recorded on video tape for
further processing. In June they were also sent to a PC
hosting a Matrox Genesis digitizer board equipped with
a digital signal processor (C80) which enables near real-
time processing. As an example the power spectrum for
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E. Aristidi et al.: Speckle observations of double and multiple stars during 1995-97 and new orbits
Table 1. Table of measurements. A denotes the wavelength and A\ the bandwidth. The column labelled Mult. gives the number
do

of stars in the system (multiplicity). The column labelled Obj. give the name of the measured components of the multiple star.
Predicted values of p and 6 are computed from the latest available orbits. For orbits prior to 1982 (followed by a %), orbital

elements were found in the catalogue of Worley & Heintz, 1983. For ¢ Hya the angular separation ABxC was computed from
AB, AC and Amag as the distance between C and the photocenter of AB. The columns labelled Ap and Af give the residuals
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to the exposure time (usually 2 ms). (*) v Cyg was in fact discovered as double and then not used as reference star in the
processing of BU 151

Table 1. Table of measurements (continued). For observations made with the PAPA detector, a t has been added
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a 128x128 image size is computed at a rate of about 20
frames per second. The use of a reference star for usual
calibration of the telescope+atmosphere transfer function
was sometimes avoided by computing the cross-correlation
between time-separated images and subtracting it from
the autocorrelation (Worden et al. 1977). Though at a
lower speed (9 frames/s) the system is also programmed
to compute the cross correlation between the images and
their square in order to find the absolute position angles
of binaries (Aristidi et al. 1997a). This system does not
include yet the classification of images according to the
seeing that is used in the data processing as described
in Aristidi et al. (1997b). Bright stars (my < 6) were
re-processed from the video tape for magnitude differ-
ence determination using probability imaging (Carbillet
et al. 1998a). This provides also the absolute position an-
gle (PA) and is useful to confirm the PA computed by the
cross-correlation technique (Aristidi et al. 1997a).

Problem of saturation is took into account the follow-
ing way: before recording frames, the video digitizer dis-
plays saturated pixels, allowing the observer to adjust the
gain and the offset of the detector to reduce the satura-
tion. Moreover, at processing time (probability imaging),
pixels at the maximum intensity level are rejected from
the calculation of the magnitude difference.

The PAPA camera was used during part of these
observations but because of technical testing and bad
weather conditions it could only lead to measurements
on the night of 23/06/97. It is actually a new version of
the original camera described in Papaliolios et al. (1982,
1985). Modifications have been jointly implemented by
P. Nisenson (Harvard Center for Astrophysics), D. Gezari
(NASA) and L. Koechlin (OMP) in the last five years. The
current version has a new binary mask setup and a refur-
bished image intensifier. A problem in the regulation of
the high voltage power supply caused a strong geometric
distorsion and a variation of the overall scale which im-
posed quasi permanent scale calibrations during the night.
A small “hole” at the center of the autocorrelation func-
tion was also noticed, due to a lack of detectivity of the
electronics after each photo-event detection. A whole re-
duction procedure had to be set up in order to correct for
these defects:

— Each star image was corrected with the distortion and
scaling coefficients interpolated from the two images
of the calibrating grid which were taken immediately
before and after the star observation.

— To remove the hole at the center of the autocorrelation,
each photo-event was correlated with the photo-events
of a “gliding” time window located at 1 msec after
the arrival time of the photo-event. The very poor at-
mospheric conditions did not allow us to use a time
window larger than 2 msec (as the typical coherence
time was less than 3 msec).
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Fig. 1. Two dimensionnal plot of the residuals in position angle
(Af) and os the relative residuals in separation (Ap/p). For
couples with known orbit, each measurement corresponds to a
point in the graph. Error bars in p and 6 have been drawn to
scale. For points with large residuals, corresponding star names
are given (in the case of BU 524, ! refers to the orbit of 1980
while 2 refers to our orbit)

3. Results and discussion

The measurements are presented in Table 1. For multiple
systems with at least 3 components, the name of each mea-
sured couple is given. Ephemeris are computed for double
and/or multiple stars with known orbits. Figure 1 dis-
plays the residuals in p and 6 as a cloud of points with
error bars in the (Ap/p, Af) plane. This cloud of points
centered on (0,0) validates the data reduction and cal-
ibration procedure. We also notice a few cases of abnor-
mally large differences between our measurements and the
expected values from the previously determined orbits.
This is the case for example of Cou 321 (A6 ~ 40°) or
A 2992 (% ~ 60%). Corresponding points are labelled
with star names in Fig. 1. In order to check whether the
problem comes from a poor observation or a bad orbit,
we looked for other published data (Hartkopf 1998) and
plotted residuals as a function of time. This was done for
nine stars (BU 524, A 2681, BU 575, A 2477, BU 1077,
A 1777, Cou 612, Cou 321, and STF 2556). Examination
of these curves led us to recalculate new orbital elements
for all these stars but BU 575.

The following comments can be made for some indi-
vidual stars:

— Moai 1 was discovered as double in December 1995
(Carbillet et al. 1996). An error occurred with the pub-
lished values of the position angle, the correct values
being: date = 1995.947, p = 07110+07003, 0 = 167+1°
(Carbillet et al. 1998b).



E. Aristidi et al.: Speckle observations of double and multiple stars during 1995-97 and new orbits 549

— BU 524 was observed near periastron, close to the lim-
iting resolution of the telescope (0”066 mas at A =
644 nm).

— A 1777 is a quintuple star. AB, AC and AD are ex-
pected to be resolved by a 2 m telescope. The couple
AC did not fit in our field of view (separation ~ 60),
so we did not measure it. We searched for compan-
ions close to star D but nothing was detected (for a
separation > 0”05 and a magnitude difference < 5).

— STF 1517 is a double star with a very uncertain orbit
(Hopmann 1970), computed period is about 4050 yr.
This orbit cannot be used for ephemeris computation.

— v Cyg was initially observed as a reference star and
discovered double. The first observation (1997.468) be-
ing very poor, it has been reobserved in 1997.471 for
confirmation and in 1997.561 for three colors relative
photometry. Its duplicity was discovered by Hipparcos
(The Hipparcos Catalogue, 1997).

— BU 575 has a very uncertain orbit. A possible confu-
sion between stars A and B (small magnitude differ-
ence) causes an uncertainty of 180°.

— XY Leo is mentioned as a quadruple star in Tokovinin
(1997). Spectroscopic observations have revealed that
this system is composed of two close pairs (denoted
as Aab and Bab), one being a contact binary. The
expected separation between the pairs deduced from
spectrophotometric measurements is AB ~ (0715
(Barden 1987). To our knowledge, it has never been
resolved by visible speckle interferometry. We also did
not detect this companion.

4. Orbit calculation

The orbits were computed using the method of Kowalsky
(1873) and Hellerich (1925). The error bars calculation
is described in Scardia (1983) for errors on the orbital
elements, and in Scardia (1984b) for errors on the sum of
masses of the stars.

The orbital elements are presented below for each cou-
ple. WDS identification (equinox 2000) (Mason 1998) is
given for each star together with discover name and ADS
catalog number. Orbits are plotted in Fig. 3 and Fig. 4.
History of all measurements for each star are presented at
the end of the paper. We computed eight orbits. Two of
them may be considered as reliable (BU 524 and A 1777);
a mass estimation and detailed dicussion is given below.
Th six others are premature and the orbital elements are
summarised in Table 3.

— WDS 0253743820 — BU 524 — ADS 2200 AB: This
close double star (separation ~ 0”1) with Am ~ 1 is
a difficult object for visual observations. This explains
the large residuals on the orbit plot. 160 measurements
have been published since 1878, 129 have been retained
for the orbit computation. On the plot of the new orbit
one can see the lack of data near the periastron where

the predicted separation is under 0”1. In such a case
this star is a good target dedicated for speckle interfer-
ometry techniques as demonstrated by the three points
near periastron (two values comes from the CHARA,
the third is ours). According to our orbit, the next
periastron will occur in October 2027.

Orbital elements

2 (°) (2000.0) 2887 + 14

w (°) 266.78 + 0.6

i(°) 115.8 + 1.9

P (yr) 31.572 £ 0.50
T (yr) 1964.651 + 0.055
e 0.8067 £+ 0.017
a 07253 £+ 0.022
Astrophysical Information

mag 5.34-6.35Sp F4 1V

Hipparcos parallax 0701387 =+ 0700086
Semi-major axis (AU)  18.2 + 27
Sum of masses (Mg) 6.09 £+ 275

Dynamic parallax (Couteau 1978) could not be com-
puted since star A is not a main-sequence star (spec-
tral class F4IV). This does not agree with published
masses of stars A and B estimated from their spec-
tral classes (Tokovinin 1997): M4 = 1.38 Mg and
Mp =1.15 Mg. If we suppose that the spectral class
F4IV for the primary is well estimated, it might be
possible that this system contains other stars to be
discovered.

Van den Bos (1938) calculated two sets of orbital
elements, a short period one (P = 31.6 yr) and a long
period one (P = 63.1 yr), the second being justified
by quadrant uncertainties and the fact that the ob-
served separation was always greater than 0’1, whereas
the short-period orbit predicted a very close periastron
of about 07002. We then computed a long period or-
bit with the following orbital elements: T' = 1988.066,
P = 62.851 yr, e = 0.0286, a = 07211, Q = 129.79°,
w = 51.47°, i = 133.73°. Residuals in separation and
in position angle are plotted in Fig. 2 as a function of
time. As can be shown on this figure and on the orbit
plot, this long period orbit does not fit the observa-
tions close to the periastron when the star velocities
are high (especially the last speckle measurements).
From an astrophysical point of view, the total mass of
the system given by this orbit is too small (0.89 Mg).
This long period orbit is then to be rejected.

| Ephemeris |
Date_p()_0C) | Date p() 0C)
1999.000 .165 7.6 2004.000 .206 341.9
2000.000 .181 1.3 2005.000 .207 337.5
2001.000 .192 356.0 | 2006.000 .208 333.2
2002.000 .199 351.0 | 2007.000 .207 328.8
2003.000 .203 346.4 | 2008.000 .206 324.4
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Fig. 2. Separation and angular positions versus date of the couple BU 524 AB. Measurements are represented by the points.
The last mesurements are interferometric ones. The solid line is the predicted position from our short-period orbit, dashed lin

e is the solution given by our long-period one (see text)

— WDS 11551+4629 - A 1777 — ADS 8347 AB: Our orbit
does well fit recent interferometric observations near
periastron which present very small residuals. This is
another example of the valuable contribution of speckle
techniques. The star A is a spectroscopic binary of
separation 0.222 mas ( Tokovinin 1997). The star B
seems (up to now) single. There are 2 more stars in
the quintuple system whose separations are (Tokovinin
1997): AB x C ~4” and ABC x D ~ 63".

Orbital elements

Q (°) (2000.0) 1697 + 46
w (%) 269 + 21
i (%) 397+ 19
P (yr) 136538 + 84
T (yr) 1987.943 + 041
e 0.531 + 0.014
a 07225 + 0.018
Astrophysical Information

mag 65-90 Sp A3V
Dynamic parallax 070048

Hipparcos parallax 0700407 £ 0700124
Semi-major axis (AU) 55.3 + 21.2
Sum of masses (M) 9.1 + 11.6

Due to large error bars of semi-major axis a and period
P, the total mass is very uncertain. For information we
found in Tokovinin (1997):

- Map =19 Mg
- Ma, =18 Mg
- Mp =15 Mg

giving a total mass M 4+ Mp = 5.2 Mg which agrees
with our dynamic parallax.

| Ephemeris |
Date_p() __6() | Date o) 0()
1999.000 .124  287.1 | 2004.000 .164 308.6
2000.000 .132 2924 | 2005.000 .171 311.7
2001.000 .140 297.2 | 2006.000 .179 314.6
2002.000 .148 301.42 | 2007.000 .187 317.1
2003.000 .156  305.2 | 2008.000 .194 319.5

— Other orbits Orbital elements for the stars A 2681, A
2477, BU 1077, COU 612, COU 321 and STF 2556
are given in Table 3. These orbits are premature and
may be considered as equally tentative as previous
ones. Some are based upon a few number of data
(17 measurements for A 2681, 20 for Cou 321), some
have very small magnitude difference causing quadrant
errors. These orbits have to be improved by further
observations.

5. Conclusion

These observations have shown that the association of the
speckle camera of Observatoire Midi-Pyrénées, the ICCD
detector of Université de Nice — Sophia Antipolis, and the
reduction procedure we have been developing in the last
few years is well adapted to binaries study. Despite poor
atmospheric conditions, we have obtained a promising list
of measurements and started to reach a productive stage
in the field of binary stars. In the future we plan to make
systematic observations of close double stars resolved by
the TBL with unknown, old or uncertain orbits (grade 3
or more in the catalogue Heintz-Worley, Worley & Heintz
1983). We plan also to observe binaries with close perias-
tron for which observations near the periastron are miss-
ing or uncertain. Complementary observations with the
speckle camera will also be done with BV R imaging to
measure the color indices (we could even obtain the spec-
tra in some favorable cases) of the individual stars for
which masses have been determined, in order to derive
their spectral class.
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Fig.3. Orbit of BU 524AB and A 1777. Our orbit is plotted in solid line on the graph, previous orbits in dashed line. For
BU 524AB the long-period solution is plotted as well (see text). As usual North is down and East is right. Line of apsides of the
new orbit is drawn in solid line. Measurements are plotted as points connected to their predicted value (“O—C” lines). Points
corresponding the first and last measurement are labelled such as “1971” and “1997”

Table 3. Orbital elements for the 6 stars A 2681 (WDS 06575+0253), A 2477 (WDS 09245+1808), BU 1077 (WDS 11037+6145),
Cou 612 (WDS 15390+2545), Cou 321 (WDS 19180+2012) and STF 2556 (WDS 19394+2215)

WDS Q) w (°) i(°) P (yr) T (yr) e a (")
06575-+0253 102.6 330.1 136.8 196.96 1946.157 0.884 0.247
09245-+1808 9.8 99.1 46.6 196.67 1854.649 0.298 0.381
11037+6145 | 65.3 £ 16.5 | 276.2 £ 19.9 | 144.1 £ 22.5 | 44.637 £ 0.16 | 1955.541 + 2.1 | 0.490 + 0.13 | 0.660 =+ 0.040
15390+2545 120.4 132.9 143.7 80.306 2054.944 0.394 0.248
19180+2012 126.0 80.0 114.0 152.3 2134.1 0.400 0.203
1939442215 44.5 356.0 140.9 622.4 1970.310 0.476 0.678

astronomical database operated at CDS, Strasbourg, France,
and of the CHARA (Georgia State University, Atlanta,
Georgia, U.S.A.) 3rd catalogue of interferometric measure-
ments of binary stars.
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