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Abstract: In this article we report the observational results of LIADA's Double Star
Section in 2002. BVIJHK photometric, astrometric and kinematic data were studied for 67
visual double stars to obtain astrophysical data (spectral types, photometric distances, etc)
and their nature, classifying them as optical, physical or common origin pairs.

Introduction

LIADA's Double Star Section reports 367 individ-
ual relative measurements averaged into 135 mean
positions for 67 visual double stars. The angular
separation ranges from 4.6" to 114.5". The mean in-
ternal errors were 0.2° and 0.09". CCD cameras, mi-
crometric eyepieces, DSS (Digitalized Sky Survey)
and 2MASS (Two Micron All Sky Survey) images
were used. These measurements, in addition to
BVIJHK optical-to-infrared photometric data (from
Tycho-2 and 2MASS), and historical relative astrom-
etry (from WDS), allowed us to obtain spectral types,
photometric parallaxes, relative motion and other as-
trophysical data to classify visual double stars as
physical (11%), common origin (6%), or optical (74%).
We used several professional criteria to make the
classification.

Spectral types were estimated using professional
spectral-type relations and several professional re-
duced proper motion diagrams. Preliminary study
results in a mean difference of only 0.5 subclasses of
spectral type with respect to professional results.

In Romero (2005) we reported a new binary dis-
covered by LIADA (GSC 1753-1506: [294.4° and
4.62" (1997.831); magnitude 12.0 (G9V) and 13.5
(K5V)]) with a crude period of 35,000 years.

Of the 67 double stars measured, 47 of them have
been confirmed. A double star is confirmed when an
observer made the second historical measure. Some
have remained unconfirmed for quite a while, includ-
ing many discoveries of John Herschel from 1820 and
1830. Five unconfirmed double stars could not be
identified. Table I lists those double stars not identi-
fied using photographic surveys and astronomical

catalogs using Guice 8.0 and Aladin from CDS.

Relative Astrometry

The relative astrometry measurements were made
using CCD cameras, micrometric eyepieces, Digitized
Sky Survey plates (DSS) and Two Micron All Sky Sur-
vey CCD images (2MASS). Guide 6.0/7.0, Astrometrica
for Windows and FitsView software were used for docu-
mentation and astrometry.

Observational data are shown in Table 2. In the
first and second columns, the WDS identifier and dis-
coverer code with their sequential numbers are listed;
in the following columns, from left to right, the V mag-
nitude of primary and secondary is listed (if the magni-
tude listed has two decimal numbers these came from
Tycho-2 or else they came from calibrated GSC-I pho-
tometry); the spectral type and luminosity class in col-
umn (5) and (6); the epoch of the last relative astrom-
etry made by LIADA in column (7); the position angle
and the angular separation for the epoch of the meas-
ure in columns (8) and (9); the number of measure-
ments in column (10); the observer code as follow:
FMR = Francisco Rica -- Astronomical Society of
Mérida --, ARU, --, Alejandro Russo, amateur from Ar-
gentina--, JRY, John Ryan -- "Spirit of 33"; amateur
from Spain-- and BVD -- Rafael Benavides -- Astro-
nomical Society of Cérdoba (Spain)) in column (11); the
observation methods are listed in the next column
(CCD: CCD camera; MCG: MicroGuide -eyepiece;
2MASS: 2MASS project images; DSS: Digitized Sky
Survey; AC2000: Astrographics Catalogue 2000).

In column (12) the nature of the double star code is
as follow: PHY = Physical; OPT = Optical; CO = Com-
mon Origin; “;?” = unknown; “--“ = nature not studied.
A “?” character means that the nature listed is not con-
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(1) (2) (3) (4) (5) (6) (7)

WDS No. Designation Mag. A | Mag. B Epoch P [¢)
03064+3153 HJ 5456 9.0 11.0 1823 14.0 300
0530145327 HJ 2263 11.0 11.0 1830 4.0 311
0551443535 HJ 710 10.0 10.0 1820 10.0 335
03503-0011 HJ 667 AC 10.5 18.0 1820 15.0 300
04429-0629 HJ 26 9.0 11.0 1820 10.0 305

Table 1: Non-Identified, Uncomfirmed Double Stars

firmed. In the last column the confirmed double stars
show a "C" letter; a number indicates the years since
the last measure. “#” character followed by a number
refers to a note number.

Spectral Types and luminosity classes
estimates.

In column (5) and (6) of Table II are listed, for
both components, the spectral types and luminosity
classes estimated by the LIADA group. When the lu-
minosity class is unknown, then the spectral type
matches with the main sequence dwarf is listed.

To estimate the spectral type and luminosity
class for a star the following data is used:

e  Photometric data: B, V and I optical photome-

try from Hipparcos and Tycho-2 catalogs and
J, H and K infrared photometry from Two
Micron All Sky Survey (2MASS).

e Kinematical data: Proper motions of the com-
ponents with their errors are taken from
Tycho-2, UCAC2 or USNO-B1.0 catalogs.

Photometric data were transformed to the spec-
tral type and, when the stars are very red, to the lu-
minosity class using J-H vs H-K two-color diagrams
and several tables that relate photometric data with
spectral data used by professionals (M.S.Bessell & J.
M. Brett (1988) and Gerald E. Kron (1988) Several
useful tables are from Handbook of Space Astronomy
and Astrophysics of the Harvard University.). The
process transforms the magnitudes of the problem-
star in energy in Jy (1 Jy = 1023 erg * sec'! * cm2 *
Hz1) and compares the spectral distribution of a com-
ponent with those of the empirical tables.

When the star is not red enough to obtain the
luminosity class using only photometry data, then we
must use Reduced Proper Motion Diagrams (Eric M.
Jones, 1972; C. A. Nelson, 2003; Salim Salir, 2002).
These diagrams relate the observational photometric
data and proper motions with a parameter that is

characteristic of a population star (dwarfs, giants,
subdwarfs, white dwarfs...).

Of the double stars studied by the LIADA group
there are 19 components (13 dwarfs and 6 normal gi-
ants) with spectral types and luminosity classes ob-
tained by professionals and published in the astro-
nomical literature. These components are listed in
Hipparcos/Tycho-2 and 2MASS catalogs so the BVJHK
photometry and proper motions are also known. We
have compared our spectral data with those obtained
by professionals using spectroscopy. The mean differ-
ence was 0.5 spectral subclasses, and the luminosity
class was estimated correctly in the 19 components.

Figure 1 shows the results of the comparison be-
tween the spectral types published in the professional
astronomical literature with those estimated pho-
tometrically and kinematically by the LIADA group.

(Continued on page 29)
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Figure 1: Comparison between the spectral types published in
the professional astronomical literature [SP(pro)] with those esti-
mated photometrically and kinematically by LIADA group [SP
(liada)l.
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Notes to Table 2:

(# 1) HDS 147:In CCDM it is catalogued as RSU measured in 1973 (324° and 26”9)
# 2) HJ 635:Suspected to be physical according to our analysis of astrometry and BVJHK photometry; it is located 13’ West of the

WDS coordinate.

# 3) FMR 5: This object is composed of two stars separated by 4.62" and they are suspected to be physical according to photometric

parallaxes using BVJHK bands.

(# 4) HDO 63: PGC 13821 galaxy, of 14 magnitude, is 3’ at SE. “HDO” double stars were discovered by Harvard Observatory. Accord-
ing to a lineal fit using Hipparcos, USNO-A2.0 and LIADA data the discover’s measure of 1863 is in great error of about 3”.
(# 5) STFA 8 CD:In the Pleiades open cluster. C is the d scuti V647 Tau (8,25-8,30 mg., P=0,05 days)

(# 6) Spectral types corrected by interestellar absortion.

# 7) H5 50 B is at 9.0 pc (Hipparcos) with a radial velocity of — 8 km/s (“3er. Bibliog. Cat. Of Stellar Radial Vel.”, Barbier-Brossat,
1994). It has a spectral type of K2V according to Michigan Catalogue of HD stars (Houk, 1989) and “Spectra of Sourthen late-type
dwarfs” (Cincunegui, 2004) which is in excellent agreement with LIADA result. LIADA searched for unknown companion but no candidate

was found.

(# 8) HJ 206: The star that John Herschel observed as the main component really is 1.2 magnitudes weaker than the secondary.
# 9) CTT 4: Components C and D seem to be a suspected common origin pair.

(#10) Spectral type is corrected by interestellar extinction.

(#11) HDS 1586 : A search for unknown companions was carried out. No candidate was found; we studied the professional astronomi-
cal literature: Jaschel (1978), Duflot (2004). Tycho-2 proper motion for secondary are in great error.

(#12) HJ 176: A weak star of 16" magnitude was observed by Rafael Benavides at 10”3 of separation in direction 52°. According to
JHK photometry it is a G/K star that surely is not bounded to the A or B components.

#13) HJ 497 A is a KO star (PPM catalog).

(#14) HJ 2579: Primary is a G5p star according to Skiff (2003) in “Catalogue of Stellar Spectral Classifications”; located at 2° West to

WDS position.
(#15) HJ 197: This pair is located 9" East of WDS position.

(#16) HJ 2652: Both components have the same distance moduli but different proper motions.
#17) HJ 531 A: spectral type K3III (Jaschek, 1978 and Kennedy, 1983); Mv = + 0,1 (Corbally and Garrinson, 1984); Av=0.29, dis-

tance =571 pc; (B-V)o=+1,16 (J. Guarinos, 1992).

#18) HJ 2686 A: It is HD 120406 a F0 star according to Henry Draper Catalog; Hipparcos parallax p = 0°005+0”001 and Mv =

+2,8+0,6. BVIJHK correspond with a F6V star.
#19) JC 23 AF: In NGC 6231: A = NSV20804; B = NSV8021.

(#20) HJ 620 : Components have very similar photometric parallaxes and different proper motions.
(#21) HJ 1963: Primary is HD 2091 an A2 star (Henry Draper Catalog) located at 385 pc (Hipparcos). Photometric distance calculated

by LIADA is 350 pc.
(#22) HJ 1039: Primary is a F7V star (Michigan Catalogue).

(#23) HJ 2041: If both components are dwarfs then the photometric parallaxes are very similar. Is this pair a binary star?

(#24) HJ 3161: Primary is a KO star (PPM and Simbad)

(#25) HJ 310 : Discovered in 1820 and confirmed in 1831 by John Herschel. Primary is HD220259 with spectral type of G8/K2 III
(“Michigan Catalogue” ); a spectral type of KO(III) is listed in “18* General Catalogue of MK Spectral Classification” (Buscombe, 1988).
UBYV for both components was obtained by D. Sinachopoulos and E. L. Van Dessell (1996) concluding that they are not physically bound.

(Continued from page 25)

The difference is expressed in spectral subclass. In
95% of the stars studied (18 of 19 stars) the differ-
ence is less or equal to 1 spectral subclass. In Table
II there are many spectral types that were estimated
using only JHK photometry due to the star compo-
nent not being listed in Tycho-2, so their results are
of lower accuracy than those obtained using BVJHK
photometry. Table III shows the stars used to test
the accuracy of the spectral type estimate procedure.

Studying the Nature of Visual Double
Stars

To study the nature of visual double stars and
classify them as optical, physical, common proper
motion or common origin pairs, BVJHK photometric

and astrometric (proper motions and relative astrom-
etry) data were used. The historical relative astrom-
etry (0 corrected by precession and proper motions) in
addition to our own measures are plotted in a X
(=p*sin(8)) against Epoch and Y(=p*cos(p)) against Ep-
och diagrams. A linear fit shows the relative proper
motion of B with respect to A. This data is very impor-
tant because nearly all methods that allow us to know
their nature use it. If a double star is physical then
this data will give us the projected relative orbital mo-
tion and velocity.

The photometric and astrometric data are ana-
lyzed using several professional methods that allow us
to classify visual double stars according to their na-
ture. We use methods that study if an orbital motion
could be possible with the observational astrometric
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Name#1 Name#2 Mgy Sp_Lit Ref. Sp_LIADA Differ.
ARA1597 A 10.27 F8/GOV 1 GOV -1
WHC 29 A 7.22 G8/KOIII 1 G8III 1
HDS1595 A 8.87 K2III 1 K2III 0
HJ 88 A 7.84 KOIII 1 KOIII 0
HJ 3037 A 8.75 KIIII 1 K1III 0
HJ 3100 A 9.22 F5/6V 1 F8V -2.5
HJ 5025 A 9.34 F5/6V 1,2 F6V: -0.5
HLD 32 A 8.37 F7V 1 F8v -1
LDS 201 A 8.73 G3V 1-3 G4v -1
HD 11352 8.62 G5V 1 G4v 1
STF 222 A 6.06 BoV 4 BIV: 0
STF 222 B 6.70 AlVn 4 AlV: 0
HD 9656 STF 136 A 7.31 A6V 6 A6V 0
HD 37394 ENG 22 A 6.20 K1v 2.4 KOV 1
HD233153 ENG 22 B 9.69 M1V 4 M1V 0
HD 38392 H5 50 B 6.16 K2v 1.5 K2V 0
HJ 531 A 9.19 K3III 4 K2III 1
HJ 1039 A 9.64 F7v 1 IAY) 0
HD220259 HJ 310 A 9.79 KOIII 3 KOIII 0

Table 3: Comparison between LIADA's and Professional Spectral Types. Ref: 1: Michigan Catalog, 2: Henry Draper Catalog, 3: 13th

General Catalog of ML Spectral Type,
(Cincunegui, 2004), 6: Washington Double Star Catalog (WDS).

and photometric data; methods that are based in an
empirical study and methods based in a probability
theory. Table II shows in column (12) the conclusion
of this study. Of the 67 visual double stars measured
in 2002, LIADA studied the nature of 65 of them. 74
% (48 visual double stars) were optical or optical sus-
pected while only 11% (7 doubles) were physical or
physical suspected. See Figure 2. Of the double stars
studied there were pairs with photometric and astro-
metric data consistent with pairs located at the same
distance with the same kinematic but not gravita-
tionally bounded: they are called ‘common origin’ and
were 6% of all double stars studied.

About 9% of visual double stars have an undeter-
mined nature due to insufficient or no accurate data;
thus more astrometric and photometric data are
needed. The very low percentage of physical pairs is
not surprising. There has been little astrophysical
interest in the neglected and unconfirmed visual dou-
ble stars because a majority of them are optical pairs.

Physical Pairs Orbital Data

Table IV shows some orbital data for the physical
pairs studied in this circular. Projected Separation
(in A.U.), the expected semi-major axis (in arc second

4: Selected MK Spectral Types (Jaschek, 1978),

5. Spectra of southern late-type dwarfs

and A.U.), the orbital period and the relative motion is
showed in Table IV.

The projected separation in U.A. is calculated us-
ing the followed simple formula:

Projected_separation =p/n

where p is the angular separation and =n is the
mean parallax of the binary. LIADA considered the
mean angular separation and the mean photomet-
ric parallaxes of the components. The photometric
parallaxes were calculated using spectral types and
luminosity class estimates and the absolute magni-
tude obtained from several professional references.

The expected semi-major axis, K(a), in arcsecond,
was calculated using the work of Paul Couteau (1960)
by the followed formulae:

Log E(a) — Log (p) = 0.146

Where a and p are the semi-major axis and the an-
gular separation, respectively. The orbital period was
calculated using the following formula derived from
the Kepler Laws:
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Nature of Visual Double Stars

9%

5%

11%

O Optical @ Physical O Common Crigin O Undstermined

Figure 2: Study of the visual double star's nature. Most of the
neglected and unconfirmed viusal double stars are optical pairs
with no astrophysical interest.

_ |E@)
S

Proper motions

The proper motion data of the components is im-
portant because they inform us about the kinematics
of the system's components and if they travel to-
gether in space. A physical pair or a common origin
pair travels together in space, and so their proper
motions are very similar, nearly the same. In physi-
cal pairs the difference in proper motions, that is, the
relative proper motion, give the projected relative or-
bital motion of the binary. This is an important data
for the study of the nature of double stars.

LIADA's Double Star Section has compiled

P

proper motions from the astronomical literature.
Tycho-2, UCAC2 and USNO-B1.0 catalog are the main
reference. The proper motion data for the components
of several double stars are not listed in the WDS, so
our group has reported them to Brian Mason, who has
included them in WDS catalog.
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