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Abstract. —

We present UBV photometric observations of 55 wide visual double stars with K- and M- type

primaries. Our observations have been compared and combined with information available in the literature. At least

58% of them are optical pairs.
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1. Introduction

Many U BV observations of wide visual double stars have
been performed in the sixties and early seventies by vari-
ous observers.

In addition, Oblak (1978, 1980, 1989), Olsen (1982),
Lindroos (1984, 1985), and Sinachopoulos (1989-1991)
have also observed many wide visual binaries using the
uvby, B system, starting from different motivations.

However, photometric information on wide visual bi-
naries available in the literature is still very poor and frag-
mentary.

In a previous paper (Sinachopoulos & van Dessel
1993), we presented photometric observations of wide vi-
sual double stars with G - type primaries. We have con-
cluded there, we could not exclude that 70% of the pairs
presented are physical. This conclusion was based on the
fact, that binaries’ components observed, found to have
similar astrophysical parameters (MK - classification, My,
A(My) and logTeg) and their magnitude difference is
small.

We present here observations of wide visual double
stars with K- and M-type primaries. The angular sepa-
ration of the double star components in our sample has
been again at least ten and usually less than twenty arc-
seconds.
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2. Observations and photometric data

For the measurements of the present work, we have used
the 50 cm telescope of ESO, La Silla. Fifteen nights have
been allocated to our programme in October 1992, and
eleven of them were photometric. Typical exposure times
have been of the order of fifteen minutes for a full mea-
surement of both components.

We decided to use the UBV system, although it
does not provide luminosity class information, because
its broad-band filters are more suitable for the B and U
observations of about tenth V' magnitude red stars at a
50 cm telescope.

The Johnson U BV system at the ESO 50 cm telescope
is implemented with a blue-sensitive EMI 9789QB tube
and a 2 mm UG2 as U, a 1 mm BG12 + 2 mm GG385 as
B and a 2 mm GG495 as a V filter (Lindgren 1992).

While the blue end of the U band filter is determined
by the atmosphere and depends on its transparency, the
red end of the V' band filter is determined by the EMI
9789QB, which is slightely less red-sensitive than the RCA
type 1P 21 photomultiplier used originally by Johnson
(1963).

A diaphragm of fifteen arcseconds has been used.

More than 30 U BV standard stars have been observed
each night. We selected them from several publications, in
an attempt to use a sample of photometric standard stars
having almost uniform distribution in spectral types.

We checked the atmospheric extinction coefficients for
variability during each night, but we did not find any sig-
nificant. Therefore, SNOPY software has been used for
the data reduction, which determines and uses only an
average value of atmospheric extinction per night.
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All double star components have been observed in at
least two different nights. In case that some of them were
suspected to be variable, they were observed in addition
twice or even more often in the same night.

Table 1 contains the photometric results and the num-
ber of observations of each component (last column).

It contains two lines per double star, one for each com-
ponent. The second column in Table 1 contains the com-
ponent designation and the following columns the mean
values of the photometric measurements and their stan-
dard deviation.

The first column of the line of the component A con-
tains the IDS1900 code of the double star as listed in WDS
(Worley & Douglass 1984). The first column of the line
of the component B on the other hand contains spectral
type of component A and angular separation of the com-
ponents in arcseconds as listed in WDS as well. Sometimes
the spectral type of component B is also known and then
it is given after the spectral type of component A.

Figure 1 gives the two colour diagram of our observa-
tions. The location of unreddened stars of luminocity class
Ib, III, and V are indicated by dashed and full lines. The
location of primaries is given by filled squares and of sec-
ondaries bye open ones. Error bars have been drawn and
correspond to the values listed in Table 1.

We selected our targets from WDS taking into account the
spectral types of the primaries listed there and choosing
wide visual double stars with K and M type primaries. We
remark that only five primaries (10%) in our sample have
actually colours corresponding to stars of spectral type
earlier than K0. On the other hand, 23 secondaries (40%)
are stars earlier than KO0. Fourteen giant or supergiant
primaries (25%) can be clearly seen on the same diagram.

We found in the literature U BV values of only six stars
of our sample.

As these six stars have been observed more than once
by different observers in the past, we were able to cal-
culate the accuracy of the literature values, which was
found: oy = 0.03, o(p_y) = 0.04, and op_p) = 0.03.
The deviation of our UBV photometry of these six stars
from the calculated literature mean values is oy = 0.03,
op-v) = 0.03, and o(y_p) = 0.03 mags as well.

3. Discussion

In the Univ. of Michigan Catalogue (Houk & Cowley
1975), the 7th Catalogue of MK Spectral Classifications
(Buscombe 1988), and the SIMBAD data bank in Stras-
bourg, we found two - dimensional Spectral classification
of 26 double star components in our sample (25%).

We combined this information with the physical pa-
rameters of the stars given by Schmidt-Kaler (1982), in
order to get the average My, (B—V)g, and (U—B), values
of these objects. Estimates of reddening indices E(B —V')
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Fig. 1. The two colour diagram of our observations

and E(U — B) have been then calculated. From the for-
mula Ay = 3.2 E(B—V), we derived Ay values and then
distances of the pairs as well as their projected linear sep-
aration were estimated. Of course, this projected linear
separation is meaningless for the optical pairs.

Since a large percentage of wide double stars is consid-

ered to be optical pairs, we examine whether it is possible
that the two components of each one of them are at the
same distance from the Sun, so that they have probably
a common origin. In addition, if the components are at
the same distance and their projected separation is not
larger than a few hundred astronomical units (AU), the
pairs can be considered to be physical.
For investigating that, we combined the results of our ob-
servations (components magnitudes and colours) with the
“physical parameters of the stars” listed in Schmidt-Kaler
(1982). From this paper, we made wide use of the “abso-
lute magnitudes of the MK system” (Table 13, page 18),
the (B—V)o (page 15) and the (U — B)o (page 16) in the
MK system. The absolute magnitudes there have a preci-
sion of 0.3 mags, the (B — V)o values of 0.02 mags and
the (U — B)o ones of 0.03 mags.

We discuss below each wide double star separately.
00072S3201: component A is a K2III star. Since
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Table 1. UBV photometry of wide double stars with K- and M- type primaries

IDSlgoo CO. V ov (B — V) U(va) (U — B) U(UfB) Nobs.
0007253201 A 9.70 .01 1.06 .01 .94 .01 3
KO0 14.9 B 11.54 .01 1.16 .01 1.15 .03 4
00149N0544 A 11.89 .01 .51 .02 .01 .01 4
KO0 20.5 B 13.09 .02 .90 .03 .50 .02 2
0028352003 A 8.56 .01 1.20 .01 1.23 .01 2
KO0 18.6 B 12.29 .02 .73 .01 .25 .02 4
0034756322 A 9.66 .01 1.18 .01 4
KO0 26.0 B 12.43 .02 .56 .05 .05 .01 7
0035550056 A 10.59 .01 .70 .01 .21 .01 4
K14.1 B 11.01 .01 1.02 .01 .83 .01 4
0042255233 A 8.67 .01 1.02 .01 .80 .01 2
KOG 27.5 B 10.40 .01 .55 .01 -.02 .01 2
00543N0015 A 7.66 .01 1.45 .01 1.70 .01 4
KO0 18.3 B 8.91 .01 .98 .01 .73 .01 4
0054352530 A 9.16 .01 1.13 .01 1.05 .01 2
KO 28.7 B 12.28 .01 1.01 .01 .75 .03 7
0113550123 A 8.04 .05 .81 .01 42 .01 3
KO0 27.8 B 10.70 .01 1.42 .01 1.21 .03 8
0128454146 A 9.17 .01 .95 .01 .70 .01 2
KOG 18.5 B 10.39 .01 .61 .01 12 .01 2
0130455950 A 8.36 .01 1.01 .01 72 .01 4
KO0 22.5 B 11.96 .01 1.01 .01 .79 .03 7
0134554545 A 10.37 .01 1.50 .02 1.19 .01 4
K154 B 10.62 .01 1.52 .01 1.21 .02 4
0206853608 A 10.15 .01 1.48 .01 1.23 .02 2
KO0 14.1 B 11.79 .01 1.53 .01 1.22 .02 6
0208656330 A 9.33 .01 .98 .01 .67 .01 2
KO0 18.1 B 12.46 .01 .95 .01 .63 .01 6
0214250718 A 9.07 .01 1.13 .01 1.08 .01 2
KO0 23.9 B 12.16 .01 .70 .02 .20 .01 5
0232056938 A 9.03 .01 1.21 .01 1.09 .01 4
KO0 16.3 B 12.20 .02 .85 .01 .39 .01 4
0232454852 A 8.25 .01 .98 .01 .74 .01 2
KO0 24.2 B 11.74 .01 97 .01 .76 .01 4
0236254926 A 10.36 .01 .38 .01 .02 .01 4
K2 15.1 B 10.69 .01 .48 .01 -.01 .01 4
0251656445 A 9.56 .01 .84 .01 .52 .01 2
KO 12.7 B 10.24 .03 1.01 .01 .82 .01 2
0307750317 A 8.68 .01 1.09 .01 .96 .01 2
KO0 20.2 B 11.52 .01 1.08 .02 .88 .02 4
0317351338 A 8.84 .01 1.16 .01 1.13 .01 4
KO0 21.0 B 11.54 .01 .50 .01 .04 .01 4
0318651036 A 8.92 .01 1.32 .01 1.46 .01 2
KO0 24.3 B 11.60 .02 44 .02 -.01 .01 3
0320255021 A 8.56 .01 1.09 .01 .94 .01 4
KO 14.7 B 10.17 .01 1.45 .01 1.21 .01 7
0328550253 A 8.70 .01 1.02 .01 .85 .01 4
KO0 25.8 B 10.64 .01 43 .01 .02 .01 4
03312N0555 A 10.11 .01 .74 .01 .29 .01 4
KO0 22.4 B 11.89 .01 .81 .02 .33 .01 5
0345455045 A 9.24 .01 1.31 .01 1.44 .01 2
K2 14.0 B 10.83 .02 .51 .01 .01 .01 2
0408253402 A 8.94 .01 1.14 .01 1.04 .01 7
KO0 29.8 B 10.15 .01 1.39 .01 1.55 .02 6
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Table 1. continued

IDSlgoo CO. V ov (B — V) U(va) (U — B) U(UfB) Nobs.
0409651648 A 8.50 .02 1.64 .01 1.94 .01 5
M1 16.4 B 1091 .01 .87 .01 .48 .02 5
0418350514 A 7.62 .01 1.27 .01 1.45 .01 2
K2 174 B 9.66 .01 .66 .01 .23 .01 2
04488N0713 A 8.20 .01 .87 .01 .54 .01 2
KO0 16.6 B 8.36 .01 .90 .01 .61 .01 2
0501651534 A 9.02 .01 1.45 .01 1.68 .01 4
KO0 28.8 B 11.26 .01 .96 .01 .48 .01 5
0503753946 A 9.45 .01 1.12 .01 1.05 .01 2
KO0G5 24.4 B 9.93 .01 .92 .01 .55 .02 2
0535154116 A 9.72 .01 1.03 .01 .93 .01 2
K 20.7 B 11.78 .01 1.05 .01 .79 .01 4
0541850318 A 8.50 .01 1.03 .01 .80 .01 4
K 25.0 B 8.87 .01 .38 .01 .21 .01 4
06155N0547 | A 8.08 .01 1.93 .01 1.97 .02 7
M 28.7 B 10.28 .01 .21 .01 .15 .01 4
0616552934 A 7.93 .02 1.05 .01 .96 .01 2
KO0 13.2 B 9.34 .01 .62 .01 13 .01 2
0621450146 A 9.17 .01 1.09 .01 .84 .01 6
KO0 25.4 B 10.39 .01 .54 .01 .03 .01 8
06216N0408 A 8.63 .01 1.03 .01 91 .01 4
KO0 13.8 B 8.86 .02 1.75 .03 2.08 .05 18
0622552645 A 9.55 .01 1.05 .01 .93 .01 3
K2 10.9 B 9.75 .02 .98 .01 .76 .01 4
0629755732 A 7.87 .01 .94 .01 72 .01 2
KO0 18.8 B 11.41 .01 .67 .01 11 .01 3
0652352231 A 7.33 .01 1.26 .01 1.36 .01 2
KOF 23.2 B 8.47 .01 1.05 .01 91 .01 2
1918153305 A 9.18 .01 1.17 .01 1.05 .01 4
KOF8 25.8 B 9.85 .01 41 .01 12 .01 4
1927652716 A 8.88 .02 1.53 .01 1.75 .01 4
KO0G5 24.0 B 9.63 .01 97 .01 .60 .01 4
2016652033 A 9.50 .01 1.12 .01 .98 .01 4
KO0 17.6 B 10.21 .01 72 .01 .24 .01 4
20298N0453 A 8.29 .02 1.62 .01 1.78 .02 3
M 24.3 B 10.21 .01 1.28 .03 1.31 .02 4
21369N0640 A 9.92 .01 1.70 .01 2.02 .02 5
M2 25.6 B 11.59 .01 .82 .01 41 .02 6
2139951407 A 8.58 .01 1.37 .01 1.58 .01 3
KO0 26.8 B 11.60 .01 o7 .01 .06 .01 3
2214051118 A 8.78 .02 1.16 .01 1.09 .02 7
K2 11.7 B 9.94 .01 .55 .01 .04 .01 4
2233352108 A 9.11 .01 1.53 .01 1.12 .01 4
M1 21.4 B 11.47 .02 1.61 .01 1.10 .05 9
2251253928 A 10.24 .01 1.04 .01 .93 .01 4
KO0 11.8 B 12.63 .04 .59 .01 .01 .02 7
2253455354 A 9.52 .01 1.05 .01 91 .01 4
KO0 18.1 B 11.59 .01 1.32 .01 1.33 .02 4
2317151331 A 9.65 .01 1.01 .01 .75 .02 4
KOKO 20. B 10.48 .03 .65 .01 .23 .01 5
2330954909 A 1.07 .01 1.41 .01 1.30 .01 4
K7 29. B 12.33 .02 1.51 .03 .94 .09 9
23325N1203 A 10.31 .01 .75 .01 .33 .01 2
KO0KO0 20.4 B 10.42 .01 .80 .01 .36 .01 2
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Table 2. The astrophysical data
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No. IDS, 400 Co. MK-class. | E(B—V) | E(U — B) Ay | My | Dist. | Separ. | Nature
[pc] | [AU]
1 00072S3201 A K2III -0.10 -0.22 | -0.32 0.5 800 OPT
2 0028352003 A K1III 0.13 0.22 0.42 0.6 290 5400 cO?
B GOV
3 0034756322 A KOIII/IV 0.18 0.58 0.7 475 OPT
B F3/4V 12400 | CO?
4 0042255233 A G8III 0.08 0.10 0.26 0.8 330 9000 cO?
5 00543N0015 A K511 -0.04 -0.04 | -0.13 | -2.3 | 1040 OPT
6 0054352530 A KOIII 0.13 0.21 0.42 0.7 400 OPT
7 0113550123 A K1V -0.04 -0.12 | -0.13 | 6.15 25 700 | PHY(?)
8 0128454146 A K1III -0.12 -0.31 | -0.38 0.6 610 OPT
9 01304S5950 A G6III 0.13 0.13 0.42 0.9 260 OPT
10 0251656445 A K4V
B G8V 0.26 0.22 0.83 5.5 45 570 PHY?
B KOV 0.19 0.07 0.61 5.9 40 500
11 03077S0317 A K1III 0.01 -0.06 0.03 0.6 410 OPT
12 0320255021 A K3V 0.13 0.14 0.42 | 6.65 20 300 PHY?
A K5V -0.06 0.16 | -0.19 | 7.35 20 300 PHY?
B K7V-M0OV
13 0345455045 A K2:1IT 0.15 0.28 0.48 0.5 450 6300
14 0408253402 A K3III -0.02 -0.35 | -0.06 0.3 550 OPT
15 0409651648 A M2III 0.04 0.07 0.13 | -0.6 620 OPT
16 0501651534 A K2III 0.29 0.52 0.93 0.5 330 OPT
17 0503753946 A K2III -0.04 -0.11 | -0.13 0.5 650 15900 cO?
B | GO/AII
18 0535154116 A K2III: -0.13 -0.23 | -0.42 0.5 850 OPT
19 06155N0547 A M3Ib 0.24 0.01 0.77 | -4.8 | 2600 OPT
06155N0547 A M3II 0.33 0.20 | 10.06 | -2.6 840 OPT
20 0616552934 A G8III 0.11 0.26 0.35 0.8 225 OPT
21 06297S5732 A GS8III 0.00 0.02 0.00 0.8 310 5800 CO(?)
B G1V
22 19181S3305 A KOIII 0.17 0.21 0.54 0.7 390 10000
23 1927652716 A K3III 0.26 0.36 0.83 0.3 360 OPT
1927652716 A KA4III 0.13 0.16 0.42 0.0 430 OPT
24 2139951407 A K3III 0.10 0.19 0.32 0.3 390 10400 cO?
B FV
25 2233352108 A MOVpe 0.13 -0.10 0.42 8.8 9.5 200 PHY
B M4V
26 2253455354 A KOIII 0.05 0.07 0.16 0.7 540 OPT

component B is a slightely cooler star than A (A(B —
V)=0.10, and A(U — B)=0.21), let us see whether it can
be at the same distance with A:

— B cannot be a luminosity class IIT and at the same
distance with A component, because in such a case
AV should be almost zero and not AV = 1.84 mags
as measured.

— it cannot be a sub-giant (IV) or a main sequence star
because the measured AV is too small.

— obviously, it cannot be of luminocity class IT or I, be-
cause it should be brighter than A.

We conclude that the two components are not in the same
distance, what means that the pair is an optical one.

We proceed the other pairs now using similar argumen-
tation. In case that the photometric and spectroscopic
parameters of the two components of a double star dis-
cussed below are as incompatible as in the above case of
0007253201, we will simply write that this double star “is
an optical pair”.

00283S2003: for the same reasons, if the components are
at the same distance B cannot be a luminosity III or IV
star, but it can be a GOV star, which fits excellently to the
observed differences in magnitude and the two colours. It
cannot therefore be excluded that the components have
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common origin.

00347S6322: if A is a giant (luminosity class III), it can-
not be excluded that B is a F3/4V and that the two stars
have common origin. Then A is an evolved much more
massive star than B does. On the other hand, if A is sub-
giant the pair is optical.

0042222S85233: A is a G8III type star. B could be an
early F-type IV or V star. Given the uncertaintes, it can-
not be excluded that the stars have common origin.
00543N0015: is an optical pair.

0054352530: is an optical pair.

01135S0123: A is a K1V star. It cannot be excluded that
B is a MOV star and the pair a physical binary.
01284S4146: the K1III value given in the literature for
A is probably erroneous, since it leads to highly negative
reddening values. If A is not giant, it cannot be excluded
that the stars have common origin. Our observations in-
dicate that B is a G1/2V star and the pair optical.
01304S5950: is an optical pair.

02516S6445: Component B is given in the literature as
a KOV or a G8V star. The reddening values calculated on
this basis are perplexing, since they are in both colours
too high. If we disregard this index, A could very well
be a K4V star. In this case, and taking into account the
small projected components separation, the system could
be physical.

03077S0317: Component A is a KIIII star. The two
colours of the componets are very similar, which intu-
itively rizes suspicions of pair’s physicity. The large mag-
nitude difference on the other hand, shows that B com-
ponent is probably an early K-type IV or V star, which
proves that the pair is optical due to very different com-
ponent ages.

0320255021: its nature depends on the secondary’s lu-
minosity class. B is probably a late K-type or M0 main
sequence star and the pair is then physical. But it cannot
be excluded that B is a giant or a supergiant and the pair
an optical one.

0408253402: is an optical pair.

04096S1648: is an optical pair.

05016S1534: is an optical pair.

05037S3946: B can be an early G-type giant and the pair
have then common origin components.

0535154116: the very negative colour-excess values in-
dicate a probably erroneous primary’s MK classification
(K2I1IL:). If this value is correct the pair should be optical.
06155N0547: is obviously an optical pair.
0616552934: is an optical pair.

06297S5732: B is probably a G1V star and the pair has
common origin components.
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19276S2716: is an optical pair.

2139951407: it can logically be that B component is an
early F-type main sequence star and the pair has common
origin components.

22333S2108: it is probably a physical pair with a M4V
type secondary and approximately 200 AU projected com-
ponent separation.

22534S5354: it is one more optical pair.

We present the above astrophysical information in Ta-
ble 2. In case of optical pairs, we do not give obviously the
projected linear separation of the two components.

We see there that at least 15 pairs out of 26 (58%) are op-
tical. Four (15%) could be physical and seven (27%) could
have common origin components.
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