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Abstract. The results of astrometric and photometric investigations of the open cluster NGC 7243 are presented. Proper motions
of 2165 stars with root-mean-square error df Inasyr! were obtained by means of PDS scanning of astrometric plates
covering 97 years. A total of 211 cluster members dowd te 15.5 mag have been identified.and B magnitudes have been
determined for 2118 and 2110 stars respectively. Estimations of massV(348 Mror < 522 M,), age = 2.5 x 1P yr),
distance = 698 pc) and reddenind=g_y = 0.24) of the cluster NGC 7243 have been made.
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1. Introduction but did not add any new ones. Unfortunately, none of the above
ir]vestigations, for one reason or another (absence of photomet-
fic data, small epoch fference, small number of plate pairs,
etc.) permitted investigators to select all probable members of
the cluster NGC 7243 in the observed magnitude range and to
estimate membership probabilities.

. The Main Astronomical Observatory at Pulkovo has 19 first
poch plates (obtained from year 1897 to 1949). This allows

The open cluster NGC 7243 is located in the Lacerta const
lation. It has the following coordinates:= 989, b = -5%6,

a = 22'15", § = +49°53 (2000.0). In the Lyng& (1987)
catalogue it is classified asdmipler (1930) class 112m with
40 cluster members and an angular diameter 6f Rarly in-

vestigations of this cluster led Raab (1922) to the conclusig
that it consisted of two clusters, but a lack offitient obser- ne to solve the astrometric part of the problem with a high

vational data made it impossible to check this statement at tﬁ%bree of confidence. For a reliable segregation of the cluster

time. Zug (1933) was the first investigator to study the !merrﬁetmbers it is necessary to use photometric data based on the
stellar absorption in the cluster area. He denoted the br|ghte§ : .
stars and these numbers are still used in some papers ReIa|1tc1|vem'rjltlonaI photometric system.

Papers. hotometric plates of the NGC 7243 region iB

proper motions of 814 stars in the cluster area were for Fhﬁdv passbands were obtained with the Schmidt Telescope

first time obtained by Lengauer (1937) from plates taken wi : ; ,
the Normal Astrograph of the Pulkovo Observatory with 0/120'240) of the Latvian Radioastrophysical Observatory.

33 year mean epochftirence. As a result, 32 cluster members .
were selected. Later, Rahmatov & Muminov (1985) determin@d Observations

proper motions of 1287 stars in the rt_agion 0f NGC 7243 _L'Si e observational material used for the determination of the
the platgs of the Normal Astrograph n Tgshkent (U_Zbek'St lative proper motions in the field of NGC 7243 is shown in
as thehflrst epootl:h plathes.l Duehto dlntert;swekurbaq rl]'g?]t pf(;'ﬁ‘éble 1. All plates are from the Normal Astrograph Collection
tion, the second epoch plates had to be taken with the Fbulkovo Observatory. The Pulkovo Normal Astrograph has
Zeiss Astrograph of the Kitab Latitude Station (Uzbekista ‘diameter of 33 cm, and a scale of'6AmL. All plates are in

In the circle (.)f 40 radit_;;, 28 passible cluster members wit emyg passband and have been obtained with exposure times
a membership probability of more than 50% were selectq ted in Table 1. The plate and film material used for B)é

van Schewick (1957), using only one pair of plates, confirm% otometry is shown in Table 2
the existence of cluster members previously found by Lengauer '

Send g@print requests toE. G. Jilinski, e-mail:jilinski@on.br 3. Astrometry
* Table 8 is only available in electronic form at the CDS .
via anonymous ftp tadsarc.u-strasbg. fr (136.79.128.5) or The deepest plate (K 11) was measured by means of the semi-

http://cdsweb.u-strashg. fr/cgi-bin/qcat?]/A+A/401/531 automatic coordinate measuring machine “Askorecord” with a
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Table 1. Astrometric plate material. stars because of their real movements, the following operation
was applied. All the plates used were transferred on one ref-
Plate Exposure Epoch Quiality erence plate D232, as its epoch is the median of the others.
(min) Then for each reference star candidate, graphs were considerec
Early epoch where on abscissa the epoch of plates and on ordinate the co-
A 202 20 1897 Aug. 13  poor

ordinateX or Y of the star were plotted. The straight line was

A 346 30 1899 Sep.5 ~ good drawn by least square fitting. The star was included in the ref-

2%2 23 igg; :zg ;2 ggg? erence star; list o_nly if th_i_s straight line was parallel to thelco—

A 976 22 1907 Sep. 11 high ordinate axis, which testified to the absence of an appreciable

B 261 30 1910 Oct. 11 good proper motion. _

C 995 30 1933 Nov. 23 high Thus, 99 reference stars (of averd&gyemagnitude equal to

C 996 40 1933 Nov. 23 high 14.04) existing on all plates and uniformly distributed in the

C 997 30 1933 Nov. 23 high studied region, except the cluster area itself, were selected.

K11 80 1934 Feb. 9 high Quadratic polynomial approximations were used to match

D 232 21 1949 Oct. 30 good the position of the star on the the 1st epoch plate to that of the
Recent epoch 2nd epoch:

15453 10 1987 Oct. 18  good

15454 10 1987 Oct. 18  good ax+by +cxy+d¥ +ey® + f = Ax

17670 10 1995 Oct. 15 high o o o,

17671 20 1995 Oct. 15  high ax+by+cxy+dx +ey”+f = Ay

i;ggg 18 iggg ‘J]er: gj Ei(;%d Th_e mean errors of star relative proper motions for each plate

17704 10 1996 Jan. 25  poor pair are given in Table 4.

In calculating average values @f andy,, weights of indi-
vidual plate pairs were not taken into account since tiffedi
precision of about 0.01 mm. Serial numbers from 1 to 26Z3ce between the mean and weighted mean do not exceed the
were assigned to all stars in a square size ¢f880 cen- random errors. Values of the estimated root-mean-square (rms)
tered on the cluster. These positions were used as preligficors of the obtained proper motion do not depend on the po-
nary ones when all plates were scanned with the Obsmiwat sition of a star in the studied field, but increase 1.5 times from
Nacional (Brazil) PDS 1010 microdensitometer. The stellar ifgright to faint stars. The mean rms errors of the proper motion
ages were analyzed with a ¥010 um diaphragm. The platescomponents for all observed magnitudes are the following:
were spanned in two onentaﬂong with a 180 degree rotatyg__r: = +1.09 masyrl, o, = +0.96 masyr™.
to eliminate possible errors of the image treatment and to mini- y
mize the influence of systematic errors of the PDS microdensRelative proper motions were determined for 2165 stars in the
ometer. The analysis and comparison of the direct and reveirggestigated region.
measurements permitted us to evaluate the random and system-
atic errors of measurementsa%.5 um in both coordinates.

. o . 4. Photometry

The star image positions were determined through two-
dimensional elliptical Gaussian fits to the matrix of pixels dPhotographidBV photometry of the stars in the cluster area
the image. These calculated positions of the stars do not dexs made using the material described in Sect. 2. The mea-
pend on the orientation of the scanning. surements of the plates were performed by means of the mi-

The method used for proper motion determination tradirophotometer “Sartorius” with an iris diaphragm. The fluctu-
tionally suggests compiling of plate pairs. The combinatiorsions of the zero-point of the scale of the device during the
of plates that form such pairs are listed in Table 3. measurements were checked and introduced into instrumental

The mean epoch flerence is 74 years. Some of the secomdagnitudes as correspondent corrections. The measured are:
epoch plates were used in the pairs twice. This was causeddgharacterized by the existence of a large number of weak
unfavorable conditions of observation at Pulkovo Observatastars forming a rather irregular background. For this reason,
due to urban lights. The plate 17704 was excluded becausenafre than 10% of all stars of the catalogue are either blended
poor quality of measurements. Nine plates of the first epoohfall simultaneously in the field of view of the device. Also,
were not deep enough and were not used. in the diaphragm, together with a measured star, one or several

The positions of stars on all plates were related to one cameak stars often enter that are not numbered. Nevertheless, the
ventional center (star 898 in our catalogue). The plates of theeasurements of such stars were done. Stellar magnitudes ob-
second epoch were used as a comparison, therefore the cined in this way are approximate as their errors are as high as
dinate axes on the plates were rotated so that theMaxigs 0.5 mag. In the final catalogue they are denoted by an attribute
oriented along the sky meridian. For this purpose stars frdti. Other doubtful cases, for example, the absence of a star on
the catalogue AGK 3 were used. one of the plates are marked by colon.

The reference stars were chosen inBraagnitude interval Usually in measurements with iris-photometers, the back-
between 135 mag and 14 mag. To avoid the so-called “cos-ground of a plate is considered as regular and is not especially
mic” error, i.e. the position change of a system of referentaken into account. However, for the field of NGC 7243 it is not
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Table 2. Photometrical plate material.

Plate Epoch Passband Photomaterial Quality
18575 1991 Jan. 134 \Y AB00 H+ YG 17 high
19026 1992 Jan. 286 \Y AB00 H+ YG 17 high
19027 1992 Jan. 286 \Y, A600H+ YG 17 high
19202 1992 Aug. 228 \Y AB00 H+ YG 17 high
18536 1990 Dec. &7 B ZU 21+ GG 13 high
19028 1992 Jan. 286 B ZU 21+ GG 13 good
19230 1992 Dec. JI8 B ZU 21+ GG 13 high

Table 3.Plate pairs used for the proper motions determination.
Pair Plates Epoch Pair Plates Epoch
difference dierence
yr yr

1 A 346-17696 97 6 C995-17671 62

2 A525-17697 95 7 C996-17670 62

3 A708-15453 84 8 C997-17671 62

4  A976-15670 88 9 K11-17696 62

5 B 256-15454 77 10 D232-17697 47

Table 4. Errors of stars relative proper motions obtained usitedi  of stars in the region of NGC 7243, published in two works:

ent plate pairs. Mianes & Daguillon (1956) and Hill & Barnes (1971) (here-
after referred to as MD and HB respectively). In the first work
Plate pair  Number & € the number of stars is 39, in the second — 20, with 9 common
ofstars  (masyr) stars. Since there is a systematitfetience between these two
1 2025 3.37 273 sets of standards, the work of MD was used as the principal
5 ;ﬁi gg? g'gi gnd the value® andV from the work of HB were reduced to
' ' its system. Three stars from the GSC (Lasker et al. 1988) were
4 2140 242 2.08 - . . .
5 2122 294 265 agdeq to this list. The full list of the photoelectric standards is
6 2026 337 3.25 given in Table 5.
7 2084 3.15 2.86 About 30 stars spreading regularly over the whole
8 2107 3.30 292 range of magnitudes were used to plot characteristic curves.
9 1956 3.99 3.29 Unfortunately, the number of photoelectric standards for faint
10 1716 433 4.13 stars is extremely low, which almost doubles the error. The

characteristic curves for each photometric plate were fitted by

o ) ) ~ polynomials. As an example of the calibration, a characteristic
so, mainly in the neighbourhood of the bright stars which, gf,rve for plate 19026 is presented in Fig. 1.

first sight, make up the cluster. Thus, each plate was measuredlnstrumental magnitudes were transformed iBt@nd V

twice: with consideration of the background and without i{ king into account the colour equation (CE): magnitude
The comparison of the results showed that consideration of ies by 005 mag, whileB — V changes froerIZO t0 2.11-
background improves a convergence of magnitude values ¥ theB magnitude this variation reached4 8 mag. These Cés

tained with diferent plates by npt more than 0.02 mag, Cohs'%'ere used for ever or V plate transformation. The resulting
erably less than the photometric errol0® mag). However, in andV magnitudes are free of CHrects
the final catalogue the photometry obtained accounting for tﬁe '

L2 : The external rms errors of our photometry calculated rela-
background is given using the well-known formula of Weav?r : )
(1962) Ive to the corresponding photoelectric values for 39 stars are

the following:
d? = D? - (d? - ).
oy = £0.05 mag og_v = £0.07 mag

whereD — aperture reading at prompting on a star,
dr — aperture reading for an average background near the st@ihe internal rms errors were calculated only for stars with re-
dsf — aperture reading for an average standard background, liable photometry. Blended stars or stars contacted with not
d — aperture reading for a star, related to an average standdedoted ones, as well as stars that had not been measured
background. The background near each star was measureddwall plates obtained in the same passband were excluded.
to four times with subsequent averaging. Finally, photometric magnitudeB andV were obtained for

The photometric calibration of each photometric plate w&i110 and 2118 stars respectively. Photometry errors increase
done using photoelectrically measurBdand V magnitudes slightly from the center of the plate to its edges. The following
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Table 5. Photoelectric photometric standard stars in the region of NGC 7243.

This Lengauer V B-V U-B Notes This Lengauer V B-V U-B Notes

paper paper
912 475 8.43 0.11 -0.20 869 382 11.35 0.64 0.16 *
909 480 8.74 0.12 -0.22 P 892 489 11.44 1.44 1.38
757 482 9.07 0.14 -0.23 743 476 11.55 0.33 0.20
879 377 9.21 0.08 -0.30 * 761 485 11.68 0.29 0.22
1085 380 9.22 0.09 -0.22 775 497 11.22 0.27 0.19

895 362 9.25 0.15 -023 * 1086 379 11.74 0.25 0.19
902 358 9.35 0.13 -021 Q 1097 384 11.79 0.26 0.18
896 361 9.60 0.12 -026 * 897 363 11.79 0.26 0.16

1078 370 9.93 0.05 -0.26 881 372 11.80 0.28 0.18
771 490 10.10 0.12 -0.26 762 488 11.82 0.62 0.18 T
898 360 10.27 1.75 2.10 1068 364 11.93 0.39 0.23
1099 386 10.27 0.15 -0.06 R* 1084 378 12.08 0.27 0.20 *
776 496 10.39 0.13 -0.08 781 502 12.19 042 0.30
908 350 1040 0.45 0.20 907 355 12.20 0.72 0.29
880 373 10.50 0.62 0.16 * 778 501 1221 0.34 0.24
876 510 10.54 0.19 0.00 922 338 12.29 0.40 0.28
1081 374 10.66 0.72 0.27 888 366 12.30 0.45 0.36
768 493 10.73 0.21 -0.05 1090 376 12.37 0.44 0.28 *
924 471 10.76 0.20 -0.01 905 483 1241 048 0.29
1104 392 10.86 0.13 0.00 875 511 12.42  0.37 0.26
1075 368 10.89 0.14 -0.01 877 375 1250 0.46 0.26
874 513 11.08 0.70 0.25 S* 772 494 1266 0.41 0.28
759 484 11.15 0.22 0.05 792 515 1269 0.42 G
904 487 11.20 0.18 0.01 * 793 12.77 1.29 H
780 503 11.24 0.29 0.21 * 884 505 12.83 0.25-0.02
886 369 11.34 0.19 0.11 * 918 15.04 0.73 [

1) * - The star merging in blend or close contact with weak star(s) without number.
2) By capital letters are denoted the stars of the photometric sequence of the catalogue GSPS (plate P-188).
3) For the star 886 in the catalogue of MD faulty photometry is given.
4) The star 872 (512) is not included in the list, sincedtnagnitude determined by us is one
magnitude brighter than that given in MD (MD: = 12.62 mag,B — V = 0.35 mag; the authors
catalogueV = 1152 mag,B - V = 0.24 mag).

L L I R L L I 5. Member segregation

1aL N Proper motions used for open cluster membership segregation
- R should be free of any systematic errors. The most important
i ] systematic error is the magnitude equation (ME) or the depen-

12 — dence of the observed star positions and the derived proper mo-

B [ : 1 tions on stellar magnitudes.

1o X ] If all observations were done with the same telescope and
F q with a similar type of astroplate, under similar observational
i ] conditions (hour angles, zenith distances, coordinates of astro-

8 - plate centers etc.) all star positions observedfétidint epochs

I P B BT N B would be contaminated by nearly the same systematic errors.

214 16 18 =20 =22 The resulting proper motions, calculated as thiedénce of

}[(X) star positions at dierent epochs, would be free of the principal

: - _ systematic errors.
Fig. 1. Characteristic curve for the plate 19026x) are readings of

the iris microphotometer “Sartorius” ariélare corresponding photo- ~ The methods of ME estimation used at the Pulkovo
electric stellar magnitudes from Table 5. Observatory were described in detail by Lavdovsky (1961).
All proposed methods assume preliminary separation of clus-
ter members from background stars and are based either
values of the internal rms errors of the photometry wemn the analysis of proper motions of background stars only
adopted:oy = +0.04 mag o = +0.06 mag osyv = (first method), or of probable cluster members only (second
+0.07 mag method).
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In the first method, if we exclude from consideration theommon with HIPPARCOS. All of them are in the&589.8 mag
most dense part of the VPD, we exclude the main part mfnge and a comparison of the proper motions does not permit
probable cluster members. At the same time, stars with veryto draw any significant conclusions about the ME.
high proper motionsx50 mas yr?) should be eliminated too. ~ The proper motions presented in the Tycho-2 catalogue
The residual stars are (mostly) the background stars and tlee& derived mainly using photographically observed first epoch
proper motions reflect the solar motion to the Apex. The bagbesitions. However, a large number of stars in common with
ground stars are distributed randomly in a space, so fainliPPARCOS in all the observed magnitude range permitted us
stars are, on average, situated at larger distances from the $aorrect the main part of the principal systematic errors, in-
Thus, the parallactic displacements caused by solar motion elteding ME, in Tycho-2. In the studied field of NGC 7243 we
smaller for fainter stars. These statistical parallactic displadetind 280 stars in common with Tycho-2. The ME obtained as
ments were calculated forftgrent stellar magnitude ranges usthe result of comparison of proper motions with Tycho-2 can
ing the tables published by Zhukov (1966). When these statidtie presented as:
cal parallactic displacements are eliminated from the observed
proper motions, the residual dependence on stellar magnitd@52+ 0.17 mas yr* mag * for uy,
presents the ME. The obvious disadvantage of this method is
a very low precision of the secular parallaxes determined tht@53+ 0.22 masyr*mag™ for u,.

far. At best, this method permits us to estimate the linearity and . o . o
the slope of ME for all observed stellar magnitudes. The low relative precision of the obtained ME and, in principal,

In the second method, the estimation of the ME was badbg narrow range of stellar magnitudes does not perm_it one to
on the proper motions of cluster members preliminary selec@gP!y them directly to correct the observed proper motions but
by radial velocities. In Table 6 we collected all stars witRErMIts us to confirm the previously determined values of ME.
known radial velocities in the cluster region. Data from HB ©On the other hand, the realized comparison permits one
and Barbier-Brossat & Figon (2000) were used. Firstly, we eQ;ak_mg into account the errors of our cgtalog) to estimate the
cluded from consideration the stars known to be spectral Brcidental errors of Tycho-2 proper motions as:
naries and determined the mean radial velocifyd) and its
standard deviationo). After that, all stars with the radial ve-

locities| Vrad - Vrad| > o were excluded too. Thus, we obtainegina|ly, the ME obtained on the basis of 310 preliminary
the mean cluster radial velocity ef111 = 1.2 kms™ for 22 photometrically-selected cluster members was applied for ev-
stars marked with the symbglin Table 6. This value was ac-gry plate pair used for mean proper motion determinations. It
cepted as the mean radial velocity of the cluster. If we Cofyms shown that the same ME, within the error bars, may be
sider that these 22 stars are real cIus‘Fer membe_rs, they shouley for all plate pairs. This circumstance gave us the opportu-
have the same values of proper motions. But, in reality, th@y to use this ME in our following investigations applying the
dependence of the observed proper motions on stellar magijrrections caused by the ME to all determined proper motions.
tude was found for these 22 stars which permitted us 10 €s- The procedure for a final selection of cluster members de-
timate the ME as+0.59 = 0.07 masyr‘mag™ for sy, and  scribed below permitted us to create a list of probable cluster
0.00 £ 0.05 masyr*mag for y,. However, because radialmempers. The original (or observed) proper motions of these
velocities were determined for a small number of bright staggopaple cluster members were studied to determine the exis-
(B < 125 mag) only, the value of ME remains unclear, as dogsnce of the ME. The ME obtained in the second approximation

the possibility of linear extrapolation of ME for faint stars.  ghows a linear character with the following regressionfitoe
To clarify the matter, another method of cluster memsiants (for the whole magnitude range):

ber preselection was used. If we construct the CMD exclud-

ing stars withB — V. > 1.0 and lying far from the most +0.49+ 0.05 mas yr* mag™ for uy,

dense part of the VPD, we can obtain the first approxima-

tion of the cluster main sequence. Using this criterion, we0.17+ 0.06 mas yr: mag* for w,.

selected 310 probable cluster members. They allowed us to

evaluate the ME as0.51 + 0.05 masyrtmag? for uy, and All proper motions derived in our investigation were corrected

-0.35+ 0.04 masyr* mag for u,. These values confirm theusing this ME for all observed stellar magnitudes. The result-

character of the previous magnitude-restricted determinationg ME is shown in Fig. 2. The third approximation, carried

but, and this is extremely important, they show the same chat following the same scheme, does not show any significant

acter as the ME determined in the method of statistical paredsidual ME.

laxes for all observed magnitude$8nag< B < 155 mag. The cluster member selection was done based on VPD and
Finally, we tried to estimate the ME by comparing the olEMD. For these purposes, a preliminary catalogue was con-

tained proper motions with absolute ones obtained in the spatricted including all stars having originally determined proper

projects HIPPARCOS and Tycho-2. However, it ifidult to motions and reliably determind8landV magnitudes (in the

determine the ME comparing our proper motions with these piéiblished version of the catalogue the values without sym-

HIPPARCOS. Our catalogue of more than 2000 stellar progaol “:”). In every possible case, photographic photometric data

motion determinations in the region of NGC 7243 coveringwere substituted by their photoelectric counterparts. The VPD

small field of 6400 square arcminutes contains only five starsdand CM diagram were constructed for all 1688 stars of this

ox = +3.0 masyr!, o, = +3.6 masyr®.
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Table 6. Field stars and the cluster members selected in the previous works.

Star numbers derived from Star numbers derived from

This Lengauer Schewick Muminov Vg This Lengauer Schewick Muminov Vi

paper kmst | paper kmst
166 785 +7.4 891 492* 59* 632

303 735 -348 | 895 362 57* -4.0
350 754 -27.8 | 896 361* 56* 625 -110
553 649 -183 | 897 363* 58 626

616 500* 77 676 902 358 49* 597 -150
743 476* 23 475 -520 | 904 487* 52* 607 -350
744 473* 13* 440 905 483 46* 586

757 482* 42* 567 -8.0 909 480* 33* 516 -110
759 484* 44* 587 -130 | 912 475*% 21* 467* -130
761 485* 48 592* -110 | 922 338* 7 393*

768 493 +6.0 924 471* 11* 416 -7.0
771 490* 57* 628 +5.0 | 1000 306 +9.2
775 497* 75 672 -27.0 | 1068 364 65* 642

776 496* 71* 661 -6.0 | 1075 368* 83* 696 -5.0
778 501* 78 682 1078 370* 85* 714 -120
780 503* 80* 685 -6.0 | 1081 374* 91 751

814 527 -24.0 | 1084 378* 96* 769

869 382* 109 808 1085 380* 102* 783 -230
872 512* 99* 785 -180 | 1086 379 100* 782* -370
876 510* 88* 731 +3.0 | 1097 384* 111~ 816 -200
879 377 94* 765 -130 | 1099 386 114 828 -9.0
881 372 89 745 -40 | 1104 392 125 892 -110
886" 369 84* 699 +4.0 | 1737 181 -143

* - Previously determined cluster members.
T - Probable cluster members based on the radial velocity.
Stars 743, 768, 771, 896, 904, 909, 1085, and 1086 are spectroscopic binaries.
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Fig. 2. Final magnitude equation. Points present mean proper motions of selected cluster membéieséot diellar magnitude groups. The
analytical ME is obtained as a linear fitting to flagandy, components.

preliminary catalogue (Figs. 3 and 4). Figure 5 presents an m—(,un,yyi) =
larged central part of the VPD. No condensation corresponding Ne L[t = Hxec\2 (Mg — Hyoc\2
to the cluster can be seen. = X exp{—i [( - ) +( - ) ]}
Probable “astrometric” cluster members were determined
by the formula proposed by Vasilevskis et al. (1958) and N;
Sanders (1971) based on the idea that proper motion distriﬁh-(ﬂmﬂyi) = T —
tions for cluster and field stars are bivariate Gaussian distribu- 27ExZ, V1 -1
tions, circular for the cluster and elliptical for the field. Thus,
each point of the VPD takes part in two Gaussian distributions: X exp{— 2(1-r2)
that of the cluste¢(ux, ;) and that of the fields (uy, w,):

2 2
(ﬂn —,UxOf) + (#yi _llyof)
>x %,
2 (Hx = Hxof) ('uyi _'uyof)}
—2r
© (11 1) = Dc (tis 1y, ) + O (110 ) » 2 >




E. G. Jilinski et al.: Open cluster NGC 7243 537

sof" ‘ ‘ ‘ ‘ . ‘
8 - —
RO ’ . cot .
. | - |
L 10 - . - —
> ] [
wn .
© - |
g Vv
- i 12 — =
> o
3 :
—20F . 0 o .
. 14 - —
=00 i P TR IR I r N
-30 -20 -10 0 10 20 30
My, mas yrt 16 0 04 o8 1z 16 2
Fig.3. The VPD for all stars in the region of the open cluster
NGC 7243. B-V
Fig.4. CM diagram for all stars in the region of the open cluster
NGC 7243.

whereN. - normalized number of cluster stars,
Nt - normalized number of field stars, .
o - standard deviations for stars of the cluster, 10l g S _
Xy, Z, - standard deviations for the field stars, ) ’
r - correlation cofficient, relating to the orientation of the
ellipse describing the distribution of field stars,
Hxocs Myocr Mxof » Hyot — COOrdinates of centers of distribution
on the VPD of the cluster and field stars,
Uy, 1y, — Proper motion irx andy for theith star.
Individual membership probability of a star is determined
by its position on the VPD and is calculated by the following
formula:

o

My, Mas yr-t
o

|
o

P(,u p ) _ N O (ﬂx»ﬂy) ‘ : . . . .
o ch)c(,ux,,uy)+Nfd)f (,ux,,uy) Lol . s ~ '= L. e

For calculating the membership probabilities it is necessary to -10 -5 "o 5 10
determine the parameters of each distribution. For this purpose, g, Mas yr!
Sanders (1971) suggested using a method of maximum likeli-
hood. Thus, itis necessary to solve a system of nonlinear eqtig- 5. The central part of the VPD with the orientation of the large
tions, the number of which corresponds to the number of uis of the elliptic proper motions distribution.
known parameters.

In our study, the Sanders’ method cannot be used directly
to fit all 8 unknown parameters of the Gaussian proper motigParation, a procedure similar to the case of ME determina-
distributions due to a rather small ratio of cluster and field staf§n was used.
The cluster NGC 7243 region of 88 80 contains more than The visual analysis of the CMD shows that the stars with
2600 stars up t® = 155 mag while according to previous in-B — V > 1.0 are improbable cluster members and might be
vestigations the cluster diameter is about@yngd 1987) and excluded from consideration. So, the elimination of these stars
the number of cluster members determined by Lengauer (1988 clean the central part of the VPD. On the other hand, stars
is only 32. That is why it was necessary to subject the VPD Ygth large proper motionsix, 1| > 50 masyr®) might be
preliminary pruning. The frequency distribution parameters féfiminated from consideration too.
field and cluster stars were chosen iteratively. At the beginning, Taking into account that the cluster diameter is @nga
all originally-determined proper motions were transformed t087), stars lying at distances more thanfzém the geomet-
the new coordinate systemy(, n, ) by rotating the initial co- rical center of the cluster were eliminated.
ordinate system so that the large axis of the ellipse coincides We tried to find the center of the cluster proper motion dis-
with the x (Right Ascension) axis. The preliminary center ofribution as the region of the highest density on cleaned VPD.
the cluster proper motion distribution was determined in thisor this purpose, we compared the proper motions of each star,
new coordinate frame. For a preliminary cluster membgg andy,, with the proper motions of all residual stars and
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The fitted distributions are shown in Fig. 7 where they can be
compared with histograms of the observed proper motion dis-
tributions.

The star position on the cluster CM diagram was accepted
as a photometric criterion of the cluster membership. The shape
of the diagram (see Fig. 8) clearly reflects the fact that, of
B -V determination increases with stellar magnitude. All stars
with astrometric membership probabilities more than 80% and
lying in a band of305_y were considered to be cluster mem-
bers. The total number of such stars is 209. Two bright stars,
895 and 896, were added to our list of cluster members ac-
cording to the results of previous determinations of their radial
velocities and photoelectrid BV magnitudes. Unfortunately,
these stars form one undistinguished image on our plates. So
the total number of stars which are cluster members is 211.
The comparison of the cluster and the field magnitude func-
tions (Fig. 9) shows that the obtained number of cluster mem-
bers is restricted by the depth of the astrometric plates. From
Fig. 10 presenting thXY positions of all the stars in the region

counted the number of stalg |y|ng within the circle cen- of NGC 7243, we can see that the field stars are homogeneously
tered onu, andy, with the radius determined by errors ofistributed over the whole area.

proper motion determinationt(.1 masyr?). After that, the
point with the coordinatesu, ) was assigned the weight6
W, = N;. When this comparison was made for all stars of the

CM diagram and cluster physical parameters

cleaned VPD we found the mean weight. At the second a) Reddening and distance

step, all points on the VPD with\i < W, were eliminated
as corresponding to improbable cluster members. For all std
with Wi > Wp the position of cluster center on the VPD wa

calculated as a barycenter:

_ Zux W

Po ™ om0 M T

Eﬂyi’ W
W

ge selective absorption in the region of the cluster was de-
germined using 34 cluster members that satisfied the follow-
ing conditions:1) existence of thadJBV photoelectric mag-
nitudes, an®?) luminosity classes IV and V. The best coinci-
dence was achieved by overlapping the normal colour line and
the position of stars on the colour-colour diagram at the value
of Eg_v = 0.24 mag. The standard inclination of a reddening

Itis impossible to determine the center of the very noisy proplére, Ey_g/Es-v = 0.72, was taken. The results are shown in
motion distribution of field stars using only VPD, so it was ag=ig. 11. The value of colour excess fBr- V completely co-
sumed thafi, = 0 andy, = 0. The ellipse semi-axes or stanincides with similar determinations in the works of MD and
dard deviation of the field stars proper motion distribution weldB. The last authors applied also the data of the intermediate-
determined by VPD. The numbers of the cluster membgrs banduvbyHgS photometry and showed that the absorption in the
and field stardN; as well as their ratidN./Ns = 1.03 were de- region of the cluster core can be considered as uniform. HB,
termined from this first approximation. Using these values bfised on their spectral MK classification, obtained a slightly
the distribution parameters, individual membership probabitiifferent value of reddeningz_v = 0.19+ 0.05 mag.

ties (P) were calculated.

At the second approximation, only stars with> 80%

The visible distance modulus was obtained by a shift of
ZAMS on the CM diagram along the axi¢ at Eg.y =

were considered as astrometric cluster members. Figur®d.B4 mag up to its coincidence with the MS of the clus-
shows the histogram of the membership probability.

Then, all stars with membership probabilitiBs> 80%

ter. Despite a noticeable scattering of the points, the distance
modulus can be determined due to the fact that the posi-

were excluded from previously selected field stars, and aftéiens of ten stars, which are highly probable cluster members
wards new values of the distribution parameters of field stdiased on their astrometric, photometric and radial velocities
were obtained. In this case, Sanders’ method was used indieterminations), form a visible thickening on the diagram
pendently to fit 5 unknowns using only, = 0 andy, = 0 as shown by a circle in Fig. 12, where the final CM diagram of 211
the first approximation of parameters obtained from the first lembers of the open cluster NGC 7243 is plotted. Its middle
eration. The resulting values (mas¥yof the fitted parameters pointisV = 1174 magB-V = 0.28 mag, and the correspond-
of the field and the cluster star distributions are the followinging value of the visible distance modulusds My = 9.94 mag,

Thefield py =
,u% = 0.5
¥ = 9.0
¥ = 65

Y

—-1.5 Thecluster uy

Hyy =

Txy

21
-13
1.1

that at a general absorption &fy = 0.72 mag results

in the true modulus ofVy — My = 922 mag. The
points of the lines of normal colours and ZAMS were
taken from the work of Mermilliod (1981) where they
were determined using open clusters younger than Hyades.
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. . . Fig.9. The cluster (full line) and the field (dash line) magnitude
Fig.8. CM diagram for probable cluster members with astrometrig, tions.

membership probabilitieB > 80%.

B-V

The normalized luminosity function for NGC 7243 based on
The determination of the average values of the visible mogur data is given in Fig. 14.
ulus for astrometric members by MK classification results in - Star masses were derived from the “mass-luminosity” rela-
the value ofV — My = 9.94+ 0.37 mag that corresponds to &jons published by Straizys & Kuriliene (1981). Then, the em-
distance of = 698'139 pc. pirical mass function for NGC 7243 was constructed. Salpeter
(1955) was the first to show that for the stars in the vicinity of
the Sun the power law of the initial mass function (IMF) has
the form of a power law N/dM = (M/M;)?, with @ = —2.35.
The age of the cluster was estimated based onBhe {)g Numerous recent investigations of star clusters and associa-
value of the turn-& point. This value for NGC 7243 isB(— tions of the Milky Way and the LMC exhibit a large range of
V)o = —0.11 mag. For such data the cluster age was estimatedarithmic slopes in any mass range. Scalo (1998), assembling
as (25+0.5)x10%yr by the use of the isochrone grids computeand analyzing these data, proposed a three-segment power law
by the Padova theoretical group (Bertelli et al. 1990). The madMF:
sequence and three isochrones corresponding to the ages of 1
18, 2 x 108, and 3x 10° yrs are shown in Fig. 13.

b) Cluster age

-1.2+03 for 0.1 <M/My < 1
dN/dM =¢ =27+ 0.5 for 1 <M/Mg <10
-2.3+0.5 for 10< M/Mg < 100

c¢) Luminosity and mass functions. Cluster mass
estimation In our investigation the logarithmic mass function (Fig. 15) was

obtained as rms fitting for stars in the mass rangeM /M, <
The cluster luminosity functiony(My), is determined by the 6.5 in the form
following equation: &N = ¢(My)dM, where dN - number of
stars with absolute magnitudes in the limikk,, My + dMy. IgN = -2.37Ig(M/M,) + 2.18.
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Fig. 12. CM diagram for the open cluster NGC 7243 members. The ) o )
circle marks the positions of ten stars, which are reliable cluster meffi9: 14- The normalized luminosity function for the open cluster
bers. ZAMS is shown by a solid line. NGC 7243.

The estimation of the cluster mass was made on the follow-
Thus the inclination of the mass function of NGC 724#g assumptions. The direct determinations of masses of each
(-2.37+0.27) is in good agreement with= —2.3 recently ob- of its members based on the mass-luminosity correlation give
tained by Meusinger et al. (1996) for stars with ¥ M/M, <  a total value of 348/,. Assuming that half of them are double
3.5 of the Pleiades cluster. stars with a ratio of masses of components close to unity, we
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Table 7.NGC 7243 summary data.

Number of members 211
Limiting magnitude V ~ 155 mag

o Magnitude of the brightest star V = 8.43 mag

: Earliest spectral type B511I

=, MS turn-df point B-V), =-0.11 mag

20 Age t=(25+05)x10%yr
Total cluster mass 34Bl, < Mot < 522M,
Average reddening Eg v = 0.24 mag

- o o ] Distance r = 698713 pc
0.4 0.2 0 Mass function slope -2.37+0.27

lg(M/M
g( / ®) AcknowledgementsE.G.J. thanks CNPq and FAPERJ for financial

Fig. 15.Mass function of the open cluster NGC 7243. support under contracts 300098-0 and E-2652.2212000. N.A.D.
thanks FAPERJ for financial support under contracts A-26.17298

and E-26171.64799.
should increase this value5ltimes. The resulting estimation

of 522 M, is still not final since it is possible that a part of the

faint cluster members has remained unrevealed because of Rferences
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Bertelli, G., Betto, R., Bressan, A., et al. 1990, A&AS, 85, 845
Cabrera-Cad, J., & Alfaro, E. J. 1985, A&A, 150, 298

General Catalogue of Variable Stars, Vol. 1, 1985, ed. P. N. Kholopov

According to the General Catalogue of Variable Stars (1985) (Moskow: Nauka)
and the New Catalogue of Suspected Variable Stars (19&3fve De 1979, Vatican Obs. Publ. 1, No 16, 283
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d) Variable and peculiar stars in the region of the cluster



