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Abstract. Hipparcos trigonometric parallaxes and photometn proper motion and radial velocity measurements, as well as
ric data for about 40 bright carbon stars have been analysetoretical considerations. Data for individual objects, however,
Individual absolute visual and bolometric magnitudes, normakre very scanty, consisting of same uncertain hints from bina-
color indices(B — V), absorption values and distance moddes containing carbon stars, possible members of star clusters,
uli were determined. By comparison with stellar evolutionargnd the Wilson-Bappu effect. The most straightforward method,
tracks for initial mass < M/Mq, < 4 itis found that the i.e. through trigonometric parallaxes, has hitherto been of little
majority of CH- and R-stars are on the giant and subgiaveilue, owing to the considerable distances even to the nearest
branches, but N-stars occupy a regien < My < —1 and carbon stars, and the imperfectness of previous measuring meth-
1.6 < (B — V) < 3.6 and correspond to an advanced stag®s (see a compilation of previous data by Alksne et al.(1991)).
of thermally pulsing asymptotic branch giants. Previous abso- The situation has radically changed after the mission by the
lute magnitude estimates, especially those from statistical pardtrometric satellite Hipparcos. The mean error of about 1 mas
laxes, are confirmed by Hipparcos. Using Hipparcos parallaxea characteristic value for parallaxes measured by Hipparcos —
and proper motions, three multiple stars with a carbon star copmevides us with reliable distance estimates inside, say, the 0.5
ponent are examined. Hipparcos data confirms a physical liigc region around the Sun including some 100 carbon stars.
between W CMa and HD 54306 (B2V), both probable members Hipparcos also supplied us with precise photometric data,
of the association CMa OB1. Some stars are located below tieing the mean brightness estimate freml00 observations
subgiant branch for the mass/, and a number of the N starsof each star, a circumstance, which because of the variability
are below the theoretical limit for carbon stars on the AGB. of carbon stars, is of special value. Here, a problem specific to
carbon stars — stars with a peculiar spectral energy distribution —,
Key words: stars: carbon — stars: fundamental parameters to accurately correct ground-based photometry for atmospheric
extinction, is irrelevant for Hipparcos data.
In the following, Hipparcos trigonometric parallaxes and
_ magnitudes for a sample of about 40 bright carbon stars, mainly
1. Introduction from our proposal list, documented in the Hipparcos Input Cat-
Until Hipparcos, the distance determination for galactic carb arllogue as No. 22 (Turon etal.1992, Vol.1p.62) are analy.f,ed and
e ) eir absolute magnitudes deduced (Sect. 2). Further, in Sect.
stars was a difficult problem. Albeit some authors (see e.g. Gr% Hibparcos data for some wide multiole svstems containin
newegen et al., 1992 or Claussen et al., 1987) had published’&x- bp : pie syst 9
2T : . carbon stars are analysed to clarify the question whether they
tensive lists of carbon star distances, especially for N-type stars . . .
o L . are optical or physical. In Sect. 4 the obtained absolute mag-
the determination was very indirect—itwas based on an assurmp- S .
. o .nftudes and normal color indices are discussed and compared
tion that all N-type stars would have the same luminosity with . : ; ;
. : . . n the H-R diagram with evolutionary tracks from theoretical
a value estimated from theoretical evolution calculations. THe . . . .
calculations. Some curious specimens are singled out and pro-

specific values of luminosity used by various authors also are Igsals ut forward how to remedy the apparent contradictions
variance. Distances to CH- and R-stars (where such an assuflf P y PP

. . . . W|Pﬁ modern stellar evolution theory.
tion is obviously incorrect), were known still more vaguely.

Butmainly the aimis just the opposite —to know the distance D
in order to determine the absolute magnitude of a star. Befdre

Hipparcos our knowledge about the mean absolute magnitudes \isual absolute magnitudes Ay and absorption Ay,

of carbon stars had relied mostly on statistical parallaxes based ] ] ) ]
To determine visual absolute magnitudes-, corresponding

Send offprint requests to: A. Alksnis visual V' magnitudes in the Johns@hBV photometric system

* Based on observations made with the ESA Hipparcos astrometrg¢re taken from the Hipparcos Catalogue (ESA 1997). These
satellite V' magnitudes mostly are deduced from a careful reduction of

etermination of absolute magnitudes




210 A. Alksnis et al.: Absolute magnitudes of carbon stars

Hipparcos observations, done by the authors of that catalogimase interval(B — V'), values derived by us fro®; andVr
and correspond to the median brightness value from about 100 able 1 are marked with a colon.

measurements for each star. Thus, Hippargogalues must

be considered as the most accurate amongst existing median )

brightness measurements for variable carbon stars. Howeges; |Nfrared absolute magnitudes M

for carbon stars with extreme colour indices, thetransformatiogésidest infrared absolute magnitudés have been fre-
used in the r_ed;ctl?n o;lﬂlpﬁarcqs photometrlcl measurembeah%mly used, especially in connection with distance determi-
into v/ m?gnltu _esh|st§ in the I-!lppaltcoz Chata ogutjawmay €8tions where it has been assumed that all asymptotic giant
source o errorlln t, e etgrmlpatlonb' and, ence,.o v branch (AGB) carbon stars have the sahfig (e.g. Claussen et

For determination of individual absolute magnitudes, only; 1987). To obtain absolute magnitude,, K from various
certain stars can be selected, because, for instance, absQiifces as compiled by Gezari et al. (1993) was averaged, also
magnitude is not defined for negative parallaxes. Small parglz)ding some later observations, e.g., by Kerschbaum et al.
laxes with great errors are also of little value as disturbing tf@fg%)' The results correspond to Johnson's K-band @2

general picture. Intuitively, the most natural seems the selggse valueAy /Ay = 0.126 (Cardelli et al. 1989) was adopted.
tion by a relative parallax error. The choice of a precise cut—qth for individual N-type stars are listed in Table 1.
value is somewhat arbitrary and we used intuitively the most

natural oner > o,. It turns out that selection by such con-
dition also automatically separates the stars wittr 1 mas. 2.3. Bolometric magnitudes Mp,;

Thus, about 40 such stars are left in our sample. The selection

criterion > o, prevents us from calculating average absolute Obtain absolute bolometric magnitude,; of carbon stars,
magnitudes, because of biases introduced by such a selecfdr€Xisting brightness measurements in various passbands in
Therefore we restrict ourselves to a comparison of individuie Wavelength interval 0.36-1Q0n were converted to abso-
absolute magnitudes with evolutionary tracks. lute fluxes, using flux calibrations given by observers, averaged
The amount of interstellar absorption in themagnitude in each passband and then integrated by trapezoidal rule. IRAS

was calculated using the three-dimensional galactic interstefl4<€S (Joint IRAS Science Working Group 1986) have been

absorption model by Arenou et al. (1992). In that model the sk@!0r-corrected according to Table C IV.6 in IRAS Explanatory
is divided into small tetrangles and in each of them the absog upplement, using the mean of two adjacent color temperatures

tion Ay as function of distance is represented by a quadra acking et al. 1985). If necessary, at the long wavelength side
polynomial. the integration was continued drawing the black-body curve
Derived visual absolute magnitudas, for individual stars through two last wavelength points with measured flux. In cal-

are listed in Table 1 for carbon stars of spectral type N, andGH!ating the amount of absorption in various passbands, the em-

Table 2 for CH- and R-type stars. In the same way, the tapfdfica! reddening law by Cardelli et al. (1989) was used to find

give 1o limits of My — My and My calculated with paral- Ax/Ay . Bolometric magn5|tudes were normalised taking total

laxest — o, andr + o, correspondingly. Some stars in Tablémar flux fo = 1.360 - 10° erg/scm andmporc = —26.82

1 (especially with amplitudéZ, > 1) are so called "variability- M2d (Allen 1973).

induced movers” (VIMs, see ESA, 1997, Vol.1 p.185) — stars, Bolometric magnitudes for CH- and R-stars in Table 2 can

whose photocenter moves with the same period as the brigt-€xactly calculated only in a few cases, because infrared pho-

ness, an effect which may cause a systematic error in the mi@netric observations in the decisive interval 0.7-3:0 are

sured parallax value. For such sta, in Table 1 is marked missing or scanty. For the CH-star V A, = —2.66 +£2.13

with a colon. In the last column of Table 1 the variability type ofag and for BD82654: My, = 2.09 + 0.88 mag is obtained.

the stars is also indicated. ThB — V'), values were found from

Ay using the ratio of total to selective absorpti®y = 4.2

(Olson 1975) for N—type stars wi(}B —V)o > 1.6andin oth'er. 3. Carbon starsin wide multiples

casesRy = 3.7, as given by Strdlys (1977) as characteristic

for G-K giants. In a case of poorly known trigonometric parallax some informa-
There exist some carbon stars for which the catalogue otilgn about the absolute magnitude can be obtained if a carbon

gives a crude estimate of B-V from ground-based observatiostsr forms a physical pair with some ordinary star. Such a pair

with an erroreg_y = 0.4 — 0.5 which evidently are guessedmust be sufficiently wide to allow photometric and spectro-

values (frequently 0.51). For these stars we have calculated B&bpic observations of both stars separately, although the en-

from B andV according to the reduction formula used in théarged angular separation can make an embarrassment in prov-

catalogue to find B-V for C-type stars from Hipparcos/Tychimg the common origin of the pair. There, a knowledge of proper

observations. Although the error & for these stars is also motions and radial velocities of the components may help. When

considerable (0.1 - 0.3 mag), B-V calculated in such a fashioamparing proper motions of the components it should be taken

is strictly related to the median brightness derived from abauato account that for such wide pairs the influence of orbital

100 observations for each star, in contrast to the ground-basaation on proper motion is negligible. Thus, e.g., for a pair in

measurements which are mostly restricted to some variabilgiycular orbit with massed/,, M, (in M), parallaxw, and
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Table 1. Absolute magnitudes of N-type stars
HIP Name 7r(mas) (771—/71' Vo (B — V)() Ay My My — Mv+ My Mobol Mo Type
99 WZ Cas 1.2#0.70 0.55 5.41 2.45 1.63 -4.07 -6.64 -263 -9.09 304 -644 SRb
6759 R Scl 2.111.75 0.83 6.47 3.76: 010 -191 -575 -060 -859 229 -6.09 SRa
14930 TW Hor 2.48 0.56 0.23 5.48 2.37 023 -254 -3.10 -210 -794 277 -526 SRb
23203 RlLep 3.990.85 0.21 7.84 4.63: 024 0.84 0.32 126 -704 329 -371 M
23680 W Ori 4.66 1.44 0.31 5.73 3.24 0.37 -093: -7.06 -190 -025 265 -401 SRb
26284 SZLep 3.630.98 0.27 7.51 2.16 015 031 -455 -037 083 485 -235 Lb:
31108 HXGem 12.823.03 0.24 10.35 1.57: 0.08 5.89: 5.28 6.36 Lb:
31579  UU Aur 1.800.81 0.45 5.08 2.70 032 -365 -5.07 -280 -947 238 -6.34 SRb
38787 HD65424 1.740.70 0.40 7.33 2.88 039 -147 -271 -065 -7.14 444 -436 Lb:
41058 TlLyn 9.974.33 0.43 9.69 2.24: 0.07 4.69: 3.45 547 -205 563 062 M
48327 Y Hya 2.870.79 0.28 6.58 3.37 0.27 -1.14 -1.84 -0.58 SRb
49950 AB Ant 3.320.69 0.21 6.32 2.18 036 -108 -1.64 -062 -597 410 -3.29 Lb:
51821 U Ant 3.900.67 0.17 5.18 2.94 032 -187 -232 -149 -766 232 -472 Llb
52009 UHya 6.18 0.75 0.12 4.74 2.50: 0.15 -131 -159 -105 -6.82 219 -3.86 SRb
52577 VY UMa  2.880.65 0.23 5.95 2.38 000 -175 -231 -131 -728 333 -437 Lb
62223 Y CVn 4.590.73 0.16 5.38 2.98 0.04 -131 -169 -099 -756 222 -447 SRb
63152 RY Dra 2.050.65 0.32 6.63 3.27 0.00 -1.81: -2.64 -121 -835 314 -530 SRb
74582 X TrA 2.180.60 0.28 5.15 3.13 060 -315 -3.88 -256 -897 230 -6.01 Lb
86728 V Pav 3.320.83 0.25 6.40 3.07: 0.45 -1.00 -1.71 -0.44 SRa
87063 SX Sco 2.751.42 0.52 6.99 2.94: 0.67 -0.81: -291 003 -635 378 -402 SR
95154 UXDra 1.750.52 0.30 6.20 2.67 002 -259 -335 -202 -869 323 -555 SRa
100219 U Cyg 1.110.77 0.69 7.35 2.67: 0.90 -2.42: -6.20 -083 -883 418 559 M
109089 RZ Peg 3.541.36 0.38 8.32 2.63: 0.15 1.07: -006 181 -436 544 -181 M
117245 TXPsc 4.290.93 0.22 4.88 2.49 0.07 -196 -249 -153 -691 236 -448 Lb
Table 2. Absolute magnitudes of CH- and R-stars
HIP  Name w(mas) ox/m Vo (B=V)e Av My My_- Myt
CH-stars
10472 V Ari 1.45t1.42 0.98 8.40 2.08 0.12 -0.79 -9.21 0.69
44032 HD76396 264139 0.53 8.83 1.08 0.07 094 -0.68 1.86
53763 BD492173 5.291.47 0.28 9.94 1.29 0.08 356 2.85 4.09
62827 BD82654 5.302.15 041 9.27 1.35 0.09 2.89 1.76 3.65
102706 HD198269 3.161.11 0.35 7.97 1.21 0.20 047 -058 1.18
R-stars

54806 HD97578 31.1814.06 0.45 10.11 1.45 0.03 758 6.26 8.40
84266 HD156074 2.950.65 0.22 7.50 1.12 0.10 -0.15 -0.69 0.28
86927 BD173325 426111 0.26 8.49 111 022 163 0.93 2.17
89783 FO Ser 274121 0.44 7.42 1.60 1.01 -0.39 -227 0.68
105241 BD24338 7.252.16 0.30 9.67 1.30 0.14 398 3.19 4.56

angular separatiopthe orbital motion is

7T3 (Ml + MQ)
P

an insignificant quantity in comparison with a usual proper m

tion at the appropriate distance for stars in Table 3.

There are three possible multiples with a carbon star in
sample (Table 3).

w<

" Jyr,

BD 8°2654A

OHI’

triple while Stephenson (1989) stressed that the carbon star is
the faintest one — component C. The question does not reduce
simply to interchange of designations, because coordinates of
the components in both sources are in agreement. We relied on
the HIP choice because the A component is the reddest one.
Fhe HIP identification of component A with HD 111908 is also
guestionable, because on unsensibilized plates (as used compil-
ing HD), A and B appear with equal brightness as deduced from
their B — V values in HIP. In any case, parallaxes and proper
motions as given in Table 3 bear witness that the triple is an
optical system.

BD 822654 is a triple system and there is some confusion with
the identification of the component which in fact is the carbon
star. HIP pointed out component A which is the brightest of the
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Table 3. Wide pairs with carbon stars

HIP  Name V B-V m(mas) 15uq coséd  ps(maslyr)  p(”)
62827 BD82654A 9.36 1.38 5.362.15 -15.281.85 30.44-1.37
62830 BD#82654C 11.06 1.10 17.327.65 -21.36 5.52 16.27 4.53 38.2
62831 BD#82654B 9.48 1.07 6.832.31 -39.261.94 17.001.51 334

33413 W CMa 6.65 2.55 0.440.82 -6.22 0.81 2.820.63
34395 HD54306 8.77 0.03 1.031.22 -6.341.13 155092 15838
43093 UZ Pyx 7.29 2.09 -0.110.81 -6.90 0.55 2.110.60
43088 HD75022 7.63 1.44 -0.410.82 -6.18 0.55 2460.61 110.2
100219 U Cyg 8.25 3.31 1.110.77 -1.530.73 0.99 0.59

100230 HD193700 7.84 0.80 3.640.72 13.100.77 5.530.54 65.2

WCMa some inconsistencies. The absolute magnitude of K giants as a
function of the spectral class is somewhat indefinite because of

In the case of W CMa overlappinty intervals of the proper the steepness of the giant branch. Supposing even the maximal

motion components of the pair W CMa and HD54306 point tgdmissible absolute magnitudéy,, ~ —2 mag for a star of

wards a common origin of both stars. Difference in radial velogpectral class K2/3 Il (Strays & Kuriliene, 1981), the distance

ity between the components is only 4 km/s (Turon et al. 19929, a star with}/=7.6 mag and4,=1.8 mag (according to the

At mediocre measurement precision this may be regardedig@isies of Arenou et al., 1992) would be or¥y0.8 mag, and the

an affirmative indication. In the vicinity of W CMa also othellinear separation between both stars 0.4 pc —too large to consider

early type stars are found (besides HD54306) which had befg pair as physical. It is also doubtful whether Hipparcos could

regarded as forming the association CMa OB1 and, therefaigve found a negative parallax at such a distance. Possibly, HD

some authors (e.g., Herbst et al. 1977) considered the carygn22 might be of luminosity class Il or I, which makes the

star to be a member of the association also. The fact thatdparation in case of a physical pair even larger. Thus, from

CMa in red light illuminates a dust cloud — a fragment of thglipparcos data one cannot draw a definite conclusion on the
dust complex in which the association is embedded, can servggssible existence of a physical pair.

an argument. According to Claria (1974) the distance modulus
of CMa OB1isVy — My = 10.2 mag. The companion star has
spectral class B2 V (Turon et al. 1992) and thus, E(B-V):O.éé Cyg

mag and then, according to the calibration of the relatitiy ( Hipparcos data also reveal that the Mira type variable U Cyg
- (B — V)o) for main sequence stars by Skys & Kuriliene  and its companion — a giant with spectral type GO — constitutes
(1981), follows My = —2.5 mag. The observed differencean optical pair. As is evident from Table 3, the error interval

AV = 2.12 mag then gives for W CMa/y, = —4.6 mag, but for parallaxes overlap only atZr limit, and proper motions of
there is aneed for some correction because stars with so diffetsith stars are very incompatible.

colorindices affected by the same amount of interstellar absorp-

tion should have differerdy . Attributing to the carbon star the4 Discussion of the results

dependence of the reddening rali6B — V) s¢0r /E(B—V)pgo

for normal color index B — V'), as given by Strays (1977), 4.1. Comparison with previous results of absolute magnitude

and taking for itAy /E(B — V)=4.2 (Olson 1975) one ob- determinations

tains that W CMa has 0.13 mag smaller absorption. So it has . . . . .
My = —4.5 mag and in comparison with other stars in Tablg IS interesting to compare the abs_olute magnltudes given in
1 is overluminous. With the distance modulus noted before-ri‘l?bles 1 gnd 2 as calculated frpm Hlpparcc_>s tr_|gonometr|c par-
hasmos. = 3.53 mag and, thush,,; = —6.8 mag. Given the allaxes with the results of previous determinations.

high luminosity, a corresponding mass value must be ascribed

to W CMa as companion to HD54306 and a member of CMRa1.1. N-type stars

OB1. According to Straiys & Kuriliene (1981) B2 V stars have

mass~ 10 Mg and so W CMa should have a somewhat Iargé'?d'vl'tduag\/‘f." vgl:cjes fm:ntq ‘?bo}/e maﬁ/ be co_r|1_1hpared with fﬂ:r?
mass, which is unusual for a carbon star. results obtained from statistical parallaxes. Thus, one of the

most accurate calculations by Mikami (1986, AGK3 proper
motions treated by maximum likelihood method) has given
UZ Pyx My = —1.6 + 0.6 mag (the mean value for classes C4-C7),
which s in accord with the results in Table 1 (for earlier absolute
In the third case, where the companion is a K2/3 Il star (Turanagnitude determinations see Alksne et al. (1991)).
et al. 1992), parallaxes are negative, batintervals of proper In comparing results for individual objects, a couple of car-
motions overlap. But relying only on this fact it is premature tbon stars may be used, whose membership in open clusters is
suppose the physical connection between both stars for therecangfirmed by radial velocities. Thus, from UBV photometry
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by Eggen (1974) and Hartwick & Hesser (1974), one can dabservations, those carbon stars have bolometric magnitudes
duce for QT Pup (a member of the open cluster NGC 247#B.5 > M, > —6.5 mag with peak magnitud&/y,; = —4.9
My = —1.1 mag. Similarly, for V532 Cas in NGC 7789 it canmag. The mean K-magnitude i - = —8.1 mag (Frogel et

be foundMy = —1.7 mag (Alksne et al. 1991). These valuesl. 1980). These values are, in fact, the same as we have found
are inthe interval allowed by the determinations from Hipparcéasr galactic carbon stars. As the LMC has about 2.5 times lower
data. metal content Z than the Galaxy, stellar evolution theory predicts

One star in Tald 1 — TW Hor —also belongs to those carbora greater luminosity for stars in TP AGB phase with the same
stars which have been proposed to be cluster members. Boughitial mass (see Marigo et al. 1996), and one must ask for the
& The (1983) claimed that this bright N-type star may possiblgause of equality in luminosity. But the same calculations with
be a member of the sparse open cluster NGC 1252. Hippardidferent Z have shown that the mass distribution function of
data now allow to cast some light on this statement. Bouchet aratbon star progenitors in the Galaxy is skewed towards larger
The found from UBV photometry a cluster distance moduluglues than in Magellanic Clouds. Thus, the identical luminos-
8.491-0.13 mag but from spectroscopic parallaxes &@22 ity can be explained by a greater mean initial mass of carbon
mag. These numbers are withina interval, when comparing stars in the Galaxy.
with the distance modulus for TW Hor found from Hipparcos
data. The absolute magnitudes, = —2.66 mag and bolomet-
ric— My, = —5.21 mag—found by Bouchet & The for TW Hor
by using a mean value of the both distance moduli which théys valuable to compare observational positions of carbon stars
found, are in very good agreement with our numbers in Talda the H-R diagram with stellar evolutionary tracks. For this
1. Thus, the absolute magnitude from Hipparcos data confirmsrpose tracks for initial mass 1, 2, 3, 4}k, calculated by
the magnitude of TW Hor deduced from the assumption that tBaarbonnel et al. (1996) and Schaller et al. (1992) were used.

4.2. General appearance of carbon stars on the H-R diagram

star is a member of the cluster. For carbon stars in the solar neighbourhood, it is natural
to use the same value of principal abundance parameters as
4.1.2 CH-stars obtained for the Sun itself. So, we chose tracks calculated with

standard values Z=0.02 and Y=0.28 which are very close to the

The individual values take up the intervaD.8 < My < 3.6 numbers found by Sackmann et al. (1993) for the initial Sun.
mag (Table 2). This can be compared with an analogous inter- The translation of evolutionary tracks from a theoretical H-R
val —2.7 < My < 2.2 mag found by Sanford (1944) fromdiagram(),,,—T.s ) to an observational or{@/y —(B—V))
the intensity of the interstellar sodium doublet in the specti@done by using bolometric corrections compiled by Brai&
of some CH-stars. The compilation by Alksne et al. (1991) &furiliene (1981) and the relation betwe@h;; and(B — V),
My, determinations for five CH-stars — members of the glotfer luminosity class Ill, taken from the same source. This is
ular clusterw Cen — gives—2.6 < My < 0.0 with the mean justified because the tracks are calculated with the same initial
My = —1.6 + 0.5 mag. The mean valud/y = —1.0 £ 0.8 abundances as for the normal-composition giants in the solar
obtained by Mikami (1986) from statistical parallaxes is withimicinity. To fix the location of N-type stars from Table 1 in
the limits of Table 2. It should be admitted, that in earlier detethe theoretical HR diagram, we used the compilation of effec-
minations of mean absolute magnitudes, the samples used wietetemperatures for the 30 brightest N-type stars utilized by
small and corrections for possible bias were ignored. Thus, th&mbert et al. (1986) in an abundance analysis of carbon star
results from Hipparcos yield absolute magnitudes for CH-staagnospheres. For the stars common to both sarfiplgsvalues
1 -2 mag fainter to compare with the previous investigationsvere taken directly, for others it was found by calculating (for

It is difficult to say something definite about previous detethe Lambert et al. sample) regression lines betwiEgn and
minations of absolute magnitude of R-stars, because the segdbinfrared color indices resulting from I,J,H,K,L magnitudes.
ration between CH- and R-types formerly was not made as digiose with correlation coefficients 0.7 were used to calculate
tinctly as can be done at present, when from McClure’s (1997); ; for the remainder of stars. The resulting picture for stars
radial velocity measurements it has become known that R-stardables 1 and 2 is displayed in Fig. 1 (some outlying stars
(contrary to CH-stars) have a lower rate of occurrence in binare outside the frame). The tracks end at the phase of the first
ries. For CH- and R-stars, we have not determimgg, because thermal pulse on the AGB.
of scarcity or lack of infrared data. It was noticed, that the R-star Fig. 1 shows that R- and CH-stars occupy the giant and
FO Ser has a great radiation excess in the far infrared (at Hibgiant regions, as anticipated from evolutionary theory (with
wm) (Joint IRAS Science Working Group, 1986) two exceptions, see 4.3). It is evident that all R- and CH-stars
in our sample are lying on tracks for initial masses less than
3Mg. In Fig. 1, there is a gap between the region of N-stars
((B —V)p < 1.9 mag) and the calculated boundary (&t —
It is useful to contrast the results for carbon stars in the Galaky), ~ 1.6) of the onset of thermal pulses. This validates the
with those for Magellanic Cloud objects. According to the Iutheoretical prediction that some time period in the TP AGB
minosity function of carbon stars in the LMC constructed bghase must pass before an oxygen star transforms into a carbon
Groenewegen & de Jong (1993) as a summary from variostsyr.

4.1.3. Carbon stars in the Magellanic Clouds



214 A. Alksnis et al.: Absolute magnitudes of carbon stars

B LB A B B e o s o S e S e e B S S B S B N

T LI | T T v T T 1 T T

-3

'
o))

PR NG TUT I Y S N U B T O

-2f . . ] [
: \/ 4 “a A E N —
-1 5 IA - 4. E Mbal :
- 2 o ] A
oF ] X
Mvk //n “ 1 C ]
1F . ] 3k 5
25 0 E [ N i 2 " 1 AN :L L .
o 1 3.5 34
r ] 36 Log Te
3f = ]
. - ] Fig.2. Theoretical H-R diagram for N-stars. Triangles - large ampli-
4 F o tude variables wittA H,, > 1 mag, dots - other stars, the square - V
; ] Ari. Tracks by Marigo et al. (1996) correspond to TP-AGB phase for
5',..‘.......,.,..‘,...,..,....' initial masses @.— 4 M.
0.50 1.00 1.50 2.00 2.50 3.00 3.50
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lying below the subgiant branch faf = 1M, which starts at
Fig. 1. Observational H-R diagram for carbon stars. Filled squares\f,, = 4.1 mag. Thus, in principle, HD97578 must be consid-
CH-stars, open squares - R-stars, triangles - N-stars. Small trianglgsq as a carbon dwarf - a class known from searches among
- variability induced movers (see text). The evolutionary tracks in tlz?asim high latitude carbon stars (see e.g. Green et al. 1992) —
RG phase are by Charbonnel et al. (1996) and Schaller et al. (199 [though the great error of the parallax of the star cast doubts
on the result.

As is evident from Fig. 1, N-type stars in thdy, (B — Amongst N stars there are also some which have excep-
V) diagram occupy (with three exceptions) the intervdl < tionally low luminosity: HX Gem, RZ Peg and T Lyn, the last
My < +1 mag. with some concentration in the zone -1.5 — 48v0 being even Mira type variables. If we do not accept that
mag. but the values of the normal color indéx— V'), lieinthe  the instability strip of long-period variability stretches to lower
interval 1.9 — 3.4 mag. Thus, Hipparcos results clearly confifwminosities than traditionally accepted, the only way out of
that the great range of observed scatter in the color iftleX/  the discrepancy is to assume that Hipparcos parallaxes of these
is intrinsic and not caused by different amounts of interstellatars have a much greater error than that formally indicated in
reddening, as sometimes has been assumed (e.g., Peery 1be5:atalogue. Indeed, these three stars are marked with the flag
Johnson 1978). in Field H10 which indicates that the astrometric parameters

A considerable stretch in the horizontal direction is a resuigfer to the photocenter of a double or multiple system. The
of enhanced sensitivity of the color inde® — 1), to smalltem- value of the goodness-of-fit statistics of the astrometric solu-
perature changes in a cool extended atmospheres; also varisus P2 > 2.3 for these three stars indicates that the Hipparcos
degree of violet depression play a definite role. solution is of low accuracy. Thus, the parallaxes of these stars

In Fig. 2 tracks calculated by Marigo et al. (1996) are rgnight contain significant systematic errors.
produced and positions for N-type stars from Table 1 plotted. From Hipparcos data, the star HIP 24548, identified with
Tracks for initial mass in the interval7 < M /Mg, < 4 start the carbon variable V431 Ori (BD £155), also appears to be
at first thermal pulse and end at the protoplanetary nebula stezarbon dwarf. However, it turns out that the identification is
dium. It is evident that the majority of N-stars are located inwrong and instead another nearby star BI'784 has been
region which the evolutionary theory predicted for the advancefserved.

TP AGB phase withC'/O > 1. Some outsiders are discussed At the opposite side —among unusually intrinsically bright
below. carbon stars, as pointed out above, an exception is W CMa — a
carbon star with initial mass possibly 10M,. Stellar evolu-
tionary theory prohibits so massive an object to become a carbon
star.

There are some curious outsiders relative to the location of the The possibility for W CMa to be a relict from former epochs
bulk of the stars in Fig. 1. The stars having unusually low abf star formation in the association should also be mentioned. It
solute magnitudes for carbon stafd;, > 1 mag, should be hasbeen claimed thatin some associations and rich open clusters
noted. The carbon star nature for all of these stars is withdhe seeming splitting of the main sequence in magnitude - color
doubt confirmed by many observers. The extreme examplédridex diagrams is a manifestation of repeated star formation
the R-star HD97578 withh/y, = 7.6+ 1.0 mag and a large (i.e., epochs (e.g. Wildey, 1964 for fiPer). For CMa OB1,however,

4.3. Sarswith peculiar locationsin the H-R diagram
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photometric measurements (Claria, 1974) do not show any spditive flux only in the K-band and to use the regression equation
ting of the main sequence. Further, in cases where several 3, = 2.23 + 0.92M . The relation betweed/,,; and My,
generations are suspected the age interval between them is oltls®@mewhat worsepE0.90) M;,,; = —3.38 + 0.84 My, .
same order as the age of the associatiof’— 107 yr whereas
inthe case under considefrat_io_n_ it should be greaterthasi 08 5. Conclusions
yr (age of carbon star with initial massM, (Schaller et al.,
1992). Itis doubtful that such a loose aggregate (about\3g0 Briefly summarizing the results described above the following
on the area with angular diamet, Claria, 1974) may persist points could be noted.
so long despite the tidal disruption by galactic differential rota- 1. A sample of about- 40 bright carbon stars from the Hip-
tion, and be capable of renewed star formation. Thus W CNaarcos catalogue has been analysed. From trigonometric paral-
should be considered as the sole specimen bearing witneskggs and” magnitudes, distance moduli, absolute magnitudes,
repeated epochs of star formation in CMa OB1, a circumstar@fgsorptions and normal color indices were found. For N-stars
which casts doubt on the suggestion that W CMa belongs t@l§0 absolutes” and bolometric magnitudes have been calcu-
previous stellar generation. lated using data from infrared photometry.
The merger hypothesis which McClure (1997) proposed for 2. Comparison of the derived absolute magnitudes with ex-
the constitution of R-type stars, also is questionable in this caiséing previous results showed a satisfactory agreement.
Both stars must hava/ ~ 5M, — a limiting mass for carbon 3. Comparing the mutual location of CH-, R-, and N-type
stars that is highly improbable. By merging of ordinary stagars in the observational\{y-, (B — V')o) and theoretical
(though mixing is assured), it is difficult to get C£OL, because (Moo, Tefr) H-R diagrams, as well as their distribution regard-
only the evolutionary phase of central helium burning assur@g evolutionary tracks of stars with initial mas — 4M), itis
C/O> 1 in the central region, but without detailed knowledgevident that N-stars predominantly lie on tracks corresponding
of the radial distribution of the abundances it is hard to s&§ the TP AGB phase (concentrating mostly on the highest, hor-
anything definite about the C/O value after merging. izontal part of the tracks). R- and CH-stars are situated together
So to eliminate the contradiction, one can accept that tA the red giant and subgiant branches. There is a clear dividing
star and probably its neighbours have had €/@ ab initio. line between N-stars and R-, CH-starg Bt— V'), ~ 1.6 mag.
Our knowledge about the C/O value in the galactic medium frofn the observational H-R diagram, in contrast to R- and CH-
where stars originate, and also in hot A-B stars is very scantySi@rs (confined to a narrois — V'), interval), the N-type stars
the last case, determination of C/O requires far ultraviolet spé@é€ stretched out over much wider interval(éf — V'), from
troscopic observations with high dispersion and good modetsl.6 to 3.4 mag as a result of the strong dependence of color
of stellar chromospheres — fields in which only first steps haldex onT ;s atT.;; < 3000 K, and varying degree of violet
been made. Another possibility is that the nebula in which tgepression. In absolute magnitude, the interval of concentration
star is located is carbonaceous and contaminates the atmospl@fd-stars is -4.0 — +1.0 i/, and -6.0 — -4.0 mag i/,
of the star - a fipothesis which Maron (1978) put forward to 4. Some of the stars analysed are lying below the subgiant
explain the carbon star phenomenon. So whatever is its origfignch for initial mass 1/, —the smallest mass for stars which
we must Consider W CMa as COOI Supergiant in the phase(@'ﬂ reaCh the ABG in the I|fet|me Of the Galaxy E|ther these
central helium burning with C/© 1. stars belong to the brightest dwarfs or their Hipparcos parallaxes
Also WZ Cas — the next intrinsically brightest star in TablBave great systematic errors.
1 — from a spectroscopic point of view is described as pecu- 5. From three wide multiples, claimed to contain carbon
liar (Richer, 1971), incidentally having very strong Nal and Liftars, only in the case of W CMa (probable member of the
resonance doublets. According to Lambert et al. (1986) it hgda OB1 association), Hipparcos data confirms the physical
C/0=1.01 and therefore sometimes is classified as SC-type dtak of components. As a member of a wide double star and an
Further multi-faceted investigation of such carbon stars §sociation, W CMa would have high luminosity/{,=-6.4)

peculiar positions on H-R diagram are highly desirable. ~ @nd mass greater than 1@Mwhich is not characteristic for
carbon stars and hardly explainable from a theoretical point of

) o view. It is proposed that W CMa (and possibly neighbour A-B
4.4. Search for correlations among characteristics stars) could have C/©1 ab initio.

It should be noted that we have not found a significant corre- 8- The stars with peculiar locations in the H-R diagram (as
lation between the absolute magnitudds and effective tem- W CMa, T Lyn, RZ Peg, HD 97578) deserve further, especially

peratures or abundance ratios C/O d4A€/'3C, as given by astrometric and spectroscopic, investigations.

Lambert e_t al_. (1986). From a theoretical point of view, _SUCXEknowledga"nents. We are grateful to Catherine Turon and Michael

a correlation is also hard to expect for a sample consisting@fryman for providing the Hipparcos data related to proposal 22 in
stars with various initial masses and duration of evolution gyvance of their publication. Our thanks are also due to an anonymous
the AGB stage. But there is an excellent correlation betwegfleree whose advice and suggestions greatly helped us to improve
M and M,,; with correlation coefficienp = 0.99 — a reflec- the early version of this paper and to Dainis Dravins for substantial
tion of an analogue correlation betweer, andm,;. So, in improving our English in the last version. Help by Irena Pundure at
order to findM,,; knowing the distance, it is sufficient to mea#preparing of the manuscript also should be acknowledged.
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