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Abstract. In this paper we estimate the ratio OB stars to ratie ratio (OB/R). First, by applying an improved, more realistic
supergiants (OB/R) as a function of the distance from the centeehnique to determine the error counts, the gradient becomes
of M 33. We found a gradient of the ratio (OB/R) really existgoronounced. Second, we propose a new correlation technique
Our study is based on a new approach in estimating the errordarcomparison of the stellar populationsin M 33 which supports
the ratio (OB/R). On the other hand, by applying a new correlte existence of a radial gradient in the ratio OB/R.
tion technique between OB star candidates and red supergiant
candidates in the central regi_on of M 33, the gradient beCO”ESCorrelation technique
pronounced. Our results confirm the existence of such a gradient
and we consider this fact as a consequence of a similar gradiegtN1 stars of one population in M 33 have a surface dewsity
of the chemical abundance in M 33. while another population of N2 stars has a surface defisénd

dy be the two-dimensional angular distance between the stars
Key words: methods: data analysis — stars: supergiants — gal@kthe k-th stellar couple as defined in the Appendix. Supposing

ies: M 33 — galaxies: stellar content a random distribution of the stellar populations, the distahce
between the two stars of the k-th couple has a probability (see
the Appendix):

1. Introduction Pio(k) = [1 —exp (—mdidy)] [1 — exp (~mdids)] - (1)

The gas component and the stellar distribution of M 33 haJ&'€ quantity: (k) gives the probability to find one star of pop-
been well studied. Catalogues of HIl regions have been pdfiation 1 and another star of population 2 within a radius equal
lished by Boulesteix et al. (1974), Viallefond et al. (1986) ar@ dx in case both populations are randomly distributed. The
Courtes et al. (1987). CCD surveys of this galaxy have be@gsociated stars of two different populations form couples with
undertaken by Freedman (1984), Wilson et al. (1990), Wilsél — 0 and consequently;»(k) — 0. The couples of fore-
(1991) and Regan and Wilson (1993). Extensive photograpSfound stars have large mutual distandgsand P15 (k) — 1.
catalogues of blue and red stars in M 33 have been publish§@ll values oP1,(k) can be used as a good characteristic for
by Humphreys and Sandage (1980) and Ivanov et al. (19g§)_spmated couples. We chose upper and lower limits of the prob—
(hereafter IFM). A list of the Wolf-Rayet stars has been pr@Plity, Pmin @ndPmax. ForPiz(k) < Pmin, couples of associ-
sented by Massey and Conti (1983) and Massey et al. (19g}f3d Stars are selected. Those stars for whiglik) > Prax as
Massey et al. (1995) have found seven new WN stars and laf@feground couplesV,,, are defined. Further in Sect. 4.1 will
Massey et al. (1996) (hereafter MBHS96) published a list §F€ thaPmin = 0.05 andP ., = 0.95. When the associated
previously unknown 28 WR stars. Nowadays the number $f@'s are selected by the criteriB, (k) < 0.05 the number of
known WR stars in M 33 amounts to 168. In the present Stua§soc!ated coupleslls indicated as N5. A stronger criterion for
we combine those surveys to compare the distributions of m38lecting the associated stars assumegk) < 0.01 and the

sive stars in M33. We also discuss the ratios of the numt@féground couple® (k) > 0.99. Then the number of asso-

of OB star to red-supergiant candidates (OB/R) as a function@®t€d couples is denoted as N1. A simple way to evaluate the
distance from the centre of M 33. Maeder et al. (1980) (hereaff@'relation between two populations is to obtain the percentage
MLA) explained the gradient in these ratios as a consequenc@bfissociated objects

the chemical gradient. However serious doubts exist about & — N5/N| or R1=NI1/N. )
presence of the gradient of the ratio (OB/R) in M 33 because of

measurement errors (Freedman, 1984). The main goal of thi¥ ratios R1 and R5 are very suitable measures of the correla-

paper is to find observational evidences for a radial gradienttsin between the stellar populations. If all the stars between two
populations are associated, tHe&h = 1 or R1 = 1. In the op-
Send offprint requests t&.R. lvanov posite case there are no associated stars between the populations
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(R5 = 0 or R1 = 0). The ratios of Eq.]2 are analogous to th&able 1. Correlation parameters between OB stars of MBHS96 and
conventional coefficient of correlation in the statistics. Anothether stellar populations in M 33

way to evaluate the correlation between two stellar populations

is to calculate the ratio of the number of associated objects tGorrelation parameter BR ~ WR WN WC RSG

the expected number in a random distribution: R5 061 042 017 061 045
_ _ R1 031 033 0.12 054 0.25
RN5 = N5/Npg,, or RNI1 = N1/Ny, . 3) RNS 30 12 024 31 17
RN1 2.6 09 018 27 1.0
3. Correlation between stellar populations in M 33 Number of couples 89 89 89 41 89
3.1. Correlation between OB stars The contents of the table are as follows:

Column 1 gives the correlation parameters.

Columns 2 give the correlation parameters between OB stars and bright
Using UBV-photometry and spectral determinations, MBHS34lI regions defined by E§l2 and Ed. 3.

have selected 89 OB stars. This is probably only a small fragéslumns 3-5 give the correlation parameters between OB stars and
tion of all OB stars in M 33. On the basis of spectroscopy tHR stars.

membership in M 33 of these stars with masseslOM, is Column 6 gives the correlation parameters between OB stars and RSGs.
confirmed. Compared with the CCD photometry of Regan and ) o

Wilson (1993), the photometry of MBHS96 is more suitable fo'l;able 2.The number of stars for different galactocentric distances R
applying the present method and nearly covers the whole area

of M33. The data presented in Table 1 can be interpreted Rlkoc) Noe Nmems Nwr  Nrse  Nwy  Nwe

and other stellar populations

an evidence of tight correlations between OB stars, WC starg-1 27 16 10 4 7 4
and the bright HIl regions (BR). About 60% of the OB stars are1-2 44 27 49 31 28 16
associated with bright HIl regions and WC stars. The first cor2-3 26 14 18 34 5 6
relation is expected since the source for ionization of the gas id—4 48 16 31 80 18 2
a bright HIl region are stars earlier than B2. Hence the OB star$—> 24 7 14 74 6 4
selected by CCD photometry should correlate with bright HII°>—6 g I ; ‘71513 (2) ;

regions. The tight correlation between OB stars and bright HIf~7
regions is a check of the present criterion is suitable for studphe contents of table are as follows:

ing the correlation between stellar populations in galaxies. @olumn 2 gives the number of OB star candidates of IFM.
correlation between OB stars and WC also exists. The ratféglumn 3 gives the number of OB stars of MBHS96.

R5 ~ 0.6 given by EqR for WC stars an@N5 ~ 4 given by Column 4-7 give the number of RSGs and WR stars.

Eq[3 are high. This can be expected because the progenitors

of WC stars have massé$ > 40My, and massive OB starsFitzGerald (1970) and Flower (1977), a reddening-free param-
as well as WC stars must originate from the same sites of st@r for OB stars is

formation. Q=(U-B)—-0.72(B-V)

3.2. Photographic UBV-photometry from which one derives

Ivanov, Freedman and Madore (1993) (IFM) presented a UBVEB-v = (B = V) —0.33Q +0.017,

photometry of the blue and red stars in M 33 based on plateg Tes; = 3.994 — 0.267Q + 0.367Q* (4)
obtained with the 3.6 m Canada-France-Hawaii Telescope and BC' = 23.493 — 5.926 log Toryr

the 2.0 m telescope of the Bulgarian National Observatory in

the Rhodopa Mountains. The completeness limit of this catdSing Eqs.# we have selected 206 stars With- V), < 0.2,
logue reache V = 19.5 mag. IFM have selected 389 red stafs) = V)o < —1, =8.8 < Myo < —6, andEp_y < 0.34.

with B — V > 1.8. Judging from colour criteria, most of themtiereafter we call them OB star candidates wherea_s the stars
are probable member of M 33 and are red-supergiant candid&ggcted from the CCD UBV photometry are called simply OB
(RSG). Some results based on these data have already been s. The d|str_|but|ons of OB ;tar candidates, OB stars and other
lished (Freedman 1985a, 1985b; Ivanov 1991; Georgiev aﬁ&llar populatlons as a function of the galactocentric distance
lvanov 1997). The photographic UBV-photometry of IFM i@r€ given in Table 2.

not very suitable for selecting massive stars due to its poor ac-

curacy for determining\l,,,;. However it allows to study the 4. Discussion

correlation between OB stars and red supergiants for differ ni - e .
galactocentric distance. This can be seen from the data in %a-' Lf|m|ted protzjabm;ufes for seledctlon |
ble 2. The photographic data also include a large number OB ofassociated and foreground couples
star-candidates and therefore enable the study of the distribhe individual probabilitie® ;2 (k) can be used for distinguish-
tion of probabilitiesP5 (k). Following Massey et al. (1987),ing associated couples of OB and WR stars from foreground
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Fig. 1. The distribution of the probabilitieB:. (k) of couples of OB Fig. 2. The ratio OB stars-to-red supergiants as a function of galacto-
and WR stars. centric distance.

stars. The distribution of these quantities for 206 couples TPl 3. The ratios (OB/R), RS and RNS between OB stars and RSGs
shown in Fig. 1. The associated stars of the two stellar popu
lations constitute couples with substantially smaller distancégkpc) (OB/R) o

(OB/R) g; R5 OR5 RN5 N

dy than those of the foreground ones. From Fig. 1 we see thaty 27 4+£29 16 4+23 0504097 50 10
associated couples can be selected wihglik) < 0.05.Onthe 1-2 11 +103 087 +091 016+0.28 0.3 31
other handP2(k) > 0.95 corresponds to foreground couples.2-3 05 4073 041 +047 031+049 0.7 26
TakingP,;, = 0.01 andP .« = 0.99 would make a stronger 3-4 0.2 £060 0.19 £0.20 0.31+0.44 15.0 48
criterion but would mean the lost of many associated couple$:-5 0.2 +026 009 +0.11 058+0.78 7.0 24
We keep the first criterion as a compromise for our purpose. °—6 02 +019 009 +0.10 0.76+0.19 130 17

6-7 0.3 +040 0.09 +0.10 042+0.68 16 19
4.2. The ratio OB stars to RSGs (OB/R) The contents of the table are as follows:

Column 1 gives the bins in galactocentric distances.
Humphreys and Sandage (1980) found that the ratio of tGelumn 2 gives the ratio of the OB star candidates of IFM to RSGs.
number of blue stars- to-red supergiants (B/R) decreasesCaimn 3 gives the error bar of the ratio (OB/R) obtained by(Eq. 5.
a function of the galactocentric distance in M33. Later opolumn 4 gives the ratio of OB stars of MBHS 96 to RSGs.
Freedman (1984) has taken into account errors on the raqfaumn 5 gives the error bar of the ratio (OB/R) based on the data of

(B/R) and concluded the result has a low statistical weight BHS96.

. olumn 6 gives the ratio R5 obtained by ER. 2.
the centre of M 33. She inferred that the data of Humphre}é%lumn 7 gives the error bar of the ratio R5 obtained by Eq. 5.

and Sandage (1980) when plotted with their error bars g, .\, 8 gives the ratio RN5 obtained by Ef. 3
in apparent contradiction with th?'r previous rgsult. Fr?e@olumnggives the number of couples containing OB star candidates
man has calculated the error using the following relationgad RSGs.

= M{l:zji\/i Vﬁisc and sy = N;;Iz;i\/i VE;G, wheres; andsy
are respectively the maximum and minimum fluctuations of the
ratio (B/R).Ng andNggq are the numbers of blue and red stars

: ; . o Wherez = + " o2, where n is the number of bins an
respectively in each bin of galactocentric distance. The erorac el = 2.i= 0i, Where n s the number of bins and

defined in this way are correctis andNgsc are independent o; are defined by E@J5 for each radial bin. We obtained a co-

statistical variables. But OB stars and RSGs correlate as it is ﬁ{%(;ligirgraigrzei?r?gtnvgr gta: ;[; mbﬁﬁéita:tis_tigfl? ii Oﬁ?f?éan t
case M 33 then the errors bars on the ratio (OB/R) are y g ysig :

Therefore it appears that the observational evidence for a radial
gradient of the ratio (B/R) found by Humphreys and Sandage
(1980) is real.

wherer;, is the coefficient of correlation between blue and red

stars (see Eadie etal. (1971)). Here we take= R5, where R5 4.3, Observational evidences of the evolution of massive stars
is given by Eq.R. This substitution seems approximately correct.

Fig. 2 shows the ratio (OB/R) as a function of the galactocentfig?!€ 1 indicates a tight correlation between WC stars and OB

distanceR in the deprojected plane of the galaxy. We usedsiars. We also obta!n tight correlation between WC star_s and
position anglePA = 22° and an inclination of the plane of theRSGS RS ~ 0.6). This result suggests that the WC progenitors
galaxyi = 57°. The error bars of the ratio (OB/R) in this figuraVith higher massest > 40Mg, evolve first to RSGs and then

are not crucial for assessing the existence (or non-existenlQ95€ their envelopes. No other stellar population in M 33 shows
of a radial gradient of the ratio (OB/R). They just indicate thacorrelation with RSGs as strong as WC stars. If WN stars have a

statistical weight of the ratios (OB/R) in each radial bin. wgmaller initial mass than WC stars, we should find less WC than
WN stars. Indeed in M 33 were found twice more WN (89) than
o WC stars (41). The small coefficient correlation between WN
wi = 02/0? (6) starsand RSGs (R5 =0.33) calculated on the basis of MBHS96

1

_ ]2 2
07 = 4/s1 + 85 — 2r198182 , (5)

define the statistical weight in each bin as:
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data suggests that lower mass stais¥ 30M¢) rather evolve of couples iSN¢qupie = N1 (if N1 < N2) andN¢qupie = N2 (if
directly to WN stars. N2 < N1).

The gradient in the number of blue to red stars seen by The probability to find at least one object of population 1
Humphreys & Sandage (1980) and confirmed by the preserithin a radiusdy from its closest neighbour of population 2
study can be interpreted by a chemical abundance gradient eftet be defined by Eq. (see Appendix in lvanov, 1996):

Henry & Howard, 1995) as explained by MLA.
( y ) P y Pi=1-exp (—7Td12(51> , (A4)

5. Summary Similarly, the probability to find at least one object of population

. . . 2 within a radiusly from its nearest neighbour of population 1
The present study explains a correlation technique for compati-

son of different stellar populations in M 33. The radial gradient’

of the ratio blue to red stars (B/R) obtained by Humphreys 8, = 1 — exp (77rd§52) . (A5)
Sandage (1980) and predicted by the evolutionary models of - _ )
MLA is confirmed. The present study confirms the existence dfi€n the probability that two neighbours - one from population
the radial gradient of the ratio (OB/R) in M 33. Using a nevk and another from population 2-fall within a radidg from
approach in estimating the errors on the ratio (OB/R) and, 8A€ of them is:

the other hand, the correlation between OB star-candidates d(k) — PP (A6)
RSGs in the central region of M 33. Considering the results, weé’ 12 ) )
believe that the observational evidence for a radial gradient of = [1—eap (—mdior)] [1 — exp (—mdida)] -
the ratio (OB/R) is real. This is Eq. 1 of the paper).
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