Bull. Spec. Astrophys. Obs., 1997, 43, 149-163

A study of blue Ha objects in galaxy M 33
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Abstract. Blue stars with Ha excess in the galaxy M 33 are investigated. 549 such objects
have recently been listed as candidates for unique objects of SS 433 and LBV types. On the basis
of photometry of their Ho images 81 stars, 154 diffuse nebulae, 180 bubble-type nebulae and
117 intermediate objects have been selected. These groups are different in colours, fluxes, surface
brightness and sizes in He, and their distribution over the galaxy. The maximum in the nebulae
Ha size distribution is at FWHM = 10-14 pc. There is evidence that their location in the galaxy
and properties are defined by interstellar gas parameters and related to spiral arms. The diffuse
nebulae are HII regions with an embedded star. The bubbles are probably envelopes around
WR stars or SN remnants. Among the stars we isolate a group of 20 brightest stars, which in
their average properties fit well to the parameters of blue super-supergiants or LBVs. The stars
of intermediate brightness follow very well to supergiants of average spectral type Blla. The
interstellar absorption derived from these two groups of stars is Ay = 093 £ 0705. The faintest
stars of the list (18™5 < V < 1975) may be classified as OB main sequence stars with Ay ~ 170,
however, a great excess of luminosity, AMy = 1™ + om appears as compared to stars of this type.
We classify the faintest stars as blue Ib supergiants, their average absorption is Ay ~ 076. In this
case these are seen only in the nearest face part of the galaxy disk, but not through the whole

depth of it.
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1. Introduction of $$433 type, LBV and WR stars in the galaxy

M 33 has been done on the basis of photometry of
blue stars (Ivanov et al., 1993) on the Ha images of

: o ) ) M 33 (Courtes et al., 1987). Out of 2332 OB stars
galaxies. The criteria are based on the likeness of (U—B)<0™, (B—V)<0™) upto V= 19™5 con-

candidates for SS433 which is free from interstellar
absorption. The principal one is the existence of an
carly—type star with a strong and broad emission line
He. This property is characteristic not only of SS 433
and potential candidates for this kind of objects in
nearby galaxies. Other brightest stars — luminous
blue variables (LBV) — the most massive and rare
stars which are at the stage of transition to WR stars
(Garcia-Secura et al., 1996), as well as some types
of WR stars, satisfy this criterion too. Detection and
study of new LBV and WR stars represent quite an
important problem. That is why it seemed natural to
extend the work and carry out a systematic search for
all stars of the above-mentioned types on the basis
of selection of objects by the criterion OB star + Ha
emission. In selection of such stars on the basis of
analysis of images in Ha the stars, whose Ho emis- 9 Types of the selected objects
sion is formed in a nearby nebula, will also fall within
the sample. Among blue Ha objects FSZ have isolated about 81
In our previous paper (Fabrika et al., 1997, here-  stars (s), 154 diffuse (d) and 180 bubble (b) nebulae,
after FSZ) a selection of candidates for the objects 117 common (c) to all the sequences or intermediate

Fabrika and Sholukhova (1995) stated the criteria of
search for unique objects of SS433 type in nearby

tained in the catalogue by Ivanov et al. (1993) we
managed to perform Ho photometry of 1619 stars.
Using the criterion of excess of the Ha flux over the
flux from stars of the same magnitude in V, 549 can-
didates with emission were separated from them. All
these are the brightest stars of the galaxy, in the U,
B and V bands they are star-like objects or close to
them. The study of these objects on the diagrams
“fux and surface brightness — size in Ha” permit-
ted us to isolate several different sequences there and
separate (in average) the selected objects according to
their Ha morphological types (FSZ). In the present
paper we investigate all types of the candidates we
have selected in more details.
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objects and 17 objects, whose sizes are formally zero
(zs). The fluxes and sizes of the objects of type ¢
are reliably measured but they are small. They are
common to the three isolated sequences (s, d and b)
at their junction, which did not permit them to be
classified as stars or nebulae. We did not succeed in
measuring the size in the zs type objects. All these
objects are located on a steep background gradients
and frequently are seen as a hump at the periphery
of a bright nebula. The FWHM size of such an object
was underestimated and turned out to be equal to
zero. Objects of this type have considerable Ha fluxes.
We have decided to study the objects as a separate
group for these are appreciably different from others
in colours (see below).

So, as a result of photometry of blue stars on
Ho images it was found out that 60% of the se-
lected emission objects possessed the characteristics
of nebulae (nebulae b and d). We can compare new
nebulae with the already known ones in the galaxy
M 33. The fullest list was compiled by Courtes et al.
(1987) that contained 748 nebulae classified accord-
ing to morphological properties. We used the same
photographic images taken by Courtes et al. (1987)
with the 6 m telescope in the Ha band with FWHM
= 35 A (the scale of the images 34.5"/mm, spatial
resolution a2 1”). Courtes et al. (1987) picked out the
nebulae by visual inspection of the images, whereas
our nebulae were found in computer photometry. In
the former case the sample must contain the largest
nebulae with dimensions of more than a few arcsec-
onds. In the latter — nebulae no more than a few
arcseconds in size so far as the basis of the list is pro-
vided by objects (Ivanov et al., 1993) having stellar
images in the B and V bands.

In Fig. 1a are presented the distributions of sizes
for 748 objects from the sample of Courtes et al.
(1987) (shaded) and 334 nebulae of type b and d from
Table 1 in FSZ. Both distributions are normalized to
the total number of objects in each sample. We re-
strict ourselves to sizes up to 40”, which is sufficient
for our purpose of comparing the distributions. As one
would expect, the maxima in the two distributions
are markedly different. The distribution of nebulae
found with the visual inspection of the images has a
wide maximum in the region of 5” —12”. It is evident
that its location is determined by the selection effect
of incomplete inclusion of nebulae smaller than 12"
in size. The maximum of distribution of the nebulae
under investigation falls at a size 3" — 4", which cor-
responds to 10-14 pc with a scale of distances in M 33
3.5 pc per 1”. Estimates of the most likely size of HII
regions in M 33 are known from 4.5” (Sabbadin et al.,
1980) to 13" (Boulestex et al., 1974). The most likely
size derived depends on a number of factors, mainly
on the image scale (see the review and discussion in
Sharov, 1988). It is improbable that the true distri-

bution of nebulae sizes in M 33 should terminate at
10 pc. For instance, in our Galaxy H I regions of small
size occur fairly often (Wink et al., 1982). Therefore
the position of the maximum of the size distribution
for the objects of our sample is also explained by the
selection effect in isolating nebulae. Losses of our neb-
ulae caused by the selection originate at sizes smaller
than 3" — 4",

In Fig. 1b is shown the total distribution of sizes
of the nebulae from Courtes et al. (1987) and FSZ,
which appears quite smooth and continuous. From
a comparison of Fig. la and 1b it can be concluded
that in the region of sizes 5” — 7" many nebulae are
missing in our sample; the incompleteness of the list
here is not less or about 50 %. For nebulae with sizes
greater than 7 (25 pc) the incompleteness of our list
sharply increases. This is due to the fact that a single
early star is incapable of ionizing larger HII regions.
Such regions are ionized by groups of stars or OB
associations, which were, naturally, disregarded when
compiling the catalogue by Ivanov et al. (1993). As
was shown (Ivanov, 1991), the size distribution of OB
assoclations in M 33 fits well such distribution of HII
regions from the list of Courtes et al. (1987).

By using Fig. 2 it is possible to investigate in more
detail the distribution of our objects’ sizes (FWHM).
In Fig. 2 the solid line shows the distribution of stars,
the distribution of bubbles is displayed with the long
dashes and that of diffuse nebulae with the short
dashes. The three distributions are normalized to the
number of objects in each of the three samples s, b
and d, respectively. The distribution of stars extends
as far as 6, and it reflects only the fact that photo-
graphic data were used (FSZ). Nevertheless it is well
seen that the three distributions are considerably dif-
ferent. This suggests that the objects in each sample
are physically different. If the centres of the distri-
butions of the stars and nebulae b are close (3.5”
and 3.7", respectively), then the median size of the
nebulae d is larger, about 4”. In Fig. 2b and 2c are
shown separately the size distributions of the nebu-
lae b and d. It is seen that the nebulae d are, on the
average, more large—sized, their distribution is asym-
metric and extends as far as 11" (39 pc). The distri-
bution of bubbles is well more symmetric, their sizes
are in the region 2.5” — 5.5" (9 - 20 pc). Their likely
size 1s 13 pec.

In the list of Courtes et al.- (1987) are presented
23 bubbles whose sizes range from 70 to 250 pc. The
sizes of F'SZ nebulae of the same type b differ greatly.
The largest b nebula in the sample of FSZ is 117, the
smallest bubble in Courtes et al. (1987) has a size of
14”. In the region 2.5"” — 5.5" their density is 54 per
1" interval, in 6" — 8" we find a density of 2.3 neb-
ulae per 1” (Fig. 2b), in 8”7 — 11" it is as low as 1

per 1”, whereas in the interval 20" — 70" the nebulae
of Courtes et al. (1987) are distributed with a den-
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Figure 1: Size distributions of 748 objects from Courtes et al. (1987) (shaded) and 334 nebulae investigated of
b and d type (FSZ). a - both distributions are normalized to the total number of nebulae in the lists, b - the

summary distribution.

sity of 0.4/1"”. The distribution of large bubbles has
a maximum in the interval of sizes 30" — 40", where
their density is 0.7/1”, and a minimum in the region
10" — 20", where even jointly over two samples the
density amounts only to 0.3/1”. It is clear that the
total distribution of bubbles is double-peaked. The
deficit >f medium-sized nebulae may be due to the
above mentioned selection effects. Now, when analyz-
ing physical properties, we come to a conclusion that
in the case of b type nebulae the central star is a mi-
nor contributor to the total flux of a nebula. This may

be an additional cause of the shortage of large (> 5")
bubble nebulae as they are likely to have been left out
when compiling the catalogue of blue stars (Ivanov et
al., 1993). Based on the character of distributions of
the b nebulae from these two samples it can be sug-
gested that our bubbles of small sizes (Fig. 2b) and
the bubbles of Courtes et al. (1987) are of different
physical nature, whereas our nebulae of b type with
sizes > 6" may belong to the same population as the
b nebulae from Courtes et al. (1987).

Up to the sizes 20” — 30” the sample of Cour-
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Figure 2: Size (FWHI) distributions of the objects studied: a - stars (solid line), nebulae — bubbles (long dashes)
and diffuse nebulae (short dashes), b,c — bubbles and diffuse nebulae, respectively

tes et al. (1987) chiefly contains diffuse and com-
pact objects, and the shaded histogram in Fig. la
actually represents the distribution of objects only
of these types. The distribution of objects from both
lists looks compatible and supplementing each oth-
er in Fig. 1. We can suggest that, as different from
bubbles, diffuse nebulae of the two lists are likely to
belong to the same population.

In Fig. 3 are displayed the distribution of the se-
lected objects according to the galactocentric distance
Ry, that is the number of objects within the interval
of distances from the galactic centre. The correspond-
ing distribution of the number of objects per unit area
would be similar but would have quite a strong peak
at small R,., which would make it difficult to ana-
lyze. From the coordinates the objects were depro-
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Figure 3: Distribution of objects in the intervals of galactocentric distance. Designations are the same as in

Fig.2a.

jected from the picture plane onto the galactic plane.
It was adopted according to Vaucouleurs (1959) that
the inclination angle of the galactic axis to the line of
sight ¢ = 55° and the position angle of the major axis
P.A. = 23°. The solid lines show the distribution of
stars, long—dash line — nebulae of type b, short-dash
line — diffuse nebulae. From the figure it follows al-
so that the three types of objects belong to different
populations. It is important to note here that in the
central regions of the galaxy the actual density must
be higher. The selection effect 1s due to the difficulty
of identification against the strong Ha background of
the central part (the first 1-2 bins in Fig. 3). How-
ever, objects of all types considered are small, that is
why the consequence of the selection effect is approx-
imately the same for all of them. The distribution of
emission stars along the radius of the galaxy is rel-
atively uniform. Individual minima, if even they are
real, are insignificant in our data and may be ran-
dom. The density of stars per interval of distances
from the centre falls by a factor of 2 at the distance
Ry/2 = 4.2 kpc. The distribution of diffuse nebulae
is quite different: on the average these are closer to
the centre, Ry/» ~ 2.4 kpc, and show a clear max-
imum at 1.8 kpc. This maximum is significant; un-

der the assumption of Poisson distribution of objects
in the nearest bins its significance level amounts to
2.50. The objects of type ¢, whose distribution is not
presented in the figure, most of all resemble diffuse
nebulae in distribution. The nebulae of type b ex-
hibit the widest distribution with Ry/y & 4.7 kpe. It
has two maxima at 2.9 and 4.5 kpc. The maxima are
formally insignificant, however, the distribution itself
of the b type nebulae is considerably more irregular
than that of the diffuse ones with an approximately
the same number of objects. ]t is not improbable that
these maxima display that predominantly spiral arms
fall within the defined intervals of galactocentric dis-
tances, or possibly they are due to ring structures in
the galaxy.

There is another remarkable detail in Fig. 3.
The maxima in the distribution of stars and dif-
fuse nebulae fall within the regions 400" — 600" and
1000” — 1200” (1.4-2.1 and 3.5-4.2 kpc, respectively)
and coincide with the minima in the distribution of
the b type nebulae. This matter is dealt with below.

Thus, it can be concluded that the three types of
the isolated by FSZ emission objects belong to differ-
ent physical populations. They are distinguished by a
number of characteristics. The diffuse and large—sized
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bubbles.in our sample are likely to be members of the
same populations as the nebulae selected in Courtes
et al. (1987) but are smaller in size. The bulk of bub-
bles represent a separate group of objects.

3. The nebulae

A considerable number of the selected emission ob-
jects are nebulae of types d and b, that is why in this
section we will cover in some detail their investiga-
tion, namely discuss their colour characteristics. The
contribation of the star that excites a nebula to the
radiation in the U, B and V bands from the selected
nebulae does not seem possible to be estimated as yet.
As distinct from the continuous spectrum of stars,
where there is a direct relationship between colours
and temperature of a star, the colout of a nebula will
depend on a number of factors and, mainly, on the
degree of gas excitation. The colour depends on the
temperature of the ionizing star, electron density, di-
lution factor (size of a nebula), optical depth. Besides,
the colour may vary in a complex manner depending
on the reddening. The intensity of hydrogen Balmer
lines does not depend strongly on the temperature
of a nebula. The forbidden lines [O IIT} A 4959, 5007
are the most intensive lines in the spectra of nebulae
and a good indicator of electron temperature of gas
. (Allen, 1977). They are approximately equal contrib-
utors in the B and V bands. Other strong lines do not
fall within the V band. In the B band are the inten-
sive lines of a hot gas: [ArIV] 14712, [NeIV] A 4725,
Hell A4686, [OII1] A 4663 and [NelII] A 3967, 3969.
The last two lines make an about the same contribu-
tion in the U band. In the U band is the line [OII]
A 3727. With growing electron temperature of the gas
of a nebula or its excitation degree the flux in the
B band will dominate, accordingly the value of U-B
will increase while B-V will decrease. In Table 1 we
present the mean photometric values of all the emis-
sion objects selected in FSZ: stars (s), diffuse nebulae
(d). bubbles (b), common (c) and objects of formal-
ly zero size (zs). In the columns are given the types
of the objects, their number, magnitude V, U-B, B-
V (Ivanov et al., 1993) and V-Ha colours, surface
brightness (Ha flux per square arcsecond) as well as
the parameter S which was used by FSZ to isolate
emission objects. This parameter is equal to the value
of excess of the Ha flux over the flux of non—emission
stars (of the same brightness in V) expressed in terms
of standard deviations of the non—-emission stars se-
quence. In particular, it is seen from the table that in
U-B and B-V the diffuse objects differ greatly from
the bubbles. This is also displayed in Fig. 7 (see be-
low). ; From the colours the diffuse nebulae are cool,
their behaviour in Fig. 7 resembles the behaviour of
the stars but they have a smaller U B. This may be
due to the emission Balmer jump and the strong hy-

drogen lines in their spectra. The latter is suggested
also by the large value of S in the diffuse nebulae (Ta-
ble 1). In contrast, the colour of the bubbles indicates
that the degree of excitation in them is high. Besides,
the objects of type b are, on the average, considerably
fainter than the diffuse nebulae. The low luminosities,
the high temperatures of the gas and the morphology
in He (the bubbles) point to the idea that WR stars
are likely the source of ionization in them, while in the
excitation of gas collisional processes are dominating.

Fig. 4 shows the relationship between the stan-
dard colours and V-Ha index. The stellar mag-
nitude in Ha is not calibrated and has been de-
rived from the relative flux in this band, m(Ha)=
—2.5 1g F(Ha)+24.5. It should be borne in mind that
the F(Ha) flux for extended objects depends direct-
ly on a nebula size, but this is not the case for stars
as point sources. The flux is linearly related to the
intensity of the Ha line (see discussion in FSZ). In
Fig. 4, as in the rest of the figures that follow, the
stars are designated by dots (approximations — sol-
id lines), rhombs are for the diffuse nebulae (short-
dashed line), the b type nebulae — long—dashed line.
The stars in Fig. 4 behave as one may expect: with in-
creasing blue excess the intensity of the Ha line grows.
Here and further in the analysis of the relationships
we use the linear function y = Cx + C; and give on-
ly the value of C and its mean-square deviation. For
the stars C(U—-B, V—Ha) = —0.085+0.035 and
C(B—V,V—-Ha)=-0.083£0.029. The relation-
ships of the nebulae of b and d types differ consid-
erably from those of the stars in this figures, which
confirms that these are the objects of different nature.
Of all the nebulae only in the diffuse ones a significant
dependence, C(U — B, V— Ha) = —0.109 £ 0.019, is
observed, which is likely to be due to the growing size
of the HII region with increasing temperature of the
exciting star. The rest of the relations in Fig. 4 are
insignificant. It is not improbable that the bubbles
get cooler as the size increases (or their F(Ha) flux
increases) since U-B decreases, while B-V grows. The
latter 1s consistent with Fig. 5 from which it can be
seen that with growing size of the bubbles (only ap-
proximation is shown) their temperature drops. How-
ever the significance of the relationships for the nebu-
lae of type b allows this effect just to be suspected. It
1s quite noteworthy that for the diffuse nebulae this
figure supports the assumption that the size of such a
nebula, i.e. HII region, is determined by the temper-
ature of the star and C(U — B, d) = —0.097 £ 0.015.
The colours of the diffuse nebulae are in agreement
with those calculated for optically thick slab of hy-
drogen gas with temperature T = 10* K (Kolesov,
1996). Comparing the data in Fig. 5 with the cal-
culations one can conclude that with growing size
of the diffuse nebulae their temperature (or optical
thickness) drops. We present in Fig. 6 the relation-
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Table 1: Parameters and their r.m.s. of the emission objects

Type n my

U-B B-V V—-Ha SB 5

s 81 1823 -0.78
0.10 0.04
d 154 1835 -0.85
0.07 0.03
b 180 18.83 - 0.68
0.03 0.02
¢ 117 18.85 - 0.82
0.04 0.03
zs 17 1855 -0.98
0.20 0.07

0.08 996 277 19.7
0.03 011 9 20
0.08 952 180 28.0
0.02 011 5 2.9
0.04 165 75 6.9
0.02 005 2 06
0.05 160 625 4.2
0.02 005 218 0.2
0.01 3.14 93
0.09 0.36 34

ships between the surface brightness in the Ha line,
SB = F(Ha)/d? and the galactocentric distance of
an object. Besides the apparent separation of the neb-
ulae into two groups in surface brightness (this was
discussed in more detail in FSZ), the surface bright-
ness in the bubbles is seen to decrease with distance
from tle centre, C(SB, Ryc) = —0.024 £ 0.004. The
surface brightness increase of the diffuse nebulae is
also noticeable, but this effect is not significant. The
nebulae of d type in this figure show a considerable
scatter. Nevertheless, one can see that the diffuse neb-
ulae whose surface brightness is not high (SB < 150)
do not show SB to depend on the distance from the
centre, while in brighter objects the surface bright-
ness is likely to grow with distance. In other words,
the brightest diffuse objects exhibit the dependence
of SB on R,..

It is evident from geometrical considerations that
with increasing size the surface brightness of the dif-
fuse nebulae rises, whereas in the bubbles it diminish-
es (or remains approximately constant). The increase
in SB of the bright diffuse nebulae with distance from
the centre of the galaxy is quite consistent with the
results of Searle (1971). Smith (1975), Shields, Searle
(1978), where the strengthening of the field of ioniz-
ing radiation along the radius of M 33 is discussed.
This effect was discovered on the basis of the analysis
of the line intensity ratios [OIII]/HS and Ha/[STI]
along the radius. The relationships of the nebulae of
type d in Fig. 4-6 confirm the assumption that the
average temperature of hot stars grows with distance
from the galactic nucleus. These relationships may be
also explained by the chemical composition gradient.
the more so that such a gradient has been determined
in M 33 (Kwitter. Aller, 1981). Another interpretation
of all the data on the diffuse nebulae, as the decrease
of the mean electron density of interstellar gas along

0 ===

the radius, is hardly probable.

The Hea flux in a diffuse nebula depends on the
central star temperature, while the size of nebula —
on the electron density. We define for a diffuse neb-
ula (FSZ) W{ = F(Ha)/F), where Ha line flux is
assumed to originate in nebula, while the underlying
continuum flux per 1 A is of stellar origin. In such a
case the value W{ is a direct function of the ratio of
the star’s luminosity beyond the Lyman limit to the
luminosity in the V band, 1.e. the star’s temperature.
The mean W) of the Ho line of the diffuse nebulae
in the sample of FSZ is < W} >= 560+ 80 A. ;From
the calculations of Churchwell and Walmsley (1973)
this corresponds to effective spectral class of ionizing
stars 09.5. The size of the nebula or the Stromgren
radius is defined, in turn, by the luminosity and tem-
perature of the star, as well as by the density of the
surrounding gas. Taking the mean electron density
N, = 1ecm™2 on the basis of the calculations in Pren-
tice and Haar (1969) for B0 stars, the sizes of their
H I regions are found to range from a few pc to tens
of pc depending on luminosity class of the star. These
values agree with typical sizes of the d type nebulae
in our list.

The bubbles show an inverse relationship between
SB and R,.. Such a behaviour of the surface bright-
ness of the bubbles is due to the drop of pressure of
interstellar gas caused by the decrease of gravitational
potential with increasing distance from the nucleus.
The size of a bubble is defined by its internal ener-
gy and by the pressure of the surrounding gas. In the
case of envelopes around WR stars, the total energy of
a bubble is the energy of gas ejected during the time
of WR stage. Accordingly, in the case of SN remnant
this is the kinetic energy of ejecta. With a possible
considerable dispersion of those values the decrease
in pressure with distance throughout the galaxy ac-
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Figure 4: Colours as a function of V-Ha. Here, as

in the following figures, the stars are marked with dots

(approzimations - solid lines), diffuse nebulae — rhombs (short dashes). The data on b type nebulae are not

presented not to overload the figure.

counts for the relationship in Fig. 6. This effect was
noticed earlier by Boulestex et al. (1974). They found
that sizes of large, 30” =60, bubbles grow with radial
distance.

One can readily see (Fig. 6) that with an average
fall of YB along the radius of the galaxy the relation
itself is not monotonic. There are two pronounced
peaks near 400" — 600" and 1000” — 1200”. In these
distance intervals the surface brightness of the bub-
bles rises as if the mean density of the interstellar
medium is maximum here. In order to emphasize this
effect, we present the mean values and their errors
in bins of 100” denoted by the filled symbols. The

significance of the deviations from the linear trend is
considerable and amounts to no less than 3-4 ¢ in sep-
arate bins. These features are consistent with those
discussed above when analyzing Fig. 3, namely: there
are more emission stars and diffuse nebulae in spiral
arms but the number of bubbles is smaller. It can be
seen in Fig. 6 that the latter have an enhanced sur-
face brightness in these particular distance intervals,
which may be connected with the increase in inter-
stellar gas pressure. Humphreys and Sandage (1980)
isolated up to 10 arms in the M 33 disk. In some inter-
vals along the galaxy radius the density of the spiral
arms turns out to be higher than in the adjacent ones.
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Figure 5: Colours as a function of nebulae sizes. The designations are the same as in Fig. 4.

This is quite possible because of the non-uniform lo-
cation of arms as well as their different curvature.
In this case one may observe the effects of the type
detected in Fig. 3, 6. ,From the other hand the exis-
tence of ring structures in M 33 may well be assumed.
There is a great deal of evidence (e.g. Mezger. 1970)
that such structures do exist in the Galaxy.

The sizes of our bubbles are basically in the region
7-20 pe (2 —6") as it follows from Fig. 2b, their dis-
tribution extends to 40 pec. It is noteworthy that the
known galactic ring structures around WR and Of
stars are about of the same size (Lozinskaya, 1992)
and distributed in the interval 3 = 30 pc. The sizes of
galactic SN remnants have a somewhat greater dis-
persion — from 7 to 50 pc.

Thus. a number of characteristics: colours, surface

brightness, distribution over sizes and radius in the
galaxy suggest that b and d nebulae are physically
different objects. For instance, in V — Ha they differ
by 8¢ (Table 1). The distribution of these objects
in the galaxy is not uniform. There is evidence that
the location and properties of nebulae depend on the
interstellar gas density distribution, i.e. are related to
spiral arms. :

The diffuse nebulae are HII regions with an excit-
ing star. These are chiefly situated in the central part
of the galaxy, in the regions of enhanced gas densi-
ty. The sizes of these nebulae in Ha are very sensi-
tive to the temperature of the central star. We be-
lieve that the brightness and colours of these objects
are defined by the star. On the two-colour diagram
(Fig. 7) they follow to the sequence of stars. Hydro-
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Figure 6: Dependences of the surface brightness in Ha lines upon the galactocentric distance of the nebulae.
The designations are the same as in Fig. 4. For bubbles (squares) the average values and their errors in the

intervals over 100 are shown also.

gen emission (Ha in the main) is likely to predom-
inate in their spectra, while nebular lines are weak.
Otherwise these objects would not be point-like ones
on the U, B, V plates and would not be entered in
the list of blue stars (Ivanov et al., 1993). These in-
ferences are corroborated by the two investigated ob-
Jects. The object N 712 in FSZ (Ha 19 as designated
by Fabrika and Sholukhova (1995)) is a d—type neb-
ula 7" in size. It proved to be an eclipsing binary
system with orbital period of 33.108 days and eclipse
amplitude about 0™6 (Sharov et al., 1997). The light
curve 1s remarkable in many respects, being variable
with a period (precession?) of 589.9 days. In 1992 at
our request B. Margon (1992) and S.I. Neizvestny ob-
tained spectra of this star. In the spectra are visible
a blue continuum and strong hydrogen emission lines
no broader than 400 km/s. Nebular lines were not de-
tected in the spectrum. A similar situation occurred
with the object N33 in FSZ (Ha 7 from Fabrika and
Sholukhova (1995)). This is also a diffuse nebula 3"
in size. From the data of photographic photometry of
A.S.Sharov (1992) the star is variable with an ampli-
tude of about 1™ and has narrow hydrogen emission
lines in the spectrum (Margon, 1992).

Nebulae of type b are high excitation ones. The
location of these objects on the diagram in Fig. 7
suggests that they are clearly different in degree of

excitation and-that the central star is a minor con-

tributor to the spectrum. If the heating of such neb-
ulae is radiative, the star must then have a relatively
small size and a sufficiently high temperature. It is
unlikely, however, that the size of these nebulae is de-
fined by the central star’s temperature and luminosity
at all. From their morphology, colour, sizes, low lu-
minosity and the behaviour of surface brightness we
can refer them to envelopes around WR stars and SN
remnants. Estimates show (Lozinskaya, 1992) that no
less than 80% of WR stars in the Galaxy have HII
regions around them, no less than 40 % having ring
nebulae. If these are bubbles that surround WR and
Of stars, then in heating and excitation mechanisms
they are similar to planetary nebulae. In this case we
can conclude that the star itself is not seen in the vis-
ible region of the spectrum and the observed emission
is produced by the nebulae. In the case of extreme-
ly hot central stars of planetary nebulae, the star is
fainter than the nebulae by AB = 6™, and at a tem-
perature of the star of about 3-10* K the star is fainter
by AB = 0M4 (Allen, 1977). It can also be concluded
that on U, B and V plates these objects must look
like diffuse ones. That is why the largest of such ob-
Jects are likely to be missing in the catalogue (Ivanov
et al., 1993). It may be for the same reason b nebulae
have smaller sizes than d ones (Fig. 2a). It can be
stated that they may not be ordinary planetary neb-
ulae (the brightest of which have Mg = —2™) since
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the latter are of too low luminosity. Besides, the sizes
of b nebulae are at least by an order of magnitude
greater than those of the hugest planetary ones.

In the group of common (intermediate) objects
all types are present, however, compact and diffuse
nebulae are apt to be the most numerous. It is very
remarkable that the zs—type objects that have been
classified as a separate group only by morphology on
the Ha image (FSZ) have the bluest colour U-B, the
reddest colour B-V and the most powerful Ha emis-
sion (see Table 1). May be these are compact HII
regions with a high gas density, where hydrogen emis-
sion lines of a nebula being a powerful contributor to
the spe:ztrum.

4. The stars

Among emission stars selected in FSZ there are ob-
jects with V= 1575 — 19™5. At a distance modulus
for M 33 24™3 it is obvious that all of them are ear-
ly massive stars of different luminosity classes. Be-
cause of the great dispersion of luminosities, 1t was
a good plan to divide all the stars into three groups:
bright (V< 1775), medium (17™5< V' <18™5) and
faint (18M5< V' <1975). In Table 2 we present the

number of stars in the groups and the mean observed
colours with their errors. On the two—colour diagram
displayed in Fig. 7 filled circles indicate the groups.
In the same figure are shown the nebulae that we
discussed in the previous section. The error bars are
r.m.s. of the mean values. All stellar magnitudes pre-
sented by Ivanov et al. (1993) have been calibrated
by photoelectric standards and have no noticeable
systematic errors. The average scatter when deter-
mining the magnitudes and reducing from various
systems is equal to o(U) = 0722, o(B) = 0™29 and
o(V) = 0™20, the error being larger for the objects in
compact groups. For isolated objects the error does
not exceed 0™1. If the colour errors are found from
these values, then (being normalized to the root of
the number of objects in each group) they would very
well fit to the r.m.s. given in Tables 1 and 2. That is
why in Fig. 7 (and further in Fig. 8) we present the
errors from the tables. In the figure are shown two
sequences for stars of luminosity classes I and V as
well as two reddening lines (dashed) for BOI and OV
stars, respectively (Strajzhis, 1977). The slopes of the
reddening lines differ insignificantly. For each of the
three groups and for each of the two sequences of lu-
minosity I and V we have determined the corrected
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Table 2: Parameters of the stars

A% n U-B B-V EU-B),I EB-V)I Ay,I (U-B)y,I (B-=V)y,I My
r.m.s. TI.m.s. A% \Y% A% \Y \"

< 17.5 20 - 0.62 0.18 0.20 0.29 0.96 -0.82 -0.11 - 8.3
0.06 0.06 .33 0.45 1.48 -0.95 -0.27

175 — 185 21 -0.80 0.10 0.22 0.28 0.91 -1.02 -0.18 -7.3
0.08 0.07 0.30 0.41 1.35 -1.10 -0.31

185 — 195 40 -0.85 0.01 0.15 0.19 0.62 -1.00 -0.18 -5.9

0.0 0.04 0.24 0.32 1.04 -1.09 -0.30 -6.3

for the reddening colours (U — B)g and (B — V)g, the
colour excesses E(U-B) and E(B-V) and the light
absorption values Ay = R-E(B — V). The values R
(Strajzhis, 1977) have been used for sequences I and
V separately, but they are also very close, Ra 3.29.
In Table 2 we present the values obtained for both
sequences. For each group of stars the top line in the
table conforms to the assumption that their luminosi-
ty class is I, the bottom one — V. The division of stars
into three brightness groups is conventional and need-
ed for a safer determination of their characteristics.
Nevertheless, the difference in colour of the groups
(Table 2) is apparent and justifies the division itself.
From analysis of the colours and their errors it is seen
that the medium group of stars is less homogeneous.

We have assumed that bright and medium stars
should be referred to luminosity class I, faint ones
to V. This has been done not only from bright-
ness considerations. It is with this division that we
obtain throughout the three groups very close val-
ues of interstellar absorption with the mean value
Ay = 0797 (0193 over two bright groups). Ac-
cordingly for all three groups close values of E(B-
V) are derived. Thus, among bright early stars with
Ho emission in M 33 the interstellar absorption is
Ay = 170. Below we provide evidence that the bright
and medium groups should be only used for the ab-
sorption to be determined most reliably. We conclude
then that the mean value of interstellar absorption is
Ay = 0193 + 0M05. This estimate of Ay is consis-
tent with results of other authors. Humphreys (1980)
gives Ay = 078 £ 0™07 for blue supergiants in M 33.
From CCD photometry of OB stars Wilson (1990) has
found the mean value < E(B— V) >= 073 (4y =
079 +170). The interstellar absorption in our Galaxy
in this direction is 02 = 0™3 (Sharov, 1988; van den
Bergh, 1991).

Now we can proceed to spectral classification of
the selected emission stars. All of them are star-like
sources in Ha. This line is the most powerful one in
HIT spectra, one may suggest that if even HII region
does exist near these stars, it is unlikely that its lines

contribute essentially to the U, B and V bands. On
the colour-luminosity diagram (Fig. 8) the filled cir-
cles show the stars of the three groups at Ay = 1™0
— 1f the bright and medium stars are supergiants
(I), while faint ones are main sequence stars (V). The
open circles indicate the position of the faint group
stars under the assumption that they are also of lu-
minosity class I, however their mean interstellar ab-
sorption Ay = 076 (see below). The bars correspond
both to the colour errors (as in Fig. 7) and the inter-
vals of stellar magnitudes in My . The curves for dif-
ferent classes of luminosity are plotted from the com-
pilations of Strajzhis (1977, 1982a). The uppermost
curve for super-supergiant stars is constructed from
the data of Lang (1992). The group of the brightest
stars does not conform to any of the classical stellar
sequences (Strajzhis, 1977, 1982b). The close lumi-
nosity class is Ia, in colours they fit on the average
to BOla-B4la. However, the stars of this group are
essentially brighter (AMy = 1™1) than Ia stars. We
draw the conclusion that the bright group stars be-
long to the class of super-supergiants (LBV stars are
found among them) since from their characteristics
they fit well this kind of objects (Humphreys, David-
son, 1994). It can be seen in Fig. 8 that they fully
satisfy this sequence (at Ay = 10, m— M = 24™3).
Their mean luminosity My = —8™3. The mass of
such stars is over 60 M.

The stars of the intermediate group both in
colours and in luminosities conform, on the average,
very well to Blla supergiants. This conclusion is il-
lustrated in Fig. 8. The mean luminosity of this type
of stars My = —TT3. Masses of such stars are about
40-45 M. Any other classes of luminosity can safely
be excluded for these stars.

We assumed that the luminosity class of the faint
group stars is V from the criterion of equality of in-
terstellar absorption values (Ay 2 1™0) for all three
groups. In that case their average spectral class is
BOV, however, a great excess of luminosity, AMy =
273, appears as compared to stars of this type. One
could assume these stars to be of luminosity class II1.
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It is quite close to class V in colours. in this case their ity excess (AMy = 174) remains unexplained all the
mean spectral class is BOIIL. For luminosity classes V. same. Even if they belong to extremely hot stars of
and 111 masses of the faint stars are about 20-25 M 2. luminosity V and III, the excesses remain and are
However, even if these stars are giants, their luminos- equal to 0™7 and 0™3, respectively. We believe that
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this discrepancy is significant enough for the inter-
pretation of faint stars as those of the main sequence
be suspected as wrong. Since the limiting magnitude
of the stars (Ivanov et al., 1993) is V = 1975, it
is apparent that at Ay = 170 only the stars with
My < —578 will be accessible to us. This practically
rules out the appearance of noticeable portion of the
main sequence stars among the faint group stars.

An attractive interpretation becomes possible if
one assumes that the faint stars are supergiants. This
possibility was pointed out by A.I.Zakharov. In this
case we obtain for them Ay = 0™6 (Table 2) and
their mean luminosity My = —5™9. These stars are
markedly fainter than Iab supergiants but they fit
very well the Ib sequence’(open circle in Fig. 8). From
the luminosity criterion they are B1Ib-B5Ib stars,
whereas from both colour and luminosity their aver-
age spectral class satisfies completely B1Ib. Masses of
such stars are about 20-25 M. Obviously, the group
of faint stars is not homogeneous, and we discuss their
average properties. Both supergiants and the hottest
main sequence stars may enter this group.

The mean interstellar absorption of bright super-

_glants in the list, Ay =~ 0793, corresponds to an op-
tical depth of 0.86 (Strajzhis, 1977). For the faint
group stars, if they are Ib supergiants, these values
are 1.5 times as small. This implies the-faint stars
are not observable throughout the whole disk of M 33
but only over the near face part of its surface. To
be more precise, the stars of this group are locat-
ed, on the average, in the near half, which takes up
60% of the galaxy disk’s cross—section on the line
of sight. Hence, the incompleteness of our faint star
group (supergiants with Ho emission) is no less than
40 %, 1.e. M 33 must contain over 70 such stars. This
is a lower estimate, actually the incompleteness has to
be greater. The incompleteness is, naturally, caused
by the limiting magnitude V' = 195 in the sample
(Ivanov et al., 1993) and by the problems in photom-
etrying faint stars on Ha images (see discussion in
FSZ).

Thus, the blue He emission stars in our list are
supergiants of luminosity classes la-Ib. We also con-
clude that the group of 20 brightest stars is well
consistent, on the average, with the characteristics
of super—supergiants or LBV type objects. The ex-
pected number of such objects in M 33 is about that
value from (Fabrika, Sholukhova, 1995). The mean
interstellar absorption estimated from the brightest
supergiants which are visible across the entire galaxy
disk depth is Ay = 0™93. The interstellar light ab-
sorption of the faintest Ib supergiants is Ay = 0™6.
These objects are visible only in the nearest half of the
disk but not across the whole cross—section. They are
basically restricted in number by the limiting stellar
magnitude in the original sample. We have performed
the division of stars into types and their classification

mainly over three groups of luminosity. It i1s natural
that there exists a continuous sequence along which
star characteristics change depending on their mass,
original chemical composition and age.

5. Conclusion

In this paper we have studied blue objects with Hoa
excess in the galaxy M 33 which were selected previ-
ously as candidates for unique SS433 and LBV type
stars. All of them are the brightest stars of the galaxy,
in the U, B and V they are star-like objects (Ivanov
et al., 1993), on the Ho images far from all candi-
dates appeared to be star-like. In FSZ the objects of
the sample were divided into diffuse nebulae, bubble—
type nebulae, stars as well as common (intermediate)
objects. The objects of these groups differ in a wide
variety of characteristics: luminosity, colours, fluxes in
Ha, sizes, and distribution along the galaxy radius.
There is evidence that the location and the properties
of the nebulae depend on the density and pressure of
interstellar gas and are related with spiral arms.

The diffuse nebulae are Ha regions with an excit-
ing star. Hydrogen emission is likely to be dominant
in their spectra and nebula lines are weak, but the
colours are defined by the star. The bubbles are prob-
ably composed of high excitation gas, nebula lines
must predominate in their spectra. The contribution
of the central star to the total flux of these objects
may be insignificant. By their properties we identi-
fy these objects with envelopes round WR stars and
with supernova remnants. The group of common ob-
Jjects comprises objects of all types, but, basically,
these are stars and compact diffuse nebulae. The dif-
fuse and large bubble-type nebulae in our list are like-
ly to belong to the same assemblies of nebulae listed
by Courtes et al. (1987), but they are small-sized,
mainly 7-20 pec.

Among the selected emission stars we isolate
a group of 20 brightest stars which, in their av-
erage characteristics, conform to the blue super—
supergiants or LBV type objects. The stars of in-
termediate luminosity comply with the bright super-
glants of average spectral class Blla. The interstel-
lar absorption for these two types of stars is Ay =
0793 £+ 0m05. The faintest stars are in main blue
Ib supergiants. The mean absorption of these stars
Ay = (0™6, they are not observable across the whole
disk but only in its nearest to the observer part. The
number of the latter stars is restricted by the limiting
stellar magnitude on the list of Ivanov et al. (1993).
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