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ABSTRACT OF THESIS

Photographic photometry of 20 star clusters and their
adjoining fields has been carried out to determine the
colour magnitude diagram for stellar systems in the Small
Magellanic Cloud, using plates from the U.K. 1.2m Schmidt
telescope. The W-N-E periphery of the Cloud has been
examined,

The main difficulty of the SMC star clusters is the
contamination of cluster members by stars in the surrounding
field.

The evolutionary history of the star clusters seems to
be similar to that of the surrounding field, implying that
the background halo of the SMC is not well mixed,

01ld clusters have been found over the whole Cloud
exhibiting differences in the morphology of the H-B which
in most cases is very well populated at the red side of
the RR Lyrae stars strip.

Two more characteristics are i) the existence of very
red stars (in three cases they are proved carbon stars) and
ii) the large number of blue faint stars.

The metallicity has been shown to be low in the SMC
but the characteristics found in the old clusters are
those normally found in intermediate age clusters of our
Galaxy. Thus the age of the western halo clusters is
nalog -~ 5 x 109 yrs, whereas the northern halo clusters

are even younger.



The second group of clusters comprises young clusters
which occupy the north part of the SMC or the north-east
arm, since no young objects have been detected at the
western part of this galaxy.

The colour magnitude diagrams of the clusters and
the adjoining field of the north-west arm give an age
estimate of this feature of about 5 x 107 VIS,

The other small young clusters in the northern side
of the Cloud are objects of the SMC disc and their ages

are 106 - 107 years.
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INTRODUCTION

The Magellanic Clouds have always been very important
objects of the southern sky and they can provide very
useful material for the study of stellar evolution. They
belong to our local system of galaxies and they are our
nearest neighbours. The absorption in their direction
is very small and the absolute magnitudes accurate to
+ 0.4 mag. They contain a greal deal of objects and
amongst them many star clusters. Since the powerful
telescopes in the southern hemisphere started operating,
an attempt has been made to study the stellar systems of
both Clouds.

The Small Magellanic Cloud (SMC) is about 63 kpc from
the Sun and the distance modulus is about m—-Mv = 19™.20
(Westerlund, 1974). This means that the limits of
observations should be fainter than V = 19™,00 to detect
the horizontal branches of globular clusters. So far
only very few globular clusters (the term old globular
is more suitable for the SMC) have been studied for this
reason. Kron (1956) and Lindsay (1958) provided the
first lists of clusters. Arp (1958, 1958, 1959, 1959)
carried out photometric and photographic photometry in
order to study four rich clusters in the N-E part and the
core of the SMC, i.e. NGC 361, NGC 458, NGC 330 and NGC
419, Tifft in 1963 investigated one rich cluster of the
western part, the old halo cluster NGC 121 and he reached
faint enough limits to get the H-B fainter, whereas

Gascoigne in 1966 continued the study of the halo by
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producing colour-magnitude diagrams of three clusters and
he wrote an extensive paper describing the first results on
the behaviour of globular clusters in this galaxy.

Apart from these researchers, Westerlund (1961)
studied the stellar content of the wing of the SMC carrying
out photographic photometry of clusters occupying this
area, He found very young objects apparently the youngest
of the SMC.

Walker published two colour-magnitude (C-M) diagrams
of NGC 419 (1972) and Kron 3 (1970) using electronographic
magnitudes and he provided a very useful set of faint
standard stars reaching a limit for V and B colours of
about 22™.00.

Robertson (1975) analysed the cluster NGC 330 from
both observational and theoretical pointsof view and he
showed that it is an evolved cluster with some core Helium
burning stars, De Vaucouleurs long ago and in a recent
review (1972) reports that apart from the wing there is a
smaller arm in the northern part of the SMC where NGC 458
is located. So it is interesting to study the stellar
content of this feature and the two more clusters which
are occupying this small arm.

Many researchers have studied all sorts of objects
in the SMC and the Cloud's variables gave the opportunity
to Miss Leavitt to establish the period-luminosity relation
of Cepheids. Many RR Lyrae stars have been detected in
the SMC. Graham (1975) has found that their period distrib-

ution is different than in our galaxy but similar to that



- 3 o

of the dwarf galaxies. So a great number of very old
objects belong to the SMC as well as young ones and those of
intermediate age.

The study of star clusters also provides much
information about the evolutionary history of the SMC.

So it is very important to produce colour-magnitude
diagrams of the clusters and compare them with the
clusters of our Galaxy and other galaxies. Clusters of
different ages have been found distributed over the whole
area of the SMC.

The C-M diagrams for the old clusters cannot be fully
investigated because the turn-off point occurs at very
faint magnitude which is beyond the limit of detection of
the large telescopes, but we can reach the horizontal
branch (H-B) which is expected at about V~19.00 mag and
therefore it can be studied for the limits of observations
are quite accurate to V ~ 2T.50 2,

The younger clusters of the SMC which are mainly
found on the north and north-east part of the Cloud are
also very interesting objects for investigation. So far
their interpretation is difficult and they give C-M
diagrams consisting of two distinct branches, one red
giant branch and one main sequence, both at the same
range of absolute magnitude.

The main problem in the interpretation of a C-M
diagram in the SMC is the contamination of cluster members
with their surrounding field stars. The stars are too

faint to use radial velocities in order to identify the
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cluster members, so it was assumed that if we take a small
sample of about 5 clusters close to each other in different
regions of the SMC plates, they might produce the same C-M
diagram for their field stars., Therefore the differences
in the c-m diagrams could be due to their intrinsic
properties.

New telescopes in the southern hemisphere in Chile
and Australia revealed a lot more star clusters in the SMC
and lists were published by Hodge and Wright (1974) and
Brtick (1975), bringing the total number of star clusters
to 330,

Therefore the first photographic plates of the SMC
provided by the U.K. 1l.2m Schmidt telescope in Coonabarabran
(Australia) were = very useful raw material for the
investigation of star clusters in this galaxy.

On each plate 330 star clusters can be detected mostly
in the unvignetted area, so photographic photometry would
be possible in order to determine the magnitudes of stars.
Four blue and three visual plates; were available and two
questions had to be answered before the project of studying
the star clusters and stellar content of the western and
N-E periphery of the SMC,could begin,

The quality of the plates for photometry was the
first problem and the photoelectric sequences existing
especially for the faint limits in order to get as faint
magnitudes as the Schmidt plates reach, without any

dangerous extrapolationss was the second one.
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The first problem could be solved because there are
photoelectric standards in different parts of the SMC,
published by the previously mentioned astronomers who
have already studied the rich star clusters in this
galaxy. The faint sequence .available is only one,
that by Walker which has been produced electrono-
graphically. So there was nothing else than combining
these standardswith the other brighter ones lying on
different parts of the Cloud. The question of
the quality of the plates was to be answered for making
possible the combination of sets of standard stars
separated on the field of the photographic plates.

Three V and three B plates have been measured and
the details about the plate characteristics, the errors
and accuracy have been described in - chapter one of
this work, It is discussed extensively which are the
different sources of errors in photographic photometry
and which is in particular the quality of the results of
this project. The measurements have been done with a
conventional Becker Iris photometer and the calibration
curves by a least square fit program and hand drawn curves,
where necessary. In summary the probable error of the
mean photographic magnitude is~0.03 for V <‘19m¢0 and ~
~0.05 for V > 19".00 whereas 0.05 throughout the B plates.

The calibration curves showed a very good agreement
for the different sets of standards even for standards as
far as 4° apart from each other, The standard stars were

the photoelectric sequences by Arp in 1958 for the cluster
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NGC 361, by the same author in 1959 in the area of the
cluster NGC 458, by Butler in 1972 in the northern part
of the "bar" and '"central region'" of the SMC, by Tifft
in 1963 for the cluster NGC 121, by Cannon in 1974 for
the cluster 47 TUC and the faint electronographic sequence
by Walker which has already been mentioned.

Consequently one criterion of choosing the clusters
to be measured was their vicinity to the above standard
sequences. The next criterion was the crowded nature
of the different parts of the SMC especially near the bar
and finally the clusters had to lie in the unvignetted
area of the plates.,

In chapter two, the observationd side of galactic star
cluster research work has been given., The current observ-
ational results as far as open clusters are concerned are
summarised and followed by the main problems of the globular
clusters. The review is mainly concerned with 3 colour
photometry and the method of deriving the different para-
meters such as distance moduli, metal abundances and ages
of star clusters.

The second part of this chapter deals with the
anomalous C-M diagrams found in our own galaxy arising from
the poor correlation of metal abundances and the structure
of the H-B. The conjectures made so far have not given
any answer to this anomaly which remains an open field for
further research.

In chapter three, the main previous or current views

on the SMC researchare given. The star clusters in this
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galaxy have been discussed in more detail and all the known
C-M diagrams have been interpreted.

Twenty new C-M diagrams produced in the course of this
project are described in chapter four,

They have been divided into three groups according to
their common characteristics such as their location on the

plate or the age.

The C-M diagrams have been interpreted in as much
detail as possible.

The first group comprises 11 clusters located all
over the studied periphery of the SMC. They are old halo
clusters and therefore they are scattered in all partsof the
Cloud.,

The western clusters are all red halo type clusters

whereas the clusters are of mixed type in the northern part.

These eleven clusters are found to have differences
between themselves and especially in the structure of the
horizontal branch, which of course is the only feature we
can see in the C-M diagrams because the turn-off points
are expected beyond the limit of observations. Some of
these clusters exhibit a very conspicuous red H-B resembling
the anomalous cases found in our own Galaxy which have a very
rich red H-B, although they are metal poor. The existence
of very red stars (some have been proved to be carbon stars)
is another typical characteristic of these halo SMC clusters,

Few other clusters have a poor red H-B with some
indication of blue H-B. The main difficulty of accepting
or not the existence of a certain pattern in the C-M

diagrams is that the field stars are mixed up with the
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cluster members. It also seems that the evolutionary

history of the stars lying in the vicinity of the clusters
is similar to that of the cluster members so in some cases
the investigation of the cluster itself is very difficult.

The presence of many faint blue stars is also a
problem to discuss. They can be either a significant
number of blue H-B stars, or blue stragglers, which is
known to be a propertycointermediate age clusters in the
Galaxy.

Two clusters occupy the north-east arm and their C-M
diagram combined with the field stars in their vicinity
shows that the age of the arm population is about 5 x 107
years,

A group of clusters around the cluster NGC 361 at
the northern part of the SMC shows young objects, members
of the bar or the '"central region" of this galaxy.

The main results and conclusions are discussed in
chapter five, The two main populations of the stellar
content of the SMC (the young and the old objects) are
analysed. Composite C-M diagrams for these groups are
compared with similar ones in our own Galaxy or some dwarf
galaxies.

Finally the charts and lists of stars measured in each

cluster are given in the appendix,
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PHOTOGRAPHIC PHOTOMETRY

PHOTOGRAPHIC MATERIAL - METHOD OF REDUCTION
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1. The role of the Schmidt telescopes in the study of

stellar photometric problems.

The photographic material of this project was obtained
with the U.K. 1.2m Schmidt ‘telescope in Siding Spring,
Australia which is fully in operation since autumn 1973,
The characteristics of the telescope are given in Table 1.

At first sight the Schmidt telescope appears ideally
suitable for in focus photographic photometry. It
provides high image quality over a wide field, of 5° or
greater, so that a single exposure should give images
down to faint limiting magnitude with small field errors.

There are problems which can limit its possibilities.,
The reason is that the small size of the image makes the
measured magnitude critically sensitive to certain
disturbances such as errors in adjustment, focus changes and
differential flexure. The plates taken by Schmidt
telescopes have usually less signal-to-noise ratio than the
telescopes normally used for photometry. This is due to
the fact that the images are sharply circular and therefore
produced by a smaller number of grains, But even so it
will be important to show how much Schmidt telescopes
contribute to the stellar photometry and how reliable

the photometry of these new plates is.

1.1. Previous work done with Schmidt plates.

The field of Schmidt plates being so large gives
an enormous amount of information down to very faint

limits. Two reasons make slow the reduction of data.



NG [T [

TABLE 1

Parameters for the U.K, 1.2m Schmidt Telescope

Mirror diameter:

Aperture diameter :

Focal length:

Photographic plate sizes:
thickness:

Radius of curvature of
focal plane:

Unvignetted field radius:

Plate scale:

Corrector plates:

1.83 metres
1.24 metres
3.07 metres
356 mm square

1 mm

3.07 metres

147 mm = 2,73 arc
67.1 arc sec/mm
S¢hott BK7 glass,
wavelength 42008;
diameter of about
with bandwidth of

centred about the

wavelength.

degree

14 .9um/arc sec

corrected
gives image

2 arc sec
10008

corrected
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The lack of photoelectric scales and the time consuming
for the measurement with isophotometers. Both handicaps
can be solved. The new measuring machines like ""COSMOS"
in Edinburgh can speed up this difficulty and the photo-
electric standards can be organised for future observational
projects.

Becker in 1972 discussed many points on the role of
Schmidt telescopes in the study of galactic clusters and
stellar astronomy emphasising the following.

Up to the present time three-colour photometry has
been applied mainly to four topics:

g Galactic clusters:

Photographic measurements on large field plates
containing at least one cluster observed photoelectrically.
Out of 220 clusters 45 were observed by use of Schmidt
plates. 16 of them are galactic clusters and the distance
determined by Schmidt plates is almost of the same quality
as the one determined photoelectrically.

II. Distribution of stars in the Galactic disc:

The application of three colour photometry for the
derivation density of gradients requires a large number
of stars to be measured in different galactic areas and
many photoelectric scales. The first requirement can
very well be solved by the Schmidt telescopes and the
measuring machines.

III. Distribution of stars in the galactic halo.
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IV. White dwarfs in high galactic latitudes.

The cases III and IV are solved as discussed in II,

1o o Work on stellar photometry of the Magellanic Clouds.

Wayman (1972) also suggests the possibility of the
study of the Magellanic Clouds with the large Schmidt
telescopes. The main advantages are:

Both Clouds can be completely covered with no more
than a dozen plates at the most, so that surveys can be
completed within a reasonable period of time.

The distance of the Clouds is such that in sparse
areas the stars are well enough separated but in dense areas
the stellar images superimposed (2 sec of arc at the
telescope corresponds to 0.5 pc).

Study of variable stars, although widely investigated,
would be quite important in order to get further details,
after obtaining better photoelectric sequences.

A detailed analysis of the variations on reddening
over the Clouds system, from observations of blue stars is
needed.

Groupings of stars of all sizes should be studied in
the Magellanic Clouds. Many globular clusters exist in
both Clouds and their investigation using material obtained
with the Schmidt telescopes would be an important
contribution.

Summarising, the main advantages of Schmidt telescopes
are:

1) Homogeneous image quality over fields of 5% diameters

in large systems.
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2) At commonly used focal ratios the sky background and
extended sources can be registered with relatively short
exposures.

3) The most important of all is that for a short time
of observing we get an enormous amount of information on

a large field plate.

1.3. Photographic material.

During the first year of operation the U.K. 1.20m
Schmidt telescope at Coonobarabran, Australia, has
provided a series of plates of the Small Magellanic Cloud.
Three plates in each colour have been measured. The

details for each plate are given in the Table 2.
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1.4, Measurements and reductions of the photographic material.

1.4.1. Description of the instrument.

The image densities were measured with the Becker Iris
photometer of the Royal Observatory of Edinburgh.:  Fig. 1

illustrates the main diagram of the instrument as it is

described by Becker (1956).

T L..ct.mp,L
e ontihieot fifter

e A . K ienses
4 X, _Le 45° gloss
aperture — | = ———=== photopruphic plete
dQ.HSi-ty# i g .

wedge. _ 4 microscope
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e |
T w——|-—m lris diqphregm

T = Achromeatic Lens
‘I-‘M_o—,f beam .s_piitte-r
rdhx&ng

T shutter i

1 ~ Screen

E
photocell

- D s MDA G tls Becker 'Iris Photometer.

The beam from the lamp.L splits in two, the comparison
beam and the second which passes through the photngaphic
plate and the iris diaphragm. This latter béam splits again
in two, one part goes to the screen and the other part to the
:rotating”shuttef”ﬁﬁé}é the comparison beam arrives too.

The rotating shutter R passes the beams in rapid succession

and an electronic indicator E, shows when both beams are



equal in intensity.

When a star image is centred in the iris image on P,
a proportion of light is absorbed and the iris diaphragm must
be opened to restore equality of intensity of the two beams.
An arbitrary scale attached to the iris movement gives a
measure oOf the photographic effect of the star. This measure
is independent of the brightness of the lamp L in so far as
the balance of the beams is also independent. Usually
during runs of several hours drifts in the zero point are
observed. That is thought to be a temperature effect.
In order to avoid this problem which was not serious for
4-5 hours run at the maximum, the standard stars were
measured twice at the beginning and the end of each run so
the calibration curve was produced by the mean values of
these two measurements although very often there was no drift
at all. A plot of iris readings for the same set of stars
against time (each quarter of an hour) has not shown any
appreciable drift for 4 hours, only a very small variation

around the mean.

1.4.2, Measurements and reductions.

Each star cluster was divided into rings around the
centre or sectors according to the size, trying to measure
all stars in a central circular area and many field stars
in order to get a sample of 400-500 stars for the rich
clusters and 100-200 stars for the smaller ones. All good
images of the selected areas were measured and the aim was
to have an unbiased sample. Quite a few stars however,

have been rejected because their images were distorted on
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the plate by overlappings, high background reading due to
many faint stars in its vicinity or when the values found
in the three plates of the same colour gave a difference in
magnitude of more than o™.5 = 0%4 (according to the
magnitude or the areas).

So for each cluster all stars were measured in one run
and the standard sequence twice, once at the beginning and
next at the end of the run. The drift was very small but
still the mean of the two measurements was taken to produce
the standard sequence's iris readings. The relationship
between iris readings and photoelectric magnitude is
expressed by a polynomial whose coefficients are determined
by a least square solution. The degree of the best fit was
chosen by the computer as the one which gave the smaller
r.m,s, error, but the computer solution slightly deviates
towards the faint limits of the plates, so the calibration
curves have been checked and corrected by hand wherever it
was necessary.

The process described above has been followed for each
run of measurements and the magnitudes derived for each star
have been listed. The mean of the three magnitudes derived
from the V, or the B plates are the magnitudes in V and B of

the measured stars.
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1.5 Photometrie errors and discussion on the Schmidt

plate photomery.

The determination of the magnitudes of stars using an
iris photometer can be constrained by the following factors
which imply imperfections and errors due to the telescope,
the photographic plates, the photometer and the non
linearity of the iris reading calibration curve.

Although it is difficult to separate all these
sources of error, it is necessary to discuss all of
them in detail and give some results which show the accuracy
of the photometry with the U.K. 1l.2m Schmidt telescope
plates of the SMC field.

The different errors involved in the photographic

photometry are:

L) experimental errors due to the iris photometer.

2) errors in centering the star image in the iris
diaphragm.

3) random fluctuations of the transmission coefficient

of the photographic image-grain noise.

4) variations in the background density of the developed
emulsion surrounding the star.

5) systematic differences in image structure, leading
to differences in the transmission among images of
the same magnitude in the system,

6) internal consistency of the photographic plates of
the same exposure and colour.

7) drift in the iris photometer during one run of

measurements.
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8) optical vignetting in the telescope used to obtain

the plates.

9) variations of extinction across the plate.

10) bad measures, misidentification etc.,

11) non linearity of the iris reading calibration curve,
12) field errors - combination of two different standard

sets separated on the plate.

13) colour equation.

1.5.1, Experimental error,

During a measurement with an iris photometer the total

intensity L transmitted by the photographic image is:

L =d[f Itr.dr.d®e
A

where I(r,B) is the intensity of illumination of the iris image
and t(r,B) the transmission coefficient of the photographic
image at the same point. As an approximation, I is constant
within the iris image and is zero outside. To make a
magnitude measurement, the range of integration is adjusted

to make L equal to a constant Lo, the intensity of the
comparison beam. The abritrary scale attached to the iris

movement gives a measure A of this range of integration so

the error in balancing L against Lo is minimum when (1/L)g%
is maximum. For different wedge settings to balance, (a
number of iris settings A of the same star accurately centred)
it has been shown (Argue 1960) that the optimum iris
setting for balance is not critical because a single
adjustment of the comparison beam is sufficient over a range

of about ten magnitudes, and the range of magnitudes involved

in the present work has always been no more than 8 magnitudes.
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1.5,2. Centering error.

The magnitude error is approximately proportional
to the square of the off-centre distance. It is roughly
independent of magnitude for a given adjustment of the
comparison beam, but increases when the latter is changed,
so that the iris closes more tightly around the image.
This error is very difficult to be isolated or measured,
But of course it was tried to centre as carefully as
possible.

1.5.,3, Granularity.

If we plot the magnitude difference for two runs of
measurements of a set of stars against magnitude, we get
the internal consistency of measurements.

If we make the same plot as previously for another
sky reading and get the difference of these two plots for
each magnitude, the spread of the latter is due to grain
noise. Argue (1960) shows that the noise increases with
greater iris settings. Many tests were carried out with
the Schmidt plates to determine the optimum iris setting
in order to get the minimum grain noise.

1.5.4,Variations in the background density.

The presence of the background fog around a stellar
image causes the diaphragm reading to be increased and the
measured magnitude to be brighter. If the fog is uniform
across the plate no correction must be applied, but the
presence of large background reading, due to blended faint
stars or nebulosities, or discs formed by reflection for
the very bright stars and anomalies of the emulsion itself

should be corrected.
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The most common source of this kind of error, for our

plates, is the crowded nature of the field especially near
the bar of the Small Magellanic Cloud (SMC) and the presence
of very bright stars which affected their vicinity. So
regions with uniform background and well separated stars
were chosen as carefully as possible, but small variations
could not be entirely avoided. In few cases the '"blend
stars" can amount up to 50% of all stars, and of course

it is more conspicuous in the plate of the predominant

colour of the cluster members.

1.5.5. Systematic differences in image structure.

In general the image structure affects the response

of the iris and the magnitudes eventually are different

even for stars of the same magnitude. These differences
are due to different causes. One of them is small focus
changes in the telescope. A second source oOf image

distortion is a slight flexure between the main mirror and
the corrector line when the tube is near a horizontal
position. The atmospheric refraction, especially for
long exposures is the third and usually the main cause of
the distortion of the images.

In the case of the U.K., 1.2m Schmidt telescope,tests
were carried out to find out which is the main source of
this error, So photographs taken with usual broad band
filters and photographs taken with combined filters (in
order to get a narrower band) were compared and have shown
that the images look different in the two cases. The

broad band photographs had a slight distortion whereas
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the narrower band ones showed perfectly circular images.
If there is a flexure, the elongation of the images
would have been the same in both cases and therefore we
come to the conlusion that in the case of this particular
Schmidt Telescope, the atmospheric refraction plays the

major role as a source of this kind of error,

1.5.6. Internal consistency of the photographic plates

of the same colour,

Figs. (2) and (3) show a plot of iris readings of
the same stars from pairs of V plates of the same exposure
against each other during two successive runs and B
respectively. The scatter of these curves in terms of
magnitude are recorded in column 3 of Table 3. Oof
course this scatter is due to other sources as well but
each was measured at two successive runs during a short
time so the conditions were exactly the same as far as the

instrument is concerned.

1.5.7. Photometer drift

Measurement of a photographic plate on an iris
diaphragm photometer can take several hours and a slow
drift is difficult to be entirely eliminated. A
correction as a function of time can be derived but it
was found more convenient in practice to measure the
standards a number of times during each measurement run

and take the mean of their iris readings. It has been
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found that for about four hours of continuous measurement
it is perfectly stable and it becomes very slighly drifted

afterwards.

1.5.8. Optical vignetting in the telescope used

Vignetting is the phenomenon which causes the
limitation of field of wiew of a telescope and it is
always due to the aperture diaphragm. So all points
below a certain(limited by the diaphragm) suffer
diminution of their light.

For the 1.2m Schmidt telescope the unvignetted area

has the following radius:

mirror diameter

O
| K |

aper ture diameter

Fig. 4. illustrates the effect of optical

vignetting on a Schmidt telescope.
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From Fig. 4, applying simple geometry for the U.K.

1.2m Schmidt telescope according to the values of table 1.

B B Sage L Je7 5 i

2 4
\ P,
siln = = —— = 0.048045
Ty
& 0
5 = 2703

So the radius of the unvignetted area is ¢,= 147 mm
and our measurements and set of standards have been confined
within this area. The standards nearest to the limit are
the NGC 121 (Tifft,1963) but still they occupy an area

inside the critical radius.

1.5.9. Variation of extinction across the plate.

For plates taken at large zenith distances a
correction for variation of extinction must be applied.
In case of the Magellanic Clouds the zenith distance is
around z ~ 38° and the distance of the different photo-
electric sequencesis at the most extreme case A
Therefore from the well known formula of atmospheric
extinction

Am = kx where A m shows how much fainter
the star is because of extinction,
ksis the extinction coefficient
and x the air mass which depends on

the zenith distance of the star.

In this case we assume that two stars of the same

magnitude m are about 4° apart on the plate. So zy = 38°

and z, = 42° are their zenith distances. Therefore
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Aml = kxl and Amz = k.x2
For the given 24 and z, we have
X, = 1.268 and X, = 1.344.
So Aml — Amz = k(xl—xz) i Aml - /_\m2 = k x 0.075%
For the worst case of a k value of k = 3 the

difference is ~0".035 which introduces a very small error

compared with the other photometer erxrors.

1.4-10= Bad measures, misidentifications etc.

These can be entirely eliminated by comparison of

measured and standard magnitudes.

1,501, Non linearity of the calibration curve.

The non linearity of the calibration curve is the

main disadvantage of the photographic emulsion as a
detector, Towards the limit of the plate which is towards
fainter magnitudes it looses its linearity, and the
magnitudes<become more wuncertain. As it has already been
mentioned the computer solution was always checked by hand
drawn up calibration curves. If the computer fit was not
satisfactory at the very faint limits, the magnitudes were
read straight off the curve. The calibration is inevitably
uncertain below V;> 20.0 mag and B » 20.50 mag. because
fainter stars are near both the photoelectric and photo-
graphic limit of detection,

The reliability of the calibration of the photographic
data and the accuracy of the individual star measures can
be estimated from figs. (5), (6) and (7) for three

different regions on the plate.
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Fig. 5 illustrates the accuracy of measurements for
the west side of the plate and this particular is one for the
elster 115, The standard sequences used are the ones
by Walker in Kron 3, by Cannon in 47 TUC and by Tifft in
NGC 121,

Fig. 6 shows the accuracy of measurements for the
clusters L87 and HW62 of the north side where three -
standard sequences were combined, the one by Walker in
Kron 3 (in order to get the faintest possible magnitudes)
the one by Arp in the cluster NGC 361 and the one by
Butler. The two latter ones lie near the northerly
clusters,

/The Fig. 7Fis.referring to the cluster of the
north-ecast arm HW64. Three sequences produced the
calibration curve. The faint standard sequence by Walker
in Kron 3, by Cannon in 47 TUC and the third one by Arp
for the cluster NGC 458, which occupies an area near the
two clusters of this arm. The second cluster for which
the same sequences were used is L90.

Each of the figs. (5), (6) and (7) gives the accuracy
for both sets of B and V plates and for all standards in

each case.

145112, Field errors - combination of different standard

sets spatialy separated on the plate.

The field errors depend on the combined optical
aberration, -guiding, seeing and emulsion image spreads.

The enormous field of the Schmidt plate and the lack of
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many photoelectric standards demanded the combination of
different photoelectric sequences separated in the extreme
case by about 4°, Frrtunately there is no significant
systematic field effect (not appreciable compared with
the error introduced by other sources as crowding,
photoelectric standards etc.). The main reason of this
combination is the lack of faint photoelectric standards
especially below V and B - 20.0 mag whereas the plate
limit reaches 22™.00. So for the measurements of the
faint stars and to avoid dangerous extrapolation the

only faint sequence (Walker, 1972) has always been
combined with the other available photoelectric standards.
By a careful check of each photoelectric sequence separately
it has been found that electronographically measured stars
give a small error, and sometimes they are as good as a
photoelectric sequence.

Fig. (8) and (9) show the calibration curves one V
and one B respectively where the sets of standard stars
are separated by more than 4° as it is for Walker's
standards in Kron 3 and Cannon's in 47 TUC which are on
the west side of the SMC and Arp's standards for the
cluster NGC 458 on the north-east small spiral arm. The
three sets are well merged in each other and the field
effects do not seem noticeable.

In Figs. (10) .and (11), the calibration curves for the
cluster L15 are based on standard sequences of the west side

of the SMC, One V plate and one B plate
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respectively show a very good agreement for the sequences
by Walker in Kron 3, by Cannon in 47 TUC and Tifft in
NGC 121. For Tifft standards might be said that there
is a very slight field effect but not important comparing
it with the other sources of error, This can also be
explained by the fact that Tifft standards are very well
isolated stars whereas Walker's are in a very crowded
area.

Finally Figs. (12) and (13) show the combination of
three standard sequences for the measurement of clusters
of the north side of the SMC. These two particular
curves have been drawn up for the cluster L82 (Fig. 12)

and the clusters L87 and HW62 (Fig. 13).

1.5.13. Colour equation

Fig. (14) shows that there is not any colour effect
in either B or V which was expected after the standard

emulsion-filter@mbination chosen,

1.5.14. Comparison with previous work

Arp has measured four clusters in the SMC, Tifft
measured the cluster NGC 121 and Walker has measured two
clusters electronographically. Standard sequences have
been used from all these workers for this project and our
accuracy has been discussed.

Photographic values measured by Arp in NGC 361
have been compared with our photographic values for the

same set of stars. The sequences used were by Arp in NGC 361,
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Walker in Kron 3 and Cannon in 47 TUC. Bl (0L5)
illustrates the difference of Schmidt platest B photo-
graphic values from Arp ones and there is a good agreement,

The agreement for V plates is of the same rate.

1.5 4%, Final discussion of photometric errors.

The differences between photographic (mean of
three plates) and standard magnitudes as a function of
magnitude have been illustrated in figures (5), (6) and
(7); these are given in terms of probable error for two
magnitude ranges in column 2 of Table 3. How much these
deviations are due to photometric and measuring errors
may be inferred from Figs. (2) and (3) where iris
readings of the same stars from pairs of plates are
plotted against each other. The scatter in these curves,
given in terms of magnitude, are recorded in column 3 of
Table 1. Similar figures are found if photographic
magnitudes from individual plates are compared with the
mean photographic magnitude from three plates (column 4).
It is seen that the deviations in columns 3 and 4 are less
than those in column 2; the differences, calculated in
column 5, represent random instrumental and variable
background errors as well as possible small systematic
differences between the standard sequences. Such
residual errors are often encountered in  comparisons

between photoelectric and photographic photometry.
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Arp (1958) in his SMC work adopts photographically
derived magnitudes in preference to his original photo-
electric standards in drawing up calibration curves.
Differences between Arp's photographic magnitudes and ours

shown in column 6 of the Table 3 are less than those
in column 2,

The final column in Table 3 gives the probable error
of our mean photographic magnitudes which are satisfactorily

small for the purposes of the planned photometric programme.

1.6, Conclusion

It is shown that the U,K. Schmidt plates are good for
photographic photometry of the SMC Iegion‘the probable
error on a single plate not exceeding d%8 in either B or V.
No field error is detectable out to 2°.5 from the centre

in the direction examined and photometry is possible to

The plates are therefore capable of reaching the H-B
at (V = 19" to 20™) of the C-M diagrams of the globular
clusters in the SMC, which is essential towards the

understanding of the evolutionary history of these objects.




]

+

=
1

- *10x12 21enbs uesaw j00zx

sO0°0
s0°0
s0°0

€070

09°8T d

0Z2°6T d
Or°0z d
[0 3410 FonlA =
¢TI d
Letge 4

oAl B ®

(0
Q%ETL
O vT
L9
0°cT

QLT

0°8T A O°€T
0°0Z A O°€T
0°6T A O°%I
0*8BT A 0°9T
02 0z N O°ET
09Tz A ©OOF

pasn saduanbas OorIjawoloyd

9T°0 80°0

Z1°0 LO°0

o3 () LO°0

OT 0O sO'0
od (6d-6d)
S . 1%

SI0oxIIg OTIjdwoloyud

£ d1dvl

0T°0
L0°0
L0°0
S0°0
(%6d-T'6d)
3

m.mﬂAHDm
89F OON
T9€ OON
NI Ly
TICT 09N

£ NOIA

8T°0
) B ©)
ST°0
cL20
(od-5d)
G

Io pIEpUR}S X GHLO°0 °"2°T I0IId aTqeqord Fo sSwId] UT USATH [[e 2IC SIOIIH

Sihe di 6L
6T d
GZ°1z A 6T
6L A
mmnmm
apnitubepn

T



CHAPTER II

MAIN OBSERVATIONAL ASPECTS OF STAR CLUSTER STUDY




2.1, Stellar Groups

Star clusters are star systems which have some common
characteristics. They are known to be physically
connected or may be assumed from their apparent positions
to constitute distinct physical organisations.

The main problems regarding their study are:

a) composition. b) distribution., c) structure and cosmic
positibn. They can be divided into two main categories:

1) stellar associations and open.clusters

2) globular clusters.

2.1.1., Stellar associations and open clusters

The open clusters are usually groups with irregular
shape and non-central concentration. They can be divided
into two different categories according to their degree of
concehtration and spectral composition (Trumpler, 1930).

So their members are mainly main sequence objects with some

Helium core burning stars in the later types.

2.1.2. Globular clusters

These are groups with a strong central concentration
and richness in faint stars.

The different types of globular cluster have been
divided according to their size, luminosity, shape (which
is not always circular). Their members are mainly stellar

population II and their brightest members are red giants.

2.2. Ages of clusters

It has been found that open clusters contain younger

stars than the globular ones. The age of a cluster is
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characterised by the age of its star members which are
supposed to have been born simultaneously from the same
initial cloud and therefore have common chemical
composition and age.

The clusters have different ages which are related to
some characteristic properties as follows.

a) Bright blue stars are found near interstellar gas
and clouds , 1 where they have just formed, not having
time to move away.

b) Some associations with blue luminous members seem
to be expanding from a common centre. The expansion rate
gives an estimate of the age of the cluster.

c) In globular clusters the amount of gas is small
compared with the open clusters. Therefore the redness of
their members could be an estimation of their age.

Usually the older stars turn off the main sequence
towards the red giant branch and in the case of old clusters
the brightest members are giants whereas in open clusters the
main sequence stars are the brightest members of the cluster
or as bright as the red giants.

d) The kinematic properties of stars are also
related to their age i.e. thewelocity of stars relative to
the orbital velocity about the galactic centre. Stars in
the solar neighbourhood may be arbitrarily divided into a
high velocity group and a low velocity group. It has been
found that the high velocity group contains many red giants
and has a composite colour-magnitude diagram similar to

that of globular clusters. The clusters themselves have
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similar properties: open clusters have 1ow relative
velocities, whereas globular clusters have high relative
velocities, moving in large orbits about the galactic centre.

e) Also the distance from the galactic centre is
correlated with the age of the stars. Stars with high
kinetic energy may convert it into enough potential energy
to overcome the gravitational attraction presented by the
mass of the Galaxy. This is why the globular clusters
are found very far from the galactic plane while the open,
young ones, are distributed in a flat system in the galactic
plane.

L) The strength of the metallic lines in the stars
has been also an age criterion. Taking into account the
assumption that stellar atmospheres show in general the
abundances of products that were there at the time of star
formation and noting that throughout time nucleosynthesis
has gradually enriched the metal content of the interstellar
medium, we would expect the younger stars to be richest in
metals and therefore show the strongest lines. In clusters
also it is found that the low velocity group stars have
stronger metallic lines which is the case of open clusters,
whereas the o0ld clusters have weak metallic lines.

a) One important criterion of ages of clusters is
the colour-magnitude diagram which will be discussed
later in detail. It has been found that the turn-off point
of a C-M diagram is a very good age criterion. It is the
locus where the stars leave the main sequence to the red

giant phase. The colour and luminosity of the turn-off
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point is redder and fainter respectively as the cluster
is older. The globular clusters contain red giants
brighter than the main sequence stars whereas in the open

and intermediate age clusters the main sequence stars can

be as bright as the giants.

2.3. Main observational results from star cluster * study

The star cluster study has been done by all means
of astronomical techniques but the bulk of information
comes from photometry either photoelectric or photographic.
Spectroscopy of bright members is also a very important
source of information for the determination of the clusters
abundances, and radial velocities. Colour-magnitude
diagrams and two colour diagrams enable us to derive the
properties of the clusters namely, age abundances, and
eventually to improve the stellar evolutionary history.
The spatial distribution of clusters and their kinematical
properties are important for the study of structure of the

galaxies and their ages.

22351 Stellar associations

Observations of stellar associations are closely
related to problems of their birth out of compressed
interstellar clouds rich in dust and molecules and to
problems of pre-main sequence evolution. = Stellar
associations are studied by a variety of techniques and
combined observations in optical, infrared and radio
wavelengths. Their kinematics islalso of great interest

because of the expansion from a COmMMON centre question.
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SO star formation problems and the structure of the

Galaxy or other galaxies can be appreciable progressed

by stellar associations studies.

2.,3.2. Open clusters

The open clusters are the most numerous objects
between the star clusters and their number is still
increasing especially in the southern sky where the new
large telescopes provided powerful tools of study.

The main problem of these clusters is the fact that
they do not have many evolved members so the turn-off
point is not always certain and therefore their age.

The method of fitting the second brightest member to the
Hyades C-M diagram is not always safe because the
brightest blue stars are not necessarily main sequence
stars but already evolved and thick shellH ydrogen burning,
In young clusters the top of the main sequence is brighter
than the giant branch and this difference is larger as the
cluster is younger. But it can be very easily confused
because in the very young clusters the evolved giants return
to the blue as far as almost the main sequence and the top
of the main sequence can be uncertain and look brighter
than the red giant branch. As a cluster ages, both the
top of the main sequence and the giant branch become
redder, At the top of the main sequence as the spectral
type of the brightest star moves from early B to late B,
the bolometric correction decreases. The reddest giants
meanwhile in changing from F to K, are radiating an

increasing proportion of their light in the invisible infrared.



- 50 -~

SO clusters of an age between that of h +X Persei
(youngest ~1 x 10° years)and that of M41 ~2,8 x 107 years will
have giants brighter with_res;)ect to the main sequence than
will the younger or older clusters.

The young clusters are metal rich objects compared with
the globular clusters. Recently spectroscopy of bright
members has shown that metal deficiencies exist in some of
the older open clusters.

The youngest clusters serve both as calibrateors of
luminosities of cepheroids and supergiant stars and as
tracers of spiral structure. So the composite C-M
diagram of open cluster of a certain region might produce
the C-M diagram for the spiral arm of a galaxy amd therefore
the arm's age.

In a recent paper Harris (1976) has studied opem
clusters using data of the evolved stars menber of 97
clusters. He produced composite C-M diagrams for stars
confirmed by any means that they are members of the clusters
and he divided them into six age groups, from logr66@ x 10°
years) to logr=86(4 x 10° years) Thus am age scale has
been built based on the evolved stars of opem clusters.

Comparison of these groups with models gives tihe
conclusion that the Hayashi track . becones blluer amd
brighter as Y increases or Z decreases.

It has also been shown that im the fowr youngest
groups (4 x 105, 107, 2.5 x 10" and 6.3 x 10 yr.) tie
nost striking aspect of the diagrams is that the
intrinsically brightest stars are im the A-F spectrall rEnge..
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Only in the two oldest age groups (1.6 x 188 and 4 x lO8 vr)
where the evolving stars are of the order of 2-3Mg do the
K and M stars begin to be consistently brighter than the

B, A and F stars. The group I (4 x 106 yr) has no evolved
stars and group II a well defined clump of M supergiants.
Groups III and IV have a large number of late type stars
which shows the importance of core Helium burning in these
mass ranges (4-10Mg ). The last two groups (1.6 x 103
and 4 x 108 yvr) begin to exhibit a giant branch for the

G-M stars.

2.3.3. Globular clusters

From photometric studies the main physical
properties of globular clusters come out. The spectroscopy
of bright members give the quantity Eﬁy@ﬂ which determines
the metal abﬁndance of the cluster but wherever this is not
possible the three colour photometry in the U, B, V gives
us much information. Two-colour and colour-magnitude
diagrams can give us information about:

a) The reddening in front of star clusters.
b) The age difference, or age.
c) The Helium or metal abundance.

d) Their distances.

2,304, The reddening values

The reddening values can be found from the two-
colour diagrams of a cluster. One typical two-colour diagram
is in Fig. 16 (Cannon and Stobie 1973) for the globular

cluster NGC 6752. The solid line of two colour diagram




- R

comes from Michalas! models for 4 2 log g 2 3. The drift

of the stars from this line is due to the interstellar

reddening in front of the cluster.

Fig . 16.
Two colour diagram
for the cluster NGC 6752

(after Cannon and Stobie

1973).

Kukarkin (197 1) proposed a method to caléulate the
~interstellar reddening by the four colour photometry U, B,
Viy© s He proposed a way to calculate the intrinsic colours
introducing three parameters X, Y and Z which are functions

of the spectral type. A table is produced that gives the
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parameters X, Y and Z from the spectral type. And so the

intrinsic values derive from the following formulae

&E)l o AV=L1) z = {U=B)

(B-V (B-V) (V-1)

The reddening values are important for:

1) Fitting of main sequences to obtain distances,
absolute magnitudes and ages.

2) Determination of intrinsic colour of RR Lyrae
instability strip in clusters of different metal
abundances.

The second problem would provide answers to several
questions (Sandage 1969).

2i) Differences in the mean period of RR Lyrae stars
in cluster groups I and II are maybe due to different
absolute luminosities of variables in the two groups
(Oosterhoff groups).

2ii) It has been shown that the position of the high
temperature instability edge is related to Helium
abundance. So it is important to establish the
variation of Teff on the blue edge of the strip.
2iii) We can also have information about X and Z
abundance, photometric distance module, turn-off
luminosities and age.

3) The ultraviolet excess for globular cluster stars
was shown to be a general feature of halo clusters and
in many clusters studied subsequently. It is an index
of metal abundance and there is a correlation of
S(U-B) with the Deutsch (Kinman 1959) and Morgan (1959)

metallic line types.
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Wallerstein and Helfer (1966) have given a preliminary
calibration of S(U;B) = [FE/@]fOI K giants which shows

that & (U-B) changes very slowly for [FE/H] <- 1.

2 oBeSla The colour-magnitude diagram (C-M)

The C-M diagrams of globular clusters‘éive
information about their ages, distance modulus and metal
abundances. One typical C-M diagram is the M3

(Johnson and Sandage, 1956) Fig. -17.

GLOBULAR CLUSTER, M3

AR
14+
i6.
Viemag) | :
is. |
£0.F
! 1 i 1 1 1 = 1 ] 1 1 1 1 1
-0.4 (<¥a) 0.4 og 1.2 i5

Eig. L7 The C-M diagram for cluster M3

(after Johnson and Sandage, 1956).
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The determination of the physical properties by the means

of the observational results is as follows:

2306 Distance moduli

a) Main sequence fitting.

The distance modulus used to be assumed according to
the Hyades main sequence fitting but this can lead to
errors because of: 1) the position of the sequence in the

(M ff) plane is sensitive to changes in X and Z.
e

bo1’ T
ii) Observed colours are affected by variations in Z due
to line blanketing - differences., One method followed by
Sandage (1956) has better results and three steps are
needed:

1) One fiducial main sequence in (M, ,(B-V) ) is adopted
such as its shape is identical with the mean shape of the
observed main sequences in M3, M13, M15 and M93.

2) For each star M, was computed using the observed V
magnitude and T (trig.). This value was computed with
M, of the fiducial sequence read at the observed B-V

for the star in question, and the difference AMU =
M(actual) - M(fiducial) was formed. As it is expected
A MU is a strong function of S(U_B)o,é“

3) So the empirical function (Sandage 1956) AMU =

£ [ 8 (0.6)] gives M by the value of <8(0.6)> .

So distance modulus comes out of combination of AMU,
fiducial sequence and the observed C-M diagram. The
weakness of the method is its high sensitivity to

observational errors in E(B-V), 8(0.6) and the observed
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colour in main sequence.

b) Distance from independent values for My (RR)

From the observed shortest period of the Bailey type
ab RR Lyrae stars in various clusters Lbol(RR) has been
calculated. These values can be changed as Lbol(RR}/Lbol(e)
so if B.C.(RR) = 0.00 the M o1 (RR) can be found and from
the observed magnitudes of RR Lyrae members of the cluster
the distance modulus derives.

c) Distance from the mean magnitude of the 25

brightest stars

This method is not in use any more but it was the very
first way (Arp, 1956) to estimate the distance very roughly
assuming that the mean absolute magnitude of the 25
brightest stars is roughly the same for all clusters.
Therefore the differences in M25 were due to the distance
differences.

d) The distance determination using the clusters

angular diameter

This method (Arp, 1956) is-not very accurate and therefore
it is used very seldom. For all clusters for which
distance has been obtained and the angular diameter as well
(6 in arc min) the product D@ has been found 80 in average,
(® has been the value for the isophote containing 90% of
the light) and then from the mean relation
De ~ 80

we obtain D very roughly.



L

D By Metal abundances

Metal abundance Z, is determined by spectroscopic
data according to: [Fe/HJ = 1log ]_—Fe/H]CLUSTER - log [Fe/H:[@

Another way to determine the metal abundance is by
S(U—B) as it has been discussed in paragraph 3.3.1.

The magnitude difference AV, between the horizontal
branch and the top of the giant branch appears well
correlated with abundances in the sense that the lower the
metal abundance the more luminous the giants. AV is
read off the C-M diagram as just described at (B-V)O =
+1.40.

The colour of the subgiant branch, before corrections
for blanketing, is also likely to be well correlated with
abundances among the oldest clusters. Obviously age
dispersion is important here.

The slope and length of the break between the top
of the main sequence and the subgiants appears metal
correlated especially in intermediate age clusters
(Shleisinger, 1969). Metal rich systems seem to have
a horizontal break of which the length appears to increase
with abundance of metals. Metal poor clusters show a
sequence inclined upward towards the red, which is well
populated with stars and does not extend far toward red.

Various important age and abundance correlations have
been proposed for the horizontal branch portion of the
colour -magnitude diagram. It has been proposed that the
colour of the branch is correlated with the abundance of

metals. Metal poor systems tend to show horizontal branch
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populated primarily on the blue side of the cluster-variable
gap with increasing metal abundance and decreasing AV, the
branch tends to shift to a red side population and disappears

entirely in metal rich galactic clusters.

2,.3.8: Helium abundance determination

A method has been proposed by Sandage (1969) for

the determination of Helium abundance. According to Christy's
theory:
D.C VL{
Y = 1.600(B-V) - 0.34 / - 0.16 M_ + 0.901
BE Ji@ v

0e
where (B—V)BE is the colour at blue edge of the RR Lyrae
strip corrected for reddening and blanketing. - J&ji@ and
M, are respectively the mass and absolute magnitude of stars

at this edge.

2359, Age determination

The age is a sensitive function of M__ (absolute
magnitude of the main sequence turn-off point of the C-M
diagram), Y (Helium abundance) and Z (metal abundance).
Different empirical methods have been proposed to derive
the age from these parameters. One example is Sandage's
formula that derived from Iben and Road's models.

log LTO/L@+(0.92+0.11 log ZY) Y+0.219 log Z -~ 0,079

log T9 =
0,10 log Z '~ 0.59

for 0 £ ¥ < 0.3 197 Sz > aoes

L is the main sequence turne~off luminosity where B-V is

TO

bluest and it can be found from MTO’

The importance of the turn-off point for the age
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determination is shown in Fig. 18 where Sandage produced a
composite C-M diagram for different clusters. Ages

corresponding to various turn-off points are given along

the right-hand ordinate.

—% T T T L] LE ¥ 1 :
Age,yeors
M NGC2362 < Lo x40¢
1]
4L | esxic®
i Picicdes 28x10”
Mmii
2y J 1ex108
2| A 12x10°
ab = 7,jxi09
io
6 - 2.9%10
sl—t ' .
-4 T ° 8 12 is £0
BV

Fig., 18. A composite C-M diagram of 10 galactic clusters
and 1 globular cluster. Ages corresponding to various
main sequence termination points are given along the right-

hand ordimate. (Sandage, 1957).
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2.3,10. Some general results about globular clusters of our

Galaxz.

The globular clusters are mainly found in the halo
of our Galaxy except some which are near the galactic plane.
The number of clusters known so far is 130. The clusters
near the galactic plane have been found (Arp, 1971) to
have more metals which means that star formation and metal
enrichment took place more quickly. Low metal content
globular clusters are found about 12 to 16 kpc from the
nucleus, The higher metal content clusters are found
4 - 8 kpc from the nucleus.

The nuclear globular clusters have been found to have
a fainter giant branch and contain fewer than the halo

globulars,

2.4, Some anomalous C-M diagrams

Sandage in 1967 has found an anomalous C-M diagram for
the cluster NGC 7006 which seems to be a violation of the
unique correlation between metal abundance and stellar
density gradient along the H-B in globular clusters. Whereas
extreme halo clusters usually exhibit a blue horizontal branch
the H-B stars in NGC 7006 are predominantly red. If NGC 7006
was associated with the galactic system at the time of its
collapse toward the plane, it should be among the most metal-poor
ones, because there is a relation between metalicity and the
distance from the galactic plane. All spectroscopic data
had indicated low metal content and the violation of the
rule was the anomalous C-M diagram and especially the

structure of the H-B (Fig. 19) which was exactly like the
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Globular Cluster NGC7006
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Fig: 19, C-M diagram for cluster NGC 7006 (after

Sandage, 1967).

H-B of the metal rich clusters. So Sandage began to
think that another parameter excépt metgllicity should
control the distribution of stars along the H-B. Two
more clusters, M13 and NGC 288 (Cannon, 1974) were found to
violate the rule but in the opposite way. It was then
concluded (Sandage 1967) that Helium abundance should be
taken into account (using the results of theoretical work
by Faulkner) and be the.Second parameter which controls the
H-B. This implies an extremely low Helium abundance for
NGC 7006. Independently van den Bergh (1967 a, b) also

came to this conclusion and suggested that the Helium
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abundance was the second parameter. It has also been

found that the same sort of C-M diagrams appear in some
remote systems like the dwarf galaxies. Although the
spectrographic data were not enough to prove the metallicity
of these galaxies (SMC, Draco system) the characteristics

of their parameters such as AV have shown low metal content
whereas the distribution of stars along the H-B is like

rich metal systems.

Sandage in the same paper about NGC 7006 tries to
correlate the similarities of NGC 7006 with systems distant
from the Galaxy which implies that the chemical evolution
differs outside our Galaxy. It may be that NGC 7006 is
gravitationally unbound but it is not so sure.

After this work an effort has been made by theoreticians
and observational astronomers to classify clusters according
to the two suggested parameters and Hartwick presented a
two dimensional classification scheme in 1968. In recent
years the determination of the Helium abundance in a large
number of objects has shown a remarkable degree of
uniformity and the variations of Nitrogen abundance within
individual galaxies have given the idea of Nitrogen being
the '"second parameter'" wanted.

Hartwick and McClure in 1972 carried out observations
of seven giant branch stars of NGC 7006 in order to get
intermediate band colour indices which give amongst others
the cyanogen band strength. They found that in both the
surface gravity index and line-blanketing index the NGC

7006 giants are intermediate between M92 and M3. Thus
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only the cyanogen index indicates considerably stronger CN
in this cluster than in M92 or M3, This made them think
that Nitrogen abundance could be responsible for the
anomalous character of NGC 7006.

In 1972 Rood produced models of the H-B trying to
explain the problem theoretically. He assumed a metal
abundance Z according to the globular cluster M3 which
has been found to be 10 times more metal rich than the metal
poorest globular cluster and 10 times less metal abundant
than the known metal richest globular cluster.

He also thought that the colour extent of the
evolutionary track of stars in this phase is so limited
that the observed spread in colour for stars in the H-B
was due to a spread in some parameter other than age along
a single evolutionary track. Since some mass loss was
required to have stars as blue as H-B stars it was assumed
that this mass loss varied slightly from star to star while
the mass of the Hielium core remained constant.

Figs. 20 and 21 illustrate Rood's models transferred
into colour-magnitude diagrams with a certain '"observational
error" to be more realistic and comparable to observational
data. The effect of mass spread causes a considerable effect
such as a spread in colour.

The cluster age (pig.20) for a given X = 0.750

-3 Jffects the C-M diagram by shifting it bluewards

z = 10
with increasing age. This is due to the fact that MH—B
(mass in the horizontal branch phase) is getting smaller

because MRG (mass in the red giant phase) gets smaller.,
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The panels are
Fig.
20a with observational

(Rood, 1972.)

separated by a billion years.
is the same as Fig.

The dependence of the H-B.

scatter added.

20.

Fig.
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Fig. 215 Composition dependence of the H-B.

(a) The effect of increasing X by 0.05 when compared with
Fig. 20b. (b) The same as (a) with mean mass loss and age
adjusted. (c) The effect of an order-of-magnitude decrease
in Z when' compared with Fig. 21b. The mean mass loss has
been decreased. When compared with Figs. 20b, Fig. 21d shows
the effect of decreasing Z and the Helium abundance simult-

aneously (Rood, 1972).

A
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So a cluster being a billion years younger can show the
same H-B as an older one but metal rich., For Z = 10_4
the variations are not as large.

The Hydrogen abundance shows that on increasing X
from 0,750 to 0.800 the H-B becomes extremely red, lying
entirely to the right of the variable strip so the Hydrogen
abundance might explain the anomalous clusters., But this
is not sufficient because it has to be considered that the
increase in X affects mass loss as well which might produce
the same results. Mass loss theory must develop further
to enable us to understand the behaviour of H-B with X
changing.

As for Z variations it comes out that the lower the Z
value the bluer the H-B. Also if X is constant it seems
that mass loss is a sensitive function of Z (Rood 1972).

If Z varies, X remains constant and the mean mass loss
varies in such a way that AM = a/gE (g = surface gravity
during Helium flash) @, b parameters when Z = 10_3 and
Z = 10”4 chosen to fit to the clusters M3 and M13)

% 46 10"3.

the H-B gets redder as Z changes from 10~
After this further increases push AM up fast and the H-B
gets bluer as Z increases (Rood 1972). Of course this does
not apply to other clusters but still it is possible that
a fair relation between Z and AM might explain the
anomalies.

According to Simoda and Iben the Z pertinent to

theoretical calculations is largely the sum of C, N, O i.e.

ZCNO First it determines the rate of CN cycle, which is
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the dominant mode of Hydrogen burning beyond turn-off even
for the Pop II abundances. It is also responsible for the
dependence of Z on the opacity. But unfortunately most
of the direct estimates of Z are referred to the iron-peak
elements, Other metallicity indicators are based on
features of C-M diagrams which must be related to Z through
models which have previously assumed a constant Z

CNO
It is more likely that metallicity indicators based

[

on giant branch characteristics such as (B-‘V)q9 » the
height of giant branch AV and Hartwick's parameters
might be affected differently from those dependent on
metallic line strengths like the Morgan (1954) classification,
or the Kinman (1939) or Kron and Mayal (1960) spectral
classification.,
Rood!s main conclusion from his theoretical work
was that the variation of the H-B with Z can be explained
only if one of the following is true.
1) The mean mass loss along the giant branch is some
function of Z or a quantity such as surface gravity
which is a function of Z,.
ii) The initial Helium abundance of a cluster increases
by ~ 0.05 when Z increases by an order of magnitude.
After these,the idea of a better classification of star
clusters began and one conclusion is that the anomaly might
be an effect of poor definition of metallicity. In 1972
Dickens has written an extensive paper about the cluster
NGC 6981 where he gives a long discussion about globular

clusters and their H-B characteristics. He notes that
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there is a rather poor correlation of H-B type with metal
abundance, The metal abundance is usually judged from
Deutsch-Kinman classification for individual giant stars
or from ultra-violet excesses of giant stars. He also
produced a code of H-B according to the distribution of
stars in its different parts namely, red part-instability
strip-blue H-B from 1 (predominantly blue) to 7
(predominantly red). Comparing this code for clusters
well known so far with metallicity parameters it comes
out that the correlation is poor and the "second parameter'
is needed.

Quantities which might be expected to correlate with
metal abundances are the ultra-violet excess, § (U-B) and
the absolute magnitude of the giant branch read at a given
temperature as it has previously been discussed. An
approximation to the latter quantity is provided by a

parameter,

BVeorr = BV - Mypp

where AV (magnitude excess above horizontal branch)
read at (B—V)O = 1.4 and M, absolute magnitude of the
RR variables in a cluster (i.e. the absolute magnitude
of the H-B). So the correlation between Deusch class
(metallicity indicators) and AV _, .. seems better than
the metallicity and H-B type.

Constellani et al conclude that within each H-B type

there exist clusters with H-B of lower mass and higher

Z, (. as in M13) and clusters with stars of higher mass
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and lower Z (M92 case). They also found that the complete
range of H-B types in globular clusters in the Galaxy can
be explained theoretically by the ratio of core mass to
total mass.

MC/MT = 45
From about 9, = 0.9 for clusterswith blue H-B to about

0.7 for clusters with red H-B.

It is therefore important to explain why d, should
vary with H-B type. Variafions in Z do not appear to
be the primcipal factor because clusters with both high
and low values of Z are found with types 1-5. Variations
in Y haje no observational support, but assuming an increase
in Y this implies decrease in M. and hence q, and also
tendency to move the H-B stars to redder colours, The
range in Y implies a range of ages amongst globular clusters,
which is unlikely,or a range in mass.

All these suggestions however are not strong enough
yvet since theoretical and observational results are expected
to provide better proofs. Spectroscopy of giant stars of
different clusters would be necessary for the more accurate
determination of metallicity. (Dickens, 1974).

So the "second parameter'", which gives rise to
anomalies in clusters like NGC 7006 or Ml3,remains uncertain.
Theoretical models explaining the way mass loss scales with
known parameters must be in progress. Either Helium
variations of ~ 0.03 (by mass) of age variations or perhaps
a billion years would seem adequate. It is also possible

that cluster concentration might somehow affect mass loss
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and be a second parameter and in cases like the clusters

NGC 7006,it appears that they are extremely concentrated.

Also reordering the clusters according to Z

CNO might delete

the anomalies,

Recently the cluster NGC 2808 (Harris 1974) and
NGC 1871 (Cannon and Stobie, Private Communication) have
been found with an anomalously big gap between the blue
H-B and the red H-B by Harris. This is an unusual case
amongst the clusters and it can be the result of different
process. Apart from the age difference which is unlikely
to explain such a gap it seems that different envelope mass
would explain this phenomenon. So the large MC of red
H-B stars will evolve further to the asymptotic branch
whereas the blue H-B stars with low MC cannot evolve as the
previous ones and possibly they fall into white dwarfs.
An unknown mass loss process probably takes place which is

also very important to be studied more extensively.



CHAPTER III

SMALL MAGELLANIC CLOUD - PREVIOUS WORK




3.1. Magellanic Clouds

The two Magellanic Clouds are very well known objects
of the southern sky visible by naked eye at galactic
latitudes 33° and 38° well out of the galactic plane which
is very important because the foreground visual absorption
amounts only to about 0.2 mag.

The currently accepted (Westerlund, 1974) distances
of the Clouds from the Sun are 50 kpc for the Large Cloud
and 66 kpc for the Small Cloud. This distance is about
one tenth the distance to the Andromeda nebula.

Both Clouds have irregular shapes and they both have
an elongated bar without any dominant nucleus. In the
literature they used to be the prototypes of "irregular
Magellanic-type" galaxies. The Small Cloud has an
elongated wing pointing towards the Large Cloud which
contrasts with the very smooth distribution of faint stars
that characterises its main bar.

De Vaucouleurs in a recent review paper (1972) describes
the Magellanic Clouds as barred spirals and he claims that
they may not be irregular. They both have a spiral
structure characterised by a specific kind of assymetry.

The wing of, the SMC contains extreme population I
objects (according to Westerlund (1970)) and analogue
spiral structure in the Large Magellanic Cloud can be
proved by the study of the stellar content of both Clouds.

The stars in both Clouds belong to population I and
population II. The wide range of ages best appear in the

study of star clusters which have been found in a great
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variety. There are blue globular-like clusters and
globulars without red H-B but many faint blue stars whereas
some others exhibit only a very conspicuous red H-B.

Many bright stars scattered across the fields of the
Clouds offer important material for spectroscopic studies
and the study of the evolution of massive stars, They
offer a unique opportunity to study and compare luminosities
of supergiants, giants, main sequence stars of all types,
Wolf-Rayet stars, Cepheids, eclipsing variables, Mira
variables, RR Lyrae variables, globular clusters, novae
and so on all at the same distance.

The mass of the Large Magellanic Cloud has been found
to be from 3% - 10% of the mass of the Galaxy, whereas the
Small Cloud must contain even less mass.

The abundance determination of the two Clouds have
shown normal Helium abundance everywhere (Webster, 1975)
whereas Oxygen abundance is lower sometimes by a factor of
two or three than in our Galaxy. Metal deficiencies
have been found in both clouds especially in the SMC.

In general the LMC shows a very active star formation
whereas in the SMC a decline in the rate of star formation
has been found.

It is then very important to clarify these problems
in detail with the new data provided by the large Southern
telescopes and study more carefully the satellites of our
Galaxy.

The main differences in the evolutionary history of

the two Clouds and our Galaxy are: (S. van den Bergh, 1975)
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i) In the M. Clouds the present rate of star formation is
similar to its average rate during the last ~1 x 1010 years
whereas the present rate of star formation in the Galaxy is
much lower than it was when the Galaxy was young.

ii) For all age groups, stars in the Magellanic Clouds have
lower heavy element abundances than do their galactic
counterparts.

iii) The history of cluster formation in the Galaxy and in
the Magellanic Clouds was different.

For the SMC it seems that both stars and massive
clusters have been forming more or less continually which
means (Freeman & Munsuk, 1972) that there may not have
been a great burst of star formation when the Small Cloud
collapsed. The LMC appears somehow different from the
SMC and started its evolution with a more violent burst

of star formation.

3.2. Small Magellanic Cloud

3.2.1.S5tructure of the SMC

The Small Magellanic Cloud is very difficult to be
analysed as far as the spiral structure is concerned
because of its large inclination which is i = 60  + 3
(Westerlund, 1974), although other workers have given
even larger values for i.

The main features of the Small Cloud:. are the bar and
the wing. The wing is a very confusing feature which
distorts the symmetry of this galaxy and it points towards

the Large Cloud.
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Nevertheless the basic characteristics of Magellanic
based spirals (SB) can still be recognised (de Vaucouleurs
& Freeman, 1973) by direct photography, surface photometry,
star counts, cluster distribution and radial velocities.

The wing 1s probably not in the equatorial plane of the
system,

The main structure of the SMC as suggested by de
Vaucouleurs consists of the bar-like core of the system
elongated in p.a. 45° through the optical centre ,

h m o
(00, 51y =73

near (OOh, 48m°5, - 730945) where the gradient of the

5 1950) ¢ The brightest part of the bar A.is

luminosity function is at maximum and the highest concentratdon
of neutral Hiydrogen is also found in this region. Another
feature is the north following arm which is centred at

i 0.0, —720,5)o It is rich in blue supergiants and HII

(1
regions and the gradient of the luminosity function is much
lower than in A. The last feature is the outer loop which
is difficult to be traced because of the unfavourable
inclination of the main central plane of the system and
because of the inclination to the plane of the main spiral
S arm, But it is most clearly shown in the south-west
elongated region stretching about 2° of the bar and it is
rich in Cepheids and red clusters. There are two
possibilities (de Vaucouleurs & Freeman, 1973) one is that
it forms a circular loop around the main body and the other
that it is a spiral arc south west of the bar. Later on,
in the present project it appears more likely to accept

the first possibility. The main peculiarity of the SMC

is the assymetric "wing".



- Y

In Fig.- 22 (de Vaucouleurs & Freeman, 1973) the
'spiral structure of the SMC is illustrated with all possible

arms and orientation of this galaxy.

Fig. 22, The spiral structure of the SMC (after de
Vaucouleurs & Freeman, l§73)°

Basically the main characteristics of this kind of
galaxy is a strong assymetry of the spiral-structure about
the bar axis in which one major arm dominates the Spiral
pattern, while two or three smaller and a shorter arm emerge
from the other extremities of the bar.

The fadial velociiy of the SMC is on average + 170 km/sec
and foreground gaiactic stars have radial velocity + 50 km/sec.
At the distance of either Cloud, a eross-wire motion of as

much as 20 km/sec leads to an annual proper motion,
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p=7x 10_5 sec of arc, far below our limits of detection.
Hence any star with a measurable proper motion is almost

sure to be a foreground star (Bok, 1966).

oLl I HII regions and nucleus of the SMC

In order to understand the evolutionary history of
a galaxy one of the key elements is Helium. An examination
of He/H ratio is essential. The most reliable determinations
are those obtained from HII regions observed optically.
The He/H ratio obtained from different researchers shows
that it is nearly the same for all objects and similar to
that found in the solar neighbourhood.

Another problem of interest is the presence of chemical
abundance gradients across the discs of spiral galaxies.

As it has already been said the SMC is a barred spiral
galaxy with no central concentration. The phenomena
taking place in the nucleus of an active galaxy are:
violent motions of gaseous clouds, considerable excess of
radiation in the ultraviolet, relatively rapid changes of
brightness, expulsion of jets and condensations. The
presence of these processes is described by the words
activity of the nucleus. No sign of such activity has
been found in the SMC.

The SMC HII regions are mostly diffuse with relatively
little fine structure on scales down tolOarc sec and onily
weak central concentrations (Davies et al., 1976).

The neutral Hydrogen is found similar in density for the

SMC and the LMC and it seems difficult to see why the HII
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regions and star formationare different. The explanation
might be found in the history of the SMC, It is now
established that a strong tidal interaction has taken place
between our Galaxy and the Magellanic Clouds. Such an
interaction is more disruptive for objects with smaller
mass and as a consequence the SMC is more strongly affected.
This passage occurred at 2-3 x 108 years ago and its effect
could still be evident in terms of a lower rate of star
formation and HII region production. It has also been
found that the tongue of HI and HII regions projecting to
the east of the main body of the SMC is not so prominent
optically; it is therefore composed of younger material

than the main body.

3243 Planetary nebulae in the SMC

The study of planetary nebulae (Webster, 1975 report)
in the SMC shows that the Oxygen abundance in the planetaries
is lower by a factor of two or three, which indicates that
the heavy element production has been less rapid in the SMC
than in the Galaxy. Nitrogen also has been found deficient

(Sanduleak, 1972) in the planetary nebulae.

"3.2.4. Supernova Remnants (SNR's)

Two SNR's have been identified in the SMC and ten

shell sources which might be possible SNR's. (Davies, 1976).

& Variable stars

The Magellanic Clouds are famous objects because it
was in them that Miss Leavitt established the period-

luminosity relation for Cepheids. This relation has led
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to a long series of investigations and the most recent one
is whether the Cepheids in the Clouds have the same
composition as our Galaxy. The discovery of RR Lyrae stars
in the Clouds is of fundamental importance for the study

of the SMC, the actual variables and the distance scale.

So the different kind of variables will be discussed

separately.

a. RR Lyrae stars

The first astronomers who discovered RR Lyrae
stars in the SMC are Thackeray and Wesselink who were
followed by a recent extensive study by Graham (1975).

Graham searched an area of 1° x 1°.3 in an outlying
region of the SMC around the cluster NGC 121. He found
that the period distribution is unlike that found anywhere
in the Galaxy and resembles most closely the variables
in the Leo II dwarf galaxy. There is also some evidence
that for a given period the SMC variables tend to have
smaller amplitudes than Galactic RR Lyrae stars. The mean
blue magnitudes of the SMC variables peak sharply at
B> " =r2gi.o The mean {B) for all RR Lyrae variables
with known periods and with«ﬂB)J} 19700 is 19™.95.
Measurements of the yellow plates give a similar mean
<§>’ = 19™.57 for this same group. The mean absolute
magnitude is $0 w6 i o™ 25 A search for RR Lyrae variables
in the field of the SMC between the clusters NGC 362 and
NGC 361 has given quite similar results. So it is likely

that RR Lyrae stars are distributed rather evenly over the
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SMC and concentrate neither towards the central bar nor
toward the centre of the SMC system.

In the area of the cluster NGC 121 there are no
Cepheid variables , . no young OB stars or HII regions, no
open clusters. These characteristics and the C-M diagram
of the field signify that there has been no star formation
in the area more recently than lO9 years ago. However,
the space density of the RR Lyrae stars, a factor of 10
greater than that in the Galactic halo, indicates that a
strong component of old population II is present and that
a considerable amount of star formation has occurred during
an earlier period, far from the present main body of the SMC.

Again the similarity of RR Lyrae variables distribution
with the dwarf galaxy Leo II might be explained by the lack

of an active nucleus in these dwarf galaxies.

b. Cepheid variables in the SMC

The SMC contains many Cepheids which are different
from the ones investigated in our own Galaxy. The main
properties of SMC Cepheids are:
iy In the SMC many Cepheids have periods between 1.5 and 4
days which is rather uncommon for the Milky Way.

2) The B-V colours of the SMC Cepheids are bluer than those
in the Galaxy by about 0.1 mag. for periods shorter than

10 days.

) The amplitude of these short period, blue SMC Cepheids

are very large, reaching 1.6 mag.
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The Cepheid instability strip (Mbol’ logf%f} diagram
is likely the same for all galaxies. However the filling
of the strip may differ from galaxy to galaxy due to
differences in the evolutionary tracks. Thus the bluer
Cepheids in the SMC result from their penetrating deeper
into the strip than the galactic Cepheids. This explains

points (1) and (2) (Sandage and Tammann, 1971).

Gl Other variable stars in the SMC

One object with H and Fell emission and suspected

TiO absorption has been found in the SMC and may belong to
the VV Cephei class which are an interesting class of long
period binary stars consisting of a cool supergiant and an
OB star with low density gas and they are believed to be
high mass objects.

Feast has also reported (1974) some long-period (period
127 days) Cepheid stars in the SMC which present the

anomaly of being too red for the assigned types.

3.2 .,6. Carbon stars in the SMC

A large number of carbon stars were discovered (Wester-
lund,1972), whereas few very red stars appeared in the
globular clusters, something most unusual for our Galaxy.

In 1973 Feast and Evans carried out spectroscopic
observations of stars with (B-V) ~ 2.0 or greater in the

clusters NGC 121, NGC 419 and Kron 3 and have revealed

that some of them are carbon stars. Their absolute
magnitude is M= -3.0. Some simple statistics show that

these stars are more likely to be cluster members. Such
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stars have been detected in w Cen and in the intermediate
age clusters which means either that the SMC globular
clusters are younger than their counterparts in the Galaxy

or their chemical composition is different.

3.2.7. Dust content in the SMC

The foreground absorption in the direction of the
SMC is very small and it is of the order of EB—V = 0.07
with standard deviation 0™.0l. The dust content appears
remarkably low in relation to their gas content.

The dust-to-gas ratio in the SMC varies a lot
according to the different researchers. They have given
values of 10 to 100 times smaller than in the Galaxy
(MacGillivray , 1975, Butler, 1972, van den Bergh 1974).

The differences in the value of the ratio EB-V/NH
for the Galaxy and the Magellanic Clouds could be
interpreted as evidence that either the Magellanic Clouds
are less evolved than the Galaxy, or that the mixing of
the inteérstellar medium in the Magellanic Clouds is less

efficient. Because of that it is expected that metals

are underabundant in this galaxy.
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3.3. Stars and stellar systems in the SMC

The stellar content and the star clusters are the aim
of this project so a detailed review of the work which has
been done on this subject will be reported. Star clusters
are distributed all over the body of the SMC and the number
of such objects is increasing as the new large telescopes
in the South hemisphere are in operation during the last

few years.

3.3.1., Catalogues of the SMC clusters

Star clusters in the SMC have been listed by
several workers. Many of them are included in the NGC
catalogue, in the IC catalogues and a few of them in the
Bailey's catalogue of Bright Clusters and Nebulae (1908).
Shapley and Miss Wilson (1925) compiled an exhaustive
catalogue of non-stellar objects in the SMC. In 1935
Miss Mohr found seven more objects classified as clusters.,
Kron in 1956 gave the first detailed catalogue of 69
objects only four new ones and with the aid of a blink
compafator he divided the clusters into predominantly
red or predeminantly blue ones. It also gave a very
rough estimate of diameters and some remarks referring
to the central concentration, based upon the appearance
of the object on the plates, its colour and brightness.

The clusters of the Small Magellanic Cloud were 116
in a catalogue by Lindsay in 1958 from material which was
obtained from ADH plates (Boyden Observatory) of long

exposure centred on the Cloud. In his catalogue the right
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ascension and declination are given and additionally the
photographic (wherever possible) magnitudes, estimate of
the diameter in arc min and other reference numbers for
each cluster if possible.

In 1971, 18 more clusters in the wing of the SMC were
reported by Westerlund and Glaspey.

Since the operation of the new big telescopes in the
Southern hemisphere a search started for new objects in the
Small Magellanic Cloud. The first paper with a catalogue
of new clusters appeared in 1974 by Hodge and Wright where
they listed 86 more bringing the total number of catalogued
clusters to 220. The material of this catalogue was
provided by plates of Cerro Tololo Interamerican Observatory'!s
Curtis Schmidt Telescope.

These objects were missed in previous searches either
because of their compactness, which can cause them to
appear as stars because of poor seeing, or because of the
faintness of their stars. They give positions, diameters
and descriptions for each individual cluster.

The most recent catalogue is by Brlck (1975) from plates
of the U.,K., l.2m Schmidt telescope in Australia. The field
of these plates is 6° x 6° and 160 clusters out of 220 of
Hodgewright catalogue have been identified whereas 170
further clusters were found. All objects were examined
visually on U, B and V plates to provide estimates of
brightness, colour and size by the aid of a blink comparator.
Maps and complete lists of this catalogue have been

published in 1976,
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The cluster members recorded in this project refer to
the catalogue where they first appeared or they are best known.
The letter L in front of the cluster number means that the
numbers refer to Lindsay catalogue, HW means number from
the Hodge-Wright catalogue and E means number from the

Bruick catalogue.

3.3.2. Subsystems of the SMC and related clusters studied

previously

The stellar content of the SMC has been studied by
Westerlund (1970) according to the evident spatial
distribution of the different subsystems. These are mainly
the bar, the wing, the central system and the halo. The
clusters studied previously and the new clusters studied in
this project are noted in Fig. 23 except three small clusters by
Andrews, in the vicinity of the cluster NGC 371..

Arp (19583, 1958b, 1959a, 1959b) was the first who carried
out photoelectric and photographic photometry and studied
four rich clusters in the N-E part of the SMC, i.e.

NGC 361, NGC 458, NGC 330 and NGC 419. Tifft (1963)
studied next a globular cluster of the western part NGC 121
and he reached faint enough limits to get the H-B and
fainter. Gascoigne in 1966 produced the C-M diagrams of

3 SMC globular clusters and wrote an extensive paper with
the first results on the behaviour of the globular clusters
in this galaxy.

Apart from these researchers, Westerlund (1961) studied
the wing of the SMC carrying out photographic photometry of

clusters occupying this area. He found very young objects,
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apparently the youngest of the SMC.

Walker published two C-M diagrams of NGC 419 (1972)
and Kron 3 (1970) using electronographically measured
magnitudes producing a very useful set of faint standard
stars reaching a limit for V and B colours of 22™.0.

Robertson (1974) analysed the cluster NGC 330 trying
to produce models to explain it.

In this work 20 more clusters have been studied and
some new C-M diagrams of the SMC clusters are given. They
mostly lie on the W-N-E periphery of the Cloud or on the
feature suggested as a spiral arm by de Vaucouleurs (1973).

The main results from previous studies of star clusters

are discussed in the next few pages.

a. The bar of the SMC

The dimensiors of the bar are 2°.5 x 1° and it is
extended from N-E to S-W. Intercomparison of blue and
infrared photographs of the SMC shows that the young blue
stellar population is concentrated in the bar near to the
centrg.

One cluster which lies in the bar is NGC 330 which is
the brightest and most conspicuous cluster in the SMC.
The members of this cluster are bluer and very luminous.,
Arp has first given the C-M diagram of this cluster and he
concluded that it differs from the galactic ones and this
should be due to a different chemical composition (Arp 1958).
Robertson (1974) measured again the cluster NGC 330 and
he tried to make models explaining the C-M diagram of

the cluster (Fig. 24). It is an extremely young cluster
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Fig. 24. Colour-magnitude diagram for NGC 330.
The filled circles represent stars in region B and the
pluses and crosses represent stars in region A (the

crosses are the poor values or eye estimates).

with some members burning Hielium in their core, which
explains the existence of a gap in the main sequence. He
also reports that the blue supergiants in NGC 330 are
somewhat bluer than NGC 2004 in the LMC which has almost
identical C-M diagram,

This implies lower Z for the SMC than the LMC or the
Galaxy. Feast (1972) has studied spectroscopically the
bright main sequence stars of NGC 330 and he has shown that
almost all stars with -3".2 <_M1 <: -4.%2 are B, stars.
This implies that the diagram needs correction for the
rotational distortion of fhe diagram. We have estimated

that the age of the cluster is 5. 3¢ lO6 years wusing

Schlesinger models (1969).
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Basinski, Bok & Bok in 1966 searched a core region of
the SMC for stars brighter than V = 15.0 and compared the
C-M diagram of this region with a region of lower galactic
latitude. They concluded that the core stars brighter
than V = 15™.0 are most likely having (B-V ~ + 1.20.

The field stars of the bar show a very similar C-M
diagram to the stars of the clusters with the exception
that we find faint stars in the field. This may be
caused by the crowding near the central region of the
cluster or that the field faint staré are older foreground
halo stars.

The bluesness »f the stars of this region gives some
evidence that the bar is a site of present star formation
in this galaxy. Another evidence of this conclusion is
that the bar contains a significant amount of neutral
Hydrogen (Hindman 1967).

Many stellar OB associations are found in the bar,
while the compact clusters tend to occur in the centre
(Brick 1975).

Andrews produced C-M diagrams of three small
clusters (Fig. 25) in the vicinity of NGC 371 where many
Cepheids have been discovered. The region is dominated
by supergiant stars and these represent a very young
population. Some red giants are also present as it
always happens for all regions of the SMC. The age of these
objects seems younger than that of NGC 330. Especially

Cl and C3 which have not many giants seem to be purely
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clusters ci, €2, C3 in the NGL371 region
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Fig. 25, C-M diagrams of three clusters C1 (dots),

C2 (crosses), C3 (open circles) in the vicinity of

NGC 371. (Andrews,1971).

main sequence objects where no evolved Helium burning stars

appear, whereas C2 seems to have rather pure population

objects where the red giant stars form an horizontal kind of

branch very narroyw in brightness but extended in colour.

Of course C2 is a different object,

b. The wing of the SMC

a halo type possibly.

The wing extends from the cluster NGC 419 towards the

LMC direction and its dimensions are 6 e 17

O

It contains mainly extreme population I stars and

almost all of them are blue stars.

on it are mainly stellar OB associations.

The star systems found

It seems that

the wing contains the youngest clusters found in the SMC.
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Westerlund (1961) produced the C-M diagrams of four
clusters in the wing, NGC 456, NGC 460a, NGC 460b, NGC 46
and he concludes that the age of this arm is about 106—10
years which makes the wing the youngest arm of the SMC.

The C-M diagrams of these clusters (Fig. 25) have be
obtained by photographic photometry using the photoelectr
standards by Arp in the cluster NGC 4109. The photograph

plates reach the magnitude V ~ 19™.00 and the brightest

5
7

en
i

ic

members end at about Vv = 14".3 - 15™.0. The main sequence

appears vertical and very prominent. Some red giants also

form a red giant branch which . may consist. of.

field stars. The age suggested is 107 years. Two very
red stars of M, = -3.2 and B-V = +3.0 and M, = -1.5, and
B-V = +2.8 were detected and he suggested that they are

foreground carbon stars.

C. The central system of the SMC

The central system is assumed flat and circular
(Westerlund, 1972) of diameter 7° and the centre lies
near the cluster NGC 419, The extent - of the "central
system" is based upon the classification of(Gascoigne
11966) intermediate age globular clusters. Of course it
is difficult to classify the clusters of this region
because the C-M diagrams are distorted by the foreground
stars.

The only known C-M of clusters of the central system
are for NGC 458, NGC 419 and NGC 361 studied first by Arp
(1958, 1959). Walker (1972) gave the C-M diagram of

NGC 419 electronographically.
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The clusters NGC 419 and NGC 361 have similar C-M
diagrams.
= BE The cluster NGC 419 (Fig., 27) is the brightest and

richest of the globular clusters in the SMC.
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Fig. 27. C-M diagrams for cluster NGC 419 and its

adjoining field. (after Arp, 1958).

It occupies an area which is lying at the beginning of the
wing and near the centre of the SMC. It is characterised
by a strong red giant branch extending to redder stars

than found in our Galaxy. The field contains numerous

main sequence stars which are probably background stars
belonging t& the main body of the SMC. Walker (1970) in his

interpretation reports that this cluster is similar to
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Kron 3 or NGC 2209 of the LMC,

As it is discussed before Feast and Evans reported

that the very red star which is at the central region of

a m. _
the cluster with MV = =-3.0is a carbon star..- The

comparison of NGC 419 with its counterparts in our Galaxy
would give a certain answer about the age of this cluster,

because carbon stars -have been detected only in intermediate

age clusters,

ii. The mext brightest cluster of the central system is

NGC 361.” It is very similar to NGC 419 and the C-M

diagrams of their fields are almost identical. (Fig. 28)
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Fig. 28. C-M diagram for cluster NGC 361 and its

adjoining field (after Arp, 1959).
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So the conclusion is that apart from the differences
between the two clusters, the stellar content where they -
are embedded is quite of the same kind.

The cluster itself consi;ts of a red giant branch
starting from B-V = 1™.6 and V = 16™.0 and curviﬁg down to

a subgiant branch that runs between B-V = 0.7 to 0.8

mag from V = 18™.0 to fainter magnitude.

iii. The third cluster of the central system is NGC 458

(Fig. 29),(Arp, 1959).
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Figl. 29. C-M diagram for cluster NGC 458 (After

Arp, 1959).
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This cluster occupies the area of the second spiral
arm of the SMC in the N-E side of this galaxy. Arp has
studied this cluster and the produced C-M diagram appears
in Fig. 29, It seems a young cluster with some evolved
stars and its age is 2 x 107 years, The diagram of NGC
458 is somewhat bluer than expected in our own Galaxy but
it is very likely that the metallicity of the star members
is much lower in this cluster and the SMC in general.

Later in 1969 Schlesinger tried to match the C-M
diagram of NGC 458 with his model (part II) and he
suggested that the evolved stars are Helium-burning stars
and resemble the theoretical cluster of 7 x 1(}7 years of
age. The observed giants of NGC 458 form a nearly
straight line, sloping very gently downward from the blue
toward the red, with some concentration of stars near the
blue and red ends. A few red giants of NGC 458 lie above
this line where stars in stages of evolution subsequent
to core Helium burning would be expected to evolve.
Because no galactic or. SMC cluster shows so blue a giant
branch, appreciable differences must exist between the
composition of the Galaxy and that of the region of the
SMC in which NGC 458 is located. Consequently the SMC
must have a higher Helium abundance or a lower metal
abundance than the Galaxy. The latter seems more likely
after recent investigations about the Helium abundance
in the SMC which has been reported to be normal.

The C-M diagram of the field is like that of NGC 361

and NGC 419 fields which is an evidence that this is in
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general the characteristic C-M diagram of the stellar

content of the SMC '"central system".

d.. The halo of the SMC

The halo of the SMC is spherical of 7° diameter.
i) Gascoigne in 1966 has published an extensive paper on
the globular clusters of the SMC where he presents their

main characteristics and differences from the ones of the

Galaxy. He measured four globular clusters of the SMC
halo and produced their C-M diagrams. These diagrams

are illustrated in Figs. 30a, b, ¢, d, e, f, g. All these

clusters
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Figs. 30a, b, c, d. C-M diagrams for (a),(b),(c),.
NGC339, (d) Kron 37 (Gascoigne, 1966).
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FPig. 30 e,f, C-M diagrams for (e) Lindsay 1 and

(f) Kron 3 (Gascoigne, 1966).

which are NGC 339, Kron 37, Lindsay 1 and Kron 3 belong to
the halo of the SMC with a red giant branch, red H-B,

some very red stars and the deficiency of subgiant stars
below the H-B. This-is_moxe vaious in Fig.30g where the

composite C-M diagram for all the four clusters of Fig. 30 a,

d, e, £, shows clearly that the lack of stars is probably

a real effect and not a plate limit effect.
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Fig. 30g. Composite C-M diagram for the Clusters

L1, Kron 3 and NGC 339 (after Gascoigne, 1966).

ii} The second cluster very well known of the western side

of the SMC is NGC 121. Tifft (1963) has studied it ver? care-
fully and produced a very good set of C-M diagrams

starting from the central region of the cluster up to the
vicinity of the globular cluster 45 TUC. Fig. 3la

illustrates the diagram of the central region where mostly
members of the cluster are present whereas in Fig. 31b

the next rings have mcre faint stars but the giant branch

is blended with field stars.
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The cluster NGC 121 is a typical globular cluster at
first sight with RR Lyrae stars, a high degree of
concentration and a very prominent red horizontal branch,
Nevertheless the magnitude difference AV, between the H-B
and the top of the red giant branch (B—V)O = 1.4 is quite
large, a property which does not agree with the extrémely
red H-B, according to the globular cluster properties in
our Galaxy. A second deviation from the galactic pa£tern
is seen in the deficiency of stellar population at the point,
juét below the H-B, where the gianfs and the subgiants merge.,
The deficient region is about half a magnitude in width
and easily seen in the C-M diagrams. A small deficiency
of stars at this point is seen in galactic globulars but
it is generally fairly weak. One final difference,
between galactic and Cloud globular-like clusters, easily
seen in the NGC 121 ccncerns their overall structure.

Cloud clusters tend tc be quite oblate, suggesting

relatively rapid rotation which is not seen in the Galaxy.

It was first thoucght that these differences are due
to different dynamical and chemical evolution in the SMC.
The dynamical evoluticn is apparently different and quite
obvious in both general structure and globular like
cluster formation; cconsequently the rate of star formation
and chemical enrichmer.t would not be expected to be the
same. Tifft was inclined to believe that age effects are
primarily responsible for the differences between the SMC
and the Galaxy.

Two carbon stars detected again by Feast and Evans

belong to the cluster NGC 121. One is a variable star
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of period 140%.2 and <V> = 16.4, <B) - (V> = 1.9

and the second star has a period of 1129.4 and VS = 16.4,
<§> - (V) =1.9 and AV = 0.25. The existence of carbon
or very red stars in the SMC cluster is becoming a very
frequent case and it seems that we must take it ‘into
consideration.,

iii) The C-M diagram the most recent (Fig. 32 ) of Kron 3
is given = by Gascoigne (1976) from plates of the AAT
Anglo-Australian Teles;_tope° Walker (1970) has also given
electronographically measured, the C-M diagram of the

same cluster. It is more likely that Fig. 32 represents
better the cluster members being produced by plates with
higher resolution and consequently exhibiting stars
occuping areas near the nucleus of the cluster.

One carbon star has been reported by Feast and Evans
with V = 16.48 and B-V = +2.37, The C-M diagram of the
cluster exhibits a red H-B. The: uncertainty about the
integrated colour which seemed bluer than the C-M diagram
by Walker could explain is solved; many faint blue
stars with V » 20™.30 appearﬁwhich contribute to make

the integrated light bluer.
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CHAPTER 1V

NEW C-M DIAGRAMS OF THE SMC CLUSTERS AND THEIR

SURROUNDING FIELD
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4. Introduction

The U.K. 1.2m Schmidt telescope has provided good raw
material for the study of star clusters in the SMC. The
accuracy of the photometry discussed in the first part is
not excellent but good enough to derive useful C-M diagrams
and make some more assumptions for the problems of the
evolutionary history of the SMC,

The faint limit of the Schmidt plates is about 2-3
magnitudes more than most of the plates taken so far for
the study of star clusters in this galaxy with the exception
of Walker's electronographic magnitudes, Tifft's NGC 121
and the latest Gascoigne's AAT plates. The 1imit of the
previous diagrams used to be at about 18™.50 exactly where
the H-B is expected to occur. So the advantage of this
new material is that the H-B is detected and its behaviour
can be studied, especially as far as its variations from
cluster to cluster. So some more evidence arises about
the halo population of the SMC.

The next possibility, which was given by the Schmidt
plates,is to study the stellar content of the feature
reported as spiral arm by de Vaucouleurs in the north-east
side of the SMC central system, Two clusters lying on
this spiral arm would give information about the kind and
age of this stellar system.

The main problems which make difficult the study of the
clusters and surrounding fields are the crowded nature of
this region and the uncertainty ©f whether we are looking

at cluster members or a blend of field and cluster stars
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with the same evolutionary history. This problem can be
minimised by studying a large sample of clusters of a certain
area and therefore assuming that the differences between

the C-M diagrams are different because of their intrinsic
properties, providing that the C-M diagram of the field

over a large region would be similar for all clusters.

The problem discussed already is the lack of good
photoelectric sequences and especially for the faint limits.
So the selection of clusters to be measured was difficult for
taking into account two main problems; they had to be near
one of the existing photoelectric sequences and to occupy
a not crowded area.

Finally, the clusters chosen to be measured are (Fig.
23) L3, L13, L15, L11, L14, L20, which occupy the west part
of the SMC halo, HW22, E60, L48, HW32, E102, E107, HW43, E133,
L82, L87, HW62 which lie on the northern part of the SMC
and the last two L90 and HW64 located on the small spiral
arm of the north-east part of the SMC.

The adopted distance modulus is m-M = 19.20 according
to Westerlund (1974) and the reddening is Ep vy = 012
(Butler, 1972).

These twenty C-M diagrams have been divided into
three main categories according to their main common
characteristics or their location on the plates. Their
C-M diagrams have been produced and lists of measured

stars with maps are given. (Appendix).
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4.l. FieEst Group

This group comprises stars clusters from the western
and northern part of the SMC which are classified as old
halo type objects with differences in the structure of the
H-B, the only feature which provides criteria of ages or
abundances for the time being. We need to get much fainter
magnitudes to have the complete C-M diagram and the turn-off

points reliably.

4.1.1. The cluster L11

In this section the most characteristic C-M diagram
is of L1l This cluster is a globular cluster at the
western side of the SMC. It is very near to the cluster
Kron 3 and toward the central region of the SMC. About
300 stars have been measured around the centre of the cluster,
in three regions.
The region measured has been divided into rings of

equal area (where the central r., = 1.2 arc min) and the

1
number of stars per ring was plotted (Fig. 33) against
distance from the centre. The curve shows a very sudden

cut-off at about r, = 2.3 arc min which is most likely

3
the 1limit of the cluster. Three C-M diagrams have been
produced where regions 1 and 2 represent the cluster
according to Fig. 33. The C-M diagram of both regions
1 and 2 (Fig. 34) is very characteristic for the SMC.

It resembles the cluster NGC 121 (Tifft, 1963) with an

extremely dense red H-B which extends in colour from

B-V ~ 0.6 to B-V ~1.0 but quite narrow in brightness.
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The giant branch terminates at Mv = -2%5 and B-V = +1.60.
The C-M diagram of NGC 121 (Fig. 31) extends similarly
like L11 whereas the most striking resemblance is the lack
of subgiant stars exactly below the H-B. The luminosity
function of L11 for the different regions (Fig. 36) shows
that this gap is a real feature of this C-M diagram.

The interpretation of this C-M diagram leads again
to the problems of the anomalous clusters discussed in Chap-
Fert 21 As it is generally accepted the SMC seems
deficient in metals nevertheless the C-M diagrams are
exhibiting a very rich red H-B. This case is found in
some anomalous clusters of our Galaxy (Chapter .2).

NGC 1261 (Fig. 37, Alcaino. & Contreras, 1971) 1looks
quite similar to L11. The Draco system which is a dwarf
galaxy produces the same red very conspicuous H-B (Fig.
35) in spite of its metal deficiency. It is suggested
that some dwarf galaxies which have not an active nucleus
might evolve differently and so this anomalous behaviour
of their C-M diagrams can be explained. Consequently
L1l is a typical halo cluster and the H-B structure does
not give certain information on the metallicity of the
cluster, whereas it might indicate the age of the cluster.
Both possibilities can be supported either that (a) L11
is an old globular cluster deficient in metals which for
some reason exhibitsan anomalous red H-B, or (b) it is

a younger cluster which has been evolved differently

because of the poor activity of the SMC nucleus.
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C-M Diagram for Draco
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Fig. 35. Colour magnitude diagram for Draco (after

Boade & Swope, 1961).

If case (a) is true, then the morphology of the H-B
should be re-examined and the parameters which are involved
in the evolution of the H-B are more than %he metallicity
and age. The third parameter could be Nitrogen abundance
and the SMC has been found Nitrogen deficient. In case
(b) the activity of the nucleus of a galaxy might be
responsible for the formation of heavy elements which is
rather slow in galaxies with no dense nucleus. So the
clusters might be yourg and metal deficient. A fact
supporting the idea of a younger age is the existence of

carbon stars in the globular clusters of the SMC( Feast
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and Evans, 1973) L11 has also one very red giant star.

If this is a carbon star then it seems that the existence
of carbon stars is a typical case of the SMC clusters,
whereas this does not happen in our Galaxy where the carbon
stars are found only in intermediate age clusters. The
red star in L11 has MV==—2.45, B-V = +2.54,

Whether the evolution is similar or not we do not
know,so the comparison of C-M diagrams for clusters of the
SMC with theoretical diagrams based on the properties of
clusters of our Galaxy seems very crude. Nevertheless,
the straight comparison of the H-B of L11 with Rood model
(Chapter II, Fig. 2la) gives an age ~~ 11.50 x 109 years.,
Fig. 38 is the C-M diagram of the region 3 and it is more
likely to have many field stars. The diagram has less
bright red giants but the H-B is still very conspicuous.

So the star members of the cluster must be quite similar
with the field stars. The field stars of this part of

the SMC will be discussed later on as well. Fig. 39
illustrates the composite C-M diagram for all regions and
stars measured. The main part still very prominent is the

red H-B which is the most striking feature of this plot.

4.1.2. The cluster HW40

The second cluster of the SMC which is similar to
L11 is Hw40,‘ of the northern side, small and containing
very faint stars. The most conspicuous feature of its
C-M diagram is a red H-B like concentration of stars
extending from B-V = +0.45 to B-V = + 1.0. The red

giants are very few and some main sequence stars are also
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present (Fig. 40).

It is not certain whether some of the blue stars are
blue H-B stars or main sequence field stars. It is more
likely that it is a halo type globular cluster with a
characteristic red H-B and age rather the same as L11.

The area around the cluster was divided into three
regions but this cluster is so small that the C-M diagrams
of different rings do not mean anything certain separately.
A better resolution would provide more cluster members.

The brightest member has Mv = -2.0 and B-V = +1.4,

Another common property with L11 is that a very red star
has been found in the central region of HW40, This red
star has Mv = -2,59 and B-V = +2.8, The brightness of this
red star is almost as that of the red star found in L11.

So if these stars are cluster members then their brightness
should be related to the age and abundance of the cluster.

So L11, NGC 121 and HW40 are a kind of globular
halo type clusters of the SMC.

Fig. 41 illustrates the C-M diagram for the outer
region which has diameter about ~1.5 arc min. The stars
are very few because the crowding made difficult the
detection of faint stars. In Fig., 42 all stars are present.
They must be field stars and some cluster members too.

The predominent stellar content of this region seems to be
population II stars, of halo type, like in L11 or NGC 121,
The composite C-M diagram for the outer regions of these
three clusters (Fig. 43) show these characteristics

discussed in L11 or NGC 121.
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4.1.3. The eluster L15

L15 is a rich cluster of the western side of the
SMC appearing near the main body of the Cloud. A central
region of a 1.6 arc min diameter is unresolved so the C-M
diagram nearest to the nucleus comprises one ring between
d1 = 1.6 arc min to d, ~3.5 arc min, The two more C-M

b

diagrams represent stars from outer regions up to dout“’
8.4 arc min.

The C-M diagram (Fig. 44) for the region (a)

(da = 2.8 arc min) has no blue faint stars and the giant
branch is rather poor. The stars between B-V ~0.42 and
B-V ~ #0.80 and at V ~ 19.0 form a red H-B which is rather
weak and not as conspicuous as in L11, but not negligible.
One very red star belongs to this group and it is very
faint compared with others found in the SMC. It has MV

= -1%0 and B-V = +2725. So if the brightness of these
red stars is related with the age of the clusters in the
SMC (it can also be an abundance effect) then one could say
that L15 is somehow younger than the other clusters of
NGC 121 type.

Region (b),(db4~13.5 arc min) gives the C-M diagram
of Fig. 45. It contains blue faint stars but the giant
branch is less extensive in colour than region (a).

The C-M diagram of the outer regions 2 and 3 (Figs.
46 and 47) comprises more blue faint stars and less red
giants but more or less the same evolutionary pattern.

Fig. 48 is a composite C-M for all stars measured

in the cluster L15 and the surrounding field. The main
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difficulty has always been the contamination of cluster
members with field stars. So in C-M diagrams like Fig.
48 it is more likely that we are having a typical pattern
for the stars of the halo of the SMC. This can be proved
if we take the composite C-M diagram for the stars of the
outer regions of six red globular clusters of the western
side of the SMC. This C-M diagram (Fig. 49) probably repre-
sents the field of this part of this galaxy and the
staxs producing it lie on the vicinity of the clusters,
Lil, L20, Lld4, L13, L3 and LIL5.

In 1966 Gascoigne has published the C-M diagram for
three clusters (Fig. 30g) and a comparison with Fig.
49 shows that the field stars produce simjlar diagrams to
the actual clusters. The red H-B is in both cases very
conspicuous and the deficiency of stars below the H-B at
the subgiant region is also evident. This gap has also
been discussed by Gascoigne who has noticed lack of stars
below the H-B although the plate limit is about .00 fainter
than the H-B. Also the integrated colour of the clusters
seemed bluer than the C-M diagram would explain. So in the
U.K., Schmidt plates both these predictions appeared.
deficiency of stars below the H-B and many blue faint
stars.

The conclusion for cluster L15 is that it is another
halo type cluster, rather similar to Kron 3 but not clear
if it is younger because of the presence of a fainter red

star and the weaker red H-B.
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4.1.4, The cluster L14

Cluster L14 is another cluster of the western side
of the SMC near the cluster L11. It has a globular 1like
shape but not as rich as L15. It has been divided into
two regions a central one of diameter dC~J1.7 arc min and
one outer ring. About 100 more stars have been measured
in an outer sector extending to d~ 5.5 arc min. So three
C-M diagrams have been plotted (Figs. 50, 51, 52) which show
that stars in regions 1 and 2 characterise the cluster much
more than stars in region 3 which are more blended.

The C-M diagram for the cluster L15 (Fig. 44)and L14 (Fig.
50) seems to exhibit the same weak red H-B but less bright
red giant branch and not very extended in colour. The
giant branch is not continuous whereas the subgiant region
does not seem soO deficien% in stars. Comparing the C-M
diagram for the two central regions(Fig. 53) with that of
the Fig. 52 the deficiency of stars below the H-B is more
clear for the field stars than for the central regions which
are rather normal.

The H-B of the cluster according to Fig. 50 is at Ve~
19750 and the giant branch extends up to V = 17™.50 and
B = 17,25

One interesting point of this C-M diagram is the
small clump of red giants at about V ﬁdléTOO and B-Vavd?95,

There is not any red star in this cluster and the
giant branch is not as extended as in L15, or in L11.
This might mean a younger cluster or different chemical

composition or just a random statistical effect.
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The field's (Fig. 52) C-M diagram has a more extended and
redder giant branch that could indicate an age difference

between the cluster and the field stars.

4.1.5. The cluster L20

Cluster L20 is near L14 and it is a globular cluster
with a rather small concentration in the centre. Two
regions have been measured. The central region extends up
to dceu2,12 arc min and the outer region up to dCAf3.06 arc
min. This cluster exhibits a very prominent red H-B
(Fig. 54) and may be two blue stars, although it is a very
small number to say anything about them. The H-B is
less extensive in colour than L11 or NGC 121 but more
extensive than L14. It is an H-B between these two
previous cases. The giant branch is poor and not extended
as in L1l. The whole C-M diagram seems compressed in
colour, Only one star, in the very central region is
red, but not as red as the others found previously.

The H-B occurs at V~ 19™,00 and the brightest star
has V = 17%.48, This is again a halo type SMC cluster,
The C-M of region 2 (Fig. 55) is distorted by contamination
with field stars and shows no clear pattern and certainly
different from the one in Fig. 54 for the stars of the
central region, Fig., 56 illustrates the composite C-M
diagram of all measured stars and the usual pattern,
produced by the stars of this area of the SMC, appears
again.

The age of this cluster is probably between that of

L11 and L15. This result came out on the basis of the H-B
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morphology, which so far is the main varying character in
the SMC clusters. So if L11 has a very large in colour
red H-B and L15 has a very short H-B the red of H-B of
L20 is a case between these two and therefore assuming an
age dependence on the extent of the red H-B,L20 is younger

than L11 and older than L15.

4,1.6., The cluster HW22

HW22 is a small cluster of N-W side of the SMC.

It occupies a part of the plate which is near the bar of
the SMC but it is a well isolated cluster with very clear
images for the bright stars. Only the best images have
been measured to avoid overlapping, especially towards the
faint limits.

Fig. 57 illustrates the C-M diagram for the cluster
HW22. Only one region has been measured for this cluster
because it is too small. The cluster seems to be a halo
very normal object with a rather rich H-B, for the total
number of stars, one nicely curved red giant branch
extending up to V = 16755 and B-V = 1?61. Two blue stars
look like blue H-B stars but they could be field stars too.

This cluster is quite similar to NGC 121 with a little
less extent in colour red H-B. The scatter in the diagram
is very small and it is rather likely that mostly cluster
members produce this pattern.

Consequently the cluster HW22 is another halo type
SMC cluster. It is interesting though to know if it is
an intermediate age type cluster younger than the western

halo clusters. The study of the faint stars below
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Ve~ 20™.00 would complete the diagram and the age question.

4,1.7. The cluster L48

The cluster L48 is a small cluster of the northern
part of the SMC with a very compact nucleus and many faint
stars around. The area has been divided into two regions.
The central and the outer one.

Region 1 has a diameter dc.u 2,3 arc min whereas

region 2 extend up to dou ~ 3,0 arc min,

t

The cluster members are contaminated with the field
stars and the investigation becomes difficult as always in
the Cloud, Young stars of the central region of the Cloud
are present and they are responsible for the distortion of
the C-M diagrams for this cluster, Fig. 58 for the stars
of the region 1,has a red giant branch, main sequence stars
and faint blue stars.

This cluster is probably a halo type cluster with a
poor red giant branch and probably the small clump at
V~19™.00 is the red H-B, whereas the main sequence stars,
are field stars. The C-M diagram (Fig. 59) of the outer
region is much more scattered (because of blending) where
all sorts of stars must be present, like cluster stars,
some halo foreground stars and some bar-like background
stars. The same population must be also in the region 1,
but the proportion of cluster members is expected to be
larger. But still it cannot be certain if some of the
blue faint stars are blue H-B stars of the cluster,

One very red star in the central region has Mv =

-0.12 and B-V = +2.11 which is very faint indeed.
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Another red star is present at the second region but very
near the 1limit of region 1. It is less red than the
latter one but brighter, it has Mv = -2761 and B-V = +Jjn:92e

The giant branch of this cluster is the faintest so
far and the red star too. This might mean that this is
the oldest object of the SMC halo, so far. The luminosity
range of red giants is very narrow and if we assume that
some of the blue stars form a blue H-B this can introduce
one end of age scale amongst the halo globular clusters
of the SMC, providing that the chemical composition is
uniform for the halo objects. On the other hand, the
cluster could be an intermediate age object where the blue
stars are at the top of the main sequence. The colour
of the main sequence seems unusually blue for our own Galaxy
but it is rather common in the SMC and.it can be explained as
abundance effect.

Fig. 60 is the C-M diagram for all stars measured in
this region and all stellar populations are present in this
region of the SMC. The main sequence stars are the youngest
of this part but they are not as young as at the area of the
cluster NGC 361. As for the red giants, they seem to be the
oldest ones, so far. So in the vicinity of this cluster the
young stars are the background stars of the '""central region"
and the old stars the foreground halo population. A better
resolution would clarify the problem of whether the cluster
members have similar evolutionary history to the halo stars

or not.
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e [ - 1 The cluster L13

The cluster L13 is one of the western parts of the
SMC. Stars from three regions around the clusters have
been measured. About 60 stars in an outer sector should
be mainly field stars. Fig. 61 is a plot of the number
of stars per unit area against distance from the centre
of the area. This diagram gives a limit of the cluster
which coincides with the first region, producing the C-M
diagram of Fig. 62. This means that the next regions
are more likely to represent the evolutionary pattern of
the field of this part of the SMC. One interesting thing
is that the stars included in the dashed line of this C-M
diagram should be mainly cluster members, because this part
is completely deficient of stars in the other C-M diagrams
(Figs. 63, 64, 65). It seems unlikely that these stars are
background stars which appear bluer in the central dense
regions. The rest of the C-M diagram is very consistent
in the other diagrams and no such case has been found in
another cluster. Therefore the stars between V ~ 18,60
to V ~20".0 and B-V ~ -0.35 to B-V~ 0.0 can be a blue H-B
not often found as clear as that in the SMC so far.
Some of the blue stars in L48 falling in the same range of
colour and luminosity may be of the same kind but we cannot
so easily distinguish them from the field. The red H-B
occurs at about V ~ 19™.50 and the giant branch is very
poor in star number but it has a good range of luminosity
and colour. Four red giants in a clump exactly above the

red H-B might be a post-H-B if it is not a random formation.
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Fig. 61. Number of stars in equal areas around

the centre of the cluster.
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One very red star is present in the central region with
Mv = =1.48 and B-V = 2.25 and makes it a typical phenomenon
of the halo type clusters. Comparing the C-M diagram of
the central area with the next region ones it seems that
the field stars have a fainter and redder giant branch
but a very conspicuous red H-B whereas in the cluster the
red H-B is rather poor and blended with the giants.

So the stellar content of this area of the SMC is
similar to L15 area and the typical kind found in the
western part of the Cloud.

The cluster L13 is probably a very old cluster
assuming that the existence of the blue H-B is an age
indication. Maybe it is one of the oldest clusters

studied so far,

4,1.9. The cluster L3

The last cluster and field measured in the western
part of the SMC is the area around L3. This cluster
occupies an area very near the edge of the unvignetted
area, so it is probable that a small systematic error
shows the cluster somehow fainter.

The measured field has been divided into three
regions, the central region (region 1), the region 2 and
one outer sector., The central regions reaches a diameter
dc-u 2.0 arc min and produces the C-M of Fig. 66,

This is a C-M diagram with a faint giant branch, but wide
in colour and a very poor red H-B, occurring at V~ 19.50.
The regions 2 and 3 give the C-M diagrams of Figs.

67 and 68 (which are different from Fig. 66) quite
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distorted by field stars and very scattered. So Fig. 66
is the characteristic diagram for the stars of the clusters
whereas the next regions have mostly field stars which
according to their C-M diagram are old halo stars but

of different ages or abundances. In fact the scatter in
these diagrams would also mean distance differences because
of the clustert's location.

This region is quite far from the main body of the SMC
and consequently overlapping is not so severe and crowding
not so bad as in the other studied fields. Nevertheless
the C-M diagram of the field (Fig. 68) is quite scattered
in colour and luminosity range and this means a mixture of

old stars of different ages (or abundances).

4 .,1.10. The cluster L82

L82 is a very rich cluster which occupies the
north-east part of the SMC very near the main body of the
SMC. The measurement of stars in this region is very
difficult because of the crowded nature of the part where
it is located. So to avoid uncertainties due to over-
lappings an attempt was made to keep the best isolated
images. The standard sequences used to calibrate the
measured magnitudes were those by Arp in the cluster NGC
361 by Butler (3 stars of his standard belong to the L82
measured region) and by Walker in the cluster Kron 3
(as usual to get a faint sequence). The area around the
cluster has been divided into two regions and two more
outer sectors for the study of the field stars. From the

s

central area contamination makes it almost impossible to
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discuss anything conclusive about the cluster members.
According to Brlck's (1976) classification the cluster is a red
globular cluster and the C-M diagram of the central region
proves this (Fig. 69). The crosses represent stars very
near the cluster centre'(region a) and the open circles

stars from a ring next to region a (region b). There are

no blue giants in this diagram but a great deal of faint

blue stars. There is a poor giant branch extended in

colour up to B-V e 1.6. It must also be taken into account
that about 50% of the measured stars, mostly bright stars,
have been rejected because of overlappings so the investigation
of the actual cluster members is more difficult.

Three different star populations must contribute to these
C—M-diagrams: the cluster members, the halo's old stars and
the bar's main sequence stars. In Fig. 70 the regions 1la
and 1b are plotted and the two different populations are
marked. The solid line includes the typical L15 C-M
diagram whereas the dashed line represents the diagram
for stars of the cluster M1ll, which is an open cluster of
our own Galaxy with main sequence stars and some Helium
burning stars. These two seem to cover the stellar content
of this diagram. Figs. 71, 72 and 73 illustrate diagrams
of the regions further out and it is interesting to see
that the part of the M1l locus (where the evolved stars
should be) is filled by stars from the outer regions. So
it is more likely that this area of the SMC near the bar
comprises young stars and some core Helium burning ones

whereas the halo stars are old halo type with the typical
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red H-B and probably a blue H-B too. The discontinuities
in the red giant branch do not mean much because of the
rejected stars.

The Fig. 74 illustrates the C-M diagram for all the
stars measured and it seems that the different populations
merge into each other at the part where the faint blue halo
type stars coincide with the main sequence stars of the
younger population.

The red H-B occurs at a little brighter magnitude than
expected which should mean a distance difference or
reddening but the latter must be rather unlikely to happen,
because the reddening affects mainly the yvoung stars and not
the old ones. So if there is a distance difference, then
this part of the halo possibly is the nearest to our Sun,
which can be explained by the inclination of the Cloud which
is quite large and some workers have even guessed an edge-on
situation. Unfortunately the photometric errors and the
uncertainties of crowding do not permit to calculate this
distance difference,

So 182 is an halo cluster possibly as old as Kron 3
and superimposed on a different stellar population which
belongs to the bar of the SMC or the disc,

The different regions have the following diameters.
The central region la has dcn'2n5 arc min, the region 1b
has dc” 3.8 are min;, The stars from the next regions
belong to two outer sectors and the outer diameter reaches
d .~ 10.8 arc min, which is rather unlikely to have any

out

cluster members at all.
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4 .1.11. The cluster HW62

This is a cluster of the northern side of the SMC.
Its core is rather elliptical and the central regions
contain much more red giants than the outer regions. The
problem with this cluster is that it is next to L87 (on the
plate) and their central regions are overlapped except
their nuclei are separated. Therefore the stars between
these nuclei must belong either to L87 or to HW62.
So the colour of their cores could give an estimate of
which is the young and which is the old one,

The cluster is divided into a central region and two
further sectors toward the opposite direction from L87.

So region 2 should be more representative of cluster members
although foreground and background stars distort the diagram.

The region one gives the C-M diagram of Fig. 75 and
it is quite obvious that two different kinds of stars are
present. One is the red giant branch which represents
cluster members and halo foreground stars and the second
branch is the main sequence one which comprises members of
the cluster L87 and background stars which belong to the
bar of the SMC.

Assuming that the central regions of the clusters
contain the bigger proportion of cluster members the composite
diagram of both central regions for the clusters HW62 and
L82 has been plotted (Fig. 76) and the red giant branch
should represent the cluster HW62. Some faint blue stars
belong to the old population as well but it is not clear

if they are cluster members.
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Figs. 77 and 78 for the regions 2 and 3 have stars from
both populations and mostly blue faint stars. Their red
giant branches are not as extensive as the one in Fig. 51
which means that the red stars beyond B-V ~ 1.2 are members
of the cluster HW62, The star with Mv = -3.15 and B-V =
1.71 lies at the central region and most likely it is a
cluster member. This cluster is an SMC halo type cluster
but the red H-B is very poor and this would mean that it
is an intermediate age cluster, probably younger than the

western type of clusters.,

4,2, The north-west spiral arm -(second group)

This group comprises two clusters located on a feature
of the SMC like a spiral arm where NGC 458 (Arp, 1958) is
found as well. Standard stars from NGC 458 photoelectric
sequence combined with those in Kron 3 and 47 TUC were used
for the calibration of the photographic photometry in order
to reach the faint limits.

These two clusters are HW64 and L90. Each cluster
was divided into equal areas around their centre and the
separate C-M diagrams and the composite ones have been
produced. All these areas give C-M diagrams which show
two clearly distinguished branches. One is the red giant
branch and the other is the main sequence, both in the
same range of absolute magnitude. An attempt was made to
find clusters in our Galaxy which would produce the same

sort of evolutionary track. In Fig. 79 the galactic
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cluster NGC 6830 (Johnson et al. 1961) is combined with
L15 of the SMC which represent the halo population and
this composite seems to reproduce the double branch of

this region,

4.,2,1., The cluster L90O

The cluster L90 has been divided into 6 regions of
equal area and their C-M diagrams have been produced.
The first region has a diameter dc.~J1.7 arc min and
dou{"4.1 arc min, From the Figs. 80 and 81 for stars of
the central regions and the fact that this cluster has
been classified as blue (Brlck, 1976) it is clear that the
main sequence branch comprises cluster members and field
stars, whereas the few red stars of the giant branch are
superimposed halo stars. The problem of distinguishing
the cluster members from the surrounding field stars is
§till diffieult. The C-M diagram of the two central
regions (Fig. 82) is compared with the composite C-M
diagram (Fig. 83)of the two outer regions assuming that in
the first place the cluster members are more in proportion
than the field stars whereas the Fig. 83 comprises mainly
field stars. Unfortunately there is no difference in these
two diagrams which means that the evolutionary pattern of
the cluster stars and of the arm population is similar, and
the stars have the same age and composition. Only better
resolution would enable us to study better the stars in the
unresolved area of the cluster nucleus. Comparing the C-M
diagram of the cluster L90 (Fig. 82) with models of galactic

; 7
clusters (Shleisinger, 1969) the age of L90 is 5 x 10 years
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o Fatiiizne The cluster HW64

The cluster HW64 is located near the cluster L9O
and both on the same arm. This cluster is a globular-like
cluster (smaller than L90) and 5 equal areas have been
measured around the centre, The first region d

il
centr

1.9 arc min and the outer diameter is dout ~ 4,1 arc min.
Star counts give as limit of the cluster the region 2, so
regions 1 and 2 would have mainly the cluster members whereas
regions 4 or 5 are mostly comprising field stars. The C-M
diagramsof regions 1 and 2 are illustrated in Figs. 84 and 85.
The predominent branch is the blue one but one red giant
branch is also quite conspicuous as it is obvious in Fig.

86, the composite C-M diagram of the two central regions.

Fig. 87 gives the C-M diagram of the two outer regions

and comparison with Fig, 86 shows that there is not any

way to separate the cluster members,

So HW54 is a blue globular cluster embedded in a field
with the same evolutionary history. Halo stars superimposed
on this field give the typical C-M diagram of the SMC for
the population II stars. One very red star with Mv = 1.12
and B-V = 2.01 is at the central region of the cluster but
it is rather an halo object superimposed on this region.

The age of HW64 is also ~ 7 x 10/ years like LOO (see 4:1.2.).
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4.3, Third group

The last group comprises clusters of the north part
of the SMC near the cluster NGC 361 which is in a
crowded area. They are mostly small clusters and so
blended with the surrounding field that it is almost

impossible to talk about the actual clusters separately.

4e3olr The Ccluster E107

This is a small cluster near NGC 361, It is
rather loose and only a few stars could be measured in
the central region because of overlappings.

The diameter of the central region is ~ 3.8 arc min
and the best images measured give the C-M diagram of Fig.
88. The usual pattern of this region(with two branches)
means that two different populations superimposed are
contributing to it. The cluster clasified by Brlick (1976)
is a blue cluster so the blue main sequence branch must
illustrate the C-M diagram of the cluster members and of the
bar population but without being able to distinguish which
is which. The next region produces the C-M diagram of
Fig. 89 and the blue giants are fainter there. This might
mean that the cluster is younger although the blue bright
stars on the top do not necessarily mean younger age, but

evolved stars returning to the blue.

4.3.2. The ¢luster E102

This is another small blue cluster near the cluster
NGC 361, The crowding makes difficulties as always in

this area. Stars in three regions around the cluster have
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been measured and the diameter of the central region is
dcentfﬁJl“6 arc min, which gives the C-M diagram of Fig. 90,
The cluster and its field form a vertical main sequence

which resembles E107 and the red giants are probably

superimposed halo stars.

4.3.3. The cluster HW43

The third cluster of these three small clusters is
HW43, The C-M diagram (Fig. 91) comprises one very
conspicuous wertical main sequence and one red branch,
The cluster must be a blue cluster one,according to Brlick
(1976) but it cannot be separated by its field.

Therefore a composite C-M diagram for all stars measured
around these three clusters (Fig. 92) gives the characteristic
pattern of this area of the SMC, The vertical main
sequence is the evolutionary pattern of the "central region"
(disc) population and the red giant branch represents the
halo stars. The blue faint stars which make the faint
1limit very scattered:  should include stars from the halo so
often met in the western C-M diagrams.

The two clusters of our own Galaxy NGC 6830, one open
cluster and the remote globular cluster NGC 7006 combined

produce the C-M diagram of Fig. 93 ' which compared with that of

Fig. 92 is quite similar. There is a small difference
at the occurance of the H-B. There is a small difference
which was mentioned in L82 as well. Although this cannot

mean any actual figures, it might mean that this part of

the SMC halo is the nearest to us.
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Clusters

E107,E102, HW43.

14

22

2.0

12

0.4

-0.4

Composite C-M diagram for clusters E107, E102, HW43,

92,

Fig.
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4,3.4, The cluster HW32

HW32 is a very small cluster at the northern side
of the SMC and quite isolated in its area. It is a young
object since ' it is classified as blue (Bruck, 1976).

The best images have been measured and the C-M diagrams

of the two regions around the centre are given in Figs.

94 and 95,. Some red stars are also found but the
predominent branch is probably the main sequence one,

which is the characteristic pattern of the '"central region"

of the SMC,

4.3.5 The cluster E60

The cluster E60 is also a small cluster of the
nor thern periphery rather loose and located in a very dense
region, The C-M diagram (Fig. 96) for all stars measured
shows the two branches typical for this part of the SMC.
- The red giant branch is very extended in colour and one
red star with Mv = -2.69 and B-V = 1.93 has been found.
Some evolved stars with core Helium burning mi.ght be also

responsible for the scatter of this diagram.

4,3.6 The cluster L87

L87 is one of the northern clusters which is
projected very near the cluster HW62 on the plate. It has
a globular compact shape and the regions measured have been
divided into three sectors starting from the centre and
towards the opposite direction of HW62 (Fig. 97).

This cluster is very near the bar of the SMC and the
"mixing" of different populations is very severe for the

investigation of the stellar content of this field.



- 189 -

‘Y6 °6T4g

T NOIS93H
Nn—g
=2 o=z a1 27t 80 ¥ 0 (e Re} v "O—
122
2
A ++
+
-+
lo2
+ + +
o] -
o *
+ +
AW + ¥ + 7 ¥ 8t
= -
=
+
ot
- +
1v:
.

SEMH H3ILSNIO HO04d WeHdO”"Ia W-0



- 19 -

°Gg6 °“BTda 2 NOI93d
N—=
vr2 o=z 9t 2t 8'0 e 0o ¥ o—
2
+ +
+,. %
0 4
12 oz
+
+ i +
+ les
+ +
19t
T

ceEMH H31LsSNT1I0 dH04 Wgd9-”Ia W-O

>4



- 191 -

27T NOI193H
N—g
2 o2 a8t 2t v 0 0’0 v 'O—
122
2
+
+ + 02
+
(o] +, .2
4 ....a.
+
3 L 18¢®
£5 ++ e * +
2= T +
+
+ + + + + +
* & 1ot
+

- + +

+
+1
o}
083

H3ILSNTO HO04 WuHOuIa W-D



Flgl

97.

~: 192 =

Charts of clusters HW62 and L87.




- 193 -

The C-M diagram of Fig., 98 comprises stars of the halo
with stars from the 'central region" of the SMC, members
of the cluster HW62 and members of the cluster L87,

Apart from that, overlapping of images was another
difficulty and about 50% of stars were rejected,

The central region has a diameter d ~ 2.0 arc min and
the Fig. 98 exhibits one red giant branch bright and
extended in colour, up to B-V = 1,71, with faint blue stars
as well, very typical for the halo population of the SMC,
The same giant branch is present in Fig. 100(of the third
region)whereas in Fig, 99(of the second region)it is
POOT 5 i1 Kron (1956) and Brlck (1976) have classified
L87 as predominently blue, so the blue giant branch is
characterising the cluster but again we cannot separate
it by its surrounding field. From Fig. 99 the main
sequence, according to Shleisinger (1969) models  should
give an age of 7 x 107 years which is probably the age of
the "central region" stars around the cluster L87.

For the actual clusters some assumptions can be made.
In Fig. 101, an hypothetical C-M diagram might be the
representative of L87. In fact it is a composite diagram
produced by Fig. 98, the blue branch of Fig. 75 (which is
the C-M diagram of the central region of the cluster HW62),
This is the C-M diagram of young stars of the '"central
region'" including some cluster members and it is more likely
that the bright blue stars are stars of the cluster L87,
which in this case is a blue globular cluster (may be not

as young as L90 or HW64). Some of the bright blue stars
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look like being already evolved core Helium burning stars
and thereforetheir age should be of the order of 7 x 107

years.

v s N The cluster E133

This is a small cluster of the northern side of
the SMC which is located between the clusters NGC 362, HW64
and NGC 361, It is a loose cluster with very few bright
members in the central region, The C-M diagram for all
stars measured in E133 (Fig. 102) is similar to the field
of L87 (Fig. 103}, Therefore E133 must be a young cluster

typical of the central region and ~- 7 x 107 years of age.
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51l. In this Chapter the main results are summarised and
a detailed discussion is given for the two main groups of

clusters and the field stars of the SMC,

5.1.1. Group of 01d clusters .- -

The o0ld clusters for which the C-M diagrams have

been produced are 18, Eleven clusters were studied on
the U.K. Schmidt plates in the course of the present
project and six more were already known by previous workers.
They are spread in all regions of the SMC but the western
part seems to be the ideal place to study the old clusters
because there is no contamination by young objects.
The C-M diagrams consist of a giant branch, a horizontal
branch and an unusually large number of blue faint stars
scattered from B-V = -0.4 to B-V = -0.8. If we produce
the composite C-M diagram of some characteristic globular
clusters of our own Galaxy including the reddest and bluest
tracks then the diagram of Fig. 104a gives the general
pattern in our own Galaxy (for the clusters 47 TUC, NGC 362,
NGC 288, NGC 4147, NGC 483, NGC 5024, NGC 5897 and NGC 6656),
A similar diagram for the SMC is illustrated in Fig., 104b
where the stars of the central areas of the clusters L11,
L3, L20, L14, L13, L15 and HW22 have been taken, The
C-M diagrams of the galactic globulars have been taken
by the Atlas of @Globular Clusters by Alcaino (1973).

Comparing Figs, 104a and 104b one can see quite a
few main differences which can be explained by the

evolutionary differences in the two galaxies., First of



-Fig., 104. (a) Composite C-M diagram of galactic globular

clusters (Alcaino, 1973).
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all the red H-B dominates the diagram of the SMC but as
in our own Galaxy is quite narrow in luminosity range.
The models produced by Rood (1970) give a composite C-M
diagram of the H-B and being based on galactic prototypes
gives a narrow red H-B as the observational one of Fig,
104a and the blue H-B four times more spread in 1uminosita
rather like:Fig., 104a. . There 'is a continuity in the
pattern of the red giants and subgiants in our Galaxy
whereas in the SMC there is a clear deficiency of stars
below the red H-B. This deficiency was first reported by
Tifft (1963) in NGC 121 and later on discussed by Gascoigne
(1966), who pointed out that he found no stars at about

1 mag above their plate limit., At about V = 20350 many
stars are found and they are distributed almost evenly

over a large range of colour, The existence of these
stars was guessed by Gascoigne because the integrated
colour of some SMC globular clusters seemed bluer than
could be explained by the C-M diagram up to V ~19"™, 50,

The present observations therefore confirm Gascoigne's
prediction,

Though towards the faint limits the photometric
errors increase and make the C-M diagram more uncertain,
these stars are a feature consistently apparent in all
diagrams and in the very recent C-M diagram of Kron 3
(Gascoigne, 1976) obtained from the Anglo-Australian
Telescope plates as well. The clear gap found in
galactic globular clusters between the blue H-B stars

and the subgiant branch does not exist in the SMC.
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A very conspicuous red H-B seems to be characteristic
of the anomalous clusters of our Galaxy or the Draco system
Fig. (35) and seems to violate the correlation between the
metal abundance and the morphology of the H-B, The SMC
has been found metal deficient for many indirect and some
direct cases (Chapter III). Consequently two possibilities
can be supported,

(a) the halo clusters are metal deficient and form a red
H-B which implies that a third parameter is needed apart
from z and age to explain the behaviour of the H-B, The
Nitrogen was proposed as a parameter and it seems that the
SMC is deficient in Nitrogen, or

(b) the activity of a nucleus of a galaxy may be responsible
for the formation of heavy elements and this activity seems
rather slow in galaxies with no dense nuclei (van den Bergh,
1974), So the unusual H-B could be a matter of age and the
clusters can be younger in age than their galactic counter-
parts but metal deficient.

One fact supporting the idea of a younger age is the
existence of very red stars which have been found in three
clusters (Feast and Evans 1973) to be carbon stars. In
our own Galaxy there are no carbon stars observed in the
old globular clusters though they have been found in some
intermediate age clusters.,

The faint blue stars also require explanation. Some
of the blue faint stars can be blue H-B stars and probably
field stars mainly because in very few cases there is a

clear evidence of a blue H-B in individual clusters.
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This is consistent with the fact that Graham (1975) found
a big proportion of RR Lyrae stars in the field around the
cluster NGC 121 and the north part of the SMC near the
cluster NGC 361. He reported that there are 10 times as
many RR Lyrae stars in the SMC as in our own Galaxy.

So a considerable number of population II stars must exist
in the field of the SMC, This however does not explain
the stars which fall in the gap between the blue H-B and
the subgiant region.

There is a possibility also, that some of these stars
are '"blue stragglers', In NGC 188 (Cannon 1968) and M71
(Arp and Hartwick, 1971) (both intermediate age objects)
have reported that the number of blue stragglers is
approximately the same as the number of subgiants in the
same range of luminosity. Some of these stars are
displaced from their proper locus on the C-M diagram
because they are close binaries and some mass exchange
takes place which make the stars look bluer, thus forming
a pseudo-horizontal branch. Stellar rotation can also
displace the stars on the C-M diagram. Fast rotating stars
appear displaced to the right of the zero age main sequence
(Golay, 1974) towards higher or lower luminosity. Feast
in 1974 has reported that the fast rotating stars are quite
numerous in the SMC, which could explain some of these faint
stars.

So these characteristics would imply that the age of
the globular clusters in the SMC is somehow younger than

: 9
in our own Galaxy and they possibly are 109 - 5 x 10”7 years old.
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To summarise the results for the old group of clusters
the table 4 is giving the main characteristics of each
cluster studied in the present work or previously.

In table 4 it is obvious that the red H-B is the main
conspicuous feature of the o0ld globular clusters except
in the case of L13 which is found to have a blue H-B as
well, It would be very interesting to re-examine L13
with a high resolution telescope to confirm this resalt.
For the red clusters of the northern part it is not easy
to make sure if there are blue H-B stars because there is
contamination with the young population of the bar and the
central system of the SMC. But there is not any strong
evidence for the existence of blue H-B in those clusters.

One last and very important remark is that all clusters
seem to be embedded in a field of the same evolutionary
history which implies that mixing has not occurred in the
SMC halo.

The clusters found to be old objects and for which
the C-M diagram is produced are 18 so far, as it is seen in
column 1, The different parameters of the columns 2-8 are
read off the C-M diagrams,

Column 2 gives the name of each cluster and especially
its number in the catalogue it first appeared. In columns
3 and 4 a description of the H-B is given as far as the
colour is concerned. The description red means that almost
all stars of the horizontal branch occupy the red side of
the variable stars strip.

The actual limits of column 4 are not very reliable
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in terms of absolute values but it was intended to illustrate
the differences between the clusters themselves.

In columns 5 and 6 some characteristics of the giant
branches are given, although the problem of contamination
with the field stars make the limits not very certain.

In the last two columns, the absolute magnitude and
colour of the very red stars are written wherever they are

found.

5.,1.2, Group of young clusters

The study of the young clusters is more difficult
in the SMC. They seem to be concentrated on the northern
part of the Cloud and they are severely contaminated with
the superimposed halo population II stars. In spite of
that nine clusters have been studied. Two of them occupy
the north east arm (de Vaucouleurs, 1973) and the other
arms are on the north part of the Cloud near the cluster
NGC 361,

The clusters HW64 and L90 are blue clusters with a very
wide (in colour) main sequence branch and their age is estimated
5 3 107 years, As in the case of the o0ld clusters the young
clusters seem to be of the same kind as their field, therefore
this age can be ascribed to the arm population as well.

The main sequence is bluer than expected for clusters of
the age of Pleiades and this can be explained if the stars
are metal deficient.

L90 also is a "bluer globular", which was found to be
unusual for our Galaxy. The study of these clusters

started in the Large Magellanic Cloud and Freeman in 1974
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tried to apply dynamigal theories known to explain the
old galactic globular clusters, He proved that they are
dynamically globulars and they fit to the relevant models
(King 1966),

The mechanism of the formation of these clusters is
not so clear. One explanation (Graham, 1975) is that
the Magellanic Clouds passed within 20 Kp of the galactic
centre about 5 x 108 yé@rs ago and it may be, that we are
seeing a burst of cluster formation associated with this
event, Other low mass galaxies as M33 have been found to
have the same sort of young clusters (Freeman, 1974),

The seven young clusters studied in the north part of
the SMC make the numbexr of known C-M diagrams for young
objects 18 altogether, The age was estimated comparing
to Galactic prototypes and they all seem to have ages
between 106 to 7 x 107 years, The bar and the wing seem
to be the loci of the youngest population of the SMC which
have been found to be active parts containing mainly HII
regions, or young population objects,

In table 5 all these results and age estimates are
given for all the younc objects with known C-M diagrams.

In column 2 the name of the cluster is given as
described before, whereas columns 3 and 4 are characteristic
of the main sequence read off the C-M diagrams.

An estimate of age is given in the column 5, as it

arises by comparison with galactic clusters, or models.
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5.1.3. Field stars of the SMC

In performing the photometry of the clusters,
extensive areas surrounding most of them have also been
measured for comparison as described in Chapter 1IV.
Thus information is also provided regarding the field stars
themselves, which is immediately useful for analysis

since all stars are at the same distance,

a. Western halo field

The field stars have also been divided into two
main categories. The >1d group and the young group.
The 015 group is again detter represented by stars of the
western part where no young stars exist. In Fig. 49

the C-M diagram contains stars of the outer regions of

the studied clusters. The pattern is the sameas Fig,
104b, again a conspicuous red H-B and many faint blue
stars. There is also & deficiency of stars at the

subgiant region below the H-B,
As it has already lbeen discussed the faint blue stars
are population II stars, possibly explained by the high

proportion of RR Lyrae stars reported by Graham (1975).

Two very red stars have also been found in the field,

Feast (1974) reported that many carbon stars have been

found in the SMC fields which might mean a younger age

than the galactic halo. It has also been reported by
Webster (Chapter III) a Nitrogen deficiency in the planetary
nebulae of the SMC. All these facts could lead to the
result that the age of tie SMC halo is younger than our

own Galaxy.
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Vigroux et al (1¢76) have discussed the role of
isotopes of C, N and C in the chemical evolution of
galaxies, They produced models of the abundance /

determinations of l2(:, 13C and 14

N in the solar neighbour -
hood which might be applied to the situation in the SMC,
They assumed a certain initial Hydrogen and Helium
abundance at time t = 0 and they calculated the production
of the elements through, time (Fig. 105). It comes out
that at the time between 109 -5 x 109 years the Nitrogen
is deficient compared with 12C whereas later the abundances
approach each other, Assuﬁing that the SMC can be fitted
to a similar model then it seems that the elements agree
qualitatively and therefore the SMC old component would
have an age of 109 =~ 5 lO9 years.

It is also worth noting that the clusterhhstars seem
to be embedded in a field of the same evolutionary history,
It seems that the halo is not comprising a mixture of
different stars but an old component that is the same
whether we are examining the clusters or the field,

So for some reason the halo is not well mixed which is not

easy to explain, with cur present knowledge about the

dynamics of the SMC.
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1 5 10

Fie, 105, Evolution with time of the 12C, 13C and 14N

abundances (in mass) in the solar neighbourhood without

instant recycling. (After Vigroux et al., 1976).

b. Nor thern field -

The field stars on the north side produce a C-M
diagram of Figs. 106 and 92, Two stellar components seem
to be superimposed on this part of the SMC, Ehe halo
stars and the disc stars which are old and young objects

respectively.
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The main sequence branch which is very scattered may
consist of young disc objects and old population II stars
toward the faint limits ('"the faint blue'" component of the
old group).whereas the red giant branch and red H-B consist
of foreground stars of the halo,

Fig. 106 is the C-M diagram for the northern spiral
arm and Fig. 92 the characteristic diagram of the northern
field. Arp studied the field of NGC 458 and NGC 361 and
he produced similar C-M diagrams.

Westerlund (1964) examined the field of the wing;
he also found two branches characterising the C-~M diagram
exactly found in the other northérn parts, While many
galactic foreground stars are expected at the yellow part
of the C-M diagram, the faint yellow stars and the red
giants have been interpreted as halo SMC stars but no
members of the wing are in that range of colours,

Therefore the main sequence branch stars have been accepted
as the field stars of the wing,. It is worth noting that
Westerlund's C-M diagram is very similar to Fig. 92.

Therefore in all cases the red giant component has
been interpreted as the C-M diagram of the halo stars.
Comparing the giant branch of the northern halo with the
western halo (Fig. 49 ) it is evident that the red H-B
is different. The western halo has a much more
conspicuous red H-B than the northern halo and the giant
branch is bluer and less scattered in colour range.

The C-M diagram of the northern halo resembles the diagrams

for the clusters L15 and L13. This fact could mean an
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asymmetric distribution of the halo stars from one end to
the other as far as the age is concerned. The northern

part would appear to comprise old stars of a certain age

and it is consistent and characteristic of the halo over

the north spiral arm and of the wing, whereas the western
halo part seems to consist of a larger variety of ages or
abundances.

Many "very red" stars (B-V > 2m00) are also present
in these diagrams which means that these stars appear evenly
distributed in both parts of the halo of the SMC,

Westerlund (1964) has also reported many '"very red"
stars over the wing halo component,

On the northern side there is also a stellar component
of intermediate age (similar to the cluster L11) which was
suggested (Chapter IV) to be disc p0pulétiono

Therefore the wing and the north spiral arm objects are
young main sequence Objects 106 - 5 x 107 years of age.

The disc population has ages a;108 yvears and the halo

population is about 109 = D 3 103 years.
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5.2, Conclusion

From the study of the C-M diagrams of different
regions in the SMC and especially in the W-N-E periphery

the following points are the most important.

i) There is a variety of old globular clusters in the
SMC halo with different horizontal branch morphology and
with a preference of a conspicuous red H-B, The fact
that the red part of the variable stars strip seems to
be quite populous whereas the blue part almost non-
existent, does not necessarily mean high metallicity as
in our own Galaxy., The deficiency in Nitrogen found
for the planetary nebulae of the Cloud,_;ight be an
important parameter for the explanation of the structure
of the H-B in the SMC as it is suggested for the anomalous
clusters of our Galaxy.

These o0ld objects are found all over the whole studied
area of the SMC, although in the north part the cluster
members suffer severe contamination with the bar of arm's
stellar content,

Another characteristic of these clusters is the
existence of very red stars found in their central area
which could be carbon stars,

Many faint blue stars are also an unusual feature of
these clusters and many of them can be explained as being
"blue stragglers!''.

These characteristics like the conspicuous red H-B,

the very red stars and the "blue faint'" ones would support
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the argument that the o0ld SMC clusters are younger than
their galactic counterparts,

The resemblance of these C-M diagrams with some
diagrams of remote globular clusters of our own Galaxy
and some dwarf galaxies and also the conclusion of
Graham who found a similarity in the distribution of the
RR Lyrae stars between the SMC and some dwarf galaxies
might mean that galaxies like the SMC with very little
activity in their nucleus have different evolutonary
history and lower metal content because of a slower metal
production in their nucleus. The age of these objects
cannot be estimated accurately, but only on the basis of

galactic prototypes it is NlO9 - 5 % 109 years,

ii) The young clusters are found only on the bar and the
nor th-east part of the SMC showing age variations according
to the subsystem in which they are found.

(a) Two clusters on the north-east spiral arm produce
C-M diagrams which represent quite well the stellar content
of this feature and give an age estimate 5 x lO7 years
according to Galactic models.

(b) One group of northern young clusters shows that
the central region which is an extension of the bar contains
young objects and probably younger than the ones of type (i.).

The blueness of the young clusters compared with
those of our own Galaxy is also another indication of the

low metallicity of the SMC.
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iii) One result which applies to all categories of the
different areas studied is that the clusters seem to be
mixed up with their surrounding fields and that they show
the same evolutionary history as the cluster members.
The western part was found to contain the oldest
objects and only old population whereas the north east
part contains both old and young objects superimposed.,
If the inclination of the Cloud is as large as 70° or
more and if there are features like the north east arm,
symmetric in the opposite side, they must be hiddQE_by
the bar, not visible to us, and consequently leaving the

western part comprising purely the older population.

5,3+ Suggestions for future work

The study of more clusters is needed, in order to get
a larger sample of C-M diagrams of the SMC and compare
their behaviour with our Galaxy or other galaxies,

The clusters of the squthern part of the Cloud should
be studied and except Kron 37 and NGC 339 (Gascoigne, 1966)
no other C-M diagrams exist,therefore the southern halo
objects are almost unknown.

The same plates which have been used for this work
would also be very useful for further work., The field
stars distribution can be studied and in particular star
counts by "COSMOS" (already begun) will give important
answers as the extension and shape of the halo and the arms,
The N-E young field would also be very interesting to

study and compare with the S-W field component.
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The difficulty of the contamination of the field stars
with the cluster members can be partly solved by taking
plates of individual clusters with higher resolution
telescopes. Therefore the dynamical behaviour of the
"blue'" globular clusters can be studied as well.

Individual clusters with a particular interest should
be re-examined with the larger telescopes. The cluster
L13 is one of those because it appears to have blue H-B
and it will be very useful to have more cluster stars with
a higher resolution,

The two globular clusters L90 and L87 would be a good
sample to apply Freeman's suggestions (1974) about their
dynamical behaviour and more accurate C-M diagrams are needed,

The clusters L17, L7, L3 and L12 are clusters of the
S-W area of the SMC on circle which has been suggested to
be an expanding shell (Westerlund, 1974). The study of
the field stars and clusters on this area would give useful
information on the existence of these shells.

Good sets of photoelectric sequences in the different
areas of the SMC are urgently needed which must reach
vV ~2270, Electronographic magnitudes have been shown to
be a good solution to the problem of standard stars,

Spectroscopy of the very red stars found in the
different clusters or their field would prove whether
these are in fact carbon stars as in the case of NGC 419,
NGC 121 and Kron 3 (Feast, 1974).

Spectroscopy of the giants of the clusters would also
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be suggested (as it has already been said in the latest
I.,A.U, report for the future of star cluster study) in
order to define the metallicity of the different populations

in the SMC and compare them with other galaxies,
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APPEND IX

The charts of the individual clusters are given followed
by the lists of stars which were selected amongst the

measured stars.,

The lists are the computer output and give the number of
cluster and name of the region as they are found in the

charts,

Column 1 of the list gives the name of the star, column
2 the visual magnitude, column 4, the absolute magnitude
of each star (assuming that the distance modulus of the
Small Magellanic Cloud is m-M = 19,20, Westerlund 1972)

and the last column gives the colour index B-V,
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A24 17,83 - -1.387 1.80 (ot
A25 19,51 031 D1 ) =
ASS 17.57 -1.63 1.51 g
| Ad1l 20,04 0.84 A Jo2Dl oo e Lt o
B29 16.91 -2.29 0.94 Gz |
B48 19.07 ~0.13 T.06 <11 CrTe
B57 19.28/ 0.08 0.93 g
17 cou7 19.48 0.28 O RETRIR .
c14 19,35 0.15 0.84 i <
c17 19.46 0.26 063" L N0 :
c18 19.37 017 . 116 Lo
ce1 19.97 0.77 OaBER L0 T e AT
cs8 20.11 0.91 -0.,02 -
C39 19+60 -, 0.40 0,94, S ' < LRI -
. hus 18.89 -0.31 1.76 |
DUQ 19a14 '0106 1-01 £
D10 19.19 -0.01 0.91
N11 16.99 -2.21 0.45 g
nie 18.50 -0.70 1.30
. D18 19.96 0.76 0.89 s sl
D19 18.23 -0.97 1.31 .
) D20 19.22 0.02 0.94 ) e
D21 18.89 -0.51 0.82 1
D21 19.49 0.29 0.42 oy Sl
D29 19.57 0.7 0.77
‘ D31 19.50 0.30 0.89 _ I {
ns2 17.09 -2.11 1957
D34 19.29 0.09 134 we | ]
D40 17.90 -1.350 1..25
. D44 16.96 -2.24 1.3 A ek i)
D43 1917 -0.03 1.02
N45 19.62 0.42 5 o o
LND = : v

SHUN;
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21

i

e

U

S

34

40

44

a9

Ay

v

CLUSTER

_REGION

STAR
1

4

5

6

41
44
48
49

REGION

STAR
2
3
e
8

15
16
18
19
20
24
25
26
31
32
33
34
35
39
40
45
46
47
50

REGION

STAR
9
10
11
52
14
21
22
23
36
37
38

NO
1

18.49
19.06
19.02
19.61
17.40
18.04
18.30
16.01

019,13

19.21

19,32

19.18

19,06

19.96
18.53
19.76
20.93
19.69
19.39
19.54
19.20
19.87
18.98
19.50
20.38
19.01
19.48
17.70
17.75
18.33

18.91

17 .54

17,93 "

19.01
20.15
18.94
18.17
17.10
19.51
F7b]l
20.67
18.97

- 229 -

= e,
SRR ) e
HW40 34
ARSI i |
MV B-V SRR
-0.71 0.39
-0.14 0.94 e St
-0.18 0.71 |
0.41 “0.26 _ S
-1.80 1.09 |
-1116 1:4[] ! = ‘____-
-0.90 1.23 1
Bl 280 oo A 3
- Mv R - - B-v - P
_,._..__.'_0.907 RET e Sy _Q.:.ﬁ'a_-_ = =
A0 T TRt 0 T il
e =) i 0.45 = ==
"00[]2 {0 - 0-61 ey 5 Lo
S=iii g 0.88 T
0.76 0.03
=0.67 0.08 RS R
0.56 0.14
1.73 0.14 g
0.49 -0.09
0.19 0.81 EETEE
0.34 0.22 T
0.00 _TipEs” =
0.67 0.01 ok,
-0.22 0.63
0.30 0.17
1.18 033 e
-0.19 0.78 il
0.28 S22 A
-1.50 1 .27 3
~1.45 1087 X% TN
-0.87 0.39
L e - S e e e
MV B-V
-1.66 0,15 3 S
S =1.27 0.74
-0.19 0.62 =
0.95 0.34
-0.26 0.60 =
-1.03 0.08
-2.10 1.45 T
0.11 0.85

_1009
1.47
-0023

0.73
0.41
0.76
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0

22

26

30

32

34

J{‘}

k1Y

40

42

a4

4

‘CLUSTER

REGION

STAR
A6
AB
A9

A10
All
ALS
Al5
AL6
AL7
A18
A20
A2L
A24
A2S
A26
AR7
A31
A32
A33
A6
A4S
B1
B2
B4
B
B6
B9
B10
B11
B12
B13
B14
B15
B16
B17
B19
B20
22
B23
B28
29
B30
BS1
B33
HSY

NO

1

'}
19.21
17.66
20.59
20.20
18.99
17,60
18.03
20,20
20753
20.03
20.32

19.26

20.61
19,16
18,31
19,59
19 .44
19,30
19.02
19.93
20.41
18.73
18.96
20.01
19.53
20.03
17.56
19.29
18.64
19.95
18.58

- 18.86

20.20
19.67
20.11
19.54
19.45
18,70
18.61
17.28
17.20
1959
18.67
19.98
19.22

- 233 -

L1b

MV
0.01
-1.54
1.39
1.00

el

=-1.60
-1017

~1.00

1.33

.. 0.83

1.12

L e

1.41
=0.04
-0.89

Ued2 o

0.24
0.10
-0.18
0,73
1s21

-0.24
0.81
0.33
0.83
-1.64

0.09

-0.56
0'75
-0.62
~-0.,34
1.00

0.47 _

0.91

R e

0.25
-0050

=1.92
-2.00
0.39
-0.53
0.78
0.02

B=V
0.66
1;15"
0.22

o447 ST

0.60
0,54
0.67

D51 .

0.25

0.22

JUE Y
'IJ.UB
(e 220

0.66

0.62 -

1.03
0.47
0.64
0.51
0.37

Qa9 ..

0.81
-0,10
0.46 °

o le29,, ol A L e R

Bkl - o

0.62
0.63
0,18
0.32

0.54

0.10
-0,12
-0.31

0059

0.52

0.22

0.91

0.82

.82

0.63

1.25

0.20

0.96
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CLUSTER NO L15
REGLON 1
19 STAR v MV B~-V
54 B37 20.19 iR L =041 SRR
B38 18.87 -0.33 " 0.94 5
54 B40 18.97 =0.23 0.87
B43 1762 -1.58 0.84 =
60 B44 18.08 -1.12 0.67
B45 19.74 TT0.54 0.58 i e
o2 B46 20.33 1:13 0.35
B49 20.28 1.08 -0.21
4 ¢l - 19 B0— =000 0.22
G2 18.82 -0.38 0.71
Ca 1745 -1.75 0.81
C4 18.71 -0.49 0.51
C5 18.61 -0.59 0. 75
Cé 19.09 -0.11 0.47 3
4 c8 20.64 1.44 -0.13
€10 20.22 1502 0.67
6 c11 17,79 -1.41 0.94
c12 19.98 0.78 0.45
c14 17.99 -1.21 0.80
c15 18.95 -0.25 TR 4
10 C16 19.44 0.24 0.29
€20 20.71 B -0.03
12 ce22 19.36 0.16 0.57
c24 19.43 0.23 -0.26
v c25 20.68 1.48 0.02
: c2é 19.61 0.41 0.66
1 c27 18.82 -0.38 19233 3
ces8 19.43 025 0.52
i c30 19.09 -0.,11 U7
C32 19.28 0.08 0.80
20 ¢33 18.93 ~0.27 0.61 3 e
c36 18.31 -0.89 0.76
22 c38 20.35 1512 0.04 5
C39 19.18 -0.02 0.45
2 c42 20.41 1:21 0.29
c44 20,21 1.01 0.40
C45 20.61 1.41 0.35
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CLUSTER NO L15
REGION i
B
10 STAR vV MV B=V
D1 19.51 0.31 0.63
D3 1973 851 0.66
D4 17.34 -1.86 1.09 e
0 D5 19.13 -0.07 0.40 =
A D7 21.06 1.86 -0.06 s
42 .D8 195383 =013 — 0.62 S
_ D10 18.86 -0.34 0.64 o
% D11 18.20 -1.00 225" : ==
D12 18.94 -0.26 0.70
36 D13 1884 =536 = =0 el e e e
- D15 19,58 0.38 0.74
38 D17 20.03 0.83 0.39 =TT
D19 16.41 -2,79 1.43
{0 D21 19.64 0.44 021
pe22 1975 D55 023
42 Dea 20.28 1.08 .25
D24 20.66 1.46 -0.06
44 D26 19,95 0.75 0.69 %
ne7 20.93 1073 0.27
46 D32 20.82 1.62 0.08 = 2
D33 19.61 0.41 0.37
48 D35 19.13 =0.07 0.87 ——
4 D37 18.46 -0.74 0.71
50 D39 18.55 -0.65 = 1.06 S .
D40 2035 115 0.19
B2 D42 18,77 -0.43 0.75 e
D44 19.62 0.42 0.74
54 D45 18.42 -0.78 0.62 ==
D46 19.92 0.72 0.16 oo
56 D49 20.50 1.30 0.24 5 =
D53 18.73 -0.47 " 0.87
54 D54 20.30 1.10 0342 = e
D56 20.64 1.44 0.03
60 D56 20.70 190 -0.13 =
D538 18.99 -0.21 0.11
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r2

CLUSTER

REGION

STAR
Al
A2
A3

A10
Al3
Al5
Alé
Al7
Al19
"A20
A2l
AZ3
A24
A26
A27
A28
A29
AS1
ASS
Ad4
AS6
AS7
AS8
A39
A60
A4l
A42
Ad4
A45
A48
A49

ABE

AS7
A60
A6l

NO

2

19.35
19.07
19.32
19.30
19526
21.02
20.80

20.62

17594

- 19.96

16.62
17.78
20.47
19.98
19.56
19,58
19.08
20.55
20.385
19.77
19..95
20.03
20.08
20.60
19.47
1l 79
19425
21.01
21.23
18.90
19.26
21.03
20.74
20.64
19.35

= 226 -

L8

MV
0.15
-0.13
p.12
0.10
0.06
1.82
1.60
1.42
-1.29
0.76
-2.58
=1.41
1827
0.78
0.36
0.38
-0.12
1.35
Twlb
0.57
0.75
0.83
0.88
1.40
0.27
_1041
0.05
1581
2.03
-0.30
0.06
1.83
1.54
1.44
0.15

B=V
Dt
0.96
0.66

'0113
0.82
0.02
0.28

0.15
0.71

=02}

0.30
=0.07
0.37
- 0.43
0.31
0.02
0.61
0.50
0.07
0.70
0.01
0.37
0.47
0.01
0.62
0.96
0.77
0.35
-0.28
0.84
0.60
-0.34
-0.23
-0.02
‘0.53
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CLUSTER NO L15
REGION 2
STAR v MY B-V
B32' 14.62 -4.58 0.55
B2 20.%4 194 0.34
B3 20.01 0.81 0.39
B6 18.98 -0.22 TH o
B7 18.47 -0.73 0.65
B8 18.88 -0.32 0.47 s
B9 19.87 0.67 0.33
B10 20.61 1.41 0.02 A
B11 18.21 -0.99 0.93
B12 18.97 -0.23 0.82
B13 20.71 1,91 -0.05
B15 17.15 -2.05 0.09 ¥
B16 19.66 0.46 0.30
B17 18.84 -0.36 0.51
R18 20.15 0.95 0al3
HeS 20,07 0.47 0.36
Be4 19,18 -0.02 0.52
BeY 20.49 1.29 0.21
B26 1904 = - -0.16 0,69
B29 20.19 0.99 0.06
) 20.49 1.29 0.48
B31 18.68 -0.52 0.56
B33 20,30 1.10 0.61 =
B35 19.57 037 0.15
B36 18427 -0.93 0.92
B37 18.74 -0.46 0.52
B38 20.10 0.90 0.00 %
B40 18.50 -0.70 0.65
B41 20.65 1.45 -0.01 E
B49 19.80 0.60 0.01
B50 19.55 0.35 0.44
B53 19.41 0.21 7.0
B57 19,11 -0.09 _=0.13
358 19.90 0.70 -0.11
859 19.15 -0.05 0.70 ==
B61 20.10 0.90 0.03
B62 18.92 -0.28 0.69
B63 18.53 -0.67 0.99
B64 17.67 -1.53 0.98 =
B67 20.03 0.83 0.20
B71 18.69 -0.51 0.56 =
B72 19,22 0.02 0.52
B74 20.26 1.06 0.23
B77 20.21 1.01 0.38
R78 19.21 0.01 0.51 z
B79 20.06 0.86 014
B8O 19.99 0.79 0.55 =
B56 20.45 1.25 0.32
B72' 20.29 1.09 0.36 =
B73" 20.61 1.41 0.26
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==

24

2

W

30

Ad

46

A

CLUSTER

REGION

STAR
A2
A4
A5
A7
A8
A9

Al1l
Al2
Al15
Al7
Al8
A20
A21
A22
A23
A24
A25
A26
A30
A32
A33
As4
A36
AS9
A42
A46
A47
A51
A52
A53
A54
A55
AS56
AS7
A9
A60
AbGl
A62
A63
Ab5
A68B
A70
A71
A73
A74
A75
A76
A77
A78
A80

NO

21.10
21.10
20.13
20.57
19.38
20.57
19.79
18.99
19.09
18,97
20.67

19:66— —

19.23

20.04

20.79

_18.44

20.61

20.24 -~ —

17.13

19.15 -

20.62
20.62
19.37

20.57-

20.55

2liey—

20.66

=19.82=

20.63
20,68
17.24
19.89
20.08
19.03
20.07
19.61
19.38
19.23
19.34
1972
20.29
19,38
19.87
18.08
17.31
20,28
20.95
19.46
20.76
17.35

=288 &

1S

1.75
0.26
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CLUSTER NO
G
_ REGION 3 T
1l
' STAR v MV B-V
B4y’ 20.73 1.53 0.15
B2 20.36 1.16 0.40
B3 20.45 1.25 0.91
o y5 S U O ) 0.15
§7 ~ B1o 20.00 0.80 0.10
B11 18.73 -0.47 0.40
B12 18.88 -0.32 0.63
2 B15 19.48 . 0.28 R e 7 TSR i
B16 18.48 -0.72 0.54
4 B19 19,09 -0.11 s D33 S
B20 20,32 1.12 -0.16
& B21 2029 e - 109 o _Dag6 Ro
" B23 19.91 . I O TR R T = =
. B24 20.37 Ly 0.55
W GO - ¢ 20.53 1,33 -0.24 v
B27 19.71 0.51 -0.05
1 B28 20.16 0,96 D799 2
B29 17«54 -1.89 111
W B30 18,97 -0,23 0.57 ’
TRS! 19.21 0.01 0.73
I HS2 19,83 0e63 0.27
S8 19.17 -0.03 U.o2
I B35 19.81 D.01 0.17 i
HS6 20.06 0.86 0.15
0 B3B8 19,59 0.39 0.50 ]
139 18.91 ~0.29 0.50
2 B40 17.69 =1.51 1.12
1442 1970 0.50 -0.29
24 B44 18,75 =045 . Q0.74 oo
B45 18.36 -0.84 et 02 -
R B47 e Qe 1igeeTs 0.94 _D.21 )
549 20.52 1.32 0.19
m Bb0 20.82 1.62 =019 e :____'
B53 19.07 -0.13 0.69
i B55 1971 0.51 AR B S S
Bb6 20.70 1.50 ~=0.03
3 B57. 20.59 1.39 0.00 s S
H58 20.70 1.50 -0.06
% BH9 18,66 -0.24 0.75 i
H60 15907 -0.13 0.72
R62 19.37 017 0.65
B63 19,89 0,69 037
H64 19.07 -0.13 0.59
i R6S 18.97 -0.23 0.73
b6 6 18.70 -0.50 0.78
: SR 20,08 0.88 0.34
H/1 20.59 1.39 -0.56
VA 16,34 -2.86 1.03 3
b/ 4 19.04 -0.16 0.47
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CLUSTER

REGION

STAR
A127
A131
A133
All4
A217
A231
A232
A234
A235

- A232'

Ad1
A32
AS3
A35
A310
AJe’!
ASE!
A34’
ASH*
A3Y’
Asr9’
A3307
AS30°
A46
A48
A417
A4ll
A41Y
A420
Aq21
A423
A46’
A47'
A41b’
A420'
A423’

- BhS

NO L14

1

21.17
21.18
20.76
18.96
20.05
20.42
17.50

21.26

20.90
18.84
18.96
20.67
19.25
19.21
17.44
1812 .
1.7:+:55
18.44
18,30
20.72
20.86
20.56
20.56
17.71
20.53
20.77
19.41
17.74
17.94
18,488
20.33
19.44
18.78
21.00
20.06
20.01

MV
1.97
1.98
1.56

. =0.24

0.85
1.22
=1.70
2.06
1.70
~0.36
~0.24
1.47
0.05
-0.09
=1.76
-1.08
-1.65
-Un76
-0.90
1.52
1.66
1,36
1.46
~-1.49
1.33
1.57
U.21
~1.46
=1.26
-0 «32
1.13
0.24
-0.42
1,80
1.68
0.81

B=Vv
0.77
-0.32
0.06
0.86
0.53
0.354
0.95
-0.21
0.16

Q47 .

0.59

0.08 .

0.55
0.29
1.26
0.37
0.87
0.74
-0.12
0,38
0.01
0.23
0.23
0,07
0.44
0.d4
(),42
0.91
0.99
0.66
0.61
U.40
0.64
-0005
0.14
0.48
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CLUSTER NO L14
REG I UN 2 il [
e,
STAR v MV B-V ) S |
B19’ 1778 -1.50 1.04 SRR N
B11 20.61 1.41 0,46 i
‘ B12 204738 0 30 0.42 S
B14 20.77 TuBy = 0.42 _
517 19.97 0.77 0.99 i R
8110 20,97 : 3 w07 0.65 : o il
111 21.41 2.21 0.32 A iy b |
B113 19.30 0,10 0.60 {
115 19.80 0.60 0.64 e T ey
B116 20.44 s | 0,30 o 7 .
1120 20.70 “i3asa T RS SRRRRIE FREE )
B125 19.27 0.07. 0.61 s o |
B21 20.50 1.30 0.50 A SR
B23 19.62 0.42 e W W ||
K25 20.28 1.08 0.50 R
- B210 20.63 1.43 . RN e ||
8223 20.31 14311 0.41 i
: Bze7 19,89 0.69 O BB e atat Etee 1
B237 20.47 1.27 0.23 i
Be4s 20.33 1.13 0.63 ¢ R
B246 20.96 1.76 L& e ; ik
Be4’ 20,77 1427 0.54 R .
B2’ 20.84 1.64 %26 R I
B311 19,45 =t =505 0.78 B |
8312 20.34 1.14 0.80 i TR Ty
B314 21.39 2.19 -0.31 *
B315 21.05 1.85 0.16 e
316 20.92 1.72 0:15 1
B323 20.74 1.54 0,26 5
B324 18.71 -0.49 0.63 Wil
B325 18.87 -0.33 0.$9 RS
B326 20.51 1.%43 0.21 i
B336 20.64 1.44 0.77 s, ||
3 6345 20.62 1.42 0.61 il il
, 8348 19.71 D51 - 136 LA TR b i)
\ ' B349 20.49 1.29 0.03 0l
- B323¢ 19.39 0.19 0,40 B |
B42 19.25 0.05 0.58 1
R43 19.65 0.45 015 % Ry
H45 21.20 2.00 0.18 !
B49 20.67 1.47 -0.07 i ) :
5410 20.33 7.13 0.83 il
B412 20.97 s ) 0.03 {
B413 190200 0.00 0.66 g
B415 20.47 127 0.33
H424 19.39 0.19 0.74 R R T R |
i B427 20.74 1.54 0.34 e
; B429 20.68 1.68 0.41
B431 2110 1.90 Qn 8.0, “S0 T 2l
B432 20.98 1.78 0.41 1
B433 20.76 1.96 0.20 5 e
B435 19.71 o 0.51 0.61 [
B438 17080 s e OE o ST . orla g
B439 20.74 1.54 Qw0
i * H45 ' 20.41 1«21 0.71
B414’ 20.53 1.33 0.25 |
B416’ 20.38 1.18 0.63 30 ‘;i;
B4,4° A 1.54 U7 i
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Ay

CLUSTER

REGION

STAR
Ci
C4
C5
c7
ca
Cc9

cio0
Cll
c12
C13
C14
C15
C17
ci9

R ol |

c26
ca7
ces8
c30
e31
632
C34
c36
C37
c38
C40
C41
C43
C44
c45
c48
c49
c51
C56
cH8
c59
cé1
cé62
66
cé67
c70
€71
c75
3¢
g5
€10’
C12"

NO

3

v
19.62
20.35
20.50
18.86
18.98
19.24
17.63
18.10
19415
17.71
17.16
19,11
18.46
19,75
20.24
18,98
1/ 16
19.49
19.37
19.06
19.25
19.08
19.02
18.60
1937
1917
18.54
18.32
17.93
19.40
18.82
16.87
18,77
20.29
20.68
18.64

14.72

19.24
15.72
20.47
20,92
2lvel

L14

20.38 -

20.96
20.70
20.48
20.63

MV
0.42
1.15
1.30
-0.34
-0.22

0.04
-1.57

.'1010

-0.05
~1.49
-2.04
~0.09
-0.74
0.55
1.04
~0.22
-2.04
0.29
0.17
~0.14
0.05
-0.,12
~-0.18
~0.60
0.17
-0.03
-0.06
-0.88
-1.27
0.20
-0.38
-2.33
-0.43
1.09
1.48
-0.26
-4.48
0.04
-3.48
127
Lad2
2.07
1.18
1.76
1.50
1.28
1.43

0.79

-0,36

-0.20
0.61
0.46

042 -

0.98

ulga

0.72

1.35

0.11

Ds22 .

0.47

0.28
.-_u! 41
1.58

0.66

1.16
.. 0.67
0,63

. 0.20

0,70

0.77

;88

0.83
0.65
0.84
_1.480
1.17
-0.21
0.83
0.71
0.77

lllél

0.49
0.37
0.53
0.70
0.70
0.17
0.35
-0,32
0.41
-0.16
0.45
0.39
0.49
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CLUSTER NO L14 i
REGION 3 AT e _:t
i
STAR v MV B=V o
15 B ¥ ¢ 7k 1. DR T il
e J 20.75 “ni w58 Bedbi o e, e
czb’ 20.71 151 0.80 il
c26° 20.45 1425 TR ||
£27? 20.66 1.46 0.62 e i
31! 20.03 0.83 0.22 T
c32! 20,89 oL 69 g3 e ||
€33 20,70 _ 1.50 0.57 r
C36/ 21.00 3080 0.24
C38° 21.01 1481 0.35 i
ca2’ 20.60 1.40 0987 S s n g
C44° . 15.93 -3.27 0.75 il
ca7¢ 18,47 -0.73 §,48 AT T
ca8’ 21.04 1.84 0.25
Ca9’ 20.46 1.28 Lo T
C54° 20.63 1.43 0.41
C55* 20.97 1077 0.01 4 )
c56° 18,46 -0.74 1501
c58° 17,76 -1.44 0.78 ; i
c59° 19.66 0.46 _ 0.44 il
C60’ 19,58 fESale 0 02PN ey, sl
i
END ‘ SR SRR TR
&RUN; i
bl
F o
|
S |
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CLUSTER

4 REGION

' STAR
¥ AS
Ab
I A7
Al
n Alb
AlB
E A22
A24
A27
Adb
w A37
A38
2 ‘e S A3Y
‘ A40 °
12 “A43
" A44
A45
A48
A49
A3
A4
A5
B1
B6
B10
B12
7 B15
B17
' B20
B23
. A B24
- B26
A 828
B30
i B32
B33~
iR B34
B35
B35
B36’
B39
B41
E3
C4
c1l4
Cc17
ceo
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NO
1

20.81
19.15
1911
19.15
20.27
19.:27
19,03
20,22
19v12
20.50
20,27
19.20
17,48
19.20
20,97
19.79
19.53
20.70
20,77
20,86
21.19
20.81
18,14
18.16
16.59
20.00
19.07
20.44
20.48
20.61
20.28
19.93
17.21
18.71
19.23
19.92
20.48
19.36
20.18
21.08

20.BB e

20.60
20.40
20.18
19.68
20.01
19,138

Le0

My

1.601
-0.05
~0.09
=0.05

1.07

0.07
“0.17

1.02
-0.08

1.30

1.07
0.00

«1,72 I

0.00
3,77
0.59
0.33
1.50
1.57
1.66
1.99
1.61
=1.06
-1.04
=0.61
0.80
'0-13
1.24
1.28
1.41
1.08
0.73
-1.99
-0.49
0.03
0.72
1.28
0.16
0.98
1.48

1.40
1.20
0.98
0.48
0.81
'0007

PSP R s S

B-V
-0.23
0.36
0.29
0.38

Dot ol

UI:SB
0,53
0.43

0.12

0.13

0,05

0.72

0774071

0.24
0.27
0.76
ulb4

. =0.17

-0.35
0.46
0.15
0.55
0.26
0.83
157
0.67
0.59
0.35
0.30
0.23
.65

=0.16
p.86
0.75
0.56
0.53
0.51
0.30
0.96

-0.27
D.>1
0.40
0.44
0.19
0.355
0.60
0.42



arnar
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et e e et g et e e e |

}

CLUSTER NO LeD .

REGION 1 G
STAR v "MV B=V
024 1991 0.71 0.19
C2l 19.28 0.08 0.44
c29 20.18 0.98 0.35
c34 19.39 0.19 0.47
35 19.09 -0.11 0.57
c36 18.99 -0.21 0.53
c38 19.26 " 0.06 0.41
C39 20.11 0.91 0.25
D5 9022 1402 0.49
D6 18.82 ~=0.38 _0.46
LA 17.73 -1.47 0.97
TR 18.83 -0.37 0.50
R ARY 20.24 1.04 ~0.01

D101 19.82 0.62 0.10 i T ]
*D11 20.23 “4.03 0.44

D12 20.38 1.18 fanclip s e

D13 20.09 0.89 0.15
D14 19.96 0.76 0.01
D16 20.24 1.04 " 0.02
D17 19,03 '0017 0.28
D19 20.48 1.28 0.14
D22 20.53 1:33 0.21
pe3 20.45 1:25 0.60
o ped 20.83 1.63 DS2
- De8 20.48 1.28 0.09
D29 18.49 -0.,71 0.94
D31 17.48 -1.72 0.93
D32 19.22 0.02 ~0.11
D34 20,36 1.16 0.36
D35 20.65 1.45 0.45




END

8RUN;

CLUSTER
" REGION

STAR
1 A2

1A5

4 A7

1410
1A13
1A18
1 AL9
1A25
1A30
1A34 ;
1A35
4A37

-4 A40

4 A48
4 AS0
4 A51
4 A53
4 ABS
4 A59
41 A60
1 A61
2A67
QA70
JA78
2A79

2A6

A8
9A11
2A14
2A15
2A16
9A23
gA25
ga27
QA28
9A30
gA32
2A33
2A39
2A43
9A48
IA54
2A56
A58
9A59
2A81
92A86
2A61
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NO
4

19.55
18.63
18,94
20.42
17.55
20.58
19,34
20.15
19,68
18.72
19.32
19.28

18.67

19.36
20,76
20.76
20.14
19.98
18.18
20.65
20.70
20.46
20.81
19.13
18.32
20.69
18.08
17.65
20.02
18,93
20.49
20.54
18.50
20.48
20.45
20.18
20.77
19.12
18.18
20,90

20.19 .,
19.44.

20.91
18.68
18.09
20.78
16.72
18.55

L20

S MV

0.35
-0.57
=0.26

122
o 965

1.38

0.14

0.95
- 0.48
~-0.48

0.12

0.08

0.16

GE Lo A

1:56
0.94
0.78

~1.02

1.45
1.50
1.26
1.61
-0.07
-0.88
1.49
'1-12
-1.55
0.82
-0027
1.29
1.34
~0.70
1.28
1-25
0.98
155
-0.08
-1.02
1,70
0.94
0.24
171
-0.52

."'1011

158
-2048
-0.65

B=V
0.36
0.67
0.66
0.61

s e T

0.38

R L S TS
~0.16

0.06
0.36

Bl | 1R o

1.42

0.45

0036;‘.____._

0.80

. b.58

0.14

S s DB

=0.20
0.86
0.49
0.16
0.33
0.32
0.34
0.79
0.69
0.45
0.60
0.41
0.46
0.89
0.67
0|22“
0.24
=-0.09
0.55
0.97
=..31
0.24
0.64
-0.01
1.02
0.89
0.28
1.34
071

36




0’70
®




IH

0

F e

END

ERUN

CLUSTER

REGION

NO

1

17.61
1.7 032
1877
19.80
16455
18.80
18.20
16,64
18.29
18.04
17.14
17.30
17.58
16.93
18.52
19.04
19.81
18.58
19.63
19.01
19.06
19.23
20.07
19.27
19.02

- 251

HWe?2

MV
-1.29
-1.88
~0.43

0.60
-2.65
~0.40
-1.00

'2!56.

=599,

116

-2.06
-1.90
-1.62
=2.27
-0.68

=0.16

U.ol
-0.62
0.43
-0.19
-0.14
0.03
0.87
0.07

=0 5180

0.68
1.09
=097

.. 77 T

1.61
0.51
0-68

13230

0.55

i1 Y -

1.34

1552670 5 T

0.87

-0.02

0.71

. 0,37

0-54
0.76
0.15
0.14
0.52
0.60
-0.26
0.27

0.09
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= 253 = , [

e

CLUSTER  NO L4t
Rt GLON 1 5
STAR v MV B-V 3

82 20.11 0.91 -0.46
83 19.50 0.30 -0.05 S ‘
64 168.87 -0,383 0.61 el
/6 18.84 “0.356 0.69 i
17 19,10 -0.10 ~0.14 -
/4 16,48 -0.72 =0.03 o
79 19.39 0.19 -0.13 |
80 19.12 =0.08 Wi o i ST e g
0d 20.068 1.48 =0.12
65 18.51 -0.09 R e |
66 20.45 1.25 =0.05

67 21- 10 1.90 “0!10 s .-_....___........-_‘._'
o 20.34 1.14 0.63 |
47 19.53 0.33 0.49 S it
44 19.14 -0.06 .72

49 20.44 1.24 0,02 PO
b0 20.48 1.28 -0.,36
54 21.18 1098 -0017

31 20,87 1+67 =012

35 19.08 -0.12 5,44 e
36 19.32 0.12 -0.17
45 19.22 0.02 0,10 e
46 19.05 «05 15 -0.U5

1 17,27 “1,93 1567 L

2 18.08 =0.02 U.14

3 17.98 -1.22 1.45 BA g
7 17.69 =151 1 910

8 18.59 '0-61 Dagg _______ ot -l i
9 17.91 =1.29 0.10

19 19.91 0,71 0.15 S
21 18.53 -0.67 0.70




— et - e P T, S Rw e =

- 254 -

" CLUSTER  NO
REGION 2 1
STAR V MV B-V
4 19.78 0.>8 -0.52 Ty
5 16:3“ "2152 00\58
10 18,34 -0.86 1.04 iy
11 18.65 =0,55 [+ 195 3 =
12 16.59 -2.061 1.92 i
Al 1b 19015 -9005 0081
16 19.40 0.20 -0.15 P RETAT,
17 20.75 1.55 0.07
22 18.75 -0,45 1.57 i 2
LR £ o 24 19.48 0.28 0.07 7
AR 19.13 -0.07 1.06 3 A
(9] 25 19-02 '0-15 0-97
" 29 19.33 0,13 S AR R T
42 20.69 1.49 -0.90
& 33 21.25 2.05 -0.20
L 34 19.98 0.78 0.09
39 18.61 "B W AT S ST
R S ST 40 18.03 -1.17 14215
41 20.46 1.26 0.19
42 18.32 -0.88 0.19
43 19.15 -0.0% -0.06 }
" 44 15.94 -3.26 0,91
55 19.15 -0.05 0.20
56 19.25 D.Ub 0.01 $
57 19.26 0.06 1.04
58 20.45 1.29 0,26 i ¢
59 16.79 -2.41 -0.12
" 60 17.83 '1-5? 12 __
_ 61 19.71 0.51 0.05
¥ 62 18.97 =J.23 0.79
o4 19,30 0.10 0.69
¥ 69 19.76 0.56 0.47 b WG
70 19,77 0.7 0.03
" 71 20.65 1.45 -0,05
15 20.90 1./0 0.43
I b5 18.11 —llU9 1!”8 el
86 1765 -1.57 0.81

| il

U
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CLUSTER

REGIOUN

I STAR
A121

A123

Al124

! A125
A139

A140

A143

B A145
A146

A159

A160

Z. A161
Al63’

o Al164
e A0

2 Y
A162

a A2 4
A2 6

e AR 9
A210

" A212
A213

) A214
Azl

K A222
AZ228

o Ad 4
A3 6

W A 7
A317

i A318
A320

44 A330
A3l

a A332
AS33

i A334
AZSS

T A336
A338

AZ42

A344

AZ48

A410

A460

A461

Ahq62

A463

A464

Ad466

A467

Ad468

A47/1

- 256 -

NO

18.67
19.00
18.05
20.53
20.79
19.72
19.31
19.53
19.24
20.32
19.78
19.53

'19.63

20,66
19.00
19,48
19.34
20,53
19,84
19,56
17..73
19.67
20.11
19.71
1785
20.54
17.76
19.69
1919
14.97
19.15
20.65
19.63
19.24
20.44
19.22
20.28
20,10
16.68
17.72
1951
20.05
20.29
16.76
168.54
19.63
19.16
19,90
19523
18.25
18:.2¢
19.61
18.74

L13

MV
-0.53
..=0.20
=115
1.33
1.9
0.%2
[ S B
0.33
0.04
1.12
0.58
.33
0.43
. 1.46
=0.20
0.18
0.14
1.33
0.64
0.36
-3 47
0.47
0.91
0.51
-1.35
1.34
-1.44
0.69
-0.01
-4,23
-0.05
1.45
0.43
0.04
1.24
0.02
1.08
0.90
-2.92
-1048
011
0.85
1409
-0.68
-2.44
-0.66
0.43
-0.04
0.70
0.03
-0.95
-0.98
0.491
=-0.46

- =0.36

B=V
-0.19
0.61
U.58
0.11
-0.44
0.43
-0.31
0.07
0.55
0,31
0059

o A8,
-0112 o)
“0.41 '

=021

-0.32

-0.25
0.60

'0517
0.80
Q.65
0.16
0.03
059

_=0.07

0.25
0.22
0.71
-0.01
0.62
0.50
0.28
0.60
0.29
0.62
-0.33
0.10
1.36
2,12
-0.,04
0.54
0.04
-0.17
1:1b
0.00
-0.06
1.07
0.20
0.64
0.63
0.54

o007
0.21




il

did

CLUSTEH

REGLON

STAR
B114
B116
6117
5118
B128
pl2b’
B182
3134
156
B147
B149
B157
B158
B225
B229

- ge3o

Be45
Be249
B2b2
B260
B261
gs 9
B324
B325
ERY-Y)
B349°
B350
B351
B415
B420
H421
B422
B426
B427
H429
B431
H436
B452
B453
B457
B458
B459
B472
B476

~ 257 =

NO
2

14.58
19.85
17.9¢
19.22
19.91
20.09
1933
19.79
20.55
20,33
20.41
19,85
20.51
19.24
20.57
19.28
24..48
19.03
17.76
19.41
20.49
19.33
20,12
20.54
e S 0
18.0%2
168.80
18.31
20.49
16.85
17.63
19.00
19.21
19.08
1785
19.27
17.31
19.22
19.19
16.96
20.55
20.93
19.69

20,31

L13

MV
=0.62
. 0565
~1.24
0.02
0.71
0.89
0.13
0.59
135
1.13
1:21
0.65
1+31
n'u4
1.37
0.08
1.98
~0.,17
=1.44
0021
1:¢9
0.13
0.92
1.58
0.11
=1 .18
-0.40
~0.49
1.29
=2.35
=1.57
-0.20
0.01
'0012
«1.95
00“7
-1.89
0.02
-0.01
-2.24
1. &5
1473
0.49
1.11

B=-V
0.45
0.26
0.67
0.56

0.62 °

0.59
.61
0.55

0.49

0.06
0.08

0.05
0.05
T R
-0.05
DB
-0.13

0.53
0.21

oy

0.24

0.33

0.49
0.52
0.28

0.48

0.53

Q.87

-0.49

1,38

1.18

Bedl s

0.55
0.97
1.55

0.65 .

116
0.55
0.43

1.60 _

0.15
0,00
0.06
Q.02




CLUSTER NO

REGION

STAR
65
61
C1
C1
C1
0
64
G
C111
C1v4
C1b5
234
€240
€243
., C2414
C244"
C262
c263
co265
Cro6o6
C26/0
cz271
C2ls
ce75
Cp77
cer9
C311
Ccdle
C 518
C3514
C¥15
£321
cs22
c323
C492
c393
c354
C359
c362
C367
BRI
c420
C4z24'
C42Y
469
C433
casy
C437
€440
C442
c443
C44Y
C448

o~NOT b

3

17.02
19:29
19.20
18,01
18.71
19.06
19.28
20.67
16.38
19.65
20,70
20,90
20,03
19,78
20,12
17,03
16.22
20.09
19.07
19.21
19.99
20.45
20.21
20.33
20.65
18.78
20.57
19.32
20,37
20.25
20.49
19.95
19.42
17.72
20.43
19.45
19.96
19.13
20.49
19.38
1907
16,85
20.10

17...00: .
18279

20.64
19.93
18.38
20.02
18.23
19.83
19.67
19.58

- 258 -

L13

MV
"2018
. 0.09

v.00
-1.19
-0.49
~-0.14

0.08
1,47
-2.82
- 0.45
1.50
1.70
0.3
0.>8
0.92
-2.19
.-2098
0.49
-0.,13
0.01
0.79
1.¢5
1.01
1.13
1.45
-0.42
s B 47
0.12
117
1.05
1.29
0.75
0.22
-1,48
1520
0.25
0.76
-0.07
1.29
0.18
0.5%7
=l 8h
.90
-2!14
-0.41
1.64
&)
-0.82
0.2
-0.v7
0.63
V.47
0.58

B=v
1.15
0,41
0.65
1,00
0.58
0.34
0.56

'0-20
0.76
-0,01
0.03
0.17
0.20
0.69
0.62

0.44
0.11
0.76
0,75
U.3b
0,41
0.57
0.27
0.36
0.66
0.06
0.17
u.62?
0,49
0.12
0.15
0.39
1.34
0.59
0.67
0.681
0,92
0.57
0.75
0.03
1.38
0.7
0.16
0.5%
-0.03
0.3%
1.02
0.29
0.37
0.02
0041
0.o26

. 1l.42
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CLUSTER NO L13 ,
REGION 4 = g
| STAR Vv MV B=V : = P
D1 19.41 .21 0.57 i B
D4 20,07 . 0.87 -0.16 T
D6 20.44 "1.24 0.25 N -
D7 20,19 0.99 0.20
L8 20.07 0.87 -0.02 SRR
D9 19.40 0.20 0.29
D12 19.85 0.65 0.10 : i
D13 18.94 -0.26 0,88 4N i1
D14 13.55 -5.65 0.66 (v R wT
D18 16431 -2,89 v 2 4pae TR =i
D21 18.72 -0.48 ONTL A, o T nre i
pe?2 19.29 0.09 03T Sy o
pe7 19.81 0.61 0.55 E
D32 19,36 M U A VT - S = S
D33 19.04 -0.,16 0.58
D34 19.22 B2y, i D4l e
D35 17.72 -1.48 0.50
D37 20.88 w SHEIT Moy B et S T
D39 18.00 -1.20 0.90
5 D40 19.99 0.79 i T e AR S
D41 19.30 0.10 . Qw82 il
D43 20.96 176 T N SR
D44 19.07 -0.13 0.48
n45 1950 \ o 0.30 ©0.46 : -
D46 19.03 -0.17 0.40 = s
E1 18.44 -0.76 -0.29 e i
ES 20.89 1.69 -0.33
E7 18.88 -0.32 0.66 g TiEEE
E9 19.17 -0.03 0.71
E11 19.68 0.48 0.01 Sk e
E12 17 .62 -1.58 -0.13
E13 20.57 iy Bl ¥ TeTE T
F14 20.19 0.99 0.08
E15 19.26 0.06 BEGE s T g e *
E16 18.58 -0.62 -0.11
E17 19.34 0.14 0.56 c
E19 20.75 1.:55 0.24
it E20 20.49 129 (e o i e
E21 17.65 -1.55 0.87
E22 20,26 1.06 0.52 Syl e
E23 18.25 -0.95 0.69
£24 20.72 1.52 -0.15 s 4
E27 16.09 -1.11 0.45
E29 20.43 - 123 0.11 3
ES0 18.60 -0.60 -0.30
£31 17.89 -1.31 0.50 s
32 20.42 1622 0.29
33 21.30 2.10 -0.28
[ 86 19.2% 0.0% 0.53
t38 20.83 1.63 =21 i
FS$9 20.24 1.04 U.30
E40 vow 2097 ‘ 177 -0.07 |
41 19.14 ' -0.06 T
E42 18.59 -0.61 0:780 0 L o/

F43 20.82 e 0.49







CLUSTER

REGION

STAR
1A1
1A3
1A6
1A9
2A1
2A4
2A6
2A9

2A10

2A12
1A13
2A15
2A73
3A1
3A2
JA6
3A8
3A10

JAl11

3JAl12

SAS0

3JA51

3A53
3A55
3A56

449"
4A1
4A2
4A6
4A9

4A72

4A73
4A74
4A75
4A78

- 261 -

NO

1

19.30
20.44
21.11
19,43
17% 75
21.,01
19,57
186.91
20.63
19.83
19.67
20.37
20.71
20.31
20.18
20,32
20.03
19.72
21.16
2101
19.54
18.64

19525
20.14
18.08
18,30
18.29
20.89
20.51
17%91
18.62
16.30
20.38
20.86

0.00

0.00

0.00

0.00

0.00

0.00.

MV
0.10
1:29
1:91
0.23

-1.45
1841
0.37

-0.29
1.43
0.63
0.47
27
1.591
1011
0.98
1s12
0.83
0.52
1.96
1.81
0.34

-0.56

-0.03
0.05
0.94

-1.12

-0.90

-0.91
1.69
1.31

-1.29

-0.58

-2.90
1.18
1.66
0.00
0.00
0.00
0.00
0.00
0.00

B=V
0.51
0.04

0.25 .

0.56
1.08
0.356
0.56
-0.07
0.16
0.68
0.71
0.35
0.40
=0.06

0.07

0.02
0.49
0.36
0.02
0.43
0.89
1.07
0.84
0.87
-0.09
1.53
0.63
1.59
0.36
0.21
1.27
1.11
0.87
0.54
0.21
0.00
0.00
0.00
0.00
0.00
0.00
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. a—— e —

CLUSTER NO LS
“REGION 2
STAR V S MV B-V
1811 20,11 0.91 0.26
1414 17,91 -1.29 1.24.
1815 19.29 0.09 0.72
1H16 20.55 1.$5 0.44
1826 20.99 1.79 0.31
1432 18.09 G 0.75
1837 20,82 %5 1eb2 0.02
11342 20.98 1.78 0.64
1843 21,00 1.80 0.92
1846 019,40 0.20 0,86
2H33 20,62 1.42 Gedl . . 0 s
_ 2H43 e1.l2 . 1.85 0.40
2857 20.76 1.56 : 0.76
2868 20,50 1.30 3 0,48
3nel 20,82 : 1462 0.49
IH23 21,00 1.80 0.64
3H24 21.55 2.95 “0.22
3H25 21.42 .22 1 |
31329 19.66 0.46 ', w0513
31441 16.52 -2.08 0.76
3842 1511 4 . -4.,09 0.39
3544 2103 1.83 0.43
3846 21.08 1.48 0.54
3ps8 19.30 0.10 0.78
51360 19.98 0.78 0.71
3862 21.00 1.80 0.47
4810 18.85 -0.35 1.20
4312 18.14 -1.06 0.93
4534 20.67 1.47 1.19
4536 19.47 0.27 0.48
4344 20.92 Tad2 0.53
41345 20.65 1.45 0D.46
448 21.48 2.28 0.31
41459 21.33 210 V.59
' 0.00 0.00 0,00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.UD

0.00 . 0.00 0.00



END

CLUSTER

REGION

STAR
1C18
1C20
1C22
1C25
1631
41C311
1C45
1C51
2022
2¢23
2c24
2C26
2C28
2C29
2C30
2C40
2049
2051
2C53
2C57
2B58
2860
3815
3c27
3Cc31
3Cc32
3C34
3Cc37
3C38
3C66
3C68
4Cc21
4c25
4c26
4c31
4C39
4C42
4c43
4c47
4c51
4C64

- 263

NO

e

18.85
19.82
20.83
18.84
16.02
19.30
21,19
21.20
21.03
21.20
17.95
18.66
19.03
20.79
20.76
21.05
51.:03
21.34
20.69
20.76
19.60
20.89
17.50
20.53
21.16
21.10
21.41
18.25
19.55
21.15
19.85
19.25
18.34
15.38
19.59
21.06
21.09
20.27
19.48
20.55
20.47.

L3

MV
-0.35
0.62
1.63
-0.36
-3.18
0.10
1.99
2.00
1.83
2.00
-1.25
-0.54
-0.17
1.59
1.56
1.85
1.83
2.14
1.49
1.56
0.40
1.69
-1.70
1..33
1.96
1.90
2.21
-0.95
0.35
1.95
0.65
0.05
-0.86
=3.82
0.39
1.86
1.89
1.07
0.28
1.35
1,27

B-V
0.v98
0.52
0.90
115
0.61
0.87
0.00
0.58
0.46
0.19
1.06
0.58
0.68
0.43
0.50

0.u88
0.16
0.76
0.76
0.81
0.35
1.47
1.10
0.29
0.49
0.14
0.86
1.08
0.78
0.02

1 0.86

0.68
1.16
0.84
0.59
0.55
0.41
0.35
0.37
0.12






region 2,3 4




CLUSTER

REGION

STAR
K1
K2
K3
K5
K7
K9

K10
K14
K15
Klé
K20
L Ke2
K23
K24
K25
K27
K28
K30
K31
K32
K5’
K¢

K11’

K13’

kL4

K15'

K9

K23’

K28*

K29’
L1
L2
L3
L5
L6
L7

NO

19.85
18.11
18.50
18.60

"18.61

20.30
20.11
20.21
16.28
18.90
19.76
18.31
18.63
18.56
20.52
19.04
18.91
18.30
20.40
19.46
19.41
18.79
18.41
20.01
18.82
1.9 w7
1.7 .24
19..56
20.24
18.86
18.43
20.04
19.89
20.74
19,56

18.17

- 266 -

LB2

MV B-V
0.65 -0.43
-1.09 0.32
-0.70 0.16
-0.60 0.39
-0.59 0.20
1.10 0.18
0.91 0.00
1.01 Bags——
-2.92 1.59
-0.30 S
0.56 -0.36
-0.,89 R
-0.57 0.43
-0.64 0.17
1432 -0.06
-0.16 el =
-0.29 0.74
-0.90 0.94
1.20 '=0.10
0.26 -0.16
0.21 -0.17
-0.41 -0.12
=0 .79 0.67
0.81 0.33
-0.38 0.91
0.07 0.33
-2.09 0.86
0.36 0.13
1.04 0.38
-ﬂo34 Otdz
-0.77 5.3
0.84 -0.25
0.69 0.28
1.54 -0.32
0.36 0.08
-1.03 i 12




- 267 -

CLUSTER NO LB2

REGION 1
STAR vV MV B-V
L13 18.69 -0.51 033
L14 20.29 1.09 1.09 =
L16 19.48 0.28 -0.22
L19 20.03 0.83 -0.20 e
L20 19.79 " B9 -0.20
L21 19,33 0.13 0.45
22 19.66 0.46 -0.01
Le3 19,24 0.04 e | e
L25 17.08 -2.12 0.84
L26 18,25 -0.95 0.98
L29 19.01 -0.19 0.02
L32 18.90 -0.30 0.07 Z
L36 18,86 -0.34 -0.01
L38 19,71 0.51 -0.22 :
L39 19.85 0.65 -0.31
L40 18.64 -0.56 -0.18
L41 18.60 -0.60 -0.29
L42 19.13 -0.07 e ==
L43 19.11 -0.09 0.40
L44 18.96 -0 ;04 .  =H.0%
.45 19.36 0.16 0.47
L47 19.55 0.35 1 B
L48 18.80 -0.40 -0.20
L49 18.29 -0.,91 -0.10
L50 19.26 0.06 0.18
L51 20.75 1.55 0.34
.52 19.42 0.22 -0.25
L56 20.72 150 -0.28
L57 20.76 1.56 G20
L58 20.75 1.55 i 0 7 4
L59 20.49 1:29 0.59
L38’ 20.54 1.34 0,33
M1 18,73 -0.47 0.53
M3 18.96 -0.24 0.69
M4 18.40 -0.80 0.19
M5 17.89 -1.31 0.63
M7 20.14 0.94 -0.07
M9 19.14 -0.06 -0.11
M12 19,63 * 0.43 -0.10 T
M13 17.95 -1.25 0.68
M43 19.35 0:.15 0.51
M16 19.80 0,60 -0.24
M18 19.71 B b -0.27 =
M19 18.95 -0.25 -0.,08
M20 19.12 -0.08 0.38 i



Ju

AU

CLUSTER

.REGION

STAR
M21
M22
M23
M24
M25
M27
M28
M29
M30
M31

M40’
M54
M35
M3 6
M38
M40
M41
M43
M47
M48
M4 9

N1
N2
N3
N7
N1O
N11
N13
N14
N16
N19
N22
NZ4
N26
NZ8
N3O
N32
N3 5
N36
N37

" N39

N40
N41
N4 3
N4 4
N45
N4 6
N4 7
N48
NoU
N51
N52
NS4
NS’

1%

- 268 -
NO L82
1
v oMV

19.42 s 22
18.03 -1.17
18.40 -0.80
18.41 -0.79
19.18 -0.02
19.90 0.70
18.81 -0.39
19.25 - 0508
17 .80 C=1.40
18,33 -0.87
19.49

20.56 1.36
1975 0.55
1937 0.17
19.49 0.29
18.62 -0.58
19.98 0.78
20.51 131
20.72 152
T8 B7 -0.53
20.03 0.83
1723 -1.97
19.73 0.53
19.43 0.23
19.50 0.30
19.76 0.6
19.82 0.62
19.65 0.45
19.27 0.07
18.96 -0.24
19.40 0.20
19.15 -0.05
18.46 -0.74
20.15 0.95
20.13 0.93
19.04 -0.16
19.83 0.63
19.00 -0.20
19,85 0.65
18.22 -0.98
18.66 -0.54
16.10 . -3.10
19.86 0.66
18.60 ° -0.60
19.39 0.19
17.55 -1.65
17.49 o N |
15.86 -3.34
1611 -5.09
17.96 ~-1.24
17.90 -1.30
14.51 -4.69
20.45 1425
19.54 0.34




i
—_

)
L=

CLUSTER

REGION

STAR
A3
A4
AS
A6
A7
A9

A10
All
Al?2
Al3
Al4
Al17
A18
Al19
A20
A21
AZ?2
A23
A24
A26
A7
A28
A30
A31
A2
A33
A37
A39
A4l
A4?2
A43
L46
A47
A48
A49
ASO
A51
AS2
A5 3
AS4
A56

NO

2

19.73
18.49
19.66
16.07
20.49
18.25
19.98
18.86
16.65
18.73
18.92
19.12
19.86
16.87
18.91
19.96
18.44
18.81
20.07
18.95
16.51
1817
20.00
18.66
19.76
19.02
19.86
19.35
19.85
20.10
16.78
18.60
18.93
18.77
19.64
19.97
1777
16.74
19.85
19.90
20.15

- 269 -

L82

MV
0.53
=0, 71
0.46
=3.13
1.29
=14 35

0.78-

-0.34
-2.55
-0.47
-0.28
-0.08

0.66
-2.33
-0.29

0.76
-0.76
-0.39

0.87

=0..25 .

=2.69
-1.03
0.80
-0.54
0.56
~0:18
0.66
0,15
0.65
0.90
-2.42
-0,60
-0.27
-0043
0.44
0.77
-1.43
-2.46
0.65
0.70
0.95

B=-V
~0.32
0.92
-0.30
U.89
0.25
1.02
-0.07
0.42
0.29
=010
-0.20
=01 —==
=18
1.42
-0.08
-0.38
0.63
0.42
-0.01
-0.02
0.09
0.59
-0+08
-0105
0.21
0.42
-0.12
0.36
-0.08
-0.34
125
=10
-0.04
0.63
-0.05

=0,23

0.06
0.52
0.11
=01
-0.20




-

22

24

34

CLUSTER

REGLON

STAR
B1
B2
B3
B4
BY
Bé6
B9

810
Bl6
B17
B18
B20
B22
B24
B25
B26
B29
B32
B33
B34
B35
B39

B9V

B23

B29’

NO

18.30
18.37
19.24
19.99

" 19837

19.32
18.25
18.04
17.89
19.76
1816
2057
19.80
19.07
1961
19.81
19.63
18.36
20.29
19.85
20.91
18.01
16.22
17 .29
20.81

- 270 -

MV
-0.90
-0.83

0.04
0.79
* Qad ¥
0.12
=0.:95
~1.16
=1.91
0.56
-1.04
1.37
0.60
-0.13
0.41
0.61
0.43
-0.84
1.09
0.65
o
=119
-2.98
=109
1.61

B=V
0.62
0.05

-0.22
-0.31
=0.37
0.45
1542
0.63
1.16

0.08

0.03
-0.02
0.04

0.53
-0.22 ‘
=008 ;
- 0.47

0.69
0.08

-0.07

0.04
1.30
1.22

Gl =

0.21



"CLUSTER

REGION

STAR
C1
C2
C4a
C5
c8
c9

Ccl1i
c18
C19
c21
ca2z
c24
c25
c29
c31
C35
c38
c39
ca1
Cc43
Cc45
C50
CSo
C58
£59
ce1
co65
Céé
ce7
G71
C76
c77
Gl
Cz,i
(% g
#5-2
ci17"

END

NO

4

18.35
17.59
17.95
19.54
18.34
18.86
17.70
19.57
18.91
18.25
18.37
19.93
18.58
19.24
19.06
19.94
19.60
18.24
19.02
18.39
g1
19.78
18.18
18.93
16.58
18.30
18.16
18.58
18.51
16.11
20.23
20.43
20.19
20.60
20.26
17.58
20.53

= 271 =

MV
-0.85
-1.61
=1 .25

0.34
-0.86
-0.34
=150

0.37
-0.29
~0.95
-0.83

0.73
-0.62

0.04
=0 14

0.74

0.40
~0.96
-0.18
-0.81

0.91

0.58
=1:02
-0.27
2462
-0.90
=15 04
~0.62
-0.69
-3.09

1.03

1,23

0.99

1.40

1.06
=1.62

1.33

0.29
0.488
1207

06—

0.18
-0.31
0.14
~-0.09
0.80

0.71

1.01

=0.93 - —

-0.03

0.60

-0.36

0.72
~0.32
0.63
-0.40
-0.06
0.37
-0.35
1.20
1.65
0.26
1.11
1,12

0.79

-0.14
-0.47
0.12
0.69
-0.36
0.85
0.35
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CLUSTER

REGIUN

STAR
Al
AJ
A4
Ab
Ab
A7
Al
A9

All
Al2
Al3
Al4
Al8
Al9

., A21

AR5
A28
A29
A32
AS4
AS6
AST7
ASH
ASY
A40
A4S
Ad4b
Ad6
Ab?2
A3
Ab4
AbS
AB7
AS9
ALt
A7’
A8’
Al5’
Al16’
A44’
A47’
AS1'

- 273 =

NO HwWe62

i

17.44
18.55
18.56
18.93
17:55
18,92
20.49
19.74
16.99
16.05
19.16
18.27
19.069
19.04
17,43
16.76
16.70
19.52
19,66
18.68
19,10
18.26
1.93
18,57
19.989
17.77
19,56
19.60
18.19
19.13
18,67
18.32
20.10
17.74
20.20
20.83
21.50
20.94
20.39
20.68
20.34
20.29

MV
=178
=0 65
-0.64
=027
~1.65
-0.28

1.29
0.54

I'2921

=315
-0,04
-0.93
0,49
~0.16
“1.77
-2.44
"U-bﬂ
0.42
0,46
-0.92
"U.lD
-0.94
-5.27
—0063
0.19
-1.43
D.36
0.40
-1.01
-0.07
-0,53
-0.,488
0.90
-1.46
1.00
1.63
2.30
1.74
1.19
1.48
1.14
1.09

0.99
0.06
-0.05
0.61
0.25
0.23
-0.42
0.28
I
371

=0.03

0.18

=0.04

=0.01

0.34
-0.06
-0.18

| _'0023

0.29

U.72

0.06
V.24
D.61
-0136
1.05
=0.35
-0.02
0.25
0.96
0.68
0.12
=0.24
0.66
0.14
-0.23
=0.,09
0.38
0.69
0.15
0.12
0.02




CLUSTER
REG]ON

STAR
b
Bb
B6
BY

B10
H1S$
H15
B16
B17
B18
B19
B20
B25
B26
B27
B28
B29
B33
B34
B36
BS7
B39
B4l
B44
H45
H46
B48
H49
B50
BHo51
Bb3
B55 >
Bo7
B58
BS99
B61
Be2
Bed
g2
B

B14'

B20‘

B24’

154"

; B50°

B2’

NO
2

18.75
19.60
18,87
17.45
18,98
17.83
18.38
19.64
20.08
18.73
18.60
20.06
19.35
20.07
19.62
17.28
19.85
18.94
19.90
17.80
17,88
17.33
19.36
19.13
18.28
17.55
18.07
19.53
19.06
18.93
18.45
16.87
19,31
19.15
18.07
20.07
17.88
20.44
19.22
20.81
20.63
20.09
o 43
20.43
21.00
19.80

- 094 o

Hw62

MV

-0,4%

0.40
=0.33
-1.7%
-0022
-1.87
-0.82

. 0.44

0.68
-0.47
=0.60

00&6

0.15

0.87

0.42
-1.92

0.65
-0.26

0.70
=1.40
=1 .52
-1.87

0.16
-0.07
-0.92
-1|65
b I

033
-0.14
-0.27

NedD. ...

-2.33
0.11
-0.05
~1.13
0.87
-1.32
1.24
g.02
1.61
1.43
0.89
1,93
1,238
1.80
0460

B-V
1.11
=0.05
v.78
0.34
0.39
.83

1.16

=-0.20

0.03

0.12
UUBO
-0.19
0.78
=0.20
“0.51
1.14

L Ba7

0.10
_'9012
- 0,37
-0.18
0.93
0016
0.19
0.98
0.42
0.64
=0.31
0.11
0.72
0.52

1.18 .

0.21
0.66

0.88

-0.09
0.37
0.22

0.56
0.14
0.30
0001
-0.07
-0.,17

0.46

0.70.



END

&RUN;

CLUSTER

REGION

STAR
Ci
ce
C4
C5

Cl1
c13
c14
c18
ce2o
c21
c23
c24
c25
C26

Sea)

c28
c31
c32
ci4
C35
c39
c40
C43
c45
ca7
c48
c49
Cco1
C53
C55
6’
€11
c17’
cal”’
c248’
c30°

c37'.

NO
3

20.12
18.49
19.72
1821
19.67
19.44
WFa T
19.61
16.60
20.27
18.82
18.25
18.13
20.32
18.98

19.43

19.74

- 19.84

18.77
19.12
16.70
19.89
20.14
20.12
19,95
18.86
20,49
20.84
20,39
20.11
21.18
19492
20.67
20.98

©20.36

21+15
20.52

- 275 -

HweZ2

MV
a.92
~0.71
0.52
—-0'99
0.47
0.24
—1043
0.41
-2.60
1.07
—0038
-0.95
'1007
1.12
-0.22
0.23
0.54
0.64
—0143
-0.08
~-2+90
0.69
D.9%4
0.92
0.75
-0.34
129
1.64
1.19
0.91
1.98
0.72
1.47
1778
1016
1:95
1.32

B-V
=0.20
0.13
-0’05
1.01
-0.44
0.00
1.14
=0 17
1.17
-0.16

0.84

0.18
0063
-0.30
0.55
-0.06
0.35
0.03
0,10
=0.23
0.22
-0.24
-0.07
0.15
-0.18
0.23
"0_-18
0.17
0.34
=-0.02
0.06
0.41
0.31
0.31
0,12
=0.01
0.10

e T
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CLUSTER

v, REG L ON

% STAR

K1

K2

- K3

K4

K5

- K6

K11’

g K12

< K13

K14

K16

s K17

K18

K20

~ Kel

K22
% - K23
- K24
e K24
K25
i Ke7
K28
K32
K35
K38
K40
K42
K43
K47
K15

NO
1

19,356
18.48
18.88
18.47
19.61
20.08
16433
20.09
20.06
20.29
19.93
20.25
18.55
18.47
19.21
18.30
18,55
18.29
20.77
19.42
19.56
20.03
19.80
20.28
16.69
19.65
18.81
20.48
19.80
19.56

- 277 -

L90

MV
0.16
=072
-0.42
-0.73

1P 3 §

0.88
-2.87
0.89
0.86
1.09
0.73
1.05
-0.65
-0.73
0.01
-0.90
-0.65
-0.91
1:57
0.22
0.36
0.83
0.60
1.08
-2.:51
0.45
-0.39
1.28
0.60
0.36

B=V
=0.13
-0.12

0.00
-0.09

0145'

-0.11
0.72
-0.10
D.08
=0 .12
-0.33
-0.28
-0.05
0.65
-0.32
.99
-0.34
-0.21
.18
-0.23
-0.50
~0.56
-002D
0.30
0.90
~0.18
-0.46
0.34
-0.07
-0.57



= P98 «

CLUSTER

REG]ON

STAR
1A2
1A2
1A7
1A9

1A10
2A1
2A3
2A4
2A5
2A9

2A10
2A12'
2A13
.. "2A15
2A12
2A187
JA1
JA2

SA2!
3A4
SA6
SA7

SA7’
3A8

JA12

3A12°
4A1
4A1°
4A5
4A6
4A6°

NO
2

19.86
20.33
20.59
20.78
18,67
20.35
19.45
1971
18.96
20.01
21.04
20.79
20.20
20,15
20.94
20.88
20.67
20,57
20.59
20.15
18.99
18.29
20.40
19.47
20.43
19.84
17.11
20.19
19.387
20.97

L90

MV
0.66

1.13

1.39
1.58
-0.53
1415
0.25
0.51
-0.24
0.81
0.10
1.84
1.59
1.00
0.95
1.74
1.68
1.47
1.37
1.39
0.95
-0.21
=-0.91
1.20
0.27
1.23
0.64
-2.09
0.99
0.17
1.77

B=V
-0016
0.26
-0.17
-0.22
0.06
0.74
0.08
0.14
0.17
0.05
-0.32
0.22
=0.,10
0.02
=0.06
-0.09
D.22
0.18
0.18

0.09

-0.04
0.09
0.68
0.14
0.07
0.02

-0.47

=017

-0.07

-0.352
0.00

-



CLUSTER

REGLON

STAR
182
183
1B4
185

1857
186
189

1B11
eB1
2B2
285

286’

- 2B8

288"
381
585
386
389
3811
5813
3614
482
484
485
486
41410
4811
4812
4813
4816
4817

NO
3

18.53
19.95
1910
20.54
20.57
19.37
20.12
19.83
20.75
20.44
19016
20.50
20.40
21.09
20,09
20.30
18,12
19.92
17,41
19.98
20.08
p SIS
20,42
19.98
18.91
20.62
20.13
19.62
19.37
19.15
19.04

- 279 -~

L0

MV
~0.67
0.75
-0.10
1.34
1437
0.17
0.92
0.63
1.55
1.24
~-0.04
1.30
1.20
1.89
0.89
1%10
-1.08
0.72
-1.79
0.78
0.88
0.53
1 .22
0.78
-0.29
1.42
0.93
0.42
0.17
-0.05
-0.16

B-V
0.10
0.14
0.48

-0.45
0.67
'[]'015
0.07
-0.16
0.08
-0006
0.67
0.27
~0.21
0.07
-0.01
0.63
0.82
0.17
0.57
0.13
-0.16
-0.43
0004
0.02
-0.11
-0.354
D.28
-0.29
-0.33
-0.,11
0.52



CLUSTER NO

REGIQON

STAR
LGy
162
1C4
1C4°
Vg b
2C4
2CH
2C7
2C9
=10
2C11
2612
2C14
FC1
3C9
@11
3C11¢
sc12
JG13
3Cc14
C14*
SC16
3ci6’
4C2
4CH
4CchH !
4C7°
4c8*’
4c12
4C15
%Gy 7t
4C18
4C18"

4

18.83
18.83
19.39
20.88
21.08
19.65
17,35
19.36
18,74

i G P I

19,95
19.49
19,46
20.26
20.50
16.53
20.50
19.60
18,87
18.12
20.01
20.73
19.02
19.90
19.62
20.95
20.38
21.07
19.59
19.99
19.98
20.66
17.16

- 280 =~

MV

-0.37
-0.47
0.19
1.68
1.88
0.45
-1.85
0.16
-0.44
0.01
0.75
0.29
0.26
1.06
1,30
=2:67
1.30
0.40
-0.33
-1.08

s |

1.53
-0.18
0.70
0042
1»]5
1.18
1.87
0.39
0.79
0.78
1.46
-2.04

B-V
D.62
-0.06
-0.17
0.60
=0.21
0.65
0.98
=0.32
0.84
0.66
0.35
0.52
0.59
-0.04
-0.40
0.064
0.31
=(ls15
0.56
1.54
-0.20
=0.25
0.02
-0.09
-0.36
-0.24
-0.354
-0.20
0,33
-0.,09
0.12
-0.28
-0.36



24

CLUSTER

REGION

STAR
1D4
1D 7
108
1D9
1D12
202
2D6
2D7
2D8’
2Dh11
3D1
3D2

. 3D4
3D4’
3D6
3011
3D12°
3D13”
3plé
4D1
4D4
4D4
404"
4D8
409
4D9
4D10°
4D11°
4p12

NO

5

Vv
19.50
19.97
21.24
18.25
20.13
20.09
21.08
20.12
19.64
20,65
17,56
18:76
19.60
20.69
20.63
17.35
17.60
16.59
20.62
19.34
19.79
18.86
20.43
18.20
20.16
20.53
19.70
18.91
19.52

- 281 -

L90

MV

0.30

0.77
2.04
~-0.,95
0.93
0.89

'1,88

0.92
0.44
1.45
-1.64
~-0.44
0.40
1.49
1.43
-1.85
-1-60
-2.61
1.42
0.14
0.59
-0.34
1.23
-1.00
0.96
1.33
0.50
-0.29
0.32

B-V
=-0.32
0.08
0.09
-0.10
-0.31
-0.09
=0l 9
=0..15
0.45
0.17
-0.34
0.41
=0.924
0.08
-0.33
1.27
0.85
0.53
0.25
0.43
-0,01
-0.29
0.46
=0.. 116
0.39
0.18
-0.34

0.53

-0.08



CLUSTLR

REG1ON

STAR
11
1k2
1E3
1E4

1E4’
1.E7

1£97

E10"

1EL2

1E13
1E14
2k1
“EE‘J‘
2k6

210

2E11

2E12
Sk
3E2
3k8
3EY9!’
3E10'

JE11
4L 3
4E4
4t7

40"

END

§RUN;

NO

6

18.19
19.17
18.45
20.18
19.72
20.51
20.15
20.97
1771
19.89
20.07
18.85
18.77
20.64
18.85
19.01
19.15
20.57
18.45
19,56
17.58
19.05
19.04
19.09
20.49
20.32
21,15

- 282 -

MV
=1+01
-0.03
-0.75

0098

0.52
0 1.31
0.95

1.77
'1-49

0.69

0.87
"0-35
=0.43

1.44
"U-35
-0.19
-0.05

1.37
=0.75

0.36
i IR T
=D.15
-D|16
“0wdid

1029

1.12

1.95

1.16
0.62
0.59
0.16
-0.31
0.01
0.06
0.45
-0.34
0.01
0.18
-0.03

- =0.40

-0.02
-0.14
-0.20

0.52

-0.12
-0.01
0.89
0.71
-0.24
0.50
-0'28
-0.41
=0+32
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MY

a4

CLUSTER

-REG|ON

STAR
Al
A4
A5
Ad

Al10
All
Al2
AL3
Al4
Al5
Alb
Al19
A20
A21
A22
A29
A30
A31
ASS
A34
A35
AS6
A42
A43
Ad44
A46
A47
A49
A7

AL1™

Al4’

A17'

A22'

A34’

A37’

K39 ?

A40'

A42’

A47"!

A49 "

- 284 -

NO HHG4

1

v
18.71
20.07
18.81
18.80
18.08
19.61
18,85
20.79
20,32
19,49
20,58
20.24
18,30
18:17
21:13
20.22
19494
20.53
19.72
19.65
19.58
18.65
18.67
19.77
18.76
19.08
19.42
19,62
20.76
18.98
20.72
21.45
21.50
21.42
21.52
20.25
21.02
20.35
20.56
19.07

MV
-Q.49
0.87
-0.,39
-0.40
-1.12
0.41

! -0035

1.59

L ke e

0.29
1.38
1.04

-0.90

-1.03
1,93
1.02
0.74
1.33

B892

0.45
0.38
-0.55
-0.53
0.57
”uqu
-0.12
0.22
0.42
1.56
-0.22
1'52
2.25
2.30
2.22
2,32
1.09
1.82
1.15
1,36
-0.13

B=V
-0.19
0.01
-0.354
-0.11
2.01
1.18
-0.21
-0.06
=0,09
=0.16
-0.13
-0.,32

. -

=0.11

; 4 -0,39

-0.21

T

-0.45
0.15
-0.11
-0.31
-0.09
-0|30
-0.41
-0.04
0.66
’0-24
=0.37
0,36
-0.08
0-47
-0.28
-{]!21
-0.23
0.04
-0.35
0.%4
-0.22
0,30
-0.03

e D S SR |



: CLUSTER

4 REGION

STAR

| 183
184

' I 187
1688

1810

1813

i 1H1'
1B3°

< 188"
1B814°

14 2B1
2B2

{0 284
285

)5 288
i 2B9

24 ; 2810
2B11

0 S eBad
2817

w 2837
287

S 2814’
3B2

L :SH\_S
386

34 3JB11l
jB12

i 3B13
3B14

Ju 3817
JH18

i) 3819
3g7’

4 3814’
3815

ad 3819’
4B1

46 483
485

au 487
4H9

e 4810
4411

4114

4H15

4816

. 4B17

4818

4U1b'

- 285 -

NO
e

21.25
20.62
20.03
20.68
18,65
20.08
20.43
2115
20,77
20.93
20,42
20,30
20.08
19.41
18,90
19.00
19,04
20.63
19.65
20.38
20,70
21.58
19.88
18.44
20.62
19.63
19.59
18.77
20.32
19.21
19.72
19.10
20.05
20.74
21.352
18.05
21.22
18.77
19.78
20.08
20.32
20.48
16,89
19.85

20,43 ™

19.38
20.89
20.76
19.74
20,54

HWo 4

MV
2.05
1.42

Q.83
1.48
=0.95
0.08
123
1.95
1.57
173
1.22
110
0.488
0.21
=0.30
-0.20

~0.16

1.43
0.45

R RN

1.50
2.68
0.68
-0076
1.42
0.43
0.59
-0.43
1:12
0.01
0.52
-0.10
0.85
1.54
2edd
«14.15
2.02
-0.43
0,58
0.88
1:.12
1.28
-2031
0.65
0.91
0.18
1.69
1.56
0.>54
1.34

B=V
=0.40
0.14
=-0.,12
-0.23
-0.14
0.37
-0.04
-0.11
=0,13
=0.11

1 -ugl_l

-0.17
+0.26
=0.25
'0.32

0.82
'0921

0.09

 =0.18

0.44
0.34
. =0.29
"~ 0,65
=-0.24
0.02
o § B B
0.65
-0.29
0.13
-0.13
0.07
-0.37

—0012 I

0.28
0,04
0.87
-0,04
-0.11

_"-0 .22

0.21
0,40
0.24

-0028 i

-0.23
=0.28
0.02
0.16
0.08
-0.22
0.21

.




22

24

2

36

Al

44

CLUSTER

REG]ON

STAR
1C2
1C3
1C5
1Cé6
1C7
1C9

iCi1

1612

163

4C13’
2C1
2C2
2C4
2C5
2C6
2C8
2C9
2C11
2c12
2C13
2C14
2ch’
2C6'
3C1
3C4
3C8
3C9
3C14
3C15

o850«

369

3Cc10’
3C12°
3C13
4C3
4C4
4C6
4C7
4C14
4C4’
4C5°
4C6"
4C7°
4C10°
4C11’
4012’

- 286 -

NO
3

20.87
17.89
20.58
20,43
20.90
19.41
1767
19.47
20.72
20.36
20.00
16.57
18.13
20.59
19.80
19.60
18,23
20.90
19.76
19.15
18.78
20.61
21,35
15.91
16.41
16,15
21.07
19.31
19.44
20.88
1910
2027
21.70
19.62
18.06
19.40
19.62
20.40
19.75
20.15
20.17
20.28
20.61
19.85
19.80
19.05

HWG4

MV
167
gy G
1.38
1.23
1.70
0.21
-1,53
0.27
1.52
1.16
0.80
-2.63
-1.07
1.39
0.60
0.40
-0.97
1!70

0.56

-0.05
=D .42
1.43
2.15
=3.29
2479
-3.05
1,87
11 )
0.24
1.68
-0'10
1.07
2.50
0.42

=1.14

0.20
0.42
1.20
0.55
0.95
0.97
1.08
. 1+41
0.65
0.60
-0.15

B-V
=-0.53
0.72
=-0.02
-0.12

-0,20"

0.00
1.07
-0.09

0.35

0.06
.51
1.354

_0.89

0.28

Sy, E e e

0.53
'Olio
-0.13

0,50

0.51

g 45

U
-0.34
0.79
0,28
0.07
0,10
0.51
-0,30

e o aeigaaa:

0.61
-0.21

-0,30

-0.26
-0.06
-0.04
0.45
0.35

~0.06

0.17
-0,14
0.20
-0.12
0.03
0.45
0.45




i

[T

W

22

pe]

26

Ju

A0

“au

LY

CLUSTER
REGION

STAR
101
102
1D3
105
1D6
1D7

iD12

1D13
1D7°

108
2D1
2D2
2D3
2D6
2D7
208
2D9

2D11

2D14
2D15
2D5’
2n8’
D12’
301
3D2
3D3
3D6
3U7
3D9

311

3D1°

304"
405
4D6
4D7
4D9

4D14

4n15

404"

4D5°

NO

4

15.91
19.46
1925
20.12
16,79
18579
19.21
17.84
20.53
20.69
19417
17.53
19.65
19.91
20.08
19.16
20.62
19.97
19.84
20.35
19,21
20.85
21.18
20.40
19.52
17.88
18.55
19, &7
20.22
17.74
21.01
16.93
19.34
19.98
19.17
20.00
20.37
19.76
20.10
21.10

- 287 -

HWO 4

MV

=3.29
0.26
0.05
0.92
-2.41
-0.41
0.01
-1.36
1133
1.49
-0,03
-1.67
0.45
0.71
0088
-0.04
1.42
Q%77
0.64
1,415
0.0
1.65
1.98
1.20
0,32
-1.982
-0.65
0.07
1.02
-1.46
1.81
-2.27
0.14
0.78
-0.03
0.80
P
0.56
0.90
1.90

B=V
-Dt68
=0.12
-0.15
-0.06

0.71.

0.67
-0.18

1 )37 474
-0,08
-0.15
~0.27
-0.27
-0.,29
-0.11
-0,14
-0.14
'0-03
-0.10

R
. =0.24

0.06
-0,26
0.00
-0.29
0.61
"0!13
0.56
0,00
-0.45
-0.10
1.25
-0.14
-0.27
0.58
-0.04
~0.38
-0.27
-0.15
-0.18




»2

pli]

0

2

16

30

32

. 34

36

gl

A4l

e

END

SRUN;

CLUSTER

REGION

STAR
1E3
14
1E5
1E6
1E7
1E9

1E10

1F1°
1E3’
2E1
2E3
2E5
2E6
2E7
2E8
2E9
2E11
2E4°
3E1
3E2
3EB8
3E11
3F13
3F15
3E7!
3E12'
4E1
4E3
4E4
4ES
4E6
4E7
4E9
4E13
4E14
4E16
4E2"
4ET7 "
4E1%"

NO
5

v
19,68
19.84
19.33
20.23
20.40
19.70
19.33
20.82
17.46
19.76
20.87
20.29
19.04
20.70
20.41
19.30
20.54
20.69
20.01
17.60
20.80
19.36
19,59
18,97
20.27
19.85
18.18
19.40
18.35
18.86
18.93
19.62
19.61
19.27
20.65
19.61
20.02
20.77
20.08

(BB -~

HW64

"MV
D.48
0.64
0.13
1.03
1,20
0.50
0,13
1.62
=1.74
0.56
1.67
1.09
'0_116
1.50
1.21
0.10
1034
1.49
0_'61
-1.60
1,60
0.16
0.39
-0.23
1.07
0.65
g 601 1
0.20
-0.85
-0.34
-0.27
0.42
0.41
0.07
1,45
0.41
0.82
1.57
0.88

B~V
=0.06
0.33
0.55
-0.05
0.07

~-0.46

_"'0 29

0.37
-0.21
-0.46

'0_001_

=0.16

 0.38

0.54

0.27

0.72
0.03

=007
=f.al

1 108 |
-0.12
0.70
0.09
0.44

=0.05
-0.05

1,77

-0.12

0.87

S e0L06 O

-0,10
-0.40
=0.,383
-0.38
0,26
=0.17
0.05
0.22
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N ¥ w 200 =

CLUSTER NO E107 |
s REGION 1
STAR v MV B=-V
2 17.40 -1.80 032 R
' 3 18.09 -1.11 0.21 e
4 18.19 -1.01 0.27 1
5 16.42 -2.78 0.13 il
8 17.00 -2.20 -0.16 .
: 9 17.99 ~1.21 0.96 i
10 18.38 -0.82 0.25 .
12 16.71 -2.49 1.41 I
13 20.15 0.95 0.18 e
22 19.93 0.73 0.10 :
34 19.72 0.52 0.20
35 19.868 0.68 0.12 \
37 19.18 =0.02 0.50 B
38 17.44 -1.76 0.99 il
39 19.48 0.28 0.14 ;
42 19.55 0.35 = 0,03 _ |-
43 19.04 -0.16 0.64 e
W 47 1.8:.05 =1 .15 B Ll
[ 49 19.08 -0.12 -0.37 i
40 50 19.77 0.57 0.06 =il
51 18.14 -1.06 0.71 i
12 55 19.52 0.32 0,30 == [l
57 18.81 -0.39 0.59 5
34 61 19.99 0.79 0.05 i
62 19.94 0.74 30 \ il
36" 63 20.13 0935 0,51 : ' [
65 20.08 : 0.88 -0.24 b
3 66 19.68 0.48 0.11 I
67 19471 B 51 0.31 Ll
68 20.14 0.94 0.02 I
69 18.62 -0.58 0.68 :h
70 15.97 -3.23 0.04 g
74 18.17 -1.03 -0.13 i
ad 72 18.70 -0.50 -0.22 il
73 19.20 0.00 -0.13
46 75 18.74 -0.46 0.54 g
75 . 19.15 -0.05 0.04 h
REGION 2
52 STAR v MV B-V ol
. 16 18,76 -0.44 =0. 05 e
54 17 19.13 -0.07 0.72 i
21 19.72 0.52 0.53 s
23 18,75 -0.45 0.67
24 19.33 ., 0.13 0.55 |
26 19,18 -0.02 0.84
27 20.32 1.12 -0.27 ;
29 17.24 -1.96 1.07 =
50 19.39 0.19 -0.26 \
31 18.35 -0.85 0.93 ;
32 19.45 0.25 0.354 i
&a 3.3 18.85 -0.35 0.66 . e |
' 41 1729 -1.91 s ;
o 44 1731 ' -1.89 037 i
45 14.53 -4.67 -0.54 ;
46 17.87 -1.33 a3 ;
48 19.16 -0.02 -0.30 :
59 19.58 0.38 0.37 L i

AR 60 20.25 1.05 0.33 '






CLUSTLER

ReulLUN

STAR
52
43
44
45
47
10
14

P 29
30
$1

N e e 7R AN

2

Rit:G I ON

STAR

12
a
27

43

db
J6
40
41
4
44
51
by
5d
61
63
Lo
oY
Sy’

- 292 -~

NO

1

19.1$
19.44
19.44
19,54
17.b85
17.80

18,99
18.88
19.05
17.39
15,75
16.67
16.70
18.20
18.82
18.865

v
n B Qe il
17.49
15.81
17.23
16.90
19.40
17, 79
19.64
18.71
19.01
18572
17.97
18.96
19582
15740

14,52 -

1925
19.08
18.00
1512
18.30
19.24
17«72

MV
-UIU7

0.14

- 0.14

-1.35
=1.40
-3.45
=-0.21
-0.32
-0,15
-1.81
-3145
-2.93
=2.20
-1.00
-0.38
-0.3$5

MV
-1.95
-1.41
-3.39
-1.97
-2.40

0.20
-1.41

D.64
-0.49
=0.19
-0.48
-1.23
-0.24

0wl
-1.34
’0-68

0.05
-0.12
~U.00
-0.08
-0.90

0.08
-1.48

B=V
0.65
0.17
0.13

“0.33
1.14
0.11
1.11

_'U:lﬁ__ﬂ.A"

-0.07

'.'“!55“. Ant

'0016
-0,18
-0022
«0,17

0.79

Dadd . ...

0.05

B-V
0.14
1.07

-0.77
0.92
0.98
U.43
.81

-0.06
0'59
0.47

-0.17
1.06
0.04
.46
0.76
0,99
0.95

-0.16
D.40
0.15
0.07
0.10
0.93




. __ Cluster _wo  El02 :
REGION 3 ' b
. Tl
STAR Vv MV B-V fl
14 17.96 -1.24 -0.04 |
16 19.69 . 0.49 0.01 i
15 19.52 0.2 0.13 1
17 19,67 0.47 -0,29
) 18.51 -0.69 0005 I
19 18.75 -0.45 0.73 ,
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