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Abétract

The B Cephei stars are a sub-group of pulsating B-stars that pulsate with periods of
between 1.6 hours and 7.7 hours. These population I stars have spectral types between
09 and B3 and the luminosity classes ranging from I to V. The pulsations in 5 Cephei
stars are driven by the x-mechanism, which operates at the temperature of 2x10° K.
This mechanism in [ Cephei stars is highly sensitive to the metal content of the star.
Theoretical models showed that the x mechanism in 3 Cephei stars depends strongly
on metallicity, and that § Cephei pulsations disappear at metallicities of less than
0.01. However, in 2002 3 Cephei stars were discovered in the Large Magellanic Cloud
(LMC). This discovery created a discrepancy between theory and observations because

the metallicity of the LMC was measured to be less than 0.01.

The initial aims of this thesis were to search for new g Cephei stars in the LMC
using the OGLE database, to observe the target stars and to perform period analyses of
the discovered extragalactic # Cephei stafs. However, due to time constraints we only
present colour-magnitude diagrams and My vs (B-V) diagrams of observed LMC stars.
To obtain these diagrams, we searched for candidate [ Cephei stars in the LMC. The
search was done by performing Fourier analysis of the light curves we obtained from
OGLE II database. From thg list of promising 3 Cephei candidates, we selected those
with the largest pulsation amplitudes. The observations of the three selected candidates
were done in three observation campaigns. The data obtained was reduced using three
CCD reduction programs. The first program (Duphot) was found to be not suitable for
dealing with our crowded field images. The data was eventually reduced using DoPhot
and ISIS. Since ISIS was designed specifically for crowded field images, comparing its
output to the output from DoPhot showed that DoPhot was capable of producing rea-
sonable photometry. However, the reduced magnitudes from both programs could not

be compared directly due to different magnitude units produced.

The reduced output from DoPhot was used to plot the colour-magnitude diagrams

of LMC fields we observed. Since we did not observe standard stars, we used the



magnitudes of stars from the OGLE II fields that correspond to the stars in the fields we
observed, in order to lstandardize magnitudes. The resulting standardized magnitudes
were used to plot colour-magnitude diagrams and the My vs (B-V) diagrams of the
fields we observed. By marking the My and (B—V) ranges of 3 Cephei stars, we found
that there are eleven stars from LMC_T1 and seven stars from LMC_T13 located within
these ranges. This gives a preliminary indication that we have found 18 ,6 Cephei stars
in LMC. Conclusive results will be made once we perform period analysis of the data

of the 18 3 Cephei candidate stars.
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Chapter 1

Introduction

This thesis is a contribution to the study of asteroseismology of B stars. Asteroseismol-
ogy is a study of the internal structure of pulsating stars by analysing their pulsation
characteristics such as frequency. From the pulsation frequencies it is possible to deter-
mine the pulsation modes of a star. The pulsation modes are important because they
provide information about the internal structure of the stars. The other importance
of knowing pulsation modes of pulsating stars is that they give information about how
the stars pulsate. A pulsation mode in stars is defined by three quantum numbers: n,
| and m. These numbers are pulsational spherical index (/) which represents the total
number of nodal lines on the surface of a star, the overtone (n) which represents the
number of nodal points along the radial direction as the wave propagates inside the
star, and the azimuthal order (m) which is the number of nodal lines parallel to lines of
longitudes on the surface of the star. Studying pulsations in stars is important because
waves causing pulsations propagate all over the stellar body, and this allows us to study
parts of the star that are otherwise inaccessible and hence enhances our understanding

about the interiors of stars.

Our focus in this thesis is on 3 Cephei stars, which are members of pulsating B stars.
Several types of stars show pulsations in their light curves and spectra, these different
classes are shown in Fig. 1.1. This figure also shows the instability strip of 3 Cephei

stars and other pulsating stars.
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Figure 1.1: A figure showing instability strips of various pulsating stars in the HR diagram.
The instability strip of 3 Cephei stars is on the upper main-sequence. The dashed line shows
the zero-age main sequence, the continuous curves are selected evolution tracks, the dot-
dashed line is the horizontal branch and the dotted curve is the white-dwarf cooling curve

(taken from Christensen-Dalsgaard 1999).



The § Cephei stars are pulsating B sﬁars, their pulsations are driven by the x mech-
anism and this mechanism is strongly dependent on the abundance of iron-group ions.
Theoretical models predicted that the pulsations in § Cephei stars disappear if such
stars are located in a low metallicity (Z < 0.01) environment (Kolaczkowski et al. 2006).
This was confirmed by Miglio et al. (2007), where improved opacities and metal abun-
dances were used. They found that there are no 3 Cephei model showing pulsations for
metallicities less than 0.005. However, the OGLE data obtained for clusters in the Mag-
eﬂanic Clouds showed the presence of 3 Cephei stars (Pigulski & Kolaczkowski 2002),
this brought a discrepancy between theory and observations because the metallicity of
Magellanic Clouds is low compared to the theoretical metallicity cut-off for 3 Cephei
pulsations. For the Small Magellanic Cloud (SMC) the values of 0.001 < Z < 0.004
were measured (Maeder et al. 1999), and Z = 0.007 for the Large Magellanic Cloud
(LMC) (Martayan et al. 2008).

Since the targets observed in OGLE were observed through BVI filters only, this
means that the OGLE database does not have all colours data. Our aims were to
search and perform period analysis of § Cephei stars in the LMC from their multi-
colour data. In order to do that, we selected B stars from the OGLE II database. A
selection was made from LMC'’s targets which are not brighter than 14.0 magnitude and
not dimmer than 16.5 magnitude. From the extracted stars, we searched for possible 3
Cephei stars. Having the candidate 8 Cephei stars, we took observations of those stars,
and used the acquired data to construct the HR-diagrams. Due to time constraints we
could not do frequency analysis of the reduced data to conclusively prove that we have

detected new 3 Cephei stars.

This thesis is structured as follows, it consists of two parts. The first main part
is divided into five chapters. The first chapter gives the literature review of B stars,
B Cephei stars (Galactic, LMC’s and SMC’s), SPB stars and Be stars. The problem
definition and the objectives of our study as well as a brief description of OGLE project

are also given in chapter 1. The second chapter discusses the selection criteria for our



targets as well as the details of the obsefvations we took. The reductions of the data
collected as well as the computer programs used are explained in chapter 3. Chapter 4
presents the results and chapter 5 gives final remarks about the project research. The
second part of this thesis is an appendix and contains the additional information such

as computer codes I wrote to perform various manipulations and analysis of the data.

1.1 B stars in general

This section gives a brief classification of stars according to their temperature, it nar-

rows to explaining B stars and their general properties.

At the beginning of the 20 century Annie Jump Cannon designed the spectral
classification method for stars according to their temperature and the strength of the
spectral lines (absorption and emission lines due to atoms on their atmospheres). This
classification method was designed using letters 0, B, A, F, G, K and M such that
stars classified as O type have the highest temperature (hottest) and M stars be the
coolest stars. Within this classification are B stars which are the second hottest stars
after O stars. Each of these spectral types were subdivided into ten subclasses, by in-
troducing a numerical suffix to the classification letters mentioned above. This means
that, for example, B stars were subdivided into BO, Bi1, B2, B3, B4, B5, B6, B7,
B8 and B9 with BO stars being the hottest of all B stars. The subject of this thesis, 3

Cephei stars, are members of the B star class.

The B stars are hot blue and white stars whose spectra show very strong absorption
lines of neutral helium (HeI). Their brightness ranges from the less luminous and less
massive subdwarf and white dwarf stars, through the main sequence, core hydrogen
burning stars to massive and luminous supergiant stars. The Hel absorption line is
mostly strong in B2 stars, which are the third hottest B-type stars. Their spectra also
show the absorption lines of neutral hydrogen (HI) and some show an emission line in

Ha. The B stars have a typical surface temperature range of between 10000 K for B9

(@)



stars and 30000 K for BO stars, and they radiate most of their energy in the ultraviolet
(Kaler 1997). Studies showed that luminous, main sequence B stars are not only hot
but also massive. This makes them to evolve faster as well because they burn hydrogen

in their cores faster.

There are various subclasses of B stars, these include normal B stars which are not
pulsating. Their non-pulsating behavior is explained by Cox et al. (1992) as due to
existing deficiency in iron abundance in their interiors, resulting in the reduced opacity.
There are also B stars whose brightness changes with time. Among these variable B
stars are Be stars, SPB stars, J Cephei stars and Bp stars. A brief summary of the

properties of these B variables is given in sections 1.2, 1.5 and 1.6.

1.2 [ Cephei stars

The 3 Cephei stars are population I B-type stars. The population I stars are the third
generation of stars that have high metallicity compared to the other two older popu-
lations (i.e. II and III). The 3 Cephei stars used to be called 5 Canis Majoris stars
because # Canis Major is the first star of this class to be discovered, however the usage
of the name [ Cephei brought a confusion with classical Cepheids and hence the name
B Canis Majoris was promoted to avoid such confusion. Stankov & Handler (2005)
define  Cephei stars as “massive non-supergiant variable stars with spectral type O
or B whose light, radial velocity and/or line profile variations are caused by low-order
pressure and gravity mode pulsations“. This definition was inspired by the fact that 3
Cephei stars are not the only known B pulsators, it was also inspired by the overlap in
characteristics which occur among B-type pulsators, for instance, some Be stars and Bp
stars also show the characteristics of 3 Cephei stars. The above definition of 3 Cephei
stars suggests that some late 0 stars also show [ Cephei characteristics. In fact, the
observational boundary of the instability strip of § Cephei stars is still not accurately

known. The 3 Cephei stars cannot be classified according to their pulsation modes



since no extensive mode identification has been done on these B pulsators (Stankov &

Handler 2005).

The 3 Cephei stars have been studied since the beginning of the 20** century, and
they were first defined by Lesh & Aizenman (1978) as a group of variables, having
spectral type B, with light and radial velocity variations. The period of light variation
ranges from three to seven hours. Lesh & Aizenman (1978) restricted the spectral type
of 3 Cephei stars to B-type only whereas Stankov & Handler (2005) included late O
stars. The other thing is the pulsation period range, which is narrower from Lesh &
Aizenman (1978). These could be because the number of 3 Cephei stars known at the
time of Lesh & Aizenman (1978) was small. However, Pigulski & Pojmanski (2008) dis-
covered 103 new 3 Cephei stars. This discovery doubled the number of known Galactic
[ Cephei stars and most of the discovered 3 Cephei stars showed low frequency periodic
variations, which make them candidate hybrid 3 Cephei/SPB pulsators. Some of the
B Cephei stars discovered by Pigulski and Pojmanski (2008) have spectral types 08
and 09. This validated that some late O stars have § Cephei characteristics and that
the spectral type range of 3 Cephei stars reported by Lesh & Aizenman (1978) was

influenced by small number of these stars known then.

1.3 Photometric properties of 3 Cephei stars

This section gives the photometric properties of 3 Cephei stars, and because members
of these stars were recently discovered outside the Milky Way (Pigulski & Kolaczkowski
2002), we distinguish Galactic 3 Cephei stars from those in the LMC and SMC. Even
though 3 Cephei stars were initially discovered through spectroscopic techniques, they
were later studied in detail using photometry. The following subsection outlines photo-

metric properties of 4 Cephei stars in the Milky Way.

~I



1.3.1 [ Cephei stars in the Milky Way

Looking at photometric searches and studies of 3 Cephei stars in the Milky Way, the
first photometric study was the discovery of the variability on the light of 3 Canis
Majoris by Guthnick in 1913. The light variability of 8 Canis Majoris was found to
have the same period as the radial velocity variations and had the amplitude of 0.05
magnitude (Sterken & Jerzykiewicz 1993) which is half of the typical émplitude for
variabilities in § Cephei stars. The typical value of the amplitude of light variability of
B Cephei stars was reported by Lesh & Aizenman (1978) to be 0.1 magnitude, with an
exception of one 3 Cephei star known to have the highest light variability amplitude.
This is BW Vulpeculae, which has light variability amplitude of 0.2 magnitude in the
V-band. This value is colour-dependent because it increases to 1.2 magnitude in ultra-
violet. BW Vulpeculae has a pulsation period of about five hours and this was reported
to be increasing at the rate of two seconds per century (Sterken & Jerzykiewicz 1993).
However, a typical light variability amplitude of 5 Cephei stars reported by Lesh &
Aizenman (1978) turned out to be due to an observational bias from the limited pho-
tometric accuracy at the time, this is because the lower amplitude [ Cephei stars had

been discovered (Pigulski & Kolaczkowski 2002).

Intensive searches of J Cephei stars were conducted by Struve in the nineteen fifties,
such searches were spectroscopic and their findings are discussed under spectroscopic
properties of 3 Cephei stars (see section 1.4). From the many photometric searches of

Galactic 3 Cephei stars, below we summarize the findings of those searches.

The search by Walker (1952) observed 55 early B stars in an attempt to discover
those showing 3 Cephei characteristics. From her photometric analysis, only three
stars showed significant variabilities in their light curves and one of the three was found
to show B Cephei variability. This star was v Eridani, which is a B2 star with the
luminosity class of III. The brightness properties of this star, as reported by Walker
(1952), are shown in Table 1.1.



Filter | Magnitude

\Y 3.92
U 2.82
B 3.739

Table 1.1: A table showing the magnitudes of v Eridani, a 3 Cephei star which was discovered
by Walker (1952).

It can be seen from Table 1.1 that v Eridani is a bright 8 Cephei star. It is multi-
periodic with two pulsation periods of 0.17351 day and 0.1779 day. The pulsation period
was found to be changing at the rate of -1.11 seconds per century by Lesh & Aizenman
(1978). The recent study of v Eridani by Jerzykiewicz et al. (2005) showed that this
star has more than two pulsation periods. The multisite photometric observing cam-
paign, which was devoted to v Eridani, increased the pulsation frequencies of this star

to 12 high and two low frequency modes.

Seven years after Walker’s (1952) discoveries, Lynds conducted another search of
B Cephei stars using an EMI 6094 1 photo-electric tube, which was mounted on a
0.5-m reflecting telescope of Mount Palomar Observatory. Lynds (1959) observed only
one early B-type star HD21803 and found a light variability with the period of about
4.8 hours, and an approximate brightness variation amplitude of 0.1 magnitudes. The
brightness variation from night to night led Lynds (1959) to speculate that it was likely
that HD21803 was a multi-periodic star. From the report of the discovery of this
star, Lynds (1959) claimed that ” The light-range is seen to change from 0.110 mag, on
September 15 to 0.070 mag, on September 16.“. HD21803 is a B2 star with luminosity
class of IV and an absolute magnitude of -2.9 magnitudes. Fig. 1.2 shows the light
curves of HD21803 as presented by Lynds (1959).
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Figure 1.2: A plot showing light variations of HD 21803. The vertical axis has the magnitude
differences of HD 21803 and comparison star in yellow light (taken from Lynds 1959).
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The search following that of Lynds (1959) was conducted in 1967 by Graham Hill at
Kitt Peak National Observatory. Hill (1967) observed 153 early B stars using a 16-inch
telescope. The observations were motivated by two reasons, firstly it was to determine
the precise extent of 5 Cephei phenomenon and secondly, it was to discover evolution-
ary state of the 3 Cephei stars. The sample of stars observed during this search was
selected from nearby stars as well as from Galactic clusters. The selected stars had
spectral types ranging from 09 to B5 and the luminosity classes ranging from class II
to class IV. The spectral type range was chosen to increase the chances of discovering
new [ Cephei stars as the then known members were having spectral types ranging
from BO to B3 (Hill 1967). Identification of 3 Cephei stars from observed targets was
done by looking at the periodicities of less than one day in their light curves. Out of

153 observed stars, 24 were reported to be new [ Cephei stars.

Another search for 3 Cephei stars was conducted by Mikola Jerzykiewicz in 1972. He
observed the stars which were selected on the basis of their MK spectral classification,
and he used a 24-inch Air Force telescope of Mauna Kea Observatory. This telescope
was equipped with an EMI 62565 1 photo-electric tube. The data was taken through
a Stromgren b-filter and the obtained light curves showed that the star, HR 6684 was
showing a light variability with the period of 0.13989 + 0.00001 day. Because of this
period, Jerzykiewicz (1972) suggested that HR 6684 should be classified as a member of
the 3 Cephei variables. This was because HR 6684 has the same photometric properties
as d Ceti, which is a bona fide 3 Cephei star. The other reason was its location on the
VHR—diagram, its MK spectral type of B2 IV-V placed it close to the instability strip of
B Cephei stars. However, whether HR 6684 was to be considered as 3 Cephei star or
not was a matter of spectroscopic confirmation. The light curve of HR 6684 is shown

in Fig. 1.3.
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Figure 1.3: A Stromgren b-filter light curve of HR 6684 measured by Jerzykiewicz (1972),
during a search for new 8 Cephei stars. The bottom dotted-curve is the magnitude difference

of comparison stars (Taken from Jerzykiewicz 1972).

The southern hemisphere search for 5 Cephei stars was conducted by Balona (1977).
These photometric observations were done with a 0.5-m reflecting telescope of the South
African Astronomical Observatory. In this search Balona (1977) observed thirty-one
candidates, eleven stars showed J Cephei characteristics. The properties of the discov-
ered [ Cephei stars are given in Balona (1977), showing spectral types ranging from
09.5 to B3, with luminosity classes ranging from IITI to IV. Balona (1977) plotted the
HR-diagram (M, vs log Teg) of discovered 3 Cephei stars, this is shown in Fig. 1.4.
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Figure 1.4: A plot showing HR-diagram of stars Balona (1977) observed. The curved line is
a semi-empirical Zero-Age Main Sequence (ZAMS), dashed line next to ZAMS is a theoretical
ZAMS. The upper two lines show theoretical region of post main sequence evolution (Taken

from Balona 1977).

Not too long after that, Balona (1983) conducted another search in the Galactic
cluster, NGC 6231. In that search, three new 3 Cephei stars were discovered from the
list of thirty-five observed candidates. The discovered 3 Cephei stars have pulsation
periods of 0.10 day, 0.07 day and 0.11 day (Balona 1983). These 3 Cephei stars were
concluded not to have evolved very far from the zero-age main sequence because their
host cluster is young. This conclusion posed the idea that an instability strip of 3 Cephei
stars, which was theoretically found to be one magnitude above and parallel to zero-age

main sequence, appeared to be the result of observational selection effect (Balona 1983).
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Then there was another 3 Cephei search in Galactic cluster, NGC 4755 by Chris
Koen in 1993. Three stars were found showing 3 Cephei characteristics. Koen (1993)
found that one of the three 3 Cephei stars he discovered was already known and was
discovered by Jakate (1979). Their three 5 Cephei stars F, G and I have spectral types
B2 III,B0.5 Vand B1 Vrespectively. A known 8 Cephei star F was found to be multi-
periodic with pulsation frequencies of 4.89 and 6.16 cycles per day. Theramplitude of
these frequencies were reported to be 7 mmag and 6 mmag, respectively. The second
B Cephei star G was also found to be multi-periodic with three frequencies given as
6.62, 6.33 and 0.21 cycles per day and the other g Cephei had just a single pulsation
frequency of 5.59 cycles per day (Koen 1993).

There were also studies of 5 Cephei stars in binary systems, they include two eclips-
ing systems in Stock 14, a young open cluster. One eclipsing system consists of can-
didate  Cephei star HD 101794 and the other system of another candidate 3 Cephei
star HD 101838. The light variability of these two suspected 3 Cephei stars was verified
to be due to eclipsing binary and pulsations by Drobek et al. (2010). HD 101794 was
found to have the orbital period of P,., = 1.4632 days while HD 101838 was found
to have P,;, = 5.41167 days. Drobek et al. (2010) analyzed the light curves of these
stars by performing Fourier transform and used the orbital periods mentioned above to
show that the pulsation frequencies of HD 101794 is f; = 4.4482 cycles per day and f;
= 1.8760 cycles per day, and that for HD 101838 is f = 3.1299 cycles per day. Figs. 1.5

and 1.6 show the frequency spectra of these two stars.
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Figure 1.5: A plot showing frequency spectra of HD101794. The panels from the top show the
spectra in the sequence of prewhitening, the top panel marked (a) shows the first frequency,
middle panel (b) shows the second frequency with the first frequency peak removed and the
last bottom panel (c) shows a spectrum with all significant peaks removed (taken from Drobek

et al. 2010).
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Figure 1.6: A plot showing frequency spectra of HD101838 in the sequence of prewhitening
from the top spectrum, top panel (a) shows the only frequency peak found and the bottom

panel (b) is the spectrum with the peak removed and mostly showing noise (taken from Drobek

et al. 2010).
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The recent discovery of new /3 Cephei stars was done by Handler & Meingast (2011).
Their search was done on the galactic cluster, NGC 637. Five stars, one of which was a
known [ Cephei star, were found to be showing 3 Cephei characteristics. These stars
are reported by Handler & Meingast (2011) to have made NGC 637 one of the six young
clusters with significant number of § Cephei stars, the other clusters with significant
number of 5 Cephei stars are NGC 884 (Pigulski 2004), NGC 3293 (Stankov & Handler
2005), NGC 4755 (Koen 1993), NGC 6231 (Balona 1983) and NGC 6910 (Saesen et
al. 2010). The three newly discovered [ Cephei stars (i.e. NGC 637 1, NGC 637 7
and NGC 637 138, which are clearly stars 1, 7 and 138 of NGC 637) by Handler &
Meingast (2011) were found to be multi-periodic. Their light curves together with their
prewhitened frequency spectra are shown in Figs. 1.7, 1.8, 1.9, 1.10 and 1.11. The
other features shown on these figures are light curves of the two previously known /3

Cephei stars.
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Figure 1.7: A plot showing light curve (left) and frequency spectra (right) of 3 Cephei star
NGC 637 4. The frequency spectra are in the order of prewhitening from top to bottom (taken

from Handler & Meingast 2011).

-30 r—p—————— :
-0 5 % 3 £ S
_“ K o _{ T4 % E =
_ 18 -\ _M?/\: ; \< o5&
53 20 & I i I e = £
E 30 1 3l PO R 1 -‘i'- " o i | :; _
z 1.2 39.2 39.4 404 56.457.2 = B
~ :gg e e e o & ] £ 8
z o f % 3
E j + B2 3 =
9 -/\i _-_A’A"V __\(’# 3 2
20 F = = X 3
30 O S P G I i S 1 s 0 i dul, 1 LRI A
58.2 58.4 58.4 81.4 62.4 0 5 10 15
HID 2455560 + Frequency (d™})

Figure 1.8: A plot showing light curve (left) and frequency spectra (right) of 3 Cephei star
NGC 637 1. The frequency spectra are in the order of prewhitening from top to bottom (taken

from Handler & Meingast 2011).
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Figure 1.9: A plot showing light curve (left) and frequency spectra (right) of 3 Cephei star
NGC 637 7. The frequency spectra are in the order of prewhitening from top to bottom (taken

from Handler & Meingast 2011).
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Figure 1.10: A plot showing light curve (left) and frequency spectra (right) of 3 Cephei star
NGC 637 138. The frequency spectra are in the order of prewhitening from top to bottom
(taken from Handler & Meingast 2011).
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Figure 1.11: A plot showing light curve of suspected 3 Cephei star NGC 637 6 (taken from
Handler & Meingast 2011).

The [ Cephei stars are among the most studied B stars, and there is plenty of
literature on these stars. To conclude the photometric studies of Galactic 5 Cephei

stars, the following subsection gives a summary.

1.3.2 Summary of photometric properties of Galactic 5 Cephei

stars

From the analysis of data published in the past 100 years, Stankov & Handler (2005)
were able to come up with the general properties of confirmed [ Cephei stars. All
analyzed [ Cephei stars have the luminosity classes ranging from I to V, with Bl
stars dominating at the luminosity classes of IIT and V, followed by B2 stars at the
luminosity classes of III and IV. This is presented as a 3-D histogram of spectral types
and luminosity classes by Stankov & Handler (2005), and such histogram is shown in

Fig. 1.12.
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Figure 1.12: A 3D plot showing the distribution of 5 Cephei stars according to their spectral

class and luminosity class (taken from Stankov & Handler 2005).

It can be seen from Fig. 1.12 that all 8 Cephei stars have spectral types ranging
from BO to B3, where Bl types with luminosity class V are the majority as it can be
seen from Fig. 1.12. The luminosity class reported is in agreement with the one on the
review of 3 Cephei stars by Sterken & Jerzykiewicz (1993), however the spectral types
differ. Sterken & Jerzykiewicz (1993) reportlzed the spectral type range from BO.5 to
B2. This could be due to the small sample, consisting of 21 confirmed 3 Cephei stars,
from which Sterken & Jerzykiewicz (1992) made their conclusions as compared to the
sample of 93 confirmed [ Cephei stars from which Stankov & Handler (2005) made their
conclusion. The spectral range differences could also be due to the fact that Stankov &
Handler (2005) re-analyzed some results from previous publications, and their analysis

showed that 61 B stars reported as 3 Cephei stars were actually not.

The period analysis of 93 3 Cephei stars by Stankov & Handler (2005) showed that
the photometric periods of those stars range from 0.0667 day to 0.32 day. The his-
togram of all 93 /3 Cephei stars shows that most of them have periods between 0.16 day
and about 0.175 day, this is shown in Fig. 1.13.
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Figure 1.13: A plot showing the distribution of Galactic 3 Cephei stars with pulsation period

by 2005 (taken from Stankov & Handler 2005).

The 8 Cephei stars reported on this 2005 review were brighter than 12 magnitude,
and most of them have V-magnitudes between 9 and 10. However, there was one 3

Cephei star with 15 to 16 magnitude as it can be seen in Fig. 1.14.
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Figure 1.14: A plot showing the distribution of Galactic 3 Cephei stars in V magnitudes by

2005 (taken from Stankov & Handler 2005).

By the end of 2005 there were two known 3 Cephei stars with the modes of high-
degree |. The 3 Cephei stars with these modes were reported by Stankov & Handler
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(2005) to have light variability which is difficult to detect. These stars were classified
as [ Cephei stars from their line profile variability and the basic behaviour similar to

those of 3 Cephei stars.

In conclusion, it can be seen that these stars are early B-type stars with MK clas-
sification ranging from BO to B3 and luminosity class ranging from III toL V, with few
B Cephei stars having luminosity classes of I and II (see Fig. 1.12).They pulsate with
high overtone pressure modes (p-modes) and gravity modes (g-modes) with pulsation
period ranging from 1.6 hours to 7.7 hours (Stankov & Handler 2005). This period range
is reported differently by few authors (see for example Aerts, Christensen-Dalsgaard &
Kurtz 2009). Most, if not all, known [ Cephei stars have masses between 8 My and
18 M. It can be seen from figure 6 of Stankov & Handler (2005) that there are few
know [3 Cephei stars with masses greater than 18 M,. Most known g3 Cephei stars have
light variability with an amplitude less than 0.1 magnitude, with an exception for BW

Vulpeculae.

It was not until in 2002 when the very first extragalactic 3 Cephei stars were discov-
ered. The following subsection gives the details of the discovery of these extragalactic

B Cephei stars.

1.3.3 [ Cephei stars in Magellanic Clouds

The very first extragalactic 8 Cephei stars were discovered in the LMC. Pigulski & Ko-
laczkowski (2002) did a thorough analysis of light curves of B stars from the OGLE II
database, supplemented by a MACHO database, of the LMC bar. From their analysis
they discovered the very first three extragalactic 3 Cephei stars with masses ranging
between 10 My and 20 M. This discovery was not expected because of the low metal-
licity of the LMC as compared to metallicity required for 3 Cephei pulsations. However,
the locations of these three 3 Cephei stars on the LMC were reported by Pigulski & Ko-
laczkowski (2002) to be suitable for these stars to have higher than average metallicities.

These 3 Cephei stars were found to be located very close to massive and young LMC
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associations (i.e. LH 41, LH 59 and LH 81). The two of these three 3 Cephei stars were
found to be multi-periodic with pulsation frequencies of f; = 3.49709090 cycles per day
and fy = 3.685343 cycles per day for OGLE052809.21-694432.1, and f; = 3.495009 cycles
per day, fo = 3.816132 cycles per day, f3 = 1.684015 cycles per day, f; = 2.005502 cy-
cles per day and f5 = 5.179046 cycles per day for OGLE051841.98-691051.9. The last 3
Cephei star, OGLE053446.82-694209.8 has one pulsation frequency of f = 4.05160 cycles
per day. All these three 5 Cephei stars are fairly faint and they have the V-magnitudes
of 16.691, 16.748 and 14.327 for OGLE053446.82-694209.8, OGLE052809.21-694432.1
and OGLE051841.98-6