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ABSTRACT

Context. Stellar pulsations in main-sequence B-type stars are driven by the x-mechanism due to the Fe-group opacity bump. The
current models do not predict the presence of instability strips in the B spectral domain at very low metallicities. As the metallicity of
the SMC is lower than Z = 0.005, it constitutes a very suitable object to test these predictions.

Aims. The main objective is to investigate the existence of B-type pulsators at low metallicities, searching for short-term periodic
variability in absorption-line B and Be stars in the SMC. The analysis has been performed in a sample of 313 B and Be stars with
fundamental astrophysical parameters accurately determined from high-resolution spectroscopy.

Methods. Photometric light curves of the MACHO project have been analyzed using standard Fourier techniques and linear and non-
linear least squares fitting methods. The position of the pulsating stars in the HR diagram has been used to ascertain their nature and
to map the instability regions in the SMC.

Results. We have detected 9 absorption-line B stars showing short-period variability, two among them being multiperiodic. One star
is most likely a 8 Cephei variable and the remaining 8 are SPB stars. The SPB instability strip in the SMC is shifted towards higher
temperatures than the Galaxy. In the Be star sample, 32 stars are short-period variables, 20 among them multiperiodic. 4.9% of B stars
and 25.3% of Be stars are pulsating stars.

Conclusions. 8 Cephei and SPB stars do exist at the SMC metallicity. The fractions of SPB stars and pulsating Be stars in the SMC are
lower than in the Galaxy. The fraction of pulsating Be stars in the SMC is much higher than the fraction of pulsating absorption-line

B stars, as in the Galaxy.
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1. Introduction

A significant fraction of main-sequence B-type stars are known
to be variable. The whole main-sequence in the B spectral range
is populated by stars belonging to two well characterized classes
of pulsating variables: the 8 Cephei stars (Stankov & Handler
2005) and the Slowly Pulsating B stars (SPB stars, de Cat 2002).
Both types of stars pulsate due to the k-mechanism acting in the
partial ionization zones of iron-group elements. § Cephei stars
do pulsate in low-order p- and g-modes with periods similar to
the fundamental radial mode. SPB stars are high-radial order g-
mode pulsators with periods longer than the fundamental radial
one.

The k-mechanism in S Cephei and SPB stars has an impor-
tant dependence on the abundance of iron-group elements, and
hence the respective instability strips have a great dependence
on the metallicity of the stellar environment. Pamyatnykh (1999)
showed that the 8 Cephei and SPB instability strips practically
vanish at Z < 0.01 and Z < 0.006, respectively. The metallicity
of the Small Magellanic Cloud (SMC) has been measured to be
between Z = 0.001 and Z = 0.004 (see Maeder et al. 1999, and
references therein). Therefore, it is not expected to find 8 Cephei

* Figures 2, 3, 5-9 and Tables 4—7 are only available in electronic
form at http://www.aanda.org

or SPB pulsators in the SMC. However, as observational capa-
bilities progress, B-type pulsators are found in low-metallicity
environments (see, e.g., Kotaczkowski et al. 2006, and refer-
ences therein). Recently, Miglio et al. (2007a,b) have made new
calculations based on OPAL and updated OP opacities and dif-
ferent metal mixtures. They have shown that the blue border of
the SPB instability strip is displaced at higher effective tempera-
tures at solar metallicity, and that a SPB instability strip exists at
metallicities as low as Z = 0.005. Their calculations, however,
do not predict 8 Cephei pulsations at Z = 0.005.

Another large class of stars populating the B-type main se-
quence are the Be stars. They are defined as non-supergiant
B star whose spectrum has or had at some time one or more
Balmer lines in emission. As the Be nature is transient, Be stars
might exhibit a normal B-type spectrum at times, and hitherto
normal B stars may become Be stars. Classical Be stars are phys-
ically understood as rapidly rotating B-type stars with line emis-
sion arising from a circumstellar disk in the equatorial plane,
made by matter ejected from the stellar photosphere by mech-
anisms not yet understood (see Porter & Rivinius 2003, for a
recent review).

Be stars show two different types of photometric variabil-
ity with different origin and time-scale: (i) long-term variability
due to variations in size and density of the circumstellar
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envelope. Variations are irregular and sometimes quasi-periodic,
with time scales of weeks to years; (ii) short-term periodic vari-
ability, with time-scales from 0.1 to 3 days, attributed to the pres-
ence of non-radial pulsations. As pulsating Be stars occupy the
same region of the HR diagram as 8 Cephei and SPB stars, it is
generally assumed that pulsations have the same origin, i.e., p
and/or g-mode pulsations driven by the k-mechanism associated
with the Fe bump. The current theoretical models are not suit-
able to describe the pulsational characteristics of Be stars, due to
the high rotational velocity of these objects.

However, recent developments are contributing to progress
on this issue (e.g. Reese et al. 2006). In a recent study of the
pulsational properties of Be stars in the Galaxy, Gutiérrez-Soto
et al. (2007, hereafter GSO7) have shown that the fraction of
pulsators among Be stars is much higher than in absorption-line
slow-rotating stars in the same spectral range.

The aim of this work is to search for short-term periodic vari-
ability in both B and Be stars in the SMC. We have focused our
research on a sample of more than 300 B-type stars for which
Martayan et al. (2007b, hereafter M07) obtained high-resolution
spectroscopy with the FLAMES instrument at ESO/VLT. M07
have identified the Be stars, provided spectral classification for
the whole sample and accurately calculated the fundamental
astrophysical parameters, including log T and log L/L. This
will allow us to place the periodic variables in the theoretical
HR diagram in order to better understand their nature and to
map the regions of pulsational instability at the SMC metallic-
ity. A preliminary discussion of some of the pulsating Be stars
found in this work has already been presented by Martayan et al.
(2007a).

The search for periodic variability has been done by analyz-
ing the photometric time series provided by the MACHO project
(Alcock et al. 1999). MACHO is a microlensing survey exper-
iment that monitored about 60 million stars in the Magellanic
Clouds and the Galactic Bulge. The time span of the MACHO
observations is large enough to provide a very high frequency
resolution in the spectral analysis and hence allow us to distin-
guish between very close frequencies.

2. Data analysis
2.1. The sample

A total of 198 absorption-line B stars were studied by MO07.
Among them, 4 are not included in the MACHO database
and 8 more do not have measured errors in their photometry.
From the remaining 186 stars, we consider 3 to be Be stars,
since they show outbursts in their light curves (SMC5_074305
and SMCS5_079021) or long-term quasi-periodic variations
(SMC5_082379). These characteristics are typical of Be stars.
The transient nature of the Be phenomenon can explain the non-
detection by M07 of the Ha emission in these 3 stars. Therefore,
the final sample of absorption-line B stars for which we have
performed frequency analysis is composed of 183 stars.

The initial sample of Be stars studied by M07 is composed of
131 objects. 2 of them are not present in the MACHO database,
and 2 more do not have measured errors. On the other hand, we
have added the 3 stars considered to be Be stars as explained
in the above paragraph. Therefore, our sample of Be stars with
MACHO photometry consists of 130 objects. Among them,
4 present a very complex long-term light curve, with bursting
behavior and irregular high-amplitude variations, which prevents
the search for short-term variability. The final Be star sample for

P. D. Diago et al.: Pulsating B and Be stars in the Small Magellanic Cloud

100

W Bstars
90 - Be stars

80
70
60
50

40 -

Number of stars

30
20

10 4

. .
B!

09 B0 B1I B2 B3 B4

- m B _ =

5 B6 B7Y B8 B9 A0 Al AS
Spectral type

Fig. 1. Distribution of our sample of B and Be stars from the SMC as a
function of their spectral types.

which we have performed frequency analysis is thus composed
of 126 stars.

The distribution of our definitive samples of B and Be stars
as a function of their spectral type is presented in Fig. 1. The
spectral classification has been taken from MO7.

2.2. Frequency analysis

The MACHO survey provides photometric instrumental mag-
nitudes for each star in two contiguous “blue” and “red”
passbands, which are labeled B and R. They are at differ-
ent wavelengths than the standard B and R passbands in the
Johnson-Cousins photometric system. The light curves have an
average of 1000 data points spanning 2700 days. A typical 1-day
alias pattern is present in the spectral window of the MACHO
data, since the observations were obtained at only one site.

The frequency analysis was performed in both B and
R datasets using a self-developed code based on standard Fourier
techniques, and linear and non-linear least-square fitting. This
code is quasi-automatic and suitable for medium to large sets of
data.

The first step of our method consists of searching for fre-
quencies one by one by computing the discrete Fourier transform
(Deeming 1975; Scargle 1982) of the light curve, and then ad-
justing a sinusoidal function for the detected frequency by means
of linear least-square fitting. When a frequency is found, it is
prewhitened from the original data and in a new step a search be-
gins for a new frequency in the residuals. The method is iterative
and stops when the new frequency is not statistically significant.

The criterion used to determine whether the frequencies are
statistically significant is the signal to noise amplitude ratio re-
quirement described in Breger et al. (1993). It consists of the cal-
culation of the SNR of the frequency in the periodogram. This is
made by calculating the signal as the amplitude of the peak for
the frequency obtained and the noise as the average amplitude
in the residual periodogram after the prewhitening of all the fre-
quencies detected. Breger et al. (1993) proposed that a value of
SNR > 4 is a reliable criterion to distinguish between peaks due
to real frequencies and noise.

Once we have obtained a preliminary set of significant fre-
quencies for each star and filter, we perform a non-linear multi-
parameter fitting based on the method described by Vanicek
(1971), also explained in detail by Zerbi et al. (1997). This code
simultaneously adjusts all the frequencies, allowing the fit to
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Table 1. Results of the variability search in the B and Be star samples.

B stars  Be stars
Number of stars 183 130
Short-period variables 9 32
— single period 7 12
— multiple periods 2 20
Long-period variables 0 6
3
0

Eclipsing Binaries 1
Outburst/Irregular variability 5

move over a wide range in frequency (global fitting) in order
to obtain the minimum variance.

Finally, we determine the amplitudes and phases for the
definitive frequencies by least-square fitting to the data. The
SNR are calculated for the new set of frequencies. Only sig-
nificant frequencies are retained from the spectral analysis. The
phase diagrams folded with the detected frequencies are dis-
played in Figs. 2 to 3, available in the electronic version.

The resolution in frequency for the majority of stars is ~3.7 X
1074, following the Rayleigh criterion. The uncertainty on the
detected frequencies is 1-5 x 1075 ¢ d™!. This value has been
derived analytically using the formula given by Montgomery &
O’Donoghue (1999), and taking into account the correlations in
the residuals, as described by Schwarzenberg-Czerny (1991).

3. Results

In this section we present the results of the search for variability
performed on the two samples of B and Be stars described above.
A summary of these results is shown in Table 1.

3.1. Short-term variability

We consider as short-period variables those stars whose light
curves present periodic variations with frequencies higher than
0.333 ¢ d™'. In the sample of 183 absorption-line B stars we have
found 9 short-period variables. Two among them are multiperi-
odic. In the sample of Be stars, 126 have been analyzed for short-
term variability. 32 Be stars have been found to be short-period
variables, 20 among them being multiperiodic.

The detected frequencies with their amplitudes and phases
for B and Be stars are presented in Tables 2 and 3 respectively.
The phase diagrams for each star folded with the detected fre-
quencies are depicted in Figs. 2 and 3 for B and Be stars respec-
tively (only available in the electronic version).

The amplitude variation due to the beating of two close fre-
quencies is clearly seen in the light curves of four multiperi-
odic variables, when folded with the difference of the two fre-
quencies. This effect occurs when two waves of frequencies F
and F, with similar amplitudes are present in the light curve.
The frequency of the resulting wave is the average of the two de-
tected frequencies %(F | + F»), but the amplitude oscillates with
the frequency F; — F,. This effect is clearly seen in Fig. 4, which
is an example of a phase diagram folded with the beat frequency
(F1—F, = 0.05780 ¢ d”! in this case). The plots of the complete
set of stars showing this pattern and the list of the beat frequen-
cies are presented in Fig. 5 and Table 4 respectively, available
online. The presence of the beating phenomenon confirms the
existence of close frequencies in these stars.

' 207.16373.129B -

Magnitude in the B filter

0O 02 04 06 08 1 12 14 16 18 2
Phase

Fig. 4. Phase plot of SMC5_016544 in the B filter folded with the beat
frequency (0.05780 ¢ d™'). This indicates the presence of close frequen-
cies with similar amplitudes.

3.2. Long-term variability

In addition to the short-term variability, we have found peri-
odic or quasi-periodic variations with frequencies lower than
0.333 cd™! for 6 Be stars. The frequencies, amplitudes and
phases are presented in Table 5, and the folded light curves in
Fig. 6, both available online.

One of these stars, SMC5_016161, has been discussed by
Martayan et al. (2007a), who showed that it is an spectroscopic
binary, and interpreted the light curve as produced by ellipsoidal
variability.

3.3. Eclipsing binaries

The light curves of 3 absorption-line B and 1 Be stars are char-
acteristic of eclipsing binaries. Periods for each binary star are
listed in Table 6 and phase diagrams are depicted in Figs. 7 and 8
for B and Be stars respectively (only available online).

3.4. Irregular variability

We have found a total of 5 Be stars showing outbursts or irregular
variations (see Table 7). In 4 of them these variations prevented
us from performing a frequency analysis to search for short-term
variability, as stated before. In Fig. 9 (available online) we show
the irregular light curves of these Be stars.

The star SMC5_079021 presents a photometric outburst at
the end of the MACHO light curve. The data before the outburst
does not show significant irregular variability, and therefore we
have been able to perform a frequency analysis using only the
first part of the light curve. Short-period multiperiodic variability
has been detected (see Table 3).

4. Discussion
4.1. Pulsating B stars

We have found 9 short-period variable absorption-line B stars.
Their pulsational characteristics are presented in Table 2. In
Fig. 10 we have represented their positions in the theoretical
HR diagram. The values of log T.¢ and log L/Le, as well as the
spectral type and Vsin i, have been taken from M07. For com-
parison, we have also represented the theoretical boundaries of
the 8 Cephei and SPB instability strips and the ZAMS line for
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Table 2. Pulsational characteristics of short-period variable absorption-line B stars in the SMC.

Star iD B filter R filter
EIS iD MACHOID Sp.T. Vsini Freq Amp Phase Freq @ Amp Phase
[kms™'] [cd"] [mmag] [rad] |[c d™"] [mmag] [rad]
SMC5_004326 207.16318.77 BIV 373 3.63947 7.65 4.19 3.63950 9.23 4.09
3.68789 652 476 - - -
SMC5_004988 207.16376.31 B2IV 134 0.59378 6.14 342 059378 6.09 3.22
SMC5_020451 207.16374.240 B2V~ 243  0.86186 21.69 5.90 - - -
SMC5_038033 207.16147.27 B2IV 76  0.59241 15.14 0.61 0.59236 10.24 0.84
SMC5_038311 207.16376.49 B2IV 196 0.59104 6.85 2.67 - - -
SMC5_050662 207.16375.56 B2IV 161 1.19411 36.73 0.61 1.19410 39.20 0.67
0.59707 12.79 1.06 0.59705 15.02 1.00
SMC5_051147 207.16318.27 B2IV 246 131646 26.10 6.08 131647 2690 6.04
SMC5_052147 207.16204.70 B2V 126 1.04202 1745 3.14 1.04196 1491 3.68
SMC5_087022 207.16376.188 B2V 145 0.55267 13.27 5.70 - - -
5.5 = T T T 3 T T T
T Single period detected O SMC B stars distribution
- Multiple period detected [ ]
5 k- - 4 25 -
+ .
. * .
45 + 1 2r T
- + £ 1s5f ]
4t ke 1 =
g e i 1+ q
2 8sf T i
2 +
- i ¥ 05 | ]
3+ e T o+ 3
-~ ZAMS for Z=0.02 T+t +F * 0 L L L L L L L
25 | ZAMS for 2=0.001 1 4 16 | ‘ ‘ ‘ Galactic p Cephei B stars distribution ¢
+ Galactic SPB B stars distribution 4 35
14
2r Mean error ‘ + ] 12 | 1°
. a L 425
15 . . . . . - 3 ° 1, &
4.6 45 4.4 43 4.2 4.1 4 3.9 = 8r 2
Log e 6 115
Fig. 10. Location of the B star sample in the theoretical HR diagram: : M H “H H HM “ “ “ “ H ; s
single crosses represent stars in our sample, the empty circles repre- o L, ‘ ‘ ‘ ‘ 0'
sent single period detection and filled ones multiple period detection. 0 05 1 15 2 25 3 35 4
Period [days]

The 8 Cephei and the SPB boundaries (dashed lines) at solar metallic-
ity have been taken from Pamyatnykh (1999). The ZAMS at solar and
SMC metallicity are from Schaller et al. (1992).

solar metallicity. All pulsating B stars are restricted to a narrow
range of temperatures, between log T = 4.24 and 4.39 K.

In the bottom panel of Fig. 11 we display the period distri-
bution of 8 Cephei and SPB stars in the Galaxy, from Stankov &
Handler (2005) and de Cat (2002) respectively. In the top panel
we have represented the period distribution of our sample of pul-
sating B stars in the SMC. All stars but one have periods longer
than 0.5 days, characteristic of SPB stars. Star SMC5_004326
has two close periods in the range of the p-mode pulsators
in the Galaxy. In addition, it is the hottest star in our sample
(logT.x = 4.39 K). We propose that this star is a candidate
B Cephei variable in the SMC. In Fig. 12 we display the phase
diagrams folded with the two detected frequencies.

However, the periods found are somewhat too long to cor-
respond to p-modes of a little evolved star. This may well be a
high-order g-mode pulsator, i.e. a SPB star. If this is the case,
the SPB instability strip in the SMC is considerably shifted to-
wards higher temperatures than predicted by the current models,
as discussed in more detail below.

In addition, SMC5_004326 has a large rotational velocity
Vsini = 370 + 30 kms~!, while most 8 Cephei stars in the
Galaxy are known to be slow rotators (Stankov & Handler 2005).
However, these authors include in their list several fast-rotating
bona fide 8 Cephei stars. They also suggest that the fact that most

Fig.11. Period distribution of the pulsating B stars found in our
SMC sample (fop panel) compared to the galactic 8 Cephei and SPB pe-
riod distributions (bottom panel). All stars in our sample but one have
periods longer than 0.5 days, characteristic of SPB stars.

B Cephei stars are slow rotators can be a selection effect, as the
highest-amplitude pulsators have the lowest rotational velocities.

If SMC5_004326 is indeed a 8 Cephei star, this would con-
stitute an unexpected result, as the current stellar models do not
predict p-mode pulsations at the SMC metallicity. However, as
the assumed SMC metallicity is an average value, this particular
case might correspond to a star with a higher metal content. A
spectroscopic determination of its metallicity would help resolve
this issue.

The eight remaining pulsating stars in our sample are
SPB variables. They are located on the main sequence of the
HR diagram, in the temperature range between log 7.y = 4.24
and 4.35 K (see Fig. 13). The region containing all the SPB stars
is depicted with a dashed line. The high temperature limit is
shifted towards hotter temperatures with respect to the insta-
bility strip at solar metallicity, represented in Fig. 10. It is also
placed at temperatures higher than the ones predicted by the new
computations by Miglio et al. (2007b) for Z = 0.005. The low-
temperature limit is most likely of observational origin, due to
the fact that there are few stars with lower temperatures in our
sample, and their photometry is less accurate because of their
faintness. In Fig. 14 we display an example of the phase
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Table 3. Pulsational characteristics of short-period variable Be stars in the SMC.

Star iD B filter R filter

EIS iD MACHO iD Sp. T. Freq Amp Phase Freq @ Amp Phase
[cd™] [mmag] [rad] [c d™"] [mmag] [rad]

SMC5_000643 207.16318.32  B3IVe 3.69095 4.76 3.83 - - -
1.65525 4.63 2.80 1.65555 8.86 0.68

SMC5_002232 207.16372.22  B2Ille 1.32656 2531 6.17 1.32661 33.51 5.59
1.32620 1497 1.27 1.32616 18.03 1.88

SMC5_004201 207.16375.39 BSII-Ille 1.69005 45.88 2.16 1.69039 79.76 6.05
1.69052 30.58 4.24 1.69050 55.69 2.25

1.69086 24.53 4776 1.68997 2821 2.34

SMC5_011991 207.16315.67 B2IVe 230208 4.38 1.01 - - -
SMC5_013978 207.16373.58 B3Ille 1.37946 1550 0.48 1.37948 14.15 0.06
0.59335 1436 293 0.59336 1542 2.78

SMC5_014212 207.16259.29 B2llle 1.27691 23.48 491 1.27693 15.75 4.90
SMC5_014271 207.16259.30  BOIlle 4.16878 7.33  1.67 - - -
4.08090 5.84 2.59 - - -

424210 5.51 2.10 - - -

SMC5_014727 207.16373.63 B2IVe 1.12290 16.65 4.04 - - -
SMC5_014878 207.16259.41 B2Ille 3.50858 18.93 4.12 3.50877 8.79 2.36
3.50846 11.90 2.59 - - -

SMC5_016523 207.16316.30  B2Ille 1.29297 40.29 0.93 1.29296 33.43 0.95
1.29344 23.68 3.80 1.29341 20.92 3.90

SMC5_016544 207.16373.129  B2IVe 1.70768 29.54 3.27 1.70776 32.97 2.46
1.65011 2246 132 1.64988 24.58 3.08

1.64959 11.36 6.23 1.65029 1290 0.41

SMC5_021152 207.16147.14  B2Ille 0.98514 19.25 2.55 0.98513 17.08 2.67
1.00442 19.06 4.45 1.00439 17.01 4.67

SMC5_025718 207.16262.86  B2Ille 0.85851 16.26 3.86 0.85847 13.61 4.06
SMC5_025829 207.16376.43 B2III-IVe 0.85031 7.56 2.25 0.85019 13.93 2.46
SMC5_026689 207.16205.141  B2Ve 3.82424 10.24 5.79 - - -
SMC5_037013 207.16315.26  B2Ille 1.18149 15.70 2.17 1.18154 20.06 1.73
1.21712 10.64 0.18 1.21707 9.48 0.14

1.18116 839 0.01 1.18113 5.75 0.09

SMC5_037137 207.16373.30  B2llle - - - 0.38864 6.29 344
SMC5_037158 207.16316.99 B1IVe 3.79973 16.21 1.90 - - -
3.80111 12.79 2.51 - - -

3.80020 12.34 2.92 — - -

3.80187 9.79 4.37 - - -

SMC5_037162 207.16259.57 B2Ille 0.88531 37.31 4.92 0.88532 39.17 4.79
0.90613 19.21 5.61 0.90622 17.71 4.65

SMC5_043413 207.16315.41 B2IVe 2.00731 6.74 221 2.00709 621 2.84
SMC5_044898 207.16373.132 B2III-IVe 1.19626 1528 0.14 1.19627 18.32 6.21
SMC5_045353 207.16259.35 B2Ille 0.59169 33.01 2.11 0.59168 42.01 2.26
0.56293 8.65 2.46 - - -

1.33684 7.26 494 - - -

SMC5_048047 207.16431.1732 B2IVe 0.60530 5.86 5.52 0.60544 545 4.77
1.15074 5.17 297 1.15909 4.86 4.01

SMC5_049996 207.16147.29 B2Ille 1.09797 18.75 2.68 1.09796 20.05 2.71
1.00391 16.19 0.82 1.00394 18.70 0.59

SMC5_064327 207.16373.51 B3II-Ille 1.05025 9.19 0.54 - - -
SMC5_074402 207.16147.28 B2Ille 1.54904 5.30 0.88 - - -
1.54956 496 3.75 - - -

SMC5_079021 207.16203.94 B2IV 348747 10.28 0.53 3.48753 847 2.19
345715 4.19 2.89 - - -

SMC5_080910 207.16262.58 B2IVe 1.14776 37.35 1.87 1.14771 38.84 1.93
1.14806 11.65 4.34 - - -

SMC5_082042 207.16375.41 B3Ille 2.48838 19.06 4.87 2.48833 12.10 5.37
1.16624 16.80 2.66 1.16627 11.60 2.54

SMC5_082819 207.16373.24  B2llle - - - 0.38869 7.35 3.15
SMC5_082941 207.16203.47 B3llle 0.62490 38.75 1.23 0.62499 26.85 0.66
0.62470 17.16 2.73 0.62471 25.60 2.54

0.15325 11.47 5.86 0.15325 8.00 5.86

SMC5_086251 207.16319.58 B2IVe 4.12332 10.33 1.49 - - -

183
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Fig.13. Location of the B star sample in the theoretical HR diagram.
The dashed line delimits the region that contains all SPB stars found in
this work.

diagrams corresponding to a multiperiodic SPB star. A puzzling
circumstance regarding our sample of SPB stars is that only one
has been detected as multiperiodic. The only multiperiodic ob-
ject has a secondary period which is exactly twice the primary
one, and hence even this object could be monoperiodic but with
a non-sinusoidal light curve. This means that the variability in
some of these stars might not be caused by pulsations, but by
other phenomena like eclipsing or ellipsoidal binarity. However,
none of these stars have been detected as binary in the spectro-
scopic survey of Martayan et al. (2007a). Thus, we consider our
figure of eight stars as an upper limit to the number of bonna-fide
SPB stars in our sample.

SPB stars in the Galaxy are also characterized as having low-
rotational velocities, although there are several cases of fast rota-
tion (de Cat 2002). In our sample, SPB stars in the SMC have ro-
tational velocities evenly distributed around the mean rotational
velocity of absorption-line B stars (Vsini = 160 kms~!, M07).
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4.2. Pulsating Be stars

In Fig. 15 we have represented the pulsating Be stars in the the-
oretical HR diagram. The values of the fundamental parameters
of the Be stars are corrected for rapid rotation assuming Q/Q. =
95% (MO07). We have included in the figure the region where the
SPB stars are located as described in the previous subsection.
Most Be stars are placed inside or very close to this region, sug-
gesting that most pulsating Be stars in the SMC are g-mode SPB-
like pulsators. Three stars are significantly outside the strip to-
wards higher temperatures (SMC5_014271, SMC5_014878 and
SMC5_037158). All of them are multiperiodic, with the detected
periods lower than 0.3 days. Therefore, we propose that these
stars may be 8 Cephei-like pulsators.

As an example, we display in Fig. 16 the phase diagrams of
the Be star SMC5_045353, folded with the detected frequencies.

4.3. Degree of variability

The stellar samples searched for short-term variability are com-
posed of 183 absorption-line B stars and 126 Be stars. We have
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Fig.16. Phase diagram of the multiperiodic Be star SMC5_045353
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found 9 pulsating stars among the former and 32 among the lat-
ter. This means that 4.9% of B stars and 25.3% of Be stars are
short-term variables. If we restrict our comparison to the inter-
val B2-B3, where most of the pulsating stars are found (see dis-
cussion below), the fraction of pulsating B and Be stars is 5.4%
and 31.5% respectively.

The fraction of non-radial pulsators among the fast-rotating
Be stars is much higher than the fraction among slow-rotating
B stars. The same result was obtained for stars in the Galaxy by
GSO07. These results suggest that high rotational velocity has the
effect of triggering the development of non-radial pulsations in
B stars, or to enhance the amplitude of existing modes to make
them more easily detectable. As an alternative explanation, the
prevalence of non-radial pulsations could be related to the yet
unknown nature of the Be phenomenon.

To compare the degree of variability between B stars in the
SMC and in the Galaxy we make use of the statistics of pulsating
B stars presented by GSO7. We have only found one 8 Cephei
candidate in the SMC, and hence no statistical comparison is
possible. In the case of SPB stars, in an unbiased sample of
795 galactic bright B stars, GSO7 found 35 SPB stars, i.e. 4.4%.
In the SMC we found 8 SPB stars among 183 stars, represent-
ing a fraction of 4.4%. Both percentages are identical, and both
samples are statistically significant.

However, the above statistics are likely to be biased because
in the galactic sample used by GS07, most of the stars are of late
B-type, while in our SMC sample most of the stars have spectral
types B3 or earlier. This is due to the fact that the late B stars are
much fainter and are difficult to observe at the SMC distance. On
the other hand, SPB stars are of spectral types B2 or later, both
in the Galaxy and in the SMC. If we restrict our comparison to
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the B2-B3 spectral range, in the Galaxy we have 14 SPB stars
among 160 B stars, i.e. 8.8%. In the SMC we have 8 SPB among
147 stars, representing 5.4%. Moreover, the much larger dataset
of the MACHO survey allows for a much more complete de-
tection than the Hipparcos data, from which most of the known
galactic SPB stars have been detected. Finally, the figure of eight
SPB stars we have found in the SMC is to be considered as an
upper limit as discussed in the previous section. This represents
a lower fraction in the SMC than in the Galaxy as predicted by
the current models.

All pulsating Be stars found in this work but one are of
spectral types B3 or earlier. In fact, only 11 Be stars of the
whole sample have later spectral types. The fraction of pulsating
Be stars in the SMC is 27% in the BO-B3 interval. This percent-
age is to be compared with 74% found by GS07 or 86% given
by Hubert & Floquet (1998) for pulsating Be stars in the Galaxy.
Therefore, in the case of Be stars, the prevalence of pulsations in
the SMC is significantly lower than in the Galaxy, as expected
from the lower metallicity environment.

5. Conclusions

We have searched for short-term variability in a sample of
183 absorption-line B stars and 126 Be stars in the SMC with ac-
curately determined physical parameters. We have studied their
position in the theoretical HR diagram and mapped the regions
of pulsational instability in the SMC.

We have found 9 pulsating absorption-line B stars. Among
them, 8 have periods longer than 0.5 days, characteristic of Slow
Pulsating B-type stars. The region occupied by the SPB stars in
the SMC is shifted towards higher temperatures with respect to
the galactic SPB instability strip and to the predictions of recent
models for Z = 0.005. The remaining star presents two short pe-
riods within the range of the 8 Cephei variables. This fact and its
high effective temperature lead us to propose that it is indeed a
B Cephei star. This is an interesting result as current stellar mod-
els do not predict 8 Cephei pulsations at the SMC metallicity.

There are 32 pulsating stars among the Be star sample. Most
of them are placed in the region occupied by the SPB stars in
the HR diagram of the SMC and present periods longer than
0.5 days. They are most probably g-mode SPB-like pulsators.
3 pulsating Be stars are significantly hotter and present much
shorter periods, within the range of the 8 Cephei stars. We pro-
pose that they are 8 Cephei-like pulsators.

The prevalence of pulsations among Be stars is signifi-
cantly higher than among absorption-line B stars, much as in the
Galaxy. We have found that 25.3% of Be stars present short-term
variability, while only 4.9% of B star pulsates. This result indi-
cates that the high rotational velocity either contributes to trigger
the development of non-radial pulsations or to enhance the am-
plitude of the existing modes. Alternatively, the prevalence of
non-radial pulsations could be related to the still unknown na-
ture of the Be phenomenon.

Both the fraction of SPB among B stars and pulsating
Be stars among the whole sample of Be stars in the SMC are
lower than in the Galaxy, indicating that the prevalence of pul-
sations is directly affected by the metallicity of the environment,
as predicted by the current stellar models.
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Fig. 2. Phase plots of absorption-line B stars showing short-term variability folded with the frequency given in each panel. Phases span from 0
to 2. Magnitudes in the B or R filter are denoted inside each panel. When the star is multiperiodic, the frequency used in the plot is given by the
label F1, F2, F3 or F4 inside each panel.

Table 4. Stars showing the beating phenomenon. The beat frequencies are given in ¢ d~' in Cols. 4 and 5.

Star iD Sp. T. Beat frequency
EIS iD MACHO iD Bfilter R filter
SMC5_004326  207.16318.77 B 0.04841 -
SMC5_016544  207.16373.129 Be 0.05780  0.05790
SMC5_021152  207.16147.14 Be 0.01928  0.01926
SMC5_045353  207.16259.35 Be 0.02876 -

Table 5. Long-period variable Be stars in the SMC.

Star iD B filter R filter
EIS iD MACHOiD Period Amp Phase Period Amp Phase
[d] [mmag] [rad] [d] [mmag] [rad]
SMC5_004509 207.16375.57 4.67  13.08 1.08 - - -
SMC5_016461 207.16316.21 27.16 88.80 5.84 27.15 8546 557
SMC5_041410 207.16258.73 961.54 16.28 599 823.05 36.79 3.86
SMC5_052688 207.16319.11  8.13 506 6.02 - - -
SMC5_078440 207.16376.22 1162.79 117.32 1.16 1129.94 210.84 0.84
SMC5_082379 207.16204.182 9.73 ~ 10.96 254 9.73  16.12 2.81
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Fig. 3. Phase plots of Be stars showing short-term variability. Axes and labels as in Fig. 2.
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Fig. 3. continued.
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Table 6. Eclipsing binaries in the SMC. Periods are given in days.
EIS iD MACHO D _ Sp.T. Period

SMC5_003809  207.16203.296 B 0.8817
SMC5_004534  207.16318.41 B 4.0513
SMC5_015429  207.16316.160 Be 0.6523
SMC5_053563  207.16205.114 B 1.0148

Table 7. Be stars showing irregular variability or outbursts.

EIS iD

MACHO iD

SMC5_073581
SMC5_074305
SMC5_079021
SMC5_190576
SMC5_744471

207.16373.88
207.16317.116
207.16203.94
207.16372.13
207.16204.11
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Fig. 6. Phase plots of the Be stars showing long-term periodic variability. Axes and labels as in Fig. 2.
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Fig. 7. Phase plots of eclipsing binaries in the sample of B stars. Axes and labels as in Fig. 2.
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Light curve for 207.16204.11R

Light curve for 207.16203.94R
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Fig. 9. Light curves of the Be stars showing outbursts and/or irregular variability.
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