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ABSTRACT

Context. The first two of a total of six nano-satellites that will constitute the BRITE-Constellation space photometry mission have
recently been launched successfully.
Aims. In preparation for this project, we carried out time-resolved colour photometry in a field that is an excellent candidate for
BRITE measurements from space.
Methods. We acquired 117 h of Strömgren uvy data during 19 nights. Our targets comprised the β Cephei stars κ and λ Sco, the
eclipsing binary μ1 Sco, and the variable super/hypergiant ζ1 Sco.
Results. For κ Sco, a photometric mode identification in combination with results from the spectroscopic literature suggests a domi-
nant (l,m) = (1,−1) β Cephei-type pulsation mode of the primary star. The longer period of the star may be a rotational variation or a
g-mode pulsation. For λ Sco, we recover the known dominant β Cephei pulsation, a longer-period variation, and observed part of an
eclipse. Lack of ultraviolet data precludes mode identification for this star. We noticed that the spectroscopic orbital ephemeris of the
closer pair in this triple system is inconsistent with eclipse timings and propose a refined value for the orbital period of the closer pair
of 5.95189± 0.00003 d. We also argue that the components of the λ Sco system are some 30% more massive than previously thought.
The binary light curve solution of μ1 Sco requires inclusion of the irradiation effect to explain the u light curve, and the system could
show additional low amplitude variations on top of the orbital light changes. ζ1 Sco shows long-term variability on a time scale of at
least two weeks that we prefer to interpret in terms of a variable wind or strange mode pulsations.
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1. Introduction

BRIght Target Explorer (BRITE)-Constellation is a space pho-
tometry mission consisting of six nano-satellites, two of each
funded by the partner countries Austria, Canada, and Poland.
The two Austrian satellites have been successfully launched on
25 February 2013, and the remaining four should sequentially
follow until early 2014. The goal of the mission is to obtain high-
quality time-resolved photometry of the brightest stars in the sky,
in carefully selected fields with a diameter of 24◦. Subrasters of
the CCD images of up to a dozen primary targets will be trans-
mitted to Earth, and on-board reduced photometry can be ob-
tained for up to a hundred further targets in the field. All satel-
lites carry a 3-cm telescope each, but three of them will observe
through a blue filter, and the other three through a red filter (ap-
proximating the Johnson B and R passbands). This setup will
allow to obtain two-colour photometry, and the satellites can be
operated either separately, or as an entity, depending on the sci-
ence needs. We refer to Zwintz & Kaiser (2008) for more details.

Given the technical setup of the mission, it is expected to de-
liver the richest science return for OB stars. Being intrinsically
luminous, such stars also feature prominently among the appar-
ently brightest stars. OB stars naturally occur in groups, associ-
ations and clusters. Therefore sky fields rich in bright stars will
also be rich in OB stars.

� Based on observations carried out at the South African
Astronomical Observatory
�� Reduced time series for all stars are only available at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/557/A1

Variability is common among such stars, starting from the
slowly pulsating B (SPB) and β Cephei pulsators on the main
sequence, extending to pulsating supergiants, Luminous Blue
Variables, Be stars, massive eclipsing binaries, etc. The prime
observable that supplies astrophysical information of a vari-
able star is the period of variability. The presence of multi-
periodicity and the shape of the light curves are also revealing.
However, time-resolved colour photometry provides valuable
additional astrophysical information, namely on the presence
and nature of temperature variations, that is essential for in-
terpreting the observed variability. A prominent example is
the ability to identify the spherical harmonics of pulsation
modes (e.g., see Daszyńska-Daszkiewicz 2008 in the context of
BRITE-Constellation).

In preparation for BRITE-Constellation, we carried out time-
resolved multicolour photometry of bright early B-type stars in
a field deemed to be likely observed by the mission. We chose
a field in Scorpius, that contains the two β Cephei stars κ Sco
(V = 2.4) and λ Sco (V = 1.6), the eclipsing binary μ1 Sco
(V = 3.1), the variable ζ1 Sco (V = 4.7), and the two apparently
constant stars υ Sco (V = 2.7) and μ2 Sco (V = 3.6) for com-
parison purposes. All these stars are located within 10◦ in the
sky and their magnitude range is what can be expected within a
typical BRITE-Constellation field.

2. Observations

Time-resolved photometry was carried out at the 0.5-m tele-
scope at the South African Astronomical Observatory. We were
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Fig. 1. Collected y-filter light curves of the low-amplitude and non-variables. Plus signs: ζ1 Sco. Diamonds: λ Sco. Filled circles: κ Sco. Open
circles: μ2 Sco −υ Sco. The fits plotted over the κ Sco and λ Sco light curves are derived in Sects. 3.1 and 3.2.

awarded two runs of two weeks each, separated by two weeks,
in July and August 2011. The photoelectric Modular Photometer
that is permanently mounted to this telescope was used in con-
nection with Strömgren uvy and neutral density filters. For the
five “fainter” stars, the 2.3 mag neutral density filter was suf-
ficient, but for λ Sco, the 4.7 mag neutral density filter had to
be used. Unfortunately, this filter has zero transmission in the
ultraviolet, wherefore we could only obtain vy photometry for
this star.

Because the two known β Cephei stars exhibit faster light
variations than the other variables, the group κ/λ/υ Sco was ob-
served twice as often as the μ1/μ2/ζ1 Sco ensemble. Sky back-
ground was measured at least once per group, depending on the
position and brightness of the Moon. This resulted in an aver-
age cadence of 17 min per measurement for the first group, and
about 33 min per measurement for the second. In total, we ac-
quired 117 hours of measurement during 19 nights.

The data were reduced following standard photoelectric pho-
tometry schemes. First, the measurements were corrected for co-
incidence losses. Then, sky background was subtracted within
each target/local comparison star group, and if found neces-
sary, individually for each star. Extinction coefficients were de-
termined on a nightly basis from the measurements of the two
comparison stars via the Bouguer method (fitting a straight line
to a magnitude vs. air mass plot). The same extinction correc-
tion was applied to each star. Differential magnitudes relative to
the two comparison stars were computed by interpolation. The
magnitude differences between the comparison stars themselves

had standard deviations of 6.8, 6.5, and 5.3 mmag in u, v, and y,
respectively, and no evidence for periodic variability of any of
these two stars was found within the (rather unsatisfactory) lim-
itations of our data. Finally, the timings were converted to helio-
centric Julian date (HJD), and the data for the variable stars were
subjected to analysis. Differential light curves in the y filter are
displayed in Fig. 1, excluding μ1 Sco whose amplitude is much
larger than that of the other variables.

3. Analysis, results, and discussion

The data were searched for periodicities using the program
Period04 (Lenz & Breger 2005). This software package uses
single frequency Fourier and multifrequency nonlinear least
squares fitting algorithms. The analysis was started by comput-
ing the spectral window function and the amplitude spectrum of
the data. If a signal was found to be present at a significant level
and supposed intrinsic, it was fitted to the data, and its amplitude,
frequency and phase were improved to obtain an optimal fit in
each filter. Then, a signal-to-noise weighted mean frequency was
computed for the data in each filter, adopted for all, and only the
amplitudes and phases were optimized.

Consequently, this variation was subtracted from the mea-
surements (we call this procedure “prewhitening”) and the resid-
ual amplitude spectrum was computed and examined. If more
periodic signals were present, their parameters were optimized
together with those of the ones previously detected. Once no
significant variation was left in the residuals, the analysis was
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Fig. 2. Uppermost panel: spectral window of our v filter data of κ Sco.
Second panel: amplitude spectrum of our data. Third panel: residual
amplitude spectrum after prewhitening the dominant variation. Lower
panel: residuals after prewhitening two frequencies.

stopped. A signal was considered significant when it exceeded a
signal-to-noise ratio (S/N) of four, following the empirical rec-
ommendation by Breger et al. (1993).

3.1. κ Sco

The spectral window, as well as original and prewhitened Fourier
amplitude spectra of our κ Sco measurements are shown in
Fig. 2. As the spectral window function of our light curves is
for obvious reasons virtually the same, we only show it once
in this paper. For the present example, we calculated it as the
Fourier transform of a single noise-free sinusoid with a fre-
quency of 5.003 d−1 and an amplitude of 5.2 mmag. This is the
same as the strongest signal in our v filter data, that were also
chosen to illustrate the prewhitening process.

We were able to detect two statistically significant sig-
nals in our light curves and present the frequency solution in
Table 1. It should be noted that there are some alias ambigu-
ities concerning the second signal at low frequency. We de-
cided to choose the frequency value that represented the vari-
ability in the combined uvy data best; competing frequencies
were at 0.244, 1.245 and 1.276 d−1. The errors in the parame-
ters listed in Table 1 were computed the analytical formulae by
Montgomery & O’Donoghue (1999). These are known to under-
estimate the real accuracy of the frequency solution, but give an
idea of the order of magnitude of the errors.
κ Sco is known to be a spectroscopic binary system with

two B-type components in a 195-d orbit, and the primary
is responsible for the pulsational variability (Harmanec et al.
2004). Uytterhoeven et al. (2005) spectroscopically determined

Table 1. Frequencies present in the light curves of κ Sco.

ID Frequency Amplitude S/N
u v y

(d−1) (mmag) (mmag) (mmag)
f1 5.003 7.4 5.4 5.2 8.0
f2 0.274 6.3 4.4 3.0 4.7

Notes. The formal errors on the frequencies are ±0.001 d−1; on the am-
plitudes they are ±0.5 mmag in v and y and ±0.6 mmag in u. The S/N
is specified for the v filter data. The signals are in phase within the three
filters within the observational errors.

Teff = 25 000 ± 2000 K for the primary component, Teff =
20 000 ± 2000 K for the secondary, as well as log g = 3.8 ± 0.2
for both. As this large temperature difference is not possible as-
suming coeval evolution, we only take these values as starting
points for placing the two components in the HR diagram.

Other available constraints comprise the Hipparcos paral-
lax of the system (6.75 ± 0.17 mas, van Leeuwen 2007), trans-
lating into Mv = −3.48 ± 0.06 and a system luminosity log L =
4.23 ± 0.03 using the bolometric corrections by Flower (1996)
and the uncertainties in Teff. The spectroscopic mass ratio is 1.1
(Harmanec et al. 2004), and the primary component oscillates
with a frequency of 5.003 d−1 (Table 1).

We computed model evolutionary tracks with the
Warsaw-New Jersey stellar evolution code (e.g., see Pamyatnykh
et al. 1998 for a description) to bring all these constraints into
agreement. The models were calculated using OP opacities and
the Asplund et al. (2004) mixture. An overall metal abundance
Z = 0.012 and a hydrogen abundance of X = 0.7 have been
adopted for all models, and no convective core overshooting
was used. Zero-age main sequence rotational velocities of
115 km s−1 and 195 km s−1, were adopted to match the observed
v sin i values of 100 and 170 km s−1 for the primary and sec-
ondary, respectively, during somewhat advanced main sequence
evolutionary stages.

We found that model pairs in a rather narrow range of pa-
rameters (M1 = 10.2 ± 0.3 M�, M2 = 9.3 ± 0.3 M�, log g1 =
3.83 ± 0.06, logg2 − log g1 = 0.09 ± 0.02, log Teff,1 = 4.365 ±
0.015, log Teff,2 − log Teff,1 = −0.008± 0.005, log (age) = 7.18±
0.05) would fit all the observational constraints satisfactorily
and within the errors. The orbital solution by Harmanec,
Uytterhoeven & Aerts (2004) implied M1 sin3 i = 10.69 M� and
M2 sin3 i = 9.64 M�, which yields i < 77◦.

To identify the spherical degree of the oscillation we have
computed theoretical uvy amplitudes of models of M = 10.2 ±
0.3 M� and log Teff,1 = 4.365 ± 0.015 following the approach
by Balona & Evers (1999). We calculated theoretical uvy am-
plitudes for the modes whose frequencies were in the observed
domain along this model sequence. The resulting theoretical am-
plitudes in the three passbands were normalized to that in the u
filter, and the average amplitude ratios and their rms errors were
calculated. Given the small temperature difference between the
primary and secondary component, the falsification of the ampli-
tude ratios due to the secondary flux is insignificant compared to
the observational errors and hence was not taken into account.
A comparison between the observed and theoretical amplitude
ratios is shown in Fig. 3.

It is implied that the β Cephei oscillation is most consis-
tent with a dipole mode. The dominant pulsation mode of the
primary component has been spectroscopically identified as ei-
ther (l,m) = (2,−1) or (1,−1) (Uytterhoeven et al. 2005). Our
results point towards the latter possibility, which is also more
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Fig. 3. A comparison of the observed amplitudes of κ Sco in the dif-
ferent filters with theoretical predictions of pulsational uvy amplitude
ratios, normalized to unity at u. The filled circles with error bars are
the observed amplitude ratios. The full lines are theoretical predictions
for radial modes, the dashed lines for dipole modes, the dashed-dotted
lines for quadrupole modes, the dotted lines for � = 3 modes, and the
dashed-triple-dotted lines are for � = 4. The thin error bars denote the
uncertainties in the theoretical amplitude ratios.

favourable when considering the geometrical aspect of the mode
(e.g., see Pesnell 1985) assuming the primary’s rotation axis is
normal to the orbital plane.

We now turn to the 0.274 d−1 variation. A signal in this fre-
quency domain has been observed before, both in space photom-
etry (Cuypers et al. 2004) and in spectroscopy (Uytterhoeven
et al. 2005). The spectroscopic observations were interpreted
as a rotational modulation. However, its photometric ampli-
tudes with respect to wavelength (Table 1) are also consistent
with pulsation. On the other hand, the frequency reported by
Uytterhoeven et al. (2005) is somewhat lower than the one de-
tected in our and the space photometry. In fact, it corresponds to
one of the aliases (0.244 d−1) mentioned before. With a radius of
R = 6.45 ± 0.55 R� resulting from the model computations de-
scribed above and vrot = 110 km s−1, we obtain a rotation period
of 2.97 ± 0.25 d for the primary component. This is somewhat
shorter than the observed photometric and spectroscopic peri-
ods, but given the uncertainties in the preceding procedures, we
cannot unambiguously distinguish between a rotational modu-
lation or a g-mode oscillation with a period very close to the
rotational one.

It is interesting to examine the photometric data of κ Sco
for possible eclipses. Indeed, two nights (HJD 2 441 120
and 2 441 122) by Lomb & Shobbrook (1975) show magnitude
zeropoints 0.024 mag fainter than the rest. However, data from
the same authors from different seasons, but at the same or-
bital phase according to the spectroscopic 195.65-d orbital pe-
riod (Uytterhoeven et al. 2001), do not show fainter mean mag-
nitudes and therefore rather indicate an observational problem in
those two nights. In addition, in one of these two nights λ Sco
was also observed by these authors. This night shows a similar
mean magnitude change in the λ Sco data. Consequently, there
is no evidence for possible eclipses of κ Sco in the photometry
available to us.

3.2. λ Sco

As can already be discerned in Fig. 1, in the night of
HJD 2 455 760 (17/18 July 2011) λ Sco underwent part of

Fig. 4. Upper panel: amplitude spectrum of our data of λ Sco with
the eclipse discarded. Second panel: residual amplitude spectrum af-
ter prewhitening the dominant variation. Lower panel: residuals after
prewhitening two frequencies. A peak at the harmonic of the first vari-
ation is present.

Table 2. Frequencies present in the light curves of λ Sco.

ID Frequency Amplitude S/N
v y

(d−1) (mmag) (mmag)
f1 4.6784 ± 0.0006 12.0 12.4 15.7
f2 0.299 ± 0.001 5.3 6.2 5.2

Notes. The formal errors on the amplitudes are ±0.6 mmag. The S/N is
specified for the combined vy filter data.

a shallow eclipse. To determine the frequencies of its intrinsic
light variations, we therefore discarded the data affected by the
eclipse for the time being. Furthermore, after making sure that
any variability had the same amplitude within the errors in both
filters, we combined those data after setting their mean to zero.
The frequency analysis of the remaining combined vy data is
presented in Fig. 4, and the results, with the amplitudes individ-
ually determined for the different filters, in Table 2. The signals
are in phase within the two filters within the observational er-
rors. Given the lack of u data for λ Sco, we have no means to
attempt a photometric identification of the dominant oscillation
mode, despite its rather large amplitude.

The longer-period signal we found in the light variations has
never been reported before. It appears convincingly present in
our data, but we lack observational constraints to interpret it.
However, one statement can be made: its frequency is close to,
but significantly different from, the first harmonic of the orbital
frequency of the close binary, which argues against a tidal origin.
λ Sco is a known triple system, consisting of a close dou-

ble with an orbital period of 5.9525 d and of a tertiary star in
a ≈3-yr orbit. The primary is the β Cephei star, the secondary
has a mass of about 1/6 that of the primary, whereas the ter-
tiary again is a B-type star with a mass of about 76% of the
primary. We refer to Uytterhoeven et al. (2004, hereinafter U04)
and Tango et al. (2006) for in-depth studies of the triple system.
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The masses and effective temperatures listed in Table 5 of Tango
et al. (2006) lead to R = 5.2 ± 1.7 R� for the primary and
R = 5.3 ± 1.3 R� for the tertiary, respectively. Hence, the pul-
sation constant for the β Cephei oscillation of the primary would
be Q = 0.06 ± 0.02, implying a low-order g mode, which is
rather unusual for β Cephei stars (cf. Stankov & Handler 2005).
Additionally, Tango et al. (2006) reported a smaller distance
of the λ Sco system obtained from their combined interfero-
metric and spectroscopic analysis compared to that from the
Hipparcos parallax. This raises the suspicion that the compo-
nent masses, and hence the luminosities, of the components of
the λ Sco system have previously been underestimated.

Consequently, we now apply the same methodology as for
κ Sco, namely trying to find stellar model pairs of the same age in
the effective temperature range implied by spectroscopy that are
consistent with the system’s parallax. In this procedure, we ne-
glect the luminosity of the secondary as it is insignificant within
the errors. The luminosity ratio of the tertiary to the primary is
0.38 ± 0.08 (Tango et al. 2006). With the Hipparcos parallax
of λ Sco (5.71 ± 0.75 mas, van Leeuwen 2007) and the bolo-
metric corrections by Flower (1996), it follows that the primary
component must have log L1 = 4.56 ± 0.13. At an effective tem-
perature of Teff,1 = 25 000 ± 1000 K (U04) this corresponds to a
mass of 14.5 ± 1.1 M� according to our models, near the upper
mass limit for the primary star inferred by Tango et al. (2006).
We note that models with M > 14.5 M� without overshooting
are at the terminal-age main sequence at Teff = 25 000 K. The
pulsation constant for the β Cephei mode of the primary compo-
nent of λ Sco for models between 13.4−14.5 M� lie in the range
0.026 d< Q < 0.031 d, in good agreement with common values
for β Cephei stars (Stankov & Handler 2005). With the tertiary to
primary mass ratio of 0.76±0.04 (Tango et al. 2006), the tertiary
star must have 9.6−11.6 M�. In this scenario, assuming coeval
evolution and Teff,1 = 25 000±1000K, it would however need to
be hotter than previously estimated (Teff,3 = 24 500 ± 1000 K).

The rotation periods of these models, assuming that the pri-
mary’s rotation axis is normal to the orbital plane, lie in the range
of 3.4±0.5 d, given v sin i ≈ 150 km s−1 (see U04). This is in very
good agreement with the low frequency detected in our photom-
etry, which may therefore correspond to the rotation frequency
or to a pulsational variation very close to it.

With the light curve fit from Table 2, we predicted the light
curve for the night of the eclipse, subtracted it from the data, and
show the rectified eclipse light curve in Fig. 5. The eclipse is a
transit and about 0.03 mag deep. Eclipses of λ Sco have been
seen before (Shobbrook & Lomb 1972, hereinafter SL72; Bruntt
& Buzasi 2006) and are due to the closer pair in the λ Sco triple
system (with an orbital period of 5.9525 d according to U04).
Folding our data with this orbital period provides no evidence for
the detection of a secondary eclipse; our data also do not cover
the predicted times of further eclipses. From the primary’s and
tertiary’s parameters inferred above, we thus obtain R1 = 8.8 ±
1.2 R�, R2 = 1.5± 0.2 R�, and R3 = 4.7± 1.0 R�. The secondary
would then be a M2 = 2.0±0.2 M� star at the beginning of main
sequence evolution.

The light curves by Bruntt & Buzasi (2006) allow to estimate
that the eclipses of the primary of λ Sco by the secondary last
about 8.5 h from mid-ingress to mid-egress. Unfortunately, the
figures in this paper do not permit unambiguous eclipse timing
determinations. We are therefore left with the partial eclipses in
SL72’s and our data, as well as with two eclipses seen in the
Hipparcos photometry of the star. The times of central eclipse
determined from these data are listed in Table 3.

Fig. 5. Eclipse of λ Sco observed on the night of 17/18 July 2011. The
filled circles are the v filter data, the open circles the measurements in y.

Table 3. Times of central eclipse of the primary of λ Sco and compari-
son with the spectroscopic ephemeris of the close pair by U04.

Time E O–C Reference
(HJD − 2 400 000) (d)
40 690.05 ± 0.02 −1675 0.98 ± 0.02 SL72
48 165.68 ± 0.04 −419 0.27 ± 0.04 ESA (1997)
48 659.74 ± 0.03 −336 0.27 ± 0.03 ESA (1997)
55 760.24 ± 0.02 857 −0.56 ± 0.02 this paper

Using the spectroscopic ephemeris of the close binary in
λ Sco (U04), we can estimate an epoch zero of a potential eclipse
of HJD 2 450 659.51± 0.06, and determine (O−C) values of the
times of central eclipse for the 5.9525-d orbital period. These
deviate considerably from the ephemeris (cf. Table 3). The light
time effect caused by the tertiary component cannot be the cause
of these (O−C) deviations because its maximum range can only
be 0.03 d.

Consequently, we re-analysed the radial velocities by U04
with Period04. A fit with the two orbital periods, the first har-
monic of the shorter orbital variation and with the dominant pul-
sation frequency resulted in an orbital period of the close sys-
tem of 5.95242± 0.00004 d, within 3σ of U04. The formal error
quoted here (cf. Montgomery & O’Donoghue 1999) is the same
as given in U04. However, the data set is unevenly distributed:
74% of the radial velocities originate from only nine nights out
of a total of 77, and the first two nights are separated by seven
years from the remainder that also span seven years.

We therefore summed the data into bins separated by one
pulsation period and repeated the frequency analysis (omitting
the pulsation frequency). This resulted in an orbital period of
the closer pair of 5.9522 ± 0.0002 d, and twice this uncertainty
when not considering the first two nights. We therefore argue
that the discrepancy between the spectroscopic orbital period
of U04 and our eclipse timings is simply due to an earlier un-
derestimate of the observational errors. Consequently we pro-
pose a refined value for the orbital period of the closer pair of
5.95189± 0.00003d, to bring the photometric and spectroscopic
measurements into agreement.

3.3. μ1 Sco

Given its brightness, its rather large light amplitude, and discov-
ery as a spectroscopic binary already in the 19th century, there is
rather little literature data for this eclipsing binary. On the other
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Fig. 6. Phased light curves of μ1 Sco according to the ephemeris by
van Antwerpen & Moon (2010). The triangles are our u measurements,
the filled circles are our v filter data, the open circles our measurements
in y. The lines are fits to the data.

hand, a recent comprehensive study of this system was published
by van Antwerpen & Moon (2010), wherefore it is of little point
to repeat these authors’ work. However, we are interested in ob-
taining good binary light curve fits because the primary compo-
nent is in the β Cephei instability strip and the secondary is in
the domain of SPB stars.

We therefore applied the PHysics Of Eclipsing BinariEs
(PHOEBE) code (Prša & Zwitter 2005) to our light curves, us-
ing the binary parameters from van Antwerpen & Moon (2010)
as starting values. It is implied that the ephemeris given by these
authors is still valid for our data (Fig. 6). However, according to
our knowledge our measurements yielded the first photometric
data of μ1 Sco in the ultraviolet. Indeed, irradiation of the cooler
secondary (implemented in PHOEBE) had to be included to pro-
vide a fit our u data within the observational and analysis errors –
as already predicted by Ruciński (1970).

Subtracting the light curve solution leaves non-white residu-
als with the two most interesting modulation frequencies around
0.123 and 8.07 c/d and about 3 mmag amplitude that are visi-
ble in all three filters’ data. These might correspond to intrinsic
variability of at least one of the binary components, but do not
reach the required S /N ≥ 4 to be considered as detected. Future
BRITE data will enable us to investigate this possibility deeper.

3.4. ζ1 Sco

The light variations of this star are only discernible from night to
night. Consequently, we show nightly averaged magnitude and
colour variations of ζ1 Sco in Fig. 7. A period search in these
data is (as to be expected from the light curves) not very reveal-
ing and implies a time scale of the variations of about two or
four weeks. The latter is compatible with two of the variability
periods of ζ1 Sco proposed by Sterken et al. (1997), but our data
do not fold well with either of these two periods. There is also

Fig. 7. Upper panel: our light curves of ζ1 Sco. The triangles are our
u measurements, the filled circles are our v filter data, the open circles
our measurements in y. Lower panel: the u−y (triangles) and v−y (filled
circles) colour variations.

little colour variation associated with the light changes, in par-
ticular in (u − y), which can be taken as an argument against
normal-mode pulsations.
ζ1 Sco is a very massive (M ≥ 36 M�) supergiant (Clark

et al. 2012) and shows evidence for wind clumping (Prinja &
Massa 2010). As a consequence of its high mass and luminosity,
strange modes may be excited (Gautschy 2009). To us, these two
possibilities appear to be more promising to explain the observed
variability of the star, as opposed to normal mode pulsations.

4. Summary and conclusions

In anticipation of the BRITE-Constellation space mission, we
have carried out time-resolved multicolour photometry of six di-
verse bright early-type stars in Scorpius, a sky region certainly
interesting to be studied with BRITE. The magnitude range and
temporal behaviour of those stars is also what is to be expected
to be close to what a typical BRITE field will contain.

We have detected one long and one short period for each of
the two known β Cephei stars κ and λ Sco. We observed part
of an eclipse of the latter star and found a longer period in its
light variation that has never been reported before. Due to the
lack of ultraviolet data, we cannot provide a mode identifica-
tion for λ Sco, but for κ Sco we were able to constrain l ≤ 1
for the dominant β Cephei pulsation mode. Together with spec-
troscopic results from the literature, this makes this mode most
likely (l,m) = (1,−1). The uvy amplitudes of the longer period
of κ Sco, are consistent with pulsation. However, a rotational
origin can also not be ruled out, and a hypothesized longer-
period pulsation would have a frequency very close to the ro-
tational one.

A rotational modulation or g-mode pulsation may also be
present in λ Sco on top of the known β Cephei oscillation.
Previous analyses of this triple system are not in good agree-
ment with its Hipparcos parallax and the pulsational behaviour
of the primary. Therefore we argued that the components of this
system are some 30% more massive than previously thought.
We also noticed that the spectroscopic ephemeris of the close
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binary in the system does not predict observed eclipse timings
correctly, and proposed a revised value for the orbital period.

We obtained full orbital coverage of the light curve of the
known eclipsing binary μ1 Sco, and found its variability consis-
tent with the latest ephemeris in the literature. We presented the
first ultraviolet light curves of the system, which could only be
satisfactorily modelled by including (long ago predicted) irradi-
ation effects. There are hints of additional variability that may
be pulsational in origin, which however remains to be revealed
with BRITE-Constellation. Finally, our observations of the blue
super/hypergiant ζ1 Sco showed variability on time scales of
weeks, that we prefer to interpret in terms of wind variations or
strange mode oscillations rather than normal mode pulsations.

Given the modest size of the present study, the number of
new results on these bright stars is astounding. Part of the reason
may be that ground based photometric studies of the brightest
stars in the sky are technically difficult, wherefore comparatively
less about them is known than for fainter stars. Consequently,
we are eagerly looking forward to the new scientific results to be
delivered by BRITE-Constellation.
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