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ABSTRACT

Context. The galactic magnetic chemically peculiar (mCP) stars of the upper main sequence are well known as periodic spectral
and light variables. The observed variability is obviously caused by the uneven distribution of overabundant chemical elements on
the surfaces of rigidly rotating stars. The mechanism causing the clustering of some chemical elements into disparate structures on
mCP stars has not been fully understood up to now. The observations of light changes of mCP candidates recently revealed in the
nearby Large Magellanic Cloud (LMC) should provide us with information about their rotational periods and about the distribution
of optically active elements on mCP stars born in other galaxies.
Aims. We queried for photometry at the Optical Gravitational Lensing Experiment (OGLE)-III survey of published mCP candidates
selected because of the presence of the characteristic λ5200 Å flux depression. In total, the intersection of both sources resulted in
twelve stars. For these objects and two control stars, we searched for a periodic variability.
Methods. We performed our own and standard periodogram time series analyses of all available data. The final results are, amongst
others, the frequency of the maximum peak and the bootstrap probability of its reality.
Results. We detected that only two mCP candidates, 190.1 1581 and 190.1 15527, may show some weak rotationally modulated light
variations with periods of 1.23 and 0.49 days; however, the 49% and 32% probabilities of their reality are not very satisfying. The
variability of the other 10 mCP candidates is too low to be detectable by their V and I OGLE photometry.
Conclusions. The relatively low amplitude variability of the studied LMC mCP candidates sample can be explained by the absence
of photometric spots of overabundant optically active chemical elements. The unexpected LMC mCPs behaviour is probably caused
by different conditions during the star formation in the LMC and the Galaxy.

Key words. stars: chemically peculiar – Magellanic Clouds – stars: variables: general

1. Introduction

The chemically peculiar (CP) stars of the upper main sequence
display abundances that deviate significantly from the standard
abundance distribution. For a subset of this class, the magnetic
chemically peculiar (CP2 or mCP) stars, the existence of strong
global stellar magnetic fields was found.

The variability of mCP stars is explained in terms of the
oblique rotator model (Stibbs 1950), according to which the pe-
riod of the observed light, spectrum, and magnetic field varia-
tions is the rotational period. The photometric changes are due
to variations of global flux redistribution caused by the phase-
dependent line blanketing and continuum opacity namely in
ultraviolet part of stellar spectra (Krtička et al. 2007, 2012).

The amplitude of the photometric variability is a combina-
tion of the characteristics of the degree of nonuniformity of
the surface brightness (spots), the used pass band, and the line

� Figures 11–22 are available in electronic form at
http://www.aanda.org

of sight. The observed amplitudes are up to a few tenths of
magnitudes. However, for some stars one also fails to find any
rotational induced variability at all. The locations of spots used
to have connection with the dipole-like magnetic field geometry.

In the Milky Way, we know of a statistically significant num-
ber of rotational periods for mCP stars deduced from photomet-
ric and/or spectroscopic variability studies (Renson & Catalano
2001; Mikulášek et al. 2007a,b). Nevertheless, extragalactic
mCP stars were also found. After the first photometric detec-
tion of classical CP stars in the Large Magellanic Cloud (LMC;
Maitzen et al. 2001), a long-term effort was made to increase the
sample (Paunzen et al. 2006). We were, finally, able to verify our
findings with spectroscopic observations (Paunzen et al. 2011).

In this paper, we present the time series analysis of light vari-
ations of photometrically detected mCP candidates in the LMC.
Our list of targets (Paunzen et al. 2006) was compared with the
OGLE database (Udalski et al. 2008) for corresponding mea-
surements. In total, fourteen common objects were found and
their V and I light curves were analysed.
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Table 1. Basic photometric parameters from Paunzen et al. (2006) and references therein, as well as the photometric characteristics of CP candi-
dates in the V and I bands.

No. OGLE V MV0 (V − I) Δa NV δmV NI δmI 1/P Am Ams S/N S/Ns prob
LMC + [mag] [mag] [mag] [mag] [mag] [mag] [d−1] [mag] [mag] %

1 135.3 4273∗ 17.80 −0.95 +0.85 (0.089) 67 0.013 370 0.013 1.1336 0.175 0.041 51 4.8 100
2 135.3 30 107∗ 17.76 −0.98 +1.36 (0.094) 65 0.011 466 0.010 0.6522 0.005 0.006 4.5 4.5 16
3 136.7 861 17.60 −1.14 −0.04 0.078 28 0.010 301 0.018 1.0088 0.014 0.013 5.1 4.5 29
4 136.7 16501 19.16 +0.41 +0.03 0.087 24 0.024 266 0.058 0.2286 0.044 0.040 5.1 4.6 28
5 136.8 678 17.84 −0.90 +0.01 0.095 45 0.011 435 0.021 1.4388 0.013 0.013 4.7 4.6 18
6 136.8 1801 18.79 +0.05 +0.11 0.085 45 0.019 437 0.041 1.1811 0.027 0.023 5.3 4.3 30
7 136.8 1873 18.64 −0.10 +0.02 0.056 45 0.017 437 0.039 0.6549 0.021 0.022 4.2 4.3 20
8 136.8 2002 18.67 −0.08 +0.10 0.054 45 0.018 434 0.038 0.4372 0.020 0.022 4.1 4.5 13
9 136.8 3694 19.10 +0.35 +0.05 0.052 44 0.023 421 0.056 0.9838 0.031 0.033 4.4 4.7 23
10 136.8 3875 18.98 +0.24 +0.04 0.087 43 0.022 434 0.052 1.8641 0.031 0.032 4.6 4.7 10
11 190.1 1445 18.08 −0.65 −0.03 0.095 52 0.013 454 0.037 0.9183 0.017 0.016 5.6 5.3 26
12 190.1 1581 17.89 −0.85 +0.01 0.044 51 0.012 454 0.031 0.8075 0.019 0.015 7.1 5.3 49
13 190.1 2822 18.68 −0.06 +0.02 0.060 53 0.018 454 0.056 1.6884 0.022 0.024 4.6 5.1 11
14 190.1 15527 17.16 −1.57 +0.01 0.041 53 0.008 453 0.019 2.0260 0.011 0.009 6.7 5.5 32

Notes. V is the mean magnitude in V filter, MV0 the V absolute magnitude assuming the distance modulus m−M = 18.49± 0.05 mag (Pietrzyński
et al. 2013) and AV = 0.25 mag (Paunzen et al. 2011), (V − I) the mean colour index, Δa the mean Maitzen index, NV and NI the numbers of
V and I observations, δmV and δmI the typical uncertainties of particular measurements, 1/P the frequency of the maximum effective amplitude
of Am or S/N, while Am and Ams are the observed maximum modified amplitude and expected maximum modified amplitude. S/N and S/Ns are
the maximum signal/noise value and its expected value; “prob” means the probability of the reality of designate frequency of periodic variations.
Bold numbers designate higher values than the particular mean values. (∗) The control stars: the first is a short-periodic Cepheid, the second a
non-variable K giant.

2. Light variations of LMC mCPs candidates

Overabundant chemical elements are very unevenly distributed
on the surfaces of Galactic mCP stars which results in the pe-
riodic variations of their spectra and brightness. The goal of the
following analysis is to find rotationally modulated light changes
and to ascertain their rotational periods. The basic data repre-
senting 6476 individual photometric measurements were taken
from the Optical Gravitational Lensing Experiment (OGLE)-III
survey of the LMC (Udalski et al. 2008), with 90% taken in the
I band and the remaining 10% in the V band (see Table 1).

2.1. Target selection and description of the OGLE LMC data

The LMC mCPs candidates were selected on the basis of
Δa photometry. Thanks to the typical flux depression in CP stars
at λ 5200 Å, the tool of Δa photometry is able to detect them
economically and very efficiently by comparing the flux at the
centre (5200 Å, g2) with the adjacent regions (5000 Å, g1 and
5500 Å, y). It was shown that virtually all chemically peculiar
stars with magnetic fields have significant positive Δa values
up to +100 mmag whereas Herbig Be/Ae and metal-weak stars
exhibit significantly negative values (Paunzen et al. 2005).

We compared our list of mCP candidate stars (Paunzen et al.
2006) with the OGLE database for corresponding measurements
on the basis of equatorial coordinates and V magnitudes. After a
first query, we inspected the positions in our original images and
those of OGLE by eye. In total, we found fourteen matches in
both sources. The final list of stars is given in Table 1.

A further analysis revealed that the sample of mCP can-
didates is contaminated by two late-type stars. The first,
135.3 4273, was recognised as the short-period Cepheid OGLE-
LMC-CEP-0327 pulsating in its first overtone with the pe-
riod P = 0.8821659(13) d (Soszyński et al. 2008). The sec-
ond, 135.3 30 107, is a normal, non-variable K-type giant.
We adopted them as control stars and their photometric data
were analysed together with other stars of the sample. The
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Fig. 1. Hertzsprung-Russell diagram of all analysed stars. MV0 is a mean
V absolute magnitude corrected for extinction AV = 0.25 mag (Paunzen
et al. 2011) assuming the distance modulus m−M = 18.49 mag as given
by Pietrzyński et al. (2013); (V − I)0 is the colour index corrected for
the corresponding interstellar reddening by 0.1 mag. Open circles clus-
tering towards the main sequence indicate mCP candidates, the square
denoted by 1 is the mean position of star 1 (135.3 4273), which is a
short-period Cepheid. star 2 (135.30 107) is a normal non-variable K gi-
ant. Stars 12 and 14 are mCP candidates suspected for their rotationally
modulated light variations.

Hertzsprung-Russell diagram of all studied stars constructed
from data given in Table 1 is shown in Fig. 1.

The data of the mCP candidates contain the JDhel date of
measurement, ti, the measured V and I magnitudes mi, and the
estimate of its internal uncertainty δmi. We have found that the
last quantity represents the real uncertainty of the magnitude de-
termination quite well and that is why we used it to weight the
individual measurements according to the relation wi ∼ δm−2

i .

2.2. mCP star candidates

The mean V magnitudes of mCP candidates (stars 3–14) span
the interval from 17.16 to 19.16 mag. Assuming a distance
module (m − M) for the LMC of 18.33 mag and an extinction
of AV = 0.25 mag (Paunzen et al. 2011), we obtain the interval
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of absolute V magnitudes from −1.4 to +0.6 mag, respectively.
It corresponds mainly to Si-type of mCP stars, spectroscopically
verified by Paunzen et al. (2011).

The median of the amplitude of light variations of mCP stars
in V is about 0.032 mag (Mikulášek et al. 2007a,b). The typical
error of the determination of one I measurement of our mCP can-
didate set is σIt ∼ 0.038 mag and the typical number of mea-
surements is NIt ∼ 440 (see Table 1). Consequently, the expected
uncertainty of δIt of the amplitude determination of periodic vari-
ations can be estimated as δIt =

√
8/NIt σIt ∼ 0.005 mag. The

same quantities for V measurements are σVt ∼ 0.015 mag and
NVt ∼ 45, δVt =

√
8/NVt σVt ∼ 0.006 mag. We found this en-

couraging for the project of detecting periodicities in OGLE-III
photometry.

Before starting the analysis of V and I photometric data we
investigated the expected relationship between infrared and vi-
sual variations of mCP stars in more detail.

2.3. I light variability of mCP stars

Our search for periodic rotationally modulated variations in the
sample of 12 LMC mCP candidates is based mainly on the anal-
ysis of the variability of these stars in the near infrared, while
the Galactic mCP star variability is studied mainly in the visual
region. Unfortunately, the information about the infrared vari-
ability of Galactic mCP stars is very scarce. From the few ob-
servations available (e.g. Musielok et al. 1980; Catalano et al.
1998; Wraight et al. 2012) one can conclude, that the amplitude
of the light variations in the near infrared filters is similar but not
identical to that in visual filters. This can be easily understood
from the theoretical model of the light variability of mCP stars
(Molnar 1975; Krtička et al. 2007; Shulyak et al. 2010), which
is based on the light redistribution from the shorter wavelength
region (typically the far ultraviolet) to the longer wavelength
region (typically the visual and infrared) because of enhanced
opacity in the regions with overabundant elements. The infrared
continuum lies in the Rayleigh-Jeans part of the flux distribution
function, where the ratio of the two different fluxes is indepen-
dent of wavelength.

To derive a quantitative prediction for the mCP star light
variability in the near infrared, we employed successful models
of the visual light variability of HD 37776 (Krtička et al. 2007,
Teff = 22 000 K), HR 7224 (Krtička et al. 2009, Teff = 14 500 K),
and CU Vir (Krtička et al. 2012, Teff = 13 000 K) and pre-
dicted the light curves in the I filter. The light curves are calcu-
lated from the surface abundance maps of these stars (Kuschnig
et al. 1999; Khokhlova et al. 2000; Lehmann et al. 2007) us-
ing TLUSTY model atmospheres and SYNSPEC spectrum syn-
thesis code (Lanz & Hubeny 2003, 2007). For these stars, no
observations in I are available.

The light curves are predicted using specific intensities fil-
tered by appropriate transmission curve. We fitted the OGLE
transmission curve by a suitable formula with a precision better
than 3% in the form of

M(λ) =

{
exp (a1x + a2x2), λ < λ0,
exp (a4x + a5x2 + a6x3), λ > λ0,

(1)

where the variable x is connected with the wavelength λ in Å as

x =
(
λ − λ0

σ

)2
, (2)
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Fig. 2. Predicted light curves in the I band of selected Galactic
mCP stars.

and

λ0 = 8111 Å, σ = 733 Å, (3a)

a1 = −0.501, a2 = −0.329, (3b)

a4 = −0.400, a5 = +0.452, a6 = −1.03. (3c)

The resulting light curves are given in Fig. 2. From this plot we
conclude that if the LMC mCP stars have the same amplitude
as their Galactic counterparts, their light variations should be
detectable by OGLE.

3. Search for photometric periodicity

The detection of photometric variations of LMC mCP candi-
dates is not straightforward because of their faintness. That is
why we approximated their light behaviour by the simplest pos-
sible model assuming that light curves in all filters are simple
sinusoidal with the same amplitude. Whenever a signal of this
kind is detected, we are able to improve the model even more.

3.1. Periodograms

The periods of variable stars are usually inferred by means of
various kinds of periodograms. We opted for two versions of pe-
riodograms based on the fitting of detrended measurements yi
with uncertainties σi done in the moments ti by an ordinary
sine-cosine model, f (ω, t) = b1 cos(ω t) + b2 sin(ω t), where
ω = 2π/P is an angular frequency and P the period, using the
standard χ2 least-squares method. If the sum χ2(ω) is for the
given ω minimum the so-called modified amplitude Am(ω) has
to be maximum,

N∑
i=1

y2
i

σ2
i

− χ2(ω) =
N∑

i=1

[
f (ω, ti)
σi

]2
= A2

m

N∑
i=1

1

8σ2
i

, (4)

⇒Am(ω)=

√√√
8∑
σ−2

j

N∑
i=1

[
b1(ω) cos(ωti)+b2(ω) sin(ωti)

σi

]2
,(5)

where b1(ω) and b2(ω) are coefficients of the fit. When there is a
uniform phase coverage, the modified amplitude is equal to the
amplitude of sinusoidal signal. The best phase sorting of the ob-
served light variations corresponds to the angular frequency ωm
with the maximum of modified amplitude Am(ω).

A12, page 3 of 9

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201220279&pdf_id=2


A&A 556, A12 (2013)

0 0.5 1 1.5 2
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

1/P  [d−1]

A
m

  [
m

ag
]

136.7 16501

Fig. 3. Typical periodogram of a mCP candidate, star 4 (136.7.16501);
all peaks are inconspicuous.
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Fig. 4. Basic period of the overtone-Cepheid OGLE-LMC-CEP-0327
(135.3 4273) plus its aliases conjugated with the period of a sidereal
day.

The second LSM type of periodogram uses for the signif-
icance of individual peaks a robust signal-to-noise ratio (S/N)
criterion, which is defined as

S/N(ω) =
Q(ω)
δQ(ω)

=
b2

1(ω) + b2
2(ω)

δ
[
b2

1(ω) + b2
2(ω)
] , (6)

where δQ(ω) is an estimate of the uncertainty of the quan-
tity Q(ω) for a particular angular frequency.

We tested the properties of the S/N(ω) criterion a thou-
sand samples with sine signals scattered by randomly distributed
noise. We found that if there is no periodic signal in this data, the
median of the maximum S/N(ω) value in a periodogram is 4.52;
in 95% of cases we find a S/N value between 4.2 and 5.4. The
occurrence of peaks definitely higher than 6 indicates possible
periodic variations. The detailed description of both LSM novel
periodogram criteria will be published elsewhere.

During the treatment of OGLE-III time series, we con-
cluded that both types of periodograms correlate very well with
other time-proven estimates, the Lomb-Scargle (see e.g. Press
& Rybicki 1989) periodogram, for example. So we are able to
consider them as generally interchangeable.

We tested all frequencies from 0 to 2.1 d−1. The upper limit is
slightly above the frequency of the fastest rotating CP star known
to date (HD 164429, with the period of P = 0.d51889, see
Adelman 1999).

3.2. Discussion of periodograms

We constructed periodograms for all stars of our sample and cal-
culated frequencies f = 1/P of their maximum peaks and mod-
ified amplitudes Am and S/Ns for these peaks. These quantities
are given in Table 1. We compared the periodograms of the LMC
mCP candidates with those of the control stars, where we clearly
detected the variability of OGLE-LMC-CEP-0327 and its aliases
conjugated with the period of a sidereal day (Fig. 4). Our results
exactly agree with the previous determination of the period and
other characteristics of the star. This lends confidence to our time
series analysis method.

The periodograms of the known Cepheid and the mCP can-
didates plus the second control star apparently differ: the peaks
here have only a very narrow margin to the body of a pure scat-
ter (compare Figs. 3 and 4). There are additional arguments
to explain why all periods except those found for the stars 12
and probably star 14, listed in Table 1, are very likely only
coincidences:

– The distribution of the maximum amplitude frequencies is
shallow and the found frequencies cover the studied inter-
val 0 to 2.1 d−1 more or less evenly. This is a sign that ob-
served peaks are most likely mere coincidences.

– The median of periods of maximum amplitude, 1.0 d, differs
significantly from the median period of Galactic mCP stars,
3.2 d (Mikulášek et al. 2007a,b).

– The amplitudes of light changes of Galactic mCP stars dis-
play no correlation with colour index, spectral type, or ab-
solute magnitude. It is in sharp contrast with observations
of LMC mCP candidates whose observed maximum ampli-
tudes exhibit strict monotonic dependence on the mean mag-
nitude (see circles in Fig. 5). It suggests that the nature of
observed variability of LMC objects is different.

– It is conspicuous that the median of S/N of the highest peaks
in periodograms of individual CP candidates is only 4.7, cor-
responding to the median of maxima peaks S/N = 4.52 in
the case of pure scatter. It indicates the lack of detectable
periodic signal in the majority of inspected mCP candidates,
with two exceptions (stars 12 and 14) which are discussed in
the following.

This persuaded us to test the hypothesis that the distribution
of the data is random via a heuristic shuffling method. We re-
analysed the data of each mCP candidate in the same way as
described above, only we randomly shuffled all the individual
observations (magnitudes and their uncertainties), the times of
the observations remained the same. We are convinced that any
periodic signal had to be destroyed. We calculated Ams and S/Ns
for each shuffled version of data. The median of the both shuffled
quantities is given in Table 1 and Fig. 5. It is apparent that the re-
sults are nearly the same as in the case of the original, unshuffled
data with two exceptions (stars 12 and No 14).

As an added and independent test, we applied two dif-
ferent time series analysis methods, namely the modified
Lafler-Kinman method (Hensberge et al. 1977) and the Phase-
Dispersion-Method (Stellingwerf 1978). All computations were
done within the programme package Peranso1. Using these util-
ities we find only upper limits for variability, but no statisti-
cally significant detection except for the case of star 1. The
frequencies discussed in the following for stars 12 and 14, are
detected on a 3.4 and 3.9σ level, respectively.

1 http://www.peranso.com/
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Fig. 5. Dependence of the maximum modified amplitudes of the ob-
served (Am – circles) and the shuffled data (Ams – squares) on the mean
I magnitude of mCP candidates. The largest positive relative deviation
is found for the star 12 (190.1 1581) and is denoted by an arrow.

3.3. Significance of the found periods

The characteristics of periodograms is strongly affected by the
scatter of data; this forced us to treat the time series very care-
fully and to develop special techniques that enabled us to extract
hidden information as effectively as possible.

3.3.1. Aliasing

The OGLE-III data used for our 12 LMC mCP candidates cover
the whole observed time interval rather unevenly and caused a
lot of prominent aliases which make the spectrum of periods
relatively complex. Besides the dominant peak at the real fre-
quency of variations, one may expect its aliases to be conjugated
with the frequency of the Earth’s rotation and revolution around
the Sun. However, the schedule of OGLE exposures was more
complicated.

Time series of the stars in our sample representing both
660 V and 5816 I measurements were obtained from 2001 to
2008. The complete photometry was done only when the LMC
was sufficiently high above the horizon. Consequently, 85% of
the measurements were obtained in the time between 2.5 h be-
fore and after the passage of the LMC through the local merid-
ian. Similarly, 85% of the observations were done during six
months in a year starting from mid-September until mid-March.
There is only a weak correlation between the number of mea-
surements and the corresponding lunar phase. All of this influ-
enced the appearance of the details of the periodograms of the
light variations of the individual stars.

Because the determination of the position and significance
is demanding, we used the method of the direct modelling of
aliases spectra by simulating the result of observations of the ob-
ject with a given frequency of a sine signal. The simulated peri-
odogram of this situation then demonstrates the aliases spectrum
and the mutual proportion of their individual peaks. An example
of a simulated spectrum of this kind for the basic frequency of
f = 1/P = 0.8075 d−1 is displayed in Fig. 6. By default, the prin-
cipal aliases are, double peaks, while the basic peak is a triplet
with a dominant central peak. This structure helped us to distin-
guish among real and alias peaks in the frequency spectrum.

We conclude that each star has its specific aliases spectrum
with different proportions in the heights of individual peaks and
their inner structure.
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Fig. 6. Simulated periodogram for star 12 (190.1 1581) assuming a pure
sine signal of the frequency f = 1/P = 0.8075 d−1. The most prominent
peak corresponds to the basic frequency; the other pronounced peaks
are conjugated aliases with one sidereal day.

3.3.2. Bootstrap tests

The bootstrap technique (Hall 1992) has proved to be very useful
for testing the statistical significance and, therefore, the reality of
found periods. It helped us to quantify this reality as a probabil-
ity that the periodogram of a randomly created bootstrap subset
of the original data has its dominant peak at the same frequency
as the standard periodogram. We tested it with one hundred boot-
strap subsets for each star of our sample. We consider a period
to be statistically significant if the maximum peak occurs at one
of the aliased frequencies because during the bootstrap choice
aliases often exceed the basic peak. The probability of the period
reality for each star is given in the column “prob” in Table 1.

The results are rather dismal. With the exception of the un-
doubtedly variable star 1, the reality of finding a star period never
exceeds 50%. Nevertheless, two stars, 190.1 1581 and 190.1
15527, at least approach that limit.

4. The mCP candidates suspected of periodic light
variations

Both objects suspected of periodic light variations, star 12
(190.1 1581) and star 14 (190.1 15527), display relatively low
amplitude light variation which are only slightly above the de-
tectability by OGLE-III V and I photometry. Therefore, we
used a very simple model of their behaviour assuming the lin-
ear ephemeris and the sine form of the V and I variations with
different amplitudes. We obtained the following model of light
changes

ϑ(t) =
t − M0

P
, mc(ϑ) = mc − ac

2
cos(2 π ϑ), (7)

where ϑ(t) is a phase function, M0 is the moment of the basic
maximum, P is the period in days, mc(t) is a predicted magni-
tude in filter c (c = V, I) at the time t, mc is a mean value of
the magnitude in the filter c, and ac is an amplitude in the fil-
ter c. The values for both stars derived by standard least-squares
minimization regression are given in Table 2.

4.1. LMC 190.1 1581

Star 12 (190.1 1581) is one of the brighter stars in our sample.
Its mean absolute magnitude MV0 = −0.85 mag and negative
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Table 2. Derived parameters of our light variation model given in
Eq. (7).

LMC 190.1 1581 LMC 190.1 15 527
M0 − 2 450 000 3710.895(36) 3710.245(12)
P [d] 1.23836(5) 0.493570(8)
mV [mag] 17.8917(16) 17.1698(10)
aV [mag] 0.022(4) 0.017(3)
mI [mag] 17.8814(13) 17.1508(8)
aI [mag] 0.016(4) 0.008(2)
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Fig. 7. V and I light curves of star 12 (190.1 1581) plotted according to
the ephemeris given in Table 2.
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Fig. 8. Comparison of the classical Lomb-Scargle periodogram of
star 12 (190.1 1581) before (pale magenta) and after subtraction (dark
blue) of the variations described by the model (Eq. (7)). It seems that
a substantial part of the variability of the star is well described by this
model and its parameters (Table 2).

dereddened index (V − I)0 = −0.09 mag indicates that this ob-
ject belongs among the late B-type stars. If it is a true mCP star,
it is most likely a Si- or He-weak type object.

In its periodogram we find a dominant peak at the frequency
f = 0.8075 d−1 corresponding to the period P = 1.d2433. The
second peak of nearly the same height consists of two peaks at
the frequencies f = 1.8075 d−1 and f = 1.81025 d−1. Their
distance of 0.00275 d−1 corresponds to the reciprocal value of
the sidereal year in days. The internal structure indicates that it
is an alias of the basic period. The bootstrap test of the reality
of the found period gives 49%, which is the absolute maximum
among the mCP candidates in our sample.

A careful inspection of CCD images of this star reveals that it
is a visual binary with a companion that is about 1.5 mag fainter
than our target. The OGLE-III photometry was apparently
done for both components. Future photometric observations and
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Fig. 9. V and I light curves of star 14 (190.1 15527) plotted according
to the ephemeris given in Table 2.

treatments of them should take this into account. On the other
hand, the modest ratio of amplitudes of variations in V and I fil-
ters completely fulfills our theoretical expectation.

4.2. LMC 190.1 15 527

Star 14 (190.1 15 527) is the brightest and one of the hottest
mCP candidates in our sample. With MV0 = −1.57 mag and
(V − I)0 = −0.09 mag it is a late Bp star with Si or He-weak
chemical peculiarity. The most striking result of its analysis is
the found period of P = 0.d494, which is rather short. If it is con-
firmed, it would be one of the fastest rotating mCP stars detected
so far.

Unfortunately, the found period shorter than 12 h is not as
firmly established as in the case of the previous mCP candidate
with larger light changes. It results in the relatively low appre-
ciation of the reality probability of the found period only 30%.
The rather small variations in the I filter (see Fig. 9) are also not
in favour of variability, nor are our simulations with randomly
distributed magnitudes that also constitute periodogram peaks
slightly larger than 2 and 1. That is why we suspect the feature
to be an artefact caused by the specifically distributed observa-
tions. However, Fig. 10 shows the success of the expression of
the light curves by the simple model given in Eq. (7).

In conclusion, we suggest that the periodic variations of
star 14 (190.1 15527) remains an open question.

5. Conclusions

We analysed the OGLE-III photometry for fourteen stars of
which twelve are mCP candidates. In total, 6476 individual
photometric measurements in V and I were used to perform
a time series analysis. For this purpose, we calculated peri-
odograms including a bootstrap-based probability of the sta-
tistical significance. Although the median of the amplitudes of
maximum peaks, median Am = 0.02 mag in the periodograms
of the mCP candidates, does not contradict our expectation
(median(Am) = 0.032 mag for Galactic mCP stars; Mikulášek
et al. 2007a,b), other circumstances suggest that the prevailing
majority of these peaks might not be statistically significant. We
found some periodic variations in only two of the mCP candi-
dates, of which one is doubtful.

It seems that the rotationally modulated variability of the
studied mCP candidates in the V and I bands is very weak
(if present at all). As upper limits of their effective ampli-
tudes, we used Aeffs derived from the analysis of shuffled data.
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Fig. 10. Comparison of the classical Lomb-Scargle periodogram of the
star No. 14 – 190.1 15527 before (pale colour) and after (dark colour)
subtraction of the variations described by the model (Eq. (7)). It seems
that a part of the variability of the star can be described by this model
and found parameters (see Table 2). Unfortunately, there are some in-
dications that the main peak may be an artefact caused by specifically
distributed data.

Nevertheless, it is very likely that the true amplitudes are much
lower than 0.01 mag, which is the limit derived from the time
series analysis of the brightest mCP candidate.

From this finding we can conclude that the spots on the stel-
lar surfaces of these objects are not as contrasting as those of
their Galactic counterparts; in other words, the overabundant ele-
ments (Si, Fe, Cr, and so on) are more evenly distributed over the
surface or the maximum abundance is lower. This phenomenon
has also been observed for non-magnetic Galactic Am or weakly
magnetic HgMn stars.

The low contrast of LMC mCP photometric spots could be
explained by lower global magnetic fields strengths of LMC
mCP stars than their Galactic counterparts. It may relate with the
lower level of interstellar magnetic field in the LMC if we com-
pare it with the Galactic field, which results in the overall lower
percentage of mCP star appearance compared to the Milky Way
(Paunzen et al. 2006).

Our results could also have a fundamental impact on the ori-
gin of the global stellar magnetic fields for those objects. Two
theories have been developed for this (Moss 1989), and are still
in dispute. The fossil theory has two variants: the magnetic field
is either the slowly decaying relic of the frozen-in interstellar
magnetic field or of the dynamo acting in the pre-main sequence
phase. The dynamo theory is based on the existence of a con-
temporaneous dynamo operating in the convective core of the
magnetic stars. If we assume that the stellar dynamo functions
with the same efficiency for all stars with an identical mass and
luminosity, than we should find the same number of mCP stars
in the Milky Way and the LMC. On the other hand, the global
magnetic field of the LMC (≈1.1 μG, Gaensler et al. 2005) is
much weaker than that of the Milky Way (6–10μG, Beck 2009).
Therefore, our results are in favour of the fossil theory being the
cause of the CP star phenomenon.

Another important global parameter which has to be taken
into account is the metallicity. The overall metallicity of the
LMC is about−0.5 to −2.0 dex lower than that of the Milky Way.
For the CP phenomenon, in general, besides Fe, Mg, Si,
and Cr are the most important elements for the light variability

and thus the spot characteristics. Our targets are members of or
in the surrounding of the open clusters NGC 1711, NGC 1866,
and NGC 2136/7. In addition, one field in the bulge was
observed. The published [Fe/H] values for those regions are all
below −0.70 dex (Paunzen et al. 2006). Pompéia et al. (2008)
published detailed [α/Fe] ratios for the inner disc of LMC. They
conclude that the abundances of Mg, Si, Ti, and Cr scale the
same way as [Fe/H]. The intrinsic abundance of our targets
should be, therefore, uniform, not favouring any element for
magnetic diffusion and thus the spot characteristics or the maxi-
mum elemental abundances are too low to cause any substantial
light variability.

As future steps, we suggest retrieving time series of the re-
maining published mCP candidate stars and getting more accu-
rate measurements of the presented stars. In addition, observa-
tions in other wavelength regions would shed more light on the
surface characteristics.
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Fig. 11. V (�) and I (◦) light curves of star 1 (135.3 4273) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 12. V (�) and I (◦) light curves of star 2 (135.3 30107) plotted ac-
cording to the ephemeris given in Table 2.

0 0.5 1

−0.05

0

0.05

0.1

0.15

0.2

phase

m
ag

ni
tu

de
  [

m
ag

]

136.7 861 P = 0.991 d  

Fig. 13. V (�) and I (◦) light curves of star 3 (136.7 861) plotted accord-
ing to the ephemeris given in Table 2.
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Fig. 14. V (�) and I (◦) light curves of star 4 (136.7 16501) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 15. V (�) and I (◦) light curves of star 5 (136.8 678) plotted accord-
ing to the ephemeris given in Table 2.
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Fig. 16. V (�) and I (◦) light curves of star 6 (136.8 1801) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 17. V (�) and I (◦) light curves of star 7 (136.8 1873) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 18. V (�) and I (◦) light curves of star 8 (136.8 2002) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 19. V (�) and I (◦) light curves of star 9 (136.8 3694) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 20. V (�) and I (◦) light curves of star 10 (136.8 3875) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 21. V (�) and I (◦) light curves of star 11 (190.1 1445) plotted ac-
cording to the ephemeris given in Table 2.
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Fig. 22. V (�) and I (◦) light curves of star 13 (190.1 2822) plotted ac-
cording to the ephemeris given in Table 2.
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