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ABSTRACT

Blue large-amplitude pulsators (BLAPs) are a newly discovered group of compact pulsating stars whose origin needs to be explained.
Of the existing evolutionary scenarios that could lead to the formation of BLAPs, there are two in which BLAPs are the products of
the merger of two stars, either a main sequence star and a helium white dwarf or two low-mass helium white dwarfs. Among over a
hundred known BLAPs, three equidistant in frequency modes had been found in one, OGLE-BLAP-001. We show that similar three
equidistant in frequency modes exist in yet another BLAP, ZGP-BLAP-08. This perfect separation in frequency is a strong argument
to explain the modes in terms of an oblique pulsator model. This model is supported by the character of the changes of the pulsation
amplitude and phase with the rotational phase. Consequently, we hypothesize that these two BLAPs are magnetic, as equidistant in
frequency pulsation modes should be observed in the presence of a magnetic field whose axis of symmetry does not coincide with
the rotation axis. A logical consequence of this hypothesis is to postulate that these two BLAPs could have originated in a merger
scenario, just how the origin of magnetic white dwarfs is explained. We also find that period changes in both stars cannot be interpreted
by a constant rate of period change and discuss the possible origin of these changes.
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1. Introduction

A few years ago, a new group of compact pulsating stars was
discovered by Pietrukowicz et al. (2017) in the Optical Gravi-
tational Lensing Experiment (OGLE, Udalski 2003) data. As
these stars are hot and show large amplitudes of pulsations, they
have been dubbed blue large-amplitude pulsators (BLAPs). In
the Hertzsprung-Russell (H-R) diagram, BLAPs occupy a region
between hot massive main-sequence stars and hot subdwarfs.
Compared to the latter, however, they have an order of magnitude
smaller surface gravities. Their pulsation periods range from 7
to 75 minutes, and their I-band peak-to-peak amplitudes are of
the order of 0.1 – 0.4 mag and increase for shorter-wavelength
passbands. Over a hundred BLAPs and candidate BLAPs are
presently known (Borowicz et al. 2023b; Pietrukowicz et al.
2024).

The light curves of BLAPs are distinctive, with a fast in-
crease in brightness and a much slower decrease, reminiscent
of some stars pulsating in fundamental radial mode, such as
RR Lyrae-type stars of the RRab subtype or high-amplitude
δ Scuti-type stars. Indeed, spectroscopic studies and seismic
modelling (Pietrukowicz et al. 2017; Romero et al. 2018; Byrne
& Jeffery 2020; Lin et al. 2023) have confirmed that the studied
BLAPs also pulsate in the fundamental radial modes. Virtually
all BLAPs are single-mode pulsators. There are only two ex-
ceptions. It is the first discovered BLAP, OGLE-BLAP-001 =
OGLE-GB-DSCT-0058, in which the discoverers (Pietrukowicz
et al. 2013, 2015) detected two additional small-amplitude si-
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nusoidal components, symmetric with respect to the frequency
of the main mode, and recently discovered OGLE-BLAP-030
(Pietrukowicz et al. 2024). In the latter star, these authors found
three independent modes, of which two are likely radial. Several
low-frequency terms have also been discovered in the photome-
try of HD 133729 (Pigulski et al. 2022), but these terms are most
likely g-modes originating from the primary component, which
is a late B-type star that forms a binary system with the BLAP.

From the beginning of the study of BLAPs, one of the most
intriguing challenges has been to explain their origin. To date,
several alternative theories for the origin of BLAPs have been
proposed. According to these theories, BLAPs could be pre-
white dwarfs (pre-WDs) with He cores burning hydrogen in their
shells (Pietrukowicz et al. 2017; Romero et al. 2018; Byrne &
Jeffery 2018, 2020; Wu & Li 2018), likely products of a bi-
nary stellar evolution (Byrne et al. 2021), stars burning helium
in their cores (Pietrukowicz et al. 2017), shell-He burning stars
(Xiong et al. 2022), the surviving components of binary systems
in which a white dwarf has exploded as a Type Ia supernova
(Meng et al. 2020), or products of a merger of two stars (Zhang
et al. 2023). The latter hypothesis seems particularly interesting.
Zhang et al. (2023) showed that BLAPs can form as the prod-
uct of a merger of a He-core white dwarf and a low-mass main-
sequence star. In an accompanying paper (Kołaczek-Szymański
et al. 2024) we show that BLAPs can also be formed as a product
of the merger of two extremely low-mass white dwarfs, which
was first suggested by Córsico et al. (2018).

If some BLAPs are mergers, they can have – as some other
mergers – strong magnetic fields (Sect. 2). Magnetic pulsating
stars are known. If magnetic and rotational axes in such stars are
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inclined, pulsations are usually explained in terms of an oblique
pulsator model (Sect. 3) because pulsations tend to follow the
magnetic axis as the axis of symmetry. Such pulsating stars show
distinct pulsation spectra, namely equally spaced terms in the
frequency spectrum, similar to those found in OGLE-BLAP-
001. In the present paper (Sect. 4), we report the discovery of this
kind of pulsation in another BLAP, ZGP-BLAP-08 (McWhirter
& Lam 2022). We therefore argue (Sect. 5) that these two BLAPs
are likely magnetic oblique pulsators. This finding makes the
merger origin of some BLAPs highly reliable. The hypothesis
that these two stars are magnetic needs to be verified observa-
tionally.

2. Mergers as the origin of strong magnetic fields

Stars having measurable magnetic fields are known to have very
different masses, spectral types and evolutionary stages (e.g.
Ferrario et al. 2015). In cool stars, magnetic fields originate
from surface convection via the hydromagnetic dynamo process
(Charbonneau 2013). In hot stars, however, they are usually ex-
plained either as fossil fields originating during star formation
(e.g. Alecian et al. 2019) or as a consequence of stellar mergers
(Ferrario et al. 2009; Schneider et al. 2019). For instance, Frost
et al. (2024) provided observational evidence that the magnetic
field in one of the components of the massive binary HD 148937
formed via stellar merger. Mergers of young stars can be respon-
sible for the presence of the blue main-sequence band in some
young open clusters (Wang et al. 2022).

Magnetic fields in compact stars are also explained by merg-
ers. This, in particular, applies to white dwarfs (WDs), whose
magnetic fields originate from an earlier evolution, which in-
cludes a merger (Briggs et al. 2015; Ferrario 2018) or at least
a common envelope phase in the case of cataclysmic binaries
(Briggs et al. 2018). Cool magnetic WDs can also be explained
in this way (Ferrario et al. 2020), although a merger with a
substellar companion was proposed to interpret their origin. In
magnetic WDs formed via mergers, the magnetic fields origi-
nate from turbulent accretion on a post-merger star or form dur-
ing the common envelope phase (Nordhaus et al. 2011; Röpke
& De Marco 2023). A massive (∼2 M⊙) magnetic helium star
(HD 45166) could be formed by a merging of two lower-mass
helium stars (Shenar et al. 2023). This mechanism can explain
strong magnetic fields in neutron stars and even the origin of
magnetars.

Zhang et al. (2023) have recently shown that BLAPs can
also be formed by a merger. In this case, this was a merger of
a He-core WD and a low-mass main-sequence companion. As
we have already indicated in the Introduction, in the accompa-
nying paper Kołaczek-Szymański et al. (2024) show that BLAPs
can also be the products of a different merger, of two extremely
low-mass white dwarfs. If any of these two evolutionary chan-
nels is realized in nature, magnetic BLAPs may also exist. This
possibility was recently confirmed by Pakmor et al. (2024), who
showed that magnetic field can be generated in a merger of two
helium WDs. To date, however, no measurements of the mag-
netic fields of BLAPs have been done.

3. Oblique pulsator model – an explanation of
pulsations in magnetic stars

The best-known pulsating stars explained in terms of an oblique
pulsator model are rapidly oscillating Ap (roAp) stars (Kurtz
1982, 1990), a subgroup of magnetic chemically peculiar stars.

The model assumes that the axis of the symmetry of pulsations is
not coaxial with the rotation axis, but follows the magnetic axis,
which is inclined with respect to the rotation axis (Kurtz 1982;
Shibahashi & Takata 1993; Bigot & Dziembowski 2002). This
makes the observed amplitudes and phases of the pulsations de-
pendent on the phase of rotation. In the frequency spectra of the
photometry of roAp stars, this manifests through the occurrence
of equidistant multiplets (e.g. Bruntt et al. 2009; Balona et al.
2011; Holdsworth et al. 2021, 2024; Shi et al. 2021), usually
triplets or quintuplets, separated by the rotational frequency.

While modes excited in roAp stars are mostly dipole or
quadrupole non-radial modes, radially pulsating stars explained
by the oblique pulsator model are also known. One of them is
β Cephei (spectral type B2 III), the prototype of massive main-
sequence stars pulsating in p-modes. This star has a measurable
longitudinal component of the magnetic field that varies with a
rotation period of 12 d and a peak-to-peak amplitude of about
200 G (Henrichs et al. 2013). The pulsations are dominated by a
radial mode at frequency 5.25 d−1, but there are other modes in
the frequency spectrum of this star which, together with the dom-
inant mode, form an equidistant multiplet (Telting et al. 1997).
Shibahashi & Aerts (2000) interpreted this frequency multiplet
in terms of the oblique pulsator model. An oblique rotator model
was suggested earlier to explain the variability of the magnetic
field in β Cep (e.g. Henrichs et al. 1993). Although Shibahashi
& Aerts (2000) assumed that the rotation period is 6 d, half of
the true rotation period, such a multiplet can be easily reinter-
preted for a rotation period of 12 d, assuming that some of its
components are not detected.

4. Target stars and their photometry

In this section, we present the results of the analysis of the
available photometric data for the two BLAPs showing equidis-
tant terms in their frequency spectra. While OGLE-BLAP-001
(Sect. 4.1) was known to show equidistant terms, finding such
terms in the photometry of ZGP-BLAP-08 (Sect. 4.2) is a new
discovery.

4.1. OGLE-BLAP-001

This star was discovered as variable by Pietrukowicz et al.
(2013) during their search for pulsating stars in 21 Galactic disk
fields covered by the third phase of the OGLE project, OGLE-
III (Udalski 2003). The star showed a non-sinusoidal variability
with a peak-to-peak amplitude of 0.35 mag in the I band and a
short period of 0.0196 d (28.3 min). Given the resemblance of its
light curve to those of high-amplitude δ Sct stars, the star was
temporarily classified as a δ Sct star and designated OGLE-GD-
DSCT-0058. In addition to the dominant frequency of 50.964 d−1

and its harmonics, Pietrukowicz et al. (2013) found two ad-
ditional peaks equally separated from the main frequency by
±1.903 d−1. The follow-up low-resolution spectroscopy of this
star carried out by Pietrukowicz et al. (2015) showed that the
star has an effective temperature of about 33 000 K and surface
gravity of log(g/(cm s−2)) = 5.3 ± 0.2 dex. These properties fit-
ted neither δSct-type stars nor any other class of known pulsat-
ing stars. This prompted Pietrukowicz et al. (2017) to search for
other similar stars in the OGLE data. This allowed them to define
a new class of pulsating compact stars – BLAPs. As the first dis-
covered member of the class, OGLE-GD-DSCT-0058 has been
renamed OGLE-BLAP-001.

In the following years, many new members of the class were
discovered (McWhirter & Lam 2022; Ramsay et al. 2022; Pigul-
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Fig. 1. O – C diagram for the dominant period of OGLE-BLAP-001
plotted as a function of time. The observed times of maximum light
(O) and epochs E are given in Table A.1. The predicted times of maxi-
mum light (C) were calculated according to Eq. (1). The sources of data
are labelled in the plot. The dashed line stands for smoothed changes,
which were used to correct the times of observations for period changes,
before the final analysis presented in Sect. 4.1.5.

ski et al. 2022; Lin et al. 2023; Borowicz et al. 2023a,b; Chang
et al. 2024; Pietrukowicz et al. 2024), bringing the total num-
ber to more than a hundred. None, however, was announced to
show the presence of equidistant terms similar to those observed
in OGLE-BLAP-001.

4.1.1. OGLE and Swope photometry

We have reanalyzed the photometry of OGLE-BLAP-001 pub-
lished by Pietrukowicz et al. (2013, 2017, 2024) and made avail-
able through the OGLE web page1. The data set consists of two
seasons (2005, 2006) of the OGLE-III I-band observations, eight
seasons of the OGLE-IV I-band observations (2013 – 2020) and
a few additional nights made with the 1.0-m Swope telescope
in 2016 (Pietrukowicz et al. 2017) in the V and I bands. The
analysis showed that the dominant period is slightly variable.
Therefore, we split the data into seasons and constructed the
O – C diagram shown in Fig. 1. (Seasons 2017 and 2018 were
combined due to the small number of data points.) Before the
analysis, the times of observations were converted from HJD to
BJD in the standard of Barycentric Dynamical Time, TDB, using
the online tool2 provided by J. Eastman (Eastman et al. 2010).
The ephemeris we used to construct the O – C diagram was the
following:

Tmax = BJDTDB 2453427.40341 + 0.019621473 × E, (1)

where E is the number of cycles elapsed from the initial epoch.
The times of the maximum light of the dominant term with fre-
quency of 50.96 d−1, derived from seasonal data, are given in
Table A.1.

1 http://ogle.astrouw.edu.pl
2 https://astroutils.astronomy.osu.edu/time/hjd2bjd.
html

4.1.2. TESS photometry

We also checked if the variability of OGLE-BLAP-001 can be
detected in the Transiting Exoplanet Survey Satellite (TESS,
Ricker et al. 2015) data. The star is TIC 915565212 in the TESS
Input Catalogue, but it was not included as a target for short-
cadence photometry with TESS. Therefore, the photometry can
be done only with the TESS Full Frame Images (FFIs).

By now, the field of OGLE-BLAP-001 was observed by
TESS in six sectors: Sectors 10 and 11 with the FFI cadence
of 30 min, Sectors 36 and 37 with the FFI cadence of 10 min and
Sectors 63 and 64 with the FFI cadence of 200 s. Two important
factors lead to a significant reduction in the observed amplitude
of a variable star in the TESS FFI observations. The first factor
is the contamination associated with the large angular size of the
TESS pixel (21′′). It can be seen in Fig. 2 that there are at least
several relatively bright stars falling within a single TESS pixel
and many more in its vicinity. The second factor is the total expo-
sure time, which – if it lasts a large part of the pulsation period –
leads to an amplitude reduction. The observed amplitude (Aobs)
to intrinsic amplitude (Aint) ratio f = Aobs/Aint due to this ef-
fect amounts to |sinc(πtpuls/texp)| ≤ 1, where texp is the exposure
(cadence) time and tpuls is the period of a given sinusoidal term.
Although the light curves of BLAPs are not sinusoidal, the term
with the period equal to the pulsation period has the largest am-
plitude. According to the above relation, the reduction factor f
for harmonics is usually smaller than for the main term. In other
words, the averaging effect suppresses harmonics stronger than
the main term. For OGLE-BLAP-001, with its pulsation period
of 28.26 min, the reduction factor f is equal to 0.058, 0.822 and
0.996 for 30-min, 10-min and 200-s cadence, respectively. This
means that the variability of OGLE-BLAP-001 is very likely ef-
fectively averaged in the TESS 30-min cadence data.

Fig. 2. Left: I-band 1′ × 1′ finding chart for OGLE-BLAP-001, centred
on the star (white cross), taken from the OGLE web page. The yellow
square drawn on it shows the size of a single pixel of the TESS camera
(21′′ × 21′′). Right: Part of the ATLAS o-band image in the vicinity of
OGLE-BLAP-001. The image size is 2.5′ × 2.5′. The yellow circle is
centred at the target. North is up, East to the left.

Given the brightness of both OGLE-BLAP-001 and ZGP-
BLAP-08 (G ≈ 17.5 mag), their variability is likely at the limits
of detection in the TESS data. Nevertheless, we checked this us-
ing the Python script written by one of us (PKS). The script uses
the curl procedure presented in the Mikulski Archive for Space
Telescopes (MAST) web page3, which was used to download
the parts of FFI images surrounding the target (see also Brasseur
et al. 2019). The photometry was obtained by defining pixel(s)
in which signal from the target star was expected and pixels in

3 https://mast.stsci.edu/tesscut/
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which background was calculated. The total fluxes Ftot were ob-
tained by a simple formula:

Ftot =

N∑
i=1

Fi − N ×med{F j}, (2)

where Fi denoted fluxes in N pixels in which we wanted to mea-
sure signal and med{F j} stood for the median value of the signal
in j = 1, ...,M pixels in which background was measured. The
errors of the obtained fluxes were calculated using the errors pro-
vided for each pixel in FFIs. Then, the fluxes were converted to
magnitudes. During analysis, we checked if the pulsation fre-
quency can be detected in the photometry of a single pixel for a
4× 4 pixels window surrounding the position of a given target.
Since strong trends occurred in the data, either caused by the
variability of the contaminating stars or instrumental effects, we
detrended light curves by averaging data in 0.2 and then 0.1-day
intervals, interpolating them and then subtracting the smoothed
light curve. This efficiently suppressed all low-frequency signals,
as can be seen in Fig. 3. For Sectors 36, 37 and 63, the variabil-
ity was detected in a single pixel, and only for Sector 64, in two
adjacent pixels. Therefore, the final light curve for Sector 64 was
obtained by summing the signal from two pixels. As expected,
we did not detect any variability in the 30-minute cadence ob-
servations in Sectors 10 and 11 because the pulsation period is
very close to the cadence time, which effectively averaged the
variability. However, for the remaining four sectors, for which
f does not differ much from 1, we were able to detect the fre-
quency of the main term and even its harmonic in the shortest-
cadence Sector 63 and 64 data (Fig. 3). This is well seen in the
combined Sector 63 and 64 data, normalized according to the
derived amplitudes (bottom panel of Fig. 3). The successful de-
tection allowed us to determine the times of maximum light sep-
arately for the four sectors. The TESS data significantly extend
the time range for which we can track changes in the pulsation
period of OGLE-BLAP-001 in the O – C diagram (Fig. 1). As
can be seen in Fig. 1, the long-term period changes in OGLE-
BLAP-001 are even more complicated than deduced from the
OGLE and Swope data.

4.1.3. ATLAS photometry

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
(Heinze et al. 2018; Tonry et al. 2018) is an early warning sys-
tem focused on potentially hazardous asteroids. It covers the
whole sky with four 50-cm telescopes located in observatories in
Hawaii (two telescopes), Chile and South Africa. The observa-
tions we used in our analysis were obtained by means of the AT-
LAS Forced Photometry Server4 with differential images (Smith
et al. 2020). We chose this kind of photometry because ATLAS
images for OGLE-BLAP-001 are crowded due to the 1.86′′ per
pixel scale of the ATLAS images (Tonry et al. 2018) (Fig. 2).

The observations we used covered a time interval between
1 January 2022 and 7 June 2024. They were obtained in two
ATLAS passbands, c (cyan) and o (orange) (Tonry et al. 2018).
This resulted in 240 c-band and 805 o-band observations. The
ATLAS photometry is given as differential fluxes expressed in
µJy. At the beginning of the analysis, we removed observations
with errors larger than 100 µJy. Then, observations were con-
verted to magnitudes assuming an arbitrary value of the (un-
known) total flux from OGLE-BLAP-001. Since times provided
with the ATLAS photometry were expressed in Modified Julian

4 https://fallingstar-data.com/forcedphot/
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Fig. 3. Fourier frequency spectra for the pixel photometry of OGLE-
BLAP-001 made using TESS FFIs in four sectors (labelled, four upper
panels) observed with 10-minute (Sectors 36 and 37) and 200-second
(Sectors 63 and 64) cadences and for the combined Sector 63 and 64
data (the lower panel). Drops in signal at low frequencies are due to the
strong detrending of the data. The drops are reproduced in the vicinity of
the frequency of (10 min)−1 = 144 d−1 for the 10-minute cadence data,
twice the Nyquist frequency of 72 d−1 marked with the vertical dashed
lines.

Days (MJD) and were given for the beginning of an exposure,
we converted them to BJDTDB, adding also half of the 30-second
exposure time. Subsequently, we searched for periodic signals
in the data, applying also some weak detrending and removing
outliers via 3-σ clipping. The final light curves consisted of 221
c-band and 716 o-band data points. We detected f1 and 2 f1 in
both data sets. Then, the c and o-band data were split into three
seasons (2022, 2023 and 2024), and the more abundant o-band
data were additionally split into two parts in each season. These
seasonal data were used to derive nine times of maximum light,
which are given in Table A.1. The O – C values resulting from
these times of maximum light are shown in Fig. 1. As can be
seen, the ATLAS data fit pretty well the O – C changes obtained
with the TESS data.

4.1.4. Gaia DR3 photometry

In Gaia Data Release 3 (GDR3) data the star has a number
5254042907771535616. It was recognized as a large-amplitude
variable from Gaia data (Mowlavi et al. 2021) and classified ei-
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ther as DSCT/GDOR/ SXPHE or a short-timescale variable (S)
in Gaia catalogues (Eyer et al. 2023). The GDR3 data set con-
sists of 46 G-band data points and 36 data points in each of the
GBP and GRP passbands gathered between July 2014 and May
2017. Since Gaia DR3 times are given in BJD, Barycentric Co-
ordinate Time (TCB) standard, we transferred the BJDTCB to
BJDTDB according to the relation provided in the International
Astronomical Union (IAU) 2006 Resolution B35. For the Gaia
DR3 observations, the difference between the two times amounts
to 18 – 20 s. In addition, we split Gaia G data into two parts,
which resulted in two times of maximum light given in Table
A.1. As can be seen in Fig. 1, the Gaia points lag behind those
of OGLE by ∼2 min. We cannot explain this discrepancy. It can
be related to the differences in passbands of the data we used or
the scarcity of the Gaia data.

4.1.5. Analysis of the combined photometry

It is clear from Fig. 1 that the dominant pulsation period in
OGLE-BLAP-001 changes. During ∼19 years covered by ob-
servations, the full range of these changes amounts to about 12
minutes, that is, about 40% of the pulsation period. We discuss
the possible reasons for the period changes in Sect. 5. Because
we are interested in the detection of low-amplitude terms other
than the dominant pulsation, we decided to combine the avail-
able photometry to increase their detectability. In general, such
a procedure should lead to an increase in detectability provided
that all periodic terms change periods in a similar way and that
the shapes of the light curve in different passbands are not very
different. This is not known a priori, but the final analysis should
show whether these assumptions are valid. Before the final anal-
ysis, we carried out the following steps: (i) The photometric
subsets discussed in Sect. 4.1.1 – 4.1.4 were corrected for period
changes. For this purpose, we have calculated averages of nearby
O – C values and interpolated between them using Akima inter-
polation (Akima 1991a,b). This resulted in the curve shown with
the dashed line in Fig. 1. This smooth curve was used to cor-
rect all times of observations for period changes.6 (ii) The cor-
rected photometric subsets were analyzed separately to derive
mean magnitudes, amplitudes of the dominant term and residual
standard deviation. (iii) For each subset, we first subtracted the
mean magnitudes. Then, the data were normalized to the ampli-
tude of the main term with the frequency of 50.95 d−1 and finally
the errors equal to the residual standard deviation normalized to
the same amplitude were assigned to all observations. The lat-
ter step was done because the original errors in some data sets
were found to be underestimated. (iv) All suitable subsets were
combined.

We finally decided not to include Gaia and TESS data into
the final data set. While the Gaia data are very sparse, the TESS
data are affected by strong contamination. The final combined
light curve of OGLE-BLAP-001 included OGLE-III I, OGLE-
IV I, Swope VI and ATLAS co observations and consisted of
2886 data points. This combined light curve was the subject of
a standard prewhitening procedure in which a variability model

5 https://www.iau.org/static/resolutions/IAU2006_
Resol3.pdf
6 The curve does not represent any specific model of period changes
and therefore does not address the physical reason for these changes. It
only serves as a smooth approximation of the period changes.

Table 1. Parameters of the fit of the variability model to the OGLE-
BLAP-001 data.

Term fi Ai ϕi (S/N)i
[d−1] [rad]

f1 50.9645803(10) 1.000(12) 3.770(12) 114.0
2 f1 101.9291605 0.376(12) 3.853(32) 42.9
f2 52.867544(11) 0.112(12) 6.25(11) 12.8
f3 49.061653(13) 0.093(12) 2.04(13) 10.6

3 f1 152.8937408 0.098(12) 3.90(12) 11.2
f1 + f3 100.026233 0.066(12) 1.72(18) 7.5
f1 + f2 103.832124 0.053(12) 0.64(23) 6.0

Notes. The data used in the fit are the combined OGLE, Swope and AT-
LAS data, corrected for period changes and normalized to the amplitude
of the f1 term. Phases are given for epoch BJDTDB 2457000.0.

consisting of L sinusoidal terms

L∑
i=1

Ai sin(2π fit + ϕi) (3)

was fitted to the data. In the consecutive steps, the subsequent
frequencies were derived from the Fourier spectra of the resid-
uals of the previous fit. One term was added to the variability
model in each iteration. In Eq. (3), Ai, fi, and ϕi stand for semi-
amplitude, frequency and phase of the i-th term, respectively.
The results of the least-squares fit of this variability model to
the combined data of OGLE-BLAP-001 are given in Table 1.
The signal-to-noise ratio (S/N) values, (S/N)i = Si/S noise, were
calculated assuming S i = Ai, while the noise S noise = 0.00877
was calculated as the average signal in the Fourier spectrum of
the final residuals in the range 0 – 250 d−1. Fourier spectra of the
combined data at three steps of prewhitening are shown in Fig. 4.

We have detected seven terms in the combined data, in-
cluding three independent terms with the same frequencies as
found by Pietrukowicz et al. (2013). The splittings are equal
to ∆1 = f2 − f1 = 1.902964(11) d−1 and ∆2 = f1 − f3 =
1.902928(13) d−1, the difference between the two splittings is
equal to 0.000036(17) d−1. Therefore, we can conclude that
within 2-σ, the two splittings are the same, and the frequencies
of the three independent terms in OGLE-BLAP-001 are equidis-
tant.

4.2. ZGP-BLAP-08 (OGLE-BLAP-061)

The star, named ZTF J191308.77+120451.6, was discovered as
a variable by Ofek et al. (2020) in the Zwicky Transient Facility
(ZTF) Data Release 1 (DR1) data (Bellm et al. 2019; Masci et al.
2019), but the authors did not make a classification. Using ZTF
DR2 data, Chen et al. (2020) also found this star variable, derived
a period of 0.02501 d (36.0 min) and included it in the table of
suspected variable stars. McWhirter & Lam (2022) made a care-
ful selection of candidates for BLAPs using Gaia DR2 photom-
etry (Gaia Collaboration et al. 2018) and Pan-STARRS 1 3π Sur-
vey (Magnier et al. 2020) 3D dust maps of Green et al. (2019).
Then, using ZTF DR3 time-series photometry they searched for
BLAPs and found the star a high-confidence BLAP candidate
with a period of 35.137 min. It was named ZGP-BLAP-08. Re-
cently, Borowicz et al. (2023a) found the variability of this star
with the same period in the OGLE-IV Galactic disk data and also
classified it as a BLAP, assigning it the name OGLE-BLAP-061.
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Fig. 4. Fourier frequency spectra of the combined data of OGLE-BLAP-001 at three steps of prewhitening: for the original data (top panels), after
subtracting the dominant term f1 and its strongest harmonic, 2 f1 (middle panels), and after subtracting all seven detected terms (bottom panels).
The left panels show spectra in the range of 0 – 250 d−1, and the right panels, zoomed parts of the frequency spectra close to the dominant term f1.
The middle right panel shows the location of f2 and f3 and their nearest daily aliases, marked with downward tics.
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4.2.1. ZTF photometry

We started our analysis of the photometry of ZGP-BLAP-08
from the ZTF data because the star was discovered as a BLAP
using these data. At the time of writing, ZTF DR21 data were
available, covering the time interval of almost six years between
27 March 2018 and 28 February 2024. In total, 1176, 2299 and
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Fig. 6. O – C diagram for the dominant period of ZGP-BLAP-08 plot-
ted as a function of time. The observed times of maximum light (O) and
epochs E are given in Table A.2. The predicted times of maximum light
(C) were calculated according to Eq. (4). The sources of data are la-
belled in the plot. The dashed line stands for smoothed changes, which
were used to correct the times of observations for period changes, be-
fore the final analysis presented in Sect. 4.2.6.

155 data points were available in g (three subsets), r (three sub-
sets), and i (one subset) passbands, respectively. At the first step,
the HJD times provided with the data were converted to BJDTDB
times.
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We first analyzed data from each of the seven subsets in-
dependently. During analysis, we removed some outliers with
3-σ clipping and removed some small seasonal trends. Then,
we combined all g-band data accounting for the differences in
mean magnitudes and did the same with the three r-band subsets.
These g and r-band data were then divided into 12 subsets, each
containing a similar number of data points, to which a model
consisting of the main term with frequency of about 40.98 d−1

and its harmonics was fitted. This resulted in 24 times of maxi-
mum light, which are presented in Table A.2. Since ZTF i-band
data were made only in one season (2020), we split the data into
two parts, which resulted in two additional times of maximum
light (Table A.2). The corresponding O – C diagram was then
calculated using the following ephemeris:

Tmax = BJDTDB 2458294.62233 + 0.024400817 × E. (4)

The diagram is shown in Fig. 6. It can be seen that the period of
the dominant pulsation term is variable. The range of the O – C
values from the ZTF data amounts to about nine minutes, that is,
about 25% of the pulsation period. That the pulsation period of
this star is changing was found during the preliminary analysis
of the ZTF data, as a strong signal near the frequency of the
subtracted dominant term remained.

4.2.2. ATLAS photometry

The ATLAS differential photometry of ZGP-BLAP-08 was pro-
cessed in the same way as for OGLE-BLAP-001 (Sect. 4.1.3).
Observations we used covered time interval between 26 July
2015 and 3 June 2024 and consisted of 3420 o-band and 896 c-
band data points. The star is located in a less crowded field than
OGLE-BLAP-001 (Fig. 7). We carried out a preliminary anal-
ysis rejecting outliers and removing small trends in the data.
This resulted in 3192 and 850 data points in the final o and
c-band data, respectively. The data were then split into sea-
sons. Some scarcely-populated seasons were combined, while
densely-populated o-band seasons were split into two parts. This
resulted in fifteen o-band and nine c-band times of maximum
light (Table A.2). The resulting O – C values are presented in
Fig. 6. It can be seen that ATLAS data extended the coverage
in the O – C diagram, although 2015 and 2016 data are scarce,
which resulted in relatively large uncertainties of the correspond-
ing O – C values.

Fig. 7. Left: I-band 1′ × 1′ finding chart for ZGP-BLAP-008, centred
on the star (white cross), taken from the OGLE web page. The yellow
square drawn on it shows the size of a single pixel of the TESS camera
(21′′ × 21′′). Right: Part of the ATLAS o-band image in the vicinity
of ZGP-BLAP-008. The image size is 2.5′ × 2.5′. The yellow circle is
centred at the target. North is up, East to the left.

Table 2. Parameters of the fit of the variability model to the ZGP-BLAP-
08 data.

Term fi Ai ϕi (S/N)i
[d−1] [rad]

f1 40.9822311(26) 0.997(17) 0.941(18) 58.5
2 f1 81.9644622 0.385(17) 4.47(5) 22.6
3 f1 122.9466933 0.190(17) 1.75(9) 11.2
f2 41.639638(21) 0.134(17) 3.76(13) 7.9

f1 + f2 82.621869 0.131(17) 0.34(13) 7.7
f3 40.324757(24) 0.118(17) 3.90(15) 6.9

f1 + f3 81.306988 0.108(17) 0.96(16) 6.3
4 f1 163.9289244 0.103(17) 5.16(17) 6.0
5 f1 204.9111555 0.077(17) 1.94(22) 4.5
6 f1 245.8933866 0.076(17) 4.63(22) 4.5

f ′2 41.64102(4) 0.101(17) 5.05(18) 5.9
f ′1 40.97885(5) 0.086(17) 0.66(20) 5.1

Notes. The data used in the fit are the combined data, corrected for
period changes and normalized to the amplitude of the dominant term.
Phases are given for epoch BJDTDB 2459200.0.

4.2.3. OGLE photometry

ZGP-BLAP-08 was found as a BLAP also in OGLE data by
Borowicz et al. (2023a), who named the star OGLE-BLAP-061.
The OGLE-IV data are scarce and consist of 69 I-band data
points, three in 2015, eight in 2018 and 58 in 2019. Therefore,
only 2019 data were used to derive a single time of maximum
light (Table A.2, Fig. 6).

4.2.4. TESS photometry

ZGP-BLAP-08 (TIC 1795171622) was observed by TESS in
Sector 54 with 200-second cadence, but similar to OGLE-
BLAP-001, the star was not scheduled for short-cadence obser-
vations. Therefore, we proceeded in the same way as in the case
of OGLE-BLAP-001 (Sect. 4.1.2), extracting photometry from
the TESS FFIs. Since the data cover about a month, a single
time of maximum light was derived from the TESS data, which
revealed clearly the main term, its harmonic, and even two side
terms; see Sect. 4.2.6. The corresponding value of the O – C (Ta-
ble A.2, Fig. 6) fits well with the ZTF and the ATLAS data.

4.2.5. Gaia DR3 photometry

The star is GDR3 4313182256636435712. It was recognized as
a large-amplitude variable from the Gaia data (Mowlavi et al.
2021) and classified as a short-timescale variable (S) in the Gaia
catalogue (Eyer et al. 2023). The GDR3 data set consists of 59
G-band data points and 57 data points in each of the GBP and GRP
passbands gathered between July 2014 and May 2017. The Gaia
DR3 data are relatively scarce, but because they cover nearly
three years, we split them into two parts and derived two times
of maximum light which are given in Table A.2 and depicted in
Fig. 6. Only the least scattered G-band data, after removing three
data points with the largest errors, were used.

4.2.6. Analysis of the combined photometry

Figure 6 clearly shows that the pulsation period of ZGP-BLAP-
08 changes significantly during these nine years covered by ob-
servations. Furthermore, we found that in addition to the main
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Fig. 8. Fourier frequency spectra of ZGP-BLAP-08 combined data at three steps of prewhitening: for the original data (top panels), after subtracting
the dominant term f1 and its two strongest harmonics (middle panels), and after subtracting all 12 terms (bottom panels). The left panels show
spectra in the range of 0 – 250 d−1, and the right panels, zoomed parts of the frequency spectra close to the dominant term f1. The middle right
panel shows the location of f2 and f3 and their nearest daily aliases, marked with tics.

term with a frequency of 40.98 d−1 and its harmonics, there are
also other low-amplitude terms. Therefore, we proceeded in the
same way as for OGLE-BLAP-001 (Sect. 4.1.5). First, we ac-
counted for period changes by correcting observing times ac-
cording to the smoothed relation shown with the dashed line in
Fig. 6, then subtracted mean magnitudes for each data set, nor-
malized each data set with the amplitude of the dominant term,
and finally combined all data. The final data set consisted of
10 570 data points. This data set was the subject of the final anal-
ysis. Since original uncertainties were not always reliable, we
assigned the same uncertainty for all data points of a given data
set, based on the residual standard deviation of the preliminary
analysis of each data set separately, scaled with the amplitude of
the dominant term.

The results of the final analysis are shown in Fig. 8 and Ta-
ble 2. The values of S/N were calculated in the same way as
for OGLE-BLAP-001. For ZGP-BLAP-08 combined data, S noise
(noise) was equal to 0.0171. In total, we found 12 terms, includ-
ing the dominant term with frequency f1, and two other indepen-
dent frequencies, f2 and f37. The terms with frequencies f2 and
f3 were detected already in the preliminary analysis, but only in
the ZTF and TESS data and with lower S/N than in the combined
data. Harmonics of f1 up to 6 f1 were detected in the combined
data set, although 5 f1 and 6 f1 marginally, with S/N below 5.0.
We also detected two combination terms, f1 + f2 and f1 + f3.
The last two terms listed in Table 2, f ′1 and f ′2 , are likely spuri-
ous, as they appear very close to the two strong terms, f1 and f2.
They probably occur as a result of combining data taken in dif-
7 We note that the same designation of frequencies ( f1, f2, f3) was used
for both stars. Symbols used in Sect. 4.1 refer to Table 1, those used in
Sect. 4.2, to Table 2.

ferent passbands and/or imperfections in the approximation of
period changes. We also cannot exclude the possibility that f1
and f2 change in a different way, which can also cause these two
frequencies to appear. Figure 8 shows Fourier frequency spec-
tra of the combined data of ZGP-BLAP-08 for three steps of
prewhitening: the original data, after removing f1 and its two
strongest harmonics and after removing all 12 terms listed in
Table 2. Figure 9 shows the phased light curve of ZGP-BLAP-
08. The pulsation appears to have a light curve typical of most
BLAPs, with a steep increase in light followed by a much slower
decrease.

The separations ∆1 = f2 − f1 = 0.657407(21) d−1 and
∆2 = f1− f3 = 0.657474(24) d−1 differ by 0.000067(32) d−1, that
is, are the same within 2-σ uncertainty. In view of the presence
of the spurious frequencies, f ′1 and f ′2 , close to the two terms
of the triplet, we can safely conclude that the difference is in-
significant, and therefore the three independent terms detected
in the photometry of ZGP-BLAP-08 form an equidistant triplet,
similar to the triplet found in OGLE-BLAP-001 (Sect. 4.1).

5. Discussion and conclusions

As we have shown in Sect. 4, the two BLAPs, OGLE-BLAP-001
and ZGP-BLAP-08, exhibit a very similar picture of variabil-
ity: a dominant pulsation mode with a non-sinusoidal light curve
and two symmetric ‘side’ components equidistant in frequency.
The dominant mode is most likely the fundamental radial mode,
as shown for OGLE-BLAP-001 by Pietrukowicz et al. (2017).
We interpret the other two frequencies as a manifestation of
the presence of a magnetic field in these two BLAPs. Our con-
viction comes from the fact that the side frequencies (denoted
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Fig. 9. Light curve of the combined data of ZGP-BLAP-08 corrected for
period changes, freed from the contribution of terms other than f1 and its
harmonics and phased with the period of P1 = 1/ f1 = 0.0244008189 d.
Red dots stand for average values calculated in 0.02 phase intervals.
Phase 0.0 corresponds to BJDTDB 2459200.0.

f2 and f3 for both stars) and the dominant term ( f1) are per-
fectly equidistant in frequency with a precision of 2.7× 10−5

and 1.5× 10−4 for OGLE-BLAP-001 and ZGP-BLAP-08, re-
spectively. (These numbers are 3-σ errors of the differences in
frequency separations divided by the separations.) This preci-
sion is afforded by observations that cover ∼19 and ∼10 years
for these two stars, respectively. In addition, the presence of a
magnetic field in these BLAPs can be explained in view of the
two proposed scenarios for the formation of BLAPs as a prod-
uct of the merger of two stars. One such scenario was proposed
by Zhang et al. (2023). It assumes that BLAPs are formed by
the merger of a main sequence star and a helium white dwarf.
In another merger scenario proposed in the accompanying pa-
per of Kołaczek-Szymański et al. (2024), two low-mass helium
white dwarfs merge producing a star, which in some conditions
may become a BLAP. OGLE-BLAP-001 and ZGP-BLAP-08 are
therefore, in our opinion, magnetic pulsators whose variability
can be explained in the oblique pulsator model (Sect. 3). Our hy-
pothesis that the two target stars are magnetic can be verified
observationally, which we are going to carry out.

In the oblique pulsator model, the frequency differences
between the main mode and the ‘side’ modes can be inter-
preted as the rotation frequency of the star, | f1 − f2| = | f1 −
f3| = frot.8 The corresponding rotation periods, Prot = f −1

rot , are
thus equal to 0.525500± 0.000008 d for OGLE-BLAP-001 and
1.52106± 0.00010 d for ZGP-BLAP-08. These are the first rota-
tion periods known for BLAPs. We estimated the luminosities
of both stars from the period-luminosity relation provided by
Pietrukowicz et al. (2024), getting log(L/L⊙) = 2.15 for OGLE-
BLAP-001 and 2.26 for ZGP-BLAP-08. Then, we adopted effec-

8 In principle, it is also possible that the side frequencies of triplets are
separated from the central frequency by 2 frot. In this case, the corre-
sponding rotation periods should be doubled and the rotational equato-
rial velocities divided by 2.

tive temperatures, Teff , of both stars as 30 800 K (Pietrukowicz
et al. 2024) for OGLE-BLAP-001 and 29 000 K for ZGP-BLAP-
08. The latter is an average value for BLAPs, as no measurement
of Teff is available for this star. This allowed us to estimate the
radii of both stars for 0.53 R⊙ for OGLE-BLAP-001 and 0.42 R⊙
for ZGP-BLAP-08. These two values translate into equatorial ro-
tational velocities, Veq = 2πR/Prot, which is equal to 51 km s−1

for OGLE-BLAP-001 and 14 km s−1 for ZGP-BLAP-08, where
R denotes stellar radius. Although for both stars spectra have
been taken, by Pietrukowicz et al. (2017) and Pietrukowicz et al.
(2024) for OGLE-BLAP-001 and by McWhirter & Lam (2022)
for ZGP-BLAP-08, the authors of these papers did not deter-
mine the projected rotational velocities, which could be com-
pared with the Veq values, estimated above. Very likely, the low
resolution and low S/N of the spectra did not allow for this.

The side frequencies have amplitudes of the order of 10%
of the main term. If our interpretation of the side frequencies
in terms of the oblique pulsator model is correct, there is only
one (radial) mode excited in each of these two stars, but its vis-
ibility is altered by the presence of a magnetic field and should
change with the rotational phase. Therefore, we split the com-
bined data for each star into 20 subsets consisting of data in 20
phase intervals of the corresponding Prot. The changes of pulsa-
tion amplitudes and phases as a function of the rotational phase
are shown for both target stars in Fig. 10.

It is clear from this figure that, for both stars, the amplitude
of the f1 term changes significantly with the rotational phase.
However, the overall behaviour of the light curves for these two
stars is different. For OGLE-BLAP-001, the amplitude of the
harmonic (2 f1) follows the variability of the main term ( f1). The
harmonic has a slightly higher range of the variability of normal-
ized amplitude, 0.54± 0.07, than the main term, 0.39± 0.03. The
phases of both terms remain virtually constant. This means that
the shape of the pulsation in OGLE-BLAP-001 does not change
significantly with the rotational phase.

The dependence on the rotational phase is very differ-
ent for ZGP-BLAP-08 (right panels of Fig. 10). The range of
the variability of the normalized amplitude for the harmonic,
1.01± 0.10, is twice as large as for the f1 term, 0.52± 0.03. In
addition, while the pulsation phase of f1 remains virtually con-
stant, that of the harmonic shows changes with the full range of
about 0.75 rad. This means that the shape of the light curve of
ZGP-BLAP-08 changes with the rotational phase. In order to il-
lustrate this better, we have chosen two intervals of the rotational
phase, ϕrot, close to the maximum amplitude (−0.05 < ϕrot <
0.2) and close to the minimum amplitude (0.4 < ϕrot < 0.65).
The pulsation light curves for these two intervals of the rota-
tional phase are shown in Fig. 11. It can be seen that light curves
at these two rotational phase intervals differ both in amplitude
and shape.

This picture of variability is very different from what is usu-
ally observed in roAp stars, in which strong variability of pulsa-
tion phase with rotational phase is observed with a π rad phase
reversal predicted by theory for dipole modes (e.g. Kurtz 1982;
Bigot & Kurtz 2011). This difference is likely due to the fact
that in the case of the two BLAPs, we deal with distorted radial
modes, while in roAp stars, the excited modes are usually dipole
or quadrupole non-radial modes. Recent observations of some
roAp stars, however, show the examples of the suppressed phase
changes and different values of the phase differences between
central and side components (Holdsworth et al. 2016, 2018;
Shi et al. 2021). This is usually explained in terms of distorted
quadrupole modes and is qualitatively consistent with what is
observed in the two BLAPs discussed in the present paper.
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Fig. 10. Top left: Amplitudes of the f1 term (red) and 2 f1 term (blue, normalized by its average amplitude, 0.376, Table 1) in the combined data
of OGLE-BLAP-001 derived from data in 0.05 ( f1) and 0.1 (2 f1) phase intervals of the suspected rotational period of 0.525500 d. Rotational
phase 0.0 corresponds to BJDTDB 2457000.0. Middle left: Phases of the f1 term derived from the same data. Bottom left: Phases of the 2 f1 term
derived from the same data. Top right: Amplitudes of the f1 term (red) and 2 f1 term (blue, normalized by its average amplitude, 0.385, Table 2) in
the combined data of ZGP-BLAP-08 derived from data in 0.05 ( f1) and 0.1 (2 f1) phase intervals of the suspected rotational period of 1.52106 d.
Rotational phase 0.0 corresponds to BJDTDB 2459200.0. Middle right: Phases of the f1 term derived from the same data. Bottom right: Phases
of the 2 f1 term derived from the same data. The orange and light-green strips for ZGP-BLAP-08 panels mark rotational phase intervals near the
maximum and the minimum of pulsation amplitude, respectively, for which phased light curves are shown in Fig. 11. The dashed lines in all panels
mark the average values of amplitudes and phases from Table 1 for OGLE-BLAP-001 and from Table 2 for ZGP-BLAP-08.
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Fig. 11. Light curve of the combined data of ZGP-BLAP-08 cor-
rected for period changes and phased with the period of P1 = 1/ f1 =
0.0244008189 d for the two intervals of the rotational phase, ϕrot, be-
tween −0.05 and 0.2 (green dots), that is, near the minimum of am-
plitude in Fig. 10 and between 0.4 and 0.65 (orange dots), that is, near
the maximum of amplitude in Fig. 10. The two ranges are marked with
similar colours in the right panels of Fig. 10. The magnitudes were
calculated in 0.05 phase intervals. Phase 0.0 corresponds to BJDTDB
2459200.0.

Even without a measurement of a magnetic field, the pres-
ence of a multiplet perfectly equidistant in frequency strongly
favours the oblique pulsator explanation. One of the alternative
explanations would be a rotational splitting of a non-radial mode,
but we know – at least for OGLE-BLAP-001 – that the observed
mode is radial (Pietrukowicz et al. 2017), so that it cannot be
rotationally split.Although direct mode identification in BLAPs

has not been done yet, there are many strong arguments that
these stars pulsate in fundamental radial mode. They are the fol-
lowing: (i) BLAPs are single-mode pulsators with large ampli-
tudes. Non-radial pulsators usually show multimode behaviour
and have smaller amplitudes due to the averaging over the visible
stellar disk. (ii) The only exception is OGLE-BLAP-030, which
shows three independent modes (Pietrukowicz et al. 2024), but
for this star the period ratio of the two of the three modes also
indicates for two radial modes (fundamental and first overtone).
(iii) Their light curves resemble other radial pulsators. (iv) The
amplitudes of pulsation increase towards shorter wavelengths. In
consequence, the variability of colour indices and effective tem-
peratures with pulsation period are observed (Pietrukowicz et al.
2017; Lin et al. 2023). (v) The relation between light and radial-
velocity changes fits that of a radial mode (Lin et al. 2023). (vi)
Theoretical calculations favour pulsations in radial fundamental
mode as the explanation of pulsations in BLAPs (e.g. Byrne &
Jeffery 2020). (vii) BLAPs obey period-luminosity relation (Pie-
trukowicz et al. 2024).

In order to explain the variability of roAp stars, Mathys
(1985) proposed a spot model, which potentially would be also
applicable for the two BLAPs. If there were spots on the sur-
faces of these BLAPs, however, photometric variability with the
rotation periods should be observed, as it is in Ap stars. We did
not detect variability with the rotation frequencies in our analy-
sis (Sect. 4), however. We also verified that our analysis did not
affect the detectability of such frequencies. This means that fre-
quency triplets in the two BLAPs cannot be explained by the
spot model.

Finally, apparent periodic changes of pulsation period due to
the light travel-time effect (LTTE) in a binary system can also
result in an equidistant multiplet in the frequency spectrum. In

Article number, page 10 of 12



Andrzej Pigulski et al.: Two possible magnetic BLAPs

such a case, the splittings derived above would correspond to the
orbital frequencies. This explanation for the observed multiplets
in the two BLAPs is unlikely, however, because applying the for-
mulae given by Shibahashi & Kurtz (2012), we obtained unreal-
istic mass functions, higher than 280 M⊙, and huge peak-to-peak
radial-velocity amplitudes, larger than 2400 km s−1. This leaves
us with the oblique pulsator model as the only viable explanation
for the frequency triplets observed in the two discussed BLAPs.

While the frequency triplets in the two BLAPs cannot be in-
terpreted in terms of LTTE, we observe significant long-term pe-
riod changes in both stars (Figs. 1 and 6). These changes are
not consistent with the assumption of a constant rate of pe-
riod change. Perhaps they can be interpreted similarly to the
changes seen in ZGP-BLAP-01 (TMTS-BLAP-1) (Lin et al.
2023), i.e. by a combination of evolutionary period changes with
a constant rate and periodic changes resulting from LTTE in a
wide binary system. However, we think it is too early to ad-
vocate this interpretation, as the data have gaps and do not in-
clude at least some putative orbital cycles. If indeed these two
BLAPs are currently components of binary systems, the orbital
periods are on the order of several years, while the evolution-
ary rates of period change are negative. The latter is consistent
with the changes predicted for BLAPs, which are products of
mergers. However, these stars certainly deserve long-term pho-
tometric monitoring to determine the nature of period changes.
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Ramsay, G., Woudt, P. A., Kupfer, T., et al. 2022, MNRAS, 513, 2215
Ricker, G. R., Winn, J. N., Vanderspek, R., et al. 2015, Journal of Astronomical

Telescopes, Instruments, and Systems, 1, 014003
Romero, A. D., Córsico, A. H., Althaus, L. G., Pelisoli, I., & Kepler, S. O. 2018,

MNRAS, 477, L30
Röpke, F. K. & De Marco, O. 2023, Living Reviews in Computational Astro-

physics, 9, 2
Schneider, F. R. N., Ohlmann, S. T., Podsiadlowski, P., et al. 2019, Nature, 574,

211
Shenar, T., Wade, G. A., Marchant, P., et al. 2023, Science, 381, 761
Shi, F., Kurtz, D. W., Holdsworth, D. L., et al. 2021, MNRAS, 506, 5629
Shibahashi, H. & Aerts, C. 2000, ApJ, 531, L143
Shibahashi, H. & Kurtz, D. W. 2012, MNRAS, 422, 738
Shibahashi, H. & Takata, M. 1993, PASJ, 45, 617
Smith, K. W., Smartt, S. J., Young, D. R., et al. 2020, PASP, 132, 085002
Telting, J. H., Aerts, C., & Mathias, P. 1997, A&A, 322, 493
Tonry, J. L., Denneau, L., Heinze, A. N., et al. 2018, PASP, 130, 064505
Udalski, A. 2003, Acta Astron., 53, 291
Wang, C., Langer, N., Schootemeijer, A., et al. 2022, Nature Astronomy, 6, 480
Wu, T. & Li, Y. 2018, MNRAS, 478, 3871
Xiong, H., Casagrande, L., Chen, X., et al. 2022, A&A, 668, A112
Zhang, X., Jeffery, C. S., Su, J., & Bi, S. 2023, ApJ, 959, 24

Article number, page 11 of 12

https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://www.cosmos.esa.int/web/gaia/dpac/consortium


A&A proofs: manuscript no. BLAPs-Magnetic-6.1

Appendix A: Times of maximum light for the target
stars

Table A.1. Times of the maximum light of the dominant term with fre-
quency of 50.96 d−1 for the analyzed data of OGLE-BLAP-001.

Tmax E (O −C) Data, season(s)
BJDTDB − 2450000 [min] filter(s)

3427.40341(4) 0 0.00(6) OGLE-III, 2005, I
3481.53925(4) 2759 0.28(6) OGLE-III, 2005, I
3768.70044(10) 17394 1.63(14) OGLE-III, 2006, I
6442.12620(38) 153644 1.72(53) OGLE-IV, 2013, I
6743.72849(20) 169015 2.62(28) OGLE-IV, 2014, I
7117.26532(27) 188052 6.72(38) OGLE-IV, 2015, I
7474.49528(8) 206258 8.77(11) OGLE-IV+Swope,

2016, I
7880.99366(27) 226975 9.24(39) OGLE-IV,

2017+2018, I
8576.84890(29) 262439 8.26(42) OGLE-IV, 2019, I
8904.58567(13) 279142 7.26(20) OGLE-IV, 2020, I

7420.33955(8) 203498 8.10(11) Swope, 2016, V

9293.44304(50) 298960 5.85(70) TESS, Sector 36
9319.95107(51) 300311 5.01(73) TESS, Sector 37

10027.38230(38) 336365 3.06(53) TESS, Sector 63
10054.49808(27) 337747 1.48(39) TESS, Sector 64

9639.56535(53) 316600 5.17(74) ATLAS, 2022, o
9683.36045(29) 318832 5.13(41) ATLAS, 2022, c
9730.92295(29) 321256 5.20(42) ATLAS, 2022, o
9955.48877(23) 332701 2.41(32) ATLAS, 2023, o

10019.78791(23) 335978 1.79(32) ATLAS, 2023, c
10067.54690(27) 338412 2.26(38) ATLAS, 2023, o
10334.96570(34) 352041 −0.99(48) ATLAS, 2024, o
10403.54245(61) 355536 −1.42(85) ATLAS, 2024, c
10422.12375(27) 356483 −1.76(38) ATLAS, 2024, o

7162.19731(14) 190342 5.02(21) Gaia DR3, G
7703.16270(14) 217912 7.01(21) Gaia DR3, G

Table A.2. Times of the maximum light of the dominant term with fre-
quency of 40.98 d−1 for the analyzed data of ZGP-BLAP-08.

Tmax E (O −C) Data, season(s)
BJDTDB − 2450000 [min] filter(s)

8250.62578(35) −1803 −2.70(50) ZTF, 2018, g
8329.10011(29) 1413 −0.83(42) ZTF, 2018, g
8496.66092(37) 8280 −0.25(53) ZTF, 2018/19, g
8680.20545(29) 15802 2.03(42) ZTF, 2019, g
8857.30935(38) 23060 6.02(55) ZTF, 2019/20, g
9037.14483(28) 30430 8.12(40) ZTF, 2020, g
9108.56644(34) 33357 8.72(49) ZTF, 2020, g
9340.47019(78) 42861 6.40(112) ZTF, 2020/21, g
9471.79316(24) 48243 3.19(35) ZTF, 2021/22, g
9750.64390(34) 59671 0.60(49) ZTF, 2022, g
9961.05250(31) 68294 1.11(45) ZTF, 2022/23, g

10195.00777(27) 77882 1.45(39) ZTF, 2023/24, g

8294.62233(27) 0 0.00(39) ZTF, 2018, r
8337.29952(21) 1749 0.23(30) ZTF, 2018, r
8351.76890(17) 2342 −0.21(24) ZTF, 2018, r
8557.54131(32) 10775 0.25(46) ZTF, 2018/19, r
8687.94110(35) 16119 2.88(50) ZTF, 2019, r
8701.82497(38) 16688 2.60(55) ZTF, 2019, r
8892.73973(30) 24512 6.59(43) ZTF, 2019/20, r
9110.49431(32) 33436 9.02(46) ZTF, 2020, r
9273.17222(52) 40103 5.65(75) ZTF, 2020/21, r
9512.95683(31) 49930 2.46(45) ZTF, 2021/22, r
9811.62139(32) 62170 0.38(46) ZTF, 2022/23, r

10182.56346(29) 77372 1.61(42) ZTF, 2023/24, r

9011.35264(84) 29373 7.36(121) ZTF, 2020, i
9104.56539(62) 33193 9.71(89) ZTF, 2020, i

7563.56345(204) −29960 −14.98(294) ATLAS,
2015+2016, o

7931.70606(51) −14873 −4.20(73) ATLAS, 2017, o
8018.08554(53) −11333 −3.36(76) ATLAS, 2017, o
8297.52574(46) 119 −0.41(66) ATLAS, 2018, o
8385.66160(31) 3731 −0.26(45) ATLAS, 2018, o
8639.28497(55) 14125 1.58(79) ATLAS, 2019, o
8740.84240(53) 18287 3.36(76) ATLAS, 2019, o
8989.88102(48) 28493 8.94(69) ATLAS, 2020, o
9108.17523(35) 33341 7.57(50) ATLAS, 2020, o
9417.74472(61) 46028 2.28(88) ATLAS, 2021, o
9731.12376(40) 58871 1.34(58) ATLAS, 2022, o
9828.89667(32) 62878 −0.33(46) ATLAS, 2022, o

10070.39203(48) 72775 0.35(69) ATLAS, 2023, o
10206.76869(52) 78364 1.06(75) ATLAS, 2023, o
10422.32411(37) 87198 −0.95(53) ATLAS, 2024, o

7299.18483(184) −40795 −8.88(265) ATLAS, 2015, c
7626.88572(112) −27365 −11.88(161) ATLAS, 2016, c
8021.57453(92) −11190 −3.83(132) ATLAS, 2017, c
8365.13996(55) 2890 −1.05(79) ATLAS, 2018, c
8697.62720(79) 16516 1.41(114) ATLAS, 2019, c
9043.85464(52) 30705 7.52(75) ATLAS, 2020, c
9394.17420(64) 45062 3.25(92) ATLAS, 2021, c
9801.34826(44) 61749 −0.17(63) ATLAS, 2022, c

10183.12527(37) 77395 2.46(53) ATLAS,
2023+2024, c

8693.94432(32) 16365 3.77(46) OGLE-IV,
2019, I

9782.63299(17) 60982 0.05(24) TESS S54, 2022

7035.31101(46) −51609 −13.76(66) Gaia DR3, G
7609.19650(77) −28090 −9.91(111) Gaia DR3, G
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