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ABSTRACT

Context. Multiplicity is ubiquitous among massive stars. While the stellar components usually display similar masses, some binaries
with extremely low mass ratios were also observed. Some of them are primordial, while others arise from binary interactions. The
identification of systems with extreme mass ratios brings valuable information, notably on the origin of fast rotation in massive stars.
Aims. We identify new short-period systems with extreme mass ratios through the detection of eclipses and reflection effects.
Methods. The physical properties of a dozen newly identified cases were precisely evaluated through high-quality photometry and
spectroscopy.

Results. In addition to characterizing these binaries, we found a clear signature of apsidal motion in one system, and three other
systems display long-term shifts in eclipse times.

Conclusions. All systems we reported here are composed of a massive star and a cool low-mass companion. They are therefore
primordial cases. This doubles the known number of these systems in the Galaxy. In this context, it is important to note that most
massive stars in these systems, as well as in previous systems reported in the literature, rotate fast (supersynchronous compared to the

4,5

1. Introduction

Massive stars are well known to display a higher multi-
plicity than lower-mass stars (e.g., Moe & Di Stefano [2017;
Offner et all 2023). In addition, the components of a massive
binary more often display similar masses (mass ratio g =
M,/M; ~ 0.5 — 1, with M; the mass of the most massive pri-
mary star, and M, the mass of the least massive secondary star).
Nevertheless, systems with extremely low mass ratios, g < 0.2,
do exist. They are typically expected in two cases: (1) They are
(\J born as such, that is, they simply represent the tail of the mass ra-
S tio distribution. (2) They evolve into a system with an extremely
.~ low mass ratio, that is, they are the products of mass-transfer
events.
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B Both types of systems have been observed.
Moe & Di Stefand (2015) reported on the discovery of
short-period binaries in the Large Magellanic Cloud (LMC)
with extreme mass ratios (16 cases with ¢ < 0.2). Although
radial velocity data were missing, the authors considered the
low-mass secondaries to be cool pre-main-sequence (PMS)
stars and called the systems “nascent eclipsing binaries with
extreme mass ratios”. Several Galactic objects have been found
to belong to this category (Jerzykiewicz et al![2013, 12015, [2021;;
Stevens et al| 2020; Johnston et al! [2021; |Stassun et all 2021
Nazé et all [2023; [Pigulski 2024). As these Galactic studies
combined spectroscopy and photometry, it was demonstrated
beyond doubt that the low-mass secondaries were also the
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orbital motion). The high incidence of fast rotation in these nascent binaries provides strong constraints for star formation models.

Key words. binaries: eclipsing — binaries: close — binaries: spectroscopic — Stars: massive

coolest stars in the systems, which confirmed their PMS status.
The typical PMS signature for the Ca triplet (at 8498, 8542,
and 8662A) was even detected in HD 25631 thanks to a large
high-quality spectroscopic dataset (Nazé et al.[2023).

Massive post-interaction systems with low-mass secondaries
have also been identified. In this case, the secondary star was
initially the most massive object of the binary. It then lost its en-
velope in a mass-transfer event that left behind a hot low-mass
stripped star. Several examples were identified in the UV range
because the contrast at these wavelengths is better (Wang et al.
2021; IGotberg et al. 2023). Interferometric and spectroscopic
data were also used to characterize them (e.g., Mourard et al.
20135; [Klement et al. [2024). Most of these stripped stars were
found on long-period (P ~ 100d) orbits around Be stars, but at
least one star is known in the Galaxy to form a short-period pair
with an O star (HD 96670;|Nazé & Rauw [2025). In this context,
it may be noted that systems in intermediate stages (i.e., with
an ongoing interaction or just after it came to an end) were also
detected (e.g.,[Harmanec et al![2015;/Shenar et al.[2020; for a re-
view on Be binaries, see Labadie-Bartz et al/2025).

While systems with these extreme mass ratios may be rather
rare, they are of the utmost importance, and it is essential to as-
sess their evolutionary stage. For example, they can provide in-
formation on the origin of the rotation of massive stars. The pri-
mordial binaries inform us on the initial distribution of rotational
properties, whereas the post-interaction cases reveal the distribu-
tion changes caused by angular momentum transfer. While the
tail of massive fast rotators is often considered to be the product
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of binary interactions (e.g.,lde Mink et all2013), the detection of
primordial fast rotators indicates that at least some of them are
born as such (Britavskiy et al/2024).

Observationally, both types of systems display a large con-
trast between the binary components, in mass and in effective
temperature (hence, also in brightness). This usually makes the
secondaries difficult to detect. Only the lines from the massive
primary star are usually detected in the spectra, and the Doppler
shifts caused by the orbital motion of the primary have a low am-
plitude because the companion mass is low. Large differences in
the effective temperature might lead to strong reflection effects
when periods are short, however, which might provide a way to
identify them in photometric light curves (Pigulski 2024). We
identify in this paper a new set of systems with these effects. All
cases also display eclipses, which allows us to lift the uncertainty
caused by inclination and to further determine the true charac-
teristics of the stars. Section 2 provides the information on the
sample creation and on the data we used in the analysis. Section
3 details the results, and Section 4 discusses their interpretation.

2. Sample and data
2.1. Sample

Since 2018, the Transiting Exoplanet Survey Satellite (TESS)
mission (Ricker et all [2015) provides high-quality photometry
for nearly the whole sky. This makes it the largest provider of
space-based light curves. At the start of this research work, sev-
eral catalogs of eclipsing binaries using TESS data were already
available (IJspeertetal! 2021); [PrSa et all 2022). We extracted
from them the list of stars with spectral type O or B (down to
B3). In parallel, we also examined the objects that passed the so-
called TESS threshold crossing event (TCE)Y, i.e. objects identi-
fied as displaying “transits” in the automatic processing of TESS
light curves, up to Sector 71. Using Simbadi, we identified the
TCE cases associated with stars with spectral types earlier than
B3 (inclusive). Finally, we compiled a list of OB stars from the
general catalogs of Maiz Apelldniz et all (2013), Reed (2003),
and [Skiff (2009). Stars in these catalogs with a Gaia magnitude
R, > 13 mag were discarded, as were sources in crowded re-
gions (i.e., those not providing at least three quarters of the to-
tal flux in the R, band of all Gaia DR3 sources within one ar-
cminute around the target). These three lists were merged, and
the TESS light curves were then extracted and examined for each
star one by one. Our sample was built from cases with short pe-
riods (P < 10d) and clearly pronounced reflection effects in ad-
dition to eclipses. Cases that were already known and analyzed
in the literature were discarded.

After we identified the targets, we retrieved their V
magnitudes from Simbad and photogeometric distances from
Bailer-Jones et al. (2021)). For all stars, the parallaxes appear to
be reliable. Their values in the Gaia DR3 catalog are higher
than five times the parallax uncertainties (RPIx > 5) and the
renormalized unit weight error (RUWE) parameter is lower than
1.5. The reddenings were estimated from dust extinction maps
(Lallement et all 2022). The online tool G-TOMOH provides Ay
extinctions at the positions (i.e., RA, DEC coordinates and dis-
tances from the Gaia catalog) of the targets, which were then
converted into reddenings E(B — V) using the extinction factor
Ry = 3.1. At first, the bolometric corrections were evaluated

! https://archive.stsci.edu/tess/bulk_downloads/bulk_downloads_tce.html

2 https://simbad.u-strasbg.fr/simbad/
3 https://explore-platform.eu/sda/g-tomo
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using the Simbad spectral types and a standard calibration). Ini-
tial Lo estimates were then produced and compared to those
expected for the Simbad spectral types in the same calibration.
Adjustments of the spectral types could then start because they
appear clearly too late or too early in some cases. Further re-
finement was performed considering the effective temperatures
derived from the average spectra (see below) or as available
in the literature. The bolometric corrections for these tempera-
tures were estimated from the formula (Eq. 6 and Table D.13) of
Pedersen et al! (2020). The final spectral types and bolometric
luminosities are provided in Table[AT] This table also notes the
references reporting the eclipsing nature of the targets.

Some additional information from the literature must
be mentioned. Radial velocity (RV) variations were re-
ported for V1061 Cen by [Feast et al. (1957). AN Dor was re-
ported as a SB2-type binary by |Gebruers et al! (2022), and
Southworth & Bowman (2022) further found an inclination i =
80.8°, an eccentricity e = 0.054, and a periastron argument
w = 322°.[Tkachenko et al/ (2024) characterized HD 350685 as
a SB1 with e = 0 and a velocity amplitude K; = 34.1kms™!,
and HD 309317 as SB2 with ¢ = 0, K; = 34.5kms™! and
K> = 78.7kms~'. LSI+61275 was mentioned as type SB1 by
Huang & Gies (20064), but the authors did not derive an orbital
solution because only two spectra were available to them. We
discuss these cases in more detail below. None of our targets
belongs to a cluster, except for LST+61275, which is part of
IC 1805 (whose age was estimated to be 3.5 Myr by [Sung et al.
2017).

One star was added to our sample, that is, the binary
V1208 Sco, which belongs to the NGC 6231 cluster (3.5-
5Myr, [Banyard et al/ [2022). It has long been known to be
an eclipsing and spectroscopic binary (Levato & Morrell [1983;
Balona & Engelbrechi(1985). Only spectroscopic data were ana-
lyzed in detail, however. The most recent SB1 solution was pro-
vided by Banyard et all (2022), and the SB2 nature was reported
by [Banyard et al. (2023). No photometric modeling was done,
and we therefore decided to include it here. The extinction of
this system could not be derived from the dust maps, and we
therefore evaluated it by comparing the observed and expected
B — V color for the reported spectral type (B0.5V).

Finally, it is important to note that two stars were excluded
from our sample: LSV +2028 and HD 298425. The first was
reported to be eclipsing by [[Jspeert et all (2024), but the Ke-
pler light curves clearly revealed that the eclipsing object is the
neighboring star LS V +20 27 (LaCourse et al![2013 even further
suggested that the eclipsing system is in fact a very close neigh-
bor of LSV +2027, not LS V +20 27 itself). It only appears to be
eclipsing in TESS data because the two objects are close (32")
and the light from LSV +2027 contaminates the TESS data of
LSV +2028 (but not the Kepler data because the Kepler PSF
is better than that of TESS). Gaia data indicated for the second
star that the eclipsing binary is a neighbor at 19.5” of HD 298425
(Mowlavi et al/2023). Both cases can thus be securely discarded
from the category of eclipsing binaries.

2.2. Photometry

The TESS satellite observes sectors of 24° X 96° on the sky for
about one month before it shifts to a neighboring region. All our
targets were observed in several such sectors (see the last column
of Table [A.T), but not always with the same mode. When they

4 https://www.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK
_colors_Teff.txt
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were preselected, the targets were observed with a 2 min cadence
(sectors marked with an asterisk in this table), while other targets
were imaged with a cadence of 30 min in Sectors 1-26, 10 min
for Sectors 27-55, and 200 s since Sector 56.

A pipeline that was specifically designed for TESS data
(and was inspired by the pipeline designed for the Kepler mis-
sion) performed the main reduction steps (pixel-level calibration,
background subtraction, flat-fielding, and bias subtraction). For
data with a 2min cadence (i.e., preselected targets), the MAST
portall also provides so-called conditioned light curves (PDC-
SAP) in addition to the simple aperture photometry (SAP) time
series. These PDCSAP curves are further corrected for crowd-
ing, the limited size of the aperture, and instrumental systemat-
ics. For each target, we kept only the best-quality (quality flag
= 0) data points, and we compared the two datasets. They were
often indistinguishable, or the PDCSAP curves appeared to be
better (fewer long-term trends).

For the cases that were not preselected, individual light
curves were derived from image cutouts of 51x51 pixels us-
ing aperture photometry performed with the Python package
Lightkurvefl. Only data with a high quality were selected (qual-
ity_bitmask="‘hard’ in task searcH.TEsscuT). The source mask
was defined from pixels with fluxes above a few times the me-
dian absolute deviation over the median flux (the exact thresh-
old value was adapted for each target, depending on crowding).
The background mask was defined by pixels with fluxes below
the median flux (i.e., below the null threshold). To estimate the
background, we used two methods. First, a principal component
analysis, with five components, and second, a simple median.
In each case, the two background-subtracted light curves were
compared. Most of the time, the light curves that were corrected
with the principal component analysis were similar to or bet-
ter than the median-corrected ones (fewer long-term trends) and
were therefore kept.

The TESS fluxes were then converted into magnitudes, and
the average magnitude was subtracted from each individual light
curve. A sample of individual light curves are shown in Fig.
[B.1] and figures showing all light curves are available at Zen-
odd]. As the TESS pixels are large (21”), the time series might
be exposed to crowding issues. We examined the close (within
1”) environment of our targets in the Gaia DR3 catalog. There
are no bright (AG < 2.5 mag) neighbors in that area, except for
HD 154407CH and the additional target, V1208 Sco. The spec-
tra of HD 154407C (see below) were used to verify that the RV
variations were coherent with the photometric variations, and
because they were, the target was kept. To ensure that the an-
alyzed curves suffer as little as possible from crowding, we re-
lied on the PDCSAP curves because they are supposed to be
corrected for these effects. Three targets lack 2 min data, how-
ever: HD 350685, LS1+61275, and V1208 Sco. For these tar-
gets, we extracted the TESS light curves with the TESS-GAIA
light curve (TGLC) packagd] (Han & Brand{[2023). This pack-
age uses neighboring sources in the Gaia catalog, assuming they

5 https://mast.stsci.edu

6 https://lightkurve.github.io/lightkurve/

7 https://doi.org/10.5281/zenodo.17257979

8 This is confirmed by the “CROWDSAP” keyword of the 2 min light
curves, which measure the contamination by neighbors and is below
0.85 for all targets observed at high-cadence but this system.

° https://github.com/TeHanHunter/TESS_Gaia_Light_Curve/blob/
main/tutorial/ TGLC_tutorial.ipynb

are constant. We choose the aperture extractionJ to derive the
cleaned photometry.

Kepler data are also available from the MAST portal for
TYC 1881-933-1 (see ‘K’ in the last column of Table [AT]). As
for TESS data, we kept only the high-quality data points of the
PDCSAP curve and then converted its fluxes into magnitudes. A
long-term trend was fit by a straight line and then taken out, so
that the Kepler and TESS curves display the same base level.

2.3. Spectroscopy

While eclipses with reflection provide much information on the
systems, complementary spectroscopy is required to assess the
true nature of the systems (pre/post-interaction). We therefore
gathered spectroscopic data for all the systems.

For three systems, the velocities are available in the lit-
erature. LST1+61275 was studied by the Georgia state team
(Huang & Gies 2006a)b) and by the Apache Point Observatory
Galactic Evolution Experiment (APOGEE, J6nsson et al/2020).
The former references provided effective temperature, projected
rotational velocity, and two radial velocity (RV) measurements.
The latter reference provides 8 RV points. While both indi-
cate that the RVs decrease around the main eclipse, they sug-
gest very different RV amplitudes: about 100kms~! for the for-
mer ones, and four times lower for the latter (Fig. [B.2)). This
strong discrepancy on the RV amplitudes, coupled with the im-
possibility to derive a good photometric fit when using a mass
function derived from the more numerous APOGEE data, pre-
vented us from performing a detailed analysis of this star be-
fore a new high-quality spectroscopic campaign is performed.
TYC 1881-933-1 was studied in the framework of the Large Sky
Area Multi-Object Fibre Spectroscopic Telescope (LAMOST)
survey. Corrected RVs, determined from the blue and red chan-
nels, were published by [Zhang et al. (2022). The blue-channel
RVs behave similarly to the red channel RVs, but have more
scatter. We therefore only kept the latter to calculate an orbital
solution. One value, at BJD = 2458 122.20438, appears to be
discrepant and was therefore taken out, which left 43 RV points.
Effective temperature, gravity, and projected rotational veloc-
ity were estimated for each LAMOST spectrum by [Xiang et al.
(2022). The average values and their dispersions are reported in
Table [A1l Finally, the velocities for the primary of V1208 Sco
were provided by|Banyard et al. (2022), and its effective temper-
ature, gravity, and projected rotational velocity were evaluated
byMcSwain et all (2009). These literature velocities are recalled
in the appendix (Table[B.1).

We collected spectroscopy for the other targets using sev-
eral dedicated campaigns. Four spectra were collected for
HD 350685 with the Hermes echelle spectrograph installed on
the Mercator telescope (La Palma Observatory). In the frame-
work of the Optical Infrared Coordination Network (OPTI-
CON) program, spectra were collected for us with the SO-
PHIH_] echelle spectrograph at the Haute-Provence Observatory
for HD 254346 (four spectra; program 23B004, PI Naz¢) and
with the CARMENES_ ] echelle spectrograph at the Calar-Alto
Observatory for LST+61 145 and TYC741-1565-1 (two spectra

10 PSF extractions were more noisy, as usual, and calibrated curves
were detrended for daily changes, which we investigated, and these data
were therefore not used here.

! Spectrographe pour I’Observation des PHénoménes des Intérieurs
stellaires et des Exoplanetes

12 Calar Alto high-Resolution search for M dwarfs with Exoearths with
Near-infrared and optical Echelle Spectrographs
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each; program 24B010, PI Nazé). Finally, between five to seven
spectra were collected at the European Southern Observatory
(ESO) with the XShooter spectrograph for AN Dor, TYC 741-
1565-1, HD 112485, V1061 Cen, and HD 154407C under run
ID=114.26ZK.001 (PI Nazé). These spectra were comple-
mented by archival spectra available in the ESO archived ] for
HD 309317 (eight FEROSM spectra) and AN Dor (six XShooter
and three FEROS spectra). The XShooter spectra were taken
with a medium spectral resolution (R between 5500 and 10 000),
and all other data relied on high-resolution spectrographs (R be-
tween 40 000 and 95 000). All spectra were provided in reduced
form by the observatories. The CARMENES spectra were cali-
brated for vacuum wavelengths, however, while the other data
used an air wavelength calibration. The CARMENES wave-
lengths were therefore converted using Ay = Ayq/1.000272.
Cosmic rays were eliminated using a median filter of size 2
(MIDAS ricter/MEDIAN command) for all but XShooter and
CARMENES spectra (which had very short exposures and hence
no cosmic-ray hits).

3. Results
3.1. Light-curve analyses

First, we performed a period search on all individual light curves
up to 25d~! to assess their frequency content (Heck et all[1985).
The orbital signal clearly dominated in all cases. All TESS curves
of the same target were then merged, and the period search was
repeated around the main signal, with a smaller frequency step
(adapted to the longer time interval covered by the data). This
allowed us to obtain preliminary values for the orbital period
and reference time of the main deeper eclipse, which were then
refined by examining the folded light curves. The final best-
fit ephemerides can be found in Table An average phase-
folded light curve (with 200 phase bins for TESS data and 100
for Kepler data) was then calculated from all crowding-corrected
curves, except when there was too much noise or some obvious
change between individual light curves (the data we used are
identified by boldface in Table [A.T). These average curves were
used to remove the binary signal from the data, and the residuals
were examined in search of pulsations. The appendix provides
the results of this search.

The average binned light curves were fit using the model by
Moe & Di Stefand (2015). This analytical model uses two Gaus-
sians to represent the eclipses and a cosine function to repro-
duce the reflection effect: (I) + Al [exp /2 + exp@1/201] 4
AL exp™@ 9126 L0 5AL, 5 * [cos2n(¢ — 1/2)) + 1], where
the numbers i = 1 and 2 correspond to the deeper and sec-
ondary eclipses, respectively, Al; and 6; are the eclipse depths
and widths, respectively, Al is the amplitude of the reflec-
tion, ¢, is the phase of the second eclipse, and ¢ is the orbital
phase derived from the average ephemeris (see Cols. 2 and 3 of
Table[A2). The best-fit parameters, found through a Levenberg-
Marquardt algorithm, are listed for each target in Table[A.2] De-
spite its simplicity, this model is very useful to catch the main
features of the light curves: the eclipse depth, the reflection
strength, and the potential eccentricity. For example, the phase
¢, of the shallower eclipse is compatible with 0.5 for all but three
cases: AN Dor, HD 254346, and V1061 Cen. This indicates that
these three systems have eccentric orbits. Their lowest eccentric-
ities, ey, = 7l — 0.5]/2 (Moe & Di Stefang 2015), are 0.049,

13 https://archive.eso.org
14 Fiber-fed Extended Range Optical Spectrograph
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0.010, and 0.008, respectively (and the typical values should be
about 1.6 times e, for a uniform distribution of the periastron
angle w).

The model of IMoe & Di Stefano (2015) was then used to
precisely derive the individual eclipse times. For each orbital cy-
cle covered by the data, the times of the main and secondary
eclipses were predicted from the average ephemerides and the
phase of secondary eclipse (Table[A.2). Then, the eclipse mod-
els were shifted within the range +2 X 6; (with i = 1,2 for the
main and secondary eclipses, respectively), and the y? between
light curve and model was evaluated for each shift within a phase
interval of +3 X 6; around each eclipse. We then examined not
only the differences between the best-fit eclipse times and their
predictions but also the interval between primary and secondary
eclipses of the same cycle. This allowed us to detect apsidal mo-
tion in AN Dor and global eclipse shifts in TYC 1881-933-1,
HD 309317, and V1061 Cen. Dedicated analyses of these stars
are provided in Sections 3.4 and 3.5, respectively.

3.2. Spectral analyses

Two independent derivations of the RVs were made for the spec-
tra. In the first derivation, normalization was achieved by spline
fitting through dedicated spectral windows, and then RVs of
HB and He115876A were evaluated independently by cross-
correlation with a 20kK model spectrum from the BSTAR2006
database (Lanz & Hubeny 2007). Finally, an average of the
two RVs was calculated. In the second derivation, normaliza-
tions were made for the whole wavelength range using the tool
called spectrum normalization neural network (SUPPnet) by
Rézanski et al! (202205 The RVs were then derived using the
iSpec tool (Blanco-Cuaresmd 2019(™. To do this, iSpec cross-
correlated the observed spectra with a generic TLUSTY model
for an early-B star (T.;r = 20kK, log(g) = 4, and vsin(i) =
150kms™"), taken from the BSTAR2006 databasd'l. The wave-
length ranges were 3650-5600A (XShooter UV subspectra),
3800-6800A (FEROS and Hermes spectra), 3900-6800A (SO-
PHIE spectra), and 5700-6800A (CARMENES spectra). The
derived RVs, provided in Table B.2] agreed well with those de-
rived from the previous method. Finally, we also made a trial
with templates of lower temperatures (§ kK and 14 kK, which
bracket the derived secondary temperatures; see below), but to
no avail. The results for the 14 kK template were similar to those
of the 20kK template, and the 8 kK template resulted in veloc-
ities with extremely large errors and/or that were constant (or
affected by the primary).

The individual spectra of each target were shifted by mi-
nus the determined RVs to place them in the same zero veloc-
ity reference frame, and they were then averaged. A fitting of
these average spectra was then performed within iSpec to de-
termine the closest BSTAR2006 TLUSTY models and thereby
obtain the best physical parameters of the (primary) star. This
was done first with the metallicity set free to vary and over the
whole wavelength range. The fitting was then repeated with the
metallicity fixed to solar and considering only the ranges 4000—
5100A, 5860-5885A, and 654067004, in which the most in-
teresting and most numerous spectral lines appear. The best-fit
values for the effective temperature T, sf, gravity log(g), and
projected rotational velocity v sin(i) are provided in Table [A]
except for LST+61 145, for which the CARMENES red spec-

15 https://rozanskit.com/suppnet/
16 hitps://github.com/marblestation/iSpec
17" downloaded from https://lweb.cfa.harvard.edu/~sblancoc/iSpec/grid/
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Fig. 1: Line profiles of He114388A in the most blue- and red-
shifted spectra (blue and red lines, respectively) for AN Dor,
HD 309317, and V1061 Cen. The spectra were corrected for the
measured RVs, and the black line provides their difference (mul-
tiplied by four and then shifted by +1 to facilitate the comparison
with the lines).

tra contained too few stellar lines for a meaningful estimate of
the effective temperature and gravity. The best-fit temperatures
were used, as mentioned above, to improve the evaluations of
the spectral types and bolometric corrections. Finally, the bolo-
metric luminosities, effective temperatures, gravities, and pro-
jected rotational velocities were entered in BONN Stellar Astro-
physics Interface (BonnSAIN (Schneider et al![2014) to derive
estimates of the evolutionary masses, radii, and ages of the mas-
sive primaries (Table[A.T).

At first sight, the spectra only showed one stellar signa-
ture. To assess whether a weak second component existed, we
shifted the spectra with minimum and maximum RV to the zero-
velocity reference frame. We plotted the superimposed spec-
tral lines and also calculated their difference. Except for the
case of V1061 Cen (which is further analyzed in Sect. 3.6), the
line profile appeared to be constant, without any weak addi-
tional component. The targets thus appear to be of SB1 type in
our dataset. Most probably, more spectra of the highest quality
are needed to detect the secondary signature, as for HD 25631
(Nazé et al. [2023). [Tkachenko et al/ (2024) concluded from the
same FEROS dataset as ours, however, that HD 309317 was
SB2. Figure[Tlcompares the line profiles of AN Dor, HD 309317,
and V1061 Cen after the spectra were shifted in a zero-velocity
reference frame. Only the latter target clearly shows the sig-
nature of a second component in the wings of the main line.
Other lines and other phases were also checked, but we were
still unable to detect any signature typical of a SB2 nature for
HD 309317 (e.g., a second component or line doubling, a shal-
lower and broader line at quadratures or a deeper and narrower
line at conjunctions). In this context, we also note that the K; and
K> mentioned by [Tkachenko et al. (2024) would lead to a mass
ratio of 0.44, implying a late-B star nature for the secondary,

18 https://www.astro.uni-bonn.de/stars/bonnsai/index.php

whose lines should then be rather obvious in the data (but even a
disentangling trial failed to unveil a meaningful secondary spec-
trum). Therefore, within the limitation of current data, the SB2
classification must be revised to SB1.

3.3. System characterization

After applying the methods outlined in Sections 3.1 and 3.2, we
present the folded light curves and RV in Fig.[B.2lfor all targets.
One common characteristic then appears obvious. Around the
time of the deepest eclipse, the RV of the massive star is found
to decrease. This implies that the deepest eclipse corresponds
to the eclipse of the massive star by its companion (i.e., a con-
junction with the massive star behind its companion), and this
massive star is the hotter component of the system. Our targets
thus possess the same nature. They are young pre-interacting
systems with fast-rotating B-type primaries and very low-mass
secondaries.

With light curves and RVs at hand, the physical parame-
ters of the systems were constrained in detail. For V1208 Sco,
a SB2 fitting was performed by [Banyard et al! (2023). The ve-
locity amplitudes amount to K; = 44.7 + 0.4kms™! and K, =
259.6 + 0.8kms™' (L. Mahy, private communication), which
leads to a mass ratio of ¢ = 0.172 + 0.002 and to mass estimates
of M sin’(i) = 12.99+0.11 M, and M, sin’(i) = 2.24+0.03 M.
For the other targets, we started by fitting the RVs with sinusoids,
except for AN Dor (see the subsection below). Only three sys-
tems were found to be eccentric, and two of them (HD 254346
and V1061 Cen) have a low e, together with only a few spec-
tra. In these conditions, the eccentricity cannot be constrained
precisely enough, and a noneccentric solution provides a suffi-
ciently good fit for our purposes. Table [A.3] yields the best-fit
parameters, and we note that our RV amplitude of HD 350685
agrees well with that published by [Tkachenko et all (2024). Fi-
nally, the RV solution for LSI+61 145 should be considered pre-
liminary because only two RV points are available.

From the RV amplitude and the period, we calculated the
mass function . Using the primary masses from Table [A]l we
derived first estimates of the secondary mass and the mass ra-
tio g for an inclination i = 70 — 90°. The average light curves
were then fit using Nightfall v2.0.2 (Wichmann|2011)), assuming
I band for the data (the closest to TESS bandpass), detailed re-
flection, and a quadratic limb darkening. The eccentricity, mass
ratio, plus the mass and effective temperature of the primary star
were fixed to the values appropriate for the target under consid-
eration. A preliminary fitting provided a first inclination value,
which was iteratively used, in conjunction with the mass func-
tion, to refine the mass ratio. The final best-fit parameters are
provided in Table[A.3] One caveat must be mentioned. The errors
in this table correspond to formal errors around the provided so-
Iution. Exploration of the parameter space reveals that solutions
of similar quality but with different parameters can be found. As
in|Nazé et all (2023), the true uncertainty is thus larger than that
around a specific individual solution. The realistic error values
are a few degrees for inclinations, about 10% on radii, and sev-
eral kK for the temperature of the secondaries.

We used the effective temperatures and radii to evaluate the
bolometric luminosities. In all cases, the secondary appears to
be much fainter because their luminosities are < 2% of the pri-
mary luminosities. Furthermore, the derived total luminosities
agree well with those derived from the V magnitude, distance,
and extinction (Table[A.T)). The radii of the primaries also agree
with those found from evolutionary tracks (Table [A.T)). Finally,
the gravities of the primaries were computed from the (assumed)
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Fig. 2: Light curve observed with ASAS (four epochs; see text)
and TESS for AN Dor (three sectors shown). The separation be-
tween the primary and secondary eclipses evolves.

mass and the derived radius. A good agreement was again found
with those estimated from the spectral fitting by atmosphere
models (Table [A.T). With values around log(g) = 4, the gravi-
ties also confirm the main-sequence status of the primaries.

3.4. Apsidal motion in AN Dor

The intervals between the main and secondary eclipses remain
compatible with a constant for all targets but one: AN Dor. In-
creasing shifts between predicted and observed eclipse times
were also observed for this system. All this is typical of ap-
sidal motion (Giménez & Basterd [1995; |Claret et all[2021)). To
obtain a longer temporal baseline, that is, to improve the charac-
terization of this effect, we also downloaded All-Sky Automated
Survey (ASAS™, [Pojmanski [1997) data of this system and kept
only data points with the highest quality (flag=‘A’). We then cut
the ASAS curve into four parts (HID-2 450000 < 2350, 2350—
3200, 3200—4000, and > 4000). For each interval, we first esti-
mated the shift between the folded ASAS data and the average
binned TESS curve within A(¢) = £0.15 of the main eclipse.
After we determined the best-fit time of the main eclipse, the
Moe & Di Stefano model was fit to the folded ASAS data to de-
rive the phase (hence, the time) of the secondary eclipse. The
evolving light curve of AN Dor is shown in Fig.[2] and the best-
fit model parameters are provided at the bottom of Table
except for the first interval, which lacks enough data points to
provide meaningful results.

Newtonian apsidal motion is a secular change in the longi-
tude of the periastron w that is caused by the nonspherical shape
of the gravitational potential in an eccentric close binary (e.g.,
Giménez & Basterd(1995; ISchmitt et al![2016; [Rosu et al. 2020,
and references therein).|Giménez & Bastero (19935) provided the
mathematical expressions of the times of photometric minima as
a function of €" cos n w and €" sin n w, where e is the eccentricity,
and n takes integer values between 1 and 6. These quantities are

19 https://www.astrouw.edu.pl/asas/?page=aasc
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Table 1: Best-fit parameters inferred from the times of photomet-
ric minima of AN Dor assuming i = 80°.

Parameter Value

P (d) 2.0328825* 0 (000152
e 0.0520#0.0020

@ Cyrh) 6.5055

wo () 343.473¢

y (kms™) 54.9+2.0

K; (kms") 59.6133

T? (HID-2460000)  204.0095+00105

Notes. P*" stands for the anomalistic orbital period, T} is the time of
periastron passage, and wy yields the value of w at the time T}.

multiplied by functions of coti and csci, where i is the orbital
inclination.

We used 469 times of minima inferred from the 7ESS data
of AN Dor along with 6 times of minima derived from the ASAS
observations to search for apsidal motion. For this purpose, we
adopted relation (15) of [Giménez & Basterd (1995) to compute
the theoretical times of minima and compared them to the ob-
served values of the difference with respect to best-fit linear
ephemerides (O — Ciinear)- In addition to the orbital inclination
i, the theoretical expression of O — C depends on four param-
eters: the anomalistic orbital period P%", the eccentricity e, the
rate of apsidal motion @, and the longitude of periastron wy at
a reference time. For values of i between 70° and 90°, by steps
of 5°, we built a four-dimensional grid to sample the parameter
space. For each combination of parameters of our grid, we ad-
justed the linear ephemerides in such a way as to achieve a zero
mean residual. When we identified a combination of parameters
that yielded the lowest y? residuals between the theoretical and
observed O—Ciine,r values, we refined the grid to achieve a higher
resolution. As a general result, we found that the dependence
of the solutions on i is very weak in the range of inclinations
we considered. Only the best-fit ¢ and wy parameters changed
slightly as a function of i. The largest differences were found in
the best-fit eccentricity, which increased from 0.0496 to 0.0528
as i changed from 70° to 90°. Table[lists the best-fit parameters
and their 1o error bars for i = 80°, and the corresponding best-
fit adjustment of time series of O — Ciinear values is displayed in
Fig.Bl

Given the high number of TESS data points and their excel-
lent accuracy, our best fit is clearly dominated by these points.
The inclusion of the ASAS data still provided a valuable confir-
mation of the inferred parameters. The times of primary eclipses
derived from the ASAS data agree very well with our best so-
lution. The secondary eclipses are subject to much higher un-
certainties in the ASAS observations, but even there, the trend is
consistent with our solution. From what we find here, the rate of
apsidal motion corresponds to a period U = (55.4 + 4.3) yr.

Keeping the eccentricity, rate of apsidal motion and anomal-
istic orbital period fixed to their best-fit values derived from our
analysis of the photometric data, we then adjusted a RV curve
that explicitly accounted for apsidal motion (see Egs. (1) and (2)
of Rauw et al|2016) to determine the time of periastron passage
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Fig. 4: Comparison between the measured RVs of AN Dor (blue
symbols with error bars) and the best-fit orbital solution explic-
itly accounting for apsidal motion.

and the amplitude of the SB1 RV curve. The results are given in
Table[land illustrated in Fig.[4l

Because of the apsidal motion, we did not combine the
whole set of TESS light curves. We instead averaged only a
subset of curves from Sectors 63, 64, and 65, which cover
HID= 2460014 - 97. At the time (Table[T), the periastron argu-
ment should be around w = 340.76°. We therefore calculated a

photometric solution as for other stars, but fixing the periastron
argument to this value, e = 0.052 (Table[I), T;ff = 21529K,
M; = 8.2M,, (Table[A.I), and ¢ = 0.205 (found from the mass
function and the inclination of a preliminary fitting run). The
best-fit parameters are provided in Table

3.5. Eclipse time shifts

Even when the interval between the two eclipses remained
stable, evolving shifts of the light curves can be detected.
This was so for three cases: TYC 1881-933-1, HD 309317, and
V1061 Cen (Fig.[3). The most likely explanation for this change
is a light-travel time effect (LTTE). In a triple system, the mo-
tion of the inner eclipsing binary about the center of mass of
the triple system leads to a periodic change in the eclipse times
because the velocity of light is finite. This is expressed as

Qpin SINT 1—é?

e
O0-0) = 1 + e cosy(r)

sin (Y (1) + w), 1)

where ap,, e, i, and w stand for the semimajor axis, eccentricity,
inclination, and argument of periastron of the orbit of the inner
binary around the center of mass of the triple system. For each
epoch ¢, the true anomaly (¢) of the inner binary was computed
solving Kepler’s equation, which involves e, the time of perias-
tron passage T?, and the orbital period Py, of the outer orbit. The
comparison of the observed O — C values with Eq. () then al-
lowed us to constrain several parameters of the outer orbit. These
are wsni o T¢, and Py

For each of the three targets, three epochs of photometric ob-
servations exist. For HD 309317 and V1061 Cen, the data span a
total duration of 1500d, and the differences are mostly detected
between the second epoch and the other two (which have similar
O — (). The O - C changes in that second epoch by about 0.02d
and 0.01d, respectively. With basically only three points avail-
able, the outer orbit is clearly not well constrained. Because the
inner binary details remain unknown for V1061 Cen (see Section
3.6), we only provide a preliminary estimate for HD 309317. For
the latter system, the orbital solution suggests the binary mass to
be about 10 My, (Table [A3). We further assumed a zero eccen-
tricity for the outer orbit and inclinations between 30° and 90°.
We also considered two (simple) possibilities: either the obser-
vations show half a cycle or a full cycle, that is, 232 = (.02d

and P ~ 3000d or w =0.01d and P ~ 1500d. Kepler’s law

3 Gin(i)
indicates (ay, sin(i))® = (2—1;)2 % Therefore, M3 is found
to be 4-14 M. While RVs measured on spectra taken over only
60d should not be affected by the outer orbit, the spectral lines
from a star at the higher end of this mass interval should have
been detected in the spectra of HD 309317, but they only show
a single component (Fig. [[). The coverage of the outer orbit is
scarce, however. More observations and therefore a more pre-
cise derivation of the outer orbit are now needed to reach a better
knowledge of the tertiary component.

Finally, TYC 1881-933-1 displays clear O — C trends during
each epoch, not only between observing campaigns (see the in-
sets in the top left panel of Fig.[3). More precise constraints can
then be derived in this case because the O — C needs to fold in a
coherent way if it is due to LTTE. First, we determined the period
of the LTTE effect in this target. The Fourier periodogram of the
O-C values of the times of primary minimum of TYC 1881-933-
1 displays a large number of peaks at frequencies below 0.01d~!
(see the right panels of Fig.[3). The frequencies of most of these
peaks are integer multiples of the lowest frequency (3.7 1074d~!,
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Table 2: Best-fit parameters of the outer orbit inferred from the times of primary minima of TYC 1881-933-1.

Parameter Pou = 6752735d  Pou =337.8713d  Pou =2252°07d  Pou = 169.2702d
s (1073 d) 13.9*3] 8.832 6.5+1¢ 54413

e 0.71f8:8§ 0.53f8:(1)§ 0.38f8:%; 0.21f8ﬁ

w (°) 249+ 255+39 236*5: 240*9
T!-2450000 9503+2 9512+13 9501+34 9508+42

rms (1073 d) 7.4 7.4 7.4 7.4

—0.0056 —0.006

0 0.5

E 1
Phase (t, = 2459503.4, P = 675.2 d)

0
Phase (t, = 24595

E 1
11.5, P = 337.8 d)

0.5

0 E 1 0 . 1
Phase (t, = 2459501.3, P = 2252 d) Phase (t, = 24595076, P = 169.2 d)

Fig. 6: Light-travel time effect adjustment of the O — C values of the times of primary minimum of the inner eclipsing binary of
TYC 1881-933-1. Phase 0.0 corresponds to the periastron passage of the outer orbit.

corresponding to 2703 d). Others are likely aliases. The complex
spectral window has strong peaks (amplitude higher than 0.8)
at 1.131073d7!, 1.451073d7!, 2.581073d"! and 4.031073d"',
followed by somewhat lower peaks (amplitude above 0.65) at
2.901073d "' and 3.2107*d".
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We then adjusted the light-travel time relation of Eq. () with
the periods corresponding to each of these peaks and retained
the periods that yielded the best adjustments to the data. They
are 169.2,225.2,337.8 and 675.2d. The formally best-quality fit
was obtained for the longest of these periods, although the rms of
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the fit is nearly independent of the period. The three shorter pe-
riods are the n™ harmonics of the 675d period, with n = 2, 3 and
4. Given the nonsinusoidal shape of the light-travel time relation,
the 675 d period thus appears to be the most promising candidate.
The parameters for the four possible periods are given in Table[2]
and are displayed in Fig.[6l Based on the periods and delays of
that table and a binary mass of 7.3 M, (Table[A3), Kepler’s law
indicates a tertiary mass of M3 = 11-44 M, fori = 30—-90°. The
RV changes due to the gravity of the tertiary component would
then amount to K = ay;;, sm(z) ~ 60kms~!. There are two

problems with these evaluatlons Flrst lines from a star that is
this massive would be detectable in the spectra, which is not the
case (only lines from the B2 primary are seen). Second, these
strong RV changes would be seen while the RV curve remains
similar, regardless of the epoch under consideration (LAMOST
RVs were taken over 800d with eight campaigns with durations
of 1-8d; see Fig. and Table B2} and they sample phases
near apastron and near periastron). Again, more data are needed
to clarify this result.

3.6. Spectral disentangling of V1061 Cen

For V1061 Cen, the main spectral component appears to be sta-
tionary, while the fainter secondary component seems to shift
with orbital phase. Fitting two Gaussians to the line profiles
(one for the main component, the other for the secondary com-
ponent) did not work well. Since lines appear in absorption, a
first estimate of the spectra of the main component was built
by taking the flux maximum of the five spectra at each wave-
length step. This average spectrum was subtracted from all orig-
inal spectra to isolate the secondary component, and a single
Gaussian was then fit to the lines that appeared in this differ-
ence. Using these first estimates of the RVs, we performed a
spectral disentangling on the whole spectral set using the shift-
and-add procedure of |Gonzdlez & Levato (2006), as coded by
Rauwo& Nazé (20160). This was done f(o)r three domains, 4000—
4300A, 4300-4600A, and 4600-4950A. After fewer than 200
iterations, the results appeared to be stable. The final RVs, aver-
aging the results from each of the three domains, are provided in
Table [B.2] and shown in Fig. The spectral appearance (Fig.
[7) suggests spectral types of BOV and B2.5V for the main and
secondary components, respectively. As the main component is
stationary, V1061 Cen clearly is a triple system, but only one
component of the eclipsing binary is detected. We attempted a
disentangling with three components, but found no significant
trace of the missing binary component. With an amplitude of
209.6 + 5.2kms~! and a period of 2.21d (Table[A2), the mass
function reaches f(m) = 2.11 £ 0.16 M. Assuming the detected
star has 6 My and considering i ~ 90° because of the presence
of eclipses, the mass of the other component should be around
7 M, implying a star more massive than the component detected
in the spectra. Since the RV of the detected component decreases
around the main eclipse (Fig.[B.2), the other component should
also be cooler. Without a trace of this component in the spec-
tra, however, we were prevented from deriving a full solution for
this system. A more thorough investigation is now needed that
probes several epochs with a better phase coverage.

4. Discussion and conclusions

Our combined analysis of photometric and spectroscopic data
adds a dozen systems in which a massive star is paired with a
luminous companion of much lower mass. The system charac-

teristics can be found in Tables [A.1] and [A.3] In all cases, this
companion is cooler than the massive star, and it is therefore not
expected to be a stripped star resulting from a binary interaction.

The location of our targets in Hertzsprung-Russell diagrams
and mass-radii diagrams are provided in Fig. An additional
plot provides a comparison between masses and ages for the sec-
ondaries alone because all primaries appear to be beyond the
zero-age main sequence (ZAMS; Fig. B). The mass ratios of
AN Dor and HD 112485 are slightly higher than g = 0.2, which
means that they do not fulfill the criterion of an extreme mass
ratio. In addition, considering their ages, their secondaries might
be young MS stars with early-F and late-B spectral types, respec-
tively, rather than PMS stars. The other secondaries, however, are
clearly less massive and still in a PMS stage.

In Figures and [8] our targets (shown by red dots) are
compared to other young systems with an early-type primary
(earlier than B3), a short period (P < 10d), and an extreme
mass ratio (¢ < 0.2). This set comprises 16 of the nascent sys-
tems from [Moe & Di Stefand (2015) in the Magellanic Clouds,
shown by black circles, which were analyzed on the basis of
photometry alone (spectroscopy is still required to confirm their
status). In addition, this set also contains several Galactic cases
whose analysis usually combined spectroscopy and photome-
try (Table B3). Some of them (shown by open orange trian-
gles in the figure) may not be true nascent binaries (i.e., systems
with PMS secondaries), but rather young binaries with stars very
close to the ZAMS: HD 163892 (Mahy et al.2022), HD 165246
(Johnston et al.2021]), and HD 210478 (V446 Cep, (Cakirl1 et al.
2014). Other cases, shown by filled orange triangles, clearly har-
bor PMS secondaries, as demonstrated by their position in the
age-mass diagram: HD 145482 (c02 Sco, |Gullikson et al![2016;
Pigulski [2024), HD 149834 (Stassun et al! [2021), HD 120307,
HD 138690A (vCen and yLupA, Jerzykiewicz et all 2021)),
HD 25631, HD 191495, and HD 46485 (Nazé et all2023). Three
additional systems (shown by orange stars in the age-mass di-
agram) most probably also belong to this group, although only
part of their physical parameters have been derived, and more
study is required to fully constrain the full set of their prop-
erties: HD158926A (ASco A, [Tango et all 2006), HD 152200
(Banyard et al! 2023; [Britavskiy et all 2023), and HD 62747
(V390 Pup, |Pigulski 2024).

Binary systems, especially nascent ones, allow us to peer di-
rectly into the results of the stellar formation processes. As an
example,|Smith et all (2024) used the Gaia DR3 catalog to study
close (d < 500pc) astrometric binaries with periods of 100—
3000d and intermediate-mass primaries (spectral types between
B8 and F1). They found that systems with the lower mass ratios
(g < 0.32) and/or lower eccentricities (¢ < 0.2) have primaries
that rotate more slowly and display a higher spin-orbit align-
ment than primaries in other systems. This excess of slow rota-
tors supports the disk-fragmentation scenario, in which a very
low-mass fragment is formed from a disk instability, then mi-
grates inward, and finally accretes from the (now circumbinary)
disk. In this case, higher accretion rates lead to more similar stars
in more circular orbits, so that modest accretion is required to
keep the mass ratio at low values. The lower eccentricity would
then need to naturally arise from the fragmentation+migration
process (Smith et all[2024). The slow rotation of the primaries
is then explained by two effects: (1) the circumbinary accretion
mostly occurs on the secondary, so that after fragmentation, the
primary star gains less in mass and angular momentum; (2) mag-
netic braking may transfer angular momentum from the primary
through the (circumprimary) disk into the orbit.
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defined from models by Tognelli et all (2011)), considering a cen-
tral hydrogen abundance X, equal to 99.5% of the initial value
(which corresponds to the stabilization of the total nuclear-based
luminosity in these models).

For systems with shorter periods, as studied here, the situa-
tion is expected to be quite different. The proximity of the two
stars leads to a truncation of the circumprimary disk, prohibit-
ing magnetic braking (Smith et al![2024 and references therein).
Furthermore, because of their very low masses, the secondaries
exert little tidal effects on the massive primaries (Britavskiy et al
2024), which limits braking of the rotation and therefore syn-
chronization onto the orbital period. All this implies that stars
born rotating fast will remain so. In this context, we compared
the orbital period P to the rotation period P, of the primary de-
rived from the projected rotational velocity, the radius, and the
binary inclination. This revealed that only TYC 1881-933-1 and
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LST+61145 are synchronized. The rotation of other primary
stars is clearly supersynchronous (Table [A3): P,,/P ~ 0.3 for
HD 254346, HD 112485, and HD 350685 or 0.5-0.8 for AN Dor,
TYC741-1565-1, HD 309317, HD 154407C, and V1208 Sco.
This fast rotation?] was previously found for the three systems
that we analyzed in INazé et all (2023), and this also applies to
the other nascent systems reported in the literature, except for
HD 120307 and HD 62747 (Table[B.3land Fig.B.4).

Supersynchronous rotation in nascent systems may appear
to be unsurprising, but the high incidence of these cases in this
group is clearly not expected. For example, Huang et all (2010)
studied rotation in B stars and demonstrated that the higher-
mass (M > 8 M) cases rotate more slowly, and very fast ro-
tation (v/vq4r > 0.7, see their Fig. 6) is even totally absent for
them. One may wonder whether the observed large fraction of
supersynchronous rotators among the nascent short-period bina-
ries with extreme mass ratios is an observational bias. A pri-
ori, stellar rotation plays no role in the appearance of eclipses
and reflection effects that were used to detect them. Observa-
tions may thus reflect the actual situation. In support of this idea,
we may note that the vast majority of young HAeBe stars an-
alyzed by [Pinzén et al! (2021)) are not slow rotators, but display
vsin(i) > 100 kms~'. Itis true that the sample of nascent systems
currently remains limited, however, with only 18 cases. Increas-
ing the sample would certainly improve the reliability of these
conclusions and clarify the rotation distribution. In this context,
we may note that disk fragmentation modeling and observations
revealed the largest fraction of systems with very low mass ra-
tios to lie in long-period (P > 50d) binaries (Tokovinin & Moe
2020). While long periods make the spectroscopic detection of
the orbital motion of the primaries even more difficult than for
the cases studied here, the study of these systems would also
help us to reach a broader view of this population, and it would
thereby further constrain the star formation scenarios.

5. Data availability

Figures showing all light curves are available on Zenodo
(https://doi.org/10.5281/zenodo.17257979).
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Yaél Nazé et al.: A family of binaries with an extreme mass ratio

from the Mikulski Archive for Space Telescopes (MAST). Funding for the TESS
mission is provided by NASA’s Science Mission directorate. ADS and CDS were
used for preparing this document. This project has received funding from the Eu-
ropean Union’s Horizon 2020 research and innovation programme under grant
agreement No 101004719 (OPTICON/ORP) and J.L.-B. was co-funded by the
European Union (ERC, MAGNIFY, Project 101126182) - this material reflects
only the authors views and the Commission is not liable for any use that may be
made of the information contained therein.

References

Antipin, S. V. 2008, Peremennye Zvezdy Prilozhenie, 8, 19

Armstrong, D. J., Kirk, J., Lam, K. W. FE,, et al. 2015, A&A, 579, A19

Avvakumova, E. A., Malkov, O. Y., & Kniazev, A. Y. 2013, Astronomische
Nachrichten, 334, 860

Bailer-Jones, C. A. L., Rybizki, J., Fouesneau, M., Demleitner, M., & Andrae,
R. 2021, AJ, 161, 147

Balona, L. A. & Engelbrecht, C. A. 1985, MNRAS, 212, 889

Banyard, G., Mahy, L., Sana, H., et al. 2023, A&A, 674, A60

Banyard, G., Sana, H., Mahy, L., et al. 2022, A&A, 658, A69

Blanco-Cuaresma, S. 2019, MNRAS, 486, 2075

Britavskiy, N., Renzo, M., Nazé, Y., Rauw, G., & Vynatheya, P. 2024, A&A,
684, A35

Britavskiy, N., Simén-Diaz, S., Holgado, G., et al. 2023, A&A, 672, A22

Brott, 1., de Mink, S. E., Cantiello, M., et al. 2011, A&A, 530, A115

Cakarli, 0., Ibanoglu, C., Sipahi, E., Frasca, A., & Catanzaro, G. 2014, arXiv
e-prints, arXiv:1406.0499

Claret, A., Giménez, A., Baroch, D., et al. 2021, A&A, 654, A17

de Mink, S. E., Langer, N., Izzard, R. G., Sana, H., & de Koter, A. 2013, ApJ,
764, 166

Dubath, P., Rimoldini, L., Stiveges, M., et al. 2011, MNRAS, 414, 2602

Eze, C. 1. & Handler, G. 2024, ApJS, 272, 25

Feast, M. W., Thackeray, A. D., & Wesselink, A. J. 1957, MmRAS, 68, 1

Gebruers, S., Tkachenko, A., Bowman, D. M., et al. 2022, A&A, 665, A36

Giménez, A. & Bastero, M. 1995, Ap&SS, 226, 99

Gonzilez, J. F. & Levato, H. 2006, A&A, 448, 283

Gotberg, Y., Drout, M. R., Ji, A. P., et al. 2023, ApJ, 959, 125

Green, M. J., Maoz, D., Mazeh, T, et al. 2023, MNRAS, 522, 29

Gullikson, K., Kraus, A., & Dodson-Robinson, S. 2016, AJ, 152, 40

Han, T. & Brandt, T. D. 2023, AJ, 165, 71

Harmanec, P., Koubsky, P., Nemravovd, J. A., et al. 2015, A&A, 573, A107

Heck, A., Manfroid, J., & Mersch, G. 1985, A&AS, 59, 63

Huang, W. & Gies, D. R. 2006a, ApJ, 648, 580

Huang, W. & Gies, D. R. 2006b, ApJ, 648, 591

Huang, W., Gies, D. R., & McSwain, M. V. 2010, ApJ, 722, 605

Tspeert, L. W., Tkachenko, A., Johnston, C., & Aerts, C. 2024, A&A, 691, A242

Tspeert, L. W., Tkachenko, A., Johnston, C., et al. 2021, A&A, 652, A120

Jerzykiewicz, M., Handler, G., Daszyiniska-Daszkiewicz, J., et al. 2015, MNRAS,
454,724

Jerzykiewicz, M., Lehmann, H., Niemczura, E., et al. 2013, MNRAS, 432, 1032

Jerzykiewicz, M., Pigulski, A., Michalska, G., et al. 2021, MNRAS, 503, 5554

Johnston, C., Aimar, N., Abdul-Masih, M., et al. 2021, MNRAS, 503, 1124

Jonsson, H., Holtzman, J. A., Allende Prieto, C., et al. 2020, AJ, 160, 120

Kazarovets, E. V., Samus, N. N., Durlevich, O. V,, et al. 1999, Information Bul-
letin on Variable Stars, 4659, 1

Klement, R., Rivinius, T., Gies, D. R., et al. 2024, ApJ, 962, 70

Labadie-Bartz, J., Handler, G., Pepper, J., et al. 2020, AJ, 160, 32

Labadie-Bartz, J., Suffak, M., Jones, C., et al. 2025, ApSS

LaCourse, D. M., Jek, K. J., Jacobs, T. L., et al. 2015, MNRAS, 452, 3561

Lallement, R., Vergely, J. L., Babusiaux, C., & Cox, N. L. J. 2022, A&A, 661,
Al47

Lanz, T. & Hubeny, 1. 2007, ApJS, 169, 83

Levato, H., Malaroda, S., Morrell, N., & Solivella, G. 1987, ApJS, 64, 487

Levato, H. & Morrell, N. 1983, Astrophys. Lett., 23, 183

Mahy, L., Sana, H., Shenar, T., et al. 2022, A&A, 664, A159

Maiz Apelléniz, J., Sota, A., Morrell, N. L., et al. 2013, in Massive Stars: From
alpha to Omega, 198

Malkov, O. Y., Oblak, E., Snegireva, E. A., & Torra, J. 2006, A&A, 446, 785

Martin-Ravelo, P., Gamen, R., Arias, J. I., Chené, A.-N., & Barba, R. H. 2024,
A&A, 690, A306

McSwain, M. V., Huang, W., & Gies, D. R. 2009, ApJ, 700, 1216

Moe, M. & Di Stefano, R. 2015, ApJ, 801, 113

Moe, M. & Di Stefano, R. 2017, ApJS, 230, 15

Mourard, D., Monnier, J. D., Meilland, A., et al. 2015, A&A, 577, A51

Mowlavi, N., Holl, B., Lecoeur-Taibi, 1., et al. 2023, A&A, 674, A16

Nazé, Y., Britavskiy, N., Rauw, G., Labadie-Bartz, J., & Sim6n-Diaz, S. 2023,
MNRAS, 525, 1641

Nazé, Y. & Rauw, G. 2025, A&A, 696, A84

Offner, S. S. R., Moe, M., Kratter, K. M., et al. 2023, in Astronomical Society
of the Pacific Conference Series, Vol. 534, Protostars and Planets VII, ed.
S. Inutsuka, Y. Aikawa, T. Muto, K. Tomida, & M. Tamura, 275

Otero, S. A. 2003, Information Bulletin on Variable Stars, 5480, 1

Pedersen, M. G., Escorza, A., Pépics, P. 1., & Aerts, C. 2020, MNRAS, 495, 2738

Percy, J. R. & Au-Yong, K. 2000, Information Bulletin on Variable Stars, 4825,
1

Pigulski, A. 2024, Bulletin de la Societe Royale des Sciences de Liege, 93, 4

Pinzén, G., Herndndez, J., Serna, J., et al. 2021, AJ, 162, 90

Pojmanski, G. 1997, Acta Astron., 47, 467

Prsa, A., Kochoska, A., Conroy, K. E., et al. 2022, ApJS, 258, 16

Rauw, G. & Nazé, Y. 2016, A&A, 594, A82

Rauw, G., Rosu, S., Noels, A, et al. 2016, A&A, 594, A33

Reed, B. C. 2003, AJ, 125, 2531

Ricker, G. R., Winn, J. N., Vanderspek, R., et al. 2015, Journal of Astronomical
Telescopes, Instruments, and Systems, 1, 014003

Rosu, S., Rauw, G., Conroy, K. E., et al. 2020, A&A, 635, A145

Rézanski, T., Niemczura, E., Lemiesz, J., Posilek, N., & Rézanski, P. 2022,
A&A, 659, A199

Schmitt, J. H. M. M., Schréder, K. P., Rauw, G., et al. 2016, A&A, 586, A104

Schneider, F. R. N., Langer, N., de Koter, A., et al. 2014, A&A, 570, A66

Shenar, T., Bodensteiner, J., Abdul-Masih, M., et al. 2020, A&A, 639, L6

Shi, X.-d., Qian, S.-b., & Li, L.-J. 2022, ApJS, 259, 50

Simén-Diaz, S., Godart, M., Castro, N., et al. 2017, A&A, 597, A22

Skiff, B. A. 2009, VizieR Online Data Catalog: Catalogue of Stellar Spectral
Classifications (Skiff, 2010), VizieR On-line Data Catalog: B/mk. Originally
published in: Lowell Observatory (March 2010)

Smith, C. L., Moe, M., & Kratter, K. M. 2024, ApJ, 975, 153

Southworth, J. & Bowman, D. M. 2022, MNRAS, 513, 3191

Stassun, K. G., Torres, G., Johnston, C., et al. 2021, ApJ, 910, 133

Stevens, D. J., Zhou, G., Johnson, M. C., et al. 2020, MNRAS, 499, 3775

Sung, H., Bessell, M. S., Chun, M.-Y., et al. 2017, ApJS, 230, 3

Tango, W. J., Davis, J., Ireland, M. J., et al. 2006, MNRAS, 370, 884

Tkachenko, A., Pavlovski, K., Serebriakova, N., et al. 2024, A&A, 683, A252

Tognelli, E., Prada Moroni, P. G., & Degl’Innocenti, S. 2011, A&A, 533, A109

Tokovinin, A. & Moe, M. 2020, MNRAS, 491, 5158

Wang, L., Gies, D. R., Peters, G.J., et al. 2021, AJ, 161, 248

Wichmann, R. 2011, Nightfall: Animated Views of Eclipsing Binary Stars, As-
trophysics Source Code Library, record ascl:1106.016

Xiang, M., Rix, H.-W., Ting, Y.-S., et al. 2022, A&A, 662, A66

Zhang, B., Jing, Y.-J., Yang, F,, et al. 2022, ApJS, 258, 26

Article number, page 11 of 17



L1 30 71 93ed ‘roquinu o[onIy

“[PPOW 01 J[NOLJIP UTBWIAI SIBIS YOns

J0 suones[nd 9y Se “UTRWOP SIY) UL 19SSE UR pue 9FUI[BYd © Y1oq

so1mnsuoo 15y MNmb SuneIoI 918 $O0INOS INO JO 1SOW 1ey) 108]
AU L, "SuI[opow JIWSIASOIA)SE PA[IRIAP B I0] Indur SB 9AIdS USY)

ued yorym ‘senaadoid reqars oyp jutoduid sdjay sisA[eue [eigio
9y, "ASojowstasordyse 10j Ajunmtoddo uopros e sopraoid speu
-31s reuonesind pue Fursdi[os y1oq Jo douasaid oy ‘sSO[OYIIAIN
*$10qQUS1U 9SO 1Y) IO SIB)S 9SAY) 9q SNY) P[NOD YIIyMm SUones

-[nd Jo 901n0S Y} S[FULIUISIP JOUURD JUO[E BIBP ST L SY) SB UOT)
-NBD YIIM USYE) 9q 9SIN0D JO ISNW 095 SOZIA PUB DLOVHST AH

JO sosBO Y, "a)epIpuLd SB [-¢€6-1881 DAL Sn[d ‘00§ 80T A pue

‘$890S€ AH “LI1E€60E AH JO $3580 3y} 1SI Y} 01 ppe pue suon

-09)9p 19} WLIJUOD 9N "SAPIPURd Se J/0v¥ST AH Pue (€207
UPWAOY % JHOMINOG| 0S[e 99s) Io(] NV snjd ‘us) (90 A pue

OpErSTAH ‘SSYCITAH ‘Sh119+1ST ut Ananoe dopg jo

uonodalep oY) pauodar Apeaie (FZ07) IRIPUBH X 9ZH] ‘suones

-[nd dop ¢ jo ooussaxd ayy ayeorpur Aqrensn (;_ppy < 4) SII0O
-uonbaxy Y31y 1e s[euSis paje[osI ‘ISeNUOd U] ‘UD [90TA PU®

‘C8YCITAH ‘L1€60€ AH ‘9vE¥STAH TOA NV 10J Palos1ap are
s[eudis Aouanbaij-mor ‘opdures 1no uy “Ay1anoe (g4S) sieis-g sur
Jes[ngd A[mo[s dedrpur K[ensn (;_ppy > 4) saouanbary mol
m 9soy [, Juesald os[e aIe s[eUSIS paR[OSI ‘UONIPpPE UJ ‘U0
-dooxe ou oq A[dwis snyl pnom sjo3Ie} INO puB SIBIS JAIS

-sewr ur Juasald aq 0) umouy [[om aIe s[eudis Aouanbaij-mof on
-SBUD0]S ‘SOAIND 9SAY) UI SUONBLIBA ULID)-SUO[ [[BUWIS SWOS pue

$109]J9 uoneIqIed 109j1adwr Jo 2ouasald ay) apn[oxa A[[nJ jou

-UBd 9M J[IYA "09S SOTTA PUB DLOYYST AH “1-S9ST-1¥L DAL
‘S¥1 19+ 1 ST110J A1qeIou ‘enoads Aouanbaij asayy ur SnoIAqo a1e
(.os10U pa1,) sopmijdwe Fursearoul Ym s[eusdis Aouanbaij-mof
JO 1S310] Y "s[enpisar ay) uo powioyiod uay) sem YoIeas porx
-ad v seAInd Y31 pauulq pue pap[o} d3eIAAR ) JuIsn S[euIIs
ATeurq 9y} Wolj pauea[d a1om eiep ouowoloyd oy ‘A[[eur]

‘sanpea Y31y 1oy SunySiysIy ‘senroooa

[euoneIOI 3y} JO swei3oisty sopraoid g "SI pue soner sseur
QUIANX? [IIM SILIRUIQ 9AISSeW polrad-11oys ‘yuadseu jo opdures

s[oym a3 sISI[ £ 2[qeL, {Z°g]21qeL ut papiaoid a1e sAY paurur

Table A.1: Targets and their basic properties (see text for details), ordered by increasing RA.
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Name Sp. Type d(pc) EB-V) log(LgoL/Lo) T!.(K) log(g") visin(kms™T) M (Ms) R! (Ro)  Age Myr) Known EB? Sectors
LST+61 145 BIV 2625+79 0.46 3.97+0.06 26000 (fixed) 109.5+1.3 11.2+0.7 5.0£0.5 49+3.6 21).p 17.18,58%,78%,85%
LSI+61275 BL.5V 2142485 0.62 3.74+0.08 24630+388 160£12 9.6+0.6 4.1+0.4 3.3+3.0 a,h,j,p 18,58,85,86
AN Dor B2V 950+38 0.02 3.65+0.08 21529+65 4.02+0.01 162.11.1 8.2+0.3 4.7+0.1 17.6+1.7 c.fgijknprs,tu +

TYC 1881-933-1 B2V 1928496 0.33 3.40£0.10 18700428 4.11%0.12 143.3+20.7 6.6+0.4 4.1+0.5 29.3+6.7 b,m,p K + 43,44,45,71,72
HD 254346 B1.5V 1730482 0.45 4.02+0.09 24757+145 3.80+0.02 201.2+1.9 11.0+0.5 5.9+0.5 11.6+1.2 gl 43* 44% 45% T1%,72%
TYC 741-1565-1 B2V 3030+154 0.50 3.49+0.10 23634+391 3.95+0.05 148.9+5.8 8.8+0.3 3.8+0.3 3.9+3.4 h,s,t 6%, 33, 71%,72%
HD 309317 B2V 2197495 0.21 3.80+0.09 22978+167 4.14+0.02 203.1+2.6 9.0+0.5 4.5+0.5 11.8+3.5 ij,v 10,11,37,38,64*
HD 112485 BL.5V 1749+67 0.37 4.07+0.08 26096+659 4.06+0.07 184.0+8.4 11.6+0.6 5.2+0.4 7.2+1.9 2. 11,38,64%,65*
V1061 Cen B2V 1374439 0.33 3.57+0.06 c,2.p.q 11,38,65%
V1208 Sco B0.5V 1504432 0.49 4.14+0.04 29600100 4.25+0.02 87+8 13.6+0.2 4.60.1 0.6+0.4 d.e,0 12,39

HD 154407C B1V 1298+70 0.45 4.13+0.11 25696+467 4.32+0.06 144.8+7.3 11.0+0.6 4.6+0.4 4.8+2.7 2. 12,66%*

HD 350685 B1.5V 1974482 0.37 3.98+0.08 25832+142 4.09+0.02 247.7+2.0 11.2+0.6 5.0+0.2 6.2+1.0 h,i,j,v 14,41,54

Notes. Error on the bolometric luminosity is derived from the error on distance. The effective temperature of LSI+61 145 could not be evaluated from spectra hence is assumed to be that
corresponding to its spectral type. For LSI+61 275, the effective temperature comes from [Huang & Gies (2006b) and the projected rotational velocity from [Huang & Gies (2006a). For TYC 1881-
933-1, the effective temperature, gravity, and projected rotation rates are averages from values reported for the star in Xiang et al! (2022) and errors correspond to dispersions. For V1208 Sco, the
effective temperature, gravity, and projected rotation rates come from [McSwain et all (2009). For the best-fit evolutionary parameters, the largest error is used if asymmetric. References for the
eclipsing binary (EB) status are: (a)|Antipin (2008), (b) |Armstrong et all (2015), (c)|Avvakumova et al! (2013), (d) Balona & Engelbrecht (1983), (e)Banyard et all (2023), (f) [Dubath et al/ (2011),
(g) IEze & Handler (2024), (h) [Green et al! (2023), (i) IJspeert et all (2021), (j) LJspeert et al. (2024), (k) [Kazarovets et all (1999), (1) [Labadie-Bartz et al. (2020), (m) [LaCourse et al! (2015), (n)
Malkov et al! (2006), (o) Martin-Ravelo et all (2024), (p) Mowlavi et al.! (2023), (q)[Otera (2003), (r)Percy & Au-Yong (2000), (s)/[Prsa et al! (2022), (t)[Shi et al. (2022), (u) Southworth & Bowman
(2022), and (v) [Tkachenko et al. (2024). For the last column, K indicates Kepler data, the asterisk * identifies 2-min light curves, bold shows which Sectors were averaged and combined to get the

binned light curve which was analyzed, and the T symbol corresponds to Sectors 2*,3* 4* 5% 6* 9,12,13,29%* 30%,31*,32*,33*,36*,39*,63*,64*%,65*, 66*,67*,69*.
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Table A.2: Basic properties derived from light curves.

Name To (HID-2450000) Sorb d@h (I) (mmag) Al (mmag) 6, Al, (mmag) o 6, Alp
LSI+61 145 10636.210+0.001 0.541614+0.000001 1.4+0.8 86.0+1.7 0.0334+0.0008 30.9+1.6 0.5012+0.0019  0.0338+0.0023 22.7+1.5
LST+61275 10635.563+0.001 0.7569565+0.0000005 -14.9+2.3 659.2+3.8 0.0397+0.0003 203.5+3.7 0.4999+0.0008  0.0460+0.0011 150.6+4.3
AN Dor 10204.570+0.001 0.4919645+0.0000005 —4.2+0.8 169.2+1.8 0.0287+0.0004 65.1+1.8 0.5310+0.0009  0.0298+0.0010 24.6+1.4
TYC 1881-933-1 10285.346+0.001 0.980670+0.000001 1.3+0.9 108.2+1.4 0.0426+0.0007 56.1+1.3 0.5008+0.0011 0.0498+0.0015 26.7+1.7
HD 254346 10282.380+0.001 0.184102+0.000001 0.5+0.1 17.1+0.2 0.0106+0.0001 6.7+0.2 0.4939+0.0003  0.0107+0.0003 2.4+0.1
TYC741-1565-1 10284.733+0.001 0.443032+0.000001 0.6+0.2 26.3+0.5 0.0267+0.0006 8.5+0.5 0.4999+0.0018  0.0269+0.0020 5.9+0.4
HD 309317 10066.796+0.001 0.442999+0.000001 2.8+0.4 73.6+0.9 0.0267+0.0004 24.8+0.9 0.5007+0.0011 0.0276+0.0012 18.4+0.6
HD 112485 10093.109+0.001 0.186135+0.000001 0.3+0.2 61.5+0.7 0.0129+0.0002 26.2+0.7 0.5000+0.0004  0.0137+0.0004 6.3+0.3
V1061 Cen 10094.351+0.001 0.452576+0.000001 -8.1+0.4 141.6x1.1 0.0247+0.0002 57.8+1.1 0.4948+0.0006  0.0260+0.0006 9.5+£0.7
V1208 Sco 9382.280+0.001 0.191583+0.000001 —6.7+0.9 186.3+3.0 0.0175+0.0003 52.2+2.9 0.4999+0.0011 0.0181+0.0012 8.6+1.5
HD 154407C 10118.219+0.001 0.390805+0.000005 —4.2+0.2 76.9+0.7 0.0217+0.0002 34.2+0.7 0.5003+0.0005  0.0226+0.0006 4.3+0.4
HD 350685 9796.517+0.001 0.347972+0.000001 24.1+0.4 94.5+1.5 0.0166+0.0003 24.7+1.6 0.5005+0.0011 0.0141+0.0011 58.2+0.7
AN Dor (ASAS2) 7.682+0.002 169+4 0.0281+0.0009 55.6+4.6 0.4800+0.0033  0.0376+0.0043 27.6+3.8
AN Dor (ASAS3) 7.676+0.003 185+10 0.0249+0.0016 58.9+6.1 0.4687+0.0036  0.0331+0.0044 24.9+5.0
AN Dor (ASAS4) 7.671+0.003 158+9 0.0281+0.0016 55.0+6.8 0.4831+0.0036  0.0311+0.0042 14.2+5.3

Notes. Reference times Ty and phases ¢ = 0 correspond to the deeper, main eclipses, while P = 1/f,,;, is the orbital period and the other columns yield the parameters of the Moe & Di Stefano
model (see text for details). For ASAS data, (/) is given in mag, not mmag, and intervals 2, 3, and 4 correspond to HID-2 450 000 = 2350-3200, 3200—4000, and > 4000, respectively.

Table A.3: Light curve and orbital solutions for our targets.

Parameter LSI+61145 AN Dor TYC 1881-933-1 HD 254346 TYC 741-1565-1 HD 309317 HD 112485 HD 350685 HD 154407C V1208 Sco
M, (Mo)-fixed 112 82 66 11 33 9 116 12 11 312
T, (K)-fixed 26000 21529 18700 24757 23634 22978 26096 25832 25696 29600
P(d)-fixed 1.846333 2.032883 1.019711 5431772 2257173 2257341 5.372445 2.873794 2.558821 5.219670
y(kms™) -36.5+1.9 54.942.0 15.1+£0.4 11.9+2.5 443£1.6 ~10.3+1.4 ~19.3+2.2 20.8+3.0 20.3+1.9 —26.5+0.3
Ky (kms™) 222428 59.6+2.8 38.7+0.5 15.6+3.8 8.7+2.2 25.6+2.0 55.0+2.8 323453 13.2+2.2 44.7+0.4
F(m) (Mo) 0.00209+£0.00079  0.0444+0.0063  0.00612::0.00024  0.00213£0.00155  0.000153£0.000117  0.00393+0.00093  0.09230.0139 0.0100+£0.0049  0.00060:0.00035 0.04830.0013
e-fixed 0 0.052 0 0.015 0 0 0 0 0 0

wC®) 340.76(fixed) 130.81.0

i) 81.5+0.05 75.900.06 68.07:£0.20 76.74+0.10 73.17+0.10 77.60+0.10 78.53+0.15 72.70+0.25 79.14+0.20 85.37+0.20
g-fixed 0.060 0.205 0.113 0.062 0.027 0.082 0.234 0.108 0.040 0.172
M>(Mo)-fixed 0.67 1.68 0.75 0.68 0.24 0.74 271 121 0.4 2.26

f 0.569::0.004 0.676:£0.005 0.792:£0.003 0.416:£0.001 0.602:£0.001 0.5610.001 0.412:0.003 0.458:£0.007 0.454:£0.007 0.359::0.003
I3 0.517:£0.001 0.601:£0.005 0.780£0.002 0.239:£0.001 0.4220.001 0.431£0.003 0.2890.011 0.751:£0.006 0.4630.010 0.300£0.005
R1(Ro) 4.631£0.032 4.521+0.032 3.468+0.014 6.803£0.015 5.4410.008 4.742+0.008 6.141£0.042 4.7820.070 4.704+0.073 5.632:£0.047
R>(Ro) 1.221£0.002 1.948:£0.016 1.293::0.003 1.140£0.005 0.808:£0.002 1.195:£0.008 2.206£0.080 2.912+0.023 1.178+0.025 2.108:£0.035
T2.(K) 8082-10286+500  9071-9941+150  8671-9826+120  11680-12327+50  8295-10319+175 7777-9430£150  13625-14017+100  8074-9536+150  14214-14784+300  12252-12951::400
Proi(d) 2.12+0.03 1.3720.01 1.14£0.17 1.67£0.02 1.77+0.07 1.15+0.01 1.66:0.08 0.93:£0.02 1.61£0.09 3.27+0.30
log(g") 4.16+0.01 4.04+0.01 4.18+0.01 3.81+0.01 3.91+0.01 4.04+0.01 3.93+0.01 4.13+0.01 443+ 4.05+0.01
log(g?) 4.09+0.01 4.08:£0.01 4.09+0.01 4.16+0.01 4.00£0.01 4.15+0.01 4.18+0.03 3.59+0.01 3.94+0.02 4.14+0.01

Notes. The RV solution for AN Dor comes from Table [ and that of V1208 Sco from Banyard et al| (2022) - see text for details. For the other targets, the zero point y and amplitude K; were
calculated assuming zero eccentricity with the period and Ty from Table To calculate the photometric solutions of all targets, we fixed the eccentricities and ephemerides (Table[A.2), primary
masses and primary effective temperatures (from Table [A.T), and mass ratios (derived from the mass functions f(m) and a preliminary fitting to get inclinations i). For secondary temperatures, the
first value provides the usual effective temperature (i.e., without any reflection effect) while the second value corresponds to a mean over the stellar surface, that is, it accounts for the heating of
some parts of the star because of the reflection effect. The rotation period P,,, is calculated using 2R, sin(7)/v sin(i).
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N — Table B.2: RVs derived for all targets from new spectra.
© [ 3 - . E J & ]
Eoop NN NININININSNS Name HJID — 2450000 RV (kms 1)
= : . L . 1 LST+61145 10660323 —AA7:12
gs0p o R LSI+61 145 10660.526 -56.0+0.8
A N B AN Dor 5187.536 100.7 + 4.0
8765 8770 8775 8780 8785 AN Dor 5190.670 —-0.8+4.3
B L L B AN Dor 5541.529 83.7+39
£ ok NNIN/AN/N, NINSNININSNS AN Dor 5541.538 83.2+3.9
I R AN Dor 5541.732 41.6+42
I . DO E AN Dor 5541.841 234+4.1
& [ setws -~ - ] AN Dor 8830.543 36.4£3.2
AN Dor 8840.565 757+ 3.1
- AN Dor 8888.560 714+32
5 AN Dor 10588.860 38.5+4.0
§ AN Dor 10589.872 66.6+3.9
= AN Dor 10672.656 0.6+42
Z AN Dor 10673.576 1142+39
AN Dor 10687.649 102.7 + 4.0
o ‘ HD 254346 10290.527 132449
. 1 HD 254346 10292.531 25+48
g L E HD 254346 10293.546 6.9+4.7
E r 1 HD 254346 10294.580 —44+47
g ob E TYC741-1565-1 10652.847 409+ 4.4
B 1 TYC 741-1565-1 10658.590 533442
e L oear1ot Loraor1ot Lometot TYC741-1565-1 10658.709 495+45
2450000, TYC 741-1565-1 10685.732 51442
TYC 741-1565-1 10696.678 44342
TYC741-1565-1 10727.659 354+43
TYC741-1565-1 10729.677 374+43
Fig. B.1: Individual light curves of the targets - sample. The full ~ HDP309317 9238.639 -30.7£4.0
: ; - HD 309317 9238.842 ~36.9+3.8
set is provided as an additional pdf on Zenodo. HD 309317 9239.643 17441
HD 309317 9239.855 124 £4.0
. . 0 3 .63 =122 £ 3.
Table B.1: RVs found in literature (Huang & Gies [2006b - first EE ;8(9);}; 252},223 ,]02‘72 N 33.99
line - andlJ6nsson et alll2020 for LST1+61 275,Zhang et al.[2022 ~ HD309317 9296.765 6.1+3.9
HD 309317 9297.788 -32.7+39
for TYC 188 1-933-1 and Banyard et al!l2022 for V1208 Sco, af- HD 112485 10649843 sraa0
ter correcting some typos in the latter). HD 112485 10701.773 704+ 4.7
HD 112485 10702.871 —22.1+49
Name HJD—2450000 RV (kms 1) HJD-2450000 RV (kms ) HD 112485 10712.342 —645+4.8
LSI+61275 1861.825 11 1863.820 082 HDI112485 10725.695 325+4.9
LSI+61275 7650.873 5.6+0.2 7764.605 ~11.6+0.9 V1061 Cen 10725.791 178.5+11.7(~20.8 + 1.6)
LSI+61275 7677.805 ~0.0+0.3 7766.632 ~24.0+0.4 V1061 Cen 10728.706 -158.2+£14.8(-23.9£ 1.9)
LSI+61275 7710.764 29.0+0.4 8008.986 44+04 V1061 Cen 10730.689 79.3 +12.6(-25.2+0.9)
LSI+61275 7762.627 227202 8037.888 1.0£0.3 V1061 Cen 10734.881 142.0+18.3(-25.6 + 1.8)
TYC 1881-933-1 8084.240 3713 8122.161 31.6+6.1 V1061 Cen 10735.711 —210.1£3.6(-28.0 £ 0.8)
TYC 1881-933-1 8084.272 6.3+1.5 8122.222 28.6+3.9 HD154407C 10587.515 12.1£45
TYC 1881-933-1 8086.196 ~14.0+1.4 8179.987 ~15.2+39 HD154407C 10588.527 34.1+43
TYC 1881-933-1 8086.213 ~16.9+1.9 8180.010 —9.8+5.8 HD154407C 10588.563 33.0+43
TYC 1881-933-1 8086.246 0.0+3.0 8180.027 —6.1x6.1 HD154407C 10734.885 24145
TYC 1881-933-1 8086.263 5414 8447.258 —37+142 HD154407C 10741.888 33.0+45
TYC 1881-933-1 8086.280 6.2+2.0 8447.275 24.0+8.6 HD154407C 10745.871 6.3 4.7
TYC 1881-933-1 8086.296 8.32.7 8447.291 —8.3+18.9 HD154407C 10777.711 304+45
TYC 1881-933-1 8088.183 220.0+2.6 8447.307 9.2+21.0 HD350685 10440.604 ~27+£52
TYC 1881-933-1 8088.237 _14.243.1 8447.323 2.1x9.6 HD350685 10441.658 22251
TYC 1881-933-1 8088.253 ~13.9+1.7 8558.998 7.3+117 HD350685 10443.579 ~69+£5.1
TYC 1881-933-1 8089.197 ~1.6+7.2 8559.014 -3.1+7.1 _HD 350685 10444.715 29.6£5.0
TYC 1881-933-1 8089.206 ~0.4£6.3 8801.275 39.7+1.0
TYC 1881-933-1 8089.216 -13.0+7.3 8801.291 47.8+2.1 Notes. SOPHIE, FEROS, and Hermes spectra include the heliocentric
$¥€ %ggi’ggz’} gggg-%gz *]15-9;4696 Sgg;gg? 426632i2§()41 correction while XShooter or CARMENES spectra do not but the RVs
-935- . —-15.9+6. R —20.2+3. .
TYC 18819331 8000.208 184132 $862.107 20,8135 quoted above are all‘corrected. The RVs of the stationary component of
TYC 1881-933-1 8114.117 55413 8862.123 ~19.6+5.2 Y1061 Cen are provided between parentheses.
TYC 1881-933-1 8114.154 56.7+1.8 8891.052 34.6+4.2
TYC 1881-933-1 8114.170 52.8+2.3 8891.069 46.7£5.5
TYC 1881-933-1 8114.198 55.0=1.4 8891.085 452+4.5
TYC 1881-933-1 8122.144 28.2+4.4
V1208 Sco 7845.774 4.5£02 8001.599 229.8+0.2
V1208 Sco 7919.658 15.7+0.2 8001.627 28.0+0.2
V1208 Sco 7920.693 ~17.9+0.1 8003.602 6.4+0.2
V1208 Sco 7926.542 -56.5+0.1 8004.526 ~38.1+0.1
V1208 Sco 7929.691 16.220.2 8014.494 ~14.320.1
V1208 Sco 7932.586 ~71.4+02 8015.533 ~63.6+0.1
V1208 Sco 7934.733 12.8+0.1 8017.567 ~15.30.1
V1208 Sco 7946.710 ~17.1+0.2 8019.525 -5.3+0.2
V1208 Sco 7947.644 ~63.120.1 8020.525 55.420.1
V1208 Sco 7950.649 20.6+0.2 8021.506 ~69.3+0.1
V1208 Sco 7955.627 13.5+0.1 8221.835 13.5+0.1
V1208 Sco 7957.721 —47.4+0.1 8236.846 ~11.70.1
V1208 Sco 7963.520 ~67.9+0.1 8250.729 ~70.2+0.2
V1208 Sco 7971.693 17.9+0.1 8264.688 1.3+0.2
V1208 Sco 7982.582 10.40.1 8286.640 252.2+0.1
V1208 Sco 7998.559 ~0.20.1
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Fig. B.2: Binned and averaged light curves of all targets (bottom panels - the data used to produce these curves are identified by bold-
face in Table [A.T} residuals are shown if a fitting was achieved), together with RV curves (top panels). The folding was done using
the ephemerides of Table[A.2] The best-fit solutions from Table are superimposed to the data using red lines. For LST+61 275,
the black RV points come from APOGEE while the red ones come from [Huang & Gied (2006a), showing the discrepancy between
them. For V1061 Cen, the black filled dots and blue circles correspond to the main and fainter spectral components, respectively
(see Table[B.2land text for details).
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Fig. B.3: Hertzsprung-Russell diagrams for primaries (top left, with the post-PMS evolutionary tracks of Brott et al| (2011)) without
initial rotation in blue and with the fastest initial rotation available in these models in violet lines) and secondaries (top right, with
the PMS tracks of [Tognelli et al!2011| in green). Isochrones are shown in lighter color and with dashed lines. Symbols as in Fig.[8l
For our targets, the secondary effective temperatures are those without reflection and the bolometric luminosities were calculated
from these temperatures and the stellar radii (Table [A.3) while the bolometric luminosities of the primaries are those from Table
[A1l Bottom panels provide the mass-radius diagrams, using the same conventions. The comparison with theoretical evolutionary
tracks is not without limitations: we recall that the errors shown here are most probably underestimated (see Sect. 3.3) and that the
tracks correspond to single stars, not to binary systems with strong reflection effects.
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Table B.3: The whole Galactic sample of nascent short-period
(P < 10d) binaries with early-type primaries and extreme mass
ratios (sp. type <B3 and g < 0.2, see text for details).

Name Sp. Type P q e vsin(i) Age Ref
(@ (kms™)  (Myr)
LSI+61 145 B1V 1.85  0.06 0 110* 49 a
HD 25631 B3V 524 0.13 0 221 9.6 b
TYC 1881-933-1 B2V .02 0.11 0 143* 29.3 a
HD 254346 B1.5V 543 0.06 0.015 201 11.6 a
HD 46485 o7V 6.94  0.04 0.03 334 25 b
TYC741-1565-1 B2V 226  0.03 0 149 3.9 a
HD 62747 B1.51I 393  0.14 0 100* 16.2 c.d
HD 309317 B2V 226  0.08 0 203 11.8 a
HD 120307 B2IV 263  0.12 0 65" 11.1 e
HD 138690A B2IV 285  0.17 0 236 16.7 e
HD 145482 B2.5V 577  0.15 0.19 170 8.0 c.df.g
HD 149834 B2V 4.60  0.09 0.04 216 59 h
HD 152200 BOV 4.44 0.04 240 4.3 i
V1208 Sco B0.5V 522 0.17 0 87 0.6 a
HD 154407C B1V 256 0.04 0 145 4.8 a
HD 158926A B1.5IV 595  0.17 0.26 125 11 j
HD 350685 B1.5V 2.87  0.11 0 248 6.2 a
HD 191495 BOV 3.64 0.10 0 201 7.6 b
HD 163892 09.51V 7.84  0.18 0.04 212 k
HD 165246 o8V 459  0.16 0.03 253 33 1
HD 210478 BIV 3.81 0.15 0 120" 10 m

Notes. References: (a) this work, (b) INazé et all (2023), (c) |Pigulski
(2024), (d) ISimén-Diaz et all (2017), (e) Uerzykiewicz et al! (2021),
(f) [Levato et al! (1987), (g) |Gullikson et al! (2016), (h) |Stassun et al.
(2021), (i) Banyard et al. (2023) - the quoted age is the cluster age, (j)
Tango et al! (2006) and references therein, (k) Mahy et al.! (2022), (1)
Johnston et al! (2021)), and (m) [Cakirli et al! (2014). Asterisks * in the
sixth column indicate the synchronized systems. The last three objects
may be ZAMS systems rather than nascent ones (see text for details).
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Fig. B.4: Histogram of the projected rotational velocities v sin(i)
of the 18 nascent short-period binaries with extreme mass ratios
(Table[B.3) and of the ratios between these velocities to the syn-
chronization velocities (last bin comprises all v sin(i)/ vy > 3.5

cases).
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