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ABSTRACT
TIC 470710327, a massive compact hierarchical triple-star system, was recently identified by NASA’s Transiting Exoplanet
Survey Satellite (TESS). TIC 470710327 is comprised of a compact (1.10 d) circular eclipsing binary, with total mass ≈
10.9− 13.2 M�, and a more massive (≈ 14− 17 M�) eccentric non-eclipsing tertiary in a 52.04 d orbit. Here we present a
progenitor scenario for TIC 470710327 in which ‘2+2’ quadruple dynamics result in Zeipel-Lidov-Kozai (ZLK) oscillations
that lead to a contact phase of the more massive binary. In this scenario, the two binary systems should form in a very similar
manner, and dynamics trigger the merger of the more massive binary either during late phases of star formation or several Myr
after the zero-age main sequence (ZAMS), when the stars begin to expand. Any evidence that the tertiary is a highly-magnetised
(∼ 1− 10 kG), slowly-rotating blue main-sequence star would hint towards a quadruple origin. Finally, our scenario suggests
that the population of inclined, compact multiple-stellar systems is reduced into co-planar systems, via mergers, late during star
formation or early in the main sequence. The elucidation of the origin of TIC 470710327 is crucial in our understanding of
multiple massive-star formation and evolution.
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1 INTRODUCTION

Eisner et al. (2022) reported the discovery of TIC 470710327, ini-
tially identified in data obtained TESS and followed up with the
HERMES spectrograph. TIC 470710327 is comprised of a 1.10 d
circular binary and a massive tertiary on a 52.04 d orbit. The close
binary is constituted of main-sequence stars with estimated individ-
ual masses of 6− 7 M� and 5.5− 6.3 M�. The tertiary star, also
in the main sequence, is significantly more massive than both stars
in the binary, with a mass of 14.5− 16 M�. The orbital configu-
ration of the tertiary is more complex, with a mutual inclination
of i = 16.8+4.2

−1.4 deg and an eccentricity of e = 0.3. While the cur-
rent configuration is dynamically stable, the origin and fate of TIC
470710327 is uncertain.

In this Letter, we consider the progenitor scenario in which TIC
470710327 was originally a ‘2+2’ quadruple-star system, with the
now tertiary being originally similar to the companion binary. In
this scenario, an inclined orbit leads to ZLK oscillations (Von Zeipel
1910; Kozai 1962; Lidov 1962) that result in a contact phase for the
more massive binary. Assuming this contact phase leads to a stel-
lar merger, the system reduces from an inclined ‘2+2’ configuration

? E-mail: avignagomez@nbi.ku.dk

into the triple configuration detected as TIC 470710327. This sce-
nario circumvents the issues that arise if the three stars are assumed
to be formed simultaneously. Such a massive tertiary star, which has
a shorter Kelvin-Helmholtz timescale, would have reached the main
sequence earlier, disrupting the remaining natal material, and likely
discontinuing the formation of the inner binary (Eisner et al. 2022).
The (in)validation of this scenario will be fundamental to improving
our understanding of stellar formation and reduction in multiple-star
systems.

2 METHODS AND RESULTS

Consider a first inner binary (A) with masses m1 and m2, and a
distant second inner binary (B) with masses m3 and m4, with an
outer orbit (out) around the centre of mass of the whole system.
For each orbit, we denote the semi-major axis ak (where k=A,B,
or out), eccentricity vector ek = ek êk, and angular momentum vector
Lk = LkL̂k = µk[GMkak(1−e2

k)]
1/2L̂k, where µk and Mk are reduced

mass and total mass, and L̂k is the unit vector, respectively. We thus
define the inclination angles as iA(B) = cos−1(L̂A(B) · L̂out).

Equations of motion. the orbital evolution of the quadruple sys-
tem can be studied by expanding the Hamiltonian and averaging over
both the inner and outer orbits (double averaging). For binary A(B),
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the angular momentum and eccentricity evolve according to

dLA(B)

dt
=

dLA(B)

dt

∣∣∣∣
ZLK

, (1)

deA(B)

dt
=

deA(B)

dt

∣∣∣∣
ZLK

+
deA(B)

dt

∣∣∣∣
GR

+
deA(B)

dt

∣∣∣∣
Tide

. (2)

Here, the ZLK terms refer to the oscillations of the inner binary
when the mutual inclination angle, iA(B), is sufficiently high (e.g.,
Von Zeipel 1910; Lidov 1962; Kozai 1962). The associated ZLK
timescale is

tZLK,A(B) =
1

nA(B)

MA(B)

MB(A)

(aout

√
1− e2

out

aA(B)

)3
, (3)

where nA(B) = (GMA(B)/a3
A(B))

1/2 is the mean motion of binary
A(B).

For the outer orbit, the time evolution is given by

dXout

dt
=

dXout

dt

∣∣∣∣
A
+

dXout

dt

∣∣∣∣
B
, X = {L,e}. (4)

Note that the outer binary’s angular momentum and eccentricity are
affected by Newtonian potential from both binaries A and B. The
explicit equations of motion can be found in Liu & Lai (2019).

Additional resonances in a ‘2+2’ quadruple. Quadruple sys-
tems result in ZLK resonances that lead to eccentricity cycles in
a wider range of inclinations than the triple-system configuration
counterpart (Hamers et al. 2015; Vokrouhlický 2016; Hamers & Lai
2017; Grishin et al. 2018a). This quadruple effect has been noted
to enhance the merger rate of black hole binaries (Liu & Lai 2019)
and formation fraction of transiting giant planets (O’Connor et al.
2021). Quadruple systems may be in ’3+1’ or ’2+2’ configurations.
Here, we discuss the ZLK eccentricity excitation as a mean of stellar
reduction from a ‘2+2’ configuration into a triple.

Considering the simple case where binary B and the outer binary
stay circular (eB = eout = 0), the angular momentum axis of the outer
binary is driven into precession around the LB+out ≡ LB +Lout axis
following

dL̂out

dt

∣∣∣∣
B
= ΩoutL̂out× L̂B+out '

(
3
4

cos iB
tZLK,B

)
L̂out× L̂B+out. (5)

Since the outer binary drives ZLK oscillations of binary A on a
timescale tZLK,A, we can define the dimensionless parameter

β ≡ΩouttZLK,A =
3
4

cos iB

(
aB

aA

)3/2(mA

mB

)3/2
. (6)

The qualitative nature of the dynamics is determined by the value
of β . When β � 1, binary B essentially behaves like a single mass
(mB), and the standard ZLK problem of a ‘2+1’ hierarchical triple
applies. When β � 1, the problem reduces to that of canonical ZLK
oscillations, with L̂B+out serving as the effective L̂out. Finally, when
β ∼ 1, a secular resonance occurs that generates large iA(B) even for
initially low-inclination systems, and this resonantly excited inclina-
tion then leads to ZLK oscillations of the inner binary.

The effect of short-range effects on eccentricity cycles. When
the pericentre separation ap = a(1− e) is small, short-range effects
(SRE) from, e.g., General Relativity (GR) and tides, can become
significant. We implement these additional effects in our model fol-
lowing Liu et al. (2015) as

deA

dt

∣∣∣∣
SRE

=
εSRE

tZLK,A
fSRE(eA)L̂A× eA, (7)

where SRE = {GR,Tide}, fGR(e) = 1/(1− e2) and fTide(e) = (1+
3e2/2+ e4/8)/(1− e2)5, and

εGR =
3GM2

Aa3
out(1− e2

out)
3/2

c2a4
AMB

, (8)

εTide =
15MAa3

out(1− e2
out)

3/2(m2
1k2R5

2 +m2
2k1R5

1)

a8
Am1m2MB

(9)

with k1 = k2 = 0.014 being the apsidal motion constant of a main
sequence star, R1 and R2 being the radius of m1 and m2. The coeffi-
cients εGR and εTide represent the strength of the short-range effects
(e.g., Fabrycky & Tremaine 2007). Note that we consider the tidal
distortions of both stars in Equation (9). Short-range effects can limit
the growth of eccentricity and even suppress standard ZLK oscilla-
tions. In the quadrupole approximation, the maximum eccentricity
for all values of mutual inclinations, called elim, can be calculated
analytically (e.g., Liu et al. 2015; Anderson et al. 2017) using en-
ergy and angular momentum conservation leading to

3
8
( j2A,lim−1)

[
−3+

η2
A
4

(
4
5

j2A,lim−1
)]

+ εGR

(
1− 1

jA,lim

)

+
εTide

15

(
1−

1+3e2
A,lim +3e4

A,lim/8

j9A,lim

)
= 0, (10)

where jA,lim ≡
√

1− e2
A,lim and ηA ≡ (LA/Lout)eA=0.

Similarly, the limiting eccentricity of the binary B (eB,lim) can be
obtained as well by replacing the relevant parameters in Equation
(10). Note that the analytic expression for elim was derived for the
standard ‘2+1’ ZLK problem with short-range effects, but it remains
valid when the octupole effect is included (Liu et al. 2015; Anderson
et al. 2017), and it is also valid for the ‘2+2’ problem (e.g., Liu &
Lai 2019; O’Connor et al. 2021).

Initial conditions. For simplicity, we will consider the scenario
in which each binary has equal-mass stellar components. We fol-
low Hurley et al. (2000) to determine the radii for these stars at
metallicity close to Solar (Z = 0.0142). We consider a ‘6+6’ bi-
nary where each star has a mass of 6 M� and a ZAMS radius
of R6,ZAMS = 2.8 R�, similar to the binary from TIC 470710327.
The initial eccentricity and semi-major axis are e6+6 = 0.001 and
a6+6 = 10.32 R�, respectively, which results in an orbital period of
≈ 1.10 d, and inclination i6+6 = 17 deg. For the tertiary progenitor,
we consider an ‘8+8’ binary constituted of two 8 M� stars with a
ZAMS radius of R8,ZAMS = 3.3 R� each. We assume the ‘8+8’ bi-
nary is also initially almost circular (e6+6 = 0.001), and explore the
inclination (i8+8) and separation (a8+8) parameter space.

We sample the initial inclination uniformly in the range −1 ≤
cos(i8+8/deg) ≤ 1. For the separation of the ‘8+8’ binary, we con-
sider the parameter space that satisfies two conditions. The first one
is that the orbit of the system is large enough that the component
stars are not filling their Roche lobe at ZAMS. We follow Eggleton
(1983) to estimate the Roche-lobe radius (RRL) of an equal mass bi-
nary as RRL = ap f (q = 1) ≈ 0.38ap, where q is the mass ratio and
ap = a(1− e) is the periastron. The second condition is that the sys-
tem is dynamically stable, following the Mardling & Aarseth (2001)
criterion

aout

aA
> 2.8

(
1+

mB

mA

)2/5 (1+ eout)
2/5

(1− eout)6/5

(
1− 0.3iA

180 deg

)
. (11)

If these two criteria are satisfied, we simulate the system. For each
simulation, we determine if the dynamics lead to a merger. We con-
sider a stellar merger occurs if the radius of the star reaches the sec-
ond Lagrangian point, L2 ≈ 1.32RRL (Marchant et al. 2016).

MNRAS 000, 1–5 (0000)



Stellar reduction for TIC 470710327 3

0

5

10

15

20

a p [R
]

8+8
6+6
L2,8+8
R8,max
R8,ZAMS

0 20 40 60 80 100
time [yr]

0

20

40

60

80

i [
de

g]

TIC 470710327

Figure 1. Dynamical evolution of a quadruple leading to a TIC 470710327-
like triple. The more (‘8+8’) and less (‘6+6’) massive binaries are shown in
blue and red, respectively. The initial separation and inclination are a8+8 =

17.2 R� and i8+8 = 75 deg, respectively. Top panel: periastron as a function
of time. The solid black line represents the instantaneous location of the L2
point for the ‘8+8’ binary. The dotted and dashed black lines indicate the
ZAMS (R8,ZAMS) and maximum main-sequence radius (R8,max = 9.3 R�) of
the 8 M� star, respectively. Bottom panel: inclination as a function of time.
The grey shaded region corresponds to the inferred inclination values of the
mutual inclination, between the inner and outer orbit, of TIC 470710327.

Finally, the outer orbit and less massive ‘6+6’ binary are al-
ways initialised in the same way in order to be consistent with TIC
470710327. For the outer orbit, aout = 176.33 R� and eout = 0.3,
which result in an outer orbital period of ≈ 51 d for the ‘6+6’ and
‘8+8’ mass configuration.

Detailed evolution of a quadruple. We present the orbital evolu-
tion of the binary elements of a quadruple in an orbital configuration.
The orbit of the more massive ‘8+8’ binary is initialised with an in-
clination of i8+8 = 75 deg and separation of a8+8 = 19.4 R�. For this
system, the ZLK timescale (τZLK,8+8 ∼ yr) is significantly shorter
than the thermal and nuclear timescales; therefore, we neglect the
role of stellar evolution. We follow the system for 500×τZLK,8+8 to
make sure no dynamical instabilities arise.

We zoom in the first 100 yr of the simulation to follow the evo-
lution of the separation of each binary, as well as their inclina-
tions with respect to the outer angular momentum vector (Figure
1). The inclination oscillates between 15.5 ≤ i6+6/deg ≤ 49.2 and
54.9≤ i8+8/deg≤ 75.0, with a periodicity of ≈ 30 yr. This config-
uration results in an early contact phase for the ‘8+8’ binary, a few
years1 after the beginning of the simulation (ZAMS). We consider
this quadruple as a progenitor candidate of TIC 470710327.

Phase space of quadruples leading to a contact phase. In order
to explore the full inclination and separation parameter space that
can reduce ‘2+2’ systems into triples, we simulate∼ 105 quadruples.
For each allowed separation of the massive ‘8+8’ binary, we retrieve
the maximum eccentricity in order to estimate the minimum perias-
tron distance (ap,min) which is then compared to L2,8+8, our thresh-
old for a contact phase. In Figure 2 we show the results of this analy-
sis for a representative quadruple with a8+8 = 19.4 R�. For systems

1 Other configurations might delay the short-timescale merger several years
or decades.

with initially small (i8+8,initial . 40 deg) or large (i8+8,initial & 140
deg) inclinations, the separation and eccentricity of the ‘8+8’ binary
remain effectively unchanged, even when both binaries are modulat-
ing their inclinations (Figure 2). In between the aforementioned in-
clinations, there is a region where the eccentricity enhancement does
lead to a decrease in the periastron distance: that is the ZLK win-
dow. Deep within the ZLK window there is a contact window where
R8,ZAMS > L2,8+8: this is the region of TIC 470710327-like progen-
itors that occur a short timescale (τshort ∼ 10− 1000 yr). There is
another region where contact won’t occur at ZAMS, but might oc-
cur later in the evolution of the system, when stellar evolution leads
to radial expansion on a longer timescale (τlong� 1000 yr). We con-
sider these short- and long- timescale contact windows as regions of
interest for mergers. The short window is between the limit angles
i−8+8 6 i8+8 6 i+8+8. If we assume the orbital orientation of the first
inner binary is distributed isotropically, the fraction of induced con-
tact binaries is given by f = |cos i+8+8 − cos i−8+8|/2. We calculate
the long window similarly.

In Figure 3 we show this fraction as a function of initial sepa-
ration. TIC 470710327-like progenitors of an ‘8+8’ binary are re-
stricted between 14 . a8+8/R� . 38, which corresponds roughly
to 1 . Porb,8+8/d . 7. Short period (. 1.6 d) binaries would either
be in contact at ZAMS or dominated by short-range effects, which
would suppress eccentricity from potential ZLK oscillations (Equa-
tion 10). Long period (& 6.8 d) binaries do not satisfy the stability
criteria (Equation 11). Marginally stable binaries (5 . P/d . 6.8)
are prone to non-secular fluctuations that are not accounted for in the
averaging procedure and could further increase the maximal eccen-
tricity (Luo et al. 2016; Grishin et al. 2018b). At all separations, the
merger fraction is larger if we consider the radial expansion associ-
ated to the long-timescale contact window. The schematic of Figure
3 is representative of the ‘8+8’ configuration, but should not vary
much within the 14.5− 16 M� mass constrain for the tertiary star
of TIC 470710327. We also performed simulations with a ‘10+6’
binary and arrive to similar results.

3 DISCUSSION AND CONCLUSIONS

τ Sco and massive mergers. τ Sco is a bright magnetic massive
B0.2V blue-straggler star in the upper Sco association (Donati et al.
2006, and references therein): it is also slowly rotating, possess ni-
trogen excess, and it is magnetised (e.g., Keszthelyi et al. 2021, and
references therein). Donati et al. (2006) presented spectropolarime-
tery of τ Sco, and inferred a medium-strength (∼ 0.5 kG) magnetic
field with a complex, non-dipolar structure (see also Kochukhov &
Wade 2016). Keszthelyi et al. (2021) studied the effect of rotation
and magnetic fields in massive stars in the context of τ Sco. They
find that nitrogen chemical enrichment challenges the single-star
scenario, and suggest this might hint toward a binary origin. While
non-axisymmetric magnetic equilibrium in stars has been explored
in the literature (Braithwaite 2008), the magnetic field evolution of
such configurations remains to be fully understood.

Schneider et al. (2019) explored the magnetic-field amplifica-
tion during the merger of massive stars in the context of τ Sco.
They used three-dimensional magnetohydrodynamical methods to
model the merger of a 9-Myr-old core-hydrogen-burning ‘9+8’ bi-
nary at Z = 0.0142. The turbulent merger amplifies the (∼ µG) mag-
netic field exponentially and results in a ≈ 16.9 M� remnant with
. 0.1 M� in a disk around it. The simulation ends ≈10 d after the
merger, with a remnant that has a surface magnetic-field strength
of ≈ 9 kG. At this point, the magnetic field of the merger model

MNRAS 000, 1–5 (0000)
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Figure 2. Inclination phase space of a quadruple with initial separation of
a8+8 = 19.4 R�. The abscissa shows the cosine of the initial inclination.
The lines and colour are the same as in Figure 1. Top panel: Minimum L2
as a function of initial inclination. The regions are divided in those which
we expect lead to a merger on a short timescale (τshort in light grey) or al-
ternatively on a longer timescale (τlong in grey), the latter driven by radial
expansion. Bottom panel: the range of inclinations as a function of the initial
inclination.

is assumed to be dipolar, and the merger remnant is evolved using
a one-dimensional stellar evolution code. During the thermal relax-
ation phase, the merger product becomes over-luminous and rapidly
spinning, getting close to critical rotation and shedding mass. This
mass loss removes some (≈ 7%) of the angular momentum of the
remnant, which then decreases in luminosity by an order of mag-
nitude; internal restructuring of the star leads to a slowly-rotating
≈ 16.9 M� main-sequence star with a strong (≈ 9 kG), long-lived
(∼ 107 yr) surface magnetic field. The merger product is likely to be
a rejuvenated blue star (e.g., Schneider et al. 2020, and references
therein). Recently, Wang et al. (2022) proposed stellar mergers as
the origin of the blue main-sequence band in young star clusters.
One of the signatures of such stars, besides their colour, is their low
fractional rotational velocities (vrot/vcrit ≈ 0.35), which could be the
result of magnetic braking. Slow rotation and high magnetic fields
in the tertiary star of TIC 470710327would support the proposed
scenario. Moreover, the detection of a magnetic field would be of
paramount importance to the study and understanding of magnetism
in massive stars.

TIC 470710327 as the host of an early massive merger. We
have demonstrated that ZLK oscillations can prompt a contact phase
in a‘2+2’ quadruple and potentially reduce it into a triple-star con-
figuration. For TIC 470710327, the massive tertiary could be a stel-
lar merger remnant if the inclination around ZAMS was within the
short-timescale contact window (Figure 2). We assume that is the
case, and that our ‘8+8’ stellar merger might evolve similarly to the
‘9+8’merger from Schneider et al. (2019). That implies that the ter-
tiary of TIC 470710327 should be slowly rotating and could have a
magnetic field as large as ≈ 9 kG.

We make a simple estimate of the magnetic field evolution by
considering a magnetic dipole configuration and that the magnetic
flux is frozen into the plasma (Alfvén 1942). Conservation of mag-
netic flux results in Bp,min = Bp,ZAMS(RZAMS/Rmax)

2, where Bp is
the polar magnetic field strength, during the main sequence, at the
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Figure 3. Summary of the initial separation parameter space of the quadru-
ples simulated. The abscissa shows both the initial semi-major axis (bottom)
and orbital period (top) of the more massive ‘8+8’ binary. The ordinate shows
the contact fraction f (left, purple) and the β factor of the simulation (right,
black) of ‘2+2’ quadruples where the ‘8+8’ binary results in a merger. The
solid purple line includes the merger fraction from both the short and long
contact window; the dashed purple line includes only the fraction of the short
contact window (see Figure 2 for a visual representation of these contact win-
dows). For close (. 19 R�) binaries, radial expansion will lead to a contact
phase later in the main sequence.

photosphere. For a 16.0 M� star at Z = 0.0142, RZAMS = 5.0 R�
and Rmax = 15.2 R� (Hurley et al. 2000). The magnetic field could
decrease from Bp,ZAMS ≈ 9.0 kG to Bp,max ≈ 1.0 kG within the main
sequence. We consider these values as proxy limits of the magnetic
field of the tertiary of TIC 470710327. However, a dipolar magnetic
field is a simplified assumption with respect to the magnetic-field
structure of an astronomical stellar merger.

Keszthelyi et al. (2019) predicts that rotating, magnetised mas-
sive stars might eventually lead to notable surface enrichment of
nitrogen. However, our short-timescale mergers would occur very
early in the evolution of the system, and are predicted to become
slowly rotating shortly (∼ 1000 yr) after the merger (Schneider et al.
2019). However, the mergers on the long window might possess
some chemical anomalies.

Stellar reduction. The scenario presented here proposes a ‘2+2’
quadruple origin for a triple-star system. This scenario highlights
the role of stellar reduction in massive stars, and suggests that stel-
lar multiplicity likely decreases as a function of time. While most
massive stars (& 5 M�) are observed in binary or multiple-star con-
figurations (Moe & Di Stefano 2017), this multiplicity might be even
higher at early stages of their evolution; i.e., some singles were ini-
tially binaries, some binaries were initially triples, and so on. A
‘2+2’ quadruple origin for TIC 470710327 could suggest that the
massive tertiary might have formed in a very similar way to the less
massive, close binary (see Tokovinin 2018, for a similar formation
scenario for low-mass triples). We have shown that the orbital con-
figurations can change in short and long timescales (see also, e.g.,
Eggleton & Kiseleva-Eggleton 2001). Understanding the role of dy-
namics in (proto-)stellar evolution will help us elucidate the true ini-
tial distributions of multiple-star systems.

This reduction scenario has implications on the orbital configu-
ration of massive, multiple-star systems. Compact (∼ d) binaries

MNRAS 000, 1–5 (0000)
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in inclined orbits, i.e., those within the short window, are unlikely
to be long-lived stable astronomical configurations, given that they
would have merged around ZAMS, reducing the stellar system to
one without significant inclination. This is consistent with popula-
tions of low-mass hierarchical triples (e.g., Tokovinin 2017; Rappa-
port et al. 2022). We suggest a deficiency of highly-inclined systems
as a smoking-gun signature for populations of compact binaries in
multiple-star systems. Population synthesis predicts that ≈10% of
all stars experience a merger with a companion (e.g., Podsiadlowski
et al. 1992), a fraction similar to that (≈7 %) of magnetic B- and
O- type stars (e.g., Fossati et al. 2015; Grunhut et al. 2017). These
stars also have a higher-multiplicity fraction, which likely increases
the probability of mergers. We suggest exploring the role of stellar
formation and multiplicity in early mergers of massive stars in the
context of magnetic stars (see also Wang et al. 2022).

We briefly comment on the possibility that the merger of the ter-
tiary occurred from a stellar collision with the triple system. The
properties of the stellar merger remnant in the collision scenario
should be similar to the ones discussed here; however, there should
be kinematic differences, as the collision will result in additional
mass loss (Glebbeek et al. 2013) and will likely modify the veloc-
ity and trajectory of the system. Alternatively, the triple could have
formed via dynamical capture.

Finally, we highlight Vigna-Gómez et al. (2021), which presented
the role of compact binaries in triples, particularly as progenitors of
sequential binary black-hole mergers. Particularly, chemically ho-
mogeneously evolving binaries can only occur in within a narrow
period range between 0.7 . Porb/d . 4 (e.g., Du Buisson et al. 2020,
and references therein). While chemically homogeneously evolv-
ing binaries are predicted to be significantly more massive than our
‘8+8’ binary, and therefore they are not the likely progenitors of TIC
470710327, they could be in similar configurations that experience
dynamical effects and stellar reduction during the main sequence (cf.
Figure 3).

Conclusions. Here we propose a quadruple origin for the massive,
compact hierarchical triple TIC 470710327. Our proposed ‘2+2’
orbital configuration results in ZLK oscillations that prompt the
merger of the more massive binary, leading to the triple configu-
ration we detect today. Such stellar merger is generally predicted to
result in a highly-magnetised (∼ 1−10 kG) slowly-rotating blue star
on the main sequence. This formation scenario predicts that highly-
inclined triple- and quadruple- star systems will experience stellar
mergers and reduce to co-planar binary- and triple- star systems,
respectively. Disentangling the nature of such peculiar systems is
fundamental for progress in the emerging field of multiple massive-
stellar formation and evolution.
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