
MNRAS 514, 1162–1168 (2022) https://doi.org/10.1093/mnras/stac1238 
Advance Access publication 2022 May 6 

The outer orbit of the high-mass stellar triple system Herschel 36 

determined with the VLTI 

J. Sanchez-Bermudez , 1 , 2 ‹ C. A. Hummel, 3 J. D ́ıaz-L ́opez, 1 A. Alberdi, 4 R. Sch ̈odel, 4 J. I. Arias , 5 

R. H. Barb ́a, 5 † E. Bastida-Escamilla, 6 W. Brandner , 2 J. Ma ́ız Apell ́aniz 

4 , 7 and J.-U. Pott 2 

1 Instituto de Astronom ́ıa, Universidad Nacional Aut ́onoma de M ́exico, Apdo. Postal 70264, Ciudad de M ́exico, 04510, M ́exico 
2 Max-Planck-Institut f ̈ur Astronomie, K ̈onigstuhl 17, D-69117 Heidelberg, Germany 
3 European Southern Observatory, Karl-Sc hwarzsc hild-str asse 2, D-85748 Garching, Germany 
4 Instituto de Astrof ́ısica de Andaluc ́ıa (IAA-CSIC), Glorieta de la Astronom ́ıa S/N, E-18008 Granada, Spain 
5 Departamento de F ́ısica y Astronom ́ıa, Universidad de La Serena, Av. Cisternas 1200 Norte, La Serena, Chile 
6 Tecnol ́ogico de Monterrey, Escuela de Ingenier ́ıa y Ciencias, Ave. Eugenio Garza Sada 2501, Monterrey, N.L., Mexico, 64849 
7 Centro de Astrobiolog ́ıa, CSIC-INTA, Campus ESAC Camino bajo del castillo s/n, E-28692 Villanueva de la Ca ̃ nada, Spain 

Accepted 2022 April 25. Received 2022 April 22; in original form 2022 March 3 

A B S T R A C T 

Multiplicity is a ubiquitous characteristic of massive stars. Multiple systems offer us a unique observational constraint on the 
formation of high-mass systems. Herschel 36 A is a massive triple system composed of a close binary (Ab1-Ab2) and an outer 
component (Aa). We measured the orbital motion of the outer component of Herschel 36 A using infrared interferometry with 

the AMBER and PIONIER instruments of ESO’s Very Large Telescope Interferometer. Our immediate aims are to constrain the 
masses of all components of this system and to determine if the outer orbit is co-planar with the inner one. Reported spectroscopic 
data for all two components of this system and our interferometric data allow us to derive full orbital solutions for the outer orbit 
Aa-Ab and the inner orbit Ab1-Ab2. For the first time, we derive the absolute masses of m Aa = 22.3 ± 1.7, m Ab1 = 20.5 ± 1.5, 
and m Ab2 = 12.5 ± 0.9 M �. Despite not being able to resolve the close binary components, we infer the inclination of their orbit 
by imposing the same parallax as the outer orbit. Inclinations derived from the inner and outer orbits imply a modest difference of 
about 22 

◦ between the orbital planes. We discuss this result and the formation of Herschel 36 A in the context of Core Accretion 

and Competitive Accretion models, which make different predictions regarding the statistic of the relative orbital inclinations. 

Key words: techniques: interferometric – (stars:) binaries: general – stars: massive. 
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 I N T RO D U C T I O N  

ne of the most important characteristics to explain in the formation
f massive stars is multiplicity. It is no w well-kno wn that at least
0 per cent of the O stars possess at least one massive stellar
ompanion (Sana et al. 2014 ; Sota et al. 2014 ). There are several
hysical properties that strongly depend on multiplicity (Sana &
vans 2011 ), for example: (a) the different evolutionary paths of
assive multiples versus single stars (Langer et al. 2008 ; Crowther

t al. 2010 ); (b) the role of winds in the creation of dust in evolved
ystems (Tuthill et al. 2008 ); or (c) the velocity dispersion of massive
lusters (Gieles, Sana & Portegies Zwart 2010 ). 

Properly characterizing dynamical interactions between different
tellar components is important to determine the initial conditions
f the formation process and to discern between different physical
cenarios, for example: disc or filament fragmentation (Bonnell &
astien 1992 ; Monin et al. 2007 ), stellar collisions and mergers

Zinnecker & Bate 2002 ; Bonnell 2005 ), or disc-assisted capture
Bally & Zinnecker 2005 ). In order to do this, multi-epoch studies
ombining different techniques (such as interferometry, spectroscopy
 E-mail: joelsb@astro.unam.mx 
 Deceased. 
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Pub
r adaptive-optics imaging) are necessary to study the geome-
ries of massive multiples and their correlation with the proposed

odels. 
Different predictions can be proposed depending on the used
odel. On the one hand, the disc fragmentation model suggest that

tellar companions are formed from instabilities in the accretion
iscs (see e.g. the simulations in Krumholz, Klein & McKee 2007a ).
hus, this scenario suggest that several formed stellar companions
ould remain orbiting the central source following coplanar orbits,
reserving the original angular momentum of the fragmenting disc.
n the other hand, in competitive accretion, the formation of
assive stars depends on the reservoir of material from the ‘large-

cale’ environment. This scenario not only explains the formation
f massive stars but of a entire initial-mass-function in a forming
luster. The most massive stars are formed at loci of the cloud
ith the strongest gravitational potential, which lead them to gain
ore material than the less massive stars. This scenario describes a

ynamical environment, with mass se gre gation during the formation
rocess (Bonnell & Bate 2006 ; Bonnell, Larson & Zinnecker 2007 ).
assive multiples, thus, could be formed via dynamical interactions.

his condition does not fa v our coplanar orbits of forming massive
ultiples, but more randomly oriented orbits. 
The target of this study is Herschel 36 A, an intriguing hierarchical

riple system with a combined luminosity that matches the theoretical
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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uminosity of two ZAMS stars (Arias et al. 2010 ), suggesting that the
ystem is in a very early evolutionary stage with an age of the order
f ∼1 Ma. The source is located at 1234 ± 16 pc (Ma ́ız Apell ́aniz
t al. 2022 ) and it is responsible for the ionization of the central
art of the M8 nebula (Arias et al. 2006 ). Herschel 36 A consists of
wo known components. Two of them, Ab1 (O9.5 V)-Ab2 (B0.7 V), 
orm a close binary with a period of the circular orbit of 1.54 d,
hile the third one, Aa (O7.5 Vz), mo v es on a wider eccentric orbit

with a period of 492.8 d and an eccentricity of 0.29; Campillay
t al. 2019 ). 

In 2014, Sanchez-Bermudez et al. ( 2014 ) observed the source 
ith AMBER (Petrov et al. 2007 ) at the Very Large Telescope

nterferometer (VLTI), resolving, for the first time, the tertiary 
omponent. These observations also show that Aa is as bright 
s the combined Ab1-Ab2 pair. This result is interesting, since 
n hierarchical triple systems the most massive and luminous 
bject usually forms part of the inner binary (see e.g. Sanchez- 
ermudez et al. 2013 ; Mahy et al. 2018 ). Therefore, this sys-

em deserves a particular study to compare its current configura- 
ion along with its extreme youth with plausible models of star
ormation. 

This work presents the results of our monitoring program with 
he VLTI instruments to trace the orbit of Aa around the Ab1-Ab2
ystem. The paper is organized as follows: Section 2 presents our 
bservations and data reduction. In Section 3 , the analysis of the
nterferometric observables and of the orbit of the system Aa + Ab
s presented, followed by a discussion in Section 4 . In Section 5 , we
resent a summary of this work. 

 OBSERVATIONS  

omplementing the observation reported by Sanchez-Bermudez 
t al. ( 2014 ), new single snapshots of Herschel 36 A were obtained
ith AMBER-VLTI on 2017 August 10, April 28, and 2018 
ugust 26, as part of our AMBER-VLTI monitoring program. 1 

he observations were conducted in low-resolution mode ( R ∼
5) using only combinations of the VLT unit telescopes (UTs) 
roviding the longest baselines and the highest sensitivity. The data 
ere obtained simultaneously in the J , H , and K bands, following
 sequence of two observations: calibrator (HD 165920), target, 
alibrator (which was selected using SEARCHCAL ; Bonneau et al. 
006 , 2011 ). Unfortunately, the observ ations suf fered from a v ariable
nterferometric fringe tracking performance and the stability of the 
alibration sequence was ne gativ ely affected, especially in the shorter 
avelength channels J and H , where the phase variance is larger

han in the K band, resulting in a larger variance of the fringe tracker
ffset (called piston). For this reason, the J and H bands could not
e properly calibrated and we restricted our analysis only to the 
 band. 
We reduced the data with AMDLIB V3 (Tatulli et al. 2007 ; Chelli,

trera & Duvert 2009 ) to extract the interferometric observables 
squared visibilities and closure phases). To keep consistency be- 
ween the analysis of the new data sets and the one taken on 2014
pril 17, all data sets were reduced using the same constraints.
rames deteriorated by variable atmospheric conditions and technical 
roblems were discarded if any of the following two criteria applied: 
a) a baseline flux of less than 10 times the noise; (b) a piston larger
han 5 μm; and (c) a visibility signal-to-noise ratio (S/N) amongst 
 This project presents observations with the Very Large Telescope Interfer- 
meter for the ESO program 597.D-0727(C). 

t  

t  

e
c

he 90 per cent of the frames with the lowest S/N. Table 1 reports the
ey characteristics of the observations. The tracking performance 
s measured by the root mean square (rms) of the residual phase
ariation was not always the same for the first and second observation
f the calibrator. To a v oid systematic calibration errors, we discarded
alibrator observations with lower fringe-tracker performance, which 
ed us to select only the second, first, and again the second calibrator
bservation for the first two epochs, respectively. Furthermore, we 
oted that tracking was systematically better for the calibrator ( K =
.0) than the science target ( K = 6.9). This caused the o v erall lev el of
he visibility amplitudes of the science target to be lower, which led us
o add a resolved uncorrelated-flux component to our models to a v oid
 v erestimating the sizes of the stellar discs (which are expected to be
nresolv ed giv en the stellar types and their distance). Fig. A1 shows
he visibility data of Herschel 36 obtained with AMBER. Except for
wo epochs with closure phases that display a 180 ◦ jump indicative of
he detection of two equal-magnitude stellar components, the other 
hases are consistent with zero. 
Additionally to our AMBER data, one observation from 2014 

eptember 3, with the H -band PIONIER instrument of the VLTI was
etrieved from the public ESO archive and reduced with the PNDRS

ipeline (Le Bouquin et al. 2011 ). PIONIER recorded fringes in
wo channels across the H band (Fig. A2 ). The calibration was also
erformed with PNDRS , which computes a time-dependent transfer 
unction based on all calibrators observed in the same night, and by
hich the reduced visibilities of the science targets are divided. The

ompanion was detected as the squared visibilities have values as 
ow as ∼ 0.35. All measured closure phases in this data set were
onsistent with zero. Fig. A2 displays the V 

2 data for each one of the
ix baselines. 

 ANALYSI S  A N D  RESULTS  

.1 Parametric model fitting 

onfirming our 2014 results, we could not resolve the 
lose/spectroscopic binary (Ab1-Ab2) with our ne w observ ations. 
urthermore, we did not expect to resolve the stellar discs of the
omponents either when taking into account typical O-star diameters 
een from a distance of ∼1.23 kpc. F or e xample, an O-star of ∼
8 M � has a radius of R ∼ 14 R � (Martins, Schaerer & Hillier
005 ) or R ∼ 0.085 mas at the distance of the target, a size quite
eyond the resolving power of our interferometer. Therefore, a 
eometrical model of tw o point-lik e objects w as used to describe
he system Aa-(Ab1-Ab2) at each observational epoch. For the outer 
rbit, the model considered the system Ab1-Ab2 and the tertiary 
a with normalized fluxes F Ab1Ab2 and F Aa , respectively, separated 
y a given angular distance and orientation. As mentioned in the
revious section, a resolved uncorrelated-flux component F o v er was 
lso included to account for the drop in the visibility value due to
he variable tracking performance at the time of the observations. 
he mathematical formulation of our model to compute the complex 
isibilities, V ( u , v), is the following: 

 ( u, v) = 

1 + F Aa /F Ab1Ab2 × e −2 πj ( �x u + �y v) 

1 + F Aa /F Ab1Ab2 + F o v er /F Ab1Ab2 
, (1) 

here u and v are the spatial frequencies sampled with our interfer-
meter. Notice that, in this model, the system Ab1 + Ab2 is assumed
o be at the phase reference. The flux ratio F Aa / F Ab1Ab2 was assumed
o be constant with time and o v er the band-pass of each observing
poch, which is a reasonable approach. For the minimization, we 
onstrained F Ab1Ab2 + F Aa + F o v er = 1.0 
MNRAS 514, 1162–1168 (2022) 
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Table 1. Herschel 36 A interferometric PIONIER ( H band) and AMBER ( K band) observations. 

2014 Apr 2014 Sep 2017 Aug 2018 Apr 2018 Aug 

Array UT1 + UT2 + UT4 D0 + G1 + H0 + I1 UT1 + UT3 + UT4 UT1 + UT3 + UT4 UT1 + UT3 + UT4 
Beam size (mas) 7.66 × 1.57 3.00 × 2.56 4.70 × 1.81 6.40 × 1.63 4.50 × 1.75 
Beam PA ( ◦) 149.3 48.5 152.3 139.7 154.0 

Table 2. Herschel 36 A best-fitting binary parameters. 

2014 Apr 2014 Sep 2017 Aug 2018 Apr 2018 Aug 

F Aa / F Ab1Ab2 0.98 1.0 1.0 1.0 0.98 
F o v er / F Ab1Ab2 0.49 0 0.20 0.07 0.30 
ρ (mas) 1.90 1.24 2.21 1.23 2.29 
θ ( ◦) 221.3 294.8 50.3 191.0 272.6 

Error ellipse: 
Major axis (mas) 0.26 0.36 0.19 0.35 0.42 
Minor axis (mas) 0.062 0.19 0.05 0.07 0.13 
Position angle ( ◦) 149.3 31.4 151.8 136.2 154.3 

Table 3. Herschel 36 Aa-Ab best-fitting orbital parameters and masses. 

Parameter Value 

ω 

a ( ◦) 139.8 ± 3.8 
e 0.219 ± 0.014 
P (d) 496.82 ± 0.78 
T 0 (HJD) 245 6278.8 ± 6.5 
a (mas) 3.49 ± 1.13 
� ( ◦) 250.8 ± 5.7 
i ( ◦) b 75.3 ± 4.8 
Mass Aa 22.3 M � ± 1.7 
Mass Ab 33.0 M � ± 2.4 
γ Vel. (km s −1 ) 5.72 ± 0.46 

Notes. a The angle of the periastron passage reported corresponds to the one 
of the system Ab orbiting the component Aa. To reproduce the orbit in Fig. 1 , 
180 ◦ should be added to the reported value 
b Angle measured from the plane of the sky to the plane of the orbit 
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The model fitting was performed using the OYSTER 

2 software. To
etermine the geometrical parameters of the binary, four parameters
ere first fitted simultaneously to the visibility data of a given night:
 Aa / F Ab1Ab2 , F o v er / F Ab1Ab2 , ρ, and θ . Table 2 displays the best-fitting
arameters. For completeness, Figs A1 and A2 show the best-fitting
odel o v erplotted on the V 

2 and closure phases of each one of the
ifferent epochs. From our modeling, we found consistency with our
esults reported in Sanchez-Bermudez et al. ( 2014 ). The flux ratio
etween the Aa component and the Ab pair is close to unity for all
pochs. It is interesting to mention that only two of the AMBER
pochs show a clear jump between 0 ◦ and 180 ◦. The rest of the
ata, including the PIONIER data set, show closure phases at 0 ◦.
his effect is expected because we have a binary with components
f (near) equal brightness. Nevertheless, for the epochs with closure
hases at zero, it is not possible to break the de generac y of 180 ◦ in
he position of the Aa component. Only when using a dynamical
odel as described below we can break this de generac y (see
ection 3.2 ). 
NRAS 514, 1162–1168 (2022) 

 http:// www.eso.org/ ∼chummel/oyster. 

3

E  

i  

c  
.2 Orbit Aa-Ab 

ith the new interferometric epochs, initial values for the full set of
he outer orbital parameters (and the magnitude difference between
omponents Aa and Ab) were determined by a simultaneous fit of
 Keplerian model to the visibility data and the RV measurements
vailable in the literature. Initially, we adopted the orbital values of
he Campbell elements ω, e , P , and T 0 from Campillay et al. ( 2019 ),
nd then we constrained the Campbell elements �, a , and i with the
nterferometric data. Finally, we carried out a full fit of all elements
nd the masses of the Aa and Ab components to the radial velocities
Aa and Ab1-Ab2) and visibilities, reducing the weight of the latter
er measurement due to their number being almost four times larger
han the number of RV measurements (see also next paragraph). We
aid special attention to the fitting of the closure phase (an observable
hat is quite robust to calibration errors) jumps in the first and last
MBER epochs, since these epochs show clear cosine signatures in

he closure phases. Including the RV data into the global fit for the
rbit solution allowed us to break the de generac y in the position of
he secondary for those interferometric epochs for which the closure
hase values are zero. 
The astrometric uncertainty of each of the orbital positions fitted

o the interferometric data is an ellipse derived from the synthesized
eam and thus depends on the actual u − v co v erage deliv ered by
he aperture-synthesis observation. Due to the possible presence of
ystematic errors related to the calibration, which may also lead to
orrelations between visibilities of neighboring spectral channels,
e conserv ati vely adopted a full-spectral correlation factor of 15

number of channels for AMBER), thus lowering the number of
ndependent data points by the same factor. Furthermore, we chose
 conserv ati ve 5 σ confidence le vel for the contour in the χ2 surface
o which we fit the uncertainty ellipse. 

Table 3 shows the results with the best-fitting parameters of the
ommon orbit, while Figs 1 and 2 display the best-fitting orbit plotted
 v er the astrometric positions of the Aa-Ab component and the radial
 elocities, respectiv ely. 

.3 Orbit Ab1-Ab2 

ven though the inner orbit cannot be resolved with our observations,
ts semi-major axis, inclination and, thus, the stellar masses of
omponents Ab1 and Ab2 can be computed from the Campbell

http://www.eso.org/~chummel/oyster
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Figure 1. Best-fitting common orbital solution of Aa around the system 

Ab1-Ab2 (indicated with a red star at the centre of the plot), o v erplotted 
on the astrometric error ellipses with dashed lines connecting their centre to 
the position predicted by the orbit model. The solid straight line indicates 
the periastron and the dashed straight line indicates the position angle of 
the ascending node. The different interferometric epochs are plotted with 
different colors (see labels on the figure). 
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Figure 2. Best-fitting common dynamical solution of Aa around the system 

Ab1-Ab2, o v erplotted on the radial velocity (RV) data from Campillay et al. 
( 2019 ) for the Aa-Ab orbit. 
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Figure 3. Best-fitting dynamical solution for the radial velocities of Ab2 
and Ab1, o v erplotted on the RV data from Campillay et al. ( 2019 ) for the 
Ab1-Ab2 orbit. 
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lements ω, e , P , and T 0 already known from the analysis of
ampillay et al. ( 2019 ) and by imposing the condition that the orbital
arallaxes 3 of the orbits Aa-Ab and Ab1-Ab2 must be identical for
 dynamically interacting hierarchical triple system. 

To obtain unconstrained orbital elements of the inner orbit Ab1- 
b2, first, we used the mass ratio M Ab2/Ab1 = 0.613, derived from

Campillay et al. 2019 ), and the total mass of Ab, obtained from our
nterferometric data and reported on Table 3 . With these data, we get
 The orbital parallax corresponds to a distance derived from the total mass of 
he system, the period and angular semi-major axis of the orbit. 

m  

H  

e  

f  
 Ab1 = 20.46 ± 1.49 and M Ab2 = 12.54 ± 0.91. The orbital parallax
f the outer orbit is πAa-Ab = 0.75 ± 0.24 mas. Thus, we used this
alue as the parallax of the inner orbit, since the spectroscopic binary
nd the tertiary component are gravitationally bound. Therefore, we 
ould get the best-fitting value of the semi-major axis of the inner
inary, resulting in a Ab1-Ab2 = 0.0629 ± 0.02 mas. 
Finally, we also fitted the inclination of the inner orbit to reproduce

he RV measurements for components Ab1 and Ab2 (see Fig. 3 ),
ur best-fitting value results in i = 53 . ◦7 ± 2 . ◦1 (the uncertainty
eported is related to the error bars of the semi-amplitudes). Since
his compact system is expected to have zero eccentricity, the angle
f the periastron passage ω = 0. Also, since we are not able to
esolve the components, the angle of the ascending node, �, is the
nly element that remains unconstrained. 

 DI SCUSSI ON  

n this paper, we have analysed data from two new observations
ith AMBER and from one archi v al PIONIER observ ation of the
assive triple system Herschel 36 A. Combined with our previous 

strometric solution reported in Sanchez-Bermudez et al. ( 2014 ), we
ere able, for the first time, to determine the elements of the outer
rbit Ab1-Ab2, as well as those of the inner orbit. Herschel 36 A
as an interesting configuration that is not common in other triple
ierarchical systems (e.g. HD 150136; Sanchez-Bermudez et al. 
013 ; Mahy et al. 2018 ) in which the most massive and brightest
omponent is a member of the close binary; for this target it is not
he case. 

On the mass of the target: The derived mass of component Aa
s consistent within 1 σ (following the observational calibration of 

artins et al. 2005 ) with the spectral classification of an O7.5 V
tar. Ho we ver, notice that the calibrations of Martins et al. ( 2005 )
ere derived for stars on the main sequence, while the components
f Herschel 36 A might still be on the zero-age main sequence. The
ass derived for component Ab1 is somewhat higher than the value

uoted in the calibration by Martins et al. ( 2005 ) for an O9.5 V
tar, but still in agreement given the large uncertainties in the mass
stimate (1 σ ∼2 M �). Finally, Ab2 is in agreement with the observed
ass for a star with similar spectral type (see e.g. the B0.5 V star
D 315031; Gonz ́alez, Veramendi & Cowley 2014 ). With the new

stimate of a Aa-Ab = 3.49 ± 1.13 mas and the total mass derived
rom the orbital solution (see Table 3 ), we estimated a distance to
MNRAS 514, 1162–1168 (2022) 
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he target of d = 1.33 ± 0.32 kpc. This value is consistent within
 σ with the estimates reported by Campillay et al. ( 2019 ) andMa ́ız
pell ́aniz et al. ( 2022 ) and with the Gaia EDR3 parallax of Herschel
6 being 0.775 ± 0.024 mas. More precise constraints on the distance
o the system could be obtained by refining the orbital estimation
ith better astrometric VLTI observations obtained through beam-

ombiners like GRAVITY. 
On the coplanarity of the orbits: It is suspected that the formation

f massive stars happens in dense environments at the core of
olecular clouds. As mentioned before, two main classes of theories

re contemporary to describe massive star formation: Competitive
ccretion (Bonnell et al. 2001 ) and Core Accretion (Tan et al. 2014 ).

n the latter one, the formation of high-mass star(s) is subject to the
xistence of a self-gravitating clump that collapses into an accretion
isc where the forming star(s) gain their mass. In Competitive
ccretion , the material is drawn from a chaotic environment at scales

arger than the typical size of massive clumps ( ∼0.3 pc) and the
ormation of the massive star(s) is not subject to the presence of a
assive contracting pre-stellar clump. 
In Core Accretion , the formation of binaries, or multiple systems,

appens due to gravitational instabilities in the accretion disc
Krumholz, Klein & McKee 2007b ). This scenario fa v ours coplanar
rbits between different stellar companions. Kratter, Matzner &
rumholz ( 2008 ) show that a binary system as massive as ∼10 2 

 � could be formed within a massive disc with a relative mass
raction μ = M disc /( M disc + M ∗) = 0.5, which undergoes a phase of
ocal instability. Ho we ver, the global disc structure remains stable for
ccretion on to the stellar companions to continue. On the other hand,
he turbulent environment proposed for the Competitive Accretion
heory sets the initial conditions for early dynamical interactions
see e.g. Larwood 1997 ; Bonnell, Bate & Vine 2003 ) that fa v our the
ormation of non-coplanar systems. 

We were able to derive the inclination of the inner orbit ( i Ab1-Ab2 

 75 . ◦3 ± 4 . ◦8) and found it to be tilted relative to the outer orbit ( i Aa-Ab 

 53 . ◦7 ± 2 . ◦1) by 21 . ◦6 ± 5 . ◦2. This small tilt between the two orbits
uggests that the target could have been formed via Core Accretion .
e vertheless, as the v alue of the mean inclination dif ference is not
uite at 5 σ based on the reported error, we cannot completely rule-out
ompetitive Accretion as the formation mechanism for our target . To

ettle better constraints on its formation, dedicated hydrodynamic and
 -body simulations must be done. For example, for the Competitive
ccretion scenario it would be interesting to quantify (i) the particular
et of initial conditions for the dynamical interaction to keep the
ystem long-term stable, and (ii) the process of migration of the
ifferent components to harden the inner binary system (probably
reated from the same core) and drag-out the outer component. For
he Cor e Accr etion , it is necessary to quantify the time-scale of
he fragmentation and accretion processes. These analyses should
ertainly be considered for future reports on the target. Furthermore,
uture observations with PIONIER-VLTI and/or GRAVITY-VLTI
re envisioned to refine the orbital estimates and to have better initial
arameters for more accurate simulations. 

 SUMMARY  A N D  O U T L O O K  

n this paper, we present new interferometric observations of the
riple system Herschel 36 A. From the new information derived,
n combination with previously published spectroscopic data, we
nferred (i) the total mass of the system, (ii) the orbital parameters
f the outer orbit, and (iii) the difference between the planes of the
nner and outer orbit of the triple system. A refinement of the orbital
olution is necessary to better constrain the physical parameters
NRAS 514, 1162–1168 (2022) 
eri ved. Therefore, ne w interferometric observations should be
equested in the near future for this purpose. From the coplanarity
nalysis, it is not conclusive whether the system formed from the
ollapse of a single core or in a competitive accretion environment.
etailed numerical simulations may be useful to discriminate one

cenario from the other. Finally, to better understand the formation
f high-mass multiple systems, systematic analyses like this must be
xtended to other targets, for example, the triple θ1 Ori B 1, 5, 6 (see
ravity Collaboration et al. 2018 ), which has a geometry similar to
erschel 36 A. 
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2 data obtained from the four epochs of AMBER-VLTI data reported; the 
at show a (cosine) signature different from zero. Panels display with black 

fferent baselines (see legends in the plots). 
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Figure A2. Best-fitting binary model of the V 

2 data obtained with PIONIER in the H band. 
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