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ABSTRACT

Context. Observations and simulations have clearly established that most stars form in multiple systems. Characterizing their proper-
ties is thus important for our understanding of the star formation process.
Aims. To provide statistics about the number of companions per star over the full range of angular distances, infrared long-baseline
interferometric studies can be employed to fill the gap between spectroscopic and adaptive optics searches. The Upper Scorpius
OB association is a good target for such observations, because its stellar content is very well known from both spectroscopic and
adaptive optics searches.
Methods. We used the ESO Very Large Telescope Interferometer to perform long-baseline interferometric observations of a sample
of seven B stars. Furthermore, we used ROSAT X-ray data to search for indications of low-mass companions.
Results. With the interferometric observations, we find previously known companions around σ Sco and HR 6027. For the other
targets we determine the parameter space in which the presence of companions can be excluded from our data. For two of the B stars
in our sample, π Sco and HR 6026, the detection of X-ray emission provides indirect evidence of previously unknown low-mass
companions.
Conclusions. In total we find two previously unknown companions. We can exclude the presence of other unknown companions
within the separation range of ∼2 to ∼100 mas and for a brightness ratio ≥0.1.

Key words. techniques: interferometric – binaries: general – X-rays: stars – binaries : close – stars: formation – stars: massive

1. Introduction

An accurate characterization of multiple stellar systems and
their properties is one of the most important steps in under-
standing the star formation process itself. Observations of star
forming regions and young stellar clusters have clearly estab-
lished that most, if not all, stars form in binaries or higher or-
der multiple systems (e.g., Mathieu & Zinnecker 2000). Stars
with higher masses are found to be in multiple systems more
often than low-mass stars (Delgado-Donate et al. 2004; Bate
2009; Preibisch et al. 2001). Furthermore, massive stars are of-
ten found in higher order multiple systems, i.e., triple or quadru-
ple systems (Zinnecker & Yorke 2007) and short-period binaries
(Duchêne & Kraus 2013). The observed properties of multiple
systems, such as their separation, distribution, and mass ratios,
provide important and strong constraints on star formation the-
ories. During recent years, numerical simulations of star clus-
ter formation have reached a level where they can make quite
detailed predictions about the multiplicity of the forming stars
(Goodwin et al. 2007; Bate 2009). To compare observational

� Based on observations collected at the European Organisation for
Astronomical Research in the Southern Hemisphere, Chile, observing
program 085.C-0260.
�� Appendix A is available in electronic form at
http://www.aanda.org

surveys in a meaningful way, a complete knowledge of this pri-
mordial multiplicity in a well characterized sample of young
stars is needed1.

No single observational technique is able to reveal compan-
ions over the full range of possible separations. Spectroscopic
studies can only find very close companions at separations of
about one AU or less. For objects with distances of a few 100 pc,
direct imaging (even with adaptive optics) can only reveal the
wide companions at separations of more than tens or hun-
dreds of AUs. Infrared long-baseline interferometry is very ef-
ficient in finding companions at angular separations between ∼2
and ∼100 mas. It is thus ideally suited to filling the observa-
tional gap between the very close spectroscopic companions and
the wide visual companions.

Another (and completely independent) indication of a com-
panion to a B-type star is the detection of X-ray emission. Stellar
X-ray emission (see Güdel & Nazé 2009 for a recent review) is
thought to be related either to coronal magnetic activity (e.g.,
Favata & Micela 2003) for low-mass stars (M < 2 M�) or
to shocks in the wind of a very luminous O-type star (e.g.,
Kudritzki & Puls 2000). For stars in the spectral range between

1 Complete means that all companion stars over the full range of
possible orbital distances (extending from a few stellar radii to sev-
eral 1000 AUs) are known or that companions in this range can be ex-
cluded with high confidence, respectively.
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Table 1. AMBER observations of targets in Upper Scorpius.

Target Other Date Projected baselines Calibrator(s)
name

π Sco HIP 78265 May 06, 2010 87 m –88◦ 75 m 151◦ 80 m –140◦ HD 143900
May 05, 2010 90 m –149◦ 90 m –59◦ 126 m –104◦ HD 143404

τ Sco HIP 81266 May 10, 2010 88 m –85◦ 76 m 152◦ 79 m –139◦ HD 143404
ρ Sco∗ HIP 78104 May 06, 2010 90 m –160◦ 88 m –70◦ 126 m –115◦ –
σ Sco HIP 80112 May 11, 2010 124 m –117◦ 87 m 109◦ 90 m –162◦ HD 135758, HD 143033
ω Sco HIP 78933 May 11, 2010 128 m –109◦ 91 m 116◦ 90 m –154◦ HD 143033
χ Oph HIP 80569 May 06, 2010 90 m –156◦ 90 m –66◦ 127 m –111◦ HD 135758

May 11, 2010 97 m –97◦ 72 m 142◦ 86 m –142◦ HD 143033
HR 6027 A/C HIP 79374 May 11, 2010 128 m –106◦ 90 m 119◦ 90 m –151◦ HD 143033

Notes. (∗) Data of low quality and not further mentioned in discussion.

about B2 and A, neither of these two mechanisms can work (e.g.,
Schmitt et al. 1985; Preibisch et al. 2005). The detection of X-ray
emission seeming to originate in a B-type star thus indicates the
presence of a companion.

The goal of this paper is to present new constraints on the
multiplicity of a brightness-selected sample of young stars in
Upper Scorpius. The paper is organized as follows. In Sect. 2 we
describe how and why the targets were selected. In Sect. 3 we
briefly describe the interferometric data reduction and analysis
strategy. Section 4 focuses on the data analysis and modeling.
We finally discuss the analysis of archival X-ray data and their
implications for the multiplicity in Upper Scorpius in Sect. 5.

2. Target selection

OB associations are well-suited to studies of stellar multiplicity,
because their youth implies that the binary parameters of only a
few of the most massive systems have changed and the low stel-
lar densities guarantee that very little dynamical evolution has
taken place. Moreover, in contrast to small clusters or T associa-
tions, like Taurus-Auriga, OB associations contain a much wider
range of stellar masses, including high- and intermediate-mass
stars.

With a distance of 145 pc (de Zeeuw et al. 1999), the
OB association nearest to the Sun is the Sco OB2 or Scorpius-
Centaurus association. It consists of three subgroups, the
youngest of which is Upper Scorpius (see e.g., Preibisch &
Mamajek 2008; Blaauw 1991). The star formation process in
Upper Sco is finished and there are neither dense molecular
clouds nor deeply embedded young stellar objects. An exten-
sive (and definitive) investigation of the high- and intermediate-
mass stellar populations in Scorpius-Centaurus was carried out
by de Zeeuw et al. (1999). They used Hipparcos proper motions
and parallaxes in conjunction with two moving group methods
to accurately establish the stellar content down to mid-F spectral
type (∼2 M�) and identified 120 stars as genuine members. In
a series of spectroscopic studies, Preibisch & Zinnecker (1999)
and Preibisch et al. (2002) have identified a large and statisti-
cally complete sample of low-mass members and then investi-
gated the stellar population and star formation history of Upper
Scorpius over the full stellar mass range from 0.1 M� to 20 M�.
They found that the whole stellar population in Upper Sco is very
well characterized by a narrow age distribution around 5 Myr
and that the initial mass function of Upper Sco is, within the
uncertainties, consistent with recent determinations of the field
initial mass function. These findings have been confirmed by an
independent study by Slesnick et al. (2008).

Kouwenhoven et al. (2005, 2007) have published an ex-
tended study of the primordial binary population in Scorpius
Centaurus. Kouwenhoven et al. (2005) performed an adaptive
optics search observing all Hipparcos members of spectral
types A and late B using the ESO 3.6 m telescope at La Silla.
By combining this data with those from the literature about mul-
tiplicity in Upper Scorpius, they found that more than 80% of
the B0-B3 type have one or more companions. However, this
number drops to 60% for B4-B9 type Hipparcosmembers. The
multiplicity for stars with spectral types A and F decreases even
more. Very recently, Lafrenière et al. (2014) have performed
a multiplicity survey of 91 stars in Upper Scorpius with the
Gemini North telescope and conclude that inside their detection
limits the companion star fraction is 0.30. However, they point
out that their results for the most massive (7.5−16 M�) stars
should be interpreted carefully, since close companions, which
are expected with a high frequency for high-mass stars, could
fall below the inner separation limit.

To perform a search for close visual companions and to
close the gap between the already existing spectroscopic and
adaptive optics surveys, we selected all members of the Upper
Scorpius association, which are bright enough to be observed
with AMBER and the Auxiliary Telescopes (thus H- and K-band
magnitudes ≤5.5 mag). AMBER is very well suited to finding
these companions, because in the near-infrared the contrast be-
tween the bright B stars and secondary components is much less
than in the optical. A similar approach has recently been fol-
lowed by Rizzuto et al. (2013) who obtained interferometric ob-
servations between 550 and 800 nm with the Sydney University
Stellar Interferometer (SUSI) of all stars in Sco-Cen that were
brighter than 5 mag in the visual.

3. Interferometric AMBER observations and data
reduction

The AMBER observations of B stars in Upper Scorpius at
the VLTI were performed in May 2010 in the course of the
ESO observing program 085.C-0260(A). AMBER (Petrov et al.
2007) is a multiaxial beam combiner combining light in the
near infrared. Data were taken with three Auxiliary Telescopes
(diameter of 1.8 m) in the configuration A0-G1-K0 and in low-
resolution mode (spectral resolution 35).

An overview of the performed AMBER observations, in-
cluding projected baselines, position angles, and calibrators
used, can be found in Table 1. In total, only seven B stars of
the 14 sample stars were observed, five of them only once, and
only the remaining two have been observed two times (as was
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Table 2. Companions of the USco targets.

Star Component Sep./period Bright. (V) SpT Mass Reference/comment
[′′]/days [mag] [M�]

ρ Sco Aa 3.81 B2 10 2
Ab 4.003 d 2, 5

π Sco Aa 2.83 B1 15 2
Ab 1.57 d B2 10 2, 5 eclipsing binary
B 0.4 see Sect. 5

τ Sco A 2.74 B0 18 2,
B 70.93 5.7 10

σ Sco Aa 3.3 B1 18.4 1, 4
Ab 0.003′′ 5.3 B1 11.9 1, 4, see Sect. 4
B 0.43′′ 5.2 B7 3.5 1, 4
C 20′′ 8.6 B9.5 2.7 4

ω Sco A 3.93 B1 15 2
χ Oph Aa 4.29 B2 10 2

Ab 34.12 d 2, 3
Ac 138.8 d 5

ν Sco HR 6027 Aa 4.37 B2IV 10 1
HR 6027 Ab 5.55 d 6.9 1 1, 5, 6, 7
HR 6027 B 1.305′′ 5.4 6 1, 5, 6, 10
HR 6027 C 0.063′′ 6.6 6 1, 8, Sect. 4
HR 6026 A 41.1′′ 6.9 B8V 3 1
HR 6026 Ba 2.0′′ 7.4 B9V 2.7 1, 6
HR 6026 Bb 7.9 B9V 2.7 1, 9
HR 6026 C 1.5 see Sect. 5

References. (1) MSC, Tokovinin (1997); (2) BSC, Eggleton & Tokovinin (2008); (3) Harmanec (1987); (4) North et al. (2007); (5) Kouwenhoven
et al. (2007); (6) Levato et al. (1987); (7) Batten et al. (1989); (8) McAlister et al. (1990); (9) Andersen & Nordstrom (1983); (10) Lafrenière et al.
(2014).

planned for the other targets as well). However, the data taken
of ρ Sco are very noisy and thus not taken into account for the
further analysis and discussion. More information on the stellar
properties and multiplicity of all targets can be found in Table 2.

For the data reduction and calibration amdlib Vers. 3.0.4
(Tatulli et al. 2007; Chelli et al. 2009) provided by the Jean-
Marie-Mariotti-Center2 was used. The data was calibrated by
using only the associated calibrator. This is a simplified method,
assuming that the (instrumental and atmospheric) transfer func-
tion has been stable between the science target and the calibrator.

In a first approximation, a binary can be described as com-
position of two sources separated by the distance a. Because the
radius for a star of spectral type B1 is ∼8 R�, corresponding to a
size ∼0.25 mas, the stars themselves are practically unresolved
in the AMBER observations. Thus, a model consisting of two
point sources can be used. The squared visibility of a binary is
given by

V2(Bλ) =
1 + f 2 + 2 f cos 2πaB/λ

(1 + f )2
,

where a is the separation vector in the plane of the sky (in radi-
ans), B the baseline vector joining the two telescopes (in meter),
λ the wavelength (in meters), and f is the flux ratio of the two
sources ( f = I1/I2). The frequency of this visibility oscillation
depends on the separation of the components, whereas the am-
plitude depends on their flux ratio.

To define the area in the separation-position angle parame-
ter space, where a binary can be excluded due to our AMBER
data, we make the following assumption: we can identify a bi-
nary signal if we see at least half a period of the modulation in
one band (i.e., H- or K-band, sometimes we have only flux in

2 JMMC, http://www.jmmc.fr

the K-band data). The maximum separation is given by the in-
terferometric field of view. Owing to the large errorbars of the
visibility data, we would need a flux ratio >∼0.1 to detect a bi-
nary signal in the visibility curve. To check the sensitivity of
the closure phase measurement we used ASPRO3 to make mod-
els for different binary flux ratios. We find that for binaries with
a flux ratio of ∼1:15 or less the closure phase is mostly ≤10◦
(also depending on the separation of the components), and for
a flux ratio of 1:10 the closure phase increases up to values be-
tween 10◦ and 15◦. Since our errors on the closure phase are
usually between 5◦ and 10◦ we assume that this is the lowest
flux ratio we would be able to detect from our closure phase
measurement. The flux limits for a detection in the visibilities
and a detection in the closure phase are thus similar. A global
detection limit of 1:10 might appear coarse, but we checked for
the sources without a companion above that limit that a single
point source fits the data as well as a binary. Because a flux ratio
of 1:10 corresponds to a magnitude difference of 2.5 we can, for
instance, only detect companions with masses down to ∼1.7 M�
(Siess et al. 2000) to a primary of spectral type ∼B3 (M ∼ 7 M�).

4. Interferometric results

For σ Sco we see a strong closure-phase signal and also a
change in the visibility level (see Fig. 1). To model these signals
we used the LitPRO tool developed at the Jean-Marie Mariotti
Center (Tallon-Bosc et al. 2008). We find a companion located
at −3.1 mas in right ascension and 0.08 mas in declination with
respect to the primary (reduced χ2 = 0.12). The flux ratio of the
two components is 0.5 ± 0.1. This companion is identical with
an already known companion for which North et al. (2007) find
a separation of 3.62 mas.

3 http://www.jmmc.fr/aspro_page.htm
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Fig. 1. Visibilities and closure phase of σ Sco versus wavelength for the H- and K-band measured with AMBER on 11/05/10 (black rectangulars).
The LITpro binary model is shown with red crosses.

Also for HR 6027 we clearly detect a binary signal in the
AMBER data, originating in the previously known companion
HR 6027 C. In Fig. 2 the calibrated AMBER visibilities in the H
and K bands are shown.

HR 6027 is a subsystem of the object ν Sco (HIP 79374,
HR 6027/HR 6026), listed as a septuple system in the Multiple
Star Catalog (MSC, Tokovinin 1997). The system can be divided
into two subsystems, centered on the primary stars HR 6027
and HR 6026, which have a separation of 41.1′′. HR 6027 is a
spectroscopic binary and has two visual companions at ≈1.3′′
and ≈0.060′′. HR 6026 has one visual companion at a dis-
tance of ≈2.0′′, which itself is a spectroscopic binary (see also
Fig. 4). More details about this septuple of stars can be found in
Table A.1. With AMBER we only observed the HR 6027 system.

To determine the position of HR 6027 C, we again used
the LitPRO modeling tool. We find that the companion is lo-
cated northwest of the primary with an offset in right ascen-
sion of −17.7 mas and in declination of 70.0 mas (χ2 = 21.9).
The uncertainty of the position as determined by the model fit
is ∼1 mas in RA and Dec. Furthermore, the uncertainty in the
wavelength calibration is an additional error source and con-
tributes an uncertainty of ∼0.5 mas. The total error is thus con-
sidered to be 1.5 mas in each direction. In the χ2 map shown in
Fig. 3 we can see several other local minima distributed around
the minimum with the lowest χ2. The χ2 for these minima are,
however, around two times higher than for the lowest minimum.
For the flux ratio of HR 6027 A and HR 6027 C the fit deliv-
ers 0.25 ± 0.1. The position obtained for HR 6027 C is in very

good agreement with the position obtained by Lafrenière et al.
(2014) using the adaptive optics data of Gemini North.

Four objects (τ Sco, π Sco, ω Sco, χ Oph) do not show
any sign for a companion in their visibilities, although Rizzuto
et al. (2013) detect a companion around τ Sco with a separation
of ∼0.071′′. However, the flux difference between this compan-
ion and the primary is ∼3 mag in the optical and might thus
be out of our detection range in the near infrared. We used the
LITpro tool to model the data first with a single point source
and then with a binary consisting of two point sources. A binary
model with a χ2 comparable to that of the point source model
can only be found for binaries with very low flux ratios (0.034
for π Sco, 0.08 for τ Sco, ≈0 for ω Sco, and 0.08 for χ Oph).
We thus can conclude that these sources do not have additional
companions within the detection limits given in Sect. 3. Plots of
the areas where a companion can be excluded from the AMBER
data according to our definition can be found in Fig. A.1. We can
estimate probabilities of missing a companion if it is by chance
somewhere in the gaps of the covered area. The probability that
we miss a component around one of the targets is ∼10–20% for
a radius of ∼0.12′′ around the primary star.

5. X-ray emission as a tracer of late type
companions

X-ray emission from stars is thought to be related either to coro-
nal magnetic activity (e.g., Favata & Micela 2003) for low-mass
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Fig. 2. Visibilities of HR 6027 versus wavelength for the H and K bands measured with AMBER (black rectangulars) together with the best-fit
LitPRO model (red crosses). Upper left: visibility with a baseline of 128 m and a PA of −106◦. Upper right: visibility with a baseline of 90 m and
a PA of 119◦. Lower left: visibility with a baseline of 90 m and a PA of −151◦. Lower right: closure phase.
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Fig. 3. Reduced χ2 map produced with LitPRO from the fit of HR 6027.
Besides from the deepest minimum at −17.8 mas in RA and 70 mas in
DEC we can see that there are other local minima.

stars (M < 2 M�) or to shocks in the wind of the very lumi-
nous O-type star (e.g., Kudritzki & Puls 2000). For stars with

Fig. 4. Schematic view of the ν Sco system (not to scale).

spectral types between about B2 and A, neither of these two
mechanisms can work: on the one hand, the winds of these stars
are too weak to produce significant X-ray emission in shocks; on
the other hand, the lack of outer convection zones prevents the
stellar dynamo generation of surface magnetic fields that would
be required to produce significant X-ray emission from coronal
plasma. These theoretical arguments are confirmed by the gen-
eral lack of X-ray detections among late B- and A-type stars in a
large number of X-ray observations (e.g., Preibisch et al. 2005;
Stelzer et al. 2005).

Some late B (and A) stars have nevertheless been detected
as rather strong X-ray sources (Stelzer et al. 2006). In several
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1 arcmin

HR 6027

HR 6026

Fig. 5. ROSAT X-ray image of the ν Sco system.

of these cases, however, detailed observations (e.g., by the de-
tection of X-ray eclipses) could show that the X-ray emission
actually originates in a late-type (i.e., low-mass) companion and
not from the B- or A-type primary star (e.g., Schmitt et al.
1993). In the context of the Chandra Carina Complex Project
(Townsley et al. 2011), Evans et al. (2011) present evidence that
the X-ray-detected late B stars are binaries with low-mass com-
panions. Consequently, the detection of X-ray emission from a
late B or an A-type star can be used as a good signature of an
(unresolved) late-type companion.

We thus searched in the Heasarc Data Archive4 for X-ray ob-
servations of the selected stars. We found available ROSAT data
for three sources: HR 6026/6027, π Sco, and τ Sco. Count rates
are extracted from circular regions for source and background
using the FTOOLS xselect task. We then used WebPIMMS5 to
convert the count rate into flux assuming a thermal apec emis-
sion with kT ∼ 1 keV and 0.4 solar abundances as typical of
T Tauri stars. Galactic absorption is also taken into account us-
ing the AV values reported by de Bruijne (1999).
ν Sco: (HR 6026/6027) these two close sources were

observed by ROSAT with both HRI and PSPCB. We ex-
tracted the count rate from an on-axis HRI observation
(Obs. Id. RH201631A01) that lasted about 2100 s. Extraction
regions for HR 6026 and HR 6027 have radii of 20′′ to avoid
contamination between the two sources. The background region
has a 40′′ radius. The extracted net count rates are (3.9 ± 0.4) ×
10−2 counts s−1 and (1.2 ± 0.3) × 10−2 counts s−1 for HR 6026
and HR 6027, respectively. The intrinsic luminosities for the two
objects are log[LX] ∼ 30.7 and 30.2, respectively (energy inter-
val [0.1–2.0] keV). According to the observationally established
correlation between X-ray luminosity and stellar mass for coro-
nal sources (see, e.g., Preibisch et al. 2005), these X-ray lumi-
nosities suggest companions with masses of M ∼ 1.5 M� for
the case of HR 6026 and M ∼ 1 M� for HR 6027. Since they
are late B-type stars, none of the known three components in the
HR 6026 system can be the source of the X-ray emission; this
suggests the presence of an additional component in this system.
In the case of the HR 6027 system, the spectroscopic companion
Ab (with an estimated mass of 1 M�) is a good candidate for the
source of the observed X-ray emission.

4 http://heasarc.gsfc.nasa.gov/docs/archive.html
5 http://heasarc.gsfc.nasa.gov/Tools/w3pimms.html

π Sco: two ROSAT HRI observations are available for this
source. We analyzed the longer one (Obs. Id. RH202044N00),
with a 5100 s exposure time. The source is at an off-axis angle
of 16.9′ near the edge of the detector. Source and background
counts are extracted from circular regions of 50′′ and 80′′ radii,
respectively. The net count rate for the source is (4.4 ± 0.3) ×
10−2 counts s−1. The intrinsic luminosity in the [0.1–2.0] keV
range is then log[LX] ∼ 29.6 and it suggests there is a late type,
still unknown companion with M ∼ 0.4 M�.
τ Sco: this B0 V star has been thoroughly studied in X-rays

(Mewe et al. 2003; Cohen et al. 1997). The analysis of the high-
resolution X-ray spectrum shows that the X-ray emission of this
star can be explained by shocks in the strong radiation line-
driven stellar wind of this hot star. In this case, the X-ray emis-
sion does not provide evidence of a late-type companion.

6. Summary and conclusions

We present new near-infrared interferometric data taken with
AMBER at the VLTI of six B stars in the Upper Scorpius re-
gion. These observations are sensitive to companions between
separations of ∼2 mas and ∼100 mas if the flux of the compan-
ion is at least a tenth of the flux of the primary (i.e., ΔK <∼ 2.5).
This implies that we miss companions with masses ≤1 M�. We
find a previously known companion aroundσ Sco with a separa-
tion of ∼3 mas and around half of the brightness of the primary.
Furthermore, we detect the previously known Speckle compan-
ion around HR 6027.

Our analysis of archival X-ray data leads to detection of
X-ray emission from π Sco and τ Sco, as well as from the two
subsystems of ν Sco, which are HR 6027 and HR 6026. For
π Sco and HR 6026, this observation strongly suggests the exis-
tence of an additional late-type companion. For the B0 star τ Sco
the measured X-ray flux is due to shocks in the wind of the pri-
mary star itself. For HR 6027 the probable source of the X-ray
emission is HR 6027 Ab.

Observations of these targets now exist over a complete
range of spatial distances. However, all of the observational
methods used have their own limitations. A very detailed model-
ing and discussion of the detection limits and their implications
for the completeness of different surveys performed in Upper
Scorpius can be found in Kouwenhoven et al. (2007). The adap-
tive optics surveys can detect companions for separations be-
tween ∼100 mas and several tens of arcseconds, where the lim-
iting flux ratio depends on the separation of the primary and
secondary components. All of the targets discussed in our pa-
per have been observed with the ADONIS near-infrared adap-
tive optics system and coronograph. The detection limit of these
observations is ∼0.3′′ down to a flux ratio similar to our limit-
ing flux ratio (ΔK = 2.5 mag), and includes separations of up
to 6.4′′ FOV. In general, the observations are sensitive to sepa-
rations of down to 0.12′′ but only for companions with similar
brightness to the primary. Five of our targets have also been ob-
served with the adative optics system at the Gemini North tele-
scope (Lafrenière et al. 2014). Here, too, the exact flux detection
levels depend on the distance of the companions and the bright-
ness of the primary star, but in general companions with separa-
tions between ∼0.1′′ and ∼5′′ can be detected. Thus, combining
the adaptive optics and AMBER data we get a spatially complete
sample that is limited by brightness and flux ratio.

In Table 2 we list our sample stars with the information about
all of their known companions. Including the late type com-
panions implied for π Sco and HR 6026 in the X-ray data (see
Sect. 5) we find ∼2.3 companions per primary star on average.
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If we treat the systems of HR 6026 and HR 6027 as being in-
dependent instead of as one septuple system (since with sep-
arations of 41′′ and 20′′ they are are likely unbound) we find
1.9 companions per primary. These numbers are comparable
with the average number of companions found for bright young
stars in the Orion nebula cluster (∼1.5–2.5, Preibisch et al. 1999;
Grellmann et al. 2013).

In the future, adaptive optics and interferometric observa-
tions with a higher dynamic range and a larger sample of stars in
Upper Scorpius would be needed to perform meaningful statis-
tics on the multiplicity in Upper Scorpius.
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Appendix A: Additional material

Fig. A.1. Coverage of the area around the observed objects, where a binary component within the defined conditions (i.e., ΔK = 2.5, see Chap. 3)
can be excluded from the AMBER data. The different colors indicate the areas for the three different baselines and position angles. Upper left:
π Sco. Upper right: τ Sco. Lower left: ω Sco. Lower right: χ Oph.

Table A.1. Properties of the septuple ν Sco.

Star Sep./period of component Bright. (V) SpT Mass Reference
[′′]/days [mag] [M�]

HR 6027 Aa Primary 4.37 B2IV 10 1
HR 6027 Ab Spectr. 5.55 d 6.9 1 1, 2, 3, 6
HR 6027 B Visual 1 1.305′′ 5.4 6 1, 2, 6
HR 6027 C Visual 2 0.063′′ 6.6 6 1, 4
HR 6026 A Primary 41.1′′ 6.9 B8V 3 1
HR 6026 Ba Visual 2.0′′ 7.4 B9V 2.7 1, 2
HR 6026 Bb Spectr. 7.9 B9V 2.7 1, 5
HR 6026 C X-ray ∼1.5 see Sect. 5

References. (1) MSC, Tokovinin (1997); (2) Levato et al. (1987); (3) Batten et al. (1989); (4) McAlister et al. (1990); (5) Andersen & Nordstrom
(1983); (6) Kouwenhoven et al. (2007).
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Fig. A.2. Visibilities and closure phase of π Sco versus wavelength for the H and K bands measured with AMBER on May 6, 2010.
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Fig. A.3. Visibilities and closure phase of π Sco versus wavelength for the H and K bands measured with AMBER on May 10, 2010.
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Fig. A.4. Visibilities and closure phase of ω Sco versus wavelength for the H and K bands measured with AMBER on May 11, 2010.
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Fig. A.5. Visibilities and closure phase of τ Sco versus wavelength for the H and K bands measured with AMBER on May 10, 2010.
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Fig. A.6. Visibilities and closure phase of χ Oph versus wavelength for the H and K bands measured with AMBER on May 6, 2010.
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Fig. A.7. Visibilities and closure phase of χ Oph versus wavelength for the H and K bands measured with AMBER on May 11, 2010.
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