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ABSTRACT

Context. With the third release of the high-precision optical-wavelength Gaia survey, we are in a better position than ever before to
study young clusters. However, Gaia is limited in the optical down to G ∼ 21 mag, and therefore it is essential to understand the
biases introduced by a magnitude-limited sample on spatial distribution studies.
Aims. We ascertain how sample incompleteness in Gaia observations of young clusters affects the local spatial analysis tool INDI-
CATE and subsequently the perceived spatial properties of these clusters.
Methods. We created a mock Gaia cluster catalogue from a synthetic dataset using the observation generating tool MYOSOTIS. The
effect of cluster distance, uniform and variable extinction, binary fraction, population masking by the point spread function wings of
high-mass members, and contrast sensitivity limits on the trends identified by INDICATE are explored. A comparison of the typical
index values derived by INDICATE for members of the synthetic dataset and their corresponding mock Gaia catalogue observations
is made to identify any significant changes.
Results. We typically find only small variations in the pre- and post-observation index values of cluster populations, which can
increase as a function of incompleteness percentage and binarity. No significant strengthening or false signatures of stellar con-
centrations are found, but real signatures may be diluted. Conclusions drawn about the spatial behaviour of Gaia-observed cluster
populations that are, and are not, associated with their natal nebulosity are reliable for most clusters, but the perceived behaviours of
individual members can change, so INDICATE should be used as a measure of spatial behaviours between members as a function of
their intrinsic properties (e.g., mass, age, object type), rather than to draw conclusions about any specific observed member.
Conclusions. INDICATE is a robust spatial analysis tool to reliably study Gaia-observed young cluster populations within 1 kpc, up
to a sample incompleteness of 83.3% and binarity of 50%.

Key words. methods: statistical – methods: data analysis – methods: numerical – stars: statistics – surveys –
open clusters and associations: general

1. Introduction

Young massive clusters (YMCs) are an integral part of the active
star formation process in our galaxy, and so have the ability to
provide important clues about the formation of massive stars
through analyses of substructure and star–gas dynamics, for
example. As such, these clusters have been the focus of intense
observational study for decades. In recent years spatial distribu-
tion analyses of stellar members have become a focal point for
the community as they give insights into cluster formation histo-
ries and early evolution.

Two complementary types of spatial distribution analy-
sis can be distinguished. The first aims to identify discrete
sub-structures (e.g., sub-clusters, filaments) and to charac-
terise them into topological entity sets (e.g., Kuhn et al. 2014,
Alfaro & González 2016, González & Alfaro 2017, Joncour
2019, González et al. 2021); the second focuses on char-
acterising the relative positions and spatial behaviours of
stars (e.g., Parker & Goodwin 2015, Joncour et al. 2017,

Hetem & Gregorio-Hetem 2019, Buckner et al. 2020). With this
second approach the degree of mass segregation, for example,
can be obtained from the position of the most massive stars,
while insights into the dynamical evolution and star formation
imprints can be obtained through a comparison of the positions
of the most and least evolved members.

Prior to the second release of the Gaia survey (DR2;
Gaia Collaboration 2018) the majority of clusters lacked reli-
able parallax and/or distance measurements for their sus-
pected members, which were typically identified from photo-
metric analysis alone. With DR2, parallax measurements of
unprecedented accuracy became available and an inevitable
culling of membership lists ensued (Cantat-Gaudin et al. 2018).
Unfortunately, this refinement has come at a price. As an
optical-wavelength survey, Gaia is highly susceptible to both
line-of-sight (LoS) and natal cloud extinction, so signifi-
cant sample incompleteness in membership lists is unavoid-
able, even with the additional data provided by the EDR3
release.
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The full impact of this incompleteness on the conclusions
drawn about clustering properties from spatial distribution stud-
ies is unclear, but previous studies have shown that the affects of
observational completeness are not trivial (Ascenso et al. 2009,
Pfalzner et al. 2012). An important consideration is the signif-
icance (and persistence) of apparent spatial distribution pat-
terns and morphological features for datasets that suffer from
such incompleteness. For example, a question arises regarding
the identified differences in the spatial behaviour of high- and
low-mass stars in a given cluster. It is not clear whether the
differences are real or due to a disproportionate number of the
lower-mass members being absent from the sample. This is a par-
ticular issue with the addition of dynamical data from Gaia, typi-
cally only available for a fraction of the already incomplete sam-
ple, as it could lead to the over-interpretation of identified spatial
trends.

Our aim in this paper series is the development of a spa-
tial distribution tool to characterise the relative positions and
spatial behaviours of stars, optimised for young stellar cluster
analysis. In Paper I we introduce the INdex to Define Inherent
Clustering And TEndencies (INDICATE; Buckner et al. 2019),
which assesses and quantifies the degree of spatial clustering of
each object in a dataset, and demonstrated its effectiveness as
a tracer of morphological features. In Paper II (Buckner et al.
2020) we show that when combined with kinematic data from
Gaia DR2, INDICATE is a powerful tool for analysing the star
formation history of a cluster in a robust manner. In this paper the
impact of incomplete Gaia-observed datasets on results obtained
by INDICATE for clusters is considered. We generated a series
of clusters and accompanying synthetic observations of how the
clusters would appear through a Gaia filter at various distances
and reddening scenarios. INDICATE was applied to each cluster
and its corresponding observation, then the results for each were
directly compared.

This paper is structured as follows. In Sect. 2 we detail
how our synthetic clusters and observations are generated. Our
analysis methods are described in Sect. 3 and the results are
presented in Sect. 4. A discussion of these results and our con-
clusions are given in Sect. 5. Reference tables of expected index
changes owing to sample incompleteness as a function of clus-
ter distance, average extinction, binarity, and stellar masses are
provided in Appendix A.

2. Cluster sample

2.1. Synthetic dataset

To emulate spatial distributions of many young regions, and
ensure that the results of our analysis are statistically represen-
tative, we generate ten sets consisting of four synthetic clus-
ters of age 5 Myr with 300 members using the McLuster code
(Küpper et al. 2011). Each set draws 300 stars from the canoni-
cal Kroupa (2001) initial mass function (IMF) with a lower and
upper limit of 0.08 M� and 100 M�, respectively. These stars are
then placed into three spatial configuration realisations of frac-
tal dimension D = 2.0 to create three of the set clusters. The
fourth cluster of the set is a control cluster where we place the
stars in a random spatial configuration. We vary the fraction of
binaries for the clusters in order to gauge whether this has a sig-
nificant impact on the results of INDICATE. Each cluster in the
set is assigned a binary fraction, f , of either 0.0, 0.25, or 0.5
(Sect. 2.2). Table 1 summarises the spatial distributions and bina-
rity used to generate our synthetic cluster dataset.

We refrain from using cluster simulations with a physical
underpinning (e.g., evolved using NBody6) as our aim in the

Table 1. Summary of the spatial distributions and binarity used to gen-
erate our synthetic cluster dataset.

Distribution Binarity Number of realisations

Fractal (D = 2.0) f = 0.00 10
Fractal (D = 2.0) f = 0.25 10
Fractal (D = 2.0) f = 0.50 10
Random f = 0.00 10

current study is to benchmark INDICATE’s performance on
datasets that are incomplete due to Gaia limitations. For this a
statistics-based analysis is essential to confirm that our results
are representative and typical of what one can expect when using
INDICATE on an incomplete Gaia-observed cluster rather than
unique to any single cluster. As such, we only require datasets to
approximate the observed spatial distributions of young regions,
which is achieved through the above prescription and is signifi-
cantly less computationally expensive than running, for example,
40 NBody6 simulations through to 5 Myrs.

We do not explore the effect of number of members, specific
spatial distributions (D values), size, or stellar density for clus-
ters as INDICATE is a local statistic that works independently of
these factors (Buckner et al. 2019).

2.2. Binary set-up

For clusters assigned a binary fraction of f > 0, binaries are cre-
ated as follows. Primary and secondary binary components are
selected automatically by the McLuster code from the 300 mem-
ber stars already drawn. This selection is made independently
of the masses of the two components, resulting in a potential
mass ratio between 8 × 10−4 and 1 for pairings (though in prac-
tice it is 5 × 10−3 to 1). Separation distances between compo-
nents range between 0.05 AU and 15105.94 AU, drawn from the
Kroupa (1995a) period distribution. For context, the typical dis-
tance of single (non-binary) stars to their first nearest neighbour
(1-NND) is ∼18 000 AU. After each pairing is made, the two
component stars are temporarily replaced by a centre-of-mass
particle and only reinstated after the cluster’s density profile is
established and the member velocities scaled. The orientation
of the binaries orbital planes, and their orbital phases, are ran-
domly assigned by the code. Binary eccentricity values, e, are
drawn from a thermal eccentricity distribution ( f (e) = 2e) and
the analytical correction of Kroupa (1995b) for the lack of high-
eccentricity short-period binaries in the Milky Way applied. Fur-
ther details on how binaries are set up by McLuster can be found
in Appendix A8 of Küpper et al. (2011).

Although binary stars with very wide separations of
>100 000 AU have been found in the field (Hartman & Lépine
2020) and should also exist in young associations, we chose
not to include them in our simulations because INDICATE is
a local indicator tool. It describes the spatial distribution in the
immediate neighbourhood of a star with an index that is depen-
dent on both the number of neighbours and the separation dis-
tance between neighbours, and does not take the wider cluster
region into account (see Sect. 3.1). Binary stars in pairings at
smaller separations than the average 1-NND of single stars in
the cluster will hence typically have a higher index value than
single stars (assuming a similar number of single neighbours),
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but the index of binaries in pairings larger than 1-NND should
not significantly differ from those of the single star index range
in the cluster. Therefore, incompleteness has the potential for a
greater impact on the derived index values of smaller separation
binaries than those of single stars or wider separation binaries;
and the contrast separation and resolution limits of Gaia will
most strongly impact the detection of smaller separation bina-
ries. Thus, it is important to ascertain specifically how the per-
ceived spatial behaviour, as seen by INDICATE, of these types
of binaries is affected, and also the behaviour of host clusters
with large fractions of these binaries. We note that, as far as
any INDICATE analysis is concerned, the definition of close
and wide binaries is only that the separation is respectively less
and more than the typical 1-NND of the region rather than a
specific AU value as INDICATE is independent of angular size
(Buckner et al. 2019). This means that for the index to be poten-
tially affected differently to single stars, the separation distance
needs to be less than the 1-NDD of the cluster being studied.

2.3. Mock Gaia catalogue

For each cluster we consider the potential causes of incomplete-
ness when observed by Gaia. One cause is the apparent magni-
tude of members outside Gaia’s detection limits owing to cluster
distance, uniform extinction, and/or variable extinction. Another
factor is the contrast and sensitivity limitations as a function of
angular separation and flux ratio (magnitude difference).

To produce synthetic Gaia observations of the clus-
ters we use the Gaia simulator1 tool which is part of the
larger Make Your Own Synthetic ObservaTIonS2 (MYOSOTIS;
Khorrami et al. 2019) tool. Given the stars’ position, age, mass,
and extinction values (or gas cloud), MYOSOTIS estimates their
synthetic Gaia magnitudes in the desired filter (G, GBp, GRp),
using stellar evolutionary and atmosphere models. We used the
Dmodel extinction model of MYOSOTIS with RV = 3.1 and the
solar metallicity (Z = 0.015) for simulating stellar fluxes. The
OBtreatment option is also set for high-mass stars (Teff > 15 kK)
so that proper spectral energy distributions (SEDs) were chosen
to estimate the flux of hot O- and B-type stars.

To determine the impact of incompleteness owing to clus-
ter distance and LoS extinction across the cluster region, we
instructed MYOSOTIS to produce two sets of simulations for
the cluster catalogue, adopting different techniques to apply
extinction for stars within the clusters: first, Obs-A for which
a constant AV value is applied to all stars within the clusters
(Sect. 2.3.1), then Obs-B for which variable extinction is appiled
across the field of view by positioning each cluster at the centre
of a homogeneous smoothed particle hydrodynamics (SPH) gas
cloud (Sects. 2.3.2 and 2.3.3).

2.3.1. Obs-A

Obs-A are observations for each cluster at a distance of 100 pc ≤
d ≤ 1000 pc in 100 pc increments with a constant extinction
value of 0 mag ≤ Av ≤ 16 mag in 1 mag increments for every
member star. This resulted in 10 × 17 = 170 observations for
each cluster, and 6800 total observations. The maximum LoS
extinction was set at 16 mag for two reasons. First, this is six
magnitudes higher than the highest value for a cluster within
1 kpc in the MWSC Catalogue (Kharchenko et al. 2013) that is
not associated with natal nebulosity, so it should be sufficient to

1 https://github.com/zkhorrami/gaiaSimulations
2 https://github.com/zkhorrami/MYOSOTIS

cover values of galactic clusters discovered in the future; sec-
ond, when the clusters were given extinction values higher than
16 mag, the number of members detected by Gaia was consis-
tently less than 50 (INDICATE’s minimum sample size limit is
50; Buckner et al. 2019).

2.3.2. Obs-B

Obs-B are observations with variable extinction across the clus-
ter region. The aim of these tests is to appraise how well
INDICATE handles the ‘patchy’ incompleteness associated with
young embedded clusters. We do not attempt to produce a real-
istic physical approximation of a natal cluster environment or
a specific observed region, but rather plausible extinction maps
for the clusters (Sect. 2.3.3). As the affect of cluster distance and
uniform foreground extinction on the index was explored in Obs-
A, we keep these constant in Obs-B to ensure that any found
changes are attributable to the spatially heterogenous incom-
pleteness caused by the variable extinction typically associated
with these regions. One observation of each synthetic cluster was
made, resulting in 40 total observations.

2.3.3. Extinction map set-up

To create the maps, each cluster is observed at 1 kpc with no fore-
ground extinction inside a uniformly composed spherical SPH
cloud with no turbulence or structure. After careful consideration
of the parameters, our cloud consists of 105 particles (total mass
2× 103 M�), a radius at least three times larger than the cluster’s
radius, and a gas column density of NH = 3.28 × 1021[cm−2].
The resulting cloud produces AV values within the range of 0
mag (for a foreground star) up to 3.18 mag (for a background
star), and 1.48 mag at the cloud’s centre. Each cluster is placed
centrally inside the cloud, such that each star’s extinction value is
determined by its Z-axis position: the deeper the Z-axis position,
the greater the LoS cloud depth, the greater its AV . MYOSOTIS
solves the RT equation for each star, accounting for the extinc-
tion provided by the SPH particles (see Khorrami et al. 2019 for
full details). The result is varied extinction across the cluster, as
shown in the right panel of Fig. 1.

We note that the aim of the Obs-B tests is to appraise
how well INDICATE handles spatially heterogeneous incom-
pleteness, so a realistic physical approximation of a natal clus-
ter environment is not required for these purposes. INDICATE
has already been shown to produce robust results for embed-
ded clusters where such structure and incompleteness is present
(Buckner et al. 2020). Our aim in this work is to generalise this
result to provide quantitative guidance for users of INDICATE
regarding the reliability of the index values as a true reflection
of spatial behaviours (rather than observational biases) in these
regions, and thus no structure (e.g., gas clumps, filaments) was
included in the cloud simulation.

The presence of structure and its potential to contribute to
sample incompleteness is not trivial. For example, depending
on the physical scale of the structure, it is reasonable to expect
large regions of a cluster and/or companions from stellar pairs
in some cases (but perhaps not all) to be obscured. It is also
possible for such structure to exist in a region and have a min-
imal impact on incompleteness due to the relative position of
the stellar population. Physically each region has unique stellar
and structural spatial patterns, so the exact pattern and extent of
incompleteness will vary from region to region. However, statis-
tically, this remains a patchy incompleteness problem (i.e. stars
are removed heterogeneously from the dataset). Adding structure
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Fig. 1. Distribution of variable extinction values generated for members of a cluster with no binaries as part of the Obs-B observations. Left panel:
normalised histogram of Av values for OB members (blue dashed line) and all members (solid black line). Right panel: corresponding visual
extinction map with star positions overlaid. Stars observed and not found by Gaia are shown as green stars and grey crosses, respectively.

to our cloud only specifies the exact locations of that incom-
pleteness. Thus, as our aim is to assess INDICATE’s general
ability to handle this type of incompleteness, the mechanism
of the incompleteness is less important than the result; in other
words (i) each cluster has a realistic range of stellar extinction
values and subsequent likelihoods of detection by Gaia and (ii)
variation in pattern and extent of the incompleteness between
each observed cluster. To ensure stellar extinction values that
can reasonably be expected to be observed, we carefully chose
the parameters of the cloud so that the resulting stellar extinc-
tions have a similar dispersion to those typically found in galac-
tic young open star clusters (Rangwal et al. 2017 and Fig. 1 left
panel). As the 3D stellar positions of each of the 40 clusters in
the test is unique (i.e. no two clusters are spatially identical), the
exact pattern and extent of incompleteness varies from cluster to
cluster.

The generalised results presented in this study provide suf-
ficient knowledge of the index’s behaviour to aid interpretation
of significant values of observed clusters in regions of variable
extinction, but if its specific behaviour in any given region is
desired we recommend that users run the Obs-B tests again with
that region’s observed extinction map.

2.4. Resolution limitations

For each synthetic observation, stars with an apparent magnitude
outside the sensitivity limit of Gaia (3 mag ≤ G ≤ 21 mag) are
removed. We assume all stars in the observations to be true mem-
bers and that there is no field star contamination (as this issue,
and its impact on INDICATE, is addressed in Buckner et al.
2019). However we remain mindful that in most cases, even with
the best of efforts, not all field stars will be removed from obser-
vationally obtained datasets prior to analysis. This is reflected in
our choice of N = 5 for INDICATE’s nearest neighbour num-
ber in this work (see Sect. 3.1). As discussed in Buckner et al.
(2019), while the index values of true cluster members are gen-
erally unaffected by the presence of interloping field stars, the
proportion with an error (deviation from their true value), and the
size of that error, scales with increasing nearest neighbour num-
ber and level of contamination, reaching a maximum of ∼ 95%
of members having a non-zero error with 100% uniform field
star contamination and N = 9 (a similar effect is found when

field stars are distributed as a gradient). Therefore, it is desir-
able to use a small value of N when field stars may be present,
but as N essentially defines the resolution, a value that is not
too small should be chosen so that subtle (larger-scale) cluster-
ing tendencies are not missed. As demonstrated in Buckner et al.
(2020), a value of N = 5 strikes a good balance between these
two considerations and produces robust results for observed
clusters.

We also apply known contrast sensitivity limitations as a
function of angular separation and magnitude difference at the
99% detection level (Brandeker & Cataldi 2019), and remove
stars that are unresolved by Gaia. This detection threshold was
selected because it is the harshest, and therefore will result in
more incomplete datasets, because datasets will consist of stars
only with a high likelihood of detection, thus enabling us to
explore INDICATE’s ability to analyse the worse case scenarios
in Gaia cluster catalogues. Contrast limitation is most important
for visually close stellar systems and for clusters with binaries,
as a bright star can mask a companion and/or close neighbours
depending on their respective fluxes and separation. In real Gaia
observations this masking effect will, in some cases, cause the
companion to vanish (i.e. be removed from the catalogue), but in
other cases Gaia will detect the combined light from both com-
ponents, making the primary appear as a single overluminous
source. In all cases we justify removing a masked companion
or neighbour from our synthetic observations (rather than com-
bining its flux with the primary) as INDICATE only requires
the number of stars detected and their spatial positions to cal-
culate stellar index values; stellar flux values are not utilised.
Therefore, spatially, cases for which pairs are combined into
a single source are equivalent to the removal of masked com-
panions from the catalogue. In the scenario a combined flux
would have resulted in an intermediate-mass star appearing to
be a high-mass star, this should have a negligible affect on
the observed spatial properties of the high-mass population. If
this population exhibits overall different spatial tendencies to
the low- and intermediate-mass stars, (i) INDICATE is robust
against outliers (Buckner et al. 2019) and (ii) stars masquerad-
ing as another class (e.g., intermediate-mass as high-mass) are
easily identified by their index value, which will notably dif-
fer from the index values of real members of that class
(Buckner et al. 2020).
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3. Analysis method

3.1. INDICATE

Buckner et al. (2019) introduced the statistical spatial analysis
tool INDICATE3, which quantifies the degree of association in
a cluster by deriving and assigning an index value for each star
individually rather than a single value to the cluster as a whole.

The index is defined as follows. For a cluster of size n, an
evenly spaced uniform (i.e. definitively non-clustered) control
distribution of the same density is generated across the parameter
space. The mean Euclidean distance, r̄, of every star j in the
cluster to its fifth-nearest neighbour in the control is measured,
and its index value is calculated as

I5, j =
Nr̄

5
, (1)

where Nr̄ is the number of actual nearest neighbours to star j
within a radius of r̄ in the cluster. The index value I5, j is unit-less
with a value range of 0 ≤ I5, j ≤

n−1
5 and the higher the value, the

more tightly clustered a star is.
To determine if a star is spatially clustered (rather than ran-

domly distributed), the index is calibrated. For each application
100 realisations of a random distribution of cluster size n are
generated in the same parameter space as the dataset, INDICATE
applied, and the mean index values of all random distributions,
Ī5

random, determined. Star j is then considered clustered if it has
an index value above a significance threshold, Isig, of three stan-
dard deviations, σ, above Ī5

random, i.e.

I5, j > Isig, where Isig = Ī5
random

+ 3σ. (2)

Using this definition, 99.7% of stars that are distributed in a
spatially random configuration will have an index value of I5 <
Isig. Extensive statistical testing by the authors has shown the
index to be robust against outliers and edge effects, and there is
no dependence between the index and a cluster’s shape, size, or
stellar density (see Buckner et al. 2019 for a discussion).

As INDICATE is valid for sample sizes of 50 and greater,
we remove any cluster from our catalogue that is observed
to have fewer than 50 stars, subsequently reducing the total
number of Obs-A observations from 6800 to 4184. We note
that this minimum sample size limit caps the maximum cluster
member incompleteness permitted in this study at (250/300 =)
83.3%.

3.2. Statistical considerations

To ensure that the reported changes to the index values in a
cluster are representative of, and typical for, the stated obser-
vational conditions, we report the average changes from pre-
to post-observation in our analysis for clusters with the same
binary fraction and observing conditions. This is to compensate
for small statistical variations owing to differences in the realisa-
tions of the spatial distribution of stars. For example, in each set
there is a cluster with a binary fraction of 50%, which has been
observed at 100 pc, and has a uniform extinction of Av = 1 mag.
Therefore, as there are ten cluster sets, there are ten independent
observations of a cluster with [ f = 0.5, 100 pc, Av = 1 mag],
so the values quoted for these conditions are an average derived
from the ten realisations.

3 https://github.com/abuckner89/INDICATE

Table 2. Summary of average INDICATE values for our synthetic frac-
tal cluster datasets.

Binarity Population Ĩ5 Ĩcl
5 max(I5)

f = 0.00 All 1.4 3.0 4.8
f = 0.25 All 1.6 3.0 5.8
f = 0.50 All 2.0 3.2 7.8
f = 0.00 High-mass 1.4 2.8 4.4
f = 0.25 High-mass 1.6 2.7 5.4
f = 0.50 High-mass 2.0 3.2 5.4
f = 0.00 Low- to intermediate-mass 1.4 3.0 4.8
f = 0.25 Low- to intermediate-mass 1.6 3.0 5.8
f = 0.50 Low- to intermediate-mass 1.8 3.2 7.8

4. Results

In this section we describe the changes in the perceived 2D spa-
tial behaviour of the clusters, due to the conditions they are
observed under, through comparison of INDICATE’s index val-
ues pre- and post-observation. Pre-observed cluster values are
listed in Table 2, and an example histogram of the index val-
ues for a cluster derived pre- to post-observation is shown in
Fig. 3.

For Obs-A we provide reference Tables A.1–A.9 for typi-
cal index changes as a function of observed cluster distance and
mean Av. Figure 2 shows the sample completeness of the gen-
eral, high-mass, and low- to intermediate-mass populations as
a function of cluster distance, extinction and binarity of these
observations.

4.1. General spatial properties

4.1.1. Obs-A

As expected, the proportion of absent members increases as a
function of increasing distance and extinction. The minimum
number of absent members is dependant on binarity, starting
from 0% ( f = 0.0), 6.3% ( f = 0.25), and 13.3% ( f = 0.5)
for low-distance clusters. This reflects the contrast separation
distance sensitivity limitations of Gaia as binary members typi-
cally have smaller angular separations than unpaired neighbour-
ing members, so dimmer companions are not detected. Sim-
ilar to the fractal clusters with no binaries, all members of
nearby low-extinction clusters in a random configuration (which
also have no binaries) are detected, thereby confirming that
Gaia member detection is not dependent on the clusters’ fractal
dimension.

For resolved members there is a correlation between increas-
ing binary and completeness with decreasing index value pre-
and post-observation. The proportion of members identified as
spatially clustered typically decreases by less than 10 percentage
points and no more than 26 percentage points for highly incom-
plete membership lists. As shown in Fig. 4 the perceived spatial
behaviour of members identified as spatially clustered pre- and
post-observation typically decreases by <20% even when 83.3%
of members are not resolved, and no dependence on binary or
spatial configuration is found for this group.

4.1.2. Obs-B

The number of missing members increases incrementally with
binarity, from 38% ( f = 0.0) to 47% ( f = 0.5), and those absent
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Fig. 2. Left column: general, middle column: high-mass, right column: low- to intermediate-mass population completeness as a func-
tion of cluster distance, Av and binarity, for clusters with a binary fraction of top row: f = 0.0, middle row: f = 0.25, bottom row:
f = 0.50.

are almost exclusively low- to intermediate-mass stars. Again,
clusters in a random spatial configuration have the same degree
of incompleteness as fractal clusters with no binaries.

The proportion of detected members found to be spatially
clustered post-observation typically decreases by less than 10
percentage points from pre-observed levels. There are no large
changes pre- and post-observation in either the general popula-
tion’s index values or in those of members identified as spatially
clustered, with their median value decreasing by <12.5% and
<6.9%, respectively, irrespective of binarity. The perceived spa-
tial behaviour of cluster populations therefore remains largely
unchanged despite significant incompleteness. However, indi-
vidual indices of stars in spatial concentrations can change by up
to 100% from their pre-observed to post-observed value. There-
fore, when there is variable extinction across a cluster, the index
should be used as a measure for trends in spatial behaviour
within the population as a function of object class, age, mass,
for example, rather than comparisons of any two individual stars
whose observed index values may have been affected to different
degrees from their pre-observed values.

No change in the perceived spatial behaviour of members
pre- and post-observation in clusters with a random spatial con-
figuration is found.

4.2. Spatial properties of OB populations

Mass segregation is a term often used in the literature to describe
two quite different spatial realisations. The classic definition
refers to the concentration of high-mass stars together at the cen-
tre of the host cluster, so can be found by examination of the
radial distribution of members as a function of stellar mass or
by calculating the average nearest neighbour distance between
high-mass members and comparing it to those between low- to
intermediate-mass members (the former is shorter when mass
segregation is present; Sabbi et al. 2008, Allison et al. 2009,
Parker & Goodwin 2015). A somewhat newer definition refers
to the concentration of low- and intermediate-mass members
around high-mass members (and high-mass members are not
required to be concentrated together), so can be found by calcu-
lating the average number of nearest neighbours for high-mass
members and comparing it to that for low- to intermediate-mass
members (the former is higher when mass segregation is present;
Maschberger & Clarke 2011). As INDICATE assigns an index
to each star, and this value represents the strength of the stel-
lar concentration in a star’s immediate neighbourhood, the tool
by definition provides a measure of the newer definition of mass
segregation (Buckner et al. 2019, Blaylock-Squibbs et al. 2022).
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Fig. 3. Distribution of member index values above the significance
threshold for the cluster shown in Fig. 1. Pre-observed distribution
and median values are represented by the black solid lines, and post-
observed values by the blue dashed lines.

Below we report on the perceived changes to signatures of this
type of mass segregation as found by INDICATE within clusters
observed by Gaia.

4.2.1. Obs-A

In most observations the full OB population is resolved as
their apparent magnitudes do not fall below the Gaia sensi-
tivity limit4. However, for a few cluster observations the most
massive OB members are absent as their apparent magnitudes
are brighter than Gaia’s sensitivity limit. The number of absent
OB members is dependant on extinction and distance (see
Tables A.2, A.5, A.8), but also binarity, such that a maximum
of 11.7% ( f = 0.0), 19.8% ( f = 0.25), and 29.7% ( f = 0.5)
of the OB population is absent in some observations. This cor-
relation is due to the increased effect of masking by the PSF
wings of high-mass stars on their neighbouring stars (including
those that are themselves high-mass). As binary members typi-
cally have smaller angular separations than unpaired neighbour-
ing members, the impact of PSFs on completeness scales with
cluster binarity. Clusters that have a random configuration and
no binaries also have a maximum of 11.7% of the OB population
absent, which is consistent with our previous result (Sect. 4.1.1)
that member detection is independent of the spatial configura-
tion of clusters, due to the high angular resolution achieved by
Gaia.

Typically, there is a decrease between the pre- and post-
observed index values of the OB population, and signatures
tend to be weaker in clusters with binaries. The proportion of
observed OB members found to be clustered (I5 > Isig) post-
observation typically decreases by less than 10 percentage points
from the pre-observed levels, and by no more than 23 per-
centage points. A change in the median index values of the
clustered members between +5% and −20% is found in most
clusters, but can decrease up to 36.1% when the degree of com-
pleteness is extremely low (Fig. 4). No mass segregation was

4 Observations where the apparent magnitudes of OB stars are fainter
than the sensitivity limit were excluded from our analysis as these clus-
ters also had fewer than 50 members detected.
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Fig. 4. Change in the median index value derived for stars identified as
spatially clustered, Ĩcl

5 , in the resolved populations: top panel: general,
middle panel: high-mass, and bottom panel: low - to intermediate-mass.
Symbols and colours indicate the binary fraction of the host cluster:
f = 0.0 (black circles), f = 0.25 (blue crosses), f = 0.5 (green
triangles).

found in the clusters that have a random distribution, mean-
ing that INDICATE does not find false signatures of mass
segregation in Gaia-observed clusters due to incompleteness
bias.
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4.2.2. Obs-B

Most OB stars are resolved by Gaia, but similarly to Obs-A there
is a correlation between the proportion of unresolved members
and cluster binarity. All OB stars are resolved in clusters with no
binaries, but for clusters with binary fractions of f = 0.25 and
f = 0.5 there is a 4% and 12.5% decrease in resolved OB mem-
bers. The number of OB stars identified as clustered (I5 > Isig)
is independent of binarity and can decrease by 15 percentage
points, resulting in a corresponding decrease of up to 14.6% in
the median index for these stars compared to pre-observed lev-
els (i.e. index values of high-mass members typically remain
unchanged with respect to pre- observed levels), but in some
cases they are underestimated.

The full OB population is detected in clusters that have a ran-
dom distribution. INDICATE correctly determines that no OB
stars are clustered in the observations of these clusters.

4.3. Spatial properties of low- to intermediate-mass
populations

4.3.1. Obs-A

Lower-mass members are the primary source of incompleteness
in clusters because they are intrinsically fainter than their higher-
mass counterparts. The proportion of these stars that are unre-
solved is a function of distance, extinction, and binarity, with
minimum absences of 0% ( f = 0.0) to 6.1% ( f = 0.25) and
12.9% ( f = 0.5) (see Tables A.3, A.6, A.9 for full details).
Again, the correlation between degree of completeness and
binary fraction is attributed to the contrast separation distance
sensitivity limitations of Gaia.

There is a correlation between increasing binarity and com-
pleteness with decreasing index values pre- to post-observation
of resolved members. The relative proportion of this popula-
tion identified as spatially clustered typically decreases pre- to
post-observation by less than 10 percentage points, but no more
than 27 percentage points for the most incomplete member-
ship lists. As shown in Fig. 4 the perceived spatial behaviour
of members identified as spatially clustered pre- and post-
observation decreases by <25% when 83.3% of members are not
resolved. These results resemble those of the general population
(Sect. 4.1.1) as the lower-mass stars are its primary constituent,
and confirms these conclusions regarding spatial behaviour of
members pre- and post-observation. A notable change does
occur in the highest index value obtained for this population,
decreasing pre- to post-observation by up to ∆ max I5 = 62.5%
( f = 0.0), 60.7% ( f = 0.25), and 57.6% ( f = 0.5), which means
that stars in strong spatial concentrations can appear significantly
less clustered.

Echoing the general population results, no change in the per-
ceived spatial behaviour of lower-mass members in clusters in a
random spatial configurations is found.

4.3.2. Obs-B

Lower-mass stars are the primary source of incompleteness in
Obs-B. There are no large changes pre- and post-observation
in the population’s index values or in those of members iden-
tified as spatially clustered, with their median value decreasing
by <12.5% and <6.5% respectively. The fraction of stars found
to be spatially clustered decreases by less than 10 percentage
points, and the indices of stars in spatial concentrations change
up to 100% from their pre-observed values, the same as for the
general population (Sect. 4.1.2).

No change in the perceived clustering behaviour of lower-
mass members in clusters with a random spatial configuration is
found.

5. Discussion and conclusions

We summarise the results of our analysis as follows. The 2D spa-
tial behaviours identified by INDICATE are reliable within 1 kpc
for incomplete Gaia-observed datasets of clusters, those associ-
ated with natal nebulosity and those not associated with natal
nebulosity. Typically there are no fundamental changes in the
conclusions drawn regarding the spatial behaviour of stellar pop-
ulations from index values obtained pre- and post-observation,
but in some clusters the observed strength of stellar associations
may be diluted. Most notably, index values did not significantly
increase when observed nor were clustering behaviours found
to be present in clusters where none actually existed: spatial
behaviours identified by INDICATE for cluster populations are
real and not generated by observational biases. The perceived
behaviours of individual members of the population, however,
can be affected so the index should not be used to draw con-
clusions about any specific member, but rather used as a mea-
sure of spatial behaviours between members as a function of
their mass, age, and object class, for example. In agreement with
Buckner et al. (2019) we find the spatial configuration of a clus-
ter (fractal, random) to have no influence on INDICATE’s index.

These results were expected as INDICATE is a local statis-
tic, and thus derives the index value of a star by looking only
around its immediate neighbourhood rather than at the cluster as
a whole. Therefore, (i) the shape of the cluster is not considered
when the index is calculated, (ii) the index of stars for which the
majority of their neighbours are not resolved will significantly
decrease, but (iii) those that are in high spatial concentrations
remain in (relatively) strong concentrations even when some
neighbours are removed so the effect on their (and the overall
population’s) index values is small. For high-mass stars in strong
concentrations we find the proportion typically decreases by less
than 10 percentage points and a change between +5% and −20%
in their pre- and post-observed index values occurs, meaning
that the conclusions regarding whether a cluster is mass segre-
gated using INDICATE’s index are robust, in contrast with some
other methods (e.g., Group segregation ratio, Parker & Goodwin
2015). We note that this result is valid for typical young star
forming regions (as high-mass stars make up a fraction of the
observed members and the datasets include some resolved lower-
mass neighbours), but may differ for very incomplete clusters
with a large population of high-mass members and for which the
majority of lower-mass neighbours have not been resolved. For
the latter we recommend running the tests of this study a second
time, with the desired cluster composition and incompleteness
levels, to ascertain the performance of INDICATE and the valid-
ity of its index to correctly identify these spatial behaviours.

We find an inverse correlation between INDICATE’s derived
index and cluster binarity in most incompleteness scenarios
explored for clusters not associated with their natal nebulos-
ity. Typically, as the binary fraction increased the index values
derived for members decreased; this effect was only observed for
all resolved member samples, but not in the spatially clustered
sub-samples shown in Fig. 4, which is attributable to the resolu-
tion capabilities of Gaia. Binary members typically have smaller
angular separations than unpaired neighbours so dimmer com-
panions are not resolved, due to contrast separation limitations,
but are also more likely to be occluded by the PSFs of high-mass
members. This decrease in resolved stars caused a proportion of

A72, page 8 of 18



A. S. M. Buckner et al.: The spatial evolution of young massive clusters. III.

members, particularly those with few neighbours, to experience
a non-negligible perceived decrease in their number of neigh-
bours, and thus a drop in their post-observation index value.
However, the typical decrease is small in the spatially clustered
populations’ overall pre- and post-observation index values in
high-binarity clusters, and therefore insufficient to significantly
alter any conclusions regarding their spatial behaviour, though
they are mildly diluted in most cases. Wide binaries were not
explored in this study, but are unlikely to induce a similar change
in the pre- to post-observation indices as Gaia is better able to
resolve these pairings (Hartman & Lépine 2020). No decrease in
pre- and post-observation index values with increasing binarity
was found in clusters still associated with their natal nebulos-
ity as in the presence of variable extinction intrinsically bright
stars can appear dimmer relative to neighbours thereby reducing
the contrast, so those at smaller angular separations are resolved,
and lessening the impact of their PSFs.

Several limits were placed on our mock Gaia cluster cata-
logue, namely the minimum number of members, distances, and
extinction ranges. To be included in our study at least 50 stars
needed to be resolved in each cluster observation because this is
the smallest dataset INDICATE can be run on (below this small
number statistics can become significant, Buckner et al. 2019).
Subsequently 2616 out of 6800 Obs-A cluster observations were
excluded from further analysis. We chose not to increase the total
number of pre-observed cluster members to compensate for this
as our clusters were designed to approximate typical young star
forming regions; as Gaia is a visual band survey it is realistic
to expect that a significant proportion of clusters will not meet
the required minimum number of resolved members to be anal-
ysed with INDICATE. This limitation can be overcome in real
observational studies if Gaia data is used in combination with a
longer wavelength survey (e.g., Spitzer-MIPS, Rieke et al. 2004;
VISTA-VVV, Minniti et al. 2010; VISTA-VHS, McMahon et al.
2013; UKIDSS, Lawrence et al. 2007), but as these are typically
not available for all-sky, and we are specifically interested in the
effect of the Gaia filter, we did not include simulated data from
other surveys in our analysis. Similarly we chose to cap cluster
distance at 1 kpc as dataset incompleteness becomes a significant
issue at greater distances with visual band surveys.

We explored the effects of uniform and variable visual
extinction. For the former a wide range of values (20 mags) were
applied to the clusters so that the behaviour of INDICATE’s
index with uniform extinction could be fully studied, but this
ultimately proved unnecessary as even at small distances no clus-
ter with an Av >16 mag met the required minimum number of
members. For the variable visual extinction SPH clouds were
used to generate Av histograms for the clusters that had a dis-
persion and shape similar to those observed in the literature for
galactic young open star clusters with non-uniform extinction.
We refrained from using a realistic physical approximation of
a natal cluster environment (such as a gas-cloud simulation), as
the aim of this test was to determine how well INDICATE han-
dles patchy incompleteness. Therefore, we only required plausi-
ble extinction maps for the clusters, which was achieved using
our Av histograms method; in addition, cloud simulations are
computationally expensive and have specific initial conditions,

so many iterations would be required to ascertain the generic
behaviour of INDICATE when applied to an observation of a
cluster in nebulosities with various initial conditions (which are
also unknown).

With the second and third instalments of the Gaia survey,
high accuracy distance, position, and kinetic measurements have
become available for an unprecedented number of star clusters.
The pay-off for this advancement is not only an inevitable culling
of membership lists, but also significant sample incompleteness
as Gaia is an optical-wavelength survey. To better understand
and characterise spatial behaviours in young clusters it is impera-
tive that the impact of this incompleteness on spatial distribution
studies is ascertained, so the correct conclusions are drawn about
the properties of clusters. In this work we have shown through
extensive statistical testing on a mock Gaia cluster catalogue that
the spatial analysis tool INDICATE can be used to robustly study
these behaviours in Gaia-observed young star forming regions
up to 1 kpc with an incompleteness level of 83.3% and binarity
of 50%.
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Appendix A: Reference tables for INDICATE

Section 4 described the general trends in change of index
values derived by INDICATE for clusters in Obs-A (i.e. as a
function of their distance, uniform foreground extinction, and
binary fraction). Here we present reference tables specifying the
statistics as a function of these three variables for the general,
OB, and non-OB stellar populations of clusters. Each table lists
the cluster distance (D), visual extinction (Av), percentage of
members not detected by Gaia (% Mem ND); and with respect
to their true values, percentage point change in the number of
observed members found to be spatially clustered (% Mem cl),
percentage change in the median index value derived for
clustered stars (% ∆ Ĩ cl

5 ), percentage change in the median index
value derived for all stars (% ∆ Ĩ5), and percentage change in the
maximum index value for a star in the cluster (% ∆ max I5).

Table A.1. Statistics for the general stellar population of clusters with a
binary fraction of zero.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 0.5 0.0 0.0 0.0 0.0
100 1 0.3 0.0 0.0 0.0 0.0
100 2 0.3 0.1 0.0 0.0 0.0
100 3 0.3 0.1 0.0 0.0 0.0
100 4 0.3 0.0 0.0 0.0 0.0
100 5 0.3 0.0 0.0 0.0 0.0
100 6 0.3 0.0 0.0 0.0 0.0
100 7 0.0 0.0 0.0 0.0 0.0
100 8 0.0 0.0 0.0 0.0 0.0
100 9 10.5 -2.1 0.0 0.0 -6.8
100 10 25.4 -2.4 -6.2 0.0 -4.4
100 11 39.6 -4.7 -7.1 -5.6 -19.1
100 12 51.2 -8.5 -12.1 -12.5 -18.8
100 13 59.1 -10.3 -7.4 -13.4 -25.0
100 14 72.5 -6.3 -12.5 -11.8 -25.5
100 15 77.5 -11.7 -14.3 -14.3 -30.0
100 16 83.0 -19.3 -25.0 -25.0 -45.8
200 0 0.3 0.1 0.0 0.0 0.0
200 1 0.3 0.1 0.0 0.0 0.0
200 2 0.3 0.1 0.0 0.0 0.0
200 3 0.3 0.1 0.0 0.0 0.0
200 4 0.3 0.1 0.0 0.0 0.0
200 5 0.0 0.0 0.0 0.0 0.0
200 6 7.8 -2.1 0.0 0.0 -4.8
200 7 22.5 -3.8 -3.1 0.0 -6.7
200 8 35.5 -3.3 -3.1 0.0 -6.4
200 9 48.4 -5.3 -11.0 -11.1 -20.8
200 10 59.1 -10.3 -7.4 -13.4 -25.0
200 11 72.5 -7.7 -12.5 -11.8 -25.5
200 12 77.5 -11.7 -14.3 -14.3 -30.0
200 13 82.7 -19.3 -16.7 -16.7 -45.0
300 0 0.3 0.1 0.0 0.0 0.0
300 1 0.3 0.1 0.0 0.0 0.0
300 2 0.3 0.1 0.0 0.0 0.0
300 3 0.3 0.1 0.0 0.0 0.0
300 4 8.0 -2.4 -3.1 0.0 -4.8
300 5 22.5 -3.8 -3.1 0.0 -6.7
300 6 35.6 -3.3 -3.1 0.0 -6.4
300 7 43.9 -5.6 -6.9 -8.3 -16.8
300 8 51.2 -8.5 -12.1 -12.5 -18.8
300 9 68.2 -5.9 -12.9 -13.4 -23.4
300 10 75.2 -5.7 -17.9 -13.4 -27.5
300 11 80.7 -19.3 -14.3 -14.3 -40.0
300 12 83.3 -19.3 -21.9 -25.0 -45.8
400 0 0.3 0.1 0.0 0.0 0.0
400 1 0.3 0.1 0.0 0.0 0.0
400 2 0.3 0.1 0.0 0.0 0.0
400 3 8.0 -2.4 -3.1 0.0 -4.8
400 4 22.5 -3.8 -3.1 0.0 -6.7

Table A.1. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

400 5 35.6 -3.3 -3.1 0.0 -6.4
400 6 43.9 -5.6 -6.9 -8.3 -16.8
400 7 54.1 -8.2 -7.4 -11.8 -21.5
400 8 68.2 -7.8 -13.8 -13.4 -23.4
400 9 75.2 -7.2 -17.9 -13.4 -27.5
400 10 82.7 -19.3 -15.6 -16.7 -45.0
400 11 83.0 -19.3 - -33.3 -62.5
500 0 0.8 0.1 0.0 0.0 0.0
500 1 0.8 0.1 0.0 0.0 0.0
500 2 8.0 -2.4 -3.1 0.0 -4.8
500 3 22.6 -3.6 -3.1 0.0 -6.7
500 4 35.6 -3.2 -3.1 0.0 -6.4
500 5 43.9 -5.6 -8.3 -8.3 -16.8
500 6 51.2 -8.5 -12.9 -12.5 -18.8
500 7 68.2 -8.9 -13.8 -13.4 -23.4
500 8 75.2 -8.9 -17.9 -13.4 -27.5
500 9 79.3 -16.8 -17.1 -16.7 -33.3
500 10 83.3 -19.3 -21.9 -25.0 -45.8
600 0 0.8 0.1 0.0 0.0 0.0
600 1 0.8 0.0 0.0 0.0 0.0
600 2 15.8 -2.7 0.0 0.0 -9.8
600 3 28.4 -2.9 -6.2 0.0 -6.6
600 4 42.5 -5.8 -7.1 -5.6 -18.3
600 5 51.2 -8.5 -10.6 -12.5 -18.8
600 6 59.1 -10.3 -7.4 -13.4 -25.0
600 7 72.5 -8.6 -14.3 -11.8 -25.5
600 8 77.5 -11.7 -14.3 -14.3 -30.0
600 9 82.5 -20.9 -25.0 -29.2 -45.5
700 0 1.1 0.1 0.0 0.0 0.0
700 1 8.3 -2.3 0.0 0.0 -4.8
700 2 23.0 -3.7 -3.1 0.0 -6.7
700 3 35.6 -3.3 -3.1 0.0 -6.4
700 4 43.9 -5.5 -6.9 -8.3 -16.8
700 5 59.1 -10.3 -7.4 -13.4 -25.0
700 6 68.2 -8.9 -10.5 -13.4 -23.4
700 7 77.5 -11.7 -14.3 -14.3 -30.0
700 8 82.7 -19.3 -16.7 -16.7 -45.0
700 9 83.0 -19.3 - -33.3 -62.5
800 0 1.4 0.1 0.0 0.0 0.0
800 1 19.1 -3.0 0.0 0.0 -8.9
800 2 31.5 -3.2 -3.1 0.0 -8.5
800 3 44.0 -3.7 -7.4 -8.3 -16.8
800 4 51.2 -8.5 -10.6 -12.5 -18.8
800 5 63.6 -9.9 -9.2 -14.3 -25.5
800 6 72.5 -7.7 -12.5 -11.8 -25.5
800 7 77.5 -11.7 -14.3 -14.3 -30.0
800 8 83.3 -19.3 -21.9 -25.0 -45.8
900 0 9.2 -1.9 -3.1 0.0 -5.1
900 1 23.5 -3.5 -3.1 0.0 -6.7
900 2 35.9 -3.3 -3.1 -3.1 -6.4
900 3 44.0 -5.9 -6.9 -8.3 -16.8
900 4 59.1 -9.8 -9.2 -13.4 -25.0
900 5 68.2 -7.0 -12.9 -13.4 -23.4
900 6 76.3 -9.7 -10.7 -15.5 -32.5
900 7 82.7 -19.3 -16.7 -16.7 -45.0
900 8 83.0 -19.3 - -33.3 -62.5
1000 0 11.7 -2.2 0.0 0.0 -6.8
1000 1 26.0 -2.7 -3.1 0.0 -4.4
1000 2 41.0 -4.6 -7.1 -5.6 -17.4
1000 3 51.2 -8.5 -10.6 -12.5 -18.8
1000 4 59.1 -9.8 -9.2 -13.4 -25.0
1000 5 72.5 -6.5 -12.5 -11.8 -25.5
1000 6 77.5 -11.7 -14.3 -14.3 -30.0
1000 7 82.7 -19.3 -16.7 -16.7 -45.0
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Table A.2. Statistics for the OB population of clusters with a binary
fraction of zero.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 11.7 0.0 0.0 0.0 0.0
100 1 9.6 0.0 0.0 0.0 0.0
100 2 8.7 0.0 0.0 0.0 0.0
100 3 8.7 0.0 0.0 0.0 0.0
100 4 4.2 0.0 0.0 0.0 0.0
100 5 4.2 0.0 0.0 0.0 0.0
100 6 4.2 0.0 0.0 0.0 0.0
100 7 0.0 0.0 0.0 0.0 0.0
100 8 0.0 0.0 0.0 0.0 0.0
100 9 0.0 0.0 3.6 0.0 -4.8
100 10 0.0 0.0 -5.0 0.0 -14.0
100 11 0.0 -8.0 -2.9 0.0 -17.4
100 12 0.0 -4.2 -6.2 0.0 -12.1
100 13 0.0 -3.9 -6.2 7.1 -17.4
100 14 0.0 0.0 -7.1 0.0 -16.2
100 15 0.0 -7.7 -3.1 -3.6 -28.4
100 16 0.0 -16.7 -17.9 -9.1 -57.1
200 0 8.7 0.0 0.0 0.0 0.0
200 1 8.7 0.0 0.0 0.0 0.0
200 2 4.2 0.0 0.0 0.0 0.0
200 3 4.2 0.0 0.0 0.0 0.0
200 4 4.2 0.0 0.0 0.0 0.0
200 5 0.0 0.0 0.0 0.0 0.0
200 6 0.0 0.0 0.0 0.0 0.0
200 7 0.0 0.0 -11.1 0.0 -13.1
200 8 0.0 -3.9 -8.5 0.0 -16.5
200 9 0.0 -3.9 -7.1 0.0 -14.0
200 10 0.0 -3.9 -9.8 7.1 -17.4
200 11 0.0 0.0 -3.6 0.0 -16.2
200 12 0.0 -7.7 -3.1 -3.6 -28.4
200 13 0.0 -15.4 -9.8 0.0 -35.7
300 0 8.7 0.0 0.0 0.0 0.0
300 1 4.2 0.0 0.0 0.0 0.0
300 2 4.2 0.0 0.0 0.0 0.0
300 3 4.2 0.0 0.0 0.0 0.0
300 4 0.0 0.0 0.0 0.0 0.0
300 5 0.0 0.0 -11.1 0.0 -13.1
300 6 0.0 -3.9 -8.5 0.0 -16.5
300 7 0.0 -4.2 -11.1 0.0 -14.0
300 8 0.0 -4.2 -6.2 0.0 -12.1
300 9 0.0 -3.9 0.0 0.0 -18.2
300 10 0.0 0.0 -3.6 0.0 -22.5
300 11 0.0 -15.4 -8.3 0.0 -30.0
300 12 0.0 -16.7 -14.3 -9.1 -57.1
400 0 8.7 0.0 0.0 0.0 0.0
400 1 4.2 0.0 0.0 0.0 0.0
400 2 4.2 0.0 0.0 0.0 0.0
400 3 0.0 0.0 0.0 0.0 0.0
400 4 0.0 0.0 -11.1 0.0 -13.1
400 5 0.0 -3.9 -8.5 0.0 -16.5
400 6 0.0 -4.2 -11.1 0.0 -14.0
400 7 0.0 -3.9 -7.1 0.0 -11.7
400 8 0.0 0.0 0.0 0.0 -18.2
400 9 0.0 0.0 -3.6 0.0 -22.5
400 10 0.0 -15.4 -9.8 0.0 -35.7
400 11 0.0 -16.7 - -9.1 -59.1

Table A.2. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

500 0 4.2 0.0 0.0 0.0 0.0
500 1 4.2 0.0 0.0 0.0 0.0
500 2 0.0 0.0 0.0 0.0 0.0
500 3 0.0 0.0 -11.1 0.0 -13.4
500 4 0.0 -3.9 -8.5 0.0 -16.5
500 5 0.0 -4.2 -11.1 0.0 -14.0
500 6 0.0 -4.2 -6.2 0.0 -12.1
500 7 0.0 -3.9 0.0 0.0 -18.2
500 8 0.0 0.0 -3.6 0.0 -22.5
500 9 0.0 -15.4 -7.1 0.0 -28.6
500 10 0.0 -16.7 -14.3 -9.1 -57.1
600 0 4.2 0.0 0.0 0.0 0.0
600 1 4.2 0.0 0.0 0.0 0.0
600 2 0.0 0.0 -5.6 0.0 -6.7
600 3 0.0 0.0 -9.4 0.0 -13.4
600 4 0.0 -8.7 -6.2 0.0 -15.5
600 5 0.0 -4.2 -6.2 0.0 -12.1
600 6 0.0 -3.9 -6.2 7.1 -17.4
600 7 0.0 0.0 -7.1 0.0 -16.2
600 8 0.0 -7.7 -3.1 -3.6 -28.4
600 9 0.0 -16.1 -19.6 -9.8 -48.9
700 0 4.2 0.0 0.0 0.0 0.0
700 1 4.2 0.0 0.0 0.0 -3.3
700 2 0.0 0.0 -11.1 0.0 -13.1
700 3 0.0 -3.9 -8.5 0.0 -16.2
700 4 0.0 -4.2 -11.1 0.0 -14.0
700 5 0.0 -3.9 -6.2 7.1 -17.4
700 6 0.0 -3.9 0.0 0.0 -18.2
700 7 0.0 -7.7 -3.1 -3.6 -28.4
700 8 0.0 -15.4 -9.8 0.0 -35.7
700 9 0.0 -16.7 - -9.1 -59.1
800 0 4.2 0.0 0.0 0.0 0.0
800 1 0.0 0.0 -9.4 0.0 -8.3
800 2 0.0 0.0 -6.1 0.0 -13.4
800 3 0.0 -4.2 -11.1 0.0 -14.0
800 4 0.0 -4.2 -6.2 0.0 -12.1
800 5 0.0 -3.9 6.2 3.6 -16.4
800 6 0.0 0.0 -7.1 0.0 -16.2
800 7 0.0 -7.7 -3.1 -3.6 -28.4
800 8 0.0 -16.7 -14.3 -9.1 -57.1
900 0 4.2 1.1 0.0 0.0 -3.3
900 1 0.0 0.0 -11.1 5.0 -14.0
900 2 0.0 -3.9 -8.5 0.0 -16.2
900 3 0.0 -4.2 -11.1 0.0 -14.0
900 4 0.0 -3.9 -6.2 7.1 -17.4
900 5 0.0 -3.9 0.0 0.0 -18.2
900 6 0.0 -7.7 6.2 0.0 -23.6
900 7 0.0 -15.4 -9.8 0.0 -35.7
900 8 0.0 -16.7 - -9.1 -59.1
1000 0 4.2 1.1 3.7 2.6 -8.1
1000 1 0.0 0.0 -11.8 4.5 -15.5
1000 2 0.0 -8.0 -6.5 3.6 -17.4
1000 3 0.0 -4.2 -6.2 0.0 -12.1
1000 4 0.0 -3.9 -9.8 7.1 -17.4
1000 5 0.0 0.0 -7.1 0.0 -16.2
1000 6 0.0 -7.7 -3.1 -3.6 -28.4
1000 7 0.0 -15.4 -9.8 0.0 -35.7
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Table A.3. Statistics for the non-OB stellar population of clusters with
a binary fraction of zero.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 0.0 0.0 0.0 0.0 0.0
100 1 0.0 0.0 0.0 0.0 0.0
100 2 0.0 0.0 0.0 0.0 0.0
100 3 0.0 0.0 0.0 0.0 0.0
100 4 0.0 0.0 0.0 0.0 0.0
100 5 0.0 0.0 0.0 0.0 0.0
100 6 0.0 0.0 0.0 0.0 0.0
100 7 0.0 0.0 0.0 0.0 0.0
100 8 0.0 0.0 0.0 0.0 0.0
100 9 10.9 -1.9 0.0 0.0 -6.8
100 10 26.4 -2.8 -6.2 0.0 -4.4
100 11 41.5 -4.0 -7.1 -5.6 -19.1
100 12 53.0 -9.1 -12.1 -12.5 -22.9
100 13 61.7 -9.9 -8.6 -13.4 -25.0
100 14 75.8 -6.7 -10.7 -11.8 -25.5
100 15 80.9 -11.2 -14.3 -15.5 -30.0
100 16 86.5 -19.4 -25.0 -25.0 -50.0
200 0 0.0 0.0 0.0 0.0 0.0
200 1 0.0 0.0 0.0 0.0 0.0
200 2 0.0 0.0 0.0 0.0 0.0
200 3 0.0 0.0 0.0 0.0 0.0
200 4 0.0 0.0 0.0 0.0 0.0
200 5 0.0 0.0 0.0 0.0 0.0
200 6 8.2 -2.1 -3.1 0.0 -4.8
200 7 23.4 -3.8 -3.1 0.0 -6.7
200 8 36.7 -4.0 0.0 0.0 -6.4
200 9 50.3 -5.5 -12.0 -11.8 -22.9
200 10 61.7 -9.9 -8.6 -13.4 -25.0
200 11 75.8 -7.7 -12.5 -11.8 -25.5
200 12 80.9 -11.2 -14.3 -15.5 -30.0
200 13 85.3 -19.4 -20.0 -16.7 -45.0
300 0 0.1 0.0 0.0 0.0 0.0
300 1 0.1 0.0 0.0 0.0 0.0
300 2 0.1 0.0 0.0 0.0 0.0
300 3 0.1 0.0 0.0 0.0 0.0
300 4 8.2 -2.2 0.0 0.0 -4.8
300 5 23.4 -3.8 -3.1 0.0 -6.7
300 6 36.9 -4.0 0.0 0.0 -6.4
300 7 45.8 -5.5 -8.7 -11.8 -16.8
300 8 53.0 -9.1 -12.1 -12.5 -22.9
300 9 70.8 -6.2 -12.9 -13.4 -23.4
300 10 77.9 -5.3 -17.9 -10.4 -27.5
300 11 84.3 -19.4 -14.3 -16.7 -40.0
300 12 86.5 -19.4 -23.4 -25.0 -50.0
400 0 0.1 0.0 0.0 0.0 0.0
400 1 0.1 0.0 0.0 0.0 0.0
400 2 0.1 0.0 0.0 0.0 0.0
400 3 8.2 -2.2 0.0 0.0 -4.8
400 4 23.4 -3.8 -3.1 0.0 -6.7
400 5 36.9 -4.0 0.0 0.0 -6.4
400 6 45.8 -5.5 -8.7 -11.8 -16.8
400 7 56.3 -8.8 -7.4 -11.8 -21.5
400 8 70.8 -7.2 -13.8 -13.4 -23.4
400 9 77.9 -7.2 -17.9 -10.4 -27.5
400 10 85.3 -19.4 -16.7 -16.7 -45.0
400 11 86.5 -19.4 - -33.3 -62.5

Table A.3. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

500 0 0.5 0.0 0.0 0.0 0.0
500 1 0.5 0.0 0.0 0.0 0.0
500 2 8.2 -2.2 -1.6 0.0 -4.8
500 3 23.6 -3.5 -3.1 0.0 -6.7
500 4 36.9 -4.0 0.0 0.0 -6.4
500 5 45.8 -5.5 -8.7 -11.8 -16.8
500 6 53.0 -9.1 -12.1 -12.5 -22.9
500 7 70.8 -8.1 -13.8 -13.4 -23.4
500 8 77.9 -8.2 -17.9 -10.4 -27.5
500 9 83.2 -18.8 -17.7 -16.7 -33.3
500 10 86.5 -19.4 -23.4 -25.0 -50.0
600 0 0.5 0.0 0.0 0.0 0.0
600 1 0.5 0.0 0.0 0.0 0.0
600 2 16.4 -2.5 0.0 0.0 -9.8
600 3 29.5 -3.6 -6.2 0.0 -6.6
600 4 44.5 -6.3 -7.1 -5.6 -18.3
600 5 53.0 -9.1 -9.5 -12.5 -22.9
600 6 61.8 -9.9 -8.8 -13.4 -25.0
600 7 75.8 -9.1 -12.5 -11.8 -25.5
600 8 80.9 -11.2 -14.3 -15.5 -30.0
600 9 86.2 -20.6 -26.7 -29.2 -50.0
700 0 1.0 0.0 0.0 0.0 0.0
700 1 8.4 -2.2 0.0 0.0 -4.8
700 2 23.9 -3.7 -1.6 -2.8 -6.7
700 3 36.9 -4.0 -1.8 -2.5 -6.4
700 4 45.8 -5.5 -8.7 -11.8 -16.8
700 5 61.8 -9.9 -8.6 -13.4 -25.0
700 6 70.8 -8.0 -10.5 -13.4 -23.4
700 7 80.9 -11.2 -14.3 -15.5 -30.0
700 8 85.3 -19.4 -20.0 -16.7 -45.0
700 9 86.5 -19.4 - -33.3 -62.5
800 0 1.0 0.1 0.0 0.0 0.0
800 1 19.8 -3.2 -1.6 0.0 -8.9
800 2 32.5 -3.4 -3.1 0.0 -8.5
800 3 46.1 -3.7 -9.2 -12.5 -16.8
800 4 53.0 -9.1 -9.5 -12.5 -22.9
800 5 66.1 -9.0 -12.0 -15.5 -25.5
800 6 75.8 -7.4 -10.7 -11.8 -25.5
800 7 80.9 -11.2 -14.3 -15.5 -30.0
800 8 86.5 -19.4 -23.4 -25.0 -50.0
900 0 9.3 -2.0 -1.6 0.0 -5.1
900 1 24.4 -3.6 -1.6 0.0 -6.7
900 2 37.1 -3.8 -1.8 -5.6 -6.4
900 3 46.1 -5.5 -8.7 -12.5 -16.8
900 4 61.8 -9.8 -8.9 -13.4 -25.0
900 5 70.8 -7.1 -12.9 -13.4 -23.4
900 6 79.8 -10.1 -10.7 -15.5 -32.5
900 7 85.3 -19.4 -20.0 -16.7 -45.0
900 8 86.5 -19.4 - -33.3 -62.5
1000 0 11.9 -2.1 0.0 0.0 -6.8
1000 1 27.0 -3.0 -3.1 0.0 -4.4
1000 2 43.0 -4.3 -6.5 -8.7 -17.4
1000 3 53.0 -9.1 -9.5 -12.5 -22.9
1000 4 61.8 -9.8 -8.9 -13.4 -25.0
1000 5 75.8 -7.3 -10.7 -11.8 -25.5
1000 6 80.9 -11.2 -14.3 -15.5 -30.0
1000 7 85.3 -19.4 -20.0 -16.7 -45.0
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Table A.4. Statistics for the general stellar population of clusters with a
binary fraction of 25%.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 6.7 -1.5 0.0 0.0 -8.1
100 1 6.7 -1.6 0.0 0.0 -8.1
100 2 6.7 -1.6 0.0 0.0 -8.1
100 3 6.7 -1.6 0.0 0.0 -8.1
100 4 6.7 -1.6 0.0 0.0 -8.1
100 5 6.7 -1.6 0.0 0.0 -8.1
100 6 6.7 -1.6 0.0 0.0 -8.1
100 7 6.3 -1.6 -3.1 0.0 -8.1
100 8 6.3 -1.6 -3.1 0.0 -8.1
100 9 15.8 -1.8 3.3 -3.3 -9.0
100 10 28.5 -3.3 0.0 -11.8 -13.7
100 11 42.4 -6.2 -6.5 -12.5 -24.6
100 12 52.7 -9.6 -6.7 -12.5 -29.8
100 13 60.7 -12.9 -12.9 -9.6 -28.7
100 14 73.2 -15.2 -13.3 -13.4 -38.3
100 15 77.8 -17.6 -14.3 -25.0 -42.8
100 16 83.0 -22.1 -16.6 -25.9 -53.6
200 0 7.7 -1.3 0.0 0.0 -7.1
200 1 7.7 -1.3 0.0 0.0 -7.1
200 2 7.7 -1.3 0.0 0.0 -7.1
200 3 7.7 -1.3 0.0 0.0 -7.1
200 4 7.7 -1.3 0.0 0.0 -7.1
200 5 7.5 -1.1 0.0 0.0 -7.1
200 6 14.5 -3.0 3.3 0.0 -11.2
200 7 26.9 -3.5 0.0 -9.6 -15.5
200 8 38.5 -5.1 0.0 -11.8 -17.2
200 9 50.6 -7.5 -4.6 -12.5 -26.5
200 10 61.0 -12.9 -12.9 -9.6 -28.7
200 11 73.3 -16.4 -13.8 -13.4 -38.3
200 12 78.0 -15.7 -16.5 -25.0 -42.8
200 13 82.0 -19.2 -11.5 -25.0 -44.7
300 0 8.3 -0.6 0.0 0.0 -5.7
300 1 8.3 -0.6 0.0 0.0 -5.7
300 2 8.2 -0.9 0.0 0.0 -5.7
300 3 8.0 -0.9 0.0 0.0 -5.7
300 4 14.8 -2.8 3.3 0.0 -11.2
300 5 27.1 -3.5 0.0 -9.6 -15.5
300 6 38.5 -5.1 -1.7 -11.8 -17.2
300 7 46.8 -7.5 -6.7 -12.5 -26.0
300 8 53.4 -10.0 -6.7 -12.5 -29.8
300 9 69.5 -17.4 -11.4 -15.3 -33.4
300 10 76.2 -17.4 -15.5 -25.0 -41.7
300 11 81.0 -18.3 -14.3 -31.2 -42.3
300 12 83.0 -22.1 -16.6 -25.9 -53.6
400 0 8.8 -1.6 -6.2 -3.3 -5.7
400 1 8.8 -1.8 -6.2 -3.3 -5.7
400 2 8.7 -1.8 0.0 -3.3 -5.7
400 3 15.5 -3.2 0.0 -3.3 -11.1
400 4 27.7 -3.0 1.7 -11.8 -15.5
400 5 39.0 -4.7 -3.1 -11.8 -17.2
400 6 47.4 -7.3 -6.5 -12.5 -25.5
400 7 56.6 -8.8 -7.7 -10.8 -28.9
400 8 69.5 -15.8 -13.8 -15.3 -33.4
400 9 76.2 -16.3 -14.3 -25.0 -41.7
400 10 82.0 -19.2 -15.8 -25.0 -44.7
400 11 83.3 -23.3 -14.3 -37.5 -53.6

Table A.4. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

500 0 9.5 -1.6 -1.6 0.0 -8.1
500 1 9.5 -1.6 -1.6 0.0 -5.8
500 2 16.3 -2.9 0.0 -3.3 -10.4
500 3 28.0 -2.5 0.0 -11.8 -15.5
500 4 39.4 -5.3 -1.7 -11.8 -20.5
500 5 47.5 -7.5 -12.5 -12.5 -25.5
500 6 53.9 -8.5 -6.7 -12.5 -29.8
500 7 69.5 -15.8 -12.9 -15.3 -33.4
500 8 76.2 -18.4 -15.5 -25.0 -41.7
500 9 79.7 -16.2 -16.7 -33.3 -45.8
500 10 83.0 -22.1 -16.6 -25.9 -53.6
600 0 10.2 -1.7 0.0 0.0 -8.1
600 1 10.0 -1.7 0.0 0.0 -5.8
600 2 22.9 -2.5 3.3 -7.9 -17.0
600 3 33.3 -3.5 -1.6 -11.1 -18.3
600 4 45.7 -4.7 -5.1 -12.5 -27.7
600 5 53.9 -9.9 -6.7 -12.5 -29.8
600 6 61.5 -9.4 -13.3 -9.6 -27.7
600 7 73.5 -15.2 -13.8 -16.2 -38.3
600 8 78.2 -16.2 -14.3 -25.0 -42.8
600 9 82.7 -25.4 -14.6 -29.2 -50.7
700 0 10.3 -2.6 0.0 -3.3 -12.2
700 1 17.1 -2.5 0.0 0.0 -10.8
700 2 28.3 -4.2 0.0 -11.8 -15.5
700 3 40.0 -5.1 -1.7 -11.8 -19.8
700 4 47.5 -7.4 -6.5 -12.5 -26.5
700 5 61.5 -13.2 -13.3 -10.8 -26.8
700 6 69.5 -15.2 -9.8 -15.3 -33.4
700 7 78.2 -16.2 -16.5 -25.0 -42.8
700 8 82.0 -19.4 -15.4 -25.0 -44.7
700 9 83.3 -23.3 -14.3 -37.5 -53.6
800 0 10.8 -3.8 -1.4 -3.3 -12.2
800 1 25.7 -3.2 0.0 -7.9 -13.1
800 2 36.2 -4.6 0.0 -11.8 -18.7
800 3 47.9 -7.3 -3.1 -12.5 -26.5
800 4 54.1 -9.8 -6.7 -12.5 -29.2
800 5 65.3 -7.1 -10.1 -12.5 -29.7
800 6 73.7 -16.4 -13.8 -16.2 -39.6
800 7 78.3 -16.6 -18.7 -25.0 -44.4
800 8 83.0 -22.1 -16.6 -25.9 -53.6
900 0 18.0 -3.4 0.0 0.0 -13.1
900 1 28.7 -4.3 0.0 -11.8 -15.5
900 2 40.6 -5.2 -1.6 -12.5 -17.5
900 3 48.0 -8.6 -3.1 -12.5 -26.5
900 4 61.7 -13.6 -13.3 -10.8 -25.5
900 5 69.8 -15.1 -12.9 -15.3 -33.4
900 6 77.5 -15.2 -15.0 -25.0 -40.8
900 7 82.0 -19.4 -15.4 -25.0 -44.7
900 8 83.3 -23.3 -14.3 -37.5 -53.6
1000 0 20.6 -3.5 0.0 -7.9 -14.6
1000 1 31.4 -3.9 0.0 -11.8 -16.7
1000 2 44.7 -6.1 0.0 -12.5 -24.0
1000 3 54.5 -9.6 -6.9 -12.5 -28.0
1000 4 62.0 -13.6 -12.9 -10.8 -25.5
1000 5 74.0 -16.4 -16.7 -16.2 -39.6
1000 6 78.7 -15.5 -16.5 -25.0 -42.4
1000 7 81.3 -18.5 -11.5 -25.0 -43.5
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Table A.5. Statistics for the OB population of clusters with a binary
fraction of 25%.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 19.8 -4.9 3.7 -8.8 -4.4
100 1 14.1 -6.7 0.0 -9.4 -4.4
100 2 9.2 -7.7 3.7 -9.4 -4.4
100 3 9.2 -7.7 3.7 -9.4 -4.4
100 4 8.7 -7.7 3.7 -9.4 -4.4
100 5 8.7 -7.7 3.7 -9.4 -4.4
100 6 8.7 -7.7 3.7 -9.4 -4.4
100 7 0.0 -8.0 3.7 -5.3 -4.4
100 8 0.0 -8.0 3.7 -5.3 -4.4
100 9 0.0 -4.2 6.2 -9.8 -2.4
100 10 0.0 -12.3 0.0 0.0 -11.8
100 11 0.0 -7.7 -3.5 -12.7 -13.8
100 12 0.0 -9.4 -11.1 -3.6 -19.3
100 13 0.0 -16.1 0.0 -12.4 -18.9
100 14 0.0 -16.2 0.0 -17.3 -31.4
100 15 0.0 -19.9 -23.5 -27.4 -29.0
100 16 0.0 -22.0 -9.3 -31.0 -17.6
200 0 9.2 -3.8 1.9 -10.8 -8.4
200 1 9.2 -3.8 1.9 -10.8 -8.4
200 2 8.7 -3.8 1.9 -12.4 -8.4
200 3 8.7 -3.8 1.9 -12.4 -8.4
200 4 8.7 -3.8 1.9 -12.4 -8.4
200 5 4.2 -3.8 1.9 -5.3 -8.4
200 6 0.0 -4.2 8.3 -2.6 -7.7
200 7 0.0 -10.6 0.0 4.5 -8.8
200 8 0.0 -12.3 0.0 -12.7 -7.7
200 9 0.0 -9.1 -9.4 -7.7 -20.6
200 10 0.0 -16.1 0.0 -15.0 -18.9
200 11 0.0 -15.3 0.0 -17.3 -31.4
200 12 0.0 -18.7 -15.9 -27.4 -29.0
200 13 0.0 -12.2 -11.1 -34.5 -23.5
300 0 9.2 -3.8 3.7 -10.8 -10.9
300 1 8.7 -3.8 3.7 -12.4 -10.9
300 2 8.7 -3.8 3.7 -12.4 -10.9
300 3 8.7 -3.8 3.7 -12.4 -10.9
300 4 0.0 -4.2 8.3 -11.0 -9.8
300 5 0.0 -10.6 0.0 4.5 -8.8
300 6 0.0 -12.3 0.0 -12.7 -7.7
300 7 0.0 -8.7 -6.2 -10.7 -16.3
300 8 0.0 -9.8 -13.9 -3.6 -19.3
300 9 0.0 -19.1 0.0 -5.3 -23.7
300 10 0.0 -18.2 -15.4 -18.7 -36.7
300 11 0.0 -14.3 -11.1 -28.6 -26.7
300 12 0.0 -22.0 -9.3 -31.0 -17.6
400 0 13.3 -7.9 4.2 -13.9 -8.8
400 1 9.6 -7.9 4.2 -16.7 -8.8
400 2 9.6 -7.9 4.2 -16.7 -8.8
400 3 8.0 -3.8 1.9 -8.2 -9.8
400 4 0.0 -10.6 0.0 0.0 -8.8
400 5 0.0 -10.2 0.0 -12.7 -7.7
400 6 0.0 -8.7 -6.2 -10.7 -16.3
400 7 0.0 -9.8 -10.2 -14.3 -19.3
400 8 0.0 -16.8 0.0 -5.3 -18.9
400 9 0.0 -18.2 -15.4 -18.7 -35.7
400 10 0.0 -12.2 -11.1 -34.5 -23.5

Table A.5. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

400 11 0.0 -8.3 8.3 -28.6 8.3
500 0 9.6 -7.9 0.0 -16.7 -8.8
500 1 9.6 -7.9 0.0 -16.7 -8.8
500 2 8.0 -4.5 3.7 -6.4 -9.8
500 3 0.0 -9.3 0.0 -2.8 -8.8
500 4 0.0 -10.2 0.0 -11.7 -7.7
500 5 0.0 -8.7 -3.7 -10.7 -16.3
500 6 0.0 -9.4 -11.1 -3.6 -21.8
500 7 0.0 -16.8 0.0 -5.3 -18.9
500 8 0.0 -16.2 -16.5 -20.3 -34.3
500 9 0.0 -12.5 -15.4 -21.4 -23.5
500 10 0.0 -22.0 -9.3 -31.0 -17.6
600 0 12.7 -7.3 11.1 -15.5 -8.8
600 1 12.7 -7.3 11.1 -15.5 -8.8
600 2 4.2 -4.4 1.9 -7.2 -11.8
600 3 0.0 -13.2 0.0 0.0 -10.0
600 4 3.5 -15.4 -3.1 -10.7 -17.2
600 5 0.0 -9.8 -14.9 -3.6 -21.8
600 6 0.0 -9.8 -8.3 -15.0 -19.7
600 7 0.0 -16.2 0.0 -17.3 -31.4
600 8 0.0 -18.7 -8.3 -27.4 -28.6
600 9 0.0 -12.2 -8.3 -33.7 -17.5
700 0 12.7 -7.3 3.7 -15.5 -6.6
700 1 9.6 -7.1 3.7 -10.1 -9.8
700 2 4.2 -11.0 1.9 2.8 -14.7
700 3 0.0 -12.3 4.2 -4.5 -7.7
700 4 0.0 -10.6 -3.7 -10.7 -17.6
700 5 0.0 -16.1 0.0 -15.0 -16.8
700 6 0.0 -19.1 0.0 -5.3 -18.9
700 7 0.0 -18.7 -13.5 -27.4 -28.6
700 8 0.0 -12.2 -11.2 -34.5 -23.5
700 9 0.0 -8.3 8.3 -28.6 8.3
800 0 12.7 -7.3 3.7 -15.5 -6.6
800 1 4.5 -7.9 7.7 1.5 -11.8
800 2 3.5 -14.9 0.0 -5.3 -12.1
800 3 3.5 -13.8 -6.2 -10.7 -17.6
800 4 0.0 -9.8 -13.1 -3.6 -21.8
800 5 0.0 -9.4 -8.0 -13.4 -23.7
800 6 0.0 -16.2 0.0 -17.3 -31.4
800 7 0.0 -21.6 -8.3 -27.4 -28.6
800 8 0.0 -22.0 -9.3 -31.0 -17.6
900 0 9.6 -7.1 0.0 -10.1 -9.8
900 1 4.2 -11.0 1.9 10.1 -11.8
900 2 3.5 -12.3 4.2 -4.5 -9.8
900 3 3.5 -13.8 -6.2 -10.7 -20.6
900 4 0.0 -12.6 0.0 -15.0 -19.3
900 5 0.0 -16.8 0.0 -9.4 -20.6
900 6 0.0 -13.4 -11.4 -27.0 -31.4
900 7 0.0 -12.2 -11.2 -32.1 -23.5
900 8 0.0 -8.3 8.3 -28.6 8.3
1000 0 9.6 -5.3 0.0 -15.2 -7.9
1000 1 4.5 -9.3 0.0 0.0 -14.5
1000 2 3.5 -15.4 3.7 -5.6 -18.3
1000 3 0.0 -11.1 -7.4 0.0 -24.3
1000 4 0.0 -12.6 0.0 -15.0 -19.3
1000 5 0.0 -15.3 0.0 -21.5 -31.4
1000 6 0.0 -19.9 -21.1 -27.4 -28.6
1000 7 0.0 -10.0 -11.1 -35.7 -23.5
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Table A.6. Statistics for the non-OB stellar population of clusters with
a binary fraction of 25%.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 6.1 -1.8 -4.8 0.0 -8.1
100 1 6.2 -1.8 -4.8 0.0 -8.1
100 2 6.2 -1.8 -4.8 0.0 -8.1
100 3 6.2 -1.8 -4.8 0.0 -8.1
100 4 6.2 -1.8 -4.8 0.0 -8.1
100 5 6.2 -1.8 -4.8 0.0 -8.1
100 6 6.2 -1.8 -4.8 0.0 -8.1
100 7 6.2 -1.5 -4.8 0.0 -8.1
100 8 6.2 -1.5 -4.8 0.0 -8.1
100 9 15.8 -1.9 0.0 0.0 -9.0
100 10 29.7 -4.0 0.0 -11.8 -13.7
100 11 43.8 -5.7 -6.5 -12.5 -25.8
100 12 54.6 -10.1 -6.7 -12.5 -29.8
100 13 63.0 -12.7 -12.9 -12.5 -28.7
100 14 76.3 -14.3 -13.3 -13.4 -38.3
100 15 81.2 -17.6 -15.0 -25.0 -42.8
100 16 86.8 -22.2 -15.4 -25.9 -55.4
200 0 7.7 -0.9 -1.7 0.0 -7.1
200 1 7.5 -1.1 -1.7 0.0 -7.1
200 2 7.5 -1.1 -1.7 0.0 -7.1
200 3 7.5 -1.1 -1.7 0.0 -7.1
200 4 7.5 -1.1 -1.7 0.0 -7.1
200 5 7.5 -1.2 -4.8 0.0 -7.1
200 6 14.6 -2.9 3.6 0.0 -11.2
200 7 27.9 -3.2 0.0 -12.5 -15.5
200 8 39.9 -5.1 -1.7 -11.8 -17.2
200 9 52.5 -7.7 -5.9 -12.5 -26.5
200 10 63.3 -12.6 -12.9 -12.5 -28.7
200 11 76.4 -14.9 -13.3 -13.4 -38.3
200 12 81.4 -13.5 -15.0 -25.0 -42.8
200 13 84.9 -20.4 -17.2 -23.6 -46.8
300 0 8.0 -0.8 -3.4 0.0 -5.7
300 1 8.0 -0.8 -4.8 0.0 -5.7
300 2 8.0 -0.8 -4.8 0.0 -5.7
300 3 8.0 -0.8 -4.8 0.0 -5.7
300 4 15.1 -2.6 1.7 0.0 -11.2
300 5 28.3 -3.2 0.0 -12.5 -15.5
300 6 39.9 -5.1 -3.1 -11.8 -17.2
300 7 48.5 -7.1 -6.7 -12.5 -26.0
300 8 55.2 -9.4 -6.7 -12.5 -29.8
300 9 71.8 -17.6 -11.4 -16.2 -33.4
300 10 78.8 -17.4 -18.7 -25.0 -41.7
300 11 84.7 -15.5 -17.2 -25.0 -42.3
300 12 86.8 -22.2 -15.4 -25.9 -55.4
400 0 8.8 -1.9 -6.2 0.0 -5.7
400 1 8.8 -1.9 -6.2 0.0 -5.7
400 2 8.8 -1.9 -4.8 0.0 -5.7
400 3 15.8 -2.8 0.0 0.0 -11.1
400 4 28.8 -2.6 0.0 -12.5 -15.5
400 5 40.3 -4.8 -3.1 -11.8 -17.2
400 6 49.0 -7.0 -6.5 -12.5 -25.5
400 7 58.8 -8.8 -7.7 -12.5 -28.9
400 8 71.8 -15.2 -14.4 -16.2 -33.4
400 9 78.8 -15.5 -16.5 -25.0 -41.7
400 10 84.9 -20.4 -16.9 -23.6 -46.8
400 11 86.8 -25.1 -24.1 -37.5 -60.7

Table A.6. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

500 0 9.4 -1.6 -4.8 0.0 -8.1
500 1 9.4 -1.6 -4.8 0.0 -5.8
500 2 16.2 -2.5 0.0 -2.3 -10.4
500 3 29.1 -2.5 0.0 -12.5 -15.5
500 4 40.7 -5.0 -3.1 -11.8 -20.5
500 5 49.0 -7.2 -6.5 -12.5 -25.5
500 6 55.8 -8.9 -6.7 -12.5 -29.8
500 7 71.8 -15.2 -14.6 -15.3 -33.4
500 8 78.8 -18.4 -18.0 -25.0 -41.7
500 9 83.3 -14.8 -17.9 -25.0 -45.8
500 10 86.8 -22.2 -15.4 -25.9 -55.4
600 0 9.8 -1.4 -4.8 0.0 -8.1
600 1 9.7 -1.5 -4.8 0.0 -5.8
600 2 22.9 -2.2 1.7 -10.8 -17.0
600 3 34.7 -3.5 -1.6 -10.1 -18.3
600 4 47.1 -4.8 -6.8 -12.5 -27.7
600 5 55.8 -9.4 -6.7 -12.5 -29.8
600 6 63.7 -9.1 -12.9 -12.5 -27.7
600 7 76.4 -14.3 -13.6 -16.2 -38.3
600 8 81.6 -14.3 -14.3 -25.0 -42.8
600 9 86.4 -26.9 -7.7 -29.2 -50.7
700 0 10.5 -2.5 -4.5 -4.5 -12.2
700 1 17.1 -2.5 0.0 0.0 -10.8
700 2 29.5 -4.5 0.0 -12.5 -15.5
700 3 41.4 -4.8 -3.1 -11.8 -19.8
700 4 49.0 -7.2 -6.5 -12.5 -26.5
700 5 63.7 -13.0 -12.9 -12.5 -26.8
700 6 71.8 -13.9 -12.2 -15.3 -33.4
700 7 81.6 -14.3 -15.0 -25.0 -42.8
700 8 85.2 -20.7 -18.6 -23.6 -44.7
700 9 86.8 -25.1 -24.1 -37.5 -60.7
800 0 10.8 -3.5 -4.5 -4.5 -12.2
800 1 26.5 -2.8 0.0 -10.8 -13.1
800 2 37.6 -4.3 -1.7 -11.8 -18.7
800 3 49.3 -7.1 -4.8 -12.5 -26.5
800 4 56.1 -9.3 -6.7 -12.5 -29.2
800 5 67.6 -5.7 -10.7 -12.5 -29.7
800 6 76.4 -15.6 -15.0 -16.2 -39.6
800 7 81.8 -16.9 -16.1 -25.0 -44.4
800 8 86.8 -22.2 -15.4 -25.9 -55.4
900 0 18.1 -3.0 0.0 0.0 -13.1
900 1 29.9 -4.5 1.9 -12.5 -15.5
900 2 42.1 -4.6 -1.6 -11.8 -17.5
900 3 49.5 -8.3 -4.8 -12.5 -26.5
900 4 63.7 -13.6 -12.9 -12.5 -25.5
900 5 71.8 -14.4 -13.0 -15.3 -33.4
900 6 80.4 -14.1 -18.7 -25.0 -40.8
900 7 85.2 -20.8 -18.6 -25.0 -44.7
900 8 86.8 -25.1 -24.1 -37.5 -60.7
1000 0 20.4 -3.3 0.0 -10.8 -14.6
1000 1 32.6 -3.9 0.0 -12.5 -16.7
1000 2 45.8 -5.6 0.0 -12.5 -24.0
1000 3 56.5 -9.0 -8.3 -12.5 -28.0
1000 4 64.0 -13.4 -12.9 -12.5 -25.5
1000 5 76.4 -15.7 -16.0 -16.2 -39.6
1000 6 81.9 -14.6 -15.8 -25.0 -42.4
1000 7 85.0 -20.2 -17.2 -25.0 -43.5

A72, page 15 of 18



A&A 659, A72 (2022)

Table A.7. Statistics for the general stellar population of clusters with a
binary fraction of 50%.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 13.7 -1.4 -2.6 0.0 -2.8
100 1 13.7 -1.4 -2.6 0.0 -2.8
100 2 13.5 -1.4 -2.6 0.0 -2.8
100 3 13.5 -1.9 -2.6 0.0 -2.8
100 4 13.5 -1.9 -2.6 0.0 -2.8
100 5 13.5 -2.4 -2.6 0.0 -2.8
100 6 13.5 -2.4 -2.6 0.0 -2.8
100 7 13.3 -2.7 -2.6 0.0 -1.3
100 8 13.3 -2.7 -2.6 0.0 -1.3
100 9 21.7 -2.5 -3.3 -3.8 -4.8
100 10 33.0 -4.4 -4.5 -10.0 -9.5
100 11 44.5 -8.1 -11.8 -10.0 -15.1
100 12 54.4 -11.6 -11.8 -10.6 -19.2
100 13 61.6 -10.2 -8.8 -14.6 -22.1
100 14 73.2 -15.8 -12.5 -21.1 -32.6
100 15 77.8 -13.3 -13.8 -22.2 -38.3
100 16 83.0 -16.4 -17.6 -25.0 -43.6
200 0 15.3 -2.5 -2.6 0.0 0.0
200 1 15.3 -2.5 -2.6 0.0 0.0
200 2 15.3 -2.5 -2.6 0.0 0.0
200 3 15.3 -2.5 -2.6 0.0 0.0
200 4 15.3 -2.5 -2.6 0.0 0.0
200 5 15.2 -2.5 -2.6 0.0 0.0
200 6 21.5 -2.7 -3.1 -8.4 -6.5
200 7 32.0 -4.6 -3.1 -10.0 -6.0
200 8 42.0 -10.4 -5.9 -13.2 -16.4
200 9 52.6 -13.8 -9.2 -13.1 -18.1
200 10 61.8 -11.0 -10.3 -18.3 -23.9
200 11 73.3 -15.8 -13.3 -21.1 -32.6
200 12 78.0 -12.9 -13.4 -21.1 -38.3
200 13 82.2 -17.9 -18.8 -20.0 -39.2
200 14 83.0 -16.8 -23.5 -30.0 -54.5
300 0 16.9 -2.2 -2.6 0.0 0.0
300 1 16.9 -2.2 -2.6 0.0 0.0
300 2 16.9 -2.2 -2.6 0.0 0.0
300 3 16.9 -2.2 -2.6 0.0 0.0
300 4 22.6 -3.0 -3.1 -8.4 -4.7
300 5 32.8 -5.5 0.0 -10.0 -6.0
300 6 42.4 -10.6 -2.9 -13.2 -16.4
300 7 49.5 -10.3 -8.8 -11.1 -19.0
300 8 55.6 -12.6 -9.2 -10.6 -17.9
300 9 70.0 -14.1 -12.5 -15.6 -26.6
300 10 76.3 -14.9 -17.2 -21.1 -33.3
300 11 81.3 -14.1 -20.0 -20.0 -41.0
300 12 83.0 -16.4 -17.6 -25.0 -43.6

Table A.7. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

400 0 17.3 -1.4 -2.6 0.0 0.0
400 1 17.3 -1.0 -2.6 0.0 0.0
400 2 17.3 -1.0 -2.6 0.0 0.0
400 3 23.0 -2.2 -1.6 -6.3 -4.7
400 4 33.0 -5.2 0.0 -10.0 -6.2
400 5 43.0 -10.2 -2.9 -13.2 -16.4
400 6 50.0 -10.6 -8.8 -10.6 -19.7
400 7 58.5 -13.3 -11.8 -11.1 -24.0
400 8 70.2 -12.3 -13.8 -15.6 -26.6
400 9 76.5 -9.0 -15.7 -21.1 -33.3
400 10 82.3 -17.6 -20.9 -20.0 -42.5
400 11 83.0 -16.8 -23.5 -30.0 -54.5
500 0 18.4 -1.8 -2.6 0.0 0.0
500 1 18.0 -1.8 -2.6 0.0 0.0
500 2 23.3 -2.3 -2.6 -6.3 -4.7
500 3 33.6 -6.1 0.0 -10.0 -8.2
500 4 43.1 -10.1 -4.4 -10.6 -14.2
500 5 50.0 -10.4 -11.1 -11.1 -17.9
500 6 56.0 -11.2 -9.2 -10.6 -19.2
500 7 70.3 -12.3 -12.5 -15.6 -26.6
500 8 76.7 -10.7 -17.6 -20.2 -33.3
500 9 80.0 -14.2 -15.5 -18.3 -37.7
500 10 83.0 -16.4 -17.6 -25.0 -43.6
600 0 18.7 -2.3 -2.6 0.0 0.0
600 1 18.7 -2.3 -2.6 0.0 0.0
600 2 28.7 -5.5 0.0 -10.0 -10.1
600 3 38.1 -7.7 -1.6 -10.0 -8.2
600 4 48.5 -9.5 -8.8 -10.0 -18.4
600 5 56.4 -11.3 -9.2 -10.6 -20.5
600 6 62.2 -13.1 -7.4 -17.4 -21.8
600 7 73.8 -16.6 -12.5 -21.1 -33.0
600 8 78.5 -14.6 -13.8 -19.4 -38.3
600 9 82.7 -22.3 -20.6 -30.0 -36.4
700 0 19.5 -1.0 0.0 0.0 0.0
700 1 24.6 -4.0 0.0 -8.4 -4.1
700 2 34.9 -6.2 0.0 -10.0 -6.9
700 3 44.1 -9.8 -5.9 -11.1 -12.9
700 4 50.5 -11.0 -10.3 -11.1 -17.9
700 5 62.5 -7.8 -7.7 -20.0 -22.8
700 6 70.5 -13.6 -15.5 -21.1 -26.6
700 7 78.8 -13.8 -16.0 -21.1 -37.4
700 8 82.0 -17.6 -23.5 -20.0 -39.1
700 9 83.3 -14.3 -23.5 -35.0 -54.5
800 0 20.4 -0.9 0.0 -3.8 0.0
800 1 32.2 -5.5 2.6 -9.5 -7.9
800 2 40.3 -7.2 0.0 -10.6 -8.1
800 3 50.6 -11.6 -7.4 -11.1 -17.9
800 4 56.6 -13.7 -9.2 -11.1 -21.7
800 5 66.5 -8.8 -9.2 -17.5 -23.7
800 6 74.3 -16.4 -12.5 -17.5 -31.0
800 7 78.8 -13.8 -16.0 -21.1 -37.4
800 8 83.2 -16.1 -19.1 -30.0 -45.1
900 0 26.3 -3.6 0.0 -9.5 -4.4
900 1 35.5 -7.5 -2.9 -10.0 -8.5
900 2 44.5 -10.2 0.0 -13.2 -12.9
900 3 50.9 -11.5 -8.8 -11.1 -17.9
900 4 62.6 -12.2 -4.4 -15.6 -22.8
900 5 70.7 -14.4 -13.3 -21.1 -26.6
900 6 77.8 -10.4 -19.4 -17.4 -35.2
900 7 82.0 -17.6 -23.5 -20.0 -39.1
900 8 83.3 -14.3 -23.5 -35.0 -54.5
1000 0 28.1 -3.6 0.0 -8.4 -7.5
1000 1 37.6 -6.9 0.0 -10.6 -8.2
1000 2 48.1 -9.9 -7.4 -10.6 -17.7
1000 3 57.1 -13.2 -9.5 -11.1 -21.7
1000 4 62.6 -12.2 -4.4 -15.6 -22.8
1000 5 74.5 -16.4 -12.5 -17.5 -31.0
1000 6 78.8 -13.8 -16.0 -21.1 -37.4
1000 7 82.0 -17.6 -23.5 -20.0 -39.1
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Table A.8. Statistics for the OB population of clusters with a binary
fraction of 50%.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 29.7 -13.6 5.1 -19.1 -3.7
100 1 22.6 -10.8 -2.6 -19.1 -3.7
100 2 21.1 -10.8 -2.6 -14.4 -3.7
100 3 21.1 -10.8 -2.6 -14.4 -3.7
100 4 21.1 -10.8 -2.6 -12.3 -3.7
100 5 21.1 -10.8 -2.6 -12.3 -3.7
100 6 21.1 -10.8 -2.6 -12.3 -3.7
100 7 14.9 -10.3 7.7 -16.6 4.1
100 8 14.9 -10.3 7.7 -16.6 4.1
100 9 11.2 0.6 -13.9 -13.8 -2.3
100 10 8.0 -11.7 0.0 -14.8 -8.5
100 11 3.5 -8.3 0.0 -11.7 -24.2
100 12 0.0 -11.7 -6.2 -24.5 -23.8
100 13 0.0 -15.5 -6.2 -34.8 -24.3
100 14 0.0 -16.2 -19.7 -28.5 -32.5
100 15 0.0 -15.5 -12.8 -31.9 -26.1
100 16 0.0 -22.6 -4.5 -37.3 -17.1
200 0 21.1 -5.8 -2.6 -10.1 -5.0
200 1 21.1 -5.8 -2.6 -10.1 -5.0
200 2 21.1 -5.8 -2.6 -9.9 -5.0
200 3 21.1 -5.8 -2.6 -9.9 -5.0
200 4 21.1 -5.8 -2.6 -9.9 -5.0
200 5 14.9 -4.9 0.0 -12.0 2.3
200 6 12.2 -1.6 -12.8 -14.8 -5.4
200 7 11.2 -14.3 -8.3 -16.4 -8.5
200 8 8.0 -11.7 -7.7 -18.4 -20.6
200 9 4.2 -11.7 -16.7 -23.4 -29.7
200 10 3.5 -14.4 -6.2 -33.3 -21.3
200 11 0.0 -16.2 -6.4 -28.5 -32.5
200 12 0.0 -15.5 -17.5 -31.9 -26.1
200 13 0.0 -15.5 -17.9 -32.6 -29.5
200 14 0.0 -16.7 0.0 -42.9 -25.0
300 0 21.1 -5.8 0.0 -10.1 -3.7
300 1 21.1 -5.8 0.0 -10.1 -3.7
300 2 21.1 -5.8 0.0 -10.1 -3.7
300 3 21.1 -5.8 0.0 -10.1 -3.7
300 4 14.9 -5.8 0.0 -14.8 -4.1
300 5 12.2 -14.3 -8.3 -16.8 -8.5
300 6 11.2 -11.7 -7.7 -16.8 -20.6
300 7 9.2 -16.2 -5.6 -19.1 -21.3
300 8 9.2 -14.4 -11.5 -21.5 -23.8
300 9 0.0 -15.5 -3.5 -25.5 -16.3
300 10 0.0 -15.5 -3.1 -32.2 -27.5
300 11 0.0 -15.5 -16.7 -29.3 -26.6
300 12 0.0 -22.6 -4.5 -37.3 -17.1
400 0 21.1 0.0 0.0 -7.7 -1.9
400 1 21.1 -0.8 0.0 -10.1 -1.9
400 2 21.1 -0.8 0.0 -10.1 -1.9
400 3 14.9 -5.8 -3.4 -14.8 -1.9
400 4 12.2 -14.3 -5.6 -14.6 -9.8
400 5 11.2 -11.7 -7.7 -18.4 -20.6
400 6 11.2 -15.1 -5.6 -19.1 -22.5
400 7 8.0 -11.8 -15.6 -23.4 -24.4
400 8 0.0 -15.5 -3.5 -24.9 -16.3
400 9 0.0 -13.4 -17.7 -33.6 -27.5
400 10 0.0 -15.5 -22.2 -32.6 -31.5
400 11 0.0 -16.7 0.0 -42.9 -25.0

Table A.8. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

500 0 21.1 -0.8 0.0 -7.9 -1.9
500 1 21.1 -0.8 0.0 -11.6 -1.9
500 2 14.9 -5.8 -6.9 -12.7 -1.9
500 3 14.9 -18.1 -3.1 -18.4 -8.7
500 4 11.2 -11.7 -16.7 -13.8 -20.6
500 5 11.2 -15.1 -5.6 -19.1 -21.3
500 6 9.2 -14.4 -11.5 -21.5 -22.1
500 7 0.0 -14.4 -3.5 -24.9 -16.3
500 8 0.0 -13.4 -16.7 -33.6 -27.5
500 9 0.0 -15.5 -11.1 -31.7 -23.8
500 10 0.0 -22.6 -4.5 -37.3 -17.1
600 0 22.6 0.0 0.0 -12.7 -1.9
600 1 22.6 0.0 0.0 -7.9 -1.9
600 2 14.9 -9.4 -7.7 -18.4 -10.0
600 3 12.2 -11.7 -5.5 -14.6 -12.3
600 4 11.2 -11.7 -5.6 -16.8 -19.6
600 5 9.2 -14.4 -11.5 -21.5 -19.6
600 6 8.0 -14.4 0.0 -33.3 -21.3
600 7 0.0 -16.2 -9.2 -26.6 -32.5
600 8 0.0 -17.4 -20.1 -31.9 -28.0
600 9 0.0 -18.2 -16.7 -31.8 -20.0
700 0 26.8 0.0 -3.8 -12.7 -5.0
700 1 22.6 -0.8 -7.3 -17.0 -6.0
700 2 14.9 -18.1 -3.1 -18.4 -10.0
700 3 12.2 -15.1 -16.7 -14.6 -23.6
700 4 11.2 -11.7 -5.6 -21.0 -21.3
700 5 8.0 -14.4 0.0 -34.0 -18.8
700 6 8.0 -14.4 -3.5 -25.5 -18.8
700 7 0.0 -15.5 -7.7 -31.9 -28.0
700 8 0.0 -16.7 -20.1 -33.3 -29.6
700 9 0.0 -16.7 0.0 -42.9 -30.0
800 0 26.8 0.0 -10.3 -11.3 -5.0
800 1 16.1 -8.1 -10.3 -14.3 -7.5
800 2 12.2 -15.6 -11.1 -14.3 -21.8
800 3 12.2 -15.9 -15.6 -19.1 -27.5
800 4 9.2 -15.3 -10.3 -20.0 -19.6
800 5 8.0 -12.9 -17.4 -29.2 -21.8
800 6 4.2 -14.4 -11.1 -26.6 -35.0
800 7 0.0 -15.5 -16.3 -31.9 -28.0
800 8 0.0 -22.6 -8.3 -37.3 -19.6
900 0 22.6 -3.5 -6.9 -17.0 -6.0
900 1 14.9 -18.1 -3.1 -18.4 -10.0
900 2 12.2 -15.1 -12.5 -14.3 -25.0
900 3 12.2 -15.9 -17.9 -19.1 -30.0
900 4 8.0 -15.3 -5.6 -34.0 -18.8
900 5 8.0 -14.4 -7.3 -25.5 -18.8
900 6 0.0 -14.4 -21.5 -33.6 -25.5
900 7 0.0 -16.7 -20.1 -33.3 -29.6
900 8 0.0 -16.7 0.0 -42.9 -30.0
1000 0 23.6 -3.0 -3.8 -17.0 -4.8
1000 1 16.1 -12.8 0.0 -18.9 -13.1
1000 2 12.2 -3.8 -5.6 -15.8 -30.0
1000 3 9.2 -15.3 -16.7 -23.6 -30.0
1000 4 8.0 -14.9 -11.8 -34.0 -22.5
1000 5 4.2 -12.2 -12.7 -23.6 -35.0
1000 6 0.0 -15.5 -16.3 -31.9 -28.0
1000 7 0.0 -16.7 -20.1 -33.3 -29.6
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Table A.9. Statistics for the non-OB stellar population of clusters with
a binary fraction of 50%.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

100 0 12.9 -2.3 -1.5 0.0 -2.8
100 1 13.1 -2.3 -1.5 0.0 -2.8
100 2 12.9 -2.0 -2.6 0.0 -2.8
100 3 12.9 -2.0 -2.6 0.0 -2.8
100 4 13.1 -2.0 -2.6 0.0 -2.8
100 5 13.1 -2.7 -2.6 0.0 -2.8
100 6 13.1 -2.7 -2.6 0.0 -2.8
100 7 13.1 -2.9 -2.6 0.0 -1.3
100 8 13.1 -2.9 -2.6 0.0 -1.3
100 9 22.2 -2.8 -3.3 0.0 -4.8
100 10 34.0 -3.9 -4.6 -10.0 -9.5
100 11 46.0 -8.4 -11.8 -10.0 -15.1
100 12 56.3 -11.6 -11.8 -10.0 -19.2
100 13 64.1 -9.9 -7.4 -11.1 -22.1
100 14 76.4 -16.1 -12.5 -18.3 -32.6
100 15 81.3 -14.4 -15.5 -22.2 -38.3
100 16 86.8 -15.1 -19.1 -25.0 -50.5
200 0 14.9 -2.2 -1.5 0.0 0.0
200 1 14.9 -2.2 -1.5 0.0 0.0
200 2 14.9 -2.2 -1.5 0.0 0.0
200 3 14.8 -2.2 -1.5 0.0 0.0
200 4 14.7 -2.2 -1.5 0.0 0.0
200 5 14.7 -2.2 -1.5 0.0 0.0
200 6 21.8 -3.7 -3.1 -3.8 -6.5
200 7 32.8 -4.5 -3.1 -10.0 -6.0
200 8 43.2 -10.2 -2.9 -13.2 -16.4
200 9 54.6 -14.4 -9.2 -11.1 -18.1
200 10 64.3 -10.1 -7.7 -18.3 -23.9
200 11 76.5 -15.3 -13.3 -18.3 -32.6
200 12 81.6 -13.2 -12.9 -21.1 -38.3
200 13 85.3 -17.8 -18.8 -20.0 -41.0
200 14 86.5 -17.2 -23.5 -30.0 -57.6
300 0 16.6 -2.0 -2.6 0.0 0.0
300 1 16.6 -2.0 -1.5 0.0 0.0
300 2 16.6 -2.0 -1.5 0.0 0.0
300 3 16.6 -2.0 -1.5 0.0 0.0
300 4 23.3 -3.6 -1.6 -3.8 -4.7
300 5 33.8 -5.0 -1.6 -10.0 -6.0
300 6 43.5 -10.3 -2.9 -13.2 -16.4
300 7 51.0 -9.6 -7.4 -11.1 -19.0
300 8 57.3 -12.8 -9.2 -10.0 -17.9
300 9 72.2 -13.7 -12.5 -15.6 -26.6
300 10 78.9 -14.5 -14.2 -15.6 -33.3
300 11 84.8 -14.3 -20.0 -20.0 -41.0
300 12 86.8 -15.1 -19.1 -25.0 -50.5
400 0 17.7 -1.5 -2.6 0.0 0.0
400 1 17.7 -1.0 -2.6 0.0 0.0
400 2 17.6 -1.0 -2.6 0.0 0.0
400 3 23.6 -2.5 0.0 -3.8 -4.7
400 4 34.1 -5.2 0.0 -10.0 -6.2
400 5 44.0 -9.9 -2.9 -13.2 -16.4
400 6 51.4 -10.4 -7.4 -10.6 -19.7
400 7 60.3 -13.3 -11.8 -11.1 -24.0
400 8 72.4 -12.0 -13.8 -18.3 -26.6
400 9 79.2 -9.7 -15.7 -15.6 -33.3
400 10 85.4 -17.2 -21.8 -20.0 -42.5
400 11 86.5 -17.2 -23.5 -30.0 -57.6
500 0 18.1 -2.0 -2.6 0.0 0.0
500 1 17.9 -2.0 -2.6 0.0 0.0
500 2 24.0 -2.3 0.0 -3.8 -4.7
500 3 34.5 -5.7 0.0 -10.0 -8.2
500 4 44.3 -10.1 0.0 -10.6 -14.2
500 5 51.4 -10.2 -10.3 -10.6 -17.9
500 6 57.7 -11.3 -9.2 -10.0 -19.2
500 7 72.4 -12.1 -14.0 -18.3 -26.6
500 8 79.3 -11.1 -17.2 -13.1 -33.3
500 9 83.6 -14.1 -15.5 -18.3 -40.4
500 10 86.8 -15.1 -19.1 -25.0 -50.5

Table A.9. Continued.

D Av % Mem ND % Mem cl % ∆ Ĩ cl
5 % ∆ Ĩ5 % ∆ max I5

600 0 18.5 -2.3 0.0 0.0 0.0
600 1 18.4 -2.3 0.0 0.0 0.0
600 2 29.4 -5.2 1.7 -8.8 -10.1
600 3 39.1 -7.8 0.0 -10.6 -8.2
600 4 49.9 -9.1 -7.4 -11.1 -18.4
600 5 58.0 -11.3 -9.2 -10.0 -20.5
600 6 64.7 -12.3 -5.9 -13.9 -21.8
600 7 76.8 -16.6 -12.5 -18.3 -33.0
600 8 82.0 -15.2 -15.5 -19.4 -38.3
600 9 86.2 -21.4 -23.5 -30.0 -50.0
700 0 19.5 -1.4 0.0 0.0 0.0
700 1 25.0 -3.6 0.0 -3.8 -4.1
700 2 35.5 -5.8 0.0 -10.0 -6.9
700 3 45.4 -8.6 -2.9 -10.6 -12.9
700 4 52.0 -10.6 -11.8 -10.6 -17.9
700 5 65.1 -7.4 -11.8 -15.0 -22.8
700 6 72.8 -13.9 -12.5 -21.1 -26.6
700 7 82.3 -14.2 -17.8 -21.1 -37.4
700 8 85.5 -16.4 -23.5 -20.0 -39.1
700 9 86.8 -14.0 -23.5 -30.0 -54.5
800 0 20.2 -1.1 0.0 0.0 0.0
800 1 33.0 -5.3 2.9 -10.0 -7.9
800 2 41.8 -7.7 0.0 -10.6 -8.1
800 3 52.1 -10.6 -8.8 -10.6 -17.9
800 4 58.4 -12.8 -9.2 -10.6 -21.7
800 5 69.3 -8.7 -9.2 -20.0 -23.7
800 6 77.0 -15.9 -12.5 -18.3 -31.0
800 7 82.3 -14.2 -17.8 -21.1 -37.4
800 8 87.0 -14.7 -19.1 -25.0 -50.5
900 0 26.7 -3.5 0.0 -3.8 -4.4
900 1 36.3 -7.6 -1.5 -10.0 -8.5
900 2 45.9 -10.6 0.0 -13.2 -12.9
900 3 52.5 -10.6 -8.8 -10.6 -17.9
900 4 65.2 -11.4 -5.9 -13.1 -22.8
900 5 73.0 -14.3 -13.3 -21.1 -26.6
900 6 80.8 -11.6 -15.5 -15.6 -35.2
900 7 85.5 -16.4 -23.5 -20.0 -39.1
900 8 86.8 -14.0 -23.5 -30.0 -54.5
1000 0 28.4 -3.6 0.0 0.0 -7.5
1000 1 38.8 -6.6 1.5 -10.6 -8.2
1000 2 49.3 -9.3 -5.9 -13.9 -17.7
1000 3 58.7 -13.1 -9.5 -10.6 -21.7
1000 4 65.2 -11.4 -5.9 -13.1 -22.8
1000 5 77.0 -15.9 -12.5 -18.3 -31.0
1000 6 82.3 -14.6 -17.8 -21.1 -37.4
1000 7 85.5 -16.4 -23.5 -20.0 -39.1
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