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ABSTRACT

The supermassive black hole at the Galactic centre, Sgr A*, is surrounded by an S cluster of young stars. These stars are predominantly
B-type stars, but their origin remains uncertain. Unlike massive stars in the Galactic field, which exhibit a binary fraction of about 70%,
those in the S cluster show a significantly lower fraction. It is key to understand this discrepancy for constraining their formation. We
show that the binary deficit arises naturally from dynamical interactions between stellar binaries and Sgr A* in an in situ formation
scenario. Using K-amplitude data, we derived an observational binary fraction of fy,s = 0.43 £ 0.09 for the S-cluster stars. Our
dynamical modelling predicts that interactions with Sgr A* cause 18% of the binaries to merge, 20% to be disrupted, and 62% to
survive, yielding a theoretical binary fraction of fire, = 0.38 £ 0.10. The predicted binary fraction with distance from Sgr A* is also
consistent with independent observational constraints. These results show that the decline in binarity towards the Galactic centre is
driven by stronger tidal forces, and they support an in situ origin of the S cluster in the same event that produced the Fermi bubbles.

Key words. Celestial mechanics — Stars: formation — Stars: binaries: general — Stars: kinematics and dynamics — Galaxy: centre

1. Introduction

The S cluster is a group of stars located within the central ~
0.04 pc of the Milky Way, orbiting the supermassive black hole
Sgr A* (e.g.|Ghez et al.|2008}; |Gillessen et al.|[2009;|Genzel et al.
2010). The monitoring of these S stars has provided key obser-
vational evidence of the black hole mass and compactness (e.g.
Ghez et al.| 2008 |GRAVITY Collaboration et al.| 2019} 2022).
The S cluster is dominated by young B-type stars (5 15 Myr,
mean age ~ 6 Myr; Eisenhauer et al.|[2005}; [Habibi et al.|2017)
with a thermal eccentricity distribution (Gillessen et al.|[2017),
isotropic orbital angular momentum vectors (Gillessen et al.
2009), and a lower binary fraction (< 47%; (Chu et al.||2023))
than field stars (69 + 9%; [Sana et al.|[2012). The surrounding
clockwise disk (0.04—0.5pc) contains B-type, O-type, and Wolf—
Rayet stars of a comparable age, but with a unimodal eccentricity
distribution and aligned angular momentum vectors (Yelda et al.
2014; |Habibi et al.|2017).

The so-called paradox of youth of the S stars (Ghez et al.
2003)) highlights the discrepancy of how young stars like these
could have formed in the immediate vicinity of a supermas-
sive black hole. In this environment, the tidal field makes
conventional in situ star formation problematic. Molecular
clouds are prevented from fragmenting under typical conditions
(Mapelli et al.| [2012)). Several alternative scenarios have been
proposed.

A possible in situ scenario is gas-shell fragmentation driven
by a brief Sgr A* outflow ~ 6 Myr ago (Nayakshin & Zubovas
2018)), motivated in part by the Fermi bubbles (Su et al.|[2010).
Compression and fragmentation of the resulting shell form the
S stars (Nayakshin & Zubovas|2018)), while standard molecular-
disk fragmentation forms the clockwise-disk stars (Mapelli et al.
2012). This naturally explains their coevality and the S-cluster

thermal eccentricity and isotropic angular momentum distribu-
tions (Nayakshin & Zubovas|[2018). Its main difficulties are the
unclear origin of hypervelocity stars from the Galactic centre
(e.g. |[Koposov et al.| [2020; (Cavieres et al.||2026), although rare
ejections from bound binaries might help (Silva et al.[2026), and
the need for a super-Eddington event plus a cloud with low an-
gular momentum (Nayakshin & Zubovas|[2018). However, mas-
sive galactic outflows may permit star formation (Maiolino et al.
2017)), and the required shell mass (= 10° M) is only = 0.5%
of the gas reservoir in the central molecular zone (~ 2 X
10" Mo; Battersby et al.| |2025), which is consistent with the
gas mass needed to form the disk stars (Bonnell & Rice][2008];
Hobbs & Nayakshin|[2009).

An alternative ex situ formation scenario is disk migra-
tion, in which the S stars form in the clockwise disk and mi-
grate inward (Perets et al.|[2009). However, this might require
an intermediate-mass black hole, which is now strongly con-
strained (Gravity Collaboration et al.|2023)). It does not explain
why migration should be efficient for B stars, but not for O-
type and Wolf-Rayet stars (Genzel et al.| 2010). Finally, mi-
grated stars are expected to retain modest eccentricities, mak-
ing the thermal eccentricity distribution difficult to reproduce
(Perets et al.|2009; |Chen & Amaro-Seoane|2014)). Moreover, bi-
nary migration might also leave a non-zero binary fraction if
some systems avoid Lidov—Kozai-driven mergers, which might
be consistent with the newly identified D9 binary in the S clus-
ter (Peillker et al.| 2024). However, the processes required to
isotropise the S-star orbits would take longer than their stellar
ages (Antonini & Merritt[2013).

Another ex situ formation scenario is the Hills mechanism
(Hills||1988), in which a binary is tidally disrupted by Sgr A*,
leaving one star bound and the other ejected. However, known
high-velocity stars associated with the Galactic centre are much
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older than the S stars (Koposov et al.[2020; Cavieres et al.[2026).
In addition, this mechanism neither explains the clockwise disk
(Lu et al.| 2013)) nor reproduces the S-star thermal eccentric-
ity distribution (Generozov & Madigan|[2020). Furthermore, the
Hills mechanism naturally places stars on orbits around Sgr A*,
but should leave a virtually zero binary fraction, which is incon-
sistent with the D9 binary in the S cluster (Peil3ker et al.[2024)).

Among these scenarios, gas-shell fragmentation remains the
most compelling formation channel for the S stars. An apparent
binary-fraction dichotomy has emerged between the S stars and
surrounding young populations, however. |Chu et al.| (2023)) re-
ported an upper limit of 47% and |Gautam et al.| (2024)) a lower
limit of 42%. We revisit this issue using updated binary statistics,
including the recently identified binary D9 (Peiliker et al.|[2024)),
together with dynamical simulations of binaries near Sgr A*. We
show that the observations can be reproduced assuming the bi-
nary fraction of massive stars in the Galactic field (Sana et al.
2012)), supporting in situ formation of the S stars in the same
event that produced the clockwise disk and launched the Fermi
bubbles.

2. Observational limits of the binary fraction

Chu et al.| (2023)) derived an upper limit on the binary fraction
at a distance of ~ 0.02 pc from Sgr A*. To obtain this constraint,
they generated a synthetic binary population based on the orbital
period, P, eccentricity, e, and mass ratio, g, distributions from
Sana et al.|(2012).

Following this approach, we generated 10° binaries. Subse-
quently, we computed the distribution of the radial velocity semi-
amplitude, K, using the same formalism as (Chu et al.|2023),

< _(2nG)”3
AP

mpg sin [

(ma +mp)*®’

6]

where G is the gravitational constant, m, and mg are the primary
and secondary stellar masses, respectively, and / is the inclina-
tion of the binary orbital plane relative to the plane of the sky.

This procedure yielded a distribution of K amplitudes cor-
responding to a population with a binary fraction of 100%. We
then varied the binary fraction by randomly by replacing a sub-
set of binaries with K = 0 km s, representing single stars. For
example, a binary fraction of 90% corresponds to 10,000 single
stars with K = 0 km s~ and 90,000 binaries with K amplitudes
computed from Eq. (I). The binary fraction was systematically
varied between 10% and 100%.

Chu et al.| (2023 compared each K amplitude drawn from
the simulated distribution with the K limits of the 16 early-type
stars listed in their Table 7. For each trial, the number of detec-
tions might range from O (if all sampled values fell below the
observational K limits) to 16 (if all exceed them). This process
was repeated 10° times for each assumed binary fraction.

Our approach differed in two key aspects. First, we imposed
a merger and disruption criterion based on the Roche limit and
Hill sphere. Any binary with a pericenter or apocenter exceed-
ing the Roche limit or lying outside its Hill sphere was ex-
cluded, as such systems would either merge or become unbound
(Silva et al.[2026)). Only binaries that are Roche- and Hill-stable
from the outset were considered.

Second, we added to the observational K-limit sample the
recent detection of a binary system in the S cluster, known
as the D9 binary (Peillker et al.[|2024). The age of this sys-
tem, ~ 3 Myr (PeiBker et al.| 2024)), is comparable to that of
the early-type S-cluster stars, which are < 15Myr old, with a
mean age of ~ 6 Myr (Eisenhauer et al.| 2005} [Lu et al.| 2013}
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Habibi et al [[2017). Late-type stars were excluded because their
older ages, ~ 3-10Gyr (Habibi et al.| 2019; |Nishiyama et al.
2024), make them unrepresentative of the young S-star pop-
ulation. We excluded the remaining G sources because their
reported radial velocities (e.g. |Ciurlo et al.|[2020; [PeifSker et al.
2025; |Gillessen et al.[2026) have not yet been translated into bi-
nary K-amplitude constraints or calibrated binary-detectability
limits. We used Eq. @ to compute K, for the D9 binary, ob-
taining Ko ~ 9kms™', and we incorporated this value into the
K limits listed in Table 7 of |Chu et al.| (2023). By combining
the K limits of the 16 stars within the S cluster with the K am-
plitude of the D9 binary, we obtained tighter constraints on the
binary fraction and refined its upper limit at a projected distance
of ~ 0.04 pc. In summary, our sample is selected based on the
dynamical K-amplitude information.

Taking the detection of the D9 binary into account, we then
derived two constraints on the binary fraction. The upper limit
was defined as the fraction of simulations yielding one or fewer
detections in 5% of the runs. The lower limit was defined as the
fraction of simulations producing one or more detections in 95%
of the runs.

In Fig. [I] we present the cumulative distribution function
(CDF) of the number of simulations as a function of the binary
fraction. Fig. [I] shows that the 5% of the simulations that yield
one detection at most correspond to an upper limit of 52%, while
the 95% of the simulations with one detection at least correspond
to a lower limit of 34% (dashed black box). Consequently, the
observational binary fraction for the S cluster can be constrained
to

Jobs = 0.43£0.09 (20) . 2)
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Fig. 1: CDF of the number of simulations as a function of the
binary fraction. The blue line represents the simulations yielding
< 1 detection, and the orange line represents those yielding > 1
detection. The dashed red and green lines indicate the upper and
lower limits, respectively. The dashed black box marks the range
of binary fractions that is consistent with both limits.

3. Theoretical binary fraction

We generated a sample of 103 binary systems around
Sgr A* following the orbital distributions of the S-cluster
stars (Gillessen et al.| 2009, [2017) and massive binary stars
(Sana et al.[2012), and we evolved them for 10° yr using a N-
body code (see methods). Three distinct outcomes emerged:
(1) binaries that were disrupted through tidal interactions with
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Sgr A* (Hills|[1988)), (ii) binaries that merged as a consequence
of the Lidov—Kozai (LK) mechanism (Lidov| 1962} (Kozai|1962)),
and (iii) binaries that remained intact throughout the entire sim-
ulation. We classified these outcomes as breakups, mergers, and
survivors, respectively. Figure 2] shows the disruption rate of
binary systems as a function of time, distinguishing between
breakups, mergers, and the total number of disruptions. In terms
of relative frequencies, breakups occur in approximately 20% of
cases, mergers in 18%, and the remaining 62% correspond to
surviving systems.

50 T
—— Total
—— Breakup
—— Merger

w >
(=] (=]

Disrupted Binary Systems (%)
[3*)
o

103 10% 10°
Time (yr)

?OU 10! 102 106

Fig. 2: Disruption rate of binary systems as a function of time.
The red line shows the number of systems that are disrupted
through mergers, the green line represents those that are dis-
rupted by gravitational breakup, and the blue line shows the to-
tal number of disrupted systems. The break around 60 yr corre-
sponds approximately to half the orbital period of most binaries
in our sample, during which they pass closest to Sgr A*, where
tidal forces are strongest and binary disruption becomes more
efficient. The enhanced binary count in this region might be ex-
plained by biases in the observational semi-major axis distribu-
tion (Gillessen et al.|[2017)) on which our simulations are based
(see methods).

Sana et al.| (2012) reported that massive stars in the Galac-
tic field, such as those in the S cluster, have a binary fraction of
foo = 0.69 = 0.09. We assumed for the sake of argument that
the S stars were indeed formed in situ. For this purpose, we con-
sidered a sample of 100 stars. Following (Sana et al.|[2012), this
implies 69 + 9 binaries and 31 ¥ 9 single stars; for simplicity, we
neglect the uncertainties hereafter. After evolving the 69 binaries
for 10° yr, we found that 62% survive, 20% are disrupted, and
18% merge. In other words, after evolution, we have 43 surviv-
ing binaries, 28 single stars produced by disruptions, and 12 sin-
gle stars resulting from mergers. Although hypervelocity stars
might also form, their number is negligible in our simulations
and was therefore omitted from this analysis. Consequently, at
the end of the evolution, we have 43 binaries and 71 single stars,
corresponding to a theoretical binary fraction of

fineo = 0.38 £0.10 (20 . 3)

! 'We note that the initial 7% of mergers follows directly from applying
the Roche-limit criterion to binaries sampled from our adopted inner-
binary distributions (Sana et al.|2012). Resampling binaries initially in-
side their Roche limit, and retaining only stable systems, does not affect
the inferred binary fraction or our conclusions. We did not do so in order
to remain faithful to the distributions of Sana et al.| (2012).

4. Spatial distribution evolution of the binary
fraction

From the theoretical results, we also inferred how the bi-
nary fraction distribution evolves with increasing distance from
Sgr A* (Fig.[3). As expected, near Sgr A*, the binary fraction is
the lowest due to the strong tidal forces in close proximity. As
the distance to Sgr A* increases, the binary fraction correspond-
ingly increases.
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Fig. 3: Distribution of the binary fraction obtained by the N-
body code (blue histogram) as a function of the distance to Sgr
A* (a,). The red line denotes the best fit using Eq. ({@).

The binary fraction shown in Fig. [3| follows an exponential
dependence on the semi-major axis of the binaries around the
supermassive black hole, a,. To describe this trend, we modelled
this evolution using a cumulative Weibull distribution function,

ae — rp\¥
Jrin@s) = foo (1 —exp [—( 7 ) D “
with the best-fit parameters
k=0.57+0.02 and A=0.028+0.001 pc, 4)

where the uncertainties correspond to the 20~ confidence level.
The term f, denotes the binary fraction observed in the field for
massive binaries (Sana et al.|[2012), while r, ~ 10™* pc repre-
sents the tidal limit of Sgr A* (Miller et al.|[2005}, [Sesana et al.
2009).

Adopting Eq. (@), we extended fi;, to distances reaching
into the central parsec of the Galactic centre and thereby over-
lapping with the ranges considered by [Chu et al.| (2023) and
Gautam et al.| (2024). Fig. E| shows that the binary fraction esti-
mate (Eq. ) remains below the upper limit reported by|Chu et al.
(2023) at the corresponding distance (~ 0.02 pc). At ~ 0.04 pc,
using the observational upper and lower limits we derived here,
the binary fraction falls within these bounds, demonstrating con-
sistency with the available constraints. Likewise, at the distance
considered by |Gautam et al.| (2024) (~ 0.4 pc), the binary frac-
tion is also consistent with their lower limit. Taken together,
these findings support a common formation mechanism for the
stellar population, with the observed decline in binary fraction
primarily driven by the increasingly strong tidal field in the
vicinity of Sgr A*.
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Fig. 4: Distribution of the binary fraction (red line), including
its extrapolation to distances beyond those covered by the N-
body simulations (dashed red line). The green box indicates the
upper limit reported by [Chu et al.| (2023)). The blue box shows
the upper and lower limits we derived. The orange box indicates
the lower limit from |Gautam et al.| (2024). The dashed purple
line shows the linear size resolution limit of the Keck Obser-
vatory. The dashed black line denotes the Galactic field binary
fraction (Sana et al.|2012). The cyan line gives the tidal limit of
the binary-Sgr A* system.

5. Conclusions

We combined observational and theoretical approaches to con-
strain the binary fraction of the S cluster and to assess the via-
bility of an in situ formation scenario. Reproducing the Monte
Carlo method of |Chu et al.| (2023) and incorporating the newly
discovered D9 binary (Peillker et al.[/[2024), we derived an up-
dated observational limit on the S-cluster binary fraction, fops =
0.43 + 0.09. From the theoretical side, we evolved 10° binary
systems for 10° yr using an N-body code, finding that 20% are
disrupted, 18% merge, and 62% survive. An in situ formation
with an initial binary fraction of 69% + 9% (Sana et al.|2012)
yields a final fraction of fieo = 0.38 + 0.10, which is consistent
with current observational constraints in the central parsec. It is
worth noting that the binary fraction for B-type stars reported by
(Banyard et al.[2022) is consistent with (Sana et al.[2012) within
lo. We adopted (Sana et al.|[2012) because this study is highly
complete.

Modelling the radial dependence of the binary fraction with
an exponential profile further showed agreement with the ob-
servations from ~ 0.02 to ~ 0.4 pc. This indicates a common
formation mechanism throughout this region, with the decline
towards Sgr A* driven primarily by increasing tidal disruption.

Our findings support an in situ formation scenario, such as
the gas-shell fragmentation (Nayakshin & Zubovas|2018). In our
model, massive binaries form where they are observed, without
requiring migration or relaxation to reproduce the orbital proper-
ties of stars around Sgr A*. This scenario naturally yields the S-
cluster semi-major axis and eccentricity distributions reported by
Gillessen et al.| (2017), making the presence of binaries among
these mostly massive stars a natural expectation. In this frame-
work, in situ star formation produces O- and B-type stars in the
immediate vicinity of Sgr A*, some of which might later evolve
into stellar mass black holes. Over time, O-type stars are ef-
ficiently depleted through direct collisions with the black hole
population within ~ 5 Myr, whereas B-type stars can survive for
up to ~ 55 Myr (Haas et al.|2025)). This naturally explains why
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the currently observed S-cluster population is dominated by B-
type stars.

Future improvements in spectroscopic precision and astro-
metric monitoring will enable us to place tighter constraints on
the binary fraction, providing deeper insight into the formation
and evolutionary history of the S cluster and its connection to the
broader environment of the Galactic centre.
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Appendix A: Methods

A.1. N-body simulations

We generate a sample of 10° different initial hierarchical three-
body systems composed by a inner binary (two bound stars) and
Sgr A*. We then evolve each system for 10° yr using numerical
simulations. This time length value corresponds to a compromise
between the computational running time and the dynamical evo-
lution of the system (Fig. [2).

To perform the simulations, we use the open-source N-body
code tidymess (Boekholt & Correial[2023), which employs a
time-symmetric adaptive time-step with first post-Newtonian
(PN) corrections, allowing accurate treatment of close encoun-
ters while conserving the total energy (Boekholt et al.| 2023).
Many binary systems in our simulations become highly eccen-
tric, chaotic, or disrupted, necessitating a variable time-step to
accurately track their orbital evolution.

A.1.1. Outer orbits around Sgr A*

The orbital elements of the binary orbit centre-of-mass around
Sgr* are generated following the early-type distributions of
Gillessen et al.| (2009} [2017) (see our Fig.[A.T)). Specifically, the
initial semi-major axis is drawn from

o (as) ocal?

where the upper limit corresponds to the extent of the S clus-
ter and the lower limit is given by the tidal radius of Sgr A*
(Miller et al.[2005} |Sesana et al.[2009).

Similarly, the eccentricity is sampled from |Gillessen et al.
(2017, Table 3)

fp (es) e,

The longitude of the ascending node, ., and argument of peri-
centre, w,, are uniformly sampled between 0 and 2. Finally, the
inclination, /,, is sampled by uniformly selecting cos /, in the
range [—1, 1]. The mean anomaly, M,, is always set at «, to start
the system at the apocentre, where the gravitational interactions
are weaker.

rr<a, <4016au, (A.1)

00<e.<10. (A2)

A.1.2. Inner orbits of the binary systems

For the inner binary system, we must sample both its orbital pa-
rameters and the physical properties (masses and radii) of its two
stellar components.

To determine the mass distribution of the primary star, ma,
we use Table 1 from [Cai et al.| (2018)), where masses were de-
rived from the K-band apparent magnitudes of stars monitored
by |Gillessen et al.| (2017). We find the best-fit exponent to be
a = —1.75 £ 0.03, consistent with the @ = —1.7 + 0.2 suggested
by |Lu et al.||2013| and |Gallego-Cano et al.|2024, Consequently,
we adopt a top-heavy initial mass function (IMF) for our analy-
sis,

fo(ma) ccm P 3.0 <mp < 15M,, (A.3)

where the minimum and maximum values are chosen based on
spectroscopic mass measurements (Habibi et al.|[2017) and K-
band magnitudes of observed S stars (Cai et al.|2018). Given the
primary mass, its radius is determined using the zero-age main-
sequence (ZAMS) mass-radius relation (Demircan & Kahraman
1991).
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Fig. A.1: Distribution of the early-type semi-major axis and
eccentricity of the binary orbit centre-of-mass around Sgr A*
(Gillessen et al.|2009} |2017). The samples shown in orange are
generated using the distributions from |Gillessen et al.| (2009,
2017) via the inverse transform sampling method. The black
curves represent the corresponding analytical distributions from
Gillessen et al.[ (2009, 2017).

To determine the secondary star’s mass and radius, we
first draw the mass ratio, ¢ = mp/my, from the distribution
(Sana et al[2012) (see our Fig.[A.2)

folg) o< g%,

Once ¢ is determined, the secondary mass is calculated as mp =
gmy, and its radius is again obtained using the ZAMS mass-
radius relation.

The inner binary’s orbital period is drawn from the distribu-
tion (Sana et al.2012) (see our Fig.[A.2)

01<g<10, (A4)

f, (log,y P) < log;o P05, 10%15 < P < 10% day,, (A.5)
and its eccentricity from[Sana et al.| (2012)
f@ e ™, 00<e<09. (A.6)

The longitude of the ascending node, €, argument of peri-
centre, w, and mean anomaly, M, are uniformly sampled be-
tween 0 and 27, while the inclination, /, is sampled by uniformly
selecting cos I in the range [—1, 1].

Appendix B: Lidov-Kozai timescale

The Lidov—Kozai mechanism is a secular perturbation in which

the inner binary periodically exchanges mutual inclination and
eccentricity, facilitating unstable orbits and mergers (e.g. [Lidov,
1962} |[Kozai|[1962)). Its characteristic timescale is (e.g. |Li et al.
2015;Naoz[2016)

2

2na’ (1 - e%)3 V(ma +mg) (1 - €?)

VGa32m,

Kk ~ > (B.1)
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Fig. A.2: Distribution of the inner binary orbital period, eccen-
tricity, and mass ratio following (Sana et al.|[2012). The sam-
ples shown in orange are generated using the distributions from
Sana et al.| (2012) via the inverse transform sampling method.
The black curves represent the corresponding analytical distri-
butions from |Sana et al.|(2012).

where a, and e, are the semi-major axis and eccentricity of the
outer orbit, a and e those of the inner orbit, and mx, mg, and
m, are the masses of the primary, the secondary, and the central
super massive black hole, respectively.

In Fig. BJ} we show the cumulative distribution function
(CDF) of initial binaries as a function of the Lidov-Kozai
timescale. Only 8% of the binaries have #; ¢ < 10? yr, while 92%
have longer Lidov—Kozai timescales. Since the Lidov—Kozai
mechanism can drive unstable orbits and induce mergers, the
larger number of binaries with #,x > 10 yr explains why the
merger rate begins to rise around 10 yr.

Appendix C: Binary evaporation

Stephan et al| (2016) consider a binary model and study how
many binaries would merge or evaporate in the context of the
Galactic centre. Binary evaporation occurs when binaries soften
through interactions with other stars in the cluster, which can
make the binaries unbound. Binaries that soften are usually re-
ferred to as soft binaries, although interactions with cluster stars
may also harden binaries. Following |Stephan et al.| (2016), we
assume that hard binaries, if formed in the Galactic centre, can
survive up to 10 Gyr.

In Fig. 5 of |Stephan et al.| (2016), the number of evaporated
binaries starts to increase around 1 Myr, that is, after the integra-
tion time considered in this work. Hence, after 1 Myr, this effect
should be taken into account. The timescale of this effect is given
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Fig. B.1: CDF of the initial binaries as a function of the Lidov—
Kozai timescale, 7 x. The blue line shows the CDF, while the
dashed black line marks # g = 10? yI.

by (Stephan et al.|2016))
mp + mp

. _\/? o
T N7 32Gpaln A mper

where p is the stellar mass density in the cluster (Genzel et al.
2010),

(C.1)

-1
) C.2
0.25 pc) €2)
In A is the Coulomb logarithm, with A = 15, o is the velocity
dispersion of the Galactic centre (Kocsis & Tremaine|2011)),

o =280kms™! /0.1 pc/aa, (C.3)

and mpey is the average mass of a cluster star, which we assume
Mpert = 1 Mo, following (Hopman|2009; |Stephan et al.|2016).

We estimate how many surviving binaries would evaporate
by comparing their evaporation timescale, feyap, With the addi-
tional evolution time, .. Since the young stellar population
has an estimated age of 6 Myr (Lu et al.|2013), and our integra-
tions stop at 1 Myr, we set feyol = SMyr. If foyap < fevol, WE
consider the binary evaporated; otherwise, we consider it stable
up to 6 Myr. In Fig.[C:I] we show the cumulative fraction of soft
binaries, normalised by the total number of binaries surviving at
1 Myr, as a function of time, t. We see that only 8% of the surviv-
ing binaries would evaporate over the next 5 Myr. This gives a
surviving binary fraction of 57%, instead of the 62% reported in
Sec.[3] To infer the corrected theoretical binary fraction at 6 Myr,
we write the binary fraction at 1 Myr as

Np
.fi)ln - NB + NS,

where Np is the number of binary systems and Ny is the number
of single systems. After 5 Myr, the number of binary systems
decreases due to evaporation, so

Nj =(1—-€)Np, Ng=Ng+2¢eNg, (C.5)

where € is the evaporation factor. In our case, € = 0.08. The
binary fraction at 6 Myr may then be written as

Ng _ (=6 foin
Ni + Ng 1 + €fvin
which is still in line with the observational constraint on the bi-
nary fraction in Eq. (2) and with fieo in Eq. (3).

0= 135x% 10° M@pc_S( de

(C.4)

fon = = 034 £ 0.09 (20), (C.6)
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Fig. C.1: Cumulative fraction of soft binaries as a function of
time, ¢, normalised by the total number of binaries surviving at
1 Myr. The blue curve shows this cumulative fraction. The dot-
ted orange line marks the fraction with # < 6 Myr, approximately
8%, while the dashed black line denotes ¢ = 6 Myr, the estimated
age of the young stellar cluster (Lu et al.|2013)).
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