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The ∼ 60 000 solar-mass (M⊙) star-cluster R136 (NGC 2070) in LMC’s Tarantula nebula is the host of at
least 55 stars of >∼ 10M⊙ which move away from the cluster at projected velocities >

− 27.5 km/s [1]. The origin
of the high velocities of such runaway stars have been debated since the 1960s, resulting either from dynamical
ejections [2, 3] or from supernova explosions [4]. Due to the Gaia satellite’s outstanding precision, we can now
retrace the most recently ejected binary star, Mel 34, back to the center of R136 and reconstruct the events that
60 000 years ago let to its removal from R136, i.e., we establish its dynamical interaction and ejection history.
We find that this ejection requires the participation of 5 stars in a strong interaction between a triple composed
of the tight binary Mel 39 orbited by the star VFTS 590, and the binary star Mel 34. The participation of 5 stars
is unexpected because runaway stars were not expected to result from triple interactions [5]. The deterministic
nature of the Newtonian dynamics in the scattering enables us to reconstruct the encounter that ejected Mel 34.
We then predict that Mel 39 is a binary star with an 80M⊙ companion star that orbits within ∼ 1◦ in the same
plane as Mel 34, and escapes the cluster with a velocity of ∼ 64 km/s. The five stars will undergo supernova
explosions in the coming 5 Myr at a distance of ∼ 180 pc to ∼ 332 pc from their birth location (R 136). The
resulting black hole binaries, however, are not expected to merge within a Hubble time.

Appendix

To reconstruct the last encounter that ejected Mel 34 from the star cluster NGC2070 (R136), we performed more than 2
million scattering experiments for 3, 4 and 5 bodies, 12 full N-body simulations of the entire star cluster, 5 single stellar-
evolution calculations, and 2 binary-evolution calculations. In all simulations, we adopt the zero-age main-sequence radii of the
stars calculated using the AMUSE stellar simple.py script [6]. The radii for Mel34A, Mel34B, and Mel 39A are then ∼ 17R⊙
[7]. The two stars Mel 39B and VFTS 590 are 15R⊙ and 11R⊙, respectively.

A. THE CLUSTER R136

The stars in a cluster are usually distributed with a power-law mass-function with a slope of −2.35 between the hydrogen-
burning limit (of about 0.08M⊙) and some maximum mass (of ∼ 100M⊙). This typical mass function has a mean mass of
∼ 0.35M⊙ [8], but the core population of a collapsed cluster is considerably more massive. We numerically explore the core-
mass function of a 60 000M⊙ non-mass segregated and relatively cold (Q = 0.1 to virializd Q ≡ Ekin/Epot = 0.5) Plummer
[9] sphere with a half-mass radius of 2.9 pc. Most simulated clusters virialize within ∼ 0.2Myr, at which point, the core has
shrunk to ∼ 0.10 pc [10]. By this time, the mean mass within 0.06 pc is about 11M⊙ (with an average of ∼ 3.6M⊙ in the
core). At this time the density in the cluster core n ≃ 4.2× 105 stars/pc3, and ρ ≃ 1.5× 106 M⊙/pc3.

The typical ejected star will follow the top-heavy core mass function [5]. In figure A.I, we compare the top-heavy mass
function of the recent runaways with the Salpeter slope.

With a core radius of rcore ≃ 0.1 pc, and a half-mass radius of 2.9 pc, the cluster NGC2070 (or R136) resembles a King profile
with a dimensionless depth of the central potential of W0 ∼ 9.8 [11]. Such a King model has a relative core mass of 0.017, or
∼ 103 M⊙ and a velocity dispersion of ∼ 7 km/s. As a consequence, R136 is in a state of gravothermal collapse [12], and prone
to strong dynamical interactions.
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FIG. A.I. cumulative distribution of the recent (tej < 1Myr) runaway stars (blue [1]). The mass function of the core population of 5 core
collapsed star-cluster simulations is presented in red, which is slightly steeper (power-law slope −1.7) than the runaway mass function, but
the measurement was taken just before the first bully binary formed. The mass function within 0.8rcore is indistinguishable from the runaway
mass function. Overplotted (in orange) is a power-law with a slope of −1.5, the Salpeter (green) mass function (power-law with slope −2.35).

B. SOFT AND HARD BINARIES

To mediate the discussion, it helps to consider the cluster as a gas and define the unit of energy in terms of kT ∝ mv2 as
the kinetic encounter energy between stars in the cluster core [13]. With a mean stellar mass in the cluster core of 3.9M⊙ to
11.0M⊙ (see section A), the core’s kinematic unit for energy 1 kT≃ 1.1 · 1046 erg. For convenience we adopt as definition for
EkT ≡ 1046 erg.

The binding energy of a binary with orbital separation a and two stars of masses M and m is

Ebin =
GMm

2a
(B.I)

A binary is generally considered hard once it’s binding energy exceeds 10kT. Mel 34, residing in the cluster core would be
hard at an orbital separation of about 1400 au.

Ejecting a 10M⊙ star from R 136 with a velocity of 27.5 km/s would require a total kinetic energy of ∼ 6.8 kT. Mel 34 can
generate this much energy in an encounter if it has a binding energy of Ebin

>∼ 910 kT (see eq. (1) in the main paper), or an
orbital separation of ∼ 15.5 au. From 15.5 au down to the observed 3.63 au Mel 34 has liberated about 3000 kT in kinetic energy.
This is enough to eject 439 stars of 10M⊙, or 3 stars of 100M⊙ at 100 km/s. Bear in mind, though,that every time Mel 34 kicks
out a star, it also propels itself in the opposite direction.
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C. THE ROLE OF VFTS590

The encounter that led to the ejection of Mel 34 must conserve linear and angular momentum. If Mel 34 ejected VFTS 590,
another object must be ejected along the magenta line in fig. 1 (main paper). There is no prominent candidate star with a
measured proper motion along this line up to a distance of ∼ 600 pc [1].

If we assume that a 15M⊙ star, barely observable at the distance of the LMC, is the star we are looking for; it then was ejected
with a velocity of ∼ 990 km/s or a kinetic energy of ∼ 46500 kT to conserve linear momentum. The binary Mel 34 cannot have
achieved this because if another binary participated in this encounter (of which this 15M⊙ runaway was a member), it’s orbital
separation would have been smaller than the main-sequence radii of both stars. An encounter can hardly produce such a high
velocity but rather result in a collision [14].

D. THE MYSTERY STAR

We performed 4-body (binary-binary) scattering experiments using starlab [15] to determine the most favorable mass of the
unknown runaway. An encounter with both binaries at orbital separations of 2 to 4 au would suffice to eject all objects in their
appropriate directions with the observed velocity. It requires the encountering binary, composed of Mel 34A (or Mel 34B)
and VFTS 590 in a 2 to 4 au orbit to be broken up, and the primary to exchange for our unknown runaway star. The largest
cross-section and the most probably post-encounter parameters are achieved for a ∼ 90M⊙ star. Currently this 90M⊙ mystery
runaway star would be at a distance of about 8.5 pc from the R136’s center moving away along the magenta line in figure 1 with
a velocity of about 180 km/s; such a star is not observed.

We cannot fully exclude the hypothesis that the VFTS 590 and Mel34AB were ejected through a 4-body encounter in which
one of the stars has a mass below the detection limit of 10M⊙. In that case the most probable encounter is between a target
binary composed of Mel 34A and VFTS 590 in a 2 to 4 au orbit that interacts with the projectile binary composed of Mel 34B
and a < 10M⊙ star (below the detection limit). The projectile binary then must have an orbital separation <∼ 0.2 au, in order
to accommodate the post-encounter energetics. Note that the cross section for this interaction is almost identical if we swap
Mel 34A for Mel 34B.

Such an interaction leads to a runaway velocity for VFTS 590 of 114 ± 71 km/s with a median of ∼ 99km/s, consistent
with the observed velocity of 83.4 ± 6.2 km/s. The post-encounter binary Mel 34AB, would then acquire a median velocity of
∼ 199 km/s, much higher than the observed 64 km/s. Note that these velocities are acquired under the assumption that all four
stars are point-masses: and no collisions can occur. The probability, however, that this interaction leads to a collision between
two (or even three) stars is more than 60 times larger than the clean exchange and ionization interaction in which VFTS 590
and Mel 34AB would be ejected. A collision between two or even three of the participating stars will not lead to high-velocity
runaways. The data for these calculations are available at Zenodo (https://zenodo.org/uploads/10256841).

We do expect that several collisions have occurred in the central portion of R 136, but not in the recent encounter that launched
Mel 34AB.

E. CALCULATING THE INTERACTION CROSS SECTIONS

E.1. Automatic cross section detection

STARLAB has a handy package for the automatic determination of cross sections, called SIGMA3. We expanded SIGMA3 to
calculate multi-body cross sections [16]. In SIGMA3, one starts by launching a projectile single star onto a target binary with
semi-major axis a = 1 (in dimensionless N-body units [17]) in the X-Y plane with the periapsis along the positive X-axis.
The center of mass of the multi-body system was centred on the origin. The single incoming star is initialized at 100a from
a random direction and an impact parameter that brings it within a of the binary. This process is repeated until the desired
surface density of encounters is reached. In our calculations, we adopted a trial density of 103. Suppose one or more encounters
lead to anything else than a non-resonant preservating interaction. In that case, the same procedure is repeated, but now the
closest approach distance is between a and a larger distance such that the surface area equals the binary surface area. Again
103 scattering experiments are performed, and if any of the experiments result in a non-preserving encounter this procedure is
repeated until all encounters in the outermost ring result in a preserving encounter.

The cross-section σ is subsequently calculated from the largest impact parameter b for which an encounter leads to any
outcome other than a preserving encounter: σ = πb2 × nhit/Nexp. Here Nexp is the number of scattering experiments with
impact parameter < b, and nhit is the number of cases where the experiment resulted in the desired final configuration.

https://zenodo.org/uploads/10256841
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E.2. 3-body scattering

We use SIGMA3 to calculate the 3-body interaction cross-section between a binary and a single star. The three stars, Mel 34A,
Mel34B, and VFTS 590, appear in avarious configurations in the target binary and projectile incoming star.

We performed a total of 382104 3-body scattering experiments in order to determine the cross-section for accelerating Mel 34
and VFTS 590 to a minimum velocity of 27.6 km/s. We adopted orbital separations for Mel 34A and Mel 34B between 1 au
and 1500 au (in 10 equally separated logarithmic bins), and varied the incoming velocity from 7 km/s to 10 km/s with 1 km/s
increments. We conclude that it requires considerable fine-tuning to have VFTS 590 acquire its observed velocity, and preserved
angular momentum; the cross-section for this interaction is negligible small.

E.3. 4-body scattering

In four-body scattering experiments, we adopt that either two binaries interact or a triple interacts with a single star. One is
considered the target, and the other is the projectile. The cross sections are determined automatically using the procedure set out
for 3-body encounters, except that now the projectile may be a binary star with semi-major axis ap. The package for the 4-body
encounter cross-section determination is called SIGMA, and generalizes SIGMA3 [16].

A total of 344288 4-body scattering experiments were conducted for this study. These runs were used to further constrain
the most suitable parameters in the case that VFTS 590 would have been a binary companion before encountering Mel 34. The
semi-major axis of the target binary was varied between 2 au and 8 au (with constant increments of 1 au), and the projectile
binary between 2 au and 18 au (with constant increments of 1 au). The relative encounter velocity was varied between 3 km/s
and 18 km/s (with constant increments of 1 km/s).

From these calculations, we conclude that a four-body encounter cannot satisfactorily explain the observed velocities of
VFTS 590 and Mel 34, nor the orbital separation of the latter.

E.4. 5-body scattering

The most elaborate and complicated calculations are the 5-body encounters, for which we also use the SIGMA package [16]
from STARLAB [15]. For those, we focus on a target triple ((t11,t12),t2)) that interacts with a projectile binary (p1, p2).

We performed a total of 1,565,520 5-body scattering experiments distributed over 76 cross-section calculations for a range of
initial conditions. With the calculations, we pin-point the choice of initial conditions calibrated for the theoretical arguments set
out in main manuscript. These arguments are based on the conservation of energy before and after the dynamical interaction,
and the expected amount of energy released in the interaction (see eq. (1)). We further explore, as a free parameters, the relative
encounter velocity (venc) between 1 km/s and 13 km/s (see table E.II), and the orbit of the tertiary star (which is ill constrained
by the energetics, see table E.III). Once the optimal set of parameters for the pre-encounter configuration of the binary and the
triple are found, we perform performed an extra set of runs to study the sensitivity of the conditions. We perfomed 76 cross
section calculations for 5-body (binary-triple) interactions.

After constraining the parameters for the 5-body encounters, we focus on the interaction between a target triple and a projectile
binary. To limit parameter space, we assume that VFTS 590 has a mass of 50M⊙ Mel39B is 80M⊙ and the other stars are
130M⊙. We realize that the slight differences in mass between Mel 34A (139M⊙), Mel 34B (127M⊙), and Mel 39A (140M⊙)
are relevant for our calculations, but the simplification helps in acquiring a global understanding of the consequences of the
interaction, before constraining the specific masses of Mel34A, Mel34B, and Mel39A, which are rather similar in a dynamical
perspective.

After determining the cross sections, we realize scenario G is most promising, as explained in the main text. In order to
explore the effect of the incoming relative velocity, we adopt model G and calculate the interaction with a relative velocities of
1 km/s to 13 km/s. The results of these calculations are presented in table E.II.

To illustrate the sensitivity of the orbital separation for the two binaries, we present the results of cross-section calculations
for slightly wider systems. We rather arbitrarily adopted 10 au for the inner target binary, 100 au for the orbital separation of the
tertiary component, and 10 au for the projectile binary. The resulting cross-sections for the 7 configurations in which we can
distribute VTS 590 and Mel39B over the triple and binary are presented in table E.IV.

In figure E.II we present, for model G of table E.IV, the orbital separation and eccentricity for the runaway binaries for Mel 34,
Mel 39 after an interaction with initial (pre-encounter) orbital parameters somewhat wider than adopted in the main paper.
Comparing figure E.II with figure 3 illustrates the sensitivity of the initial orbital parameters to the relative orbital distributions
(in semi-major axis and eccentricity) of the final runaway binaries.
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id escaper (p1, p2) (p1, t11) (p1, t2) (p1, t12)
(VFTS 590)

A t2 0 0 – 0
B t2 0.61 0.15 – 0.11
C p2 – 0 0 0
D t12 0.75 0.25 0 –
E t2 0 0 – 0
F t12 0.54 0.29 0.18 –
G t2 0.83 0.17 – 0.06
H t12 0.75 0.17 0.08 –

TABLE E.I. Identification of the escaping star and relative outcome frequency for scenarios A till H for the encounter in which ain = 4 au,
aout = 40 au, aprojectile = 6 au. For an encounter velocity of venc = 7 km/s. Scenario G in which t2 escapes as a single and (p1, p2) as well
as (t11, t12) escape as binaries give the most probable outcome.

venc σ fesc,VFTS590 σrun Γesc,VFTS590 (p1, p2) (p1, t11) (p1, t12)
[km/s] [106 au2] [106 au2] [Myr−1]
1 34700 0.348 0.053 1840 0.85 0.95 0.05
3 1280 0.383 0.040 156 0.81 0.13 0.06
5 277 0.358 0.028 38.5 0.73 0.18 0.09
7 101 0.323 0.048 33.9 0.83 0.17 0.06
9 47.6 0.340 0.045 19.5 0.72 0.17 0.11
11 26.1 0.340 0.038 10.9 0.73 0.13 0.13
13 15.8 0.365 0.045 9.33 0.94 0.06 0.00

TABLE E.II. Cross section for scenario G but with varying the encounter velocity. Here we adopted the binary (t11,t12) to have a semi-major
axis of ain = 4 au, The initial tertiary t2 (that eventually escapes) orbits the target binary with a semimajor-axis of aout = 40 au. The projectile
binary (p1, p2), has a semi-major axis of 6 au. The first column gives the relative encounter velocity, followed by the cross section, and the
fraction of systems for which VFTS 590 escapes. The following columns give the cross section for VFTS 590 and the two binaries to acquire
a minimum runaway velocity of 27.6km/s, and the encounter rate associated with this cross section. The last three columns give the branching
ratios of the eventual surviving binaries with p1 as primary.

The relative probabilities for the 8 configurations for a triple-binary encounter are presented in table 1. We further specify the
interaction by calculating the relative frequency of each of the various branching ratios for the interactions for scenarios A to H
(see table E.I in section E). The encounters for model G (where VFTS 590 orbiting the target binary) is most probable, leading
to a rate of ∼ 27Myr−1, which is conveniently close to the observed rate of 24Myr−1 [see 1]. The most probable interaction
(in model G) is the preservation of both binaries (see table 1). .

It may seem that we rather quickly focus on the encounter between a 4 au and 6 au binary, but many parameters were varied
to constrain these parameters. We explored the inner target and projectile orbital separation between 2 au and 10 au (with
constant increments of 1 au), and the tertiary orbit between 30 au and 320 au (with constant increments of 10 au). The upper
limit corresponds to about half the semi-major axis for a hard-soft encounter in the R136’s cluster core. The relative velocities
ware varied between 1 km/s and 13 km/s (with constant increments of 1 km/s). Note that stars with a velocities > 7 km/s have
escape speed from the cluster core region.

Eventually, we adopt the most opportune result from the relative encounter velocity, and vary the orbital separation of the
tertiary star (VFTS 590). The results are presented in table E.III. The orbital separation of the tertiary star has only a minor effect
on the interaction cross-section, and on the other final orbital parameters of the two runaway binaries and the velocity of all three
runaways. It therefore remains hard to constrain the pre-encounter orbit of VFTS 590 around the binary Mel 39.

F. THE EVOLUTION OF THE RUNAWAY BINARIES

After being ejected from the R136 cluster, the two binaries, Mel 34 and Mel 39, continue to evolve, and Roche-lobe overflow
is inevitable for both. We continue their evolution assuming that they were not further perturbed by encounters with other stars.
We use the binary evolution code SeBa [18] to estimate the evolution of the two binaries, assuming that they were ejected at an
age of 1 Myr, and that they remain unperturbed for the rest of their lifetimes.
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aout σ fesc,VFTS590 σrun Γesc,VFTS590 (p1, p2) (p1, t11) (p1, t12)
(t11, t12) (p2, t12) (p2, t11)

[au] [106 au2] [au2] [au2] [Myr]−1

40 103 0.43 0.046 34 0.83 0.17 0.06
50 142 0.42 0.043 43 0.77 0.09 0.14
60 140 0.43 0.040 39 0.80 0.11 0.10
80 99 0.28 0.033 23 0.75 0.16 0.09

100 135 0.45 0.043 41 0.73 0.14 0.13
120 95 0.56 0.049 33 0.72 0.14 0.13
140 134 0.51 0.042 39 0.77 0.12 0.11
160 133 0.28 0.026 24 0.81 0.06 0.13
180 132 0.65 0.038 36 0.83 0.08 0.09
200 132 0.68 0.039 36 0.75 0.10 0.15
240 132 0.80 0.023 21 0.75 0.13 0.12

TABLE E.III. Branching ratios and cross-section for scenario G (t2 escapes) for the varying orbit of the tertiary star (VFTS 590) around the
inner binary (t11, t12). The inner target binary has an adopted semi-major axis of 4 au, while the projectile binary has a semi-major axis of 6 au.
The relative encounter velocity is 7 km/s. The first column gives the semi-major axis of the tertiary star (t2) around the target binary (t11, t12).
The following column gives the cross section for this interaction to happen. The next three columns give the fraction of systems, cross-section
and the rate for the escaper (VFTS 590) to acquire a runaway speed of at least 27.6 km/s. The last three columns give the branching ratios of
the eventual surviving binaries with p1 as primary.

id Encounter σ fesc,VFTS590 frun Γesc,VFTS590

[106 au2] [au2] [Myr]−1

A ⟨((t11, t12), t2), (Mel39B, VFTS 590)⟩ 132 0.003 0.000 0.00
B ⟨((t11, t12), VFTS 590), (p1, Mel39B)⟩ 144 0.502 0.008 7.56
C ⟨((t11, t12), Mel39B), (p1, VFTS 590)⟩ 134 0.001 0.000 1.25
D ⟨((t11, VFTS 590), t2), (p1, Mel39B)⟩ 231 0.174 0.002 284
E ⟨((t11, Mel39B), t2), (p1, VFTS 590)⟩ 148 0.002 0.000 1.62
F ⟨((t11, VFTS 590), Mel39B), (p1, p2)⟩ 290 0.128 0.003 263
G ⟨((t11, Mel39B), VFTS 590), (p1, p2)⟩ 281 0.492 0.042 977
H ⟨((Mel39B, VFTS 590), t2), (p1, p2)⟩ 296 0.141 0.004 296

TABLE E.IV. Cross sections for the 8 reduced cases for which we adopt Mel39B as a 80M⊙ star, and 50M⊙ for VFTS 590. All the other
stars are 140M⊙. Calculations are performed with a semi-major axis for the inner target binary of a = 10 au and an outer orbit of 100 au. For
the projectile binary, we also adopt 10 au. The relative encounter velocity is venc = 7 km/s. The first column identifies the scenario, explains
the second column. The third and fourth columns give the total cross section for this interaction and the fraction of cases in which VFTS 590
is ejected. The last two columns give the cross-section and rate for VFTS 590 to be ejected with a velocity of at least 27.6km/s.

Both binaries, Mel 34 and Mel 39 have quite a comparable evolution, which starts with two main-sequence stars in rather tight
and elliptic orbits. We illustrate the evolution of both binaries in fig. F.III, and indicate a few key phases by the letters A to D.
The shorthand notation notation, introduced in [18] can be written as

A B C D
(ms, ms) → (gs, ms)c → [gs, ms) → (WR, ms) → (bh, ms) → (bh, gs]c → {bh, gs} → (bh, WR) → (bh, bh) → {bh}.

The evolution starts with two main sequence stars, indicates as (ms,ms) in elliptic orbits (see lower panel in fig. F.III). In the
coming 3 Myr the orbits of both binaries circularizes (indicated with the subscript c), and the stellar winds causes the orbits to
widen. The primary star (indicated in the left hand side) ascends the giant branch (gs) just before its hydrogen envelope runs out,
and fills it’s Roche lobe (indicated in fig. F.III with the vertical dashed line and the letter A). Mass transfer from the primary star
(The Roche-lobe filling star is indicated in the short-hand notation with the square bracket) to the secondary. The primary, being
stripped of it’s envelope, becomes a naked helium star (WR) and collapses a some time later to a black hole (bh, indicated with
the letter B in fig. F.III). The first supernovae in Mel 34 and Mel 39 occur around the same time, and for clarity, is only indicated
in blue in fig. F.III. The secondary star subsequently, ascends the giant branch, circularizes the orbit, and commences into a
common envelope (indicated with braces, and the letter C in fig. F.III). The resulting tight binary is composed of the primary
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FIG. E.II. Orbital separation vs eccentricity for scenario G in which Mel 34 (grey shades, color bar to the right) and Mel 39 (contours,
overplotted in the right-hand color bar) for an interaction in which the inner target and the projectile binaries have an orbital separation of
10 au, whereas the tertiary star (VFTS 590) is 100 au. Note the four-times wider range in the x-axis compared to fig. 3. The red ellipsoid point
gives the observed orbital parameters for Mel 34 (its size is 4 standard deviations, twice the range as in fig. 3), and the vertical blue dotted line
gives the observed semi-major axis (assuming an 80M⊙ star for the secondary) for Mel 39.

black hole and the stripped core of the Roche-lobe filling giant. The resulting Wolf-Rayet star collapses into a black hole in a
supernova (indicated by the letter D in fig. F.III). If the binary survives (here we neglected natal kicks in the supernova, allowing
both binaries to survive the mass loss in the supernovae) the two black holes eventually merge into a single black hole due to the
emission of gravitational waves.

The orbital separation of the two black hole binaries, however, is too large, and their eccentricities too small to make the black
holes merge in a Hubble time due to the emission of gravitational waves.

ENERGY CONSUMPTION OF THIS CALCULATION

In the spirit of the energy consumption of our scientific endeavour [19], we report on our energy consumption for the calcula-
tions in this research. The calculations using STARLAB and AMUSE took about 2.9 · 107 core seconds. Runs are performed on
a 165 Watt 12-core Xeon E-2176M CPU with NVIDIA Quadro P1000 Max-Q GPU, totaling about 110 KWh. The origin of the
electricity was wind and solar.
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FIG. F.III. Orbital evolution of the two binaries Mel 34 (blue) and Mel 39 (red) after they have been ejected from the star cluster R136. The
top panel shows the evolution of the orbital separation, the bottom planet shows the eccentricity. We identify 4 distinct events in the binary
evolution, which are A: the onset of mass transfer, B: the first supernova, C: the initiation of the second phase of mass transfer, and D: the
second supernova at about 6 Myr (after which we stop the calculation). The letters correspond to the short-hand notation presented in the text.
Both binaries remain bound afterwards, but eventually (after many Hubble times) will merge due to the emission of gravitational waves.
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