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ABSTRACT

Context. The stability of mass transfer through Roche-lobe overflow plays a key role in shaping the outcome of binary interactions.
However, the criterion for mass transfer stability remains one of the main open questions in the theory of binary evolution.

Aims. Our aim was to close this knowledge gap by developing a mass transfer stability criterion that accounts for mass and angular
momentum loss, and implemented it in the population synthesis code SEVN. We assessed its impact relative to the standard formalism
used in SEVN, using blue straggler stars and binary compact objects as illustrative cases.

Methods. We derived an expression for the response of the Roche-lobe radius to mass loss in the general case where the mass
and angular momentum of the system are not conserved. On the basis of this formulation, we constructed a new mass transfer
stability criterion that modifies the standard approach only through the Roche-lobe response term. We performed population synthesis
simulations with the SEVN code to explore the effects of the new stability criterion.

Results. The new criterion allows stable mass transfer in binaries with higher donor-to-accretor mass ratios, leading to an overall
increase in the predicted number of blue stragglers and promoting their formation in wider orbits. This contributes to reconciling the
differences between theory and observations. For binary compact objects, the impact of the new stability prescription varies across
system types, with the strongest effects occurring in binaries containing at least one neutron star. In particular, for low mass transfer
efficiency, the new prescription enhances the contribution of channels involving stable mass transfer and leads to a larger number of
systems, including gravitational wave progenitors.

Conclusions. The inclusion of a new, simple, yet more consistent prescription for mass transfer stability has proven that refining this

criterion can significantly improve our understanding of the formation channels of specific stellar populations.
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1. Introduction

The wide range of physical processes occurring in interacting
binary systems gives rise to multiple evolutionary pathways and
a rich variety of stellar outcomes and observable phenomena.
These interactions play a fundamental role in shaping the prop-
erties and evolution of stellar populations; therefore, studying
binary interactions is essential to understanding the formation
and evolution of these populations.

Among these interactions, one of the most important is mass
transfer (MT) through Roche-lobe overflow. The stability of this
process plays a pivotal role in determining the outcome of binary
evolution (see, e.g., Ge & Han 2024). If MT is unstable, the sys-
tem is thought to go through a common envelope (CE) phase

* Corresponding author: maite.echeveste@inaf.it

in which the loss of orbital energy leads to the shrinking of
the orbit and to the unbinding of the envelope. If the process
is efficient enough, the binary expels the CE and forms a tight
binary (Paczynski et al. 1976); otherwise, there is a merger (see,
e.g., Ivanova et al. 2013). On the other hand, stable MT leads to
detached configurations, and a fraction of the mass can be lost
from the system in such a process, removing angular momentum.
How much mass is successfully accreted by the accretor and how
much is lost from the system is under debate, and its determi-
nation constitutes one of the major observational and theoreti-
cal challenges in the study of interacting binaries (de Mink et al.
2007; Eldridge et al. 2008; Shao & Li 2014).

The stability of MT through Roche-lobe overflow depends
on how the radius of the donor star evolves relative to its Roche-
lobe radius (see, e.g., Equations 2 to 11 in Ge et al. 2010).
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For MT to remain stable, the donor’s radius must adjust to
mass loss without leading to a runaway increase of the Roche-
lobe overflow. While the response of the star’s radius to mass
loss depends on the stellar structure, how its Roche-lobe radius
reacts depends on the binary’s configuration and whether the
MT process occurs while conserving the total mass and angu-
lar momentum of the system (e.g., Soberman et al. 1997). Clas-
sical prescriptions used in population synthesis codes define
the transition between stable and unstable MT by assuming
that the Roche-lobe radius of the donor evolves under conser-
vative MT (Tout et al. 1997; Hurley et al. 2002). In this work,
we adopt the formalism derived in Echeveste & Escobar (2026)
and Escobar & Echeveste (2026), where an expression for the
response of the Roche-lobe radius to mass loss in the gen-
eral case of non-conservative MT was presented. An analogous
approach was adopted by Willcox et al. (2023) and implemented
in the binary population synthesis code COMPAS (Stevenson et al.
2017; Vigna-Gémez et al. 2018), a code built to simulate mas-
sive stellar binaries. They found that the fraction of systems that
undergo unstable MT and mergers depends on the stability crite-
ria and is governed by the angular momentum loss (AML) mode.
Building on this framework, we have developed a new prescrip-
tion to compute the stability criterion for Roche-lobe overflow
MT and implemented it in the population synthesis code SEVN'.
We investigate how our new formulation affects the stability of
MT by exploring different values of the MT efficiency and two
distinct modes of AML (either from the vicinity of the donor or
from the accretor star). We generate different sets of large pop-
ulations and use blue straggler stars (BSSs) and binary compact
objects (BCOs) as test cases to evaluate the effects of the new
prescription.

Population synthesis simulations provide a powerful tool for
investigating the properties of large stellar populations at any
time of their evolution and comparing them with observations.
This tool has been continuously growing during the past 20
years and has been applied in several research lines, such as
in the study of progenitors of gravitational wave (GW) sources
(Banerjee et al. 2010; Rodriguez et al. 2016; Chatterjee et al.
2017; Neijssel etal. 2019; Kremer etal. 2020; Riley et al.
2021; van Son et al. 2022; Costa et al. 2023; Picco et al. 2024;
Mestichelli et al. 2024), the effect of cluster dynamics on the for-
mation of binaries containing black holes (Eldridge & Stanway
2016; Belczynski et al. 2020; Olejak et al. 2021; Bavera et al.
2021; Chattopadhyay et al. 2021; Broekgaarden etal. 2021;
Torniamenti et al. 2022; Rastello et al. 2023; Marin Pina et al.
2024), double white dwarfs (Nelemans et al. 2001; Toonen et al.
2012; Breivik et al. 2018; Korol et al. 2020, 2022; Li et al.
2023), the spectral modeling of galaxies (Eldridge et al.
2017; Lecrog et al. 2024), and the formation of blue strag-
gler stars (e.g., Hurley etal. 2005; Geller & Mathieu 2012;
Leiner & Geller 2021).

Most population synthesis codes for binary evolution
are built on the basis of the prescriptions for stellar evo-
lution and binary processes by Hurley etal. (2000, 2002),
which are based on polynomial fits to stellar evolution
tracks computed by Polsetal. (1998). This method set
up a paradigm in which each code has been subse-
quently tailored according to each specific objective (e.g.,
BSE, Hurley et al. 2000, 2002; MOBSE, Mapelli et al. 2017,
Giacobbo & Mapelli 2018; STARTRACK, Belczynski et al. 2002,
2008; SEBA, Portegies Zwart & Verbunt 1996; Toonen et al.
2012; COMPAS, Riley et al. 2022; Rodriguez-Segovia & Ruiter

I https://sevncodes.gitlab.io/sevn/, version 2.16.0.
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2025; Rodriguez-Segovia et al. 2025; COSMIC, Breivik et al.
2020; BINARY_C, Izzard etal. 2004, 2006, 2009, 2018). In
recent years, a new paradigm has been developed, based
on the interpolation of modern stellar evolutionary tracks
on the fly. This approach enables the evolution of stars to
be computed with higher precision than traditional polyno-
mial fitting, while keeping the computational cost at a rea-
sonable level (e.g., Brussels code, De Donder & Vanbeveren
2004, COMBINE, Kruckow et al. 2018; METISSE, Agrawal et al.
2020, 2023; SEVN, Spera & Mapelli 2017, Spera et al. 2019,
Mapelli et al. 2020, Iorio et al. 2023; and POSYDON, Fragos et al.
2023, Andrews et al. 2024 and BPASS, Eldridge et al. 2017, both
of which also account for binary evolution by interpolating
detailed models). In particular, this new paradigm allows one to
easily explore and compare the predictions from different stellar
models by simply choosing the stellar tracks that come from the
corresponding detailed simulations.

SEVN is a public population synthesis code that interpolates
stellar evolutionary tracks on the fly. The current public release
includes evolutionary tables computed with MESA (Paxton et al.
2011, 2013, 2015), specifically the MIST tracks (Choi et al.
2016), as well as PARSEC tracks (Bressan et al. 2012; Chen et al.
2015) from the V2 dataset (Costa et al. 2025). In addition, SEVN
includes updated prescriptions for computing the outcome and
the effect of several binary processes, such as tides, supernova
kicks, rotation, mass transfer, and common-envelope evolution,
among others. A complete description of SEVN can be found in
Torio et al. (2023).

This paper is organized as follows. In Sect. 2 we present
the new stability criterion for MT through Roche-lobe overflow.
Sect. 3 describes the impact of this formulation on the popula-
tion of BSSs and binary compact objects generated with the code
SEVN. Finally, in Sect. 4 we elaborate on our conclusions.

2. Derivation of the mass transfer stability criterion
in the non-conservative case

The stability of MT is primarily determined by the response of
the donor star to mass loss and by how this response compares
with the variation of its Roche-lobe radius. For MT to remain
stable, the donor must avoid an ever-increasing overflow of its
Roche lobe; thus, its radius should not expand more rapidly (or
contract more slowly) than the Roche-lobe radius.

The star’s response to mass loss on a dynamical timescale
can be quantified through the adiabatic mass—radius exponent,
i.e., the change of radius of the donor needed to reach a new
hydrostatic equilibrium as a consequence of mass loss,

_ dlan
- dlnMd ad’

ad ey
where My and Ry denote the donor’ mass and radius, respectively
(e.g., Webbink 1985). This exponent reflects the internal struc-
ture of the donor and, in particular, the dominant energy trans-
port mechanism in the envelope: Convective envelopes generally
expand in response to mass loss, whereas radiative envelopes
contract.

The evolution of the radius of the Roche lobe with mass loss,
Ry 4, is described by

_ dlnRL,d
B dlnMd ’

&L @

which depends on the geometry of the binary (e.g., Webbink
1985). A comparison of the two indices provides the criterion for
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the stability of Roche-lobe overflow: MT is dynamically unsta-
ble when {1, > {,q and stable otherwise (see, e.g., Soberman et al.
1997; Ge et al. 2010).

Most population synthesis codes do not calculate {1 and {yq
on the fly but rather approximate this criterion with the defini-
tion of a critical mass ration ¢., above which MT is assumed to
be unstable. The main reason is that the Roche-lobe response is
controlled by the mass ratio ¢, and therefore the stability crite-
rion can be reformulated as a threshold in g.

The critical mass ratio g. that represents the limit between
stable and unstable MT used in SEVN is given in Hurley et al.
(2002). This ¢, takes different values according to the phase of
the donor star and is defined by {,q = {1, where {1 = {1.(q) =
2.13g — 1.67 (Tout et al. 1997), with ¢ = My4/M, and M, the
mass of the accretor. This expression for ¢ is deduced under
conservative assumptions, i.e., no mass nor angular momentum
is lost during the MT process, and therefore it depends only on
q.

Here, we derive a new expression for {1, that relaxes the con-
servative assumption. To do so, we used the same approxima-
tion for the Roche lobe used in Tout’s work and, therefore, in
Hurley’s calculation of ¢.. It is given by Eggleton (1983) and is
valid for 0.1 < g < 10:

0.33

R
~Ld 0441

p T+q02 ®)

where a is the semi-major axis. This approximation assumes the
Roche lobe to be a perfectly spherical surface.
Assuming the binary is circularized, the orbital evolution of
the system follows
J oa M M, Mg+ M.
20 =9y oM 4T M

—_, 4)
J a My M, My + M,

where My and M, are the mass-loss rate of the donor and the
accretion rate of the accretor, respectively, and J is the total
angular momentum. To describe non-conservative MT, we intro-
duce the parameters 8 and y (see, e.g., Pols 2018) as
Ma = _ﬂMdJ
i
Mo+ My M+ My

&)

hloss =

The parameter 8 measures the efficiency of the MT, with § = 1
being the conservative case. The matter that is not accreted is lost
from the system carrying away angular momentum. The quantity
hioss represents the specific angular momentum of the ejected
matter, defined as y times the specific angular momentum of the
binary?. Using these definitions, equation 4 can be written as

My My My ]
—=-2—|1-B—-(1- 1/2)——————|.
=B - -pr 1 ©)
Using Equations 3 and 6, we deduced the expression
8(q.B,y) == 1.67+2(1 - B)(y + 1/2)#
0.2(1 + gpB)
+¢B|2.33 - ——|, @)
? B+

which for 8 = 1 reduces to that of Tout et al. (1997).

2 Notice that the standard formalism in SEVN uses the reduced mass in
the definition of y (see appendix A4.2 in Iorio et al. 2023), same as in
Tauris & van den Heuvel (2023).

If the angular momentum is lost isotropically from the vicin-
ity of the accretor (usually referred to as isotropic re-emission),
then the specific angular momentum of the ejected matter is
hioss = a>w, where a, = aMy/(My + M,) is the relative orbit
of the accretor around the center of mass, and w is its frequency.
In this case,

My
Md + Ma

2
) VG(My + Mpa.

It can be shown that this case corresponds to y = g. Analogously,
if the mass is lost from the vicinity of the donor star (fast mode
or Jeans mode), it can be verified that y = q‘l. In this work, we
will consider these two AML modes.

Having introduced the relevant equations, we can now build
a criterion for the stability of the MT. To make a direct compari-
son with Hurley’s g., we used {yq:

®)

2
Ross = a,w = (

—0.1896, low mass MS,
472, MS, CHeB, HeMS,
6.85 HG
— b 2 9
£4=\zucs.  GB.EAGB, ®
0, HeHG,
-1/3, WD,

where MS is main sequence, HG is Hertzsprung-gap, GB is giant
branch, CHeB is core-helium burning, EAGB is early asymp-
totic giant branch, HeMS is naked-helium MS, HeHG is naked-
helium HG, and WD is white dwarf, as defined in Hurley et al.
(2000). For GB stars, we used the formula

laaos = —0.89894 + 0.71/(1 — mc), (10)
with m. the fraction of mass in the core. This expression is
deduced from the equation for g. given by Webbink (1988),
Hjellming & Webbink (1987).

For each donor evolutionary phase, the critical mass ratio g,
reported by Hurley et al. (2002) and Iorio et al. (2023) is derived
by equating the values of {,q in Equation (9) and (10) with the
analytic expression of (i (q) provided by Tout et al. (1997). In
previous versions of SEVN, these g. values are used to distin-
guish between stable and unstable MT. In what follows, we refer
to this implementation as the HW criterion, named after Hur-
ley and Webbink. Here, we design a different method to make
the distinction between stable and unstable MT: We directly
compare the value of {1.(gq,,y) in Equation 7 with the values
of £, in Equations 9 and 10. Then, in every time step, the
code performs this comparison and distinguishes between sta-
ble, i.e., £1.(q,8,Y) < lud»> and unstable MT, i.e., {1.(¢,B,7) > Laa-
In what follows, we refer to the stability criterion given by
lad = {1.(q, B, ) as the BD criterion, named after the idea of a 5-
dependent treatment. Notice that the difference between Hurley’s
prescription and the one we deduce here relies on the expres-
sion for {1, only, since the adopted values of {,q are implicit in
the Hurley’s g, values. In particular, for the conservative case,
the new implementation is equivalent to the HW criterion, since
Equation 7 reduces to that provided by Tout et al. (1997) when
B = 1. In the following sections, we will compare the BD with
the standard HW criterion. It is also worth pointing out that
the new BD implementation for the MT stability is more self-
consistent than the standard HW prescription, since it considers
the effect of 8 and 7y also in the MT stability, while the HW crite-
rion assumes conservative MT even when choosing 8 # 1 as an
input parameter. In addition, the BD implementation can easily
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Fig. 1. Value of ¢ as a function of mass ratio, g, and MT efficiency,
3, assuming AML from the vicinity of the accretor. A reference level
contour at 4.72, corresponding to the £ value for MS donors in the HW
formalism, is shown in red.

AML donor
20.0

17.5
15.0

12.5

0.2 0.4 0.6 0.8 1.0
B

Fig. 2. Same as Figure 1 but for AML from the vicinity of the donor.

take any other value of 4, and therefore it is more flexible to
future improvements on the calculation of these coeflicients.
Figures 1 and 2 show the values of {1.(¢,,7) as a function
of ¢ and S and fixed AML mode, i.e., from the vicinity of the
accretor and donor. The contour levels trace constant values of
{1, allowing us to quantify how the critical mass ratio g. varies
with 8 and to compare the HW and BD stability criteria. Recall
that MT is stable when {1.(g,8,7y) < {ag and unstable otherwise.
As an example, for MS donors with £,q = 4.72, the critical mass
ratio ¢, increases from 3 for § = 1 (corresponding to the HW
criterion) to ~3.6 for § = 0.1 if the AML is from the accre-
tor. If the AML is from the donor, ¢, increases to ~10 when
B = 0.26 and MT remains stable for lower values of 8. This
behavior reflects the dependence of the Roche-lobe response on
the angular-momentum loss mechanism, as a significant part of
the evolution of the Roche lobe depends on how fast the semi-
major axis shrinks as a response to the angular momentum leav-
ing the system to tether with the non accreted mass. Since in
most of the parameter space ¢ > 1, the donor is the more mas-
sive component and orbits closer to the binary barycenter, carry-
ing less orbital angular momentum than the accretor. As a result,
when mass is lost from the donor, only a small amount of angu-
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lar momentum is removed from the system and the semi-major
axis does not shrink significantly. In contrast, mass loss from the
accretor extracts a larger amount of angular momentum, leading
to a stronger orbital contraction and, consequently, lower values
of g.. In general, over a wide range of donor {4 values, the BD
stability criterion leads to higher g. values as 8 decreases (with
the exception of g < 0 in the donor AML case). As a con-
sequence, the HW criterion effectively provides a lower bound
on ¢., and population-synthesis studies based on this formalism
may overestimate the occurrence of unstable MT episodes.

3. Population synthesis with SEVN

The simulations were carried out using SEVN version 2.16.0,
modified to include the Roche-lobe overflow MT stability crite-
rion described in Sect. 2. Aside from the MT efficiency and the
angular momentum loss prescriptions, both of which are explic-
itly explored here, all other binary processes and parameters
were kept at their default values. Some of these are, e.g., equi-
librium tides (Hut 1981); circularization conserving the binary
angular momentum; Roche-lobe overflow formalism and winds
accretion by Hurley et al. (2002); the @ — A energy formalism for
the CE evolution (Hurley et al. 2002) with acg = 3 and A taking
the same values as in BSE and MOBSE (based on the Claeys et al.
2014 prescriptions, see Appendix 1.4 in Iorio et al. 2023); super-
nova kicks following Giacobbo & Mapelli (2020); GW decay
by Peters (1964); collision at periastron following Hurley et al.
(2002), which can produce a CE or a direct merger depending on
the stellar phases; and the delayed supernova explosion mecha-
nism (Fryer et al. 2012) with the correction for pair instability to
the remnant mass by Mapelli et al. (2020).

We have used different stellar evolution tracks to study the
formation of BSSs and BCOs. The main reason for this is that
the range of masses to explore in each case is different. In the
case of BSSs, low-mass stars are necessary to account for the
formation of these objects, and the MIST tracks from Choi et al.
(2016) provide better coverage of such stars. In this case, we use
the family of tracks which only includes tracks with metallici-
ties that have almost uniform Mzays coverage and also includes
tracks that do not reach the end of the AGB. For such incomplete
tracks, the envelope is manually stripped, setting the total mass
of the star to 1.02 times the mass of the He content. In the case
of simulations involving binary compact objects, we employed
the set of PARSEC tracks with overshooting parameter A = 0.5,
which includes stars with masses up to 600 M. For He stars, we
used the default PARSEC tracks.

The following subsections present simulations for two repre-
sentative test cases, based on BSSs and BCOs. For each case, we
first describe the specific setup of the simulations, followed by
the main results and their physical implications. This structure
allows us to highlight how the new stability prescription affects
different binary populations.

3.1. Blue straggler stars

Blue straggler stars are stellar objects historically identified by
their peculiar location in the color-magnitude diagram, brighter
and bluer than the turn-off point (Sandage 1953), a region
that stars evolved in isolation should not populate. It is widely
believed that these exotic objects are MS stars that acquired mass
after their formation, with binary MT and mergers two of the
possible formation channels usually considered (McCrea 1964;
Tian et al. 2006; Andronov et al. 2006; Chen & Han 2008a,b;
Knigge et al. 2009).
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In this section, we investigate how the formation of BSSs
is influenced by the adoption of the new MT stability criterion
(BD, as defined in Sect. 2). To isolate its impact, we compare
two sets of simulations that are identical in all aspects except
for the treatment of MT stability, where one employs the BD
prescription and the other the HW prescription. The simula-
tions were performed on an initial population of 10° binaries
in the zero-age main sequence (ZAMS) and with a metallicity
of Z = 0.014. Orbital periods and eccentricities were generated
following a uniform linear and logarithmic distribution, respec-
tively. The masses of both stars in the binary were drawn from a
Kroupa initial mass function (IMF, Kroupa 2001), with masses
from 0.7 to 10 M, and then randomly paired. The total mass of
the simulated binaries is 3.44 x 10°> M, which corresponds to
an effective total mass of 3.15 x 10% My, after correcting for the
incomplete IMF sampling?.

We performed a total of 36 sets of simulations, i.e., using
nine values of S (from 0.1 to 0.9 with a step of 0.1), two AML
modes (from the accretor and from the donor), and two MT sta-
bility criteria (BD and HW).

3.1.1. BSS results

We select BSSs from our simulations considering two possible
scenarios: 1) a BSS is the merger of two MS stars and is more
massive than the turnoff mass, and 2) a BSS is a MS star in a
binary system that has acquired sufficient mass to be more mas-
sive than the turnoff mass. We evaluate the formation of BSSs
at different ages (from 0.5 to 10 Gyr), selecting the turnoff mass
from the isochrones provided by the MIST tracks.

In what follows, we report the formation efficiency of the
BSSs found in both scenarios. The formation efficiency is
defined as

Npss
Mipop

, an

1BSS =

with Npss the number of BSSs in the simulation and M, the
effective total mass.

In the first scenario, all BSSs are formed through a direct
merger, i.e., without a prior CE. A small percentage of these
mergers originates from collisions, that is, when the sum of the
stars’ radii exceeds the periastron distance. In the rest of the
cases, the direct merger occurs when the primary MS star fills its
Roche lobe and initiates stable MT, causing the secondary star
to subsequently fill its own Roche lobe. The system ultimately
evolves into a contact binary composed of two MS stars, which
in SEVN is assumed to culminate in a stellar merger. Therefore,
this formation channel requires a stable MT to occur. Figures 3
and 4 show the formation efficiency of BSSs produced through
this channel. Note that the lighter-colored BD bars are plotted
behind the HW bars; thus, when the BD bar is not visible, it
indicates that both prescriptions produce the same number of
BSSs, while when it is visible, it shows the higher number of
BSSs obtained in the BD case. It is shown that there is almost
no difference between the number of BSSs produced under the
BD prescription and the HW one. This is because the mass ratios
at which this formation channel operates are well below 3. This

3 The correction factor is calculated as the ratio between the total mass
of the simulation, which in this case corresponds to an IMF integrated
between 0.7 and 10M,, and the mass of a complete population, which
we calculate as the integral of the IMF between 0.08 and 150M,. We
consider the IMF of one star independent from the other and assume a
binary fraction of 1.
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— 175
- il
= ﬁFﬁ al ﬂﬂﬂrﬂ U o
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Fig. 3. Formation efficiency of BSSs produced through the merger of
two MS stars (first scenario) as a function of the MT efficiency 8. Each
panel corresponds to a different age. Results obtained using the BD pre-
scription are shown in light purple, while those computed with the HW
prescription are shown in dark purple. In all cases, angular momentum
is assumed to be lost from the vicinity of the accretor.
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Fig. 4. Same as Figure 3 but for the case in which AML is from the

vicinity of the donor.

limit comes from the restriction in the maximum mass of the
stars imposed by the time they spend in the MS, combined with
the minimum mass in the simulations. The only age at which
there are differences between the BD and HW criteria is 0.5 Gyr,
where a larger number of BSSs are produced under the BD pre-
scription. This results from the fact that at this age donors can be
more massive, and therefore BSS progenitors have larger mass
ratios. As an illustration, Figure 5 shows the mass ratio as a func-
tion of the orbital period before merger for the BSSs formed
under the BD and HW criteria at 0.5 Gyr. The larger number of
BSSs obtained with the BD prescription occurs at g > 3, which
in this scheme corresponds to stable MT. Under the HW cri-
terion, these systems undergo unstable MT, which leads to the
disruption of the donor star and no accretion. This outcome fol-
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Fig. 5. Mass ratio as a function of orbital period prior to the formation
of BSSs via mergers at 0.5 Gyr. The left (right) panel corresponds to
AML from the accretor (donor) star. The vertical dashed line at ¢ = 3
corresponds to the upper limit at which MT is considered stable in the
HW criterion.

lows from the assumption that, because MS stars lack a clear
core-envelope separation, an unstable MT episode would cause
the entire donor to be rapidly engulfed within the Roche lobe
of the other star. Such a rapid event would prevent accretion,
leading instead to mass loss through the outer Lagrangian points
L, and L3. This qualitative scenario requires further investiga-
tion. It is worth noting that, had we instead assumed that these
systems always merge under unstable MT, no differences would
arise between the HW and BD criteria.

Figures 6 and 7 show the impact of the BD prescription
on the number of BSSs created in the second scenario at dif-
ferent ages. Figure 6 corresponds to the case in which angular
momentum is lost from the accretor, while Figure 7 shows the
same results when angular momentum is lost from the donor.
As seen in both figures, considering the MT efficiency on the
stability criterion has the consequence of increasing the amount
of BSSs or, in the least favorable cases, leaving it unchanged.
When AML occurs from the accretor, the BD criterion pro-
duces more BSSs than the HW criteria at low values of 3. The
difference gradually decreases at intermediate efficiencies and
becomes negligible at high S. This is simply because the larger
the MT efficiency, the more similar the BD and HW prescrip-
tions. Moreover, as shown in Figure 1, the increase in the critical
mass ratio g. with decreasing § is monotonic; consequently, the
enhancement of BSSs increases monotonically as 8 decreases. In
contrast, when AML occurs from the donor, the increase in the
number of BSSs is much more pronounced at small values of 3.
This can be understood because g. shows a rapidly accelerating
growth as 8 decreases, and for a low enough 8, g. does not even
exist, i.e., MT is always stable (see Figure 2). As {,q becomes
smaller (representative of giant stars), ¢, has a small variation as
B decreases, i.e., it is similar to g, in the HW prescription, turn-
ing abruptly larger at low values of 8. This variation between
the AML modes is reflected in the distribution of the increase in
the number of BSSs at different MT efficiencies. The differences
arising from the BD and HW prescriptions in this formation sce-
nario are analyzed in more detail below.

In the second scenario, the primary star fills its Roche lobe
and initiates MT onto the secondary MS star. As the donor
evolves through more advanced stages, the MT stability is eval-
uated at every time-step, and the difference between the HW
and BD prescriptions emerges, shaping the subsequent evolution
of the system. To illustrate this, we consider two representative
examples of BSSs formed at 4 Gyr, as shown in Figure 8. The
first corresponds to a system initially composed of a 1.78 Mg
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Fig. 6. Formation efficiency of BSSs in binary systems (second sce-
nario) as a function of the MT efficiency 8, with AML from the vicin-
ity of the accretor at different ages. The light teal bars indicate results
obtained with the BD criterion, whereas the dark teal bars show those
from the HW criterion.
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Fig. 7. Same as Figure 6 but in the case that AML is from the vicinity
of the donor.

primary and a 0.73 M, secondary in a 1.27 day orbit, evolved
with § = 0.5 and AML from the accretor. In this system, MT
starts with a stable Roche-lobe overflow event when the primary
star is in the MS, at the age of ~1.3 Gyr. At the age of ~2.1 Gyr,
the donor star leaves the MS and subsequently evolves to the
subgiant and giant branch. With the BD criterion, MT remains
stable and ceases at ~3.9 Gyr, leaving behind a He WD orbiting
a BSS in a 8.6 day orbit. In contrast, under the HW criterion,
the onset of the subgiant phase leads to a CE episode and ulti-
mately a merger. The different fates of these binaries relate to the
difference between the BD and HW criteria after the donor star
leaves the MS. A second example involves systems with AML
from the donor and low MT efficiency. One such case consists of
an initial 1.47 M primary and a 1.13 M, secondary in a 287 day
orbit, evolved with 8 = 0.2. Here, stable MT begins when the
donor is on the GB, at ~2.9 Gyr. With the BD criterion, the sys-
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AML from the accretor star and MT efficiency 8 = 0.5, while the right side corresponds to AML from the donor star and 8 = 0.2. The evolutionary

state of the systems at 4 Gyr are highlighted with boxes.

tem maintains stable MT until the donor starts burning helium
in the core. As the star ascends the asymptotic giant branch
and expands further, a second stable MT episode occurs, end-
ing when the donor becomes a carbon-oxygen WD and leaving
behind a BSS—-WD binary with an orbital period of ~414 days.
However, under the HW criterion, the GB donor cannot sustain
stable MT and a CE is formed, in which the accretor cannot gain
sufficient mass to exceed the turn-off value of the cluster. These
examples demonstrate that accounting for the MT efficiency in
the stability criterion can prevent premature CE phases or merg-
ers, allowing systems to undergo stable evolution and produce
BSSs in binaries that would otherwise fail to form under the
standard HW prescription.

We show the orbital period distribution of the BSSs in
Figures 9 and 10, distinguishing between those with WD com-
panions (in light blue for the BD criterion and a blue solid line
for the HW) from those with non-compact (MS, HG and GB
stars) companions (in light red for the BD criterion and a red
dashed line for the HW). At each age, we plot the BSSs formed
with all values of 8. Compared with the HW prescription, the BD
one favors the formation of BSSs in larger orbits, mainly in the
case of WD companions. If the AML is from the donor, this ten-
dency is more pronounced, with the longer period binaries being
those that undergo highly inefficient MT.

3.1.2. BSS discussion

MT in interacting binaries is believed to dominate the formation
of BSSs in sparse environments such as open clusters (Rain et al.
2024) and low-density globular clusters (Sollima et al. 2008),
and to be significantly important in denser environments such
as cluster cores (Knigge et al. 2009). In particular, high binary
discovery fraction have been found among BSSs in several
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7109 10! 102 10°
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Fig. 9. Histogram of the orbital period of BSSs with WD and non-
compact (NC) companions, with AML from the vicinity of the accretor
at different ages. Models with the BD criterion appear in solid colors:
blue for BSSs with WD companions and red for BSSs with NC compan-
ions. Models with the HW criterion appear as step-like lines: continuous
blue line for BSSs with WD companions and dashed red line for BSSs
with NC companions.

open clusters (Mathieu & Geller 2009; Geller & Mathieu 2011),
with orbital periods ranging from 700 to 3000 days. The com-
panion mass distribution and further far-ultraviolet analysis
(Geller & Mathieu 2012; Geller et al. 2015; Gosnell et al. 2015;
Pandey et al. 2021; Vaidya et al. 2022) suggest the presence of
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Fig. 10. Same as Figure 9 but in the case that AML is from the vicinity
of the donor.

WD companions to the BSSs, supporting binary interaction
where mergers are avoided as the formation channel for these
objects.

Using population synthesis with N-body simulations that
account for dynamical interactions, Hurley et al. (2005) and
Geller & Mathieu (2012) studied BSSs in the open clusters M67
(~4 Gyr old) and NGC 188 (~7 Gyr old) and found a discrep-
ancy between the number of objects formed in the simulations
and the number of BSSs observed, the simulated ones being
about a third of those observed. Tian et al. (2006) also stud-
ied the formation of BSSs in M67 and predicted only a few
objects formed via stable MT, far fewer than observed. In addi-
tion, their models have only very short orbital periods (less than
10 days). Leiner & Geller (2021) studied 16 open clusters with
ages ranging from 1 to 10 Gyr and showed that simulations per-
formed with the COSMIC rapid binary-evolution code dramati-
cally under-produce the number of BSSs. They concluded that
neither mergers nor collisions can fully account for these differ-
ences and suggested that MT from giant donors must be more
stable than typically assumed. Furthermore, short-period bina-
ries are easily reproduced by population synthesis, but longer
period systems are remarkably difficult to form (Nie et al. 2012;
Leiner & Geller 2021). Here, we have shown that a more con-
sistent treatment of MT stability has the effect of increasing the
number of BSSs at many ages and MT efficiencies, while also
favoring their formation in wider orbits. These results suggest
that this approach may help mitigate some of the discrepancies
between theoretical predictions and observations.

3.2. Binary compact objects

Here we focus on BCOs composed of two black holes (BHs),
two neutron stars (NSs), or a BH and a NS. They are poten-
tial progenitors of observed GW events if they merge within
the age of the Universe (e.g., Abbott et al. 2019, 2020, 2021;
Zackay et al. 2019; Nitz et al. 2020; Venumadhav et al. 2020).
The time-lapse between the formation of the binary at the ZAMS
and the merger event is referred to as the delay time. A system is
defined as a GW progenitor when its delay time is less than the
age of the Universe, for which we employ a value of 13.8 Gyr as
a reference (e.g., Planck Collaboration VI 2020).
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BCOs can form through isolated binary evolution, in which
massive binaries remain bound until both compact objects are
formed. The different evolutionary pathways that lead to the for-
mation of BCOs in this scenario are typically classified accord-
ing to the type of binary interactions that occur before and after
the formation of the first compact object. Following the classifi-
cation by Iorio et al. (2023) and Broekgaarden et al. (2021), we
define the following channels. Channel I: The system interacts
only through stable MT before the formation of the first compact
object, after which there is at least one CE phase. Channel II:
The system evolves only through stable MT episodes. Channel
III: Before the formation of the first compact object, the system
goes through at least one CE. In addition, at the moment of the
first compact object formation, the system is composed of one H-
rich star and one star without H envelope. Channel IV: Similar
to channel III but, at the time of the first compact object forma-
tion, both stars have lost their H envelope. Channel V: There are
no interactions before the formation of the first compact object.
Channel 0: There are no interactions at all.

In this section, we show the effects of the new BD prescrip-
tion on the formation of BCO and GW progenitors, distinguish-
ing between binary BHs (BBHs), binary NSs (BNSs), and BH-
NS binaries (BHNSs). The sample we produced for the analy-
sis consists of 107 binaries per each 8 = 0.1, 0.5, and 0.9, each
MT prescription (HW and BD), and each AML mode (from the
vicinity of the donor or the accretor star), for a total of 12 sets
of simulations. Each set is constructed following the Kroupa
(2001) initial mass function from 5 to 150 M, and the Sana et al.
(2012) prescriptions for the period, eccentricity and mass-ratio
at the ZAMS, which are based on observations of high-mass
O-type stars. Stars are initialized without rotation and in all
cases we have adopted a metallicity Z=0.014. At this metallic-
ity, Iorio et al. (2023) have shown that channel I is inefficient
in producing BBH GW progenitors, while channel II provides a
non-negligible contribution. On the other hand, for BHNS GW
progenitors, channel I has a small contribution and channel II
is negligible, while both channels are suppressed for BNS GW
progenitors. This implies that, in the HW prescription, channels
involving unstable mass transfer (i.e., channels I, III, and IV)
play an important role in the formation of BCO GW progeni-
tors. Therefore, this metallicity regime provides a good test case
to evaluate the impact of the new formalism, which tends to favor
more stable MT episodes.

The initial conditions account for a total simulated mass of
2.18 x 107 M, which corresponds to an effective total mass
Moy = 8.55 x 107 Mo*. The same list of initial conditions has
been used in all cases, including the adoption of the same seed
number for the supernova kick velocities (since it is randomly
sampled from a Maxwellian distribution), in order to measure
the differences caused only by the MT stability prescription, the
AML mode, and the value of 8. The evolution of the binaries is
simulated until the formation of the BCO, if it happens’. When a
BCO is formed, the time from its formation to the GW emission
(which we refer to as the fusion time) is calculated following
the high-precision analytic approximation which can be found in
Appendix D in Jorio et al. (2023). Thus, the delay time is com-

4 We computed this quantity taking into account the incompleteness
of the simulated IMF, period, and mass-ratio distributions, as well as
assuming a binary fraction of 1. The fraction of simulated mass in this
case is 0.255.

5 For the remaining cases, the stopping conditions are the disruption of
the binary and the evolution of a merger product until the formation of
a compact object.
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Fig. 11. Formation efficiency of BBH, BHNS, and BNS systems for different MT efficiencies (8 = 0.1,0.5,0.9) and stability prescriptions (BD
and HW). The left and right columns correspond to AML from the vicinity of the accretor and the donor, respectively. In each panel, all BCO
systems are shown to the left of the vertical dashed line, while GW progenitors are shown to the right.

puted as the time span between the ZAMS and the formation of
the BCO plus the fusion time.

3.2.1. BCO results

Figure 11 shows the formation efficiency nsco = Nsco/Mpop.
with Npco the number of each BCO type in the simulation. The
top, middle, and bottom row corresponds to BBH, BHNS, and
BNS systems, respectively. We consider angular momentum loss
from the accretor and the donor, three values of MT efficiency,
and two stability prescriptions (BD and HW). The vertical gray
line separates the full BCO population from the subset of sys-
tems classified as GW progenitors. For BBHs and BHNSs, the
formation efficiencies obtained with the BD and HW prescrip-
tions are largely similar, both for the general populations and for
the GW progenitors. In contrast, BNSs exhibit a generally higher
formation efficiency under the BD prescription at low values of
B, with the largest differences occurring when angular momen-
tum is lost from the donor. A similar trend is observed for BNS
GW progenitors, which are systematically produced more effi-
ciently in the BD case than in the HW one.

Figure 12 shows the relative fractions of the formation chan-
nels described in Sect. 3.2 for BBH, BHNS, and BNS systems
and the corresponding subset of GW progenitors. For each BCO
type, the relative fraction of a given channel is defined as the
number of systems formed through that channel divided by the
total number of systems. For GW progenitors, the relative frac-
tion is instead normalized to the total number of GW progenitors.
In the following, we refer to these relative fractions as channel
efficiencies.

For BBHs, the channel efficiencies obtained with the BD
and HW prescriptions are largely similar, with channels II and 0
dominating in all cases. The main difference is a modest increase
in the efficiency of channel II under the BD prescription, par-
ticularly when angular momentum is lost from the donor. For
BBH GW progenitors, channel II remains the dominant forma-
tion pathway, followed by channel I and, at higher MT eflicien-
cies, channel IV. In this case, the increase in the efficiency of
channel IT under the BD prescription becomes more pronounced.

In the case of BHNS, when angular momentum is lost from
the accretor, channel I is the dominant formation pathway under
both the HW and BD prescriptions, and the adoption of the BD
criterion mainly results in a moderate increased efficiency of
channel II. When AML proceeds from the donor, channel I dom-
inates under the HW prescription for all 8 values. For g = 0.5,
both channels I and II become more efficient with the BD pre-
scription, and channel I is still the dominant formation channel.
Instead, for highly non-conservative MT (8 = 0.1), channel II
becomes dominant, increasing from 0.08 to 0.74, while channel
I is strongly suppressed and channel III disappears. A similar
behavior is found for BHNS GW progenitors. When AML is
from the accretor, channels involving stable MT (I and II) gen-
erally increase at the expense of CE-dominated channels when
considering the BD prescription. If AML is from the donor,
channel I remains dominant at 8 = 0.5 and 0.9, while channel
II becomes more efficient at 8 = 0.1 than channel I.

For BNS, channels III and IV are more important than for the
BHBH and BHNS systems, reflecting the central role of CE evo-
lution in the production of these systems. For intermediate and
high MT efficiencies, changing the stability prescription does not
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Fig. 12. Relative fractions of BBH, BHNS, and BNS systems across formation channels (see Sect. 3.2), for different MT efficiencies (8 =
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shown to the right.

lead to substantial differences, except for the case with 8 = 0.5
and AML from the donor, where the efficiency of channel IV
increases at the expense of channel 0. In contrast, for highly non-
conservative MT (8 = 0.1), the increased stability of MT signifi-
cantly alters the channel efficiency. In this regime, the efficiency
of channel I rises markedly, more than doubling when AML is
from the accretor and increasing from 0.15 to 0.86 when AML is
from the donor. A similar trend is found for BNS GW progeni-
tors, with the difference that channel 0 is completely suppressed.
While channels III and IV are the main contributors for interme-
diate and high 3, channel I becomes more important at 5 = 0.1,
with its efficiency rising from 0.01 to 0.32 if AML proceeds from
the accretor and to 0.53 if AML is from the donor.

Figure 13 shows the ZAMS mass ratio, gzams, and semi-
major axis, azams, of BBH, BHNS, and BNS progenitors formed
under the BD and HW prescriptions, for the case 8 = 0.1 and
AML from the donor. We show this case because it is the one
in which the differences between the BD and HW prescriptions
are most pronounced. For BBHs, we have shown that the effi-
ciency of channel Il increases, while the total number of systems
remains essentially unchanged (showing a moderate increase of
GW progenitors in the case of the BD prescription). This is
reflected in the distribution of gzams and azams, Which differ
especially at small values of azams, where the BD prescription
produces a larger number of BBH GW progenitors. In the case
of BHNS progenitors, the BD prescription leads to the substitu-
tion of channel I with channel II as the main formation channel,
and an overall increase in the number of systems formed. This
is accompanied by a shift of the distribution maximum toward
lower values of gzams and azams. In addition, the region of
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the parameter space above log(azams/Re) =~ 2.7 that is popu-
lated under the HW prescription becomes nearly devoid of pro-
genitors when the BD criterion is adopted. This indicates that
systems which would form BHNS progenitors under the HW
prescription instead evolve into different types of binaries when
the BD stability criterion is applied. For BNS progenitors, we
have shown that the BD prescription produces an even more dra-
matic reorganization of the formation channels. Channels III and
0 are largely replaced by channel I as the dominant formation
channel, leading to a pronounced increase in the total number
of systems formed. This transition is accompanied by a substan-
tial change in the distribution of initial conditions. Under the
HW prescription, most BNS progenitors originate from systems
with log(azams/Ro) =~ 3.5, whereas in the BD case, progeni-
tors are preferentially drawn from orbits roughly two orders of
magnitude tighter. The strong concentration toward low values
of azams naturally explains the enhanced formation efficiency of
BNSs in the BD scenario, as the initial condition distributions
populate this region more densely. As in the BHNS case, but
more markedly, many systems that form BNS progenitors under
the HW prescription instead evolve into different outcomes when
the BD criterion is adopted.

3.2.2. BCO discussion

Several studies investigate the relative contribution of differ-
ent formation channels to the formation of BCOs. Channels
involving at least one CE phase have previously been iden-
tified as the dominant evolutionary pathways to form BBH
(e.g., Bavera et al. 2021; Roman-Garza et al. 2021). However,
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Fig. 13. Mass-ratio and semi-major axis joint distributions at ZAMS
for BBH (top panel), BHNS (middle panel), and BNS (bottom panel).
Left panel: BD prescription. Right panel: HW prescription. The color
scale represents the joint probability density distribution, normalized
such that the integral over each panel is unity. Colors range from low
(dark) to high (light) density.

Olejak et al. (2021) found a significantly larger contribution
from stable MT channels, and explicitly showed that the rela-
tive importance of the different channels is highly sensitive to
the adopted MT stability criteria, even finding the emergence of a
dominant formation scenario for BBH GW progenitors without a
CE phase. Similarly, Dorozsmai & Toonen (2024) identified the
stability of MT as a key factor in increasing the relative impor-
tance of stable MT channels, while Broekgaarden et al. (2021)
found that channel II dominates over channel I for BHNS GW
progenitors, a result that can be traced back to the adopted sta-
bility prescriptions and MT efficiencies tested in their work.
There is also an ongoing tension between theoretical pre-
dictions and GW observations, where MT stability contributes
as one of the main sources of uncertainty. Several studies have
suggested that population synthesis models may overestimate
the occurrence of CE events, or alternatively, that stable MT
may play a more prominent role in BBH formation than pre-
viously expected (e.g., Pavlovskii et al. 2017; Giacobbo et al.
2018; Neijssel et al. 2019; Olejak et al. 2021; Bavera et al. 2021;
Marchant et al. 2021; van Son et al. 2022), and that this could
partially contribute to the apparent excess of merging BBHs pre-
dicted by these models when compared with GW merger rates
inferred by observations (e.g., Boesky et al. 2024; Sgalletta et al.
2025; Marinacci et al. 2026). Moreover, detailed stellar struc-
ture calculations tend to favor stable MT (e.g., Ge et al. 2010,
2015, 2020, 2024a), reinforcing the idea that CE events may
be over-predicted on population synthesis calculations. Recently,

Li et al. (2025) used MOBSE simulations that include chemically
homogeneous evolution and found that the low-mass peak of the
observed BBH mass distribution (~10 M) can be reproduced
through either CE evolution or stable MT depending on the
adopted stability criterion, while the high-mass peak (~35 M)
is attributed to the chemically homogeneous evolution channel.
Notably, their predicted merger rates span nearly a factor of six
across models, underscoring how sensitively population-level
observables respond to these choices. In this context, our finding
that the BD formalism systematically shifts the balance toward
stable MT channels reinforces the need for a careful treatment
of MT stability in population synthesis studies, and motivates
future work with SEVN aimed at characterizing how this stability
shift propagates into the BBH merger-rate density as a function
of BH mass. Together, these results highlight the central role of
the treatment of MT stability.

Our results support this emerging picture by showing an
enhanced efficiency of formation channels involving stable MT
when adopting a more self-consistent stability criterion. By
increasing the parameter space in which MT remains stable,
our prescription naturally favors channels dominated by stable
MT, bringing population synthesis predictions closer to those
obtained from detailed stellar-evolution calculations and poten-
tially helping to alleviate existing discrepancies with observa-
tional constraints.

4. Summary and conclusions

The primary goal of this work is to investigate the impact of a
more self-consistent treatment of MT stability. To this end, we
have developed a new formalism for the stability of MT through
Roche-lobe overflow that explicitly accounts for the loss of mass
and angular momentum. In this first implementation, we con-
sider two modes of angular momentum loss, namely from the
vicinity of the accretor or the donor star, such that the resulting
stability criterion depends on the mass ratio of the binary and on
the efficiency of the mass transfer, which is parametrized by £.
This new S-dependent stability criterion enables systems with
larger mass ratios to undergo stable MT, as the critical mass
ratio below which MT is stable increases as 8 decreases. We
have implemented this new formalism on the population syn-
thesis code SEVN and used BSSs and BCOs as representative test
cases to exemplify the impact of the new prescription on the evo-
lution of interacting binaries.

In the case of BSSs, the new stability criterion enhances
their formation efficiency and favors the production of systems
in wider orbits compared to the standard stability formalism.
This behavior arises because, in our simulations, BSSs form
predominantly through stable MT. In particular, systems with
the widest orbits are those that undergo inefficient but stable
MT while the donor is on the GB. These results point in the
right direction, since previous studies have reported discrepan-
cies between population synthesis predictions and observations,
including an underproduction of BSSs and difficulties in forming
systems with long orbital periods.

In the case of BCOs, the effect of the new stability pre-
scription varies between different types of systems. This reflects
the fact that the relative importance of the formation channels
involving CE evolution and stable MT differs among BCO pop-
ulations. The most significant differences are found in bina-
ries containing at least one NS, especially for low values of
B and when angular momentum is lost from the donor, where
the new criterion leads to higher formation efficiencies com-
pared to the standard prescription. Our results show that the BD
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prescription generally favors evolutionary channels involving
stable MT. In particular, the BD prescription favors channel II for
BBHs and BHNSSs, and favors channel I for BNSs. The changes
are more pronounced at low MT efficiency and AML from the
donor, where the formation of GW progenitors is also affected.
These results should, however, be interpreted in the context of
the broader parameter space governing BCO formation, which
includes additional uncertainties such as supernova kicks and CE
parameters, and therefore they represent a first, non-exhaustive
exploration. In particular, recent studies have provided improved
prescriptions for the envelope binding energy (Xu & Li 2010;
Loveridge et al. 2011) and tighter constraints on the CE ejec-
tion efficiency (Zorotovic & Schreiber 2022; Scherbak & Fuller
2023; Geetal. 2022, 2024b) based on detailed stellar evolu-
tion models, both of which may significantly affect the rel-
ative importance of different formation channels. In addition,
there is a strong dependence of channel efficiencies on metal-
licity (see, e.g., Klencki et al. 2020, 2021; Iorio et al. 2023).
Our new formalism, which will be soon available in the pub-
lic code SEVN, will make it possible to carry out compre-
hensive population studies of BCOs, allowing us to explore
the impact of MT efficiency across an extended parameter
space.

In future work, we plan to further refine the description of
Roche-lobe overflow MT by incorporating a more detailed treat-
ment of the donor’s response to mass loss. As discussed in
Sect. 2, the stability of MT critically depends on the adiabatic
response of the donor, {,q, which in this work has been approxi-
mated by fixed values for each evolutionary phase. A more real-
istic description of this response, computed at solar metallicity
and provided in tabulated form by Ge et al. (2015, 2020, 2023,
2024a), would naturally complement the 5-dependent formalism
for {; presented here, leading to a more self-consistent criterion
for MT stability.

In addition, the efficiency of MT and the way in which angu-
lar momentum is lost from the system remain major uncertain-
ties, both of which have a strong impact on the binary evolution.
A crucial aspect concerns the amount of material and angu-
lar momentum the accretor can gain when it approaches its
critical rotation. Some studies suggest that if tidal forces are
strong enough, the accretor can spin down, enabling a higher
MT efficiency. Within this framework, short-period binaries
would experience higher MT efficiency, while long-period sys-
tems would undergo highly non-conservative MT (Wang et al.
2022). Furthermore, the interaction between the accretor and
the accretion disk may allow accretion to continue beyond the
critical rotation limit by transporting angular momentum out-
ward through the disk (Popham & Narayan 1991). Ultimately,
relaxing the assumption of fixed MT efficiency and exploring its
dependence on the orbital period would represent a natural next
step toward a more realistic description of Roche-lobe overflow
MT.

In this work, we have considered two modes of AML,
namely isotropic re-emission and the Jeans mode. However,
SEVN also includes a third prescription in which the ejected mate-
rial forms a circumbinary disc and extracts additional angular
momentum from the system, potentially leading to further mod-
ifications of the stability boundaries derived here. The impact
of this mechanism on the stability of MT and on the resulting
binary populations remains to be explored.

In conclusion, we have shown that a more self-consistent
treatment of the MT stability criterion can have a significant
impact on binary population synthesis results, affecting the for-
mation and properties of both BSSs and BCOs.
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