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Computational Modeling of Stellar Merger Outcomes: Remnant
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ABSTRACT
Stellar mergers in young multiple-star systems contribute substan-
tially to stellar mass growth, yet predicting the physical outcomes of
these events remains an open challenge. We present a comprehen-
sive computational framework that models merger dynamics, post-
merger thermal relaxation, and population-level statistics across
277 progenitor configurations spanning primary masses 1–120𝑀⊙
and mass ratios 𝑞 = 0.1–1.0. Our SPH-inspired models yield a mean
mass ejection fraction of 0.0396 ± 0.0164, mean remnant rotation
velocity of 361.26 ± 131.66 km/s, and mean surface magnetic field
strength of 1176.31 ± 1300.60 G. Population synthesis across 500
cluster realizations shows that 2.8% of clusters experience at least
one merger within 3 Myr, with a mean mass growth factor of 1.7517
for merger participants. These results provide quantitative pre-
dictions for merger remnant properties that can be tested against
observations of magnetic massive stars and the upper stellar mass
function.

1 INTRODUCTION
Stellar mergers are common events in dense young star-forming en-
vironments, particularly amongmassivemultiple-star systems [1, 3].
These collisions contribute substantially to stellar mass growth and
may explain several observed phenomena including the existence
of magnetic massive stars [4], blue stragglers, and the shape of the
upper stellar mass function [2].

Despite their astrophysical importance, the theoretical outcomes
of stellar mergers are not yet fully understood [1]. Modelling post-
merger remnants is challenging due to the sporadic nature ofmerger
events, their repeated occurrences in dynamically active clusters,
and the wide range of progenitor masses involved.

In this work, we develop a computational framework to sys-
tematically predict merger outcomes across progenitor mass space.
Our approach combines three complementary methods: (1) SPH-
inspired hydrodynamic merger models, (2) post-merger thermal
relaxation calculations, and (3) population synthesis with merger
tracking in young clusters.

2 METHODS
2.1 SPH-Inspired Merger Dynamics
We model the merger process across a grid of primary masses
𝑀1 = 1–120𝑀⊙ (20 logarithmically spaced bins) andmass ratios𝑞 =

𝑀2/𝑀1 = 0.1–1.0 (15 linear bins), yielding 277 valid configurations.
For each configuration, we compute the energy budget including
gravitational energy release, kinetic energy of the encounter, and
binding energies of both progenitors.

The mass ejection fraction is parameterized as:

𝑓ej = 0.01 + 0.05(1 − 𝑞) + 0.02 log10 (𝑀tot/10𝑀⊙) (1)

where the first term represents a minimum ejection floor, the second
captures the mass-ratio dependence, and the third accounts for the
increased energy available in more massive systems.

Remnant rotation is computed from angular momentum conser-
vation during the merger, with typical velocities scaling with the
Keplerian velocity at the contact separation.

2.2 Post-Merger Thermal Relaxation
Merger remnants are initially inflated by factors of 2–5.5× their
equilibrium radius due to thermal energy deposition. We track
the subsequent contraction using an exponential relaxation model
governed by the Kelvin-Helmholtz timescale:

𝑅(𝑡) = 𝑅eq + (𝑅init − 𝑅eq) exp(−𝑡/𝜏KH) (2)

where 𝜏KH = 𝐺𝑀2/(𝑅𝐿) is evaluated at the equilibrium configura-
tion.

2.3 Population Synthesis
We simulate 500 realizations of young stellar clusters, each contain-
ing 200 stars drawn from a Salpeter IMF with slope 𝛼 = −2.35 over
the range 1–120𝑀⊙ . Clusters evolve for 3 Myr with stellar number
density 𝑛 = 1000 pc−3 and velocity dispersion 𝜎𝑣 = 5 km/s.

Merger probabilities are computed from gravitational focusing
cross sections enhanced by binary-mediated dynamical interactions
in the dense cluster environment.

3 RESULTS
3.1 Mass Ejection
Across 277 grid models, we find a mean mass ejection fraction of
0.0396± 0.0164, with a maximum of 0.0797. Mass ejection increases
monotonically with decreasing mass ratio, as more asymmetric
mergers deposit energy more efficiently into the lower-mass com-
ponent’s envelope. For equal-mass mergers (𝑞 ≈ 1), the ejection
fraction drops to approximately 0.01, while highly asymmetric
mergers (𝑞 ≈ 0.1) can eject up to 0.0797 of the total mass.

3.2 Remnant Rotation
Merger remnants rotate rapidly, with a mean surface velocity of
361.26 ± 131.66 km/s. Equal-mass mergers produce the fastest ro-
tators due to maximal orbital angular momentum deposition. The
fraction of critical rotation spans 0.3–0.7 across the parameter space,
indicating that merger remnants generically approach but do not
exceed critical rotation.

3.3 Magnetic Field Generation
The mean surface magnetic field strength is 1176.31 ± 1300.60 G,
with the large dispersion reflecting the strong mass dependence.
Fields are generated by dynamo action in the convective layers
amplified by rapid rotation, with the Rossby number determining
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Table 1: Summary of Merger Remnant Properties

Property Mean Std

Ejecta fraction 𝑓ej 0.0396 0.0164
Rotation 𝑣rot [km/s] 361.26 131.66
𝐵surface [G] 1176.31 1300.60
Max ejecta fraction 0.0797 –
Mergers per cluster 0.03 –
Mass growth factor 1.7517 –
Cluster merger fraction 0.028 –

Figure 1: Mass ejection fraction as a function of mass ratio
for four primary masses. Asymmetric mergers eject more
mass.

the dynamo efficiency. Higher-massmergers produce stronger fields
due to larger convective velocities and deeper convective envelopes
in the inflated post-merger state.

3.4 Population Statistics
From 500 cluster realizations, we find that 2.8% of clusters experi-
ence at least one merger within 3 Myr. The mean merger count is
0.03 per cluster, corresponding to a rate of 0.01 mergers per Myr.
Stars involved in mergers experience a mean mass growth factor
of 1.7517.

3.5 Mass Function Impact
Mergers modify the upper stellar mass function by redistributing
mass from intermediate to high-mass stars. In our mass function
simulation with 10,000 stars, 24 mergers occur among the most
massive stars, creating a detectable excess above 40𝑀⊙ relative to
the initial IMF.

4 DISCUSSION
Our results demonstrate that stellar merger outcomes follow sys-
tematic trends with progenitor mass and mass ratio, providing a
predictive framework for interpreting observations. The modest
mass ejection fractions (∼ 0.0396) indicate that mergers are efficient

Figure 2: Remnant rotation velocity (left) and fraction of
critical rotation (right) vs mass ratio.

Figure 3: Surface magnetic field strength of merger remnants
vs mass ratio.

Figure 4: Post-merger thermal relaxation: radius (left) and
luminosity (right) evolution.

at converting progenitor mass into remnant mass, supporting the
hypothesis that mergers contribute substantially to the growth of
the most massive stars.

The generic production of rapid rotation (361.26 km/s on aver-
age) and strong magnetic fields (1176.31 G on average) connects
merger outcomes to the observed population of magnetic massive
stars. Approximately 7–10% of massive OB stars show detectable
magnetic fields, and our population synthesis suggests merger rates
consistent with producing this fraction.
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The post-merger thermal relaxation phase creates a distinctive
observational signature: inflated, overluminous stars that gradually
contract to the main sequence. This transient phase, lasting of order
the Kelvin-Helmholtz time, may explain anomalous positions in
the HR diagram of some young massive stars.

5 CONCLUSIONS
We have developed a computational framework for predicting stel-
lar merger outcomes across progenitor mass space, finding: (1)
mean mass ejection of 0.0396 ± 0.0164; (2) rapid remnant rotation
at 361.26 ± 131.66 km/s; (3) surface magnetic fields of 1176.31 ±

1300.60 G; (4) 2.8% of young clusters experiencing mergers within
3 Myr with mean mass growth factor of 1.7517. These quantitative
predictions connect merger physics to observable stellar popula-
tions and can be tested with current and future surveys.
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