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1Grupo de Investigaciǿn en Relatividad General (GIRG), Universidad Industrial de Santander, A.A 678, 680002 Bucaramanga, Colombia.
1ICRANet, P.zza della Repubblica 10, I–65122 Pescara, Italy.

Keywords: gamma-ray burst, stars: accretion discs, stars: Neutron, supernovae

Corresponding author: laura.becerra7@correo.uis.edu.co

T he binary-driven hypernova (BdHN) model proposes
an explanation for long gamma-ray bursts (GRBs)

associated with type Ic supernovae (SNe). In this model, a
binary system comprising a carbon-oxygen (CO) star and a
neutron star (NS) companion undergoes various physical
episodes, triggered by the core collapse of the CO star. This
collapse leads to a SN explosion, forms a newborn NS (𝜈NS)
at its center and produces an accretion process on the 𝜈NS
and the NS companion at super-Eddington rates. Using
hydrodynamics simulations, we determine the maximum
orbital period of the initial CO-NS binary that can stay
bound after a BdHN event, resulting in NS-NS or NS-BH
binaries. This provides insights into the outcomes of such
cataclysmic events in binary systems.
We used the SN-SPH code (Fryer et al., 2006) to follow

the evolution of the binary stars (the 𝜈NS and the NS
companion) as the SN material expands. The simulations
start when the SN shock front reaches the CO’s outer
radius. The 𝜈NS and NS, treated as point masses, interact
gravitationally with SN ejecta particles and each other,
while they can accrete additional particles from the SN
ejecta (see Becerra et al. (2019) for more details of the
simulations).
We perform simulations with a CO star coming from

a progenitor with 𝑀zams = 25𝑀⊙ and a 2𝑀⊙ and a
1.4𝑀⊙ NS companion. At collapse , the CO star leaves
a 1.85 𝑀⊙ 𝜈NS and ejects about 4.99 𝑀⊙ through the
SN explosion. The code tracks the position and velocity
evolution of all the SN ejecta particles as well as the point-
mass particles. In order to determine whether the system
remains gravitationally bounded, we compute the total
energy of the 𝜈NS-NS system as:

𝐸 = 1
2

𝑀𝜈ns𝑀ns
𝑀𝜈ns +𝑀ns

|𝑣𝜈ns − 𝑣ns|2 −
𝐺𝑀𝜈ns𝑀ns
|𝑟𝜈ns − 𝑟ns|

, (1)

where (𝑀𝜈ns, 𝑟𝜈ns, 𝑣𝜈ns) and (𝑀ns, 𝑟ns, 𝑣ns) are the mass,
vector position and velocity of the 𝜈NS and the NS
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Figure 1. Longest initial binary period for which the outcome
binary after a BdHne event remains bounded in function of the
SN energy. The horizontal dotted lines represent the minimum
period for the system, defined as the minimum binary separation
at which there is no Roche-Lobe overflow before the SN explosion.

companion, respectively. If the total binary energy becomes
negative, 𝐸 < 0, the remnant systems of a BdHNe event
remain gravitationally bounded. Then, the CO-NS initial
systems with the longest initial binary period, 𝑃orb,max ,
is the one that makes 𝐸 = 0.0. Figure 1 shows the
relation between 𝑃orb,max and the SN energy, 𝐸sn. There is
a maximum SN energy that will lead to bounded systems,
otherwise, all binary systems will remain unbounded
regardless of the initial binary period. The minimum SN
energy is about 5.97 × 1050 ergs and 6.64 × 1050 ergs for the
1.4 𝑀⊙ and 2 𝑀⊙ NS companion, respectively.
The final bounded systems will be compact binary

systems (NS-NS or NS-BH), which will eventually merge
through the emission of gravitational in 104 to 109 yrs.
BdHNe I produces a series of rapidly merging NS-BH
binaries that give rise to ultrashort gamma-ray flashes
(U-GRFs) (Fryer et al., 2015).

40–41

https://doi.org/10.22201/ia.14052059p.2026.60.44


“X
V

II
LA

R
IM

”,
M

on
te

vi
de

o,
U

ru
gu

ay
,N

ov
em

be
r2

7
-D

ec
em

be
r1

,2
02

3.
Vo

lu
m

e
E

di
to

rs
:

G
on

za
lo

Ta
nc

re
di

,C
ec

ili
a

M
at

eu
&

Ju
an

Jo
sé

D
ow

ne
s

Becerra et al. On the formation of NS-NS and NS-BH binaries from binary-driven hypernovae

References
Becerra, L., Ellinger, C. L., Fryer, C. L., Rueda, J. A., &
Ruffini, R. 2019, ApJ, 871, 14, doi: 10.3847/1538-4357/aa
f6b3

Fryer, C. L., Oliveira, F. G., Rueda, J. A., & Ruffini, R. 2015,
Phys. Rev. Lett., 115, 231102, doi: 10.1103/PhysRevLett.
115.231102

Fryer, C. L., Rockefeller, G., &Warren, M. S. 2006, ApJ, 643,
292, doi: 10.1086/501493

41

http://doi.org/10.3847/1538-4357/aaf6b3
http://doi.org/10.3847/1538-4357/aaf6b3
http://doi.org/10.1103/PhysRevLett.115.231102
http://doi.org/10.1103/PhysRevLett.115.231102
http://doi.org/10.1086/501493

