
Figure 2: From left to right: distribution in semimajor axes, eccentricities, pericenter radii 
and inclinations with respect to the clockwise disk plane. The initial (light blue) objects 
distribution is compared to the new distribution of BHs (black line), NSs (orange line) and 
secondary stars (blue line). While NSs and secondary stars broaden their distributions due 
to the SN kicks, BHs tend to follow the pristine distribution in orbital parameters.

Context: The galactic centre (GC) is an excellent laboratory to study several 
extreme dynamical processes. Its vicinity (~8 kpc), combined with its extreme stellar 
density and with the presence of a 4 10⋅ 6 M  ⊙ super-massive black hole (SMBH, 
associated with the radio source SgrA*), make the GC a gold mine for the study of 
exotic events that can occur only in galactic nuclei. The GC has been extensively 
studied in the last years, but a plethora of questions are still unanswered. 

Aim: We want to investigate the role of supernova (SN) explosions occurring in GC 
binary stellar systems. We simulated a large set of stellar binaries orbiting the central 
SMBH, while the primary star undergoes a SN explosion. The associated kick 
reshuffles the orbit of secondary stars and SN relics: our aim is to study the resultant 
distribution of dark remnants in the  GC. In addition, we want to investigate whether 
the SN-kick origin can explain the orbits of stars belonging to the S-cluster(1), of the 
young magnetar recently observed in the GC and of the mysterious dusty objects G1 
and G2.

Method: We performed a suite of ~10k N-body simulations with a regularized 
code (Mikkola algorithmic regularization). Binaries are initially placed in the 
clockwise disk, the disky structure hosting young (<~6 Myr) stars observed between 
~0.04 and 0.13 pc from SgrA*.

Binaries break after the SN kick in most cases (~70%), and the two members scatter 
on a novel orbit. In figure 1 we show a particular case of a broken binary where the 
secondary star is scattered on a highly eccentric orbit and reaches a small pericentre 
radius, thus experiencing a close passage to the SMBH.

1)  The binary members exhibit a new density profile and show different orbital 
parameter and mass distributions depending on whether they are black holes (BHs), 
neutron stars (NSs) or secondary stars as can be seen in fig. 2 and 3.

2)   The mass distribution around ~0.1 pc resulting from our simulations is dominated by 
BHs (fig. 3); thus the stellar density at that scale may be dominated by a dark component 
that must be taken in account in the modelling of the GC. In addition, the produced BHs 
essentially follow the pristine distributions in the clockwise disk  and even SN kicks are 
not efficient in getting rid of the BH population (fig. 2, 3).

3)  NSs are lighter objects and receive a greater SN kick; the distribution of their orbital 
parameters broadens with respect to the initial one and they are unimportant in the 
distribution of mass at subparsec scales. They start to dominate over BHs only at scales 
larger than ~0.4 pc.

4)  Secondary stars broaden their distribution as NS and they are able to reach small 
separations from SgrA*. The third panel of fig. 4 shows that some orbits of stars 
belonging to the S-cluster and orbits of the objects G1 and G2 are possibly originated 
after the SN kick of a massive stellar companion.

In addition, our results give important clues on the stellar populations we expect to 
observe close to SgrA* with the Square Kilometer Array.
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Figure 1: Orbits of the binary components 
after the supernova explosion in a selected 
simulation. The black dotted line represents 
the original orbit of the binary system. The 
remnant (red line) settles on a similar orbit 
compared to the pristine one, while the 
secondary star (blue line) is scattered on an 
extremely eccentric orbit and passes really 
close to the SMBH (represented with a 
black cross).

Figure 3: Mass distribution of remnants 
resulting from our simulations. BHs (black 
dashed line) follow the initial distribution of 
mass (violet dotted line) and dominate over 
NSs (orange dashed line) and secondary 
stars (solid blue line) between ~0.02 and 
~0.4 pc from the centre. Secondary stars 
dominate in the inner region and can reach 
small separations from the SMBH. The 
slope of the line at the top represents the 
trend in density expected for a relaxated 
cusp around a SMBH.
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Figure 4: Scatter plot of the eccentricity vs the semimajor axis of the kicked objects. From left to right, we show the scatter plot for: (i) all 
simulated objects, (ii) SN remnants, (iii) secondary stars and (iv) stars with mass smaller than half the solar mass. In the third panel we 
superimposed the plot for stars belonging to the S-cluster (white dots), the G1  (green dot) and G2 (red dot) dusty objects. It has to be 
noticed that low mass objects (i.e. stars shown in the right-hand panel) tend to spread their distribution more easily since they have a 
lower inertia.
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