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Abstract. Recent observations suggest ongoing planet formation in the innermost parsec of
our Galaxy. The super-massive black hole (SMBH) might strip planets or planetary embryos
from their parent star, bringing them close enough to be tidally disrupted. We investigate the
chance of planet tidal captures by running three-body encounters of SMBH-star-planet systems
with a high-accuracy regularized code. We show that tidally captured planets have orbits close
to those of their parent star. We conclude that the final periapsis distance of the captured planet
from the SMBH will be much larger than ∼ 200 AU, unless its parent star was already on a
highly eccentric orbit.
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1. Introduction

Recent radio continuum observations suggest
the presence of photoevaporating protoplane-
tary disks in the innermost ∼ 0.1 pc of the
Galactic Center (GC, Yusef-Zadeh et al. 2015),
very close to the super-massive black hole
(SMBH). Mapelli & Ripamonti (2015) showed
that rogue planets are too faint to be observed
in the GC with current facilities, unless their
near-infrared luminosity is enhanced by photo-
evaporation combined with tidal disruption in-
duced by the SMBH.

A protoplanetary origin has been suggested
for the dusty object G2, which has been ob-
served orbiting the SMBH on an highly eccen-
tric orbit (e ∼ 0.98) with very small periapsis
(a ∼ 200 AU, Gillessen et al. 2011): Murray-
Clay & Loeb (2012) proposed that G2 is a low-

mass star with a proto-planetary disk, while
Mapelli & Ripamonti (2015) suggested that the
properties of G2 are consistent with a planetary
embryo tidally captured by the SMBH.

In this proceeding, we study the possibil-
ity that planets and protoplanets are tidally cap-
tured by the SMBH.

2. Methods

We ran 104 simulations of a three-body hier-
archical system composed of a SMBH, a star
and a planet initially bound to the star. We
use a fully regularized N-body code that im-
plements the Mikkola’s algorithmic regulariza-
tion (Mikkola & Tanikawa, 1999). The orbit
of the star around the SMBH is modeled fol-
lowing the properties of the stars in the clock-
wise (CW) disk, the stellar disk observed at



706 Trani et al.: Planetary dynamics in the GC

−60 −40 −20 0 20 40 60

A.U.

−60

−40

−20

0

20

40

60
A
.U
.

STAR

PLANET
ESCAPE

Fig. 1. Planet trajectory in the reference frame that
corotates with the star in one of our simulations.
The SMBH position is always along the negative
x−axis. Blue line: planet trajectory. Blue triangle:
initial planet position. Blue cross: planet position at
the time the planet becomes unbound with respect
to the star. Green star: star position.

∼ 0.1 pc from the SMBH (Do et al., 2013;
Yelda et al., 2014). We assume the initial orbit
of the planet around the star is circular (with
semi-major axis ∼ 10− 100 AU), coplanar and
prograde with respect to the star orbit. More
details about our simulations will be provided
in Trani et al., in preparation.

3. Results and conclusions

Figure 1 shows the trajectory of one of the
simulated planets. The planet completes sev-
eral orbits around the star, even if its motion
is strongly perturbed by the tidal field of the
SMBH. As the star approaches its periapsis,
the planet is tidally captured by the the SMBH.

Figure 2 shows the cumulative probabil-
ity map of finding an unbound planet in the
semi-major axis – eccentricity phase space. No
planet can match the orbits of the G2 cloud.
In particular, none of the simulated planets can
achieve a highly-eccentric orbit. In fact, the
closest periapsis passage of an unbound planet
in our simulations is 1750 AU, a factor of ∼ 9
larger than the periapsis passage of the G2
cloud.

a
p

la
n

et
 [

p
c]

0.02

0.03

0.04

0.05

0.06

0.07

0.08

eplanet

0 0.2 0.4 0.6 0.8 1

Fig. 2. Cumulative probability map of semi-major
axis and eccentricity of the simulated planets. Red
cross: G2 cloud. Cyan dotted line: inner edge of the
CW disk.

We speculate that perturbations from other
stars in the disk may bring planets into nearly-
radial orbits. In forthcoming studies we will in-
vestigate the effect angular momentum trans-
port and scatterings with other stars on the dy-
namics of planets in the disk.
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