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ABSTRACT

Context. Several enigmatic dusty sources have been detected in the central parsec of the Galactic Center. Among them is X7, located
at only ∼0.02 pc from the central super-massive black hole, Sagittarius A* (Sgr A*). Recent observations have shown that it is
becoming elongated due to the tidal forces of Sgr A*. X7 is expected to be fully disrupted during its pericenter passage around 2035
which might impact the accretion rate of Sgr A*. However, its origin and nature are still unknown.
Aims. We investigated the tidal interaction of X7 with Sgr A* in order to constrain its origin. We tested the hypothesis that X7 was
produced by one of the observed stars with constrained dynamical properties in the vicinity of Sgr A*.
Methods. We employed a set of test-particle simulations to reproduce the observed structure and dynamics of X7. The initial con-
ditions of the models were obtained by extrapolating the observationally constrained orbits of X7 and the known stars into the past,
making it possible to find the time and source of origin by minimizing the three-dimensional separation and velocity difference
between them.
Results. Our results show that ejecta from the star S33/S0-30, launched in ∼1950, can to a large extent, replicate the observed
dynamics and structure of X7, provided that it is initially elongated with a velocity gradient across it, and with an initial maximum
speed of ∼600 km s−1.
Conclusions. Our results show that a grazing collision between the star S33/S0-30 and a field object such as a stellar mass black hole
or a Jupiter-mass object is a viable scenario to explain the origin of X7. Nevertheless, such encounters are rare based on the observed
stellar dynamics within the central parsec.

Key words. Galaxy: center – Stars: winds, outflows – Stars: Wolf-Rayet

1. Introduction

The Milky Way Galactic Center (GC) harbors the closest super-
massive black hole (SMBH) to Earth: Sagittarius A* (Sgr A*),
which has a mass of 4.3×106 M⊙ at a distance of 8.3 kpc (GRAV-
ITY Collaboration et al. 2022). This fact makes it a unique lab-
oratory to study the detailed orbital motion of the stellar and
gaseous components in the vicinity of a SMBH (see Genzel et al.
2010; Ciurlo & Morris 2025, for a review). Over 30 years of
near-infrared (NIR) observations have enabled the monitoring of
hundreds of stars with high precision (Schödel et al. 2002; Ghez
et al. 2003, 2008; Gillessen et al. 2009, 2017; von Fellenberg
et al. 2022), and even to test successfully the predictions of Gen-
eral Relativity (e.g. Do et al. 2019a; Amorim et al. 2019; GRAV-
ITY Collaboration et al. 2020). Currently, there are 195 stars
with constrained orbits within the central parsec (von Fellenberg
et al. 2022). Many of them correspond to B-type stars (Eisen-
hauer et al. 2005), and tens of O-type and Wolf-Rayet (WR) stars
which have significant mass loss in the form of winds (Paumard
et al. 2006; Martins et al. 2007; Habibi et al. 2019). Over the
last decade, a lot of attention has been put on the dusty sources
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known as G objects that coexist with the stars in the vicinity of
Sgr A* (e.g. Ciurlo et al. 2023). Despite long observation cam-
paigns and theoretical efforts, their nature remains unknown (see
Mapelli & Gualandris 2016; Ciurlo et al. 2020, for a review).

Gillessen et al. (2012) discovered the gaseous and dusty
source G2 moving on a highly-eccentric orbit towards Sgr A*.
Initially, the source was interpreted as a purely gaseous object
with a total mass of merely 3M⊕. Its observed tidal interaction
over timescales of the order of years attracted attention due to the
potential effect on the quiescent accretion state of Sgr A*. How-
ever, there was no clear observed enhancement on the activity
of Sgr A* in X-ray (Bouffard et al. 2019) but a bright flare in
the near-infrared in 2019 could potentially be attributed to it (Do
et al. 2019b; Paugnat et al. 2024). Over the years, many objects
of similar characteristics were observed in the central 0.1 pc, in-
creasing the population of G objects up to ten (e.g. Pfuhl et al.
2015; Witzel et al. 2017; Ciurlo et al. 2020; Peißker et al. 2020,
2024b). Many of them show extended emission of the Brγ re-
combination line at 2.1661 µm and point-source emission in the
L′ band at 3.776 µm. None of them show obvious hints for the
presence of a stellar object within the extended source. As a re-
sult, theoretical efforts have focused on constraining their true
nature, especially of G2. But no consensus has been reached on

Article number, page 1 of 14

ar
X

iv
:2

50
4.

15
33

7v
1 

 [
as

tr
o-

ph
.G

A
] 

 2
1 

A
pr

 2
02

5

https://orcid.org/0009-0009-4193-3724
https://orcid.org/0000-0002-9019-9951
https://orcid.org/0000-0002-3833-8520
https://orcid.org/0000-0003-1965-3346
https://orcid.org/0000-0001-5800-3093
https://orcid.org/0000-0002-6753-2066
https://orcid.org/0000-0002-3289-5203
https://orcid.org/0000-0003-3230-5055
mailto:wasifshaqil@gmail.com
mailto:calderon@mpa-garching.mpg.de


A&A proofs: manuscript no. main

Fig. 1: Schematic representation of the three hypotheses for the origin of X7 studied in this work: (a) X7 formed from a stellar wind
of a star during an episode of high mass loss such as a LBV phase. (b) X7 as the ejecta from a stellar merger via the Eccentric Kozai
Lidov (EKL) mechanism, where G3 is the merger product due to similar orbital motion. (c) X7 as the ejecta from a collision of a
star with a field object such as a stellar mass black hole or a Jupiter-mass object. Bear in mind that the representations are not to
scale.

its nature and origin yet. The main debate is focused on whether
G2 is a purely gaseous cloud or harbors a compact (stellar) ob-
ject. In the former, it has been suggested that G2 could be a
gas clump formed in stellar wind collisions (Burkert et al. 2012;
Calderón et al. 2016), the result of a slow wind from a Luminous
Blue Variable (LBV) star (Burkert et al. 2012), or a nova outburst
from the partial tidal disruption of a giant star (Meyer & Meyer-
Hofmeister 2012), among others. In the latter, G2 has been hy-
pothesized as an evaporating circumstellar disk (Miralda-Escudé
2012; Murray-Clay & Loeb 2012), a proto-planet (Mapelli & Ri-
pamonti 2015), a mass-losing low-mass star (Ballone et al. 2013;
De Colle et al. 2014; Valencia-S. et al. 2015; Ballone et al. 2016,
2018), the product of a stellar merger (Witzel et al. 2014; Prodan
et al. 2015; Ciurlo et al. 2020), or a young stellar object (YSO;
Peißker et al. 2024b). Moreover, Peißker et al. (2024a) also argue
for binaries within the G object population.

In this region at a separation of ∼0.5′′(∼0.02 pc) from
Sgr A*, the source X7 has been observed to be interacting tidally
with the central black hole. Although X7 has certain similarities
with the G objects, e.g. it is an extended source made out of gas
and dust, it is much larger, reaching ∼3300 au in 2021 whereas
G-objects are of the order of ∼100 au. It was reported for the
first time by Clénet et al. (2004) and since then it has been rou-
tinely monitored by several groups (Mužić et al. 2007; Peißker
et al. 2020, 2021; Ciurlo et al. 2023). Initially, it was thought to
be a bow shock but recent observations suggest a morpholog-
ical deviation from that picture (Ciurlo et al. 2023). Recently,
Peißker et al. (2021) proposed that X7 is a circumstellar enve-
lope of the star S50/S0-73 as they were close in earlier observa-
tions. However, Ciurlo et al. (2023) argued against that hypothe-
sis by revealing that there is a significant three-dimensional spa-
tial and dynamical separation between them. Additionally, they
calculated that the pericenter passage of X7 is estimated to take
place around 2035. If X7 is a purely gaseous and dusty source,
we will be able to witness the tidal disruption of this object by
Sgr A* and consequently enhanced accretion activity of Sgr A*.
An alternative scenario has been proposed recently by Peißker
et al. (2024b), which suggests both X7 and a similar dusty fea-
ture called X3 correspond to YSOs. Nevertheless, the nature of
X7 is still unknown and observational and theoretical efforts are
ongoing to unravel its mystery.

In this work, we present a study to constrain the origin of
X7. We work under the assumption that the source is purely

gaseous and dusty, and therefore its age is less than its orbital
period of 200 years. We present a set of test-particle simulations
and analytical estimates to study how likely it is that X7 was
related to any of the stars in the central parsec of the GC. Our re-
sults show that the current observations of X7 are consistent with
the source being the ejecta resulting from a grazing collision be-
tween the S-star S33/S0-30 (an early B-type star) and a field ob-
ject such as a stellar-mass black hole or a Jupiter-mass object. It
has been suggested that X7 could be connected to the G object
G3 (Ciurlo et al. 2023), because of the remarkable alignment of
their orbits. However, we find that they are most likely not con-
nected since, provided the age of X7 to be less than 200 yrs,
they show significantly different orbital phases even consider-
ing the large associated uncertainties. This article is organized
as follows: in Section 2, we present the properties of X7 as well
as the three hypotheses for its formation studied in this work.
Section 3 contains the details of the calculations, methods and
the numerical setup for testing the hypotheses. In Section 4, we
present the results from our analysis and simulations. Section 5
discusses the implication of our results for understanding the ori-
gin of X7. Finally, we summarize and conclude this study in Sec-
tion 6. Throughout this paper, we used MBH = 4.3× 106 M⊙ and
R0 = 8.3 kpc, where MBH and R0 are the mass of Sgr A* and the
distance to it from Earth (GRAVITY Collaboration et al. 2022).

2. Hypotheses for the origin of X7

X7 has been monitored continuously since 2002 with telescopes
at the W. M. Keck Observatory (Ciurlo et al. 2023) as part of
the Galactic Center Orbits Initiative (GCOI; PI: Andrea Ghez).
The data traced the dust thermal emission – through images in
L′-band (3.776 µm) obtained with the imager NIRC2 - and the
gas emission through the Br-γ hydrogen recombination line ob-
served with the integral field spectrograph OSIRIS (Larkin et al.
2006). These observations have shown that the size of X7 has
nearly doubled from L ∼ 2000 au in 2003 to L ∼ 3300 au in
2021. Additionally, it was possible to fit a Keplerian orbit to its
forward tip, revealing a semi-major axis of 4800 ± 1100 au and
an eccentricity of 0.34 ± 0.05 (Ciurlo et al. 2023). Under the as-
sumption that it is a purely gas and dust feature, a total mass
of ∼50 M⊕ was derived using the observed Br-γ flux. Then, it
is straightforward to estimate that the ratio between the derived
and Roche densities (the critical density to remain intact against
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Fig. 2: Three-dimensional separation and relative velocity between stars and X7 as a function of time are shown in the left- and
right-hand side panels, respectively. The two stars closest to X7; S14/S0-16 and S33/S0-30 are shown. The case S14/S0-16-X7 is
displayed as a dotted blue line while S33/S0-30-X7 is represented as a dashed green line. The calculations are shown in the time
period 1800-2050 and 1900-1950 for the left and right panels respectively.

tidal forces of the SMBH) of X7 is very small (∼10−5). This
shows that its self-gravity is negligible provided that no compact
source is associated to it. Based on this, its age is constrained to
be less than its orbital period (∼200 yr), as otherwise the tidal
forces would have already destroyed it.

Under the assumption that X7 is only made out of gas and
dust, we propose and study three hypotheses to explain its origin.

– First, X7 could be the result of a mass outflow from a massive
star going through a high mass-loss episode such as a Lumi-
nous Blue Variable (LBV) phase. This scenario is plausible
since the central parsec hosts hundreds of O- and B-type stars
(e.g. Paumard et al. 2006; Martins et al. 2007; Habibi et al.
2019).

– The second hypothesis conceives X7 as ejecta from a binary
merger process. This case is supported by the fact that the
sources G3 and X7 could be considered dynamically linked
as they move on very similar orbits and share common ob-
servational properties (see Ciurlo et al. 2020, 2023). In this
scenario, G3 would be the merger product and X7 the mass
ejecta from the Eccentric Kozai-Lidov (EKL; Kozai 1962;
Lidov 1962; Naoz 2016) induced merger process.

– Third, X7 could be ejecta from a grazing collision of a star
with a field object such as a stellar-mass black hole or a
Jupiter-mass object (Ciurlo et al. 2023). Here, X7 would be
the stripped material unbound from the star during the col-
lision. This is plausible as the stars in the GC are expected
to undergo multiple stellar collisions due to the high stellar
density (Genzel et al. 1996; Dale et al. 2009). Moreover, the
central parsec should contain a large population of stellar-
mass black holes due to dynamical mass segregation (Morris
1993; Freitag et al. 2006).

Schematic representations of the hypotheses are shown in Fig-
ure 1.

3. Analysis

Regardless of the hypothesis considered, all of them have in
common that X7 would be related to a stellar source in the re-
gion. Hence, as a first step we proceed to investigate which stars

could be linked to X7 based on their dynamics. It is to be noted
that, when we mention the orbit of X7, we refer to the orbit of
its tip (Ciurlo et al. 2023). Once we find the best star candidate
to be related to X7, we simulate the dynamical evolution of a
cloud of test particles launched from the position and time of
the closest encounter. In this section, we describe in detail these
calculations.

3.1. Correlation with stars in the Galactic Center

First, we analyzed whether X7 is related to one of the stars in the
vicinity of Sgr A*. Thus, we searched for stars that were close
simultaneously in space and time from X7 by tracing their or-
bits back in time into the past. To do so, we assumed that the
orbits have not changed significantly in the last 200 years. This
is a reasonable assumption since the dominant gravitational field
is due to Sgr A*. Currently, there are 36 stars with fully con-
strained orbital parameters and 159 stars with constrained orbits
but incomplete orbital solutions (z-coordinate missing) (von Fel-
lenberg et al. 2022). Following the MINECC method in Cuadra
et al. (2008), we looked for the minimum eccentricity possible
for each of the 159 stars and considered the corresponding value
of z in order to model their orbits. By doing so, we have a total
of 195 stars with orbits for our analysis.

We traced back their orbits for the period 1800−2024 and se-
lected the stars having the closest three-dimensional distance to
X7 at some point during this time. To select the best candidates,
we chose that the three-dimensional distance of closest approach
must be <1000 au, and their relative velocities at that time had
to be <1000 km s−1. Following this procedure, we found two
stars: S14/S0-16 and S33/S0-30, both of which have fully de-
termined orbital solutions (von Fellenberg et al. 2022). Figure 2
shows the three-dimensional separation (left panel) and relative
velocity (right panel) of these two stars with respect to X7 as a
function of time during the period 1800 − 2050. In the case of
S14/S0-16 (dotted blue line), the closest approach to X7 was in
∼1905 at a separation and a relative velocity of ∆r ∼727 au and
∆v ∼760 km s−1, respectively. In the case of S33/S0-30 (dashed
green line), the shortest distance was ∆r ∼ 610 au and the rela-
tive velocity ∆v ∼ 505 km s−1 in the year ∼1947. It is to be noted
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Fig. 3: Hammer projection of the orientation of the angular momentum vectors of the stars with full (orange star symbols) and in-
complete (sky-blue star symbols) orbital solutions. The vertical dimension represents the inclination of the orbit i and the horizontal
dimension represents the longitude of the ascending node Ω. A face-on star in a clockwise orbit will be at the top of the hammer
projection and an edge-on star will be at the equator. The bottom half shows the counter-clockwise orbits. S14/S0-16, S33/S0-30,
X7, and G3 are shown as teal, magenta, blue, and green star symbols, respectively.

that other assumptions to constrain the missing z coordinate of
the stars with incomplete orbits were explored. Specifically, we
sampled all possible values of z compatible with the observa-
tional constraints and found no other candidate that satisfied the
criteria.

As a next step, we inspected the angular momentum direc-
tion of the candidate stars and X7. Figure 3 is a Hammer pro-
jection that shows the orbital angular momentum direction for
all stars in our sample as well as the sources X7 and G3 (Ciurlo
et al. 2020, 2023). The stars with completely determined orbits
are shown as orange star symbols while the rest of the 159 are
displayed as sky-blue star symbols. S14/S0-16, S33/S0-30, X7,
and G3 are highlighted as teal, magenta, blue, and green star
symbols, respectively. Notice that S14/S0-16 has a very differ-
ent angular momentum orientation compared to both X7 and G3,
whereas S33/S0-30 is much closer to X7 and G3 in the Hammer
projection. In principle, this points to S33/S0-30 being a more
promising candidate for being related to X7. Despite some stars
having similar angular momentum orientation to X7, it is im-
portant to bear in mind that they have a large minimum three-
dimensional separation to X7 (> 6000 au), so they are unlikely
to be related. Gillessen et al. (2009, 2017) have characterized the
star S33/S0-30 as an early-type star that is part of the S-star clus-
ter. Unfortunately, we are not aware of additional information on
this star.

3.2. Test-particle simulations

We model the evolution of a cloud represented with test particles
launched from the position and time of the closest encounter be-
tween S33/S0-30 and X7. First, we describe the numerical setup
and technique. Then, we calculate the initial conditions for the
simulations such as initial velocity, direction, radius, and shape
of the cloud.
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Fig. 4: Three-dimensional separation ∆rtip and relative velocity
∆vtip between the tip of the simulated cloud and X7 in 2021 as a
function of the magnitude of initial velocity |vej| of the simulated
cloud. The solid blue and dashed orange lines represent ∆rtip and
∆vtip, respectively. Notice that both quantities have a minimum
at |vej| ∼ 612 km s−1.

3.2.1. Numerical Setup

The simulations considered the dynamical evolution of a cloud
represented with test particles under the influence of the gravita-
tional field of Sgr A*. The equations of motion were integrated
numerically using a leapfrog algorithm with a timestep that is a
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Table 1: Summary of the results of our simulations using differ-
ent initial configurations. All starting from the initial position of
S33/S0-30 in 1947, and running till the present time. The uncer-
tainties are 1σ deviations from the mean based on 10000 simu-
lation runs.

Sim ID Nruns Nparticles ∆rtip ∆vtip
(au) (km s−1)

spuniform 10000 10-10000 116±8 42±6
spGaussian 10000 10-10000 250±21 102±6
Ellipsoidal 10000 10-10000 50±21 22±6

small fraction of the circular orbital time scale at separation R,

∆t = C

√
R3

GMBH

where R is the radial distance of the particle to the location of
Sgr A*, MBH is the mass of the SMBH, G is the gravitational
constant, and C is the prefactor which is set to C = 0.01 for accu-
racy. We have applied an adaptive time-stepping scheme where
the minimum timestep ∆t out of all the particles at each iteration
is considered. The initial position of the cloud was set to the po-
sition of S33/S0-30 in 1947. Then, it is only necessary to specify
the size of the cloud and its initial velocity.

3.2.2. Initial velocity

To find the initial velocity of the cloud, we calculated the veloc-
ity required for ejecta from the position r of S33/S0-30 in 1947
to achieve the same observed specific angular momentum l of
the tip of X7. To do so, we solved the following equation to find
vX7(t = 1947),

lX7 = rS33/S0-30(t = 1947) × vX7(t = 1947) (1)

This corresponds to a system of linear equations obtained that is
not independent, so a unique solution is not possible. However,

for each value of vz there are unique values of vx and vy. The
components vx and vy can be obtained from the below equations,

vx = −

[
442 +

( vz

1.8 km s−1

)]
km s−1, (2)

vy =

[
699 +

( vx

1.6 km s−1

)]
km s−1. (3)

Then, we sampled a wide range of values for vz from
−10000 km s−1 and 10000 km s−1 with a step size of 1 km s−1.
In this way, the velocity magnitude will be of the same order as
the typical velocities of the stars in the GC. To select the opti-
mal initial velocity and its direction, we selected the velocities
that minimize the three-dimensional separation and relative 3D
velocity between the tip of the simulated cloud and the observed
tip of X7 in 2021, which are represented as ∆rtip and ∆vtip, re-
spectively. Figure 4 shows ∆rtip and ∆vtip as a function of the
magnitude of the initial velocity |vej| in 1947. It is important to
remark that only a zoomed version of the region around the min-
ima is shown. Here it is possible to observe that an initial velocity
of ∼ 612 km s−1 minimizes both the ∆rtip and ∆vtip.

For a range of vz, between (−40 < vz < −30) km s−1, the
optimal range of components of initial velocity, having an initial
velocity magnitude of ∼ 610 km s−1, is between

(−426 < vx < 420) km s−1 & (433 < vy < 436) km s−1 (4)

By optimal, we mean that the separation of the tip of the sim-
ulated cloud and the observed tip of X7 (∆rtip) is less than 175
au (∼21 mas), which falls within the margin of error in the 2021
observations from Ciurlo et al. (2023).

3.2.3. Cloud structure and size

We investigated the cases of a spherical cloud uniformly sam-
pled, a spherical cloud sampled following a three-dimensional
Gaussian distribution, and an ellipsoidal cloud uniformly sam-
pled. Here we focus on the case of the ellipsoidal cloud as it gave
the most relevant results. We refer the reader to the Appendix A
to see the results of the spherical cloud cases. In the ellipsoidal
cloud case, we set up a cloud with N particles that are uniformly
distributed along a length of L = 200 au, with the semi-major
axis a = L/2. There is negligible dependency on the other two
semi-major axes (b and c), as long as they are less than a. More-
over, for each particle, we set the polar angle 0◦ < θ < 90◦ and
the azimuthal angle 0◦ < ϕ < 180◦. These two angles have, in
practice, no effect on our overall results. The initial position of
the tip of the cloud rinitial

tip = (x0, y0, z0) is assigned from the po-
sition of S33/S0-30 in 1947. The position of the rest of the N − 1
particles were assigned by adding the position of each particle
from the center of the ellipsoid (x, y, z) to the initial position,

initial_position[i] = (x0 + x[i], y0 + y[i], z0 + z[i])

To assign the initial velocity of each particle, we have used
a coefficient of linear increase k in au yr−1 dx−1 such that there
is a velocity spread from tip to tail. Moreover, we used an initial
position angle of θini = 75◦ for the ridge of the ellipsoid obtained
after testing angles between 0◦ < θ < 90◦. In order to find the
initial cloud size we tested initial lengths from 1 au to 800 au
and analyzed the three dimensional separation of the tip of the
simulated cloud and X7 in 2021. Figure 5 shows ∆rtip as a func-
tion of the initial ellipsoid length. The ellipsoidal and spherical
cases are shown as dotted black and dashed red lines, respec-
tively. In both the cases, it is possible to observe that an initial
length/radius of ∼200 au minimizes ∆rtip in 2021.
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sented as the black dashed line. As a reference, Sgr A* is marked
with a cross at the origin.

In Table 1, we have summarized the different initial con-
figurations for our simulations, their corresponding three-
dimensional separation, and relative velocity in 2021. We also
tested different number of particles to represent the cloud
Nparticles between 10 and 10000. We found that this does not af-
fect the results in a significant way.

4. Results

In this section, we proceed to present the results of the simu-
lations with the optimal initial conditions obtained previously.
The result of one of the realizations is shown in Figure 6. This
shows the sky-projected evolution of the initially ellipsoidal
cloud where different colors represent the structure at different
simulation times. We find that the cloud becomes more elongated
through time and maintains a roughly constant position angle of
∼45◦ from 2002 until its pericenter passage around ∼2035.

4.1. X7 modeled evolution with S33/S0-30 as progenitor

Figure 7 shows the sky-projected orbits of X7 and the tip of the
simulated cloud for each set of optimal velocities as dashed solid
and gray dotted lines, respectively. As a reference, Sgr A* is rep-
resented as a black cross at the origin and the initial position of
the tip of the cloud is displayed as a red square. The observed tip
of X7 and of the simulated clouds in 2021 are shown as a pur-
ple cross and green triangles, respectively. The light blue shaded
region shows the 68% confidence interval of the best-fit of the
observed orbit of X7. The sky-projected orbits have a strong
correspondence (by construction) with the observed orbit, the
three-dimensional spatial difference of ∼50 au (see Table 1), is
well within the uncertainty as reported by Ciurlo et al. (2023).
Moreover, the best realization implies a position of the tip of the
simulated cloud at 0.348′′ and -0.151′′ in 2021 in offsets from
Sgr A* in right ascension and declination, respectively, both of
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Fig. 7: Comparison of the sky-projected orbits and position in
2021 of X7 and the tip of the simulated clouds. The black dashed
line shows the best-fit orbit of the tip of X7, the light-blue shaded
region shows the uncertainties with a 68% confidence interval,
and the purple cross marks its position in 2021 (Ciurlo et al.
2023). The dotted gray lines show the orbit of the simulated
clouds for each of the optimal velocities. The red squares and
light green triangles show the position of the tip of the simulated
clouds in 1947 and 2021, respectively.

which are within the error bars of the 2021 measurements by
Ciurlo et al. (2023).

Figure 8 shows the spatial and dynamical evolution of the
simulated cloud during the period of the observations from 2002
to 2021. The left-hand side panel shows the sky-projected mor-
phology evolution of the cloud where the colors represent the
particles from tip to tail. The observed orientation of X7 at dif-
ferent epochs is displayed as thick gray lines (the length is not
to scale). As a reference, the position of Sgr A* is represented
with a black cross in the upper left corner, the orbit of X7 is
shown as a dashed black line, and the simulated orbit is dis-
played as a dashed gray line. This configuration is obtained only
if the ellipsoidal cloud is initialized with a initial length ∼200 au,
and position angle θini ∼ 75◦. Notice that the simulated cloud
maintains a relatively constant orientation throughout the ob-
servational period from 2002 to 2021. Although the agreement
with the observed orientation of X7 is not perfect, it is off by
< 10◦. Additionally, the length of the simulated cloud is consis-
tent with the observed length of X7 in 2021 which is ∼3300 au.
The right-hand side panel shows the line-of-sight velocity of the
simulated cloud as a function of time. The colors represent the
corresponding particles in the left panel. This analysis shows that
there is a crossover of the radial velocity from tip to tail around
2018. In this case, the radial velocity of the tip decelerates by
∼ 200 km s−1 (see evolution of the black band), whereas the rela-
tive velocity of the tail remains relatively constant till ∼2021 (see
evolution of yellow markers). It is important to remark that the
observations of X7 shows exactly the same behavior although at
a slightly different time (Ciurlo et al. 2023).
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Fig. 9: Comparison of the morphological evolution of X7 and the simulated cloud. The panels show 1′′× 1′′ L′-band images
highlighting the emission from X7 with contours in the period 2002-2021. The simulated cloud is overlaid with colored markers
that encode the line-of-sight velocity. The position of Sgr A* is on the top left corner of each panel. North and East directions are
up and left, respectively.

4.2. Comparison with observational data

Figure 9 shows a comparison of the morphological evolution of
X7 observed in the L′-band and the simulated cloud during the
period 2002-2021. Each panel shows an image of the sky of an
area of 1′′ × 1′′, where Sgr A* is located in the top left cor-

ner. North and East directions are up and left, respectively. The
emission of X7 is shown with contour lines and the simulated
cloud is overlaid with colored markers representing the line-of-
sight velocity. In 2002, X7 had a much rounder shape than the
simulated cloud which is already elongated. At later times, the
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sampling the posterior distribution of the orbital fit of X7. The
solid blue line and orange area represent the results of the fidu-
cial case and the one considering the drag force of the ambient
medium, respectively. The minimum value is χ2
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cases.

observations of X7 display a more elongated morphology that
visually tends to align with the simulated cloud. This is clearer
after 2015 when most of the observed shape of X7 is contained
within the sky-projected simulated cloud. The agreement is best
in the last epoch although this is not surprising since the initial
velocity was selected so that tip of the cloud reproduces the po-
sition of X7 at this time.

In order to make a quantitative comparison, we calculated
the reduced chi-square parameter χ2

red for the tip of the simu-

lated cloud and X7 considering the three-dimensional position
and velocity across every single observation epoch. Addition-
ally, we took into account the 1σ uncertainties in the orbital fit
of X7. Thus, we conducted 3000 realizations of this procedure
sampling the initial conditions from the posterior distribution of
the orbital fit of X7. Figure 11 shows the χ2

red distribution of this
procedure. This analysis also includes the impact of a hypotheti-
cal drag force due to the interaction of the cloud with the ambient
medium (see Section 4.3.3). The distribution shows that the me-
dian value of χ2

red ∼ 8 and a minimum value of χ2
red = 3.75.

Overall, the model can reproduce the observed orbit of X7 to a
large extent. This result is not significantly affected by the drag
force of the medium.

In order to make a more appropriate comparison of the model
with observational data we synthesized the Br-γ emission from
the simulated cloud. Following Case B recombination theory, the
Br-γ emissivity can be estimated following Schartmann et al.
(2015) as

jBrγ = 3.44 × 10−27
( T
104 K

)−1.09

erg s−1 cm−3 (5)

The total emissivity is calculated by multiplying by nenp, where
ne and np are the electron and proton number density of the
cloud. We can obtain the corresponding flux observed from Earth
by integrating over the volume element, then scaling by the in-
verse square law as

Fλ =

∫
jBrγ nenp dV

4πR2
0

(6)

where V is the volume of the cloud, and R0 = 8300 pc is
the distance to the GC. Figure 10 shows a comparison of the
sky-projected observed and simulated Br-γ flux in 2021 as a
colormap and contours, respectively. Notice that most of the
simulated emission is spatially contained within the observa-
tional contours of 0.3 of the maximum emission. The simulated
cloud is noticeably thinner which could be a result of not tak-
ing into account the instrument point-spread function. For com-
pleteness, a complete comparison of the evolution of the Br-γ
flux during the period 2006-2021 is shown in Figure C.1. Quan-
titatively, the total flux obtained from our simulated cloud is
∼ 1.28×10−15 erg s−1 cm−2, whereas the total observed flux from
X7 is 3.55 × 10−15 erg s−1 cm−2 in 2021 (Ciurlo et al. 2023). In
summary, the model produces a cloud of similar morphology and
emission of the same order of magnitude of the observations.

4.3. Secondary effects

Up to now, our models have considered solely the effect of the
gravitational field of Sgr A*. In this section, we study the effects
of other mechanisms that could play a role in the dynamical evo-
lution of X7. First, we estimate the impact of stellar winds from
the Wolf-Rayet (WR) stars. Within the central parsec, there are
∼30 WR stars with strong mass loss of ∼10−5 M⊙ yr−1 launched
at 500-2500 km s−1 (Martins et al. 2007; Cuadra et al. 2008).
Secondly, we investigate the effect of an outflow launched from
the central region. The accretion flow of Sgr A* has been de-
scribed successfully as a radiatively inefficient accretion flow
(RIAF) due to both its inability to radiate its energy and the small
fraction of the gas that ends up being accreted (e.g. Genzel et al.
2010). In this scenario, the flow gets overheated and part of it can
be launched as an energetic mass outflow (Blandford & Begel-
man 1999; Begelman 2012). Assuming such an outflow indeed
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Fig. 12: Schematic representation of the secondary effects which could affect the dynamical evolution of X7. (a) Ram pressure due
to stellar winds pointing towards the center of mass of X7. (b) Ram pressure due to a spherical outflow from Sgr A*. (c) Drag force
of the medium (ISM) in the vicinity of X7. Not to scale.
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Fig. 13: Ratio of magnitude of the acceleration on the simulated
cloud due to secondary effects and gravity as a function of time.
The effects of the stellar winds of the five closest WR stars, an
outflow from Sgr A*, and the drag of the medium are shown
as dashed orange, dotted green, and dotted-dashed blue lines,
respectively.

took place in the GC we can also estimate its impact on the evo-
lution of X7. At last, we consider the effect of a drag force due
to the interaction between the object and the ambient medium.
This can alter the orbits of the test particles that represent X7 in
our model. Schematic representation of these effects are shown
in Figure 12.

4.3.1. Stellar winds from Wolf-Rayet stars

To date, ∼30% of the stars in the central parsec of the GC have
complete orbital solutions (von Fellenberg et al. 2022). Thus, for
the rest we used the solutions obtained by minimizing their or-
bital eccentricity (see Section 3.1). Then, we found the closest
WR stars to X7 since the year 1947 until 2021. We considered
only the five WR stars with closest approach to X7 in that pe-
riod, namely E40, E48, E80, E81, and E83 (in UCLA nomen-
clature: S3-5, IRS13 E4, S9-9, S9-283 and S10-5, respectively;
Paumard et al. 2006). These stars have winds with mass-loss
rates of the order of few 10−5 M⊙ yr−1 and velocities in the

range 800-1000 km s−1 (Martins et al. 2007; Cuadra et al. 2008).
The ram pressure exerted by the stellar winds on X7 is given by
Pw = ρwv2

w,X7, where vw,X7 is the net velocity of the wind acting
on X7 taking into account the relative velocity of X7 and the WR
star. The density of the stellar wind, assumed to be spherically
symmetric and stationary, is denoted by ρw and is given by,

ρw =
Ṁ

4πVwR2 (7)

where Ṁ is the stellar wind mass-loss rate, Vw is the terminal
velocity of the stellar wind, and R is the distance from the star.
By adding an additional term as a source of acceleration due
to the ram pressure in our simulation, we can estimate whether
stellar winds from WR stars can affect the evolution of the cloud.
Then, the new equation of motion is given by

d2r
dt2 = −

GMBH

r2 r̂ −
σc

mc
ρw

∣∣∣∣∣dr
dt

∣∣∣∣∣2 v̂ (8)

where σc and mc are the cross section in the direction of the
net velocity vector vw,X7 and mass of X7, respectively. Then, we
simulated a simple model where the net stellar wind is pointed
towards the center of mass (COM) of the cloud. The results show
that the motion of the simulated cloud does not change signifi-
cantly. Figure 13 shows the ratio of the stellar wind and the grav-
itational accelerations as a function of the simulation time as a
dotted-dashed blue line. Here it is possible to observe that this
value remains roughly constant around 10−14. This shows that
their effect is negligible during this time period.

4.3.2. Outflow from the SMBH

We performed a similar analysis as in Section 4.3.1 but consider-
ing a spherically symmetric outflow launched from the location
of Sgr A*. The exact mass loss rate and velocity of the outflow
were set to ṀBH = 10−4 M⊙ yr−1 and vout = 109 cm s−1, respec-
tively and motivated by numerical simulations of this process
(e.g. Cuadra et al. 2015). Our simulation shows that the evo-
lution of the orbit of the simulated cloud is not affected signifi-
cantly by the outflow. The relative magnitude of this acceleration
compared to the gravitational acceleration as a function of time
is shown in Figure 13 as a dotted green line. The value is of the
order of 10−17 which is even smaller than the effect of the stellar
winds and, therefore, is also negligible. Moreover, even a much
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stronger outflow will have a negligible effect on the orbit of X7.
It is relevant to mention that this result is in agreement with the
analysis in Ciurlo et al. (2023), as they argued that the morphol-
ogy of X7 cannot be explained by an outflow from Sgr A*.

4.3.3. The effect of a static drag force

To account for the relative motion of the ambient medium we
also investigated the effect of a static drag force acting against
the motion of the cloud. This has been taken into account pre-
viously for the G2 object (Madigan et al. 2017; Calderón et al.
2018), and later observed by (Gillessen et al. 2019). In princi-
ple, this would cause deviations from the Keplerian orbits of the
test particles of the simulated cloud. In this case, the equation of
motion becomes,

d2r
dt2 = −

GMBH

r2 r̂ −
σc

mc
ρISM(r)

∣∣∣∣∣dr
dt

∣∣∣∣∣2v̂ (9)

where G is the gravitational constant, MBH is the mass of Sgr
A*, mc and σc are the mass and cross section of the cloud, and
r̂ and v̂ are the unit vectors in the radial and velocity directions,
respectively. The density of the ambient medium ρISM is consid-
ered using the model by Yuan et al. (2003) which reproduces
the Chandra X-ray observations and is consistent with the latest
model by Roberts et al. (2017). This density profile is given by,

ρISM(r) = 10−22
(

1.7 × 1017

r

)α
g cm−3 (10)

where α is the power-law index. Moreover, the mass of the cloud
is constrained to ∼50 M⊕ (Ciurlo et al. 2023). Then, assuming
that the masses of the particles are identical, the mass of each
particle is determined.

In this case, the drag force affects the orbit of the test par-
ticles. The dashed orange line in Figure 13 shows the ratio of
the drag force and gravitational accelerations as a function of
time. Here it can be seen that the value is ∼10−3 which is much
larger than in the previous cases. This effect results in changes
in the position of the tip of the simulated cloud that increases
the three-dimensional separation of the simulated tip and X7 in
2021. Specifically, the fiducial model results in a separation of
∼50 au while the calculations with the drag force shows it to be
∼130 au. However, there is no significant change in the length
of the cloud. Although ∆rtip increases, the result is still within
the margin of the errors. Thus, this effect does not impact signif-
icantly the overall results. It is to be noted that a non-static drag
force could have slightly different effects (Madigan et al. 2017).

5. Discussion

We have shown that ejecta from S33/S0-30 provided with an
ejection velocity of ∼610 km s−1 in 1947 can reproduce the orbit
of X7 such that the tip of the simulated cloud and the observed
tip of X7 in 2021 have a separation, ∆rtip, of around 50 au. We
have also shown that an initially elongated cloud with an initial
velocity gradient can reproduce the observed orientation of X7
(see Figure 8). In this section, we interpret these results based on
our proposed hypotheses for the origin of X7.

5.1. A star in an extensive mass-losing phase

We started with the hypothesis that X7 formed when a star in
the past 200 years went through a phase of excessive mass loss

such as a Luminous-Blue-Variable phase. The abundance of O-
type and WR stars in the galactic center support this idea, since
it is possible for a O-type star to go through a LBV phase before
becoming a WR star (e.g. Crowther 2007). The WR stars in the
GC have a mass loss rate of a few 10−5 M⊙ yr−1 (Martins et al.
2007). With this rate, it would take approximately 15 years to
lose an amount of mass comparable to the mass of X7. However,
the best candidate to be the origin of X7, S33/S0-30, is a B-
type star whose mass-loss rates are not as high (≲10−8 M⊙ yr−1;
Martins et al. 2008). Even if the mass-loss rates were to go an
order or two higher, the timescale needed is very long to gen-
erate a single coherent structure comparable to X7. Moreover,
such a mass-loss will occur in a spherically-symmetric manner,
whereas our model favors an ellipsoidal ejecta. Based on this, it
is very unlikely for X7 to have originated in this way.
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Fig. 14: Comparison of the sky-projected orbits and position in
2021 of X7 and the tip of the simulated clouds from G3 in 1952.
The black dashed line shows the best-fit orbit of the tip of X7,
the light-blue shaded region shows the uncertainties with a 68%
confidence interval, and the purple cross marks its position in
2021 (Ciurlo et al. 2023). The dotted gray lines show the orbit of
the simulated clouds for each of the optimal velocities. The red
squares and light green triangles show the position of the tip of
the simulated clouds in 1952 and 2021, respectively.

5.2. Ejecta from a stellar merger: are X7 and G3 dynamically
linked?

Since X7 and G3 have similar orbits and emission characteris-
tics they have been hypothesized to have been formed in an EKL
induced merger scenario where G3 is the merger product and
X7 is the ejected mass (Ciurlo et al. 2023). Notice that even the
orientations of the angular momentum of X7 and G3 are strik-
ingly similar (see Figure 3). To test this hypothesis, we did a
similar analysis as the one done for S33/S0-30 and X7. We ex-
trapolated the orbit of G3 and X7 backwards in time in order to
find their closest separation over the last 200 yr period. As a re-
sult, we found that this occurred on two occasions: in ∼1880 and
∼1952. However, we noticed that G3 is always orbiting ahead
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of X7 on the sky. Their three-dimensional separation in the clos-
est encounters is larger than 1200 au. Even taking the cases of
the closest encounters as the origin of the simulated cloud, we
ended up obtaining significant differences between the expected
position of the tip of the simulated cloud and X7 in 2021. In
the cases of 1880 yr and 1952 yr, we found that the separations
are ∼40000 au and ∼1200 au between their tips, respectively.
When we consider the uncertainties in the orbit of X7, the three-
dimensional separation remains of the same order of magnitude
in both cases. Moreover, the sky-projected position for the best
cases in 1952 are offset beyond the uncertainties as shown in
Figure 14.

These results show that ejecta from G3 in 1880 or 1952 can-
not be placed on an orbit like the one observed for X7. Thus, it
is difficult to reconcile the idea of X7 being ejecta from G3 over
the last 200 yr. We note that this conclusion relays on the cur-
rent orbital estimates of X7 and G3 which have relatively large
uncertainties due to short orbital phase coverage (≲10%; Ciurlo
et al. 2023).

5.3. Grazing collision of a star with a field object

The case of the grazing collision of a star and a field object such
as a stellar mass black hole or even a Jupiter-mass object has
been discussed in detail by Ciurlo et al. (2023). Such collisions
of red giants and compact remnants have also been shown to
explain the depletion of red giants within the inner 10′′ of the
Galactic center (Davies et al. 2011). In principle, a grazing col-
lision of a red giant with any such field objects can account for
the mass of X7 by stripping enough material from the star’s at-
mosphere (Ciurlo et al. 2023). This is an interesting prospect
since our simulations show that an initially elongated ejecta from
S33/S0-30 with an ejection velocity of 610 km s−1 can indeed
be placed on an orbit similar to X7’s and can reproduce its ob-
served tail orientation (see Figure 8). However, if that were to
be the case, the star would be left in an agitated state and would
only settle down in the Kelvin-Helmholtz timescale (Ciurlo et al.
2023). There is no account of such effects for S33/S0-30. More-
over, it is hard to explain the existence of other gas and dust
sources similar to X7 in the Galactic center, as the collision rate
between the red giants and field objects could be as low as once
in every 105 years (Rose et al. 2020, 2022, 2023). Albeit being
unlikely, our results show a good agreement with this scenario.

5.4. An infalling gas filament

An additional hypothesis not studied yet is considering X7 as a
gaseous clump or stream resulting from the many stellar wind
collisions that take place in the vicinity of Sgr A*. Although
single stellar wind collisions have been shown to produce only
light clumps (≲0.01 M⊕; Calderón et al. 2020a), in principle the
simultaneous interaction of more stellar winds could result in
larger and/or more massive structures. Hydrodynamic simula-
tions of the WR stellar winds feeding Sgr A* have been per-
formed by many authors (Cuadra et al. 2005, 2006, 2008, 2015;
Russell et al. 2017; Ressler et al. 2018; Calderón et al. 2020b;
Ressler et al. 2020; Solanki et al. 2023; Balakrishnan et al. 2024;
Calderón et al. 2025). Here, we analyzed the hydrodynamic
models developed by Calderón et al. (2025) in order to search
for cold and gaseous structures that might share properties with
X7. We selected an output of the simulation that corresponds
to the last observation of X7, i.e. t = 2021. Then, we analyzed
the region within 10′′ (∼0.4 pc) from Sgr A*. We imposed con-
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Fig. 15: Density map of the gas structures in the RAMSES sim-
ulation for the stellar winds from the Wolf-Rayet stars feed-
ing the black hole (Calderón et al. 2025). The gas cells having
T < 105 K, inclination −90◦ < i < 0◦, and longitude of ascend-
ing node −180◦ < Ω < 0◦ are considered to find coherent struc-
tures having similar orientation of the orbital angular momentum
to that of X7 and G3. Colorbar refers to cell mass. None of the
gas cells form any coherent clumps which could evolve into X7.

straints on gas temperature of <105 K, inclination −90◦ < i < 0◦,
and longitude of ascending node −180◦ < Ω < 0◦ in order to find
cold structures oriented similarly to that of X7. The results of this
analysis are shown as a Hammer projection in Figure 15. Here
it is possible to observe that there seem to be cells with simi-
lar angular momentum direction to X7’s. However, we checked
whether such cells form a coherent spatial structure and found
that these are not spatially connected. Thus, it is unlikely that
X7 has originated from Wolf-Rayet stellar wind interactions.

6. Conclusion

We have studied the dynamical evolution of the source X7 in or-
der to constrain its origin. Under the assumption that this object
is purely a gas and dust feature, we tested three scenarios for its
formation: from the wind of a star going through a high mass-
loss episode, as the ejecta of a binary merger, or as the ejecta
from the grazing collision of a star with a stellar-mass black hole
or Jupiter-mass object. In order to test these hypotheses, we an-
alyzed 195 stars with observationally constrained orbits within
the central parsec of the GC. We searched for suitable progeni-
tors with closest approach to X7 of <1000 au, relative velocities
of <1000 km s−1 over the last 200 years, and similar angular mo-
mentum orientation. According to these criteria, we found only
one suitable candidate: the star S33/S0-30 (Gillessen et al. 2009,
2017; von Fellenberg et al. 2022). This star and X7 had their
closest approach in the year 1947 with a minimum separation
and relative velocity of ∼600 au and ∼500 km s−1, respectively.
We have modelled the evolution of hypothetical ejecta with a set
of test particles launched from the position of S33/S0-30 in 1947
with an initial velocity that minimizes the difference between
the three-dimensional distance and relative velocity between the
simulated cloud and X7. This analysis shows that:

1. It is unlikely for X7 to have formed from a stellar wind. No
star with sufficiently high mass loss has been close enough
to its position over the last 200 years.
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2. Despite their similar orbits X7 and G3 do not seem to be
related, as extrapolating their positions to the past does not
result in close encounters, and neither can ejecta from G3
form the orbit of X7. It is relevant to bear in mind that this
conclusion relies on the age of X7 being less than its orbital
period of ∼200 years.

3. Initially elongated ejecta of length L = 200 au from the star
S33/S0-30 with an initial velocity of 610 km s−1 and an ini-
tial velocity gradient from tip to tail, can be placed on a simi-
lar orbit to X7’s, and reproduce the current position of its tip.
Additionally, the length of such ejecta is ∼3350 au in 2021
which is consistent with the observational data.

4. Secondary effects such as stellar wind ram pressure, and hy-
pothetical feedback event from the SMBH are not significant
to affect the evolution of X7. A static ISM drag can indeed
change the orbit of X7 but it does not affect its dynamics
significantly over the simulated timescale of ∼80 yr.

From these results, we speculate that a grazing collision be-
tween S33/S0-30 and a field object such as a stellar-mass black
hole or a Jupiter-mass object could have produced the ejecta
that corresponds to X7. It will be interesting to observe the star
S33/S0-30 for any extended dusty envelope which could further
strengthen our results. As X7 approaches the pericenter passage,
it will elongate more and begin fragmenting, which has already
been observed. Our simulations are fairly accurate before the
pericenter passage. To reveal more about the tidal interaction
and post-pericenter evolution, numerical hydrodynamic simula-
tions are required. Future observations will reveal more interest-
ing properties with better constraints.
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Fig. A.1: Comparison of the orientation of the initially spheri-
cal simulated cloud and X7. The sky-projected morphology of
the simulated cloud is shown at t = 2002, 2007, 2012, 2017, and
2021 yr as dark blue, light blue, cyan, dark green, and light green
dots, respectively. The gray shaded lines show the observed ori-
entation of X7 (Ciurlo et al. 2023). The red dashed line repre-
sents the lines connecting Sgr A* and the location of the tip of
X7 at a given epoch. The location of Sgr A* is on the uppermost
left-hand side corner.

Appendix A: Spherical initial configuration

In the main text, we presented the result of simulations that con-
sidered an initially ellipsoidal cloud as that showed the best
agreement with the observations. For completeness, here we
included the results considering a uniform initially spherical
cloud. This simulation resulted in a three-dimensional separa-
tion between the simulated cloud and the observed tips of X7
of ∆rtip ∼ 116 au in 2021. The length of the simulated cloud
was ∼2000 au in 2021 whereas the observations show a length
of ∼3300 au (Ciurlo et al. 2023). However, the main discrepancy
comes from the orientation of the tail of the simulated cloud and
X7. Figure A.1 shows the sky-projected morphology of the sim-
ulated cloud at t = 2002, 2007, 2012, 2017, and 2021 yr as dark
blue, light blue, cyan, dark green, and light green dots, respec-
tively. The gray shaded lines indicate the orientation of the ob-
served structure of X7 (Ciurlo et al. 2023). The dashed red lines
are lines connecting Sgr A* and the observed positions of the
tip of X7 at the reported times. The location of Sgr A* is on
the uppermost left-hand side corner. The disagreement between
the orientation of the simulated and observed structures is clear.
The discrepancy is around ∼ 20◦ − 40◦ during the epoch 2002-
2021 yr.

Moreover, we tested the initially spherical cloud case with
a three-dimensional Gaussian distribution structure as well (see
Table 1). This case resulted in ∆rtip ∼250 au, and relative veloc-
ities of ∼100 km s−1 in 2021. Additionally, the mismatch of the
simulated cloud and X7 orientation was even more prominent.

Appendix B: A different orbit for X7

Peißker et al. (2024b) derived a different orbit for X7 when com-
pared to the one by Ciurlo et al. (2023). A comparison between
these orbits can be seen on the left-hand side panel of Figure
B.1. The solid red and black lines represent the orbits inferred
by Ciurlo et al. (2023) and Peißker et al. (2024b), respectively. It
is clear that there is a large discrepancy between the two orbits.
Although the uncertainties in Peißker et al. (2024b) are smaller
by an order of magnitude, the key reason for this different orbit
is their L′-band data point from 1999 which favors this newly
derived orbit.

In order to test if the results of our work are affected by the
X7 orbit choice we repeated the analysis but making use of the
orbit derived by Peißker et al. (2024b). The calculations showed
that the closest stars to X7 within the last 200 years are at least
4000 au apart (see right-hand side panel of Figure B.1). Bear in
mind that our original separation threshold was 1000 au. As in
this case the separation is at least four times larger the use of
a different orbit makes less likely the relation to any of the star
candidates.

Appendix C: Simulated morphology evolution

For completeness, we analyzed all the Br-γ observations avail-
able and compared them with the simulated emission. Figure C.1
shows the sky-projected Br-γ flux observed from Earth through
the epochs t = 2006, 2008, 2009, 2010, 2011, 2012, 2013,
2014, 2017, 2018, 2019, and 2021. Each panel corresponds to
1′′× 1′′with Sgr A* located on the uppermost left-hand side cor-
ner. The simulated Br-γ flux is shown as colormap whereas the
observed emission is depicted as colored contours. Notice that
the observations contain most of the distribution of the simulated
flux, and the emission level is of the same order as the reported
values as it is shown in the main text.
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