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Abstract

The black hole in the Galactic center, Sgr A*, is prototypical of ultra-low-fed galactic nuclei. The discovery of a handful of gas clumps with masses on the order of a few Earth masses in its immediate vicinity provides a gas reservoir sufficient to power Sgr A*. In particular, the gas cloud G2 is of interest due to its extreme orbit, on which it passed at a pericenter distance of around 100 AU and notably lost kinetic energy during the fly-by due to interaction with the black hole accretion flow. Thirteen years prior to G2, a similar gas cloud called G1, passed Sgr A* on a similar orbit. The origin of G2 remained a topic of discussion, with models including a central (stellar) source still proposed as alternatives to pure gas clouds. Here, we report the orbit of a third gas clump moving along (nearly) the same orbital trace. Since the probability of finding three stars on such similar orbits is very low, this strongly argues against stellar-based source models. Instead, we show that the gas streamer G1–2–3 plausibly originates from the stellar wind of the massive binary star IRS 16SW. This claim is substantiated by the fact that the small differences between the three orbits – the orientations of the orbital ellipses in their common plane as a function of time – are consistent with the orbital motion of IRS 16SW.
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1 Introduction
The peculiar object G2 in the Galactic center was identified in Gillessen et al. (2012) as an object apparently residing between the S-stars (Eckart & Genzel 1996; Ghez et al. 1998; Schödel et al. 2002; Ghez et al. 2003; Eisenhauer et al. 2005; Ghez et al. 2008; Gillessen et al. 2009; Gillessen et al. 2017; Gravity Collaboration 2024). G2 showed the properties of a dusty, ionized gas cloud, with line emission from hydrogen and helium, and thermal emission corresponding to 600 K. No emission from a potential stellar photosphere (T ≳ 3000 K) was convincingly detected, as the claimed K-band detection in Eckart et al. (2013) remained episodic. G2 was spatially marginally resolved (at the ∼60 mas resolution of the 8m VLT in the K band) and – more importantly – spectrally showed a velocity gradient across the source.
Multiyear adaptive optics imaging (with NACO; see Lenzen et al. 1998; Rousset et al. 1998) and integral field spectroscopy (with SINFONI; see Eisenhauer et al. 2003; Bonnet et al. 2003) in the near-infrared showed that G2 was approaching Sgr A* on a highly eccentric orbit with pericenter passage in 2014 (Witzel et al. 2014; Gillessen et al. 2013). Position-velocity diagrams from subsequent years showed spectacular tidal evolution of the gas stretching along the orbital trace (Pfuhl et al. 2015; Plewa et al. 2017).
Given its measured size of around 120 AU, thermal luminosity, and temperature, it is clear that G2 is optically thin and fully ionized by the UV photons from the surrounding young, massive stars. From the Brackett-γ luminosity and assuming case B recombination theory, the gas mass of G2 was estimated to be ≲3 Earth masses.
With the gas of G2 nearly radially infalling, a number of papers addressed whether a radiative reaction would be observable around pericenter passage (Gillessen et al. 2012; Narayan et al. 2012; Crumley & Kumar 2013; Bartos et al. 2013). The absence of any such events does not, however, yield strong constraints on possible source models. Ponti et al. (2015) report a mildly increased rate of X-ray flares from Sgr A* following G2’s post-pericenter passage.
Pfuhl et al. (2015) noted that 12 years ahead of G2, a very similar – although somewhat fainter – object was moving along a very similar trajectory, which they called G1. The dust emission of this object was also noted already in very early adaptive-optics images (Clénet et al. 2005), where it appeared spatially extended (Ghez et al. 2005) and also showed tidal evolution along the orbit (Witzel et al. 2017). Further, a tail follows behind G2 on apparently a similar orbit. One could thus think of G1, G2, and the tail as knots in a long gas streamer, of which we detect only the brightest peaks in sensitivity-limited observations, aided by the fact that the observed surface brightness of the gas scales as density squared.
The long gas streamer is actually visible in deep spectroscopic integrations (see figures 9 and 10 in Plewa et al. 2017). It points spatially and in radial velocity back to the stellar wind of the contact binary system IRS 16SW (Ott et al. 1999; Martins et al. 2006). That star is classified as Ofpe/WN9 and is a member of the clockwise (CW) disk of young stars (Levin & Beloborodov 2003; Paumard et al. 2006; Lu et al. 2009; Bartko et al. 2009; Yelda et al. 2014; von Fellenberg et al. 2022; Jia et al. 2023); G2 and G1 orbit Sgr A* in that same plane. In hydrodynamical simulations (Cuadra et al. 2006; Calderón et al. 2020b) the star significantly contributes to the gas found around Sgr A*, and its spectrum observationally shows signs of strong winds.
The post-pericenter motion of G2 is actually better described by adding a ram-pressure-like drag force to the Keplerian model (Pfuhl et al. 2015; McCourt & Madigan 2016; Madigan et al. 2017; Gillessen et al. 2019). G2 decelerates due the interaction with the accretion flow of Sgr A*(Yuan et al. 2003; Yuan & Narayan 2014), the density of which follows roughly a radial profile ∝ r−1. G2’s motion thus provides a valuable measurement of the accretion flow density at around 103 Schwarzschild radii rS , which otherwise is constrained mostly around 10 rS from sub-millimeter observations (Agol 2000; Quataert & Gruzinov 2000; Bower et al. 2003; Marrone et al. 2006, 2007; Bower et al. 2015) or around 105 rS from X-ray observations (Baganoff et al. 2003; Wang et al. 2013).
Given the strong evidence for gaseous, tidal evolution in G2, it is clear that the observed gas cannot be gravitationally bound to a central source. With the measured size of G2 (≈20 mas) around the time of detection (Gillessen et al. 2012), the mass required to bind gas on that scale would exceed 104 M⊙ – i.e., an intermediate mass black hole – which is excluded at such small radii (Gillessen et al. 2009; Naoz et al. 2020; Reid & Brunthaler 2020; Gravity Collaboration 2023). Yet, this does not exclude the possibility of a central stellar source as the gas origin.
Observationally, there is no need to invoke a central object for G2. All its properties can be explained without. It only has an L-band counterpart but is invisible in the K band. Also, the post-pericenter presence and appearance of G2 are not strong discriminators, as purely gaseous models do not predict complete disruption of the cloud; see for example Fig. 2 in Schartmann et al. (2015). Still, models with a central source have been discussed and often favored (Phifer et al. 2013; Witzel et al. 2014). Scoville & Burkert (2013) proposed a young low-mass star, whose wind would create G2. Meyer & Meyer-Hofmeister (2012) discussed a stellar nova as the origin for G2. Tidal interactions of a star with Sgr A* have also been proposed, either from a disk around the star (Murray-Clay & Loeb 2012; Miralda-Escudé 2012) or a true partial tidal disruption of a giant star (Guillochon et al. 2014).
Perhaps the most extreme proposal is that not only G2, but also other similar gas knots (Ciurlo et al. 2020), are binary merger products (Witzel et al. 2014), driven by the Kozai-Lidov mechanism (Prodan et al. 2015; Stephan et al. 2016). This picture requires a number of assumptions – from the presence and merger of binaries close to Sgr A* to how such an object would appear, how long they would remain visible, and how likely it would be to observe several simultaneously – given that the total number of stars exceeds the number of mergers from which they arise by a factor of 20.
Here, we present new observational evidence supporting the gas streamer picture: the emission that formed the outer tail “G2t” at the time of G2’s discovery has now evolved into a clump resembling G2 in 2008 – thus constituting a third object moving along nearly the same trajectory. Given the properties of G1, G2, and the new clump, it is natural to consider them together as a gas streamer, which we call G1–2–31.
2 Observations
Our data are based on adaptive-optics-assisted integral field spectroscopy: pre-2020 with SINFONI, and since 2022 with ERIS (Davies et al. 2023). Both instruments use the same integral field unit (IFU). We employed the 25 mas pixel scale and observed the K band, concentrating the analysis on the Brackett-γ emission (vacuum rest wavelength 2.16612 µm). Since these data also serve to monitor the radial velocities of the S-stars, we covered a field of view of around ±0.6″ by dithering the 0.8″ field-of-view IFU into four quadrants offset by ±0.2″ from Sgr A* in both coordinates. G2t is located around (∆α, ∆δ) = (+0.3, −0.1)″ from Sgr A*, comfortably within the data cubes.
The top row in Figure 1 illustrates the ERIS data cube from June / July 2024.
The exposure time is 600 s per data cube. Given the faintness of the line emission from G1–2–3, we combined the data from one observing campaign lasting a few nights into a combined cube in order to reach fainter magnitudes. Prior to combining, we aligned the cubes in all three dimensions, neglecting the small change in the local standard of rest (LSR). Table A.1 in the appendix summarizes the data used for G2t.
3 Analysis
3.1 The orbits of G1, G2, and G2t
Using QFitsView (Ott, T. 2025), we identified the G2t emission around Brackett-γ. For obtaining an estimate of G2t’s orbit, we measured the position and radial velocity of the emission line. Since it is extended both spatially and spectrally, this was done manually to capture the major part of the emission around its peak. The bottom row of Figure 1 shows an example of the data cube from June/July 2024. The spectral and spatial line positions were obtained via simple Gaussian fits. Using the pixel scale of 12.5 mas/pix, positions were referenced to Sgr A* via S2, whose orbit is known to much higher precision than required for G2t. For the radial velocities we applied the standard LSR correction. Due to its extended nature, we assigned conservative error bars of 10 mas spatially (at least) and 50 km/s spectrally. We obtained positions from six epochs, and radial velocities from eight epochs between 2014 and 2025 in this way. For G2, compared to Gillessen et al. (2019), we obtained five more ERIS-based radial velocities and four more positions in the same way, yielding a total of 23 velocities and 18 positions.
At this point, G2t’s astrometry shows no significant acceleration toward Sgr A*, but a >9σ significant change in radial velocity is observed, providing enough dynamic quantities to determine an orbit (with six degrees of freedom) in a fixed gravitational potential. The data are shown in Figure 2. A preliminary orbit fit for G2t (Table B.1) shows that its orbital plane, orientation, shape, and size are similar to those of G2 (and thus also close to the CW disk and G1; Pfuhl et al. 2015). Finding three objects by chance on such similar orbits is very unlikely. The probability that two orbital planes agree to within ±θ is p1 = 2π(1 − cos θ)/4π. The probability that the orientations of the ellipses in the plane agree to within ±θ is p2 = θ/π. The probability of finding three such orbits by chance is therefore [image: Mathematical equation: $p = p_1^2p_2^2$], which evaluates to p = 2 × 10−6 for θ = 15°. Similarity in orbital phase, eccentricity, and semimajor axis further reduces p. Hence, one can exclude a random alignment.
This is the motivation for our proposed model: the three clumps share (almost) identical orbits due to their common origin from IRS 16SW. We therefore fit the three orbits under strong side constraints: they must be coplanar and share a common semimajor axis and eccentricity. The only allowed differences are the times of pericenter passage and the longitudes of periastron, which correspond to the orientation of the orbital ellipses within their common plane. The gravitational potential is taken from GRAVITY Collaboration (2022) and kept fixed (this is: M = 4.296 × 106 M⊙, R0 = 8.275 kpc, and the coordinate system parameters for the central mass). The drag force model is used (and fit) as in Gillessen et al. (2019) for all three orbits. The resulting model (see Table B.2) is shown overlaid on the data in Figure 2. It is a very good description of the data, which is a very remarkable finding. Fitting the G2, G1, and G2t individually, with each fit having six free parameters (and an additional drag force parameter for G2), yields χ2 values of 115.6, 36.5, and 26.4 for 50, 14, and 14 degrees of freedom, respectively. This gives a total χ2 of 178.5. The combined fit is only slightly worse, with χ2 = 196.6, despite having eight fewer free parameters. For another representation of the combined fit, see Figure C.1 and Appendix B for the orbital elements.
The apocenter distance of the orbits is around 1.9″ and occurred around the mid of the 19th century. The apocenters are not far from the position of IRS 16SW at that time (using the orbit from Gillessen et al. 2017). An exact agreement is not expected, as the gas clumps originate from the winds of IRS 16SW (or from shocks created by them), which themselves have significant velocities of a few hundred kilometers per second. Also the orbital planes do not agree perfectly but differ by ≲30°, which likely reflects the fact that the initial conditions of the gas clouds do not need to coincide exactly with those of the star. When fit individually, G2 attains a larger apocenter distance and G2t a smaller one. This may indeed be more realistic, as individual clumps arising in the stellar wind can have different initial conditions. In that view, the orbital planes can also differ a bit between the three clumps and the star. Also, previous work found that the best-fitting orbits of G1 and G2 do not completely agree (Pfuhl et al. 2015; Witzel et al. 2017). Nevertheless, the point of the combined fit employed here is that the model – in which G1 and G2t only have two free parameters each (pericenter time and longitude of pericenter) – describes the data remarkably well.
Using the combined fit, G2t’s pericenter passage will occur 17.6 ± 0.3 yr after that of G2, i.e., in mid 2031. The pericenter longitudes differ by 12.9 ± 1.1° between G2 and G2t, with the G2t orbit rotated CW relative to the G2 orbit. These two numbers correspond to an angular speed of 0.74 ± 0.07°/yr. For G1, in comparison with G2, the same analysis yields an angular speed of 0.74 ± 0.10°/yr in the same direction (consistent with the value implied in Pfuhl et al. (2015) of 0.95 ± 0.63°/yr). Note that the numbers happen to be very close to each other; this was not a constraint for the fit. Furthermore, the value is remarkably close to the angular speed of IRS 16SW, which is around 1.11 ± 0.32°/yr at its orbital position around the year 1950. Thus, the differences between the G1, G2, and G2t orbits can be explained by the orbital motion of IRS 16SW. This further indicates that the star is the origin of the gas clouds. We note that other (CW-disk) stars in the vicinity could, in principle, also be responsible for the production of the gas clumps. Here we limit ourselves to discussing IRS 16SW, which we consider the most likely candidate.
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 G2t in the ERIS integral-field data from June/July 2024. Top left: continuum image showing the S-stars. Top right: Background-subtracted line map centered at 2.173 µm, corresponding to Brackett-γ + 1000 km/s. G2t stands out. Bottom left: example of a pixel selection (on – green, off – red) for extracting the G2t spectrum overlaid on the continuum map. Bottom right: Resulting spectrum showing a strong emission line at 2.173 µm.



	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 Orbits and data of G1, G2, and G2t, fit under the constraint that they share the same orbital plane, semimajor axis, and eccentricity. Top: on-sky appearance of the two orbits. Middle: radial velocities. Bottom: spatial coordinates as a function of time. The non-Keplerian shapes result from the drag force acting on G2 and G2t when they are close to Sgr A*.



	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Left: position–velocity diagram extracted from the June/July-2024 data cube, using a curved slit along the orbital trace of G2t. The emission of G2t is concentrated around (−300 mas, +1000km/s). Similar to G2, G2t seems to be followed by a tail, indicative of even more material flowing along the G1–2–3 path. Right: same diagram for G2 extracted from the 2008 data cube (from Gillessen et al. 2019) for comparison.



3.2 Position-velocity diagram for G2t
Using the same technique as in Gillessen et al. (2019) for extracting a position-velocity diagram along the curved trajectory given by the orbit, we obtain the diagram shown in Figure 3. The G2t emission highly resembles G2 a few years before the latter’s pericenter passage. Notably, G2t also shows trailing emission, as G2 did and as mentioned in the discovery paper Gillessen et al. (2012), perhaps indicating a fourth clump forming within the next decade. The Brackett-γ luminosity of G2t is comparable to that of G2, though roughly 38% lower.
4 Discussion
With the ample hints linking G1–2–3 to IRS 16SW, it is worth reconsidering the formation of gas clumps from the winds of that source. This requires producing clouds with masses on the order of a few Earth masses at intervals of 10–20 years, yielding a time-averaged mass rate of ∼10−7 M⊙ yr−1. This constitutes a non-negligible fraction of around 1% of the Wolf-Rayet wind rate of ∼10−4.7 M⊙ yr−1 (Martins et al. 2007). Channeling such a substantial fraction of an initially quasi-spherical outflow toward the central black hole poses a significant dynamical challenge, as the gas must lose most of its orbital angular momentum. An anisotropic mass-loading geometry – possibly governed by the orientation of the IRS 16SW binary axis relative to its orbital motion – may be required to facilitate such an efficient mass transfer. Unfortunately, the orientation of the orbit is unknown, except that the system appears nearly edge-on, since it is observed as an eclipsing binary (Martins et al. 2006).
An alternative is to consider stellar wind interactions, both among themselves and with the surrounding medium. In each case, the stellar wind shocks create a dense slab, which, depending on its radiative properties, can be prone to cooling and hydrodynamic instabilities that result into the formation of clumps (Vishniac 1994). This process has been studied analytically and numerically for stellar wind collisions in binaries and random stellar encounters (Calderón et al. 2016, 2020a). These studies found that, for Galactic center stars, the clumps formed are smaller and lighter than those observed. Additionally, Calderón et al. (2018) investigated the hypothesis of binaries – specifically focusing on IRS 16SW – launching clumps into the medium and following their ballistic orbits. The results showed that it was not possible to reproduce the position and velocity of G2 if it formed from the binary. Thus, it would seem that IRS 16SW cannot be the source of the observed G1–2–3 clumps.
However, the simulations of Calderón et al. (2020b, 2025) of the entire Wolf-Rayet population in the Galactic center revealed a different clump formation mechanism that actually relies on the hydrodynamic interaction with the surrounding medium. This requires a relatively dense medium of ∼100 particles cm−3, as measured at the radial distance of IRS 16SW (Baganoff et al. 2003), and a stellar wind with a low terminal velocity of around 450 km s−1. The bow shock formed in this situation becomes unstable and breaks into clumps. Moreover, interaction with the medium slows the dense material and preferentially directs it into radial orbits toward Sgr A*, rendering the previous ballistic assumption invalid.
Previous models of Galactic center hydrodynamics (e.g. Cuadra et al. 2008, 2015; Ressler et al. 2018; Calderón et al. 2025) adopted 600 km s−1 for the stellar wind of IRS 16SW, based on its spectral features (Martins et al. 2007; Cuadra et al. 2008). While relatively low, this velocity did not produce an unstable bow shock in the models. IRS 16SW, however, is a contact binary (DePoy et al. 2004), so its outflow velocity can substantially differ from that determined from its atmospheric properties. High-resolution simulations of wind collisions in static stellar pairs by Calderón et al. (2020a) found that clumps formed by a symmetric binary are ejected at ≈3/5 of the individual stellar wind velocity, 360 km s−1 in this case. Although the orbit of the binary was not included in that model, we expect its internal velocity (also around 360 km s−1) can be added to or subtracted from the outflowing material, resulting in a range of effective outflow velocities from 0 to ≈700 km s−1. These low velocities could result in unstable bow shocks as described above.
To test this idea, we ran a simulation of the Wolf–Rayet stellar winds feeding Sgr A* using the setup of the control model (without feedback from Sgr A*) of Cuadra et al. (2015). In summary, we placed a system of 30 mass-losing stars on their observed orbits (Cuadra et al. 2008; Gillessen et al. 2017) with their constrained stellar wind properties (Martins et al. 2007; Cuadra et al. 2008), and evolved it for 1100 yr, starting in the past in order to recover the state of the system at the present time. Unlike our previous work, we used the state-of-the-art smoothed-particle hydrodynamic (SPH) code Phantom (Price et al. 2018, Russell et al. in prep.) to avoid the formation of spurious clumps in the generic SPH technique (e.g. Hobbs et al. 2013). While IRS 16SW should ideally be modeled as a binary, its compactness makes that impossible with our current setup. We therefore explored the effect of its expected slower wind by modeling it as a single source with wind speeds of 300 km s−1, 400 km s−1, and 600 km s−1. In all models the mass-loss rate of the source was kept at its original value of 1.12 × 10−5 M⊙ yr−1. The simulations with 300 km s−1 and 400 km s−1 do produce a dense bow shock around this source that fragments into several clumps and filaments, some of which enter orbits toward Sgr A* (see Figure 4), while remaining roughly in the same orbital plane as the source. The clumps produced in these simulations also have masses of the same order of magnitude as the observed ones. While there is some uncertainty in how clumps are defined, our simulation with a 300 km s−1 wind roughly produced 20 clumps in the inner arc second at the present time with masses above 3 Earth masses (see Figure D.1). This is, in principle, more than enough to explain the observed clumps. In a follow-up study, we will ascertain the robustness of this result to the numerical resolution and method (particle- or grid-based). These masses are much higher than those found in previous idealized stellar wind collision models (< 0.01 Earth masses; Calderón et al. 2018, 2020a), but their creation mechanism is very different. In the currently proposed scenario, the clumps form at the bow shock in front of IRS 16SW due to the wind-medium interaction, rather than from the wind-wind interaction within the binary system. Therefore, it seems possible that G1–2–3 originates from IRS 16SW, although the exact formation mechanism requires more detailed study that properly accounts for the binary nature of the source.
Finally, it is worth noting that accreting a single G2-like clump (with a mass ≈1 Earth mass) per decade suffices to explain the inferred accretion rate of ≈10−7.6 M⊙ yr−1 onto Sgr A* at the apocenter distance of G2 of ≈1000 RS (Yuan & Narayan 2014; Gillessen et al. 2019). Thus, the G1–2–3 streamer – decelerated by the drag force – could be the main current source of gas for Sgr A*, if the gas ≈50 yr after the first pericenter settles into the accretion flow. This notion is in agreement with the generally accepted view that Sgr A* is mostly fed directly by the hot plasma created by the stellar winds (Quataert et al. 1999; Cuadra et al. 2006). But it is more specific. Clump formation occurs preferentially when IRS 16SW approaches its pericenter (currently underway), where the medium is denser. This therefore does not necessarily represent a steady state and could explain the variable Sgr A* emission on timescales of decades to centuries, as seen in X-ray reflection echoes (Clavel et al. 2013; Chuard et al. 2018).
	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 Snapshots of the hydrodynamic simulations of the Wolf-Rayet stars (white asterisks) feeding Sgr A* (white disk) in the central parsec. The maps show density squared integrated along the line of sight in square-root scale, that is, [∫ρ2dz]1/2, i.e., the expected Brackett-γ flux. Each panel represents a simulation run with different wind speeds from IRS 16SW: 300 km s−1 (top), 400 km s−1 (bottom left), and 600 km s−1 (bottom right). The production of clumps on the scale shown here is dominated by IRS16 SW. The snapshots were created with Splash (Price 2007).



5 Conclusions
New near-infrared IFU data from the Galactic center reveal a third object resembling G1 and G2, moving along (roughly) the same orbit but 18 years later. Given that probabilistic arguments de facto exclude finding three stellar sources in such a configuration, the new data render a stellar model – at least for these three sources – very unlikely. A much better picture is that of a G1–2–3 gas streamer apparently originating from the young, massive binary star IRS 16SW in the CW disk. The dominant differences between the orbits of the three gas clouds are the pericenter times and orientations of the (initial) orbital ellipses in their planes. These change systematically and synchronously with the motion of IRS 16SW. We conclude that G1–2–3 most likely originates from the winds of that star. Updated hydrodynamic simulations, accounting for lower wind velocities as they occur around binaries, show that IRS 16SW may well be able to produce clumps and filaments of gas that can reach Sgr A*.
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1 The name G3 has already been used by Ciurlo et al. (2020) for another, unrelated gaseous object.


2 http://www.dendrograms.org/




Appendix A  Data
Table A.1 
Integral-field spectroscopy observations used for G2t.


Appendix B  Orbital elements
We use the classical orbital elements for the non-Keplerian orbits in the sense of osculating elements. They are semimajor axis a, eccentricity e, inclination i, position angle ascending of the ascending node Ω, longitude of the pericenter ω and epoch of pericenter passage tP. The mass M of Sgr A* and its distance R0 are kept fixed. For the individual fits, we include the drag force parameter (Gillessen et al. 2019) as a free parameter for G2, and use the resulting best-fit value as fixed quantity for the much less constrained G1 and G2t fits. The uncertainties are the formal fit uncertainties, rescaled such the reduced χ2 of each fit is 1. The orbit of G1 with our data is only poorly constrained, especially in a and e, where the formal uncertainties don’t properly represent the posterior space. Comparing with Witzel et al. (2017) and/or including their data for increased phase coverage in our fits, leads to a semimajor axis value comparable with that of G2, and an eccentricity of around e = 0.98.
Table B.1 
Orbit parameters for the individual orbit fits.

Table B.2 
Orbit parameters for the common orbit fit.


Appendix C  Additional illustration
	[image: Thumbnail: Fig. C.1 Refer to the following caption and surrounding text.]	Fig. C.1 Alternative representation of the combined orbit fit for G1, G2, and G2t. The data from G1 (green) and G2t (blue) have been corrected for the differences in the respective orbits to the G2 orbit and plotted on top of the G2 orbit and data (red).




Appendix D  Clump mass function from the test simulations
Here we present the clump mass functions from our test simulations, at the present time and considering a central sphere of radius one arcsecond only. We first use splash to limit the computational domain to the inner arcsecond and output a uniformly sampled cubic grid of 1283 cells. On that grid we search for structures using the astrodendro package2. There are two parameters that control how a clump is defined, namely the number of sigmas above mean density for determining the density threshold, and the minimum number of cells that can constitute a clump. By visual inspection we found that making both parameters equal to 10 gave the best results.
Figure D.1 shows the mass function for the simulations with wind velocity 300 and 400 km s−1, while for the model with 600 km s−1 no clumps were formed. In the two models with the slowest wind there are 21 and four clumps above 3M⊕. While the clump numbers change for different parameters of the dendrogram algorithm, in particular at the low-mass end, the qualitative result is robust.
	[image: Thumbnail: Fig. D.1 Refer to the following caption and surrounding text.]	Fig. D.1 Clump mass functions from our test simulations. These consider the inner arc second only and are taken from the snapshots corresponding to the present time. Results are shown for the runs with wind velocities for IRS 16SW of 300 and 400 km s−1. The control run with 600 km s−1 did not yield a single clump.
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	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 G2t in the ERIS integral-field data from June/July 2024. Top left: continuum image showing the S-stars. Top right: Background-subtracted line map centered at 2.173 µm, corresponding to Brackett-γ + 1000 km/s. G2t stands out. Bottom left: example of a pixel selection (on – green, off – red) for extracting the G2t spectrum overlaid on the continuum map. Bottom right: Resulting spectrum showing a strong emission line at 2.173 µm.
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	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 Orbits and data of G1, G2, and G2t, fit under the constraint that they share the same orbital plane, semimajor axis, and eccentricity. Top: on-sky appearance of the two orbits. Middle: radial velocities. Bottom: spatial coordinates as a function of time. The non-Keplerian shapes result from the drag force acting on G2 and G2t when they are close to Sgr A*.
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	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Left: position–velocity diagram extracted from the June/July-2024 data cube, using a curved slit along the orbital trace of G2t. The emission of G2t is concentrated around (−300 mas, +1000km/s). Similar to G2, G2t seems to be followed by a tail, indicative of even more material flowing along the G1–2–3 path. Right: same diagram for G2 extracted from the 2008 data cube (from Gillessen et al. 2019) for comparison.
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	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 Snapshots of the hydrodynamic simulations of the Wolf-Rayet stars (white asterisks) feeding Sgr A* (white disk) in the central parsec. The maps show density squared integrated along the line of sight in square-root scale, that is, [∫ρ2dz]1/2, i.e., the expected Brackett-γ flux. Each panel represents a simulation run with different wind speeds from IRS 16SW: 300 km s−1 (top), 400 km s−1 (bottom left), and 600 km s−1 (bottom right). The production of clumps on the scale shown here is dominated by IRS16 SW. The snapshots were created with Splash (Price 2007).
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	[image: Thumbnail: Fig. C.1 Refer to the following caption and surrounding text.]	Fig. C.1 Alternative representation of the combined orbit fit for G1, G2, and G2t. The data from G1 (green) and G2t (blue) have been corrected for the differences in the respective orbits to the G2 orbit and plotted on top of the G2 orbit and data (red).
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	[image: Thumbnail: Fig. D.1 Refer to the following caption and surrounding text.]	Fig. D.1 Clump mass functions from our test simulations. These consider the inner arc second only and are taken from the snapshots corresponding to the present time. Results are shown for the runs with wind velocities for IRS 16SW of 300 and 400 km s−1. The control run with 600 km s−1 did not yield a single clump.
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        G2t in the ERIS integral-field data from June/July 2024. Top left: continuum image showing the S-stars. Top right: Background-subtracted line map centered at 2.173 µm, corresponding to Brackett-γ + 1000 km/s. G2t stands out. Bottom left: example of a pixel selection (on – green, off – red) for extracting the G2t spectrum overlaid on the continuum map. Bottom right: Resulting spectrum showing a strong emission line at 2.173 µm.
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        Orbits and data of G1, G2, and G2t, fit under the constraint that they share the same orbital plane, semimajor axis, and eccentricity. Top: on-sky appearance of the two orbits. Middle: radial velocities. Bottom: spatial coordinates as a function of time. The non-Keplerian shapes result from the drag force acting on G2 and G2t when they are close to Sgr A*.
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        Left: position–velocity diagram extracted from the June/July-2024 data cube, using a curved slit along the orbital trace of G2t. The emission of G2t is concentrated around (−300 mas, +1000km/s). Similar to G2, G2t seems to be followed by a tail, indicative of even more material flowing along the G1–2–3 path. Right: same diagram for G2 extracted from the 2008 data cube (from Gillessen et al. 2019) for comparison.
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        Snapshots of the hydrodynamic simulations of the Wolf-Rayet stars (white asterisks) feeding Sgr A* (white disk) in the central parsec. The maps show density squared integrated along the line of sight in square-root scale, that is, [∫ρ2dz]1/2, i.e., the expected Brackett-γ flux. Each panel represents a simulation run with different wind speeds from IRS 16SW: 300 km s−1 (top), 400 km s−1 (bottom left), and 600 km s−1 (bottom right). The production of clumps on the scale shown here is dominated by IRS16 SW. The snapshots were created with Splash (Price 2007).

      

    

  
    
      Table A.1 

      Integral-field spectroscopy observations used for G2t.

      
        


	Year
	ESO prog. ID
	Instrument + Setup
	total exposure





	2014
	092.B-0398(ABD)
	SINFONI, H+K band
	1590 min



	
	093.B-0218(ABD)
	SINFONI, H+K band
	



	
	093.B-0217(F)
	SINFONI, H+K band
	



	2018
	299.B-5056(B)
	SINFONI, H+K band
	1770 min



	
	598.B-0043(BDEFGHI)
	SINFONI, H+K band
	



	
	0101.B-0195(BCDEFG)
	SINFONI, H+K band
	



	2019
	0103.B-0026(BDF)
	SINFONI, H+K
	band 810 min



	
	5102.B-0086(Q)
	SINFONI, H+K band
	



	
	594.B-0498(Q)
	SINFONI, H+K band
	



	2023
	111.24H0.00(23)
	ERIS, K band
	770 min



	2024
	112.25FZ.001
	ERIS, K band
	360 min



	
	113.26B5.001
	ERIS, K band
	



	2025
	114.2756.001
	ERIS, K band
	340 min





      

    

  
    
      Table B.1 

      Orbit parameters for the individual orbit fits.

      
        


	Parameter
	G2
	G1
	G2t





	a [”]
	1.50 ± 0.41
	0.23 ± 0.06
	0.92 ± 0.69



	e
	0.989 ± 0.003
	0.76 ± 0.08
	0.978 ± 0029



	i [°]
	122.0 ± 0.8
	112.8 ± 3.9
	126.1 ± 8.7



	Ω [°]
	70.0 ± 3.3
	59.0 ± 8.1
	49.7 ± 49.3



	ω [°]
	94.6 ± 2.3
	97.41 ± 8.8
	91.5 ± 33.1



	tP
	2014.18 ± 0.12
	2002.8 ± 0.7
	2033.6 ± 2.5



	[image: Mathematical equation: $\chi _{{\rm{red}}}^2$]
	2.31
	2.76
	1.89





      

    

  
    
      Table B.2 

      Orbit parameters for the common orbit fit.

      
        


	Parameter
	Value
	formal fit error





	a [”]
	0.9540
	0.0810



	e [”]
	0.98111
	0.0019



	i [°]
	120.14
	0.35



	Ω [°]
	77.50
	0.64



	ω G2 [°]
	99.52
	0.56



	tP G2 [yr]
	2013.945
	0.042



	ω G1 [°]
	91.57
	0.91



	tP G1 [yr]
	2003.123
	0.075



	ω G2t [°]
	112.44
	0.88



	tP G2t [yr]
	2031.513
	0.206





      

    

  
    
      Fig. C.1 
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        Alternative representation of the combined orbit fit for G1, G2, and G2t. The data from G1 (green) and G2t (blue) have been corrected for the differences in the respective orbits to the G2 orbit and plotted on top of the G2 orbit and data (red).

      

    

  
    
      Fig. D.1 
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        Clump mass functions from our test simulations. These consider the inner arc second only and are taken from the snapshots corresponding to the present time. Results are shown for the runs with wind velocities for IRS 16SW of 300 and 400 km s−1. The control run with 600 km s−1 did not yield a single clump.
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