
M. Schartmann et al.: Simulating the pericentre passage of the Galactic centre star S2
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Fig. 1. Time evolution (given relative to the epoch of pericentre passage) of the standard model. Shown are cuts through the density distribution
(centred on S2) within the orbital plane (a-d) and X-ray 2-10 keV emission maps (perpendicular to the orbital plane), including the emission of the
accretion flow (e-h). The white cross depicts the location of the BH and is located outside (to the lower right) of the shown region in panels d and
h.

stripping due to the ram pressure exerted by the accretion flow
on the now fast-moving star (vperi

∗ ≈ 7606 km s−1 at pericentre
distance). A small fraction of these filaments move ahead of the
star and have lost enough angular momentum to the accretion
flow to end up inside our inner radius (Fig. 2d), before the nom-
inal pericentre is reached. During pericentre passage, the typical
tidal disruption fan shows up and the gas that remains bound to
the BH smoothes out on a short timescale caused by the very
high sound speed in this region (cperi

s ≈ 5058 km s−1) and corre-
spondingly short sound crossing time (τperi

sc ≈ 0.1 yr compared
to capo

s ≈ 1256 km s−1 and τapo
sc ≈ 7.3 yr at apo centre). A large

fraction of the shell is stripped, but already roughly 0.5 yr after
pericentre a new shocked wind shell becomes visible. Moving
further out in the potential, the radius of this shell around S2
increases fast (Fig. 1c). Due to the strong hydro instabilities, it
forms a thick, filamentary and partly asymmetric cocoon. Its evo-
lution is similar to the beginning of the simulation, but ram pres-
sure interaction of the filamentary shocked wind shell with the
accretion flow leads to the formation of a nozzle of gas (Fig. 1d)
pointing from the upstream part of the cloud towards the BH and
allows to funnel low angular momentum gas towards the direct
surroundings of the minimum of the potential well and through
our inner radius (see discussion in Sect. 3.2). A similar pattern
as the one discussed previously starts after having reached apoc-
entre passage.

3.2. Mass transfer towards the centre

The accretion rate (of wind material only, selected by a passive
tracer field) through the inner radius rin = 1.4 × 10−4 pc found
in the simulation is shown in Fig. 2d (black line); it peaks close
to pericentre with approximately 2 × 10−6 M� yr−1, roughly cor-
responding to the upper limit derived from observations at this
distance regime (Genzel et al. 2010). Roughly 1.5 yr after the
violent pericentre passage, the accretion rate reaches an almost
constant level of around 4×10−7 M� yr−1, as a disc forms around

the BH, which is fed by the stream of gas towards Sgr A*. The
latter is first provided by gas in the dispersed tail of the source
and later by the nozzle (see Sect. 3.1 and Fig. 1) of low-angular-
momentum gas connecting BH and source. Therefore no drastic
change in the accretion flow or its electromagnetic emission is
expected to occur.

3.3. X-ray emission

Using the recipe described in Sect. 2.2, the expected thermal X-
ray emission has been calculated. Being shocked by the inter-
action with the ambient medium, the stellar wind material heats
up to temperatures of around 107 K. This gives rise to enhanced
thermal X-ray emission in the 2-10 keV window compared to our
background density structure (Fig. 1e-h), which roughly follows
the morphology of the projected density distribution, but with-
out showing the free-wind region around the star due to its low
temperature of Tfw = 104 K. An increase of the X-ray emission
is recognisable the closer the source moves towards the BH. This
is caused by (i) the star accelerating into the denser part of the
accretion flow (Fig. 2e, black line), (ii) the continuously increas-
ing amount of gas in the shocked wind shell and (iii) the tidal
interaction. These effects cause stronger shock heating as well
as a stronger compression of the upstream part of the shocked
wind shell, leading to higher densities, temperatures, and emis-
sivity. In order to derive the corresponding light curve (black
line in Fig. 2f), we subtract the X-ray emission of the accretion
flow (our initial condition) and compare to the observed quies-
cent emission (Baganoff et al. 2003) (dashed magenta line). We
find that the peak of the X-ray emission lags behind the peak of
the density evolution (Fig. 2e, black line) along the orbit. This
was already found by Christie et al. (2016) and was explained
to be caused by the compression of the dispersed tail, which
reaches the point of maximum environment density slightly later
than the star itself. The light curve (Fig. 2f) is asymmetric with
respect to the pericentre passage, showing a steeper gradient be-
fore pericentre compared to the evolution after pericentre. In the

Article number, page 3 of 5




