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Fig. 2. Time evolution for a parameter study of various power-law exponents (β) and normalisations (ρ0) of the assumed accretion flow density
distribution (see legend and Eq. 1), as well as stellar wind velocities vw. Shown are cuts through the density in the orbital plane at a time of 530
days before pericentre (a-c, same colour scale as in Fig. 1a-d; the white cross refers to the position of the BH), the mass transfer rate through the
inner boundary (d), the variation of the electron number density of the accretion flow along the orbital path of S2 (e), and the light curves of excess
X-ray emission (f). Time is given relative to the epoch of pericentre passage. The dotted magenta lines denote the accuracy of roughly a factor of
two of the Baganoff et al. (2003) measurement.

time frame shown, this is caused by the stream of gas falling
back and interacting with the central density concentration and
the mixing with high-temperature gas from the accretion flow.
For our standard model, the peak (excess) X-ray emission re-
mains significantly below the observed value (during quiescent
phases of Sgr A*) and no X-ray flare event is expected.

3.4. The effect of parameter variations

In order to determine whether the S2 pericentre passage can be
used to constrain the density distribution of the accretion flow,
we performed an extensive parameter study. To test the influ-
ence of the ambient density on the stellar wind evolution along
the orbit, we decreased and increased the normalisation of the
mean density of the atmosphere by a factor of ten, in order
to bracket the density inferred in Plewa et al. (2017) and the
assumptions made in the simulations of Christie et al. (2016);
see Fig. 2e. Keeping the temperature distribution constant, this
changes the pressure distribution by the same factor and there-
fore has a strong influence on the stagnation radius and also on
the evolution, as can be seen in Fig. 2a-c. Being able to grow to
a larger size in the low-density case (Fig. 2a), the wind-blown
bubble reaches the pericentre earlier and leads to an increased
mass transfer rate through our inner boundary before the nom-
inal pericentre passage time (Fig. 2d). In contrast, in the high-
density ambient medium case (Fig. 2c), the mass transfer in-
creases shortly after pericentre (Fig. 2d), but remains at a similar
level to that in our standard model. In regards to the X-ray emis-
sion, the shapes of the light curves behave similarly, whereas the
scaling shows the expected strong differences. The high-density
ambient medium case would seemingly leave an observable X-
ray footprint. However, the thermal X-ray emission from the ac-
cretion flow itself would now also exceed the observed quiescent
emission, ruling out this density normalisation.

We change the power-law exponents to -0.5 and -1.5 and
normalise the density distributions such that the thermal X-ray
emission within 0.7 ′′ is given by the quiescent value of Baganoff
et al. (2003). This results in a factor of 2.4 higher (4.7 lower) den-
sity at pericentre for the case of β = −1.5 (β = −0.5, Fig. 2e).
As in the previously discussed case, this leads to a shift of the

onset of the mass transfer through our inner boundary due to
the sizes of the shocked wind shell (larger in case of β = −0.5)
and a decrease (increase) of the X-ray emission for the case of
β = −0.5 (β = −1.5) due to the weaker (stronger) compression
of the shocked wind shell and the changed ram pressure inter-
action with the surrounding medium (Fig. 2f). The sudden drop
of the X-ray light curve for the case of β = −1.5 at around 300
days after pericentre passage is caused by the fast expansion of a
dense shell that was dragged along with the cloud, caused by the
steep density (and hence pressure) gradient. Making the power-
law density distribution steeper only significantly increases the
accretion and X-ray emission, if we fix the density of the accre-
tion flow at the Bondi radius, as has previously been done in liter-
ature. However, this would cause the quiescent thermal emission
to deviate from what is observed. Another source of uncertainty
arises from the poorly known parameters of the stellar wind of
S2. Using the latest measured effective temperature of S2 from
Habibi et al. (2017) together with a fit to stellar wind models
of B-type stars (Eq. 1 in Krtička 2014), a mass-loss rate of the
order of a few times 10−9 M� yr−1 is found. The latter is consis-
tent with an analysis of B-type stars in Oskinova et al. (2011) and
questions the values derived in Martins et al. (2008) (see also dis-
cussion in Habibi et al. 2017). A decrease in the wind mass-loss
rate is directly correlated with a smaller stagnation radius and
a smaller density in the free wind region and an overall smaller
mass in the cloud. This allows the cloud to be transformed into a
low-density, thin string of gas resulting in a decrease in the X-ray
luminosity for smaller mass-loss rates. In a wind velocity study,
we find that apart from a slight shift of the initial peak towards
later times for the high-velocity wind (vwind = 2000 km s−1), the
accretion rates are very similar. As the stagnation radius scales
with the square root of the wind velocity, more compact wind
regions with higher mean densities are expected for lower ve-
locities. This explains the strong increase of the X-ray emission
for our lower wind velocity case (vwind = 500 km s−1, Fig. 2f).
Another possibility to increase the X-ray response would be a
counter-rotating accretion flow, which we have not tested so far.
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