
    Table 1. 

L′-band flux and magnitude of S2 and S65 for seven epochs over a 15-year interval from 2004.317 to 2018.307.




	UT date
	Decimal date
	S2 flux (mJy)
	S65 flux (mJy)
	S2 mag
	S65 mag
	Observation ID





	2004 April 25
	2004.317
	9.02 ± 0.30
	14.56 ± 0.94
	11.10 ± 0.04
	10.59 ± 0.07
	60.A-9026(A)



	2005 May 14
	2005.367
	9.30 ± 0.30
	15.07 ± 0.91
	11.07 ± 0.04
	10.55 ± 0.07
	073.B-0085(D)



	2006 May 29
	2006.408
	9.30 ± 0.30
	15.07 ± 0.91
	11.07 ± 0.04
	10.55 ± 0.07
	077.B-0552(A)



	2007 April 01
	2007.249
	8.88 ± 0.19
	14.49 ± 0.63
	11.12 ± 0.02
	10.59 ± 0.05
	179.B-0261(A)



	2008 May 26
	2008.402
	8.54 ± 0.15
	14.19 ± 0.59
	11.16 ± 0.02
	10.61 ± 0.05
	081.B-0648(A)



	2013 May 09
	2013.356
	8.40 ± 0.25
	14.82 ± 1.12
	11.18 ± 0.03
	10.57 ± 0.08
	091.C-0159(A)



	2018 April 22
	2018.307
	8.70 ± 0.10
	13.62 ± 0.33
	11.13 ± 0.01
	10.64 ± 0.03
	0101.B-0052(B)



	




	Mean
	
	8.88 ± 0.33
	14.55 ± 0.48
	11.12 ± 0.04
	10.59 ± 0.03
	



	difference (max − min)
	
	0.90
	1.45
	0.11
	0.09
	



	
[image: equation]
	
	2.52
	4.53
	0.22
	0.51
	






Notes. The DIT for all cases is 0.200 s. Light-curve characteristics, namely the mean, the difference between the maximum and the minimum, and the fractional variability are also included. With the fractional variability of 2.52%, no significant difference is detected for S2 flux within the uncertainties. The reported fluxes are dereddened.




  
    
      Fig. 1. 
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S2 star and known dusty objects close to its orbit. Left panel: position of S2 and the dusty source G1 close to the pericentre of S2 around 2002. We also show the orbit of the DSO (Dusty S-cluster Object, also known as G2). The points of the sources represent colour-coded radial velocities according to the axis on the right. The grey circle in the bottom left corner represents the diffraction limited FWHM of 98 mas corresponding to NACO L′-band. Right panel: position of S2 and dusty source G1 at the pericentre passage of S2 at 2018.38. The orbital parameters were adopted from Gravity Collaboration (2018a) (S2 star), Valencia-S et al. (2015) (DSO source), and Witzel et al. (2017) (G1 source).



    

  
    
      Fig. 2. 
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NACO L′-band mosaic of the GC in 2013.356. North is up and east is to the left. The identification of three stars (S26, S30 and S35) as photometric calibrators is depicted in particular. The black cross shows the IR counterpart of Sgr A*. In order to check any variability in the flux of S2, we used S65 as a reference star.



    

  
    
      Fig. 3. 
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Light curve of S2 and S65 in L′-band over seven observational epochs.



    

  
    
      Fig. 5. 
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Illustrative figure of the motion of S2 through the hot flow around Sgr A* of variable density. The density may change by as much as an order of magnitude from the apocentre to the pericentre, from several hundred particles per cubic centimetre to several thousand particles per cubic centimetre, respectively, depending on the power-law slope of the radial number density distribution. For the exemplary calculation, we used na = nB(r/rB)−1, where nB = 20.3 cm−3 is the particle density at the Bondi radius. The white circle in the bottom left corner depicts the L′-band point spread function corresponding to 8m-class telescopes, from which it is apparent that the S2 bow shock remains unresolved, especially close to the pericentre.



    

  
    
      Fig. 6. 
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Temporal evolution of the number density of the ambient medium for the three different density slopes of the radial density profile, na = n0(r/r0)−γ, where γ is equal to 0.5, 1.0, and 1.5; see the plot legend. The dashed red lines indicate the number densities that were observationally inferred by Baganoff et al. (2003) (26 cm−3 at the Bondi radius) and Gillessen et al. (2019) (4000 cm−3 at ∼1000 rs).



    

  
    
      Fig. 7. 
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Total SED of the S2 star (black solid line) around L′ band.



    

  
    
      Fig. 8. 
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Number density and thickness of the two shock layers in the two-shock approximation model as a function of the distance from Sgr A* (in Schwarzschild radii). Left: number density (expressed in cm−3) of the shock driven into the ambient medium (red lines) and of the shocked stellar wind (blue lines) calculated for three specific values of the ambient density slope: γ = 0.5, 1.0, and 1.5. Right: thickness (expressed in cm) of the stellar-wind (blue lines) and ambient shock layers (red lines) calculated for the three different density slopes as in the left panel.



    

  
    Table 2. 

Summary of constraints for the ambient density close to the GC at the S2 periapse based on the two extinction limits, 1σ and fractional variability, and analytical bow-shock models for both the ambient shock and the stellar-wind shock thermal emission.




	Thermal emission – upper limit
	Power-law slope
	Ambient number density (periapse)





	Ambient shock (A = 0.04)
	3.20
	1.87 × 109 cm−3



	Stellar-wind shock (A = 0.04)
	1.57
	1.86 × 105 cm−3



	




	Thermal emission – upper limit
	Power-law slope
	Ambient number density (periapse)



	




	Ambient shock (A = 0.02)
	3.03
	7.15 × 108 cm−3



	Stellar-wind shock (A = 0.02)
	1.41
	7.53 × 104 cm−3



	




	Non-thermal emission – upper limit
	Power-law slope
	Ambient number density (periapse)



	




	Peak flux density of 0.91 mJy (maximum flux difference)
	1.47
	1.01 × 105 cm−3



	Peak flux density of 0.22 mJy (fractional variability)
	1.17
	1.88 × 104 cm−3






Notes. In addition, we include the ambient density upper limit for the non-thermal synchrotron emission based on the maximum flux difference of 0.90 mJy and the fractional variability of 0.2 mJy.




  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
Non-thermal contribution of the S2 bow shock to its L′-band emission. In the left panel, we plot the L′-band light curve as calculated for the S2 bow-shock synchrotron emission for the peak flux of 0.91 mJy (solid black line) and for the peak flux of 0.22 mJy (dashed black line). For comparison, we also show the fractional variability of S2 (dotted green line) and its maximum flux difference (dot-dashed line). The measured mean flux of Sgr A* in L′-band, 4.33  ±  0.18 mJy, is depicted by a dashed blue line. The sum of the mean flux density of S2 with the maximum potential contribution of the non-thermal bow-shock emission is represented by a solid red line. The measured flux density of S2 from 2018.307 is marked by an orange cross. In the right panel, we show the SED of S2 bow-shock synchrotron emission as calculated for the S2 pericentre for the L′-band flux of 0.91 mJy (solid line) and for the L′-band flux of 0.22 mJy (dashed line). The orange dot-dashed line marks the L′-band frequency range and the red star symbol represents the mean flux density of S2 in L′-band. The blue solid line represents the SED of Sgr A* based on the advection dominated accretion flows (ADAFs; Yuan et al. 2003; Yuan & Narayan 2014).



    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
Comparison of the upper density limits that are marked as downward arrows inferred from the L′-band light curve of the S2 star based on modelling ambient and stellar-wind shocks for the dust-extinction values of 0.04 and 0.02 mag with different density profiles and structures according to the plot legend and the description. Alongside the density limit based on the thermal bow-shock emission, we also depict the limit based on the non-thermal bow-shock emission (bluish downward arrows). For comparison, we show the density limit of 26 cm−3 inferred by Baganoff et al. (2003) based on the analysis of the X-ray thermal bremsstrahlung profile. Then we show the density constraint of (5  ±  3)  ×  103 cm−3 inferred from the potential hydrodynamic drag acting on the DSO/G2 object (Gillessen et al. 2019). The general density power-law profiles are depicted by black lines: the solid line stands for the slope of 1.0, the dashed line represents the flat profile of γ = 0.5, and the dot-dashed line depicts the steeper Bondi-like spherical flow with γ = 1.5. The shaded rectangle shows the distance and the density limits (n ∼ 105 − 106 cm−3) of the putative cool disc whose discovery is claimed by Murchikova et al. (2019). The black-framed rectangle depicts the typical densities of the broad-line region (BLR) clouds in the range of n ∼ 108 − 1011 cm−3. The gray lines depict the number density values expected for a thin disc (Shakura & Sunyaev 1973) for the accretion rate of Ṁ = 10−9 − 10−7 M⊙ yr−1 and the viscosity parameter of α = 0.1. The brown-shaded area to the lower left shows the set of density profiles determined using the rotation measure of the submillimeter polarisation measurements (Marrone et al. 2006, 2007) for the inner radii of rin = 300 rs and rin = 3 rs, density slopes of γ = 0.5−1.5, and the accretion rates in the range 2 × 10−9 − 2 × 10−7 M⊙ yr−1. The blue dot-dashed vertical at 100 rs and the blue dot-dashed arrow to the left denote the region of a potential magnetically arrested flow (MAD), where the accretion flow changes from continuous to clumpy due to the accumulated poloidal magnetic flux (see e.g. Narayan et al. 2003; Tursunov et al. 2020). The dotted vertical lines mark the periapsis of the S62 star at ∼225 rs and the periapsis of the S2 star at ∼1512 rs. Next to the S2 pericentre vertical line, we highlight the range of densities potentially being explored using L′-band METIS at ELT imaging mode.



    

  
    Table B.1. 

Power-law index γ and the corresponding ratio between the apocentre and the pericentre bow-shock sizes and the thermal emission luminosities calculated for different eccentricities.




	e
	γ
	(R0A/R0P)0 (Eq. (B.8))
	LthA/LthP (S2)





	0
	≥0
	1
	1



	0.5
	0.0
	3.0
	0.19



	0.5
	0.5
	3.9
	0.19



	0.5
	1.0
	5.2
	0.19



	0.5
	2.0
	9.0
	0.19



	0.9
	0.0
	19.0
	1.8 × 10−2



	0.9
	0.5
	39.7
	1.8 × 10−2



	0.9
	1.0
	82.8
	1.8 × 10−2



	0.9
	2.0
	361.0
	1.8 × 10−2







  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
Colour-coded ratio R0A/R0P of stellar bow-shock sizes between the apocentre and the pericentre of the corresponding orbit in the e − γ plane (see also Eq. (B.8)). The white and black lines correspond to the contours of the constant ratio with numbers indicating the value of R0A/R0P for a given contour.
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