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Abstract

Context. GX 301-2 is a high-mass X-ray binary (HMXB) with strong stellar outflows. The evolution of these binaries can be closely related with the interstellar environment due to strong wind interactions.

Aims. We try to constrain the energy injected in the interstellar medium by GX 301-2 through stellar wind using HAWK-I and Herschel data.

Methods. We analysed HAWK-I images in four different filters (Brγ, H2, J, and Ks) and tried to retrieve signatures of the impact of GX 301-2 on its environment. We used Herschel data to outline the interstellar medium and the Gala DR3 catalogue to infer the proper motion of GX 301-2. Finally, we estimated the energy injected in the interstellar medium since the first supernova event of the HMXB.

Results. Using both HAWK-I and Herschel images, we deduce an approximation of the total mass injected from GX 301-2 in the interstellar medium of [image: equation].
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1 Introduction
Massive stars can create interstellar bubbles by sweeping material away (Vasquez et al. 2005; Petriella et al. 2012). They inject energy in the interstellar medium (ISM) through stellar winds at high terminal velocity, and can trigger stellar formation by generating overdensities in the ISM bubbles they created (Liu et al. 2012).
Studies show that 71% of the stellar population in our galaxy spend some time of their evolution in a binary system (Sana et al. 2012). High-mass X-ray binaries (HMXBs), which represent a step in the evolution of some massive binaries, are composed of a compact object (a neutron star or a black hole) orbiting a massive O/B star. A search for possible interaction with the ISM can give us a better understanding of the way in which HMXBs affect their surroundings by injecting energy in the ISM, which has already been proven for Cyg X-1 (Gallo et al. 2005).
GX 301-2 is a highly obscured HMXB composed of an accreting neutron star (White et al. 1976) orbiting a blue hyper-giant of type B1Ia+ (Kaper et al. 2006). GX 301-2 is located at a distance of 3.6 ± 0.2 kpc, as inferred by Bailer-Jones et al. (2021) using Gala EDR3 astrometry. Studies from Kaplan et al. (2006) and Moon et al. (2007) showed that dust was present in the close vicinity of GX 301-2. In a subsequent study, Servillat et al. (2014) modeled a disk-like circumbinary environment encompassing the HMXB. Huthoff & Kaper (2002) discovered an arm-like structure north of the source (referred to below as the arm) and hypothesized that it is in fact a bow shock coming from the interaction of GX 301-2 with its environment that sweeps the inner material toward this arm. We here quantify the energy exchange between GX 301-2 as a donor and its environment. We search for infrared (IR) emission from gas and interstellar dust, and compute the energy budget of the interaction of the binary with the arm.
In Sect. 2, we review the photometric data we used in the study. Section 3 is an analysis of these observations, while in Sect. 4 we infer the mass transfer from the HMXB to the arm. These calculations are discussed and summarized in Sect. 5.
2 Data acquisition
2.1 HAWK-I data
Observations with the HAWK-I imager on the Very Large Telescope (VLT; Pirard et al. 2004) were performed between May 2–6, 2017, in four available energy bands, under ESO ID 099.D-0684(A) (PI Chaty). Photometric data have been collected using two broadband filters, J (1.258 ± 0.154 µm), Ks (2.146 ± 0.324 µm) with a total exposure time of 1800 s and two narrowband filters, H2 (2.124 ± 0.030 µm) and Brγ (2.165 ± 0.030 µm), with a total exposure time of 2400 s. The data were reduced using the EsoReflex pipeline1 (Freudling et al. 2013) with the particular pipeline for HAWK-I imagery for dark subtraction and flat-field correction, as well as stacking images issued from jitter expositions. The telescope was oriented so that GX 301-2 was located in the upper right quadrant of HAWK-I, in order to avoid a positioning at the edge between two quadrants. The produced images have a field of view of 7.5′ × 7.5′. Some useful parameters of the data are summarized in Table 1.
Table 1 
Main parameters used for the data reduction in the four filters images for the HAWK-I instrument.

Table 2 
Observational parameters for the Herschel/PACS Images.

2.2 Herschel data
Herschel (Pilbratt et al. 2010) observations with the PACS2 (Poglitsch et al. 2010) instrument in imaging mode were carried out on August 2, 2011. Observations were made in the three available energy bands (blue 60–85 µm, green 85–130 µm, and red 130–210 µm) under Obs. ID 1342225124, 1342225125, 1342225126, and 1342225127 (PI Chaty). A summary of the observation properties is given in Table 2. The data were reduced using the standard scripts dedicated to the reduction of PACS imaging mini-scan mode data, and implemented in the HIPE3 software.
2.3 Spitzer data
We retrieved archival data from the IRAC4 instrument of the Spitzer Space telescope (Werner et al. 2004; Fazio & team 2004) at 4.5 µm (CH2). This 1.3° × 44′ image from the GLIMPSE survey (Benjamin et al. 2003) is centered on a region northwest of GX 301-2. More details about the parameters for the data acquisition can be found in Churchwell et al. (2009).
3 Data analysis
The HAWK-I data were processed to detect features of interaction between GX 301-2 and the gas arm structure located north of the HMXB. In the science images, we computed the instrumental point spread function (PSF) for each filter, and then subtracted it. Using PyRAF5, we applied PSF subtraction to each detected star using the findstar routine to detect stars above a given threshold, referenced in Table 3, along with the number of stars that was subtracted for each filter. To remove the stars, we used the crowded field photometry method following Massey & Davis (1992). A selection of the brightest nonsaturated and sufficiently isolated stars was made by hand, and a first instrumental PSF was retrieved for the stars using the psf routine. We removed the close neighbors of the bright stars by clustering regions using the group command and subtracted the faintest stars grouped with the bright stars that were used for the first PSF using the substar routine. This produced a cleaner second iteration of the instrumental PSF. It was then applied to subtract all the stars detected by the findstar routine. The PSF subtraction did not work well on saturated stars, including GX 301-2, nor on stars close to the edge of quadrants. However, this did not affect the study because we focus on a faint diffuse region. The resulting images to which the subtracted PSF was applied enabled us to detect objects with a signal-to-noise-ratio (S/N) threshold 20 times lower than for the science images coming from the Esoreflex pipeline.
Figures 1a, b show the H2 filter image before and after PSF subtraction. No clear evidence of the surrounding arm structure (which is shown in Fig. 2b with Spitzer data) was detected. However, a brighter area was detected in the bottom left quadrant, corresponding to a dust clump detected in the ATLASGAL catalogue (Urquhart et al. 2018), which is shown in panel b of Fig. 2.
We used contours to search for gas structures in the HAWK-I images, with an average value higher than the background noise. We used [image: equation]. This did not lead to any detection of the arm structure. We then used a 2D wavelet decomposition to perform a multiscale analysis of the image. The original image was passed through high and low filters in the two spatial directions at each iteration, so that for scale n, 4n images were produced, and every iteration increased the scale that was probed. Our image had a 7 pc2 field of view as given by the angular distance and the distance of GX 301-2 from Bailer-Jones et al. (2021), with a pixel size of 1.6 × 10−3 pc2. Each scale probed an area twice as large as the previous scale, therefore 12 iterations to the wavelet decomposition process were possible. At order 10, we highlight structures of ≈1 pc, but this requires creating 410 images because they are passed through the 2D filters. However, the analysis of the decomposed images did not reveal the arm structure using this method.
We overlaid the Herschel/PACS data on the HAWK-I images, covering a field of view of ≈8.0′ × 3.5′. The Herschel image clearly displays the arm structure, so that every information concerning its geometry was retrieved using the data from Herschel/PACS. However, due to the field of view, only a fraction of the arm structure was detected and used for the study. After characterizing and subtracting the PSF for this instrument, we applied a median filter to the residual frames following Povich et al. (2007). After processing, the Herschel image displayed the arm structure in the 70–160 µm range. Panel c of Fig. 1 shows the superimposition of HAWK-I H2 filter and Herschel 100 µm images.
Fortin et al. (2022) used Gaia EDR3 astrometric data to infer the peculiar velocity of GX 301-2, which corresponds to the systemic velocity corrected for Galactic rotation. While only the magnitude of the peculiar velocity vector is published, we asked the authors for the full vector and its 1 σ uncertainties (2022, priv. comm.), which is plotted in Fig. 1c. Figure 3 uses the vector to retrace the origin of GX 301-2, as well as its 1 σ uncertainties. Changes in the orbital parameters of the binary during a supernova explosion are associated with a momentum kick (natal kick) that is imparted to the newborn neutron star. The peculiar velocity we retrieved takes this natal kick into account and enables us to shape an origin area for the first supernova (SN) event. This leads to the conclusion that GX 301-2 originates far away from the gaseous region (see Fig. 1c).
Table 3 
Main parameters used for PSF subtraction of stars in the four filters images for the HAWK-I instrument.

	[image: thumbnail]	Fig. 1 HAWK-I image in the H2 filter. Panel a (left) is the raw scientific image. Panel b (middle) is the image after PSF subtraction, using contours to highlight brighter features. Panel c (right) is the raw scientific image, and the Herschel/PACS image is overlaid. The yellow arrow indicates the peculiar velocity of GX 301-2 as retrieved from the Gaia EDR3 parallax study. GX 301-2 is marked in all three images. The contour corresponds to a 2.124 µm surface brightness: 10 MJy sr−1.



	[image: thumbnail]	Fig. 2 HAWK-I image in the H2 filter. Panel a (left) is the subtracted image and the Spitzer archive image in the background, which confirms at a larger scale that the bright residual in the bottom left quadrant is an astrophysical feature. We used contours to highlight the relevant arm-like structure that is present in the Spitzer image, but missing in the HAWK-I image. Panel b (right) is a zoom centered on the field of view of HAWK-I. GX 301-2 is marked in the two images. Contours correspond to the 4.5 µm surface brightness: 100 and 230 MJy sr−1.



	[image: thumbnail]	Fig. 3 Spitzer image of a wider portion of the sky, containing the original area of GX 301-2. The green polygon is the uncertainty cone for GX 301-2 peculiar velocity, truncated orthogonally to −Vpec so that the supernova event occurred between 250 kyr and 1 Myr. The yellow line is the average line for the trajectory. The HAWK-I image is to scale.



4 Estimation of the energy injected into the ISM
We computed the energy budget of the stellar winds that are injected into the ISM. To do this, we first built a simple static model that we then improved using a dynamical evolution of the system.
To account for stellar winds coming from GX 301-2 and injected into the ISM, we assumed a constant wind flow rate, starting from the first SN event, which was estimated to occur around [image: equation] Myr in the past (Simaz Bunzel et al. 2022) and a spherically symmetric distribution of the wind. We modeled the interaction as a continuously expanding bubble of matter crossing the ISM. We only considered the arm-like gas structure that is susceptible to interacting with the stellar winds.
We approximated the arm-like structure as a cylinder with a symmetry axis coplanar to GX 301-2, to help us estimate the distances. We find a diameter of 0.5 pc and a height of 1.6 pc given the distance to GX 301-2 of 3.6 kpc. The cylinder was located at 1.3 pc from the HMXB, which was first considered as a fixed object, with a mass-loss rate [image: equation] driven by stellar winds with a terminal velocity of vw = 305 km s−1, as described in Servillat et al. (2014).
We estimated the time it takes for the stellar winds to reach the ISM to be 4 kyr, knowing the current distance between GX 301-2 and the arm gas structure. This value was compared to the time of integration, starting at the first SN event, and we decided to neglect the traveling time for the stellar winds because of their high velocity. The solid angle formed by the cylinder viewed from GX 301-2 is a rectangular shape of [image: equation] sr, with a the effective area of the cylinder from GX 301-2 point of view, and l is the distance to GX 301-2, assuming coplanarity with the arm. We computed l with the knowledge of the angular distance between GX 301-2 and the edge of the arm, as well as the distance of GX 301-2 from us, as retrieved by Bailer-Jones et al. (2021).
When we assume a uniform and isotropic ejection of the stellar wind from GX 301-2, only a fraction [image: equation] is perceived by the arm. Thus, the total mass injected by GX 301-2 into the gas structure is Mtot ≈ 0.19 M⊙.
The data we received from Fortin et al. (2022) showed that GX 301-2 has a peculiar velocity that is orientated southeast, which means that its birthplace is located northwest of its current position. This means that the interaction with the arm-like structure has varied with time. With previous assumptions about the shape of the structure and the parameter values, we now have a distance between GX 301-2 and the gas shell that varies with time. Hence, the solid angle becomes a function of time, and the fraction of stellar winds interacting with the ISM varies as well.
To simplify the calculations, we considered that GX 301-2 entered three phases that the geometry of the problem seems to justify. First, the approaching phase lasts from first SN event to the gas shell. A fraction of stellar winds is injected in a time-dependent way: xfrac(t). It is obvious that xfrac increases with time: as the HMXB approaches the structure, its interaction cross section increases. Second is the crossing phase: the entire stellar wind is injected in the arm. It lasts from tin to tout. The third and last phase starts when the gas shell is left to the current location of the HMXB. xfrac is again time dependent and decreases with time.
When it is distant from r, an area 𝒜 covers a fraction of the sphere of radius r,
[image: equation](1)
Here, 𝒜 corresponds to the area of the arm-like structure as seen from GX 301-2, and r is the distance between the arm-like structure and the HMXB. Hence, the total mass injected in the ISM during the first phase is given by
[image: equation](2)
with t(xfrac = 1) the time at which we consider that phase 2 began. Because r decreases with time, we can write
[image: equation](3)
where rinit is the initial distance of GX 301-2 from the gas shell at the first SN event location.
Injecting Eq. (3) into Eq. (1), then computing Eq. (2), we obtain the final result:
[image: equation](4)
For phase 3, the calculations are driven in the same way, but we replace Eq. (3) by
[image: equation](5)
and the integration interval by [0, tf] , with rmin being such that x(rmin) = 1 and tf such as r(tf) = d = 1.3 pc the current distance between GX 301-2 and the ISM.
This leads to the final mass formula,
[image: equation](6)
For the second phase, we consider that GX 301-2 crosses the arm. This implies that all the stellar wind is injected during this phase, as we assume that interaction occurs for the entire stellar wind reaching the arm-like structure. The crossing time is
[image: equation](7)
with a being the thickness of the shell, which is estimated to be 0.5 pc using the HAWK-I and Herschel image, and assuming GX 301-2 crossed the shell along the plan of the images. The total injected mass is then
[image: equation](8)
Calculations give [image: equation], with Mtot being the total mass injected during each of the three phases described earlier.
However, injected matter might not always interact with the ISM. We assumed a simple convective approach, and considered that the winds interact when the kinematic energy density of the wind particles equals the thermodynamic energy of the ISM, that is to say,
[image: equation](9)
Nw being distance dependent because of the proper motion of GX 301-2. Hence, we can find an upper distance limit above which the kinetic energy of the stellar wind becomes lower than the thermodynamic energy of the ISM. We retrieved density and temperature parameters for a cold neutral medium from Ferriere (2001).
This gives us the distance
[image: equation](10)
We obtained dcrit ≈ 470 pc, which means the entire stellar wind that reaches the gas shell can indeed interact.
This implies that the stellar wind had a sufficient energy at all epochs in the past to interact with the ISM. Considering Mtot as the mass injected into the ISM that can interact, and a wind velocity of 305 km s−1, we obtain a power of ≈1033 erg s−1 injected into the ISM on average. This can be used for a comparison with typical stellar jets whose high-energy flux is known to create strong interaction with the ISM. For instance, Cyg X-1 jet has a power flux of a few 1037 erg s−1 for a total energy deposited of ≈7 × 1048 erg, as derived by Gallo et al. (2005). For GX 301-2, in a 500 kyr lifespan, a total energy of a few 1046 erg has been deposited in the arm, therefore, approximately 350 times less energy than for a jet. We can also compare it to the W50-SS 433 jet source, for which Margon et al. (1984) proved a power of a few times 1039 erg s−1 and Dubner et al. (1998) retrieved a total energy injected in the ISM of 1051 erg in total. However, jets and winds have different behaviors, and these differences should be addressed. Miller-Jones et al. (2008) argued the need for a low peculiar velocity of an HMXB to account for the inflation of interstellar bubbles in the case of jet ejection, due to the unidimensional direction. On the other hand, stellar winds are almost isotropic, with no favored direction. Hence, a high peculiar velocity should not prevent the expansion of the interstellar bubble, although the expansion rate may be asymmetric due to a change in the interaction cross section.
Hence, we can deduce that the energy injected by stellar winds of GX 301-2 in the ISM is low, and might not be sufficient to trigger stellar formation, compared to the energy of some powerful jets in our galaxy. We can also add the search for interactions between the microquasar GRS 1915+105 and the ISM (Chaty et al. 2001). The microquasar emitted in a luminosity range of 1037–1039 erg s−1. The observations for this study were also inconclusive, despite a higher apparent luminosity. This is corroboration for our case here.
In a comparative study of ionizing radiation and stellar wind momentum transfer in the ISM, Haid et al. (2018) showed that for a cold neutral medium, momentum transfer should be dominated by ionizing radiation. However, the order of magnitude of the transferred momentum does not change radically (see their Fig. 7), so that the orders of magnitude we computed remain valid.
Finally, we can compute the limiting flux in which the HAWK-I imager can detect a signal. With a derived limiting magnitude of 20.56, we have a limiting luminosity of ≈1.79 × 1020 W in the H2 filter (which is the most sensitive of the four). Considering the total region in which the arm is located, we conclude that this particular region did not emit more than ≈ 1036 erg during the exposure time of the instrument. This would mean that only a very small fraction of the energy coming from the stellar wind of GX 301-2 and absorbed by the arm is indeed processed and emitted by the arm in the form of infrared radiation.
5 Discussion and conclusions
Our analysis of HAWK-I images did not allow us to conclude about the interaction of GX 301-2 with its environment because we did not detect the ISM shell as expected: the SNR between the ISM and the sky background is too low. The idea of using HAWK-I comes from the wide-field capabilities of the instrument (7.5′ × 7.5′), and from its narrow and wide filters. The arm is less bright in the detection range of HAWK-I than for Herschel or Spitzer, however. The sensitivity of the detector would have required an extended observation time of 2 h per narrow filter and 1h30 per broadband filter to detect the arm because it is about three times less luminous at 4.5 µm than the dust clump that is detected. We retrieved useful data for the shape of the ISM shell using Herschel images, which we modeled as a cylinder to facilitate the calculations. This model could be improved by changing the geometry of the problem to something more realistic, but this would make the numerical calculation more complex. To compute the overall mass transfer, we usedthe Gaia EDR3 survey to compute the peculiar velocity of GX 301-2, and hence calculated the cross section of the stellar wind interaction with the arm. One of the limitations of the calculations is the hypothesis that the binary system has moved orthogonally to a plane of symmetry of the cylinder. However, it is more likely that it approached it with a certain inclination angle i that has not been considered in the study. The geometry of the system might influence the results derived in this article. Moreover, uncertainties with respect to the age of the first SN event are the main source of uncertainty. We used a fixed SN age of 500 kyr in the past (Simaz Bunzel et al. 2022) that was inferred from detailed binary evolution simulations, but uncertainties remain about this parameter. We located the SN event at [image: equation] kyr, and took raw estimates for the error bars. This is probably the largest source of uncertainty, but it affects the variation in energy that is transferred to the arm only little, adding an uncertainty of less than 10%. Hence, the overall conclusion is that winds from GX 301-2 do not seem to have affect the ISM. Another strengthening argument lies in the energetic comparison with the energy of power jets with the ISM, which also seems to unveil that stellar winds are not likely to strongly influence, and even less to trigger, stellar formation by injecting material in the ISM. Jets have a stronger energy output, but in a narrower area. Their geometry is therefore more efficient in inflating ISM bubbles. In this case, GX 301-2 is am HMXB with a high peculiar velocity of [image: equation] km s−1 (see Fortin et al. 2022 2022), which implies that it could not have stayed long enough in the vicinity to have a significant impact on the ISM. HMXBs with low vpec and stronger stellar winds could inject enough material to inflate ISM bubbles in a way similar to jets, despite their different geometry. In this case, we would not expect two symmetrical lobes from the binary, but rather a higher-density bubble that surrounds the binary. We note that in our study, the most important phase was the crossing period tcross, when half of the total transferred matter was injected in a very short period of time. A binary with a lower vpec could change the total amount of material injected in the ISM due to stellar winds, up to a certain limit. The characteristics of the ISM also play a role, as shown by Haid et al. (2018), since the density and temperature of the ISM will affect the way in which momentum is transferred to the ISM. This causes an inversion of the ratio of stellar winds and ionizing radiation contributions for a warm neutral medium.
Multiwavelength observations of jets interacting with the ISM have been proven successful in helping us understand the mechanisms in place. For instance, the comprehensive work of Chaty et al. (2001) on GRS 1915+105, which reported observations at various wavelengths, have helped to constrain the impact of jets on the ISM. Following previous studies on SS 433, the authors concluded that molecular clumps can be common where highly energetic sources interact with the ISM, and can be detected with high-density tracers. The present study is part of a similar multiwavelength analysis of the interaction between stellar winds and the ISM. Following the work initiated by Servillat et al. (2014) in the IR domain with Herschel, but also the modeling of its SED ranging from 0.4 to 4 × 104 µm, we studied the J and K bands of the spectrum in detail, constraining the interaction among the stellar winds and the ISM. This might be extended to the millimeter and submillimeter regions, however, where we expect that research in the millimeter spectrum at around 100 GHz could be of interest to detect tracers of high density, such as HCO+ or CO (see Chaty et al. 2001). Overall, Tetarenko et al. (2018, 2020) showed in a series of articles that molecular line studies in millimeter and submillimeter bands provide information about the interaction between XRBs and the ISM, mostly through jets. A search for similar interactions with stellar winds might provide new insights into the interaction between stellar winds and the ISM. In contrast to jets, strong shocks are not expected from stellar wind that interacts with the ISM medium. Therefore, radio maps would probably not be best suited for studying these interactions, as concluded by Kaiser et al. (2004). In addition, a 20 cm line analysis could also show an ionization front, similarly to what Rodriguez & Mirabel (1998) revealed for GRS 1915+105. As mentioned previously, the characteristics of the ISM might influence the impact of stellar wind on the ISM. New studies in these wavelengths might therefore help to constrain these parameters and allow us to understand the feedback of GX 301-2 better, which is an HMXB with strong stellar winds. It would also allow us to understand its surrounding environment better.
We used IR images from different instruments and surveys to investigate the impact of GX 301-2 on the surrounding ISM shell. We reduced data from the HAWK-I instrument and Herschel/PACS instrument, and used them to detect the arm structure for the remaining analysis. In order to answer the question of the interaction between GX 301-2 and the shell through stellar winds, we computed an estimate of the total mass lost by GX 301-2 and injected in the arm. Different models were considered, from a fixed source to a moving source. We used simple energy considerations with a convective model to verify whether energetic contribution of the stellar wind to the arm was relevant. We then computed the total energy injected by the stellar winds of GX 301-2 in the ISM, and compared it to some known jets that are produced by galactic binaries whose interaction with the ISM has previously been proven by different studies. Finally, we concluded that stellar wind from GX 301-2 is unlikely to have fed the ISM enough energy to trigger stellar formation in this particular region.
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	[image: thumbnail]	Fig. 1 HAWK-I image in the H2 filter. Panel a (left) is the raw scientific image. Panel b (middle) is the image after PSF subtraction, using contours to highlight brighter features. Panel c (right) is the raw scientific image, and the Herschel/PACS image is overlaid. The yellow arrow indicates the peculiar velocity of GX 301-2 as retrieved from the Gaia EDR3 parallax study. GX 301-2 is marked in all three images. The contour corresponds to a 2.124 µm surface brightness: 10 MJy sr−1.
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	[image: thumbnail]	Fig. 2 HAWK-I image in the H2 filter. Panel a (left) is the subtracted image and the Spitzer archive image in the background, which confirms at a larger scale that the bright residual in the bottom left quadrant is an astrophysical feature. We used contours to highlight the relevant arm-like structure that is present in the Spitzer image, but missing in the HAWK-I image. Panel b (right) is a zoom centered on the field of view of HAWK-I. GX 301-2 is marked in the two images. Contours correspond to the 4.5 µm surface brightness: 100 and 230 MJy sr−1.
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      Table 1 

      Main parameters used for the data reduction in the four filters images for the HAWK-I instrument.

      
        


	
	H2
	Brγ
	J
	Ks





	Spatial resolution (1) (″)
	0.61
	0.72
	1.00
	0.92



	Saturation limit (2) (mag)
	10.85
	10.89
	8.67
	6.60



	Total exposure time (s)
	2400
	2400
	1800
	1800



	Nframe × texp/frame (s)
	30 × 80
	30 × 80
	30 × 60
	30 × 60



	Airmass (start-end)
	1.423–1.419
	1.282–1.283
	1.496–1.493
	1.398–1.395



	Jitter width (arcsec)
	20
	20
	20
	20



	Seeing (corrected by airmass)
	0.78
	1.08
	1.01
	1.07





      

      
Notes. (1) Retrieved from HAWK-I instrument. (2) Derived from EsoReflex Exopsure Time Calculator.




    

  
    
      Table 2 

      Observational parameters for the Herschel/PACS Images.

      
        


	
	1342225124
	1342225125
	1342225126
	1342225127





	Mode
	Scan map
	Scan map
	Scan map
	Scan map



	Duration (s)
	1350
	1350
	2705
	2705



	Blue channel
	70 µm band
	70 µm band
	100 µm band
	100 µm band





      

    

  
    
      Table 3 

      Main parameters used for PSF subtraction of stars in the four filters images for the HAWK-I instrument.

      
        


	
	H2
	Brγ
	J
	Ks





	σsky (ADU)
	9.39
	16.66
	32.99
	100.72



	Threshold (in σsky)
	18
	4.5
	1.4
	13.5



	# of stars
	12593
	10520
	2962
	8891





      

    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        HAWK-I image in the H2 filter. Panel a (left) is the raw scientific image. Panel b (middle) is the image after PSF subtraction, using contours to highlight brighter features. Panel c (right) is the raw scientific image, and the Herschel/PACS image is overlaid. The yellow arrow indicates the peculiar velocity of GX 301-2 as retrieved from the Gaia EDR3 parallax study. GX 301-2 is marked in all three images. The contour corresponds to a 2.124 µm surface brightness: 10 MJy sr−1.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        HAWK-I image in the H2 filter. Panel a (left) is the subtracted image and the Spitzer archive image in the background, which confirms at a larger scale that the bright residual in the bottom left quadrant is an astrophysical feature. We used contours to highlight the relevant arm-like structure that is present in the Spitzer image, but missing in the HAWK-I image. Panel b (right) is a zoom centered on the field of view of HAWK-I. GX 301-2 is marked in the two images. Contours correspond to the 4.5 µm surface brightness: 100 and 230 MJy sr−1.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Spitzer image of a wider portion of the sky, containing the original area of GX 301-2. The green polygon is the uncertainty cone for GX 301-2 peculiar velocity, truncated orthogonally to −Vpec so that the supernova event occurred between 250 kyr and 1 Myr. The yellow line is the average line for the trajectory. The HAWK-I image is to scale.
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