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Abstract

Context. HESS J0852−463 is a TeV γ-ray source located in the Galactic plane. The region consists of a supernova remnant (SNR, RX J0852.0−4622) with a shell-like morphology, commonly referred to as Vela Junior, and a pulsar named PSR J0855−4644. Pulsars are among the most efficient leptonic accelerators in our Galaxy, making this region particularly interesting to study.

Aims. We utilise the most recent data taken by the High Energy Stereoscopic System (H.E.S.S.) to investigate any γ-ray emission associated with the pulsar in this region, PSR J0855−4644.

Methods. We applied a full forward-folding method on the H.E.S.S. data. Utilising 3D modelling techniques, we evaluated the TeV γ-ray emission towards the various components of this complex system.

Results. The distinct energy-dependent morphology observed in our data motivates further investigation of this source. We resolved the emission in the Vela Junior region into various components, several of which correspond to the SNR itself. In particular, we find a new extended component coincident with the position of PSR J0855−4644. The spectrum follows a power-law distribution with a best-fit index of ΓE = 1.81 ± 0.07stat, which differs from the properties of the surrounding γ-ray emission of the Vela Junior SNR. A one-zone leptonic joint fit between the X-rays (from XMM-Newton) and γ-rays (from H.E.S.S.) leads to a lower limit on the magnetic field of 1.6 μG and a spectral index of α = 1.88 ± 0.01, in line with expectations of pulsar wind nebulae (PWNe).

Conclusions. In this paper, we report the first detection of the PWN of PSR J0855−4644 at TeV energies with the H.E.S.S. experiment, at a significance of 12.2σ. This is attributed to the advanced techniques of the 3D analysis. Based on the pulsar’s characteristics, its PWN is consistent with the known TeV PWNe population in the Galaxy.

Key words: astroparticle physics / radiation mechanisms: non-thermal / ISM: supernova remnants / pulsars: individual: PSR J0855−4644 / gamma rays: general


1. Introduction
In the centre of the Vela constellation, close to the south-eastern edge of the Vela supernova remnant (SNR), lies another Galactic SNR designated RX J0852.0−4622 (G266.2−1.2, but most often referred to as Vela Junior). Its age is estimated to be between 1700 yr and 4300 yr (Katsuda et al. 2008). This SNR displays a clear shell-type morphology, first revealed in X-rays (Aschenbach 1998) and later detected at both γ-ray (Tanaka et al. 2011; Aharonian et al. 2007) and radio (Maxted et al. 2018) wavelengths.
In 2018, a deep observation campaign was performed by the High Energy Stereoscopic System (H.E.S.S.) at TeV energies, resolving a series of small-scale morphological substructures along the SNR shell (H.E.S.S. Collaboration 2018b). One such substructure, located on the south-eastern rim of the SNR, is positionally coincident with an energetic ([image: Mathematical equation: $ \dot{E} = 1.1\,\times\,10^{36} $] erg s−1) pulsar named PSR J0855−4644 (Kramer et al. 2003), with a characteristic age of τc = 140 kyr. The pulsar is unlikely to be physically connected to Vela Junior and thus not to have originated in the same supernova event (Acero et al. 2013). This leads to the hypothesis that some of the TeV emission typically attributed to Vela Junior could actually originate from a hypothetical γ-ray bright pulsar wind nebula (PWN) surrounding PSR J0855−4644. This currently unresolved issue motivated the work presented in this paper.
PSR J0855−4644 is characterised by remarkable multi-wavelength features: in X-rays it has a compact (∼10″) core with asymmetric double-jet morphology (Maitra et al. 2017) surrounded by a 150″ size diffuse PWN (as determined by dedicated XMM-Newton observations, Acero et al. 2013). The spectral index in the X-ray band is significantly steeper towards the outer region of the nebula (Γ = 2.01 ± 0.04) than the inner region ([image: Mathematical equation: $ \Gamma = 1.70{^{+0.07}_{-0.06}} $]). In the radio band, PSR J0855−4644 exhibits a partial ring-like structure and two faint tail-like features indicative of a supersonic bow shock nebula (Maitra et al. 2018). The authors conclude that this is a radio PWN of PSR J0855−4644. The observed features are likely due to synchrotron cooling of relativistic e± pairs, which are efficiently accelerated both in the pulsar’s wind and at the termination shock between the wind and the external diffuse nebula (see Gaensler & Slane 2006, for a review). The same electron population can also produce γ-ray emission through inverse-Compton (IC) up-scattering. Pulsar wind nebulae are a dominant source of TeV γ-rays (H.E.S.S. Collaboration 2018c), in some cases having been detected up to hundreds of TeV (Cao et al. 2024), indicating that pulsars are among the most efficient leptonic accelerators in our Galaxy.
Based on its high spin-down luminosity and its proximity to the Solar System (d ≤  900 pc, Acero et al. 2013), PSR J0855−4644 is likely to emit TeV γ-ray emission as a PWN at a level detectable by the current generation of ground-based γ-ray observatories. This object has never before been identified at such high energies, largely due to its proximity to the bright Vela Junior shell and the limitations of previous analysis techniques.
Previous H.E.S.S. observations suggested a possible hardening of the γ-ray spectrum coinciding with the position of PSR J0855−4644. However, the statistical uncertainties resulting from the limited on-source exposure time and the analysis techniques employed prevented the authors from confirming significant deviations in any particular region of the Vela Junior shell (H.E.S.S. Collaboration 2018b).
In this work, we report the detection of the PWN of PSR J0855−4644 at TeV energies with the H.E.S.S. experiment. Compared to previous publications, we use additional data, including 55 hours taken with the upgraded H.E.S.S. camera system (Ashton et al. 2020) and employ improved analysis techniques (Donath et al. 2023). These advancements allow us to distinguish the PWN of PSR J0855−4644 from the bright Vela Junior shell for the first time, based on its significantly different morphology and γ-ray spectrum.
2. H.E.S.S. observations and data analysis
This paper makes use of data collected between January 2004 and February 2021 with the initial configuration of the H.E.S.S. experiment, an array of four 12 m diameter Imaging Atmospheric Cherenkov Telescopes (IACTs) located in the Khomas Highlands of Namibia. An additional 28 m diameter IACT was added in 2012; however, we did not utilise its observational data in this work. The data were processed with the H.E.S.S. analysis package (HAP) to produce lists of γ-like events and dedicated instrument response functions (IRFs). The Hillas shower reconstruction technique (Hillas 1985) and the multi-variate analysis (MVA) for γ/hadron separation (Ohm et al. 2009; Becherini et al. 2012) were adopted, with standard cuts optimised for Galactic source analysis (Khelifi et al. 2015). The event lists and IRFs were exported to FITS files complying with the common data format developed by Deil et al. (2017) and used to perform a high-level analysis with Gammapy v1.3 (Donath et al. 2023; Acero et al. 2025). A complete analysis cross-check was also performed, using an alternative low-level chain of calibration, reconstruction, and γ-hadron separation methods (Parsons & Hinton 2014; Mohrmann et al. 2019), leading to consistent results within the typical H.E.S.S. systematic uncertainties as per Aharonian et al. (2006). All standard-quality observations centred within 3° of the nominal centre of Vela Junior with a maximum zenith angle of 50°were selected to cover the H.E.S.S. field of view (FoV) (radius of ∼2.5° at 1 TeV), resulting in a total observation time of ∼130 hours on-source after cuts.
As opposed to the standard morphological and spectral analyses presented in H.E.S.S. Collaboration (2018b), we performed a 3D binned likelihood analysis (hereafter 3D analysis), consisting of a simultaneous spectro-morphological modelling of the total γ-ray (and γ-like cosmic-ray background) emission in the source region (Mohrmann et al. 2019; Abdalla et al. 2021). To limit analysis systematics, observations obtained before and after the 2016 camera upgrade (Ashton et al. 2020) were not stacked together. Instead, they were analysed simultaneously in a joint-likelihood approach, assuming the same source model for the two datasets but different IRFs. To fully enclose the complex source emission and guarantee robust constraints on the background normalisation, we adopted a 6° by 6° analysis region centred on Vela Junior, divided into 0.02° squared pixels. The axis in reconstructed energy was divided into 13 logarithmically spaced bins between 0.7 and 100 TeV. The energy threshold of 0.7 TeV was derived based on the analysis configuration and to account for mis-modelling of the background template due to atmospheric and instrumental variations. The cosmic ray background level in the region was evaluated from a 3D FoV background model adapted to the specific conditions of each observation (Mohrmann et al. 2019; Abdalla et al. 2021).
Following Abdalla et al. (2021), we started from a background-only hypothesis and iteratively injected parametric model components until further additions yielded no statistically significant improvement in the regional description. For each component, we tested different spatial shapes (e.g. circular vs elliptical Gaussian) and spectral functions (e.g. power law with and without a high-energy cutoff). We additionally performed a morphological analysis of the γ-ray emission in the region, integrating the signal in different energy bands. This approach allowed us to confirm the conclusions obtained from the 3D analysis by verifying the significant energy-dependent morphology of the γ-ray flux across the Vela Junior shell.
3. Results
3.1. Energy resolved flux maps
Figure 1 shows energy-resolved γ-ray flux maps of the Vela Junior region in three energy bands: 0.7 < Eγ < 4.8 TeV, 4.8 < Eγ < 10.3 TeV, and Eγ > 10.3 TeV. The flux maps were generated assuming a power-law spectrum with an index of −2, and smoothed using a Gaussian kernel with a radius of 0.1°. Both the extent of the SNR and the position of PSR J0855−4644 are indicated. Vela Junior is indicated by the magenta circle, and the pulsar of interest in this study, PSR J0855−4644, is indicated by the green star. The flux maps show clear morphological changes in the emission as energy increases. In the lowest energy bin, the Vela Junior shell dominates, with the eastern rim appearing very bright. However, at energies above 10 TeV, significant emission (> 5σ) is observed coinciding with the position of PSR J0855−4644. This, along with a hard γ-ray region around the pulsar, suggests that the emission originates from PSR J0855−4644, possibly as a PWN (or halo). The γ-ray region is larger than the X-ray emission region, providing preliminary evidence that the electron population cools as particles propagate away from the pulsar. This provides further motivation to study the region with a full spectro-morphological analysis.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. TeV γ-ray flux map (cm−2 s−1) of the Vela Junior region in three different energy bands. A smoothing radius of 0.1° is used. The Vela Junior SNR is indicated by the magenta circle, and PSR J0855−4644 is indicated by the green star. The significance contours of the TeV γ-ray emission at the 5, 10, and 20σ levels are shown in white, with increasing line width for increasing significance.



3.2. Spectro-morphological modelling
The TeV γ-ray emission in this region has a number of different structures (as showcased in Fig. 1), which need to be modelled with care. While the well-defined SNR shell component (Vela Junior) has been established (H.E.S.S. Collaboration 2018b), it is now possible to investigate the potential existence of additional sources using 3D analysis techniques by adding model components until no significant residual emission remains. First, we modelled the brightest objects in the region. Starting with the complex partial shell morphology at the eastern edge of Vela Junior, we utilised a template spatial model matching the morphology of TeV emission in this region (see Fig. A.1). To build this model, we start with the flux map, as shown in the left panel of Fig. 1. To enhance the most significant features and reduce any small-scale noise, the map was first smoothed using a Gaussian kernel with a width of 0.1°. A threshold of 3.7 × 10−13cm−2s−1 was applied, setting all values below this limit to zero, to remove any weaker emission and suppress low-intensity features. This step allowed us to model only the dominant emission features from this region, whilst minimising the influence of small fluctuations. The resulting map was normalised to a maximum value of one, then combined with an exponential cutoff power-law spectral model, hereafter referred to as component ‘A’ (see Fig. A.1).
Next, a shell spatial model was used to describe the remaining contributions from the SNR shell. This model parametrises a uniformly emitting spherical shell projected in 2D. It is called component ‘B’ and utilises the best-fit description from H.E.S.S. Collaboration (2018b) as its initial values, with a shell radius of 1° and shell thickness of 0.3°. Next, we iteratively added Gaussian components (named alphabetically from ‘C’ to ‘F’) with the initial position placed at the location of the highest significance peak. Each of these components were fitted using an exponential cutoff power-law spectral model. We stopped adding components when additional ones were no longer significant at the 4σ level above the background and the additional model was significantly offset from the source of interest within the FoV. This iterative addition of the models is shown in Fig. A.2. Figure 2 shows the γ-ray significance map (top) along with the residual significance map, after subtracting the best-fit models (bottom). We see no significant residual γ-ray emission (> 5σ).
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Significance maps of γ-ray above 0.7 TeV. Top: Significance map with Vela Junior indicated by the magenta circle and PSR J0855−4644 indicated by the green star. Bottom: Residual significance map with the best-fit models overlaid. The six model components are shown in different colours, together with their respective labels. The circles represent the ∼68% containment radii of the Gaussians.



For each component, we evaluated two nested hypotheses for the spectral model:

	
H0: Spectral parameters (index and cutoff) are shared with the shell model (component B, exponential cutoff power law), while normalisations are let free;



	
H1: Spectral parameters are independent, assuming a power-law.




We assessed these using the Wilks’ theorem (Wilks 1938). The spectra of the five components (‘A’ through ‘D’ and ‘F’) are compatible within statistics and are characterised by a power law with index 1.95 ± 0.05stat ± 0.18sys and exponential cutoff energy (10.25 ± 0.94stat ± 3.5sys) TeV; see Table A.1. It is important to note here that the spectrum of component B, corresponding to the SNR shell, is compatible with the spectrum published in H.E.S.S. Collaboration (2018b). The systematic uncertainties on our model parameters were derived through the methods outlined in Section 2.1.3 of H.E.S.S. Collaboration (2023). This Monte Carlo-based approach describes the systematics arising from discrepancies between the IRFs and the real observing conditions. In this approach, no effect is applied to the point spread function, so there is no contribution from the systematics associated with the position or extension. Instead, we quote the typical H.E.S.S. systematic pointing uncertainty of 20″ per axis (Gillessen 2004).
The comparison between H0 and H1 for component E yields a significance of 6.2σ, indicating that its spectral parameters are not shared with the SNR and making it the only component that is clearly distinct from the others. Actually, the best-fit solution yields a cutoff parameter for component E that is statistically compatible with zero (λ = 0.025 ± 0.02 TeV−1). We therefore tested whether a spectral cutoff is statistically preferred. Comparing a power-law spectral model to an exponential cutoff power law, we find no significant preference (∼1σ) for a cutoff in component E. The spectrum is therefore well described by a simple power law with a hard spectral index of ΓE = 1.81 ± 0.07stat. The best-fit position of this component is lE = 266.91° ±0.03stat° and bE = −0.94° ±0.02stat°, with an extension of σE = 0.14° ±0.02stat°. Component E has a detection significance of 12.2σ. The extended source model is also significantly preferred over a point-like model (by 10.8σ).
PSR J0855−4644 lies within the spatial extent of component E and therefore suggests a plausible γ-ray PWN. The offset between the pulsar position and emission centre is typical of a PWN, reflecting a non-homogeneous environment. Despite the absence of dedicated observation campaigns for Vela Junior since H.E.S.S. Collaboration (2018b), substantial improvements in the high-level analysis technique allowed us to obtain, for the first time, a clear source separation between the PWN of PSR J0855−4644 and the SNR of Vela Junior. The spectra from each component, along with the HESS J0852−463 spectrum from the HGPS (H.E.S.S. Collaboration 2018c), are shown in Fig. 3, illustrating the different spectral shape of component E. The best-fit parameters for each model are provided in Table A.1 and Table 1.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Spectral energy distribution for each H.E.S.S. component. The components from this work (‘A’ to ‘F’) are shown in red (dashed), green (dot-dashed), orange (dotted), purple (dashed), blue (solid), and maroon (dot-dashed), respectively. The flux points are derived from the respective models. These spectra are compared to the HESS J0852−463 result in solid black from H.E.S.S. Collaboration (2018c).



Table 1. 
Best-fit model parameters for component E, modelled with a Gaussian spatial model and a power-law spectrum at a reference energy of 1 TeV.

4. Discussion
The following discussion focuses on component E, which is plausibly associated with the PWN of PSR J0855−4644. The parameters of all other components, utilised to subtract the Vela Junior emission and isolate the properties of the PWN, are not discussed further.
4.1. Emission characteristics from multi-wavelength observations
The spatial positioning of component E strongly suggests that the TeV γ-ray emission is produced through the acceleration of particles from PSR J0855−4644 as a PWN. A PWN is already detected at X-ray wavelengths with XMM-Newton (Acero et al. 2013) in addition to a radio nebula (Maitra et al. 2018), both at the same location as component E (as shown in Fig. 4). The X-ray emission is non-thermal, with a spectral index that softens away from the pulsar (from [image: Mathematical equation: $ \Gamma = 1.70{^{+0.07}_{-0.06}} $] to Γ = 2.01 ± 0.04), typical of an active PWN. The measured TeV extension of σE ∼ (0.14°   ±  0.02stat° ) is an order of magnitude larger than the X-ray PWN, with a Gaussian width of 45″ (∼0.012°, Acero et al. 2013), as expected due to electron cooling timescales and transport effects. Figure 4 shows the X-ray flux map from XMM-Newton in a high-energy band from 2–8 keV, indicating the extent of the X-ray PWN and component E. Given that PWNe are known γ-ray emitters (H.E.S.S. Collaboration 2018c,a), it is plausible to expect γ-ray emission from this source.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. XMM-Newton flux image from the MOS+PN camera in the high-energy band from 2–8 keV. The map is smoothed with a Gaussian width of 4″. The contour at 1.1 × 10−7 cm−2 s−1 indicates the inner nebula of the PWN. The grey plus and circle indicate the position and size of component E in γ-rays, respectively. The diffuse emission to the north of the PWN is the rim of the Vela Junior remnant. The image is adapted from Acero et al. (2013).



Given that PSR J0855−4644 also lies within component C, it is reasonable to question whether component C is also associated with PSR J0855−4644 – as an extended PWN or pulsar halo – rather than with the SNR. We performed a number of tests, including fitting non-point-like models with varying sizes and position angles, to probe different morphological shapes for components E and C, both individually and jointly. We find no compelling evidence that component C constitutes extended emission from the PWN. The spectrum for component C is also statistically better associated with the SNR, as an exponential cutoff power-law spectral model (with fixed parameters from the shell model) is preferred over a power-law spectral model at a significance level of 6.4σ. This indicates that the emission likely originates from the SNR rather than from the PWN. No significant residuals are observed at γ-ray energies (Fig. 2), implying that a potential PWN ‘tail’ is not detected.
The flux of component E at 1 TeV is measured to be 7.11 × 10−13 TeV−1 cm−2 s−1, which corresponds to a TeV luminosity between 1 and 10 TeV of [image: Mathematical equation: $ L_{{1-10\,\rm{TeV}}} = 3.9 \times 10^{32}(d/\text{ kpc})^2 $] erg s−1. Assuming a maximum distance of 900 pc to the pulsar (Acero et al. 2013), this gives a TeV luminosity of [image: Mathematical equation: $ L_{\text{1-10 TeV}} = 3.2 \times 10^{32} $] erg s−1. The associated pulsar, PSR J0855−4644, has a spin-down power of 1.1 × 1036 erg s−1, which leads to a TeV efficiency of 0.03%, within the expected range for evolved PWNe (H.E.S.S. Collaboration 2018a). The PWN interpretation is a natural explanation for the observed characteristics.
The spectral index of component E is hard (ΓE ∼ 1.8), which is consistent with expectations for an energetic PWN. Hard γ-ray spectra at the cores of PWNe are also observed in other systems such as HESS J1825−137 H.E.S.S. Collaboration (2019a), where the innermost region of the nebula, centred on PSR B1823−13, has a hard spectral index of Γ ≲ 2. Vela X provides another example with a hard spectral index of Γ = 1.75 close to the position of the pulsar (0.3 pc away, H.E.S.S. Collaboration 2019b).
In 2011, Fermi-LAT (Fermi Large Area Telescope) reported the detection of the Vela Junior SNR; however, no component attached to the PWN has been detected (Tanaka et al. 2011). Given the hard spectral index of the PWN component at TeV energies, this counterpart is unlikely to be detectable in the Fermi-LAT energy range. The emission from this component would be too faint at 1–10 GeV due to the steepness of the spectral index.
4.2. Broadband keV to TeV joint fitting
To understand the parent particle population better, we performed a joint multi-wavelength fit to both the X-ray and γ-ray emission using Naima (Zabalza 2015) within the Gammapy framework, together with the Gammapy wrapper for the Sherpa X-ray modelling package (Freeman et al. 2001) and the XSPEC spectral models (Arnaud 1996). For the X-ray data, we used observations from the XMM-Newton PN camera, as detailed in Acero et al. (2013). A mask was applied to this dataset to restrict the fit only to the emission from high-energy electrons, focusing on the 2-8 keV range (consistent with Fig. 4) to avoid thermal contamination from the Vela SNR and the rim of Vela Junior.
The emission is described by a single-zone model, in which the population of particles follows a power-law spectral model with an exponential cutoff, intended as a phenomenological description. The synchrotron emission was modelled based on the ambient magnetic field strength, B, the parent particle population, and a component accounting for photoelectric absorption. The absorption column density was taken to be NH = 7.6 × 1021 cm−2 as per Acero et al. (2013) and fixed during the fit. The same electron population was assumed to be responsible for the γ-ray emission resulting from IC scattering of the cosmic microwave background (CMB), near-infrared (NIR), and far-infrared (FIR) background photon fields. For the FIR component, we assumed a temperature of 30 K with an energy density of 0.5 eV cm−3, while for the NIR component we assumed a temperature of 3000 K with an energy density of 1 eV cm−3. These values are typical of the interstellar radiation field conditions outside the inner Galactic region (see for example, Popescu et al. 2017; Porter et al. 2017). The distance to the source was assumed to be 900 pc from X-ray observations (Acero et al. 2013).
The power-law spectral model of the H.E.S.S. component E from Sect. 3.2 was replaced by the IC component. The synchrotron component was utilised to describe the X-ray emission, extracted from a circular region with a radius of 0.14° representing component E. The electron spectral index, amplitude, and magnetic field were fitted simultaneously across the X-ray (XMM-Newton) and γ-ray (H.E.S.S.) data. This joint fit was performed on the 1D spectral dataset obtained from XMM-Newton and the 3D dataset from H.E.S.S., enabling the use of the forward-folding technique. The results of this fit are shown in Table 2 and illustrated in Fig. 5. The flux points shown in Fig. 5 were then derived assuming, in the individual energy bins, the spectral model derived from the fit.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Broadband spectral energy distribution of component E in a simple one-zone leptonic scenario. The IC emission is shown for the CMB (grey-dashed line) and FIR (dot-dashed line) components. The total IC emission is indicated by the orange line. The NIR cannot be seen on this plot as it is a subdominant component. The red and maroon lines represent the synchrotron emission and synchrotron emission with absorption, respectively. An X-ray absorption column density of NH = 7.6 × 1021 cm−2 is assumed for this model. The XMM-Newton X-ray flux points are shown by the dark-purple-filled squares, and the TeV γ-ray flux points from component E are indicated by the blue-filled triangles. Both sets of flux points were calculated from the one-zone single model.



Table 2. 
Best-fit model parameters for a simple one-zone model describing the emission from both X-rays and γ-rays.

The model of the broadband spectral energy distribution in Fig. 5 describes the H.E.S.S. and XMM-Newton data well. We find an electron spectral index of α ∼ 1.9, obtained from the joint fit, which is a reasonable value for the injection spectrum (PWNe are expected to exhibit a hard spectral indices; see de Jager et al. (2008), Olmi & Bucciantini (2023)). The magnetic field of B ∼ 1.6 μG represents an effective average value over the large region of interest. Although this value is relatively low, it is not uncommon when fitting the X-ray and TeV data with a simple stationary one-zone model (see H.E.S.S. Collaboration 2012). As shown in previous studies (Gelfand et al. 2009; Van Etten & Romani 2011; Collins et al. 2024), the magnetic field in a PWN decreases with distance beyond the terminal shock, resulting in a low average magnetic field strength over the integration region. In addition, continuously accelerated particles suffer from radiative and adiabatic losses, such that most of the highly energetic particles that emit X-rays lie closer to the termination shock than those producing emission beyond 1 TeV (e.g. H.E.S.S. Collaboration 2023).
5. Conclusions
The X-ray bright PWN powered by PSR J0855−4644 overlaps with the Vela Junior shell, making this a complex analysis region. Using this novel 3D analysis technique with an accurate description of the spectro-morphological parameters allowed us to disentangle the two sources for the first time. We find a γ-ray PWN component (component E), positionally consistent with the X-ray PWN. This extended emission (σE = 0.14° ±0.02stat°) is detected at a significance level of 12.2σ.
A detailed spectral analysis revealed that component E exhibits different spectral characteristics than the other components, which are likely associated with the SNR itself. Component E is described by a power-law spectral model with a hard index of ΓE = 1.81 ± 0.07stat. This spectral difference suggests that this component does not originate from the SNR but rather from the pulsar within its vicinity. Given the observed characteristics, spectral properties, and the spatial alignment with the X-ray PWN, interpreting this component as a PWN is the most plausible explanation. Using the spin-down power ([image: Mathematical equation: $ \dot{E} = 1.1\times10^{36} $] erg s−1) along with the distance to the pulsar (900 pc) allows us to deduce [image: Mathematical equation: $ \dot{E}/D^2 > 10^{34}\,\mathrm{erg\,s^{-1}\,kpc^{-2}} $], which is characteristic of the pulsars known to power PWNe at TeV energies (H.E.S.S. Collaboration 2018a). This scenario is also supported from an energetics point of view by the TeV conversion efficiency of the PWN, 0.03%. Given the other characteristics of the pulsar, this PWN is also well placed within the population of TeV PWNe presented by H.E.S.S. Collaboration (2018a).
A leptonic scenario was considered, in which a synchrotron component and an IC component were used to describe the emission at X-ray and γ-ray wavelengths, respectively. A joint fit of the XMM-Newton X-ray data and the H.E.S.S. γ-ray data reveals a spectral index of α = 1.88 ± 0.01 for the electron population and allowed us to place a lower limit on the magnetic field strength of 1.6 μG.

Data availability
The scientific data products presented in this paper are publicly accessible via Zenodo doi:10.5281/zenodo.18351700 (H.E.S.S. Collaboration 2026).
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Appendix A:  3D modelling details
Figure A.1 shows the template spatial model utilised to represent the bright emission from the eastern edge of the Vela Junior SNR. This is called component A throughout the text.
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Template for component A: Representation of the eastern shell.



Table A.1 shows the results of the best-fit models for each of the components.
Table A.1. 
Best-fit model parameters for components A through F.

Figure A.2 shows the iterative addition of the models described in Sect. 3.2.
	[image: Thumbnail: Fig. A.2. Refer to the following caption and surrounding text.]	Fig. A.2. Iterative addition of the models outlined in Sect. 3.2 from ‘A’ through to ‘F’ in red, green, orange, purple, blue, and maroon, respectively. Left: Predicted counts for the models. Right: Residual significance maps.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. TeV γ-ray flux map (cm−2 s−1) of the Vela Junior region in three different energy bands. A smoothing radius of 0.1° is used. The Vela Junior SNR is indicated by the magenta circle, and PSR J0855−4644 is indicated by the green star. The significance contours of the TeV γ-ray emission at the 5, 10, and 20σ levels are shown in white, with increasing line width for increasing significance.
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	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Significance maps of γ-ray above 0.7 TeV. Top: Significance map with Vela Junior indicated by the magenta circle and PSR J0855−4644 indicated by the green star. Bottom: Residual significance map with the best-fit models overlaid. The six model components are shown in different colours, together with their respective labels. The circles represent the ∼68% containment radii of the Gaussians.
In the text



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Spectral energy distribution for each H.E.S.S. component. The components from this work (‘A’ to ‘F’) are shown in red (dashed), green (dot-dashed), orange (dotted), purple (dashed), blue (solid), and maroon (dot-dashed), respectively. The flux points are derived from the respective models. These spectra are compared to the HESS J0852−463 result in solid black from H.E.S.S. Collaboration (2018c).
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	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. XMM-Newton flux image from the MOS+PN camera in the high-energy band from 2–8 keV. The map is smoothed with a Gaussian width of 4″. The contour at 1.1 × 10−7 cm−2 s−1 indicates the inner nebula of the PWN. The grey plus and circle indicate the position and size of component E in γ-rays, respectively. The diffuse emission to the north of the PWN is the rim of the Vela Junior remnant. The image is adapted from Acero et al. (2013).
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	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Broadband spectral energy distribution of component E in a simple one-zone leptonic scenario. The IC emission is shown for the CMB (grey-dashed line) and FIR (dot-dashed line) components. The total IC emission is indicated by the orange line. The NIR cannot be seen on this plot as it is a subdominant component. The red and maroon lines represent the synchrotron emission and synchrotron emission with absorption, respectively. An X-ray absorption column density of NH = 7.6 × 1021 cm−2 is assumed for this model. The XMM-Newton X-ray flux points are shown by the dark-purple-filled squares, and the TeV γ-ray flux points from component E are indicated by the blue-filled triangles. Both sets of flux points were calculated from the one-zone single model.
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        TeV γ-ray flux map (cm−2 s−1) of the Vela Junior region in three different energy bands. A smoothing radius of 0.1° is used. The Vela Junior SNR is indicated by the magenta circle, and PSR J0855−4644 is indicated by the green star. The significance contours of the TeV γ-ray emission at the 5, 10, and 20σ levels are shown in white, with increasing line width for increasing significance.
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        Significance maps of γ-ray above 0.7 TeV. Top: Significance map with Vela Junior indicated by the magenta circle and PSR J0855−4644 indicated by the green star. Bottom: Residual significance map with the best-fit models overlaid. The six model components are shown in different colours, together with their respective labels. The circles represent the ∼68% containment radii of the Gaussians.
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        Spectral energy distribution for each H.E.S.S. component. The components from this work (‘A’ to ‘F’) are shown in red (dashed), green (dot-dashed), orange (dotted), purple (dashed), blue (solid), and maroon (dot-dashed), respectively. The flux points are derived from the respective models. These spectra are compared to the HESS J0852−463 result in solid black from H.E.S.S. Collaboration (2018c).

      

    

  
    
      Table 1. 

      Best-fit model parameters for component E, modelled with a Gaussian spatial model and a power-law spectrum at a reference energy of 1 TeV.

      
        


	Parameter
	Value





	Galactic longitude [deg]
	266.91 ± 0.03stat ± 0.006sys



	Galactic latitude [deg]
	−0.94 ± 0.02stat ± 0.006sys



	Extension [deg]
	0.14 ± 0.02stat



	Spectral index
	1.81 ± 0.07stat ± 0.05sys



	Spectral flux (1 TeV)[10−13 TeV−1 cm−2 s−1]
	(7.11 ± 1.55stat ± 0.75sys)



	
	





      

      
Notes. We quote the systematic uncertainties utilising the methods outlined in H.E.S.S. Collaboration (2023), along with the 20″ H.E.S.S. systematic pointing uncertainty (Gillessen 2004).
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        [image: Fig. 4. Refer to the following caption and surrounding text.]
      

      
        XMM-Newton flux image from the MOS+PN camera in the high-energy band from 2–8 keV. The map is smoothed with a Gaussian width of 4″. The contour at 1.1 × 10−7 cm−2 s−1 indicates the inner nebula of the PWN. The grey plus and circle indicate the position and size of component E in γ-rays, respectively. The diffuse emission to the north of the PWN is the rim of the Vela Junior remnant. The image is adapted from Acero et al. (2013).
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        Broadband spectral energy distribution of component E in a simple one-zone leptonic scenario. The IC emission is shown for the CMB (grey-dashed line) and FIR (dot-dashed line) components. The total IC emission is indicated by the orange line. The NIR cannot be seen on this plot as it is a subdominant component. The red and maroon lines represent the synchrotron emission and synchrotron emission with absorption, respectively. An X-ray absorption column density of NH = 7.6 × 1021 cm−2 is assumed for this model. The XMM-Newton X-ray flux points are shown by the dark-purple-filled squares, and the TeV γ-ray flux points from component E are indicated by the blue-filled triangles. Both sets of flux points were calculated from the one-zone single model.

      

    

  
    
      Table 2. 

      Best-fit model parameters for a simple one-zone model describing the emission from both X-rays and γ-rays.

      
        


	Parameter
	Description
	Value





	B
	Magnetic field
	1.6 ± 0.1 μG



	α
	Index
	1.88 ± 0.04



	ϕ0
	Normalisation
	(1.9 ± 0.2)×1032 eV−1





      

      
Notes. The column density is frozen at NH = 7.6 × 1021 cm−2. The magnetic field, B, is taken to be the lower limit; the spectral index and normalisation of the parent particle population are α and ϕ0, respectively.
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        Template for component A: Representation of the eastern shell.

      

    

  
    
      Table A.1. 

      Best-fit model parameters for components A through F.

      
        


	Component
	Galactic longitude
	Galactic latitude
	Extension
	Spectral flux (1 TeV)



	
	[deg]
	[deg]
	[deg]
	[10−12 TeV−1 cm−2 s−1]





	A
	-
	-
	-
	(5.0 ± 0.2stat ± 0.4sys)



	B
	266.25 ± 0.006sys
	−1.22 ± 0.006sys
	1.067
	(19.5 ± 0.7stat ± 1.4sys)



	C
	266.47 ± 0.03stat ± 0.006sys
	−1.30 ± 0.04stat ± 0.006sys
	0.28 ± 0.03stat
	(3.0 ± 0.5stat ± 0.2sys)



	D
	267.02 ± 0.01stat ± 0.006sys
	−1.59 ± 0.01stat ± 0.006sys
	0.09 ± 0.01stat
	(1.0 ± 0.15stat ± 0.08sys)



	F
	267.27 ± 0.01stat ± 0.006sys
	−1.31 ± 0.02stat ± 0.006sys
	0.09 ± 0.01stat
	(0.584 ± 0.094stat ± 0.045sys)





      

      
Notes. These components are described by a spectral index of 1.95 ± 0.03stat ± 0.18sys and an exponential cutoff energy of (10.25 ± 0.94stat ± 3.5sys) TeV at a reference energy of 1 TeV. We quote the systematic uncertainties utilising the methods outlined in H.E.S.S. Collaboration (2023), along with the 20″ systematic pointing uncertainty of H.E.S.S..



    

  
    
      Fig. A.2. 

      
        [image: Fig. A.2. Refer to the following caption and surrounding text.]
      

      
        Iterative addition of the models outlined in Sect. 3.2 from ‘A’ through to ‘F’ in red, green, orange, purple, blue, and maroon, respectively. Left: Predicted counts for the models. Right: Residual significance maps.
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