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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

⋆ Corresponding authors: contact.hess@hess-experiment.eu

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
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substructure, located on the south-eastern rim of the SNR, is
positionally coincident with an energetic (Ė = 1.1× 1036 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 orig-
inated in the same supernova event (Acero et al. 2013). This
leads to the hypothesis that some of the TeV emission typi-
cally attributed to Vela Junior could actually originate from a
hypothetical γ-ray bright pulsar wind nebula (PWN) surround-
ing 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) sur-
rounded 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
(Γ = 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 indica-
tive 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 rel-
ativistic e± pairs, which are efficiently accelerated both in the pul-
sar’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 nebu-
lae 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 effi-
cient leptonic accelerators in our Galaxy.

Based on its high spin-down luminosity and its proxim-
ity 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 tech-
niques.

Previous H.E.S.S. observations suggested a possible hard-
ening 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 tech-
niques employed prevented the authors from confirming signif-
icant 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. experi-
ment. Compared to previous publications, we use additional
data, including 55 hours taken with the upgraded H.E.S.S. cam-
era 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 High-
lands 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 recon-
struction 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, reconstruc-
tion, 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 anal-
yses presented in H.E.S.S. Collaboration (2018b), we performed
a 3D binned likelihood analysis (hereafter 3D analysis), consist-
ing 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 back-
ground 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 logarithmi-
cally spaced bins between 0.7 and 100 TeV. The energy thresh-
old 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 para-
metric model components until further additions yielded no
statistically significant improvement in the regional description.
For each component, we tested different spatial shapes (e.g. cir-
cular 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,
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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.

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 indi-
cated by the green star. The flux maps show clear morpholog-
ical 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, sig-
nificant emission (>5σ) is observed coinciding with the posi-
tion 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.

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 addi-
tional 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 mor-
phology 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 fluctu-
ations. The resulting map was normalised to a maximum value of
one, then combined with an exponential cutoff power-law spec-
tral model, hereafter referred to as component ‘A’ (see Fig. A.1).

Next, a shell spatial model was used to describe the remain-
ing 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).

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 cut-
off energy (10.25 ± 0.94stat ± 3.5sys) TeV; see Table A.1. It is
important to note here that the spectrum of component B, cor-
responding 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 system-
atics 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 compo-
nent 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).
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Appendix A: 3D modelling details

Figure A.1 shows the template spatial model utilised to repre-
sent the bright emission from the eastern edge of the Vela Junior
SNR. This is called component A throughout the text.
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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.

Figure A.2 shows the iterative addition of the models
described in Sect. 3.2.

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..
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