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Abstract

The Vela pulsar wind nebula (PWN) is traditionally defined by Vela X that is a 2 degree-wide, bright
structure in the radio band. We have previously reported that the non-thermal X-ray emission is found
beyond the Vela X boundary, suggesting that the X-ray Vela PWN would be larger than the radio Vela
PWN. We here report the results of our Suzaku mapping observations of Vela PWN, extension of our
previous study. We find that the X-ray Vela PWN appears to be extended to at least 4 degree-wide. The
extension is more or less symmetric to the Vela pulsar position that is in contrast with Vela X asymmet-
rically extending to southward. We discuss the implication of our results along with other wavelengths
view.
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1. Introduction

Vela X, originally defined in the radio band, is a 2-degree-
wide pulsar wind nebula (PWN) powered by the ener-
getic Vela pulsar residing in the center of the Vela su-
pernova remnant (SNR). Figure 1 left shows the radio
image of the Vela SNR (Bock et al. 1998). The structure
of Vela X is morphologically asymmetric to the pulsar.
It extends more or less only southward with a diame-
ter of ∼2 degree (a radius of the inner black circle in
the figure is 2 degree). We have previously shown that
non-thermal X-ray emission, likely originated from the
pulsar, extends beyond the radio Vela X with Suzaku
(Katsuda et al. 2011a; Katsuda et al. 2011b). We here
expand our Suzaku program to examine how large the
X-ray Vela PWN is.

2. Observation & Analysis

Figure 1 right shows the fields of view (FOV) of our ob-
servations, including archival XMM-Newton data, which
are superimposed on the soft X-ray image of the Vela
SNR (Aschenbach et al. 1995). Our Suzaku mapping
program roughly covers 2 degree-wide from the pulsar (a
radius of the inner black circle) in the direction of west,
north, northeast, and east. The south direction is cov-
ered by XMM-Newton data. Four Suzaku archival data,

Fig. 1. left) 843 MHz image of the Vela SNR (Bock et al. 1998). A
white star indicates the Vela pulsar position. right) The soft X-ray
image of the Vela SNR. Green boxes and circles show FOV of the
Suzaku and XMM observation, respectively. Two black circles,
centered on the Vela pulsar, have radius of 2 and 3.8 degree,
which shows our mapping extent and the size of the Vela SNR,
respectively.

which are located near the SNR boundary indicated by
the outer black circle with a radius of 3.8 degree, are also
analyzed.

3. Results

Figure 2 shows the hard X-ray image of our mapping
observations. The Non X-ray background (NXB) is sub-
tracted and vignetting and exposure are corrected. Fig-
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Fig. 2. The hard X-ray image of the Vela X with Suzaku and XM-
M-Newton. Two black circles are the same as those shown in
Fig. 1. X-ray spectra are taken from regions connected with
dashed lines. NXB-subtracted XIS FI spectra (black) are shown
with a local background model (red).

ure 2 also shows X-ray spectra of some representative
regions. The NXB is subtracted. The Cosmic X-ray
background (CXB) spectrum is modeled with a spectrum
taken from a local region outside of the SNR boundary
(a south-east region in Fig. 1) and is consistent with a
canonical spectrum. The CXB is not subtracted in the
figure or spectra.

Among the eight X-ray spectra we show, three X-ray
spectra near the SNR boundary and one X-ray spectrum
of the western-end region (bottom three and right ones)
show no hard X-ray excess from the CXB level. On
the other hand, the resultant four X-ray spectra show
clear non-thermal emission excess. In short, we find
that non-thermal X-ray emission extends up to 2-degree
apart from the Vela pulsar with gradual decrease of the
surface brightness. In contrast to the famous torus-jet
system (∼2′ size) resided nearby the Vela pulsar, this
largely-extended non-thermal component has no appar-
ent morphological structure. Figure 3 top shows the
surface brightness profiles of the non-thermal compo-
nent as a function of distance from the pulsar in west,
north, northwest, and east, which directions are covered
by Suzaku. An almost isotropic distribution of the sur-
face brightness is indicated. This directly suggests an al-
most isotropic distribution of the non-thermal particles
responsible for this emission. Figure 3 bottom shows the
photon index variation as a function of distance from
the pulsar. The spectrum becomes softer as the dis-
tance from the pulsar increases, which is often observed
in PWN systems (e.g., Mori et al. 2004).

Fig. 3. Top) The surface brightness profile of the non-thermal X-ray
emission as a function of distance from the pulsar in west (black),
north (red), northeast (blue), and east (green) directions. Bot-
tom) The photon index variation as a function of distance from
the pulsar.

4. Summary

We detect 4 degree-wide non-thermal X-ray emission
centered on the Vela pulsar. Its smooth connections
of surface brightness and photon index from the bright
PWN nearby the Vela pulsar assure that the origin of
non-thermal particles is the pulsar. Considering that
the term of “PWN” requires the frozen-in condition,
these non-thermal particles, uniformly diffusing out from
the pulsar, should be referred to as cosmic-ray elec-
tron/positron rather than PWN. This new component
does not spatially match with the GeV PWN (Abdo
et al. 2010; Grondin et al. 2013) nor the TeV PWN
(Abramowsiki et al. 2012).
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