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Abstract

Shock fronts of the supernova remnants (SNRs) are the textbook case of cosmic-ray acceleration sites,
from which synchrotron emissions from high energy electrons are often observed in the X-ray band. In order
to estimate the maximum energy of electrons, it is crucial to measure the roll-off energy of synchrotron
emission. We focus on one of young SNRs, Vela Jr., which shows synchrotron X-rays as well as TeV
gamma-rays. This object is appropriate for above study because it is non-thermal dominant. We analyzed
the archive data of 39 Suzaku mapping observations of Vela Jr. The soft X-ray spectrum in the 2 ― 10
keV band from the shock-front regions in northwest can be reproduced by a power-law model with the
photon index of 2.6. The flux and spectral shape in the XIS band are consistent with the previous works
on non-thermal emissions. We successfully obtained hard X-ray spectra up to 20 keV from northwest
region. We carefully combined the HXD spectrum, and found no indication of the roll-off structure there.
The roll-off energy for synchrotron emission is obtained to be either < 2 keV or > 20 keV, leading to the
electron maximum energy of either < 40 TeV or > 120 TeV, respectively, based on the assumption of a
typical magnetic field strength of 100 µG.
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1. Introduction

Some of supernova remnants (SNRs) are known as
cosmic-ray acceleration sites up to ∼TeV. The non-
thermal X-ray from SN 1006 shell found by Koyama
et al. (1995) was explained as synchrotron X-ray from
electrons accelerated up to TeV. Following the discov-
ery, TeV gamma-rays have been observed from some
SNRs implying inverse-Compton process by TeV elec-
trons and/or pion decays of high energy protons. How-
ever, the maximum energy of cosmic-rays, acceleration
efficiency and so on are not perfectly understood yet.

We describe the Suzaku (Mitsuda et al. 2007) obser-
vation of Vela Jr. (RX J0852.0 − 4622) SNR in section
2, summarize the results of analyses in section 3, and
discuss our results in section 4.

2. Observation

We employed both the X-ray Imaging Spectrometer
(XIS) and the Hard X-ray Detector (HXD) onboard
Suzaku. The XIS covers the field of view of 17.8’×17.8’
with an angular resolution of 2’ at HPD. The HXD-PIN

is a non-imaging collimator type detector covering 10 -
70 keV. The size of its field of view is 34’×34’.

Vela Jr. extended over 2◦ in radius. Suzaku observed
the entire region with 39 mapping observations (Figure
1). These observations were carried out on December in
2005, July in 2007 and 2008. In this paper, we focus
on the Northwest (NW) shell from which TeV gamma-
rays (Katagiri et al. 2005) and thin synchrotron X-ray
filaments (Bamba et al. 2005) were detected.

3. Spectral Analysis

We firstly investigated the XIS and HXD-PIN spectra
from the same NW region separately, and confirmed that
each of them is well described by a power-law. Since
both XIS and PIN spectra have similar photon indices,
we tried and successed to use a single power-law model
to fit the 2 – 20 keV wideband spectrum. The spectrum
and best-fit parameters are shown in Fig. 2 and Tab. 1,
respectively.
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Fig. 1. XIS image of Vela Jr. in 2 - 5 keV band. Spectral extraction
regions are shown by squares. Green is the XIS field of view,
magenta is the HXD field of view of NW shell.

4. Discussion

The relation of typical energy of synchrotron X-ray pho-
tons Eph and of electron Ee can be written as

Eph = 1.39

(
B⊥

10 [µG]

)(
Ee

100 [TeV]

)2

[keV], (1)

where B is the magnetic field. Using equation (1) and
the obtained roll-off energy Eroll−off < 2 keV or > 20
keV, we derive that Emax,e < 40 TeV or > 120 TeV
assuming B = 100 µG.

Yamazaki et al. (2014) showed expected acceleration
mechanism under constraint by the observed electron
spectral shape near the maximum energy. The electron
spectrum around Emax,e is described as,

N(E) ∝ E−pexp

[
−

(
E

Emax,e

)a]
. (2)

The spectral index p and the cutoff shape parameter a in-
dicates the acceleration mechanism. Points at the inter-
section of our result with Yamazaki et al. (2014) Figure
3 shows that the parameters of Vela Jr. are consistent
with a ≈ 1, p ≈ 2 − 3. According to Yamazaki et al.
(2014); a ≈ 1 implies that Emax,e is limited by escape
assuming the Bohm diffusion, and p ≈ 2 − 3 indicates
the compression ratio within the range of 3 to 4 at the
shock.

Table 1. Best-fit power-law models. Absorbing column density is set
to 0.67× 1022cm−2 in accordance with Hiraga et al. (2009).

Parameter name Value (error)
XIS Γ 2.93± 0.02

Flux2−8keV [erg cm−2 s−1] 3.28× 10−11

χ2/d.o.f. 802.93/708
HXD-PIN Γ 2.89± 0.92

Flux12−20keV [erg cm−2 s−1] 8.60× 10−12

χ2/d.o.f. 4.27/9
Wideband Γ 2.93± 0.02

χ2/d.o.f. 807.20/717
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Fig. 2. Top panel shows the spectrum of the Suzaku XIS and
HXD-PIN. Black, red, green, and blue are XIS0, 1, 3, and
HXD-PIN, respectively. The solid line represents the best-fit sin-
gle power-law model, and crosses are data with 1 σ statistical
error. Below panel shows the ratio of the data to best-fit model.
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