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Abstract. It is discovered that young SNRs have very thin filaments emitting nonthermal X-
rays from accelerated electrons. In this paper, a new age and distance indicator is proposed
using the spectral and spatial features of nonthermal filaments. We applied this method to the
Vela Jr. SNR, for which age and distance are still unknown, and estimated that this SNR is
one of the nearest and youngest SNR in our Galaxy: the estimated distance and age are 0.33
(0.26-0.50) kpc and 660 (420-1400) years, respectively.
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1. Introduction

Recently, it was discovered that young SNRs have very thin filaments emitting non-
thermal X-rays from accelerated electrons (Bamba et al. 2003), indicating that cosmic
ray acceleration occurs efficiently in local regions, and as a result, the SNR age charac-
terizes the spatial and spectral feature of filaments most effectively. Bamba et al. (2005)
found the relation,

B=vpon /04 = 2.6712 x 10%7t,,, 2% 00 Hz pe?, (1.1)

where V011, 04, tage are the roll-off frequency of synchrotron X-rays (Reynolds 1998),
scale length in the downstream region of the shock, and the SNR age, respectively. In
this paper, we make a method to estimate the distance and age of SNRs with B, and apply
it to a SNR, Vela Jr., with Chandra observations. This SNR is very curious because of a
possible detection of 1.157 MeV ~-ray line emitted by “*Ti (Iyudin et al. 1998). The other
fact which makes this SNR famous is the existence of nonthermal X-rays from the rims
(Slane et al. 2001), which implies that the rims of Vela Jr. are cosmic ray accelerators.
However, nobody knows its distance and age. The details of the discussion are in Bamba
et al. (2005Db).

2. Results

Figure 1 are Chandra images of north-western (NW) shell of Vela Jr. We can see clear
thin filaments in the hard band image, which is very similar to those in SN 1006. We
chose three filaments, No. 1-3 in Figure 1(b) for the following analysis. The spatial and
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Figure 1. Chandra images of the NW rim of Vela Jr. in the 0.5-2.0 keV band (a) and
2.0-10.0 keV band (b).

Table 1. Spatial and spectral parameters of the filaments

1 2 3

0. [arcsec]. ..., 19.0 (12.1-31.4)  3.68 (2.69-5.75) —

G4 larcsec] . ... 31.8 (23.7-47.1)  65.0 (38.2-145)  37.1 (26.5-60.2)
Vot [10YHzZ] .o 3.7 (23.7-47.1) 5.3 (3.6-7.3) 4.3 (3.4-5.3)
Fluxa_10 kev [ergs cm ™ %s™'] ... 7.4x10713 1.8x 10712 7.6x1071

spectral analysis have been done in the same way to the SN 1006 case (Bamba et al.
2003), and we got the best-fit parameters as seen in Table 1. The spectral index at
1 GHz is assumed to be 0.3 (Combi et al. 1999). The spectral feature indicates that the
filaments emit synchrotron X-rays.

For the distance and age estimation, it needs another relation between the radius and
age. We chose the SNR evolution model by Truelove & McKee (1999) (see eq. (1) and
(2), and Table 6 and 7), with the condition of constant interstellar medium of 0.1 cm~=3,
the ejecta mass of 1.4Mg, and the kinetic explosion energy of 10°! ergs. Together with
the evolution model and the function B, the distance and age are estimated to be 0.33
(0.26-0.50) kpc and 660 (420-1400) years, respectively. These results imply that Vela Jr.
is one of the nearest and youngest SNRs in our Galaxy.
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