
127Copyright © The Korean Space Science Society http://janss.kr  plSSN: 2093-5587  elSSN: 2093-1409

Received Nov 30, 2012   Revised Dec 25, 2012   Accepted Dec 31, 2012
†Corresponding Author

E-mail: cyhui@cnu.ac.kr, huichungyue@gmail.com
Tel: +82-42-821-5461, Fax: +82-42-821-8891

     This is an open Access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http:// 
creativecommons.org/licenses/by-nc/3.0/) which premits unrestricted 
non-commercial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Research Paper
J. Astron. Space Sci. 30(3), 127-132 (2013)
http://dx.doi.org/10.5140/JASS.2013.30.3.127

High Energy Observational Investigations of Supernova Remnants 
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Here we review the effort of Fermi Asian Network (FAN) in exploring the supernova remnants (SNRs) with state-of-art high 
energy observatories, including Fermi Gamma-ray Space Telescope and Chandra X-ray Observatory, in the period of 2011-
2012. Utilizing the data from Fermi LAT, we have discovered the GeV emission at the position of the Galactic SNR Kes 17 which 
provides evidence for the hadronic acceleration. Our study also sheds light on the propagation of cosmic rays from their 
acceleration site to the intersteller medium. We have also launched an identification campaign of SNR candidates in the Milky 
Way, in which a new SNR G308.3-1.4 have been uncovered with our Chandra observation. Apart from the remnant, we have 
also discovered an associated compact object at its center. The multiwavelength properties of this X-ray source suggest it can 
possibly be the compact binary that survived a supernova explosion.
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1. INTRODUCTION

There are many reasons for supernovae (SNe) and 

their remnants remain to be major interest for many high 

energy observers. SN is one of the most energetic events 

in our Galaxy, which sents out a shock front that provides 

a promising site for particle acceleration. Therefore, 

supernova remnants (SNRs) have long been suggested to 

be the promising sites for accelerating Galactic cosmic-

rays (GCRs) (Baade & Zwicky 1934). While many SNRs have 

their shock-heated plasma been detected by various X-ray 

telescopes, a small group of them has their X-ray emission 

found to be non-thermal dominant at their peripherals 

(cf. Weisskopf & Hughes 2006), which is resulted from the 

synchrotron radiation by the accelerated leptons at the 

shock fronts. These leptons are typically accelerated to 

the energies ≲100 TeV (e.g. Reynolds & Keohane 1999, 

Hendrick & Reynolds 2001, Eriksen et al. 2011). However, 

they are not sufficient to account for the energetics as 

well as the composition of observed GCRs which contain 

a considerable fraction of hadrons (i.e. proton and heavy 

ions) up to the knee of its spectrum (i.e. ~1015 eV) (cf. Sinnis 

et al. 2009).

Since relativistic protons are not efficient synchrotron 

emitters, X-ray observation can only infer their presence 

indirectly (e.g. Eriksen et al. 2011). On the other hand, 

γ-rays are generally accepted as the smoking gun of CR 

acceleration due to the decay of neutral pions π0 produced 

in the collision of the accelerated hadrons. Therefore, the 

detection of these gamma-rays can provide evidence for 

proton acceleration in a SNR.

Thanks to the dedicated investigations carried out by the 

ground-based imaging atmospheric Cherenkov telescopes 

(e.g. H.E.S.S.), a group of SNRs have been detected in TeV 

regime (see Caprioli 2011 for a recent review). While these 

observations provided solid evidence for the presence of 

energetic particles, it is still difficult to disentangle various 

possible components (π0-decay, bremsstrahlung and/or 

inverse Compton due to electrons) in TeV band.

On the other hand, the spectrum in the energy range 

between ~100 MeV to few tens of GeV has been expected 

to be rather different between hadronic/leptonic models 
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(cf. Slane 2007). In view of this, the Large Area Telescope 

(LAT) onboard the Fermi Gamma-ray Space Telescope, 

which has optimal sensitivity in this energy range, provides 

a promising key to settle the debate. This motivates us to 

initiate a census of Galactic SNRs with Fermi LAT. In order 

to enhance the detectability, we particularly focus on those 

SNRs have interaction with molecular clouds (MCs) for the 

initial stage of this campaign (cf. Jiang et al. 2010).

Considering SNRs as the accelerators of GCRs, it is 

necessary to ask whether they can account for the entire 

energy density of CRs in the Milky Way. This is related to 

the mechanical power provided by the SNe, which in turn 

related to their event rate. Since SNe inject an enormous 

amount of energy and metals in the interstellar medium 

(ISM), their intrinsic event rate also plays an important role 

in determining the dynamical and chemical evolution of the 

entire Galaxy.

Assuming a typical evolution timescale of SNRs before 

they merge with the ISM (~105 yrs) and a event rate of 2 SNe/

century in the Milky Way (Dragicevich et al. 1999), ~2000 

SNRs are expected in our Galaxy. However, the expected 

population is far larger than the currently known population 

which has ~300 SNRs uncovered so far (cf. Green 2009, 

Ferrand & Safi-Harb 2012). If the adopted event rate and 

our understanding of SNR evolution are correct, such great 

deficit is most likely due to the selection effects in the past 

radio surveys.

For complementing the radio observations, we would 

like to point out that the ROSAT all-sky survey (RASS) can 

provide us with an alternative window for searching SNRs in 

our Galaxy. In examining the RASS database, we have found 

~100 unidentified extended X-ray sources as the possible 

SNR candidates. However, the short exposure of few 

hundred seconds and the poor spatial resolution in survey 

mode (~96”) prevent any firm identification of their nature. 

Since enlarging the sample size of Galactic SNRs 

is important to reveal the true Galactic SN rate, star-

formation history, interstellar chemical evolution and 

thus overall Galactic evolution, we have recently initiated 

an identification campaign of SNR candidates by utilizing 

the state-of-art X-ray telescopes. Apart from discovering 

previously unknown SNRs, our on-going campaign also 

enables a search for the possible stellar remnant formed 

in the SN explosion. After more than four decades of 

neutron star (NS) research, many other manifestations 

of NSs besides rotation-powered pulsars have now been 

known. One particular class of NSs, which is known as 

central compact objects (CCOs), are characterized by their 

proximities to the SNR centers and their thermal-dominant 

X-ray spectra (Hui et al. 2006a,b, 2009, 2012, Mereghetti 

2011). Since SNRs can only be detectable for ~105 yrs before 

they fade into the ISM, CCOs are thus considered to be 

a class of young NSs. There are only 11 CCOs have been 

uncovered so far (cf. Tab. 1 in Mereghetti 2011). Our X-ray 

campaign is promising in enlarging their sample size and 

lead to a better understanding of their emission properties.

2. DISCOVERY OF γ-RAY EMISSION FROM THE 
GALACTIC SNR KES 17

Kes 17 is one of the poorly-studied remnants. It was firstly 

detected in radio band (Shaver & Goss 1970). A subsequent 

hydrogen line interferometric study (Caswell et al. 1975) 

has placed a lower bound of < 9.7 kpc on its distance. Its 

irregular radio shell morphology suggests evidence for 

the collisions between the SNR shock front and its dense 

environment (Milne et al. 1985, Whiteoak & Green 1996). 

This scenario was supported by the detection of 1,720 MHz 

OH maser in its direction (Frail et al. 1996). In an infrared 

survey of SNRs in the inner region of Milky Way, Kes 17 

was detected with the images obtained by Spitzer Space 

Telescope (Reach et al. 2006). Along a subsequent infrared 

spectroscopic observation by Spitzer and AKARI, evidence 

for the shocked MC was suggested (Hewitt et al. 2009, Lee 

et al. 2011). In order to trace the possible CR acceleration at 

the location of Kes 17, we search for the GeV emission with 

~ 30 months of data obtained from Fermi LAT.

With the aforementioned data span, we have detected 

γ-ray emission from Kes 17 at a significance of ~12σ in the 

1-20 GeV range (Wu et al. 2011). The 2o × 2o test statistic (TS) 

map in 1-20 GeV centered at the nominal position of Kes 17 

is shown in Fig. 1. The best-fit position in 1-20 GeV is found 

at RA = 13h05m55.01s Dec = -62o 39'49.7" (J2000) with 1σ error 

radius (statistical) of 0.042o which is illustrated with black 

circle in Fig. 1. Apart from the bright central source, two 

additional features are noted in the TS map. One feature is 

apparently extended to the southwest from Kes 17 (referred 

as Source SW hereafter). And the other feature which 

located on the eastern side appears to be a distinct source 

(referred as Source E hearafter). The emission of sources SW 

and E is separated from the nominal remnant center of Kes 

17 at 0.58o and 0.54o respectively.

For examining its γ-ray spectral properties, we firstly 

assumed a power-law (PL) spectrum of Kes 17 for an 

unbinned likelihood analysis. The best-fit model yields a 

photon index of Γ=2.42±0.16, a prefactor of (1.80±1.05)×10-9 

cm-2s-1MeV-1 and a TS value of 146 which corresponds to 

a significance of 12σ. Its photon flux in this band is (4.7 ± 

0.7) ×10-9 cm-2s-1 The corresponding integrated energy flux 

is  erg cm -2s-1 With the full energy range 
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of 1-20 GeV divided into 5 logarithmically equally-spaced 

energy bins, the binned spectrum is constructed from the 

indpendent fits of each bin which is displayed in Fig. 2. 

Besides a simple PL model, we have also examined if an 

exponential cutoff power-law (PLE) or a broken power-law 

(BKPL) can improve the fit. The fittings with PLE and BKPL 

yield the TS value of 146 and 145 respectively. Based on the 

likelihood ratio test, the additional spectral parameters in 

EPL/BKPL are not statistically required for describing the 

observed γ-ray spectrum.

In a scenario of runaway CR model (Ohira et al. 2011, 

Abdo et al. 2010), the MCs are illuminated by the CRs that 

escaped from the SNR in earlier epochs. If this is indeed 

the case, systems like Kes 17 can enable us to study how 

the CRs are released in SNRs as well as their propagation in 

the ISM. It is instructive to compare the spatial separation 

between the SW feature and Kes 17 with the CR diffusion. 

Assuming a diffusion coefficient of the CRs in the ISM to 

be ~  cm2s-1, where p is the CR momentum 

(cf. Ohira et al. 2011, Berezinskii et al. 1990). Adopting 

the remnant age of t
SNR

~5×104 yrs (Combi et al. 2010), the 

diffusion scale can be crudely estimated as 

~40 pc for the CRs with energies of ~10 GeV. At the distance 

of 9.7 kpc, this translates into an angular separation of ~0.3o 

which is at the same order to that between the SW feature 

and nominal center of Kes 17.

3. X-RAY IDENTIFICATION OF NEW SNR G308.3-
1.4 AND ITS CENTRAL COMPACT OBJECT

Recently, we initiated an extensive identification 

campaign of unidentified extended RASS objects with 

G308.3-1.4 as our pilot target (Hui et al. 2012). G308.3-1.4 

has already been known as a SNR candidate in the MOST 

SNR catalogue (Whiteoak 1992). But the limited photon 

statistics and the poor resolution of the RASS data do not 

allow any further probe of its X-ray emission properties. This 

has motivated us to observe G308.3-1.4 with Chandra X-ray 

Observatory. The detailed analysis of this observation has 

recently been published (Hui et al. 2012). Here, we give a 

highlight of the major results.

The X-ray color image of the field around G308.3-1.4 

obtained by Chandra is displayed in Fig. 3. An incomplete 

shell-like X-ray structure is found to be well-correlated 

with the radio shell structure. The radio contours are 

obtained from the 843 MHz Sydney University Molonglo 

Sky Survey (SUMSS) data (Bock et al. 1999). Together with 

the X-ray spectral analysis of the extended emission which 

suggests it as a shock-heated plasma with a temperature 

in a range of kT ~ 0.6-1 keV (cf. Tab. 2 & Fig. 8 in Hui et 

al. 2012), our observation confirms G308.3-1.4 as a new 

SNR unambiguously. The normalization inferred from the 

spectral fit of the X-ray shell impiles the shocked hydrogen 

and electron densities in the ranges of ≃  and 

≃  respectively, where D
kpc

 is the remnant 

distance in unit of kpc. Assuming G308.3-1.4 is in a Sedov 

phase and it is a strong shock, the temperature implies 
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Fig. 1. Test-statistic (TS) map in 1-20 GeV of a region of 2o × 2o centered at 
the nominal position of Kes 17 (magenta cross). The peak emission of the 
southwestern and the eastern features are marked with green cross. Positions 
of various sources are also illustrated. The color scale bar is used to indicated 
the TS values. The circle in black represents the 1σ positional error circle.

Fig. 2. Fermi LAT spectrum of Kes 17. The full energy range 1-20 GeV is divided 
into 5 energy bins. The data points and the vertical error bars correspond to 
independent fits in the respective bins. The solid line represents the best-fit 
power-law model inferred in the full energy band (i.e. Γ=2.42).
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the age of this SNR to be t≃  yrs. A recent radio 

investigation has also resulted in the same conclusion and 

suggest G308.3-1.4 is a young to middle-aged SNR in the 

early adiabatic phase of evolution (De Horta et al. 2013).

Apart from confirming the SNR nature of G308.3-1.4, 

our Chandra observation also enables us to search for the 

possible stellar remnant formed in the supernova explosion. 

Among 17 newly detected X-ray point sources (cf. Tab. 1 

in Hui et al. 2012), the brightest one is also the one locates 

closest to the geometrical center of G308.3-1.4 (see Fig. 

3). Its X-ray point source spectrum can be described by a 

double blackbody with the temperature of kT
1
≃0.1keV, 

kT
2
≃0.4keV and the emitting areas of R

1
≃27D

kpc
 km and 

R
2
≃35D

kpc
 m respectively. These are similar to those of 

CCOs which is one of the most enigmatic manifestations of 

neutron stars (cf. Hui et al. 2006a,b, 2009, 2012). The column 

density inferred from the CCO spectrum is consistent with 

that for the remnant, which suggest the possible association 

between the CCO and G308.3-1.4. We proceeded to search 

for the possible X-ray periodic signals from CCO and have 

found an interesting periodicity candidate of P ~ 1.4 hrs 

(Fig. 4). Together with the spectral energy distribution 

of its identified optical/IR counterpart, which conforms 

with the spectrum of a M dwarf at the red end and with an 

apparent excess at the blue end (Fig. 5), our results suggest 

a possible direct evidence for compact binary that survived 

in a supernova explosion (Hui et al. 2012). Multiwavelength 

follow-up observations of this system are highly encouraged. 
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Fig. 5. Optical/infrared spectral energy distribution of the CCO in G308.3-1.4. 
Both observed (open symbols) and de-reddened (solid symbols) data points 
are shown in this plot. The open and solid triangles represent the observed 
and de-reddened 3σ upper limit inferred from SWIFT UVOT observation. 
The spectral model of a M3V star obtained from the stellar spectral flux 
library (Pickles 1998) is overplotted. The error bars represent the photometric 
uncertainties corresponding to each data point.

Fig. 3. 10'×10' Chandra ACIS-I X-ray colour image of G308.3-1.4 (red: 0.5-1 
keV, green: 1-2 keV, blue: 2-8 keV). The binning factor of this image is 2". 
Adaptive smoothing has been applied to achieve a minimum signal-to-
noise ratio of 3. The geometrical center inferred from the X-ray morphology 
is illustrated by the cross. The associated CCO (i.e. the brightest source which 
locates closest to the geometrical center.) is highlighted by the dash circle. 
Top is north and left is east.

Fig. 4. X-ray counts of the CCO in G308.3-1.4 versus phase for a periodicity 
candidate of 1.4 hrs. Two periodic cycles are shown for clarity. The error bars 
represent 1σ uncertainties.
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