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Abstract

We present a new analysis of the interstellar protons toward the TeVγ-ray SNR RXJ0852.0−4622 (G266.2−1.2,
Vela Jr.). We used the NANTEN2 12CO(J=1–0) and Australia Telescope Compact Array and Parkes H I data sets
in order to derive the molecular and atomic gas associated with the TeVγ-ray shell of the SNR. We find that
atomic gas over a velocity range from VLSR=−4 to 50 km s−1 or 60 km s−1 is associated with the entire SNR,
while molecular gas is associated with a limited portion of the SNR. The large velocity dispersion of the H I is
ascribed to the expanding motion of a few H I shells overlapping toward the SNR but is not due to the Galactic
rotation. The total masses of the associated H I and molecular gases are estimated to be ~ ´2.5 104 Me and
∼103Me, respectively. A comparison with the High Energy Stereoscopic System TeVγ-rays indicates that the
interstellar protons have an average density around 100 cm−3 and shows a good spatial correspondence with the
TeVγ-rays. The total cosmic-ray proton energy is estimated to be ∼1048 erg for the hadronic γ-ray production,
which may still be an underestimate by a factor of a few due to a small filling factor of the SNR volume by the
interstellar protons. This result presents a third case, after RXJ1713.7−3946 and HESSJ1731−347, of the good
spatial correspondence between the TeVγ-rays and the interstellar protons, lending further support for a hadronic
component in the γ-rays from young TeVγ-ray SNRs.
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1. Introduction

The origin of the cosmic rays (CRs) is one of the most
fundamental issues in modern astrophysics since the dis-
covery of the CRs by Victor Franz Hess in 1912. It is
particularly important to understand the origin of the CR
protons, the dominant constituent of the CRs. There have been
a number of studies to address the acceleration sites of CR
protons in the Galaxy (e.g., Hess & Steinmaurer 1935). It is
widely accepted that CR particles are accelerated up to the
energies below 1015 eV via the diffusive shock acceleration
(DSA), which takes place for instance between upstream and
downstream of the high velocity shock front of the SNR (e.g.,
Bell 1978; Blandford & Ostriker 1978). It is crucial to verify
observational signatures for the hadronic γ-rays of the CR
proton origin.

The recent advent of high-resolution γ-ray observations have
allowed us to image some 20 SNRs, offering a new opportunity to
identify the hadronic γ-rays. Among them, four SNRs, RXJ1713.7
−3946, RXJ0852.0−4622, RCW86, and HESSJ1731−347,
show shell-type TeV γ-rays morphology as revealed by High
Energy Stereoscopic System (H.E.S.S.; Aharonian et al. 2004,
2005, 2006, 2007a, 2007b, 2009; H.E.S.S. Collaboration et al.

2011, 2016a, 2016b, 2016c). Potential hadronic γ-rays are
produced by the proton–proton collisions followed by neutral pion
decay, while any leptonic γ-rays come from CR electrons via the
inverse-Compton effect and possibly Bremsstrahlung.
Previous interpretations of the γ-ray observations usually

used mainly the γ-ray spectra in order to discern the above two
processes, while some attempts were made to consider
explicitly the target protons in the interstellar medium (ISM;
e.g., Aharonian et al. 2006, 2007b). A conventional assumption
is that the target protons are uniform, having densities of
1 cm−3 (e.g., Aharonian et al. 2006). Such a low density is
preferred because the DSA works efficiently at such low
density. It is, however, becoming recognized that the γ-ray
spectrum alone may not be sufficient to settle the origin of the
γ-rays because the penetration of the CR protons into the target
ISM may significantly depend on the density of the ISM
(Gabici et al. 2007); the higher energy CR protons can
penetrate deeply into the surrounding molecular cloud cores,
whereas the lower energy CR protons cannot, making the γ-ray
spectrum significantly harder than the fully interacting case
(Inoue et al. 2012, hereafter I12: see also references therein).
I12 therefore suggest that the γ-ray spectra are not usable to
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Cosmic-rays	 :	 charged	 and	 very	 energetic	 particles  
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 one	 of	 the	 primary	 components	 of	 high	 energy	 particles

Energy Densities in the Local Interstellar Space 

CRs affect eating and ionization of the interstellar medium (ISM).  
However, the site of galactic cosmic-rays acceleration (E < 3×1015 eV) is 
still not clear. 



Supernova	 remnants	 (SNRs) 
-The	 most	 likely	 candidates	 for	 the	 acceleration	 site	 below	 the	 Knee	 energy.  
-Energy	 sources	 satisfactory	 explain	 the	 CR	 production	 rate	 in	 the	 Galaxy.	 

Cosmic-Ray	 Acceleration	 in	 Supernova	 Remnants  

Kinetic	 Energy	 Budget:
-Collisionless shock waves are very powerful in the galactic sources satisfying the 
kinetic energy needed to explain the injection rate of the cosmic-rays. 

Required injection rate of CRs (LCR)

Total power of supernova explosion

ESN=1051 erg (typical supernova explosion energy)  
fSN=30 yr ( ~3 events/century)



Supernova	 remnants	 (SNRs) 
-The	 most	 likely	 candidates	 for	 the	 acceleration	 site	 below	 the	 Knee	 energy.  
-Energy	 sources	 satisfactory	 explain	 the	 CR	 production	 rate	 in	 the	 Galaxy.	 

Cosmic-Ray	 Acceleration	 in	 Supernova	 Remnants  

Kinetic	 Energy	 Budget:
-Collisionless shock waves are very powerful in the galactic sources satisfying the 
kinetic energy needed to explain the injection rate of the cosmic-rays. 

Therefore, if the galactic cosmic-rays are accelerated in SNRs, ~ 10% of  
each supernova energy is transferred to cosmic-rays.

Required injection rate of CRs (LCR)

Total power of supernova explosion



Filled circles: observed points of GeV  
Squared: VHE (> 100 GeV) γ-rays  
Each dashed line: expected energy spectrum by the DSA model

middle-aged	 SNRs

young	 SNRs Funk,	 2012

Spectral energy distribution of γ-rays toward typical 4 SNRs

In middle-aged SNRs, max energy of expected gamma-ray spectrum: < 1011-1012eV  
                                                                                      young SNRs: < 1013-1014eV  
The energy of cosmic-ray protons Ep is ~10 times higher than gamma-ray energy.
Young SNRs are the best target to observe for the understanding efficient acceleration  
of CR protons.


