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Abstract
In this paper, we fit the spectral energy distri-
butions of 35 SNRs with a simple one-zone emis-
sion model and analyze correlations of model pa-
rameters to uncover the evolution of high-energy
particle distribution in SNRs. We find that (1)
the particle distribution in general can be de-
scribed by a broken power-law function with a
high-energy cutoff for all SNRs; (2) the low-
energy spectrum becomes harder and the break
energy decreases with aging of SNRs, (3) for
most middle-age SNRs, the energy loss timescale
of electrons at the high-energy cutoff is approx-
imately equal to the age of the correspond-
ing remnant implying quenching of very-high-
energy electron acceleration; for young SNRs,
this energy loss timescale is shorter than the age
of SNRs implying continuous electron accelera-
tion at the cutoff energy; and for a few old age
SNRs, the energy loss timescale is longer than
the corresponding age, which may suggest escap-
ing of higher energy particles from SNRs. Fi-
nally, we comment on the implications of these
results on the SNR origin of Galactic cosmic
rays.

Sample
We use their latest database a, which summa-
rizes the basic physical properties and obser-
vational status of all SNRs (Green 2017), and
find 35 SNRs with both radio and GeV spec-
tra. Complex SNRs, such as Cas A, are not con-
sidered because their emission is not consistent
with a simple one-zone emission model. Among
these 35 sources, 6 are detected with nonther-
mal X-ray emission and 16 have TeV spectral
measurements.

ahttp://www.physics.umanitoba.ca/snr/SNRcat/

Models
We consider a simple one-zone emission model
with high-energy particle distributions given by

N(Pi) = N0,ie
(− Pi

Pi,cut
)
{
P−α
i ifPi < Pbr

Pi,brP
−(α+1)
i ifPi ≥ Pbr ,

(1)

which ”i” represents different particle species,
Pe,cut < Pp,cut are the high-energy cutoffs of
electron and proton distributions, respectively,
and we have assumed an identical spectral break
for electron and protons. Considering the SNR
origin of Galactic cosmic rays, N0,e/N0,p is fixed
at 0.01. Our model contain leptonic (Brem and
IC) and hadronic (π0 decay) γ-ray emission pro-
cesses. For cases where Pe,cut is poorly con-
strained, we fix Pe,cut by requiring the radiative
energy loss timescale being equal to the age of
the corresponding SNR. Then there will be five
free parameters.
We use the Markov Chain Monte Carlo (MCM-
C) algorithm to carry out the spectral fit.
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SED of 35 SNRs

 W28         G73.0+0.9      HB3                   Puppis A       CTB 33
 W30         W51C             G150.3+4.5       G296.5+10    RX J1713.7-3946
 HB9          S147              RX J0852-4622  G349.7+0.2     3C391     
 HB21        MSH 15-56    Kes 17               CTB 37A           Kes 79   
 Tycho       IC 443            RCW 86            Hess J1731-347  W44        
 G166.0+4.3    Cygnus Loop   SN 1006 (NE)      G359.1-0.5  W49B     
 CTB 109        G205.5+0.5     RCW 103            CTB 37B  G78.2+2.1
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The left panel shows the multi-wavelength spectral data of 35 SNRs. The middel panel shows the
spectra normalized at 100 GeV to 10−5 MeV cm−2 s−1. The right panel shows the radius, distance,
age, medium density, shock velocity of some sources.
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Example: the best fit to the SED and 1D probability distribution of the parameters for W28. The
right table lists the model parameters, α, Ebr, Ee,cut, Ep,cut, the magnetic field for synchrotron
emission, B, and the total energy content of protons, Wp, with E > 1 GeV for a given density and
distance, as well as the ratio WB/We, the adopted density, and the reduced χ2 for the best-fit of
part SNRs.

Analyze correlations of model parameters
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Multiwavelength observations of SNRs provide a unique opportunity to study evolution of high-
energy particle distribution trapped with SNRs, which is closely related to the particle acceleration
and escape processes. In this paper, we extend our earlier comparative spectral study of three SNRs
to a sample of 35 SNRs (Zeng et al. 2017). In general, our results are compatible to the scenario of
SNR origin of Galactic cosmic rays. Young SNRs have relatively soft spectra; however, their break
energies are high so that they may dominate the flux of high-energy cosmic rays. Although the
low-energy spectra of old SNRs are hard, their break energies are low. They likely dominate fluxes
of cosmic rays with relatively lower energies


