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Background /&

DERSREEURRS

Supernova remnants (SNRs) have been proposed as the dominant
contributor to galactic cosmic rays (Baade & Zwicky 1934).

1. SNRs have enough total power $ ok i
10%, 3 per century, CR density 2 E {8 it g rileaoenel
(1ev/icm3);
2. Direct evidences:
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Fig. 6 Histogram of spectral indices of shell-type Galactic SNRs as extracted from Green (2014). Tt
bars correspond to firm spectral index determination, while the shadowed ones to SNRs with ur”

spectral indices
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Background

CRspectral [ Particles distribution
Yuanetal. 2012
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7,2 o ()" [ 2R o (11, SNRs’ SED

Injection Power : q(p) { g::: ﬁ;gﬁr P — 6 GeV

Proton ~ 3e48 erg/year o e ” L '

Electron ~ 4e46 erg/lyear ~ : | | | | a, = 180, oy = 2.52
:fa 107 proton(e=650 MV) ap/e'

3 SNRs/100 yrs with q.;’ 102 GALPROP '

1e50 erg protons and >

1e48 erg electrons ‘;f’ 10" ¢ hd Energy Loss

For each SNR. «‘a‘u} 10° '

10% efficiency for type 1o

la SNRs with a kinetic P (GEV)

energy of 1eS1ergs FIG. 1.— The expected fluxes of CR protons and electrons at

the Earth, for the same spectral shape of the injected particles,
compared with the PAMELA observational data (Adriani et al.
2011a,b). We adopt two parameter settings to calculate the elec-
tron spectrum: for solid line the magnetic field is the canonical
onc adopted in GALPROP and Kep &~ 1.3%; for dashed line the
magnetic field is two times larger and Kep ~ 1.9%.

Yuan et al. 2012
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Figure 2. Expected y-ray spectra for SNRs RX J1713.7—3946 (left) and RX J0852.0—4622 (right). The gas density is adopted to be n = 0.01 cm—>. References of the
observational data—RX J1713.7—3946: Fermi (Abdo et al. 2011), HESS (Aharonian et al. 2007b); RX J0852.0—4622: Fermi (Tanaka et al. 2011), HESS (Aharonian
et al. 2007a).
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Figure 3. Same as Figure 2, but for Cassiopeia A (left) and Tycho (right). The gas density is adopted to be n = 1 cm™~>. References of the observational data—Cassiopeia
A: Fermi (Abdo et al. 2010b), MAGIC (Albert et al. 2007b), VERITAS (Acciari et al. 2010): Tycho: Fermi (Giordano et al. 2012), VERITAS (Acciari et al. 2011).
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Figure 4. Same as Figure 2, but for SNR-MC interacting systems. The gas density is adopted to be n = 100cm—3. References of the observational data—W28:
Fermi (Abdo et al. 2010a), HESS (Aharonian et al. 2008c); W41: Fermi (Mehault et al. 201 1), HESS (Mehault et al. 2011); W49B: Fermi (Abdo et al. 2010c¢), HESS

(Brunet al. 2011); W5I1C: Fermi (Abdo et al. 2009), HESS (Fiasson et al. 2009), MAGIC (Carmona et al. 2011); IC 443: Fermi (Abdo et al. 2010e), MAGIC (Albert
et al. 2007a), VERITAS (Acciari et al. 2009): CTB 37A: Fermi (Castro & Slane 2010), HESS (Aharonian et al. 2008a); G8.7-0.1: Fermi (Ajello et al. 2012), HESS
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Figure 5. Photon index I" (between 1 GeV and 1 TeV) vs. the gas density n of
the 12 SNRs studied in this work. The solid line is the model-expected result.

Gamma-ray spectral variation of SNRs may be due to variation in density
of the surrounding environment.

Theseresults can be considered as evidence for the SNR
origin of Galacticcosmicrays.
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We normalize the flux at100 GeV to 1 x 10-5 MeV cm-2 s-1 by a power-law fit to the
spectrum from 1 GeV to 300 GeV to better demonstrate the spectral evolution.
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A model for broken power-laws in SNRs
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Model description /&

i

a simple one-zone model

1. Thedistribution of particles: ”i’represents eorp

P, p-e if P, < B,

N P; = N, i CXPL—
(£3) 0,:€XP( P cut \ Pi.bl*Pi—(a+1) it P; 2> Py,

2. Kep=0.01,and both leptonic (Synch, Brem and IC)and hadronic
(pp) emissions are considered in ourfitting.

3. Forcomparison, the same background photonfieldis assumed for
allSNRs (CMBand IR) .

4. Distance, Age, Shock velocity, The gas density from literature

Pe,cu. §) age 1 B —2
Ge\/'/tc = 1.25 x 10 (Yeal) (100;1(;)

In this model, sfree parameters: , ,,, (if need),

MCMC method is applied to constrainthese model parameters.



SNR Other Radiu Distance Age n Vahoeok The data of observations Reforonces _
Name Name pc Kpc kyr cm—3 Km /s Radio  X-ray CaV TeV
C006.4-00.1 W28 ~ 13 ~ 2.0 40(83-1350) ~ 100 60-80 < v s [1-4])
CO008.7—-00.1 wao ~ 26 ~4.0 25(15-28) ~ 100 530-750 < v 5](6]
C023.3-00.8 w4t ~ 19 ~ 4.2 ~ 100 ~ 10 110 < T v < I71(8]
C031.9-00.0 ac 291 ~7 ~ 7.2 ~ 4 ~ 300 620-730 < < [9-12]
C033.6400.1 Kas 70 ~ 9.6 ~ 7.0 ~ 4.4-6.7 ~ 3(1-3) 400+ 5 < v [18-15)
C0234.7-00.0 W44 ~ 125 ~ 3.0 ~ 20 ~ 200 100-150 < v [16-18) DIERZRESWEXS
C043.3-00.2 w49B ~5 ~ 10 5.7(5-6) ~ 700 ~ 400 < v < (19][20) e
C049.2-00.7 WsiC ~ 18 ~ 4.9 ~ 30 ~ 10 ~ 100 < T v < [21-24)
Cov3.9400.9 ~ 16/5.2 ~ 4.0/1.3 ~ 11-12 ~ 10 ~ 200-300 < T v [25][26)
C074.0-08.5 Cygnus loop ~ 16 ~ 0.54 ~ 14 ~ 5.0 240-230 < < [27-30)
CO089.0-04.7 HB21 ~ 26 ~ 1.7 ~ 40(26 or 43) ~ 15 ~ 125 < v [91-335)
C109.1-0.1 CTB109 ~ 16 ~ 3.1 ~ 9.0(9.0-9.2) ~ 1.1 ~230 %5 < T v (36][37)
C120.1-01.4 Tycho ~ 3.3 ~ 3.0 ~ 0.44 ~ 10/0.3 4600-4800 < v v < (38][39)
Cc132.7-00.3 HBa ~ 26.4 ~ 2.2 ~ 30.0 ~ 2.0 303-277 < v [40-42)
C150.3404.5 ~ 0.4 ~ 0.40 ~ 1.5(0.5-5) ~ 1.0 ? s < [43]
C160.9-02.6 HB9 ~ 15 ~ 0.8 5.3(4-7) ~ 0.1 ~ T40 < T v [44][45)
C166.0404.3 ~ 26 ~ 4.5 24.0 ~ 0.01 ~ 680 < v (46][47)
C180.0401.7 S147 ~ 38 ~ 13 30(20-10) ~ 250(100-500) ~ 500 < v [48](49)
C189.1-03.0 IC 442 ~ 11 ~ 1.5 ~ 30 ~ 140 60-100 < < < [50-52)]
C205.540.5 Monoceros ~ 63.96 ~ 1.98 ~ 30 ~ 3.6 ~ 50 < v [53-535)
C260.4-00.4 Puppis A ~ 15 ~ 2.2 4.45(9.75-5.20) ~ 4.0 700-2500 < v T [56-59)]
C266.2-01.2 RX J0852-4622 ~ 13 ~ 0.%5 2.7(1.7-4.3) ~ 3.8 ~~ 3000 < v v s [60][61)
C296.5410.0 ~ 26 ~ 2.1 ~ 10.0 ~ 13.0 ~ =35 < v (62][63)
C304.6-00.1 Keas 17 ~ 10 ~ 10 4.2(2-5.2) ~ 10 150-200 < v (64][65)
C315.4-02.3 RCW 86 ~ 15 ~ 2.5 ~ 1.8 ~ 0.1-2.0 T00-2000 < v v < |66-68)
Ca26.3-01.8 MSH 15-56 ~ 222 ~ 41 ~ 10.0(10-16.5) ~ 0.1/1.0 500-860 < < [67][69][70)
Ca2v. 64146 SN 1006 (NE) ~ 9.0 ~ 2.2 ~ 1.0 ~ 0.085 3200-5800 < < v < [v1][72)
Ca32.4-00.4 RCW 103 ~ 5 ~ 3.3 ~ 2.0 ~ 10 ~ 1100 < v [78-735)
Caa7.0-00.1 CTB 33 ~ 2.55 ~ 11.0 ~ 5.0 ~ 60 ? < v [76-78)
C347.3-00.5 RX 1713.7-2946 ~ 10 ~ 1.0 ~ 1.6 ~ 0.01 ~ 5000 < < v < [82-84)
Ca48.5400.1 CTB ara ~ 10 ~ 7.9 ~ 30 ~ 100 75-100 < T < < [85-89)]
Ca48.7400.3 CTB a7B ~ 20 ~ 13.2 ~ 5 ~ 10/0.5 ~ 800 < T v < [88-91)
C349.7400.2 ~ 3.3 ~ 11.5 ~ 2.8 ~ 35.0 700-900 < T < s [92-95)
Casd.6-00.7 Hoss J1731-247 ~ 14.0 ~ 3.2 ~ 2.6 ~ 0.01 ~ 2100 < v v < (96][97)
Ca59.1-00.5 Hoss J1745-303 ~ 16.0 ~ 4.6 ~ 70 ~ 100 ~ 300 < T v < [98-101)
Nome—{[1]Kaspi ot al. (1993), [2)Abdo ot al. (2010), [3]Bohigas et al. (1983), [4]Veldzquez ot al. (2002), [u]l— mlL) & Oogolman (1994), [6)Ajello et al. (2012),
[7]Tian et al. (2007), [8]Castro et al. (2013), [9]Chen et al. (2004), [10JRadhakrishnan ot al. (1972), ot al. (2014a), [12]Wilner et al. (1998),
{19]Ciacani ot al. (2009), [14)Zhou et al. (2016), [15]Auchett] ot al. (2014), [16)Wolszczan ot al. (1991), [17]‘('0 hiike ot al. (2013), [18]Reach & Rho (2000),

(19]Zhou & Vink (2017)
[25]Lozinskaya ot al
D9), [B1)Mavromatakis at al.
(2012), [37)Sdnchez-Cruces ot al.

(2

[42)Ca

[48]Chatterjoe ot al. (204
[54])Zhao et al
[60)Kat
[66)Hcld
[72]Kats
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(2018), [65]Xiao & Zhu (2012), [66)Backer ot al.
ana ot al

[67)Rosado ot al.

[73)Carter ot al.
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(2003), [85)Sczar ot al.
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[97)H.E.S.S. Collaboration at -ll
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Figure (a) show there is an inverse correlation between the low-energy spectra index and
age, and the spectral become harder with aging of SNRs. This result agrees with the
observational fact that the radio spectrum harden with aging of SNRs (e.g. Dubner &
Giacani (2015))..

Figure (b): The break energy of particle distribution decreases with the age of SNRs,
which may be related to the gradual weakening of shock waves with aging in SNRs and
agree with the particle acceleration model with proposed by Ohira et al. (see also Zhang
et al.2017)
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For most middle-age SNRs, the energy loss timescale of electrons at the high-
energy cutoffis approximately equal to the age of SNRs, implying quenching of
high-energy electron acceleration (Ohiraetal).
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These two figures respectively show that the relationship between the magnetic field,
the gas density and the age of SNRs. The results show there are no correlation between
them, but an anti-correlation may be existence for several young shell-type SNRs,
consistent with evolution in wind bubbles.
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Figure (¢): The total energy of particles for most of SNRs are greater than
ergwhich can beregarded as the lower limit of the cosmicrays produced by SNRs
and also supports that SNRs are the sources of Galacticcosmicrays.
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Conclusions /&

(1)The particle distribution can be described by a broken power-law function
with a high-energy cutoff for all SNRs.

(2)The low-energy spectra become 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 approximately equal to the age of the corresponding
remnant, implying quenching of high-energy electron acceleration; for young
SNRs, this energy loss timescale is shorter than the age of SNRs implying
continuous particle acceleration and energy loss limited maximum energy; and
for a few old age SNRs, the energy loss timescale are longer than the age of
SNRs which may suggest escape of highest energy particles from SNRs.

(4)Our results reveal possible relation between particles distribution in SNR and
CRs spectrum and support the SNR origin of galactic CRs






