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1: Cosmic Rays
    Dominated by Nuclei, there

are also electrons, positrons
and antiprotons

Age ： ~ 107 Year
Energy density: ~ 1eV/cm3

Power: ~ 1041 erg/s
        ~ 3e48 erg/year

e/p ~ 1% at 1GeV
Leptonic Excess at ~ 500GeV
Spectral Knee at ~ 1e15eV  
and Ankle at ~ 1e18eV

Maximum Energy: 3×1020eV 
                            ~ 50 Joule
GZK Cutoff at ~ 1e20 eV
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1: Modeling of Cosmic Ray Spectra

Injection Power ： 
Proton ~  3e48 erg/year
Electron ~ 4e46 erg/year

3 SNRs/100 yrs with 
1e50 erg protons and
1e48 erg electrons 
For each SNR.

10% efficiency for type 
Ia SNRs with a kinetic 
energy of 1e51ergs
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Yuan et al. 2012
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2: Radio Supernova Remnants and
Galactic Cosmic rays

Victor Franz Hess 1912
16 ／ 5 ／ 12 5

宇宙线的能量密度约 1eV 每 cc ，是
微波背景的 4 倍。
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2: Synchrotron X-rays
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2: Shell Type TeV SNRs
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2: Hadronic Gamma-ray Emission



2: Observations of SNRs

Radio SNRs: 279 among them

Synchrotron X-Ray: >14

GeV SNRs: >30 among them

TeV SNRs: >10

3/100*1e5 = 3000

Distribution of SNRs in Galactic Longitude

Distribution of SNRs in Distance

AGE

Distribution of SNRs in Angular Diameter



2: Observations of SNRs

Radio vs GeV fluxes
Radio SNRs: 279 among them

Synchrotron X-Ray: 14

GeV SNRs: 30 among them

TeV SNRs: >10

Radio Flux Radio Luminosity



2: Observations of SNRs:

Spectral indexes
Radio SNRs: 279 among them

Synchrotron X-Ray: 14

GeV SNRs: 30 among them

TeV SNRs: >10

IC



2: Modeling of Cosmic Ray Spectra

Injection Power ： 
Proton ~  3e48 erg/year
Electron ~ 4e46 erg/year

3 SNRs/100 yrs with 
1e50 erg protons and
1e48 erg electrons 
For each SNR.

10% efficiency for type 
Ia SNRs with a kinetic 
energy of 1e51ergs
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2: Emission Processes of Gamma-rays

IC

PP
Brem



2: Modeling of Gamma-ray Spectra



2: Summary

The spectra of SNRs show significant variations from source to

source, which may be attributed to the evolution of shocks of

SNRs and/or complexity of the environment.



3: Multi-wavelength Observations of
Supernova Remnants

Pulsars are not energetically as important as shocks
and may dominate the position excess at ~500GeV



With a compact object at the center: Core Collapse SN

3: Supernova Remnants with
Synchrotron X-ray and TeV

Zhang et al.
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3: Three Supernova Remnants
with compact central sources 



3: Spectral Evolution 

Energy Loss Spectral Break



3: Model Parameters 



With a compact object at the center: Core Collapse SN

3: Evolution of Model Parameters

B~V~t-3/5

B~R-2~t-4/5



3: Future Studies
Expand the sample; Improve the spectral fit; Spatial

structure of SNRs



4: Conclusions
 A century after the discovery of cosmic rays

(1912), recent  achievements in Gamma-ray

astronomy strengthen the scenario that 

SNRs are important sources of Galactic cosmic

rays and 

The radio to gamma-ray spectra vary significantly

from source to source 

Environment plays an important role in determining

the emission characteristics of SNRs.



4: Conclusions
 By carrying out detailed modeling of multi-

wavelength observations, we can study the

details of the physics relevant to shocks of SNRs:

1) Radio spectrum hardens with time

2) B field decreases with time in the Sedov Phase(<2K

year), then starts to increase gradually

3) When interacting with molecular clouds, B field increases

dramatically and a spectral break appears.

4) Type Ia remnant shows continuous increase in the energy

contents of electrons and magnetic field with time



With a compact object at the center: Core Collapse SN

3: Evolution of Model Parameters

B~V~t-3/5

B~R-2~t-4/5



2: Gamma-ray Observations of SNRs

Total Energy:
<300*1e51ergs
=3e53 ergs
=1% 3e55 ergs

Age <1e5 years
=1% 1e7 Years

Radio SNRs: 279



2: Cosmic Rays
    Dominated by Nuclei, there

are also electrons, positrons
and antiprotons

Age ： ~ 107 Year
Energy density: ~ 1eV/cm3

Power: ~ 1041 erg/s
        ~ 3e48 erg/year

e/p ~ 1% at 1GeV
Leptonic Excess at ~ 500GeV
Spectral Knee at ~ 1e15eV  

and Ankle at ~ 1e18eV
Maximum Energy: 3×1020eV 
                            ~ 50 Joule
GZK Cutoff at ~ 1e20 eV
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2: Observations of SNRs:

Size vs Flux
Radio SNRs: 279 among them

Synchrotron X-Ray: 14

GeV SNRs: 30 among them

TeV SNRs: 10

Radio Angular Diameter Radio Area



2: Observations of SNRs:

Spectral Index vs Flux
Radio SNRs: 279 among them

Synchrotron X-Ray: 14

GeV SNRs: 30 among them

TeV SNRs: 10

GeV Spectral Index



3: Shock interaction with partially ionised
gas: the origin of broken power-laws 



2: Modeling of Gamma-ray Spectra



GeV image 
TeV contours

TeV image 
radio contours
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1: Summary
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1: Modeling of Gamma-ray Spectra
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alpha=2.52

(alpha+1)/2
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2: Shell Type TeV SNRs
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2: 费米加速机制

11/14/12 43

Electrons

Photons

Inverse Compton
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2: Energy Partition

between Magnetic Field

and Energetic Electrons  



1: Energy Partition between Magnetic Field and

Energetic Electrons  



1 Radial Brightness Profiles



1 Multi-wavelength overall spectral fit

log （ B /muG ）



11/14/12 KIAA

1 Energy Partition between Magnetic Field and

Energetic Electrons  



11/14/12 KIAA



3: Future Studies

50

 1: 3D MHD Simulations to Study Source structure

2: Multi-wavelength spectral fit

3: Evolution of SNRs

4: Incorporating the thermal component



2: Cosmic Rays
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4.1 Source Structure:

Magnetic Field 

Amplification



4.2 Multi-wavelength

spectral fit

  



4.2 Multi-wavelength spectral fit

  



4.3 Time Evolution
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4.4 Thermal Emission



1: Two emission models for SNR RX
J1713.7-3946
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Leptonic Hadronic



3: Future Studies
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 1: 3D MHD Simulations to Study Source structure

2: Multi-wavelength spectral fit

3: Evolution of SNRs

4: Incorporating the thermal component



4.3 Time Evolution
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