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1: Standard Paradigm  
Supernova remnants (SNRs) have been proposed as the dominant contributors to 
galactic cosmic rays (Baade & Zwicky 1934). 
 
1、SNRs have enough total power  
 ---10%,  3 per century,  CR density  
(1ev/cm3)； 
 
2、 Direct evidence: 
 
Radio emission (1948) 
—MeV-GeV electrons 
 
Non-thermal X-ray emission 
 (1995), TeV gamma-rays (2004) 
— TeV  electrons 
 
 π0 bump (2013 )W44,IC443,W51C 
— GeV protons 
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1: New Gamma-Ray and CR observations 

Multi-Wavelength Spectra of 34 SNRs 

Proton and Helium Spectra 

Electron+positron Spectrum 



2: Evolution of High-Energy Particle 
Distribution in SNRs 

=0.01 

Markov Chain Monte Carlo Algorithm 



2: Evolution of High-Energy Particle 
Distribution in SNRs 
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obtained either via the spectral fit or by 

the assumption that the energy loss 
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2: Evolution of High-Energy Particle 
Distribution in SNRs 

Low Energy Spectral Index Spectral Break Energy 
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2: Ion Acceleration in SNRs 
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2: Ion Acceleration in SNRs 
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2: Electron Acceleration in SNRs 
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2: Electron Acceleration in SNRs 

G150.3+4.5 



2: Electron Acceleration in SNRs 

G150.3+4.5 



3: Cosmic Ray Anisotropy, Spectral 
Anomalies and PeVatrons  

Cosmic ray anisotropy is 
suppressed in the TeV 
range! 



3: Cosmic Ray Anisotropy, Spectral 
Anomalies and PeVatrons  

Rc=28TV 



3: Cosmic Ray Anisotropy, Spectral 
Anomalies and PeVatrons  

Wp = 1e48ergs 



3: Cosmic Ray Anisotropy, Spectral 
Anomalies and PeVatrons  



3: Cosmic Ray Anisotropy, Spectral 
Anomalies and PeVatrons  

Ec<300TeV 

70-200kyr 



6cm Radio Image 

GeV 

G150.3+4.5 J427.10+5527 

3: Cosmic Ray Anisotropy, Spectral 
Anomalies and PeVatrons  

Ec=20TeV 



VER J2227+608: A Hadronic TeV Source？ 

Ec>400TeV 



Conclusions 

• Multi-wavelength observations suggest that 
GeV and TeV cosmic rays can be attributed to 
particle acceleration in old and young SNRs, 
respectively. 

• There is no evidence for PeV particle 
acceleration in SNRs. 

• PWNs may be important PeVatrons 

 

Thanks for your attention!  
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2脉冲星风云的能谱演化 



脉冲星风云对宇宙线正负电子的贡献 



3超新星遗迹的结构和高能粒子的逃逸 

仙后座A 
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研究目标A：粒子的加速和逃逸规律 

把磁流体数值模拟和
扩散激波粒子加速理
论相结合发展非线性
激波粒子加速理论，
总结超新星遗迹中粒
子的加速和逃逸规律。 



B：银河宇宙线的超新星遗迹起源学说 

34个超新星遗迹的能谱 

宇宙线质子谱 

宇宙线正负电子谱 



关键问题：粒子的加速和输运 

仙后座A 

W28 

f：高能粒子动量分布函数； w：粒子速度；U：流体速度； 
Q：源；τ：散射时标。 



研究方案和可行性 

仙后座A 



特色和创新之处 

仙后座A 

LHAASO 

DAMPE 

观测 
紫台南大 

数值
模拟 
云台紫台 

理论 
紫台南大 

综合三个单位在超新星遗迹研究方面的优势 
将理论研究、数值模拟与观测相结合 
加速LHAASO和DAMPE的科学产出 
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基础和条件：LHAASO合作组成员 

2019年4月15日紫金山天文台正式加入LHAASO国际合作组 



结论 

仙后座A 

 

利用LHAASO和多波段观测数据，围绕超
新星遗迹和脉冲星风云中的粒子加速问题，
将理论研究与数值模拟相结合（3个任务）， 
我们将总结超新星遗迹中高能粒子加速和
逃逸规律，完善银河系宇宙线的超新星遗
迹起源学说（2个目标）。 
项目的顺利实施将解决LHAASO的关键科
学目标之一：宇宙线的起源问题。 



超新星遗迹粒子加速的两个阶段 

仙后座A 



邻近源的贡献 

仙后座A 

质子谱 氦谱 



研究内容：1超新星遗迹的能谱演化 

加速 

逃逸 

辐射能损 



研究内容：1超新星遗迹的能谱演化 


