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1: Charged Particles Are 
Accelerated by Electric Fields
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1: Diffusion-convection equation



1: Classification of Acceleration 
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1: On 1912.8.7 Hess Discovered CRs

（取自P.Carlson在ICRC2011上的报告）

Victor Franz Hess第七次气球飞行线路，
最大飞行高度：海拔5350米



Hess(1912)

Wulf(1909)
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克鲁克斯(1879)

（资料取自P.Carlson在ICRC2011上的报告）

1: Electrometers



1: Dependence of ionization rate on 

altitude

Hess 1912

Kolhörster 1913-14

（材料取自P.Carlson在ICRC2011上的报告）



1: Cosmic Ray and Solar 

Energetic Particle Spectra
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1: Heliospheric Energetic Particles



1: Heliospheric Energetic 
Particles



1: Heliospheric Energetic 
Particles



1: Heliospheric Energetic 
Particles
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1: Different Ion Spectra from Two 
Solar Flares



1: Yearly Spectral Variation



1: What determines the spectral index and 

breaks?

2.7

2.0

Galactic

ExtraGalactic

Solar



1：CR spectral measurements in Space

宇宙线质子谱

宇宙线正负电子谱



1:宇宙线的成份和能谱 • 宇宙线主要由原子核构成；
• 年龄：107年；
• 能量密度：1eV/cm3；
• 功率：~1041尔格/秒；
• 最高宇宙线粒子的能量达到
3×1020eV，约50焦耳。已知
物理学基本规律在此能量下
是否还成立？

• 宇宙线e±对宇宙线起源，加
速，对暗物质粒子寻找，对
量子引力、天文学和宇宙学
研究有重要意义。

• 宇宙线基本上呈幂率谱，
~200GeV处谱变硬；4PeV有拐
折，被称为“膝”，小于此
能量被认为是银河内起源，
大于则河外；

• 极高能有“踝”和GZK截断
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1: Cosmic Ray Anisotropy

Cosmic ray anisotropy is
suppressed in the TeV
range!



2: 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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2: New Gamma-Ray and CR observations

Multi-Wavelength Spectra of 34 SNRs

Proton and Helium Spectra

Electron+positron Spectrum



3: Evolution of High-Energy Particle Distribution 
in SNRs

=0.01

Markov Chain Monte Carlo Algorithm



3: Evolution of High-Energy Particle Distribution 
in SNRs
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3: Evolution of High-Energy Particle Distribution 
in SNRs

Low Energy Spectral Index Spectral Break Energy
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3: Ion Acceleration in SNRs
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3: Ion Acceleration in SNRs
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4: New Paradigm and PeVatrons

34个超新星遗迹的能谱

宇宙线质子谱

宇宙线正负电子谱



4: New Paradigm and PeVatrons

Rc=28TV



4: New Paradigm and PeVatrons

Wp = 1e48ergs

http://upload.wikimedia.org/wikipedia/commons/c/cb/Cassiopeia_A_Spitzer_Crop.jpg
http://upload.wikimedia.org/wikipedia/commons/c/cb/Cassiopeia_A_Spitzer_Crop.jpg


4: New Paradigm and PeVatrons

70-200kyr



4: New Paradigm and PeVatrons

Ec<300TeV

70-200kyr



4: 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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VER J2227+608: A Hadronic TeV Source？

Ec>400TeV



Large High Altitude Air-shower 
Obervatory (LHAASO)



50TeV

Smooth=0.6

全天（60deg）:统计量90W(905389)



100TeV

Smooth=0.6

全天统计量： 1.3W(13092)个events

时间： 20190911-2020/02/10

0110~0210的数据全部用了



5: 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! 


