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

Mechanisms
Slow E
Fast E /\
(Watve—p?rtlcle Perpendicular Parallel
interaction) ircluEiive) (Charge separation)

shearing flow
(2hd order Fermi)

Extreme physical
condition or kinetic
Spatial diffusion in scales

, \Qst order Fermi)
\

Betatron

\

Gradient drift

Diffusion in momentum
space (2nd order Fermi)
Selective Stochastic
Acceleration

Fermi
\Cu rvature Drift

Adiabatic Compression
Convection in momentum space
(1st order Fermi) Diffusive Shock




1: On 1912.8.7 Hess Discovered CRs
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: Dependence of ionization rate on
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1. Cosmic Ray and Solar
Energetic Particle Spectra
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1: Heliospheric Energetic Particles
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1: Heliospheric Energetic
Particles

Q.4F"

1= | |- 4 7
| S

ﬂ: . ] / 4 I ‘/1‘
- % ,
~ 0.8 ] 0.3 2 ~
" V " < /
::: 0.6 , F'# £ ,.//
FR /{// il g
2 ! o e
B | s o
i 0.} | af 4 . |~
‘ [ ® 0.1 ”
E / [\ | I > i
E 0 2; / : "/-’
e | i f_/‘ o 8.5 1 1.5 .z 2.5 A2

o L£——1—"T_ ; P ; . . Leg Enerqgy in keV

0 50 100 150 200 250 ano 350
Gk Figure 3: Energy dependence of the mean K pa-

Figure 1: Normalized cumulative fluence plot of rameters for ion fluxes measured by ISEE-3
0.29-0.5 MeV 1on data of IMP® CPME, and the DFH/EPAS at L1 between 1978 and 1982.

Characteristics of cumulative particle fluences at different heliospheric radii
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1: Heliospheric Energetic
Particles
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1: Heliospheric Energetic
Particles
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Figure 6: Mean K values for Voyager 1 (top) and
Voyager 2 (bottom) as functions of logy(E). K
values were averaged for 2002 to 2004 for V1 and
for 2005 to 2007 (up to May 2007) for V2.
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1: Different lon Spectra from Two
Solar Flares
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1: Yearly Spectral Variation
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1: What determines the spectral index and
breaks?
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1. Cosmic Ray Anisotropy
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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
(1lev/cm3);

2. Direct evidence:

Radio emission (1948)
—MeV-GeV electrons

Non-thermal X-ray emission
(1995), TeV gamma-rays (2004)
— TeV electrons

n® bump (2013 )W44,1C443,W51C
— GeV protons
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2: New Gamma-Ray and CR observations
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Evolution of High-Energy Particle Distribution

in SNRs
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3: Evolution of High-

obtained either via the spectral fit or by
the assumption that the energy loss
time is equal to the age of the SNR

in SNRs
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: 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

MNRAS 482, 52658274 (2010)

Advance Access publication 2018 November 19

Yiran Zhang'** and Siming Liu'~*
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Global constraints on diffusive particle acceleration by strong
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4: New Paradigm and PeVatrons
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4: Standard Paradigm

Supernova remnants (SNRs) have bee
galactic cosmic rays (Baade & Zwicky

1. SNRs have enough total power
---10%, 3 per century, CR density
(1ev/cm3);

2. Direct evidence:
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Large High Altitude Air-shower
Obervatory (LHAASO)
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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!



