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Low-Energy Cosmic Rays

® We will focus on cosmic rays of energy below 10 GeV since these parti-
cles affect the dynamics of various processes in the Universe including the
formation of new stars.
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Voyager Probes
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Hellopause Heliosphere from Voyager 1 and 2
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lonization Rate in Diffuse Clouds

® lonization rate is the production rate of HJ ions.

® A difference of about 1 to 2 orders of magnitude between the ionization
rate in diffuse MCs estimated from the Voyager spectra and the observed

data.
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lonization Rate in Diffuse Clouds

® |onization rate is the production rate of HJ ions.

® A difference of about 1 to 2 orders of magnitude between the ionization
rate in diffuse MCs estimated from the Voyager spectra and the observed

data.
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How to Fit Voyager Data?

® The transport equation of cosmic rays:

9 0
£+5(¢) DV + o (Ew):q(r,z,E,t),
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How to Fit Voyager Data?
® The transport equation of cosmic rays:

9 0
£+5(¢) DV + o (Ew):q(r,z,E,t),
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Cosmic-Ray Propagation

® The transport equation of cosmic rays for discrete sources in the disk:

%—era—( ¥) — DV? w+— (Ew) =q(r,z E,1),
o(r

o(r2 B, t) = 0, Q(E)T_mé(z et —t).
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An Example for Stochasticity

particle #0 electrons:1.02e+03 MeV particle #0 electrons:1.64e+04 Mev

Effect of stochastic SNR on electron distribution
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Cosmic-Ray Propagation

® The transport equation of cosmic rays for discrete sources in the disk:

%—era—( ¥) — DV? w+— (Ew) =q(r,z E,1),
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Radial Distribution of Sources
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Spectral Behaviours
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Conclusions and Outlooks

® Stochasticity is important for the modelling of low-energy cosmic rays and
this effects allows us explain the Voyager data without requiring any un-
physical breaks.
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Conclusions and Outlooks

® The stochastic fluctuations might open up a way to explain both the Voy-
ager data and the ionization rate.
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