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_Energetic Particles in the Heliogphere
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Beyond the myth of the supernova-remnant
= 3 , 1912.8.7 6:00 am
origin of cosmic rays |

Yousaf Butt' 2017

The origin of Galactic cosmic-ray ions has remained an enigma for almost a century. Although it has generally been thought

that they are accelerated in the shock waves associated with powerful supernova explosions—for which there have been

recent claims of evidence—the mystery is far from resolved. In fact, we may be on the wrong track altogether in looking for Butt 20099 Nature

isolated regions of cosmic-ray acceleration.

Nature of cosmic ray sources: One of the EHSEEL2IMHLIIANEA
eleven fundamental physics questions for M3 ] B —

the 21st century

Turner et al. 2002, report to the National Academy of Sciences
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Solar Energetic Particles (SEP)

Charged energetic particles of up to GeV energies emitted by the Sun

i BT (solar flare) H 2.4 )5 i 5 (coronal mass ejection)
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Transport Equation (Parker 1965)
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Thick lines: magnetic field lines
Thin lines: particle trajectories
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Parallel Diffusion

According to the quasi-linear theory for cosmic ray diffusion (Jokipii 1966), the
perpendicular diffusion coefficient is usually much smaller than the parallel
diffusion coefficient. Therefore, the effect of perpendicular diffusion was ignored
in previous studies of SEP propagation.

The SEP observations detected by Helios mission proposed non-linear effects
near 90° pitch angle of particles (e.g. Hasselmann & Wibberenz 1968, 1970;
Beeck & Wibberenz 1986; Beeck et al. 1987).



2001 September 24 SEP event
Wind 3DP 40 keV Electrons
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Counter-streaming particle beam with
a deep depression at 90" pitch angle
during onset phase.
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Fokker-Planck SEP Transport Equation
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Markov Stochastic Process Method
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Wind/3DP ~40 keV Electrons in 2001 Sept. 24 Event
ta
iffusion, limit

Counter-streaming particle beams
with a deep depression at 90" pitch
angle during onset phase.

p. diffusion,
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He 2015 Ap)J Wind Observation & SEP Simulation



Perpendicular diffusion to form counter-streaming particle beams
(without invoking a reflecting boundary / magnetic mirror)

East West

Source

\
0

Observer

Particle Trajectory

- We do not need a
“magnetic mirror”!

To observe a counter-streaming particle beam requires specific conditions: a limited
source, observers disconnected from source, SEP diffusion processes (both parallel
and perpendicular), and appropriate locations of observers.



Omnidirectional Flux

Flux maximum
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Data Set: Collect 78 solar proton events in the time period 1996-2011
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Heliographic latitude (degree)

Event percentage (%)

SEP events with higher fluxes
will be more easily observed
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L7 - M “Multiple SEP events with one spacecraft”
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Peak Intensity
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Azimuthal Propagation of Low-Energy Solar-Flare Protons as

Observed from Spacecraft Very Widely Separated

in Solar Azimuth

R. Bruce McKisBEN

Enrico Fermi Institute and Department of Physics
University of Chicago, Chicago, Illinots 60637
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first noted by McKibben (1972)
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LOW-ENERGY SOLAR ELECTRONS AND IONS onsaw_
FEBRUARY-APRIL, 1991: THE INNER HELIOSPHERE AS AIPARTICLE RESERVOIR

E. C. Roelofl, R. E. Gold!, G. M. Simmett2, S. I. Tappin2,T. P. Armstrong3, and L. J. Lanzeroui
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named “reservoirs” by Roelof et al. (1992)



Possible Mechanisms

1. Reflecting boundary (magnetic mirror) / diffusion barrier
To contain the SEPs long enough for them to be distributed uniformly

Is there a magnetic mirror?

2. Effective cross-field diffusion (perpendicular diffusion)
To distribute the SEPs uniformly through perpendicular diffusion

(3. Combination of 1 and 2 ?)



Omnidirectional Flux

Omnidirectional Flux
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“YEZEH” (SEP “reseryoir” ) “HiTZK” (SEP“flood” )
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In the sense of perpendicular diffusion, 255 - 245h

the so-called SEP “reservoir” should be i
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For details see papers:

He & Wan 2017 MNRAS
He et al. 2017 ApJ

He 2015 ApJ

He & Wan 2015 ApJS
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Is it the time to revise textbooks?

BB IRHREI T 2

Lecture Notes in Physics 932

Donald V. Reames

Solar
Energetic
Particles

A Modern Primer on Understanding
Sources, Acceleration and Propagation

@ Springer
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Astrophysics and Space Science Library 438

George M. Simnett

Energetic Particles
in the Heliosphere

as
SL @ Springer
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