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Reames’ scenario on streaming limit

*Energetic particles streaming outward from an intense
source near the Sun reach a maximume-intensity plateau
when scattering by self-excited waves restricts the
streaming.

*Particle intensities measured early in a large SEP event
are bounded by a certain upper limit.

*This limit intensity can only be exceeded when the source
of particles (i.e. the CME-driven shock) reaches the
spacecratft.

*The highest proton intensities reached in a solar cycle can
only be observed in association with the passage of CME-
driven shocks.
















































SEP events with peak intensity exceeding by a facto
of 4 or more the previous determined streaming limi
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Kallenrode and Cliver
(2001): "...pairs of
converging shocks are
believed to play an
important role in the
formation of large
events such as the
August 1972 SPE or
the Bastille Day 2000

event”.
shock

shock Kallenrode and Cliver (2001, ICRC, pp. 3318-3321)
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Bastille
Day 2000
SEP event
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Bastille
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Streaming limit exceeded during the
prompt component of the SEP event
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Fig. 11.— Modeling results with a magnetic barrier located beyond Earth. Both model 1
(blue) and 2 (red) use a radial mean free path _{r}=0.18 AU. The magnetic bottleneck  Bjeber et al. (2002, ApJ)
has 85% reflectivity and is located at a heliocentric distance of 1.27 AU.
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8, 2000
SEP event




Kallenrode (2002, JASTP 64,
1973-1978): “when a magnetic
cloud is already present in
Interplanetary space at the time
of a SEP event it acts as a
barrier, storing the bulk of
particles in its downstream
medium”.
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January 20,
2005 SEP
event
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Streaming limit exceeded during the
prompt component of the SEP event
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Saiz et al. (2005):
“The transport
conditions changed
rapidly during the
event (from low to
high scattering
conditions) due to
high density of
SEPs, which
generated waves
that resonantly
scattered the
particles injected
later in the event.”



SUMMARY

The hazardous intensities not only occur when the
CME-driven shock arrives at the spacecraft, but they

can also be observed at the prompt component of the
SEP events.

Either:

Interplanetary structures modify the nominal SEP
transport conditions by confining energetic
particles in regions of the heliosphere (Bastille
Day 2000, 8 Nov 2000, 28 Oct 2003), or

Interplanetary conditions are such that inhibit the
generation of waves by streaming energetic
particles (20 Jan 2005).



October 28,
2003 SEP
event
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=3V/(V-V,)

V=plasma flow velocity along the
normal to the shock

V,=normal component of the

downstream flow relative to the
shock

n,(r)=plasma density

r.=spatial scale length of the shock

surface
cos( )=cos( g,)
Eyp,=proton injection energy

=power spectrum of field
fluctuations

related to the level of turbulence
K. =correlation wave number

related to the acceleration time at
the shock
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