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Solar flare and coronal mass ejection - shocks

• GLEs are sudden increases in the cosmic ray intensity. The historical beginning 

of cosmic ray flux observations started with the occurrence of GLE on 28 

February 1942.

• Divided, controversially, into impulsive (acceleration in solar flare) and gradual 

events (acceleration in CME)?

shock acceleration (solar flare) 



Helioclimatology

Cosmic ray spallation is suspected to 

be the cause of abundance of some 

light elements in the universe such as 

beryllium; through a process known as 

cosmogenic nucleosynthesis.

Also, other elements such as carbon-14 

and chlorine are formed within the 

solar system via cosmic ray 

spallation. This is termed cosmogenic 

nuclides.



Ground-level Enhancement (GLE) = "cosmic" rays from sun

71 times since 1942

Sanae Neutron Monitor



Ground-level Enhancement (GLE) = "cosmic" rays from sun (space experiment)

See:
•Particles (GLE)
•Flare and CME (3D-stereo)
•Shock (3D-stereo)
•Gammas
•X-rays
•Radio 
•Magnetic fields
•Kinks

The Earth’s neutral 

monitor (NM) network 

has one important 

advantage above 

space experiments, 

which is sensitivity to 

arrival direction of 

particles. This gives 

indication of  

anisotropy of the event 
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The best observed two GLEs 



Selected GLEs for this study

Is there any better explanation on the controversial classification based on more realistic physical interpretation?



The asymptotic cone of acceptance
GLE on 20 January 2005 (only < 1 GV NM stations) 

• For vertical arrival at a neutron monitor, the particles must have come from a so-called 

asymptotic direction in space before they penetrated the geomagnetosphere.



Are they magnetically connected to Earth?



OMNI-DIRECTIONAL INTENSITY



Rise time instead of time to the maximum

Illustrating how we characterize

the pulse shape of a GLE through

the rise and decay times.



Relationship between rise and decay time

The data points show the rise and

decay times as calculated for our

selection of 15 GLEs. The red line

shows a linear t to the observations,

while the red band indicates a 1δ

(standard deviation) error on the

fitted slope.



Interpretation in terms of diffusive transport theorem.

If the diffusion coefficient is of 

the form κ=κ0(r/r0)α, the solution 

for an impulsive injection at t = 0 

and r = 0 

We call this the point-

diffusion solution. 

The symbols show the modelled relationship between r and 

d for different values of α, while the dashed lines are the 

corresponding analytical approximations.



Using Strauss-modified numerical transport model 

Strauss and Fichtner, 2015 for details.

Finding the 

roots of 

Equation 

for 

different 

values of α

.



It is difficult to imagine how different acceleration mechanisms can lead to such a

“universal” (in the sense that it is the same for events historically characterized as

either impulsive or gradual) linear relationship, and hence we interpret this result in

terms of an interplanetary transport model.

In the limit of very effective particle scattering, i.e. when the resulting distribution is

nearly isotropic, both the numerical and analytical solutions reproduce the observed

linear trend. We thus conclude that interplanetary transport may have an extremely

large effect on the observed pulse shape of GLEs and should not be completely

ignored as is mostly done.

Results

Salient features
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Thank you!

...work in progress....
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