
Results

As described by Calvo et al. (2007), we replace the ordinary Fick’s Law  with the non-local expression
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Introduction1
Data analysis and numerical simulations of shock accelerated particles indicate that the downstream region exhibits a decreasing number density profile of energetic particles. However, in
stationary conditions, the total particle flux should be uniform, according to the continuity equation; this requires a flat density profile on the dwonstream side, as prescribed by Diffusive
Shock Acceleration theory (DSA), which expresses the total flux as the contribution of advection by the plasma flow and diffusion processes. To solve this discrepancy, we propose to
change the expression for the contribution to the total flux due to diffusion, namely the standard flux-gradient relation given by the Fick’s law                       .  In the present work, this new
formulation is based on non-local phenomena, which are plausible in collissionless plasmas. The “non-local” diffusive flux is numerically calculated in several cases.

Fractional Fick’s Law
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Conclusions
The numerical evaluation of the fractional flux  highlights the possibility of uphill transport, that is, transport in the same direction
as the density gradient, which is an interesting and counterintuitive result!
An uphill negative downstream flux can balance the positive advective flux due to plasma flow, thus giving a conserved total flux. 

Results Discretization of the x axis:

Density profile for a shock crossing simulated by Prete et al.

This new formulation, instead of the first-order spatial derivative of the number density, involves the so-called Fractional Derivatives,
which extend the concept of “ derivative” to  non-integer derivation orders!
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Number of upstream and
downstream points in which we
evaluate the flux:
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integration domain:
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Uphill Transport !

Interplanetary shocks observed by ACE and Wind

Uphill Transport !
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Intensity-time profiles at different energies for an event detected on the 19th October 1989 by one of the Geostationary Satellites launched by NOAA .
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(work in progress)


