
IONIC CHARGE STATES OF SOLAR ENERGETIC PARTICLES IN 

IMPULSIVE SOLAR EVENTS: COMPARISION OF ESCAPE MODEL 

WITH EXPERIMENTAL DATA OF SEPICA ONBOARD ACE 

SATELLITE. 
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It is well accepted that Solar Energetic Particle (SEP) events should be divided in Gradual 

Solar Energetic Particle (GSEP) events and Impulsive Solar Energetic Particle (ISEP) ones. 

Differences between both of them are significant: ISEP are in association with solar flares and 

high heavy ions charge states, while GSEPs are usually associated with Coronal Mass Ejections 

(CMEs) and low charge states, most of them typical of an equilibrium temperature for the plasma 

source. It was also found that impulsive events are characterized by high fluxes of electrons and 

enhancements in 
3
He and heavy ions, like Fe. Gradual events usually are large proton events and 

their abundances are the usual for Solar Corona. ISEPs and GSEPs have also been distinguished in 

all acceleration processes involved, because impulsive events are described by stochastic 

acceleration in the corona but gradual ones are associated with shock wave acceleration. 

Charge states of heavy ions in ISEP events give us primordial information about plasma 

conditions at the source region in Solar Corona. Moreover, they are a valuable tool for 

understanding the particle acceleration mechanisms and transport processes, and the different 

interactions between particles and electromagnetic field at Solar Corona plasma conditions.  

We have focussed our analysis on iron charge states because of its high abundance and 

strong dependence of its ionic charge states with energy in this kind of impulsive events.  

 We have developed an analytical model, ESCAPE, in order to explain the evolution of 

solar particle charge states under stochastic Fermi II acceleration. We have used this 

computational model to fit four observational ISEP events provided by SEPICA onboard ACE 

satellite. 

Our computer model considers the results of projectile ions accelerated from background 

thermal matter, in a way that their initial velocities and charge states correspond to that of thermal 

plasma. Our model is able to reproduce stochastic acceleration effects as a second order Fermi-

type mechanism, described by a Fokker-Planck equation in energy space, from the acceleration 

site, which in our case is the solar flares that account for ISEP events. These effects evolve as a 

turbulence low-frequency magnetohydrodynamic waves (MHD), where energy from MHD 

turbulence is transferred to particles by wave-particle resonant interactions (Fermi-like process). 

Therefore, efficiency of acceleration mechanism (α) is a very important parameter in our model- 
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We have assumed that propagation effects and aditional accelleration processes in interplanetary 

medium do not significantly affect charge state distributions obtained, because of  the low density 

of interplanetary plasma. For that reason we have not taken into account any contribution derived 

from these effects. 

ESCAPE model fully reproduces these experimental events where the acceleration 

mechanism involved modifies the equilibrium charge states of ions, under second-order Fermi-

type stochastic acceleration, to higher ionization states. 


