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Solar flares accelerate electrons in the corona which then stream toward the dense 
chromosphere. They lose their energy through collisions with the ambient plasma, heating the 
plasma and radiating bremsstrahlung X-rays.  Due to the high flux of energetic electrons required 
to explain observed X-ray fluxes, as well as strong evidence that suggests ion and electron beams 
are not streaming together, the high current carried by the electrons would be pinched off by its 
associated magnetic field if it is not neutralized.  A co-spatial return current in the background 
plasma provides this neutralization.  The induced electric field driving this return current is 
responsible for electron energy losses proportional to the electric field strength.  This produces a 
flattening of the hard X-ray spectrum at low photon energies.  

We investigate the possibility of explaining RHESSI spectra in terms of a 1D return-current 
model. We choose four flares with strong spectral breaks (flattening) at lower energies, around a 
few deka-keV, that cannot be explained by Compton back-scattering (albedo) or non-uniform 
ionization. We then fit the spatially integrated spectra using a 1D return-current model in which 
electrons lose energy by return-current losses until they reach the thick-target chromosphere, 
where they lose all of their energy by Coulomb collisions. Our main results are:  (1) The data can 
be well fitted with the return current model; (2) the time evolution of parameters such as the total 
potential drop, the beam electron density, the drift speed of the return-current electrons and the 
return-current electric field as compared to the classical Dreicer electric field all indicate that 
return-current losses might be important for the chosen flares; (3) limits on the resistivity can be 
derived from the fitted potential drop and deduced electron beam flux density.  These limits 
provide a test for the adequacy of classical (Spitzer) resistivity. 


