Paired velocity distributions in the solar wind
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The solar wind models based on two-particle velocity distributions [1,2] discussed in the paper describe a plasma flow by joint probability that electrons and protons have velocities in a specified elementary interval of values. This approach is different from the classical ones that consider motion of electrons and protons separately by one-particle distributions. The development of two-particle kinetic models is initiated by observed large scale fluctuations of plasma density in the heliosphere. The sizes of fluctuations exceed significantly Debye length what allow us to consider collective behavior of charged particles. 
The two-particle kinetic model [1] is presented in approximation of steady spherically symmetrical collisionless flow of quasineutral currentless plasma. The polarization potential is assumed to be monotonic and the influence of the Sun’s magnetic field is neglected. The Maxwellian distribution of plasma particles is prescribed at the exobase. The analysis of the model yields the domain of permitted values of polarization potential that provide stationary flows. The corresponding radial dependences of solar wind density and speed covers rather narrow domains of values and are consistent with the in-ecliptic observational data. 
The two-particle model is presented also in the neutral approximation [2] that can be interpreted as the statistics of dynamic electron-proton pairs. This approximation excludes the consideration of polarization potential and produces upper estimations for plasma density and speed derived in the frame of the first model. The results of the neutral model are also consistent with observations.
Thus the two-particle kinetic approach reproduces the observed solar wind acceleration that is provided only by energy of thermal motion of particles of the equilibrium plasma at the exobase. This can be achieved in the frame of one-particle kinetic models only by including additional energy sources.
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