
Modeling the Hydrogen-Proton Charge-Exchange 
Process in Global Heliospheric Simulations

Anthony DeStefano1, Jacob Heerikhuisen
Department of Space Science, 1amd0020@uah.edu

Acknowledgments
Funding of this project was given under the NESSF grant number 
NNX15AT10H. I would like to thank my close friends and roommate 
for many late nights of discussion, and for my family for support 
through prayer and conversation while being away from home.

Research Horizons Day
April 12, 2016

Overview
The heliosphere is forged by competing flows between the 
radial solar wind and streaming interstellar plasma. Charged 
atoms originating from interstellar space are deflected 
around the heliopause, shown in the left graphic by the 
stream lines, via the magnetic field surrounding the 
heliosphere. Neutral atoms may penetrate this barrier 
however, complicating the dynamics.

Hydrogen, protons, and electrons are the bulk constituents 
of space plasmas. Every so often a close encounter occurs 
between hydrogen atoms and protons and an electron is 
exchanged between them, i.e. a charge-exchange. This 
mechanism is used to couple the fluid ion and kinetic 
neutral descriptions of the plasma in the heliospheric 
simulations. Our goal is to understand the effects of 
various assumptions and techniques of the charge-
exchange process in the heliosphere & local interstellar 
medium.

Results
Comparisons were made between the semi-analytic integral 
(A & B) and the Monte Carlo accumulated (C & D) energy 
source terms.

Model
We have tested the following cases, all under the hard-
sphere assumption for collisions, using the full 6D 
hydrogen distribution (3 space + 3 velocity):

 Charge exchange rate, and momentum/energy   
source terms

 Maxwellian and kappa protons
 Exact and Taylor/asymptotic series approximation

 Momentum and energy 
source terms agree

 Hard-sphere premise 
for kappa protons is 
incorrect → 
suprathermal protons 
are affected by 
exponential cut-off of 
charge-exchange 
cross section
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