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Synopsis We have studied the collisions between protons and highly excited hydrogen atoms using the Classical Tra-
jectory Monte Carlo method. We compare our numerical results for the electron transfer cross sections with those ob-

tained by using semiclassical treatments. We present and discuss scaling laws for this process. 

    Proton-atom/molecule collisions have attracted 

considerable interest over the past few decades ow-

ing to their wide applications in plasma confine-
ment, chemical reactive medium, ...and to the fun-

damental understanding of atomic structures and 

interactions [1]. The atomic processes of charge 

exchange (capture) in collisions between fully 
stripped ions and atomic hydrogen in its ground 

state have been extensively investigated both expe-

rimentally, e.g.[2,3], and theoretically, e.g.[4,5]. 
The case of H(n=2) initial state has also been ana-

lyzed by using Classical Trajectory Monte Carlo 

(CTMC)[6,8], semiclassical treatment [8] and Eik-

onal approximation (EA) [7]. 
The Classical Trajectory Monte Carlo has been 

proposed originally by Abrines and  Percival  [9] to 

study the collisions of protons with hydrogen atom 
in any excited state; these authors concluded that 

the CTMC method can be reliable for highly ex-

cited initial states. However this classical method 
has been used in numerous works, 

e.g.[4,5,6,7,8,9,10] to calculate ionization and elec-

tron transfer cross sections mainly for collisions 

involving ground state hydrogen and good agree-
ment with experimental data were found in the in-

termediate energy range. Very recently CTMC cal-

culations have also been performed on collisions 

between 𝑁7+and 𝐶6+with H(n=2) [10], with com-

parison with those obtained from semiclassical ap-

proaches, using atomic orbital (AOCC) and mo-

lecular orbitals close-coupling (MOCC) [11]. 

    In the conference we present CTMC results, ex-

tending the study of 𝐻+ +𝐻 𝑛 = 1 (compared

with experimental data and other recent CTMC re-

sults [12]), to collisions between proton and highly 
excited states of atomic hydrogen, focusing on total 

and state-to-state capture cross sections. The advent 

of supercomputers and parallel programming facili-

ties allow the treatment of such processes that have 

been out of reach before due to extensive CPU time 
consumption. The aim of our work is to reveal the 

behaviour of the cross sections in the case of ex-

cited hydrogen and check different scaling laws, as 

those of Foster [13] and Janev [14]. 
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