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Synopsis: We rewrite the FWL terms in proton-helium collisions by considering a fully quantum mechanical model to
find the charge transfer amplitudes. Then the charge transfer cross sections are calculated.

In a three-body treatment of single charge transfer
in proton-helium collisions, only a one active
electron model is assumed to apply in a fully
quantum mechanical FWL formalism. In a fourbody treatment of proton-helium collisions, as
defined by Sloan [1], four particles are taken into
account to find the FWL terms. Hence, here both
electrons of helium are active. By taking into
account that the target electrons are fermions of
spin ½, and substituting the electronic cloud
identity for double electrons in atomic helium, we
have developed a method to calculate the charge
transfer cross section in the collision of protons
and helium atoms.
We have made use of the FWL formalism and the
expansion of the scattering process defined by
Sloan, to investigate the single electron transfer in
the collision of protons by helium. Hence, the
prior form of the FWL transition operators for
single charge transfer up to second order is:
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where P, T, C, eP and eT refer to the projectile, the
target’s nucleus, the target’s electronic cloud, the
electron transferred to the projectile and the
electron that remained with the target,
respectively. The pure potential, the two-body
transition matrix and the four-body transition
matrix in a proton-electron cloud interaction,
respectively, are assumed to comply with the
Pauli Exclusion principle by: VPC  0.5(VPeP  VPeT ) ,
t PC  0.5(t PeP  t PeT ) and also T j , PC  0.5(T j , PeP  T j , PeT ) .
Electron indistinguishability also introduces a
singlet (1) and a triplet (3) wave function into the
final channel. Hence the quasi four-body FWL
Q

transition amplitude is AFWL
  f U 
i .

In analogy to a three-body treatment of the charge
transfer reaction, where the transferred electron is
the result of the interaction of the incoming
projectile with the nucleus, here in a four-body
treatment the projectile captures an electron as the
result of it interacting with the other bound
electron. Note however, while in the three-body
treatment, there is only one second order term leading
to the Thomas peak, there are four terms in the fourbody formalism.

The amplitude terms up to the second order are
added up separately for the singlet and triplet
states. The final angular dependence of the
electron transfer cross sections are:
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and plotted in figure (1) where the Thomas peak is
clearly visible. The quantities Ki (Kf) and ni (nf)
are the initial (final) momentum and mass ratios,
respectively.
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Figure (1): Angular dependence of electron transfer cross
sections for proton-helium collision at 7.42 MeV.
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