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Experimental and theoretical study of singly ionizing 1-MeV p+He
collisions at different energy and momentum transfer values
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Synopsis  We present ultra-high-resolution COLTRIMS data on single ionization of helium induced by 1 MeV
proton impact and compare it with theoretical calculations. Our analysis clearly shows the limitations of the first
Born approximation.

In our earlier study [1], we reported high-
resolution COLTRIMS data for the emission of
electrons with energy E, = 6.54+3.5eV in 1-MeV RNV
proton-helium collisions at momentum transfer 107 F )
q = 0.75 £ 0.25a.u. The data exhibited a well-
pronounced nodal structure, which is in agree-
ment with predictions of the first Born approxi-
mation (FBA) for the electron three-dimensional
angular distribution. At the same time, some
discrepancy between the FBA theory and exper-
iment was found in the scattering plane: the bi- 107 L
nary and recoil peaks appeared to be shifted to- T o % 120 1507 180°
wards smaller emission angles with respect to the 0,

FBA calculations.

In this contribution we present the experi-
mental data and numerical calculations for the
fully differential cross section (FDCS) in the form

within the experimental F.- and g¢-gates.
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Figure 1. Experimental angular distribution in the
scattering plane for E. = 20 £ 5 eV kinetic en-
ergy. The black squares correspond to a momen-
tum transfer ¢ = 0.5 £ 0.15 a.u., the red circles
to ¢ = 1.0 £ 0.25 a.u. and the blue triangles to

= 1.75 £ 0.4 a.u. Solid lines correspond to the

d°o

FDCS= - 27
5 dE.d0.d.dgdd,’

(1)

FBA using a Hartree-Fock wave function of helium.
where 0, and ¢, are the polar and azimuthal
angles of the emitted electron, and ¢, is the
azimuthal angle of the momentum transfer q.
We study the cases of momentum-transfer val-
ues ¢ = 0.5,1.0, and 1.75 a.u. and (for each
momentum-transfer value) the ejected-electron

We examine theoretical approaches beyond
the FBA, such as the 3C model with effective
charges [2], replacing potentials by 7" matrices,
and semiclassical post-collision interaction.
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