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Production of Metastable Hydrogen Atoms
by Electron Capture of Protons in a Thick Helium Target

by V. Dosel)

Department of Applied Mathematics and Theoretical Physics,
School of Physics and Applied Mathematics,
The Queen’s University of Belfast, Northern Ireland

(21. X. 68)

Abstract. The production of metastable hydrogen .atoms by electron capture of protons in a
thick helium target is calculated in a three state approximation. Theoretical cross-sections are
used for the processes of electron loss from and collisional de-excitation of the excited hydrogen
atom, experimental data for the other cross sections involved.

Taking 7 to be the product of the target length traversed times the target density,
the fraction Fj(n) of atoms in a state ¢ after passage of the initial beam through the
target 1s given by the solution of the coupled differential equations

o F Dot S, o

where o, is the cross section for transitions from the initial state j to the final state k.
Approximate solutions of (1) may be obtained easily by taking account only of a
finite number of states. Since the cross sections for electron capture into excited states
of hydrogen are rapidly decreasing with increasing principal quantum number it is
assumed to be sufficient to retain the hydrogen 2 s-state only. Designating by 0, 1, 2
the H+, H(1s) and H(2s) state respectively we find with the initial conditions

E(O) = 50;’ . (2)
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1) On leave from the University of Zurich, Switzerland.
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The constants are given in terms of the cross sections by

A = ag + 015 + 0y B =0y — 0y,

F = 039+ 09 + 0ge G = 012 — Ope

P=_(4+F) Q= {(4—F)2+4BGpe
Gy +4 oy O Ftoy, B

Fyoo = AF-BG Fo= AF-BG

The cross sections oy, 019, g2, 015 are taken from experiment [1], whereas 0, and oy,
have been calculated. Calculation of oy, is easily done using the classical semi-
empirical theory devised by BATES and WALKER [2] which is most appropriate for
projectiles with a small ionization energy. In fact calculations on electron loss from
metastable helium in collisions with molecular hydrogen are in very satisfactory
agreement with experiment [3].

The calculation of a,, is a bit more complicated. Remembering the degeneracy
of the 2 p and 2 s states in hydrogen it is expected that collisional de-excitation will
proceed more rapidly through the two step process

H(2s)+ He— H(2$) + He— H(1s) + He + y

where y is the emitted Lyman-o photon, than through the direct 2 s — 1 s transition.
0,5 Was therefore taken to be the sum of the cross sections for these two reaction paths
and was calculated in a 1s — 2s — 24, — 2 p, close coupling approximation, the
helium atom being represented by its static Hartree-Fock potential. Since this four-
state approximation does not allow for coupling to the continuum, the results for oy
are probably an overestimate.

Fortunately the final values of F,(n) depend only very weakly on oy . At the
lowest proton energy considered where the influence of gy, is strongest, F,,, changes
only by + 109, putting g, = 0. Moreover, this dependence on ¢, decreases rapidly
with increasing energy and decreasing w. Measurements of F;(rr) could therefore be
used to derive experimental values of o,,. Alternatively, since o,, can be measured

Table

keV 5 7 9 15 20 25 30 40
Fyms 0.159 0.264 0.337 0.552 0.564 0.582 0.543 0.55
Foog 0.0049 0.0074 0.0092 0.0093 0.012 0.017 0.019 0.025
A 1.64 2.11 2.36 3.23 3.33 3.29 3.65 2.82
F 2.52 2.75 2.82 2,76 2.52 2.37 2.24 2.01
B 0.036 —-0.33 —-0.62 —-1.69 —1.81 —1.88 —-1.96 —1.56
G 0.043 0.046 0.044 0.020 0.0060 0.0036 -—0.028 —0.053
P 2.08 2.43 2.59 3.00 2.93 2.83 2.95 2.42
Q 0.44 0.29 0.17 0.15 0.39 0.45 0.74 0.50
Oy 2.22 2.51 2.63 2.64 2.41 2.26 2.13 1.89
Oy 0.30 0.23 0.18 0.11 0.086 0.070 0.058 0.043
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directly with good precision, new independent values for g4, which is known only to
509, accuracy could be obtained.

All results including the cross-sections oy and oy, are collected in the Table.
Dimensioned quantities are in units of 10-16 cm2.
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