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ABSTRACT

Electron capture and direct elastic scattering in collisions of H* ions with CH2

molecules between 0.5 and 1.5 keV are theoretically investigated. A molecular

representation is adopted within a fully quantum-mechanical approach. Differential

cross sections (DCSs) for elastic scattering and electron capture are calculated at 1.5

keV and 0.5 keV for different molecular orientations. Our results indicate that electron

capture dynamics and corresponding electron-capture cross sections depend
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substantially on the molecular orientation, thus revealing a strong steric effect.

1 Introduction

Electron capture such as X++Y^>X+Y+ is an important process in atomic and

molecular physics, since it provides information fundamental for atomic and molecular

spectroscopy and many-body collision dynamics. It is also important for applications

such as astrophysics and fusion research. In this work, we study the electron capture and

elastic scattering processes in a collision of H+ ion with CH2 (methylene) molecule

between 1.5 and 0.5 keV. This work is along the line of the previous investigations

which dealt with the electron capture processes in tTN-C^ [1], H*+C2H2 [2] collisions

below a few keV. The hydrocarbon molecule, CH2, is a radical, and hence highly

reactive, but is known to exist in various atmospheric and astrophysical environments.

In fusion divertor plasmas, charge exchange reactions between protons and hydrocarbon

molecules (including CH2) play a decisive role in the hydrocarbon transport [3].

We consider specifically four molecular configurations: (I) the proton

approaches the C atom along the bisector of the H-C-H bond angle, passing the

midpoint of the H-H line, (II) it comes along the same line as (I), but in the opposite

direction, (III) the proton approaches the C atom perpendicularly to the H-C-H bond

angle, and (IV) it approaches the C atom perpendicularly to the H-C-H plane, see Fig. 1.

The investigation of these configurations should give significant insight into the steric

effect for electron capture, and expected to provide a guideline for future experimental

research.
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FIG 1: Schematic diagram indicating the four molecular configurations for collisions.

2 Method

The adiabatic potential curves are calculated by using the multireference

single- and double-excitation configuration-interaction (MRD-CI) method [4], with

configuration selection and energy extrapolation. The Table-CI algorithm [5] is

employed for efficient handling of Hamiltonian matrix elements for many-electron basis

functions. The atomic orbital (AO) basis set employed in the present work consists of

80 contracted Cartesian Gaussian basis functions. The calculations are carried out in the

C2v point group for each of the approaches of the proton to the carbon atom along two of

the three principal axes. Case III calculations are carried out in the lower Q, point group.

All coordinates are frozen at the equilibrium intramolecular distances of the C;v

geometry [5]: rC-H=1.0753A and 6>H-C.H=1340. Only the internuclear distance (R)

between the H* projectile and the C atom was varied. This approximation is reasonable

down to a few tens of eV of collision energy.

Scattering dynamics is studied on the basis of the fully quantum-mechanical
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formulation of a molecular orbital close coupling (MOCC) method, in which dynamical

transitions are driven by nonadiabatic couplings. The total wave function is described in

an adiabatic representation as an expansion in products of electronic and nuclear wave

functions and the electron translation factor. Insertion of the total wave function into the

SchrSdinger equation yields a set of coupled differentia] equations. It is computationally

convenient to adopt a diabatic representation. Transformation from the adiabatic to

diabatic representations leads to the coupled equation:

and

E = k2l2M, (3)

where k is the momentum of the projectile, n is the reduced mass of the system, and / is

the identity matrix. The coupled equations (2) are solved numerically to obtain the

scattering matrix for each partial wave /. The differential cross section is then obtained

from the formula

da[6) _ . \-/?/-i.iU>? _.?< ipfo^c/Jl (4)
dQ 4k2

where S'if is the scattering matrix element for partial wave /, and 0 is the scattering

angle in center-of-mass coordinates. Integration over all angles gives the total cross

section.

3 Results

In Figs. 2 (a) and (b), we show the adiabatic potential curves. In Fig. 2 (a), the

seven lowest potential curves for case I are presented as providing a general view of
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adiabatic potentials. The dominant electron-capture process is found to take place

between the adiabatic potential curves shown as the solid lines in Fig. 2 (b). In Fig. 2 (b),

we also show the potential curves involved in the dominant electron-capture process for

case II-IV.
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FIG 2: Adiabatic potential curves for cases I, II, III and IV.

The differential cross sections (DCSs) obtained are shown in Figs. 3(a) and

3(b) for case I, in Figs. 4(a) and 4(b) for case II, in Figs. 5(a) and 5(b) for case III, and

in Figs. 6(a) and 6(b) for cases IV, for scattering angles 0-180° at 1.5 and 0.5 keV,

respectively. Both electron-capture and direct elastic scattering are included. For all four

molecular configurations, large magnitudes of the DCSs of 106-108 cm2/sr arise from

narrow regions of the scattering angles 0<lO°and 0>17O°. Oscillations of the elastic

scattering and electron capture DCSs are found for all molecular configurations. We

state that these oscillations are attribuable to interference between elastic and

electron-capture channels because most of these oscillations are formed to closely

correlate between elastic and electron-capture channels. It is also apparent from these

results that electron capture process is sensitive to the molecular orientation, thus a
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strong steric effect is observed. We find similarly large electron-capture differential

cross sections for cases I and II, while cases III and IV are found to be secondary.
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FIG 3: Differential cross sections for case

I at (a) 1.5 keV and (b) 0.5 keV.
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FIG 5: Differential cross sections for case

III at (a) 1.5 keV and (b) 0.5 keV.
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FIG 6: Differential cross sections for case

IV at (a) 1.5 keV and (b) 0.5 keV.

FIG 4: Differential cross sections for case

II at (a) 1.5 keV and (b) 0.5 keV.

4 SUMMARY

In summary, we have carried out a theoretical study of elastic and electron-capture

processes in collisions of IT1" ions with CH2 molecules in the energy range from 500
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eV to 1.5 keV for the four distinct molecular configurations as described in the text.

We found a strong steric effect for electron capture in rf+CFb collisions at those

energies. The present cross-section data are considered to be useful for various

applications.
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