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The cross section for resonance charge exchange of doubly charged ions has been computed
in the adiabatic approximation. A comparison is made between the experimental and theo-
retical charge exchange cross sections for doubly charged positive A, Kr, Xe, and Ne ions.

ONE—ELECTRON resonance charge exchange
has been considered by many authors.!™® In the
present paper we calculate the cross section for
two-electron resonance charge exchange in the
adiabatic approximation.

It has been shown earlier’ that in the adiabatic
approximation the cross section for charge ex-
change of an ion with an atom is
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Here x%=R2%-R2 ; R is the distance between the
nuclei in the ion and the atom; R, is the collision
parameter; E, is the energy of the electrons for
the anti-symmetric wave function; Eg is the en-
ergy of the electrons for the symmetric wave func-
tion. Thus, the problem reduces to the calculation
of the splitting of the electron levels as the nuclei
approach each other.

We shall assume that for internuclear distances
which are not too small it is possible to compute
Ey — Eg approximately, taking for He*":
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as is done for the molecular hydrogen ion (the

upper and lower signs refer respectively to g

and y5). Here ¢ap and ¢pB are the helium wave
functions for electrons in the ground state when

the electrons are attached to nucleus A or nucleus

B; r is the distance of the electron from nucleus A,
s is the distance from nucleus B. In this approxima-
tion the energy of the electrons is given by the ex-
pression
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For large internuclear distances f rit gazBd'rlde
~ 1/R and the remaining integrals are exponentially
small. Hence,
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The function ¢ is taken as the simple helium
function

Cexp[—a(r; + ), o =ay 'V (E, + E)/2E,,

where E; + E, is the total energy of the electrons
in the atom, E; is the energy of the electron in
the hydrogen atom and a, is the Bohr radius. The
value of o for the helium atom is 1.71 a(;l, which
corresponds to the minimum energy for the chosen
wave function and also corresponds to the asym-
ptotic region for a wave function having the mean
binding energy [large r (or s)].
The analysis given here applies for relative ve-
locities which satisfy the inequality v « (ae?/h) ag.
The results of the calculations are shown in
Fig. 1; along the abscissa is plotted the relative
velocity of the nuclei and along the ordinate axis
is plotted a’o, where o is the cross section for
two-electron charge exchange. On this same curve
are plotted the measured experimental cross sec-
tions for two-electron charge exchange in the noble
gases A, Ne, Kr, Xe.%? Since one-electron charge
exchange can occur in two-electron charge exchange
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FIG. 1. x) Ne; 0) A; Q) Kr; 0) Xe.
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FIG. 2. x) Ne; 0) A; A) Kr; 0) Xe.
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and in elastic scattering, and since this factor has
not been taken into account in computing the cross
section, the theoretical curve really corresponds
to oy + 309, where oy is the cross section for
two-electron charge exchange and oy; the cross
section for one-electron charge exchange. A com-
parison of the experimental curves with the theory
for this case is given in Fig. 2.

The theory given by Gurnee and Magee9 for reso-
nance charge exchange is similar to the present one
but is less “rigorous.” They make comparisons
with some very old experimental results.!%!! These
authors assume ¥ =c exp{—a (r;+ry)}/r? and
obtain aNe = 1.4, n=1; oo =13, n=3. Asa
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result the cross sections obtained by Gurnee and
Magee for Ne and A are larger than ours by
approximately a factor of 2. The present results
show better agreement with experiment.

!yu. N. Demkov, Yu. zan. IT'Y (Scientific Notes,
Leningrad State University) 146, 74 (1952).

2D. R. Bates and A. Dalgarno, Proc. Phys. Soc.,
A65, 919 (1952).

SA. Dalgarno and H. N. Jadov, Proc. Phys. Soc.,
A66, 173 (1953).

4J. D. Jackson, Can. J. Phys. 32, 60 (1954).

SB. M. Bransden, Dalgarno and King, Proc.
Phys. Soc. A87, 1075 (1954).

8B. L. Moiseiwitsch, Proc. Phys. Soc. A69,

653 (1956).

T0. B. Firsov, J. Exptl. Theoret. Phys. (U.S.S.R.)
21, 1001 (1951).

81. P. Flaks and E. S. Solov’ev, J. Tech. Phys.
(U.S.S.R.) 28, 599 (1958), Soviet Phys. “Technical
Physics” 3, 564 (1958).

°E, F. Gurnee and J. L. Magee, J. Chem. Phys.
26, 1237 (1957).

10 F, Wolf, Ann. Physik, 29, 33 (1937).

'R, Wolf, Ann. Physik, 34, 341 (1938).

Translated by H. Lashinsky
14



