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TRANSITIONS BETWEEN DEGENERATED STATES
OF THE UNITED ATOMS IN THE CLOSE COLLISIONS

Yu. N. Demkov, G. V. Dubrovsky, 4. 3. Ermolaev
(Leningrad 3State University, USSR)

In the close collisions beiween atoms and ions when the internuclear di-
stance A approacpes its minimuam value R; small in comparison with the
etectron sheil dimensions the united atom appreximation can be used.

in such ccllisions the angular velocity of the internuclear axis can be
large envugh to make the non-adiabatic traunsitions possible. The geueral
trestment of such transitions for the non-degenerated states is given in 1],

The case of the degersracy of several moiecular states in the united atom
limit is of special interest. In this case the nrobabilities of corresponding
transitions can increase considerably. The simplest example is the proton-
hydrogen scattering in the Z, state of the quasimolecule HJ. This state
at A==0 turns into Zp=state of He™ and the energy of this state cotncides
with the energies of 11 and I states. Thus the excitation of 2p hydrogen
states becomes possible. Such calculation are given for example iu {2].

We consider the problem in a general form simplifying'it to the maximum
extent enabling us to study the general properties of tbe process and the
transition to limiting cases. We assume the splitting of the energies to be
AE=2AR? i. e. we consider only the leading term in the expansion of AE
in powers of R. Tf the particles move in XY plane, all the states are divided
into two groups — symmetric and antisymmetric with respeci to reflection
in this plane.

Ne transitions occur between these groups. For the p-state of the united
atom the process is described by the system of'eguations

thi = A [X2 — Y?) a - 2XYB],
iht = A [2XYa + (Y2 — X2) b] -

where a, b are the probability amplitudes for the states degenerated at =0 (in
the lixed coordinate sysiem), X (2), ¥ () are the relative coordinatesof the nuclei
VI Assuming the function X, Y to be known we can inte-
grate the sysiem. In the simplest approximation of the rectilinear motion

3
X =vi, ¥ =R, the process is described by a single paraineter 3_—.2'%?-’-—
the Massey adiabatic parameter. Two limiting cases are possible.
- 1) s <€ 1 — the f{ast passage. Then the process can be considered as
a sudden turning over of the internuciear axis and the probability of tran-
sition is small, but the phase of the adiabatic Z -function changes its
sign, i. e. it obtains additional phase shift equai to m. The perturbation
theory can be used in this case.

2) Adiabatic case s > 1. Then the svstem follows the adiabatic states,
50 that the additional phase and the transiticn probability are exponentially
smail.

The approximate formulas are obtained for both cases. For the inter-
mediate vaiues of s the equations are integrated numerically. The maxi-

" 1 / 1 P
mum probabilitv {equal to ——) occurs at 5=0.5.

A more realistic approximation, where the motion of nuciei along the

«Coulomb frajectory is assumed, is also considered. At large scattering angles

the transition prebability can reach values close to 1 (the sudaen turning
of the axis through the angle m:/2).
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