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Ionization processes in atomic and ionic collisions are considered. The collision of two helium atoms is
investigated. It is shown that for helium atoms whose electron configuration at large internuclear dis-
tances corresponds to two atoms in the ground state, the configuration for sufficiently small distances be-
tween the atoms corresponds to an auto~ionization state of the quasimolecule. The internuclear distance at
which the electronic term of the quasimolecule He, composed of atoms in the ground state pseudo-crosses
the nearest electron term, is estimated, as well as the separation of the terms at the pseudocrossing point.
The degree of excitation of the electron shell of the colliding atoms, which occurs irreversibly as a re-
sult of the motion of the nuclei at the instant of overlap of the electron shells of the atoms, is estimated.
These estimates lead to the conclusion that in the case when two helium atoms in the ground state collide,
the ionization occurs when the atoms move apart, since transitions occur to the state of the He, quasi-
molecule. In the case of infinite distance between nuclei, the transitions correspond to two atoms in the
excited state and therefore become auto-ionization transitions when the atoms are moved sufficiently

far apart. The decay of these auto-ionization states causes the release of the electrons. The spectrum

of the electrons released in the case of single and multiple ionization is explained on the basis of the

auto-ionization mechanism of ionization of colliding atoms.

1. A number of recent experiments make it possible

to study different aspects of the ionization produced
when atomic particles collide at velocities lower than
the velocities of the valence electrons. Such experi-
ments include measurement of the inelastic energy loss
in collisions of atoms'* ™%, the determination of the
spectra of the electrons released upon ionization,™!~*!
the determination of the ionization cross sections for a
given colliding-particle scattering angle,'®®! and meas-
urement of the partial cross sections of multiple ioni-
zation in collisions of atomic particles.t®!

The information obtained from these experiments
makes it possible to describe certain details of the
mechanism of atom ionization by collision.

As to the theory, there exists at present two models
for the description of the ionization of colliding atoms.
In the first, the classical Firsov model,'®! it is as-
sumed that the excitation of the atomic electrons is ef-
fected continuously by inelastic transfer of energy
from the moving nuclei. Such an approach is valid so
long as the distances between the nuclei are not too
large.'®! In the second model*®* ?*! it is assumed that

the electronic term of the considered state of the quasi-

molecule, made up of the colliding atoms, crosses the
boundary of the continuous spectrum at a certain dis-
tance between the nuclei. The resultant autoionization
state of the quasimolecule decays, and this leads to a
release of the electrons. The inelastic transitions be-
tween the states of the quasimolecule do not play an
important role. Such a model is known to be applicable
to the case of collision between an atom and an ion of
the same element.'®*! The electronic term correspond-
ing to the odd state of the quasimolecule made up of
these particles crosses the boundary of the continuous
spectrum.

We must ascertain which of the foregoing models®’

DWe do not stop to discuss here the phenomenological approach
[26—29], which has no clear physical basis, so that it is hardly reason-
able to use it in the study of details of the ionization process.
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describing the ionization mechanism is the more ac-
ceptable. This is one of the questions considered in the
present paper. In addition, we clarify a number of de-
tails of the ionization of the colliding atomic particles.
Most results were obtained here for the case of colli-
sion of two helium atoms, since the mathematical treat-
ment employed in this case is the simplest. We can
see, however, that many of the qualitative conclusions
obtained in this manner are general.

2. If we assume that the electronic term of a quasi-
molecule made up of two atoms in the ground state does
not cross other terms, then we find, in accordance with
the Massey criterion, that the ionization has an adiabat-
ically low probability when the collision between these
atoms is slow. However, numerous experimental data
on the ionization cross sections of atoms™%? offer evi-
dence that at not too low collision velocities the ioniza-
tion cross section turns out to be of atomic order of
magnitude. Moreover, in many cases it was observed™"!
that the ionization cross section of atoms, even near the
ionization threshold, depends on the atom collision ve-
locity not in accordance with a power law, but exponen-
tially. We can therefore conclude that in most cases
when the atoms come close together, the quasimolecule
term corresponding to the ground state of the atom
crosses other electron terms, and possibly crosses the
boundary of the continuous spectrum. We shall show
that in the case of two helium atoms the electron term
of the quasimolecule corresponding to the ground state
of the atoms crosses the boundary of the continuous
spectrum.

Let us investigate the behavior of the terms of a
quasimolecule made up of two helium atoms when these
atoms come close together. If the two atoms are in the
ground state, then a quasimolecule with an electron
shell of Hez(loé 10%) is produced when the atoms come

close together. The lowest state of the beryllium atom
which has such a symmetry and is produced when the
helium atoms combine is the electron-shell state of
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Be(1s%2p?’S. Thus, the ground state of the two helium
atoms goes over into the excited state of beryllium, if
we neglect the small splitting between the two pseudo-
crossing terms and regard this splitting as a crossing.
We shall show that the indicated state of the beryllium
is an auto-ionization state. The energy of excitation of
one of the electrons in the beryllium atom with transi-
tion from the ground state (1s®2s?) into the state
(1s*2s2p) is 5.3 eV. The excitation energy of the 2s
electron in the 2p state should be larger, since this
electron is situated in a field of the charge of the atomic
core, which is not screened by another electron, and is
therefore more strongly coupled than the electron in
the first case. The energy necessary to excite the be-
ryllium atom to the state (1s%2p?) is therefore, at any
rate, not smaller than 10.6 eV, which exceeds the ioni-
zation energy of the beryllium atom, 9.32 eV.

Another approach makes it possible to estimate
more accurately the excitation energy of the
Be(1s®2p®)’s state. Since the 2p electrons are located
far from the atomic core and their penetration into the
1s? shell can be neglected, the binding energy of these
electrons coincides with the binding energy of the elec-
trons in the He atom with similar shell (2p®)'S, which is
equal to™?! 16.12 eV. This corresponds to the excita -
tion energy of the (1s®2p®)’s state, which is equal to
11.4 eV. Thus, both estimates show that the term of the
electronic state, which corresponds in the case of a
large distance between nuclei to two atoms in the ground
state, crosses the boundary of the continuous spectrum
when the atoms come closer together.

Let us trace the behavior of the term of the helium
quasimolecule produced when the atoms come close to-
gether, when one electron in each of the atoms is in the
1s state, and the second electron of one of the atoms is
in the 2s state. Let us consider an even state of the
quasimolecule, in which the wave function of the elec-
trons does not reverse sign upon reflection of the elec-
trons relative to the symmetry plane; this plane is per-
pendicular to the line joining the nuclei and bisects it.
In this state of the quasimolecule, three electrons, two
of which correspond to the helium atom in the ground
state and the third to 2s electron in the second helium
atom, form the configuration log20g. This electron
configuration corresponds to the electron shell of the
beryllium ion in the ground state, which is obtained
when the helium nuclei are combined. Thus, if the
fourth electron is placed in the excited helium atom
in any state, then combining the nuclei results in an
excited beryllium atom with an unexcited atomic core.
This means that when the helium atoms come closer
together the term corresponding to the ground state of
the two helium atoms crosses a large number of terms
corresponding, in the case of large distances between
the nuclei, to both atoms being in the excited state. In
particular, the ground state of beryllium is produced by
combining the nuclei of helium atoms which are in the
metastable (1s2s)'S or (1s2s)’S state.

Thus, we have found that when the helium atoms
come close together the term of the quasimolecule cor-
responding to helium atoms in the ground state crosses
the boundary of the continuous spectrum® and the large

2)1t is even easier to prove that a term of a quasimolecule can cross
the boundary of the continuous spectrum in the case when an ion

813

number of terms situated near the boundary and corre-
sponding, in the case of large distances between the nu-
clei, to one atom in the ground state and one atom in the
auto-ionization state.

3. Let us estimate the distance r  between two heli-
um atoms, at which the electron terms of the state
'S(10g 10%;) and 'S(log 20§) cross. If the distance of
closest approach of the colliding helium atoms is smal-
ler than r,, then the atoms can become ionized as a
result of such a collision, since the electron shell is
excited continuously, starting with internuclear dis-
tances close to r,. To estimate r, we shall assume
that this distance is smaller than the dimension of the
electron orbit of the valence electrons. The Hamilton-
ian of the system of electrons has, in the case of small
distances between the helium nuclei, the form

H= R+ 2(»25 2 z >

=Rzl nER2 1)
here f{o is the Hamiltonian of the system of electrons
in the case when the nuclei are joined together, Z = 2
is the charge of the nuclei, r; is the coordinate of the
electron, and R is the distance between nuclei. Unless
specially stipulated, we shall use a system of atomic
units i = m = e? = 1. When R — 0 we get, accurate to
the first terms of the expansion in R

2Z  4Z R
H(R)=Ho+ Z\/—r:—]—}>, 7'1<27 (2)
The difference between the terms of the states under
consideration is determined by the valence electrons,
since the internal electrons influence in the same man-
ner the course of the terms of the states under consid-
eration. For this reason, the dimension of the orbit of
the internal electrons can be arbitrarily related to the
distance between the nuclei. Using the single-electron
approximation, we obtain for the term shift due to the
change in the interaction of the i-th electron with the
atomic cores:
R ., ,
Vi(R) = g \ 224 4z,
0
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Here ¥ is the radial wave function of the i-th valence
electron and Z, = 1 is the charge of the atomic core.

Recognizing that the radial wave function of the 2p
electron located near the nucleus equals zero, we ob-
tain for the difference of the electron terms of the con-
sidered states of the quasimolecule made up of the two
helium atoms

Z,Z

Z, o
2|42, (0) |2 = =L B2, 3)

Ei(R) —E:(R)= G 2 ?

Here Zggr is the effective charge of the atomic cores
and determines the behavior of the wave function of the
electron near these cores. We assume Zgff = /6, and

comes close to its own atom [24]. When an ion comes close to its own
atom in the ground state, the energy level splits into two, odd and even.
The term corresponding to the odd state, at which repulsion of the
atoms takes place, crosses the boundary of the continuous spectrum.
But in this case the possiblity of crossing is connected with the de-
generacy of the energy at large distances between the nuclei. On the
other hand, in the case of two helium atoms considered here, the cross-
ing of the term of the quasimolecule with the boundary of the contin-
uous spectrum is due to the overlap of the electron shells of the atoms,
something which takes place in the general case.
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choose for the excitation energy of the (1s®2p®)’s state
of the beryllium atom the previously obtained value
11.4 eV. We then obtain for the internuclear distance at
which the quasimolecule electron terms under consid-
eration cross the value r, ~ 1. This result can be used
as an estimate, since at such distances the second term
on the expansion of the term difference

Z,R2 ZRe d
%22 (0) |2 =

E{(R)— Es(R)= 6 5 37|1pz,(r)|2;r:0 (4)

is larger than the first. Since the second term of the
expansion of the term difference differs in sign from
the first term, we can expect the true value of r, to
exceed the obtained estimate.

The obtained estimate agrees with the result of
Leonas,'®! according to which the ionization in the col-
lision of two helium atoms occurs at closest-approach
distances smaller than unity.

4. In fact, when two terms of like symmetry ap-
proach each other, a pseudocrossing takes place, and
not a crossing of these terms. When collisions of atoms
are considered, these terms can be regarded as cross-
ing if the separation of the terms in the pseudocrossing
region turns out to be small at the collision velocity un-
der consideration. For this reason it is of interest to
determine the separation of the pseudocrossing terms.

Let us estimate the separation of the terms between
the states (lo%g103)'sS and (10§ 20%)'S of a quasimole-
cule made up of two helium atoms. We assume that the
pseudocrossing of these terms occurs at small dis-
tances between the nuclei compared with the dimension
of the orbit of the valence electron. In both states un-
der consideration, the internal shell loé is the same,
so that the pseudocrossing is determined by the valence
electrons and its magnitude can be represented in the
form A = 2(2p, 2p|ry;|2s, 2s), where r,, is the dis-
tance between the valence electrons, and 2p and 2s
correspond to the states of these electrons in the be -
ryllium atom. The term separation turns out to be
A =0.057 = 1.5 eV. When the nuclei approach each
other with a velocity v, the configuration of the elec-
tron shell can change in the vicinity of the crossing
point, and in the case of a single passage through the
pseudocrossing point this probability is equal to™*?
1A%/2Fv, where F = dE/dRIro is the derivative

of the difference of the unperturbed terms at the pseu-
docrossing point.

If we use formula (3) for the difference of the terms
of the states under consideration, we get F = 0.8r,
~ 0.8. Therefore, in a single passage through the pseu-
docrossing point in the case of a collision of two helium
atoms the transition probability is 0.4v;/v, where v;
=v2I /M is the collision velocity at the ionization
threshold, and M and I are the mass of the nucleus
and the ionization potential of the helium atom.

We thus found that the separation of the electron
terms is not much smaller than the energy difference
between the electron states in the atom. Nonetheless,
the probability of a transition with a change of the elec-
tron configuration of the quasimolecule is small, owing
to the peculiarities of the transition in the Landau—
Zener case. Inasmuch as the separation of the terms is
not small, multiple pseudocrossing of the terms is also
possible, so that the eigenstate of the quasimolecule

turns out to be a combination of several configurations
of electron shells. In this case the picture becomes
more complicated and our conclusion that the change of
the electron configuration has a low probability no
longer holds.

5. Let us assess the role played in the ionization
process by the excitation of the electron shell, corre-
sponding to transfer of energy from moving nuclei to
electrons. Such a process proceeds continuously at
small distances between the nuclei, when the terms of
the quasimolecule have come sufficiently close to-
gether. This method of excitation corresponds to the
first of the models considered for the description of the
ionization of the colliding atoms. We shall estimate the
energy interval for the quasimolecule states between
which nonadiabatic transitions take place, and also the
electron-shell excitation energy corresponding to the
mechanism under consideration.

Let us determine the quantity AE? = (H?) — (H)?2,
when the uncertainty of the energy of the quasimolecule
state corresponds to motion of the nuclei. This quan-
tity is equal to'®!

se= S o (i T,

where v and v are the average velocity of the given
electron, the k electrons being connected essentially
with the first nucleus, and the i electrons with the sec-
ond. In the case of helium in the region where the terms
of the quasimolecule cross, the distance between nuclei
is smaller than the dimension of the orbit of the valence
electrons, so that Vi k = 0 and v, = -V = v/2, where

v =V, — Vv, is the relative velocity of the nuclear colli-
sion. We obtain

ap=23 <&z>~ e
=5 3 (G )= v, ®)

where €p is the binding energy of the valence electrons.
The quantity AE characterizes the region of the quasi-
molecule states between which transitions occur effec-
tively. Namely, in the case of helium this energy inter-
val for states between which non-adiabatic transitions
take place amounts to

o ~VAE* =vV'ev (7

and can be quite broad.

Let us estimate the energy going over into excitation
of the valence electrons as a result of the motion of the
nuclei. We shall use here the classical theory of exci-
tation of atoms,'®® assuming the valence electrons to
be classical. Then the change in the energy of the va-
lence electrons when the distances between the nuclei
are smaller than the orbits of the valence electrons is

dE Vi

—_ =2 —_

a Y ZS 7 %

where i is the number of the valence electron and the
surface S is perpendicular to the axis joining the nu-
clei and bisects it. In the case of collision of like atoms
we get

dE | dt =~ v*Noy [ 4Fs, Eexe ~ Nody, (8)

where N is the number of valence electrons, ;v is the
average velocity of the valence electrons, ?v is the di-
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mension of their orbit,’and Egy. is the inelastic energy
transferred during the entire collision act (the time
during which energy is transferred to the electrons is
~ Ty /v). The inelastic energy transfer Egxc is propor-
tional to the velocity of the nuclei and contains, in addi-
tion, a small numerical coefficient which we could not
obtain by means of our estimating method. Therefore
in the case of a small number of valence electrons the
excitation of the quasimolecule due to the motion of the
nuclei plays a minor role. Such a situation takes place
in the case of collision of two helium atoms.

In the case of collision of heavy atoms, the inelastic
transfer of energy from the nuclei to the electrons can
play a certain role, since the electron shells contain
many electrons. Even in this case, however, the ioniza-
tion mechanism is determined by the behavior of the
electronic terms of the molecule if the atom collision
velocity is small compared with the characteristic
atomic velocities.

6. We have thus found that the electronic term of a
quasimolecule made up of two atoms in the ground state
crosses other electronic terms and possibly the bound-
ary of the continuous spectrum. This occurs at internu-
clear distances at which the electron shells of the atoms
overlap. Transitions between the quasimolecule elec-
tronic states with close energies occur freely when at-
oms collide in this region of distances. When the nu-
clei come closer together, or, to the contrary, when
they move apart, some of these electronic states of the
quasimolecule become auto-ionization states. It is the
decay of these auto-ionization states which leads to the
ionization of the quasimolecule.

Let us examine the proposed point of view, using as
an example the collision between two helium atoms. It
was shown that the electron configuration of a quasi-
molecule made up of helium atoms, which corresponded
in the case of large distances between the nuclei to two
atoms in the ground state, corresponds in the case of
small distances between nuclei to the auto-ionization
state. Therefore one of the reaction channels leading to
the ionization of the atoms, can be connected with the
decay of the auto-ionization state of the quasimolecule
at small distances between the nuclei. In our opinion,
the more probable reaction channel is the one corre-
sponding at large distances between nuclei to decay of
the auto-ionization state. Assume that the helium atoms
have come sufficiently close together during the colli-
sion. The configuration of the electron shell of the be-
ryllium atom produced when the nuclei combine, corre-
sponding at large distances between the nuclei to two
helium atoms in the ground state, is of the form
Be(1s®2p®)'S. In the collision process, transitions to
other states of the quasimolecule are possible, and the
most probable of them correspond to a change of the
angular momentum or of the projection of the angular
momentum of the electron with conservation of the
principal quantum number. Therefore the motion of the
nuclei leads, in the case of small distances between the
nuclei, to the formation of one of the configurations of
the electron shell, (1s2s%)'s, (1s%2s2p)'P, or (1s%2p?)’'s,
'D. The table shows a comparison of the terms of the
quasimolecule at large and small distances R between
the nuclei, corresponding to the given electron configu-
ration in the case when the nuclei are combined. The

815

Comparison of electronic terms of a quasi-
molecule made up of two helium atoms, at
small and large distances between nuclei

R—0 R-»00
Be (1s2 2s?) 2He (218); 2He (235)
Be (1s% 2p?) 2He (11§); 2He (2'P); 2He (23P)
Be (1s2 2s 2p) | He (215) 4+ He (11S); He (215) - He (2'P);
He (235) 4 He (23P)

spin of the electron shell is in this case equal to zero.

As seen from the table, at large distances between
the nuclei most transitions in the quasimolecule lead to
the formation of two excited atoms. The corresponding
state of the quasimolecule becomes an auto-ionization
state when the distances between nuclei exceed a cer-
tain value. The decay of auto-ionization states of this
kind during the atom-collision process leads to the io-
nization of the atoms.

There is a serious objection to the auto-ionization
mechanism of ionization of the colliding atoms. The
lifetimes of the auto-ionization states of the atoms is
quite large. For example, the width of the level of the
auto-ionization state (2s®)’S of helium is 0.2 eV, %%
that of the (2s2p)'P level is 0.04 eV,®* and for other
states this width is even smaller. If the width of the
auto-ionization states of the quasimolecule is just as
small, then these states do not have time to decay dur-
ing the time of the collision of the atoms, and their for-
mation does not influence the ionization process. The
small width of the auto-ionization levels of the atoms
is apparently connected with the spherical symmetry
of the system, which leads to a weak correlation be-
tween the electrons. In the case of a quasimolecule this
symmetry disappears, so that we can expect a large
width of the auto-ionization state of the quasimolecule
if the distance between its nuclei is of the order of
atomic dimensions.

This can be shown by using data on the ionization of
slow atoms, such that the excitation energy of one of
them exceeds the ionization potential of the other. In
this case, the state of the quasimolecule is auto-ioni-
zation from the very beginning, but the width of the level
decreases rapidly with increasing distance between nu-
clei. Thus, the cross section of the process 2He(2 %3)
— He* — He(1'S) amounts to 10™** cm? at thermal col-
lision energies.™®! This process corresponds to trans-
fer of one of the valence electrons from one atomic core
to the other, and to the release of the second valence
electron. For this reason, the width of the auto-ioniza-
tion state 2He(2°%S) decreases exponentially as large
distances between the nuclei, and so large a value of the
cross section of the process is evidence that the width
of the level of the auto-ionization state of the quasi-
molecule is of atomic order of magnitude in the region
of atomic distances between nuclei. The same conclu-
sion can be drawn also for the case of a quasimolecule
made up of an atom in a resonantly excited state and an
atom with a small ionization potential.”® *"! If we ex-
trapolate the width of the auto-ionization level of the
quasimolecule, obtained for large distances between
nuclei, to the region of atomic distances, we find that
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at these distances the width of the auto-ionization level
is of atomic order of magnitude.

7. Starting from the auto-ionization mechanism of
ionization of colliding atoms, let us determine the spec-
trum of the electrons released thereby. To determine
the spectrum of the ionization electrons it is necessary
to find the dependence of the line width of the auto-ioni-
zation on the energy €5 by which the energy level of the
auto-ionization state exceeds the boundary of the contin-
uous spectrum. Let us determine this dependence in the
case when the energy of the released electrons is small.
The width of the level of the auto-ionization state is

2

P =2n § [C¥]V [ pspad % o0 — L) da, ©)
where ¥ is the exact function of the quasimolecule, ¥,
and ¢q are the wave functions of the ion and free elec-
tron, q is the momentum of the released electron, and
V is the interaction that leads to the decay of the auto-
ionization state. Since i is normalized to 6(q —q’),
we have iy ~ 1/Vq for small values of q. In addition,
the wave function ¥ does not depend on q at small val-
ues of q. It follows therefore that at small values of the
released-electron energy the width of the auto-ioniza-
tion level I' does not depend on the energy €45 of the
released electron.”” If n electrons are produced in the
decay of the auto-ionization state, then the width of the
auto-ionization level relative to such a decay is

I'=2n g ’<‘P|V|¢n¢f—[¢qi>‘2§<%_ ‘"2 q—;)ﬁ dqi ~ eq ",
i=1 i=t i=1

where €, is the sum of kinetic energies of the emitted
electrons.

The decay probability 1 —w of the auto-ionization
state of the quasimolecule, with emission of an electron
satisfies at a given instant of time t the equation

dw]dl = —Tuw. (10)

In the case when one electron is released, I' does not
depend on the energy of the released electron, so that
w = e~I't, where the time t is reckoned from the in-
stant when the auto-ionization level of the quasimole -
cule is reached. Since t = 8/(d8/dR)[rolvR, we have

dP dw a ag
_ LI N 11
dsde*!dt‘dt*rﬂe‘\p[ w an
where a =T —glg , P(e) is the relative probability of

emission of an elegtron with energy €, € is the energy
of the released electron, and the radial component of
the relative velocity vy of the atom collision and the
derivative de/dR of the term difference between the
auto-ionization state and the boundary of the continu-
ous spectrum are taken at the point where the term
under consideration crosses the boundary of the contin-
uous spectrum. The resultant spectrum of the electrons,
in the case of single ionization (11), coincides with the
result of Demkov, and Komarov,'®! obtained by a more
complicated method using several model assumptions.
Let us consider the case of n-fold ionization of a
quasimolecule. The probability of decay of the auto-

31t is necessary to have here I' <<&,, otherwise the level width be-
comes meaningless.
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ionization state with release of n electrons, 1 —wy, is
given in lieu of (10) by the equation

dw,/dt = — Thwy,

since w,; > wp. Hence

d%)—" de ~ gnle~at/vp dg,
de

(12)

Let us estimate the relative probability of the re-
lease of n electrons compared with single ionization
for a given impact parameter of the atom collision.
For the probability of single ionization we have

1
Tt dt ~ — (1 — e—aE ,
‘E e ( e n)

where E is the maximum value of the energy of the
auto-ionization state, which can be attained at the col-
lision impact parameter under consideration. The total
probability of n-fold ionization of the quasimolecule is
determined by the solution of (12) and is equal to

1 E
Wy = Sl’nw1dt~ S
0

n—1
d de exp (——E>.
0

Ur Ur

It follows therefore that the relative probability of
n-fold ionization at a given collision parameter in-
creases with increasing particle collision velocity vy
to atomic velocities, and ceases to depend on the veloc-
ity starting with atomic velocities. This conclusion can
be extended also to the ratio of the cross sections of n-
fold and single ionizations. It must be taken into ac-
count here that when the collision velocity is increased,
an increasing role is assumed by single ionization in
collisions at which the quasimolecule level under con-
sideration has not yet reached the limit of the continu-
ous spectrum. For this reason, the ratio of the cross
section of the n-fold ionization of the quasimolecule to
the cross section of single ionization will decrease at
large velocities. Thus, the ratio of these cross sec-
tions as a function of the collision velocity has a maxi-
mum at collision velocities on the order of atomic ve-
locities. This fact, which seems strange at first glance,
was experimentally established by Afrosimov et al.'*"!
This result was obtained by us on the basis of formula
(10), which was assumed to be valid at all collision ve-
locities. At low collision velocities this formula cor-
responds to the auto-ionization mechanism of quasi-
molecule decay, and at large velocities it corresponds
to the Born approximation in the description of inelas-
tic transitions. This confirms the correctness of the
result.

8. The considerations presented in this paper allow
us to advance the following point of view with respect to
the ionization mechanism in atomic collisions. When
atoms collide at interatomic distances corresponding to
the overlap of the electron shells, transitions are pos-
sible between quasimolecule electronic configurations
of nearly equal energy. This leads in final analysis to
the formation of a quasimolecule in the auto-ionization
state, and the decay of the auto-ionization state corre-
sponds to ionization of the atoms.

The author is very grateful to V. V. Afrosimov and
0. B. Firsov for valuable discussions.
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