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A collision between a multiply charged ion and an atom gives rise to Auger ionization in which an 
atomic electron is captured by the ion and another electron is emitted at the expense of the liberated 
energy. Ionization may proceed along three channels: directly {1), after preliminary single charge 
exchange (II), or after double charge exchange {III). In the present paper an attempt is made to esti
mate the Auger ionization for each of the channels, their relative contribution to the total Auger ion
ization cross section, and the dependence on ion charge and velocity. In all cases the cross section is 
found to be of the order of 1016-1015 cm2 • The Auger electron energy spectrum and ion scattering in 
each of the channels are discussed. Experimentsl27 J in which additional ionization was observed in 
collisions between Ne3• or Ne4+ and Xe are analyzed. Other pairs of atoms and multiply charged ions 
for which the phenomenon should be observable are indicated, as well as the velocity range in which it 
is most effective. 

J. When a multiply-charged ion approaches an atom, 
it forms an excited system. Its upper levels are filled 
with electrons, and the lower (ion levels) are vacant. 
Such a system should relax rapidly by nonradiative 
emission of electrons, in analogy with the Auger effect. 
In this case one electron of the atom neutralizes the 
ion, and the other becomes capable of leaving the atom 
as the result of the released neutralization energy. 

This effect can be realized in at least three ways. 
I. Auger ionization proper, in which one electron of 

the atom is immediately captured in the ground state of 
the multiply charged ion Bn•, transferring the excess 
energy to another electron of the atom A: 

A+ Bn+~A2+ + l/(n-l)+ +e. 

II. A two-stage process, in which first one electron 
of the atom A goes over into the excited state of the ion 
B * m- 1 >•, which then relaxes with energy transferred to 
another electron of the atom A: 

A+ Bn+~A+ + B'<n-1>+-->-A2+ + B<n-1>+ +e. 

III. Another two-stage process, namely, two-elec
tron charge exchange in the auto -ionization state of the 
ion B**<n-a>• with subsequent Auger effect in it: 

A+ Bn+~A2+ + B"<n-2>+~A2+ + B<n-l)+ +e. 

Multielectron charge exchange into excited states, 
which can occur at large values of n, lead qualitatively 
to the same process. 

The Auger ionization of an atom by multiply-charge 
ion does not require, in principle, kinetic energy of the 
colliding particles, and could be observed at very low 
ion velocitiesl1' 2J. The described effect is analogous to 
impacts of the second kind such as the Penning effect, 
on the one hand, and to potential emission of electrons 
from a metal under the influence of positive ions, on the 
other[a-&J. 

2. The foregoing possibilities are realized during 
the time evolution of the A + Bn• system as the result of 
the electronic transitions due to the coming together of 
the terms at relatively large internuclear distances. In 

this region, the behavior of the terms is determined in 
the main by the Coulomb interaction of the ions. 

Single-electron charge exchange of multiply-charged 
ions is calculated by the Landau-Zener formula r7- 10J. In 
the case when the atomic term crosses several terms, 
the formula can be employed successively several 
times lllJ. The distance R1 at which the intersection of 
the terms occurs in single-electron charge exchange, 
equals 

n-1 
Ri = lj(n) - lj(l) ' 

B' A 
{1) 

where u~> and u~l are the ionization potentials of the 

atoms A and B*<Il- 1 >•. We use atomic units throughout 
(e 2 =me =fl.= 1). 

Simultaneous transition of two electrons to the ion B 
corresponds to the crossing of the terms at a distance 

'2(n-2) 
R2 = ut;,> + U<n-1>- UU> - U<Z> 

B* B* A A 
(2) 

In addition, two -electron charge exchange can be real
ized by successive transition of two electrons: one upon 
intersection at the point R1 and the other upon inter sec
tion of the corresponding terms at the point 

n-3 
Ri2 = lj(n-1)- lj(2) 

B* A 

We confine ourselves to the case when the electrons 
of the atom A go over to the same shell of the ion B. 
Then, 

(3) 

Inasmuch as the point R1a is at not too large a distance, 
this transition can be disregarded. Allowance for the 
possible transition to different shells complicates the 
calculations, although a similar consideration can be 
carried out also in this case. 

The probability that the system will continue to move 
along the unperturbed term after passing once through 
the intersection point, i.e., that the electron will not 
go over to another atom, equals, in accordance with the 
Landau-Zener formula, 
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{ :rt [L\U;(R;)]2 } { v; } 
p; = exp - 2 VR; I Po- F; I = exp - ---;;;,~ (i=1,2), (4) 

where VRi is the radial velocity; .6. Ui(Ri) is the separa
tion of the terms at the intersection point; Fo and Fi 
are the forces of the terms. 

Using for .6. U 1 the formula from [QJ and an analogous 
expression for .6. U2, and taking (4) into account, we get 

(5) 

where s = (I)!AII)!B*) is the overlap integral at an inter
nuclear distance R = R2. Inasmuch as R2 is large, s(R2) 
is small and v2 is at least one order of magnitude 
smaller than v1. 

3. Upon each passage of the points Ri (i = 1, 2) before 
and after the turning point, the flux splits into parts Pi 
and 1 -pi. On moving between the intersection points, 
as a result of the Auger ionization, these fluxes are de
creased by a factor wk: ,, 

wdp,R;(t1)]=exp (- ~W"(R)dt ), 
-ti 

where ti is the instant of the passage through the point 
Ri (the null point is the instant of closest approach of 
the nuclei), and Wk(R) are the probabilities of decay per 
unit time for the different channels (k = I, II, III), calcu
lated at fixed distances between the nuclei. As shown by 
estimates, process I is effective only in the region 
R < R1. Then the probabilities of Auger ionization over 
three channels within the time of transit with velocity v 
along the trajectory with impact parameter p are equal 
to 

Pr(p, v) = P1P2(i- w,), 

Pn(P, v) = P2(1- p,) (1- ffin), 

(6) 

(7) 

Pm(p, v)= (1- P2l [1-ffim(1-pz)]+P2(1-p2) [p,2ffir +(1- p!} 2uml. 

(8) 

In (8) we took into account the fact that the auto-ioniza
tion in channel III is possible also after the particles 
move apart. 

The probabilities Wk(R) can be calculated in the 
adiabatic approximation of perturbation theory, and the 
role of the perturbation is paid by the Coulomb interac
tion of the electrons. In general, it is not sufficiently 
small, but, as will be shown below (formula (10)), and 
as is also shown in l121 , when another smaller perturba
tion is chosen the contribution to Wk is due only to the 
electron interaction energy, and the refinement consists 
in the use of wave functions that are reconciled with the 
chosen perturbation. The probabilities Wk differ from 
zero if the initial and final states have the same values 
of the projection of the orbital angular momentum of the 
electrons in the axis joining the nuclei (A), and the same 
values of the total spin (S). 

Let us consider the probability of the Auger ioniza
tion proper (channel I) l131 : 

Wr (R) = 2:rt I (t!JB (1) tl•e(2) 11 I r12IIJlA (1) IJlA (2)) l2gt. (9) 

Here I)! A and I)!B are the quasimolecular wave functions 
of the electrons, which go over into the atomic wave 
functions as R- oo, and 1/JE is the wave function of the 

continuous spectrum. For brevity, the functions are 
written in asymmetrical form; gf is the density of the 
final states. 

When R » 1, the product I)!B (1)1/' A (1) is localized 
around the ion B, since I)!B describes the deeper state, 
and 4' A (2)1)!E(2) is localized in the vicinity of the atom A. 
Thus, the significant regions are where rB1 and rA2 are 
small, and the perturbation 1/r12 can be represented in 
the form of a series in powers of 1/R, the largest term 
of the expansion, containing r A2 and rB 10 having the form 

(10) 

The magnitude of the product 1J!B(1)1/' A (1) and, in final 
analysis, of WI(R), is determined by the degree of 
drawing-over of the wave function I)!A to the v.icinity of 
the multiply -charged ion B. 

This drawing-over can be calculated if the atom and 
the ion are represented by two Coulomb centers with 
charges ZA = 2, ZB = n with two electrons. In this case, 
the variables in the Schrodinger equation are separated. 
Its solution in the vicinities of the atom A and of the 
ion B were found by Gershtel.n and Krivchenkov ll4J . 
Joining the solutions together, we obtain 

ljJA =n-'1,(2p/R)'f,(!"'PP.. 

in the vicinity of A 
ZA -Zn '1 2p(1-v)J (11) 

2p ' in the vicinity of B 

Here Jl = (r A + rB)/R and v = (r A- rB)/R are elliptical 
coordinates; 

The dependence of the degree of drawing-over of the 
function 1/J A into the region of the ion B on the distance 
between the nuclei is determined by the factor 

D(R)= r [ (ZA ~ZB)R J (4p)z.;zA<)-2P. (12) 

A solution of the type (11) can be made continuous 
also with the wave function of the arbitrary atom A along 
the axis joining the nuclei, using a procedure described 
by Smirnovu51 . We obtain 

(13) 

where y = -!2Uj\l + 2ZB/R, C is a constant determined 
by joining of the asymptotic solution with the Hartree
Fock solution for the ion A+l151 . In the case of two 
Coulomb centers, (13) goes over into (12). 

Assuming that the electron is captured by a Coulomb 
center B in the ground state 1s, and taking (10) -(13) into 
account, we obtain 

W, (R) = 29ffi-1CCi h. (w)Zn5 (Z 8 + yf2Zn/~-•. 
p ot 

(Zn-Y)'Zni"HR-'D'(R) = A 1R-6D 2 (R). (14) 

Here c is the velocity of light, and Ophot(w) is the cross 
section for photoionization of the ion A+ by emission of 
frequency w = (ZB - y 2 )/2. 

The probability of Auger ionization in channel II is 
Wn (R) = 2:rt I (¢B (1) 1J:E(2) l1/r;21 ¢B• ( 1)¢A (2)) 

+ (¢n(1J¢d2l l1/r,21¢"d1l1Jln·(2J>[ 2 g1 = 2niYg)+ v\~)l 2 g1. (15) 

It is seen from (15) that two different transitions are 



1022 L. M. KISHINEVSKII and E. S. PARILIS 

possible in channel II. 1) direct, with emission of an 
atomic electron, and 2) "exchange," with emission of 
an electron from the ion. 

The matrix element vfi> differs from zero if the opti-

cal relaxation of the excited state is allowed; its magni
tude is determined by the dipole-dipole interaction £16-181 : 

vS>= AA11 (muR3)-1 [cophot<w)fnl'''· (16) 

Here fB is the oscillator strength for the transition of 
the ion B*cn- 1>+ to the ground state; Ali> is a numerical 
factor on the order of unity. 

In the matrix element V ~:>, the product ¢B (l)lji A (1) 

and ~B*(2)¢E(2) are localized around the ion, and there
fore the perturbation 1/r12 does not introduce the factor 
1/R3 and 

vA2,=Al~>D(R), (17) 

where Af~ ~ 0.1- 0.01. 
When R » 1 we have VIi>» Vlj>, but the quantity V!i> 

is smaller in this case by a factor 1. 5-2 than in £16-161 , 
since a product z:Azf3 appears for the multiply charged 
ion simultaneously with the factor R-3• Therefore V~:> 
may exceed by several times VIi> at distances on the 
order of the atomic dimensions, where D(R) - 1. We 
note that VIi> differs from zero not only for the resonant 
but also for the metastable excited state of the ion 
B*<n-1>+. 

The probability Wm(R) of the decay of the auto
ionization state of the ion B**<U- 21+ is determined by 
the interaction of the electrons in the ion 

Wm(R) = 2nl("¢n(1)1JJE(2) l1/r,211Pn••(1)'i'B .. (2))1 2gt. 

The value of Win can be estimated from [12' 19-211 and 
is of the order of 10-4 -10-3 • 

The auto-ionization state may decay either before or 
after the separation of the particles, and therefore the 
probability of the Auger ionization through the channel 
III is determined mainly by the probability of its forma
tion. 

The foregoing estimates show that the probabilities 
Wk(R) at distances on the order of atomic nuclei have a 
magnitude 10-1-10-2 per atomic unit of time or 
-1015-1016 sec-1. These values exceed the probability 
of the Auger effect in the isolated atom. Indeed, an esti
mate of WI for the joined nuclei A and B, carried out for 
Coulomb centers, yields a much smaller value 
(~ 10-3) £21 . When the nuclei move apart, WI increases 
sharply, reaches a maximum in the region of inter
nuclear distances where the energy of the Auger elec
tron Ek(R) is minimal. This natural correlation between 
the energy of the Auger transition and its probability 
explains the course of WI(R). It could otherwise be at
tributed to violation of the spherical symmetry and to an 
intensification of the overlap of the wave functions as 
the nuclei move apart. Similar factors should lead also 
to an increase of Wrri(R) with decreasing R, owing to the 
deformation of the functions ¢B**• introduced by the ion 
AatraaJ. 

The probabilities WI and Wn decrease sharply with 
increasing R, both explicitly, and as a result of the de
pendence aphot(w) ~ w-3 • The dependence on the charge 
of the ion ZB is essentially connected with the energy 

dependence, since ZB/2 is the energy of the ground 
state of the ion. The probability Win for the transition 
between the given states of the isolated atom, as is well 
known, depends little on ZB· 

4. Let us calculate the partial cross sections of the 
Auger ionization over different channels: 

00 

ITk(v) = 2n ~ Pk((l, v) pdp. (18) 

Taking (6) and (7) into account, and approximating 
WI and Wn by the exponentials Bkexp(-akR), we obtain 

1t [ ( 2,5Bn 5B11 )]2 crn(v);;::,-e-"''"(1-e-•.t•) In ---In--- . 
an2 \ an v an v 

(19) 

(20) 

If the exponential term V !j> is smaller than the 
power-law value V!J>- R-3 in the region of the effective 
Auger ionization in channel II, then Wn ~ R-6. In this 
case 

The cross section for ionization in channel III is 

where .. 
1(1]) = ~ e-~x(1- e-~x)x-3dx, 

I 

.. 
i('l'])= ~ e-~xx-3 dx. 

(21) 

An estimate of the cross sections Ok by means of 
formulas (19) -(22) yields large values, on the order of 
the gas-kinetic ones (10-15-10- 16 cm 2 ). This is due to 
the fact that the probabilities Wk reach large values 
(1015 -1016 sec-1) at distances on the order of the dimen
sions of the atom (1-2 A). To illustrate the velocity 
dependence of the cross sections, Fig. 1 shows O"k(v) 
curves calculated for V1 = 3 x 107 em/sec, V2 
= 106 em/sec, R1 = 2 A, Ra = 2. 5 A, BI = 6 x 1017 sec-\ 
B11 = 2 x 1017 sec-\ ai = 5 A-\ a 11 = 4 A-\ and Wm = 5 
x 1013 sec-1. 

The cross sections ai and a11 pass through the maxi
mum at velocities exceeding V1 and V2 by several times, 
and the cross section a11I does not decrease at small 
velocities, unlike the cross section for charge exchange 
in the case of term intersection. 

f.J 

!{/ 

5 

{J~-----1.~~-~------~~~~----Mr#== 

v: cm/"'c 

FIG. I 
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5. The source of the Auger-electron energy is the 
ion-neutralization energy. For largeR, confining our
selves to the Coulomb interaction, we obtain asymptotic 
formulas for Ek(R): 

Er(R) = E(oo)- 2(n -1) I R; 
n-1 n-1 

Eu(R)=E(oo)--R--~, 

2 2(n-2) 
Em(R)=E(oo)-R- R2 • 

(23) 

(24) 

(25) 

Here E(oo) = U~) - u_A>- u~> is the system excitation 

energy prior to the collision. 
The Ek(R) were calculated at small and medium dis

tances for two Coulomb centers with two electrons in 
the case ZA = 2 and Zs = 4 (Fig. 2). The symbols on the 
curves denote the initial state of the system, and in all 
cases the final state is the ground state 1sa of the ion. 

Single -electron charge exchange occurs at a distance 
(1s) 2 in the helium atom (state (2pa) 2 in the combined 
atom [14' 231 ) to the excited states of the ion with principal 
quantum number n = 2 (in the combined atom these 
correspond to the states (2pa)(2p1T), (2pa)(2sa), and 
(2pa)(3da) r14' 231 ). The term of the excited states, which 
is degenerate when R - 00 , splits when the nuclei come 
closer together. In the calculation of the indicated terms 
and energies of the Auger electron Ek(R), we used the 
eigenvalues for one electron in the field of two cen
tersr231 and took into account the electron interaction 
energy. The separations AU 1 upon intersection of the 
terms (2pa)(2p1T), (2pa)(2sa), and (2pa)(3da) with the 
term (2pa) 2 are respectively 0, 0.05, and 0.48 atomic 
units. Consequently, in accordance with formula (4), the 
fir!'t transition is impossible in the described approxi
mationA while the second and third are effective when 
v $ 10 em/sec and v :S 108 em/sec. Two-electron 
charge exchange corresponds to intersection R 2 = 9.3 
~ 1, and therefore V2 < 104 em/sec, i.e., in this case the 
ionization channel III is of low probability at real veloc
ities. However, the strong coupling between the states, 
which differ only in the magnetic quantum number m, 
should lead to transitions between such states, due to 
the rotation of the internuclear axisr241 . Such transi
tions leave the system in the auto-ionization state, and 
consequently should not influence the value of ak(v) 
strongly, but they do lead to the appearance of addi
tional peaks in the energy spectrum of the Auger elec
trans. At large ion velocities, the charge exchange may 
be connected also with interaction between the orbit and 
the motion of the nuclei [25' 261 , which leads to a redis
tribution of the contributions of the different channels to 
the ionization cross section. 

6. The number of transitions in a spherical layer dR 
of radius Rat a unit flux in the k-th channel is 

n 

dNk(R)= 2n ~ Wk(p,R)pdp Wk(R)dR = 2nlk(R)Wk(R)dR. (26) 

The spectral broadening due to the finite lifetime of 
the initial state can be described by the factor 

f(E, E)- wh 
k, h -2n[(E•'-Eh)2+(Wk/2)2j' (27) 

The time of the radiative transition (10-10 -10-9 sec) is 
larger by several orders of magnitude than the time of 

D 2 J " K, at un. 

FIG. 2 

the Auger effect (10-14-10-15 sec), so that the possibility 
of emission of light can be neglected. Then 

dNk= 2n I Ih(R)Wk(R) / dR' j j(Ek',Ek)dEk'· (28) 
dE" ) dEk 

In relations (26) and (28) it is necessary to take into 
account, by summation, the ambiguity of wk(P, R), which 
is connected with the fact that the layer dR of radius R 
is traversed twice (before and after the turning point), 
and the ambiguity of the function R = R(Ek), since Ek 
has a minimum. The probability Wk(R) and the deriva
tive dR/dEk are maximal in the region of the minimum 
of Ek(R), and this determines the positions of the 
maxima in the spectrum. Expanding Ek(R) in the vicin
ity of the minimum, we obtain 

(dNk/dEk)max = 2nlh(Rm)W•''•(Rm) (d2E./dRZ\-'!.. (29) 

Inasmuch as the position of the minima of Ek(R) does 
not depend on the velocity of the ion, the maxima in the 
energy spectrum of the Auger electrons are likewise 
not shifted when the ion velocity changes. 

In each channel, besides the described maximum, 
there can appear on the right side an additional maxi
mum, if the Auger transition has time to occur at large 
distances, where Ik(R) decreases rapidly at low veloci
ties. Unlike the first maximum, this maximum shifts to 
the left with increasing velocity. 

According to (23)-(25) we have EI <En< Em, and 
consequently three sections, corresponding to three 
possible channels, should be distinguished in the total 
energy spectrum. The energy spectrum for each chan
nel is normalized to its partial cross section and varies 
with velocity in analogy with ok(v). Consequently, with 
increasing ion velocity, the low-energy maxima 
increase, and the high-energy maxima decrease. 

The energy spectrum of the Auger electrons turns 
out to be much softer than expected from a comparison 
of the energy levels of the atom and of the ion at infinity. 
For example, in the foregoing case, at E(00) = 140 eV 
we have EI ~ 16-20 eV and En~ 60-80 eV. The re
maining part of the ion-neutralization energy, AEk, is 
transferred to the nuclei. According to (23) -(2 5) we 
have AEk(R) = E(oo)- Ek(R). 

The release of energy in the collision process with 
conservation of the angular momentum should cause an 
additional scattering of the particles; this scattering is 
particularly appreciable when the ion energy is com
parable with AEk. 

7. We select the atom pairs for which this process 
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is possible by starting from the required energy condi
tion Ek(R) 2: 0. It is possible to determine whether this 
condition is satisfied by using the asymptotic formulas 
(23) -(2 5), which give a satisfacltory approximation in 
the region to the right of the minimum of Ek, which is 
reached at R = Rm on the order of the dimensions Ra of 
the atom. The ionization in channels II and III is due, 
in addition, to the possibility of charge exchanges, for 
which energy conditions can also be formulated. In fact, 
let Elasymp(Ro) = 0. Recognizing that UAJ (: 2U_AJ and 

consequently u(n) ~ u<1) < u(n);'3 we obtain from 
B* A B ' 

(1) -(3) and (23) the inequality 

(30) 

It shows that when Ro :;:'t> Ra, when the ionization in chan
nel I is impossible, charge exchange likewise does not 
occur, or else occurs only at small velocities, since 
the velocities V1 and va are smalll when R1 and Ra are 
large. 

Auger ionization is possible when Ro >> Ra, when the 
n-th potential of the ion ionization u~) is large, and the 

sum u_AJ + u;t is small, and in addition, the dimensions 
of the atom are large. These conditions are satisfied 
for light ions and heavy atoms. If at the same time 
Ro ~ Ra << R1, then ionization is possible only in chan
nel I. For example, for Hea. on Xe and Lia. on Ar, the 
respective values of Ro are 2.6 and 1.7, while R1> 15. 

With increasing ionization multiplicity n, channels 
II and III open and the number of ions capable of causing 
Auger ionization increases. For example, for inert 
gases the energy condition is satisfied for the doubly 
charged ions He a. and Li 2+ on Xe and Li a. on Kr and Ar, 
for the triply-charged ions Be3 +,, Li3+, Ne3+, Na3+, and 
Mg3+ on Xe, Be3+ and Li3+ on Kr and Ar, and Be3+ on Ne; 
for the quadruply-charged ions l3e4+, B4 \ Ne 4+, Na4+, 
Mg4+, and Al4+ on Kr and Xe, and Be4+ and B4+ on He, Ne, 
and Ar; for the quintuply -charged ions from B 5+ to Si 5+ 
(except N5+) on Kr and Xe, for the first six of them on 
Ar, and for B5+ and C5+ on He and Ne. The condition 
Ek(R) 2: 0 is necessary but not sufficient for the effec
tiveness of the Auger ionization. Large values of Ek(R) 
not only do not make it more effective, but, to the con
trary, greatly decrease the probability of the transition 
to the ground state of the ion. Incidentally, in this case 
when the multiplicity of the ion eharge n is very large, 
Auger ionization with transition to excited states be
comes possible. At the same time, the picture of the 
charge exchanges becomes more complicated and the 
possibility of multi -step Auger neutralization appears. 

8. Observation of Auger ionization against the back
ground of other processes accompanying atomic colli
sions is facilitated by the large cross sections of this 
effect, by the characteristic form of the energy spec
trum, and by the additional scattering due to the neu
tralization energy of the ion. Another possibility of 
observation is afforded by detection of the yield of the 
A a. ions, which varies with veloeity like a(v). 

At the present there is only one experiment, per
formed by Flaks, Ogurtsov, and Fedorenko, in which 
ionization of Xe by multiply charged ions Nen+ (n :s 4) 
was investigatedlZ7J. They observed additional ioniza
tion in the transition from Ne 2+ to Ne3+ and Ne4+, which 
they explain in analogy with the potential extraction of 

6_' 1/l·ti cm2 

::·,---_---,,-_"=--~----,--, ~L-
1 1 I 

16 

8 

n=Z 
II 

17=1 

11=(/ 

(! tl ltl 
v. /(} 7 em/sec 

FIG. 3 

electrons from a metal, and which regard as a 
sui generis potential ionization of the atoms (Fig. 3). 

The foregoing theory makes it possible to analyze 
the results of this experiment. For the Nen+ -Xe pairs 
the value of Ro is respectively 8, 3.6, and 2.5 at n = 2, 
3, and 4, and the atom dimensions (Ra)Xe ~ 3. There
fore the condition for Auger ionization (Ro :S Ra) is 
satisfied only when n = 3 and 4. With the aid of the 
Slater functions it is possible to estimate the velocities 
V1 and Vz. For the pair Ne3+-Xe we have V1 ~ 7 
x 106 em/sec, and the intersection corresponding to 
two-electron charge exchange is missing. In the case 
of the pair Ne4+ -Xe we have v1 ~ 2.5 x 107 em/sec and 
v2 ~ 106 em/sec. Since the experimental data for the 
Ne3+ ions pertain to the velocity region v > 3 
X 107 em/sec, and for the Ne4+ ions to v > 5 X 107 em/sec, 
where exp(-v/v) > 1 - exp(-v/v), apparently the main 
contribution to the cross section is made by the process 
in channel I. 

Comparison with experiment is by matching the 
value of the cross section a1 (n = 4) to the difference of 
the ionization cross sections a_ (n = 4) - a- (n = 0) at a 
velocity v = 5 x 107 em/sec. The matching is attained 
when the eonstant B1 in the probability 

w1 = B1exp[-2-J2U<2 lR] equals 5.85 x 1019 sec-1. The 
Xe 

experimental (dash-dot) and theoretical (solid) curves 
then coincide (Fig. 3). The obtained value of the con
stant B1 makes it possible to calculate the ionization 
cross section for n = 3. Thus, in the experiments oflZ7l 
they apparently observed Auger ionization in channel I, 
in the velocity region near the maximum of the function 
a1(v) (Fig. 1), where the cross section depends little on 
the velocity. 

The comparison is made difficult by the fact that 
ionization due to the kinetic energy of the incoming par
ticles is superimposed on the described effect, and 
allowance for this ionization introduces a certain 
amount of leeway. In particular, to take this ionization 
into account it is necessary to assume that its magni
tude is independent of the charge of the ion and to 
extrapolate from the region v = (2 -5) x 10'1 to the reg
ion (5-10) x 105 em/sec (dashed curve of Fig. 3). At 
low velocities, where no measurements were made, 
there should be observed a much larger Auger ioniza
tion, which is furthermore not masked by impact ioniza-
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tion, since the latter disappears here. Furthermore, in 
this region ionization appears in channels II and III. It 
would also be of interest to measure the energy spec
trum of the Auger electrons and its dependence on the 
velocity, making it possible to identify the reaction 
channels. 
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