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The kinetic-energy change in electron-capture collisions between N2* and He or Ne in the collision energy
range 0.2-2.4 keV has been observed with sufficient resolution to separate all possible final states. These
processes were modeled in terms of both a curve-crossing and a noncrossing mechanism. The results suggest
that the observed transitions occur at an intermediate internuclear separation, (3.5-8)a,, and that the
noncrossing mechanism is important when an appropriate crossing does not occur within this range.

I. INTRODUCTION

Electron capture in ion-atom collisions,
A™  B-AlrU+ Bt

has long been recognized as a typical example of
a reaction which proceeds througha curve-crossing
mechanism.2 In this model of the process the
transition from initial to final state is supposed to
occur near the crossing point of a pair of mol-
ecular potential energy curves which correspond
to different separated atom states. Early in-
vestigations by Landau,® Zener,* and Stueckelberg®
resulted in the well known Landau-Zener (LZ)
formalism to describe this process. More re-
cently, however, detailed quantum-mechanical
calculations have brought into question the range
of applicability of the LZ formula.®

A number of experimental studies of electron
capture by multiply charged ions have been made.
Hasted and his colleagues measured the total
cross sections for single-electron capture by

" N*, C*, Ar®*, and Kr™ in collisions with rare-

gas atoms.” These data were analyzed in terms
of the LZ formalism to deduce the magnitude of
the coupling matrix elements at curve-crossing
points which were assumed-to be important in the
observed processes.>™? More recently they
measured angular differential cross sections for
electron capture by C*, N?*, and O** on He and
Ne.*» 1% Chen and co-workers have measured cross
sections differential in angle and energy for He?*
on He at kinetic energies from 200 to 600 ev.!
All of these studies have been made with sufficient
angular resolution to observe the characteristic
structure in the differential cross section as a
function of angle, however, the energy resolution
has not been sufficient to determine uniquely the
final state of the system.

For an electron-capture process which is only
slightly exothermic, the curve crossing may occur
at a large internuclear separation where the cou-
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pling between initial and final states is very small.
In this event the probability of a transition oc-
curring at small internuclear distances may be
large compared to that for a transition at the
crossing point. A useful model for this process,
known as the “Demkov mechanism,”!? predicts
that a transition is likely to occur at an inter-
nuclear distance where the coupling between
initial and final states is comparable to the sep-
aration between the corresponding potential en-
ergy curves. The Demkov mechanism has been
successfully applied in the elucidation of asym-
metric, near-resonant charge transfer.!3"1¢

We report herein a study of the reactions

N*,.X ~N*+X*; X=He or Ne

at collision energies of 200-2400 eV. The wide
range of final states accessible to these collision
systems present a broad sampling of curve-
crossing distances and energy defects for the
electron-transfer process. The kinetic-energy
change of the nitrogen projectile has been mea-
sured with sufficient resolution to separate all
final states. The collision energy dependence of
the cross sections for the processes observed
will be discussed in terms of both the curve-
crossing and Demkov mechanisms. It will be
shown that some of the processes observed are
best described in terms of the Demkov mech-
anism.

II. EXPERIMENTAL

The same apparatus is used for these experi-
ments as was used previously for energy-loss
measurements of inelastically scattered, singly
charged ions?” although the lens biasing arrange-
ment has been changed to account for the change
in charge state of the ion in the scattering process
now under investigation. A beam of N?* at about
8-keV Kkinetic is produced by a duoplasmatron ion
source followed by an extraction lens and a Wien
filter. As shown in Fig. 1, this beam is injected
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FIG. 1. Schematic diagram of the apparatus showing
decelerating (DL) and accelerating (AL) lens systems,
the hemispherical electrostatic monochromator (M) and
analyzer (A), the collision chamber (C), and the detec-
tor (D). Important features of the lens biasing system
are illustrated.

into the scattering apparatus which consists of an
electrostatic monochromator (M) followed by a
target cell and analyzer (A). The bias voltages

~ on important electrodes are also indicated in this
figure. ’

The ion source is at ground potential so that N**
enters the monochromator at 40 eV. Ions with
energies within the bandpass of the monochro-
mator are accelerated to the collision cell where
they pass through the target gas with a kinetic '
energy E,=2eV,. Collision energies of 200-2400
eV were employed in these experiments. When
V, and V,, are set to zero, unscattered N** ions
are transmitted to the detector. When V,=0 and
Voa =V, ions whose charge has changed from 2
to 1, but whose kinetic energy is unchanged are
transmitted to the detector. Finally, the change
of kinetic energy of ions which have captured an
electron can be determined by setting V, =V, and
scanning V, thus subtracting or adding energy to
permit these ions to be transmitted through the
analyzer. The energy gain of N* arriving at the
detector is AE =eV,, the energy defect of the
corresponding electron-capture process. The
energy resolution is sufficient to completely re-
solve all single-electron capture processes from
one another.

Most measurements were made at a scattering
angle of 0° with a resolution of 1.2° FWHM. This
resolution is not sufficient to resolve the os-
cillatory structure in the differential cross sec-
tions.* 1° In fact, an investigation of the angular
distribution of scattered N* demonstrated that
more than 90% of the scattered ions fell within
the field of view of the analyzer when it was po-
sitioned at 0° and thus the intensity of a peak in
the energy change spectrum of N* ions is ap-

proximately proportional to the integrated cross
section of the corresponding process.

III. RESULTS

The single-electron capture processes which
were observed, and the corresponding energy
defects are

N2(2P) + He('S) =~ N*(°P) + He*(%S); AE,=5.02 eV,

(1a)
~N*('D) + He*(%S); AE,=3.12 eV,

(1b)
—~N*('S) + He*(®S); AE,=0.97 eV

(1c)

and

N**(?P) + Ne('S) = N*(°P) + Ne*(*P); AE,=8.05 eV,

(2a)
—~N*(*D) + Ne*(?P); ' AE,=6.15 eV,

(2b)
~N*(!S) +Ne*(*P); AE,=4.00 eV.

(2¢)

As expected from the Wigner spin-conservation
rule,'® charge transfer to give N*(5S) was not ob-
served although such a process would have a
small energy defect for these collision systems.
In the N**-Ne system, charge transfer to give
N*(®D) might be expected since this process has

a small energy defect, however, it was not ob-
served.'® Furthermore, electron capture leading
to excited He* or Ne* was notanimportant process.
Only the exoergic processes (1a)-(2c) occurred
with any appreciable probability.

The energy change spectra of N* from the N**-He
and N**-Ne collision systems are compared in
Fig. 2. The final-state distributions for these two
systems are quite different. N*(°P) is the major
product for the He target while N*('D) is the major
product for the Ne target. N*('S) is produced in
N2*_Ne collisions but is barely observable for
N2*_He collisions.

The variation of the N* energy-change spectra
as a function of collision energy for the N**-He
and N**-Ne systems are illustrated in Figs. 3
and 4, respectively. The most striking difference
between these two studies is that the cross-sec-
tion ratio @(3P)/Q('D) decreases with increasing -
energy for the N*-He system and increases with
energy for the N?*-Ne system. For the N?*-Ne
system the ratio @(’S)/Q('D) decreases with in-
creasing collision energy.
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FIG. 2. Representative energy-change spectra of the
forward-scattered N* produced in electron-capture col-
lisions of N?* with Ne and He.
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FIG. 3. Energy-change spectra of N* produced in elec-
tron-capture collisions of 0.4-2.0 keV N2* with He.
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FIG. 4. Energy-change spectra of N* produced in elec-
tron-capture collisions of 0.2—1.8 keV N2* with Ne.
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IV. DISCUSSION
A. Curve-crossing mechanism

The curve crossings which may be responsible
for the processes of interest here are located at
relatively large internuclear separations. In this
event the diabatic curve representing the initial
state can be taken as that corresponding to a
charge-induced dipole interaction:

V4(R)=2a(A)/R* A =He or Ne 3)

where R is the distance separating the collision
partners and a(A) is the polarizability of the
target. The potential energy of the final states
arises from the Coulombic interaction and the
mutual charge-induced dipole interaction between
the final-state ions, in addition the potential en-
ergy of the final state relative to the initial state
must asymptotically approach the energy defect
for the charge-exchange process:

1 1
Vi(R)= R"‘ - z—ﬁT[a(A*)-}»a(N*)]—AEi, (4) .
where the index i=1, 2, or 3 refers to the final

states given in (1a) and (2a), (1b) and (2b), or
(1c) and (2¢), respectively.® These potential en-
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FIG. 5. Schematic illustration of the long-range po-
tential energy curves which are involved in electron
capture in the N** — He and N?* — Ne collision systems. *

ergy curves are illustrated in Fig. 5 and the
locations of the crossing points are listed in Tab-
le I. In the LZ approximation a transition from
one state to another can only occur at the point
where the corresponding curves cross. The
probability that the system in its initial state will
remain on the diabatic curve V,, after a single
passage over the crossing point R;, is written

. (T}

where v is the velocity of approach, b the impact
parameter, H,; the matrix element coupling the
initial and final states, and V}(R;)=[dV(R)/

dR] ReR}? the slope of the curve V; at the crossing

2‘”Hgf(Ri)
vIVER,)-VIR)I %

p,-:exp{
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point. A transition probability is determined by
the successive application of the LZ approximation
at each crossing point encountered on a path along
the potential curves which leads from the initial
state to some final state. The transition prob-
abilities for the processes in (1) or (2) are

P(SP)=2p3p2p1(1"‘p1), (Ga)
P(D)=(1-p,)[2p,p,-P(°P)], (6Db)
P('S)=(1-pg)[2p,-P('D) - P(°P)]. (6c)

The cross sections for the corresponding processes
are obtained by integration over the range of im-
pact parameters inside the appropriate crossing
point:

R
Q(Li)=21rf ‘Pwvav; L,=P,D, or's. (1)
. .

We have computed the LZ cross sections for the
processes under investigation (see Fig. 6). Ini-
tially these cross sections were calculated using
the coupling matrix elements H; given by the
semiempirical formula of Olson, Smith and Bauer
(OSB).® These matrix elements were then adjusted
by a multiplicative factor F; in an attempt to ob-
tain the best fit to the experimental data.

1. N2+.He collisions

Our energy-change spectra demonstrate that
the production of N*(®°P) in electron-capture col-
lisions between N** and He [process (1a)] is far
more probable than the production of excited N*
[processes (1b) and (1c)]. Thus the total electron-
capture cross sections reported by Hasted and

TABLE I. Parameters used in calculations of electron-capture cross sections in the

N%*—He and N**—Ne systems.

Dipole polarizability

Atomic state He(ls) He*(25) Ne(1s) Ne*(%P)
a(a3) 1.42 0.28¢ 2.72 1.4c¢
Atomic state N*(3P) N*(1D) N*(ls)
a(a3) 3.352 3.56" 3,95
N2+ — He
Product state N*(®P) N*(1D) N*(1s)
AE; (au.) 0.184 0.115 0.0356
R;(ap) 5.4 8.7 28
HFBR;) (au.)? 1.6 X102 3.6x 10 2,5 x 10-13
N%* — Ne
Product state N*(3P) N*(1D) N*(1S)
AE; (a.u.) 0.296 0.226 0.147
R;(ay) 3.6 4.5 6.8
HFB(R)) (a.u.) ¢ 6.9 X102 2.9 x 1072 3.3x10%

2Reference 21,
bReference 22,

¢Reference 9.,
9dReference 8.
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FIG. 6. Landau-Zener approximation of the cross
section for charge exchange between N (2P) and He to
yield N*GP), The factors F; refer to multiplicative
corrections to the coupling matrix elements (Ref. 8)
used in this calculation. The circles indicate the cross
sections obtained in the experiments of Hasted and
Smith [Ref. 7 (a)l.
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FIG. 7. Energy dependence for the ratio of electron
capture cross sections Q(P)/Q (D) in the N2*—~ He sys-
tem. The solid lines are the predictions of the Landau-
Zener approximation for various values of the coupling
matrix elements. The circles are the results of our
experiments.

Smith™® can be regarded as equivalent to Q(*P),
the cross section for capture into N*(°P). We
have calculated Q(*P) using the OSB coupling ma-
trix elements, HOS®, The element HSB(R;) has
been adjusted by a factor of F, to give agreement
with the data of Hasted and Smith. Since the cross
section is not sensitive to H,(R,) and Hy,(R,),
which are small, these matrix elements were not
varied. The statistical weight problem discussed
below was ignored in these calculations. Never-
theless, the calculation with F =0.9 gives good
agreement with experiment.

The calculation of the ratio Q(3P)/Q('D) is com-
pared in Fig. 7 with our experimental data. H,,
was varied over a wide range while Hy, and H,,
were set to 0.9 HOSB and HYSB, respectively. The
value of H,, is not important in the calculation of
Q(°P)/Q('D) since p, is a factor for both Q(*P) and
Q('D). Assuming that H, (R,)>H(R,) since R,
<R,, it was not possible to reproduce the negative
energy dependence that was observed experi-
mentally. In order to predict this negative energy
dependence on the basis of the curve-crossing
mechanism it is necessary to choose a value of
H,, larger by two orders of magnitude than H3SP
With such a large value of Hy,, Q(*D) becomes
larger than Q(®°P), contrary to the experimental
results.

Hasted and his colleagues® have suggested that
the curve V¥, corresponding asymptotically to
N#(*P) + He(!S), may be involved in the production
of N*. V¥ is nearly parallel to V, and crosses V,
and V, at R¥=2.3a,and R¥=2.7a,, respectively.
This curve could be involved via the path

Vo ELv, Bys By, _N*('D)+He(%S),

however, it should be noted that the state cor-
responding to V, is a doublet spin state while V¥
is a quartet. V| has both doublet and quartet com-
ponents. By the Wigner rule, V, couples only
with the doublet component of ¥V, which cannot

in turn couple with V#. The transition from V¥

to V, is likewise forbidden. Additionally, it
should be noted that transition at R¥ would result
in the production of N2*(*P) which was not ob-
served.

As was the case for the ratio Q(°P)/Q('D), the
LZ approximation predicts that the ratio Q(3P)/
Q(!S) is an increasing function of the collision
energy. Experimentally it was observed that
Q(*P)/Q(*S) decreases with increasing energy
and that Q('S), although small, is much larger
than would be expected from the coupling matrix
element HOS®(R,) in the LZ calculation.

It is apparent that the LZ curve-crossing mech-
anism is not adequate to predict the relatively
large transition probability between curves which
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cross at large internuclear distances. It will be
suggested below that the Demkov mechanism may
be important in these cases.

2. N2*.Ne collisions

For ratios Q(!S)/Q('D) and Q(°P)/Q('D) for the
N2*_-Ne system were calculated for a number of
different sets of correction factors (F,F,,F,).
As can be seen in Figs. 8 and 9, any plausible
set of coupling matrix elements give the energy
dependence of these ratios that was observed in
the experiments. Furthermore, when the matrix
elements are all set to about 0.5 times the OSB
values, the agreement between theory and experi-
ment is about as good as can reasonably be ex-
pected from the Landau-Zener approximation.

B. Demkov mechanism

The Demkov mechanism describes a transition
between two states represented by potential curves
which lie close to one another but do not inter-
sect.'>1% The probability of a transition between
two such states is largest at a critical inter-
nuclear separation R_,, where the spacing between
the corresponding potential curves V,;(R) and
V,(R) satisfies the relation

2H,;(R)=|V;R) -V, R, ®)

In the approximation of Melius and Goddard
(MG)*® the probability of a transition near R, is
given by

p.=2(sechd)e™®
Xsinz{:}arctan[éinhx(Rc-b)] +in}, 9)
where the characteristic parameter
6=mH;(R,)/ . (10)

The rate of decay® of the coupling matrix element
in the transition region is specified by A:

H;;=Kke™R, (11)

As a check of the MG approximation we have
applied these formula to a system treated numer-
ically by Olson®® and have found good agreement
with Olson’s results.

We have considered the possibility that a tran-
sition between curves which do not cross, as
described by the Demkov mechanism, may be
responsible-for the behavior of the cross section
Q('D) in the N2*-He collision system. The feasi-
bility of a transition directly from V, to V, was
considered first. Using the OSB formula for the
coupling matrix element and assuming the form
of the potential curves given by Eqs. (4) and (5),
a critical region between V, and V, is predicted

N** — Ne
| | T T T T ]
o (0.4,04,04)
o' -
§ |
<]
~ L
'9_ ;
~ 10-2"'
o F
'0'3 1 1
(o) 0.5 1.0 15 20 25
Eo (keV)

FIG. 8. Energy dependence of the ratio of electron-
capture cross sections @(GP)/(Q!D) in the N2* — Ne sys-
tem. The solid lines are the predictions of the Landau-
Zener approximation for various values of the coupling
matrix elements. The circles are the results of our
experiments.

to lie near R,=3.0a,. However, the coupling
matrix element at this point is so large

[HSS® (3.0a,) =0.32 a.u. corresponding to 6=11
at E,=2 keV] that p, is too small to account for
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FIG. 9. Energy dependence of the ratio of electron-
capture cross sections Q(S)/Q(D) in the N**—Ne sys-
tem. The solid lines are the predictions of the Landau-
Zener approximation for various values of the coupling
matrix elements. The circles are the results of our
experiments.
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FIG. 10, Long-range portions of the potential energy
curves involved in charge exchange in the N%* — He sys-
tem. The critical internuclear separation R, refers to a
region where the coupling between V; and V, is compar-
able in magnitude to the energy separation between these
curves.

the experimental results.
A more likely process for the production of
N*(D) in N?*-He collisions follows the path

vo MY, S v,
4, 280
where R, refers to the critical point between V,
and V, which occurs at R =4.2qa, (Fig. 10). The
total transition probability for this process is

P('D)=2(1~-p)p.(1-p,), (12)

where p, is given by Eq. (5), p, by Eq. (9), and the
possibility of transitions at R, and R, has been
ignored. The coupling matrix element at R, is
H%P (4.2a,)=0.035 a.u. The cross section, given
by :

Q(p)=21 [ P(D)bab, (13)
o

has been calculated and compared with Q(3P)
calculated in the LZ approximation [Eq. (11)].
A comparison between the calculated and ex-
perimentally observed energy dependence of the
ratio Q('D)/Q(°P) is presented in Fig. 11. The
energy dependence predicted by this theory is
in good agreement with the experiment although
the predicted magnitude of Q(*D) differs from the
observed value by about a factor of 4.

The Demkov mechanism may be invcked in a
similar manner to give a reasonable description
of the production of N*(’S) in N**-He collisions.

As before, direct coupling between V, and V, is
unimportant (R,=2.0a,, 6=18 at E,=2 keV). How-
ever for processes such as

R R,
VO —_— Vl —c>V3
3.4a0

or

103
F
102}
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5
X
N A
L]
10 r
L N** — He 4
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0 05 1.0 15 2.0 25
Eo (keV)

FIG. 11. Energy dependence of the ratio of electron-
capture cross sections QCGP)/Q(D) in the N** — He sys-
tem. The solid line is a prediction based on the indicated
paths for production of N*(!D) and N*(D). The transition
from V) to V; was calculated in the Landau-Zener approx-
imation while the transition from V; to V, was assumed
to occur by the Demkov mechanism as described by
Melius and Goddard (Ref. 15). The circles are the re-
sults of our experiments.

VoRiv, Fv, BV,
40209  4.1ag
the critical transition regions occur at inter-
mediate distances where 6 is approximately unity
and relatively large transition probabilities are
predicted for the Demkov processes.

C. Statistical weights

The initial and final states of the collision sys-
tems have heretofore each been represented by
a single potential curve. This is only accurate at
large internuclear distances. At small distances
each curve may be split into several components
each corresponding to one of the molecular states
which is correlated with the separated atomic
states. This splitting is illustrated schematically
in Fig. 12 for the N?*-He system. To predict the
transition probabilities in such a system it is
necessary to consider the nature of the coupling
of each component of the initial state with each
final-state component. We will assume, for
example, that the most rigorous possible selection
rules hold:

+‘7‘ -y AS:O, AA =0

in which case Z* —= Z" coupling and = - II rbtational
coupling are prohibited. Then for the N?*-He
system, transitions can only occur at the points
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N Vo« N""(P,)+He('S)

V3 & N ('Sq)+ He*(3s)

§ } Vo = N*('Dg) + He'(3S)

} Vs = N*(3Ry)+He* (25 )

FIG. 12. Schematic illustration of the potential curves
for the N** — He system showing the molecular compon-
ents which correlate with the initial and each final state.
Points indicate the intersections where transitions can
occur if all symmetry selection rules apply.

indicated in Fig. 12. In this event the probabilities
for transitions from the ?Z* component of the
initial state to the various final states are

PL(°P)=0, (14a)
PL('D)=2pE pE(1 ~pT), (14b)
Pr('S) =2p5(1 - p5) [1-pF(L -], (14c)

where p; is the LZ transition probability for a
pair of Z curves crossing at R;. Similarly for
the 211* or 21" components of the initial state

Py(*P)=2p3 p1(1-pY), (15a)
Py('D)=2p5(1 - p7) [1-pT(1 -p])], (15b)
Pp(’s)=0. (15¢)

The overall transition probability is given by
P(L)=3[(Pg(L;) +2Py(L,)]; L,=°P,'P, or?s.
(16)

If the coupling matrix elements between Z states
and between II states at R, are assumed to be
equal then

P('D)=2p,(1 -p,)[1-2p,(1-p,)] (1)

when pSE is taken to be unity since the crossing
point R, is so distant.

The N**-Ne system (Fig. 13) is more complicated
since the product rare-gasionis in a 2P state rather
than a 2S state. This means that many of the
final-state components are multiply degenerate.
The *TI components of the V, state are each doubly
degenerate, the ?Z* component of the V, state is
doubly degenerate, and the %I components of the

V, state are each triply degenerate. Furthermore,
the V, state acquires a *II* and *II" component.

The coupling between degenerate components
must be considered since even if they do not couple
directly, they are coupled through the component

Vp € N 2P,) +Ne('S)

V3 &> N*('Sg)+Ne*(CR,)

~~~~~~~~ } V, ¢ N'('Dg)+Ne*(?R,)

2,407 (x2),
2,45+
2457 (x2)- -

_________ } Vv, < N*(3R,)+Ne*(?P,)
2:’ Z;I‘P.'

FIG. 13. Schematic illustration of the potential curves
for the N2* — Ne system showing the molecular compon-
ents which correlate with the initial and each final state.
The degeneracy of each component is given in parenthe-
sis. Points indicate the intersections where transitions
can occur if all symmetry selection rules apply.

of V, which has the same symmetry. We will
present as an example a simple model for dealing
with crossings of degenerate states.

Consider the crossings of I components near
R, in the N**-Ne system. The state which cor-
responds to the *II* component of V, is composed
of three degenerate %I1* states:

by = ;/.;——( T+ 0% +00) (18)

Assume that (i) the degenerate states do not couple
with one another so that

(p5 [H| ) =5, V,(R); k,l=a,b,c (19)

where 9,; is the Kronecker delta function, and
(ii) the coupling between the 2I1* state of V, and
each of the degenerate ?II* components of V, is
the same:

(65 |B°Y|$T) =HT,. (20)

Then the matrix elements of the electronic Ham-
iltonian between the I components of V; and V,
are

(@T|H® BTy =V, (R), (21)
{97 [H 05 =V, (R), (22)
(o5 |H DT =V3 HY,. (23)

Similarly the coupling between individual II com-
ponents of V, and V, and between V,and V, are
given by x/Z_H{)’l and Hg3, respectively. Further-
more, on the basis of this simple model it can
be seen that the matrix elements for the individual
% - 2 couplings are HE,, V2HL,, and Hx,.

The transition probabilities between 2Z*, 2IT*,
and 2I1" components are each written in the forms
given by Egs. (6).and overall transition prob-
abilities are given by the summation of Eq. (16).
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Then if V2 Y, =HE =H, , V3 H,=V2 HE,=H ,, and
HY . =HZ =H,, a crossing at R; is considered as
a single crossing with coupling matrix element
H,; and a statistical weight of unity. ‘

‘The simple models presented above for dealing
with the multiplicity of each state of a collision
system are probably appropriate to the LZ ap-
proximation which must be regarded as semi-
quantitative at best. A more rigorous consideration
of the nature of the coupling between states of
different symmetry would be required if a more
precise theoretical description were to be ap-
plied. In any case, our conclusions in Secs.

IV (A) and B above concerning the energy de-
pendence of ratios of cross sections are not much
affected by consideration of degeneracy and sta-
tistical weight problems.

V. CONCLUSION

Our results demonstrate that the nature of the
curve-crossing phenomenon can be classified
according to the internuclear distance at which a
transition occurs. Crossings which occur at
distances R = 8¢a, are not likely to result in a
transition from one state to another. This is the
diabatic or atomic region where the coupling be-
tween states is weak and the collision system is
best described as two independent atomic sys-
tems. Crossings at distances R <3.5a, are also
not likely to result in a net transition from one
state to another. In this region the coupling ma-

trix element is large and the system is best de-
scribed by adiabatic potential curves which do not
cross. A transition is most likely to occur be-
tween curves which cross in the region inter-
mediate between the diabatic and adiabatic regions.
Curve crossings at these intermediate distances
are responsible for the large cross sections ob-
served for processes (2a) and (3b). The extent

of coupling between atomic states to give molecular
or adiabatic states depends upon the velocity of
approach of the collision partners. As the col-
lision velocity increases, the transition region
moves toward smaller internuclear distances.
Thus the probability of a transition at the crossing
at 3.6 g, in the N**-Ne system [process 3(a)] in-
creases with increasing collision velocity. When a
pair of curves pass close to one another but do not
cross in the intermediate region then it appears
that the possibility of a transition via a process

of the type described by the Demkov mechanism
must be considered.
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