DThe symbol oy is used to designate the cross section for
multiphoton ionization of an atom.
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On the assumption of definite molecular excitation mechanisms, a calculation has been made of the
relative intensities and polarizations of radiation from the mul‘iplets Ne*(2p *3p) and X*(3p) for X = Na
and O, excited ir collisions of X* with neon at high incident-ion energies (EX 10 keV). The mechanism
assumed excitation to the lowest = term (with the least spin) of the X*Ne* ionic cores with possible o or =
molecular states of the excited electron. The calculation enables us to understand a number of correlations

of experimental data on polarization. Comparison of the theoretical intensity distribution with experimental
values shows that excitation of the 3p states of X and Ne occurs both through o and through 7 terms of
the outer electron, but the oscillatory structure of the total cross sections is due to interference of 7 states.

PACS numbers: 34.50.Hc, 31.50.4+w

INTRODUCTION

Measurements made by various workers' % of the
excitation function of optical lines in the systems Na*Ne
and others and recent systematic studies of the excita-
tion processes

Net(2p°)+X*

X*+Ne (2p°) *{Ne (2p°3p) +X*,

AE~18 eV (1)
for X*=Na*, O*, Mg*, and N* have shown'” a regular
oscillating structure of the cross sections due to inter-
ference of energetically close channels of direct excita-
tion and charge exchange, *’#! and also a strong polar-
ization of the excited lines. In addition to the phase of
the oscillations, which characterizes the relative ar-
rangement of the molecular terms taking part in the in-
terference, [®! measurements have also been made of
the distribution of intensities of the various components
of the 3p— 3s transitions of Ne* (2p° 3p) and X*(3p) and
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their polarization. On the basis of these data, possible
molecular excitation mechanisms have been discussed.

In the present work, in order to clarify the excitation
mechanism at higher collision energies (E =10 keV),
we have calculated the relative intensities and polariza-
tions of the components of 3p—3s transitions of Ne* and
X* in reaction (1) for X*=Na*(!S) and O*(4S). Only at
such high energies, when only the main components of
the molecular interactions can have a substantial influ-
ence on the evolution of the excited states arising, is
it possible to calculate with relative simplicity the prob-
abilities of population of individual components of the
multiplets in such multilevel systems as Ne*Na* and
Ne*0®. Calculations carried out for two possible
mechanisms (o and 7) permit an understanding of a num-
ber of correlations of the experimental data and enable
us to conclude what is the role of each of the excitation
mechanisms at high energies.
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DISCUSSION OF EXCITATION MECHANISMS

The processes considered have a low excitation
threshold (80 and 220 eV for X* =0* and Na*), !"! which
at energies E > 10 keV corresponds to scattering at
small angles 6 < 2U,/E ~3x107 with an impact parame-
ter p close to the radius R, =1 atomic unit of crossing
of the ground-state term with the lowest excited terms
(smaller impact parameters correspond to higher ion-
ization-energy loss, two-electron excitation, and so
forth). Therefore in calculation of the polarizations we
will assume that in process (1) the trajectories of the
nuclei are straight lines and that the impact parameter
is p~R,.

The ionization potential of the ions Na* and O* (47 and
35 eV) is significantly greater than the ionization poten-
tial of Ne. Therefore the behavior of the terms U*(R)
which are correlated with singly excited states (1) is
determined for R X R, in the first approximation by the
interaction potential of the ionic cores Ne*X*, to which
must be added the energy of the molecular orbit
(MO) e ,(R) of the outer electron (with angular-momen-
tum projection m on the molecular axis):

Un*(R) =Ubore (R) +en*(R). (2)

The ionic core terms Ul o(R) = Ugyro(Syz, My,, R) de-
pend on the total spin 8,, =8, +S, of the ions X* and Ne*
and on the projection of the electronic angular momen-
tum M of the ionic cores X*Ne*. In this case for X*
=Na* (1S) and O* (*S) we have respectively S, =0, S,=1/2
and S, =3/2, S,=1/2, while M=0, 1 coincide with the
angular momentum projections of Ne*(2p°, 2P).

At smalldistances R, < R < R, ~ 5 atomic units the terms
U! e are strongly split, so that within the boundary of
the combined atom AU,.,~1 atomic unit (see the scheme
of MO levels given by Andersen et al. '), Therefore
we can assume that the group of 3p stdtes (1) is popu-
lated only through terms (2) corresponding to the lower
core state UY,(R): 2T is the term for Na*Ne* and °%
is for O*Ne*. Actually the ground-state term crosses
a large number of excited terms (higher excitations,
ionization, and so forth) before it crosses the terms

(2) with i#0.

The MO of the external electron levels ¢ for process
(1) have projections m =0 (the o orbit) and m =+1 (7 or-
bit) and for the point of resonance excitations (1) are
characterized by an approximate parity (=g or u):

Yud (m)=[ ¥, (m) £V, (m)]/V2, (3)

where ¥, and ¥, are functions localized respectively in
X and Ne.

From the estimate of the resonance interaction and
also the MO scheme of the levels for the Na*Ne system
given by Andersen et al., (8] jt is evident that transition
of molecular states to atomic states occurs at distances
R3~15-20 atomic units and the corresponding Massey
parameter of the transition is £~0.1 for E =10 keV and
an average resonance defect AE~1500 cm™, The small-
ness of the Massey parameter indicates that in calcula-
tion of the probabilities of atomic states in the transi-
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tion from MO it is possible to use the sudden approxi-
mation, i.e., projection of the initial molecular state
on the atomic states in the transition region R~R,.

The approximation (2) does not take into account:

1) spin-orbit interaction V; in the Ne* ion with a con-
stant B=-520 cm™;

2) the exchange interaction Vj; of the external elec-
tron with each core (more accurately, the fraction of
it which characterizes the splitting of the multiplet in
Ne* and the relative location of the levels of X*), which
has the order 1000 cm™;

3) the rotational coupling V., ~7%® =kvp/R?, which for
E =10 keV has a magnitude ~3 eV at R~R, ~1 atomic unit
and which mixes the o and 7 states in the transition re-
gion R~R,.

The interaction V., at the same time is insufficient-
ly large to shift the T and IT states of the X*Ne* cores
at R~R,, where the Z-II splitting is of the order of 1
atomic unit; however, it can shift them at RX R,, where
the = and IT states are degenerate in the principal ex-
change interaction of the X* and Ne* ions. The maxi-
mum admixture of the IT state to the initial = state (for
the condition of complete Z-II degeneracy) of Ne* is de-
termined by the angle of rotation 6 of the molecular axis
in the portion of the trajectory R, < R < R; with impact
parameter p~R, and is equal to sin[(7 - 6)/2]~R, /R,
£0.25,

In the region R~ R, of the transition from the ground-
state term to the excited states, for the condition of the
T states of X" Ne* as most probable, population of the
o“®) MO is possible and if the rotational coupling is
taken into account also of the 7 orbits lying in the colli-
sion plane:

n+=(ﬂ+|'—ﬂ—1)/v-2- (4)

Then, at the moment of the transition we can con-
sider the total spin of the system S° =S, +S, +S; con-
served, where S;, S,, and S; are respectively the spins
of X*, Ne*, and the electron. Thus, an excited molecu-
lar state arising at R~ R, can be represented as a super-
position of states:

W (S,%) =W (S,%)+W (S,
or

W (S, R)= Z Z A(m, %, B) ®seo(m, %, 85°), (5)

m=0,1 xemg,u

where ¥°*)(s?) is the contribution of terms with 7 =0
(m =1) to the sum (5) and

Dsc(m, %, S:)=%(Ss, Sz [S12]Ss, % 8:°) Yoore M) ¥*(Im]).  (6)

Here x is the spin function of the system with total spin
S® and its projection S? equal to the spin and projection
of the incident ion X*; S,, S,=1/2, and S;=1/2 are the
spins of X*, Ne*, and the external electron; S;, =S, +S,
has a minimal value; ¥, (M =0) corresponds to the =
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state of the core and ¥*(|m|) is the MO of the external
electron.

On separation of the atoms to distances R ~ R, the
states forming the function (5) are developed adiabatical-
ly from the terms (2), so that (omitting the phase which
is common for ¥):

A*(m)=A(m, %, Re) =4*(m, n)exp =i |

Ry

en*(R) dR} . o)

hv

Actually, at high energies the spin-orbit interaction
is not able to change the total spin of the system in the
region R, < R< R;, since

= V.dR  BR,

< 1.
hv hv t

Ry

Similarly, a change of the molecular state (4) under the
influence of the exchange interaction V;; reduces to ad-
dition of small phases ia (6), i.e., to small shifts

e~ (R), since the part of the interaction V;; which is non-
diagonal in the states (6) has a magnitude ~600 cm™ ~ V;.
As a result, in the region R~R; on the atomic states
I%J, M,) of the atoms Ne*(3p) or X*(3p) (with the states
of X* or Ne* corresponding to them) there is projected a
superposition of the states (6) with the phases (7), which
depend on energy, which also gives an oscillatory struc-
ture of the cross sections. Here in the amplitudes of
the states [/, M,) of the atoms Ne* and X* only two o
or two 7 states can interfere, but not o and 7 states be-
tween themselves, since for the T state of the core they
lead to different projections M,.

Consequently, we can speak individually of the contri-
butions of ¢ or 7 mechanisms to the probability of excita-
tion and evaluate them by comparing experimental data
with the calculated intensities and polarization, which
differ strongly for the two mechanisms. Here, for each
of the mechanisms the probabilities P; corresponding to
atomic states [y, M;) for the charge-exchange channel
(i =1) and for direct excitation (;=2) in Eq. (1) turn out
to be proportional to the weight of the corresponding
atomic orbit

Timtla| A (m)+ (1) A5 I, (®)

where m =0 and 1 for the o and 7 mechanisms. Thus,
the distribution of intensities I (1) with polarizations ¢
in each channel i is completely determined by the
weights 7§ and T5:

Iqi=1‘,"T."’+lq“T,". (9)

and I%™ can be calculated simply, for example, by
setting the coefficients in Eq. (5) equal to

A*(1)=A*(1) =A*(0) =0, A*(0)=1 for the o mechanism,  (10a)

A%(0)=A"(0)=A4*(1) =0, A°(1)=1 for the = mechanism.  (10b)

At high collision energies the energy dependence of
the intensities (9) of the excited radiation is determined
only by the factors T3, Consequently, if we were
dealing only with one (o or ) excitation mechanism and
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not with a combination of them, the intensities of all
lines of Ne* or X* would change identically with energy
with preservation of the relative splitting inside the mul-
tiplet.

PROJECTION FORMULAS

The total intensity I of a line W/ —~7y'J of the 3p~3s
transition in reaction (1), averaged over the projections
S;. of the incident-ion spin, for each of the mechanisms
(o or 7) is calculated from the formula®®?

re= Y 1=KY Dy,
q

gm=0;+1

(11)

where K =(1/X)? K,, A is the wavelength of the transi-
tion, K, is the constant for the multiplet and is ex-
pressed in terms of the excitation cross section, Ay
=6402 A,

Z K@% (S,.) W (], M) W (J*, M*)>

8,.M M’
I

X<W (17, M) 1D ¥ (y'77, M')), (12)

13(q) is the corresponding component of the dipole-mo-

 ment operator, ¥(yJ, M) and ¥(J*, M") are the wave

functions of the excited atom and ion in Eq. (1), and
¥°™ is the molecular function in Eq. (5) with coeffi-
cients (9) or (10).

The degree of polarization of the light in a direction
normal to the beam is calculated in terms of the com-
ponents I, =1, and I, =(I,., +1,..,)/2 with polarizations
parallel and perpendicular to the beam axis and is equal
to

_ IH—I_L _ 3Iq.,°—1
I+, I+

(13)

For convenience in the calculations we go over to
the LS basis for the excited atom and ion:

¥ (W, M) (M) =
L,8,L¢* 8%

My MMM

X Crs" (LSM Ms|IM> (L*S*MMgo|J*M*).

W (L, M, S, Ms) ¥ (LY, My, S*, Ms)

(14)

Here for X* =Na* and O* in which LS coupling exists
and =L, S, we have the coefficients C}%5=0.1¢ ) 0ss @),
and for Ne*(3p) with an intermediate type of coupling
the coefficients C}% are given in the Appendix.

As a result in Eq. (12) we have the amplitudes of the
states of the LS basis in the functions &°‘" (with coeffi-
cients (9) for the o mechanism and (10) for the 7 mecha-
nism):

(O | W (L, My, S, Ms) ¥ (L, My, S*, Mse) >
= ¥ (8 <SS MM oo 18°S. 5L 1=1, My, mlL, Mo, (15)
8

where m =0 for the ¢ mechanism and m =1 for the 7

mechanism; L; is the angular momentum of the core of
the excited atom in each channel, My, =0 is its projec-
tion on the molecular axis, L, =0 for X*, L,=1 for Ne*,
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Intensities of lines of Ne(2p°3p) for the ¢ and 7 mecha~
nisms, normalized to the experimental dependence of
the p¢ lines.

Na++Ne O++Ne
Level | g 1° I= Texp ('] I° I Texp 111
4 0 120 0 13 105 ~0 7
):4] 1 0 69 46 ~0 67 46
4] 0 ~0 0 4 ~0 29 1
Pa 2 51 52 53 60 67 68
ps 1 0 88 41 214 63 46
Pe 2 77 71 77 4 T4 74
pr 1 0 3 27 35 39 40
Ps 2 33 33 44 82 49 7
Py 3 0 0 25 105 57 100
Po 1 0 ~0 14 82 38

and o, are equal to

(SlSl[Sﬂ]y SaSnlslszsa[Su=SJa So) ’

(S.8:1812], S5l S Ss[Sv=S1, S:5), e

o | o

where S,, S,=1/2, and S;=1/2 are respectively the spins

of X', Ne*, ande. From the assumptions of the model
we find
Su=|Sl_Sl|y Sn=S1- (17)

Substituting Eqs. (14)—(16) into (11) and (12) and
carrying out the summation over ¢, J*, M*, §*, Mg, and
S2, we obtain for the total intensities and for the parallel
component for the o and 7 mechanisms the following ex-
pressions. In the charge-exchange channel (i=1) (the
transition X* (3p, SJ)~X* (3s, SJ)

oy U=14,5,JIDII=0,8,7) @it (S) ¢ A\~
I=ro=1 = 3 25+1 (x,) ’ (18)
A is the wavelength of the transition,
Iu°=IQ» 1||"=l/21(1—0)» (19)
I 1 I\ 8 1 Iy
Q=3(2J+1);(—M 0 M) (M 0 —M) '
in the Ne* (2p°3p) excitation channel (the transition
Ne* (2p°3pyJ) — Ne™* (2p°3sy 'J")

My @i (S 1 1 Ly
ronoirr(E) '8 S eor(y S, ) e
o(8) L -3 ryrye v a:z(s) J 1 J’ 2

5 =(5) o) @ 3 S Cy o x)
wr ooft 1 LNgL S U LI
XIZ(ZL-H)/(_U (0 m —m)(m M—m —M) Cus! | ! (21)

where m =0 and 1 for the o and 7 mechanisms,

Calculation of the intensities and polarizations for the
two mechanisms in the systems Na‘*Ne and O*Ne was
carried out on the basis of Eqs. (18)—(21) and (13) with
the coefficients Cy% given in the Appendix and with the
line strengths (JIDlJ') of Ne*, Na* and O* taken from
Ref. 10.

DISCUSSION OF RESULTS
1. The system Na* Ne

The ground state of the quasimolecule Na'Ne is a
singlet, so that the intensities (20) and (21) of the lines
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from the states yJ of the atom Ne(3p) turn out to be
proportional to the weights (C7I 7,5=0)° of the singlet
structures in the atomic systes ¥J. This means, in
particular, that in our approximation the triplet states
bs, Dy, and p,y, are not excited. The experimental values
of the intensities of radiation from the p; and p,, levels
are actually small'”’ (see the table), However, the ob-
served excitation probability of the p, state in the Na*Ne
system, when the ratio of the line strengths is taken
into account, amounts to ~20% of the excitation proba-
bility of the singlet states, which also provides an esti-
mate of the accuracy of our approximation, For com-
parison we note that for other systems X*'Ne (X=0, N,
Mg) where there is no forbiddenness of excitation of
triplet states, the p, level has an excitation probability
which is the greatest of all of the states p,—p,,.

Calculation of the polarization shows that for the tran-
sitions yJ—~¥'J’ of the Ne* atom from states with J=1
the value of M(J =1, J ') does not depend on the mecha-
nism and for J°=0, 1, and 2 we have respectively
Im=-1,0.33, and — 0.077. In complete correspondence
with experiment, the lines J=1-J =0 have perpendicu-
lar polarization. This fact, like the independence of II
from the mechanism of the process for all transitions
from states with J=1, can be understood from consider-
ations of symmetry of the complete Hamiltonian on re-
flection in the collision plane. Actually, on such a re-
flection ¥(»JM) Ne* goes over to (- 1)" ¥ ¥(y, J, — M).
Therefore only the state [¥(7, 1, 1) - ¥(7, 1, —-1)] V2
turns out to be allowed when the parity of the initial state of
the Na'Ne system is taken into account for J=1, while
the state with M =0, which is responsible for the paral-
lel component of the transition J=1-J' =0, turns out to
be forbidden. However, for the transition J=3/2-J !
=1/2 of the atom Na* and the transition J=2~J =1 and
2 of the Ne* atom the values of IT are sensitive to the
mechanism (o and 7) and are respectively equal to

I1° (*/,—/2) =0.6;
I1° 3/, 1/;) =—0.43;

II° (2—1) =0.6;
1" (2—+1) =0.33;

I (2—2) =—14;

1)
11" (2—+2) =—0.43. (22)

The erroneous value given previously*'!'11°(3/2~1/2)
=0.33 must be replaced by the value 0.6. The small
difference in residual polarizations (22) from those given
in Ref. 11 is due to the fact that in the latter case the
small admixture of the IT state to the initial ~ state of
the core was taken into account.

The two excitation mechanisms differ substantially
also in the distribution of intensities within the multi-
plets Ne(3p) and Na(3p). For the o mechanism the line
A=5852 A from the p,(J =0) level has the maximal inten-
sity and the lines from the levels p,, ps, and p, with J=1
have zero intensities. On taking into account the mixing
of T and II states of the core by the Coriolis interaction
the intensities of radiation from these levels for the o
mechanism (just as for I*(p,)) will be nonzero. How-
ever, as shown by the calculations previously carried
out™!! for the system Na‘Ne with the maximum Z-IT
mixing parameter equal to sin[ (7 - 6)/2]=0.25, these
intensities as before are small and the general pattern
of the distribution of intensities and polarizations is
preserved (see the table of the present work and the ta-
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ble in Ref. 11). For the 7 mechanism there is an in-
verse relation in the population of the states p, and p,,

pS) Pl'

In the table we have given the distribution of the com-
bined relative intensities I°/N, and I"/N, of the lines
Ne*(3p), which have been reduced by means of the nor-
malization coefficients

No= 1°(pe)
Texp (Pe)

I~ (pn)

=246-10"*, N;=
Iexp (ps)

= 1.85-10-* (23)
to the common experimental value of the combined in-
tensity of radiation from the pg level.

For the present system N,/N,=1,33. Inthe same
relative units the total intensities I (J~J') of the lines
of the 3p—3s transition of Na are

I(Cle=>1)3)/N;=170, I°(}a—1/2)/N,=85,
15 Cla> o) /N-=226, I*(3~/2)/N,=113. (24)

The dependence of the Na®* intensities on the mechanism
appears only as the result of the difference in the nor-
malization factors. In the table we have also given the
experimental values of the total intensities of the lines
from the levels p,—p,, of Ne*.

From comparison of the theoretical results with ex-
periment we can conclude that both mechanisms con-
tribute to the excitation reaction. This is indicated also
by the the small experimental value of the polarization
of the radiation from the Na(3p;,,) level. However, the
7 mechanism makes a large contribution to the cross
section for excitation of 3p states and it must be con-
sidered responsible for the oscillatory structure. Ac-
tually, a regular oscillatory structure exists in the
lines A=6030 and 6266 A from the states p, and p; with
J =1, excitation of which occurs according to the 7
mechanism, and is absent in the line A=5852 A from the
state p,, which is due to the o mechanism. Similarly,
only the 7 channel is responsible for the parallel com-
ponent I,(2 - 2) of the radiation for the transition J=2
-J'=2, so that in the energy dependence of I,(2~2) we
can expect the same oscillatory structure.

2. The system O* Ne

The initial spin of the system 0*(%S,,,) +Ne(lS,) is
S, =3/2, and therefore the selection rules based on
symmetry which exist in the Na*Ne system do not oper-
ate here and we cannot expect such a strong polarization
of the Ne(3p) lines as in the Na*Ne system. Further,
the condition of preservation of the total spin of the
O'Ne system does not forbid the appearance of the
Ne(3p) triplet states, since the Ne* spin can change
simultaneously with the change of direction of the O*
spin, which is different from zero. This explains the
substantial increase in the relative intensities of radia-
tion from the triplet levels p;, py, and py, for the O*Ne
system in comparison with Na'Ne (Ref. 7) (see also the
table).

The results of a calculation in accordance with Eq.
(20) of the combined intensities I° and I" of the 3p-3s
lines of Ne*, normalized by means of the coefficients
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(23), are given in the table. In the same relative units
the intensities (18) of the transitions 3pJ - 3sJ " of the
lines 0*(35*'p,), summed over angular momenta J and
J', are:

I°CP)/N,=5.4, I°(*P)/N,=98,
I*(*P)/N.=15, I*(*P)/N.=13T. (25)

As in Eq. (24), the dependence of the O* intensities on
the mechanism is only the result of the difference be-
tween N, and N, (for O*Ne the ratio N,/N, is 1.4). The
ratio of the intensities of excitation of the *P and *P
states with spin §=2 and S=1 is

1(P)/1(°P)~18, (26)

which corresponds to the experimental fact'™ of a large
value of I ®*P) in comparison with I ®P). Admixture of
another spin mechanism of the process (for example,
participation in the excitation of the terms of the cores
O'Ne with spin S;, > IS, - S, |) would substantially change
the ratio (26).

The polarizations I1°* calculated from Eqs. (13) and
(18)-(21) for the transitions J=1~J' from the levels
bs, bs, D7, and py, are respectively

IT°(1—0) =0.0; 0.60; 0.60; 0.0; IT°(1—~1)=0.0; —0.43; —0.43; 0.0;
I~ (1-0)=-0.17; —0.99; 0.33; —0.18; I1*(1—-~1)=0.7; 0.35; 0.22; 0.09;
IT° (1-2) =0.0; 0.08; 0.08; 0.0; IT*(1-2)=0.0; —0.06; 0.59; 0.03.

(7
Similarly for the transitions J=2-J' from the levels
bs, bs, and pg we have respectively

I1°(2—~1) =0.48; 0.58; 0.41; I1°(2—~2) =—0.84; —0.96; —0.64;

v (28)
1*(2—1) =0.30; —0.04; 0.06; II*(2—2)=-0.31; 0.14; —0.12.

Finally, for the transition 3-2 from the level py and
for the transitions *P~3S, P~°S we have

I°(3—2) =0.40; II°(°*P—*S)=0.3; II°(*P—*S)=0.22;

(29)
I1*(3—+2) =0.23; II* (*P—~*S) =—0.22; II* (*P—~*S) =0.1.

As in the Na*Ne system from comparison of the cal-
culated intensity distribution and the experimental val-
ues it follows that both channels (o and 7) make a con-
tribution of the same order to excitation of 3p states.
Comparison of the polarizations (26)-(28) with the avail-
able experimental values confirms this conclusion. In
particular, if we proceed from the polarizations (27)
and (28) and the intensities, we can understand why the
polarization of the Ne line A=6266 A for the 1—0 tran-
sition fr[om the ps level has a maximal value IT(A=6266 A)
~-0.4."

3. Other systems.

Extension of a similar calculation to the pairs Mg*Ne
and N*Ne in the series Na*, O*, Mg*, and N* studied by
Andersen et al.'"! is not possible, because of the sub-
stantially more complicated term diagram of these sys-
tems. Thus, for the Mg’ ion (with ionization potential
~15.0 eV) we can expect effective excitation of Mg* ions
together with excitation of Ne. For the N*(®P) +Ne sys-
tem there are two terms (Z and IT) which are correlated
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with the ground state. In addition, the large (~1.5 eV)
exchange splitting of the 3p levels of N* and Mg* can
substantially distort the terms and the dynamics of the
system at medium and large distances.

In the limit of high energies the method considered
can be applied to calculation of polarizations also in
other simpler systems, for example, in the system
Li*He, for which on the basis of data on the differential
scattering a definite excitation mechanism has been
proposed. ©2] Thus, the radiation He(ls2p, ! P)
~He(ls2s, 16) from the state excited in accordance with
the correlation diagram®2! for the Il term, will be po-
larized perpendicular to the beam axis. Similarly, the
degree of polarization of the radiation (normal to the
beam) 2p—2s of Li* from the state Li(1s22p, 2P), ex-
cited according to Ref. 12 also on the basis of the Il
term, is Il =- 0.43 for the allowed component j =3/2 of
the LiP) doublet and IT =- 0. 2 in the case when the
doublet is not allowed.

Thus, at high energies from the pattern of polariza-
tions and intensities it is possible to deduce the mecha-
nisms of population of the excited states at close dis-
tances. At lower energies to describe the excitation of
the X*Ne pairs which have been discussed a detailed cal-
culation of the dynamics of the multilevel system up to
the distances of the transition of the molecular states
into atomic states would be necessary. This is possi-
ble, obviously, only for simpler systems. Examples
of calculations for simple systems of the characteristics
of optical radiation excited in collisions of low energy
can be found in the review of Alber et al. 3!

APPENDIX

To find the structure of the atomic states Ne*(3p) we
used the Hamiltonian

A=Acta(L, S)+B1S+BuLS,, (A.1)
where L and S are the total orbital angular momentum
and spin of Ne*(3p), }, =1, §,=1/2 and ,=1, S,=1/2 are
the orbital angular momentum and spin of the outer elec-
tron and the Ne*(2p°, 2P) core. The term a(L, S) cor-
responds to exchange interaction of the Ne* core and
external electron, and the second and third terms de-
scribe the spin-orbit interaction of the Ne* ion. The
spin-orbit interaction B,1;S, of the outer electrons were
neglected (B, < 10 cm™), The parameters a(L, S) and
B, were chosen from the condition of agreement of the
calculated energy values with the experimental levelst*!
of Ne*(3p). For choice of 4, equal to the energy of the
P (J=3) level, the values of a(L,S) and B, in cm™ are:

a(0.0) =3246, a(0.1) =—1355; a(1.0) =1070; a(1.1) =1068;
A2
a(2.0)=700; a(2.1)=0; B,=520; B,=0. ( )
The Hamiltonian (1) is similar to that proposed pre-
viously, 1! from which follow the similar parameter
values: -
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a(0.0) =3252, a(0.1) =—1364; a(1.0)=1072; a(1.1)=1072;
a(2.0)=707; a(2.1)=0; B,=518; B,=17.8.

As a result of diagonalization of the Hamiltonian (A.1)
we obtain the following expressions for the atomic states
p; of Ne(3p) in terms of the states of LS basis:

p:=0.983 ('S,) +0.182(*P,);
p-=0.807 (°P,) —0.574(*P,) +0.133 (°S,);

p.=0.983 (°P,) +0.182 ('S,);
p=0.415(°D,) —0.536 (‘D) +0.735(°P,);
ps=0.526 (*D,) +0.493 (°P,) +0.692 (*P,) ;

Ppe=—0.276 (°D,) +0.696 (*D,) +0.663 (°P,) ;
p:=0.85(°D,) —0.34 (°P,) —0.430 (*P,) ;
ps=0.867(°D;) +0.479 (*D,) —0.41 (°P,) ;
Po={(’Ds); pr=—0.109(°P,)+0.077(*P,)+0.991(S,).

(A.3)

DNote added in proof. The polarizations II°(3/2 —1/2)=0.6
and 1I"(3/2 —1/2) = — 0. 43 given in (22) for Na(’P,,,) were cal-
culated without allowance for the hyperfine interaction. If
the latter is taken into account, the values are I1°(3/2 —1/2)
=0.21 and 11")3/2 —=1/2)=—0.10. They can be easily calcu-
lated by using formulas (15), (17) and (37) of the paper by U.
Fano and J. Macek, Rev. Mod. Phys. 45, 533 (1973). The
obtained polarizations agree with the results of N. V. Talk,
J. C. Tully, C. W. White, J. Kraus, A. A. Monge, D. L.
Simms, M. F. Robbins, S. H. Neff, and W. Lichten, Phys.
Rev. Al3, 965 (1976).
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