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Relative formation rate constants, ky(u), and the electronic-state distribution, N(u), of Ne* for
upper u states were determined in the Ne*/2e” collisional radiative recombination (CRR) by observing
Ne* atomic emissions in the 200-990 nm region. To exclude the contribution of Nes*/e” dissociative
recombination (DR), He flowing afterglow was used, where only atomic Ne* ions were generated by the
He:*/Ne charge-transfer reaction. Sixty-eight ns(n=4-7), ns'(n=4 and 5), np(n=3 and 4), np'(n=3 and 4),
nd(n=3-7, 9-11), and nd’' (n=3-6) levels of Ne* were identified. Major product Ne* states (¥, ko(u) and
Y. N(w)) excluding radiative cascade were 4s, 45, 3d, 3d ! and 5d states, which occupied 16.1, 60.6, 12.8,
5.6, and 2.7% of Y, ko(u) and 17.0, 40.3, 13.1, 6.0, and 18.5% of Y, N(u), respectively. The electronic-
state distribution of Ne* in the 19.66—21.11 eV range increased with decreasing the excitation energy
of Ne*. Using a Saha equation for CRR, it was expressed by a single Boltzmann distribution with an
effective electronic temperature of 0.43 eV. This value was close to that of He* in the He*/2e” CRR (0.46
eV), whereas it was lower than that of Ar* in the Ar*/2e” CRR (0.54 eV).
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1. Introduction becomes the principal loss process of free
. S electrons.
Electron—ion recombination in ionized gases
can occur through dissociative recombination At+e +e — A+e (2)

(DR) and collisional radiative recombination
(CRR). DR is the fastest recombination process
whenever molecular ions are the dominant
ionic species.

ABt*+e — A+B 1)

When dominant ionic species are atomic ions,
collisional radiative recombination (CRR)
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The importance of CRR processes in electrical
discharges and astrophysical plasmas has
motivated extensive theoretical and
experimental studies on CRR. Although rate
constants of CRR have been determined
theoretically and experimentally,'® little
experimental studies have been carried out on
the product electronic-state distributions.

We have previously studied He*/2e” and
Ar*/2e¢” CRR reactions by observing He* and
Ar* emissions in the flowing afterglow.”® In
the He*/2e” CRR reaction, the formation of fifty-
one singlet and triplet ns, np, and nd Rydberg
states of He* in the 23.01-24.53 eV range was
observed. The electronic-state distribution
decreased with increasing the excitation energy
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of He*. They were expressed by double
Boltzmann electronic  distributions with
effective electronic temperatures of 0.46 eV in
the 22.7-24.4 eV range and 0.089 eV in the
24.4-24.5 eV range.

In the Ar+/2e” CRR reaction, the Ar+(2Psp)
spin—orbit component was selected by using a
filter gas of the Ar*(2P12) component. Spectral
analysis indicated that thirty-four Ar*(4p, 4d, 5p,
5d, 6s, 6p, 6d, 4p', 4d'", 5p’, 5d’, and 6s') states in the
13.08-15.33 eV range were produced. Their
electronic-state distribution decreased with an
increase in the excitation energy of Ar*, which
was expressed by a Boltzmann -electronic
temperature of 0.54 eV. It was concluded that
the 4p and 4p’ states were dominantly formed
via two-electron process, while most of the 4d,
5p, 5d, 6s, 6p, and 6d states were produced via
one-electron process.

Optical spectroscopic studies on the Negt/e
DR (3) and Ne*/2ec CRR (4), on which the
present work focuses, have been carried out by
Sauter et al.1® and Gordeev et al.lV

Nest+ e — Ne* + Ne (DR) 3

Net+e +e — Ne*+e  (CRR) (4)
Sauter et al. measured the time dependence of
the intensities of spectral lines and that of the
number density of atomic and molecular ions in
decaying plasmas produced in neon and
helium-neon mixtures.!® They found that 2p
and 3p levels were produced though DR (3),
whereas 4d levels were formed by CRR (4).
Gordeev et al.lV studied above DR and CRR
processes by using a kinetic spectroscopy
method. They used the afterglow of a neon
plasma generated by a barrier discharge at
neon pressures of 0.2—152 Torr (1 Torr = 133.3
Pa) and electron densities [e] <5 X 1010 cm-3.
They reported that lower six 4p levels were
formed by DR of molecular ions with electrons
based on a comparison of the dependences of
the intensities of spectral lines on time in the
afterglow and their response to pulsed “heating”
of the electrons. The dominant role in the
population of all levels of the 2p’p
configuration belonged to the CRR of Ne* ions
at the minimum pressure of 0.33-0.2 Torr.

To the best of our knowledge, no study on the
relative formation rate constants and the
electronic-state distribution of Ne* in the
Ne*/2e” CRR process has been carried out at
thermal energy. In this study, the Ne*/2e” CRR
reaction is investigated by observing
ultraviolet-visible-near infrared emissions of

Ne* in the He flowing afterglow. The relative
formation rate constants and electronic-state
distribution are determined and discussed in
terms of Saha equilibrium. The observed
effective Boltzmann temperature is compared
with our previous data for He*/2¢” and Ar+/2e’
CRR reactions.89

2. Experimental

We  have previously made optical
spectroscopic studies on reactions of Ne active
species with simple molecules by using Ne
afterglow apparatus.’21® It was found that
metastable Ne(®Po2) atoms are major active
species at low Ne buffer gas pressure below
about 0.2 Torr, whereas not only Ne(3Pos2)
atoms but also Ne+ and Nez* ions exist as active
species above that. The [Nest]/[Net] ratio
increased with increasing the Ne gas pressure
because Nez* ions are formed by the Ne*/2Ne
termocular reaction.1®

Ne* + Ne + Ne — Neot + Ne (5)
k5= (4.440.4) x 10-32 cm6 g1

When we use Ne flowing afterglow, both DR (3)
and CRR (4) can participate in the formation of
Ne* atoms. It was difficult to separate above
two recombination processes completely in the
Ne afterglow. To isolate CRR reaction (4), we
used here He afterglow reaction of Ne. In a He
flowing afterglow, such He active species as
He(238), He*, and Hes* were initially generated
by a microwave discharge of high purity He gas
(>99.9999%) at a microwave power of 100 W.19
The contribution of such charged species as He*,
Hes*, and electrons to the observed emissions
was examined by using a charged-particle
collector grid placed between the discharge
section and the reaction zone. A small amount
of Ne gas (26 mTorr) was added 10 cm
downstream from the center of discharge. We
used a low partial Ne pressure to suppress the
formation of Nez* by the termolecular reactions
(5) and (6).

Ne* + Ne + He — Neot + He (6)

The booster pump used in the present
apparatus was equipped with a continuously
variable gate valve. Opening or closing the gate
valve allowed us to vary the flow tube pressure
from 1 Torr to 18 Torr.

By the reactions of He(23S), Het, and Hea*
with Ne, the following primary reactions occur
near the Ne gas inlet.1217.18)
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He(23S) + Ne — Ne*(4s,4s") + He (7
k7=3.85%x1012cm3s!

Het+ Ne — Ne*+He (0.87) (8a)
— HeNe+ + hv (0.17) (8b)
ksa = (1.20 x 10°15) £30% cm3 g1

Hez* + Ne — Ne* + 2He (9)
ko = (6.00 X 10°19) +30% cm3 s’

It should be noted that the rate constant of
reaction (9) is larger than that of (8) by five
orders of magnitude. It is therefore reasonable
to assume that Ne* atomic ions formed by
reaction (9) are dominant ionic species in our
experimental condition.

In our He afterglow reaction of Ne, excited
Ne* states can be formed by energy transfer
reaction (7) and CRR reaction (4). Without
applying an electrostatic potential to the
charged-particle collector grids, Ne* lines
resulting from both reactions (7) and (4) are
observed, whereas those resulting only from
reaction (4) are obtained by applying an
electrostatic static potential to grids. Thus, the
Ne* lines resulting only from CRR reaction (4)
are obtained by subtracting the contribution of
energy-transfer reaction (7). There are two
spin-orbit components 2P32 and 2Piz2 in the
ground state of Ne* with recombination
energies of 21.56 and 21.66 eV, respectively,
although their relative concentration is not
estimated in this study.

A reaction flame, observed 10 cm
downstream from the inlet of Ne gas, was
dispersed in the 200-990 nm ranges with a
Spex 1250M monochromator in the first order
of 1200 grooves/mm gratings blazed at 300 nm
or 500 nm. Cooled photomultipliers
(Hamamatsu Photonics R376 and R316-02)
were used for the measurements in the 200-
830 nm and 600-990 nm, respectively. The
monochromator and the optical detection
system were corrected by using standard Ds
and halogen lamps. All spectra presented here
were corrected for the wavelength response of
the detection system.

3. Results and Discussion

3.1 Emission spectra of Ne* lines resulting
from the Ne*/2e” CRR reaction

Figures 1(a) and 2(a) show typical emission
spectra observed in the 300-900 nm region at a
He gas pressure of 18 Torr, where Ne*
emissions from the ns, ns, np, np’, and nd
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Fig. 1. Emission spectra resulting from (a)
He(238)/Ne + Ne*/2e", (b) He(23S)/Ne, and (c)
Ne*/2e” reactions in the 300—600 nm region.
Lines marked by * and © are He* and H*

lines, respectively.
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Fig. 2. Emission spectra resulting from (a)
He(23S)/Ne + Ne*/2e’, (b) He(238)/Ne, and (c)
Net/2e” reactions in the 600-900 nm region.
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Rydberg states are identified. In addition, He*,
H*, Hesale-a),!® and OH(A-X) emissions are
observed. H* and OH(A-X) emissions arise from
residual H:0 as impurity bands.2® The
observed Ne* lines either disappeared or
became very weak when charged species were
removed from the He afterglow on applying an
electrostatic potential to the grid, as shown in
Figs. 1(b) and 2(b). A similar disappearance or
a great reduction of the Ne* lines occurred
when thermal electrons in the He afterglow
were removed by the addition of a small
amount of a thermal-electron scavenger (CCls)
to the reaction zone. These results imply that
the Ne* states are produced through electron-
ion recombination process.

Emission spectra resulting from the Ne*/2e
CRR reaction are obtained by subtracting
spectra (b) from spectra (a), and results
obtained are shown in Figs. 1(c) and 2(c). The
upper electronic states of the observed Ne*
transitions in the 260—990 nm region and their
excitation energies are listed in Table 1. The
spectral assignment was made by referring to
reported atomic spectral tables,2122 and the
excitation energies of Ne* were obtained from
reported tables.2229 In the present study, 148
Ne* lines from the total 68 ns(n=4-7), ns'(n=4
and 5), np(n=3 and 4), np'(n=3 and 4), nd(n=3-7, 9—
11), and nd'(n=3-6) levels are identified with
excitation energies of 18.38-21.45 eV. Since the
recombination energy of Ne*(2Pss2) is 21.559 eV,
the energies of the observed Ne* states are
0.11-3.18 eV below the ground state of
Ne+(2Ps2). In Table 1, nL and nL’ states of Ne*
have 2p°(*P3p)nL and 2p°(PP1p)nl’ (n=3-11, L=s, p,
d) electron configurations, respectively. The
formation of nL and nL'states of Ne* as product
states implies that Ne* states having both
Ne*(2Ps2) and Ne*(2P1/2) ion-core are produced
in the Ne*/2e” CRR reaction.

3.2 Relative formation rate constants and
electronic-state distribution of Ne* in the
Net/2e” CRR reaction

The formation rate constant of an upper Ne*
state, k(u), and its steady-state electronic-
state distribution, N(u), in the Ne*/2ec CRR
reaction were evaluated from the emission
intensity of a (u,l) transition of Ne*, I,
using the following relation:

k@ o )y = N@W Y Ay (10)
l l

Here, A,; is the Einstein coefficient for
spontaneous emission, which has been reported
previously for most transitions observed
here.?2) The overall rate of production of Ne*(u)
directly and by cascade from higher excited
levels h is given by

[Ne « W)]/dt = k(w)[Ne*][e7]* =

ko(w)[Ne*][e7]? + Z bpy k(W) [Ne*][e]? (11)
h

where by, is the optical branching ratio for
the h — u transition:

-1
b= An | ) Any | (12)
J

Equation (11) gives
K@) = ko) + ) by k(R)
7
= ko(u) + k(u: cascade). (13)

The rate constant for the direct excitation of a
u level, ko(u), is deduced from Eq. (13), and

the corresponding population, N(u) , is

calculated from the relation:

NG o ko) /) Au (14)
T

In Table 1 and Figs. 3(a) and 3(b) are given
k(u), k(u:cascade), and ky(u) values obtained
from total intensities of observed emission lines
and unobserved lines. Intensities of unobserved
lines were estimated from reported A,; values
for Ne* levels in the 18.37-21.11 eV region.2?
No significant differences in k(u) and
k(u: cascade) values were observed at total He
pressures of 5, 10, 15, and 18 Torr. Therefore,
k(u) and k(u:cascade) values given in Table 1
were obtained by averaging four data at
different total He pressures. Since the A,
values for Ne* levels in the high energy 21.14—
21.45 eV region have not been reported, their
k(u) values were evaluated using reported
relative intensity of each line.22 A comparison
between k(u) and ky(u) values suggests that
all 3p and 3p’levels in the 18.37-18.97 eV region
and 4p and 4p’ levels in the 20.20-20.30 eV
region are formed through radiative cascade
from upper levels. On the other hand, both
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Table 1. Relative formation rate constants and electronic-state distributions of Ne* produced

through the Ne*/2e” CRR reaction in the He flowing afterglow.

Energy  State J k(u) k(u:cascade) kq(u) Nw) In(Nw)/g,) TA;
/ eV (sH¥
18.38  3p[1/2] 1 6.48E-02 6.48E-02 0.00E+00 3.93E+07
1856 3p[52] 3  9.99E-02  9.99E-02  0.00E+00 5.15E+07
1858 3p[52] 2 1.01E-01 1.01E-01  0.00E+00 4.90E+07
1861 3p[3/2] 1 592E-02  5.92E-02  0.00E+00 5.12E+07
18.64  3p[3/2] 2 8.47E-02 8.47E-02 0.00E+00 4.98E+07
18.69  3p'[3/2] 1 9.48E-02 9.48E-02 0.00E+00 5.08E+07
1870  3p'[32] 2 123E-01  123E-01  0.00E+00 5.27E+07
1871  3p[1/2] 0 1.81E-02  181E-02  0.00E+00 6.06E+07
18.73  3p'[1/2] 1 850E-02  850E-02  0.00E+00 5.49E+07
18.97  3p'[1/2] 0 1.80E-02 1.80E-02 0.00E+00 6.24E+07
19.66  4s[3/2]° 2 7.71E-02 2.12E-04 7.69E-02  3.63E-01 -2.62 2.52E+07
19.69  4s[3/2]° 1 2.16E-01 2.38E-04 2.15E-01  2.64E-01 -243 9.68E+07
19.76  4s'[1/2]° O 1.02E-01 2.05E-04 1.02E-01  4.81E-01 -0.73 2.52E+07
19.78  4s'[1/2]° 1 1.00E+00 4.77E-04 1.00E+00  1.00E+00 -1.10 1.19E+08
20.02  3d4([1/2]° O 7.92E-03 7.92E-03 1.75E-02 -4.05 5.38E+07
20.03  3d[1/2]° 1 3.33E-02 4.14E-06 3.33E-02  5.14E-02 -4.07 7.71E+07
20.03  3d4[772]° 4 5.14E-02 5.14E-02 1.22E-01 -4.30 4.99E+07
20.03  3d4[7/2]° 3 3.34E-02 2.26E-07 3.34E-02  8.18E-02 -4.45 4.85E+07
20.04 3d([3/2]° 2  2.48E-02 3.66E-07 2.48E-02  5.82E-02 -4.45 5.05E+07
20.04 3d[3/2]° 1 3.47E-02 347E-02  3.39E-02 -4.48 1.22E+08
20.05 3d[5/2]1° 2 1.87E-02 1.87E-02  4.76E-02 -4.66 4.66E+07
20.05 3d[572]° 3 2.78E-02 2.78E-02  7.10E-02 -4.59 4.66E+07
20.14  3d'[52]° 2 3.08E-02 3.08E-02  7.53E-02 -4.20 4.86E+07
20.14 3d'[5/2]° 3 1.99E-02 1.99E-02  4.94E-02 -4.95 4.79E+07
20.14 3d'[3/2]° 2  2.52E-02 2.52E-02  6.16E-02 -4.40 4.85E+07
20.14  3d'[3/2]° 1 2.52E-02 2.52E-02  3.54E-02 -4.44 8.47E+07
20.20  4p[5/2] 2 2.23E-02 2.23E-02 0.00E+00 7.01E+06
20.21 4p [3/2] 1 1.27E-03 1.27E-03 0.00E+00 7.77E+06
20.26  4p[1/2] 0  4.35E-04 4.35E-04 0.00E+00 1.14E+07
20.29  4p'[3/2] 1 6.89E-04 6.89E-04 0.00E+00 7.67E+06
2030  4p'[1/2] 1 1.38E-03 1.38E-03 0.00E+00 8.40E+06
2030  4p'[3/2] 2 1.14E-03 1.14E-03 0.00E+00 7.55E+06
20.56  5s[3/2]° 2 1.52E-03 1.52E-03 1.37E-02 -5.90 1.32E+07
20.57  5s[3/2]° 1 2.52E-03 2.52E-03  5.77E-03 -6.25 5.20E+07
20.66  5s'[1/2]1° O 1.95E-04 1.95E-04  1.78E-03 -6.33 1.30E+07
20.66  5s'[172]° 1 6.82E-03 6.82E-03 1.97E-02 -5.02 4.10E+07
20.70 44 [1/2]° 1 5.37E-03 5.37E-03  9.67E-03 -5.74 6.60E+07
20.71 44 [712]° 4 1.83E-03 1.83E-03 1.20E-02 -6.62 1.81E+07
20.71  4d[712]° 3 1.52E-03 1.52E-03 1.04E-02 -6.51 1.73E+07
20.71 44 [3/2]° 2 1.35E-03 1.35E-03  8.82E-03 -6.34 1.82E+07
20.71  4d[3/2]° 1 2.33E-03 2.33E-03  4.83E-03 -6.43 5.72E+07
20.71  4d[5/2]1° 2 1.29E-03 1.29E-03  9.04E-03 -6.32 1.69E+07
20.71  4d[52]° 3 1.14E-03 1.14E-03  7.95E-03 -6.78 1.70E+07
20.80 4d'[512]° 2 7.76E-04 7.76E-04  5.25E-03 -6.86 1.76E+07
20.80 4d'[3/2]° 2 3.08E-03 3.08E-03  2.04E-02 -5.50 1.79E+07
20.81 4d'[3/2]° 1 3.09E-03 3.09E-03  8.45E-03 -5.87 4.35E+07
2094  6s[3/2]° 2 9.61E-04 9.61E-04




Table 1. Continued.

Electronic-state distribution of Ne* in the Ne*/2e collisional radiative recombination

Energy State J k(u) k(u:cascade) ko(u) Nw) In(Nw)/gw) TA;
/ eV (sH?

20.95 6s [3/2]° 1 2.22E-04 2.22E-04 1.28E-03 -7.76 2.06E+07
21.02 5d [7/2]° 3 3.13E-02 3.13E-02 5.75E-01 -2.50 6.48E+06
21.02 5d [3/2]° 2 8.34E-04 8.34E-04 1.42E-02 -5.86 6.96E+06
21.02 5d [3/2]° 1 1.42E-02 1.42E-02 5.41E-02 -4.02 3.12E+07
21.02 5d [5/2]° 2 8.95E-04 8.95E-04 1.67E-02 -5.70 6.36E+06
21.02 5d [5/2]° 3 1.16E-03 1.16E-03 2.16E-02 -5.78 6.38E+06
21.11 5d'[3/2]° 2 1.51E-03 1.51E-03 2.63E-02 -5.25 6.81E+06
21.11 5d'[5/2]° 3 1.01E-03 1.01E-03 1.84E-02 -5.94 6.50E+06
21.14 7s [3/2]° 2 1.58E-04 1.58E-04

21.15 7s [3/2]° 1 5.10E-05 5.09E-05

21.18 6d[1/2]° 1 2.60E-04 2.60E-04

21.19 6d [5/2]° 2 1.63E-04 1.63E-04

21.28  6d'[5/2]° 2 3.25E-03 3.25E-03

21.28  6d'[5/2]° 3 4.74E-04 4.74E-04

21.28 6d'[3/2]° 1 1.81E-04 1.81E-04

21.28 7d[1/2]° 1 6.90E-05 6.89E-05

21.29 7d[7/2]° 4 1.24E-04 1.24E-04

21.29 7d [3/2]° 2 2.57E-04 2.57E-04

21.40 9d [7/2]° 4 2.58E-05 2.58E-05

21.43 104 [7/2]° 4 1.58E-05 1.58E-05

2145 11d[7/2]° 3 1.30E-05 1.30E-05

a) Ref. 22. ¥, Ay, is the Einstein coefficient for spontaneous emission.

Table 2. Total relative formation rate
constants and electronic-state distribution
of Ne* in the Net*/2e CRR reaction at

thermal energy.

State  Number of Y, ko(u) YuN )

sublevel (%) (%)

4s 2 16.1 17.0

4s' 2 60.6 40.3

3d 8 12.8 13.1

3d’ 4 5.6 6.0

s 2 0.2 0.5

5s’ 2 0.4 0.6

4d 7 0.8 1.7

4d’ 3 0.4 0.9

6s 2 0.07 0.04

5d 5 2.7 18.5

5d’ 2 0.1 1.2

7s 2 0.01

6d 2 0.02

6d’ 3 0.2

7d 3 0.03

9d 1 0.001

10d 1 0.001

11d 1 0.001

direct formation and radiative cascade
participate in the production of all 4s and 4s’
levels and three 3d levels. Many other levels are
formed only directly.

In Table 2 are summarized total relative
formation rate constants and electronic-state
distribution of Ne* produced through the direct
Ne*/2e” CRR reaction at thermal energy. We
found that fifty-two states involving each
sublevel are directly formed in the Ne*/2e” CRR
reaction. The formation of 4d levels is consistent
with the previous report of Sauter et al.l®
Although Gordeev et al.1? reported 4p levels are
formed by the Ne*/2e” CRR reaction, we found
that they are not formed directly but all of 4p
levels are produced by radiative cascade from
upper levels.

Based on the present data shown in Table 2,
major product Ne* states ( Y, ko(u) and
Y. N(u)) excluding radiative cascade are 4s, 4s',
3d, 3d', and 5d states, which occupy 16.1, 60.6,
12.8, 5.6, and 2.7% of Y, ko(u) and 17.0, 40.3,
13.1, 6.0, and 18.5% of Y, N (u), respectively.

Initial electronic-state distribution formed by
direct excitation, N(u), was determined for low
energy levels in the 18.38-21.11 eV range,
because A, values are unknown for high
energy levels in the 21.14-21.45 eV region.
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Fig. 3. Dependence of relative formation rate
constants on the exciation energy of Ne* in
the Ne*/2¢” CRR reaction: (a) including
radiative cascade, (b) radiative cascade, and
() excluding radiative cascade. (c-2) is
expanded data of (c-1) in the 20.0-21.5 eV
region.
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When ky(u) values are zero, their N(u)
values become also zero. We show only non-zero
N(u) states in Table 1 and Fig. 4. Results
shown in Table 1 and Fig. 4 indicate that
favorable states are 4s, 4s’, 3d, and 3d’ states in
the 19.66—20.14 eV region and the 5d states at
21.02 eV.

According to statistic theory, the electronic-
state distribution of Ne* formed by CRR
reaction (4) may be explained in terms of the
Saha equation:

N, = N*N,(g,/9,9,) @nmkT/h?) " exp(~E, /KT)
(15)

where N* and N, are ion and -electron
densities, g, and g; are the statistical
weights of a free electron and an Ne* ion, and
E, isthe energy of Ne*, respectively; a thermal
equilibrium between Ne* and free electrons is
assumed. If such a Boltzmann equilibrium is
established, N, is given in the form:
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N(u) = g, exp(—E,/kT) (16)

The dependence of In(N(u)/g,) vs E, was
fitted by a straight line, as shown in Fig. 5.
From the slope of the straight line, a
Boltzmann temperature of 0.43 eV was
obtained. This value is close to 0.46 eV observed
for the low energy component (22.7—24.4 eV) of
He* in the He*/2e” CRR,® whereas it is lower
than 0.54 eV of Ar* in the Ar*/2e” CRR.?

The Y, ko(w) and Y, N(u) values of the
product states having the Ne*(2Ps2) ion core
and the Net(2P/i2) ion core are 33:67% and
51:49% respectively. In our previous study on
the Ar+(2Psg)/2e” CRR,? we discussed the
conservation of ion core of Ar*(2Psj) in terms of

one-electron process and two-electron processes.

Since both 2P32 and 2P12 spin-orbit components
of Ne* exist in the present experiment and their
relative concentration 1is not determined.
Therefore, it is difficult to discuss the relative
contribution of the Ne*(?P32)/2e” and
Ne+(2P12)/2e” CRR and conservation of ion-core
configuration during the CRR reaction. Further
detailed experimental study will be required to
obtain information on ion-core conservation by
separating two spin-orbit components.

4. Summary and Conclusion

148 Ne* lines were observed in the Net/2e
CRR by using He afterglow. Relative formation
rates, k(u) , and the electronic-state
distribution, N(u), of Ne* in the Ne*/2e- CRR
were determined in the He flowing afterglow by
observing Ne* emissions in the 260-970 nm
region. Sixty-eight ns(n=4-7), ns’ (n=4 and 5),
np(n=3 and 4), np' (=3 and 4), nd(n=3-7, 9-11),
and nd’ (n=3-6) levels were identified. Major
product Ne* states (Y, ko(w) and Y, N(w))
excluding radiative cascade were 4s, 45, 3d, 3d
and 5d states, which occupied 16.1, 60.6, 12.8,
5.6, and 2.7% of Y, ko(u) and 17.0, 40.3, 13.1,
6.0, and 18.5% of ), N(u), respectively. The
formation of 4d levels is consistent with the
previous report of Sauter et al.l? Although
Gordeev et al.lV reported 4p levels are formed
by the Ne*/2e” CRR, we found that all of them
are produced by radiative cascade from upper
levels.

The electronic-state distribution of Ne*
increased with decreasing excitation energy of
Ne*. It was expressed by a single Boltzmann
distribution with an effective electronic
temperature of 0.43 eV. This value was close to
that of He* in the He*/2e” CRR (0.46 eV),
whereas it was lower than that of Ar* in the

Ar+/2e” CRR (0.46 eV).
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