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A windowless He discharge was used to produce metastable singlet He(21S) by the photolysis 
process He(US) + 58.4 nm^He(21P) and He(21P)-^He(21S) + 2058 nm. Metastable He(21S) 
were found to transfer their energy to Ne to populate the Ne 5s, 5s', 4d, 4d', 3d, and 3d' states. 
In the present work the detailed relative population of these states and their rates of population 
are determined. 

Introduction 

The excitation transfer between metastable He 
and ground state Ne atoms has been previously re-
cognized to be of fundamental importance to the 
generation of laser radiation in neon-helium sys-
tems [1]. Although electronic energy transfer reac-
tions have been investigated for many years, a full 
characterization of the product states in the reac-
tions of metastable He(23S) and H e ^ S ) with Ne 
has not been achieved [2]. 

Previously, metastable He atoms have been pro-
duced b y electron impact [3, 4 ] and by the after-
glow discharge technique [5]. These methods yield 
either a mixture of triplet and singlet metastable 
He [3, 4] or triplet metastable H e alone [5, 6], but 
the exclusive generation of He(21S) appears to be 
difficult. In the present spectroscopic study we 
report a method for the generation of metastable 
singlet He and we infer a detailed product analysis 
for the reaction 

He(2iS) + Ne( l x S) - » N e * + H e ^ S ) (1) 

from extensive emission spectra of Ne. In order 
to facilitate the understanding of the following 
sections a simplified energy level diagram of Ne [7] 
is displayed in Figure 1. 

Experimental 

The experimental method and procedure has been 
described in the preceding paper [8] and no details 
will be given here. Briefly, a windowless microwave 
discharge in He is used to irradiate mixtures of He 

Reprint requests to Prof. Dr. F. Stuhl, Physikalische 
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and Ne in a flow system. The spectral emissions 
f rom this system were monitored by a monochro-
mator using a photomultiplier and photon counting. 
The temperature o f the gas in the flow tube was 
estimated from the rotational distribution of the 
N 2 + ( B - » X ) emission to be less than 390 K . This 
emission also indicates that air was always present 
in the flow system at a pressure o f about 5 mTorr. 
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Fig. 1. Simplified energy level diagram of Ne. The observed 
and calculated relative intensities are indicated by full and 
dashed arrows (see text). 
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Results 

A large number of emission lines and several 
emission bands were observed in the flow tube with 
the discharge in position A (see Fig. 1 in [8]). 
Relatively weak emission bands from excited CO + , 
C 0 2 + and N 2 + ions and several lines from excited 
0 and H atoms are still present when Ne is absent 
and are therefore considered to be caused by im-
purities in the flow system. Although the discharge 
region could not be viewed directly from the mono-
chromator, several emission lines from He states 
o f up to 195269 c m - 1 excitation energy were ob-
served. In the absence of Ne, the intensities of 
these He lines slightly decreased by 6 to 9 % for 
the addition of 0.1 Torr He through inlet (c). 

Upon addition of small amounts of Ne to the 
flow system through inlet (c), about 270 additional 
emission lines were observed in the wavelength 
range from 270 to 890 nm. All these observed 
emissions were identified by their corresponding 
Ne transitions [9]. Some experiments were per-
formed with the discharge in position B and using 
inlet (b) for He (see Fig. 1 in [8]). With this position 
the intensities of the Ne emissions decrease b y 
more than a factor of 40. In these experiments, 
light from the discharge could not irradiate the 
flow system directly. In another experiment, the 
emission intensities were found to be independent 
o f the flow direction of He. Hence the presence 
o f reactive species in the effluence of the He dis-
charge cannot be a major cause for the Ne emissions 
observed. 

As an example for the dependence of the Ne 
intensities on the pressure of Ne, Fig. 2 shows the 
pressure dependence of the Ne emission at 632.82 nm 
for the transition (5s ' ( l /2 ) 1 - > 3 p ' ( 3 / 2 ) 2 ) [10]. All 
the other Ne emissions exhibit the same dependence. 
In these runs which were performed at a constant 
pressure of 0.9 Torr He the intensities of the Ne 
emissions increase rapidly upon the addition of 
small amounts of Ne until a nearly constant in-
tensity is reached at about 0.07 Torr Ne. Also in-
cluded in Fig. 2 are the photomultiplier signals for 
the four following selected He lines: 728.13 nm, 
H e ( 3 1 S - > 2 1 P ) ; 587.56 nm, H e ( 3 3 D ^ 2 3 P ) ; 
501.57 nm, H e ^ P - ^ S ) ; and 388.86 nm, 
He(33P—^23S). The corresponding He transitions 
connect upper excited states with the four lowest 
excited states of He, the 2XS and 23S states of which 
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Fig. 2. The intensity of some emission lines as a function 
of pressure of Ne. 

are metastable. Upon the addition of Ne, in Fig. 2, 
the intensity o f the 501.57 nm He line decreases 
while the intensities of the other He lines remain 
constant. 

Strong emission intensities (25 1 0 % of the stron-
gest Ne fine at 640.23 nm) are found to originate 
from the 4 d , 5s ' , 3d ' , 3d , 3p ' , and 3 p levels; weaker 
lines (intensities between 1 % and 1 0 % of the stron-
gest line) are emitted from the 6d , 5d , 4d ' , 5s, 4p ' , 
and 4 p levels; and very weak lines (intensities be-
tween 0 . 0 1 % and 1 % of the strongest line) are 
emitted from the 8s ' , 8s, 7d , 7p, 7s, 7s ' , 6d ' , 6p ' , 
6p , 6s ' , 6s, 5 d ' , 5 p ' , and 5 p levels. 

Figure 3 summarizes the relative emission inten-
sities observed in the wavelength range from 200 nm 
to 890 nm. In this figure, the sums of the observed 
intensities f rom all sublevels of a given quantum 
number nl oder nl' are displayed on a logarithmic 
scale as a function o f excitation energy. Also in-
cluded in this figure are the positions of the energy 
levels of the He states (2!P), ( 2 ^ ) , (23P), and (23S). 
I t should be noted that this data in Fig. 3 does not 
represent all the emissions occuring in the investi-
gated reaction system because of the limited wave-
length range studied. For example, all the emission 
lines of the transitions (4s, 4 s ' - » 3 p , 3p ' ) and some 
o f the lines of the transitions (3d, 3 d ' - > 3 p , 3p ' ) 
lie in the I R region outside the observed wavelength 
range. Figure 3 shows that the majority of the 
emissions is generated by transitions from the 3p , 
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Fig. 3. A semilogarithmie plot of the observed intensities 
as a function of excitation energy. 

3p ' , f rom the 3d , 3d ' , and from the 5s, 5s ' and 4 d 
levels. A plausible mechanism for the population 
of these energy levels will be discussed later. It 
should be noted that above an excitation energy 
of 167051 c m - 1 (4d levels) only weak emissions are 
generated up to an Ne excitation energy of 
172264 c m - i (8s' levels). 

Discussion 

The energy transfer from metastable He atoms 
to Ne is known to be responsible for the generation 
of laser emissions in the He-Ne laser system and 
in a number of studies the corresponding energy 
transfer reactions have been investigated [2, 11 — 
15]. 

The experimental system applied to produce Ne 
emissions in the present work is similar to the 
windowless He discharge system previously used 
by Back and Walker [16, 17] to study the photo-

ionization of simple molecules b y measuring ion 
currents. The major modification in the present 
study is the omission of the fast-flow separation 
system [16]. Those authors have previously sug-
gested that both metastable H e ^ S ) and He(23S) 
are produced by collisional conversion of the re-
sonantly trapped He(2 1P) state. These metastable 
atoms have been proposed to interact with added 
gases such as Ne and CH4 [16, 17]. 

The present experiments with different discharge 
positions and He flow directions strongly indicate 
that at least 9 8 . 5 % of the observed Ne emission 
intensity is due to direct illumination of the flow 
tube b y light from the He discharge. The most 
dominant emission from a discharge in He is the 
58.4 nm resonance line [18]. Since Ne is transparent 
for this radiation the observed excitation should 
be due to collisions of the second kind. It is known 
that He resonance radiation is efficiently trapped 
leading to a relatively long lifetime of the He(2 1P) 
state [11, 16]. At the He pressures used the res-
onantly excited He(2 1P) atoms most likely decay 
to the metastable He(2!S) state mainly by radiation 
after a lifetime of 5.3 X IO"7 s [19]. W e therefore 
propose the following excitation mechanism to 
occur in the present flow system: 

He ( l iS ) - f 5 8 . 4 n m ^ H e ( 2 i P ) , (2) 

He(2 1 P) - > He(21S) 

+ 2058 n m , (3) 

He(21S) + Ne( l 1 S) ^ N e * + H e ( l i S ) . (1) 

Support for the presence of metastable He(21S) 
atoms is obtained by the data displayed in Figure 2. 
Namely, the marked decrease of the scattered light 
intensity of the H e ( 3 1 P - » 2 1 S ) emission at 501.57nm 
in Fig. 2 can be explained to be due to quenching 
of resonance fluorescence by added Ne. It is well 
known that Ne rapidly reacts (Jc = 6.46 X 10 - 1 1 

cm 3 s - 1 at room temperature [20]) with He(21S) 
and thus very effectively reduces the concentration 
of metastable atoms. Consequently, at large Ne 
concentrations, resonance fluorescence of He(21S) 
cannot be generated and only light scattered at 
the walls of the flow system is detected. Further-
more, from the nearly constant He intensities at 
728.13, 587.56, and 388.86 nm in Fig. 2 it can be 
inferred that no resonance fluorescence emission of 
the He(2 1P), (23P), and (23S) states is observed. 
From the intensities and the corresponding transi-



1345 H. K. Haak et al. • Ne Emissions from a He Discharge Flow System: I. 

tion probabilities [21] for these four scattered 
emission lines, we estimate the sensitivity for the 
fluorescence detection of He(21P), (23S), and (23P) 
to be not lower than that of He(21S). On this basis 
the concentrations of excited He produced in the 
( 2 ^ ) , (23S), and (23P) states are at least one order 
of magnitude lower than the concentration of 
metastable singlet He(21S). Moreover, the shape 
of the curves of both the 501.6 nm He and the Ne 
intensity in Fig. 2 can be quantitatively under-
stood by the competition of Ne with residual air 
(at about 5 mTorr) for the reaction with He(21S). 

The presence of metastable singlet He atoms as 
a major light producing species can be also in-
ferred from the observed intensity distribution of 
the Ne emissions displayed in Figure 3. This figure 
clearly demonstrates that, to a major extend, cas-
cading of radiation originates in the Ne(4d, 5s', 5s) 
states. These states are almost in resonance with 
the He(21S) state. Figure 3 furthermore shows that 
Ne states with higher energies than that of the 4d 
states are populated. The emission intensities from 
these states, however, are one to four orders of 
magnitude lower than the intensity from the 4d 
states. It is interesting to note that of all these 
highly excited Ne states the d and d' states gener-
ally emit much stronger than the other states and 
that the p and p' states generally emit very weakly. 
Moreover, the emission intensity decreases re-
markably above the energy of excitation of He(21P). 
It therefore appears to be likely that these states 
are excited by resonantly trapped He(21P) atoms. 
Whether He(21P) is the only source of excitation 
for these highly excited Ne states cannot be decided 
here and the population of these weakly populated 
Ne states will not be further discussed. 

The relative population of the individual 4d' , 
4d, 5s', 5s, 4p' , 4p, 3d' , and 3d states was calcu-
lated using the observed relative intensities and 
the corresponding previously calculated transition 
probabilities [22—26]. Usually, for the calculation 
of the population of each neon state, one of the 
strongest line of its emission array was used. How-
ever, care was taken that no emission line above 
850 nm was used because of the uncertainty in the 
optical sensitivity at these wavelengths. Further-
more, lines which coincide with other lines were 
avoided. Table 1 displays the relative population 
for the individual 5s', 5s, 4d' , and 4d states. It is 
evident from this table that the highest population 

Table 1. Relative population of excited Ne in the 5s, 5 s' 
and 4d, 4d ' states. 

State Energy Relative population 
(cm-1) this Ref. Ref. Ref. 

work [28] [27] [14] 

5s ' (1/2) 1 a 

5s ' (1 /2 )0 
5s (3/2) 1 
5s (3/2) 2 
4 d ' (3/2) lt> 
4 d ' (3/2)2 
4 d ' (5/2) 3 
4 d ' (5/2) 2 
4d (5/2) 3 
4d (5/2) 2 
4d (3/2) 1 
4d (3/2) 2 
4d (7/2) 3 
4d (7/2) 4 
4d (1/2) 1 
4d (1/2)0 

166658.48 
166608.31 
165914.76 
165830.14 
167809.72 
167798.91 
167797.87 
167796.94 
167050.64 
167049.58 
167028.96 
167013.54 
167003.10 
167002.01 
166977.32 
166969.64 

1.23 
0.0063 
0.137 
0.125 
0.0031 
0.0036 
0.0061 
0.0047 
0.0568 
0.0397 
0.0304 
0.0526 
0.0821 
0.103 
0.0393 
0.0106 

1.23 
0.068 
0.12 
0.12 

1.23 1.23 
0.0003 < 0.025 
0.001 0.33 
0.002 0.24 

a For the 5 s' and 5s states the transition probabilities 
were taken from Ref. [24]. 

b For the 4d ' and 4d states the transition probabilities 
were taken from Ref. [25]. 

is observed for the 5 s' (1/2)1 state. On the other 
hand the 5 s' (1/2)0 state has a population which 
is as small as those of the 4d ' states. The average 
population of the 5 s states is found to be about 
2.5 times larger than the average population in the 
4d states. It is interesting to compare the present 
population distribution with those given in the 
literature for Reaction (1). To our knowledge only 
values for the population distribution of the 5 s', 
5 s states have been reported [14, 27, 28]. These 
values are shown in Table 1. There is general 
agreement that the 5 s'(1/2)1 state is dominantly 
and that the 5s ' ( l /2 )0 state is barely populated 
[14, 27,28]. Furthermore each of the 5 s states 
contains about 10% of the population of the 
5s ' ( l / 2 ) l state [28]. This distribution has been ex-
tensively discussed previously [11, 14, 15], and here 
we will rather emphasize the distribution observed 
in the 4d ' , 4d, 3d, and 3d ' states. 

Previously, it has been assumed that the 4d 
states are populated by energy transfer from the 
He(23Po,i,2) states [11, 29]. Recently, using atomic 
beam technique and time of flight measurements, 
the production of Ne(4d) states has been observed 
in an investigation of the energy dependence of 
Reaction (1) [15]. Although, because of lack of 
energy resolution, no detailed population distribu-
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tion has been obtained in those experiments the 
present results confirm those of the beam study. 
Namely, under the conditions of the present study, 
all the 4d states together contain about one third 
of the population of the 5s'(l/2) 1 state. The distri-
bution in the 4d states is very different from that 
in the 5 s' states. While the population in the 5 s' 
states varies by a factor of 200 the population in 
the 4d states differs by no more than one order 
of magnitude. It should be noted that the 4d state 
with the largest population is the 4d(7/2)4 state 
which lies 730.3 cm - 1 above the He(21S) state and 
32.4 cm - 1 above the lowest 4d state. 

Table 2 summarizes the population distribution 
observed for the 4p', 4p, 3d', and 3d states. As will 
be calculated later the 4p' and 4p states are domi-
nantly populated by transitions from the 5 s', 5 s, 
4d', and 4d states. The 3d and 3d' states, however, 
are most likely generated directly in Reaction (1) 
as will be discussed later. 

The high population of the nearly resonant 5 s', 
5 s, and 4d states implies that these states are 
products of different channels of Reaction (1). In 

Table 2. Relative population of excited Ne in the 3d, 3d ' 
and 4p, 4p ' states. 

State Energy 
(cm - 1 ) 

Relative 
population 

3d ' (3/2) l a 

3d' (3/2) 2 
3d ' (5 /2) 3 
3d ' (5/2)2 
3d (5/2) 3 
3d (5/2) 2 
3d (3/2) 1 
3d (3/2) 2 
3d (7/2) 3 
3d (7/2) 4 
3d (1/2) 1 
3d (1/2)0 

4p ' (1/2) 0 b 

4p ' (3/2)2 
4p ' (1 /2 )1 
4p ' (3/2)1 
4p (1/2)0 
4p (3/2) 2 
4 p (3/2)1 
4p (5 /2 )2 
4p (5/2) 3 
4p (1/2)1 

162437.64 
162421.94 
162412.14 
162410.62 
161703.41 
161701.62 
161638.58 
161609.22 
161594.08 
161592.31 
161526.13 
161511.59 
164287.86 
163710.58 
163709.70 
163659.25 
163403.28 
163040.33 
163014.60 
162901.09 
162832.68 
162519.85 

0.022 
0.024 
0.044 
0.025 
0.035 
0.025 
0.012 
0.017 
0.034 
0.039 
0.009 
0.003 

0.251 
0.3 
0.125 
0.097 
0.041 
0.104 
0.048 
0.061 
0.093 
0 . 0 0 8 

a For the 3d' and 3d states the transition probabilities 
were taken from Ref. [26]. 

b For the 4p and 4p ' states the transition probabilities 
were taken from Ref. [23]. 

order to estimate the relative rates of these reaction 
channels we have determined the relative fluxes 
of the radiation cascade originating in these states. 
Under the assumption of negligible quenching of 
the excited neon by ground state helium and under 
the assumption of complete trapping of the radia-
tion from those Ne states which are radiatively 
connected with the ground state, the radiative flux 
can be taken as a direct measure for the rate of 
population. These assumptions seem to be valid 
since He is generally found to be an inefficient 
quencher. Furthermore, the radiative lifetime of 
the observed Ne states are close to 10 - 7 s. Thus, 
it seems to be unlikely that quenching by He com-
petes efficiently with radiative deexcitation in the 
present system. Radiation trapping in Ne has been 
commonly accepted for He-Ne laser systems [11, 
28] and hence transitions to the Ne ground state 
are not likely to reduce the cascading radiation 
significantly. 

Table 3 summarizes the relative radiative fluxes 
from the Ne 5s', 5s, 4d, and 4d' levels. The sum of 
the relative intensities (relative number of photons 
per area and time) of all emission lines from a 

Table 3. Relative radiative fluxes from the 5s, 5s' and 4d , 
4d ' states of Ne. 

Flux to states 

From state 3p, 
3p'£ 

4p, 
4 p ' b 

Relative cross 
Sum of Sections, 
fluxes Ref. [14] 

5s ' (1/2) 1 
5s ' (1 /2 )0 
5s (3/2) 1 
5s (3/2) 2 
4d ' (3/2) 1 
4d ' (3/2) 2 
4d ' (5/2) 3 
4d ' (5/2) 2 
4d (5/2) 3 
4d (5/2) 2 
4d (3/2) 1 
4d (3/2) 2 
4d (7/2) 3 
4d (7/2) 4 
4d (1/2) 1 
4d (1/2)0 

8.78 
0.041 
0.978 
0.930 
0.024 
0.034 
0.079 
0.044 
0.498 
0.351 
0.203 
0.482 
0.733 
0.938 
0.354 
0.106 

6.53 
0.035 
0.727 
0.678 
0.019 
0.024 
0.038 
0.030 
0.348 
0.243 
0.145 
0.353 
0.510 
0.678 
0.258 
0.077 

15.31 
0.076 
1.705 
1.602 
0.043 
0.058 
0.117 
0.074 
0.846 
0.594 
0.348 
0.835 
1.243 
1.616 
0.612 
0.183 

15.31 ± 0.15 
< 0.09 ± 0.045 

4.9 ± 0 . 1 5 
1.1 4- 0.05 

a All the corresponding transitions to the 3p and 3p ' 
states were observed. 

b All the corresponding radiative fluxes were calculated 
using the relative population of Table 1 and the transi-
tion probabilities of Ref. [24] for the 5s ' and 5s states 
and of Ref. [22] for the 4d ' and 4d states. 
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given Ne state is taken as a measure for the flux 
from this state. It should be noted in Table 3 
that all the emissions of the transitions to the 3p 
and 3p ' states were observed while the correspond-
ing emissions to the 4p and 4p ' states lie in the IR 
and, hence, their intensities had to be calculated. 
This was done using the relative population distri-
bution of Table 1 and known transition probabilities 
[22, 24]. Included in Table 3 are recent data [14] 
of relative cross sections for the formation of Ne 
in the 5 s, 5 s' states. A comparison of this data with 
the present values of the corresponding fluxes re-
veals significant differences which might be caused 
by the different reaction energy (broad energy 
spread around 60 meV) used in this beam experi-
ment [14]. Table 3 clearly shows that the most 
dominant channel of Reaction (1) leads to the 
population of 5s ' ( l / 2 ) l . Furthermore, there are 
two Ne 4d levels which are almost as efficiently 
formed as the two 5s levels, namely 4d(7/2)3 and 
4d(7/2)4. On the average a 4d and a 4d ' level 
becomes 20 times and 200 times less efficiently 
populated than the 5 s'(1/2)1 level. This decreased 
average population rate for these upper Ne states 
roughly corresponds to the increased endothermi-
city of the formation of the 4d and 4d ' states in 
Reaction (1). It should be noted, however, that 
the individual 4d and 4d ' energy levels are not at 
all populated according to their energetic positions 
and hence a particular selection mechanism must 
exist. 

The observed intensities shown in Fig. 3 indicate 
that also the 3d ' and 3d states are populated very 
efficiently. The radiative fluxes from the individual 
3d' and 3d states were therefore determined using 
the observed emission intensities. Since a few lines 
of the (3d ->3p , 3p') arrays emit in the near in-
frared their intensities were calculated using known 
transition probabilities [26]. This correction 
amounted to a small overall increase of 9 % in the 
flux from the 3d levels. The relative radiative 
fluxes from the 3d ' and 3d levels are listed in 
Table 4. 

The fluxes of radiation created in the 4d ' , 4d, 
5s', 5s, 3d' , and 3d states cascade down via the 
4p' , 4p, 3d' , 3d, 4s', 4s, 3p' , and 3p states to the 
3 s and 3 s' states. The relative intensities (fluxes) 
of this radiation cascade are summarized in Table 5. 
Several values of this table were calculated using 
the population distribution given in Table 1 and 2 

Table 4. Relative radiative fluxes from the 3d, 3d ' states 
to the 3p, 3p ' states. 

State Fluxa 

3d' (3/2) 1 0.952 
3d'(3/2) 2 1.268 
3d ' (5/2) 3 1.894 
3d ' (5/2)2 1.274 
3d (5/2) 3 1.660 
3d (5/2) 2 1.045 
3d (3/2) 1 0.461 
3d (3/2) 2 1.012 
3d (7/2) 3 1.481 
3d (7/2) 4 1.940 
3d (1/2) 1 0.457 
3d (1/2)0 0.170 

Almost all the corresponding 
emissions were observed. A 
correction is applied for some 
IR emission lines using the data 
of Table 2 and transition prob-
abilities of Ref. [26]. 

and known transition probabilities [22, 23, 26]. For 
the (4s, 4 s ' - > 3 p , 3p') transitions it is assumed 
that the corresponding radiative flux is equal to 
that of the transitions (4p, 4 p ' - > 4 s , 4s'). The rel-
ative flux for the transitions (4p, 4 p ' - > 3 d , 3d') 
was estimated to be only 0.55, since the correspond-
ing transition probabilities are small [22]. The fluxes 
of Table 5 are also indicated in Fig. 1 by full and 
dashed arrows for the observed and calculated in-
tensities, respectively. 

The data of Table 5 confirm that the 3 d' and 3 d 
states are a major source of radiation in this system. 
These Ne states are far from being in resonance 
with any He state and their population from highly 
excited states has to be considered. But the Ne 
np, np'(n~> 4) states are only weakly populated as 

From 
states 

To 
states 

Relative 
radiative 
flux 

Table 5. Radiation 
budget expressed by 
the state to state 
radiative fluxes. 

4d, 4d ' -> 4p, 4p ' 
4d, 4d ' -> 3p, 3p ' 
5s, 5s' - > 4p, 4p ' 
5s, 5s' -> 3p, 3p ' 
4p, 4p ' -> 3d, 3d ' 
4p, 4p ' -> 4s, 4s ' 
4p, 4p ' 3s, 3s' 
3d, 3d ' 3p, 3p ' 
4s, 4s' -> 3p, 3p ' 
3p, 3 p ' - > 3 s , 3s' 

2,72a 

3.85a 

7,97 a 

10.73a 

0.55 c 

7.49 c 

2.00 d 

13.61b 

7.49 e 

36.4 d 

From the data of Table 3. 
From the data of Table 4. 
Calculated using the relative population given in Table 2 
and the known transition probabilities for radiation to 
the 4s, 4s' states [23] and to the 3d, 3d ' states [22]. 
All the corresponding intensities were observed. 
The radiative flux for (4s, 4 s ' - » 3 p , 3p') is taken to be 
equal to that for the transitions (4p, 4p ' ->4s , 4 s'). 
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Fig. 3 indicates and these states can barely con-
tribute to the large rate of population of the 3d, 
3d ' states. The 3d, 3d' states could be also popu-
lated by transitions from the nf, nf manifold. The 
presence of these excited atoms cannot be detected 
with the present optical arrangement since they 
emit too far in the I R region. The lowest of these 
states, the 4f states lie 796 ± 1 2 c m - 1 above the 
energy of He(21S). This energy range is slightly 
above the range of endothermicity of the Ne(4d) 
states (736.5 ± 4 0 . 5 c m - 1 ) and hence the generation 
of 4 f states is not expected to be much more effi-
cient than that of the 4d states. Therefore, we 
conclude that most of the 3d, 3d ' emissions ob-
served must originate in these states by Reaction 
(1) directly. Thus, the present emission spectros-
copy study is in support of crossed beam time-of-
flight measurements which show that highly exo-
ergic Ne* corresponding to 3d atoms are formed 
[12]. 

Since the contributions to the population of the 
3d and 3d ' states from upper excited Ne states 
appear to be small, the fluxes given in Table 4 
are likely to represent the relative rates of popula-
tion of the 3d and 3d ' states in Reaction (1). It is 
therefore interesting to compare the data of Table 4 
with the corresponding data for the 4d ' and the 4d 
states (Table 3). This comparison reveals that the 
rates of population of the 4d states are smaller 
than those for the 3d states and that the rates of 
population of the 4 d' states are very much smaller 
than those of the 3d ' states. This is probably due 
to the energetic positions of these states. On the 
other hand, the distribution of the rate of popula-
tion in the 3d' states resembles very much that 
of the 4d ' states. The same fact is noticed when 
comparing the rate of population of the 3d states 
with that of the 4d states. 

The budget of the radiation flux (Table 5) can be 
checked reasonably well for the 4p, 4p ' states and 
for the 3p, 3p' states which can be considered to 
be bottlenecks. The data of Table 5 shows that 
the fluxes to and from the 4p and 4p ' states agree 
within 6.4%. The fluxes to and from the 3p and 3p' 
states agree within 2 % which is well within the 
error limit of the present work. This radiation 
budget indicates that within the error limits, no 
additional excited Ne atoms in the 4 s and 4 s' 
states are created. Particularly it is well known 
that metastable triplet He(23S) efficiently excite 

Ne to the 4s, 4s' states [11]. Hence, no indication 
of the presence of He(23S) is given from the present 
spectroscopic data. 

The concentration of metastable triplet He(23S) 
is thought to be low in the present system 
([He(21S)] > 10 X [He(23S)]), because of the follow-
ing reasons: Metastable He(23S) generated in the 
discharge region can hardly reach the observed 
volume since it takes about 50 ms for the flow to 
reach the observed reaction volume. Furthermore, 
the gases used contained air at a partial pressure 
of about 5 mTorr (caused by permeation through 
the plastic tubings and by leaks). The lifetime of 
He(23S) in the presence of this amount of air is 
about 60 jus which is a factor of 103 smaller than 
the time to reach the observed volume. Using the 
split flow arrangement (see Fig. 1 in [8], dashed ar-
rows) the time to reach the observed volume is 
further increased without effecting the emission 
intensities of Ne. Similar arguments are valid for 
the transport of singlet metastable He(21S) from 
the discharge. It is therefore most likely that the 
reactive species are formed downstream photo-
lytically as demonstrated by the results using differ-
ent positions of the resonator. This process of for-
mation is indicated above by reactions (1) —(3) 
thus favoring excited singlet species. 

In the presence of Ne at 0.1 Torr the lifetimes 
of He(23S) and of He(2iS) are about 80 p.s and 
about 5 p,s, respectively. For the slow flow velocity 
of the present system these lifetimes result in reac-
tions on the spot and about half of the He(23S) 
is expected to react with Ne. However, no indica-
tion of this reaction is observed. 

Finally, no resonance fluorescence of He(23S) is 
observed (Figure 2). Addition of Ne and also of N2 
and CO decreases the intensity of the 501.6 nm 
He line and also of other emissions of transitions 
ending in the metastable H e ^ S ) level. However, 
no decrease of intensity of the 388.9 nm He line 
and of other emissions of transitions ending in the 
metastable He(23S) level is observed. 
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