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The electron-excitation, phase-shift apparatus of Lawrence has been applied to the deter-
minationof radiative lifetimes of Ne I, Ne II, and Ne III states viatransitions intheuntraviolet.

O

With the exception of the Ne II 462 A resonance transition, the measured transitions lie in the
wavelength range 2000 to 3800 A. Stages of ionization were separated by varying the energy
of the electron beam between 60 and 215 V. Eight Ne I radiative lifetimes in the series
np 3s, where n=4 7 -ha.ve been measured using ten lines in the 2776 to 3634 A region; the
lifetimes range from 51 to 335 nsec. In Ne II, ten lifetimes between 2.1 and 10.1 nsec have
been measured for quartet and doublet states radiating in the 2096 to 3777 A. region, as well
as for the 2P S state (462 A transition). Finally, eight radiative lifetimes of Ne III states
ranging from 1.2 to 6 nsec have been studied via transitions in the 2066 to 2680k interval.
Assignment of three lines, previously unclassified with respect to ionization species, has
been unambiguously made using the electron-beam source.

I. INTRODUCTION

This paper initiates a series of reports in which
lifetimes of noble-gas states which radiate in the
ultraviolet and blue regions of the spectrum are
examined experimentally. Results for a number
of Ne I, Ne II, and Ne III lifetimes are reported
here and work completed on Ar I and Ar II is in
preparation.

A great deal of research on absolute intensities
of the red lines of Ne I has been carried out since
the pioneering investigations of Ladenburg and his
colleagues. ' Except for the more recent work of
Koopman~ on relative line strengths of Ne II and
of Klose' on the radiative lifetime of one line of
Ne I, very little effort has been applied to the ul-
traviolet and blue transitions of Ne I or Ne II; two
indirect experimental investigations ~' on oscilla-
tor strengths for far ultraviolet Ne II and Ne III
lines have been carried out, but no experimental
data on the longer-wavelength transitions among
excited states have been reported. The current in-
vestigation is motivated by the numerous facets of
modern spectroscopic research in which these
lines may play an important role. For instance,
lines of Ne II observed in hot, early-type stars,
such as 10 Lacertae, e are used for stellar-abun-
dance determinations; inert-gas lines and their
radiative properties are of considerable interest
in laser research, 'y in the investigation of 1abora-
tory plasmas, 'y' and in the determination of radia-
tive-recombination-rate coefficients. Further-
more, as can readily be seen from Atomic Transi-
tion Probabilities, ' practically no experimental
work has been done on these excited states. And
finally, it is hoped that these experimental data
will provide absolute calibration points for exper-
imental and theoretical determinations of line
strengths.

In this paper the phase-shift technique of Law-
rence»» is briefly reviewed in Sec. II, and in
Sec. III the detailed results of the Ne investiga-
tions are presented.

II. EXPERIMENTAL METHOD

An exponentially decaying excited state has a de-
cay constant or radiative lifetime, &, which may
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be determined by measuring the phase shift be-
tween a sinusoidally modulated excitation process
and the subsequent radiation from the excited state:

7'= ~-'tang,
where p is the phase shift and &u = 2' is the circu-
lar modulation frequency. The phase-- hift experi-
ment of Lawrence» used for the measurements re-
ported herein has been thoroughly described else-
where. "" The ultraviolet emission modulated at
one of ten frequencies between 0.54 and 54 Mc/sec
is produced by exciting a low-pressure gas with a
current-modulated beam of low-energy electrons
(E ~215 V). Subsequently, the emission spectra
are analyzed in a vacuum monochromator with a
band pass of (8A, and the phase of the modulated
emission relative to that of the excitation is deter-
mined as described by Lawrence. "

Lawrence" "has also shown how data which in-
clude additive phase shifts due to population of the
emitting state by radiative cascading may be ana-
lyzed in favorable cases, namely, when (1) exten-
sive phase-vs-frequency information is available,
and 2) only one cascade is present from a state
whose lifetime & is distinctly different from the
lifetime 7 being measured. Where necessary, T
and the cascading strength parameter P were ob-
tained in this work by the method describec. by
Lawrence and Savage. " Typical phase-vs-frequen-
cy diagrams for a cascade-free and cascade-com-
plicated transition are presented in Sec. III.D below.

Detection of the emitted photon signal was accom-
plished with an EMI 6256A phototube. Two cas-
cade-free atomic emission multiplets were used
as zero-phase references for the present measure-
ments, the B II (1625 A) and Ne II (1908-1935A)
transitions. ' yi As expected, no variations in fi-
nal results were found using either of these two
standards. Typically 10 to 12 phase-difference
measurements were made at each modulation fre-
quency, and the radiative lifetimes for cascade-
free transitions were determined from phase mea-
surements at the three points nearest the "linear"
portion of the p(f) curve. Experimental deviations
from these typical procedures will be discussed
where applicable below.
174
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The decay constant of an excited atomic state is
directly proportional to the reciprocal of the sum
of the transition probabilities to all lower levels:

(~)
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where Aul(sec ') is the Einstein transition prob-
ability for spontaneous emission between an upper
state u and a lower state 1 in which a photon of
wavelength ~ul is emitted. Determination of accur-
ate experimental branching ratios in order that the
summation in Eq. (2) may be properly divided into
individual ~ul values is beyond the scope of this
work; however, it would clearly be desirable to
make such measurements with properly calibrated
detection systems and electron-beam-excited spectra.

III. RESULTS

A. The Neon Emission Spectra

Collisionally excited Ne emission spectra made
with about 2.5 p Hg of Ne gas in the excitation re-
gion and electrons of 60-, 95-, and 200-V ener-
gies are presented in Figs. 1 and 2. At electron
energies below 60 V, only Ne I emission lines ap-
pear in the near ultraviolet spectrum, while at en-
ergies between about 60 and 115 V, both Ne I and
Ne II lines are readily excited; and finally, at en-
ergies in excess of about 115 V, weak Ne III emis-
sions begin to appear. Simplified energy-level dia-

I I ' I ' I ' ~ ~ I

I I I

I 700 I SGO ]900 2000 2100 2200 2300 2400 2500 2600 2700 2800

NAV ELENGTH (A)

FIG. 2. Emission spectrum of Ne gas taken under
conditions identical to those maint;ained for Fig. 1 except
that an accelerating potential of 200 V was employed.
Note that the 2065 and 2265 1 multiplets, which had pre-
viously been unclassified with respect to stage of ioniza-

tion, appear under the conditions of this figure, where-
as they did not appear on the original spectra made with
60- and 95-V electrons; on the basis of the I(V) curves
shown in Fig. 4, and these spectra, they may be attri-
buted to Ne III.

grams containing the states of interest in this work
are shown in Fig. 3. Spectra such as those of Figs.
1 and 2 have been carefully analyzed in order to
select lines of sufficient purity for phase measure-
ments. The analyses, which were made using the
wavelength lists of Paschen'e for Ne l, de Bruin
and Bakker" for Ne II, and de Bruin" for Ne III,
were greatly aided by the use of various excitation
energies in order to separate lines arising from
different stages of ionization.
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In Ne I, the strongest transitions in the wave-
length region examined (1600 to 5000 A) are the nP
-3s transitions, where n =4-7 (in the modified
Racah notation of the Atomic Energy f etelste),
which fall in the 2600 to 3700 A region. In Ne II,
3P -3s transitions in the doublet and quartet sys-
tems are readily excited in the 1900 to 3800 A re-
gion. The situation in Ne III is complicated by the
incompleteness of the published analyses"~"; in
general, however, the 3P -3s transitions dominate
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FIG. 1. Emission spectra of Ne gas taken at 0. 54-Mc/
sec modulation fequency with about 3 p Hg of Ne in the

source and using 60- and 95-V electrons. The spectra
were recorded with an EMI 6256A photomultiplier mounted

on a 0.5-meter grating monochromator operated at about

8 A bandpass. In the upper spectrum, only Ne I lines
appear while in the lower spectrum, lines of both Ne I
and Ne II are visible; the upper states of transitions
whose phase shifts were measured are indicated in the
spectra. In the original spectra. In the original spectra,
which covered the 1600 to 5000 A interval, a few Ne II
lines were seen at wavelengths shorter than shown in the
lower portion of this figure, including the 1906-1925L
multiplet used as a phase reference in part of this work.
On the basis of these spectra, and I(V) curves similar
to those shown in Fig. 4, the 2096 k multiplet, which

appeared in the original spectra, was classified as Ne II
rather than Ne III or Ne IV.
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FIG. 3. Simplified energy-level diagrams for the sys-
tems of Ne I, Ne II, and Ne III in which phase measure-
ments were carried out; this figure is based upon the
notation in Atomic Energy Levels and contains both
measured states and j3o~sible cascading states.



70 JAMES E. HESSER

the emission spectra. On the basis of the spectra
obtained in this work it is clear that the 2065A
line of Fig. 2, whose stage of ionization was pre-
viously unidentified, '8 arises in Ne III and not in
Ne II or Ne IV; similarly, it has been possible to
confirm that the 2365 A line is due to Ne III, as pre-
viously found by Humphreys, ' and not to Ne II or
IV." Assignments to stages of ionization for the
purpose of ascertaining spectral purity for the en-
suing phase measurements, as well as for the re-
moval of ambiguities from the older work on
Ne, "~"could be made in more quantitative fash-
ion (than inspection of spectra made at widely sep-
arated energies) by obtaining plots of intensity in
a spectral line as a function of the accelerating
voltage. Typical results are shown in Fig. 4,
where data obtained for two Ne I lines %2933 and
3057 A), two Ne II lines (3230 and 3568 A) and the
2678 A Ne III line are presented. The behavior
of these I(V) curves clearly demonstrates the cor-
rectness of the present assignments to NeIII of the
weak emissions excited by low-energy electron
collision in the wavelength region covered by Fig.
2; this is the first unambiguous observation in
our laboratory of the excitation of a doubly-ionized
species under such conditions. It is not surpris-
ing, however, that in the noble-gas atoms simple
electron excitation is so effective, while in exci-
tation of other atomic emission spectra from
molecules (as has been done extensively in this
laboratory" ") only the first stage of ionization
of the constituent atoms is seen, since with the in-
ert gases one begins with atoms per se, with nu-
merous equivalent electrons, and none of the avail-
able excitation energy must be utilized to.destroy
strong molecular bonds or to selectively excite a
particular optical electron.

It is clear from inspection of Figs. 1 and 2 that,
with an instrument (of only moderately greater
resolution than the present one) which has been
calibrated for relative intensity measurements,
the simple electron source used here will be able
to provide a number of useful branching ratios for
comparison with theory and for direct application
to the determination of individual line transition
probabilities. Since this source has good stability
characteristics, long life, and yields good intensi-
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FIG. 4. Intensity (arbitrary units) versus accelerating
potential for two Ne I and two Ne II lines and a Ne III
line; each curve has been normalized to its maximum
intensity. These curves have not been corrected for
small changes in percentage modulation or for possible
errors of a few percent in absolute energy scale, but
they show that the first three stages of ionization are
easily distinguished.

ties for photoelectric measurements, it seems
that the branching-ratio problem should be a
straightforward one once the calibration of the
monochromator-detector is performed.

g. Ne I Radiative Lifetimes

Eight Ne I excited-state radiative lifetimes in
the series nP -3s (n =4-7, see Fig. 3) have been
measured using ten lines in the 2775 to 3634 A re-
gion, after inspection of the emission spectra and
studies of I(V) curves (see Sec. A, above) revealed
which lines were of sufficient purity for phase mea-
surements. Measurements were made either
(a) with 60-V electrons and the 8 II (1625 A) mul-
tiplet as a phase reference for those Ne I lines
which would have suffered from spectral overlap
with Ne II lines if higher accelerating potentials
were used; or with (b) the Ne II (1908-1935A) mul-
tiplet and accelerating potentials of 90-115 V for
those lines with no Neil overlap (e.g. , for the 2933,
2992, and 3126 A transitions). The same phase
shifts were obtained on a given line regardless of
the phase standard or potential employed.

The results of these measurements are present-
ed in Table I, where it is seen that, with only two
exceptions, the measured mean lives are quite
long and tend, as expected, towards larger values
as n increases. Several of the lifetimes encoun-
tered exceed the optimum modulation-frequency
range of this experiment in that the amplitude of
the modulated emission, even at 0.54 Mc/sec, for
these lines is reduced compared to that expected
at modulation frequencies lower than that corre-
sponding to u&c7'= 1 in Eq. 1." When the p(f) be-
havior at frequencies for phase shifts less than 45'
cannot be examined, it is more difficult to ascer-
tain by varying the modulation frequency whether
or not the measured phase shifts show effects
from longer-lived radiative cascading. Despite
the fact that the excitation energy used in these
measurements is not a threshold value, it is felt
that the lines are cascade-free or very nearly so
since (1) each of the lines could be observed with
sufficient modulated intensity for phase measure-
ments at three frequencies or more and each p(f)
point yielded the same lifetime within the range of
experimental error; and (2) the likely cascade tran-
sitions are infrared lines from states with rela-
tively small total transition probabilities (approx-
imately equal to, if not less than, those observed
here) and the probabilities for specific cascades
will be even smaller.

The measured mean lives found for Ne I are be-
tween 51.4 and 336 nsec and were found to be inde-
pendent of Ne pressure in the excitation region
over an observable range of about 0.4 to 12.0 p, Hg.
Since none of the excited states measured connect
with the ground state, no entrapment of radiation
is expected and the pressures used for the phase
measurements were sufficiently low (typically, 2
to 3 p Hg) that no quenching effects were expected
or observed. The error estimates assigned in Ta-
ble I include estimates for possible systematic er-
rors as well as for the observed standard devia-
tions of the phase-difference measurements at a
specific frequency; accounting for any undetected
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TABLE I. Ne I Radiative Lifetimes.

Wavelength
(Q

Transition
Upper Lower

Radiative lifetime
(nsec)

Commentsb
T P

2775
2873
2933
2992
3057
3126
3418
3520
3593
3634

7p' [2)-3s' hip

6p 4)-3s' h)p
5p [2)-3s [12)&

5p [:)-3s [-),
(see 2992)

4p [I-,')-3 [1-),
4p [2)-3s [s)p

(see 3418)
4p [a)-3s [~)p

335 +50
336 + 50
270 + 30
164+ 25
157 + 23

150 + 22
51.4+ 5

80.4+ 8

Cascade
Cascade
Cascade
Cascade
Cascade

Cascade
Cascade

Cascade

Free
Free
Free
Free
Free

Free
Free

Free

aThe identifications were made using the wavelength lists of Bef. 16, while the spectroscopic designations are those

of Ref. 19.
See Sec. III.B of the text for a discussion of possible effects of radiative cascading on the lifetime values of this

table.
Another experimental value is Klose's lifetime of 63.5 + 3.8 nsec (see Ref. 3).

phase shifts due to radiative cascading would de-
crease the lifetime values of Table I, but the ex-
perimental data support the conclusion that chang-
es of lifetime in excess of the error estimates are
unlikely. There is only one other lifetime mea-
surement available for comparison with any of the
results of this work, namely Klose'ss 63.5+3.8
nsec lifetime for the 4P '[~] level, for which a val-
ue of 51.4+ 5 nsec is reported here. In this single
overlapping case the two experiments are seen to
be in substantial agreement, although it is some-
what disappointing that the agreement is not even
better, since both sets of measurements were
made with equipment designed to perform well un-
der the conditions imposed by this specific case.
However, for applications in various laboratory,

astrophysical, and theoretical problems, differ-
ences of this order in the transition probabilities
are usually not the limiting factor in the accuracy
of the final result.

C. Ne II Radiative Lifetimes

From transitions lying in the 2095 to 3777 A re-
gion it has been possible to determine radiative
lifetimes for 10 excited states of Ne II; in addition,
an attempt has been made to measure the 2P' 'S-
state lifetime. The results of these measurements,
which range from about zero to 10.1 nsec, are giv-
en in Table II. Observations of the longer-wave-
length transitions were made using the Ne II (1908-

TABLE II. Ne II Radiative Lifetimes.

Wavelength
(A)

462
2096
2792
3230
3345
3393
3482
3568
3664
3694
3727
3777

Transition
Upper Lower

2p62g 2p»pP
unclassified

4s 4P-3p 4P'
3p' D -3s' D
3p' P -3s' D
3p 2P'-3s 'P
3p 2SP-3s 2p

3p' 2Ep-3s' 2D

3p4P~j -3s P~~
P21 -3s P214 p2 4 8

3p 2D0 3s 2P

(see 3664)

Radiative lifetime
(nsec)

0.0+"0.0
8.2+0.8
2.1+1.0
5.5 + 0.6
3.8+ 0.4
5.0 + 0.5
4.8+ 0.5
8.8+ 0.9

10.1+1.0
10.0 + 1.0
8.4+ 0.8

Cascade
Cascade

30
Cascade
Cascade
Cascade
Cascade
Cascade

45
45
50

Free
Free
1.83
Free
Free
Free
Free
Free
0.29
0.34
0.19

Comments
T P Other valuesb

0.27, 0.14
C

5.3
5.9
5.0
6.7
7.7
7.7
7.7
7.7

Identified using the wavelengths of B,ef. 17.
bExcept where otherwise noted, the values are based upon the Coulomb approximation calculations of Ref. 10, where

the uncertainties are estimated to be less than 50%.
cRef. 4.
Ref. 5.
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1935A) multiplet as a phase reference. The bulk
of the measurements were made with about 3 p Hg
of Ne gas in the excitation region and with 120-V
electrons, after it was found that the phase shifts
were insensitive both to pressure variations over
a range of about 0.4 to 12.0 p Hg and to variations
of electron energies in the range 90 to 200 V. Be-
cause of the relative strengths of the Ne II and
Ne III lines and their nearly complete natural ex-
clusion from the same wavelength region, partic-
ular care was not required to keep the accelerat-
ing voltage lower than about 120 V to prevent over-
lap of stages of ionization. The principal excep-
tion to the previous statement is the 2096 A transi-
tion; this line initially appears in spectra made
with accelerating potentials &60 V and must there-
fore be assigned to Ne II, whereas in de Bruin's"
work on Ne III the stage of ionization of a number
of lines in this region was indeterminate.

Most of the measured phase-vs-frequency curves
for the transitions among excited states appeared
to be cascade-free Fo.r those p(f) curves which
definitely deviated from exponential behavior, pos-
sible cascade transitions could be identified in the
original spectra, even though they were usually
quite weak. For the lines which appeared to be
cascade-free, no plausible cascade transitions
could be unambiguously resolved spectrally, and
the conclusion that the lines are cascade-free re-
sults from the p(f ) behavior, although in certain
cases the conclusions are enhanced by the definite
lack of an expected cascade. It should also be re-
called that entrapment of radiation is unimportant
in the electron-beam source for ionized species
and that at the pressures used no quenching effects
are expected or observed.

Except in the case of the 462 A transition (see be-
low), there are no other experimental lifetime or
transition-probability determinations available for
comparison to the results presented in Table II.
Several of the multiplets may, however, be com-
pared to Coulomb-approximation" transition prob-
abilities, as has been done in the fifth column of
Table II; the multiplet spontaneous transition rates
used are those tabulated by Wiese, Smith, and
Glennon' and are expected to have uncertainties
&50~a. In all cases the measured lifetimes are with-
in 50% of the calculated values, indicating the ex-
pected result that for many applications in which
high accuracy is not required the Coulomb approx-
imation applied to Ne II is adequate.

The 462-A resonance transition of Ne II was mea-
sured by Lawrence and Hesser" and that measure-
ment is described here for the first time. Phase
measurements were made with a Bendix magnetic
photomultiplier in the fourth order of the grating
using modulation frequencies of 30 and 54 Mc/sec
and the Nn (1086A) line as a phase reference. "~"
Results from phase-difference measurements at
the two frequencies were the same and indicated a
lifetime of about zero nsec, which, if estimates of
possible errors are included as suggested by Law-
rence and Savage, '2 implies that T(2P6 2S) is certain-
ly -0.2 nsec. Consequently, the oscillator strength
of the transition is «0.05, which may be compared
to the values of 0.035 and 0.07 deduced by Hinnov'
and Mickey, ' respectively, from studies of excita-

tion-rate coefficients in an ohmically-heated dis-
charge, and to the value of 0.33 calculated by Var-
savsky. ' Although it is encouraging that Mickey's'
revision of Hinnov's4 work yields a value near the
limit placed by this experiment, it is clearly de-
sirable to re-investigate this transition with an ex-
periment with higher frequency or time response
than that used in this work. If indeed the f-value
is as small as indicated by Mickey's work, it
would be interesting to know why an allowed reso-
nance transition should be described by an oscilla-
tor strength that is very much less than unity.
Even with our present limited experimental knowl-
edge of this transition, it seems that the intensity
of the 462-A multiplet combined with its near-zero
mean life and its freedom from strong cascading
effects" would make it an excellent zero-phase
reference for phase measurements of longer-lived
species radiating in this region.

Before leaving the topic of Ne II, detailed com-
ments should be made on a few of the results pre-
sented in Table II. The large value of P necessary
to account for the observed phase-vs-frequency
curve of the 4s 'P -3P 'P' transition at 2792 A con-
siderably lessens the confidence that may be
placed in the lifetime, since in at least one case'6
errors of about 30% have been found in measure-
ments made under conditions where a substantial
fraction of the upper state population is due to ra-
diative cascading. At least two factors may con-
tribute to the unusual phase behavior observed.
The weak 2792 A transition suffers slightly from
spectral overlap with a much longer-lived and
much weaker Ne I transition which could slightly
distort the lowest frequency points; in addition,
the data indicate that a second, much longer-lived,
cascading transition than the single 30-nsec cas-
cade already assumed in Table II also contributes
to the measured phase shifts. No further attempt
has been made to unfold these secondary terms in
the p(f) diagram, and consequently larger error
estimates have been assigned to the lifetime value;
it should be remembered that removal of such ef-
fects as discussed above will tend to reduce the
lifetime value of Table II. It is also interesting to
note that the lifetimes found in this work for the
3P ~P1-,' and 3P 'P2 —' levels are the same, as mea-
sured using the 3664 and 3694 A transitions.

D. Ne III Radiative Lifetimes

As shown in Sec. III.A, above, and illustrated in
Figs. 2 and 4, electron excitation of low-pressure
Ne gas with electrons of energy ~120 V produces
weak Ne III emissions in the near ultraviolet be-
tween 2000 and 3000A. Since these transitions are
quite weak, it was necessary to use slightly higher
pressures (about 5 p Hg) in the excitation region
than were used for the phase measurements pre-
viously described for Ne I and Ne II. However,
studies of phase differences between the Ne II ref-
erence line and the strongest Ne III transition,
3p ~P-3s ~SO at 2678 A, showed no pressure depen-
dence over a range of about 2 to 12 p Hg, indicat-
ing that quenching was not taking place. On the ba-
sis of the results of Fig. 4, electron energies of
215 V were used to obtain the maximum intensities
for the phase measurements.
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FIG. 5. An example of a cascade-free phase-shift-
versus —frequency curve for a Ne III transition. The
solid line was calculated from Eq. (1) for a Bp' 3I' state
lifetime of 5. 0 nsec. The error bars on the individual
phase measurements indicate probable errors, while
those points without flags are based upon five or fewer
phase measurements.

In Figs. 5 and 6, the phase-vs-frequency curves
for two transitions in Ne III are plotted, as exam-
ples of the type of data acquired in this investiga-
tion. Figure 5 is an example of a cascade-free
transition, the 3P' I'-3s' D multiplet at 2613 A,
while Fig. 6 illustrates the method used to correct
for cascading from a single, higher state which
populates the measured radiating state, in this
case for the 3P 'I'-3s 'S multiplet at 2593 A. Eight
excited-state lifetimes were determined in this
manner for Ne III and are given in Table III. Two
of the transitions are unclassified in de Bruin's
work'e (see also the discussion in Sec. III.A, above)
and a third, the 2473 A multiplet, was given the
classification, a 'D -3P' P. However, the a 'Do
level has not been included in the A. tornic Energy
I.evens, and its classification status is in doubt
at the present time. '" As found in NeII, cascad-
ing effects were, in general, absent or quite small
for the Ne Iir transitions studied (the corrections
made to the & values in Table III were on the order
of 5% or less). In those multiplets which were
found experimentally to be cascade-free, no ex-
pected cascade transitions were observed in the
original spectra; even for the lines with cascading
it was not possible to isolate unambiguously any
specific cascades in the spectra, which was prob-
ably due to the weakness of the possible cascade
transitions. It should be noted, however, that
there are in principle many possible cascade tran-
sitions which, because of the rather incomplete
state of the present knowledge of the Ne III spec-
trum, ' have not yet been observed.

As was generally the case in Ne I and Ne U,
there are no other experimental data with which to
compare the present results. Lifetime estimates
based on the Coulomb approximation' ~" are listed
in Table III for three transitions and are found to
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20-

FIG. 6. An example of a transition in Ne III which
shows a decay complicated by a small amount of radiative
cascading. The Q(f) curve for an exponential decay of
5.9 nsec for the 3p 5I' state is shown by the short-long
dashed curve, while the additional phase shift due to
cascading p a from a state with a nomina/ lifetime
of approximately 60 nsec is shown by the dashed curve.
The sum of the first two curves yields the solid curve
which fits the observed data points well.

In this work 27 excited-state radiative lifetimes
in Ne I, Ne II, and Ne III have been measured for
the first time. %'ith the exception of the 2P 'S
state in Ne II, which radiates in the far ultraviolet,
the transitions measured are among excited states
which do not connect directly with the ground
states of the atoms. An interesting result of this
work is that contributions to the measured phase
shifts from radiative cascading in general do not
appear to be large, and consequently, it seems
that the applicability of nonselective excitation
mechanisms to the study of transitions among ex-
cited states is in general not seriously limited by
cascading. It should be noted, however, that some
authors'~" have called particular attention to the
errors that may arise from radiative cascading
when one is forced by intensity considerations to
work near the peak of the excitation cross section
(as is the case of this experiment") rather than at
threshold; but several recent experiments have
indicated that in most cases encountered cascading
is not a strong function of the energy of the excit-
ing electrons. Nevertheless, it would be desirable
to repeat at least a portion of the present experi-
ments by another method using more selective ex-
citation techniques.

In addition to the number of new transition prob-
abilities reported here, more evidence has been
accumulated concerning the utility of the simple
electron-beam source as a spectroscopic light
source, '~ and in particular, it has been possible to
assign three transitions, observed in earlier work"

be within 35% or better agreement with the experi-
mental values.

IV. SUMMARY
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TABLE III. Ne III Radiative Lifetimes.

Wavelength
(A)

Transitiona
Upper Lower

Radiative lifetimes
(nsec)

Comments
T p Other values"

2065
2181
2216
2365
2473
2593
2613
2678

unclassified
3PI 3P 3~I 3DO

3d' 3C'-3P' 'Z
unclassified
a &D~-3P' ~P

3P 'P-~ 'So

3P 3E-38 SDO

3P 3P-m 'S'

1.6 + 0.2
1.2 + 0.2
2.1+0.2
2.3+ 0.2
1.9+ 0.2
5.9+ 0.6
5,0 + 0.5
3.7 + 0.4

Cascade
Cascade

90
100

Cascade
60

Cascade
Cascade

Free
Free
0.24
0.10
Free
0.14
Free
Free

4.0
4.2
4.2

The notation of Ref. 18 is used to designate the transition.
Based upon the Coulomb-approximation calculations of Ref. 10, where the uncertainties are estimated to be less

than 50Vo.

on Ne, to appropriate stages of ionization by use
of this source.
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