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Abstract
We measured the mean lives of two low quartet andi
two low doublel excited levels of W I uéing the beam;
foil technique. The transitions observed, their wave:~

lengfhs in X, and the mean lives of the upper levels in

nanoseconds are:

2s%2p° *8® - 25%2p® (°P)3s ‘P 12008 2.4 £ 0.1
2s20p° 21° - 25%2p° (°P)3s 2P kol 2.2 xo0.1
2s®2p° *s° - 2s5%2p* %p 138 7.0 0.2
2520 2° - 25%2p® (*D)3s %D 12438 2.6 0.1

These experimental results differ from theory by factors

as large as L.

CASE FILE
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-~ INTRODUCTION

There have been substantial difficulties in the wéy of thaining
reliable transition probabilities for electronic transitions, especially
where the radiation lies in the vacuum ultraviolet. A good example of
the discordant values given by experiment and theory is éffered by the
N I transition 2p° *8° - 3s *p (M1200R). An early BatesTDamgaardeQulomb
approximation calculation1 gave a total oscillator strength of 0.12; a
measurement,2 based on absorption in a gas cell, gave the conflicting
value of 107 %, Recalcuie.tion,3 using the self—;onsistept field approach,
confirmed the original theoretiéal oséillator strengfh, and subse@uent
experiment84’5 agreed with the theory.

The ultimate concordance of the foregoing theoretical and experimental
resuiis-was not definitive, hovever. ILawrence and Savage,a vning 8 phase-
shift techniqué to measure the mean life of ihe 3s *p multiplet, deduced a
transition probability larger by a factor of 2.3 than that found in Refs,
3 and k4, while still another experiment, based on the emission of light
from a stabilized arc,’ gave an even larger value of A (2.9 times that of
Refs. 3 and 4). It is worth noting that a different set of calculations,®
on other N I multiplets yielded transition probabilities several £imes
larger even than those measured bq Lawrence and Savage.

It is, therefore, abundantly‘clear that there is need for additional
work on electronic transition rates. The theoretical calculations must
take account of configuration interac’cion,9 while from the standpoint of

experiment a consistent and reliable method which has widespread applica-

bility is required,



The’experimental demands can be satisfied to some extent by the
technigues of beam-foil spectroscopy.lb‘ These techniques offer an inde-
pendent means of determiﬁing transition probabilities and are well suited
to cases in which the observed radiation lies in the vacuum ultraviolet,
in which the levels of interest are in multiply-ionized emitters, and in
which thé decays do not necessarily connect to the ground state., The
present paper describes beam-foil measurements of the mean lives of a number

of multiplets in N I; the N I multiplet discussed above is one of those

studied in this paper.

EXPERIMENT .

Nitrogen atoms were obtained by partial neutralization of ?%N+ ions
in a thin carbon foil (10 pg cm =) after ééceleration to 2 MeV with a |
Van de Graaff sccelerator. The radiation emitted by the excited levels was
. observed with a one-meter McPherson spectrometer (600 lines/mm grating
blazed at_l500g in first oréer). The detector was an FMR 542-G photomulti-
plier. The D.C. output was amplified by a Keithley picoammeter and recorded
on a strip-chart, the analyzed sﬁectrum being obtained by rotation of the
grating, In order to measure mean lives the spectrometer was set to pass
the required wavelength while viewing a 5 mm length of the beam. The mean
lives weré determineéd by measuring the photomultiplier signal obtained by
observing the beam at different points dovnstream from the foil, the line
of sight being perpendicular to the bean direc%ioﬁ. The beam particle
current wes measured with an unshielded Faraday cup to assure its conétancy.
Data for each decgy»curve vere obtained for about 1l different posilions |
from the foil, corresponding to zbout 4 cm of the beam by photon counting.

The energy of the particles before passing through the foil is known in



this work to * I, The energy loss in the foil'’ is known to within 15%,
most of the uncertainty being in the measurement of its thickness, and thus
the final speed is known to * 3%. Its variation during a mean life measure-

ment is less than 1%.

RESULTS
Specﬁra
" The particles leaving the foil are in many different charge states.

Although previously the carbon foil has been used for "stripping” electrons
from singly-ionized atoms passing through it, a certain fraction of the
ions gain an electron, leaving them in neutral states as they leave the
.foil. As the energy decreases the fraction of the total number of atoms
that are neutral increases. Although this has been known for scme time,
initial spectroscopic studies of the foil-excited beam gave little indication
_that neutral particles were in excited states. However, most of<the previous
experiments were concerned wﬁth the wavelength range above l35008, In this
research, where the vacuum ultraviolet region was examined down to 10503,
wany lines were seen which could be attributed to neutral nitrogen. Thus
the earlier difficulties in detecting excited neutral emitters may have béen_
due to small oscillatorﬁstrengths for the transitions in the wavelength
regions ob§erved.

Figure 1 illustrates part of the observed intensity distribution
for the radiation emitted from 250 keV Bf ions after passing through the
foil. The wavélengihs were calibrated from lines of unambiguous 6rigiﬁ,

Iy ¢, for example, giving a wavelength uncertainty less than lﬁ. In the
spectral region between 10503 and 17503, ihe most intense lines (Fig., 1)

are at M0358, M13LR, 11848, A1200R, A1243R, end A1493R. These are



identified as thé resonance line of N ITI at R10853, and lines of N I at
212008, M11348, A1ko3R, and A1243R. Other less intense lines were
jdentified with the de~excitation of neutral nitrogen atoms to the meta-
stable levels‘zp3 . x13112, A14128, and k17h3gf Other weak lines,

just above the noise signal coincided with unclassified transitions in

N I, for example, A15618, A1653%. The line at M2U3R appears strong at
much higher beam energies, but with higher resolution, it could be
decomposed into two lines at’1238.5g and 12&2.5&, which we atitribute to

a doublet in N V. At 250 keV the line at 1238,53 was absent and we assumed
that the line at 12L43R was caused entiiely by the N I transition

2p°3s ®p ~ 2p° 21°.

Mean Lives

3 2,0

op> *s° - 25%p* “p, A113MR

Figure 2 shows the resulis obltained from measuring sbout 20 points.
The mean life 7.0 = 0.1 nahoseconds was determined with both a computer
least-squares fit, and graphically. No cascade effects were seen over a
distance corresponding to three times the l/e decay length and wére negligible,
This mean life was measured at two different incident particle energies,
250 keV and 500 keV. Taking into accdunt the energy léss in the foil, we >
obtained the same value for the mean life, Although we expected a contribution
.from the transition 2535 °s - 2p3s °p% of N IV at this higher energy, the
equaliby of the two values for the mean life suggests that there was a

negligible contribution from the N IV transition.

2p® *s° - 3s *p, M200R

The intensity decay is not exponential but a good least-squares fit

was obtained using two exponentials, one corresponding to the approximately



exponential decay of the tail of the curve, and a shorter decay which we
attributed to the mean life of the 3s 4P level. The mean life associated
with the level was 2.4 % 0.1 nanoseconds, and that for the long-lived
component 37 * 10 nanoseconds. The latter corresponds perhaps to one or

4,0 4.0 4.0 . '
more cascades from the levels 3p 'S, P, D, since these levels have no
other decay modes. (Transitions to the 252p4 *p level require a two-electron
transition, and are unlikely in the freely decaying beam). The mean lives

of these levels are known from Richter - to be 28,7, 43.8, 52.6 nsec re-

spectively, consistent with our observations on this cascade lifetime.

2p° ®1° - 3s ®p, A12h3R

The decay curve was Titted with two exponentials, one a short—lived'
decay attributed to the mean life of the 3s °p level, 2.6 * 0.1 nanoseconds,
and a long-lived decay of 51 % 10 nanoseconds, attributed to cascading into
the upper level of the transition. As noted earlier, we exclude any conbri-
bution from:N V.

The chrecﬁion 1o the mean life by accounting for the cascade term
was 30% even though its initial intensity was énly oneutenthithat of the
fast decay. This is a good example of the care that must be taken to correct

for cascades.

2p° *p° - 3s ®p, Mlo3R

This line is affected by cascades (Fig. 2). The extent of the
cascade contribution was determined from points further than 1.5 om dowﬁ-
stream from the foil. ‘A least~squares snalysis gave the mean life of the
3s 2P level as 2.3 £ O;l nsec and the cascade term as 3L £ 5 nsec. The

three levels 3p 3DQ, 3p 2P‘O, and 3p 25° have allowed transitions only to



3 ) R . . .
the 3s "P level. Their mean lives are around 50 nsec, in good agreement

with the observed cascade

-~ DISCUSSION ; TRANSITIOH PROBABILITIES.

- The results are reproduced in column 3 of Table I, The comparison
with the results of Lawrence and Savage6 is satisfactory. None of the L
multiplets were resolved. In L-S coupling the experimental decay gives the
lifetime T and the total transition probability A = 1/7 of the upper term,
and the lifetime is the same for all levels in this term. There is some
experimental evidence'® that the mean lives are'independent of the particular
level in the upper term.

The transition probebilities (Teble IT) 2s°2p° (°p)3s *P - 2s®2p° *s°

and 2s2p” *

P - 2522p3 *s° have the same value. There are many calculations

for the resonance line at 12008. The value 1.85 x 10° sec” > determined in the
Coulomb approximation by Bafes and Damgaard.lé has been édjusteé to 1.39 by
Kelly,3 who also used a Hartree-Fock approximation to obtain a value l.53>x
loﬁ.sed%}. These theoretical results differ from our experimental resuli by
factors of 3 to 4. This factor was considered possible by Kelly.

On the other hand, the value calculated by Kelly3 for the transition
probability of 252p4 *p - 2522p3 *s° is apparently overestimated. Varsavskya
using a screened Coulomb potential produces an even higher result. Labuhn's’
experiment gave a transition probability 1.5 times greater than this experi-
ment.,

The 3s ®P level can depopulate to the 2p3 °p° level giving the
transition studied, but it can also go to the 2p3 °p® level. The Branchiﬁg

ratio is given by Labuhn. It is in agreement with our observed intensity

ratio of about 0.l for the lines at 1743.68 and 1492.68. However, this



ratio will be dependent on a slight variation of instrumental efficiency
with vzavelerlgth which we have not included :Ln this comparison. Neglecting
differences in background, this kind of determination of the relative
transition probasbilities of two or more decay modes is essentially inde-
pendent of the point along the beam at which the pertinent line intensities
are measured and of caséading into the upper state. In the present instance
the background intensity was the sanme,

The 3s 2D, l—%s ®p levels have many possible depopulating transitions,

~but the principal decays are those to the meltastable levels 2133 °p° ana

3 2.0

2p° “P .
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FIGURE CAPTIONS

Fig. 1. The beam-foil spectrum of nitrogen at 250 keV, A1080 - 17508,

.Some identified transitions are indicated.

Fig. 2. Decay curves for two N I transitions.
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Table I. Idifetimes of N I

Wavélength This E}@er:{ment Lavrence & Savage
Levels E nsec nsec
2s%2p° (°p)3s %p 1200 2.k 0.1 2.5 *0.3
2s%2p” (°p)3s ®p 1hol 2.2 0.1 1.9 + 0.3
esep* “p 113k 7.0 % 0.2 7.2 £ 0.7
2s®2p® (*D)3s *p 1243 2.6 0.1 2.2 £0.3




Table IT. Transition Probabilities

Agy (measured)

Ay (calculated)

1P sec* 10° sec t
Transition AR Us = Lawrence Iabuhn Kelly Others
340 a4 L e o [1.357
2p S - 3s “p 1200 kL.3 k.o 5.k 1.53 {1‘3910
2p° *p° - 35 %p gk 3.3 3.9 5.5 2.}
2p° *F° - 35 %p 173 1.2 1.b 2.0 1.1
op° %8 - 2s2p® f*p o113k 1.b5 1.39 2.3 8.h4 18.1°
2p° °p° - 3s °p 1243 3.7 b1 4.6 2.68
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COMPUTED FITS OF NI DECAYS
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