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We have measured the relative line strengths for a fairly large number of lines of the 3s-3p and 3p-3d
transition arrays of NII with a wall-stabilized arc source in order to test the quality of recent advanced atomic
structure calculations. We have observed significant deviations fromLS coupling for weaker 3p-3d lines and
have found that our measurements agree much better with recent intermediate coupling results. Also, fairly
strong intersystem, or spin-forbidden, lines occur for the NII ion due to a near coincidence of the 3s 1Po and
3s 3Po levels. We provide experimental comparison data for two recent calculations that differ by a factor of
2 for these intersystem lines.

PACS number~s!: 32.70.Cs, 32.90.1a

I. INTRODUCTION

Accurate oscillator strengths for the spectral lines of the
common gases are required for spectroscopic studies of labo-
ratory and astrophysical plasmas. Recently, an advanced
atomic structure calculation@1# has provided such radiation
data for NII on a very large scale. This calculation, which is
part of the Opacity Project, an international collaboration of
about 20 atomic structure theorists in the late 1980s, is based
on the close-coupling approximation, which was applied in
conjunction with theR-matrix method and has yielded
roughly 103 multipletvalues for NII . The critical problem of
how to account for the mutual interaction between the atomic
electrons—the electron correlation problem—has been taken
care of with an extensive configuration-interaction treatment.
However, this method can be extended to individual spectral
lines only by making use ofLS-coupling line strength frac-
tions. Another advanced calculational approach, an extensive
configuration-interaction calculation with theCIV3 code@2#,
has been carried out on a less comprehensive scale, but all
the way to individual line strengths. This approach does not
assumeLS coupling, but includes relativistic corrections of
the Breit-Pauli type so that the line strengths are obtained in
intermediate coupling~IC!.

Significant differences between the results of the two
methods are encountered, which reach factors of two for
some multiplets and lines. Because numerous approxima-
tions are involved, such advanced calculations still cannot
provide rigorous estimates of the uncertainties encountered.
One may, however, obtain reliable uncertainty estimates
from experimental results. Thus, some accurate experimental
data are required~a! to establish with confidence the uncer-
tainties of advanced calculations and~b! to settle especially
the question to what degreeLS coupling is applicable for the
individual line strengths in this spectrum. This study was
undertaken to provide such experimental comparison data
since they do not exist as yet~the only available early emis-

sion experiment@3# suffers from significant inaccuracies in-
herent in photographic data acquisition!.

Also, some fairly strong intersystem, or spin-forbidden,
lines occur for NII because of a near coincidence of the
3s 1Po and 3s 3Po levels. Two recent calculations@2,4# have
produced results for these lines that differ systematically by a
factor of 2. We provide experimental comparison data.

II. EXPERIMENTAL PART

We have generated the spectrum of singly ionized nitro-
gen in a wall-stabilized arc discharge, a source that has been
previously described in detail@5,6#. This source produces a
cylindrical plasma with a length of about 50 mm and a di-
ameter of 4 mm. The plasma is confined within a channel
formed by a stack of seven insulated water-cooled copper
disks, which have a central bore of 4 mm. The arc operates
between a water-cooled tungsten cathode and a water-cooled
copper anode. The electrode areas are also fully enclosed and
are purged with argon. The midsection of the arc, which is
used for side-on observations, is operated in helium with a
small admixture of nitrogen. The nitrogen admixture is care-
fully controlled with gas-flow meters. Also, the intensity of a
strong NII line is continuously monitored during the runs
with a 0.25-m spectrometer. Short-term fluctuations as well
as long term drift have been held within61%.

With the operation of the arc discharge in helium as car-
rier gas we have achieved significant ionization of nitrogen
at a moderate arc current of 50 A and at the same time
obtained sufficient excitation of the NII lines for accurate
intensity measurements. These conditions are realized be-
cause helium has such high excitation and ionization ener-
gies that in plasmas of partial local thermodynamic equilib-
rium ~partial LTE!, such as ours@5#, the small nitrogen
admixture, with its much smaller ionization and excitation
energies, is ionized and excited first. In addition, the use of
helium as a carrier gas makes it possible to keep the density
of free electrons relatively low, so that Stark broadening is
insignificant, resulting in narrow line shapes and readily re-
solved component lines within multiplets. Also, the ratios of
line-to-continuum intensities are quite large since the low
electron density suppresses the continuum radiation.
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TABLE I. Comparison of calculated and measured relative line strengths in multiplets of single ionized nitrogen~see also Figs. 1 and 2!.
The line strengths are normalized to multiplet sums of 100.

Wavelength Experiment Theory

This
Multiplet J1-Ju ~Å! work Ref. @3# LS Ref. @2# Ref. @4#

3s-3p transitions

3Po-3D 2-3 5679.56 48.561.4 50.5 46.7 47.4 48.3
1-2 5666.63 23.460.7 24.2 25.0 24.6 23.8
0-1 5676.02 11.560.3 10.6 11.1 11.5 11.6
2-2 5710.77 8.3260.25 6.96 8.33 8.16 8.29
1-1 5686.21 7.6860.23 7.73 8.33 7.81 7.42
2-1 5730.66 0.6360.03 0.56 0.53 0.54

3Po-3P 2-2 4630.54 42.761.2 43.7 41.7 42.8 43.4
1-1 4613.87 7.6760.23 6.04 8.33 7.62 7.35
2-1 4643.09 14.860.4 17.2 13.9 15.1 15.3
1-0 4621.39 10.760.3 9.02 11.1 10.8 10.4
1-2 4601.48 13.060.4 13.5 13.9 13.1 12.6
0-1 4607.15 11.260.3 10.7 11.1 10.7 10.9

3Po-3S 2-1 5045.10 52.261.4 54.6 55.6 53.1 53.8
1-1 5010.62 34.361.0 34.6 33.3 34.2 32.8
0-1 5002.70 13.460.4 10.8 11.1 12.7 13.4

3p-3d transitions

3D-3Fo 3-4 5005.15 43.361.7 43.7 42.9 43.0
2-3 5001.47 29.961.7 29.8 29.6 30.2
1-2 5001.13 20.061.2 20.1 20.0 20.2
3-3 5025.66 3.0960.12 3.06 3.70 3.14
2-2 5016.38 3.4860.68 3.28 3.70 3.37
3-2 5040.71 ,0.2 0.10 0.08

3D-3Do 3-3 4803.29 45.761.1 45.6 41.4 44.7
2-2 4788.14 24.260.6 25.6 23.2 25.0
1-1 4779.72 13.260.3 15.5 15.0 14.9
3-2 4810.30 5.2260.16 4.51 5.20 4.79
2-1 4793.65 4.7960.14 5.06 5.00 4.65
2-3 4781.19 3.2760.16 5.20 2.84
1-2 4774.24 3.6360.11 3.65 5.00 3.18

3S-3Po 1-2 5007.33 56.361.6 57.8 55.6 56.9
1-1 4994.37 33.061.0 33.0 33.3 32.5
1-0 4987.38 10.760.5 9.25 11.1 10.6

3P-3Do 2-3 5941.65 47.261.4 49.7 46.7 46.7
1-2 5931.78 25.660.7 24.4 25.0 25.5
0-1 5927.81 12.160.3 11.4 11.1 11.5
2-2 5952.39 7.2660.21 7.50 8.33 7.69
1-1 5940.24 7.2160.21 6.96 8.33 8.14
2-1 5960.91 0.5560.20 0.56 0.49

3P-3Po 2-2 5495.65 44.861.3 41.7 44.4
1-1 5462.58 11.160.3 8.33 10.9
2-1 5480.05 13.560.4 13.9 14.3
1-0 5454.22 11.960.3 11.1 12.1
1-2 5478.09 9.2960.28 13.9 8.72
0-1 5452.07 9.3560.28 11.1 9.67
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As in our recent NI emission work@5#, we carried out the
side-on observations at the position of the central arc disk.
This special disk has a small hole in its wall for side-on
viewing at a position of full plasma constriction. The spec-
troscopic measurements were carried out with a 2-m Czerny-
Turner scanning monochromator that was equipped with a
grating of 1800 groves/mm blazed at 5000 Å. As a radiance
standard, we used a tungsten strip lamp calibrated by the
Radiometric Physics Division at the National Institute of
Standards and Technology~NIST! for all lines except for the
intersystem lines at 2139 and 2143 Å. For these lines a NIST
calibrated argon mini-arc radiance standard was used. The
radiation from either the helium-nitrogen arc or the radiance
standards, which were located at the same distance and uti-
lized the same optical system via a rotating mirror, was im-
aged~with a slight magnification! on the entrance slit of the
monochromator. The detection of all radiances was done
with photomultipliers having S-1 or S-5 photocathodes.

All aspects of the spectral scans, including the rotation of
the grating by a stepping motor as well as the data acquisi-
tion, were controlled by a computer that was also employed
to perform the line intensity analysis. The analysis was car-
ried out by fitting the recorded line shapes to the sum of a
Lorentzian and a Gaussian function plus a slowly varying
continuum background. Possible asymmetries in the line pro-
files due to Stark broadening@7# were expected to be very
small and were indeed found to be negligible. All line inten-
sity measurements were repeated at least 5 times and were
found to be reproducible within62% on an absolute scale.

III. PLASMA DIAGNOSTICS

We operated the wall-stabilized arc at about the same dis-
charge conditions as in our earlier work on NI @5#, i.e., at the
same current and at atmospheric pressure and with nearly the
same He-N2 gas mixture. Our diagnostic measurements for
the present experiment were based on the same techniques as
before. We obtained similar values for the excitation, or elec-

tron, temperature, i.e.,Texc514 180 K and for the electron
density,Ne5231015 cm23. However, the requirements for
the determination of the temperature and electron density are
much less critical in this experiment than in the earlier one,
since we compare the relative strengths of lines within the
3s-3p and 3p-3d multiplets as two separate entities. In each
set the upper levels of the lines differ only slightly in energy,
or are in some cases identical, resulting in the intensity ratios
of such lines to be only slightly temperature dependent. The
electron density is, as in our earlier arc experiment, much
larger than that required to ensure partial LTE among the
upper levels of the various NII multiplets investigated by us
@6#.

Another important requirement for the line intensity mea-
surements is the condition that the emission originates from
an optically thin layer at every wavelength. Using an earlier
described technique@8# involving the doubling of the optical
path length and the use of intensity ratio measurements be-
tween double and single paths, we found that all investigated
lines are indeed emitted from an optically thin layer.

IV. RESULTS AND DISCUSSION

Our main objective has been to measure the oscillator
strengths of numerous NII lines to provide accurate experi-
mental comparison data for the recent comprehensive calcu-
lations of multiplet and line oscillator strengths. We also
wanted to examine to what degreeLS coupling is ap-
proached for the line strengths in multiplets. We have mea-
sured the relative oscillator strengths of all lines in the three
multiplets comprising the 3s-3p transition array and five
multiplets of the 3p-3d transition array. Our results, together
with the LS coupling and the calculated intermediate cou-
pling data, are shown in Table I. All line strengths are nor-
malized to multiplet sums of 100. For the line strengths of
the 3s-3p transition array our measurements as well as the
intermediate coupling calculations by Bell, Hibbert, and
Stafford@2# and by Weiss@4# are in good agreement with the

FIG. 1. Comparison of our measured line strengths, normalized
within each multiplet to 100, with line strengths according toLS
coupling ~triangles! and the intermediate coupling data of Ref.@2#
~pluses! and Ref.@4# ~circles! for lines within 3s-3p triplets. We
show an error band of63% ~broken lines!, since our experimental
uncertainties lie in the range from62.6% to63% for all but the
weakest line~where the uncertainty is65%!.

FIG. 2. Comparison of our measured line strengths, normalized
within each multiplet to 100, with line strengths according toLS
coupling ~triangles!, the intermediate coupling data of Ref.@2#
~pluses!, and the measurements of Ref.@3# ~crosses! for lines within
3p-3d triplets. The broken lines indicate an error band of66%,
since—with only two exceptions—our experimental uncertainties
lie in the range from62.5% to66%.
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LS-coupling data. Significant deviations fromLS coupling
occur only for the weakest line in the 3s 3Po–3p 3Smultip-
let, both for our experiment and the two IC calculations. An
earlier experimental emission result, obtained by Mastrup
and Wiese@3# with a similar wall-stabilized arc, but based on
the less accurate photographic data acquisition technique,
does not show this deviation fromLS coupling. For weak
lines of the 3p-3d multiplets, the intermediate coupling cal-
culations of Bell, Hibbert, and Stafford@2#, as well as our
experiment and the earlier arc emission work@3# all deviate
significantly from theLS-coupling values.

The LS-coupling branching fractions, the results of the
intermediate coupling calculations, and the earlier emission
data are also compared graphically with our results in Figs. 1
and 2. Figure 1 indicates that both theLS-coupling data and
intermediate coupling calculations agree closely with our re-
sults for the lines of the 3s-3p multiplets, except for a few
weak lines, as noted above. However, it is also apparent that
the agreement of our data with the IC results of Refs.@2# and
@4# is better than with theLS-coupling calculations. The only
exception is the weakest line of the 3s 3Po-3p 3D multiplet
at 5730.66 Å where the IC calculations yield somewhat
larger deviations from our result than theLS-coupling data.
For the line strengths of the 3p-3d transition array, presented
in Fig. 2, our results show larger departures fromLS cou-
pling for some weaker lines. On the other hand, the agree-
ment with the IC calculations and the earlier emission data
@3# is quite good.

Another objective of this experiment was to test the accu-
racy of the line strength data for intersystem lines, which
were recently calculated by Bell, Hibbert, and Stafford@2#
and Weiss@4#. The spectrum of NII exhibits a number of
relatively strong intersystem lines, which are an unusual fea-
ture in the spectra of light atoms and ions. In pureLS cou-
pling, intersystem lines are forbidden, and in situations close
to LS coupling these lines are normally very weak, having
strengths<1022 of LS-allowed lines. However, in NII some
intersystem lines have strengths that are comparable to or are
even larger than those of prominentLS-allowed lines. This

special situation arises from a near coincidence of the
3s 1Po and 3s 3Po levels, which occurs for the NII ion but
not for the neighboring isoelectronic species CI and OIII , as
shown in Fig. 3.

Accurate calculations of line strengths are more difficult
for spin-forbidden or intersystem lines than for the promi-
nentLSmultiplets. Indeed, large differences between experi-
ment and theory exist for the strengths of intersystem lines in
some light neutral atoms@4,9,10#. We have thus measured a
number of intersystem lines in the visible and near UV spec-
trum, and we have compared our measured line strength ra-
tios:

S~ intersystem line!

S~LS-allowed line!
,

with the ratios calculated by Weiss@4# and Bell, Hibbert, and
Stafford@2#, for line pairs with the same upper levels~Table
II !. One observes very good agreement with the values of
Ref. @4#, but systematic differences with the results of Ref.
@2# insofar as all of the calculated intersystem lines appear to
be too weak.

In Table III, we present all our measured line data on an
absolute basis. We normalized the strength of the3Po- 3S
multiplet of the 3s-3p transition array to the average of the
two recent calculations of Bell, Hibbert, and Stafford@2# and
Weiss@4# and have put all lines of the 3s-3p array on this
scale, utilizing measured intensity ratios between lines of
different multiplets and the arc excitation temperature. Like-
wise, we have normalized the strength of the3S- 3Po mul-
tiplet of the 3p-3d array to Refs.@1# and@2# and have put all
3p-3d lines on this scale. Finally, we have normalized the
3s 3Po–3p 1S, 1P,1D triplet-singlet intersystem lines to the
respective 3s 1Po–3p 1S,1P,1D singlets, using again the
theoretical data cited above@1,2,4# as the reference for the
singlets.

Our normalization procedures minimize experimental un-
certainties, since the temperature dependence of our data is
nonexistent for some lines and very small for all others, and

FIG. 3. Partial energy level diagrams for the
isoelectronic species CI, N II, and OIII , showing
the location of the 3s 1P1

o and 3s 3P0,1,2
o levels.

The excitation energy (Ek) for each species is
divided by the corresponding value ofZ, the ef-
fective nuclear charge seen by the valence elec-
tron (Z51 for C I, Z52 for N II, andZ53 for
O III !.
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wavelength-dependent errors are small as well. However, we
have to consider the uncertainties of the averaged theoretical
data @1,2,4#, on which all our results are based. These data
are estimated to be uncertain by amounts varying from
63% for 3s-3p triplets to610% for the 3p-3d triplets.

Of main interest in Table III are the measured strengths of
the intersystem lines which are as reliable as, or better than,
the best theoretical data. The listed comparison data are the
new NIST tables@11#, which are based mostly on the results
of Refs.@1,2,4#, and the earlier emission data of Mastrup and
Wiese@3#.

We have also measured the transition probability ratio for
two intersystem transitions out of the ground state,

(2s22p2 3P2–2s2p
3 5S2

o)/(2s22p2 3P1–2s2p
3 5S2

o) at
2143 Å/2139 Å, and obtain a value of 2.2460.06. This ratio
was also calculated by Hibbert and Bates@12# and Froese
Fischer and Saha@13#. Their results, 2.22 and 2.48, respec-
tively, are in close agreement with our experimental value
and thus allow the existing lifetime data for the 2s2p3 5S2

o

level @14,15# to be reliably distributed between the two com-
ponent lines.

The uncertainties listed for the transition probabilities in
Tables I, II, and III have been estimated by taking into ac-
count the same contributing factors as given in our earlier
paper@5#. We present ‘‘expanded’’ uncertainties, i.e., twice
the standard deviations. The latter are equal to the root of the

TABLE II. Ratios of line strengths between intersystem andLS-allowed lines of the 3s-3p transition array originating from the same
upper levels.

Wavelength Sintersystem/Sallowed Ratio

Level This Theory ~theory!/~this expt.!

Lower Upper ~Å! Experiment Ref.@4# Ref. @2# ~Ref. @4#!/~expt.! ~Ref. @2#!/~expt.!

1P1
o 3S1 5073.59 intersystem line

3P0
o 3S1 5002.70 0.31860.031 0.306 0.160 0.96 0.50

3P1
o 3S1 5010.62 0.12560.010 0.121 0.060 0.97 0.48

3P2
o 3S1 5045.10 0.08160.008 0.0738 0.038 0.91 0.47

1P1
o 3P2 4654.53 intersystem line

3P1
o 3P2 4601.48 0.10060.009 0.0917 0.0405 0.92 0.41

3P2
o 3P2 4630.54 0.031360.0030 0.0267 0.0124 0.85 0.40

1P1
o 3P1 4667.21 intersystem line

3P0
o 3P1 4607.15 0.09360.009 0.0758 0.0391 0.82 0.42

3P1
o 3P1 4613.87 0.13560.010 0.112 0.0546 0.83 0.49

3P2
o 3P1 4643.09 0.069660.0070 0.0534 0.0276 0.77 0.40

1P1
o 3P0 4674.91 intersystem line

3P1
o 3P0 4621.39 0.10860.010 0.0989 0.0457 0.92 0.42

1P1
o 3D2 5747.30 intersystem line

3P1
o 3D2 5666.63 0.10560.010 0.0990 0.0460 0.94 0.44

3P2
o 3D2 5710.77 0.29860.030 0.294 0.0139 0.99 0.47

1P1
o 3D1 5767.45 intersystem line

3P0
o 3D1 5676.02 0.08960.008 0.0913 0.0485 1.02 0.55

3P1
o 3D1 5686.21 0.13560.014 0.143 0.0711 1.06 0.53

3P2
o 3D1 5730.66 1.6360.16 1.96 1.041 1.20 0.64

3P1
o 1S0 3408.13 intersystem line

1P1
o 1S0 3437.14 0.11160.011 0.0978 0.0451 0.88 0.41

3P1
o 1P1 6379.62 intersystem line

1P1
o 1P1 6482.05 0.19060.020 0.128 0.0646 0.67 0.34

1D2
o 1P1 4895.12 3.2360.44 1.016 0.32

3P1
o 1D1 3955.85 intersystem line

1P1
o 1D1 3995.00 0.09660.006 0.0964 0.0444 1.00 0.46
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TABLE III. Transition probabilities of NII lines ~in 108 s21). Our results for all 3s-3p lines are normalized to the multiplet value of
3s 3Po-3p 3S ~part A! and for all 3p-3d lines to the multiplet value of 3p 3S-3d 3Po ~part B!. For the intersystem lines, our results are
normalized to the related singlet transitions listed in the table~part C!. The absolute values are taken from Ref.@11#, which are based on the
average of results from Refs.@1,2,4#. For comparison, we present in columns 5 and 6 the data from the new NIST tables@11# and the results
of a previous emission experiment@3#. In the last two columns, we give the ratios of the two comparison data sets@3,11# to our results.

Transition probabilities Ratios
Wavelength This

Multiplet ~Å! J1-Ju work Ref. @11# Ref. @3# NIST/~expt.! ~Ref. @3#!/~expt.!

A. 3s-3p transitions

3Po-3D 5679.56 2-3 0.48460.044 0.525 0.632 1.085 1.306
5666.63 1-2 0.32860.030 0.374 0.436 1.140 1.329
5676.02 0-1 0.26860.021 0.296 0.314 1.105 1.172
5710.77 2-2 0.11460.010 0..124 0.122 1.088 1.070
5686.21 1-1 0.17860.016 0.194 0.235 1.090 1.320
5730.66 2-1 0.014360.0017 0.0134 0.937

1Po-3D 5747.30 1-2 0.033260.0030 0.0340 1.024
5767.45 1-1 0.022960.0021 0.0244 1.066

3Po-3S 5045.10 2-1 0.33360.013 0.342 0.389 1.027 1.169
5010.62 1-1 0.22360.011 0.219 0.252 0.982 1.132
5002.70 0-1 0.087460.0048 0.0845 0.0809 0.967 0.926

1Po-3S 5073.59 1-1 0.026760.0021 0.0259 0.97

3Po-3P 4630.54 2-2 0.88660.071 0.772 0.898 0.871 1.013
4613.87 1-1 0.26860.024 0.226 0.213 0.843 0.795
4643.09 2-1 0.50760.041 0.451 0.499 0.890 0.985
4621.39 1-0 1.1160.089 0.955 0.965 0.857 0.866
4601.48 1-2 0.27460.025 0.235 0.284 0.858 1.035
4607.15 0-1 0.39260.31 0.326 0.366 0.832 0.934

1Po-3P 4654.53 1-2 0.027260.0025 0.0243 0.893
4667.21 1-1 0.034860.0032 0.0299 0.859
4674.91 1-0 0.11660.010 0.105 0.905

B. 3p-3d transitions

3D-3Fo 5005.15 3-4 1.2960.11 1.16 1.27 0.899 0.985
5001.47 2-3 1.1460.14 1.05 1.20 0.921 1.055
5001.13 1-2 1.0760.13 0.976 1.13 0.912 1.060
5025.66 3-3 0.11760.009 0.107 0.123 0.914 1.052
5016.38 2-2 0.18560.040 0.162 0.186 0.876 1.006
5040.71 3-2 ,0.009 0.003 78

3D-3Do 4803.29 3-3 0.34460.027 0.318 0.388 0.924 1.127
4788.14 2-2 0.25860.021 0.252 0.277 0.977 1.073
4779.72 1-1 0.23560.019 0.252 0.285 1.072 1.211
4810.30 3-2 0.054860.0048 0.475 0.0484 0.867 0.884
4793.65 2-1 0.084760.0076 0.0777 0.0904 0.917 1.067
4781.19 2-3 0.025060.0030 0.0205 0.820
4774.24 1-2 0.039060.0035 0.0324 0.0410 0.831 1.050

3S-3Po 5007.33 1-2 0.78260.055 0.789 0.904 1.009 1.155
4994.37 1-1 0.77160.054 0.760 0.867 0.986 1.125
4987.38 1-0 0.75160.083 0.748 0.735 0.996 0.979
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sum of the squares of the individual uncertainty contribu-
tions.

Our measurements have thus confirmed experimentally
that LS coupling is an excellent approximation for the
linestrengths of thes-p transitions of NII , but that departures
become noticeable forp-d andnp-(n11)s transitions. They
also show that intermediate coupling calculations are a con-
siderable improvement, but still have difficulties in determin-

ing the intersystem, or spin-forbidden, line strengths. Our
results should provide valuable test data for future atomic
structure calculations.
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TABLE III. ~Continued!.

Transition probabilities Ratios
Wavelength This

Multiplet ~Å! J1-Ju work Ref. @11# Ref. @3# NIST/~expt.! ~Ref. @3#!/~expt.!

3P-3Do 5941.65 2-3 0.46660.060 0.554 0.621 1.189 1.332
5931.78 1-2 0.35560.042 0.427 0.427 1.203 1.203
5927.81 0-1 0.28260.031 0.322 0.334 1.142 1.184
5952.39 2-2 0.099760.0130 0.127 0.129 1.274 1.291
5940.24 1-1 0.16660.021 0.226 0.209 1.361 1.262
5960.91 2-1 0.01260.004 0.0134 1.117

3P-3Po 5495.65 2-2 0.22660.018 0.240 1.062
5462.58 1-1 0.094660.0076 0.100 1.057
5480.05 2-1 0.11460.010 0.130 1.140
5454.22 1-0 0.30760.022 0.334 1.088
5478.09 1-2 0.047260.0042 0.0475 1.006
5452.07 0-1 0.080360.0072 0.0889 1.017

C. 3s-3p triplet-singlet intersystem lines

1Po-1S 3437.14 1-0 2.07
3Po-1S 3408.13 1-0 0.23660.033 0.219 0.928

1Po-1P 6482.05 1-1 0.301
1Do-1P 4895.12 2-1 0.0426
3Po-1P 6379.62 1-1 0.061160.007 0.0611 1.000

1Po-1D 3995.00 1-2 1.35
3Po-1D 3955.85 1-2 0.13360.011 0.131 0.985
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