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National Standard Reference Data System

The National Standard Reference Data Svstem is a government-wide effort t) give to the
technical community of the United States optimum access to the quantitative data of physical
seience, critically evaluated and compiled for convenience.  This program was established
in 1963 by the President’s Office of Scienee and Technalogy, acting upon the recommendation
of the Federal Cauncil for Science and Technology. The National Bureau of Standards
has been assigned responsibility for agministering the effort.  The general objective of the
System is to coordinate and integrate existing data evaluation and compilation activities into
a systematic, comprehensive program, supplementing and expanding technical coverage
when necessary, establishing and maintaining standards for the output of the participating
groups, and providing mechanisms for the dissemination of the output as required.

The NSRDS is econducted as a decentralized operation of nation-wide scope with central
cuordination by NBS. It comprises a complex of data centers and other activities, carried
on in government agencies, academic institutions, and nongovernmental laboratories.  The
independent operational status of existing crictical data projects is maintained and encour-
aged. Data eenters that are components of the NSRDS produce compilations of critically
evaluated data, critical reviews of the state of quantitative knowledge in specialized areas,
and computations of useful functions derived from standard reference data.

For operational purposes, NSRDS compilation activities are organized into seven cate-
gories as listed below. The data publications of the NSRDS, which may consist of mono-
graphs, looseleaf sheets, computer tapes, or any other useful product, will be classified as
belonging to one or another of these categories.  An additional “General” category of NSRDS
publications will include reports on detailed classification schemes, lists of compilations
considered to be Standard Reference Data, status reports, and similar material. Thus,
NSRDS publications will appear in the following eight categories:

Category Title

1 General

Nuclear Properties
Alomic and Molecular Properties
Solid Siale Properties
Thermodynamic and Transporl Properties
Chemica!l Kinelics
Colloid and Surface Properlies
Mechanical Properties of Malerials
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Within the National Bureau of Standards publication program a new series has been
established, called the National Standard Reference Data Series. The present report, which
is in Category 3 of the above list, is Volume 1 of Number 4 of the new series and is designated

NSRDS-NBS 4 Val. 1.

A. V. ASTIN, Director.
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ATOMIC TRANSITION PROBABILITIES*
(A critical data compilation)
Volume 1

Elements Hydrogen through Neon

W. L. Wiese, M. W. Smith. and B. M. Glennon

Atomie transition probabilities for about $.000 spectral lines of the first ten elemens, based o1 all available literainre
The data are presenied in separate 1ables for each element and stage of ionization.  For
each ion the Iransitions are arranged according 1o multipleis, supermultiplels, Iransiticn arrays. and increasing quanium

sources, are eritically compiled.

numbers.  Allowed and forbidden transitions are listed separately.  For each line the transition probability for spontaneous
cmission. the absorptinn oseillator strength. and the line <irength are given along with the spectroscopic designation. the
waveleagth, the statislical weights, and the encrgy levels of the upper and lower states.  in addition, the estimated accu-
racy and the source are indicated.  In short introductions. which precede the tables for eacl jon, 1he main jrstifications

for the elice of the adopted data and for the accnraey rating are discussed. A general introduction conlains a critical

review of the major data sonrces.

A. INTRODUCTORY REMARKS

After a long period of limited activity in atomic spec-
troscopy, the last half dozen years have brought rapid growth
to ihis field. This has been sparked largely by urgent needs
from areas in which basic atomic data are employed, namely
plasma physics, astrophysics, and space research. As
part of these developments, the pace and scope of deter-
mining atomic transition probabilities has greatly increased,
so that the amount of accumulated material appears now
to be sufficiently large to make a critical data compilation
worthwhile and desirable. To realize this idez, a data cente:
mt atomic trausition prababilities wae established at the Na-
tinnal Bureau of Standards in 1960, As a firsi step of the pro-
gram, a search for the widely scattered literature references
was undertaken. This phase of the work was essentially
completed in 1962 with the publication of a **Bibliog-
raphy on Atomic Transition Probabilities” {NBS Monograph
50) [1}. After that, only the monitoring of the current litera-
ture had to be kept up, and the emphasis of the work there-
fore could be shifted to the critical evaluation of the litera-
ture and the tabulation of the numerical data. Sinee the
lightest ten elements have been of dominant interest, and
on the other kand, the largest amount of data are available
for them, it was decided to concentrate on these and publish
their “best” values as the first part of a general compilation.
pilation.

When the present tabulation was started, it was hoped
that sufficient reliable material was available for a fairly
comprehensive list, which would contain data for at least
all the strong prominent transitions. This hope material-
ized only partially. A number of gaps and large discrep-
ancies were found, and the theoretical and experimental
efforts of several members of the Plasma Spectroscopy
Section at NBS were needed to remedy the most critical

Thim swnatndy o 4 pat o piseet DERESNUER ror ped by by Rdaovd Pescanch 85 s
Ageney, Department of Defease, through the Office of Naval Research.

situations. Furthermore, the Coulomb approximation of
Bates and Damgaard [2] was extensively applied to obtain
additional data. Although this unforeseen extra work
delayed the publication of this compilation somewhat, we
feel that we are now able to present a more useful and sub-
stantial collection of data.

B. SCOPE OF THE TABLES

In the present compilation the *‘best’ available transition
probabilities ' of allowed (i.e., electric dipole) and for-
bidden (i.e., electric quadrupole and magnetic dipole) lines
of the first ten elements, including their ions, are tabulated.
The hydrogen-like ions are excluded; their transiticn prob-
abilities may be obtaired by scaling the hydrogen values
according to the formulas given in table I. Furthermore,
f-values or absorption coeflicients for continua, i.e., bound-
free transitions are not listed. As source material ali the
literature given in Ref. {1] plus later articles obtained from
continuous scanning of the current literature are available.

It is our opinion that a tabulation of the present kind must
contain fairly reliable values for at least all the stronger,
characteristic lines of the various ions in eorder to be of
general usefulness. We have tried to adl-ere to this goal
from the start. More specifically, we have felt that for
most atoms and ions at least the ‘“‘prominent” half of the
multiplets listed in the *“‘Revised Multiplet Table’ [3]. and
the “‘Ultraviolet Multiplet Table” [4] should be included in
tne tabulation, and uncertainties should be smaller than
50 percent. A number of gaps in the data and inferior
values were noticed at the stari, and—as already men-
tivned —it has been largely due to the efforts of some

0 H_rn-aflrr. we shall use the equivalent terma “tzansition probability, oscillator strength or f-value,
afd ¥e st on w1 fiterdhinge sl basis e sawierical relronships etwern teese quan
hities are given in lable 11,




members of the Plasma Speetroscopy Seetion at NBS and
the availability of the Coulemb approximation [2] that ihe
most glaring defeets could be eliminated.  Although we
still must compromise in some cases by ineluding inferior
material (marked in the accuracy ecolumn as “E”) we ieel
that waiting for these improvements would unduly dolay
the publication of the table.

Aside from this objeetive of ineluding at least all the
stronger lines, we have listed all additional available mate-
rial with unceriainties smaller than 50 percent. We have
deviated from this scheme only in a few instanees: In these
cases we have excluded data for very highly excited transi-
tions, because these transitions have never been observed
(no experimental wavelengths are available) and are of
little practical interest. However, we have listed this
additional material by speetrum in table I

Most final tabulations were undertaken during 1964.
Thus the literature through 1963 and in some eases even
later work could be included. However, a few 1963 articles,
which Lave been found in abstracting journals, came to
our attention too late. These are listed, together with other
recent material, in the list of additions at the end of the
tables.

C. REVIEW OF THE DATA SOURCES

The present status of our knowledge of atonmic transition
probabilities must be considered as being far from ideal.
The available material leaves much o be desired in quality
as well as quantity {5]. This becomes especially evident
if comparison is made witn the other most important quan-
tity of a spectral line, its wavelength. The only transition
probabilities known with an accuracy comparable to that
for wavelengths are available for hydrogen and hydrogen-
like ions and a few lines of helium. For all other elements
mure or tess reliable values have been obtained from various
experimental and theoretical approaches. While experi-
wental work has provided, with very high accuracy, prac.
tically all the data for the wavelengths of lines, 1t could not
accomplish nearly the same in the case of transition prob-
abilities. The measurement techniques are quite compli-
cated and laborious, and it has proved to be very difficult
to obtain aecuracies of 10 percent or better.  On the other
hand. advanced theoretieal approximations have been quite
successful for the light, relatively simple atomic systems,
and large amounts of data have been obtained from their
applications.  But the theoretical methods have the short-
coming that they do not permit estimates of the size of the
errors as do the experiments.

In view of this reliability problem it is very important to
discuss in derail how the accuracy ratings for the tabulated
values have been obtained.  For this purpose, a brief dis-
cussion is given in the individual introdnctions for each ion.
Furthermore, to provide a better background and under-
standing for these short explanations, we include the fol-
lowing discussion of those major experimental and
theoretical methods from which the bulk of the material
for the lightest ten elements has been obtained.

1. Experimental Sources

a. Measurements in Kmission

Experimentally, the largest number of f-values has been
obtained from measurements of the intensities of spectral
lines which are emitted from plasmas under known eon-
ditions.  With this method the first and second spectra

of carbon, nitrogen, and oxygen, the thisd spectrum of oxy-
gen,. and the first spectrumn of neon have been studied.
The plasma sources are various types of stabilized ares,
and. to a lesser extent. shock-tubes. In brief, the method |6
is as follows: The transition probability for spontaneous
emission from upper state & 1o lower state 1, 4y, 1s related
to the total intensity Ii; of a hine of frequency v by

Iii= 4']— Axihvic Ny hH
T

where h is Planck’s constant and Ny the population of state
k. Ax may therefore be obtained from the measurement
of Ii and the determination of Ni.

The experimental eonditions are chosen so that the plasma
is approximately i a state of local thermodynamic equi-
librinnm (LTE), beeause Ny is then a funetion of temperatnre
and teval density of the species only, and may be determined
from the apphlieation of equilibrium and censervation egna-
tions and measurements of the lemperature and eleetron
density.  The measurements have always been done spee-
troscopically from the determinations of the intensities
of lines and continua of known transition probabilities and
absorption coefheients, or by measuring line profiles and
utihizing the results of line broadening theory in plasmas.

Checks for the existence of LTE have been made re-
peatedly. It appears to be always closely approximated,
except in the high-temperature magnetically driven shock-
tubes where only partial LTE exists [7].  Also, the investi-
gated lines have generally been checked for self-absorption.
A demixing effect in ares [8. 9] has introduced uncertain-
ties into the results of some earlier arc experiments with
gas mixtures, in which the mixture ratio was employed
for the analysis. Sinee primarily the densities are affected,
larger uncertainties in the absolute f-value scale are likely,
but the relative f-values should be still quite aceurate.
However, this etfect has been circumvented in most of the
recent arc experiments used for this data compilation.
Significant errors in emis<ion experimends may arise {rom
difheulties in determining the centinuous background, from
neglecting intensity contributions of the distant line wings
(10}, from uncertainties in the calibration of standard light
sources, and from uncertainties in the high-density correc-
tions in plasmas [11).  Applications of wall-stabilized arcs
{12, 13] have given the most accurate results of all emission
measurements.

The best absolute f-values obtained from emission experi-
ments are estimated to be accurate within 15 percent, but
for the bulk of the tabulated data errors between 20 to 50
percent must be expected. It should finally be noted that
absorption measurements (only one is encountered in the
case of Ne 1) are quite analogous to the above mentioned
emission experiments,

b. Lifetime Determinations

The direct measurement of lifetimes of excited atomie
states has important applications for helium and neon.
The method [6. 14] emploved here consists essentially of
exciting atoms by radiation or electron impact in short
bursts and of observing the subsequent depopulation of
excited levels by studying the time decay of the emitted
radiation (delayed coincidence technique).  The population
Ny of an excited state k decays according to

Ne=N,, 1 exp (—yt) (2)

where N, i is the population at time t =0 and vy, the decay




constant.  Thus, an exponentia! decay in the radiation is
observed.  The mean lifetime 7, =7y, of the atomie state is
related to the transition probability Ay for spontanecous
emission by

TR 2 Ani+Q (3

1l

negleeting absorption and indueed emission. @ denotes

a term for collisional population and depopulation rates.

In order to obtain 2 Ak one has to choose experimental
;

conditions sucl that the eollisional term Q (as well as the
less eritical absorption and induced emission) beeomes
neghgible,  This condition is achieved at very low densities.

It i~ seen that from hfetime measurements generally
the sum of all probabilities for transitions to lower levels ¢
i~ obtained, and individual transition probabilities may be
obtained explicitly only in the following two cases: (a)
The sum reduces to a single tern, i.e.. only transitions to
the ground state are possible. This is, for example, the
case for resonance lines.  (b) The sum is deminared by one
strong term (this is likely if it contains a transition of com-
paratively high frequeney viddyi is proportional to v,
or if all transitions but one are “forbidden”, i.e., have very
small transition probabihities). Furthermore, one may use
lifetime experiments to normalize available relative tran-
sition probabilities to an absolute scale, if all relative proba-
bilities contributing to the sum are known.

The lifetinie method is, therefore, limited to only a few
lines per spectruin, namely those originating from the lowest
excited levels. But the resuits should be very accurate,
with uncertainties less than 10 percent, since the method
is simple and the instrumentation is by now well developed
[14]. The major uncertainties arise trom radiative cascad-
ing from higher levels, which repopulates the initial level,
and from depopulation by eollisions.

¢. Measurement of fivalues from the Anomalous Dispersion
at the Edges of Speetral Lines
This method has found applications for lines of neutral
lithium and neon. It is based on the following relation:
In the neighborhood of a spectral lire the index of refrac-
tion n varies aceording to

=iVl K (1 N*'g"). 1
& dam.c® N—Ao \ . Nigs o
Here g denotes the statistical weight: A the wavelength:
Ni the population of the lower state i: and e, m.., ¢ are the
usual natural eonstants. The experimental conditions are
chosen snch that the exeited states are populated according
to the Boltzmann formula, so that generally N, < <N,
and the term Nigi/Nigi may be neglected.  For the deter-
niination of Nifix the index of refraction n at the wavelength
distanee A— Ay from the center of the line. Ay, has to be
measured. This ean be done most precisely with the
*hook™ method developed by Rozhdestvenskii [15] and
recently reviewed by Penkin [16].  In this method the gas
to be studied fills a tube. whiel is part (one arm) of a Jamin
or Maeh-Zehnder interferometer.  The tube must be at an
elevated temperature to achieve sufficient population of the
excited levels. Light from the continuum source pene-

trates the tube as well as an evaeuated comparison tube of

the same length, and the resulting interference fringes are
sent into a speetrograph.  On cither side of an absorption

line the interference fringes are echaracteristically bent
due to the rapid change in the index of refraction. By intro-
ducing a thick glass plate into the compensating arm of the
interferometer. a tilting of the fringes and the formation of
the hooks is accomplished. The measurement of the wave-
length distance between the extrema then permits a preeise
determination of the index of refraction. In the three ex-
periments encountered for this eompilation, the absolute
number densities for the lower states Vi eould net be deter-
mined. so that only relative f-values for lires originating
from the same lower levels were measured.  Uncertainties
in the relative values should not exeeed 10 to 20 percent.
In the original papers, absolute f-values were then obtained
from applications of the Thomas-Kuhn-Reieche f-sum rule,
but for this compilation we have normalized the relative
values to different seales, which are based on other, more
accurate naterial.

2. Theoretical Sources

a. The Coulomb Approximation

Under the assumption of Russell-Saunders (or LS-)
coupling, whieh is generally very well fulfilled for the first
ten clements, the line strength § may be expressed as the
product of three factors [2]

S=ZWOH Vol (5)

(The relations of § with 4 and/ are given in table 111.) The
first two factors in eq (3) represent the streng:h of the niul-
tiplet (Z2(DH) and the fractional strength of the spectral
line within the mukiplet (Z(V)). The numerical values for
these may be obtained from tables by Goldberg [17]. and
White and Eliasen [18], which have also been reprodu.ed
by Alien[19].

The difhcult problem is the evaluation of the transition
integral o. Bates and Damgaard [2] showed that for mest
transitions the main contribution to the integral comes from
a regioii in which the deviation of the potential of an atom
or ion from its asymptotic Coulomb form is so small that it
may be replaced by the latter. Since for the Coulomb
potential the transition integral may be expressed analyti-
cally, it is possible to calculate o2 as a function of the ob-
served term value and the azimuthal quantum number.
Bates and Damgaard have thus compiled tables with nu-
merieal values of a2 for s—p, p—d, and d—f transitions.2

The Coulomb approximation is restricted to transitions
between levels Laving the same parent term. 1t gives the
best results if the degree of cancellation in the transition
integral is small, i.e., if o2 is not too close to zero, aud if
the upper and lower levels of the excited electron are in a
shell which centains no other electrons. This is true for
the moderately and highly excited levels. But even if the
lower level is in a shell which contains other electruns, the
results often agree fairly well with those obtained by other
methods,

On the whole, the Coulemb approximation has given
impressive results and has proved to be of great value. In
most cases where comparisons are available —there are
several hundred of them for the first ten elements—the
results agree within 20—40 percent with those from advanced
theoretical and experimental methods. We have therefore
made extensive use of this approximation? to supplement

4 The customary spectroseopie notations a=e used throug! ont,
W have been fortarate modtaimpg a computer progeam for the calealanon of Bates Dampgaard
values from 1L R Greva o whom we would hike to express our special tanks.
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the available material. However, we have restricted our-
selves to the medium-strong or stronger lines (as judged
from the intensity data supplied in the multiplet tables) for
which experimental wavelength and energy level data are
available and for which the lower state is significantly above
the ground state. If the need for f-values of other higher
excited lines should ari.e, we stronglv recomr mend the appli-
cation of tlie Coulomb approximation.

On the basis of many comparisons, the uncenainties of
the Bates-Damgaard values have been estimated as follows:
For transitions between excited states in the spectra of
neutral helinm, lithium, berylhium, boron, and their isoelee-
tronic sequences they do not exceed 25 percent and in
faverable situations may be as low as 10 percent.  For the
more complex atems among the first ten elements, namely
carbon, nitrogen, oxygen, Huorine, and their equivalent jons.
wie have-estimated ihe uncertainties to be within 50 pereent
for the moderately excited transitions includiing 3s—3p and
within 25 percent for the medium and highly excited lines,
i.e., transitions of the types 3p—3d, 3d—4f, ete. A few
of the tabulated values may be mucbh more uneertain than
the stated error limit because of cancellation in the transi-
tion integral which we did not check in each case.

It is worth noting that in many instances the results of
the Coulomb approximation appear to be as good as those
from other, more elaborate theoretical treatments, such as
the self-corsistent field approximation with exchange.
This is primarily indicated from comparisons with the most
advanced theoretical and experimental methods.

h. Caleulations Based on the Self-Consistent Field (SCF)
Approximation

This miethod has found, in varying degrees of refinemeit,
widespread use for the calculation of f-values. It provides
a set of wave functions for the atomic electrons which
produce an approximately self-consistent electric field.
The transition probabilities are then determined by inte-
gration over the radial parts of these wave functions. A
short outline of the procedure, developed by Hartree, and
extensively described by him [20), is given below:

It is assumed that the charge density distribution of the
atomic sysiem is spherically symmetric, i.e., the potentials
of the electrons depend only on their radial positions.
Correlations between the electrens are at first neglected:
all are supposed to move independently in the central field,
experiencing only the averaged charge distribution of the
other electrons and the nucleus. With these simpiifica-
tions the motions of the individual electrons can be caleu-
lated by assuming trial wave functions for the others, and
from the resulting wave functions the charge density distri-
batioti is computed and compared with the initial one
obtained with the trial functions. If self-consistency is not
achieved, the new, computed wave functions dare used as
trial functions, and the procedure is repeated until initial
and fnal charge distributions are identical, i.e., the ficld
is self-consistent.

This basie procedwme was improved by Foek [21], who
included exchange effects between the eleetrons, by Treffiz
et ab. |22]. and Biermann and Liibeck [23] who in the speeial
cases of Hel and C 11 took into aecount other eorrelations
setween the eleetrons.  More recently, large-seale computa-
ticns were made possible after the introduetion of elaborate
computer programs by Roothaan and co-workers [24).

An assessment of the errors resulting from the various
approximations in the caleulations has not been feasible.
But a number of eomparisons with experimental results and
with more aecurate variational caleulations, as well as con-

W

sistency checks made by applving the dipole length and
dipole velocity representations of the matrix element have
shown that for simple atomic systems aceurate transition
probabilities with uneentainties simaller than 10 pereent mas
be obtained when a refined procedure including exclange
effects is applind.  This is particularly true for Iler1 and
Lit and their isoclectronie sequences, for whicl the esten-
sive caleulations by Weiss [25], and Trefliz et al. [22] are
available. The large-seale computations by Kelly [20] for
lines of nitrogen and oxvgen contain the exchange effects
only in an approximate way (the exchange term is replaced
by an averaged potential) and errors of about 20 percent
must be expected for most of the moderately excited transi-
tions as judged from many comparisons.  In a few cases,
the pesitive and negative eontributions to the transition
integral are alniost equal to each other (the ratins are hsted
by Kelly): ie., cancellations are encountered and a mueh
lower accuracy must be expected.  In these cases we have
given preference to available experimental results,

For the Ereakdown of the transition integrals into multiplet
and line values we have used the LS-coupling strengths
[19] unless special results have been available, as for ex-
ample tor O1. We have generally avoided using SCF
calculations i they were done without considerning exchange
effects, but have had to make an exception for some impor-
tant hnes of B! because no other comparable material is
aVy aﬂdhi(‘.

Large uncertainties in the SCF calculations as well as
other theoretical treatments are expected lor transitions
where confiuration interaction becomes important.  For
the first ten clements these transitions are of the type
15225m2p"— 1522s™ 2p"*).  Ouly a few attempts have yet
been made to take configuration interaction into account.
\er) recently, Weiss [27] has undertaken limited calcula-
tions for some Ci and Bel lines and \u!sls Bolotin and
co-workers have for some time employed a “many config-
uration approxitnation,” {28] as they call it.  The Russian
group has greatly simphifed its approach by ineluding only
one interacting term for the lower state, whieh is always
the ground state (“double configuration approximation™)
and none for the upper state. In addition to this simpli-
fication, relatively crude wave functions have been em-
ployed, namely analytical onc-electron wave functions or
SCF functions without exchange. Unfortunately., piac-
tically all these transitions are in the far ultraviolet; only
two experimental investigations by Boldt [29] and Labulin
[30], both done with a wall-stabilized are, are available for
a detailed comparison.  From tlie experimental results one
must judge that the suceess of the many-configuration
method in its present form is only fair. Errors of factors
of two or ore must e (A]lt'\,\‘td. This seemns to be also
the case for Weiss® somewhat more elaborate treatment of
contfiguration interaction (up to three interacting terms for
the lower state). Thus, the transition probabilities for the
15225™2p"— 1522s™ 12p"*! tracsitions are among the least
well known for the lightest ten celements, and further im-
provements for these lines are urgently necded.

c. Quantum Mechanical Calculations of Forbidden Tran-
silons

We have considered as forbidden hines all magnetic dipole
and electric quadrupole lines. The extensive calenlations
by Garstang {31, 32, 33] and Nagqvi [34], and—to a lesser
extent —the papers by Seaton and Osterbrock [35], Yam-
anouchi and Horie |36}, and Ufford and Gilmour [37], have
been principal sources. Al these calculations have as a
conmmon starting point the general expressions for the line
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strengtiis of forbidden hines in the p?. p*. and p* eonfigura-
tions, which were given algebraically and tabulated by Short-
ey et ab [38] and later extended by Nagvi to the few
traasttions of the sp, poand p* configurations.

The prineipat differenees between the various calculations
are the approaches ehosen to determine the most important
parameters:

ta) The “spin-orbit.” and “spin-spin and spin-other-orbit™
integrals, usually designated by £ and 7, have been deter-
mined either empirieally or by using available wave func-
tions.  Gerstang bas compared the empiricai and theoretical
values for scome jon. —the latter obtained from SCF functions
with exchange —and has found differences of up 1o 20 per-
cent for o and up o 30 percent fur v5. When a chuice is
available, we have given preferenee to the empirical values.

(b) The term imtervals. Here one has the choice he-
tween using exelusively experimental energy values or
combining some of these with the results of the Slater
theory [39] for inmter-multiplet separations, that is, hy employ-
ing the Shater parameters Fi.  Differences hetween the
two approaches arise mainly due to the effects of configura-
tion interaction. These are neglected in all calculations
and may cause deviations up to a factor of two. A study
by Garstang [40] in 1956 led to the resuht that the exclusive
use of observational material partially includes, at least
i simple cases, the effects of configuration interaction,
when the latter is otherwise not taken into account. Thus
the work based on experimental term intervals has been
adopted whenever available.

Naqvi used in his calculations essentially the second of
the above-mentioned approaches. He compared empiri-
cally determined Slater parameters F; for the varicus term
intervals with theoretically derived values, and selected
the one experimental parameter which was in best agree-
ment with theory. Then he employed this particular F,
and the Slater theory for the determination of all other term
intervals. In view of the above mentioned study by Gar-
stang we have used from Naqvi’s work only the transition
probabilities based entirely on this initial parameter, i.e.,
based exclusively on observational material. Consequently,
his data for the p® configuration have not been applied,
with the cxception of the ion F 111, since in this case his
work was the only available source. On the other hand,
Naqvi’s calculatiens for the simpler sp-configuration are
all based on thc empirical value for the one term interval
there and should, therefore, take the effects of configuration
interaction partiallv into account.

(¢) Transformation coeflicients. The atoms and ions
under consideration are most closely represented by the
intermediate coupling scheme, but for the caiculations of
transition probabilities the actual wave functions are more
conveniently cxpressed in terms of LS-coupling wave func-
tions. The transformation coefficients were first derived
by Shortley et al. [38] and were later refined by several
others, in particular by Naqvi [34]. Thus, Naqvi's results
have been adopted whenever the choice of the transforma-
tion coefheients beeame important and when he accounted
for the effects of configuration interaction in the above-
mentioned manner. 1t is espeeially worth noting that by
including the cffeets of spin-spin and spin-other-orbit inter-
actions on the transformation coefficients of the p* con-
figuration some results are improved by about 10 percent.

(d) The integral s, for cleetric quadrupole transitious.
This depends principally on the quality of the employed
wave funetions. We have preferred caleulations with SCF
wave functions over those with hydrogenic functions or

sereening constants and, among SCF calculations, we have
preferred those with excnange effects included over those
without exchange. The improvement with SCF wave func-
tions is extimated 10 be of the order of 20 pereent. In gen-
eral, the e.ectrie guadrupole transitions are not as accurate
as the magnetic dipole values for transitions of the same gen-
eral type beeause of the additional uncertainty in the deter-
mination of s, This uncertainty should generally be in
the neighborhood of 20 percent.

A good assessment of the uncertainties in the calculated
values for forbidden lines is possible due to the fortunate
circumstance that some forbidden lines of O 1 have been
determined experimentslly.  These lines appear strougly
in the aurora, which has been utilized as a “‘light source”.
The transition probabilities could be sccurately determined
via a measurement of the lifetimes of the upper atomic
states.  Extensive auroral observations by Omhbolt [$1]
gave tor the 'D—!S transition a uansition probability of
1.43 sec™!, while the best calculated value is 1.25 sec™!.
For another case, namely the lifetime of the 'D state, the
averaged experimental result is approximately 160 sec, while
the theory gives 135 sec.

The thcoretical transition probabilities involved in this
comparison depend sensitively on the choice of some param-
eters, particularly s, and {. The good agreement with the
observations indicates that uncertainties no greater than 25
to 50 percent have to be generally expected.

For a nnmber of magnetic dipole transitions, the uneer-
tainties should be even smaller, since the results are ahmost
independent of the choice of the parameters. In the p? and
p' configurations these are the transitions 3P,—3P, and
3P, —3P,, which have, near LS-coupling, the strengths of 2
and 2.5 respectively. In the p? configuration one encounters
the transitions 2P;, —2P}, with a strength of 1.33 and the
transition 2D}, —2D3, with a strength of 2.4, again near LS-
coupling. For ali these lines the effects of cenfiguration
interaction and deviations from LS-coupling do not enter
sensitively into the results. Thus, these transitior. proba-
bilities should be considered accurate to within 10 percent,
while all other magnetic dipole lines are uncertain within
about 25 percent.

Analogously, the transition probabilities for a nuinber of
electric quadrupole lines depend essentially only on the
quadrupole integral s, These are the transitions 'So— D2,
3p, —3P, . and 3P, — 3P, for the p? and p* eonfigurations and
*D3), —2P;3,, 2D3, —2P3),, *D5, —2P],, and 2D, —*Fj, for the
p® configuration. Within a given spectrum these should
be the best available quadrupole lines and they have heen
estimated to be accurate within 25 percent, while the rest
of the quadrupole transitions should be accurate within 50
pereent.  On the whole, electric quadrupole lines have been
rated to be of lower accuracy than magnetic dipele lines,
since the uncertainties in the quadrupole integral must be
added to the other uncertainties already present for the
magnetic dipole lines.

Further details on the calculations of forbidden line
strengths may be found in the recent review article by
Garstang [42).

D. METHOD OF EVALUATION

We shall now discuss the general steps in the evaluation
of the data: The literature, as taken from the files of our data
center, has first been screened for vutdated and superseded
material. The remaining articles have then been indi-
viduallv studied and the results collected in comparison
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tables. Additional values have been computed by employ-
ing the Coulemb approximation by Bates and Damgaard [2]
whenever this has been considered necessary and useful.
When large discrepancies or odd values have appeared
in the comparison tables , we have searched for likely sources
of numerical errors, and have also communicated in many
instances with the respective authors,

The evaluation and final seleetion of the sets of best
values depends so much on the particular material available
for each ion that the main justifications for the selections
has te be delegated to the individual introductions. Only
a few general rules on the selectien may be given now:

Thus, self-consistent ficld calculations with exchange
effects have been regarded as superseding those not in-
cluding these effects*; the Coulomb approximation is gen-
erally not employed when the transition is very far from
being hydrogen-like, e.g., when the lower state is the ground
state or when it contains two or more electrons of the same
principal quantum number; experiments employing photo-
electric techniques are preferred over similar experiments
utilizing photographic detection: measurements with wall-
stabilized arc sources are considered superseding analogous
measurements with fluid- or gas-stabilized arc sources be-
cause of the stabihty problems of the latter. For forbidden
lines, the calculations based on empirical term intervals
are preferred to those based on the Slater theory for inter-
multiplet separations, since a theorctical study [40] shows
that the effects of configuration interaction, which are often
important, are at least partially taken into account by the
first approach.

When several methods of comparable quality are avail-
able, the results are averaged to obtain the best value. If
one method appears clearly better than the others, only
those results are employed.

The final step in the evaluation is the cstimate of the
uncertainties. At the present status of sur knowledge, we
find it impossible to assign specifie numerical error limits
to each transition.  Instead we have introduced a classifica-
tion schzme with several classes of accuracy, and assigned
each transition probability to a certain class. We have used
the following arbitrary notation:

The word uncertainty is being used in the meaning “‘extent
of possible error” or “possible deviation from the true
value”. We are aware that this is far from being a precise
definition of error, but, considering the nititude of ap-
proaches to the error discussions in the various papers
{or the lack of them), it seems impossible to find a better
couron denominator.  Uncertainties of class 447 L.,
values that are essentially exaet, are found only in hydrogen
and a few transitions of helium.  Going to the other ex-
treme, we have included elass “E data, i.e., very uncer-
tain values, only in those special eases, when for the most
important and most characteristic lines of a spectrum no
better data are available, so that otherwise these lines would

SFortunately, most ot the selecte § selfconastent field calenlations inelude exchange efects in
varying degrees of refinement.
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have to be omitted.  Qecasionally, we have made a turther
differentiation in the classification scheme by assigning
plus or minus signs to some transitions.  This serves to
indicate that these lines are significantly better or worse
than the average values, bat do uo quite belong into the
next higher or lower class.  They should be therefore the
first or last ehoice among similar lines,

Since the theoretical treatments essentially do not permit
error estimates per se, these have to be obtained from
comparisons  with experimental  and  other  theoretical
determinations or from general consistency checks, sueh as
appheations of fisum rules, ete. A few rather andacions
extrapolations have had to be undertaken, when no reliable
comparison material was available.  On the other and. the
errors given by the experimentahists are sometimes only
indications of their precision, and no allowance is made for
systematie errors,  Fherefore, we have generally beeu more
conservative with our error estimates. and hope that we
have arrived at a realistie and consistent error presentatica,

E. ARRANCEMENT ANB EXPLANATION OF
COLUVMINS

We have adopted the present arrange ment of the tables
after consulting with a number of phyvecists working in
three fields from which —it is anticipated —most of the users
of this compilation will come, i.e., spectroscopy, astrophys-
ics, and plasma physics.

We feel that of the maltitude of units in which transition
proebabilities are expressed. the adopted eombination of the
transition probability for spontaneous emission A (in see *).
the absorption escillator strength fir (dimepsionless), the
log gf (a further disecussion of the statistical weight g s
given in Appendix B) and the line strength S tin atomic units)
gives a very adequate representation.  The other units are
either not commonly used or, in case of g/ and g4, may be
obtained by simply multiplying two eolumns of the table.
The units that are only vecasionally used are:

1. The transition probability of absorption By (i =lower,

b=upper stater which is related to 4 Iy
&
Bix=6.01 \* = Ay, {0
1
(A is the wavelength in Angstrom onits. and g, 2
are the statistical weights, further  discussed in
Appendix B)

2. The transition probability of induced emission By,

which is related to Axi by

Bii=6.0] A Ai. (7)

3. The emission oscillator strength fii. which is related
to the absorption oscillator strength fie by

Sri ="'5_ifik- (8)

In addition, some authors have introduced still other
quantities, but these have not fonnd general aceeptance
and will not be considered further.

The conversion factors between the tabulated gnantities
Axi, fic, and S are listed in table Hl, as reproduneed from
reference [1].  (For the case of hydrogen, we have employed
the reduced mass and other appropriate eounstants in the
conversion faetors.)




The general arrangement of the tables aceording to in-
creasing atomic number and stage of ionization needs no
further comments.  The material for the ind:vnidual jons
is further subdivided into sections for ziiowed {electric
dipole) and forbidden transitions.  As forbidden traasi-
tions we have considered all magnetic dipole and electrie
quadrupole lines. Intercombination lines, although they
are forbidden in the casce of pure LS-eoupling, are h'«lcd
under allowed transitions, sinee they are electric dipole
transitions.

The tabulations for cach ion start out with listings of the
ground stzte confignration and the ionization potential,
both taken from ref. [43L In all case:, where we have
tabuiated more than 20 aflowea lines per ion, we have then
assembled a “finding hst” e, we have arranged the lines
in order of increasing wavelength and indicated their po-
siionn in the main 1ables —which are arranged aceording
to spectroscopie notation —by listing their running sumbers.
The latter are g@isen in front of the spectroscopic notation
in the tables.  These finding lists should. for many appli-
cations, permit one 1o und out quickly wlneh fies are cov-
cred in the present tabulation.

Fach table is then preeeded by a short introduction
containing in brief the major reasens whieh have led to the
selection of the presented data and their classification in
terms of aecuracy.  Tlis is followed by a reference list of
the selected articles.

b renmains 1o discuss the columns of the main tables: The
first part of the tables contains data conneeted with the
identification of lines, i.e.. spectroscopie notation, wave-
length, and energy levels. Al these data have been taken
from the compilations by Mrs. Moore-Sitterly, i.e., the “Re-
vised Multiplet Table™ [3]. the “Ultraviolet Multiplet Ta-
bles™ [4]. and “Atomie Energy Levels,” Vol. 1, and addenda
in Vols. H and 1H. recent reports of the Triple Commission
for Spectroscopy {44]. and from newer material generously
furnished by her.  All designations, as usual, are written
in terms of the absorption preeess, i.e., the lower (initial)
state first, For the classihcation of the lines we have
emploved the standard spectroscopic notation for LS-
couphing, with the exception of Net. where we have used
the jl-counling notation, all in aceordance with the above
mentioned “Atomic Energy Levels™ tables.  In listing
the transition arrays, we have presented only the eleetrons
in the unfilled shells. Furthermore, to distinguish between
the different supermultiplets. we have inserted the parent
terms in the notation. W they are given only once, as is
generally the case, then no ehange oecurs from lower to
upper state,

For all speetra with pronounced multiplet structure. i.e.,
for Be 1 thirongh Ne t and their isoelectronic sequences, we
have arranged the lines according to a configurational order:
They are grouped to multipiets, supermuhtiplets, transition
aitays, and incieasing quantem numbers, Within  the
transition arrays. the multiplets are in order of increasing
lower energy levels,  Dadivideal lines within the muhﬂrhh
are listed whenever the total wavelength ~pr(uul anounis to
more than 0.0f percent. This arrangement is convenient
for the application of f~sum rules® and to the similar one used
in the “Revised Multiplet Table™ 3] and “Ultraviolet Mahti-
plet Tables™ [4]. At first we attesapted to copy and extend
these older arrangements, but this would have meant that
many new multiplets had to be inserted.  Therefore. we
abandoned this plan.  We have, lowever, made reference to

1t shou' be mentioned, that for allowed transation- the arengthe S of lmes i a mubiplet add up
to the toral multiplet strength ¢ ee abse ||||uni|x Bt and that tor ferhadden transions the total
Rrpribt gkl Pl gdderg b ebeceme g e sle sid imapretne digrle prolialnliie

the two multiplet Lists by including the multiplet nunbers
in the present tabmation. The numbers are given in paren-
theses under the muhtiplet designation. The letters *“ur”
are added it the numbers are from the “*Uhiraviolet Multiplet
Tables.™

For the He 1 isselectronie sequenee we have ehanged the
arrangement  slightly by listing the singlets and triplets
separaely.

For hiydrogen we have made several ehanges in the ar-
rangement to adapt he tables to the very divergent dppll(‘d-
tions in theory and experiment: The tables are split into
four seperate parts: In taple A we hist the “average™ transi-
tion probabilities, ete., for the transitions between lower
state of principal quantum number n; and upper state ny.

These are defined by the following relations:

21+ 1
A:T,_ n = E _n2 A(nli'.:.‘(nli,- (%
N
I dj
- 20+ 1
. : = :z —'"",“‘ (uli;. (nl)y, (10)
[P H ny
n, n = 2 S(nn (nl)y. (Ih
These “average’ values are applicable 10 most problems

in plasma spectroseopy and astrophysics. This is due 1o
the circumstance that states with the same principal (n),
but different orbital (/) quantum numbers fall practically
together (““degeneracy”), so that only a single line is observed
for all the possible combinations between states of different
principal quantum numbers. The only assumption entering
into the application of “average™ values is that the atomic
substates must be occupied according 1o their statisticai
weights [45]. The above assumption is tulhlled for any
reasonably dense plasma, where the excited atoms undergo
many collisions during their lifetimes.

In table B the probabilities for transitions between the
various sublevels (nl),—(nl); are listed. This table should
be useful primarily for theoretical applications. Tables
C and D, finally, contain the most important fine structure
[tnlj)i —(nlj)] and hyperfine structure lines {tnljf}i —(nljf]
of hydrogen (j= inner or total electronic angular momentum
quantum number; f=total atomic angular momentum guan-
tum number). For these two special tables we have made
a further change by presenting frequencies and energy
differences rather than the usual wavelengths and energy
levels.

I all other tables, the energy levels are given (in units

“of em™') relative to the ground state with Eo=0. We have

limited the numerical values 10 six digits which should be
'n.ore than sufficient for all applications. The same limita-
tion was imposed on the wavelengths.

.In a number of cases we have had to calculate wave-
lengths from energy level differences. These are given in
brackets to distinguish them from the presumably more
accurate observed material. However, hydrogen is an
obvious exception. Also given in brackets are all energy
levels which are not derived from the analysis of spectra,
but are extrapolated or obtained from approximate wave
function calculations. We have included in this category
those energy leveis derived from observational material

that are shifted by an unknown amount indicated by an
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x” or "y” in ref. [43]. Those calculaied or extrapolated
values whlch we expect to be quite uncertain have been
indicated, in addition to the brackets, by a question mnark.

The averaged energy i=vels for a multiplet have been
ubtained by weighting the component levels according tw
their statistical weights, and the multiplet wavelength is
caiculated from the averaged energy levels. taking the re-
freetion of air tnto acesunt for wdnﬁngﬂh fonger than 2000
A [42]. These averaged values are indicated by italies.

The statistical weights g have been included in this 1abu-
lation hecause of their importance in appiications involving
line intensities. They have been obtained from the inner
quantum numbers J listed in the **Atomic Energy Levels™
by applying the relations giver. in Appendix B

The second part of the table contains the datu proper.
The numerical valves contain as many digits as are con-
sistent with the estimated accuracy »f the data.®

The numbers in the source column refer to the references
listed after the individual introductions. I two or more
reterences are listed, we have given each source equal
weight in arriving at the averaged vaiue. If the data for all
lines of a .nultiplet are given, then these are either obtained
trom the -lationships listed in Appendix B and from LS-
coupling tables [17-19], which is indicated in the source
column by “Is”, or they are cbtained directly from the
literature. In the latter case they are sometimes marked
“n”, if they are normalized tv a basis which is different
from the one chosen originally by the authors. Similarly,
the multiplet values sometimes have been renormalized
and have been marked *‘n”".

For the forbidden lines, a few small changes in the ar-
rangement have been made. First, we have indicated the
type of transition, i.e., we have listed an “*m’ for magnetic
dipole and *‘e” for electric quadrupole lines. Furtherrore,
the log gf and fix columns are omitted, since these units are
not used for forbidden lines. (The line strength S, which
now has different atomic units (see table 11I), is also used
iufrequently). [t should be noted that the total transiticn
probabilities of forbidden lines are obtained by adding the
magnetic dipole and electric quadrupole values.

We finally would like to mention that we have assembled
and explained in Appendix A all abbreviations appearing
in the tabulations.

F. FUTURE PLANS AND
ACKNOWLEDGEMENTS

It is our plan to extend this eritical compilation to ail
other elewrents and make revisions whenever necessary.
The present tables should therefore be regarded as the first
volume of a larger work spanning all elements,  However,
realization of lhlh large project in a systematie fashion,
say. i order of intreasing atomic namber, does not appear
f('il.*ii)h' <nee there are ”‘!?.'.i‘.'{'!}' o
reliable dala available for many heavier elements, and
essentially none for Iigher stages of ionization,  As an
interim solution, we probably shall attempt 1o assemble,
in an irregular fashion, tables of best values for the spectra
of those heavier clements and jons for which extensive
and worthwhile data are presenlly al hand.  These will
be primarily the lieavier noble gases, some of the well-
known metals, the alkalis, and the alkaline earths.  Also,
the third period of the periodie table appears to be promising.

and 'nn..
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Finally. it is our wish and hope that this compilation mas
stimulate further work on the lightest ten elements, sinee
many gaps and unreliable data are evidemt om chiser ine
spection of the tables. The two areas that merit the highest
attention are the  bigher anil those lower exeited
transitions that are subject to the effects of configuration
interaction.
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tion of muny workers in this field. In particular, we would
like to thank P. S, Kelly and B, i4 Armstrong for sending
us preprints of their extensive SCF-caleulations on nitrogen
and oxygen, 1. R. Griem for supplying us with a computer
progcam to caleulate Bates-Damgaard values: and R, H.
Garstang and A. M. Naqgvi for extensive discussions and
some re-caleulations of transition probabilities for forbiddery
hues,

We also express our sincere gratitude to the studen.s
who have worked during the past summers on the prelimi-
ary aspeets of this compilation: These are Mary DesJardins,
Maurcen Zagronic. Berry Cobb. Don Hall, and Panl Veiet.

We would finally like to thank several of our collegues at
NBS: cspecially A.W. Weiss for many useful discussions
and for carrying oul tiany SCF-culeulations when serious
gaps in the data showed up: Mrs. C. E. Moore-Sitterly for
generously turnishing us with new material on enerzy
levels and wavelengths: and J. Z. Klose for undertaking a
lifetime study for important cxeited states of Ne |

It is also a pleasure to acknowledge the ¢ ompetent help of
Miss Jeain Bates and Mrs. \Idl‘ll)ll Duffany in typing and
proofreading the manuscript.
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Table 1.

Refavionslngs betwern the quanities for hydrogen. indicated by 1. and hydrogenlike jons of charge Z

ithe other ssibets wre explainel] in See, .
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"/ = Z‘.""

Table H.
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becanse of its very limited nuse the quantum mwbers ave given o their cnstomary notation).

Spectrum Transitiuns Author

Hi 2> nfordl <n <60 Green, L. C., Rush, P. P., and Chandler,
nili—= nyly for C. D., Astrophys. J. Suppl. Ser. 3, 37
5= n;<20,6 <n, <20, (1957).
and all pussible [-values
20 nlfer2l <n <60

Hi Is=npfor 7<sn<50 Harriman, J. M., Phys. Rev. 101, 594 (1956)
20— nlfor7sn=<30 and Document No. 4705, American Docu-
and all possible [-values mentation  Institute  Auxiliary Publica.
J—=>niforTsn=<50 tions Projeci, Photoduplication Service,
and all possibie /-values Library of Cungress, Washington, D. C.
= nlforT<sn=<50
and all possible [-values

Ni s=p. p—d. and d-f for Kelly, P. S., J. Quant. Spectrose. Radiat.

‘ore

s=p. p~d. and d—f for
and 1s2p* cores

Nu, Om
2 < n < 8: with 15%2252p
core

N1, Ow s=p.p-d, and d —f {ar

Niv.Ov s=p. p—ed, and d-f for

Nv.Ovi s=p. p=d. and d-f for

2 < n < 8: with 1s? core

01 s=p. p=d, and d-f for
2 = n = 8; with 1522522 core
On s=p. p—d, and d-f for

2=<n=<11: with 1522s?2p?

2 < n = 8; with 15225 2p?

s—p.p—d, and d—f for

2 < n < 8: with 15?252 core

2= n < 8: with 15?25 core

2 <n < 8; with 1s22522p? core

Transfer 4, 117-148 (1964).

Kelly, P. S., J. Quant. Spectrosc. Radiat.

Transfer 4, 117-148 (1964).

Kelly, P. S., J. Quant. Spectrosc. Radiat.

Transfer 4, 117-148 (1964).

Kelly. P. S., J. Quant. Spectrosc.
Transfer 4, 117-148 (1964).

Radiat.

Keily, P. S.. J. Quant. Spectrose. Radiat.

Transfer 4, 117-148 (1964).
Kelly, P. S., J. Quant. Spectrosc. Radiat.

Transfer 4, 117-148 (1964).
Kelly, P. 8., J. Quant. Spectrosc. Radiat.
Transfer 4, 117-148 (1964).




Caaversion factors,
at 1= ledt,

Table H1

Phe faeten i each bos convers by wmdisphicanion the quaniity above it i the one

" ki
e
k.
E,
S
W\,

FAu02 < 19 16p2EE
£

3507 X 10 B!

1

i

0,070, > 100 x,

A* 143

O35, X H) 19ggA?

e

3.053 X ) e Ad

— 1-

"4'4"

W

FUT1 X0 3 a®

247,302

S
F4
2.02(),:' _l(_)'_:
A
¥
Lo, < 10
At
‘lil
2,007, > 10
i A
Fy
303.7,
K
E,
251.8
PEE
I -
Wy
1083 X 10 3
107}
|

The line strength s given i atomie units, which are:
For clectrie dipole transitions (allowed - denoted by Ey):

@t =6.459, X 10 % ¢m?® esu®;

for electriec quadrupole transitions (forbidden —denaoted by E):

ale’=1.808x X 10 % em? esu®:

for magnetic dipole trausigions (forbidden —denoted by MWy

o

ShA N 6mim,?

Tite transttion probability is in units see

. and the fovalue i~ dimensiondess,

8.599 X [0~ erg? vanss “.

The wavelength A

is given in Angstrom nnits, and g and gg are the statistical weights of the lower and upper state,

respectively.




APPENDIX A

Key to abbreviations and symbols used io the tables
{A) Symbols for indication of accuracy:

AAL L uncertainties witlin 1€
Avaed e o do 30
B ..., .. do 10%%
Cooo . do 25%
D....... do 0%
E....... uncertainties larger than - 50

(B) Abbreviations appearing in the source column of

allowed transitions

is = LS<conpling

ca = Couloml, approximation

n=normalized to a different <cale

() Types of forbidden lines

e = electrie quadrupole line

m = magnetic dipole lize

tTotal transition probabilities of forbidden lines are
obtained by adding the e- and m-values).

(D) Special symbols used in thi: wavelength and energy

level columns.

Number in parentheses under multiplet notation 1efers
to running number of ref. |3} (Revised Multiplet Table)

If letters “ur” are added. reference is made to running
number in ref. [4] (Ultraviolet Multiplet Table)

Numbers in italics indicate multiplet values, i.e.,
weighted averages of line values.

Numbers in square brackets approximate calculated
«r extrapolated values.

Questisn  marks indicate

rather uncertain values.

766-655 O-66—2

multiplet —
4 ki -

APPENDIX B

(Av Statistical W ¢ights:

The statistical weights are related to the inner Guantnm
number J, (in one-electron speetra j) of a level Gnitial and
final states of & line) by

=2/, +1,

and to the quantum numbers of & term (initial and final
states of a multiplet) by

gy=02L+1)25+1).

(The “multiplet”™ values gy may also be obtained by summing
over all possible “line™ values g. S is the resultant spin.)
(B) Relations between the strengths of lines and the total
multiplet strength:
1. Line strength §:

St k= SUi. Jx)

Jiodp

or S(Multiplet) =" S(line)

(k denotes the upper and i the lower term).
2. Absorption oscillator strength:

1
— ¥ L+ XN S X ST 0
Aik z {2‘1,+ 1) .I%Ii ‘ ‘

g4

j_mulnpl(-l =
ik

The mean wavelength for the multiplet Xix may be obtained
from the weighted energy levels. Usually the wavelength
differences for the lines within a multiplet are very small,
so that the wavelength factors may be neglected.

3. Transition probabilities

1

Al >

Jy

> e+ XM LB X Ay S0
2+ 1, 4.7,

Relative strengths S(Ji. Ji) of the components of a multi-
plet are listed in refs. [17-19] for the case of LS-coupling.

X}




HYDROGEN
H

uround State ls 2Sllz

fonization Potential 13.545 eV = 109678.758 cm™!
Allowed Transitions

For hydrogen a special tabular arrangement is used.  1n Table A the “average™ transition prob-
abilities for transitions between lower states of principal quantum number (n); to upper states
in) are listed. They are taken from extensive calculations by Green, Rush, and Chandler: Harri-
man: Herdan and Hughes: Karzas and Latter: and Menzel and Pekeris [1}. These values are
applicable to nost problems in plasnia spectroscopy and astrophysics (see general introduction,
Sec. E). Table B contains the probabilities for transitions between the various sublevels (nl);
—(nl)x. This table should be useful primarily for theoretical applications. Both tables inciud¢
ouly four significant figures siuce relativistic effects, which are of the order of a2, have been
neglected in the calculations (a is the fine structure constant). [t should be noted that Green,
Rush, and Chandler: and Harriman list more transitions, but these, not being of any practical
imporiance. are omitted.

Table C contains the values for nine fine structure hines as calculated from the work of Wild [2].
The effect of the Lamb shift has been taken inte account by using his equation (4a) te calculate
the line strength and then by using the euergy levels given in NBS Circular 467 (Atomic Energy
Levels) for conversion into the other quantities.

The values for the transition between the two hyperfine structure comnonents of the 1528,
level are also taken from Wild {2] and are given in Table D. This magnetic dipole transition has
a statistical weight of 2+ 1, where fis j=1/2 for hydrogen.

The metastable 25 25, level gives rise to transitions to the ground state only by means of two-
photon emission.  This process was studied in particular by Shapiro and Breit [3}. Their calcula-
tion of the transition probability for the 1s2S;,— 2528, transition gives a value of 8.23 sec™!
with an estimated accuracy oi better than 3 percent.  The transition itself gives rise to a centinuum:
hence no for Y values are given.

Finally, it should be mentioned that in the conversion factors used for hydrogen the reduced
mass and other appropriate constants are taken into acecunt.

References

[1] Green, L. C., Rush, P. P., and Chandler, C. D.. Astrophys. I Suppl. Ser. 3, 37-50(1957): Harriman, J. M., Phys. Rev.
101, 591508 (1956) and Docunient No. 4705, American Documentation Institute Auxiliary Publications Project,
Phaotoduplication Service, Library of Congress, Washington, . C.: Herdan, R.. and Hughes, T, I*., Astrophys. J. 133,
294208 (196 1y, Karzas, W. J.. and Latter, R, Astrophys. J. Suppl. Ser. 6, 107-212 (196 H; Menzel, D. H.. and Pekeris,
C. L.. Mouthly Notices Roy. Astron. Soe. 96, 77-111 (1935).

2] Wild, J. P.. Astrophys, ] 113, 206221 (1932).

3] Shapiro, 1., and Breit, G., Phys, BRev. 113, 179-181 (1939).




H—Table A.

(n)i—(n)x Transitions (Average Valuesy

Transition

Ak

Eicm™YH

Exlem)

i

! | & &

|

|
-2 | 1215.67 0| 82259 |2 8
1-3(Lg} | 1025.72 0! 91492 |21 18
1—4 L) 792.537 0! 12824 |21 32
1=5 lg) 919.743 0| 103292 {2 30
=6 (1) 937.803 01106632 | 2| T2
=7 930.748 0107430 | 2] g
1-8 926.226 0| 107965 | 21 128
1-9 923.150 0| 108325 | 2] 162
1—10 920.963 0| 108382 | 2] 200
1-11 919.352 0] 108772 | 2| 242
1-12 918.129 0| 108917 | 2| 288
1-13 917.181 0 | 199030 | 2| 338
1-14 916.429 0| 109119 | 2| 392
1-15 915.824 o | 109191 | 2| 150
1-16 915.32) 0| 109250 | 2] 512
=l 914.919 0 109299 | 2| 578
1-18 914.576 0] 109330 | 2| 618
1-19 914.286 0] 109375 | 21 22
1-20 914.039 01 109405 | 2| 8
1=21 913.826 6| 109430 | 2| 882
1=22 912.611 0! 109452 | 2| 968
1-23 913,180 0 | 109471 | 2| 1058
1-24 913.339 0| 109488 | 2| 1152
1-25 | 913.215 0| 109503 | 2| 1250
1-26 L 613.104 01 109517 | 2| 1352
1--27 | 913.006 0 109328 | 211458
1-28 912,918 01 109339 | 2| 1568
1-29 912.839 01 109348 | 2| 1682
i1—30 912.768 0! 106357 | 2| 1800
1-31 912.703 0! 109365 | 2| 1922
1-32 912.615 01 109572 | 212048
1-33 912.592 0] 109378 | 2| 2178
1--34 912.543 0 109383 | 2| 2312
=35 912.499 01 109389 | 2] 2450
1-36 912.4>8 0] 109394 | 2| 2592
1 —37 912.420 0| 109599 | 2| 2738
1 -38 912.385 0 109603 2| 2888
-39 912.333 0| 109607 | 2| 3042
1 -40 412,324 0 109610 2| 3200

i

2-3(Ha | 6362.80 82259 | 97492 | 8] 18
2—1(Hy | 1861.32 42259 | 102824 | 8| 32
25000 | 431036 82259 | 105292 | 8| 30
26y | HOLT3 82230 | 106632 | 8| 72
2-T(H) | 37007 82259 | 10740 | 8] 98
2.8 3489.05 82259 | 107965 | 8| 128
2-9 3835.38 82259 | 108323 | 8| 162
2210 3797.90 82259 | 108582 | 8| 20
2-11 | 3770.63 82259 | 108772 | 1 242
212 i 3730.15 82259 108917 | B 288
2-13 | 373437 | 2259| 109030 | 8| 338
2214 | 3721.94 82259 | 109119 | 81 392
T | 3711.97 ’ 82259 | 109191 | 8] 450
2-16 3703.85 82259 | 109250 | 8| 512
2-17 | 369715 | 82259 | 1002 | 81 578

Ardsec

— e —

7.568 x< 10°
3.869 x 10°
2.143 x 107
1.263 x 10°
7.834 < 10*

5.066 X 104
3.393 x 10¢
2.341 x 10*
1.657 x 10*
1.200 X 10*

8858
6654
5077
3928
3077

2438
1952
1578
1286
1057

8753
729.7
612.2
516.7
438.6

374.2
320.8
276.3
239.0
207.6

181.0
1284
139.1
122.6

4410 X i07
8.419 > 108
2.530 x 108
9.732 x 10°
4.289 x 10°

2215 x10°
1.216 x 10°
7.122x 10!
4.397 x 1'v
2.83% > 10¢

1.893 < 10*
1.303 x 10¢
$210
6658
4910

0.4162

7.010 <10 *
2.899 x 10
1.394 %102
T.799%x10°#

+.814x107?
3.183x10-°
2216 X103
1.605 x 10
1.201 x 10-*

9214 x 1071
T.227x107*
5.774x10
4.686 X 10-*
3.856 x10-4

3.211 x10-*
2.702x10 ¢
2.206 <104
1.967 x 10
1.698 X 10~

1.476 x 10+
1.291 x 10 ¢
1.136 x 19-*
1.065 x 10—
8.928 x 10-3

7.970 x 10>
.14 x 107
6.429> 10"
5.806 10
5.261 x 103

4.782> 10>
4.360 x 103
3.986 x 10 °
3.653 x10-°
3.357x 10>

3.092x10*

2.834 x 10

2.640 X 10 7
2.446 10>

0.6407
0.1193
4.467 x 10-*
2.209 x 10-*
1.270 x 10-2

3.036 < 10-*
3429 x 103
3.851 x 163
2635 X105
2051 <108

1.672 % 103
1.326 x 103
1070 X 10-¢
8.764 x 10
7.270x 10!

Stotun

3.330
0.5339
0.185
8511 x10 *
1813 x10 *

2948 x 10 ®
1.940 X 10-*
1.336 <10 *
9.729 x 1073
7.263 x10°*

2.567 X 10-3
4.362 x10°3
3.482x10°3
2.824x10 %
2.323x 10°3

1.933 < 10-3
1.626 x 1¢-4
1.381 x 10-3
1.183 < 16-*
1.021 x 10-3

8.874x 10
7.761 x 10*
6.827 x 10~
6.037 x 10°*
3.364 > 10+

4.788 x 10+
4.202x 10!
3.862 x 10
3.87x10¢
3.160 x 10 ¢

2.872x 104
2.618x 10
2.394 x 10+
2.194 x 10
2.016 X 10+

1.856 < 10 ¢
1.713 x 10+
1.585 % 10-*
1.469 x 10+

110.7
15.27
5.105
2.386
1.328

0.8228
0.5482
0.3851
0.2815
v.212%4

0.1644
0.1300
0.1046
8.547x 102
7.077 x 192

Accu-{Souree

log gf racy
—0.0797 | AA 1
—0.8008 | AA ]
—1.2367 | AA ]
—1.5548 | AA ]
—1.8069 | AA 1
—2.0165 | AA ]
—-2.1961 | AA I
—2.3534 | AA I
—2.4931 [ AA |
—-2.6196 | AA I
—2.7315 | AA I
—2.8400 | AA I
—-2.9375| AA I
—3.0281 1 AA ]
—3.1129 1 AA ]
—3.1921 | AA ]
—3.2673  AA ]
—-3.3381 | AA | 1
—3.4052 | AA 1
—3.4691 | AA 1
—3.5299 | AA 1
—3.5880 | AA 1
—-3.6436 | AA 1
—3.6970 | AA 1
—3.7482 | AA ]
—3.7975| AA 1
—3.8450 | AA ]
—-3.8908 | AA 1
-3.9351 1 AA 1
—3.9779 | AA ]
—1.0193] AA 1
—4.05951 AA 1
—4.0985] AA ]
—4.1363 | AA ]
—4.1730| AA 1
—4.2088 | AA ]
—1.2436 | AA 1
—-4.2774| AA 1
—4.3105| AA 1

0.7098 | AA ]
—-0.0202 | AA :
—0.4469 | AA 1
~-0.7527 AA 1
-0.9929 [ AA 1
—1.1919| AA 1
—1.3622| AA i
—1.5114| AA 1
—1.6443] AA 1
—1.7633 ] AA 1
—1.8737| AA 1
—1.9743| AA !
—2.0674 | AA 1
—-2.1542 1 AA 1
—2.2354 | AA 1




H—Table A. (n)i—{n)x Transitions (Average Values)— Continued
e —— :
Transition AMA) Edtem ) Edem™ ") | g & Apdsec) fix Stat.u.) log gf lzt;‘ Sl
2-18 3691.55 82259 | 109340 | 8 | 618 3685 6.099 x 10-* 5.928 X 102 —2.3117| AA } 1
2-19 3686.83 82259 | 109375 | 8| 722 2809 53.167x 10 5.016> 102 —2.38371 AA 1
2-20 3682.81 82259 i 109WGs | 8 | 800 2172 4.416 X 104 4.283 X 10* —2.4518| AA |
221 3679.35 82259 | 109430 | & | 882 1700 3.805x 104 3.686 x 102 —2.5165( AA 1
AL 3676.36 82259 | 109152 | 8 | 968 1347 3.302x 10~ 3196102 | —2.5781| AA 1
2=23 3673.75 2259 | 109471 | 8 | 1058 167 2.884 x 1y-4 2790 A 16 ¢ —2.6369 ] AA 1
2-21 3671.48 82259 1 109488 | 8 [ 1152 870.7 2.534 X 10+ 2.449 x 102 -2.6931 1 AA 1
2-25 3669_16 82259 | 109503 | 8 | 1250 709.6 2.238 < 10— 2.163x 102 —2.7470 ¢ AA 1
226 3667.68 82259 | 109517 | 8 1352 583.0 1.987 x 104 1.919x 10-2 —2.7987 | AA 1
227 3666.10) 82259 1 109528 | 8 11458 482.6 1.772x 10~ 1711 X102 —2.8484 AA 1
228 36604.68 82239 1 109339 | 8 l 1568 402.2 1.587 x 104 1.532 x 10-2 —2.8062, AA 1
2-29 3663.40 82259 | 109548 | 8 | 1682 337.4 1.427 x 104 1.377 X 10* —2.94214 1 AA 1
2-30 3662.26 82259 | 109557 | 8 I 1800 284.7 1.288 x 10—+ 1.242 x 102 —29869 | AA 1
231 3661.22 82259 | 109565 | 8 [ 1922 | 2416 1.167 X 104 1.125 % 102 —3.03060 AA 1
2-32 3660.28 82259 | 109572 | 8 | 2048 206.1 1.060 x 10-4 1.021 x 102 —3.0717| AA 1
|
2-33 3659.42 82259 | 109578 | 8 2178 176.7 9.658 X 10-3 9.305 % 1073 —=3.1120 1 AA 1
2-34 3658.64 82259 1 109584 | 8 | 2312 152.2 8.825 x 195 8.501 X 10-3 —3.15312 i AA 1
235 3657.92 82259 | 109589 | 8 | 2450 131.6 8.086 X 10-* 7.788 x 102 —3.1892 | AA 1
2-36 3657.27 82259 | 109594 | 8 | 2592 114.3 7.427 x 10> 7.152x%10-* —3.2261 | AA 1
2--37 3656.66 82259 | 109599 | 8 12738 99.66 6.837x 105 6.583 X 103 —3.2620 | AA 1
2-38 3656.11 82259 | 109603 { 8 | 2888 87.20 6.309 x 10-5 6.073x10-? —3.2969 | AA 1
2-39 3653.99 82259 | 109607 | 8 | 3042 | 76.57 5.834x10-% 5.615 x10-3 —3.3310 | AA 1
2-10 3655.12 82259 | 109610 | 8 i 3200 67.46 5.405 X 10-» 5.202 X 103 —3.3641 | AA 1
3—4(Py 18751.0 97492 102824 {18 | 32 8.986 x 10¢ 0.8421 935.4 1.1806 | AA i
3-5(Pg) 12818.1 97492 1 105292 |18 i 50 2.201 X 108 0.1506 114.3 0.4331 | AA . ]
3—61Py) 10938.1 97492 | 106632 |18 | T2 7.783 X 10® 5.584 x 102 36.18 0.0022 | AA 1
3—7 (Ps) 10049.4 97492 | 107440 ;18 98 3.358 x 10° 2.768 X 102 16.48 —0.3025 | AA 1
3-8 (P 9545.98 97492 107965 |18 | 128 1.651 X 10® 1.604 x 102 9.069 —0.5396 | AA 1
3.0 9229.02 97492 108325 |18 162 8.905 x 104 1.023 X 10-¢ 5.595 —~0.7347 | AA 1
3—10 9014.91 97492 108582 118 1 200 5.156 X 104 6.980 x 10-3 3.728 —0.9009 1 AA 1
311 8862.79 97492 | 108772 |18 | 242 3.156 X 10¢ 4.996 x 10-3 2.623 —1.0461 | AA ]
3—12 8750.47 97492 108917 |18 | 288 2.021 x 104 3.711 x 103 1.924 —1.1752 | AA ]
3—13 8665.02 97492 | 109030 |18 | 338 1.343 x 10* 2.839 x 103 1.457 —1.2916 | AA 1
1—14 8598.39 97492 109119 |18 | 392 a2]11 2.224 X 10* 1.133 —1.3977 | AA |
3-15 8545.39 97492 109191 {18 | 450 6490 1.776 X 102 0.8992 —1.4952 1 AA I
3—-16 8502.49 97492 | 109250 (18 | 512 4680 1.443 X 10-* 0.7267 —1.5855 | AA 1
3—17 8467.26 97492 | 109299 (18 | 578 3444 1.188 X 103 0.5963 —1.6696 | A2 1
}—18 81437.96 97492 109340 {18 | 648 2580 9.916 X 10~ 0.4957 —1.7484 | AA 1
3—19 8413.32 97492 109375 118 | 722 1964 8.361 x 104 0.4167 —1.8225| AA 1
3—20 8392.40 97492 1 109405 {18 | 800 1517 7.118 X 104 0.3536 —1.8924 | AA 1
4 -5 140512.0 102824 | 105292 (32 50 2.699 X 108 1.038 4428 1.5212 | AA 1
1-6 26252.0 102824 | 106632 |32 72 7.711 X 19° 0.1793 495.6 0.7586 | A/ 1
1-7 21635.0 102824 | 107440 132 98 3.041 X 10° 6.549 X 102 149.4 0.3213 | AA 1
1--8 19445.6 102824 107965 (32 128 1.424 X 10° 3.230x 102 66.14 0.0143 | AA 1
$-9 181741 102824 | 108325 |32 162 7.459 X 10¢ 1.870 X 102 35.79 —0.2230 | AA |
1—10 17362.1 102824 | 108582 132 | 200 4.235 x 10¢ 1.196 % 102 21.87 —0.4171 | AA |
1-11 16806.5 102824 | 108772 132 | 242 2.556 X 10* 8.187x 10-3 14.49 —0.5817 | AA 1
1—-12 16407.2 102824 | 108917 (32 | 288 1.620 x 10? 5.886 X 103 10.17 —-0.7250 | AA |
1—13 16109.3 102824 | 109030 |32 | 338 1.069 X< 10* 4.393 X 10-* 7.452 —0.8521 | AA | ]
—11 15880.5 102824 | 109119 (32 | 392 7288 3.375 X 10-* 5.645 —0.9665 | AA |
1-15 15700.7 102824 109191 |32 1 450 2110 2.656 X 103 4.392 —-1.0706 | AA 1
1-16 15556.5 102824 | 109250 (32 | 512 3671 2.131 x 10~ 3.492 —1.1662 | AA 1
4-17 15438.9 102824 109299 {32 | 578 2693 1.739 x 10-* 2.827 —1.2547 1 AA 1
4-18 15341.8 102824 | 109340 (32 | 648 2013 1.439 X 10-# 2.324 —1.3370 | AA 1
1—-19 15260.6 102824 | 109375 (32 | 722 1529 1.204 x 102 1.936 —1.414] AA 1
1—-20 15191.8 102824 | 109105 32 | 806 1178 1.019:x 10-2 1.631 —1.4865 ' AA 1




H - Table A.

(n)i—(n)y Transitions

Transition A‘A) E,‘(('n)'l)lEi.(“"]'” & & Aidsee™h) I
— S
5-6 74578 105292 | 106632 150 72 1.025 x 10% |
5-7 16525 105292 | 10740 (50 98 | 3.253x 10" |
5-8 37395 185292 | 107965 |50 128 | 1.388x10°
529 32961 | 10522 | 108325 (50 162 | 6.908x 10¢ |
510 | 30384 | 105292 | 108582 (50 200 | 3.800>10* |

I i
F=11 28722 105292 | 108772 !50 242 1 2,246 %10 ‘
5-12 27575 | 105292 | 108917 |50 288 | 1.402x 10
5-13 26741 1 103292 | 109030 (50 338 | 9143 ‘
5-14 26119 | 105292 | 109119 (30 392 6185
5-15 25636 ' 105292 | 19191 50 450 = 308
|
5-16 25254 ] 105292 0 108250 (G 512 | 3079
5-17 | 2496 | 105292 | 109299 50 578 | 2249 |
5-18 | 24693 | 105292 | 109340 (50 68 | 1675 _
5-19 | 2483 105292 | 109375 56 722 1208 |
5-20 | 23307 105292 109405 (50 800 | 975.1 |
| I ; |
G- 123680 | 106632 | 10TH0 (72 Gp | 4561 X100 |
6-8 75005 106632 | 107965 72 128 | 1.561x10° |
6-9 59066 | 106632 108325 T2 162 | T.065x10¢
610 51273 | 106632 | 108582 T2 200 | 3.688x 10* |
6—11 6712 106632 108772 72 242 | 2.110x 1¢?
6-12 43753 106632 108917 T2 288 | 1.288X10* |
013 1697 | 106632 109030 T2 338 | 827 |
6—14 10198 lueo32 109119 72 392 1 5326 :
6-15 39065 106632 | 109191 72 150 | 3813 I
616 38184 | 106632 109250 72 512 | 2707 |
|
617 37184 ; 106632 109299 T2 578 | 1966
018 36916 | 106632 109340 T2 618 | 1457 '
619 36449 106632 109375 2 722 1099
6—20 36060 | 106632 | 109405 T2 800 | 812.4 |
|
-8 190570 | 10740 | 107965 98 128 | 2272 %16}
H=9 13060 | 10THO 108325 98 162 | B.237x 10
T—10 87577 10710 108582 98 200 | 3.905 % 10
Tl 73061 | 10THO | I0BTT2 98 282 2017 X 108
= 67701 | 10THO  10RNT 98 288 1.250 x 10
| |
=% 62902 107440 I 109030 98 338 7RIS
T—Id 59552 10740 109119 98 392 5136
T~15 57099 | 10THO 1919l 98 450 3516
T—16 53237 10710 109250 ¢8 512 | 2471
e 53783 10741 109299 98 578 1781
7—18 52622.3 107400 199310 Y8 648 1312
—19 5167 | 107THO | 109375 98 722 98LY
T=20 50899 107 L0 109105 93 800 RS N
8-9 277900 | 107963 | 108325 128 162 1.233x 10°
8—10 102050 | 107965 | 108382 128 200 | 4670 x 10}
8—11 123810 107965 | 108772 128 242 2301 x 1o¢
8- 12 105010 107965 | 108917 128 288 | 1.287 x 10
8—13 93894 107905 | 109030 128 338 | T804
8114 86621 107965 | 109119 128 392 5010
815 | BI52T | 107965 | 109191 128 450 3359
B—16 | 77782 | 107965 | 109250 128 512 | 233
8-17 ‘ T30 L0T965 | 109299 128 578 1604 |
8-18 72696 107965 | 109330 128 618 | 1216
8—19 70908 ' 107965 | 109375 128 722 | 9069
820 | 69418 107965 | 109305 128 800 ' 688.6 \

1.231 !
0.2069 ,
THEX10 ® |
3.645> 10 ¢ |
2,104 x 162 |

|
1344 % 102 |
9.209 X 10 #
6.631 %10 |
1959 % 10 #
3.820 x 10

3.014x10°3

2425 %104 |
1.984 % 10 * |
1.636 % 10+ |
1.382 x 104 |

I

1.424

0.2340
8.315x 10
1.038x 102
2.320% 10 * i

1.479 x 102
012 x 102
289 X 103
455 %103
207 < 1073 |
3.324 x 10)-# '
2,679 x 10 *
2,196 x 10-% |
1.825x 103

1
7
b
1

1.616
0.2609

ool

Statu

1.511 x 10

1584

458.3
197.7
105.2

63.5
3179
29.18
21.32
16.

12.53
9.957
8.062
6.631

0028

+.173 x 10

1160
1ot

190.6
256.8

1733
100.0
69. 44
30.50
38.07
29.53
2341

18.96
15.59

9.931 x [y

9514

9.163x 102 | 2588

+.416 x10°*
2525210 ¢

1.605 % 10 * |

1.097 x 10 ¢
7.891 x 10-°

5.905x 103 |

+.356 X103

I

3.602X10°% |

2,905 x 10

2,383 x 10 % |

1.807
(.2876
0.1000
1787 x10¢
2,724 x 10 ¢

1.726 x 10 *
1177 X102
8.456x 10 °
6.323x 107
L8777 x 1078
3.856 %10 *
3.112x10 8

|

|

l
|

1069

aol1.3

325.7
210.6
145.3
105.2
79.03

61.13
48.13
39.13

2,116 > 10°
1.961 x 10?

a217

2017

1077

629.8
$01.1
277.1
199.6
149.4
115.2
31.04

1

(Averzge Values)—Continued

‘ log gf

Aceu Source
racy |

| 1.7893 |
1.0147 |
0.5710
0.2607
0.0219

= S SRR

-0.1725
~0.3368
L —0.4794
- 0.6056
—-0.7189

—0.8218
—0.9162
—1.0035
—1.0845

—1.1605

2.0108

1.2266
0.7772

0.4635
0.2227

0.0273

—0.1374 |

—0.2800
—0.14059
—0.5180

—0.6209
—0.7146
—0.8011
| —0.4815

H

2.1996

1.4077
0.9533
.6363
0.3935

9.1967
0.0313
—0.'116

' —0.2376
-0.3502

—=0.4522
—0.5456
—0.6316

2.3642
1.5661
1.1072
[ 07873
0.5424

0.3412
0.1778
0.0344

—0.0919

—0.2046

| —0.3066 '

- 0.3998

-+

A4 ]
AA 1
AA [
AA 1
AA ]

. o) o v e e e | e e = o e = 0 ) — 1 0 e =

-
-
— b — e

3
<

AA
AA
AA
AA
AA

AA
AA
AA
AA
AA
AA
AA

— b — — — — —




H—Table A. (n)i—(n); Transitions (Average Values)—Continued

| | I | r
Transition | At Epem Y| Edem Y g | dimee Y S | Stat.u.) i log gf Accu| Soure
| ¢ |oe W4 * . o & racy |* ouree

4 3 - 1 - .T R S & . _i — —_— — ;r
9-~10 388590 108325 108382 162 | 2060 15X 10Y | 1.999 4141 < 1P 2.5103 | AA 1
9—11} 223310 108325 | 108772 162 | 212 2813 X100 | 03143 3.742 X 10% 1.7068 | AA | 1
g—12 168760 TOH325 | 108917 162 288 1.427 x i 0.1083 9746 1.2442 | AA | 1
713 1 1790 Y8325 0 109030 | 162 . 338 8192 [ 5152 x 10 3895 0.9215 | AA 1
9--11 125810 108325 1 104119 | 162 | 392 S080 2.9i8 X 10°* 1958 0.6746 | AA 1

\ |
9—15 115360 1 108325 | 11yl 162 1 150 | 3325 1.843 <10 * 1134 0.4750 | AA | ]
916 198010+ 108325 109250 162 512 | 2268 1.254 % 10 2 721.9 0.3077 | AA | 1
9—17 12580 168325 | 109299 162 | 578 | 1598 2.995x 103 492.0 0.1635 | AA ]
9—18 98413 108325 169340 162 | 648 1156 6.719x 107 352.7 0.0368 | AA 1
9—19 95141 108325 109375 162 - 722 455.5 3.180x10® 262.9 —0.0762 | AA ]
9-20 92579 108325 109405 162 | 800 615.2 1.094 %103 202.1 —0.1783 | AA 1
-1l 525200 108582 108772 200 242 | 4.377x10* | 2.i90 7.571 X 10p 2.6415 | AA I
10-12 298310 108582 108917 200 288  L774x10*  (.3408 6.692 x 10 1.8335 | AA 1
10—13 223250 108852 109030 200 | 338 9231 0.1166 1.713 X 10° 1.3676 | AA 1
-1+ 186100 - 108582 109119 200 © 392 3417 | 5.513%10°2 | 6753 1.0424 | AA |
10-15 163070 108582 109191 260 350 3424 3.109x 10~ | 3358 0.7937 | AA 1
10—16 149580 108382 109250 200 | 512 2280 1.958 X 10~ | 1927 0.5928 | AA 1
10-17 139380 108582 109299 200 ' 578 1578 l1.328 X 1G-2 1219 0.4243 | AA 1
l0—18 131840 108582 109310 200 | 648 1127 | 9.515x10°3 825.8 0.2794 | AA ]
10-19 126080 108582 109375 200 722 8252 7.099% 103 | 589.2 0.1522 | AA ]
10—20 121530 108582 109405 200 | 800 617.3 | 5.468 x 10-3 437.4 0.0389 | AA 1
11-12 690500 | 108772 108917 242 288  2.799x10* | 2.38] 1.310 X 10° 2.7606 | AA | 1
1-13 388320 ' 108772 109030 242 1 338 1.163x10* | (3673 1.136 X 10° 1.9489 | AA | ]
-1 288230 | 108772 109119 242 392 6186 0.1248 2.865 X 10 1.4800 ' AA 1]
11-15 238620 | 108772 109181 242 450 3699 5.872 X 10-2 1.116 X 10* 1.1526 | AA 1
11—16 209150 108772 109250 242 512 | 2377 3.298 10 | 5495 09021 | AA 1
11-17 189730 | 108772 109299 242 . 578 1606 2.076%10°? 3129 0.6999 | AA 1
11-18 176030 | 108772 1093490 242 648 1127 1.402 x 102 1965 0.5304 | AA 1
=19 165900 108772 109375 242 722 814.] . 1.062x 10-2 | 1324 0.3848 | AA | 1
11-20 158120 108772 109405 242 | 800 602.6 I 7.468 X 1073 940.5 0.2570 | AA 1
12-13 887300 108917 109030 288 338  1.857x10* | 2572 2.163 X 106 28697 | AA | 1
12— 14 194740 108917 109119 288 | 392 7884 " 0.3938 1.847 X 10° 2.0547 | AA ]
12-15 364610 108917 109191 288 150 8271 0.1330 4.596 X 10* 1.5832 | AA 1
12-16 300020 108917 109250 288  5!'2 2396 6.228 X 10-2 1.771 X 10# 1.2538 | AA | 1]
1217 261610 108917 109299 288 l 578 1693 3.486 X 102 8644 1.0017 | AA 1
12-18 236260 108917 109340 288 648 | 1139 2,182 x 102 4886 0.7982 | AA 1
12—-19 218360 108917 109375 288 722 | 822.3 1.474 %102 3050 0.6278 | AA 1
12-20 205090 108917 109405 288 | 800 | 600.5 ‘ 1.052x10-2 | 2045 0.4814 | AA | 1

|
13 =4 1118000 109036 109119 338 392 | 1.271x10' = 2763 3.438 X 106 2.9703 | AA 1
13-15 615000 105030 109191 338 450 5196 0.4202 2.894 X 10° 2.1524 | AA ]
13-16 453290 109030 109250 338 ‘ 512 3026 0.1412 7.119 x 10* 1.6787 | AA |
1317 371000 109030 109299 338 ] 578 1866 6.584 X 10-2 2.717 X 10° 1.3474 | AA 1
13-18 322000 109030 109340 338 | 648 1232 3.672 X 10-2 1.316 x 10* 1.0939 | AA 1
13--19 289640 109030 109375 338 | 722 853.2 2.292x 102 7386 0.8892 | AA 1
1320 266740 109030 109405 338 ' 800 6119 1.545 % 10-2 1584 0.7178 | AA 1
e

14-15 1386000 109119 109191 392 ‘ 450 | 8933 2.954 5.284 X 10 3.0637 | AA ]
14-16 762300 109119 109250 392 | 512 | 3926 0.4467 4.393 X 10° 29433 | AA I
14=17 555200 109119 | 109299 | 392 ' 57 1 2192 0.1491 1.070 x 10° 1.7675 | AA ]
14-18 452220 1 109119 109330 392 | 648 | 1369 6.938 X 10-? 4.048 X 10 1.4345 | AA | 1




H—-Table A. (n)i—(n)x Transitions (Average Valuesi—Continued

__-;q=‘-= — = s o o g = = S =7r;~_* P S D S ST S Y S == o g —
Tran<ition MAL Edem O Eaem 9 g e Autsec N n Sat.a.) low zf ' \r‘.:(\' Soutce
-_— . . e} — = S - + L = + T e
| ] | i i
l1—1u 390880 109114 109375 1 392 r 122 9lt4 3.858 x 10 ¢ 1.9t < 10" 1. IT‘)()E \A i
14=20 359300 109119 109105 | 392 f 300 639 7 2,102 % 10 ¢ 1.086 X 10* | ().‘)738: \A 1
I
15—16 | 1693000 | 109191 | 109250 | 450 | 512 612y 3145 THR9X10F | 30509 AN |
15=-17 926100 109191 109269 130 | D78 | Zd6t 0.1731 6489 < 10° 2.3281 \ % l
15—18 671200 | i0919F | 109330 | 450 618 1620 01575 1,566 X 10 LR35, AN i
15-19 541400 100191 | 109375 | 6 722 1023 T.292 x40 ¢ 5.879 > 10! 151600 A\ 1
15— 20 68760 | 109191 | 109305 | 150 800 696.3 LOLS > 10 2807 X 10¢ 12599 A\ 1
| |
16-17 2044000 109250 | 109299 | 512 1 378 ¢ 1720 3.336 1119 x 107 3.2325, AN !
16—18 i 1112000 109256 106389 | 512 618 2130 0. 1995 9,358 X 19° 24078 A\ I
la—19 802300 109250 | 109375 | »12 0 722 1217 0.1657 2,240 < 300 1.9285 1 A\ l
16 —20 618200 109250 10045 | 512 | 800 LThT PGS S (Ve 8.3489 < 164 15926 A\ !
|
! r I
1718 2438000 109299 109310 | 578 1 638 3530 3.027 COL636 % 197 3.3091 i\ 1
17-19 1321000 1469299 109375 | 378 - 722 1610 0.5259 1.321 x g¢ 248281 A\ !
17=20 919200 109299 109405 | 5378 | 800 929.6 (.1738 3.139 < 100 | 200200 A\ 1
18-19 ‘ 2882000 109340 109375 | 618 | 722 2680) 3.718 2,285 X 147 ‘ 3.3819, A\ 1
18-20 1551000 109340 | 100405 | 648 | 800 1235 0.5523 VB3 X 10F \ 25337 AN 1
19-20 3371000 ‘ 109375 169405 1 722 | 800 2067 3.909 213107 205060 ! AN 1
H-"Table B. (nl)i—(nl)y Transitions
N “-_.T_,_,v- N e~ = e \ —
Transitioa ALAY Facay v e W Log0 |oa Aptsee ) f Stat.n.) e 'r(“:,l\l. Nource
B — - I S — e o= A I
! 1
1y —2p 1215.67 0 | 82259 2 6 | 6.265x 100 0.1162 3.330 —0.0797 | AN ]
Is—3p 1025.72 0 v 2 2 6 L1672 X% 10% 7.910 x 10°® 0.5339 ‘ —0.8008 1 AN D]
ls—p 972537 0 | 102821 2 6 6.818 < 107 2.899 x 10 0.1855 —1.2367 1 AN ]
Is —op 919.713 0 1 105292 2 6 3437 < 107 1.394 x 10 8.711x 10 —13518! AA 1
Is—6p 937.804 0 100632 2 6 1973 % 107 | 7.800 X 10 ¥ 1.813x10 2 | —1.8069| AA 1
2p =3 6562.86 82254 97192 6 2 6.313 x 10% 1.359 x 1{)-* i 1.761 1 — L0886 | AA 1
2p—1s 1861.35 Z259 102821 6 2 2.578x 108 3045 x 104 . 0.2923 - 17383 AA 1
2 —5s 1310.18 82259 105292 6 2 1.289 x 104 1213108 1 01040 = 213791 AA 1
2p— b HOL.75 82259 106632 6 2 7.350 < 107 6.180x 10 * | 5.0060x 10 2 | —2.4309 | AA 1
25 —3p 636271 82259 | 9Ty 2 6 1 228552107 1 04319 | 18.79 ) —0.0606, | A\ 1
25— Ip 1861.29 82259 102821 D 6 9.668 x 10" 0.1028 3.288 [ —0.68711 AA 1
2s~op 1310. 44 82759 105292 2 O Lot < 108 1 4193 %10 * 168 — 10761 AA !
2s—6p 0171 809 106632 2 6 2,808 x 108 2,163 x10 ¢ 0.5840 ‘ —1.3639 | AA 1
2p=3d 6562.81 82259 97192 6 10 6.165 x 107 0.6958 90.17 ! 0.6206 | AA 1
2p— 1861.33 82259 102821 6 16 2.002 x 1 0.1218 11.69 | =0.1362 1 AA ]
2p =5d 310047 82259 105292 6 10 9,125 x 1" LA3Tx 10 ¢ 3.803 l —0.5718 1 AA 1
2p—6d HOL.T 82259 106632 6 10 5185 < 108 2,163 x 10 * 1.752 I —0.8868 1 AA 1




— — — — —

Fransition

3s—1p
3s=op
3s—6p
Ap—1s
3p—2s
3p—bs
3p—Wd
3p=5d
Ap—6d
3d—4p
3d -3y
3d -0y
3d-4f
3d =5/
3d --6f

4s—5p
4s—6p

4p~3s
+p—bs

ip=>5d
1p=6d

Yl=5p
1d—-6p

—5f
4d—6f

4 —5d
f—6d

4f-5g
4f -6

ds—6p
Sp—bs
Sp—6d
Sd—~6p
5d—of
5 —6d
o -6
e —6f
S5g—6h

|
|
!
i

A AY

18750.8
12818.0
10938.0
18751.1
12818.1
10938.1
18750.9
12818.0
109:38.1
18751.2
12818.2
10938.1
16751.1
128141
10938.1

40511
206251

10512
26251

40511
26251

40512
26252

40512
26252

40512
26252

40512
26252

4577
74578
74578
74579
74578
4579
74578
4579

74578

=== .,___-_

H-""able B.

Ficm Y Fitem l

9712
97392
9T

972
972
R T

YTiy2
97492
VT2

97192
9782
97492
97192
97492
97492

102824
102824

102824
102824

102824
102824

102824
102824

102824
10282:

102824
102824

102824

102824 |

105292

105292

105292 |

105292
105292
105292
105292
105292
135292

1028214
105292
106632

102821
105323492
106632

102821

1052492

106632

102824
105292
106632
102424
105292
106632

105292
106632

105292
106632

105292
106632

105292
106632

105292
106632

105292
106632

105292
106632

106632
106632
106632
106632
106632
106632
106632
106632

106632

S

1

[ SN FON $V)

6
6

6
6O
6

10
10
10

10
10
10

NN

10
10
14

18
18

)i —(nl) Transitions. — Continued

&b

14
10
18
14
22

Aidsee™)

3.063 x 10°
[.638 x 10%
4.351 x 107
1.835 x 1%
9.046 X i0®
5.071 x 107
7.037 x 10¢%
3.391 x 10¢
1.878 X 10¢
3.475x 10°
1.495 > 18
7.824 % 104
1.379 x 107
4.542 x 10¢
2.146 x 105

1.372 % i
4.456 x 1p

6.450 x 109
3.582 % 1¢°

1.486 x 108
8.622 x 10°

1.884 x 10°
9..16 X 104

2.584 x 10¢
1.267 X 10°

S5.047 x 10¢
2.145x 108

4.254 x 108
1.373 x 108

2,430 x 10°
2.682x10°
4.495 x 107
9.593 X 104
7.232 X 10°
3.908 x 10*
1.106 > i0%
1.137 x 10¢
1.645 X 108

S

6.4847
0.1210
513910 2

3.225x 1972
7.428 x 103
3.032 x 103

0.6183
0.1392
5.614x10-3

1.099 X 102
2.210 x 103
8.420 x 104

1.018

| 0.1566

5.389 x 102

0.5442
0.138!

5.291 x 102
1.234 X 102

0.6093
0.1485

2.782 X 10
5.837x10-3

0.8903
0.1862

8.871 x 1073
1.583 x 19-3

1.346
0.1824

0.6078
7.454 X 10-2
0.6247
4.800 x 102
0.8443
2.324 X 102
1.185

7.376 X 10?

1.676

= g

Stat.u.

log gf ?_;:? Source
—0.0135| AA 1
—0.6161 | AA 1
—0.9881 | AA 1
—0.7133 | AA 1
—1.3510] AA | 1
—1.7401 | AA | 1
0.5693 | AA | 1
—0.0731 1 AA | ]
—0.4726 | AA I
—0.9589 | AA I
—1.6556 | AA 1
—-20747| AA | ]
1.0075 | AA 1
0.1919 | AA 1
—0.2685 | AA I
0.0368 | AA I
—0.5387 | AA I
—0.4983 | AA I
—1.1306 | AA 1
0.5630 | AA |
—0.0502 | AA 1
—0.5556 | AA 1
~1.2338| AA | 1
0.9495 | AA | 1
0.2699 | AA 1]
-0.9059 | AA |
~1.6544 | AA | 1
1.2751 | AA | 1
0.4070 | AA | 1
0.0848 | AA 1
—0.3195 ] AA | 1
0.5738 | AA ! I
—03188 | AA | 1
0.9205 | AA | 1
—0.4870 | AA | 1
1.2200 | AA | 1
-0.8762 | AA | 1
1.4796 | AA | 1




H—Table C. (nlp)i—(nlj)x Transitions (Fine Structure Lines)

1 ! i S
Transition rMefsec) | SEem) g & Awtsec™h) S [ Stat.a log &f Accu- ' Source
| , racy
f | ’ | e
2528, = 21 2P%. | 9884 0.3297 2 3 63107 L80X10® 36.9 — 4443 A 2
3s28,:—=3p*P%. 2944 ! 0.0982 2 4 LOIx 107 3.22x10-° 216 —1.19) A 2
3pP° . —3d 2Dy, 324 (¢.1082 2 4 P ROLIXIOY 222X 10 135 — 1353 A Z
3pP°%2—3dDs. | 1082 | 0.036] 4 6 38610 6.67Tx10°¢ 243 ~4.574 A 2
4528, 2 —4p P%. 1247 00416 2 4 263x10 % 455x 10> 720 — 1041 A 2
1p?P°y s — 4d Dy I 1367 0.0436 2 1 27Tx10 399x10° 376 —409% A 2
4p 2P — 4d *D5 ! 156 0.0152 4 6 123 <107 120X 1073 1040 -~ 4.320 i A 2
4d 2Dy — 4%, 156 0.0152 ] 4 6 | TA8X 101 698 < 10°% 605 i — 1554 I A 2
M=% 28 0.0076 [ & B 061X 101 333100 861 —4700| A 2
{E i ! ! e _— . l -

H —Table D. (nljf)i—(nlj)x Transition (Hyperfine Structure Line, Magnetic Dipole

Transition)
T |_‘_ T 1
Transition viMe/see) AElem™") | g i Apitsec Jik Stat.u.) log uf : Acceu-  Source
| | racy
S S (S | | S D — S - S | | N
Is*Spaif=0—=/=1) 1820.4 004738 | ] 3 287X 10°B 3.75%x 10 3000 =124 A 2
1 _ i N ! e p————— e A C— S . F—— &




HELIUM
Hel

Ground State is? s,
lonization Potential 24.580 eV =198305 cm™!

Allowed Transitions

List of tabulated lines:

Wavelergth [A] No. Wavelength [A) No. Wavelength [A] No.
506.200 11 4387.63 29 19543 105
506.570 10 $137.55 23 20425 113
507.058 9 #71.5 86 20581.3 12
507.718 8 4713.2 80 21120 97
508.643 7 4921.93 28 21132.0 39
509.998 6 5015.68 13 21494 116
512.098 5 5047.74 22 21608 126
515.617 4 5875.7 85 21617 67
522.213 3 6678.15 27 21841 60
537.030 2 7063.19 79 22284 57
584.334 1 7065.71 79 23063 54

2677.1 78 7281.35 21 24727 120
2696.1 77 8361.77 96 26113 63
2723.2 76 9463.57 95 26185 125
2763.8 5 9603.42 38 26198 66
2829.07 74 9702.66 H 26248 69
2945.10 73 10311 104 26251 128
3187.74 72 10667.6 99 26531 59
3231.27 20 10829.1 70 26671 122
3258.28 19 10830.2 70 26881 115
3296.77 18 10830.3 706 27600 56
3354.55 17 10902.2 -8 28542 112
3447.59 16 10912.9 110 33299 53
3554.4 92 10917.0 51 37026 119
3562.95 84 10996.6 167 40053 62
3587.3 91 11013.1 37 40365 124
3613.64 15 11645.0 44 40396 65
3634.2 90 11225.9 41 10536 68
3652.0 83 11969.1 103 40550 127
3705.0 89 12528 94 41216 58
3819.6 88 12755.7 47 42430 121
3833.55 3 12785 109 42497 93
3867.5 82 12790.3 50 46053 55
3871.79 33 12846 98 46936 114
1888.65 71 12968.4 43 74351 35
3925.53 32 12985 106 108800 111
3935.91 26 13411.8 40 180950 52
3964.73 14 15083.7 36 186200 101
4009.27 31 17002 162 439440 118
102397 25 18555.6 16 957600 45
4026.2 87 18686 108 2.16 X 10% 61
4120.8 81 18696.9 49 1.39 X 107 123
4143.76 30 19063 117 1.82 % 107 61
4168.97 I 24 I 19689.4 42
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Aside from hydrogen, extremely precise fovalues exist only for a few hies of belinm, These
are the result of extensive vanational caleulations (up to 220 parameter wave functions) of Sehiff
and Pekeris, [1] which give an agreement of 19 or less between the dipole length, velocity, and
aceeleration forms of the transition matnx element.  Similar caleulations have been undertaken
for a few other transitions by Weiss, [2Vbut are not quite as refined tup 1o 534 parameter wave fune-
tions) and the agrecment between the different forins of the matnix element is not quite as good.

For transitions to higher excited states, recourse has to be taken to samewhat less elaborate
theoretical approximations.  The following work has been used: Calculations by Lew and Stewart
tunpubhished, but resuits quoted by Dalgarno and Stewart [3}) with variational wave furetions for
the ground state and modified hydrogenic wave functions for the excited states: similar ealeula-
tons by Korwien [6]. self-consistent fickd caleulations, including exchange and correlation effects,
by Treffiz, Schliter, Dettmar, and Jorgens [4]: and appheations of various sum rules 1o modify
calculated values by Dalgarno and Lynn |5}, and Dalgarno and Kingston [7]. Furthermore, the
results of Goldberg [8]. who employed sereened hydrogenic wave fanctions, and Hylleraas [9). who
employed vanational wave functions have been used in a few instances.  (Hylleraas™ work has not
been extensively csed. sinee it probably contains quite a rumber of ymmernieal errorsy Finally,
for all other tabulated transitions, the Coulomb approximation (see general introduction) has been
ewployed, and s expected to give rehable results for this simple atom funeetanties within 0%
It shonld be noted that all above-mentioned ealeulations are nonrelativistie

For some important hehum lines rehable experimertal data [10-13} are also available.  They
all resull from determinations of lifetimes of excited states and agree generally quite losel,
often within 10%., with the tabulated theoretical results, which are considered more a2ceurate in
these cases.
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TFransition
Arrav

Is*—1s2p

Is2—1s3p

1s*—lsdp

Is*— lsSp

15— 1s6p

Is*—1s7p

15— 1s8p

1s*— 1s9p

1s*—1s10p

Ist—1slip
1s2—1s12p
1s2s — 1s2p

1s2s — 1s3p

152s — 1sdp

1525 — 1s5p

1s2s — 1s6p

1s2s — 1s7p

1525 — 1s8p

1s25—1s9p
1s2s— 1510

152p — is3s

1s2p — lsds

1s2p — 1s5s

1s2p — lsbs

Maltiplet

1§ 1p°
2 uv)

1§ _1pe
3 uv)

1§ 1p°
4 uv)

15 _1p°
(5 uv)

1§ _1pe°
(6 uv)

1§ _1p°
(7 uv)

1§ _1pe
18 uv)

1§ _1pe°

(9 uv)

1§ _1p°
(10 uv)

1§ _1p°
1§ _1pe
1§ _1p°

1§ _1p°
H

1§ _1pe

{d)

1§ _1pe
(6)

1§ _1p°
(1)

1§ _1p°
(8)

1§ _ipe
(9

1§ _1p°
IS _1pe

penis
{10

tpe_1y
47

1po s
(50)

P18
(52)

He 1.

Allowed Transitions

S = = e T e 2 Eeees = - =
AA) Eiem Yy | Edem )| g} g [ Ad10% sec ) S Statu | log gf |Aceu-1Source
racy
284.334 0 71135 ) 11 3 17.99 0.2762 0.5313 —0.5588 AA 1
537.030 0 186210 | 1| 3 2.66 0.0734 0.1298 —1.1343 AA 1
522.213 0 191493 | 1| 3 2.46 0.0302 0.0519 —1.5201 A 2
i
515.617 0 193943 113 1.28 0.0153 0.0260 -1815| B- 3
i
212.098 0 195275 | 1| 3 0719 0.008 18 0.0143 —2.0721 B*| 3.4
509.998 0 196079 | 1] 3 0.507 0.00593 | 0.00995 | —2227( B | 5,6
508.613 0 196602 1 1! 3 0.343 0.00399 0.00668 | —2.399 R 5,6
507.718 0 196960 | 1 | 3 0.237 0.00275 0.00459 | —2.561 B d5. 6
507.058 0 197216 | 1| 3 0.181 0.00209 0.00349 | —2.630 B 5,6
506.570 0 197406 | 1] 3 0.130 0.00150 0.00250 | —2.824 B 6
506.200 | 0 197550 | 1| 3 0.104 0.00119 0.00199 | —2.923 B 6
20581.3 166278 171135 | 1} 3 0.01976 i 0.3764 25.50 —0.4244 AA 1
2015.68 166278 186210 | 1| 3 0.1338 0.15114 2.500 —0.8199 AA ]
3964.73 166278 191493 + 1| 3 0.0717 0.0507 0.662 —1.295 A 2
3613.64 166278 193943 | 1 | 3 0.0376 0.0221 0.263 --1.656 B 7
3447.59 166278 195255 1 11 3 0.0239 0.0128 0.145 —1.894 A }
31354.55 166278 196079 | 11 3 0.0130 0.00660 0.0729 —2.180 B 7
3296.77 166274 196602 1 1| 3 0.00901 0.00440 0.0478 —2.356 B 7
3258.28 166278 196960 | 1 | 3 0.00650 0.00310 0.0333 —2.508 B N
3231.27 166278 197216 + 1 | 3 0.00490 0.00230 0.02145 - 2.638 B 7
7281.35 171135 181865 | 3| 1 0.181 0.0480 3.45 -~ 0.842 A 2
S047.71 171135 190940 | 3| 1 0.0655 0.00834 0.1416 —1602]| A 4
F137.55 171135 93663 | 311 0.0313 0.60308 5.135 —2.03% B ca
4168.97 171135 195115 1 3| 1 0.0176 000153 0.0630 —2.338 A 1
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He 1.
R —
N Transiticn | Muhltiplet YY) Edem Y Edem ™) | g,
Array
25 | 1s2p—1IsTs [ 'P°—'S | 402397 | 174135 | 195979 | 3
(620]
26 | 1s2p—1s8s | 'P°—'S | 3935.9] 171135 | 196335 | 3
(37)
27 | Is2p—1s3d | 'P°='D | 6678.15 | 171135 | 186105 | 3
(36) |
28 | Is2p—1s4d | 'P°='D | 4921.93 ! 171135 | 191447 | 3
(48) |
|
29 | Is2p—1s5d | 'P°—'D | 4387.93 | 171135 | 193918 | 3
(51) !
30 | 1s2p—1s6d | '"P°—'D | 4143.76 ' 171135 | 195261 | 3
53) i
31 | 1s2p—1s7d 'P°5—'D 1009.27 | 171135 | 196070 | 3
(55)
32 | Is2p—1s8d | 'P°~'D | 392653 | iT1135 | 196396 | 3
58 |
33 1 Is2p—1s9d | '"P°—'D | 3871.79 = 171135 | 196956 | 3
(60)
34 | 1s2p—1s10d 'P°—'D | 3833.55 | 171135 | 197213 | 3
(62) |
35 1 1s3s—1s3p | 'S—'P° | [74331] | 184865 | 186210 | 1
36 | 1s3s—1sdp | 'S—'P° | 150837 | 184865 | 191493 | |
37 | I1s3s—1s5p | 'S—iP° | 11013.1 184865 | 193913 | |
(7
38 | 1s3s—1s6p | 'S—'P° 9603.42 | 183205 | 193275 | ]
(7h
32 | Is3p—1lsds [ 'P°=1S | 21132.0 | 186210 | 190940 | 3
|
40 [ Is3p—1sds | 'P°—='S |[13411.8] | 186210 | 193664 ! 3
4| Is3p—1s6s | 'P°='S 1 112259 | 186210 | 195115 | 3
(87)
!
12 | Is3p—1sdd | 'P°='D | 19089.+ | 186210 | 191447 | 3
I
43 | Is3p—1s5d | 'P°—'D | 12968.4 | 186210 | 193918 ' 3
H | Isdp—1s6d | '°='D | 11045.0 | 186210 | 195261 = 3
(88) 1
15 | Is3d—1s3p | 'D="P° | [957600] | 186105 | 186210 | 5
46 | 1s3d—1sdp [ 'D="1° | 18535.6 | 186105 | 191447 | 5
A7 | Is3a—=1s5p | 'D="P° | 12755.7 | 186105 | 193943 | 5
48 | Is3d=1s6p {'D=1P° | 10902.2 186105 | 193275 | 5
0 | 1s3d—1s4f | 'D="F° | 180696.9 | 186105 | 191452 | 5
50 | Is3d—1s3f | 'D="F° | 12790.3 | 186105 | 193921 | 5
51 1 Is3d—1s6f ['D—"F° | 10917.0 | 186105 195263 | 5
(81)

£

-4

-]

Allowed Transitions —Continued

]

—— :_.T_—_?,:—; —

Aud10% e M Ji Statu.)
0.0109 8.81x 10|  0.0350
0.00718 | 556%10-4  0.0216
0,638 0.711 16.9
0.202 0.122 5.95
0.0907 o036 S| 10
0.0495 0.0213 0.870
0.0279 0.0112 0.441
0.0195 0.00750 0.291
0.0126 0.00471 0.180
0.00971 0.00357 0.135
0.00253 | 0.626 154
00137 0140 6.95
0.00936  0.0521 .69
0.0056% 00233 0.739
0.0459 0.103 201
0.0202 0.0182 2.41
6.0110 0.00690 0.763
0.0711 0.647 122
0.0331 0.139 17.8
0.0181 0.0553 6.03
1.68X 105 0.0139 219
000277 0.00858 2.62
000127 0.00186 0.390
923x10°* 98610 *| 0.177
0.138 1.01 312
0.461 | 0.158 33.3
0.0212 0.0529 9.51

lug gf

0.329

—0.435

—0.483

=~ 1.195

—-1.473

- 1.648

—1.850

—1.971

—0.201

—0.854

—1.631

~—0.512
—1.263

—1.681

0.288
—0.380

=070

—1.158
—1.368
—2.032
—2.307

0.705
-0.102

—0.577

\een-l Nource

r.u'_\‘j>

B+ 1
A 2
A 1
A '
B e
( 8
A 4
( 8
A 1
A 2
B i
B ca
B 9
B cd
B ca
B ca
B ca
B ca
B ca
B 2
o 2
B ca
B 9
B ca
B ~a
B ca
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1

Transtiion
Array

Is4s - 1s4p
Ists — 1s5p
ls4s — 1s6p
Istp — 1s5s
lsip — 1s6s
Istp—1sTs
Is4p—1s5d
Is4p — 1s6d
Is4p—1s7d
Istd—1sdp
1s3d = 1s5p
1s4d~- 1s6p
Isdd-- 1s¥f
1s3d — 1s5f
Istd — 1s6f
Isdd - 1s7f
Is4f-- 1s5d
is4f— 1s6d

1s2s-- 1s2p

is2s —1s3p

1s2s — 1s4p

1s2s —1s5p

1s2s — ls6p

1525 —1s7p
1s2s — 1s8p
1s2s -~ 1s9p
1525~ 1s10p
1s2p — 1s3s

- - =

Multigilet

] [
1S e
IS .1
1pe s
1pe 1S
pe g
pe—11)

pe—il

e |

1) — 1
1) —1pe
y—1pe
D —1F°
'D—tF°
1) —F°

-1

ag _3pe

(1)

N _pe
(2)

3§ _3pe
(3}

3 e
(11 uvi

g e
(12 uv)

3§ _3pe
3§ _3pe
3§ 3
3§ _pe

3pe_ayg

(10)

Allowed Transitions — Continued

He 1.

e T,h_
AMAY | Etem Y

J

[1807%50] | 190940
[33299] 190940
[23003] 190940
[46053] 191493
§ 27600] 191493
[22284] 191493
[41216] 191493
[26531) 191493
[21841] 191493
[2.16 X 10°] 191447
[40053] 191447
[26113) 191447
[1.82%107] 191447
[10396] 191447
{26198] 191447
[21617] 191447
110536) 191452
[26248) 191452
10830 159856
10830.3 159856
10830.2 159836
10829.1 159856
3888.65 159856
3187.74 159856
2945.10 159856
2829.07 159856
2763.8 159856
20232 159856
2696.1 159836
2677.1 159856
7065.3 169087
7065.19 169087
7065.19 169087
7065.71 169088

N

|

i
Eqem™) | g, ‘ & | Asd 10" se¢ ™
191493 1{ 3 579x10
163943 1| 3 0.00302
195275 1| 3] 0.00250
19366 3 1] 9.0150
195115 31 17 0.00721
195979 31 1] 0.00438
193918 305 00153
195261 31 5] 0.0085]
196070 | 3 51 6.00533
191493 51 31 5.70x10°7
193943 31 3] 0.00166
195275 3 3 78 x16H
191452 5] 7] 363x10-"
193921 5| 71 0.0259
195263 51 71 00130
196071 3 7] 0.00734
193918 715! 520x10
195261 715 249%10
169087 319 0.1022
169087 351 01022
169087 31 3] 01022
169088 3114 01022
183565 319 009478
191217 319 0.0505
193801 3| 91 00293
195193 3191 00169
196027 3191 00111
196567 319 0.00780
196935 3191 0.00550
197198 3191 0.00404
183237 9130278
183237 S 1310154
183237 313100925
183237 1131 0.0308

S

0.853
0.151
0.0599
0.159
0.0274
0.0100
0.619
0.152
0.0635
0.0240
0.0240
0.00482
0.00253
0.887
0.187
0.0719
0.00915
0.00184
0.5391
0.2994
0.1797
0.05990

0.064H6

0.0231

0.0114

0.06608

0.00381
0.00260
0.00180
0.00130
0.0693
0.0693

0.0692
0.0692

Siat.u.) log gf iAccu | Source
racy
508 -0.009! B ca
16.5 -982| B ca
15 | —-1222) B cu
2.2 ~0322| B | ca
7.48 —1.085 B ca
239 | —1.487| B ca
264 0289 | B ca
39.7 —-038R2| B ca
13.7 -0.720 | B ca
856 -0920 | B ca
15.8 -0922 | B =
207 | —1618| B ca
757 - 1.899 B ca
590 0647 | B ca
80.7 —-0.029 B ca
26 | —044 | B ca
8.55 ; —1.193 | B ca
1.11 ! —-1891 | B ca
57.66 | 0.2088| AA 1
3203 | —0.04661 AN | s
19.22 | —0.2684| AA Is
6.407 | —0.7454] AA Is
2.476 | —0.7136| AA !
0.727 | — 1159 | B 2
0.332 | —1.465 | B 7
0170 | —1.739 | B 7
0.104 | —1942 | B i
0.0700 | —2.108 | B 7
0.0479 | —2.268 | B 7
00344 | 2400 | B 7
14.5 —-0.205 | A 2
806 | —0.460 | A Is
4.83 ~0.683 | A s
1.61 —-1.160 | A Is
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80

81

82

83

84

87

88

89

90

91

98

99

100

101
102

103

14

- . T

Transition
Array

1s2p — 1sis

15s2p — 1s5s

1s2p — 1s6s

152p — 1s8s

1s2p — is10s

1s2p — 1s3d

152p — 1s4d

1s2p — 1s5d

1s2p — 1s6d

1s2p — 1s7d

1s2p — 1s8d

1s2p — 1s9d

1s2p — 1510d|

1s3s —1s3p
is3s —1sip

1s3s — 1sop

1s3s — 1s6p

Isdp —1sts
1s3p — 1s>s

1s3p — 1s6s

1s3p - 1s7s

133p ~ 1s3d

Is3p — lsdd

=l

15s3p — 1s5d

Multiplet A\

ape _3g $713.2
12y

ape _3q 41208
(16

spe_ag 3867.5
(20)

3pe_38 6320
127y

ape _3§ 3562.95
(33

3pe _3|) 3875.7
ah

ape_sp 44715
(BEY}

3pe _ap 40262
(18)

ape_3p 3810.6
(22)

ape_ap 3705.0
(25)

3pe _ap 36142
(28}

spo_sp | 33873
31

ape_sp) 35544
3

aq_ape | [42947]

g _ape 12528

38 _ ape 9463.57
67)

3 —_3pe 8361.77
68)

ape_as | 21120

ape s 12816

spo_us | 10667.6
(73)

ape _ag 9702.66
{75}

ape_afy | [186200)

spe_spy | 17002

ape_spy 1119691
(72}

He 1.

Fiaem

169087

1609087

169087

169087

169087

169087

169087

169087

166087

169087

169087 |

169087

169087

183237
183237

183237

183237

183565
185565

185565

185565

185565
183565

183565

F:tem

190298

193347

194936

196161

197145

186102

191445

193917

195260

196070

196595

196955

197213

185565
191217

193801

145193

190298
193347

191936

195868

186102
191485

193917

(]

9

9

9

9

9

9

9

£r

w

-

0.106

0.0430

0.0236

0.0108

0.00543

0.706

0.251

0.117

0.058Y

0.0+

0.0261

0.0205

0.0131

0.0108
0.00608

0.00608

7.16 X 10~

0.0652
0.0269

0.0142

0.00858

1.28x 10 4
(.0668

0.0313

A 1O e )

"

Allowed Transitions —Continued

,’l‘n

0.0i18

0.00365

000176

P I [

3B X110

0.609

00474

0.0215

0.0152

0.60862

0.00660

00041

0.896
0.0429

0.0245

0.00225

0.145
0.0222

0.00810

0.00104

0.111
0.482

0.123

Stat.a)

1.65

0.-+16

0.202

.0780

0.0364

106

16.6

D.66

613
243

43.5

fog gf

—0.973

—1.183

— 1.800

—2.188

—2.508

0.739

0.052

—0.376

—0.714

—0.864

—1.119

—1.226

—1.429

0.429
—0.890

—1.134

—2.170

0.117
—=06.699

- 1.137

= L4130

0.000

0.638

0.043

Accu-
Taty

B

B

B

C
X

T = =

Souree

cd

ca

ca

ca

ca

e

to

ca
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\on,

101

105
106

107

108
109

110

120
121
122
123
124
125
126
127

128

Transitien
Array

1s3p — 1s6d

1s3d — 1s4p
Is3d —1s5p

1s3d — 1s6p

Is3d — Isdf
1:3d = 1s5f

1s3d -- 1s6f

Isds— Isdp
Ists — Is5p
Ists — ls6p
1sdp —1s3s
Istp — 1s6s
istp—1s7s
1s4p — 1s8s
1s4p — 1s4d
Istp — 1s5d
Istp — 1s6d
Istd—1s5p
ls4d — 1s6p
Istd —1sdf
Isdd — Is5f
Istd — 156/
Isdd - 1s7f
Is4f — 1554

1s4f — 156

\Iuillph-l

spe_ 1))
th

3f) —3p°
3f) = 3p°

4[) —3pe
(78
3y -
i) —. 3p°

3y ape
(79

4§ _ape
S8 —3pe
3§ _ape
Ipe 38
ape _ax
P -8
Ipe _as
ape—sp
Ipe—3p
pe—sp
p—ipe
D —3pe
VR
L VRN
P —ape
3) —1f°
e -D

apo_3p)

He 1. Allowed Transitions - Continued

At \y

|
|
i 10311
19543
12985

10996.6

18686
12785

109129

[108800]
[28542]
[20425]
[146936]
(26881
(21494)
[19063)
[439410]
[37026]
[24727]
{42430]

[26671]

[40365)
[26185)
[21608]
[40550]
[26251]

[1.39 X 10°]

Fiem M

185365

186102
186102

186102

186102
136102

186102

190298
190298
190298
191217
191217
191217
191217
191217
191217
101217
191445
191445
191445
191445
191445
191445
191452
191452

Foem 'y

195260

191217
19380!

195193

191452
193921

195263

191217
193801
195193
193347
194936
195868
196461
191445
193917
195260
193801
195193
191452
193921
195263
196071
193917

195260

&

£ i.'fk,( 10 <ce

9

21

21
21

.

0.0197

0.00597
0.00274

5.67x10*

0.139
0.0462

0.0212

0.00227
0.00128
0.0047
0.0202
0.00925
0.00543
0.00340
4.15x10-*
0.0129
0.00795
0.00333
0.00160
8.15x 101
0.0260
0.0130
0.90734
R.25x 107

2.51 x 10-#

S

0.0524

0.0205
0.00415

6.17x10°*

1.92
0.158

€.0531

1.21
0.0168
0.0276
0.223
0.0334
0.0125
0.00618
0.200
0.442
¢.121
0.0539
0.0:02
0.00331
0.888
0.187
0.6720
0.00924
0.00185

T

Stat.u)

16.9

19.8
2.66

0.335

937
100

28.6

1300

o
[\

(91
(9]
-4

310

26.6

log &f

-0.327

—=0.512
— 1.206

~2.034

1.183
0.376

-0.09%

0.033
=0.712

- 1.410

Accu
racy

= ®T O R O®T T R K O T = O T

——
(o)

Sulrd

ca

1~

cad

9

ca

cd

cd

ca

el

"

ca

cad

cad

cad

ca

d

¢

cd

cd

«a

¢

766-655 (-66-—3

15
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LITHIUM
Lil

Ground State 15225 28, .

lonization Potential 3.390 eV =43487.19 ¢in !
Allowed Transitions

List of tabulated lines:

-
Wavelength [A) No. Wavelength [A] No. I Wavelengih [A) l No.
}
= i
2323.91 12| 10510.6 28 28417 38
233016 1 10792.1 2] 38081 10
2348.22 0| 10919.1 3 10291 15
2358.92 9 | 11032.1 24 10362 ¥
2373.55 g 12237.7 27 1791 12
1
2394.36 r 12793.3 32 17804 30
242541 6 12928.9 30 51633 AT
2175.06 5 13557.8 23 68592 | on
2356231 1 17516.1 26 70319 53
2741.19 3| 18386.8 36 4379 | 36
3232.63 2 18703.1 31 75910 s
3985.5 16 19274.8 29 7145 54
11326 19 | 24164.7 2 102830 51
12731 15 | 24971 35 139610 19
1602.9 18 | 25197 4l 279190 2
1971.7 1t 26201 " 630000 39
6103.6 17 | 26260 18 1261000 52
6707.8 1 26536 13 1.04 X 107 55
8126.1 i 13 !l 268778 20 1.47 X 10° "

The transition probabilities for the 2s —2p, 2p—3s, 2p —3d, 3s—3p, and 3p — 3d transitions
are taken from the dipole length calculations of Weiss (1]. The values for the 2s—np(n=3 . . . 13)
transitions are selected from the anomalous dispersion measurements of Filippev [2] normalized
to Weiss’ f-value for the resonanee transition 2s—2p.  For this series, preference is given to
Filippov's experimental values since the theoretical methods show strong cancellation effects in
the transition integral.  Uncertainties of not more than 109% are indicated by the very good agree-
ment of the selected material with other determimations,

References

(1] Werss, A0 W Asirophiys, 1 138, 1262-1276 11963,
12} Filippos, A, N Z. Phyaik 69, 520547 (1931 Zhur, Eksptl @ Teore. Fizo 2, 21=1 ¢1932) avanslated in " Optical Tran
sition Probabilities,” Othee of Technieal Serviees, US, Departmer of Commeree, Washingron, D).
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Lil

Allowed Transitions

(V)

f

19

20

{
| Transition | Multiplet IYEY!
L Array
I
25=2p | N 07078
(h
25—3p | 38— 3232.63
12)
2s—4p | ~=-2P0 ) 274119
1 uv)
25—5p | 2S=2P°| 2562.31
(2 uv)
25—6p | ISP 2475.06
(3 uv?
2s—Tp | IS =2P° | 242541
1 uv)
2= 8p | 2S—2P° | 239436
(5 uv)
25—9p | S —2P° | 2373.55
D — ]'J,) 1S —2pP° | 2358.92
25—11p | 385=2P° | 2348.22
2s—12p | 38—-2P° | 2340.16
25—13p | 25 —2P° | 2333.94
2p—=3s | *P°—-35| 812604
(3)
2p—ds | P°=28 | 4971.7
(5
2p—5s | P28 | 4273.1
2p—6s | *P°=25 | 39835
2p=3d | *P°=2D 6103.6
By
2p—4d | P°=2D| 4602.9
6
2p=>5d | *P°=2b| 4132.6
Is—3p | 38-2P°| 26877.8
3s—dp 28 —2P° | [10792.1]
3p—4s pe_z8 ] TH6ET
3p--5, 2pe 28| 13577.8
3p—6s | 2P°—28| 110321
3p=3d | P°=2D] [279490]
3p—1td | P°="D| 17546.1
3p—5d | *P°==:D| 122377
3Ip—6d | P°=*b} 10510.6

FEaem Y

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00

14903.9

14903.9

14903.9
14903.9

14903.9

14903.9

14903.9
27206.1
27206.1
30925.4
30925.4
30925.4
30925.4
30925.4
30925.4

30925.4

Eitem™h

149039

30925.4

36169.6

39015.6

40390.8

11217.4

1751.6

42118.3
42379.2
42569.1
42719.1
42832.9
27206.1

35012.1

38299.5
39987.6

31283.1

36623.4

39094.9
30925.4
36469.6
35012.1
38299.5
39987.6
31283.1
36623.1

39094.9

40437.3

g | ge | Awtsee™) S Stat.u.) log gf I Accu{Source
| racy
21 613.72x10° | G.753 33.3 01781 A ‘ 1
210 6 L17x10°5 | 0.00532 0.1i7 -1957! B 2
21 6] 1.42x10¢ | 0.00480 0.0866 -2018, B 2
21 611.07x10% | 0.00316 0.0533 —-2199| B 2
21 61697x105 | 0.00192 0.0313 --24161 B 2
21 6[481x10° | 0.00128 0.0204 -2592| B 4
21 61355%x10° | 9.16x 10+ 0.01.44 —-2737 B 24
21 6]268x10° | 6.79x 10-+ 0.0106 —-2867| B 2
21 6209%x10° | 5.22x 10~ 0.0081) | —2981| B 2
2| 6 11.65x10° | 4.08x 10~ 0.00631 | —3.088] B 2
2| 6|1.3¢x105 | 3.29 x 10+ 0.00507 | —3.182| B 2
21 6 11.09x105 | 2.67 x10-* 0.00410 | —3273| B 2
6] 21349x107 | 0.115 18.5 —0.160 | B+ 1
61 2 [101x10° | 0.0125 1.23 —-1.126] B ca
6§ 2 14.60x10° | 0.00420 0.355 -1599 | B ca
61 2 (230x105 | 0.00196 0.156 -1924| B ca
6 |10 |7.16 X107 | 0.667 80.4 0602 B+ 1
6 |10 [2.30x10° | 0.122 1.1 -0.137| B ca
6 |10 |1.06 X107 | 0.0453 3.70 ~-0566 | B ca
21 6(3.77x10¢ | 1.23 217 0389 | BH I
216 (369x10° | 1.93x 104 0.0137 -3413| B ca
612 |7.46x10% | 0.223 108 0127 | B ca
6| 2 12.76 X105 | 0.0254 6.80 —0817 | B ca
61 2 11.44x105 | 0.00874 1.90 -1.280 | 9 ca
6 10 13.81x10% | 0.0743 110 -1{.351 B ]
6 {10 |6.85x 105 | 0.527 183 0500 | B ca
6 |10 |3.41x105 | 0.128 30.9 —0.116 | B ca
6 110 11.94x10¢ | 0.0534 11.1 —-0.494 | B ca

17
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MNUHUOWTU B IANDIIIUIID T eriiiitay a

No. | Transition | Multiplet AA) | Eiem™ ' [Edem ) ] el Aisec )
Array
29 3d—4p P —z2pe ] 192748 31283.1 ;361696 10| 6 [552x 1P
30 | 3d=5p | D=2 |]12928.9] 312831 | 39015.6 {10] 6 | 231 x10°
31 3d-3¥ D=2 | 18703.1 31283.1 | 36630.2 |10 3 14 1 1.38 X 167
32 3d=5f Pz ] 127030 312831 ] 391045 110 [ 14 ] 163 x 108
33 3d—-6f P2 | [10910.1) 31283.1 140439.0) Do | T4 [ 2.1 x 10w
34 4s—1p N —2P°% | [68592] 35012.1 [ 364696 | 2% 6 1 7.72X 1P
35 ts—5p ISP} 24971 35012.1 | 39015.6 | 2t 6 2071 B
36 4s—6p ISP 1 |18586.8) 350121 1 40390.8 | 2| 6 ]| 8.38 x ¢
37 ip--3s P28 | [54633) 36469.6 1 38299.5 | 6| 2 [ 225X 108
38 4p —6s Ppe_8 i 28417) 36169.6 1 399876 | 6| 2 [9.22X 107
39 ip—4d pe—2p | [650000] 36469.6 | 366231 | 6 | 10 ] 1.28 X 10# |
10 | dp—=5d | P°—:D| (38081 36169.6 | 390049 | 6 [ 10 { L.36 X 108 |
41 p—6d pe—{ 125197] 361696 | J0437.3 | 6 110 1819 1»
42 $d=5p P =Py [41791] 36623.4 | 39015.6 (10| 6] 2.86 x 10
13 ld—6p :D—2P°| [26536] 3662341 40790.8 {10 ] 61 L3910
44 dd-4f D= [LATX107] | 3662341 366302 110 {14 {690 x 10
45 1d-5f :D—2F°| §10291] 3602341 391015 |10 | 14 | 258 x 10
16 1d—6f D —2F°| [26201] 36623.4 1 [40439.0]1 10 T 134§ L3O X 108
47 1f=5d =D | [40562) 36630.2 | 390949 |14 | 10 ] 5.23 x 10¢
18 1f—6d 2D} [26260] 36630.2 464373 | 14 | 10 | 2.50 X 1¢*
19 Ss—=op NP [139610) 3829951 390156 | 27 6] 233x10°
50 s —6p N =Pl [47804] 3829451 103908 | 2| 6§ 1.72x 1
ol ap—b6s 2P| 1102850) 3901561 39987.6 | 6 | 2848 %147
a2 Sp—=od pe—p| [1261000] 39015.6 | 390919 [ 6 [ 10 | 478 X 1(?
53 op—6d 2Pe—zp| [70319] 39015.6 | 04373 1 6 10 ] 3.98 x10°
>t Sd—6p 2Pt [TT11)) 3909491 303908 |10 | 6 | Le2x 10
S5 5d=5f 2D =21 [ LOF X 107 390949 39104.5 110 [ 11 ]0.696
56 Sd—6f P —2F°| |74379Y] 39094.9 | [40439.0]1 10 |14} 7.22 x 1
by S —6d (Fe-zh| [75010] 3910451 404373 |14 110 [ 419X 1)

18

I

0.0184
0.00318
1.01

0159
0.0529
1.63

381 x 101
000130
.335
0.0372
0.135
0.491
0.120
0.0450
0.00879
0.00313
0.878
0.187
0.00922
0.00185
2.65
0.00177
0.438
0.190
¢.491
0.0758
0.0159
0.838

0.0252

625
67.0
19.0
3T
0.0935
0.159
362

20,9

T.67
1520
L1166

161

log gf | Aecud

| e
t

-0.701 B
- L. B
LO06 B
0201 B
=-0.277 N
0511 B
—2435 B
— 2585 B
(4.303 ' B
—0.651 B
011 B
0472 | B
—6.108 ; B
—03¥7 1 B
—106 B
—1.50t B
0.911 B
0272 B
—.889 B
~ 1.587 i B
oel2 | B
~2.151 B
0.430 B
0057 | B
0.470 | B
-0.121 B
-={).860 B
092+ ' B
~0.452 | B

— S

T =

Sotrrce

«a

cad

ca

oca

ca

ca

oa

il

“u

ocu

ca

cd

(&1

ca

o
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Lin

Ground State 152 'S,
(N1
o Tonization Potential 75.619 eV =610079 cm™?
(N1}
Allowed Transitions
ca
Al st of tabulated lines:
ca T l_-__ o —ﬁf-i - o o 5 L
Wavelength [A)] ] No. - Wavelength [A] No. Wavelength [A) No.
ca —_— ,__4:____,_
ca 178.015 2 1653.2 3 3306.5 17
199.28? ) 1681.8 1 3684.1 39
el 861.56 30 1755.5 6 _ 4136.3 i4
04350 29 2605.1 17 4325.7 15
- 97230 31 2657.3 13 4637.8 23
ca 1018.0 37 2671.43 1 1671.8 50
1031.9 33 2728.4 52 4678.4 24
&7 11:44.3 9 2730.7 26 1787.5 19
1093.2 5 2767.1 21 1840.8 18
e 1102.6 12 2790.5 18 1881.3 41
- 1109.0 8 29323 15 5038.7 16
1132.9 36 3029.1 46 54848 27
ca 1166.7 32 3155.4 2 9562.2 3
1198.3 28 3195.8 51 21091 38
ru 1237.4 11 3199.4 25 33661 13
ca 1253.5 i 3235.7 49 57324 +H
1420.7 1 3250.1 20 211360 22
ca 1193.2 35
ca
ca e . A . .

Ilie values are selected from Weiss® calculations [ 1] or, when not available, from the Coulomb
ca approximation. The trgnsition probabilities determined by Weiss are the result of extensive non-
a relativistic variational ealeulations.  Values have been determined in both the dipole length and

dipole veloeity approximations and agree to within 1%, exeept for the 3p 'P°—3d 'D transition
ca where agreement is not as good.  The average of the two approximations is adopted [1].
o Reference
ca L1} Weiss, AL W private communication (1964,
ca
ca
ca




Fransitinn
Array

-3

9

1s*— 1s2p

Ist— 1s3p

1s2s — iscp

1s2s — Lsdp
1s2p — 1s3s
is2p — lsds
1s2p — 1s5s
152p — 1s6s

1s2p — 1s3d

1s2p — Isdd

1s2p — bs5d
1s3s — 1s3p
1s3s — Isdp

1s3s — 1sSp
1s3p — 1sds
1s3p — 1s5s
1s3p — 1s6s
1s3p — lsdd
1s3p — 1sdd
1s3p — 1s6d
Is3d — 1s3p
1<3d — 1sip
Issd — 1stf
ts3d — 155f
1s3d — 1s6f

1s2s — 1s2p

1s2s — 1:3p
Is2s — lstp
1s2s = 1sdp

1s2p— 1s3s

1s2p — lsks

1s2s— 1s3p !

Multiplet AtA)
1§ —1pe 199.282
(1 uv)
1 =Tpe 178.015
{2 uv)
1§ —1pe {9562.2]
1§ —1pe° [1420.7]
1IS—1pe | [1093.2)
pe—is {1755.5]
1pe—1y {1253.5]
1pe—1§ [1109.0]
e =18 | [1044.3)
1pe—1p | [1681.8]
iPe—1D | [1237.4]
1pe—1 | [1102.6]
S 1P [ [33661]
1IS—1pe | 41563
(3)
IS—tpe | [2052.5)
Pe—1s | (5038.7)
1pe N [3306.5]
pe—18 ' {2790.5]
1pe—1p ! [4787.5]
pe—1p | (32 )1
-1 | [2767.1)
D=1 (211360,
H=tpe | [4937.8]
P —1F° {16784
=t 31994
=1 12730.7]
Ay —ape LR R
{H
W - spe [1198.3]
3 —ape [944.72]
3 — 3o [861.36]
1po— 38 [1653.2}
ape — s 11166.7]

Faem 9

441361
491361
191361
501816
501816
501816
501816
501816
501816
S0t816
558779

So8779

558779
501749
361749
561749
501719
| 561739
501749
261276
261276
561276
561276
561276

176016

176046
176046
176046

491273

194273

Li 1.

e

Eiem ")

501816
561749

501816
561749
582832
208779
281590
591984
397574
561276
582631
292508
261749

5828132

592639
281590
291981
EUYRYE
282631
292508
297877
361719
282832
582645
092523
97886

194273

539501
S81897
59211
5476l

279982

Allowed Transitions

&

=

Axdsec™

0.0518
2.42

1.32

10.1
3.10
1.37
0.00710

0.343

0.202
0.5¢1
0.252
0.139
1.14

0.528

0.289

3.98 x 107
0.0471
2.21

0.736
0.338

0.228

2.88

S

0.457

0.11:

0.213
0.256
0.0712
0.0314
0.00619
0.0N235
0.00117
0.714
0.119
0.0415
0.362

0.267

0.0791
0.0687
0.0138
0.00542
0.653
0.139
0.0552
0.0160
0.00911
102
0.158
0.0528

0.308

0.186

0.0558
0.0241
0.0390

0.00697

Stat.u.)

0.300

0.0651

0.5
0.0754
0.0257
0.0120
11.9
1.45
0.452
10.1

3.65

0.769
3.
0.419
0.149
30.9

448

N
o
-1

0.695
8.2

8.33

(.521
0.205
191

0.211

log gt

—0.340

—0.955

— {5672
—0.592
— L7
—1.026

~1.738

—0.448
—0.905
—0.H2

—0.574

— 1102
—0.686
—1.384
—1.789

0.293
—-0.379
—0.781
—1.097
—1.342

0.706
—0.102
—0.578
—0.034

—0.253
—0.776
—1.141

—0.455

Aceu
racy

B

B

B

(]

B

B
B

B

B
B

Source

ca
ca

ca

ca
cu
cad

ca

ca
cd
ca
cu
ca
“ad

ca

ca

ca
ca

ca

(X1}




No.

Fransition
Array

1s2p — is3s
152p — 1s6s
is2p— 1:3d
1s2p — i54d
1s2p — 1s5d
1s3s — 1s3p

1s3s — lsdp

1s3s — 1s5p

1s3p — lsds

153p — 1s3s
1s3p — 1s6s
1s3p — 1s3d
1s3p — 1sid

1s3p — 1s5d
1s3p — 1sb6d
1s3d— 1s4p
1s3d — 1s5p
1s3d — 1s4f
1s3d — 1s5f
1s3d — 1s6f

Muluplet

Ipe _';cs
3po 3§
3pe 3]
e _ 3]
ape—ap
a8 — 3pe°

‘.lS_ 3P°
(2)
:!S | 3l)°
i4 ury

Ill)° — 35

)
.'ll)° = .'IS
3P°_ .'IS
:!P"_ 3D

3P°_3D
(5)

3pe—3p
ape—ap
3D —3p°
3 —ape
3D —IF°
ap —ape
3D - 5F°

Li1l. Allowed Transitions —Continued

AA)

(1031.9]
[972.30]
[1493.2]
[1132.0}
(1018.0]
[21091]
3684.1

2674.43

14881.3

(3155.4]

[2657.3]
(57324}

4325.7

[3029.1)
[2605.1]
[4830.8]
(3235.7)
[4671.8]
[3195.8]
[2728.4]

164273
494273
494273
494273
304273
254761

554761

554761

3595018

559501
559501
539501

359501

559501
559501
561245
561245
61245
561245

261215

Eoem Y

—— 4

391181
597122
561245
S8.012

592505

592111

579982

591184
597122
561245

582612

592505
397876
581897
592141
582644
292527

597886

& | B | Aifsec™ S
913 0.490 0.00261
9 i3 0.270 0.00128
9115 | 11.2 0.625
9 115 3.60 0.122
9 |15 1.78 0.0461
319 0.0254 0.509
319 0.309 0.189
319 0.192 0.0617
91 3 0.711 0.0859
91 3 0.318 0.0158
91 3 0.172 G.00606
915 0.00110 0.0904
9115 1.09 0.508
9115 0.549 0.126
9115 0.312 0.0530
151 9 0.0941 0.6198
15 9 0.0391 0.00369
15} 21 2.21 1.0)
15§ 21 0.739 0.158
15121 0.339 0.0530

Stat.u.) log gt | Accu-
racy
00797 | —1.630 B
0.0368 | —1.539 B
27.7 0.750 A
4.08 0.03 B
1.39 - 0.382 B
106 0.184 | B
6.86 —0.248 B
1.63 —0.733 B
12.3 —0.116 B
1.48 —0.8%6 B
0.477 —1.263 B
154 -0.090 A
65.1 0.660 B
11.3 0.054 B
4.09 —0.322
+.74 —0.527 B
0.589 =257 B
234 1.182 B
25.0 0.376 B
7.14 —0.100 B

ca

ca

cad

ca

cad

“d

ca

cd

ca

cd

ra

cu

“d

ca
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AYTR

6

9

10

Transition | Multiplet INEY! Erem DL Egem Y| g g F At 0 sec i L f Stat.u log gf
Array

25t — Im— 1p° 2348.61 0.0 | 12565.3 | 3 47 1.36 10.5 0.133
2s2p3S2pl (1 uv:
2s2p—2p? pe—sp 26.50.0 21980.1 00038 1 9+ 9 1.12 ).466 36.6 0.623
(2 uv)
Pe—1S (3155.2] 12565.3 1 71989 | 3 1 2.21 0.132 150 | —0.403
252p — ] LA 33242 219801 520809 9 3 0.62 0.034 3.4 —0.51
25{28)3s th |
e —is 8251.10 125633 1 346772 1 311 0.38 0.13 11 | —0.11
(2)
2s2p — PP 24940 219801 1 620036 | 9|15 1.0 0.16 12 0.15
25¢28)3d (3 uv)
pe -1 1537267 12565.3 1 643282 | 3| 5 0.37 0.19 8.6 —0.24
3)
2s2p - 1pe—is $107.9] 425603 1 065245.4 1 3| ] 0.090 0.0087 0.38 —1.58
2528015 4
2s2p — P -1 813,40 125633 1 687812 | 31 5 0.23 0.084 32 -0.60
251284 (5)
252p — tpo—tN 3736.28 12565.3 1 693223 | 3 | 0.038 0.0027 0.099 | —2.10
25138 10s {6)
2s2p — Pe—1p 351551 125653 1 T1002.3 1 34 5 0.13 0.041 1.1 —06.91
2s(2815d ("N

BERYLLIUM
Bel

Ground State [s¥2¢2 18,
lonization Potential 9.320 ¢\ =75192.29 em™!

Allowed Transitions

The results taken from Weiss™ self-consistent held caleulations [1] are estimated to be accu-
rate to 10-25 pereent because of the good agreement hetween the dipole length and veloeity approx-
imations and becaunse of the inelusion of confignration interaction.  FThe average of the two
approximations is adopted [1]. For the resonance line the adopted value is within 10 pereent
of the result of ealevlations of Bolotin and Yutsis [2], whe include configuration interaetion in a
more limited way. The Coulomb approximation. emploved for the other transitions, is not con-
sidered to be very reliable here sinee the lower state has the same priecipal quantum number as
the ground state.

References
{11 Weiss, AL W, private connmunication (1964,

[2]) Bolotin, A. B.. and Yutsis, A P, Zhur, Ekspth i Teoret. Fiz. 24, 537-543 01953 CTran<baited in Optical Transition Prob-
abilities.” Office of Technical Services, US. Department of Connnerce, Washingtan, D,

Be 1. Allowed Transitions

b

h

Source

cd

cu

ca

cd

cd

22




Forbidden Transitions

Nagvi's caleutations [1] are the only available source.

tions are esseniially independent of the choice of the interaction parameters.,

The results for the 3P°=3P° transi-

For the *P°--'pP°

transitions, Naqvi nses empirical term intervals. i.e., the effects of configuration interaction should

be partially ineluded.

I Naqvi. A. ML Thesis Harvard (1951

Reference

Be 1. Forbidden Transitions
Type of A
No. | Transition Array} Multiplet IYEY Edem™)y | Extem™Y | g | ge | Transi- | Anisec™) Stat.u.) r;:;l Source
tion
1] 2s2p —Zsi2S12p | *Pe-4p°
[14.7 X 107] 21978.25 1 2197993 1 1| 3 m 5.66 10" 12.00 B 1
[42.6 X 10¢] 2197993 | 21981.28 | 3| 5 m 1.74 % 10" ; 2.50 B 1
2 spr _1pe
[4856.1] 21978.3 | 42565.3 11 3 m 9.6 %107 1.22 x 10-* C 1
[1856.5] 21979.9 | 42565.3 313 m 0.0092 1.17x10*] C 1
{4856.8) 21981.3 | 42565.3 513 m 1,19 10% j 1.52x10*] C i
Bell

Ground State

lonization Potential

Allowed Transitions

18228 251 2

18.206 eV = 146881.7 ¢cm™!

The values taken from Weiss' calculations [1] are estimated to be accurate to within 10 per-
cent because of the very close agreement between his dipole length and dipole velocity approxi-
mations, exeept for tae case of the 3p—3d transition where somewhat Jarger divergencies occur.

The values caleulated with the dipole length approximation are adopted.

[1] Weiss, Ao W, Astrophys. . 138, 1262-1276 (1963).

Reference
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Bell.

Allowed Transitions

LA e Em— == = = ;
No. | Transition | Multiplet ACA) Eiam " Egem Y | g | g [Aa0m <ee n Statu | log gf | Aecu-fsourer
Array racy
1 2s—2p 8 ~-2pe 3130.6 0.0 310332 1 21 6 1.15 0.505 10.4 0003 A 1
hH
2 | 25-3p | S—P° | 103627 00 | 9nt0r6 | 2] 6] 166 0.0804 | 0549 |—0.793| B !
(1 uv)
3 2p—3s pe—128 17762 319332 | 88231.2 1 6 2 $4.22 0.0665 2.33 | —0.3%9| B+ !
(3 uv)
!
4 2p—3d Pe—-2D 1512 4 319332 1 98053.2 | 6110 11.4 0.652 19.5 0.592| B+ |
4 uv)
5 3s—3p s-2pe 12094 85231.2 99T | 21 A 0.128 0.839 66.4 0.225| B |
6 3s—ip 25 -.2p° 3274.64 | 88231.2 | 118760 2: 6 0.143 0.0691 1.499 | —0.860] B ca
2
71 3p-% 2pe—28 3270.7 961976 | 115465 6| 2 0.969 0.134 140 | —0.093} B ca
(K
8 3p—>35s 2pe_28 3247.7 904976 | 127336 6| 2 0.410 0.0216 1.38 { —0.8881 B cd
(5 |
9 3p~3d 2pe_2p) 64266 964976 98053.2 ' 6110 7.83x10 ¢ 0.0808 103 -3314| B 1
10 3p—dd pe—2p 4360.9 964976 | 119422 6 | 10 1.09 0.519 H.7 0.493| B ca
4
|
11 3d—-4f P —2f° $673.46 | 98033.2 [ 119445 | 10 i 141 221 1.01 156 1.006] B ca
(6)
i
Belll
Ground State 152 'S,

24

[onization Potential

Allowed Transitions

153.850 ¢V =1241255 ¢m™!

The resuits of extensive ron-relativistic variational calculations by Weiss [1] are chosen.

Values have been calculated in both the dipole length and dipole velocity approximations and agree
to within 1 percent, except for the 3p 'P°—3d D transition where agreement is not as good.  The
average of the two approximations is adopted [1].

Reference

(1] Weiss, A. W, private communication (1964),
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-1

10

Transilion

Array

1s?—1s2p

1s2—1s3p

1s2s—1s2p
1s2s — 1s3p
1s2p — 1s3d
1s3d—1s3p
1525 - 1s2p
1s2s — 1s3p
1s2p —1s3d
1s3p — 1s3d

Multiplel
5_\‘_]])0
1§ _1)re
15 _1p°
1§ 1]
1pe—1p
1 —1p°
3§ — 3pe°
3§ _3pe
pe—3)
ape_3p)

AAY

[100.25]
(88.314]
[6141.2]
(398.19]
[746.70]
[107000}?
[3721.]
[583.01]
(675.66]

129930} 7

—
|
|
=

Belll.

Allowed Transitions

—— = e
Exem Y [ Edem ) Lag | g [At10” see ) S Staruy | Jog gf jAccu|Source
racy
0 997466 | 1| 311220 0.552 0.182 =-0.258] A 1
04 1132323 | 1| &} 362 0.127 0.0369 | —0.896| A i
981187 | 997466 ! 1| 3 0.0877 0.149 3.02 —-0.827| A ]
Y81187 | 1132323 | 1} 3, 4238 0.305 0.400 | —0.5161 A 1
997466 | [1131389;) 3| 5| 51.0 0.711 5.24 0.329| A ]
[1131389]] 1132323 | 5| 3 1.32x10 | 0.0136 | 24.0 ~1.168| C+ 1
[956496]| [983357]| 3| 9 0.3142 0.213 7.83 —0.195( A ]
[956196] [[1128020] 1 3| 9 165 0.252 1.45 —-0.122] A 1
(9833577 ([1131360]] 9| 15| 36.1 0.640 12.8 0.760! A 1
[1128020]{[1131360] | 9 | 15 0.00318 0.0712 | 63.1 —0.193{ A 1

Ground State

lonization Potential

BORON

BI

Allowed Transitions

1522522[) z.pcrz

8.296 eV = 66930 cim !

The values for the 2,22p - 252p? (2P°—2D, 2S, ?P) transitions are taken from the calculations

of Bolotin and Yutsis [1], who employ analytical one-electron wave functions. Self-consistent field

caleulations of Tsiunaitis and Yutsis [2] have been adopted for the 2p 2P° — 3s 28 transition.
both determinations take into account the important effects of configuration interaction only in a

limited way, large uncertainties are expected.

References

Since

(1] Bolotin, A. B.. and Yutsis, A. P., Zhur. Eksptl. i Teorel. Fiz. 24, 537-543 (1953) (Translated in *Oplical Transition
Probabilities,” Office of Technical Services, (.8, Department of Commerce, Washington, D.C.).
{2} Tsinmaitis. G. K., and Yuteis, AP Soviet Phys. = JETP 1, 358-363 (1955).
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B1. Allowed Transitions

— = : I
No Transttion 1 Maluplet INEY Edqem Y L Eaemr ) gl gl 40010 <o Ny fii Statuag o dog gf P\ een-Soaree
Array f [T
1} 2s22p—2s2p*|2P° —2D 2089.3 1o 47857 o6 |10 2.2 0.24 9.7 015 E 1

(2 uvy
2089.57 15 8T [ L] 6 2.1 0.21 58 | —0.07 E Is
2088.84 0 057 121 4 1.8 0.23 32 1 =033 E Is
{2089.6} 15 187 |4 4 0.36 0024 0955 | —1.02 E Is
2 2pe—28 1573.5 10 63561 | 6] 2 13 0.16 5.1 —0.91 E 1
{1573.7] 15 63561 | 4| 2 88 0.16 3.4 -0.18 k. Is
{1573.3} 0 62561 12| 2 1.1 0.16 1.7 —0.48 k. Is
3 zpe —zp 1378.7 10 2543 |6 6 23 0.66 18 0.60 ¥ ]
i1378.7) 15 AT | 19 0.55 10 0.31 t Is
[1378.6] 0 2535 (2] 2 15 0.4} 1.0 -0.05 i Is
{1378.9) 15 2535 {41 2 - 0.11 2.0 —0.36 E Is
{1378.4} 0 T 124 3.4 0.22 2.0 —0.36 E Is
1| 2p =035 [2Po—2N 24y7 .4 M) WO [ 6 2 3.6 0.11 2.5 —G.17 D 2
(1 uv) :

249772 15 0040 [ 4 2 2.4 0.11 A -0.35 D Is
2196.77 0 0040 | 212 1.2 G.11 1.8 —0.66 b Is
St 3s—0'S3p [N —2p° 11on] L0 48613 |16 0.1714 1.07 82 0.3307 C ca
11660 40040 Woly |2 ! 0.174 0.71 54 01521 C Is
11662 J0040 8612 | 2| 2 0171 0.355 202 09| C Is
6l 3p—093d {2P°—2D 10243 48013 768 6 110 0.138 0.90 291 0.73 (¢ ca
16215 18613 M8 1416 0.138 0.82 175 0.51 ( Is
16210 48612 768 |21 4 G.115 .91 97 0259 L Is
16215 18613 M768 4} 0.0230 0.091 19.4 —0.440] < Is
T 3p—0SpMs |2P°—2N 15628 14613 S0 62 0151 0.188 38 0052 € | ca
15629 18613 35010 2 0.103 0.184 38.8 —-0.123| C Is
15625 18612 35910 21D 0.051 0.188 19.1 -0.124] C Is
8| 3p—0Si3s i3|’°—'-’" 8608.1 18613 601 [ 6 | 2 0.0186 0.0182 312 —0.96 (: ca
£ 8668.6 18613 60146 4] 2 0.03214 0.0182 2.08 -1.137| C Is
! 86675.2 48612 00l 12 ) 2 0.0162 0.0182 1.o¢ —1.438; C Is

A L | ) Ot S el i N S | S

Forbidden Transitions

Nagvi's ealenlation [1] of the one possible (ransition in the ground state eonfiguration 2p is the
only available source. The line strength shoula be quite aceurate, sinee it does not sensitively
depend on the chotee of die interaction parameters.

Reference
FE Nagvic Ao ML Thesis Harvard 1950

B1. Forbidden Transitions

Tvpe of Acen
No. Transition Arrav Multiplet AA) Fiaem™ FEdem g g Transic Ay(sec ) Stat.u.) racy  Souree
tion

1 2p—2p H20 66,0 X 10°7) 0 1515 2+ m 215x10* 1.33 . I

26




[V

BII

Ground Stare 1s%25% 18,

lonization Potential

25.149 ¢\ = 202895 ¢m!
Allowed Transitions

Except for the 253d°D — 2s43F° transition, for whieh a Coulomb approximation is employed,
the values are taken from Weiss™ self-consistent field calculations [1]. The length and veiocity
approximations disagree noticcably —for the 2s2p 'P°—2p2? ') transition by as much as a factor
of three.  The average of the two approximations is adopted [1].  Accuracies within 50 percent are
indicated by the following comparison: Weiss |1] has undertaken refined calculations, including
configuration interaction, for the same transitions in Be 1—the firsl member of this isoelectronic
sequence —in addition to ecalenlations of the type done for this ion.  in all cases the agreement
with the average of the dipole length and veleeity approximaiions is elose.

Reference

[i] Weiss, A W, private communication (1964).

B

Allowed Transitions

Souree

e e G = _
Transition]  Mulvplet IXEY! Etem™ ™ Edem™M gy ge{ Asit 108 cec™) S Staruy  log gf|Accu:
Array racy
S L | =) S
2s%— IS—pP° 1136246 | 0.0 73396.7 113 13 1.1 1.9 0.04 D
262892p (1 uv)
2s2p=2p* | P°=31 |[1624.0) | [37350.9) |1989235) 1 9 | 9 8.4 0.33 16 0.48 D
(3 uv)
1623.99 | {37356.4] {]98932.7) i 5 | 5 6.3 0.25 6.7 0.10 D
1623.99 | [37340.0} 1{98918.7) | 3 | 3 2.0 0.081 1.3 |—0.6] D
1624.37 | [37356.4) |[98918.7) | 5 | 3 3.5 0.082 22 1-0.39 D
[1624.2) | [37340.0} 1{98910.3] | 3 | 1 8.5 0.11 1.8 |—047 D
1623.57 | [37340.0] {[98932.7) 1 3 | 5 2] 0.14 22 1—0.39 D
[1623.8] [37333.6] {[98918.7) { 1 | 3 2.8 0.34 1.8 |—047 D
1D ] 345141 | 73396.7 [ 102362 315 242 0.65 22 0.29 E
(h
Pr—s 111842.8) 73396.7 127662 311 6.8 0.12 2.1 —0.46 D
253l ~ D ~3F° 1 412195 | [150649] [[174903) 521 2.55 0.61 185 1.135 C
25(2S)4f (2)

Naqvi’s calculations |1] are the only available source.
are essenlially independent of the choice of the interaction parameters.

Forbidden Transitions

The results for the 3P°<3P° transitions
For the 3P°~1P° transi-

tlons, Naqvi uses empirical term intervals, ie., the effects of configuration interaction should
be partially included.

[1 Naqvi, A. M., Thesis Harvard (1951,

Reference
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Bil.

Forbidden Transitions

o Type ol Arcu-
No.f Transition Array| Multiplet Ad) Eiem Y [ Eaem Y | g | &t Transi-| Agisee B Stat.u.) racy | Source
tion
| 252p—2528)2p | WPo—3p°
156105 | (373336) | (373300f) 1| 30 w (474 10| 200 C 1
BLOX105] | (37340.0] | 137356.4]] 3} 5 m  [5.98x10 ] 2350 B 1
D) ape_1pe
(2772.1] 137333.6] | 73396.7 | 3 m 85> 103 202 x10 7 (. |
(2772.5] (3738001 | 7339671 31 3! w |o201 1ITx0 ¢ 1
(2773.9] [37356.4] § 73396.7 | 3| 3 m LO7T X104 | 253010 °F . i
B
Ground State 15225 28, .
lonization Potenhial 37.920 eV = 305931.1 ¢in!
Allewed Transitions
The values taken frem Weiss™ calculations [1] are estimated to be ac~urate to within 10 pereent
because of the very close agreement between his dipole length and dipole velocity approximations,
except for the case of the 3p —3d transition where somewhat larger divergencies occur. The values
calculated with the dipele length approximation are adopted.
Reference
{1] Weiss, A, W, Astrophys. Jo 138, 1262-1276 (1963).
BI1l. Allowed Transitions
S - e . T : — —
No o Transition | Muluplet YRV Eiqcoms D1 Eaem Bl g | gel A 10% <ec ) i Statiwa | log gf Accu ISouree
Array raey
1 2:=2p T L 20660.3 0.0 3812} 21 6 1.91 0.366 £.98 ~0.136 A |
2 2s—3p N =P aI8.25 0.0 | 192956 21 6 12.5 0.151 0.515 —0.520 f B 1
3 2p—3s Pe 2N a8.60 18381.2 | 180202 6 2 16.3 0.0470 0.704 —(.550 B+ |
! 2p—3d P 07000 | 48381.2 | 196071 61107 568 0.651 8.71 0,592 | B+ I
3 ds—3p s 2pe 18385 180202 192956 216 0.222 0611 31.7 0.089 B |
6 3p=2, pe—2p 32004 192030 196071 610 0.00279 0.0719 45.6 —0.365 B 1
i Y —5d L] LA )) 1213.60 | 242832 266390 6|10 1.11 (1.501 42.0 0.178 B ca
in
g Y =51 2P —-2F° H187.46 | 21139 266117 10 | 14 2.10 (.887 131 0918 | B ca
(2
| I _ I S L S == = ol 1 L .

28




= — — == — .
Noo ! Fransinion 1 Muhipler AA) Eiem ™) | Edem™ N gl gl Act10® seeyy S Staru) | log g |Accu- [Source
Array racy
1 Is2—1s2p | 'S—="P° |[60.313] 0] 1658020 | 1] 3| 3720 0.609 0.121 | —0.215] A 1
2| 1s2=1s3p | 'S—='P° []52.682] 01 1898180 | 1| 3| 1080 0.135 0.0231| —06.870{ A 1
3% 1s2s—1s2p | 'S—'P° | [4499.4] | [1635801]{ 1658020 [ 1| 3 0.125 0.114 1.69 -0.943 A 1
3] 1s2s—1s3p | 'S—"P° | [381.13] | [1635801]1 1898180 | 1| 3 51.0 0.333 0.418 | —0.478| A 1
51 1s2p—1s3d | 'P°—'D | [418.83] 1658020 | {1896780] | 3 | 5 | i6" 0.709 2.93 0.328| A 1
6! 1s3d—1s3p | 'D—1P° 1 [7T1410])7 | {1896780]1 1898180 | 51 3 262X 1071 1 0.0120 1 14.] —1.222 C+ 1
T\ 1s2s—1s2p | 38 —3P° | 2823.4 1601505 | 1636913 | 31 9 0.455 0.163 1.55 —-0.311| A 1
8 1s2s—1s3p | *S—2P° 113141.19] 1601505 |{1892046] | 3 | 9 51.6 0.291 0989 | —0.059{ A 1
9| 1s2p—1s3d | *P°—*D | [385.05) 1036913 | [1896618] 1 9 |15 175 0.650 7.42 0.7671 A 1

10 | 1s3p—1s3d | *P°—=3D | [2187C]7 | [1892046] | [18966!8] | ¢ |15 0.00484 0.0578 | 37.5 —0.284| A 1

Ground State

fomization Poteniial

Blv

Allowed Transitions

152 1S,

259.298 ¢V =2091960 ¢m™!

The results of extensive non-relativistie vaniational calculations by Weiss [1] are chosen.

Values have been ealceulated in both the dipole length and dipole veiocity approximations and
agree to within 1 percent, exeept for the 3p'P°— 3d'D transition, v.here agreement is not as good.

The average of the two appraximations is adopted {1].

Keference

[1] Weiss, AL W private communication 11961,

Bi1v. Allowed Transitions
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30

(Ground State

lonization Potential

C1

Allowed Transitions

List of tabulated lines:

1522572p2 3P,

11.264 ¢V =90878.3 cin™!

Wavelength [A] Now Wavelength [A] No. Wavelength {A] No.
245.193 4 1657.00 > 9078.32 29
945.336 4 1657.37 5 9088.57 29
945.566 4 1657.89 ) 5094.89 29

1260.75 13 1658.11 > 9111.85 29
1260.9 13 1751.9 20 9603.09 28
1260.96 13 1764 24 9620.86 28
126).12 13 1765 iv 9638.49 28
1261.4 13 1930.93 6 10124 42
1261.56 13 2378.56 8 10548.0 18
1274.13 12 2582.90 N 10683.1 27
1277.15 11 20021 26 1068533 27
1277.27 11 2903.1 26 10691.2 27
1277.4 11 2904.9 26 10707.3 2%
1277.62 11 2964.85 1 107295 27
1277.77 11 2967.22 1 107540 27
1277.8 11 4268.99 39 11330.3 30
1279.25 10 4371.33 38 1133014 41
1279.90 21 4762.41 34 11602.9 44
1280.15 21 4766.62 31 11609.9 41
1280.34 21 1770.00 34 11619.0 4
1280.65 21 4771.72 34 1163:.6 +H
1280.89 21 477587 31 11638.6 44
1328.82 3 1812.84 33 11653 45
1329.10 3 1817.33 33 11636.0 15
1329.58 3 1826.73 33 11667.1 1H
1361.14 25 4932.00 37 11667.1 44
1431.60 9 5039.05 32 11677.0 44
1432.12 9 5041.66 32 11747.5 43
1432.54 9 S044.0 32 11754.0 43
1459.05 18 50406 32 11778.0 43
1463.33 17 5052.12 36 11801.8 43
1467.45 23 3545 32 11820 49
1469 16 5380.24 35 11624 43
1470.2¢ 15 5793.51 10 11849.3 19
1472 22 5794.46 40 11863.0 19
1481.77 14 37948 40 11880.4 49
1560.31 2 5400.33 40 11894.9 49
1560.70 2 5801.17 39 12551.0 16
1561.29 2 5805.76 40 12565.0 46
1561.3 2 6587.75 50 12582.3 16
1561.40 2 4335.19 31 12602.6 46
1656.26 5 9061.48 29 12614.8 46
1656.92 5 9H62.53 29 16890 47
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theoretical determinations by Weiss {4] and Bolotin et al. §3)], with which the experiment is in marked
disagreement (factors of 2-3). At present there are strong indieations that the principal source of
the disagreement is the relatively crude theoretical treatment of configuration interaction, which is
very critical for these transitions.  Thus, the theoretical results [3, 4] have been employed only for
a few strong transitions for which no experimental data are availabie. But it should be noted that
some experimental valaes may be quite unreliable due to uncertainties in the identification of the
lines.

For the higher excited transitions in the visible severd experimental investigations are avail-
able.  Richter’s work with a earbon dioxide plasma [6] is regarded as the most advanced one and
his results are principally used. However, from an analysis of his method it appears very likely
that the absolute seaie is shifted due to a demixing effect in :he arc source (see general introduction).
This s furtuer substantiated by a disagreement with the Coulomb approximation by an almost
constant factor. Sinee the Coulomb approximation has given very reliable results for 3p—3d
transitions of atoms of analogous structure, Richter’s absolute values are renormalized to give the
best agreement with the Coulomb approximation fer these latter type transitions.  The normaliza-
tion factor of 1.30 is then applied to all of his other transitions. The work of Maecker [5] and
Foster [7], whieh is used for a few transitions not covered by Richter, is expected to be also subject
to demixing effects of the same order of magnitude or higher, since these authors have used more
complicated gas mixtures. Thus, their results have been also fitted to the scale established by the
Coulomb approximation. Normalization factors of 2.50 and 1.40 are used, respectively.

Finally, two intercombination lines are taken from a recent paper by Garstang [1], who per-
formed intermediate coupling calculations and normalized the values to a scale obtained from the
Coulomb approximation.

References

{11 Garstang, R. H.. The Observalory 82, 50-51 (1962).

[2] Boldr, (5., Z. Naturforsch. 18a, 1107-1116 (1963).

{3] Bolonn, A. B., Levinson, L. B., and Levin, L. L, Soviet Phys. = JETP 2, 391-395 (1956).
[4] Weiss, A. W, privale communicalion (1964).

{51 Maccker, H., Z. Physik 135, 13-22 (1933).

{6] Richier, J.. Z. Physik 151, 113-123 (1958).

{7} Foster, E. W., Proc. Phys. Soc. London A 80, 882-893 (19621,

C1. Allowed Transitions

= = I .
Transition | Multiplet A Efem™ | Exern™) | g | gn| Akt 10¥ sec™) S Statud ! log gf|Accu | Sonree
Array racy
252p? — p —s8°
2s2p? {1 uv!
2067.22 4 337351 5| 5] 24x10°7 3.2x10-% 1.6 x10-%] —6.80 E i
2961.85 16 33735 3! 5| 82x1i0-" 1.8Xx10-8| 5.3 % 10-7| —7.27 E i
3p-3pe 1561.0 30 64001 | 91 15] 1.5 0.09i1 4.2 —0.09 D 2
3 uvj
1561.40 44 64089 ) 5 711.5 0.078 2.0 —0.4i D Is
1560.70 i6 64093 | 3| S| 1.1 0.065 i.0 —0.71 D Is
1560.31 0 64002 1 1} 3]0.84 0.091 0.47 —-1.04 D Is
1561.26 14 64093 | S| 5637 0.014 0.35 —1.67 | D Is
1500.70 16 64092 | 3] 3]0.62 0.023 0.35 -167 | D {s
11561.3] 44 64092 | 51 3!0.041 8.9 10~} 0.023 -235 4D Is
31
750-655 O-66—4
.y - -~ bt S 41

i~
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Allowed Transitiens —Continued

10

32

CL
Transition | Multiplet AA) Etem Y
Array
p —3p° 1329.3 30
4+ uv)
1329.58 +H
1329.10 16
1329.58 1
1329.10 16
1329.10 16
1328.82 0
3P —38° 955.44 30
(31 uv)
945.566 M
945.336 16
945.193 0
2p? — p-3pe 1657.2 30
20*P°%)3s (2 uv)
1657.00 H
1657.37 16
1658.11 H
1657.89 16
1656.26 16
1656.92 0
-1p° 1930.93 10194
(33 uv)
IS _.'![)°
(6L uv)
2582.90 21618
IS-pe 2478.56 21618
(61 uv)
2s2p7 — CNCLsp 1431.9 33735
252p%C1M3s | 165 uv)
11431.60 33735
1432.12 33735
1432.54 33735
2p% - ap _apo
ZpP°d {6 uv)
1279.25 H
i L | 12775 30
(7 uv)
1277.62 41
1129527 16
1277.15 0
1277.77 11
[1277.4 16
[1277.8] H
ZKI) el IFO
(8 uv
127413 H
A ape 1261.3 30
(9 uv)
1261.56 11
1261).96 14
[1261.4] +1
[1260.9] 16
{261.12 16
1260.75 0

Eiem 9

105801

105801
105801
105801

00374

60391
60353
60353
60334
60394
60353

61982

60353

61932

103570

103587
103563
103542

8216
d3l0

2316
78307
78301
8307
78301
78301

78531
0315

79311
79319
79319
79323
79311
79319

4]
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w e Ut N -1 WY~
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e Ut e Ll SN

At sece™ )

8.6 x 1053

0.34

—— —
S e W

0.11

1.6

1.
1.
0.88
0.39
0.65
0.042

N

0.0068
1.2
0.93
0.31
0.50

0.30
0.40

— — - —_—— S S e —
S Stat.u.) log gf | Accu{Souree
racy
0.038 1.5 —0.47 )] 2
0.029 0.63 - 0.84 D Is
0.0099 0.13 —1.03 D Is
0.0096 0.21 —1.32 D Is
0.013 0.17 —1.41 D Is
0.016 0.21 —-1.32 D Is
0.039 0.17 — 1.4l b Is
0.27 7.6 0.39 E i3
0.27 1.2 0.13 E Is
0.27 2.5 —0.10 E | &
0.27 0.84 —0.57 E Is
0.17 8.3 0.18 D 2
.13 3.5 —0.19 D Is
0.042 (.69 —0.90 D 5
0.044 2 —0.56 D Is
0.056 0.92 —0.77 D Is
0.073 1.2 — .66 H Is
0.17 0.92 —0.77 D Is
0.082 2.6 -03y ; L 1
26 X10771 22X 1074} —4.59 D Sn
0.004 0.77 —1.03 E 1
0.13 3.1 —0.19 D 2
0.064 1.5 —-0.49 D 2
0.043 1.0 —0.67 D 2
0.021 0.57 — 0.9 D 2
0.0038 0.080 —-1.72 D 2
{1.063 2.4 —0.24 D 2
0.052 1.1 —0.58 D s
0.048 0.60 —0.85 D Is
0.06:4 0.27 - 1.19 D Is
0.0095 0.20 —-1.32 D s
0.016 0.20 —1.32 D Is
6.2XxX10°10.013 —2.51 D Is
2.3x 10741 0.0048 —291 D 2
0.029 1.1 —0.58 D 2
0.022 0.46 - .96 D Is
9.0074 0.092 —1.65 D Is
0.0072 0.15 - 1.4 D s
0.0096 0.12 - 1.54 D Is
0.012 0.15 - 1.44 D Is
0.029 0.12 — 1.54 D Is
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Transitions — Continued

— = e e — —~—
Nol  Transinon | Multiple IYEY! Etem M | Edem Y| g | ga] 4ed10" sec™) S Siaru.) | og gf | Accu-| Source
Array racy
5 S S | N S L —+- SR | S
1t N—-1Dh° | 148177 10191 7681 5| 5] 0.33 0.011 0.27 -126 ¢ D 2
(34 uv)
15 ) —3p°
135 uv)
1470.20 10194 82161 5| T7[ 0.0088 10Xx107% 00097 =270 D 2
16 D —2p°
1469 10191 83011 5| 3| 0.019 3J6x107' 00087 —274 1 D 2
17 L | R 1463.33 10194 85311 5| T} 2.1 0.093 2.2 —0.33 D 2
(37 uv?
18 D=P° | 1459.05 10194 87281 51 3] 037 0.0070 0.17 -146 | D 2
(38 uv)
19 1S —5D°
1765 21648 783011 1 3| 0.007i 0.0010 000581 —3.00 { D 2
20 1S —1pe° 1751.9 21618 8723 11 3| 087 0.12 0.69 -092 1D )
(62 uv?
21 [2p*— P3P | 12804 30 B133 1 9, 9| 0.82 0.020 0.76 -0.74 | D 2
2p(*P°)4s (5 uv}
1280.34 H IBI4B8 | S5 5| 0.62 0.015 0.32 -1.121 D s
1280.34 16 8IT L 3 31 020 0.0050 0063 | —183 | D Is
1280.89 34 8117 | 5] 31 635 0.0052 0.11 -158 [ D Is
1280.65 16 781051 3| 1] 081 0.0066 0.084 | —1.70 | D Is
1279.90 16 w148 3| 5| 0.21 0.0087 0.11 -158 | D Is
l 1280.15 ] 781171 11 3| 0.27 0.020 008t | —1.70 | D Is
22 1P —3p°
1472 10194 8117 | 5| 3| 0.0051 1.ox10-4}] 000241 —330 | D 2
23 D-'P° | 1467.45 10194 783381 5| 3| 0.46 0.0089 0.21 -1.35 | D 2
(36 uv)
24 1S —1pe 1764 21648 78338 1] 31| 0.022 0.0031 0018 | —-251 | D 2
25 |2p%—~ m—1Dh° } 136411 10191 83500 ' 5| 5} 0.047 0.0013 0029 | =219 | D 2
2pPod 139 uv)
26 125*2p3p — D38 | 2003.9 T1375 105801 [ 0 | 3| 0.0 0.0019 0.16 -1.798 | D an
2s2p3
12901.9] 71386 105801 | 5| 37 0.022 0.0017 0079 | =208 | D Sn
12903.1] 71365 105801 1 3 ' 31 0.017 0.0021 0.061 —220 [ D an
12902.1] 71353 105801 | 1| 3| 0.0066 0.0025 0024 | =260 | D Sn
27 "2p3s— Ao =3 10695 60371 697221 91151 0,18 0.50 160 066 | D n
ZpP3p th
10691.2 60391 6974+ L S| 71 019 0.43 75 0.53 D ls
10683.1 60353 69711 | 3| 54 0.13 0.38 19 0.06 | D s
10685.3 60334 69690 | 11 3, 0.10 0.51 18 -020 | D Is
10729.5 60391 69711 | 57 5] 0.043 0.071 15 —043 | D Is
10707.3 60353 69690 | 3| 3| 0.072 0.12 13 -0.43 D Is
107540 60391 69690 | 5| 3| 0.0048 0.0050 0.80 —1.60 I Is
26 Pe a8 96:40.6 60374 0744 1 9} 31 0.22 0.10 29 —0.01 D 6bn
(2)
9658.149 60394 WIS 3012 0.10 16 - 0.30 D Is
962(1.86 60353 07 L3 310074 0.10 9.7 —051 | D Is
9603.09 6031 07818 4 11 37 0.021 0.10 3.2 — 0.6V D Is
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C1. Allowed Transitions — Continued

T T = i Al S (R A ]
Noyg  Transition | Multiplet AMA) Edem ) {Edem Y | g | g | 410 sec™ S Statua | log gf | Aceu:| Source
Array racy
29 spe—3p | 9087.6 60374 Ti3Ts | 9| 9| o 0.31 83 0] D on
3 5
9091.89 60391 71386 5] 5] 0.19 0.23 35 0071 n Is
9078.32 60353 713651 3| 3] 0.062 0.077 6.9 —0.64 | |, ls
9111.85 60391 71365 5 3] 0.1l 0.080 12 —040 1 p Is
9088.57 60353 713531 31 1] 025 0.10 9.2 =051 p ls
9061.48 60353 713661 31 5] 0.065 0.13 12 —040 1 p Is
9062.53 60334 713650 1| 3] 9.083 0.31 9.2 —0514 Is
30 'Pe—1D (113303 61082 26110 3| 5] 013 0.42 17 0.10 | p on
9
31 P°—1S | 8335.19 61982 T30T6 0 3| 1] 032 0.11 9.1 —048 1 p bn
(10)
32 |2p3s— ape_sp | 5041.7 6U3TS 802031 9| 15| 0.003) 0.0025 0.37 —165 1 p 6n
2p*P°Wp 4
5041.66 60394 | 802231 5| T[ 0.0038 0.0020 017 | 19 p Is
5039.05 60353 | 801921 3| 51 0.0029 0.0018 0.002 | —226 1 Is
5039.05 60334 | 80173 | 1| 3| 0.0022 9.0025 0.041 . —261 1 p Is
[5049.6] 60391 80192 51 5/ 98xin+ ;1 37x107 | 0031 § "2 | D Is
[5044.0] 60353 80173 | 31 3| 0.00i6 6.2x104 1 0031 | —233 | b Is
[5054.5] 60394 81731 5| 3] 1L.1x10* 25x 1075 1 0.0021 | =39 | p L
33 spe_3s | 482§ 60374 81106 | 91 31 0.008% 98x10°* | 0.1 =205 p n
(5)
1826.73 60393 | 81106 | 5| 3| 0.0047 98x10 ' 1 0018 | —231 4 p Is
1817.33 60353 81106 | 3| 3| 0.0028 99100 | 0037 | —233 | p ls
1812.84 60334 81106 1 1] 3| 9.7x10-* | 0.0010 0.016 | <2991 p Is
34 ape_sp | 4769 7 60374 8133141 9| 9] 0016 0.0053 0.75 —132 1 p 6n
6) y
477172 60394 81344 | 5| 5 0.012 0.0039 0.31 - 1701 p Is
4766.62 60353 | 81326 3| 3| 0.0039 0.0013 0.063 | —240 1 p Is
1775.87 60391 | 813261 5| 3| 0.0062 0.0013 010 | 2201 p Is
1770.00 60353 | 813121 3| V| 0.0i5 0.0018 0.083 | —228 | p Is
4762.41 60353 81344 1 31 5] 0.0038 0.002i 0.10 —220 | p Is
762,41 60334 81326 | 1| 3! 0.0052 0.0053 0083 | —2.28 | D Is
35 Pe—p | 538024 61982 80361 | 3| 3| 0016 0.0070 0.37 —168 i p bn
(n
36 IPe—1D | 505212 01982 81770 | 3| 5] 0.017 0.011 0.5+ -L49 D 6n
(12)
37 Pe—1S | 4932.00 61982 82252 1 31 1] 0.046 0.0055 0.27 - 178 | p 6n
(13)
38 | 2p3s— Pe—1P | 437133 61982 81832 | 3| 3| 0.0097 0.0028 0.12 =208 | p—| ca
2p03°)5p (b
39 pe—1) | 1268.99 61082 85400 1 3 1 5 0.0032 0.0015 0062 | —236 | D n
(16)
10 | 252pP— ape—ap | 5797.8 64091 81334 {15 | 9] 0.0039 0.0012 0.34 =175 | D én
252p P p (18)
5793.51 /1089 81334 | 7| 5] 0.0033 0.0012 0.16 -208 | D ls
5801.17 64993 81326 | 5 | 3]0.0029 89x10* [ 008 | -235 | D Is
5805.76 64092 81312 | 3 | 1]0.0039 L 6.6>10 | 0038 | =270 | D Is
579146 64093 81344 | 5| 5158x10* [29%x10* | 0028 | —283 | D Is
5800.23 634092 81326 { 3| 3197x10% | 19%x10* | 0028 | —283 | D Is
15794.8) 614092 81344 | 31 51 20x105 [33x10° | 00019 | —4.00 { D Is
41| 2p3p— P—1h° [11330.¢4 68858 77681 | 2| 510.198 0.63 71 0.280 1 ( 6n, ca
2pC1)3d (19)
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Transition
Array

2pdp —
2p*P%)4s

2p3p—
2p121P°%)4d

Multiplet

1p_1pe

) —3f°
(24)

1) -3
(25)

3§ _ape
129}

ap _3pe

(30)

lD_l ;o

1p—tpe

(20)
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Allowed Transitions — Continued

= -*_1 e S S . — e L ;-_—1:_-_ S =
IYEY! Eaem 9 | Edem™ N | g0 | g [Ad10% sec ) S Stat) | log gf [Accu:|Souree
racy

10124 68858 787281 31 3} 0071 0.262 20.2 —0.1051 { [6n,ca
11755 69722 T82271 15| 21 0.242 G.70 407 1.022]1 € |6n, ca
117540 69714 782501 7] 9] 0.241 0.0 174 0.65 C Is
11754.0 09711 82161 5| 7] 0.216 0.63 121 0.495] C Is
11747.5 69690 78199, 3| 5| 0.202 0.70 81 0.321] C Is
11801.3 AYTL 782161 7| 7| 0.0266 0.056 15.1 -04111 C Is
[11778]) 69711 81991 51 51 0.0375 0.078 15.1 —0.410] C Is
[11824] 69744 8199 7 51 0.00104 0.00156 0.426 | —1.96 C Is
o4l Y9722 783101 15 1 15] 0.065 0.132 76 0.2971 C {6n,ca
11667.1 6974 83161 7| 7| 0.057 0.1i7 31.5 -0.086 1 C is
11631.6 69711 83071 5| 5] 0.0453 0.092 17.6 -0338| C Is
116099 69690 8301 3| 3| 0.0492 0.099 11.4 —-0.53 C Is
11677.0 6974 783071 71 5} 0.0101 0.0147 3.95 —0.99 C Is
11638.6 69711 78301 | 51 31 0.0163 0.0198 3.80 —1.0047 C Is
11619.0 69711 78316 | 5| 71 0.0073 0.0207 3.95 -0.99 C Is
11602.9 69690 783071 3| 5] 0.0099 0.0332 3.80 -1.0021 C Is
11664 074 793151 3| 9] 0157 0.96 111 04611 C |[On. ca
11667.1 70744 793111 3| 5] 0.158 0.54 62 0.208| C Is
11656.0 70744 79319 3| 31 0.158 G.321 37.0 —0.016| C Is
[11653] 70744 793231 31 1] 0.157 0.107 12.3 -049%4| C Is
12591 71375 793151 91 9] 0.105 0.249 93 0351 C |60, ca
12614.8 71386 79311 | 5| 51 0.078 0.186 38.7 —-0.031| C Is
12565.0 71365 79319 | 31| 3] 0.0262 0.062 1.7 -0.73 | C Is
12602.6 71386 793191 5| 3{ 0.0435 0.062 12,9 -0.51 C Is
12565.0 71365 793231 3| 1{0.105 0.053 10.3 —-060 | C Is
12582.3 71365 79311 | 3| 5] 0.0262 0.104 12.9 —0.51 C Is
12551.0 71253 79319 | 1| 3] 0.0352 0.249 10.3 - 0.60 C Is
16890 72611 78531 5| 710123 0.74 205 057 | C |6n,ca
10548.0 68858 78338 | 31 310010 0.017 1.8 —-1.29 D Hn
11886 69722 78133 115 9(0.11 0.14 85 0.34 b 6n
11£94.9 69744 8148 | 7| 5{0.096 0.15 40 0.01 D ls
11894.9 69711 781171 5| 310.084 0.11 21 —0.27 b ls
11£30.4 69690 8105} 31 11011 0.080 9.4 —-0.62 b ls
11849.3 69711 8148 | 51 5|0.017 0.036 7.1 -0.74 b s
11863.0 69690 | 78117 | 3| 310.029 0.061 71 | -0 | D e
[11820] 69690 | 78148 | 3 | 5| 0.0012 0.0030 047 | —19 | b s
6587.75 68858 84032 | 31 510.021 0.015 1.0 - 1.34 ] ca

e — e ———— | —J 1 = ——
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Forbidden Transitions

he adopted values are selected from calculations by Garstang [ 1), Nagvi (2], and Yamanouchi
and Horie [3],which are very similar in character. Al electriec quadrupole values are taken from
Garstang 1], since his estimate of s, appears to be the most advanced one. For most magnetic
dipole lines, values could be taken from Garstang [1]. as well as from Nagvi [2]. and Yamanouchi
and Horie [3], who all arave at identieal results.  Ouly for the *P—!S transition, for which configu-
ration interaction is important. a difference oceurs.  In this case the results of Garstang {1], and
Yamanouehi and Horie [3] are selected, sinee they represent, aceording to a later study by Garstang
[4]. the best available approximation (see also the general introductions.

References

[1] Garstang, R. H., Menthly Notices Rov. Astron. Sec. L, 115-124 (1951,
[2] Nagvi, A. M.. Thesis Harvard 193],

(3] Yamanouchi, T. and Horie, H.. J. Phys, Sac. Japan 7. 52-56 (1952,

[4] Garstang, R. H., Proc. Cambndge Phil. Soc. 52, 107-113 (19561,

CI1. Forbidden Transitions

[

= T = — "_1 —— T = = ST s e = ~ = S S SS s laed
Transition | Multipler IYEY Eiem ™Y | Edem™| 2| g Type of | Agdsec Y Stat.u.) Accu- | Source
Array Transition racy

[ e S e e i S | TS| e e e E

2p2_2p2 3})_3')
{61.0 X 10°] 0.0 1641 1] 3 m 7.93x10°" | 2.00 B 1,2.3
[23.0 X 107] 0.0 351115 e 200x 10141 3.82 C 1
{36.9 x 103} 16.4 1351 3] 5 m 268 X107 | 250 B 1.2,3
[36.9 x 10%] 16.4 8351313 ¢ 320x10- | 8.6 C 1

3})_. ID

1F)
9308.9 0.0 101937 1 11 5 ¢ 5.5 x 1078 1.5x10-2 D 1
9823.4 16.4 | 10193.7 | 3| 3 m 7.8x 10 1.37 x 10-3 C 1,2,3
9823.4 16.4 10193.7 315 ¢ LIxX107 16 X105 D ) 1
9819.5 135 ] 101937 | 51 5 m 230x10¢ | 4.08x10°° C 15 723
9849.5 435 ] 10193.7 | 5| 5 ¢ 1.2x10°% 3.3x10°4 D 1

3})_ Is‘

2K
1621.5 16.1 1 216484 | 3 | 1 m 0.00260 9.5x10°% C 1.3
1627.3 135 1 216484 | 511 e 1.9x 103 2.4 % 10-5 D 1

D — 1

3K
87274 10193.7 | 216484 | 5 | 1 ¢ 0.50 15.1 C 1




Ground State

lonization Potential

Allowed Transitions

cn

List of tabulated lines:

15*25%2p 3P°, »

24.376 ¢V = 196659.0 ¢m ~*

Wavelength [A] No. Wavelength [A] No. Wavelengh [A] No.
687.059 10 3360.9 7 $413.2 24
687.35 10 3361.09 27 4618.9 26
687.355 10 3361.75 27 $628.1 26
858.092 Y 3581.80 18 5132.96 14
858.559 9 3584.98 18 5133.29 it
903.624 3 3585.83 18 5137.26 14
903.962 3 3587.68 18 5139.21 14
901.142 3 3588.92 18 5143.49 14
904.480 3 3589.67 18 5145.16 14

1009.85 4 3590.87 18 5151.08 14
1010.07 4 3875.05 22 | 5640.50 13
1010.37 4 3876.19 22 5648.08 13
1036.34 2 3876.41 22 5662.51 13
1037.02 2 3876.67 22 5884.4 20
1065.88 6 3878.22 22 5889.97 20
1065.9 6 3879.60 22 5891.65 20
1066.12 6 3880.59 22 6578.03 11
1323.9 5 3881.2 22 6582.85 11
13314.53 1 3883.8 22 6779.74 12
1335.66 1 3918.98 17 6780.27 12
1335.71 1 3920.68 17 6783.75 12
2173.8 15 4074.53 23 6787.09 12
217+.1 15 4076.00 23 6791.30 12
2509.11 7 4267.02 21 6798.04 12
2511.71 7 1267.2 2 6800.50 12
2512.03 f 4267.27 21 6812.19 12
2746.50 19 4371.59 25 7231.12 16
2747.3 19 1372.49 25 7236.19 16
2747.31 19 4374.28 25 7236.2 16
2836.71 8 4411.26 2 18895 29
2837.60 8 4411.52 24 18916 29
2992.6 28

Self-consistent field calculations by Weiss [1], and Biermann and Liibeck {3}, and a high current

are experiment by Maecker [2] are utilized for the tzabulatien.

Tke results for the lower and mod-

erately exeited transitions should be quite uncertain because in the calculations the strong effects
of configuration interaction are essentially negleeted, and the experimental work is subject to large

systematic uncertainties.

1] Weiss, A, WL, private commnnication (1964).
i2] Maecker, H., Z. Physik 135, 13-22 (1953).

i3] Biermann, L. and Liibeck, K., Z. Astrophys. 25, 325-339 (1048).

References
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Ariay

-

2532p — 252p?

252p* =2p3

252p° —
25%18)3p

2p —('S)3s

2p —1'5)3d

3s—"S)3p

252p3s —

2:2p0°P)3p

Muhiplet

Ppe—2])
(1 uv)

Pe-28
12 uv)

2[)0_:|)

3 )

1PN

(7 uv)

) —2)°
(11 uv)

2[) —2P°
(12 uv)

2p 2P
(14 uv)

28§ _2pe
(13 uv)

2pe 28
(4 uv)

pe—2D
(5 uv)

2N _2p°
(2

Pe—1b
(4

1335.3
1335.71
1334.53
1335.66
1036.8

1037.02
1036.34

VL0
904,142
903.962
904,480
903.624
loto.2
1010.37
1010.07
1009.85

1323.9

1066.6
1065.88
1066.12

[1065.9]
25110
2512.03
2506.11
251171
2837.0

2826.71
2337.60

838.41

858.559
858.092

n8;.25

0687.335

687.059
[687.35]

n579.7

6578.03
6582.85

Hr85.0
6783.75

6779.74
6780.27

6800.50

CIL

T

Fiaem M

43

64

43

0
43
64

64

43033
13051
13022
£3000

4932

71932
74931
74933
71933
11063
110666
110625
110666
96194

96494
96494

13
64

0
13

64
0
64

116338

116538
116538

167007

167033
166988
166965
167033

Eitem N

4932
73931
74933
714933
96494

96494
96194

110652
110666
110625
110625
110666
142024
142024
142024
142024

1536465

198714
168750
168732
168750
i50465
150463
150468
150168
131732

131736
131725

116538

116538
116538

145551
145551
145550
145550
131732

131736
131725
181710
161770
181734

181709
181731

£

PN SN
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6
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L
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Allowed Transitions

£ 10% s

6.0
6.0
19
1.0

11

6.9

32
16

2.4

=t
S omi

0.97
.96
183
017

0.35

0.480

0.480
0.479

0.369

0.370
0.258
0.154
0.110

oco
=
~] =} ~)

9.21
0.26
0.027
0.059

0.059
0.059

U.52
0.43
0.34

0.081
.17

0.16

0.23

0.083
0.081
0.069
0.014
0.15
0.14
0.16
0.016
0.13

0.086
0.043

0.046

0.046
0.046

0.26
0.23
0.27
0.025
0.93

0.62
0.311

0.421
0.340
0.267
0.212
0.076

Stat.u.)

2.9
1.7
0.97
0.19

7.6
1.5
2.6
0.52
2.4

log gf

0.20

—0.02
—0.28
—0.97

—0.45

—0.63
—0.93

0.49

0.23
—-0.17
—0.47
—0.47

0.00
—-0.18
—-0.48

036

Accn-

racy

— o~~~
PRI

Souree

18]

Is

Is
Is

s
Is
ls

ls
Is
Is




Cil. Allowed Transitions = Continued

. ) | — v . S T _
Transmion | Multiplet AL\ Foem Y Egem Y og0 ] oge [ Ad 108 see 1y S Sitat.u.s log gf1Aceu- [Nouree
Array racs
6791.30 166988 181709} 4| 4 0.195 0.135 12.1 —0.268 ( Is
63787.09 166965 181605 2| 2 0.307 0.212 9.5 —-0.373 ( Is
6812.19 167033 1817091 6| 4 0.0183 | 0.0085 1.14 —-1.292 ( is
6798.04 166988 181695 4| 2 0.06] 0.0211 1.89 - 1.074 ( Is
b (S 3633.9 167007 184689 | 12 | 4 0.65 0.104 23.2 0.096 o ca
t1y
5662.51 167033 184689 | 6| 4 0.325 ¢.104 11.6 —0.205 « Is
5618.08 166988 184689 | 4| 4 0.217 0.104 Hab —0.38] . Is
5640.50 166965 184689 | 2| 4 0.109 0.104 3.86 -0.68 ¢ Is
ipe_+p 31418 167007 186450 [ 12 ] 12 0.86 0.342 69 0.61 C. ca
(16)
5145.16 167053 1868641 6} 6 0.60 0.239 243 0.157 C Is
5139.21 166988 186441 [ 4} 4 0.115 0.0:456 3.09 -~0.74 (o Is
5137.26 166963 186425 2| 2 0.4 0.057 1.93 - 0.91 (W Is
5151.08 167033 186481 | 61 3 0.385 0.102 10.4 -0.213 C Is
5143.9 166988 186123 1 4} 2 0.72 0.142 9.6 —-0.246 C Is
5133.29 166988 1864641 4§ 6 0.260 0.154 10.4 —-0.210 (f Is
5132.96 166965 186611 | 2 4 0.361 0.285 9.6 —0.244 C Is
3s—(SHp N -pe 21739 116538 1625231 24 6 0.233 0.054 C.77 —0.97 ( 3
2173.8] 116538 162525 21 4 0.251 0.0356 0.51 —1.147 . Is
2174.1] 116538 162519 2| 2 9.252 0.0179 0.256 - 1.H47 C Is
3p—-05)3d zpe—zp 7234.4 131732 143351} 6110 0.450 0.79 84 C.53 C 1
3
7236.19 131736 145531 ) 4| 6 0.446 0.52 50 0.322 C Is
7231.12 131725 145550 ) 2| ¢4 0.375 0.59 28.0 0.071 C Is
[7236.2] 131736 145550 | 41 ¢ 0.075 0.059 5.6 —0.63 C Is
3p—('S)is 2pe_zs 39202 131732 157234 | 6| 2 1.87 0.143 11.1 —0.066 ( 3
hH
3920.68 131736 157234 4| 2 1.24 0.143 7.4 —0.242 C Is
3918.98 131725 157234 21 2 0.62 0.143 3.70 -0.54 C Is
2s2p3p — iPD--pe 3389.3 181740 2009593 120 | 12 0.2 0.107 25.3 0.330 (1 ca
2s2p*P°as (23)
3589.67 18177 2096201 81 6 0.74 0.107 10.1 —0.068 ( Is
3590.87 181734 2005741 6| 4 0.58 0.075 5.3 —0.347 { Is
3590.87 181709 209550 | 1] 2 0.465 0.0449 2.12 —0.75 C Is
3581.98 181734 209620} 6| 6 0.166 0.0319 2.26 —-0.72 C {s
3587.68 181709 200574 4| 4 0.295 0.057 2.69 —0.64 C Is
3588.92 181695 209550 | 2| 2 0.466 0.090 2.13 -0.74 ( Is
3581.80 181709 209620 [ 4] 6 0.0184 | 0.0053 0.250 —1.67 ( Is
3585.83 181695 200574 1 2| 4 0.0426 0.0178 0.420 —1.450 ( Is
3p—0'S)4d ez 27470 131732 168124 | 6 | 10 0.466 0.088 1.77 —0.278 C ca
(15 uv)
2747.31 131736 168124 | 4| 6 0.466 0.079 2.86 —-0.50 C Is
2746.50 131725 168124 | 2| 4 0.389 0.088 1.59 —0.75 C Is
[2747.3) 131736 168124 | 4} 4 0.078 0.0088 0.318 -1.454 C Is
3d=085)4p 2]y —z2pe 3800 4 1435551 162523 1101 6 0.337 0.105 20.4 0.022 G ca
Ky}
5889.97 145551 162525 | 6 | 4 0.302 0.105 12.2 —0.201 ¢ Is
5891.65 145050 162519 | 4| 2 0.337 0.088 6.8 —0.455 [ Is
[5889.4] 145550 162525 | 4} 4 0.0337 0.0175 1.36 —1.154 (: Is
3d—{"S)4f 2y —zf° 4267.2 143351 168979 (10 |14 2.46 0.94 132 v.u7T « ca
(6}
4267.27 145551 168979 | 6 | 8 2.44 0.89 5 0.73 . Is
4267.02 145550 168979 | 4 | 6 2.30 0.94 53 06.58 (o Is
[4267.2] 145551 168979 | 6 | 6 0.164 0.0447 .77 —0.57 (. Is
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Cil.  Allowed Transitions — Continued

— ﬂ_._—mmm

_ I — e = - T — - =
Nol  Transition | Multiplet IEY Etem™) | Edem ™Y g | & 1 4ad 1 sec ) fix Stat.ui log &f |Accu| Source
Array racy
22 12s2p3d - b 3870.7 195786 2215741 281 36 2.06 0.37 275 1.332 ( ca

252p0PMf | (33)
3876.19 195812 221604 | 10 12 2.67 0.72 92 0.86 C Is
— 3876.11 195785 2215751 81|10 2.43 0.69 70 0.74 C Is
3876.67 195765 2215531 6] 8 2.30 0.69 53 .62 [ Is
3876.05 195751 215431 4] 6 2.28 0.77 39.3 0.489 (. Is
3880.59 195812 2215751 10} 10 0.218 0.0493 6.3 —0.307 (. Is
3879.60 195785 2215531 81| 8 0.360 0.08) 8.3 —0.187 ¢ Is
3878.22 195765 221543 | 6] 6 0.365 0.082 6.3 —0.307 C Is
[3883.8] 195812 221553 (10 8 0.0080 0.00145 0.186 - 1.84 G Is
[3881.2] 195785 221543 8| 6 0.0132 0.00224 0.229 L7 ¢ Is
23 iN°~iF
(36)
4076.00 196581 221107 | 8|10 2.28 0.71 6 0.75 [ ca, s
4074.53 196571 221106 | 6| R 1.96 0.65 52 0.59 C ca, s
24 2P°—zF 4114 198433 221095 {10 | 14 2.11 0.86 125 0.93 N ca
39
14411.52 198437 221099 | 6 | 8 2.09 0.81 71 0.69 C is
4411.20 198426 221090 | 4| 6 1.97 0.86 5G 0.54 C Is
[4413.2] 198437 221096 | 6] 6 0.140 0.0110 3.57 —0.61 (0 Is
2 apo_apy
(45)
4374.28 198842 | 221697 { 6| 8 1.99 0.76 66 0.66 C1l oca,ls
4372.49 198864 221527 ) + 4 6 1.40 0.60 345 0.380 (4: ca, ls
4371.59 198878 221746 | 21 ¢4 0.83 0.475 13.7 —0.022 C ca, Is
26 we2( 4619.1 199966 221609 {14 |18 2.24 0.92 196 1.110 C ca
(50)
[4618.9] 199984 221628 | 8 |10 2,24 0.90 109 0.86 ( Is
[4618.9] 199941 221565 | 7| 8 Z.b (.92 84 0.74 {: Is
[1628.1] 199684 221585 1 8 | 8 0.079 0.0255 3.1 —{).69 C Is
27 134-08)5p P-2pe 3361.3 145551 175293 1101 6 0.121 0.0123 1.36 —0.91 C ca
(7
3361.09 145551 175295 | 6 | 4 0.109 0.0124 0.82 —1.130 C Is
3361.75 145550 175288 | 4] 2 0.121 0.0102 0.153 —1.388 C Is
[3360.9] | 145530 175205 | 4| ¢ 0.012] 0.00206 0.091 —2.085 C Is
28 |3d-(15%f P —2F° 2992.6 145351 178956 |10 |14 0.90 0.169 16.6 0.227 C ]
@8
29 |[4s—('SMp 8 —2pe 18902 157231 162523 | 21 6 0.074 1.18 1147 0.373 . 3
[18895] 157234 162525 | 2 | 4 0.074 0.79 98 0.197 C {s
[18916] 157234 162519 | 2 | 2 0.073 0.393 19.0 -0.104 C Is
Forbidden Transitions
Naqgvi’s calculation [1] of the one possible transition inathe ground state configuration 2p is
the only available source.  The line strength should be quite accurate, since it does not sensitively
depend on the choice of the interaction parameters,
Reference
{17 Naqvi, A. M.. Thesis Harvard ¢1951).
CIL Forbldden Transitions
- - S— - S— — — = - T - _‘.!__" - _], . = B S
Nojf Transition f\lultipl(-l Ad) Etem M | Eden Y| g ) g] Type of | Axtsce ) Stat.u.) Acin- [Source
Array Transition | racy
1 2p—2p ZpESge l
[15 6% 10°] 61 21 4 m 2.36x10 ¢ 1.33 C 1
40



Cim
Ground State 159252 1S,

wonization Potential 47.864 eV =386213.9 ¢cm™!
Allowed Transitions

List of tabulated lines:

|
Wavelength 14} No. Wavelength [4] No. Wavelength [A] No.
310.171 3 } 3609.96 23 4673.91 15
371.694 1 3609.61 23 3245 14
371.72 11 3703.52 18 5249.6 26
371.747 11 3883.80 27 5253.55 14
371.784 11 3885.99 27 5272.56 14
371.80 11 3886.2 a 5696.0 17
186.203 2 3889.18 27 5857.9 2
159.462 9 3889.7 27 5862.8 20
459.521] 9 3889.8 207 5871.6 20
459.633 9 4056.06 28 5871.8 20
459.64 9 14122.05 24 5880.4 20
538.075 7 4325.70 16 5894.1 20
538.150 7 4379.97 25 6727.1 13
538.312 4 4383.24 25 6730.7 13
574.279 10 4388.24 25 6742.1 13
690.526 8 4516.02 22 6744.2 13
977.026 1 4516.93 22 6762.2 13
1174.92 4 4647.40 12 6773.7 13
1175.25 4 4650.16 12 6851.2 19
1175.57 4 4650.9 15 6853.1 19
1175.70 4 4651.35 12 6857.3 19
1175.97 1 4651.8 15 6862.9 19
1176.35 4 4659.0 15 6869.1 19
1247.37 6 4663.53 15 6871.7 19
2296.89 5 4665.90 15 6881.4 A
3170.16 21

Values for the 2s* — 2sZp and 2s2p — 2p? transition arrays are taken from the self-consistent
field calculations of Weiss [1]. These calculations do not include the important effects of con-
figuration intcraction: hence fairly large uncertainties must be expected. The average of the
dipole length and velocity approximations is adopted [I]. Accuracies within 50 percent are
indicated by the following comparison: Weiss [1] has nndertaken refined ealculations, including
configuration interaction, for the same transitions in Be 1—the first member of this isoelectronic
sequence —in addition to ~alculations of the type done for this ion. In all cases the agreement
with the average of the dipole length and veloeity approximations is closc.

Reference

[1] Weiss, A, W., private ecommunication (1964).




No.

6

-1

10

12

13

RS e

Transition

Array

25— 25(25)2p

257 —25(28)3p

25— 251*SMp

2s2p —2p°

252p — 25(*8)3s

2:2p —25(28)3d

2s2p —
2528)4d

2535 —
25i28)3p

2p3s ~
2pi)3p

42

Multiplet

15 _1pe
(1 u~)
1§ _1pe
(2 uv)

1§ . 1p°
3 uv)

3pe_3p
4 uv)

1pe_1p
{8 uv)

pPe-Is
9 uv)

ape a3

(5 uv)

pe—1s
(10 uv)

ape_3))
‘6 uv)

pPe—1n
(11 uv)

ape _ 1))
(7 uv)

3§ _po
(h

)
(3

—-

977.026

386.203
310.171

H75.7

1175.70
1175.57
1176.35
1175.67
1174.92
1175.25

2296.89
1247.37

538.23

538.312
538.150
538.075

690.526

4$59.57

159.633
159.521
159.462
139.633
159.521

[459.64]

274279

a3

371.747
371.694
371.694
371.784

(371.72]

(371.80]

1618.8

4647.40
4650.16
4651.35

6740.8

6744.2

6730.7

6727.1
(6762.2]
(6742.1]

(6773.7]

CIIL

Ficm )

0.y

0.0

102351

102351

32419

22417
52290
32367

102351

52419

52447
52390
52367
32447
52390
52447

102351

32419

52447
32390
52367
52447
52390
22447

238212

238212
238212
238212

308283

308317
308248
308215
308317
308248
308317

‘

Foem b

102351

258931

322403

137478

137502
137455
137455
137426
137502
137455

145875

182520

238212

238212
238212
238212

247170

270013

270015
270011
270006
270011
270009
270009

276183

321435

321450
321427
321411
321427
321411
321411

259718

258724
259711
259706

323114

323140
323101
323076
323101
323076
323076
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o

YW L WL

w

YT W U= W N

W W Wl

=]

V1o U= 0N

&

L=

ORI R FURC S|

|

—
W VY s U ) w

1)

=

wwW UTwW U~

Fl —_— e o

W Wt U~

Allowed Transitions

At 1” see

19

Y

9
39
+
20

242

N

0.81

0.26
0.016

0.26

0.20
0.065
0.06>
0.087
0.1}
0.26

0.47
0.090

N.031

0.031
0.031
1.031

0.053

0.42

0.35
0.31
0.42
0.063
0.10
0.0042

0.52

0.12

.10
0.089
0.12
0.018
0.030
0.6012

0.76

0.423
0.253
0.084

0.303

C.254
0.227
0.303
0.0453
0.076
0.00301

Stat.u)

0.32
0.017

9.1
3.8
0.76
1.3
1.0
1.3
1.0

11
1.1

0.1

0.27
0.16
0.05%

.36

0.47
0.032

2.9

1.3

0.61
0.33
0.15
0.11
0.11
0.0073

319
19.4
11.6

3.88
61

2
1

Sy
wooN=i

loe &f

— 04N
—0.39

~-1.79

0.37

; —0.01

—-0.7]
—0.19
—0.58
~-0.49
—0.58

0.15

—0.57

—0.55

—0.81
—1.0¢
~1.51

—0.80

057

0.24
—0.03
—-0.38
—0.3]

0.50
~1.68

0.19

0.03

- 0.30
—0.57
—0.92
—1.05
—1.05
=223

0.358

0.103
~0.121
—0.60

0.436

0.104
—0.167
—0.52
—0.65
~0.64
—1.82

‘\('('ll'

racy

D

D

D
D
D
D
D
D

D

D
D
D

D

D

D
D
h
D
D
b

D
D

)]
D
)]

o~ — o~

Souree

ra

ca

ca

Is
Is




\l:.

14

19

20

21

23

21

Transition
Array

2s2p ~
2528)3d

2p3p —
2p*P°%3d

25ts—~

25(35%p

Zsdp —
25(28)5s

2stp—
25(28)5d

Muliiple

e _as
i

ape _sp

5)

Pe—'D
in
pe_1p
(2)
1P _1pe
(12}
I —2°

(19)

3py —3p°
(20}

1§ _tpe
8)
3po _ag

49

3po_ap
10)

pe_1h
(17)

ALA}

4325.70

5696.0

3703.52

68635.8

6871.7
6862.9
6857.3
[6881.41
6869.1]
[6853.1]
[6851.2]

28804

5894.1
5871.6
5857.9

[5880.1]

[5862.8]

[5871.8]

317016

£t

1516.97
+516.02
1516.02

3669.3

3609.61
3608.96
3608.96
3609.61
3608.96
3608.96

$122.05

CIL

Faem 1

S082483

308317
308218
308215

308283

308317
308248
308317
308248
308248
308215

310005

258931

319719

323114

323140
323101
323076
323140
323101
323101
323076

323114

323140
323101
323076
323101
323076
323076

311721

317798

3173800
317795
317795

317798

317800
317795
317795
317800
317795
317795

322403

Fiiem Y

327277
32727
3272
3272

-1 =)
-1 ~1 =)

329724

329743
329706
329706
329685
329743
329706

333116

276483

346713

337675

337688
337663
337655
337668
337655
337688
337658

340115

340101
340128
340142
340101
340128
340101

3143256

339933

339933
339933
339933

345496

315196
3145496
345496
345496
315496
345196

316656

_——— N =]

=

—_— W VT

w

PURVARN IEN RV IS |

E = wur O —_ W WU wWUI-~ A

W W W U

w

.43

"o W

N~

WUV oW

U

—
> Vil WU VY -) %41

D )

w

W Y

—
(AR RO R | o

w

AP see )

0.58

0.320
0.194
(1.0665

0.84

0.63
0.210
0.347
0.84
0.2l
0.281

1.08
0.50
0.320

0.066

0.059

0.0463
0.050

0.0103
0.0166
0.0074
0.0100

0.0124

0.0104
0.0093
0.0126
0.00186
0.00313
1.25x 194

0.325

1.66

0.92
0.55
0.134

0.95

0.95
0.71
0.53
0.235
0.394
0.0158

1.04

Allowed Transitions —Contirued

n

0.080
0.080
0.080
0.081

0.273

0.169

0.169
0.169
0.169

0.308
0.259

0.231
0.308

Stat.u.)

— 0N = RO — ]
O

R o <n
©

0.52
0.280
0.125

log gf |Aceu:
racy
—-0.142 C
—0.398 C
—-0.62 C
—1.094 «
0.390 C
0.010 C
-0.69 ©
—0.468 §:
—0.5n C
—0.406 C
—4.56 C
0.181i C
0.087 C
—=0.70 C
—-0.153| C
—0.54 C
-0.79 C
-0.98 C
—1.438 C
-1430] C
—-1436 C
—-1.453} C
—-1.238; C
—1.57 C
—1.84 C
—2.188| C
=2317} C
—-2315] C
—-3492| C
—0.83 C
0182 C
—-0.072| C
—-0.295| C
—0.77 C
0442 | €
0113 | €
—0.160 |
—0.51 «
—0.6%4 C
—-061 | U
—1.8] «
0124 | C

y - —
Source

!

ca

Is
Is
Is

ca

ca

cd

ca

Is
Is
Is

ca

Is
ls
Is
Is
s
Is

ca
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Cu.

‘. lowed Transitions —Continued

.'1,'_,_ —

.- = - — - T i _'.1 e =
Nao.| Transition | Muliplet aMA) Elem™ 0 Edem Y| g | &) At 10% see b) S Stat.u.) log &f |Accu-[Suurce
Arrav racy
et SUNDY P e | e e
25 | 254d -- i 3p° 4383.1 1335 3M233 1151 9] 0.267 0.0463 10.0 —0.160 C ca
5(:S)3p (14)
4388.24 | 321450 344232 ) 71 5] 0.224 0.0462 4.67 —0.491 C Is
4383.24 | 321427 3442331 5] 3| 0200 0.0346 2.50 -0.76 C Is
4379.97 | 321411 344233 § 3 1| 0.268 0.0257 1.11 —1.114 (. Is
4383.24 | 321427 344233 8 5| 5| 0.0401 0.0115 0.83 —1.239 « Is
4379.97 | 321411 3442334 31 31 0.067 0.0193 0.83 —1.238 C Is
4379.97 | 321411 344233 | 3| 5| 0.00268 0.00129 0.656 —2.414 C Is
26 D —1P° 5249.6 324212 343256 | 51 3} 0.52 0.128 11.1 —0.194 ca
(23)
27 | 2sid — P -_3F° 3887.1 321435 M1 115 | 21 1.81 0.58 110 0.93 C ca
25(8)5F | (15)
3889.18 | 321450 3471351 7 97 1.81 0.53 47.2 0.57 (9 Is
3885.99 | 321427 347153 51 7] L6l 0.51 32.6 0.1406 C Is
3883.80 | 321111 3471511 3] 51 1.52 0.57 22.0 0.236 C Is
(3889.7]) | 321450 317153 7 | 0.201 0.0456 4.09 —0.496 C Is
[3886.2] | 321427 347151 | 5| 5 0.282 0.064 4.09 —0.495 C Is
[3889.8] | 321450 347151 T 5| 0.0079 0.00128 0115 | —2.047 C Is
28 ‘P1F° 4056.06 | 321212 348860 | S5 7! 1.45 0.50 334 0.398 C ca
(24) |
Forbidden Transitions
Naqvi's calculations [1] are the only available source. The results for the *P°—3P° transitions
are essentially independent of the choice of the interaction parameters. For the *P°—'P° tran-
sitions, Naqvi uses empirical term intervals, i.¢., the effects of configuration interactisn should
be partially i..cluded.
Reference
[1] Nagqvi, A. M., Thesis Harvard (1951).
CI1. Forbidden Transitions
S —— S e = —
- . Fype of . !
Na.| Transition Multiplet ACA) Efem Yy L Extem™ | g} & Transi. | Awtsec " Stat.n.) Accu- | Source
Array tion racy
1| 252p—25(23)2p | *P°—7P*
[43.5 x 10%) 52366.7 523897 1 1] 3 m 218> 107 § 2.00 B 1
[17.6 % 16°] 52389.7 524465 [ 3| 5 m 247 x10°% | 2.50 B 1
2 .'ll)o - Il)O
[2000.0) 52366.7 | 102351 i 3 m 0.00112 1.26 X 108 © 1
12000.9] 52389.7 | 102351 313 m 1.35 0.00120 G 1
12003.2] 52446.5 | 102351 5 | 3 m 0.00179 1.60 X 10-6 C I
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Gro

yund State

lonization Potential

Civ

Allowed Transitions

List of tabulated lines:

15225 28,

&

63.476 ¢V =520177.8 cm™'

T i m
Wavelength [A] L No. I Wavelength [A) No. ! Wavelength [4] No.
i —
222.791 | 4| 384.19 6 1647 19
244.907 1 3| 419.525 5 | 4665 20
259.471 . 9 | 419.714 5 4737 22
259.542 ! 9 1548.20 1 4759 18
289.143 ; 8 | 1550.77 1 ’ 5021 16
H 1
289.230 | g | 2524.40 14 5023 16
296.857 7| 2595.14 13 5801.51 10
296.951 | 7 2697.73 2| 5812.14 10
312.418 | 2 2698.70 12 | 6592 21
312.455 | 2 'l 3936 15 \ 20604 1
384.032 , 6 | 4440.4 17| 20780 n
384.178 | 6 i] 4411.8 i | 2028 1
1

The values taken from Weiss’ calculations [1] are estimated to be accurat= to within 10 percent
because of the very close agreement between his dipole length and dipole velocity approximaticns.
The values calculated with the length approximation are adopted.

Reference

{1] Weiss, A. W., Astrophys. J. 138, 1262-1276 (1963).

Ci1v. Allowed Transitions
No.| Transition | Multiplet Ad) Fiem Y | Edem ] gl g A 10" sec™) fix Stat.u.) log gf 1Accu- {Seuree
Array Ay

1]|2s—2p 2§ —2p° 1549.1 0.0 645551 2| 6 2.65 .286 2.91 —-0.243 A 1
(1 uv)

1548.20 0.0 64591 | 2| 4 2.65 0.190 1.94 —0.426 A Is

1550.77 0.0 64484 | 2 2 2.63 0.0950 0.970 —-0.721 A Is

212s—3p 2§ —2p° 312.43 0.0 3200761 21 6| 45.6 0.200 0.412 -0.397 | B+ 1
(2 uv)

312.418 0.0 320080 | 2| 4| 45.7 0.134 0.275 -0.573 | B+ s

312.455 0.0 320049 1 2] 2| 455 0.0666 0.137 —-0876 | B+ s

312s—4p 2§ —2p° 244.907 0.0 408318 | 2| 6 22.1 0.0597 0.0963 —0.923 B ca
(3 uv)

4|2s- 5p 8 —2p° 222.791 0.0 448659 | 21 6| 11.8 0.0263 0.0385 —1.280 B ca
4 uv)

5| 2p—3s zpe .28 419.65 64555 302848 | 6 1 2 | 42.7 0.0376 0.312 —0.647 | B+ 1
(6 uv)

419.714 | 64591 302048 | 4| 2 | 285 0.0376 0.208 —-0.822 | B+ ls

419.525 | 64484 302848 | 2| 2 | 14.3 0.0376 0.104 ~-1.123 | B+ Is

6{2p—3d zpe—12)) 384.12 64555 324887 | 6 |10 {177 0.654 4.96 0594 | B+ 1
(7 uv)

384.175 | 64591 324891 1 4| 6 177 0.58Y 2.98 0.372 | B+ Is

384.032 | 64484 321880 | 2| 4 (148 0.653 1.65 0.116 | B+ Is

[384.19} | 64591 324880 | 4 4 | 29.6 0.0654 0.331 -0.582 | B+ s

45




Chv.

Allowed Transitions—Continued

prt— ?_j . ___‘r.-_ — -
No.f Transition| Multiplet AA) Faem ™ Edem Y
Array
T(2p—4ds pe—18 296.92 614555 101347
(8 uv)
206.951 | 64591 01347
296.857 | oH8l 101347
8|2p—dd pe—z2p 289.20 64353 410336
9 uv)
289.230 | 64591 110338
289.143 | 64181 410334
(289.23] | 64591 416334
912p—>5d pe—-2p 259.52 1355 -HY887
(10 uv)
259542 | 61591 419887
259471 | 634484 19887
259.512 | 64391 +9887
10} 3s—3p 2§ -2p° 2804.9 302818 320070
h
5801.51 302818 320080
S812.14 302848 320049
11| 3p—=3d pe—2D | 20754 $20070 324887
[20780] 320080 324891
(20694} 320049 321880
(20828] 320080 324880
12| 4p—>5s pe--28 2698 .4 18318 15366
az av)
2698.70 108322 115366
2697.73 108309 15366
P2 dd=5p P =2p° 259314 110336 448859
(13 uv)
14 [ 4d=5f L1 B 252140 110336 119938
(14 uv)
15 | 5s—6p 2§ - 2p° 3936 145366 70763
2)
16 { 5p—6s P28 5022.2 148859 163765
3
5023 1188661 168 ¢
5021 118351 1687,
17| 5p-—-6d pe—2p 44418 448859 171360
)]
[+441.8] 118861 171368
[1430.4] 144854 171368
(4441.8] 348861 171368
18| S5d—6p iy —=pe 4789 119887 470763
(5
19§ Sd—6f M= | G647 4493887 171403
(6)
20| 5f—6d e —2p 1665 319938 171368
(7
21 { 6s=Tp 28 —2p° 6592 168765 183931
(10
22| 6d—-8p P —-z2pe 4737 171368 192473
(12)
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- N

10
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N1

10
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A 1O* seee )

—
-1
)

—
LN
X -
0

a8.1
28.2
8.5
9.69
228
228
18.9
3.80
0.318

0.319
0316

0.0057Y
0.00576
0.00486
9.53 x 103

109

T+

10.310

1.40

0.935
0.467

1.05

1.05

0.871

0.175

0.34

1.85

0.103

0.132

0.104

46

S

0.00772

G.00772
0.08773

0.121

0.109
0.122
0.0122

0.0343
0.0345
0.0382
0.00383

0.481

0.322
0.160

0.0623
0.0559
0.0621
0.00620
0.149

0.119

0.119

0.0452

0.295

0.237

0.176

0177
0.176

0.516

0.165

0.516
0.0516

0.0704

0.837

0.0211

0.258

0.0219

Stat.u.

0.0453

0.0302
0.0151

0.694
047
0.231
0.0163
0.196
0.118
0.0653
0.0131
18.4

12.3
6.13

25

15.3
8.50
1.70
791

2.29
2.65
3.86

82.7

6.14

0.999

—0.325

0.024

—0.150
—0.4533

0.191

0.270

0.011

--0.685

—0.152

0.923

—0.472

—0.288

—0.678

Aceu
racy
B

B
B

B
B
B
F
B
B

B
B

B
B

B
B
B

B

B

Source

rd

Is

Iy

ca

rd

ca

cd

ca

s
Is
is

ca

ca




Ground State

fonization Potential

Allecwed Transitions

182 ls()

391.986 eV = 3162450 cm™!

The 10su'ts of extensive nen-relativistic variational caleulations by Weiss [1] are chosen.
Values have bees caleulated in both the dipole length and dipole velocity approximations and ay:ree

1o within 1 pereent, exeept for the 3p 'P° =3¢ D transition where agrecment is no! as good. The
average of the two approximations is adopted {1}
Reference
I Weiss, A0 Wo, private communication (1964),
Cv. Allowed Transitions
N | Transition i Multiplet AAY Etem™ | Edtem ™Yt goi g} Aed10% sec™) Six Stat.u.) log gf | Accu-{Source
.-\rray racy
1| Is2=1s2p IS=1P° | [40.270) 0 2483240 | 1§ 3| 8870 0.647 0.0858 | —0.189] A 1
21 1s*—1s3p 1IS—1pP° 1 [34.973] 0] 2859350 | 1| 312550 0.141 0.0162 | —0.852] A 1
31 Is2s—1s2p | 'S—1P° | [(3540.8] | [2455006)| 2483240 | 1| 3|  0.165 0.0931 | 1.09 -1.031; A 1
FlDs2s—1s3p | 'S=11"° | [247.31] {2455C06) | 2059350 1 1| 3| 128 0.351 0.286 —0.455] A 1
5| 1s2p—1s3d | 'P°=1D | {267.21] 2483240 [[2857486G]1] 3| 5| 396 0.707 1.87 0327 A 1
61 1s3d—1s3p | 'D='P° | [53460}? | [2857480]} 2859350 | 5} 3 3.97x10*1 06.0102 8.98 —-1i.202] C+ 1
T 1s2s—1s2p | S =3P° | 2273.9 2411244 | 2455267 | 31 9 0.565 0.132 2.95 —-0.404 A 1
8| 1s2s—1s3p | 3S=3P° | [227.37] 2411244 | [28510607) 3| 91 136 0.310 6.710 -0.023] A 1
91 12p—1s3d | P°=3D | 248.71 2455207 | 2857286 | 9 i 15| 425 0.657 4.84 07721 A 1
10 | 1s3p—1s3d | 3P°=3D | [16057]7 | [2851060] | 2857286 ; ¢ |1 15 0.00753 0.0435 | 23.1 —0.360] A 1
47
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N{Z'ROGEN
N1

Ground State 1s% 25* 2p3 489,

lonization Potential 1453 eV=117214 ¢m-:
Alowed Transitions

List of tabulated lines:

!’ ”
I :
Wavelength jA) No. | Wavelength [A) No. l, Wavelength [A] I No.

£l I
1100.7 19 4222.12 20 6622.54 |
1134.17 | 1| 1223.04 29 | 6626.8 47
1134.42 , 1 122474 29 | 6636.94 47
1134.98 | ] N 1230.35 29 66+1.96 b4y
1163.87 0| 4253.28 28 | 6616.51 47
1163.88 10 | 1254.7 B 6633.16 47
1164.31 10 1258.7 28 | 663651 7
1167.45 l 9 4261.2 2 | 6926.90 18
1168.42 9 4263.2 28 6945.22 8
1168.54 9 1264.7 28 | 6951.7 18
1i69.69 4 8 1269.8 28 6960.4 18
1176.4 R 1384.4 13 6973.0 BT
1176.6 B E 4391.3 43 | 6979.10 18
1177.7 R T 1914.90 L3l | 6981.8 l18
1199.55 2 | 1935.03 L 31 ‘ 7423.64 23
1200.22 2 5170.0 18 7442.30 23
1200.71 ; 2 51815 18 7168.31 23
1231.7 o200 5186.9 18 , 8181.85 22
1243.17 5 5197.8 9 | 8188.01 22
1243.30 5 5201.8 P49 8200.36 22

|

i
1243.31 . 5 5281.18 17 8210.71 22
1310.54 13 5292.9 17| 3216.32 2
1310.97 13 5293.5 T 8223.12 22
1316.29 12 5305.0 L A5 8242.37 22
1319.04 S ¥ {f 5309.2 17 ! 8567.74 2
1319.72 n | 5310.6 17 8390.01 L 25
1326.63 15 5314.8 17 8629.24 25
1327.96 15 | 5328.70 16 | 8655.87 25
1111.94 ' 6 53444 16 :‘ 8680.27 21
1492.62 3 5354.7 I 8683.40 21
1492.67 3 5350.77 16 8686.16 I 21
1494.67 3 | 5367.1 16 8703.26 .
1742.72 1 5372.5 L6 ‘ 8711.71 21
1742.73 4| 5372.66 N 8718.84 21
1745.25 | 5378.3 | 16 | 8728.91 21

xi 1 | |
1745.26 4 ,‘; 5401.45 32 | 8747.36 21
1099.95 26 | 5411.88 o3| 9028 92 B
1109.96 26 5816.48 50 ! 9015.88 27
4113.97 26 | 5829.53 50 9049.47 |27
4137.63 30 583+4.7 L50 9049.89 i 27
4143.42 30 ’! 5841.01 50 9060.72 I 33
4151.46 30 | 5850.1 50 ‘ 9386.81 {24
1214.73 29 ‘ i 5854.16 50 | 9392.79 24
1215.92 29 , 5856.3 I 50 946(0.68 24
1218.87 29 | 6606.3 | 47 9776.90 35




List of tabulated lines —Continued

— = [
Wavelengih |A] N, ! Wavelength |A) l No, ' Wavelength [A] | No.
A ! . =
l ! : i
$786.79 33 10563.3 ] 39 ! 11628.0 7
9788.30 B | 10591.9 I - T 11656.0 7
9798.57 35 | 10596 | #H 11964 42
9810.02 35 19597.0 e 11997.9 42
981.4.03 35 ] 10623.2 38 | 12074.1 I
9822.75 35 | 106440 . 38 ; 12107.4 T
98:31.62 35 10633.0 .38 12125.6 16
986.5.33 35| 10675 38 | 12180.9 | 46
9872.16 35 10693.2 37 [ 12203.4 i 16
10105.1 34 10713.6 38 | 12232.9 L%
| ]
10108.9 34 10718.0 38 12280 | 16
10112.5 34 10730.5 37 | 12288.0 TS
10111.6 34 10757. ‘ 38 | 1229] 10
10128.3 34 10775.0 37 12307 16
10147.3 34 10879.2 36 ! 12330 10
10164.8 34 10884.6 36 | 12383 | 10
10166.8 34 13180.1 15 | 12461.2 11
10200.0 34 112271 45 | 12167.8 4]
10500.3 39 11237.6 45 | 12582.3 41
10507.0 39 11266.2 B
10513.4 39 11291.7 5|
10520.6 39 11294.2 5|
10533.8 39 | 113139 5 |
10539.6 39 | 11323.3 5|
10549.6 39 115648 7 ll

Thie numerical values for the 2s22p®—2s2pt, 2p* —2p* 35, and 2p3 —2p? 3d transitions are
taken exclusively from measurements with a wall-stabilized high current are by Labuhn [1], since
the available theoretical treatments for these transitions must be considered quite unrehable
because of the strong effects of configuration interaction. However, even the experimental data
should be conside ‘ed with caution since they suffer, for example, from uncertainties in the iden-
tification of the lires.

The da's for mos® higher excited transitions are taken from a stabilized-arc experiment by
Richter [2], the Coulomb spproximation, and approximate self-consistent field calculations by
Kelly [6]. For abouet half ot the 3p — 3d transitions the numbers agree within an impressive 10
percent, and the resuits have been averaged. For mest 3s—3p and 3s—4p transitions, strong
cancellations in the calcula‘ions render the theoretical results unreliable. In these cases experi-
mental results are exclusively used whenever available. The above material is supplemented
by a few numbers obtained from a shock tube investigation by Doherty [5], a wall-stabilized arc
study by Shumaker and Yokley [4]. and work with a less refined arc source by Motschimann [3].
Motschmann’s absolute values appear to be shifted by a constant faetor due to a demixing effect
in the arc and have been renormalized by applying a factor of 1.5, which has given the best fit with
Richter's data.

References

[1] Labubn, F., to be published in Z. Naturforsch.

127 Richter, J.. 7. Astrophiys. 51, 177-186 (1961).

[3] Motschmann, 1., Z. Physik 143, 77-92 (1955).

[4) Shumaker, Jr., }. P, and Yokley, C. R., Applied Optics 3, 83-87 (1964,
[3] Doherty, L. R., Thesis Michigan (1961).

[6] Kelly, P. S., J. Quant. Spectrose. Radiat. Transfer 4, 117-148 (1964),




N1. Allowed Transitions
i - ]
No.| Transitivn i Multiplet IYEY Edem ™) | Edem ™| g} g] 410 sec™) S Mat.u. log gf
Array
. | ——— —_
1 |2s22p°— iS°—4p 1134.6 0.0 88135 4112123 0.13 20 —-0.27
2s2pt (2 uv)
1134.98 0.0 881101 4] 6]2.2 0.064 0.95 —0.59
1134.42 0.0 88153 | 4| 425 0.048 0.72 -0.71
1134.17 0.0 88173 | 4| 2125 0.024 0.36 - 1.02
2 |2p3— i8¢ —4p 1199.9 0.0 833361 4112154 0.35 5.5 0.15
2p*(3P)3s (1 uv)
1199.55 0.0 833661 4| 615.5 0.18 2.8 -0.15
12060.22 0.0 83319 | 4 4|53 0.11 1.8 —0.31
1200.71 0.0 83286, 1| 2{5.5 0.059 0.94 —-0.62
3 2p° —2p 1493.3 19228 86193 110{ 6|5.5 0.11 3.4 0.04
(4 uv)
1492.62 19224 86221 6] 4153 0.12 3.5 —-0.15
1494.67 | 19233 86138 | 4 2150 0.084 1.6 —0.48
1492.67 | 19233 86221 | 4| 410.58 0.019 0.38 - 1.11
4 2pe—zp 1743.6 28840 861931 6| 612.0 0.091 3.1 —u.20
(9 uv)
1742.73 | 28840 86221 | 4} 4118 0.082 1.9 —-0.48
1745.25 | 28810 86138 2 2113 0.059 0.68 —-0.93
1745.26 | 28840 86138 | 4+ 210.65 0.015 0.34 —-1.23
1742.72 | 28840 86221 | 2| 41]0.35 0.032 0.37 —1.20
5 |2p% - P°—12p 1243.3 19228 29663 110 |10 | 4.6 0.11 4.4 0.03
2p%'D)3s’ i5uv)
1243.17 | 19224 90663 | 0| 614.3 0.10 2.4 —-0.22
1243.30 | 19233 9603 | 4 4143 0.10 1.6 —-0.40
1243.17 | 19224 99663 | | 110.45 0.0070 0.17 —-1.38
1243.31 19233 99663 | +} 6 (0.30 0.010 0.17 -1.38
6 tpe—z2p) 1411.94 | 28840 99665 | 6 |10 10.52 0.026 0.72 —0.8]
(10 uv)
7 12s2pt— iP—48° | 11602 88135 96752 (12 | 4 [0.040¢ 0.0273 12.5 —0.485
2522p2°P)3p;  (12)
11564.8 88110 96752 | 6 | 4 10.0210 0.0280 6.1 —-0.77
11628.0 83153 96752 | 4| 410.0130 0.0264 4.04 —-0.98
11656.0 88173 96752 [ 2 1 1 10.0066 0.0267 2.05 —1.272
8 12p%— P —
2p%3P)3d
1169.69 | 19224 104718 | 6 | 8 10.030 8.2x 10" 0.019 | —2.31
9 2)° —-2F 11679 19228 104852 110 14 (1.2 0.034 1.3 —0.46
(6 uv)
1167.45 | 19224 104883 | 6 { 8 |1.1 0.030 0.69 —-0.75
1168.54 | 19233 104811 | 4 | 6 |1.3 0.040 0.61 —-0.80
1168.42 | 19224 104811 | 6 [ 6 {0.095 0.0019 0.045 | —1.93
10 P°—-2p 116:4.0 19228 105135 110 |10 {0.47 0.0095 0.37 -1.02
(7 uv)
1163.88 19224 105144 | 6 | 6 {0.43 0.0087 0.20 - 1.28
1161.31 19233 105121 4 | 4 0.43 0.0087 0.13 - 1.46
1164.3¢ 19224 105121 | 6 | 4 |0.048 6.5x 104 0.015 | —2.41
1163.87 | 19233 105144 | 4 | 6 [0.032 9.7x 104 0.015 | —2.41
11 2pe —z2p 13195 28810 101628 1 6 | 6 1.3 0.034 0.88 —-0.69
{12 uv)
1319.72 | 28840 104615 | 4| 4 |1.1 0.029 0.50 -0.94
1319.04 | 28810 104655 | 2 | 2 10.85 0.022 0.19 —-1.35
1319.04 | 28840 104655 { 4| 2 10.42 0.0055 0.095 | —1.66
1319.72 | 28810 104615 1 2 | 4 10.22 0.0i1 0.10 - 1.64
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No,

14

16

17

18

19

20

21

Transition

2[)3 -—_

2s

Array

2p*P)ds

2pi—
2s22p%(*P)4p

i -

2p**15s

2 ;S —
2[)2( Pi3p

=

Multiplet

2‘)0 == 2[.‘

2po 2
(13 uv)

2)° —2p

2po __2p
(11 uv)

P —4]°
13)

ap —4p°
(14

4P — 50

2y —2p

2po . 2!)

ap —1p°
(h

1316.29
1310.7

1310.54
1310.97
1310.97

1176.9

P 176.4]
(1177.7)
[1176.6]

1327.0

1326.63
1327.96
1327.96
1326.63

33490

5328.70
5356.77
5372.66
5344.4}

(5170.0]
5181.5]

i

5186.9]
1100.7

[1231.7]
[1231.7]

36916

8680.27
8683.40
8686.16
8718.84
8711.71
8703.26
8747.36
8728.91

V i. Allowed Transm(ms—Contlnued

Eqem™

28840
2864)

28840
28840
28840

16228

19224
19253
19233

28810

28840
28840
28810
28840

88135

88110
88153
88173
83110
88123
88173
88110
88153

88135

88110
88153
88173
88110
88153
88153
88173

88135

88110
88153
88173

19228

28810
28840

83337

83366
33319
83286
83366
83319
83286
83366
83319

e

Eiem Yy

104811
105135

105144
105121
105121

104199

104227
104142
104227

104199

104227
104142
104142
104227

106825

106871
106816
106780
106816
106780
106761
106780
106761

107016

107039
106998
106983
106998
106983
107039
106998

107447

107447
107447
107447

110082

110029
110029

94839

94883
91832
94795
94832
94795
94772
94795
4772
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e e 1(“
A1 s Y Sk Satud | log gf | Accu-| Source
racy

0.025 9.6 X 104 0.017 | —2.42 D 1
1.3 0.056 1.4 ~-0.48 D 1
1.3 0.050 0.87 —0.70 D Is
1.1 0.057 0.49 -0.95 D Is
0.23 0.005¢ 0.10 —1.63 D Is
1.1 0.014 0.53 -0.86 D | 1
0.95 0.013 0.21 —1.10 D 1, Is
1.3 0.014 0.21 —1.27 D 1
0.11 0.0023 0.035 | —2.04 D 1, ls
0.20 0.0053 0.14 —1.50 D 1
0.15 0.0040 0.069 | —1.80 D 1. Is
0.17 0.0043 0.039 | —2.05 D 1, Is
0.085 0.001! 0.020 | —2.35 D 1, Is
0.030 0.0016 0.014 | -—-2.50 D 1, Is
0.00252 0.00180 0.380 | —1.67 C 2
0.00254 0.00144 0.152 | —2.062| C | 3n,lIs
0.00189 0.00122 0.086 | —2.3121 C | 3n.Is
0.00107 9.3% 10 0.0228 | —2.73 C | 3n,1is
6.2%x10-* 12.64x10-1| 0.0279 | —2.80 C | 3n,1Is
0.00118 5.1 104 0.0361-| —2.69 C | 3n,Is
0.00210 9.1 x10-9 0.0323 | -2.74 C | 3n,Is
1.25 X 1u-4 {3.88%10-] 0.00410| —3.63 C | 3n,Is
4.31 X101 [9.3x10-% 0.0066 | —3.428| C | 3n,Is
0.00373 0.00157 0.328 | -1.73 C 2
0.00282 0.00118 0.123 | —2.150| C | 3n, s
5.3x10-* 12.23x10*| 0.0156 | —3.049 | C | 3n,Is
6.9x10-% [2.91x10-¢*| 0.01021—3.234| C | 3n, s
0.00167 4.68x 104 0.0489 | —2.55 C |3n,ls
0.00273 5.8 X 104 0.0402 | —-2.64 C | 3n,Is
0.00113 7.1 X104 0.0495 | —2.55 C | 3n,1s
0.00137 0.00116 0.0404 | —2.64 C 1{3nls
0.00427 5.7x 104 0.117 |-2163! C 2
0.00209 5.6 X 101 0057 | —2475| C | 3n, s
0.00144 5.8x10-* 0.0395 | —2.64 C |3n,1s
7.3%X104 159xi0-* 0.0201 | —2.93 C | 3n. s
0.33 0.0036 0.13 -1.44 D— 1
0.022 5.0x10-* 0.0041 | —2.99 D 1, Is
0.011 1.3x10-* 0.0020 | --2.30 D ) s
0.190 0.358 123 0.63 @ 2
0.191 ).287 49.2 0236 | C 2, Is
0.133 0.226 25.8 —0.045| C 2, Is
0.079 0.178 10.2 —-0448 | C 2, 1s
0.054 0.062 10.6 ~-0433 | C 2. s
0.10} 0.115 13.2 -0337] C 2, 1Is
0.171 0.194 11.1 —-0.412 | C 2, 1s
0.0079 0.0061 1.05 —1438 | C 2, 1s
0.0300 0.0171 1.97 -1.164 | C 2, 1s

Sl




Nl

Fiem™ ')

95511

95533
95195
95477
95495
95477
95533
95495

96752

96752
96752
96752

96834

96861
96788
96784

9779

97836
97770
97770
97806

110536

110546
110522
110522

110713

110715
110711
110711

106825

106871
176816
166780
106516
106780
106761
106780
106761

107016

107039
106998
106983
106* 98
106983
107039
106998

107447

107447
107347

T —
No.l Transition | Multiplet AtA) Edem™Y)
Array
22 o it i 82118 81337
2)
8216.32 ; 83366
8210.71 | 83319
8200.35 | 83286
8212.37 1 83366
8223.12 | 83319
8184.85 | 83319
8188.01 | 83286
23 1P —i8° 74322 83337
(3)
7468.51 | 83366
74142.30 | 83319
71423.64 | 832386
24 2p—2p° 9395.3 86193
(N
9392.79 86221
9386.81 | 86138
9160.68 | 86221
25 2P —2p° 8617.5 86193
8)
8629.21 | 86221
8590.01 | 86138
8655.87 | 86221
8567.74 | 86138
26 | 2p*P13s — 2p—12p° 41068 86193
2p('\D)3p’ (10y
1199.96 | 86221
$99.95 | 86138
1113.97 | 86221
27 1 2p?3s’ — 2D —2f° 9017 .6 99663
2p%'D)3p’
9045.88 | 99653
9:19.89 | 9967
904047 | 39663
28 | 2p23s— P—sD° | 42363 | 83337
2p%°P)p 4
1253.28 | 83366
1254.7 83319
4254.7 83285
[4263.2] | 83366
{1261.2] | 83319
{1258.7] 83286
[4269.8] | 83366
[4264.7] | 83319
29 1P —ipe 1222.0 83337
(5)
14223.04 | 83366
4222.12 | 83319
4218.87 | 83286
4230.35 | 83366
4224.74 | 83319
4214.73 | 83319
1215.92 | 83286
30 P —se 41463 83337
(6)
4151.46 | 83366
4143.42 | 83319
1137.63 | 83286
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&

B s e N NS e ON N

[V

B e

1Y W NS (=) N (=]

L =g}

L= NNV = I e

—
(8]

N = N

B on v

1

= AN e N e O

=

;2w

[~
(=2

=

A A d 1P e 1)

0.228

0.160
0.0363
0\)561

0.0334
0.286

0.238
0.190

0.0458
0.011

0.010
0.031
0.0068

0.232

0.269
0.258
0.0180

0.020

0.020
0.014
0.0079
0.0061
0.010
0.016
9.3x10!
0.0033

0.073

0.051
¢.0098
0.01..
6.033
0.061
0.022
0.031

0.025
0.013

0.0078
0.0039

Allowed Transmuns = fontmued

Stat.u.

26.3
3.97
1.98

11.3

11.1

10.3

10.0

26.0

139
8.5

56.6
3.96

0. ()()

bog &

9483

—0.012
—0.83

—-1.135
—0.381
—0.387
—0.49
~0.451

0.025
—0.27
—0.454
—-0.76

0.458

0.237
—0.016
—-0.75

0.281

0.027
—0.376
—0.65
—0.70
—0.98
—1.21
—1.47
—2.i6

0.669

0. 421

—0846

racs

N N e e N S
R

— o~ -~

B
It
B

s}

D
D

D

LYCRTE I

Is
ls
ls

2,6, ca

2n, s
2n. ls
2n, s

6

I
Is
Is
Is
s
Is
s
Is

3n

ls
Is
Is
Is
ls
ls
ls

3n

3n, s
n, s

dn, Is




Nao.

31

32

33

34

36

37

38

39

Fransihion
Array

zp'.":ll) ')’p —
2p30 )37

2pt3p —
208 P)3d

!
]

Mubtiplei!

s
(9

ZPO —25

2q0 _2p
(15

e —p
(18

aD2--+D
(19}

1pe —

3p°_2!.‘

e —p

1p°— 4D
(28)

N 1. Allowed Transitions —Continued

AMA)

{0282

4925.03
1914.90

208 4

54188
5401 .45

Y50 .4

9060.72
9028.92

10117

10114.6
10112.5
10108.9
101051
10164.8
10147.3
10128.3
10200.0
10166.8

9829.2

9863.33
9822.75
9798.57
9788.30
9872.16
9834.62
9810.02
9814.03
9786.79
9776.90

10884.6
10879.2

10693.2
10730.5
10775.0

10708

10757.9
[10675]
10623.2
10718.0
10644.0
10713.6
10653.0

10525

10539.6
10507.0
10500.3
10549.6

Fiem™

801493

86221
86138

97794

97806
770

93582

93582
93582

91839

94883
94832
94795
94772
91883
91832
94795
91883
94832

94839

94883
94832
94795
94772
94383
94832
94795
94832
94795
94772

95533
95495

95533
95195
95533

= ===

Edem™Y)

106479

106479
106479

116279

116279
116279

104028

104615
104655

104721

104767
104718
103684
104665
104718
104684
104665
103684
104665

1050i0

105020
105011
104998
104987
105011
104998
104987
105020
105011
134998

104718
104684

104883
104811
104811

104847

104825
104560
104886
104860
104386
104825
104560

105010

105020
105011
104998
105011

e

&

N

[N ]
(= QXA AN <

O R DO N NSO
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(= W S e}

N W= e QAND = N N

—
N

(= 0 N )

&

N

_— N
==}

T
CFORNAONERDE S L ORPRO

e

@

—
(3]

—_—ON N N O

2

o

[= W e R -}

A I s ™)

0.C234

0.0158
0.00759

0.0111

09075
0.00369

0.256

0.257
0.255

0.373

0.274
6.321
0.281
0.262
0.0523
0.0898
0.104
6.00353
0.00737

0.0992

0.101

0.0542
0.0346
0.0310
0.0222
0.0461
0.0415
0.0118
0.0144
0.0177

0.00141
0.00160

0.00402
0.0170
0.00421

0.126

0.0868
0.0169
0.0215
0.0564
0.107

0.0376
0.0532

0.248
0.242

0.132
0.0652

0.126

S

0.00285

0.00289
0.00275

0.00162

0.00164
0.00161

0.945

0.624
0.311

0.802

0.717
C.n56
0.646
0.803
0.0811
0.139
6.160
0.00413
0.00762

0.144

0.147

0.0783
0.0498
0.0345
0.0243
0.0445
0.0300
0.0227
0.0311
0.0506

0.00335
0.00426

0.0092
0.0440
0.0073

0.216

0.151

0.0289
0.0363
0.0647
0.0906
0.0971
0.181

0.688

0.538
0.327
0.216
0.210

=

Stat.u.)

©
o2

-

e e 00 00 OV IS O O €
> OO ON OO CO e N
—— W NN

W
N O
N

_ _._; P —
log gf .-\(".-u-! Source
racy
—-1.7681 B 2, 4
—-1937] B 4n, Is
—2.2601 B dn, s
-2.013| C 2
_2.183 C 2' [s
-2.91} ¢C 2, 1s
0.276 | B |2, 6, ca
0.103| B 2n, Is
—-0.206] B 2n, s
1.205! B |2, 6, ca
0.759} B s
0.595! B Is
04121 B Is
02061 B ls
—-0.188| B Is
—-0.080, B Is
—-0.1931 B is
—-1.481| B Is
—-1.340| B ls
0.458] B 12,6, ca
0.069( B 2n, Is
—-0.328! B 2n
-0.701} B 2n
—-1.056{ B 2n, Is
—0711| B 2n. Is
-0.573| B 2n
-092Y}{ B 2n, Is
—0.865| B 2n, Is
—0.905| B 2n, Is
—0.995{ B 2n
-1.70 C 2
~1.77 C 2
—-1.259| ¢ 2
—-0.75 C 2
—-1.357| C 2
0.414f B (2,6, ca
-0044| B Is
—0.937] B Is
~1.139| B Is
-0.4111 B is
—-0411| B Is
—-0411| E Is
-0.441| B s
0917 B (2,6, ca
0509 B 2a, Is
0.116 | B 2n
~0.366 | B 2n
0.1011 B 2n
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NI. Allowed Transitions —Continued
l — s e
No. Trassition | Multiplet AA) Etem™) | Edem™| g ( & | A0 sec™) '
Array
39i(con.) 10520.6 95495 1049981 1{ 4} 0.162 0.269
10513.4 95477 104987 2| 2] 0.174 0.284
10563.3 95533 104998 6! 4] 0.0369 0.0411
10533.8 95495 104587 4| 2} 0.0405 0.0337
40 10 —1p 12350 96752 1048471 1] 12] 8.12% 0.85
(34)
12384 96752 1048251 4] 6| 0.123 0.423
12330 96752 104860, 4| 4] 0.124 0.283
t12291 96752 1048861 4| 2] 0.125 0.142
41 2p°—2F 12469 96834 1048521 16| 14| 0.216 0.71
(36)
12467.8 96864 04883 6| 8 0.217 0.67
12461.2 96788 104811 41| 6] 0.202 0.71
12582.3 96864 104811, 6] 6] 0.0141 0.0334
42 D°—2p 12043 96834 1051351 10§ 10| 0.060 0.130
(3N
12074.1 96864 105144 & 6| 0.0655 0.121
1.997.9 96788 105121 4| 41 0.054 0.117
12107.4 96864 105121 6 4] 0.0059 0.0086
(11964] 96788 105144 4| 6| 0.00406 0.0131
43| 2p*CP)3p— | P°—*S 4389.1 97794 120572 61 2| 0.0153 0.00148
2p2('D)3:‘l' l
| [4391.3] 97806 120572 4 21 0.0102 0.00147
(4384.4] 97770 1205721 21 21 0.0052 0.00151
44| 2p23p’ — 2f°—2G 10595 110713 1261497 141181 0.338 0./51
2p%'D)3d’ ,
10597.0 110715 120149 | 81| 10| 0.337 9.709
10591.9 110711 120150 61! 8] 0.326 0.73}
{10596] 110715 120150 8 87 0.0121 0.0204
15] 2p*3p— iDe—+p 11290 94839 1036941 20| 12 0.147 0.168
2PN | (17)
11291.7 91883 103737 8| ¢ ! 8,117 0.168
11313.9 9487, 103668 61| 1 3.0920 0.118
11323.2 94795 1036187 4| 2 0.0726 0.0697
11227.1 91832 103737 6 6] 0.0270 0.0510
11266.2 94795 103608 | 4| 4| 0.475 0.0903
11294.2 94772 1636181 2| 2] 6.09731 0.140
11180.1 24795 103737} 4| 6] 0.00302 0.00819
11237.6 94772 103668 2| 11 0.00716 0.0282
46 1pe—1p 12217 95511 1036941 12 1 12} 4676 0.171
(27)
12186.9 95333 1037371 6| 6] GL5E 0.119
122329 95493 1036681 1| +; 0.0101 0.0226
12280) 95477 1036181 2| 21 0.0125 0.0282
12288.0 95533 1036681 6| 1 0.0336 0.051
(12307) | 95195 103618 | 4| 2 0.062 0.070
12128.6 95495 1037377 4| 6] 0.0233 0.077
12203.4 93477 1036681 2| 11 0.0318 0.142
17} 2p%3p— 1P° - 1P 00.41.0 21839 1098861 20 | 12| 0.0389 0.0154
2p*P)5s {20
661196 91883 1099281 8| 6| 0.0311 0.0154
6653.16 91832 109358 1 6 | 43 0.0244 0.0108
6656.51 94795 1098141 4| 2120193 0.0064
662254 | 94832 109928 6| 6] 0.007) 0.00455
66H36.91 91795 109858 ° 41 4100125 0.0083
6616.51 94772 1098147 21 2100104 0.0128
[6606.3] 94795 1099221 4] 679X 10 7.8 X 1¢-4
[6626.8) 94772 109858 1 2 { 4 0.00197 0.00259
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= :
log gf |Accu.
racy
0.031{ B
-0.238| B
—0.608| B
—-0871{ B
0.53 C
0.229( C
0.054;
—0.245| C
0.85 e
0.61 C
0.451 | C
—-0.70 C
0.114| C
—-0.140§ C
-0.329 | C
—-1.287| C
-1.282| C
—2.053; €
—-2231| C
—2.52 C
1010 B
0.75¢4| B
0642 B
—-0.788, B
0527 | C+
Q120 1 (4
=G5 | O+
=-0.354 | C+
=0515 1 C+
—0.442 | C+
—0.553 | C+
-1.469 . C+
-1242 | C+
0312 | C
=014 | C
—1.044 | C
-1.249 § C
--0.52 C
—0.55 C
—0.51 C
--0.55 C
—=0.51 C
—=0.91 C
-1.188 | C
— 159 C
— 1.5 C
—1481 | C
—1.539 C
=251 C
—2286 | C

e adl e

——

Sources

6, ca

Is
Is
ls
s

[S¥]

2, 1s
2, 1Is

2,6, ra

ls
Is
Is

2.6, ca

s
Is
s
Is
s
Is
ls
ls

6, ca

Is
Is
Is
Is
Is
Is
Is

6, ca

Is
ls
ls
ls
ls
ls
Is




N . Allowed Transitions-—Continued
o —y - - R B B
No.| Transition | \Iultlpleli AA) I:,(« m) | Edem Y og | gl Ant10® sec™) S Stat.n.) log gf |Accu-| Source
| \ﬂ'd} ! I l racy ]
1 = = —+—— 1
18 I ip?—ip : 6954.6 ' 95511 E 109886 112 112 | 0.02:2 0.0154 4.22 —-0.73 C l 6, ca
(29) | |
06915.22 95533 109928 | 6 | 6| 0.0149 0.0108 1.48 ~1.189| C | Is
| [6960.4] 95465 109358 | 4 | 4| 0.00281 0 00204 0.187 —-2.088] € | Is
[6973.0] 95477 100814 | 2| 2 | 0.00350 | 1 0.00255 | 0.117 —2293, C | ls
6979.10 95533 109858 | 6 0.0094 0.00459 0.63 -15 § C | Is
[6981.8] 95495 109814 ' 4| 2 00174 0.0064 ’ 0.59 - 1.59 C | ls
692690 95195 109928 | 4| 6 0 0064 0.0069 | 0.63 — 1.56 I C ! Is
[6951.7] 95477 109858 | 2| 4 ) ' 0.0088 10.0128 1059 | —159 | C Is
|
W 2p3p— We—2P 52005 93582 | 112806 2 6 0023 10.028 0% 125 | D ‘ 3n
2p?P)5d , | l 4
| [5201.8] 93582 | 112801 | 2 . 4 0.023 10.019 | 0.64 | —1.43 D Is
i {5197.8] 93582 112816 | 2 = 2 ,0.023 |0.0094 [ 0.32 i—1.73 D | ls
| | | ! |
50 2p*3p — ipP—ip 5830.4 93511 112640 | 1212 . 0.0092 0.00468 | 1.08 [—1.250, C 6, ca
2p%*P)6s (32) ' ; | |
5829.53 95533 | 112683 6| 6 C.0064 000328 | 0378 |-171 @ C Is
5811.01 95495 112611 | 4 | 4  0.00122 16.2x10-* | 0.0480 | —2.60 C Is
[5850.1] 95477 112566 | 2 | 2 | 0.00152 1 7.8 10 I 0.0300 ' —2.81 C | Is
{ 5854.16 | 95511 112611 | 6 | 1 !0.00109 1 0.v0140 0.162 —-2.675 C Is
(5856.3] = 95495 112566 | 4 | 2 0.0076 000195 | 0150 [-2109 C Is
5816.48 | 95495 112683 | 4 | 6 | 0.00278 10.00212 10162 | —2073 C | Is
[5834.7] 95477 | 112611 | 21 4 l0.()0383 l0.00390 | 0.150 —2.107} C i Is
Forbidden Transitions
For this ion we have performed the numerical calculations by uulizing Ufford and Gilmour’s
[1] values for the parameters { and  and empirical term intervals, and by employing the general
expressions of Shortley, Aller, Baker, and Menzel [2] for the line strengths in the p3 configuration
(see also gereral introduction). For the electric quadrupole lines we have employed Garstang’s
[3] estimate of the quadrupole integral s, For the 2D°—2D° transition a difference between the
trancition probability quoted by Garstang [4] and the tabulated value will be noticed. This is
due to a revised experimental value for the term interval as given by Bowen [5].
References
11} Ufford, C. W., and Gilmour, R. M., Astrophys. J. 111, 580 -581 (1950).
12] Shortley, G. H., Aller, L. H., Baker, J. G.. and Menzel, D. H., Astrophys. J. 93, 178-184 (1941).
{3] Garstang. R. H.. Astrophys. J. 115, 506508 (1952).
[4] Garstang, R. H., “The Airglow and the Aurora,” p. 324 ted. Armstrong and Dalgarno, Pergamon Press, New York, 1956).
i3] bowen, 1. S.. Astrophys. J. 121, 306 (1955).
N 1. Forbidden Transitions
} |
No.| Transition Multiplet AMA) E{cm™) | Edtem™) | & | & | Type of |  Aii(sec™) Stat.u.) | Accu- | Source
| Array | Transition| racy
1 {2p"—2p® [ 18°—2p°
Camn !
5200.7 0 192239 { 4 | 6 n 7.4%x10-7 1 2.32%x10" C 1
i 5200.7 0 192239 1 4 |6, e 6.2X10°% 84x10-% D 1,2
| [ 5198.5 0 192331 | 4 | 4 m 1.23 x 10-% 2.55 %107 C 1
| | 5198.5 1) 192321 | 4 | 4 e 4.0x10-8 | 3.6x10-° D 12
2 | “Eo=Pe | | |
[ 2l | || l
| 3466.1 O | 28840 |4 4| m  0.0062 | 3.82x10% | C 1
| 3160.4 0 | 28840 !4 4| e |34x10% | 4Ix10* | D | L2
; 3166.4 0 | 28840 |4 |2 m  [2.00247 | 7.6 X 10-8 C 1
‘ 3466.4 0 | 28840 412 e ’1.1 X 10-7 | 6.4 %108 D 1,2




NL

Forbidden Transitions—Continued

N e S —
) N Type of Accu- | Souree
No. | Transition Muliiplet AMA) Eiem™) | Edem ™) | g | g | Transi- | Agdsee™Y) Stat.u) racy ‘
Array tion ’
3 2[)° ~ 2[)°
} [10.9 X 10°} 192239 | 192331 | 6 +] m  11.23x10% | 2.40 B 1
| [10.9 X 10} 19223.9 1 192331 [ 0| 4| e [24x107 89x 1. D 1.2
[ |
1 ‘ 2P°—2p°
3F ,
10395.4 19223.9 28840 6 4 n 3x 104 1.55x 104 < 1
10395.4 19223.9 28840 6 ! 4 i e 054 | 15.6 C 1.12
10395.4 19223.9 28810 6! 2 e 10.0308 N 5 { i.2
10-401.1 19233.1 28810 | 1 ! 4 m 0.00165 | 2.75x 104 ( 1
10404.1 19235.° 28810 31 41 e 0.0230 | 6.7 C 1.2
104041 1923:.1 28840 | 3| 2 L m 0.00103 8.6x10 3 C |
10404.1 192330 | 28880 4| 2| e [ 0.0860 6.7 ¢ 1.2
N1
Ground State 152 2s* 2p* 3P,
Tonization Potential 29.593 eV =238751.1 em™!
Allowed Transitions
List of tabulated lines:
Wavelength [A] No. Wavelength [A] N Wavelength [A] Nao.
529.343 10 745.836 6 2193.91 17
529.105 10 716.876 8 21496.88 47
529.481 10 775.957 1 2520.27 16
529.627 10 915.603 2 2520.85 16
529.713 10 915.955 2 2522.27 46
529.860 10 916.004 o 232246 46
533.504 v 916.700 2 2524.49 16
533.51 9 1083.98 i 2526.17 16
333.577 9 1084.57 1 2709.82 49
233.64 9 1085.5 1 2799.20 48
533.726 9 1085.54 1 3000.86 38
533.809 9 1085.70 f 1 3023.80 50
572.07 13 [ 1886.82 ; 24 33114 39
574650 12 2206.10 H 3318.14 39
282150 11 2316.46 15 3321.58 39
635.180 14 231663 15 3328.79 39
611.621 3 2317.01 45 3330.30 39
6.41.825 3 2319.94 15 3331.32 39
6.45.167 3 2321.65 45 3437.16 20
660.280 5 2325.16 15 3593.60 40
671.014 7 2161.30 51 3609.09 40
671.391 7 2184.12 47 3615.88 40
671.629 i 2188.75 47 3829.80 41
671.770 0 2490.37 17 3838.39 41
671.999 i 2493.16 47 3812.20 11




List of tabulated lines =Continued

= , = R _
Wavelength [ 4] No. Wavelength [ No. Wavelength [A] No.
3817.38 Y| 5012.03 22 3911.67 31
3855.08 1 5016.39 37 3952.39 31
3856.07 11 5023.11 22 i 5954.28 60
391901 2 | 3025.67 27 3960.93 3]
3995.00 l 19 | 5040 76 27 6111.6 52
1026.08 |62 |, 504310 16 6136.89 P52
1010.9 [ S 510415 13 6150.76 I 52
$121.08 L3 | 5168.24 37 /167.82 [ 32
1133.67 23 5170.08 37 6170.16 52
1145.76 23 | 5171.30 37 | 6173.40 52
176.16 63 |l 5171.46 37 6242.52 59
1227.75 T l 5172.32 35 62%91.30 21
$239.4 61 5173.37 I 6318.80 35
$17.9 65 5171.46 | 37 6328.39 53
142797 63 ' 5175.89 | 3 6330.57 , 5
|
1131.82 65 ' 5176.36 ! 37 6316.86 I 3
H32.74 63 5177.06 35 6356.55 35
$133.48 65 | 5179.50 35 6357.57 55
1411.99 65 |l 5179.50 L 37 6182.07 18
1117.03 25 5180.31 | 35 6191.79 54
1159.96 29 | 5183.21 i 3 6504.61 54
1163.54 29 5181.96 35 6322.39 31
1175.8 29 518617 37 6532.55 54
$77.74 | 29 5190.42 35 6314.16 54
1188.15 | 29 5191.97 33| 6315.33 54
1507.56 ' 29 5199.50 35 6554.47 54
1330.40 67 5312.13 36 6610.58 33
1332.34 66 5320.96 36 6629.80 53
1601.18 A YA 3327.15 36 6809.99 58
1607.16 17 5338.66 36 l £834.09 58
1613.87 17 5310.20 36 6847.24 58
1621.39 A i 5351.21 36 6941.75 57
1630.54 17| 5452.12 32 | 6966.81 57
1613.09 17 | 5454.26 32 6975.64 57
1677.93 68 5162.62 i 32 7003.0 57
4774.22 28 5478.13 L3 7013.98 57
1779.71 28 5480.10 |32 7014.73 57
1781.17 28 5495.70 | 32 7138.87 56
1788.13 28 5526.26 21 7188.20 56
4793.66 28 5530.27 i 21 7214.6 |56
1803.27 28 5535.39 ! 21 7215.06 56
1810.29 2 5510.16 21 7241.8 56
4987.38 30 5513.19 \ 21 7256.53 56
4991.22 2% | 5551.95 L2
1991.36 2 5532.54 21
|
1991.36 30 :’)565.32 | 2]
19979 2 5666.6 15
tggiﬁ | ﬁ% 267602 !
5001.47 | 87 | 5679.56 15
3002.69 16 5686.21 15
5003.14 22 5710.76 15
5005.11 27 5730.67 15
5007.32 30 5927.82 31
5010.62 L6 5031.79 31
5011.21 - 5)10.25 31|




Data for the vacuum ultraviolet region of the speetrum are available from calculations of
Bolotin et al. [1] and Kelly [2}. Bolotin et al. employ a “double configuratior”™ approximation.
i.e., they include to a first approximation the effects of eonfiguration interaction which are expected
to be drastic for these transitions. Kelly's calculations, in which these effects are neglected, are
enly used for some vacuum uv transitions for which configuration interaction is expected to be
less pronounced. Nevertheless, his results inay be quie uncertain.  For higlier excited lines,
mainly in the visible, experimental work with a high current stabilized arc by Mastrup and Wiese
[3] compares very well with approximate self-consistent field calculations by Kelly [4! and the
Coulomb approximation. All these methods have been equally weighted in arriving at averaged
values. However, the Coulomb approximation shows strong cancellation effects for 3s—4p and
3p—4d transitions and is not used there. Kelly’s calculations, which seem to be less affected
as judged from his fairly high ratios between the positive and negative contributions to the transi-
tion integrals, arc exclusively used in these cases. For some multiplets with high azimuthal
quantum numbers in the 3d—4f array (D-F and F-G) only multiplet values and no line values ure
listed, since intensity measurements by Eriksson [5] indicate considerable deviations from LS
coupling and a transition to pair coupling.
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e - = e — Ty = T — :1:" =TT = } = -
o Transition 7 Multiplet bYRY! Eaem % [ Egem Y | g | g [ At 10% sce™ ) foi Statud | log gf 1 \Aecu-
Array I racy
2522p*—2s2p3| P — *D° 1085.1 §9.3 92245 1 9115 5.7 0.17 5.4 0.18
(luv)
1085.70 131.3 92238 | 5| 7 5.7 0.14 2.5 —0.15
1084.57 49.1 92251 | 3| 5 4.3 0.13 1.4 —0.42
1083.98 0.0 92253 | 1| 3 3.2 0.17 0.60 —-0.77
1085.54 131.3 92251 | 51 5 1.4 0.025 0.45 —0.90
1084.57 49.1 92253 | 31| 3 2.4 0.042 0.45 —-0.90
[1085.5] 131.3 92253 | 51 3 0.16 (4.00)7 0.030 | —2.07
AP —aspe 916.34 89.3 109219 1 91 9| 138 0.22 6.0 0.30
(2uv)
916.700 131.3 109218 | 51 51 13 0.17 2.5 —0.08
916.001 49.1 109218 | 31 3 1.4 0.055 0.50 | —0.78
916.700 131.3 109218 { 51 3 7.3 0.055 0.84 | —0.56
915.955 49.1 109225 | 3| 1 18 0.074 0.67 | —0.65
916.004 19.1 109218 | 31 5 1.4 0.093 0.84 { —0.56
915.603 0.0 109218 | 1| 3 59 0.22 0.67 | —0.65
p --as8° 6-44.99 89.3 155130 | 9| 3| 110 0.23 4.4 0.32
(4uv)
645.167 131.3 155130 | 5| 3| 62 0.23 2.4 0.06
6141.825 49.1 155130 | 3| 3| 37 0.23 1.5 —-0.16
644.621 0.0 155130 | 1] 3¢ 12 0.23 0.49 | —0.64
1D —1p° 75.957 15316 144189 | 51 5| 49 0.45 5.7 0.35
(Tuv)
Iy ~1pe 660.280 15316 166766 | 5| 3| 77 0.30 33 0.18
(9uv)
1§ — 1p° 745.836 | 32687 166766 | 1| 3] 16 0.40 098 | —0.40
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N 1. Allowed Transitions —Continued
No.| Transition | Multiplet IYEY) Etem™ | Edem ™ | g | g jAed 10" sec™) S
Array
_ _— —
37 spe—3p 5175.9 225644 24659 | 15| 257 0.83 0.56
{70)
5179.50 | 225673 2449741 71 91 0.83 0.429
5171.46 | 225629 244960 1 5| 7| 0.56 0.312
5168.24 | 225605 244949 { 3| 5§ 0.292 0.195
5183.21 | 225673 244960 | 7| 7] 0.276 0.1}
517446 | 225629 244940 | 51 5} 0.485 0i95
5170.08 1 225605 244941 | 3| 3] 0.62 v 250
5186.17 | 225673 244949 | 7| 5] 0.055 0.0159
5176.56 | 225629 244941 | 5| 31 0.208 0.050
517130 | 225605 244937 | 3 1] 0.83 0.111
38 | 2p3p— p—1pe 3000.86 | 164612 197859 | 31 3] 0.54 0.073
2p(2P°Ms (18)
39 3p —3p° 3328.3 166616 196653 1151 9} 1.11 0.111
22)
3328.79 | 166679 196712 1 7| 51 093 0.111
3331.32 | 166383 196593 | 5| 3% 0.83 0.083
3330.20 | 166522 196541 | 3| 11 L.ti 0.061
3318.14 | 166583 1967°2 | 51 5] 0.169 0.0278
3324.58 | 166522 196593 | 3| 3] 0.279 0.0403
[3311.4]1 | 166522 196712 { 31 5| 0.0113 0.00309
10 3§ —~3p° 3601.3 168893 196653 1 3| 91 0.230 0.134
(26)
3593.60 | 168893 196712 1 3| 5 0.231 0.075
3609.09 | 168893 196593 | 3| 3| 0.228 0.0146
3615.88 | 168893 196541 | 3| 1] 0.227 0.G148
41 p-—3p 3812.7 170637 196633 1 91 9 0.69 0.153
30
3838.39 | 170667 196712 1 5| 5] 0.52 0.116
3847.38 | 170609 196593 | 31 31 0.172 0.0382
3856.07 | 170667 196593 | 51 31| 0.285 0.0381
3855.08 | 170609 196541 | 3] 1| 0.68 0.051
1829.80 | 170609 196712 | 3| 5] 0.175 0.004
3842.20 | 179573 196593 1| 3¢0.230 0.153
$2 p--:p° 4227.95 | 174213 197839 1 51 3| 1.06 0.171
33
13 S—1p° 5044, y 178274 197859 | 1| 3 0.189 0.222
(3h
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200P4d 1 (15uv)
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2316.46 | 166583 209740 | 5| 7| 0.49 0.055
2316.65 | 166522 209675 | 3| 51 0.46 0.061
2321.65 | 16667¢ 209740 | 71 7} 0.062 0.0050
2319.91 | 166583 209675 | 5| 5| 0.088 0.0071
2325.16 | 166679 209675 | 7| 5| 0.0024 1.4x 104
16 P —3ne 25219 170037 210278 1 9 115 0.33 0.052
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252227 1 17067 210302 | 5] 710.32 0.043
2520.85 | 170609 210266 | 3 | 5| 0.25 0.039
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2526.17 1 170667 | 210240 | 5| 310.0092 53~ 10

62

T

Stat.u.)

H3

18.2

[l

0. ]01
$.77
2.65

Oﬁ

—
=~
-

.....

= NN

C CEREORRW
[ICR SVRNTR SR |

51
w

=/} 82
—0.068

=0.65

—-0.75

--0.03
—0.39

I ~0.56

—-0.74
—1.45
—-1.45
—3.00

-—0.33

—0.66

CHENEIE B

@

ISR &

QI EDIEC, & &@a| &

-
W,

]

L
ource

ca

Is
Is
Is
Is
Is
Is
Is
Is

ca

ca

Is
Is
Is
Is
Is
Is

ca

Is
Is
Is

ca

Is
Is
Is
Is
Is
Is

ca

cua

Is
Is
Is
{s
Is
Is

Is
Is
Is

is

Is

Is




47

18

19

a7

Tran-ition
Array

2p3p —
2pitP%)5s

2p3d—
2pi3°Mp

766-655 O-b6—6

Multiplet

ZIP — :!l,)o
{20uv)

P —-1p°
(21uv)

ID = Il.'o
(22uv)

1§ — 1pe°
(35
1) —1p°
(23uv)

e~ 1D
(36)

Do —1p
(41)

.SD° A .'ID
(45)

3D° — 3P
(16)

Ape—3)
{52)

ape —ap
(53)

A

24935

2196.88
2190.37
2493.91
2488.75
2193.16
2188.12

2799.20

2709.82

3023.80

2161.30

0168.1

6167.82
6173.40
6170.16
6136.89
6150.76
6111.6

6629.80

6521.8

6504.61
0532.55
6541.16
06545.53
6551.47
6191.79
0522.39

63145.8

0310.57
6356.55
6357.57
6328.39
6346.86
6318.80

7182.5

7138.87
7215.06
7956.53
7188.20

[7241.8]

17214.6]

6970.6
6941.75

7003.0
6975.64

—]
Ficm V)
170637

170667
170609
170667
170669
170609
170573

174213

174213

178274

174213

186393

186653
18657
186512
18657
186512
186512

187092

187472

187493
187162
187438
187495
187162
187462
187438

187472

187493
187162
187438
187162
187438
187438

188884

188858
188910
188938
188858
188910
188858

188381

138858
188910

188858

N II. Aliowed Transitio

ns —Continued

T TR o

Eiem b
210729

210705
210752
210752
210777
210705
210752

209927

211031

211336

214828

202801

202862
202766
202715
202862
202766
202862

202170

202801

202862
202766
202715
202766
202715
202862
202766

203226

203260
203189
203165
203260
203189
203260

202801

202862
202766
202715
202766
202715
202715

203226
203260

203189
203189

&:

—w Wyt W

Yt

N
—

=
W YUt =) W U= [} (o] (S L I ) JEN V)

—
o

O o U Uv

YW U s N

~
e

Vi N

8

—
ol

—
L

—

. S
At 108 sec™!) fu Siatu.) | log gf |Accu-{Source
racy
9! 0.19 0.018 1.3 -080 ! D— 1
5] 0.14 0.013 654 |—-118 | D—- Is
31 0.048 0.0045 011 |—i87 | D— Is
31 0.078 0.001 0.18 —166 | D— ls
110.18 0.0057 0.14 -1.77 1 D—- ls
51 0.047 0.0073 0.18 -166 | D— Is
31 0.061 0.017 0.14 —-177 ! b— ls
51 0.079 0.6093 0.43 —133 | D- 4
710.35 0.054 2.4 —-057 | D— 1
31014 0.057 0.57 —-124 | D—- 4
310.353 0.0193 0.78 —1.017| C 4, ca
0.363 0.148 63 0.492! C 4, ca
710.332 0.1148 27.0 0124 C Is
510.320 0.131 18.6 —0.039| C Is
31 0.362 0.124 12.6 —-0.207}) C Is
7] 0.0293 0.0165 231 {—094 | C Is
5] 0.0407 0.0231 234 [—091 | C Is
7{84x10-* 16.6X10-1 0066 |—248 | C is
310.283 0.112 12.2 -0.253| C 1, ca
0.058 0.0373 12.0 —-0.2533| C 4, ca
710.052 0.0332 498 |[—063 { C Is
51 0.0104 0.0259 278 {—089 | C Is
310.0433 0.0278 1.80 1—-1.078) C Is
51 0.0090 0.00411 062 |—154 | C Is
310.0144 0.0056 060 |—15 | C I«
7 | 0.0066 0.0058 062 [~154 | C Is
510.0088 0.0093 060 (—155 | C Is
91 0.306 0.ill 3.7 0220| C 4, ca
51 0.258 0.111 16.2 -0.l110} C Is
310.229 0.083 8.7 -0.381 | C Is
1{0.304 0.061 38 |—674 | C Is
51 0.0462 0.0277 289 |—08 | C Is
310.07 0.0461 289 |—-086 | C ls
51 0.00310 0.00310 0.193 |—2.033 | C Is
5 00324 0.00418 0.89 -1424 | C 4, ca
7 10.00332 0.00355 0.417 |—1.7% C ls
510.00242 0.00314 0224 |—2.026 | C Is
310.00175 0.00114 0.09 [—23831! C Is
5|81x10* [6.3x104 0.07% |—250 | C Is
310.00132 0.00103 0074 |—-231 1 C Is
3189x10% [4.18x10-% 6.00497[—3.68 | C Is
9 [ 0.086 0.062 12.9 —-0250 | C 4, ca
510.065 0.0473 5.4 -063 | C Is
310.0221 0.0165 .14 [—1.366 | C Is
3 10.0356 0.0156 1,79 |—-1.168 | C Is
83
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60

61

62

63

64

66

67
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Tiansition
Array

2p3d -
2p(*P°)af

NIL

Multiplet AA)
7013.98
6966.81
7014.73
pe—3§ 6824.5
(BX)]
6809.99
6831.09
6817.24
e —1n 6242.52
(57)
S 5954.28
(60)
e —-3G 4010.9
(39)
3 —1(;
(40)
4026.08
Pe—1F 4176.16
(42)
iD°—3F 4239.4
(48)
p°—3D 4434.6
(55)
4132.74
414141,99
4133.48
4431.82
442797
[4117.9]
e 3G
(58)
4552.54
Fe=1G 1539.40
(59)
ipP°—1D 1677.93
{62)

4

Edem B

188919
188910
188938
188584
188858
188910
188938

139336

190121

18659.;

186572
187692

187472

188884

188858
188910
188938
188858
188910
183858

189336

189336

190121

Eiem ")

203165
203260
203189
203533
203533
203533
203533

205351

206911

211332

211403

211031

211033

211428

211411
211416
211487
211416
211487
211487

211296
211403

211491

£

— s N =]

21

1 U -1

[
v

=)

U u—wwn

1

&

WU —

=

(-]
-1

[ 3
— -1

—
o

Wl L U~

Al <ee N

0.081
0.6215
0.0280
0.355
0.199
0.118
0.0389

0.341
0.421

2.64

2.14

1.84

1.86
1.38
1.02
0.161
0.77
0.02

0.76

1.69

1.65

1

Allowed Transitions — Corntinued

i

0.0206
0.0260
0.062
0.083
(.083
0.083
0.082

0.142
0.075

0.83

0.280

0.80
0.81

0.91

0.77
0.68
0.90
0.136
0.22G
0.0091

0.305

0.67

0.90

Stat.a)

16.7
9.3
2.h4

1.85
20.5

+.39

<
[
84

o1
i}

169
119

29.8

—1.208
—1.108
--1.208
—=0.129
—0.382
—060

— 1.086

—0.001

—0.65

1.243

0.293

0.60

1.083

0.91

0.58

0.309
— 0.0
—0.168
—0.168
— 1343

0.329

0.67

0.434

.‘\('('U-
racy

xlawloplias b wlie

(P!

Source

Is
Is

Is
Is
1, ca

4, ca

1, ca

4, ca

+.oca

1. ca

Is
Is
Is
Is
Is
Is

4, ra

64

Forbidden Transitions

The adopted values represent, as in the case of C1, the work of Garstang [1], Naqvi [2]. and
Yamancuchi and Horie [3], wha have independently done essentially the same caleulatians and

arrived at very similar results.

are applied.

3

References

} Garstang, R. H., Monthly Notices Roy. Astron. Soc. 111, 115-123 (1951
} Nagvi. A. M., Thesis Harvard (1951).
] Yamanouchi, T.. and Horie, H., J. Phys. Soc. Japan 7, 52-56 (1952).

For the selection of values. the same considerations as far CI
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— — o .
N Il. Forbidden Transitions
—— r‘_ ] Sm— = — = = = = e N g e - g -
No.| Transition ~ Muluplet AtA) Etem ™) | Edem™ | g gl Type of | Agitsee ™) Statu) i Accu- | Seuree
Array | Transition racy
' !
- — T _ | -
1|22 - 2p? | sp—up i |
’ | 20.36 x 107] 0.0 910 113 m [213x10°% | 200 B | 1,23
[76.14 X 10%] 0.0 ! 1330 1| 5 e 1.30 x 10-32 V.99 C !
| | [12.16 X 10°] 19.1 1313 315 m 748 % 10-¢ 2.50 B 1,2,3
| ! [12.16 x 10°] 3¢ 13131 3| 5 e 2.90x 10-13 2.30 ! C 1
9 L op—1p ' |
| (! F’ | ‘
05274 00 153157 | 1| 5 e 4.2%x 1077 1.5x10-# ' D )
{ I 63481 19.1 153157 | 3| 5/ m 0.00103 5.4x%10°3 C 1.2,3
; 6518.1 49.1 153157 | 3 | 5 e 1.4 x10-°% 5.0x10-3 D 1
6583.6 131.3 153157 | 5| 5 m 0.00303 1.60 X 104 C 1.2,3
i | 6583.6 131.3 133157 5| 5 e 9.4x10-¢ 3.5%x10-¢ D 1
31 :(l)__ IS
i 2 i q
| 3063.0 19.11 32687.1 | 3| 1 m 0.0210 3.62x10-3 C 1,3
| ! 3070.8 131.3 | 32687.1 | 51 1 e 1.6 X 104 2.6% 103 D 1
4 P—18
| 3F)
| | 57518 1531571 32687.1 | 5| 1 e 1.08 ! 4.06 C 1
Nm
Ground State 152 252 21 2P°

lonization Potential

Allowed Transitions

List of tabulated lines:

47.426 eV = 382625.5 ¢m™!

Wavelength [A) No. Wavelength [A] No Wavelength [A] No
371.204 11 772.93 6 1804.3 24
37L4H 11 772975 6 1805.5 24
37H4H 11 979.77 5 1885.25 27
151.869 10 979,842 > 1908.11 28
152.226 10 976.919 5 i917.7 29
681.996 3 } 980.01 5 | 1918.7 29
685.513 T 989.790 I - 1919.5 29
685.810 R 991.514 1 'l 1919.7 29
086.335 3 $91.579 I 1920.0 29
763.31C 2 1006.0 7 1920.86 29
761.357 2 1183.03 9 1921.49 29
771.541 4 1184.51 1 9 2063.50 30
771.901 4 1747.86 | 8 2063.99 30
772.385 4 1751.24 8 2068.25 30
772.891 6 1751.75 8 2247.7 25

65
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List of tabulated lines —Continued

Wavelength [A) No. Wavelength [A) No. Wavelength [A] No.
2247.92 25 3771.08 14 1527.86 22
2248.88 25 3934.41 18 1530.81 13
2453.85 26 3938.52 18 1534.57 13
2459.2 26 3942.78 18 4535.11 22
2162.56 26 3998.69 31 1536.30 ' 22
2162.9 | 26 1003.6 31 1547.34 13
2466.3 i 26 4003.64 31 1858.74 20
2168.36 | 26 109731 I P 1858.88 20
2169.1 , 26 1103.37 12 1861.33 20
21471.2 i 26 $193.790 16 4867.18 | )
2972.60 19 1200.02 16 1873.58 L2
2977.3 19 1215.69 16 1881.81 20
2978.8 19 1321.37 21 1384.14 l 20
2983 .58 19 1323.93 21 1896.71 L2
3342.77 | 17 1328.15 L2 61445.05 | 23
3353.78 5 133014 | =2 6450.78 23
3354.29 5 14330.44 L2l 6133.95 o
3355.47 17 1335.53 {21 6363.03 i
3358.72 . 5 1339.52 I 21 6166.86 P23
3361.90 5 1348.36 |2 6168.77 23
3365.79 15 1353.66 ! 21 6178.69 23
3367.46 15 1510.92 : 13 9187.55 23
3374.06 15 1514.89 R
3745.83 ‘ 14 1518.18 | a3
3754.62 L 1523.60 13

As in the case of analogous configurations, the data for the lower excited transitions, which
are obtained from the calcuiations by Bolotin and Yutsis [1] and Kelly 2], are quite uncertain be-
cause of the strang effects of ~onfiguration interaction.  The latter are either crudely taken into
account (Bolotin and Yutsis) or entirely neglected (Kelly),  For some higher excited transitions
self-consistent field calculations by Kelly {3} including « xchanze affects are available and are
averaged w 'l the results of the Coulomb approximation.  For other prominent transitions the
Couioml approximation is applied wlienever it is expected to give reliable results.

eferences

[ Bolotin, AL B and Vutie A P Zhare, Fkspll i Teoret. Fizo 2.4, 537-513 (1954 Cranslated in “Optical Transition Prob-
abilities™, Office o Teehmeal Services, US, Department of Commerce, Washinglon, L.C.

[2] Kelly, Pox Actrophss, | 110, 1217 - 1268 (1961,

i3] Kelly, P S Qnant. Spectrose, Radiat. Transter 3 HT -8 (196 1,
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Transition
Array

25°2p—2s2p*

2s2p* — 2p*

2p - ('S)3s

25— ('8)3d

35— ('S)3p

Mulnipilet

2pe —2p)
{1 uv)

pe— 2§
(2 uv)

P2 —2p
{3 uv)

P — 80
(8 uv)

2) — 2[)°
(12 uv)

2p) — 2pe
(13 uv)

2§ — 2po
(17 uv)

2P — 2P

{12 uv)

2P . 2pe
(20 uv)

pl

2po — 26
(4 uv)

2pe 2
(5 uv)

1§ —2pe
{h

AA

990.98
991.579
989.790
991.514
6-4.0]

761.357
763.340
085.71
685.816
683.513
686.335
684.996
772.09
772.385
771.901
771544
979.89
979.919
979.842
[979.77]
[980.01]
772.91
772.891
772.975
[772.93]

1000.0

17504
1750175
1747.86
1751.24
1184.0
1184.54
1183.03
1181.54
1183.03
452.11

152.226
451.869

37436
374441
374.204

[374.44]

1099.2

$97.31
4103.37

NII1. Allowed Transitions

Eiem M)

116.3
1745

0.0
174.5
116.3

174.5
0.0

116.3
174.5
0.0
174.5
0.0
57283
57333
572532
57192
101827
101024
101032
101024
101032
101027
101024
101032
101032

131004

1459:,0
145987
145876
145987
145950
145987
145876
145987
115876
16.3

174.5
0.0

116.3

221302

221302
221302

101027

S

Fiem N

10102
10i032
101032

131004

13:004
131004

145950
145987
145876
1145876
145987
186802
186802
186802
186802
203079
203072
203089
203086
203072
230408
230409
230405
230409

230408

203079
203072
203089
203089
230408
230409
230405
230405
220409
221302

221302
221302

267242
267244
267239
267239
245690

245702
245666

o

w—

6

[

[SIE T (VRN

12

D = N

=) N - =] B = N =

DN

~o

[NV

11

&k

._.
=) D b O O RRS - =N D NN -

- N

=)

&S D BS -

NNy

10

Ak 10* sec ™))

2.6
2.6
22
0.43

n

e D) N
IRV RN

30
15
110
110
91
18
0.97

0.96
0.97

S

0.18
0.16
0.18
0.018
0.11

0.11
0.11

0.45
0.38
0.31
0.075
0.15
0.17
0.17
0.17
0.17
0.20
0.19
6.19
0.013
0.020
0.086
0.085
0.072
0.015

0.27

0.20
0.18
0.20
0.020
0.18
0.15
0.12
0.030
0.060
0.046

0.045
0.047

0.39
0.34
0.39
0.039
0.73
0.186

0.244

0.47
6.47

0.41

0.27
0.14

2.9
1.7
0.97
0.1y
19.7

13.1
6.6

—0.52
0.30
0.01

—0.17

—0.48
0.31

0.06
—=0.13

—-1.09
—0.06
—-0.29
—0.54

—-1.23

—0.26

0.08
=0.15
—0.40
—1.10

0.03
—0.23
—0.62
-0.92
=0.92
—0.56

—-0.74
—1.03

0.37

0.14
—=0.10
—0.81

0.164

—-0.013
—0.311

— —r._——— —
Accu- |Source
racy

SEN —

E 1
E Is
E Is
E Is
E 1
E Is
E Is
E f
E Is
E Is
E Is
E Is
k 2
E Is
E Is
E Is
E 2
E Is
IO Is
E Is
E Is
E 2
E Is
E Is
E Is
E 2
E 2
E Is
E Is
E Is
E 2
E Is
E Is
E Is
E Is
E 2
E Is
E Is
D- 2
D- Is
D- Is
D-— Is
C 3, ca
C Is
C Is

67
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13

16

19

20

68

Transitin
Array

2s52p3s —
252p(*P°)3p

2s2p3p —
252pi*F)3d

Multiplet

P -
H

4l)° — N

4

4})0_ IP

(B!

“
Q

-2
6)

i)

2Po — 2§

)

P -2°
(f)]

2P~ 2pe

(25 uv)

i — 1
(9)

]

ALY

43173

1514.89
4510.92
4510.92
153457
1523.60
14518.18
151734
1330.84

37614

3771.08
375162
3715.83

3360.3.9

3367.36
3361.90
3358.72
3371.06
3365.79
3354.29
3353.78

1199.6

1200.02
4195.70
4215.6%

3351.1

335547
338277

309374

3938.52
39314
3G42.78

2979.9

2983.58
972,60
[2977.3]
[2078.8]

4804.8

1867.18
1861.33
1858.88
1858.71
1884.14
A873.58
1867.18
+896.71
H881.81

NI

Faem N

287636

287714
281598
287536
287714
287598
287536
287711
287598

287640

287714
287598
287536

267646

237714
287598
287536
287714
287598
287598
287536

297225

297263
297150
207263

297205

297263
297150

309168

300186
309133
309186

309168

309186
309133
300186
309133

309777

309857
309761
309698
309663
309857
309761
309698
309857

309761

Fiem Y

300777

200857
309761
309698
309761
309698
309663
309698
309663

311221

314221
311221
314224

317365

317102
317342
317300
317313
317300
317462
317343

321030

321066
320977
220977

327057

327057
227057

334558

331569
33512
331512

342717

312693
312761
312761
312693

330327

3303497
330325
330274
330238
330325
330271
330238
330274
330238

2

[\

D = DS e D

1S 4 e DN = D

N >

>

B = DD

[
<

I e BN e DN e N CC

- e

N e N D [V

—
—— -

[\

[N ()

6O

R NN N

24

Sx >

A 10 see Dy

0.70

0.70
0.492
0.293
0.208
0.372
0.58
0.03 4%
0.116

1.24

0.0l
0..116
0.209

1.71

1.22
0.233
0.292
0.78
|32 5
0.53
0.73

1.00

1.00
0.81
0.165

2.00

1.33
0.67

0.96

0.96
0.80
0.160

1.38

1.11
.93
0.161
0.230

0.63

0.63
0.54
0.471
0.441
0.089
0.152
0.175
0.0059
0.0124

Allowed Transi*ions —Cont*nued

n

0.357

0.2d6
0.225
0.i79
0.061
0.114
0.178
0.0071
0.0178

0.088

0.087
0.088
0.088

4.296

0.207
0.0395
0.0191
0.089
0.123
0.131
0.247

0.398
0.412
0.0410

0.112

0.335
0.372
0.0372

0.181

0.153
0.123
1.0307
0.061

0.312

0.279
0.255
0.250
0.312
0.0318
0.054
0.062
0.00158
0.00240

St u

=
-—

—

—S NSk n

NCE- SN RO

-
54—

RPL R = N o

36.7

10.8

6.0

2.10
1.20
1.20

100
35.8

16.0
10.0
1.09
5.2
3.97
0.204
0.285

Lo gf

0.63

0235
—0.046
—0.+6
—~0.416
—0.341
—0.HY
—1.371
—1.118

0.024

—0.282
—=0.451
—0.75

0.55

0.004
—0.8)
—1.005
—-0.273
—0.308
—0.271
—0.306

0.124

0.202
—0.051
—=0.75

-0.173

—0.319
- .65

0.319

0.127
—0.128
—0.83

0.0143

—0.214
— 0.0l
=091
—0.91

0.80

0.349

0.185

0.600
-0.205
—0.59
—0.490
—0.61
—1.90
=175

Acen-
racy

-~
L

o~ -~ g~
gy RS NeTi L L dL LR,

-~
[

_——

-~

— -
PR A et T <l G

[P

—— o~
A I

-_~

o — . -,
R A &L HELE

source

cua

Is
Is
Is
Is
Is
s
Is

cd

Is
Is
Is
s
s
Is
Is

(N}

Is
Is
Is

ca

Is
Is

cd

rd

Is
Is
Is

ca

Is
Is
Is
Is
Is
Is
Is
Is
Is
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21

23

24

26

Tran<ition
Array

3p—(S)s

3d— 'Sy

2s2p3d —
2s2p(*P°)ip

3d - 08SMy

2s2p3d —

252p* 1M

===

Multiplet

P-4
HY

= 4})0

(13

P —ap°
(14

2Po — 2§
(22 uv)

) —2
(23 uv)

ipe—4iD
(28 uv)

P —2F°
(24 uv)

)P — 2

(27 uv)

NI
T -
AtA) Fiem D
4335.7 309777
4348.36 | 309857
1335.53 | 309761
4328.15 | 309698
4323.93 | 309663
1333.66 | 309857
4339.52 300761
433041 309698
4330.14 | 309761
1323.93 300698
4321.37 | 309663
4539.6 314224
1516.36 | 314224
4335.11 314224
4527.86 | 314224
h162.3 117365
6166.86 | 317402
6453.95 | 317343
6415.05 | 317300
6478.69 | 317402
6163.03 | 317343
6450.78 | 317300
6187.55 | 317402
6168.77 | 317343
1805.1 245690
1805.5 245702
1804.3 245666
2248.2 267242
224792 | 267214
2248.88 | 267239
[2247.7] 267239
2460.4 336246
2453.85 | 336213
2462.56 | 336268
2468.36 | 336303
(2459.2] 336213
[2456.3] 336263
[2471.2] 336303
[2462.9] 336213
[2469.1] 336268
18585.25 | 267242
1908.11 334358

Fiem™)

332835

332860
33283z
332810
332797
332832
332810
332797
332860
332832
332810

336246

336213
336268
336303

332835

332860
332832
33281¢
332832
332810
332797
332810
332797

301088

301088
301088

311708

3117186
311691
311716

376877

376953
376864
376803
376864
376803
376757
376603
376757

320285

186965

Lo ol o - N QN XN =X

p—t
[\

[ (=] DN AN = O

= <

p—t
(-]

QAN = TN O

M —

NN N

- D =)

]
<

N o N O e OO0

14

| A (10" sec !

0.234

0.198
0.134
0.094
0.117
0.0436
0.08i
0.117
0.0334
0.056
0.059

0.99
0.99
0.99
0.432
0.1432
0.304
0.181
0.129
0.232
0.362
0.0214
0.072
5.8

1.51
2.26

1.6

O et
_— N U

0014

0.015
0.010
0.0062
0.0044
0.0079
0.612
74X 107
0.0025

11.9

)

1

Allowed '] ransitiens — Connnued

S

0.066

0.056

0.0378
0.0263
0.0329
0.0693
0.0153
0.0164
0.0125
0.0236
0.0329

0.91

0.156
0.30¢
0.152

0.451

0.361
0.285
0.226

0.145
0.226

0. ()226
0.110

0.110
0.110

0.074

0.074
0.062
0.012

0.0022

0.0018
0.0014
0.0011
4.0x10-*
72X 1074
0.0011
4.5x10-5
1.1 X104

0.89

0.84

Siatu) | log gf | Accu-
racy

18.8 0.121] C
6.4 —0349| C
324 | —-064 | C
1.50 | —0.98 («
094 | —1.182) C
1.07 | —1128: C
1.3 —-1.0%7| C
094 | —-1.183} C
1.07 | —1125)
1.3 | — 1025 C
094 | —1182} C
54 0.56 C
27.2 0261 | C
18.2 008 C
9.1 —-0216) C
115 0.73 C
46.1 0.336 | C
24.2 0057}
9.6 -0345| C
10.4 —03131 ¢
12.3 —0.237 1
9.6 —0345 | C
1.15 | —1268 | C
193 [—1.044 1 C
393 |—0.180| C
262 |—0.35% | C
1.31 , - 0.66 C
5.5 —0.13 D
3.3 —0.35 D
1.8 - 0.61 D
037 [ —130 D
021 [—159 D
0.085 |—1.98 D
0046 |—2.25 D
0.018 |—2.65 I}
0.019 |—2.62 D
0.023 |—2.54 D
0.018 |—2.564 D
0.0022 | —3.57 D
0.0037 | —3.34 D
55 0.95 ({H
53 0.92 C

Souree

d

is
Is
Is

{s

Is
Is
Is
1
{s
Is

ca

Is
Is
Is

oa

Is
Is
Is
Is
Is
Is
Is
Is

3. ra

Is
Is

3. ca

Is
{s
Is

ca

Is
Is
Is
Is
Is
{s
{5
Is

V3. ca

ca
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NIil. Allowed Transitions —Continued

=== e —— —T__—‘ P —— == = SEES '.I_
No.l Transitice | Multiplet A Eaem Y Edem 9] g sl Axd10® sec ti Sk Star.u.) log gf | Accu-|Source
Array racy
- B S .
29 ipe—4p 1920.6 336246 388313 | 12} 201 10.3 0.95 e 1.057 | C ca
i (29 uv)
1920.86 | 336213 3622731 61 8] 10.3 0.76 28.7 0.6 . Is
1921.49 | 336268 368311 | 4| 6f 7.2 0.6¢ 15.1 0.38 (o Y
1920.86 | 336303 388359 1 21 4| .27 0.472 6.0 —-0.025 C Is
[1919.5] 336213 3883111 61 6| 3.08 0.170 6.4 0.009 | (€ Is
[1919.7] 336268 388359 ; 4| 4] 5.5 0.302 7.6 0.082 1 € Is
[1920.0] ! 336303 388387 | 21 21 85 0.471 6.0 —-0.026 ; (. Is
[1917.7] 336213 3863591 6| 4| 0.51 0.0188 0.71 —-0.95 C Is
{1918.7] 336268 388387 | 41 24 1.71 0.0471 1.19 | —0.72 « Is
30 o2 2063.8 339868 488246 1 141 185 11.3 0.93 88 1.1s5 1 C ca
(30 uv)
2063.99 | 339856 388290 1 81101 11.3 .90 18.9 0.86 ¢ Is
2063.50 | 339744 3881901 6| 8109 0.91 379 0.75 (o Is
2008.25 | 339856 388196 | 81 81 0.402 0.0258 1.41 -0.99 C Is
31§ 4d-('S)5f 2D --2F° 4001.3 317770 42752 110 14} 211 0.7¢ 93.4 0851 | €+ ca
(16)
4003.64 | 317782 3427521 6 81 2.10 0.674 53.3 0.609 | O+ Is
3948.69 | 317751 3423521 47 6| 1.98 0.710 37.4 0454 C+ s
[4003.6} 317782 3427521 61 61 0.140 0.0338 267 —-0693 | C+ Is
Forbidden Transitions
Nagvi's calculation [1] of the one possible transition in the grouad state configuration 2p is
the only available source.  The line strength should be quite accurate, since it does not sensitively
depend on the choice of the mteraction parameters,
Reference
11} Nagsi, A M Thesis Harsard (1951,
N L. Forbidden Transitions
Type of
No.! Transition Multiplet AA) Edem =Y Extem Y| & | g| Transi- Arisec Y Stat.u) | Aeeu-| Souree
Array tion racy
1| 2p—2p Ael= s
[57.29 X 109 0 1705 21 1 m $77X10 5 133 | B ]
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Ground State 152 252 18,
lonization Potential 77.450 eV =62485] cm™!

Allowed Transitions

Lit of tabulated lines:

Wavelength (4] ! No. ‘I Wavelength [A} No. Wavelength [A) No.
225.025 ! 10 923.211 3 1685.4 20
225.098 10 923.669 3 4723 20
225.13 10 924.271 3 1733 20
..’2.:\.. 136 10 955.335 ) 4740 20
225.20 10 1718.52 4 4752 20
247.205 2 3543 15 1762 20
283.420 8 IH5 I5 5073 21
283.47 8 3454 15 5236 13
283.1‘»7() 8 3161.34 15 5245 13
283.57Y 8 3163.36 15 5280.9 13
233.«:)') 8 3474.56 15 3281 13
322..2(_)3 6 3478.69 11 5303.9 13
322..:» {0 6 3482.98 11 5349.8 13
32?. tg } (? 3181.90 11 5734 19
335.050 Y 3747.66 16 6383 12
387.353 7 14057.80 17 7103.28 18
765.110 1 4179 14 7109.48 18
921 982 3 1195 14 ; 7111.28 18
‘)2?.301 3 4528 14 ] 7123.10 18
923.015 3 1678.6 20 7127.21 18

7129 18

Values for the 2s*—2s2p and 2s2p —2p? transition arrays are taken from the self-consistent
field ealculations of Weiss [} These calculations do not include the important effects of con-
figuration interaction: herce large uncertainties must be expected. The average of the dipole
length and velocity ap: roximations is adopted [1). Accuracies within 50% are indicated by the
following comparison: W iss [1] has undertaken refined caieulations, including configuration inter-
action, for the same transitions in Be 1— the first member of this isoclectronic sequence —in addi-
tion to calenlations of tre type done for this ion.  In all cases the agreement with the average of
the dipole length and velocity approximations i elose.

For the remaining low-lying transitions Kelly's approximate Hartree-Fock calculations 2] are
adopted, while for the moderately excited transitions Kelly’s values are averaged with the Conlomb
approximation, with which they agree quite well.

References

[H Weise, AL W, private cinmusication (1964,
2] Kelly, P S L Quant, Spectrose Radiat, Transfer 4, 117-148 (196 4.
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i

6

-~}

10

13

72

N1v.

Foem Yy

130695

HHS2I

|175598)

(67344 1 [175662]

Transition| Multiplet AAY Etem™)
Array
25¢ — s — e 765.140 0
2s°8)2p {1 uvl
VST 15 —1pe 247.205 ¢
251*8)3p 2 uv)
21 pe—sp | e2405 (67207
2P 3 uv)
923.211
923.045 1 [67200]
424274 167354
923.669 | |67200]
921.982 [67200§
922507 | [67136]
pe—1ip 1718.52 130695
17 uv)
Pe—8 955.335 130695
(8 uv)
2s2p — ape—38 32265 165273]
25(*8)3s + uw)
322,724 167344
322570 | [67200]
322503 | [67136]
P =18 387.353 130695
9 uv)
252p — po—aD | 28353 {07273]
25028134 (5 uw)
283.579 1673+
282470 | [67200]
283.420 | [67136]
(283.39] | (67344
1283.47| 167200]
[283.59) [67344]
P°-'D 335.050 130695
(10 uw)
2:25— AP =D 22517 (67273
250351 6 uv)
225.025 | (67344
25136 | [67200]
225,008 | [67136]
[225.20] (67344
1225.13] [67200]
122520] | [6734H
2sds — a8 —ap? 3480.8 [377200]
25(38)3p (h
3478.69 {377206]
182,98 [377206]
2484.90 1377206]
—1p° 6383 388858
(2)
2p3s — WPe—=tD | a255.1 [465.382]
2p8%3p | (3
53245 [465163]
5236 [465301]
5281 [465223]
15280.9] | ]465463]
15303.9] | [463301]
15349.8] | 465463

(175537
[175537]
(175464]
(175662
[175537]

188835
235370

(3772006}

1377206]
|;774rs|
3

(41997 1)

[+19979)
[419971]
[419968]
[419971]
[419968!
(419968

125108

[511382]

D

[405927

(405944]
405909
1405893

104521

|-18.4406)

[484525]
[484394]
[484150]
[484394]
[484150]
[484150]

V=t o —_—w W & O L N

w

A Y e Lo Y N

w

W e

-~
-~

Ve Vv o U

£

L=

s D1 = (s T

-l

W T o Wt~} “ o oo Wl W Ui )

L=

— a0 S

WwW T W U~y

Allowed Transitions

A 10 s B

113

it

31!
235
172
78
130
8.6

189

)56

1.16
1.16
1.16

0.193

0.3543

0.345
0.261
0.188
0.085
0.139
0.0050

_’lk

0.6}

.16
0.053
0.053
0.071
0.089
0.2]

0.38

0.071

0.059

0.059
0.059
0.058

0.0189

0.63

0.52
0.471
0.62
0.094
0.156
(.0063

0.53

0.117

0.098
0.088
0.117
0.0175
00292
000117

0.634

0.352
0.211
0.0703

0.353

0.237

0.199
0.178
0.236
0.0354
0.059
0.00233

Satu.)

24

(l 19
0.81
0.65
0.81
0).65

6.1

0.0

0.56

0.311
0.187
0.062

0.187

5.3

2.45
1.32
0.58
0.438
0.438
0.0292

1.75

0.78

0.361
0.195
0.087
0.065
0.065
0.00433

21.8

12.1
027
2.42

7.42

log &f

=019

- (.20

0.28

- 0.1
— .80
— .58
— .67
— 0.7
—0.67

.05

—1{).6H

—0.278

—10.53
—0.75

— 1234

—1.83

0.75

0.419

0.151
—0.207
—0.329
— 04329
—1.50

0.200

0.022

—0.309
—0.58
—0.93
— LO5T
— LO57
—2.23%

0.279

0.024
—0.198
—0.676

—0.452

0.329

—0.002
—0.271
—0.63
—=0.75
=0.75
—1.93

D

)]
D
D
D
D
D

D

o~~~
e W TRTE ARSI

C+
C+
C+

C+

OO0

o~~~

Nouree

I
Is
{s
Is
Iy

Is
Is
I

Is
Is
Is
Is

Is

2, ca

ca

Is
Is
I
Is
Is




1 = i, — = N S
Nl Transition]  Multipler ALY Faem )| Evem )] g) g | Acd 10Pscece™ ) S Statu)|  log gf | Accu- | Source
.~\rray racy
- o B0 T I T —
b oS | 45104 | [653820] (987592 9 3| 056 006 | 75 | —0205| C -
(6)
1528 [465463] | [487542]| 5| 3 0.305 0.056 419 —0.55 C ls
H95 {465301] | 1487542]| 3] 3 0.189 0.057 2.54 —-0.77 C s
+79 [465223] | {487542]| 1| 3 0.063 0.057 .94 —1.245 C s
5 spe—ap | 34567 | (465382 | [9303] 9] 9| 127 0227 | 232 0310 | € 2a
17)
346336 | [165%63) ! 1491338]] 5| 51 094 0170 | 97 | —ce12 | C Is
3454 [4653G1] | [194240]] 3| 3 0.316 0057 1.93 -0.7 C ls
367456 | [465301] | [494338]] 3| 51 o311 | oovs | 322 | -035 C 5
346134 | [465223] | [494210]] 1] 3| 0320 o226 | 258 | —o06s C Is
3443 [#65%63] | [198230(| 5| 3| 0353 0057 | 322 |-055 C Is
345 [465301] | {494320]F 3| 1 1..8 0.076 2.58 —0.64 C Is
16 '+e—1D 3717.66 1473032 199708 31 5 1.66 0.371 13.7 0.047 C ca
8)
17 1 2s3p— P"—1p 4057.80 388858 420158 1 3| 5 0.756 0.312 12.5 —0.029 C+ 2. ca
2428)3d (3)
18 spo—ap | 71170 | ose2n ! (419974)| 915 | 0132 | o167 | 353 0178 | C+| 2. ca
i1
7123.10 [405944] | [419979]] 5| 7 0.152 0.141 16.5 —0.153 Cc+ ls
7109.48 [405909] | {419971]] 3| 5 0.0995 0.126 8.82 —0.424 C+ Is
7103.28 [405893] | [419968]| 1| 3 0.0739 0.168 3.92 —~0.776 C+ Is
7127.21 [405944] | [419971]] S| 5 0.0329 0.025) 2.94 —-0.902 C+ Is
7111.28 [405909] | [419968]] 3| 3 0.0552 0.0419 2.94 —0.901 C+ Is
7129 [405944] | [419968]| 5| 3 0.00365 | 0.00167 0.196 —2.078 C+ {s
19 (2p3p— P—1D° | 5734 180880 498315 3] 5 0.178 0.i46 83 —0.359 C ca
Zp( Po)3d 9)
20 3D —3D° 1732.2 [484406) | [305532]|15 | 15 0.116 0.0389 9.1 —0.234 C ca
(an
4752 (484525] | [505561) 71 7 0.102 0.0341 3.77 —0.62 C s
4733 (484394] | [505518]] 5| 5 0.081 0.0271 2.11 —0.87 C Is
[4685.4] [484150] { [505487]| 3| 3 0.089 0.0294 1.36 — 1.055 C Is
4762 [484525] | [505518] 7! 5 0.0177 0.00431 | 0.47 —1.52 C Is
1740 (484394] | [505487]| 5| 3| 00289 | 00058 | 0455 |—154 - Is
4723 [484394] | [505561)) 5 7 0.0130 0.0061 0.473 —1.52 @ Is
[4678.6] [484150] | [505518]| 3| 5 0.0180 0.0008 0.455 ~1.53 C s
21 pD—1p° 5073 199708 519414 1 5] 3 0.0127 0.00295 0.216 —1.83 C ca
an [ \
1

N1v. All(m ed l‘rdnsm(ms —Continued

tions ar.

should be partially included.

[H Nagyi. AL M

Thesis Harvard (19511,

Forbidden Transitions

Reference

Naavi's ealculations [1] are the only avatlable source.
exsentially independent of the ehoice of the interaction parameters.
transitie, « Nagvi has used empirical term intervals, i.e.,

The results 101 the 3P°—
For the
the effects of configuration interaction

AP° rransi-

'iPo —

ll)o
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N1V, Forbidden Transtitons

| . T T [T | I

: | Type of ! .
No. ! Transition | Multipict AMA) Eiem Y Edem Y | & g Transi- Apdsee Star..) | Aceus | Source
Array lion | racy
E— i = -' — + —i il e - 2 2 + 1
1 252p — | 9P —3p° ! | | ol | ;
25 (2S) 2p 0582105 [67136.4] [671996] 1 3| wm  136x10% | 200 B
6933100 | (6719961 [67343.8] 3 5 m  +03x10F 1250 B
i [ P
2 | ape—ipe | ‘ | |
| L 1573.4] [67136.4] 1130695 | 1| 3| wm 00118 S0x106 &
' i | 1574.9( [671949.6] - 130695 313 m 33 0.00240 (.
‘ ' | 1578.5] (67343.8] 130695 15 3| wm | 00146 loaxios |
I | LN ! | ] ! 1 i
Ny
Ground Stale 152 25 28,
fonization Potential 97.863 eV =789532.9 em™!

Allowed Transitions

List of tabulated lines:

f l | 1 |
Wavelength [Aj No. Wavelength [A] Nooo Wavelength [4] I No.
! e e — — -
|
162.562 3 266.375 b 5007 13
186.070 6 1238.81 1 5273 1
186.153 6 1212.80 I 6719 16
186.16 6 3161 9 7330 17
209.270 2 1335 10 15088 , 8
209.303 2| 1603.83 7 15203 { 8
247.563 5 1619.9 T 15258 g 8
217.710 5 1751 IV |
247.72 A SO T }' |
266.192 ; 4 1552 L ‘ |

The values taken from Weiss' caleulations [1] are estimated to be accurate to within 10 percent
because of the very close sgreement between his dipole length and dipole velocity approximations.
The values calculated with the length approximation are adopted.  The Coulomb approximation
should be quite reliable for the highly excited transitions and is given preference over Kelly's
approximate Hartree-Focek calculations [2], with whicli it sometimes disagrees.

References
11 Weiss, AW Astrophys, B 138, 1262-1276 (1963

[2] Kelly, . 8., J. Quant. Specirose. Radial. Transfer 4, 117 (1964).
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N V. Allowed Transitions

[ ) T
Not Fransition| Multiplet AtA) Etxem ] Exem 9y g gl At 10sec™") fu Statuy | log gf | Accu- | Source
Array racy
t |2s—2p 2§ —2p° 12:40.1 0.0 806371 2| 6 3.38 0.234 1.91 —0.330 1
() uv)
12:34.81 0.6 807231 21 4 3.38 0.156 1.27 1} —0.507 A Is
1242.80 0.0 0465 2§ 2 3.36 0.0778 0.637 | —0.808 A Is
2 12s—3p 28 —2p° 209.28 0.0 4778260 | 21 6 120 0.235 0.324 | —0.327 B+ 1
(2 uv)
209.270 0.0 77851 1 2| ¢ i9 0.157 0.216 | —0.504 B+ ls
209.303 0.0 7777 | 2] 2 119 0.0784 0.108 | —0.805 B+ Is
312s—1p 5=pe 162.562 0.0 615150 | 2| 6 56.3 0.0669 0.0716f —0.874 R ca
(3 uv)
1| 2p—3s pe -8 266.31 80637 4361341 6 2 90.9 0.0322 0.169 | —0.714 B+ 1
4 uv)
206.375 | 80723 456134 | 4| 2 60.6 0.0322 0.113 | —0.890 B+ ls
206.192 | 80465 456134 | 2 2 30.2 0.0321 0.0563] —1.192 B+ is
S|2p—3d 2pe—2]) 247.66 | 80637 184417 } 6110 429 0.658 3.22 0.596 B+ 1
(3 uv)
247.710 | 80723 A8H427 | 4] 6 429 0.592 1.93 0.374 I+ ls
247.563 | 80465 84403 | 2| 4| 357 0.636 1.07 0.118 B+ ls
[247.72] 80723 484403 | 4| 4 71.6 0.0659 0.215 | —0.579 B+ ls
6|2p—4d 2po—2p 186.23 80637 617905 { 6| 10 140 0.121 0.415 | —0.139 B ca
(6 uv)
186.153 | 80723 617995 | 4] 6 140 0.109 0.267 | —0.361 B ls
186.070 | 80465 617905 | 21 4 116 0.121 0.148 | —0.617 B Is
[186.16] 80723 617905 | 4| 4 23.3 0.0121 00297 — 1.315 B Is
T13—3p S —-2pP° | 1608.7 156134 177826 | 21 6 0.413 0.395 12.0 —0.103 B 1
th
4603.83 456131 77851 1 21 4 0.415 0.264 8.00 | —0.278 B ls
4619.9 456134 JIUTT 1 2] 2 0.411 0.131 4.00 —0.580 B Is
813p—3d 2pe—2p | 15168 177826 18417 1 61 10 0.00946 | 0.0544 16.3 —0.186 B 1
[15203] 477851 484427 | 4] 6 0.00940 | 0.0489 9.78 —-0.709 B ls
[15088]) 477777 484403 | 2| 4 0.00801 0.0547 543 —0.961 B Is
[15258] 477851 484403 § 4 4 0.00155 | 0.00542 1.09 —1664 | B Is
91 5p—6s 2pe— 28 3161 678297 [709947}) 6 2 3.06 0.153 9.55 —-0037 | B ca
(2)
101 6s—7p 2N —-2p© 1335 [709947} 732993 | 21! 6 0.376 0.318 9.08 —0.167 | B ca
3)
11} 6p—7s 2pe =28 5273 712164 [731432] 1 61 2 1.41 0.196 20.4 0.070 | B ca
h
121 6p—Td pe—2ph | 4751 712464 [733516] | 6 | 10 0.963 0.543 51.0 0513 | B ca
(5
13 6d—7p M —2pP° | 5067 713289 32993 |10 6 0.423 0.0977 16.3 -0.010 | B ca
(6)
14) 6d—7f ) —2k° 4933 713289 {733547] {10 | 14 1.62 0.828 134 0918 | B ca
{7
15] 6f—7d e —~2)) | 4952 {713327] [733516] |14 | 10 0.161 0.0423 966 |—0.227 | B ca
8
16| 7s—8p ] 6719 {731432] | [746311] | 2| 6 0.171 0.348 15.4 —-0.157 | B ca
(1
17 Ip—8d 2pe—2) | 7330 732993 | [746649] | 6 | 10 0.451 ¢.610 88.3 0564 | B ca
(2)
J
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Ground State

tonization Poteniial

The results of extensive non-relativistic variatianal caleulatinns by Weiss [1] are used.

N Wi

Allowed Transitions

IS"' IS“

551,925 ¢V = 41452800 ¢m !

Values

have beer calculated in hoth the dipole length and dipole veloceity approximations and agree ta
| £ } voap] 4

within 16, except for the 3p 'P°—34'D transition where agreement is nat as good.

of the twa approximations is adapted [ t].

Reference

1] Weiss, A, W, private communication (1964,

N VL. Allowed Transitions

== ;_ ="

The average

Nao Transition | Multiplet A ] Edcm™Y) FEuem=" | gi| g} Aud10%s¢e™") Sk | Stat.u)}  log glAceuracy | Souree
Array
1jls?—1s2p ['S—1P° (28.787] 0 3473790 | 1| 3 18100 0.67% 0.06391 —0.171 A 1
2| 1st—1s3p |'S—"P° 24.898] 0| 2016390 | 1] 3| 3160 001 | 00N8]—0812 A 1
3| 1s2s— 1s2p [ 18 = 1P° (2914 6] | {3139390) | 3473790 | 1| 3| 0.206 00786 { 0.7a4 | —1.105] A 1
1 1525 — 1s3p 18 —1p° 1173.34] | 13439490] { 4016390 | 1| 3| 269 0364 | 0208 |—0.439] A 1
5 | 1s2p—1s3d | 'P° =D [185.09) | 3173790 | (4014057} | 3! 3] 825 0.706 | 1.29 w326, A 1
6 | 1s3d—1s3p | 'D=1P° | [42850]7 [4014057) | 4016390 | 5| 3| 544x10- | 0.00899| 6.3¢ |—1317] C+ 1
71 1s2s—1s2p |*S=3P° | [1901.5] | [3385890] | [3438480]| 2| 9| 0.678 0.110 | 207 |—o0481] A 1
8 | 1525 — 1s3p |18 —3p° [161.10] | [2385890] | (40054711 | 3| 9| 285 0334 1 0533 | 0001 A 1
9 | 152p — 1s3d!P° = 3D (173,981 | (34384801 | [4013259] | 9 | 15 | 876 0.662 | 3.41 0.775] A 1
10 [ 153p—1s3d[*P°—3D | [12837)7 14005471 | [4013259] | 9 | 15 | 0.0102 0019 [159 |—o0a24] A 1
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OXYGEN
01

Ground State 152 252 2p* 3P,

lonization Potertial 13.614 eV =109836.7cm !

Allowed Transitions

List of tabulated lines:

Wavelength [A] No. Wavelength [A] | No. Wavelength [A] No.
811.37 9 5335.16 40 7943.15 14
877.804 i 5 5435.76 0 ! 7947.20 14
877.885 5 5436.83 40 7947.56 14
878.979 b5 1,046.4 41 7950.83 14
879.027 5 6106.5 34 7952.18 14
879.108 L5 6155.99 32 7981.97 27
879.553 5 6156.78 32 7682.3 27
936.011 10 6158.19 L 32 7982.41 27
988.581 3 6242.5 |15 7987.00 27
988.658 3 6259.6 B 7987.34 27

|

988.777 3 6269.4 [ 35 7995.12 27

990.132 2 6453.64 37 8073.7 19

990.120 3 6454.48 I 37 82.1.84 13

990.799 3 6456.01 |37 8227.64 13

999,494 6 6655.78 71 8230.01 13
1025.77 8 7002.1 33 8232.99 13
1027.42 8 7156.80 17 8235.31 13
1028.16 8 7194.6 21 8446.5 12
1152.16 4 7251.4 38 8508.63 22
1217.64 7 7471.36 20 8820.45 16
1302.17 2 7473.23 20 9260.88 28
1304.87 2 7476.45 20 9262.73 23
1306.04 2 7477.21 20 9265.99 28
1355.61 1 7479.06 20 9391.2 18
1358.52 1 7480.66 20 11287 29

1

3947.29 25 7771.96 1 11295.0 30
4368.30 2 7774.18 1 11297.5 30
5328.98 39 7775.40 11 11302.2 36
5329.59 39 ! 7886.31 23 13164 31
5330.66 39 | 7939.49 14

The data for the ultraviolet lines are taken from the theoretical work by Garstang {1] and
Kelly {2]. with the exception of one multiplet where an experimental valuc by Prag and Clark [3}
is available. Even though the agreement between theory and experiment is quite good in this
case, namely within 25%, this may be accidental, since the extensive comparisons betwecu theory
and experiment for similar transitions of C1 and N1 reveal many strong discrepancies. As in
the case of the other two atoms, one must again expect that the theoretical values are drastically
affected by configuration interaction which is entirely neglected in the calculations. Thus, only
the .most prominent transitions are listed, with an accuracy rating of “E”.




Considerable materiai is available for the lines in the visible and near infrared region of the
spectrum. The tabulated values are taken from Kelly's earlier self-eonsistent field calculations
[4) (which include exchange effects in an approximate way). Vainsliein's semi-empirical ealcula-
tions [5], the Coulomb approximation by Bates and Damgaard, and experimental work by Jiirgens
[6], Foster [7], Doherty [%), Buttrey and Gibson [9]. Wiese and Shumaker [10). and Solarski and
Wiese [il]. In all experiments the emission of thermal plasmas generated in stabilized ares or
shock tubes has been studied. The agreement between the various theoretical and experimental
methods i efi.:1 quite remarkable. This is particularly true for the multipiets at 6157, 6455,
6654, 7157, +(7, 7773, 7886, 8227, and 8416 A for which the spread beiween the highest and lowest
result is only 25% or less.
values is indicated.

Based on this good agreement, an accuracy of 10% for the averaged
In arriving at best values, theoretical and experimental methods have usually
been equally weighted, but among the expertmental methods, the recent more advaneed work
(8,9, 10, 11} s reg.rded as superseding the earlier work [6, 7).
excited 3s — 3p array. the advanced experimental methods are used exelusively, since the theoreti-
cal papers do not take into account the existenee of weak intercombination lines from the upper
leveis. The theoretical metliods are also not too reliable for two other multipiets at 3947 and 4368
A, since caneellation in the transition imegral occurs.  In these cases, the experimental resuits
are chosen. In the case of the strong multiplet 3p *P — 35" 3D° at 7989 A recourse is taken to a
calculation by Petrie [12] because the use of approximate, hydrogea-like wave functions in this
paper has given reasonable results for 3s —3p transitions, but appears to fail otherwise.

For the multiplets of the moderately
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O 1. Allowed Transitions

e T e e __ == — TF ’._‘,_ S —— ——

No.| Transition | Multiplet Ak Edem™ ™| Edem™ | gl ge| Aet: Faee ™) f Stztu) log gf! Accu-ISource
Array racy
l 2 L ISI)‘ = .')‘\'Q
207015%3s |t uv) _
1355.601 0.0 13768 S ) 13x10- 56107 8B.0x101 —5.71 E ]
1358.52 158.5 73768 31 5 38x10% 1.EX 1077 24X 10 6| —6.27 E |
2 AR5 1303.5 8.0 76795 97 3138 0.93] 1.2 -0.51 D 1.2,3
(2 uv)
130217 0.0 16795 a1 3121 0.031 .68 —0.80 D In
1301.87 158.5 76795 31 3113 0.032 0.1 - 1.02 1] In
1306.0 1 226.5 76795 | 11 0.1] 0.03] 011 —1.50 D in
31 2pi— Ap —3pe 989,16 8.0 1 101143 9115123 0.056 1.6 —0.30 [ 12
2pMEDN3s" | (5 uw) .
988.777 0.0 1 101135 51 7123 0.047 0.76 —0.63 l", In
990.210 158.5 | 101147 3V 517 0.012 0.42 - 0.9¢ l': In
990.799 226.5 | 101155 | 3(1.2 0.0>1 0.18 —1.27 l‘: In
988.658 0.0 [ 101147 51 51058 0.0085 014 - 1.37 l': In
99). 132 158.5 | 101155 31 31095 0.01t 0.14 —1.38 k. In
988.581 0.0 | 101155 51 31 0.066 5.8x10 7| 0.0091 —-2.54 k In
1 -1 115216 15868 102662 501 51 4> 0.0%0 1.7 | —0.35 E 1,2
{6 uv) |
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10
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13

14
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O 1. Allowed Transitions—Continued
— == — == l
Transition | Muluiplet AA) Edem™) | Edem ™) | g &x] 4wit10%sec™) Sk Stat.n.) log &f | Accu- Source
Array racy
- e e : ‘ . -
2pt-- P—Pe | 878.45 T8O | 113910 | 9y 932 0.037 09  —0:8 | E 1<
zp.'l"!l)°’35" I .
877.885 0.0] 113910 51 5 2.4 0.027 039 i —0.87 E in
879.027 158.5 1 113921 31 31079 0.0091 0.079 —-1.56 E 1n
877.801 0.0 | 113921 53] 3113 0.0092 0.13 —1.34 E in
878.979 158.5 1 113927 31 132 C.012 0.11 —1.43 E in
879.103 158.5 | 113910 3] 510483 0.016 0.14 —-1.32 E In
879.553 226.5 | 113921 11 31 L1 0.038 0.11 - 1.42 E in
D=1 999491 | 15868 | 115918 51 3139 0.035 0.57 -076 | E 1.2
(7 uv)
IS —1p° 1217.64 33792 115918 1| 3120 0.13 0.53 —0.88 E 1.2
9 uv)
2pi— sp—s° 1026.6 6.0 97188 9115) 039 0.010 0.3} - 1.04 D - 2
200893d | it uv)
1025.77 001 974 5 71039 0.0G86 0.15 —1.36 D - Is
1027.142 15851 97488 31 531029 0.0077 0.078 —-1.65 D — Is
1028.16 226.5 97188 1| 319.20 0.010 0.035 —1.98 D Is
1025.77 0.0] 97488 51 510097 C.0015 0.026 —-2.12 D Is
1027.42 158.5 97488 31 3tul6 0.0026 0.026 —2.12 D — Is
1025.77 0.0 97438 571 3710.011 1.0X 10 0.0017 | —3.29 D — Is
2pi— P—Bpe 811.37 8.0 123326 9] 910.78 0.0077 0.18 —-1.16 D —i 2
2p*D%)3d’
D —1F° 936.011 15868 124326 51 71 0.83 : 0.015 0.23 - 1.12 D— 2
(& uv) |
2p*3s — 38° —sp 77734 73768 86629 511510330 0.922 118 0664 | B 14,5.8.
2p*08%)3p (1) 1l.rca
7771.96 737 86631 51 710340 0.431 55.1 03331 B Is
777418 73768 86627 51 510340 0.307 39.3 0.186 | B | Is
7775.40 73768 86625 51 31630 0.184 23.6 —-0.035] B Is
g —-1p 8446.5 76795 88631 3¢ 910.280 0.898 74.9 0430 | B |4.8.11,
1) ca
2p3s" — D°—3D | 8226.8 101143 113295 | 15 157 0.323 0.327 153 0691 | B | 4.0.ca
2p%¢D%)3p’} (34
8221.81 | 101135 113294 T 710.292 0.296 36.1 0316 | B I
8230.01 101147 113295 51 51021 0.214 29.0 0029 | B Is
2232.99 101155 113298 31 310.261 0.266 21.6 —-0.099 | B Is
8221.84 | 101135 113295 71 51 0.0663 0.0480 9.09 -0474 | B Is
8227.64 101147 113298 31 3|6.0834 0.0508 6.88 —-0.59 | B Is
8230.01 101147 113294 51 710.0261 0.0371 5.03 -0732 | B is
8235.31 101155 113295 31 5100432 0.0732 5.95 —-0.659 | B ls
ane —aF 7949.3 101143 113719 151 21(0.373 0.495 194 0.87 C | 4.6.cc
(35)
7947.56 101135 113714 7 | 910.373 0.454 83 0.50 C ls
7950.83 | 101147 113721 51 710.331 0.439 >8 0342 | C Is
7952.18 101155 113727 31 5:0313 0.495 38.8 0171 | C ls
7943.15 101135 113721 71 7100417 0.0394 7.2 —0.56 C Is
7947.20 | 101147 113727 51 510.058 0.055 7.2 -056 |C Is
7939.49 101135 113727 71 510.00165 0.00111 0.203 —-2.109 | C ls
=P | [0242.5)7 | 101143 | [117158)7 1 15| 9]0.73 0.257 79 059 | C 4
pP—F 8820.45 102662 113996 51 7710.261 0.426 62 0.328 | C 4, ca
(37
nD°—-1D 7156.80 102662 116631 31 510473 0.363 42.8 0259 |B 4 1l.ca
{38)
pe—1p [19391.2)2 1 102652 | [113307)21 51 310215 0.171 26.4 —0.069 | ¢ g
79
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O1. Allowed Traasitions ~ Continued
.—:_'.T_—" ———— _T__:: ———
No.{ Transition | Multiplet A Eqem | Edem ™| g | ge| Axi10see™) Six Stat.u.) log gf1 Accuq Source
Array racy
19 pr—38 | 18073.77 | 113916 | [126298)7] 9| 3| 0.339 0.110 26.4 —0.003| C 4
20| 2p33s"— spe—sp | 7477.3 | 113916 | 127286 | 9|15] 0.408 0.570 126 0710 B | 4.6,ca
20%0P3p"|  (55)
7476.45 | 113910 | 127282 | 5| 7| 0408 0.479 58.9 0379| B I
7479.06 | 113921 | 127288 | 3| 5] 0.306 0.428 31.6 0.105| B Is
748066 | 113927 | 127291 | 1| 3! 0226 0.57 14.0 -0244| B Is
7473.23 113910 127288 51 5190102 0.0856 10.5 —-0369} B ls
2477.21 | 113921 | 127291 | 31 3} 0.170 0.113 105 —0369| B Is
7471.36 113910 127291 51 3)0.0114 0.00571 0.7C? —1545| B Is
21 spe._3p | [7i9¢.6)? | 113276 | [127811]7] 9| 9] 0478 0.371 79 052 | C 1
2 PP—1P | 8508.63 | 115918 | 127668 | 3| 3| 0.289 0.314 26.4 -0.026| C 1
23 pe—1p | 788631 | 115918 | 128595 | 5| 510370 0.575 ng 1 026 1,6.ca
(64) |
!
24 ipe--1§ ©653.78 115918 130943 31 110.600 0.133 8.72 -0400] B 4.11,ca
(65)
25 | 2p%3s— sS°—SP | 394729 | 73768 99095 | 5[15]0.00326 0.00229 0149 | —194 | C 1.7
2008Mp | (3
26 35°—3p | 4368.50 | 76795 | 99680 | 3| 91 0.0066 0.0056 0282 | —177 | C 9,11
(5)
27| 2p%S°3p— | 3P —3D° | 7989.9 88631 ) 101143 | 9|15]0.29 0.16 110 061 | D 12
2p%*D%)3s’ (19)
799512 | 88631 | 101135 | 5! 71029 0.38 50 028 | D Is
7987.00 88630 101147 31 51021 0.34 27 0.01 D Is
7982.41 88631 101155 1{ 3]0.16 0.46 12 —-0.34 D Is
7987.34 | 8863) | 101147 | 5| 50072 0.067 9.0 -047 | D Is
7981.97 88631 101155 3! 310.12 0.11 9.0 —-0.47 D [S
[7982.3] | 88631 | 101155 | 5| 3 0.0080 0.0046 060 | —164 | D is
28 | 2p*3p— Sp—sp° 9263.9 86629 97420 151251 0.419 0.90 412 1.130 | C 4, ca
2p3(*S°)3d (8)
926599 | 86631 | 97420 7] 910419 0.69 148 069 | C s
9262.73 | 86627 | 97420 5| 710.280 0.50 7 0401 | C Is
9260.88 86625 97420 31 510.147 0.315 28.8 —-0025 1 C Is
9265.99 86631 97420 71 7190.140 0.180 38.4 0100 | C Is
9262.73 86627 97420 5] 510245 0.315 48.0 0.197 | C Is
9260.88 | 86625 | 97421 31 310315 0.405 37.0 0.085 | C Is
9265.99 86631 97420 71 510.0279 0.0257 5.5 —0.75 C Is
G262.73 86627 97421 51 31v.103 0.08] 12.4 i 0393 C Is
9260.58 86625 97421 31 110420 0.0180 16.5 —-0268 | C Is
29 p—3p° 11287 88631 97488 911510.235 0.75 250 0.83 C 4
30 | 2p%3p — p—ss° | 11299 86629 | 95176 | 15| 510272 0.i73 47 0415 | C 4, ca
2p*(*S°)s (7 '
11202.2 86631 | 95476 71 5]0.127 0.173 15.1 0084 | C Is
112975 86627 | 95476 5| 5]0.091 0.173 32.2 —0.062 | C Is
11295.0 86625 95476 31 510.054 0.i73 19.3 —0.284 | C Is
31 P —i8° {13164 388631 90226 9" 310.188 0.163 63 0.165 | C $.ca

80




O 1. Allowed Transitions —Continued

] | |
i
No.| Transition | Multiplet MA) Ed{em™ i Edem ™| gl g Aul10%ec ') fix S(at.u.) log gf| Aceu-| Source
Array racy

32| 2p33p— SP—spe 61571 86629 102865 15{ 25| 0.0701 0.0664 20.2 —0.0011 B 4,1},ca
204894 | (10)

6158.19 86631 102865 71 9] 0.0701 0.0512 .27 —C.H5 B Is

6156.78 86627 102865 51 7] 0.0468 0.0372 3.77 —0.731] B s

6155.99 86625 102865 31 57 0.0245 0.0222 1.41 —-1.158; B Is

6158.19 86631 102865 71 71 0.0234 $.0133 1.89 —1.031] B Is

6156.78 86627 102865 51 51 0.0410 0.0233 2.36 —-0934; B s

6153.96 86625 102865 3| 3| 6.0527 0.0299 1.82 —1.0471 B Is

6153.19 86631 102865 71 51 0.00467 0.00190 0.269 —1877! B Is

6156.78 86627 102865 51 3| 609175 0.00598 0.606 —15241 B ls

6155.99 86625 102865 3 I 0.0702 0.9133 0.8308 —1399| B s

33 IP—ap° | 7002.1 8863! 102908 91 1531 0.0325 0.0398 8.3 —0.146| C 4,60.ca
20

31| 2p%3p’ — -3 | [6106.5) | 153295 | 129667} | 15| 21 0.0460 0.0360 10.9 —0.208| C |4.6,ca
2p3Do | (43

35 = | [6269.4] 113719 | (129667} | 21| 21| 0.0198 0.0117 5.1 —0.61 C 4,6.ca
(18

36 I —3Ge 6239.6 113719 ; 120690 211 27 0.963 0.0475 20.6 —-0.001] C 1.6.ca
(50

37 2p33p— 5P —38° 6455.0 86629 102116 15 5 0.0710 0.0148 4.71 —0654! B 4, 1l.ca

2p338°)5s 9)

6456.01 86631 102116 71 5 0.0331 0.0148 2.20 —0985| B Is

6454.48 86627 102116 51 57 0.0237 0.0148 1.57 -1.131| B Is

6453.64 86625 102116 31 5] 0.0142 0.0148 0.942 —1333| B Is

38 2p — 38 72544 88631 102412 9| 3 0.062 0.0162 3.48 —031t | C |4.6,ca
(20)

391 2p*3p— 3p—spe 5330.0 86629 105385 15§ 251 0.0197 G.0140 3.68 —0.68 C 14,6.7,

2p*(38°)5d (12) : ca

5330.66 86631 105385 71 9] 0.019 0.0107 1.32 —-1.124| C Is

5329.59 86627 105385 5| 7| 0.0131 0.0078 0.59 —1407| C Is

5328.98 86625 105385 31 5] 0.0069 0.00490 0.258 -183 | C 5

5330.66 86631 105385 T 71 0.0066 0.00279 0.343 -1.71 | C Is

5329.59 86027 105385 51 5]0.0115 0.00489 0.429 —-161 | C Is

5328.98 86625 105385 3| 370.0148 0.0063 0.231 -1.72 | C Is

5330.66 86631 105385 71 51} 0.00131 4.00x 1074 O.aui =255 j C Is

5329.59 86627 105385 5| 310.00491 0.00125 0.110 ~22031 C Is

5328.98 86625 105385 3] 14900197 0.00279 0.147 -2077| C Is

10| 2p*3p— sp—sSe | 5436.1 86629 105019 15] 51 0.0305 0.00450 1.21 —1.170 | C 4,5,6,

2pY*S°)6s (1n 7,ca

5436.83 86631 105019 71 5710.0142 0.00451 0.57 -1.50 | C Is

5435.76 86627 105019 St 510.0102 0.00450 0.403 —-1.65 C Is

5435.16 86625 105019 31 5]0.0061 0.00451 0.242 -187 | C Is

11 P —38° 160464 88631 105165 9| 310.0234 0.00427 0.77 —14151 C 1,6, ca
(22)
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Forbidden Transitions

few cases of experimental determinations of forbidden line strengths.
is due to the appearance of strong forbidden lines in the surora, so that the latter could be used as
a “light source.” Extensive measurements by Omholt [1] have given, for the 5577 A line, a tran-
sition probability of 1.43 wec™' % 14%, whereas Garstang [2] with a refined caiculation has obtained

1.25 sec™l.

The kst of forbidden lines for Q1 is a very interes‘ing one since it contains some of the very

This fortunate circumstance

result {3, 4] is approximately 160 sec, whereas the theory [5. 7] gives 135 sec.
the mean value is adopt>d. Attempts have also been made in the laboratory to obtain experimental
results, but they are all subject to some doubt and are therefore omitted in this comnpilation.

For another case, namely the lifetime for the 'D state. the averaged experimental
In both instances

Aside from applications in atmospheric physices, the importance of the above lines lies in the

circumstance that the expeiimental determinations give a reliable indication of the uncertainties
in the theory of forbidden line strengths which in itself does not allow error estimates.

A number of other transitions in the p* configuration have been investigated by several authors.

All electric quadrupole line strengths are taken from Garstang [6], since his estimate of the guad-
rupole integral s, is the most advanced one available.
in their calculations of magnetic dipole line strengths, retain the spin-spin and spin-other-orbit

parameter in the transformation coeflicients, while Garstang neglects it

Naigvi [5]. and Yamanouchi and Horie 7).

used for the *P —'D and *P —'S transitions, where this gives an improvement of about 15%.
the latter line, however, only Yamanouchi and Horie’s [7] data are employed, since Naqvi's treat-
ment of configuration interaction effects, which are important for this line, appears to be inadequate

(see also general introduction).
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Forbidden Transitions

Thus, their values are
For

—— — —— = S S — = T—: —
Transition Multiplet AMA) Etem =" Edem ™M) g | gl Type of | Aptsec™) Stat.ud) | Aceu-| Souree
Array Fransition racy
2p4_2p4 ZlP_liP .
[63.07 X 10%] 0.9 15851 5§ 3 ¢ 1.30 % 10~ 2.32 C 6
[63.07 X 10%] 0.0 1585 ) 51 3 m 8.95x10°* 2.50 B 5.6.7
[+E13X 107 0.0 2265 | 5 1 ¢ 1.00 X 10-1¢ 1.03 C 6
J14.70 X 107] 158.5 22651 31 1 m 1.70 X 10-° 2.00 B 3,67
ZII,) . li)
(1 k)
6300.23 0.0 15867.7 | 51 5 ¢ 2.4 10-° 7.1 %109 D 6
6300.23 0.0 15867.7 | 5| 5 m Al X108 237X 104 (. 3.L 5.7
6.363.88 158.5 158677 { 31 5 e 3.2X10°% 099X 10> D 6
6363.88 158.5 15867.7 | 31 5 m 1.6t 103 7.9%x 107 C 3,05, 7
[6391.6] 226.5 38677 1 11 5 e 1.1 xX10-% 35%X10° b 6
7") — IS
12 F)
[2958.4] 0.0 337924 | 5 ¢ | e 3.0 x10 5.0x 103 D 6
2072.3 158.5 337920 | 3|1 m 0.067 6.5%x 10" C 7
) —18 AN77.35 15867.7 37024 |~ e 1.34 4.31 C+ 1.2
13 F)
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On
Ground State 1s% 252 2p° 4S°,
lonization Potential 35.108 eV = 283244 cm-!
Allowed Transitions

List of tabulated lines:

Wavelength [A] No. Wavelength [A) No. Wavelength [A] Ne.
_—-.nr
124.66 22 3007.4 84 3488.18 36
429918 10 3007.74 85 3496.27 36
430.041 10 3008.28 85 3712.75 25
430.177 10 3008.8 84 3727.33 25
10.58 18 3009.7 85 3729.34 73
H2.03 17 3009.81 85 37359 73
4$15.62 16 3010.0 85 3735.94 73
464.78 21 3010.5 85 3739.92 69
168.77 20 30128 85 3749.49 25
170,41 19 3013.0 85 3762.63 69
481.66 13 3013.37 84 3777.60 69
1483.752 12 3014.0 84 3794.48 70
483.796 12 3019.8 84 3803.14 70
1481.03 i2 3032.08 86 3821.68 70
485.086 11 2032.50 86 3830.45 70
485.47 11 30475 86 3833.10 13
485.515 11 3113.71 66 3842.82 42
515.498 15 3122.62 66 3843.58 43
515.640 15 3124.02 66 3847.89 42
517.937 14 3129.44 66 3850.81 42
518.242 14 3134.32 66 3851.04 42
539.086 S 3134.82 66 3851.47 43
332.547 5 3138.44 66 3856.16 42
539.852 5 3139.77 66 3857.18 43
555.056 8 3270.9 7 3863.50 12
555.121 8 3270.98 71 3864.13 41
60C.585 9 3273.52 71 3864.45 42
616.291 6 3277.69 67 3864.68 42
616.363 6 3282.0 39 3872.45 41
617.051 6 3287.59 67 3874.10 41
644,148 4 3290.13 67 3875.82 43
672.948 7 3295.13 67 3882.20 42
673.768 7 3301.56 67 3982.45 41
718.484 2 3305.15 67 3883.15 42
718.562 2 3306.60 67 3893.53 41
796.661 3 3377.20 38 3896.30 41
832.754 1 3390.25 38 3907.45 41
833.32¢ 1 3407.38 72 3911.96 33
834.462 1 3409.84 2 3912.09 33
2733.34 65 3447.98 68 3919.29 33
2747.46 65 3460.6 25 3926.58 41
3000.1 84 3470.42 63 3945.05 30
3002.2 84 3470.81 68 3954.37 30
3066.0 84 3474.94 37 3967.44 47
3007.08 85 3479.7 26 3973.26 30
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List of tabulated lines - Continued

e ; = [
. .. ) |
Wavelength {4] Ne. Wavelength [A] No. Wavelength [A] No.
- 1‘__
3982.72 30 1272.3 34 1596.17 ;
3985.16 oou 1275.52 5 1398.2 :-f('-.
m.&(xﬂ % 1276.71 ki 160211 81
. 127671 -
1069.90 0| 160942 8l
127740 3 1613.11
407216 40 127790 3 -u::m.xs gl;
4075.87 40 128140 T 1611 8i 23
1078.86 10 } 1282.82 T 161911 23
4081.66 ST 1282.96 "
1085.12 w0 1650.81 23
| 1283.13 v 1661.61 23
1087.16 76 1 1283.75 M| 673,75 23
1089.30 76 12810 B 1076.23 23
1092.94 0 | 284,14 7 1069097 62
4094.18 0 1288.8 I
1095.63 76 W91.47 62
1288.83 73 160636 23
4096.18 76 1291.82 77 1698.18 60
109654 L6 12953 29 1699.21 19
1097.26 B 1303.82 ol 169921 60
1097.26 % 131714 20 ]
1103.02 B S : 1701.23 62
| | 1319.63 24 1701.76 62
10474 15 1319.93 63 170318 60
1105.00 5| 132577 21 { 1763.36, 19
1106.03 0 1328.62 63 171004 18
1108.75 7 , 1329.0 29
1105.3 6 i ? G g 19
| | 133687 21 1751.34 "
1109.8 L 59 4130 9 1732.70 18
4110.20 | 59 | 1342.00 v 18145.0 54
1110.80 , 5 0 1345.56 21 185619 33
1112.03 T T 434713 32
1113.82 59 | 1856.76 53
! 1349.1 32 ' 1861.03 61
144 L6 131943 2 1861.95 53
H19.22 | B 1351.27 32 1871.58 61
1120.28 . 515 2 | 1872.2 61
112148 A ¥ S ' 1890.93 52
| | 1366.90 2 1906.88 52
1126.1 ! 76 4369.28 ol 192.4.60 32
1129.34 1 1371.3 ) 1941.12 56
1132.81 IE $395.95 51 '!l 1913.06 56
11074 13 $106.02 ol
114196 o1 - { 1935.78 56
' 11191 | 28 5160.02 i 5
1142.08 4| +16.98 | 28 | 5176.00 | 35
114221 61 LH3.05 | 57 5190.56 | 35
RER 6+ | 13,7 YR 5206.73 55
1113.52 ot RRRY i Pos7T |
4377 6+ i 6627.62 )
f ! 141821 = ! 6510.90 27
1145.6 i 64 | $452.38 28 ‘ 6666.91 73
1116.09 i 61 16,6 80 6718.1 i
15330 1 H67.88 3B
1156.54 14 6721.35 27
£469.32 33 6810.6 74
H6Y.23 » 189,18 0 H81E1 Lt
118516 8| 191.25 80 6816.97 7k
1] 8().() -—)8 | L-):;().() .—7() ()R()().T'L 71
189Y.79 ~u | 1563.2 a0
1253.9 R i 6885.07 71
’ 1590.97 31 6895.29 71
— 4 1396.0 31 6906.5+ !
) ) i
K203.2 i 0 6908.11 74
i 6910.75 71
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Most data on the vacuum ultraviolet hines are taken trom the self-consistent field calculations
by Kelly |1} in which exehange effects have been considered.  The data for the strong 25°2p?
— 252p? and 2p* — Z2p*3s transitions are probably quite uncertain since these are sensitively affected
by configuration tnieraction which has not been taken into account. Two transitions of the 25%2p?
—2s2p* array could be taken, however, from the caleulations of Levinson et al. [2] in which the
effects of configuration interaetion have been approximately included.

For the muitiplets in the visible foar data sources have been selected: simplified self-consistent
field caiculations by Kelly [3] (with exchange effects approximately taken into account), the Cou-
lomb approximation by Bates and Damgaard. emission measurements by Mastrup and Wiese [4].
and intermediate coupling calculations by Garstang |[5). The ebsolute multiplet values have been
obtained by averaging the results ot the first three methods mentioned.  The agreement is quite
remarkable, often within 30%. For the breakdown of the multiplets into lines the intermediate
coupling caleulations by Garstang |5] and, whenever available, the experimental results by Mastrup
and Wiese |4} are employed, both normalized to the absolute total multiplet valoes.  The two sets
of data agree very well, while LS-coupling values show large deviations for some muhtiplets of the
3p—3d array.

The absolute values of the intercombination lines are obtained by normalizing Garstang’s
coupling calculations [5] to the Coulomb approximation, as he has proposed in his paper.
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OI11.

Allowed Transitions

T =71 R B
Trapsition | Muhiplet AA) Etem ™ PEdem™ g | g | Akt 108 see™ Sfix Stat.u.y log gf Y Acewu-{Souree
Array | racy

2592pt — IS2A— 3P 633.80 0.0 119933 | 4112 14 0.43 4.7 0.23 E 1

252p? (1 uvi
831.162 0.0 119838 | 41 6] 13 0.21 2.3 -6.08 « E Is
833.326 0.0 120001 | 4| 4| i4 0.15 1.6 —-0.23 E Is
832.751 0.0 120084 | 4} 2y 14 0.67 0.77 —0.55 K Is
P—D 718.534 26817 16599] (10 [ 10| 32 0.25 5.9 0.40 E |

+ uv)
718484 | 26808 165988 | 6| 6| 30 0.23 3.3 0.14 E Is
718.562 | 26829 165966 | 1| 4| 29 0.22 2.1 —0.05 E Is
718.484 | 26808 165996 | 6| 4] 3.1 0.016 0.23 —1.01 E Is
718562 | 26829 165988 | 4| 6! 2.1 0.02% 0.23 - 1.01 E Is
et 796.661 | 0467 165991 { 6110} 4.1 0.070 1.1 -0.38 E 2

(11 uv)
2P0 —128 641148 | 24nT 195710 { 6 | 2| T2 0.15 1.9 —0.05 E 2

(13 uv)
2pt - 15 — P 33037 0.0 185402 1 11121 8.6 0.11 0.80 —0.35 E 1

26%°P)3s | (2 nv) .

539.086 0.0 185199 1| 6; 86 0.056 0.40 —0.65 E s
539.547 0.0 185311 | 4| 4| 8.6 0.037 0.27 —0.82 E Is
539.853 0.0 185235 | 4| 2| 8.6 0.019 0.13 —1.13 E Is
Hye—2p 016.50 20817 189008 110 6] 18 0.061 1.2 —0.21 ) 1

{5 uv)
616.291 26808 189068 | 6 | 1| 16 0.061 0.74 —0.44 [‘; Is
617.051 26829 188888 | 1| 2| 18 0.051 0.1 —0.69 l‘: Is
1 616.363 | 26829 189068 | 1| 1] 1.8 0.010 0.083 | —1.39 E Is

85




O11. Allowed Transitions —Continued

T T e
No.| Transition | Multiplet AMAG Eiem™) [Edem Y| g
Array
7 tpe—zp 673.22 10467 189008 | +»
(12 uv}
6:2.918 10467 189068 1 1
673.768 | 10468 188888 | 2
673.768 10467 188888 | 1§
672.948 10468 189068 | 2
8 2p*— :P°—:D 353.08 26817 200072 110
2p°(D)3s" | (6 uv)
335.056 26808 200971 | o
555.121 26829 206972 | 4
555.056 26808 206972 | 6
555.121 26829 200971 | 4
9 pe—2p 600.585 40167 20072 1 6
(14 uv)
10 [2p3— 152 —Hp. 430.09 0.0 232511 | 4
2p°P3d | (3 uw)
130.177 0.0 232463 | 1
430.041 0.0 232536 | 4
129918 0.0 232603 | 4
il P —2F 183.27 26217 232889 110
(8 uv)
+85.086 26808 232959 | 6
185.515 26829 23279¢ | 4
[485.47] 26808 23279 | 6
12 My —2 483.91 26817 233468 |10
9 uv)
183.976 20808 233430 | 6
483.752 26829 233544 | 1
i184.03] 26829 233130 | 4
13 P°—:p 481.66 26817 234434 110
(16 uv)
14 pe—2p 318.13 40467 233468 | 6
(16 uv)
518.242 10467 233430 | 4
517.937 10168 233544 2
317.937 | 10467 233541 |
518.242 10468 233430 | 2
15 pe—:2 313.55 40467 234434 | 6
(17 uv)
515.498 10467 234454 | 4
515.610 40468 234102 § 2
515.640 16167 2334402 | 1
16 |2p*— e —2F $45.62 26817 201222 110
2p*('D)3d’
17 e —2p 142.03 260817 233048 |10
18 2P —2p 140.58 20817 253791 110
19 2pe—2) 47041 L0467 253018 | 6
20 e —2p 108,77 0467 253701 | 6
21 2P0 28 164.78 L0467 250622 | 6
22 |2pt— wpo—zly | [424060] | 40467 [275051]] 6
2070 8)3d”
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10
6

10

&

A 10 see D

Nt
e

—so
e NS =)

S

0 063
0.052
0.042
0.010
0.021
0.067
0.063
0.061
0.0015
0.0067

0.039

.32
0.16
.11
0.054
0.12
0.12
0.12
0.0058
0.0018
0.0018
0.0015
3.0x 1074

0.019

0.045
0.034
0.030
0.0075
0.015
0.097
0.087
0.097
0.0097

0.11

0.063
0.013
0.036
0.039
a.017

0.086

|

Statn) |

0.81
0.46
0.19
0.093
0.093
1.2

0.69
.41
0 G419
0.019

0.16

1.8
6.9]
0.61
.31
1.9

1.1
0.78
0.056
0.028
0.017
0.0094
0.0019

.30

0.46
0.26
0.10
0.05]
0.051
0.98
0.59
0.33
0.066

1.6

0.91
0.20
.33
G.36
0.16

0.72

—1.97
—2.23
—2.93

—0.73

—0.57
—0.82
—1.22
—1.52
—1.52
—0.24%
—0.16
—0.71
—1.4

0.04

-—=0.20
—0.87
—0.67
—0.61
—0.99

—0.29

Aecu-
racy

eommmT™

Souree

Is
Is
Is
Is

Is
Is
Is

ls
Is
Is

Is
Is
Is

s
Is
Is

Is
Is
Is

Is
Is
ls




Is
Is
Is
Is

Is
Is
ls
Is

ls
Is
Is

Is
Is
Is

B

Is
Is

Is
Is
Is

Is
[s
{s

23

26

28

30

31

32

Transition | Multiplet
Array
S SE—
2p?3s— sp— e
2p**P)3p (h
Ql) — ‘1)0
(2
P — 150
(3)
.|P — 2P
2P 280
(h
2P . 2])°
(5
ZPSH
2p —2p°
(6)
2p23s'— | —2F°
205 D3p’ | (15)
2[) — 2)°
(16)

r—— —————

O 1. Allowed Transiticns —Continued

LY Etcm Y ‘!Ek(cm' D& | & [ At 10¥ see™?) S S(at.u.) log gf | Accu Source
| racy

4651.5 185102 206895 {12 {20 1.02 !0.55 101 0.82 C 13,4, ¢ca

4619.14 185499 207003 | 6 | 3| 1.04 0.448 41.1 0.429 C 4n, 5n
$611.81 185341 Wo878 | 4| 6 0.79 0.381 23.3 0.185 C 4n, 5n
4638.85 185235 206786 { 2 | 4] 0.422 0.272 83 —0.264 C 4n, 5n
1676.23 185499 206878 | 6 | 6| 0.257 0.084 7.8 —0.29% C in, Sn

4061.61 185341 206780 | 4| 4] 0.52 0.169 10.4 -0.169 C 4n, 5n
4650.84 185235 206731} 21 2] 0.82 0.265 8.1 —-0.277 C 40, 5n
1696.36 185499 206786 | 6 1 4] 0.0372 0.0082 0.76 —1.308 C An, 35n

1673.75 185341 206731 | 41 2]0.13] N0o214% 1.32 — 1.067 C 4n, 5n
43413 185102 208431 {12 1121 1.05 0.297 51 0.55 C 3,4, ca
43149.43 185499 208484} 6 | 6| 0.74 0.211 18.1 0.102 C 4n, 5n
4336.87 183341 208392 | 4| 4] 0.164 0.0-462 2.61 —-0.73 C 4n, S5n

4325.77 185235 208346 | 2| 2 0.155 0.0435 1.24 —-1.060 | 4n, 5n

4366.90 185499 208392 | 6| 4] 0.50 0.096 ! 8.3 —0.239 ‘ 4n, S5n
4345.56 185341 208346 | 4] 21 0.89 0.125 7.2 —0.300 C 4n, S5n
4319.63 185341 208184 | 4| 6| 0.284 0.119 6.8 —0.321 C 4n, 5n
4317.14 185235 208392 1 2| 4| 0.424 0.237 6.7 —-0.325| C 4n, 5n
3735.9 185402 212162 |12 | 4 1.77 0.123 18.2 0170 | C |3,4,ca
3749.149 185499 212162 § 6 | 4( G.90 0.127 9.4 —-0.119; C 4n, 5n

3727.33 185341 212162 ] 4| 4( 0.59 0.122 uv.0 —-0312 C 4n, 5n

3712.75 185235 212162 7 2| 41 0.280 0.116 2.83 —0.64 C 4n, 5n

13479.7] 185499 214229 1 6 | 41 0.00101 1.22x 104 0.0084 | —3.135 | ¢ 35
[3460.6] 185341 214229 i 4 4| 0.0015% 2.76 X 104 6.0126 | —2.96 C 5
660944 189008 203942 1 6| 2] 0.287 0.064 8.5 —-0412 ) C 3, ca
6721.35 189068 203942 | 4§ 2/ 0.189 0.064 5.7 —-0.59 (5 Is
6610.90 188888 203942 | 2| 21 0.098 0.065 2.83 —-0.89 C Is

4418.1 189008 201636 | 6 {10 1.13 0.55 18.1 0.52 C [3.4,ca

411491 189068 211713 | 4| 6] 1.15 0.50 29.3 0.305 | C 4n, 5n

1416.98 184888 211522 2| 44095 0.55 16.1 0.044 C 4n, 5a

$152.38 189068 211522 | 41 41 0.154 0.0457 2.68 —-0.74 C 4n, 5n

[4329.0] 189068 212162 | 4| 4] 0.00157 142 x10-4 0.0252 | —2.75 C 5
[{4295.5] 188888 2121621 2| 4] 0.268x10-3|1.48x 104 0.00420| —3.52 C b
16669 189008 2042101 6| 6| 1.46 0.343 26.9 0314} C 3,4, ca

3973.26 189068 214229 | 4| 41 1.27 0.300 15.7 0.080 | C 4n, 5n

3954.37 188888 214170 | 2| 2 0.95 0.222 5.8 —0353 ¢ C 4n, 5n

3982.72 189068 214170 | 4| 2| 0.447 0.053 210 —0.67 C 4n, 5n

3945.05 188888 214229 | 2| 4| 0.217 0.101 2.63 —0.69 C 4n, 5n

4503.2 206972 228737 110 |14 ] 1.11 0.490 74 0.69 C |3.4,ca

4590.97 206971 228747 6 81 1.11 0.466 42.3 0.447 | C 5n

4596.17 206972 228723 41 6 1.03 0.487 29.5 0290 | C Sn

[4596.0] 206971 2287231 61 61 0.079 0.0251 2.28 -0.82 C Sn
4319.7 206972 229955 110 110 | 1.04 0.296 42.4 0471 | C (3.4, ca

4351.27 206971 2299471 6 ; 6] 0.97 0.275 23.6 0217 | C S5n

4347.43 206972 229966 | 4| 4] 0.94 0.267 15.3 0.029 | C 5n

[4349.1] 206971 229968 1 6 | 11]0.102 0.0192 £.65 —0.94 C Sn
[4351.5) 206972 229917 | 4 | 6 10.075 0.0318 1.842 —0.™) C Sn
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O 1. Allowed Transitions —Continued

34

36

37

38

39

tH

12

88

Transition | Multiplet IYEY) Etem™ " | Eitem™ | g
Array
_ I
2P —2p° 29114 206972 232311 110
(an
3911.9¢ | 206971 232527 1 6
391929 | 206972 232480 | 4
3912.09 | 206972 232527 | 4
2p33s" — 35 --2P°  |14272.3] | [226851] [250251])| 2
2p*(*S)3p”
2s2p33s” — | 6S°— P [ yy6T2 | (245396 | [267773)] 6
252p™5S°) (94)
3pl (X3
HO5. 40 [ [245396] [267783) ! &
HO67.88 | [245396] [267771] ! 6
136932 |[245396] | 1267763 6
2p*3p— 257 P
20%3P)3d (7
3496.27 203942 232536 | 2
3188.18 203942 232603 { 2
2&;0 — 4[)
(8)
347194 203942 232712 | 2
290 -2 3385.9 203912 233468 | 2
(]
3390.25 203942 233430 1 2
3377.20 203942 233544} 2
255° )
(3282.0] | 203942 234402 | 2
ipe—iF 4074.8 206895 231429 120
(10)
1075.87 207003 231530 | 8
1072.16 200878 231428 | 6
4069.90 206786 231350 | 4
4069.61 206731 231296 ¢ 2
4092.94 207003 231428 | 8§
3085.12 205878 231350 | 6
4078.86 206786 231206 | 4
4106.03 207003 231350 | 8
1094.18 206878 231296 | 6
1pe—1p 30027 200895 232511 120
(1
3926.58 207003 232463 | 8
389G.30 | 206878 230536 | 6
3872.45 206786 232¢03 | 4
3907.45 206878 252403 | 6
3882.45 206786 222536 | 4
386113 206731 232603 | 2
3893.53 206786 232463 4
387410 206731 232536 | 2
iP°—4D 38677 206895 232746 | 20
(12)
3882.20 207003 232751 8
3864145 206878 202718 | 6
2601.04 206786 292746 1 4
38.47.89 200731 232712 4 2
3883.15 237003 232748 | 8
3801.68 200878 2327 | &
3830146 206786 232712 i
3863.50 2068783 2327541 6
3850.8¢ 206786 232748 | ¢
3812.82 206731 2327 | 2

i

-4

S—

£

(=2

a0 -

18

-0

[\ R AR = D0 O

=
S ST NEDIN -

- XN e DN e D

A 10% e

L=
s&h

=
=

0.92

0.92
0.92
0.92

0.0111
0.0084

0.0085

1.46

0.0168
1.98

1.94

k]

fa

0.193

0.19¢
0.161
0.0314

0.89
0.83

0.367
0.275

0.184

0.00108
0.00152

0.00153
0.96

0.64
¢.321

0.0051
0.69

0.62
0.56
0.55
0.69
0.070
0.120
0.138
0.00354
0.0065

0.0086

0.0085
0.0060
(.00361
0.00258
0.004C2
G.0072

431 x 101
0.001 14

0.130

0.11i
0.075
0.052
0.066
0.0185
0.0304
0.0327
0.0248
0.0458
0.066

Siat.u)

0.094
0.0350

0.0351

211

._
~1
-

u.117
185

66

0.88
0.164
.18+
0.199
0.236
0.184
0.0221
0.0558

33.2

DXL DISED D)

St L S g D
SRITIIZESS

lug &l

0.246

0.066
—0.192
— (.90

0.250
0.70

0.3+3
0.218
0.042

0.108
—0.193

- 1.97
1.140

0.69
053
0.516
0.140
—0.253
—0.144
—0.259
—1.55

—1.406
—0.76

—1.165
—1.442
—1.8¢
—1.41
—1.72
—1.84
=116
—2.54

0.416

- 0.050
— 0348
- (.68
- 0.88
—0.83
—0.74
—(.88
~0.83
—0.71
—0.88

Accu-

racy

—

o) oleolsiolvcioinieole)
. AL s I L L

N IR S

-~
.

—
[

Pl e e e e e e e e W
PR YP R R REDENDR D RED RGP

Suiiice

3,4 ca

cd

ls
ls
Is

PRI |

3. ca

Is
ls

3, ca

Is
Is
ls
Is
ls
ls
ls
ls
Is
ls




e W e e N - i e Wi W ws W Wi W, W

PR I S I S I

N\

13

11

46

18

19

30

Transition
Array

Multiple:

|l)° s ll)

Y

POy
(204

ipe —
21

4[,)0_ '.'P
(22)

2[)° — 1D
(24)

e —2
(25)

2D° —2p

20° —2)
(26)

T
¥

Ald)

383147
3857.18
3875.82
3833.10
3843.58

4151.7

4169.28
4130.74
4121.48
+156.54
4129.34
4153.50

| 1132.81

41114

4119.22
H104.74
4097.26
4129.28
141¢5.00
4103.02
4120.55
4110.80

4084.660
4096.54
4112.03

3967.44
3985.46

4751.34
4710.04
4752.70

4703.0

4705.36
4699.21
4741.71

4579.2

[4598.2}
[4539.6]
13503.2]

4385.3

4395.95
1369.28
1406.02
4359.38

O11. Allowed Transitions —Continued

B

Fiem )

207003
206878
207003
206878
206786

206431

208144
208392
208346
208484
208392
208392
208316

208431

20184
208392
208316
208484
108392
208316
2081814
208392

208484
208392
208484

208316
208316

211713
211522
211713

211636

211713
211522
211713

211636

211713

-

ori0ge

211522
211636
211713
211522
211713
211522

-~ ==

= e -
Edem Y | g { &l A 10" sec ) [ Stat.u.) leg & | Accu-{Source
racy
S
232959 | 8 | 8] 0.0223 0.0¢50 0.50 - 1.402 C D
232796 | 6 | 6 0.0448 0.0100 0.76 —1.222 (€, b
232796 1 8 | 6! 0.0095 0.00161 0.164 —1.89 C 5
232959 ; 6 | 81 0.0095 0.00279 0.211 -1.78 C 5
232796 | 1| 6| 0.0222 0.0074 0.374 —1.53 C 5
232511 112 1121 1.01 0.261 12.8 0.496 ES 3,4ca
232463 | 6| 61 0.220 0.057 4.73 —0.463 C on
232536 | 4| 4 0.0236 0.0061 0.331 —1.61 C S5n
232603 | 2| 21093 0.237 6.4 -0.324 C S5n
232536 | 6 | 41 0.157 0.0270 2.22 —-0.79 C Sn
232603 | 41 2] 0.150 0.0191 1.04 —-1.116 C on
232863 | 4| 6] 0.77 0.298 16.3 0.076 C Sn
232536 | 21 410.84 0.430 11.7 —0.066 C an
232746 |12 1201 1.49 0.63 102 0.88 C 3, ca
232754 | 6 | 8] 1.48 0.50 40.8 0.478 C Is
232748 | 4 | 6 1.4 0.39 21.4 0.200 C Is
232746 1 2 | 410.63 0.315 8.5 —0.201 C Is
232748 | 6 | 6 ] 0.43 0.113 92 —-0.170 C s
232746 | 41 4] 080 0.202 10.9 —0.093 C Is
232712 | 2| 21 1.25 0.315 8.5 —0.201 C s
23246 | 6 | 41 0.074 0.0125 1.02 —-1.124 C s
232712 | 41 24 0.248 3.9314 1.70 —-0.90 C Is
232959 | 6 | 8 0.065 0.0216 1.74 —0.89 C 5
232796 | 4 | 6] 0.092 0.0347 1.87 —0.86 C 5
232796 | 6 | 60.109 0.0275 223 |-078 | C 5
!

233544 1 21 210.0133 0.00314 0.082 —2.203 C 5
233430 1 2 | 41 0.0084 0.00400 0.105 —2.097 C 5
232754 | 6 | 81 0.059 0.0264 2.48 -0.80 G 5
2327148 | 41 6| 0.170 0.085 5.3 —0.469 C 5
232748 | 6 | 6| 0.0088 0.00300 0.281 —-1.75 C 5
232889 110 1141 1.38 0.64 99 0.81 C 3, ca
232959 [ 6 | 811.38 0.61 57 0.56 C Is
232796 | 4| 6 1.29 0.64 39.6 0.408 (g s
232796 | 6 | 6 | 0.090 0.0302 2.83 —-0.74 C Is
233468 |10 | 6 ] 0.04i8 0.0079 1.19 —-1.103 C 3, ca
233430 | 6 | 4 0.0372 0.0079 0.71 —1.326 C s
P e3354 1 4 | 21 0.0430 0.0066 0.397 —1.58 C Is
233430 | 4| 4]0.06423 0.00132 0.079 —2.278 C Is
234434 110 1101 0.430 0.124 17.9 0.093 C 3, ra
234454 | 6 | 6 | 0.198 0.115 10.0 —=0.16] C Is
234402 | 4| 4| 0.39] 0.112 6.4 —0.345 C Is
234402 | 6 | 4 |0.0424 0.0082 0.72 -1.307 C Is
234454 | 4 | 61 0.0292 0.0125 0.72 —1.202 C Is
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OI1L
No. | Transition | Multiplet AMA) Edem™ | Edem™
Array
52 ~1P | 4913.0 212162 232511
(28D
1924.60 | 212162 232463
1906.88 | 212162 232536
4890.93 | 212162 232603
53 15°—4D
(29)
1856.19 212162 232748
4856.7¢0 212162 232746
1861.95 212162 232712
54 18° —2f
(30}
1815.0 212162 232796
55 H ek 31911 214210 233168
(32)
5206.73 | 214229 233430
5160.02 214170 233514
517640 | 214229 233544
219056 | 214170 233430
o6 pe—2h 4943.2 214210 234434
33)
#213.06 | 214229 2341451
1941.12 214170 234102
14955.78 214229 234102
57 | 2p*3p’ — pe—z2F | 44161 228737 251222
2p0'D13d’ | (35)
4148.21 | 228747 251221
11143.05 | 228723 251224
[4447.7] 228747 251224
{4413.7] 228723 251221
o8 2pe -G 4187.9 228737 252608
(36)
1189.79 © 228747 252608
4185.16 228723 252609
{4189.6} 228747 252609
59 2p°—:D 41723 Q28757 253048
37)
1114.82 228747 253048
4110.20 228723 253016
[4109.8] 228723 2530148
60 Pe—F 1763.8 ' 229955 200222
(10 E
1699.21 229917 251221
14703.18 229468 251224
1698.°4 229947 251224
61 :P° — 2} 18608.1 L2851 253018
(57)
1871.58 232527 253018
1861.03 252180 253016
[4872.2] 232527 253016
Hh2 *pe —2p 1693.0 232511 253791
(>8)
1701.23 232527 253792
091,147 258 18() 253790
1701.76 2325 253790
090,97 232 180 253792

F.{]

- o -

-

o
<

-

XX

6

N -

=)

B = DD

£

B = N

B = N

6

=)

e N NS =

=y

- NN

A 10" sec Y

0.67

0.67
.68

0.094
0.176
0.235

0.0094
0.53
0.491
0.350
0.171
0.137

1.07

1.0063
0.88
0.88
0.82
0.059
0.437
0.135
0.366
0,073
1.05
6.8%
0.70
0.349

0.176

Allowed Transitions —Continued
: 3

N

0.73

0.365
0.245
0.122

0070
004].

0.0050
0.213

0.160
0.i40
0.0343
0.111

0.65

0.58
0.61
0.094

0.176

0.169
0.167
0.0963
0.0081

0.85

0.83
0.85
0.0236

0.0239

0.0239
0.0223
0.00159

0.410

0.390
0.4190
0.0195

0.259

0.232
0.259
0.02H9

0.347
0.289
0.232
0.0"2
0.116

Statu )

3.19
3.97
2.67

0.316
21.8

10.9
1.95
2.34
3.78

37.9
19.7
36.0
19.8
14.7
0.74
0.74
164
91

70
2.60

2.09
1.81
0.129
63
36.2
25.4
1.81
219
14.9
1. ()()
33.2

17.9
7.2

o
[ ]
x ;e

{
|
log gf 'Accu-
racy

G466 | C
0.165 | C
—0.011 C
—0.310 C
—0.70 €
-~0.61 (.
—0.78 C
-1.79 ({3
0.106 C
—0.197 «
—0.535 <
—0.86 C
-—0.66 C
0.59 C
0367 | C
0083 | C
0421 C
0.391 C
0.131 C
0.002 | C
—-1.29% . C
—-1.299 | C
1.075 | C
0.82 C
0.71 C
—0.72 C
—-0.476 | C
—-0.72 C
—-0.87 C
-2021 | C
0.61 C
0.369 | C
C.215 1 C
—-0.93 C
0.191 | C
-0032 | C
0285 C
—0.96 C
0.319 1 C
0.063 | C
—-0.334 1 C
—0.64 C
—0.64 'S

Source

3. ca

Is
Is
ls

p I ) |

3, 4.ca

4n, Sn
4n, Sn
tn, dn
4n, 5n

3, ca

s
ls
s

3, ca

ls
Is
ls

3, ca

ls
ls
Is

3, ca

ls
ls
Is
s




61

66

69

Transition
Array

2s2p*3p’ —
252p55°)
3(1! X4

2p°3p —
2p*PHs

e e P PR ...

O11. Allowed Transitions —Continued
— —:—,__;, P——— — i - - — o— ] pa— i p— ] I
Multiplet | Ay Edem M D Edem™ | g | g | Axd10% sec™ ) S Stat.u.) log gf | Accu-1Siured
racy
pe—=5 4325.7 232511 255622 | 6] 2] 1.81 0.170 14.5 0.008 | C 3. ca
(61) ’
1328.62 | 232527 255622 | 4] 2| 1.21 0.176 .Y —0.168 | C Is
431993 | 232480 255622 | 2| 2106l 0.170 4.83 —0.469 | C Is
=D | 4idd4 [267775) [291897]) 118 {30 | 0.211 0.090 22.2 0.211 C ca
(106)
1146.09 | [267783) [291896]) | 8 |10 | 9.210 0.068 7.4 —0266 | C Is
1143.77 | 1267771] [291897) | 6 | 8 10.135 0.0164 3.80 —0.55 C Is
1142.24 | [267763) [291898] | 4 | 6 | 0.066 0.0253 1.38 ~-0.99 C Is
i 4145.90 | [267783] [291897]| 8 | 8 | 0.075 0.0194 2.12 —0.8i C Is
4143.52 | [267771] [201898)| 6 | 6 ]0.129 0.0331 2.71 -0.70 C Is
1141.96 | [267763] [291899]) | 4 | 4 ]0.148 0.0380 2.07 —0.82 C Is
[4145.6] | [267783] 1291898) | 8 | 6 | 0.0167 0.00323 0.353 - 1.59 C Is
i4143.4) | [267771] | [21899] | 6 | 4 | 0.063 0.0108 089 |—1186 | C Is
414208 | [267763] | { 91900]| 4 | 2 {0211 0.0271 148 | —09 | C Is
e : 2738.0 203942 2490454 | 2] 6 ;0.36 0.12 2.2 —0.61 D 3, ca
(20 uv) |
i 2733.34 203942 240516 | 2 | +10.37 0.082 1.5 —0.79 D Is
2747.46 | 203942 240329 | 2| 2{0.36 0.041 0.7 —-1.09 D Is
D—4P | 31339 | 206895 238795 120 |12 { 1.53 0.135 27.9 0432 | C 3. ra
(14)
3134.82 | 207003 238893 1 8| 611.23 0.136 11.2 0.036 | C Is
3138.44 | 206878 238732 | 5| 41096 0.095 5.9 —0.246 | C Is
3139.77 | 206786 238626 | 4| 2 {0.76 0.056 2.33 —0.65 C Is
3122.62 | 206878 238893 | 6 | 6 0.278 (.0407 2.51 —0.61 C Is
3129.44 | 206786 238732 | 4| 410.493 0.072 2.98 —0.54 C Is
3134.32 | 206731 238626 | 2 | 210.77 0.113 233 --0.65 C Is
3113.71 206786 238893 | 41 6 0.0312 0.0068 0.279 —1.57 C Is
3124.02 | 206731 238732 | 2| 4)0.077 0.0226 0.465 -1315 | C Is
Pe—sP | 32924 208431 238795 (12 {12 [ 0.85 0.138 18.0 0220 | C 3, ca
(23)
3287.59 | 208184 238893 | 6 | 6 |0.60 0.097 6.3 —-0.2351 C Is
3295.13 | 208392 238732 | 4| 4{0.113 0.0184 0.80 —1.132 C Is
3301.56 208316 238626 | 2 | 210.141 0.0230 0.50 -13371 C Is
3305.15 | 208184 238732 | 6 | 4]0.379 0.0414 2.70 —0.61 C Is
3306.60 | 208392 238626 [ 4| 2710.70 0.057 2.50 —0.64 C Is
3277.69 | 208392 238893 | 4| 610.259 0.063 2.70 —0.60 C Is
3290.13 | 208346 238732 | 2| 4[0.356 0.115 2.50 —0.64 C Is
Pe—2P | 3469.i 211636 240454 110) 67125 0.135 15.4 0130} C 3, ca
27)
347081 | 211713 240516 | 6 | 4| 1.12 0.135 9.2 —-0.092 | C Is
347042 | 211522 240329 | 4| 2(1.24 0.112 5.1 —-0348 ! C Is
3447.98 | 211522 240516 | 4| 40.127 0.0227 1.03 —-1.042 | C Is
18°—4p 3753.7 212162 238795 | 4 |12 10.265 0.168 8.3 —-0.173 C i3,4,ca
(31
3739.92 | 212162 258893 | 4| 6| 0.267 0.064 4.14 —0.473 C 4n, Is
3762.63 . 212162 238732 | 4 | 41 0.269 0.057 2.83 —0.64 C 4n, Is
3777.60 | 212162 238626 | 4| 2)0.252 0.0269 1.34 —-0.97 C 4n, Is
pP—2p | 3800.3 214210 240454 1 6 | 6 {0.65 0.142 10.7 —0.069 C 3, ca
(34
3803.14 | 234230 240516 ; 4| 41055 0.119 5.9 -0324 | C Is
3821.68 | 214176 240329 | 2| 2|0.432 0.095 2.38 —-0.72 C Is
3830.45 | 214230 240329 | 4| 2{0.215 0.0236 1.19 -1025 ] C Is
379448 | 214170 240516 | 2] 410.110 0.0476 1.19 -1.02! | C Is

81




v - S —

Mol Transilion
| Array
—t - —+

71 j2p23p'--
2p*'DMs’
a2
73
74 |2p*3d—
2p*(°PMp
|
|
5 !
|
!
|
76 |2p23d—
[ 2p*CPWSf
!
+
i

92

Muluplet

2pe__1p
(39)

D°—2D
(+4)

'.'l)o_ ZD
(62)

!F_!D"
43)

zp_2p°

(85)

-IF_~|G°

(48)

p—ape
(5H

ALY

32724

3273.52
3270.98
(3270.9)

3408.4

3407.38
3409.84
3407.38
3409.81

37339

3735.94
3729.31
[3735.9]

68975

6895.29
6906.54
6910.75
6908.11
681697
6869.74
6885.07

[6810.6]

[6834.1]

66573
6627.62
[6718.1)
6676.19
6666.94
1063.7

4089.30
4097.26

. 4095.63

4087.16
[4114.4]
4108.75
1096.18
[4126.1]
[4109.3]

4293.8

1303.82
1294.82

[1288.8]
1281.10
1282.82
12688.83

[4263.2]
1276.71

Eiem M

228737

228747
228723
228723

229956

229947
229968
229947
229968

232513

232527
232480
232527

231429

231530
231428
231350
231296
231428
231350
231296
231350
231296

233468

233430
233544
23354+
233430

231429

231530
231428
231350
231296
231530
231428
231350
231530
231428

232511

2321463
232536
232603
232463
232536
232603
232463
232530

Fiem

259287

259286
259287
259287

259287

259286
259287
259287
259286

2549287

259286
259287
259287

245923

246029
245903
245816
245768
216029
245903
245816
246029
245903

248485

248514
248425
248514
248425

255850

255978
255828
255759
255756
255828
255759
255756
205759
255756

255912
255913
255912

£

> x

S e =D

DN -

28

-
- AL O

-0 N =

£

[N
=
=

=ale < TN o -l R e

N e N =2

o
=

— —_——
SN

2o

20

e e N e DN e N O

At 0™ e N

1.20

1.14
1.20
9.057

0.80

0.75
0.72
0.080
0.054

0.416

0.416
0.349
0.069

0.333

¢.298
0.272
0.267
9.332
0.0347
0.059
0.067
£.00180

0.00325

0.105

0.089
0.068
0.0173
0.0349

2.60

2.62
2.37
2.23
2.24
0.212
0.349
0.359
0.0077
0.0128

1.98

1.97
1.39
0.83
0.60
1.06
1.66
0.101
0.331

O11. Allowed Transitions —Continued

fs

0.137

0.137
0.128
0.0091

0.140

0.131
0.126
0.0093
0.0140

0.145

0.130
0.145
0.0145

0.170

0.170
0.146
0.127
0.119
0.02.H
0.0415
0.0476
0.00167
0.00343

0.070

0.059

0.0461
0.0232
0.0116

0.81

0.79
0.75
0.75
(.81
0.054
0.088
0.090
0.00158
0.00241

0.91

0.73
0.57
0.457
0.164
0.293
0.457
0.0184

C.0458

Stat.u.

12.9

254

lug g[

0.284

.02
=011
—1.261

0.146

—0.106
—0.298
— 1252
—1.252

—0.060

—0.282
- 0.5
—1.237

0.68

0.231

0.067
—0.117
—-0.323
—=0.71
= 0.60
—0.72
—2.000
—1.86

—0.377

—0.63

—1.035
—1.334
—1.333

1.372

0.90
0.78
0.65
0.53
—0.26Y
—-0.151
—0.267
—1.80
—1.71

1 040

0.64

0.362
—0.039
- 0.006
—0.068
—0.039
—0.96
—-0.74
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1
|

No. | Transition

Y

80

81

82

83

84

85

86

Array

2p23d’ —
20 DIf

2p*3d —
20°CP)SSf

Multiplet |

l[)_ 4!.‘7
(67)

—2(°
(7

p—2p°
(86)

2[) g 2].‘0
93)

F—2G0
97)

2G —2H°
(61)

4P o 4D°
(56)

ip) — e
(74)

o —2G°
(83)

I

A

4278.0

1275.52
1276.71
1282.96
4277.40
4277.90
1283.13
1283.75

[4284.3]

[4284.0]

4341.7

4542.00
1310.36
[4371.3]

44869

1191.25
189,48
14466.6]

4606.6

6 )() 12

4060.8

4233.9

[3011.7)

3013.37
[3014.0]
[3019.8]
[3007.4)
[3004.8]
[3006.0]
[3002.2)
[3000.1;

(3008.4]

3007.08
3007.74
3009.81
(3009.7)
3008.28
[3010.0]
{3012.8]
[3010.5]
(3013.0]

3032.5

3032.08
3032.50

(3047.5)

on.

Fiem Y
232716

232754
232748
232746
232712
232754
232748
232746
232754
232748

232889

232959
232796
232959

233468

233430
23354
233430

234434

234454
23102
234154

251222

252608

232311

2321463
232536
232602
232463
232536
232602
2321463
232536

232746

232754
232748
232746
232712
232754
232748
232746
232754
232748

232889
232959

232796
232959

Fiuem H

256115

256136
256123
256088
256084
256123
256088
256084
256088
256084

253915

255984

256136

256143
256126
256126

275841

276109

(265705

265639
[265703)
[265762]
[265705]
(265762
[265859]
[265762]
[265859]

[265977]

265999
265985
[265961]
[265928]
265985
[2659€1]
(265928
[265961]
[265928]

265856
265930

265763
265763

&

N - NN ORI

Lo —
- R —lode 2 X

—
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[
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= e I T e ol VI R e -] =] L=l S Rl VI

—
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28 .

Ll a k=l == e e o]
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- Lo =) < fo 4 <Rl x

=l e =)

_— B ,
x B e DN e DN e DN C

o D e DR O

A 10" sec ™ )

1.82

1.82
1.70
0.121

2.20

2.63

0.75

0.74
0.52
0.311
0.225
0.398
0.63
0.0376
0.126

0.84

0.84
0.72
0.63
.59
0.120
0.204
6.235
0.0081
0.0167

0.85
0.85

0.82
0.0300

Allowed Transitions —Centinued
—

0.162
0.00420
0.0077

0.84
0.82
0.0232
0.91
0.82
0.092
0.81
0.77
0.81
0.0385

0.70

0.87

0.169

0.135
0.106
0.085
0.0305
0. 0)1

0 00339
0.0085

0.160

0.143
0.130
0.128
0.159
0.01¢3
0.0278
0.0320
83x10-*
0.60152

0.151
0.147

0.151
0.00417

119

4"4
0.65

168
93
2.67
81
48.6
27.0
54
123
70
49.2
3.51
131

220

0.335

—0.074
—0.187
—1.474
—1.334

1.070
0.81
0.70
—-0.73
0.74
0.52
0.262
—0.435
091
0.67
0.31
—0.54

0.99

1.196

—1.476
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3, ca
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Is
Is

Is
Is
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Is
Is

3. ca

3.4ca

3. ca

Is
Is
Is
Is
Is
Is
Is
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Is
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Is
Is
Is
Is
Is
Is
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Is
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Forbidden Transitions

The adopted values are exclusively from Seaton and Osterbrock’s calculations [1].

The

important effects of configuration interaction are partially taken into account and a reliable esti-

mate of the quadrupole integral is given (see also general introduction).

Reference

{1 Seaton. M. J., and Osterbrock, D. E., Astrophys. J. 125, 66-83 (19571

O . Forbidden Transitions
I ] R —
I ']‘ypc‘ of Accu-| Source
No.| Transition | Multiplet Ad) | Edem-t) Edem ™ | g | & ! Transi- | Agisec™) Stat.u.) racy
Array ; tion
)i —
| |
i 1
372891 0.0 208107 | 4| 6| m |T4x10% [85x10 c | I
| 372891 0.0 | 2068107 t] 6 e L1X10 | 1.1x10* D | 1
‘ | 3726.16 0.0 268305 | 4| 4] m L#3x10% [1.10x19¢ | ¢ | 1
: 3726.16 0.0 268305 |+ 4| e (2T7x10% [ 1.5x10° D | 1
| i
2 Lage—2pe
! [2470.4] 0.0 04669 4+ 31 m [0.060 La3x104 | ¢ !
[2470.4] 0.0 03669 1 4 4] ¢ [15x107 [33x10* D | 1
[2470.3] 0.0 04684 0 4| 2 m (00238 266 %107 | 1
[2470.3; 0.0 04684 | 41 2 ¢ [TAXI0T |BIX10 b 1
3 2)° — 2]y | [ |
[50.8 X 109] 26810.7 | 268305 6] 4 m |126x107 240 B | I
[50.5 X 10%] 26810.7 | 268305 | 6 [ 4 e [L3X10 | 0.0012 D | i
3 e —2po | | |
‘2 F) | | : | I
7319.4 26810.7 0669 | 6 57 m 0.0 5.3%10 C 1
7319.4 26810.7 | 101669 0 6| L] e (0106 5.30 | I
7318.6 26810.7 | 44681 | 6| 2| ¢ |0.0010 1.52 ¢ | 1
7330.7 26830.5 104669 | 4] 41 m  [0.0160 93x10 * C 1
7330.7 268305 | 404669 4 H| e 00150 2.29 C 1
7529.9 26830.5 | 101684 L) 2| mo 8.0103 301<10¢ | C 1
7329.9 26830.5 04684 1 1] 21 ¢ 00960 227 C I
|
5 pe—ope | :
[6.7 X 107 40466.9 | 10468.1 ! 4120 m 60101133 C+ I
[6.7 X 167 04669 | 104684 | 4| 2| o 19> 102 | 5.0x10 " D 1
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Om

Ground State 152 252 2p2 3P,
lonization Potential 54.886 ¢V = 442807 cm™?
Allowed Transitions

List of tabulated lines:

Wavelength 4] No. Wavelength [A) No. Wavelength [A) No.
302.34 14 2683.65 36 3284.57 27
303.41! 11 2686.14 24 3299.3¢ 17
303.460 11 2687.53 36 3305.77 27
303.515 11 2695.19 36 3312.30 17
303.621 11 2983.78 20 3326.16 40
303.693 3 299211 28 3330.40 40
303.799 11 2996.51 28 3332.49 40
305.596 19 2997.71 28 3333.00 23
305.656 10 3004.35 28 3333.40 23
305.703 10 3008.79 28 3336.78 23
15,769 10 3017.63 28 3336.78 40
305.836 16 3023.45 18 3340.74 17
305.879 10 3024.36 P 3344.26 23
320.979 13 : 2024.57 18 3344.26 40
328.448 12 3035.43 18 3348.05 140
345.309 15 3043.02 18 3350.68 23
373.805 7 3047.13 18 3350.99 23
374.005 i 3059.30 18 3355.92 40
374.075 7 3065.01 36 3362.38 23
374.165 7 3068.06 38 3376.4 39
374.331 7 3068.48 38 3376.82 39
374.436 7 3068.68 38 3377.3 39
395.558 8 3074.15 38 3382.69 39
4314.975 9 3074.68 38 3383.5 39
507.391 3 3075.19 38 3383.85 39
507.683 3 3075.95 38 3384.95 39
508.182 3 3083.65 36 3394.26 39
525.795 5 3084.63 38 3395.5 39
597.818 6 3088.04 38 3405.74 31
599.598 3 3095.81 38 3408.13 31
702.332 2 3115.73 29 3415.29 31
702.822 2 3121.71 29 3428.67 31
702.899 2 3132.86 29 3430.60 31
703.850 2 3198.2 42 344410 31
832.927 1 3200.95 12 4446.73 37
833.742 1 3202.2 42 3447.22 37
835.096 ] 3207.12 42 3448.15 37
835.292 1 3210.2 42 3450. 4 37

245199 2] 3215.97 42 3451.33 37
2558.06 16 3221.2 42 3454.90 37
2597.69 45 3260.98 27 3455.12 37
2605.41 45 3265.46 27 3459.52 37
2609.6 45 3267.31 27 3459.98 37
2665.69 24 3279.97 i 3466.15 37
2674.57 24 3281.94 27 3466.90 37

766-655 O-66—8




No.

96

|

List of tabulated hines=Continued

Array

Wavelength [4] No. !i Wavelength [4) No. { Wavelength [A) ] No.
i L — —_ — __em
] 0 ) | T
34732 37| 371248 39 | 3816.73 31
3520.7 26 | 371103 30 3461.59 ! 33
1530.7 20 3715.08 ) 072.3 L2
3532.8 26 “ 3720.86 | 1073.90 | 25
3534.3 26 | 3721.95 ap 08110 | 25
3555.3 20 725,30 ST HBR.5 |z
3356.92 20 | 3728.49 TR HO3.8 |
3638.70 "o 32842 o HI8.6 | >
3645.20 14 3729.50 | 1HIO.1 1%
3646.54 woo R B | a0 1782 v
3649.20 Ho 3731.80 I ag | 161,56 AT
3650.70 oo 3742.0 Y 3268.06 33
3633.00 o BTG | ' 350011 32
3695.37 22 375067 Lo 3302.37 19
3698.70 2 | Aon.2 | 16 |
3702.55 0| 3759.87 G
3703.37 22 3761.2 i H |
3704.73 22 3TTHO0 16 |
3707.24 30 3791.26 16
3709.52 2 | 3810.96 Loe |l R

Values for the strong 2s? 2p* —2s2p* transitions. which gre very sensitive to configuransn
interaction, are taken from the calculations of Bolotin et ab [1]. These anthors hiave used ana-
Ivtical one-clectron wave funetions and inchide conhgaation imeraction in & crude manner.
Thus large uncertainties must be expected. This apphes also for the 2p?—2p3s and 10 a lesser
extent to the 2p?—2p3d transitions, for which only Kelly's self-consisient field calculations [2]
are available. [In these, configuration interaction has been entirely neglecied. For many other
transitions the simplified self-consistent feld calculations by Kelly [3]. in which exchange effecis
are approximately taken into account, are apphlied.  The results agree within a few percent with
the values of the Coulomb approximation and the averaged values are adopted.  The sceuracy
rating of “C™ ix supporied by the good agreement with relative foalie measurements of Berg
et al. [4] done with a magnetically driven shock 1ube.

References
1 Bolotin, A, B Levinson, LB amd Lesing Lo Ll Soviet Phya = JETP 2, 391-395 (19560
(2] Kelly, PoS0 Astroplinsc J0 14O, 123071268 (196 1.

3] Kelly, P.S. 3 Quand Specirose. Radiat. Transfer $, T17-138 (196 1.
4 Berg, W F.L Eekerle, KoL Burriss ROW Cand Wies o WL Asiroplins, 1139, T51-757 1196 4.

OI111. Allowed Transitions

1] ) | T ) A Tl
'l'r‘:n\iiinlll Multiplet } ACA) Etm M [ Edem W g | &g | At 1O fi Stat.u.) log gf | Aceu
| ( | see h racy
. M} f . = |~ . = - - | X
| W | 8350 208.2 £ 120000 1 9115 | 8. 0.15 3.6 012 | E
(1 uv)
‘ | 835.292 306.8 120025 | 5 7 8.1 0.12 1.7 —-0.21 E
‘ 830742 113 | 120053 | 21 5 6.3 0.11 0.90 —0.48 kK
822927 0.0 120059 1 3 | ) 0.15 0.10 -0.81 E
L B35.0U6 306.8 120053 | 51 5 2.1 0.022 0.30 | —-0.96 E
433.712 113.1 120059+ 3| 3 3.5 0.036 0.30 - (.96 E
‘ 335.096 3068 120059 | 5 3 | 0.23 0.0015 0.020 - 214 E

Source
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Is
Is
ls
Is
Is




AT

S

6

11

Tran<ition
Array

22—

2pi2P°)3s

22_

2p2P°)3d

Muluplet

:!p = .|p3

{2 uv)

:4}) i :i5°

{3 uv)

'D-'b°

(7 uwv)

D -
(8 uv)

1 })0

I‘\'_I})c
(13 uv)

."P - 3!)0
4 uv)

—1pe
{9 uv)

IS_ IP°
(14 uv)

ilp — HD°

(3 uv)

:Zp —_ .'lpo

(6 uv)

—1pe
(10 uv)

1Ip - 1F°
(11 uv)

I[)_,Ipn

ACAY

0330

' 703.850

702.899
703.85C
702,422
7102.899
702.332

20793
HU8.182

N7.083
507.391

a99.598

525.795

597.818

30412

374075
374165
374436
374331
373.8065
374005

395.558

134975

305.72

305.769
305.656
305.596
305.836
305.703
305.879
303.66

303.799
303.515
303.633
303..160
306:4.621
203.411

328. 418

320.979

(302.34]

O 111

Filem Y

208.2

306.8
113.14
306.8
113.1
113.4

0.0

208.2
306.8

113.4
0.0

20271
13184

238.2

306.8
113.4

1134
113.4
0.0

20271
43184

208.2

306.8
113.4

306.8
3.4
306.8

208.2

306.8
113.4
306.8
113.4
113.4

0.0

Allowed Transitions —Continued

Ficm Y

1424814

112382
1.§2383
112383
1142397
142182
112383

197087

197087
197087
197087

187049

210459

210459

267505

267633
267376
267376
267257
267633
267376

273080

273080

327302

327351
327257
327228
327277
327228
327228
320525
329468
329582
320582
320643
320468
329582

324731

331820

332777

£

_—le W U

— A N Nl

w1
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Lo L s L
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&

L=
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W =W

w

W= SN o ww YUY U~
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A 10% fix Stat.u.!
e 1)
25 0.18 3.8
19 0.14 1.6
6.2 0.0:16 0.32
10 0.046 0.53
25 0.061 0.42
6.2 0.076 0.33
8.2 0.18 0.42
150 0.19 2.9
82 0.19 1.6
50 0.19 0.97
17 0.19 0.32
68 0.37 3.6
100 0.25 2.2
21 0.35 0.69
38 0.081 0.90
29 0.061 0.37
9.6 0.020 0.075
16 0.020 0.12
38 0.027 0.10
9.6 0.034 0.12
13 0.081 0.10
68 0.096 0.62
13 0.11 0.16
180 0.43 39
180 0.36 1.8
140 0.32 0.97
100 0.13 0.43
16 0.064 0.32
7 0.11 0.32
5.1 0.0043 0.022
100 0.14 1.3
76 0.11 0.53
26 0.035 0.11
12 0.035 0.18
100 0.047 0.14
25 0.059 0.18
31 0.14 0.14
61 0.099 0.53
190 0.41 2.2
6.4 0.0052 0.026

log gf

0.22
—0.16

—0.64
—0.74
—=0.64
—-0.74

0.24

—0.0?
—0.24
—-0.72

0.26

0.10

0.58

0.25
—0.02
=037
-0.49
—-0.49
- 1.67

0.10
—0.28
- 0.97
—=0.75
—0.85
—=0.75
—0.85

—0.31

0.31

—1.58

3.2

mmmmmm

Source
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16

17

18

19

20

21 |

22

23

24
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Transition | Multipley AtA) Edcm Yy
Array
—1p° 345.309 | 43184
(15 uv)
2p3s— pe—1p | 3762.3 267505
20eP3p | (@)
3759.87 | 267633
3754.67 | 267376
3757.21 267257
3791.26 | 267633
3774.00 | 267376
3810.96 | 267633
pe—38 3326.6 267505
{3)
33140.74 | 267633
3312.30 12673706
3299.36 267257
ape—3p | 30415 267505
H
3047.13 | 267633
3035.43 267376
3059.30 | 267633
3043.02 | 267376
3023.45 | 267376
3024.57 | 267257
1pe— 5392.37 | 273080
{3)
Pe—1D | 2983.78 | 273080
{6)
Pe—1S | 245499 ) 273080
(19 uv)
25s2p*3s — SP—sD° | 3706.1 338741
2s2p%P3p | (2])
3703.37 | 338852
3698.70 | 338690
3695.37 | 338566
3720.86 | 338852
3712.48 | 338690
3704.73 | 338566
373180 | 338852
372195 | 338690
3709.52 | 338566
SP—s1 | 33459 338741
(22)
3350.99 | 338832
3344.26 | 338690
3336.78 | 338566
3362.38 | 338852
3350.68 | 338690
3333.00 | 338690
3333.40 338566
sp—s8° | 2678.2 338741
(22 uv)
2686.14 | 338852
267457 | 338690
2665.69 338566

Fiem N

332777

294077

294222
294002
293865
291002
293865
293865

297558

297558
297558
297558

300374

300411
"n0310
300310
300228
3004+1
300310

290957

306585

313801

365716

365816
365719
365619
365719
365619
365551
365619
365551
365516

368620

368685
368584
368526
368584
368526
368685
368581

376068

376068
376068

376068
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sec b

98

0.0284
1.56
0.85
0.52
0.177
2.04

])2

0.328

2.24

+4.00

1.09

1.10
073
0.384
0.361
0.63
0.81
0.071
0.270

1.50

0 123

Allowed Transitions — Continued

0.377

0.317
0.283
0.378
0.056
0.094
0.00371

0.086

0.085
0.046
0.087

0.283

0.211
0.071
0.070
0.0%4
0.119
0.284

0.154

0.499

0.120

0.375

0.290
0.210
0.131
0.075
0.131
0.168
0.0106
0.0336
0.075

0.252

0.168
0.0210
0.063
0.084
0.113
0.118
0.189

0.107

coeo
SO D
33

1
1
]

Stat.u.)

0.60

42.0
19. 6

e
Nejie.)
- PO

[}
o
wn

b

i S

£

LN U=
o e B

o
wn

._.
-
~

J

log gf

—1).28

0.53

0.200
—0.071
—0.423
—0.55

—0.55
—-1.73

—=0.110

—0.369
-0.59
- 1.063

0.406

0.024
—0.67
-0.454
—0.55
—-0.H9

—=0.55

—0.336

0.070

~0.229
—0.246

0.206
-0.126

—0.272
—0.494

Accu-
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28

29

30

31

32

33

Transition
Array

2p3p —
2pCP3d

Multiplet

ap —agye
(Z23)

3p —ape
24)

JD = .'ll“c
8

3p —ap°
{10)

3§ — Ipe
(12)

ap —ap°
(14

.'lp_.'lP°
(15)

lD..IDO
(16)

_.IF°
(1"

IXEY)

4081.0

1081.10

1072.90
{4072.3]
(4103.8]
[4088.5]
14118.6]

15446

3556.92
[3532.8]
[3555.3]
[3530.7]
[3534.3]
[3520.7]

32659

3265.46
3260.98
-3267.31
3284.57
3281.94
3305.77

3002.0

3017.63
3004.35
2996.51
3024.36
3008.79
2997.71
2992.11

31273

3132.86
3121.71
3115.73

37125

3715.08
3707.24
3702.75
3725.30
3714.03
3732.13

3429.4

3H4.10
3415.29
3430.60
3408.13
3428.67
3405.74

5500.11

3961.59

O

Fiem Y | Edem Y
350212 374709
3501302 374799
350123 374663
350026 374575
350302 374663
350123 374575
350302 374575
350212 178416
350302 378409
350123 378421
350302 378421
350123 378138
350123 378409
350026 378421
294007 324688
204222 324836
294002 324658
293865 324462
294222 324658
294002 324162
294222 324162
264007 327302
294222 327351
294002 327277
293865 327228
294222 327277
294002 327228
294002 327351
293865 327277
297558 329525
297558 329468
297558 329582
297558 329643
300374 327302
300441 327351
300310 327277
300228 327228
300441 32 7277
300310 327228
300441 327228
300374 329525
300441 3291468
300310 329582
300441 329582
300310 329643
300310 329468
300228 329582
306585 324734
306585 331820

Allowed Transitions —Continued

= e —-

e &g | Autl0® Sk Stat.u.) log gf 1 Accu

sec™) racy

R - L —
911% 0.94 0.391 47.3 .55 C
51 7 0.94 0.329 22.1 0.217 | C
315 0.71 0.294 11.8 —-0.055| C
1| 3 0.52 0.392 5.2 -047 1 C
5] 5 0.232 0.058 3.95 —0.53 C
31 3 0.389 0.098 3.94 -0.53 (&
5] 3 0.0254 | 0.00388 0.263 -1.71 C
91 9 1.46 0.274 28.8 03921 C
51 5 1.08 0.265 12.0 0.010] C
313 0.367 0.069 2.39 —-0.69 C
50 3 9.60 0.068 4.00 -0467 { C
311 1.47 0.092 3.19 - 0.56 C
315 0.366 0.114 3.99 -0.465| C
11 3 0.493 0.275 ..19 —0.56 C
15121 2.08 0.465 75 0.84 C
71 9 2.07 0.425 32.0 0474 | C
51 7 1.84 0.412 22.1 0314 | C
315 1.73 0.462 14.9 0.142 | C
Pl 0.226 0.0366 2.77 -0.59 C
51 5 0.317 0.051 2.77 —0.59 C
71 5 0.0093 | 0.00109 0.083 —-2.118 |
1515 0.68 0.092 13.6 0.139 | C
o) N7 0.59 0.081 5.6 —-0249 | C
51 5 0.472 0.06% 3.16 -049 | C
31 3 0.51 0.569 2.04 -0.68 C
71 5 0.104 0.0102 0.71 —-1.147 | C
51 3 0.134 0.0109 0.54 -1264 1 C
S| 7 0.076 0.014 0.7: -1.143 | C
31 5 0.082 0.0183 0.54 -1.261 | C
31 9 1.37 0.60 18.6 02571 C
31 3 1.36 0.333 10.3 -0001| C
31 3 1.38 0.201 6.2 -0.220 | C
311 1.39 0.067 2.07 —0.70 C
9115 1.10 0.379 41.7 0.53 C
51 7 i.10 0.319 19.5 0203 | C
3| S 0.83 0.284 10.4 -0.070 | C
il 3 0.62 0.380 4.63 —-0420] C
5| 5 0.273 0.057 3.48 - 0.55 C
3] 3 G.459 0.095 3.48 —0.55 C
51 3 0.0301 | 0.00378 0232 |[—1.72 C
9! ¢ 0.79 0.140 14.2 0.100 | C
51 5 0.59 0.104 59 —-0.284 | C
31 3 0.200 0.0356 1.18 —0.98 C
5] 3 0.330 0.0349 1.97 -0.76 C
31 1 0.81 0.0469 1.58 -0.85 &
31 5 0.198 0.058 1.97 -0.76 C
17 3 0.270 0.141 1.58 —0.85 C
5{ 5 0.112 0.051 4.58 -—0.60 C
5¢( 7 1.28 0.422 27.5 0324 | C
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No. | Transition | Multiplet IRV

Array

- — ——f ——

31 ‘D~1p°
(18)

35 1S —1p°
(19

36 12s2p23p—  |35° =3P
2:2p**P)3d | (23 uv)

37 sPi—p

38 5p°—sD
(26)

39 PP =
27)

10 pe—p
(28)

100

.1 ——

— ——— 4

3816.75

5268.06

2691.5

2695.49
2687.53
2683.65

3154.90
3451.33
[3475.2]
3166.90
3459.52

3081.0

3088.0+4
3083.65
3075.19
3068.48
3095.81
3084.63
3074.68
3068.06
3075.95
307415
3068.68
3065.01

1383.8

3381.95
3382.69
13377.3]
3391.26
3383.85
3376.82
(3395.5]
(3323.3]
(3376.4]

3343.6

3355.92
3336.78
3326.16
3318.05
3332.49
3344.26

3330.40

O Il

Fiem Y

306585

313801

353267

363267
363207
363267

305710

362816
365719
365619
363551
365516
365836
365719
3635619
365551
365846
365719
365619

365716

365816
365719
365619

368620

368685
368584
368526
368685
368584
368526
368685
3683581
368526

3h8620

368685
368581
368526
368685
368581
368584
368526

Faem

332777

332707

160410

00335
00465
100518

391068

394780
391688
391613
394555
391516
394688
394613
394555
394516
394613
394355
3945i6

368164

398219
398137
398127
298131
398137
398127
398131
398135
398219
398137
398127
398131

3981nt

398219
398137
398127
398137
398127
398131
398127
398131
398135

398519

398174
398544
398583
3985-H4
398583
398471
398514

o~

8]
1)

GI=1 & W U= = LU O

N
)

—_—W YRR U RIS W VSIS

——
RIS RV RS AR | v

—
(1)

DUMTISTIEN RO N

& .4‘,‘ @
werer Uy
3 0.0402
3 0.311
9 2.10
5 2.09
3 2.11
| 2.12
35 1.68
11 167
9 1.0
N 1.15
3 0.94
3 0.78
9 0.276
7 0.196
3 0.67
3 0.78
7 0.0234
5 0.066
3 0.111
25 0.62
9 ¢.52
7 0.311
5 0.157
3 0.231
il 0.132
d 0.218
3 0.365
| 0.63
9 0.104
i 6.180
D 0.220
3 0.210
25 1.45
9 1.45
i 0.97
5 0.51
i 0.1480
5 0.85
3 1.09
5 0.096
3 0.363
1 1.16
15 0.84
7 0.55
5 0.070
3 0.212
5 0.388
3 0.63
7 0.278
5 0.379
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Allowed Transzitions —Continued
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00053

0.389

0.68

9.379
0.229
0.076

0.420

0.365
0.321
0.287
0.279
0.419
0.0497
0.089
0.120
0.110
0.00330
0.0085
0.0119

0.089

0.0714

0.0413
0.0222
0.0330
0.0147
0.€253
0.0310
0.0296
0.0190
0.0355
0.052

0.089

(LR 35

0.321
0.233
0.116
0.083
0.115
0.187
0.0118
0.0374
0.083

0.140

0.093
0.0117
0.0332
0.0466
0.063
0.063
0.105

Stat.u.
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0.6:4

3.60

I
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—0.163
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—0.205
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O 111. Allowed Transitions—Continued
B r I - T = - — ——
No. | Transition | Muluplet IXEY Ewm " | Edem™ | g | & | Ac10? S Statu.) log g/ |Accu- | Seurce
Array E aee ) racy
11 sPe—F 37301 101709 401510 {15 (21 T 1.58 0.460 85 0.84 C ca
3
3728.82 373799 0l | 7 @ 1.58 0.424 36.4 0472 C Is
3728.149 371663 14555 | 5 1.41 0411 25.2 0312 C Is
3729.50 374575 w0i3e | 31 5 1.33 0.461 17.0 0141 C Is
[3747.6} 374799 WSS L 7 T G.i7% 0.0366 3.16 —-0.59 C Is
[3742.0} 373663 1379 1 51 5 0241 0.051 3.16 -0.59 C Is
[3761.2) | 274799 W39 | 7| 5 0.0072 | 0.00108 0094 | —21204 C Is
12 RH AR [ 3210.2 374709 405851 115 15 0.66 0.102 16.2 0.186| C ca
3D
3215.97 371799 105883 | 7 7 .58 0.091 6.7 —-0.198] C Is
3207.12 374663 4638341 5| 5 0.460 0.071 374 —0.451 C Is
3200.95 374575 405805 | 31| 3 0.:%9 0.077 2.42 - 0.6 < Is
[3221.2] 374799 058341 71 5 0.102 0.0113 0.84 —1102) C I
13210.2) 371663 105805 | 51 3 0.165 0.0153 0.81 ~1.117| C Is
|3202.2] 374663 105883 | 51 7 0.07-+ 0.0159 0.84 -1.099| C s
[3198.2) | 374575 10583t 1 3| 5 0.10¢ 0.0256 .81 -1.115] C Is
13 SN0 -5 414529 376068 398519 ) 5|15 l 0.490 0.437 320 0340 C ca
(33)
4161.56 376668 398474 | 5| T 0.186 0.203 149 0.007| C Is
$147.82 376068 398541 3 5 S 0.492 0.116 10.7 —0.137} C is
1440.1 376068 398583 | 5 3 0.195 0.088 6.4 —-0.358] C Is
41 APe—iyy 36439 378116 L03851 1 9 15 1.39 0.461 49.8 0.62 C ca
35
3638.70 378409 105883 ¢ 51 T 1.40 (.388 2.2 u.288 | C Is
3616.84 378421 105834 | 3| S5 1.04 0.345 12.4 0.015| C Is
3633.00 378438 105805 § 1| 3 0.77 0.460 2.0 -0337!1 C Is
3615.20 378109 105834 § 51 5 0.347 0.069 115 -0.462| C Is
3650.70 378421 105805 | 3| 3 0.58 0.115 115 —0.462] C Is
3649.20 | 378109 405805 § 5] 3 0.0384 0.00160 0.276 —1.64 C Is
15 | 2p3d— 3Pe =38 2601.6 320525 367952 | 9| 3 1.73 0.059 4.52 —-0.27 C 3. ca
2pt21°Mp | (20 uv)
| 2597.69 | 320468 367952 | 5 3 0.97 0.059 2.5: —0.53 C Is
200541 | 329582 367932 [ 31 3 0.58 0.059 1.5, —-0.75 C Is
12609.6] 326643 367952 | 11 3 0.190 0.058 0.50 -1.235| C Is
16 W=D | 2538.06 | 331820 370901 1 715 1.16 0.081 1.79 -0215] C 3. ra
(21 uv)
17 | 2pdp— IS—pe 3279.97 373046 303526 | 1 3 0.241 0.117 1.26 —-093 C 3, ca
2pPe5dl (29)
101
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Forbidden Transitions

The adopted values represent, as in the case of C1, the work of Garstang {1} Naqvi {2]. and

Yamanouchi and Horie [3], wlio have independently done essentially the same caleulations and
For the selection of values, the same considerations as for C1

arrived at very similar results.
have been applied.
tains 4 numerical error and is not v-ed).

References

(1} Garstang, R. H., Monthly Notices Roy. Astron. Soc. 111, 115-124 (1951,
[2] Naqvi, A. M., Thesis Harvard (1951).
(3] Yamanouchi, T., and Horie, H., J. Phys. Soc. Japan 7, 52-56 (1952).

Oon.

Forbiddenr: Transitions

(Yamancuchi and Horie's result for the 3P, —'D. transition apparently con-

. l Type of Accu-
No.| Transition [ Multiplet AiA) Eiem™Y | Edemi ")y | & | g | Transi- | Agdsec™) Stat.e 120y | Source
Array tion
1 | 2p2— 2p? AP —3p )

[51.69 % 107 113.4 30681 31 5 m 9.75 X 10~ 2.50 B 1.2.3
[51.69 % 107] 113.4 3068 3 S ¢ 7.8x10-12 0.086 C 1
[32.59 % 107] 0 3068y 11 5 ¢ 3.5G6x10-1 0.383 C 1
[88.16 x 107 0 1134} 1} 3 m 2.62x10-" 2.00 B 1,23

2 P—1iD

| Ik

5006.84 306.8 20271 20O m 9.0210 128 X 19+ C 1.2, 3
5006.84 306.8 20271 5 ¢ 41 x10-° 3.8x 10+ D 1
1958.91 113.1 20271 31 5 m 0.0071 1.61 X 104 C 1,2
1958.91 113.4 20271 315 ¢ 6.2x 10" 5.5X 10~ D |
1931.8 0 20271 1i 5 ¢ 1.9x10 % 1.7x 107 D 1

3 3[)._ IS
(2321.6] 3068 431835 5| 1| ¢ |7.0x10° 29x10 | D 1
[2321.1] 113.4 " 431835 | 3| 1 m 0.230 1.07 x 10 C 1.3

4 p—1s

2

i 1363.21 L 20278 Ba83a ] 5] 11 e 1.60 1.51 C 1
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Giv
Ground State Is? 's2 2 *P7,
lonization Potential 77.361 ¢eV=624396.5 cm™!
Allowed Transitions

List of tabulated lines:

T
Wavelength [A] | No. Wavelength [ 4] ! No. !‘ W avelength 4] No.
? — ‘ f ‘
238.361 |6 3216.31 S F R 3774.38 L3
238.573 6 3318.08 L9 3930.63 I ¥
238.58 6 | 3319.11 L 3942.14 17
279.633 5 3351.31 |15 3915.29 S
279.937 5 | 3362.63 L. 3956.82 17
| i ]
533.32: 3 3375.50 A E R 3974.66 17
551.071 i3 3378.09 9 3977.10 17
554,511 C3 | 338128 s 3995.17 17
555.262 3 3381.33 8 1568 21
608.59% e ey 3385.55 8 | 1652.5 20
60¢.829 2 3390.37 ! 8 1685.4 20
624.617 . 3396.83 L8 4772.57 16
625.130 . 3103.58 Iz 1779.09 16
625.832 [ s | 3405.97 8 4763.43 16
787.710 1 5 3409.75 o8 1794.22 16
790.103 [ 3411.76 L2 1798.25 16
790.203 {1 |3 3413.71 o2 1800.77 16
2191.8 0 3425.57 I8 1813.07 16
2511.4 1 3189.84 | 1 1823.93 16
3063.46 | 1 3192.2 I 5290.1 18
t |
3071.66 i 7 | 3492.24 N b} 5305.3 18
3177.8¢ [ I 3560.42 19 5362.4 18
3180.72 14 3563.36 19 5378.3 18
3180.98 14 3393.1 19
2185.72 IR E! ! 3725.81 ’ 13
|
3188.17 e !‘ 3729.03 [ 13
2188.65 T j 3736.78 L3
319475 S K1 3TH.73 13
3199.53 ¥ , 3755.82 13
3200.64 |14 | 3758.45 L 13

Values for the 25?2p — 252p? transitions are taken from the calculations of Bolotin and Yutsis [1]
who employ analytical one-electron wave functions and include configuration interaction with a
relatively erude approximation. For these as well as the 2s2p2 — 2p* and 2p — 3s transitions large
uncertainties must be expected beeause they are very sensitive to the effects of configuration
interaction.

For several ocher transitions Kelly's self-consistent field calculations [2, 3] (which include
exchange effects) are available. In the case of the highly excited lines, they agree within a few
pereent with the resnlts of the Coulomb approximation and the averaged values are adopted.

References

(1] Bolotin, A. B., and Yuisis, A. P.. Zhur. Ekspil. i Teotel. Fiz. 24, 537-543 (1953). (Translaled in “Uptival Transition
Probalulities,” Oftice of Teehnical Serviees, VLS. Department of Commerce, Washinglon, D.C.)

(2] Kelly P, S, Astzopbys. 1. 140, 1247-1268 (i964).

(3] Kelly, P. S.. J. Quant. Spectrose. Radist. Transfer 4, 117-148 (1964).
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0O1v. Allowed Transitions

e — - ; I
Nod Transition: Multiplet AA) Egfem Y | Edem Y| g | gl AsslO” [ Stat.u.) log g | Accu ! Sauree
Array e ) racy
1 {2s22p— pe—12p 89.36 257.7 (26942 1 6 |10 9.5 0.15 2.3 -0.05 E 1
25'S12p* | (1 uv)
790.203 386.3 126936 |4 | 6 9.0 0.13 1.4 -0.27 E Is
787.710 0.0 126950 | 2 | 4 8.0 015 0.77 —40.53 E Is
790.163 386.5 126950 | 4 1 1.5 0.01% 0.15 -1.2% E Is
2 po—25 | 609.35 200 L ewser {o | 2 | 5t 0.10 12 1 -0 | g I
(2 uv)
609.829 386.5 161367 | 412 26 0.10 0.80 —-0.40 E Is
608.395 0.0 161367 | 2 | 2 18 0.10 0.0 —0.70 E Is
3 pe—2p 33437 T 180041 16 | 6 83 0.38 1.2 0.36 [ ) |
3 uv) | |
531514 | 386.5 180725 | 4 1 68 0.31 2.3 0.10 E : s
554074 0.0 180181 202 %) 0.25 0.93 —.29 E Is
390.262 386.5 180481 312 28 0.064 0.47 —0.59 E Is
0,328 0.0 « 180725 : 2 } 14 0.13 0.47 —-0.29 E ls
1 [2s2p2 = [P—18° | p25.4i | Frsro) | g2szmsy iz | | w2 0.14 3.5 023 | F 2
6 uzv)
625.852 | [71493] [231275) 16 1 4 | 37 0.15 1.8 —0.06 F Is
625.130 | [71308] | [231275) | 4 | 4 | 25 0.15 1.2 —0.23 | F s
624.617 TiTT] {231275) | 2 | 4 12 0.14 0.58 —0.55 3 s
5 12p—('%)3s (2P°—28 279.83 A 357615 [ 6 | 2 1130 0.050 0.28 —.52 E 2
(4 uvi
279.937 386.5 357615 [ 2 85 0.050 0.19 —-0.70 E Is
279.633 0.0 357615 | 2 2 43 0.050 0.092 —1.00 E Is
i
6 |2p—('S)3d |*P°—-2D 238.50 2537.7 419548 | 6 {10 | 330 | 0.50 2.4 0.18 D— 2
{5 uv)
238.573 386.5 119350 | 4| 6 {3350 0.5 1.4 0.26 D— Is
238.361 0.0 419334 | 2 113 0.50 0.79 0.00 D-— Is
{238.58] 386.5 31953 414 29 0.050 0.16 —0.70 D- Is
T 13s—08)3p -7 3066.2 337615 390219 + 216 1.18 0.62 12.6 0.09¢ | C 3, ca
(N i
3063.16 357615 390248 1214+ 148 0.116 8.4 —0.079 | C Is
3071.66 357615 390161 2 1l 2 1.47 0.208 1.20 —.382 | C Is
8 (2s2p3s—  |P°—D | 33743 L[438098] | [468325] 12 120 | 1.07 0.303 0.4 036 | C ca
1 25(3P12p3p (3)
3385.55 | [1438585] [468109{ | 5 | 8 1.06 0.242 16.2 0.162 C {x
3381.28 | [438724] {168290{ | 4 | 6 0.7 0.191 8.5 -0.117 C Is
3381.33 | [438971] [468154] | 2 ) 0.442 0.151 3.37 —0.52 C Is
3100.75 | [438589] | [468290] 6 | 6 | 0310 | 0.05% 36t | —0489 | ¢ e
3396.83 | [438724] | (468154 | + | 4 | 036 0.096 £31 | —0414 | ¢ E
3300.37 |[438971] | [468075] | 2 | 2| 088 | 0.151 337 | —052 | ¢ Is
3425.57 | [438589] [468151] | 6 | 4 0.051 0.0060 0404 | — 1446 | C Is
3105.97 | [438724] | 468075 |4 2 | 0.172 | 0.0119 067 | —1.224 | ¢ Is
9 zpe - 2]y 335307 432985 182821 6 |10 1.23 0.316 22.9 0.317 ( ca
4
3319.11 153073 182923 bl h 1.23 0.311 13.7 0.094 C Is
3318.08 152808 182668 | g } 1.03 0.345 7.6 —-0.162 C 5
3378.09 453073 182668 1) } 0.201 0.034+4 1.53 —(0.86 C Is
10 P —28 25058 152985 192880 16 | 2 3.01 0.095 1.7 —0.243 C ca
()
{23114 455073 492880 {4+ | Z 2.01 0.095 3.15 —0.420 C Is
{2191.8] 152808 192880 (2] 2 1.02 0.096 1.57 —-072 C. Is
11 {2:2p3s" — zpe—12]) 34909 28688 520 16 (10 0.99 0.301 20.8 0.257 C ca
Zs2p'P3p’ | tlh
3149.81 518690 347336 116 0.99 0.272 12.5 0.037 C s
A192.24 218681 347311 21 4 0.82 0..300 6.9 —0.222 C Is
[31492.2] 518681 547311 4+ 4 0.165 0.0302 1.39 —0.92 C Is
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\o.

13

14

17

Tran<sition | Multuplet
Array

3p—0S)3d  Pe—1D

12)

Is2pip— D —

2s2p3P3dl (6

4[) = :D°

(i)

ap —ape
(10)

2[) — 2[)°
(n

AlA)

3409.1

341.76
3403.58
31413.71

37334

3736.78
3729.03
3172581
3725.81
3758.45
37H1.73
3736.73
3774.38
3755.82

31974

3209.64
3194.75
3185.72
3180.72
3216.31
3199.53
3188.65
3188.17
3180.98
3177.80

3367.6

3375.50
3362.63
3354.31

$792.5

4798.25
4783.43
4772.57
4813.07
4794.22
4779.09
4823.93
4800.77

39714

3995.17
3956.82
3930.63
3977.10
3945.29
3974.66
3942.14

53139.5

5362.4
5305.3

[5378.3]
[5290.1]

T

O 1IV. Allowed Transitions —Continued

. —
Elem Y T Edem Y| g,
— =
390219 419544 | 6
390218 419550 | 4
390161 119534 | 2
390218 419534 | 4
[468323) | [495103] |20
[468499] [495253] | 8
[468290] [495009] | 6
[168154] [494986] | 4
(1468075 {494908] | 2
[468499] [495099] | 8
[468290] [494986] | 6
[463154] [494908] | 4
[168075] [494986] | 8
[168290] {494908] | 6
(4683250 | [499391] |20
[468499] [499647] | 8
468290 | [499582] | 6
168154] [499535] | 4
[468075] [{499506] | 2
[468499] 1499582] | §
1468290) 1499535] | 6
168154} [499500] | 4
[468290] 1499647] | 6
468154] [499582] | 4
468075 [499535] | 2
{474218] [503904] | 4
(474218 [503835] | 4
[474218 [503948] | 4
[474218 1504022] | 4
[478731]) 499591] (12
478811 [499647] | 6
478682 [499582] | 4
478588 1499535} | 2
478811 [499582] | 6
478682 [499535] | 4
[478588 [499506] | 2
178811] [499525] | 6
478682] 1499506] | 4
[478731] [503904] |12
[478811] {503835] | 6
[478682] [503948] | 4
[478588] (5040221 | 2
[478811] [503948] | 6
[478682] [504022] | 4
[478682] [503835] | 4
478588 1503948] | 2
48282i 501544 110
182923 301566 | 6
482668 501511 | 4
482923 501511 | 6
482668 501566 | 4

T
X e

L= S =l i e e Sl

2

= RO N RN =D <

—
N M N

[ \~]
BN ENES o NERNARRRD S

—
<

N = O

Axt 107

sec )

LIS
1.i5
0.95
0.191

0.80

0.80
0.69
0.61
0.57
0.112
0.194
0.224
0.0075
0.0158

0.338

0.286
0.194
0.136
0.173
0.063
0.118
0.172
0.6485
0.080
0.087

0.69

0.68
0.69
0.69

0.303

0.303
0.213
0.128
0.090
0.161
0.254
0.0148
0.050

0314

0.215
0.0425
0.053
0.140
0.266
0.094
0.133

0.075
0.069

6.069
0.0074

0.0052

0.334

0.300
0.335
0.0334

0.235

0.209
0.193
0.190
0.236
0.0237
0.0407
0.0469
0.00121
0.00222

9.052

0.0442
0.0296
0.0207
0.0263
0.0073
0.0120
0.0131
0.0098
0.0181
0.0263

0.350

0.175
0.117
0.058

0.174

0.139
0.110
0.087
0.0311
0.056
0.087
0.00345
0.0687

0.074

0.051

0.0100
0.0124
0.0221
0.0310
0.0332
0.062

0.0319

0.0299
0.0291
0.00213
0.00324

Siat.u.) log gf | Accu- | Souree
racy

22.5 0.302 | C 3, ca
13.5 0.080 | C Is
7.5 -0174 | C Is
150 8 —-0.87 C Is
58 0.67 C ca
20.6 2.224 | C Is
14.2 0.063 C Is
9.3 -0.120 | C Is
5.8 —-0.325 | C Is
2.35 —-0.72 C Is
3.01 —0.61 C Is
2.31 -0.73 C Is
0.120 —-2.015 (® Is
0.165 | —1.87 C Is
10.9 0.015 C ca
3.74 —0.431 C Is
1.87 -0.75 C Is
0.87 —1.081 C Is
0.55 -1.280 | C Is
0.62 —1.232 C Is
0.76 -1.142 | C Is
0.55 —1.281 C Is
0.62 -1.229 C Is
N —-1.139 C Is
0.55 -1279 | C Is
15.5 0146 | C ca
7.8 —0.154 | C Is
5.2 -0.328 | C Is
2.58 —0.63 C Is
329 0.320 C ca
13.2 —-0.078 C Is
6.9 —0.358 C Is
2.74 —-0.76 C Is
2.96 -0.73 C Is
3.51 —0.65 C Is
2.74 —-0.76 C Is
0329 | —1.68 C s
0.55 —1.46 C Is
11.6 -9.050 | C ca
4.06 —0.51 C Is
0.52 —-1.399 | C Is
0.322 | —1.61 C Is
174 -0.88 C Is
.61 —4.91 C ls
1.74 —0.88 C Is
1.61 -0.91] C Is
5.6 —-0497 | C ca
3.16 —-0.75 C Is
2.03 -0.93 C Is
0.226 —1.89 C Is
0.226 | —1.89 C Is
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O 1v. Allowed Transitions —Continued

f | = — 7 T T T yr— ' T - — i T
Nool Transion | Multipler IYRY Exem ! Edem Yy g g Agtlor f © Stalu) log gf  Aceu- | Source
ATTay ; e N racy
LD PSIo oyt e I s Mot et et M
19 } MDA | 3563.0 | 4828210 510879 | i0 | 14 ! 115 0.306 359 01486, C | ca
| (12) i |
- 3563.36 12923 0 510979 6 8 115 0.291 20.5 0242 C s
3560.42 182668 510746 3 6 1.8 0.307 144 0.089 l C s
(3593.1] 482923 SlI0746 . 6 6 0.975 0.0145 1.03 —-19060, C Is
20 2§ —z2p° 40744 192880 314267 2 6 0.297 $.202 9.0 —0234 C ca
13 |
(4685.4] . 492880 542170 2 4 0295 0194 60 -0411 C Is
[4652.5] 492880 5143681 2 2 0.301 0.098 2.99 -0.71 i C Is
21 |5f—('5)6d L ) 1568 532490 | [574375] 1+ 10 0.124 0.0278 5.9 —0.410 C ca
| | a» ! ; ; : ; |
Forbidden Transitions
Nagvi's calculation [1] of the one possible transition in the ground state configuration 2p is
the only available source. The line strength should be quite accurate, since it does not sensi-
tively depend on the choice of the interaction parameters.
Reference
[1] Naqvi. A. M., Thesis Harvard (1951,
O 1v. Forbidden Transitions
T ] B l T | T | =
i ‘ :
{ | Type of : I |
Nn.l Transition Multiplet A(A) Eicm ™Y  Exem V) | g g | Transi- Agitsec™ ) Statu) } Aceu- | Source
I Array tion racy '
-— _+-_ —_-—+. ———— - — —
l
1 2p—2p Zpe—2pe
]

| [25.87 x 107] 0 386.5 | 2 4 m I 2. 18 x 10+ 1.33 B
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Cround State

lonization Potential

Ov

Allowed Transitions

List of tabulated lines:

152 252 15,

113.873 eV =918792 cin!

T T
i t
Wavelength [A] No. Wavelength [A) No. | Wavelength [A] N
172.168 2 3230 18 | 5114 10
192.751 8 3239 12 I 5343 21
192.80 8 3245 18 , 5352 21
192.800 8 3219 18 I 5376 21
192.906 8 3264 18 5417 21
192.91 8 3275.67 12 § 5432 21
192.92 8 3298 18 1 5473 21
215.034 6 3692 17 il 5573 15
215.104 6 3701 17 i 5582 15
215.245 6 3703 17 ’ 5584 15
220.352 9 3717 7 l 5600 15
248.459 7 3726 17 g 5606 15
629.732 1 3747 17 , 5608 15
758.677 3 3702 17 - 6329 22
759,440 I 1120 | 6767 20
760.229 3 4121.7 19 | 6790 20
760.445 2 4123 11 i 6819 20
761.131 3 4123.90 11 ( 6830 20
762.001 3 41359 19 , 6878 20
774.522 5 4151 11 ‘ 6909 20
x 7428 24
1371.26 1 4 4158.76 19 ,
3058.68 13 4179 11 i
3144.68 14 4211 11 |
3222 12 4522 23
3222 , 18 i 4554.28 16

Values for the 2s52—2s2p and 2s2p— 2p?® transition arrays are taken from the self-consistent
field calculations of Weiss [1].  These calculations do not include the important effects of con-
figuration interaction; nhence large uncertainties must be expected. The average of the dipole
length and velocity approximations is adopted {1]. Accuracies within 50 percent are indicated
by the following comparison: Weiss [1] has undertaken refined calculations, including configuration
interaction, for the same transitions in Be I—the first member of this isoelectronic sequence —in
addition to calculations of the type done for this ion. [In all cases the agrcement with the average
of the dipole length and velocity approximations is close.

For the remaining low-lying transitions Kelly’s approximate Hartree-Fock calculations [2]
are adopted, while for the moderately cxcited transitions Kelly’s values are averaged with the
Coulomb approximation, with which they agree quite well.

References

[1] Weiss, A, W, private communication (1964).
[2] Kelly, P. S, J. Quant. Spectrose. Radiat. Transfer 4, 117-148 (1964).
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No,

(8]

6

108

Transttion
Array I

25t —
25(28)2p

252 —
25(25)3p

252p — 2p?

2s2p —
25428)3s

2s2p —
25(29)3d

2s3s —
25(28)3p

2p3s —
2pitl3p

=a_—= e =

L

2s3p —
2s428)3d

===

Multiplet

IS_IPO
(1 uv)

IS_ I}W
(2 uv}

ipe—s3p
(3 uv)

pPe—1n

(7 uv)

1pe—1s
(8 uv)

3po_ s
-} uv)

pPP=18
(9 uv)

'.lp° --3D

{> uv)

P°~1D
(10 uv)

1§ — 1p°
(1)

.'spo_:lD

:|[)°__ N
(53

e —1D)
(&)

)
(2}

760.36

760.415
760.229
762.001
761.131
758.677
759.4490

1371.29

215.245
215.104
215.054

248.459

192.85

192.906
192.800
192.751

(192.91

[192.80]

(192.92]

220.352

5114

364

4123.50
4120
4123
4179
4151
1211

32575
3275.67
3239
3222
3058.68

J1HL.68

Ov.
Fiem M jEaem
0 158798
0 SR0826
(824131 | [213929]
(82564] | [214066]
(82238] | [213797]
(83564] | [213797]
(82258] | [213642]
(82258] | [214066]
(82121] | 1213797}
158798 231722
158798 287999
[82413] | [547150]
[82564] | [5347150]
(82258] | [>347150}
{82121} | [547150]
158798 561278
(82113] | [600913]
(82564} | [600956]
(82258 | [600436]
{82121] | [600926]
(82564] | [600926]
(82258] | [600926]
(82564] | [600926]
158798 412617
347150 580826
(6534353 | [677639]
[653605] | [677847)
[633262) | 1677532]
[653100]) | [677333|
(65367 .. | [pT7532]
[653262) | {677333]
(633605 | [677333]
[653435] | [684124]
[653605] | [684124]
[653262] | [684121]
[653100] | [684124]
664186 697170
580826 612617

T
|
&

<

— W U e W

o e w

1w Ve W = —_— R U
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oS
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WU W N
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Allowed Transitions

A see )

30

150
!

0.253

0.483
0.187

0.270
0.117
0.198
0.0127

—
fais}
—

eeL
—_—w N
— s J1

f= iS4

1.30

1.05

0.18

0.14
0.045
0.045
0.060
G075
0.18

.12

0.062

0.0488

0.0188
0.0490
0.0489

0.042}

0.61

0.53
0.1478
0.6
6.095

0159

0.0064

0.56

0.298

0.20¢

0.174
0.155

Niatui |

0.3

-
g ~

T
g
w
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¥

0.48

0.311
0.173
0.104
0.0316
0.104

— (3]
N

8.02

!.’ug g,

—0.28
—=0.23

0.21

—=0.17
- 0.87
- 0.65
-~0.75
—0.65
—-0.74

—10.03

—0.73

—0.358

| —0.61

—=0.83
—1.311

—0.90

0.76

0.425
0.157
—0.197
—0.321
—0.32]
—1.498

0.222

—0.526

0.268

—0.061
—0.333
—0.69
—0.82
—0.81
-1.99

—0.3i8
—0.57
—=0.79
—1.268

-0.039

=0.111

Aveu-
r4ey

D
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D

(e Tollartopiaplay
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Souree
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Is
Is
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Is
Is
Is
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Is
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Is
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19

20

2]

22

23

21

Tran~ition
Array

2p3p—
2p(*P°)3d

2s4s —
25(2S)4p

Multiplet

ll)_lDQ
(7

4 —sDe

@

JD_KPo
(9

3S_3p°
(11)

P —3p°
(12)

3P = :iP°
13

1D —1p°
(14)

1D —1p°
(15)

JiS — 3P°
a7

AAY

3159%0.0

600
5582
3373
5606
5584
5608

4554.28

37205

3747
3717
3701
3762
3726
3703
3692

3268.4

3298
3249
3222
3264
3230
3245

11479

4158.76
41359
4121.7

6816.6

6830
6790

£
Ui

6878
6815
0909
5423.6
3173
5376
5432
5352
5417
5343

6329

4522

7438

Ov.

Fiem Y

[583059)

[583097]
[383020]
[582984)
[583097)
[583020]
[583097)

672965

[667639)

[677847]
[677532)
[677333)
1677847)
[677532]
[677532)
[677333]

[677639)

[677847]
[677532]
[677333]
[677532]
[677333]
(677333]

[684124]
[684124]

[684124]
[684124]

(689793]

[689890)
(689700
[689890]
[689700]
[689700]
[689586)

697170

697170

[722666)

Fuem N
(600923
[600956]

[600936] |

[600926]
[600936]
[600926]
(600926

691646

[704459]

[64527)
(704424
(704360
(704424
(704360
(704527
(704424

{708226]

[708154
(708296
[708379]
(708154
(708296
{708379!

[708226]

[708154]
[708296]
{708379]

[704459)

(704527
(704424
{ 704360
(704424
(704360
(704360

[708226]

(708154
(708296
(708296
(708379
[708154
(708296

112967

719277

(736107}
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410" sec Y

0.155

0.136
0.109
0.119
0.0235
0.0388
0.0176
0.0239

0.0264

0.0216
0.0201
0.0276
0.00397
0.0068
2.70x 10

Allowed Transitions —Continued

S

0.138

0.115
0.103
0.138
0.0206
0.0315
0.00138

0121

0.0323

0.0286
0.0226
0.0244
0.00356
0.00184
0.0051
0.0081

0.00254

0.00251
0.00191
0.00143
6.3x10¢
0.00107
7.1x10°3

0.200

0.111
0.067
0.0224

0.088

0.073
0.066
0.088
0.0130
0.0218
8.6 x10-*

0.384
0.285
0.637
0.096
0.130
0.160
0.390

0.114

0.00203

0.715

S —

Stat.u.)

0.297
0.309
0.297

0.410

0.191
0.102
0.0455
0.0341
0.0341
0.00228

8.2

4.56
2.73
0.91

17.7
8.3
4.42
1.97
1.47

lop &f

0.093

—0.240
—0.508
—0.861
—0.987
—0.986
—2.163
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Forbidden Transitions

Naqgvi's calculations [1] are the oniy available source.  The results for the *P°—3P° transi-
tions are essentially independent of the chaice of the interaction parameters.  For the e —ape
transitions, Naqvi has used empirical term intervals, i.e., the effeets af canfiguration interaction
should be partially included.

Reference

[1]1 Nagvi. A. M., Thesis Harvard (1951).

OV. Forbidden Transitions

| | P Y P AT P
No.: Transition Multiplet MY Exem ™Y Edem™) | &i | g Type of Axitsee™h) Stat.ua) 'Accuracy Source
Array ; | | , J Transition
= *, —r A e RS
| .
I l2s2p— | wpe—ape |
25(512p | 7313100 | (82121.2)] [82257.9] 1| 3 m LOOX 105 [2.00 B
| (3265 107 | [82257.9]! [82564.1} 3| 5| m 387X 101 |2.50 B
2 [ ape —1pe ; ' !
(13042] | [82121.2] 158798 103 m 0.064 L5TX10 % ¢
(1306.5] (822579] 158798 | 3 3 m 16.9 Qo0
l31i8] | [856nl] 158798 5 3 m 0.078 L9x10 % ¢
vl
Ground State 15225 28, 2
fonization Patential 138.080 eV =1113999.5cm !
Allowed Transitions
List of tabulated lines:
: = ' — ; — e ——— e
Wavelength [A] No. Wavelength [A] No. Wavelength [Af | No.
129.786 . 1031.95 1 4751 o
129.87 5 1037.03 | 5112 l 16
129.872 5 3068 8 3279 I 18
156).088 2 3314 I( 5298 19
150.124 2 3126 12 540 17
172.935 4 3138 13 5602 15
173.082 1 3509 11 1174 7
173.09 1 3622 9 11892 i
183.937 3 3811.35 6 ‘ 11961 i
184117 3 3831.21 L 6 i

The values taken from Weiss' caleulations [1] are estinated to be acenrate to within 109 he-
cause of the very close agreement between his dipole length and dipole veloeity approximations.
The values calculated with the length approximation are adopted.  The Coulomb approximation
should be quite reliable for the highly exeited transitions and is given perference over Kelly's
approxinate Hartree-Foek ealeulations 2], with whieh it sometimes disagrees.

References

[1)] Weins, A, W, Astrophys. J. 138, 1262-1276 (1963).
(2] Kelly, P. 8., ). Quant. Spectrose, Radial. Transfer 4, T17-148 (1964).

110




Na.

134

Wt

10

11

15

Transition
Array

2s—2p

2s—3p

2p—3s

2p—3d

2p—4d

3s—3p

3p—3d

6s—7p

6p—Ts

6d—1Tp

6d—7f

6—1d

7s—8p

7p —8s

766- 635 O-66

Mulriplet

28 — 2o
t] uv)

2§ — 2p°
(2 uv)

2])0_ 25

(3 uvy

Ppe—2p
(1 uv)

2P°_'.'

(5 uv)

28 - '.’P°
(h

2pe —2p)

2§ —2p?
(2)
2pe — ¢S,
3)

2pe— 2D
)

2[) = 2P‘°
(5)

2” — an
16)

2o —2

(7

2§ — 2p°
(10)

2p°— 2§
(an

9

ALAY

1033.8

1031.95
1037.63

150.10

150.088
150.124

184.06

184.117
183.937
173.03
173.082
172.935
[173.09)
129.84
129.872
129.786
[129.87]
1818.9

3811.35
3834.24

11847

[11892]
[11744]

[11964]
3068
3622
3314
3509
3426
3438

4751

5602

&

o N N

[N

o

- DD =} NN N N =} N =g

N

10

10

14

OovL
Foem Y [ Exem Y
0.0 96730
0.0 96908
.9 96375
0.0 | 666218
0.0 | 666270
0.0 | 666113
96730 610040
96908 630040
96375 610040
9730 674657
96908 674677
96375 671626
96908 674626
96730 866893
96908 866902
96375 866880
96908 866880
610040 666218
640010 666270
640010 666113
666218 674657
666270 674677
666113 674626
666270 674626
1000080 1032630
1003130 1030780
1003130 1033324
1004178 1032630
1004178 (1033382
11004265] | 1033324
1030780 1051724
1032630 | {1650543)

e —

I3

- - N

N

1

(==l

=} - N

10

14

10

[\

Allowed Transitions

A 108

aee 1
| S )

1.08

4.09
1.02

259

259
259

170

113
56.7

0.510

0.513
0.503

0.0137
0.0136

0.0118
0.00223
0.874

2. 72
2.02
0.860
3.34

0.237

0.423

1.38

e

S

-—_— e ¢

0.196

0.131
0.0648

| 0.262

0.175
0.0874

0.0287

0.0287
0.0287

0.662
0.597
0.661
0.0662
0.121
0.108
0.121
0.0120
0.335

0.224
0.111

0.0481
0.0433

0.0488
0.00478
0.370
0.178
0.554
0.0952
0.824

0.0426

0.429

0.216

Stat.u. log g [Accu- | Source
racy
1.33 —0.407 A 1
0.387 —0.583 A Is
0.413 —0.887 A Is
0.259 —0.28i B+ 1
¢.173 —0.456 B+ Is
0.0861 | —0.757 B~ s
0.104 —0.764 { B+ 1
0.093 —-0939 | B+ Is
0.0347 | —1.241 B+ Is
2.26 0.599 B+ |
1.3€ 0378 | B+ Is
0.753 0.121 B+ Is
0.151 —0.577 B+ Is
0.310 —-0.139 B ca
0.185 —0.36% B Is
0.103 —0.618 B Is
0.0206 | —1.317 B Is
8.4] —0.175 B |
5.61 —0.350 B Is
2.80 —0.654 B Is
11.3 —0.540 B 1
6.78 —1.762 B Is
3.77 —1.011 B Is
0.753 -1.719 B Is
7.47 --0.131 B ca
BT 0.029 B ca
36.3 0.522 B ca
11.0 —0.021 B ca
92.9 0.916 B ca
6.75 —0.225 B ca
134 —0.067 B ca
23.9 0.113 B ca
111




O VL. Allowed Transttions —Continued

————————————— —_— W e el
No.i Transition| Multiplel IYEY) Eiem™ | Extem | g | & | ActlOP I Stal.u.) leg g | Accu: | Source
Array see ) racy
16 |Tp—8d pe—~:p 5112 1032630 1652296 | 6110 0.923 0.603 60.9 0.559 B ca
{12}
17 17d--8p P—2p* 15410 1033324 1051724 |10 | 6 0.491 0.129 23.0 0.ill B ca
(13
18 |7d—8f P-:2 5279 1033324 [1052280] [ 10 | 14 1.64 0.960 167 0.982 B ca
(14)
19 |7f—8d -2 5298 [1033382) 1052296 | 141 10 0.235 9.0766 18.7 0.030 B 2
(15)
Ovu
Ground Stiate 152 15,
lonization Potential 739.114 eV =5963000 cm !
Allowed Transitions
The results of extensive non-relativistic variational calculations by Weiss [1] are used.  Values
have been calculated in both the dipole length arnd dipole velocity approximations and agree to
within 1 percent, except for the 3p 'P°—3d'D transition where agreement is not as good. The
average of the two approximations is adopted [1].
Reference
1] Weiss, A. W., private communication (1964).
O vil. Aliowed Transitions
No.| Transition | Multiplet MA)Y Eiem™) (Edem™) (g | gel Au10sce ) | fis Stat. ua | log gf | Accu- | Source
Array racy
1 11— 1s2p 1S—1p° [21.602) 0] 4629200 | 1| 31| 33000 0.694 0.0494 —0.158 | A 1
2 [ 12— 1s3p ] [18.627] 0 1 5368550 | 1| 3| 9370 0.146 0.00897 [—-0.835| A 1
30 1s2s—1s2p | 'S—'1P° [2475.4] [4586814] 1 4629200 | 1, 3| 0.2%6 0.0679 0.553 —L168 | A 1
4 1s2s—1s3p | 18— {128.25] (4588814] | 5368550 | 1{ 3] 504 0.373 0.158 =0.428 1 A 1
5 1s2p—1s3d | 'V~ 'D 1135.77] 1629200 | [5365734]) | 3| 5| 1530 0.705 0.945 0.325 1 A 1
6| 1s3d—1s3p | 'D--11° [ [33500)? [5365734] | 3368550 | 51 3| 6.99x10-* 10.00792 | 4.62 1402 | C+ 1
7 1s2s— 1s2p | 38 =3P 11630.3] 4525270 | [£580610]) ) 3| 9} 0.794 0.0949 1.53 --0.546 | A 1
81 1s2s—1s3p | 38 —2P° [120.33] 4525270 | 5356300 | 3| 9 533 0.347 0.413 0018 A 1
04 1s2p—1s3d | *1°—=*D [128.46) [4586610] 1 5365070 | 9 15] 1620 0.666 2.54 0.778 | A 1
10 | 1s3p— 1s3d { 173D }[11399)? 5356300 | 3365070 1 9|15} 0.0113 0.0367 (12.4 ~0.481 | A 1
{
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FLUORINE

FL

Ground State 15225225 2P3;,

lonization Potential

17.418 eV = 140524.5 cm™!

Allowed Transitions
List of tabulated lines:

Wavelength [A] N, Wavelength [A) No. Wavelength {A] No.
6234.61 3 6409.82 2 7489.14 5
6318.50 3 6966.35 6 7514.93 I
6313.60 3 7037.45 6 7552.24 }
£708.2% 2 7127.88 6 7573.41 1
6773.97 2 7202.37 6 7607.17 1
6795.52 2 7311.02 > 7754.70 4
6834.26 2 7331.95 1 7800.22 4
6856.02 2 7398.608 1
6870.22 2 7425.64 1
690246 2 7482.72 1

Since there are no numerical data available for this spectrum, values for the prominent lines

have been calculated from the Coulomb approximation by Bates and Damgaard. This method is
expected to give fairly reliable results as judged from other atomic systems of similar complexity.
where comparison data have been available.

N,

[

F1. Allowed Transitions
Transition Multi- AMA) Eﬁ,(vm H O Estem D) g | ge | Arid 10¥ Six Siat.u.) log g8 | Accu- | Source
Array plet ' see ! racy
2p83s — P 1903 10257 115918 | 12 12 0.35 0.29 86 0.54 D cd
203P)3p (1
7398.68 102107 1159191 61 6 0.25 0.21 30 0.09 D ls
7182.72 102681 116042 | 41 4 0.047 0.039 3.9 --0.81 1)) ls
7513493 1026841 1Molid | 2 2 (4 ¢H8 0.049 2.4 -1.01 D ls
7331.95 102407 160121 61 4 037 (1089 13 —0.27 D ls
7125.61 102681 116144 | 4 2 0.30 6.12 12 —-0.31 D ls
7552.24 102681 159191 | 6 0.10 0.13 13 —0.28 " ls
PEYERA 102811 116042} 2| 4 0.14 0.24 12 —0.31 D Is
[Py 0859.2 102571 1716 (12 )20 0.15 0.53 140 .80 D ca
(2)
6856.02 102407 116988 | 6 | 8 0.45 0.42 37 0.10 D ls
6Y02.46 102681 117165 b1 6 0.31 0.33 A 0.12 D ls
69019.82 102841 73001 2| 4 0.18 0.26 12 —().28 D Is
6773.97 102407 117165 | 6 6 0.14 0.0495 13 —-0.24 D ls
6831.26 102681 [17309 1 41 14 0.24 0.17 15 —0.17 D Is
6870.22 102841 117393 | 2| 2 (.38 0.27 12 l --0.27 D ls
6708.27 102107 73001 6| 1 0.024 0.011 1.4+ ;3 =119 D Is
6795.52 102681 17393 | 41 2 0.077 0.027 2.4 —0.97 D ls
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Forbidden Transitions

The adopted values represent the results of calenlations by Garstang [1) and Nagvi [2], v . ch
are very similar in character. Garstang’s evaluation of the quadrupole integral sq is considered
the more refined one; therefore, the quadrupole line strengths are taken from his paper. Nagvi,
in his calculations of niagnetic dipole lines, retains the spin-spin and spin-other-orbit integral in
the transformation coefficients, while Garstang neglects it. Thus, Naqvi's values are chosen,
whenever .Lis becomes significant. When this refinement is not sensitive, the two authors agree.
For the 3P- 1S transition the important effects of configuration interacuon are most appropriately
taken into account by Garstung’s method, so that his values are used. (Further explanations ire
found in the general introduction.)

References

{1} Gars1ang, R. H.. Monthiy Nolices Roy. Astron. Sac. 111, 115-124(1951).
{2] Nagvi, A. M., Thesis Harvard (1951).

F u. Forbidden Transitions

No.{ Transition | Multi- ] AA) Eidem™) {Edlem™) L& { & | Type of Arilsec™) S(at.u.) Accu- | Source
plet Transition racy

1| 2pt*—2p* | 3P =3P
[29.25 x 10%) 0.0 3418 5| 3 m 897 x 104 2.56 B 1.2
[29.25 X 11} 0.0 34181 51 3 e 2.30 x10-10 0.88 C H
[20.38 x 107} 0.0 4906 5| 1 e 1.80x10-? 0.376 C |
[67.19 X 10%} 311.8 49061 31 1 m 1.78 x 104 2.00 B 1.2

2 3p—1p

aF

4789.5 0.0 20873 Sl 5 m 3.51 7.8Xi0% C 2
4789.5 0.0 26873 5| 5 e 9.6 X 10-5 7.2x10° D |
4869.3 341.¢ 20873 31 5 m 0.0121 2.59x10-4 C 2
4869.3 341.8 20873 31 5 e 1.3 x10-3 1.1 X104 D |
[4904.8] 490.6 20873 11 5 e 1.1 X168 3.5%10°3 D |

3 3}) - IS
[2225.5] 0.0 44919 511 e 0.0616 5.2%10-3 D 1
[2246.6]) 341.8 44919 3] 1 m 0.490 206 %10 C 1

1 'D—1§

2 F)
4157.5 20873 44919 51 1 e 2.10 1.55 C |

F 111.
Ground State 1522s22p° 1S3,
lomization Potential 62.646 eV = 505410 cm!

Allowed Transitions
After having written introductory remarks for 9.2 elements, we must confess that this becomes
a rather cunibersome exercisc in style. Since we expect that this introduction will share the fate
of most introductions (namely be ignored) and since there is nothing new to say on this ion ‘for
scientific content see F1) we might as well give the few readers of this introduction seme good

advice: )
If there is no other data source,

Use the Coulomb approximation, of course.
The results should be certainly fine
For any moderately or highly excited line.
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Mlowed Transitions —Continued

No.| Transition Mult;- Ad) Eiem™) | Exiem Y| g | g | Aul10? fux S{atu) | log gf [Accu-|Source
Array plet sec™ V) racy
P —i8° 6304.2 162571 118129 [ 121 4 0.56 0.11 28 0.12 D ca
3)
623Y.6% 102404 118429 6| 1 0.29 0.11 14 —-0.18 D Is
6348.50 102681 118429 41 4 0.18 0.11 9.3 —0.35 D Is
6113.66 102841 118429 201 0.090 011 4.7 —0.65 D Is
4 p—2p° 7394 104810 117724 o |10 0.35 0.53 80 0.50 b ca
4
7754.70 104732 117624 416 0.35 0.47 . 0.27 D Is
7800.22 105057 117874 21 14 0.29 0.53 27 0.02 D Is
7607.17 104732 117874 4] 4 0.001 0.053 3 —0.67 D Is
S P —8e 73609.3 {04840 118406 6| 2 0.-40 0.11 16 —0.18 D ca
5
7311.02 104732 118106 1] 2 0.27 0.11 11 —0.36 )] Is
7489.14 105057 118106 21 2 0.13 0.11 5.1 —0.66 D Is
6 P —2p° 706702 1601840 { 18986 616 0.46 0.34 18 0.31 D ca
(6)
7037.45 104732 118938 11 4 0.38 0.28 26 .05 D Is
T127.88 | 105057 | 119083 | 2} 2 0.30 0.23 11 —0.35 D Is
6966.35 104732 119083 41 2 0.16 0.056 2.2 —0.65 D Is
7202.37 105057 118938 21 1 0.072 0.11 2.3 —10.65 D ls
Forbidden Transitions
Nagqvi’s calculation [1] of the one possible transition in the ground state configuratic 1 2p7 is
the only available source. The line strength should be quite accurate, since it does not s sitively
depend on the choice of the interaction parameters.
Reference
[1] Naqvi, A. M., Thesis Harvard (1951).
F1. Forbidden Transitions
[ — = i X } oy e O T o — . S—t - - —— — _..[——
No.| Transition Midtinlet T AlA) Eiem "y [ Edem D bgi [ g | Type of { sec ) | Stat. w| Aceu- | Source
Array Transition racy
b 25— 29 po—ape
[24.75 < 10 0.0 080 4] 2 m 000318 1.33 3
. - ) || B 5 N e T
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Ground State

lonization Potential

F 1L

Allowed Transitions

List of tabulated lines:

1522s22p* 3P-

34.98 eV =282190.2 cm™!

[

Wavelength [A] P No. Wavelength [Aj No. Wavelength [A] No.
605.67 1 3535.2 5 4103.09 9
606.27 1 3536.84 ) 4103.3 Q
606.81 1 3538.6 5 4103.53 9
006.95 i 3541.77 5
607.18 1 4103.72 9

35445 5 4103.87 9

608.06 1 3546.1 5 4104.1 9

3202.74 3 3640.89 10 4109.17 4

3501.42 8 3640.9 10 4112.7 4
3501.5 8 3641.99 10

3501.6 8 4113.1 4

3612.80 10 4116.55 4

3502.9 8 3847.09 2 4117.1 4

3502.95 8 3849.99 ) 4118.8 4

3503.10 3 3851.67 2 4119.22 4
3505.4 8 1024.73 3

3505.6 8 4246.16 11

4025.01 3 4299.18 6

2505.61 8 “ 4025.50 3 h 4446.9 12

action have been neglected, this number should be quite uncertain.

presented for all prominent transitions in the visible and near ultraviolet.

For one of the strongest ultraviolet transitions a value calculated by Varsavsky {1] from a
screening approximation is available and listed. Because the strong effects of configuration inter-

(In general, Varsavsky’s
values have a tendency to be too large.) Values obtained with the Coulomb appriximation are

The indicated accu-

racies are estimated from extrapolation with equivalent transitions of O 1, for which experimental

and theoretical comparison data are available.

(1] Varsavsky. C. M.,

Reference

Astrophys. J. Suppl. Ser. 6, 75-108 (1961).

F 1. Allowed Transitions
= :
No.l Transition Multi- AA) Eiicm V) [ Exlem™) | g ) & | Awi(10* fix Stat.u.) log gf | Accu- | Source
Array piet sec™) racy
1 |2s%2pt— 3 —ape 006.85 169 164955 {9 | 9 | 100 0.56 10 0.70 E 1
25200 (1 uv)
! 606.81 0 164798 [ 5| 5| 78 0.43 4.3 0.33 [ Is
606,95 342 165107 |3} 3| 26 0.14 0.86 —0.37 E Is
605.67 0 165107 | 5] 3| 43 0.14 1.4 —-0.15 [ Is
606.27 342 165281 | 3] 1| 100 .18 1.1. —0.26 E Is
608.06 342 164798 | 3| 51 25 0.23 1.4 —-0.16 E Is
607.48 491 165107 {1 | 3| 33 0.55 1.1 —0.26 1) Is
2 (2735 — 58¢ — 5P 3848.9 [176654] | [202628] | 5 |15 1.3 0.84 54 0.62 D ca
20008°03p| (D - '
3847.09 | [176654] | [202641) | S5 | 7 1.3 0.39 25 0.29 D Is
3849.99 | [176654] | 202621} | 51 S 1.3 0.28 18 0.15 D Is
3851.67 | [176654] | [202610] | S| 3 1.3 0.17 11 —0.08 D Is
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Allowed Transitions—Continued

No.

10

116

Transition Multi- MA) E(em™" {Exem V)] g & An(10% S Stat.u.) log gf | Accu- [Source
Array plet sec V) racy
| -
I =P 1 4025.0 | 182865 | 207703 | 3 9 1.2 0.90 36 042 | D ca
2)
4024.73 182865 207705 | 3 5 1.2 0.5 20 0.1 D ls
4025.50 182865 20779 | 3 3 1.2 0.30 12 —0.04 D ls
4625.01 182865 207703 + 3 1 1.2 0.10 4.0 —0.52 D ls
2p33s' — 3P°—3D 4113.7 211881 236183 [15 15 1.8 0.45 92 0.83 D ca
2072D%3p" | (5
4109.17 211867 236196 | 7 7 16 0.40 38 .45 8] Is
4116.55 211888 236173 | 5 5 1.2 0.32 21 0.2 D ls
4119.22 211901 236170 | 3 3 1.3 0.34 14 0.01 D Is
[4113.1} 211867 236173 | 7 S 0.28 0.050 4.8 —0.45 b Is
[4117.1} 211838 236170 | 5 3 0.45 0.068 1.6 - 0.47 D Is
(4112.7] 211888 236196 | 5 7 0.20 0.071 1.8 —0.45 D Is
(41188} | 211901 | 236173 | 3 5 027 1 0.1l 1.6 - 0.47 D |
ip°—ap 35398 211881 240125 115 9 2.1 0.23 10 0.54 D ca
(6)
3541.77 211867 240093 | 7 5 1.7 0.23 19 (.21 D Is
3536.84 211688 240153 | 5 3 1.5 0.17 10 —0.06 D is
13535.2} 211901 240180 [ 3 1 2.1 0.13 1.5 —-0.42 D s
[3544.5i 211888 240093 | 5 5 0.31 0.058 3.4 —0.54 )) Is
[3538.6} 211901 240153 | 3 3 0.51 0.096 3. —0.54 D s
[3546.1} 211901 246093 | 3 5 0.021 0.0061 0.23 = 1.7 D Is
1D°—1'F 4299.18 215070 238324 | 5 T 1.7 0.64 45 0.51 D ca
(7)
De--1D 3202.74 215070 246281 1 5 S 1.4 0.21 11 0.02 D | ca
8
2pBp—  |SP=3D° | 35040 | [202628) | [231159}|15 25 286 | 088 152 L2 ¢ ca
203('89)3d| (D)
3505.61 | [202641] | (231158} 7 9 280 | 0.68 55 0.68 C Is
3503.10 | [202621} | (231159} 5 7 1.91 0.491 28.3 039% | Is
[3501.6] | [202610] | [231160}| 3 5 1L00 | 0307 10.6 ~0.036 | ¢ Is
[3505.6] | [202641] | [231159}| 7 < 095 | 0175 14.2 0.08 | ¢ Is
3502.95 | [202621] | [231160}] 5 5 167 | 0307 17.7 0.186 | Is
[3501.5) | (202610} | [231161]| 3 3 215 | 0393 13.7 0074 | ¢ Is
[3505.4] | [202641] | [231160} 7 5 0.190 | 0.0251 202 | —0.76 ¢ Is
(3502.9] | (202621} ! [231161}] 5 3 072 | 0079 155 | —0404] C Is
3501.42 | [202610] | j231161}| 3 ! 2.86 0.175 6.1 —=0.279 C ls
3p --3p° 4103.4 207703 2320¢ . ' 915 2.05 0.86 105 0.89 C cu
(4
4103.53 207705 239067 | 5 7 2.05 0.72 18.8 0.56 C ls
4103.09 207700 252065 | 3 5 1.54 0.65 26.2 0.287 C Is
4103.72 207703 232004 1 1 3 1.14 0.86 1.6 —0.065 C Is
4105.87 207705 232065 | 5 5 (.51 0.129 8.7 —0.190 C Is
(4103.3} 207750 232064 | 3 3 0.85 0.215 8.7 --0.190 C Is
[4104.1] 207705 232064 + 5 3 0.057 0.0086 0.58 —1.366 C Is
233p" — Sp=tifie 3611.7 237500 261961 121 21 0.147 0.0292 7.3 —0.213 (Gl ca
208:D%3d’ | (11)
3640.89 237508 264066 | 9 O 0.137 0.0273 2.95 —0.61 C— Is
3641.99 237509 264959 | T 7 0.123 0.0245 2.06 —0.77 ¢l-= ls
3642.80 237500 204953 | 5 5 0.130 0.0259 1.55 —0.8Y C— ls
3641.9v 237508 264959 1 9 7 0.0118 0.00182 0.197 - 1.79 C— ls
3642.80 237509 264953 | 7 5 0.0163 | 0.00231 0.194 - 1.79 C—- ls
[3640.9] 237509 260966 | T 9 0.00u2 0.0023 4 0.196 —-1.79 C— ls
3611.99 237509 264959 | 5 7 0.0116 | 0.00321 0.194 - 1.79 C- ls
2083d — 5D° — 5k 1246.16 | [231159] | [254703] 125 25 2.47 0.93 | 326 1.368 C ca
23084 | (9
*De— Ik 11169 232066 254547 |15 21 2.35 0.97 214 1.165 C ca
(10)




Forbidden Transitions

The adopted values represent the results of caleulations by Garstang [1) and Naavi [2), v ch
are very similar in clharacter.  Garstang’s evaluation of the quadrupole ntegral sq is considered
the more refined one: therefere, the quadrupole line strengths are taken from his paper. Nagqvi,
in his calculations of niagnetic dipole lines, retains the spin-spin and spin-other-orbit integral in
the transformation coefficients, while Garstang neglects it. Tbus, Naqvi's values are chosen,
whenever .li's becomes significant. When this refinement is not sensitive, the two authors agree.
For the 3P--!S transition the important effects of configuration interacton are most appropriately
taken into account by Garstung’s method, so that his values are used. (Further explanations 1ire
found in the genera! introduction.)

References

{1] Garslang, R. H., Monthiy Notices Roy. Astron. Sac. 111, 115124 (1951).
{2] Nagvi, A. M., Thesis Harvard (1951).

F u. Forbidden Transitions
No.| Transition | Multi- AA) Eilem™) | Exem™) [ & & | Type of Apilsec™) Stat.u.) Accu- | Source
Array plet Transition racy
1| 2pt—=2p* | 3P 3P
{26.25 x 10%) 0.0 3418 5} 3 m 8.97 X 104 2.56 B 1.2
{29.25 X 101] 0.0 3418 51 3 e 2.30x 101 0.88 C i
{20.38 % 104] 0.0 496| 5| 1 e 1.80 X 10-9 0.376 C 1
[67.19 X 104) 341.8 4906 31 1 m 1.78 X 10-4 2.00 B 1.2
2 3P—1D
{1 F)
4789.5 0.0 2087 S0 5 m 3.61 7.8 X i0~4 C 2
4789.5 0.0 20873 5| 5 e 9.6 X 103 7.2x10-4 D 1
4869.3 341.€1 20873 31 5 m 0.0121 2.59 X104 C 2
4869.3 341.8) 20873 3t 5 e 1.3 X103 1.1 x 104 D 1
[4904.8]) 490.6 | 20873 1] 5 e 11Xx16-¢ 3.5%10-3 D 1
3 3p—18
{2225.5] 0.0] 4919 S 1 e 0.0016 5.2x%x105 D 1
{2246.0) 341.8] 44919 311 m 0.490 206 X104 C i
4 D-—1§
2F)
4157.5 20873 41919 51 1 e 2.10 1.55 C 1

F 1L

Ground State 1522522p3 153,

Tonization Potential 62.646 eV = 505410 cm™!

Allowed Transitions
After having written introductory remarks for 9.2 elements, we must confess that this becomes
a rather cunibersome exercise in style. Since we expect that this introduction will share the fate
of most introductions (namely be ignored) and since there is nothing new to say on this ion ‘for
scientific content see F 1) we might as well give the few readers of this introduction some good

advice: ‘
If there is no other data source,

Use the Coulomb approximation, of course.
The results should be certainly fine
For any moderately or highly excited line.
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F L. Allowed Transitions
No. | Transition Maulii- A Fiem Yy | Exiem Y | og (g | At 108 Fu Swutu. log gf I:\('(-u- Source
Array plet see 1} racy l
1 {2p%3s— P —ipe 31244 317943 346040 12 120 1.6 0.40 46 0.67 D ‘a
2p%CP3p 1)
3121.52 317238 o264 6] 8 16 0.31 19 0.27 D Is
3115.67 316919 RETH TRITES N Y 1.1 0.25 10 —0.01 I Is
3113.58 316707 i 488151 24 4 0.67 0.19 1.0 —0.41 D Is
3146.96 317238 Jwddh | 6] 6 0.47 0.070 4.3 —0.38 b Is
313421 316919 348815 41 4 0.84 0.12 5.1 —0.3) D Is
3124.76 316797 348701 20 2 1.3 0.19 1.0 —0.41 D I
3165.86 317238 MH8BI5| 6 1} 0.077 0.0077 0.48 — 1.5 D Is
314554 316219 348761 i 11 2 0.26 0.019 0.80 —1.11 ] Is
(I
2 S L 3176.9 324746 3624 6110 1.7 0.42 26 .40 v ca
(2)
317413 321874 356370 11 6 1.7 0.38 16 0.18 1y Is
317473 2H% 355980 21 4 1.4 0.42 8.7 —0.08 D /s
3213.97 324874 355980 ] 4 0.27 0.041 1.8 —0.78 D Is
312023 — e —2 30393 180265 4131538 1 10 L i 295 0.53 a3 i 0.73 (. ca
2070 D3’ (RY]
3039.25 380243 1131361 6| 8 2,55 .51 30.4 0.183 (o Is
3039.75 380299 113187 41 6 2.56 0.53 21.3 0.329 (o Is
3034.54 380243 1151871 6] 6 0.184 0.0254 1.52 — 08 « Is
4 2pe —2 3150.6 384446 101717 6} 10 1.39 0.341 214 1315 (. il
4
3151.39 38H485 116178 4] 6 1.38 0.309 129 0.093 (. Is
3142.78 384351 116161} 2| 4 1.16 0.344 7.1 — 6,162 C Is
3156.11 384185 116161 § 1] 1 0.230 0.034 1.43 —N0.86 (o Is
| ] M=t A
Forbidden Transitions
Nagvi's [1] calculations are the only available source. The values should not be quite as
rehable as Tor oiher ions of the p? confignration (O 11, Ne vy <ince the smportant confignration
inieraction effeets (see general introdnetiony are nesle cied.
Reference
[1] Nagvi, A, M., Thesis Harv, =d (195)),
F 1. Forbidden Transitions
NoJ Transition | Multi- AA) Edem Y | Edem M) g | gl Tvpe of Aplsee N Stat.u.) Accu- | Souree
Array plet Transition racy
N o — S G S - X B S N § b N S
1| 2pt=2p* |38°=2D°
[2933.1] 0] 38+ [1 |6l m  [Lo8x105  |61x 10 - I
[2033.1] 0 308 (416 « I.2x 10 9.3 x 10" D-- 1
[2930.0] 0 AH20 |4 4 m 0.0013% 4.98 X 10-¢ - 1
[2930.0] 0 MI20 11 ¢ e T 10-3 3.8x 103 D- 1
2 JSD—QI)O
[1939.6] 0 51558 14 4 nm 1.256 277104 ¥ — 1
[1939.6] 0 SI558 |11 4 € 2.7 X 107 1.8 X 10-* D- 1
[1939.6] 0 SISS8 (4| 2 m 0.102 5.5x 10 (o 1
[1939.6] 0 S1558 | 4| 2 ¢ T4X1G7 24X 108 D - |
3 e —2°
(27.8 X 11¥] 34084 34120 16| 4 m 755 %107 2.40 B 1
[27.8 x 11¥] 31084 120 16 | 4 ¢ 1.8 x 10-1% 7.2x 103 - i
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Is
Is
Is
Is
Is

ls
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Fu1.  Forbidden Transitions —Continued
S ——————— — —_T_T:_—_ e PRp—
No.| Transition | Multiplet AAY Eicm Yy | Eem™) | g | 8| Type of | Agilsec™) S(at.u) | Accu- | Source
Array Transition racy
B
4 2y —2p
t1F)
2 34084 51558 (6 | 4 m 0.9280 7.8x 104 C-— 1
5721.2 31084 51558 (6 |4 e 0.1s 2.2 D 1
[5721.2) 31084 21558 |6 ]2 e 0.088 0.64 D !
5733.0 34120 31558 |4 14 m 0.0494 0.00138 Ci= i
5733.0 34120 51558 14 | 4 e 0.065 0.96 1
[5733.0} 31120 51558 |4 |2 m 0.0309 432x 104 C— 1
15733.0] 31120 H1558 4 12 e 0.13 H 0.96 D 1
FIv.
Ground State 15225212 3Py
lonization Potential 87.11 eV ="703020 ¢m™!
Allowed Transitions
The results of calculations by Bolotin et al. {1} are listed. These authors have employed
relatively simple wave functions and include the inportant eff--cts of configuration interaction in
a crude manner.  Thus, their results should be quite uncertaiz, but they zre nevertheless included
since these transitions are expected to be among the stror_est for this jon.
Reference
[1] Balotin, A, B.. Levinsan, 1. B., and Levin, L. L. Soviet Phys, — JETP 2, ~1-395 (1936}
F1IV. Allowed Trausitions
—o— — o = — ——— =
No.| Transition Multi. At Pitem W P Edem WY g gk oA (1P S Statau log gf | Accu- | Source
Array plet ! see N racy
1| 2¢22)° — P —3D° 676.18 116 1478701 9115 11 0.13 2.6 0.07 r. 1
2521
[679.211 613 47882 5 7 11 0.11 1.2 —0.27 E Is
1677.21] 225 147889 | 3} 5 8.5 0.097 0.65 —0.54 E Is
[676.12] ¢ 1479021 1] 3 6.3 0.13 0.29 —0.89 E Is
[679.00) F.3 147889 | 5| 5 2.8 0.020 0,22 - 1.01 L ls
! [677.15] 225 147902 | 3| 3 4.8 0.033 0.22 —1.0] E Is
1678.94| 613 147902 | 5} 3 0.30 0.0013 0.014 —-2.20 E Is
2 AP ag® A72.00 416 1752421 91 9 32 0.16 2.7 0.16 E 1
1532.66] 613 175237 1 51 3 24 0.12 1.1 -0.23 E Is
'571.37) 25 | 175202] 3| 3 83 | 0041 0.23 —091 | E Is
1572.64] 613 175242 1 5 3 14 0.040 (.38 —0.70 E Is
{571.30] 225 175264 | 3| 1 33 0.053 0.30 —0.80 E Is
[571.39] 225 175237 | 3| 5 8.3 0.067 0.38 —0.69 E Is
(570.64| o| 121 3] 1 0.16 0.30 -080 | E Is
3 P —ise 420.38 416 238297 1 91 3 180 0.16 2.0 0.16 [ 1
[420.73] 613 238297 | 5| 3 100 0.16 1.1 —=0.10 E Is
1420.04] 225 238297 1 3| 3 61 0.16 0.67 —0.31] E Is
[419.64] 0 238297 | 1| 2 20 0.16 0.22 —0.80 E ls
4 '‘D-1D° [491.00] 25241 228008 | 5| 5 86 0.31 2.5 0.19 E i
D PD-1pe 1430.76) 25241 2573951 51 3 130 0.21] 1.5 0.02 E i
6 1S —1pe [490.57] 53544 257390 [ 1 3 27 0.30 0.48 —0.53 E 1
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Forbidden Transitions

The adopted values represent the results of ealculations by Garstang (1] and Naqvi {2]. which
are very similar in character. Garstang's evaluation of the quadrupole integra! s, is considered
the more refined one; therefure, the quadrupole line sirengths are taken from his paper. The
results for the nmagnetic dipole lines agree. except for the *P—'S transition.  For this line, the
impertant effects of configuration iateraction are more appropriately taken into aecount by Gar-

stang’s approach of using the experimental terin intervals, so that his values are used. (Further
explanations are found in the general introduction.)
References
[t} Garsiang, R. H., Monthly Notices Roy. Astron. Soc. 111, 115-124 951,
12) Nagvi, A. M., Thesis Harvard (1951).
F IV. Forbidden Transitions
Nod Transition | Multi- Ad) Edem Y | Exlem Y tg fan | Tyvpe of Apdsee ) Staiu,) Acen- | Souree
Array plet Transition racy
1] 2p2=2p [3P-3P
[44.39 = 104) oo| 22'113] m 208 2.00 B 1.2
116.30 X 167 0.0 6134 {11 5 ¢ D) x - 0.171 (N 1
[25.75 x 107) 225.2 6134 1 3 5 m 739X 104 2.50 B 1.2
[25.75 < 103 225.2 6134 | 31 5 ¢ 1.20 X -t 0.405 » ]
2 3P 1D
aF
[39646.7) 0.0 25241 1{ 5 e 6.4 < 106 1.9 x ly~-> D 1
3996.3 225.2 25241 315 n 0.0342 4.05 x 10+ (4 1.2
3996.3 225.2 25241 315 e 2.1 x10-3 6.4 %105 D 1
4059.3 613.4 25211 B ) m 0.098 0.00122 € 1.2
4059.3 61341 25241 R Y ¢ 1.3x10-* L3100 D ]
3 3P —18
{1875.5] 225.2 1 53544 311 m 1.10 2.69 x 1)+ G 1
11889.3) 613.4 53544 51 1 e 6.6023 3.3x10-5 D ]
1 D-1S
2F)
3532.2 25241 53544 51 1 ¢ 2.10 0.69 ¢ !
Fv.
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Ground State

lonization Potential

Allowed Transitions

1s%25%2p Py,

114.214 ¢V=921450 ¢m !

The two available sources are quantum mechanical caleulatiors by Bolotin and Yutsis {1]

and Naqvi and Victor |2].

The important trensitions covered by Bolotin and Yutsis are very sensi-

tive to the effects of configuration interaction, which are ouly approximately included in their

calculations.

For the result of Naqvi and Victor, obtained {rom ti> charge expansion method, an
4 ¢

accuracy within 25 spereent is indicated from comparisons of 1his work with other material for

equivalent transitions within this isoclectronic sequence.




References
[1} Bolotin, A. B., and Yursis, A. P., Zhur. Ekeptl i Teorel. Fiz. 24, 557 543 i1953) (Translated in “Optical Transition

Probabilities.” Office of Techmeal Servizes, LS, Depariment of Co nmerce, Washington, D.C.).
121 Nagvi, A. M., and Victor, G. A, Technical Documentary Report No. RTD fDR-63-3118 (1964,

F v. Aliowed Transitions

No.| Transition Multi- Y Eiaem Y | Fetem ) g | & | Al108 Six S(ai.u.) log gf Accu- | Source
Array plet sec!) racy
| .Zs;'l/:— R LY, 6H30.22 197 152885 | 6110 12 0.13 1.7 —0.10 E 1
2827
[657.33] 716 152876 1 4} 6 12 0.12 1.0 -0.34 E Is
[631.03] 0] 152898 1 2| 1 10 0.13 0.57 | —0.58 E Is
[657.24] 716 152898 | 41 4 2.0 0.013 0.11 - 1.24 E Is
2 PP -2S N7 197 197565 | 6| 2 67 0.086 0.86 ~--029 E 1
{508.08] 746 197565 | 4 2 44 0.08> 0.57 —047 E Is
[506.16] 0 197565 | 2| 2 23 0.087 0.29 —0.76 E Is
3 e~ 405.78 497 205192 16 ] 6 100 0.33 30 0.29 E 1
[465.98] 746 215348 | 1] 4 85 0.2 1.7 0.4 E Is
[465.37] 0 214881 | 2+ 2 67 0.22 0.67 —-90.30 E Js
[4€7.00) 716 214881 | 4] 2 33 C.054 0.33 —0.67 E Is
[463.36] 0 215318 | 2| 4 17 0.11 033 | —067 E Is
P 3s=0N13p | 28 =mpe 24512 524751 63485 {2 6 2.24 0.61 9.8 0.084 C 2
{245( ).7] 524751 500544 | 2] 4 2.24 0.403 6.5 —0.094 C Is
12461.3] 524751 063367 | 2 2 2.22 0.202 3.27 —0.394 C ls
Forbidden Transitions
Naqvi's calculation {1] of the one possible transition in the ground state configuration 2p is
the only available source. The line strength should be quite accurate, since it does not sensi-
tively depend on the choice of the interaction parameters.
Reference
[1] Nagvi, A. M., Thesis Harvard (3951).
F V. Forbidden Transitions
No.| Transition Multiplet AA) Edem ) [ Fidem W | g e | Typeof | Aitsee™) | Stat. v | Aceu- | Source
.‘\l‘l‘il.\' Transition racy
{ S I R R S S
1| 2p—=2p oo
13.40 x 10¢ 0 746 2 4 m 0.00373 1.33 B 1
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Grouny State

Jonization Potential

F VL

Allowed Transitions

1522.\'2 l-Q’o

157017 oV = 1267581 ¢m !

The results of the charge expansion calculations by Nagvi and Victor [1] are utilized whenever
comparison of this work with other data in the isoelectrenic sequence indicates a fair reliability
of this material.

field calculations by Weiss [2].

figuration interaction: hence, fairly large uncertainties must be expected.
dipole length and veloeity approximations [2] is adopted and accuracies within 56 percent are
indicated from comparisons possible fur the first member of this isoelectronic sequence.

References

Values for the 2s2p — 242 transition array are available from the self-consistent
These calculations do not include the important effects of cosn-

The average of the

{1] Nagw. A. M., and Vicior, G. A., Technical Documentary Report No. RTD TDR-63-3118 (196,
[2] Weiss, A, W, private communication (1964).

Fvi.  Allowed Transitions
e :A.V.‘_ el — =
No.| Transition Multi let AA) Eiem 1) Foem Y | g | an | At 107 fu Statand | leg gf | Aceu
Array see b raey
1 | 262 —2s(28)2p 1S —1pe [535.21] 0 186841 | 1] 3 18 0.62 1.1 —0.20 E
2 1 252 =25(2S)3p 1S—1pe 1126.93] 0 737823 i 13 66() 0.18 0.20 { —0.32 E
3| 2s2p—2p* pe_ip 046.27 Y EY Ja386 ) 4l 9 25 0.16 3.0 0.15 D
[616.38] 97437 2321851 5| 5 I8 O.11 1.2 —-0.25 D
(646.10] 96861 25162357 31 3 6.3 0.039 0251 —0.93 D
16:18.52] 97437 2516351 5] 3 19 0.039 042 ] —0.71 D
1647.33] 96861 251341 3 1 25 0.052 (.33 1 —0.81 D
[613.98] 96861 23211 3] 5 6.4 (1.066 0821 —-0.50 D
1645.02] 96601 2516351 1 3 8.3 0.16 0.33 | —0.81 D
4 P~ J1139.5] 186841 2045971 3| 5 8.2 0.27 3.0 - 0.10 D
5 pPe—is [651.11] 186811 3304211 3 I 26 0.054 035 =079 D
6| 2535 —25(*]S)3p 15— 1p° [4264.8( 761392 787833 l 3 0.326 0.267 3.95 | —0.57 C
I

Nouree

t<

Is
ls
ls
Is
ls
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Naqvi's calculations [1] are the only available source.
are essentially independent of the choie of the interaction parameters.

Forbidden Transitions

The results for the ?P° =P transitions
For the 3P°=1P° tran-

sitions, Nagvi uses empirical term intervals, e, the effects of configuration interaction should
be partially included.

Reference
[1] Nagvi, A. M., Thesis Harvard (1951).
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Fvi. Forbidden Transitions

= ('__ —————— — =

No. [ Fransition | Multipled AA) Frem ) | Edem Y g | & ] Vype of Aritsee ) Stat. ©.) Accu- | Source
Arrad, Transition Ficy
S = S g -,
1 2:2p Lpe—ape
252812 138.5 % 14"} UEnid) 96861 | 1| 3 m 3.16 x 10 ¢ 2.00 B !
{17.36 X 104§ 96801 97437 1 3| S m 0.00258 2.50 B 1
9 ape _1pe
11108 2] 96601 136841 1 1{ 3 m 0.268 403 %1073 G 1
11111.4] 96861 1868411 3| 3 m 442 0.0068 C 1
[E118.5) 97437 186841} 5| 3 m 0.32% 5.1x10°3 C 1
F VI
Ground State 15225 25,/
lonization Potential 185.139 eV = 1493656 ¢cm™!
Allowed Transitions
List of tabulated lines:
Wavelength [A) No. Wavelength [A) No. Wavelength [A] No.
86.732 3 127.81 5 890.762 1
97.262 6 134.71 4

97.354 6 134.88 4 3246.6 7

112.94 2 3276.6 7

112.98 2 335.17 8 7958.9 11

391.73 10 9524.8 9

127.65 5 392.16 10 9702.3 9

127.80 5 883.097 1
9787.8 9

For F vni, an ion of the Lithium sequence, theoretical data from the self-consistent field calcu-
lations by Weiss [1] and the variational calculations by Flannery and Stewart [2], both done in the
dipole length and velocity approximations, as well as an experimental result from the lifetime
measurement of Berkner et al. {3]. are available.

References

(1] Weiss, A, W, Astrophys. J. 138, 1262-1276 (163).

[2] Flannery, M. R., and Stewart, A. L., Monthly Notices Roy. Astron. Soc. 126, 387392 (14u3).

The agreement for the 2s—2p transition, which
is covered by all thiee methods, is within an impressive 10 percent.

Errors smaller than 25 percent
are e<tiinaied from the close agreement between the dipole length and velocity approximations.
The dipole length values are chosen.

{3] Berkner, K. H., Cooper, W, L., Kaplan, S. N,, and Pyle. R. V., Phys. Letters 16, 35 (1965).
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F vii. Allowed Transitions
———————— — o =
Ne. |Transition| Multi- AAd) Edem ) | Extem Y g | & i HE S Stat.a)) log gf Accu-
Array plet sec Y racy
1]|2s=2p S _2pF 885.64 0 1129131 21 6 4.77 0.168 0.981 —0.473 B
833.097 0 113238 | 24§ 4 1.81 0112 0.654 —0.618 B
890.762 0 112263 2| 2 4.69 0.0558 0.327 —0.953% B
212s=3p [28=2p° 112.95 0f 885324 21 o | Y 0.286 0.213 -0212 1 B+
(112.94] 0 885418 | 21 4 499 0.191 0.142 —-0.418 R+
[112.98] 0 885130 | 2§ 2 499 0.(051 0.0710 —0.719 B+
3 (2 1§ —2p° |186.732] O 11529771 21 6 234 0.0725 0.0414 —-().839 +
112p—=3s pe—2§ 134.82 112913 851625 | 61 2 264 W0.0240) 0.0638 —0.812 C+
[134.88) 113238 8546251 4| 2 175 0.0239 0.0:425 —1.019 | €+
[131.71} 112263 8546251 2| 2 88.3 0.0210 0.0213 — 1319 C+
5 2p=3d Pe—2p 127.75 112913 8956861 6110 | 1630 0.666 1.68 (.602 B
[127.80]) 113238 895722 4] 6] 1630 0.600 1.01 0380 | B
[127.65] 112263 8956321 2 411360 0.666 0.560 0.125| B
[127.81] 113238 8956321 4 4 272 0.0665 0.112 -0575 ] B
6] 2p—ds 2pe..z§ 97.323 112913 1140416 | 6} 2 99 0.00468 1 0.0090 —1.55 (
[97.354]) 113238 1140416 | 4} 2 66 0.00368 | 0.C060 —1.73 (9
[97.262] 112263 11404167 2§ 2 33.0 0.00468 | (.00300 —-2028 | C
71 3s=3p S -2 3256.5 854625 8853241 2| 6 0.601 0.288 6.18 —40.239 B+
(3246.6) 851625 885418 21| ¢ 0.610 ERUR! 1.12 —0.414 | B+
(3276.6) 854625 88531361 21 2 0.593 0.0535 2.00 —0.719 | B+
81 3s—p 2§ 2p» 335.17] 851625 11529771 21 6 63.7 0.322 0.710 —0.192 B
9 i 3p-3d zpe—_zp 96-18.0 885324 895686 | 610 0.0186 0.0432 £.23 —-0587! B
[9702.3) 8851418 895722 | 14| 6 0.0183 0.0387 4.94 —0.811 B
[9521.8] 885136 895632 21 ¢ 0.0161 0.0437 2.74 —1.059 | B
19787.8] 685118 8956321 41 4 0.002971 0.00126 | 0.549 -1.769 | B
10 | 3p- 4 pe 28§ 392.02 8853214 11104167 6| 2 8.3 0.0448 w347 —057' | B
1392.16} 885118 11404161 41 2 38.8 0.0447 0.231 » —0.747 | B
[391.73] 865136 1140416 | 21 2 19.5 0.0450 0.116 —1.046 | R
11 | 4s-4p 2N _2p? 17958.9] 1130416 11529771 2| 6 0.140 0.399 20.9 —-0.098} B

Soudree
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10

F VIIL.

Ground State

Jonization Potential 953.60 ¢V = 7693400 ¢cm!?

Allowed Transitions

The results of extensive non-relativistic variational calculations by Weiss [1] are used. Values
have been calculated in both the dipole length and dipole velocity approximations and agree to
within 1 percent, except for the 3p 'P°—3d 'D transition where agreement is not as good. The

average of the two approximations is adopted [1].

Reference

[T} Weiss, A. W, private communication (1964).

Fvin. Allowed Transitions

| Transition | Muhtiplet AA) Edem M [ Edem Y jg | ge | At 108 sec™) i Statu) | loggf | Accu-{ Soudrce
Array racy
12— 1S--1p° [16.807] 01 5940900 | 1| 3}5.59x10¢ 0.710 0.0393 | —0.149 | A 1
I.sl':.il’ 18- Tpe [14.458] 0 6916590 | 1{ 3| 1.57x1(¥ 0.148 0.00704 | —0.830 | A 1
lsl}.: I—‘ S [2149.9] | [5903400] 5949900 [ 1| 3| 0.288 0.0599 | 0.424 ~-12231 A 1
13:) Ii IS—-1pe [98.698] | [5903400]| 6916590 | 1| 3| 067 0.380 0.123 —-0420 A 1
l\l_;/;;!,— pe—1h {103.80} | 5949900 { |6913300[! 3| 5] 2610 0.703 0.721 03241 A 1
!\:;(:l‘i D-1p° [30390]? 16913300 | 6916590 | 57 3| 8.52 x 104 0.00708 | 3.54 —-1451 1 C+ ]
s3p
l.\Z.\')— IS —ape 11422.9] | [5829640)) [5899920[1 3| 9| 0915 0.0833 | 1.17 —0.602] A ]
132: I—‘- 1S —8pT [93.213]] [5829640]] [6902450]] 3 i 9} 914 0.35% 0.329 0030 A 1
l‘lslip_ 3pe—4D [98.750]: [3899020]] 6912520 | 9 15| 2750 0.669 1.96 0.780 | A 1
ls:;/:;(i- pe—D [9927.8] : [6902450]] 6912520 | 9 | 15} 0.0133 0.0327 | 9.62 —0531)F A ]
53¢
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NEON

Ne L

Ground State 153255278 19,
lonization Potential 21.559 eV =173932 cm !
Allowed Transitions

List of tabulated lines:

Wavelength [4] No. Wavelength (4] No., Wavelength [A] No.
735.89 2 6717.04 6 23709 t4
743.70 1 6929.47 6 23956 16

3454.19 7 7032.41 3 24249 16
3472.57 7 7173.94 6 21339 13
3520.47 8 724517 1 24365 14
5852.49 6 7438.90 5 25524 13
5881.90 3 7488.87 9 25855 16
5944.83 3 8377.61 10 26861 14
5975.53 3 8195.36 11 27521 15
6030.00 4 8651.38 12 28533 16
6074.34 4 18210 14 28744 16
6096.16 4 19577 13 29714 16
6128.45 4 19772 13 31860 15
6143.06 3 20350 14 33511 16
6163.59 5 20354 14
6217.28 3 20565 14
6266.50 5 21041 16
6304.79 4 21708 14
6334.43 3 22530 13
6382.99 4 22662 13
6402.25 3 23100 15
6506.53 4 23260 13
6532.88 5 23373 15
6598.95 6 23565 14
6678.28 | 6 23636 13

In the vacuum uv region data are available for the two transitions of the 2p—3s array. They
have been obtained experimentally from lifetime measurements by Schiitz [1]. Phelps [2], Korolev
et al. [3]. and tlieoretically from SCF calculaiions including exchange effects by Gold and Knox [4].
In the experiments only one of the two lines is obtained directly whereas the other one is derived
using Shortley’s [5] caleulated intensity ratio.  Since the total spreaa between the results is within
a factor of two, uncertainties within 25 pereent (class €) are estimated for the averaged values.

Extensive experimenta! work [6, 7] has been dene on the lines of the prominent 3s —3p transi-
tion array. lLadenburg and Levy, and Pery-Thorne and Chamberlain have used the method of
anomalous dispersion; Doherty and Friedrichs measured absolute emission intensities, the former
with a conventional shock tube, the latter with a stabilized arc; with a discharge tube Garbuny
determined relative intensities in emission and Krebs in absorption.  Relative f-values have lLeen
obtained from the following procedure: the resulis of the three emission experiments (by Garbuny,
Doherty, and Friedrichs) have been employed to obtain the line strengths within the groups of lines
with the same upper but different lower levels, since for these cases errors are obviously minimized.




Analogously, the absorption imcasurements of Krebs and the anomalous disnersion measurements
of Ladenburg and Levy, and Pery-Thorne and Chamberlain have supplied the most accurate
relative f-values for lines starting with the same lower level but ending in different upper levels.
The averaged emission and absorption data have then been combined in a least sqnares fit pro-
cedure 1o obtain a best sei of relative data. 1t turns out that this set fits most of the original data
and the J-file sum rule within 10 percent, but a few deviations of 30 percent are encountered.

Absolute values have been obtained by employing the results of recent extensive lifetime
measurements of the 3p levels undertaken by Klose [7] with a delayed coincidence technique.
An averaged conversion factor has been obtained from fitting the levels py. p2. ps. pe. vz, ps, and po
which were measured by Klose with a high degree of precision. The averaged conversion factor
has a standard deviation of only 6 percent. Accuracies within 10 percent for most absolute f-valnes
are indicated (a) from the high experimental precision obtained by Klose which is usually within
4 percent, (b) from the good censistency of the data with the J-file sum rule, (c) from the excellent
agreement of ihe total line strength for this transition array, which is 224, with a value of 23)
obtaned frem tihe Coulomb approximation, and {d) from the very good agreement of Klos>'s life-
time results with some preliminary lifetime data by Bennett et al. [8].

For a few lines of the 3s —4p array, Klose’s lifetime data for 4p levels could be utilized to derive
transition probabilities. However. these cannol be considered as accurate as before because the
contribution of the respective 4s —4p transition to the lifetimes could be only approximately taken
into account using the data discussed immediately bejow.

The Coulomb approximation has been applied for obtaining an absolute scale for the 4s—4p
array. For the breakdown intoe individral lines the intermediate coupling calculations of Ufford
[10] are available. The latter are estimated to be not too reliable, since similar caleulations by Short-
ley [5] for the 3s—3p array, as judged from the many experimental comparisons, have had only a
fair degree of success.

From Doherty’s [9] shock tube experiment some further material is available for the 3p--3d
array. His absolute values have been renormalized by using the same conversion factor as that
for his values of the 3s—3p array.

References

|1} Schiitz. W.. Ann. Physik 18, 705-720 (1933).
|2} Phelps. A. V., Phys. Rev. 1040, 1230 (1955).
(3] Korolev, F. A., Odinisov, V, 1., and Fursova, E. V., Optics and Spectroscopy (U.S.8.R.) 16, 304-305 (1964).
4] Gold, A. and Knox, R. S., Phys. Rev. 113, 834-839 (1959).
|5} Shortley, G. H., Phys. Rev. 47, 295-300 (15135).
|6] Krebs, K., Z. Physik 101, 604-642 (1936).
Ladenburg. R. and Levy, S, Z. Physik 88, 461-468 (1934,
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Nel.

Allowed Transitions

Yy T Tt YT - "‘ e B, EE— . —
No.| Transition Transition AA) Eiem " [Epem g lee | Antl? S Saatur | log gf [Accu-| Source
Array se¢ V) racy
1 |12p8— 'S —[1Y2]° 743.70 0 134461 ;1 | 3 0.476 0.0118 0.0299 | —1.93 C 1.2, 1.5
2GR, 3s (1 uv)
2 12p8— IS (V2P 735.89 0 135891 1] 3 6.64 0.162 0392 [ —0.79 | ¢ [1.2.3,1.5
205G, )35’ (2 uv)
3 |2p53s — {(1Y2]—[ Ye) 7032.41 1340444 1482601 51 3 0.192 1 0.0854 9.89 -0.370 ] B— bn. 7
2p3¢H), 13p
13 [1Y2]° —[2Y2] 6402.25 134044 149659 | 51 7 0.433 {0.373 39.3 0270 B on. 7
[1Y2]?—[1Y2] 6334.43 134044 149826 | 5| 5 0.136 | 0.0818 8.53 —0.388 | B— on. 7
[1Y2]° —[1¥2] 6217.28 134044 150124 [ 513 0.0777 1 0.0270 2.76 —-0.869 | B— on. 7
{12l —[ Yo 6143.06 134043 1503181 51 5 0.216 | 0.122 12.4 -0214 | B- on. 7
205, )3s = | [1Y2) —[1Y2) 5975.53 134044 150774 § 51 3 0.0433 | 0.0139 1.37 - 1158 | B- on. 7
2050, Bp' [ [1Y2]°—[1Y2] 5944.83 134044 150860 | 51 3 0.105 | 0.0556 5.44 =055 O+ on. 7
(1) (12 —[ Vg 5881.90 13104+ 1S40 51 3 0.128 0.0398 3.86 —=0.701 B— on. 7
4| 20535 — V2P [ Ya) | 724537 | 13461 | 148260( 33 | 00977 | 00769 | 550 | —0637] B— . 3
2p%CP}, 13p i
3) [1Y2]° —[2Y2] 6506.53 134461 149826 | 3| 5 0.232 1 0.245 15.8 —0.133 B— on. 7
[1%2]°--[1Y2] 6382.99 134161 1501241 3 3 0.279 | 0.170 i0.7 —=0.291 B— 7
[1Y2]°—[1Y2] 6304.79 1344061 150318 3.5 0.05C7 | 0.0504 314 —-0.821 B— on. 7
{1Y2]°~| V2] 6074.34 131161 150919 | 3| 1 0617 0.114 6.83 0167 C+ on. 7
209P8 35— [[(1V2F—=[1Y2] | 612845 | 13461 | 150774313 | 00327 {00184 | 111 | —1.258 | B— on. 7
255CP, 3p’ 12— (12 6096.16 | 134461 150860 | 3 | 5 0.169 10157 9,43 —~0.327 ] C+ 6n. 7
{3) [1Y:° =1 Yo 6030.00 13461 151040 | 31 3 0.0627 | 0.0342 2.0 —0.989 B— on. 7
51205P2 35 — || YaP~i v2) | 743890 | 133821 | 148260 ' 1|3 | 0.0202 {00727 | 178 | —1.139 | B— on. 7
2p%PS 3p | Val-(1%2) | 653288 | 134821 | 150124 )1 (3 | 0128 [o2e6 | 528 | —o06l0 | R— fwr, T
(5)
| 2p33s" — [ YaP—{1Y2] | 626650 | 131821 | 150773 |1 (3 | 0223 [0394 | 813 | —0.405 | B- on. T
CopsePe 3pt [ Vel [ Yol | 616359 | 134821 | 151040 1[3 | 0d60 | 0273 | 555 | —0563 | B— on. T
5)
6 l2[)"’12 T 135" — |[ V2f°—[2Y2] 7173.94 135891 119826 | 3 | 5 0.0365 | 0.0169 3.33 —-0851 | B-— on. 7
2pCP0,3p (L Y2l —[1Yz] 692947 135891 1503181 3 (5 0.190 | 0.228 15.6 —0.165 B— on. 7
{6)
2p°3s' — [ Y2°—[1V2] 6717.04 135891 1507741313 0.234 | 0.158 10.5 -0.323 | B- on. 7
2[)51"'}).1 Bp' || Y2l —[1Y2] 6678.28 135891 150860 | 315 0.238 0.265 17.5 —0.099 C+ 6n. 7
() [ VaP =[ Y2] | 659895 | 135891 | 151040 (3|3 | 0251 |od6s | 10.7 ~0.308 | B— on. 7
[ Y2|° [ ¥2] 5852.49 135891 1529731 3| 1 0.719 | 0.123 7.11 —10.433 B bn. 7
7 | 2ps3s— (V2P —[2%2] | 337257 | 133044 | 162833)5|7 | 0090 |ooz1 | 14 | —090 | C H
2098 Wp [[1Y2P—[ Y2 | 345819 | 13461 | 163403 3|1 | 0985 [00051 | @173 | —1.82 | C 7
{2)
8| 238 = [ VaP—[ Ya] | 352047 | 135891 | 1042883 |1 | 0073 Jooom9] oase | 187 | € 7
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Nel. Allowed Transitions—Continued

No.| Transition Transition AiA) Eiem Y | Exem™ )| gl ge] An(10¢ S Stat.u.) log gf | Accu- | Source
Array see ) racy
Y 21;’;3,_;_—) y I Vo] {1 7488.87 118260 161609 3| 5 0.349 | 048y 36.2 0.166] C 9In
2p73E 3
10 |2Y2|—]3Y2 | §377.61 149639 1615921 719 0.51 0.69 134 0.69 | Yn
(12
11 |2Y2]—]3Yaf 8195.36 149820 161594 | 5| 7 0.357 | 0.54 6 0432 C I
(18}
12 2073 — |1Y2)—|2VYa} 8651.38 150860 162412 7 0445 10.70 100 0.54 p Yn
200G 3d’ (33
12| 2p74s — {1Y2]°—] Ya| | ]25524] 158603 16252015 |3 0.012 | 0.073 31 -0.4 D 10n. ca
| 2008 i [V —]2va] | [23636) 158603 | 162833 [5 {7 | 0057 lo67 | 260 052 | D+ | 10 ca
(Y2 —]2Y2] | |23260) 158603 | 162901 15|51 0.0025 | 0.020 78 -099 | D 10n. ca
J 12" —|1Y2] | |22662] 158603 163015 |53 0.0058 | 0.027 10 —10.87 D 10n. ca
Y2l —|1Y2] | ]22530] 158603 163040 |5 15 0.037 10.28 100 0.15 D 10n. ca
2p~"€2!)f'x Hs— 1V = 1Ye| | [19772] 158603 163659 |5 | 3 0.0052 | 0.018 59 -1.04 D 10n. ca
20°CPT, Mp' (|12 =] 1Y2] | |24339} 158603 163711 [5 |5 0.021 Jo0.18 73 -0.04 D 108, ca
11W2]°~| Y| | |19577] 158603 163710 {5 | 3 0.058 | 0.20 64 ~ .00 D 1Ga. ca
14 21;-"45-: [1Y2]° = V2] | |26861] 158798 162520 13 | 3 0.015 j0.16 43 —-0.31 D 10n, ca
20%CP0, M [|1Y2P—|2Ve] | [24365] 158798 162961 {3 | 5 0.0015 | 0.022 5.2 - 119 D 10n. ca
11Ya2]°—|1Y2] | |23709] 158798 163015 |3 | 3 0.0019 | 0.016 3.1 —1.32 D 108, ca
12 —]1Y2] | ]23565] 158798 | 163040 (3151 0.021 | 029 63 —006 | D 10n. ca
W2 =] Y| | ]21708] 158798 163403 13 | 1 0.068 | 0.16 34 -0.32 D+ 10n. ¢q
PP s — [ 1Y2] —]1Y2] | |20565] 158798 1€3659 3 | 3 0.026 | 0.16 33 —0.31 D 10n. ca
29GP, W' |12 ] 12| | ]20350] 158798 163711 | 315 0.054 | 0.56 110 0.22 D 100, ca
[1Y2]°—| V2| | ]20354] 158798 1637110 | 3| 3 0.025 }0.15 31 -0.34 D 100, ca
11Y2—] Ya| | ]18210] 158748 164289 | 3 | 1 0.0087 | 0.014 2.6 —-1.36 D 10n. ca
15 12p5CP, Ws"— [] Y2|°—] Ya] |[]3186Y)] 159382 162520 {113 0.0051 | 0.25 26 —0.61 D 10n. ca
20030 )4 || V2P —=|1Y2] | 27521 159382 16301511} 3 0.0075 | 0.26 23 ~0.59 D 10n. ca
254" -~ | YalP—{1Y2] | ]23373]| 159382 163659 | 1| 3 0.027 | 0.67 52 —0.17 D 100, ca
200 ' Ve —| Yal 1 ]23100) 159382 163710 { 1( 3 0.0055 | 0.13 10 —(».88 D 100, ra
16 | 2p3%CP5, Ws' — || Y2|°—] Ya] |]33511] 159337 162520 13 | 3 0.0020 | 0.034 11 -0.99 D 10n. ca
2000P% Mp || YaP—)2Y2] | 129714] 159537 162901 | 5| 5 C.627 1059 170 0.25 D 100, ca
| Yo" —|1Y2] | ]28744| 159537 163015 3| 3 0.021 | 0.2¢ 74 —0.11 D 101. ca
| Yel°—|1Y2] | |28533] 159537 163040 | 3| 5 0.6023 | 0.040 13 —0.86 D 10n. ca
| Yal°—| V2] | ]25855] 159537 163403 31 1 0.0030 | 0.010 2.6 ~1.52 D 10n. ca
2pots’ — | YalP—|12) ! 124249) 159537 | 163659 | 3| 3|  0.0095| 0.084 | 20 —-060 | D 10n. ca
200CP) Vp'l | Vo —{ Yal | 123956] 159537 | 163710 3] 3|  0.0029| 0.025 5.9 -1.12| D 10n. ca
| Val°~| V2] | ]21041] 159537 164288 | 3| 1 0.075 | 0.17 34 -0.30 D-+ 10n. ca
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Ne II.

Ground State 1s22s22p% 217,
fonization Potential 41.07 eV=1331350 em !
Allowed Transitions

List of tabulated lines:

Wavelength [A) No. Wavelength [] No. Wavelength [A] No.
460.725 1 3166.2 4 3357.90 24
462.338 1 3169.30 28 3360.63 3

2846.4 23 3173.58 25 3362.89 24
2853.5 A 3176.16 28 3367.05 24
2853.0 22 3187.60 4 3367.20 31
2870.0 19 3188.74 26 3371.87 34
2873.0 2 3190.86 25 3374.10 24
2876.4 22 3194.01 28 1378.28 13
2876.5 19 3198.62 25 3379.39 24

3198.88 25 1 3386.24 24
2878.1 23 3208.3 27 3388.46 31
2888.4 19 3208.99 26 3390.56 24
2889.0 20 3209.38 26 3392.7 34
2891.5 22 3213.706 25 3392.78 13
2895.0 19 3214.38 26 3393.2 33
2896.3 7 32174 28 3397.5 31
2897.1 19 3218.21 25 3414.82 32
2906.8 22 3220.0 27 3416.87 33
2907.7 20 3230.16 16 3417.71 32
2910.4 19 3230.5 16 3453.10 33
2916.2 21 3231.97 16 3456.68 40
2925.7 22 3232.3 28 3463.1 12
2033.7 21 3232.38 16 3475.25 46
2934 3 20 3243.34 27 3477.69 a3
2935.2 21 3244.15 26 3479.5 17
2951.1 21 3248.15 27 3480.8 17
2953.0 2% 2255.39 35 3481.96 11
2955.7 6 3263.43 27 3503.61 40
3001.65 6 3269.86 27 3522.72 46
3015.7 5 3270.79 3 3538.3 12
3017.34 18 3297.74 3 3542.90 45
3027.04 i8 3309.78 13 3544.2 30
3028.7 18 3310.55 35 3546.22 39
3028.84 6 3311.30 3 3551.2 37
3034.48 18 3314.60 34 3554.39 30
3037.73 18 3319.75 15 3557.84 1
3045.58 18 3320.29 24 3561.23 42
3047.57 18 3323.75 13 3565.84 45
3054.69 18 3327.16 3 3568.53 14
3097.5 29 3329.20 24 3571.26 42
3113.02 28 3330.78 31 3574.23 14
3132.22 25 3334.8 34 3574.3 39
3135.8 29 3334.87 3 3574.64 14
3135.82 4 3344.43 3 359047 43
3136.5 4 3315.49 15 3594.18 45
3151.16 28 3345.88 24 3612.35 38
3154.82 26 3345.88 15 3628.06 S5l
3160.0 29 3353.36 35 3632.75 4
31€64.46 25 3355.05 3 3643.89 10
3165.70 25 3356.35 32 3644.86 51




Allowed Transitions —Continued

Wavelength [A) No. Wavelength [A] No. Wavelength [A] | No.
3659.93 H 2790.96 41 4290.40 »
3664.09 2 3800.02 19 4323.3 53
3679.80 51 3606.30 41 4346.9 54
3594.22 2 3818.44 49 4365.72 54
3697.09 51 3829.77 49 4369.77 53
3701.81 50 3903.9 9 4379.50 53
3709.64 2 3942.3 9 4385.00 53
3713.09 1} 3999.5 9 4391.94 54
3721.86 47 4217.15 52 4397.94 53
3726.9 50 4219.76 52 4409.30 54
3727.08 10 4220.92 52 4413.20 54
3732.7 47 4224.75 52 4428.54 4
3734.94 2 4231.60 52 4430.90 53
3744.66 50 4234.3 52 4411.1 8
3751.26 2 4239.95 52 4412.67 53
3753.83 48 4242.20 52 4446.46 53
37549 36 4249.2 54 44924 54
3766.29 2 4250.68 52 4502.52 53
3776.9 41 4257.82 52
3777.16 2 4280.3 53

Aside from the multiplet 2522p3 2P°—252p8 S in the vacuum uv for which a quantum mechani-
cal calculation (screening approximation) has been carried out by Varsavsky [1], the main source
of theoretical information on the spectrum are the extensive calculations by Garstang {2] for lines
of the 3s—3p and 3p—3d arrays. He has calculated the relative line strengths under the assump-
tion of intermediate coupling and has used the Coulomb approximation to obtain the transition
integrals for the abso'ute values. However, for the 3s—3p array Koopman’s [3] relative line
strengths obtained from intensity measurements with an electrically driven shock tube agree with
LS-coupling better than with the intermediate coupling values. Therefore, Koopman's relative
values are averaged with LS-coupling results and put on an absolute scale by using the Coulomb
approximaticn. On the other hand, comparison with the very incomplete experimental intensity
data [3] for the 3p—3d array indicates that intermediate coupling fits much better here than LS-
coupling and gives in may cases drastic improvements. Thus Garstang’s results are exclusively
used for this array as well as for all intercombination lines. Some lines marked D- should be
considered inferior in quality to the rest, since Garstang finds them very sensitive to the choice
of parameters.

In addition, the fvalues for the three strongest multiplets of the 3d—4f array have been cal-
culated with the Coulomb approximation using LS-coupling for the multiplet components.

References

(1] Varsavsky, . M., Astrophys. J. Suppl. Ser. 6. No. 53, 75-108 (1961).
[2] Garstang. K. H., Munthly Notices Roy. Astron. Soc. 114, 118-133 (1954).
3] Koopman, 1. W.. J. Opt. Soc. Am. 54, 1353-1358 (1964).
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Nell.

Aliowed Transitions

Transiti. .

Mulu-

AA)

Eiem Y

& £k
Array plet
1 | 2522p3— B ] 461.28 260.07 217050 6|2
2s5%ph (1 uv)
1460.725 0.00 2170501 4| 2
462.388 782 217050 | 2] 2
2| 2p*3s— P —1p° 3717.2 | 219442 246337 | 12 | 12
2p*P)3p (1)
3694.22 | 219133 2461951 6| 6
3734.94 | 219651 2464171 41 4
3751.26 | 219950 246600 | 2| 2
3664.09 | 219133 246417 | 61 4
3709.64 | 219651 216600 | 41 2
3766.29 | 219651 246195 | 4| 6
3777.16 | 219950 216417 | 2| 4
3 P —4p° 3336.8 | 219442 249402 1 12 |20
(2
3334.87 | 219133 219111 { 6 | 8
3355.05 | 219651 249448 | 41| 6
3360.63 | 219950 249698 | 2 | 4
3297.74 | 219133 249448 | 6 | 6
3327.16 | 219651 219618 1 4 | 4
3344.43 | 219950 249842 | 2 | 2
3270.79 | 219133 249698 | 6 | 4
3311.30 | 219651 249842 | 4 | 2
4 ip—2p°
3)
3135.82 | 214133 2510131 6 1 6
[3136.5] | 219651 2515251 4 | 4
3187.60 | 216651 251013 4 | 6
[3166.2] | 219950 2515251 2 | 4
2 ip 280
[3015.7] | 219651 252801 | 4 | 2
6 P —1s° 208291 | 219142 252956 |12 | 4
)]
[2955.7] 219133 252956 | 6 | 4
3001.65 | 219651 252956 1 4 | 4
3028.84 1 219950 252956 | 2 | 4
7 P=2p°
[2853.5] | 219133 254167 | 6 | 4
[2896.3] | 219651 254167 | 4 | 4
8 2 l) 1 l)o
{4441.1] 1221089 216600 | 4 | 2
9 P —1p°
[3942.3] | 224089 249448 [ 1 | 6
[{3903.9] | 224089 249698 | & | 4
[3999.5] | 224702 219698 | 2 | 4
10 2P —-2° 3713.6 1224293 251218 | 6 |10
(5}
3713.09 | 224089 Loi3 | 416
3727.08 | 224702 251525 1 2 | 4
An13.89 | 224089 251525 1 4 | 4
11 L 3506.9 | 224293 252801 | 6 |2
(6)
3181.96 | 224089 252801 1 4 |2
3557.84 | 224702 252801 | 2 |2
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Nell. Allowed Transitions — Continued
—— St — ——
Noll Transition Multi- INEY) Edcm W Egiem W} o2 | g A 108 s Saatu|  log gf | Accu-| Source
Array plet see ) racy
12 P _a8°
[3163.1] | 221084 252956 1 41 410.028 0.0051 0.23 —-169 | D 2
[3538.31 ¢ 224702 252956 | 2| 4]0.0090 0.0034 0079 | —217 | D 2
13 p_zpe 3341.8 | 224293 2542091 6 6]1.8 0.30 19 025 | D ca
(7
3323.75 | 224089 254167 1 4| 4114 0.2 11 -002 | D 3. Is
3378.28 | 224702 254294 | 2 211.3 0.23 5.1 034 | D 3. 1s
3302.78 | 224089 254294 | 4| 2710406 0.037 1.6 —-083 | D 3. 1s
3392.78 | 224702 254167 | 2| 41029 0.098 2.2 -071 1 D 3. 1s
14 |2p*3s’ — 3 ) e o 3571.1 | 246398 274392 116 |14 {41.3 0.36 42 056 | D ca
2p*tD)3p’ 9)
3568.53 | 246397 214411 | 6 | 8113 0.33 24 030 | D 3.1
3574.64 | 2146400 274367 | 4] 6113 0.37 18 017 | b 3. 1s
3574.23 | 246397 274367 1 6 | 6 ]0.092 0.018 1.3 -097 | D 3. Is
1> ) —zp° 33369 246308 206357 110 | 6 117 0.17 19 0.23 D ca
t10)
331549 | 216397 27627 ] 6| 4115 0.17 11 0.01 ) 3.1s
3319.75 | 246400 2765140 1+ 211.7 0.14 6.2 —-0.24 D 3. 1s
3315.88 | 246400 276279 | 21 110.17 0.028 1.3 —0.95 D 3. 1s
16 ph —2p° 3231.1 216398 277339 110 {10119 0.29 31 0.47 D ca
(i
3230.16 | 216397 277346 | 6| 6 (1.8 0.27 18 0.22 D 3. 1s
3232.38 | 216400 277328 | 4+, 411.7 0.26 11 0.02 D 3. 1s
3231.097 | 216397 277328 6 | 4 10.19 0.020 1.3 —0.93 D 3. Is
13230.5] | 216400 277316 | 11 6 10.13 0.029 1.3 —0.93 D 3.1s
17 Rpils"— 28 =2pe 3480.3 276676 3054031 2|1 6116 0.86 20 .21 D ca
2041853 p"
13180.8] | 276678 305399 1 21 411.6 0.58 13 0.06 D 2
13479.5] | 276678 305409 | 2| 211.6 0.29 6.6 —0.24 ) 2
18 Ry — iPe_4)) 30393 240337 279230 112 120 | 3.2 0.714 89 0.95 D ca
20413 (8)
3031.18 | 216195 279139 | 6 | 8 3.1 0.57 34 0.53 D 2
3047.57 | 246417 279227 | 11618 0.37 15 0.17 1) 2
3051.69 | 236600 2993271 21 141093 0.26 5.2 —0.28 D 2
3027.04 | 246195 20921 | 6 | 615 0.20 12 0.08 D 2
3037.73 | 246417 2793271 4 ¢ 4|20 0.28 11 0.05 D 2%
3045.58 | 236600 279425 1 21 2 125 0.35 7.0 —0.15 D 2
3017.34 | 246195 2793271 6 | 410.35 0.032 1.9 --0.72 D 2
13028.7} | 216417 2704251 4 2 10.84 0.058 2.3 —-0.64 D 2
19 g
[2897.1] | 246195 280703 1 6 | 8 10.042 0.0071 0.41 —-1.37 )] 2
12870.01 | 246195 281028 1 6 | 6 [0.11 0.014 0.77 -1.0) D 2
[2876.5] | 246195 280950 | 6 1 1 0.18 0.015 0.86 —1.04 D 2
12868.4] | 216417 281028 | 1| 6 10.015 0.0029 .11 —1.94 D 2
12895.0] | 216417 280930 | 4 | 4 [0.016 0.0021 0.079 2.08 D 2
12010.4] | 246600 280950 | 2 | 4 0.43 0.11 2.1 —0.66 | b 2
2 P2
12031.3] | 216195 280264 | 6 | 8 [0.0030 5.1%x10 3 0.030 —2.51 D 2
12907.71 | 246417 280799 1 4 | 6 |0.039 G.C075 0.29 —1.52 D 2
12889.01 | 246195 280799 1 6 | 6 10.015 0.0019 0.11 - 1.94 ) 2
21 -
2033.7] | 246195 280271 | 6 | 6 [0.068 0.0087 0.51 —1.28 D 2
2016.2] | 216195 280476 | 6 | 4 10.047 (0.0040 0.23 —1.62 D 2
12953.0] | 2t6417 280271 11610012 0.0023 ().089 —2.04 D 2
12935.3] | 240417 280476 | 4 | 4 10.032 0.0041 0.16 —1.79 D 2
12951.1] | 216600 280476 1 2 1 4 16.023 0.0061 0.12 -1.92 D 2
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i

0.21

0.11
0.012
0.067
0.038
0.10
0.16
0.19

0.0083
0.0084

0.13

0.15
0.093
0.065
0.060
G017
0.021
0.025
(0.0079
0.017
0.027

0.55

0.70

0.45

0.17

(1.56
0.033
0,028
0.090
0.0024
1.7x10 9

0.018
0.048
2aX 104
0.22

0.38

0.029
0.022
0.12
0.12
0.0020
0.0010

0.035

0.013
0.017
0.0098
0.0016
0.021
0.0051
0.0078

NeIl. Allowed Transitions —Coniinued
No. | Transition Mult- Ad) EFiem ) | Egtem 91 g g A 1ox
Array plet see V)
22 ipe 2880.2 246337 281046 112 (12 11.7
[2858.0] | 246165 28117+ | 6 6]0.91
[28Y1.5] | 246417 280992 + 4| 410.697
[2925.7) | 246600 280770 | 21 210.52
[2873.6) | 216195 280092 1 6| 1 10.46
[2906.8) | 246117 20770 F 4} 2116
(2876.4] | 246417 281174 1 4| 610.84
[2906.8] | 246600 280992 | 2| 4107
23 ipe_zp
[2878.1] | 246600 261335 | 2| 2 [0.007
(2846.4] | 236600 281722 | 2| +]0.035
24 AP —4D 3351 7 249402 270230 (20 120 ]0.70
(12)
332920 1 249111 279139 | 8| 8| 0.87
333790 | 249448 279221 61 6055
337410 ] 219698 279327 1 4} 1 10.38
3379.39 1 249842 279425 | 21 21 0.85
3320.29 1 219111 279221 81 61013
3345.88 | 219448 279327 1 6 11022
3362.89 1 249698 73 ?‘)425 1] 21030
3367.05 | 249448 279139 | 61 810.035
3386.24 | 219698 279221 11 610,067
3390.56 | 249842 279327 2 110.078
25 IP°—IF 3202.5 2491402 280619 126G |28 |1 2.5
{13)
3218.21 | 249111 280173 1 8 110 | 3.6
3198.62 1 249448 280703 | 6} 812.2
3190.86 | 2149698 281028 Ll 610.73
3213.70 | 249842 280050 V2| 4| 1.8
31G1.46 | 249111 280703 | 8] 810.22
3165.70 | 219448 281028 | 61 6 [0.1Y
3198.88 | 249698 280050 1] 41065
313222 | 219111 281028 | 8 7 6 0.022
3173.58 | 219418 280050 | 6 1 10.0017
26 Do 2
(14
3208.99 | 249111 280261 1 81 810.12
3188.74 | 219448 280799 | 61 6 10.32
3154.82 | 249111 280799 | 8 6 10.0022
324415 | 249448 280261 1 6] 8 ]1.1
3214.38 | 219698 280799 | 4] 6 1.6
27 ine—zp
(13
3243.34 | 219448 280271 6} 610.18
32148.15 | 219698 280476 1 4+ 1014
3269.86 | 219698 280271 11 610.48
3263.43 | 219842 280476 | 2] 110.36
[3222,0} | 219448 280476 | 6 1 10.020
[3208.3] | 21111 280271 81 6 10.000]
28 I‘DC —1ip 3159.3 29002 281040 120 112 10.39
(16)
3118.02 290111 281174} 8| 6 [0.11
3169.30 | 219118 280002 | 61 41027
[3217.4] | 219698 280770 | 4] 2 10.13
315116 | 219418 281174 | 6 | 6 10.066
319161 | 219698 280092 + 41 41014
(3232.3] | 219842 280770 | 2 | 2 0.033
3176.16 | 219698 281174 | 4| 6 10.034
3200.38 | 219842 280992 1 2 | 4 vl
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Nell. Allowed Transitions —Continued
I S - - g - EreE e Y 1 i =T
No. | Transition ngl!i- MAG Etem Y Egem YWY gl e At 108 Ju Statu)| loggf| Accu-|Sourc:
Array [act sec 1) racy
29 e —2p
[3135.8] | 249842 ‘ 281722 1 21 4 §0.020 0.0058 0.12 -1.94 D 2
[3160.0] | 249698 2813351 4 210019 0.0014 0.059 —2.25 D 2
[3097.5] | 249448 281722 + 6} 4 10.015 0.0015 0.089 ~206 | D 2
30 P —p
(18)
353439 251013 209139 } 6| 8 10613 0.(X)034 0.24 —1.69 D 2
[3544.2] | 251013 279221 61 6 |0.0037 7.0x 104 0.049 -2.38 D 2
31 2P° —4f
(19)
3367.20 | 251013 280703 1 61 811.0 0.24 16 015{ D 2
1388.46 | 251525 281028 | 4} 6 ]2.0 0.51 23 031 | D 2
3330.78 | 251013 281028 1 6| 6 ]0.12 0.020 1.3 -093 | P 2
{2397.51 | 2515323 280950 | 41 4 10.049 0.0084 0.38 —~1.471 D 2
32 [P —2F 38149 251218 280493 110 114 [1.4 .34 38 053 1 D ca
(20}
3N 251013 280264 | 61 8120 0.47 32 045§ D 2
31414.82 | 251525 280799 | 4] 6 |0.4] 0.11 1.8 -037| D— 2
3356.35 | 2531013 280799 | 6 { 6 |G.11 0.019 1.3 —-0931 D— 2
33 De—=D 34313 251218 280353 110 ;10 10.85 0.15 17 018 D ca
21
3416.87 | 251013 280271 61 6067 0.12 7.9 —-015! D 2
3153.10 | 251325 280476 1 4} 4 10.59 0.11 18 —9038| D 2
13393.2] | 251013 280476 | 6 1 1 [0.022 0.0025 0.17 —-182| D 2
3477.69 | 251525 280271 1 4] 61034 0.091 12 -04 | D-—- 2
3 ) M b4
22)
3314.60 | 251013 281174 1 6 | 6 10.026 0.0042 0.28 —1.60 )] 2
3371.87 | 251325 281174 | 4 1 6 10.12 0.032 1.4 -(.89 D 2
13392.7] | 251525 280992 | 3+ | 4 {0.14 0.025 1.1 —1.00 D 2
{3331.8] | 251013 280992 | 6 | 4 10.030 .0033 0.22 - 1.70 D 2
35 Pe- P 3291.6 251218 281590 {10 | 6 |0.098 0.0095 1.0 —1.02 D ca
23)
3235.39 | 251013 281722 16 | 4 10.12 0.013 0.81 —1.12 D 2
3353.63 | 251525 281335 | 4+ | 2 10.048 0.0040 0.18 —-1.79 D 2
3310.55 | 251525 281722 | 4 | 4 10.0061 0.0010 0.044 -2.40 D 2
36 28°—1D
{3754.9] | 252801 279425 | 2 | 2 |C.0095 0.0020 0.050 ; —* 10 D 2
37 28° _4F
(24
1551.52 | 252801 2809050 | 2 1 10.055 0.021 0.49 -3 D 2
38 :8°2p
(26)
3612.35 | 252801 280876 | 21 11022 06.087 2.1 -0.76 b 2
39 280 _4p
27)
3546.22 | 252801 280092 1 21 4 10.021 0.0081 0.19 —I57¢ D 2
13574.3] | 252801 280770 1 2 1 210040 0.0088 0.21 —1.75 D 2
41 We_2p 34725 252801 281590 | 21 6 } 1.3 0.70 16 0.15 D cu
28)
3456.68 | 252801 2817221 2| 411.0 .36 8.2 -0.112 | D 2
3503.61 1 252801 2813351 24 2119 0.34 7.9 -0.16 D b2
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Nell. Allowed Transitions —Continued
No. | Transition Muli- AA) Eiem ™ | Exem Y| & & A 10® S Statud ] log gf { Accu-{Source
Array plet sec ") racy
41 487 4D
(30}
3806.30 | 252656 279221 | 4 6 {0013 0.0043 022 —-1.76 D 2
3790.96 | 252956 279327 | 4} 4 |0.087 .6036 0.18 --1.85 )] 2
[3776.9] | 252956 27942% | 41 2 10.0074 8.0x10 4 0.040 - 2.50 D 2
2 180 A
1315
3561.23 | 252956 281028 | 4| 6 {0.11 0.031 1.5 -0.9] 1)) )
35371.26 | 252956 280630 |+ 1 1043 0.083 3.9 —0.18 D— )
13 18°-.2F
(32
339047 | 252956 280799 1 41 6 {0.087 0.025 w2 —-0.99 D~ 2
8! 57—~
(33)
365993 | 252956 280271 | 4| 6 | 011 0.633 1.6 —-0.88 D- e
3632.75 | 232956 280476 1 4 | 4 10.09 0.018 0.85 S (5 H]) 2
15 ISP p 3559.0 | 232956 281046 | 4 |12 | 1.1 0.63 30 0.0 D ca
(34
3542594 ‘332956 28117 | 4+ | 6 ' 1.3 0.35 16 0.15 D 2
3565.81 | 252656 280992 141 4 082 0.16 7.3 —0.20 D 2
3594.18 | 252950 280770 | v 1213 0.12 2.9 —0.30 D 2
16 80 -2p
(35)
3475.25 | 252956 281722 {4 | 4 1 0.0047 8.5x10! 0.039 —2.47 D 2
3522.72 | 252956 281335 |+ | 2 1001} 0.0011 0.050 —237 ) 2
17 2P —Hf
37N
3721.86 | 251167 281028 |4 | 6 |0.036 0.011 0.55 --1.35 D— 2
[3732.7] 1 254167 280950 14 | 4 10.030 0.0062 0.31 - 1.60 D 2
18 zpe..2t
38
3753.83 | 254107 280799 [+ [ 6 10.55 0.18 8.7 —0.15 D~ )
49 2pe—2pD 3824.0 254209 280353 16 (10 [0.94 0.35 26 0.32 D ca
(39
3829.77 1251167 280271 |4 |6 |0.88 0.29 15 0.06 D 2
3818.44 | 254294 280476 |2 |4 |06Y 0.30 7.6 —0.22 D 2
3800.02 1254167 280476 |4 {4 1035 2.076 3.8 -0.52 D 2
50 pe_p
BIN]
3701.81 254167 281174 |4 |6 [0.25 0.077 3.7 —-0.51 D 2
37466 1254291 280992 {2 |4 |0.22 0.091 2.2 —0.74 D 2
[3726.9] |254167 280902 (4 |4 (j0.092 0.019 0.94 = .12 D 2
al PP 1%51.2 | 254209 281590 16 |6 (1.2 0.21 17 0.15 D ca
¢
3628.06 | 254167 281722 1 4+ 1 4 1057 0.11 5.3 -0.35 D 2
3697.09 | 2548294 281335 | 2] 2 |0.34 0.070 1.7 —(0.86 D 2
3679.80 | 25467 281335 | 41 2 10.36 0.037 1.8 —{).83 D 2
3641.86 | 254201 281722 |21 4 ]0.85 0.34 8.2 —,17 D 2
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Neil.  Allowed Transitions —Continuved
———————— e - —— —-T ——— e -
No.f Transition Mulu- AiA) Eiem 5 ) Exlem™ Y | gil g A (108 fix Statud | log gf Y Acce-|Source
Array plet sec ) racy
— ﬁr——
52 2p33d - iD-4D° 42204 279230 302666 | 20( 20] 0.39 0.10 29 0.32 D cua
0Pl | (52)
4219.76 | 279139 3028311 81 38} 0.33 0089 9.8 —-0.15 4] Is
4231.60 | 279221 302846 | 6 6] 0.22 0.060 5.0 -0.45 D Is
422965 1 279327 3029051 ., 4} 0.15 0.042 23 —0.78 D Is
4242.20 | 279425 302991 | 2 21 0.19 0.052 1.5 —0.98 D Is
4217.15 ) 279139 302846 | 81 6] 0.074 0.015 1.6 —0.93 D Is
422092 § 279221 3029051 61 4] 0.14 0.024 2.0 —0.84 D Is
1224.57 § 279327 302991 | 41 2] 0.19 0.026 1.4 —0aQ9 D s
[4234.3) | 279221 302831 § 6] 81 0.055 0.020 1.7 —0.93 D Is
4270.68 § 279327 302846 [ 4| 6] 0.090 0.036 2.0 —0.8% D Is
4257.82 | 279425 302905 | 21 4} 0.006 0.052 1.5 —0.98 D Is
a3 i —3F° 43915 § 280619 303308 1281 281 0.26 0.076 3l 0.33 D cc
156)
1397.94 | 280174 302906 | 10§ 10| 0.2 0.070 10 -0.16 D Is
14379.50 | 280703 303531 | 8 8] 0.20 0.058 6.7 —0.33 D Is
4385.00 | 281028 3038271 6| 6] 0.18 3.053 4.0 -0.50 D ls
4430.90 | 280950 303512 | 47 4] 0.21 0.062 3.6 -0.61 D Is
{4280.3{ | 280174 303531 | 1¢| 8] 0.028 0.0062 0.88 —1.21 D Is
13323.3{ | 230703 3038271 81 6] (.048 0.010 1.2 - 1.02 D Is
4446.46 | 231028 3035121 6 4 0.052 0.010 0.91 - 1.21 D Is
4502.22 | 280703 202906 | 8 | 101 0.021 0.0081 0.96 -1.19 D Is
112,67 | 281028 303531 1 6| 8 0.035 0.014 1.2 —1.08 D Is
4369.7% | 280950 303827 1 4, 6} 0.035 0.015 0.88 -1.21 D Is
5 i —1G° 4360.8 | 280619 303544 128 1 36| 2.4 0.89 360 1.39 D ca
(37)
1290.40 ; 260174 303476 {16 | 12} 2.5 0.83 120 0.92 D Is
4391.94 | 280703 303465 | 8 |10} 2.2 0.79 91 0.80 D Is
$+09.30 | 281028 303701 { 6| 8| 2.0 0.79 69 0.68 D Is
4413.20 1 280950 303¢02 { 4| 61 2.0 0.89 52 0.55 D Is
[4202.4] | 280174 303465 |10 |10 0.20 0.056 7.9 —0.25 D {s
{4346.9] | 280703 303701 { 8 | 81 0.33 0.093 11 -0.13 D Is
4+428.54 | 281028 303602 | 6| 6] 0.33 0.096 8.4 —0.24 D Is
[4249.2] | 280174 303701 {10 | 8] 0.0073 0.0016 0.22 - 1.80 D Is
1365.72 | 280703 303602 | 8| 6] 0.012 0.0026 0.30 —1.68 D Is
Forbidden Transitions
Naqvi's calculation [1] of the one possible transition in the ground state configuration 2p? is the
only available source. The line streagth should be quite accurate, since it does not sensitively
depend on the choice of the interaction parameters.
Reference
[V Naegris Ao M. Thesis Harvard (1951,
Nell. Forbidden Transitions
No.| Transition]  Multiplet AMA)Y Eiem ") | Extem ) | g & | Type of |Akitsec™") |S(at.u) |Accu-| Source
Array Transition racy
tlops—2p | wpo—2pe
112.78 x 10 0 782 4 2 m 0.00859 1.33 B 1
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Ne lll.
Ground State 1522522p* 3P,
fonization Potentiai 63.5 eV=512312 ¢em™!
Allowed Transitions

List of tabnlated lines:

— e e
Wavelengy (] No. Wavelength [A] No. Wavelength [A] No.

227.24 13 283.894 5 2163.5 17
227.42 12 301.124 7 2163.7 17
227.49 P 308.559 9 2163.77 17
227.57 13 313.048 1 2412.73 18
227.72 13 313.677 1 2412.91 18
227.73 2 313.92 4 2413.18 18
227.76 12 379.308 2 2413.54 18
227.82 12 127.810 3 2141378 18
227.90 12 168.103 1 2590.01 14
228.85 11 188.868 1 2593.60 14
228.88 11 189.501 1 2595.68 14
228.91 11 189.611 1 2610.02 16
229.10 11 190.310 1 2611.42 16
229.22 I 191.050 1 2612.5 16
229.34 11 2086.96 19 2613.41 16
251145 {0 2087.44 19 2614.5] 16
251.558 10 2088.92 19 2615.87 16
251.724 10 2089.43 19 2677.90 15
267.039 6 2092.14 19 2678.64 15
267.516 ¢ 2095.54 19

267.709 6 2159.44 17

282.50 8 2159.60 19

283.178 5 2160).88 17

283.206 5 2161.04 17

283.699 5 2161.22 17

The values for the majority of the transitinns are taken from the self-consistent field ealculations
‘with exchange) by Weiss[1].  These ealenlations do nirt melnde the important effects of configora-
tion interaction: hence, fairly large uncertainties mnst be expected in most cases. The average
of the dipnle length and velocity approximations is adnpted {1].

For the 25%2p% '35 < 252p7 'P° transition a value is available from the caleulations of Bolotin
et al. [2] which include eonfiguration interaetion in a limited wav.  Again, I2+ge uncertainties are
to be expected.

References

[t] Weise, A0 W privale communication (1965),
(2] Bolotin, A. B.. Shironas, L L, and Braimon. M. Y., Viluians Val-tybinio v. Kopsnko vardo aniversiteto Mokslo Darbai.
33. matemoatika, inka, 9, tO, 12 ¢1960),




Nelll.

Allowed Transitions

No

Ut

6

10

Transition
Array

2.\""2[1l -

20

2t —
2p%38°)3s

2t —
2p%2D%)3s’

2pt —
2042 P%) 3"

20—
21°3¢D%3s”

2pt —
2pP0N3s"
2p7P)3s”

2p1—
2080 3d

2p8—

20D 3d’

Mului-
plet

:ll) P :ll)b

(1 uv)

) —1pe
6 uv)

IS_ ll)'—’
9 uv)

Z}l) S liso
(2 uv)

.'!P —_ :ll)°
(3 uv)

:;p_ '.ll)"
4 uv)

N—-1D°

(7 uv)

1) — 1pe
{8 uv)

IS R ll)o
(10 uvy

HI.‘ s 3l)°
{3 uv)

ill) - 1![)0

AMAY

189.54

189.501
189.611
188.103
188.808
191.050
190.310

379.308

127.810)

313.35

313.048
313.677
313.92

28341

283.206
283.690
283.894
283.178
283.690
283.178

267.29

267.059
207.516
267.059
207.516
267.516
267.709

301.1214

282.50

308.559

cal.33

251145
251.558
251.726
251145
251.558
251145

229.00

[228.91]
[229.22]
[229.34]
[228.88]
[229.19]
[228.85

——

Etdem Y

0
613
0
613
613
927

2,581

&

643
927
0
613
0

317

0
613
0
OH13
Hi3
927

2584

25841

0
643
927

“43
0

7

Fotem M

204589

201292
201879
201879
205204
201292
204879

289479

289179

319415

3i9H5
319145
319445

2367

353148
353177
353197
353177
353197
353197

30EEE8

AT
374161
371461
371178
371131
37161

357930

379834

379831

398203

396211
398197
398143
398197
398193
398193

436891

136815
136914
436959
135914
38956
136459 |

=

£

_— L W

o

C =y

—_— W YN

w

N=

VW Y e o Ut

&

N=

WU — LW W

-

S WL YT Yt~

W Ur=— WU

[

—
[

[P R I |

=
o

WW W U -

Ard 1O¥
see )

7l

a2
18
30
7]
17
23

210
16
51

26
9.9

28

28

21

16
7.1

12
0.80

S

G.13

0.040

0.041
0.039
0.040)

0.057

0.047
0.043
0.057
0.0086
0.014
5.8x10*

0.034

0.025
0.0087
0.0086
0.011
0.014
0.034

0.097

(1032

0.14

0.21

0.18
0.16
0.22
0.031
0.052
0.0022

0.096

0.080
0.071
0.095
0.014
0.024

9.6 x 10 ¢

1.5
0.31
0.51
0.4
0.51
0.41

1.7
0.19

0.37

0.21
0.12
0.041

0.48

0.22
0.12
0.053
0.040
0.040
0.0027

0.27

0.11

0.923
0.038
0.030
0.038
0.030

0.48
0.15
0.4

1.6

0.75
0.40
0.18
0.13
0.13
0.0089

0.65

0.30
0.16
0.072
0.051
0.054

0.0036

log gf 1 Accu- | Source
racy

0.36 E 1
—0.03 E Is
-0.72 E Is
—0.50 E Is
—(.59 E Is
—0.50 E Is
—0.60 E Is
013 E |
—0.87 E 2
—-0.15 E 1
- 0.69 E Is
—0.93 E Is
—1.40 E /s
—0.29 E 1
—0.63 E Is
—0.89 E Is
—1.25 E Is
—1.37 E Is
- 1.37 E s
—2.54 E Is
—0.51] E ]
—0.6n E Is
— 1.5 E Is
—-1.36 E Is
—-1.47 E Is
—1.37 E Is
—1.47 E Is
—0.32 o 1
-0.79 E ]
—0.86 E ]
0.2¢ D- ]
—0.04 b— Is
-0.32 b— Is
—0.66 D-— Is
—0.80 D- ls
—0.80 D-— Is
—1.97 D- is
— 06 D 1
—0.-40 D~ Is
—0.07 b - Is
—1.02 D— Is
-1.14 D- Is
—1.15 p- s
—2.32 D— Is
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No. Transition Mul- IYEY) Eicm Yl Evtem Y g
Array plet

i2 A —pe 227.62 3T 4390i0 | 9

1227.49} 0§ 19586 15

[227.76) 613 | 439708 | 3

[227.42] o #9708 | 5

[227.73] 643 | 439760 | 3

1227.82] 613 | 139586 | 3

[227.90] 927 | 439708 | 1

13 3P —ase 22740 17| HO06S 1 9

(227.24] ol 1006 |5

[227.57} 613 | 10065 |3

[227.72} 927 | L0063 |1

14 | 2p33s — 58° —sp 25923 [314148]] (35271211 5
2033573 (11 uvj

2390.04 | 314148} | [352746( | 5

2593.00 | [314148]1 [352093] | 5

2595.68 | [314148]] [352662) | >

15 e 3p 2678.2 319485 | 356773 103
112 uv)

2677.90 31945 | 356777 | 3

2678.61 319415 | 356766 | 3

2677.90 31045 1 356777 | 3

16 | 2p33s’ — pe—3F 26124 333167 7 301435 |15

2p%2DR3p’

2610.03 353148 | 391450 | T

2613.41 353177 ] 391430 | 5

2615.87 3533107 § 39144 | 3

2011.42 353148 | 3vie30 | T

261451 353177 1 391414 | 5

[2612.5] 353148 | 301414 | T
17 [ 2p33p— P —sp°

2p7095°)3d 2163.77 | [352746] [ [398947[] 7

2161.22 | [352693(] [398949] | 5

2159.60 | 3526621 [398952[] 3

2163.7] [352746]] (398949 7

216104 | 352693 [398952(] >

215944 | [352662] ] [398956] | 3

[2163.5] [352746] | [398952)1 7

2160.88 | [352693] | [398956[| >

18 P—=3pe° 2413.0 336773 398203 | Y

2412.73 356777 ] 3982121 5

21291 350766 | 398197 | 3

2413.78 356777 1 398193 | 1

2413.51 A067TT | 398197 | 5

2413.18 336766 1 398193 | 3

2113.78 356777 ] 398193 1 5

19 2p33p" — 3 —3ne 2001.7 386099 130891 |15

202 D°)3d"

2095.51 389139 168y | 7

2089.43 389069 eott | 5

2086.96 389058 136959 | 3

200241 289139 Bovly |} 7

2087.H 389009 136959 K

2002. 1% 289069 RTHE S

2088.92 389058 oyttt | 3

=3

WU — W WU

w

A RST RIS B BNy

MRS I e EZA ) ISy

— —
- P e R A A | “

-l =102 LY e LY~

Ex

Nelll. Allowed Transitions —Continued

e

.‘h-,i 10

sec M)

160

i20
3
69
160
H

D2
210

120
69
23

0.011

6.5
1.36
2.30
2.25
3.82
1.92
0.4>50
1.64

1.87

1.87
3.65
2.70
1.22
2.03
0.135

3.92

347
2.73
2.96
0.5H1
0.99
0.135
(1.50

’ -I IS

0.12

0.093
0.031
0.032
0.0-4]
0.053
0.12

0.055

0.056
0.053
0.035

(.5hH

.36
0.25
0.15

0.78

0.43
0.26
(.086

0.34

0.32
0.31
0.34
0.027
0.038

T8I0

0.59
0.428
0.268
0.158
0.267
0.341
0.0227
0.069

0.71

0.59
0.53
.71
0.106
0177
0,007}

0.257

0.228
0.179
0.194
0.0286
0.0387
0.0100
0.061

Natae)

0.83

0.35
0.069
0.12
0.092
0.12
0.092

0.37
0.21

0.12
0.04!

DN ot
i

13
8.9
1.6
1.6
0.047

—_ b
~

[NV B I )
- — e UV ND LN g

LN

23.6

127
1.22
1.22
0.281

20.6

11.0
6.2
3.99
1.38
1.33
1.38
1.33

log gf

0.01

—0.33
- 1.4
--1).80
=191
= .80
—0.91

—0.31

—0.05
—0.80
—1.26

0.58

0.25
0.10
—0.12

0.37

0.11
—0.11
—0.59

0.71

0).34
0.18
0.01
—0.72
.72
—2.26

0.62
0..330
— 0.096
0.0}
0.126
0.01}
—0.80
—0.461

0.80

0.173
0.202
—0.150
—0.275
—=0.275
— 1451

(.59

0.204
—0.048
—0.236
—0.70
—=0.71
—0.70
—0.71

Acvcu-

rac

.~ — o~~~ p—~

— i~~~
Caeenanelon.

-~~~
o hn el ETURT oM SN .

)

Sotre

u,
e,
ca.
.
.
“u.
“a,
ca.

e

I
s
Is

Is

Is
Is
Is

“d

11

Is
Is
Is

I
Is
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Forbidden Transitions

The adopted values represent, as in the case of F o, the work of Garstang [17 and Naqgvi [2].

who independently have done essentially the same caleulations and have arrived at very similar

results.

References

N} Garstang, Ko HL Manthhy Notices Rov. Astrec, Socc P11 15-128 01951,
12} Nagvi. A. M., Thesis Harvard (1951,

For 1he selection of values, the same considerations as for 11 have been applied.

Nem. Forbidden Trensitions
h —1 _1
No. | Trausition]  Multi- ACA) Faiem Wi Extem D) g ] & | Type of Ari(sec ') Stat.u.) Accu- | Source
Array plet Transition racy
1 (2pf=2p% PP =3P
[15.55 x 104} 0 6429 | 51 3 m 0.00599 2.50 B 1.2
[15.55 x 104] 0 6429 | S 3 ¢ 2.60x10-* 0.422 C 1
]10.79 x 104 0 927 5101 e 2.03x10# 0.176 C 1
[36.19 x 104) 612.9 927 311 m 0.00115 2.00 B 1.2
2 AP
(1F)
3868.71 0 25841 315 m 0.170 0.00182 C 2
3868.74 0 25841 S5 e 3.0x 10 7.3x10% D 1
3967.51 6429 | 2584 315 m 0.052 6.1 <104 (% 2
3967.51 6429 | 25841 3153 @ 3.8x103 1.1 X104 D 1
14012.7] 927 25841 115 e 1.2 X 105 3.7x10°° D 1
3 P18
(1793.8] o {5747 |5 |2 : 0.0051 5.6%10° D 1
[1814.8] 642.9 | 35747 311 n 2.20 4,87 x 104 « 1
4 |
2F
33129 25811 5ITAT 511 e 2.80 0.70 C 1
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142

Ground State

lonization Potential

Wavelength [A] No.
208.485 7
208.734 7
208.899 o
212.556 8
357.831 3
358.70 3
387.13 6
288.23 6
121.584 5
169.77 2
169.8i7 2
169.865 2
521.730 4
521.74 1
521.816 1

=

o~

Nelv.

Allowed Transitions

List of tabulated lines:

Wavelength [A]

54124

542,076

>13.884
2018. 44
2022.19

2029.2
2033.5
21744
2176.1
218t 0

2192.6
2203.88
2206.4
2220.81
2258.02

.\ﬂ.

L A et p—

13
10
10
10
10
10

10
14

97.02 e\

Waselength [A]

2262.08
2264.51
2285.79
2293.14
229319

2350.81
2352.52
«337.96
2362.68
2363.28

2365.49
2372.16
2384.20
2384.95
2404.28

2405.19

1522228 480

= 782768 cin !

11
9
9

11

9

The values for several of the transitions ate taken from the seif consistent field caleulations

{with exchange) by Weiss |11

figuration interaction: kence, fairly large uncerttinties must be expected.
dipole length and veloeity approximations is adopted [1).

These caleulations do not include the important efiects of con-

The

average of the

For the 2:22p32P° - 252p* 2D, *S transitions values are available from the caleulations of Levin-

son et al. |2} which include configuration interaction in a limited way.

are to be expected.

References

[ Weins, AU W, private communicalion ;1963),
[2] Levinson, L B., Belotin, \. B.. and Levin, L. L. Trudy Vilmyvusskogo un. 5, 19-55 (1956,

Again, large uncertainties




NelV. Allowed Transitions

Na.

b3

766-655 O-bb

—tl

S CESS e T
Tran-aon Muin- AMA) Eiem 2 | Extem Y | g | & | 4xi10% ik Siat.u.) log gf | Accu- | Source
Array plet see ') racy
25728 — 180 4P 542.82 3 184222 | 4112 25 0.34 2.4 0.13 E 1
2:2p% (1 uvy
513.884 0 183860 § 4| 6 25 0.17 1.2 —0.17 E Is
542.076 0 184477 | 4| 4 25 0.11 0.8¢ —0.35 E Is
511.124 0 184799 | 4| 2 25 0.056 0.40 —0.65 E Is
)’ ~2b 169.84 (40968] | [253808) {10 | 10 51 0.17 2.6 0.23 E 1
(1 uv)
450.817 (40950 | [253799] L6 6 49 0.16 1.5 —0.0: E Is
469.817 (40995] | [253522)] 4| 4 40 0.15 0.94 -0.22 F Is
(469.77] 140950] § [253822]| 6 | 4 4.9 0.01! 0.10 —1.19 E Is
469.865 130095]) | [253799]| 4| 6 3.3 0.0i6 0.10 -1.i19 E Is
Ppe—2p 358.40 (40968) | [3i9985]|10 | 6 150 0.18 2.1 0.25 E 1
(o v)
358.70 [40950) | [319751]{ 6 | 4 140 0.18 1.3 0.04 E Is
357.831 (40995] | [320452]] 4| 2 150 0.15 0.70 -0.23 E Is
1 358.70 (40995] | [319751])] 4| 4 15 0.030 0.14 —0.93 E Is
e 521.78 162155] | [253808] | 6 {10 7.7 0.052 0.54 —0.50 E 2
(8 uv)
521.810 (62157) 1 [253799]| 4| 6 7.6 0.047 0.32 —0.73 E Is
521.730 (62150 | [253822)( 2 | 4 6.4 0.052 0.18 —0.98 E Is
(521.74) (62157) | [253822]1 4| 4 1.3 0.0052 0.036 —1.68 E Is
pei§ 421.584 (62133) | [299351]] 6 | 2 120 0.11 0.92 —0.18 E 2
(9 uv)
pe-zp 387.85 [62153) | [319985]] 6| 6 75 0.17 1.3 0.01 E 1
(10 uv)
388.23 (62157 | (319751)] 4| 4 62 0.14 0.72 —-0.25 E Is
387.13 62150) | |320452])} 2| 2 51 0.11 0.29 —0.64 E Is
387.13 (62157) | [320452]( 4| 2 24 0.027 0.14 —0.96 E Is
388.23 [62150]) | [319751}] 2| 4 12 0.055 .14 —0.96 E Is
207 — ASo—ap 208.63 0 479309 | 4|12 48 0.095 0.26 —0.42 E 1
20°CP)3s | (2 uv)
208.485 0 479662 | 4 6 48 0.047 0.13 —-0.72 E Is
208.734 0 479083 | 4| 4 48 0.032 0.087 —0.90 E Is
208.899 0 478701 | 4| 2 48 0.016 0.043 —1.20 E Is
2p — nD°-2P 212.556 [40968) | [511681]{10 | 10 74 0.050 0.35 —0.30 13 1
20°0D3s" | (6 uw)
2pt3s— PP—p° | 2361.5 479309 321643 112120 2.5 0.34 32 0.62 D ca
20°CP3p
2357.96 479662 522058) 6| 8 2.5 0.28 13 0.22 D Is
2352.52 479083 5215781 4| 6 1.7 0.22 6.7 —0.06 D Is
2350.84 478701 521226 | 2| 4 1.0 0.17 2.7 - 045 D Is
2384.95 479662 521578 6| 6 0.72 0.061 2.9 —0.53 D Is
2372.16 479083 521226 | 4| 4 1.3 0.11 34 -0.36 D Is
2362.68 478701 521013 2| 2 2.0 0.17 2.7 —047 D Is
2405.19 479662 5212261 61 4 0.12 0.0067 0.32 —1.39 D Is
2384.20 479083 521013 4| 2 0.40 0.017 0.53 - 1.17 D Is
ipodpe | 21975 479309 524802 [ 12 | 12 3.1 0.23 20 0.43 D ca
2203.88 479662 525022 | 6| 6 2.2 0.16 6.8 —0.03 D Is
12192.6] 479083 5246771 4| 4 0.42 0.030 0.86 —0.92 D Is
(2188.0] 478701 524391 | 2{ 2 0.52 0.037 0.54 —1.13 D s
2220.81 479662 524677 6| 4 1.4 0.067 29 - 0.40 D Is
(2206.4] 479083 524391 | 4 2 2.5 0.093 2.7 - 0.43 D Is
[2176.1] 479083 5250221 4] 6 0.96 0.10 29 —0.39 D Is
[2174.4] 178701 5246771 21 4 1.3 0.19 2.7 —0.42 D Is
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INE B ¥,

AW TU 3 1AtV TR UL L

— — — - [ e e
No. Transtion Multi- A Faem YiFEwew O] g | g | A 12 S Stat.ar.) log gf | Accu | Source
Array plet <ee ) Tacy

SV SUN— T | : | 4 - -
11 P2 | 23667 | 488934V [53LIT4) ) 6] 10 26 0.37 17 035 D il
2363.28 | 14891617 [531462] | 4| 6 | 27 | 0.33 16 012| D s
236549 | [488479] [[330741] | 2| 4 | 22 | 037 5.7 —~013| D s
2404.28 | [489161] | [530741]) | 4} 4 0.42 0.036 1.1 — (.84 D Is
12 | 2ty — ep_zpe | om0 | (5006811 |[555333] (10 [ 14 | 28 | 030 23 0i8| D -
200D
2285.79 | [511678] | [555413] | 61 8 2.8 0.29 13 0.21 D ls
2203.49 | 511685] | [3=5273] | +| 6 | 26 | 030 9.2 0.08 | D )
92293.14 | |511678] | |555273] | 6| 6 0.18 0.014 0.65 - 1.06 D o
13 ap_zpe | 20307 | 1511681 | [560883) |10 [10 | 10 0.25 17 039 | D ca
2022.19 | 15116781 | |560846] | 6] 6 | 3.8 0.23 9.3 014] D I
2018.41 | 1511685] | [360043] | 4| 4 | 37 | 022 6.0 —005 | D Is
12029.2] | 151 16781 | [560943] | 61 4 0.0 0.017 0.66 — .00 D Is
(203351 | 15116851 | |360836( | +] o | 027 | 002 066 | —1oo| D s
14| 200y ss_6po | 22608 | 15385001 | (3827181 | 6 {18 | 27 | 0.63 28 058 | D a
20718\ 3p”
205802 | 15383001 | (3827731 | 6| 8 | 27 | 0.28 12 0231 D "
2262.08 1 1538500] | {582693[ | 6| 6 2.7 0.21 9.4 0.10 D I
226154 | (538500 | 282045] | 6| ¥ | 27 0.14 6.2 —008 | D s
Forbidden Transitions
Garstang's 1960 calculations [1] are exclusively used, since it is felt that the important effects
of configuration interaction are partially taken into account in this work and a reliable estimate
of the quadrupole integral is provided (see also general introduction).
Reference
(1] Garstang. R. L, Monthly Notices Rove Astren, Doe. 120, 201 (1960),
Ne1V. Forbtdden Transitions
= ‘ - =
Nold Transition|  Multi- ALA) Eiem 2| Exem Yl g ax| Type of Agilsec ) Stat.u.) Aceu-| Source
Array plet Transition racy
1 |2p3—=2p% [¥S°—#DP° )
[2441.3] 0 0950 {1 |6 m 1.80 % 10 4 5.8x10 7 C 1
12441.3) 0 10950 [+ |6 ¢ L1104 1.3%10 1 D 1
[2438.6] 0 40995 | 4 |t m 0.0053 L14x 10 * C 1
[2438.6] 0 10995 |4+ |4 ¢ 2.7x10 ¢ 5.5x10 7 D 1
2 1502
11609.0] 0| 62050 [+ |2 m 0.53 LOE <10 ! ¢ )
[1662.0] 0 62150 14 |2 & 8.6 <10 % 1.1 X107 )] 1
[1608.8] 0 62157 |1 | ¢ m 1.33 8.2 10 ¢ ]
[1608.8] 0 62157 |4 |t ¢ 1L.Ax10 7 38%10 9 D 1
3 N°—2P°
[22.2 x 103] 10950 1 1995 |6 4 m 148 < 10 ¢ 2.10 C+ 1
[22.2 % 10°] 10056 10695 | 6 1 ¢ 1.1 x10 V7 0.0014 D 1
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Ne1v. Forbidden Transitions —Continued

\'“'

Pt ot Pt

— o ———

I asition

Array

Multi- IYEY) Edem ) | Edenn 3| g el Typeof Ai(see 1) Star.u.) Accu- {Source
et Transition racy
SR S — _ _ R
'_'l)o _ '_»iv:)
a1k
17HL2S 10950 62150 | 6| 2 ¢ 0.110 0.305 C 1
4715.61 40930 62157 1 6 | 4 m (1210 0.00327 C. 1
1715.61 40950 62157 | € | 4 ¢ 0.191 1.06 C 1
472415 10995 62157 ' 4| ¢ m 0.358 0.0056 C 1
472415 40995 62157 | 4| 4 e 0.079 0.439 C 1
4725.62 40995 62150 | 4| 2 m 0.224 0.00179 C 1
4725.62 40995 62150 [ 47 2 ¢ 0.160 0.416 C 1
'.")Q_'.’|D°
[15.6 X 108] 62150 621571 21 4 m 2.36 x 10 ® t.33 C+ 1
5.6 106 | 62150 | 62157 | 2 | 4 ¢ 26x10°2 | 5.7x104 D 1
NeV.
Ground Siate 1522522p2 3P,

lonization Potential

Allowed Trausitions

List of tabulated lines:

126.3 eV = 1018634 em~!

Wavelength [A] No, Wavelength A} No, Wavelength [4) No.
142.44 8 173.932 é 572.336 1
142.52 8 357.955 3 2224.12 14
142.58 8 358.472 3 2227.42 14
142.66 8 359.385 3 2232.41 14
142.72 8 365.594 5 2236.29 14
143.22 i 416.198 4 2245.48 14
143.27 7 480.406 2 2256.65 14
123.30 i 481.281 2 22579 14
143.34 7 481.361 2 2259.57 13
143.42 7 482.987 2 2263.39 13
143.45 7 568.418 1 2265.71 13
147.13 11 569.759 1 2274.54 14
148.78 10 569.830 1 2282.61 13
151.42 9 572.03 1 2306.31 13
156.61 12 572.106 1 2330.3 13

For the 2s%2p*-—-2s2p® transition array, values are available from the calculations of Bolotin
et al. [1] whieh include the nnportant effeets of configuration interaction only in a limited way.
Hence, fairly large uncertainties must be expected.

The values for several other transitions are taken from the self-consistent field calculations

(with exchange) by Weiss [2].
The average of the dipole length ar the veloeity approximations is adopted [2].

entirely.

References

|1} Bolotin, A, B.. Levinson, B, and Levin, L. L, Soviet Phys. = JETP 2, 391-395 (1956).
12) Werss, AL Wo privote communnication (1965),

These caleulations negiect the effeets of configuration interaetion
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Ne V. Allowed Transiiions

l “ 1 ! T
No.. Transition Muiti- A(A) Fiem™ ) L Exem™ | gl &) Aulld Six b Statu) log gf | Accu- | Source
Array plet sect) racy
1 |2s%2p%— 3p-3p° 571.04 756 275876 19 |15 14 0.11 1.9 600 | E 1
2s2p® (1 uv?
572.336 1112 175834 |5 7 14 0.094 0.89 -033 | E Is
569.839 414 175905 {3 | 5 10 0.084 .47 -060 | E Is
568.418 0 173927 111 3 7.7 0.11 0.21 -095 | E Is
572.106 1112 175905 {5 | 5 35 0.017 .16 -107 | E Is
569.759 414 175927 13| 3 58 0.028 0.16 —-1.07 | E Is
[572.03] 1112 175927 |51 3 0.40 | 0.0012 0.011 -223 | E Is
i
2 | p-3pe 482.15 756 208161 | 9] 9 40 0.14 2.0 0.10 E 1
(2 uv)
| 482,987 11i2 208157 | 5] 5 30 0.10 0.83 -¢28 | E Is
481.36! 414 208157 { 3| 3 10 0.036 0.17 -097 | E Is
482.987 1112 208157 | 5| 3 17 0.035 0.28 —0.75 | E Is
481.261 314 208193 | 3 | 1 10 0.046 0.22 —086 | E Is*
481.3¢1 4:4 208157 [ 3] 5 10 0.059 0.28 —-05 1 E ls
480.406 0 208157 11| 3 13 0.14 0.22 —086 | E Is
3 p-38° 358.93 756 279365 | 9| 3 ; 22 0.14 1.5 0.:0 | E 1
(3 uv)
359.385 1112 279365 | 5| 3 | 120 0.14 0.83 -0.15 | E Is
358.472 414 279365 | 3§ 3 73 0.14 0.50 -037 | E Is
357.955 0 279365 | 1| 3 25 0.14 0.17 -0381t | E Is
4 1D —:p° 416.198 30294 270564 | 5 { 5| 110 028 1.9 014 | E 1
4 uv)
5 1p—1p° 365.594 30294 30381z 151 3| 150 0.18 1.1 —-004 | E 1
(5 uv)
6 |2p1— 1D—1p° 173.932 30294 605231 | 5 3 230 0.963 0.18 -0.50 E 2
2p(3P°)3s | (6 uv)
7 |2p*— p-3pe 143.32 756 698517 | 9 1153 | 1200 0.61 2.6 0.74 | D- 2
2p(*P°)3d
[1:3.34] 1112 698735 | 51 7| 1200 051 1.2 0.41 D— Is
[143.27] 414 698382 (3| 5| 900 0.146 0.065 011 | D- Is
[143.22) 0 698231 [ 1] 3| 670 0.62 0.29 —0.21 D- Is
[143.42] 1112 698382 | 5| 5| 300 0.093 0.22 -033 | D— Is
[143.30] 414 698231 { 3| 3| 500 0.16 0.22 -033 ¢ D-- Is
[143.45] 1112 698231 | 5| 3 32 0.0059 0.014 -1.53 D- Is
8 3p —spe 142.61 756 701945 1 91 9 670 0.20 0.86 02 | - 2
1142.72] 1112 701765 | 51 5| 500 0.15 0.36 —0.12 | D-- Is
[142.52] 414 702074 } 31 2| 170 0.051 0.072 —1.81 D— Is
[142.66] 1112 702074 | 5 5| 280 0.0651 0.12 —0.59 { D- Is
[142.44] 414 702459 | 31 1| 670 0.068 0.096 —0.6 | D— Is
[142.58] 414 701765 | 3| 5| 170 0.085 0.12 —0.59 | D-— Is
[142.44] 0 702074 1| 3 220 0.20 0.096 -0.6% | D— Is
9 Pp-—-1D° [151.42] 30294 690691 | 5| 5| 400 0.14 0.3 -0.17 | D-— 2
10 1y —tpe {148.78] 30294 702412 | 5 37 0.0073 0.018 —143 1 D- 2
11 1D~ 1 [147.13] 30294 709956 | 5| 7| 1300 (8 1.4 046 | D— 2
12 1§ —pe [156.61] 63900 702412 1 11 31 €90 0.7t 0.39 -0.12 | D~ 2)
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Ne v. Allowed Transitiens —Continued

No.| Transition Mulsi- Alh) Edv.aa ) | Exlem™) | g | & | Anl1C® fik Staru) log & | Accu- | Source
Array plet sec™!) racy
13 |2;:3s — sPe—3D | 2269.0 597083 641142 1 9115 2.2 0.28 19 040} D ca
2P 3p
2265.71 597523 6dled6 | 51 7 2.2 0.24 8.9 007] D Is
2259.57 596626 610868 [ 31 5 1.7 0.21 4.7 —-020| D Is
2263 39 396254 640422 | 1] 3 1.2 0.28 2.1 -0557 D s
2306.31 597523 640868 | S| 5 G.52 10.042 1.6 —-068| D Is
2282.61 596626 630422 | 3 3 089 | 0.070 1.6 —0.6¢ D is
[2330.3} 597523 640422 | 5| 3 0.056 | 0.0027 0.11 —-18| D Is
14§ 2s2p%3s — 5P —3D°
252:20P¥3pr 2232 .41 69850} 743285 | 7+ 9 0.20 {0.019 0.96 -088) D ca. s
2227.42 697935 742816 | 5| 7 C.13 (0.014 0.50 -L17|1 D ca,ls
2224.12 697507 742455 ) 31| 5 0.069 | 0.0085 0.1 ~1.591 D ca. ls
2256.95 698504 742816 | T4 7 0.063 | 0.0048 0.25 —147 ) D ca, ls
2245.48 697935 742455 | 5| 5 0.11 |0.0084 0.31 -..371D ca, s
2236.29 697507 742210 | 3| 3 0.15 | 0.011 0.24 -1491 D ca, s
2274.5+ 598504 7424553 | 71 5 0.012168x10-4 0.036 -232| D ca, s
[2257.9] 697935 742210 | 51 3 0.047 | 0.0022 0.080 -197 ! D ca,ls
Forbidden Transitions
The adopted values represent, as in the case of F 1v, the work of Garstang (1] and Nagqvi [2],
who independently have done essentially the same calculations and have arrived at very similar
results. For the selection of values, the same considerations as for Fiv have bheen applied.
References
[1] Garstang, R. H., Monthly Notices Roy. Astron. Sec. 111, 115-124 (1951).
[2) Naqvi. A. M., Tlesis Harvard (1951).
NeVv. Forbidden [ransitions
No.| Transition| Multi- AA) Edem™) | Ex{lem~%) | & | gx| Type of Ariizec™?) S(at.u.j Accu- | Source
Array plet Transition racy
1 |2p2=2p |PP—3P
[24.15 X 104 0 414 11| 3 m 0.00129 2.00 B Al
8.990 X 104] 0 m{1!s e 52x10° | 0.001 C 1
{14.32 X 104 414 MIT 1315 m 0.00459 2.50 B 1,2
(14.32 x 104] 414 1124315 e 1.10x 10 * 0.197 C 1
2 3p—-1n
(1K
{3300.0] 0 30294 | 1| 5 e 1.9x10-* 2.2x 103 D 1
3345.9 414 30294 | 31 5 m 0.138 9.6 X104 C 1,2
3345.9 414 30294 | 31 5 e 6.2x10* 7.7xX10°% D 1
3425.8 1112 36204 | 51 5 m 0.582 0.00285 C 1,2
3425.8 1112 30294 | 51 5 e J9Xx10 4 5.9 104 D 1
3 P—18
[1575.2] 414 63900 | 3| 1 m 4.20 6.1 X 10-4 C 1
{1592.7] 1112 63900 | 5 | 1 e 0.0068 4.1x10°% D 1
4 D—1§
2F
2972 30294 63900 | 511 e 2.60 0.359 C 1
J— -
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Ground State

Tonization Potential

Ne VL.

Allowed Transitions

List of tabulated lines:

1522522

Y § I
Iy

157.91 ¢V = 1274000 ¢m !

Wavelength [A) No. Wavelength [A] No. Wavelengih [A] No.

‘ .-
122.+ - 9 HO. 104 5 571.00 6
12249 9 410.46 5 637.90 7
136.79 8 310.60G > 638.1v 1
133.6:1 8 451.843 4 611.26 7
399.82 3 152.745 41 611.55 7
101.14 3 $51.072 4 2042.38 10
101.y3 3 558.59 1 2055.93 10
403.:0 3 562.71 1 2213.1 11
433.176 2 562.80 1 2229.) 11
135.619 2 !| 570.77 6

The transition probabilities are taken from the self-consistent field caleulations (with exchange)

by Weiss 1] These calculations negleet the effects of eonfiguration imteraction entirely,  The
average of the dipole length and velocity approximations s adopted {1).
Reference
1] Weiss, A W, private communication {19635,
Ne V1. Allowed Transitions
Nen| Transttion Mubhti- ALA) Faem W Eoem Y| g ge 1 A 108 fin St log gf | Accu- | Souree
Array plet sec ) racy
1 {232 — P —=D ol 38 873 (7onot 1 6110 17 014 1.5 - 0.09 E 1
262t
]1562.80] 1310 1789492 L6 17 012 .90 -0.31 E Is
1558.54] 0 179021 | 21 + 15 0.14 0.50 —0.57 E Is
1562.71] 1310 179021 1ot 2.8 0.013 0.10 —-1.27 E ls
2 PH=1ES 13182 873 230833 | 6] 2 32 0.030 0.26 -0.71 E 1
135.019 1510 230853 P2 21 0.030 0.17 — .93 k Is
133.176 0 230855 | 2] 2 11 0.031 0.087 —1.21 L Is
3 2 e {06 873 210839 1 6 6 100 0.25 2.0 0.18 E 1
]101.93] 1310 220112 | 44 4 86 0.21 1.1 —0.08 F. Is
J401.14] ¢ 209292 1 2 | 2 69 0.17 0.4 —0.18 l‘ Is
[ 103.26] 1310 4 200292 |2 | 3 0.041 0.22 -08{ F ls
1399.82] ol 20m2 |24 | 17 0,084 0.22 ~0781 K Is
V| 28207 — 2pd M — ST 433,20 [1e1201] 1 1321829] |12 | 4 82 0.084 1.5 0.0 E 1
30072 | potecop 2o fe |4 | 0 0.084 0.75 —030| E Is
02745 | o0vsd] | 321829) | 4 |+ | 27 0.084 0.50 —047 | E ls
51883 | J100513] | (32182090 | 2 | + | 14 0.084 0.25 077 | F Is
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is
Is
Is

Is
Is

Ne vi. Allowed Transitions —Continued

Nop Transition Mulii Atd) Eiem ) Faem Y gl a2 A lon S Statw.)]  log gfl Accu-|Souice
Array plet sec N racy
! ~
> D Rt S [ N {7 200032 110 | 6 25 .04 0.61 —0.36 E !
+10. 104 178992 weosa 1o ) 23 0.04 0.38 - 0.58 E Is
HG.60 179021 wount H4 2 23 0.036 0.21 -0 81 E Is
|-$40.30] 179021 106050 14 |1 25 0.0074 0.043 —1.53 F Is
6 N 2081 250853 wena2 2 16 12 17 G.64 —0.47 E 1
1570.77) [ 230833 | we0se |2 | 4 2 0.11 0.43 —06% |E Is
[571.00 230853 105081 |2 ]2 12 0.056 .21 —-0.95 E Is
i 2p=2p2 640,23 249839 | 400632 |6 [ 6 19 0.12 1.5 -0.15 E 1
{611.206] 250112 406056 11 14 16 0.098 0.83 —-0.41 E Is
[638.19] 249292 405981 |2 12 i3 0.079 0.33 —1.80 E I
1641.53] 250112 405984 11 |2 6.5 0.020 0.17 -1.09 E Is
1637.90] 219292 1060056 |2 1 4 33 0.040 017 - 1.09 E Is
812p—-053s |#P°—=S 138.55 873 22610 |6 | 2 300 0.029 0.078 —-0.77 E 1
]138.64) 1310 722610 |14 {2 200 4.028 0.052 —0.94 E Is
138.39] o | 722600 |2 {2 |1 0.029 0026 |-12¢ |E Is
93 2p-itS3d 1P =2 122.62 873 816405 {6 116 [1400 0.54 1.3 0.51 D |
1122.69} 1310 10405 |4+ [ 6 1400 0.48 0.78 0.29 D Is
[122.49] 0 816305 [2 |4 {1200 0.53 0.43 0.03 D Is
[122.69] 1310 gleics5 |4 |4 2140 0.054 0.087 -0.67 D Is
0] 3s—a8)3p |28 =27 26469 722610 49 12 16 202 0.51 6.9 0.010 | C I
2042.38 722610 771557 |2 |4 2.73 0.342 1.60 —-0.165 | C Is
2055.93 722610 71234 12 2 2.68 0.170 2.30 —0469 | C Is
1 Sp—=093d (2P =2D | 2223.7 Til419 816405 |6 |I0 1.82 0.225 9.9 0.131 C 1
{2229.1] 771557 816405 |1 |6 1.80 0.201 5.9 —0.095 | C Is
12213.1] 771234 816105 12 |4 1.54 0.226 3.30 —-034 {C Is
J [2229.1] 771557 gl6105 {4 |4 0.302 0.0225 0.66 -1.046 | € ls
- S SR B B S i
Forbidden Transitions
Naqvi's calenlation (1] of the one passible traiisiiion in the ground state configuration 2p is
the anly available saurce. The line strength shacld be quite acenrate, since it does not scusitivels
depend on the choice of the interaction parameters.
Reference
1) Negvie A0 ML, Thesis Harvard (1931,
Ne V1. Forbidden Transitions
Na.| Transition Multipiet AA) Fiem 2 | Extem ™) & g | Type af Agitsee Y | S(atiu)  [Accu- | Saurce
Arcay Transition racy
y
Hw—2p |22
[76.32 x 10%] 0 1310 L 4 m 0.0202 1.33 B
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Ground State

fonization Potential

are t¢ he expected.

Ne VIi

Allowed Transitions

Reference

U] Veselov, MU G Zhur Ekspil i Tearel, Fiz. 19, 959-964 (19463,

290 01Q
15225~ 38,

207.2]1 eV = 1671700 ¢m !

The values are taken from the calculations of Veselov [1} who has used relatively simple wave
} y

functions and neglected the effects of configuration interaction entirely.  Hence, large uncertainties

Ne VII. Allowed Transitions
No.| Transition M. AA) Eicm™Y) | Extem™) g | & | Au10? fix S(at.u.) log gf | Accu- | Source
Array plet sec ) racy

1|25 — IS =1ps3 165.221 0 214952 11 3 58 0.57 0.87 —0.25 E 1
25¢3802p

2 losop—2p2 [ pe—p | 56059 | (112208 ov2raifo] o 33 0.16 2.0 014| E 1

501728 | [11z700[| (2907221 | 5| 5 2 0.12 1l —023| E Is

561.378 | [111706]1 [289839] | 3§ 3 8.2 0.039 0.21 —0.91 E Is

564529 | [112700] | [289839] | 5 | 3 T 0.040 037 | om0 | E Is

562.992 [111706]] [289328] | 3| 1 32 0.051 0.28 —0.81 E Is

55861 | [111706) | (290722 | 3 | 5 86 | 0.067 037 | —070| E is

559947 | (11251 | (2898301 |1 | 3 n 0.15 028 | —081| E Is

3] 2s3s— =3P 1987.0 [978300] | [1028626] | 3 1 9 2.3 0.41 8.1 0.09 D ca
2s1*S)3p

1981.97 | [978300] | 10287551 { 3 | 3 24 | 023 5 | —o016| D Is

1992 .06 [978300] } (10284991 | 3 | 3 24 0.14 2, —0.38 D Is

199735 | {97€300[ |[1028367] | 3 | 1 22 | 0.046 090 | —086 | D Is

Forbidden Transitions
Naqgvi's calenlations [1] are the only available source. The results for the *PP°—*P° transi-

150

tions are essentially independent of the chioice of the interaction parameters,
transitions, Nagvi uscs empirical termintervals, e,

should be partially inclnded.

1HE Nageis Ao ML Thesis Harvand 195"

Reference

For the *P°—1P°

the effeets of configuration interaction




Ne VIL. Forbidden Transitions

No. | Transition Multi- AA) EFiem 2| Extem M ) & e | Type of | Autcec ) Stat.u.} Accu- | Source
Array vlet Transition racy
1 |2s2p— ]
25¢°8)2p
[21.97 x 104] 111251 111706 | 113 m 0.00170] 2.00 B I
[10.06 x 104 111706 112700 f 31 5 m 0.9132 .50 B I
2 .'1P° — ll)o
[964.31] 111251 219952 ) 1] 3 m 0.91 9.1 %103 C 1
[968.56] 111706 214952 31 3 m 100 0.0161 C |
1977.98( 112700 2149521 51 3 HY 1.10 1.14 x 10 ¢ C |
Ne VIIL.
Ground State 15225 25”2
lonization Potential 239 eV = 1928006 cm -1 (?)
Allowed Transitions
The extensive self-consistent field calculations including exchange by Weiss [1] are used for
this ion. Values have been calculated in both the dipole length ind velocity approximations
and agree quite well. The dipole length values are chosen. For the 2s — 2p transition an experi-
mental result from the lifetime measurement of Berkner et al. [2] is available and agrees very
well with Weiss’ value.
References
[1} Weiss. A. W.. Astrophys. J. 138, 1262-1276 (1963).
{2] Berkner. K. H.. Ceoper, W. L.. Kaplan. S. N.. and Pyle. R. V.. Phys. Letiers 16, 35 (1965).
Nevill. Allowed Transitions
No.| Transition| Multi- AA) Eilem™) | Exem™) | g & Aki(108 Sk Stat.u.) log gf | Accu-| Source
Array plet sec™!) racy
1 2s=2p  PS—7%P° 773.69 o 1292126 5.64 0.152 | 0.774 -0517] B+ 1.2
770.402 0 129801 |2 | 4 5.72 0.102 0.516 —-0.6921 B+ Is
780.324 0 128152 12 | 2 5.50 0.0502 0.258 -0.998| B+ Is
2 12s—3p S X2 (88.134] 0/[1134634] 12 | 6 853 0.298 0.173 -0225| B 1
3 |2p--3s  |Po—28 [103.05) | 120251 [1099681] |6 | 2 | 462 00245 | 00499 | —0333 | B 1
4 |2p—34 |2P°—2D (98.308]| 129251 | 11146459 | 6 110 | 2760 0.667 | 1.30 0602 | B 1
S5 i3s—3p 2§ —2pe° 2860.1] [1099681] [ [1134634] |2 | 6 0.696 0.256 4.82 —0.291 B 1
6 |3p—3d [P°—2D | [8454.3] |[1134634] |[1146459] | 6 |10 0.0214 | 0.0382 | 6.38 —0.640 | B 1
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Ground State

lonization Potential

Ne IX.

Allowed Transitions

1193 ¢V = 9611000 ¢m

R I.\'"

152

The restzhs of extensive nan-relativistic variatianal caleulations by Weiss [H are chosen.
Values have been caleulated in both the dipole length and dipole velocity approximations and agree
to vithin 1%, except for the 3p 'P° — 34'D transition where agreement is nat as good.

of the twa approximations is adopted [').

Referenee

1T Weiss, AU W0 novate communication (961,

NelIX. Allowed Transitions

The average

——— — p——— —— = -
Na.{ Transition]  Multi- Ad) Etem Y| Evem Y | g | ] detiPsee v 1 fu Statu log gf | Accu- | Source
Array plet racy
1] 1s 1§ — ippe {13.4600] 0§ [742927001 1| 3 887100 1 0723 00320 | =014 A ]
1s2p
21 18— =t [11.558] 0 1 18652380) | 1] 3 24810t | o | oooseT | o827 | A i
1s3p
31 1s2s— 1y —1pe [1901.5] [T3766801 17429276 | 1| 3 0.329 0.0535 | 0.335 - 1.272 AN 1
1s2p
3 Is2s— IS = 4ps [78.388] | [73766801 [ [8652380] { 1| 3{ 1100 0386 | 00996 | —0.413 A 1
1s3p
3] Is2p- pe—1p [82.010]| [7429270] | [8648630] | 3| 57 +180 (.703 0.56Y 0.1214 A 1
1s3d
61 1s3d— 1 —1pe 126660]7 (86486301 | {8652380] 1 5 3 9.99 X 10 1 g.00639] 2.80 -~ 1.196 - 1
1530
7] Is2s— 3S=aP? [1297.5] [T204710] ) [7371810] | 31 9 .980 00712 1 0951 —0.653 A 1
1s2p
81 Is2y— BN — A JT4327] | [7294740] | [86365140] | 31 9§ 1160 0.363 0.269 0.039 A 1
1s3p
gt 1s2p— -3 [78.356] [ [T371810] | [8648030] | 91 15] 1380 04672 1.56 0.782 A 1
1s3d
10 1s3p — pe—-3}) [8700.8] | ]8636510] 118618030] |9 15 0.0155 0.029% | 758 —0.377 A 1
1s3d
152
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References and Comments

Andersom, E. M and Ziline, VoL Opties and Spectrascopy (USSR 16, 211 211 (1963),

fin

Semi-empirical caleulations. Extensive tabulaticns, in fair agreement with onr adopted vahies except for some of the
bigh-ling transitiens, especially these of the resonares series where these values are as much as 507 lower,

Flanners. M. R.. aiid Stewart, V. L. Monthhy Natices Koy, Astron, Sae. 128, 387-392 (1963).

Lk Beu, B Civ, Ny, O,

Variational caienlatin~.  Good agreement with tabalated vafaes, n-ually within H0-23%, except for cases where can.
cellation ocenes. Some transttions are covered for which we lave no valnes, Has been nsed for £ v,

Nikiting Ao AL and Yaknbovskii, O, AL Soviel Phy-. -Doklady 9, $09-111 (19614,

BrCu M O, Fy, Nev

Orgatum mechanical cal olatiom« for forbidden tzansitions. Values are presented for quadrmpade ¢ransitiens in p?
canbizurations, We laae no values far these transitions.

- Beenetr Jro, WO R Kindbmarem, P2 )., and Mercer, GO NG Applied Opties Snpplement 2 of Chemical Lasers pp. 34+

2719650,

He 1. Ne 1,

Lifetime determinations. The resnlis for Ne agree within 25% with the adopted vahes and with 1ke experinental
resuhts of Klose,  The He results have been incorpasated frem an earhier paper which was referenced in this taonlation

Berkner, K., Cooper 1L WS Kaplan, S0NCand Pale, ROV Physies Lenters 16, 35-36 (1965,

CnoN VO v

Lifetime determinations nsmg the accelerator technigue. \wees with Weisd” eatensive ~alenlations within the <tated
experimental and theoretical error limits,  tas been used for F v and Ne v,

Froese. C.. Phys, Rev. 137, VI6H-A1618 (1965).

On O Ne .

Self-consistent field calenlations,  Excellint agreement with the adopted valnes of Keily, Mastrup, and Wiese, and the
Conlomb appricimation. Tends 1o he a few pereent high in all cases exeept one snd shonhd be used i preference
to the Conlomb approximation.

v Morse, FooAL and Kanfman, F.. J. Chem. Phyvs, 42, 17851790 (19635),

NLOL

Absarption of resonance radiation.  The kower imit given for N tis considerably lower than the vahies fron the are
experiment of Labnhn and the fifetime determination of Lawrence and Savage (See ref. Ly but is closer to 1he valne
of Prag, Fairchild, and Clark (See ret. Ji. For Ot the vahtes are in exeellent agreement with the tabulated vahies,

. Pendleton, Wo R and linghes, R Phys, Rev, 138, AG83-1637 (1965).

He t

Liferime determination.  Supperis the theory quite well and nsoally agrees with other referenced lifetime expe-iments
within the stated error limits.

Plennig, H., Steele, R, and Trefiiz, Ko ) Quant. Spectrose. Radiat, Transfer 5, 335-357 11965,

Be t. €2, Nav, O v,

Self-consistent ficld calealitions,  Goeod agreement with tabulated valnes of Weiss: fair agreement with Kelly and
the Coulomb approximation, with betier agreement for the visible Iines where Kelly and the Conlomh approximation
have been averaged.  Large divergences may  conr where cancellation is significant.

Prag, A. B.. Fairchild. C. E.. and Clark, K. C.. Phys, Rev, 137, A1358-A1363 (1965,

Nt O

Absorption of resonanee radiation.  For Nt, disagrees by as much as a tactor of 3-1 tlow) with the adopied valies
tare experiment by Labuhn) and with the lifetime experiment of Lawrence and Savage (See ref. 1), Agrees well for
O 1 but this is 10 he expected hecause of the choice of “hest™ values,

. Green, 1. C Rolekin, Eo K. and Jolinson, N. €., Submitted for publication in the Trausactions of the international

Astronomical Union Symposinm. #26 (1965,

He 1.

Extensive varational ealculations.  Excellent agieement. within the assigned error linits, except for PS—7, 80,
where the disagreement is 10— 15% iow.  These new values shonld bhe used for 1'S—=7, 84

Lawrence, G. M., and Savage, 8. D., (To he published in Phys. Rev.)

B CLN L.

Lifetime experiment using the phase shift method.  Sappors the adopted results of Weiss and Bolotin and the are
experiments of Boldt and Labulin,  The lifetimes tend 10 Le somewhat losger than the adopted values,
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