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The abundance of singly ionized oxygen, O II, in planetary nebulae provides crucial diagnostic tests for the
physical conditions present in these astrophysical environments. The abundance can be determined from
the absorption lines formed by the radiative processes, such as the photo-excitations reported here. Radi-
ative transitions are obtained from a total of 708 fine structure levels of O Il with n <10, [ <9, and
1/2 <J < 17/2. For spectral analysis oscillator strengths, line strengths, and transition probabilities (A)
are presented for 51,733 electric dipole fine structure radiative transitions. The calculations were carried
out in the relativistic Breit-Pauli R-matrix approximation. The transitions have been identified spectro-
scopically using quantum defect analysis and other criteria. The calculated energies agree with the
observed energies within 5% for most of the levels. However, some relatively large differences are noted,
the largest difference being 13% for the level 2s22p*('D)4p(*F°), ,. Most of the A values and lifetimes
agree with the existing measured and calculated values. The transitions should be applicable for diagnos-
tics as well as spectral modeling in the ultraviolet and optical regions of astrophysical and laboratory
plasmas.
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1. Introduction

Knowledge of accurate atomic transitions in O II is crucial for
predicting its abundances in nebular plasmas and in modeling of
supernoma remnants and OB type hot stars. Traces of O II are also
found in the solar wind. Its diagnostic role in these environment
stems from the fact that spectral properties provide information
on population. However, a well known, large discrepancy exists
in the predicted abundance of the ion depending on the varying
considerations of radiative or collisional processes. These processes
for O II have been studied by many researchers and, in a previous
study, we computed collision strengths of O Il [1,2] using the Breit-
Pauli R-matrix (BPRM) method. Later Tayal [3] presented similar
results considering a larger number of collisional excitations. He
also presented the radiative transitions among those levels ob-
tained from atomic structure calculations.

Quite a number of studies have been carried out for radiative
transitions and lifetimes of O II, both theoretically, for example,
by Lennon and Burke [4] as part of the Opacity Project [5], Bell
et al. [6] whose values were renormalized for a number of transi-
tions by Wiese et al. [7], Natarajan [8], Bates and Damgaard [9],
Froese Fischer [10], and experimentally, for example, by Edlen
[11], Eriksson [12], Pattersson and Wenaker [13], Veres and Wiese
[14], del Val et al. [15], Coetzer et al. [16], and Nandi et al. [17]. An
evaluated compilation of O II transitions from earlier investigations
was carried out by Wiese et al. [7]. The study of this important ion
continues seeking improved results since being near neutral the
ion is sensitive to the quality of the representation of the wave-
function. The present work, within the Iron Project [19], reports a
large set (n < 10) of radiative transitions for this ion obtained
using the relativistic BPRM for accurate plasma modelings.

2. Theory

Details of the theoretical background can be found in the papers
from the Opacity Project [5] and the Iron Project (e.g., Ref. [20]). A
brief outline of the BPRM method in the close-coupling (CC)
approximation (e.g., Ref. [21]) is given below. In the CC approxima-
tion the atomic system is described as an N-electron target (core)
interacting with a (N+ 1)th electron. The total wavefunction
expansion, ¥, of the (N + 1)-electron system is written as

AZ/I (ion)0; + Zc]

where y; is the target/core ion wavefunction of a specific LS state
(SiLim;) or fine structure level (J;7r;) and 6; is the wavefunction of
the interacting (N + 1)th electron in a channel labeled as

Ye(e +ion) (e +ion), (1)

SiLi(J;)mik £;(SLm or Jm) where k is the incident kinetic energy.
The sum includes channels of various excitations of the core ion
along with wavefunctions of the interacting electron. @;’s are corre-
lation wavefunctions of the (N + 1)-electron system that (a) com-
pensate the orthogonality conditions between the continuum and
the bound orbitals and (b) represent additional short-range
correlation.

In the Breit-Pauli approximation, the relativistic Hamiltonian
for the (N + 1)-electron system is given by (e.g., Ref. [22])

Hy1 = Hyor + HRSS + HRY + HR Jr2 Zgu (s0 +s0)
i#j

+8;i(55) + gy(css’) + g;(d) + g;(00), 2)

where Hy, is the nonrelativistic Hamiltonian,

HN+1—Z:N+1{ V2——+ZN+1—} 3)

J>i

Hy*$ is the mass correction, HyY, is the Darwin term, and Hy,,
is the spin-orbit interaction term, respectively. The two-body
interaction terms are with notation “c” for contraction, “d” for Dar-
win, “o0” for orbit, “s” for spin, and a prime indicates “other”. In the
present calculatlons, the Breit-Pauli R-matrix Hamiltonian within
the Iron Project [19] includes the first three one-body corrections
and the three two-body terms except the last three weaker terms.

Substitution of the wavefunction expansion into

HY  Wr = EV (4)

results in a set of coupled equations that are solved using the R-ma-
trix approach. In the BPRM method, the set of SLr are recoupled to
obtain (e + ion) states with total Jr, following the diagonalization of
the (N + 1)-electron Hamiltonian. At negative total energies (E < 0),
the solutions of the close coupling equations occur at discrete
eigenvalues of the (e +ion) Hamiltonian that correspond to pure
bound states, ¥g.

The radiative transition matrix elements with dipole operator,
D=>r;, where i is the number of electrons, is given by
(P5||D||Pp) for electric dipole (E1) transitions. These can be re-
duced to generalized line strengths as

o

where ¥; and ¥, are the initial and final bound wavefunctions,
respectively. The line strengths are energy independent quantities

)
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and are related to the oscillator strength, f;, and radiative decay rate
or Einstein’s A-coefficient (in atomic units, a.u.) as
Eji 1.8

f,‘j = 3—‘;5, Aﬁ(a.u.) = Ea?’g_';Eﬁﬂj. (6)
E; is the energy difference between the initial and final states, o is
the fine structure constant, and g; and g; are the statistical weight
factors of the initial and final states, respectively.

The lifetime of a level k can be obtained from the sum of A val-
ues of the radiative decays from the level as,
oE— @)

T AT

In time units, Aj(s~!) = Aj(a.u.)/To, where 7o = 2.4191 x 10" s is
the atomic unit of time.

3. Calculations

The computations have been carried out using the package of
Breit-Pauli R-matrix codes [23,24]. The first step is to obtain the
target or core wavefunctions which are the input for “stage 1”
(STG1), of the BPRM codes. The wavefunction expansion for the
core O IIl was obtained from optimization of 23 configurations in
relativistic atomic structure calculations using the code SUPER-
STRUCTURE (SS) [26]. These configurations and the values of Tho-
mas-Fermi-Dirac scaling parameters for the orbitals are listed in
Table A. Although all 23 configurations were treated spectroscopi-
cally, only the first 19 levels of O IIl were included in the wavefunc-
tion for O II since no more bound states of O I are expected to form
beyond these 19 core levels. These levels and comparison of their
calculated energies with those of experiment (compiled by NIST
[25]) are given in Table A. The observed and calculated energies
show good agreement.

The number of partial waves considered for the outer electron
was up to [ < 14 and the R-matrix basis set for the orbitals had
14 terms. Being close to neutral, the ion has considerable correla-

Table A
Levels and energies (E;) of the target (core ion) O IIl in a wavefunction expansion
of O I. They were optimized using a set of 23 spectroscopic configura-

tions:2s22p?(1),2s2p(2),2s22p3s(3),2p* (4),2s*p3p(5), 2s*2p3d(6),2s>2p4s(7),2s*2p4
DP(8), 252p?35(9), 252p*3p(10), 252p?3d(11), 25?352 (12), 2523p?(13), 2523d” (14), 25?452
(15),25%4p?(16), 2523s3p(17), 25*3s3d(18), 25?3s4s(19), 25?3p3d(20), 2p*3s(21),2p*3p
(22), and 2p33d(23) with filled 1s orbital. The Thomas-Fermi scaling parameters for
the orbitals are 1.46012(1s), 1.30294(2s), 1.19650(2p), 1.4025(3s), 1.3826(3p),
1.0(3d), 1.0(4s), and 1.0(4p). The present calculated energies (SS) are compared with
the observed energies in the NIST compilation [25].

Level Je E¢(Ry) NIST E«(Ry) SS
1 1s22s%2p%(3P) 0 0.0 0.0
2 1522522p%(3P) 1 0.0010334 0.0011497
3 1s22s%2p%(3P) 2 0.0027958 0.003384
4 15%2s%2p%(' D) 2 0.18472 021215
5 1522522p?(1S) 2 0.39352 0.38420
6 1522s2p3(35°) 2 0.54972 0.46200
7 152252p3 (3D°) 3 1.0938 1.12584
8 1522s2p3(3D°) 2 1.0940 1.12576
9 152252p3(3D°) 1 1.0941 1.12573
10 1522s2p*(3P°) 2 1.2975 1.32510
1 152252p3 3P°) 1 1.2975 1.32500
12 152252p3 (3P°) 0 1.2976 1.32495
13 1522s2p3(1D°) 2 1.7045 1.83934
14 152252p3 (3S°) 1 1.7960 1.89708
15 1522s2p3(3P°) 1 1.9178 2.02463
16 152252p3s(3P°) 0 24354 233186
17 152252p3s(3P°) 1 2.4365 2.33300
18 152252p3s(3P°) 2 24388 233186
19 152252p3s(3P°) 1 24885 2.40908

tion. Hence a relatively large R-matrix sphere, 15a, where q, is
Bohr radius, was chosen for convergence of the orbital wavefunc-
tions. The second term of the wavefunction included 73 configura-
tions of O II with minimum and maximum occupancies, specified
within parentheses, 1s(2-2), 2s(0-2), 2p(0-5), 3s(0-2), 3p(0-2),
3d(0-2), 4s(0-2), and 4p(0-2). In the Hamiltonian matrix, the cal-
culated energies of the O III levels were replaced by the observed
values.

The fine structure energy levels of O Il were calculated in STGB
and the energies were sorted by scanning through the poles in the
(e +ion) Hamiltonian with a fine mesh of effective quantum num-
ber Av of 0.001 to 0.0001. The energies were identified through a
theoretical spectroscopy procedure based on quantum defect anal-
ysis, percentage of channel contributions, and angular momenta
algebra as described in Ref. [27] and using code PRCBPID. The oscil-
lator strengths for bound-bound transitions were obtained using
code STGBB. The transitions were processed for energies and tran-
sition wavelengths using code PBPRAD.

4. Results and discussion

Results are presented here for the fine structure energy levels,
oscillator strengths, line strengths, and radiative decay rates for a
large number of allowed E1 transitions in O II. The energies and
radiative transitions are discussed in the following subsections.

4.1. Fine structure energies

A set of 708 fine structure bound levels of O II, with n < 10,
0<1<9, and 1/2<J<17/2 of even and odd parities are pre-
sented. These levels have been identified spectroscopically as
Ce(SeLeme)] nl(SL)w, where Ci,ScLim;,J, are the configuration, LS
term, parity, and total angular momentum of the target or the core,
nl are the principal and orbital quantum numbers of the outer or
the valence electron, and J and SL7n are the total angular momen-
tum, LS term, and parity of the (N + 1)-electron system.

Spectroscopic identification of the calculated energies is a major
effort since the computational procedure of the Breit-Pauli R-ma-
trix method does not identify them. The method of spectroscopic
identification with BPRM is different from that of atomic structure
calculations. An atomic structure calculation assigns a spectro-
scopic designation based on the mixing coefficients of the contrib-
uting configurations. On the contrary, with a larger number of
configurations and couplings of channels involved in BPRM, several
considerations such as quantum defects, percentage of channel
contributions, and angular momentum algebra need to be made
[27]. Hund’s rule is followed for levels arising from the same con-
figuration such that the level with higher spin multiplicity (25 + 1)
and higher orbital angular momentum, L, lies lower than that with
lower spin multiplicity and angular momentum.

A partial set of identified calculated energy levels is presented
in Table 1 where the levels are grouped as LS] components of LS
terms. This form is useful for spectroscopic diagnostics and to
check whether a set of levels is complete. The identification pro-
gram PRCBPID [27] checks the completeness of the set of energy
levels that belong to the LS term(s), and states if the set is com-
plete, otherwise lists the missing levels.

Table B presents fine structure level energies in sets of Jr for-
mat. However, in this table the calculated energies have been re-
placed by the available observed energies. The reason for
including the observed energies is improved accuracy in applica-
tions. This format is also convenient for accurate modeling. The
complete set of 708 energy levels of O Il is available electronically.

Although Hund'’s rule is adopted for identification, it is used
more strictly for (25 + 1) than for L. It may be noted that some
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Table B
Partial set of fine structure energy levels of O Il in J7 order. I; is the energy index of the
level in its symmetry. The last column is the encoded identification of the level.

Table C
Comparison of calculated BPRM energies for O Il with observed values [25]. I; is the
calculated level index for its position in its Jr symmetry.

. Jn I ERy) Config. T jipiiii Level g E(Ry,NIST) E(Ry,BPRM)
1  05e 1 —148710E+00  2s2p4 ape 100001 2522p3 40 1.5:1 2.58140 2.58813
2 05e 2 —893370E-01  2522p2(3P)3s  4p° 100002 2522p3 2po 2.5:1 2.33700 2.32636
3  05e 3 -860080E-01  2522p2(3P)3s  2p° 100003 2522p3 2po 1.5:2 2.33690 2.32644
4 05e 4 -797910E-01 2s2p4 26 100004 2522p3 2po 1.5:3 2.21260 2.18983
5 05e 5 -642520E-01 2s2p4 2pe 100005 2522p3 2po 0.5:1 2.21260 2.18985
6 05e 6 —479890E-01  2522p2(1S)3s  25° 100006 252p4 ape 2.5:1 1.48930 1.47632
7  05e 7 —461720E-01  2522p2(3P)3d  4p° 100007 252p4 ape 1.5:1 1.48780 1.47506
8 05e 8 -460730E-01  2s22p2(3P)3d  4p° 100008 252p4 ape 0.5:1 1.48710 1.47432
9 05e 9 -453140E-01  2522p2(3P)3d  2p° 100009 252p4 2pe 2.5:2 1.06880 1.02560
10 05e 10 —406820E-01  2522p2(3P)4s  4p° 100010 252p4 2pe 1.5:2 1.06870 1.02566
11 05e 11  —391310E-01  2s22p2(3P)4s  2p° 100011 2522p2(3P)3s ape 2.5:3 0.89096 0.88522
12 05e 12 —2.68650E-01  2522p2(1D)3d  2p° 100012 2522p2(3P)3s ape 15:3 0.89241 0.88685
13 05e 13 -259020E-01  2522p2(3P)4d  4D° 100013 2522p2(3P)3s ape 0.5:2 0.89337 0.88782
14 05e 14 -256140E-01  2s22p2(3P)4d  4p° 100014 2522p2(3P)3s 2pe 1.5:4 0.85844 0.85217
15 05e 15 -255050E-01  2s22p2(3P)4d  2p° 100015 2522p2(3P)3s 2pe 0.5:3 0.86008 0.85400
16 05e 16 -2.51950E-01  2s22p2(1D)3d  25° 100016 252p4 2g¢ 0.5:4 0.79791 0.73844
17 05e 17  -233060E-01  2s22p2(3P)5s  4p° 100017 2522p2(3P)3p 20 0.5:2 0.72290 0.71796
18 05e 18  —226540E-01  2522p2(3P)5s  2pe 100018 2522p2(3P)3p apo 3.5:1 0.69501 0.68927
19 05e 19 —162894E-01  2522p23P5d appe 100019 2522p2(3P)3p apo 2.5:2 0.69614 0.69058
20 05e 20 -1.60441E-01  2522p23P5d appe 100020 2522p2(3P)3p ape 1.5:4 0.69698 0.69150
21 05e 21 —1.60008E-01  2s22p23P5d 2pe 100021 2522p2(3P)3p apo 0.5:3 0.69749 0.69205
22 05e 22 —151020E-01  2522p2(3P)6s  4pe 100022 2522p2(1D)3s 2pe 2.5:4 0.69529 0.67093
23 05e 23 —147350E-01  2522p2(3P)6s  2p° 100023 2522p2(1D)3s 2pe 15:5 0.69528 0.67094
24 05e 24 -1.13326E-01  2522p23P6d appe 100024 2522p2(3P)3p apo 25:3 0.68151 0.67536
25 05e 25 —1.12257E-01  2522p23P6d appe 100025 2522p2(3P)3p apo 1.5:5 0.68234 0.67630
26 05e 26 —1.10294E-01  2522p23P6d 2pe 100026 2522p2(3P)3p apo 0.5:4 0.68277 0.67682
27 05e 27 —1.06570E-01  2522p23P7s ape 100027 2522p2(3P)3p 20 2.5:4 0.65209 0.64290
28 05e 28 —1.02763E-01  2522p23P7s 2pe 100028 2522p2(3P)3p 2po 1.5:6 0.65382 0.64489
29 05e 29 —1.01934E-01  252p355°3p ape 100029 2522p2(3P)3p 450 15:7 0.64799 0.63951
30 05e 30 -821840E-02  2522p23P7d appe 100030 252p4 2pe 1.5:6 0.64406 0.58149
31 05e 31 -8.02704E-02  2522p23P7d appe 100031 252p4 2pe 0.5:5 0.64252 0.58005
32 05e 32 -7.96340E-02  2522p23P7d 2pe 100032 2522p2(3P)3p 2po 15:8 0.62915 0.61868
33 05e 33 —7.74644E-02  2522p23PSs ape 100033 2522p2(3P)3p 2po 0.5:5 0.62969 0.61941
34 05e 34 —7.58932E-02  2522p23P8s 2pe 100034 2522p2(1D)3p 20 3.5:2 0.49685 0.46925
35 05e 35 -6.62890E-02  2522p2(1D)4d  25° 100035 2522p2(1D)3p 2o 2.5:5 0.49707 0.46947

energies have been designated by more than one L value. These are
all calculated levels for which there exists more than one possible
value of the total angular momentum, L. For example, in Table B
the level (2s?2p?3P5d) with J = 1/2, can have total angular momen-
tum equal to P or D. If Hund’s rule is followed, L should be D for the
lower level and P for the upper level. However, for a multi-electron
system, Hund’s rule may not necessarily be followed. For such lev-
els, both values of L are specified in the identification. Hence, for
this particular level, the assigned designation is *PD;, meaning L
could be P or D.

The BPRM energies for O Il are compared with the observed val-
ues in Table C. They agree with those in the NIST compiled table
[25] within 5% for most of the levels. However, some relatively
large differences are also found, the largest difference being 13%
for the level 2522p*('D)4p(*F’), ,. It may be noted that all levels
have been identified uniquely based on the criteria above and with
correspondence between the fine structure levels and their LS
terms, such that exact numbers of fine structure levels are ac-
counted for each LS term. However, due to mixing of states and
similar quantum defects, spectroscopic designations could be
swapped with respect to the atomic structure calculations. Hence,
each level is assigned with one or more possible designations.

4.2. Allowed E1 transitions

The f,S, and A values for electric dipole transitions (same spin-
multiplicities and intercombination) in O II using the ab initio

close-coupling approximation in the relativistic BPRM method
have been obtained for the first time. Previously published results
for fine structure transitions were obtained from various atomic
structure calculations. One advantage of the R-matrix method is
consideration of a large number of transitions. The present set,
containing 51,733 E1 transitions among the 708 fine structure lev-
els, is the largest set compared to all existing published sets of
transitions.

Table D presents a sample of f,S, and A values contained in the
complete file. The top line specifies the nuclear charge (Z = 8) and
number of electrons in the ion (N = 7). This line is followed by
sets of transitions among various pairs of symmetries, J;m; — J, .
The first line of each set specifies the transitional symmetries ex-
pressed by their statistical weight factors, g = 2] + 1, and parity
7 (0 for even and 1 for odd parity). The same line also gives the
number of levels Ni and Nk belonging to symmetries J; and J,,
and the total number of transitions NN = Ni x Nk. The transitional
levels can be identified spectroscopically by matching their indices
I; and I, with those in Table B. The third column lists the transition
wavelengths (%) in A obtained using E(A) =911.2671/Ey(Ry),
while the fourth and fifth columns provide individual level ener-
gies E; and E, in Rydbergs. The sixth column gives the oscillator
strength f in length formulation. The sign of f indicates the upper
and lower levels in the transition; a negative value means that le-
vel i is lower and a positive value means level k is lower. Column
seven is line strength S, and column eight is transition probability
or the radiative decay rate A(s™!). Since f and A values depend
on the transition energies, they have been evaluated from the
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Table D
Sample of f,S, and A values for allowed Eltransitions in O II (see text in Results and Discussions section for explanation of the table).
8 7
li I Z(A) Ei(Ry) Ex(Ry) f S A(s™)
202147 43 2021 = gi Pi gk Pk Ni Nk NN(= Ni times Nk)

1 1 1256.05 —1.4871E+00 —2.2126E+00 2.532E-07 2.094E-06 1.071E+03
1 2 1192.45 —1.4871E+00 —7.2290E-01 —7.265E-07 5.704E-06 3.407E+03
1 3 1154.07 —1.4871E+00 —6.9749E-01 —1.101E-03 8.368E-03 5.514E+06
1 4 1132.95 —1.4871E+00 —6.8277E-01 —1.578E-03 1.177E-02 8.202E+06
1 5 1062.81 —1.4871E+00 —6.2969E-01 —4.746E—-08 3.321E-07 2.802E+02
1 6 889.68 —1.4871E+00 —4.6284E-01 —2.105E-09 1.233E-08 1.774E+01
1 7 800.28 —1.4871E+00 —3.4841E-01 -9.751E-07 5.138E-06 1.016E+04
1 8 795.62 —1.4871E+00 —3.4175E-01 —1.513E-05 7.924E-05 1.594E+05
1 9 792.14 —1.4871E+00 —3.3672E-01 —2.555E-04 1.332E-03 2.715E+06
1 10 779.15 —1.4871E+00 —3.1753E-01 —1.547E-08 7.938E-08 1.700E+02
1 11 752.41 —1.4871E+00 —2.7597E-01 —2.124E-10 1.052E-09 2.502E+00
1 12 735.96 —1.4871E+00 —2.4890E-01 —4.399E-04 2.132E-03 5.417E+06
1 13 711.21 —1.4871E+00 —2.0581E-01 —1.747E-06 8.181E-06 2.304E+04
1 14 710.07 —1.4871E+00 —2.0375E-01 —2.325E-09 1.087E-08 3.076E+01
1 15 708.55 —1.4871E+00 —2.0099E-01 —9.566E—-05 4.463E-04 1.272E+06
1 16 703.20 —1.4871E+00 —1.9122E-01 —5.347E-08 2.476E-07 7.213E+02
1 17 685.67 —1.4871E+00 —1.5809E-01 —3.071E-04 1.386E-03 4.356E+06
1 18 678.52 —1.4871E+00 —1.4408E-01 —1.214E-06 5.424E-06 1.758E+04
1 19 674.36 —1.4871E+00 —1.3579E-01 —3.282E-06 1.457E-05 4.812E+04
1 20 672.86 —1.4871E+00 -1.3277E-01 —4.631E-05 2.052E-04 6.822E+05
1 21 672.08 —1.4871E+00 —1.3120E-01 —2.438E-06 1.079E-05 3.601E+04
1 22 665.76 —1.4871E+00 —1.1834E-01 —4.669E—-08 2.046E-07 7.025E+02
1 23 661.18 —1.4871E+00 —1.0885E-01 —2.078E-04 9.045E-04 3.170E+06
1 24 655.02 —1.4871E+00 —9.5886E-02 —3.516E-09 1.516E-08 5.465E+01
1 25 654.79 —1.4871E+00 —9.5402E-02 —7.575E-06 3.266E-05 1.178E+05
1 26 654.15 —1.4871E+00 —9.4055E-02 —2.738E-05 1.179E-04 4.268E+05
1 27 652.20 —1.4871E+00 —8.9871E-02 —4.175E-07 1.793E-06 6.546E+03
1 28 647.25 —1.4871E+00 —7.9184E-02 —1.423E-04 6.064E—04 2.265E+06
1 29 643.85 —1.4871E+00 —7.1758E-02 —2.007E-07 8.507E-07 3.229E+03
1 30 643.55 —1.4871E+00 —7.1096E-02 —8.759E-06 3.711E-05 1.411E+05
1 31 643.09 —1.4871E+00 —7.0098E-02 -1.519E-05 6.431E-05 2.450E+05
1 32 641.94 —1.4871E+00 —6.7542E-02 —9.026E-07 3.815E-06 1.461E+04
1 33 640.06 —1.4871E+00 —6.3387E-02 —1.380E-08 5.815E-08 2.247E+02
1 34 638.52 —1.4871E+00 —5.9940E-02 —1.003E-04 4.219E-04 1.642E+06

calculated S values but using the observed transition energies
whenever available. The file containing the complete set of transi-
tions as well as the complete set of energies in Table D (for easy
correspondence between transitions and identifications) is avail-
able electronically.

A set of transitions, 4650 in total, for O Il has been reprocessed
with complete spectroscopic identification using the observed fine
structure levels available in the NIST tabulation. Table 2 presents a
partial set of transitions among these observed levels. The transi-
tions have been grouped together as fine structure components
of LS multiplets. Fine structure transitions with same spin-multi-
plicity can be added statistically for f,S, and A values of dipole al-
lowed LS multiplets. The standard spectroscopic notation used in
the table can facilitate direct comparison with experiments and
other applications, such as diagnostics.

BPRM A values for E1 transitions in O II are compared with
those obtained experimentally and theoretically in Table E. Wiese
et al. [7] carried out an evaluated compilation of results by various
authors which is available at the NIST [25] website. Comparisons of
present work for transitions from the ground configuration of O II
are made with those by Bell et al. [6] obtained using the CIV3 code,
by Tayal [3] obtained from atomic structure calculations using the
multi-configuration Hartree-Fock method, by Natarajan [8]
obtained using multi-configuration Dirac-Fock approximation,
and by Lennon and Burke [4] in the R-matrix method but in
nonrelativistic LS coupling approximation. Experimental measure-
ments correspond mainly to 3s — 3p,3p — 3d, and 3d — 4f transi-
tions. Wavelengths of the transitions were measured by Edlen
[11], Erikson [12], and Pettersson and Wenaker [13]. The present
A values agree well with the published results by Tayal [3] and Nat-
arajan [8], and very well with those of Bell et al. [6], some of which

were renormalized later by Wiese et al. [7]. The correlation inter-
action between 2s2p**P and 2s%>2p?3s*P states are known to show
considerable perturbation effect on the states. In the latest pub-
lished results on O II transitions, Tayal [3] accounted for the inter-
action by introducing a set of correlation orbitals, s, p, d, that were
optimized for each state of the configurations. The average radii of
the correlation orbitals were close to those of the spectroscopic
orbitals indicating the states were very well represented. In con-
trast the present calculations included optimized orbitals up to
4p along with 73 configurations of O II as described in the compu-
tation section. These differences are the possible reasons for the
differences in A values obtained by Tayal and the present calcula-
tions. Good agreement is found between the present values and
those listed on the NIST website [25] that it calculated from pure
LS coupling. The present A values agree very well with the mea-
sured values by Val et al. [15] who used a pulsed discharge lamp,
and by Veres and Wiese [14] who used a photoelectric measure-
ment using a well-stabilized arc discharge.

4.3. Lifetimes

Lifetimes of all 707 excited fine structure levels of O II are avail-
able electronically, and a sample of lifetimes is given in Table F.
They are obtained using the E1 transition probabilities. The last
column in the table lists the number of transitions of the level to
lower levels.

The present lifetimes are compared with published values in
Table G. Lifetimes were measured by Coetzer et al. [16] using the
beam-foil technique but applying an arbitrarily normalized decay
curve, and by Nandi et al. [17] using the beam-foil technique.
The comparison shows that the present lifetimes agree better with
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Table E
Comparison of the present A values for E1 transitions in O Il with those in Refs. [6,7](a), [3](b), [6](c), [25](d), [8](e), [4](f), [14](g), [15](h). Alphabetic capital letters are the
accuracy ratings by NIST.

(A) A(s1):Theory Present Expt. Transition: C; — C¢ LS7t; — LSTy 8 — &
832.758 8.67e+08%:B+, 9.85e+08" 8.65e+08 2522p3 — 2s2p4 450 _4p 4-2
833.330 8.65e+08%:B+, 9.83e+08" 8.62e+08 2522p3 — 2s2p4 450 _4p 4-4
834.465 8.61e+08%:B+, 9.78e+08" 8.58e+08 2522p3 — 2s2p4 450 _4p 4-6
539.086 9.83e+08°:B+, 8.60e+08" 9.98e+08 2s522p3 — 2522p2(3P)3s 450 _4p 4-6
539.854 9.81e+08%:B+, 8.59e+08" 9.96e+08 2522p3 — 2522p2(3P)3s 450 _4p 4-2
539.547 9.81e+08%:B+, 8.59e+08", 1.04e+09° 9.96e+08 2522p3 — 2522p2(3P)3s 450 _4p 4-4
429.918 4.25e+09%:B+, 4.04e+09, 3.07e+09¢ 4.15e+09 2522p3 — 2522p2(3P)3d 45° _4p 4-2
430.176 4.36e+09%:B+, 2.92e+09° 3.35e+09 2522p3 — 2522p2(3P)3d 450 _4p 4-6
430.041 4.13e+09%:B+, 2.95e+09°¢ 3.94e+09 2s522p3 — 2s22p2(3P)3d 450 _4p 4-4
429.653 6.35e+08°¢, 1.04e+08°:C 2.80e+08 2s522p3 — 2s22p2(3P)3d 45°_4p 4-4
429.650 3.49e+08°:C 6.37e+08 2522p3 — 2522p2(3P)3d 45°_4p 4-6
426.522 2.06e+06°:C 3.11e+06 2s522p3 — 2522p2(3P)3d 45°_2p 4-6
429.560 6.52e+07°:D 7.64e+07 2s522p3 — 2522p2(3P)3d 48° _2F 4-6
418.5958 1.86e+08%:C+ 1.89e+08 2522p3 — 2522p2(3P)4s 450 _4p 4-6
418.8786 1.86e+089:C+ 1.85e+08 2s522p3 — 2522p2(3P)4s 450 _4p 4-4
419.0633 1.86e+089:C+ 1.83e+08 2522p3 — 2522p2(3P)4s 450 _4p 4-2
391.9062 2.38e+09%:C+ 2.28e+09 2s522p3 — 2522p2(3P)4d 450 _4p 4-2
391.9380 2.38e+09%:C+ 2.14e+09 2s522p3 — 2522p2(3P)4d 45° _4p 4-4
391.9954 2.38e+09%:C+ 1.80e+09 2s522p3 — 2s22p2(3P)4d 450 _4p 4-6
388.055 5.58e+07%:C+ 6.13e+07 2s522p3 — 2522p2(3P)5s 450 _4p 4-2
387.898 5.58e+07%:C+ 6.37e+07 2522p3 — 2522p2(3P)5s 450 _4p 4-4
387.649 5.59e+07%:C+ 6.76e+07 2522p3 — 2522p2(3P)5s 450 _4p 4-6

1083.139 2.55e+07%:B 2.76e+07 2s2p4 — —2s522p2(3P)3p 4p_4g° 6-4

1085.052 1.82e+07%:B 1.99e+07 2s2p4 — 2s22p2(3P)3p 4p_4g° 4-4

1086.024 9.44e+06%:C+ 1.04e+07 2s2p4 — 2522p2(3P)3p 4p_4g° 2-4

4325.76 1.49e+07¢, 1.64e+07", 1.53e+07° 1.43E+07 1.35e+078 2522p2(3P)3s — 2522p2(3P)3p 4p _4po 2-2

4317.14 4.32e+07", 4.12e+07", 4.03e+07° 3.83e+07 3.40e+078, 4.11e+07" 2522p2(3P)3s — 2522p2(3P)3p 4p _4po 2-4

4336.86 1.91e+07", 1.62e+07¢, 1.30e+07", 1.60e+07¢ 1.62E+07 1.44e+078, 1.66e+07" 2522p2(3P)3s — 2522p2(3P)3p ap _4po 4-4

4069.62 1.45e+08¢, 1.40e+08" 1.43E+08 1.40e+08% 2522p2(3P)3p — 2s22p2(3P)3d 4p°_4F 2-4

4078.84 5.35e+07¢, 5.59e+07" 5.24E+07 5.07e+078, 4.44e+07" 2522p2(3P)3p — 2522p2(3P)3d 4p°_4F 4-4

4069.88 1.58e+08¢, 1.50e+08", 1.43e+08° 1.53E+08 1.41e+088 2522p2(3P)3p — 2522p2(3P)3d 4p°_4F 4-6

4085.11 4.48e+07°¢, 4.82e+07", 5.59e+07¢ 4.33E+07 4.18e+078, 4.65e+07" 2522p2(3P)3p — 2522p2(3P)3d 4p°_4F 6-6

4094.14 3.37e+06°, 3.93e+06" 3.25E+06 4.32e+068 2s522p2(3P)3p — 2s22p2(3P)3d 4p°_4F 8-6

4072.15 1.77e+08¢, 1.71e+08', 1.66e+08° 1.74E+08 1.82e+088, 1.677e+08" 2522p2(3P)3p — 2s22p2(3P)3d 4p°_4F 6-8

4106.02 1.46e+06¢, 1.88e+06" 1.36E+06 1.56e+068 2522p2(3P)3p — 2522p2(3P)3d 4p°_4f 8-6

4092.93 2.46e+07°, 2.80e+07" 2.36E+07 2.44e+07¢, 2.28e+07" 2522p2(3P)3p — 2s22p2(3P)3d 4p°_4F 8-8

4075.86 2.00e+08¢, 1.99e+08" 1.98E+08 1.94e+088, 1.883e+08" 2s522p2(3P)3p — 2522p2(3P)3d 4p°_A4F 8-10

Table F
Sample of lifetimes of O II levels obtained from E1 transitions.
Level J Ij E(Ry) Lifetime (s) #transitions

1 2522p2(3P)3s 4Pe 0.5 2 —8.9337E-01 1.003E-09 4

2 2522p2(3P)3s 2Pe 0.5 3 —8.6008E-01 2.588E-10 4

3 2s2p4 2Se 0.5 4 —7.9791E-01 1.894E-10 4

4 2s2p4 2Pe 0.5 5 —6.4252E-01 1.577E-10 11

5 2s522p2(1S)3s 2Se 0.5 6 —4.7989E-01 4.280E-09 14

6 2s22p2(3P)3d 4Pe 0.5 7 —4.6172E-01 2.317E-10 16

7 2s22p2(3P)3d 4De 0.5 8 —4.6073E-01 9.884E-10 16

8 2s522p2(3P)3d 2Pe 0.5 9 —4.5314E-01 1.743E-10 16

9 2522p2(3P)4s 4Pe 0.5 10 —4.0682E-01 2.223E-09 16

10 2522p2(3P)4s 2Pe 0.5 11 —3.9131E-01 7.153E-10 16

11 2s522p2(1D)3d 2Pe 0.5 12 —2.6865E-01 9.562E-10 27

12 2s522p2(3P)4d 4De 0.5 13 —2.5902E-01 1.006E—-09 27

13 2s22p2(3P)4d 4Pe 0.5 14 —2.5614E-01 4.321E-10 28

14 2s22p2(3P)4d 2Pe 0.5 15 —2.5505E-01 5.210E-10 28

15 2s522p2(1D)3d 2Se 0.5 16 —2.5195E-01 5.249E-10 28

16 2522p2(3P)5s 4Pe 0.5 17 —2.3306E-01 4.605E-09 32

17 2522p2(3P)5s 2Pe 0.5 18 —2.2654E-01 1.735E-09 32

18 2s22p2 3Pe 5d 4PDe 0.5 19 —1.6289E-01 7.822E-09 41

19 2s22p2 3Pe 5d 4PDe 0.5 20 —1.6044E-01 7.199E-10 41

20 2522p2 3Pe 5d 2Pe 0.5 21 —1.6001E-01 1.102E-09 41
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Table G

Comparison of the present lifetimes 7 in ns (10~ s) of O Il with those in Refs. [16](a),
[17](b), [9](c), [10](d), [18](e), [4](f). NTr represents the number of radiative decays of
the level.

Level 7(ns):Expt. Present  NTr  Others
2s522p2(1D)3p 2F2, 9.67(0.48)*  9.06 10 11.5¢, 9.86¢
b
2s22p2(1D)3p ZDg/2 7.40(0.4) 7.03 10 6.0¢
2s22p2(3P)3d ‘DS, 4.14(0.5)° 3.931 8 4.16¢

1.9(0.2)° 2.207 18 2.24f
1.9(0.2)° 2.210 22 2.24"
1.2(0.1)° 1.464 47 1.3f

3.98(0.48)*  3.995 45 3.87¢
4.19(0.23)* 3.954 11 4.26°
3.95(0.28)*  3.954 139 4.19°

(
(
(
2522p2(3P)ds  4Pg,
2522p2(3P)4s  4P5),
2522p2(1D)4s  2D5,
2522p2(3Pe)4f  2FY,
2522p2(3Pe)4f 263,
2522p2(1De)4f 23,

the measured values compared to the values calculated by Bates
and Damgaard [9] and Froese Fischer [10].

5. Conclusions

A large set of transition probabilities and oscillator strengths for
E1 transitions in O II from the ab initio relativistic BPRM method is
presented. The atomic data comprises 51,733 transitions among
708 fine structure levels with n < 10. Comparisons with existing
energies, A values, and lifetimes show very good agreement with
the measured as well as other theoretical values for most levels
and transitions. The fine structure levels are identified spectro-
scopically. However, due to mixing of levels with different weights
and similar quantum defects, the present identifications may not
necessarily match those from atomic structure calculations, espe-
cially for the high lying levels.

Based on the comparison with various experiments and theo-
retical work and accuracy of the ab initio BPRM method, the pres-
ent set of transitions is more complete and is of comparable or
higher accuracy to existing values, and hence is expected to pro-
vide a more accurate basis for astrophysical modeling.
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Explanation of Tables

Table 1.

Table 2.

S.N. Nahar/Atomic Data and Nuclear Data Tables 96 (2010) 863-877

Partial set of 708 energy levels of O II, grouped as fine structure components of the LS terms

The levels are designated as C;(S;L;7)J,nlJ(SL)7. The top line of each set provides the expected number of fine
structure levels (NIv) for the possible 25+ L” terms with the given configuration. In the set, the spin multiplicity
(2S + 1) and parity m are fixed, but L varies. Within parentheses next to each L, all possible J values associated
with the given LS term are specified. This line is followed by the set of energy levels of the same configuration.
Nlv(c) at the end specifies the total number of calculated J levels found for the set. If Nlv = Nlv(c), the calculated
energy set for the given terms is complete

C: target configuration

SeLeTty SLm symmetry of the target

Je total angular momentum of the target state

nl configuration of the valence electron

] total angular momentum of the level

E(Ry) energy level in Rydbergs

y effective quantum number (No v for equivalent electron states; set to 0 for convenience)
SLmt symmetry of the level

E1 transition probabilities for observed levels of O II, grouped as fine structure components of LS multiplets

Cik configurations of transitional levels

T; LS term designation of the level

g; statistical weight factor (2J + 1) of the level

1 position index of the level in its SLw symmetry
Ei transition energy

f,S,A oscillator strength, line strength, radiative decay rate
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Table 1
Partial set of 708 energy levels of O II, grouped as fine structure components of the LS terms. See page 870 for Explanation of Tables.

Ci(SeLemy) I nl 2] E(Ry) v SLmt

Eqv electron/unidentified levels, parity: o
2s522p3 3 —2.58813E+00 0.00 4S o

Nlv(c) = 1: set complete

Eqv electron/unidentified levels, parity: o
2s22p3 3 —2.32644E+00 0.00 2Do
2s22p3 5 —2.32636E+00 0.00 2Do

Nlv(c) = 2: set complete

Eqv electron/unidentified levels, parity: o
2s22p3 1 —2.18985E+00 0.00 2P o
2s22p3 3 —2.18983E+00 0.00 2Po

Nlv(c) = 2: set complete

Eqv electron/unidentified levels, parity: e

2s2p4 5 —1.47632E+00 0.00 4P e
2s2p4 3 —1.47506E+00 0.00 4P e
2s2p4 1 —1.47432E+00 0.00 4P e

Nlv(c) = 3: set complete

Eqv electron/unidentified levels, parity: e
2s52p4 3 —1.02566E+00 0.00 2De
2s2p4 5 —1.02560E+00 0.00 2De

Nlv(c) = 2: set complete
Nlv=3,4L°: P (53 1)/2

2s22p2 (3Pe) 0 3s 1 —8.87824E-01 2.12 4P e
2s22p2 (3Pe) 1 3s 3 —8.86848E-01 2.12 4P e
2s22p2 (3Pe) 1 3s 5 —8.85216E-01 212 4P e

Nlv(c) = 3: set complete

Nlv=2,2[%: P (3 1)[2
2522p2 (3Pe) 1 3s 1 —8.54004E-01 2.16 2Pe
2522p2 (3Pe) 1 3s 3 ~8.52172E-01 2.16 2Pe

Nlv(c) = 2: set complete

Eqv electron/unidentified levels, parity: e
2s2p4 1 —7.38436E-01 0.00 2Se

Nlv(c) = 1: set complete

NIv=5,2[° S (1)/2 P (3 1)/2D (5 3)/2

2s522p2 (3Pe) 0 3p 1 —7.17960E-01 2.36 2SP o
2522p2 (3Pe) 1 3p 3 —6.44892E-01 2.49 2PD o
2s522p2 (3Pe) 1 3p 5 —6.42900E-01 2.49 2D o
2s522p2 (3Pe) 1 3p 1 —6.19412E-01 2.54 2SP o
2522p2 (3Pe) 2 3p 3 —6.18676E-01 2.54 2PD o
Nlv(c) =5: set complete

Nlv=28,4L°:S(3)/2P(531)2D (753 1)/2

2s522p2 (3Pe) 0 3p 1 —6.92048E-01 2.40 4PD o
2s22p2 (3Pe) 1 3p 3 —6.91504E-01 2.40 4SPD o
2s522p2 (3Pe) 0 3p 5 —6.90584E-01 241 4PD o
2s522p2 (3Pe) 0 3p 7 —6.89268E-01 2.40 4D o
2s22p2 (3Pe) 1 3p 1 —6.76820E-01 243 4PD o
2s22p2 (3Pe) 0 3p 3 —6.76304E-01 243 4SPD o
2s522p2 (3Pe) 1 3p 5 —6.75356E-01 243 4PD o
2522p2 (3Pe) 2 3p 3 —6.39512E-01 2.50 4SPD o
Nlv(c) = 8: set complete

Nlv=2,2L°: D (5 3)/2

2s522p2 (1De) 2 3s 3 —6.70940E-01 244 2De
2s522p2 (1De) 2 3s 5 —6.70932E-01 2.44 2De
Nlv(c) = 2: set complete

Eqv electron/unidentified levels, parity: e

2s2p4 3 —5.81488E-01 0.00 2P e
2s52p4 1 —5.80052E-01 0.00 2Pe
Nlv(c) = 2: set complete

NIv=6,2L°: P (3 1)2D (53)2F(75)2

2s22p2 (1De) 2 3p 5 —4.69472E-01 2.52 2DF o
2s522p2 (1De) 2 3p 7 —4.69252E-01 2.42 2F o
2s522p2 (1De) 2 3p 5 —4.57328E-01 2.45 2DF o

(continued on next page)
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Ce(SeLeme) Je nl 2] E(Ry) v SLt
2522p2 (1De) 2 3p 3 —4.57148E-01 246 2PD o
2s522p2 (1De) 2 3p 1 —4.34124E-01 2.53 2Po
2s522p2 (1De) 2 3p 3 —4.33704E-01 2.54 2PD o
Nlv(c) = 6: set complete

Nlv=11,4L*:P(531)2D(7531))2F(9753)2

2s522p2 (3Pe) 0 3d 3 —4.66992E-01 2.93 4PDF e
2s522p2 (3Pe) 1 3d 5 —4.66476E-01 2.92 4PDF e
2s522p2 (3Pe) 0 3d 7 —4.65724E-01 2.97 4DF e
2s522p2 (3Pe) 0 3d 9 —4.64728E-01 2.90 4F e
2s522p2 (3Pe) 1 3d 3 —4.54644E-01 2.96 4PDF e
2522p2 (3Pe) 0 3d 5 —4.54576E-01 2.97 4PDF e
2s522p2 (3Pe) 0 3d 7 —4.53816E-01 2.97 4DF e
2s522p2 (3Pe) 2 3d 5 —4.51884E-01 2.97 4PDF e
2s522p2 (3Pe) 2 3d 3 —4.51312E-01 297 4PDF e
2s522p2 (3Pe) 2 3d 1 —4.51020E-01 2.97 4PD e
2s522p2 (3Pe) 2 3d 1 —4.45484E-01 2.99 4PD e
Nlv(c)=11: set complete

Nlv=1,2L%: S (1)/2

2s522p2 (1Se) 0 3s 1 —4.54648E-01 2.96 2Se
Nlv(c) = 1: set complete

NIv=6,2L°: P (3 1)/2D (53)/2 F (7 5)/2

2522p2 (3Pe) 1 3d 5 —4.52160E-01 2.97 2DF e
2s522p2 (3Pe) 1 3d 7 —4.50520E-01 2.98 2F e
2s522p2 (3Pe) 1 3d 3 —4.37716E-01 3.02 2PD e
2s522p2 (3Pe) 2 3d 1 —4.36456E-01 3.02 2Pe
2s522p2 (3Pe) 2 3d 3 —4.35640E-01 3.02 2PD e
2s522p2 (3Pe) 2 3d 5 —4.35488E-01 3.02 2DF e
Nlv(c) = 6: set complete

NIv=3,4L°: P (53 1)2

2s522p2 (3Pe) 0 4s 1 —4.04532E-01 3.14 4P e
2s522p2 (3Pe) 1 4s 3 —4.03636E-01 3.14 4P e
2522p2 (3Pe) 2 4s 5 —4.02152E-01 3.14 4P e
Nlv(c) = 3: set complete

Nlv=2,2L°:P (3 1)2

2s522p2 (3Pe) 1 4s 1 —3.86597E-01 3.21 2P e
2s522p2 (3Pe) 2 4s 3 —3.85190E-01 3.21 2P e
Nlv(c) = 2: set complete

Nlv =1, 6L°: S (5)/2

2s522p2 (5S0) 2 3s 5 —3.77695E-01 3.24 6S o
Nlv(c) = 1: set complete

Nlv=5,2L°:S(1)/2P (3 1)/2D (5 3)/2

2s522p2 (3Pe) 2 4p 1 —3.45702E-01 3.39 2SP o
2s522p2 (3Pe) 1 4p 3 —3.16026E-01 3.55 2PD o
2s522p2 (3Pe) 2 4p 5 —3.14294E-01 3.55 2D o
2s522p2 (3Pe) 1 4p 1 —3.10326E-01 3.58 2SP o
2s522p2 (3Pe) 2 4p 3 —3.09523E-01 3.58 2PD o
Nlv(c) = 5: set complete

NIv=28,4L°:S(3)/2P(531)2D (753 1)/2

2s522p2 (3Pe) 2 4p 3 —3.42561E-01 3.40 4SPD o
2s522p2 (3Pe) 0 4p 1 —3.38889E-01 3.44 4PD o
2s522p2 (3Pe) 1 4p 3 —3.38420E-01 343 4SPD o
2s522p2 (3Pe) 0 4p 5 —3.37580E-01 3.44 4PD o
2s522p2 (3Pe) 1 4p 7 —3.36272E-01 3.44 4D o
2s522p2 (3Pe) 1 4p 1 —3.33629E-01 3.46 4PD o
2s522p2 (3Pe) 2 4p 3 —3.33044E-01 3.45 4SPD o
2s522p2 (3Pe) 2 4p 5 —3.32233E-01 3.45 4PD o
Nlv(c) = 8: set complete

NIv=9,2L°:S(1)/2P(31))2D (53)2F(75)/2G(97)2

2s522p2 (1De) 2 3d 5 —2.78404E-01 3.00 2DF e
2522p2 (1De) 2 3d 7 —2.78350E-01 2.98 2FG e
2s522p2 (1De) 2 3d 7 —2.66414E-01 2.97 2FG e
2s522p2 (1De) 2 3d 9 —2.66410E-01 2.88 2Ge
2s522p2 (1De) 2 3d 3 —2.61044E-01 291 2PD e
2s522p2 (1De) 2 3d 3 —2.58860E-01 3.00 2PD e
2s522p2 (1De) 2 3d 5 —2.58819E-01 2.90 2DF e
2s522p2 (1De) 2 3d 1 —2.56090E-01 2.94 2SP e
2s22p2 (1De) 2 3d 1 —2.36943E-01 3.08 2SPe
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Table 1 (continued)

Ce(SeLeme) Je nl 2] E(Ry) v Sl

Nlv(c) =9: set complete

Nlv =1, 4L°: S (3)/2

2s52p3 (5S0) 1 3s 3 —2.74897E-01 2.10 4S o

Nlv(c)=1: set complete

Nlv=11,4L*:P(531)2D(7531))2F(9753)/2

2s22p2 (3Pe) 0 4d 5 —2.60565E-01 3.91 4PDF e

2s22p2 (3Pe) 1 4d 7 —2.59836E-01 3.92 4DF e

2s522p2 (3Pe) 1 4d 9 —2.58810E-01 3.92 4F e

2s522p2 (3Pe) 1 4d 3 —2.56242E-01 3.94 4PDF e

2s22p2 (3Pe) 0 4d 5 —2.55606E-01 3.96 4PDF e

2s22p2 (3Pe) 1 4d 3 —2.55496E-01 3.95 4PDF e

2s522p2 (3Pe) 2 4d 1 —2.55370E-01 3.94 4PD e

2s522p2 (3Pe) 2 4d 7 —2.54776E-01 3.94 4DF e

2s22p2 (3Pe) 2 4d 5 —2.53196E-01 3.95 4PDF e

2s522p2 (3Pe) 2 4d 3 —2.52638E-01 3.96 4PDF e

2s522p2 (3Pe) 2 4d 1 —2.52364E-01 3.96 4PD e

Nlv(c) =11: set complete

NIlv=2,2[°:P (3 1)2

2s522p2 (1Se) 0 3p 1 —2.54236E-01 2.56 2P o

2s22p2 (1Se) 0 3p 3 —2.54084E-01 2.50 2P o

Nlv(c) = 2: set complete
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Table 2
E1 transition probabilities for observed levels of O II, grouped as fine structure components of LS multiplets. See page 870 for Explanation of Tables.

Ci—Cy Ti—Tk g I-g;K Ey (A) f S A(sh)

2522p3—2s2p4 2Po—4Pe 2:1-2:1 1256.05 2.53E-07 2.09E-06 1.07E+03
2522p3—2s2p4 2Po—4Pe 4:3-2:1 1256.05 2.83E-09 4.67E-08 2.39E+01
2522p3—2s2p4 2Po—4Pe 2:1-4:1 1257.27 2.93E-09 2.43E-08 6.19E+00
2522p3—2s2p4 2Po—4Pe 4:3-4:1 1257.27 6.00E-07 9.93E-06 2.53E+03
2522p3—2s2p4 2Po—4Pe 4:3-6:1 1259.87 6.99E-07 1.16E-05 1.96E+03
2s2p4—2s522p2(3P)3p 4Pe—2So0 2:1-2:2 1192.45 7.26E-07 5.70E-06 3.41E+03
2s52p4—2s522p2(3P)3p 4Pe—2S0 4:1-2:2 1191.35 1.67E-06 2.62E-05 1.57E+04
2s52p4—2s522p2(3P)3p 4Pe—4Do 2:1-2:3 1154.07 1.10E-03 8.37E-03 5.51E+06
2s2p4—2s522p2(3P)3p 4Pe—4Do 2:1-4:4 1153.33 1.29E-03 9.80E-03 3.24E+06
2s52p4—2s522p2(3P)3p 4Pe—4Do 4:1-2:3 1153.05 7.58E—-05 1.15E-03 7.60E+05
2s52p4—2s522p2(3P)3p 4Pe—4Do 4:1-4:4 1152.31 5.90E-04 8.95E-03 2.96E+06
2s52p4—2s522p2(3P)3p 4Pe—4Do 4:1-6:2 1151.08 1.54E-03 2.33E-02 5.17E+06
2s52p4—2s522p2(3P)3p 4Pe—4Do 6:1-4:4 1150.13 1.71E-05 3.88E-04 1.29E+05
2s52p4—2s522p2(3P)3p 4Pe—4Do 6:1-6:2 1148.91 2.36E-04 5.35E-03 1.19E+06
2s52p4—2s522p2(3P)3p 4Pe—4Do 6:1-8:1 1147.27 1.65E-03 3.74E-02 6.28E+06
LS 4Pe—A4Do 12-20 2.09E-03 9.47E-02 6.31E+06
2s52p4—2s522p2(3P)3p 4Pe—4Po 2:1-2:4 1132.95 1.58E-03 1.18E-02 8.20E+06
2s52p4—2s522p2(3P)3p 4Pe—4Po 2:1-4:5 1132.35 7.67E-03 5.72E-02 2.00E+07
2s2p4—2s522p2(3P)3p 4Pe—A4Po 4:1-2:4 1131.97 4.12E-03 6.14E-02 4.29E+07
2s52p4—2s522p2(3P)3p 4Pe—4Po 4:1-4:5 1131.36 1.28E-03 1.90E-02 6.66E+06
2s52p4—2s522p2(3P)3p 4Pe—4Po 4:1-6:3 1130.20 4.18E-03 6.22E-02 1.46E+07
2s2p4—2s522p2(3P)3p 4Pe—4Po 6:1-4:5 1129.26 3.13E-03 6.97E-02 2.45E+07
2s2p4—2s522p2(3P)3p 4Pe—4Po 6:1-6:3 1128.10 7.00E—-03 1.56E-01 3.67E+07
LS 4Pe—4Po 12-12 9.80E-03 4.37E-01 5.12E+07
252p4—2s522p2(3P)3p 4Pe—2Po 2:1-2:5 1062.81 4.75E-08 3.32E-07 2.80E+02
2s52p4—2s522p2(3P)3p 4Pe—2Po 2:1-4:8 1062.14 5.91E-08 4.13E-07 1.75E+02
2s2p4—2s22p2(3P)3p 4Pe—2Po 4:1-2:5 1061.95 1.95E-07 2.72E-06 2.30E+03
2s52p4—2s522p2(3P)3p 4Pe—2Po 4:1-4:8 1061.28 1.38E-08 1.93E-07 8.17E+01
2s2p4—2s522p2(3P)3p 4Pe—2Po 6:1-4:8 1059.43 1.16E-06 2.42E-05 1.03E+04
2s2p4—2s522p2(1D)3p 4Pe—2Po 2:1-2:6 889.68 2.11E-09 1.23E-08 1.77E+01
2s2p4—2s522p2(1D)3p 4Pe—2Po 2:1-4:10 889.31 8.73E-07 5.11E-06 3.68E+03
2s52p4—2s522p2(1D)3p 4Pe—2Po 4:1-2:6 889.08 4.38E-08 5.13E-07 7.39E+02
2s52p4—2s522p2(1D)3p 4Pe—2Po 4:1-4:10 888.70 8.20E-07 9.60E-06 6.93E+03
2s2p4—2s522p2(1D)3p 4Pe—2Po 6:1-4:10 887.40 1.96E-07 3.44E-06 2.50E+03
252p4—2s522p2(3P)4p 4Pe—2So0 2:1-2:7 800.28 9.75E-07 5.14E-06 1.02E+04
252p4—2s22p2(3P)4p 4Pe—2So 4:1-2:7 799.79 2.32E-06 2.45E-05 4.85E+04
252p4—2s522p2(3P)4p 4Pe—4Do 2:1-2:8 795.62 1.51E-05 7.92E-05 1.59E+05
252p4—2s522p2(3P)4p 4Pe—4Do 2:1-4:11 795.32 2.39E-02 1.25E-01 1.26E+08
252p4—2s522p2(3P)4p 4Pe—4Do 4:1-2:8 795.14 8.41E-07 8.81E-06 1.78E+04
252p4—2s522p2(3P)4p 4Pe—A4Do 4:1-4:11 794.83 2.45E-02 2.57E-01 2.59E+08
252p4—2s522p2(3P)4p 4Pe—4Do 4:1-6:8 794.28 4.73E-05 4.95E-04 3.33E+05
252p4—2s22p2(3P)4p 4Pe—4Do 6:1-4:11 793.79 2.56E-02 4.02E-01 4.07E+08
2s52p4—2s522p2(3P)4p 4Pe—4Do 6:1-6:8 793.25 9.84E-06 1.54E-04 1.04E+05
252p4—2s522p2(3P)4p 4Pe—4Do 6:1-8:3 792.45 1.20E-05 1.88E-04 9.59E+04
LS 4Pe—4Do 12-20 2.50E-02 7.85E-01 1.58E+08
252p4—2s522p2(3P)4p 4Pe—4Po 2:1-2:9 792.14 2.55E-04 1.33E-03 2.72E+06
252p4—2s522p2(3P)4p 4Pe—4Po 2:1-4:13 791.12 2.66E-03 1.38E-02 1.42E+07
252p4—2s22p2(3P)4p 4Pe—4Po 4:1-2:9 791.66 6.59E-04 6.87E-03 1.40E+07
2s52p4—2s522p2(3P)4p 4Pe—4Po 4:1-4:13 790.64 9.39E-04 9.78E-03 1.00E+07
2s52p4—2s522p2(3P)4p 4Pe—4Po 4:1-6:9 790.82 6.74E—-04 7.02E-03 4.79E+06
252p4—2s522p2(3P)4p 4Pe—4Po 6:1-4:13 789.61 3.22E-05 5.02E-04 5.16E+05
2s2p4—2s522p2(3P)4p 4Pe—4Po 6:1-6:9 789.79 1.11E-03 1.72E-02 1.18E+07
LS 4Pe—4Po 12-12 1.81E-03 5.65E—-02 1.95E+07
252p4—2s22p2(3P)4p 4Pe—2Po 2:1-2:10 779.15 1.55E-08 7.94E-08 1.70E+02
2s52p4—2s522p2(3P)4p 4Pe—2Po 2:1-4:15 778.61 6.31E-06 3.23E-05 3.47E+04
252p4—2s522p2(3P)4p 4Pe—2Po 4:1-2:10 778.68 4.77E-08 4.89E-07 1.05E+03
2s52p4—2s522p2(3P)4p 4Pe—2Po 4:1-4:15 778.14 7.54E-06 7.73E-05 8.31E+04
2s52p4—2s522p2(3P)4p 4Pe—2Po 6:1-4:15 777.15 1.01E-05 1.55E-04 1.68E+05
252p4—2s522p2(1S)3p 4Pe—2Po 2:1-2:11 752.41 2.12E-10 1.05E-09 2.50E+00
2s52p4—2s522p2(1S)3p 4Pe—2Po 2:1-4:17 752.37 1.27E-08 6.27E-08 7.45E+01
2s2p4—2s522p2(1S)3p 4Pe—2Po 4:1-2:11 751.98 1.70E-08 1.68E-07 4.00E+02
252p4—2s522p2(1S)3p 4Pe—2Po 4:1-4:17 751.94 8.06E—-10 7.99E-09 9.51E+00
252p4—2s522p2(1S)3p 4Pe—2Po 6:1-4:17 751.01 7.68E—-08 1.14E-06 1.36E+03
2s52p4—2s522p2(3P)5p 4Pe—2S0 2:1-2:13 711.21 1.75E-06 8.18E-06 2.30E+04
2s52p4—2s522p2(3P)5p 4Pe—2So0 4:1-2:13 710.82 4.99E-06 4.67E-05 1.32E+05
2s2p4—2s522p2(3P)5p 4Pe—4Do 2:1-2:14 710.07 2.33E-09 1.09E-08 3.08E+01
2s52p4—2s522p2(3P)5p 4Pe—4Do 2:1-4:21 709.83 2.52E-05 1.18E-04 1.67E+05
2s52p4—2s522p2(3P)5p 4Pe—4Do 4:1-2:14 709.68 5.23E-06 4.88E-05 1.38E+05
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Table 2 (continued)

Ci—Cy T;—Ty g+ 1-g:K Ei (A) f S A(sh)

2s52p4—2s522p2(3P)5p 4Pe—4Do 4:1-4:21 709.44 1.61E-05 1.50E-04 2.13E+05
2s2p4—2s522p2(3P)5p 4Pe—4Do 4:1-6:16 709.02 7.97E-06 7.44E-05 7.05E+04
252p4—2s522p2(3P)5p 4Pe—4Do 6:1-4:21 708.62 6.65E—-06 9.30E-05 1.32E+05
2s52p4—2s522p2(3P)5p 4Pe—4Do 6:1-6:16 708.19 3.56E-05 4.98E-04 4.73E+05
2s2p4—2s522p2(3P)5p 4Pe—4Do 6:1-8:9 707.51 2.57E-06 3.60E-05 2.57E+04
LS 4Pe—4Do 12-20 3.64E-05 1.02E-03 2.90E+05
2s52p4—2s522p2(3P)5p 4Pe—4Po 2:1-2:15 708.55 9.57E-05 4.46E-04 1.27E+06
2s2p4—2s522p2(3P)5p 4Pe—4Po 2:1-4:22 708.31 6.37E-04 2.97E-03 4.23E+06
2s52p4—2s522p2(3P)5p 4Pe—4Po 4:1-2:15 708.16 2.30E-04 2.15E-03 6.12E+06
2s52p4—2s522p2(3P)5p 4Pe—4Po 4:1-4:22 707.93 1.44E-04 1.34E-03 1.92E+06
2s2p4—2s522p2(3P)5p 4Pe—4Po 4:1-6:17 707.45 2.53E-04 2.35E-03 2.24E+06
2s52p4—2s522p2(3P)5p 4Pe—4Po 6:1-4:22 707.10 7.88E—-05 1.10E-03 1.58E+06
2s52p4—2s522p2(3P)5p 4Pe—4Po 6:1-6:17 706.63 3.69E-04 5.15E-03 4.93E+06
LS 4Pe—4Po 12-12 5.55E-04 1.55E-02 7.40E+06
252p4—2s522p2(3P)5p 4Pe—2Po 2:1-2:16 703.20 5.35E-08 2.48E-07 7.21E+02
2s52p4—2s522p2(3P)5p 4Pe—2Po 2:1-4:25 702.80 9.77E-04 4.52E-03 6.60E+06
2s2p4—2s522p2(3P) 4Pe—2Po 4:1-2:16 702.82 1.06E-07 9.82E-07 2.86E+03
2s52p4—2s522p2(3P)5p 4Pe—2Po 4:1-4:25 702.42 1.01E-03 9.37E-03 1.37E+07
252p4—2s522p2(3P)5p 4Pe—2Po 6:1-4:25 701.61 1.08E-03 1.49E-02 2.19E+07
2s2p4—2s522p2(1D)4p 4Pe—2Po 2:1-2:18 678.52 1.21E-06 5.42E-06 1.76E+04
252p4—2s522p2(1D)4p 4Pe—2Po 2:1-4:30 678.38 1.34E-05 6.00E-05 9.73E+04
2s52p4—2s22p2(1D)4p 4Pe—2Po 4:1-2:18 678.17 1.07E-05 9.53E-05 3.10E+05
2s2p4—2s22p2(1D)4p 4Pe—2Po 4:1-4:30 678.03 2.09E-05 1.87E-04 3.03E+05
2s2p4—2s522p2(1D)4p 4Pe—2Po 6:1-4:30 677.27 8.20E-06 1.10E-04 1.79E+05
2s2p4—2s522p2(3P)6p 4Pe—2So0 2:1-2:19 674.36 3.28E-06 1.46E-05 4.81E+04
2s2p4—2s522p2(3P)6p 4Pe—2So0 4:1-2:19 674.01 1.88E-06 1.67E-05 5.51E+04
2s522p3—2522p2(3P)3s 2Po—4Pe 2:1-2:2 690.76 6.87E-07 3.12E-06 9.60E+03
2522p3—2522p2(3P)3s 2Po—4Pe 4:3-2:2 690.76 4.63E-06 4.21E-05 1.29E+05
2522p3—2522p2(3P)3s 2Po—4Pe 2:1-4:3 690.25 3.98E-06 1.81E-05 2.78E+04
2522p3—2522p2(3P)3s 2Po—4Pe 4:3-4:3 690.25 1.18E-05 1.07E-04 1.65E+05
2522p3—2522p2(3P)3s 2Po—4Pe 4:3-6:3 689.50 1.24E-07 1.12E-06 1.16E+03
2522p2(3P)3s—2s22p2(3P)3p 4Pe—2So 2:2-2:2 5345.62 6.34E-05 2.23E-03 1.48E+04
2522p2(3P)3s—2s22p2(3P)3p 4Pe—2So0 4:3-2:2 5375.89 1.29E-04 9.10E-03 5.93E+04
2522p2(3P)3s—2s522p2(3P)3p 4Pe—4Do 2:2-2:3 4652.17 2.26E-01 6.91E+00 6.96E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Do 2:2-4:4 4640.09 2.40E-01 7.33E+00 3.72E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Do 4:3-2:3 4675.08 1.99E-02 1.22E+00 1.21E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Do 4:3-4:4 4662.88 1.35E-01 8.31E+00 4.15E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Do 4:3-6:2 4642.93 2.96E-01 1.81E+01 6.10E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Do 6:3-4:4 4697.74 6.81E-03 6.32E-01 3.09E+06
2522p2(3P)3s—2s522p2(3P)3p 4Pe—4Do 6:3-6:2 4677.48 6.84E—-02 6.32E+00 2.09E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Do 6:3-8:1 4650.51 3.54E-01 3.25E+01 8.20E+07
LS 4Pe—4Do 12-20 4.43E-01 8.13E+01 8.19E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Po 2:2-2:4 4327.00 4.03E-02 1.15E+00 1.43E+07
2522p2(3P)3s—2s522p2(3P)3p 4Pe—4Po 2:2-4:5 4318.19 2.14E-01 6.09E+00 3.83E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Po 4:3-2:4 4346.82 1.14E-01 6.53E+00 8.06E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Po 4:3-4:5 4337.92 4.57E-02 2.61E+00 1.62E+07
2522p2(3P)3s—2s522p2(3P)3p 4Pe—4Po 4:3-6:3 4320.85 1.04E-01 5.93E+00 2.48E+07
2522p2(3P)3s—2s522p2(3P)3p 4Pe—4Po 6:3-4:5 4368.07 7.76E—-02 6.69E+00 4.07E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—4Po 6:3-6:3 4350.76 2.00E-01 1.72E+01 7.03E+07
LS 4Pe—4Po 12-12 2.69E-01 4.62E+01 9.50E+07
2522p2(3P)3s—2s22p2(3P)3p 4Pe—2Po 2:2-2:5 3455.96 2.59E-06 5.89E-05 1.45E+03
2522p2(3P)3s—2s22p2(3P)3p 4Pe—2Po 2:2-4:8 3448.90 3.47E-06 7.89E-05 9.74E+02
2522p2(3P)3s—2s522p2(3P)3p 4Pe—2Po 4:3-2:5 3468.59 2.74E-06 1.25E-04 3.04E+03
2522p2(3P)3s—2s522p2(3P)3p 4Pe—2Po 4:3-4:8 3461.47 8.39E-06 3.83E-04 4.67E+03
2522p2(3P)3s—2s22p2(3P)3p 4Pe—2Po 6:3-4:8 3480.64 8.06E-07 5.54E-05 6.65E+02
2522p2(3P)3s—2s22p2(1D)3p 4Pe—2Po 2:2-2:6 2116.62 2.62E-06 3.65E-05 3.90E+03
2522p2(3P)3s—2s22p2(1D)3p 4Pe—2Po 2:2-4:10 2114.51 3.49E-07 4.86E-06 2.60E+02
2522p2(3P)3s—2s22p2(1D)3p 4Pe—2Po 4:3-2:6 2121.35 1.74E-06 4.86E-05 5.15E+03
2522p2(3P)3s—2s22p2(1D)3p 4Pe—2Po 4:3-4:10 2119.23 5.00E—06 1.39E-04 7.42E+03
2522p2(3P)3s—2s22p2(1D)3p 4Pe—2Po 6:3-4:10 2126.40 5.57E-07 2.34E-05 1.23E+03
2522p2(3P)3s—2s22p2(3P)4p 4Pe—2So 2:2-2:7 1672.17 1.49E-05 1.64E-04 3.55E+04
2522p2(3P)3s—2s522p2(3P)4p 4Pe—2So 4:3-2:7 1675.12 2.31E-05 5.09E-04 1.10E+05
2522p2(3P)3s—2s22p2(3P)4p 4Pe—4Do 2:2-2:8 1651.98 7.21E-03 7.84E-02 1.76E+07
2522p2(3P)3s—2s522p2(3P)4p 4Pe—4Do 2:2-4:11 1650.67 1.97E-03 2.14E-02 2.41E+06
2522p2(3P)3s—2s22p2(3P)4p 4Pe—4Do 4:3-2:8 1654.86 5.26E-04 1.15E-02 2.56E+06
2522p2(3P)3s—2s22p2(3P)4p 4Pe—4Do 4:3-4:11 1653.54 1.47E-03 3.19E-02 3.58E+06
2522p2(3P)3s—2s22p2(3P)4p 4Pe—4Do 4:3-6:8 1651.18 9.74E-03 2.12E-01 1.59E+07
2522p2(3P)3s—2s522p2(3P)4p 4Pe—4Do 6:3-4:11 1657.90 1.11E-03 3.63E-02 4.03E+06

(continued on next page)
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Table 2 (continued)

Ci—Cy Ti—T 8+ 1-g;:K Ey (A) f N A(sh)

2522p2(3P)35—2522p2(3P)4p 4Pe—4Do 6:3-6:8 1655.52 1.63E-03 5.32E—02 3.96E+06
2522p2(3P)35—2522p2(3P)4p 4Pe—4Do 6:3-8:3 1652.07 1.08E-02 3.52E-01 1.98E+07
LS 4Pe—4Do 12-20 1.22E-02 7.97E-01 1.79E+07
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 2:2-2:9 1637.06 5.61E—04 6.05E—03 1.40E+06
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 2:2-4:13 1632.69 2.64E-03 2.84E-02 3.30E+06
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 4:3-2:9 1639.88 2.34E-03 5.05E—02 1.16E+07
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 4:3-4:13 1635.50 9.25E—04 1.99E-02 2.31E+06
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 4:3-6:9 1636.26 1.21E-03 2.60E—02 2.00E+06
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 6:3-4:13 1639.77 2.03E-03 6.57E—02 7.55E+06
2522p2(3P)35—2522p2(3P)4p 4Pe—4Po 6:3-6:9 1640.53 4.45E-03 1.44E—01 1.10E+07
LS 4Pe—4Po 12-12 5.27E-03 3.41E-01 1.31E+07
2522p2(3P)35—2522p2(3P)4p 4Pe—2Po 2:2-2:10 1582.50 1.21E-06 1.26E—05 3.23E+03
2522p2(3P)35—2522p2(3P)4p 4Pe—2Po 2:2-4:15 1580.28 6.30E—07 6.56E—06 8.42E+02
2522p2(3P)35—2522p2(3P)4p 4Pe—2Po 4:3-2:10 1585.14 7.11E-07 1.48E—05 3.77E+03
2522p2(3P)35—2522p2(3P)4p 4Pe—2Po 4:3-4:15 1582.91 3.99E-06 8.31E-05 1.06E+04
2522p2(3P)35—2522p2(3P)4p 4Pe—2Po 6:3-4:15 1586.91 1.83E-09 5.73E-08 7.27E+00
2522p2(3P)35—2522p2(15)3p 4Pe—2Po 2:2-2:11 1475.98 7.51E-07 7.30E-06 2.30E+03
2522p2(3P)3s5—2522p2(15)3p 4Pe—2Po 2:2-4:17 1475.83 6.62E—-07 6.43E—-06 1.01E+03
2522p2(3P)35—2522p2(15)3p 4Pe—2Po 4:3-2:11 1478.27 5.08E—07 9.89E—06 3.10E+03
2522p2(3P)35—2522p2(15)3p 4Pe—2Po 4:3-4:17 1478.13 2.44E—06 4.75E-05 7.44E+03
2522p2(3P)35—2522p2(15)3p 4Pe—2Po 6:3-4:17 1481.61 1.95E-09 5.70E—08 8.88E+00
2522p2(3P)35—2522p2(3P)5p 4Pe—2So0 2:2-2:13 1325.36 5.75E—05 5.02E—04 2.18E+05
2522p2(3P)35—2522p2(3P)5p 4Pe—250 4:3-2:13 1327.22 2.82E-05 4.93E-04 2.14E+05
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 2:2-2:14 1321.40 3.81E-03 3.31E-02 1.45E+07
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 2:2-4:21 1320.58 4.89E-03 4.26E-02 9.36E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 4:3-2:14 1323.25 2.07E-04 3.60E—03 1.57E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 4:3-4:21 1322.42 1.71E-03 2.98E—02 6.53E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 4:3-6:16 1320.94 5.51E—03 9.58E—02 1.40E+07
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 6:3-4:21 1325.21 1.51E-05 3.95E-04 8.60E+04
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 6:3-6:16 1323.73 4.98E—04 1.30E—02 1.90E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Do 6:3-8:9 1321.33 5.70E-03 1.49E-01 1.63E+07
LS 4Pe—4Do 12-20 7.03E-03 3.67E-01 1.61E+07
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 2:2-2:15 1316.14 2.11E-04 1.83E-03 8.13E+05
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 2:2-4:22 1315.34 1.15E-03 9.92E-03 2.21E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 4:3-2:15 1317.96 1.43E-03 2.48E—02 1.10E+07
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 4:3-4:22 1317.16 9.44E—04 1.64E—02 3.63E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 4:3-6:17 1315.51 3.43E-04 5.95E-03 8.83E+05
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 6:3-4:22 1319.93 1.11E-03 2.90E-02 6.39E+06
2522p2(3P)35—2522p2(3P)5p 4Pe—4Po 6:3-6:17 1318.27 2.99E-03 7.78E-02 1.15E+07
LS 4Pe—4Po 12-12 3.18E-03 1.66E—-01 1.22E+07
2522p2(3P)35—2522p2(3P)5p 4Pe—2Po 2:2-2:16 1297.82 3.28E-06 2.80E—05 1.30E+04
2522p2(3P)35—2522p2(3P)5p 4Pe—2Po 2:2-4:25 1296.46 7.14E-05 6.09E—04 1.42E+05
2522p2(3P)35—2522p2(3P)5p 4Pe—2Po 4:3-2:16 1299.60 1.85E—06 3.17E-05 1.46E+04
2522p2(3P)35—2522p2(3P)5p 4Pe—2Po 4:3-4:25 1298.23 3.16E—05 5.41E—04 1.25E+05
2522p2(3P)35—2522p2(3P)5p 4Pe—2Po 6:3-4:25 1300.92 1.68E—05 4.32E-04 9.94E+04
2522p2(3P)3s—2522p2(1D)4p 4Pe—2Po 2:2-2:18 1216.17 4.00E—04 3.21E-03 1.81E+06
2522p2(3P)3s5—2522p2(1D)4p 4Pe—2Po 2:2-4:30 1215.72 2.92E-03 2.34E-02 6.59E+06
2522p2(3P)3s5—2522p2(1D)4p 4Pe—2Po 4:3-2:18 1217.73 1.32E-05 2.12E-04 1.19E+05
2522p2(3P)35—2522p2(1D)4p 4Pe—2Po 4:3-4:30 1217.28 7.69E—04 1.23E-02 3.46E+06
2522p2(3P)3s—2522p2(1D)4p 4Pe—2Po 6:3-4:30 1219.64 2.81E-07 6.77E—06 1.89E+03
2522p2(3P)35—2522p2(3P)6p 4Pe—2So0 2:2-2:19 1202.87 1.78E-03 1.41E-02 8.19E+06
2522p2(3P)35—2522p2(3P)6p 4Pe—2So0 4:3-2:19 1204.39 1.39E-04 2.20E-03 1.27E+06
2522p3—2522p2(3P)3s 2Po—2Pe 2:1-2:3 673.75 3.05E-02 1.35E-01 4.48E+08
2522p3—2522p2(3P)3s 2Po—2Pe 4:3-2:3 673.75 7.44E-03 6.60E—02 2.19E+08
2522p3—2522p2(3P)3s 2Po—2Pe 2:1-4:4 672.94 1.59E—02 7.03E-02 1.17E+08
2522p3—2522p2(3P)3s 2Po—2Pe 4:3-4:4 672.94 3.93E-02 3.48E-01 5.79E+08
LS 2Po—2Pe 6-6 4.66E—02 6.19E-01 6.88E+08
2522p2(3P)35—2522p2(3P)3p 2Pe—250 2:3-2:2 6642.86 6.55E—02 2.87E+00 9.91E+06
2522p2(3P)35—2522p2(3P)3p 2Pe—2So0 4:4-2:2 6723.23 6.15E—02 5.44E+00 1.81E+07
LS 2Pe—250 6-2 6.28E—02 8.31E+00 2.80E+07
2522p2(3P)35—2522p2(3P)3p 2Pe—4Do 2:3-2:3 5604.69 4.46E—06 1.65E—04 9.48E+02
2522p2(3P)35—2522p2(3P)3p 2Pe—4Do 2:3-4:4 5587.17 1.21E-05 4.45E—04 1.29E+03
2522p2(3P)35—2522p2(3P)3p 2Pe—4Do 4:4-2:3 5661.80 1.77E-08 1.32E-06 7.37E+00
2522p2(3P)35—2522p2(3P)3p 2Pe—4Do 4:4-4:4 5643.92 4.97E-06 3.69E—04 1.04E+03
2522p2(3P)35—2522p2(3P)3p 2Pe—4Do 4:4-6:2 5614.71 2.17E-05 1.60E—03 3.06E+03
2522p2(3P)35—2522p2(3P)3p 2Pe—4Po 2:3-2:4 5139.40 9.67E-05 3.27E-03 2.44E+04
2522p2(3P)35—2522p2(3P)3p 2Pe—4Po 2:3-4:5 5126.97 3.92E-06 1.32E-04 4.98E+02
2522p2(3P)35—2522p2(3P)3p 2Pe—4Po 4:4-2:4 5187.38 1.18E-04 8.04E—03 5.83E+04
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Table 2 (continued)

Ci—Cy T;—Ty g+ 1-g:K Ei (A) f S A(sh)

2522p2(3P)3s—2s22p2(3P)3p 2Pe—4Po 4:4-4:5 5174.71 7.66E—06 5.22E-04 1.91E+03
2522p2(3P)3s—2s22p2(3P)3p 2Pe—4Po 4:4-6:3 5150.44 4.69E-05 3.18E-03 7.85E+03
2522p2(3P)3s—2s22p2(3P)3p 2Pe—2Po 2:3-2:5 3955.32 2.03E-01 5.29E+00 8.67E+07
2522p2(3P)3s—2s22p2(3P)3p 2Pe—2Po 2:3-4:8 3946.08 9.89E-02 2.57E+00 2.12E+07
2522p2(3P)3s—2s522p2(3P)3p 2Pe—2Po 4:4-2:5 3983.68 5.29E-02 2.78E+00 4.45E+07
2522p2(3P)3s—2s22p2(3P)3p 2Pe—2Po 4:4-4:8 3974.30 2.59E-01 1.36E+01 1.09E+08
LS 2Pe—2Po 6-6 3.09E-01 2.42E+01 1.30E+08




