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Abstract. A relativistic many-body methed is developed
to calculate energy and transition rates for multipole transi-
tions in many-electron ions.

This method is based on relativistic many-body pertur-
bation theory (MBPT), agrees with MCDF calculations in
lowest-order, includes all second-order correlation corrections,
includes corrections from negative energy states, and is gauge
independent. Beduced matrix elements, oscillator strengths,
and transition rates are calculated for electric dipole (E1)
and gquadrupole (E2) transitions and magnetic dipole (M1}
and quadrupole (M2) transitions in Ne-like ions with nuclear
charges ranging from Z = 11 to 100. The calculations start
from a 15°2s°2p® Dirac-Fock potential. First-order pertur-
bation theory is used to obtain intermediate-coupling coefli-
cients, and second-order MBPT is used to determine the ma-
trix elements. The contributions from negative-energy states
are included in the second-order E1, M1, E2 and M2 matrix el-
ements. The resulting transition energies and transition rates
are compared with experimental values and with results from
other recent calculations

Key words:atomic database - Excitation energies, os-
cillator strengths, transition rates

L INTRODUCTION

Excitation energies, oscillator strengths and transition
probabilities for 25%2p°31 and 252p®31 states along the
neon isoelectronic sequence have been studied theoreti-
cally and experimentally during the past 30-40 years. Z-
expansion [1-3], Model Potential {4-7], CI {8-12], MCHF
{13-15], R-matrix {16], MCDF [17], and relativistic many-
body perturbation theory (MBPT) [18-20] have been
used to calculate these quantities for Ne-like ions.

Nonrelativistic perturbation theory was previously
used to calculate energy levels of 2522p®3l and 2s2p°3l
states for neonlike ions in Refs. [1-3]. The contribution
of Breit operators, calculated with exact nonrelativistic
functions and represented as a power series in 1/Z, were
performed in Ref. [1,3]. In those papers, accurate data
for ions with Z = 20-60 were obtained by introducing
screening constants and including radiative and higher-
order relativistic effects. The technique used in that work
is referred to as the MZ method. This method and two
versions of model potential methods [4-7] were compared
in Ref. [21] for the 2-3 electric-dipole tramsition ener-
gies in Ne-like ions with nuclear charge Z=36-92. Rela-

tivistic MBPT method was applied to determine energies
of four 2522p°3s levels and three 25%22p°3d levels in the
large range of Z=10-92 by Avgoustouglou et al. [19,20].
Additional to the second-order Coulomb and Breit en-
ergies, the all-order hole-core Coulomb correlation cor-
rection was taken into account in Refs. [19,20]. Impor-
tance of correlation correction was shown by Quinet et al.
in Ref. [17], where the uncorrected MCDF energies are
given. The difference between the experimental and un-
corrected MCDF energies were treated by least-squares
fitting. Resulting adjusted energies for 25°2p®31 states
were presented in Ref. [17] for ions Z=28-92 accordingly.
The similar idea was used by Hibbert et ol [11] to fit
energies obtained by the code CIV3. Accurate adjusted
energies for 25%2p°31 and 2s2p°31 states were presented
in Ref. [11] for ions with Z=10-36.

Accurate measurements along the Ne isoelectronic are
performed using a variety of light sources. Most accu-
rate wavelength measurements come from plasma light
sources, both magnetic-fusion and laser-produced plas-
mas. Early wavelength measurements on high-Z ions are
by Aglitskii ef al. [2], Boiko et al. [22], Gordon et al.
123,24|, Jupén et al. [25], Gauthier et al. [26], Beiers-
dorfer et ol [27], and Buchet et al. [28]. Some of the
work was summarized by Aglitskii et al. [21] in their re-
port of measurements on Kr?6*_-Nd%0+ observed in a low-
inductance vacnum spark-produced plasmas [21]. Beiers-
dorfer et al. [29] reported results in Ne-like Xe, La, Nd,
and Eu obtained on the Princeion Tokamak. Some vears
later Beiersdorfer et al. in Refs. [30,31] presented spectra
of Ne-like Yb and Th obtained in an electron-beam trap.
Beam-foil spectroscopy of the 2-3 transitions in highly
stripped gold and bismuth was reported by Chandler ef
al. {32} and Dietrich et al. [33]. Recently, accurate wave-
lengths measurements of the lasing and nonlasing lines
in laser-produced germanium plasma, were performed by
Yuan et al. in Ref. {34]. Wavelengths for x-ray transi-
tions in neonlike I**+, Cs*** and Ba*®t were measured
with a flat crystal spectrometer on the Tokyo EBIT by
Nakamura et al. in Rel. [35].

In the present paper, relativistic many-body pertur-
bation theory (MBPT) is used to determisve energies of
2522p°31(J) and 2s2p53[(J) states of Ne-like ions with
nuclear charges Z = 11 — 100. Instead of using the
2522p°31(.J) and 2s2p®31(J) designation of states, it is
possible to define these states as hole-particle states:
2p7131(J) and 2s7131(J) [19,20] or even more simple



designations as 2p3I(J) and 2s3I(J) [3,5]. These short
designations are used in present paper. Energies are cal-
culated for the 16 even-parity excited states, and the 20
odd-parity excited states. The calculations are carried
out t0 second-order in perturbation theory. Correction
for the frequency-dependent Breit interaction is included
in first order only. Lamb shift corrections to energies are
also estimated and included.

Relativistic MBPT is used to determine reduced ma-
trix elements, oscillator strengths, and transition rates
into the ground state for all allowed and forbidden elec-
tric and magnetic dipole and quadrupole transitions (El,
M1, E2, M2) in Ne-like ions. Retarded El and E2 ma-
trix elements are evaluated in both length and veloc-
ity forms. The MBPT calculations starting from a lo-
cal potential are gauge independent order-by-order, pro-
viding “derivative terms” are included in the second-
and higher-order matrix elements and careful attention is
paid to negative-energy states. The present MBPT cal-
culations start from a nonlocal 15225%2p% Dirac-Fock po-
tential and consequently give gange-dependent transition
matrix elements. Second-order correlation corrections
compensate almost exactly for the gauge dependence of
the first-order matrix elements, leading to corrected ma-
trix elements that differ by less than 1% in length and
velocity forms throughout the periodic system.

II. THEORETICAL TECHNIQUE

Details of the MBPT method were presented in
Ref. (18] for calculation of energies of hole-particle states,
in Ref. [36] for calculation of energies of particle-particle
states and in Ref. [37] for calculation of radiative tran-
sition rates in two-particle states. We will present here
only the model space for Ne-like ions and the first- and
second-order diagram contributions for hole-particle sys-

tems without repeating the detailed discussions given in
[18], [36], and [37].

A. Model space

For atoms with one hole in closed shells and one elec-
tron above closed shells, the model space is formed from
hole-particle states of the type a}a,[0), where |0} is
the closed-shell 1s2 /22s§ 12203 /22057, ground state. The
single-particle indices v range over states in the valence
shell and the single-hole indices ¢ range over the closed
core. For our study of low-lying states 21~ 130’ states of
Ne-like ions, values of a are 2s, /5, 2p; /2, and 2pg o, while
values of v are 3s1/2, 3p1 /2, 3p3/2, 3ds /2, and 3ds/5. To
obtain an orthenormal model states, we consider the cou-
pled states @ ps(av) defined by
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(2.1)

Combining the n = 2 hole orbitals and the n = 3 particle
orbitals in neon, we obtain 20 odd-parity states consisting
of 3 J = 0 states, 7 J = 1 states, 6 J = 2 states, 3
J = 3 states, and one J = 4 states. Additionally, there
are 16 even-parity states consisting of 3 J = 0 states,
6 J = 1 states, 5 J = 2 states, and 2 J = 3 states.
The distribution of the 36 states in the model space is
summarized in Table L
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B. Energy matrix

The first-order energy-matrix element for a hole-
particle system va(J) is

ED [’y (), av(J)] (2.2)
= évvlfs-aa’ (Eu - Ea) + m%j‘(_l)jv+j¢+J+lzJ(anvai)

where ¢; is the eigenvalue of the DHF equation for state
¢ and where

Z;(abed) = X j(abed) + Zk:(zm 1) Xy (abde) { jb ;d J }
(2.3)
with
X (abed) = {a]|C|lc) (Bl|Ck||d) R (abed) -

The quantities Cp are normalized spherical harmonics
and Ri(abcd) are Slater integrals. The corresponding
second-order energy matrix is

(2.4)

E@ (0" (1), av(J)] = 8o 8uw (BR + B
+ Y EBv(]),a(])] . (25)
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The second order one-particle E,(,z) and one-hole EEJ
contributions are defined by three terms; double-sums,
single-sums, and a one-potential term. This later term
contributes only to the Breit-Coulomb correction. The

second-order contribution for hole state a (Ec(.z)) is
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EF@ — _ (
* c§a ; (24 + D2k + 1) €ac — Emn
(—1y=tin=d=3e 7, (bean) Xy (anbc)
+ bZ,; Zk: (2 + )26+ 1) €pe— €an
[245 +1 A(bn) Zy(naba)
- A 24
2% T8 2ja+1 € — €n H ( 6)
where




2j. +1

25, + 1 2otbene).

Albn) =" 85,. (2.7)

Labels & and ¢ designate core states and m and n des-
ignate virtual states. The second-order energy for the
valence electron v (Ei(,z)) is found by replacing a by v
in the above expression and changing the sign of each
term. The second order hole-particle interaction energies
E& (la'v'(J),av{J)] are
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All of the above expressions were defined for the Coulomb
interaction. When we include the Breit interaction in
the calculation, the Coulomb matrix element Xy {abcd)
is modified according to the rule:

Xi(abed) = Xy{abed) + Mi(abed) + Ni(abed). (2.12)

The magnetic radial integrals M and N are defined by
Eqs.{A4,A5) on Ref. [38L.

C. Example: energy matrix for Mo®%*t

In Tables II-I7I, we give details of the second-order
energies for the special case of Ne-like molybdenum,
Z = 42. The headings used in these tables are the
same as those used in Ref. [36]. In Table II, we show
the second-order contributions to the valence E-° and
hole E,(lz) energies, defined in Eq.(2.6). Contributions
from each of the 3 distinct terms, double sum Vi, sin-
gle sum Vz, and one-potential term V3 are given in
this table. The second-order Coulomb contributions and
second-order Breit-Coulomb corrections are presented for
n = 2 hole states and n = 3 particle states. The single
sum contribution to hole states dominates the Coulomb
corrections shown in Table II. The one-potential term
Vs contributes only to the Coulomb-Breit correction;
where it is the dominant contribution. Sum of these
diagram contribution gives the second order one-hole
E® = V{#F L VHF and one-particle ES) = VEF + VEF
contribution for the Coulomb energy and the second or-
der one-hole BYY) = V{BHF 4 VBHF 4 yBHF 444 one.

particle BSY) = VBHF 4 YBHF 4 yBHF coniribution
for the Breit-Coulomb corrections. The orbitals used in
the present calculation were obtained as linear combi-
nations of B-splines. These B-spline basis orbitals were
determined using the method described in Ref. [39]. We
used 40 B-splines of order 8 for each single-particle an-
gular momentum state and we included all orbitals with
orbital angular momentum ! < 7 in our single-particle
basis.

In Table Il we give diagonal and non-diagonal matrix
elements of the second-order interaction energy for the
hole-particle system defined in Egs. {2.8-2.11). There
are 36 diagonal and 142 non-diagenal matrix elements
for (2131") (J) hole-particle states in jj coupling. We cal-
culated contributions for the 178 matrix elements using
both sets of basis DHF orbitals. The Table II includes
data

for one 1 x 1 matrix: (2ps23ds 2} (4),

for one 2 x 2 matrices: (2p3/23pa;2) + (281/23ds2) (3)



for three 3 x 3 matrices:

(2p3/23p3s2) + (2P3/23p3/2) + (281/2351/2) (0),
(2P1/2381/2) + (2p3y23ds/z) + (251/23p1/2) (0), and
(2p3/23d3/2) + (2p3/23d5/2) + (2D1 /23ds/2) (3);

for one 5 x 5 matrices:

(2p3/23p1 /2)+(2p3/23p3 72 }+(2P1 723p3 /2) +(251 /23d3 2)
+ (281 /23d5/2) (2);

for two 6 x 6 matrices:

(2p3/23p1/2) +(2P3 /2305 2) +(2P1 /23P1 j2) +(2D1/23D32)
+ (231/2381/2) + (281/23d3/2) (1) and

(2p3/2351/2)+(2p3/23ds5 /2) +(2p3/23d5/2)+(2p1 /23d3 /2)
+ (2p1/23ds/2) + (251 /23p3/2) (2); and

for one 7 x 7 matrices:

(2p3/2381/2) +(2p1 12381 /2) + (23 /23d3 /2) +{(2P3 235 2)
+ (2p1/23ds/2) + (251/23p12) + (251 23p3/2) (1)

The second-order Coulomb contributions and the
second-order Breit-Coulorb corrections from each of the
4 distinct terms, double sum R,, single sum R, RPA
term H3 and one-potential term Ry are given in this
table. As can be seen from Table III, the single sum
By and RPA term Rj; are larger than the double sum
R;, but they have opposite sign in many cases and al-
most compensate each other. The largest contribution
for the second-order Breit-Coulomb corrections are from
the one-potential term R4. This term did not contribute
in the Coulomb case. Tt should be noted, that the dia-
gram contributions of non-diagonal matrix elements are
2-5 times smaller than the diagram contributions of di-
agonal ones.

Resulting sum of these diagram contributions are given
in two last columns of Table IV:

EPa"y'(J),av(J)] =

Gyt Baar (B + B5) -+ REF+-REF L REF and
B®a'v'(J), av(J)] =

Soer baar(BE) + BP)) + RBHF RBHF | pBHF | pBHF
In this table, we present also results for the first-order
Coulomb contributions and the first-order Breit-Coulomb
corrections. It should be noted that corrections for the
frequency-dependent Breit interaction are calculated in
the first order only. As can be seen from Table IV,
that the ratio of non-diagonal and diagonal matrix el-
ements is smaller for the first-order diagram contribu-
tions than for the second-order diagram contributions.
The second difference in the first- and second-order di-
agram contributions is the symmetry properties: the
symmetric first-order non-diagonal matrix elements and
the non-symmetric second-order non-diagonal matrix el-
ements. As can be seen from Table IV, the values of
E@[av'(J),av(J)] and B@[av(J),d'v'(J)] matrix ele-
ments differ in some cases in 2-3 times and even they
have opposite sign.

In the previous section, we gave analytical for-
mulas for the first- and second-order contributions
EMa'y' (1), av(J)], E@Ha'v' (J),av(J)],
and B@{a'v'(J),av(J)] to the energy matrix. To de-
termine the first-order energies of the states under con-
sideration, we diagonalize the symmetric first-order ef

fective Hamiltonian, including both the Coulomb and
Breit interactions. The first-order expansion coefficient
CNlav(J)] is the N-th eigenvector of the first-order ef-
fective Hamiltonian, and E[N] is the corresponding
eigenvalue. The resulting eigenvectors are used to deter-
mine the second-order Coulomb correction E(?)[N1, the
second-order Breit correction B(?YIN| and the QED cor-
rection Eramp{N]. Usually, either LS or jj designations
are used to label the resulting eigenvectors rather than
simply enumerating with an index N.

In Table V, we list the following contributions to the
energies of 36 excited states in Mo3?+: E(0+1) — E(0)
+EM 1+ BM | the second-order Coutomb energy E® | the
second-order Breit correction B, the QED correction
ELamb, and the total theoretical energy E(*%), The QED
correction is approximated as the sum of the one-electron
self energy and the first-order vacuum-polarization en-
ergy. The self-energy contribution is estimated for s, p; /2
and p;;, orbitals by interpolating among the values ob-
tained by Mohr [40] using Coulomb wavefunctions. For
this purpose, an effective nuclear charge Z g is obtained
by finding the value of Z.4 required to give a Coulomb
orbital with the same average (r) as the DHF orbital.

When starting calculations from relativistic Dirac-Fock
wavefunctions, it is natural to use jj designations for
uncoupled transition and energy matrix elements; how-
ever, neither jj nor LS coupling describes the physical
states properly, except for the single-confipuration state
2p3/23ds /2(4) = 2p3d 3F,. Both designations are given in
Table V.

D. Z-dependences of eigenvectors and eigenvalues in
Ne-like ions

In Figs. 1-20, we illustrate the Z-dependence of the
eigenvectors and eigenvalues of the 2Ij 3I'j’ (J) hole-
particle states. Strong mixing between states inside of
odd-parity complex with J=1 discussed in many papers
(see, for example, [19,20]). Additionally, we found strong
mixing inside the odd-parity complex with J=2, and
even-parity complex with J=1. In Figs. 1-5, the mixing
between [2p; /5351 /2(1)]+([2ps/23d5/2 (1)]+[2p3 235 2(1)]
states for Z=51-55 and between [2p; 53d;3/»(1)]
+[251 /23p1/2(1)] states for Z=69-70 is lustrated. Strong
mixing between [2p3/23ds/2(2)]-+[2ps/23d3/2(2)] states
for Z=36-37 is presented in Figs. 6, 7. The mixing co-
efficients for 2p3p *Dy and 2s3d 3D, levels are shown in
Figs. &, 9.

The energy diagrams are illustrated in Figs. 14-20. We
show LS designations for small Z and jj for large Z in
these figures. Usually, either LS or j; designations are
used to label the resulting eigenvectors rather than sim-
ply enumerating with an index N. As can be seen from
Fig. 14 5 such numeration leads to change of level labels.
The labels of the first and second levels in Fig. 14 are
exchanged: 2p3s 3Py, 2p3d *F, for Z < 51 and 2p3d 3 P,




2p3s 3P, for Z >51 in LS designations and 2p, ;»3s1,2(0),
2p3/23d3/2 (0) reverts into 2p3/23d3/2 (0), 2p1/2331 /2 (0).
Using the same designations for the whole energy in-
terval could be lead to the crossing energy levels inside
of one complex that is forbidden by Wigner and Neu-
mann theorem (see, for example in Ref. {41]. There are
more complicated changes of level labels. As can be seen
from Fig. 15, the 2p; /33d3/2(1) level is situated between
251/23p1/2(1) and 25y 123p2/2(1) levels for Z >70. The
low-lying 2p; /2351 /2(1) level is mowed for high Z between
281 /23p1/2(1) and 2pg/33ds/2(1) levels.

E. Radiative transitions to the ground state

The first-order reduced multipole matrix element ZEJ
for a transition between the ground state |0) and the
uncoupled hole-particle state ®5ur(av) of Eq. (2.1) is

1
v2J+1

The multipole matrix Zx(av) element, whick includes
retardation, can be expressed in terms of the operator t%-)
given in length and velocity forms by equations Egs.(38)

and (39), respectively, of Ref. [42] by

Z2[0 —av(0)] = Z5(av)dsk . (2.13)

(2K + 1)1

Zx(av) = g (all 1% ) -

The second-order reduced matrix element Z}f} o —
av(J)] consists of three contributions: Z_S{PA), Z}?F),
(derv)
and Z :

ZEP[0 - av(J)]

1 . 1
_ & 73 [—1 o Hin+H
N ES Rl 2K +1
y Z [ZK(bn)ZK(anvb) + Zx(abvn)ZK(nb)] (2.14)
b, Epy — €Ena Eba ~ Ena
Zg.IF)[ _ G‘U(J)] (2.15)
o Z [ZK (am)A(mw) | A(ﬂa)zx("v)]
= ATiTK ~&n Fa T En
The derivative terin
(2K + 1

ZE" aw) = (all d£¢ /dk |lv)

K1
is just the derivative of the the first order matrix element
with respect to the transition energy. It is introduced to
account for the first-order change in transition energy.

An auxiliary quantity P is defined by

P10 — (av)J] = \/Tzf,de“’ (av)dsx . (2.16)

The derivative term Zo="(av) is given in length and

velocity forms by Egs. {10) and {11) of Ref. [37] for the
special case K = 1.

The coupled dipole transition matrix element between
the ground state and the N-th excited state in Ne-like
ions is given by

Qu+?) (o N)
= E(l) Z C{V [ev(J}]

x {[ea

+ [FEOIN] - e+ ] P - au(a)]}  217)

. [z<1+2 10— av(J)] + BP0 - av(J}}]

Here 2(1+2 = zM 4 ZIBPY - (Note that 2™ vanishes
since we start from a HF basis.) In BEq. (2.17), we let
B® = BEPA) | BEF) represent second-order correc-
tions arising from the Breit interaction. Using the above
formulas and the results for uncoupled reduced matrix el-
ements, we transform from uncoupled reduced matrix el-
ements to intermediate coupled matrix elements between
physical states.

The uncoupled reduced matrix elements are calculated
in both length and velocity gauges.

F. Electric dipole matrix element

The electric-dipole matrix element Z,;(ev), which in-
cludes retardation, is given in lengths and velocity forms
as:

length form

Zi{av) = (Ka [{C1l] ko)

3 / " b {1 (k) [Go (P)Go r) + Fa(r)Fo ()]
k 0 a v a ksl

+12(kr) 2B 16 (1), (r) + Fa(r)Ga ()]
+ia{kr) [Go{r)Fu{r) — Fo(r)G,(r)}}, (2.18)

velocity form

Z1{av) = {ka \C1] £2) (2.19)

xg [ dr{lia(e) + do(kn)) Ga(r)F, ) = Falr)Golr)]

]

7 [—d2(kr) + 2j0(kr)} [Ga(r) o (r) + Fulr)G, (T)]}

The electric-dipole derivative matrix element
Zderv(gn), which includes retardation, is given in length
and velocity forms as:

length form

3

277 (av) = (o {1l o) 3 (2:20)



X fom drlji(kr) — (kr)j2(kr)] [Ga(r)Gy (v) + Folr)Fo(r)]

+ (e lICall ) [ arf(lrihr) — 342

x [E" ; 5y [Gu(r)Fo(r) + Fo(r)Go(r)]

+[Ga(r) Fu(r) — Fa(r)Gu(r)]]

velocity form
ZE™ (av) = {ka [IC1l] 5v)
<3 | i [6ar)Gur) — IR0

#ellCullm 3 [ dri- (i o) + dathr)

x [— fo s (G, (1) Fy(r) + Fa(r)G (r)}] 2:21)

2
Here , is the angular momentum gquantum number
[k = F(ja + §) for jo = (la £ 1)), and k = we, where
W = g, — €, is the photon energy and o is the fine-
structure constant. The functions G,(r) and F,(r) are
large- and small-component radial Dirac-Fock wavefunc-
tions, respectively. The quantity Ci14(F) is a normalized
spherical harmonic and (k. ||Cy]| &») is equal to

(£ l|Cell ku) = (=1 =2/ Hallln]  (2.22)
(5 56){E 1)
000 o g 172
el raial (R FORTIRS )
2 3

The differences between length- and velocity-forms, are
illustrated for the uncoupled 0 — 2p3 /23d; /2 (1) matrix el-
ement in Fig. 21. It should be noted, that the first-order
matrix element Z{") is proportional 1/Z, the second-
order Coulomb matrix element Z( is proportional 1/22,
and the second-order Breit matrix element B{®} is al-
most independent of Z (see JSTD. Taking into account
this dependence, Z(1} x Z, Z(@ x Z2 and B® x 10¢ are
shown in the figure. These Z-dependencies apply to the
first-order matrix elements Z{%), the second-order ma-
trix elements Z® and B for high-Z ions. As can be
seen from Fig. 21, all these matrix elements are positive,
except the second-order matrix elements Z? in length
form that becomes negative for Z >21. The differences
between results in length- and velocity-forms shown in
Fig. 21 are compensated by “derivative terms” P(der)
as shown later. It should be noted, that P{de) ip the
length form almost equals Z(!) in length form, whereas
P{derv) in velocity form is smaller than Z( in velocity
form by three to four orders of magnitude.

In Table VI, we list values of uncoupled first- and
second-order dipole matrix elements Z(V), Z(2} B o
gether with derivative terms P(4*™) for Ne-like molybde-
num, Z=42. We list values for the 7 dipole transitions be-
tween odd-parity states with J=1 and the ground state.

The derivative terms shown in Table VI arise because
transition amplitudes depend on energy, and the tran-
sition energy changes order-by-order in MBPT calcula-
tions. Both length (L} and velocity (V) forms are given
for the matrix elements. We can see that the first-order
matrix elements Z}(_-,l) and ZT(} ) differ by 10-20%; the L-
V differences between second-order matrix elements are
much larger for some transitions as be seen by comparing
Zf_r’z) and Z‘(,2 ). It can be also seen from Tabie VI, that
Pder) in length form almost equals Z(1) in length form
but that Pl iy velocity form is smaller than Z(V) in
velocity form by three to four orders of magnitude.

Values of coupled reduced matrix elements in length
and velocity forms are given in Table VII for the tran-
sitions considered in Table VI. Although we use an
intermediate-coupling scheme, it is nevertheless conve-
nient to label the physical states using the jj scheme.
We see that L and V forms of the coupled matrix ele-
ments in Table VII differ only in the fourth or fifth dig-
its. These L-V differences arise because we start our
MBPT calculations using a non-local Dirac-Fock {DF)
potential. If we were to replace the DF potential by a lo-
cal potential, the differences would disappear completely.
The last two columns in Table VII shows L and V values
of coupled reduced matrix elements calculated without
the second-order contribution. As can be seen from this
table, removing the second-order contribution increases
the L — V differences. !

It should be emphasized that we include the negative
energy state (NES) contributions to sums over interme-
diate states (see, for detail, Ref. [37]). Ignoring the NES
contributions leads to small changes in the L-form matrix
elements but substantial changes in some of the V-form
matrix elements, with a consequent loss of gauge inde-
pendence.

G. Magnetic-dipole matrix element

The magnetic dipole matrix element Z;(av), which in-
cludes retardation, is given by

Zi{av) = (—ka ||C1]] Ky ) z‘% [000 dr_(%ﬁ“’)jl(kr)

X{Ga(r)Fo(r) + Fo(r)G.(r)] , {2.23)

ZE™ ) av) = (—k. 1G]] )

X% ‘/0'00 drw—-—(ma ;n”) (72 (kr) — (kr)ja(kr)]
X [Golr)Fu(r) + Fo(r)Go ()] . {2.24)

The magnetic dipole matrix element Z; (av), without
retardation, is given by

Z1(av) = (i [l ) (e + )

x j; " dr(r) [Ga (P Fo(r) + Fu(r)Go(r)] . (2.25)




79 (g} = Zy (av) . (2.26)

The nonrelativistic limit is different for transitions in-
side of one configurations, n, = n,, and transitions be-
tween different configurations, n, # n,. For the case
Ng = N4, We obtain

ZiMav) = — (—ka [IC1ll 80} (Ko + Ky — 1)

(Ko +Es) [T
X /; drP,(r)P,(r), (2.27)

where P,(r) is a nonrelativistic limit the large-component
radial wavefunciion G.(r). The case n, # n, was con-
sidered in many papers for 152 18g- 1525 28; transitions
(see for example Ref. [42]). The nonrelativistic limit in
this case is proportional to Z2, and for transitions with
I, = I, = 0 the matrix element is given by [43

A e =~z [2 [ Larorn)

w? [,
+§Z_'§_/(-, r*drP, (r)P,,('r)] . {(2.28)
Using hydrogenic wavefunctions, we find
16 2423
MNE — _(aZ)? = A .
1s2s ( } 27\/— 253s ( }
(2.29)

The difference between M1 uncoupled matrix elements,
calculated in different approximations, is illustrated for
the 0 — 2pj3pj'(1) matrix element in Figs. 22-25. The
first-order matrix elements ZI%%, Zr(tl ), and ZI%;). are cal-
culated using Eqgs. (2.27), {2.25) and (2.23) accordingly.
The second-order Coulomb Zézﬁ and Breit Zg& matrix
elements are defined by Eqgs. (2.14), (2.15), and (2.23).
As can be seen from Figs. 22-25, the curves of 3151% are
almost coincided with the curves of 21(11 ) and Z&)‘ for
the 0 — 2py /23p3/2(1} and 0 — 2p3/23p; /2(1) transitions
but differ for the 00— 2})1/23])1/2(1) a.nd 0— 2p3/23p3/2(l)
transitions (compare Figs. 22, 24 and Figs. 23, 25). The
values of Z&{ are in two times smaller than the values
of ZI(%:_L) for the 0 — 2}'31/23}')1/2(1) and 0 — 21}3/23193/2(1)
transitions. The frequency-dependent relativistic matrix
elements Zgn (1) differ from the relativistic matrix elements
Zr(tl ) by §-10% for all kind of transitions. The M1 uncou-
pled second-order matrix elements 2 2 } are comparable

with the first-order matrix elements Zr(zr?' only for small
Z. As can be seen from Eq. (2.28), the first-order ma-
trix elements ZI({I,} are proportional Z2. The second-order
Coulomb matrix elements Zg“)lz are proportional Z and in-
crease very slowly with Z, the second-order Breit matrix
elements Zl(3 ) are proportional Z® and become compara-

ble with ZCL for very high Z.

Ab initio relativistic calculations require a careful
treatment of negative-energy states (virtual electron-
positron pairs). In the second-order expressions (2.14)
and (2.15) such contribution explicitly arises from the
terms in the sum over states i and n for which ¢; < —m¢2.
The effect of the NES contributions to Ml-amplitudes
has been studied recently in Ref. [43]. The NES contribu-
tions drastically change the second-order Breit matrix el-
ements Zgz)a- It could be noted that the zg,’i contributes
only by 2-56% in M1 uncoupled matrix elements and, as
a resuli, the including of negative-energy states changes
the value of M1 matrix element by 2-5%.

In Figs. 26-31, we illustrate the Z-dependence of the
of line strengths for the six magnetic-dipole transitions
into the ground state. In these ﬁgures we presented the
values of line strengths Sl(qlf){ , 51(11 ), SRF, and Sl({l; ?) cal-
culated in the saine approximations as we discussed for
M1 uncoupled mairix elements: ZI[\IIFJL , ZI({1 ), ZI(SF)‘: and
25 + 782 In the last one the derivative term, P{4*™)
(see Eq.(2.16)) is included.

Strong mixing inside of even-parity complex with J=1
between 2p3/23p, /2 and 2p323p; /2 states (see, Figs. 10,
11) for small Z and between 2p, j3p3/2 and 2s; /235 /o
states (see, Figs. 12, 13) for high Z leads to the sharp
features in the curves shown in the Figs. 27- 30. As can
be seen from Figs. 27-29, the deep minimum is shified by
using different approximations. In these case it could be
difficult to compare results for M1 transitions obtained by
different approximation: nounrelativistic or relativistic ap-
proximations. We will discuss this question later. These
singularities are consequence of coupling between states
governed by the first order mixing coefficients C{¥ [av(.J)]
in Eq. (2.17). However, some of the singularities are
caused by the second order uncoupled matrix elements.
As can be seen from Figs. 30, 31 some small singular-
ities still remain for 2s;/93s1/0 (1) and 2s;/23d3/5 (1)
states in the Z=11-20 range. These 25;/23s12 (1) and
281/23d3/2 (1) states are autoionizing for the 2p;-hole
threshold in the Z=11-20 ranges. In this case, the sin-
gularity is caused by the positive part of spectra in the
sum over n in Eq. (2.14) for ZgRPA). Our conclusion
concerning the importance of autoionizing states in low-
Z Ne-ions for calculations of the line strengths can be
extended to other atomic characteristics.

H. Electric quadrupole matrix element

The electric-quadrupole matrix element Zs(av), which
includes retardation, is given in velocity and length forms
as:

length gauge

{Ka [|Call £0)

g .[Oco dr {j2(kr) [Ga(r)Go(r) + Fo(r)Fu(r)]

Zs{au) =



kg — Ky

+ja{kr) 3 [Ge(r)Fo(r) + Fo(r)Go(r)]
+i3(kr) [Ga(r)Fy(r) — Fa(r)Gu(r)]}, (230)
velocity form
Za(av) = (s iCall 52) 35 (2.31)

X j; = dr [2§1(kr) + 233(k7)] [Ga (P} Fy (1) — Fo(r)Go(r)]

3 ke — Ry

k23
x fo dr [275(k) — 32 (k)] [Ga (1) F (r) + Fa(r)Go(r)]

+ {ka ||C2|| )

The reduced matrix element for the derivative term is
given by the following expressions:

length gauge
25 (aw) = (ka Col! )
x i—i fo ~ ar{2ga (k) — (br)ja (k)]
X [Ga(r}Go(r) + Fo(r)F{r)]

el g5 [ drltin)iathr) ~ 4js(en)

x ["“ 2 (Galr) Fa(r) + Fulr)Go(r)]

+{Ga(r}Fo(r) — Fa(r)G.(r)]]

velocity form

(2.32)

78 (@) = (ke [Calf o) o
X /{;w dr[241 (kr) — 8]3(1’6‘!‘)] [Ga(m)G, (r) — Fo(r)F, ()]
el 35 [ drGaOR) + Ea(IG0)

y [_ "%] [~5(kr)ga(kr) + 8ja(kr) + 341 (k)] (2.33)

The nonrelativistic limit for the length and velocity
forms of electric-quadrupole matrix element Zs(av) is
equal to

length gauge

Z3"(av) = Z{av) = (K, ||Cz|| k) /;00 dr(r)2Pa(r)Pv(r).
{2.34)

velocity form

Z3"(av) = — (ko [|Call ko) (€4 — €4)
<2 fo dr(r) P, (r) P, ().

The nonrelativistic limit for the derivative term of
electric-quadrupole matrix element Z\***(qv) is equal
to

(2.35)

length gauge
28 (a0) = (50 [Call ) 2 f°° dr(r)2 P,(r)P,(r),
0

(2.36)

velocity form
Zy N aw) = — {ka ||Call 6a) (€0 — £4)

x2 / dr(rP P ()P, (r).  (2.37)
o

"The differences between length- and velocity-forms, are
illustrated for the uncoupled 0 — 2p;,53p, /2(1) matrix el-
ement in Fig. 32. It should be noted, that the first-order
matrix element Z() is proportional 1/Z2, the second-
order Coulomb matrix element Z{* is proportional 1/23,
and the second-order Breit matrix element B? is pro-
portional 1/Z. Taking into account this dependence,
ZO) x 72, 23 x 73 and B® x Z x 10* are shown in
the figure. These Z-dependencies apply to the first-order
matrix elements Z(, the second-order matrix elements
B® and Z¢ for high-Z ions. The contribution of the
second-order matrix elements Z{(2} ig larger in velocity
form ( Fig. 32). The differences between results in length-
and velocity-forms shown in Fig. 32 are compensated by
“derivative terms” P9} a5 shown later. It should be
noted, that P in the velocity form almost equals
Z1) in velocity form, whereas P{dem) i length form is
larger than Z{Y} in length form by factor two.

In Table VI, we list values of uncoupled first- and
second-order electric-quadrupole matrix elements Z(1,
Z@ B®  together with derivative terms P9™) for Ne-
like molybdenum, Z=42. We list values for the 5 electric-
quadrupole tramsitions between even-parity states with
J=2 and the ground state. The derivative terms shown in
Table VIII arise because transition amplitudes depend on
energy, and the transition energy changes order-by-order
in MBPT calculations. Both length (L) and velocity (V)
forms are given for the matrix elements. We can see that
the first-order matrix elements Zl(-}) and Z‘(,l) differ by
5-10%; the L-V differences between second-order matrix
elements are much larger for some transitions as can be
seen by comparing Zf) and Z‘(,?' }. It can be also seen from
Table VIII, that P{d*™) in velocity form almost equals
Z® in velocity form but that P} in jength form is
larger by factor two than Z{1) in length form.

Values of coupled reduced matrix elements in length
and velocity forms are given in Table IX for the tran-
sitions comsidered in Table VIII. Although we use an
intermediate-coupling scheme, it is nevertheless conve-
nient to label the physical states using the j;j scheme.
We see that L and V forms of the coupled matrix ele-
ments in Table IX differ only in the fourth or fifth digits.
These L-V differences arise because we start our MBPT
calculations using a non-local Dirac-Fock (DF) potential.
If we were to replace the DF potential by a local po-
tential, the differences would disappear completely. The




last two columns in Table IX shows L and V values of
coupled reduced matrix elements calculated without the
second-order contribution. As can be seen from this ita-
ble, removing the second-order contribution increases the
L -V differences.

It should be emphasized that we include negative en-
ergy state (NES) contributions to sums over intermedi-
ate states. The NES contributions drastically change the
second-order Breit matrix elements B}, It could be
noted that the B2} contributes only by 0.05-0.1% in E2
uncoupled matrix elements (see Table VIII) and, as a re-
sult, the including of negative-energy states changes the
value of E2 matrix elemert by 0.05-0.1% (see Table IX).

I. Magnetic-quadrupole matrix element

The magnetic-quadrupole matrix element Z.(av),
which includes retardation, is given as:

30 (ka + K2)
ak? 3

) [O“’ drjz(kr) [Ga(r) Fo(r) + Fa(r)Go(r)]

Zy{av) = {—Kq ||Ca]| ko) (2-38)

The magnetic-quadrupole derivative matrix element
Zo{av), which includes retardation, is equal to

30
a(k)?

y / " ar{fa ) 1o () — (ks (kr)]
1]

3
X [Ga(r)Fu(r) + Fo(r)G,(r)] - (2.39)

Z (av) = (=5, [|Cal| K0)

The nonrelativistic Hmit for the magnetic-quadrupole
matrix element Z;(av) is

%Zé‘*e“””(av) = Z5"(av) = — {~Ka [|C1l 5x)  (2.40)
Ko + Ky oo
a C 2 d Pa P-v 3
X 3 (ko + & )jé r(r) Py (r) Py (1)

where P,(r} is a nonrelativistic limit of the large-
component radial wavefunction &, (r).

In Table X, we list values of uncoupled first- and
second-order magnetic-quadrupole matrix elements Z (1},
Z®?) B@ together with derivative terms P{¥e™) for
Ne-like molybdenum, Z=42. We list values for the
6 magnetic-quadrupole {ransitions between odd-parity
states with J=2 and the ground state. The derivative
terms shown in Table X arise because transition am-
plitudes depend on energy, and the transition energy
changes order-by-order in MBPT calculations. The first-
order matrix elements, Z1(>.1 ), and Zr{{lF). are calculated us-
ing Egs. (2.40) and (2.38) accordingly. As can be seen

from Table X, the difference between Z{”, and Z{Y is
about 1%. The importance of the negative energy state

(NES} is illustrated for the second-order Breit matrix el-
ements B*). Tn Table X, we compare the values of B{2),
calculated without the NES contributions and Bleys,
calculated with including the NES contributions. The
difference between B, and Bl{\?}g g is about 10%. It
should be noted that the first-order magnetic-quadrupole
matrix elements 0~ 2p3/53ps/2(2) is equal to zero. It can
be also seen from Table X, that the values of P(der) jg
larger by factor two than the values of Z(1).

In Table XI, we present the Z-dependence of line
strengths 5 for magnetic quadrupole (M2) lines in Ne-like
ions. In this table the values of line strengths S for Z=20,
30, 40, 50,60, 70, 80, 90, and 100 are given. The S-values
are obtained in intermediate-coupling scheme, neverthe-
less, both LS and jj designations are shown in this table.
Among the 6 transitions presented in Table XI, there is
the one transition with zero uncoupled matrix element,
0 — 2p3/93ps/2(2). The only second-order contribution is
responsible for the non-zero S-value of this transition. As
can be seen from Table X1, the S value of this transitions
becomes the smallest § value comparison with values of
other five transitions for high Z.

III. COMPARISON OF RESULTS WITH OTHER
THEORY AND EXPERIMENT

We calculate energies of the 16 even-parity
257 5381/2(J), 205 '3ps'(J), and 2s7;,3di(J) excited

states and the 20 odd-parity 2s;/123pj(J), 2pi 1351 /2(J),
and 2pj~13dj'(J) excited states for Ne-like ions with nu-
clear charges ranging from Z=11-100. Reduced matrix
elements, oscillator strengths, and transition rates are
determined for E1, M1, E2, and M2 allowed and for-
bidden trapsitions into the ground state for each ions.
Comparisons are also given with other theoretical results
and with experimental data. Qur results are presented in
three parts: transition energies, El oscillator strengths,
and E1, M1, E2, and M2 transition probabilities.

A. Excitation energies

The n=2-3 transitions in Ne-like ions have been thor-
oughly investigated, theoretically and experimentally. In
Tables XII-X VI, our MBPT results of energies are com-
pared with other theoretical calculations and experimen-
tal measurements. Detailed comparison between our
MBPT results and the MBPT results recently presented
by Avgoustouglou et al. [19,20] are given in Table XIIL
There are two different approaches in these two MBPT
calculations. In present paper, it is used the closed-shell
Dirac-Fock potential, however, in Refs. [19,20] all virtual
orbitals were generated in the field of the hole state. The
using of VI¥N-1), 1522529p5 potential is very convenient
if there is only one hole state thai was really used in



[19,20]. In that paper, only 2p~!3I(J) states were in-
vestigated. The influence of the 2s5131(J) states could
be taken into account by summing all order diagrams.
The using of VI¥), 1522522p% potential allows to treat
257131(J) and 2p~'3I(J) simultaneously. This is ad-
vantage of the MBPT method presented in our paper.
Our disadvantage is the limitation of our calculations
by the second-order perturbation theory. It was shown
in Refs. [19,20], that the third-order hole-core Coulomb
correlation energy E(3t) is about 0.1 a.u. for Nel. This
correction is rapidly decreases with Z; the value of EG+)
is about 0.015 a.u. for Ca'®*. Comparison of results for
the four 2p~13s(J) and three 2p~13d(1) states presented
in Table XII confirms this prediction. As can be seen
from this table, our MBPT energies differ from results
in [19,20] by 0.03-0.05 a.u. for Nall, Z=11 and 0.003-
0.03 a.u. for Cal®t, Z=20. It should be noted that the
largest difference 0.03 a.u. is happened for the 2p3d 31
level for ions with nuclear charges ranging from Z=11-
26. This difference could be explained by strong mixing
all 2p3 /23d3/5(1), 2p3/23d5/2(1), and 2p; 3d3/2(1) states
including in odd-parity complex with J=1 (see, Fig. 3).
In Table XIIT, our MBPT results of energies are com-
pared with theoretical energies presented by Safronova et
al. [3], adjusted data of energies performed by Hibbert et
al. [11], and NIST recommended data from Refs. [44-46]
for odd-parity states with J=1 in Ne-like ions with Z=19-
28. Correlation, relativistic, and radiative effects were
taken into in Ref. [3] by using the second-order pertur-
bation theory with hydrogenic basis set. The code CIV3
with incorporating variationally optimized orbitals and a
modified Breit-Pauli Hamiltonian was used in Ref [11]
to calculate 2522p®, 2522p®3l, and 2s2p°3l energies of
Ne-like ions with Z=10-36. Using experimental data for
all ions up to Cu'®t, it was incorporated corrections to
individual levels by adjusting the diagonal elements of
the Hamiltonian matrix in Ref. [11]. As can be seen
from Table XIII, adjusted data from [11] are in excel-
lent agreement with NIST data [44-46] for all levels,
except the 252p®3p L3P, levels. Disagreement between
adjusted data and NIST data for these two 2s2p®3p 2 P,
levels increases with Z: from 3000-8000 cn—? for Z=19
up to 140000 cm™! for Z=28. It is also seen from Ta-
ble XIII, the increasing of disagreement between adjusted
and NIST data for 2522p°3d 3Dy, ' P, levels: from 300-
700 cm ! for Z=19 up to 4700-7100 cm ! for Z=28.
As can be seen from Table XIII, our data are in a good
agreement with experimental data: the disagreement in
2p3d 1Py, 2p3s 3Py, and 2s3p ® P, energies is about 300-
3000 cm™, except three levels (2p3s P, 2p3d D, and
253p 1 P;), where disagreement is about 2000-4000 cm™—!.
Disagreement between MBPT data and NIST data for
the two 252p%3p 13 P levels is about 1600-3000 cm—1.
Accurate x-ray measurements on Y2*F-Nd5+ ob-
served in a low-inductance vacuum spark-produced plas-
mas were reported by Aglitskii et ol [21]. In Ta-
bles XIV, XV, our MBPT results of energies are com-
pared with experimental measurements from that paper.

Theoretical results for ions considered in Refs. [19,20]
are also included in Tables XIV. As can be seen from
this table, our results agree better with experimental
measurements than results from [19,20]. The energies of
252p% 13 P; levels are given in Table XV for high-Z ions.
Our resulés are compared with measurements from [21]
for Y29*-Se®®* jons and few results for AgdTt, Xet?+
Y80+ Aut and Bi™* reported by Beiersdorfer et al.
in Refs. [27,29,30], Chandier et al. {32], and Dietrich et
al. [33]. As can be seen from Table XV, the experimen-
tal results for Ag®”* and Xe**+ disagree by 0.3-0.7 a.u..
Our MBPT results are between these two experimental
measurements.

Accurate x-ray measurements of 2p-3p, 2s-3d electric-
quadruple and 2s-3p magnetic-quadruple wavelengths
were reported by Beiersdorfer et al. in Refs. [27,29-31],
Chandler et al. {32], and Dietrich et ol. [33] for Ne-like Ag,
Xe, La, Nd, Eu, Yb, Au, Bi, and Th. QOur MBPT data
are compared with those measurements in Table XVI
We include results for all 36 2{~13/'(.7) levels in this ta-
ble. As can be seen from Table X VI, our theoretical data
are in excellent agreement with experimental measure-
ments. We hope that our predicted data for other lines
given in this table could be useful for future experiments.

B. Oscillator strengths and for dipole transitions to
the ground state

As mentioned previously, line strengths, oscillator
strengths and transition rates for dipole transitions be-
tween the odd parity states with J=1 and the ground
state are calculated in Ne-like ions with nuclear charges
ranging from Z=11-100. Results are obtained in hoth
length and velocity forms but only length-form results are
tabulated since length-velocity differences are less than
1% for most cases.

In Figs. 33-35, we present the Z-dependence of os-
cillator strengths for transitions from J = 1 excited
states to the ground state. The sharp features in
the curves shown in these figcures can be explained in
many cases by strong mixing of states inside of the
odd-parity complex with J=1. In Figs. 33, 34 the
double cusp in the interval Z=51-535 is due to mixing
between {21)1/2381/2(1)] +[2p3/23d3/2(1)]+[2p3/23d5/2(1)]
states. The mixing of the [2p; /23d3/2(1)]-+[251 23p1 /2 (1)]
states in the Z=69-70 range gives a singularity in the
curve with the 2s3p 3P, label (Fig. 35).

These singularities are a consequence of coupling be-
tween states governed by the first order mixing coeffi-
cients C¥av(J)} in Eq. (2.17). However, some of the
singularities are caused by the second order uncoupled
matrix elements. As can be seen from expression for
ZI(—?PA), Eq. (2.14), the dominator of oneterm is ey, —€,-
When v = 3ps/s, 6 = 2815 and n = 4dgsp, b= 2p3 /2, the
sign of denominator is changed in the interval Z=18-19
and the denominator becomes very small for Z=19. In




these cases, the contribution of the term with this small
denominator becomes much larger than other contribu-
tions, leading to new singularities in the Z-dependence
of the oscillator strengths. It is possible to remove some
of these singularities by increasing our model space to in-
clude 2p;nd; states with n=4,5 and simultaneously re-
moving these states from sum over n in expression for
ZEPA) in Bq. (2.14).

In Table XVII, our MBPT results of oscillator
strengths are compared with theoretical results presented
by Quinet ef al. in Ref [i7]. The multiconfigura-
tional Dirac-Fock (MCDF) method, combined with semi-
empirical correction to the Ab ingiio values of the en-
ergy levels, was used in Ref. [17]. The difference between
MBPT and MCDF results increases when Z decreases
from 1% for very high-Z ions up to 10% for ions with
Z=28.

C. The E1, E2, M1, and M2 transition probabilities

The E1, E2, M1, and M2 transition probabilities
A0 — 213315 (J)] (s7*) given in Figs. 36-39 and Ta-
bles XVIII-XXI were obtained in terms of line strengths
S@[0 — 21331'5'(J)] and energy E[21531'§'(J}] (a.u.} rel-
ative to the ground state using the relation

A0 — 21530 §'(J)]

(a)
a
= ————— E*[2131'3" (NS0 — 20530 (J 3.1
BIT D [215315" ()]8'9} J3''(J)] (3.1)
where
El=gq, k=3, a9 =21420x 10"
Ml=q, k=3, a9 =28516x10°
E2=gq, k=5, a9 =5.7032x 10*
M2=gq, k=35, a9 =75926x10"" (3.2)

Transition rates for the seven electric dipole lines
are given in Fig. 36 and Table XVIII. As can
be seen in Fig. 36, the curves describing 2p3s 3P,
and 2s3p 'P; transition rates are smoothly in-
creased with Z, without any sharp feature. It
was already mentioned about strong mixing between
[2P1j2331/2(1)]+[2P3/23d3/2(1)]+[2P3/23d5/2(1)1 states in
the interval Z=>51-55. This mixing causes the exchange
of labels 2p3d ° P; and 2p3d 314 and the sharp minimum
in the 2p3s 1 P transition rates for Z=52. There are also
the minima in the curves describing the 2p3d P, (Z=45),
2p3d *D, (Z=58), and 2s3p 3P, (Z=66) transition rates.
Comparison with results performed by Ivanova et al. in
Ref. [5] confirms our conclusion about these sharp fea-
tures in the Z-dependences of 2-3 El transition rates
(see Table XVIII). In Table XVIII, we compare also
our MBPT calculations with E1 transition rates calcu-
lated by using SUPERSTRUCTURE code {8,9,12] and
CIV code [11]. As can be seen from Table XVIII, the

disagreement in all results is about 10-20%, except cases
with singularities in the curves of transition rates. In this
cases, (see, for example, the 2p3d 3 P, transition rates for
Z=42) our MBPT data are in better agreement with data
from Ref. [5], than with data from Ref. [12].

Disagreement between different theoretical results is
much larger for magnetic-dipole, M1 transitions rates
than for electric-dipole, El transitions rates that can
be seen from comparison results given in Tables XVIII
and XIX. In Table XIX, we compare our MBPT cal-
culations with theoretical results obtained by SUPER-
STRUCTURE code [8,9,12] and relativistic perturbation
model potential code (RPTMP) [5]. In previous section,
we compare results for M1 uncoupled matrix elements
{see Figs. 22-25} and MI line strengths {see Figs. 26-
31) calculated by using nonrelativistic, relativistic and
frequency-dependent relativistic first-order mairix ele-
ments (Eqgs. (2.27), (2.25), and (2.23)). The difference
in approximation leads to the difference in results by a
factor two even for uncoupled matrix elements and drasti-
cally changes Z-dependence of coupled matrix elements.
The largest difference is between results obtained for non-
relativistic or relativistic first-order matrix elements. It
should be noted that in SUPERSTRUCTUTRE code,
the wavefunctions were determined by diagonalization
of nonrelativistic Hamiltonian using orbitals calculated
in a scaled Thomas-Fermi-Dirac-Amaldi (TFDA) poten-
tial. These nonrelativistic functions were used to calcu-
late M1 matrix elements. As can be seen from Table XIX,
our MBPT results and SUPERSTRUCTUTRE results
from [8,9,12], differ by 20-30% for 2p3p 3P, transition
rates and by factor 2-3 for 2p3p 25, D, ' P, transition
rates. The difference between two results in three mag-
nitude for 2p3p *D; tramsition rates with Z=29 can be
explained by the minimum in the curve of 2p3p *D; tran-
sition rates shown in Fig. 37. Much better agreement was
found between our results and results obtained by using
RPTMP method in Ref. [5], where used relativistic ap-
proach. As can be seen from Table XIX, the difference
between MBPT results and results from Ref. [5] is about
20% for many cases.

The E2 transition rates are less sensitive to different
approximations than the M1 transition rates that can be
seen from comparison Tables XIX and XX. In Table XX,
our MBPT calculations are compared with theoretical
results obtained by SUPERSTRUCTURE code [8,9,12]
and by RPTMP code [5]. As can seen from this table, the
disagreement between results is about 10-20% for most of
cases. It should be noted that there is the very small dif-
ference between the 2p3p 3D, 2 By, D, transition rates.
This can be seen from Table XX and Fig. 38. In this fig-
ure, transition rates for the six electric quadrupole lines
are illustrated. These curves describing E2 transition
rates are smoothly increased with Z, without any sharp
feature except some singularity for the 2534 1D, tran-
sition rates for small Z. These singularities are caused
by the second order uncoupled matrix elements that was
already discussed in the previous section.



The similar smooth Z-dependence is shown in Fig. 39.
In this figure, the transition rates for the six magnetic
quadrupole lines are presented. As can be seen from
Fig. 39, the curve describing the 2p3d 2P, transition
rate crosses the five other curves M2 transitions rates
to be the smallest one between M2 rates for Z >54. This
decreasing of the 2p3d 3P; transition rates can be ex-
plained that for high Z the jj coupling scheme is more
suitable than LS coupling scheme. The value of un-
coupled 0 — 2p3/33p3/2(2) matrix element is not equal
to zero ounly because of the second-order contribution.
The mixing inside of odd-parity complex with J=2 be-
comes smaller with increasing Z, as can be seen from
Figs. 6, 7, and the coupled 0 — 2p3d ® P, matrix element
is almost equal to uncoupled 0 — 2p3/23p; /2(2) matrix el-
ement. This is very interesting example to observe when
intermediate-coupling scheme converts to pure jj cou-
pling scheme. In Table XXI. our MBPT calculations
are compared with theoretical results obtained by MCDF
code [13] and by RPTMP code [5]- As can be seen from
this table, the disagreement between results for high-
Z ions is about 10-20%. The largest disagreement be-
tween MBPT and MCDF [13] results, we found in the
2p3d 3 F, transition rate for small-Z ions. This disagree-
ment, can be explained by strong mixing for this level
between 2p3/:3ds/2(2) and 2p3;23ds,2(2) states.

IV. CONCLUSION

We have presented a systematic second-order relativis-
tic MBPT study of excitation energy, reduced matrix
elements, oscillator strengths, and transition rates for
An=1 electric and magnetic dipole and quadrupole tran-
sitions in Ne-like ions with nuclear charges ranging from
Z =11-100. The retarded E1, F2, M1, M2 matrix ele-
ments included correlation corrections from Coulomb and
Breit interactions. Contributions from virtual electron-
positron pairs were also included in the second-order ma-
trix elements. Both length and velocity forms of the
E1, E2 matrix elements were evaluated, and small dif-
ferences, caused by the non-locality of the starting HF
potential, were found between the two forms. Second-
order MBPT transition energies were used to evaluate
oscillator strengths and tranpsition rates. Good agreement
our MBPT data with other accurate theoretical results
obtained for low-Z ions, gives us possibility to conclude
that the MBPT method can provide accurate data for
all-Z ions.
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TABLE 1. Possible hole-particle siates in the 2[53l'f' complex; jj and LS coupling schemes

Even-parity states Odd-parity states
jj coupling LS coupling jj coupling LS coupling

2pas23pasz (0) 2p3p °Po 2p1/23s1/2 (0) 2p3s Py
2p1/23p1/2 (0) 2p3p 'Sy 2p3;93d3 (0) 2p3d °Py
2517238172 (0) 2535 18, 251723p1/2 (0) 2s3p ° Py
2ps/23p1/2 (1) 2p3p %5, 2paa3s1e (1) 2p3s Py
2p3/23p3s2 (1) 2p3p °Dy 2p17238172 (1) 2p3s ' Py
2p1723pyyz (1) 2p3p ‘P, 2p3/23dsz2 (1) 2p3d * Py
2p1/23p3s2 (1) 2p3p °Py 2p3s23ds /e (1) 2p3d ° D,
251/2351/2 (1) 253s 331 2p1/23d3/2 (1) 2p3d 'p
251/23d3/2 (1) 233d 3D1 251/23p1/2 (1) 233p 3.P1

281/23p3y2 (1) 2s3p 1Py
2p3;23p1,2 (2) 2p3p °D, 2p3;238172 (2) 2p3s P,
2pa;23p3s2 (2) 2p3p ° P, 2p3/23d5,2 (2) 2p3d °P;
2p1;23p3;2 (2) 2p3p 'D; 2pss23dasz (2) 2p3d °F,
281/23d3/2 (2) 253d sDz 2p1/23d3/2 (2) 2p3d 1.Dz
251/23ds/2 (2) 253d *D» 2p1/23ds;2 (2) 2p3d °Da

251/23p3/2 {2) 2:3p 3P
2p3/23p3/2 (3) 2p3p 3Ds 2p3/23dz/2 (3) 2p3d *F;
231/23d5/2 (3) 253d 3D3 2p3/23d5/2 (3) 2p3d 3D3

2p1723ds2 (3) 2p3d 1 Fy

2p3s23ds/2 (4) 2p3d 3 Fy

TABLE II. Contributions to the one-electron Es> and one-hole energy E) for ions with a 157252 2p° core from the three
diagrams Vi — V; evaluated for the case of molybdenum, Z = 42.

{a} - Coulomb Interaction: (b) - Breit Correction:
il VEF VEF VBHF yBHF VRHP
25172 0.05831 -0.16649 0.00458 -0.00307 0.02143
2p1sa 0.10097 -1.16856 0.60684 -0.60330 0.02529
2pasa 0.09865 -0.15647 0.00547 -0.00210 0.02514
38172 -0.03908 0.00937 -0.00084 0.00027 -0.00359
3p1/2 -0.04682 0.00968 -(.00128 0.00033 -.00448
3p3s2 -0.04462 0.00931 -0.00118 0.00026 -0.00454
3dz/0 -0.04866 0.00766 -0.00118 0.00059 -0.00446
3ds/2 -0.04726 0.00784 -0.00086 0.00036 -0.00419




TABLE HI. Diagonal and nondiagoral contributions to the second-order interaction term in the effective Hamiltonian matrix
from diagrams R1 — Ra calculated using HF orbitals. These contributions are given for a hole-particle ion with a 1s225%2p%3
core, in the case of molybdenum, Z = 42.

{a}) Coulomb Interaction:

(b) - Breit Correction:

Hven parity states, J=0
2D3/23P3;2, 2P3;23P3/2 0.00817 0.03287 0.01935 ~0.00038 ~0.00056 0.00023 0.00137
2p1 /23P1,2, 29123012 -0.00188 -0.01274 0.01048 -0.00028 -0.00031 0.00043 0.00254
2817238172, 2817238172 -0.00136 -0.00915 0.00040 -0.00009 -0.00024 0.00013 0.00141
2P3/23p3/2, 2D1/23D1 /2 0.00914 0.02958 -0.01171 0.00020 0.00011 0.00048 0.00083
172312, 2P3,23P3;2 0.00943 0.03056  -0.01300 0.00015  0.00011 0.00035  0.00090
2pas23pas2, 2517238172 -0.00538 -0.01945 0.02552 -0.00009 -0.00016 0.00001 -0.006020
251/9351/2,2p3/23ps/2  -0.00608  -0.02121 0.02782 0.00001  -0.00018 0.00011  -0.00027
2p1/23P1/2, 281723812 0.00396 0.01422 -0.01765 0.00006 0.00006 0.00005 0.00040
231]2331/2, 2p1/23p1/2 0.00426 0.01501 -0.01829 -0.00001 0.00006 0.00013 0.00045

Even parity states, J=1
2p3/23P1/2, 2P3/23P1/2 0.00783 0.01131  -0.01027 0.00001  -0.00009 0.00079 0.00325
2p3;23p3 /2, 2P3/23P3/2 0.00804 0.01274 -0.01708 0.00031 0.00036 -0.00023 0.00220
2p1 /230172, 2P1/23P1 /2 0.00705 0.01274 -0.01055 6.00034 0.00032 -0.00045 0.00355
2p123P3s2, 2P1723P3/2 0.00730 0.01271 -0.01263 0.00006 -0.00029 0.00108 0.00245
231/2331/2, 281/2351/2 0.00420 0.00916 -3.01067 §4.00015 0.00024 -0.00018 0.00160
251,23d3/2,281/23d5,0 0.00632 0.00508 -0.0274% 0.00011 0.60009 0.00049 0.00233
2p3s23p1/2, 2P3/23P3/2 -0.00284 -0.00234 0.00955 -0.00011 -0.00010 0.00030 -0.00008
2ps/23P3/2, 2P3/23P1 /2 -0.00282  -0.00236 0.00979 -0.00009  -0.00010 0.60030  -0.00009
2P 123012, 291 /23P1/2 -0.00015 0.00001 0.00108 0.00002 0.00002 -0.00021 0.00000
2p172301 72, 2P3/2301 /2 -0.00014 0.00001 0.00116 0.00000 0.00002 (.00010 0.00000
2pa;23p1/2,2P1/23P3s2 0.00281 0.00309 -0.01228 0.00019 0.00016 -0.00016 0.00006
2p1 /2332, 2P3/23P1 /2 0.00275 0.00326  -0.01381 0.00019 0.00017  -0.00008 0.00009
2p3/23p1)2, 28123812 -0.00268  -0.00217  -0.00435 -0.00002  -0.00001  -0.00014  -0.00008
2817238172, 2p3723P1/2 -0.00254 -0.00239 -0.00160 -0.00007 -0.60001 -0.60016 -0.00019
2p3/23p1/2,281723d3/2 0.00053 -0.00152 0.004186 -0.00002 0.00003 0.00605 0.00016
231/23(13/2, 2}?3/23?1/2 0.00048 -0.00178 0.00278 -0.00002 0.00003 0.00015 0.00025
2P3/23Ps/2, 2p1 /2301 /2 0.00178 0.00171  -0.00559 -0.00005  -0.00023 0.00038 0.00004
2p153P1/2, 2P3;23P3 )2 0.00176 0.00176  -0.00609 -0.00004  -0.00023 0.00067 0.00005
2p3/23P372, 201 723P3)2 -0.00276 -0.00252 0.00954 -0.60012 -0.00008 0.00041 -0.00002
2p1/23Ps/2,203/23p3;2 000271 -0.00263 0.01062 -0.00011  -0.00008  -0.00007  -0.00004
21.?3/23133/2, 231/2331/2 0.00299 0.00276 0.00413 0.00006 0.06006 0.00004 0.00011
251235172, 2P3/23Pa/2 0.00285 0.00302 0.00121 0.00009 0.00007 0.00008 0.00019
2pz;23pss2,251723ds s 0.00042 -0.00146 0.00387 0.00004 0.00005 -0.00022 0.00006
281723d3/2,2p3/23p3/2 0.00038 -0.00171 0.00288 0.00006 0.00005 -0.80633 0.00010
2p3/23p1/2,20172302/2 -0.00014 0.00001 0.00106 -0.60001 -0.00001 6.00000 0.00000
2p1/23P372, 2P1/23P1 /2 -0.00014 0.00001 0.00108 0.00001  -0.00001 0.00000 0.00000
2p1/23P1/2, 28172381 /2 0.00089 0.00081 0.00137 -0.00002 -0.00806 6.00023 0.00000
25172381 /2,2P1723p1/2 0.00086 0.00086 0.00084 -0.00001 -0.00007 0.00020 0.00001
2p1/23P: /2,251 /23d3 2 0.00139 -0.00441 0.01185 -0.00001 -0.00004 0.00025 £.00035
281723d3/2,2p1/23pD1/2 6.00130 -0.00498 0.00963 -0.60002 -0.00005 0.00623 0.00051
2p1/23p3/2,281/2381 /2 -0.00251 -0.00261 -0.00322 -0.60005 -0.00002 -6.60009 -0.00001
2517235172, 2P1/23P3/2 -0.00245 -0.00273 -0.00190 -0.00005 -0.00002 -0.00002 -0.00004
2P1/23D3/2,281/23d3 2 0.00043 -0.00168 0.00438 0.00000 -0.00003 0.00015 0.00003
281723d3/2,2p1/23p3s2 0.00040 -0.00189 0.60376 -0.00002 -0.00003 0.00615 0.00006
281/2381/2,2581723d3/2 0.00000 6.00000 0.00000 0.60001 0.00600 -0.00010 0.00000
251/23das2, 2817238172 0.00000 0.00000 0.00000 0.00001 000000 -0.00013 0.00000

Even parity states, J=2
2pa723P1/2, 2P3;23P1/2 0.00584 0.00936  -0.00388 0.00014 0.00010  -0.00011 0.00321
2p3/23Ps/2, 2D3/23Ps/2 0.00416  0.00739 0.00139 -0.00009  -0.00016 0.00071 0.00213
291/23P3/2, 20123P3;2 0.00536 0.01033 -0.00572 0.00017 0.00021 -0.00025 0.00242
231/23d3/2, 281/23d3/2 0.60387 0.00102 -0.01373 0.60012 0.00002 -0.00045 0.00222
281 /93ds /2,281 723d5/2 0.00259 -0.00101 -0.00855 -0.00003 -0.00001 0.00041 0.00144
2p3/23P1/2,203/23Ps2 000055  -0.00102  0.00072 -0.00003  -0.00006  0.00014  0.00000
2D3/23D3/2, 2323012 -0.00056  -0.00103 0.00073 -0.00003  -0.00006 0.00014 0.60060



RIT R 25 RET  RPT RF™ RET Ry
Even parity states, J=2
2p3/23P1/2, 2p1/23P32  -0.00190  -0.00309 0.00749 -0.00019  -0.00016 0.00020  -0.00004
2p1s23p3s2,2P3/23p1/2 -0.00192 -0.00325 0.00831 -0.00019 -0.00017 0.00025 -0.00006
2p3/23P1/2, 251/23d3/2 0.00152  -0.00263 0.01013 0.00008 0.00001  -0.00015 0.00037
281/23d3/3, 2p3/23p1 /2 0.00135 -0.00309 0.00658 0.00010 0.00001 -0.00028 0.00063
2p3/23D1/2,251/23dsss 000012 0.00233  -0.00279 0.00003 0.00002  -0.00008  -0.00013
251/23ds/2,2p3/23p12  -0.00015 0.00272  -0.00217 0.00006 0.00002  -0.00016  -0.00018
2p3/23P3/2,2p1/23ps;2  -0.00056  -0.00112 0.00089 -0.00004  -0.00001  -0.00017  -0.00001
2p1723p3 12, 2P3/23D3/2 -0.00059 -0.00117 0.00091 -0.00004 -0.00002 0.00015 -.00001
2p3723p3s2, 281 /23d3/2 0.00058 0.00620 0.00224 0.00006 0.00003 -0.00013 0.00007
251/23da /2, 2Ps /23052 0.00050 0.00022 0.00111 0.00008 0.00003  -0.00022 0.00012
2p3723p3r2, 251 23d5 /2 0.00068 0.00022 0.00262 0.00002 0.60003 -0.00608 0.00009
251723d5/2,2p3/23p3/2 0.00058 0.68025 0.0012¢ 0.00005 0.00604 -0.00012 0.00016
2p1/23P3/2, 251/23d5/2 -0.00022 0.00322 -0.00557 0.00002 0.00006 -0.00012 0.00000
281/23d3/2, 2p1/23p3/2 -0.00021 0.00361 -0.005069 0.08006 0.00006 -0.00013 -0.60001
2p1s23p3;2, 281723ds )0 0.00129 -0.00224 0.00909 -0.00001 -0.006002 0.00013 0.00016
251/23d5/2,2p1/723p32 0.00119 -0.00253 0.00731 0.00002 -0.00003 0.60016 0.00025
251/23da2,281/23d5;2  -0.00297  -0.00496 0.01548 -0.00009  -0.00006  -0.00006  -0.00006
281/23d5r2,28:/23d3,2 -0.00297 -0.00498 0.01560 -0.00011 -0.00006 -0.00006 -0.00006
Even parity states, J=3
2p3723032, 2P3/2303/2 0.00753 0.01276 -0.01377 0.00031 0.00036 -0.00043 0.00220
281723d5/2,25123d5/2 0.00619 0.00507 -0.02588 0.00017 0.00003 -0.00022 0.00141
2p3;23p3s2,251/23ds /2 0.00155 -0.00535 0.01397 0.00002 -0.00005 -0.00001 0.00027
281 /23d5/2, 203/23D3/2 0.00140 -0.00626 0.01024 -0.00001 -0.00006 -0.000602 0.00045
0dd parity states, J=0
2p1y238172, 2P172351 /2 0.00620 0.01038 -0.00903 0.00003 -6.00009 0.06066 ©.00199
2p3pa3dasa, 2p3s23ds 0 0.00969 0.06080 -0.01625 -0.00007 0.00000 0.00191 0.00255
233723P172, 281 7930172 0.00487 0.00733 -0.00884 6.03000 -0.00004 0.00051 0.00295
2p17238172,2p3/23d3/0 0.00054 -0.00574 0.00900 -0.00009 -0.00010 0.00029 -0.00012
2p3/23dayz, 2p1/238172 0.00051 -0.00589 0.00925 -0.00013 -0.00011 0.00022 -0.00013
2p1/2381/2,281/23p1/2 -0.00245 -0.00387 -0.00366 -0.00015 -0.80017 -0.00001 0.00004
251723p1/2, 2017235172 -6.00236 -5.00434 -0.00061 -0.00020 -0.00018 0.06007 -0.00006
2ps/a3dsyz, 29123p1 /2 -0.00143 (.00949 -0.02636 0.00012 £.00002 -0.00031 -0.00067
251/23p1/2,2p3s23da;a -(.00134 0.01032 -0.02738 0.00008 0.00002 -0.00047 -0.00077
QOdd parity states, J=1 :
2par23s1/2, 2032351 /2 0.00369 0.00367 4.00054 -0.00002 -0.00002 0.00022 0.00171
2p1238172,2p1/2381/2 '0.00485 0.00714 -0.00411 0.00905 0.00008 -0.00009 0.00195
2pas23ds;2, 2pasa3dssa 0.00688 -0.00057 -0.00555 0.00011 0.00001 0.00028 0.00246
2p3/23ds /2, 2Pas23ds 2 0.00648 -0.00027 -0.00721 -0.00008 -0.00001 0.00010 0.00196
2p1y23dsyz, 201 103d5 0 0.00498 -0.00127 -0.00027 €.08001 -0.060003 -0.00011 0.00279
251723P1/2, 251723p1/2 0.00433 0.00687 -0.00600 0.00009 0.06004 -0.00013 0.00286
251/23P3/2,251723p3/2 0.00344 0.08613 -0.60399 0.00005 0.00005 -0.00003 0.00189
2p372381/2, 2P172381 /2 -0.00194 -0.00434 0.00668 -0.00006 -0.00003 -0.00011 -0.00005
2p17238172,2P3/2381/2 -0.00198 -0.00452 0.00725 -0.00009 -0.00003 -0.00007 -0.000086
2p3/2381/2, 2p3/23d3 0 0.00133 0.00006 0.00086 0.00001 -0.00005 0.00015 0.00003
2p3s23dssa, 2p3s2351 )2 (.00132 0.00007 0.00067 -6.00004 -0.000605 (¢.00615 0.06004
2p3/23s1/2,2p3/23d5/2 0.00292 0.00899 -0.01109 0.00012 0.00008 -0.00017 0.00012
2p3se3ds;2, 2p32381/2 0.00298 0.00962 -0.01257 0.00009 0.00009 -0.00022 (.00015
2p3s2ds1r2, 2p1y23ds s -0.00244 -0.00402 0.00404 ~0.00009 0.00001 0.00004 -0.00609
2p1/23da;2, 23123512 -0.00249 -0.00446 0.00535 -0.00602 0.00001 0.60027 -0.00014
2p3/238172,281/23P1/2 -0.00131 -0.00006 -0.01064 -0.00002 0.00002 -0.00014 -.00611
281/23p172,2P3/2381/2 -0.00112 -0.00007 -0.00861 -0.00001 0.00002 -0.00004 -0.80025
2pas2381/2,281/23p3/2 0.00083 0.00390 -0.01144 0.00013 0.00023 -0.00035 -0.00004
283 123p3/2, 20323512 0.00097 0.00465 -0.01371 £.00020 0.00027 -0.00027 -0.00006
2p1723812,2P3/23d3/2 0.00042 0.00518 -0.00729 0.00007 0.00009 -0.00026 0.00014
2py/23d3/2, 2P1/2381 /2 0.00043 0.00532  -0.00756 0.00011 °  0.00009  -0.00022 0.00015
2p1/2381 72, 2p3/23d5)2 0.00238 0.00272 -0.00205 0.60001 0.00002 -0.00008 0.00012
2p3/23ds /2, 20172381 /2 0.00238 0.00280 -0.00233 -0.60002 0.00002 -0.00011 0.00013
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Odd parity states, J=1
2p17235172, 2p1723d3;2 -0.00144 -0.00578 0.00714 -0.00006 -0.00006 0.00022 -0.00018
2p1/23d3/2, 291 /23512 -0.00149 -0.00618 0.00792 -0.00008 -0.00006 0.00027  -0.00022
2p17235172,281/23P1/2 0.00161 0.00387 -0.00411 0.00014 0.00017 -0.00016 -0.00008
251,23P1/2, 2p1 /23512 0.00160 0.00434  -0.00643 0.00020 0.00018 -0.60009  -0.00004
2p1/2381/2,281;23P3/2 -0.00113 0.00006 -0.01070 -0.00003 -0.00002 -0.00016 -0.00002
281/23p3s2, 2p1/2381/2 -0.00099 0.00007 -0.00936 -0.00003 -0.00002 0.00001 -0.00010
2psy28ds s, 2pay23d;5 2 -0.00199 -0.00092 0.60688 0.00001 0.00001 -0.00050 0.00005
2ps23ds 0, 2p323d3 2 -0.00199 -0.00092 0.00698 -0.00009 0.00001 -0.00050 0.00004
2p3s23ds/2,2p1723ds)2 -0.00225 -0.00126 0.00958 -0.00012 -0.00001 0.00043 -0.00004
2p123d3;2,2pss23ds 0 -0.06221 -0.00130 0.01018 -0.00009 -0.00001 0.00062 -0.00004
2p3pa3da;2,251/23p1 /2 -0.00159 0.00424 -0.01618 0.00004 0.00008 -0.00009 -0.00035
251/23D1 73, 203723d3 0 -0.00155 0.00461 -0.01672 0.00000 0.00008 -0.00021 -0.00040
2pa;23dss2,281723p3)2 -0.060052 -0.00627 0.01096 -6.00010 -0.00012 £.00035 0.00011
281/23Pss2, 2P3/23d3/2 -0.00058 -0.00691 0.01176 -0.00003 -0.00013 0.00038 0.00014
2pzpa8ds ;2,201 /23ds )0 0.00017 -0.00018 0.00220 0.00014 0.00001 0.00070 -0.00033
2p123ds/2, 2ps/23ds )0 0.00016 -0.60018 0.00035 0.00005 0.00001 0.00019 -0.00029
2ps/23d5/2, 281 /23D /2 -0.00155  -0.00849 0.01013 -0.00007 0.00000 0.00031 0.00047
281723p1 /2, 2p3723ds,2 -0.00161 -0.00921 0.01087 -0.00007 0.00000 0.00005 0.00052
2pa/23ds/2, 251/2303/2 -0.00345 -0.00313 -0.01001 -0.00005 -0.00006 0.00030  -0.00013
281/23P3;2, 2P3/23ds5 /2 -0.00347  -0.00344  -0.01023 -0.00001 -0.00006 -0.00012  -0.00015
2p1/23ds;2,281/23p1 72 0.00202 0.00000 0.60990 0.00003 0.00000 -0.00026 0.00007
281/23p1 /2, 2P1723d3/2 0.00203 0.00000 0.00995 0.00006 0.00000 ~0.00010 0.00008
2p1/23d3/2, 251 /23Ps /2 0.00209 0.00724  -0.00558 0.00011 0.00005  -0.00037  -0.00004
251/23P3/2, 2P1/23d3)2 0.00213 0.00762 -0.00594 0.00002 £.00005 -0.00016  -0.00005
251/23p1/2, 251723032 -0.00082 -0.00088 0.00459 0.00000 -0.00001 -0.00012 -0.00008
251/23pa/2,251/33p1 /2 -0.00082 ~0.00089 0.00474 -(.00003 -0.00001 -0.00012 -0.00008
0Odd parity states, J=2
2p37235172, 2P3/2381/2 0.00654 0.00971 -0.00923 0.00009 0.00012 -0.60003 0.00178
2pas23ds 2, 2ps;23ds,s 0.00670 0.00096 -0.00803 0.00012 0.00002 0.00023 0.00150
2p3s23ds;a, 2p323ds 0 0.00521 -0.00006 -0.00017 0.00001 -0.00002 0.00048 0.00242
2p1/23d3/2,2p1/23d3 2 0.00766 0.00398 -0.01172 0.00026 0.00016 -0.00031 0.00260
2p1/23ds2,2p1/23ds,2 0.00598 -0.00016 -0.00444 0.00012 0.00000 0.00020 0.00161
281/23p3 /3, 281723032 0.00467 0.00774 -0.01157 0.00008 0.00007 0.00003 0.00196
2p372381 /2, 2P3/23d5 2 0.00041 -0.60360 0.00543 -0.00006 -0.00007 0.00021 -0.00002
2p3/23ds /2, 2p3/2351/2 0.00036 -0.00385 0.00576 -0.00009 -0.00008 0.00023 -0.00001
2p3/3351/2,2p3/23d3/2 -0.00017 0.00158 -0.00240 0.00002 -0.00002 0.00006 0.00002
2p3/23d3;2, 2p3/2351/2 -0.00016 0.00168 -.00254 0.00003 -0.00002 0.00006 0.00002
2p3 /238172, 2p1/23dg 2 0.00007 -0.00079 0.00117 0.00003 0.00003 -0.00011 -0.00002
2p123dy;9,2p372381 2 0.00006 -0.00087 0.00126 0.00001 0.00003 -0.00012 -0.00002
2p3 2381 2, 201 123ds 12 -6.00037 0.00383 -0.00565 0.00002 0.00003 -0.00005 0.00005
2p1y23ds 3, 2ps 03512 -0.00030 0.00425 -0.00612 0.00008 0.00003 0.00003 0.00005
2p3/235172,281/23p3/2 -0.00261 -0.003%0 -0.00327 -0.00016 -0.00023 0.00020 -0.00009
251/23P3/2, 2P3/2381 /2 -0.00245 -0.00465 0.00251 -0.00021 -0.06027 0.00028 -0.00026
2p3/23ds /2, 2p523da ) -0.00017 0.00116 -0.00104 -6.00001 -0.00001 -0.00003 0.00000
2p3;23ds /2, 2ps23d5 2 -0.00018 0.00118 -0.060105 0.00002 -0.00001 -0.00003 0.00000
2p3793ds 0, 2p1/23d3 2 0.00101 0.00036 -0.00250 0.00003 -0.00001 0.00002 -0.00002
2p1/23d372, 2p5;23d5 0 0.00098 0.00038 -0.00305 0.60000 -0.60001 0.00010 -0.00002
2pss23ds 0, 2p123ds 2 -0.00207 -0.00030 0.00660 -0.00010 0.00000 0.00012 0.00010
2p123d5 2, 2pss23d5 2 -0.00202 -0.00031 0.00784 -0.00010 0.00000 0.00008 0.00009
2p3/23ds5/2,251/23p3)2 -0.00077 0.00641 -0.01743 0.00008 £6.00011 -0.00022 -0.00023
251/23p3s2, 2P3/23d5 2 -0.00072 0.00705 -0.01841 0.00004 0.00013 -0.00026 -0.00027
2ps23ds;9,2p; 23ds 0 0.00162 0.00184 -0.00573 0.00005 0.00002 -0.00008 (.00001
2p1723ds;0, 2p323ds 0 0.00159 0.00191 -0.00646 0.00004 0.00002 0.00018 0.00002
2p3723ds /2. 2p1/23d5)2 0.00186 0.00185 -0.00812 0.00007 0.00003 -0.00007 -0.00002
2p193d5/2, 2P323ds,2 0.00184 0.00192 -0.00903 0.00006 0.00004 -0.00005 -0.00001
2p3s23da;o, 281 /23pg 0 0.00035 -0.00280 0.00758 -0.00004 -0.60005 0.00012 0.00007
251/93p3/2, 2P3 /23372 0.00032 -0.00309 (.00802 -0.06001 -0.00006 0.00017 0.00009
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Odd parity states, J=2
2p1723d3/2, 201723512 0.00004 0.00020 0.00048 0.00004 0.00001 -0.00017 £.00000
2p1723ds;2,2p123d5 20 0.00004 0.00020 0.00047 0.00002 0.00001 -0.00017 (0.00000
2py 23da;2,281723p3/2 -0.00013 0.00145 -0.00382 -0.00001 -0.00004 0.00014 -0.00002
281 723p3/2, 201 /23d3/2 -0.00013 0.00153 -0.00393 -0.00003 -0.00004 0.00017 -0.00002
2p1/23d5/2,25; /23D3/2 0.00064 -0.00710 0.01881 -0.00004 0.00003 -0.00009 0.00015
281/23p3/2, 2p1/23d5 /2 0.00061 -0.00746 0.01929 0.00001 0.00003 -0.60012 0.00018

0Odd parity states, J=3
2p3/23d3/z2, 2P3/23ds/2 0.00652 0.00139 -0.00777 0.00029 0.00001 -0.00075 0.00247
2ps/23ds5 2, 2p3/23ds5 /2 0.00326 -0.00240 0.00574 -0.60003 -0.00004 0.00027 0.00157
2p1/23ds /2, 2p1s23ds 2 0.00545 0.00082 -0.00444 0.00008 0.00002 0.06003 0.00171
2p3saddssa, 2p5/03d5 2 -0.00063 -0.00085 0.00016 0.00000 -0.00001 -0.00012 0.00002
2p3/93ds/2,2p3/23ds /2 -0.00063 -0.00085 0.00017 -0.00001 -¢.00001 -0.00012 0.00002
2p3y23ds)2, 2p1/23ds /2 -0.00275 -0.00369 0.00868 -0.00014 -(.00007 0.00011 0.00006
2p1/23ds 2, 2p3sa3ds s -0.00277 -0.00384 0.00977 -0.00013 -0.00007 0.00008 0.00005
2pas2dds sz, 2p1/23ds 2 0.00063 0.00071 -0.00470 -0.00003 0.00001 04.00000 0.00001
2p1/23ds/2, 293/23d5/2 0.00057 0.00074  -0.00509 -0.00003 0.00001 0.00014 0.00001

Odad parity stabes, J=4
2ps/23d5/2, 2p3/23d5 /2 0.00912 0.00507 -0.01647 0.00030 0.00006 -0.00054 0.00148




TABLE IV. Contributions to energy matrix E[2lj1 8l2j2(J), 2lsjs 3laja(J)) =EO+EW+E@+ B+ B® before diagonal-
ization. These contributions are given for a hole-particle ion with a 15%25%2p® core, in the case of molybdenum, ¥ = 42.
Notation: E©® 251 3272(J), 23 3lajal )= 61,5051 0501000005, [EO(2051) + B (3l252)];
E®™(2s,5)= -168.77729, B9 (2p,;5)=-160.66905, E'©)(2p;,5)=-156.56044, E‘®(3s,,5)= -65.83451, EV(3p,;0)= -63.24491,
E(3p3/2)= -62.24632, BV (3d;/;)= -58.84571, E(¥(3ds/;)= -58.63305.

2011 3l2jz, 2sjs 3laja E® B E® B®
Even parity states, J=0
2p3/23p3/2, 2p3/23p3/2 -2.14875 -0.11363 -0.11482 0.02371
2p1/23p1/2, 2p1/23P1/2 -2.69622 -0.17075 -0.16885 0.02578
251,2381 /2, 28123812 -2.60244 -0.10796 -0.14801 0.01998
2pa/23Pas2, 2p1,23P1/2 -0.72929 -0.00262 0.02702 0.00162
2}?1/23}?1/2 4 2p3/23p3/2 -0.72929 -0.00262 0.02693 0.00152
2})3/23103/2, 251/235}_/2 0.18869 0.00465 0.00069 -0.00044
231/233}_/2, 2p3/23p3/2 0.18869 0.00465 0.00054 -0.00033
2p1/33P1 /2, 25123512 -0.14649 -0.60145 0.00053 0.00057
281/2351/2, 2p1/23p1/2 -0.14649 -0.60145 0.00098 0.00062
Even parity states, J=1
2p3/2 3})1/2, 2p3/23p1/2 -3.37375 -0.10232 -0.08608 0.02705
2ps/23D3/2, 2P3/23P3/2 -3.35664 -0.12992 -0.08942 0.02569
21_')1/23?1/2, 2p1/23p1/2 -3.39517 -0.18304 -0.09548 0.02716
2?1/23?3/2, 2})1/23}')3/2 -3.34304 -0.19098 -0.09551 0.02675
231/2381/2, 281/2331/2 -3.13379 -0.11407 -0.13521 0.02059
281/23d3/2, 281/23d3/2 -3.60542 -0.11406 -0.16528 0.02089
2p3/2301)2, 2P3/23P3 /2 -0.15311 0.00186 0.00437 0.00001
2p3/23p3/2, 2p3/23p1/2 -(.15311 0.001886 0.00461 0.00002
2p3/23p1/2, 2]91/23})1/2 0.00000 (.00069 0.00094 -0.60017
2p1/23D1,2, 2P3/23P1 2 0.00000 0.00069 0.00103 0.00011
2ps/23p1/2, 2P1,23P3 /2 -0.16879 -0.00207 -0.00638 0.00026
2p1/23p3/2 ) 21)3/23?1/2 -0.16879 -0.00207 -0.00780 0.00037
2p3/23p]_/2, 281/2331/2 -0.41220 -0.00035 -0.60920 -0.00025
231/2381/2, 2})3/23})1/2 -0.41220 -0.00035 -0.00653 -0.00042
2p323P1 /25 251/23d3/2 -0.10279 0.00107 0.00317 0.00021
281493d3/2, 2p3/23p1/2 -0.10279 0.00107 0.00148 0.00041
2?3/23?3/2, 2p1/23p1/2 -0.10675 0.00461 -0.00211 0.00014
2p1/23p1/2, 2p3/23p3/2 -0.10675 0.00461 -0.00257 0.00044
2pa/23P3/2, 2p1/23D3 /2 -0.15039 0.00200 0.00426 0.00019
2p1/23p312, 2193/23103/2 -0.15039 0.00260 0.00528 -0.00031
2p3/23p3/2, 251/2351/2 -0.46176 -0.00088 0.00987 0.00026
231/2351/2, 2p3/23p3/2 -0.46176 -0.00088 0.00707 0.00043
2p3/23Ps/2, 251,23ds2 0.08617 -0.00309 0.00283 -0.00008
231/23d3/2, 2})3/23})3/2 0.08617 -0.00309 0.00155 -0.00011
2p1 /239125 291 /23P3 /2 0.00000 0.00047 0.00093 -0.00003
2?1/231)3/2, 2p1/23p1/2 0.60000 0.00047 0.00095 -0.00001
21 /23P1/2, 29123512 -0.14355 0.00146 0.00307 0.00014
231/2381/2, 2p1/23p1/2 -0.14355 0.00146 0.00256 0.00014
2?1/23})1/2, 251/23d3/2 0.28325 0.00182 0.00884 0.00055
281/23d3/2, 2p1/23p1/2 0.28325 0.00182 0.00595 0.000667
2p1/23p3/2 » 281/2381/‘2 -0.40686 0.00052 -0.00833 -0.00017
231/2331/2 5 2?1/23}]3/2 -0.40686 0.00052 -0.00708 -0.00014
2p1/23p3/2, 251/23d3/2 -(.09380 0.00079 0.00313 (.00015
231/23d3/2 5 2p1/23p3/2 -0.09380 0.00079 0.00227 0.00016
281/2331/2, 281/23d3/2 0.000600 -0.00132 0.00000 -0.000609
231/23d3/2, 231/2331/2 0.00000 -0.00132 0.00000 -0.00012
Even parity states, J=2
2p3/23p1/2, 2})3/23}91/2 -3.31492 -0.11267 -0.08364 (0.02643
2p3/23p3/2, 2})3/23}')3/2 -3.16091 -0.12385 -0.08019 0.02564
2p1/23Ds/2, 2P1/23Ps /2 -3.28432 -0.20078 -0.09292 0.02591
251/23(13/2, 251/23d3/2 -3.44872 -0.12437 -0.15803 0.01979
231/23d5/2, 281/23(15/2 -3.35156 -0.12632 -0.15457 0.02007
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Even parity states, J=2
2D3/23P1/2, 2P3/23P3 2 0.00954 0.00044 ~0.00084 0.00005
2p1/23P3/2, 2P3/23P1/2 0.00954 0.00044 -0.00086 0.00005
2p3/23p1/2,2p1723p3/2 0.09228 0.00152 0.00250 -0.00019
291230372, 203/23P1 2 0.09228 0.00152 0.00314 -0.00018
2p3/23P1/2,251/23d3/2 -0.30292 -0.00328 0.00902 (.00032
231/23d3/2 3 2p3/23p1/2 -0.30292 -0.00328 0.00483 0.00045
237230172, 281/23ds 2 -0.00726 -0.00108 -0.00059 -0.00016
291/23ds,2, 2P3/23p1 /2 -0.00726 -0.00108 0.00040 -0.00026
2?3/23?3/2 N 2p1/2 3p3/2 0.00826 €.00047 -0.00079 -0.60023
2p1/23p3/2 y 21’)3/ 23133/2 0.00826 0.00047 -0.00685 0.00008
2p3/23pas2,281/23d3) 0.11682 -0.00234 0.00301 0.00002
281723d3/2,2p3/23D3/2 0.11682 -0.00234 0.00183 0.00002
2?3/23173/2 s 251/23d5/2 -0.14220 -0.00084 0.00360 0.00007
251/23ds/3, 2p3/23Ps,2 -0.14220 -0.00084 0.00203 0.00013
2p1/23p3/25 251/23d32 0.05274 -0.00137 -0.00257 -0.00005
231[23(13/2, 2?1/23?3/2 0.05274 -0.00137 -0.00170 -0.00002
201 /2303/25 25172352 0.27890 0.00159 0.00814 0.00026
251/23ds 2, 291/23ps) 2 0.27890 0.00159 0.00597 6.00040
251/23d3/2, 251 /23ds,2 -0.19107 -0.00062 0.00755 -0.00026
251723d5/2,25)723d3/5 -0.19107 -0.00062 0.00765 -0.00028
Even parity states, J=3
2P3/23Pa/2, 2P3/23P3 2 ~3.35664 70.13339 ~0.08661 0.02549
281/23ds/2, 281 /2352 -3.58454 -0.13395 -0.05404 -0.00329
2323032, 251/23ds,2 -0.31607 -0.00074 0.01016 0.00022
281/23d5/3, 2p3/23p3/2 -0.31607 -0.00074 0.00538 0.00036
Odd parity states, J=0
2017238172, 2123812 -3.21316 -0.19463 -0.08974 0.02726
2p3;23da,2, 2pasa3dy s -3.87933 -0.11784 -0.10458 0.02784
251/23DP172, 251 /23p1/2 -3.27937 -0.08679 -0.14196 0.02093
21 /235172, 2p3/23ds /2 -0.05389 0.00241 0.00380 -0.00003
2py;a3ds2, 2p1 7238140 -0.05389 0.00241 0.00387 -0.00015
2p172381/2,281733p1 /0 0.43065 0.00145 -0.00998 -0.00028
281/23P1/2, 2912351 12 0.43065 0.00145 -0.00731 -0.00038
2}93/23{13/2, 251/23?1/2 0.43608 -0.00470 -0.01830 -0.00084
281/23D1/2, 2p3/23ds o 0.43608 -0.60470 -0.01840 -0.00115
Odd parity states, J=1
2p/2381/2: 23,2351 ~3.05252 -0.1279% ~0.07963 0.02624
21?1/2351/2 N 2p1/2351/2 -3.14043 -0.20000 -0.08942 0.02666
2p3/23dzsa,2pas23days -3.60254 -0.13362 -0.09806 0.02632
2932352, 2p3/23d5 2 -2.96217 -0.15006 -0.09824 0.02580
2p1/23d3/2, 2Py /23d3 0 -3.20753 -0.21380 -0.10516 0.02642
281/23D172,281/23p1 70 -3.21893 -0.09604 -0.14012 0.020387
231/23?3/2, 281/23‘?3/2 -3.11372 -0.11288 -0.13792 0.01943
2D3/2381/3, 2P1 /23512 -0.10227 -0.00009 0.00040 -0.00025
2?1/2381/2, 21)3/2331/2 -0.10227 -0.00009 0.00075 -3.00025
2p3s2381/2,2p3/23d5)0 0.08276 -0.00123 0.00226 0.00014
2p3/23d3s2, 2p3s2351,2 0.08276 -0.00123 0.00206 0.00010
2p3/2331/2, 2?3/23(15/2 -0.15652 -0.00439 0.00082 0.00014
2p3/23d5/2, 2p3/2331/2 -0.15652 -0.00439 0.00004 0.00011
2p3s238172, 2p193d3 ;2 0.14458 0.00363 -0.00242 -0.60014
2p1/23d3/2, 2372351 /2 0.14458 0.00363 -0.00161 g.00012
2p3/2381/2,281723P1/2 -0.33598 0.00163 -0.01202 -0.00025
251/2301/2, 2P32351/2 -0.33598 0.06163 -0.00980 -0.00028
2p3/2381/2, 251 /23p3/2 0.03350 -0.00127 -0.00672 -0.00004
2817239322 2Pas23%1 /2 0.03350 -0.00127 -0.00809 0.00014
2p1/2381/2, 2}?3/23&3/2 -0.01117 -0.00247 -0.00170 0.00004
2P3/23d3/2,2P1 /2381 2 -0.61117 -0.00247 -0.00180 0.00013




ED B;(,lf) B@ B®
Odd parity states, J=1
2p1/2331/2, 2})3/23d5/2 0.15382 -0.08180 0.00304 0.00007
2p3/23d5/2 » 2p1/2331/2 0.15382 -0.00180 0.00286 0.00002
3p1 /238125 2P1,23da/2 -0.08075 0.00306 -0.00009 -0.00008
2p1/23d3/2, 21?1/2331/2 ~-0.08075 0.00306 0.00025 -0.00009
2p1 /235125 251 /23P1 /2 -0.19648 -0.00065 0.00137 0.00007
251/23p1/2, 2P1/2381/2 -(.19648 -0.00065 -0.00048 04.00025
2p1/2351/2, 251/23?3/2 -0.32845 0.00119 -0.01177 -0.00023
281230325 201238172 -0.32845 0.00119 -0.01028 -0.00016
2p3 /2332, 2p3/23ds 2 -0.37260 -0.00748 0.00397 -0.00043
2p3/23ds /2, 2p3/23ds/2 -0.37260 -0.00748 0.00407 -0.00054
2p3/23d3/2, 201/23ds3/2 0.00696 0.00966 0.00608 0.00026
2p1/23ds/2, 2032332 0.00696 0.00966 0.00667 0.00048
2}33/23(13/2 , 281/23_?1/2 0.30965 0.00196 -0.01353 -0.00032
251/23p1 /2, 2pa/23d3 0.30965 0.00196 -0.01366 -0.00053
2p3/23da /2,281 /23D3 /s 0.09768 0.00589 0.00417 0.00024
251/23p3/2.2P3/23d3/2 0.09768 0.00589 0.00427 0.00036
2p3/23d5/2, 2?1/23!13/2 -0.52100 0.01230 0.60219 0.00053
2p1/23ds 2, 2pa/23ds5 ) -0.52100 0.01230 0.00033 -0.00005
2p323ds;a,281/23P1/2 0.046860 0.00630 0.00009 0.60071
281/23p1 2, 2p3/23d5 2 0.4660 0.00630 -0.00016 0.00051
2pa/23ds /2,281,233 /2 0.35193 0.00540 -0.01659 0.00006
281/23p3,2, 2p3;23ds 2 0.35193 0.00540 -0.01714 -0.00034
2Dy /23d3 /2,251,231 /2 0.25278 -0.00670 0.01192 -0.00016
28123012, 291,23d3 2 0.25278 -0.00670 0.01198 0.00003
2p1/23d3/2, 281 /23P5/2 -0.07317 -0.00786 0.00375 -0.00025
251/23173/2 s 21)1/23113/2 -0.07317 -0.00786 04.00381 -0.00014
281/23})1/2, 281/23?3/2 -0.08352 -0.00332 (0.00289 -0.00020
251/23P3/2, 261/23P1/2 -0.08352 -0.00332 0.00303 -0.00024
0Odd parity states, J=2
21)3/2381/2 s 21)3/2351/2 -3.19667 -0.13028 -0.08051 0.02631
2ps23d5 /2, 2p3/23d5/2 -3.60279 -0.14470 -0.09761 0.02571
2?3/23(13/2, 2}33/23(13/2 -3.51426 -0.13156 -0.09384 0.02635
2p1/23d3,2, 291 /23d3/2 -3.66151 -0.20856 -0.10866 0.02642
2p1/23ds /2, 2p1 23d5 ) -3.63849 -0.21417 -0.10563 0.02608
281/23D3/2, 251/23P3/2 -3.23028 -0.11175 -0.14266 0.01962
2p3/2351/2 s 21]3/23415/2 -0.03761 6.00138 0.00224 0.00005
2p3 2345 2, 2p3 /2381 /2 -0.03761 0.00138 0.00227 0.00005
2p3/2381/2, 2?3/23d3/2 -0.01628 -0.00054 -0.00160 0.00008
2ps/23dasa, 2p3y2381 2 -0.01628 -0.00054 -0.00102 0.00009
2p3/2381/2 3 2}91/23{13/2 -0.00762 -(.00148 0.00045 -0.00007
2p1/23d3/2, 2P3 /2381 /2 -0.00762 -0.00148 0.00046 -0.00009
2pa/2381 /2, 201 /235 /2 -0.03766 0.00001 -0.00218 0.00005
2P1/23d5/2, 2p3/2351/2 -.03766 0.00001 -0.00217 0.00019
2p3/2381/2 3 281/23?3/2 0.43806 0.00329 -0.00977 -0.00027
281/23p3/2 N 2p3/2381/2 0.43806 0.00329 -0.00459 -0.00046
2p3/23d5/2, 2133/23(13/2 -0.05902 -0.00029 -0.00005 -(.00006
2p3/23d3/2, 2P3/23ds2 -0.05902 -0.00029 -0.00007 -0.00003
2133/2301,5/2, 2}?1/23(13/2 -0.08668 0.00225 -0.00113 0.00002
2p1/23ds3 )32, 2p3/23d5 )2 -0.08668 0.00225 -0.00170 0.00008
2P3/23d5/2, 2p1/23d5/2 -(.18842 0.00238 0.00423 0.00012
2p1/23d5/2, 2p3/23d5/2 -{.18842 0.00238 8.00551 0.00007
2pas23ds 2,281 /23p3/2 0.26445 -0.00171 -0.01179 -0.00025
281/23Ds 2, 2P3/23ds /2 0.26445 -0.00171 -0.01207 -0.00036
2p3/23d3/2, 2}?1/23(13/2 (.08938 0.00203 -0.00227 -0.00001
2p1/23ds 2, 2p3 2352 0.08938 0.00203 -0.00296 0.00025
2pas23dzsa, 2p123ds,a -0.10811 -0.00079 -0.00441 0.00001
2p1/23d5/2 N 2p3/23d3/2 -0.10811 -0.00079 -0.00527 0.00003



EX Bﬁ,—) 6] B

Qdd parity states, J=2
2p3/23d3/2, 281/23})3/2 0.11561 0.00133 0.00512 0.00011
281/23p3/2, 2p3/23d3/2 0.11561 0.00133 0.00525 0.00G619
291/23ds/2,2p1/23ds /2 0.00000 -0.00081 0.00072 -0.00013
2p;23ds5/2,2p1/23d3s2 0.00000 -0.00081 0.00072 -0.00015
21?1/23(13/2, 23 1/23?3/2 (.05628 0.00093 -0.00251 0.00007
281/23p3/2, 2p1/23d3/2 0.05628 0.00093 -0.00253 0.00008
2p1/23d5/2., 231/231)3/2 0.27523 -0.00121 0.01234 0.00005
281/23p3/2,2p1/23d5)2 0.27523 -0.00121 0.01244 0.00010

Odd parity states, J=3
2pa;23ds,2, 2P3/230s)2 -3.60670 -0.14514 -0.09868 0.02547
2par23ds;2, 2p3s23ds)2 -3.42713 -0.14543 -0.090865 0.02561
2p1/23d572, 2p1/23ds /2 -3.56781 -0.21821 -0.10517 0.02599
2p323d3/2,2p3,23ds -0.01039 -0.00078 -0.00131 -0.00010
2p3/23d5/2, 2p3/23d3/2 -0.01039 -0.00078 -0.00131 -0.00012
2paj23dyya, 2p123ds 0 0.11432 0.00076 0.00224 -0.00005
2p1723ds/2,2p3/23d3/2 0.11432 0.00076 0.80315 -0.60008
2ps23ds/2, 2P /23ds 2 0.04753 0.00197 -0.00335 -0.00001
2p1/23d5/2, 2p3/23d5,2 0.04753 0.00197 -0.00378 0.00012

Odd parity states, J=4
2p3/23d5/3, 2p3;23d5,2 -3.69280 20.15490 -0.09952 0.02513




TABLE V. Energies of Ne-like molybdenum, Z=42 relative to the ground state. Bt = g(® 4 gl 4 p(

LS-coupling Jj-coupling E©FY E® B® Eranvs Eot

2p3p 2Py 2p3/23p3/2(0) 91.8510 -0.1012 0.0246 -0.0047 91.7698
2p3p *So 2p1/23p1/2(0) 94.7484 -0.1225 0.0249 0.0006 94.6514
2535 1S, 251/2381,2(0) 100.2417 -0.1480 0.0199 -0.0674 100.0462
2p3p 28, 2p3/23p12(1) 80.7840 -0.0860 0.0270 -0.0068 89.7182
2p3p 3D, 2p3/23p3,2(1) 90.8239 -0.0899 0.0258 -0.0052 90.7545
203p 1P 2p1/23p1/2(1) 93.8402 -0.0956 0.0271 0.0010 93.7728
2p3p * Py 2p1,23p3/2(1} 94.8700 -0.0968 0.0267 0.0023 94.8022
2535 *5; 2512351 /2(1) 99.7699 -0.1338 0.0207 -0.0667 99.5900
253d *Dy 281 723d3,2(1) 106.2204 -0.1649 0.0209 -0.0880 105.9883
2p3p * D 2p3/23p1,2(2) £9.8803 -0.0835 0.0264 -0.0067 89.8165
2p3p 3P, 2pa/23p2/2(2) 91.0273 -0.0802 0.0256 -0.0051 90.9677
253p 1D, 21 /23p3,2(2) 94.9325 -0.0932 0.0259 0027 94.8679
253d *D» 251/23d3/2(2) 106.2738 -0.1516 0.0196 -0.0879 106.0539
2s3d 1D, 251,23d5,2(2) 106.7656 -0.1609 0.0202 -0.0875 106.5376
2p3p *Ds 2p3/23P3/2(3) 90.8176 -0.0863 0.0255 -0.0051 90.7518
253d *Ds 251/23d5/2(3) 106.4321 -0.0544 -0.0033 -0.0874 106.2871
2p3s 2P, 2p1/2381/2(0) 91.4073 -0.0888 0.0273 0.0213 91.3670
2p3d Py 2ps;23d3,2(0) 93.6979 -6.1031 0.0279 -0.0071 93.6156
253p ° Py 251 /2391 2(0) 102.2052 -0.1443 0.0208 -0.0875 101.9942
2p3s *Py 2ps3/2381,2(1) 87.5287 -0.0801 0.0262 0.0136 87.4884
2p3s ' P, 2p172381/2(1) 91.4753 -0.0904 0.0266 0.0213 91.4329
2p3d P, 2p3/23da2(1) 93.8002 -0.0939 0.0260 -0.0070 93.7344
2p3d *D: 2p3/23ds /(1) 94.8970 -0.1000 0.0263 -0.0062 94.8171
2p3d TP, 2p1;23ds2(1) 98.4600 -0.1067 0.0263 0.0003 98.3799
253p 3P, 281,23p1/2(1) 102.2493 -0.1383 0.0203 -0.0873 102.0441
283p 1P 251/23p32(1) 103.3370 -0.1392 0.0195 -0.0860 103.1313
2p3s 3P, 2D3/2351/2(2) 87.3861 -0.0802 0.0263 0.0136 87.3459
2p3d P, 2p3/23ds2(2) 94.0298 -0.0948 0.0262 -0.0068 93.9544
2p3d *F, 2pas23dss2(2) 94.1939 -0.0960 0.0259 -0.0064 94.1174
2p3d 1D, 2p1/23d3/2(2) 97.9568 -0.1087 0.0264 0.0009 97.8754
2p3d 3D, 21 /23d52(2) 98.1817 -0.1072 0.0260 0.0013 98.1018
2s3p °P, 281 /23p3;2(2) 103.2248 -0.1421 0.0196 -0.0858 103.0165
2p3d °F; 2ps/23ds/2(3) 93.9504 -0.0989 0.0255 -0.0069 93.8790
29p3d 3D 2p3/23ds,2(3) 94.3546 -0.0905 0.0256 -0.0062 94.2835
2p3d 1 F3 2p1/23ds5/2(3) 98.2537 -0.1051 0.0260 0.0016 98.1761
2p3d *Fy 2ps/23ds;2(4) 94.0797 -0.0995 0.0251 -0.0062 93.9990

TABLE VI. El1 uncoupled reduced matrix elements in length L and velocity V' forms for odd-parity tramsitions into the

ground state in Mo32+,
av(J) A sy Z® z® B BY plde) pla=)

2p32381,2(1) -0.039269 -0.037253 -0.001920 -0.001694 -0.000093 -0.000020 -0.038945 0.0000631
2p12381/2(1) -0.024205 -0.022987 -0.001469 -0.001262 -0.000111 -0.000048 -0.023881 0.000214
2p3/23ds /2(1) 0.060681 0.057688 -0.0060580 0.600595 06.000101 -0.000022 0.060625 0.000296
2p3/93ds (1) 0.181119 0.172191 -0.001765 0.001839 0.000254 -0.000065 0.179768 -0.001475
2py/23d3 /2(1) -0.129576 -0.123282 0.001442 -0.001670 -0.000281 0.000036 -0.128916 0.000399
253/23p172 (1) 0.055251 0.052692 0.000859 0.001187 0.000003 -0.000069 0.054858 -0.000027
281/23pas2(1) 0.072600 0.069291 0.001306 0.001650 0.000066 -0.000036 0.071730 -0.000672




TABLE VII. El coupled reduced matrix elements in length L and velocity V forms for odd-parity transitions into the ground

state in Mo32t.

MBPT First order
av(J) L Vv L v
2p3/2391/2(1) 0.048063 0.047973 0.046140 0.043791
2p1/23s1/2(1) -0.037756 -0.037685 -(.036248 -0.034441
2pa;23dasa{l) -0.003992 -0.003992 -0.004052 -0.003851
2p3/23ds2(1) 0.170333 0.170226 0.172035 0.163554
2p1/23d3/2(1) -0.156141 -0.156054 -0.157792 -0.150125
251723p1;2(1) -0.040111 -0.040065 -0.039214 -0.037421
25323p3;2(1) (0.066582 0.066509 0.065087 0.062157

TABLE VIII. E2 uncoupled reduced matrix elements in length L and velocity V' forms for even-parity transitions mto the

ground state in Mo®*7.

av(J) z z® z® zP B® B Pl Pl
2p3/23p1/2(2) 0016820  0.016077  0.000319  0.000392  0.000023 0000002  0.033582  0.016077
2p3/23pa/2(2) 0016157  0.015372  0.000334  0.008405  0.000030  0.000008  0.032213  0.015372
2ps/23d3/2(2)  0.014794  0.014005  0.000345  0.000412  0.000044  0.000015  0.029449  0.014005
281/23d/2(2)  -0.028815  -0.027526  -0.000636  -0.000962  -0.000046  -0.000012  -0.057507  -0.027526
2s1/23ds/2(2) 0035170 -0.033255  -0.000878  -0.001292  -0.000047  -0.000007  -0.070016  -0.033255

TABLE IX. E2 coupled reduced matrix elements in length L and velocity V forms for even-parity transitions into the ground

state in Mo3*T.
MBPT First order
av(.J) L v L v

2p3/2301/2(2) 0.016832 0.016846 0.017202 0.016422
2p3/23p3/2(2) -0.016269 -0.016281 -0.016568 -0.015830
2p1/23d3/2(2) -0.015550 -3.015560 -0.015765 -0.615074
281/23d3/2(2) 0.010632 0.010634 0.010784 0.010309
231/23(15/2 (2) -0.043257 -0.043255 -0.043530 -0.041617

TABLE X. M2 uncoupled reduced matrix elements for odd-parity transitions with J=2 into the ground state in Mo32+.

) 7 7 7% 5%, 5 R

2ps;238172(2) -0.153944 -0.152793 -0.002071 -0.000310 -0.000283 -0.303282
2p3493d5/2(2) 0.799284 0.796894 0.021865 0.001117 0.001083 1.589006
2p3s23das2(2) 0.000000 0.606000 -3.001750 0.000038 0.000008 0.000000
2p1/28d3,2(2) -0.099421 -0.099668 -0.001187 -0.000248 -0.060258 -(.199831
2p1/23ds;2(2) -0.326342 -0.325136 -0.012417 -0.000644 -0.000669 -0.647860
281/23p3/2(2) 0.283552 0.281548 0.005763 0.000058 0.000031 0.559088




TABLE XI. Line strengths in a.u. for magnetic-quadrupole (M2) lines as functions of Z in Ne-like ions.

LS designations  Z=20 Z=30 Z=40 Z=50 Z=60 Z=70 Z=80 Z=90 Z=100 jj designations
2p3s ° P 1.96[1] 5.99[2] 293[2] 181[2] 131[-2] 1.06[2] 940[-3] B8.92[3] 89613 2ps23512(2)

2p3d 3 P; 2.990)  1.06[0] 224[1] 1.97}2] 2.76[-3] 5.83[-4] 1.57[-4] 496151 1.75[-5] 2ps/23ds2(2)
2p3d 3 Fy 3.28[1] 3261 5.02[-1] 422[1] 291[1] 20701 153M1] 1.16F1] 9.02[-2] 2ps/»3ds/(2)
2p3d D> 2.83[-1] 5.00[-2] 1.53[-2] 7.45[3] 4.34[-3] 2.74[-3] 1.79[-3] 1.17[-3] 8.32[4] 2p23ds.2(2)
2s3d *D, 1.05[-2] 1.07[-1] 9.39[-2] 6.50[-2] 439[-2] 2.97}-2] 202[-21 1.37}-2] 852[-3] 2p;,23ds.(2)
2s3d 1 Ds 2.00F1] 9.71-2] 5.91[-2] 3.83}2] 252[2] 165[2] 1.05[2] 567[3] 35113 2s,/23ps2(2)




TABLE XII. Energies (a.u.) for the 2p3s (J)} and 2p3d (1) levels in Ne-like given relative to the ground state. Comparison
with theoretical results presented in Refs. [19,20] - {a) and experimental data {b) given in in Refs. [19,20].

2p1/2351/2(0)  2ps/2381/2(2)  2ps/23s12(1)  2p1/e3si1/9(1)  2psse3dasa(1)  2pasa3dyse(1)  2pys23ds;2(1)

2p3s °F) 2p3s * P 2p3s * Py 2p3s 1Py 2p3d °P; 2p3d D 2p3d 1P
Z=11 1.1609 1.1551 1.1663 1.1652 1.4729 1.4723 1.4793
(a) 1.23123 1.2062 1.2096 1.2233 1.5017 1.5045 1.5117
(b) 1.2133 1.2071 1.2106 1.2246 1.5065 1.5115 1.5178
Z=12 1.0133 1.9040 1.9168 1.9239 2.3985 2.3968 2.4108
{(a) 1.9479 1.9380 1.9435 1.9647 241290 2.4255 2.4353
(b) 1.9495 1.9394 1.9450 1.9662 2.4168 2.4340 2.4429
Z=13 2.7971 2.7821 2.7966 2.8127 3.4524 3.4567 3.4826
(a) 2.8233 2.8079 2.8101 2.8448 3.4566 3.4878 3.5011
(b) 2.8252 2.8096 2.8180 2.8464 3.4610 3.4944 3.5122
Z=14 3.8183 3.7957 3.8127 3.8380 4.6345 4.6489 4.6985
(a) 3.8392 3.8163 3.8278 3.8642 46353 4.6858 4.7111
(b) 3.8413 3.8183 3.8300 3.8661 46394 46903 4.7245
Z=15 49784 4.9459 4.9659 5.0015 5.9496 5.9799 6.0536
(a) 4.9958 4,9630 49786 5.0235 5.9480 6.0196 6.0644
(b) 4.9986 4. 9657 4.9814 5.0262 5.9536 6.0236 6.078%
Z=16 6.2823 6.2343 6.2566 6.3035 7.4059 7.4585 7.5528
() 6.2933 6.2479 6.2679 6.3232 7.3988 7.4903 7.5096
(b) 6.2960 6.2503 6.2705 6.3257 7.4030 7.4933 7.5735
Z=17 7.7200 7.6582 7.6853 7.7475 8.9920 9.0638 9.1888
(a) 7.7322 7.6708 7.6955 7.7637 8.9855 9.0989 9.1960
(b) 7.6977 7.6556 8.9869 9.0992 9.2071
Z=18 9.3015 9.2197 9.2517 8.3318 10.7192 10.8143 10.9688
{a) 9.3128 9.2314 9.2611 9.3458 10.7097 10.8462 10.9737
{b) 9.2646 9.3501 10.7057 10.843 10.984
Z=19 11.0257 13.9195 10.9559 11.0573 12,5724 12.6934 12.8808
{a) 11.0355 10.9295 10.9642 11.06697 125717 12.7325 12.8929
(b} 10.9683 11.0730 12.5764 12.7345 12,9049
£=20 12.8951 12.7573 12.7962 12.9241 14.5810 14.7287 14.9499
(a) 12.9007 12.7650 12.8048 12.9361 145718 14.7584 14.9540
(b) 12.8074 12.9395 14.5771 14.7612 14.9644
=21 14.8971 15.0736 14.7878 14.9290 16.7164 16.8964 17.1523
{(a) 14.9089 147823 14.9454 16.7103 16.9240 17.1576
{b) 14.786 14.948 16.7144 16.9255 17.1652
A=22 17.0515 16.8371 16.8904 17.0895 18.9964 19.2030 19.5008
(a) 17.0604 16.8470 16.8967 17.0982 18.9872 19.2296 19.5046
(b} 16.800 17.103 18.9919 19.2267 19.5082
Z=23 19.3482 19.0847 19.1414 19.3870 21.4117 21.6502 21.9921
{a) 18.3560 19.0931 19.1477¢ 19.3950 21.4027 21.6754 21.9957
(b) 19.149 19.397 21.3973 21.6783 21.994
Z=24 21.7891 21.4680 21.5288 21.8290 23.9656 242376 24 6284
(a) 21.7961 21.4755 21.5349 21.8365 23.9570 24.2614 24.6319
(b) 21.479 21.540 21.839 239618 24.2592 24.633
Z=25 24 3751 23.9872 24.0525 24.4163 26.6582 26.9653 27.4107
(a} 24.3816 23.9941 24.0583 24,4232 26.6501 26.9976 27.4143
(b) 24.063 24.426 26.6501 26.9893 27421
Z=26 27.1068 26.6422 26.7119 27.1494 29.4896 29.8331 30.3404
(a) 27.1129 26.6486 26.7175 27.1560 29.4820 29.8541 30.3440
(b} 27.113 26.652 26.722 27.160 29.492 29.8516 30.353




2p1/2351/2(0)  2p3s2351/2(2)  2p3/23s1/2(1)  2p1s23812(1)  2psa3dasa(l)  2pas3dssa(l)  2py/a3dsse(1)
2p8s ° Py 2p3s5 ° P, 2p3s ° Py 2p3s ' Py 2p3d ° P, 2p3d *Dy 2p3d T P

=27 29.9851 20.4327 29.5069 30.0201 32.4600 32.8412 33.4185
(a) 29.9906 20.4387 29.5122 30.0363 32.4529 32.8608 33.4222
(b} 29.516 36.0353 32.455 32.8608 33.424
Z=28 33.0108 32.3584 32.4372 33.0562 35.5692 35.9895 36.6464
(a) 33.0161 32.3641 32.4423 33.0620 35.5628 36.0077 36.6502
(b) 32.368 32.446 33.067 35.569 36.006 36.652
Z=29 36.1845 35.4193 35.5025 36.2314 38.8176 39.2780 40.0253
(a) 36.1896 35.4247 35.5075 36.2370 38.8117 39.2948 40.0293
(b} 36.195 35.436 35.520 36.246 38.821 39.262 40.020
Z=30 39.5072 38.6148 38.7026 39.5556 422050 42.7066 43.5567
(a) 39.5120 38.6200 38.7073 39.5609 42.1999 42.7222 43.5609
(b) 38.713 39.565 42.206 42.729 43.556
Z=3i 42.9797 41.9448 42.0371 43.0296 45.7316 46.2755 47.24290
(a) 42.9844 41.9497 42.0417 43.0347 45.7272 46.2898 47.2462
(b) 42.060 43.053 45.742 46.295 47.250
£=32 46.6030 45.4088 45.5057 46.6545 49.3975 49.9846 51.0826
(a} 46.6075 45.4137 45.5101 46.6593 49,3939 49.9976 51.0869
{b) 45.518 46.675 49.409 50.014 51.091
Z=33 50.3781 49.0068 49,1082 50.4310 53.2028 53.8342 55.0799
{a) 50.3825 49.0114 48.1124 50.4357 53.1999 53.8458 55.0844
(b) 49.158 50.434
Z=34 54.3059 52.7381 52.8441 54.3604 37.1475 57.8241 59.2356
(a) 54.3102 52.7426 52.8481 54.3649 57.1454 57.8345 59.2402
(b) 52.890 54,412 57.188 57.864 59.289
Z=35 58.3876 56.6025 56.7130 58.4436 61.2316 61.9545 63.55611
{a) 58.3819 56.6069 56.7170 58.4480 61.2304 61.9637 63.5558
{b) 56.740 58.490 61.274 61.983 63.566
Z=36 62.6243 60.5996 60.7146 62.6818 65.4554 66.2256 68.0282
(a) 62.6285 60.6039 60.7186 62.6860 65.4551 66.2337 68.0330
{b} 62.628 60.602 60.720 62.686 65.472 66.245 68.066
£=37 67.0170 64.7290 64.8486 67.0760 69.8188 70.6376 72.6684
Z=38 71.5671 68.9903 69.1144 71.86276 74.3220 75.1906 77.4735
Z=39 76.2759 73.3831 73.5118 76.3377 78.9650 79.8848 82.4453
Z=40 81.1445 77.9069 78.0402 81.2078 83.7481 84.7205 87.56857
(a) 81.1479 779112 78.0450 81.2131 83.7521 84.7224 87.5804
(b) 83.804 84.713 87.574
Z=41 86.1744 82.5613 82.6993 8£6.2390 88.6711 89.6979 92.3966
Z=42 91.3671 87.3459 87.4885 01.4330 93.7344 94.8171 98.3800
(a) 91.3705 87.3503 87.4933 91.4384 93.7406 94.8167 98.3837
{b} 87.573 91.491 93.914 94.839 98.390
Z=43 96.7239 92.2600 92.4073 96.7910 98.9379 100.0786 104.0380
Z= 102.2465 87.3033 97.4552 102.3147 104.2819 105.4825 109.8727
Z=45 107.9363 102.4750 102.6317 108.0055 109.7663 111.0291 115.8865
Z=46 113.7950 107.7748 107.9362 113.8652 115.3914 116.7188 122.0817
(a) 113.7987 107.7796 107.9413 113.8711 115.4021 116.7138 122.0853
Z=47 119.8243 113.2020 113.3681 119.8952 121.1574 122.5519 128.4606
(a) 119.8278 113.2067 113.3733 118.9012 121.1692 122.5459 128.4642
(b) 113.215 113.381 119.8%4 121.186 122.551 128.467



2p1/2351/2(0)  2ps/2351/2(2)  2pasa3syo(1)  2piya3siya(l)  2ps/23ds2(1)  2psse8dsiz(1)  2pi/23ds/a(l)
2p3s 3P, 2p3s ° P 2p3s S P; 2p3s 1Py 2p3d ° Py 2p3d D, 2p3d 1P,

Z=48 126.0255 118.7560 118.9269 126.0972 127.0644 128.5289 135.0259
(a) 126.0290 118.7611 118.9323 126.1035 127.0774 128.5219 135.0293
Z=49 132.3993 124.4362 124.6119 132.4722 133.1132 134.6503 141_7800
Z=50 138.9412 130.2419 130.4224 139.0194 139.3062 140.9167 148.7258
(a) 138.9368 136.2473 136.4281 139.0258 139.3226 144.9078 148.7291
=51 145.7168 136.1724 136.3579 145.7737 145.6099 147.3294 155.8661
(a) 145.7728 136.1780 136.3637 1457815 145.6217 147.3197 155.8692
Z=52 152.6165 142.2271 142.4175 152.6665 152.0933 153.8906 163.2038
(a) 152.6224 142.2329 142.4234 152.6736 152.1118 153.8804 163.2067
Z=53 159.7085 148.4050 148.6004 159.7425 158.7678 160.6065 170.7418
(a) 159.7145 148.4111 148.6065 150.6736 158.7274 160.5870 170.7444
Z=54 166.9877 154.7057 1549060 166.9707 1654626 167.5019 178.4834
(a) 166.9939 154.7120 154.9124 166.9801 165.4835 167.4993 178.4917
(b) 154.720 154.919 166.972 167.494 178.505
Z=55 174.4549 161.1280 161.3334 172.2318 172.3588 174 6980 186.4318
Z=56 182.1124 167.6714 167.8818 182.2736 179.3966 181.4493 194.5904
(a) 182.1192 167.6783 167.8886 182.2894 179.4200 181.4331 194.5978
(b) 167.688 167.895
Z=57 189.9624 174.3356 174.5511 190.0994 186.5772 188.7563 202.9626
(a) 189.9696 174.3421 174.5575 190.1113 186.6011 188.7392 202.9693
(b) 174.352 174.572 190.125 188.754
Z=58 198.0077 181.1174 181.3381 198.1346 193.8982 196.1942 211.5520
Z=59 206.2507 188.0181 188.2441 206.3728 201.3623 203.7749 220.3623
Z=60 214.6947 195.0363 195.2675 2148141 208.9688 211.5G09 229.3971
{a) 214.7029 195.0447 195.2755 214.8249 208.9978 211.4833 229.4005
(b) 195.057 195.291 214.861 211.500
Z=61 223.3421 202.1705 2(02.4069 223.4662 216.7179 219.3735 238.6602
Z=632 232.1965 209.4200 209.6618 2323139 224.6097 ‘ 227.3937 248.1553
Z=63 241.2607 216.7833 217.0305 2413779 232.6444 235.5622 257.8856
(a) 241.2701 216.7936 217.0400 241.3873 232.6782 235.5470 257.8784
(b) 216.813 217.072
Z=64 250.5383 224 2596 2245123 250.6556 240.8222 243.8796 267.8537
Z=65 260.0324 231.8472 232.1054 260.1499 249.1432 252.3463 278.0602
Z=66 269.7469 239.5452 239.8089 269.8647 257.6076 260.9629 288.5006
Z=67 279.6862 247.3530 247.6222 279.9045 266.2156 269.7299 299.1568
Z=68 288.8522 255.2669 255.5419 289.9711 274.9673 278.6477 310.8072
(a) 289.8659 255.2821 255.5561 289.9847 275.0064 278.6326 311.0330
(b) 255.317 255.585
Z=69 300.2513 263.2881 263.5688 300.3707 283.8629 287.7170 321.9431
Z=T0 310.8860 271.4132 271.6996 311.0659 292 9026 296.9380 333.4211
(8) 310.9010 271.4317 2707172 311.0219 2929556 206.9252 333.5564
(b) 333.526
Zz=71 321.7622 279.6422 279.9345 321.8826 302.0866 306.3114 345.2147
Z=T2 332.8836 287.9724 288.2705 333.0045 311.4150 315.8375 357.3134
{a) 332.8999 287.9936 2882908 333,0219 311.4720 315.8275 357.3916
(b) 288.013 288.308
Z=T73 344.2547 206.4019 296.7060 3443761 320.8880 325.5170 369.7159




2P1y2351/2(0)  2pa2351/2(2)  2p323s12(1)  2p1/23512(1)  2ps23dasa(1) 2pasa3dssa{l)  2p123dse(1)
2p3s ° Py 2p3s Py 2p3s ° P, 2p3s TP 2p3d ° Py 2p3d °Dy 2p3d ' P

Z=74 355.8815 304.9298 305.2399 356.0033 330.5058 335.3502 382.4252
(a) 355.9000 304.9550 305.2643 356.0229 330.5693 335.3445 382.4875
(b) 304.998 305.303
Z=T5 367.7679 313.5527 313.8690 367.8801 340.2686 345.3378 395.4469
Z=T6 379.9202 322.2696 322.5921 380.0426 350.1766 355.4802 408.7875
Z=77 392.3446 331.0793 331.4080 392.4673 360.2300 365.777% 422.4542
Z=T8 405.0461 3392.9781 340.3132 405.1630 370.4289 376.2316 436.4551
{a} 405.0692 340.0147 340.3487 405.1932 370.5096 376.2387 436.5143
(b) 340.073 340.398
Z=T9 418.0313 348.9643 349.3058 418.1543 380.7736 386.8416 450.7984
{a) 418.0557 349.0045 349.3449 418.1797 380.8596 386.8530 450.8592
(b) 349.070 349.412 380.646 386.592 450.577
Z=80 431.3071 358.0361 358.3840 431.4301 391.2642 397.6086 465.4932
(a) 431.3328 358.0802 358.4271 431.4301 301.3560 397.6249 465.5557
®) 358.124 358.448
Z=81 444 8794 367.1895 367.5440 445.0023 401.9009 408.5331 480.5490
Z=82 458.7562 376.4233 376.7845 458.8789 412.6839 419.6156 495 9755
{a} 458.7846 376.4766 376.8366 458.9083 412.7888 419.6433 496.0428
(b) 376.504 376.837
Z=83 472.9449 385.7343 386.1023 473.0673 423.6135 430.8568 511.7832
(a) 472.9748 385.7929 386.1597 473.0982 423.7258 430.8511 511.8525
(b) 386.155 473.114 430.783
Z=84 487.4528 ‘395.1190 395.4938 487.5747 434.6897 442 2571 527.9830
Z=85 5(2.2894 404.5759 4049577 502.4108 445.9129 453.8172 544.5861
Z=86 517.4634 414.1020 414.4909 517.5841 457.2831 465.6377 561.6045
Z=87 532.9815 423.6904 424.0866 533.1014 468.8005 477.4190 279.0516
Z=88 548.8556 433.3404 433.7444 548.9746 480.4654 4R0.4618 596.9399
Z=89 565.0945 442 9936 443.4591 565.2138 492.2780 501.6670 615.2859
Z=90 581.7111 452.8123 453.2289 581.8277 504.2382 514.0343 634.0970
(a.) 581.7544 4529223 453.3390 581.8719 504.4237 514.1378 634.1993
(b) 453.029 453.434
Z=91 598.7129 462.6204 463.0453 598.8280 516.3465 526.5651 653.3961
Z=92 616.1176 472 4793 472.9120 616.2311 528.6030 535.2600 673.1913
{a) 616.1665 472.6117 473.0437 616.2809 528.8182 539.3926 673.3128
Z=93 633.9309 482.3737 4R82.8147 634.0426 541.0077 552.1192 693.5414
Z=94 652.1738 492 3100 492 7589 652.2834 553.5609 565.1438 714.3852
Z=95 670.8520 502.2709 502.7279 670.9593 566.2630 578.3331 735.7983
Z=96 689.9874 512.2614 512.7268 690.0921 579.1136 591.6901 757.7839
Z=97 709.5910 522.2685 522.7425 709.6930 592.1135 605.2135 780.3623
Z=98 729.6849 532.2638 532.7766 729.7838 605.2624 618.9053 803.4903
Z=99 750.2838 542.3261 542.8194 750.3790 618.5604 632.7678 827.7278
Z=100 771.4074 552.3600 552.8595 771.5000 632.0079 646.7941 852.0929




TABLE XIIL Energies (10*°cm™") for the 2p3s (1), 2p3d (1) 2s3p (1) levels in Nelike given relative to the ground state.
Comparison with theoretical results presented in Refs. (3] - (a), adjusted data from [11] - (b) and NIST data (c) from Refs. [44-46]
- {9)-

2pasa3s1y2(1)  2py/e3sya(1)  2ps/23daa(l)  2ps3sp3ds/a(1)  2pio3dsa(l)  281/93p1sa(l)  251/23p1s2(1)

2p3s Py 2p3s 1P, 2p3d 3P, 2p3d 3Dy 2p3d TPy 2s3p Py 253p tH
Z=1¢ 2404538 2426.807 2759.329 2785.881 2826.962 3216.325 3224787
(a) 2405.975 2429.386 2756.673 2795.695 2838.129 3212.275 3221.985
(b) 2406.761 2430.108 2759.996 2794.932 2832.026 3227.084 3240.304
(c) 2407.260 2430.250 2760.200 2794.200 2832.300 3219.400 3237.600
Z=30  2808.436 2836.516 3200.166 3232582 3281.124 3693.357 3708.734
(b) 2810.916 2839.962 3199.085 3239.735 3284.354 3600.818 3714.962
(c) 2810.900 2839.900 3199.300 3239.700 3284.300 3692.900 3708.900
Z=21  3245.554 3276.531 3668.818 3708.321 3764.484 4177.784 4220.836
(a) 3243.467 3279.635 3664.463 3715.457 3773.739 4190.862 4204.502
{(b) 3244.858 3280.911 3668.381 3714.261 3767.124 4203.670 4220.921
() 3245.100 3280.800 3668.400 3714.700 3767.300 4198.000 4215.000
Z=22  3707.018 3750.714 4169.222 4214.574 4279.932 4732.605 4750.466
(a) 3707.292 3751.931 4163.953 4221 413 4288.514 4727.428 4743 551
(b) 3709.188 3753.713 4168.372 4219.858 4281.680 4733.534 4754.037
(c) 3709.200 3753.600 4168.200 4219.800 4281.600 4733.300 4754.000
Z=23  4201.044 4254.946 4699.325 4751.677 4826.703 5301.064 5322.005
(a) 4201.086 4255.838 4693.872 4758.109 4834.850 5314.720 5205.722
(b) 4203.079 4257.444 4698.412 4756.308 4827.905 5303.751 5326.476
() 4202.700 4257.100 4699.000 4757.800 4827.200 5299.000 5324.000
Z=24  4725.036 4790.916 5259.842 5319.545 5405.300 5901.250 5925.623
(a) 4724.808 4791.483 5254.242 5325.579 5413.002 5895.900 5918.239
(b) 4727.457 4793.345 5259.466 5324.100 5406.372 5906.245 5931.550
{c) 4727.500 4793.200 5259.000 5324.200 5406.300 5894.500 5921.000
Z=25  5278.903 5358.754 5850.804 5918.192 6015.963 £533.504 6561.755
(a) 5278.431 5359.002 5845.077 5923.349 6023.195 6528.171 6554.314
(b) 5281.121 5360.992 5850.163 5923.566 6018.434 6536.611 6565.513
(c) 5281.200 5360.800 5849.700 5923.500 6018.300 6530.800 6562.500
Z=26  5862.583 5958.606 6472.229 6547.616 6658.944 7198.036 7230.687
(a) 5861.875 5958.580 6466.377 6552.899 6665.680 7192.646 7223.180
(b) 5864.648 5960.608 6471.488 6554.489 6665.390 7096.963 7130.425
() 5863.700 5960.500 6472.500 6552.200 6660.000 7198.900 7234.300
Z=327  6476.017 6590.631 7124.137 7207.815 7334.512 7895.037 7932.683
{a) 6475.085 6590.341 7118.176 7212.701 7340.742 7889.538 7925.068
(b) 6478.936 6593.317 7124.368 7215.417 7341.727 7774.915 7813.084
() 6477.900 6592.400 7122.000 7210.800 7334.600 7894.500 7932.700
Z=28  T7119.145 7254.994 7806.545 7898.784 8042.949 8624.696 8668.005
{a) 7118.027 7254.451 7800.472 7903.283 8048.646 8619.036 8660.225
(b} 7122.615 7258.103 7806.753 7906.121 $049.949 8482.653 8526.152
(c) 7121.000 7257.400 7805.200 7901.400 8041.800 8621.400 8666.300




TABLE XIV. Energies {(a.n.) for the 2p3s (1) and 2p3d (1) levels in Ne-like given relative to the ground state. Comparison
with theoretical results presented in Refs. [19,20] - (a) and experimental data (b) given in Refs. {21].

2p3/2381/2(1) 2p1/5351/2(1) 2p3/23ds,2(1) 2p3/23ds,2(1) 2p1 /53d3/2(1)
2p3s P 2p3s TP 2p3d ° Py 2p3d "Dy 2p3d TPy

Z=39 73.5118 76.3377 78.9650 79.8848 82.4453
(b) 82.432
Z=40 78.0402 81.2078 83.7481 84.7205 B87.5857
(@) 78.0450 81.2131 83.7521 84.7224 87.5804
(b) $4.706 87.570
Z=41 82.6993 86.2390 88.6711 85.6979 92.8966
(®) £9.693 92.878
Z=42 87.4885 91.4330 93.7344 94 8171 98.3800
{a) 87.4933 91.4384 93.7406 94.8167 98.3837
(b) 87.506 91.441 94.821 98.356
Z=43 92.4073 96.7910 98.9379 100.0786 104.0380
{b) 92.428 96.817 100.075 1064.012
Z= 97.4552 102.3147 104.2819 105.4825 109.8727
(b) 97.474 102.355 105.488 109.844
Z=45 102.6317 108.0055 109.7663 111.0291 115.8865
{b) 102.650 108.057 111.033 115.855
Z=46 107.9362 113.8652 115.3914 116.7188 122.0817
(a) 107.9413 113.8711 115.4021 116.7138 122.0853
(b) 107.955 113.923 116.712 122.046
Z=47 113.3681 119.8952 121.1574 122.5519 128.4606
(a) 113.3733 119.9012 121.1692 122.5459 128.4642
(b) 113.381 119.954 122,528 128.420
Z=48 118.9269 126.0972 127.0644 128.5289 135.0259
(a) 118.9323 126.1035 127.0774 128.5219 135.0293
(b) 118.933 126.155 126.963 128.489 134.978
Z=49 124.6119 132.4722 133.1132 134.6503 141.7800
(b) 124.616 132.521 133.0206 134.584 141.734
Z=50 130.4224 139.0194 139.3062 140.9167 148.7258
(a) 130.4281 139.0258 139.3226 140.9078 148.7291
(b) 130.416 139.057 139.227 140.828 148.671
Z=51 136.3579 145.7737 145.6099 147.3294 155.8661
(a) 136.3637 145.7815 145.6217 147.3197 155.8692
(b) 136.344 145.598 145.737 147.221 155.804
Z=52 142.4175 152.6665 152.0933 153.8906 163.2038
(a) 142.4234 152.6736 152.1118 153.8804 163.2067
(b} 142.390 152.605 152.070 153.764 163.134
Z=53 148.6004 159.7425 158.7078 160.6065 170.7418
(a) 148.6065 158.7507 158.7274 160.5970 170.7444
b) 148.560 158.680 159.714 160.463 170.668
Z=54 154.9060 166.9707 165.4626 167.5018 178.4834
(a) 154.9124 166.9801 165.4835 167.4993 178.4917
(b) 154.856 166.929 165.426 167.365 178.400
Z=55 161.3334 174.2316 172.3588 174.6980 186.4318
{b) 161.269 174.158 172.334 186.338
Z=56 167.8818 182.2736 179.3966 181.4493 194.5904
(&) 167.8886 182.2894 179.4200 181.4331 194.5978
{b) 167.802 182.217 179.411 181.345 104.482



2p3/2351/2(1) 2p172351/2(1) 2p3/23d3s2(1) 2p3/23d5/2(1) 2p/23d3/2(1)

2p3s ° P 2p3s ' Py 2p3d °P; 2p3d 3D, 2p3d T,
Z=57 174.5511 190.0994 186.5772 188.7563 202.9626
(a) 174.5575 190.1113 186.6011 188.7392 202.9693
(b) 174.485 186.629 188.636 202.837
Z=58 181.3381 198.1346 193.8982 196.1942 211.5520
(b) 181.246 196.022 211.411
Z=59 188.2441 206.3728 201.3623 203.7749 220.3623
(b} 188.146 203.535 220.198
Z=60 195.2675 214.8141 208.9688 211.5009 229.3971
(a) 195.2755 214.8249 208.9978 211.4833 229.4005
(b) 195.174 211.432 229.215

TABLE XV. Energies (a.u.) for the 2s3p (1) levels in Ne-like given relative to the ground state. Comparison with experi-
mental data given in Refs. [21]-(a), [33](b), [32]-(c), [30}-(d), [27]-(e), and ), [29]-(e).

231/23171/2(1) 231/23p1f2(1) 281/231)3/2(1) 281/23p312(1) 231/23?1/2(1) 231/23133/2(1)
Z=39 85.9738 85.957% 86.759 86.744°% Z=60 233.9030 237.2592
Z=40 91.1661 91.190° 92.043 92.030° Z=61 240.9588 246.7296
Z=41 96.5224 96.512° 97.500 97.491° Z=62 250.2282 256.4375
Z=42 102.0441 102.039° 103.139 103.122° Z=63 259.7168 266.3887
Z=43 107.7333 107.730° 108.939 108.930° Z=64 269.4290 276.5867
Z=44 113.5907 113.587° 114.926 114.917° Z=65 279.3742 287.0378
Z=45 119.6188 119.620° 121.094 121.082° Z=66 289.5646 297.7464
Z=46 125.8192 125.824° 127.445 127.428° Z=67 300.0247 308.7151
Z=47 132.1937 132.198° 133.983 133.962° Z=68 305.9935 319.9571
132.23° 133.99° Z=69 320.9804 331.4692
Z=48 138.7444 138.743° 140.710 140.684° Z=70 332.1460 343.2645
Z=49 145.4731 145.468° 147.628 147.597" Z=T1 3435218 355.3432
Z=50 152.3819 152.37 6% 154.741 154.704° Z=T2 355.1332 367.7158
Z=51 159.4730 159.457° 162.050 162.009° Z=T73 366.9937 380.3897
Z=52 166.7485 166.728% 169.560 169.513° Z=T74 379.1092 393.3688
Z=53 174.2115 174.185° 177.274 177.213% Z=75 391.4915 406.6652
Z=54 181.8632 181.824° 185.194 185.134° Z=76 404.1446 420.2834
181.875F 185.209" =77 417.0715 434.2296
Z=55 189.7074 189.650° 193.325 193.253° Z=78 430.2839 448 5158
=56 197.7458 197.672° 201.669 201.599% Z=84 515.8963 541.8660
Z=57 205.9817 210.231 210.163° Z=85 531.2878 558.7893
210.25F Z=86 547.0191 576.1301
Z=58 214.4177 219.014 218.960° Z=87 563.1098 593.9118
Z=59 223.0571 228022 227.976° Z=88 579.5593 612.1370
Z=70 332.1460 343.264 343.29¢ Z=89 596.3846 830.7702
Z=79 443.7867 443.62° 463.150 463.05° Z=90 613.5818 846.9861
Z=80 457.5848 478.139 Z=91 631.1831 669.6440
Z=81 471.6890 493.496 Z=92 649.1720 689.7912
Z=82 486.1033 509.229 Z=03 667.5909 710.4783
Z=83 500.8355 500.77¢ 525.34%8 Z=94 686.4203 731.6814




TABLE XVI. Energies (a.u.) for the 2i3 (J) levels in Ne-like given relative to the ground state. Comparison with

experimental data given in Refs. [27]-(a), [20]-(b), [30]-{c),

[32]-(d), [33]-(e), and [31}-(f).

2131 LSJ 2§31 (F) Z=4T Z=>54 Z=57 Z=60 Z=63 Z=70 Z=T79 Z=83 Z=90
2p3s °P;  2pi1/2381,2(0) 119.8243 165.2662 1863611 208.7323 232.3873 202.5985 380.4162 423.2362 503.8333
203d 3Py 2ps;23ds2(0) 121.0107 166.9877 189.9624 214.6947 241.2607 310.8860 418.0313 472.9449 581.7111
253p *Ps  2s1,23p1/2(0) 132.1357 1817921 205.9025 231.8109 259.5977 332.2730 443.8077 500.8610 613.6337
2p3s 3Py 2p3;»3s1/2(1) 113.3681 154.9060 1745511 195.2675 217.0305 271.6996 349.3058 386.1023 453.2289
113.38° 154.91°%  17457° 19520  217.07; 340.36¢  386.15°  453.447
2p3s 1Py 2pya3s1,2(1) 119.8952 165.4626 186.5772 208.9688 232.6444 292.9026 380.7736 4236135 504.2382
380.65
2p3d 3Py 2ps;23ds;2(1) 1211574 166.9707 188.7563 211.5009 235.5622 206.9380 386.8416 430.8568 514.0343
121.19° 166.97° 188.75° 211.50° 386.59¢  430.78°
2p3d °D1 2ps;23ds/2(1) 1225519 167.5019 190.0994 214.8141 241.3779 311.0059 418.1543 473.0673 581.8277
12255  167.48°  190.12* 214.86° 418.017  473.11°
9p3d 1Py 2p123ds2(1) 128.4606 178.4834 202.9626 229.3971 257.8856 332.1460 443.7867 500.8355 613.5816
128.47°  178.50° 443.62¢9  500.77°
2s3p 3Py 2s1,23p1/2(1) 1321937 1818632 205.9817 231.9030 259.7168 333.4211 450.7984 511.7832 634.0970
132.23°  181.87° 333.53°  450.587¢
253p 1P, 251,23ps;2(1) 133.9836 1851947 210.2313 237.2502 266.3887 343.2645 463.1498 525.3476 649.9861
133.99° 185.21*  210.25° 343.20°  463.05¢
2p3s °P;  2p3;23s1,2(2) 113.2020 1547057 174.3356 195.0363 216.7833 2714132 348.9643 385.7343 452.8123
113.21¢  154.72%  174.35°  195.06° 216.81° 453.03f
2p3d 3Py 2p3;23ds2(2) 1214152 165.7617 186.8875 209.2895 232.9745 293.2522 381.1478 423.9995 504.6473
23d 3F,  2ps;23ds(2) 1217022 166.3760 187.7072 210.3606 234.3489 295.5713 385.2934 420.2313 512.2778
2p3d ‘Dz 2py;23ds;2(2) 127.9008 177.8523 202.3058 228.7212 257.2068 3324364 440.8699 510.8412 633.1404
2p3d 3D 2p;23ds;2(2) 128.2030 178.6188 203.2958 229.9808 258.7880 335.0078 454.3341 5164245 641.1849
253p 3P 28123ps;2(2) 133.8535 185.0428 210.0698 237.0881 266.2076 343.0587 462.9070 525.0838 649.7353
2p3d 3F5  2ps;23dssz(3) 121.3050 165.6076 186.7144 209.0968 232.7614 202.9874 380.8057 423.6184 504.1901
2p3d 2Ds  2ps;23ds;2(3)  121.9073  166.6273 187.9769 210.6482 234.6540 295.9166 385.6893 420.6495 512.7344
2p3d 'Fs  2p1,23d5»(3) 128.3810 178.7211 2034035 230.0934 258.9049 335.1320 454.4624 516.5527 641.3112
2p3d °Fy  2ps;o3ds;2(4) 1215734 1662220 187.5401 210.1792 2341523 295.3350 385.0008 4289106 511.9033
203p P 2ps;23ps;2(0) 110.8473 165.3416 186.4373 208.8124 2927069 292.7069 380.5905 423.4599 504.1876
203p 'S0 2p1,23p12(0) 121.0890 166.9820 189.9413 214.6568 310.7837 310.7837 417.8620 472.7452 581.4620
2535 'S0 281,23812(0) 132.3858 182.1220 206.2776 2322392 332.9500 332.9500 444.8342 502.0943 615.3271
2p3p 381 2ps;23p12(1) 115.9920 1581122 178.0202 199.0086 276.4273 276.4273 355.0453 392.3346 460.3836
2p3p 3Dy 2ps;a3ps2(1) 1177044 161.3371 182.1548 204.2464 287.1541 287.1541 374.0687 4164745 496.3290
2p3p 1Py 2p123p1y2(1l) 122.6200 1703720 193.6125 218.6176 315.7872 3157872 423.9170 479.3027 588.9376
9p3p °Py  2p123ps/2(1) 1243562 173.6320 197.7867 223.8938 326.1776 326.1776 437.5113 494.0844 605.9099
2535 381 2s123s1,2(1) 120.3252 178.3842 202.2200 227.8691 327.7359 327.7359 443.3871 503.9024 625.4330
253d °D1  281/23d52(1) 137.2833 1891259 2144380 241.7444 3487010 348.7010 469.4722 532.0699 657.3906
%p3p °Ds  2ps;23py/2(2) 1160854 158.1997 178.1050 199.0905 276.4962 276.4962 355.0962 392.3749 460.4015
116.08° 158.21°  178.12° 355.249  393.52°
2p3p *Po  2pa;23pss2(2) 117.9568 161.6428 182.4832 2045077 287.5844 287.5844 374.5754 417.0173 496.9387
117.96°  161.65° 374.48°
2p3p 1Dz 2py23ps2(2) 124.4371 173.7383 197.9083 224.0370 326.7711 326.7711 443.2845 503.8348 625.3802
124.45%  173.77°  197.93°
283d °Dy  2s1/23d3;2(2) 137.3732 1892517 214.5782 241.8981 348.8891 348.8891 469.6742 5322717 657.6142
253d 1Dz 251,23d52(2) 138.0336 190.2871 215.8360 243.4240 351.7236 351.7236 474.4025 538.1211 665.8846
190.32°  215.86° 351.73°  474.42°
2p3p°Ds  2ps;23ps2(3) 1177051 161.3384 182.1551 204.2452 287.1447 287.1447 374.0479 416.4475 496.2901
253d *Ds  28123ds5/2(3) 137.7376 189.9326 2154570 243.0204 351.2358 351.2358 473.8353 537.5178 665.2597




TABLE XVIL. Oscillator strengths for the 2p3s »* Py, 2p3d 1L, and 2s3p * P, transitions to the ground state in Ne-like
given relative to the ground state. Comparison the present MBPT and MCDF theoretical resnls from Ref. [17].

2p3s2381/2(1) 2p1/2351,2(1) 2p3723ds/a(1) 2pa;23d5/2(1)  2p1/23das(1) 281/23p1/2(1)  251/23p3;2(1)

2p3s "y 2p3s 1P, 2p3d Py 2p3d Dy 2p3d 1P, 253p 3P 2s3p 1P,
Z MBPT MCDF MBPT MCDF MBPT MCDF MBPT MCDF MBPT MCDF MBET MGDF MBPT
28 01306 0.1213 0.0972 0.0926 0.0099 00097 08440 0.7684 21894 25486 0.0499 0.2869
30 0.1328 0.1245 0.0922 0.0881 0.0094 00095 1.0316 0.9791 20966 2.4087 0.0610 0.2897
32 0.1340 0.1266 0.0887 0.0850 (.0085 0.0088 1.2108 1.1829 1.9956 2.2623 0.0716 0.2925
34 01347 0.1279 0.0864 0.0829 0.0071 0.0076 1.3740 1.3687 1.8972 2.1234 0.0813 0.2054
36 0.1350 0.1287 0.0850 0.0819 0.0056 0.0060 15179 1.5314 1.8072 1.9990 0.0900 0.2982
38 0.1350 0.1291 0.0846 0.0816 0.0039 0.0044 1.6419 16701 1.7278 1.8913 0.0976 0.3009
40 0.1349 0.1294 0.0851 0.0824 0.0023 0.0027 1.7472 1.7864 1.6590 1.7998 0.1042 0-3033
42 0.1348 0.1296 0.0869 0.0844 0.0010 00013 1.8353 1.8824 1.6003 1.7227 0.1097 0.3054
44 0.1347 0.1299 0.0305 0.0908 0.0002 0.0000 1.9077 1.9932 15502 1.6297 0.1141 0.3071
47 0.1346 0.1301 0.1017 0.0993 0.0004 0.0002 1.9881 2.0461 1.4889 1.5709 0.1186 0.3087
49 0.1347 0.1304 0.1174 0.1150 0.0028 0.0021 20197 2.0801 1.4558 1.5381 0.1201 0.3090
51 0.1350 0.1308 0.0246 0.0332 0.1388 0.1251 2.0188 2.0823 1.4278 1.5030 0.1203 0.3088
53 01354 0.1314 0.0020 0.0017 0.3238 0.3025 1.8924 1.9726 1.4045 1.4739 0.1189 0.3079
55 0.1359 0.1321 0.0060 0.0053 1.6943 1.5377 0.5486 0.7641 1.3857 1.4501 ©.1155 0.3064
57 0.1367 0.1330 0.0104 0.0145 2.2598 2.3122 0.0048 00096 1.3713 1.4315 0.1095 0.3043
59 0.1377 0.1342 00156 0.0146 22779 2.3383 0.0037 0.0019 1.3620 1.4184 0.1000 0.3016
61 0.1350 0.1355 0.0214 .0203 2.2828 23431 00119 0.0094 1.3580 1.4120 0.0853 0.2983
63 0.1404 0.1371 0.0279 0.0268 2.2864 2.3450 0.0177 0.0152 1.3644 1.4142 0.0630 0.2944
65 0.1422 0.1390 0.0350 0.0338 22888 23474 0.0215 0.0192 1.3809 1.4277 0.0302 0.2900
69 06.1464 0.1435 0.0502 0.0491 2.2893 2.3457 0.0260 00238 1.2417 1.3346 0.1378 0.2795
74 01534 6.1507 0.0704 0.0696 22821 2.3357 00285 0.0265 0.4754 0.8649 0.8764 0.2636
78 0.1604 0.1580 0.0866 00860 2.2712 2.3227 00294 0.0275 0.3579 0.9500 0.9782 0.2489
83 0.1711 0.1691 0.1058 (.1056 2.2531 2.3021 ©0.0298 0.0280 0.3092 0.9558 0.9888 0.2283
92 0.1866 ©0.1957 0.1360 0.1365 2.2120 2.2573 (L0295 0.0279  0.2803 0.9101 0.8356 0.1906




TABLE XVIII. E1 transition probabilities (s™!) for the odd-parity states with J=1 transitions to the ground state in Ne-like

given relative to the ground state. Comparison the present calculations and theoretical results from Refs. [8] - (a}, [9] - (b},
2] - (c}, [11] - (d), and [5] - (e). Designations: a[b]=a x 10°

2p3/2381/2(1)  2p1/23s1/2(1)}  2paja3dss2(1)  2psiadds2(1) 2piye3dasa(l)  281423piya(1)  2s1/23pssa(1)

2p3s ° Py 2p3s ' Py 2p3d ° P, 2p3d * Dy 2p3d 1 Py 2s3p * Py 253p TPy

Z=14  6.59{09] 3.39]10] 1.96[09] 8.26[10] 2.27111] 5.48]08] 4.71[10]
{a) 3.70109) 4.50[10] 6.04[08] 1.54{10] 3.48[11]

{d) 4.10[09] 3.69[10} 6.92[08] 2.33[10] 2.30[11} 9.54[07] 3.85[10]
Z=18  7.35[10] 1.64[11] 8.03[09] 2.52[11] 2.45[12] 4.44[09} 2.67[11}
(a) 8.41[10] 1.83[11] 4.80{09] 1.28[11] 3.00[12]

(d) 6.69[10] 1.62[11] 6.63709] 1.87[11] 2.37[12] 8.48[09] 4.85[11]
Z=19  1.19[11] 2.53(11) 2.26[10 4.40[11] 4.01[12] 6.08[10] 6.17[12]
(d) 1.19[11] 2.08[11] 1.04[1¢] 3.1311] 3.53[12] 1.61[10] 6.37[12)
Z=20  1.76{11] 2.76]11] 1.67[10] 6.10[11} 5.15[12] 4.37[10] 9.59{11]
{d) 1.63[11] 2.62[11] 1.59[10] 5.14[11} 4.98[12] 2.92]10] 8.4111]
Z=21  2.59[11} 3.57[11] 2.84[10] 9.83[11] 7.30112] 6.50{10] 1.13[12]
(d) 2.37[11} 3.23[11) 2.32[10) 8.27[11] 6.79]12] 5.14[10] 1.10[12]
Z=22  3.47[11] 4.08[11] 3.25(10) 1.43[12] 9.22[12] 1.05[11] 1.48[12]
(a) 3.13[11] 4.25[11] 2.33[10] 9.75[11] 1.08[13]

Z=26  9.76[11] 8.2811] 9.19{10] 6.33[12] 2.24[13] 4.51{11} 3.34[12]
(a) 8.49[11) 8.40[11] 8.86{10] 5.00[12] 2.59[13]

(b) 9.4411] 8.0111] 8.27[10] 5.68(12) 2.64]13] 3.66[11] 3.21[12]
{c) 9.09{11] 7.54[11] 7.77010] 5.23]12] 2.44[13]

Z=29  1.79{12] 1.33[12] 1.57[11] 1.56[13] 3.70[13] 1.10[12] 5.75[12]
{c) 1.62]12] 1.16[12] 1.34[11] 1.37[13] 4.02[13]

{e) 1.6[12] 1.212] 1.7[11] 1.6[13] 4.213} 1.1{12} 6.1[12]
Z=32  2.98[12] 2.07[12} 2.22[11] 3.25[13) 5.60[13] 2.26[12] 9.34[12]
(a) 2.36[12] 2.08[12} 1.63[11] 2.88[13] 6.45]13]

(€) 2.61[12] 1.71[12] 1.87[11] 2.99(13] 6.03[13}

(e) 2.9[12] 1.9012] 2.5[11] 3.4[13] 6.23[13} 2.3012] 9.8]12]
Z=34  4.04[12] 2.74[12] 2.50§11] 4.94[13] 7.15(13] 3.41[12] 1.26[13]
{c) 3.45{12] 2.18[12] 2.00]11] 4.6213] 7.66[13]

{e) 3.812] 2.5[12] 2.8[11] 5.2[13] 7.8{13] 3.5[12] 1.3[13]
Z=36  5.34[12] 3.58[12) 2.56[11] 7.15]13] 8.98[13] 4.93[12] 1.66[13]
{(a) 5.38[12] 3.91[12] 1.79[11) 6.55[13] 1.03[14]

(e) 5.012] 3.3[12] 2.9[11] 7.5[13] 9.7[13] 5.1[12] 1.7[13]
Z=37  6.09[12] 4.09[12] 2.47[11] 8.47[13] 1.00014] 5.85[12] 1.90[13]
(e) 5.8[12] 3.7[12] 2.8[11} 8.9]13] 1.1[14] 6.0[12] 2.0[13]
Z=38  6.92[12] 4.65[12] 2.30[11] 9.96[13] 1.11{14] 6.88[12] 2.16[13]
(€) 5.64[12] 3.43[12)] 1.85[11] 9.62[13] 1.18]14]

(e) 6.6[12] 4.3012) 2.6[11] 1.0[14] 1.2[14] 7.1[12] 2.2[13]
Z=42  1.11[13] 7.79[12] 9.3910] 1.77[14] 1.66[14] 1.23[13] 3.49[13]
{c) 8.54112] 5.29[12] 6.95]10] 1.74[14] 1.73[14]

{e) 1.1[13] 7.2[12] 1.1[11] 1.9[14] 1.8[14] 1.3{13] 3.6013]
Z=47  1.85[13] 1.57]13] 6.35[10} 3.20f14] 2.63[14] 2.23[13] 5.96[13]
(c) 1.33[13] 9.35[12] 4.84[10] 3.22[14] 2.69[14]

(e) 1.8[13] 1.5]13] 6.0710] 3.3[14] 2.7{14] 2.2]13] 6.1[13]
Z=50  2.46[13] 2.65[13] 1.76{12] 4.31[14] 3.42[14] 3.01[13] 7.95113}
(e) 2.4[18] 2.5[13) 2.1[12] 4.5[14) 3.6[14] 3.0[13] 8.1[13]
Z=60  5.65[13] 8.62[12] 1.09{15) 3.96[12} 7.67[14] 5.40[13] 1.82[14]
(e) 5.5[13] -2.4[12} 1.1{15] 9.9{13] 8.0[14} 4.9[13] 1.8[14]



2pay2381/2(1)  2P1/2381/2(1)  2ps/23dssa(1)  2pssp3ds,2(1) 2p1/23ds/a(1)  251/23p172(1)  2s1/23pasa(1)
2p3s P 2p3s *P; 2p3d °P; 2p3d ° Dy 2p3d 1 Py 2s3p > P: 2s3p 1Py
Z=67  9.46[13] 3.22[13] T.78[15] 2.03[13] 1.34]15] 2.36110] 292[14]
(e) 9.3[13] 1.7]13] 1.8]15] 3.6[13] 1.3[15] 47[13] 3.0[14]
Z=T4  1.53[14] 8.24/13] 2.75[15] 3.87[13] 7.35[14] 1.36[15] 4.39[14]
(@) 1.5]14] 9.1[13] 2.9[15) 3.3[13] 6.5[14] 1.5[15] £.4[14]
Z=82  2.56[14] 1.86{14] 4.26]15] 6.71113] 8.03[14] 2.53[15] 6.49[14]
(€) 2.5[14] 2.0[14] 4.4[15] 5.6[13] 7.8[14] 2.7(15] 6.5[14]
Z=92  4.70[14] 4.07]14] 6.89[15] 1.20[14] 1.27]15] 4.42115) 9.77[14]
(e) 4.7[14] 4.0[13] 7.2[15) 1.0[14] 1.2[15] 4.6[15] 9.5{14]




TABLE XIX. M1 transition probabilities (s™) for the even-parity states with J=1 transitions to the ground state in Ne-like
given relative to the ground state. Comparison the present calculations and theoretical results from Refs. [8] - (2), [9] - (b),
[12] - {¢), and [5] - (d). Designations: afbl=a x 10°

2ps/23p12{1) 2p3/23pa2(1) 2p1/23p32(1) 2pa1/23p1/2(1) 28172381/2(1) 251/23dg/2(1)
2p3p 25 2p3p °Ds 2p3p 1P 2p3p * Py 2535 °5: 2s3d °D;

26 2.04[03] 14103] 5.00[03] 2.04]05] 2.20[04] 2.72[03]
() 2.49[04] 2.24[04] 9.86[02] 8.23(04)

(b) 4.95[04] 5.94[04] 2.20[03] 1.99[05] 2.33[01 1.67-01]
(c) 5.04[04] 6.07[04] 2.19[03] 2.03[05]

29 8.50[05] 1.49702) 2.68[04] 6.77]03] 8.39[04] 1.09]04]
(c) 2.60[05] 1.77105] 1.89[03] 7.17j05]

(d) 2,404} 7.4]05] 7.6[03] 8.5(05] 7.7[05] 3.2/03]
32 2.87{06] 3.53[04] 9.62[04] 1.97[06] 2.79[05] 3.62[04]
(©) 1.06[06] 3.89[05] 1.39003] 2.19[06]

(d) 2.9[05] 1.806] 4.2[04] 2.6[06] 1.1[06] 1.0[03]
3 5.87[06] 2.01{05] 1.99[05] 3.79[06] 5.85[05] 7.47[04}
(c) 2.38[06] 5.93[05] 9.50[02] 4.32[06}

(d) 1.1[06] 2.7[06] 1.0{05] 5.0[06] 1.3[06] 6.8[02]
36 1.13[07] 7.13[05] 3.87[05] 7.024[06] 1.18[06] 1.47[05]
() 2.8[06] 3.6]06] 3.3[05] 8.6[06] 1.4[086] 5.9[03]
38 2.09[07] 1.98{06] 7.16[05] 1.26[07] 2.27(06] 2.76]05]
(©) 9.69[06] 1.15/06] 2.25[02] 4.91[07]

(d) 6.9(06] 4.5[06] 4.7]05) 1.6[07] 1.4[06] 2.7[04]
42 6.34]07] 1.00[07) 2.19{06] 3.74]07] 7.72[06] 8.81[05]
() 3.18[07] 1.90[06] 1.16j01] 451j07]

(@) 3.0[07] 4.806) 1.6[06] 4.6]06] 8.5[05] 1.8{05]
47 2.17[08] 4.87[07} 7.59]06] 1.27[08] 3.07(07) 3.21[06]
(c) 1.14[08] 3.17]06] 8.35[02] 1.55[08]

(d) 1.4/08] 1.8]05] 6.3[06] 1.3[08] 7.8[05] 9.7[05]
50 4.26[08] 1.09[08] 1.51[07] 2.50[08] 6.62[07] 6.51[06]
(d) 3.0{08] 3.2]08] 1.5[07] 2.6]08] 7.8]06] 2.4]06]
60 3.11[09] 9.94]08] 1.16[08] 1.80[09] 6.91[08] 5.22[07]
(d) 2.7[09] 4.7[08] 1.4[08] 1.6{09} 4.1{08] 2.4[07]
67 1.04{10] 3.53]09] 4.08[08] 5.09[09] 3.76[09] 1.85[08]
(@) 0.94]10] 2.6[09] 6.4[08] 6.4[09] 3.0[09] 0.99[08]
74 3.08[10] 1.08[10] 1.30[09] 1.49]07) 2.83[10] 5.88[08]
(@) 2.9[10] 1.0010] 2.0[09] 1.7107] 2.6[10] 3.6/08}
82 9.54[10] 3.33[10] 4.42{09] 1.01710] 8.62{10] 1.95[09]
(@ 9.4[10] 3.8[10] 6.2]09] 1.3710] 7.4[10] 1.4]09]
92 3.42[11] 1.17[11] 1.84[10] 6.29[10] 3.33(11) 6.86]09]
(@) 3.4111] 1.3[11] 2.8[10] 6.2[10] 3.1[11] 5.2[09]




TABLE XX. E2 transition probabilities (s~} for the even-parity states with J=2 transitions to the ground state in Ne-like
given relative to the ground state. Comparison the present calculations and theoretical results from Refs. [8] - {a), [9] - (b),
[12] (¢), and [5] - (d). Designations: a[b]=a x 10°

2pss23p1/2(2) 2p3/23p372(2) 2p1/23p3/2(2) 251/23d3/2(2) 251/23d5/2(2)
2p3p “ 2p3p ° P, 2p3p T D 253d *Ds 2s3d ‘D2

4 6.33705] 1.6506] 1.49]06] 5.41[04] 3.98[07]
- (a) 4.48[05] 2.28[06] 2.26{06]

18 1.20[07] 2.08[07] 2.50[07] 6.45[06] 6.57[08]

(2) 1.26[07] 2.48[07) 3.32[07]

22 1.0408] 1.26[08] 1.57[08] 2.01[07] 4.93[09]

(a) 1.02{08] 1.3808] 1.89[08]

26 4.62[08] 4.93[08] 5.90[08] 2.50[07] 1.05[10]

(a) 4.48[08] 5.28[08] 7.13[08]

(b) 5.28[08] 5.82[08] 6.64]08] 4.17[07] 1.02]10]

© 5.14[08] 5.66{08] 6.68{08]

29 1.14]09] 1.18j09} 1.38[09] 1.20[08] 2.28[10]

© 1.27[09] 1.33/09] 1.53[09]

(d) 1.109} 1.1[09] 1.2[09] 9.8[07] 1.9710]

32 2.50[09] 2.54[09] 2.92[09] 4.86[08] 4.58[10]

(a) 2.29[09] 2.5509] 3.55[09]

() 2.75[09] 2.64[09] 3.17[09]

(d) 2.4[09] 2.5[09)] 2.7[09] 4.0[08] 4.0[10]

34 3.99[09] 4.02[09] 4.58[09] 1.12[09] 7.00[10]

{c) 4.36[09] 4.47[09] 4.92[09]

() 3.9[09] 4.0(09] 4.2[09] 0.95[0] 9 6.2[10]

36 6.14[09] 6.16]09] 6.98[09] 2.43[09] 1.04[11]

(2) 5.38[09] 5.95[09] 8.53[09]

@) 6.0/09] 6.1[09] 6.3[09] 2.1[09] 0.94[11]

38 9.17[09] 9.16[09] 1.04[10] 4.94709] 151]11]

() 9.93[09] 1.01[10] 1.09[10]

(d) 9.0[09] 9.2[09] 0.94[10] 4.3[09] 14[11]

42 1.90[10} 1.89[16] 2.13[10] 1.75[10] 2.9611]

(©) 2.04[10] 2.06[10] 2.19]10]

(d) 1.9{10] 1.9{10] 1.9[10] 1.6{10] 2.7[11]

47 4.20[10] 4.16[10] 4.72[10] 6.56[10] 6.19[11]

) 4.48[10] £.54§10] 4.73[10]

(d) 4.210] 4.2[10] - 42710] 6.1[10] 5.7[11]

50 6.45[10] 6.38[10] 7.27]10} 1.29{11] 9.23011]

(@) 6.5710] 6.5[10] 8.5[10] 1.2[13] 8.6[11]

60 2.22011] 2.19{11} 2.56[11] 7.88[11] 2.95[12]

() 2.2]11] 2.2[11] 2.2[11] 7.6[11] 2.712)

74 8.75[11] 8.69[11] 1.06{12] 4.82[12] 1.16[13]

(@) 8.9[11] 8.911] 0.94]12] 4.8[12) 1.1[13]

82 1.67[12] 1.68[12) 2.10[12] 1.12[13] 2.36[13]

() L7]12] 1717 1712} 13[13] 2.2[13]

92 3.37[12] 3.46]12] 3.96[12] 3.33[13] 5.37[12]

(@ 3.4]12] 3.6[12] 3.7119] 2.7[13] 5.0[13]




TABLE XXI. M2 transition probabilities {s~*) for the odd-parity states with J=2 transitions to the ground state in Ne-like
given relative to the ground state. Comparison the present calculations and theoretical results from Refs. [13] - (a) and [5] -
(b). Designations: ab]=a x 10° )

2p3/2351/2(2) 2p3/23d5/2(2) 2p3/23d3,2(2) 2p1/23d3/2(2) 201 /23d5/2(2) 281/23D5/2(2)
235 Py 2p3d ° Py 2p3d °Fa 2p3d ' D- 2p3p Do 253p * P,

1z 5.016[00] 6-260[0T] 8.617[00] 1216[00] 3.465[00] 8.059[01]
(a) 7.72[01] 0.47300] 6.15[00] 3.30[00]
14 1.016{02] 2.124{03] 1.744[02] 2.297]02] 1.078-02} 2.143[02]
(a) 1.00[02]
18 2.900[03] 8.444[04] 7.840[03] 9.567[03] 5.205]00] 7.163]03]
() 2.89[03] 9.26]04] 2.45[03] 1.28[04] 2.45[01]
26 1.833[05] 5.560[06] 1.098]06] 3.688]05] 3.121(05) 7.403[05]
(a) 1.69[05] 6.34[08] 0.791[06] 4.39]05] 2.63[05]
29 5.604]05] 1.614[07] 4.422[06] 8.852[05] 1.574[06] 2.315[06]
{a) 5.13{05]
{b) 4.1{06) 1.2[07] 3.0]06] 6.7[03] 1.1[06] 2.0[06]
32 1.493[06] 3.880{07] 1.607[07] 1.912[06) 5.675(06] 6.371[06]
(2) 4.57]07] 1.26{07] 2.21[06] 5.32{06]
(b) 1.1]06] 3.0[07] 1.1]07] 1.5[06] 4.2[06] 5.8]06]
42 2.025[07] 1.547[08] 5.773[08} 1.776[07] 1.217]08] 9.617[07]
(=) 1.87[07]
(b) 1.7/07] 1.3{09] 4.7[08) 1.5[07] 1.0[08] 9.1[07]
50 1.030[08] 1.585[08] 3.450{09] 8.094]07] 7.186]08] 5.181(08]
(a) 1.76[08] 3.60[09] 9.05[07) 8.03(08]
(b) 0.90]08] 1.4]08] 3.0[09] 7.1[07] 6.4/08] 5.0{08]
60 5.605]08] 1.687[08] 1.824]10} 4.132[08] 4.294[09] 2.892[09]
@) 5.45]08]
(b) 5.1{08] 1.5[08] 1.6[10] 3.8[08] £.0[09] 2.9[09]
67 1.570{09] 1.844{08] 4.842]10] 1.129[09] 1.249(10] 8.034{09]
(a) 1.55[09] 1.92[08] 5.03[10] 1.23[09] 1.26[10]
(b) 1.4[09] 1.7[08] 4.4]10] 1.1[09] 1.2{10] 8.0[09]
74 4.002[09] 2.032[08] 1.153[11] 2.828[09] 3.266]10] 1.992[10]
(a) 2.13[08] 1.20[11] 3.04[09] 3.22[10]
(b) 3.8]09] 1.8]08} 1.1[11] 2.7109] 3.1[10]
82 1.059[10] 2.258[08] 2.803[11] 7.418[09] 8.895[10] 5.030[10]
@) 1.07[10] 2.41]08] 2.90[11] 7.69109)] 8.62[10]
(b) 1.0010] 2.3708] 2.6111] 7.2]09] 8.6{10] 5.2[10]
92 3.167[10] 2.520[08] 7.523[11] 2.197]10] 2.796[11] 1.289[11]
(a) 3.23[10] 2.79[08] 7.76[11] 2.34[10] 2.65[11]
(b) 3.1[10} 2.8[08] 7.0[11] 2.3{10] 2.6[11] 1.4[11]
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FIG. 21. Uncoupled matrix element for transition between 2ps /23d3/2(1) and ground state calculated in length and velocity
forms in Ne-like ions.

-
107 5 2p,,3p, (1)
@ ]
s 10°3
£ ]
2 -
2 ]
X L ]
© 10 3 -
E 3 L .
2 )
2 1x10™4 Z
8 3 o . 7 O
5 ] [ RF
i ] -~z @
= cL
1x10° 3 T Zan(z)
T T l' L] I T ' T l T ] E—
0 20 40 60 80 100

Nuclear charge Z

FIG. 22. 2ps;23p;/2(1) matrix elements for magnetic-dipole transition for Ne-like ions as function of Z



= 2p,,3p,,,(1) et s

2
" 10
E]
{ o
£
-3
3 10 2 -
©
= 1x10* d
& (1)
° —a—7 1
2 ix10® Ne
S / =
ol & R
Q .0’ —a—7 ]
S 10° 4 B
," —>—z @

- CL
= 7 @

107 BR

T Y T T T t T T T ¥ T d
0 20 40 60 80 100

Nuclear charge Z

FIG. 23. 2p3/23ps;2(1) matrix elements for magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 24. 2p;/23p1,2(1) matrix elements for magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 25. 2p;/23ps/2(1) matrix elements for magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 26. Line strengths for 2p3p *S; magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 27. Line strengths for 2p3p ®D; magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 28. Line strengths for 2p3p ' P, magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 29. Line strengths for 2p3p 3P; magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 30. Line strengths for 2s3s 3S; magnetic-dipole transition for Ne-like ions as function of Z
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FIG. 33. Oscillator strengths of electric dipole 2p3s **P; transitions for Ne-like ions as function of Z
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FIG. 35. Oscillator strengths of electric dipole 2s3p 1> P; transitions for Ne-like ions as function of Z
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FIG. 37. M1 transition probabilities for Ne-like ions as function of Z
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FIG. 38. E2 transition probabilities for Ne-like ions as function of Z
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