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X-Rays of Heavy Elements for Nanotechnological Applications: W and Pb Ions
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Heavy elements can absorb or emit hard X-rays and hence are commonly implemented in various high energy nanotech-
nological applications. The absorptin or emission occurs mainly through the 1s-2p (Kq) transitions, and the process
can be used as the source for production of radiation or electron in the applications. For enhanced productions of
electrons and photons in the nanobiomedical applications, investigations have focused on the K-shell ionization of the
atom or ion. This is because of the well-known rise in photoionization at the K-shell ionization threshold. However,
experimental investigations to find any evidence of this rise has not been successful. We have developed a new method
called Resonant Theranostics for biomedical applications, where we show that the energy for the rise is related to
1s-np, particularly to 1s-2p transitions which appear as resonances in the photoionization for heavy elements. The
energy for the 1s-2p transitions varies some with the ionic state of the element and gives a narrow band resonant
energy for the element. The strength of the process depends on the oscillator strength of the transitions. This report
will demonstrate these through illustrations of the resonant energy range and strengths of photoabsorption due to
K-alpha transitions using some elements, such as tungsten (W, Z=74) and lead (Pb, Z=82).

An X-ray photon can ionize a high-Z element by ejection of a K-shell electron. This will create a hole or vacancy which,
through the Auger process, will be filled out by an upper shell electron with emission of a photon. Such process at the
resonant energy can lead to Koster-Kronig cascade giving out a number of photons and electrons as the element goes
through various ionic states and can be modeled using the oscillator strengths. Such emissions are highly desirable in
radiation therapy application. Present illustrations will include electric dipole allowed transitions for nine ionic states,
from hydrogen to fluorine like ions. The 2p subshell is filled beyond fluorine. The number of trausitions in each ionic
state is different because of different number of 2p electrons. There are 2, 2, 6, 2, 14, 35, 35, 14 and 2 transitions in H-,
He-like, Li-like, Be-like, B-like, C-like, N-like, O-like, and F-like ions respectively, with a total of 112 Ko transitions for
each element to occur in the event of breaking of the ionic states, such as, due to Auger process. The K, transitions
are found to be in hard X-ray region of 57 - 63 keV (0.22 - 0.20 A) for W, and 71 - 80 keV (0.17 - 0.16 A) for lead.

Keywords: Heavy element K, transitions, Oscillator strengths; photoinization; Tungsten and Lead ions; Nanoparticles

and Cancerous Tumors

1. Introduction

Heavy elements are of great interest in many areas,
especially in biomedical and plasma applications. For
example, gold nanoparticles are used in radiation
therapy research. Gold is of particular interest since
it is (i) non-reactive to body tissue, (ii) absorb hard
X-rays that can have deeper tissue penetration, (iii)
the X-rays are transparent to biogenic elements, such
as, H, O, C, N, K, Fe. X-ray emissions from high-7Z
tungstén ions are useful for diagnostics of magnet-
ically confined high temperature tokamak plasmas.
Lead is one most known element for X-ray radiation
shielding in biomedical, space and various other ap-
plications. However, detail study to understand the
atomic properties of these ions has been very limited
and hence the properties are largely unknown.

2. Auger Process and Resonant
Theranostics

The present study on X-rays from heavy elements
was initiated through a program that focuses on

paradigm change from broad band to narrow band
radiation for less harmful radiation therapy treat-
ment. The new methodology Resonant Theranos-
tics (RT)*%%! proposes highly efficient treatment for
cancerous tumors with use of high-Z nanoparticles.
It employs resonant X-ray irradiation of the high-Z
materials embeded in the tunor for potential usage
as diagnostic and therapeutic (theranostics) agents.
Research on imice has found that X-rays interaction
with nanoparticles embedded in malignant tumors
results in more effective treatment than that with
direct irradiation.” X-rays interact more efficiently
with high-Z elements in the nanoparticles leading to
inner-shell ionization and producing Auger electrons
and photons. These emissions could play an impor-
tant role in destroying the surrounding malignant
cells. RT predicts enhanced production of electrons
at resonant energies and hence also seeks to create
narrow band monochromatic radiation at the reso-
nant energy which is described later.

The targeted monochromatic radiation should
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enhance absorption and be followed by emission of
electrons and photons from inner shells via Auger
process (Fig. 1). Ionization by X-ray photons (Ey)
(> K-shell ionization energy Ex) can initiate the
Auger process (Fig. 1(i)) where an inner shell elec-
tron vacancy is filled up by an upper shell electron
which gives out excess energy by emitting a photon.
This emitted photon can knock out another electron
in the upper shell. The two newly created electron
vacancies are filled up again by the higher orbital
electrons with emission of two photons (Fig. 1(ii)).
The process may continue to Coster-Kronig or Super-
Coster-Kronig cascades until the holes have reached
the outermost orbial.” Fig (iii) is the inverse of Auger
where an 1s electron can be excited to upper vacan-
cies in an external field. Resonant photo-excitation
from 1s — 2p (with L-shell vacancy) can occur by
an external monoenergetic X-ray souirce with an in-
tensity above the predicted critical fux’
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RT is based on the atomic properties of high-Z el-
ements. However, these properties of heavy elements
are largely unknown. Here we study the atomic tran-
sitions in W and Pb ions and predict the resonant
energy range and strengths for enhanced emission
of electrons and photons. K-shell ionization and K-
shell transitions of both these elements occur at suf-
ficiently high energies. We will illustrate that res-
onances are formed during X-ray interaction with
the high-Z particle through inner shell, such as 1s-
2p, transitions, and that these resonances represent
higher absorption coefficients k than at background,
including that at the K-shell ionization energy, by
orders of magnitude.

3. Atomic Processes and Parameters,
and Theoretical Approach

Interaction between an atomic species X+ of charge
z and a X-ray photon usually lead to two processes,
photo-excitation (inverse is de-excitation) and pho-
toionization (inverse is electron-ion recombination).
In photoexcitation an electron absorbs the photon
and jumps to a higher excited level,

XT +hy — X+

but remains bound with the ion. The asterisk (*)
denotes an excited state. Its strength is determined

by the oscillator strength (f). The atomic parame-
ter for de-excitation is the radiative decay rate or
Einsteins A-coefficient. In photoionization/ photo-
dissociation/ photo-electric effect an electron absorbs
a photon and exits to continuum:

Xt phy — Xttt L ¢

This direct ionization gives the background feature
of the process. Photoionization can occur via an in-
termediate doubly excited autoionizing state as given
below.

e+ X+ Al
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The autoionizing state can lead either to autoioniza-
tion (AI) when the electron goes free or dielectronic
recombination (DR) when a photon is emitted. The
inverse of DR is photoionization. The photoioniza-
tion cross section is designated by op;.

The atomic parameters are obtained from atomic
structure calculations or the R-matrix method. In
reletivistic Breit-Pauli approximation the Hamilto-
nian is written as (e.g.”)

HBP - HNR 4 fmass HDar + Hs°4

N

1
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where Hy g is the nonrelativistic Hamiltonian

N N
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and relativistic one-body terms are, the mass correc-
tion H™e® = — & %" 54 the Darwin term HPe" =
ey, Vv ('g) , and the spin-orbit interaction H*® =

[,_,—7?;;’:‘%] L S. The rest of the terms are two-body

. . . . ??
terms where the Breit interaction is”’

HB = Z[gij (SO + SOI) + g,-j(ss')] (4)

i>j
The Wave functions and energies are obtained
solving H¥ = EW¥ where E < 0 for bound states.
The transition matrix elements are obtained with
dipole operator D = . r;, where the sum is over all
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Fig. 1. i) Auger process, ii) Koster-Kronig cascade, iii) inverse of Auger process

electrons, which gives the generalized line strength
as,

2
N
S = <‘I’f er ‘I’i> (5)
j=1

The oscillator strength (fi;), radiative decay rate
(Aji), photoionization cross section (gp;), and mass
attenuation coefficient then can be expressed as fol-
lows

fij = [—”] S Aj(sec”) = |08032x 10102 |5
g 391 I 39_7
47720‘35! E'J GPI(I/; Ka)
opi(Ka v) = —ES k(v Ka) = ——uI'VA
(6)

where u is 1 amu=1.66054e-24 g and W, is atomic
weight.

The resonant structure in photoionization cross
sections due to a I{, transition can be obtained by
convolving the resonant cross sections over a normal-
ized Gaussian function ¢(v) as

opi(Ka)p(v) o(v) = m P [_2 zEAEQ}
(7)

4. Computations

The present energies and oscillator strengths for res-
onant 1s-2p transitions were obtained from configu-
ration interaction atomic structure calculations us-
ing Thomas-Fermi approximation as implemented in

the program SUPERSTRUCTURE (SS)."? The 1s-
2p transitions can occur for all ionic states of hydro-
gen like through fluorine like ions. States of each ion,
such as, H-, He-, Li-, Be-, B-, C-, N-, O-, and F-like,
were represented by a set of configurations as listed
in Table 1. The sets are similar to those used earlier
by Nahar et al” for gold ions. The later version of SS’
which includes relativistic effects in Breit-Pauli ap-
proximations discussed above was used for the com-
putations. Each set was optimized by inclusion of ad-
ditional configurations and changing the values of the
Thomas-Fermi parameters of the orbitals to obtain
the lowest energies and correct order of states ex-
pected for these ions. Number of configurations and
orbitals vary for each ions. The calculated f and A
values were then processed to obtain other parame-
ters using code PRCSS.”

5. X-ray Irradiation with
Bremsstrahlung and Monochromatic
Sources

In medical facilities, conventional machines use in-
tense and high energy broadband X-rays in ra-
diation therapy and diagnostics to ensure suffi-
cient tissue penetration. The radiation is emitted
as Bremsstrahlung radiation in the Roentgen X-ray
tube which is very much the same as the original
set-up. A beam of electrons is accelerated across
the potential difference between the cathode and
the anode, striking a high-Z target such as tungsten
(Z=74), producing characteristic Bremsstrahlung ra-
diation at all energies from zero to the peak value of



Table 1. Sets of configurations used in the atomic structure calculations for energies and oscillator strengths
of Kq trausitions in various ionic states, from H-like to F-like, of W and Pb. The configurations are numbered,

within parentheses, for convenience of identification.

H-like

1s(1), 2s(2), 2p(3), 3s(4), 3p(5), 3d(6), 4s(7), 4p(8), 4d(9), 4f(10)

He-like

1s2(1), 1s2s(2), 1s2p(3), 1s3s(4), 1s3p(3), 1s3d(6), lsds(7), 1sdp(8), 1s4d(9), 1s4f(10), 252(11),
2p?(12), 3s%(13), 3p2(14), 3d>(15), 2s2p(16), 2s3s(17), 2s3p(18), 2s3d(19), 2s4s(20),
2s4p(21), 2s4d(22), 2s4(23), 2p3s(24), 2p3p(25), 2p3d(26), 2p4s(27), 2p4dp(28)

Li-like

1s22s(1), 1s%2p(2), 1s23s(3), 1s23p(4), 1s23d(5), 1s°4s(6), 1s24p(7), 1s24d(8), 1s?4f(9), 1s2s(10),
18252p(11), 1s2s3s(12), 1s2s3p(13), 1s2s3d(14), 1s2sds(15), 1s2sdp(16), 1s2s4d(17), 1s2s4f(18),
1s2p3s(19), 1s2p3p(20), 1s2p3d(21), 1s2pds(22), 1s2pdp(23), 1s2p>(24), 1s3s2(25), 1s3p2(26),
1s3d2(27)

Be-like

1s22s%(1), 1s%2s2p(2), 1s22p?%(3), 1s22s3s(4), 1s22s3p(5), 1s22s3d(6), 1s22sds(7), 1s22s4p(8),
1s22s4d(9), 1s22s4f(10), 1s22p3s(11), 1s22p3p(12), Ls?2p3d(13), 1s?2pds(14), 1s22pdp(15),
1s22pdd(16), 1s22p4f(17), 1s22s5s(18), 1s22s5p(19), 152255d(20), 1s22s5f(21), 1s22s5g(22),
1s22p5s(23), 1s22p5p(24), 1s22p5d(25), 1s22p5£(26), 1s22p5g(27), 1s2s22p(28), 1s23s2(29),
1s23p2(30), 1s23d?(31)

B-like

1522522p(1),1s2252p2(2), 1s22p3(3), 1s22523s(4), 1s22s23p(5), 1s%2s23d(6), 1s22s2p3s(7),
1522s2p3p(8), 1s22s2p3d(9), 1522s24s(10), 1s22s2dp(11), 1s22524d(12), 1522s24f(13), 1522s2pds(14),
152252p4p(15), 1s22s2pdd(16), 1s22s3d2(17), 1s22p23s(18), 1s22p23p(19), 1s?2p?3d(20), 1s22p2ds(21),
1s22p24p(22), 1s2522p?(23), 1s2522p3p(24), 1s2522p3d(25)

C-like

1522522p? (1), 1s22s2p3(2), 1s22p(3), 1s22s22p3s(4), 1s22s22p3p(5), 1s22s22p3d(6),
1522522pds(7), 1s22522p4p(8), 15%2s22p4d(9), 1s22s22p4f(10), 1522s2p23s(11), 1522s2p23p(12),
1522s52p?3d(13), 1522s2p?ds(14), 1s22s2p24p(15), 1s22s2p24d(16), 1s2s22p3(17)

N-like

1522s%2p3(1), 1s22s2p1(2), 1s22s22p23s(3), 1s72522p23p(4), 1s22572p23d(5), 1s22522p24s(6),
1522s%22p24p(7), 1s225%2p24d(8), 1s22s22p24f(9), 1s22p®(10), 1s2252p33s(11), 152252p33p(12),
1522s2p33d(13), 1s2s22pt(14)

O-like

1s%2s5°2p (1), 15°2s2p°(2), 1s22p8(3), 1s?2522p°3s(d), 1s%2522p°3p(5), 15%2s22p33d(6),
1522s522p34s(7), 1s22522p34p(8), 1s22s22p34d(9), 1s22522p34f(10), 1s22s2p*3s(11), 1522s2p*3p(12),
1s2252p13d(13), 1s22s2p*ds(14), 1s22s2p*dp(15), 1s2252pi4d(16), 1s22s22p23s2(17), 1s2522p°(18)

F-like

15%2s%2p° (1), 1s22s2p0(2), 1s22s22p33s(3), 1s22s72p*3p(d), 1s22s22p*3d(5), 1s%2s%2pTds(6),
1s522s%2ptdp(7), 1s%2s22p*dd(8), 1s22s22p*4f(9), 1s2252p®3s(10), 1s22s2p>3p(11), 1s22s2p53d(12),
1522s2p%4ds(13), 1s22s2p%4p(14), 152252p54d(15), 1s2s22p5(16)

the potential denoted as KVp (peak voltage). X-ray
sources are typically two types, one up to 100-250
kVp, and the other, emiploying linear accelerators, up
to about 10-15 MVp. Exposure to wide wavelength
Bremstruhlung is not necessary for the treatment,
rather harmful to body tissue, as shown in Fig. 2.
While the low energy X-rays below few tens of KeV
are absorbed by tle tissue without any significant
penetration, high energy radiation passes through
without significant attenuation. Therefore, for both
the low energy and the high energy X-ray sources
it becomes necessary to increase radiation dosage to
high levels for diagnostics (imaging) or, even more
so, for therapy.

To avoid collateral damage Resonant Theranos-
tics”"? aims to generate and employ monochromatic
or narrow band radiation that spectroscopically cor-
respond to resonant transitions of the nanoparticles
doped in the tumor as shown in Fig. 3.

The advantage of monochromatic
over Bremsstrahlung radiation is that we may con-
trol and target specific features in X-ray photoion-
ization cross sections for maximal radiation absorp-
tion. Such spectroscopic radiation should be far more
efficient with reduced exposure. In addition, in con-
trast to broadband imaging, spectroscopy gives more
detailed microscopic and accurate information. One
particular technique to generate the targeted radia-
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Fig. 2. Over exposure of radiation in conventional radiation
therapy
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Fig. 3. Experimental set-up of RT.” At resonant energies,
fluorescent emission and electrons due to inner-shell ionization
following brief impact will breakup the DNA or destroy tumor
cells locally.
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tion is based on partial conversion of Bremsstahlung
radiation into monochromatic Ko energy according
to the following expression

[(Ka) « N(X) /

E>E g

E=E(kVp)
fB(E)ox(E)E (8)

where N(X) is number density of atoms of element X,
fB is the Bremsstahlung flux from an ordinary X-ray
source, and oy is the K-shell photoionization cross
section. It may be assumed, to a good approximation,
that each K-shell ionization leads to the production
of a K, photon. The K-fluorescence yield may be
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expressed as

AL - K)
ALK+ A(D) )

where A, and A, are the radiative and autoioniza-
tion decay rates respectively. It follows that all pho-
tons from the Bremsstrahlung source above the K-
shell ionization energy, with E > Ex, may be con-
verted into monochromatic K, radiation with high
efficiency. Moreover, such monochromatic deposition
of X-ray energy may be localized using high-Z ma-
terial, such as nanoparticles, embedded in cancerous
tumors.” Monte Carlo simulations using the Geant4
computational package have shown’ that the RT
scheme would enhance the rate of Auger processes
via Coster-Kronig and Super-Coster-Kronig branch-
ing transitions,” and result in significant production
of electron ejections and photon emission.

WK =

6. Results and Discussion

We present atomic parameters for all possible al-
lowed E1 fine structure transitions 1s? — 2p9, where
p <2 and ¢ < 6 of W and Pb ions, in the following
subsection. The resonances corresponding to these
transitions in photoionization, and attenuation coef-
ficients relevant to biomedical applications, are clis-
cussed in the next subsection.

6.1. 1s-2p K, Transitions of W and Pb
ions

Oscillator strength (f;;), line strength (S), radiative
decay rate Aj; in sec™!, and the corresponding cross
section (opy) for various resonant K, transitions for
all ionic states, from hydrogen to fluorine like, of tun-
sten and lead are presented in Table 2. The table
gives the symmetries (slp) with configuration num-
bers (ci and cj), the transition wavelength (wl)in A
and the energy E in KeV and individual level ener-
gies E; and Ej in Ry of transitional levels i and j.
The numbers within parentheses of the transitional
configurations C, and C; corresponds to configura-
tion numbers, that is, their positions in the set of
configurations used in the calculations (Table 1). For
an estimation of average stregnth of the transitions,
the LS multiplet values calculated from transitions
of same-spin multiplicity are also given. The last line
includes the total oscillator strength, cross section
(Megabarns), and absorption coefficient in cm?/g.
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The number of 1s-2p or K, transitions varies from
2 to 35 due to different number of electrons in 2p
subshell as the possible number of states formation
changes with them. There are 2, 2, 6, 2, 14, 35, 35, 14
and 2 K, transitions in H-like, He-like, Li-like, Be-
like, B-like, C-like, N-like, O-like, and F-like ions re-
spectively. These include both types of electric dipole
(E1) allowed transitions, same-spin multiplicity and
intercombination. Hence, in case of ionic breakdown
due to cascades of electron droppings and ejections
initiated by an Auger process, a total sum of 112 K,
transitions are possible to occur. Both tungsten and
lead ions have K, lines in the hard X-rays. They are
in the energy region of 57 - 63 keV (0.22 - 0.20 A)
for tunsten ions and 71 - 80 keV (0.17 - 0.16 A) for
lead iouns.

To the best of our knowledge these are the first
calculations for the K, transitions of these elements
and ions. While experimental data are available for
lonization edges of elements, excitation data are rare.
As sucl it is not possible to compare with exist-
ing values. For all ionic states, the states of the
ground configuration are found to be in the expected
right order, except the nitrogen like ions. The ex-
pected order of states of the ground configuration
of a nitrogen-like ion is 2522p3(*S°), 2522p3(2De),
and 25s?2p3(? P°). The present computation using SS’
yields the right order in LS coupling. However, rel-
ativistic Breit-Pauli calculations for fine structure
shifts the levels such that 2s5?2p3(2Dg ) lies lower
than the level 25%2p3(5¢ ). We expect N-like con-
figuration to be more sensitive to relativistic effects,
since it has a half-filled subshell, compared to other
ions. Hence not only relativistic effects, but also more
electron correlation are more sensitive than for other
ions with lesser number of active electrons in the 2p-
subshell. The Breit-Pauli Hamiltonian (Eq. 1) im-
plies that both the relativistic and electron correla-
tion effects are important in determining the energies
and transition probabilities. But while higher order
Breit-Pauli corrections may play a role, it is unlikely
that the order of levels would change from what is ob-
tained at lower Z, such as for N-like iron and other
similar ions. Since no other experimental or calcu-
lated values are avaialble, it is difficult to determine
the exact accuracy in the present results.

We expect that, with the exception of N-like W
and Pb, our results should be accurate to 5-15% for
energies, and 10-30% for radiative transition prob-

abilities of strong E1 transitions. However, we note
that there are 112 K-alpha transitions and many of
them are exceedingly weak. For those transitions the
uncertainty in transition probabilities would likely
be much higher, perhaps a factor of two or more.
The main purpose of the present work is to obtain
reasonably accurate values and line strengths to in-
dicate approximate positions of Ko resonance com-
plexes that may potentially participate in Auger pro-
cesses upon X-ray irradiation.

6.2. Energies and Strengths in
Resonant X-ray Photoionization

The excitation energies of 1s into the 2p lie above
the ionization limit of both W and Pb. Hence the
1s-2p transition arrays from H-like to F-like ioniza-
tion states of these ions correspond to autoionizing
resonances and appear as resonances in photoioniza-
tion cross sections. The background pliotoionizaton
cross section (opy) without any autoionizing reso-
nances clecreases monotonically with photon energy.
As the energy reaches the ionization energy of an in-
ner orbital or shell, the cross section shows a jump at
the energy, beyond which it decreases until the en-
ergy reaches to the next threshold energy of a deeper
inner shell.

The curves in Figs 1 and 2 are the background
mass absorption coefficient (k = op; m) of neutral
W and Pb.” The background structure of x is the
same as that of op; except the constant factor of
mass 1 ‘m. The rises Figs. 1 and 2 correspond to
enhancements in s at ionization thresholds of elec-
tronic shells K, L and M (pointed out by arrows).
The rise at K-shell ionization energy Eg, ~70 keV
for W and ~88 keV for lead, are 10.8 cm? /g and 7.32
cm?/g respectively, much smaller in magnitude com-
pared to the low energy cross sections. E ¢ has been
the focus of experiments but without success to see
the rise. The reason is the low magnitude of the K-
shell ionization rise and hence lower probability for
ionization.

The enhanced emission of electrons can occur
through the autoionizing resonances due to 1s-2p
transitions. The figures show the these resonances
in all hydrogen to fluorine ionic states lying below
the K-shell ionization edge for W and Pb in the en-
ergy ranges 57 - 63 keV and 71 - 80 keV respectively.
It is clear that the peaks of these resonances are far
higher, differing by orders of magnitucle, than the
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Fig. 4. Absorption coefficient & of tunsten (W). Various rises
correspond to enhancements in ionization at K, L, M (sub)-
shells energies: Ey, Er, Ea;. The predicted Ko resonant
structure in the energy range of 0.057 - 0.063 MeV is orders
of magnitude higher that that at K-shell ionization edge.

jump at the K-shell edge. The physical consequence
is that the X-ray photoabsorption probability over
the spread of the k, resonances is considerably higher
than at the K-shell ionization edge. Such an absorp-
tion of radiation should lead to Auger processes, and
possible cascade of Coster-Kronig and Super-Coster-
Kronig transitions, resulting in enhanced emission of
electrons and photons.

7. Conclusion

Energies and transition strengths of K, transitions
are presented for all ionic states from hydrogen to
fluorine-like of two high-Z elements W and Pb. The
transition strengths have been converted into cross
sections to illustrate that these represent strong res-
onances with much higher probability of ionization
than at the K-shell ionization threshold. Hence these
resonant energies could be the focus for potential
biomedical applications using monochromatic X-ray
sotrces.
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shells energies: Ex, Er, Ear. The predicted Ko resonant
structure in the energy range of 0.071 - 0.080 MeV is orders
of magnitude higher that that at K-shell ionization edge.
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Table 2. Oscillator strength (f;;). line strengths (S), radiative decay rate (Aj), and cross
for 1s-2p K, transitions in W and Pb ions.

section opy

W lons
Z Ne slpc:ii slpe:;j gi gj wi(A) E(Kev) Ei(Ry) Ej(Ry) Hj S Aji(s-1)  api(Mb)
H-like: Ci( 1)=L1s, C;( 3)=2p
74 1 28el1 2Po3 2 2 0.208 59.608 0.00 4390.69 1.03E-01 1.41E-04 1.60E+16 8.34E-01
74 1 28el 2Po3 2 4 0.203 61.076 0.00 4497.81 2.03E-01 2.71E-04 1.65E+16 1.64E+00
LS 4462.10 60.710 0.00 44G2.10 3.07E-01 4.13E-04 1.64E+16 2.48E+00
Total:No of trans= 2 Ekev= 60.710 f,CS,Absrp cf= 3.07E-01 2.47E400 8.11E+403
He-like: C;( 1)=1sls , C;( 3)= 1s2p
74 2 1Sel 1Po3 1 3 0.206 60.187 0.00 4433.95 4.14E-01 2.80E-04 2.18E+16 3.34E400
74 2 1Sel 3Po3 1 3 0.21 58.760 0.00 4328.91 1.92E-01 1.33E-04 9.64E+15 1.55E+00
LS 4433.95 60.327 0.00 4433.95 4.14E-01 2.80E-04 2.18E+16 3.34dE+00
Total:No of trans= 2 Ekev= 60.327 f,CS,Absrp cf= G6.06E-01 4.89E+00 1.60E+404
Li-like: C;( 1)=1s1s2s , C;(11)= 1s2s2p
74 3 28el 2Poll 2 2 0.209 59.323 0.00 4358.21 5.33E-02 7.34E-05 8.13E+415 4.30E-01
74 3 2Se1 2Poll 2 4 0.206 60.187 0.00 4427.22 1.91E-01 2.58E-04 1.50E+16 1.54E+00
74 3 2Sel 2Poll 2 2 0.206 60.187 0.00 4430.65 1.30E-01 1.75E-04 2.04E416 1.04E+00
74 3 2Sel 2Poll 2 4 0.204 60.777 0.00 4458.68 8.48K-02 1.14E-04 6.77E+15 6.84E-01
74 3 28el 4Poll 2 2 0.21 58.760 0.00 4321.92 1.46E-02 2.03E-05 2.20E+15 1.18E-01
74 3 2Sel 4Poll 2 4 0.21 58.760 0.00 4325.32 1.20E-01 1.66E-04 8.98E+15 9.64E-01
LS 4426.77 60.2290 0.00 4426.77 4.58E-01 6.21E-04 2.40E+16 3.70E+400
Total:No of trans= 6 Ekev= 60.229 f,CS,Absrp cf= 5.92E-01 4.78E400 1.56E404
Be-like: C;( 1)=1s1s2s2s , C;(28)= 1s252s2p
74 4 1Se 1l 1Po28 1 3 0.206 60.187 0.00 4429.21 3.63E-01 2.46E-04 1.91E+16 2.93E+00
74 4 1Sel 3Po28 1 3 0.21 - 59.040 0.00 4336.76 1.69E-01 1.17E-04 8.50E+15 1.36E+00
LS 4429.21 60.263 0.00 4429.21 3.63E-01 2.46E-04 1.91E4+16 2.93E+00
Total:No of trans= 2 Ekev= 60.263 f,CS,Absrp cf= 5.32E-01 4.29E4+00 1.40E+404
B-like: C;( 1)=1sls2s2s2p , C;(22)= 1s252s2p2p
74 5 2Po 1 2De22 2 4 0.206 60.187 0.00 4416.09 4.91E-04 6.67E-07 3.84E+13 3.96E-03
74 5 2Pol 2De22 4 4 0.211 58.760 95.73  4416.09 1.96E-02 5.45E-05 2.94E415 1.58E-01
74 5 2Pol 2De22 4 6 0.211 58.760 95.73 4418.99 9.54E-02 2.65E-04 9.55E+15 7.69E-01
74 5 2Po1 2Pe22 2 2 0.206 60.187 0.00 4419.97 1.30E-01 1.76E-04 2.04E+16 1.05E+00
74 5 2Po 1 2Pe22 4 2 0.211 58.760 95.73 4419.97 3.18E-02 8.82E-05 9.55E+15 2.56E-01
74 5 2Po 1l 2Pe22 2 4 0.202 61.378 0.00 4515.88 1.71E-05 2.28E-08 1.40E+12 1.38E-04
74 5 2Po1l 2Pe22 4 4 0.206 60.187 95.73 4515.88 1.87E-01 5.08E-04 2.94E+16 1.51E+00
74 5 2Po 1 2Se22 2 2 0.202 61.378 0.00 4517.82 1.30E-05 1.73E-08 2.13E+412 1.05E-04
74 5 2Po 1 2Se22 4 2 0.206 60.187 95.73 4517.82 4.59E-02 1.25BE-04 1.44E+16 3.70E-01
74 5 2Pol 4Pe22 2 2 0.21 58.760 0.00 4325.37 8.88E-02 1.23E-04 1.34E416 7.16E-01
74 5 2Po 1l 4Pe22 4 2 0.21 57.667 95.73  4325.37 6.73E-05 1.91E-07 1.93E+13 5.42E-04
74 5 2Pol 4Pe22 2 4 0.21 60.187 0.00 4421.30 2.46E-01 3.34E-04 1.93E+416 1.98E400
74 5 2Po1 4Pe22 4 4 0.21 58.760 95.73  4421.30 4.30E-02 1.19E-04 G.46E+415 3.47E-01
74 5 2Pot 4Pe22 4 6 0.21 60.187 95.73  4512.22 4.93E-02 1.34E-04 5.15E+415 3.97E-01
LS 4388.98 59.715 68.38 4457.36 2.97E-01 1.22E-03 2.75E+16 2.39E+00
Total:No of trans= 14 Ekev= 59.715 f,CS,Absrp cf= 9.37E-01 7.56E4+00 2.48E+404
C-like: C;( 1)=1s1s2s2s2p2p , C;(17)= 152s2s2p2p2p
74 6 3Pel 3Pol7 3 5 0.210 59.040 94.20 4424.11 6.98E-02 1.45E-04 6.31E+15 5.63E-01
74 6 3Pel 3Poi7 5 5 0.215 57.667 191.83 4424.11 2.67E-05 9.46E-08 3.84E+12 2.15E-04
74 6 3Pel 3Pol7 1 3 0.206 60.187 0.00 4427.07 3.55E-01 2.40E-04 1.86E+16 2.86E+00
74 6 3Pel 3Pol7T 3 3 0.210 59.040 94.20 4427.07 1.42E-02 2.95E-05 2.14E+15 1.15E-01
74 6 3Pe1l 3Pol7 5 3 0.215 57.667 191.83 4427.07 2.99E-05 1.06E-07 7.18E+12 2.41E-04
74 6 3Pel 3Dol7 5 7 0.211 58.760 191.83 4514.27 8.18E-02 2.84E-04 B8.76E-+15 6.59E-01
74 6 3Pel 3S017 1 3 0.202 61.378 0.00 4515.37 3.24E-05 2.16E-08 1.77E+412 2.62E-04
74 6 3Pel 3Sol7 3 3 0.206 60.187 94.20 4515.37 1.50E-01 3.06E-04 2.36E+16 1.21E+00
74 6 3Pel 3Sol7 5 3 0.211 58.760 191.83 4515.37 3.45E-02 1.20E-04 B8.64E+15 2.78E-01
71 6 1Del 1Dol7 5 5 0.206 60.187 96.26  4517.19 1.63E-01 5.53E-04 2.56E+16 1.31E+00
74°6  3Pe! 3Pol7 3 1 0.206 60.187 94.20 4517.26 2.91E-02 5.92E-05 1.37TE+16 2.35E-01
74 6 1Del 1Pol7 5 3 0.206 60.187 96.26  4518.69 4.55E-02 1.54E-04 1.19E+16 3.67E-01
74 6 1Sel 1Pol7 1 3 0.211 58.760 195.83 4518.69 1.74E-01 1.21E-04 8.70E+15 1.40E+00
74 6 3Pel 3Dol7 3 5 0.202 61.378 94.20 4605.41 1.23E-07 2.46E-10 1.21E+10 9.93E-07
74 6 3Pel 3Dol7 5 5 0.206 60.187 191.83 4605.41 9.29E-02 3.16E-04 {.45E+16 7.49E-01
74 6 3Pel 3Dol7 1 3 0.198 62.618 0.00 4608.21 1.26E-07 8.21E-11 7.17E409 1.02E-06
74 6 3Pel 3Dol7 3 3 0.202 61.378 94.20 4608.21 1.98E-05 3.95E-08 3.24E+12 1.60E-04
74 6 3Pel 3Dol7 5 3 0.206 60.187 191.83 4608.21 8.94E-02 3.03E-04 2.33E+16 7.21E-01
74 6 1Del 3Pol7 5 5 0.21 58.760 96.26  4424.11 3.95E-02 1.37E-04 5.94E+15 3.18E-01
74 6 1Del 3Pol7 5 3 0.21 59.040 96.26  4427.07 4.16E-02 1.44E-04 1.04E+16 3.35E-01
74 6 1Sel 3Pol7 1 3 0.21 57.667 195.83 4427.07 3.77E-05 2.67E-08 1.81E+12 3.04E-04
74 6 3Pel 5S0i7 3 5 0.21 60.187 94.20 4511.02 5.06E-02 1.03E-04 4.76E+15 4.08E-01
74 6 1De 1 5S0i7 5 5 0.21 60.187 96.26 4511.02 1.97E-03 6.71E-06 3.09E+14 1.59E-02
74 6 3Pel 5S0i7 5 5 0.21 58.760 191.83 4511.02 1.98E-02 6.87E-05 2.96E+15 1.50E-01
74 6 1Del 3Dol7 5 7 0.21 60.187 96.26  4514.27 4.33E-02 1.47E-04 4.85E+15 3.49E-01
74 6 1Del 3Sol7 5 3 0.21 60.187 96.26  4515.37 1.88E-02 6.38E-05 4.91E+15 1.52E-01
74 6 1Sel 3Sol7 1 3 0.21 58.760 195.83 4515.37 5.15E-08 3.58E-11 2.57E409 4.15E-07
74 6 3Pel 1Dol7 3 5 0.21 60.187 94.20 4517.19 2.54E-02 5.17E-05 2.40E+15 2.05E-01
74 6 3Pel 1Doi7 5 5 0.21 58.760 191.83 4517.19 3.82E-02 1.33E-04 5.75E+15 3.08E-01
74 6 3Pel 1Pol7 1 3 0.20 61.378 0.00 4518.69 2.31E-05 1.54E-08 1.26E+12 1.87E-04




Table 2 continues

7 Ne slpci sipe  giogj wi(A) E(l<ev) Ei(Ry) Ej(Ry) fj S Aji(s-1)  opr(Mb)
74 6 3Pel 1Pol7 3 3 0.21 G0.187 0120 4518.00 1.35B-02 2.74E-05 2.12E+15 1.09E-01
74 6 3Pel 1Pol7 5 3 0.21 58.760 101.83 1518.69 6.89E-06 2.39E-08 1.73E+12 5.56E-05
74 6 1Del 3Dol7 5 5 0.20 61.378 06.26 4605.41 9.50E-06 3.16E-08 1.55E+12 7.66E-05
74 6 1Del 3Dol7 5 3 0.20 61.378 06.26 4608.21 4.99E-08 1.66E-10 1.36E+10 4.03E-07
74 6 1Sel 3Doi7 1 3 0.21 59.806 105.83 4608.21 1.86E-01 1.27E-04 9.71E+15 1.50E+00
LS 1377.30 59.556 138.85 4516.16 4.27E-01 2.63E-03 6.57TE+16 3.44E+00
Total:No of trans= 35 Ekev= 59.556 f,CS,Absrp cf= 1.78E+4+00 1.43E+401 4.70E4+04
N-Tike: C,( 1)=1s152s2s2p2p2p , C;(14)= 1s252s2p2p2p2p
74 7 4So 1 4Peld 4 6 0.211 58.760 92.60 4109.54 6.79E-02 1.B9E-04 6.77E+15 5.47E-01
74 7 2Dol 2Peld 4 4 0.206 60.187 0.00 4413.12 1.75E-01 4.76E-04 2.74E+16 1.41E+00
74 7 2Dol 2Peld 6 4 0.211 58.760 95.28 41413.12 4.46E-02 1.86E-04 1.00E+16 3.60E-01
74 7 2Po1l 2Peld 2 4 0.211 58.760 98.18 4413.12 3.3dE-06 4.65E-09 2.50E+11 2.70E-05
74 7 2Pol 2Peld 4 4 0.216 57.400 191.33 4413.12 4.33E-05 1.23E-07 6.20E+12 3.49E-04
74 7 2Po 1l 28eld4 2 2 0.21il 58.760 08.18 4414.89 8.31E-02 1.16E-04 1.24E+16 6.70E-01
74 7 2Pol 2Seld 4 2 0216 57.400 191.33 4414.89 1.52E-05 4.31E-08 4.35E+12 1.22E-04
74 7 4So1 4Peld 4 4 0.207 59.806 02.69 4498.33 8.49E-02 2.31E-04 1.32E+16 6.84E-01
74 7 2Do1 2Deld 4 6 0.202 61.378 0.00 4501.11 2.40E-06 6.39E-09 2.60E+411 1.93E-05
74 7 2Do1l 2Deld 6 6 0.207 50.806 05.28 4501.11 8.50E-02 3.47E-04 1.33E+16 6.86E-01
74 7 2Pol 2Deld 4 6 0.211 58.760 191.33 4501.11 8.84E-02 2.46E-04 8.79E+15 7.13E-01
74 7 2Do1 2Peld 4 2 0.202 61.378 0.00 4501.89 1.66E-06 4.42E-09 5.40E+11 1.34E-05
74 7 2Pol 2Peld 2 2 0.207 59.806 08.18 4501.89 6.30E-02 8.59E-05 9.82E+15 5.08E-01
74 7 2Pol 2Peld 4 2 0.211 58.760 101.33 4501.80 2.88E-02 8.01E-05 8.59E+15 2.32E-01
74 7 2Do 1 2Deld 4 4 0.202 61.378 0.00 4503.26 1.54E-05 4.10E-08 2.51E+12 1.24E-04
74 7 2Do 1l 2Deld 6 4 0.207 50.806 05.28 4503.26 9.12E-02 3.72E-04 2.13E+16 7.35E-01
74 7 2Pol 2Deld 2 4 0.207 50.806 08.18 4503.26 1.19E-01 1.63E-04 9.30E+15 9.63E-01
74 7 2Po1l 2Deld 4 4 0.211 58.760 191.33 4503.26 4.06E-02 1.13E-04 6.06E+15 3.27E-01
74 7 4So1 4Peld 4 2 0.203 61.076 92.60 4592.14 8.43E-06 2.25E-08 2.74E412 6.79E-05
74 7 2Do1l 4Peld 4 6 0.21 59.896 0.00 4400.54 4.60E-02 1.25E-04 4.79E+15 3.71E-01
74 7 2Do1l d4Peld 6 6 0.21 58.760 905.28 4409.54 3.71E-02 1.55E-04 5.55E+15 2.99E-01
74 7 2Pol d4Pel4 4 6 0.22 57.400 191.33 4409.54 9.37E-06 2.67E-08 8.93E+11 7.55E-05
74 7 4So1 2Peld 4 4 0.21 58.760 92.69 d4413.12 1.78E-02 4.96E-05 2.68E+15 1.44E-01
74 7 2Do1l 28eld 4 2 0.21 60.187 0.00 4414.89 4.33E-02 1.18E-04 1.36E+16 3.49E-01
74 7 4So1 2Seld 4 2 0.21 58.760 92.69 4414.89 2.53E-06 7.03E-09 7.G0E+11 2.04E-05
74 7 2Do 1 4Peld 4 4 0.20 61.076 0.00 4498.33 9.80E-06 2.64E-08 1.61E+12 7.97E-05
74 7 2Do 1 4Peld 6 4 0.21 50.806 05.28 4498.33 4.61E-03 1.88E-05 1.08E+15 3.71E-02
74 7 2Pol 4Peld 2 4 0.21 59.806 08.18 4498.33 2.42E-04 3.30E-07 1.88E+13 1.95E-03
74 7 2Po1 4Peld 4 4 0.21 58.483 191.33 4498.33 1.85E-02 5.15E-05 2.75E+15 1.49E-01
74 7 4So1 2Deld 4 6 0.21 50.806 02.60 4501.11 8.36E-03 2.28E-05 8.70E+14 6.74E-02
74 7 4So1 2Peld 4 2 0.21 59.806 92.69 4501.89 7.19E-02 1.96E-04 2.25E+16 5.80E-01
74 7 4So1 2Deld 4 4 0.21 50.806 92.69 4503.26 1.08E-02 2.93B-05 1.68E+15 8.67E-02
74 7 2Do 1 4Peld 4 2 0.20 62.618 0.00 4592.14 3.27E-08 8.54E-11 1.11E410 2.64E-07
74 7 2P0l d4Peld 2 2 0.20 61.076 08.18 4592.14 1.07E-05 1.42E-08 1.73E+12 8.60E-05
74 7 2Po1 4Peld 4 2 0.21 59.806 191.33 4592.14 9.08E-02 2.48E-04 2.83E+16 7.32E-01
LS 4371.52 59.478 100.53 4472.05 9.49E-01 2.G0E-03 4.85E+16 7.65E400
Total:No of trans= 35 Ekev= 59.478 f,CS,Absrp cf= 1.32E4+00 1.07E401 3.49E404
O-Tike: C;( 1)=1s1s2s252p2p2p2p , C, (18)= 1s2s2s2p2p2p2p2p
74 8 3Pel 3Pol8 5 5 0.207 59.806 0.00 4411.16 8.59E-02 2.92E-04 1.34E4+16 6.92E-01
74 8 3Pel 3Pol8 3 5 0.211 58.760 901.66 4411.16 6.89E-02 1.44E-04 6.20E+15 5.56E-01
74 8 1Se1 1Pol8 1 3 0.207 59.896 3.86 4413.86 1.72E-01 1.17E-04 8.94E+15 1.38E+00
74 8 1Del 1Pol8 5 3 0.211 58.760 03.73 4413.86 4.07E-02 1.41E-04 1.02E+16 3.29E-01
74 8 3Pel 3Pol8 3 1 0.207 59.896 91.66 4497.32 5.63E-02 1.15E-04 2.64E+16 4.54E-01
74 8 3Pel 3Pol8 5 3 0.203 61.076 0.00 4498.74 6.51E-06 2.17E-08 1.76E+12 5.25E-05
74 8 3Pel 3Pol8 3 3 0.207 59.806 91.66 4498.74 2.73E-02 5.57E-05 4.25E+4+15 2.20E-01
74 8 3Pel 3Pol8 1 3 0.211 58.760 186.88 4498.74 1.71E-01 1.19E-04 8.52E+15 1.38E+00
74 8 1Del 3Po18 5 5 0.21 58.760 03.73 d4411.16 3.95E-02 1.37E-04 5.92E+15 3.19E-01
74 8 3Pel 1Pol8 5 3 0.21 60.187 0.00 4413.86 8.26E-02 2.81E-04 2.15E+16 6.66E-0l
74 8 3Pel 1Pol8 3 3 0.21 58.760 01.66 4413.86 1.47E-02 3.06E-05 2.20E+15 1.18E-01
74 8 3Pel 1Pol8 1 3 0.22 57.400 186.88 4413.86 4.99E-05 3.54E-08 2.39E+12 4.03E-04
74 8 1Sel 3Pol8 1 3 0.20 61.076 3.86 4498.74 2.17E-05 1.45E-08 1.17E+12 1.75E-04
74 8 1Del 3Pol8 5 3 0.21 59.806 03.73 4498.74 8.76E-02 2.98E-04 2.28E+16 7.07E-01
LS 4388.32 59.706 57.09 4445.41 1.60E-01 9.84E-04 2.47E+16 1.29E400
Total:No of trans= 14 Ekev= 59.706 f,CS,Absrp cf= 8.47E-01 6.83E4+00 2.24E+01
F-like: C;( 1)=1s1525252p2p2p2p2p , C,;(16)= 1s2s2s2p2p2p2p2p2p
74 9 92Pol 2Sel6 4 2 0.207 59.896 0.00 4395.04 8.72E-02 2.38E-04 2.70E+16 7.03E-01
74 9 2Po1l 2Sel6 2 2 0.212 58.483 93.83 4395.04 B8.56E-02 1.19E-04 1.27E+16 6.90E-01
LS 4363.76 59.372 31.28  4395.04 8.67E-02 3.57E-04 3.98E+16 6.99E-01
Total:No of trans= 2 Ekev= 59.372 f,CS.Absrp cf= 1.73E-01 1.30E+00 4.56E+03
Pb lons
H-like: C;( 1)=1s, C;( 3)=2p
82 1 2Sel 2Po3 2 2 0.166 74.689 0.00 5473.80 9.53E-02 1.04E-04 2.29E+16 T7.68E-01
82 1 2Sel 2Po3 2 4 0.162 76.533 0.00 5637.52 1.88E-01 2.00E-04 2.40E+16 1.52E+00
LS 5582.95 75.960 0.00 5582.95 2.83E-01 3.04E-04 2.36E+16 2.28E+00
Total:No of trans= 2 Ekev= 75.960 f,CS,Absrp cf= 2.83E-01 2.28E4+00 6.64E403
He-like: C;( 1)=1sls , C;( 3)= 1s2p
82 2 1Sel 1Po3 1 3 0.164 75.600 0.00 5564.56 3.80E-01 2.05E-04 3.15E+16 3.06E+00
82 2 1Sel 3Po3 1 3 0.17 73.363 0.00 5404.28 1.80E-01 1.00E-04 1.41E+16 1.45E400
LS 5564.56 75.710 0.00 5564.56 3.80E-01 2.05E-04 3.15E+16 3.06E+00
Total:No of trans= 2 Ekev= 75.710 f,CS,Absrp cf= 5.60E-01 4.52E+00 1.31E40:1
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Table 2 continues

Z Ne slpci slpe:j gi gj wli(A) E(Kev) Ei(Ry) Ej(Ry) £ S Aji(s-1)  opr(Mb)
Li-like: C;( 1)=1s1s2s , C;(11)= 1s2s2p
82 3 28el 2Poll 2 2 0.167 74.242  0.00 5461.71 4.84E-02 5.32E-05 1.16E+416 3.90E-01
82 3 2S5el 2Poll 2 4 0.164 75.600 0.00 5559.44 1.67E-01 1.81E-04 2.08E+16 1.35E4-00
82 3 2Sel 2Poll 2 2 0.164 75.600 0.00 5563.29 1.19E-01 1.28E-04 "2.96E416 9.59E-01
82 3 28e1l 2Poll 2 4 0.162 76.533 0.00 5614.98 8.25E-02 8.82E-05 1.04E416 6.66E-01
82 3 28el 4Poll 2 2 0.17 73.363 0.00 5400.89 1.38E-02 1.53E-05 3.23E+415 1.11E-01
82 3 2Sel 4Poll 2 4 0.17 73.363 0.00 5404.75 1.13E-01 1.25E-04 1.32E+416 9.07E-01
LS 5562.31 75.679 0.00 5562.31 4.17E-01 4.50E-04 3.46E+16 3.37TE+00
Total:No of trans= 6 Ekev= 75.679 f,CS,Absrp cf= 5.44E-01 4.38E4-00 1.27E4-04
Be-like: C;( 1)=1s1s2s2s ", C;(28)= 1s2s2s2p
82 4 1Sel 1Po28 1 3 0.164 75.600 1.68 5569.31 3.28E-01 1.77E-04 2.72E+16 2.64E+00
82 4 1Se1l 3Po28 1 3 0.17 73.800 1.68 5429.30 1.57E-01 8.68E-05 1.24E+16 1.27E+00
LS 5567.62 75.751 1.68 5569.31 3.28E-01 1.77E-04 2.72E+16 2.64E+00
Total:No of trans= 2 Ekev= 75.751 f,CS,Absrp cf= 4.85E-01 3.91E400 1.14E404
B-like: C;( 1)=1s1s2s2s2p , C;{22)= 1s2s2s2p2p
82 5 2Pol 2De22 2 4 0.164 75.600 0.00 5552.01 4.62E-04 5.00E-07 5.72E+413 3.73E-03
82 5 2Po1l 2De22 4 4 0.169 73.363 147.67 5552.01 1.90E-02 4.22E-05 4.46E+15 1.53E-01
82 5 2Pol 2De22 4 6 0.169 73.363 147.67 5555.26 9.06E-02 2.01E-04 1.42E+16 7.31E-01
82 5 2Po1l 2Pe22 2 2 0.164 75.600 0.00 5556.27 1.18E-01 1.27E-04 2.92E416 9.50E-01
82 5 2P0l 2Pe22 4 2 0.168 73.800 147.67 5556.27 3.02E-02 6.70E-05 1.42E+16 2.44E-01
82 5 2Pol 2Pe22 2 4 0.160 77.490 0.00 5703.30 8.80E-06 9.26E-09 1.15E+412 7.10E-05
82 5 2Pol1 2Pe22 4 4 0.164 75.600 147.67 5703.30 1.71E-01 3.70E-04 4.25E+16 1.38E+00
82 5 2Pol 28e22 2 2 0.160 77.490 0.00 5705.47 9.37E-06 9.85E-09 245E+12 7.56E-05
82 5 2Po1l 2Se22 4 2 0.164 75.600 147.67 5705.47 4.20E-02 9.08E-05 2.09E+16 3.39E-01
82 5 2Pol 4Pe22 2 2 0.17 73.800 0.00 5410.92 8.42E-02 9.33E-05 1.98E+16 6.79E-01
82 5 2Pol 4Pe22 4 2 0.17 71.667 147.67 5110.92 9.34E-05 2.13E-07 1.16E+13 7.53E-04
82 5 2Po1l 4Pe22 2 4 0.16 75.600 0.00 5557.78 2.26E-01 2.44E-04 281E+16 1.82E+00
82 5 2Pol 4Pe22 4 4 0.17 73.800 147.67 5557.78 4.08E-02 9.05E-05 9.59E+15 3.29E-01
82 5 2Pol 4Pe22 4 6 0.16 75.600 147.67 5699.25 4.45E-02 9.62E-05 7.34E+15 3.59E-01
LS 5508.55 74.948 105.48 5614.03 2.75E-01 8.99E-04 4.02E+16 2.22E+00
Total:No of trans= 14 Ekev= 74.948 f,CS,Absrp cf= 8.67E-01 6.99E400 2.03E404
C-like: C.( 1)=1s1s2s2s2p2p , C,(17)= 1s2s2s2p2p2p
82 6 3Pel 3Pol7 3 5 0.168 73.800 145.97 5570.28 6.36E-02 1.06E-04 9.02E+15 5.13E-01
82 6 3Pel 3Pol7 5 5 0.173 71.667 295.99 5570.28 3.15E-05 8.96E-08 7.04E+12 2.54E-04
82 6 3Pel 3Pol7 1 3 0.163 76.064 0.00 5573.50 3.22E-01 1.73E-04 2.68E+16 2.60E+00
82 6 3Pel 3Pol7 3 3 0.168 73.800 145.97 5573.50 1.29E-02 2.15E-05 3.06E+15 1.04E-01
82 6 3Pel 3Pol7 5 3 0.173 71.667 295.99 5573.50 3.42E-05 9.71E-08 1.27E+13 2.76E-04
82 6 3Pel 3Dol7 5 7 0.168 73.800 295.99 5707.63 7.48E-02 2.07E-04 1.26E+16 6.03E-01
82 6 3Pel 3Sol7 1 3 0.160 77.190 0.00 5708.80 1.60E-05 8.43E-09 1.40E4-12 1.29E-04
82 6 3Pel 3Sol7 3 3 0.164 75.600 145.97 5708.80 1.3GE-01 2.20E-04 3.39E+16 1.10E+00
82 6 3Pel 3S017 5 3 0.168 73.800 29599 5708.80 3.18E-02 8.82E-05 1.25E+416 2.57E-01
82 6 IDel 1Dol7 5 5 0.164 75.600 148.29 5710.81 1.48E-01 3.99E-04 3.68E+16 1.19E+00
82 6 3Pel 3Pol7 3 1 0.164 75.600 145.97 5710.95 2.65E-02 4.28E-05 1.98E+16 2.13E-01
82 6 IDel 1Pol7 5 3 0.164 75.600 148.29 5712.53 4.10E-02 1.10E-04 1.70E+16 3.30E-01
82 6 1Sel 1Pol7 1 3 0.168 73.800 300.48 5712.53 1.605-01 8.85E-05 1.25E+16 1.29E+00
82 6 3Pel 3Dol7 3 5 0.160 77.490 145.97 5846.08 2.89E-07 4.57E-10 4.53E+10 2.33E-06
82 6 3Pel 3Dol7 5 5 0.164 75.600 295.99 5846.08 8.35E-02 2.26E-04 2.07E+16 6.74E-01
82 6 3Pel 3Dol7 1 3 0.156 79.477 0.00 5849.18 4.95E-08 2.54E-11 4.53E+09 3.99E-07
82 6 3Pel 3Dol7 3 3 0.160 77.490 145.97 5849.18 1.08E-05 1.71E-08 2.83E+12 8.72E-05
82 6 3Pel 3Dol7 5 3 0.164 75.600 295.99 5849.18 8.13E-02 2.20E-04 3.36E+16 6.56E-01
82 6 1Del 3Pol7 5 5 0.17 73.800 148.29 5570.28 3.66E-02 1.01E-04 8.64E+15 2.95E-01
82 6 1Del 3Pol7 5 3 0.17 73.800 148.29 5573.50 3.80E-02 1.05E-04 1.50E+16 3.07E-01
82 6 1Sel 3Pol7 1 3 0.17 71.667 300.48 5573.50 5.22E-05 2.97E-08 3.89E+412 4.21E-0.
82 6 3Pel 55017 3 5 0.16 75.600 145.97 5704.02 4.49E-02 7.28E-05 6.69E+15 3.62E-01
82 6 1Del 58017 5 5 0.16 75.600 148.29 5704.02 1.75E-03 4.73E-06 4.34E+14 1.41E-02
82 6 3Pel 5S0l7 5 5 0.17 73.363 295.99 5704.02 1.85E-02 5.14E-05 4.36E+15 1.50E-01
82 6 1Del 3Dol7 5 7 0.16 75.600 148.29 5707.63 3.89E-02 1.05E-04 6.90E+15 3.14E-01
82 6 IDe 1l 3Sol7 5 3 0.16 75.600 148.29 5708.80 1.69E-02 4.55E-05 6.98E+15 1.36E-01
82 6 1Sel 3Sol7 1 3 0.17 73.800 300.48 5708.80 7.26E-08 4.03E-11 5.69E+409 5.86E-07
82 6 3Pel 1Dol7 3 5 0.16 75.600 145.97 5710.84 2.36E-02 3.82E-05 3.52E+15 1.90E-01
82 6 3Pel 1Dol7 5 5 0.17 73.800 295.99 5710.84 3.47E-02 9.61E-05 8.17E+15 2.80E-01
82 6 3Pel 1Pol7 1 3 0.16 77.490 0.00 5712.53 1.54E-05 8.09E-09 1.35E+412 1.24E-04
82 6 3Pel 1Pol7 3 3 0.16 75.600 145.97 5712.53 1.26E-02 2.03E-05 3.12E+415 1.01E-01
82 6 3Pel 1Pol7 5 3 0.i7 73.800 295.99 5712.53 2.80E-06 7.76E-09 1.10E+12 2.26E-05
82 6 1Del 3Dol7 5 5 0.16 77.490 148.29 5846.08 5.73E-06 1.51E-08 1.49E+12 4.62E-05
82 6 1Del 3Dol7 5 3 0.16 77190  148.29 5849.18 1.21E-07 3.18E-10 5.26E+10 9.75E-07
82 6 1Sel 3Dol7 1 3 0.16 75.600 300.48 5849.18 1.68E-01 9.10E-05 1.39E+16 1.36E400
LS 5495.35 71.768 214.36 5709.71 3.87E-01 1.90E-03 9.39E+16 3.12E+00
Total:No of trans= 35 Ekev= T74.768 f,CS,Absrp cf= 1.62E400 1.30E4+01 3.79E+04
N-like: C,( 1)=1s1s2s2s2p2p2p ", C,(11)= 152s2s2p2p2p2p
82 7 4501 4Peld 4 6 0.169 73.363 144.05 5551.02 6.16E-02 1.37E-04 0.64E+15 4.97E-01
82 7 2Dol 2Peld 4 4 0.164 75.600 0.00 5554.96 1.59E-01 3.44E-04 3.95E416 1.28E400
82 7 2Do1l 2Peld 6 4 0.169 73.363 146.95 5554.96 1.08E-02 1.36E-04 1.44E+16 3.29E-01
82 7 2Pol 2Peld 2 4 0.169 73.363 150.22 5554.96 1.24E-06 1.38E-09 1.46E+11 1.00E-05
82 7 2Po1 2Peld 4 4 0.173 71.667 291.95 5354.96 5.83E-05 1.33E-07 1.30E+13 4.70E-04
82 7 2Pol 2Seld 2 2 0.169 73.363 150.22 5556.97 7.60E-02 8.43E-05 1.78E+416 6.13E-01
82 7 2Pol 2Seld 1 2 0.173 71.667 294.95 5556.97 1.77E-05 4.04E-08 7.88E+12 1.43E-0.




Table 2 continues

Z Ne slpe:i slpe;j gi gj wi(A) E(Kev) Ei(Ry) Ej(Ry) Bj S Aji(s-1)  opi(Mb)
82 7 2Dol 2Deld 4 4 0.160 77.490 0.00 5686.67 5.45E-06 1.15E-08 1.42E+12 4.39E-05
82 7 2Do 1 2Deld 6 4 0.164 75.600 146.95 5686.67 4.11E-03 1.34E-05 1.52E+15 3.32E-02
82 7 2Pol 2Deld 2 4 0.165 75.142 150.22 5686.67 1.98E-04 2.14E-07 2.44E+13 1.60E-03
82 7 2Po1 2Deld 4 4 0.169 73.363 294.95 5686.67 1.72E-02 3.84E-05 4.03E+415 1.39E-01
82 7 2Do 1 2Deld 4 6 0.160 77.490 0.00 5689.75 1.91E-06 4.03E-09 3.31E+11 1.54E-05
82 7 2Do 1 2Deld 6 6 0.164 75.600 146.95 5689.75 7.66E-02 2.49E-04 1.80E+16 6.18E-01
82 7 2Po1l 2Deld 4 6 0.169 73.363 294.95 5689.75 8.07E-02 1.80E-04 1.26E+16 6.51E-01
82 7 2Do1 2Peld 4 2 0.160 77.490 0.00 5690.61 5.86E-07 1.23E-09 3.05E+11 4.72E-06
82 7 2Po 1 2Peld 2 2 0.164 75.600 150.22 5690.61 5.65E-02 6.11E-05 1.39E+16 4.55E-01
82 7 2Pol1 2Peld 4 2 0.169 73.363 294.95 5690.61 2.65E-02 5.90E-05 1.24E+16 2.14E-01
82 7 4So1 4Peld 4 4 0.164 75.600 144.05 5692.13 1.01E-02 2.19E-05 2.50E+15 8.17E-02
82 7 4So1 4Peld 4 2 0.160 77.490 144.05 5827.89 4.33E-06 9.15E-09 2.25E+12 3.49E-05
82 7 2Dol 4Peld 4 6 0.16 75.600 0.00 5551.02 4.12E-02 8.91E-05 6.80E+15 3.33E-01
82 7 2Dol 4Peld 6 6 0.17 73.363 146.95 5551.02 3.43E-02 1.14E-04 8.04E+15 2.77E-01
82 7 2Pol 4Peld 4 6 0.17 71.667 294.95 5551.02 1.32E-05 3.01E-08 1.95E+12 1.06E-04
82 7 4So1 2Peld 4 4 0.17 73.800 144.05 5554.96 1.60E-02 3.55E-05 3.76E+15 1.29E-01
82 7 2Dol 2Seld 4 2 0.16 75.600 0.00 55566.97 3.94E-02 8.50E-05 1.95E+16 3.17E-01
82 7 4So1 2Seld 4 2 0.17 73.800 144.06 5556.97 9.58E-07 2.12E-09 4.51E+11 7.72E-06
82 7 4501 2Deld 4 4 0.16 75.600 144.05 5686.67 7.63E-02 1.65E-04 1.88E+16 6.15E-01
82 7 4So1 2Deld 4 6 0.16 75.600 144.05 5689.75 7.71E-03 1.67E-05 1.27E+15 6.21E-02
82 7 4So 1 2Peld 4 2 0.16 75.600 144.05 5690.61 6.58E-02 1.42E-04 3.25E+16 5.31E-01
82 7 2Dol 4Peld 4 4 0.16 77.490 0.00 5692.13 8.65E-06 1.82E-08 2.25E+12 6.98E-05
82 7 2Do1l 4Peld 6 4 0.16 75.600 146.95 5692.13 8.25E-02 2.68E-04 3.06E+16 6.66E-01
82 7 2Pol 4Peld 2 4 0.16 75.600 150.22 5692.13 1.08E-01 1.17E-04 1.34E+16 8.75E-01
82 7 2Po1l 4Peld 4 4 0.17 73.363 294.95 5692.13 3.67E-02 8.16E-05 8.58E+15 2.96E-01
82 7 2Do1 4Peld 4 2 0.16 79.477 0.00 5827.89 1.26E-08 2.59E-11 6.86E+09 1.01E-07
82 7 2Pol 4Peld 2 2 0.16 77.009 150.22 5827.89 7.52E-06 7.95E-09 1.95E+12 6.07E-05
82 7 2Pol 4Peld 4 2 0.17 75.142  294.95 5827.89 8.22E-02 1.78E-04 4.04E+16 6.62E-01
LS 5489.16 74.684 155.06 5644.22 6.05E-01 1.32E-03 4.88E+16 4.88E+00
Total:No of trans= 35 Ekev= 74.684 f,CS,Absrp cf= 1.20E+00 9.68E+400 2.81E+01
O-like: C,( 1)=1s1s2s2s2p2p2p2p , C;(18)= 1s2s252p2p2p2p2p
82 8 3Pel 3Pol8 5 5 0.164 75.600 0.00 5555.86 7.76E-02 2.10E-04 1.92E+16 6.26E-01
82 8 3Pel 3Pol8 3 5 0.168 73.800 142.02 5555.86 6.24E-02 1.04E-04 8.81E+415 5.03E-01
82 8 1Sel 1Pol8 1 3 0.164 75.600 4.36 5558.85 1.56E-01 8.42E-05 1.29E+16 1.26E+00
82 8 1Del 1Pol8 5 3 0.168 73.800 144.34 5558.85 3.72E-02 1.03E-04 1.46E+16 3.00E-01
82 8 3Pel 3Pol8 3 1 0.164 75.600 142.02 5687.70 5.13E-02 8.33E-05 3.80E+16 4.14E-01
82 8 3Pel 3Pol8 5 3 0.160 77.490 0.00 5689.25 3.30E-06 8.71E-09 1.43E+12 2.67E-05
82 8 3Pel 3Pol8 3 3 0.164 75.600 142.02 5689.25 2.51E-02 4.07E-05 6.20E+15 2.02E-01
82 8 3Pel 3Pol8 1 3 0.169 73.363 288.20 5689.25 1.56E-01 8.66E-05 1.22E+16 1.26E+00
82 8 1Del 3Pol8 5 5 0.17 73.800 144.34 5555.86 3.63E-02 1.00E-04 8.53E+15 2.92E-01
82 8 3Pel 1Pol8 5 3 0.16 75.600 0.00 5558.85 T7.56E-02 2.04E-04 3.13E+16 6.09E-01
82 8 3Pel 1Pol8 3 3 0.17 73.800 142.02 5558.85 1.31E-02 2.17E-05 3.08E+15 1.05E-01
82 8 3Pel 1Pol8 1 3 0.17 71.667 288.20 5558.85 6.511-05 3.70E-08 4.84E+12 5.25E-04
82 8 1Sel 3Pol8 1 3 0.16 77.490 4.36 5689.25 1.44E-05 7.61E-09 1.25E+412 1.16E-04
82 8 1Del 3Pol8 5 3 0.16 75.600 144.34 5689.25 7.91E-02 2.14E-04 3.25E+416 6.38E-01
LS 5519.63 75.098 88.17 5607.80 1.45E-01 7.11E-04 3.56E+16 1.17TE+00
Total:No of trans= 14 Ekev= 75.098 f,.CS,Absrp cf= 7.69E-01 6.20E+4+00 1.80E+04
P-like: C;( 1)=1s1s252s2p2p2p2p2p , C;(16)= 1525252p2p2p2p2p2p
82 9 2Pol 28el6 4 2 0.165 75.325 0.00 5536.66 7.92E-02 1.72E-04 3.90E+16 6.39E-01
82 9 2Pol 2Sel6 2 2 0.169 73.363 144.81 5536.66 7.75E-02 8.62E-05 1.81E+16 6.25E-01
LS 5488.39 74.673 48.27 5536.66 7.86E-02 2.58E-04 5.71E+16 6.34E-01
Total:No of trans= 2 Ekev= 74.673 f,CS,Absrp cf= 1.57E-01 1.26E4-00 3.67TE+03




