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ELECTRON EXCITATICJN COLLISION STRENGTHS

FOR POSITIVE ATOMIC IONS: A COLLECTION OF THEORETICAL DATA

by

A. L. Merts, J. B. Mare, W. D. Robb and N. H. Magee, Jr.

AESTRACT

This report contains data on theoretical and experimental cross
sections for electron impact excitation of positive atomic ions.
It is an updated and corrected version of a preliminary manuscript
which was used during an Atomic Data Workshop on Electron Excitation
of Ions held at Los Alamos in November 1978. We attempt to show
the current status of quantitative knowledge of”collisional excita-
tion collision strengths for highly stripped ions where con-
figuration mixing, relativistic and resonance effects may be
important. The results show a reasonably satisfactory state for
first-row isoelectronic ions, and indicate that a considerable
amount of work remains to be done for second-row and heavier
ions.

1. INTRODUCTION

The number of elements for which collisional excitation data are needed has

expanded rapidly in the past few years. Elements of Z ~ 30 are important for

both astrophysical applications and for many laboratory experiments. The use of

higher-Z elements

ant impurity ions

lations to higher

elements, because

range of elements

Although the

will quickly show

in the construction of power fusion reactors, with the result-

causing radiative power losses, has forced the need for calcu-

and higher Z. Even after the elimination of very high-Z

of excessive power losses , one still must deal with a wide

and ionization stages.

need for these calculations is great, a literature search

that experimental data are largely nonexistent and there is a

paucity of calculated results for many of the needed transitions. This led to



the choice of the ions and transitions. presented at the meeting in Los Alamos

and in this report. Two major considerations were paramount. First, ions and

transitions were selected which were botli.of importance to the power fusion

community and capable of being calculated by many different people and methods.

This resulted in..thelargest possible duplication and comparison of collision

strengths. Second, this selection was made to facilitate the development

of isoelectronic scaling procedures, extending the work started by the authors

in an earlier collisional excitation report.42 Furthermore, it was hoped that

the selection would allow reasonable interpolation of collision strengths as a

function of N (number of bound electrons). Molybdenum is the heaviest element

in the report, since it is at present the highest Z for which it is really

practical to do calculations for complex ions. Table I on page 10 summarizes

the elements and ions considered in this report.

The purpose of this work is to give a reasonably accurate impression of the

data available from current practical computational methods. To achieve this,

we have attempted to bring together a representative fraction of the existing

data (published and unpublished). We have compared the data whenever possible

to provide the reader with a basis for making his own judgments concerning the

spread in calculated quantities. While we have chosen a few specific examples

to discuss particular effects and to illustrate the importance of a process, we

do not attempt to pass judgement on the various theoretical methods. The few

known experimental values for collisional excitation cross-sections are also

included.

Finally, the ultimate destiny of cross-sections is to produce rate coeffi-

cients. We have fitted many of the collision strengths in forms that are easily

converted to rate coefficients for model calculations, etc. The fit coefficients

and formulae needed to convert to rates have been included. In Appendix B we

give some examples for scaling along isoelectronic sequences.

2. CALCULATIONAL METHODS

All of the theoretical collision strength data in this report comes from ab

initio calculations. The approximations made in obtaining actual numbers are

diverse and it is beyond the scope of this report to account for them in detail.

We will instead provide references to relevant review articles and recent works

of the authors whose numbers we have u:;ed,and where possible we reference

publications on their computer codes and/or computational techniques.
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The Close-coupling (CC) method43 has been used, by the University College

London (UCL) group and their associates through the program IMPACT,44 by the

Queen’s University Belfast (QUB) group ar{dtheir associates through the program

RMATRX,4S and by Henry and his associates using the NIEM46 method. The CC

calculations of Ormonde et a147 are basecl on the computer program SEBAS. The

Distorted-Wave (DW) method has many variants. The variational DW code developeti

by the UCL group has had wide usage as indicated on page iv. The other distorted

wave methods including those of Peek, 48 Younger, and Mann are basically the DW

method as described by Mott and Massey (Theory of Atomic Collisions). The

method used here at Los Alamos by Mann uses Hartree-Fock (with relativistic

mass-velocity and Darwin terms in the Hamiltonian)4g wavefunctions for the target

configurations. The potential for the continuum functions is the static potential

of the target plus a local semiclassical exchange term.so The exchange terms

arising from antisymmetric (N + 1) - electron functions are included, except

“core-exchange” terms are ignored so that only the “active” bound electron

wavefunctions need be used. Mixing coefficients are calculated simultaneously

for both configuration interaction and intermediate coupling, using Cowan’s

RCG code.sl

Several of the contributing

on the methods they used. These

3. DISCUSSION OF DATA

authors also submitted more detailed statements

statements have been collected in Appendix A.

3.1. Configuration Interaction Effects—

For ions in the Be, B, C, N, O, Mg, Al, Si, P and S iso-electronic sequences,

there are significant correlation effects due to orbital degeneracy, in both the

ground and lowest excited states. These correlation effects do not disappear even

in the limit of infinite-Z, and it is well known from bound state calculations

that they play a fundamental role in correctly predicting energy levels and

radiative transition probabilities. It is not surprising therefore that they

play an equally important role in the calculation of collision strengths.

Our point in this section is to demonstrate that the use of different

target state wave functions by different authors can easily mask the differences

produced by the various continuum approximations listed in Sec. 2. Further,

correlation effects do not affect the collision strength simply through the change

they produce in the optical oscillator strength , as might be inferred from the

3



semi-empirical formulae of Seaton and Van Regemorter. An illustration of the

magnitude of correlation effects on the collision strength is shown in Fig. 1 for

the 3s23p 2P0 - 3s 3p2 2D transition in S IV. The notation mxn denotes an

m-term wave function for the initial state and an n-term wave function for the

final state. The calculations (+) are due to Mann and the calculations (n) are

due to Bhatia, both of whom use distorted wave methods. Note that Mann’s thres-

hold collision strengths differ by a factor of 2.6 while the oscillator strength

ratio is 5.3. The most important interaction in the (4 x 5) case is the 13.5%

admixture of 3s23d with the 3s3p
2 2D term

.

50.0

L 40.0
z

z

:1001-J=’4x’!
o OJ 1 J

10
0 10

1 10 2
x

Fig. 1. Collision strengths of Bhatia and Mann, demonstrating the
importance of configuration interaction for S IV (3s23p -
3s 3p2 2D)

3.2. Relativistic Effects

As the nuclear charge of the target ion increases, the xLS coupling scheme

for the representation of target states breaks down, and we are forced to go to

an intermediate coupling scheme in which the target states are represented in a

nJ.SJ coupling scheme. In addition , allowance for the relativistic velocity of

the target electrons can significantly af:Eect the threshold energies of transi-

tions. Provided Z is not too large we can

perturbations to the non-relativistic wave

tions in ?_tLS coupling and recouple them to

4

treat these relativistic effects as

functions, proceed with our calcula-

UI.SJ coupling.



An example of intermediate coupling effects is shown in Fig. 2 for the
~~2 Is

- ls2p
3
PO transition in Fe W. Here the spin-orbit term mixes the

ls2p 3P1 and 1s2p lP1 configurations in the approximate ratio 0.95 to 0.3, and

so at approximately X = 4 the componerit of the collision strength from the

dipole-allowed transition 1s
2 1~

- ls2p lP1 begins to dominate.
o

.002

.0015
n

.001

.0005

I I I Y i I I I

+

\

+ Fe xxv ls2-ls2p 3P

+

+

o cc (SLJ)
+

+ CB (LS)
o

- cB (SLJ)
+

+

1 I I I 1+ I I I I

100 1000 10000

K2 (ry)

Fig. 2. Intermediate Coupling (LSJ) effects in the target
state wave functions. The CB calculations are from
Mann and the CC calculations are from Robb.

3.3. Resonant Excitation

The collision strengths included in this report do not include resonant

excitation. In practice, resonances can greatly complicate the behaviour of the

collision strength in the near threshold energy region. The CC method is the

only procedure of those described in Sec. 2 which allows for resonant
221s

excitation, and the collision strength obtained for the 1s 2s - ls22s2p 3P0

transition in O V calculated by Barrington et als2 is shown in Fig. 3. It is

clearly not tractable to tabulate, plot and compare resonant collision strengths

under our present format. Instead we concentrate on comparisons of the non-

resonant or background collision strength for the following reasons:

5



‘s +3P”

*

3P. 1# 3P‘D ‘s

Electron energy Rydbergs

Fig. 3. Resonance structure in the 9 V (2s
2 Is

- 2s @ 3P0)
collision strength, from the calculations of Barrington
et. al.

1. In general, resonant contributions to the rate coefficients for strong

dipole allowed transitions are small (:uIO’%).

2. For spin forbidden transitions, such as that of Fig. 3 where the resonant

contribution to the rate coefficient is about 50%, the resonant contribution to

the total 2s-2p excitation rate is only 12-15% and so for the purposes of power

loss calculations (the primary object of ::hisreport) they are relatively unimpo:c-

tant.

3. Resonant collision strength data are almost non-existent and where they

are available in the literature they are often incomplete and not easily

transcribable.

4. It appears that, for ions more than a few times ionized, resonant

excitation contributions can be calculated adequately using perturbative proce-

dures53 in conjunction with DW or CB scattering methods. We show one example of

the contribution of the resonances to the rates. Figure 4 shows
2

rate for O V (2s - 2s2p 3P). Two of the curves (1, 2) show the

between the rates without and with the inclusion of resonances.

compare the resonance rates calculated with the DW (perturbative

and CC method.s2

6

the excitation

difference

Curves (2, 3)

procedure)
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Fig. 4. 0 v (2s2 - 2s 2p 3P) excitation rates, without resonances
(curve 1) and with resonances included (DW-curve 2, CC-curve 3).

4. DATA PRESENTATION AND FORMAT

All of the data presented in the report are listed in the tables at the end

of Sec. 5, where each data set is individually referenced. Since there are over

500 sets, it was not practical to give each one a separate identification number

for plotting and comparison. Therefore, we have grouped the data into three

classifications. First, if there is a common author, all of the data will be

listed under that author’s last name as the principal identification (e.g.,

Gau-Henry, van Wyngaarden-Henry and Henry were given plot symbol No. 22 and all

listed as Henry data). Second, if there is a particular school of calculation

(such as the University College of London (UCL) code), all authors using that

method will be listed under that identification (e.g., Mason> Bhatia~ Seaton-)

etc. , are all grouped under plot symbol No. 8 as UCL data). Finally, data not

fitting into the above are listed under the principal author, the first author

and/or the author sending us the data.

It was brought to our attention that the data of Osterbrock, Nussbaumer and

Flower should be included with the UCL authors, but it was too late to change

the identification for this report.

The data tables at the end of Sec. 5 are arranged in the same order as the

“authors” are listed in the table on page iv, with Mann first and Henry last.

Under each “author”, such as UCL, the data are arranged by element, ionization

7



stage and transition, with a reference given for each data set. Thus, to identi-

fy a data set labeled UCL in one of tbe comparison plots, the reader should tur~

to the UCL data tables and find the appropriate element, ion and transition.

We have attempted to present in this report all of the unpublished data

available to us which could reasonably be presented in the form of LS term-to-term

transitions. Some of the data were given.to us for individual LSJ-L’S’J’ line

transitions and we can provide them upon request. Data given to us for J-J’

transitions calculated in a jj- coupling scheme are not included in this report.

In addition, we have used all of the data we could find in the literature, for

which there were at least two data sets per transition. Published data for

which there were no comparisons have not (in general) been included in this

report, but should be obtainable from the references.

8
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5.2. Index to Comparison Plots

PAGE MOO ELEMENT ANO ION .** DATA SETS

19 BE 11
2s - 2P

ROBB 2CCX BE 11 2s - 2P
SEATON UCL 5CCX BE 11 2s - 2P
MANN DWX 11 SE 11 .2S TO 2P HFR OU II

20 c 111
1$2 2s2 - 1s2 2s 2P(1PI

OSTERBROCK 3CCX C 111 1S2 2S2 - 1S2 2S 2P(1P)
NAKAZAKI c 111 2S211S) - 2s 2P(1P)
PEEK OUUCI c 111 2s2 - 2s 2P(1P)
QUB OH c III 1s2 2s2 - 1s2 2s 2P11P)
ROBB 5CCX C III 2s(2) - 2S2P(1P)
EISSNER UCL C III 2s2 - 2s 2P(1P)
NUSSBAUMER DUX C 111 2s(i!)-2s2P(lF’)
LAUNAY FLOUER 6CCX c III 2S{2)-2S2P(1PI
MANN OUXCI 11 C 111 2S2 TO 2S 2P(1P) MIX (2 X 2) HF OU
OAVIS BLAHA UOUX C 111 2s(2)(1s) - 2S2P(1P)

22

24

26

27

28

30

31

32

c 111
1s2 2s2 - 1S2 2S 2P(3P)

QLE8 Ou c III 1s2 2s2 - 1S2 2S 2P13PI
PEEK D#UCI C 111 2s2 - 2S 2P13P)
OSTERBROCK 3CCX C III 1s2 2s2 - 1S2 2S 2P(3PI
EISSNER UC L c 111 2s2 - 2S 2P(3P)
LAUNAY FLOWER Olix C III 2S(2)-2S2P13P)
MANN OdXCI 11 C 111 2S2 TO 2S ZP13P) HF OH 11 MIX(2 x 2)
ROBB 5CCX C 111 2S(21 - 2S2P(3P)

c 111
2S 2P13PJ - zP2(3PJ

MANN OIJXCI 11 C 111 2S 2P(3P) TO 2P2(3P) I!F OU MIX (2 X 1)
O(JB Dw c 111 12S 2P(3P) - 2P2(3P)
NUSSBAU14ER Ou c 111 2S2P13P)-2P12)t3P)
EISSNER UCL c III 2S 2P(3P) - ZP2(3PI
ROBS 5CCX C 111 2S2P(3PI-ZP(2113PI CI

c 111
2S 2P(3PI - 2S 2P(1PI

EISSNER UCL c 111 2S 2P(3PI - 2s 2P(1P)
ROBE 5CCX C III 2S2P(3P)-2S2P(1PI C1

c 111
2s 2P(1PI - 2P2(1DI

EISSNER UCL c 111 2s 2P(1P) - 2P2(1DI
NUSSBAU~ER DH c $11 2S2P(1P) - 2P2(10)
ROBB 5CCX C 111 2S2P(1P)-2P(2)(1D) c1

c Iv
1s2 2s - 1s2 2P

N Xv
2s2(1s) - 2s 2P(1P)

KIN SCALFO c Iv 2s - 2P
TAYLOR CRANDALL EXP C IV 1S2 2S - 1S2 2P
CALLAUAY c Iv 2s(2s) - 2P12P)
R(S8B 2CCX C IV 2S - 2P
OAVIS 8LAHA UflUNX C IV 2S - 2P
GAU HENRY 5CCX c Iv 2s - 2P
liANN OUX II C VI 2S TO 2P HFR OU 11

OSTERBROCK 3CCX N IV 2s2 - 2s 2P11P
ORMONOE N IV 2s2 - 2s 2P[1P
NAKAZAKI N IV 2S2(1S1 - 2s 2P

N IV
2s2 - 2S 2P(3P)

OSTERSPOCK 3CCX N IV 2s2 - 2S 2P(3P
ORflONDE N IV 2s2 - 2S 2P(3P

1s2 hv- 1s2 2P

1P)

I

FLOUER OU NV 1s2 2s - 1s2 2P
VAN UYNGAAROEN-HENRY NV2S-2P
KIII SCALFO NV 2s - 2P
GREGORY CRANOALL EXP N V 1s2 2s - 1s2 2P
MANN OUX 11 N V 1S2 2S TO 1S2 2P iiFR OH UNITARIZEO



39

40

41

42

PAGE N(Io

34

35

36

37

38

43

44

45

46

47

ELEMENT AND

o 111
2$2 2P2[3P) - 2S2

O 111
2S2 2P2(3P) - 2S2

O 111
2s2 2P2(1D) - 2s2

o 111
2s2 2P2(10) - 2s

o 111

10N

2P2[1O)

2P2(1S)

2P2[1S)

2P3(1PI

2S2 2P2(3P) - 2S 2P3(5S)

o III
2S2 2P2(3P) - 2S 2P3(3DI

o 111
2S2 2P2(3PI - 2S 2P3[3P)

O 111
2S2 2P2(3P) - 2S 2P3[3SI

o 111
?S2 ZP2(3P) - 2S 2P3I1O)

o III
?S2 2PZ(3P) - 2S 2P3(1PI

o Iv
2s2 2P - 2s 2P2(4P)

o Iv
2s2 2P - 2s 2P2(2D)

O IV
2s2 2P - 2s 2P2(2S)

o Iv
2s2 2P - 2S 2P2(2PJ

48 0 Iv
2S 2P2(4PJ - 2s 2P2(2LII

. . . DATA SETS

BH4T1A UCL 0 III 1S2 2S2 2P2(3PI -1S2 2S2 2P3(10)
PINOZOLA DW O III 2S2 2P2(3P) - 2S2 2P2(1D)
flANN OUXCI II

BHATIA UCL
MANN DuXCI II

BHATIA UCL
MANN OUXCI 11

ORIIONOE
BHATIA UCL

BtiATIA UCL
JACKSON UCL
MANN DUXCI 11

BHATIA UCL
HANN DHXCI II

BliATIA UCL
MANN DuXCI II

ORtiONDE
BHATIA UCL
MANN OUXCI 11

BHATIA UCL
MANN OUXC[ 11

13HATIA UCL
MANN DUXCI 11

0 111 2s2

O 111
0 III 2S2

O 111
0 III 2S2

2P213PI TO 2S2 2P2(1OI MIX(4 X 31

1S2 2S2 ZP2(3P) -1S2 2S2 ZP2(IS)
2P2[3PI TO 2S2 2P211S) MIX(4 X 3)

1s2 2s2 2P2(10) -1s2 2s2 2P2(1S)
2P2(10) TO 2S2 2P2(1SI MIX(2 X 2)

o III 1s2 2s2

o 111 1s2 2s2
O 111 2S2 2P2(3PI

O 111 2S2 2P213P)

O 111 1s2 2s2
O 111 2S2 2P2(3P)

O 111 1s2 2s2
O III 2S2 2P2(3P)

o 111 2S2 2P2(1D} - 2S 2P3(1P)
2P2(10) - 1S2 2S 2P3(1PI

2P2(3P) - 1S2
- 2S 2P3(5S)
TO 2S 2P3(5S)

2P2(3P) - 1S2
TO 2S 2P3(30)

2P2[3P) - 1S2
TO 2S 2P3(3P)

2S 2P3(5S)

MIX(4 x 1)

2S 2P3(30)
t!xx [2 x 1)

2S 2P3(3P)
nIx (2 x 1)

o 111 2S2 2P2(3P) - 2S 2P3(3S)
O 111 1S2 2S2 2P2(3P) - 1S2 2S 2P3(3SI
O III 2S2 2P2(3PJ TO 2S 2P3{3S\ MIX (2 X IJ

o 111 1s2 2s2
O 111 2S2 2P2(3PI

o 111 1s2 2s2
O 111 2S2 2P213P)

2P2(3PJ - 1S2 2S 2P3(1D)
TO 2S 2P3(1DJ MIX.(4 X 11

2P2(3P) - 1S2 2S 2P3(1PI
TO 2S 2P3(1PI HIX (4 X 1)

NUSSBAUFIER-FLOWER O IV 2s2 2P - 2s 2P2(4P)
ROB9 O IV 5CCX 2S(2)2P-2S2P(21 (4P) CI
MANN DUXCI 11 0 IV 2S2 2P TO 2S 2P2{4P) MIX2 OWCI 11

NUSSBAUMER-FLOUER o Iv 2s2 2P - 2s 2P2(20)
ROBB O IV 5CCX 2S12)2P-2S2P(2} (2D) C1
NANN OUXCI II O IV 2S2 2P TO 2S 2P2120) liIX2 DIACI 11

NUSSBAUMER-FLOUER o Iv 2s2 2P - 2s 2P2(2SI
ROB8 O IV 5CCX 2S(2)2P-2S2P(2) (2S) CI
MANN DuXCI 11 0 IV 2S2 2P TO 2S 2P2(2S) 141X2 OUCI 11

DAVIS BLAHA UOHNX O IV 2S(2)2P(2P} - 2S2P(2)(2P)
R08B 5CCX O IV 2S(2)2P-2S2P(2)(2P) CI
NUSSBAUf4ER-FLOUER O IV 2s2 2P - 2s 2P2(2PJ
tlANN OUXCI 11 0 IV 2S2 2P TO 2S 2P2(2P) tAIX2 DUCI 11

NUSSSAUNER-FLOWER o Iv 2S 2P2(4P) - 2s 2P2(20)
ROBB 5CCX O IV 2S2P(2)(4P)-2S2P(2)(20)
liANN ONX OXYGEN IV 2S 2P2(4PI TO 2S 2P2(201 HFR

12
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49

50

51

52

53

54

56

57

58

59

60

61

62

ELEHENT ANO ION ● ✎ ✎ DATA SETS

O IV
2s 2P.?(+P) - 2s 2P.2(2P)

NUSSBAU!4ER-FLOUER o Iv 2s 2P2(4P) - 2s 2P2(2P)
ROBB 5CCX o Iv 2SZP(2) (4P)-2S2P(2)(2PI C1
MANN OUX OXYGEN IV 2S 2P2(4P) TO 2S 2PZ12P) HFR

o Iv
2s 2P2(+P) - 2s 2P2(2S)

NUSSBAUtitR-FLOUER
ROOB 5CCX O IV 252P(2
MANN DUX o Iv 2s

O IV
.2s 2P2(ZO) - 2s 2P2(2S)

ROBB 5CCX o Iv 2S2P(2
ilANN OtiX o Iv 2s

o Iv
2s 2P2(ZO) - 2s 2P2(ZP)

Ov
2s2 - 2S 2P[3P)

Ov
2s2 - 2s 2P[1P)

O IV 2S 2P2(4PI - 2s 2P2(2S)
(4PI-2S2P(21[2S) c1
2P214PI TO 2S 2P2(2S) HFR DU

(20)-ZS2P(2)(2S) c1
2P2(2DI TO 2S 2P2(2S) HFR DW

ROBB 5CCX O IV 2S2P(2) (20)-2S2P(21 (2P) CI
MANN OUX OXYGEN IV 2S 2P2(20) TO 2S 2P2{2P) HFR

OSTERBROCK 3CCX Ov 2s2 - 2S 2P(3P)
CJUB Owov 1s2 2s2 - 1S2 2S 2P(3P)
PEEK DIAUCI O V 2s2 - .2S 2P(3P)
MANN OIAXCI 11 0 V 2S2 TO 2S 2P(3PI HFR OWXCI 11

NAKAZAKI Ov 2s2(1s) - 2s 2PIIP)
QUB Owov 1s2 2s2 - 1s2 2s 2P(1P)
PEEK OUUCI O V 2s2 - 2s 2P(1P)
YOUNGER DuXCI O V 2s2 - 2s ZP(lP)
OSTERISROCK 3CCX o v 1s2 2s2 - 1s2 2s 2P(1PI
OAVIS t3LAHA UDUX O V 2s(2)(1s) - 2s2P(lPl
MANN OUXCI 11 0 v 2S2 TO 2S 2P(1PI HFR DuXCI 11

Ov
2S 2P(3P) - 2P2(3P)

QUB Ouov 12S 2P(3P) - ZP2(3P)
MANN Olix 11 0 V 2S 2P(3P) TO 2P213P) HFR ON II

o VI
1s2 2s - 1s2 2P

NE VII
2s2 - 2S 2P(3P)

NE VII
2s2(1s) - 2s 2P(1P)

NE VIII
2s - 2P

AL V
2S2 2P5(2P) - 2S1 2P612SI

AL VI
2S2 2P4(3P) - 2s1 2P5(3P)

ROB8 O VI 2CCX 2s - 2P
DAVIS BLAHA UOUX O VI 2S - 2P
KIM SCALEO o VI 2s - 2P
MANN Oux 11 0 VI 2S TO 2P HFR OH II

OSTERBROCK 3CCX NE VII 2s2 - 2S 2P(3P)
HUMMER UCL NE VII 2s2 - 2S 2P(3P}

!4U414ER Ucl. NE VII 2s2 - 2s 2P(1P)
OSTERBROCK 3CCX NE VII 2s2 - 2s 2P(1F’I
NAKAZAKI NE VII 2s2(1s1 - 2s 2P(1P)

VAN UYNGAAROEN-HENRY 2CCX 5CCX NE VIII 2S - 2P
ROBB 5CCX NE VIII 2s - 2P
PEEK OIAX NE VIII 1S2 2S TO 1S2 2P HF DU
HANN (3UX NE VIII 1S2 2S TO 1S2 2P HF ON

ROBB PUB AL V 2S2 2P2(2PI - 2S1 2P6(2S)
MANN OUX AL V 2S2 2P5(2P) TO 2S1 2P6(2S) HFR OV

ROBB CC AL VI 2S2 2P4(3PI TO 2S2P5(3PI
ROBII PUB AL VI 2S2 2P4(3PI TO 2S2P5(3P)
MANN OUX AL VI 2S2 2P4(3P) TO 2S1 2P5(3P) HFR OU

13
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63

ELEHENT AND ION . . . DATA SETS

SI Iv
3s - 3P

NUSSBAUMER-FLOUER 51 Iv 3s - 3P
NANN OHX 11 S1 IV 3S TO 3P HFR ON II

S1 XII
2s - 2P

64

FLOWER DWCI 51 X11 2s - 2P
MANN Oux 11 S1 XII 2S TO 2P liFR Dil II

65 s Iv
3S2 3P - 3S 3P2(4P)

66 s Iv
3s2 3P - 3S 3P2[2D)

67 s Iv
3S2 3P - 3S 3P2(2S)

BHATIA UCL s Iv 3S2 3P(2PI - 3S 3P2(4PI
MANN DUXC I SULFUR IV 3S2 3P TO 3S 3P2(4P) flIX2 (4 X 6)

BHATIA UCL s Iv 3S2 3P(2PI - 3S 3P212DI
MANN DtAXCI SULFUR IV 3S2 3P TO 3S 3P2[2DI HIX2 (4 X 5)

BHATIA UCL s Iv 3S2 3P(2P) - 3S 3P2(2SI
MANN DIAXCI SULFUR IV 3S2 3P TO 3S 3P2(2S) tlIX2 (4 X 3)

68

69

s Iv
3S2 3P - 3S 3P2(2P)

8HATIA UCL s Iv 3S2 3P(2PI - 3S 3P2(2PI
MANN OdXCI SULFUR IV 3S2 3P TO 3S 3P2(2P) MIX2 (4 X 51

AR XV
2s2 - 2S 2P(3P)

SAMPSON CBX AR XV 2s2 - 2S 2P13PI
HANN DUXCI ARGON XV 2S2 TO 2S 2P(3P) HFR DIA MIX(3 X 2

70 AR XV
2s2 - 2s 2P(1P)

YOUNGER OIAXCI AR XV 2s2 - 2s 2P(1P)
SANPSON CBX AR XV 2s2 - 2s 2P(1P)
HANN OWXC1 ARGf3N XV 2s2 To 2s 2P11P) HFR OU MIX(3 X 2

71 AR XVI
1s.2 2s - 1s2 2P

GAIJ HENRY 5CCX 4R XVI 2s - 2P
HANN OIAX II A XVI 2S TO 2P HFR OU 11

72

73

CA X
3s - 3P

NUSSBAUIIER-FLOUER CA X
OLAdA OH

3s - 3P
CA X 3s - 3P

CA X
3s - 30

NUSSBAUt4ER-FLOUER CA X 3s - 30
BLAFIA DW CA X 3s - 30

74 CA X
3P - 30

NUSSBAU4ER-FLOWER CA X 3P - 30
BLAHA ON CA X 3P - 30

75

76

FE XV
3S2 - 3s 3P(1P)

FLflIAER FE XV 3S2 - 3s 3P(1PI
YOUNGER OUXCI FE XV 3S2 - 3s 3P(1P)
MANN OUXCI FE XV 3S2 TO 3S 3P(1P) HFR OU H1X2

FE XVI
2P6 3S - 2P6 3P

NUSSBAUHER-FLOWER FE XVI
I(1II

3s - 3P
SCALED FE XVI 3s - 3P

BLAHA Ou FE XVI 3s - 3P
MANN DUX FE XVI 2P6 3S TO 2P6 3P HFR OU

77 FE XVI
ZP6 3S - ZP6 3D

NUSSBAUfER-FLOIACR FE XVI 3s - 30
BLAHA oil FE XVI 3s - 30
MANN Dd FE XVI 2P6 3S TO ZP6 30 iiFR DU
VANN Omx FE XVI 2P6 3S TO 2P6 30 HFR OU

14
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78

ELEflENT ANO ION ..* OArA SETS

FE XVI
2P6 3S - ?.Pb 4S

flLAti A OH FE XVI 3s - +s
flANN Obl FE XVI 2Pb 3S TO 2Pb 4S t+FR OM
MANN OdX FE XVI 2P6 3S TO 2P6 4S HFR OW

79

80

FE XVI
2Pb 3S - ZP6 4P

BLA~A Ou FE XVI 3s - 4P
tlANN Oux FE XVI 2P6 3S TO 2P6 4P HFR DU

FE XVI
3P - 30

NUSS8AU14ER-FLOUEQ FE XVI 3P - 30
9LAI+A ON FE XVI 3P - 3D

81 FE XVIII
2S2 2P5 - 2S ZP6

R088
YANU

Zccx FE XVIII 2s2 ZP5(2P) - 2S 2P6(2SI
Oux FE XVIII 2S2 2P5 TO 2S 2P6 HFR OIA

82

83

FE XIX
2P4(3P) - ZP4(10)

R130B
MANN

5CCX FE XIX 2S2 2P4(3P) - 2s2 ZP4(10)
OIAXC1 FE XIX 2P6(3P) TO ZP4(10) HFR OIA MIX

FE XIX
2P4(3P) - 2P4(1SI

ROBfl
flAN4

5CCX FE XIX 2S2 2P4(3pl - 2s2 ZP4(ISI
OUXCI FE XIX zP4(3p) To ZP4(1S) MFR OW wIX

84 FE XIX
2S2 2P4(3PI - 2S 2P5(3Pl

ROISB
HAtiN

FE XIX
2S2 2P4(3P) - 2s 2P511P)

ROBB
MANN

5CCX FE XIX 2S.2 2P4(3P) - 2S 2P5(3P)
Ollxcx FE XIX 2S2 2P4(3P) TO 2S ZP5(3P) OUMIX

85

86

5CCX FE XIX 2S2 2P4[3P) - 2s 2P5(1P)
OUXCI FE XIX ?S2 ZP4(3P) TO 2S ZP5(1P) OUHIX

FE XX
2S2 2P3(4S) - 2S 2P4(4P)

RI’18LI 7CCX FE XX 2s2
PIANN OUXCI FE XX 2S2 2P3(4SI

2P3(4S) - 2s 2P4(4PI
TO 2S 2P414P) Oil C18

87

88

89

FE XX
2S’Z 2P3(4SI - 2S ZP4(2S)

ROBB 7CCX FE XX 2s2
!IANN OUXCI FE XX 2S2 2P314S)

UOBB 7CCX FE XX 2s2
MANN OdXCI FE XX 2S2 2P3(4SJ

ROBB 7CCX FF XX 2s2
MANN OUXCI FE XX 2S2 2P3[4S)

ZP3(4S) - 2s ZP+(2S)
TO 2S 2P41ZS) ON C17

ZP3(4S) - 2s ZP4(ZPI
TO 2S ZP4(ZP) OU CI 9

ZP3(4SI - 2s ZP4(ZO)
TO 2S ZP4(ZOI OIA C17

2P2(3PI -1s2 2s2 2P2(10)
ZP2[3P) - 2s2 ZP2(1OI

ZP2(3PI -1S2 2S2 ZP2(1SI
2PZ(3P) - 2s2 zPz(ls)

2P2I1O) -1s2 2s2 2P211S)
ZPZ(10) - 2s2 ZP2(IS)
2P2(10) - 2s2 2P2(1S)

2P2(3PI - 1S2 2S 2P3(5S)

FE XX
2S2 2P3(4S) - 2s 2P+(ZP)

FE XX
2S2 2P3[4SI - 2S ZP4(ZOJ

FE XXI
?S2 2P2(3P) - 2s2 ZP2I1O)

90

91

92

BHATIA
ROS@.

8NATIA
R08B

OHATIA
R08B
ROB8

UCL FE XXI 1s2 2s2
6CCX FE XXI 2s2

UCL FE XXI 1s2 2s2
6CCX FE XXI 2s2

UCL FE XXI 1s2 2s2
UNMIX FE XXI 2s2
6CCX FE XXI 2s2

2s2 2P2(J5

FE
2S2 2P2(1D

FE

xxx
- 2s2 2P2(1SI

Xxl
- 2s2 2P2(1S)

XXI93
?S2 2P2(3P) i 2S 2P3(5S)

9~ATIA UCL FE XXI 1s2 2s2
UANN OdXCI FE XXI 2S2 2P2(3PI TO 2S 2P3(5S) OWCI1O



PAG= N1.

94

tLLfiLNf AND IDN

Ft XXI
~SZ 2P2(3PI - 2S 2P3130)

.,. 0AT4 SETS

131ATIA UCL
‘?Isa 6CCX
iANN DIIXC1

FE XXI
FE XXI
FE XXI

1S2 2S2 2p2(3P) - 1S2 2S 2P3(3DI
2S2 2P2(3p) - 2S 2P3130)

2S2 2PZ(3P) TO 2S 203(30) 0UC112

95

96

FE XXI
2S2 ZP2(3P) - 2S 2P3

FE XXI
2S2 2PZ(3PI - 2S 2P3

FE XXI

3P 1

3s)

3HATIA UCL
ROBO 6CCX
3AQN OUXC1

FE XXI
FE XXI
FE XXI

1S2 2S2 2P.2(3P) - 1S2 2S 2P3(3PI
2S2 2P2(3P) - 2S 2P313P)

2S2 2PZ(3P) TO 2S 2P3i3Pl DuC112

8HATIA IJCL
Q089 6CCX
~AVN Otixc 1

FE XXI
FF XXI
FE XXI

1S2 2S2 2P2(3P) - 1S2 .2S 2P3(3SI
2S2 2P2(3P) - 2S 2P3(3SI

2S2 2P2(3P) TO 2S 2P3(3S) OUCI1O

?S2 2P213P) - 2s 2P3[1O)

FE XXI
2S2 ZP2(3P) - 2S 2P3(1P)

FE XXI
2s2 2P2(1OI - 2s 2P3(30)

FE XXI
2s2 2P2(10) - 2S 2P3[3P)

Ftl XXI
?~? Zpz(lcl) - 2S 2P3(3S)

FE XXI
2s2 ZPZ(lS) - 2s 2P3(301

FE XXI
2s2 2PZ(1SI - 2S 2P3(3P)

Ft XXII
2s2 2P - 2s 2P2(4P)

9HAT1A UCL
MANN OMXCI

FE XXI
FE XXI

1S2 2S2 ZP213P) - 1S2 2S 2p311D)
2S2 2P2(3P) TO 2S 2P3(10) DUCX1O

98

99

BHATIA UCL
UANN OUXCI

FE XXI
FE XXI

1S2 2S2 2PZ(3PI - 1S2 2S 2P311PI
2S2 2P2(3PI TO 2S 2P3(1P) DUCI1O

BHATIA
R089
ROBB

8HATIA
Rfla8
Q088

8HATIA
ROR9
RoII13

81’14TIA
R08B
QOBB

8HATIA
ROB8

NASON
UOBB

UCL FE XXI AS2 2s2 ZPZI1O) - 1s2 2s ZP3(30}
UNMIX FE XXI 2s2 2P2(10) - 2S 2P3(30)
6CCX FE XXI 2s2 2P2(1OI - 2S 2P3(30)

100

UCL FE XXI 1S2 2S2 2P2(10) - 1S2 2S 2P3(3P)
UN~IX FE XXI 2S2 2P2(1OI - 2S ZP3(3PJ
6CCX FE xXI 2s2 ZP2(10) - 2S 2P3(3P)

101

UCL FE XXI 1s2 2s2 2P2[1O) -
UNHIX FE XXI 2s2 2P2(IOJ -
6CCX FE XXI 2s2 2P2(LOI -

1S2 2S 2P3(3SI
2S 2P3(3S)
2S 2P3(3SI

1S2 2S 2P3(30)

102

UCL FE XXI 1s2 2s2 2P2(1S) -
UN IX FE XXI 2s2 2P2(1SI -
4CCX FE XXI 2s2 2P2(1S) -

2S 2P3(30)
2S 2P3(3D)

1S2 2S 2P3(3P:
2S 2P3(3P)

1s2 2s 2P2(4P
2s 2P2(4PI
HFROd HIX

103

104

UCL FE XXI 1s2 2s2 2P2(1SI -
6CCX FE XXI 2s2 2P2(1S} -

UC L FE XXII 1s2 2s2 2P(2P) -
5CCX FE XXII 2s2 2P(2PI -

tlANN OdXCI FE XXII 2S2 2P 10 2S 2P2(4P)

105 FE XXII
2s2 2P - 2s ZP2(20)

NASON UCL FE XXII 1s2 2s2 2P(2P) -
ROBB 5CCX FE XXII 2s2 2P(2P) -
UANN odxcI FE XXII 2S2 2P TO 2S 2P2(20)

1s2 2s 2P2(20)
2s 2P2(20)
IiFRDu MIX

106 FE XXII
2s2 2P - 2s 2P2(2SI

FE XXII
2s2 2P - 2s 2P2(2PI

HASON UCL FE XXII 1s2 2s2 2P(2PI -
ROBB 5CCX FE XXII 2s2 2P(2P~ -

1s2 2s 2P2(2S)
2s ZP2(2SI

IIANN DUXCI FE XXII 2S2 2P TO 2S 2P2(2S) HFROU NIX

RASON UCL FE XXII 1s2 2s2 2P(2P)
ROB8

- 1s2 2s 2P212P)
5CCX FE XXII 2s2 2P(2P) - 2s 2P2(2P)

MANN I’suxc I FE XXII 2S2 2P TO 2S 2P2(2PJ tAFRDU MIX

107
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108

110

112

113

114

115

116

117

118

119

120

122

123

ELEMENT AND ION .0. DATA SETS

FE XXIII
2s2 - 2S 2?(3PI

tiENRY IJNMIXED FE XXIII 2s2 - 2s .2P(3P)
llL41iA D14 FE XXIII
SAMPSON CBX FE XXIII

2s2 - 2S 2P(3P)
2s2 - 2S 2P13P)

IiANN Dnx FE XXIII 2S2 TO 2S 2P(3P) HFR DU
U09d 6CCX FE XXIII 1s2 2s2 - 1s2 2s Z’P(3PI
MANN OUXCI FE XXIII 2S2 TO ZS 2P(3P) fiFR OH 141X

FE XXIII
2s2 - 2s 2P (1P)

FE XXIII
2S 2P(3P) - 2P2(3P)

FE XXIII
2s 2P[1P) - 2P2(1DJ

FE XXIII
2s 2P(LP) - 2P2(LS)

FE XXIII
2s 2P(3P) - 2P2(1D)

FE XXIII
2S 2P(3PJ - 2P2(1SI

FE XXIII
2s 2P(1PJ - 2P2(3P)

FE XXIII
2s2 - ZP2[3P)

FE XXIII
2s2 - 2P211D)

FE XXIV
1s2 2s - 1s2 2P

Ho XXXI
3S2 - 3s 3P11P)

Ho XXXII
2P6 3S - 2P6 3P

-IENRY UCB FE XXIII 2s2 - 2s 2P(1P)
llL4HA Du FE XXIII 2s2 - 2s 2P(LPI
SAMPSON CBX FE XXIII 2s2 - 2s 2P(1P)
YOUNGER OHXCI FE XXIII 2s2 - 2s 2P11P)
QOB8 bCCX FE XXIII 1s2 2s2 - 1s2 2s 2P11P)
hANN OUXCI FE XXIII 2S2 TO 2s 2P(1PI HF~ OH MIX

nLAHA Dti FE XXIII 2S 2P13P) - 2P2(3P)
SA14PSON CBX FE XXXII 2S 2P(3P)

1s2 2s ZP;3:!2(:P’R090 6CCX FE XXIII 1S2 2PZ(3P)
MANN DUXCI FE XXIII 2S 2P(3P) TO 2P2(3P) HFRDU 41X

8LA14A DU FE XXIII 2s 2P(1PI - ZP2(1OI
SANPSON CBX FE XXIII 2s 2P(1P) - 2P2(IDI
ROOB 6CCX FE XXIII 1s2 2s 2P(1P) - 1S2 2P2(1DI

8LAHA DU FE XXIII 2s ZP(lP) - 2P2[1S)
SAMPSON CBX FE XXIII 2s 2P(1P) - zP2tls)
ROBB 6CCX FE XXIII 1s2 2s 2P11PI - 1s2 2P211S)

SA~PSON CBX FE XXIII 2s ZP(3PI - 2P2(1D)
ROB8 6CCX FE XXIII 1S2 2S 2P(3PI -

S4HPS13N CBX FE XXIII 2S 2P(3P) - zP2flsl

1s2 2P2(1OI

ROBB 6CCX FE XXIII 1S2 2S 2P(3P) - 1s2 ZP2(1SI

SAhPSON C8X FE XXIII 2s ZP(lP) - ZP2(3P)
R0913 6CCX FE XXIII 1s2 2s 2P(1P) - ls~ 2p2[3p)

HENRY IJNHIXfD FE XXIII 2s2 - 2PZ(3P)
ROES 6CCX FE XXIII 1s2 2s2 - 1S2 2P2(3P)
PIANN OUXCI FE XXIII 1S2 2S2(1S1 TO 1S2 2P2(3P) 3X4

~ENRY UC8 FE XXIII 2s2 - 2P2(1D)
tiENRY UNMIXED FE XXIII 2s2 - 2P2(10)
ROB8 UNHIX FE XXIII 1s2 2s2 - 1S2 ZP2(1DI
ROBE bCCX FE XXIII 1s2 2s2 - 1S2 2P2(1OJ

KIU SCALEO FE XXIV 2s - 2P
CALL4uAy FE XXIV 2s(2s) - 2P(2P)
Ront3 Ccx FE XXIV 2S - 2P
MANN OdX 11 FE XXIV 2S 10 2P HFRDU 11

YOUNGER LIUXCI MO XXXI 3s2 - 3s 3P(1P)
4ANN DUXCI MO XXXI 3S2 TO 3S 3P(1P) HFR DU MIX2

K14 SCALEO qo XXXII 3s - 3P
BLAH4 Ou No XXXII 3s - 3P
NANN Dux MO XXXII Zpb 3S TO 2Pb 3P HFR OU

17
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124 MO XXXII
ZP6 3S - 2P6 30

3LAHA Du HO XXXII 3s - 3D
~ANN OU NO XXXII
MANN

2p6 35 TO 2P6 3D HFR OU
Oux !40 XXXII 2P6 3S TO 2P6 30 HFR OU

125 No XXXII
2P6 3S - 2P6 4S

BLAHA Ow fio XXXII 3s - 4s
IIANN Od MO XXXII 2P6 3S TO 2P6 4S HFR Dd
14ANN Otix tEO XXXII 2P6 3S TO ZP6 4S HFR OIA

126 @lo XXXII
2P6 3S - 2P6 4P

BLAHA DU Ho XXXII 3s - +P
MANN DHX Mo XXXII 2P6 3S TO 2P6 4P HFR OU

127 iO XL
1s2 Zs(zs) - 1s2 2P12PI

KIM SCALEO MO XL
CALLAUAY

2s - 2P
NO XL 2s(2s1 - 2P12PI

18



5.3. Comparison Plots
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FE XXIV
1s2 2s - 1s2 2P

;. SYM90L 4 5 13
●

1001
1.34
1.37
1.78
2.03
2.28
2.37
2.90
3.15
3.42
4,19
4.56
5.00
5.57
6,00
6.84
7.00
7.24
7.41
8.00
9.00
9.12
9.85

10000
11039
11*59
13009
15*OO
15094
17*41
20.00
20.28
23.14
24.63
28.98
30.76
40.00
40.89
43*47
54.36
57.95
60.00
72.26
72.44
8G.00
86.93
96.06

100000
101.42
127.70
169.76
225.67
300.00

MANN

E= 402a9

4*482 E-01
4.546E-01

40628E-01

4,734E-01

4086? E-01

5.033 E-L3L

5.237E-01

5.4a2E-ol

5.768E-01

b.0~5E-01

b,454E-01

6.355E-01

70275E-01

7.714E-01

3.L62E-OL

8.614E-01

9.064E-01

9.5oaE-ol
9.942E-01
1.037E+O0
10078E+O9

QOBB

E= 3.451

4.673E-01

4.P6(3E-01

4.934E-01

5.628E-01

b.146F-01

b.536E-01

6.85RE-01

70136E-01
7.377F-ol

-.

5.00RE-01

8.479E-01

3.Y45E-01

9.143E-01

9.394E-01

:ALLAuAY
E= 4.388

4.700E-01

4.930E-01

5,080E-01

5.260E-01

5.580E-01

5.1360E-01

5.11OE-O1

19
KIM
E= 4.400

5.987E-01

b,225E-01

6.423E-01

6.594E-01
5.744E-01

5.976E-01

7.3a2E-ol

70736E-01

80582E-01

9.074E-01

9.421E-01

9.691E-01
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5.4. Data Tables

OAT* OF J. 3. MANN PLOT SYt480LS lnz#4#7
---------------------------------------------------------------- --------------------------

aE xI
2s - 2P

ETri = 2.91OE-O1

x f4ANN Odx
1.01 10658E*O1
1.34 1.923E+01
1.73 Z.ZZ9E+J1
2.37 2.573E+01
3.15 2.960E+01
4.1? 3.3a3E+ol
5.57 30831E+01
7.+1 +.295E+01
‘3.35 %.767E+01

13.09 5.240E+01
17.+1 5.71ZE+01
23.14 5. L79E+21
30.76 b.ti3gE+Ol
42.89 7.J31E+01
54.36 7.537E+01
72.26 7.977E+Ol
36.06 9.+1OE+O1

127.70 3.33dE+Ol
159.73 J..26IE+O1
225.67 ?.b79E+Ol
330.00 1.00QE+02

c 111
LS2 2s2 - 1s2 2s ZP(3P)

ETH = 4.777E-al

x
1.21
1.37
l.db
.?.33
3.44
4.67
b.35
3.52
11.71
15.91
Z105Z

29.36
39.d9
54.19
73.61

lJO.JO

?h’.!v Odxc
1.178E+O0
L.054E+O0
4.34.7E-01
1.4T2E-21
6.573E-01
>.227E-01
3.939E-01
2.937E-01
2.017E-01
1.333E-01
d.443E-02
501o2E-O2
3.074E-02
L.7+5E-02
1.032E-02
>.3b3E-03

c Iv
1s2 2s - 1s2 3s

ErH = 2.760E+O0

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.05
15.91
20.J2
25.19
31.70
39.d9
>0.19
63.16
79.47

LOOOOO

?A-4V 3UX
%.421E-al
$.>22E-01
4.501E-OL
+.bb6E-01
+.719E-01
4.759E-01
$.7?1E-01
4.d15E-01
4.831E-01
● .8+1E-01
+.d47E-01
+.d50E-01
$.d50E-01
4.349E-01
4.846E-01
4.S42E-01
4.d39E-01
4.d35E-01
1+.831E-01
%.329E-01
4,a27E-ol

B 111
2s - 2P

ETH = $.409E-01

x 4ANN 2tiX
1.01 1.295E+01
1.34 1.355E+01
107’3 1.494E*01
2.3? 1.621E+OI
3.15 1.76? E+OL
4.19 1.434E+01
5.57 Z.115E*01
7.41 2.309E+OI
?.95 Z.5L3E+01

13.09 2.724E+01
17.+1 Z.939E+OL
23.1% 3.156E+31
30.76 3.374.S*O1
42.83 3.590E+01
54.36 3.ao5s+ol
72.26 4.017E*01
96.36 v.227E+Ol

127.7.1 +.43+:+31
169.76 4.632E+01
225.67 4.842E+01
300.O!I 5.042E+J1

c 1[[
2s .2P(3P) - 2P2(3?)

ETH = 7.7jlE-01

x

1.01
1.37
1.35
2.53
3.44
$.67
b.35
a.62

11071
150?1
Ziobz

23.36
39.89
5+.19
73.61

190.00

)3kNN Ouxc
2.O1OE+O1
2.252E+!31
2.543E+)1
2.3dZE+Ol
3.246E+01
3.686E+01
4. L34E*01
+,6C)2E+’31
5.0130E+01
5.563E+i)l
5.046EtOl
5.527E+01
7.003E+01
7,473E+OL
7,93bE+Ol
3.3~zE+ol

c Iv
1s2 2s - 1s.? 3P

ETH = 2.917E+30

x YdNN 04X
1.01 1.152:-01
1.27 1.390E-31
1.60 L.747E-01
2.01 2.Z25E-01
2.53 2.3L8E-01
3.19 3.516E-01
4.01 +. 307E-01
5.0+ 5.180E-01
6.35 6.122E-01
7.99 7.122E-01

10005 3.174E-01
12.65 .).272E-01
15.91 1.04LE+O0
20.02 1.159E*O0
25.19 1,274E+O0
31.70 1.401E+J0
39.33 1.524E+90
50.19 1.64dE+O0
b3.16 1.773E*O0
79.47 1.d9dE+O0

li)o.oo 2,0Z2E+O0

C III
1s2 2s2 - LS2 2s 2P(IP)

ETH = ?.327E-OL

1:01
1.37
lab
2.53
3.*4
+.b?
6.35
3.5.2

11.71
1s031
21.52
29.36
39*d9
56.19
73.61

100.00

4ANN O#XC
3.920E+O0
*.6Z6E+O0
5.426E+O0
6.318E+O0
7.296E+O0
9,346E+(30
9.453E+O0
L.J60E+OL
1.L76E+01
1.Z92E+OL
10408E+O1
1.523E+01
1.!J37E+ill
L0750E+01
L.960E+01
1,970E+01

c Iv
1S2 2S - 1S2 2P

ETH ● >,d93E-OL

x
1.01
1.30
1.8+
2.4a
3034
$051
6.Jd
8.19

11.05
1+.90
23.10
27.11
3b.56
49.30
66.49
a9.67

120.92
163.08
219.93
236.5.3
400.00

MANN Dux
9.307E~O13
4.7jdi+O0
1.J31E+OL
1.099E+01
1.17tE+31
1.269E+OL
1.371E+01
l,4d3E+Ol
1.603E+01
1073OE+O1
L.361E*01
1.9946+01
20128E+01
Z.Z52E+01
Z.395E+OL
2.5Z6E+OI
20!J56E+01
2.733E*01
2091OE+J1
3.334E*01
3.157E+01

c Iv
1s2 2s - 1s2 3!)

EIH = 2.961E*O0

x U4NV Obfx
1.01 6.077E-OL
1.27 6.458E-IJ1
1.60 6.469E-31
2.01 7.59!)E-01
2.53 9.26’JE-01
3.1’? Y*$)5tE-oL
+001 9.61bE-01
5.0$ 1.021E+O0
6.35 1.07GE*30
7.99 1,117E+O0

10.05 1.155E+0..3
12.65 1.LY3E+O0
15.91 L.205E+09
20002 1.22ZE+O0
25.19 1.Z34E+O0
31.70 L0241E+O0
39.99 1.Z44E*O0
50.19 1.2$1E+O0
63.16 1.234E+O0
79.*7 1.22+E+O0

100.00 1.212E+O0

128



c Iv
1s2 2s - 1s 2s2

ETI4 = 2*L47E+01

x
1.01
1.17
1036
1058
1.84
2.13
2.+7
2.87
3.33
3.d7
4.49
5.22
6.06
7.d3
8.17
3.48

11.01
12.78
14.84
17.23
20000

YAN+ OUXC
1.977E-02
2.037E-02
2.077E-02
ZO1O9E-O2
Z.132E-02
2.191E-02
2.148E-OZ
2.ld3E-02
2.197E-02
Z.Z1OE-OZ
2.223E-OZ
2.235E-02
2.247E-02
Z.258E-02
Z.268E-02
2.278E-02
Z.Z’37E-02
2,295E-OZ
2.302E-02
Z.309E-02
2.314E-02

c Iv
1s2 2s - 1S 2S(3S) 2P(ZPI

ETH = Z.Z30E+01

x
1.01
1.17
1.36
1038
1.84
2.13
2,47
2.d7
3*33
3.87
4.$9
5.22
b.Ob
7.03
3.17
9.4’3

11.01
12.78
14.a4
17.23
20.00

MANN Ouxc
3.ZO?E-02
2.850E-02
2.022E-02
2.512E-02
z.503E-oZ
Z.575E-02
2.712E-02
Z.900E-02
30129E-02
3.387E-02
3.669E-02
3.467E-OZ
4.279E-02
4.600E-OZ
4.928E-02
5,261E-02
5.598E-OZ
5.939E-OZ
6.2d2E-02
6.4Z6E-02
6.972E-02

o 111
2s2 Z?Z13P) - 2s ZP3130)

ETL4 = 1009zE+oo

x
1*J1
1.4?
2*2O
3.2b
4.31
7oli

10.50
15051
22.91
33.85
!iJ.oo

PIA$3N OdXC
3.013E+a0
L.036E+91
L.186E+01
L.359E+OL
1.55ZE+’31
1.753E+OI
1.9$7E+01
2,217E+01
z.430E+01
2.b83E+Ol
2.913E+01

c IV
1s2 2s - 1s 2s ZP(4P)

ETH = 2.L6ZE+01

x
1.01
1017
1.36
1.58
1.94
2.13
2.47
2.87
3*33
3.d7
4069
5.22
b.D6
7003
8.17
9.48
11901
12.78
14.84
17.23
20.00

14ANN OdX
6.171E-02
b.8Z.3E-02
3.7Z3E-OZ
2.@38E-02
Z.14ZE-OZ
1.60ZE-02
10189E-OZ
8.769E-03
6.435E-03
4.7f3~E-03
3.429E-03
Z.494E-03
1.dlZE-03
1.31bE-03
9.555E-04
6.342E-04
5.047E-04
3.674E-04
2.677E-04
L.954E-04
1.427E-04

1S2N2: - 1s2 2P
ETH = 7.348E-01

x
1.01
10ZO
1.42
1.b8
1.92
2.36
2.79
3.31
3.92
4.65
5.50
6.52
7.73
9015

10.85
12.85
15.23
18.04
21.37
25.32
30.00

UANt4 Oblt
b.869E+O0
7.003E+0’3
7.15bE+O0
7.330E+o0
7.526E+OCi
7.746E+OCI
7.988E+O0
3.Z58E+O0
.9.554E+O0
a.877E+O0
9.225E+O0
3.597E+O0
9.993E+O0
1.041E+01
1.085E+01
1013OE+O1
1.177E+01
1.ZZ5E+01
1.274E+01
1.3Z3E+OL
10373E+O1

o 111
2S2 2PZ13P) - 2S 2P3{3P)

ETU = 1.Z96E+O0

x HANN 04XC
1.01 6.940E+O0
1049 9.451E+O0
2.20 1.006E+01
3.2b L.182E+01
4.al 1.374E+01
7.11 1.578E+01

10.50 1.790E+01
15.51 Z.004E+OL
22.91 Z.ZZOE+O1
33.85 Z.434E~91
50.’)3 2.b4bE*OL

c Iv
1s2 2s - lS ~s(ls] Zp(zp)

ETH * Z.20ZE+OL

x
1.01
1.17
1.36
1.58
1.s4
2.13
2.47
2.87
3.33
3.37
4.49
5.2Z
6.Ob
7.03
a.17
9.4d

11.01
12.78
14.84
17.23
20.33

FIANV 3 d xc
5.106E-OZ
7.ZIOE-a2
9.534E-02
1.Z06E-01
1.473E-01
1.753 E-01
z.041E-111
Z.337E-01
Z.638E-OL
Z.?43E-01
3.251E-01
3.5bZE-01
3.974E-01
4.18@E-01
%.503E-Ijl
4.319E-IJ1
5.136E-01
5.454E-01
5.772E-U1
6.J91E-OL
6.413E-01

o 111
2S2 ZP2(3P) - 2s ZP315S)

ETH = 5.677E-01

x
1.01
1049
2*ZO
3.26
4.81
7.11

10.50
15.51
22.91
33.65
50.00

MANN OdiC
1.17bE+O0
L.076E+O0
9,513E-01
3.071E-J1
6.530E-01
50002E-01
3.578E-01
Z0353E-91
1.415E-01
7.972E-OZ
4.13tE-CIZ

~ 111
2S2 ZP213P) - 2S 2?313S)

ETA = 1.794E+O0

x
1.01
1.49
2.20
3.Zb
4.81
7.11

10.50
15051
22.91
33.95
50.00

UA~ti 13JiC
4.976E+O0
5.560E+O0
7.1Z7E+O0
8.dOIE*Oa
10056E+O1
1.238E*01
1.4ZZE+OL
10605E+O1
1.79@E+Ol
1.9b9E+OL
2.146E+C11

729



O III
2s2 2P2(3PI - 2s ZP3( 10)

ETH = 1.703E+O0

i
1.01
1.49
2.20
3.26
+081
7.11

10. jO
15.51
22.91
33.35
50.30

2s2 2P?
Er+

x
1.01
L.+v
2..20
3.26
+.31
7.11

10.20
15.51
220?1
33.85
5J.30

!4A44 Odxc
5.701E-01
1+.348E-01
3.L53E-01
Z.133E-01
LO+04E-01
3.343E-OZ
4.643E-02
2.500E-C)2
1.361E-02
7.897E-03
5.l?OE-03

O 111
3P) - 2s2 2P2’LS)

3. J16E-01

YAP43 OWxc
b.479E-01
5.545E-01
6.068E-01
>.407E-01
4.535E-01
3.+96E-01
2.419E-01
1.491E-01
3.,J?5E-02
4.018E-02
1.426E-02

.

) Iv
2s2 2P - 2s ZP2(201

ETn = 1.154E+O0

x
1.01
1.27
lobO
2.J1
2.’33
3.19
+..)1
5.J%
b.35
7,99

10.05
Lz.bs

15.9L
ZO.J2
25.19
31.70
39.39
52.19
63.16
79.47

100.00

M4’44 Jdxc
6,363E+O0
b.b2bE+O0
6.937E+O0
7.Z99E+O0
7.715E+O0
d.137E+O0
5.7139E+O0
9.2130E+o0
9.995E*O0
1.055E+01
1. L23E+01
1.194E+01
1.Z57E+01
L.342E+01
1.417E+01
1.492E+01
1.508E+01
L.443E+01
1.7LSE+01
10792E+O1
L.+66E+01

o 111
2S2 2P2(3P) - 2s 2P311P)

ETtl = 1.91bE+O0

x ~ANN Oulxc
1.01 .2.562E-01
1.+9 1.894E-01
2.20 1.317E-01
3.26 5.703E-OZ
6.81 5.353E-02
7.11 3.059E-02

10.50 1.bb2E-02
15.51 d.953E-03
22.91 5.056E-03
33.85 3.185E-L13
50.00 2.341E-33

3 111
2s2 2P2( 10) - .2s2 2P2(1S)

ET~ = 2.088E-01

x
1.01
1.49
2.20
3.25
4031
7.11

1$3.50
15.51
22.?1
33.85
50.00

*AVN DdXC
3.673E-01
3.669E-01
3.661E-01
3.651E-OL
3.657!-01
3.708E-01
3.d$lE-01
4.091E-OL
$.466E-TJ1
4.936E-01
5.443E-01

3 Iv
2s2 2P - 2s 2PZ(ZS)

ETH = 1.+36E+O0

i
1.01
1.27
1.60
2.01
2*53
3.19
4.01
5.04
6.35
7.99

LO.05
12.65
15.91
20.02
2501?
31.7’J
39.89
50.19
63.16
79.47

100.00

.9ANN Odxc
Z.094E+O0
2.229E+O0
Z.383E+30
205513E*O0
2.753E+O0
2,967E+J0
3.198E+O0
3.445E+O0
3.705E+o0
3,976E+O0
1+.256E+O0
4.542E+O0
4.832E+O0
5.126E*o0
5.4Z1E+!30
5.717E+O0
5.012E+O0
6.305E+O0
5.597E+O0
b.886E+O0
7.174E+09

3 111
2S2 2P2(3P) - 2s2 2P2(10)

ETH = 1.828E-01

x
1001
1049
2.20
3.26
4.81
7.11

10.50
15051
22o91
33.95
50.20

~ANN OUXC
4.!383E+O0
4.005E+09
3.891E+O0
3.719E+O0
3.4b?E+O0
30117E+O0
2.651E+O0
2.091E+a0
L.504E+O0
9.765E-C)L
5.749E-01

o Iv
2s2 2P - 2S 2P2{4?I

ETH * b.505E-01

x
1.01
1.27
1.60
.?.01
2.53
3.19
4.01
5.04
6.35
7.?3

10005
12.65
15.91
20.02
25.19
31070
39.d9
50.19
63.16
79.47

100.00

‘4AN?4 Odxc
1.217E+O0
1.167E+O0
1.11OE+OO
L.044E+O0
9.707E-01
8.898E-01
8.029E-01
7.11OE-3L
6.15.2E-01
5.208E-01
4.283E-01
3.418E-01
2.645E-OL
l.?aPE-ol
1.453E-01
1.L137E-01
7.24YE-OZ
4.984E-02
30380E-02
2,266E-02
1.505E-02

c1 Iv
2s2 2P - 2s 2P2(2P)

ETH = 10444E+oO

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.06
6.35
7.99

10.05
12.b5
15.91
20.02
25.19
31.70
39.89
50.19
63.14
79.47

100.00

YAVM Owxc

7.730k+oo
8,404E+O0
9.179E+O0
1.006E+OL
1.103E+O1
1.209E+01
1.324E+01
1.445E+01
1.57ZE+01
1.703E+IJ1
1.93?E+OL
1.973E+OL
2.lllE+O1
Z.Z4eE+OL
2.395E*01
2.522E+OL
Z.b57E+Ol
2.792E*01
2.925E+01
3.957E+01
3.187E+01

130



o lV
2s 2P2(4P) - 2s 2P2(20)

ETH ● S.O+OE-01

,x
1901
$,28
$.b3
2.07
2.63
3.33
4.23
5.38
6.83
Y.b7

11.01
13.98
17.75
22.54
23..62
36.35
46.15
5d.61
74.62
3$.50

120000

MANN DUX
3.427E+O0
3.291E+O0
3.129E+O0
2.937E+O0
2.718E+O0
2.470E+O0
2.199E+O0
1.911E+O0
L.619E+O0
1.331E+O0
1.061E+O0
9.205E-01
5.146E-01
4.467E-01
3.155E-01
20170E-01
1.457E-01
9.581E-02
60186E-02
3.934E-02
2.472E-02

o iv
7.s 2?2(20) - 2s 2P2(2S)

ETli ● 3.411E-01

x
1001
1031
L*7O
2.20
2095
3.69
6.78
6.20
a.J3

10061
13.48
17.47
22.56
29.34
38.02
49.26
63.84
92.72

107.20
138.91
190.00

MANN Oux
5.327E-01
b.414E-01
b.516E-01
b.640E-01
607136E-01
5.958E-01
70163E-01
7.$04E-01
7.693E-01
3,030E-01
8.418E-01
8.d52E-01
9.319E-01
?.799E-01
1.027E+O0
1.071E+O0
1.lllE+OO
1.144E+O0
1.170E+O0
1.190E+O0
1.205EtO0

Ov
2s2 - 2S 2P(3P)

ETH = 7.49$:-01

1:01
1.27
1.60
2.01
2.53
3.19
6.01
5.04
6.35
7.99

10.J5
12.65
15.91
20.02
25.19
31.70
39.d9
50.19
53.16
79.47

100.00

MANN Odxc
30219E-01
3.1J3E-01
209b7E-01
2.81OE-O1
2.6Z?E-01
2.4Z5E-01
2.202E-01
1.960E-01
1.707E-01
L.4’30E-01
1.199E-01
9.625E-02
7.537E-02
5.591E-02
4.Z03E-02
3.031E-02
2.142E-02
1.437E-02
1.0L7E-02
6.873E-03
4.595E-03

o [v
2s 2P2[20) - 2S 2P2(2PJ

ETH = 4.894E-01

x
1.01
1.28
1.63
2.07
2.63
3.33
4.23
5.38
6.83
8.67

11*OL
13.98
17.75
22.54
28.62
36.35
46.15
58.61
74.42
94.50

120.00

MANN 01/X
10718E+OO
1.b51E+O0
L.572E+O0
L.478E+O0
10371E+OO
1.249E+O0
1.115E+O0
9.7Z1E-01
5.258E-01
6.818E-OL
5.460E-01
4.237E-01
3.197E-01
Z.325E-01
L*668E-01
10137E-O1
70659E-OZ
5.048E-02
3.266E-02
2.08LE-02
1.309E-OZ

o Iv
2s 2P2(6P) - 2s 2P2(2S)

ETH . 90451E-01

x
1001
1.25
1055
1.93
2.39
2.96
3.b8
4.56
5.66
7.02
8.7o

Io.ao
13.39
16.61
ZO.bO
25.55
31.69
39.31
48.75
60.47
75.03

t4ANN Oux
5.O?lE-01
4.772E-01
40412E-OL
4.OLIE-OL
3.575E-01
3.117E-OL
Z.b50E-01
Z.192E-OL
L.759E-01
L.368E-OL
1.030E-01
7.500E-02
50Z92E-02
3.621E-02
Z.405E-02
1.554E-02
9.7$9E-03
6.021E-03
3.6Z5E-03
20141E-03
1.243E-03

Ov
2S 2P(3PI - ZP2(3P)

ETH = 1.199E+O0

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
b.35
7.99

10.05
12.65
15.91
2a.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00

*ANN OdX
1.3dlE+Ol
L.437E+01
L.502E+01
1.57BE+OL
1.666E+01
10765E+OL
1.875E+01
1.996E+01
2.12bE+Ol
2.266E+01
Z04L2E+01
2.5b5E+Ol
2.721E+01
2.8alE+ol
3.043E+01
3.206E+01
3.369E+01
3.531E+01
3.691E+01
3.851E+01
4.009E+OL

o Iv
2S 2P2(4P) - 2s 2P2(ZP)

ETH = 3.934E-01

x
1.01
1..24
1.52
1.96
2.29
.2.80
3.44
4.22
5.17
6.35
7.78
9.55

11.71
14.37
17.62
21.61
26.51
32.51
39.88
48.32
60.00

‘4ANW Otlx
4.820E-OL
4.5aOE-OL
4.146E-01
3.76212-01
3.355E-01
2,936E-OL
Z.51bE-Jl
.2011OE-O1
1.729E-01
1.3d4E-01
1.J94E-01
9.305E-OZ
6.237E-OZ
4.598E-OZ
3.333E-02
2.380E-.)2
1.676E-02
1.16bE-OZ
8.03i)E-03
5.480E-03
3.7L1E-03

2s2 - ZS3Z:(1P)
EIH ● 1.447E+J0

x
1.01
1.27
1.60
2.01
2.53
3.19
4.31
5.04
6.35
7.9+

10.05
12.65
15*91
20.02
25.19
31.70
39.3?
50.19
b30Lb
79.47

100.00

MANN Oiixc
Z.953E+O0
3.000E+OIJ
3.171E+rI0
3.36dE+O0
3.591E+o0
3.a41E+oo
4.L17E+OCI
4.41bE+O0
4.736E+O0
5.074E+O0
50426E+O0
5.789E+O0
4.L5?E+O0
6.534E+O0
b.912E+O0
7.29aE+!33
7.bb7E+a0
3.0425+00
9.414E+JIJ
8.78ZE+O0
9.167E+O0

‘3 VI
2s - 2P

ETH = 8.dl>E-01

x
1.01
1.34
1.78
2.37
3.15
4.19
5*57
7.41
9.85

13.09
17.41
23.14
30.76
40.89
54.36
72.26
9b.06

127.70
lb9.76
2Z5.b7
300.00

?AVN Owx
5.Z22E+O0
5.371E+O0
5.558E+O0
5.786E+O0
b.0b4E*d0
b.393E+O0
6.777E+J0
7.Z1lE+OO
7.!)94E+O0
8.217E+O0
8.774i+O0
9.354E+t)0
9.949E+O0
L.J55E+01
l.llbE+Ol
1.176E+01
10235E+O1
1.Z94E+01
1.351E+01
L.408E+OL
1.464E+01

731



o VI
2s - 3s

ET!4 = 5.833E+O0

x
1.J1
1.17
1.36
1.58
1084
2.13
2.47
2.I37
3.33
3.87
4.49
5.22
0.36
7.03
8.17
9.48

11.91
12.78
1+.34
17.23
.?0.00

4Ati4 C191X
Z.1OLE-O1
z.L3ZE-01
Z.161E-01
Z.ld9E-01
2.214E-01
Z.Z38E-01
Z.259E-01
2.278E-01
Z.Z?4E-01
Z.308E-01
Z03ZOE-01
Z03Z?E-01
Z.337E-01
2.343E-01
Z.3+8E_Ol
Z.351E-01
Zo354E-01
Z035f)E-01
Z.357E-01
Z.358E-01
Z0358E-01

NE VIII
.2s - 2P

ETPI = 1.199E*O0

1:01
1.17
1036
10’J8
1.84
2013
2.+7
2.97
3.33
3.li7
4.49
5.22
6*O6
7..)3
8.17
9.48

11.01
12.78
14.94
17.23
20.00

HANN ‘3Ux
3.333E+O0
3.369E+O0
3.409E+O0
3.455E+O0
3.507E+O0
3.553E+90
3.523E+O0
3.701E+O0
3.7dlE+O0
3.d70E+O0
3.467E+O0
4.073E+O0
4.137E+O0
+. 31OE+JO
$.4$2E+!30
$.5dZE+O0
4.729E+O0
$.dd4E+O0
5.045E+O0
5.Z1lE+OO
5.383E+O0

AL 11
3s2 - 3s 3P(1P)

ETA = 5.456E-01

x
1.01
L*Z7
1.63
2001
2.53
3.19
+.01
S.il+
6.35
7.33

10.05
L2.65
15.31
20.02
25.19
31.70
39.89
50.17
63.16
79.47

100.00

MANN DUXC
7.756E+O0
J.449E+30
1.1130E+01
1.+19E+01
10586E+O1
1.379E+01
2.Z9bE+Ol
Z.633E+01
Z.984E+01
30343E+01
3.797E+01
4.07ZE*01
4.435E+01
+.795E+01
5.152E+01
5.505E+01
5.953E+01
6.1+9E+01
6.5+1E+01
6.830E+01
7.Z16E+01

O VI
2s - 3P

ETt4 = 6.071E+O0

u
1.01
1.17
1036
1.58
1.84
2.13
2.47
2.97
3.33
3.87
4.49
5.22
6.06
7.03
8.17
9.4a

11.91
12.78
14084
17.23
20.00

~ktiv Oiix
8.120E-02
9.Z35E-02
1.065E-01
1.Z38E-01
1.441E-01
L.673E-OL
1.934E-01
Z.ZZIE-01
2.533E-01
Z.867E-01
3.223E-01
3.598E-01
3.990E-01
4.398E-01
4.81? E-01
5.Z53E-01
5.699E-01
6.157E-01
6.624E-01
7.1OOE-O1
7.584E-01

flti 11
3s - 3P

ETi4 . 3.256E-01

x
1.01
1.27
1060
2001
2.53
3.19
4.01
5.04
6.35
7.99

10.J5
12.65
15.91
20.02
25.19
31070
39.89
50.19
63.L6
79.47

100.00

t3AWN OdX
1.987E+01
Z03Z6E+01
2.7L6E+01
3.153E+01
3.634E+01
4.15LE+01
4.701E+01
5.277E+01
5.d74E*Ol
6.487E+01
7.138E+01
70732E+01
d.354E+Ol
3.971E+01
3.582E+01
10019E+O2
1.079E+02
1.138E+02
1*1?7E+OZ
10255E+O2
1.313E+02

&L 11
3s 3P(3P) - 3P2(3P)

ETH = 5.166E_Ol

x
1.01
1.27
1.50
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00

MANY Otix
3.22.6E+01
3.849E+01
4.5134E+01
5.466E+01
6.473E+01
705SOE+01
8.771E+01
1.003E+OZ
1.133E+OZ
1.Z67E+02
10401E+O2
1.535E+02
1.668E+02
1.f300E+02
L0930E+02
2.05ME+02
Z.185E+02
z.31OE+O2
2.435E+OZ
Z.558E+OZ
20681E+02

O VI
2s - 30

ETH = 6.148E+O0

x
1.01
1.17
1036
1.58
1.84
2.13
2.47
2.87
3.33
3.d7
4.49
5.22
6.06
7.03
8.17
9.48

11.01
12.7d
14.84
17.23
20.00

~ANV OdX
3.Z91E-OL
3.397E-01
3.535E-01
3.701E-01
3.892E-J1
+o099E-01
4.318E-J1
4.541E-01
4.762E-CI1
4.975E-01
5.178E-01
~.3b7E-01
5.540 E-J1
5.6Q5E-01
5.834E-01
5.956E-01
6.061E-01
6.L5ZE-01
6.Z30E-01
6.Z94E-01
6.347E-01

flG 11
3s - 4P

ETI4 * 7.349E-01

x
1.01
1.27
1060
2.01
2.53
3.19
4.01
5004
6.35
7.99

10.05
12.65
15*91
20.02
25.19
31.70
39.89
50.19
63o16
79,47

100.00

YAVN 2dX
1.$03E+O0
1.2Z5E+O0
1.12LE+O0
1.068E+O0
1.04dE+O0
1.046E+O0
1.052k+O0
1.00IE+OO
1..37OE+OO
Lo079E+O0
1.i)8bE+O0
1.093E+O0
1.1OGE+OO
L.106E+OO
Lo1llE+OO
1.116E+O0
1.121E+O0
1.125E+O0
1.130E*O0
1.L34E+o0
10138E+OO

AL II
3s 3P(1P) - 3P2(1OI

ET14 = 2.336E-01

x
1.01
1.27
1.60
2.01
2.53
3.1?
4001
5.04
6.35
7.99

10.05
12.65
15.91
20002
25.19
31.70
39.89
50.19
63.16
79.47

100000

!tAVN Odxc
2.846E+OCI
Z.678E+O0
Z.49ZE+O0
20303E+O0
20145E+O0
ZO054E+O0
Z.045E+O0
Z. L1+E+09
2.24ME+O0
2.4Z6E+O0
Z.633E+O0
2.85dE*O0
3.091E+O0
3.3Z7E+O0
3.558E+O0
3.78ZE+O0
3.393E+O0
40189E+O0
4.369E+O0
4.533E+J0
4.692E+O0

132



AL 11
3s 3P(3PI - 3s 3D(3D)

ETli = 5.Zt18E-01

x
1001
1.27
1.60
2.01
2.53
3.A9
4001
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.L9
31.70
39.a9
50.19
63.16
73.47

100.00

MANN DHX
4.306E*01
4.699E+01
5.333E+01
60204E+01
7.298 E+01
130550E+OI
?.955E+01
1.1+7E+02
L.308E+02
1.475E+02
10646E+O2
1.820E+02
1.996E+02
2.173E+02
2.351E+02
.2.529E+02
2,707E+02
2.88+E+02
3.060E+02
3.234E*02
3.407E+02

AL 111
3s - 4P

ETH = 1.309/+00

x
1001
1.27
1.63
2.01
2.53
3.19
4.01
5.a4
6.35
7.99

13.05
12.65
15991
20002
23.19
31.70
39.89
50.19
63.16
79.47

loa.oa

MANN DMX
5.803E-01
5.oalE-ol
4.646E-01
+.4Z2E-01
40333E-01
40323E-01
4.361E-01
40430E-01
+s524E-01
4.437E-01
40766E-OL
4.90LIE-01
5.051E-01
5.Z22E-01
5.3a7E-ol
5.556E-01
5.7Z5E-01
5.995E-01
5.067E-01
6.230E-01
b.391E-01

AL IV
2P6 - ZP5 3S(1PI

ETH = 5.693E+O0

x
1.!31
1.26
1.56
1.95
2.42
3.01
3.75
4.67
5.81
7.22
8.99

11.19
13.92
17.32
21.55
26.d2
33.37
41.52
51.67
64.29
90.00

MANN D’llxc
2.’371E-O2
3.809E-02
50121E-02
6.t79E-02
ao731E-02
1oO91E-O1
1.327E-01
1.577E-01
L.837E-01
2.105E-O1
?..38OE-O1
2.660E-01
2.945E-01
3.234E-01
3.527E-01
30823E-01
40120E-01
4.420E-01
40719E-01
5.019E-01
5.319E-01

3s2
ETH

x
1.01
1.27
1.60
2.01
2.53
3.19
6.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
b3.16
79*47

100.00

AL 11
- 3s $P(IP)
. 9.743E-01

MANN DWXC
6.072E-01
6.b50E-01
7.334E-01
d.015E-OL
d.b37E-01
9.184E-01
9.658E-01
10007E+OO
1.043E+O0
L.074E+O0
10101E+OO
1.124E+90
L.149E+O0
1.167E+O0
1.184E+O0
1.199E+O0
1.212E+O0
10ZZ5E+OO
1.236E+O0
1.247E+O0
1.257E+O0

AL 111
3s - 5P

ETH = L.626E+O0

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5004
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.13
63.16
79.47

100.00

YAW OUX
1.6L2E-01
1.307E-01
L.149E-01
1oO83E-O1
1.068E-01
1oO81E-O1
L.L1OE-O1
1.150E-01
1.L98E-01
1.253E-01
L.313E-OL
L.378E-01
L.+49E-01
1.526E-01
1.603E-01
L.6133E-01
L.763E-01
10843E-O1
1.926E-01
2.015E-OL
2.11OE-O1

AL IV
2P6 - 2P5 3D(3PI

ETH = 5.929E+O0

x !l kNN Ouxc
1.01 7.2a4E-02
L.2b 5.6b5E-02
1.56 4.078E-02
1035 20821E-02
2.42 1.927E-02
3001 10331E-02
3.75 9.528E-03
4.67 7.237E-03
5.81 5.92QE-03
7.22 5.260E-03
8.99 4.397E-03

11.19 4.995E-03
13.92 50158E-03
17.32 5.426E-03
21.55 5.762E-03
26.a2 6.140E-03
33.37 6.5Q5E-03
61.52 b.G66E-33
51.67 7.397E-03
64.29 7.a34E-03
90.00 a.273E-03

AL 111
35 - 3P

ETH . 4.906E-01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5004
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
b3.16
79*47

100.00

4ANN D4X
1.’965E+O1
2.125E+01
2.31OE+O1
2.520E+01
2.755E+01
3.016E+OL
30301E*01
3.606E+01
3.929E+01
4.265E+01
4.609E+01
4.959E+Q1
5.313E+01
5.66dE+Ol
6.325E+01
60330E+OL
6.735E+dl
7.088E+01
7.441E+01
7.793E+01
8.L45E+01

AL IV
2P6 - 2P5 3S(3P)

ETH = 5.628E+O0

x
1.01
1.26
1.56
1.95
2.$2
3..31
3.75
$.67
5.81
7.22
a.’49

11.19
13.22
17.32
21.55
26.d2
33.37
41.52
51.67
64.29
80.00

MANN Oilxc
4.755E-02
3.723E-J2
2.90f+E-02
2.3d6E-02
20L36E-OZ
Z.074E-02
2.133E-02
2.2b9E-dZ
2.457E-OZ
2.bd5E-J2
Z.94bE-02
3.23LE-02
3.53bE-02
3.d56E-02
4.197E-J2
4.525E-02
*.a70E-02
50217E-02
5.567E-02
5.9L8E-02
6.270E-02

AL IV
2P6 - ZP5 3D(3D)

EIH = 7.000E+09

x
1.01
L.Z6
1.56
1095
Z.42
3.01
3.75
4.6?
5031
7.22
8.99

11.19
13.?2
17.32
21.55
2b.d2
33.37
41.52
51.b7
64.29
90.J.J

UAti4 Ouxc
5.338E-OZ
5.LL3E-02
5.150E-02
50540E-02
6.233E-.32
7.146E-02
3.2oaE-02
9.368E-02
i.059E-i31
L.187E-01
1.318E-OL
L.453E-01
1.530E-01
L.730E-01
L.87ZE-01
2.0L5E-OL
2.150E-01
2.305E-OL
2.449E-OL
2.59+E-01
2.738E-dl



AL IV
2?6 - ZP5 3!)(1PI

ETH = 6.990E+O0

x VANN Oidxc
1.01 1.253E-01
1.26 L0961E-01
1.56 2.552E-01
1.95 3.3Z2E-01
2.42 4.157E-01
3.31 5.045E-01
3.75 5.975E-01
4.67 6.939E-01
5.dl 7.930E-01
7..22 d.948E-01
3.99 9.9E8E-01

11019 10105E+OO
13.92 1.Z14E+O0
17.32 1.3Z6E+O0
21.55 1.637E+O0
26.82 1.550E+O0
33.37 1.555E+O0
+1.52 1.790E+O0
51.67 L.995E+O0
b+.Z3 ZOJLOE+20
90.00 Z.1Z5E+O0

4L VI
2s2 ZP4(3PI - 2s1 ZP5(1P)

Erli * 4.099 E400

x
1.01
1.27
1.50
2001
2.53
3.19
+..31
5.04
6.33
7.99

10.05
Lz. bs
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79.+7

100.00

!4ti)iN (3uX
1oZO3E-O1
1.11OE-O1
L.009E-01
J.0Z4E-02
7.309E-OZ
6.76bE-02
5.63ZE-02
+.547E-OZ
3.555E-OZ
Z.694E-OZ
1.39ZE-OZ
1.4ZOE-02
3095?F-03
6.858E-03
4.654E-03
3.lZZE-03
Z..374E-O3
L.366E-03
8.941E-0+
5.d15E-04
3.7bkE-04

SI 11[
3S 3P(3P) - 3P2(3P)

ETd = 7.016E-01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10005
12.65
15.91
20.02
25.L9
31.70
37.a9
30.1)
63.16
79.47

100.90

?A*V Oulxc
3.063E+01
3.4ZOE+01
3.838E+01
4.315E+01
*.a50E+ol
5.+40E+01
5.077E+01
6.753E+01
7.+bOE+Ol
‘3.183E+01
8.9Z9E+01
>.675E+01
L.043E+02
L.L17E+02
1.L?ZE+OZ
1.2b5E+02
1.340E+OZ
1.413=+32
L.%36E*02
1.553E+OZ
1.b31E+OZ

4L V
2S2 2P5(ZP) - 2S1 2P4(ZS)

ETH * 3.259E*O0

x
1.01
1.27
1.60
2.01
2.93
3.19
4.01
5.06
6.35
7.99

10.05
12.65
15.91
2.3.02
25.19
31.70
39.89
50.19
53.15
79.47

100.00

MANN OUX
1. 759 E+O0
1.858E+O0
1.970E+O0
2.096E*30
2.236E*O0
Z.390E+O0
z.558E+O0
20738E+O0
Z.929E+O0
3.130E+O0
3033@E+O0
3.553E*O0
3.773E+O0
3.995E*O0
4.ZZOE+OO
+.445E+O0
4.670E+O0
+.a94E+oo
5.117E+O0
5.339E+O0
5.557E+O0

SI 111
3s2 - 3s 3P(3P)

ETli = 408ZOE-01

x
1001
1.27
1.60
ZOOL
2.53
3.19
+.01
5.04
6.35
7.99

19.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00

~4NN OIJXC
z.17ZE+O0
1.875E+O0
1.568E+03
1.Zb3E+O0
9.919E-01
705Z9E-01
5.5?1E-01
4.1OOE-O1
Z.991E-01
Z.172E-01
1.56ZE-01
1.105E-O1
7.669 E-02
5.2Z6E-02
3.515E-OZ
Z.349E-02
1.57ZE-02
1.061E-02
7.294E-03
5.135E-03
3.758E-03

S1 Iv
3s - 3P

ETH = 6.5Z5E-01

x
1.01
1*Z7
1.60
2.01
2.53
3019
+.01
5.0+
6.35
7.99

10*O5
12.65
15.91
20.02
25.19
31.70
39.89
50019
63.16
79.47

100.00

f4ANN Oux
1.6b8E+Ol
1. 76 ZE+OL
1.871E+01
1.997E+01
Z.140E+01
2.300E+01
Z.+7bE+Ol
Z.666E+01
Z.869E+01
3.083E+01
3.305E+01
3.533E+01
3.766E+01
4.003E+01
4.Z4ZE+01
4.48ZE*01
4.7Z4E+3L
4.965E*01
5.Z07E+01
5.469E+01
5.690E+01

AL VI
2s2 ZP4(3P) - 2s1 ZP5[3P)

ET?I = 2.937E+O0

x
1001
1.27
1060
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50,19
43o16
79.47

100*OO

tEANN O’dX
5.593E+O0
5.807E+O0
6.062E+Oa
6.359k+O0
6.700E+O0
7.i18bE+O0
7.514E*O0
7.98+E+O0
a.490E+oo
3.1329E+33
9.596E+O0
1.018E+01
1.079E+01
L.141E+01
1.Z04E+01
1.Z67E+01
1.330E+01
1.392E+01
1.455E+01
1.517E+01
1.379E+al

SI 111
3s2 - 3s 3P(1PI

ETH = 7.553E-01

x NAI’4N OtiXC
1.01 8.698E+O0
1.27 9.759E+O0
l.bO 1.1OOE+O1
2.01 1.Z44E*01
2.53 1.405E+01
3.19 1.594E+01
4.01 1.778E+01
5.04 1.983E+01
6.35 Z.197E+01
7.99 2.418E+01

10.05 Z.b43E+Jl
12.65 2.971E+01
15.91 3.099E+J1
20.02 3.328E+01
25.19 30555E+01
31.70 3.78ZE+01
39.89 4.008E+01
50.19 4.232E+01
63.16 4.45bE+Ol
79.47 4.67bE+Ol

100.00 4.898E+01

S1 IV
3s - 4P

ETH = 1099OE+OO

x
1*O1
1.27
l.bO
2.01
2.53
3.1’3
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.1?
31070
39.a9
50.19
63.16
79.+7

100.00

MANN i)dx
z.a56E-ol
Z,.54bE-31
Z0377E-01
Z.31OE-OL
z.314E-01
2.370E-01
2.4b9E-01
2.6CJ4E-01
Z.771E-01
20964E-01
3.173E-01
3.41OE-O1
3.b56t-01
3.913E-01
40181E-131
40454E-01
4.730E-131
5.3oaE-ol
5.Z38E-01
50571E-01
5.840E-01

134



SI X11
2s - 2P

ETH . l.aooE+oo

.x MANN DMX
1.01 i.629E+00
1..34 1.658E+O0
1.78 1.694E+O0
2.37 1.741E+OCI
3.15 L.900E+O0
4.19 10872E+OO
5.57 1.959E+O0
7.41 Z.061E+O0
9.85 2.177E+O0

13.09 2.303E+O0
17041 2.452E+O0
23.14 2.605E+O0
30.76 2.766E+O0
40.89 Z.931E+O0
54.36 30099E+O0
72.26 3.266E+O0
96.Ob 3.432E+O0

127.70 3.596E+O0
169.7b 3.757E+O0
225.67 3.9L4E+O0
300,00 4.067E+O0

s Iv
3S2 3P - 3S 3P2(2S)

ErH * 1.123E+O0

x
1.01
1.3b
1.84
2.47
3.33
4.49
6.06
8.17

11.01
14054
20.00

MANN Ouxc
2.978E+O0
30288E+O0
3.652E+O0
4.068E+O0
4.533E+O0
5.039E+O0
Y.579E+O0
6.142E+O0
4.727E+O0
7.324E+O0
7.?33E+O0

AR VIII
3s - 4P

ETH ● 5.731E+O0

x PIANP4 OdX
1001 5.426E-02
1.27 50441E-02
1.60 5.772E-02
2.01 6.450E-02
2.53 7.49~E-02
3.19 3.917E-02
6.01 1.059E-01
5.04 1.277E-01
6.35 1.5 L3E-01
?.99 L07?2E-01

10.05 2e050E-01
12.65 2.3+4E-01
15.91 2.652E-01
20.02 20973E-01
25.19 3.303E-01
31.70 3.4$1E-01
39.89 3.996E-01
50.19 4.335E-01
63.16 4.686E-01
79.47 5.032E-01

100.00 5.3’?lE-01

s Iv
3S2 3P - 3S 3P2(4PI

ETH = 6.540E-01

x NANN OUXC
1.01 2.046E+O0
1036 1.761E+O0
1.84 10463E+OO
2.47 1.176E+O0
3.33 3.197E-01
4.49 7.067E-01
6.Ob 5.341E-01
8.17 3.930E-01

11001 2.775E-01
14.84 1.871E-01
20.00 1.216E-01

s Iv
3S2 3? - 3S 3P2(2P)

ETrl = 1.2L6E+09

x
1.01
1.36
1.84
2.47
3*33
4.49
b.06
8.17

11.01
14.8+
20.0’3

2s2 -
ETH

x
1.01
1.27
1.60
2.01
2.53
3019
4.01
5.04
0.35
7.99

10.05
12.65
15.91
20.02
z5.1~
31.70
39.49
50.13
63.16
79*47

100.00

YANN OUXC
L.657E+01
L.904E+01
2.L’9aE*oL
20539E+01
2.925E+91
3.348E+01
3.ao.zE+ol
4.277E+01
4.766E+01
5.251E+01
5.761E+01

Ait XV
2s 2P(1PI
. 3.787E+O0

tibNN O.fXC
5.b7QE-01
6.790E-01
4.925E-01
7.088E-91
7.284E-01
7.516E-01
7.786E-01
8.1OOE-91
8.45aE-ol
8.8bOE-01
90304E-01
9.786E-01
1.030E+O0
1.084E+O0
1.141E+O0
1.199E+O0
10257E+OO
1.31bE+O0
1.375 E+O0
1.434E+O0
1.492E+O0

s Iv
3S2 3P - 33 3P2(ZOI

ETH - 9.520E-01

x
1*O1
1.36
1.84
2.47
3.33
4.49
6.Ob
8.17

MANN Ddxc
5.403E+O0
5.490E+O0
5.463E+O0
5.547E+O0
5.746E+J0
b.044E+O0
6.419E+O0
b.853E+O0

11.01 7.336E+O0
14.84 7.a59E+oo
20.00 8.613E+O0

AR VIII
3s - 3P

ETH = 1. Z93E+O0

x
1001
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10005
12.65
15.91
20.0.2
25o19
31.70
39.09
50.19
63.16
79.47

100.00

2s2 -
ETH

x
1.01
1.27
1.50
2.J1
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.55
15.91
20.32
25.19
31.70
39.89
50.19
63. L6
79.47

100.00

nAvu Ddx
8.803E+O0
9.331E+O0
9.302E+O0
9.523E+i30
9,.397E+o0
1.J42E+01
1.O’?lE+O1
1.146E+01
1.207E+01
1.Z73E+01
1.344E+IJ1
1.420E+01
1.500E+01
L.583E+OL
1.669=+01
i.755E+Ol
1.344E+01
1.i31tE+i)l
~.02ttE+(31
20115E+i)l
2.205E+01

AR XV
2S 2P(3P)
. 20173E+O0

YANN Odxc
2.?39E-02
.2.908E-02
2.3bbE-J2
~eq18E-(3z
2.758E-02
2.bd5E-02
2.595E-02
2.497E-OZ
2.356E-OZ
2.20>E-OZ
2.031E-02
L.’337E-OZ
1.6Z7E-J2
1.407E-OZ
1.136E-oz
9.73aE-03
7.7t19E-03
6.077E-03
4.b35E-03
30470E-03
2.561E-03

735



ha xv
.2S 2P(3P) - ZPZ13PI

liTH . 3.391E+O0

x
1.01
1.27
lobO
2.01
2.53
3.19
+.01
500%
6.35
7.39

10.05
12.b5
15091
20.02
25.19
31.?0
39.39
50.19
63.lb
79.47

100.00

t!ANM Ouxc
20741E+II0
?.1303E+O0
20353E+O0
2.914E+O0
2.98?E+O0
3.075E+O0
3.177E+’30
3.295E+O0
3.432E+O0
3.535E+O0
3.755E+30
3.9$OE+O0
+.139E+O0
6.350E+O0
6.5?OE+O0
4.797E+O0
5.0Z8E+O0
5.2fJ2E+O0
5.496E+O0
5.7 Z9E+30
5.?59E+O0

FE XV
3S2 - 3s 3P11P)

ETH = 3.Z07E+O0

K
1.01
1027
1.60
2*O1
2.53
3.19
4.01
5.0+
b.35
7.99

10.05
LZ.b5
15.91
20.02
25.19
31.70
39.93
50019
b3.L6
79*47

109.00

34** Owxc
Z.784E+O0
2.a35E+oo
Z.993E+O0
?.3b5E+O0
3.053E*O0
3.155E+O0
3.274E+O0
3.$LOE+OO
3.543E+O0
3.735E+O0
3.922E+O0
+. 126:+00
40343E+’30
4.572E+30
4.dllE+OO
5.057E+O0
5.309E+O0
5.5b4E+O0
5.L122E*O0
b.080E+O0
b.338E+O0

FE XV
3S2 - 3s 4s(3s)

ETH = 1.607E+01

x
1.01
1*21
1.4b
1.75
2.11
2.53
3 .J5
3.00
4040
>*Z9
bo3b
7.54
3.la

11.0+
13.27
15.95
19.17
Z3..34
Z7.b9
33.28
40.00

MA*W Odxc
3.42ZE-03
Z.795E-93
2.263E-03
1.d18E-03
1.44?[-03
10142E-I33
a.a9bE-04
3.931E-04
50157E-94
3.di4E-04
2.940E-04
.2.071E-04
L.499E-06
1.079E-04
7.7i5E-05
5.503E-’)5
3.915E-05
2*777E-05
L0305E-!35
1.337E-05
?.7b7E-06

A xVI
2s - 2P

ET14 = 2*4aoE+oo

x
1.01
1.34
1.78
Z*37
3.15
4.19
5.57
7.41
9.a5

13.09
17.41
23.14
30.7b
40.a9
54.36
72.Z5
9b.Ob

L27.70
169.76
2Z5.b7
300.00

.~ANN D4X
9.b80E-01
9.a24E-01
1.002E+O0
1.027E+O0
Lo059E*O0
1.098E+O0
1.145E+OJ
1.201E+O0
1.266E+O0
1034OE+OO
1.421E*O0
1.509E+O0
L.602E+O0
1.693E+O0
1.795E*O0
1.Y93E+O0
1.991E+O0
Z.0q7E+O0
2.191E+O0
2.Z73E+O0
2.3b2E+O0

FE XV
3SZ - 3s 30(30)

ETH = 4.200E*O0

x
1.01
1.25
1.54
1.91
2.35
2.91
3.60
4.%5
5.50
b.ao
9.41

10.39
12.t35
15.88
19.63
24.Zb
24.99
3?.07
45.92
5b.63
70.00

14ANN OWXC
4.806E-02
4.45aE-02
4.078E-02
3.474E-02
3.252E-02
20321E-02
Z.395E-02
1.987E-02
106O9E-O2
1.270E-92
9.7d7E-03
7.365E-03
5.422E-03
3.918E-03
2.787E-03
1.95aE-03
1.3b4E-03
9.467E-04
6.576E-04
4.598E-04
3.259 E-04

FE XV
3S2 - 3s 4s(1s)

ET4 = 1.b32E+Ol

t
1.01
1.21
1.46
1.75
Z.11
2.53
3.05
3.64
4.40
5.29
6.36
7.64
9.18

11.04
13*Z7
15.95
1?.17
23.04
27.59
33.2d
40.00

PIANN OtiXC
?.855E-02
1oo12E-o1
1.038E-01
1.061E-01
1.0d3E-01
101O1E-O1
1.117E-01
1013OE-O1
1.140E-01
1.149E-01
1.154E-01
1.159E-01
1.151E-01
1.163E-01
1.164E-01
1.164E-OL
L.163E-01
l.lbZE-01
1.161E-91
l.lbOE-O1
1.159E-01

FE XV
3S2 - 3s 3P(3P)

ET~ ● 20250E+O0

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
b.35
7.99

10.05
lZ.b5
15091
20.02
Z5.19
31.70
39.a9
50.19
53.i6
73.47

100.00

YANN OUXC
6.060E-02
5.977E-02
5.877E-02
5.749E-02
5.605E-02
5.$36E-02
50246E-02
5.038E-02
4.820E-02
4.60ZE-02
40600E-02
4.226E-OZ
4.09ZE-02
4.004E-JZ
3.+64E-OZ
3.969E-02
40014E-02
4,091E-02
40194E-02
4.3113E-02
4.455E-02

FE XV
3S2 - 3s 30(10)

ETH ● b.345E+O0

x
1.01
1.25
1054
1.91
Z.36
Z.91
3.bO
4.45
5.53
6.90
8.41

10.39
12.a5
15.08
19.63
24.2b
29.99
37.07
45.a2
5b.63
70.00

MANN OdXC
1.821E-01
1.87bE-01
1.937E-01
2.004E-.3L
2.074E-01
2.147E-01
2.221E-01
2.293E-01
2.3b3E-01
2.42aE-Jl
2.%86E-01
Z.538E-01
2.5Y3E-01
2.620E-01
Z0550E-01
2.673E-OL
20690E-01
20700E-01
Z.707E-01
Z.706E-01
2.702E-OL

FE XV
3S2 - 3s 4P[1P)
,ETH = 1.719E+01

x
1.01
1.27
1.00
2.01
2.53
3.19
4.01
5.04
6.35
7.39

10.05
12.65
15091
20.02
25.19
31.70
39.89
50.19
b3.16
79.47

100000

MANN OtiXC
1.13ZE-02
1.611E-02
2.Z46E-OZ
30111E-02
4.152E-02
5.383E-02
6.797E-OZ
d.376E-02
1.o1OE-O1
1oL97E-O1
1.395E-01
1.604E-J1
L0822E-01
2.047E-01
2.Z79E-01
2.51LIE-01
2.757E-01
3.00IE-01
3.247E-01
3.495E-01
3.74ZE-01
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3S2 -
ETH

x
1001
1.27
1.60
20JL
2.53
3.19
+.01
5.04
6,35
7..39

10.05
12.05
15.91
20.02
25. 1?
310?0
39.89
5i3.19
b3.16
79.47

100.00

FE XV
- 3s 6P(3P)

. 10719E+O1

YANN OtiXC
3.699E-03
8.932E-03
8.590E-03
d.739E-03
9.616E-03
1.103E-O2
10298 E-O2
1.539E-02
1.618E-02
Z.1Z8E-02
2ew65E-02
2.824E-02
30201E-02
30534E-02
3.999E-02
4.413E-02
4.f334E-02
5.251E-02
Y.693E-02
6.L27E-02
o.5blE-02

FE XVI
2P6 3S - ZPb 3P

ETH = 2.653EtO0

x
l.tll
1.30
1.67
2.14
2.?5
3.53
4.53
5..91
7.46
9.59

12.31
15.81
20.29
2b.06
33.46
42.97
55.17
70.85
90.97

116.82
150.00

MANN f3dX
30541E+O0
3.595.E+OO
3.bbiE+OO
3.74kE+O0
3.846E*O0
3095aE+rJo
4.113E+O0
4.232E*O0
40475E+O0
4.695E+O0
4.937E+O0
5.ZI)2E+O0
5.485E+O0
5.7a5E+oo
5.096E+O0
6.615E+!30
b.740E+O0
7.05dE+O0
7.397E+O0
7.726E+O0
d.052E+O0

FE XVI
2P6 3S - 2Pb 4P

Eru = 1.307E+01

x :?IANN OI#X
1.01 1.721E-02
1.23 1.948E-02
1.49 2.289E-02
1.81 2.750E-02
2.20 3.3bbE-02
2.68 $.LLIE-02
3.26 +.989E-OZ
3.9b 5.933E-02
4.81 7.lllE-02
5.85 a.333E-02
7.11 9.648E-02
9,b4 I0105E-01

10:50 1.252E-01
12.76 1.407E-01
15.51 L.547E-01
19.95 L.73ZE-01
22.91 L0902E-01
27.a9 2.075E-01
33.85 2.251E-01
41.14 2.430E-01
50.30 2.611E-01

FE XV
3S2 - 3s 4F13F)

ETH = 1.922E+01

x ~ANN OWX
1.01 2.930E-02
1.21 2.343E-02
1.46 1.833E-02
1.75 1s404E-OZ
2.11 1.055E-02
2.53 7.789E-03
3005 5.671E-03
3.66 4.079E-133
4.40 2.907E-03
5.29 2.05bE-03
b.36 1.466E-03
7.64 1.013E-03
9.18 7.076E-04

11.34 +.934E-04
13.27 3.43bE-04
15.95 2.392E-04
19.17 1.6b5E-0%
23.06 1.158E-04
27.69 do047E-05
33.29 5.591E-05
40.03 3.a84E-05

FE XVI
2P6 3S - 2Pb 30

ETH . 6.172E+O0

i
1.01
1s30
1.b7
2.1+
2.75
3*53
4.53
5.81
7.46
9.59

12.31
15.al
20.29
26.06
33.45
42.97
55.17
70.85
90.97

116.82
150.00

IIANV Odx
3.013E-01
3.047E-01
3.097E-01
3.i3ZE-01
3.179E-01
30231E-01
3.Z84E-31
3.337E-01
3.3a8E-01
3.43bE-01
3.4aoE-ol
3.518E-01
3*550E-OL
3.574E-01
3.583E-01
3.597E-01
3.599E-01
3.59ZE-01
3.5aoE-ol
3.5b5E-OL
3.545E-01

FE XVI
2P6 3S - ZP5 3S2

ETH 8 5.239E+01

x
1.01
1.19
A.39
1.63
1.92
2.25
2.64
3011
3045
4.28
5.02
5.90
6.93
9,13
9.55

11.21
L3.lb
15.45
18.14
21.29
25.00

PIANN OWX
4.600E-03
4.727E-03
5.024E-03
5.485E-03
b.103E-03
6.872E-03
7.782E-03
8.825E-03
9.9i3aE-03
1.126E-02
L.262E-02
1.407E-OZ
1.559E-02
A.717E-02
1.879E-02
Z.046E-02
2.217E-OZ
2.391E-02
2.567E-02
2.746E-02
2.927E-02

FE XV
3S2 - 3s 4F(1FI

ETH . L.935E+01

x
l.ill
1.21
1.46
1.75
2.11
2.53
3.05
3.66
4.40
5.29
6.36
7.64
9.18

11.04
13.2?
15.95
19.17
23.04
27.69
33.28
40.00

!IANN OdX
4.999E-02
5.560E-02
6.108E-OZ
6.4L7E-02
7.074E-OZ
7.47iE-’3Z
7.dObE-02
8.082E-02
8.305E-02
8.4a4E-J2
8.b27t-02
a.742E-02
a.935E-02
8.913E-02
d.?79E-02
9.039E-02
9.090E-OZ
9.L36E-02
9.178E-OZ
9.217E-02
9.253E-OZ

FE XVI
2P6 3S - 2P6 $s

ETrl =

x
1.01
1.23
1.+9
L.al
2.20
2.68
3.26
3.96
4.91
5.a5
7.11
8.64

LO. 50
12.76
1$*51
18.d5
22.91
27.85
33.85
41.14
50.00

10702E+O1

fiANB4 Odx
L.i)ll E-01
1.03LE-01
1.051E-01
1.070E-OL
1.097E-JA
1.103E-OL
L.115E-01
1.1Z6E-01
1.133E-,11
1.L39E-01
1.14+E-01
1.L46E-01
L.14BE-OL
1.149E-01
L*149E-OL
1.14aE-ol
L.147E-OL
1.L46E-J1
1.145E-01
1.144E-01
1.143E-01

FE XVI
2?b 3S - 2P5 3S 3P( TOTAL)

ETH * 50531E+OL

x
1.01
1.23
1.49
l.al
2.20
2.68
3.26
3.96
4.al
5.85
7.11
8.64

10.50
12.76
15.51
19.a5
22.91
27.d5
33.a5
41.14
50.00

~Av4 Lsdx
1.58ZE-01
1.541E-01
L.506E-01
1.479E-01
10460E-01
1.447E-01
L.440E-01
L.437E-OL
1.436E-OL
10437E-OL
1.439E-J1
1.f+41E-01
1.443E-01
10445E-OL
1.447E-J1
1.448E-01
10449E-O1
L.450E-OL
10449E-O1
1.44aE-f31
1.+4bE-OL
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FE XVI
2?6 3S - 2P5 3s 30(TOTALI

ETH = 5,900E+01

FE XVI
2P6 3S - .ZP5 3S 4P(Ti3TALl

ETH = 701+5E+01

x YANN OWX
1.01 3.720E-02
1.39 3.343E-02
1.92 3.103E-O2
2.64 Z.971E-02
3.65 2.909E-02
5.02 2.886E-02
6.93 2.E82E-OZ
9.55 2.885E-02

13.16 2.890E-OZ
18.14 2.895E-OZ
25.00 2.996E-02

FE XVI
2P6 3S - 2P5 3S 40(TOTAL)

ETH - 7.27+E+01

x tlANN OHX
1.01 8.587E-02
1.39 8.818E-02
1.92 9,a9+E-02
2,64 1.152E-01
3.65 1.349E-01
5.02 1.566E-01
6.93 1.796E-01
9.55 2.036E-01

13.16 2.284E-01
18.14 2.538E-01
25.00 2.796E-OL

x UANti OMX
1001 3.167E-01
1.19 30291E-01
1.39 3.486E-01
1.63 3.748E-01
1.92 4.069E-01
2.25 4.443E-01
2.64 4.862E-01
3*11 5.320E-01
q.bs 5.811E-01
4.28 6.331E-01
5.02 6.377E-01
5.90 7.442E-01
b.?3 3.0Z5E-01
8.13 8.623E-01
3.55 9.Z34E-01

11.21 4.357E-01
13.16 1.049 E+o0
15.+5 1.113E+O0
18.14 1.17aE+oo
21.29 1..244E+OO
25.00 1.31OE+OO

FE XVI
2P6 3S-2S 2P6 3S 30(TOTI

ETH = 6.353E+01

FE XVI
2S2 2P6 3S-2S ZP6 3S 3P(T01) 2s2

FE XVI
2S2 2P6 3S - 2S 2P6 3S2

ETH = 6.2d6E*Ol ETA = 6.500E+01

MANN OUX
1.451E-02
1.696E-’32
2.065E-02
Z.547E-02
3.132E-OZ
3..31OE-O2
G.571E-02
5.403E-02
6.298E-02
7.246E-02
3.238E-02
2.270E-02
1.034E-01
1.143E-01
1.Z55E-OL
1037OE-O1
1.486E-01
1.604E-OL
1.722E-01
1.942E-01
1.962E-01

~
1.01
1.23
1.49
lodl
2.20
2.68
3.26
3.36
4.81
5.35
7.11
8.64

~AVN OdX
4.586E-02
4.717E-02
4.967E-02
5.309E-02
5.71CE-02
fJ.140E-Ci2
6.575E-02
6.994E-02
7.383E-02
7.733E-02
a.041E-02
8.305E-02

x
1.01
1.23
1.49
l.dl
2..?0
2.68
3.26
3.96
4.dl
5.65
7.11
9.64

10.>0
12.76
15.51
19.85
22.91
i!7.d5
33.a5
41.14
50.00

IIANN OUX
1.414E-02
L.656E-9Z
1.b97E-02
1.736E-02
1.771E-02
1.503E-02
1.d30E-02
1.853E-02
L.d71E-02
1.8d5E-02
1.d96E-OZ
1.905E-02
1.311E-02
1.915E-02
10319E-OZ
1.920E-02
1.921E-02
1.9Z2E-02
1.922E-02
1.921E-02
10921E-O2

x
1.01
1.23
1.49
1.81
2.20
2.6a
3.26
3.96
4.81
5.85
7.11
8.64

10.50
12.76
15.51
18.95
22.91
27.85
33.85
41.14
50.00

10050
12.76
15051
la.a5
22o91
27.a5
33.85
41014
50.00

8.527E-32
a.719E-02
8.957E-02
9.978E-02
9.068E-02
9.129E-.32
9.163E-02
9.171E-02
9.154E-02

FE XVII
2S2 2P6 - 2s2 2P5 3P{30)

ETH = 5.623E+01

FE XVII
252 2P4 - 2S2 2P5 3S(3P)

ET14 = 5.370E+01

FE XVII
2S2 2Pb - 2s2 ZP5 3s(1”)

ETH = 5.370E+01

x
1*O1
1.27
1,60
2.01
2.53
3.19
4.91
5.94
5.35
7.99

13.35
12.65
15.91
20.02
25.19
31.70
39.99
59.19
53.16
79.47

190,00

H4NN Owxc
3.456E-03
3.628E-03
3.967E-03
4.477E-03
50161E-03
6.014E-03
7.023E-03
ao171E-03
9.434E-03
1.079E-02
1oZ22E-32
10371E-O2
1.5Z5E-02
1.683E-02
1.843E-02
Z.006E-32
2.170E-02
2.336E-02
2.502E-02
2.669E-32
2.836E-02

x
1.01
1.27

~ANN OWXC
10134E-O2
9.Z21E-03
7.’486E-33
60135E-03
5.144E-03
4.457E-03
4.O1OE-O3
3.739E-03
30592E-03
3.527E-03
3.512E-33
30525E-03
3.552E-03
3.5a5E-03
3.612E-03
3.631E-33
30638E-03
3.632E-03
3.611E-03
3.577E-33
3.538E-03

x
1.01
1.27
1060
2001
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
3?.89
50.19
63.16
79.47

100.00

MANN Owxc
1.646E-03
2.246E-03
3.032E-03
3.’?99E-O3
5.135E-03
6.424E-03
7.846E-03
9.382E-03
1.101E-O2
1.Z7ZE-02
1.449E-02
10631E-O2
10819E-92
20003E-02
2.20ZE-OZ
2.397E-02
2.595E-02
20793E-02
Z.992E-02
3.19ZE-02
30393E-02

1060
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00
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FE XVII
2s2 2P6 - 2S2 2P5 3P(3PI

ETH = 5.628E+01

+:01
3’.27
ip60
2001
2.53
3.19
+.01
5.04
6.35
7.99

10.05
12,65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00

~ANN DUXC
9.219E-03
8.608E-03
8.128E-03
7.791E-03
7.58SE-03
7.497E-03
7.489E-03
7.534E-03
70610E-03
7.697E-03
7.786E-03
7.865E-03
7.935E-03
7.994E-03
8.037E-03
8.063E-03
8.073E-03
8.066E-03
8.041E-03
8.002E-03
7.957E-03

FE XVII
2S2 2P6 - 2S2 2P5 3P(1P)

ETH ● 5.628E+01

1:01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
1.2.65
15.91
20.02
25.19
31.70
39.89
50019
63.16
79.47

100.00

MANN OUXC
109O1E-O3
1.475E-03
1.109E-O3
B.04?E-04
5.676E-04
3.899E-04
2.614E-04
1.713E-04
1.113E-04
7.063E-05
4.444E-05
2.772E-05
1.717E-05
1oO6OE-O5
6.527E-06
4.019E-06
Z.475E-06
1,527E-06
9.443E-07
5.850E-07
3.627E-07

FE XVII
2S2 2P6 - 2S2 2P5 30(3D)

ETU ■ 5.959E*01

x
1.01
1.27
1060
2.01
2.53
3.19
4.01
5.04
5.35
7.99

10.05
12.65
15091
20.02
25.19
31.70
39.89
50.19
63.lb
7’9.47

100000

MANN Olfxc
3.424E-02
30712E-02
4.145E-02
4.705E-02
5.371E-02
6.124E-02
6.946E-02
7.825E-02
8.740E-02
9,709E-02
1.070E-01
1.171E-01
1.275E-01
10389E-O1
1.486E-01
10593E-O1
1.701E-01
1.909E-01
1.917E-01
20025E-01
2.133F-01

FE XVII
?S2 2P6 - 2S2 2P5 3Pf3S)

ETH ● 5.628E+01

x
1.01
1.27
1.59
2.01
2.53
3.19
4.31
5.9+
6.35
7.99

10.05
12.65
15.91
?0.32
25.19
31.70
39.89
‘30.19
63.16
70.47

1!30.00

MANN OWXC
4.082E-03
3.30EIE-03
2.593E-03
10973E-O3
1.462E-03
1.060E-03
7.542E-04
5.277E-04
3.b41E-04
2.480E-04
1.671E-04
1.115E-04
7.380E-05
4.847E-05
3.162E-05
2.052E-05
1.325E-05
8.526E-06
5.465E-06
3.492E-06
2.222E-06

FE XVII
2S2 2P6 - 2S2 2P5 3P(1SI

ET14 = 5.629E+01

1:01
1.27
1060
2001
2,53
3.19
4.01
5.04
5.35
7.99

10.05
12.65
15.91
20.02
?5.19
31.73
39.n9
50.19
63.16
79.47

100.00

MANN DIAXC
40889E-02
5.075E-02
5.239E-02
5.375E-02
5.494E-02
5.566E-32
5.625E-02
5.664E-32
5,688E-02
5.7!3ZE-32
5,707E-02
5.706E-J2
5.702E-32
5.696E-OZ
5.689E-02
5.682E-32
5.675E-02
5.667E-32
5.660E-02
50655E-32
5.650E-02

FE XVII
2S2 296 - 2S2 2P5 3D(3P)

ETM = 5.959E+01

x
1.01
1.27
1.60
?.01
2.53
3.19
4.01
5.04
5.35
7.99

10.05
12.69
15.91
20.32
25.19
31.73
39.89
50.19
53.16
79.47

190.09

MANN OUXC
10816E-O2
1.348E-02
9.798E-03
7.046E-03
5.074E-03
3.720E-03
2.935E-03
2.Z88E-03
1.978E-03
108Z9E-O3
1.788E-03
1.816E-03
1.890E-03
1.993E-03
Z.115E-03
2.248E-03
20389E-!33
Z.534E-03
2.682E-03
Z.832E-03
2.982E-33

FE XVII
2S2 ZPb - 2S2 2P5 3PI1OI

ETH = 5.5Z8E+01

x
1.01
1.27
1060
2.01
2.53
3.19
4.01
5.04
6.35
7,99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79.47

130.00

MANN DWXC
3.9Z5E-03
3.557E-03
3.395E-33
3.335E-03
3.361E-03
3.449E-03
3.578E-33
3.7.Z6E-C13
3.979E-03
4.323E-03
40154E-03
4.269E-03
4.366E-03
4.448E-33
4.5i)8E-03
4.547E-33
4.567E-03
4.565E-03
4.543E-03
4,502E-03
4.454E-33

FE XVII
2S2 2P6 - 2S2 ?D5 3013F)

ETH = 5.959E+01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15091
20.02
25.19
31.70
39.89
50.19
b3.16
79.47

100.00

‘4ANV Ouxc
10728E-O2
loZ55E-a2
9.490E-03
7.079E-03
5.432E-03
4.359E-33
3.692E-03
3.297E-03
3.076E-03
Z.954E-33
Z.916E-03
209)7E-03
2.919S-03
2.943E-03
2.971E-03
3.000E-23
300Z9E-03
3.053E-03
3.075E-03
3.394E-33
3.lllE-03

FE XVII

2S2 ZP6 - 2S2 2P5 30(1F)
ETH = 5.959E+31

x
1001
~,~7
l.bO
2.01
2.53
3.19
4.01
5.04
6.35
7*99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.15
79.47

100.00

~ANN OUXC
4.568E-03
3.d54E-13
3.+04E-03
3.153E-03
3.071E-03
30375E-13
3.131E-03
3.Z13E-03
3.303E-03
3.39ZE-03
3.476E-03
3.554E-33
3.625E-03
3.690E-03
3.747E-03
30798E-03
3.94ZE-03
3.980E-03
3.?llE-33
3.739E-03
3.959Z-03



FE XVII
2S2 2P6 - 2S2 2P5 30f10)

ETH = 5.959E+01

K f14NN OWXC
1001 3.307E-03
1.27 2.303E-03
1.60 1.546E-03
2.01 L.005E-03
2.53 6.345E-04
3.19 3.91ZE-04
+.01 Z.369E-04
5.0$ 1.416E-04
6.35 8.413E-05
7.99 4.989E-05

10.05 2.964E-05
12.55 1.771E-05
15.91 1.066E-05
20.02 6.467E-06
25.19 3.954E-06
31.70 2.434E-Ob
39.99 1.507E-06
50.19 9.380E-07
63o16 5.859E-07
79.47 3.671E-07

100.00 2.305E-07

FE XVII
2S2 2P6 - 2S1 2P6 3S(1S)

ETH * 60371E+01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
53.16
79.47

l>f3.30

M4NN OtiX
1.456E-02
1.549E-02
1.632E-02
1.70+E-02
1.763E-02
1.81OC-O2
1.947E-02
1.975E-02
1.995E-02
1.91OE-O2
1.920E-02
1.927E-02
1.931F-02
1.934E-OZ
1.936E-02
1.937E-02
1,937E-02
1.937E-02
1.936E-02
1.936E-02
1.936E-02

FE XVII
2S2 2P6 - 2S1 206 30(10)

ETH ● 6.911E+01

x HANY O’dXC
1.01 1.324E-02
1.27 107O6E-!32
l.bO 2.099E-02
2.01 2.485E-02
2.53 2.853E-02
3.19 3.193E-02
4.01 3.497E-02
5.04 3.761E-02
5.35 3.985E-02
7.99 %0172E-02

10.05 4.322E-02
12.b5 4.440E-02
15*91 4.533E-02
20.02 4.6’32E-02
25.19 4.650E-02
31.70 4.b7qE-02
39.B9 4.687E-22
50.19 %.67’?E-02
53.16 4.657E-02
79.47 4.bl’)E-02

100.00 4.575E-02

FE XVII
2S2 2P6 - 2S2 2P5 30(1PI

ETH = 5.959E+01

MANN O!dXC
1:01 8.844E-02
1.27 1.084E-31
1.60 lo310E-ol
2.01 1.562E-01
2.53 10836E-O1
3.19 2.129E-01
4.01 2.441E-01
5.34 2.768E-31
6.35 301O8E-O1
7.99 3.461E-01

10.05 30823E-01
12.65 4.194E-01
15.91 4.572E-01
23.>2 4.95bE-01
25.19 5.344E-01
31.70 5.736E-01
39.*9 6.130E-01
50.19 6.525E-01
63.16 6.921E-01
79.47 7.317E-01

153.93 7.713E-01

FE XVII
2s2 2P$ - 2S1 2P6 3P(1P)

Elq = 6.585E+01

x
1.01
1.27
1.50
2001
2.93
3.1’I
4.31
5.04
5.35
7.99

11.)5
12.65
1s.91
20.02
?5.19
31.70
39.99
50.19
53.16
79.47

100.00

f14NN Ouxc
2.291E-!13
3.652E-03
5.430E-03
7.603E-03
1.014.s-92
1.300F-02
1.614E-02
1.952E-02
2.31oE-OZ
2.686E-02
3.076E-32
3.478E-02
3.892E-02
4.315E-02
4.74qE-92
5.180E-02
5.620E-32
6.0b3E-02
b.508E-02
6.955E-02
7.401E-02

FE XVII
2s2 2P4 - 2S1 2Pb 30(30)

ET-1 = 6.911E+01

x ~ANN ONXC
1.01 1.042E-02
1.27 7.551E-03
1050 5.332E-03
2.!)1 3.b89E-03
2.53 2.517E-03
3*19 1.70+E-03
4.01 1.155E-03
5.04 7.908E-04
$.35 5.527E-04
7.99 3.989E-04

19.35 3.006E-04
12.65 2.383E-04
1=.91 1.99i)E-04
20.02 1.745E-04
25.19 1.591E-04
31.?0 1.493E-04
39.93 1.429E-34
so.1~ 10385E-04
63.16 1.353E-04
79.47 1.326E-0$

l~n.o!) 1.303E-04

FE XVII
2S2 2Pb - 2S1 2P6 3S{3S)

ETH = 5.3Z6E+01

x ‘i4NN Ouxc
1.01 1.321E-03
1.27 9.745E-34
1.60 6.970E-04
2.01 4.877E-34
2,53 3.367E-04
3.19 2.305E-04
4.01 10569E-O4
5*O4 1.361E-04
6.35 7.138E-05
7,99 4.769E-35

10.05 3.16bE-05
12.65 2.389E-25
15.91 1.371E-05
20.02 8.954E-06
25,19 5.824E-06
31.70 3.7?5E-06
39.89 2.439E-35
50.19 1.571E-06
63.16 1.009E-06
79.47 6.452E-07

100.00 4.098E-37

FE XVII
2S2 2P6 - 2S1 296 3Pf3Pl

ETH = 6.595E+OI

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79,47

100.00

A4NN OdXC
2.719E-03
2.338E-03
2.097E-33
1.982E-03
1.986E-93
2.099E-03
2.306E-03
?.594E-03
2.943E-03
30342E-03
3.777E-33
4.241E-03
4.727E-33
5.230E-03
5.745E-33
60269E-03
6.800E-03
7.336E-03
7.975E-03
3.417E-03
8.958E-03

Fii XVIII
2P5 - 2P4 3S(4P)

ETH ● 5.742E+01

x H4NN Duxc
1.01 7.926E-03
1.27 7.186E-03
1.60 6.724E-03
2.01 6.557E-03
2.53 6.593E-93
3019 70123E-03
4.01 7.936E-03
5.04 8.793E-03
6.39 9.922E-33
?.99 10121E-O2

10005 1.262E-02
12.65 1,412E-02
15.91 1.569E-32
20.02 1.729E-02
25.19 1.895E-02
31.70 2.062E-02
39.89 2.23ZE-02
50.19 2.403E-02
63.lb 2.575E-02
79.47 2.748E-32

100.00 2.921E-02
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FE XVIII
2P5 - 2P* 3S(2P)
ET14 ● 5.742E+01

FE XVIII
2P5 - ZP6 3S(.ZD)
ETH = 5.742E+OL

FE UVIII
2P5 - 2P+ 3S(2S)
ETH - 5.742E+ol

x
1.01
1.27
1.60
2001
2.53
3.19
4.01
5.06
6.35
7.99

LO.05
12.65
15.91
20.02
25.19
31.70
39.99
50.19
63.16
79.%7

100000

8ANN Owxc
4.709E-03
50915E-03
7.661E-03
9.332E-03
1.269E-02
1.589E-02
1.9~6E-02
20335E-02
2.750E-02
3.185E-02
3.637E-02
4.102E-O2
4.579E-02
5.06%E-02
5.557E-02
6.055E-02
b.557.E-02
7.062E-02
70569E-02
8.077E-02
8.586E-02

x
1.01
1,27
1.60
2.01
2.53
3.19
4001
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.16
79*47

100000

YANN DdXC
7.069E-03
7.432E-03
8.278E-03
3.605E-03
1.139 E-02
L.3bLE-02
1.620E-02
1.912E-02
2.229E-02
2.5b7E-02
2.922E-02
30290E-02
3.668E-02
4.054E-02
4.447E-02
4.844E-02
5.245E-02
5.649E-02
6,054E-02
6.461E-02
b,867E-02

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.b5
15.91
20.02
25.19
31.70
39.89
50.19
63o16
79.47

100.00

~AYN OdXC
1.413E-03
L.485E-03
1.654E-a3
10916E-O3
20274E-03
2.716E-03
3.233E-03
3.817E-03
4.44t3E-03
5,123E-03
5,a30E-03
b,544E-03
7,319E-03
9.090E-03
8..573E-O3
9.666E-03
1oO47E-O2
1.L27E-02
1.208E-02
10289E-OZ
1.370E-02

FE kVIII
ZP5 - 2P413P)30(4F)
ETH * 6.301E+01

FE XVIII
2P5 - 2P4(3P130(2F)
ETH = 6.301E+01

FE XYIII
2P5 - .2Pf+(3P)30(40)
ETH ● 6.301E+01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10005
12.65
15031
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00

HANN OdXC
4.907E-02
3.697E-02
Z.801E-02
2.177E-OZ
1.772E-02
1.534E-02
1.416E-02
1.380E-OZ
1.3913E-02
1.45ZE-02
1.529E-02
1.b20E-02
107Z1E-O2
10827E-O2
1.936E-02
2.047E-02
Z.159E-02
2.Z71E-02
2.3a2E-02
Z.490E-02
2.594E-02

FE XVIII
ZP5 - 2P4(3P130(201
ETH ● 0.301E+01

x
1.01
1.27
1060
2.01
2.53
3.19
4001
5.06
6.35
f7.99
10.05
12.65
15091
20.32
25.19
31.70
39.89
50.19
63.16
79.+7

100.00

I14NN DitxC
5.955E-02
7.b17E-02
a.533E-02
9.678E-02
101OZE-O1
1OZ5ZE-O1
104L7E-O1
1.592E-01
1.777E-01
1.970E-01
Z016$3E-01
2.372E-01
2.580E-01
Z.792E-01
3.006E-01
30Z22E-01
3.439E-01
3.656E-01
3.d74E-01
*.091E-01
4.308E-01

x
1.01
1.27
1060
Z.ol
2.53
3*19
%.01
5.04
6.35
?.99

10.05
12.65
15.91
20.02
25.19
31.70
39.99
50.19
63.16
79.4?

100.00

FIANN i3dXC
5.023E-OZ
5.3ZOE-OZ
5.821E-02
6,497E-02
70315E-02
8.Z50E-OZ
9.271E-02
1.036E-01
1.151E-01
1.270E-01
1.392E-01
1.5LLIE-01
1.645E-01
1.775E-01
109O6E-O1
Z.037E-OL
Z.169E-01
2.302E-01
2.434E-01
Z.565E-01
2.695E-01

x
1.01
1.27
1.60
2.01
Z.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.89
50.19
63.lb
79*47
100.00

HA14N OdXC
5.Z03E-02
3.807E-02
2.722E-02
L.912E-OZ
1.332E-02
9.312E-03
6.b36E-133
4.91OE-O3
3.d38E-03
3.202E-03
Z.d50E-03
2.682E-03
Z,5Z9E-03
2.450E-03
2.715E-03
Z.807E-03
Z.916E-03
3,035E-03
3,156E-03
3.Z79E-03
3,39ZE-03

FE XVIII
2P5 - 2P4(3P)30(4P)
Elf+ ● 6.301E+01

FE XVIII .
2P5 - 2P4(3P)30(ZP)
Eli+ ● 6.301E+J1

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15091
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.00

H4NN Odxc
+,978E-02
5.041E-02
5.319E-02
5.785E-02
b.409E-02
7.lbOE-02
9.O1lE-OZ
a.942E-oz
9.935E-02
1oO98E-O1
102O5E-O1
1.316E-01
1.430E-01
1.545E-01
1.b61E-01
1.779E-01
1.897E-01
Z.015E-01
Z.134E-01
2.252E-01
2.369E-01

x
1.01
1.Z7
1.00
2001
2.53
3.1-J
4.01
5.04
6.35
7.99
10.05
12.65
15.91
20.02
25.19
31.70
39.d9
50.19
63.16
79.47

100.00

~ANN Odxc
Z,079E-OZ
l,939E-i12
1.7.)4E-02
1.664E-OZ
1.701E-02
1.dOIE-02
L0949E-02
2.133E-OZ
Z.34,E-02
Z.>7*E-OZ
Z.319E-02
3.075E-02
3.330E-02
3.608E-02
3.3dlE-02
4.157E-OZ
4.43bE-OZ
4.715E-OZ
4.994E-OZ
5.Z73E-OZ
5.551E-OZ
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2P5 -
Cld

x
1.01
1.27
1.60
2.01
Z.53
3.19
4.01
5.04
6.35
7.99

10005
12.65
15.91
20.02
25.19
31.70
39. d9
50.19
63.16
73.47

130.00

FE xVIII
. .2P4(1OI3O(2S)
. 6.301E+01

YNN Ddxc
2.3213E-02
Z.ZZZE-02
1.794E-02
L.488E-OZ
1.300E-02
1.191E-02
1.135E-OZ
1.112E-02
1.109E-O2
1.117E-OZ
1.132E-OZ
1.149E-02
1.166E-02
1.184E-02
1.zOIE-02
10216E-O2
1.Z29E-02
1.2~lE-02
L.Z51E-02
1.260E-02
L.Z56E-02

FE XVIII
2?5 - 2P4(10)3O(ZPI

ETH = 5.301E+01

x
1.01
1027
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.93

10.05
12.65
15.41
2’.3.02
25.19
31.70
39.39
30.19
63.16
79.+7

130.00

?IAVN DIAXC
lo5bZE-01
1085ZE-O1
Z.189E-01
2.569E-01
Z.989E-01
3.44ZE-01
3.?24E-01
4.439E-01
$.972E-01
5.526E-01
6.097E-01
b.08zE-ol
7.273E-01
7.394E-01
3.499E-01
9.117E-01
J.760E-01
1.036E+O0
L.099E+O0
1.15ZE+O0
1.224E+O0

FE iVIII
2s2 ZP5 - Zs ~p4

ETH ● ).390E+O0

x MA 44 04X

1001 $,+69E-01
1.27 4.555E-01
1.60 4.659E-01
2.01 +.7dZE-01
2.53 +.929E-01
3.1? 5.1!32E-01
%.01 5.301E-01
5.04 5.5Z9E-01
5.35 5.7a3E-ol
7.99 5.056E-01

10.05 6.375E-01
12.55 5.703E-01
15.91 7.061E-01
20.02 7.430E-01
?5.19 7.9LZE-OL
31.70 d.Z04E-01
33.69 8.600E-31
50.19 3.999E-01
63.16 9.396E-01
79.47 3.79ZE-01

100.00 1.OISE+OO

FE XVIII
ZP5 - ZP4(10)3O(2F)

ETH = 6.301E+01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
6.35
7.99

10.05
12.65
15091
20.02
25.1?
31.70
39.89
50.1’3
63.16
79.47

100.00

XANN DdXC
Z.693E-02
2.114E-02
1.886E-02
1.784E-02
1.781E-02
1.853E-02
1.977E-02
2.137E-02
2.321E-OZ
Z.52ZE-02
Z.734E-02
2.953E-02
3.178E-OZ
3.407E-OZ
30638E-02
3.d69E-OZ
4.1OZE-O2
4.333E-02
4.564E-OZ
4.790E-02
5.O1lE-02

FE XVIII
2P5 - .2P4(19)30(2SI

ETH = 50301E+01

t
1.01
1.27
1.60
2.01
2.53
3.19
$.01
5.04
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
34.d?
50.19
63.16
79.47

100000

MANN Okfxc
3.981E-OZ
4.537E-02
5. Z21E-OZ
6.0Z5E-02
6.934E-02
7.937E-02
9.020E-OZ
1.017E-01
10138E-O1
1.Z64E-01
1.394E-01
1.528E-01
1.664E-01
108OZE-O1
1.943E-01
Z.0d4E-01
2.ZZ6E-01
Z.369E-OL
Z0512E-01
2.655E-01
2.798E-01

FE XVIII
2s2 ZP5 - 2s ZP5(3P13P(401

ETH ■

x
1.01
1.27
1.60
2.01
2.53
3.13
4.01
5.04
6.35
7.99

10.05
12.65
15.91
20002
25.19
31.70
39.89
50.19
63.16
79.47

100.00

6.851E+01

YANN Owxc
9.874E-03
1.023E-OZ
10134E-O2
L.314E-OZ
1.557E-02
10856E-O2
Z.20ZE-OZ
Z.589E-02
3.008E-02
3.454E-02
3.92ZE-02
4.408E-OZ
4.909E-02
5.4Z3E-9Z
5.946E42
6.476E-OZ
7.OIZE-OZ
7.553E-02
d.096E-OZ
8.641E-OZ
9.185E-02

FE XVIII
ZP5 - 2P4(10)3O(2D)

ET14 ● 6.301E+01

x MANN OJXC
1.01 ?.14ZE-01
1.27 Z.555E-01
1.60 3.932E-01
2.01 3.S69E-01
2.53 4.158E-tJl
3.19 4.795E-01
4001 5.473E-01
5.04 6.186E-01
6.35 6.934E-01
7.99 7.707E-J1

1.3.05 a.5ozE-ol
12.65 9.318E-01
15.91 1.015E+O0
20.02 1..399E+OO
25.19 1.ld5E+O0
31.70 1.271E+130
39.89 1.358E+O0
50.19 1.445E+O0
63.16 1.53ZE+O0
79.47 1.619E*O0

100.00 1.706E+OIJ

iE XVIII
ZP5 - ZP*(1S13D[ZOI

ET~ = 6.301E+01

x
1.01
1.27
1.60
2.01
2.53
3.19
4.!31
5.34
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.99
53.19
63.16
79.47

100.00

MAVti Oblxc
8.047E-02
9.053E-OZ
1.03$E-01
1.189E-01
1.365E-01
1.5blE-01
1.773E-J1
1.998E-01
z.z35E-01
Z.481E-01
2.735E-01
Z.993E-01
30Z61E-31
3.531E-01
3.905E-01
4.J80E-.)1
4.357E-01
4.635E-01
4.914E-01
5.192E-IJ1
5.470E-01

FE XVIII
2s2 ZP5 - ‘2S 2P5(3P)3P(ZO)

Erli ● 6.851E*01

x
1.OL
1.z7
1060
2.01
2.53
3.13
4*OL
5.04
6.35
7.99

10.05
12.65
15.31
20.02
25.19
31.70
39.89
50.19
63.16
79.47

100.03

MANN tltlxc
9.5Z1E-03
1.11bE-02
10474E-OZ
1.914E-OZ
Z.433E-02
3.021E-OZ
3.670E-02
4.370E-02
5.115E-OZ
5.898E-13Z
6.71ZE-02
7.554E-02
8.419E-OZ
?.304E-OZ
1.9ZOE-01
L.LIZE-OL
L.Z04E-01
1.Z97E-01
L.390E-01
L.483E-01
1.577E-01
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FE xVIII
2s2 2P5 - 2S 2P5(3P)3P(4PI

ETH = 6.d51E*Ol

,x
1*O1
1.27
1.60
2.01
2.53
3.19
4.01
5.0+
6.35
7.99

10.05
12.b5
15091
20.02
25.19
31.70
39.89
50.19
63.16
79.67

100.00

YAWN Dwxc
8.125E-03
9.841E-03
1.237E-02
1.561E-02
1.950E-02
20399E-02
2.839E-02
3.442E-02
+.0Z3E-02
4.b34E-02
5.271E-02
5.930E-02
b.609E-02
7.302E-02
d.00EE-OZ
8.723E-02
9.6+6E-02
1.017E-01
1.09LE-01
1.164E-01
1.239E-01

FE XVIII
2S2 2P5 - 2S 2P5[3P)3P(2S)

ETH ●

x
1.01
1.27
l.bO
2001
2.53
3.19
+.01
5.!)4
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31.70
39.a9
50.19
b3.16
74.47

lao.oo

5.851E+Ol

MANN Ouxc
2.a63E-03
4.lb3E-03
5.3ZQE-03
?.8Z5E-03
1.012E-02
1oZ59E-O2
L.550E-02
1.352E-02
Z.L71E-02
2.505E-02
20852E-02
3.2L1E-02
3.579E-02
3.956E-OZ
6.339E-02
4.726E-02
5.119E-02
5.513E-02
5.’J1OE-O2
6.309E-02
b.705E-02

FE XVIII
2S2 2P5 - 2S 2P5(1P)3P(ZSI

ErH = 6.851E+01

x
L.OL
1027
1.60
2001
2.53
3.19
+.21
5.04
b.35
7.99

10.05
12.65
12.91
20.02
25.19
31.?0
39.89
50.19
63.16
79.47

100.00

HAVN DtiXC
7.334E-34
50928E-04
4.91OE-O4
4.230E-04
30850E-04
3.729E-04
30(32*E-04
4.089E-0*
4.48bE-04
4.9.30E-0+
5.546E-04
6.1b5E-04
5.826E-04
7.511E-04
9.21JE-04
3.942E-04
>.b7bE-04
1.042E-03
1.L16E-03
L.13LE-03
1.256E-03

FE XVIII FE XVIII
2S2 2P5 - 2S 2P5(3P13P(2PI 2s2 ZP5 - 2s Z?5(3P13P(4SI

ETtl = b.851E*Ol ETH = 6.d51E+OL

x
1.01
1.27
1060
2.01
2.53
3.19
4.01
5.04
6.35
7.97

10.05
12.65
15.91
20002
25.19
31.70
39.a3
50019
b3016
79.47

100.00

MANN DUXC
5.560E-03
9.15bE-03
1.Z50E-02
L.655E-02
2.128E-02
2.b59E-02
3.Z39E-132
3.8b4E-32
4.528E-02
5.2Z3E-OZ
5.946E-02
b.fJ93E-02
7.460E-02
8.244E-02
9.042E-02
9.a50E-02
L.067E-01
10169E-O1
L.232E-01
1.315E-01
1.397E-01

FE XVIII
2S2 2P5 - 2S 2P5(1P13P(ZD)

ETH ● 0.85LE+01

x
1.01
1.27
1.60
2.01
2.53
3.19
+.01
5.94
6.35
7.99

10.05
12.65
15.91
20.02
25.19
31070
39.89
50.19
63.15
79.47

100.00

YANN DIIXC
b.597E-03
7.923E-03
9.a70E-03
L.240E-OZ
1.5*5E-02
1.898E-OZ
2.Z9LE-02
2.719E-02
3.lt7E-02
3.b5’+E-02
4.16ZE-OZ
+.653E-02
50Z18E-OZ
5.765E-92
6.323E-a2
6.887E-OZ
7.456E-02
Y.033E-02
?.61LE-02
9.191E-02
?.77iE-02

FE XIX
ZP4(3PI - 2P+(10)

ETH ● 1.ZZ8E+O0

x tIANN DdXC
1.01 1.Z55E-01
1.38 10247E-O1
1.88 1.Z3bE-01
2.56 1.Z21E-01
3.49 1.Z02E-01
4.7b 1.176E-01
6.50 1.14ZE-01
8.86 L0099E-01

12.08 1.045E-01
lb.48 9.76ZE-OZ
22.47 8.957E-02
30.b5 8.037E-OZ
41.79 7.035E-02
57.00 5.003E-J2
77.73 5.017E-02

LOb.00 4.138E-02
144.56 3.41bE-02
197.14 2.870E-OZ
268,85 z.4a7E-oz
3b6. 64 Z.Z39E-OZ
500.00 Z.08$E-OZ

x
1.01
1.27
1.60
2.01
2.53
3.19
4.01
5.04
b.35
7*99

10.05
12.65
15.91
ZO.JZ
25.19
31.70
39.89
SO*19
63.16
79.+7

100.00

H4’4N 014XC
1.403E-03
1.377E-03
3.195E-0+
b.Zi)dE-04
4.73?E-J4
3.711E-04
3.04aE-d4
Z.570E-04
2.504E-04
Z.%9LE-04
2.584E-04
Z.751E-0+
2.9b7E-04
3.218E-04
3.491E-04
3.779E-d4
4.c177E-04
4.383E-94
4.S~2E-04
5.005E-04
5.318E-04

FE XVIII
2s2 ZP5 - 2S 2P5(1P)3P(ZPI

ErH ● 5.d5LE*OL

K
1.01
1.27
l.bO
2*O1
2.53
3.19
4.01
5.04
b.35
7.39

10.05
12.65
15.91
20.02
25.19
31.7a
39.89
50.19
63.lb
79.47

100.00

XA’4N OdXC
4.721E-(15
6.044E-03
7.351E-03
1.O1lE-OZ
1.279E-OZ
1.53%E-3Z
1.9ZlE-i)2
2.Z8bE-02
Z.474E-OZ
3.J83E-OZ
3.508t-02
3.Y47E-02
4.399E-OZ
4,$blE-OZ
5.331E-OZ
5odoaE-02
5.2a9E-9z
6.77+E-02
7.Z6ZE-JZ
7.751E-02
8.Z40E-OZ

FE xIX
2P413P) - 2P411SI

ETH = Z.b53E+O0

x
1.01
1.38
l.aa
2.56
3.49
4.76
b.50
d.db

12008
lb.+a
22.47
30.65
41.73
57.00
77.73

106.09
144.56
197.14
z6a.85
3bb.b4
500.00

,MANN i)ldxc
1.583E-02
1.b56E-OZ
1.619E-J2
1.571t-OZ
L.509E-OZ
1.430E-02
L.33’JE-13Z
1.209E-OZ
1.069E-OZ
9.124E-03
7.f+73E-IJ3
5.341E-03
4.34bE-03
3.077E-03
2.086E-03
L.36’?E-03
a.d79E-04
5.’347E-04
4.037E-04
2.+99E-9$
Z04ZOE-04

143



FE X1X
2S2 ZP+[3P) - 2S 2~5(3pl

ETH * 8.335E+O0

x
1.01
1.27
1.50
Z.ol
2.53
3.19
4.01
5.06
6.35
7.99

L2.05
L2.b5
15.91
20.02
.25.19
31.70
39.89
5’3.19
43.16
79.+7

10S .JO

YAAN Odxc
1.280E+O0
1.303E+O0
1.330E+O0
1.362E+O0
1.401E*O0
1.447E+O0
1.501E+O0
L056ZE+O0
1.b31E+O0
1.709E+O0
1.794E+O0
1.f38bE+O0
1.984E+O0
Z.08bE+O0
Z.193E+O0
2.303E+O0
2.414E+O0
Z.52bE+O0
Z.b38E+O0
2.749E*O0
2.95~E+30

FE XX
?s2 ZP3(4SI - 2s ZP4(201

ETH = 9.440E+O0

i
1.01
1.23
1.49
I.al
2.20
z.ba
3.Zb
3.96
4.91
5.35
7.11
IS .64

10050
lZ.76
15051
L9.a5
22.?1
27.95
33.85
41.14
50000

!!Av’i Odxc
L.$3ZOE-02
1.34ZE-02
1.d68E-02
1.999E-92
10933E-O2
1.974E-02
2..)Z1E-L72
Z.J75E-02
2.135E-02
Z.Z02E-02
2.Z76E-02
2.357E-02
2.446E-02
Z.541E-02
Z.642E-02
2.749E-02
Z.850E-02
Z.375E-02
3.0?4E-02
3.Z15E-02
3.337E-02

FE XIX
2s2 ZP4(3P) - ZS 2P5(1P)

ETA * 1.1Z4E*01

x
1.01
1.Z7
1.60
Z.ol
Z.53
3.19
4.01
5.04
6.35
7.99

100J5
12.65
15.91
ZOO(I2
25.19
31.70
39.89
50.19
63.16
79.47

100.00

MANN DUXC
5.752E-02
5.814E-02
5.8139E-02
5.980E-02
b.086E-02
6.21ZE-02
6.35LIE-02
bo528E-02
6.72ZE-02
b.944E-OZ
7.195E-02
7.+77E-02
7.7B8E-02
8.126E-02
S.499E-02
9.a71E-02
9.267E-OZ
9.673E-02
1.008E-01
1.050E-01
1.091E-01

FE XX
2s2 ZP314S) - 2S ZP4(2S)

ETA = 1006OE+O1

1:01
1.Z3
1.49
1.81
Z*2O
Z.68
3.2b
3.96
4.91
5.85
7.11
8.54

10.50
lZ.7b
15.51
18.85
2Z.91
27.d5
33.85
41.14
50.00

4ANN OdXC
501O2E-O3
b.144E-03
b.193E-03
b.Z46E-03
6.31ZE-03
6.389E-93
b.477E-03
6.578E-03
6.693E-03
6.dZ4E-03
6,97ZE-03
7.141E-03
7.330E-03
7.541E-03
7.775E-03
a.031E-03
8.307E-03
8.60ZE-03
8.911E-03
9.Z33E-03
9.564E-03

FE XI(
2s2 .2?3(4s) - ZS 2P414P)

ETH = 7.189E+O0

x
1.01
1.23
1.49
l.dl
2.20
2.68
3.26
3.9b
4.81
5.85
7.11
8.b4

LO*5O
12.76
15.51
18.85
Z2091
27.85
33.85
41.14
50.00

MANN OUXC
8.405E-OL
8.515E-01
8.64bE-01
9.799E-01
B.979E-01
9.193E-01
9,423E-01
9.697E-01
1.00IE+OO
1,036E+O0
1.374E+30
1.L16E+O0
1.L62E+O0
1.Z1lE+OO
1.Z63E+O0
1.318E+O0
1.375E+O0
1.433E+O0
1.493E+O0
1.553E+OJ
1.614E+O0

FE XX
2S2 2P3(4SI - 2S 2P4{2P)

ETti = 1.L34E+01

x
1001
1.23
1.49
1.81
2020
Z.68
3.26
3.96
4.81
5.85
7.11
a.64

10.50
12.76
15*51
18.85
22.91
27.95
33.85
41.14
50.00

MANN OUXC

2,315E-02
Z.83ZE-02
2.850E-02
Z.972E-02
2.d96E-OZ
2.928E-02
20963E-02
3.003E-02
3.049E-OZ
3.102E-O2
3.163E-02
3.233E-OZ
3.314E-OZ
3.404E-02
3.506E-OZ
3.618E-02
3.740E-OZ
3.370E-02
4.008E-02
4.15ZE-OZ
4.300E-OZ

FE XXI FE xXI FE XXI
2s2 ZPZ(3P) - 2s ZP3(5S) 2S2 2P2(3P) - 2s ZP3(30) 2SZ 2P2(3PI

ET4 =
- 2S 2P3[3P)

3.L156E+O0 ETti = b.456E+O0 ETH = 7.681E+O0

x
1.01
1.23
1.49
1.81
2.20
Z.b8
3.26
3.4b
4.81
5.a5
7.11
8.64

10.50
12.76
15.51
la.s5
22o91
Z7.85
33.95
41.14
50.00

MAqN Odxc
4.019E-02
%.013E-02
$.012E-02
4.O1lE-02
4.O1OE-O2
4.209E-02
4.004E-02
3.?99E-CIZ
3.930E-02
3.9dOE-02
3.9b7E-Q2
3.950E-02
30930E-02
3.?!36E-02
3.1390E-02
3.353E-02
3*829E-02
3,ao7E-02
3.794E-02
3.7?ZE-02
3.Y02E-OZ

x
1.01
1.23
1.43
1.81
2.20
Z.68
3.26
3.96
4.81
5.85
7.11
9.b4

10.50
12.75
15051
18.95
22.91
27.85
33.85
41.14
50.00

MANN OdXC
8.776E-01
8.876E-01
8.996E-01
9.137E-01
9.302E-01
9.491E-01
3.714E-01
9.970E-01
l.OZbE+OO
1.059E+O0
L.095E+O0
10135E+OO
1.179E+O0
10226E+OO
1.Z77E+O0
1033OE+OO
1c385E*O0
1.442E+O0
10501E+OO
10 561 E+O0
L062LE+O0

x
1.01
1.23
1.49
1.81
Z.zo
2.6a
3.26
3.96
4.81
5.85
7.11
ao64

10.50
12.76
15.51
la.as
Z2.91
27.a5
33.85
41.14
50.00

fiAN’4 D4XC
7.507E-01
7.607E-01
7.7Z5E-01
7.865E-01
d.024E-OL
.3.21+E-01
a.433E-ol
8.bS3E-01
8.)6bE-01
9.za4E-91
9.636E-01
1.00ZE+OO
1.044E+O0
1.089E+O0
1.136E+O0
L0186E+O0
10238E*OO
1.z91E+O0
1.346E+O0
1.40LE+O0
L.456E*O0



FE XXI FE XXI FE ix I
2S2 2P2(3P) - 2s .2P313S) 2S2 2P2(3PI - 2s 2P3(1D) 2S2 2P.?(3P)

ETH =
- 2s ZP3(1P)

_3.0b9E+O0 ETH * ~.3s3E+O0 ETH = 1.051E+OL

i
L.i31

1.23
1.49

1.81

2.20
2.68
3.26

3.96

4.91

5.85

7.11
a.04

10.s0

12.76
15.51

18.35

I?Z091

27.85

33.85

41.14

50.00

t14NN Oulxc
4.Z56E-OL

5.369E-01
60459E-01

6.5138E-01

6.73!3E-01
6.909E-01

7.109E-o1
7.337E-01

7.594E-01

7.8dlE-01

8.199E-01
9.543E-01

8.915E-01
?.313E-01

9.732E-01

1.017E+O0
1.062E+O0

1.109 E*OO

1.15f)E+130
1.Z03E+O0

1.Z51E+O0

FE XXI

2SZ 2P2(3P) - 2P1 30

ETH = 7si26E+Ol

x

1.01

1.17

1.36

1.58

1.84

2.13

2.47

2.d7
3.33

3.87
4.43

5.2Z

6.06

7.03
8.17
9.48

11001

12.73
14.$4

17.23
Zo.oo

Y M q OJIXC
‘9.577E-02
9.303E-02

?,2J2E-02

9,253E-02

9,476E-02

9.d24E-02

1.0Z9E-01

1.096E-01
LoL5LE-01

1oZ25E-O1
1.334E-01

1.3d8E-01

1.477E-OA

L.569E-01

1.654E-01
L0762E-01

1.d62E-01

AOJ64E-01
Z.068E-01

Z0172E-J1
Z.Z78E-01

(3FI

FE XXI

2S2 2P2(3P) - 2P1 301(1F)

ET14 = 7.6Z6E+01

x

1.01

1017

1.36

1.58
1.84

2.13

2.47

2.97
3.33
3.87

4.+9

2.Z2
6.06
7.03

8.17
9.48

11..31

12.78

14094

17.23
Zo.oo

8ANti DdXC

20154E-02

2.i170E-02
2.027E-02

Z.023E-02
Z.055E-02

Z0119E-02
2.Z13E-02

2.332E-02

2.474E-02
Z.633E-02
Z.d09E-02

2.938E-02
3.197E-02
3.407E-02
3.623E-02

3.9+7E-02
4.074E-02
4.31OE-O2

4.569E-02

%.78?E-02

5.032E-02

x

1.01
10Z3

1.49

1.81

Z*2O
2.6d

3.26

3.96
4.81

5.85
7.11
8.64

10.50

lZ.76
15.51

18.85

Z2.91

27.85

33.a5
41.14

50.00

tlANN DdXC

1.090E-01
1.103E-O1

1012OE-O1

1.138E-01

1.160E-01
1.la6E-ol

1.Z15E-01

1.Z49E-01

1.287E-01

1.329E-31
L.376E-01

1.427E-01
1.$83E-01

1.543E-01
1.606E-01

1.6?3E-01

10742E-O1

1.814E-01

1.8t38E-ol

10963E-O1
Z.038E-01

FE XX1
2SZ 2P2(3P) - 2P1 301

ETH * 704Z6E+01

x

1.01

1.17

1.36

1.5f3

1.84

Z.13
2.47

Z*67
3.33

3.87
4.49

5.ZZ

6.06

7.03
8.17
9.48

11.31

12.73
14.84

17..23
20.00

!+ANN isdxc

Z.172E-01
2.345E-31

2.545E-01

2.771E-01

3.021E-01

3.Z95E-01

30591E-01

3.906E-01
4.239E-01

4.590E-01

G.955E-01

5.334E-01

5.725E-01

401Z7E-01
6.540E-01

6.961E-01

7.390E-01

7.MZ5E-91
3.Z68E-01

80715E-01
9.167E-01

30)

FE XXI

2SZ 2P2(3PI - ZP1 301(101

ETU = 7.4Z6E+01

1:01

1.17

1.36

1.58
1.84

2.13

Z.47

2.87
3.33
3.87
4.49

5.22
6.06
7.03
8.17
9.48

11.01
12.79

14.94
17.Z3

20.00

HANN Odxc
4.363E-02

4.574E-02
4.849E-OZ

5*laoE-oz
5.5b6E-02

6.004E-02

6.490E-02
?.019E-OZ

7.588E-OZ
8.193E-OZ

8.8Z9E-02
9.493E-OZ

loolaE-ol
1.090E-01

1.163E-01
1.238 E-01
10314E-O1

1.392E-01

1.471E-01

1.551E-01
L.631E-01

x

1.01
1.23

1.49

l.dl

2.20

Z.6d
3.Z6

3.96
4.31

5.85
7.11
8.64

10.50
12.16

15051
19.s5

2Z.91

Z7.9>

33.85

41.14

50.00

MAqN OU*C

Z.434E-OZ
Z.f+60E-02

Z.4913E-02

Z.524E-OZ

2.566E-02

Z.614E-OZ
2.669E-OZ

2.73ZE-02
2.303E-JZ

Z.3’33E-OZ
2.971E-02

3.069E-OZ

3.177E-dZ
3.293t-oz
3.418 E-02

3.550E-OZ

3.690E-3Z
3.a35E-oz

3.?35E-OZ
4.139E-OZ

4.295E-02

FE XXI
Zsz ZPZ(3P) - ZP1 30:

ETH = 7.4Z6E+OL

x

1.01
1.17

1.36

1.58

1.34

2.13
2.47

Z.87

3.33

3.87
4.49

5.Z2

6.06

7.03
a.17
9.48

11.01

lZ.78
14.84

17.23
20.09

-14!’4N Odxc

1.L93E-OL
1.’?66E-O1

L0354E-01

1.4513E-01

1.576E-01

1.708=-01
1.953E-01

2.009E-L31

2.175E-01
Z.352E-01

Z.536E-01

2.7Z8E-01

Z.927E-31
3.13ZE-01
3.34ZE-01

3.557E-OL

3.777E-JI

30999E-01
+.ZZ6E-J1

$.455E-01
4.bd6E-01

(3P)

FE XXI

2S2 ZP2(3PI - ZP1 301(1P)

ETH = 7.426E+01

x

1.01

1.17
1.36

1.58
1.84

2.13

2.47

Z.37
3*33
3.87

4.49
5*ZZ
6.06
7.03
8.17
9.48

11.01

lZ. 78
14.84

17*Z3

Zo.oo

nAw$i DdXC
6.761E-33

5.1331E-03
50140E-03

4.598E-03
4.154E-03

3.544E-03

3.b4ZE-03
3.5326-03

3.49eE-03
3.5Z7E-03

3.606E-03
3.7Z6E-03
3.a78E-03
4.L156E-03

4.Z53E-03
4,4bbE-03

4.691E-03

4.9Z5E-03

5.L67E-03
5.415E-03

5.bb7E-03

745



FE XIII

2s2 2P - 2s 2PZ(4P)
ETt4 . 3.536E+o0

x !!ANN OUXC

1.01 7.$47E-02

1.27 7.643E-02

1.60 7.462E-02

Z.al 7.477E-02
2.>3 7.496E-02
3.19 7.516E-OZ
4.01 7.539E-02
5.134 7.55aE-02

6.35 7.5d2E-02

7.9+ 7.604E-02

10.05 ?.625E-02

lZ.b5 7.663E-02

15041 7.659E-02

20.02 7.675E-02

z5.19 7.693E-02

31.70 7.735EJ32

39.d9 7.7 Y9E-02

50.1> 7.369E-02

63.16 7.374E-02

79.47 3.121E-OZ

100.00 3.293E-OZ

FE XIII

Zsz 2P - 2s ZPZ12S)
ETH = b.7Z7E+O0

x

1.01
1.Z7

1.60

Z..71
Z.53

3.19
4.01

5.34

6.35

7.39

10.05
lZ.55
15.91

ZO.J2

25.1?
31.70

39.a9

50.19

63.15
79,47

100.00

~AN$i Owxc

z.dzoE-01
Z.361E-01

2.912E-01

Z.973E-01
3.045E-01

3.133E-01
3.235E-01

3.356E-01
3.495E-01

3.551E-01
3.az4E-ol
4.314E-01
4.Z19E-01

4.436E-01

4.663E-01

*.a97E-ol

5.134E-01

!J.378E-01
5.bl?E-01

5.’379E-O1

6.’J97E-O1

FE XXII

ZS2 2P - 2s2 30
ETH ● 7.685E+01

x MANN Owxc

1.JL 1.736E-01

1.27 1.971E-01

1.50 z.05?E-01

Z.ol z.Z97E-01

2.53 2.5dOE-01

3.19 Z.?OZE-01

+.01 3.Z58E-01

5.04 3.441E-01

6.35 4.048E-01

7.99 f+.474E-01

10.05 4.916E-01

lZ.65 5.371E-01
15.91 5.a37E-ol

20.02 6.310E-01
25.19 6.770E-01

31.70 7.Z75E-01
39.39 7.762E-01
50.19 8.Z52E-01

63.16 8.742E-01

79.47 9.23LE-01

190.00 9.72’3E-01

FE XXII

2s2 2P - 2s 2P2(ZPI
ETH = 70959E+O0

x MANN OdXC

1.01 8.397E-01

1.27 9.039E-01

1.60 9.Z12E-01

2.01 9.4Z2E-01

2.53 ‘70668E-01

3.19 9.967E-01
4.01 1.032E+CI0
5.06 1.07ZE+O0

6.35 1.119E+O0
7.99 L.171E+O0

10.05 1.2Z8E+O0

1.2.65 10291E+OO

15.91 1.359E+O0

20.02 1043OE+OO

25.19 1.504E+O0

31.70 1.580E+O0

39.89 1.657E+O0

50,19 1.735E+O0
63.16 1.813E+O0

79.47 1.990E+O0

100.00 1.967E+O0

FE XXII

ZS2 2P - 2s2 3s

ETH ● 7.338E+01

x

1.01
1.27

1.60

2001
2.53
3.19
4.91

5.04
6.35

7.99

10.05

12.65

15.91

20.02

25.19
31.70

39.89

50.19
63.16
79.47

100.00

~ANN Dllxc

3.495E-03
3.570E-03

3.a51E-03
+.353E-03

5.073E-03
5.997E-03

7.101E-O3

9.356E-03

=3.734E-03

1.1Z1E+3Z
1.Z77E-02

1.438E-OZ

1.605E-OZ

1.775E-92
1.949E-OZ

2.1Z4E-JZ

Z.302E-92

Z.4dOE-3Z

2.660E-02
Z0840E-02

3.CZOE-OZ

FE XXII

2s2 2P - 2s2 4s
ETH . 7.9413E+!31

x MANN Odx

1.01 1.Zd7E-03

1..27 1.195E-03

1.60 1.16ZE-03

Z.ol 1.194E-03
Z*53 A.257E-03

3.19 1.37ftE-03

4.21 1.527E-03
5.04 L.709E-03

6.35 1.91OE-O3
7.99 Z01Z7E-03

10.05 Z.354E-03

lZ.65 2.539E-03
15.91 Z.9ZQE-03

20.02 3.073E-03

25.13 303ZOE-03

31.70 3.567E-03

39.a9 30815E-03

50.19 4.06ZE-03

53*15 4031OE-O3

79.47 4.56JE-03

100.00 4.a17E-03

FE XXII

2SZ 2P - 2s 2PZ(2D)
EfH . 5.935E+O0

x YANN OdiC

1.01 6.169E-01
1*Z7 6.Z48E-01

1.60 6.346E-01

2.01 6.455E-131

2.53 6.609E-01
3.19 6.776E-01
4.01 6.979E-01
5.04 70215E-01

6.35 7*4’37E-OL
7.49 7.795E-al

LO.I35 8.140E-01

12.65 8.5L7E-OL

15.91 8.9?7E-01

20.02 9.364E-01

25.19 9.8Z4E-31

31070 L.030E+Ofi

39.a9 1.079E+O0

50.19 1.129E+O0

b3.Lb 1.179E+O0
79.47 1.ZZ9E*O0

100000 1.278E+OJ

FE KXII

2s2 2P - 2s2 3P
ETH . 7.635E+01

x

1.01
1*Z7

L.bO

2001
2.53
3.19

4.01

5.04

b.35

7.99

10.05

12.65

15.91

20.02

25.19
31*7O

39.89

50.19

63.16
79.47

100.00

i4AN1’A Onxc

1.747E-01
1.886E-01

2.079E-01

203Z4E-01

Z.614E-01
Z.943E-01

3.306E-01

3.698E-!31

4.114E-01
4.549E-01

5.00IE-01

5.466E-01

5.942E-3L

6.4Z7E-01
6.9L7E-OL

7.413E-01

70311E-!31
9.4LZE-01

9.913E-01
9.41$E-01

9.91+E-01

FE XXIII

2 S2 - 2s 2P11P)
ETti ■ 6.478E*O0

MAYN Ouxc

1:01 3.183E-01

1.27 3.ZZ8E-01

1.60 3.Z94E-OL

2.01 3.351E-OL

2.53 3.432E-01

3.19 3.528E-01

4.01 3.643E-01
5.04 3.777E-01

6.35 3.?31E-31
7.99 4.LObE-01

10.05 4,301E-131

12.65 4.515E-OL

15.91 4.747E-01

20.02 +0993E-!31

25.19 5.250E-01

31.70 5.516E-IJ1
39.89 5.798E-OL

5a.19 6.042E-01

63.16 6.337E-01

79.47 6.61OE-O1

100.00 6.’39CE-O1
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FE XXIII

2s2 - 2s ZP(3PI
ETH ● 3.703E+O0

x

1.01
1.27
1.60

2.01

2.53
3.19

4.01
5.04

b.35

7.99

10.05
12.65

15.91
20.02

25.19
31.70

39.a9

50.1?

63.16

79.+7

100.00

3APAV Duxc

ZOLZ4E-02
Z.lZOE-02

Z.1L7E-02

20115E-02
2* LL1E-02

201O6E-O2
Z.099E-02

2.089E-02

Z.077E-02

Z.062E-02

Z.0+3E-02
Z.i3.21E-02

1.996E-02
1.968E-02

I0940E-02
1.9L5E-02

1.895E-02

L*as+E-02
1.882E-02

1.891E-02

L0911E-02

FE XXIII

252 - 2s 3s(3s1
ETH = 9.L38E+01

x

1.01

1.27

1.60

2.01

2.53
3.19

4.01
5.13*

6.35

7.99

10.05

12.b5
15.91

20.32
25o19

31.70

39.39

53.19

63.16
79.47

100,.00

f44NiIA OUXC

1.230E-03
9.Z55E-04

50d30E-04

4.Y5bE-04

3.544E-04

2.501E-04

1.744E-04
L.ZOZE-04
3.L96E-05

5.535E-05

3.705E-05

2.461E-05

L.5Z4E-05

10065E-05
5.345E-06

4.511E-06

Z.919E-06

1.d90E-06

L.Z09E-06
7.719E-07

4.a97E-07

FE XXIII

2s2 - 2s 30(10)
ETI+ ● 8.433E+01

x

1001

l.z?
1.60

2.01

2.73
3*19

4.01

5006
6.35

7.39
12.05

12.63
15.91
20.02

25.19

31.70
39.a9

50.19

63.16
79*47

100.00

MANN OUXC

1.729E-02 ,

Z.04+E-OZ
2.41ZE-02

Z.7bZE-02

3.101E-OZ
3.420E-02

3071ZE-OZ
3.3b9E-02
+.190E-02
4.374E-02

%.523E-02
4.661E-OZ
4.734E-OZ

4.!S02E-OZ

f+.d50E-02

4.87?E-OZ
4.8a9E-oz

4.9dlE-02
+.363E-02
4.’3Z7E-O2

4.735E-OZ

FE XXIII

2S 2P(3P) - 2P2(3P)
ETH . 5.547E*O0

x

1*O1
1.27

1.60
2.01
2.53

3.19

4.01

5.04

b.35
7.99

10005
12.65
15.91
20.02

25.19

31.70

39.89

50.19
03016

i“? .47

100.00

4ANN Onxc

L.175E+O0
1.190E+OJ

1.208 E*O0

10Z31E+OO
1.258E+O0

1.290E+O0

10329E+OO

1.374E+O0
1.426E+O0

1.486E+O0

L.553E+O0

1.6Z6E*O0
1.706E+O0
1.792E+O0
1.881E+i30

1.975E+O0

Z.070E+O0

Z.168E+O0

Z.265E+O0

Z.363E+O0

2.459E+O0

FE XXIII

2s2 - 2s 3P(1P)
ETF4 . 4.Z89E+01

x

1.01
1.27

1.60
2.01

2.53
3.19

4.01
5.04

6.35

7.39

lJ.05

12.65

15.91

20.02
25.19

31.70

39.89
5il.19

63.16
79.47

LOO.00

NtNN 3dxc
5.b15E-03

7.5Z6E-03
9.854E-03

1.Z59E-OZ
1.57ZE-OZ

1.921E-OZ

Z.303E-02
Z.713E-OZ

3.149E-OZ

3.633E-02
4ooa5E-oz
4.579E-02

5.0a9E-L3Z

50609E-02

6.13qE-02

6.677E-OZ

?.L20E-02

7.709E-2Z
13,3L9E-02

3.a7zE-02
?.424E-OZ

FE XXIII

2s2 - 2s 30(30)

ETH = 8.438E+01

x

1.01
1.27

1.60
2.01

2.53
3.19
4.01

5.04

6.35

7.-?9

10.05

12.65
15.91
20.02

25.19
31.70

39.89

50.17
63.16

79.47

100.00

HANS O’dXC

13,600E-03
6.536E-03
4.854E-03

3.539E-03
Z.54qE-03

1.S29E-03
1.313E-03
.?.658E-04

7.Z44E-04

5.7Z1E-04
4.b97E-04

4.039E-04

3.623E-0+
3.300E-04

3. 195E-04

3.089E-04

3.0L7E-Q4

Z.963E-34
Z.9ZZE-04
Z.881E-04

Z0844E-04

FE XXIII

2s2 - 2s 3s(1s)
ErH = 8.166E+01

x

1.01
1.27

1.60
2.01

2.53
3.19
4.01

5.04

6.35

7.99

10.05
12.65
15.91
20.02

25.1?

31*7O
39.89

5’3.L9
63.16
79.47

100.00

MANN DwXC

1.353E-OZ

1.424E-OZ

1.4d9E-OZ
1.546E-’32

1.594E-OZ

1.633E-OZ

1.554E-02
1.689E-OZ

1.7J7E-OZ
1.7Z1E-OZ

1.731E-02
1.737E-OZ
1.74ZE-OZ
1.745E-02

1.747E-i3Z

L.749E-OZ

1.7~9E-OZ

L.749E-OZ

1.750E-L12

1.750E-02

1.750E-OZ

FE XXIII

2s2 - 2s 3?(3P)
ETH = 8.299E+01

t
1.01
1.27

1.60
2.01

2.53

3.19
4.OL

5.04
6.35
7.99

10.05

12.55
15.91

ZO.13Z

25.19

31.70

39.89

50.19
63.;5
79.47

LOO.C19

PIANN Ddxc
4.508E-03
4.7zoE-03

5.17GE-03

5.851E-J3

6.7$33E-03

70714E-03
9.z31E-03

L.071E-OZ

1.Z31E-JZ

L.403E-OZ
10584E-OZ

1.773E-OZ

1.958E-OZ
2.lbdE-OZ

2.372E-i12

Z.579E-OZ

2.789E-OZ
Z.’?99E-aZ

3.212E-OZ

3.4Z5E-13Z
3.53?E-OZ

FE XXId

LSZ 2S - 1S2 2P
ET’i . 4.239E+J0

x

1.01
1.34

1.78
2.37
3.15
4.lq

5.57

7.41
9,95

13.09

17.41
23.14

30.76
40.39

54.36
72.,?6
36.96

L27.70

169.7b
225.67

300.00

*AN~ 131AX

4.49ZE-OL
4.54bE-01

4.bZdE-01
4.734E-.JL

4.369E-01

5.rJ33E-(3L

5.Z37E-01

5.+92E-01
5.76dE-Jl
b.0q5E-01

6.459E-J1

4.355E-01
7.Z76E-J1
7.714E-01

d.L6ZE-01
8.614E-01

~.I)64E-01
9.j08E-01

9.942E-01

1.037E+03

1.37SE+O0
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FE XXIV

1s2 2s - 1s2 3s
ErH = 8.450E+01

x MANN D’dX

1.01 1.$.Z5E-OZ

1.21 10~59E-02

1.$6 1.492E-02

1.75 1.5Z4E-02

2.11 1.554E-02
2.53 1.582E-OZ
3.05 1.606E-OZ
3.66 L.0Z6E-02

+.+0 1.644E-92

5.29 1.639E-02
6.35 1.671E-OZ
7.64 1.fJ30E-02
9.18 1.0d7E-02

11.04 1.693E-02

13.27 L0699E-02
15.95 1.701E-OZ
19.17 1.704E-02
23.04 1.705E-OZ

z7.b9 1. 707E-02
33.28 1.709E-02
40.00 1.709E-02

FE XXIV

1S2 2S - 1S 2S2
ETH = +.961E+OZ

x

1.)1
1.19

1.39

1.63
1.?2

2.25

2.64
3.11

3.65
4.28

5.02
5.90
6.43

3.13
9.55

11.21
13.16

15.45

18014

21.29
?5.30

~4N9 04X

L.1L6E-03
L.13L’E-03

1.146E-03
1.161E-03

1.175E-03
1.LU9E-03

L.Z23E-i33
1oz15E-O3

A.Z29E-03

1. Z+ OE-03

1.251E-03
1.262E-03
1.271E-03

1.ZdOE-93
L.Z88E-03

L0295E-03

1.30ZE-03

L.307E-03
1.31ZE-03
1.317E-03

1.3?OE-03

FE XXIV

1S2 2S - 1S 2S(3S)2P(ZP}
ET14 = 4.932E+OZ

x l!ANN DiiXC

1.01 3.708E-03
1.19 4.761E-03

1.39 5.9Z5E-03

1.63 7.L84E-03

1.92 3.5?OE-33

2.25 9.919E-03

.?.b+ 1.137E-OZ

3.11 L.Z84E-OZ
3.65 1.438E-02

4.28 1s593E-oZ
5.az 1.750E-OZ

5030 L.+08E-02
6.93 2.065E-02

3.13 2.229E-02
3.55 2.3915-02

11.21 Z.b53E-02

13.16 2.716E-02

15.45 Z.879E-3Z
18.14 3.043E-02
Z1.Z9 3.206E-OZ

25.00 3.370E-02

1s2
ETH

x

1.01

1.21

1.4b
1.75

2.11
2.53

3.05
3.65

4.40

5.29
6.36

7.64
9.18

11.04

13.27

15.95
19.17

23.04

27.69
33.28
40.00

FE XXIV

2s - 1s2 3P
. d.570E+.31

MANN OiiX

L.094E-02

1.Z59E-OZ

L.487E-OZ
1.748E-02

Z.05ZE-02
2039bE-OZ
Z.778E-02

3.195E-02

3.6+4E-02
4.12ZE-OZ
4.624E-02

5.150E-02
5.695E-02

6.257E-OZ

6.836E-02

7.4Z7E-02
8.030E-02

8.643E-02
9.Z64E-02

9.89ZE-02

L.052E-01

FE XXIV

1s2 2s - Is 2s 2P(6P)
ET14 * 4.d70E+02

x

1001
1.19

1.39
1.63

1.92

2.25

2.64

3011
3.65

4.29

5.02
5.90

6.93
3013

9.55

1102L

13.lb

15.45
18.14

21.29

Z5.00

t4ANN OIIXC

Z.831E-03

2.268E-03

1.@ZIE-03
1.47+E-03
1.Z13E-03

1.024E-03
8.922E-04
9.0b9E-04

7.573E-04

7.35ZE-04

7.339E-04
7.481E-Oq

7.733E-04
9.i377E-04

3.473E-04
d.9Z4E-04

3.$OOE-04
9.399E-04

1.041E-03

1.094E-03

L.149E-03

qo XxXx

3S2 - 3s 3p(3Pt

ETd ● 50541E+O0

x MANN OdXC

1.01 1.091E-01
1.27 Lo097E-01
1.60 1.108E-O1

.2.01 1.lZIE-01

2.53 1oL37E-O1
3.19 L.156E-01
4.01 1018OE-O1

5.04 L.Z07E-01
6.35 1.Z40E-01
7.99 1.278E-01

13.05 1.321E-OL

12.65 L0371E-01
15.91 L04Z6E-01

20002 L0435E-01
25.19 L055LE-01
31.70 1.621E-01

39.89 lob94E-OL

50.19 L.779E-01

63.16 1.847E-01
79.47 L.9Z6E-01

100.03 Z.005E-OL

LSZ
ETH

x

1.01

1021
1.46

1.75

2011
2.53
3.05

3.6b
4.40

5.29
6.36

7.64
9.19

11.04

13.27

15.95
19.17

23.06
.Z?.b9
33.28
40.00

FE XXIV

2s - 1s2 30
. 13.627E+01

~ANN OdX

Z.71OE-OZ

Z.813E-02

20949E-OZ

3.llZE-02
3.296E-02
3.493E-OZ

3.694E-02

3.89ZE-02
4ooazE-oz

4.Z57E-02

4.416E-02
4.556E-OZ

4.677E-02

4.779E-OZ
+.565E-OZ
4.?34E-OZ

4.99GE-02

5.03ZE-OZ
5.063E-02

5.081E-02

5.087E-02

FE XXIV

1s2 2s - 1s 2S(1SIZP(2P)
ETd ●

x

1.01
1.19

1039
1.63
1.92

2.25

2.59
3.11

3.65
4.28

5.02
5.90

6.93
8.13

9.55

11.21

13.16
15.4J

18.14
21.29

25.00

4.902E+02

tlANF4 DWXC

10459E-O3
1.999E-03

Z.109E-O3

2.Z80E-03
2.503E-03

2.767E-J3

3.066E-03

3.391E-03
3.738E-03

4.1OZE-O3
4.478E-03
4.864E-03

5.Z58E-03
5.057E-03

6.061E-03
6.%68E-03

6.977E-03

7.Z87E-03
7.699E-03
8.112E-03

8.5Z5E-33

MO XxXx

3S2 - 3s 3P{1P)
ETFI ● 7.722E+O0

x HANN Owxc

1.01 9.618E-01

1.27 8.525E-OL

1.60 8.656E-01

2.01 3.a15E-ol

2.53 9.008E-IJ1

3.19 9.233E-01

4.01 9.506E-01

5.04 9.926E-01

6.35 1.020E+O0
7.99 1.062E+O0

10.05 1.109E+OO

12.45 L,161E*O0

15.91 L.218E+O0

20.02 1.279E+O0
25.19 1.343E+J0
31.70 1.41OE+OO
39.89 1.479E+90
50.19 1.550E+O0
63.16 1.621E*O0
79.47 10692E+OO

100.00 L.764E+O0
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!Ho XXX I
3S2 - 3s 30(32)

ETH ● 1.623E+OL

1:01

1.25

1.54
1.91

2.36

2.91

3.60
4.+5

5.50
6.80

9,41

10.39

12.85

19.88
13.63
2+.26

29.99

37.07
G5.Y2

56.63

70.00

Yhtiti Odxc

1.372E-02

1.325E-OZ
1..272E-O2

1.211E-02

1.144E-02

1.071E-02
9.934E-03

9.122E-03

13.301E-03

7.496E-03

6.737E-03
6.046E-03

5.+61E-03

+.929E-03

6.513E-03
4.184E-03

3.933E-03

3.7$4E-03
3.605E-03

3.502E-03

3.4.27E-03

$0 XxXx

3S2 - 3s 4s(1s)
ETH ● 5.916E+01

x

1.01
1017

1036

1.5a

1.34
2.13

2.47
2.07

3.33

3.d7
4.49

5.22
6.06

7.03

e.17

90+s

11.01

12.7d

14.34

17.23
20.00

14ANN !3UXC

3.03ZE-02
30093E-02

3.L53E-02

3.209E-02

30Z62E-02

3.311E-02

3.355E-02

3.395E-02

3.429E-132

3.459E-02

3.484E-02

3.504E-OZ
3.520E-02

3.532E-02

3.541E-02
305b8E-02

3.552E-OZ

3.554E-02
3.555E-OZ

30555E-02

3.553E-OZ

qO XXXII

2P6 3S - 2P6 3P
ETFI = 5.424E+09

x

1.01

1.32
1.71

2..23
2.’31

3.79

+.94

6.43
8.38

10.91

1+.21
10051
26.12

3104Z
40.93

53.32

69.45
90.67

lL7.a6
153053

200.00

f14$4N Owx

1.116E+O0

1.130E+O0
1.149E+O0

1.171E+O0

1.199E+O0
1.233E+O0

1.275E+O0

L.325E+O0
1.384E+O0
L.45ZE+O0

1.528E+O0

1.b12E+O0
1.703E+O0

1.799E+O0
1.899E+O0

2.002E+O0

2.104E+OO
2.Z1lE+OO

Z.3L5E+O0
Z.418E*O0

Z.520E+O0

Ho XXXI

3S2 - 3s 3OI1O)

ETU = 1.560E+OL

x IANN OAXC

1.01 5.658E-02

1025 5.724E-02

1.54 5.795E-OZ

1.91 5.877E-02

2.36 ‘J.967E-02
2.91 6.064E-OZ

3.60 6.165E-02
4.45 6.270E-02

5.50 6.375E-02
b.80 6.477E-02

8.4L 60576E-02
10.39 60668E-02

12.95 5.75ZE-02

15.88 6.325E-OZ

19.63 6.8d6E-02

24.26 6.936E-02
29.99 6.973E-02

37.07 6.997E-02
45.$2 7.009E-02

56.63 7.oLOE-02

70.00 7.00IE-OZ

MCI xxx!

3S2 - 3s 4F(3FI

ETH = 6.6Z5E+01

x MANN Oiixc

1.01 zl.648E-03

1.17 7.369E-03

1.36 6.203E-03

1.53 5.164E-03

1.84 4.Z58E-03

2.13 3.492E-03

2.47 2.830E-03

2.37 ?0290E-03

3.33 1.852S-03

3.87 1.500E-03
4.49 L.2Z1E-03

5.22 1.002E-03
6.06 8.331E-04

7.03 7.OZ?E-i34
8.17 b.034E-04

9.48 5.~79E-04

11.01 4.71OE-O4

LZ.7d 4.Zd3E-04

14.$4 3.944E-04

17.23 3.7Z7E-04

20.00 3.552E-04

MO XXXII

2?6 3S - ZP6 30
ETH * 1.413E+01

x

1.01

1.27
1.60

2.01
2.53
3.19

4.01

5.04
6.35

7.99
10.05

12.65
15.91

20.02
25.19

31.70

39.89
50.19

63.16
79.47

LOO.Oa

f14NN Odx
8.809E-02
d.8+2E-02

8.d80E-02
80912E-02
8.955E-02
9.000E-02

?.046E-02
9.094E-02

9.142E-OZ

9.167E-02

90Z34E-OZ
9.280E-02

9.3Z3E-02

9.361E-32

9.392E-02
9.415E-02

9.426E-02
9.426E-02

90413E-02
9.391E-02
9.360E-OZ

No XXXI

3S2 - 3s 4s13s)
ETU = 5.369E+Ol

x

1.01

1017
1.36

1.58
1.94

2.13

2.47
2.87

3.33
3.87
4.49

5.22
6.06

7.33

9.17
9.48

11.01

12.78

14.8+

17.23

20000

?A!4N On’xc
9.5L7E-04

7.396E-04

6.369E-04

5.435E-04
4.590E-0%

3.d36E-04

3.170E-34
2.590E-04

Z.093E-04

1.674E-!34
1.3Z7E-0+

1.043E-04
8.140E-0>

6.318E-05
4.d8LE-05

3.756E-05

2.t!aoE-.35
2.Z03E-05

1.580E-05

1.Z79E-95
9.71OE-O5

’10 XXXI

3S2 - 3S 4F(LF)
ET14 . 6.658E+OL

x

1.31
1.17

1.36

1.59

1.84
2.13

2.47

2.87
3.33

3.87
4.49

5..?2

6.36

7.03

d.17
9.43

11.01

12.78

14.84
17.23
20.30

f4AVq Owxc

L.3L9E-02
1.939E-OZ

Z.057E-02
.Z.109E-OZ

2.Z74E-02
Z.371E-OZ

Z.45dE-OZ

Z.535E-OZ
Z.b03E-OZ

Z.661E-OZ

?o71OE-O2
2.752E-’32

2.788E-OZ

2.3L8E-JZ

Z.344E-9Z
2.Yb7E-02

2.887E-02
Z.905E-02

Z.72ZE-OZ
Z.937E-OZ
2.951E-02

~o Xxxxf

2P6 3S - 2?5 4S
ETH * 6.045E+01

%
1.01

1.21

1.46
1.75

2011
2.53
3.05

3.66
4.40

5.?9
6.36

7.64
?.la

11.04

13.27

15.95
1’3.17

23.0+
27.69

33.2I3
40.00

‘lA’4N Odx

2.941E-02

3.OZOE-02

3.077E-02
3.131E-02
3.191E-i32

3.2Z7E-02

3.267E-aZ

3.301E-02
3.329E-02

3.352E-02

3.359E-OZ
3.33ZE-OZ

3,392E-J2
3.398E-OZ
3.$OIE-02
3.403E-OZ

3.403E-OZ

3.40zE-OZ
3.401E-OZ

3.399E-02
3.397E-13Z
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,10 XXXII

ZP6 3S - ZP6 4P
ETH ● 5.308E+01

K

1001
1.21

1.46

1.75

2011
2.53

3.05
3.66
4.40

5.2?
5.36
7.04

9.18

11.04

13.27
L5.$5
lJ.L7

23.04

27.59
33.23
+0.00

MANN DJX

b.6J7E-03
7.720E-03
?.209E-03

1.lllE-02

1.343E-02

1.619E-OZ

1.937E-OZ
2.235E-02
2.69ZE-OZ

3.124E-02

3.5139E-02
4.084E-02
4.6’)5E-OZ

50L51E-OZ

5.719E-02
5.307E-OZ

6.91?E-’32
7.531E-02
3.16ZE-OZ

J3.804E-02
9.456E-02

ICI XXXII

2?5 3S - 2P5 3s 3P(ToThL)
Elti = 1.821E+02

x

1.01

1.17
1.35

1.53
1.34

Z.13

2.47

2.a7

3.33
3.37
4.49

5.2Z

5.36
7.33
$.17

3.*8

11.01

12.70
14.34

L7..23

20.00

MANN Oux

5.091E-02
4,+d7E-02

+.d9?E-02

4.829E-92
$.773E-02

4.731E-02

+.70+E-02

$.3d7E-02

$.679E-02
4.579E-02

+.683E-i12

+.6?1E-02

4.700E-02
4.711E-132

4.721E-02

+.732E-02

4.741E-9Z

4.750E-02

4.758E-02

+.764E-OZ

4.759E-02

Ho XXXII

2P6 3S - ZP5 3S2
ETti ● 1.762E+02

x

1.01

1.17

1.36

1.5d

1.84

2.13

Z.47
2.87
3.33

3.87
4.49

5.2Z

6.06
7.03

d.17

9.4a

11.01
iz.7a

14084

17.23
20.00

PIANN OUXC

1.397E-03

L.406E-03

1.451E-03

L.534E-03

1,655E-03

1.d13E-03

Z.003E-03
2.23dE-03
2.500E-03

2.790E-03
301O7E-O3

3.447E-03

3.906E-03
4.183E-03
4.574E-03

4.97aE-03

5.392E-03

5.a15E-03

6.Z46E-03
6.613+E-03

7.128E-03

HO XXXII

2S2 2P6 3S - 2S 2P6 3SZ
ETH =

x

1001

1.17

1.35

1.5a

1*84
2.13

2.67

2.a7

3.33
3.87

4.49

>.2Z

6.06
7.$23
a.17

9.43

11.01

12.78
14.d4

17.23

20900

10986E+O2

flANN OWX
5.575E-03

5.677E-03

5.7aoE-03

5.8a3E-03
5.9!32E-03

6.075E-03

6.162E-03

6.240E-03

5.311E-03
b.373E-03

6.42bE-33
6.+7ZE-133

6.510E-03
6.542E-03
6.567.S-03

6.589E-03

6,635E-03

60019E-03
6.629E-03

6.637E-03

6.643E-03

Mo XXXII

2P6 3S - 2P5 3S 3Pl rUTAL)
ETH = 10821E+O2

x

1.01

1.17

1.36

1.5a

1.84
2.13

2.47
2.87
3.33

3.87
4.49

5.22

6.06
7.03
8.17

9.4a

11.01

12.7d

14.8+
17.23

20.00

?ANN OtiX

5.’391E-O2

4.9a7E-d2

4.d99E-32
4.azaE-02

4.773E-02

4.73LE-J2

4.704E-02
4.637E-02

4.579E-OZ
4.679E-02
4.693E-iJ2

4.b9LE-02

4.700E-02
4.711E-02
4.721E-02

4.732E-32

4.741E-112
4.?50E-02

4.75dE-OZ

4.764E-02
4.769E-02
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DATA OF 0. RO139 PLOT SYW130LS 3,5
---------------------- --------------------- -------------- ----=----- ------- ----------------

BE 11

2s - 2P
ETH = 3.330E-01

x

1.00
1.33

1.67

2000

2.33
2.67
3.33

6.67
10.00

13.33

16.67

20.00
23.33

RYBB 2CC

1.359E+01
1.619E+01

1.858E+01
2.085E+31

2.278E+01

2.468E+OI
20815E+01

3.919E+OI
ft.592E+Ol

5.067E+01

5.+21E+01

5.753E+01

6.004E+01

c 111

1s2 2s2 - 1s2 2P2 (3P)
ETH = 1.263E+O0

x

1.19
1.58
1.98
?.38
3.17

3.96
4.75

5.54

6.34
7.13

7.92
9.50

11.09

12.67

14.26
15.84

17.42

19.01
20.59

Rr19B 5CCX

1.160E-02
1.040E-OZ
9.300E-03

8.400E-03
6.700E-03

5.300E-03
4.200E-03

3.200E-03

2.500E-03
2.000F-03

1.600E-03
1.090E-03
7.839E-04

5.782E-0$

4.377E-04

3.%09E-04
2.?37E-04

?0151E-04
1.721E-04

c 111
2S 2P[3P) - ?P?(10)

ETH = 8.977F-01

x

1*I7
1.72

2.28

2.94
3.95
5.07

6.18

7.29
8.41

9.52

10.64

R!lBS 5CCX

1.330E+O0

1.180E+O0

10019E+OO
8.707E-01

6.529E-01

5.391E-01
4.6~OE-ol

3.195E-01

2.553E-01
2.119E-01

1.785E-01

C 111

1s2 2s2 - 1s2 2s ZP(lP)
ETH . 9.954E-01

x

1*51
2.01
2.51

4.92

6.03

12.06
14.07

16.07
19.08
20.09

22.10

24.11

26.12

R088 5CCX

4.410E+O0
5.150E+O0

5.770E+O0
7.400E+O0

8.81OE+OO

1.114E+01
1.170E+OI

1.218E*01

1.262E*OI
1.300E+OL

1.335E+01

1.366E+OI

1.396E+01

C 111

1s2 2s2 - 1s2 2P2
ETH ● 1.350E+50

x R088 5CCX

1.11 4.250E-01

1.48 4.050E-01
1.85 3.880E-01

2.22 3.750E-31

2.96 3.534E-01

3.79 3.420E-01
4,45 3.3f+4E-01
5.19 3.259E-31

5.93 3.192E-01

6.57 3.116E-01

7.41 3.054E-01

9.99 2.965E-’31

10.37 Z.905E-01

11.35 2.872E-01

13.33 2.843E-01

14.82 20837E-!31
16.30 2.832E-01

17.79 2.S30E-31

19.26 2.830E-01

C 111
2S 2P(1PI - 2P2(3P)

ETH * 2.673E-01

x

1.99
3.76
5.63
7.50

11.24

16.98

18.72
22.47
26.21
29.95
33.69

ROB8 5CCX

8.398E-01

7.369E-01

6.250E-01

1.728E+O0
4.418E-01

3.140E-31

2.425E-01

1.861E-01
1.458E-01

1.143E-01
9.776E-02

10)

c 111

1s2 2s2 - 1S2 2S 2pf3P)
ETH = 4.522E-01

x

1.02

1.33

1.68
3.32
4.42

5.53
6.63

8.84

11.04

13.27

15.48

17.69
19.90
22.11

26.53

30.96

35.38

39.83
44.22
48.65

53,07

57.49

RC139 5CCX

?.5!lCE-01
7.720E-01

7.003E-91

6.140E-01
5.500E-OL
4.740E-01

4.180E-31

3.190E-01

2.550E-’31
2.1OOF-O1

1.570E-11

1.340:-01

1.140E-01
9.803E-32
7.3130E-02

‘J.570E-02

4.51OE-O2

3.572E-32

3.056E-02
?.585E-32

2.203E-02
1.991E-32

c 111

2S 2p(3P) - 2S 2P(
ETH = 5.431E-01

x R3B8 5CCX

1.93 1.699E+O0
2.95 1.373E+09
3.77 1.19LE+O0

4.69 1.321E+’J9

6.53 6.119E-01
8.37 7.3035-’31

10.21 3.136E-01

12.!36 2.5?4E-21

13.90 1.929s-01
15.74 1.601F-31
17.59 1.320E-01

1P)

c [11

2S 2P(3p) - 202(3p)

ETH = 9.1’Y4E-01

x

1.29
1.91

2.53

3*14
4.38

5.61

6.85

$1.09
9.31

10.55
11.78

?OB9 5c~x

1.997E+OL
2.26+E+91
2.5?7E+01

2.789E+01
3.312E+01
3.456E+21
3.Q30E+01

4.155E*fll
4.347E+01
4.516E+91
4.666E+2L
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c 111
2s 2P(1P) - ?P?(lDI

ETH = 3.546E-01

x

1.42

2.83
4.24

5.65

8.67

11.29
14.11
16.93

19.76
?2.58
25.40

R088 5CCX

1.31OE+O1
1.5Q5E+01

1.920E+01

Z.006E+01

2.275E+01
2.474E+01

2.649E+01
Z.784E+OI

2.999E+01
3.00IE+O1
3.092E+01

c 111
1S2 2P2(3P) - 1s2 2P2(1DI

ETH = 8.730E-02

x

2.72

8.45

14.17

19.90
31.36

42.81

54.27
65.72

77.18
89.43

100.09

R089 5CCX

3.879E+O0

30491E+O0
3.OIZE+OO
Z.767E+O0

1.793E+O0
1.266E+O0

1.00IE+OO
7.963E-21

6.113E-01
4.853E-01

3.989E-01

o Iv o Iv
1s2 2s2 2P - 1S2 2S ZP2(4P) 1s2 2s2 2P - 1s2 2s 2P2120)

ETH = 5.981E-01 ETH = 1.211E+O0

x
3.01

4.91

5.02

5,02

7.02

8.’33
9.03

10.’33

13.38
16.72

20.06
23.41

25.75
33.44

bb.88

100.32

Q089 o Iv
8.870E-01

8.240E-31

7.640E-01

7.069E-01

6.51OE-O1
6.cll’3E-’3l

5.550E-01
5.11oE-O1

3.940E-01

3.090E-01

Z.470E-01
Z,O1OE-O1

1.640E-01

1.L9SE-01
3.766E-02

1.827E-02

o Iv

1s2 2s2 2P - 1s2 2s 2P2(2PI
ETH = 1.754E+O0

x R088 5CCX

1.02 6.804E+O0

1.37 7.652E+O0

1.71 8.414E+O0

2.05 9.llaE+oo

2.39 9.760E+O0

2.73 1.035E+01
3.07 1.089E+01
3.42 1.137E+01
4.56 1.Zf12E+Ol
5.69 1.399E+01

6.93 1.494E+01
7.97 1.581E+01
9.11 1.554E+51

11.39 1.776E+01
22.78 Z.153E+01

34.16 2.371E+01

o Iv

2S 2P2(4P) - 2s ZPZ(2PI

ETH = 1.158E+O0

x

1.04
1.56

2.07
2.59

3.11

3.53

4.15
4.66
6.39

8.12
9.84

11.57

13.30
15.75
34.02

51.29

R088 5CCX

5.363E-01
4.774E-01

4.Z02E-01

3.679E-01
3.219F-01

2.821E-01

2.480E-01

Z018!3E-01

1.486E-01
1.057E-01
7.953E-92

6.061E-02
4.912E-02

3.213E-02
8.780E-03
4.030E-03

x

1.49

1.98

2.48
2.97
3.47

3.96

4.46
4.95

5.60
9.26

9.91

11.56

13.21

16.51
33.02
49.54

RO13B O IV

5.987E+O0

6.313E+O0

60712E+O0

70063E+00

7.383E+O0
7.669E+O0

7.929E+O0

8.176E+O0
13.880E+O0
9.463E+O0

9.96ZE+O0

1004IE+O1
1.079E+01

1.145E+01

1.356E+01

1.493E*01

o Iv
2S 2P2(4P) - 2s 2P2120)

FTH ■ 6.131E-01

x

1096
2.94

3.92

4.90

5.87

6.95
?.83

13.81

12.07
15.33

18.60
21.86

25.12

31.64
54.26
96.9B

2s 2P2

ROBB 5CCX
2.B35E*O0
Z.572E+O0

2,314E+O0

2.075E+30

1085?E+OO

1.667E+O0
1.497E+O0

1.347E+O0
9.66qE-ol

7.168E-OL
5.486E-01

4.313E-01

3.462E-21

Z0346E-01
6.367E-02

ZOB41E-02

c Iv
1s2 2s - 1s2 ?P

ETH = ~5.924E-01

x Q08B 2CCX
1.01 9.950E+20
1.35 9.330E+O0

1.69 9.81OE+OO

2.03 1.016E+01
2,36 10054E+O1
2.70 1.089E+31
3.04 1.121E+OI
3.38 1.153E+’31
6.75 10417E+131

10.13 10554E+O1
13.50 1.66BE+01
27.01 1.96ZE+01

o Iv
1s2 2s2 2P - 1s2 2s 2P2(2S)

ETH . 1055ZE+OO

x

1.16

1055
1.93

2.32

2.71

3.09

3.48
3.B7

5.16
6.44

7.73

9.02

10.31

12.B9
25.78

38.66

?08Fl O IV

?.07!E+O0

2.279E+O0

Z.4601?+O0

2.62BE+O0
Z.784E+O0

2.930E+O0

3.066E+O0
30193E+O0
3.570E+3Ll

3.879E+O0
40122E+O0

4.360E+O0

4.576E+33

+.867E+O0
5.B21E+O0

6.367E+O0

o Iv
2S 2PZ(4P) - 2s 2P2t2sl

ETH = 9.538E-01

x

1.26
1.B9

2.52

3015
3.78

4041

5.03

5.66

7.76
9.86

11.95
14.05

15.15
20.34
41.31

62.28

ROBB 5CCX

3.878E-01
3.528E-01

3.151E-01

2.797E-31

Z.454E-01

2.159E-91

1.998E-01

1.672E-21

1.114E-01
70653E-02

5.446E-02

4.O1lE-02

3.039E-22

1.848E-02
3.440E-03

1.2ZOE-03

o IV o Iv

20) - 2s “2PZ(2S) 2s 2P2(20) - 2s 2P2(2PI

ETH = 3.406E-01 ETH = 5.450E-01

x

1073
3.49

5.25

7.01
8.77

10.54

12.30
14.06

19.93
25.80
31.57

37.55
43.42
55.15

113.B8
172.59

RO139 5CCX
6.667E-01
6.834E-01

60960E-01
7.118E-01

7.2B7E-01

7.460E-91

70633E-01

7.79aE-ol

802B3E-01
8.720E-01
9.169E-01

9.54?E-01
9.B64E-01

1.020E+O0

1.IOIE*OO

1.153E+O0

x

1.0.s
2.18

3.28
4.39

5.48
6,5B

7.69

8.79

12.46

16.13
19.BO

23.46
27.13
34.47

71.17

107.86

ROB8 5CCX

10553E+OO
1.432E+20

1.302E+O0
1.L75E+O0

1.058E+O0
9.523E-11

8.5B1E-01
7.748E-01

5.617E-01

4.209E-01
3.Z61E-01

2.60ZE-01
2.123E-01

1.492E-31
4.990E-02

2.560E-02

152



O IV o Vx NE VIII
2s 2P2fzs) - ?s .2P2(ZP) 1s2 2s - 1s2 2P 2s

ETH =
- 2P

2.04+E-31 ETH = 8.832E-01 ETH = 1.168E*O0

x

1.21
6.15

7.08

10.02

12.96
15.89

18.83
21.76

31.55
41.33

51.11
60.90

70.68
90.25

188.10
295.96

ROBB 5CCX

2.460E-01
2.333E-01

2016+E-01
1.983E-01

1.805E-01
1.639E-01

1.489E-01

1.355E-01
1.O1?E-91

7.860E-02
6.360E-02

5.336E-02

+.599F-02

3.614E-02

L.834E-02
1.23+E-02

AL 1
3S2 3P - 3S2 311

ETH = 2.951E-’31

x

1.10
2.00

5.00

100QO
20.00

50000

100.00

R09B Pu9

1.922E+O0
90706E+O0

2.317E+01

3.40?E+01
40513E*01

6.305E+01
7.1Z4E+01

AL VI

2S2 2P4(3P) - 2S1 2P5(3PI

ETH * 2.945E+O0

x

1.10

2000
5.00

10.00

90.00

100.00

Rf398 PUB

2.169E+O0

50680E*O0
B.471E+O0

1.030E+01

10429E+O1

1.594E+01

FE XIX

2S2 2P413P) - 2S2 2P4(1S)
ETH = 1.945E*O0

x

5.60

7.20
9.00

13.80
25.71

77.12

128.53
179.94

231.35
282.76
334.17

32.5.58

ROBE

2.255E-02

2,159E-3Z
2.075E-02

2.!I’.35E-92

10565E-O2

1.051E-02
9.261E-03
B.761E-03

80504E-03
8.289F-03

8.0B2E-03
7.976E-03

x

1002

1.36

1.70

2.04

2.38

2.72
3.40
4.53

5.6h

6.79
7.93

9.06

10.19

11.32
22.65
33.97

45.29

56.62

57.94
79.26

ROBB o VI

5.124E+O0
5.2B4E+O0

5.446E+O0
5.586E+O0

5.698E+O0

5.819E+O0
6.070E+O0
6.433E+O0

6.751E+O0

7.030E+O0
7.308E+O0
7.511E+O0

7.720E*O0
7.917E+O0

9.291E+Of3

1.014E+’31

1.076E+01
1.124E+01

1.163E+01
1.197E+31

AL I
3S2 3P - 3S2 4S
ETH . 2.300E-01

x R09B Pw9

1.10 10165E+OO

2.00 6.872E+O0
5.00 L.614E+01

10.09 2.331E+’31
50.00 4.013E+OI

100.90 4.741E+01

x

1.20
1.54

1.88
2.57
5.14

7.71

10.28

12.95

15.42

17.99
20.56

23.13

25.70

?09B 5CCX

3,2BOE+O0
3.35!3E+!30

3.430F+O0

30560E+O0

3.990E+O0

%0349E+20
4.620E*O0

4.850E+O0

5.050E+O0
5.230E+O0

5.390E+O0
5.539E+30

5.660E+O0

4L V
2S2 2P5(2PI - 2S1 2p6(2Sl

ETH = 3.259E+O0

x

1.10

2.00

5.00

10.03

20.00

50.00

100.00

Q089 0119

7.350E-01

1.919E+O0
2.921E+90
3.569E+13

4.196E+O0

5.O1lE+OO
5.622E+O0

FE xVIII FE XIX

2S2 2P5(2PI - 2s 2P5(2SI 2S2 2P4(3P) - ?s2 2F’4(10)
ETH = 80736E+O0 ETH = 9.351E-01

x

1.14
2.86
4.58

6.2Q

9.01
3.73

11.44
22.89

34.33
45,77

57.22
5B.66

80.10
91.54

ROBB 2CCX

4.583E-01

5.120E-01
5.630E-01
6.030E-01

6.350E-31

60630E-01
6.B913E-31

70960E-01

8.620E-31
9.090E-01

9.470E-01

9.790E-01

1.000E*OO

1.030E+O0

FE XIX

2s2 2P4[3P) - 2S 2P5(3P)
ETH = 7.498E+O0

x

1.40
1.87
2.33

2.80
6.67

20.00

33.34
46.6B

60.01
73.35

96.69

190002

ROBB

1.31OE+OO

1.341E+O0

1.345E+O0
1.393E+O0

1.592E+O0
2.015E+O0

2.247E+O0
2.407E+O0

2.532E+O0
2.633E+O0
2.715E+O0

2.785E*O0

x

11.23

14.97
18.71
22.46

53.47

160.41
267.35
374.29
481.23

588.17

695.11

802.05

QOBB
1.143E-31

L.115E-01
1.070E-aL

1.029E-OL
7.743E-’I?

4.440E-02

3.476E-32
3.070E-02

?.854E-02

2.719E-02

2.609E-02
2.550E-02

FE XIX

2S2 2P4(3PI - 2S 2P5(IO)

ETH = 1.033E+01

x 170BB

1.02 9.009E-13Z

1035 9.194E-02

1.69 ?.356E-O?

2.03 3.479E-02

4*94 9.924E-02

14.51 1.0L3E-01

24.19 1.332E-31
33.B7 1.047E-01

43.54 1.064E-01
53.22 L,076E-01
62.B9 1.0B8E-31

72.57 1OO97E-OL
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FE XIX

2s.2 2P4(10) - 2s2 29411S)
ETH = 1.O1OE+OO

x RC3B8

10.40 1.570E-02

13.86 1055OE-OZ

17.33 1.540E-02

20.79 10539E-O2
49.50 1051OE-O2

148.51 1.600E-02

247.52 1.660E-02
346.53 1.680E-02
+45.54 1.680E-92
544.55 1.660E-02

643.56 1.640E-92
742.57 1.630E-02

FE XIX

2s2 2P4(1S) - 2s 2P5(3PI

ETH = 5.553E+O0

x

1089

2.52

3.15

3.78

9.00

.27.01
45.02

63.03

81.03
99.04

117.05

135.05

Qf3BB

5.917E-02
6.063E-02

6.168E-02

6.273E-02
6.648E-02
6,453E-32

6.225E-02

6.094E-02

6.008E-02

5.933E-02

5.88.lE-02

5.827E-02

FE XX

2S2 2P3(4S) - 2S.? 2P3(201

ETH = 1.431E+OL2

x R08B

7.69 7.780E-132

10.+8 7.360E-02

17.47 6.480E-92

34.94 4.8dOE-132

69.98 3.050E-02

209.64 1.030E-02

349.41 6.1OOE-O3

FE XX

2S2 2P3(4S) - 2S 2P4[20)

ETH = 8.595E+O0

x

1.28

1075
2.91
5.82

11.63
34.90
58.17

R’3BB

4.468E-02
4.576E-02

4.73?E-02
4.763E-02

4.627E-02

4.372E-02
4.260E-02

FE XX

2S2 2P3(20) - 2S2 2P3(2P)
ETH = 6.620E-01

x

15.62
22.56
37.76

75.53

151.06
453.17

755.29

ROB8

1.125E-01
1.099E-01
1.0f+4E-21

9.680E-52

9.112E-02
8.894E-92

8.785E-02

FE XIX

?S2 2P4(10) - 2s 2P5(3P)
ETH = 6.563E+O0

x RO138

1.60 8.402E-02

2.13 8.498E-’32

2.67 8.572E-02

3.20 80670E-02
7.62 9.358E-02

22.95 1.051E-!31

38.09 1.105E-O1
53.33 1.159E-01
68.56 1.203E-01
93.90 1.231E-01
99.04 1.260E-01

114..27 1.288E-01

FE XIX

2s2 2P4(1S) - 2S 2P5(1P)

ETH * 8.390E+O0

x R!IBB

1.25 3.960E-02

1.57 4.090E-02
2.09 4.220E-02

2.50 4.350E-!32

5.96 5.550E-02

17.88 8.830E-02
29.80 1.070E-01
41.72 1.200E-01
53.54 103OJE-CI1
55.56 1.380E-01
77.48 1,440E-01
99.39 1.500E-01

FE XX

2S2 2P3(+S) - 2S2 2P3(2P)
ET14 = 2.093E+O0

x
5.26

7.17

11094
23.99
47.78

143.33

239.89

ROBB
3.420E-02

3.23’?E-132
20850E-02

2.173E-02

1.459E-02
7.220E-03

5.830E-03

FE XIX

2S2 2P411D) - 2s ZP5(1P)
ETH = 9.400E+O0

x ‘?13BB

1.12 6.490E-01

1049 6.580E-01

1086 6.B50E-01
2.23 7.O1OE-O1
5.32 8.060E-01

15.96 1.’)29E+3O
26.60 1.150E+O0
37.23 1.230E+O0
47.87 1.300E+O0
58.51 1.350E+03

69.15 1.390E+O0
79.79 1.430E+O0

FE XIX

2S 2P5(3PI - 2S 2P5(1PI

ETH = 2.837E+33

x

3.70

4.94

6.17
7.42

17.63

52.98
R8.14

123.39

158.65

193.90

229.16

264.41

ROBB

5.052E-02

4.797E-22

4.556E-02

4.337E-02

3.32BE-02

10252E-O2
7.519E-L)3
5.506E-03

4.455E-33

3.!390E-03
3.447E-03

3.229E-03

FE XX

2S2 2P3(4S) - 2S 2P4(4P)
ETH . 60209E+O0

x

1077
2.42
$.03

8.05

16.11
48.32

90.53

RoBa

9.740E-OL
d.93!lE-31

9.400E-01

1.047E+O0
1.216E+O0

1.545E+O0
1.709E+O0

FE XX FE XX

2S2 2P3(4S) - 2S 2P4(2SI 2S2 2P3(4S) - 2S 2P4(2P)

ETH = L.003E+01 El!i * 1.050E+01

x ROBB

1.10 1.0130E-02
1.50 I.1OOE-O2
2.49 1.160E-02
4.99 1.230E-02
9.9.9 1.250E-02

29.93 1.260E-02
49.98 10260E-02

x R099

1005 3.OC)OE-02

1.43 3.020E-02

2.38 3.063E-32
4.76 3.059E-02
?.52 3.9613E-32

28.56 3.350E-02
47.60 30600E-02

FE XX FE XX

2S2 2P3(201 - 2S 2P4(4P) 2S2 2~3(20) - 2S 2P41201
ETH = 4.778E+O0 ETH ■ 7.164E+O0

x

2.30
3.14

5,23

10.46
20.93

52.79

104.65

ROB8

9.649E-02

9.818E-02

1.039E-01

1.168E-01

1.344E-01
1.699E-01

1.@96E-01

x

1.54

2.09
3.49

6.98

13.96
41.88

69.79

R09B

1.o19f?+oo

1.049E+O0
1.113E+O0

1.244E+03

1.452E+O0
1.896E+23

2.112E+O0
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FE XX
2S2 .ZP3(2D) - 2S 2p4(ZS)

ETH = 80594E+O0

ROBS
i:28 5.950E-04
1.75 6.553E-34
2.91 2.528E-03
5.82 1.843E-02

11.64 5,929E-02
3$.91 1*370E-01
58.10 2.C)70E-01

FE XX
2S2 2P3(2P) - 2S 2P4(20)

ETH ● 6.502E+O0

x
1.69
2.31
3.84
7.59

15.38
46.14
76.90

RI)9B
3.61OE-O1
3.711E-01
3.942E-01
4.293EiOl
4.736E-01
5.556E-01
5.950E-01

FE XX
2s 2P4(4P) - 2S 2P4f201

ETH ● 2.386E+O0

x
4.61
6.29

10.49
20.96
41.91

125.73
203.56

ROBfl
104I3E-O1
1.336E-01
1.172E-01
8.733E-02
5.426E-02
1087IE-O2
1.162E-02

FE XX
2S 2P4(201 - 2s 2P+(2S)

ETH . l.43OF+OO

x
7.59

10.49
17.48
34.97
69.93

209.79
349.b5

ROBB
4.490E-02
4.440E-02
40360E-02
40320E-02
4.400E-02
4.71OE-O2
4.71OE-92

FE XXI
2S2 .2P2(3P) - 2s2 2P2I1O)

ETH * 9.670E-01

x RQ99
8,79 Q.806E-02

10.34 9.129E-!3Z
15.51 8.646E-02
20.48 8.237E-OZ
51.71 6.41OE-O2

103.41 4.8.23E-02
204.83 3.553E-02
517.06 2.65?E-02

FE XXI
2S2 2P213Pt - 2s ~p3(3p)

ETH = 6.468E+O0

x R!)8L!
1.31 60592E-01
1.55 6.?08E-01
2.32 5.885E-01
3.09 7.051E-01
7.73 7.986E-01

15.46 9.Z34E-01
30.92 1.081E+O0
77.30 1.309E+O0

FE XX
2S2 2P3f2D) - 2S ZP4(2P)

ETH = 9.073E+O0

FE XX

2S2 ZP3(2PI - 2S Z~4{4Pl
ETH = 4.116E+O0

x
1*21
1.65
2.76
5.51

11002
33.07
55.11

RDBB
1.075E+O0
1.109E+3O
1.182E+O0
1.333E+O0
1.598E+O0
2.?35E+O0
2.5bOE+30

FE XX
2S2 2P3(2P) - 2S ZP4(2S)

ETH . 7.932E+O0

x R09B
2.67 7.618E-02
3.64 7.690E-02
6.07 7.!339E-02

12.15 7.969E-02
24.30 7.668E->2
72.09 7.3075-02

121.48 7.2685-92

FE XX
2S2 2P3(ZP) - ,?S ?P4(ZP)

ETH = 8.411E+O0

x
1.39
1.89
3.15
6.30

12.61
37.82
63.04

ROBB
30603E-01
3.713E-01
30944E-01
4.Z30E-01
4.480E-01
4.930E-01
5.L40E-01

FE XX
2S 2P4(4P) - 2S 2P4(2SI

ETH = 3.816E+O0

x RO139
1.31 3.02ZE-01
1.78 3.1Z2E-01
2.97 3.390E-01
5.94 40072E-’)1

11.8’9 5.343E-01
35,67 9.Z15E-01
59.45 ?.650E-01

FE XX
2s ZP4(4P) - ?s ZP4(ZP)

ETH = 40Z95E+O0

x
2.88
3.93
6.55

13010
26.21
78.62

131.03

Q08B
1.586E-02
1.485E-OZ
1.274E-32
8.~90E-03
5.000EJ13
1.I1lE-03
4.893E-34

FE XX
2S 2P4(20) - 2s ZP4(2P)

ETH = 1.909E+09

x
5.75
7.86

13.10
26.19
52.33

157015
261.92

ROBE

7.B59E-’32
70484E-OZ
6.677E-02
5.Z35E-12
3.6 B7E-02
2.07bE-9Z
1.745E-OZ

FE XXI
2s2 2PZ(3P) - 2s2 ZPZ(lS)

ETH = 1.949E+O0

x ROBB
4.36 1.369E-02
5.13 1.34aE-oz
7.70 1.270E-02

10.27 1.197E-02
25.67 B.933E-03
51.33 6.4ZLE-03

102.67 4.566E-33
256.67 3.+36E-03

FE XXI
2SZ zpz(3pJ - 2s .2P3(3S)

ETH . 8.385E+O0

x ROBB
1.01 5.67ZE-01
1.19 5.73ZE-01
1.79 5.93ZE-01
2.39 6.L04E-01
5.94 6.957E-01

11.93 7.7BOE-01
23.95 9.053E-31
59.63 1.09LE+O0

x
2.56
3.49
5.82

11.64
23.28
49.B5

114.41

Q099
3.Z54E-OZ
3.063E-OZ
2.557E-3Z
L.9Z9E-OZ
1.L52E-32
3.479E-03
L.950E-03

FE XX
2S 2P4(?SI - 2s 2P4(ZPI

ETH * 4.790E-01

x Q099

22.96 1.544E-OZ
3103.2 1.549E-02
52.19 L.3+6E-OZ

LO4.3B 9.930E-33
208.77 5.c730E-03
626.30 L.93SE-!33

1043.84 L.17~E-03

FE XXI
2s2 ZPZ(3PI - ~s ~c.3(3D)

ET14 * 5.501E+O0

x RII’3S
1.55 B.737E-01
I.BZ 9.979E-01
2.73 9.056E-Y1
3.64 9.Z74E-OL
9.09 1.057E+09

19.lB 1.2Z3E+O0
36.36 1.41BE+’39
90.B9 1.698F+O0

FE XXI
2s2 ZPZ(1OI - 2s2 202(1s)

ETH = 9.91OE-O1

x Qf39’4
B.66 Z.200E-02

10.19 Z.140E-OZ
15.29 2.L39E-22
20.39 Z.11OE-9Z
50.97 Z.11OF-OZ

101.94 2.170E-OZ
Z03.B7 2.290E-12
509.68 2.360E-OZ
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FE XXI

2s2 ZPZI1O) - 2s z~3(30)
ETH = +.53+E+O0

x ROBB

1.97 1oZ74E-O1
2.21 1.Z92E-01
3.31 1.3L7E-131
4.41 1.351E-01

11.03 1.503E-01

22.06 1.66ZE-01
44.11 1.831E-01

11O.Z8 2.094E-01

FE XXI

2s2 ZPZ(lS) - 2S 2P3(3D)

ETH = 3.553E+30

2:39
2.81
4.22

5.63

14.07
29.15
56.29

140.73

RO!38

10672E-32

1.731E-02
L*860E-OZ

1.988E-02
Z.53ZE-02

3.004E-OZ
3.4E7E-02

4.15?E-02

FE XXI
2s ~p3(30) - 2S 2P3(3p)

ETH = 9.670E-01

x R08R

8.79 L.745E-01

10034 1.730E-01

15.51 1.689E-01

20.68 1.645E-01

51.71 1.507E-01

103.41 1.42?E-01
206.83 1.402E-01
517.06 1.373E-131

FE XXII

.2S2 ZP(2PI - 2S 202(4Pl

ETH = 2.843E+O0

x R0913

?.54 6.835E-02

3.52 6.949E-OZ

4.40 7.039E-02

5.28 7.097E-02
7.03 7,192E-02

14.0? 7.349E-OZ

21.10 7.315E-OZ
29.14 7.Z5?E-02

35.17 7.Z18E-02
70.35 7.157E-OZ

140.70 7.396E-OZ

211.04 7.654E-02

291.39 7.897E-02

351.74 8.085E-02

FE XXII

2s2 ZPIZPI - 2s 2P2

ETH * 7.2L6E+30

x

1.04
1.39

1.73
2.00

2.77
5.54
8.31

11.09

13.86
27.72
55.43
83.15

110086
138.58

ROBB

8.780E-01

B.979E-01

90171E-01
9.365E-01

9.717E-01

10097E+OO
1.186E+O0
1.254f+O0

1.317E+O0

1.52BE+O0
1.7bOE+O0
1.B89E+O0

10984E+OO
2.060E+O0

2P)

FE XXI

2s2 2P2(10) - 2s ZP3(3P)
ETH . 5.501E+O0

x ROBB

1.55 1.61OE-O1
1.!32 1.637E-01
2.73 1.680E-01
3.64 1072OE-O1
9.09 1.896E-01

18.18 20047E-01
36.36 Z.Z19E-01
90.89 2.486E-91

FE XXI

2s2 2PZ(1S) - 2s ZP3’

ETH = 4.520E+O0

x ROBB

1.89 1.034E-02
2.21 1.024E-02

3.32 9.970E-03
4.42 9.760E-03

11.06 8.820E-03

22012 7.830E-03
44.25 7.067E-03

11OO62 7.290E-33

FE XXI

3P)

2S 2~3(30) --25 2p3(3s)
ETH = 2.B84E+O0

x ROBB

2.95 2.091E-02

3.47 2.051E-02
5.20 1.9Z9E-OZ
6.93 1.818E-02

17.34 10336E-02
34.67 9.090E-03

69.35 5.61OE-O3
173.37 30226E-33

FE XXII

2s2 2P(2P) - 2s ZP2(20J
ETH = 5.293E+O0

x RIY8B

1.42 5.897E-01
1.99 6.084E-01
2.36 6.190E-01

2.93 6.277E-01
3.79 6.490E-01

7.56 7.3zZE-01

11.3+ 7.879E-01
15.11 8.390E-01
18.89 8.783E-01
37.79 1.O1lE+OO
75.57 1.155E+O0

113.34 1.239E+90

151.14 1.299E+O0
18B.93 1.345E+O0

FE XXIII

2s2(1s) - 2S 2P13P)

ETH = 3.255E+O0

x R13RB

3.69 2.257E-02

4.61 2.275E-!3Z

6.14 2.289E-02

15.36 2.271E-02

30.72 2.159E-02
92.17 1.983E-02

153.61 1.966E-02

FE XXI

2S2 2PZ(10) - 2S 2P3(3S)
ETH = 7.4L8E+O0

x

1015

1.35
2.02
2,7!3

6.74

13.48
26.96

67.4’3

252 2P2’

ETH ,

x

1.32

1.55
2.33

3.11

7.77

15054
31.07
77.68

?OBB

6.290E-02

6.350E-02
5.620E-02
6.899E-32

8.720E-02

1.L1OE-O1
L.4ZOE-01

1084OE-21

FE XXI

1s) - 2S 2P3 3S)

5.437E+O0

+088

9.190E-03
9.300E-03

7,670E-03

1.000E-32

L.lZOE-02
L.200E-02

1.290E-OZ

1.370E-92

FE XXI

2S 2p3(3P) --2S ZP3(3SI
E7H = L0917E+O0

x

4.43

5.22
7.82

10.43

26.08

52.16

104.33
250.92

Q!3B8

9.61OE-O3

3.390E-03

90750E-03
9.170E-23
5.7Z6E-03

3.629E-23
1.979E-03
9.314E-24

FE XXI[

2s2 2P(2P) - 2s 2P2(2S)

ETH = 6.781F+O0

1:11
1.47

1.84

2.21
2.95
5,90

8.B5
11.83

14.75
29.49
5?..99

88.+8

117.98
147.47

2s2
ETH ~

x

1.94

2.43

3.2$
8.10

16.21
48.62

91.04

R3BB

?.565E-01

20617E-01
Z.689E-01

2074LE-OL
2.956E->1

3.244E-01
3.4913E-01

3.698E-31

3.977E-01
4.467E-01
5.088E-01

5.467E-31
5.731E-01

5.931E-9L

FE XXIII

1s) - 2s ZP[lPI

6.170E+O0

ROB8

30140E-01

302!30E-21

3.280E-01
3.770E-01
4.41OF-OL
5.660E-01

6.290E-3L
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FE XXIII

2s2{1s1 - 2PZ(3PI
ETH = 8.Z95E+O0

FE XXIII

?s.2(1s) - ZPZ(lDI
ETH = 9.263E+O0

FE xXIII

2s2(1s) - 202(1s)

ETH = 1.131E+01

x ROBR

1.65 5.638E-33

1.81 5.5ftOE-03

2.f41 5.470E-03

6.03 5.160E-03

12.06 4.821E-03

36.17 4.336E-03

60.28 40145E-93

x ROB8

1030 1.ZOOE-03
1.62 1019OE-O3
2.16 1.170E-03
5.40 1.130E-03

10.80 1.140E-03
32.39 1.ZZOE-03
53.98 1.230E-03

x R08B

1.06 3.720E-04
1.33 3.700E-34

1.77 3.640E-04
4.42 3.440E-0$

8.84 3.740E-’34

26.53 7.470E-04
44.21 9.51OE-O4

FE XXIII

2S 2P13P) - 2s 2F’(lP)
ETH = 2.915E+o0

FE XXIII

2S 2P(3P) - ZP2(3P)
EIH = 5.O+OE+OO

FE XXIII

2S 2P(3P) - 2>2(1!3)

FTH = 6.008E+O0

x

4.12

5.15

6.96

17.15
34.31

102.9Z
171.53

R089

3.315E-OZ
3.092E-02

2.91OE-OZ

2.097E-02

1.3EOE-OZ

5.199E-03
3.198E-03

x

2.38

2.98
3.97

9.9?

19.84
59.52
~9.zl

ROBB

1.305E+O0

1.339E+O0

1.377E+O0
1,581E+O0

1.8Z5E+O0
Z.Z74E+O0

2.496E+O0

x

2000

2.50
3.33

8.32

16.64
49.93

83.22

1709B

1.91OE-O1

1.93ZE-01
1.853E-01

2.931E-31

2.Z90E-01

Z.813E-’Y1
3.098E-01

FE XXIII

2s ZP(3P) - 2PZ{1S)
ETH ● 8.054E+O0

FE XXIII

2s ZP(lP) - ZPZ(3P)

ETH = 2.1Z5E+O0

FE XXIII

2s 2P11P) - ZDZ(10)

ETH * 3.093E+O0

x

1.49

1.86
2.48

6.21

12.42
37.25
62.08

ROBB

2.233E-03
2.1$7E-03

2.033E-03

1.553E-03
1.114E-03

6.840E-04

6.560E-0+

x

5.65
7.06

9.41

23.53

47.06

141.18

235.?9

RIYBB

2.006E-01
Z.0B4E-01

2.154E-11

2.501E-01

2.836E-01
3.455E-01

3.741E-31

x

3.8B
+,85
6,47

16.17

32.33

96.99

161.66

?!3!38

5.850E-01
7.050E-01
70Zz’JE-31

9.350=-01

9.470E-01

1.Z1OE+OO

1.333E+31

FE XXIII

2s 2P(1PI - 2P2(IS)
ETH = 5.139E+O0

FE XXIII
2P2(3P) - 2P2(10)

ETH = 9.6BOE-01

FE XXIII
~Dz(3p) - ?P2(1S)

ETH * 3.014E+O0

x

2.34
?.92
3.89

9.73

19.$6
58.38

97.30

RO138

2.760E-01

2.d40E-01
Z.960E-01

3.360E-01

3081OE-O1
4.750E-01

5.Z1OE-O1

x ROBB
l~o+l) 8.971E-02

15.50 80578E-02
20.66 8.190E-OZ
51.45 6.509E-OZ

103.31 5.067E-22

309.92 3.350E-02

516.53 20899E-02

x

3.9B
4.98

6.64

16.59
33.lB
99.54

145.89

R09B

1.+15E-02

1.3135F-02
1.4Z1E-32

1.094E-32
8.999E-33

6.950E-03
5.+47E-33

FE XXIII

2P2(10) - 2PZ(1S)
ETH ● Z.046E+O0

FE XXIV

1s2 2s - 1s2 2P
ETH . 3.451E+O0

‘iO XXXVIII

2s2 2PfzP) - 2s -292(4P)
ETH = 4.333F+93

5:97
7.33

9.78

24.44
+a.aq

146.63
244.38

RoBa

2.000E-02
1.990E-02

1.980E-02

1.990E-02
2.040E-02

20160E-02
Z.150E-02

x

1.01
2.03

2.90
7.24

11.59
15.94

20.28

24.63
28.98
43.47

57.95

72.64

86.93

191.42

ROBB CCX
4.673E-01

4.860E-01

4.934E-01

5.6ZBE-01

6.146E-01
6.536E-01
6.858E-01

70136E-01
7.377E-01

8.008E-01

8.479E-01
8.845E-01

9.143E-01

9.394E-01

x

Z*59
3.88

5.lB

6.+7
7.76

12.94
25.88
38.82

51.76
103.5Z

155.29

207.05

ROBE

L.073E-01
1.123E-31

10173E-OI

1.ZOZE-01
1.Z29E-01
1.3+6E-01

1.5Z9E-’3l
1.644E-01
L.7Z4E-91

1.353E-01

2.’388E-21
Z.191E-01

J57



fin xxxvIIr

2s2 2P(2PI - .?s 2P2(.20)
ETH * 8.895E+O0

x

1041

2011
2.81
3.51

4.22
7.03

14.05
21.08

28.11
56.21
84.32

112062

Qo9q

2.042E-01

2.064E-01
2.097E-01

2.072E-01

2.072E-01

2.129E-01

2.339E-01
2.556E-01
2.731E-01

3.25EE-01

3.591E-01
3.8.29E-01

Ho Xxxvrxr

.2S 2P.2(4P) - 2s 2P2(ZO)

ETH = 4.065E+O0

x

4.61

6.15

7.69
7.22

15.37
30.75

46.12

61.50

122.99

184.49
245.98

Rn8a

4.98.2F-02
4.850E-02

4.737E-132

4.639E-02

4.321E-02

3.71ZE-02
3.295E-02

2.995E-02

2.391E-02
2.149E-02

2.026E-02

MO XXXVIII

2s .2P?lzo) - 2s 2P.2(?S)
ETH = 2.502E+O0

x

7.49
9.99

12.49
1+.99
24.98

49.96

74.94
99.92

199.95
299.77

399.70

ROBB

1.130E-02

1.119E-02

1.11OE-O2
1.099E-02

1.0b!3E-02
1.018E-02
9.91OE-O3

9.7L30E-03

9.660E-03

9.690E-03
9.670E-03

qo XXXVIII

2s2 2P(2PI - 2s 2P2(2S)

ETH = 1.140E+01

x

1.10

1.65
2.19

2.74

3.29
5.48

10.97
16.45
21.94
43.87

65.91
97.74

ROBB

8.382E-32

8.491E-02
8.572E-02

8.612E-02
8,590E-f32

8.678E-02

9.124E-02
9.772E-02

1.032E-91
1.202E-01

1.312E-01
10392E-O1

Ho XXXVIII
~s ~P2(4p) - 25 2P2(2s)

ETH = 6.567E+O0

x

2.85
3.91

4,76

5.71

8.52

19.03
28.55

39.07

76,14

114.20
152.27

ROBB

5.979E-03

5.841E-03

5.729E-03

5.606E-03

5.224E-03
4.499E-03

4.005E-03

3.663E-03

2.981E-03
2.717E-03

2.584E-03

40 XXXVIII
25 ~p?(zo) - 2s 2P2(2P)

ETH = 3.126E+O0

x

6.00
8.00

10.00
12.00
19.99

39.99

59.98
79.9B

159.95

239.93

319.91

RIJB8

2.81ZE-OZ
2.751E-02

2.695E-02
2.641E-02
2,460E-02

2.116E-’32

1.881E-02
1.71%E-92

1.364E-02

102L7E-O2

1.137E-02

‘ill XXXVIII

2s2 2P(2P) - 2s 2P2(2P)
ETH = 1.202E+01

x

1.04

1.56
2.08
2.60

3.12

5.20

10.40
15.60

23.83
41.59

62.39

93.19

ROBB
3.0206-01

30088E-01
3.147E-01

3.194E-01
3.251E-31

3.474E-01
4.055E-01
4.619E-01

5.041E-31

6.2E6E-01
7.070E-01

7.633E-01

MO XXXVII[
2S 2P2(4P) - 2s 2P2(2PI

ETH * 7.191E+O0

x

2.61
3.48

4*35

5.21

8.69

17.38
26.07

34.76

69.53

104.29
139.06

Q09B

1.219E-02
1.177E-02

1.145E-L)2

1.114E-02

1.014E-02
13.171E-03
6.793E-03

5.779E-93

3.708E-03

2.847E-03

2.434E-03

~o XXXVIII
2s 2P2(2S) - ?s 2P2fzP)

ETH * 60240E-01

x

30.05
40.06

50.OB

60.10
100. lb

209.32

300.48
400.64

8olo2e

1201.92
1602.56

ROBq
7.390E-03

7.220E-23
7.090E-03

6.970E-03
6.590E-03
5.91OE-33

5.458E-03
5.160E-03
4.622E-03

4.429E-03

4.325.!-03
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0AT4 OF S. NAKAZ4KI ANO T. t4AS~IN0 PLOT SYY80L 6
------------------------ ------------------------ ------------------------ ------------------

c 111

2S2[1SI - 2s 2P(1P)
ETH = 9.540E-OL

REF. 3

x

1.00
3.85

7.70

11.56

15.40
38.50

77.00

154.00
308.00

N4KAzAKr
6.31OE+OO

8.800E+O0

1.071E+01
1.19bE+Ol

1.288E+01
1.59+E+01

1.8Z3E+01

20052E+01

2.277E+01

N IV

2s2(1s) - 2s 2P[1P)

ETH * 1.200E+O0

REF. 3

x

1000
3,37

6.14

9.22

12.28
30.70
61.40

122.80
245.60

NAKA.ZAK1

4.71OE+OO
5.8Z3E+O0

6.900E+O0

7.670F+O0
8.2ftOE+O0

1.022E+01
1.173E+91

1.323E+01
Io%72E+01

2V

2s2(1s) - 2s ZO(IPI

ETH * 1.450E+O0
REF. 3

x

1.00
2.5+

5.08

7.61

10.16
25.40
50.80

101.60
203.20

Y4XAZ4X1
3.530E+O0

+0380E+32
4.743E+23

50230F+O0

5.600E*O0
6.950E+O0
7.993E+!33

9.050E+O0

1.008E+’31

NE VII

2s211s) - 2s 2P11D)

ETH = 1.950E+O0
REF. 3

x

1.00

1.88
3.76

5.65
7.52

18.80
37.60

75.20

150.40

NAKAZAKI

2.190E+O0
Z.360E+O0

2.650E+O0

2.880E+O0

3.070E+O0
3.790E+O0
4.380E+O0

4.980E+O0

5.570E+O0

0414 OF UCL {UNIVERSITY COLLEGE OF L3NOIYN CI)OE) pL3T SYMBOL 8

JACKSON,EISSNEQ,0ERE,~4SON, UIOING,9H4TIA,STOREY,SE4TON,~UMMER ANO NORCROSS
------------------------ ----------------- ------------------------ -------------------------

------------------------BE11

2s - 2P
ETH = 3.33f3E-01

REF. 12

x SE4TON
1.00 1.260E+01

3.33 2.441E+f)l
4.00 20715.F+O1

5.67 3.607E+01

c 111

2S 2P(3p) - 2s 2P(1P)

FT14 = 5.440E-01
REF. 5

x ETSSNEQ

2.17 2.19?E+O0
2.72 L.676E+O0

4.55 1.103E+OO

o 111

2S2 2P2(3P) - 2S 2P(5S)
ETH . 5.480E-01

REF. 4

x JACKSON
1,33 1.362E+30

c 111

2s2 - 2S 2P(3P)
ETH s 6.860E-131

QEFo 5

x E[SSNER

2.44 6.900E-01

3.06 60140E-01
5.12 4.440E-01

c 111

2S 2p13P) - 2P2(3P)
ETH * 7.840E-01

QEF. 5

x EISSNEQ

1.90 2.213E+01
3.L7 2.975E+01

o 111
2S2 ?P2(3P) - 2s2 2P2(IO)

ETH w 1.997E-01
REF. 10

29:93

30.05
40.06

0n4TIA

10298E+OO
8.40CIE-01
5.808E-01

c 111

2s2 - 2s zPflP)
ETH . L.33?E+23

REF. 5

x EISSNER
1.15 3.567E+O0

1.44 3.669E+O0

2.4L 4.974E+!)9

c 111
2S 2P(LP) - ‘P2(L9)

ETH ● 4.2130E-OL 4
REF. 5

x EISSNFQ

3.47 1.664E+01
5.81 7 ‘.6E+01

n 111

2s2 .2PZ(3PI - 2s2 ZP2(1SI
ETH ● 3.61ZE-01

REF. 10

x 9H4T1A

11.07 1.?1OE-O1

16.61 1.173E-’31

22.15 7.519E-02
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2 111
2S2 2P.2(3P) - 2S 2P3t5S)

o 111
2S2 2P2(3PI - 2s 2P3(301

ETM = 1.115E+O0
REF. 10

9 111
2s2 ZP.2(3P) - 2s zP3(3Pj

ETH = 10315E+OO
REF. 10

ETH = f+.541E-01
REF. 10

x BHATIA
8.81 4.215E-01

13.21 3.0f+4E-01

17.b2 20285E-01

x BHATIA

3.59 1.289E+01
5.38 1.475E+01

7.17 1.506E+01

x BHATIA

3.04 1.146E+01
4.56 1.352E+21
6008 1.396E*01

9 111
2S2 2P2[3P) - 2s ZP3(IO)

ETH * 1.839E+O0

QEFo 10

0 111

2S2 .2P2(3P) - 2S 2P3{3S)

ETH * 1.900E+O0
REF. 10

x BH4TIA

2.10 5.690E+O0

3.16 7.374E+O0

4.21 8.012E+O0

O III

2S2 2P213P) - 2S 2P3(1P)

ETH * 2.038E+O0
REF. 10

x BHATIA

2.18 2.854E-01
3.26 1.?70E-01
4.35 1.413E-01

x 9H4TIA

1.96 L.179E-01
?.94 7.927E-OZ

3.93 5.647E-02

9 111
2s2 Zpzflo) - 2s2 2P211S)

ETH * 1.615E-01
QEF. 10

fl 111

2s2 2P2110) - 2S 2P3130)

ETH = 9.155E-01
QEF. 10

9 111
2S2 2P2tlD) - 2S 203(3Pl

ETH = 1.115E+O0
REF. 10

x 9~ATIA

24.77 3.s15E-01
37.15 4.068E-01
49.53 4.221E-01

x 8HATIA

4.37 7.2Z9E-01

6.55 5.089E-01
8.74 3.744E-01

x 9HA11A

3.59 1.E02E-01
5.38 1.199E-’31

7.17 8.592E-02

O 111

2s2 2P2I1OI - 2s 2P3(3S)

ETH = 1.701E*O0
QEF. 10

0 11[

2s2 2P2(I01 - 2s ZP3(1PI
ETH = 1.838E+O0

REF. 10

U 111

2s2 2PZ(10) - 2s 2P3(1CI}
ETH = 1.639E+O0

REF. 10

x BHATIA

2.35 1. 360E-02

3.53 7.900E-03

4.70 4.526E-03

o 111

2s2 ZP2(1S) - 2S 2P3(3PI
ETH * 9.537E-01

QEF. 10

x 9HATIA

2018 4.261E+O0

3.26 5.522E+O0

4.35 5.977E+O0

x BHATIA

2.44 8.391E+O0

3.66 1.061E+01

4.88 1.130E+OI

O 111
2s2 2P2(1S) - 2s ZP3(30)

ETH = 7.540E-01
REF. 10

0 111

2s2 2P2(1S) - 2S 2P3(1D)
ETH = 1.477E+O0

REF. 10

x IIHATIA

2.71 1.200E-02
4.06 1016OE-O2
5.42 1.073E-02

x BHATIA

5.31 4.30CIE-03
7.96 1.485E-03

10.61 6.51OE-O4

x BHATIA

4.19 2.190E-01
6.29 1.576E-01

9.39 1.166E-01

NE V

2s2 2p2r3p) - 2s2 2P2(10)

ETH = 20869E-01

REF. 11

0 111

2s2 ZF’2(IS) - 2s ?P3(3SI
ETH = 10539E+OO

REF. 10

0 111
252 Zpz(ls) - 2S 2P3(1P)

ETH = 1.677E+O0
REF. 10

x 9HATIA

2.39 1.548E+O0

3.58 1.9BOE+O0
4.77 2.113E+O0

x 8HATIA

17.43 9.101E-O1

34.86 4.533E-01

52.29 2,83ZE-01

x BHATIA

2.60 7.000E-05

3.90 7.300E-05

5.20 6.90LlE-05

NE V

2S2 2P2(3P) - 2S 2P3fSS)

ETH = 6.985E-01
REF. 11

NE V

2S2 2P2(3P) - ?S 2P3(30)
ETH * 1.617E+O0

REF. 11

NE V

2S2 ZP2{3P) - ?s2 2P2(1S)

ETH = 5.402E-01
REF. 11

x 9HATIA

3.09 7.176E+O0

6,19 9.402E+130

9.29 9,380E+O0

x 9HATIA

9,26 1.216E-01
18.51 6.209E-02

27.77 3.554E-OZ

x BHATIA

7.16 2043BE-01

14.32 1.569E-01

21.47 1.073E-01

NE V NE V NE V

2s2 ZP2(3P) - 2S 2P3(3P) 2S2 2P2t3P) - 2S 2P3(1OI 2S2 2P2(3P) - 2S 2P3(3S)

ETH ● 10904E+OO ETH = Z.593E+O0 ETH = Z.651E+O0

REF. 11 REF. 11 REF. 11

x BHATIA

1.89 3.983E*O0

3.7? 4.9b3EiO0

5.66 5.601E+O0

x 8HATIA

1.93 10481E-O1

3.66 9.180E-02

5.78 6.103E-O2

x BHATIA

2.63 6.440E+O0
5,~5 7.665E*30

7.88 8.644E+O0
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NE V

2S2 2P2f3P) - 2s 2P311P)
ETH = 2.880E+O0

REF. 11

x BHATIA

l.?b 6.253E-02

3.47 3.825E-02

5.21 2.527E-02

NE V
2s2 2P2(10) - 2s ~p3(3fj)

ETH = 1.330E+O0
REF. 11

x OHATIA

3.76 3.997E-01
7.52 2.523E-01

11.28 1.702E-01

ME V

2s2 2P.211D) - 2S 2P3f3S)
ETli . 2.366E+O0

REF. 11

NE V

2s2 2P211D) - 2s2 2P.211S)
ETH * 2.533E-01

REF. 11

x BHATIA

19.74 1.969E-01

39.4? 2.143E-01
59.21 2.239E-01

NE V
2s2 2P2(1OI - 2S 2P3(3P)

ET!4 = 10617E+OO
REF. 11

x BHATIA

3.09 9.840E-02

6.19 5.928E-02
9.28 3.922E-02

NE V
2s2 2P2(10) - 2S 2P3(1P)

ETH = 2.593E+O0
REF. 11

NE V
2s2 2P2I1OI - 2s .20315s)

ETH ■ 4.117E-01
REF. 11

x !3HAT14

12.15 3.000E-05
24.29 2.000E-05
36.44 L.000E-35

NE V
2s2 ZP2(IO) - 2S 2P3( 10)

ETH = 2.306E+O0
REF. 11

x 9HAT14
2.17 5.37$E+!30
4.34 6.676E+O0
6.50 7.!J+lE+OO

NE V
2s2 2P2(1S) - 2S 2P3(30)

ETH = 1.076E+33
REF. 11

x BHATIA

2.11 5.850E-03
6.23 2.550E-03

6.34 1.280E-03

NE V

2s2 2P2(1SI - 2S 2P3(3PI
ETH * 1.353E+O0

REF. 11

x BLIATIA

3.67 1.220E-01
7.33 7.B03E-02

11.00 5.275E-02

NE V

2s2 2P2(1SI - 2S 2P3{l~)
ETH ● Z.340E+O0

REF. 11

x BHATIA

2.14 1.026E+O0
4.27 10281E+oO

6.41 1.461E*O0

NE VII

2S 2P(3P) - 2p2(3p)
ETH . 1.624E*O0

REF. 13

x HUMMER

2.26 9.390E+O0

2.2.63 I0640E+01
45.26 1.920E+131

f4G VI
2S2 2P3(4S) - 2S 2P4f4P)

ETH ● 2.257E+O0
REF. 11

x 8HATIA
4.43 5.96’3E+O0

6.65 60809E+O0
8.86 7.306E+90

x BH4TIA

1.93 2.758E+O0
3.86 3.472E+O0
5.78 3.991E+O0

NE V

2s2 2P2(1S) - 2s ZP3(1OI
ETH . 2.053E+O0

REF. 11

x BHATIA

2.44 4.040E-03
4.87 3.340E-03
7.31 2.81OE-O3

ME VII

2s2 - 2S 2P(3P)

ETW = 1.014E+O0
REF. 13

x HUMMER

1.09 2.050E-01

1.45 1.800E-01
2.54 1.520E-01
3.62 1.300E-01

36.24 1.760E-02

72.49 6.340E-03

HG VI

2S2 2P3(6S) - 2S2 2P3

ETH . 5.303E-01
REF. 11

8HAT1A

18:86 4.085E-01
28.29 2.826E-01
37.71 2.054E-01

20)

HG VI
2S2 2p3(4S) - 2s ZP4(ZOI

ETH = 3.206E+O0
REF. 11

x 9HATIA
3.12 3.600E-03

4.68 1.800E-03

6.24 1.1OOE-O3

x BHATIA
4.64 1.500E-113
9.29 4.1OOE-O4

13093 2.200E-04

NE V
2S2 ZPZ(lS) - 7S 203(3S)

ETH = Z.111E+03
REF. 11

x 9H4T1A

2.37 1.900E-04
6.74 1.700E-04

7.11 1.500E-’34

ETH

x

1.27
1.81

18.13
36.26

NE VII

2s2 - 2s 2P(1P)
2.’327E+3’3

;EF. 13

+UPlfiER

1.910E+O0
1.970E+O0

3.550E*O0
4.190E+O0

MG VI

2S2 2P3(4S) - 2s2 ZP3(ZPI
ETH = 7.524E-01

REF. 11

x RHATfA

13.29 1.593E-01
19.94 1.OZOE-91
26.58 6.880E-02

14G V[

2s2 ZP3(4SI - 2S 2P4(ZS)
ETH = 3.736E+O0

REF. 11

x BH4TIA

2.68 3.000E-04

4.02 2.005E-3$

5.35 2.000E-04

767



JIG VI

2s2 2P3($SI - 2s 2P41ZP)
ETH = 4.043E+O0

REF. 11

x 9HATIA
2.47 9.260E-02

3.71 6.300E-02
4.95 4.700E-02

4G VI

2S2 ZP3(20) - 2s 2P+(2D)
ETI’I = 2.675E+O0

REF. 11

x

3.?4

5.61
7,48

2S2 2P3

8HArrA
70091E+30

7.845E+O0

8.439E+O0

IiG VI

2P) - 2S 2P4 4P]
ETH = 1.534F+30

REF. 11

x BHATIA

6.45 10701E-f31
9.97 1.225E-01

13.30 9,190E-OZ

IIG VI

2s2 ZP3(ZP) - 2S 2P4(2PI
ETH . 3.Z91E+O0

REF. 11

x B14ATIA

3*O4 Z.2ZZE+O0
4.56 Z.515E+’Jtl
6.08 Z.7ZOE+O0

s Iv
3s2 3PIZP) - 3S 3PZ(2S)

ETH = 1.098E+O0
REF. 11

x BHATIA

1.82 3.39$EtO0

3.64 4.Z83E+O0

5.47 f+0911E+f30

s Iv

3S 3P2(+P) - 3s 3PZ(.201
ETH . 2.820E-31

REF. 11

x 13~ATIA

7.09 1.435E+O0
14.18 6.730E-01

21.27 3.722E-01

UG VI
2S2 ZP3(ZDI - 2S2 2P3(2P)

ETH = 2.221E-01
REF. 11

fiG VI
2S2 2P3(201 - 2S 2P4(4PI

ET~ = 1.726E+O0
REF. 11

x BHATIA
45.03 8.633E-01
67.54 8.203E-01
90.05 7.980E-01

x BHATIA
5.79 Z.I15E-01
8.69 1.585E-31

11059 L.153E-01

f4G VI
2S2 2P3(20) - 2S ZP4(2S)

ETH . 3.Z06E+O0
REF. 11

HG VI
2S2 203(20) - 2s ~p+[~p)

ETH = 3.513E+O0
REF. 11

x BHATIA
3.12 4.600E-03
4.68 3.200E-02
6.24 3.400E-OZ

x 9HATIA
2.85 5.9B7E+O0

4.27 6.730E+09
5.69 6.983E+O0

UG VI

2S2 203(ZP) - 2S ZP4[20)
ET~ = 2.453E+O0

REF. 11

x BHATIA
4.09 1.566E+O0
6.11 1.695E+O0
8.15 1.798E+O0

s Iv
3S2 3P(2PI - 3S 3P2(4PI

ETH = 5.413E-01

REF. 11

x $3HATIA
3.69 6.221E-01
7.39 3.532E-01

11.08 Z.31OE-O1

s Iv

3S2 3P(2P) - 3S 3P2(2P)
ETH . 1.265E+O0

REF. 11

x BHATIA

1059 Z.442E+01
3.16 3.364E+01

4.74 3.916E+01

s Iv

3s 3PZ(4PI - 3S 3P2(ZSI
ETH = 5.565E-01

REF. 11

x BHAT[A
3.59 1.603E-01
7.19 6.BZOE-02

10.78 3. 320E-02

*G VI

2s2 ZP3(ZPI - 2s 2P412S)
EIH . 20?84E+O0

REF. 11

x BHATIA

3.35 2.2Z7E+32

5.03 2.446E+O0
6.70 Z.621E+O0

s Iv
3S2 3P(2PI - 3S 3PZ(ZO)

ETH = 13.233F-11
REF. 11

x 3HATIA
2.43 7.905E+O0
4.86 9.B27E+O0
7.29 9.788E+OCI

s Iv
3S2 3P(2P) - 3S2 30(2D)

ETH = 1.601E+O0
REF. 11

x BHAT14

1.25 1.75ZE+01
2.50 2.644E+01

3.75 3.L12E+21

s Iv
3S 3P2(4PI - 3S 3P2(ZP)

ETH = 7.241E-01
REF. 11

x 8HAT14
2.76 3.259E-01

5.52 1.479E-IL
8.29 7.950E-02

s IV s Iv s rv

3s 3PZ(4PI - 3s2 30(201 3S 3P2(20) - 3S 3P2(2S) 3S 3PZ(20)

ETH =

- 3s 3PZ(ZP)

L.060E+O0 ETH = 2.764E-01 ETH = 4.4Z1E-01

REF. 11 REF. 11 REF. 11

x BHATIA
1.89 1.907E-01
3.79 9.3Z’3E-02
5.66 5.05’)E-OZ

x 8HATIA
7.29 2.926E+O0

14.58 Z.996E+O0
21.96 Z.976E+O0

x BHATIA
4.52 9.IZOF-01

9.05 4.665E-01

13.57 Z.B08E-01
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s Iv

3S 3P2(.2D) - 3S2 3D(20)
ETH = 7.776E-01

REF. 11

.s Iv s Iv
3s 3PZ(.2S) - 3S 3P.2(2P) 3S 3P2(2S) - 3S2 3D(.2D)

ETH = 10677E-O1 ETH = 5.CX3ZE-31
REF. 11 REF. 11

x BWATIA

2.57 1.836E+O0
5.1$ L.0+7E+O0
7.72 7.239E-01

x ISHATIA

11.93 2.255E-01
23.86 10323E-O1
35.79 9.080E-02

x BHAT14
3.97 3.6+ZE-01

7.95 3.547E-01
L1.92 3.559E-01

s Iv

3S 3P2(2P) - 3S2 30(2D)
ETH = 3.355E-01

REF. 11

AR XIII

2S2 .2P2(3P) - 2s2 2P2(10)
ErH = 6.537E-01

REF. 10

AR XIII

2s2 2P2(3P) - ?s2 ?92(1s)
ETH = 1.294E+o0

REF. 10

x B9ATIA

5.96 4.157E-01

11.92 3.511E-01

17.98 3.000E-01

x BHATIA

22.95 1.681E-01
45.89 1.151E-01
58.B4 8.390E-02

x 9HATIA

11.59 2.360E-!32
.?3.18 1.51OE-O2
34.77 1.020E-132

AR XIII

2S2 2P2(3P) - 2S 2P3(5S)
ETH = 1.824E+O0

REF. 10

AR XIII

2S2 2P213P) - 2S 2P3131)I

ETH ● 3.732E+O0
REF. 10

AR XII[

2S2 2P2(3P) - 2S ?p3(3p]

ErH = 4.3f34E+O0
REF. 13

x BHATIA

8.22 4.869E-02

16.45 3.590E-02

24.67 2.733E-02

x BHATIA

4.02 2.236E+O0

9.04 2.547E+O0

12.06 2.778E+O0

x ‘3HATIA

3.42 1.965E*O0
6.84 ?.242E+OIY

10.26 2.442E*O0

AR XIII

2S2 2P2(3P) - 2S 2B3(10)
ETH = 5.683E+30

REF. 10

AR XIII

2S2 2P2(3P) - 2S 2P313SI
ErH = 5.695E+O0

REF. 10

AR XIII

2S2 2P2(3P) - 2S ?p3110)
ETH = 6.334E+O0

REF. 10

x B4Ar1A

2.64 40880E-02
5.27 4.600E-02

7.91 4.400E-02

x BHATIA

2.63 1.472E+O0
5..?7 1.690E+O0

7.90 1.869E+O0

x 9tiArIA

2.37 2.O1OE-’32

4.74 1.940E-02
?.1’) 1.760E-92

AR XIII

2s2 2P2(IO) - 2s2 2P2flsl
ETH = b.4’J5E-31

REF. 10

AR XIII

2s2 2PZ(10) - 2S 2P3(5S)
ETH = 1017OE+OO

REF. 10

AR XIII

2s2 2P2I1O) - 2S 2P3[3CI)

ETH = 3.079E+O0
QEF. 10

9HATIA

23:42 40840E-02

+6.84 4.990E-02

70.26 5.11OE-O2

x 8VATIA

12.92 4.000E-34

25.64 3.000E-04

38.45 2.000E-04

x 3HATIA

4.87 9.943E-32

7.74 9.340E-02

14.62 7.3LOE-02

AR XIII

2s2 ZP.?(1OI - 2s ~p3(35)

ET~ * 5.0+1F+OL3
REF. 10

AU XIII

2s2 2P2(10) - 2S 2P3(3P)
ETH = 3.730E+O0

REF. 10

AR XIII

2s2 2P?(IOI - 2S 2P3(IoI
ETH = 5.035E+O0

REF. 10

x BHATIA

2.9B 1.927E+O0
5.96 2..215E*OO

8.94 2.433E+O0

x qHATIA

2.’?8 1.000E-03

5.95 7.000E-J4

8.Q3 6.000E-04

x 8HATIA

4.02 2.650E-IZ

8.04 20200E-02

12.06 109IOE-O2

AR XIII

2s2 2P2(10) - 2S 2P3(IP)

ETH = 5.b81E*O0
REF. 10

AR XII[

2s2 2P211SI - 2S 2P3(301

ETH = 2.438E+O0

REF. 10

AR XIII

2s2 2P2tlsl - 2s ?P3139)
ErH = 3.090E+O0

REF. 10

x 9H4T14

4.85 2.560E-02
Q.71 2.’J43E-22

14.56 1.700E-02

x BHATIA

2.64 9.785E-01
5.28 1.123E+O0

7.92 1.233E*O0

x B~ATIA

6.15 1.300E-03
12.30 1.000E-03

18.46 9.000E-04
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AR XIII

2s2 zP2tlsl -“2S 2P3(3S)
ETH = 4.401E+O0

REF. 10

x 13H4TIA

3.41 3.200E-!33
6.92 3.709E-03

10.23 4.000E-03

AR XIII

2s2 2P2(1S) - 2S 2P3flP}
ETH ■ 5.040E+O0

REF. 10

x BHATIA

2.98 3.887E-01
5.95 4.4b5E-01

8.93 4.903E-01

AR XIV

2s2 2p(2p) - 2s 2D.2r4p)
ETH = 2.016E+O0

REF. 6

x OERE
4.96 8.140E-02

19.84 $.640E-02

39.69 2.570E-32

AR XIV AR XIV AR XIV
2s2 2P(2P) - 2s 2P2120) 2s2 2PuP) - 2s 2P2(2S)

ETH .
2s2 2P(2P) - 2s 2P2[2P)

3.651E+O0 ETH = 4.586E+O0 ETH = $.9E8E+O0
REF. 6 REF. 6 REF. 6

OERE x OERE
2:74

x OERE
L.33’3E+20 2.18 5.177E-3L

10.96
2.00

1.696E+O0
2.040E+O0

8.72 6.592E-01 8.02 2.631E+O0
21.91 1.95?E+O0 17.45 7.71OE-O1 16.04 3.098E+O0

CA XIV CA XIV CA XIV

2s2 2P314S) - 2S2 2P3(20) 2S2 2P3(4S) - 2S2 2P3(2P) 2S2 2P3(4S)
ETH .

- 2S 2P4(4P)
10035E+OO FTH = 1.624E+O0 ET!+ * 4.795t7+oo

REF. 11 REF. 11 REF. 11

x !IH4TIA x 8HATIA x

14*5O 1o$28E-O1 9.24
8HATIA

5.960E-02 3.14
29.00

1.834E+O0
1.025E-01 19.48 3.980E-02 6.27 2.051E+93

43.50 7.?OOE-02 27.71 2.790E-02 9.41 20221E+O0

CA XIV CA XIV
2S2 2P3(4SI

CA XIV
- 2S 2P4(2t)l 2s~ 2p3(4s) - 2S ZP4(2S) 2S2 2P3(4SI - 2S 2P4(2P)

ETH * 6.5b8E+O0 ETH = 7.578E+O0 E114 = 9.049F*ofJ
REF. 11 REF. 11 REF. 11

x BHATIA 8~ATIA x

2.28

8HATIA

1.800E-03 1:98 20600E-03 1.86 2.?90E-02

4.57 1.300E-03 3.96 2.1OOE-O3 3.73 20450E-02
6.85 1.000E-03 5.94 1.700E-03 5.59 2.080E-02

CA XIV CA XIV
2S2 2P3(20) - 2S2 2P3(2PI 2S2 2P3[20) - 2S 2P4(4P)

ETH * 5.891E-01 ETH = 3.750E+O0

REF. 11 REF. 11

x BHATIA x 8HATIA

25.46 2.$53E-01 +.0’3 7.470E-02

50.92 2.21OE-O1 8.00 5.730E-02

76.38 2.080E-01 12.00 4.530E-02

CA XIV

2S2 2P3(2DI - ?S 2P412S)
ETH = 6.544E+O0

REF. 11

x 9H4rrA
2.~9 1.736F-LY1
4.58 L.918E-01

5.8s 2.077E-01

CA XIV

2S2 2P3(20) - 2s 2P4(2PI
ETH * 7.014E+O0

REF. 11

x BHATIA

2.14 10822E+OO
4.28 2.029E+O0

6.42 2.196E+O0

CA XIV

2S2 2P3(2DI - 2S 2P4(20)
E7!+ ● 5.533E+O0

REF. 11

944TIA

2:71 20166E+O0

5.42 2041OE+OO

8.13 2.605E+O0

CA XIV

2S2 2p3[2P) - 2S 2P4t4P)
ETH ● 3.lblE+OO

?EF. 11

x BHATIA

4.75 5.700E-02

9.49 4.330E-92

14.24 3.360E-02

CA XIV CA XIV
2S2 2P3{2P)

CA XIV

- 2s 2P4(20) 2S2 2P3(2P) - 2S 2P4(2S) 2S2 2P3(2P) - 2S ?p4(2P)

EIH = 4.944E+O0 ETH . 5.95ftE*O0 ETH m 6.425E+O0

REF. 11 REF. 11 REF. 11

x 8~ATIA x BHATIA x BHATIA

3.03 5.515F-01 2.52 5.550E-01 2.33 9.506E-01

6.07 6.029E-01 5.04 6.077E-01 %.67 1.063E+O0

9.10 6.434E-01 7*56 b.500E-01 7.00 1.lft4E+00



CA XV

2S2 2P213PI - 2S2 2P2(1D)

ETH = 7.730E-01
REF. 10

CA XV
2S2 2P2(3PI - .2s2 .2P2(1SI

ETH = 1.52LE+O0
REF. 10

et! xv
2S7. 2p213P) - 2S 2P3(5S)

ETH = ?.159E+O0
REF. 10

x BHATKA

19.41 1.406E-01
38.81 1.044E-01

58.22 8.090E-02

x BLIATIA

9,86 1.990E-02
19.73 1.380E-02
29.59 4.530E-03

x .3HAT14
b.92 4.050E-02

13.83 3.19!3E-Y2
20.75 2.560E-02

CA XV

2s2 2P2(3P) - 2S 2P3(3DI
ETH = 4.320E+o0

REF. 10

CA xv
2S2 2P2(3PI - 2s ZP3(3PI

ETH = 5.085E+O0
REF. 10

BHATIA

1.511E+O0
1.702E+O0

1.852E*O0

CA XV
2S2 ZP2(3PI - 2s 2P3(1OI

ETH = 6.535E+O0
REFO 13

x BHATIA

3.47 1.734E+O0
b.95 1.955E+O0

10.42 2.125E+O0

x

2.95
5.90
8.85

x 9WATIA

2.30 5.860E-02
4.59 5.’91OE-O?

6.89 6.020E-02

CA XV

2S2 2P2(3P) - 2S 2P3(3S}
ETH = 6.506E+O0

REF. 10

CA XV CA XV
2S2 ZP2f3P) - 2s ZP3(1P) 2s2 2P2(10) - 2s2 20?(1s)

ETH = 7.2B6E+O0 ETH = 7.47BE-01
REF. 10 REF. 10

x BHATIA

2.31 1.163E+O0
4.61 1.31?E+O0

6.92 1.442E+O0

x 8WAT1A
2.Ob 2.120E-02
4,12 Z.090E-02
6013 Z.090E-02

x

?0.05

+0.12
bO.18

8HATIA
3.790E-02

3.960E-02
3.9ZOE-02

CA XV

2s2 2P2(1OI - 2S 2?3(5S1
ETH = 1.394E+O0

REF. 10

CA XV
2s2 2’32(10) - 2s ZP3(30)

ETH = 3.547E+o0
REF. 10

CA XV
2s2 ZP2(IOI - 2s Z03(3P)

ETH . 4.313E+!19
REF. 10

x BHATIA

10075 8.000E-04

21.49 6*oooE-f3*

32.24 5.!303E-06

x BHATIA

6.?3 I.OIZE-01
8.46 9.360E-OZ

12.69 8.840E-02

x BHAT14

3.48 2.4bOE-92

6.96 1.’93OE-22
10.43 L.590E-32

CA XV
2s2 ZP2(1OI - 2s ZP3{ID)

ETli = 5,752E+99

REF. 10

CA XV
2s2 202(10) - .2S 2P313S)

ET~ = 50734E+’10
REF. 10

CA XV
2s2 2PZ(ID) - 2S 2P3(IP)

ETH = 5.513E+O0
REF. 10

x BHATIA

2.60 1.499E+30
5.21 1.697E+O0
7.81 1.853E+O0

BHATIA

2:62 7.000E-’24

5.23 b.000E-04
7.85 4.000E-04

x BFEATIA
2.32 7.68ZF-01

4.61 9.655E-01

b.91 9.+35E-01

CA XV
2s2 2P2(1S) - 2s ZP3(3D)

ETH = 2.79’7E+39
REF. 10

CA XV
2s2 ZP2(1S) - 2s ZP3(3P}

ETH = 3.5b5E+O0
REF. 10

CA XV
2s2 2PZ(1S) - 2s ~p3(3s)

ETH * 4,’986E+O0
r?EF. 10

x BIiATIA

5.36 1.900E-03
1007Z 105OOE-O3

16.08 1.300E-03

x t3HATIA
$.21 2.220E-32
8.42 1.91OE-O2

12.62 1.700E-!32

x 9HATIA

3.01 5.Z!)C)E-23

6.02 5,900E-03

9.03 b.2C13E-03

CA XV

2s2 ZP2(1SI - 2s ZP3(1P)
ETH = 5.766E+O0

REF. 10

FE XXI

2S2 ZP2(3P) - ?s2 ZP2(1OI

ETH = 1.41oE+OO
ZEF. 10

FE XXI

2s2 2PZ(3P) - 2s2 ZP2(1SI
ETH . 2.506E+O0

REF. 10

x BHAT[A

2.bO 3.061E-01
5.20 3.468E-01

7.81 3.787E-01

BHATIA

14~lB L3.200E-i32
35.4b 6.31OE-O2
70.92 4.61OE-32

x 13HATIA

7.99 1.180E-02
1’?095 B.700E-03

39.93 $.1O!)E-O3

?65



FE XXI

2S2 2P2(3PI - 2$ .2P3(5S)

ETH = 30$9?E+30
REF. 10

FE XXI

2s2 .292(3P) - 2s ZP3(3D1
ETH - 60366E+O0

REF. 10

FE XXI

,2 2P2(3P) - 2s ZP3(3P)
ETH = 7.656E+O0

REF. 10

x BHATIA
5.73 2.8?OE-02

1+.32 20240E-02

28.63 1.590E-02

x EHATIA
3.14 9.302E-01

7.85 1.084E+O0

15.71 1.252E+O0

x 9HAT14
2.61 9.213E-31
6.53 90536E-OL

13.06 1.107F+OO

FE XXI

2S2 .2P2(3P) - 2S 2P3(10)
ETH . 9.526E+O0

REF. 10

FE XXI

2S2 2P2(3P) - 2S 2P3(3S)

ETH = 9.215E+O0
REF. 10

FE xXI

2S2 2P213P) - 2S ~p3(lp)

ETI4 = 1.082E+01
REF. 10

x i3HATIA

2.17 6.513E-01

5.43 7.579E-01

10.85 8.826E-01

x 3H&T14

1.85 2.260E-02
$.62 2.430E-02

9.24 2.690E-02

x BHATIA

2.10 9.320E-02

5.25 1.045E-01

19.50 1.191E-01

FE XXI FE XXI FE XXI

2S2 2P2(1D) - 2S 2p3f301
ETH * 4.956E+O0

2s2 2P2(1DI --2s2 2P2(IS) 2SZ .2p2(l13) - 2s 2P3(5S)

ETi = 2.082E+O0
REF. 10

ETH = 1.094E*O0
REF. 10

x BHATIA

18.24 2.050E-92
45.60 2oO1OE-OZ

91.21 1.990E-OZ

REF. 10

x BHATIA
9.60 2.300E-03

24.01 1.700E-03
4q.02 1.ZOOE-03

x 9HATIA
4.04 1.400E-91

10.09 105O4E-O1
20.18 1.624E-01

FE XXI

2S2 2P2(1D) - 2S 2P3(3S)

ETH = 7.935E+33
Q~Fo 113

FE XiI

2S2 ZPZ(lD) - 2S 2P3(3P)
ETH = 6.246E+O0

REF. 10

x BHATIA

3.20 2.000E-02

8.91 1.540E-22

16.01 1.11OE-O2

FE XXI

2s2 2P2(10) - 2s ZP3(1OI

ETH = 8.116E+O0
REF. 10

x BHATIA

2.56 ?.500E-03

6.41 1.900E-03
12.81 1.500E-03

x 9HAT14
2.46 7.823E-01

6.16 9.114E-01

12.32 1.060E+O0

FE XXI

2s2 2P2(1SI - 2S 2P3(30t
ET4 = 3.859E+O0

REF. 10

FE XXI

2S2 ZP2(ISI - 2S 2P3(3p)
ETH = 5.149E+OCI

REF. 10

FE XXI

2s2 ZP2(10) - .2s ~p3(lp)

ETH * 9.407E+O0

REF. 10

x BHATIA

2.13 4.360E-’31

5.32 5.016E-01

13.63 5.815E-01

x BHATIA

5.18 6.800E-03

12.96 7.800E-03

?5.91 90000E-03

x BHATIA

3.88 1.630E-02
9.71 1.540E-02

19.42 1.490E-02

FE XXI

2s2 2P2(1S) - 2s .ZP313S)

ETH = 6.709E+O0
REF. 10

x B~ATKA

2.98 1.320E-01
7.45 1.5ZOE-OZ

14.91 1.740E-OZ
-z

FE XXI

2s2 2P2(1S) - 2S 2P3(1P)

ET14 = B.311E+O0
QEF. 10

FE YXII

2S2 2P(2P) - 2S 2P?(401
ETH = 3.568E+O0

QEF. 8

x BHATIA

2.41 1.700E-01
6.02 1.991E-01

12.03 Z.3Z5E-31

HASON

2:80 6.990E-’3Z

14001 6.760E-OZ

23.B2 6.630E-22
42.04 6.620E-02
70.06 6.720E-S2

FE XXII
2s2 2P(2P) - 2s ZPZ(20)

ETH = 6.139E+O0

QEF. 8

x *ASON

1.63 5.749E-01
8.14 70084E-01

13.85 7.964E-01

24.43 9.249E-01

40.72 1.033E+O0

FE XXII

2s2 2P(ZP) - 2s 2P2(2S)

ETH = 7.093E+O0
REF. B

FE XXII

2s2 2P(2PI - 2s 2P2(.ZP)

ETH = 8.321E+O0
REF. 8

x MASON

1.41 Z.673E-01
7.05 3.3Z1E-01

11.98 3.719E-01

21.15 4.246E-01
35.2+ 4.766E-01

x MASON

1020 8.582E-01
6.01 1.064E+O0

10.22 1.L93E+03

18.03 1.369E+O0
30.04 1.540E*O0



OATA OF S. M. YLIUNGER PLOT SY~BOL 9
------------------------ ------------------------ ------------------------------------- -----

Ov

2s2 - 2s 2oflP)

ETtl = 1.447E+O0
REF. 14

x YoUNGER OH
2.00 3.520E+O0
5.00 4.510E+O0
8.00 5.21OE+OO

10.00 5.51OE+OO

16.00 60160E+O0
20.00 6.500E+O0

FE XV

3S2 - 3s 3P(1PI

ETH * 3.207E+O0
REF. 14

x Y5U14GE17 OU

2000 20920EtO0
5.00 3.350E*O0

8.00 3.670E+O0
10.39 3.843E+O0

16.00 4.31OE+OO
20.00 4.51OE+OO

I(R VII
4s2 - 4s 4P(1P)

ETli = 1.571E+O0
REF. 16

x YOUNGER 13u
2.00 9.760E+O0

5.00 1022OE+O1
8.00 1.400E+01

10.00 1.480E+01
16.00 1.b50E+Ol

20.00 1.740E+01

’40 XIV

4s(2s) - 4P(2PI

ETH = 2.330E+O0
REF. 14

x YOUNGER OH

2.00 3.f180E+oo
5.00 4.350E+O0

8.39 4,729E+33

10.00 4.990E+O0

16.00 5.%IOE+OO

20.00 5.blOE+OO

AR VII

3S2 - 3s 3P(1P)

ETH = 1.556E+90
REF. 14

x YOUNGER OU

2.00 7.340E+O0

5.00 9.150E+O0
8.00 1.040E+01

10.00 1.1OOE*OL
16.00 1.220E+01

?0.00 1.300E+01

FE XXIII

2s2 - 2s 2P(1P)
ETH ■ 6.B07E+O0

REF. 14

x YoUNGER OW

2.00 3.190E-01
5.00 3.580E-01

8.00 3.900E-01
10.00 40090E-01
16.00 4.510E-01
20.00 4.740E-01

KR XXV

3S2 - 3s 3P(1P)

ETH = 5.736E+O0
REF. 14

x YOUNGER OW

2.00 1.330E*O0
5.00 1.490E+O0
9.00 1.6 LOE*O0

10.00 1.680E+O0

16000 1.950E+O0
20.00 1.940E+O0

no XXXI

3S2 - 3s 3P(1P)

ETH = 7,760E+O0
REF. 14

x YOUNGER OU

2.00 8.970E-01

5.00 9091OE-O1

8.90 1.080E+O0

10.00 1.120E+O0
16.00 1.250E+O0

20.00 1.290EtO0

4Q xv

2s2 - 2S 2P(LO)
EIH . 4.122E+31

REF. 14

x YOUNGER OU
2.00 6.540E-01

5.00 7.500E-01
9.!30 9.260E-’)1

10.00 !3.690E-01

16.00 ?.660E-91

20.00 1.020E*O0

4s Iv
4s? - 4s 4P(1P)

ETH . 1.039F+O0
REF. 14

x YOUNGEQ OH

2.00 1.300E+01
5000 1.850E+01

10.00 ?.271YE+01
16000 204LOF+91
20.00 2.800E+01

MO XIII
4S2 - 4s 4P(IPI

ETH = ?.670E+00

QEF, 14

x YOUNGER OW

2.00 5.920E+O0

5.00 6.860F+O0
8.00 7.530E+09

10.00 7.970E+O0

14.00 8.930E+33
20.00 9.320E+O0

XE XXV

4s2 - 4s 4P(1P)

ETH = 5.354E+O0

REF. 14

x YoUNGER DU

2.00 2.750E+O0

5.00 3.lCIOE+OO

9.00 3.370E+O0

10.00 3.530E+O0

16.00 3.890E+O0

20.00 $.392E+29

167



DATA OF J. PEEK 9LOT SYMBOL 10
----------------------- --------------------- --------------------- --------------------- ----

c 111

2S2 2S 2P(3P)
ETH = 4.777E-01

REF. 15

1:30
1.15

1.35
1.55

1.80
2.10
2.40

2.70

3.20
4.20
5.60

7.50

10.00

13.50

18.00
24.00

PEEK OWUC

1.197E+’)0

1.140E+O0
1.071E+O0
1.009E+O0
9.395E-01

8.573E-01

8.045E-01
7,495E-01

60715F-01
5.522E-01
4.359E-01

30306E-01

2.416E-01

1.663E-01

1.114E-01
70197E-02

Ov
2S2 2S 2P(3PI

ETH = 7.494E-IJ1
REF. 15

x

1.00

1015

1.35
1.55

1.90

2.10

2.40

2.70
3.20
4.20

5.60

7.50

10.00
13.50

18.00

24.00
32.00

PEEK O’.fUC

3.L93E-01

3.12?E-01

3.031F-01

2.945E-01

2.844E-01

2.730.F-01

2.623E-01

2.524E-01
2.371E-01

2.105E-O1

1.804E-01

1.487E-01

1.180E-01
8.841E-02

6.403E-02
4.443E-02

2.966E-02

c 111
25? 2s Zp(lp)

ETH = 9.327E-01
REF. 15

x

1.00
1.15

1.35
1.55

1.80

2.10
2.40

2.70
3.20

4.20

5.60

7.50

10.00
13.50

18.00
24.00

32.00

56.00

100.00

180.00
320.00

PEEK ObfUC
4.102E+OO

4.395E+O0
4.752E+O0
5.082E+O0

5.460E+O0

5.878E+O0
6.254E+O0

6.602E+’30

70122E+O0
8.O1lE+OO
8.990E+O0

1.003E+01

1.107E+O1
1.218E+91

1.325E+01
1043OE+O1

10535E+O1
1.734E+01

1.93’?E+OI
2.139E+91
2.330E+01

NE VIII
2s - 2P

ET!I = 101I39E+OO
REF. 15

x PEEK Oilx
1.00 3.265E*O0
1.01 3.257E+CI0

1.23 30317E+O0

1.50 3.374E+O0

1.84 3.440E+O0
2.73 3.61OE+OO

4.07 3.835E+O0
6.06 4.lZOE+OO

11.01 4.661E+O0
2’).00 5.312E+iS0

40.00 6.208E+O0

100.00 7.31OE+OO

Ov
2s2 ?s .2P(1P)

ETH = 1.447E+O0
REF. 15

x

1,00
1.15

1.35
1.55

1080
2.10

2.40

2.70
3.20

4020

5.60

7.50

10.00
13.50

18.00
24.00

32.00
56.00

100.00
180.00
320.00

PEEK OIAUC

2.913E+O0
2.999E+O0

3.106E+OO
3.209E+02

3032QE+O0
3.464E+O0

3.592E+O0

3.711E+CA0

3.8?6E+O0
4.220E+O0

4,597E*O0

5.015E+O0
5.449E+O0
5.920E+39

6.381E+O0
6.850E+O0

7.322E+O0

8..227E+33
9,145E+O0

1.004E+01

10093E+OI

OATA OF II. BL4HA, J. OAVIS 4N13 P. C. KEPPLE pLOT SYNBOL 11
---------------------- ------- -------------------------- --------------------- --------------

c 11 c 111
1s2 2s2 2P - 1s2 2s 2P2(2P) 1s2 2s2 - 1s2 2s 2P(1P)

ETH = 9.920E-01 ETH = 9.330E-01
REF. 16 REF. 16

x OAVIS x OAVIS
1*OO 1.690E+01 1.00 50800E+O0
1.50 2.490E+01 1.50 7.300E+O0
2.00 3.1OOE+O1 2.00 8.400E+O0
3.20 3.85JE+31 3.00 1.020E+01
4.00 4.400E+01 4.00 1.175E+01
5.00 4.900E+91 5.00 1.270E+01

c Iv

1s2 2s - 1s2 2P
ETH = 5.883E-01

REF. 16

x OAVIS

1.00 1.1OOE+O1
1.50 1015OE+O1
2.00 1.200E+01
3.00 103OOE+O1
4.00 L.370E+01
5.00 1.430E+01
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O IV

1s2 2s2 2P - 1s2 2s 2P.2(2P)
ETH = 1.645E+O0

REF. 16

x OAVIS

1.00 1.500E+01

1.50 1.680E*01

2.90 1.81OE+O1

3.00 2.080E+01
4.00 2.230E+01

5.00 2.3QOE+01

Ov
1s.?. 2s2 - 1S2 2S 2P(1PJ

EIH = 1,448E+O0

REF. 16

0 VI
1s2 2s - 1s2 2P

ETH = 9.819E-01
REF. 16

x OAVIS

1*OO 4..2OOE*OO

1.50 4.550E+O0

2.00 4.950E+O0

3.00 50600E+O0
4.00 6.000E+OO

5.30 6.GOOE+OO

x DAVIS

1.00 5.75flE+O0

1050 5.903E+)3

2.00 6,000E+O0
3.00 6.1,fJ13E+lJo

4.00 5.650E*O0
5.00 7.000E+OO

CA x

3s - 3P

ETH = 1.618E+O0
REF. 17

CA X

3s - 30
El!+ = 3.803E+O0

REF. 17

CA X

3s - 4s
ETH = 7.589E+30

REF. 17

x BLAHA

1.00 7*340E+)0

2.00 7.770E+O0

6.00 8.519E+’JO
8.00 90650E+O0

16.00 1.11OE+O1

x 8LAHA

1.00 7*51OE-O1

1.50 7.820E-01

2.00 8.050E-91
+.00 8.540E-01

8.00 8.900E-01

! 9LAHA

1.00 2.5bOF-01

1.50 2.590E-01

2.00 2.blOE-01

3.00 2.620E-01
4.00 Z.620E-01

CA X

3s - 4P

ETH = 8.2’37E+!i0
REF. 17

CA X

3s - 40

ETH = 8,99%E+30
REF. 17

CA X

3S - *F
ETH = 9.2boE+oo

REF. 17

x BLAHA

1.00 3.5.bOE-02

1.25 4.11OE-O2

1.50 4.720E-32

2.00 5.990E-02
3.00 8.490E-02

x BLAHA

1.00 50040E-92
1.25 5.600E-02

1050 6.090E-JZ

2.00 6.930E-02

3.00 9.170E-OZ

t 3LAHA
1.00 1.750E-91

1.25 1.800E-01
1.50 1083OE-91

2.00 1.@70E-01

3.00 1.880E-01

CA X

3P - 30

ETH = 20185E+O0
REF. 17

CA X

3P - 4s
ET9 = 5.971E+O0

REF. 17

CA x
3P - 4P

ETH = 6.598E+O0

REF. 17

x 8LAH4

1.00 1.190E+01

2.00 1.289E+01
4.00 1.430E+01
8.00 1.6+OE+01

16.00 1.950E+01

x 8LAH4

1.00 1.OIOE-01

1.50 1.380E-01
2.00 1071OE-O1
3.00 Z.300E-01

4.00 2.790E-31

x 9LAW4

1.00 9.990E-01

1.50 1.000E+OO

2.00 1.O1OE+OO
3.00 1.020E*O0

$.00 1.920E+93

CA X
3P - 40

ETH = 7*379E+O0
REF. 17

CA X

3P - 4F

ETH * 7.6$2E+30
REF. 17

FE XVI

3s - 3P

ETH = 2.453:+00
REF. 17

x BLAHA

1.30 1.820E-31

1050 2.540E-01
2.00 3.ZOOE-01
3.00 4.360E-01

4.00 5.370E-01

x 8LAHA

1.00 B.060E-01

1.50 9.170E-01

2.00 1.000E+OO
3.00 1.120E+O0

4.00 1.200E*O0

x 8L AHA

1.00 3.71OE*OO

2.00 3.980E+O0
4.00 4.ZOOE+OO

0.00 4.670E+99

16.00 5.41OE*OO

FE XVI

3s - 30
ETH ● 60172E+90

REF. 17

FE XVI

3s - 4s
ETH = 1.702E+01

QEF. 17

FE XVI

3s - 4P
ETH . 1.807E+’31

REF. 17

x EILAH4
1.00 3.529E-01

1.50 3.580E-01
2.00 3.630E-01
4.00 3.740E-01
8.00 3.790E-01

x mLAH4

1.00 1.190E-01
1.25 1019OE-O1
1.50 1.190E-01
2.00 1.21OE-O1

3000 1.21OE-21

x BLAHA

1.00 1.850E-O?
1.25 2.31OE-O2
1*5O 2.800E-OZ
2.00 3.750E-02

3.03 5.540E-22
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FE XVI
3s - 4D

ETH . 1.936E+01
REF. 17

FE XVI
3s - 4F

ETH * 1.9’?lE+O1
REF. 17

FE XVI

3P - 3D
ETH = 3.519E+O0

REF. 17

x BLAH4

1.00 4.800F-02
1.25 4.91OE-O2

1.50 5.290E-02
2.00 5.930E-02
3.00 6.880E-02

x OLAHA

1.00 9.960E-02

1.25 1.020E-01

1.50 1.030E-01
2.00 1.040E-01
3.00 1.040E-01

x 13LAHA

1.00 5.640E+O0
2.00 5.959E+39

4.00 4.470E+O0
8.00 7.300E+30

16.00 9.350E+O0

FE XVI

3P - 4s
ETH * 1.437E+01

REF. 17

FE XVI

3P - 4P
ETH = 1.542E+01

REF. 17

FE XVI

3P - 40
ETH ● 1.671E+31

REF. 17

x BLAM4

1.00 3.040E-02

1.50 4.170E-02

2.00 5.220E-OZ
3.00 7.11OE-O2
+.30 8.723E-12

x BLAHA

1.00 4.390E-01

1.50 4.460E-01

2.00 4.500E-01

3.00 4.550E-01

4.00 4.570E-01

x 9LAHA

1.00 1.650E-01

1.50 2.190E-01

2.00 2.680E-01

3*OO 3.530E-OL

4.00 4.250E-01

FE XVI

3P - 4F
ETH = 10726E+O1

REF. 17

FE XXIII

2s2 - 2s 2P11P)

ETIi . 6.860E+O0

REF. 18

FE XXIII

2s2 - 2S 2P(3P)
ETH * 3.878E+O0

REF. 19

x BLAH4 Ou

1.00 4.050E-01
2.00 4.280E-01

4.0’3 4.660E-CI1

8.00 5.21OE-O1

16.00 601OOE-O1

x 9LAHA OU

1000 20217E-22
2.00 Z.222E-02

$.0’2 2.246E-92

8.00 20252E-02

16.00 2.265E-02

x BLAHA

1.00 4.220E-01

1.50 4.700E-01

2000 5.oaoE-ol

30.)0 5.61OE-D1
4.00 50970E-01

FE XXIII

2s 2P(1PI - 202[1s)

ETH = 6.071E+O0
REF. 18

FE XXIII

2S 2P(LPI - 2P2flD)
ETH = 4.075E+O0

REF. 18

FE XXIII

2S 2~f3P) - ZIY2f3p1

ETH * 5.631E+O0
QEF. 18

x BLAHA OH

1.00 1.520E-01

.2.00 1.590E-01
4.00 1.710E-01
8.00 1.900E-01

16.00 2.170E-01

x 13LAH4 OU

1.00 7.360E-01

2.00 7.630E-01
4.90 B.130E-01

8.30 8.960E-31

16.00 1001OE+OO

x ‘3LAH4 Oil

1.00 1.325E+O0

2.00 1.382E+O0
4.00 1.489E+O0

13.oo 1.5541?+23

16.00 1.980E+O0

!40 XXXII

3s - $s

ETH = 5.043E+!31
REF. 17

qO xXXII

3s - 3P

ETH = 5.148E+O0
REF. 17

Ao XXXII

3s - 30

ETH = 1.379E+01
REF. 17

x 9LAHA

1.00 3.400E-02

1.25 3.$30E-02

1050 30460E-02
2.00 3.490E-32

3.00 3.520E-OZ

x BLAH4

1.00 1.155E+O0
2.00 1.197E+O0
4.00 1.282E+30
8.00 1.41OE+OO

16.00 10576E+OO

x BLAHA

1.00 1.000E-01

1.50 1.O1OE-O1

2.0!3 1.O1OE-O1
4.00 1.020E-01

8.00 1.O1OE-O1

~0 XXXII

3s - 40

ETH = 6.580E+01

REF. 17

~o XXXI[

35 - 4F

ETH * 6.760E+01
QEFo 17

qo XXXII

3s - 4P
ETH = 6.303E+31

REF. 17

x 9LAHA

1000 3.270!-02

1.25 3.31OE-O2

1050 3.330E-02

2.00 3.353E-32

3.00 3.330E-02

x 8LAHA

1000 20160E-22

1.25 2.320E-02

1050 2.470E-02

?.00 2.720E-02

3.00 3.090E-02

BLAH4

1:20 7.530E-13

1.25 9.470E-03

1.50 1.140F-02
2.00 1.52f3E-02

3.00 20220E-02
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Ho XXXI1

3P - 30
ETH = 8.640E+O0

REF. 17

x 8LAHA

1000 1.688E400
2.00 1.742E+O0
4.00 1.873E4100
8.00 ZO076E+O0

16.00 2.31’9E+O0

Ho Xxxxr

3P - *D
ETH = 5.937E+01

REF. 17

x BL dk4&

1*OO 8.540E-02

1.50 1.070E-01

2.00 1.270E-01
3000 1.61OE-O1
4.00 1.900E-01

!30 XXXII

3P - 45
ETH = 5.400E+01

REF. 17

x BLAHA

1.00 6.71OE-O3
1.50 9.130E-03

2.00 1.150E-OZ
3.03 1.570E-92

4.00 1.930E-02

Ilo XXXII

3P - 4F

ETH . 6.118E+01

REF. 17

x 8LAHA

1*OO 1.340E-01
1.50 1.470E-01
?.00 1.570E-01
3.00 .l.720E-01
4.00 1.820E-01

’40 XXXI[

3P - 4P

ETH = 5.557E*OI
REF. 17

x 8L4HA

1.00 1.170E-01
1.50 1.190F-91

2.00 1.200E-01
3.03 1.2?OE-31
4.00 1.ZZOE-01

OATA OF H. S. PIWOZOLA PLOT SYI190L 12
--------------------- --------------------- ------------------------ -------------------- ----

0 111

2S2 2P2(3P) - ?S2 ?P2(10)
ETH = Z.513E+O0

REF. 19

f
1,04

1019
1.39
1.s9

1.79
1,99

2,39

3.18
3.98

7.96

11.94

PINOZOLA

2.539E+30
2.520E+O0
2.524E+O0

Z.540E+O0
Z.560E+O0

2.580E+O0
Z.580E+O0

2.593E+o0

Z.644E*O0

2.514E+O0
2.183E+O0

OATA flF J. CALLAUAY, R. J. U. qENRY ANO P. L. OUFTON PLCIT SYq80L 13
-------------------------------- --------- -------- ------------------- ------------------ ----

c Iv
1s2 Zsfzs) - 1s2 ZP(ZP)

ETH ■ 5.933E-01
QEF. 20

x CALLAU4Y
1.69 1.L37E+01
3.71 1.300E+01
6.74 1.476E+01

10.11 1.622E+01
13.48 1*733F+01

20.23 1.884E+01
25.97 1.987E+!31

FE XXIV

1s2 2s(2s1 - 1s2 ZP(ZP)
ETH = 4.388E+O0

REF. 20

x

L.37
2.28
3.42

4.56
6.a4

9.12

11039

CALLAIA4Y
4.700E-OL

4.930E-01
5.0130E-01

5.Z60E-01
5.580E-31

5.860E-01

6o110E-01

HO XL
1s2 2s(2s) - 1s2 2P(2P)

ETH = 1.Z65E+01
REF. 20

x CALLAWAY

1.34 1.717E-01

1.90 1.757E-01
2.53 1.9005-01

3.95 1.989E-01
5.93 Z.000E-01
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DATA OF QUEENS UNIVERSITY-13ELF45T (QU8) PLOT SYMBOL 14

K. A. BARRINGTON> P. G. BURKE, pO L. DUFTON ANO A. E. KINGSTON

C 111
1s2 2s2 - 1S2 2S 2P(3P)

ETH = 4.778E-01
QEF. 21

x BELF4ST

3,35 4,864E-01

3.77 4.657E-01
$.19 4.367E-01

4.71 4.049E-01
5.23 3.611E-01

Ov

1s2 2s2 - 1S2 2S 2P(3P)
ETH = 7.470E-01

REF. 21

x 13ELF4ST

4.22 2.047E-01
4.69 1.902E-01
5.36 1.762E-01
6.02 1.627E-01
7.36 1.302E-01

c 111

1s2 2s2 - 1s2 2s 2P(1P)
ETH = 9.409E-01

REF. 21

x BELFAST

1.70 4.781E+O0
1.91 5.090E+O0

2.13 5.376E+O0

2.39 5.616E+O0

2.66 5.849E+O0

Ov

1s2 2s2 - 1s2 2s 2P(1P)
ET$i = 10457E+OO

REF. 21

x BELFAST

2.06 3.107E+OO
?.40 3.234E+O0

2.75 3.306E+O0

3.09 3.415E+O0
3.78 30536E+O0

C 111

2S 2P(3P) - 2P2(3P)
ETH = 70820E-01

REF. 21

x BELFAST

1.44 1.998E+01
1.69 2.145E+01
1.95 2.238E+01
2.27 2.359E+01
2.59 2.460E+01

Ov

2S 2P(3P) - 2P2(3P)
ETH = 1.203E+O0

REF. 21

x BELFAST

1.87 1.401E+01
2.29 1.440E+31
2.70 1.480E+01
3.12 1.513E+01
3.95 1.544E*01

OATA OF O. H. SA’4PSCiNS A. O. PARKS, R. E. HO CLARK ANO L. B. GOLOEN PLOT SYM90L 15
------------------------- ------------------------ ------------------------ -----------------

5.1 x1
2S2(1S) - 2S 2P(3PI

ETH = 1.892E+O0
REF. 23

x

1.00
5.1.9

16.54
26.B9
78.68

130.46
234.02
337.58

SAflPSON C

4.990E-02

3.955E-02

20612E-02

1.880E-02
7.602E-03

5.349E-93
$.253E-03

4.015E-03

S1 XI
2s ZP(lP) - ?P2(10)

ETH = 1.895E+Of3
REF. 23

x

6.17

16.52
26.96

78.58

130.31
233.74
337.18

SAIIPSON C

3.780E+O0
4.517E+O0

5.015E+O0

6.223E+O0
6.862E+O0

7.544E+O0
7.939E+O0

SI xx

2S 2P13P) - 2P2(10)
ETH = 3.538E+O0

REF. 23

x

3.77
9.31

14.85
42.54

70.24

125.64

lB1.03

SAMPSON C

80455E-02

6.877E-OZ

60144E-02
5.502E-02

5.638E-02

6.049E-02

6.349F-02

S1 XI

2s2(1s) - 2s ZP(lP)

ETH = 3.536E+O0
REF. ?3

x
3.77

9,31

14.86
42.57
70.29

125.72

191.14

SAMPSON C
1.380E+O0

1.61OE+OO

1.788E+O0

2.291E+O0
Z.527E+O0

2.815E+O0

Z.983E+O0

SI x1

2S 2Pf3p) - ZP2(3P)

ETH = Z.937E+O0
REF. 23

x SAMPSON C

4.34 6.091E+O0

110!)1 7.113E+O0

17.69 7.889E+O0

51.06 10003E+O1

94.43 L.103E+O1

151.17 1.224E+01
217.91 1.295E+01

SI xx

2S 2P(1P) - ZP2f3P)

ETH = 1.Z93E*O0
REF. 23

x SAI’SPSON C
9.50 7.076E-2Z

23.73 6.640E-02

38.89 6.497E-OZ

114.67 6.605E-OZ

1?0.45 6.975E-02

342.01 7.480E-02

493.57 7.805E-02

51 XI

2s 2P(1PI - 2PZ(1SI

ETH ● 3.101E+OO
REF. 23

x

4.16

10.48

16.80
4B.40

80.00

143.19
206.39

SAMPSON C

1.198E+O0

1.401E+20

1.5blE+O0
2.005E+O0
2.Z1lE+OO
2.461E+90

Z.606E+O0

S1 XI

2s ZP(3P) - ZP2(1S)
ETH = 4.745E+O0

REF. 23

x SAtiPSON C

1.00 9.346E-03

3.07 7.047E-23

7.20 4.331E-03

11.33 20932E-03
31.98 9.lZIE-34

52.63 5.296E-04
93.94 3.456E-04

135.25 3.02BE-04

4R XV

2s2(1s) - 2s .2P13PI
ETH = 2.543E+!30

REF. 23

x

1.00
7.37

20.11
32.86

96,57

159.30

287.72
415.15

SAMPSON C
2.854E-OZ
?.516E-02

1.844E-02
1.487E-02
9.697E-03
9T977E-33

90920E-03
9. 105E~03
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AR XV

2S2(1S) - 2S ?P(lP)
ETH = 4.669E+O0

REF. 23

x

+.67
11.41

18.35
53.06

87.76

157.17

226.57

S414PSON c

80234E-01
9.688E-01

1.075E+O0
1.363E+O0

1.498E+O0

1.659E+O0

1.753E+O0

AR XV

2s zPf3P) - ?P2(31J)

ETH = 30881E*O0
REF. .23

x

5.17

13.52

21.87

63.61

105.34

188082
272.29

S4~PSON C

3.52?E+O0

40159F+O0

4.61OE+OO

5.763E+O0

6.360E+O0
7.922E+O0
7.407E+O0

AR XV

2S 2P(1P) - 2P2(3PI
ETH = L.756E*O0

REF. 23

x SA14PSON C

10.23 1.201E-01

28.68 10359E-O1
47.13 1.467E-01

139039 1.714E-01

.231.65 1.85!3E-01

416.17 2.015E-01

600.68 201O7E-O1

FE XXIII

2s 2P(1P) - .2P2(ls)
ETH = 6.815E+O0

REF. 23

x

5.96

15.88
25.80
75.39

124.98
224.1?

323.36

SAUPSON C

20955E-91

3.534E-131
3.929E-01
4.899E-01

5.41.2E-01
5.961E-91

5.273E-01

FE XXIII

2S ZP(3PJ - 2PZ(1S}

ETtI = 1.005E+21
REF. 23

x

1000

4.36

11.09
17.82

51.46
85.10

152.38

219.55

SAMPSON C
2.417E-33

2.069E-03

1.667E-03
1.153E-03

7.283E-04

60690E-04
6.674E-04

6.8Z4E-04

dR xv

2s 2P(1PI - 7-P2(IS)

ETH * 4.121E+O0
REF. 23

x

4.93
1?.79

20.66

59.97
99.28

17r.91
?56.53

S4MPSON C

6.927E-01
.9.179E-01
9.103E-O1

1.152E+O0

1.271E+O0
1.4!37E+O0

1.484E+O0

AR XV
2S 2P(3PI - ZP2(1S)

ETH ● 6.246E+O0
REF. 23

!4

1.00

3.59

9.79

13.97

39.90

65.84

117.71
159.58

SAHPSLIN C
5.264E-03

4.107E-O3

Z.635E-03

1.979E-03
8.093E-04

6.215E-04

5.507E-04

5.452E-94

FE XXIII

2s?(1s) - 2S 2P(3P)

ETH * 4.260E+O0
REF. 23

x

8.93

24.80
40.67

120.00
193.34

359.01
516.69

SAMPSON t

2.315E-02

Z.303E-02

2.321E-02

2.449E-02
2.598E-OZ

2.784E-02

2.901E-02

FE XXIII

2s 2P(IP) - 2P2(10)

ETH = 4.708E+O0
REF. 23

x

8.19

22.54
36.90

108.70

190.50
324.10

457.70

SAtlPSON C
7.547E-)1
9.118E-01

1.015E+O0

10Z43E*OO

1.36LE+O0
1.487E+O0

1.560E+O0

FE XXIII

2S 2P(3PI - 2PZ(10)

ETH ● 7.940E+O0
REF. 23

x
5,26

13.77
22.28
54.95

107.42
132.56

277.70

SAMPSON C
2.Z86E-31

2.653E-01

2.917E-01
3.588E-01

3.957E-01
4.357E-01
4.590E-01

AQ XV

2s .ZP(lP) - .2Pz(lo)

ETH . Z.581E*O0
QEF. 23

x S4HPSJ7N C
7.28 Z.118E+O0

19.83 2.549!s+03
32.38 Z.837E+O0
95.13 3.491E+O0

157.89 3.934E+O0
293.39 4.199E+93

408.90 4.41OE+OO

AQ XV

?S 2P(3P) - 2Pz(lo)
ETH . 4.707E+O0

REF. 23

x
6.44

11.33

18*2L
52.63

87.04

155.88
224.71

SA+PSON C

1.117E-01

1.151E-!31

10198E-O1
1.394E-01

1.5L1F-’31
1.662E-21

L.753E-01

FE XXIII

2s2(1s1 - 2s ?Pllpl
ETH = 7.493E+O0

REF. 23

x

5.51

14.53

23.56

68.67

113.78
204.00
294.22

SAYPSON C
3.893E-01

4.6Z8E-01

5.134E-01

6.380E-01

7.049E-’31
7.755E-9L

8*180E-01

FE XXIII

2s ZP(3P) - 2PZ(3PI
ETH . 6.050E+O0

RSF. 23

x

6.59

17,76
28.93

84.80

140.67
252.40
364.14

SAt4PSON C

1.500E+O0

1.789E+O0
10983E+OO

2.441E+O0

2.5a9E+oo

2.951E+(30

3.123E+21

FE XXIII

2s ZPIIPI - .2PZ(3P)

ETH = Z.818E+O0
REF. 23

x SA*PSON C

13000 2.653E-01
36.99 3.228E-01

60.98 30554E-01

180.94 4.2?3E-21

300.90 4.565E-01
540.82 5.058E-01
780.74 5..284E-O1

J73



~o Xxrrx
2s2 - 2s .2P(3P)

ETH = 6.035F+O0
REF. .23

x SAMPSON C8

15.61 2.964E-02
44.84 3.600E-02
74.07 3.885E-02

220.22 4.676E-02

366.37 5.051E-02
658.66 5.449E-02
950.95 5.678E-02

MO Xxx[x

2s2 - 2s 2P(1P)
ETH = 1.688E+01

REF. 23

x sAMpsoN CB

6.23 1.a31E-ol
16.68 1.573E-01
27.13 10741E-O1
79.’38 2.15L4E-91

131.64 2.383E-01
236.15 2.624E-01
340.66 2.763E-01

OATA OF O. E, 0STER9ROCK PL’3T SY!4BOL 16
--------------------- --------------------- --------------------- --------------------- ------

c 111

1s2 2s2 - 1S2 2S 2P(3PI

ET~ = 3.500E-01
REF. .25

x aS.TEQBROCK

2.71 6.690E-01

3.00 6.450F-01

3.86 5.940E-01
4.43 5.620E-01

N IV

2s2 - %s ?P(lP)
ETH = 1.133E+O0

f3EF. 25

x OSTEQBQOCK

1.02 5,080E+O0

1.11 5.190E+O0

1.64 5*71OF+OO

NE VII

2s2 - 2S 2P(3P)

ETH * 7.830E-01
REF. 25

x OSTERBROCK

2.53 1027OE-O1
3.55 1.190E-01

6.39 1.000E-01

c rrf

1s2 ?s2 - 1s2 2s 2P(1P)
ETH . 8.960E-01 E TH

QEF. 25

x OSTERBROCK x

1.06 5.870E+O0 2.53

1.17 6.220E+O0 2.7$

1.51 6.780E+O0 4.05

Clv

w Iv

?s2 - 2s ~p(3p)

. 4.5?OE-01
REF. 25

OSTEQBRCICK

3.880E-01

30820E-01

3.400E-01

!lV

;s2 - 2s ZP(3PI 1s2 2s2 - 1s2 2s 2PflP)
ETH = 5.680E-OL ETH = 1.366E+O0

REF. 25 REF. 25

x OSTERBROCK x

2.59
~STER9QOCK

20490E-01 1.51 4.560E+O0

3.64 2.290E-’J1

NE VII

2s2 - 2s 2PIIPI

ET~ = 1.825E+O0

QEF. 25

x 0S7ERBROCK
l.oq 2.919E+O0

1.53 2.q40E+O0

2.74 3.050E+i30
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x

2.04
2.45

2.85

3.26
4.4q

5.71
6.93

v IV

2s2 - 2S 2D(3P)

ETH . 6.130E-01
REF. 26

ORWIYNDE
4.626E-01
4.5Z3E-01

4.424E-01

4.241E-01
3,796E-31

3.160E-01

2.673E-91

o 111

2s2 2P2(10) - 2S 2P3(1PI

ETH = 1.732F+O0
REF. 26

N IV
2s2 - 2s 2P(1P)

ETH * l.lqlE+OO
REF. 26

x

1.05

L.26
1.47

1.68

2.31
2.94

3.57

0R140MOE

5.078E+O0
5.072E+O0

5.321E+O0
5.581E+O0

6.2Q9E+O0
6.916E+O0

7.472E+O0

0 [11
2S2 2P2(3P) - 2S 2P3(3S\

ETH = 1.796E+!30
REF. 26

x gR ~3NOE

1.03 4,q90E+O0

1.06 5.O1OE+OO

1.11 5,~70E+’j3

1.25 5.8qOE+O0

1.53 6.920E+O0

1.’35 9.260E+O0
2.37 q.280E+O0

2.70 1.020E+01

x OQ~ONOE

1.15 .2.38’)E+92

2.02 3.61OE+’3O

2.99 4.660F+O0
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c Iv

2s(1s) - 2P(1P)
ETH ● 5.890E-31

REF. 27

x

1.05

1.10
1013
1.16

1.19

1.2*
1.31

1.39
1.66
2.84
5.26

11.20

29.13
41021

14YL0it

4.950EtO0

6.870F+O0
7.2713E+O0

7.450E+O0

8.380E+O0
9.000E+OO
9.270E+O0
8.500F+O0

90550E+O0

1.051E*01
1.z25E+01

1.258E+01

2.232E+01

10471E+O1

NV

2s(1s) - 2P(1P)

ETH = 7.348E-21

REF. 28

x

1.04
1.09

1.15
1.20
1.24
1.30

1.39

1.52
1.54

1.68
2.57

5.21

GQEGORY

3.760E+O0
50220E+O0

5.550E+O0
6.290E+O0

7.650E+O0
8.lLOE+OO
7.5313E+O0

6.660E+O0

70190E+O0
7.350E+O0

7.330E+O0

7.940E+O0
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C IV

2s - 2P
ETH = 50940E-01

REF. 30

x KIN

5.00 10409E*OI
6000 1.4~7E+Ol
7.00 1.551E+01
8.00 1.607E+01
9.00 1.655E+01

10.00 1.699E+OI

15.00 1.865E+91
20.00 1.990E+01
43,00 2.258E+01
60.00 2.4117E+01
80.00 20533E*01

100.00 20622E+91

11 XII

3s - 3P

ETH ● 1.959E+O0
QEF. 29

x <1’4
5.00 6.249E+O0
6.00 6.635E+O0
7.00 6.944E+O0

9.00 7.216E+O0

9.00 7.454E+O0
10.00 7.647E+O0

15.00 8.497E+O0
20.00 9.046E+O0

40.00 1.041E+01
60.00 1.120E+OI
80.00 1.176E+01

100.00 1..219E+OI

FE XXtV

2s - 2P

ETH = 4.400E+O0

QEF’. 30

x KIM

5.00 5.987E-01

6.00 6.225E-01
7.00 6.423E-01

8.00 6.594E-01
9.00 6.744E-01

10.00 6.876E-01

15.00 7,382E-01
20.00 7.736E-01
40.00 8.592E-OL
60.00 9.074E-01

80.00 9.421E-01

100.00 9.6?1E-01

NV

2s - 2P
ETH ● 7.4ZOE-01

REF. 30

x KIN

5.00 9.724E+O0
6.00 1.023E+01
7.00 1.066E+01
$1.oo 10102E+O1

9.09 1.134E+01
19.00 1.163E+01
15.00 1.271E+01
20.00 1.347E+01
40.00 1.530E+01
60.00 1.635E+31
80.00 1.71OE*O1

100.0’3 1.767E+01

11 xx

2s - 2P
ETH = 3.356i5+O0

REF. 30

x KI14

5.00 8.461E-01
6.00 8.803E-01
7.00 9.089E-01
8.00 9.335E-31

9.00 9.549E-01

10.00 9.741E-01
15.00 1.047E+O0
20.00 1.098E+O0
40.00 1.220E+O0
60.00 1.291E+O0
80.00 1.341E+O0

100.00 1.379E+O0

Ho XXXII

3s - 3P
ETH = 7.190E+O0

REF. 29

x

5.00

6.00
7.00
8.00
9.00

10.00

15.00
20.00
40.00

!)0 .00

80.00

100.00

KI14

1.277E+O0

1.344E+O0

1.400E*O0
1.448E*O0

1.491E+O0
1.529E+O0

L.671E+O0

1.772E+O0
2.0L2E+O0

2.152E+O0

2.251E*O0
2.329E+O0

~ VI
2s - 2P

ErH . 8.890E-31
REF. 30

x <IA

5.00 7.165E+O0
6.00 7.506E+O0
7.09 7.905E+13
8.00 9.054E+O0
9.00 9.290E+’)0

10.00 ‘3.491E+90

15.00 9.z58E+O0

20.00 9.796E+03
40,00 1.109E+O1
40.00 1.193E+’)L
80.00 1.235E+OL

100.00 1.276E*’31

FE XV[

3s - 3P
ETH = 2.730E+O0

REF. 29

x KIM

5.00 6.051E+O0

6.00 4.285E+’30

7.00 4.490E+O0

8.03 4.648E+33
9.00 4.7Q6E+o0

10.00 4.926E+!JfI

15.00 5.426E*O0
20.00 5.777E*O0
40.39 5.6L5E+23

60.00 7.102E*OO
80.00 7.447E+O0

100.00 7.7L4E+O0

HO XL

2s - ?9

ETW = L.270E+01
REF. 30

x KIM

5.00 2.127E-01
6.00 ?.21OE-’31
7.00 2.291E-01

8.03 ?.34LE-31

9000 ?.394E-01
10.00 2.441E-01
15.00 2.619E-01

20.00 ?.744E-21
40.00 3.043E-01

60.00 3.216E-91
80.00 3.338E-01

100.00 3.434E-51
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C 111

1s2 2s2 - 1s2 2s 2P(1P)
ETH = 9.33>E-31

REF. 31

C 111

2S 2P(3P) - 2P2(3P)
ETH . 7.750E-01

REF. 31

c 111
2s 2P(LP) - 2P2(10)

ETLI = 3.960E-01
REF. 31

x NUSSBAUt4ER

1.26 3.580E+90
1.58 3.6bOE*O0
2.b5 5.120E+!I0

x NUSS8AU~ER
1.29 2.23i3E+91
2.58 3.030E+01

x !iUSSBAU’4ER
1.37 1067OE+O1
3.99 2.400E+01
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c 111
lSZ 2s2 - 1s.2 2s 2P(lP\

ETH * 1.033E+O0
REF. 33

c 111

1s2 2s2 - 1S2 2S 2P(3P)
ETH = 4.850E-01

REF. 33

NV

2s - 2P
ETH ■ 7.320E-91

REF. 32

x LAUNAY

1.45 3.667E+O0

1.94 4,409E+O0

2.42 5.036E+O0

x LAUNAY

3.09 6.190E-01
4.12 5.270E-01

5015 4.+70E-01

x FL’YUER OU

3.07 8.050E+O0
8.20 9.9%OE+O0

n rv

2s2 2P - 2s 2P2(4P)

ETH ● 6.50C)E-01
REF. 35

n Iv
2s2 2P - 2s 2P2[ZO)

ETH = 10154E+OO
17EF. 35

0 Iv
2s2 2P - 2s 2P.?(2SI

ETH * 1.495E+O0
REF. 35

x NUSSqAUYER

4.31 7.419E-111

6.45 5.840E-01
8.62 4,81OE-O1

x NUSS13AUMER

2.43 6.800E+O0
3.46 7.142E+OII

4.85 7.201E+O0

x W3SS8AUHER
1.87 2.430E+O0
2.81 ?.789E+33

3.75 2.’38OE+OO

o Iv
2s2 2P - 2s 2P2(2P)

ETH = 1.6+$E*O0
REF. 35

0 Iv
2s 2P?f4P) - 2s 2P2(20)

ETH * 5.040E-01
REF. 35

n IV
2s 2P2($P) - 2s 2P2(2S)

ETH = 8.650E-01
REF. 35

x NUSSBAUMEQ

1.70 7.910E+oo

2.56 9.430E+O0

3.41 1.043E+OI

x NUSS9AU!4ER

5.56 2.344E+O0
8.33 1.738E+O0

11.11 1030.2E+O0

x NUSS9AU~FR
3.31 3* 590 L=-01
4.97 2.590E-01
6.63 1.890E-31

2.1 Ivo Iv
2S 2P2(4P) - 2s 2P.?(2P)

FTH ● 9.940E-J1
REF. 35

CA X
3s - 3P

ETH = 1.61OE+OO
REF. 34

- 3P
ETH = 6.52~;-01

REF. 34

x NUSSqAUMER

2.82 4.330E-01
6.23 3.050E-01
5.63 2.180E-01

x NUSS9AUMER

1.37 1.695E+01
2.30 1.834E+01
3.83 Z.094E+01

x NUSSBAU!IE17
1.05 6.320E+23

2.54 7.190E+O0

3.72 7.280E+O0

CA X
3P - 30

ETH = 20190E+O0
REF. 34

FE XIV

3S2 3P - 3S 3P2(4P)

ETH = 10693E+OO
REF. 32

CA X
3s - 30

ETH = 30800E+O0

REF. 34

x NUSSBAU4ER

1.08 7.000E-131

1.58 7.00f1E-01

x NUSS8AUMER

1.97 101OOE+O1
2.74 1.175E*01

x FLOWER

2.48 9.200E-32

3.54 8.500E-01
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FE XIV
3S2 3P - 3S 3P(?D)

ETU . 2.370E+O0
REF. 32

FE XIV
3S2 3P - 3s 3P(ZS)

ETH . 3.038E*O0
REF. 32

FE YIV
3S2 3P - 3S 30(?P)

ETH = 3.3R6E+o0
REF. 32

x FLOWER

1.77 2.430E+O0

2.53 2.413E+O0

x FLOWER

1038 1.170E+O0

1.97 1.200E+O0

x FLOUEQ

1.24 ‘3,9505+00

1.77 1.014E+3t

FE XIV
3S2 3P - 3S2 30(20)

ETH . 6.150E+9CI
REF. 3?

FE XV

3S2 - 3s 3P(1P)
EIH = 3.073E+O0

REF. 32

FE XVI
3s - 3P

ETH = 2.66CE+I?II
RE’=. 34

x FLOWER

1*O1 80190E+O0

1.45 8.430E+O0

x FLOWER

1.01 3.33ilE+9’3

x NUSSq4U~E?

1014 3.533E+3’3
2.46 3.670E+90

3.03 3.b50F*O0

FE XVI FE XVI

3s - 30 3P - 30
ElH = 6.159E+O0 ETH = 3.500E+O0

REF. 34 17EF. 34

K NUSS9aUHER x

1.06
NUSSB4U14E17

3..2OOE-O1 1096 5.439E*O0

1.30 3.200E-01 2.29 5.%95E+O0
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c Iv
2s - 2P

ETH . 5.290E-!31
REF. 39

Nv
2s - 2P

ET~ = 7.334E-01

QEF. 38

NE VIII

2s - 2P
ETH = 1.170E+O0

REF. 37

x
1.35

2.36

3.72
6.81

10.21

13.61

27.22

G4U
9.300E*O0

1.050E+01
1.170E+01
1035OE+OI
1.520E+01

1.66’3E+01

2.O1OE+O1

x VAN WYNGAA

1.36 6.900E+O0

2.73 7.760E+O0

5.45 9.040E+O0
9.18 9.650E+O0

10.9L 1.016E+01
21.82 1.178E+01

x VAN WYNGAA

1.37 3.340E+O0

2.74 3.59f)E+!J2

6.84 4.230E+O0
11.97 4.550E+II0

15.38 4.9bOE+O0

25.b4 5.500E+22

2s -
ETH

AR XVI

2P
2.303E*O0

iEF. 39

GAU
9.800E-01

1.020E+O0

l.ObOE+OO
1.160E*O0
1033CIE+OO
I,+1OE+OO

1.590E+O0

FE XXIII

2s2 - 2P2(10)
ETH = 9.070E+O0

QEF. 40

FE XXIII

2s2 - 2s 2P(3PI

ETH = 3.L21E+30
REF. 40

x

1.36
2.00
3.00
6.30

23o39
30.32
50.24

x

1.10
2.20

3.30
4.%0

6060

8.80

11.ao

HENRY UNH

1..24oE-o3
1.210E-03

1.200E-03
1.200E-03
1..21OE-93
1.240E-03

1.270E-03

x

3.20
6.40

9,60

12.80
19.20

25.bO
32.00

HENRY UNM

1.240E~OZ

1.130E-02
1.343E-32
9.530E-03

9.O’90E-03

b.930E-03
5.990E-93

FE xXIII

2s2 - 2s 2P11P)
ETH = 6.072E+O0

REF. 40

FE XXIII
2s2 - 2P2f3Pl

ETH . 8.054E+O0
REF. 40

x

1.65
3.30

4.95

6.60

9.90

13.20
15.50

HENRY UNM

3,0bOE-01

3.290E-01

3.490E-01
3.590E-01

3.970E-01
4,220E-01
4.44CIE-01

x

1.24
2.48

3.72
4.’96

7.44
9.92

12.40

HENRY UNM
5.1OOE-O4
4,51OE-34

4.O1OE-O4

3.570E-04
2.8bOE-04
2.320E-04

1.900E-34
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6. COLLISION STRENGTH FITS

6.1. Calculation of Excitation Rates

The rate coefficients can be obtzined by numerical integration of the

cross-sections (or collision strengths). The tables so obtained are commonly

large and require in addition some interpolation formulae. We have chosen to

accurately fit the collision strengths ir.forms that allow integration in terms

of known functions for the rate coefficients. The rate coefficients are given

in terms of the fit parameters and exponential integrals and simple exponential

functions.

The fit forms are rather simple and are the same as those given in LA-6691-MS.

However, for the cases where configurationmixing is large, it was convenient to

represent the fits as combinations of optically allowed and nonallowed transitions.

Computer programs in some applications have been written to accept the rate

coefficients in very specific form, e.g., the so-called ~ form. While we do not

recommend this form for the rate coefficients, it is straightforward to convert

the rates given here to that form.

For convenience we list the form of the fit formulae

rates below.

Form A - Dipole allowed and Spin Allowed transition

c1 C2
G?(X)=Co+-+-+C3Qn X

x X2

c -Y
R= cEIO; + (cl + C3

~, El(Y) + C2 E2(y)]cm3s-’

and the resultant

(1)

(2)

where Co, cl, C2, C3 are least square fit determined coefficients (C3 = O for

dipole forbidden transitions)

Y = Et/T

En(Y) = Exponential integral of order n

T = electron temperature (eV)

Et = threshold energy (eV)

CE = 8.010 X 10‘8 y/[(2L + 1)(2S + l)T1’2]

L. S = L. S values of zround state configuration., , “—
.“
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Form B - Spin forbidden transitions

c 4
C?(X)= ‘+ Z Cn e-nax

x’ n=1

4 Cn e-(na+y)
R= CE [C. E2(y) + Z –] cm3s-]na+y

n=1

where a is also determined from the least square fit of the data.

Form D - Mixed spin forbidden and dipole allowed transitions.

c 4
$2(X)==+ 21 Cn e-nax

C6

x’ -
+C5+–~+C72nX

(3)

(4)

(5)

4C n e-(ncl+y)
R= CE [C. E2(y) + X

_+ C5 e-Y

()

C7
3-1 (6)+ C6 + ; El(y)] cm sna+y

n=1 Y

Conversion of these rates to a ~ formula can be accomplished as follows.

A typical ~ formula is

E /T
R= 1.57 x 10

-5~e-t ~m3s-1
EtT%

where f is the optical (oscillator strength). By using our rate fit to produce
*Ythe numbers for R, one can multiply by T e and remove some of the temperature

dependence, and obtain a expression for g. Knowing the oscillator strength then

gives a formula for the ~ rate.

An explanation of the format used in presenting the fits to the collision

strengths follows. First however, let us say that for obvious reasons a meaning-

ful fit can be obtained only if there are many more points than fit parameters.

Secondly, in some cases the fits to di.Eferentauthors’ collision strengths gave

essentially the same rate coefficient in which case we do not present both.

Thirdly, the data must include points over a reasonable range of energy and must

also include a point near threshold. For specific fits to the data not included

in Tables II, III, and IV the reader should contact the authors.
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Tables II, III and IV contain all.the information needed to calculate the

excitation rate, namely the element, ion and transition identification (column

1), the threshold energy (column 3) and the coefficients Co through C7 and a.

Table II contains all the spin allowed artddipole allowed transitions, Table 111

contains the spin forbidden transitions and Table IV contains the mixed configura-

tion transitions. Note that the coefficients C5 through C7 appear on a second

line in this last table due to lack of space. In each, the transitions are

arranged by increasing Z and increasing ionization stage. Column 2 of each table

identifies the author whose data was used for the fit.

6.2. Comments on Single Parameter Scaling

The calculations for many needed transitions have not been done and it does

not seem likely to expect many of them to be calculated in the near future.

The cases which fall along an isoelectronic sequence may be scaled with suffi-

cient accuracy to be useful in applications. Indeed, for Z > 3N, simple Z~ff

scaling is frequently accurate enough for many applications. Examples of this

scaling law can be seen in Figs. 5 through 9, showing the actual calculations

and the scaled calculations with different screening constants (Zeff = Z -

screening constant). Note that the scaling is, in general, not better than a

factor of 2 for lightly ionized ions, especially near threshold.

The relation (Z > 3N) is such that many ions of interest are eliminated.

We show in Appendix B that we can do considerably better, for some cases, especial-

ly in the range of N = Z - 1 to Z/3. A good example of this can be seen by

comparing Fig. 8, which shows that Z~ff scaling is poor for low Z elements,

compared with the relatively good agreement for the 3s - 3p transition obtained

in Appendix B (Fig. B16).

The nominally optically forbidden transitions deserve special consideration.

The effects of increasing Z may introduce considerable intermediate coupling

with optically allowed configurations. The result of this mixing is to substan-

tially change the shape of the collision strength as a function of Z. Figure 10

shows this effect graphically. The individual collision strengths can be fit as

a function of the scaled energy X. However, to date, no attempt has been made

to fit these transitions as a function of Z.

The data used in the isoelectronic sequence plots is listed on page 187,

following Fig. 10.

180



z
10

I
1-
0
z
LLJ 1
w 10
t--
M

z
0

3 1+

40

40 v)

40 (_)

40

40

40

40

40

5A

5A
5A
5A

- 10II

o ~-
19x

:19X
:223

3

1 1 I “1

I
-. 100

x
80

N
*
* 60
A
a- 40
0

A Zo
w

o
140

V-1
(_) 120

: 100

x
80

N
*
* 60
n
N

40
+

A 20
w

14:

VI
~ 120

: 100

10

I b
I 1 I J

-1] a
1(3

J

1 1 ml

1 I r

d

o

r+20

1 1 1

1 I r
# I r

w)
(-)

4

x

N
*
*
A

a-

A

A
w

120

100.

80

60.

40

20

x

N
*
*
n
a)

+

A
w

(1s2

80

60

40

.,.

e

20

f I
0 I 1 I U.1

10 10 1 10
2 10 31 1 1

1
,

10
.2 10

3
0 10

0

x

2s - 1s2 2P) from Be to Mo. Graph
Fig. 5. Lithium isoelectronic sequence

5a shows the actual collision strengths while ~b - 5f illustrate single—.
parameter scaling of the collision strengths.

J8J



z
I-l-l
(Y
1-
VI

1
10

0
10

H

-1

d
L)

-1
10
700

~ 600

(j Soo

x
400

N
*
* 300
A
a)
. zoo

o

& 100
w

o

700

(j 600

(j 500

x
400

N

a

I

1 I r

I ! r

I
*
* 300. -
A

: 200.

7001+

5A

6V(j 500
6V

UM 400
58
58~

x

*
* 300
A

N zoo
o

J.j 100
v

o

700

(j 600

x
400

N
*
* 300
n

(j 600

(j 500.

x
400.

N
*
* 300.
e
o

zoo

1 I 1

//

b
1 I L

I d
, 1

I I 1-

00

0. 1 1 u

10
0

10 1 10
z

10 3

f

x

Fig. 6. Beryllium isoelectronic sequence (2sZ - 2s 2p lP) from C to Fe. Graph

6a shows the actual collision strengths while 6b - 6f illustrate single
parameter scaling of the collision strengths.

182



1

1

1

1

‘O’r——————
t

1
[0

-1
Lo
[20

!00

80

60.

40

20

o

,20

,00.

80.

60

40

20

0

a

1

I c
I

I

I

1 !
e

L

10 10 1 10

x

::(/)
En (_)

En

En+

8n .

En

En

811 x

l:?N
*
*

A

03

0

A
w

VI
c.)

+

x

N
*
*
-
a)

+

A
w

W
L-)

.
.

x

N
*
*

A

o

0--1

A
u

120

100

80

60.

40

20

0

120

100

80.

60.

40

20

0

120

100

80

60

40

20

1 ,

/

b

,

d
I

,

o
I

L

10 10 * 10 2

.-7

7. Carbon isoelectronic sequence (2s~ 2p2 3P - 2s 2p3 %)
Graph 7a shows the actual collision strengths while 7b
single parameter scaling of the collision strengths.

x

from O to Fe.
– 7f illustrate

183



I
1-

‘0
z
w
CY
1-
(/3

6
1--1

VI
1--1

-1
-1

z
10

1
10

. 19 x

o
0

0 a
10
900

: 800

- 700

600
x

so”
N

: 400

: 300

L13 200

N 100

0
900

: 800

- 700

600

I

x
500.

N I
* 400

t

: 300

P zoo.
I

N 100
.

“J 1 J
10

0 10 1 10 z

x

600
x

500
N

a 200

N 100

0

900

M 800
(-)

700+

“ 600
x

500
N

: 400

~ 300

Lo 200

N 100

0
900

t
b1

d

I f

600.
x

500
N

] 400.

; 300. -

a) 200. -

N 100

f
o.
10

x

Fig. 8. Sodium isoelectronic sequence (3s - 3p) from Mg to Mo.
the actual collision strengths while 8b - 8f illustrate
scaling of the collision strengths.

184

Graph 8a shows
single parameter



1-
(2

6
(Y
i-
V-J

v)
+-i
-1

40 160
10

-1 11s
10

-Z
10

2

d
(-)

-3 I
10

al

zoo

..
(A

160
.

(-)

x

N
*
*

A

N

20

80

40

0
zoo

160

lZO

80

40

0

1 r

t

1 2

(_)

x

N
*
*

A

co
.

N

A
w

v-1

(-)

x

N
*
*
-
0.
Lo

A
v

Zo

80

40

0
200

160.

120.

80.

40

0
,-

1

[

/’

[
0

1
.

L

l.) 10 1 10 z

Fig. 9. Sodium isoelectronicsequence (3s - 4p) from Mg to Mo, Graph 9a shows
the actual collision strengths while 9b - 9f illustrate single parameter
scaling of the collision strengths.

785



1
10

T
1-
0
Zloo
LIJ
u
1-
(/3

-1
10

6
=
(A

-z
; 10

d
(-)

-3
10 ~

1 1 m

_J-_J_l

x

N 10
0

*
*
A
a)

-1
& 10

A
w

-z
10 ~

10

m

1
“ 10

(-)

x

(NOO
*1
*
O
a-

-1
(J 10

A
w I

z
1+

10
14

1+”
]+V)
5A

5A.
1

8n~
10

10 II

158X

1S 8

15 8
158~lo

o

16H*

17TX

0

0
A
w

-1
0

10LE 1

VI

“ 10
1

(-) 1

x

N 10
0

*
*
A
0

I
N
w

-z
10

z
10

(/3

1
“ 10

(-)

x

*
n

=1-

A
w

-z ]
10

e J -z
o 1 2 10

r J
10 10 10 10

3
10

0
10 3

x

Fig. 10. Beryllium isoelectronic sequence (2s2- ZS 2P 3p)
shows the actual collision strengths while 10b -
parameter scaling of the collision strengths.

186

10 1 10 L

x

from C to Mo.
10f illustrate

Graph lOa
single



PACE *3.

181

ELEMENT AMO IQM . . . oblASETS

11 ION Slzo
1s2 2s - 1s2 z?

ROB8 2CCX
Pl&NM OMX 11
MANN OdX 11
toot Zccx
HAHN Oux 1[
K[~ SCALEO
IEANM Odx 11
noon 2CCX
MANN OUX 11
PEEK OUX
MANN OU1
#ANN OUX 11
GAU-HENRY 5CCX
HA*N OiX 11
Roan Ccx
MANN OMX 11
KtU SCALEO

8E [1 ,?S - 2P
9E 11 2S 10 2P HFt OM 11
0 111 2s 10 2P HFR OU 1[
CIV 2S -2P
c Iv 2S 10 2P HFR Oti 11
N# 2S -.2P
nv 1s2 zs T3 1S2 2P IEFt OU UN
Ov! 2s -2?
o VI 2S TO 2? ISFR OU 1[
NE VIII 1s.? 2s 10 1s3. 2P w Ou
NE Will 1s2 2s 10 1s.3 2P w Ou
S1 xII 2S rO 2P HFR OM 11

II TAR IZEO

AR XVI .?s - 2P
h XVI 2S TO 2P MFR OM 11
FE xXIV 2S - 2P
FE XXIV 55 TO-2P 14FROW 11
qO XL ii --2?

182 BE ION SEIZ
1s2 2s2 - 1s2 2s 2P(1?I

15AMM OUXCI 11
Q088 9CCX
II MAZM1
IAAILA.CAIX1
NaMPl Ouxcl11
MUMMER (2CL
SMFSON CBX
MANN OUXC1
SA<PSON CBX
R08B 6CCX
-Avu Odxcl
SAISPSON COX

c 1[1
c 1[1
N Iv
Ov
au
NE VII
S1 X1
4R xv

2S2 10 2S 2P11P) MIX (2 X 21 MF Od
3.s(.?1 - .?S2P(1PI

2S211S) - 2s 2P11PI
2s2[1s) - 2s Z? IIPI

2S2 10 2S 2P(1P1 NFR OUXCI 11
2s2 - 2s ZPILP)

2s2 - 2s 2P11PI
2S2 TO .2S 2P11F) ISFR OM MIX(3 Z 2)

An xv
FE XXIII 1s2 2s3. - 1s2 2s ZP(lP)
FE XXIII 2S2 TO 2S ZPlltl HF1 OM MIX
n!3 XX XIX .?s3. - 3.s 2P11PI

.?s2 - 2s ZPIIPI

183 c 1011 SEO
2s2 2P Z(3?I - 2s 2P3t3s)

uR~orioE
WATIA UC L
*ANN OUXC1 11
13HaTIA UCL
MASON (LCL
*4 SON (JCL
?IASON UCL
8MAT1A UCL
UMA1[A UCL
E.H&n& UCL
R088 6CCX
MANN OUXC1

o 111
0 111
0 111
NE V
MC VII
51 1x
s xl
an XIII
CA xv
FE XXI
FE XXI
FE XXI

2s2 2PZ(3P! - 2s ZP313SI
1S2 2S2 2PZ13P1 - 1S2 2S 2P S13SI

2 ZP213PI 10 2s 2P313SIHIX (2 x 1)
1s2 2s2 ZPZ13PI - 1s2 2s ZP313SI
1S2 2S2 2P213PI - 1S2 2S 2P313S)
1s2 .?s2 ZPZ(3PI - 1s2 2s ZP313SI
1S2 2S2 ZP2(3?) - 1s2 2s ZP313SI
1s2 2s2 ZPZ13P) - 1s2 2s .??3( 35)
1S2 2S2 202(3PI - 1S2 2S ZF313SI
1S2 2S2 2PZ13PI - 1S2 2S 2P S13SI

2S.2 2P Z13PI - 2s 2P313SI
2S2 2P213PI TO ,?S ZP3(3SJ OKI1O

2s

184 NA ION SEO
3s - 3P

MANN OdX 11
PIANN Otix 1[

No 11 3S TO 3P MFR OV 11
AL 111 3S 10 3P flFR OU

MANN OUK [1 SI Iv 3S 10 3P HFR OU 11
NUSSOAU~Et-FLOWER S VI 3S - 3P
#&NN OUX 11
8LANA OM
RIM SC4LE0
ELA4A Ou
NANN OMx
OLAHA OV
Kr!l SC ALEO
8LAHA OU
MANN OVX

AR VII: 3s ro 3P qFn ov II
CA X3S -3P
FE XVI 3S - 3P
FE XVI 3s - 3P
FE XVI 2i6 3S TO 2P6 3P NFR OM
KR :xvr 3s - 3?
l!o 1X:X1 -3s --3P
WO XX XII 3S - 3P
NO XX XII ZPb 3S TO ZP6 3P MFR OU

18S lX& 10N SEO
3s - 4P

NANN Owx r[
~ANN Ovx 11
II ANN OVX11
MAW OVX11
E.LAIiA 13v
8LAHA Dd
MAPIN Oux
8LAN& OV
8LAH& OV
8LAMA Od
NANN Dux

1[ 3S 10 +P HFR OU 11
111 3s 73 4P IPf# Dv
rv 3S 10 4P NFR OV 11
VIII 3S 10 *P NFR OV It
x 3s - 6*

:;
At
cd
FE
FE

ZN
KR
no
~o

XVI ii - iP
XVI ZP63; S 10 .3Pb 6P tiFR DU
ix - 6P
XXVI 3s - 4P
Xxxls 3s - ● P
ZXXII 2P6 3S TO .?P6 6P MFR DV

186 BE ION SEO
2s2 - 2s 2Pt3Pl

WANN OdXC1 11
R1338 9CCX
LIRnolioE
PEEK Oducr
8ANM OdXCl 11
0STER8ROCK 3CCX
MUWCR UCL
sil!PsOFl Cax
S4#PSON CIX
AANN OUXC1
@3.E13 6CCX
SAWPSON CSX
HANN OUXCI
SAMPSON CSX

C 111 .?S2 10 2S ZP13PI HF OU 11 NIXIZ X 21
C 111 2S 12) - 2SZP13P)
N IV
Ov
Ov
NE VIII
NE VII
S1 xl
AR XV
AR XV
FE XXIII
FE XXIII
FE XXIII
NO XX XIX

.?s2 - 2S 2P13PI
2s2 - 2s 2P13PI
2S2 10 2S 2P13PI HFR OMXC[ II
2s2 - 2s 2P(3PI

2s2 - 2s 2P{SPJ
2s2 - 2s 2P(3P)
2s2 - 2s ZP13P)

2s2 rol:; :::3PI MFR OV ~IX13 X 21
- 1s2 2s ZP13P)

2s.2 - 2S 2P[3PI
zs? rO 2S 2P13F) HFR OU RIX

2s2 - 2s ZP13PI

787



00+III
emN4d

mv

.
.m

G..4
0IU

J
9

4
0N

.
e

.00+u

m+
C

4
Z

v
u.vuLu

.
u0u

?-(
v

HH

Au0K
Y

7
X

u
1-aL4n

IL4
m

-
mm:

a.N
n

.
N0

.
NI

m
m

l

m
IAtuI

8
-4

0
4

>-4
1

>u
I

>u
121

>u
>w

IAN

>U
u

lm
>

7

d
u

I
t

U
L

u
Ix

m
N

I

V
w

-iN
v

v
w

-0.0
O

.a
.

m
m

m
mN

la4
a.cm

n
J

c
u

w
N

I

NV
I

0
4

188



00+

.-l
0+ud

o0+:c
-l

o

00+uknw
.

.
.

m~Ill
0ma

.

.

40I:U
Y

m
.

00+

00+
+

00+

00+

Q4
3

.3.
N

!

xx0-27

am
0m

a
.

m
n

a
-u

m
&

Iu
N

-4

u

189



N0IAN0Iw$m
.

0+

-09

d0Iumm
1

+
.

-.
.

sIu

0
9

a

x-z0zz2

i-27n

n(uN

IiN
n.4

u.-4
a

.
U

rn
u

>
>X
o

x
a

.

nuM>

ne
m

l

%Inm

>
>u

u
a

.
Q

.
m

>%
a

.m
>%

H+.mz-1

.wu
>x

m
>

>
-w

.
m

m
m

I

u
w

)
la

I
i-lV

!
u

u
n

u
a

.
m

*

.
m

n
(Ye

&
,U

m
uI

uu
u

J
m

J
lu

U
.u

.
I

uu
-

4
IA

In
m

u
.

IL
I
w
l

m
m

l
vlf

u
I

Ia
.

m

I
Im
l

1
8

3

I
I

I
mm

l
II

0
.

m
a

.
(m

-Jm
m

,/)
IA

m
a

.
m

mm
wIAm

Nmm

m
INIAN

a
.

*
Nmm

.+
I

m
!

mm
lam

190



0Ila:
.

9
.

m
l

oIU
J

moIIAmA

moIU
I

mm
EzL

u
uvH

.InI

.dI
uu1

AcL1
-

:um
c

-l
m*

.

N0Iwz

m0Iwar-
0v

.mI

.-4

+
+!.u
9

4
,@m

.
a

Iia
lN
4

Q
.

u
-l

k
4

<
>

x-B0zzas

Mvx

n
.

Na
.

tm

mNa
.

1
-

n
lx

.-t
-10m

0
.

am



d0Iwn*
m

AId0Iu*ma.

a

d0+wm

wu
.

dc
)

m

4C
i

m
Inn

.
s

--u-
—

ii.
4

u
W

U
N

U
N

$4
I-4.m

.fixed
x

N
X

A
I

n
m

u
a
.uatitn

u
-u

rn
V

lu
tiu

ta
u

u
l

l-9
a

.
o

.4
a

.
u

a.
I-9

c
L

D
-4

-
U

a
.

b
-

>
L

x
%

a
.

u
w

w
t+

m
o-tm

~
m

~
+

=
IX

M
-

xN
~n

J
xru

xn
J

X
N

W
N

X
N

X
C

U
X

N
X

N
X

x
x

l-l
X

N
lx

m
lx

u
!

X
axn

l
X

IO
lxlm

x
x

x
X

w
cxx

x
x

w
m

l
X

tu
:cu

%
m

lxru
x

-
X

a.
N

N
I

Ill
z

Illti
m

m
m

m
v?m

n
n

l
U

J
m

u
tn

w
lu

u
l

U
J

U
J

U
J

U
J

U
I

U
IU

J
U

J
N

U
IC

Q
U

J
m

u
U

W
U

N
L

I
L

IL
lu

-u
-lL

-lL
-

L
-lL

-lL
-lL

U
J

N
~
N

U
J

N
u

N
U

N
w

lL
u

.
w

u
IL

LLU
.

I
C

n
n

.
k

a
.

a
-

a
n

.1
I

I
Illlu

l
tl

-
%m

l
a.N

m

Na.m
l

a
la.Nm
l

mN

C
u

N
vlm

l

NmN



NoIIII
m*In.

0
4

U
4

.
.

.0-i0Iu0e9
-0.

9
+

au0Iu
IAb

w2
0

uMvuu
-

&tu0v
dQ0v

bMu
-

0-10
>

X
o

V
)tr

J
J

u
l

(Y
Z

X
u

l
$

-e1
-an

Ii

;N0Iummm

Ii4

.

am
l

0+ua

w
0+wt-r.

s.
m

*
uvx30zzer

H

uvd
!

m
.

.-n
lru

ill
-
l
a
-
n

.-IN
*N

tn
m

u
“

L
Y

b
I

m
l

nN

N
mmI

v)m
%1ma

l

I
NIz

wm
laN

I
R

I
In

a
l

wN

Nmm

NV
)

m
NIAm

(uV
I

m
l

In4
.0aw

w

793



HHl-l

La1-a07tl.1-
uru

.0+Illf--In.

d0I

a.NNk

>
:

u
t

m
1Am

l

Na.mmm
l

194



-ao-
do.

&r-

*

I

m0Ium0in

m0Iu
!*ea.

NI

m

.r0IIuc
m

m.a

.“
1

N

sm.

v!.+
a

.
m

a
.

m
nm

a
-

mm
a

.
m

a
.m

a
.

m
0m

a
.m

v:x
-

9
+
:

t+
n

u
rn

>
-

X
n
.m

l-lI-t
In

>
n

.
X

e
l

u$
-a

u
-t

>
n

.
X

N

u-Q>
&

X
m

l

n
>

*
x

m
tu

rn
u

I

U
N

U
tnm

l

L
u
ru

U
m

N

U
J
n
l

L
u
ti

L
u

lN

w
+

u
-a

IN

I
J
”

U
*

w
-

L
’t

a
..

u
-m

N
Inn

w
N

a
l

wla-1
t

I
I

I
I

I
I

I.n
I

I
I

Q
a

NWm
a

.
4

3
W

Nlafu

Nu
-l

w
-A

(u

105



-tv

r-V

v
.-l
v

~Iuo0a
l.

0u

m
yI

1
-

Uu
0

0

1
-‘a0

a
.

m
l

d0m
*a
.

R
I

70
d

x
:

D
-4

x
v)N

U
I

u
-l

m
X

c
u

x
I

ulA
-u

le

x
:

x
I

m
X

N
x

I

U
m

X
N

%
I

-4
U

1
X

*
x

u
-n

X
N

x
i

I.u
tL

-
0

.
m

U
ii

X
N

x
I

U
I

u
.-

%

“
%

x
1

u
W
“

L
-

V
I

e

L
A
”

u
-

IAe

wu
-

nm
n

u
t

N1
AN

1
9
6



.
s

!ll
v

V
I

l-w
Z

u
L

u
uuU

..O
u
-
v

u0u
dv

wzo.myWm.-4u+

-
u

0v

-M
0

0
0

e
0

u
.

0

.
.

1
-

l
-
m
n

*
u
-
t

A

a
.

*a
.

N
-4+

$.

H
&

x
m
x
-

a
.

.U
I
m

w
V

I
N

uu
.

)4
0

x
m
x
-

i
?+

m
U

a
.

=
fn

n-
U

m
J
x
a
.

*
X

m

u
-X
a

X
m

x
-

%
(A

X
L

02
s-

U
I
mI

n
Ja
.

N

I
I

NIAw

NV
I

*
NmN

797



ACKNOWLEDGMENTS

The authors would like to acknowledge the help and cooperation which they

received from all of the people who contributed data to this report. They are

particularly indebted to Mary Argo and Christella Seeker for their help with the

administration of the Atomic Data Workshc-pand the preparation of this manuscript.

This work was supported by the U. S. Department of Energy.

REFERENCES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

J. B. Mann, private communication.

W. D. Robb, private communication.

S. Nakazaki and T. Hashino, “Excitation of Beryllium-like Ions by Electron
Impact,” Journ. of the Phys. Sot. of Japan ~, 281 (1977).

A. R. Jackson, “Excitation of C II]A2326, O III]A1664 and Other Semiforbidden
Emission Lines in Quasars,” Mon. Not. R. Astron. Sot. 165, 53-60 (1973).

W. Eissner, “Computer Methods and Packages in Electron-Atom Collisions II,”
the VII ICPEAC Invited Papers and Progress Reports, T. R. Govers and
F. J. deHeer, Eds. (North Holland Publishing Co., Amsterdam, 1971),
pp. 460-78.

K. P. Dere, H. E. Mason, K. G. Widing and A. K. Bhatia (Preprint).

H. E. Mason, “The Excitation of Several Iron and Calcium Lines in the
Visible Spectrum of the Solar Corona,” Mon. Not. R. Astron. Sot. 170, 651
(1975).

H. E. Mason and P. J. Storey (Preprint).

H. E. Mason and A. K. Bhatia, “Theoretical Intensity Ratios for the UV
Lines of Mg VII, Si IX, and S XI,” Mon. Not. R. Astron. Sot. 184, 423 (1978).

A. K. Bhatia and H. E. Mason~ private COlllITNlnicatiOn.

A. K. Bhatia, private COlnmllnication.

M. J. Seaton, “Computer programs for the Calculation of Electron-Atom
Collision Cross Sections, “J. Phys. Bl, 1817 (1974).

D. G. Hummer and D. W. Norcross, “Light Ions of Astrophysical Interest-
Radiative Transition Probabilities for C III, N IV, O V and Ne VII,” Mon.
Not. R. Astron. Sot. 168, 263-272 (1974).

S. M. Younger, private communication.

J. Peek, private communication.

198



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

J. Davis, P. C. Kepple and M. Bla.ha,“Distorted Wave Calculations for Gaunt.
Factors, Cross Sections and Rate Coefficients of Selected Allowed Forbidder.
and Spin Exchange Transitions,” Naval Research Laboratory Memorandum
Report 2939, November 1974.

M. Blaha and J. Davis, “Electron Impact Excitation of Highly Charged
Sodium-like Ions,” J. Quant. Spectrosc. Radiant. Transfer g, 227 (1978).

M. Blaha, private communication,

M. S. Pindzola, “Electron Impact Excitation of Oxygen III,” Phys. Rev. A 15,
2238 (1977).

—.

J. Callaway, R. J. W. Henry and A. l?.Msezane, “Excitation of Ions of the
Lithium Isoelectronic Sequence in the Relativistic Coulomb Born Approxima-
tion,” preprint.

K. A. Barrington, P. G. Burke, P. L. Dufton and A. E. Kingston, “Electron
Collisional Excitations of C III and O V,” J. Phys. B ~, 1465 (1977).

P. L. Dufton, K. A. Barrington, P. G. Burke and A. E. Kingston, “The Inter-
pretation of C III and O V Emission Line Ratios in the Sun,” Astrophys. ~,
111 (1978).

P. G. Burke and A. E. Kingston, private communication.

D. H. Sampson, R. E. H. Clark, L. B. Golden and A. D. Parks, “Collision
Strengths for Transitions Among Levels of the 1s22s2, ls22s2p and ls22p2
Configurations in Highly Charged Be-like Ions,” preprint.

D. H. Sampson, H. D. Parks and R. E. H. Clark, “Intermediate-Coupling
Collision Strengths for Fine-Structure Transitions Between S and P Levels
and S and D Levels in Highly Charged He-like Ions,” Phys. Rev. A ~, 1619
(1978).

D. E. Osterbrock, “Excitation of Semi-Forbidden 2s2 1S - 2S2P 3P Lines
Observed in Quasars and Nebulae,” J. Phys. B ~, 149-160 (1970).

S. Ormonde, K. Smith, B. W. Torres and A. R. Davies, “Configuration Inter-
action Effects in the Scattering of Electrons by Atoms and Ions of Nitrogen
and Oxygen,” Phys. Rev. A~, 262 (1973).

P. O. Taylor, D. C. Gregory, G. H. Dunn, R. A. Phaneu$ and D. H. Crandall,
“Absolute Cross Sections for 2s - 2p Excitation of C3 by Electron Impact,”
Phys. Rev. Lett. ~, 1256 (1977).

D. C. Gregory, G. H. Dunn, R. A. :Phaneufand D. H. Crandall, private
communication.

Y. K. Kim and K. T. Cheng, “Bethe Cross Sections for the Sodium Isoelectronic
Sequence,” Phys. Rev. A l&, 36-47 (1978).

Y. K. Kim, private communication.

199



32. H. Nussbaumer, “Spectral Lines in the Be I Isoelectronic Sequence,” Astron.
and Astrophys. l&, 77-80 (1972).

33. D. R. Flower, “Collision Strengths for Electron Excitation of Highly
Ionized Complex Ions,” J. Phys. E ~, 647 (1971).

34. D. R. Flower and J. M. Launay, 2+ !I“Electron Collisional Excitation of C ,
Astron. and Astrophys. ~, 321-6 (1973).

35. D. R. Flower and H. Nussbaumer, “Relative Intensities of Solar Emission
Lines of Ions in the Sodium Isoelectronic Sequence,” Astron. and Astrophys.
~, 265 (1975).

36. D. R. Flower and H. Nussbaumer, “On the Extreme Ultraviolet Solar Emissions
of B-like Ions: O IV,” Astron. and Astrophys. 4&, 145 (1975).

37. D. R. Flower and H. Nussbaumer, “On the Extreme Ultraviolet Solar Emission
of B-like Ions: Na VII, Si X, S XII,” Astron. and Astrophys. 45, 349 (1975).

38. W. L. Wyngaarden and R. J. W. Henry,
Impact,” Canadian Journal of Physics

39. W. L. Wyngaarden and R. J. W. Henry,
J. Phys. B ~, 1461 (1976).

40.

41.

42.

43.

44.

45.

46.

47.

“Excitation of Ne VIII by Electron
~, 2019 (1976).

“Excitation of N V by Electron Impact,”

J. N. Gau and R. J. W. Henry, “Excitation of Lithium-like Ions by Electron
Impact,” Phys. Rev. A ~, 986 (1977).

R. J. W. Henry, private communication.

N. H. Magee, J. B. Mann, A. L. Merts, and W. D. Robb, “Electron Impact
Excitation of Carbon and Oxygen Ions,” Los Alamos Scientific Laboratory
report LA-6691-MS (1977).

P. G. Burke and M. J. Seaton, “Numerical Solutions of the Integro-Differential
Equation of Electron-Atom Collision Theory,” Methods Comp. Phys. ~, 1 (1971).

M. A. Cross, M. J. Seaton and P. !4.H. Wilson, “IMPACT, A Program for the
Solution of the Coupled Integro-DifferentialEquations of Electron-Atom
Collision Theory,” Comp. Phys. CommUn. l&, 23 (1978).

K. A. Barrington, P. G. Burke, M. LeDourneuf, W. D. Robb, K. I. Taylor
and Vo Ky Lan, “A New Version of the General Program to Calculate Atomic
Continuum Processes using the R-Matrix Method,” Comp. Phys. Commun. ~, 367
(1978).

E. R. Smith and R. J. W. Henry, “Noniterative Integral-EquationApproach to
Scattering Problems,” Phys. Rev. .&, 1585 (1973).

S. Ormonde, K. Smith, B. W. Torres and A. R. Davies, “Configuration-
Interaction Effects in the Scattering of Electrons by Atoms and Ions of
Nitrogen and Oxygen,” Phys. Rev. ~, 262 (1973).

200



48. J. M. Peek and J. B. Mann, “Continuum Orbital Approximations in Weak-Coupling
Theories for Inelastic Electron Scattering,” Phys. Rev. l&, 2375 (1977).

49. R. D. Cowan and D. C. Griffin, “Approximate Relavistic Corrections to Atomic
Radial Wave Functions,” J.O.S.A. ~, 1010 (1976).

50. M. E. Riley and D. G. Truhlar, “Approximations for the Exchange Potential
in Electron Scattering,” J. Chem. Phys. ~, 2182 (1975).

51. R. D. Cowan, Theory of Atomic Structure and Spectra, University of
California Press, Berkeley (1980)~

52. K. A. Barrington, P. G. Burke, P. L. Dufton, A. E. Kingston and A. L.
Sinfailam, “Electron Collisional Excitation of O V: Effect of Resonances
Converging to the n = 3 Thresholds,” J. Phys. B: Atom. Molec. Phys. in
press.

53. R. D. Cowan, “Re~onant-Scattering (1.utoionization)Contributions to Excita-
tion Rates in 04 and Similar Ions,” J. Phys. B: Atom. Molec. Phys. in
press.

APPENDIX A

Yong-Ki Kim

I enclose a few tables of cross sections in the hope that you may be able

to include some of them in the Atomic Data Workshop Report. For the resonance

transitions of some Li-like and Na-like ions, I

tions to Seaton’s collision strength, G?,in the

report. The tables of L?are there only to help

Since C?can be easily calculated from the Bethe

converted the Bethe cross sec-

same unit as that used in your

you compare with your results.

parameters (AA, BB, CC), I think

it is unnecessary to include the !2tables in the report.

For fitting purposes, I suggest that the high-energy values of the first

two parameters (AA and BB) be retained and fit the other parameters (e.g., Cl

and C2 of Form A, p. 122 of LASL preliminary report) to the low-x part of Q

calculated by Mann and Robb.

I used relativistic Hartree-Fock wavefunctions, and the parameters for the

np
+ and ‘p3/2

excitations

nonrelativistic results.

AA(2S + 2p;c3+) = AA(2S +

BB(2S + 2p;c3+) = 2.697 +

CC(2S + 2p;c3+) = -0.5584

should be summed to be compared with corresponding

For example, Q(2s + 2p;C3+) = 0(2s + 2p%) + 0(2s + 2p3,2),

2P%) + AA(2S + 2p3/2)
= 1.313 + 2.626 = 3.939

5.392 = 8.089

- 1.117 =“-1.675.
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The excitation energies for the np% and np3,2 states of Fe and MO ions show

10-200% differences according to relativistic calculations, and I am not sure

whether one should put them together on the same x(=T/E) scale or not. Please

feel free to use the enclosed data in any way you choose, and let me know if you

have any questions. Our Na-sequence data should be credited to Y.-K. Kim and K.

T. Cheng, Phys. Rev. A ~, 36 (1978), but.the Li-sequence data have not been

published yet.

D. H. Sampson

Intermediate Coupling Collision Strengths for Transitions Among Levels

of the ~s22s2
9 ls22s2p and ls22p2 Configurations in Highly Charged Be-like

+ R. E. H. Clark,+ T sD. H. Sampson, L. B. Golden and A. D. Parks

+
Department of Astronomy

The Pennsylvania State University
University Park, PA 16801

tDepartment of Physics
The Pennsylvania State University

Worthington Scranton Campus
Dunmore, PA 18512

5General Electric Company
Valley Forge Space Center
Valley Forge, PA 19481

Summary

Ions

Intermediate coupling collision strengths are given for transitions among
22

the levels of the 1s 2s , ls22s2p and ls22p2 configurations in the Be-like ions

Si
10+

,A
14+

, Fe22+, M038+ and W70+. The method used is a Coulomb Born exchange

method described in Sees. II and III of Ref. 1. The approach can be regarded as

use of first order time dependent perturbation theory in which the entire electro-

static interaction between the electrons and the relativistic interactions are

treated as the perturbation. Hence the zeroth order Hamiltonian is a sum of

independent hydrogenic-ion Hamiltonions all of the same form. As a consequence

of this no orthogonality problems arise and exchange is handled in a completely

consistent manner. Also the results for complex ions can be expressed in terms

of the scaled R-matrix elements Z RM for hydrogenic ions so the computational..
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effort is relatively small. Configuraticm mixing and intermediate coupling

effects are included through use of mixi[lgcoefficients determined by diagonaliz-

ing the electrostatic interaction betweer.the electrons in the target ion and

the relativistic interaction. For the latter we use the terms going as (Y2Z4.

Mixing is allowed among all states having a common J value and belonging to the

same complex. For optically allowed transitions the Coulomb-Bethe approximation

is used to obtain the contribution for large L. In doing this we used line

strengths calculated with the same target.ion wave functions as used in determin-

ing the R-matrix elements for small L. Our calculations give the scaled collision

strengths Z2G?. In order to obtain G?we divided by Z~ff, where Zeff = Z - 2.46

for Be-like ions.

.
1
D. H. Sampson, A. D. Parks and R.E.H. Clark, Phys. Rev. A ~, 1619 (1978).
2
A. Burgess and V. B. Sheorey, J. Phys. E: Atom. Molec. Phys. ~, 2403 (1974).

I
J. Callaway

EXCITATION OF IONS OF THE LITHIUM ISOELECTRONIC SEQUENCX

IN THE RELATIVISTIC COULOMB BORN APPROXIMATION

J. Callaway, R. J. W. Henry, and A. Z. Msezane

Department of Physics and Astronomy
Louisiana State University
Baton Rouge, LA 70803

ABSTRACT

The cross sections for the electron impact excitation of the 2P4 and 2P3,2

states of the lithium-like ions C3+, Fe23+, M039+, and W“+ were calculated in

the Relativistic Coulomb-Born Approximation. Exchange and unitarization were

neglected. A range of incident electron energies from the 2P% threshold to

(approximately) 10 times the 2P3,2 threshold was considered. N~erical wave

functions for the ionic states were obtained from a Dirac-Fock program. The

continuum Coulomb wave functions were also computed numerically. The most

significant relativistic effects result from the spin orbit splitting of the 2p

states. An interpolation formula was obtained which permits the estimation of

these cross sections for similar ions of intermediate charges.
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I

S. M. Younger

Brief Descript.ioLof Calculations

Electron impact excitation collision strengths were computed in a nonunitari-

zed distorted wave approximation with consideration of exchange in the transition

matrix element. The target states were Iiartree-Fockorbitals and the partial

waves were generated in the direct electrostatic potential corresponding to the

frozen-core Hartree-Fock target. Distinct initial and final state potentials

were employed. Configuration interaction within the target was approximated by

multiplying the single configuration collision strengths by the ratio of the

correlated to noncorrleated line strength corresponding to the transition under

Study.
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APPENDIX B

FITTING COLLISION STRENGTHS ALONG ISOELECTRONIC SEQUENCES’

N. H. Magee, Jr., and A. L. Merts

ABSTRACT

In many applications that use electron-ion impact cross
sections (collisions strengths or excitation rates), it is prohibi-
tive in time or storage to either calculate or store all of the
necessary cross section data. Since accuracy of 10-20% is usually
adequate, it is highly suggestive tc use scaling along an isoelec-
tronic sequence. However, it is easy to demonstrate that single
parameter scaling will not work to better than a factor of 2 over
the entire energy range unless one is only interested in quite
high stages of ionization. We will show, for optically allowed,
An= O transitions, that a 2 parameter type “scaling” can be used
to achieve results with about a 10% maximum error. Examples are
shown in this paper for Li, Be, and Na like sequences. The form
of the fit is

G?= F1(Z)(A + B/X + C/X2) + F2(Z) In(X)

where A, B and C are constants for each isoelectronic sequence.
The X (or energy dependence) fit has been used previously to
better than a few percent error for a large number of optically
allowed transitions.

B-1. INTRODUCTION

There are a growing number of applications today that require the use of a

large number of electron impact cross-sections (collision strengths.orexcitation

rates). These include Tokamak power loss and transport calculations and many

astrophysical calculations. For diagnostic work, the most

are required, but for modeling and transport calculations,

is usually quite adequate. In solving a system containing

elements and possible ionization stages, it is

either calculate or store all of the necessary

‘Work performed under the auspices of the U.S.

prohibitive

precise values possible

accuracy of 10 to 20%

a large number of

in time or storage to

cross section data. Thus, it was

Department of Energy.
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felt to be useful to provide fits that.wculd be accurate to better than 20%.
.42

Our first venture into this fielG. arose from a meeting on collision strengths

held in Los Alamos in September 1976. Using the data available from this meeting,

we developed fits for spin allowed and spin forbidden transitions, which are

given below.

Spin allowed transition:

L?(X)
c1 C2=Co+3+—+C32nX .

X2

Spin forbidden transition:

co
O(X) = — + 2 Cn e-nax

x’ :1
where X = E/Ethreshold.

(B.1)

(B.2)

For An = O, dipole allowed transitions (a subset of the spin allowed transi-

tions and the only ones to be discussed in the rest of this paper), this fit

proved to be accurate to better than a few percent for more than fifty transitions

in elements from beryllium to molybdnum and a wide variety of ionization stages.

This was an improvement for calculations, as only four members needed to be

stored for each individual transition. However, it would be more convenient to

have a single fit for every transition in an isoelectronic sequence, as long as

the accuracy was still acceptable. Using the data from the November 1978 Atomic

Data Workshop held in Los Alamos, we are presenting our intial attempt to provide

a single fit for both energy and Z.

B.2 CALCULATIONS

We have restricted ourselves to An = O, optically allowed transitions for

three reasons:

1. They are perhaps the most important types of transition in radiation

power loss calculations.

2. There is much more data (relatively speaking) available for these

transitions than for other spin allowed or spin forbidden transitions.
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3. As stated above, the energy fits that we developed in Eq. B.1 are very

accurate, and it was felt that adapting this fit into an energy and Z dependent

fit would leave us with an expression thet would be accurate to within 10% over

the entire data range. The isoelectrcmic sequences considered in this paper

are: Li 2s - 2p, Be 2s2 - 2s2p (lP) end Na 3s - 3p. We have used the data of

J. B. Mann,l Y. K. Kim,
30,31 17

and M. B1.ah& in our calculations (see Table B-I

for more details). Figures B1-B5 show the actual collision strength data for

each author.

When presenting the data at the Atomic Data Workshop we tried to scale the

transitions in an isoelectronic sequence using a single parameter scaling (Z-C)2.

An example of this is shown in Fig. B6 fcr the sodium 3s - 3p sequence. It was

not possible to find a single constant C that simultaneously scaled both the

threshold and high energy points. In order to show this point more effectively,

let us consider the following. If it is true that a single parameter scaling

exists, then it can be states that

(Zl - C)%z (x) = (Z2 - C)2 Qz (x) (B.3)
1 2

or

C?Z (x) (z

1 2
- C)2

(2Z (x) = (z
= constant for all X.

2 1
- C)2

To show this for an entire isoelectronic sequence, the following ratio is more

easily plotted.

C?z(x) Qzmax
(loo)

R=
Q.

(x) “ Qz(loo)

‘imax

this gives a family of curves that are all normalized to 1. at X = 100. and

where the highest Z curve is normalized to 1 for all X. These ratios are shown

in Figs. B7-B1O for the data of Figs. B1-B4. As can been seen, all of the se-

quences diverge from 1. at threshold, more than a factor of 2 for the lightly
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ionized elements. Normalizing at a smaller X will reduce the differences at

threshold, but the high energy values will then diverge. Overall, if one

attempts to fit these sequences with a single parameter scaling, one can not d

better than a factor of two over the full energy range, unless you only considez

high stages of ionization or large X.

In Fig. Bll, we plot the collision strength at X = 1. and X = 100. for the

lithium and sodium sequences versus ionization stage (Roman nomenclature). It

is apparent that the threshold and high energy curves display different behavior.

For this reason, we use a two parameter “Z scaling” to handle the threshold and

asymptotic regions, but we use for each the form of the single parameter scaling,

for reasons to be discussed later. Combining this with the energy fit of Eq. B.1,

we have

The constants

a C, for each

S2(1), we have

A

(z - B)2

L \ /

are obtained as follows.

element, which represents

the form:

.

A~, B1 and A2, B2 are obtained from all

(B.4)

L

Each data set is fit using Eq. B.1 to get

the asymptotic slope. For both C= and
c1

the S2(1)’s

weighed least squares fit over the available data.

into Eq. B.4 and CO, Cl, C2 and C, obtained from a

entire data set. The constants for the first four

and C3’S respectively using a

B1 and B2 are then substituted

least square fit over the

sets of data are given in

Table B-II (the Na 3s - 3p numbers for the Blaha data are omitted as the data only

goes to X = 16. and this was not far enough to establish the asymptotic behavior).

Figures B12-B16 show the fits plotted against the data. Note that only the 2+ and

higher stages of ionization are included. While we have fit

state, we are presently getting a 25% error at threshold for

that is outside the accuracy we are attempting to establish.

the 1+ ionization

those curves and

With that data

excluded, we can f-itthe remaining data to better than 10% for all X and Z.

This is shown in Figs. B17-B20, where we :plotthe ratio ~it(x)/Q(x) .
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B-3. CONCLUSIONS

We feel that the 2 parameter “scali~g” gives good results for optically

allowed transitions, but that the results must be considered preliminary due

the small sample of transitions studies thus far. It is encouraging that we

fit the data of three different authors as this indicates that the procedure

to

can

is

not dependent upon any specific method of calculation, such as Distorted Wave,

R-Matrix, Coulomb Born, etc. It is pGssible that the Z dependence may need to

be changed, especially for the threshcld term. B2, which reflects the high

energy behavior, is quite close to the screening calculated from hydrogenic

shielding and thus Z - B2 becomes the effective Z, which we feel is a good

representation for the high energy behavior. We can find no such simple interpre-

tation of Bl, which may be trying to represent the effects of exchange, unitariza-

tion, and configuration interaction. Comparison of Bl, B2 and the shielding

constants are shown in Table B-III. After we have examined the above in more

detail and for more transitions, we hope to extend our calculations to all spin

allowed and the spin forbidden transitions.



TABLE B-I

THRESHOLD ENERGIES

Sequence z Averaged Threshold Energy (Ryd.)

Mann Kim Blaha

Li like 2s - 2p 4

5

6

7

8

14

18

22

26

42

Be like 2s2 - 252P 1P 6

8

18

26

Na like 3s - 3p 11

12

13

14

15

18

20

26

30

36

42

.2910

.4409

.5883

.7348

.8815

1.8000

2.4797

4.2888

.9327

1.4471

3.7870

6.4781

.3256

.4906

.6525

1.2928

2.6532

6.4235

.5940

.7417

.8892

3.3560

4.4010

12.7000

.1435

.3142

.4825

.8086

1.2940

2.6670

4.7940

6.4990

1.6184

2.6531

3.1389

4.1309

5.1484
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TABLE B-II

FIT COEFFICIENTS

Sequence Author ‘1 ‘2 co c1 C2 C3

Li 2s - 2p Mann .238 1.498 107.90 339.36 -145.69 98.23

Li 2s - 2p Kim -.12 1.81 287.90 -31.71 -18.06 70.70

Be 2s2 - 2s2p 1P Mann -1.95 1.53 54.74 376.31 -178.88 81.03

Na 3s - 3p Mam 4.02 7.66 682.04 1412.1 -434.24 441.53

TABLE B-III

Z COEFFICIENT COMPARISON

Sequence
‘1 ‘2

Screening
Constant

Kim Blaha Mann Kim Blaha Mann

Li 2s - 2p -.12 .238 1.81 1.498 1.679

Be 2s2 - 2s2p 1P -1.95 \ 1.525 2.28

Na 3s - 3p 5.48 4.02 7.69 8.69* 7.66 7.99

*
(4.73)

*
Data only goes to X = 16., not far enough to establish asymptotic behavior.

*
Comparison with Blaha when using approximately same range of elements.
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