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OSCILLATOR STRENGTHS FOR DIPOLE-ALLOWED FINE-STRUCTURE
TRANSITIONS IN Fe Xl
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Oscillator strengths, line strengths, and transition probabilities for fine-structure levels in silicon-like
iron, Fe XIIl, are reported. The data obtained are for 12&3bound terms, 64,45&S multiplets, and
307,863 fine-structure transitions. Calculations are carried oltSirtoupling using the close coupling
R-matrix approximation with a 14-term eigenfunction expansion. The fine-structure components are
obtained through algebraic transformations. Present data considerably exceed the observed and the previ-
ously calculated data available, including those from the Opacity Project. Comparisons with previously
measured and calculated values are madewsss Academic Press
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INTRODUCTION

Iron is an important element as it exists in astrophys-
ical spectra through all ionization stages. Fe Xlll, a silicon-
like ion, is abundant in many astronomical sources radiating
primarily in the extreme ultraviolet. Complete analysis of
astrophysical spectra requires a large number of transitions
in the radiative—collisional models. Comparatively few
studies have been carried out for this ion. The complexities
involved are due to the electron—electron correlation effects
and the relatively high ion charge, which result in closely
spaced bands of energy levels. There are 36 measured
bound levels, corresponding to 24S terms, below the
ionization threshold [1]. Among the previous theoretical
studies are multi-configuration Dirac—Fock calculations by
Huang [2], Hartree—Fock calculations by Fawcett et al. [3],
Hartree—Fock calculations including relativistic effects by
Bromage et al. [4] and by Fawcett [5], and multi-
configuration Thomas—Fermi calculations by Kastner et al.
[6]. The lifetime of one single level, Bp® °S, has been
measured by Tizert et al. [7]. Previous works have been
compiled in several National Institute of Standards and
Technology (NIST) publications [8, 9, 10]. Under two in-
ternational collaborations, the Opacity Project (OP) [11]
and the Iron Project (IP) [12], efforts are being made to
study the radiative and collisional processes of astrophysi-
cally abundant ions in detail. The first extensive calculations
for Fe Xlll were carried out by Butler et al. [13] under the
OP [11] using a nine-term wave function expansion in the
close coupling (CC) approximation using thHematrix
method. Their results have not yet been published, but the
oscillator strengths f-values) obtained in.S coupling are
available through the OP database TOPbase [14].

For applications in astrophysical spectral analysis,
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and for comparison with laboratory plasma experiments
fine-structure data rather th&$ multiplet data as obtained
under the OP are needed. The aim of the present work is
provide a reasonably complete set of transition probabilitie
for fine-structure transitions through large scale initio
calculations using the C&-matrix method. Similar results
for atomic transition probabilities have been obtained fo
other silicon-like ions, Sil, S 1ll, ArV, and Ca VII [15], and
for iron ions, Fe 1l [16], Fe 1l [17], and Fe XXIV and Fe
XXV [18]. A complementary set of data for the collision
strengths for Fe XIII is being computed under the IP [12]

Theory and Computations

For a bound—bound transition from an initial state
a final statg, the line strengthS, is defined (for example,
in Ref. [11]) as

S = [(W[[D[|¥)]?, )

in atomic units (a.u.), where the dipole operalbis

D=2 r, )

in the length form summed over the total number of elec
trons in the ion, andV'; and ¥, are the initial and the final
wave functions, respectively. The line stren&ln atomic
units is related to the oscillator strendth( f-value) as

S = (3g//Ey) fy, (3
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whereE; is the transition energy in rydberg aiwgl is the
statistical weight factor of the initial state, with = (2S; +
1)(2L; + 1) for an LS multiplet, and (J; + 1) for a
fine-structure transition. The transition probabilify, (Ein-
stein A-coefficient), can be obtained from the oscillator
strength as

i _ Ai(a.u)
Eﬁfij, Ai(s™h) = =,

g; To

1
Aji(a..u> = E Ol3 (4)

where« is the fine-structure constant aagl = 2.4191 X
10" s is the atomic unit of time.

In the present work, oscillator strengths lis cou-
pling are obtained in the CR-matrix method similar to the
OP work [11]. The fine-structure components of the transi-
tions are obtained fronh. S multiplets through algebraic
transformations. The transformations can be carried out via
the line strength or directly from the oscillator strength [16].
The line strength, which is independent of the transition
energyE;, is a better choice. As the observed transition

energies are determined more accurately than the calculated

ones, use of the former with the line strengths can provide
more accuratg; andA;. Hence, in the present calculations,
the fine-structure transition probabilities are obtained from

Svalues whenever observed energies are available and

from f-values when calculatell; are used.
The fine-structure line strengthS;,, are obtained as

Siy=C(Ji, J)Ss/[(2S + D)(2L; + 1)(2L; + D] (5)

for the allowed transitionsAJ = 0, =1); S is the spin,
which is the same &S. The values of the coefficien&(J;,
J;) can be found in Allen [19]. Thé&,, values satisfy the
condition

Ss= E Sy (6)

The fine-structuref-values, f;;, can be obtained directly
from f g as [20]

fi:(n;SLJ;, miSLiJ) = fis(nSL;, niSL)(2J; + 1)
X (2L; + 1)W2(LjLiJjJi; 1S), ()

whereW(L;L;J;J;; 1S)) is a Racah coefficient. The above
values also satisfy the sum rule

> (23 + 1) f,,(nSL;J;, miSLiJ)

JiJj

= (25 + D(2L; + 1) fis(nSL;, niSL).  (8)
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The above form is used when one or bath terms of the
transition are unobserved or when not all the fine structut
levels of anLS term are observed, and for transitions
between high angular momentum states (transitions invol
ing terms higher thakl < | where Allen’s coefficients are
not available).

The lifetime, 7;, of a state or levej can be obtained
from the transition probabilities to the lower levels, that is
from the A-values, as

1
T AGY ©

whereA, is the total radiative transition probability for the
state or level, that is,

m=2%. (10)

In the CC approximation the total wave function of
the ion, ¥ (E), is an expansion of core statgg, The core
is termed the “target” of N electrons. For any symmetry
Sl

V(E) = A D xi6 + >, ¢P,, (11)
i j

where y; is a specific target stat§L;m;; 6, is the wave
function of the N + 1)th electron in a channel labeled
S,Limk?l,(SLw) wherek? is the electron energy, which for
k? < 0 may represent a bound state of the electron—io
system; andh is the antisymmetrization operator. Te's
are correlation functions of theN(+ 1)th electron system
that compensate for the orthogonality condition of the tote
wave function as well as account for short-range correlatio
effects, and the;’s are the variational coefficients.

The present wave function expansion of Fe XllIl is a
14-term expansion consisting of the 14 lowest terms of th
core Fe XIV. The terms and the energies are given in Tab
A. The term energies and the orbital wave functions of th
core or the target ion are obtained from atomic structur
calculations using the program SUPERSTRUCTURE [21]
However, the calculated energies of observed terms ha
been replaced by the measured values listed in the NIS
compilation [1] where available. Not all the terms in Table
A have been observed; the unobserved term energies :
marked by asterisks. The sets of spectroscopic and corre
tion configurations, and the values of the scaling paramet
A for each orbital in the Thomas—Fermi—Dirac potentia
used in the atomic structure calculations are given in th
note to Table A. The second sum in the wave functior
expansion, Eq. (11), includes all possibi ¢ 1)-electron
configurations of Fe XIll up to @*, 3d?, 4s, and 4.
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TABLE A

Fe XIV States and Excitation Energies Used in the Wave Function Expansion of Fe Xl

Configuration SLw E(Ry) Configuration SLa E(Ry)
1 3s%3p ’pe 0.0 8 P° ‘s 5.34121
2 3s3p® ‘pe 2.12457 9 N ’pe 5.58566*
3 3s3p® ’D° 2.73911 10 33p3d ‘Fe 5.63024*
4 3s3p? ’s° 3.32333 11 33p3d ‘pe 6.07468*
5 3s3p® ’pe 3.58899 12 33p3d ‘D° 6.11603
6 3s°3d ’D°® 4.32324 13 33p3d ’D° 6.35966*
7 3p® D° 4.91648* 14 33p3d ’F° 6.67736*

Note.The energies marked with an asterisk are calculated energies, given here for unobserved terms. Following are the sets of spectroscopioand ¢
configurations, and the scaling parametarsfor each orbital in the Thomas—Fermi-Dirac potential used in the atomic structure calculations.

Spectroscopic configurationss®p, 3s3p?, 3p°, 3s°3d, 3s3p3d, 3p°3d.

Correlation configurations:s34s, 3s’4p, 3s3p4s, 3s3p4p, 3s3d4s, 3s3d4p, 3p®4s, 3p?4p, 3p?4p, 3p3d4s, 3p3d4p.
A (Scaling parameters)t.1(1s), 1.08576(2), 1.03329(D), 0.947(3), 0.90957(p), 1.00689(2), 4.85982(4), 2.19876(4).

The computations of the oscillator strengths for
bound-bound transitions are carried out usingRhmatrix

package of codes developed for the OP [22] and extended

for the IP [12]. Computations include &8Lw of Fe Xlll
formed from the target states in combination with the outer
electron withl = 9. The fine-structure components of the
f-values are obtained using the code JJTOLS [16]. Due to

the large volume, computations and processing of data are

carried out separately for each spin symmetrg (2 1) =
5, 3, and 1.

All bound states of the Hamiltonian matrix are
scanned for up ton = 10 andl = 9 with an effective
quantum number mesAv = 0.01. Identification of the
large number of. S bound states obtained has been a major
task for this ion. A term is designated as a possible combi-
nation of the configuration of the core and the outer elec-
tron, corresponding to an appropriate value &dr the outer
electron quantum numbers | and a larger channel per-
centage contribution. One way to identify the states is to sort
out the series o for the terms of same configuration but
with increasingn of the valence electron. However, small
differences inv for various terms of the same symmetry
have caused difficulties in assignments of proper configu-

rations. The quantum defects for these states are almost the
same. Hence, some uncertainties may have been introduced

in the identification of some of the states; that is, the exact
identification could also be the immediate upper or lower

term for such cases. Almost all the bound terms of Fe XIlI

are formed from the 14 Fe XIV target states included in

combination with the outer electron quantum numbers.

However, some additional bound states are found to have
formed from the bound channel configurations included

(second sum of Eq. (11)) in the calculations. These terms
are assigned with possible configurations with core of the
forms 33d?, 3p3d?, and 31°4s.
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Results and Discussion

The 14 CCR-matrix calculations have resulted in a
total of 1223 bound. Sterms of Fe XIlI lying below the first
ionization threshold. Of these, 24 states have been obsery
[1] and identified. The calculated term energies are corn
pared with the observed ones in Table B. The earlier ca
culations [13] under the OP correspond to a 9-term eiget
function expansion leading to 797 bound terms. In Table E
a comparison of present calculated energies with those
Ref. [13], and with observed energies, shows good agre
ment among the different values, generally to within 1%.

Table | lists the complete set of bouhd terms and
energies among which the dipole-allowed fine-structur
transitions are considered. In the Table, the calculated e
ergies of the 24 observed terms have been replaced by t
measured values, as these are used in the calculation
transition probabilities. Each.S term is prefixed by a
degeneracy symbol, a letter of the alphabet, for convenien
of identification. Ascending order of the alphabet is chose
for the even-parity states of a symmetry. The odd-parit
states are designated in the same way but with the alphal
in descending order. No degeneracy is assigned for terms
a position 27th or higher within the symmetry.

The dipole-allowed bound—bound transitions in Fe
XII result in 64,456 transitions amon@S terms. The
present number of transitions is over 71% more than th
number of transitions, 37,598, obtained by Butler et al. [13]
Fine-structure transitions have been derived fot.&mul-
tiplets in the present work, yielding an extensive set o
307,863 transitions. Observed energies have been us
wherever available for improved accuracy.

Present-values, both folLS multiplets and for fine-
structure transitions, are compared with those in the prev
ous calculations in Table C. With the exception of the
calculation by Butler et al. [13], who carried out CC
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TABLE B
Comparison of Calculated Fe Xlll Binding Energiés, (in rydberg)
with the Observed Valueg, [1], and with Calculated Values
E.(OP) from [13]

Configuration SLw E, E. E.(OP)

N, = 24 N, = 1223 N, = 797
3s?3p? p 26.414 26.393 26.345
3s?3p? D 26.098 26.107 26.064
3s°3p? 'S 25.702 25.701 25.643
3s3p® pe 23.906 24.029 23.985
3s3p°® *pox 23.529 23.657 23.608
3s3p° D° 23.234 23.339 23.301
3s3p® s 22.750 22.781 22.735
3s3p°® pe 22.544 22.652 22.612
3s°3p3d ’pe 22.061 22.029 21.976
3s?3p3d D 21.990 22.068 22.014
3s?3p3d *D° 21.901 21.935 21.881
3s?3p3d g 21.462 21.461 21.417
3s?3p3d pe 21.336 21.348 21.286
3s?3p4s *pox 14.254 14.155 14.172
3s?3p4s tpe 14.126 14.034 14.084
3s?3p4p ‘D 12.975 12.810 12.960
3s?3p4p P 12.728 12.424 13.336
3s°3p4d °D° 11.907 11.854 11.852
3s?3p4d ok 11.777 11.767 11.767
3s?3p4d 'Fe 11.677 11.705 11.695
3s?3p4d tpe 11.495 11.641 11.630
3s23p4f ‘D 10.673 10.644 10.641
3s?3p4f °p* 10.668 10.919 10.920
3s23p4f 'G 10.648 10.661 10.653

Note.An asterisk indicates incomplete set of observed fine-structure
levels.N is the total number of bound states.

R-matrix calculations, other previous works correspond to
atomic structure calculations requiring optimization of in-
dividual levels. A relatively smaller number of transitions,
including both dipole allowed and intercombination, were
considered in these calculations. All calculations agree bet-
ter for the singlet transitions than for the triplet ones. Present
LS oscillator strengths are consistently in good agreement
with those given by Butler et al. [13] for most of the
transitions. However, significant differences also exist for a
few cases, such as for the transitiors’3°(°P) —
3s°3p4s(®P°). The term energies for this transition from
both calculations are in good agreement (Table B); the
reason for the large difference in thealue is not obvious
but could be related to correlation effects in the present
work. Agreement is quite good for the present fine-structure
f-values with those obtained using multiconfiguration
Dirac—Fock calculations by Huang [2] for the dipole-
allowed transitions, §3p*('S, ‘D) — 3p3d(‘P°, 'F°),

and for 3%3p*(°*P) — 3p3d(°P°, °D°), but the differences
are considerable for the transitionss’3p*(°*P) —
3s3p’(°P°, °D°). The disagreement with [2] shown for the
3s’3p*(°P) — 3s3p’(°S") transition may be spurious;
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rather good agreement is actually seen if th8#(°S°) and
3s3p’(*P°) state labels are switched in [2]. Varying degrees
of agreement with the oscillator strengths are found b
Fawcett and collaborators (Fawcett et al. [3], Bromage et &
[4], and Fawcett [5]). While present values agree very wel
with those given by Fawcett et al. [3] for transitions such a
3s’3p*(*D) — 3p4s(*P°), 3p3d(°*F°) — 3p4p(°D), the
agreement is quite poor for some other transitions such
for 3s?3p*(°P) — 3p4s(°P°). The Dirac—Fock calculations
by Huang [2] and the Hartree—Fock calculations including
relativistic effects by Fawcett and collaborators often are i
good agreement with each other. The results from the:
atomic structure calculations can be very accurate for son
transitions but they can be considerably poorer withot
suitable optimization. In contrast, in the CC approximation
such as that used in the present case, the results are
consistent accuracy throughout except for very weak trar
sitions. However, for transitions where relativistic effects
are more important, the atomic structure calculations in
cluding these effects are probably more accurate. This
especially the case for transitions affected by relativisti
mixing between different multiplicities, such as between th
singlets and triplets. In recent developments under the |
[12] it is now possible to carry out CC calculations includ-
ing the relativistic effects using the Breit—Pauli approxima:
tion; this method has been used for the transition probabi
ities for two simple systems, Fe XXIV and Fe XXV [18].
Carrying out of such calculations for Fe XIII is planned.

As the lifetime of the 33p°(°Sy) level of Fe XlII has
been measured experimentally by 'bBeat et al. [7], it is of
considerable interest to study the decay rate from this leve
namely the transition €3p*(°P) <« 3s3p’(°S°). The
f-values from the three calculations, Refs. [13], and [4] an
the present, agree in general for th®transition (Table C),
indicating similar predictions for the lifetime (Table D).
However, the slight variation in the calculated energies wil
introduce some differences. The lifetime values from pre
vious calculations are 16.4 ps [13], 16.4 ps [4] (from L&
A-value), and 16.7 ps [4] (from fine-structure components
and the value from the present calculation is 15.8 ps (e
shown in Table D). The measured value is 21(4) ps witl
uncertainty ranging from 17 to 25 ps [7]. The calculatec
values agree with one another within the expected unce
tainty of the various theoretical treatments, and they agre
with the lower limit of the measured value, 17 ps, to within
a few percent. However, it may be that all theoretical value
somewhat underestimate the lifetime of i level.

Based on the accuracy of the calculated term energit
in comparison with the measured values, of the prese
f-values with previous calculations and of the lifetime with
the measured value, and on the general uncertainty of tl
CC method, it is estimated that the accuracy of the prese
f-, S, and A-values is approximately 10-30% for most
transitions. The uncertainty can be higher for weak trans
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TABLE C
Comparison of Fe Xllif-Values

Transition Multiplet o] O Present Others
3s?3p*-3s3p° S-pe 1 3 0.186 0.175 [13], 0.15 [4], 0.138 [5]
3s?3p°~3p3d 's-'pe 1 3 1.10 1.12 [13], 1.1 [2], 1.2 [4], 1.26 [5]
3s?3p°~3p4d 's-pe 1 3 0.534 0.524 [13], 0.39 [6]
3s?3p*-3s3p° ‘D-P° 5 3 0.183 0.179 [13], 0.18 [4], 0.189 [5]
3s?3p°~3p4s ‘D-'P° 5 3 0.12 0.11 [13], 0.11 [3]
3s?3p°~3s3p* 'D-'D° 5 5 0.0967 0.0918 [13], 0.080 [4], 0.077 [5]
3s°3p?-3p3d 'D-'D° 5 5 0.443 0.444 [5]
3s?3p°~3p3d ‘D-'F° 5 7 0.578 0.582 [13], 0.55 [2], 0.58 [4], 0.58 [5]
3s?3p°~3p4d ‘D-'F° 5 7 0.384 0.382 [13], 0.33 [3, 6]
3p3d-3p4p 'F-'D 7 5 0.0306 0.0301 [13], 0.22 [3]
3p3d—3p4f 'F-'G 7 5 0.72 0.71 [13], 0.75 [3, 6]
3s?3p°~3s3p° *p-*s° 9 3 0.196 0.194 [13], 0.19 [4]

5 3 0.194 0.005 [2], 0.20 [4], 0.195 [5]

3 3 0.198 0.042 [2], 0.16 [4], 0.162 [5]

1 3 0.203 0.019 [2], 0.18 [4], 0.162 [5]
3s?3p*-3s3p° p—2p° 9 9 0.0637 0.0591 [13], 0.057 [2]

5 5 0.047 0.049 [2], 0.05 [5]

5 3 0.0156 0.0083 [2], 0.0084 [5]

3 5 0.027 0.010 [2], 0.011 [5]

3 3 0.016 0.027 [2], 0.027 [5]

3 1 0.021 0.020 [2], 0.020 [5]

1 3 0.064 0.051 [2], 0.053 [5]
3s?3p°~3s°3p3d p-3pe 9 9 0.283 0.286 [13]

5 5 0.208 0.122 [2], 0.127 [5]

5 3 0.070 0.034 [2], 0.024 [4], 0.025 [5]

3 5 0.118 0.213 [5]

3 3 0.072 0.0001 [2], 0.0053 [5]

3 1 0.097 0.098 [2], 0.104 [5]

1 3 0.293 0.819 [2], 0.97 [4], 0.948 [5]
3s?3p°~3p4s p-2p° 9 9 0.0624 0.10 [13]

5 5 0.0468 0.088 [3]

5 3 0.0154 0.040 [3]

3 5 0.0262 0.057 [3]
3s?3p*-3s3p° *p—*D° 9 15 0.052 0.048 [13], 0.046 [2]

5 7 0.043 0.036 [2], 0.034 [5]

5 5 0.0077 0.0010 [2]

5 3 0.0005 0.00015 [2]

3 5 0.040 0.048 [2], 0.046 [5]

3 3 0.013 0.0065 [2], 0.0063 [5]

1 3 0.055 0.069 [2], 0.067 [5]
3s?3p°~3s°3p3d *p-*D° 9 15 0.707 0.704 [13], 0.65 [4]

5 7 0.59 0.577 [2], 0.59 [4], 0.57 [2], 0.585 [5]

5 5 0.105 0.0004 [2], 0.23 [4], 0.227 [5]

5 3 0.007 0.047 [2], 0.06 [4], 0.057 [5]

3 5 0.53 0.17 [2], 0.19 [4], 0.206 [5]

3 3 0.18 0.25 [2], 0.25 [4], 0.255 [5]

1 3 0.72 0.162 [2], 0.08 [4], 0.095 [5]
3s?3p°-3s°3p4d *p-*D° 9 15 0.361 0.346 [13]

3 5 0.27 0.23 [3]

1 3 0.36 0.35 [3]
3p3d-3p4p *F°-°D 21 15 0.0478 0.0474 [13]

9 7 0.048 0.046 [3]

7 5 0.042 0.040 [3]

5 3 0.040 0.034 [3]
3p3d-3p4f *Fe-°G 21 27 0.792 0.776 [13]

9 11 0.75 0.73 [3, 6]

7 9 0.74 0.50 [3]
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TABLE D
Lifetime (in 107** s) of the 33p°(°S)) Level in Fe XIlI

Theory
Experiment
Level Present [13] [4] [7]
3s3p°(°SY) 15.8 16.4 16.4 16.7 21 (4)

® From theLS value.
® From fine-structure values.

tions. However, more measured values and more accurate
calculations are required for better estimation of the accu-
racy of the present values. The present method does not
include any relativistic effects for the fine-structure transi-
tions. For highly excited states, the relativistic effects and
LSJmixing can be significant. These may result in stronger
intercombination transitions and somewhat different
strengths among the corresponding allowed fine-structure
components. As discussed in the previous section, there are
also uncertainties in configuration assignments for some of
the states due to fact that the quantum defects are nearly the
same. Hence, the identification of some of these transitions
may not be exact.

The volume of results obtained for the oscillator
strengths ), line strength §), and transition probabil-
ities (A-values) for Fe Xlll is quite large. It is imprac-
tical to publish such a large number of transitions. Hence,
the table containing the complete set Bf S, and
A-values for bothLS multiplets and fine-structure tran-
sitions along with 1223 energy terms will be made avail-
able electronically. A FORTRAN code will be provided
to read the file and obtain the relevant quantities, such as
A-values for lifetime calculations. Table Il represents a
partial table presenting only those transitions for which
observed energies have been used. The format corre-
sponds to that of the complete table.

Summary and Conclusion

An extensive set of-, S-, and A-values for 64,456
LS-multiplet transitions and 307,863 dipole-allowed fine-
structure transitions in Fe XIll is obtained. This work pre-
sents the first extensive data set for fine-structure transitions
for this ion. The number of bound states obtained is con-
siderably larger than for previously measured and calculated
data. Calculations are carried out in the G&matrix
method for thelL S transitions, and the fine-structure com-
ponents are obtained through algebraic transformations. The
observed energies are used, wherever available, for im-
proved accuracy. The uncertainty is estimated to be 10% for
strong transitions and about 10—30% for most other transi-
tions. Inclusion of relativistic effects, which have not been

135

considered in the present work, could lead to further im
provements. Present results should be applicable to vario
laboratory and astronomical plasma diagnostics, such as
the detailed analysis of UV spectra.

The full table of transition probabilities and energies
is available in electronic form from the author at
nahar@astronomy.ohio-state.edu. A FORTRAN77 code
attached to the table to read thevalues and calculate the
lifetime for anyLS term or fine-structure level.
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EXPLANATION OF TABLES

TABLE I.  Bound States of Fe Xl
This Table presents the bound states of Fe XIIl among which the dipole-allowed transitions are consic

Term Electronic configuration andS term. The lowellS terms are prefixed by a degeneracy symbol it
alphabetically ascending order for successive even-parity states and descending orde
successive odd-parity states of the same symmetry. No degeneracy is assigned for term
position 27th or higher within the symmetry.

E(RY) LS binding energy (in rydberg) used in the present calculation. (Negative sign is omitted
convenience.)

TABLE II. Oscillator Strengths, Line Strengths, and Transition Probabilities for Allowed Transitions in Fe XIlI

Data are given in subsets, with the first line corresponding td_thé&ansition and subsequent lines to its
fine-structure components. In the complete electronic file the subsets are ordered by observed states, as giv
followed by the calculated states.

Transition The transitiom — j, with states andj in the notation of Table I.

E. E Binding energies of the initial and fin&lS terms given in rydberg on the first line, and the excitatior
energies of the initial and final fine-structure levels given in ton the subsequent lines. (The
negative sign for th& S term binding energy is omitted for convenience.) Asterisks in place
the fine-structure energies mean one or both levels are not observed.

E; Transition energy (in rydberg). The transition energy for the case of unobserved levels is obta
from thef- and S-values as£; = 3g;(f;/S).

0i, 0 The statistical weight factors of the initial and final states (levels).

fy Absorption oscillator strength (dimensionless).

S Line strength (in a.u.).

A Transition probability from upper stajeto lower state (in s ).
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TABLE I. Bound States of Fe Xl
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)

3523p? 1ge 25.70221 3p3d24p 3ge 4.43398
pl blse 20.33870 3p3d24p 035¢ 4.02066
3523d2 clse 18.57390 3s23p(2P°)Tp  p3S° 3.89122
3s3p?(2D%)3d 1Ge 16.85690 3s3p3d(2F°)Af ¢ 3S° 3.84185
3523pg2P0)4p e lge 12.54580 3523d(®?D°)5d 1 3S° 2.96766
3523d 1ge 12.53420 3523p(2P°)8p s 38° 2.88868
3523d? 1ge 11.77120 3p3(2P°) t38e 2.43403
3s3p2g256)4s h1S¢ 10.61790 3s3p? (256) u 35¢ 2.31419
3523d ilse 10.08850 3323p(2P°) v 38¢ 2.27397
3s3p?(2D)4d  j 'S¢ 8.72829 3s3p%(*D )6d w 38¢ 2.20068
3523p(?P°)5p k'S¢ 7.87144 3523p(?P°)10p = 35 1.82828
3p*(2P°)4p 11se 6.90315 3s3p3d(*P°)5p 1y 3S° 1.78467
3523d(®D*)4d Lge 6.69289 3s3p? z 38° 22.75013
3523p(2P°)6p n 1Se 5.28141 3p®(2D°)3d 3go 16.84160
353p (25¢)5s o lS° 5.12048 3s3p3 x 350 15.70260
3s3p g2De )5d  plSe 4.49350 353p3d2 w 38° 13.65450
3523d Lge 4.04825 3s3p? (1 P¢)4p v 38° 11.37000
3s23p(?P°)Tp 1 lS© 3.84490 3s3p*(PP%)4dp  u 38° 9.43493
3s3p3d(2F°)Af s 'S¢ 3.78293 3p3d24s t 350 8.67974
3s3d24s Lge 3.61111 3p*(2D°)4d s38° 6.77336
3s23p(?P°)8p  u 'S¢ 2.90651 3s3p2(*Pe)5p 1 38° 5.96824
3523d(2De) v 8¢ 2.71124 3s3p3d(*D°)4d ¢ 3S° 5.67155
3s3p? (256) w 15¢ 2.34167 3s3p3d(®D°)4d p 3S° 5.27257
3523p( Yp  xlSe 2.25478 3s3p?(2P)5p  038° 4.38684
3s3p%(2D¢)6d Lge 2.19419 3s3p2(*P¢)6p  n 3S° 3.34518
3p2(2P°)5p z 15¢ 2.15829 3p3d4s m 38° 3.11050
3s23p(?P°)10p  1S°¢ 1.81444 3p3(45°)4s [35° 3.07606
3p®(2D°)3d z 150 17.78060 3p®(2D°)5d k38 2.38623
3s3p3d? 1go 15.06390 3s3d%4p j 350 2.18344
3s3p?(2P%)dp  x 1S° 9.89850 3s3p?(APe)Tp 0380 1.79494
3p°(?D°)4d w 150 6.74732 3s3p*(2P¢)6p  h 3S° 1.75493
3s3p3d(>D°)4d v 1S° 5.34194 3s3d?4p g38° 1.67206
3s3p*(2P¢)5p u 1S° 4.48586 3d?4s4p f3s° 1.53061
3p3d34s t 150 2.53911 3s3p3d(*D°)5d e 3S° 1.18345
3p3(2D°)5d s1g° 2.39754 3s3p3d(?D°)5d  d 35° 0.91255
3s3d%4p r1Se 2.18391 3s3p*(*P)8p ¢ 35° 0.81287
3s3p?(2P)6p 1Go 1.82283 3s3p?(2P)Tp b 3S° 0.29547
3s3p3d(2D°)5d p 'S° 0.93241 3p°(19°)5s a38° 0.25149
3s3p?(PP9)7Tp o lS° 0.31470 3s3p* (1 P¢)9p 380 0.14484
3d%4s4p n 1§° 0.24249 3d%4s4p 3 g0 0.09112
3p3(2D°)6d m 150 0.08156 3p®(2D°)6d 3.G0 0.04805
3s3p%(2D¢°)3d a 39¢ 19.23670 3p23d? a®8¢ 13.59540
3523pg2P° 4p  b3Se 13.11400 3s3p3d(*P°)4p b °S° 7.04687
3p*3d c?se 11.85170 3s3p3d(*Fe)Af c°8° 5.02703
3s3p (25¢)4s  d3S° 10.92440 3s3p3d(*P°)5p d 5S¢ 1.89379
3s3p?(2D)4d e 3S° 8.85900 383p3d(4F0) ebse 1.20975
3523p(P°)5p 35e 7.98549 3s3p? z 980 24.73540
3p°(2P°)4p g 35 7.48290 3s3p3d2 y °8° 15.74340
3s23d(2D%)ad  h 2S¢ 7.34698 3s3p?(*Pe)dp  x°S° 10.83650
3s3p3d(*P°)dp i 3S° 6.64896 3p®(15°)4s w 58° 8.99575
3s23p(PP°)6p  j 35°¢ 5.37570 3s3p?(*P)5p v °S° 5.90001
3s3p?(29°)5s k3¢ 5.19605 3s3p3d(1D°)4d u ®S° 5.46442
3s3p3d(*Fo)Af 138° 4.75150 3s3p? (4 P¢)6p 560 3.28447
3s3p>(?D°)5d  m 3S° 4.52973 3p®(15°)5s 5°8° 3.16295
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TABLE I. Bound States of Fe Xl
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)
3p3d*4s r5s° 2.42299 3s3p*(?De)Af  11P° 8.34900
3s3p*(*P)Tp ¢ °S° 1.75834 3p3d24s k 1pe 7.79647
3s3d%4p 5ge 1.57516 3s23p(2P°)5d  jlP° 7.26760
3s3p3d(*D°)5d o0 °S° 1.04084 3523d(2D)4f i 'P° 6.83244
3s3p?(*P¢)8p  n 5S¢ 0.79347 3p3(?D°)4d h 1P 6.15627
3p3(59°)6s m 55° 0.29218 3p3(2P°)4d gipe 6.02721
3s3p?(*Pe)9p  158° 0.15202 3523p(2P°)6s 1 pe 5.62929
3s3p?(2D)3d  a 'P° 19.39130 3s3p3d(?D°)4d e ' P° 5.36663
3s3p2g2P€)3d blpe 18.34830 3s3p?((D®)5p  d 1P 5.15265
3p*3d clpe 13.34590 3523p(?P°)6d ¢ 'P° 4.98880
3s23p(?P%)4p  d 'P° 12.72803 353p3d(>F°)4d b 'P° 4.82643
3s3p2g2P6)4s e 1pe 12.27910 3s3p*(25¢)5p alpe 4.63680
3p%3d fipe 10.61200 353p%(>P¢)5p Lpe 4.29605
3s3p*(?D)4d g 'P° 8.95844 3s3p%(2D°)5 f N 4.04827
3s3p?(2P¢)4d  hlP¢ 8.25976 3523p(P°)7s 1 po 4.01057
3p3(2D°)4 ilpe 8.14948 3523p(2P°)7d Lpe 3.66348
3s23p(2P°)5p  jlPe 8.00676 3523d(>D¢)4p o 3.54517
3p3(2P°)4p k tpe 7.47086 3523p(2P°)8s L po 3.01377
3523d(?D°)4d 1 'P° 7.34192 3p3d24s 1 po 2.99130
3s3p3d(*P°)dp m 1P¢ 6.61103 3p3(2P°)5s Lpe 2.84666
3p3(2D°)4f n lpe 5.89068 3523p(>P°)8d o 2.76561
3s23p(?P°)6p o 'P° 5.42480 353p%(2D°)6p 1 po 2.59802
3s3p?(2P°)5s  p lpe 4.90643 3523d(2D°)5 f 1 peo 2.44571
3s3p*(2D¢)5d ¢ 'P° 4.57765 3p3(2D°)5d Lpe 2.43918
3s3d%4s rlpe 4.50682 3523p(*P°)9s o 2.34788
3p3d%4p s1pe 4.36147 3523p(>P°)9d 1 po 2.19125
3s3p3d(2D°)4f t'Pe 4.24337 3p3d*ds L po 2.17356
3s23p(?P°)Tp  wu lP¢ 3.90643 3s3p*(25¢)6p Lpe 2.12216
3s3p3d(2Fo)Af v lP° 3.87729 3p3d34s 1 po 2.05176
3p3d34d w 1 pPe 3.80934 3p3d34s 1 pe 1.99619
3s3p?(2P¢)5d  x P 3.58056 353p%(2D°)6 f W 1.97143
3p3(2D°)5p Lpe 3.08545 3p3(2P°)5d Lpe 1.91872
3s23d(®D¢)5d =z 'p¢ 2.99770 3s23p(?P°)10s  lpe° 1.88051
3523p(2 P°)8p L pe 2.92493 3523p(?P°)10d  'pP° 1.75774
3p3(2P°)5p L pe 2.42658 353d*4p 1 po 1.70330
3523p(2P°)9p 1 pe 2.29339 383p2g2Pe)6p 1peo 1.69150
3s3p*(>D*)6d L pe 2.22734 3523p a 3pe 26.41387
3s3p%(2P¢)6s L pe 2.00431 3p* b3pe 21.22360
3p3(2D°)5 f 1 pe 1.98794 3p?3d> c3pe 20.11330
3s23p(2P°)10p  'Pe 1.83096 3s3p%(*P€)3d  d3P¢ 19.32360
3s3p? z 1pe 22.54429 3s3p*(?D®)3d e 3P° 18.38530
3s23p(2P°)3d  y 1P° 21.33558 383p232P€)3d f3pe 17.43740
3p*(>D°)3d x 1p° 16.82610 3p*3d 3 pe 13.69680
3p3(2P°)3d w LPe 15.42320 3p*3d? h 3pe 13.04560
353p3d> v 1pe 14.52490 3523pg2P0)4p i 3pe 12.98730
3s3p3d> u 1P° 14.27960 3p?3d j 3 pe 12.60220
3s23p(®P°)4s  t'P° 14.12619 353p2g4Pe)4s k 3pe 12.15600
3s3p3d> s tpe 13.27370 3p*3d 13pe 11.87810
3s23p(?P°)4d  rtp° 11.49454 3p?3d> m 3 pe 11.75940
3s3p?(>D¢)4dp q P 10.37260 3s3d%4s n 3P¢ 11.24910
383p?(25¢)4p Lpe 9.79033 3s3p*(?P¢)4s 0 3P° 10.64900
3s3p2(2P%)4p o lP° 9.18263 3s3p2(*P°)4d  p3p° 9.70739
3p°(2P°)4s n 1p° 8.64730 353p%(?D*)4d 3 pe 8.90153
35%3p(3P°)5s  m 'P° 8.39159 3p3(2D°)4p r 3pe 8.21813
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TABLE I.

Bound States of Fe XIlI

See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)
3s3p2(2P°)4d 3pe 8.00618 3523p(2P°)5s 3pe 8.42172
3523p(2P°)5p 3 pe 7.95721 3s3p?(2De)Af i 3P° 7.93301
3p3(15°)4p u 3P 7.54662 3s3p3d(*P°)4s  h 3P° 7.76536
3523d(2D€)4d v 3 Pe 7.21945 3s23p(2P°)5d g *P° 7.29486

2 3 pe 7.19575 3p*(?D°)4d f3pe 6.79978
353p3d Vdp x 3P¢ 7.11450 3s23d(2D)Af e 3P° 6.33175
3s3p3d(*D°)dp y 3P° 6.66223 3p°(2P°)4d d3p° 6.12079
3s3p3d(2D°)4p z 3p¢ 6.55247 3s3p3d(*F°)4d ¢ 3P° 5.88442
3s3p? (4 P¢)5s 3 pe 6.22370 3s3p?(*Pe)5p b 3P 5.81796
3p3(2D°)4f 3 pe 5.82144 3s23p(2P°)6s  a3P° 5.64806
3523p(2P°)6p 3 pe 5.37877 3s3p3d(*P°)4d  3P° 5.56767
3s3p*(*P¢)5d 3 pe 5.24060 3s3p3d(*D°)4d  3P° 5.42970
3s3p?(2P¢)5s 3 pe 4.93857 3s3p3d(2D°)4d P 5.31590
3s3p3d(*Fe)af 3P 4.86444 3s3p*(*D*)5p 3pe 5.18493
3s3p3d(*D°)af  3pe 4.59704 3523p(2P°)6d 3pe 5.00811
3s3p*(?D*)5d 3 pe 4.56406 3s3p3d(?F°)4d  3P° 4.80345
3p3d%4p 3 pe 4.50115 3s3p?(259¢)5p 3 pe 4.65617
3s3p3d(?D°)4f 3P 4.39037 3s3p? (2P°)5p 3 pe 4.38487
3p3d*4p 3 pe 4.15762 3s3p* (D)5 f 3pe 4.10217
3s3p3d(2Fo)Af  3pe 3.94124 3523p(2P°)7s 3pe 4.02638
3p3d%4p 3 pe 3.93098 3s23p(2P°)7d 3 pe 3.64166
3523p(2P°)Tp 3 pe 3.86284 3523d(2D°)5p 3 po 3.61553
3s3p*(2P°)5d 3pe 3.68440 3s3p*(*P¢)6p 3pe 3.21024
3s3p? (1 P¢)6s 3 pe 3.48804 3p3d*ds 3 pe 3.10670
3p°(2D°)5p 3 pe 3.03085 3523p(2P°)8s 3 pe 3.02136
35%3p(2P°)8p 3pe 2.93892 3p3(2P°)5s 3pe 2.89167
3s3p*(* P¢)6d 3 pe 2.90778 3523p(2P°)8d 3pe 2.77339
3523d(2D¢)5d 3 pe 2.86825 3p3d*ds 3 pe 2.67737
3p°(15°)5p 3 pe 2.57080 3s3p?(2D¢)6p 3 pe 2.60483
3p3(2P°)5p 3pe 2.39476 3p3d4s 3pe 2.53394
3523p(2P°)9p 3 pe 2.28463 3523d(2D°)5f 3pe 2.52056
353p2(2DC)6d 3 pe 2.24150 3p*(2D°)5d 3pe 2.42465
353p ( Pe)6s 3 pe 2.02679 3p3d*4s 3 pe 2.35750

2 3pe 1.96731 35%3p(2P°)9s 3pe 2.34869
353p3d 3 pe 1.95218 3s3p3d(*P°)5s  3P° 2.28173
3s3p? (4P")7s 3 pe 1.90604 3s3d%4p 3pe 2.22445
3s23p(2P°)10p 3P 1.82900 3523p(2P°)9d 3 po 2.17575
3s3p3d(*D°)5p 3P 1.74657 353p2(256)6p 3pe 2.08147
3s3p? z3p° 23.52853 3s3p(2D°)6 f 3 pe 2.01950
3s23p(2P°)3d  y3P° 22.06081 3s3d%4p 3 pe 1.98338
3p3(°D°)3d x 3P° 16.81400 3s23p(*P°)10s  3pP° 1.88559
3p%(2P°)3d w 3P° 16.70060 3s3p*(2P¢)6p 3pe 1.82325
3s3p3d> v 3P° 15.34900 3s23p(2P°)10d P 1.75920
353p3d? u 3P° 15.11790 3s3p? (4 P¢)7p 3pe 1.73101
353p3d? 3pe 14.80190 3p®(2P°)5d 3pe 1.70376
3523p(?P°%)4s s 3P° 14.25442 3s3p3d(*F°)5d  3P° 1.69206
3s3p3d> r3pe 14.12170 3s3p? g4P@)3d 5 pe 20.26880
3523p(2P°)4d 3 pe 11.69680 3p*3d boPe 13.29970
3s3p*(*P)4p  p3P° 10.90630 3s3p*(*P°)4s ¢ 5P° 12.25010
3s3p2(?D%)4p 0 3P° 10.25060 3s3p?(*P€)4d  d °P° 9.73160
3s3p?(2S¢)dp  n3P° 9.81929 3p®(1S°)4p e °pe 7.94300
3s3p?(2P%)dp  m 3P° 9.57119 3s3p3d(*P°)4p  f °P° 7.06997
3s23d(?D)4p  13P° 8.79162 3s3p3d(*D°)dp g °P® 6.81191
3p3(2P°)4s k 3P° 8.51198 3s3p?(*P¢)bs  h°P¢ 6.35690
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TABLE I. Bound States of Fe Xl
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)
3s3p?(*P®)5d i °P°¢ 5.25024 3s3p*(?S)4d  r D¢ 8.37860
3s3p3d(*F°)Af jOP° 5.06483 3s3p*(®?P)4d s ‘D¢ 8.10345
3s3p3d(*D°)4f kOP¢ 4.65208 3523p(2P°)5p 1 pe 7.87168
3s3p*(*P€)6s 1 °P° 3.53401 3p3(°D°)4p ulDe 7.59135
3s3p%(*P¢)6d bpe 2.92873 3p3(2P°)4p v iD® 7.23674
3p3(45°)5p n °pe 2.65628 3523d(®D*)4d 1 De 7.18763
383p? (A P%)7s 05 P¢ 1.94556 3s23p(?P°)5f  xlD° 6.83179
3s3p3d(*P°)5p 5 pe 1.91542 3s3p3d(*F°)4p L De 6.59886
3s3p3d(*D°)5p  q °P° 1.81331 3s3p3d(2D°)dp =z D¢ 6.14627
3s3p*(1P)7d  r °P° 1.53104 3p3(2D0)4f L pe 5.83975
3s3p3d(*F°)5f s °P¢ 1.22601 3s3p?(>D*)5s Lpe 5.66113
3s3p? (1 P°)8s S pe 0.90140 35%3p(2P°)6p Lpe 5.34202
3s3p3d(*D°)5f u °P° 0.78227 3p3(2Po)Af L De 5.00426
3s3p*(4P°)8d v S P¢ 0.65237 3523p(?P°)6 f L pe 4.74473
3s3d%4s 5 pe 0.24717 3s3p%(2D*®)5d L pDe 4.61774
3s3p*(*P€)9s  x °P° 0.22515 3s3p3d(*Fo)af D¢ 4.40654
3s3p2(*P°)9d 5 pe 0.05999 3s3p3d(?D°)4f D¢ 4.32953
3p3(15°)6p z 5pe 0.00607 3523d(2D*)5s L De 4.26833
3s3p3d? z 5 P° 16.29840 3s3d*4s Lpe 4.04947
3s3p% (1 P¢)4p 5 pe 11.17410 353p*(25¢)5d 1pe 3.98115
3s3p3d(*P%)4s x °P° 8.08878 3p3d>4p Lpe 3.94884
3s3p3d(*F°)4d  w O P° 5.99827 3s3p*(2D*)5g Lpe 3.88870
3s3p2(*P%)5p v oP° 5.90570 3p3d24p Lpe 3.87503
3s3p3d(*P°)4d  u °P° 5.77123 3s23p(?P°)Tp Lpe 3.85177
3s3p3d(*D°)4d t °P° 5.45267 3p3d?4p L pe 3.74896
3s3p*(‘P¢)6p s °P° 3.25801 3s23p(PO)Tf L pe 3.48249
3p3d34s roP° 2.95730 353p2(2P°)5d L De 3.37759
3s3d%4p > pe 2.60111 3p3(2D°)5p Lpe 2.96443
3$3p3d(4P")5s p°pP° 2.35350 3523p(2P°)8p L De 2.92333
3s3p2(*P%)Tp 0 °P° 1.75684 3523d(*D*)5d Lpe 2.86838
3s3p3d(*F°)5d n °P° 1.63073 353p2(2D*)6s 1pe 2.83864
3d%4s4p m 5 P° 1.31513 3s23p(P°)8f L pe 2.66373
3$3p3d( °V5d 1 °P° 1.25526 3523d(2D¢)5g L De 2.38957
3s3p3d(*D°)5d  k °P° 1.15292 3p3(2P°)5p L pe 2.35831
353p3d(4 °)5g jOP° 1.07780 3s23p(*P°)9p Lpe 2.27332
353p (AP%)8p i 5P° 0.79282 3s3p*(2D*)6d Lpe 2.26562
3s3p? g‘lpe)gp h °p° 0.15647 3523p(2P°)9f L De 2.10390
3523p a D¢ 26.09807 3p3(2D°)5 f L pe 1.96862
3p* blDe 21.08020 3s3p?(2D*)6g L De 1.91910
3$3p (2De)3d c D¢ 18.98450 3s23p(®P°)10p  'De 1.82629
353p (256) d D¢ 18.66270 3s23p(?P°)10f D¢ 1.70222
3s3p? g P9)3d  elDe 17.77830 3s3p3 z 1D 23.23430
3523d LDe 17.44850 3523p(2P°)3d Lpe 21.99006
3p23d> L De 13.58120 3p3(3D°)3d x 1D° 17.16500
3523])821:’0)41) r1De 12.97544 3p3(2P°)3d w 'D° 16.11440
3p?3d ilDe 12.64770 353p3d> v 1D 15.20320
3p?3d> i LDe 12.05190 353p3d> u ' D° 14.31200
3p?3d? k De 11.98520 353p3d? 1 pe 13.59580
3$3p2g2De)4s 1 'De 11.32900 3s23p(?P°)4d s 1D° 11.87440
3p?3d 1pe 11.28040 3s3p*(?D%)4p 1 'D° 10.56320
3523pg2P0)4 f n'De 10.67276 353p2(2P°)4 Lpe 9.35663
3p%3d o1D® 10.62370 3p3(2D°)4s piD° 8.98673
3523d(>D¢)4s L De 9.74273 3523d(®D%)4p o 'D° 8.86781
3s3p*(?D%)4d ¢ 'D° 9.01091 3s3p*(?D)4f  n'D° 7.97334
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Term E(Ry) Term E(Ry)
3s3p3d(®’D°)4s  m 1D° 7.54170 3s23p(3P°)5f  w3De 6.90461
3s23p(*P°)5d 1 'D° 7.37343 353p3d(*P°)4p x 3D° 6.88817
3s3p?(2Pe)af  k'De 7.22863 3s3p3d(*D°%)dp y 3D® 6.67474
3p3(2D°)4d jlDe 6.72606 3s3p3d(®D°)4p  z 3D*¢ 6.53270
3s23d(?D)Af i l'D° 6.49538 3s3p3d(2F°)4p  3D° 6.26734
3p*(2P%)4d h 'D° 6.13398 3p3(2D°)4f 3pe 5.88064
3s3p3d(*D°)4d g 'D° 5.35921 3s3p%(2D%)5s 3pe 5.73671
3s3p*(?D)5p  flDe 5.26320 3523p(2P°)6p 3pe 5.38836
3s23p(®?P°)6d e 'D° 5.04594 3p3(2Po)Af 3pe 5.25421
3s3p3d(*F°)4d d 'D° 4.93075 3s3p2(*P¢)5d 3pe 5.14982
3s3p*(?P¢)5p ¢ lD° 4.35607 3s3p3d(*Fo)af  3De¢ 5.03815
3s3p*(?De)5f b 1D° 4.11721 3523p(2P°)6 f 3pe 4.78170
3523d(*D°)5p  a 'D° 3.69441 353p%(>D*)5d 3pe 4.65663
3523p(?P°)7d ' pe 3.66131 3s3p3d(*P°)af  3De° 4.61040
3p3(°D°)5s Lpe 3.50725 3s3p3d(*D°)4f  3D¢ 4.50295
3s3p2(2P°)5f Lpe 3.33646 3s3d?4s 3pe 4.43272
3s3p3d> Lpe 3.28906 3s3p3d(2D°)4f  3D° 4.36180
3523p(2P°)8d 'pe 2.78469 3523d(2D®)5s 3pe 4.35358
3s3p?(>D¢)6p 1pe 2.67315 3p3d24p 3pe 4.20242
3523d(2D°)5 f Lpe 2.58692 3p3d24p 3pe 4.15851
3p*(2D°)5d 1 pe 2.51616 3s3p3d(2F°)Af  3De° 4.02439
3p3d*4s ok 2.44803 3s3p%(25¢)5d 3pe 3.96043
3p3d*4s Lpe 2.30185 353p%(>D¢)5g 3pe 3.91911
3523p(2P°)9d L pe 2.18616 3523p(2P°)Tp 3pe 3.88437
3p3d?4s ' pe 2.16471 3523d(>D)6s 3pe 3.82406
3s3p3d(*D°)5s  1D° 2.07388 3s3p%(2P¢)5d 3pe 3.64685
3s3p* (D)6 f 'pe 2.00965 3523p(2Po)7f 3pe 3.50121
3p3d*4s Lpe 1.95240 3p3(2D°)5p 3pe 3.08494
3p°(2D°)5g ' pe 1.85658 3523d(>D¢)5d 3pe 3.01591
3s%3p((P°)10d  'D° 1.77487 35%23p(2P°)8p 3De 2.93094
3p3(2P°)5d Lpe 1.76534 353p*(2D°)6s 3pe 2.89570
3s3p*(2P¢)6p 1pe 1.70450 3s3p% (1 P¢)6d 3pe 2.85683
3s3p?(*P°)3d  a 3D° 19.70060 3523p(2P°)8f 3pe 2.67694
3s3p*(2D¢)3d  b3D° 19.43030 3p3(2P°)5p 3De 2.41194
3s3p%(28)3d ¢ 3D¢ 19.07530 3523d(®D¢)5g 3pe 2.40210
3s3p? g2Pe)3d d3D¢ 18.68930 3s3p%(*D*)6d 3pe 2.29310
3p*3d e 3D® 13.59400 3523p(2P°)9p 3pe 2.28632
3823pg2P°)4p f3De 13.23980 3s3p3d(*F°)5p 3pe 2.24956
3p*3d 3De 13.07750 3523p(2P°)9f 3pe 2.11292
3p?3d? h 3D¢ 12.30190 3p2(°D°)5f 3pe 1.98124
3p*3d? i3D® 12.25130 3s3p%(2D*)6g 3pe 1.93602
3p%3d? j D¢ 11.92150 3s3p3d(*P°)5p  3De¢ 1.85437
3s3p*(?D%)4s kD¢ 11.57790 3523p(*P°)10p  3D° 1.83385
3s23p(?P°)af  13D° 10.79310 353p%(25¢)6d 3pe 1.78658
3s23d(?D¢)4s  m 3D¢ 9.84355 3s23p(2P°)10f  3De¢ 1.70817
3s3p*(*P¢)4d  n 3D° 9.48529 3s3p° z3D° 23.90564
3s3p*(?D®)4d 0 3D° 9.09897 3523p(?P°)3d  y 3D° 21.90079
3s3p>(2S€)4d  p3D° 8.40825 353p3d? x 3D° 17.61890
3p3(2D°)4p q 3D¢ 8.20682 3p3(2D°)3d w 3D° 16.81620
3s3p2((P°)4d  r3D° 8.10692 3p3(45°)3d v 3D° 16.13850
3s23p(?P°)5p s 3D° 7.96023 3p3(2P°)3d u 3D° 15.91050
3p3(2P°)4 t3De 7.50718 353p3d> t3D° 15.17420
3s23d(?D°)4d  u 3D® 7.42121 353p3d> s 3D° 14.95520
3s3p3d(*F°)4p v 3D° 7.23814 353p3d> r3D° 14.34170
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Term E(Ry) Term E(Ry)
353p3d> q3D° 14.14670 3523p(?P°)10d  3D° 1.74917
3523p( P°)4d 3De 11.90721 3s3p(1P°)Tp 3De 1.72344
3$3p (*P)4p  o3D° 11.05500 3p3(2P°)5d 3pe 1.69191
353p (2De)4 n 3D° 10.37970 3s3p2g4pe)3d a®D° 20.72660
3s3p2(2P¢)4p 3De 9.68365 3p23d b °D® 13.75500
3p3(2D°)4s 13D° 9.13775 3p?3d? c®°D® 13.25220
3323d(2D6) k 3D° 8.87769 3s3p*(*P¢)4d  d°D¢ 9.54655
3s3p2(4P8)4 f  ji3De 8.71376 3s3p3d(*F°)4p e °D® 7.31467
3s3p?(?D)Af  i3D° 8.04520 3s3p3d(*P°)4p  f SD¢ 7.11014
3s3p3d(*D°)4s  h3D° 7.78243 3s3p3d(*D°)dp g °D° 6.88149
3s3p3d(®’D°)4s g 3D° 7.71645 3s3p2(*P°)5d  h 5D 5.19060
3523p(2P°)5d 3De 7.36864 3s3p3d(*F°)Af i5D¢ 5.12546
3s3p?(2Pe)Af e 3D° 7.22400 3s3p3d(*P°)Af j°D¢ 4.86740
3p3(2D°)4d d3D° 6.78897 3s3p3d(*D°)4f k°D¢ 4.66707
3p3(*5°)4d c3D° 6.37441 3s3p%(*P€)6d  1°D° 2.87797
3s523d(?D®)Af  b3D° 6.34851 3s3p3d(*F°)5p  m 5De 2.30223
3p°(2P°)4d a?D° 6.15146 3s3p3d(*P°)5p  n °D® 1.91996
3s3p3d(*F°)ad  3D° 6.03381 3s3p3d(*D°)5p o D¢ 1.85577
3s3p2(*P%)5p 3pe 5.84479 3s3p?(*P)7d  p°D° 1.51643
3s3p3d(*P°)4d  3D° 5.70862 3s3p3d(*F°)5f q°D°¢ 1.25173
3s3p3d(*D°)4d  3D° 5.48396 3s3p3d(*P°)5f r D¢ 0.87475
3s3p3d(*D°)4d  3D° 5.36004 3s3p3d(*D°)5f s 5D¢ 0.79698
3s3p%(*D®)5p 3pe 5.22939 3s3p%(*P°)8d  t °D° 0.64408
3523p(2P°)6d 3pe 5.04658 3p3d34p u 5D° 0.56220
3s3p3d(?F°)4d  3D° 4.93682 3s3p%(*P€)9d v °D° 0.04967
3s3p*(*P)5f 3pe 4.79026 3p3(45°)3d 2 °D° 17.54770
3s3p2(2P¢)5p 3pe 4.42021 353p3d> y °D° 16.45810
3s3p?(2D®)5f 3pe 4.15232 353p3d> x 5D° 16.09170
35%3d(*D*)5p 3De 3.70290 3s3p*(*P%)4p  wSD° 11.27290
3523p(2P°)7d 3De 3.63105 3s3p2(*Pe)Af v oD° 8.80722
3p3(2D°)5s 3pe 3.53902 3s3p3d(*D°)4s  wu °D° 8.04349
3p3d>4s 3pe 3.33873 3p3(1S8°)4d t °De 6.39515
3s3p*(2P°)5f 3pe 3.32588 3s3p3d(*F°)4d s °D° 6.09623
3s3p* (4 P¢)6p 3pe 3.24138 3s3p2(*P°)5p 1 5D° 5.91927
3p3d>4s 3pe 3.08515 3s3p3d(*P°)4d  q °D° 5.58853
3p3d24s 3pe 2.88337 3s3p3d(*D°)4d p °D° 5.50054
35%3p(2P°)8d 3De 2.78196 3s3p2(*P9)5f  0°D° 4.82998
3p3d24s 3pe 2.68709 3s3p*(*P¢)6p  n °D° 3.28185
333p (4PP) 3pe 2.66256 3p3d34s m 5D° 3.03839
3s3p*(*D*®)6p 3pe 2.65033 3p3d34s 1°D° 2.87658
3323d(2D€)5 f 3De 2.53745 3s3p2(*P)6f  kSDe 2.68207
3s3p3d(*D°)5s  3D° 2.41181 3s3p3d(*D°)5s  j °D° 2.39459
3p3(2D°)5d 3pe 2.37271 3s3d%4p i °D° 2.28561
3p3d*4s 3pe 2.29661 3p3(*5°)5d h ®°D° 1.95853
3s3d%4p 3pe 2.22814 3s3p*(*P¢)Tp g °D° 1.76465
3523p(2P°)9d 3pe 2.18178 3s3p3d(*F°)5d  f °D° 1.72715
3s3d%4p 3pe 2.15447 3s3d%4p e 5D° 1.59234
3s3p3d(®?D°)5s  3D° 2.11224 3s3p?(*Pe)Tf  d°D° 1.39517
3s3p* (D)6 f 3pe 2.03573 3d?4sdp c®D° 1.38366
3s3d%4p 3pe 1.93371 3s3p3d(*P°)5d b °D° 1.20490
3p3(*S8°)5d 3pe 1.90221 353p3d(*D°)5d  a °D° 1.13600
3p3(2D°)5g 3pe 1.85486 3s3p3d(*F°)5g  °D° 1.10603
3s3p*(2P¢)6p 3pe 1.80395 3s3p%(1P°)8p > De 0.80195
3s3p3d(*F°)5d  3D° 1.76360 3s3p3d(*D°)5g  °D° 0.66144
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353p (4Pe)8sf SpDe 0.56321 3s3p3d(?D°)4d  h 'F° 5.38928
333p (4PP)9p SDe 0.16217 3s3p*(*D¢)5p g 'F° 5.18034
3s3p (*P°)3d  a'F° 19.65860 3s3p3d(?F°)4d  f 'F° 5.05736
353p> S2P€)3d blFe 18.11920 3s?3p(>P°)6d e 'F° 4.99414
3p?3d clFe 12.84000 3523p(3P°)6g  d lF° 4.68009
3p23d? d1Fe 12.38930 3s3p*(2D°)5f ¢ 'F° 4.16298
p>3d> e LFe 11.43910 3s23p(2P°)7d b 'F° 3.69385
3s23p(PP°)Af  f1lF¢ 10.97690 3s3p?(25¢)5f alFe 3.56501
3s3p?(*P¢)4d glFe 9.14639 3523d(*D*)5p Lo 3.54845
3p3(2D°)4p h1Fe 8.22428 3s23p(2P°)1g Lpeo 3.44606
3s3p>(P¢)4d i 'Fe 7.94341 3p3d>4s Lo 3.27131
3s23d(®D®)4d  j 'F¢ 7.56019 3s3p? (P Pe)5f Lo 3.20068
3s23p(2P°)5f  klF° 6.97708 3523p(2P°)8d Lo 2.76996
3s3p3d(*D°)4p 1 'F° 6.72357 3s3p*(>D*)6p Lpe 2.67052
3s3p3d(2F°)4p m 'F° 6.42546 3p3d24s 1po 2.64539
3p°(2D°)Af n Fe 5.72414 3523p(2P°)8g Lo 2.64003
3p°(2P°)Af o 'Fe 5.24671 3523d(2D°)5 f Lo 2.52205
3523p(2P°)6 f 1pe 4.81725 3p3d24s 1po 2.31610
3s3p*(2D®)5d Lpe 4.64923 3p*(2D°)5d Lo 2.29670
3s53d?4s r1Fe 4.40081 3523p(2P°)9d Lo 2.17581
3s3p3d(>D°)Af s 1F¢ 4.37566 3523p(*P°)9g Lo 2.08243
3s3p3d(2Fo)Af t'F° 4.10868 3s3p2(2D6)6 f Lpo 2.03714
3p3d>4p u LFe 4.03506 353p? (2De)6h Lpe 1.95276
3s3p*(D°)5g v lFe© 3.92337 353p3d(2F°)5s Lo 1.91807
3s3p? (2P*)5d Lpe 3.54548 3p°(?D°)5g Lpe 1.84873
3s23p(PPO)Tf  x lF° 3.50448 3p3(2P°)5d Lo 1.81718
3s3p? (2 P¢)5g Lpe 3.19556 3523p(2P°)10d Lpe 1.75071
3p3(2D0)5p z 1Fe 3.06425 333p (4Pe) a3F° 20.49370
3523d(2D®)5d Lpe 3.03121 333p (2D)3d  b3Fe° 19.45930
3523p(®P°)8f Lpe 2.69068 3s3p gzPe) c3F® 19.03570
3523d(>D®)5g Lpe 2.45098 3523d d3F¢ 17.81980
3s3p%(2D°)6d Lpe 2.30302 3p?3d> e 3F° 13.68870
3523p(2P0)9 f 1pe 2.12184 3p23d> f3Fe 13.40800
3s3p?(?D¢)6g Lpe 1.97372 3p23d> g 2F° 12.84200
3p°(2D°)5f 1pe 1.88994 3p23d? h 3Fe 12.41720
3s23p(P°)10f Lpe 1.71598 3p?3d> i 3F° 12.22430
3s23p(2P°)3d 2 'F° 21.46152 3p23d> j3Fe 11.62970
3p3(*D°)3d y LF° 16.34310 3523p(2P0)4f k 3Fe 10.66829
3p®(2P°)3d R 16.22130 353p ( P¢)4d  [3F° 9.62352
353p3d> wlF° 15.31410 3s3p (®D°)4d  m 3F¢ 9.09772
353p3d> v ' Fe 14.13020 333p (2P5)4d n 3Fe 8.29615
353p3d> u LFe 13.77260 3p*(2D° 03F¢ 7.97935
3523p(3P°)4d Lpt 11.67652 333p3d( ) p p3F¢ 7.48616
3s3p?(*D¢)4p s 1F° 10.48330 3s23d(*D®)4d  q 3F° 7.38146
3s23d(®*D®)4p 1 'F° 8.72465 3s23p(2P°)5f  r3F° 6.95822
3s3p?(?D®)4 q 'F° 8.07117 3s3p3d(*D°)4p s 3F° 6.76607
3s3p3d(?F°)4s p lF° 7.43020 3s3p3d(2D°)4p t3F© 6.67936
3s23p(*P°)5d o 'F° 7.33385 3s3p3d((F°)dp u 3F° 6.36615
3s3p*(2Se)4f n 1F° 7.29288 3p2(?D°)4f v 3Fe¢ 5.95086
3s3p2(2P°)4 1fe 7.05261 3p3(1S°)4f w 3Fe 5.40230
3p3(2D°)4d [1Fe 6.73390 3p2(2Po)af x 3F¢ 5.24573
3s23p(2P°)5g  k 'F° 6.65311 3s3p?(*P¢)5d  y 3F° 5.18848
3s23d(?De)af  jlF° 6.31803 3s3p3d(*F)Af z 3F¢ 5.10814
3p3 (2 P°)4d i LF° 6.09574 3s23p(*P°)6 f 3pe 4.80669
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3s3p3d(*P°)af  3F¢ 4.78834 3s3p> (A Pe)5 f 3o 4.65925
3s3p?(2D*)5d 3pe 4.67276 3s3p?(2De)5f 3o 4.21575
3s3p3d(*D°)4f  3F° 4.60032 3523d(2De)5p 3o 3.68188
3s3p2(*P¢)5g 3pe 4.52284 3323p(2P°) 3o 3.64602
3s3p3d(?D°)4f  SF° 4.41192 3s3p? (256) 3o 3.59999
3s3p3d(?Fo)af  SFe 4.35532 3523p(2P°)7g 3o 3.45864
3s3d%4s 3fe 4.20702 3p3d>4s 3o 3.34457
3s53d?4s 3Fe 4.13834 3s3p?(PP¢)5f 3o 3.29370
3s3p*(2D*)5g 3pe 3.95527 3s3p3d(*F°)5s  3F° 2.87940
3s3p%(2P¢)5d SFe 3.71707 3p3d24s 3o 2.80081
3s23p(2P°)Tf 3pe 3.51678 3523p(2P°)8d SFe 2.77504
3s3p*(2P¢)5g 3fe 3.19863 3p3d?4s 3o 2.70309
3p3(2D°)5p 3Fe 3.06681 3523p(2P°)8g 3o 2.65551
35%3d(2D*)5d 3pe 2.96701 3s3p?(>D*)6p 3o 2.62412
3s3p2 (1 P°)6d 3pe 2.89190 3523d(®D°)6 f 3o 2.61639
3523p(2P°)8f 3fe 2.68678 3s3p2(*Pe)6 f 3o 2.59553
3s3p%(*P¢)6g 3fe 2.58813 3p3(2D°)5d 3o 2.40565
3523d(2D¢)5g Spe 2.44619 3p3d>4s 3o 2.35271
3s3p3d(*F°)5p  SF° 2.39463 353d%4p3p3 3o 2.30647
3s3p%(>D*)6d 3pe 2.29745 3523p(* P°)9d 3o 2.17767
3523p(2P°)9f 3 e 2.11925 3523p(2P°)9g 3o 2.08767
3p3(2D°)5f 3pe 2.01162 3s3p% (D)6 f SFe 2.06810
3s3p%(2D*)6 3fe 1.95718 3p3(2P°)5d 3o 2.05439
3s3p3d(*D°)5p  SF° 1.82815 3s3p3d(*F°)5s  SF° 2.02846
3s23p((P°)10f  3F° 1.71368 353p%(>D*)6h 3o 1.95243
3s23p(®P°)3d  z 3F° 22.56580 3s3d%4p SFe 1.89710
3p3(3D°)3d y 3F° 17.65550 3p3(2D°)5g 3o 1.85249
3p3(2P°)3d x 3F° 16.71850 3523p((P°)10d  3F° 1.75752
3s3p3d> w 3F° 16.08660 3823p(2P°)1Og 3o 1.69336
3s3p3d> v 3F° 15.39550 3s3p? g‘*Pe) SFe 20.86860
353p3d> u 3F° 15.06640 3p*3d boFe 13.77510
353p3d> t3F° 14.57740 3s3p%(*P¢)dd ¢ °F° 9.66792
3523p( P°)4d s 3F°* 11.77721 3s3p3d(*F°)4p dOF*® 7.44495
353p (2D%4p  r3F° 10.57410 3s3p3d(*D°)dp e SF¢ 6.94902
3s3p?(1Pe)Af  q3F° 8.86677 3p3(1S°)af SFe 5.61422
3323d(2De)4p p 3F° 8.42911 3s3p3d(*FO)Af g OF*® 5.29792
3s3p3d(*F°)4s o 3F° 8.21781 3s3p%(*P¢)5d  h °F¢ 5.22041
3s3p?(PDe)Af  n3F° 8.19751 3s3p3d(*P°)Af i SF¢ 4.84926
3s3p2(289)4f  m3F° 7.52718 3s3p3d(*D°)4f jOF© 4.71487
3s3p3d(?F°)4s | 3F° 7.42196 3s3p%(*P¢)5g  k°F° 4.54236
3s23p(?P°)bd Kk 3F° 7.36212 3s3p%(*P°)6d 1 °F° 2.90611
3s3p?(2Pe)Af  j3F° 7.21785 353p2(*P°)6g Spe 2.59601
3p3(2D°)4d i 3F° 6.80941 353p3d(*F°)5p SFe 2.37188
3s23p(®?P°)59  h3F° 6.71994 353p3d(*D°)5p 0 °F¢ 1.87854
3s23d(?De)Af g 3F° 6.55566 3p3(4S°)5f p °F¢ 1.62437
3p3(2P°)4d f3F° 6.13286 3s3p*(4P°)7d SFe 1.52349
3s3p3d( FO)4d e3F° 6.10406 3s3p2(*P°)Tg rSFe 1.33692
3s3p3d(*P°)4d  d 3F° 5.60905 3s3p3d(*F°)5f s °F° 1.30899
383p3d(4D yad ¢ 3F° 5.43327 3s3p3d(*P°)5f tO5F¢ 0.86765
333p3d( D°)4d b 3F° 5.36782 3s3p3d(*D°)5f u °F¢ 0.78293
3s3p? (2D6)5 a3F° 5.23830 3p3d>4p v O F® 0.74646
3s3p3d(?F°)4d ~ 3F° 5.08009 3s3p2(*P)8d  w SF° 0.64571
35%3p(>P°)6d 3o 4.99297 3s3p*(*P°)8g  x OF° 0.52287
3523p(2P°)6yg 3Fe 4.69622 3s3p*(*P€)9d  y °F° 0.05720
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TABLE I. Bound States of Fe Xl
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)
353p3d> z °F° 16.39390 3523p(*P°)10h lge 1.69038
3s3p (A Pe)Af SFe 8.74722 3p3(?D°)3d z1Ge 17.07500
3s3p3d(*F°)4s x SF° 8.51606 3s3p3d> Lge 15.26960
3s3p3d(*F°)4d w °F° 6.22411 3s3p3d> T 1G° 14.04160
3s3p3d(*P°)4d v °F° 5.71943 3s3p?((D)Af  w lGe 8.16237
3s3p3d(*D°)4d  wu SF° 5.56736 3s3p?(PPe)Af v lGe 7.30298
3s3p (A Pe)5f SFe 4.79981 3p3(2D°)4d ul1Ge 6.81251
3p3d>4s sSF° 3.25576 3523p(2P°)5¢ tge 6.76071
3s3d%4p rSF° 3.07932 3s23d(®?De)Af s lGe 6.60602
3s3p3d(1F°)5s SFe 2.77126 3s3p3d(*D°)4d r 'G° 5.39592
3s3p2(*Pe)6 f SFe 2.66604 353p3d(2F°)4d qlGge 5.03421
3s3p3d(*F°)5d o °F° 1.83091 3323p( P")Gg plGe 4.72349
3d?4s4p n SF° 1.58764 3s3p?(?D¢)5f o lG° 4.19515
3s3p2(1Pe)Tf SFe 1.38624 3823p(2P0) n 1Ge 3.49711
3s3p3d(*P°)5d 1 °F° 1.25320 3s3p2((P)5f  mlG° 3.28148
3s3p3d(*D°)5d  k SF° 1.19476 3p3d24s 1tGge 3.14076
3s3p3d(*F°)5g jOF° 1.14171 3s23d(®’De)5f  klG° 2.67473
3s3p3d(*P°)5g i SF° 0.71201 3s3d?4p lge 2.66467
3s3p3d(*D°)5g h SF° 0.63022 3523p(2po)89 ilGe 2.62977
3s3p>(*P)8f g °F° 0.55688 3p3(?D°)5d hlGe 2.25697
3s3p2§2De)3d alGe 19.68440 3523p(>P°)9g lge 2.09523
35%3d blge 17.52760 3s3p*((De)6f  flG° 2.05146
3p?3d> clGe 13.59030 3s3p2(2D°)6h e 'G° 1.97666
3p23d> d'Ge 12.76820 3p*(?D°)5g d'Ge 1.83164
3p23d> elGe 11.94650 3s23p(®P°)10g ¢ 'G° 1.69807
3p23d> lge 11.26780 3s3p? g2De)3d a3Ge 19.83320
3s23p((p2)Af g lGe 10.64852 3p?3d b3Ge 13.47890
3s3p?(?D%)4d  h *G¢ 8.90584 3p?3d? c3Ge 12.66430
3s3d*4s ilGge 7.23462 3p?3d> d3Ge 12.45730
3s23p(PP°)5f  jlGe 6.83898 3s23p(2P°)4f e 3G® 10.91020
3s3p3d(®F°)dp Kk 1Ge¢ 6.04576 3s3p?(2D*)4d 3Ge 8.99603
3p3(2D°)Af lge 5.72207 3523d(®D¢)4d sGge 7.50435
3523d(>D*)4d lge 5.15630 3s3p3d(*F°)4p  h 3G© 7.12864
3s23p(®P°)6f  nlGe 4.74972 3s23p((P°)5f  i3G® 6.93770
3323p(2P°)6h olGe 4.69656 3s3p3d(?F°)dp  j 3G© 6.48123
353p? (2De)5d plGge 4.62351 3p3(2D°)Af k3Ge 5.99790
3p3(2P° qlGge 4.39107 3p3(2P°)af 13Ge 5.29692
383p3d DO af riage 4.25690 3s3p3d(*Fo)Af  m 3G© 5.21179
3$3p3d(2F0)4 f slae 4.18962 3s23p(3P°)6f  n3Ge 4.80442
3s3p*(*D*)5g lge 3.93569 3s3p3d(*P°)Af o0 3G° 4.74469
3s23p(*P°)Th  u lG® 3.48865 3523p(2P°)6h 3Ge 4.69718
3823p(2PO)7 f vlage 3.48384 3s3p3d(*D°)4f q3G° 4.67920
3$3p (28959  wlGe 3.40954 3s3p?((D°)5d  r 3G° 4.59952
3s3p?(?P¢)5g  x 1G¢ 3.12347 3s3p3d(?D°)4f s 3G® 4.47174
35%3d(*D*)5d tge 2.89080 3s3d°4s 3Ge 4.34432
3s23p(2P°)8f 2 'G° 2.66599 3s3p2(*P%)bg  w 3G© 4.27336
3523p(2P°)8h lge 2.63697 3s3p3d(2F°)4 f v3Ge 4.20779
3523d(2D*)5g tge 2.45294 3s3p2(D®)5g  w 3G*¢ 3.98997
3s3p?(2D*)6d lge 2.25806 3s23p(PPO)Tf  x3Ge 3.51604
3523p(2P°)9f lge 2.10519 3823p(2P0)7h 3Ge 3.49377
3523p(2P°)9h lge 2.08402 3S3p (259)5 2 3G° 3.41471
3s3p?(?D°)6g lge 1.99869 3s3p? (2Pe) 3Ge 3.13319
3p3(2D°)5f lge 1.88894 35%3d(*D¢)5d 3Ge 3.00098
3s23p((P)10f  lGe 1.70366 35%3p(3P°)8f 3Ge 2.68572
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TABLE |. Bound States of Fe XiIlI
See page 137 for Explanation of Tables
Term E(Ry) Term E(Ry)
3823p(2P )8h 3Ge 2.63723 3s3p2(1P°)7g Jet 1.32628
33§>p (‘;PZ) §G 2.54401 333p3d(iP‘;)5 f k55G: 0.89532
DO e 250308 SasOPose moce  Obidad
3?323&(4 )0)5}9 3z 2.29865 3?323&12 % e 16.89900
3523p(2P°)9f 3Ge 2.11821 3s3p2(APe)Af 5Ge 8.87429
3s§35(20130)9h iG 2.08465 3s3p3d(iF°0)4d T 55G0 6.11853
e TG sasaposr oce 18562
3§2§pE2P°))1(g)f Bz 1.71310 3;352515 I e 3.25171
3s23p(2P°)10h  3G° 1.69069 3s3p2(1P°)6 f 5Ge 2.69517
3p3(2D2")3d 2 zG" 17.39280 353p3(4Pe)6h s EG" 2.59150
3s3p3d Ge 15.75620 3s3d%4p r5Ge 1.75293
st I e dmlew oo s
s w °G° . D ?)bg ¢ .
T Y B 11y 4 130334
53p? u . s3p n .
b L Ty o Thah 1
o s : o . S p o g o .
TR e S o 1y 0 A 065496
3§3p3£1(4F2’)£d 3o 6.17846 3?322(4(P6)8) P isge 0.56775
3s3p3d(*D°)4d o 3G° 5.57773 333p2g4P6)8h 5Ge 0.51268
3s3p3d(2D°)ad n 3G° 5.37055 3p?3d 1He 12.84600
ST e dmE wlpw, b e
s$3p ¢ ° . s“3p(< P° c H°¢ .
Whimy e G saboply D el
s3p . s$3p e .
352312)(§PZ)79 i 33G"0 3.49889 3s§p2(§Dz)5g f 11H 3.98884
3s3p("P)5f b 2G 3.34232 35°3p(2P°)7h H 3.48060
may G wem wpbn r o
D S ¢ . s*3p(- P° 7 ¢ .
T e I LI B
3e3p? E4pe§6£ ¢3Ge 2.59132 3;3(51(30) } I \H® 2.04219
3323(1( D)5 f bsz 2.55790 38§p2(2D:)6g mllH: 1.94256
T D
D s © . s$3p z ° .
3323p(§PZ) §G 2.09518 3s§p2(§D:)4f iH 7.98613
tDdeh e T T R 74
53p? . s w .
3p3(22D0)5g 200 1.84765 3sg>p3d2( Fo)4d v 1H 4.96909
353d24p G° 1.83444 3s°3p(2P°)6g  u H° 4.67814
3s3p3d(1F°)5d  3G° 1.78008 3s3p2(2D°)5 f Lfe 4.12563
3s23p(*PO)l0g G 1.69699 3s23p(2P°)7g s 'H® 3.45268
3p23d 5Ge 14.13040 3s23p(2P°)7i 1 'H° 3.44831
3s3p3d(*F°)dp b 5Ge 7.55521 3523p(2P°)8¢g Lo 2.66510
3s3p3d(*Fo)Af ¢ 5Ge 5.33883 3s23p(2P°)8i  p 'H® 2.64105
383p3d(4P0)4 fodoGe 4.97816 3s23d(2D)5f o 'H® 2.50417
3s3p3d(1D°)Af e 5Ge 4.79917 3p3d24s n 'H° 2.44288
3s3p2(1P°)5g 5Ge 4.53770 3323p(2PO)9i m LH® 2.08751
3s3p%(*P¢)6yg 53 2.56580 3s°3p(2P°)9g 1 'H° 2.07891
3s3p3d(*F°)5p  h 5Ge 2.36628 3s3p (D)6f  k1H° 2.01933
3s3p3d(*F°)5f i 5Ge 1.33794 3s3p2(2D°)6h  j 'H° 1.99377
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TABLE I. Bound States of Fe Xl
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)
3p3(2D°)5g i LHe 1.83167 3s3p?(*P*)6h  y °H° 2.56361
3823pg2P0)10i h *He 1.69126 3s3p3d(*F°)5d = °H° 1.71740
3p*3d a3H® 13.62250 3s3p?(*P°)Th  w SH° 1.32699
3p?3d? b3H® 12.89100 3s3p3d(*F°)5g v °H? 1.18451
3p3(2D°24 f c3H® 5.97902 3s3p3d(*P°)5g w SH° 0.71322
3s3p3d(*Fe)Af d3H® 5.23226 3s3p3d(*D°)5g t °H° 0.66117
3s3p3d(*D°)4f e 3H® 4.86606 3s3p? g4Pe)8h s °He 0.49520
3s23p(?P°)6h  f 3H*® 4.72084 3p*3d alre 12.93450
3s3p3d(2D°)4f g 3H® 4.60816 3s23p(?P°)6h b 'I° 4.70152
3s3p*(*P°)5g  h3H® 4.39426 3s3p*(®D¢)5g ¢ lI° 4.11118
3s3p3d(*F°)Af i3H® 4.21676 3s3p?(®(D%)6g  d 'I° 3.90583
3s3p*(?D®)5g  j3He 3.97312 3s23p(?P°)Th e lI° 3.45007
3s23p(2P°)Th  k3He 3.48022 3s23p(2P°)8h  f lI° 2.65351
3s3p?(2P¢)5g  13H® 3.17908 3s23p(2P°)8k tre 2.64035
3s23p(®P°)8h  m 3H® 2.64844 3s23d(®D¢)5g  hlI° 2.39908
3s3p?(*P€)6g  n3H® 2.57711 3s23p(2P°)9k i lI° 2.08623
3s23d(2D)5g o *H*® 2.46675 3s23p(2P°)9h  jlI¢ 2.08176
3523p(2P°)9h SHe 2.09068 3s3p?(2D)7g  klI° 1.95185
3p3(2D°)5f SHe 2.02947 3s23p(PPo)Ti 2 lI° 3.45551
3s3p*(?D®)6g  r 3HE 1.97611 3523p(2P°)8i Lo 2.64583
3s23p(2P°)10h s 3H® 1.69381 3s23p(2P°)9i  x 'I° 2.09175
3s3p3d> z 3H° 15.91400 3s3p*(2D®)6h  w I° 1.98721
3s3p? (2 De)Af SHe 8.13356 3p*(2D°)5g v ire 1.85550
3s23d(®?D¢)4f  x *H° 6.92029 3s23p(2P°)10i  w 'I° 1.69273
3s23p((P°)5g  w 3H? 6.52399 3s3p3d(*Fo)Af a3I° 4.92032
3s3p3d(*F°)4d v 3H 5.89446 3s23p(?P°)6h b 3I° 4.70214
3s3p3d(?F°)4d  w 3H° 5.04326 3s3p3d(PFo)af ¢ dI° 4.31338
3s23p((P°)6g  t*H° 4.69858 3s3p?(2D)5g  d3I° 3.94389
3s3p?(?D°)5f  s3H° 4.18792 3s23p(*P°)Th e3¢ 3.45130
3s23p(®P°)7g v 3HC 3.45858 3523p(*P°)8h 31¢ 2.65546
3523p(2P°)Ti SHe 3.44836 3523p(2P°)8k 31¢ 2.64035
3p3d*ds p3He 2.74712 3523d(>D°)5g  h3I° 2.42910
3s23p(2P°)8g o 3H® 2.69002 3s23p(2P°)9k i °I¢ 2.08623
3s23p(®P°)8  n3H° 2.64111 3s23p(®P°)9h 7 3I° 2.08392
3523d(2D®)5f  m 3H° 2.60333 3s3p2((D%)6g Kk 3I° 1.95844
3s3p?(*Pe)6h 1 3H° 2.56302 3s23p(2Po)Ti  z3I° 3.45551
3s23p(2P°)9g  k3H° 2.09457 3s23p(2P°)8i  y3I° 2.64582
3s23p(®P°)9  j3H° 2.08753 3s3p?(*Pe)6h  x 3I° 2.58408
3s3p?(2De)6f i 3H° 2.05065 3s23p(2P°)9%  w 3I° 2.09175
3s3p?(2D)6h  h 3H° 1.99502 3s3p?(2D)6h v 3I° 1.98625
3p3(2D°)5g g 3H® 1.84701 3p3(2D°)5g u 31° 1.85808
3s23p(3P°)10g  f 3H° 1.69297 3s23p(2P°)10i  t3I° 1.69272
3s23p(2P°)10i e 2H° 1.69123 3s3p3d(*F°)Af a®I° 5.44905
3s3p3d(*FO)Af a°He 5.30278 3s3p3d(*F°)5f boI° 1.37288
3s3p3d(*D°)4f bOH® 5.01252 3s3p*(APe)Ti ¢ °I° 1.32111
3s3p*(*P¢)5g  c°H® 4.57582 3s3p?(*P€)8i  d°I° 0.51433
3s3p?(*P¢)6g  d°H® 2.59460 3s3p?(*Pe)6h 2 °I° 2.58448
383p?(1P¢)7g e SHe 1.34865 3s3p?(*P¢)7Th ok 1.33917
3s3p?(*Pe)Ti  fSH*® 1.32923 3s3p3d(*F°)5g x °I° 1.17423
3s3p3d(*F°)5f g °H® 1.31495 3s3p3d(*D°)5g w °I° 0.68953
3s3p3d(*D°)5f hOH® 0.87954 3s3p?(*Pe)8k v °I° 0.51704
3s3p*(*P¢)8g i °H® 0.52408 3s3p?(*P°)8h  w °I° 0.50162
3s3p?(*P°)8i  jSH® 0.51985 3s23p((P°)8k  alK°© 2.64200
3s3p3d(*F°)4d  z °H° 6.17884 3s23p(3P°)9k b lKe 2.08789
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TABLE I. Bound States of Fe Xl
See page 137 for Explanation of Tables

E(Ry) Term E(Ry)
1.69126 3s3p3d(*F°)5g 2 °K° 1.13140
3s%3p(2P°)Ti 3.44933 3s3p2 (1 P°)8k y °K° 0.51518
2.64151 3s23p(?P°)8k  a 'L® 2.64055
2.08831 3s23p(?P°)9k b lLe 2.08642
3523p(2P?)9l 2.08630 3s23p(?P°)10k ¢ 'L® 1.68999
1.94969 3523p(>P°)9l z1L° 2.08661
1.69035 3s23p(?P°)10l  y 'L° 1.69028
3523p( P°)8k 2.64200 3s23p(?P°)8k  alL° 2.64055
2.08789 3s23p(?P°)9%k  b3L° 2.08642
1.69126 3s23p(?P°)10k ¢ >L° 1.68999
3.44934 3523p(2P°)9l z3L° 2.08661
2.64153 3s23p(2?P°)10l  y3L° 1.69028
3523p(* P°)9i 2.08835 3s3p?(‘P°)8k 2 °L° 0.51679
2.08630 3s23p(*P°)10m a *M® 1.69002
1.95031 3523p(? P°)9l z tMe 2.08639
1.69035 3523p(*P°)10m a 3M*® 1.69002
3s3p%(1P°)Ti 1.32790 3523p(2P°)9l z 3M° 2.08639
0.51880
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TABLE II. Oscillator Strengths, Line Strengths, and Transition Probabilities
for Allowed Transitions in Fe XIll
See page 137 for Explanation of Tables

Transition Ei E; E;i g g i S Ajli
Ry/cm? Ry/cm1 Ry s
als® z1p° 25.7022 22.5443 3.158E+00 1 3 1.858E-01 1.765E-01 4.962E+09
91508.000  438050.00 3.158E+00 1 3 1.858E-01 1.765E-01 4.962E+09
alge ylpe 25.7022 21.3356 4.367E+00 1 3 1.097E+00 7.539E-01 5.602E+10
91508.000 570690.00 4.367E+00 1 3 1.097E+00  7.539E-01 5.602E+10
alse {tipe 25.7022 141262 1.158E+01 1 3  8512E-02 2.206E-02  3.054E+10
91508.000 1361830.00 1.158E+01 1 3 8.512E-02 2.206E-02  3.054E+10
alge pipe 25.7022 11.4945 1.421E+01 1 3  5.337E-01 1.127E-01 2.884E+11
91508.000 1650620.00 1.421E+01 1 3 5.337E-01 1.127E-01 2.884E+11
dipe rlpe 12.7280 11.4945 1.233E+00 3 3 2019E-06 1.473E-05 2.467E+04
515260.000 1650620.00 1.233E+00 3 3 2019E-06 1.473E-05 2.467E+04
alDe zz 1po 26.0981 22.5443  3.554E+00 5 3 1.834E-01 7.743E-01 3.101E+10
48068.000  438050.00 3.554E+00 5 3 1.834E-01 7.743E-01 3.101E+10
alpe ylpe 26.0981 21.3356  4.762E+00 5 3 5.767E-05 1.816E-04 1.751E+07
48068.000 570690.00 4.762E+00 5 3 5767E-05 1.816E-04 1.751E+07
a'De® t1p° 26.0981 14.1262 1.197E+01 5 3 1.184E-01  1.483E-01 2.272E+11
48068.000 1361830.00 1.197E+01 5 3 1.184E-01  1.483E-01 2.272E+11
alp® ripe 26.0981 11.4945 1.460E+01 5 3 3279E-03 3.368E-03  9.362E+09
48068.000 1650620.00 1.460E+01 5 3 3.279E-03 3.368E-03  9.362E+09
a'De z1D° 26.0981 23.2343 2.864E+00 5 5 9.670E-02 5.065E-01 6.370E+09
48068.000 362330.00 2.864E+00 5 5 9.670E-02 5.065E-01 6.370E+09
a'D® y'D° 26.0981 21.9901 4.108E+00 5 5 4432E-01 1.618E+00 6.007E+10
48068.000  498870.00 4.108E+00 5 5  4432E-01 1.618E+00 6.007E+10
alD® :z 1R 26.0981 21.4615 4.637E+00 5 7 5776E-01 1.869E+00 7.124E+10
48068.000 556870.00 4.637E+00 5 7 5.776E-01 1.869E+00 7.124E+10
alD® «1F0 26.0981 11.6765 1.442E+01 5 7  3.842E-01 3.996E-01 4.584E+11
48068.000 1630650.00 1.442E+01 5 7 3.842E-01 3.996E-01 4.584E+11
hilDe [Fipe 12.9754 11.4945 1.481E+00 5 3 1.628E-02 1.649E-01 4.780E+08
488110.000 1650620.00 1.481E+00 5 3 1.628E-02  1.649E-01 4.780E+08
h1Dp® t1F° 12.9754 11.6765 1.299E+00 5 7 3.687E-01 4.258E+00 3.569E+09
488110.000 1630650.00 1.299E+00 5 7 3.687E-01 4.258E+00 3.569E+09
Z1E2 d1pe 22.5443 12.7280 9.816E+00 3 3 5816E-05 5.332E-05 4.501E+07
438050.000 1515260.00 9.816E+00 3 3 5816E-05 5332E-05 4.501E+07
z1pP hipe 22.5443 12,9754 9.569E+00 3 5 9.330E-06 8.775E-06 4.117E+06
438050.000 1488110.00 9.569E+00 3 5 9.330E-06 8775E-06 4.117E+06
z1pP° np® 22.5443 10.6728 1.187E+01 3 5 6.219E-02 4.714E-02  4.224E+10
438050.000 1740800.00 1.187E+01 3 5 6.219E-02 4.714E-02  4.224E+10
y'Pe d'pe 21.3356 12.7280 8.608E+00 3 3 5440E-05 ©5.688E-05  3.237E+07
570690.000 1515260.00 8.608E+00 3 3 5440E-05 5688E-05  3.237E+07
y 1P® h1p® 21.3356 12,9754 8.360E+00 3 5 2196E-03 2364E-03  7.398E+08
570690.000 1488110.00 8.360E+00 3 5 2196E-03 2364E-03  7.398E+08
y '"P° n'D® 21.3356 10.6728 1.066E+01 3 5 6.704E-01 5659E-01  3.674E+11
570690.000 1740800.00 1.066E+01 3 5 6.704E-01 5659E-01  3.674E+11
t1pe dlpe 14.1262 12.7280 1.398E+00 3 3 1.050E-03 6.762E-03  1.649E+07
361830.000 1515260.00 1.398E+00 3 3 1.050E-03 6.762E-03  1.649E+07
t'Po hiDe 14.1262 12.9754 1.151E+00 3 5 3.362E-01 2.629E+00 2.145E+09
361830.000 1488110.00 1.151E+00 3 5 3.362E-01 2629E+00 2.145E+09
t'P? n'De 14.1262 10.6728 3.453E+00 3 5 5.080E-03 1.324E-02  2.920E+08
361830.000 1740800.00 3.453E+00 3 5 5080E-03 1.324E-02  2.920E+08
riPe nlpe 11.4945 106728 8.218E-01 3 5 1.944E-01 2.129E+00 6.326E+08
650620.000 1740800.00 8218E-01 3 5 1.944E-01 2.129E+00 6.326E+08
z1D% g TpPe 23.2343 12.7280 1.051E+01 5 3 9.473E-05 1.352E-04 1.400E+08
362330.000 1515260.00 1.051E+01 5 3 9473E-05 1.352E-04  1.400E+08
z'D° h'De 23.2343 12,9754  1.026E+01 5 5 1.201E-02 1.757E-02  1.016E+10
362330.000 1488110.00 1.026E+01 5 b5 1.201E-02 1.757E-02  1.016E+10
Z1p° i D8 23.2343 10.6728 1.256E+01 5 5 2961E-02 3.535E-02  3.752E+10
362330.000 1740800.00 1.256E+01 5 5 2961E-02 3.535E-02  3.752E+10
yLDe Gdpe 21.9901 12.7280 9.262E+00 5 3 7.506E-04 1.216E-03  8.620E+08
498870.000 1515260.00 9.262E+00 5 3 7.506E-04 1.216E-03  8.620E+08
y1D° h'D® 21.9901 12.9754 9.015E+00 5 5 3.975E-03 6.614E-03 2.594E+09
498870.000 1488110.00 9.015E+00 5 5 3975E-03 6.614E-03  2.594E+09
y'D° n'De 21.9901 10.6728 1.132E+01 5 5  3.959E-02 5247E-02 4.073E+10
498870.000 1740800.00 1.132E+01 5 5  3.959E-02 5.247E-02  4.073E+10
z'F° h'D® 21.4615 12.9754 8.486E+00 7 5 3.059E-02 7.570E-02 2477E+10
556870.000 1488110.00 8.486E+00 7 5 3.059E-02 7.570E-02 2.477E+10
z1F9 nD® 21.4615 10.6728 1.079E+01 7 5 1.129E-03 2.197E-03 1.477E+09
556870.000 1740800.00 1.079E+01 7 5 1.129E-03 2.197E-03  1.477E+09
z'F° g'Ge 21.4615 10.6485 1.081E+01 7 9  7.214E-01 1.401E+00 5.270E+11
556870.000 1743460.00 1.081E+01 7 9 7.214E-01 1.401E+00 5.270E+11
IS [ipe 11.6765 10.6728 1.004E+00 7 5 2.038E-03 4265E-02 2.310E+07
630650.000 1740800.00 1.004E+00 7 5 2038E-03 4265E-02 2.310E+07
t1Fe g'Ge 11.6765 10.6485 1.028E+00 7 9 2550E-01 5.209E+00 1.683E+09
630650.000 1743460.00 1.028E+00 7 9 2550E-01 5.209E+00 1.683E+09
ad®pe z3g° 26.4139 22,7501 3.664E+00 9 3 1.961E-01 1.445E+00  6.342E+10
18561.000  415462.00 3.617E+00 5 3 1.936E-01 8.028E-01  3.390E+10
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TABLE II. Oscillator Strengths, Line Strengths, and Transition Probabilities
for Allowed Transitions in Fe XIll
See page 137 for Explanation of Tables

Transition E; E; E;i g g fi S ﬁi
Ry/cm ! Ry/cm ! Ry 2

1.981E-01  4.817E-01 2.179E+10
2.026E-01  1.606E-01 7.776E+09
6.367VE-02  5.958E-01 4.258E+09
4.701E-02  2.483E-01 3.047E+09
1.564E-02 8.275E-02  1.682E+09
2.689E-02 8.275E-02  1.109E+09
1.610E-02 4.965E-02  1.102E+09

9302.500  415462.00 3.701E+00

0.000 415462.00 3.786E+00

adpe z3po 26.4139 23.5285 2.885E+00
18561.000  330279.00 2.841E+00

18561.000 329647.00 2.835E+00

9302.500  330279.00 2.925E+00

9302.500  329647.00 2.919E+00

: 2.885E+00 2122E-02 6.620E-02  4.258E+09
% 2.885E+00 6.367E-02 6.620E-02  1.419E+09
adpe y3pe 26.4139 22.0608 4.353E+00 2.826E-01 1.753E+00  4.302E+10

18561.000  486358.00 4.263E+00
18561.000  494942.00 4.341E+00

9302.500 486358.00 4.347E+00

9302.500 494942.00 4.425E+00

9302.500 503340.00 4.502E+00

0.000  494942.00 4.510E+00

adpe gdpo 26.4139 14.2544 1.216E+01
18561.000 1354680.00 1.218E+01

18561.000 1336220.00 1.201E+01

9302.500 1354680.00 1.226E+01

9302.500 1336220.00 1.209E+01

2.076E-01  7.304E-01 3.030E+10
7.046E-02  2.435E-01 1.778E+10
1.176E-01  2.435E-01 1.071E+10
7.183E-02 1.461E-01 1.130E+10
9.743E-02  1.948E-01 4.758E+10
2.928E-01 1.948E-01 1.595E+10
6.237E-02  1.385E-01 7.407E+10
4.684E-02 5.771E-02  5.578E+10
1.540E-02 1.924E-02  2.972E+10
2.620E-02 1.924E-02 1.898E+10
1.551E-02 1.154E-02 1.821E+10

* 1.216E+01 2.079E-02 1.539E-02  7.407E+10
¥ 1.216E+01 6.237E-02 1.539E-02  2.469E+10
adpe z3pe® 26.4139 23.9056 2.508E+00 1 5.231E-02 5.631E-01 1.586E+09

18561.000  290210.00 2.475E+00
18561.000  287360.00 2.449E+00

18561.000  287205.00 2.448E+00

9302.500  287360.00 2.534E+00

9302.500  287205.00 2.532E+00

0.000  287205.00 2.617E+00

adpe y3po° 26.4139 21,9008 4.513E+00
18561.000  509176.00 4.471E+00

18561.000  509250.00 4.471E+00

18561.000  506502.00 4.446E+00

9302.500  509250.00 4.556E+00

9302.500  506502.00 4.531E+00

0.000 506502.00 4.616E+00

adpe pBpe° 26.4139 11.9072 1.451E+01
18561.000 1606800.00 1.447E+01

18561.000 1604220.00 1.445E+01

18561.000 1603770.00 1.445E+01

9302.500 1604220.00 1.453E+01

9302.500 1603770.00 1.453E+01

0.000 1603770.00 1.461E+01

4.336E-02 2.628E-01 1.525E+09
7.662E-03 4.692E-02  3.693E+08
5.105E-04 3.128E-03  4.096E+07
3.963E-02 1.408E-01 1.226E+09
1.320E-02 4.692E-02  6.801E+08
5.458E-02 6.256E-02 1.001E+09
7.075E-01 4.233E+00 6.945E+10
5.888E-01 1.975E+00 6.752E+10
1.052E-01  3.527E-01 1.689E+10
6.971E-03 2.352E-02  1.845E+09
5.357E-01 1.058E+00 5.358E+10
1.776E-01  3.527E-01 2.928E+10
7.236E-01  4.703E-01 4.127E+10
3.612E-01 6.722E-01 3.663E+11
3.027E-01  3.137E-01 3.638E+11
5.396E-02 5.602E-02  9.050E+10
3.597E-03  3.735E-03 1.005E+10
2.714E-01  1.681E-01 2.763E+11
9.044E-02 5.602E-02 1.534E+11
3.639E-01 7.469E-02  2.081E+11

—_

ONNN~NOO2 WOOSNN~NO WS-~ WOONN~NO =WWNNUO -WWUHNUUNIO = WONOTNO - WWWNUNO -WWWINNY = WWWNNW =W
—_
M~ ~NO~NO= 00N~ ~-O= 00N~ ~-O=00N~-NO~-O=WWHNLO-INWLWNWLWOA-INWLWNWO-INW=2WANWNO W2WONWNY W=wowow Ww

z3D0% kSF" 23.9056 10.6683 1.324E+01 1 2 7.996E-02 2.718E-01 8.039E+10
290210.000 1741290.00 1.322E+01 7.336E-02  1.165E-01 8.013E+10

: 1.320E+01 6.346E-03 1.010E-02  8.881E+09

¥ 1.337E+01 1.813E-04 2.848E-04  3.645E+08

* 1.324E+01 7.108E-02 8.051E-02  7.151E+10

* 1.320E+01 8.885E-03 1.010E-02 1.243E+10

- 1.324E+01 7.996E-02 5.437E-02  6.753E+10

y 3D° k°Fe 21.9008 10.6683 1.123E+01 1 2 6.934E-01 2.778E+00 5.019E+11
509176.000 1741290.00 1.123E+01 6.365E-01 1.190E+00  5.013E+11

* 1.120E+01 5.603E-02  1.032E-01 5.645E+10

- 1.135E+01 1.572E-03 2.910E-08  2.276E+09

- 1.124E+01 6.163E-01  8.227E-01 4.464E+11

* 1.120E+01 7.704E-02  1.032E-01 7.763E+10

- 1.123E+01 6.934E-01  5.555E-01 4.216E+11

p3D° kIF® 11.9072 10.6683 1.239E+00 1 2 2.716E-01 9.864E+00  2.392E+09
606800.000 1741290.00 1.226E+00 2.467E-01 4.228E+00 2.315E+09

4 1.235E+00 2.155E-02  3.664E-01 2.642E+08

* 1.251E+00 6.158E-04  1.033E-02 1.085E+07

3 1.239E+00 2.414E-01 2922E+00 2.127E+09

¥ 1.235E+00 3.018E-02  3.664E-01 3.699E+08

¥ 1.239E+00 2.716E-01 1.973E+00 2.009E+09

s 3F® kIFe 11.7772 10.6683 1.109E+00 2 2 1.982E-02 1.126E+00  1.958E+08
* 1.110E+00 1.859E-02  4.520E-01 1.840E+08

" 1.108E+00 1.239E-03  3.019E-02 1.571E+07

619600.000 1741290.00 1.109E+00 1.594E-03  3.019E-02 1.225E+07

* 1.108E+00 1.666E-02 3.157E-01 1.643E+08

- 1.111E+00 1.573E-03 2.973E-02  2.186E+07

- 1.111E+00 2.203E-03 2.973E-02 1.561E+07

* 1.108E+00 1.762E-02  2.383E-01 1.742E+08
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