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INTRODUCTION

Iron is an important element as it exists in astrophys-
cal spectra through all ionization stages. Fe XIII, a silicon-
ike ion, is abundant in many astronomical sources radiating

and for comparison with laboratory plasma experime
fine-structure data rather thanLS multiplet data as obtaine
under the OP are needed. The aim of the present work
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rimarily in the extreme ultraviolet. Complete analysis
strophysical spectra requires a large number of trans

n the radiative–collisional models. Comparatively f
tudies have been carried out for this ion. The complex
nvolved are due to the electron–electron correlation ef
nd the relatively high ion charge, which result in clos
paced bands of energy levels. There are 36 mea
ound levels, corresponding to 24LS terms, below th

onization threshold [1]. Among the previous theoret
tudies are multi-configuration Dirac–Fock calculations
uang [2], Hartree–Fock calculations by Fawcett et al.
artree–Fock calculations including relativistic effects
romage et al. [4] and by Fawcett [5], and mu
onfiguration Thomas–Fermi calculations by Kastner e
6]. The lifetime of one single level, 3s3p3 3S1

o, has bee
easured by Tra¨bert et al. [7]. Previous works have be

ompiled in several National Institute of Standards
echnology (NIST) publications [8, 9, 10]. Under two

ernational collaborations, the Opacity Project (OP)
nd the Iron Project (IP) [12], efforts are being made
tudy the radiative and collisional processes of astrop
ally abundant ions in detail. The first extensive calculat
or Fe XIII were carried out by Butler et al. [13] under t
P [11] using a nine-term wave function expansion in
lose coupling (CC) approximation using theR-matrix
ethod. Their results have not yet been published, bu
scillator strengths (f-values) obtained inLS coupling are
vailable through the OP database TOPbase [14].

For applications in astrophysical spectral analy
rovide a reasonably complete set of transition probabi
or fine-structure transitions through large scaleab initio
alculations using the CCR-matrix method. Similar resul
or atomic transition probabilities have been obtained
ther silicon-like ions, Si I, S III, Ar V, and Ca VII [15], an

or iron ions, Fe II [16], Fe III [17], and Fe XXIV and F
XV [18]. A complementary set of data for the collisi
trengths for Fe XIII is being computed under the IP [1

Theory and Computations

For a bound–bound transition from an initial statei to
final statej , the line strength,S, is defined (for example

n Ref. [11]) as

S5 u^C juuDuuC i&u 2, (1)

n atomic units (a.u.), where the dipole operatorD is

D 5 O
n

r n, (2)

n the length form summed over the total number of e
rons in the ion, andC i andC j are the initial and the fina
ave functions, respectively. The line strengthS in atomic
nits is related to the oscillator strengthf ij ( f-value) as

S5 ~3gi /Eij! f ij , (3)
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whereEij is the transition energy in rydberg andgi is the
statistical weight factor of the initial state, withgi 5 (2Si 1
1)(2Li 1 1) for an LS multiplet, and (2Ji 1 1) for a
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The above form is used when one or bothLS terms of the
transition are unobserved or when not all the fine structure
levels of an LS term are observed, and for transitions
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ne-structure transition. The transition probability,Aji (Ein-
tein A-coefficient), can be obtained from the oscilla
trength as

Aji~a.u.! 5
1

2
a 3

gi

gj
E ij

2 f ij , Aji~s
21! 5

Aji~a.u.!

t0
, (4)

herea is the fine-structure constant andt0 5 2.41913
0217 s is the atomic unit of time.

In the present work, oscillator strengths inLS cou-
ling are obtained in the CCR-matrix method similar to th
P work [11]. The fine-structure components of the tra

ions are obtained fromLS multiplets through algebra
ransformations. The transformations can be carried ou
he line strength or directly from the oscillator strength [1
he line strength, which is independent of the transi
nergyEij , is a better choice. As the observed transi
nergies are determined more accurately than the calcu
nes, use of the former with the line strengths can pro
ore accuratef ij andAji . Hence, in the present calculatio

he fine-structure transition probabilities are obtained f
-values whenever observed energies are available
rom f-values when calculatedEij are used.

The fine-structure line strengths,SJJ, are obtained a

SJJ 5 C~ Ji, Jj!SLS/@~2Si 1 1!~2Li 1 1!~2Lj 1 1!# (5)

or the allowed transitions (DJ 5 0, 61); Si is the spin
hich is the same asSj . The values of the coefficientsC( Ji ,

j) can be found in Allen [19]. TheSJJ values satisfy th
ondition

SLS 5 O
J

SJJ. (6)

he fine-structuref-values, f JJ, can be obtained direct
rom f LS as [20]

JJ~njSiLjJj, niSiLiJi! 5 fLS~njSiLj, niSiLi!~2Jj 1 1!

3 ~2Li 1 1!W2~LjLiJj Ji; 1Si!, (7)

hereW(LjL iJjJi ; 1Si) is a Racah coefficient. The abo
alues also satisfy the sum rule

O
JiJj

~2Ji 1 1! fJJ~njSiLjJj, niSiLiJi!

5 ~2Si 1 1!~2Li 1 1! fLS~njSiLj, niSiLi!. (8)
etween high angular momentum states (transitions in
ng terms higher thanH 7 I where Allen’s coefficients ar
ot available).

The lifetime,t j , of a state or levelj can be obtaine
rom the transition probabilities to the lower levels, tha
rom theA-values, as

t j 5
1

Aj~s
21!

, (9)

hereAj is the total radiative transition probability for t
tate or levelj , that is,

Aj 5 O
i

Aji . (10)

In the CC approximation the total wave function
he ion,C(E), is an expansion of core states,x i . The core
s termed the “target” of N electrons. For any symme
Lp,

C~E! 5 A O
i

x iu i 1 O
j

cjF j, (11)

here x i is a specific target stateSiL ip i ; u i is the wave
unction of the (N 1 1)th electron in a channel label

iL ip iki
2l i(SLp) whereki

2 is the electron energy, which f
i
2 , 0 may represent a bound state of the electron
ystem; andA is the antisymmetrization operator. TheF j ’s
re correlation functions of the (N 1 1)th electron system

hat compensate for the orthogonality condition of the t
ave function as well as account for short-range correla
ffects, and thecj ’s are the variational coefficients.

The present wave function expansion of Fe XIII i
4-term expansion consisting of the 14 lowest terms o
ore Fe XIV. The terms and the energies are given in T
. The term energies and the orbital wave functions of
ore or the target ion are obtained from atomic struc
alculations using the program SUPERSTRUCTURE [
owever, the calculated energies of observed terms
een replaced by the measured values listed in the
ompilation [1] where available. Not all the terms in Ta

have been observed; the unobserved term energie
arked by asterisks. The sets of spectroscopic and co

ion configurations, and the values of the scaling param
for each orbital in the Thomas–Fermi–Dirac poten

sed in the atomic structure calculations are given in
ote to Table A. The second sum in the wave func
xpansion, Eq. (11), includes all possible (N 1 1)-electron
onfigurations of Fe XIII up to 3p4, 3d2, 4s, and 4p.
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TABLE A
Fe XIV States and Excitation Energies Used in the Wave Function Expansion of Fe XIII

Configuration SLp E(Ry) Configuration SLp E(Ry)

nd correlati
c
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The computations of the oscillator strengths
ound–bound transitions are carried out using theR-matrix
ackage of codes developed for the OP [22] and exte

or the IP [12]. Computations include allSLp of Fe XIII
ormed from the target states in combination with the o
lectron withl # 9. The fine-structure components of
-values are obtained using the code JJTOLS [16]. Du
he large volume, computations and processing of dat
arried out separately for each spin symmetry (2S 1 1) 5
, 3, and 1.

All bound states of the Hamiltonian matrix a
canned for up ton 5 10 and l 5 9 with an effective
uantum number meshDn 5 0.01. Identification of th

arge number ofLS bound states obtained has been a m
ask for this ion. A term is designated as a possible co
ation of the configuration of the core and the outer e

ron, corresponding to an appropriate value ofn for the oute
lectron quantum numbersn, l and a larger channel pe
entage contribution. One way to identify the states is to
ut the series ofn for the terms of same configuration b
ith increasingn of the valence electron. However, sm
ifferences inn for various terms of the same symme
ave caused difficulties in assignments of proper con
ations. The quantum defects for these states are almo
ame. Hence, some uncertainties may have been intro
n the identification of some of the states; that is, the e
dentification could also be the immediate upper or lo
erm for such cases. Almost all the bound terms of Fe
re formed from the 14 Fe XIV target states included
ombination with the outer electron quantum numb
owever, some additional bound states are found to

ormed from the bound channel configurations inclu
second sum of Eq. (11)) in the calculations. These te
re assigned with possible configurations with core of

orms 3s3d2, 3p3d2, and 3d24s.

1 3s23p 2Po 0.0
2 3s3p2 4Pe 2.12457
3 3s3p2 2D e 2.73911
4 3s3p2 2Se 3.32333
5 3s3p2 2Pe 3.58899
6 3s23d 2De 4.32324
7 3p3 2D o 4.91648*

Note.The energies marked with an asterisk are calculated energ
onfigurations, and the scaling parameters,l, for each orbital in the Tho

Spectroscopic configurations: 3s23p, 3s3p2, 3p3, 3s23d, 3s3p3d,
Correlation configurations: 3s24s, 3s24p, 3s3p4s, 3s3p4p, 3s3d4
l (Scaling parameters):1.1(1s), 1.08576(2s), 1.03329(2p), 0.94
Results and Discussion

The 14 CCR-matrix calculations have resulted in
otal of 1223 boundLS terms of Fe XIII lying below the firs
onization threshold. Of these, 24 states have been obs
1] and identified. The calculated term energies are c
ared with the observed ones in Table B. The earlier
ulations [13] under the OP correspond to a 9-term ei
unction expansion leading to 797 bound terms. In Tabl

comparison of present calculated energies with tho
ef. [13], and with observed energies, shows good ag
ent among the different values, generally to within 1

Table I lists the complete set of boundLS terms and
nergies among which the dipole-allowed fine-struc

ransitions are considered. In the Table, the calculated
rgies of the 24 observed terms have been replaced b
easured values, as these are used in the calculati

ransition probabilities. EachLS term is prefixed by
egeneracy symbol, a letter of the alphabet, for conven
f identification. Ascending order of the alphabet is cho

or the even-parity states of a symmetry. The odd-pa
tates are designated in the same way but with the alp
n descending order. No degeneracy is assigned for ter

position 27th or higher within the symmetry.
The dipole-allowed bound–bound transitions in

III result in 64,456 transitions amongLS terms. The
resent number of transitions is over 71% more than
umber of transitions, 37,598, obtained by Butler et al. [
ine-structure transitions have been derived for allLS mul-

iplets in the present work, yielding an extensive se
07,863 transitions. Observed energies have been
herever available for improved accuracy.

Presentf-values, both forLS multiplets and for fine
tructure transitions, are compared with those in the p
us calculations in Table C. With the exception of
alculation by Butler et al. [13], who carried out C

8 3p3 4So 5.34121
9 3p3 2Po 5.58566*

10 3s3p3d 4F o 5.63024*
11 3s3p3d 4Po 6.07468*
12 3s3p3d 4D o 6.11603
13 3s3p3d 2D o 6.35966*
14 3s3p3d 2F o 6.67736*

here for unobserved terms. Following are the sets of spectroscopic aon
i–Dirac potential used in the atomic structure calculations.

3p24s, 3p24p, 3p24p, 3p3d4s, 3p3d4p.
0957(3p), 1.00689(3d), 4.85982(4s), 2.19876(4p).
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-matrix calculations, other previous works correspon
tomic structure calculations requiring optimization of
ividual levels. A relatively smaller number of transitio

ncluding both dipole allowed and intercombination, w
onsidered in these calculations. All calculations agree
er for the singlet transitions than for the triplet ones. Pre
S oscillator strengths are consistently in good agreem
ith those given by Butler et al. [13] for most of t

ransitions. However, significant differences also exist f
ew cases, such as for the transition 3s23p2( 3P) 3
s23p4s( 3Po). The term energies for this transition fro
oth calculations are in good agreement (Table B);
eason for the large difference in thef-value is not obviou
ut could be related to correlation effects in the pre
ork. Agreement is quite good for the present fine-struc

-values with those obtained using multiconfigura
irac–Fock calculations by Huang [2] for the dipo
llowed transitions, 3s23p2( 1S, 1D) 3 3p3d( 1Po, 1F o),
nd for 3s23p2( 3P) 3 3p3d( 3Po, 3D o), but the difference
re considerable for the transitions 3s23p2( 3P) 3
s3p3( 3Po, 3D o). The disagreement with [2] shown for t
s23p2( 3P) 3 3s3p3( 3So) transition may be spuriou

c

Configuration SLp Eo

No 5 24
Ec

Nc 5 1223
Ec(OP)

Nc 5 797

3s23p2 3P 26.414 26.393 26.345
3s23p2 1D 26.098 26.107 26.064
3s23p2 1S 25.702 25.701 25.643
3s3p3 3D o 23.906 24.029 23.985
3s3p3 3Po* 23.529 23.657 23.608
3s3p3 1D o 23.234 23.339 23.301
3s3p3 3So 22.750 22.781 22.735
3s3p3 1Po 22.544 22.652 22.612
3s23p3d 3Po 22.061 22.029 21.976
3s23p3d 1D o 21.990 22.068 22.014
3s23p3d 3D o 21.901 21.935 21.881
3s23p3d 1F o 21.462 21.461 21.417
3s23p3d 1Po 21.336 21.348 21.286
3s23p4s 3Po* 14.254 14.155 14.172
3s23p4s 1Po 14.126 14.034 14.084
3s23p4p 1D 12.975 12.810 12.960
3s23p4p 1P 12.728 12.424 13.336
3s23p4d 3D o 11.907 11.854 11.852
3s23p4d 3F o* 11.777 11.767 11.767
3s23p4d 1F o 11.677 11.705 11.695
3s23p4d 1Po 11.495 11.641 11.630
3s23p4f 1D 10.673 10.644 10.641
3s23p4f 3F* 10.668 10.919 10.920
3s23p4f 1G 10.648 10.661 10.653

Note.An asterisk indicates incomplete set of observed fine-stru
evels.N is the total number of bound states.
awcett and collaborators (Fawcett et al. [3], Bromage e
4], and Fawcett [5]). While present values agree very
ith those given by Fawcett et al. [3] for transitions suc
s23p2( 1D) 3 3p4s( 1Po), 3p3d( 3F o) 3 3p4p( 3D), the
greement is quite poor for some other transitions suc

or 3s23p2( 3P)3 3p4s( 3Po). The Dirac–Fock calculation
y Huang [2] and the Hartree–Fock calculations includ
elativistic effects by Fawcett and collaborators often ar
ood agreement with each other. The results from t
tomic structure calculations can be very accurate for s

ransitions but they can be considerably poorer with
uitable optimization. In contrast, in the CC approximat
uch as that used in the present case, the results a
onsistent accuracy throughout except for very weak
itions. However, for transitions where relativistic effe
re more important, the atomic structure calculations
luding these effects are probably more accurate. Th
specially the case for transitions affected by relativ
ixing between different multiplicities, such as between

inglets and triplets. In recent developments under th
12] it is now possible to carry out CC calculations incl
ng the relativistic effects using the Breit–Pauli approxim
ion; this method has been used for the transition prob
ties for two simple systems, Fe XXIV and Fe XXV [18
arrying out of such calculations for Fe XIII is planned

As the lifetime of the 3s3p3( 3S1
o) level of Fe XIII has

een measured experimentally by Tra¨bert et al. [7], it is o
onsiderable interest to study the decay rate from this l
amely the transition 3s23p2( 3P) 4 3s3p3( 3So). The
-values from the three calculations, Refs. [13], and [4]
he present, agree in general for theLS transition (Table C)
ndicating similar predictions for the lifetime (Table D
owever, the slight variation in the calculated energies

ntroduce some differences. The lifetime values from
ious calculations are 16.4 ps [13], 16.4 ps [4] (from theLS
-value), and 16.7 ps [4] (from fine-structure componen
nd the value from the present calculation is 15.8 ps
hown in Table D). The measured value is 21(4) ps
ncertainty ranging from 17 to 25 ps [7]. The calcula
alues agree with one another within the expected un
ainty of the various theoretical treatments, and they a
ith the lower limit of the measured value, 17 ps, to wit
few percent. However, it may be that all theoretical va

omewhat underestimate the lifetime of the3So level.
Based on the accuracy of the calculated term ene

n comparison with the measured values, of the pre
-values with previous calculations and of the lifetime w
he measured value, and on the general uncertainty o
C method, it is estimated that the accuracy of the pre

-, S-, and A-values is approximately 10–30% for m
ransitions. The uncertainty can be higher for weak tra
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TABLE C
Comparison of Fe XIIIf-Values
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3
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Transition Multiplet gi gf Present Others

s23p2–3s3p3 1S–1Po 1 3 0.186 0.175 [13], 0.15 [4], 0.138 [5]
s23p2–3p3d 1S–1Po 1 3 1.10 1.12 [13], 1.1 [2], 1.2 [4], 1.26 [5]
s23p2–3p4d 1S–1Po 1 3 0.534 0.524 [13], 0.39 [6]
s23p2–3s3p3 1D–1Po 5 3 0.183 0.179 [13], 0.18 [4], 0.189 [5]
s23p2–3p4s 1D–1Po 5 3 0.12 0.11 [13], 0.11 [3]
s23p2–3s3p3 1D–1D o 5 5 0.0967 0.0918 [13], 0.080 [4], 0.077 [5]
s23p2–3p3d 1D–1D o 5 5 0.443 0.444 [5]
s23p2–3p3d 1D–1F o 5 7 0.578 0.582 [13], 0.55 [2], 0.58 [4], 0.58 [
s23p2–3p4d 1D–1F o 5 7 0.384 0.382 [13], 0.33 [3, 6]
p3d–3p4p 1F o–1D 7 5 0.0306 0.0301 [13], 0.22 [3]
p3d–3p4f 1F o–1G 7 5 0.72 0.71 [13], 0.75 [3, 6]
s23p2–3s3p3 3P–3So 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]

s23p2–3s3p3 3P–3Po 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]

s23p2–3s23p3d 3P–3Po 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]

s23p2–3p4s 3P–3Po 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]

s23p2–3s3p3 3P–3D o 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]

s23p2–3s23p3d 3P–3D o 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 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]

s23p2–3s23p4d 3P–3D o 9 15 0.361 0.346 [13]
3 5 0.27 0.23 [3]
1 3 0.36 0.35 [3]

p3d–3p4p 3F o–3D 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]

p3d–3p4f 3F o–3G 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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Lifetime (in 10212 s) of the 3s3p3(3S1

o) Level in Fe XIII

Theory

3

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII

135
ions. However, more measured values and more acc
alculations are required for better estimation of the a
acy of the present values. The present method doe
nclude any relativistic effects for the fine-structure tra
ions. For highly excited states, the relativistic effects
SJ-mixing can be significant. These may result in stron

ntercombination transitions and somewhat diffe
trengths among the corresponding allowed fine-stru
omponents. As discussed in the previous section, the
lso uncertainties in configuration assignments for som

he states due to fact that the quantum defects are near
ame. Hence, the identification of some of these transi
ay not be exact.

The volume of results obtained for the oscilla
trengths (f ), line strength (S), and transition probabi
ties (A-values) for Fe XIII is quite large. It is impra
ical to publish such a large number of transitions. He
he table containing the complete set off-, S-, and
-values for bothLS multiplets and fine-structure tra
itions along with 1223 energy terms will be made av
ble electronically. A FORTRAN code will be provid

o read the file and obtain the relevant quantities, suc
-values for lifetime calculations. Table II represent
artial table presenting only those transitions for wh
bserved energies have been used. The format c
ponds to that of the complete table.

Summary and Conclusion

An extensive set off-, S-, andA-values for 64,45
S-multiplet transitions and 307,863 dipole-allowed fi
tructure transitions in Fe XIII is obtained. This work p
ents the first extensive data set for fine-structure trans
or this ion. The number of bound states obtained is
iderably larger than for previously measured and calcu
ata. Calculations are carried out in the CCR-matrix
ethod for theLS transitions, and the fine-structure co
onents are obtained through algebraic transformations
bserved energies are used, wherever available, fo
roved accuracy. The uncertainty is estimated to be 10%
trong transitions and about 10–30% for most other tra
ions. Inclusion of relativistic effects, which have not b

Level Present
Experiment

[7][13] [4]

s3p3( 3S1
o) 15.8 16.4 16.4a, 16.7b 21 (4)

a From theLS value.
b From fine-structure values.
he detailed analysis of UV spectra.
The full table of transition probabilities and energ

s available in electronic form from the author
ahar@astronomy.ohio-state.edu. A FORTRAN77 cod
ttached to the table to read theA-values and calculate th

ifetime for anyLS term or fine-structure level.
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EXPLANATION OF TABLES

TABLE I. Bound States of Fe XIII
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SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
This Table presents the bound states of Fe XIII among which the dipole-allowed transitions are con

Term Electronic configuration andLS term. The lowerLS terms are prefixed by a degeneracy symbo
alphabetically ascending order for successive even-parity states and descending o
successive odd-parity states of the same symmetry. No degeneracy is assigned for te
position 27th or higher within the symmetry.

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

ABLE II. Oscillator Strengths, Line Strengths, and Transition Probabilities for Allowed Transitions in Fe XIII

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

Transition The transitioni 3 j , with statesi and j in the notation of Table I.
Ei , Ej Binding energies of the initial and finalLS terms given in rydberg on the first line, and the excita

energies of the initial and final fine-structure levels given in cm21 on the subsequent lines. (T
negative sign for theLS term binding energy is omitted for convenience.) Asterisks in plac
the fine-structure energies mean one or both levels are not observed.

Eji Transition energy (in rydberg). The transition energy for the case of unobserved levels is o
from the f- andS-values asEji 5 3gi( f ij /S).

gi , gj The statistical weight factors of the initial and final states (levels).
f ij Absorption oscillator strength (dimensionless).
S Line strength (in a.u.).
Aji Transition probability from upper statej to lower statei (in s21).

137 Atomic Data and Nuclear Data Tables, Vol. 72, No. 2, July 1999



TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
Term E(Ry) Term E(Ry)

3s23p2 a 1Se 25.70221 3p3d24p n 3Se 4.43398
3p4 b 1Se 20.33870 3p3d24p o 3Se 4.02066
3s23d2 c 1Se 18.57390 3s23p(2P o)7p p 3Se 3.89122
3s3p2(2De)3d d 1Se 16.85690 3s3p3d(2F o)4f q 3Se 3.84185
3s23p(2P o)4p e 1Se 12.54580 3s23d(2De)5d r 3Se 2.96766
3s23d2 f 1Se 12.53420 3s23p(2P o)8p s 3Se 2.88868
3s23d2 g 1Se 11.77120 3p3(2P o)5p t 3Se 2.43403
3s3p2(2Se)4s h 1Se 10.61790 3s3p2(2Se)6s u 3Se 2.31419
3s23d2 i 1Se 10.08850 3s23p(2P o)9p v 3Se 2.27397
3s3p2(2De)4d j 1Se 8.72829 3s3p2(2De)6d w 3Se 2.20068
3s23p(2P o)5p k 1Se 7.87144 3s23p(2P o)10p x 3Se 1.82828
3p3(2P o)4p l 1Se 6.90315 3s3p3d(4P o)5p y 3Se 1.78467
3s23d(2De)4d m 1Se 6.69289 3s3p3 z 3So 22.75013
3s23p(2P o)6p n 1Se 5.28141 3p3(2Do)3d y 3So 16.84160
3s3p2(2Se)5s o 1Se 5.12048 3s3p3 x 3So 15.70260
3s3p2(2De)5d p 1Se 4.49350 3s3p3d2 w 3So 13.65450
3s23d2 q 1Se 4.04825 3s3p2(4P e)4p v 3So 11.37000
3s23p(2P o)7p r 1Se 3.84490 3s3p2(2P e)4p u 3So 9.43493
3s3p3d(2F o)4f s 1Se 3.78293 3p3d24s t 3So 8.67974
3s3d24s t 1Se 3.61111 3p3(2Do)4d s 3So 6.77336
3s23p(2P o)8p u 1Se 2.90651 3s3p2(4P e)5p r 3So 5.96824
3s23d(2De)5d v 1Se 2.71124 3s3p3d(4Do)4d q 3So 5.67155
3s3p2(2Se)6s w 1Se 2.34167 3s3p3d(2Do)4d p 3So 5.27257
3s23p(2P o)9p x 1Se 2.25478 3s3p2(2P e)5p o 3So 4.38684
3s3p2(2De)6d y 1Se 2.19419 3s3p2(4P e)6p n 3So 3.34518
3p3(2P o)5p z 1Se 2.15829 3p3d24s m 3So 3.11050
3s23p(2P o)10p 1Se 1.81444 3p3(4So)4s l 3So 3.07606
3p3(2Do)3d z 1So 17.78060 3p3(2Do)5d k 3So 2.38623
3s3p3d2 y 1So 15.06390 3s3d24p j 3So 2.18344
3s3p2(2P e)4p x 1So 9.89850 3s3p2(4P e)7p i 3So 1.79494
3p3(2Do)4d w 1So 6.74732 3s3p2(2P e)6p h 3So 1.75493
3s3p3d(2Do)4d v 1So 5.34194 3s3d24p g 3So 1.67206
3s3p2(2P e)5p u 1So 4.48586 3d24s4p f 3So 1.53061
3p3d24s t 1So 2.53911 3s3p3d(4Do)5d e 3So 1.18345
3p3(2Do)5d s 1So 2.39754 3s3p3d(2Do)5d d 3So 0.91255
3s3d24p r 1So 2.18391 3s3p2(4P e)8p c 3So 0.81287
3s3p2(2P e)6p q 1So 1.82283 3s3p2(2P e)7p b 3So 0.29547
3s3p3d(2Do)5d p 1So 0.93241 3p3(4So)5s a 3So 0.25149
3s3p2(2P e)7p o 1So 0.31470 3s3p2(4P e)9p 3So 0.14484
3d24s4p n 1So 0.24249 3d24s4p 3So 0.09112
3p3(2Do)6d m 1So 0.08156 3p3(2Do)6d 3So 0.04805
3s3p2(2De)3d a 3Se 19.23670 3p23d2 a 5Se 13.59540
3s23p(2P o)4p b 3Se 13.11400 3s3p3d(4P o)4p b 5Se 7.04687
3p23d2 c 3Se 11.85170 3s3p3d(4F o)4f c 5Se 5.02703
3s3p2(2Se)4s d 3Se 10.92440 3s3p3d(4P o)5p d 5Se 1.89379
3s3p2(2De)4d e 3Se 8.85900 3s3p3d(4F o)5f e 5Se 1.20975
3s23p(2P o)5p f 3Se 7.98549 3s3p2 z 5So 24.73540
3p3(2P o)4p g 3Se 7.48290 3s3p3d2 y 5So 15.74340
3s23d(2De)4d h 3Se 7.34698 3s3p2(4P e)4p x 5So 10.83650
3s3p3d(4P o)4p i 3Se 6.64896 3p3(4So)4s w 5So 8.99575
3s23p(2P o)6p j 3Se 5.37570 3s3p2(4P e)5p v 5So 5.90001
3s3p2(2Se)5s k 3Se 5.19605 3s3p3d(4Do)4d u 5So 5.46442
3s3p3d(4F o)4f l 3Se 4.75150 3s3p2(4P e)6p t 5So 3.28447
3s3p2(2De)5d m 3Se 4.52973 3p3(4So)5s s 5So 3.16295
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TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
Term E(Ry) Term E(Ry)

3p3d24s r 5So 2.42299 3s3p2(2De)4f l 1P o 8.34900
3s3p2(4P e)7p q 5So 1.75834 3p3d24s k 1P o 7.79647
3s3d24p p 5So 1.57516 3s23p(2P o)5d j 1P o 7.26760
3s3p3d(4Do)5d o 5So 1.04084 3s23d(2De)4f i 1P o 6.83244
3s3p2(4P e)8p n 5So 0.79347 3p3(2Do)4d h 1P o 6.15627
3p3(4So)6s m 5So 0.29218 3p3(2P o)4d g 1P o 6.02721
3s3p2(4P e)9p l 5So 0.15202 3s23p(2P o)6s f 1P o 5.62929
3s3p2(2De)3d a 1P e 19.39130 3s3p3d(2Do)4d e 1P o 5.36663
3s3p2(2P e)3d b 1P e 18.34830 3s3p2(2De)5p d 1P o 5.15265
3p23d2 c 1P e 13.34590 3s23p(2P o)6d c 1P o 4.98880
3s23p(2P o)4p d 1P e 12.72803 3s3p3d(2F o)4d b 1P o 4.82643
3s3p2(2P e)4s e 1P e 12.27910 3s3p2(2Se)5p a 1P o 4.63680
3p23d2 f 1P e 10.61200 3s3p2(2P e)5p 1P o 4.29605
3s3p2(2De)4d g 1P e 8.95844 3s3p2(2De)5f 1P o 4.04827
3s3p2(2P e)4d h 1P e 8.25976 3s23p(2P o)7s 1P o 4.01057
3p3(2Do)4p i 1P e 8.14948 3s23p(2P o)7d 1P o 3.66348
3s23p(2P o)5p j 1P e 8.00676 3s23d(2De)4p 1P o 3.54517
3p3(2P o)4p k 1P e 7.47086 3s23p(2P o)8s 1P o 3.01377
3s23d(2De)4d l 1P e 7.34192 3p3d24s 1P o 2.99130
3s3p3d(4P o)4p m 1P e 6.61103 3p3(2P o)5s 1P o 2.84666
3p3(2Do)4f n 1P e 5.89068 3s23p(2P o)8d 1P o 2.76561
3s23p(2P o)6p o 1P e 5.42480 3s3p2(2De)6p 1P o 2.59802
3s3p2(2P e)5s p 1P e 4.90643 3s23d(2De)5f 1P o 2.44571
3s3p2(2De)5d q 1P e 4.57765 3p3(2Do)5d 1P o 2.43918
3s3d24s r 1P e 4.50682 3s23p(2P o)9s 1P o 2.34788
3p3d24p s 1P e 4.36147 3s23p(2P o)9d 1P o 2.19125
3s3p3d(2Do)4f t 1P e 4.24337 3p3d24s 1P o 2.17356
3s23p(2P o)7p u 1P e 3.90643 3s3p2(2Se)6p 1P o 2.12216
3s3p3d(2F o)4f v 1P e 3.87729 3p3d24s 1P o 2.05176
3p3d24d w 1P e 3.80934 3p3d24s 1P o 1.99619
3s3p2(2P e)5d x 1P e 3.58056 3s3p2(2De)6f 1P o 1.97143
3p3(2Do)5p y 1P e 3.08545 3p3(2P o)5d 1P o 1.91872
3s23d(2De)5d z 1P e 2.99770 3s23p(2P o)10s 1P o 1.88051
3s23p(2P o)8p 1P e 2.92493 3s23p(2P o)10d 1P o 1.75774
3p3(2P o)5p 1P e 2.42658 3s3d24p 1P o 1.70330
3s23p(2P o)9p 1P e 2.29339 3s3p2(2P e)6p 1P o 1.69150
3s3p2(2De)6d 1P e 2.22734 3s23p2 a 3P e 26.41387
3s3p2(2P e)6s 1P e 2.00431 3p4 b 3P e 21.22360
3p3(2Do)5f 1P e 1.98794 3p23d2 c 3P e 20.11330
3s23p(2P o)10p 1P e 1.83096 3s3p2(4P e)3d d 3P e 19.32360
3s3p3 z 1P o 22.54429 3s3p2(2De)3d e 3P e 18.38530
3s23p(2P o)3d y 1P o 21.33558 3s3p2(2P e)3d f 3P e 17.43740
3p3(2Do)3d x 1P o 16.82610 3p23d2 g 3P e 13.69680
3p3(2P o)3d w 1P o 15.42320 3p23d2 h 3P e 13.04560
3s3p3d2 v 1P o 14.52490 3s23p(2P o)4p i 3P e 12.98730
3s3p3d2 u 1P o 14.27960 3p23d2 j 3P e 12.60220
3s23p(2P o)4s t 1P o 14.12619 3s3p2(4P e)4s k 3P e 12.15600
3s3p3d2 s 1P o 13.27370 3p23d2 l 3P e 11.87810
3s23p(2P o)4d r 1P o 11.49454 3p23d2 m 3P e 11.75940
3s3p2(2De)4p q 1P o 10.37260 3s3d24s n 3P e 11.24910
3s3p2(2Se)4p p 1P o 9.79033 3s3p2(2P e)4s o 3P e 10.64900
3s3p2(2P e)4p o 1P o 9.18263 3s3p2(4P e)4d p 3P e 9.70739
3p3(2P o)4s n 1P o 8.64730 3s3p2(2De)4d q 3P e 8.90153
3s23p(2P o)5s m 1P o 8.39159 3p3(2Do)4p r 3P e 8.21813
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TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s3p2(2P e)4d s 3P e 8.00618 3s23p(2P o)5s j 3P o 8.42172
3s23p(2P o)5p t 3P e 7.95721 3s3p2(2De)4f i 3P o 7.93301
3p3(4So)4p u 3P e 7.54662 3s3p3d(4P o)4s h 3P o 7.76536
3s23d(2De)4d v 3P e 7.21945 3s23p(2P o)5d g 3P o 7.29486
3p3(2P o)4p w 3P e 7.19575 3p3(2Do)4d f 3P o 6.79978
3s3p3d(4P o)4p x 3P e 7.11450 3s23d(2De)4f e 3P o 6.33175
3s3p3d(4Do)4p y 3P e 6.66223 3p3(2P o)4d d 3P o 6.12079
3s3p3d(2Do)4p z 3P e 6.55247 3s3p3d(4F o)4d c 3P o 5.88442
3s3p2(4P e)5s 3P e 6.22370 3s3p2(4P e)5p b 3P o 5.81796
3p3(2Do)4f 3P e 5.82144 3s23p(2P o)6s a 3P o 5.64806
3s23p(2P o)6p 3P e 5.37877 3s3p3d(4P o)4d 3P o 5.56767
3s3p2(4P e)5d 3P e 5.24060 3s3p3d(4Do)4d 3P o 5.42970
3s3p2(2P e)5s 3P e 4.93857 3s3p3d(2Do)4d 3P o 5.31590
3s3p3d(4F o)4f 3P e 4.86444 3s3p2(2De)5p 3P o 5.18493
3s3p3d(4Do)4f 3P e 4.59704 3s23p(2P o)6d 3P o 5.00811
3s3p2(2De)5d 3P e 4.56406 3s3p3d(2F o)4d 3P o 4.80345
3p3d24p 3P e 4.50115 3s3p2(2Se)5p 3P o 4.65617
3s3p3d(2Do)4f 3P e 4.39037 3s3p2(2P e)5p 3P o 4.38487
3p3d24p 3P e 4.15762 3s3p2(2De)5f 3P o 4.10217
3s3p3d(2F o)4f 3P e 3.94124 3s23p(2P o)7s 3P o 4.02638
3p3d24p 3P e 3.93098 3s23p(2P o)7d 3P o 3.64166
3s23p(2P o)7p 3P e 3.86284 3s23d(2De)5p 3P o 3.61553
3s3p2(2P e)5d 3P e 3.68440 3s3p2(4P e)6p 3P o 3.21024
3s3p2(4P e)6s 3P e 3.48804 3p3d24s 3P o 3.10670
3p3(2Do)5p 3P e 3.03085 3s23p(2P o)8s 3P o 3.02136
3s23p(2P o)8p 3P e 2.93892 3p3(2P o)5s 3P o 2.89167
3s3p2(4P e)6d 3P e 2.90778 3s23p(2P o)8d 3P o 2.77339
3s23d(2De)5d 3P e 2.86825 3p3d24s 3P o 2.67737
3p3(4So)5p 3P e 2.57080 3s3p2(2De)6p 3P o 2.60483
3p3(2P o)5p 3P e 2.39476 3p3d24s 3P o 2.53394
3s23p(2P o)9p 3P e 2.28463 3s23d(2De)5f 3P o 2.52056
3s3p2(2De)6d 3P e 2.24150 3p3(2Do)5d 3P o 2.42465
3s3p2(2P e)6s 3P e 2.02679 3p3d24s 3P o 2.35750
3p3(2Do)5f 3P e 1.96731 3s23p(2P o)9s 3P o 2.34869
3s3p3d(4P o)5p 3P e 1.95218 3s3p3d(4P o)5s 3P o 2.28173
3s3p2(4P e)7s 3P e 1.90604 3s3d24p 3P o 2.22445
3s23p(2P o)10p 3P e 1.82900 3s23p(2P o)9d 3P o 2.17575
3s3p3d(4Do)5p 3P e 1.74657 3s3p2(2Se)6p 3P o 2.08147
3s3p3 z 3P o 23.52853 3s3p2(2De)6f 3P o 2.01950
3s23p(2P o)3d y 3P o 22.06081 3s3d24p 3P o 1.98338
3p3(2Do)3d x 3P o 16.81400 3s23p(2P o)10s 3P o 1.88559
3p3(2P o)3d w 3P o 16.70060 3s3p2(2P e)6p 3P o 1.82325
3s3p3d2 v 3P o 15.34900 3s23p(2P o)10d 3P o 1.75920
3s3p3d2 u 3P o 15.11790 3s3p2(4P e)7p 3P o 1.73101
3s3p3d2 t 3P o 14.80190 3p3(2P o)5d 3P o 1.70376
3s23p(2P o)4s s 3P o 14.25442 3s3p3d(4F o)5d 3P o 1.69206
3s3p3d2 r 3P o 14.12170 3s3p2(4P e)3d a 5P e 20.26880
3s23p(2P o)4d q 3P o 11.69680 3p23d2 b 5P e 13.29970
3s3p2(4P e)4p p 3P o 10.90630 3s3p2(4P e)4s c 5P e 12.25010
3s3p2(2De)4p o 3P o 10.25060 3s3p2(4P e)4d d 5P e 9.73160
3s3p2(2Se)4p n 3P o 9.81929 3p3(4So)4p e 5P e 7.94300
3s3p2(2P e)4p m 3P o 9.57119 3s3p3d(4P o)4p f 5P e 7.06997
3s23d(2De)4p l 3P o 8.79162 3s3p3d(4Do)4p g 5P e 6.81191
3p3(2P o)4s k 3P o 8.51198 3s3p2(4P e)5s h 5P e 6.35690
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TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
Term E(Ry) Term E(Ry)

3s3p2(4P e)5d i 5P e 5.25024 3s3p2(2Se)4d r 1De 8.37860
3s3p3d(4F o)4f j 5P e 5.06483 3s3p2(2P e)4d s 1De 8.10345
3s3p3d(4Do)4f k 5P e 4.65208 3s23p(2P o)5p t 1De 7.87168
3s3p2(4P e)6s l 5P e 3.53401 3p3(2Do)4p u 1De 7.59135
3s3p2(4P e)6d m 5P e 2.92873 3p3(2P o)4p v 1De 7.23674
3p3(4So)5p n 5P e 2.65628 3s23d(2De)4d w 1De 7.18763
3s3p2(4P e)7s o 5P e 1.94556 3s23p(2P o)5f x 1De 6.83179
3s3p3d(4P o)5p p 5P e 1.91542 3s3p3d(2F o)4p y 1De 6.59886
3s3p3d(4Do)5p q 5P e 1.81331 3s3p3d(2Do)4p z 1De 6.14627
3s3p2(4P e)7d r 5P e 1.53104 3p3(2Do)4f 1De 5.83975
3s3p3d(4F o)5f s 5P e 1.22601 3s3p2(2De)5s 1De 5.66113
3s3p2(4P e)8s t 5P e 0.90140 3s23p(2P o)6p 1De 5.34202
3s3p3d(4Do)5f u 5P e 0.78227 3p3(2P o)4f 1De 5.00426
3s3p2(4P e)8d v 5P e 0.65237 3s23p(2P o)6f 1De 4.74473
3s3d24s w 5P e 0.24717 3s3p2(2De)5d 1De 4.61774
3s3p2(4P e)9s x 5P e 0.22515 3s3p3d(2F o)4f 1De 4.40654
3s3p2(4P e)9d y 5P e 0.05999 3s3p3d(2Do)4f 1De 4.32953
3p3(4So)6p z 5P e 0.00607 3s23d(2De)5s 1De 4.26833
3s3p3d2 z 5P o 16.29840 3s3d24s 1De 4.04947
3s3p2(4P e)4p y 5P o 11.17410 3s3p2(2Se)5d 1De 3.98115
3s3p3d(4P o)4s x 5P o 8.08878 3p3d24p 1De 3.94884
3s3p3d(4F o)4d w 5P o 5.99827 3s3p2(2De)5g 1De 3.88870
3s3p2(4P e)5p v 5P o 5.90570 3p3d24p 1De 3.87503
3s3p3d(4P o)4d u 5P o 5.77123 3s23p(2P o)7p 1De 3.85177
3s3p3d(4Do)4d t 5P o 5.45267 3p3d24p 1De 3.74896
3s3p2(4P e)6p s 5P o 3.25801 3s23p(2P o)7f 1De 3.48249
3p3d24s r 5P o 2.95730 3s3p2(2P e)5d 1De 3.37759
3s3d24p q 5P o 2.60111 3p3(2Do)5p 1De 2.96443
3s3p3d(4P o)5s p 5P o 2.35350 3s23p(2P o)8p 1De 2.92333
3s3p2(4P e)7p o 5P o 1.75684 3s23d(2De)5d 1De 2.86838
3s3p3d(4F o)5d n 5P o 1.63073 3s3p2(2De)6s 1De 2.83864
3d24s4p m 5P o 1.31513 3s23p(2P o)8f 1De 2.66373
3s3p3d(4P o)5d l 5P o 1.25526 3s23d(2De)5g 1De 2.38957
3s3p3d(4Do)5d k 5P o 1.15292 3p3(2P o)5p 1De 2.35831
3s3p3d(4F o)5g j 5P o 1.07780 3s23p(2P o)9p 1De 2.27332
3s3p2(4P e)8p i 5P o 0.79282 3s3p2(2De)6d 1De 2.26562
3s3p2(4P e)9p h 5P o 0.15647 3s23p(2P o)9f 1De 2.10390
3s23p2 a 1De 26.09807 3p3(2Do)5f 1De 1.96862
3p4 b 1De 21.08020 3s3p2(2De)6g 1De 1.91910
3s3p2(2De)3d c 1De 18.98450 3s23p(2P o)10p 1De 1.82629
3s3p2(2Se)3d d 1De 18.66270 3s23p(2P o)10f 1De 1.70222
3s3p2(2P e)3d e 1De 17.77830 3s3p3 z 1Do 23.23430
3s23d2 f 1De 17.44850 3s23p(2P o)3d y 1Do 21.99006
3p23d2 g 1De 13.58120 3p3(2Do)3d x 1Do 17.16500
3s23p(2P o)4p r 1De 12.97544 3p3(2P o)3d w 1Do 16.11440
3p23d2 i 1De 12.64770 3s3p3d2 v 1Do 15.20320
3p23d2 j 1De 12.05190 3s3p3d2 u 1Do 14.31200
3p23d2 k 1De 11.98520 3s3p3d2 t 1Do 13.59580
3s3p2(2De)4s l 1De 11.32900 3s23p(2P o)4d s 1Do 11.87440
3p23d2 m 1De 11.28040 3s3p2(2De)4p r 1Do 10.56320
3s23p(2P o)4f n 1De 10.67276 3s3p2(2P e)4p q 1Do 9.35663
3p23d2 o 1De 10.62370 3p3(2Do)4s p 1Do 8.98673
3s23d(2De)4s p 1De 9.74273 3s23d(2De)4p o 1Do 8.86781
3s3p2(2De)4d q 1De 9.01091 3s3p2(2De)4f n 1Do 7.97334
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TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s3p3d(2Do)4s m 1Do 7.54170 3s23p(2P o)5f w 3De 6.90461
3s23p(2P o)5d l 1Do 7.37343 3s3p3d(4P o)4p x 3De 6.88817
3s3p2(2P e)4f k 1Do 7.22863 3s3p3d(4Do)4p y 3De 6.67474
3p3(2Do)4d j 1Do 6.72606 3s3p3d(2Do)4p z 3De 6.53270
3s23d(2De)4f i 1Do 6.49538 3s3p3d(2F o)4p 3De 6.26734
3p3(2P o)4d h 1Do 6.13398 3p3(2Do)4f 3De 5.88064
3s3p3d(2Do)4d g 1Do 5.35921 3s3p2(2De)5s 3De 5.73671
3s3p2(2De)5p f 1Do 5.26320 3s23p(2P o)6p 3De 5.38836
3s23p(2P o)6d e 1Do 5.04594 3p3(2P o)4f 3De 5.25421
3s3p3d(2F o)4d d 1Do 4.93075 3s3p2(4P e)5d 3De 5.14982
3s3p2(2P e)5p c 1Do 4.35607 3s3p3d(4F o)4f 3De 5.03815
3s3p2(2De)5f b 1Do 4.11721 3s23p(2P o)6f 3De 4.78170
3s23d(2De)5p a 1Do 3.69441 3s3p2(2De)5d 3De 4.65663
3s23p(2P o)7d 1Do 3.66131 3s3p3d(4P o)4f 3De 4.61040
3p3(2Do)5s 1Do 3.50725 3s3p3d(4Do)4f 3De 4.50295
3s3p2(2P e)5f 1Do 3.33646 3s3d24s 3De 4.43272
3s3p3d2 1Do 3.28906 3s3p3d(2Do)4f 3De 4.36180
3s23p(2P o)8d 1Do 2.78469 3s23d(2De)5s 3De 4.35358
3s3p2(2De)6p 1Do 2.67315 3p3d24p 3De 4.20242
3s23d(2De)5f 1Do 2.58692 3p3d24p 3De 4.15851
3p3(2Do)5d 1Do 2.51616 3s3p3d(2F o)4f 3De 4.02439
3p3d24s 1Do 2.44803 3s3p2(2Se)5d 3De 3.96043
3p3d24s 1Do 2.30185 3s3p2(2De)5g 3De 3.91911
3s23p(2P o)9d 1Do 2.18616 3s23p(2P o)7p 3De 3.88437
3p3d24s 1Do 2.16471 3s23d(2De)6s 3De 3.82406
3s3p3d(2Do)5s 1Do 2.07388 3s3p2(2P e)5d 3De 3.64685
3s3p2(2De)6f 1Do 2.00965 3s23p(2P o)7f 3De 3.50121
3p3d24s 1Do 1.95240 3p3(2Do)5p 3De 3.08494
3p3(2Do)5g 1Do 1.85658 3s23d(2De)5d 3De 3.01591
3s23p(2P o)10d 1Do 1.77487 3s23p(2P o)8p 3De 2.93094
3p3(2P o)5d 1Do 1.76534 3s3p2(2De)6s 3De 2.89570
3s3p2(2P e)6p 1Do 1.70450 3s3p2(4P e)6d 3De 2.85683
3s3p2(4P e)3d a 3De 19.70060 3s23p(2P o)8f 3De 2.67694
3s3p2(2De)3d b 3De 19.43030 3p3(2P o)5p 3De 2.41194
3s3p2(2Se)3d c 3De 19.07530 3s23d(2De)5g 3De 2.40210
3s3p2(2P e)3d d 3De 18.68930 3s3p2(2De)6d 3De 2.29310
3p23d2 e 3De 13.59400 3s23p(2P o)9p 3De 2.28632
3s23p(2P o)4p f 3De 13.23980 3s3p3d(4F o)5p 3De 2.24956
3p23d2 g 3De 13.07750 3s23p(2P o)9f 3De 2.11292
3p23d2 h 3De 12.30190 3p3(2Do)5f 3De 1.98124
3p23d2 i 3De 12.25130 3s3p2(2De)6g 3De 1.93602
3p23d2 j 3De 11.92150 3s3p3d(4P o)5p 3De 1.85437
3s3p2(2De)4s k 3De 11.57790 3s23p(2P o)10p 3De 1.83385
3s23p(2P o)4f l 3De 10.79310 3s3p2(2Se)6d 3De 1.78658
3s23d(2De)4s m 3De 9.84355 3s23p(2P o)10f 3De 1.70817
3s3p2(4P e)4d n 3De 9.48529 3s3p3 z 3Do 23.90564
3s3p2(2De)4d o 3De 9.09897 3s23p(2P o)3d y 3Do 21.90079
3s3p2(2Se)4d p 3De 8.40825 3s3p3d2 x 3Do 17.61890
3p3(2Do)4p q 3De 8.20682 3p3(2Do)3d w 3Do 16.81620
3s3p2(2P e)4d r 3De 8.10692 3p3(4So)3d v 3Do 16.13850
3s23p(2P o)5p s 3De 7.96023 3p3(2P o)3d u 3Do 15.91050
3p3(2P o)4p t 3De 7.50718 3s3p3d2 t 3Do 15.17420
3s23d(2De)4d u 3De 7.42121 3s3p3d2 s 3Do 14.95520
3s3p3d(4F o)4p v 3De 7.23814 3s3p3d2 r 3Do 14.34170
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TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s3p3d2 q 3Do 14.14670 3s23p(2P o)10d 3Do 1.74917
3s23p(2P o)4d p 3Do 11.90721 3s3p2(4P e)7p 3Do 1.72344
3s3p2(4P e)4p o 3Do 11.05500 3p3(2P o)5d 3Do 1.69191
3s3p2(2De)4p n 3Do 10.37970 3s3p2(4P e)3d a 5De 20.72660
3s3p2(2P e)4p m 3Do 9.68365 3p23d2 b 5De 13.75500
3p3(2Do)4s l 3Do 9.13775 3p23d2 c 5De 13.25220
3s23d(2De)4p k 3Do 8.87769 3s3p2(4P e)4d d 5De 9.54655
3s3p2(4P e)4f j 3Do 8.71376 3s3p3d(4F o)4p e 5De 7.31467
3s3p2(2De)4f i 3Do 8.04520 3s3p3d(4P o)4p f 5De 7.11014
3s3p3d(4Do)4s h 3Do 7.78243 3s3p3d(4Do)4p g 5De 6.88149
3s3p3d(2Do)4s g 3Do 7.71645 3s3p2(4P e)5d h 5De 5.19060
3s23p(2P o)5d f 3Do 7.36864 3s3p3d(4F o)4f i 5De 5.12546
3s3p2(2P e)4f e 3Do 7.22400 3s3p3d(4P o)4f j 5De 4.86740
3p3(2Do)4d d 3Do 6.78897 3s3p3d(4Do)4f k 5De 4.66707
3p3(4So)4d c 3Do 6.37441 3s3p2(4P e)6d l 5De 2.87797
3s23d(2De)4f b 3Do 6.34851 3s3p3d(4F o)5p m 5De 2.30223
3p3(2P o)4d a 3Do 6.15146 3s3p3d(4P o)5p n 5De 1.91996
3s3p3d(4F o)4d 3Do 6.03381 3s3p3d(4Do)5p o 5De 1.85577
3s3p2(4P e)5p 3Do 5.84479 3s3p2(4P e)7d p 5De 1.51643
3s3p3d(4P o)4d 3Do 5.70862 3s3p3d(4F o)5f q 5De 1.25173
3s3p3d(4Do)4d 3Do 5.48396 3s3p3d(4P o)5f r 5De 0.87475
3s3p3d(2Do)4d 3Do 5.36004 3s3p3d(4Do)5f s 5De 0.79698
3s3p2(2De)5p 3Do 5.22939 3s3p2(4P e)8d t 5De 0.64408
3s23p(2P o)6d 3Do 5.04658 3p3d24p u 5De 0.56220
3s3p3d(2F o)4d 3Do 4.93682 3s3p2(4P e)9d v 5De 0.04967
3s3p2(4P e)5f 3Do 4.79026 3p3(4So)3d z 5Do 17.54770
3s3p2(2P e)5p 3Do 4.42021 3s3p3d2 y 5Do 16.45810
3s3p2(2De)5f 3Do 4.15232 3s3p3d2 x 5Do 16.09170
3s23d(2De)5p 3Do 3.70290 3s3p2(4P e)4p w 5Do 11.27290
3s23p(2P o)7d 3Do 3.63105 3s3p2(4P e)4f v 5Do 8.80722
3p3(2Do)5s 3Do 3.53902 3s3p3d(4Do)4s u 5Do 8.04349
3p3d24s 3Do 3.33873 3p3(4So)4d t 5Do 6.39515
3s3p2(2P e)5f 3Do 3.32588 3s3p3d(4F o)4d s 5Do 6.09623
3s3p2(4P e)6p 3Do 3.24138 3s3p2(4P e)5p r 5Do 5.91927
3p3d24s 3Do 3.08515 3s3p3d(4P o)4d q 5Do 5.58853
3p3d24s 3Do 2.88337 3s3p3d(4Do)4d p 5Do 5.50054
3s23p(2P o)8d 3Do 2.78196 3s3p2(4P e)5f o 5Do 4.82998
3p3d24s 3Do 2.68709 3s3p2(4P e)6p n 5Do 3.28185
3s3p2(4P e)6f 3Do 2.66256 3p3d24s m 5Do 3.03839
3s3p2(2De)6p 3Do 2.65033 3p3d24s l 5Do 2.87658
3s23d(2De)5f 3Do 2.53745 3s3p2(4P e)6f k 5Do 2.68207
3s3p3d(4Do)5s 3Do 2.41181 3s3p3d(4Do)5s j 5Do 2.39459
3p3(2Do)5d 3Do 2.37271 3s3d24p i 5Do 2.28561
3p3d24s 3Do 2.29661 3p3(4So)5d h 5Do 1.95853
3s3d24p 3Do 2.22814 3s3p2(4P e)7p g 5Do 1.76465
3s23p(2P o)9d 3Do 2.18178 3s3p3d(4F o)5d f 5Do 1.72715
3s3d24p 3Do 2.15447 3s3d24p e 5Do 1.59234
3s3p3d(2Do)5s 3Do 2.11224 3s3p2(4P e)7f d 5Do 1.39517
3s3p2(2De)6f 3Do 2.03573 3d24s4p c 5Do 1.38366
3s3d24p 3Do 1.93371 3s3p3d(4P o)5d b 5Do 1.20490
3p3(4So)5d 3Do 1.90221 3s3p3d(4Do)5d a 5Do 1.13600
3p3(2Do)5g 3Do 1.85486 3s3p3d(4F o)5g 5Do 1.10603
3s3p2(2P e)6p 3Do 1.80395 3s3p2(4P e)8p 5Do 0.80195
3s3p3d(4F o)5d 3Do 1.76360 3s3p3d(4Do)5g 5Do 0.66144
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TABLE I. Bound States of Fe XIII
See page 137 for Explanation of Tables

Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s3p2(4P e)8f 5Do 0.56321 3s3p3d(2Do)4d h 1F o 5.38928
3s3p2(4P e)9p 5Do 0.16217 3s3p2(2De)5p g 1F o 5.18034
3s3p2(4P e)3d a 1F e 19.65860 3s3p3d(2F o)4d f 1F o 5.05736
3s3p2(2P e)3d b 1F e 18.11920 3s23p(2P o)6d e 1F o 4.99414
3p23d2 c 1F e 12.84000 3s23p(2P o)6g d 1F o 4.68009
3p23d2 d 1F e 12.38930 3s3p2(2De)5f c 1F o 4.16298
3p23d2 e 1F e 11.43910 3s23p(2P o)7d b 1F o 3.69385
3s23p(2P o)4f f 1F e 10.97690 3s3p2(2Se)5f a 1F o 3.56501
3s3p2(4P e)4d g 1F e 9.14639 3s23d(2De)5p 1F o 3.54845
3p3(2Do)4p h 1F e 8.22428 3s23p(2P o)7g 1F o 3.44606
3s3p2(2P e)4d i 1F e 7.94341 3p3d24s 1F o 3.27131
3s23d(2De)4d j 1F e 7.56019 3s3p2(2P e)5f 1F o 3.20068
3s23p(2P o)5f k 1F e 6.97708 3s23p(2P o)8d 1F o 2.76996
3s3p3d(2Do)4p l 1F e 6.72357 3s3p2(2De)6p 1F o 2.67052
3s3p3d(2F o)4p m 1F e 6.42546 3p3d24s 1F o 2.64539
3p3(2Do)4f n 1F e 5.72414 3s23p(2P o)8g 1F o 2.64003
3p3(2P o)4f o 1F e 5.24671 3s23d(2De)5f 1F o 2.52205
3s23p(2P o)6f p 1F e 4.81725 3p3d24s 1F o 2.31610
3s3p2(2De)5d q 1F e 4.64923 3p3(2Do)5d 1F o 2.29670
3s3d24s r 1F e 4.40081 3s23p(2P o)9d 1F o 2.17581
3s3p3d(2Do)4f s 1F e 4.37566 3s23p(2P o)9g 1F o 2.08243
3s3p3d(2F o)4f t 1F e 4.10868 3s3p2(2De)6f 1F o 2.03714
3p3d24p u 1F e 4.03506 3s3p2(2De)6h 1F o 1.95276
3s3p2(2De)5g v 1F e 3.92337 3s3p3d(2F o)5s 1F o 1.91807
3s3p2(2P e)5d w 1F e 3.54548 3p3(2Do)5g 1F o 1.84873
3s23p(2P o)7f x 1F e 3.50448 3p3(2P o)5d 1F o 1.81718
3s3p2(2P e)5g y 1F e 3.19556 3s23p(2P o)10d 1F o 1.75071
3p3(2Do)5p z 1F e 3.06425 3s3p2(4P e)3d a 3F e 20.49370
3s23d(2De)5d 1F e 3.03121 3s3p2(2De)3d b 3F e 19.45930
3s23p(2P o)8f 1F e 2.69068 3s3p2(2P e)3d c 3F e 19.03570
3s23d(2De)5g 1F e 2.45098 3s23d2 d 3F e 17.81980
3s3p2(2De)6d 1F e 2.30302 3p23d2 e 3F e 13.68870
3s23p(2P o)9f 1F e 2.12184 3p23d2 f 3F e 13.40800
3s3p2(2De)6g 1F e 1.97372 3p23d2 g 3F e 12.84200
3p3(2Do)5f 1F e 1.88994 3p23d2 h 3F e 12.41720
3s23p(2P o)10f 1F e 1.71598 3p23d2 i 3F e 12.22430
3s23p(2P o)3d z 1F o 21.46152 3p23d2 j 3F e 11.62970
3p3(2Do)3d y 1F o 16.34310 3s23p(2P o)4f k 3F e 10.66829
3p3(2P o)3d x 1F o 16.22130 3s3p2(4P e)4d l 3F e 9.62352
3s3p3d2 w 1F o 15.31410 3s3p2(2De)4d m 3F e 9.09772
3s3p3d2 v 1F o 14.13020 3s3p2(2P e)4d n 3F e 8.29615
3s3p3d2 u 1F o 13.77260 3p3(2Do)4p o 3F e 7.97935
3s23p(2P o)4d t 1F 1 11.67652 3s3p3d(4F o)4p p 3F e 7.48616
3s3p2(2De)4p s 1F o 10.48330 3s23d(2De)4d q 3F e 7.38146
3s23d(2De)4p r 1F o 8.72465 3s23p(2P o)5f r 3F e 6.95822
3s3p2(2De)4f q 1F o 8.07117 3s3p3d(4Do)4p s 3F e 6.76607
3s3p3d(2F o)4s p 1F o 7.43020 3s3p3d(2Do)4p t 3F e 6.67936
3s23p(2P o)5d o 1F o 7.33385 3s3p3d(2F o)4p u 3F e 6.36615
3s3p2(2Se)4f n 1F o 7.29288 3p3(2Do)4f v 3F e 5.95086
3s3p2(2P e)4f m 1F o 7.05261 3p3(4So)4f w 3F e 5.40230
3p3(2Do)4d l 1F o 6.73390 3p3(2P o)4f x 3F e 5.24573
3s23p(2P o)5g k 1F o 6.65311 3s3p2(4P e)5d y 3F e 5.18848
3s23d(2De)4f j 1F o 6.31803 3s3p3d(4F o)4f z 3F e 5.10814
3p3(2P o)4d i 1F o 6.09574 3s23p(2P o)6f 3F e 4.80669
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Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s3p3d(4P o)4f 3F e 4.78834 3s3p2(4P e)5f 3F o 4.65925
3s3p2(2De)5d 3F e 4.67276 3s3p2(2De)5f 3F o 4.21575
3s3p3d(4Do)4f 3F e 4.60032 3s23d(2De)5p 3F o 3.68188
3s3p2(4P e)5g 3F e 4.52284 3s23p(2P o)7d 3F o 3.64602
3s3p3d(2Do)4f 3F e 4.41192 3s3p2(2Se)5f 3F o 3.59999
3s3p3d(2F o)4f 3F e 4.35532 3s23p(2P o)7g 3F o 3.45864
3s3d24s 3F e 4.20702 3p3d24s 3F o 3.34457
3s3d24s 3F e 4.13834 3s3p2(2P e)5f 3F o 3.29370
3s3p2(2De)5g 3F e 3.95527 3s3p3d(4F o)5s 3F o 2.87940
3s3p2(2P e)5d 3F e 3.71707 3p3d24s 3F o 2.80081
3s23p(2P o)7f 3F e 3.51678 3s23p(2P o)8d 3F o 2.77504
3s3p2(2P e)5g 3F e 3.19863 3p3d24s 3F o 2.70309
3p3(2Do)5p 3F e 3.06681 3s23p(2P o)8g 3F o 2.65551
3s23d(2De)5d 3F e 2.96701 3s3p2(2De)6p 3F o 2.62412
3s3p2(4P e)6d 3F e 2.89190 3s23d(2De)6f 3F o 2.61639
3s23p(2P o)8f 3F e 2.68678 3s3p2(4P e)6f 3F o 2.59553
3s3p2(4P e)6g 3F e 2.58813 3p3(2Do)5d 3F o 2.40565
3s23d(2De)5g 3F e 2.44619 3p3d24s 3F o 2.35271
3s3p3d(4F o)5p 3F e 2.39463 3s3d24p3p3 3F o 2.30647
3s3p2(2De)6d 3F e 2.29745 3s23p(2P o)9d 3F o 2.17767
3s23p(2P o)9f 3F e 2.11925 3s23p(2P o)9g 3F o 2.08767
3p3(2Do)5f 3F e 2.01162 3s3p2(2De)6f 3F o 2.06810
3s3p2(2De)6g 3F e 1.95718 3p3(2P o)5d 3F o 2.05439
3s3p3d(4Do)5p 3F e 1.82815 3s3p3d(2F o)5s 3F o 2.02846
3s23p(2P o)10f 3F e 1.71368 3s3p2(2De)6h 3F o 1.95243
3s23p(2P o)3d z 3F o 22.56580 3s3d24p 3F o 1.89710
3p3(2Do)3d y 3F o 17.65550 3p3(2Do)5g 3F o 1.85249
3p3(2P o)3d x 3F o 16.71850 3s23p(2P o)10d 3F o 1.75752
3s3p3d2 w 3F o 16.08660 3s23p(2P o)10g 3F o 1.69336
3s3p3d2 v 3F o 15.39550 3s3p2(4P e)3d a 5F e 20.86860
3s3p3d2 u 3F o 15.06640 3p23d2 b 5F e 13.77510
3s3p3d2 t 3F o 14.57740 3s3p2(4P e)4d c 5F e 9.66792
3s23p(2P o)4d s 3F o* 11.77721 3s3p3d(4F o)4p d 5F e 7.44495
3s3p2(2De)4p r 3F o 10.57410 3s3p3d(4Do)4p e 5F e 6.94902
3s3p2(4P e)4f q 3F o 8.86677 3p3(4So)4f f 5F e 5.61422
3s23d(2De)4p p 3F o 8.42911 3s3p3d(4F o)4f g 5F e 5.29792
3s3p3d(4F o)4s o 3F o 8.21781 3s3p2(4P e)5d h 5F e 5.22041
3s3p2(2De)4f n 3F o 8.19751 3s3p3d(4P o)4f i 5F e 4.84926
3s3p2(2Se)4f m 3F o 7.52718 3s3p3d(4Do)4f j 5F e 4.71487
3s3p3d(2F o)4s l 3F o 7.42196 3s3p2(4P e)5g k 5F e 4.54236
3s23p(2P o)5d k 3F o 7.36212 3s3p2(4P e)6d l 5F e 2.90611
3s3p2(2P e)4f j 3F o 7.21785 3s3p2(4P e)6g m 5F e 2.59601
3p3(2Do)4d i 3F o 6.80941 3s3p3d(4F o)5p n 5F e 2.37188
3s23p(2P o)5g h 3F o 6.71994 3s3p3d(4Do)5p o 5F e 1.87854
3s23d(2De)4f g 3F o 6.55566 3p3(4So)5f p 5F e 1.62437
3p3(2P o)4d f 3F o 6.13286 3s3p2(4P e)7d q 5F e 1.52349
3s3p3d(4F o)4d e 3F o 6.10406 3s3p2(4P e)7g r 5F e 1.33692
3s3p3d(4P o)4d d 3F o 5.60905 3s3p3d(4F o)5f s 5F e 1.30899
3s3p3d(4Do)4d c 3F o 5.43327 3s3p3d(4P o)5f t 5F e 0.86765
3s3p3d(2Do)4d b 3F o 5.36782 3s3p3d(4Do)5f u 5F e 0.78293
3s3p2(2De)5p a 3F o 5.23830 3p3d24p v 5F e 0.74646
3s3p3d(2F o)4d 3F o 5.08009 3s3p2(4P e)8d w 5F e 0.64571
3s23p(2P o)6d 3F o 4.99297 3s3p2(4P e)8g x 5F e 0.52287
3s23p(2P o)6g 3F o 4.69622 3s3p2(4P e)9d y 5F e 0.05720
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Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s3p3d2 z 5F o 16.39390 3s23p(2P o)10h I 1Ge 1.69038
3s3p2(4P e)4f y 5F o 8.74722 3p3(2Do)3d z 1Go 17.07500
3s3p3d(4F o)4s x 5F o 8.51606 3s3p3d2 y 1Go 15.26960
3s3p3d(4F o)4d w 5F o 6.22411 3s3p3d2 x 1Go 14.04160
3s3p3d(4P o)4d v 5F o 5.71943 3s3p2(2De)4f w 1Go 8.16237
3s3p3d(4Do)4d u 5F o 5.56736 3s3p2(2P e)4f v 1Go 7.30298
3s3p2(4P e)5f t 5F o 4.79981 3p3(2Do)4d u 1Go 6.81251
3p3d24s s 5F o 3.25576 3s23p(2P o)5g t 1Go 6.76071
3s3d24p r 5F o 3.07932 3s23d(2De)4f s 1Go 6.60602
3s3p3d(4F o)5s q 5F o 2.77126 3s3p3d(2Do)4d r 1Go 5.39592
3s3p2(4P e)6f p 5F o 2.66604 3s3p3d(2F o)4d q 1Go 5.03421
3s3p3d(4F o)5d o 5F o 1.83091 3s23p(2P o)6g p 1Go 4.72349
3d24s4p n 5F o 1.58764 3s3p2(2De)5f o 1Go 4.19515
3s3p2(4P e)7f m 5F o 1.38624 3s23p(2P o)7g n 1Go 3.49711
3s3p3d(4P o)5d l 5F o 1.25320 3s3p2(2P e)5f m 1Go 3.28148
3s3p3d(4Do)5d k 5F o 1.19476 3p3d24s l 1Go 3.14076
3s3p3d(4F o)5g j 5F o 1.14171 3s23d(2De)5f k 1Go 2.67473
3s3p3d(4P o)5g i 5F o 0.71201 3s3d24p j 1Go 2.66467
3s3p3d(4Do)5g h 5F o 0.63022 3s23p(2P o)8g i 1Go 2.62977
3s3p2(4P e)8f g 5F o 0.55688 3p3(2Do)5d h 1Go 2.25697
3s3p2(2De)3d a 1Ge 19.68440 3s23p(2P o)9g g 1Go 2.09523
3s23d2 b 1Ge 17.52760 3s3p2(2De)6f f 1Go 2.05146
3p23d2 c 1Ge 13.59030 3s3p2(2De)6h e 1Go 1.97666
3p23d2 d 1Ge 12.76820 3p3(2Do)5g d 1Go 1.83164
3p23d2 e 1Ge 11.94650 3s23p(2P o)10g c 1Go 1.69807
3p23d2 f 1Ge 11.26780 3s3p2(2De)3d a 3Ge 19.83320
3s23p(2po)4f g 1Ge 10.64852 3p23d2 b 3Ge 13.47890
3s3p2(2De)4d h 1Ge 8.90584 3p23d2 c 3Ge 12.66430
3s3d24s i 1Ge 7.23462 3p23d2 d 3Ge 12.45730
3s23p(2P o)5f j 1Ge 6.83898 3s23p(2P o)4f e 3Ge 10.91020
3s3p3d(2F o)4p k 1Ge 6.04576 3s3p2(2De)4d f 3Ge 8.99603
3p3(2Do)4f l 1Ge 5.72207 3s23d(2De)4d g 3Ge 7.50435
3s23d(2De)4d m 1Ge 5.15630 3s3p3d(4F o)4p h 3Ge 7.12864
3s23p(2P o)6f n 1Ge 4.74972 3s23p(2P o)5f i 3Ge 6.93770
3s23p(2P o)6h o 1Ge 4.69656 3s3p3d(2F o)4p j 3Ge 6.48123
3s3p2(2De)5d p 1Ge 4.62351 3p3(2Do)4f k 3Ge 5.99790
3p3(2P o)4f q 1Ge 4.39107 3p3(2P o)4f l 3Ge 5.29692
3s3p3d(2Do)4f r 1Ge 4.25690 3s3p3d(4F o)4f m 3Ge 5.21179
3s3p3d(2F o)4f s 1Ge 4.18962 3s23p(2P o)6f n 3Ge 4.80442
3s3p2(2De)5g t 1Ge 3.93569 3s3p3d(4P o)4f o 3Ge 4.74469
3s23p(2P o)7h u 1Ge 3.48865 3s23p(2P o)6h p 3Ge 4.69718
3s23p(2P o)7f v 1Ge 3.48384 3s3p3d(4Do)4f q 3Ge 4.67920
3s3p2(2Se)5g w 1Ge 3.40954 3s3p2(2De)5d r 3Ge 4.59952
3s3p2(2P e)5g x 1Ge 3.12347 3s3p3d(2Do)4f s 3Ge 4.47174
3s23d(2De)5d y 1Ge 2.89080 3s3d24s t 3Ge 4.34432
3s23p(2P o)8f z 1Ge 2.66599 3s3p2(4P e)5g u 3Ge 4.27336
3s23p(2P o)8h 1Ge 2.63697 3s3p3d(2F o)4f v 3Ge 4.20779
3s23d(2De)5g 1Ge 2.45294 3s3p2(2De)5g w 3Ge 3.98997
3s3p2(2De)6d 1Ge 2.25806 3s23p(2P o)7f x 3Ge 3.51604
3s23p(2P o)9f 1Ge 2.10519 3s23p(2P o)7h y 3Ge 3.49377
3s23p(2P o)9h 1Ge 2.08402 3s3p2(2Se)5g z 3Ge 3.41471
3s3p2(2De)6g 1Ge 1.99869 3s3p2(2P e)5g 3Ge 3.13319
3p3(2Do)5f 1Ge 1.88894 3s23d(2De)5d 3Ge 3.00098
3s23p(2P o)10f 1Ge 1.70366 3s23p(2P o)8f 3Ge 2.68572
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SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s23p(2P o)8h 3Ge 2.63723 3s3p2(4P e)7g j 5Ge 1.32628
3s3p2(4P e)6g 3Ge 2.54401 3s3p3d(4P o)5f k 5Ge 0.89532
3s23d(2De)5g 3Ge 2.46713 3s3p3d(4Do)5f l 5Ge 0.82960
3s3p2(2De)6d 3Ge 2.30203 3s3p2(4P e)8g m 5Ge 0.51444
3s3p3d(4F o)5p 3Ge 2.22865 3s3p3d2 z 5Go 16.89900
3s23p(2P o)9f 3Ge 2.11821 3s3p2(4P e)4f y 5Go 8.87429
3s23p(2P o)9h 3Ge 2.08465 3s3p3d(4F o)4d x 5Go 6.11853
3p3(2Do)5f 3Ge 2.03449 3s3p3d(4Do)4d w 5Go 5.68388
3s3p2(2De)6g 3Ge 1.97165 3s3p2(4P e)5f v 5Go 4.85622
3s23p(2P o)10f 3Ge 1.71310 3p3d24s u 5Go 3.25171
3s23p(2P o)10h 3Ge 1.69069 3s3p2(4P e)6f t 5Go 2.69517
3p3(2Do)3d z 3Go 17.39280 3s3p2(4P e)6h s 5Go 2.59150
3s3p3d2 y 3Go 15.75620 3s3d24p r 5Go 1.75293
3s3p3d2 x 3Go 15.54140 3s3p3d(4F o)5d q 5Go 1.68045
3s3p3d2 w 3Go 14.73050 3p3(4So)5g p 5Go 1.46836
3s3p2(4P e)4f v 3Go 8.64909 3s3p2(4P e)7f o 5Go 1.40213
3s3p2(2De)4f u 3Go 8.19833 3s3p2(4P e)7h n 5Go 1.30334
3s3p2(2P e)4f t 3Go 7.42746 3s3p3d(4Do)5d m 5Go 1.21944
3p3(2Do)4d s 3Go 6.81757 3s3p3d(4F o)5g l 5Go 1.16983
3s23p(2P o)5g r 3Go 6.82942 3s3p3d(4P o)5g k 5Go 0.72527
3s23d(2De)4f q 3Go 6.39959 3s3p3d(4Do)5g j 5Go 0.65496
3s3p3d(4F o)4d p 3Go 6.17846 3s3p2(4P e)8f i 5Go 0.56775
3s3p3d(4Do)4d o 3Go 5.57773 3s3p2(4P e)8h h 5Go 0.51268
3s3p3d(2Do)4d n 3Go 5.37055 3p23d2 a 1He 12.84600
3s3p3d(2F o)4d m 3Go 5.07115 3p3(2Do)4f b 1He 5.94271
3s3p2(4P e)5f l 3Go 4.75893 3s23p(2P o)6h c 1He 4.72086
3s23p(2P o)6g k 3Go 4.71440 3s3p3d(2Do)4f d 1He 4.60691
3s3p2(2De)5f j 3Go 4.22335 3s3p3d(2F o)4f e 1He 4.06806
3s23p(2P o)7g i 3Go 3.49889 3s3p2(2De)5g f 1He 3.98884
3s3p2(2P e)5f h 3Go 3.34232 3s23p(2P o)7h g 1He 3.48060
3p3d24s g 3Go 3.30557 3s3p2(2P e)5g h 1He 3.17621
3p3d24s f 3Go 2.96634 3s23p(2P o)8h i 1He 2.64822
3s23p(2P o)8g e 3Go 2.66422 3s23d(2De)5g j 1He 2.47389
3s3p2(4P e)6f d 3Go 2.64610 3s23p(2P o)9h k 1He 2.09098
3s3p2(4P e)6h c 3Go 2.59132 3p3(2Do)5f l 1He 2.04219
3s23d(2De)5f b 3Go 2.55790 3s3p2(2De)6g m 1He 1.94256
3p3(2Do)5d a 3Go 2.53666 3s23p(2P o)10h n 1He 1.69401
3p3d24s 3Go 2.26268 3s3p3d2 z 1Ho 14.82730
3s23p(2P o)9g 3Go 2.09518 3s3p2(2De)4f y 1Ho 7.98613
3s3p2(2De)6f 3Go 2.07027 3s23p(2P o)5g x 1Ho 6.85377
3s3p2(2De)6h 3Go 1.97746 3s23d(2De)4f w 1Ho 6.12924
3p3(2Do)5g 3Go 1.84765 3s3p3d(2F o)4d v 1Ho 4.96909
3s3d24p 3Go 1.83444 3s23p(2P o)6g u 1Ho 4.67814
3s3p3d(4F o)5d 3Go 1.78008 3s3p2(2De)5f t 1Ho 4.12563
3s23p(2P o)10g 3Go 1.69699 3s23p(2P o)7g s 1Ho 3.45268
3p23d2 a 5Ge 14.13040 3s23p(2P o)7i r 1Ho 3.44831
3s3p3d(4F o)4p b 5Ge 7.55521 3s23p(2P o)8g q 1Ho 2.66510
3s3p3d(4F o)4f c 5Ge 5.33883 3s23p(2P o)8i p 1Ho 2.64105
3s3p3d(4P o)4f d 5Ge 4.97816 3s23d(2De)5f o 1Ho 2.50417
3s3p3d(4Do)4f e 5Ge 4.79917 3p3d24s n 1Ho 2.44288
3s3p2(4P e)5g f 5Ge 4.53770 3s23p(2P o)9i m 1Ho 2.08751
3s3p2(4P e)6g g 5Ge 2.56580 3s23p(2P o)9g l 1Ho 2.07891
3s3p3d(4F o)5p h 5Ge 2.36628 3s3p2(2De)6f k 1Ho 2.01933
3s3p3d(4F o)5f i 5Ge 1.33794 3s3p2(2De)6h j 1Ho 1.99377
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SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3p3(2Do)5g i 1Ho 1.83167 3s3p2(4P e)6h y 5Ho 2.56361
3s23p(2P o)10i h 1Ho 1.69126 3s3p3d(4F o)5d x 5Ho 1.71740
3p23d2 a 3He 13.62250 3s3p2(4P e)7h w 5Ho 1.32699
3p23d2 b 3He 12.89100 3s3p3d(4F o)5g v 5Ho 1.18451
3p3(2Do)4f c 3He 5.97902 3s3p3d(4P o)5g u 5Ho 0.71322
3s3p3d(4F o)4f d 3He 5.23226 3s3p3d(4Do)5g t 5Ho 0.66117
3s3p3d(4Do)4f e 3He 4.86606 3s3p2(4P e)8h s 5Ho 0.49520
3s23p(2P o)6h f 3He 4.72084 3p23d2 a 1Ie 12.93450
3s3p3d(2Do)4f g 3He 4.60816 3s23p(2P o)6h b 1Ie 4.70152
3s3p2(4P e)5g h 3He 4.39426 3s3p2(2De)5g c 1Ie 4.11118
3s3p3d(2F o)4f i 3He 4.21676 3s3p2(2De)6g d 1Ie 3.90583
3s3p2(2De)5g j 3He 3.97312 3s23p(2P o)7h e 1Ie 3.45007
3s23p(2P o)7h k 3He 3.48022 3s23p(2P o)8h f 1Ie 2.65351
3s3p2(2P e)5g l 3He 3.17908 3s23p(2P o)8k g 1Ie 2.64035
3s23p(2P o)8h m 3He 2.64844 3s23d(2De)5g h 1Ie 2.39908
3s3p2(4P e)6g n 3He 2.57711 3s23p(2P o)9k i 1Ie 2.08623
3s23d(2De)5g o 3He 2.46675 3s23p(2P o)9h j 1Ie 2.08176
3s23p(2P o)9h p 3He 2.09068 3s3p2(2De)7g k 1Ie 1.95185
3p3(2Do)5f q 3He 2.02947 3s23p(2P o)7i z 1Io 3.45551
3s3p2(2De)6g r 3He 1.97611 3s23p(2P o)8i y 1Io 2.64583
3s23p(2P o)10h s 3He 1.69381 3s23p(2P o)9i x 1Io 2.09175
3s3p3d2 z 3Ho 15.91400 3s3p2(2De)6h w 1Io 1.98721
3s3p2(2De)4f y 3Ho 8.13356 3p3(2Do)5g v 1Io 1.85550
3s23d(2De)4f x 3Ho 6.92029 3s23p(2P o)10i u 1Io 1.69273
3s23p(2P o)5g w 3Ho 6.52399 3s3p3d(4F o)4f a 3Ie 4.92032
3s3p3d(4F o)4d v 3Ho 5.89446 3s23p(2P o)6h b 3Ie 4.70214
3s3p3d(2F o)4d u 3Ho 5.04326 3s3p3d(2F o)4f c 3Ie 4.31338
3s23p(2P o)6g t 3Ho 4.69858 3s3p2(2De)5g d 3Ie 3.94389
3s3p2(2De)5f s 3Ho 4.18792 3s23p(2P o)7h e 3Ie 3.45130
3s23p(2P o)7g r 3Ho 3.45858 3s23p(2P o)8h f 3Ie 2.65546
3s23p(2P o)7i q 3Ho 3.44836 3s23p(2P o)8k g 3Ie 2.64035
3p3d24s p 3Ho 2.74712 3s23d(2De)5g h 3Ie 2.42910
3s23p(2P o)8g o 3Ho 2.69002 3s23p(2P o)9k i 3Ie 2.08623
3s23p(2P o)8i n 3Ho 2.64111 3s23p(2P o)9h j 3Ie 2.08392
3s23d(2De)5f m 3Ho 2.60333 3s3p2(2De)6g k 3Ie 1.95844
3s3p2(4P e)6h l 3Ho 2.56302 3s23p(2P o)7i z 3Io 3.45551
3s23p(2P o)9g k 3Ho 2.09457 3s23p(2P o)8i y 3Io 2.64582
3s23p(2P o)9i j 3Ho 2.08753 3s3p2(4P e)6h x 3Io 2.58408
3s3p2(2De)6f i 3Ho 2.05065 3s23p(2P o)9i w 3Io 2.09175
3s3p2(2De)6h h 3Ho 1.99502 3s3p2(2De)6h v 3Io 1.98625
3p3(2Do)5g g 3Ho 1.84701 3p3(2Do)5g u 3Io 1.85808
3s23p(2P o)10g f 3Ho 1.69297 3s23p(2P o)10i t 3Io 1.69272
3s23p(2P o)10i e 3Ho 1.69123 3s3p3d(4F o)4f a 5Ie 5.44905
3s3p3d(4F o)4f a 5He 5.30278 3s3p3d(4F o)5f b 5Ie 1.37288
3s3p3d(4Do)4f b 5He 5.01252 3s3p2(4P e)7i c 5Ie 1.32111
3s3p2(4P e)5g c 5He 4.57582 3s3p2(4P e)8i d 5Ie 0.51433
3s3p2(4P e)6g d 5He 2.59460 3s3p2(4P e)6h z 5Io 2.58448
3s3p2(4P e)7g e 5He 1.34865 3s3p2(4P e)7h y 5Io 1.33917
3s3p2(4P e)7i f 5He 1.32923 3s3p3d(4F o)5g x 5Io 1.17423
3s3p3d(4F o)5f g 5He 1.31495 3s3p3d(4Do)5g w 5Io 0.68953
3s3p3d(4Do)5f h 5He 0.87954 3s3p2(4P e)8k v 5Io 0.51704
3s3p2(4P e)8g i 5He 0.52408 3s3p2(4P e)8h u 5Io 0.50162
3s3p2(4P e)8i j 5He 0.51985 3s23p(2P o)8k a 1Ke 2.64200
3s3p3d(4F o)4d z 5Ho 6.17884 3s23p(2P o)9k b 1Ke 2.08789
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Term E(Ry) Term E(Ry)

SULTANA N. NAHAR Fine-Structure Transitions in Fe XIII
3s23p(2P o)10k c 1Ke 1.69126 3s3p3d(4F o)5g z 5Ko 1.13140
3s23p(2P o)7i z 1Ko 3.44933 3s3p2(4P e)8k y 5Ko 0.51518
3s23p(2P o)8i y 1Ko 2.64151 3s23p(2P o)8k a 1Le 2.64055
3s23p(2P o)9i x 1Ko 2.08831 3s23p(2P o)9k b 1Le 2.08642
3s23p(2P o)9l w 1Ko 2.08630 3s23p(2P o)10k c 1Le 1.68999
3s3p2(2De)6h v 1Ko 1.94969 3s23p(2P o)9l z 1Lo 2.08661
3s23p(2P o)10i u 1Ko 1.69035 3s23p(2P o)10l y 1Lo 1.69028
3s23p(2P o)8k a 3Ke 2.64200 3s23p(2P o)8k a 3Le 2.64055
3s23p(2P o)9k b 3Ke 2.08789 3s23p(2P o)9k b 3Le 2.08642
3s23p(2P o)10k c 3Ke 1.69126 3s23p(2P o)10k c 3Le 1.68999
3s23p(2P o)7i z 3Ko 3.44934 3s23p(2P o)9l z 3Lo 2.08661
3s23p(2P o)8i y 3Ko 2.64153 3s23p(2P o)10l y 3Lo 1.69028
3s23p(2P o)9i x 3Ko 2.08835 3s3p2(4P e)8k z 5Lo 0.51679
3s23p(2P o)9l w 3Ko 2.08630 3s23p(2P o)10m a 1Me 1.69002
3s3p2(2De)6h v 3Ko 1.95031 3s23p(2P o)9l z 1Mo 2.08639
3s23p(2P o)10i u 3Ko 1.69035 3s23p(2P o)10m a 3Me 1.69002
3s3p2(4P e)7i a 5Ke 1.32790 3s23p(2P o)9l z 3Mo 2.08639
3s3p2(4P e)8i b 5Ke 0.51880
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TABLE II. Oscillator Strengths, Line Strengths, and Transition Probabilities
for Allowed Transitions in Fe XIII
See page 137 for Explanation of Tables
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