A NEW ATOMIC LINE CATALOGUE FOR PLANETARY NEBULAE

This is an updated in 1997 version of the Atomic line catalogue presented in
Baltic Astronomy, 3, p. 292-320 (1994)

T.Feklistova!, A.F.Kholtygin?
L Tartu Observatory, Toravere, EE2444, Estonia

2 Astronomical Institute, St.Petersburg University, 198904, St.Petersburg, Petrodvoretz, Russia

ABSTRACT. A list of the lines observed in the spectra of the gaseous nebulae in the wavelength
range from 920A to 610um and corresponding transition probabilities have been compiled. The most
probable identification for each line has been presented. The classification scheme for transition types
is proposed. For the lines listed also their formation mechanism is given. First version of such catalogue
was issued by Feklistova et al. (1994). Since the first edition of the catalogue numerous weak lines
belonging to the heavy elements (Z>30) were identified in the spectra of NGC 7027 (Péquignot et al.
1994, Baluteau et al. 1995). Moreover many newly identified lines were found in the spectra of other
planetary nebulae. These lines together with unidentified ones are compiled in the catalogue
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1 Introduction

Over 1000 lines of atoms and ions belonging to more than 20 elements were observed in the spectral
range A > 920A of the gaseous nebulae (Kaler, 1976; Aller and Czyzak, 1979, 1983; Aller and Keyes,
1987; Péquignot et al. 1994; Hyung et al. 1994; Baluteau et al. 1995; Aller and Hyung, 1995; Liu
et al. 1995; Hyung and Aller, 1996). The lines of some molecules and radicals (CO, HyO, He, OH
etc.) and unidentified IR bands connected with polycyclical aromatic carbo-hydrate molecules also
were detected (Kholtygin, 1990). Many of these lines are very weak, thus their identification in the
spectra is a hard problem. To facilitate solution of this problem, we have compiled a list of the lines
observed in the spectra of the objects quoted. Both well identified and badly or unidentified lines are
given. Recently revealed lines of the heavy elements (Z>30) are added to the line list.

The classification scheme for the lines observed in the spectra of the gaseous nebulae is described
in Section 2. The mechanisms of line formation in the spectra of the gaseous nebulae are discussed in
Section 3. The list of lines is presented in Section 4.

2 The line classification

The lines observed in the spectra of gaseous nebulae can be divided into permitted, forbidden and
intercombinational ones. Ions HI, Hel and Hell are presented only by the permitted lines. Most of
the strong lines in the spectra of gaseous nebulae are forbidden or intercombinational ones belonging
to ions of C, N and O and of the other heavy elements. In the UV spectral region the resonance lines
of the ions C, N, O, Si, S, Ar and other elements are the strongest ones. In addition, a lot of weak
permitted lines of C, N, O, Ne, Mg and other ions are observed in the spectra of the bright nebulae.

The classification scheme for atomic transitions used in astrophysics is given in Table 1. There we
use the standard designations E1 and E2 for the electric dipole and quadrupole transitions and M1
for the magnetic dipole transitions. The selection rules for Ek transitions are: AL = 0,41, ... £k,
L+L >k AS =0, AJ =0,+1,...+k, J+J > k. Here k=1 for El transitions and k=2 for E2
transitions. For the magnetic dipole transitions M1 we have the next selection rules: AL =0, AS =



0, AJ = £1, Al = 0. The magnetic dipole transitions take place only between levels belonging to
the same term. In Table 1 only violations of these selection rules occurring for different types of the
forbidden transitions are presented. The typical values of the transition probabilities for the transitions
under consideration are given in column 3 of the table. In the first column there are presented also
the transition type notations (p - permitted, f - forbidden, i - intercombination, 2e - dielectronic) used
in the line catalogue.

Table 1

Classification of the transition types

Transition type Selection rule violation Ag;(s™1)

El, p no 107 — 10°

El, i AS #0 102 — 10*

El,2¢  quantum number change 105 — 108
of two(three) electrons

E2, f no 1 —10?
E2, f AS #0 1074 -1
M1, f no 1-10

M1, f transition between ~ 107* —1

levels of different terms

3 Line formation mechanisms

Main mechanisms of the line formation in the spectra of gaseous nebulae are the recombination one
for the lines of HI, Hel and Hell and for weak permitted lines of C, N and O ions and the excitation
by electron impacts for the forbidden, intercombinational and resonance lines (see, e.g., Aller, 1984;
Nikitin et al., 1988).

For many recombinational lines the contributions by both the radiative and the dielectronic recom-
bination are important (Nussbaumer & Storey 1983, 1984, 1986, 1987). The effective recombination
coefficients for weak permitted lines of C, N and O ions are compiled in the paper by Pequignot et al.
(1991) and Nikitin et al. (1993).

Many permitted lines of the C, N, O and some other ions have significant additional contribu-
tion to their intensities due to some selective excitation mechanisms. Classification of such selective
mechanisms is considered in papers by Nikitin et al. (1988); Rudzikas et al. (1990). The most
important selective excitation mechanisms in gaseous nebulae are the Bowen fluorescence excitation,
photoionization followed by recombination and excitation connected with charge transfer reactions.

4 List of the lines

Lines detected in the spectra of gaseous nebulae are given in Table 2. As sources of data about
the spectral lines we used the papers by Kaler (1976), Kholtygin (1990) and the papers cited on the
introduction. In the first column of the Table 2 the laboratory wavelengths taken mainly (for permitted
and intercombination lines) from tables by Striganov and Odintsova (1982) are presented. In the case



of absence of the desired values in those tables (mostly for forbidden lines) we either took laboratory
wavelengths given in the papers used as sources of the lines or calculated them by usual way from
the level energies (e.g., Moore 1949, 1970, 1971,1975 and references in the catalogue by Kholtygin
et. al. 1996). The next two columns specify the ion type and the electron transition, respectively.
Unidentified lines are marked with the capital letter X in the second column.

We use the standard term designations given by Moore (1949, 1970, 1971, 1975) and by Striganov
and Odintsova (1982). The observational wavelengths given by various authors differ essentially and
therefore we do not list them. If difference between the laboratory and the observational wavelengths
exceeds 0.2A we mark the values A by colons. We consider the line identification to be uncertain if
they are weak in the laboratory spectra and if the strongest line of the multiplet has not been identified
in the nebular spectra. In this case we also mark the A\ values by colons. The transition probabilities
are presented in column 4 of the Table. We use notation a + b for value a - 10°. The probable line
formation mechanisms are presented in column 5. The references to the used sources of the transition
probabilities are given in the last column.

To find the transition probabilities and wavelengths for the HI and Hell transitions with large n
values we have used the standard formulas for nonrelativistic hydrogenic ions (see, e.g. Rudzikas et al.,
1990) which were slightly corrected to fit with experimental wavelengths by Striganov and Odintsova
(1982). The values calculated so are referred to as Kh93. Nussbaumer and Storey (1984) presented the
total transition probabilities for multiplets of C, N and O ions. To calculate the values for component
lines of multiplets we used the standard relations for LS-coupling scheme (see, e.g., Rudzikas et al.,
1990).

We used the following abbreviations for the line generation mechanisms:

R - Radiative recombination,

D - Dielectronic recombination,

B - Bowen mechanism,

C - Collision excitation,

Ch- Charge transfer excitation,

Au- Auger excitation,

NF- Nonresonance fluorescence,

Ph- Photoionization mechanism.

Mostly cases only one line generation mechanism must be taken into account in the line intensity
calculation. It is why, only the main mechanisms contributing to the line intensity is presented in the
Table 2.



Table 2

The list of lines observed in the spectra of gaseous nebulae

XNA on Transition A,s7! Ex.M. Ref
919.78 Arll 3p° 2Py —3p°25; /5 1.398+8 C MOl
932.05 Arll 3p° 2Py )5 —3p°25, )5 671947 C MOl
93338 SVI 3528/, —3p 2P 1.690+9 C MOl
972.11 Hell 2-8 355046 R R80
97254 HI-L, 1s2S)/, —4p *Py;» 681847 R MOl
977.03 Clll  2s21Sy—2p 'P;  1.775+9 CAu M
989.79 NIUI 2p 2Py )5 —2p*2D3) 3.630+8 C MOl
991.51 NIl 2p 2Pyjy —2p*? D55 433248 C MOl
992.36 Hell 2-7 7.030+46 R R80
998.43 ArVI 3p 2Py —3p* 4P C
1000.16 ArVI 3p 2P 5 — 3p* 1Py C
1012.67 ArVI 3p 2Py — 3p**P;) C
1020 NeVI 2p 2Py ;5 — 2p** P )9 C
1022.6  ArVI 3p 2Py — 3p* 1Py o C
1025.27 Hell 2-6 1.560+7 R R80
1025.72 HI-Lg 15251/ —3p *Pyjp 167248 R MOl
1031.91 OVI 25285 —2p %P3/, 4.163+8 C,Au M91
1037.02 CIl 2p 2P3jp — 2p* 25,5 152649 C MOl
1037.61 OVI 2525/, —2p ?Pyjp 4.095+8 C,Au M1
1072.99 SIV 3p 2P3)5 —3p*2D;,5 1.377+8 C  MO1
1084.58 NIl 2p?3P, —2p®3D, 262948 C M9l
1084.94 Hell 2-5 4.050+7 R R80
1085.70 NIl 2p?3P, —2p33Ds 349448 C M9l



Table 2 (Continuation)

MNA lon Transition A,s7! Ex.M. Ref
117571 Clll  2p 3Py —2p?3 P, CD
1176.37 Clll  2p 3P, —2p?3 P, C,D,Au
1194.50 Sill  3p 2Py;p —3p*2P35 291449 C MOl
11986 SV 35215, —3p3P, 164045 C MOl
1201.97 SHI  3p?3P, —3p33Ds 6.098+7 C M9l
1206.51 Silll  3s2'Sy—3p 'P, 255049 C M9l
1215.09 Hell 2-4 1.350+48 R  R80
1215.17 Hell 2-4 135048 R  R80
1215.67 HI-Lo, 1s 2S5 —2p ?Py;p 626548 R MOl
1218.34 0OV] 25218, —2p 3P, 2.2104+3 CAu MOl
1238.82 NV 25 2S;,5 —2p ?Py;p 341148 C,Au MOl
124280 NV 25 2S;,5—2p?Py)5 3.378+8 C,Au M9l
124738 Clll 2p ‘P —2p?1S, 1.860+9 CD R80
1256.52 ClI 35358, —4p 3P, 1.040+48 C,D NS84
1250.52  SIl 3p*1S5,5 —3p* %P5, 4553+7 C MOl
1264.74 Sill  3p P35 —3d *D5pp 251249 C M9l
1302.17 Ol 2p*3P, — 3539, 320448 C Mol
1304.37 Sill  3p 2Py /5 —3p*2S;,, 577648 C MOl
1304.86 Ol 2p*3P —3s38; 191148 C Mol
1306.03 Ol 2p*3P)— 3538, 6.35247 C Mol
1309.28 Sill  3p 2P3jp —3p®2S; )5 114249 C MOl
133571 Cll  2p ?Pyjp —2p*2D5)y 2.864+8 CD MOl
134351 OIV 2p*2?Py)p —2p*2D5)5 264048 C R8O
137129 OV 2p'Pi—2p*'D, 3.480+8 C,D Kh8l
1393.78 SilV 3525, —3p ?P3;p 882548 C MOl
1397.20 OIV] 2p 2P, —2p?4Py), 581541 C MOl
1399.77 OIV] 2p 2Pyjp —2p**Pj )5 2.075+3 C MOl
1401.16 OIV] 2p 2Py —2p** P55 1.466+3 C MOl
1402.77 SilV 35 2S5 —3p ?Pyp 8.656+8 C M9l
1404.81 OIV] 2p 2Pyp —2p** P35 441442 C MOl
1407.39 OIV] 2p 2Py, —2p? 4P )5 212043 C MO
14833 NIV] 2s21S,—-2p3P, 11502 C M83
1486.50 NIV] 25218y —2p3P, 5773+2 C M9l
1503.7 [NalV] 2p*3P, —2p*lS, 1.0502 C  M83
1529.1 [NalV] 2p*3P —2p*1S, 071041 C  M83
154820 CIV 2528, —2p ?Pyp 2654+8 C MOl
1550.77 CIV 25255 —2p %Py )y 264148 C  MO91
1574.9 [NeVv] 2p%3P, —2p?1Sy 0421+1 C M83
1592.7 [NeV] 2p?3P —2p?1S, 6.690-3 C  M83
1608.8 [NelV] 2p®%S3/, —2p* %P5 012741 C  M83



Table 2 (Continuation)

W lon Transition A,s7!  Ex.M. Ref
1609.0 [NelV] 2p®%S;3/5 —2p*2P; )5 5.210-1 C M83
1620.05 CllI 3p3P —4d 3D, 8520+8 R,D NS84
1640.33  Hell - 7.060+8 R R80
1640.47 Hell 2-3 7.060+8 R R80
1640.49 Hell 2-3 7.060+8 R R80
16413 Ol  2p*!'Dy —3s39; C
1661.17 ONI]  2p?3P; —2p35S, 2.369+2 C,Au M9l
1666.52 Ol  2p?3P, —2p>5S, 5.845+2 C,Au MOl
171130 Sill  3p*2Dg)0 —5f 2Fy 9 R
171855 NIV 2p'P, —2p?'Dy, 254048 C,D Kh8l
1746.82 NIll] 2p 2P )5 —2p** P35 8950+0 C MOl
1748.61 NIlI| 2p 2Pyjp — 2p**P; )5 339042 C M91
1749.67 NIl 2p 2Py — 2p** P55 251042  C M1
1751.22 NIII]  2p 2P3 )5 — 2p** P35 5.900+1  C M91
1753.99 NIl 2p 2Py — 2p**P; )5 3.640+2 C M1
1760.40 CIl  2p®?Ds5/5 —3p P35 3.500+7 R B85
1793.8 [Nelll] 2p*3P, —2p*1Sy 3.940-3 C M83
1808.01 Sill  3p ?Pyjp —3p*2D;5 563946  C M1
1814.7 [Nelll] 2p*3P —2p*'Sy 2.000+0 C  M83
1816.93 Sill  3p ?P3)p —3p*2D5) 6.668+6  C M1
1817.45 Sill  3p P35 —3p® 2Dy 1.11046  C M91
1854.72 Allll 3528/ —3p?P;p 543248 C Mol
1862.79 Allll 35 2S5 —3p 2Py 536148 C MOl
1867.4 [FIV]  2p?3Py — 2p*1Ss C
1875.5 [FIV]  2p?3P —2p*1S, 1.100+0 C G68
1883  Silll] 35218y —3p3P, 12002 C  M83
1889.3 [FIV] 2p?3P, —2p*lS, 2.300-3 C G68
1892.03 Silll]  3s2!Sy—3p 3P 1670+4 C M1
1906.68 CIll]  2s2'Sy—2p 3P,  5.190-3 C,Au,Ph M83
1908.73 Clll]  2s2'Sy—2p 3P 7.520+1 C,Au,Ph M91
1922.93 CllI 3p3D3y —4f 3F, 7.720+8 R,D NS84
1939.6  [FIll] 2p®%S5/5 —2p> P55 0.260+0  C G68
1939.6  [FIll] 2p**S3/, —2p3*P; /5 0.100+0  C G68
2009.57 CllI 3p3P —4s3S, 6.860+8 R NS84
2010.09 CllI 3p3P, — 4535, 6.860+8 R NS84
2112.0 [CaVIl] 3p?3P, —3p?'S, 3.400+1 C  G68
2139.01 Nl 2p?3P; —2p35S, 570041 C M9l
2225.61 [Fll]  2p*3P —2p*lS, 16003 C  G68
2226.0 [CaVIl] 3p?3P, —3p?'Sy 025040 C G68
2242.61 [FIl]  2p*3P —2p*'S, 049040 C  G68
2252.69 Hell-P, 3-10 8.250+5 R R80



Table 2 (Continuation)

A A

lon

Transition

A,s7! Ex.M. Ref

2280.0

2296.87
2306.19
2321.08
2325.40
2328.12
2331.55
2334.40
2334.61
2350.17

2366.8
2385.40
2399.2

2412.4
2416.5
2421.8
2436.2
2438.6
24416
2444.5
2458.8
2465.2

[CaV]
Cil
Hell-P,
[O111]
Clj
Clj
[O111]
Sill]
Sill]
Sill]
[KVI]
Hell-P;
Fell
[CaV]
[MgV]

[NelV] 2p? 453/2 - 2p? 2D3/2

Fell

[NelV] 2p? 453/2 - 2p? 2D5/2

[MgVII]
Fell
Fell
Fell

3p4 3P2 _ 3p4 ISO
2p ' Py — 2p* ' Dy

2;;2 3P — 2p224150
2p 2P3/2 - 2p2 4P5/2
2p P3/2 —2p P1/2

2p? 3Py — 2p* 1S,
3p 21D1/2 - 3p2 41D1/2
3p ZP3/2 - 3192 1P5/2
3p P3/2 —3p P1/2

3p? 2P — 3p* 1S,
3-8
486D5/2 — Z6F5/2
3p4 3P1 _ 3p4 ISO
2p4 1D2 o 2p4 ISO

a4G11/2 - ?/4H11/2

2p* 1Dy — 2p* 3Ry
b4P5/2 - y4D7/2
a*Gyjo — y*Hy1 )9
b4P1/2 - y4D3/2

2470.32 [Ol] 2p**S5,, —2p® 2Py s

2470.41
2471.7
2479.2

2481.0
2482.3
2484.2
24923
2494.5
2506.4
2506.8
2508.3
2511.20
2512.0
2514.5
2519.4
2548.2

[o1]
[KVI]
Fell
Fell
Fell
Fell
Fell
[KV]
Fell
Fell
Fell
Hell-P,,
[MgVII]
[KV]
Fell
Fell

2P3 453/2 - 2173 2P3/2
3p2 3P2 _ 3p2 ISO
c2D5/2 — w2D3/2
52H11/2 - ?/4H11/2
62D3/2 — w2D3/2
52H11/2 - ?/4H13/2
52H9/2 - Z/4H11/2
3P3 453/2 - 3P3 2P3/2
C4F9/2 — Z4G9/2
AFr o — Y5 Fy )
c4F7/2 — w4G9/2
3-7
2p? Py — 2p° 1Dy
3P3 453/2 - 3P3 2Pl/2
b2P1/2 - x4P3/2
b4F5/2 - ?/6P7/2

0.145+0
1.490-+8
1.430+6
0.223+0
4.320+1
6.550+1
7.850-4
455043
2.400+3
3.000+3

1.600+1
2.6404-6
1.366+8
2.310+1
4.2304-0
5.540-3

4.840-4
1.600-4

0.232-1
0.564-1
0.140+0

5.190+-0

5.370+-6
1.050+0
2.1404-0

@
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M83

Kh81
R80
M83

M91
M91
M83
M91
Mo1
M91

G68
R80
M91

M83
M83
M83

M
KL80

M83
M83
G68

M83

R80
KL80
M83



Table 2 (Continuation)

W lon Transition A,s7! Ex.M. Ref
25625  Fell  a*Dyjp —a'Ps)po C
2582.6  Fell  a*D3jp—a'Pyy C
2585.9  Fell  a®Dgyjy —2D;/5 8.046+7 C  MO1
25015  Fell  a*Ds/p —a'Ps)o C
2503.5 [KIV] 3p*3P, —3p*lSy, 0817-1 C M83
2593.60 Nelll 3555, —3p P, R
2505.68 Nelll 3555, —3p°P; R
25984  Fell  aSDy7jp —2%D5), 130748 C MOl
2599.4  Fell  aSDyjy —a®Dy )y C
26040 Fell  *Frjy —0v2Grp C
2605.0  Fell  F5j0 —v?Grpo C
26065 Fell D5/ — %Dj )5 C
2607.1 Fell  aDjjp — 25Dy 1.658+8 C MOl
26119 Fell  aSD7j—2D7/p 1.089+8 C  MO1
26138  Fell  aSD3p—2°Dypp 1.988+8 C MOl
2617.6  Fell  a%D5;p —2°D5pp 4.364+7 C  MO1
26204  Fell  aSD3j5— 2Dy 3.590+6 C MOl
2625.6  Fell  aSDy7jp —2%Dy)5 3.353+7 C MOl
26283  Fell  aDyj—2Dy, 8560+7 C MOl
2631.0 Fell  aSD3p—2D;5pp 7.6824+7 C MO
26313  Fell  aSDg5jp—25D7/p 6.032+7 C MOl
2663.27 Hel 2535, —11p3Py_53.190+45 R T87
2669.16 Alll 35215, —3p3P; 3.330+3 C Mol
2690.82 [ArV] 3p?3P; —3p?lSy 6.550+0 C KL80
2696.12 Hel 2538, —9p3P_, 5790+5 R T87
2709.4  Fell  a'Dyjp — 2'Fy)9 C
27112 [KIV]  3p*3P, —3p*1lSy 1.000+1 C M83
27118 Fell  a*Gyyjo — 2°113)9 C
27124 Fell  a'Ggjp — 22111 C
27144 Fell  a'Dyjy — 2'Dy)9 C
2716.7  Fell  a'Dqjp — 2'F; )9 C
272319 Hel 2538, —8p3P_, 8.170+5 R T87
27249  Fell  a'Dsjp — 2'Fy )9 C
27275  Fell  a'Dyjp — 2*Dy)o C
2730.7  Fell  a'Dyjp —2'Fy)9 C
27324 Fell  a'Fyjy — 25Dy C
2733.30 Hell-Pj 3-6 1.250+7 R R80
27395  Fell  a'Dyjy — 2*Dy )y C



Table 2 (Continuation)

Transition

A,s7! Ex.M. Ref

Z2F5/2 - 62F5/2
G4D1/2 - 24F3/2
a*Dyjy — 2" Fy o
a4D5/2 - Z4D5/2
a' D3y — 2' D3y
a4D5/2 - Z4F7/2
G4D1/2 - 24D1/2
20F; 5 — €Dy
Z6F7/2 - €6D3/2
a'Drjy — 2" Fy
2s 331 - 7p 3P0,2
b2H11/2 - 22113/2
Z6F9/2 — e6D7/2
a4D3/2 — Z4D5/2
b2G9/2 - ?/4H11/2
Z6F7/2 — 66D7/2
2p4 3P2 _ 2p4 ll)2
Z6F11/2 - 66D9/2
3p2 3P2 o 3p2 ISO
52G7/2 - ZJ4H9/2

3p 2Pyjp — 3d ? Dy o
35 2812 — 3p 2Py
3p 2Pyj — 3d *Ds o
35 2510 — 3p 2Py 9

2p4 1D2 _ 2p4 ISO
3p 3D2 —3d 3P2
2s 331 - 6p 3P0,2
3p 3Ds — 3d 3P,
Z4F9/2 - €4D7/2
Z4D3/2 — 64D3/2
Z4D5/2 — €4D5/2
2 Fy )y — €* Dy
Z4F3/2 — 64D1/2

1.200+6

1.850+0

0.569-1

2.612+8

2.5924-8
3.4604-0
6.980+-5
1.860+6
8.710+-6

2853.68 [ArlV] 3p? 4S5y — 3p*2 Py 2.11040

A lon
2741.7  Fell
27432  Fell
2746.5 Fell
2747.0  Fell
2749.2  Fell
2749.3  Fell
27495  Fell
27549  Fell
2755.1  Fell
2755.7  Fell
2763.80 Hel
2767.5 Fell
2767.5 Fell
2768.9  Fell
2771.2  Fell
2776.9  Fell
2783.2 [MgV]
2785.2  Fell
2785.76 [ArV]
2790.6  Fell
2790.78 Mgll
2795.53 Mgll
2797.99 Mgll
2802.70 Mgll
2803.3 [NalV]
2818.68 Olll
2829.08 Hel
2836.34 Olll
2839.5  Fell
28455  Fell
2848.1  Fell
2848.3  Fell
2851.7  Fell
2856.4  Fell
2856.9  Fell
2865.5  Fell

26P5/2 - €6D7/2
Z4D7/2 — €4D7/2
2 Fy)y — €* Dy
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Table 2 (Continuation)

A A

lon

Transition

A, s Ex.M. Ref

2868.18 [ArlV] 3p® %S/, — 3p3 2Py /5 0.862+0

2886.2
2888.1
2916.2
2922.0
2926.6

2928.7 [MgV]

Fell
Fell
Fell
Fell
Fell

b2H11/2 - Z4G9/2
b2P3/2 - ?/4P5/2
(14D7/2 - Z6F7/2
b4D7/2 — x4G9/2
a4D7/2 — Z6F9/2
2p4 3P1 _ 2p4 11)2

0.541+0

2930.0 [FlI] 2p®*S5/ —2p® 2 D5/ 1.300-3
[FII] 2p®%S55 — 2p® 2Dy, 1.300-4

2933.1
2944.1
2945.11
2945.3
2953.8
2958.36
2964.6
2965.0
2970.5
2972.29
2972.56
2973.4
2978.83
2979.1
2979.3
2984.8
3002.7
3005.22
3023.45
3024.57
3047.13
3059.30
3062.83
3070.55
3109.16
3118.61
3121.71
3132.86
3183.1
3187.74
3196.1

Fell

Hel
Fell

Fell
[O1]
Fell
Fell
Fell
[O1]
NI
[NeV]

N”I 3p,2P1/2—3d,2P3/2

Fell
Fell
Fell
Fell
[Arll]
Olll
ol
ol
ol
[NIT]
[NH]
[ArllI]
[CIIV]
Olll
Olll
Fell
Hel
Fell

a4P3/2 — Z4P1/2
25 381 — 5p 3Py_o
a4D5/2 — Z6F5/2
CL4D5/2 — Z6F7/2
2p4 3P2 _ 2p4 ISO
CL4P1/2 — Z4P1/2
a'Pyjy — 2 Py
a4D3/2 — Z6F5/2
2pt3 P — 2ptls,

3p, 2P1/2 — 3d, 2P1/2

2p2 1D2 _ 2p2 150

b2F7/2 - ZQHg/Q
G4D1/2 - Z6F3/2
(14P5/2 - Z4P5/2
a'Pyy — 2Py
3p4 3P2 _ 3p4 ISO
35 3P —3p 3P,
38 3P0 — 3p 3P1
3s 3P, —3p 3P,
3s 3P, —3p 3P
2p2 3P1 _ 2p2 ISO
2p% 3Py — 2p* 1S,
3p4 3P1 _ 3p4 ISO
3p2 3P1 _ 3p2 ISO
3p 351 —3d 3P,
3p 351 —3d 3P,
CL4P3/2 — Z4P5/2
2s 331 - 4p 3P0,2
(14P5/2 - Z4F7/2

10

3.080+-6

2.880-4

0.732-1
6.310+-7
2.8504-0
3.6004-7

0.417-1
5.1004-7
6.5604-7
1.610+8
9.650+-7

0.338-1

1.510-4
3.910+0
2.4704-0
1.240+8
1.360+8

5.420+6

OO0 N0 OO OOOO0O0O000n0n

ZY) ZY)
ﬁﬁﬁﬁﬁoﬁo

ool
000

eNeNeNe!

B.R
B.R

M83

M83
G68
G68

T87

M83

M83
NS84
M83
NS84

M83
E84
E84
E84
E84
M83
M83
M83
KL80
E84
E84

T87



Table 2 (Continuation)

XA lon Transition As7! ExM. Ref
3203.10 Hell-P, 35 3.520+7 R R80
3203.60 [CIIV] 3p?3P, —3p?lS, 0.262-1 C KL80
3241.67 [NalV] 2p*3P, —2p*'Dy 0.610+40 C M83
3260.98  Olll 3p3Dy —3d3F; 2.040+8 R,D E84
3265.43  Olll 3p3D3 —3d3F; 2240+8 RD  E84
3299.36 Ol 35s3Py—3p3S; 2.090+7 BR E84
3300.0 [NeV] 2p?3Py—2p?'Dy, 2.370-5 C M83
3306.63 NIl 4p?P3jp — 5d? D5/ 7.980+7 R NS84
3312.30  Olll 3s3P, —3p3S;  5.780+7 B,R,D,Ch E84
3319.00 [Felll  a®Dy—a3D3 C
3334.84 [Felll a®Dy—a3Dy C
3334.84 Nell 3s'Ps;5 —3p*Dy)y R
3340.74 Ol 3s3P, —3p3S,  7.970+7 B,R,D,Ch E84
3340.81 [Felll a®D;—a3D3 C
334255 [Nelll] 2p*'Dy—2p*lSy 271040 C M83
3342.85 [CIlI] 3p®%S5/5 — 3p® 2 P35 0.754+0 C M83
3345.86 [NeV] 2p?3P; —2p?'Dy 0.13140 C M83
3349.12 OIV  3s2Pyp —3p2Dy/5 1.330+8 R NS84
3350.68  Olll 35 5P, —3p °P, R.D
3350.99  Olll 35 5P —3p oD R,D
335321 [ClNN] 3p31S;3/5 — 3p* 2P )5 0.30540 C M83
3355.05 Nell 3s*Py —3p*Dy/5 1.300+8 R R80
3355.05 [Felll  a®D;—a3D; C
3362.20 [NalV] 2p*3P —2p*'Dy 0.186+0  C M83
338124 OIV  3s5'Py —3p*Ps) R
3382.69: Olll  3p 5P, —3d °Ds R,D
3385.50 OIV  3s%Ps)5 —3p*Dy)y R
3396.67 OIV  3s'Pyn —3piDy)s R
340354 OIV  3p2Pyjy —3d?Dsjp 8.060+7 R NS84
340482  Nell 3p?Dsjp —3d*Ds/5 1.900+8 R R80
3405.74 Ol 3p3Py—3d3P, 2070+7 B[R E84
340738 Oll  3p2Dyjy — 452Dy 4.080+7 R NS84
340738 Oll  3p2Dyjy — 452Dy 4.080+7 R NS84
3407.96 Ol 3p 3P, —3d3P, 8.200+7 R E84
3409.60 OV 3s*Ps/p —3p*Ds)9 R
341169 OIV  3p2?P3 —3d? D5/ 1.030+8 R NS84
3415.18 Ol 3p3P, —3d3P, 2560+7 B[R  E84
3416.2 [NalV] 2p*3P) —2p*lDy 2.240-5 C M83
342597 [NeV] 2p?3P, —2p?'Dy 0.365+0  C M83
3428.67 Ol 3p3P, —3d3P, 9.840+6 B,R E84

11



Table 2 (Continuation)

MNA O lon Transition A,s7! Ex.M. Ref
3430.60 Olll 3p3P, —3d3P, 3.120+7 B,R E84
3433.9 OVI  6fgFG —T7ghGH 591048 R Kh93
3444.10 Ol 3p3P,—3d3P, 5.820+7 B,R E84
344759 Hel 2s1Sy—6plP, 223046 R T87
345040 OIll  3p°D, —3d °F R,D
345520 Olll  3p 5Dy —3d °Fy R.D

3466.50 [NI] 2p**S3/, —2p*2Py, 6.580-3 C  M83
3466.54 [NI] 2p*%S3, —2p32P; )y 2.710-3 C  MB83
3471.81 Hel 2p3P —16d3D  3.140+5 R T87

3478.71 NIV 3535, —3p 3P, 1.100+8 R,D R80
3478.96 Hel 2p3P —15d3D  3.820+45 R  T87
34855 [MgVI] 2p* D55 — 2p* 2Py 5 240040 C  G68
3487.72 Hel 2p3P —14d3D  4.710+45 R T87
3488.1 [MgVI] 2p* 2Dy /5 — 2p> 2Py )5 3.800+0 C G
3498.64 Hel 2p3P —13d3D  59004+5 R T87
3500.4 [MgVI] 2p* D55 — 2p3 2Py 5 0.150+0 C G
3503.0 [MgVI] 2p3 2D3/2 —2p3 2P1/2 250040 C G638
3512.51 Hel 2p3P —12d3D 752045 R T87
3530.49 Hel 2p3P —11d3D  9.810+45 R T87
35322 [FIV] 2p?'Dy—2p?1S, 210040 C G68
3554.34 Nell  3p2D;, —3d* Dy R
3554.41 Hel 2p3P —10d3D 131046 R T87
3568.53 Nell 3s2Dj —3p?F;, 140048 R R80
3583.0 [CIl] 3p*3P,—3p*lSy 0.197-1 C MS83
3586.0 [FeVI] 3d*(a®Fs —alGy) C
3587.27 Hel 2p3P —9d*D 181046 R T87
3609.62 CllII 4p 3Py —5d3Ds  9.090+7 R NS84
3613.64 Hel 25 1Sy —5p P, 3.740+6 R T87
363423 Hel 2p3P5—8d3Dy_3 232046 R T87
3634.37 Hel 2p3P)—8d3D; 145048 R T87
3657.27 Hsg 2-36 R
3657.93  Has 2-35 1.320+42 R Kh93
3658.64 Hsy 2-34 1.520+42 R Kh93
3659.42 Hss 2-33 1.7704+42 R Kh93
3660.28 Haso 2-32 2.060+2 R Kho3
3661.22 Hs; 2-31 242042 R Kho3
3662.26 Hs 2-30 285042 R Kho3
3662.50 [FeVI] 3d*(a'Fy/p — a’Ds)s) C
3663.41 Hag 2-29 3.380+42 R Kho3
3664.68 Hog 2-28 402042 R Kho3
3666.10 Ha; 2-27 4830+2 R Kho3
3667.88 Hag 2-26 5.830+42 R Kho3
3669.47 Hos 2-25 7.100+42 R Kho3
3671.48 Hoy 2-24 8.710+42 R Kho3
3673.76 Has 2-23 1.080+3 R Kh93

12



Table 2 (Continuation)

XA lon Transition A,s7! Ex.M. Ref
3675.0 [Cll] 3p*3P —3p*lS, 131040 C MS83
3676.36  Hoo 2-22 1.350+43 R Kh93
3679.35 Hyy 2-21 1.7004+43 R Kh93
3682.81  Hy 2-20 2.170+3 R Kh93
3686.83 Hig 2-19 2.810+43 R Kh93
3688.0: [CaVIl] 3p?'Dy —3p2lSy 4.300+0 C G68
3690.07  Hell - 9.660+2 R Kh93
3691.56 Hig 2-18 3.600+3 R Kho3
3694.21 Nell 35 %P5 —3p “P;5 1.000+8 R R8O
3697.15 Hir 2-17 4910+3 R Kho3
369807 Ne|| 3d 4P3/2 — 5p 4D1/2 R
3698.72  Hell 4-33 1.5004+43 R Kho3
3701.77 Nell 3p?P3, —3d “Ps;s 270047 R R8O
3702.75 Ol 3p3Py — 3d3D,

3703.86 Hig 2-16 6.660+3 R Kho3
3705.00 Hel 2p3Pio—7d3D;_3 352046 R T87
3705.15  Hel 2p3Py —7d3D; 220046 R T87
3707.24 Ol 3p3P —3d3D, 7.740+7 R E84
370952 Olll 35 °P, —3p °Dy R,D
3709.62 Nell  3s%P; —3p*P, 110048 R R8O
3711.97 Hys 2-15 9.210+3 R Kho3
3712.75 oll 3s 4P1/2 - 3])483/2

3715.08 Ol 3p3P,—3d3D; 9.810+7 B,R E84
3715.15 Hell 4-29 287043 R R8O
3715.46  Nell 4p 2Dyjy —7s *Py)y R
3717.90 X

372072 NeII 3d 2F5/2 — 5p 2D5/2 R
3721.88 [SII]  3p?3P —3p?lSy 0.796+0 C KL8O
3721.94 Hyy 2-14 1.300+4 R Groo
3726.19 [Oll] 2p**S3/, —2p*2D3/5 1.650-4 C,Ph M83
3727.33 oll 3s 4P3/2 — 3p4S3/2

3729.11 [ONl] 2p**S3/, —2p*2 D5,y 3.820-5 C,Ph M83
3731.60 Olll 3p3P, —3d3D; 2.150+6 B,R ES84
373234 Nell 3p 2Py —3d *Fy) R
3732.82 Hell 4-26 4980+3 R R80
373286 Hel 2p3Pio—7s3S; 129046 R T87
3733.01  Hel 3Py —7s38;  1.610+45 R  T87
373437 Hys 2p 2P —13d %D 1.8804+4 R Gr90
3735.94: Oll  3p/2?Py)y — 452Dy )9

3736.85 OIV  3p' D7/ — 3d *Fy R.D
373992 O” 3p483/2 - 484P5/2 R,D
3740.22  Hell 4-25 6.060+3 R R80
374030 [FeVI] 3d*Fy/, —3d?Hy)s C
3745.92  NUI 35 4Py 5 —3p 455 R.D
374786  Nell 3d 2P, —5p 259 R

13



Table 2 (Continuation)

XA lon Transition A,s7! ExM. Ref

3748.60 Hell 4-24 745043 R R8O
3750.15  Hio 2 2P —12d 2D 2.820+4 R  Gr90
3754.67 Olll  3s3P, —3p 3Dy, 8270+7 B,R,Ch E84

3756.11 Hel 2p'P; —14d'D, R
375721 Ol 3s3Py—3p3D; 6.1204+7 B,R,Ch E84
3757.47 NIl 3p *Dysy —3d *Pyy R,D
3757.65 NIl 3p Dy —3d Py s R,D
3758.14 Hell 4-23 924043 R  R80
3759.0 [FeVIl] 3d?(aFy — a'Gy) C
3759.87 Olll  3s3P,—3p3D; 1.080+8 B,R,Ch E84
3762.63 Ol 3p?S5/, —4s* P39 R,D
3768.07 Hell 4-22 1.160+44 R  R80

3768.78 Hel 2p'P, —13d'D, 432045 R  T87
3770.63 Hy; 2 2P —11d %D 437044 R  Gr90

3773.98 [FeVI] 3d*Fy/, —3d*Py C

3774.00 Ol 3s3P, —3p3D; 4.2904+7 B,R,Ch E84
3777.07 [FeV] 3d5Dg — 3d3P, C

3777.07 Nell  35'Pyjp —3p*Ps R

3781.62 Fll 353Dy —3p' 1 Fy R,D
3781.68 Hell 4-21 1.460+4 R  R80
3783.47 [FeV] 3d°D,— 3d>F; C

3784.86 Hel 24'P, —12d'D, 5550+5 R  T87
378501 O” 4p2P3/2 — 4d/ 2D5/2 R,D
379126 Olll  3s3P, —3p3D, 2.490+7 B,R,Ch ES84
3795.23 [FeV] 3d°Dy —3d3F, C

3796.3  Silll  4p 3P, —4d 3D, R

3796.33  Hell 4-20 1.880+4 R  R80
3796.7 [SHI] 3p?*3P, —3p?lSy, 0.105-1 C  KL80
3797.90 Hyg 2p%P—-10d %D 7.080+4 R  Gr90
3805.74 Hel 2p'P, —11d'D, 7.240+5 R  T87
3810.96 Olll  3s3P, —3p3D B,R,Ch
3813.49 Hell 4-19 2.440+4 R  R80
3814.56  FlI 3p' 3P, —3d' 38, R,D
3819.61 Hel 2p3Py5—6d3Dy_3 572046 R  T87
3819.76  Hel 2p3Py —6d3D; 3580+6 R  T87
3829.75 Nell 3p 2Py, —3d 2D5/, 8.400+7 R R80
3829.79 NIl 3p3P —4s3P, 150047 R R80
383355 Hel 2p'P, —10d 'Dy 9.720+5 R  T87
3833.78  Hell 2-10 2.850+5 R Kho3
3833.80 Hell 4-18 321044 R RS0
3835.38 Hy 2p 2P —-9d%D 121045 R  Gro0
3838.09 Hel 2p'P,—10s'Sy, 3.667+5 R  T87
3839.27 [FeV] 3d*(a®Ds — a®F3) C
3842.82: Oll 3p“Dyjp —3d*D;yp 1.460+7 R NS84

14



Table 2 (Continuation)
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Transition

A,s7! Ex.M. Ref

3851.20
3853.66
3856.16
3856.02
3856.16

3857.81
3858.07
3859.19
3862.59
3867.48
3867.63
3868.71
3871.79
3875.50
3878.10
3882.20
3883.82

3885.94
3887.44

3887.57:

3888.65
3889.05
3891.28
3891.80
3895.22
3918.98
3919.29

3920.69
3923.48
3924.47

3926.53
3934.47
3935.91

3945.05

3954.37:
3956.74:

3960.7

3961.59
3964.73
3967.41
3968.43
3970.07
3973.26

[FeV]
Sill
oll
Sill
oll
Nell
Hell

X
Sill
Hel
Hel

[Nelll]

Hel
ol

X
Oll
Cin
Cin
Hell
NI
Hel
Hg
[FeV]

X
[FeV]
Cll
Oll

Cll
Hell
Silll

Hel
X
Hel

Oll
oll
olv
[FIV]
Olll
Hel
[Nelll]
Hell
H7
Oll

3d°D3 — 3d3Fy
3p*2 D35 — 4p *Py)o
3]) 4D3/2 —3d 4D1/2
3p*2 D5y — 4p 2Py
3p *D3jp — 3d *Dy o
3p' 2Py jy —4d 2Dy
4-17

3p*2 D3y —4p 2Py )y
2p 3P2,1 — 6s 351
2p3 Py — 6535,
2p*3 Py — 2p* 1 Dy
2p1P —9d' D,
3p4D7/2 - 3d2F5/2

3p 4D7/2 — 3d4D7/2
4d 3Dy —5f 3Fy
4d3Dy — 5f3F3
4-16
35 2Py — 5p 2Dy
25381 —3p3Py_»
2-8

°Dy -3 Fy

5D3 _3 P2
3p2P1/2 - 48281/2
35'2 D35 — 3p' 2Py o
3p2P3/2 - 48281/2
4-15
Af 'Fy — 59 'Gy
2p 1Py —8d ' D,

2p 1P —8s 15,
352Pyj3 — 3p* Py
3s 2Pl/2 —3p 2Pl/2
38/ 4P3/2 — 3d, 4P3/2

2p2 SPO _ 2p2 11)2
3p 1D2 — 3d 1F3

25 1.8y —4p 1Py

2p4 3P1 _ 2p4 11)2
4-14

2p 2P —7d %D

352 P35 — 3p2Py)s

15

4.300+4

2.120+-6
2.64045
0.17140
1.350+6

9.030+-7
9.5604-7
5.860+-4
6.410+-6
9.120+-6
2.210+45

C
R

R

R.D

DOVNAHDVAO DO XD

R
R,D

R
R
R
R
R
C

C

R80

T87
T87
M83
T87

NS84
NS84
R80
NS84

T87
S77

1.8104+8 R,NF B85

R

1.8104+8 R,NF B85

8.160+-4

1.950+6

4.3204-7

6.400-6
1.500+8
6.830+-6

0.542-1
1.160+5
4.390+5

R
R
R
R
R

R80

T87

NS84

G68
E84
T87
M83
R80
S77
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A A

lon

Transition

A,s7!' Ex.M. Ref

3973.76:

3982.72

3995.00
3995.08
3996.3
3997.4
4003.58
4007.91
4009.27
4011.60
4012.7

4025.60
4026.13

4026.36

4033.18:

4035.09
4046.5

4047.80
4056.06
4057.76
4060.2

4068.60
4068.91
4069.64
4069.90
4070.26
4071.3

4072.16
4073.90
4076.35
4077.78
4078.86
4081.10
4085.12
4087.16
4089.29

4091.32
4092.80

4097.0:
4097.33
4100.04

ClIl
oll

NII
oI
[CaV]
[FIV]
NI
[Felll]
Hel

[NaV] 2p? 2D5/2 - 2p° 2P3/2

[Nelll]
Hell
Hel

Hel
oll
oll
[Felll]
oll
Clll
NIV
[FIV]
[SH]
CHl
oll
oll
Clll
[FeV]
oll
Olll
[SH]
Cli
oll
Olll
oll
oll
oll

X
oll

[KVI]
NI
Hell

382P3/2 — 3p2P1/2
3s'P, — 3p'Dy
3P,4P5/2 - 3d,4P5/2
3p! LDy — 3pt 1S,
2p2 3P1 _ 2p2 1D2
4d 2Dyyo = 5f 2Fr o
a®Dy — a*Gy
2p 1Py — 7d ' Dy

2p4 3PO _ 2p4 1D2
4-13
2p 3Py — 5d *Dy_3
2p3Py — 5d3D;
3d 1y —Af *Fy)
3d " F5p0 —4f *Fy)o
3d6(a5D3 — a3G3)
3d AFyp —Af YFy )
4d 'Dy — 5f 'F3
3p P, —3d Dy
2p2 3P2 _ 2p2 1D2
3p* 4S50 — 3p* 2Py
Af 3Fy — 59 3Gy
3p4D1/2 — 3d4F3/2
3p4D3/2 - 3d4F3/2

3p 4 D59 — 3d “F7 )y
3s'3P —3p/ 3Dy
3P3 453/2 - 3P3 21D1/2
3d' "Dy — Af' 2 Fy o
3pt D3/ — 3d*Fy o
3s'3Py —3p/ 3Dy
3p4D5/2 - 3d4F5/2
3d 1Fy)y — 4f 1G5
3d 4F9/2 —4Af 4G11/2

3p *D7jy — 3d *Fr )y
3p2 1D2 _ 3p2 ISO
352812 — 3p 2Py
4-12

16

3.7304-0
0.340-1
1.820+8

2.980+-6

8.510-6
1.710+5
1.030+7

6.4404-6
2.300+-7

2.200+-7

2.5204-8
7.0804-7
0.098+-0
0.2254-0

3.070+8
1.420+8

1.520+8
3.2704-8

1.7404-8

3.110+7
0.906-1

5.6804-7

4.1404-7
4.950+4-7

2.2404-8
2.620+-8

2.9004-7
4.100+4-0
1.190+8
2.59045

R
R
R
C
C
R,D

DN O VOO NOAODNO

Y Y
;Uﬁ;U;U;UDﬁﬁ;UO

ZY)
O

0O 0 v v R vl v I v R VI G B

M83
G683
NS84

T87

M83
R80
T87

T87
NS84

NS84

Kh81
Kh81
G683
M83

NS84
NS84

NS84
NS84

NS84

NS84
M83

NS84

NS84
NS84

R80
R80

NS84
G683
B85
R80



Table 2 (Continuation)

MNA O lon Transition A,s7! Ex.M. Ref
4101.74 Hg 2p 2P — 6d 2D 9.730+5 R S77
4102.94  Sil] 3p2 1Sy —4s 3P C
4103.43 NIl 3528y, —3p 2Py 119048 R B85
410474 OIl  3p*P3jn —3d Dy
4107.07: Ol 3d *F5j —4f *D7jp 3.790+43 R NS8
411583 SilV 45255 —4p2Py )5 R
411922 Ol 3p*Ps;p —3d *D7jp 1.480+8 R R80
4120.82 Hel 2p3P o — 5538,  3.860+6 R  T87
4120.55: Oll  3p*P5p —3d *D3j 7.600+6 R NS84
4120.99 Hel 3P _g—5s3S;, 4.8204+5 R T87
4121.84 CllI 4p 'Py —5d 'Dy  1.090+8 R NS84
4122.46 [KV] 3p*%S3, —3p*2D;5,, 4.590-3 C  M83
4128.75 [Fell]  3d%(a®D; — a3Gs) C
4141.8 [BaV]

4143.76  Hel 2p 'P, —6d 'Dy 491046 R T87
414377 OIl 3p" OP5)5 —3d" Dy

4146.06: Ol 3p %P5 —3d D)o R
415251 CllI 3p 3Dy —5f3F,  1.090+8 R,D Kh8l
4156.45 OIl  3p*P;;5 —3d*P;p  4.350+7 R NS84
4156.49 CllI 3p'3Dy —5f 3F; 115048 R,D Kh8l
41575 [Fll]  2p*'Dy —2p*lSy, 210040 C  G68
4162.86 CllI 3p'3D3 —5f3F, 1.300+8 R,D Kh8l
416305 [KV] 3p3 453/2 — 3p3 2D3/2 C
4163.30 [KV] 3p*%S3, —3p*2D;3,, 08841 C  M83
4168.97 Hel 2p 1P — 65 15 1.100+46 R T87
4180.59 [FeV] Dy -3 P, C
4185.46 Oll  3p ?Fy;5 — 3d 2Gr/o R
4186.90 CllII Af 'F3 — 59 'G4, 431048 R,D Kh8l
4189.79 OIl  3p'%F; )5 —3d'*Gg/p 1.980+8 R,D NS84
419576 NIl 35'2Py 5 — 3p' 2Dy )9 R,D
4199.83 Hell 4-11 4.090+5 R R80
4227.19 [FeV] a’Dy — a®Hy C
4229.27 [FeV] a®Dy — a®Py C

4240.0 [YVI]

42440 [FeII] (14F9/2 — CL4G11/2 C
424731 CllI 3p'tP—5p P, 1.060+7 R NS84
4250.0 [SrVI]

425374 Oll 3d 2Ggjp —4f *Hg11/2 R,D
425398 Oll  3d 2Gyjy —4f 2Hg) R,D
426534 X

4267.00 CIl 3d*Dyjp —4f%F5p 222048 R B85

17



Table 2 (Continuation)

MNA lon Transition A,s7! Ex.M. Ref
426726 Cll  3d?Dsjo —4f*Frjy 238048 R B85
427552 Oll  3d*Dyjy —4f*Fy) R
4276.71 OIl  3d*Py;p —4f "Dy R
4276.71 OIl  3d*Dsjo —4f*F7j5 1.82048 R R8O
4276.71 Oll] 3d*Ds/o — 4f ?Fys R
4287.40 [Felll  a®Dg/, —a®Ss ) C
420524 OIl  3d*Pyo —Af *Dj) R
4303.83 Ol 3d*Ps/y —4f Dy R
4317.14 Oll  3s'Py/5 —3p*Py)

4319.68 OIl  3s5'Py;5 —3p*P5 )

432556 Clll 3s''P —3p''D, 8.070+7 R,D NS84
432569 Oll  3s'Py/5 —3p*P s

433276 Oll  3d*Dq/y —4f*Gy)s

4336.86 Oll  3s'Py5 —3p*Py

4338.67 Hell 4-10 6.760+5 R  R80
4340.47 H, 2p 2P —5d*D 253046 R S77
4349.43 OIl 3s*Psp —3p *P5)y 740047 R R8O
4359.0 [Fell]  a®Dqjp —afSs5), C
4363.21 [OlI] 2p?'Dy —2p*1S, 1.780+40 C MS83
4366.90 OIl  3s'Ps5;5 —3p*Py R
4368.14 Cll  3d*Ps;o —4f *Dy)

4368.25 Ol 3s 351 - 4p 3P2_0 R
4379.11 NIl 4f 2F — 592G 3.560+8 R NS84
438793 Hel 2p'P —5d'D, 9.10046 R T87
4414.78 [Fell]

441491 OIl 35 2P3y —3p 2D5p 115048 R R8O
4416.98 OIl 35 2Py —3p 2Ds)5 950047 R R8O
443755 Hel 2p'P, —5s'S, 3.21046 R T87
444799 OIl  3p?Fy;/p — 3d?Fy ) R
4452.10 [Fell]

4452.38 Ol 3s?P35 —3p2Dy)o R
4465.40 OIl 35955/, —3pOP; )

44655 [XelV]

447148 Hel 2p3P o —4d3Dy_32190+7 R T87
4471.68 Hel  2p3Py—4d®D; 137047 R T87
4474.91 [Felll]

4481.13 Mgll 3d ?Ds5j5 — 4f 2Fy o R
4491.25 OIl 3d 2Py —4f ?D5/5 1.100+8 R NS84
4506.9 [SI] 3p*3P, —3p*lSy 8230-3 C M83
4510.94 [KIV] 3p*'Dy —3p*'S, 3.1804+40 C MS83

18



Table 2 (Continuation)

A A

lon

Transition

A,s7! Ex.M. Ref

4514.86
4516.77
4518.15
4523.58

4529.93
4534.58

4541.59
4544 .85

4552.00
4558.29
4562.60

4568.50
4571.0:

4571.10
4581.12
4589.0

4590.97
4596.17
4602.11
4603.73

4605.00
4606.6

4607.16
4613.67
4613.87
4616.01
4618.40

4619.98

4620.10
4621.28

4621.39:

4621.57
4624.93
4627.35
4630.54
4631.89
4634.14

4638.85
4640.64
4641.81
4641.85
4643.09

NIII
Cll
NIII
NIII

X
NI

Hell
NI

Silll
X
Mgl]
o

35,4P5/2 - 3P,4D7/2
4p 3P, — 5s 35

35" 4Py jy — 3p' Dy o

35" P35 — 3p' Dy o

3s’ 4P5/2 — 3p/4D5/2
4-9
Ap 2Py sy — 55 28] 9
4538 — 4p> Py

35215, —3p 3P,
5f2F —6d?D

[CaVII] 3p?3Py — 3p*'Dy

Mgl]
X
[S1]
oll
oll
oll
NV

X
[Felll]

NI
oll

NI
X
Cll

NV
Cll
oll
NIl
[C1]
[ArV]
[€1]
NIl
OIv
NI

oll
NIII
oll
NIII
NI

35215y — 3p 3P,

3p4 3P1 _ 3p4 ISO
35'2 D59 — 3p' 2Fy o
35'2 D39 — 3p/ 2Fy o
3d2Dyy —4f 2 F5)s
35 2819 —3p 2Py

a’Dy — a3 Fy
3s3P) — 3p3P;
3d2Dsy —Af *F7 )y
3s3P — 3p3 P,

3d 2Fy )9 — Af Gy
35 2819 — 3p 2Py g
3d 2F —4f 2@
3d?Ds/y — Af *F5 o
35 3P, —3p 3R,
2p* 3P — 2p* 1S,
3p2 11)2 _ 3p2 ISO
2p* 3Py — 2p* 1S,
353Py — 3p3P,
59 2G — 6h 2H
3p 2P1/2 — 3d 2D3/2
3s 4131/2 - 3P4D3/2
3p 2P3/2 — 3d 2D5/2
3s1Py /5 —3p*D5)9
3p 2Pyjp — 3d 2 Ds o
353Py, — 3p3 P,

19

R.D
1.660+8 R NS84
R.D
R.D
R.D
1.210+46 R R80
8.290+7 R NS84
R
4130-4 C M83
R
2.100-4 C G68
1.800+2 C M83
0.350+0 C M83
8.510+7 R NS84
7.940+7 R NS84
4.120+7 R R80
C
2.550+8 R NS84
4.080+7 R R80
R
9.000+7 R R80
2710-3 C M83
3.290+0 C KL80
2.000-5 C M83
R

5.660+7 R,D B85

6.790+7 R,D B85

1.130+7 R,D B85



Table 2 (Continuation)

XA lon Transition A,s7! Ex.M. Ref
4647.42  ClII 3538, —3p3P, 7.180+7 R,D NS84
4649.14 Oll  3s P55 —3p *D;jp 857047 R NS84
4650.25 ClII 3538, —3p3P, 7.180+7 R.D NS84
4650.84 Oll  3s *Pyj5 —3p 2Dy o
4651.47 ClII 3535, —3p3Py 7.1804+7 R,D NS84
4654.40 [SrVII]

4658.0 [Felll] a’D — a*F C
4658.30 CIV 59 2G — 6h 2H R
4661.63 Oll  3s'Pyy —3p*Dy, 520047 R R80
4663.64 ClII 3s'3P, —3p' 3P, R,D
4665.61 CIV 5f2F —6d*D R
4665.86 ClII 3s'3Py — 3p/' 3P, R,D
4669.20 [Pll]  3p?3P — 3p? 1S, C
4673.75 Oll  35'Py;5 —3p*Dy )y R
4676.23 Oll  3s5'Ps;5 —3p*D;)s R
4678.14 NIl 3d1Py —4f 1D, R
4680.32 X

4685.71 Hell 3-4 1.430+48 R RS0
4699.21 Oll  3p2Dy/y — 3d*Fy)

4699.21 OIl  3p/'2Ds5/p — 3d' *F 9

4701.62 [Felll] a’D3 — a®Fy C
471115 [ArlV] 3p®1S5/5 — 3p®2D;5/5 1.770-3 C  M83
4713.14 Hel  2p3Pi5 —4s3S; 8270+6 R T87
4713.38 Hel 2p 3Py —4s3S; 103046 R T87
47143 [NelV] 2p®2Ds/5 — 2p® > P35 0.400+0 C,Au M83
4715.7 [NelV] 2p®2Ds/5 — 2p° 2Py 5 0.115+0 C,Au M83
4724.3 [NelV] 2p®2D3 5 — 2p® 2Py 0.437+0 C,Au M83
4725.7 [NelV] 2p®2Ds/5 — 2p® 2Py 5 0.393+0 C,Au M83
4733.93 [Felll] a’Dy — a3 F, C

4736.6 [Pll]  3p?3P, — 3p*lS, C
4740.18 [ArlV] 3p®1S5/5 —3p®2D5/5 0.223-1 C  M83
4754.90 [Felll] °D3 -3 Fy C
4756.56 [BaVlI]

4769.60 [Felll]

4789.45 [Fll]  2p*3P, —2p*'D, 0.03840 C  G68
4803.29 NIl 3p3D3 — 3d3Ds

4814.55 [Fell]

4839.96 X

484492 Oll  3p*S3/ —3d*Fy)9

48515 [FeV]

4859.32 Hell 4-8 228046 R R80
4861.29 Hg 2p 2P —4d?D 842046 R S77
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Table 2 (Continuation)

W lon Transition A,s7! Ex.M. Ref
4868.99 [FIl]  2p*3P, —2p*'Dy 0.0124+40 C G68
4881.11 [Felll]

4893.42 [FeVII] Sk -3 Py C
4895.00 NIl 2p3 1Dy — 3pt Py

4904.56 [Fll]  2p*3Py —2p*'Dy 4.100-6 C G68
4904.80 NIl 4d D55 — 5p %P3/ R
4906.60 Oll  3p*Sy/ —3d* Py R
4921.93 Hel 2p 'P —4d 'Dy 199047 R T87
493027 OV 6h3'H —7i 3] R
4931.78 [OI] 2p*3Py—2p?'Dy 2.740-6 C M83
4938.6 [CaVII] 3p?3P —3p?'Dy 120040 C G68
4944.6 [FeVI] 3Fy 3 Py C
494856 X

4958.90 [Felll]

4959.52 [ON] 2p?3P —2p?'Dy  6.740-3 C,Au M83
4969.36 X

497160 X

4972.47 [FeVI] YF50 =2 Grpo C
4987.30 [Felll]

4988.8 [FeVII] a*Fy — a®Py C
499442 X

4996.36 X

5007.57 [ONI] 2p?3P, —2p*'Dy  0.196-1 C,Au M83
5011.30 [Felll]

5015.67 Hel 25 1Sy —3p P, 131047 R T87
5017.48 X

503207 CII 2p3 2P3/2 — 3p/2D5/2 R,D
5032.40 [FelV]

5035.74 X

5041.0 [FelV] 3d°*G —3d°*F C
5041.03 Sill  4p 2P —4d 2Dz, 9.800+7 R R80
5047.74 Hel 2p'P —4s 1Sy 6.670+46 R T87
5055.98 Sill  4p ?Py5 —4d *D5/5 1.200+48 R R80
5056.02 Sill  4p *P3j5 —4d 2Dy

5114.07 OV 3s 1Sy —3p P, 170047 R RS0
512182 CII 4p2P3/2 — 3p/ 2P3/2

5131.41 X

5145.75 [FeVI] Y0 =2 Grpo C

5151.0 [Felll] a’Dy — a®Py C
5158.81 [Fell]

5158.9 [FeVlI] 3F3 3 Py C
5176.04 [FeVI] 1Fy 0 —2 Gyjo C
5191.80 [Arlll] 3p*'Dy —3p*lS, 2.590+0 C M83
5197.90 [NI] 2p*%S3/, —2p32D3/5 2.020-5 C  M83
5200.26 [NI] 2p**S3,, —2p*?D;/y 7.270-6 C M83
5261.61 [Fell]

5269.2 [KVI] 3p?3Py—3p?'D, 1.100-4 C G68
5270.3 [Felll] a’D3 — a®Py C
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Table 2 (Continuation)

MNA on Transition A,s7! Ex.M. Ref

5273.38 [Fell]
5275.08 Ol  3p3Py —7d3Dss;

5277.8 [FeVII] 3SFy -3 P C
5299.00 Ol 3p3Py — 8539,

5309.2 [CaV] 3p*3Dy—3p*'Dy 190040 C M83
5323.3 [ClIIV] 3p?'Dy—3p?lS, 280040 C KL8O
5334.00 [Fell]

5335.18 [FeVI] YF30 =1 Py C
5342.56 X

5345.9 [KrlV]

5364.26 [RbV]

5381.20 [RbVI]

5411.52 Hell 4-7 4.860+6 R  R80
542422 [FeVI]  *Fy0 —* Py C
5426.64 [FeVI] YFr 0 =4 Py C
5434.7 [SrVI]

5484.84 [FeVI] 4F5/2 —4 P1/2 C
5495.66

X
5512.71 Ol  3p3P, —6d3D391

5517.72 [CIII] 3p3%S3/, —3p®2 D5/ 7.040-4 C  M83
5537.89 [CIIII] 3p3%S5/5 — 3p®?D3/ 4.830-3 C  M83
5551.84 X

5554.94 Ol 3p3P — 7539,
5577.34 [Ol]  2p*'Dy—2p*1Sy 1.22040 C MS83
5592.37 Olll 3s'P—3p 1P, 412047 C,Ch E84

5603.2 [KVI] 3p?3P —3p?'Dy 053040 C  G68

5614.7 [CaVIl] 3p?3P, —3p?'D, 250040 C  G68
5631.07 [FeVI] YFyrpy —* Py C
5666.63 NII 3s3P, —3p3Dy 423047 R R80
5676.02 NIl 35 3Py — 3p 3Dy

5676.95 [FeVI]  4Fy —* P5) C
5679.56 NIl 35s3P, —3p3D3 5.600+7 R R80
5695.26 X

5695.92 CllI 3p P —3d'Dy, 4.980+7 R Kh8l
5696.4 [Fel]  4s25Dy —4s 5P C

5709.2 [XelV]

5710.76  NII 35 3Py — 3p 3Dy

5721.1 [FeVII] 3Fy —1 Dy C

5733.0 [Flll] 2p*2D3/5 —2p*2P; /5 0.160+0 C  G68
5733.0 [FIl] 2p*2D5/5 — 2p%%P;5 011440 C  G68
5739.76 Silll 45 1Sy —4p 1Py

575459 [Nl  2p?'Dy —2p?'S, 1.12040 C MB83
5758.7 [RblV]

5776.4 [MnVI] 3d%3F; —3d*3P, C

22



Table 2 (Continuation)

MNA O lon Transition A,s7!  ExM. Ref
5784.94 Hell 5-40 46302 R R80
5789.72 Hell 5-39 526042 R  R80
5794.88 Hell 5-38 6.00042 R  R80
5800.48 Hell 5-37 6.860+2 R  R80
5801.33 CIV 3525/ —3p2Ps5 3.190+7 NF,R,Ch R80
5806.56 Hell 5-36 787042 R  R80
5811.98 CIV 3525, —3p2Pp 3.160+7 NF,R,Ch R80
5813.19 Hell 5-35 9.080+2 R  R80
5820.43 Hell 5-34 1.050+43 R R80
5828.36 Hell 5-33 1.220+43 R R80
5837.06 Hell 5-32 1.430+43 R R80
5846.6 [Xelll]

5846.65 Hell 5-31 1.670+43 R R80
5857.26 Hell 5-30 1.980+3 R  R80
5860.94 X

5863.0 [l\/an] 3d34F7/2—3d32G7/2 C
5867.60 [KrlV]

5867.82 Sill  4s'Ps;5 — 4p*Pss R
5869.02 Hell 5-29 235043 R  R80
5875.62 Hel 2p3Py,—3d3D;_3 6.280+7 R  T87
5875.97 Hel 2p3Py —3d®D; 3.930+7 R  T87
5882.12 Hell 5-28 2.800+3 R  R80
5886.34 X

5880.77 Cll  3d ?Ds/, —4p 2Py R

58910 [MnV] 3d34F9/2—3d32G9/2 C
5894.0 [MnVI] 3d?3F —3d%3P C
5896.78 Hell 5-27 337043 R  R80
5913.24 Hell 5-26 4080+3 R R80
5920.2 [BaV]

5931.79 NIl 3p3P — 3d3D,

5931.83 Hell 5-25 4980+3 R  R80
5936.88 X

5941.67 NIl 3p3P, — 3d3Ds

5952.93 Hell 5-24 6.130+43 R  R80
5957.61 Sill  4p?Py )5 — 5525 )

5958.58 Ol 3p3Py — 5d3D;

5958.58 Ol  3p3Py —5d3Ds3a;4

5977.02 Hell 5-23 761043 R  R80
5978.97 Sill  4p?P3jy — 5525 )

6004.72 Hell 5-22 9550+3 R  R80
6036.78 Hell 5-21 1.210+44 R  R80
6045.85 X

6046.40 Ol 3p3Py — 6535,

6074.19 Hell 5-20 1.550+4 R R80
6086.9 [CaV] 3p*3P —3p*'Dy 042640 C  MS83
6086.9 [FeVII] 3Fy —1 Dy C
6101.8 [KIV] 3p*3P, —3p*'Dy 0.814+0 C  M83
6103.72 X

6108.4 [KrlV]

6118.26 Hell 5-19 2.020+44 R  R80
6130.56 [Brll]
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MNA O lon Transition A,s7! Ex.M. Ref

6133.42 [ArV] 3p?3Py —3p*'D,  3.500-5
6151.29 X
6152.9 [CIl]  3p*'Dy —3p*lSy 2.060+0

6166.2 [MnV] 3d**F; ), —3d**P; ),
6170.69 Hell 5-18 2.670+4
6218.6 [MnV] 3d**F;,, —3d* P,

6221.0 [MnV] 3d**F5/ —3d**P )y
6223.0: [KV] 3p*2D35 —3p*2Py/5 1.8604-0
6228.4 [KVI] 3p?3P, —3p*'Dy  1.100+0

6233.82 Hell 5-17 3.590+4
6256.56 [KrV]

6300.30 [Ol] 2p*3P, —2p*'Dy  6.340-3
6310.85 Hell 5-16 4.920+4

6312.10 [SII]  3p?'Dy —3p?1Sy, 2.220+0
63170 [KV] 3p3 2D5/2 — 3p3 2P3/2 1210—|—0
6333.10 [SrVII]

6347.10 Sill 45 2S;5 —4p 2Py;5  7.000+7
6349.0: [KV] 3p*2D3,, —3p*2P; /5 1.25040
6363.77 [Ol]  2p*3P —2p*'Dy  2.110-3
6371.36  Sill 45 2S;,5 —4p 2Py/5 6.900+7
6391.74 [OI]  2p*3Py—2p*'Dy  7.230-7
6393.62 [MnV] 3d®*Fy ), —3d*4P;

6406.38 Hell 5-15 6.880+4
6428.2 [CaV] 3p*3Py—3p*'Dy 8.420-5
6434.72 [ArV]  3p?3P —3p*1Dy  0.204+0
6447.0: [KV] 3p*2Dy,5 —3p* 2Py /5 0.14140

6461.95 X

6482.07 X

6518.3 [MnVI] 3d*3F —3d*'D

6527.10 Hell 5-14 9.880+4
6527.23 [Nl  2p?3Py —2p*'D,  5.350-7
6544.61 X

6548.05 [Nl  2p?3P —2p*'Dy 1.010-3
6560.10 Hell 4-6 1.230+7

6562.85 H, 2p 2P —3d %D  4.410+7
6578.00 Cll 35255 —3p2P3)

6581.09 X

658280 C” 38251/2 — 3p2P1/2

6583.45 [NIl]  2p?3P, —2p*'Dy  2.990-3
6598.76 [FeVIl]  3d?(3Fy —! D)

6601.30 OV 3p'3Ds — 3d' 3F3

6610.60 X
6617.50

X
6627.40 OIl  3d?Ps5 —4p? Py
6630.60 [CsV]
6639.22 X
6641.10 OIl  3s2Py/5 —3p2S s
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C
C
C
R
C
C
C
C
R
C
R
C,Ch
C

R,D

2y
Uﬁﬁ

OO OO N

DXTO OO

a0

KL80
M83

R80

M83

G68
R80

M83
R80
KL80

M83

R80
M83
M83
R80
M83

R80
M83

KL80
M83

R80
M83

M83

R80
S77

M83
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6655.10
6666.70

X
oll
6666.80

[Nill]
6668.50 X
6672.00 X

6678.15
6683.20
6708.70

6709.10
6709.70
6716.47
6721.40
6727.40
6730.85
6731.00 ClII
6733.58 ClI
6733.58 NI
6734.00 [CrlV]
6734.40 [FelV]
6738.40 [Srll]
6739.80 [FelV]
6742.20 ClII
6744.10 Hel

6744.40 CllI

6746.90 CIV
6747.00 NV
6747.60 [CrIV]

6755.80 Hel
6756.00 [FelV]

6761.40 [FelV]
6762.20 CllI
6763.50 [Mnll]
6768.90 [XelV]

6769.50 Hel
6778.70 CIV
6779.90 Cll

6780.60 ClI
6783.90 Cll

6785.70 Hel
6787.20 ClI

6791.50 ClI
6792.50 [FelV]
6795.8 [KIV]
6798.00 ClI
6798.50 [KrlV]

[CrV]

ol
Cll

3d2P3/2 — 4p2P1/2

2p 1P, —3d ' Dy
5-13

6.370+7 R
1.460+5 R

[S”] 3p3 453/2 — 3p3 2D5/2 2.600-4 C

3s 2P3/2 - 3p281/2
3s'3Py — 3p' 3Dy

[S”] 3p3 453/2 — 3p3 2D3/2 8.820-4 C

3s'3P — 3p/ 3Dy
3p4D3/2 — 3d4D1/2
3ptPy sy — 4d*Py o

4G_QI

1G-21
3s'3P —3p/ 3Dy
315 —213p
3s'3Py —3p'3 D3

318 -203P
4P _2D
4P _2D
3s'3Py — 3p' 3Dy

31§ —-193p

38/ 4P3/2 - 3p,4D5/2
38/ 4P1/2 — 3p/ 4D3/2
38/ 4P5/2 - 3p,4D7/2

31§ —183p

38/4P1/2 - 3PI4D1/2
35" P35 — 3p' 4 D3

4P_2D

3p*3P —3p*iDy 0.1984+0 C

38/4P3/2 - 3PI4D1/2

25

T87
R80

M83

M83

M83



Table 2 (Continuation)

MNA O lon Transition A,s7! Ex.M. Ref
6800.70 Cll 35" %P5/ —3p' “Dj 5
6804.80 Hel 318 —173P
681230 C” 38/ 4P5/2 — 3p/ 4D3/2
681850 Sl” 5p2P1/2 — 6d2D3/2
6819.20 [FeV] 3sp-1s
6820.60 X
6826.90 [Krll]

6827.90 Hel 318 —-163P
6828.10 ClI 3plP, —4d'D,
682980 Sl” 5p2P3/2 — 6d2D5/2
6832.60 X

6846.80 OIl  3d*F; /5 — 4p* Dy
6850.40 [Mnll]

6852.10 [MnVI]

6855.90 Hel 318 —153P
6857.30 Clll  3p'3Dy —3d'3D;
6868.20 [Srll]

6869.40 X

6871.70 Cll  3p/3D3 — 3d'3D3
6873.80 [Fell]

6874.60 CIV  7p*Pj )5 —9d*Dsy)
6875.80 CIV  7p2Py/5 —9d%Dj )y
6880.90 X

6890.50 Hel 316 —143p
6890.90 Hell 592G —12r%2H 2.240+5 R R80
6895.10 OIl  3d*Fy/5 — 4p* Dy
6896.20 [Fell]

6896.50 [CrlV]

6901.10 X

6906.40 OIl  3d*F;/5 —4p*Ds s
6907.90 Oll  3d*F3/, —4p*Dy
691060 O” 3d4F5/2 — 4p4D3/2
6914.80 [CrlV]

6915.48 X

6933.90 Hel 318 —-133P
6949.00 [CulV] SF-'D
6957.30 NIl 3p 2D —4d'°F
6958.70 X

6961.40 [Colll] ip-4p
6976.00 X

6978.50 [Mnll]

6982.40 X

6989.40 Hel 318 —-123pP
6989.40 X

6997.10 [FelV] ip-2D
6998.50 [XeV]

7002.10 Ol 3p3P1 - 4d3D271
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Table 2 (Continuation)

A A

lon

Transition

A, s Ex.M. Ref

7005.58 [ArV]

.00
7021.40
7029.00
7032.30
7036.30

7037.20

7037.80
7047.00
7051.70

7053.60

7062.20
7062.40
7065.19

7065.71
7074.90
7076.50
7087.80
7099.8

7103.20
7110.4

7110.90
7111.50
7112.50
7113.00
7113.20
7113.40
7115.20
7115.20
7115.60
7117.00
7119.70
7119.90
7125.70

7125.80

7135.80 [ArllI]
7152.60 [Colll]
7155.20 [Fell]

7160.50
7160.63

717050 [ArlV] 3p32D3 5 — 3p3 2Py 0.789+0 C
7172.00 [Fell]

7177.52

X
Clv
X
o

[FelV]

ClIl
NV

X
[CrIV]

o

Hel
Clv
Hel
Hel
Cl
Cl
Cl

[PblI]
X

[KIV]
[CrIV]

Cl
Cll
cll
Cl
Sill
Cl
Cl
cll

Cl
Cl
Cll

cll
Sill

Hel
X

Hell

3077, — 3p° ' D

48251/2 — 4p2P3/2
4P 2 D
3s' 1Py — 4d 1Dy

452819 — 4p>Py o
31§ —113pP
2p SPLQ — 38351
2p 3Py — 35 35,
3p3Dy —4d3 Dy
3p3Dy — 4d3 Dy
3p3Ds — 4d3 Ds
2p_2p

3p* Py — 3p* ' Dy

3p3D; — 4d3 Fy
3p' Dy g — 3d' 1 F3
3P,4D3/2 - 3d/4F5/2
3p3D3 — 4d3Fy
5p2P1/2 — 78 251/2
3p3D1 - 583P0
3p3Dy — 4d3 F3
3]), 4D5/2 —3d 4F7/2
3p3D3 — 553D,
3p3Dy — 5s3P;
3p' D7/ — 3d 1 Fy
3p, 4D5/2 — 3d/ 4F5/2
5p2P3/2 — 78 251/2
3p*3 Py — 3p* 1Dy
ip-4p

31§ —103%P

5-11
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0.476+0 C KL80
243047 R T87
3.030+6 R T87
4540-5 C M83
031440 C M83

M83

3.590+5 R R80



Table 2 (Continuation)

XA lon Transition A,s7! ExM. Ref

7184.00 [FelV] *D —* F
7191.60 [FelV] *D —* F

7206.60 CIvV

7210.50 cll 5p3Py — 6d3Ds

7212.30 il 5p3P; — 6d3Dy

7213.50 Clv 8s — 11p

7219.70 [Csll] p-2p

7222.80 [FelV] ‘iD-4F

7231.32 Cll 3p 2Py sy —3d *D3j5 3.600+7 R R8O
7236.42 cll 3p 2Pyjy —3d D5/ 4.400+7 R R80
7238.14 [ArlV] 3p*2D5/5 —3p*? P32 059840 C M
7254.40 Ol 3p3Py — 5535,

7255.80 [Nill]

7261.43 [ChV] 3p?3Py —3p?'Dy 1560-5 C KL80
7262.96 [ArlV] 3p*2Ds5 — 3p> 2Py 5 0.603+0 C  M83
7266.80 X

7281.35 Hel 2p 1P, —3s 1S, 1.810+7 R T87
7291.50 [Call]

7297.90 Hel 315 -93%p

7307.00 Olll

7307.70 [Nill]

7318.63 [on] 2p* 2 D59 — 2p3 2Py )5 0.615-1  C M8
7319.43 [ol] 2p* D55 — 2p* 2Py 011740 C M83
7329.90 [O11] 2p°2D3/5 — 2p° 2Py /5 0.10240 C  M83
7330.70 [oM] 2p*2D3)5 —2p* 2Py )5 0.614-1  C  M83
7332.15 [ArlV] 3p*2Dg5/9 —3p° 2Py 011940 C M83
7345.20 X

7354.20 X

7363.40 \Y,

7365.20 Olll

7368.00 [BrIV]

7370.00 cll 3p' 2D — 3d' 2P

7377.80 [Nill]

7378.70 [ZrVII] 3p, -3 P

7380.30 CIv 6p — 7d

7382.40 Clv 6p — 7d

7385.10 [Bril]

7388.20 [Fell]
739130 [CrlV]

7411.60 [Nill]

7414.00 olll

7418.00 X

7423.60 NI 354P) )y —3p1S;3)0
7440.20 NV

7442.30 NI 3s 4P3/2 - 3])453/2

7452.50 [Fell]
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Table 2 (Continuation)

A A

lon

Transition A,s7! Ex.M. Ref

7455.30
7461.80

7462.30
7468.30
747350
7486.50
7499.70
7505.30
7507.60

7510.50
7516.00

7519.90

7530.83
7535.40
7574.10
7578.20
7580.60
7581.50
7582.40
7584.70
7585.40
7592.00
7592.30
7592.75
7610.90
7612.60
7618.50
7637.50
7677.40
7686.80
7686.90
7703.00
7706.70
7707.40
7713.30

7718.80

7719.50
7722.50

7723.80
T724.7
7726.20

7731.50
7733.20

7736.00 CIV(8-117)
7736.50 OVI(8-97)

7741.50
7746.50

olll
Cll

Silll
NI

X
Cll
Hel
Cll

X

X
Olll
Cll

[CIV]
[XelV]

X
Cll
[CrV]
NIV
NIV

Mgl]
NV

oV
chl
Hell
oV
clhl
NV
[Fell]
o\
NI
[Fell]
NIV
v
chl
o\
SilV
X
X
SilV
[S1]
CIv

X
[Fell]

[V V]
X

58251/2 - 7p2P3/2,1/2
4d3D1 — 5p3P1
384P5/2 - 3p453/2

5d3D — 6f3F
315 -83pP
5p2Pyjo — 3p' 2 D5 o

2173 2Pl/2 - 3p/2P1/2
3p?3P —3p*'Dy  0.723-1 C KL80

3d 3F2 - 5g 3G3

6g'G—Th'H
693G — Th3H

Th31H — 831
3d/3F3 - 5g3G4
5-10 6.080+5 R RS80
731 — 8k 31K
3d'3F; — 5¢93G5
Tghi — 8hik

692G — Th?H
5d?D — 6f2F

6h3H — 7i31

6d?D — 7f2F
3p' 1Py —3d' ' Dy
6h2H — 7i21

692G — Th?H

6h2H — 7i2]
3p* 1Dy —3p*1S, 153040 C M83
6h2H — 7i21
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Table 2 (Continuation)

Transition

A, s7! Ex.M. Ref

XA lon
7751.43  [Arlll]
7772.00 Ol
7774.20 Ol
7775.40 Ol
7777.61 X
7809.00 X
7811.60 Hel
7816.00 Hel
7820.70 ol
7832.50 ol
7839.30 ol
7848.30 Qlll
7854.90 X
7857.30 [V IV]
7860.80 CIV(9-147)
7873.70 Olll
7876.00 [PII]
7877.00  Mgll
7880.80 Hel
7884.40  [CrV]
7886.70 X
7889.90  [Nilll]
7892.90 Hel
7895.70 Hel
7896.40  Mgll
7898.70 Hel
7902.10 Hel
7905.80 Hel
7909.80 Hel
7913.00 X
7914.10 Hel
7919.00 Hel
7924.40 Hel
7925.00 [FelV]
7930.30 Hel
7933.30  [Telll]
7937.00 Hel
7944.40 Hel
7947.50 Ol
7948.10 Clv
7950.80 Ol
7952.20 Ol
7952.80 Hel
7961.40 [ZrVII]
7962.30 Hel
7963.50 ol
7971.50 Hel
7973.00 Hel

3p*3P, — 3p* Dy 0.823-1

3555y —3p°P;
3555y —3p°P;
35%8, — 3p° P,

31 —131p
3lg—73p

3p? 1Dy — 3p* 1S,
4p2P1/2 — 4d2D3/2

3lg —12lp

3F _lD
33p —373D
33P - 363D

4p2P3/2 — 4d2D5/2

33Pp —353D
33P — 343D
33P —333D
33p —323D

33P—313D
33P —303D

33p — 283D

33P —273D
33P — 263D
3s'3Dg — 3p' 3Fy
6d%D — Tp2P
3s'3Dy — 3p' 3F3
353D — 3p' 3F,
33P —253D

3ls—11lp
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Table 2 (Continuation)

MA on Transition A,s7! Ex.M. Ref

7985.30 Hel 33p —223D
799250 X
7997.80 [Asll]

7998.00 [Fell]

7999.40 Hel 33p—213D

8000.10 [Crll]

801500 C” 48/ 2D3/2 — 5p2P1/2

8015.80 Hel 33P — 203D

8018.60 ClI 3p3Py —4d3D;

8019.10 NI

8021.10 CllI  5d'Dy —6f'F3

8021.30 ClI  3p3P, —4d3D3

8023.60 [YV] 2p_2p

8025.50 X

8035.00 Hel 33P —193D

8036.76 [Arlll] 3p*3Py —3p*tDy 22105 C M83
8040.20 X

8046.27 [CIIV] 3p?3P, —3p?'Dy 0.179+0 C KL80

8049.60 [Tell]

8051.50 Olll
8057.30 Hel 33pPp — 183D
8060.10 Olll 5fG —6gH
8062.50 Olll
8070.20 Olll
8076.80 Olll 5fG —6gH
8084.20 Hel 33P — 173D
8084.20 Olll

8094.00 Hel 31§ —10tpP
8102.80 Silll 593'Gs4 —6h3'H
8103.50 Silll 5¢3'Gs —6nR3'H
8116.30 Hel 33P —163D

8125.14 X
8125.30 [CrlI]

812750 Oll  5fG—6gH
8137.20 [FeV] SH 17
8140.10 X

8142.40 [BrllI]

8145.70 Ol  5fD —6gF
8152.30 Olll  5fD —6gF

8155.70  Hel 33P — 153D
8159.60 NIV 6plP—17s'S

8160.20 X
8168.00 Ol 5fG—6gH

8177.50 X
8184.90 NI 3s%Py; — 3p*Ps )

8188.00 NI 3s 4P1/2 — 3p4P3/2
8189.10: ClIlI 5¢'3H — 6h' 31
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Table 2 (Continuation)

W lon Transition A,s7! Ex.M. Ref
8196.48 Clll 5¢g 3G —6h '3H 1.380+8 R Kh8l
8204.04 X
820040 NI 38 4P1/2 — 3p4P1/2
8203.90  Hel 33P —14°D

8210.60 [CsVI] 3p, -3 Py

8210.70 NI 3s5'Py;p —3p*Ps)
821630 NI 3s'P5;p —3p*P5)
822310 NI 3s5P35 —3p*Py )

8226.20: Clll  5f'3G —6¢'3H

8227.60 Olll 59 H — 6h I

8229.70 [CrlI]

8236.78  Hell 5-9 1.100+6 R R80
8238.50  Olll 59 G —6h H

8242.10 HI(Pyy) 3d*D —44f 2F
824240 NI 3s'P5;5 —3p“Py
8243.10 [KrV]

8244.10 Ol 59G — 6h H
8245.70 HI(Pyy) 3d°D —42f *F
8247.80 HI(P41) 3d D —41f *F
8249.90 HI(Py) 3d 2D —40f 2F
8250.80 Ol 59 F —6hG
8252.40 HI(P39) 3d 2D —39f 2F
8255.00 HI(Psg) 3d 2D — 38f 2F
8257.80 HI(P3;) 3d 2D —37f 2F
8260.90 HI(P3s) 3d 2D —36f 2F
8264.30 HI(P35) 3d *D —35f °F
8264.40  Hel 33P - 133D
8267.90 HI(P34) 3d 2D —34f ?F
8268.80  Olll 59 H — 6h 1
8271.90 HI(P33) 3d *D —33f °F
8276.30 HI(Ps2) 3d 2D —32f 2F
8281.10 HI(P31) 3d 2D —31f2F
8286.40 HI(P3p) 3d 2D —30f 2F
8286.70 Ol 59 F —6hG
8292.30 HI(Pyg) 3d *D —29f 2F
8298.80 HI(Pys) 3d *D —28f °F
8306.10 HI(Py;) 3d *D —27f °F
8314.30 HI(Pys) 3d 2D —26f 2F
8315.10: Clll  5¢'3F — 61 3G
8319.90  Hell 6-50
8323.40 HI(Pg5) 3d°D —25f *F

8325.00  Hell 6-49
8330.20 Hell 6-48

8333.00 Clll 4d3D3 — 3d3F)y
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Table 2 (Continuation)

W lon Transition A,s7! Ex.M. Ref
8333.80 HI(P24)  3d *D —24f *F
8336.00 Hell 6-47
833825 X
8341.60 CllI 4d3 Dy — 3d3F;
8342.10 Hell 6-46
8342.20 Hel 33p—123D
8342.70 [FeV] SH -1
8345.60 HI(Py3) 3d 2D —23f 2F
8347.6  [Fel] 4s2°D, — 4s3Fy C
8347.90 CllI 4d3 Dy — 3d3F,
8348.60 Hell 6-45
8352.70 X
8355.50 Hell 6-44
8357.90 CllI 4d3Ds — 3d3F3
8358.70  ClII 4d3 Dy — 3d3F,
8359.00 HI(Py2) 3d %D —22f *F
8361.60 Hel 31§ —63pP
8363.00 Hell 6-43
8369.30 Hel 33p — 1238
8371.00 Hell 6-42
8374.50 HI(Py1)  3d 2D —21f 2F
8376.40 Hel 33D —203F
8377.70  Hel 33D —203P
8378.80 Hel 3'D—-201'F
8379.60 Hell 6-41
838720 X
8388.90 Hell 6-40
8392.40 HI(Py) 3d*D —20f *F
8397.30 Hel 33D —193F
8397.40 X
8398.80 Hel 33D —193p
8398.90 Hell 6-39
8399.70  Hel 31D —19'F
8405.80 X
8400.80 Hell 6-38
8413.30 HI(Py9) 3d 2D —19f %2F
8421.60 Hell 6-37
8421.80 Hel 33D — 183F
8423.70  Hel 33D —183P
8424.30 Hel 31D —181F
842030 X
8433.94 [CII] 3p*2Dg3/5 —3p®2P35 032340 C  M83
8434.40 Hell 6-36
8438.00 HI(Pg) 3d 2D —18f 2F
844431 X
8444.40 Hel 33Pp—113D
8446.40 Ol 3538 — 3p3P,
8448.40 Hell 6-35
8451.00 Hel 33D —173F
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Table 2 (Continuation)

XA lon Transition A,s7! Ex.M. Ref
845155 Sl 4p3Py — 6535,
8453.20  Hel 33D —173P
8453.50 Hel 3'D—-17'F
8457.30 [VIII]
8459.20 X
8463.70 Hell 6-34
8467.30 HI(Py7) 3d 2D —17f %F
8469.46 X
8480.50 Hell 6-33
8480.60 Hel 33P - 1138
8481.16 [CIII] 3p*2D5/5 —3p* 2Py 031640 C  M83
8486.20  Hel 33D —16°F
8488.60  Hel 3'1D-16'F
8488.80  Hel 33D —16%P
8495.00 X

8498.00 Call 3d?D3/ —4p®P3/, 8498.90 Hell 6-32
8500.20 [CllI] 3p32D;, —3p® 2Py 0.303+0 C  M83
8502.48 HI(P1g) 3d 2D —16f2F 4.650+3 R Gro0

8517.90 Hel 3lg—_glp
8519.30 Hell 6-31
8528.80  Hel 3'p—17'D
8528.90 Hel 33D —153F
8531.40 Hel 3'D—151F
8532.10 Hel 33D —153P
8533.40 Hel 3lp_17l8
8536.50 [l 111]

8541.80 Hell 6-30

854210 Call  3d2Ds, — 4p2Py
8545.38 HI(P15) 3d 2D —15f2F 6.450+3 R Gr90

8547.86 X

8548.17 [CII] 3p32Ds,5 — 3p® 2Py 0.100+0 C  M83
8564.40 Hel 3'p—16'D

8566.90 Hell 6-29

8570.10 Hel 31p—161S

8578.50 [FeV] SH-1@

8578.70 [CI 1] 3p*3P, —3p*'Dy 0.104+0 C M83
8581.70  Hel 33D — 143F

8582.50 Hel 33P —10%D

8582.54 [Cl IlI]

8584.30 Hel 31D —141F

8585.80 Hel 33D —143P

8594.80 Hell 6-28

8598.39 HI(Py4) 3d 2D —14f2%F 9.160+3 R Gro0
8605.00 X

8608.20 Hel 3lp—15'D

8614.90 Hel 3lp—1518

8615.90 [VIII]

8616.90 [Fell]
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Table 2 (Continuation)

A lon Transition A s Ex.M. Ref
8626.10 Hell 6-27
8629.00 X
8632.60 Hel 33P — 1038
8633.50 X
8648.10 Hel 33D —133F
8650.70 Hel 3'D-13'F
8652.60 ClII 5d3Ds — 6p3 P,
8653.30  Hel 33D —133P
8661.40 Hell 6-26
8662.00 Hel 3'p—14'D
866210 Call 3d2D3/2 — 4p2P1/2
8663.65 Clll  5f 3F3 —6g 3Gy R
8665.02 HI(P13) 3d 2D —13f 2F 1.340+4 R Gr90
866522 CIll  5f3F, —6g 3Gs5 R
8670.40 Hel 31p—_ 1418
8680.30 NI  3stP;), — 3piD, /2
8682.80 [VIII]

8683.40 NI 3stPy — 3piDs)
8686.16 NI 3stPy/y —3p Dy

8694.83 X
8701.30 Hell 6-25
870325 NI 3stPy3 —3p*Dy)
8706.60 CIV

8707.00 X

8711.71 NI 3stPy5 —3p*Dy)s
8718.84 NI 3stPs;5 —3p“Dy)
8727.13 [Cl] 2p*'Dy—2p?'Sy 052840 C M83

8729.70 Hel 3'p—13'D
8733.30 Hel 33D —123F
8735.90 Hel 31D —12'F
8739.90 Hel 33D —123P
8740.40 Hel 31p—1318
8746.80 Hell 6-24
8750.47 HI(P12) 3d 2D —12f 2F 2.010+4 R Gro0
8761.10 X

8767.30 X

8776.60 Hel 33P—-93D
8787.60 [PI]

879130 X

8793.80 Cll  3p?Ds/5 — 3d*Fys
8798.90 Hell 6-23
8799.90 CIl  3p?Ds/p —3d*Fy s
8800.10 [FeV] SH-1@
8806.76 Mgl  3p'Py—3d'D,
8816.50 Hel 3lp—12'D

8829.00 OIV  3p" 2P —5p'2D
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Table 2 (Continuation)

A lon Transition A,s7! Ex.M. Ref
8829.70 [SIII]
8830.40 Hel 3'lp—1218
8831.5 [SII] 3p%3Py—3p*'Dy 58206 C M83
884520  Hel 33D —113F
8847.90 Hel 3'D—-11'F
8849.00 Hel 33P —938
8854.10 Hel 33D —113P
8854.20 [Selll]
8857.40 CIV
8859.10 Hell 6-22
8862.78 HI(P11) 3d 2D —11f 2F 3.140+4 R Gr90
8873.70
8877.20 x
8885.40
8891.90 [FeII]
8898.60 X
8914.60 Hel 31§ -7'p
8920.00 X
892357 Mgl  4s'Sy—5plPy
8925.70 NV
8920.00 Hell 6-21
892020 NV
8930.60 Hel 3'P—-11'D
8933.20 X
8986.50 X
899260 X
8996.80 Hel 33D —103F
8999.60 Hel 3'D-10'F
9004.80 X
9009.00  Hel 33D —103P
9011.20 Hell 6-20
9014.91 HI(Py) 3d %D —10f 2F 5.130+4 R  Gr90
9021.70 X
0024.30

X
902892 NI 3p251/2 — 3d2P1/2

9033.50 [Fell]

9051.90 [Fell]

9063.29 X

9068.90 [S 1] 3p?3P; —3p?'Dy 0.221-1 C,Ch KL80
9078.28 ClI 3s3P, —3p3P;

9079.90 X

9085.30  Hel 3'P-10'D

9088.51 ClI 3s3P — 3p3P,

9094.83 Cl 353P, — 3p3P,

9103.80 X
0108.50 Hell 6-19
9110.90  Hel 3'P—-10'8
9111.8 (I 353P, — 3p3 P,
9114.10 X
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Table 2 (Continuation)

MA lon Transition A,s7! Ex.M. Ref
9116.10 Ol 4p3D — 4d3F
9123.60 [CI 1]
9125.8 [ClI] 3p*3P —3p*'Dy 0292-1 C M83
9133.30 Ol 4p3D — 4d3F
9165.10 NIV
9174.20 Ol 4p3D — 4d3F
9174.40 Hel 33P — 839
0182.20 NIV
0210.20 Hel 33D —93F
9213.10 Hel 3'D-9'F
9214.83 X
921825 Mg” 48251/2 — 4p 2P3/2
9223.00 NIV
0225.20 Hell 6-18
9227.70 Hel 33D - 93P
9229.02 HI(Py) 3d 2D —9f2F 8850+4 R Gr90
9229.50 ClI
9231.10 ClI
9236.80 ClI

924427 Mgll 4525}/, — 4p>Py o

9260.93 Ol 3p° P, — 3d° D,

9262.77 Ol 3p°Py — 3d5Ds

9266.00 Ol 3p°P; — 3d°D,

9267.50 [Fell]

9303.00 Hel 3'P-9'D

9318.80 X

0344.94 Hell 5-8 221046 R R80
0354.00 X

0358.37 Clll  4s'Sy—4p'P,

9367.00 Hell 6-17
9381.00 X

9381.8 [ClII] 3p'3P —3p'D, 9.8206 C M83
938680 NI 382P1/2 - 3p2D3/2
9401.30 [V IV]

040430 X

0405.73  Cl 3s'P, —3p'D,

94120 NI 45255 —4p 2Py R
9426.40 X

0448.52 [BrlV]

9460.40 X

9463.40 Hel 319 —53pP

9479.70 X

0493.00 X

949950 X

0516.50 Hel 33P—73D

0526.00 Hel 33D —83F

0529.10 Hel 31D -8lF

9531.00 [S 1] 3p?3P, —3p?>'Dy 0576-1 C KL8O
0542.00 Hell 6-1

6
954597 HI(Pg) 3d 2D —8f2F 1.640+5 R Gr90
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Table 2 (Continuation)

A lon Transition A,s7! Ex.M. Ref
0552.80 Hel 33D —83p
057230 X
0625.60 Hel 31p—81D
9701.10 Clll  3p 3Py —3d 3D,
9702.50 Hel 33p—739
9705.30 [Tilll]
9705.39 Clll  3p 3P, —3d 3D,
9706.44 Clll  3p3P, —3d3D;
9715.11 Clll  3p 3P, —3d 3Dy R
9717.73 Clll  3p 3P, —3d 3Dy R
971950 X
0762.10 Hell 6-15
9808.32 [Cl] 2p%3Py—2p*'Dy 7.770-8 C M83
9824.13 [CI] 2p?3P, —2p*'D, 8.210-5 C MB83
9850.26 [Cl] 2p*3P, —2p*'Dy 2.440-4 C M83
9902.70 [Krlll] 4p*3P, —4p*iDy
9903.50 ClI
904250 X
0080.20 X
0082.40 Oll AfG — 5g
0088.50 Ol 4fG — 5g
9990.30 Oll 4fD — 5g
10008.9 Oll 4fG — 5g
10010.9 Ol 4fG — bg
10017.7 X
10023.0  Hel 3'Dp-7'p
10023.3 NIl 4f — 54
10027.73 Hel 33D —73F
10031.16 Hel 31D —7F
10035.4  NII 4f" —5¢'
10045.2  Hell 6-14
10049.38 HI-Ps  3d?D —7f%F 3360+5 R S77
10065.1 NIl 4f' — 54
10070.1 NIl 4f' — 54
10071.9  Hel 33D —73pP
10092.16 Mgll  4f2F — 592G
10108.1 NIl
1010889 NI 3p4D3/2 — 3d4F5/2
101104 Ol AfF — 5g
1011248 NI 3p*Dj5 — 3d*F )9
10114.64 NI 3p*Dy/y — 3d*Fy
10123.61 Hell 4-5 432047 R R80
10138.3  Hel 3'1p—71D
10167.9 CllI 51 —6g"
101722 X
10203.4

X
10206.5 [Xelll] 5p*3P, —5p*3 P,
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Table 2 (Continuation)

XA lon Transition A,s7! Ex.M. Ref
10232.9  Hel 3lp-7ls8
10276.9 [SrlV] p-2p
10287.1  [SH] 3p*2D3/5 —3p*2Py 013340 C  M83
10311.1  Hel 33P -63D
10320.6  [SH] 3p*2Dj/5 —3p*2Py)5 017940 C M
10338.8  [SH] 3p*2D3,5 —3p32Py2 0.163+0 C  M83
10363.7 X
10364.8  CllI
10371.27  Sil 453P; — 4p3S, R
103726 [SH] 3p*2Dy/5 —3p*2Pyp 0.779-1  C  MB83
10397.74 [NI] 2p*2Dj;5 —2p*2P3)5 06141 C  M83
10398.16 [NI] 2p*2Dj/5 —2p°2P; )5 0.345-1 C  M83
10407.17 [NI] 2p*2Ds5 —2p*2P3)5 0276-1  C  M83
10407.59 [NI] 2p*?Ds/p —2p*2P; )5 0529-1 C  M83
10419.7  Hell 6-13
10603.43 Sil 453P; — 4p3 Py R
10627.65 Sil 4pl Py — 4d3 3P R
10689.72  Sil 4p3Dy — 4d3Fy R
10691.25 Cl 353Py — 3p3D3 R
10819.8 [SI]  3p*3P, —3p*'Dy, 02781 C M83
10829.09  Hel 25381 —2p3Py  1.020+47 R T87
10830.25 Hel 25381 —2p3P;  1.020+47 R T87
10830.34 Hel 25381 —2p3P,  1.020+47 R T87
10938.10 HI-P,  3d?D —6f*F  7.780+45 R S77
10994.0 [Sil]  3p*'Dy —3p?lSy 1.140+40 C M83
11305.8 [SI]  3p*3P, —3p*'Dy 8.160-3 C M83
11540.1  [SI]  3p*3Py—3p*'D, 3.8406 C M83
11626.42 Hell 5-7 5.180+46 R R80
12818.08 HI-P3  3d?D —5f*F 220046 R S77
18636.78 Hell 5-6 1.630+7 R RS0
18751.02 HI-P, 3d2D —4f?F  8.990+6 R S77
20581.30 Hel 2518y —2p'P, 197046 R T87
4.49um [MglV] 2p° 2Py )5 — 2p° 2Py /5 019940 C  M83
534 [Felll %Dy —*Fyy  4170-5 C NSB88
561 [MgV] 2p*3P, —2p*3P, 012740 C M83
6.62  [Nill] 2Py sy =2 Py C
6.98  [Arll] 3p°2P 5 —3p° 2Py 5270-2 C  M83
790 [ArV]  3p?3P, —3p?3P; 02721 C KL80
8.99 [Arlll] 3p*3P —3p*iP, 03081 C M83
1052 [SIV] 3p 2P —3p2P s 7.730-3 C M83
11.76  [CIIV]  3p?3P —3p?3P, 8.250-3 C KL80
12.8 [Nell] 2p°2Py /5 —2p°2P3)5 8550-3 C  M83
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Table 2 (Continuation)

MA on Transition A,s7! Ex.M. Ref
13.10 [ArV] 3p?3P —3p?3PRy 7.990-3 C KL80
135  [MgV] 2p*3P —2p*3Ry 0217-1 C M83
143 [NeV] 2p?3P,—2p?3P; 45903 C MS83
156  [Nell] 2p*3P —2p*3P, 5970-3 C M83
187  [SH]  3p?3P,—3p?3P, 20703 C KL8O
20.30 [CIIV] 3p?3P,—3p?3P,  2160-3 C KL80
21.83 [Arlll] 3p*3Py—3p*3P, 51703 C M83
22.9  [Felll] °D3 —° Dy C
243  [Nev] 2p?3P —2p?3P, 12803 C M83
2591 [OIV] 2p2Psp —2p?Py, 52004 C  M83
2598 [Fell] 4s(°D;/p —%Dgs) 2.130-3 C NS88
3259 [0l  2p?3Py—2p?3P, 3.020-11 C M83
33.0  [Felll] a’D3 — a® Dy C
335  [SH]  3p?3P, —3p?3Py 4.720-4 C KL80
3481 [Sill] 3p?P,—3p?P3n 2170-4 C M83
353 [Fell] 3d%4s(°D5/5 —% D7)5) C
36.1 [Nelll] 2p*2Py—2p*3P, 11503 C M83
36.33  [FeV] a’Dy — a® Dy C
51.69 [Ol] 2p?3P,—2p?3P;  9.760-5 C MB83
573 [NNI] 2p3P3, —2p3P;,, 47705 C  M83
63.17 [Ol] 2p*3P —2p*3P, 89205 C M83
70.35  [FeV] a®Dg — a® Dy C
88.16 [OIl] 2p?3P —2p?3P, 26205 C M83
121.8  [NHN]  2p?3P, —2p?3P, 7.460-6 C MS83
14548 [OI] 2p*3Py—2p*3P, 17405 C M83
2053 NI 2p?3PRy —2p?3P; 20806 C M83
3703  [CI]  2p?3P —2p?3P, 2650-7 C M83
609.6 [CI] 2p?3Py,—2p?3P, 7.930-8 C M83
References
B85 — Bogdanovich et al. (1985) E84 — Egikyan (1984)
G67 — Garstang (1967) G190 — Gruzdev (1990)
KL80 — Kafatos & Lynch (1980)
Kh81, Kh93 — Kholtygin (1981, 1993)
M83 — Mendoza (1983) M91 — Morton (1991)
NS84, NS88 — Nussbaumer & Storey (1984, 1988)
R80 — Reader et al. (1980) S77 — Sobelman (1977) T87 — Theodosiou (1987)

5 Conclusion

A list of more than thousand lines observed in the spectra of gaseous nebulae in the UV, optical and
IR spectral regions are compiled. Transition probabilities for most of these lines are given. Main
mechanisms populating the upper state of transition are presented.
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