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Series Preface

The primary objective of the Controlled Fusion Atomic Data Center at Oak
Ridge National Laboratory is to publish handbooks containing numerical and
graphical cross sections and other physical data relevant to fusion energy research.
In 1977, a two-volume compilation was published as ORNL reports ORNL-5206
and ORNL-5207. Since that time, a large volume of pertinent data has become
available, necessitating an update of the previous compilation. Plans are to include
both cross sections and rate coefficients for collisional processes, and to publish the
revised series in handbook form. The specific volumes which are in preparation are
listed below, with their expected completion dates.

Vol. 1,

Vol. 2,

Vol. 3,

Vol. 4,

Vol. §,

Vol. 6,

"Collisions of H, H, He, and Li Atoms and lons with Atoms and
Molecules,” C. F. Barnett, ORNL (December 1989).

"Collisions of Electrons with Atoms and Molecules,” J. W. Gallagher,
National Institute of Standards and Technology; and D. C. Gregory,
ORNL (December 1990).

"Particle Interactions with Surfaces,” E. W. Thomas, Georgia Institute of
Technology (January 1985).

"Spectroscopic Data for Iron,” W. L. Wiese, National Bureau of Standards
(March 1985).

"Collisions of Carbon and Oxygen Ions with Electrons, H, H,, and He,"
R. A. Phaneuf, ORNL; R. K. Janev, Institute of Physics, Yugoslavia; and
M. S. Pindzola, Auburn University (January 1987).

"Spectroscopic Data for Titanium, Chromium, and Nickel,” W. L. Wiese
and A. Musgrove, Nationa! Institute for Standards and Technology
(September 1989).

C. F. BRarnett

D. C. Gregory
H. T. Hunter
M. 1. Kirkpatrick
R. A. Phaneuf



Abstract

Comprehensive spectroscopic data tables are presented for all
ionization stages of titanium, chromium, and nickel. Tables of
ionization potentials, spectral lines, energy levels, and transition
probabilities are presented. These tables contain data which have
been excerpted from general critical compilations prepared under the
sponsorship of the National Standard Reference Data System
(NSRDS).
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Genersl introduction

This compendium contains a collection of recent spec-
troscopic data tables for titanium, chromium, anJ nickel.
The tables are issued in three separate volumes, each
coptaining opc element. The individual volumes are
uentified as Oak Ridge National Laboratory ORNL
6551/V1 (titaniun); ORNL 6551/V2 (chromium), and
ORNL 6551/V3 (mickel). These chenucal elements, to-
gether with the carlier tabulated® element iron, are the
principal heavy metals which are widely used as first-
wall materials (including limiters, armor plates, etc.) of
magnetic fusion research machines, particularly toka-
maks. Spectral radiation data for both high and low
stages of ionization for Ti, Cr and Ni have thus become
tmportant for the assessment and modeling of the effects
of impurities on plasma properties and power balance,
for the study of plasma-wall interactions as well as for
the application of plasma diagnostic techniques.

Numerical data are tabulated for those spectroscopic
quantities which are of principal importance for such
plasma studies and for plasma diagnostics. The specific
Spectroscopic quantities are jonization energics, wave-
lengths of allowed and forbidden lines, atomic energy
levels, and atomic trapsition probabilitics. Most of the
critical evaluation and compilation work for these data
bas beea done at the National Institute of Standards and
Technology, formerly the National Bureau of Standards.
The tables are usually parts of larger tabulations’” con-
taining many other chemical elements besides Ti, Cr, and
Ni Excerpting the data from these larger compilations
required some modifications in the reprinted matesial,
especially the modification of the introductory remarks
with comments and explanations that specifically refer to
the T, Cr, and Ni spectra. All of the material is quite
recent, and s under the sponsorship of the National
Standard Reference Data System (NSRDS). Since the
varios data tables have been completed at different
times, there may be occasional slight inconsistencies be-
tween overlapping material when the data are based on
different sources. Also, sometimes there may be different
judgments of independent evaluators on the quality ~f
the source material. For example, wavelengths which
are derived from atomic energy levels may be sometimes
slightly different from the observed data in the wave-

length tables. There also may be slight inconsistencies
between the cnergy level data contained im the
wavelength and transition probability tables when com-
pared to the data in the energy level table itself. But any
such differences are so small that they do pot marter for

any plasma applications, and therefore the use of any of
the recent tabulations is appropriate. But we generally
recommendtomethepvinmyublamobtaindauona
specific atomic

Each of the threevolmofthncompendmndl-
vided into six sections which cover:

Iognization energics.

General spectral line lists,
Vacuum ultraviolet lines,
Atomic energy levels, and
Atomic transition probabilities.

The editors gratefully acknowledge the cooperation of
the data compilers. We also thank NSRDS, the Ameri-
can lostitute of Physics, and American Chemical Society
for permission to reprint excerpts of these tables.
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A. Ionization Energies of Chromium lons
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A. lonization Energles of Chromium lons

[Excerpted from: J. Sugar and C. Corliss, J. Phys. Chem. Ref. Data 14, Suppl. 2 (1985)]

Spectrum : Ground State Ground Lzvel Ionization Energy
f Configuraton e

Cr1 S Pl e N 2 Y 'S, 6.76669

Cro i bz:’JIZp.&ﬁpm’ ‘Ss;z 16.4858

Crm : 152272 % 352 3p*3d* De 30.96

Criv o L22%2p%3s33,%!° ‘Fy, 49.16

Crv P 15029 %3s 394302 'F, 69.46

Crwi D L%24%2p*3 3% Dy, 90.6356

Crvn S V2 2 P o P 1S, 160.18

Cr vin L 17267243’ P3, 184.7

Cr x P L%24%2p%3s 73! p, 2093

Crx P Le262%36%,} I i 2444

Cx C LA22p%3y? | P, 2708

Cr xn 1532522 %353, ! T 298.0

Cr xm 15225725 %341 ; IS, 3548

Cr xav 1s32:%2%3, i B 384.171

Cr xv Ls %2532 1S, 1010.6

Cr xvi 1224723 P32 1097

Cr xvn I P 2 P, 1185

Cr xvm L2y %2 1299

Cr xxx | Ls¥2:22p? Pe 1396

Cr xx : i.:’Z:"?p 2Pl./z 1496

Cr xa P L%t 1Se 1634

Cr xom ! L*2 8,h 17214

Cr xxm . T 1S, 7481.8

Cr xxav E Ls ,S”z 7894.87
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B. Prominent Spectral Lines for Cr [ to Cr V
(Wavelengths for Vacuum Ultraviolet to Near Infrared Regions)



B. Prominent Spectral Lines for Crito Crv
(Vacuum Ultraviolet to Near Infrared Regions)

[Excerpted from: J. Reader, C. H. Corliss, W. L. Wiese, and G. A. Martin,
Natl. Stand. Ref. Data Ser., Natl. Bur. Stand. (U.S.) 68, 415 pgs. (1980); and
J. Reader and C. H. Corliss, in Handbook of Chomistry and Physics, 70th Edition (1989)]

These lists were recently prepared under the auspices
of the Commiittee of Lize Spectra of the Elemeats of the
Nationa! Academy of Sciences—National Research
Couucil as part of a general wavelength table™. The ta-
bles contain the outstanding spectral lines, — from the far
ulraviolet to the far infrared, —of neutral (f), singly jon-
ized (m), doubly ionized (uI), triply ionized (Iv), and
quadruply jonized (V) chromium atoms. The lines are
selected from larger lists (see references) in such a way
as to include the stronger observed lines in each spectral
region.

'gl'he data were compiled by Charles H. Corliss, NBS
(Cr 1~ Cr v). For Cr1 and 1, the following literature ref-
erences were used as the principal sources of data:

W. F. Meggers, C. H. Corliss, and B. F.
Scribner, Nat. Bur. Stand. (U.S.), Monogr.
145, Washingtor, D.C. (1975).

For Crm, 1v and v, the following references were used:

F. L. Moore, Thesis, Princetor. University
(1949).

J. O. Ekberg, Phys. Scr. 7, 55 (1973).
J. O. Ekbe.g, Phys. Scr. 7, 59 (1973).

All wavelengths are given in Angstrom units (A). Below
ZOOOA, the wavelengths are in vacuum; above 2000 A,

the wavelengths arc in air. Wavelengths given to three
decimal places have an uncertainty of less than 0.001 A
and are, therefore, suitable for the calibration of most
spectrometers. The line intensities are normally estimates
of the relative strengths of lines which are not greatly
scparated in wavelength. However, because different
sources are involved, based oe different scales for the
intensity estimates,these intensities are only useful as a
rough indication of the appearunces of the spectra. Fur-
thermore, in the tables of first and second spectra the
intessities of the lines of the singly ionized atoms relative
to those of the neutral atom should be used with caution,
inasmuch as the concentration of the jons in the light
source depends greatly on the excitation conditions.

The descriptive symbols used in the tables have the
following meaning:

H - bazy
D - line consists of two unresolved lines

1. J. Readex, C. H Corlims, W. L. Wiese, aad G. A. Martin, Waw-
lengshs and Transition Probabilicies for Asoms and Asornic fors, Natl.
Stand. Ref. Data Ser., Natl. Bur. Stand. (U.S.), 68, 415 pgs. (1980).

2 1. Reader sad C. H Corlims, in Handbouk of Chemistry and Physics,
70th Editioa (R. C. Weast, Bd.), CRC Press, Inc., Boca Ratos, FL
(1989).



Chromium (Cr)

Z=24

Iotensity Wavelength(A)  Spectrum Intensity Wavelength (A)  Spectrum

RN N —

Criand 440 2666.02 n

280 2668.71 o

Air 350 2671.81 n

; 280 2672.83 n

19000 2055.52 n I 1800 2671.16 o
24000 2061.49 0 ; 35 2678.16 1
8900 2065.42 o g 320 2678.79 n
80 H 23471 1 ; 18 268034 o
130 2333.33 t : 230 2687.09 0
140 2408.62 1 | 60 2688.04 1
170 2496.31 1 55 2688.29 o
110 2502.53 1 26 2690.26 1
190 2504.31 1 280 2691.04 o
50 2508.11 1 35 2693.52 o
60 2508.98 1 35 269791 n
40 2513.62 1 180 2698.41 n
110 2516.92 1 180 2698.69 n
80 2518.71 1 18 2700.60 1
390 2519.52 1 110 2701.99 1
190 2527.12 1 18 270253 1
40 2530.45 1 70 270348 1
70 2534.34 1 270355 n
50 2545.64 1 35 2703.86 n
160 2549.54 1 18 270543 1
40 2553.06 1 60 2708.79 o
80 2557.15 1 35 270931 o
130 2560.69 1 140 271231 o
150 2571.74 1 45 2716.18 1
100 2577.65 | 55 271751 n
50 2588.20 1 45 271843 o
380 2591.85 1 170 2712275 o
35 2603.57 1 18 2724.04 o
s 2622.86 1 420 H 272651 1
2 2625.32 t 45 272126 n
18 2626.60 1 280 H 273191 1
18 2629.82 1 170 H 273647 1
35 2642.12 1 70 2739.38 1
250 2653.59 n 70 2740.10 n
250 2658.59 o 95 2741.07 !
70 2661.73 n 95 2742.03 ]
320 2663.42 n 95 274217 1
70 2663.68 ] 250 2743.64 n

s O



-3
Intensity Wavelength(A)  Spectrum Intensity Wavelength (A)  Spectrum

35 274621 i1 45 284929 1
110 H 274829 1 1200 284984 o
330 2748.98 I 120 2851.36 o
390 2750.73 n $5 28532 n
45 2751.60 1 55 2855.07 1§
280 2751.87 I 880 2855.68 o
110 H 275288 I 90 2856.T1 n
35 275428 I 70 285740 o
2 2754.90 1 610 285891 o
p; 2755.27 1 40 2860.93 I
2 2756.75 1 790 2862.57 I
150 2751.10 1 750 2865.11 i1
350 2715172 o ss 2865.33 I
60 2758 98 i1 610 2866.74 I
) 2759.39 I 90 2867.10 I
45 2759.713 n 480 2867.65 n
%9 H 2761.70 1 210 287C.«A 0
750 2762.59 I 110 2871.63 1
2 2763.06 1 160 2873.48 i1
80 H 276435 1 90 2873.82 n
750 2766.54 o 320 2875.9 n
2 276754 1 230 2876.24 o
20 H 276992 1 180 2877.98 i
18 2711145 1 70 2878.45 i
45 2778.06 n 120 2879.27 I
2 2709.14 1 95 2880.87 I
80 2780.30 I 30 2881.14 1
610 2780.70 1 170 2887.00 1
70 2785.70 n 55 2888.74 n
35 2787.63 I 700 2889.29 1
35 2787.84 I ss 2889.82 I
) 27192.16 I 55 2891.42 1
§5 2798.67 I kY /) 2893.25 1
70 280077 o 190 2894.17 I
80 281201 I 55 2896.46 n
60 2818.36 I 210 2896.75 1
45 2822.01 I 55 2897.67 n
180 2822137 o 2897.73 I
2 2826.75 1 90 2898.54 I
180 2830.47 o 80 2899.21 1
70 2834.26 I 55 2899.48 I
2500 2835.63 n 26 2903.97 n
45 2836.48 o 55 2904.68 1
L33 2838.79 o 180 2905.49 1
110 2840.02 n 260 2909.05 1
1700 2843.25 o 260 2910.90 1
2 2846.02 1 250 2911.14 1




8-4
Intensity Wavelength(A)  Spectrum Intensity Wavelength (A)  Spectrum

45 2911.68 o 240 3018.82 1
60 2913.73 1 430 3020.67 I
22 2915.23 n 2800 3021.56 1
2 2915.46 o 1100 3024 .35 |
90 2921.24 o 85 3026.65 n
60 2921.82 o 170 3029.16 I
60 2927.08 n 710 3030.24 I
80 2928.15 n 140 103135 I
95 2928.30 o 28 3032.93 n
26 2929 .44 o 390 3034.19 .
35 2930.85 n 555 3037.04 1
26 2932.70 o 80 3039.78 1
55 2933.97 n 550 3040.85 1
90 2935.14 n 3040.91 n
45 2940.22 )] 55 3041.74 i}
60 2946.84 n 110 3050.14 n
55 2953.36 o 710 3053.88 1
45 2653.71 o 24 3059.52 n
55 2961.73 1] 85 3065.07 1
45 2966.05 i 28 3067.16 n
480 2967.64 | 85 3073.68 1
480 2971.11 1 55 3077.83 I
210 2971.91 i 28 3095.86 I
480 2975.48 I 28 310934 I
30 2976.72 o 28 3110.86 I
190 29579.74 o 240 3118.65 n
350 2980.79 I 45 3119.28 I
1i0 2985.32 o 40 3119.1 I
480 2985 85 I 430 3120.37 n
1500 2986.00 1 28 312.60 n
2100 2986.47 1 470 3124.94 n
660 2988.65 I 3125.02 n
160 2989.19 o 120 317870 I
480 2991.89 I 590 313206 n
230 2994.07 1 140 3136.68 n
300 2995.10 1 140 314723 n
700 2996.58 I 85 3148.44 1
210 2998.79 1 100 3155.15 !
1100 3000.89 I 100 3163.76 |
750 3005.06 | 240 3180.70 n
14 3013.03 1 30 3181.43 i |
710 3013.71 I 65 3188.01 I
710 3014.76 1 220 3197.08 n
1400 3014.92 I 24 3198.11 I
710 3015.19 I 30 3208.59 n
2800 301787 1 170 3209.18 I
430 3018.50 | 140 3217.40 o



Intensity Wavelength(A)

Spectrum

Intensity Wavelength (A)

Spectrum

30
28
65
120
130
130
95
20
24
ss
28
30
30
95
130
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ss
55

170
160

55
430

55
95
140
55
70
55
170
210

140

3229.20
3234.06
3231.13
324554
3251.74
3257.82
3259.98
3295.43
3307.02
3324.06
3326.59
3328.35
3329.05
3336.33
3339.80
3342.59
3343.34
3346.02
3346.74
3347.84
3349.07
3349.32
3351.60
3351.97
3353.03
3353.13
3358.50
3360.30
3361.77
3362.21
3368.05
3376.40
3378.34
3379.17
3379.37
3379.83
3382.68
3391.43
3392.99
3393.84
3394.30
3402.40
3403.32
3408.76
42121
U274
43331

- -N-N-N-N-N-E-N-E-N-N-N - RS- R i - il SR _ B R ORI B - B R R R R I

270
55
160
70
140
30
170
30
170
70
190
40
130
100
65
40
70
45
16
4
40
70
55
55
40
80
40
120
80
130
130
80
330

19000
160
130

17000

350
40
85

13000

3888

3433.60
343411
3436.19
3441.12
3441.4
3439
3445.62
3447.02
3447.43
3447.76
3453.33
3453.74
3455.60
3460.43
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Intensity  Wavelength(A)  Spectrum Intensity Wazvelength (A)  Spectrumn
85 3615.64 1 120 3793.29 1
130 3632.04 1 130 3793.88 1
350 3636.59 1 85 3794.61 1
630 3639.80 1 140 3797.13 1
85 3640.39 I 200 IR I
70 3641.47 I 530 3804.80 1
20 3641.83 I 110 3806.83 I
45 3646.16 1 110 3807.93 I
85 364853 I 180 3815.43 1
220 3649.00 1 70 3818.48 I
170 3653.91 1 180 3819.56 1
220 3656.26 1 70 382352 I
45 3662.84 I 130 3826.42 I
130 3663.21 I 130 3830.03 1
45 3665.98 I 380 3841.28 I
95 3666.64 I 190 3848.98 I
55 3668.03 I 140 3849.36 I
65 3676.32 I 290 3850.04 I
40 3677.68 o 140 3852.22 I
55 3677.89 o 190 3854.22 I
40 3679.82 1 110 3855.29 1
19 3681.69 I 140 385557 1
120 3685.55 I 260 3357.63 1
130 3686.80 1 70 387453 I
130 3687.25 I 660 3883.29 I
75 3687.54 I 50 3883.66 1
19 3688.46 I 570 3885.22 1
75 371295 o 380 3886.79 1
40 3716.53 I 60 3891.93 1
130 3730.81 1 260 3894.04 I
150 3732.03 I 40 3897.65 1
95 3742.97 I 35 3902.11 I
480 3743.58 I 360 3902.92 1
570 3743.88 I 60 3903.16 1
85 3744.49 1 960 3908.76 I
55 374861 1 120 HD 391182 1
340 3749.00 1 3912.00 I
50 3757.17 I 120 3915.84 I
230 3757.66 I 0 3916.24 1
60 3758.04 I 35 3917.60 1
% 3767.43 I 1900 3919.16 1
260 3768.4 1 600 3921.02 1
95 3768.73 I 30 3926.65 I
95 3788.86 I 600 3928.64 1
95 3790.45 t 410 3941.49 1
130 3791.38 1 30 3951.10 I
130 3792.14 1 40 3952.40 1
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Intensity Wavelength(A)

Spectrum

Intensity Wavelength (A)

Spectrum

35
1900
120
1600
8
1600
8
40
8
960
190
160
960
160
190
40
160
120
30
8s
70

KEEEEEE8008

—

ExrBusauss

—t

3953.16
3963.69
3969.06
3969.75
3971.26
3976.66
3978.68
3979.80
3981.23
3983.91
3984.34
3989.99
391.12
3991.67
399284
3993.97
4001.44
4012.47
4014.67
4022.26
4025.01
4026.17
4027.10
4030.68
4039.10
4048.78
4058.77
4065.72
4066.94

-————————————-————-————-—————:-—————n——-—————

2E55RAL820820883]

oE

82

zs8x8

70

1100

4165.52
4169.84
4170.20
417217
4174.80
4175.94
4179.26
4184.90
4186.36
4190.13
4191.27
4192.10
4193.66
4194.95
4197.23
419852
4203.59
4204.47
4208.36
4209.37
4209.76
421135
4216.36
4217.63
41157
422273
4238.96
4240.70
4254.35
4255.50
4261.35
4263.14
4271.06
427291
427480
4280.40
4289.72
4291.96
4295.76
4297.74
4300.51
4301.18
4305.45
4319.64
4325.08
433757
4339.45
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Intensity Waveleng!h(A)

Spectrum

Intensity Wavelength (A)

Spectrum

380
60
1900
70
380
2300

70
530

70
110
70
50
530
60

YRusRENe3signseseEserasugyes

w
38
(=]

N

4339.72
4340.13
434451
4346.83
4351.05
4351.77
4359.63
4363.13
437128
437325
437416
437533
4381.11
438498
4387.50
4391.75
4403.50
4410.30
4411.09
441225
4413.87
442428
4428.50
4430.49
443218
4458.54
4459.74
4465.36
4482 88
4488.05
4489.47
4492 31
4496.86
4498.73
4500.30
4501.11
4501.79
4506.85
4511.90
4514537
4514.53
4521.14
4526.11
4526.47
4527.34
4527.47
4529.85

S e eme Gt emi Mt emt P Rma b e W G Smt e ey W e Gt bmg G G Gme e G S G em e g Pm Gme v G b by Y S e b e e e e ww e e

380
50
240
40
240
240
35
19
24
140
24
600
50

7

—

19
120
95
120
22
360
24
360
70
50
480
50
240

4530.74
4535.15
4535.72
4539.79
4540.50
4540.72
4541.07
4541.51
454262
4544.62
4545.34
4545.96
4556.17
4558.66
4564.17
456551
4569.64
4571.68
4575.12
4580.06
4586.14
459139
4595.59
4600.10
4600.75
4601.02
461337
4616.14
4619.55
4621.96
4622.49
4622.76
4626.19
4632.18
4637.18
4637.11
4639.52
4639.70
4646.17
4646.81
4648.13
4648.87
4649.46
4651.28
4652.16
4654.74
4656.19
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Intensity  Wavelength(A)

Spectrum

Intensity Wavelength (A)

Spectrum

40

EgredoagInusgs

[
82

EBvggud
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L -]

£

BugBonEanrsBe8eny

110
70
110

466333
4663.83
4664.80
4665.90
4666.22
4666.51
4669.34
4680.54
4680.87
4689.37
4693.95
4695.15
4697.06
4698.46
4698.62
4700.61
4708.04
4718.43
4723.10
4724.42
4727.15
4729.7.
4730.71
4731.35
474531
4752.08
4756.11
4764.29
4766.63
4767.86

4954.81

ot bmt pmn Gma Bt e tam bmy bm et e Pt Sam Gwn St bmd bmd bme PR Pme g mg Pt Gmd bmd bmd R e bme bmd Gt Gwe P bwd Gt e b e Smt B Gt et B e e e e

35
60
17
17
40
0
30
17
17
S0
14
70
35
70
70
12
85
35
5300
8405
11000
19
30
85
12

vae8alzsea

o o =

4964.93
5013 32
5051.90
5065.91
5067.71
507292
5110.75
5113.13
5123.46
5139.65
5144.67
5166.73
517782
5184.59
5192.00
5193.49
5196.44
5200.19
5204.52
5Z06.04
5208.44
5214.13
SR1.75
SR24.94
5226.89
5238.97
S243.40
5247.56
5254.92
5255.13
5261.75
5264.15
5265.16
5265.72
5271201
5273.44
5275.17
5275.69
5276.03
5280.29
5287.19
5296.69
52917.36
5298.27
5300.75
5304.21
5312.88
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B-10
Intemsity ~ Wavelength (A} Spectrum | Intensity Wavelength (A)  Spectrum
24 5318.78 1 7 H 6925.20 I
340 H £328.34 1 :
: 30 H 6978.48 1
0 H 532917 1 i
. : 11 H 6979.82 1
17 H 5309712 1 i -
; ? 7185.52 1
14 5340.44 1 i
! 6 H 7236.20 1
10 5344.76 1 '
i 85 7355.90 1
780 534581 1 !
i 130 7400.21 1
380 534832 1 i
: 150 7462.31 1
30 538698 1 i
11 H 794204 1
2 538157 1 i
; S H 8163.18 1
10 539039 1 :
i 9 §348.28 I
40 5400.61 I :
! 6 845026 1
2 5405.00 1 :
: 3 8455.24 I
1400 5409.79 1 i
! 6 8548.86 1
12 544241 1 i
i 40 8947.15 1
19 5463.97 1 ' 19 8976.83 ]
19 548050 1
24 5628.64 1

7 564236 1 Crm
12 H 564937 1
24 5664.04 1 Vacuum

7 H 5681.20 :

7 H 568248 1 20 969.26 m
24 5694.73 1 40 1000.86 m
40 569833 I 40 1001.04 m
A4 570231 1 30 1002.96 m
12 571264 1 50 1017.14 m
A4 571278 1 50 101731 m

7 5719.82 1 50 1017.57 m

7 5746.43 1 30 1028.33 m

7 5753.69 1 60 1030.47 m
12 H 578120 1 30 1030.89 m

6 H 5781.81 1 | 50 1033.23 m
24 H 57811 1 50 1033.45 m
30 H 57893 100 1033.69 m
24 H 578500 I 50 1035.93 m
19 H 578582 1 100 1036.03 m
60 H 578799 I 30 1040.17 m

180 H 5791.00 I 40 1040.53 m
3s 6330.10 I 40 1045.06 m
2 6362.87 1 40 1045.14 m
19 6661.08 1 60 1059.13 m
11 6669.26 1 60 1060.15 m

S H 688162 I 60 1061.04 m
10 H 6882.38 I 50 1062.68 m
21 H 6883.03 1 30 106432 m
21 H 6924.13 1 30 1064.43 m
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B-12

Intensity Wavelength(A) Spectrum | Intemsity Wavelength (A)  Spectrum
100 2319.07 m 80 63030 v
150 2324 88 m ; 30 632.62 v
60 234051 m : 30 63734 v
50 2456.83 m i 50 637.55 v
100 247288 m 50 638.13 v
100 2479.77 m 30 638.54 v
100 2483.06 m ! 100 666.55 v
60 2488.26 m § 75 66730 v
80 2506.41 m ' 40 677.55 v
80 2530.99 m ! 40 687.12 v
80 2531.73 m { 50 688.46 v
80 254457 m g 100 693.92 v
S0 254517 m : 50 695.21 v
80 2564.76 m 5 705.98 v
80 21650 m . 0 71290 v
100 26,26.08 m H 80 1055.89 v
100 ~640.73 m 60 1057 85 v
50 264750 m ! 30 136739 v
40 2655.28 m | 40 1375.05 v
40 2916.57 m | ™ 1401.82 v
100 1417.42 v
30 1485.05 v
Crv 80 1595.04 v
90 1595.59 v
Vacuwa 100 1658.08 v
120 1672.66 v
50 575.05 144 90 1686.07 v
30 576.24 v 100 1690.88 v
30 576.62 v 80 1725.26 v
30 595.09 v 2% 172707 v
50 612.64 v 100 1732.04 v
40 613.75 v 40 1733.98 v
40 614.03 v 80 1734.16 v
40 614.90 v 50 1739.19 v
30 615.34 v 70 1746.88 v
30 615.60 v ] 1747.13 v
50 616.82 v 110 1755.64 v
40 618.23 v 120 1758.51 v
40 619.13 v 100 1769.64 v
100 620.65 v 100 1777.82 v
60 621.36 v 40 1791.09 v
40 622.09 v 140 1802.72 v
30 623.54 v 130 1812.41 144
40 625.04 v 60 1819.23 v
40 625.99 v 30 1826.21 v
100 629.26 v 30 1826.86 v
50 629.74 v 100 1840.14 v




8-13

Intensity  Wavelength(A) Spectrum Intensity Wavelength ( A)  Spectrum
50 1851.89 v 50 825.60 v
100 1863.11 v 50 968.70 v
130 1873.89 v 50 1045.04 v
3s 1883.16 v 60 1060.65 v
20 1937.63 v 50 111245 v
30 1946.59 v 60 111435 v
140 1967.18 v 100 1116.48 v
120 1972.07 v 80 111756 v
EN ] 1990.25 14 50 1118.16 v
150 1121.07 v
Air 150 1127.63 v
100 1193.95 v
0 2055.73 v 50 1210.50 v
70 2299 21 v S0 1259.99 v
100 2316.85 v 150 1465.86 v
40 2324.06 v S0 1481.65 v
50 2360.40 v 50 1482.76 v
70 2405.15 v 50 148467 v
60 242332 v 100 1489.71 v
i50 1497.97 v
170 1519.03 v
Crv 220 1579.70 v
Vacuum 170 1591.72 v
” 150 1603.19 v
100 438.62 v w 60 1638.50 v
100 464.02 v ; 50 1639.40 v
50 469.64 v 200 1837.44 v




C. Vacuum Ultraviolet Lines for Cr I through Cr XXIV
(Wavelengths and Classifications)



C. Vacoum Ultraviolet Lines for Cr 1 through Cr xxiv

[Excerpted from: R. L. Kelly, J. Phys. Chem. Ref. Data 16, Suppiement 1 (1987))

The following tables, including the introductory com-
ments, are excerpted from a new tabulatior by R. L.
Kelly,' which supersedes and revises his previous tables
published with Palnmbo in 19732

The listed wavelength data are generally from obser-
vations, with lines of the helium-like and hydrogen-like
jons (Cr xxmt and Cr xXav) as notable exceptions. But
also in some cases where lines have been observed,
wavelengths given here are those resulting from a com-
prehensive analysis of the spectrum rather than the mea-
sured values. A few lines have been predicted from
unpublished extrapulations aiong isoclectronic se-
quences, and some unobserved weak lines in multipiets
have been included for completeness. Such predicted
values of wavelength are marked by the symbol P in the
column labeled “Notes”.

The lives are mrranged in order of increasing wave-
length within each spectrum, and the vacuum wave-
lengths are given as they are reported in the reference
listed first for each line. A complete listing of these refer-
ences i given at the end of these introductory com-
ments. Where more than one publication reports the
wavelength of the line, the decision as to which 2o retain
was based primarily on the present author’s judgement
of the best value. This judgement was based on consider-
ation of the dates of publication, on probable accuracy
from the type of inctrumentation used and the wave-
length standards employed, on the spectroscopic source
used, and on the comparison of the observations with the
wavelengths predicted from the best known values of
cnergy levels as described above.

With respect to the accuracy of the wavelength data,
it is conservatively es:imated that all wavelengths re-
ported should have un~ertainties of ten to twenty in the
last digit given.

The listed intensitics have been normalized to a maxi-
mum of 1000 for convenience in comparing the differen:
references. The normalization procedure used was ger-
erally a lincar 0. logarithmic transformation of the inte 1-
sities reporteq oy the original authors, depending on tae
particular case. Intensities given by different observers
have seidom been found compatible, however, and the
tabulated intensities should be used only as a rough esti-
mate.

The transitions are shown in standard spectroscopic
notation with the lower level given first, azi the energy
levels, ie., energies above the ground state, are pre-
sented in units of 1000 cm ™', each value being rounded
off to conserve space. Additive uncertainties are indi-
cated by B, C, K, etc. which may be thousands of cm~*,
The energy level data are taken from tle files of the
Naval Postgraduate School Spectroscopic Data Center
(and thus do not necessarily agree with those tabulated
in Section E of this book).

The multiplet pumbers assigned by C. E. Moore® are
gives in a separate columa. The classifications of the
wansitions are given in the accepted form, the primary
references being the NBS spectroscopy tables.™ For
convenience, separate columns are used for showing the
configurations, terms, and J-values. In the term column,
the symbol g is used to denote the ground term. Other-
wise, the term designation follows that of Cowan and
Andrew .’

The parent terms are given where they are known and
where they are not immediately obvious. The older
practice of using primes, double primes, etc. to indicate
that the parent term of a configuration is an excited state
of the pext higher ion has been abandoned. But the nota-
tionof a, b, c,... (for even terms) and z, y, x, ... (for
odd terms) to indicate the order of appearance of terms
of the same multiplicity and same type has beca contin-
ved.

A few descriptive symbols are used in the *“Notes”
column which have the following meanings:

F - line is forbidden by electric dipole selection
rules

A — line observed in absorption

Q - uncertain classification

P — predicted value of wavelength

There are three classes of predicted lines:

(a) lines that have been observed but for which calcu-
lations of wavelengths from energy levels are su-
perior to the observations as in hydrogenic spectra
and i other specific transitions.

(b) lines which have not been observed but for which
Ritz calculations between known levels can be
made, as in many of the forbidden lines.

(c) lines for which one or both of the energy levels
bave been found by Hartree-Fock type calcula-
tions, by interpolation, or by extrapolation.

Thezse three classes are not separately distinguished in
the “Notes” column.

References for Introductory Conmments

1. R L Kelly, Aromic and lonic Speanen Lines Below 2000
Angwtroms (Hydrogen through Krypion), ], Pbys. Chem. Ref. Data
16, Supplement 1 (1987].

2. R L. Kelly and L. J. Palumbo, Atamic and Jonic Emission Lines
Below 2000 Angstroms: Hydrogen through Krypton, NRL. Repon
7599 [June 1973).

1. C. E. Moore, An Uliraviolaa Multipla Table, NBS Circular 488,
Sect. 1 {1950); Sect. 2 {1952).

4. 1. Sugar and C. Corlise, Asomic Energy Lewels of the Iron-Perind
Elemons; Potassium through Nickel, J. Pbys. Chem. Ref. Data 14,
Suppl. 2 {198S5).

S. R D.Cowwn and K. L. Andrew, 3. Opt. Soc. Am. 88, 502 (1965).
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Genersl Reference List for Section C

9. E. Alexander, U. Feldman, and B. S. Fracakel, 1. Ot Soc_ Am.
85, 650 [1965).
47. L S. Bowen, Phys. Rev. 52, 1153 (1937}
118. L. Cohen sad W. E. Behring, J. Opt. Soc. Am. 66, 899 [1976].
180. B. Edien, Z. Phys. 100, 536 [1936]).
181. B. Edien, Z. Pbys- 104, 188 {1937}
182. B. Edlca, Z. Phys. 104, 407 [1937].
218. 1. O. Ekberg, Phys Scr. 7, 59 {1973).
219. 1. O. Exberg, Phys Scr. 7, 55 [1973)
222 1. O. Ekberg, Pbys. Scr. 8, 35 (1973).
239. B. C. Fawcent, J. Phys B 4, 1577 [1971).
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Hayes, J. Phya. B 8, 1255 [1972].
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[1966)
265. U. Feldman and L. Coben, J. Op: Soc. Am. 57, 1128 [1967].
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M1. C.C. Kiem, J. Res. Natl. Bur. Stand. 51, 247 (2953).
375. R L. Kelly, unpublished work prepared for this report.
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440. S. 0. Kastner, A- M. Crooker, W. E. Behring, and L. Cohen,
Phys. Rev. A 16, ST7[1977)
442. G. D. Sandlin, G. E. Brueckner, sad R. Touscy, Astrophys. J.
214, 898 (1977].
438. C. E. Moore, U. S. Nad. Bur. Stand., Circ. 488. Sec. 1, 78 pp.
[1950}]., Sec. u, 115 pp. [1952]
490. F. L. Moore, J;., Thesis, Princeton Univ. [1949], availsbie from
Univ. Microfilms, Publ. No. 10, 972, 172 pp. (Ana Arbor, Mich.}.
619. V. A. Boiko, S. A. Pikuz, U. L Safrooova, and A. Ya. Faenov,
J. Phys. B 16, 1253 (1977}
631. L. A. Vainsteis and U. L Safrooovs, Preprint No. 6, ISAN
[1975)
643. V. A. Boiko, A. Ya. Faenov, and S. A. Pikuz, J. Quant. Spec-
trosc. Radist. Transfer 19, 11 [1978].
680. S. Q. Kastner, A- K. Rbatia, and L. Cobea, Phys. Scr. 18, 25967
(1977).
716. M. Swartz, S. Kastner, E. Rothe, and W. Neupert, I. Phys. B 4,
1747 (1971},

726. R. Sz, L. A_ Sveamsos, and M. Outred, Phyx Scr. 13, 293
(1976].
T28. 1. H Scobeld, Report UCID-16848, Lawrence Livermore
Lab., Univ. CaliL (1975).
730. G. D. Sandlin, G. F. Brueckner, V. E. Scherrer, and R. Tousey,
Astrophys. 1. 268, L47 (1976)-
760. F. Tyrea, Z. Phys. 111, 314 [1938).
790. H. E. White, Phy:. Rev. 33, 538 (1929]
191. H E. White, Phys. Rev. 33, 672 (1929).
850. U. Feldman, G. A. Doschek, R D. Cowan, and L. Coben, J.
Opt. 30c. Am. €3, 1445 {1973).
851. B. C. Fawcett, R. D. Cowan, md R. W. Hayes, unpublishe.?.
854. B. C. Fawcett, R. D. Cowan, and R W. Hayes, J. Phyxr /3. 8,
2143 [1972)
856. B. C. Fawcett, Advances Atomic and Molecular Physics,
Vol. 10, Acsdemic Press [1974].
865. G. A. Doschek, U. Feldman, and L. Coben, J. Opt. Soc. Am.
6, 1463 [1973).
877. B. C. Fawcettand R W. Hayes, Moa. Not. R. Astron. Soc. 179,
185 {1975]).
882. M. C. E. Huber, R. J. Sandeman, and E. F. Tubbs, Proc. R. Soc.
Loodon, Ser. A 342, 431 [1975).
893. 1. 0. Eberg. Phys Scr. 14, 109 {1976}
907. 1. O. Ekberg, Phys. Scr. 13, 245 [1976).
918. A. M. Ermolaev and M. Jones, J. Phys. B 7, 199 [1974].
940. U. Feldman and G. A. Doschek, J. Opt. Soc. Am. 67, 726
(1977).
947. G. E. Bromage and B. C. Fawcett, Moo Not. R. Astron. Soc.
178, 591 (1977},
949. G. E. Bromage and B. C. Fawcett, Mon. Not. R. Astron. Soc.
178, 605 [1977).
956. W. M. Neupert, Sol. Phys. 18, 474 [1971].
970. S. O. Kastner, M. Swarwz, A. K. Bhatia, and J. Lapides , J. Opt.
Scc. Am. 68, 1558 [1978].
977. B. Edlea, Phys. Scr. 19, 255 [1979).
1042 G. W. Erickson, J. Phys. Chem Rel Data 6, 831 [1977].
1055. B. C. Fawcett, G. E. Bromage, and R W. Hayes, Moa. Not R
Aatron. Soc. 186, 113 {1979},
1058. U. Feldmsan, G. A. Doschek, C. C. Cheng, and A. K. Bbatia J.
Appl. Phys. 51, 190 [1980".
1089. N. Spector, A. Zigler, H. Zmora, and J. L. Schwob, J. Opt. Soc.
Am. M, 857 (1980).
1091. K. D. Lawsco and N. J. Peacock, J. Phys. B 13, 3313 [1980].
1104. B. Edlen, Phys. Scr. 22, 593 [1980).
1112 M. Klspisch, A. Bar Shalom, J. L. Schwaob, B. S. Fraenkel, C.
Bretoa, C. De Michelis, M. Finkenthal, and M. Mattioli, Phys.
Let. A 62, 34 [1978].
1120. E. Hinnov, S. Suckewer, S. Coben, and K. Sato, Phys. Rev. A
18, 2295 (1982].
1131. M. Pinkenthal, E. Hianov, S. Cohen, and S. Suckewer, Phys.
Lem. A 71, 284 (1982).
1137. E. Hinnow and S. Suckewer, Phys. Leti. A 79, 298 [1980].



i - i
CHROMIUM , Z = 24
Unciassified Lines
Multiplet Rel. Int. A, (in A) Levels (in 10° cm~") Configurations Terms | J-J }No;z.fl References
: P
0 12.201 | f 716
0 12.329 | ' e
0 12.435 I i 716
0 12.589 ; L6
0 12778 : LoTe
10 13.217 ; I 16
; i

2 12394 | 1 1089
14.53 | b 716

10 14775 : LoT16
20 15.21 ! LoT16
10 15.680 | L 716
0 - 17107 : 716

: i

100 20582 . 256
100 20653 L 256
300 21016 I 2%
300 21538 | 2%
c 21719 2%
200 21755 L 2%
w0 2176 [ 2%
100 21806 [ 25
10 21818 ‘ I 256
400 21929 ‘ L 256
200 21994 2%
W0 22216 L 256
00 22689 256
134.95 251

3807 251

4192 251

CHROMIUM I (Cr°"), Z = 24
Ground State 13°23?2p"38?3p*3d*4s(’S,) (24 electrons)
lonization Potential 54 575.6 cm '; 6.7666 eV
Muluplet Rel Int A, n A) Levels in 10 cm ') Configurations Terms J -] Notes Relerences

10 165306 00 - 6049342 38" (a*SKs - Md'4s(a*D)op ga'S-gD" 3-3 490
00 174714 00-5721750 3d'(a*SHs - Id*4s(a’Diop ga'S-p'F 1-4 490
1798 2 A 882

1798 6 A 882

1799 7 A 882

1800 7 A 882
18009 A 882

1801 | A RR2
18017 A BR2

1802 4 A 882

1ROV O A .1.9]

1803 7 A K2
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cC-4
CR | — Continged
Mudtiplet Int| A (i A) Levels (in 10° cm ™) Coafigurations ! Terms J-J [Notes| References
13052 A | m
1805.4 i IS 82
1806.5 A | m2
1807.7 A | w2
1008 .4 A | m2
AL S Al m
15104 | A | m
sz ! A | m2
18137 ) A | m
118189 | ! A | m
118184 0.0 - 54.99293 3d'(a*SHe - 38 (a’DMp @S-VF 1 3-2) A | 82
o iss2 0.0 - 54.49500 3d'(a*S)s - 3dY(a*S5)38p @S- 3.4l A | W2
1 18354 0.0 - 54.4840 3d'(a*S)s - 38°(a'S)37p @S- 13-4 A | 2
o1 lissss 0.0 - 54.4806 3d'(s*SMe - 3dY(a"S)36p BAS-P {3-4;] A | 2
' 1 18387 ; 0.0 - 54.4748 3d'(a*S)e - 38°(a*S)35p fa's-P 3-4f A | W2
oo lwise 0.0 - 54.4685 . 3d(a"S)s - 3d’(a°S)34p @a'S-P7 [ 3-4] A | W2
1 362 | 0.0 - 54.4603 : 3d'(a'S)e - 3d*(a*S)33p a'S-P 3-4] A | m2
1 {18364 0.0 - 54.4534 ! 3d'('S)es - 3d%(a"S)32p pS-F .3-4! A | a2
1 |67 | 0.0 - 54.4450 Il 3d¥a'SMs - 3d(a*S)31p B'S-P |3-4| A | W2
i [18)70 0.0 - 54.4361 i 3d°(a'SMs - 3d%(a*S)30p a'S-F {3-4| A | 2
1 j18374 00 - 544254 | 3d'(s"SMe - 3d%(a"S)29p psS-F |3-4| A | 2
1 l1831.8 | 0.0-54.4135 3d’(a'SMe - 3d%(a'S)28p @a'S-P |3-a] A | 2
s |82 0.0 - 54.4005 3d'6'SHs - 3a'S)27p BaS-P 13-4 A | a2
: s 118387 ! 0.0 - 54.3855 3d’(a'SMe - 3% (a*S)26p 8's-'Pr 3-4] A | W2
i !

E0 118391 | A m
s 18393 0.0 - 54.3686 3d*(a*SMe - 3d%(2*S)2%p @a'sS-P |3-4| A | 2
5 118399 [ 0.0 - 54.3508 3d'(s*S)s - 3d'(a*S)24p fa's-P 3-4| A | 2
10 14060 0.0- 543272 3d%a'S)s - 3d°(a*S)23p ;a's-P |(3-4 430
10 |1841.5 | 0.0 - 54.3036 3d°(a*SMe - 3d%(a"S)22p fa's-'P 3-4] A | 882
00 (18424 | A | m
10 |1842.6 ! 0.0 - 542711 3d’(a"S)s - 3d’(a'S)21p @'s-'p 3-4] A | 882
0 1431 | A | m
S (1843 - 0.0 - 542388 3d’(a*SMs - 3d°(a*S)20p @S- |3-4| A | W2
1 liee A | 2
|10 18451 ' 00 - 54.1966 I 3d'(a*S)Ms - 3d°(a*S)19p @a's-P -4 A | W2
11 | 18464 | A | m

| i i
©10 [ 1846.8 00 - 54.1477 1 3d’(a*S)s - 3d’(a*S)18p @aS-P [ 3-4] A | 82
IS 18472 i Al m
[ o0 11473 0.0 - 54.13288 : 3d'a'SHs - K'Ha’'D)Sp  'ga’'S-SP" [ 3-3| A | 882
10 ises 00 - 540890 | 3d'('Sphs - 3 (a"S)17p a'S-7 | 3-4| A | 2
Do j1ses ‘; A | m
! 10 jiss13 0.0 - 540171 I 3d’(s*Sys - 3d’(a*S)16p @S- [31-4] A | 2

‘ i i ;
) E 18543 | 0.0 - 53.9280 y 3d'(a*Sys - 3d°(a°S)15p @S- |3-4] A | 2
TS 1es82 | 0.0 - 53.8158 } 3d'(aSMs - 3d’(a°S)14p p'S-P |3-4] A | W2
; 5 118593 | 00 - 5378217 } 3d'(a"SMs - 3d*4s(a'D)Sp @S-¢D° (31-4] A | 882
|25 [1863.2 i 00 -53.6714 ; 3d'(a*SHs - 38'(a"S)1 3p @ps-P 1.4 A | B2
Lo ‘ 18643 0.0 - 53.64074 ; 3d'(a*SMs - 3d"4s(s°D)Sp aS-¢D" | 31-3| A | 2
i 2% 18697 } A | 2
{2 ' 1869.8 00 - 53.4826 5 3d'(s*SHs - 30°(a*S)12p pS-P 3-4 A | M2
. %0 11877 | A |
N Y] | A |
i1 18780 A | m2
IS0 118784 A | 82
C1 18788 00 - 53.2268 3d'(a*Sps - 38 (a°S)1 1p BS-P |1-4f A | 82
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CR | — Continued
X ; T N T
Multipiet[Rel. Int’ A (i A) Levels (in 10° cm 1) : Configurations | Terms | J-J |Nows Refereaces
—— ; + +- $
ENTLY | A | m
s ‘um2 ; : A lm
0 139039 7.92747 - 6110793 | 3% - 3'e(aD)ép | D -rP | 21-2 s
50 138197 7.92747 - 61.065% ! 346’ -34sa’D)ép | &D-rP | 2-1 i 341
118826 00-53.11754 3d'(a*SMs - M2’ DUeA('P") g2’S -F" | 3-41 A ! 82
SO 188311 8.09521 - 61.19868 ! 3’4’ - d"(a’DMsp 2D -FP | 3-3 . 3l
. t i
1 isse2 0.0 - 53.07390 ! 3d'(a"SMs - 3G DNAp(P) [ @S- F [ 3-3] A | 8RR
00 18853 i i A w2
50  1885.50 7.59316 - 60.629¢7 | 3d'(a"SHs - 33(a’D)Mp | o'S-¢'D" | 2-2 490
S00  1886.34 8.09521 - 61.10795 | 3d'4s° - 3d"4e(s°D)bp 2’D-rP -2 341
150 1387.60 7.92747 - 60.90434 | 3d'se’ - 3d*4a(a’D)bp aD-oF |2-3 | 31
S0 138788 781082 - 60.78125 : 34 - 3d'4e(a’DYop 2D-oF | §-2 M1
f
150 1888.17 8.09521 - 61.0564] ! 3d°4s’ - 3d*4a(a°D)op SD-0F | 3-4 U
0 138920 7.75078 - 60.68353 . 34 - 3'e(a'D)sy | 2’'D-O'F | 0-1 341
1 118900 ; ; A | m
50 ‘18904 : : Alm
300 1890.78 8.30757 - 61.195T7 ! 3d'¢’ - 3" 4s(x'D)bp a’D-oF | 4-5 341
- 1891.4 0.0 - 52.8695 ; 3d'(a*S)s - 3d'(a"S)10p @'s-'P 3-4/ P 375
{ i
56 189201 7.92747 - 60.78125 i 30’ - M'4saD¥p  a'D-o'F | 2-2 i 341
0 18928 ; Al
S0 189359 809521 - 60.90484 , 3d'%’-3'4(a'D)p | ¢D-o'F |1-3 1l
S 19942 i | Al a2
50 1895.78 $.30757 - 61.05641 { 38’ - J'4e(aD)p ' A'D-O'F | 4-4 "
118969 i i A |2
! i
150 1902.43 781982 - 60.37494 ; 30’ - 3D)p | 2D -¢D" | 1-2 ]
S0 190330 7.75078 - 60.29104 I’ - J's(sD)bp | 2’'D-¢'D" | 0-1 7Y
S0 190357 8.09521 - 60.62796 3d*4s’ - 3d'4(s*D)ép {a'D-g'D" | 3-4 L3
100 _ 1906.67 1.92747 - 60.374%4 ; 34’ - W'4(aD)ép 2D -qD° | 2-2 i 341
100 1907.28 7.81082 - 60.2415 i 384 -3('D)}p | #'D-gD" | 1-0 . 341
200 1908.46 8.09521 - 60.49342 ‘ 30" - M'%(e'D)}p | #’D-qD" | 3-3 R
; : . i
00 1909.72 7.92747 - 60.29104 ! 3’4’ -3'4(s'D)ép | #'D-g'D" : 2-1 [ 341
19103 0.0 - 52.3488 3d’(a°SHs - 3d’(a"SPp ig's-P 3-4; P | 38
30 191130 $.30757 - 60,6279 3% - 3e(s’D)bp 4D -q'D" | 4-4 |
00 191279 8.09521 - 60.374%¢ 3d'4’ - 3 4(s*D)tp sD-g'D" i 3-2 |
100 191623 83073/ - 60.49342 3’4’ - }"%s(s’D)ép ' #'D-q'D" | 4-3 | 31
10 19248 ! é [ S | ]
15 19271 P A m
10 19287 i LA e
10 1929.60 759316 - 19.41701 3d'(a*SHs - 30"(a'Fsdp('P") | #'S-'F [ 2-3. | &0
50 194045 00 -1 5344 3d’(a°S)hs - 3d'(s°S)8p S-vP 13-4l A D2
50 194056 00- 515318 30'(a"S)és - 30'(a"S)8p gaS-vP 1 3-3: A | 2
1940 64 0.0 - 51.529% 1d%(a*S)4s - 3d'(a*S)ep (BS-VP 1 3-2; A | 882
: t '
P 0 19485 8.09521 - $9.41701 30’ - 38’ Psap('P) | #'D - 'F* | 3-3) i 0
10 196193 . 5 | ; 40
» 200 198908 7.92747 - 58.2026% 3d'4s’ - 3'(s’Fip I &'D-¢'F |2-3. P | M
- 750 198992 7.91082 - 58.06380 g% - W'W(s'D)Sp | 'D-rD° | 1-2] 341
48 400 199027 175078 - 57.99%04 304’ - 3d'4e(a’D)Sp | s*'D-¢D" | 0-1 ! M1
7% 199122 00 - 502210 36'(a°S)s - 30'(a*S)7p : pS-P (3-8 341,378
4 300 199212 309321 - 58 29262 3% - 3'%(s'D)Sp | #'D-rD" | 1-4 Ml
a8 %5 199268 7.81082 - 57.99504 34’ -3'%(s’D)Sp | a'D-¢D° | }-1 1]
a8 400 1994.10 7.81082 - $7.95842 3%’ -W'%(s'D)YSp | 'D-rD" | 1-0 1]
a8 750 1994 93 792747 - 58.06300 184 - M'W(s'D)p SD-D | 2-2 ul
»® 250 199569 809321 - 58.20263 3d'4’ - 33°(a’Fp ¢'D-oF | 3-3 !
» 250 1997.09 $.0932) - 58.16789 3d4s’ - 3d'(s’Piép )-e 341

‘ s'D-oF
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-

Mnlq:let'Rd.luL Ao (mA): Levess (n 10°cm ') Coafiguratioas . Terms :J-J;No(u

a  s0

1997.30 792747 - 57.99504 34’ - M'e(a'D); -
4 = 0 1997% 809521 - 58.14776 3'4s'-3d%slD)Sp  a’D-r'D" 1 3-3
CHROMIUM H(Cr'*),Z = 24
Ground State 18'28’2p*3e?3p"3d"("S;,) (23 electrons)
lonization Potentisl 133 060 cm '; 16.4975 eV
Multplet Rel. Int. A, (in A) Levess (in 10°cm ') Configurations References

10 139283 19.63128 - 93.42631 3d(a°D)s - 3d'(b'PHp X i 490
100  1406.90 20.02418 - 91.10336 3d*(a’DMs - 38°(b'Fiép ' 490
0 149223 00- 6701228 3d’ - 33%a'Prp ! 490
20 150416 2002418 - $6.50738 3d'(a’D)Ms - 3 a'F)ip i 490
20 ie0s82 ' 11.96200 - 7427348 3d(a’D)s - 38 (a’D)p : 490
T 20 160667 1205272 - 74.27348 3d'(a’D)Ms - MY a’D)p 490
. S0 162685 | 25.04310 - 86.51108 3’ - M'a'Fip [ B'D-vD | 1.4 490
10 (16S718 | 31.08311 - 91.42631 3d*(s'F)bs - 340’ PHp " a'F-v'0" | 3-3 490
{10 166102 | 31.3S11S - 91.55654 3 - 30’ PMp aD-D° | 1-1: 490
20 (166598 | 31.53162-91.5%654 M’ - 300 Pp #D-wD" | }-4 40
P70 169627 3260373 - 91.55654 3d’ - 3d''Pip 8F-oD" | 1- 490
.10 caTI2ss 3260373 - 90.98631 3d’ - 3d'0"Pep 2F-wG’| 3-1 490
0 T2 47.46494 - 105.3652 38'G’DMp - 3d'('G)Ss 'F-rG | 1-1 490
10 117778 25.04310 - $2.92003 3d’ - 3d%a'DMp b'D-wP | -2 490
0 17979 25.04310 - $2.85400 3d’ - 3 (a'D)p b'D-wP | -} 490
00 173663 33.52123 - 91.10336 38%a’G s - 3d'(b"Fidp ¥G-wG’| 1-! 490
20 [1754.3 1249679 - 69.49827 34'’D)s - 30'(a'G)p aD-xF | }-} 490
e % |1786.11 35.56802 - 91.55654 3d'1a’F)ts - 34°'Prp VF-wD | }-3 340
20 11789.24 21.82482 - 71.71366 30’ - 3dYa'SHp R )
24 0 [179151 35.60760 - 91.42631 3dYa’Fids - 3'(0’Phip VF-wD" | -3 340
10 |1794.47 12.14800 - 67.57568 3d'(a’D)s - 36'a"Piép aD-xD" | -} 490
18 60 |1908.66 19.63128 - 74.92080 3d%s’D)és - 36 (a’DMp aD-xP | }- 340
100 |1810.08 12.14800 - 67.39380 34'’D)s - '(a'PHp sD-yF | 3- M0
20 |181291 3135115 - 86.51108 3d’ - J%(a'F)p 2#D-vD" | }- 340
20 [1813.4) 12.30398 - 67.44882 38(s’D)s - 3 (a’PHp eD-yF | 1-1 340
@ | 171532 19.63128 - 74.71803 34’ D)s - M'(s’'D)p aD-xP | -} M0
20 [1818.89 31.53162 - 86.51108 3d° - 38%a'F)ip ¢#D-vD' | }- 340
100 |1819.77 1249679 - 67.44882 34'°D)s - M'(a’PHip sD-yF | }- M0
20 |182077 12.14800 - 67.07048 3d%a’D)s - X' (0’ Pép s D-yF | }- 490
1] 80 [182084 19.79901 - 74.71805 3d%(a’D)ss - 30'(s’DMp aD-xP | -3 340
160 | 1821.58 1249679 - 67.39380 3dY(s’D)ss - J'(s’PHip D-yF | }- 340
20 1823.07 19.63128 - 74.48425 30(a’D)s - 34 (a’D)ép a'D-xP - 340
4 60 [1825.34 0.0 - 54.78467 34’ - 3" (a’D)p p'sS-rD" | }- 340
20 |1828.56 19.63128 - 74.31886 38%(a’D)s - 34%(a’D)p sSD-wF | }- $0
60 [1828.62 19.79001 - 74.48425 38%(a’D)s - 34°(a’D)ép D -1P - 40
4 100 | 1830.6) 0.0 - 34.62576 3’ - 3'(a’DWp p'sS-D" | §- 340
18 A0 (183623 2002418 - 74.48425 3d%(s’D)s - 38'(a’DWp D-xP | I- 340
» S00 |[1852.13 20.51275 - 74.50451 34’ - MY (s’D)p 'G-wF | §- 340
30 |1852.31 20.51833 - 74.50451 34’ - 38 (s’D)p O-wF | |- $0
5] 0 185237 20.51985 - 74.5043 ) 34’ - 3'(s’D)p 0'G-wF | |- 340
20 183446 20.51262 - 74.43614 34’ - M'(a'OMp 00 -3 - 340
60 |1854.68 2051833 - 74.43614 34’ - 38'(s'OMp ‘G -s'F - 340
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CHROMIUM M Cr*)\ Z = 24
Ground Siale (22 elecroms)
foninalion Potential 249 700 cm—*; 30.98 o¥
15 WY\ Leveh @ Wem™) Configaeations Terms Refcyences
w | e ”o
» | s ”»
» |50 ”»
1! meser 17.56856 - 30936003 W - WDy r-¥ ”»
1 | mwm 1558399 - MOA260 34* - 380 Dy ’F-F ”»
» | Wn ”»
» | s 0
» | W ”o
» | WM IRT7136 - 699618 N - WDy P ”
2 | Mms1 3885186 - MB.S7381 3 - D - ”0
= BE T - ”o
1 | e am-m W - Dy &G ¥ ]
>» | Mmas - 2099608 - ' N - MWDy &G-F ”3
» | ™ - : ”»
° | TR 2085295 - 1935364 3 - 30Dy #G-¥ m
®» | TRIE 1858399 - 14709073 M- WDy oF-D m
4 ! TR.IG 1545104 - 19699618 ° - 30Dy SF-DOr ",
~ 25 | TMAS 1851118 - M69T3I3 M -0 DMy I ”
0 | ™3 . 0
o | o8 ”o
o | mae ”o
0 | ms ”o
2 | ™26 ”o
0 | 7248 : 50
0 | 7m0 25138857 - 152.0572) 3 - Dy #G-F ”
o | 7890 ”o
0| ™» ”
0 | on 0
0 | Mo , ”o
4| ™26 2578094 - 150.66744 3 - WD D-7 |2-1 ”
10 | ™ems 25.72644 - 1513507 W - WDy ’D-P |3-2 ”m
0 | ™ ”o
30 | 001.08 ”o
0 | 54T ”o
10 | 8149 ”0
0 | 315400 ”0
10 | si1s ”0
0 | 81657 ”o
0 | snm ”o
2 | 2im ”o
4 | s3M 25.72644 - 147.0%73 3¢ - 3'’'DiAp 2 4 ”
1| ®s.4 25.7809¢ - 14697333 3¢ - 3D - ]
0 | 125w 2554831 - 14697333 3¢ - MDYy - ”
4 [ 83013 3215199 - 15203721 3 - MDY o'D-'F ”3
10 | 4337 : ”0
10 | 8459 ”
4| sem 35655 - 11842299 3’ - M'"DMp b-‘D- o "
10 | %619 : ”0
© | .3 37.00516 - 152.03721 3’ - MDY o'F-'F ”m
20 | $71508 18.45186 - 13273422 30’ - W'(’'P)ip P ”o
¢ | 075007 17.85108 - 13211750 34 - W'(e'PHip P-r "
10 | P 17.99692 - 131.45016 3 - W' Pp ’H-'0" ”
200 | $T1.285 17.2739 - 13126566 3¢° - MWa"FHep ’H-'0 "

[

b 0
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4 |195789 6599238 - 11696909 3’G)s - 3’ DMp G-F |3-3 ”»

1 |1958.0% 6.03001 - 117.)0158 38'('GMs - 3('DYp G-F |4-4 ”»
10 (199214 #.65974 - 120.70027 I'G'GMs - 3 H)p 'G-G" | 4-3 ”
0 {1908 0
10 |19%0.6 0

S 196216 0
10 |1962.334 T0AS701 - 121.44677 3PP - 'GP ‘r-'s" [0-1 ”

120 [1963.119 6603001 - 136.9690% 34''G)s - G-F [4-3 ”3
% [ 19%5.03) €5.09238 - 11675205 3G - 3" PHp G-D |3-2 ”»
200 |1965.541 66.22509 - 117.10158 3'G’'GMs - 33'’D)p IG-F |s-a ”
10 |1966.57 0
2 [1mn 0
100 | 197245 0
 jimao 0
0 197903 117.92309 - 168.5823 38'(a"H)sp - 34'(a’C)d T-rH | 71-6 ”0
© |19%43 0
10 {194 599238 - 116.53295 3'('CMs - 3'"'PHp 'G-D" | 3-) - 490
100 |1975.5¢ 0
" 4 {1975.902 €5.96321 - 11637292 34’ - ¥'e’'DMyp »D-'7" | 2-1 ”3
2 |17e07 0
@ |19 0
120 | 1990.083 6603001 - 11653295 3('C)s - }'(s"PHp G-D | 4-) ”
% |1990.22¢ ©.99238 - 116.9166 33°(s’CMs - 33'(’D)ip G-F | 3-2 ”

v 198155 70.98126 - 12144677 33'’DMe - 38'(a"PHip Dy |11 ”»m
20 [1981.92 ”0
0 |19 0
S0 |1996.54 ”0
10 |1986.82 S0.09117 - 100.42301 3 'FHis - 3's'FHip .G | 4-8 ”0
10 |1987.00 ”0

” 200 |1987.620 63,0574 - 113.3570¢ 3d'(s"PHis - 30" PHip P’y | 1-2 ”3



http://Sk.9930l-IOS.79SM

CR B — Continued

u-n‘uahh. A Gnd) Levels G 0 ") Coaligustions Terms | J-J [Noms| Refesences
0 [ ”0
@ w7 ”0
%0 | 1992556 SEYN - 11900687 W'GYs - 36Dy G-'F (4-3 ”m

”» = nTe 6317430 - 113.3570¢ e - 3Py r-% |2-2 ",

0 | 1995066 7132327 - 12180677 34D - 'GP D-% |2-1 ”
0 |19%0 ”0
20 |[19%.7 ”0
m (w12 0
L) lmuu 50.4)006 - 10042301 36Tk - 0Py -G |5-3 ”m

- W@?ﬁ"u-a

MMM“}“"[’J]“

i

‘ : Il-l-lakdlm A GnA) Levels G 10’ cm™") Coafigentions Tems | J-J |Notes| Refesences
o 1 | 308 206643 - 211.5M0 M - 38'0'S)p ’D-xF | 3- 219
s | Mm% 0.5536 - 149674 3 - 36Dy 'F-yD ! }- 219
™ | snrs 0.5536 - 174.0009 W - MY =F-yD | i- 2
160 | 15088 09436 - 174.5409 3 - 36T o'F-yD | 1- 21
o | sars . 02358 - 174.0M8 M- 3FG"y aF-yD | I- 219
20 | 578% 00- 1736579 3 - 3 e'Pp S F-yD | ]- 219
110 | %241 0.5556 - 174.09¢8 3 - 38" aF-yD | i- 219
10 | 763 02358 - IT3.6579 3 - WP aF-yDr! - 219
@ | s 150518 - 157.5167 30’ - 3'6'Gyp #G-2'F | - 219
O | 828 15.4016 - 196.9788 3’ - IFG'GYp 4G -xF | 1- 219
7 | 9509 154016 - 1834426 3 - I ('Glp SG-2 1 | -4 ne
' 0 | NS 150518 - 1826777 3 - 'GMp £2G-2 | }-3 e
1 | @27 206643 - 196.9758 3’ - 3Gy o’D-3F | {- 219
- S | 608138 194306 - 10387 W - 'e'rp oP-yr | )- 219
20 | @713 194386 - 183.7187 3¢’ - 3da"Pyip or-yr | i- 209
5 | «@01 195192 - 183,87 W - 3F6"Pp r-yr | |- 21
10 | 6i2.64) 206099 - 18357 M’ - 3Pyp #D-yr | 1- b1l
110 | 612643 14.1773 - 177.4050 ¢ - P aP-yr | i- 219
' 70 | 613746 144713 - 1774050 M’ - 36’ ?-yr | - 219
7 | 61028 14.0590 - 176.9153 3d' - 3 a’PHp P-yr | i- 29
S | 614480 14177 - 1769153 3’ - 3'a'Pyp P-yr | }- 219
170 | 614903 15.4016 - 173.028) 34’ - 3F(a'GMp #G-yG' | }- il
| 40 | 615.33% 141771 - 1766091 30’ - I8 ('Pp P-y?r | §-} il
0 | 615.998 144713 - 1769153 M - WM P-yr | 3-} 219
785 | 616819 21.3207 - 183.4426 ' - ' SH-IW | §-¥ 219
4 © | 617087 0.2358 - 162.29% 30’ - ' 6'Fep oF-r'D | §- 209
3 2 | 619 02358 - 162.0633 30’ - 3 'Fip @'F-7D | }- ”
3 7 | 618230 0.0 - 161.7548 3’ - 30'G6'Prip oF-rD | }- 219
4 0 | e18.262 0.5556 - 162.29% 30’ - Ma'Fp oF-rD | |- 29
i 160 | 618766 21.06% - 1826777 | 3 - MPG'CHp PH-IW | |- e
, ,
' 3 110 619033 0.2358 - 161.7548 ' - 3 (a'Prep SsF-rD | §- 219
3 ! 110 ;619758 00 - 161.3534 30’ - IP6'Fip SF-rD | |- 17
3 | 5 6128 0.2358 - 161.4959 3’ - M'('Prp asF-r'D | - 219
3 360 ' 620.665 0.9456 - 162.0633 34’ - W(a'Prép esF-rDr | 1- 219
3 285 621358 0.5556 - 1654939 34’ - 3d'(s'F)ep SF-rD ! ). 219
4 220 6008 0.2358 - 160.9850 34’ - M'Pyp iF-oD | §-} 219
]
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CR W — Continued
(| .
MuhipictRel. bnt| A, Ga A) Leveh (m 10 cm ") Configurations Termm | J-) [Nows| Refesences

20 | 3% 195192 - 167.0951 M - Ma'Ty or-oy - n
. s | 615110 KATT - 162.29% M -G P2 l- 2
1 | 6Masy HATI) - 162.29% W -Gy P 3- e
s 2 | en20m 14.0590 - 165.7348 W - 3d%%'Fp -2 | §- m
s 10 | em1s%2 HATI - 1620633 W - 3806 P-2Dr | i- e
. s 10 78 141771 - 1610999 -6y P-2Dr} 1 2.
s » | 7N H.O590 - 161.3534 3 - MF)p P} i- o
s | emal 20,6099 - 167.9951 W - 38Ty D-s | §- o
: s 1 | 619ass 771 - 161354 - 3'eFp P2} i- n
' s © | 010 HATI3 - 161,099 W- P-rr | - m
i s | 0y 140590 - 160.9850 3 - aFy -2 | 3- 2.
< 160 | 0833 343628 - 1812415 -3y ’F-sr | §- 2.
) 20 | SLIG 1771 - 1609850 ¥ -3eFYy P27 - 2,
: ) ' 10 | 81568 34.5557 - 181963 3 -3y SF-7r | 3- -
' » | a1 15.4006 - 1620633 W - 38°%6Flp ’G-2D | 2~ m
© | a2 144713 - 1609358 ¥ -3y P-2F | }- m
- I 2 | 433 14.1771 - 160.3099 W -3'ePy P-2F | }- n
: l ‘ . ns | @ 15.4016 - HD9ISB 3 - 38%'Fy #’G-2F | }- m
3 0 | #8463 15.0518 - 160.3039 W - 3P "G-2F | §- 2
’ 5 | M5 21.06%9 - 1654299 3 - I8'G'Fp fH-2G6 | }- 2,
. ) 40 | e 21.3207 - 1654299 3 - 3'G'Fp ’H-2G" | 8- pi ]
) ns | #5208 21.0659 - 164.9006 W - 3a'Fp "Mi-26° | §- ]
10 | #6083 34.3628 - 178.008) -GGy F-yG | §- pi,J
10 | #75% 34.5557 - ITI9144 34 - MGe'GMy ’F-yG | §- 21
1o | #9981 194386 - 162.29% 3 - 3G F)p -2 | )- 21
© | e 19.4306 - 161.7348 M - MGFip - | §- i)
4 | 703060 195192 - 161.7348 3 - M Fp P10 ) §- m
] 10 | 705975 206099 - 162.29% M - MeFp - | }- 21
s 0 | 06082 20,6643 - 162299 3 - M'G'Fyep -7 | §- m
0 | 06481 19.4386 - 160.9850 3 - MGFp - | i- p 1)
0 | 76888 19.5192 - 160.98%0 . M- M'F)p -] i- e
© | 209900 19.4386 - 160.30% MW - 'GPy P-2F | - e
s | w9 206099 - 1610999 ¥ - 3Py - | }- 21
s | ioom 206643 - 161999 W - 3G6"Fp D-2D | }- e
s | ML 20.6099 - 160.9850 M - MEPy D-sD | |- 21
220 | 712901 20,6643 - 160.9358 3¢’ - 38°’F)ip /D -2¥% - 219
l © | 76128 20.664) - 160.309 ' - I6'Fep D - ¥ - 219
h 1 | 719420 34.3628 - §73.3644 3d'- 3'6'D)p SF-yF | |- 2
1 | 18218 34.5557 - 172.6347 - F-yF | {- it}
o | 1M $2.9753 - 187.5167 3’ - 36'6'G)p vD-2F | §- 21
70 | 744.190 $3.1420 - 187.5167 ' - 3'6'Cp vD-2F | |- ne
10 | 745.248 $2.975) - 1069788 M’ - MGGy YD-aF | - pii]
110 | 763947 529753 - 183.87H9 3 - 36 'PYp vD-y7 | -4 29
1| e $3.1420 - 183.8799 34 - Py ¥D-yP | -4 21
l 0 | 1580 $3.1420 - 1037187 ¥ - 366y vD-yF | |- 209
© | ™ 529753 - 181.2415 8 - 3'6'Mp DD | §- 219
s | 10428 $3.1420 - 131.7763 - vD-2Dr | §- 219
20 | 790058 34.3628 - 1609358 3 - M''PHip oOF -5V - 219
. ©0 | M 34.5557 - 160.309 3 - 3 (s'Prép oF-oF | -} 219
10 | slem ”o
1| s19n2 529753 - 174.9674 ' - 3°6'DMp vD-yDr | - p 11
10 | 52088 53 1420 - 174.9674 34’ - 30°G'D)p vD-yDr | §- ”o
' 1] 9ee 529753 - 162.299% - vD-2D | §- p 11
' | 926.26) §2.975) - 1609358 3’ - 30'6'Piep VD-oFr | §- 2y
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CR IV — Continued

u*hu?n.t-h} Levek (in 10’ cm ")
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cC-39

CR N — Continned

u-n;hu A Ga h) Levels Gin 30" cm™%) Coufigermicns Terms |- [Nows| References
s {1» 1IL.570 - 151.7763 386'Dis - WPy D20 | - 2
% 19509 209.9052 - 1726347 3 - MWDy VE-yF | 1- 2
no {19558 190.69508 - 173,644 We'Pu - 300Dy VF-yF {I-i] P | 20
® |[19sen 118570 - 181.2415 30D - 306"Pp -2 |-l P | 209
® s 118745 - 191 963 3D - WaTy -0 | §- 2
s [ime 1IK.7245 - 1912418 3%"Die - 3BTy DD | i 2
» [KI3K 1192506 - 1912415 WP - WPy VP | - -~
® {15Tn 05,0001 - 1654209 EF) - Wa'Fip VF-7G" | - -
430 |1seen 127.2063 - 187.5067 3Gk - WGy ¥G-2F | }- »
120 |16589) 1056206 - 164.9006 We'Fs - VF-rG" | - )
M0 | 1666 1733644 - 233.365 3Dy - Wa'Fiu yYF-em | I- 0
550 |1612660 127.1999 - 106.9788 Gl - WGy VG- F | §- 20
160 | T3 1272963 - 1969788 3'6'GYs - WGy vG-2F | -1 2,
10 |u81673 1200092 - 183873 WP - ey vr-yr | 13 2
®© |wesm 0
30 |weson 124.3092 - 137187 T - WPy vP-yr | $-4 21
: 4% |190.381 120.7329 - 193.5732 Ly B -y | 1-3 2
Ho |1s 38 120.7329 - 17187 IFET - P we-yr | 1-§ P
30 | 169855 174.5609 - 233.718 3Py - WP po-em | 1- ”o
y 1Ho (199EM 110.570 - 177.4050 MWD - WPy D-yr | 3-3 e
. 20 (106203 118.7245 - 1774050 "Dk - WP D-yr | }-2 »
0 {1084 ”
0 {1099 ”
0 {17130 ”
' 0 |1ms0s ”
10 171853 T18.7265 - 1769153 - 3G'D)s - 3(’Pp D-yr | }-3} 219
450 |1719.50 1192506 - 1774050 3IEE'PHe - WPy VP-y? | 1-3l P2y
0 (128 174.5409 - 232.905 I’ PHp - 3 (a"F)id y'D’ -G | I- ”
4 10 17122857 104.2571 - 162.29% 3P - Mia"Fiip VF-ID | - 219
ns ims2s7 1187265 - 176409} 36D - 3F@'PHp D-yr | }- 219
2 |i726.00 1749674 - 232908 3'G'DYp - MWa"F)d YD’ -¢G | }- ”0
360 | 1T27.067 1190133 - 1769553 36" - 3" PHp ¥P-y? | - 21
' » 0 1129919 1042571 - 162.063) 366"Fs - Ma'Fip VF-rDr | 3- 21
» 20 {17352 103.9967 - 161.7543 3F’Fis - Ms"Filp VF-D | }- 219
| 4350 |1732.04) 119.6%00 - 177.4050 30°6’PHs - W'y ¥P-y? | - 219
- L 10 1T 1190133 - 176.6091 3P - WPy vr-yr | i- 219
' W %0 179N 104.6286 - 162.29% 3d(s’Fis - 34'a’Fhip vF-rD" | §-3 219
| 285 173605 119.2506 - 176.9153 I'PYs - 350a’PHp vP-yr | 1-4 piL)
L0 1T ”0
13| 40 (17919 104.2571 - 161.7548 3''Fits - Ma’Fp VF-'D | -} 219
l © 16D 11740.988 119.2506 - 176.609) IF(s'PWs - 38’ PYp YP-y? | -} 219
3 0 1741100 106.6786 - 162.0633 I'F)s - Wa"FHp vF-2rDr | -] 210
0 17419} ”0
13 20 1743421 3039947 - 161.3534 IE'Pils - Ma"Fip VF-2D | -4 29
20 ;1746875 119.6700 - 176.9153 3d'(s'PHs - M'0a"PHp vP-y? | -3 219
13 ns 1747132 104.2571 - 161.099 36 (s’Fis - M (a’F)ip VP-2Dr | §-1 219
0 [175.52 0
1 110 | 1756.685 103.9947 - 160.9850 3'(s"Fits - 3 (a’Fhip VF-ID" | 1-31 P | 219
' 1”3 550 |1755.64) 105.1081 - 162.0633 3d'(s'F)ls - 3 (a’Frip VF-2D" | -} 219
0 1115837 0
250 | 1758.486 124.4092 - 181.276) (" P - 3 (s’ PHep vP-s'r | J-4] P | 219
' 1] 0 |1758.542 106.6286 - 161.4999 3'(s'P)s - 3'(s’Fip VP-2Dr | -3 P | 219
0 176292 4%
1. 85 1 1762.00¢ 104.2571 - 160.9850 3i(s’F)s - 3d'(a'Fip YP-2D | }-4 21


http://IIS.72f5-IM.24IS

Mukiplet Rel lat A (m A) Levels (m 10' cm ) Configerations

360 1704324 104.2571 - 160.9358 3d°a'Fs - 3da'Fp

110 1768.549 124.7329 - 1812763 3d1a'Prs - 3da'PMp

450 1769635 124 7329 - 181.2415 3d1a'Prs - 3d(a'PHp

360 17730 118.5700 - 1749674 3d1a'Dys - 3da'D)sp

30 1775909 103.9947 - 160.3039 Mda'Fris - 38°a'Fep

10 1TS9M 1046286 - 160.9358 3d(a'Fs - 3da'Fyp
20 1776992 118.5700 - 174 8449 3d'(a'DMs - 3d°a'Prp cD-yD i 19
450 1777821 127 1939 - 183 4426 3d'(a GMs - 3d(2'GMp bG-rH ! 219
10 1778053 118 7265 - 1749674 3d°ta D)s - 34 a'Disp : 29
40 1784223 104 2571 - 160 3039 3d1a Fis - 3d(a'Frép 219
220 1T91.09% 105 1041 - 160.9358 3d°a'Fis - 3d°a'Fip 219
285 1ML 118 7265 - 174 5384 3d°(a D)ss - 3d (s’ Dysp 219
40 1794 9o 119.2506 - 174 9674 34 (a'Prs - 3 (a'Dep 219
70 179129 104 6286 - 160 3039 3d'(a'Fs - 3d7a'Foép s
220 1800991 1190133 - 174 5384 34 'Prss - 3da'Dysp s
2 1802 340 127.1939 - 1826777 343'G s - 3da'GHp 09
870 1802723 127.2003 - 182.6777 3d°(a’GMs - 3d1a'GMp 219
110 1308 410 119.6700 - 1749074 3d'(a'Pres - 3 Ga'Dysp ne
110 1808 723 119 2506 - 174 5384 3d°(s'PYs - 3d(a'Dp 219
12 360 181049 108 6285 - 159 8621 3d'(a'Fres - 3d(a'Fép 19
750 1812413 119 6700 - 174 8449 3d°(a'PXs - 3da'Prp 9
12 360 1815100 104 2571 - 159.350% 3d°a'F)s - 30°'Fydp 9
10 18189 49
ie 870 1819231 109 9402 - 164 086 3d'ta'Fés - 3d°(a'Frep 219
70 1820454 118 7265 - 173 6579 38 (s’ DMs - 3d°a'Prep 219
12 20 1821621 103 9947 - 158 8912 (s F)es - 3d°(a'Filp 219
20 182249 490
456 1823 341 119 2506 - 174 0948 3d(a PHs - 3d'(a'Prp 219
450 1824 99¢ 118 5700 - 173 3644 3d'(a D)s - 3d'(a DMp 219
12 750 1826211 105 1041 - 159 8621 3d'(a' Frés - 3d°a'Frdp 219
Is 650 1826863 110 6904 - 165 4289 3d'(a’F)s - 3d°(a'Fp 219
2 650 1827408 104.6286 - 159 3505 3d°(a'Fhés - 3d'(a'Frép 21?
220 1830010 1190133 - 1736579 3d°(a'PHs - 3d°(a'Prp 219
12 450 18303%0 104 2571 - 158 8912 3d'ta'Fis - 3d°(a'Frep 219
10 183366 490
[ 450 1833812 103 9947 - 158 5259 3d'(a’ Fis - 38°Ga'Fysp 219
1000 1837 400 119.6700 - 174 0948 M(a Prs - Mda'Prp 219
450 1837642 1190133 - 173 4308 3d(a'Prs - 3d(a'Pp 219
220 1837991 1192506 - 17 6579 3d'(a P - 3d'(a'Prep 219
1 1000 1840 139 105 1041 - 159 4480 3d'(a’FHs - 3d'(a'Fpdp 219
12 220 142 686 104 2471 158 5299 M (aFph - 3d'(a’Fep 219
12 220 IR42R97 14 6286 ISR R9I2 W Frs - M@’ Fup 219
12 220 'R43 440 10 1041 149 3505 M(a'Fps - 3d(a Fp F-F L 219
4 144 A0 1106904 164 9088 MUaFrs -3 L Fpep bF-2G 219
70 1843 708 119 2506 - 171 4306 3 (3'Prhs - Mt PP bP y'D ¢ 219
285 1848 591 118 7268 1728216 3d'ta Dyts - Wdi(a DMp oD rp 219
160 1849 612 1145700 - {72 6347 M@’ Drs - 3d(a DMp D yF 219
i 1000 JRS] R9N 104 6286 158 6275 Id (2’ Frbs - 3d'(a’Frép bF - 7'G* 219
20 1852277 26700 §71 6379 Id P MdGa’Prp P oy'D 219
285 1855012 1R 7265 1726347 d(a D W aDup oD yF 219
20 IASK 449 1190113 - 1728218 W aPr 3dGaDyp WP S 219
1 R0 1863 108 104 2571 1579311 idaFre M(a'Fpp h'F rGT 9
W0 1863 248 TIW 700 172 1R2Y \da D 32 DMp I 219
20 1866 68S 1192506 1728216 I a Py 3 (aDpp L3 P S 19



Lerels tm 10 cm )

Multiplet Rel lat A, (m A) Coafigurations Terms J-J Notes Referemces
il 750 1808 344 105 1041 - 158 6278 3¢ (a'Fis - M(a'Fip »F-1G6° !-? 219
11 870 873892 103 947 - 157 3595 3d(a'Frs - Md(a'Fip bF -2'G*  !-% 219
1t TS0 1876083 106 6286 - 1579311 3d1a'Fis - 3 Fiip bF-1G" i-: 219

1 1880811 1190133 - 1721821 3d°(a’P)s - M (a’Dip bP-rP i-% 219
it 650 1383 1%e 108 2571 - 157 359$ 34(a'FXs - 3d(a'Filp bF -2 ¢ i-% 219
] 40 189290 105 1041 - 1579311 3d(a'Fias - 3d°a'Fiip bF-2G" !-: 219
1 20 159419 104 6280 - 147 3598 3d°(a'F)bs - 3d(a'Filp bF -2'G" -1 219
400 1904 323 119 6700 - 172 1821 3d(a'P)s - M (a'DWp vP-rP -1 P 219
350 1904 410 118 $700 - 175 0797 3d(a'Dys - Mda'PHp cD-2s" -4 P 219
SO 190988 109 402 - 162 299 3d°(s'FMs - Mta'Fidp VF-rD° -1 P &7
0 1910 107 118 7265 - 1710797 3d(a'D)s - 3d(a'Pip cD-z's  i-12 239
S 1918342 109 9402 - 162 0633 3da'Fis - 3d(a'Filp b¥F-2'D°  i-: 219
160 1920620 1190133 - 1710797 3d°(a'Prs - Md(a'PHp b'P-2'st -1 219
220 1929422 119 2506 - 1710797 3d°(a'Prs - Md(a'PHp bP-gs - 219
288 1929933 109 402 - jol 7548 3d(a'F)s - M (a'Fiep ¥F-D* -} 219
20 19313 490
750 1937630 110 6904 - 162 2996 3d'(a'Fids - 3d(a'Fip bF-rD"  :-1 219
110 1939723 109 9402 - 161 4939 3d(a'Fis - Ma'Fiép VF-2'D" - 219
220 1945 160 119 6700 - 1710797 3d'(a’Prs - 3d1a'Prp b'P - 'S’ 219
360 1946 349 110 6904 - 162 063} 3d°(a’Fis - 3 (a'Fiép bF - ‘D" - 219
0 194828 490
$S0 1959060 109 %402 - 160 9850 3d°(a’ Fs - 3d°(a'Frip b'F - D" H 219
15 650 1960 930 109 9402 - 1609338 3" Fis - M (a'Filp bF-rF  i-: 219
870 1967 181 127 1939 - 178 0281 3d(a'G)a - M(a'GHp »G -yG® 1.1 209
360 1968 ok 110 6904 - “61 4939 3d'(a’Fhs - 30(a'F)ap vF - 2'D” 219
0 1971583 1271939 - 1T 9144 M (3 GHs - M'(a'GHp »G - y'G* 219
650 197207$ 127 2063 - 1779144 3d°'(a G - 33°(a GMo bG - yG* 219
15 450 1985552 109 9402 - ;60 3039 3d'(a’Fys - M(a Fp bF - ’F 219
18 650 1990 247 110 6904 - 1609358 3d-(a’Fhs - Md'(a'Flp bF - r'F” 29
450 1990 604 124 7329 - 1749674 3d°(a'Prs - 3d'(a’ DWp bP - y'D* [ 4 29
20 199738 490

Multiplet Rel Int A, (in A)

Levels (in 10 cm ) Configurations Terms J-J Notes References

0 419 S0a2 - 2311929 3d° - Mdap gF-F 1.4 i1}

s 441 0 - 230316} I - Jep sF-'F 1-) 28
2120 434308 11417 - 231 3929 M- dap sF-F 4.4 28
110 435143 5082 - 230 3163 3 - ddap sF-F 3.3 b1t}
110 4350636 0 - 2295817 I - Jep sF-'F 21-2 8
0 43)38i 11417 - 230316 M’ - Jadp gF-'F 4.3 s
0 43740 5082 - 229 1208 W Wap gF-D 13-} o2
0 437688 0 - 228 4891 M - M4p gF -'D 2-2 Loas
100 438593 0 - 2280018 3 dddp gF-D° 2-1- P | s
130 4386)) SO82 - 228 489} 14’ - Mdap gF-'D" 3-2, P | s
120 467 11417 - 1291208 3 - doep gF-D° 4-3. P ' 218
110 441 0% 131880 - 2399173 3 - Map D-'P 2-1! L

CHROMIUM V (Cr*'),Z = 24
Ground State 18'2s'2p'3s?3p"3d°(°F,) (20 electron,)

lonization Potential 560 200 cm '; 69.46 oV




C-42

Mulnpict Rel Int A (0 A) Levels (n 10' cm '} Configurations Terms J-J Notes References
20 42243 0. - 2261198 3d’ - 3d4p gF- D 2-2 218
0 45751 131880 - 2375298 M - 3d4p ‘D-F 2.3 s
s 4400672 16.0410 - 2399175 3’ - 3d4p ‘P-'P L | 218
S 451wl 13.1880 - 234 8464 3d° - 3d4p D-'P 2.2 218
s w7 13 1880 - 2346184 3d° - 3d4p D-'P 2.1 s

110 45¢2M 15 6700 - 234 8404 3 - 3dep P-'P 1-2 28
0 450387 154918 - 2346184 3 - 3d4p P-'P 0-1 218
0 450637 156760 - 2346685 3 - 3d4p ‘P-P 1-0 us
0 435743 1567606 - 2346184 3d’ - 3d4p P-P 1-t 218

160 457028 16 0410 - 234 8404 3d’ - 3d4p P-P 2.2 ns
0 457504 16 0410 - 234 6184 3d° - 3d4p ‘P-P 2-1 28

450 464015 220192 - 237 5295 3d° - 3dap G-F 4.3 218

110 409311 16 0410 - 229 1208 3d° - 3d4p ‘P-D  2-3 23

20 409.634 13 1830 - 226.1198 3 - 3d4p D-D 2-2 218
0 #9893 1S 6700 - 228 4891 3d’ - 3d4p P-D 1-2 218
0 470567 154918 - 2280018 M - 3d4p P-'D° 0-1 218
0 470697 16.0410 - 228 4891 3d° - 3d4p P-'D 2-2 218

S 47097% 15 6760 - 228 0018 M - 3d4p P-D 1.1 218
160 529742 St 1404 - 2399175 M’ - 3d4p 'S-P 0-1 218
1o 754.521 226 1198 - 358 6538 3d4p - 3MdSs 'D*-'D 2-2 bt}
1 Tes st 226.1198 - 3569813 3d4p - 3dSs 'D'-'D 2-2 218
1 Tes2si 228 4891 - 3586538 Iddp - 3d%s ‘D'-'D 2-2 218
1 774079 228 4891 - 3576759 Id4p - 3% ‘D -'D 2-3 2i8
1 775308 228.0018 - 3569813 3d4p - d%s ‘D -'D 1-2 218
s Tl6743 228.0018 - 356.7448 \d4p - M5 ‘D'-'D 1-1 218

160 777873 129.1208 - 357.67%9 Id4p - 3d%s ‘D -'D 3-3 218

0  T18153 228 4891 - 3569813 Id4p - 3d%s ‘D" -'D 2-2 218
1 T™209 230 3163 - 3586538 Id4p - 3d5s ‘F-'D 3-2 28
0 786210 229 5517 - 356.7448 Id4p - MdSs ‘F-'D 2.1 218

10 789.492 230 3163 - 3569813 Id4p - 3dSs ‘F*-'D 3-2 ns

160 791872 231 3929 - 3576759 3ddp - 33 ‘F-'D 4-3 218
40 814148 2348454 - 1576759 3d4p - W% ‘P -'D 2-3 28

s 81724 234 6184 - 3569813 3ddp - 3d3s ‘P -'D -2 s

I 818803 234.6184 - 3567448 3d4p - 3dss ‘P -'D 1-1 218

1 819183 2346685 - 356.7448 Id4p - 3d%s 'P-'D 0-1 28
20 825600 2375295 - 3586538 Id4p - 3d%s ‘F-'D 3.2 218
1 83239 237 5295 - 3576759 Id4p - M5 ‘F-'D 3-3 28

1 837187 2375295 - 3369813 3ddp - 3d3s 'F*-'D 3-2 218
20 842195 2399175 - 358 6538 Jd4p - 33 ‘P-'D 1-2 28
220 968703 226 1198 - 329 3503 Jd4p - Jd4d D -'D 2-2 218
1 978064 228 0018 - 330 2451 Id4p - Jdad ‘D" -'P P-1 218

1 979 %0 228 0018 - 3300848 Jd4p - Jd4d ‘D -'P -0 218

1 979934 228 4891 - 330 5368 Jd4p - Jd4d ‘D’ - 'P 2-2 28
0 98176 228 4891 - 330 2451 Jd4p - Jd4d 'D’-'P 2.1 218
110 986035 229 1208 - 330 $368 Jd4p - Jd4d ‘D -'P 3-2 218
1 997709 229 1208 - 329 3503 Jd4p - Jd4d ‘D*-'D 3-2 218

1 1002024 229 3517 - 329 3503 Jd4p - 3d4d 'F*-'D 2-2 218
70 1029 842 128 0018 - 325 1041 Id4p - Jd4d 'D*-'F 1-2 218

110 1031 105 228 4891 - 323 4725 Jd4p - Jd4d 'D'-'F 2-3 218

110 1033 452 229 1208 - 325 8842 Jd4p - Jd4d '‘D-'F - )-4 118
S 1035037 218 4891 - 325 1041 Id4p - Jd4d 'D*-'F 1-2 218
40 1042 %44 2346184 - 330 5368 ld4p - Jd4d P -P 1-2 218
220 1045044 234 8464 - 130 5308 Jd4p - 3d4d ‘P -'P 2-2 218
S 1045733 234 6184 - 330.245) Id4p - Jd4d ‘PP 1-1 218




-

C-43

CR ¥V — Continued

Multplet Rel. Int. A.. (in A) Levels (in 10' cm ) Coafigurations Terms J-J :Notes' References
20 1046.294 234 6685 - 330.2451 3d4p - 3d4d PP 0-1' 218
0 1046364 2303163 - 3258842 334p - 3d4d F-F 3-4 218
20 1046542 229.5517 - 325.1041 334p - 3d4d F-F 2-2 218

5 1047494 2346184 - 330.0848 1d4p - 3d4d P-'P 1-0 218
20 1048236 234 8464 - 330.2451 334p - 3d4d oP 241 218
0 1050901 230.3163 - 3254728 3d4p - 3dad F-F 3-3 218

1 1054.991 230.3163 - 325.1041 3d4p - 3a4d ‘F-F 31-2° 218

110 1058.298 231.3929 - 325.8842 3d4p - 3a4d 'F-OF 4-4 218
285 1060.531 2375295 - 3318112 3d4p - 3dad F-'G 3.4 . s

1 1062933 231.3929 - 3254728 l4p dad F-F 4-3 s
20 1073367 2261198 - 319.2340 3d4p - 3ded 'D*-'P 2-1 Ios

5 1089.079 237.5295 - 329.3503 3d4p - 3dad oD 3-2 28
40 110339 228.4891 - 319.1191 3d4p - 3dad 'D-'G  2-3! i 11]

160 110429 226.1198 - 316.6749 3d4p - 3d4d ‘D -'F | 2-3i 218
20 1105250 229.1208 - 319.5168 3d4p - 3dad ‘D°-'G . I-4 ‘218
S 1108322 228.0018 - 318.2276 3d4p - 3d4d 'D*-'D 1-2 218

S 110973 228.4891 - 318.6017 3d4p - 3d4d 'D'-'D  2-3] ;218
20 1112492 228.0018 - 317.8938 3d4p - 3dad D-'D 1-1 P28
285 1114.3%0 228 4891 - 318.2276 3d4p - 3d4d D-'D 2-2 11}
45 1116478 2293517 - 319.1191 3d4p - 3dad -G 2-3 it
360 1117539 229 1208 - 318.6017 3d4p - 3d4d D'-'D | 3-3! P28
20 18187 2399175 - 319.3503 1d4p - 3d4d ‘P -'D 1-2. it
S 18518 228 4891 - 317.8938 3d4p - Jd4d 'D'-'D | 2-%. bas
630  1121.066 2303163 - 319.5168 Idap - 3ded F-'G , 3-4 218

S 1122258 2291208 - 318.2276 3d4p - 3d4d 'D°-'D  3-2 b1T

20 11260% 2303163 - 319.1191 3d4p - 3d4d F-'G . 3-3 218
650 1127631 231.3929 - 1200744 3d4p - 3dad F-'G  4-5 218
4 1134768 231.3929 - 319.5168 3d4p - 3d4d F-'G 4-4 218
160 1137529 2346184 - 322.5281 3d4p - 3d4d P-'s 1-1: .28
0 118177 234 6685 - 322.5281 1d4p - 3d4d P-ts 0-1: 11
160 1140489 2348464 - 322.5281 3d4p - 3d4d L 2 -4 28
40 1146668 231 3929 - 318.6017 3d4p - 3d4d F-D 4-3 218
450 1193950 234.8464 - 318.6017 3d4p - 3d4d -'D . 2-3 io2s
360 1196042 2346184 - 318.2276 144p - 3d4d 'P-'D 1-2. 218
70 1200834 2346184 - 3178938 1d4p - 3d4d 'P-'D 1-1, 18
110 1201 356 234.6685 - 3178938 3d4p - M4d P-D  0-1 218
70 1204126 234 8464 - 317 8938 384p - 3d4d P-D 2-4 218
220 1210499 2399175 - 3225288 3d4p - 3d4d P -'S -1 218
220 1259986 2399175 - 319 2840 1d4p - 3d4d ‘PP 1-13 218
450 1263 50) 2375295 - 316 6749 3d4p - 3dad o F 3-3 218
630 1465 86! 171 6981 - 2399175 d4s - Jdép D-'P 2-1 218
5 1477769 167 1764 - 234 3464 Id4s - M4p D-P -2 218
220 1481651 167 1764 - 234 6685 3d4s - Jdép D-P  1-0 218
220 1482 757 167 1764 - 234 6184 3d4s - Md4p D-'P f-1 218
220 1484 666 167 4910 - 234 3464 3d4s - Mdép D-P 2-2 218
450 1489 711 167 4910 - 234 6184 3d4s - d4p D-'P 2-1 218
650 1497 966 168 O89S - 214 404 3d4s - Md4p 'D-P 32 218
7% 1519030 171 6981 - 237 5295 Id4s - M4p n-'F 23 218
1onn 1579 696 168 0895 - 211 1929 Idés - Ydép 'D-F 1.4 248
750 1591 71 1674910 230 3163 ld4« - 1ddp D F 2.3 218
650 1603 191 I67 1764 . 229 517 M4 dép D F 12 218
&) 1607 038 J68 OK9S - 230) 115) idés  ldép D ¥ 11 218
4 1611 23 167 4910 229 4517 id4s  1d4p D ¥ 22 218
4 1622 o017 1674910 22912 w idés  Vdép D DN 2 1 218



Multiplet Rel. Int. A, (in A) Levels (in 10' cm ) Coafigurations Terms J-J ‘Notes References
110 1630988 1671764 - 228.4891 3d4s - 34p 'D-'D° 1-2 218
285 1638.495 168.0895 - 229 1208 3d4s - 3d4p ‘D-'D° 3-3 218
220 1639.403 167.4910 - 228 4391 3d4s - 3d4p ‘D-'D*  2-2 218
160 1644053 167.1764 - 228.0018 3d4s - 3d4p ‘D-'D°  1-1 218

70 1652595 167.4910 - 228.0018 3d4s - 3d4p 'D-'D° 2-1, us
70 1655639 168.0895 - 228 4891 3d4s - 3d4p ‘D-'D°  3-2 218
70 1705629 167.4910 - 226.1198 3d4s - 3d4p ‘D-'D° 2-2 218
20 1705968 171.6981 - 230.3163 3d4s - 3d4p 'D-'FF  2-3 218
110 1728.497 171 6281 - 229.5517 3d4s - dddp ‘D-'F 2-2 218
1000 1837502 1716981 - 226.1198 3dds - 3ddp 'D-'D* 1-2 P 28
CHROMIUM VI(Cr®°), Z = 24
Ground State 1872372p"3873p"3d(°D,,) (19 electrons)
lonization Potential 731 020 cm ~'; 90.636 eV
Multiplet Rei. Int. A... (in A) Levels (in 10° cm ') Configurations Terms J-J Notes; References
1 14476 0. - 690 781 3p°3d - 3p*1of gD -F P oM
1 144961 940 - 690.781 3p*3d - 3p*10f gD -F Cm
1 146.77% 0. - 681.307 3p*3d - 3p*f gD -F L
4 146980 940 - 681.307 3p°3d - 3pf gD -F )]
4  149.706 0. - 667.973 3p*id - 3p'8f gD-F P22
12 149948 940 - 667.973 3p*3d - 3p'8f gD-F H b2
30 154197 0. - 648.521 Ip*3d - 3pIf gD - F 3 )]
SO 154418 940 - 648.533 3p*yd - 3p*7f gD -F i L
80 161659 0. - 618.583 3p*Md - Ip6l ¢D-F i1 |lom
80  lel.es? 940 - 619.419 3p°34 - 3p'30CD Ms gD-D . 1.1 {22
80  161.836 940 - 618.849 3p*3d - 3p'ef gD-F 1.3 222
12 161.908 940 - 618.583 3p*3d - 3pef gD-F 1.3 7}
i |
1 1619% 940 - 618.491 P -IpMDMs gD-D I3 o
110 162.565 940 - 616.079 3p*3d - 3p"3('F )4 gD-F 1 i-i: L2
12 162764 0. - 614383 3p°3d - 3p"M('F s gD-F -1 L m
0 163014 940 - 614.385 3p*3d - Ip"X('F s gD-F - i-3 7]
12 163514 0. -611.568 3p*3d - Ip'M('D " Ws g'D- ‘D" 3.3 222
12 163801 & - 610.497 3p*3d - 3p'3d('D" s gD-D* | }-%. ;222
4 164159 0 - 609166 Ip°3d - 3p' MDD M gb-‘D°  i-3 55
1 164300 0 - 608.631 3p*3d - 3p'3d('D" Ms gD-‘D° . }-i P57)
12 164.564 940 - 608 631 3p*3d - 3p'3d('D’ )s gD-‘D°  i-i 73
12 164 8)) 940 - 607.615 3p"3d - 3p"3d('D" M4s gD-'D° i | 122
1 168.088 0 - 594.926 3p*3d - 3p'M('F s gD-'F - 1.3 .22
4 168358 940 - 594.926 3p*3d - 3p'3d('F s gD -‘F 1-4 L
150 169.435 540 - 591 137 3p*3d - 3p3d('F* e gD-F 1.1 J?5)
12 170569 0 - 586273 3p*3d - 3p"M('F )as gD-‘F 1.3 72
0 171.400 940 - 584.37) 3p*3d - 3p"M('F )as gD-'F . 22
4 172204 0. - 580.697 Ip"3d - 3p'3d('P s gp-p ) 72
80 172487 940 - 580 697 3p*3d - 3p 3A('P" Hs gD-P i 222
0 1M1 0 - 57856 Ip"¥d - 3p'3A('P s gD P e 2
4 1197 940 $75 742 3p°3d - 3p'ep gn-p i 5]
12 174178 0 574138 Ip"M - 3p'ep gh-'p 1. 7]
150 175756 0 - 5689574 Ip*3d - Ip*sf gh-'F i m
200 176037 940 - 568 9930 Ip*id - 3pSf gD -'F HE L m
3715 01007 0 497498 "3 - Ip'CPNMCEY gD Dt 5]
250 201224 0 - 496.9%8 Ip*ld IpCPN3S('Fp gDh-'D° ) ¢ Lm




T T T T
Multiplet Rel. Int.; A (in A) Levels (in 10° cm V) : Configurations Terms | J-J [Notes| References
. . ﬁ ;
200 201388 940 - 197.498 3 '3 - CPXMCF) [ gD-D° | -} m
450  201.606 940 - 496.958 3p'3d - 3p'CPYNMCF) | gD -D" | -3 222
o - 20205 0.- 4949112 3p°M - 3CPXCP) [ gD =P i m
378 MMe 940 - 4949112 3p*3d - WEPXIECP) | gD-P | 1.4 222
300 202739 0. - 493.2471 3p'3d - PCPIECPY [ gD-P | -t m
119 204682 0. - 488.5619 3p*3d - 3p*Sp gD-P 13 m
430  205.084 940 - 438 5619 l 3p*3d - 3p*Sp gD-P -3 222
375 207489 0. - 481.9560 ' 3p*3d - 3p4f gD-F | 3-3 22
450 207651 940 - 482.5171 ‘ 3p°3d - 3p*ef gD-F | -} m
10 - 207892 940 - 481.9560 s 3p*3d - 3p*Hf gD-F | i-3} m
430 - 226241 940 - 442.9454 ‘ 'Y - P CPIBECF) [ ¢gD-F | 1-1 m
1S . 1212Mm 0. - 440.1352 3p'3d - 3pCP)30C’F) | gD-F | §-1 m
C 80 27689 940 - 440.1352 ; WU - P CPIBEC) | gD-F | -3 m
25 264078 0.-378.677 : 3p*3d - p’CPXI('D)) | gD -F 1-3 22
12 264732 940 - 378677 : B*M - CPANCD) [ gD -F | -3 m
00 - 269.776 940 - 371.618 Ip°3d - IpCPXMA'D) [ gD-F | 1-] m
0 - 219154 940 - 359.165 , 3p*3d - 3PCPN3A(G) | gD -F | i-1 m
S0 280.143 0. - 356.962 : 3p*id - IPCP)3A('G) | gD -F | -1 m
12 087 940 - 356.962 : WU - PEPANCG) | gD-F | -1 m
1% - 335123 0. - 298.3967 ’ 3p*3d - 3p%p gD-7 | 1-1 m
60 i 336184 940 - 298 3967 , 3p*3d - 3ptip gD-7 | 3-1 m
450 - 337188 0.-296.5732 3p*3d - Ip*4p gD-" | 1-§ m
1 - 383878 227.8579 - 488 5619 ! Ip*4s - 3p*Sp - p -3 222
1 38S0IS 227.8579 - 487.5893 : Ip's - Ip°Sp gope | 44 m
0 ' 42049 296.5732 - $34.3817 [ Ip'ep - Ip*sd pop | 4-) m
0 | 4235% 298.3967 - $34.4897 ; Ip*ep - Ip*sd -p |-} m
1. sesm 442.9454 - 6207005 i 3p'CPUIGU('F)) - 3pteg b i e i-1 22
1 602011 . 402.8886 - 568.9930 | Ip'4d - 3p*Sf D-F | 3-) m
o 0729 296.5732 - 461.2530 i Ip'ep - Ip*Ss pr-g 1-4 p>>
0 | 614028 298.3967 - 461.2530 s Ip'ep - Ip*Ss p.g 1-4 m
B t
4 | 1207 481.9560 - 620.6963 | Ipef - Ipeg oG 3-1 m
4 723678 482.5171 - 620.700% ; 3p°ef - 3p'tg LG -1 m
12 7%786 4401352 - $72.2723 | 3p'CPX3E('F) - 3p'sg oG 3-1 m
3 . T2 4429454 - 572.2744 U IPCPNIECF)) - Jp*Sg F oG 1-1 m
520 942610 296.5732 - 402.6617 ' Iptep - Ip*d -p -4 222
600 . 957009 i 298.3967 - 402.8886 | Ip*4p - Ip*ad - -] m
I
00 959.09 - 198.3967 - 402.6617 ' Ip'ep - Ip*ad wpop |1 22
17 1086681 | 402.8886 - 494 9112 . Ip'd - 3p'CPX3ECP) | 'D-P | -] 2
17 ,1103926 402.6617 - 493.2471 : Ip'd - PP | 'D-P | -} 22
150 1107225 481.9560 - 5722723 : Ipef - Ip*Sg oG 3-1 b7 53
00 1114114 482.5171 - 5722744 j 3p'sf - 3p*Sg PG 1.4 b77]
12 leslde 402.6617 - 488.5619 ' Ip*4d - Ip*Sp D.-P 1-3 122
1o ‘1e1222 402.8886 - 488.5619 | Ip'ad - 3p*Sp popr | 124 m
0 1M 402.6617 - 487.5895 ) “prad - Ip*Sp D | 4-Y w
00 1255832 ! 402.8886 - 482.317} ’ Ipsd - Jp*H Lo IR L I b7 53
150 1261128 402.6617 - 481 9560 ! Ip'4d - Jp*sf p-p | 1A k77,
0 1264746 402.4886 - 4819360 : Jp'ad - Jp'M p-F |34 2
30 1281439 ' 572.2744 - 630.3108 ! 3p*sg - 3p*Th G- | )Y m
0 1342741 487.5895 - 562.0641 ! 3Ip*Sp - Jp6s T T 172
30 1360504 488.3619 - 362.0641 } Ip*sp - Ip'te p.lg }-4 m
800 |1417.659 227.8579 - 198.3967 | Ip'as - Ip*4p -pr | -4 m
00 | 1435.282 227.8579 - 296.9732 ! Ip*as - Jp*ep L m
50 11907462 48) 9560 - 3343817 ' 3p%4f - 3p*sd P.D 1-4 212
0 194009 4825171 - 534 4897 Ip*ef - 3p*sd [ P oD -3 pFy)




C-46¢

CR W1 — Continued

Multipiet Rel. Int. A, (n A) Levels (in 10’ con 1) Configurations Terms
12 1932783 568.9574 - 6206963 375 - 3peg -G
30 1933955 568.9930 - 620.700% 3

3p°St - 3p'eg F oG

CHROMIUSM VIl (Cr*"), Z = 24
Ground State 18°28?2p*3s?3p%('S,) (18 electrons)
fonization Potential 1 201 900 cm'; 160.18 eV

Mulupiet Rel Int. A (in A) Levels (in 10’ cm ") Configurations Terms - R ferences
T1.744 0.-1393.84 3°3p* - 3a3p*Tp g'sS-'P A &0
1 74.87$ 0.- 133556 3'3p® - Ja3pep g'S-'P A &0
4 81.491 0. -1227.13 3 3p® - 3a3p*Sp g's-'P A &0
1 81.980 0. - 1219.81 3s'3p® - 3a3p*Sp g's-'P A 40
1 92128 0. - 1085.446 33p* - W' 3p'CPinNGe g'S -4 907
s 92.969 0. - 1075.627 33" - W3p'CPiae g's-4r . 907
L] 95917 0. - 1042.568 13p" - W3p'(P2)5d g's-4¥r t o907
% 96760 0. - 1033 485 B3p*- WP . g'S-NT ! 907
20 100593 0. - 994.105 3 3p® - Js3pap i g'S-'P 907
1 101568 0.-934.59 Wip® - 3s3pdp . g's-'P | «0
@ 104127 0. - 960.366 WIp - WP g'S - YT | 907
@ 105139 0.-951.122 Wipt- WPSs | g's- Y ; 907
285 114.235 0. - 875.3808 r hilp* - 3si3p'CPiéd | g'S - XIT 907
285 115.407 0. - 866.5028 i Wt - Wip(Piad | g'S-YP 907
S 116654 0. - 857.2345 : Wip'- WiIpCPiad | g'S- YT 907
650  146.497 0. - 682.6102 . Wip*- WP M | g'S- AP 907
450 148714 0.- 6728277 Np* - Wp'(Pias | g'S-YT 907
20 166.488 341.1793 - 941.81) '3 - Wip'CPa | P -1 907
. 166 560 342.7735 - 943.1491 W' - WiICPM | P -Y) 907
" 166.936 342.7735 - 941.811 3s'3p’Md - B Ip*CPIM P-4l 907
167.020 346.137) - 944.8667 3s'3p’3d - W 3p*CPLM -1l 907
167.496 346.1371 - 943.1491 3s'3p’Md - WiIp'CPM -1l 907
168.523 363.0609 - 556.454 3s73p°3d - 3*3p'CPi M T -4 907
169.084 157.5417 - 948 9419 3873p°3d - W Ip'CPLIM -4 907
" 169.842 360.1719 - 948.9439 3s73p’3d - 36735 (P -1 907
170.086 357.5437 - 945.4757 13p’3d - Wip'CPrl F -1 907
170.139 360.1719 - 947.9174 3s'3p’Md - W 3p'CPIM -1 907
170.393 357.5437 - 944.4168 3s73p'3d - WIp'CPLM -1 907
170.8%0 360.1719 - 945 4757 33p’)d - WP’ CPLM - 907
10981 1630600 9479174 3573p'3d - W Ip'CPLM P -1 %07
© 174070 | 382.7374 - 957.20%) 3s'3p’Md - Wip'CPIM ‘D -4l 907
174.286 382.6823 - 956.454 3’3 - WIPCPIM ‘D -4l 907
CITS3IS 386.6166 - 957.0046 33’3 - WIp'CPIM D -4} 907
175812 | 385.8283 - 954.623 WM - WP | D -{}) 907
176.05) | 386.6166 - 954.623 3s3p'3d - WP D -{) 907
| 176.295 389.2262 - 956.454 3¢%3p*3d - W3p'CPIM 'F -4 907
176613 | 382.7374 - 943.9439 WP - WP | D -] 907
I 176916 | 382.682) - 947.9174 383p°3d - WP ‘D’ -l 907
" 177.694 , 382.7374 - 945.4757 38%3p'3d - 373’ PN D -1 907
L 177.898 | 382.7374 - 944.8667 3¢'3p’3d - WiHHCPLLIM D’ -1) 907
L issst | 3826823 - 941,811 W'P'3d - WP | 'D-{) 907
'. 179.682 ' 386.6166 - 943.1491 36°3p'36 - WP D -§) 907




MultipletRel. Int. Au (i A) Levels (m 10°cm ™) Coafigerations ! Terms ;J-l ;nm
: : i
0 19T | 389.2262- 9454737 3p'M- WP | F - | 3-4 ! 907
0 20282 0. - 4930354 33t - Wi3p’Md Lgs-P :o0-1] I 907
0 261393 342.7735 - 7570338 3s%3p’M - Me*3pep l P_P | 1-0! § 907

5 242461 346.1371 - 738.5721 3s73p'3 - Me'3pilp Pwop o 2-1! ' 907
0 2425M 3461371 - 758.3744 3s73p'M - 373p'4p P-'D | 2-21 i 907
0 242953 342.7735 - 7543789 3s73p'M - M’3p'ep L gEL S B l 907

v )] r i
1 !

5 204565 3427735 - 751.6493 3s'3p’id - 3’Ip'4p PP -2 ,l ' 907
0 24543 341.1793 - 748.6293 3s73p’Md - '3p'sp »-D !0-1 l !l
0 24659 346.1371 - 751.6493 3a13p*Md - M 3p'p i ot SN B 3. | om
0 250311 346.1371 - 745.6311 35i3p'3d - Js'3plep DP - 242! ! 907
20 251124 360.1719 - 758.3744 3573p°3d - 3e*3p'ep PP -'D 1 3-2: i 907

1 1928 363.0609 - 758.5721 I3p’M - Wi3piep o T I i 901

: ' : |
20 25417 341.1793 - 734.6053 3473p’M - 3%3p’p LPls 0-1] | 907
0 255210 342.7735 - 734.6053 3st3pad - 3s*3p'ep b T B i 07

1 255447 360.1719 - 751.6493 34°3p°3d - W'3piep PF-P 32 . S07
0 255.545 363.0609 - 754.3789 3573p*M - 3¢°3p’4p B 2 L N . 907
0 25742 346.1371 - 734.6053 3s%3p°3d - Js’3p'ep oS 2-0y I oo

450  257.67 357.5437 - 745.6311 363p’3d - 3s’3pp oD 4-3, , 907
. : ' !

s 250.181 0. - 385.8283 33 - lip’Md gs-D° o0-U P 907

110 259.360 363.0609 - 748.6293 3533 - Je'Ipip .p | 2-1] . 907

0 25941 360.1719 - 745.6311 35i3p’Md - Miipiep F-D l13-3 ! ogr

0 259.636 360.1719 - 745.3289 3s33pM - 3s’3p’4p F-D 3.2 ! 907

20 261.598 363.0609 - 745.3289 3s23p’3d - 3s%3p'ap ¥ -D 2-2: 907

I 206172 382.682) - 758 3744 35'3p’Md - Js3p'ep 'D*-'D 2-2, . 907
0 268852 386.6166 - 758.5721 35°3p°3d - 3s°3piep DP -1 . 907
0 269.038 382.6823 - 754.3789 3573p'3d - 3s73p’4p ‘D -P 2-1° . 907
0 269.397 385.8283 - 757.0358 3s73pM - 3s*3p’ep ‘D P 1-0: . 907

160 270897 389.2262 - 758.3744 3433p’3 - 35 3p'ep 'F-D  3-2' 907
160 27107 382.7374 - 751.6493 35%3p°3d - Js'3p'ep ‘D" -'P 3-2! oM

s 1m268 382.682) - 748.6293 3533p’3d - Wip'ep 'D-'D  2- . 907

1 273952 386.6166 - 751 6493 35%3p'3d - 3s'3p'4p 'D°-P 2-2 . 907

1275563 382 7374 - 745.6311 3s3p’3d - 3+°3p'ep 'D*-D 3-3! 807

S 275638 185.8283 - 748.6293 35%3p3d - 3’ 3p'ep D-D 1-1 " 907

I 215756 382.6823 - 745.3289 35°3p'3 - 3s°3p’4p D'-'D 2-2 907

t 275792 382.7374 - 745.3289 333p'3d - s'p'ep 'D*-'D 3-2 . %07

5 21592 389.2262 - 751.649) 3s73p'3d - W ipiep 'F-P 3-20 907

1 28057 389.2262 - 7456311 35'3p'd - 3s'dpiep ‘F-D  3-3: %07
20 28082 389.2262 - 7453289 3573p’3M - 3s*Ip’4p P -D - 3-2 907
20 291738 0. - 3427735 3s13p* - 3s73p’Md gs-'  0-1 %07

1 3%s.012 3461371 - 627.82€7 3si3p3d - Isdp*id ‘P-D  2-2 . 907

220 375425 342 7735 - 609.1427 3s'3p’3d - Wdp*Md -D  1-2 907
70 376073 342.7735 - 608.6796 3s'3p'id - Js3p*)d oD 1) %07
s 377687 363.0609 - 627.8267 3s'3pMd - sdp*Md ¥ -D 2-2 %07
360 379.153 3461371 - 609.8878 3'3p’3d - 3s3p*3d D 2.3 © 907
110 380219 346.1371 - 609.1427 3'3p*id - 3s3p*id -D 1-2. ' 907
1 380897 346.1371 - 608.679% 3s73p’d - 3s3p*3d -D 2-1 907
450  196.288 3575437 - 609 5878 33p*3d - Jadp*ld D 4-) %07
40 400452 360.1719 - 609.8878 38'3p’3d - Wadp*Md ¥ -D 3-3. %07
30 401 658 360.1719 - 609.1427 3'3p*3d - Js3p*Md ¥ -D 3-2 %07
70 406 369 363.0609 - 609.1427 38'3p*3d - Jdp*Md ¥ -D  2-2 - 907
285 40713 363.0609 - 608.6796 3s'3p’3d - Mdp*Md F.D o 2-1 907
220 407918 382.6823 - 627.8267 3'3p'3d - Jdp*Md D'-'D  1-2 %07
160 408019 382 7374 - 627.8:67 3s'3p'3d - 3s3p*id .'D*-'D 3-2 907
160 414582 86,6166 - 627 8267 38'3p'3d - Jsdp*id 'D'-'D  2-2 . 907




T T T T T
Hm}ld. It A, (m A) ! Leves (m 10°cem ') Configurations Terms | References

110 | 419.104 389.2262 - 627.8267 3s'3p'3d - Jlp*3d ‘F-'D i eo1
1 - 40021 382.6823 - 6098878 35°3p'3d - sdp*3d ‘D -'D P 907
285 440244 3827374 - 6098878 3573p"3d - 383p*3d 'D"-'D . 907
0 441584 182.6823 - 609.1427 35°3p"3d - Ja3p'3d 'D*-'D %07
20 441680 382.7374 - 6091427 35°3p°3d - Jadp*3d ‘D -'D 907
0 4412 385.8283 - 609.1427 35°3p’3d - Jadp*Md ‘D -'D . 907
0 4473882 386.6166 - 609.8578 35°3p'3d - Jadp*dd 'D°-'D 907
110 448.729 385.8283 - €38.6796 35°3p'3d - JdpMd ‘D -'D 907
110 449386 386.6166 - 609.1427 35°3p'3d - 3a3p*3d 'D-'D %07
20 450314 386.6166 - 608.6796 35’3p°3d - 3a3p°3d ‘D'-'D 907
10 453183 389.2262 - 6098878 35°3p'3d - Jlp*dd F-'D %07
20 741889 493.6354 - 627.8267 35°3p'3d - Jadp*3d P -'D 907
40 801277 734 6053 - 859.4071 353p"4p - 38°3p°CPs .44 s- ¥ 1-2 907
0 815474 7346053 - 8572345 38 3p4p - W IP'CPL A S-Er 11 %07
S 820239 751 6493 - 873.5655 3s’3p'ap - W' 3p'CP; -)ad ‘P- Y3 2.2 907

s 821788 734 6033 - 856.2922 3s°3p'4p - 3s°3p’CP 4d 's -4t i-0 907
0 836044 745.6311 - 865.1558 3s'3p'4p - 3° 3PP 4d ‘D-Lr  3-3 907
X0 841747 745.3289 - 864.129% 3s%3p'4p - 3 Ip'CP; . Md ‘D-yr 2-2 907
S 844989 7$7.0358 - 875.3805 3 3p'ap - 3°3p°CPT 4d ‘P-4 -o0-% 97
0 348517 754.3789 - 872.2316 3s°3p'ap - 38 3p'Pi 8 P-Yr 1-2 © 97
160 2 043 745 3289 - 861 1984 35'3p’ap - 1°IpCP; 4d 'D- 4T 907
70 865800 748 6293 - 864 1295 3 dp'ap - WIP'CP; ad 'D- 4T . 9m
20 869618 758 5721 - 873.5655 3s°3p'ap - 35°3p’CP7 4d P-4ir 907
220 870980 745.6311 - 8604443 35°3p'4p - 3s°3p°CPS )d ‘D-¥T 907
110 871.29¢ 758 3744 - 873.1461 3s°3p'ap - 3 Ip'CPT Ad ‘D-4ir 907
70 8810312 751 6493 - 865.1558 3s'3p'4p - 3°39'CP% 4d ‘P-4 907
0 920520 758.5721 - 866.5028 3s'3p'ap - 38°3p'CPL 4 P-4 907
I 936492 758.3744 - 365.1558 3 3p'4p - 3°3p°L'Pl 4d ‘D-Yr 907

S 1163516 672 4277 - 758.3744 35°3p°CP s - 35°3p'dp iir-'o 907

T 1163947 8572345 - 943.1491 35°3p'CP G - 357 3p'CP 4 1Hr-14 907

S 1170143 8594071 - 944.8667 3°3p"CPY A - 3533p"CP e Hr-1 907
4 1181920 672.4277 - 757.0358 3WIp'CPT s - 3573p'ep Ir-'p 907
S 1186.561 861.1984 - 9454757 3°3p'CPT A - 353 (P e ir-n 907

S 1189.640 873 1461 - 957.205% W 3p'CP Ad - 3 3p°CPT 4ir -4 907
20 1190.867 860.4443 - 944.4168 3IP'CP 4G - 38°3p°Cri Lr-n 907
70 1193492 865 1558 - 948.9439 3s3p'CPi 44 - 3 3p'CPS 4 ®r-_1l 907
20 1198481 873.5655 - 957.0046 3s'3p"CP; M4 - 38°3p'CPT 40 -1 907
220 1207866 6068 8586 - 751.6493 WIP'CRT s - B3p'p or-p 907
360 1302551 668 8586 - 745.6311 3'3p'C‘Pi ;s - 35 3p'dp “r-'o 907
160 1307.696 668 8586 - 745.3289 353, °CP s - 357 3pep “r-o . 907
20 1312307 672.4277 - 748.6293 3 3p°CPY s - 3s°3p'ap nr-p © oo
220 1319.88S 682.6102 - 758.3744 3Ip'CP s - Wip'ep “r-'o 907
110 1393 366 6826102 - 754.3789 3Ip’CPT s - W iplep r-pe . 907
220 1426644 678.5347 - 748.6293 Wp'(Pi s - 3s'3piep o“r-o 907
40 1448457 682.6102 - 751.6493 33p'CPY s - W'dplep 907

or-e




c-49

CHROMIUM VIl (Cr "), Z = 24

Ground State 18’25™2p"3s3p"(P1,) (17 electrons)
lonization Potential [t 490 000] cm *; [184.7] eV

Muluplet Rel Int. A, (n A) Leveis (m 10' cm ) Configurations Terms J-J Notes Refereaces
102 43 00 -976.08 35°3p’ - Wip('DMd g -°D 1.3 854
10303 00-9720.59 35°3p’ - Wip(‘DpMa g -°P 14 54
103 36 98919 - 977.38 35°3p’ - W ip*(‘D)d g -D = 854
103 48 00 - 966.37 35°3p" - Wip''Pud gr-s 1.4 4
10392 98919 -972.17 353p" - Wip('DMd P -°F L4 854
105 69 00 - M6.16 3°3p’ - Wip'('Pud g -D 1.3 834
106 68 9.8919 - 947.27 3s73p’ - 3°3p'('Pd s -D g 854
200 124184 00 - 805.26 35°3p’ - WIP'('SMs gr-’s i L
100 125728 9.8919 - 80¢ 26 35°3p’ - Wip'('SHs gP-’s IS 82
00 129998 00-76924 35°3p" - Wip'Dis g -D -3 1 }]
600 131638 9.8919 - 769.35 35°3p” - WH('Dis P -D g 82
200 132321 00 -755.74 3°3p’ - WP g -P -4 182
600  133.395 00 - 749.64 35°3p - Wip'U'PMs gP -°P 1.4 182
300 134076 93919 - 755.74 38°3p’ - W ip'('PMs g -°P ot 182
00 134942 00 - 741.06 3373p' - Wip'('PMs s oS 4 -4 12
100 135185 98919 - 749.64 35°3p' - Wip'('P)s &P -P 1.3 182
S0 133892 00- 73583 3°3p’ - Wip'('P)s P - P R e
14307 135.+D - 83347+ D 3s3p%('P)3d - 3 3p('PIf ‘D-°F i-t .
146 37 146 3354+S - 829.535+ S 36°3pY('P)M - W Ip'('P ‘F-G° . 1-1. 5
146 63 142359+ S - 824.347+ S 35'3p°('P)3d - 3 3p*('P)f . F-'G 3.3 . 854
14720 145 +S - 124 M7 +S 333p°('PYM - 3 IpCP ‘F-'G -4 i
147 30 168 + L - 842886+ L 35°3p°('D)3d - DMl G-'H 1M Coase
147 49 146335+ S - 824.347+ S 3573p'('P)3d - M1 (P F-G 1-? ase
201 54 00-496 17 3°3p' - W3pY('D)3d g -‘D 1.3 . 260
00 20501 00-43778 3'3p' - ' ip*('D)Md gP-D 1.3 ' 260,256
400 20565 9.5919 - 496.17 35°3p' - Wip'('D)3d g -'D T | 260,256
00 20707 00 - 48291 35°3p" - WIp('D)3d gP-P . | 260,25
200 208 63 00-47931 3+°3p’ - 3'3p%('D)3d g7 -P 1.4 . 260,256
00 21142 91919 - 432 91 3i3p' - WiP('D)M gP -P Ty . 260,256
00 21303 9.0919 - 479 31 3°3p - W3p'('D)M g -p iy | 26025
0 21667 00 - 461 54 3:73p' - 33p'('D)M gPr-is iy i 260,256
00 223141 98919 - 461 54 3s'3p' - 35'3p('D)3d gP-’s ioby L 260,236
650 413112 0N - 242.065 3%°3p’ - adp* gPr-'s 1.3 | 726
450 430713 98919 - 242.065 33p - halp* gPr-’s bodi | 126
CHROMIUM IX (Cr®"),Z = 24
Ground State 1872872p"38’3p°(’P,) (16 electrons)
lonization Potential (1 688 000) cm '; [209.3) eV
e e - b - T T = [ S b Sy et e e i = S g — ‘Y"‘" - _‘*:' A_T._. Y
Multplet R:L 3nt A (n A) Levels (in 10’ cm ') Configurations Terms .5 Nan References
- e e et 4w —d b -
9433 7.821 - 10679 Wig'- Wip'D'Wd | gP-D | 1-2 | a8t
%17 30284 - 1070.112 Wip'-Wh''D'Md | 'D-'F | 1-3 ‘ 154
96 48 30 284 - 1066.T7} ; Wi -Wih'‘D'Wd = 'D-'D’ ' 2.2 154
9% 55 66 855 - 1102 576 , W' - Wip'dd Los-'P 041 154
9719 0 - 102891 W' WS gP-D | 2-3 054
[ 1-2 ! 154
i

7N 7821 - 1028 54 3s'3p’ - Wp'(°S"Md . s'P-'D’



Multplet Rel Int Ao (m A)

Levehs (m 100 cm )

Configuranons

98 08
117435
¥ 117.942
118 165
119268
119.320

%E

88

119.569
121293
121 781
122720
122964
12322

xBEBEE

12731
12742
127.53
127388
12795
129.77

12999
13108
176.86
180 87
208 53
209.44

21062
21132
21197
215.04
21597
22002

22387
i 327 207
110 363271
t10 407637
110 414.602
i60 418190

70 418925
110 421 037
70 424 146
70 432 A0
1496
185 1634 11

9549 - 1029 14
30.284 - 881.M2
0 - 84787
0 - 84626
7.821 - 846.26
7821 - 34590

9 549 - 845.90
30284 -854.73

0 -82107
66855 - 881 72
7.821 - 82107
9549 - 82107

1028 645 +S - 1814.129- S
1029323 -S - 18141298

1030 -~ S - 1814.129-S

879572 -D - 1661555~ D
880 -~ D - 1661 555 -D

1030 ~L - 1800594 - L

1170 +R - 1939.289 - R
ON00+K -126299 + K
40000+ X - 96542+ X
46000+Y - 101} 80 Y

0 -47957
30.284 - 507 7S

0.-47479
9.549 - 482.76
T821 -419 57

06855 - 531.88
30284 - 493.31
0. - 45451

7821 - 454 51
0. - 305.561

30 284 - 305.56}
0. - 245317

7.821 - 249016
0 -239.068

66 855 - 305.561
7821 - 245317
9549 - 245.317
7821 - 239.068

0 - 66849
7821 - 66.849

Js")p' _ k:lv'(‘s')ld
hilp® - 3TIp'CP s
k:)p. - k:lv‘(:D'“S
hilp® - 3s3p'CD M
Wip' - 3 3p'CD M
W3- 3373p'(CD Ms

33p° - 35°3p'CD M
3s'3p* - 35°3p'CD™Ms
k"lp' - B:JP‘(‘S')‘Q
33p° - KiIpCP Ms
33p* - Ip (S Ms
3 3p* - 38730 (‘S*Ms

3 3IpCDY) - 3 Ip' DMl
3s'3p'(‘D")3d - 37 3p (‘D WS
35°3p'D")13d - 3 3p' ‘D M
3 3p'('ST)3d - I Ip(‘S" MM
35°3p'1*S°)3d - s Ip'('STW
3°3p'CD)3d - 357 3p'C D WS

3°35'CP)3d - 38 Ip P M
35°3p'(CD")3d - 3s*Ip (DS
35°3p'(*S°)3d - I573p'('S"Mp
3°3p'‘D")3d - 35°3p'CD" Mp
}idp' - B3p'*S°)3d
33p* - 3s73p'(D")3d

3s°3p* - 18'3p'(*S°)3d
363p* - 3s°3p'("S°)3d
3s3p* - 3s°3p'(*S°)Md
3°3p* - 3s°3p'(‘D")3d
3s'3p* - 3°3p'(‘D")Md
3s°3p’ - W 3p'CD)M

33p* - 353p'D)3d
3°3p® - Jsl3p’
3a'3p* - Wlp’
353p* - s3p”
33p - Jadp’
}lp’ - h]p'

3si3p° - halp'
hiip' - Bdp
}p - hulp'
353p* - hdp'
k:,PA - h] 3?1
h:spc _ k’}p‘

‘D P
‘D -F
G-

.G
G -'H
‘D . P
G* - F
gP-'D
‘D-F

g'P-'D
gP-'D°
g'P-'D
's-'P
ED - IDO
g'P-'P

gP-'P
gP-'P

'D-'P*
gP-'P
gP-'P
gP-'P

'S -'P”
gP-'P
gP-'P
gP-'P
l‘?- i)
"P- 'y

0-1 854
2-1 181
2.3 181
2-2 181
1-2 i1
-1 181
0-1 181
2.2 181
2.1 181
0-1 181
-1 181
0-1 181
2-3 %4
3-4 854
4 854
3-4 854
4-5 854
S-o %4
4-5 854
4-c 851
4-) 851
S-4 851
2-2 239
2-3 239,256
2-3 239
0-1 239
1-2 239
0-1 239
2-2 239
1-2 239
1-2 239
2-1 72
2-1) N
2-1 726
1-0. 72
2-2 726
0-1: 726
1-1 726
0-1 726

c1-2 726

12-0. F.P 37572

1-0, F | N6

i
t

VY |G W



c-31

CHROMIUM X (Cr*"),Z = 24

Ground State 18?28°2p*3s*3p (‘S51) (15 electrons)
tonization Potential (1 971 000] cm'; [244.4] eV

Multpict Rel. Int. A, (n A) Levels (in 10° cm ) Configurations Terms J-J Nows References
106.49 0 -939.085 35°3p’ - 3 Ip('Pris g's -°P H 54
107.14 0. -933.358 3s°3p’ - WIp('Ps g's -°P 854
107.45 37.106 - 967.84 35°3p’ - 33 3p(‘Dis ‘D*-°‘D H 54
107.70 0 -928.50% 35°3p’ - 35°3p° Py g's -°P H 54
107.80 39.454 - 966.93 35°3p' - I Ip (D ‘D" -°D 54
109.84 39454 -949.78 35°3p’ - WIp('Prs ‘D*-P H 854
110 37 37 106 - 943.30 35°3p' - W CPYs D -p 1.4 54
111.02 67.16) - 967.84 3s73p' - 38°3p (‘DM P -‘D 1.4 854
1116 67163 - 966.93 35°3p’ - 35°3p('Dps ‘P -D 3-3 54
133 67.16) - 949.78 3s73p' - 35 3p'CPys P-iP 3-4 854
11370 63.936 - 943.30 353’ - 3 Ip (' Pis PP L4 854
115.29 7% +D - 1617377-D 3°3p°CP)3 - 35°3pi P ‘F-G- 1-% 854
11678 950 + S - 1806.531-S 35°3p°('D)3d - 35 3pC Dl G-H  i-} 154
117.09 950. +S - 1804.043 - S 35°3p('D)3d - 3s°3p (‘DWW G-H -4 54
21672 39.434 - 500.88 3’ - WIp(P)d D -F 1.4 p3 ]
21888 63.936 - 52052 353’ - Wip'C'P)d P -'D 1.4 239
22042 67.163 - 520.82 35°3p’ - W 3p'('P)3d P -D 1.3 239
22118 67.163 - 519.28 3'Yp - WIpH('P)M P -D -1 29
22386 0 -446.71 35°3p' - ' 3p('P)3d ‘§'S"-‘P .4 p3 ]
22474 0. - 484 96 3s°3p' - WP g's’ -‘P 14 239
22624 0 - 44201 3s°3p' - 38 3p('P)M g's -‘P i-4 239
2142 37.106 - 476.82 35°3p’ - W'3pi('D)3d ‘D*-’D i-3 239
2871 39.454 - 476 68 35°3p' - Wip'('D)Id D*-D 3-4 29
23121 63 936 - 496.4) 3s°3p’ - WD) PP e 239
23296 67163 - 496 43 3s°3p' - I Wp('D)M ‘PP i.4 239
233 80 63.936 - 491 65 }lp - W'D pr-ip $-4 239
247 67 37.106 - 440.87 3s°3p’ - 35°3p'('P)Md ‘D -P 3-4 239
252.64 37.106 - 43292 33p' - WIp('PIM ‘D*-P i P 239
25415 39434 - 43292 3'3p' - WP ‘D" -P i-4 239
0 333038 37 106 - 337.373 35°3p’ - ladp* ‘D - P 4.4 726
s 33749 37.106 - 333 414 3s'3p’ - adp* ‘D -¢P i-3 726
220 340181 39.454 - 333 414 3s°3p’' - adp* ‘D" -°P 3-1 n6
1 351092 63936 - 348 763 Wilp' - dp* pr-is bt 726
@ 355112 67.16) - 348 763 3s'3p’ - ladp* pr-is 1.4 726
0 S5Ti8 63936 - 337373 35'3p’ - ladp* | B 4 e 126
1 37108 6393 - 333414 35°3p’ - Jadp* PP i 726
1 375584 67163 - 333414 3s'3p - hadp* P -P 6
3o 395984 37 106 - 289 639 353p - Jsdp* ‘D -'D 76
450 398 1%0 39454 - 290 614 Jilp - hadpt D’ -‘D i-4 26
@ 39707 39 454 - 289 639 3'3p - hdpt ‘D -D e 126
M 411688 0 -242922 3si3p' - udp* §'s -°P it 726
110 416690 0 - 239987 Jlp - Jadp* g's -°P 1.2 126
200 427 4%) 0 - 233 8% 3e-3p' - Jedp* g's -P 26
| 443062 63936 - 289 639 3s'3p - hadp* P .'D 126
20 447529 67 143 - 290 614 3dp - dp* P-D 726
O 148904 0 -8671574 Iip - Wip' g's - ‘P i-4 F 940
1564 10 0 - 639343 3¢ip - W dp! s - i F




Cc-82

CHROMIUM XI(Cr™-),Z = 24
Ground State 1372372p*38°3p*(’P,) (14 elsctrons)
tonization Potential [2 184 000] cm '; [270.8] eV

Mauluplet Rel Int. A, (m A)

Levels (n 10°'cm ) Configurahons Terms J -} Notes References

8102 0. - 12343 3s°3p° - 3s°3pad gP-D° 0-1 970
8118 11980 - 12438 35°3p - 357 3pad gP-'F 2.3 970
5123 $.536 - 1236.6 3s°3p’ - 3s°3pad gP-'D° 1-2 970
8139 $536-12343 33p° - Jaipad gP-'D"  1-1 970
8155 11.990 - 12382 35°3p° - 3s°Ipad gP-'D" 2.3 0
8205 Jo 994 - 12558 35°3p - 3s°3pad 'D-'F . 2-3 0
8331 749863 - 12753 3 3p - Is°3pad S-PF 0-1 0
98 47 5 $36 - 1021.058 3573p° - 35" 3pls s'P-'P 1-2 854
9894 0 - 1010713 35°3p° - Js7Iphs gP-'P 0-1 854
99 10 11.980 - 1021.058 35°3p° - 3s°3pas g'P-'P 2-12 854
9913 306.570 - 13154 3s3p’ - W 3pio D -'F - 90
99.48 5.536 - 1010.713 35°3p - 357 3phs gP-P 17}
9.67 5.536 - 1008.796 3 3p - 357 3pas gP-P 1-0 85¢
10009 306.570 - 1305.7 hlp' - IS dpal 'D-'G | 2-3 970
100.13 13.9%0 - 1010713 35°3p° - 397 3pas gP-P  2-1 17}
100.90 36.994 - 1028.067 35°3p - 35°3pas ‘D-P . 2-1 17}
105 26 3840+D- 133403 +D 35°3p3d - 357 3paf -G 4-8 0
105.65 37185+ D-132502+D 35°3p3d - 3+°3paf F-G 3-a 0
115.13 478.99 - 13472 357 3p3d - 35 paf ‘F-'G | 3-4, (2]
nw.n 490.35 - 1344.1 35’3p3d - 3s°Ipaf 'P-'D ;1-2, (2]
226.45 36.994-478.59 35°3p° - 3’3pid '‘D-'F ' 2-3; © 219
230.29 0.-434.2¢ 3s'3p° - 35%3p)d sP-'D°  0-1; , 239
3218 5.536 - 436.21 3'3p° - 35%3pMd gP-D" i 1-2 L9
233.26 5.536 - 434.24 3s'3p’ - 38°3p3d sP-'D° ‘1-1 S 239

: ‘ .
23503 0.-425.48 3s'3p’ - 35°3p)d g'P-'P ‘ c-1: 239
23553 11.980 - 436.55 3s°3p° - 35%3p)d  8'P-'D" 2.3 139
23874 11.990 - 436.2) 3s°3p’ - 35°3p)d . gP-D"  2-2, ;239
23724 $.536 - 427.09 3s'3p’ - 35°3p3d - g'P-'D” 1 1-2i P9
240.76 74.996) - 490.35 3s°3p’ - 1a*3pld 'SP 1 0-1) 129
S 7TR 3 5.536-418.98 3s°3p’ - 38’3pid (PP -2 1239

‘ ! | ‘
© 24570 11.980 - 418.93 3s°3p’ - 35%3p)d i gP-'P 2-2. 1239
256.32 36.994 - 42109 W3p' - Wipld | 'D-'D* | 2-2 239
I 2805M 0.- 356.424 3s'3pi - hadp’ g'P-'S" {0-1 )
20 . 284988 5536 - 356.424 3s%3p° - 3s3p' . g'P-'s" | 1-1 I 726
40  290.32) 11.980 - 356.424 3s'3p° - 3s3p' g'P-'s" 2.1 .77
0 29809 36.994 - 372.498 3Wp - Ndp' 'D-'P ; 2.1 6
336 121 749863 - 372.498 3s3p: - Js3p’ S-P° . 0-1 C 126
S - 339.446 11.980 - 306.570 ‘ 3°3pi - leip’ gP-'D° 2-2 © 16
" 359203 0.-278 394 Wip' - Wlp’ gP-P  0-1 126
€0 366085 5.536 - 278.698 : 3i3p’ - Jsdp’ gP-P " 1-2 ©o12
5 ' 366491 5536-278.394 33p’ - Jsdp' gP-'P 1-1. 726
S | 366942 5536 - £78.059 Wip - halp' gP-P | 1-0 | 726

| . . I
0 @ IN959 36 994 - 306.570 Wip - sdp' 'D-'D° 21-2 bore
7 34921 11 980 - 278.698 Wip - ' gP-'P 2-2 | 726
375.362 11.980 - 278.394 Wip’ - Wip' gP-P  2-1 726
S 412629 0 - 242346 3'3p’ - Mdp’ gP-'D 0-1 " 726
20 422083 5.536 - 242.456 Wip' - Wip' g'P-'D° 1-2 © 16
s 422 $.536 - 242 346 Wip' - dp' gP-'D° -1 . M6
20 431154 11980 - 243 9j6 3s°3p’ - Js3p’ gP-D 2.3 726

0 143985 5.536 - 74 9063 Widp - 3s'dp g'P-'S 1-0 F ' Tlosd
2.0

1587 1 11.9%0 - 74 9863 Wip Wip gP-'s F.P ' 37572

. .



CHROMIUM XN (Cr''"), 2 = 24

C-63

Ground State 15'28%2p*3s’3p(’P;,;) (13 electrons)
lonization Potential (2 404 000] cm~'; (296.0] eV

- = ‘ =
Muluplet Rel. Int. A.. (i A) Leveks (in 10 cm ) Coafigurations Terms !J-J;Naa References
200 75815 0. - 1319.00 Wp - Is'ad gr-D . -3 ! 180
300 76.488 12261 - 1319.65 35°3p - Jsed P -D 1. {190
90.86 200.00 - W - 1300.6+ W 3sdp® - hiphs L B S PN 124l
96.11 12000+ X - 2240.5+ X 353p3d - Isdpaf F-G ¥ " 2a1
9635 11700+Z - 22079+ Z 3s3p3d - Jedp¥f F-G i [ 241
96.50 11800+Y - 2216.34+Y 3s3p3d - 3s3paf F-G  i-? b
!
101.39 408,66 - 139495 Yi3d - 3siaf L D-F i 241
10146 AR - 139545 W3d- W CD-F G i m
24470 0. - 408 .66 Wip-Wid ‘£ -D -4 P29
25192 12261 - 409.84 Wilp- Wi gr-D - i3 i 29
29227 12261 - 408.66 3.p- Wi sPF-D [ {1 p | 267
29477 0 - 33925 35°3p - Wdp? s ab NI ;239
' i |
300,08 0.-33324 3dp - Wdp’ EF-P LAt P 28t
305.81 12.261 - 33925 37p - Jalp? ‘ger-r i i 239
31188 12261 - 333.24 353p - hedp? s 2 JENM | 239
31889 0 -31358 3dp - Jdp? gr-s (i P e
32020 188.84 W - SO1 IS + W Wip - Jp -5 | i) : 9
32513 193.58+W - 501 1S+ W 33p° - Ip' A e YR P ; 239
. i
EEYX 1) 12.261 - 31358 3a'lp - Wip? gr-s i-{' P2
33206 20000 + W - 50115+ W 3dp’ - 3p’ . P-t8 3 l 239
393.00 0. - 25445 3°3p - Wdp? £F-D | -} I 29
41091 12261 - 255.62 3a3p - Wdp’ ‘§FF-D 1.3 P 239
4129 12.26) - 254.45 35'3p - Bedp° gF-D . i-1 P 299
—— " i )
CHROMIUM Xili (Cr'?-), 2 = 24
Ground State 1528?2p*36’('S,) (12 electrons)
ionization Potential (2 862 000) cm '; (354.8] oV
Mulupiet Rel Int A.. (n A) Levels in 10'cm ') Configurations Terms J-J 'Notes' References
e . S O S S S
09 00 - 244380 3 - Wlp g§S-'P o-1- 831
4378 00 - 2285 70 W - ebp gS-'P o0-1 851
472 20345 - 2319.43 Jadp - hd P-'D  o0-1 831
4734 20738 - 231978 ¥ip - dsbd ‘P -'D 1-2 851
475 21657 - 2319 %7 hip - hed P-D 2-3 851
4903 21657 - 2256 17 Jsdp - Jsbn 'P-'s 2-1- 851
4559 00 - 2016 50 3 - deSp gs-'F 0-1 8s1
5302 59008 - 2476 I8 33 - W 'D-'F 3-4 831
$339 203 43 - 2076 43 33p - 3s5d '-'D  0-1 851
0 53506 207 38 - 2076 33 Jlp - 3s8d 'P-'D 1-2° 180
100 $3 765 21657 - 076 52 Jadp - sd P-'D  2-3 180
5637 304 61 - 2078 61 Jdp - asd 'P-'D 1-2 831
369 207 3% - 1963 00 Wip - Jass P-S -1 851
T S0 08 - 233708 }3d - Jeof '‘D-F Y-4 881
6504 21657 - 175407 Jsdp - Jpép P-'S 2-1 AS1
6313 21657 - 178197 Jip - Jpep ‘P-P 2-2 851
6319 21657 174587 Jsdp - dpdp P-'D 2-3 8s1
50 83968 S900R 2108 97 J3d - Sf 'D-F 3-s 180




Muluplet Ref Int. A (m A) Levels (in 10° cm ) Configuratioas Ternxs J-J Notes References

200 66.983 00-149292 3 - Inkp gS-'F  0-1) 1%

10 0792 203.45 - 1616.08 3s3p - 3s4d '-'D 0-1 1%0

W 0973 20738 - 161637 h3p - Jead P-D -2 1%

300 71398 21657 - 161717 3s3p - 3ad ‘P-D 2-3 190

S0 71435 216.57 - 1616.37 33p - sad 'P”-'D 2-2 1%0

71.86 49921 - 189081 3p - dpad P-P 2.2 151

7213 483.15 - 1869.55 3p - Ipad D-'F 2-3 851

127 482.14 - 1365 84 3p - dpad P-'D" - 0-1 B 11

7257 488.22 - 1866.22 3p° - Jpad P-'D° 1-2. 51

7288 49921 - 187131 3p - Jpad P-'D" | 2-3 851

7331 483.15 - 184728 3p - pad D-F - 2-3 851

7617 304.6] - 1617.46 33p - Jead P -'D 1-2 354

0 483.15 - 1690.71 3p’ - 3l D 'F [ 12-3 154

%0 84616 203.45 - 1385.26 33p - 3u4s ‘- 0-1 . 100

200 84898 207.38 - 1385.26 Nlp - Ids ) 0 TN P ¥ 1%

00 85366 216.57 - 1385.26 B3p - Jeds oS 21, . 190

86.78 499.21 - 1651.51 3p’ - Ipks P-P o 2-2! i ]

89.99 $18.89 - 193009 Ipid - 3paf -G . 4-5 . 4

90.02 205.20 - 1916.06 3p3d - Ipaf PG 2-3 | 241

w017 $11.53 - 192083 3p3d - Ipaf FF-G 13-4 {241

%0383 $24.54 4+ K - 1925.24 4K 3p3d - IpAf DT-F - 2-3 | 241

9130 304.61 - 1399.91 383p - Inas B 1]

S 200 91749 . 588.56 - 1678.49 33d - Jeaf S D-F 1.2 ;180

00 91792 $89.19 - 1678.61 }3d - 3l . 'D-'F i1-3 10

400 91855 $90.08 - 1678.75 : 383d - Juf ' D-F l3-s 190

9201 85211 +R-1938914+R 3p3d - Jp#f P P-'C lo-1 4

92.16 85381 +R - 193891 +R | 3p3d - 3pAf ,'P-D - 241

9237 8574+ R-193994+R Ip3d - IpAf ip-D | 2-2! 1

92.6; $60.99 - 1940.79 i 3pid - dpaf i'D-'D | 3-3 %1

"4 $60.99 - 1931.42 | 3p3d - 3p4f m D -'F [ 3-4 241

9%.36 82000 +L - 185240+L | Ip3d - Ipaf F'F-'G 13-4 7]

9118 662.24 - 1690.71 ", 33d - Jedf P D-F | 2-3 54

. 248.66 483.15 - 885.30 ” 3’ - pMd | 'D-'" | 2-1| P | 375

25968 203.45 - 588.56 _ Bip-hid "Pp 0.1 854

6191 207.38 - 589.19 33p - B3d CP-'D t-2 54

260233 207.38 - 588.56 J3p - Js3d m '-'D P-1 854

20173 . 216.57 - 590.08 3dp - I3 PP-D |2-3 854

27641 499.21 - 36099 M 3p’ - 3p3d CP-'DT 230 P |2

M3 499.21 - 857.21 3p-3p3d PP [ 2-2 854

; M6 304.61 - 662.24 Mo - 3 CP-'D 12| P | 14

: 316.60 $69.44 - 885.30 A, Ip' - 3pMd C'S-'P jo-1] Pl 2%
.10 3y 0.0 - 304.61 ; W - hip . 88-'F L 0-1 | 270,437

; , , | Lo

! M2 207.38 - 49921 | B3p - Ip! PP (-2 _ 7

se 203.45 - 488.22 W 33p - Ip? PP j0-1 P20

381 216.57 - 49921 ! B3p - Ip! L R T

. 35607 207.38 - 488.22 | Wip - 2p PP -] P20

196 20738 -48214 ; ip - Ip I R I Y ) ;20

36812 21657 - 488.22 | Jdp - 3p* C'P P 2.1 P20

36913 590.08 - $60.99 , }3d - IpMd C'D-'D 3.3 251

.60 304.61 - 569.44 , Wip - 3p’ N 1-0. 7}

41705 590.08 - 818 89 }3d - IpMd . D-F s 251

44811 662.24 - 385 30 ” 3s3d - Ip3d 'D-'P 1 2-1° P I8

44976 589.19 - 811.53 , W3 - Ip3d , 'D-'F 23, 242

461.60 588 %6 - 80%.20 , h3d - Ipid CD-F 12 251



Multiplet Rl Int A _ im0 A)

Levels (m 10 cm ) Configurations Teran J-J Notes References
a2 " 00-20738 3 - 3s3p gS-'P  0-1 1
se0 11 304 61 - 483 1% 3s3p - 3p° oD 1-1 P 84

CHROMIUM XIV (Cr*° ), Z = 24
Ground State 15°2872p*3s(’S,,)) (11 electrons)

lonization Potential 3 098 500 cm '; 384.17 ¢V

Muluplet Rel Int A _ 6 A) Levels (m 10 ¢cm ) Counfigurations Terms

21467 0 - 46383 2p"3s - 2p' %’ gsS- P

2170 0 -4%93% 2p"h-2p'N gS-P

0 15 450 0 - 282087 2p"% - 2p9p gS-P

2 36 460 0 - 2742280 2p°)s - 2p°8p g'sS-P

3 38 036 0 - 2629088 2p"3s - 2p™p g8S-F

0 18 679 242 724 - 2828 10% 2p"3p - 2p™ ‘P -D
o 18 399 2% 539 - 2827 293 2p*3p - 2p™9d P -D s
I 39 796 242 724 - 2735539 2p"3p - 2p"8d P -D 1s
2 40018 256 535 - 2755410 2p"3p - 2p°8d ‘P -‘D s
7 40782 0 - 2452002 2p°3s - 2p°ep gS-P s
10 40 300 0 - 2450980 2p" 3 - 2p%p gS- P 18
2 4155 242724 - 2049 115 2p°3p - 2p"1d P -D 118
2 41 788 256 5395 - 2049 Seb 2p"3p - 2p™d P-D 113
42453 250 535 - 2612081 20" 0 - 2p™ P-s s
3 & 597 242 724 - 2485027 2p"3p - 2p°6d ‘P -'D 1ns
) 44 869 250 535 - 2485 245 2p°3p - 2p°6d P-D 18
1] 45438 242 724 - 2424 510 2p"3p - 2p"6n P-S 1s
1 46039 589 568 - 2761 639 2p°3d - 2p°8f ‘D-F s
] 4125 256 535 - 2424510 2p"3p - 2p°tn P-S H s
L 46 408 0 - 2152018 2p"3 - 2p°Sp gs- P b4 118
12 46527 0 - 214%289 2p"3 - 2p°5p g's- P Lo 118
2 48 ¥x) SR7 B67 - 2658 260 2p°3 - 2p°7( ‘D-F° 1.3 118
3 48338 589 SoR - 2658 333 2p°3d - 29 ‘D-F : s
A SO R 242 724 - 2210414 2p"3p - 2p*Sd P -D 18
) $1172 256 535 - 2210728 2p"3p - 2p°Sd P -D 18
2 2121 SRT 867 2499 145 2p"3d - 2p°of D-°F 18
] $2 383 $89 568 - 2499 313 2p°3d - 2p°6f ‘D-F° 18
2 $17e0 242714 - 2102811 2p"3p - 2p°Se P-S Pt s
20 54 164 256 535 - 2102 811 2p°3p - 2p™Ss ‘P-S 1ot 18
[ o) 699 SAT R6T 223525 2p°3d - 2p°S( ‘D-F s
10 o) 756 89 568 - 2235 28 1p"3d - 2p°S( ‘D -F° H s
b 63324 0 - 1579180 2p" W - 2p%p gs P 18
o 63539 0 - 157383 2p" 3 - 2p4p s - P 18
4 o4 03 SA9 564 - 2152018 2p"3d - 2p*Sp ‘D- P s
10 68 594 242724 - 1700 577 2p*3p - 2p"4d ‘P -D s
0 9213 256 535 - 1701 350 2p*3p - 2p°d PP 18
1n #9247 156 535 - 1700377 2p*3p - 2p°4d P -'D i 11}
2 “n9le 241724 1478517 2p"3p - 2p"4s ‘P.S ot s
0 LIRRE] 156 §33 - 1478 517 2p"3p - 2p"4s P s LR 118
27 #6057 SAT 867 - 1749 AR7 2p°3d - 2p%4( ‘D-F° S 118
b1 26 164 SR9 SO - 1750 143 1p"3d - 2p°4f D F IR 18
0 10108 $89 568 1579 180 2"V - 2p°4p D P e s



CR XIV — Contmecd
Multiplet Rel. Int. A (in A) Levels (m 10'cm ') Configurations Terms J-J Notes References
12 10142 $87.867 - 1573836 p*3d - 2p°4p ‘D-P s
10 18702 1700.577 - 2235.25 2p'ed - 2p'S ‘D-F 1091
10 18730 1701 350 - 2235 28 p°4d - 2p°St ‘D-F 1091
30  2089! 1749.887 - 223791 2p°af - 2p*sg F-G 1091
30 20501 1750 145 - 223792 Ip*af - 2p™Sg F -G 1091
0 29738 242724 - 587867 p~3p - 2p°3d P -D 118,437
300 271 150.535 - 589.508 p*lp - 2p*3d P -D ns
301 814 256 535 - $87.867 2p°3p - 2p°Md P -D I ns
250 38981 0 - 25653 2p°3s - 2p"3p S-P ios 270437
200 4119 0 -242724 2p*3s - 2p"3p g’s-P tod 270437
CHROMIUM XV (Cr'“"), Z = 24
Ground State 15?28’2p"('S,) (10 electrons)
fonization Potential 8 151 000 cm '; 1010.6 ¢V
Mulupiet Rel Int. A, (in A) Levels (in 10°cm ') Configurations Terms J-J Notes Referewces
10 13.29 00- 75222 2°2p" - 25°2p°CP; . ¥ed gS-4T o0-1 716
10 13.416 00- 74538 2°2p" - 23°2p°CP ed gS-1r o-1 7106
20 13.862 00- 72140 2°2p* - 25°2p°C'P; 1)5d gS-4ir o-1 716
20 13991 00- 71474 2°2p" - 25°2p°(°P" 1)5d gS-4r o0-1 e
10 15 509 00- 64479 2°2p" - 25°2p (M gS-'F 0-1 76
0 15788 00- 63339 21°2p" - 2s°2p" (P s gsS-P  0-1 716
100 16.889 00-59210 23°2p* - 22p"C'S)3p gs-'P  o0-1 Tie
S0 16971 00-58%4$ 2°2p" - 2s2p"CS)Ip gs-P o0-1 716
400 18 497 0.0 - $4006.3 2°2p" - 25°2p°C°P; :)3d gs-4r o-1 766
200 18782 00- 532422 2°2p" - 26°2p°CP1 )34 gS-1r "o0-1 " 766
sC 19013 00- 52590 25°2p" - 25°2p"CP: )3 gs-Ir o-1 766
W00 20803 00-479)2 52 - 2°2°CPT )3 g'S-CYy o 0-1 | 766
300 21183 00- 472758 23°2p" - 28°2p"CP7 1)3s gs-dhy o-1 L 766
2213 00-47141 2°2p° - 28'29°CP: )M gsS-4r i0-2: F . un
5288 52690 +C- 71601 +F 26'2p°(P*)3 - 25°2p°CP: )Sf F-qT ' 4-5 P . 1058
58.02 47141 - 64376 25°2p°CP; )3 - 25°2p°CP Mp r°r-o j2-3; | 1058
$8 20 47932- 65114 27°p'CP % - 229 Mp D -P - 1088
62375 49610 +C - 65662 +C 252p'CP )3p - 25°2p°C P )4d P-'D" | 1-2 1 I 39s
62 481 49461 +C- 65466+ C 262p'CP )3p - 25°2p P )d 'D-'D ! 1-3. 395
62 837 49541 +C- 65455+ C 262p'C P )3p - 25°2p P )ad D-'F 3-8 398
62 951 S0409 +C- 66294 +C 23°2p°CP} )3p - 26°2p (P d P-'F* 1-2 . 395
63 055 50429 +C - 66288 +C 282p'CP)3p - 25°2p" (P )4d 'D-'F 1 2-3 395
63 31 49746 +C- 65541 +C 2pCP )3p - 2'2p (P d P-F 2.3 P . 198
74.70 $2550+C-65937+C 262p'CP)3d - 28°2p°C P 0 -4 2-2 ! 1085
: I
7497 52690 +C - 66029 + C 26°2p"CP)Md - 28°2p'CP7 40 V2% | PSS i 1088
75258 53121+C-0664104+C 1'2p'(°P*)3d - 23°2p°CP; )40 F-q 243, i 1088
7529 $2743 + C - 66025 + C 26°2p°(CP*)34 - 23°2p'('P% M ‘- 3-8 I 1035
75 4 $3605+C- 066881 +C 262p°CP)3d - 262p°CP 4 LR (I B N I 1088
7573 $3605 +C - 66810~ C 262p°CP)3d - 26°2p'('P; 0 S 2R ¢ I Y | 1088
76 14 52924 +C- 66058 +C 22 . P73 - 26°2p"C P A ‘D -4 3-4 1058




c-87

CHROMIUM XVI (Cr***), Z = 24
Ground State 18?282p"(P}2) ( 9 electrons)
lonization Potentisl (8 850 000] cm *; [1097) eV

' P
Multipict Rel Iat. A, (n A) Levels (in 10' cm ') Configurations ! Terms | J-J Notes; References
3 1358 00-73921 22 - 252p(DWd g -S| i) " tos9
10 135% 00-7376.8 22 -12pUSHd gP-D | -3 T
10 13953 00 - 7166.9 2°2p" - 2°2p*('PWd ‘gP-P $-4 i1
10 14039 00-71230 262" -25°2p(PHd  gP-D | -1 Q | e
1429 00 - 6997.9 2°2p° - 25°2p*('P)Ad ‘P -P i3 P g 716
14.47 00-69108 28°2p" - 25°2p('SMs ‘FPr-’s 1.4 T8
W0 17073 00- 58572 2°2p' - 25°2pX'S)H¥ gD - | 350
s 1724 70.690 - S87.7 272 - 202p'S)dd g -D  i-d | osso
80 17370 00- 57571 25°2p" - 25°2p'('D)3d ‘P -°D i1 1 850
0 17438 00- 57346 25°2p - 25°2p('DYM gP-s | -t i 850
30 17514 70.890 - 5780.6 25°2p’ - 25°2p"'D)3d gD i) | 850
20 17.589 70 890 - 5756.2 23°2p' - 25°2pY('D)3d P -P = } i 850
O 17603 00- 56808 26°2p" - 2 2p'('P)3M ¢P-D -} i! {350
20 17633 00 - 56712 2°2p" - 25°2p%'P)M PPl i 850
0 1767 00 - 56590 26°2p* - 25°2p' (P} g -F 13 i 8%
20 17704 0.0 - 5648.5 26°2p" - 25'2p'('P)Md gP-D | i} | 830
30 17.730 00 - 5640.2 2s°2p' - 2s°2p*('P)3d g'P-'P i- | 8%0
0 17785 00-5622.7 25°2p' - 25°2p'('P)3d P -F il i ss0
20 17.793 00 - 5203 2s°2p° - 26°2p%('PY)3d g7 -'P 1 123 I 850
20 17833 00 - 5607.7 25°2p' - 25°2p°('P)M gP-p it ! 850
20 17836 70890 - 56712 262" - 15°2p°(' P g -P 1-4 ‘ 850
20 17931 70.890 - 56485 23'2p - 25°2p%'P)3d g’P -‘D 13 i 350
30 17993 70.890 - $628.6 25°2p" - 22°2p'('P)3d gP-P -4 . 8%
20 18017 70.890 - 5620 3 2s°2p" - 2¢'2p*('P)3d gP-'P -1 850
300 18778 00-193253 25°2p" - 25°2p°('S)3s gP-’S 14 850
80 19038 70890 - 53253 26°2p" - 25°2p%('S)3s gP-s [ 850
150 19 255 00-5193.5 25°2p - 23'2p%('D)3s gP-'D -} 850
60 19 442 00-5143 5 26°2p" - 25°29%('P)3s g’P-P -4, 850
100 19511 70 890 - 5196 2 25°2p" - 25°2p%('D)3s gP-'D i} i 850
100 19538 00-51182 25°2p" - 25°2p°('P)3s gP P 2 | 850
200 19714 70890 - 5143 8 2°2p - 25°2p'('P) s gP-‘P id 850
100 19807 00-50487 23'2p' - 2¢'2p'(P)}s gP -'P -3 850
10 19847 70.890 - 5109 4 22p' - 25'2p"('P)}s gP-P R 830
o0 19921 937829 - 5950 3 2:2p* - 2s2p'('P")3s T SN B . 850
0 19995 TR0 - 072 4 252p" - 26°2p°C'P)3s gP -P 1o © 850
00 106629 00 - 937829 232p - 22p° gP-'s b P 11041091
%0 115348 70890 - 937 829 22" - 1h2p" gP-'s b0 P 11041091
14106 00 - 70890 %2p' - 23'2p" gP-gP -4 FP ’ 1137
CHROMIUM XVII (Cr'*), Z = 24
Ground State 1872872p(*P,) ( 8 electrons)
lonization Potentisi (8 560 000] cm '; (1185] eV
. . . . . . . .
Mulnplet Rel Int A, (n A) Levels (in 10°cm ) Configurations Terms J - J Notes, References
. . » . * 1 3 ’
30 16221 00 - 6164 8 262p* - 20°2p'('P*)3d gP-D 1.3 Loam
0 16 249 6 3TR 6214 6 2v'2p' - 24'2p'('P*)3d g'P-'D* 1-2 877
71} 163t SH 146 - 6189 4 2v2p' - H'2p'(°P")3d gr-D° 0-1. . m
%) 16455 06 753 2vi2p' - 16°2p'('D* )} gP D 2.1 T
10 1664 o 178 000 2p' W2p'UD")Md gP D 1-2 M
40) 16675 26300 62603 1v'2p - W2p CP°)M 'S 'P 01 P 947



c-88

CR XVN — Costinued

T T T
um{u.mfs..(hk)ﬁ Levels (in 10° cm ) { Configurations * Tems u.J,Naa References
: i | { i l
[ 10 166% 135.10- 61246 : 22p'-29\DBd | 'D-'F 12-31 |
i 16.773 135.10 - 6096.0 i W2 -262pXD) | 'D-'D° f2-20 P ! M
10 . 16811 0.0 - 5948.5 i 25°2p* - 25°2pX("'S°)3d gP-'D° | 2-3. L m
150 17.957 00- 55689 ‘ 2°2p* - 25° 9D gP-'D  2-3! . 865
SO 17968 135.10- 57010 W'2p* - 22PN 'D-'P 2-11 i 86%
150 18.020 0.0- 55493 372 - 229D gP-'D" 2-2. | 865
50 18.219 60.378 - 5549.3 25°2p* - 2°2p'(D°)3s gP-'D°  1-2 . 863
00  18.3% 00 - 34539 25°2p" - 25°2p°('S")3s gP-'s" 2-1: ! 868
50 18.389 263.00 - 5701.0 25°2p° - 25°2p'CP")3s S-'P 0-1! © 865
18.52 00-53994+K 26°2p* - 2572pX'S")3s gP-'S" 2-20 P | 680
150 18.531 60.378 - 54539 25°2p* - 25°2p’('S")3e gP-'s*  1-1] | 863
187 60.378 - 53994+ K 25°2p" - 26°2p'("S")3s gP- 1-2) P e
150 8957 00- 111642 26°2p* - 252p’ gP-' 2.1 : 1091
10 9449 58.146 - 1116.42 25°2p* - 2a2p’ gP-'P [ 0-1: ' 1091
4 %469 60.378 - 1116.42 25°2p* - 2a2p’ gP-'P  1-1 ' 1091
o 90 858.15 - 1886.95 2e2p' - 2p* P-'s . 1-0! L1091
250  103.91 135.10- 111642 25°2p* - 252p’ D-'P 2-1 | 1091
250 11653 00-858.15 25°2p° - 252p’ gP-'F 2-1! P19t
1o 17.20 263.00 - 111642 25°2p* - 252p° 'S-'P*  0-1 L1091
200 12084 60.378 - 887.92 25°2p* - 2a2p’ gP-'P 1-0! i 1091
315 12291 00-313.60 2s'2p° - 2a2p’ gP-'PP 2.2 i 1091
150 125.00 $8.146 - 858.1% 25°2p* - 262p° gP-'P 0-1. 1091
00 12538 60.378 - 858.15 26°2p* - 252p' gP-P  1-1 L1091
200 12978 1116.42 - 1886.95 22p' - 2p* P-'S 1-0! L1091
20 1327 60.378 - 813.60 25°2p° - 232p' gP-'P  1-2. © 1091
100 14740 13510 - 813.60 25°2p° - 202p° 'D-'P 2-2. . 1091
3802 0.0 - 263.00 25°2p* - 2¢°2p" gP-'s 2-0 FP . 3751091
4938 60.378 - 263.00 25°2p* - 25°2p* gP-'s 1-0/ F | 1120
740.8 00-135.10 25°2p' - 28°2p* gP-'D 2-2, F | H20
7819 135.10 - 263.00 25°2p" - 26°2p’ 'D-'S . 2-0' FP ! 3751091
1299. 58.146 - 135.10 25°2p* - 24°2p° gP-'D . 0-2/ FP | 3751091
1338 60.378 - 135.10 2s°2p* - 28°2p" gP-'D | 1-2i FP : 3751091
1636.3 0.0- 60.373 25°2p* - 24°2p° gP-gP 2-1' F ' 1120
17120. 00- 58.146 25°2p* - 28°2p* gP-gP 2-0! FP: 1751091
CHROMIUM XVII (Cr'"), Z = 24
Ground State 18°28°2p%('S3,;) ( 7 slectrons)
lonization Potential [10 480 000] cm °*; [1299] eV
Mulupiet Rel Int A, (in A) Levels in 10' cm ") Configurations Terms J.J Notes  References
15.30) 126.040 - 65772+ F W2p - 26°2p°('D)3}d ‘D' -F 877
15512 00- 64466+ F 202p' - 26 2p°(P)3 'S -°P m
10 1552 00- 64433 2°2p' - 28°2p°('P)3d §'s ‘P 877
15.5% 150.776 - 6581.7+ F 2:2p' - 24°2p('D)Md ‘D - P 877
20 15 587 150.776 - 6564 7 2 2p - 62p('D)M ‘DT -F 716,877
15.835 150.776 - 64660 + F 26°2p' - 2¢°2p°('P)M ‘D -°F 177
16.292 264482 - 64025 + F 22p' - 26°2p°('P)3d PP ibop o 8m
50 90.63 00110338 2°2p' - 282p° g's’ - ‘P 14 1091
10 91 3o 667 56 - 173869 2a2p* - 2p' PP - 1091
4 u4 16 00 - 106104 W'2p' - 1a2p* PR i 1094
150 95 77 126.040 - 117020 2'2p" - 282p° ‘D .p 1o 191
15 10232 126040 - 1103 33 W2p' 22p* ‘D - P 1 1091




Muitiplet Ret Int A | (n A)

Muluplet Rel Int A . (n A)

.

10
150
in
378
110

300
110
200

80
250

1
3}
110

10498

10592
10684
10817
11041
1

1139
11921
11962
12256
12387
12538

12551
12810
13652
13987
140 82
14333

14779
14980
14994
15546
15740
378.10

442 34
66324
212
7931}

87940
999 72

1328

14 802
14809
14836
14925
15027
{5180

15251
15301
1594
9562
95 A8
104 18

Levels (in 10 ¢cm )

2

150 776 - 1103 35

2

26.068 - 1170 20
26.040 - 1062.04
0C -92277
64,482 - 1170.20
92277 - 1813 47

2260068 - 1103.35

2

64 482 - 1103.35

226.0068 - 1062 04

92277 - 1738.69
93141 - 1738.69

264 482 - 106204

2
1
2

1
!

1
1

26.040 - 922.77
50776 - 931.4)
00- 73249
00 - 71493
10335 - 1813.47
26.068 - 92277

062.04 - 1738.69
00 - 667.56
64.482 - 931 41
170.20 - 1813 47
10335 - 1738 69
00 - 204 482

00 - 226 068
00-1%077
26.040 - 264 482
00 - 12¢.040
50 776 - 264 482
26 040 - 226 068

50 776 - 226.068

Levelhn 10 cm ')

47806 - 68035+ B
82453 - 68350+ B
B2453 - 6R2254+ B
84596 - 6RBS 7+ B
82453 -67371.+B
29887 - 6RE5 7+ B

R4 59 67422+B
68683 - 7222 3+ F
R245) 676
4441 14507}

47 806 - 1080 68

c-59

CR XVIll — Continued

Configurations Terms J-1 Notes Referemces
2572p° - 252p° o 1091
2572p° - 2s2p* e 1091
25°2p' - 282p* ‘D -'S 1091
2572p’ - 252p* g's" - ‘D 1091
25°2p" - 22p° PP id 1091
2s2p* - 2p° ‘D-P -4 1091
25°2p° - 2a2p° PP 1091
25°2p° - 262p° PP ioi 1091
2s'2p' - 2s2p° P-S ) 1091
242p* - 2p° ‘D-P 1091
22p* - 2p° ‘D-pr * 1091
2572p' - 252p° o il 1091
2372p" - a2p* L1091
2s°2p' - 2s2p* 1091
252" - 252p° L1091
2572p" - 242p* ' 1091
2s2p* - 2p° | 1091
25°2p’ - 262p* L 109
2:2p* - 2p° L1091
24°2p' - 252p* 1091
2s°2p' - 2s2p° 1091
2s2p* - 2p° 1091
22p* - 2p° 1091
22p' - 25°2p' . 375,1091
2°2p' - 23°2p' . 3751091
232 - 28°2p° 375,1091
24°2p' - 25°2p° . 375,1091
26°2p' - 24°2p 1]
252’ - 23°2p 375.1091
232 - 232’ 75,1091
272! - I2p’ ‘D*-P* -1 FP O 3751091
CHROMIUM XIX (Cr'*'), Z = 24
Ground State 18%2872p’(°P,) ( 6 electrons)
ionization Potential (11 260 000] cm °'; [1396] eV
Caonfigurations Terms J-1 Notes References
. . 2
W - NipMd gP-D 1-2 P o
W - 22pMd gP-'P 2.2 P © 949
232 - 22pMd g'P-'D’ 2-3 P | %9716
232 - 262pM 'D-'P 2-1 Q| 716949
232 - W2pMd gP-F 2.3 P W9
v2p - W lpkd 'S - 'P° o-1. P 949
22 - 02pMd ‘D-'D* 2-2 P ™9
12p' - N2p(‘P)Id ‘D - 'F 1.4 P [yal
W2p - Wlph gP-'P 2-2 P 178
2p' - 2p° ‘ST P 2-2 109}
22p - W2p' gP- P 11 1081
22p 22p gP s n.t 1]

00 95988



c-80

CR XIX — Continucd

Multiplet Rel. Int. A.. (in A) Levers in 10 cm ) Coafigurations Terms 1-1 Notes References
200 10564 47.800 - 959.83 3~ W2 gP-'s" 11 1091
220 11037 184 590 - 1090.63 N2p - W2p 'D-'P* 2.1 1091

S0 11118 686 83 - 1586 24 h2p' - 2p* ‘D*-'D 3-2 1091
80 111.88 82453-976.22 X2 - X2 gP-'D* 2.2 1091
300 11397 82.453 - 959,88 262p° - 12p gP-S  1-1 1091
110 118.31 67277 - 1517.98 22p° - 2p* ‘D" - ‘P -0 1091
10 11867 67163 - 151332 x2p -2t D-P 2.1 1081
110 11883 ©72.77 - 1514.32 1p - 2p* ‘D -'P 1-1 1091
SO 12593 00-79412 2°2p" - 22p’ gP-'P 0-1 1091
175 12630 298.87 - 1090.68 X2p7 - 22p 'S-'P 0-1 1091
00 1333 184.596 - 976.22 277 - 22p° D-'D* 2-2 1091
4 12195 804.74 - 1586.24 22p' - 2p* P-D  2-2 1091
375 12843 671.63 - 1350.23 2x2p -2p* ‘D - P 2-2 1091
30 12863 672.77 - 1450.23 x2p' - 2p* ‘D' -'P 1-2 1091
2% 1309 686.83 - 1450.23 n2p’ - 2p* D P 3-2 1091
0 1321 47.806 - 804.74 26°2p° - 232p' gP- P 1-2 1091
2% 1339 47.806 - 794.12 W - 1lp' gP-P  1-1 1091
80 13489 47806 - 789.15 22p° - 12p' gP-'" 1-0 1091
10 13789 789.15 - 1514 32 W2p - 2pt PP 0-) ' 1091
S0 13815 794.12 - 151798 : 22p' - 2p* P-P -0 . 1091
300 13845 82453 -804.74 L2p - 1s2p' gP-'P 2.2 1091
4 13886 794.12 - 1514.32 K- 2p° [ P TS I 1091
30 - 14051 82.453. 794.12 : 25°2p° - 22p" gP-'P 2.1 . 1091
110 | 14092 804.74 - 1514.32 n2p' - 29t PP 240 1091
110 | 14387 1090.68 - 1787.21 ; n2p' - 2pt S 1-0] I 1091
110 : 14868 00-672.77 ; w2’ - u2p' &P-'D" 0.1 L1991
0 | 15242 794.12 - 1450.23 ; 52p' - 2p* P | 1-2, 1091
[ 30 15492 804.74 - 1450.23 { 2x2p' - 2p* PP | 2-2] 1091
10 16001 41.806 - 672.77 ’ 12p’ - 252p*  gP-'D° -1 1091
{150 [ 16030 47.806 - 671.63 26°2p° - 252p° . gP-D [ 1-2 1091
; g : ; |
[ 250 | 16394 976.22 - 1586.24 j n2p' - 2p* . 'D*-'D | 2-2] 1091
L 150 | 16546 82.453 - 686.83 _ Wp' - 22p’ [ gP-'D° | 2-3} 1091
L4 16873 82.453 - 671.6) % 22’ - ulp' - gP-'D" | 2-2] 1091
0 | 1118 959.88 - 1517.98 ‘ u2p' - 2p* N 1-n! 1091
0 10y 959.88 - 1514.32 ; u2p' - 2p° '$ P 1.1 1091
; 0 | 0182 1090.68 - 1586.24 1 np' - 19" LPeD | -2 1091
4 i i
00 | 20304 | 959.88 - 1450.23 ', u2p' - 29" I 1l 1091
| 3106 82453 - 404.41 272p7 - 22p' [gP-'s |2-2] P | 315109
VR 47.806 - 198 87 ; W2p! - W2 gP-'s |1-0f F | 1o
i w01 82453 - 298.87 j' w2’ - w2y’ LgP-'s | 2-0] FP | 151120
| sl 0.0 - 184.5% ! 2’ - 24'2p’ | gP-'D [ 0-2{ FP | 37151120
| s 47,806 - 184.5%6 I 2’ - 22! " gP-'D [ 1-20 F | 1120
i 7509 | 184.596 - 298.87 | 22’ - W2p! , 'D-'S | 2-0| FP | 315,120
Mo 8245) - 134 59 i w2 - u2p [ gP-'D |2-2] F | 120
‘ 1213 \ 0.0 -82.45) | 2’ - uip! {g'P-g'P {0-2] FP | 3751120
rom —— - - — S - i e e o ———




c-¢1

CHROMIUM XX (Cr™-), Z = 24

Ground State 18728?2p(’P:,,) ( 5 electrons)

lonization Potential (12 070 000] cm *; (1496) ¢V

Muluplet Rel. Int. A, (m A) Levels (m 10' cm ) Configurations Terms
3 10712 00-9335.3 22 - I5°4d g -D
b 10.840 82.950 - 9308 1 272 - 25°4d g -D
3 10940 0.0 - 9145.0 2°2p - I5'4s gr-3s
s 11.030 82,950 - 91450 25°2p - 25°4s gP-s
13631 00-73362+F 25°2p - 22p('PY3p g7 -D
13.683 82950 - 7391 2+F 25°2p - 22p(’PY3p g’ -°D
13910 00-7189.1 ~F 25°2p - 222p(’P)3p g -P
13.946 82.950 - T253.4+i° 25°2p - 252p('P)3p g -P
2 14.065 861.671 - 19716 252p° - 222p('P")3d P-D°
1 14.093 653.010 - 7748 8 252p° - 252p('P")}d ‘D-F
14129 00 - 077.6+F 25°2p - 25°Md gP-°D -4 P
10 14 205 42813 - 74664 +F 232p° - 232p('P*)3d ‘P-V -3 Q Tnesn
14214 428.13 - 74634+ F 252p° - 22p('P")3d ‘P-*D’ P m
2 14.261 428.13 - 74403 2:2p° - 222p('P")Md P-F 1089
14.447 653.010 - 75749 +F 232p° - 22p('P")3d ‘D-F P m
14524 640.990 - 7526.2 +F 252p° - 22p('P")3d ‘D-F P itm
0 14.641 640.990 - 7470.1 +F 232p° - 202p('P")3d ‘D-‘D* Q nesn
14 669 653.010 - 7470.1 +F 252p° - 222p('P" )3 ‘D-D’ P .M
30 15061 82950 - 6724 S 28°2p - 25°3 gP-s 1240 Q ' 116378
80 11605 00 - 861671 25°2p - 252p° P -°P .1 1091
30 11798 00 - 847 763 2s°2p - 252p* g7 -P 3.4 1091
100 12229 1091
375 12842 82950 - 861.671 25°2p - 282p° gP-°P 1.4 1091
D 12926 640 990 - 1414.60 2s2p° - 2p' D-P -1 1091
2% 1307 82950 - 847.763 25°2p - 252p° g’PF -’P -4 1091
1% 13 653010 - 1414.60 2s2p° - 2p' D-P 3-4 1091
2% 131%0 00 - 760.410 25°2p - 292p° gr-’s $-4 1091
15 13382 35233 - 1099 51 232p° - 2p ‘P-s 43 1091
110 1352 640.990 - 1380.28 232p° - 2p' D-P i 1091
2%  1407$ 389.12 - 1099.51 282p° - 2p' ‘P-s° 3.4 1091
4 18762 {1.9% - 760 410 2s°2p - 252p° gF-iS 3-4 1091
2% 14899 42813 - 1099 51 282p° - 2p' ‘P-*s° 3.9 1091
0 15286 760 410 - 1414 .60 252p° - 2p' §- P i-d 1091
00 %600 0.0 - 640 990 2¢°2p - 252p° g’PF-°D 4od 1091
10 16133 760 410 - 1380 28 282p° - 2p' §- P ios 1091
50 1646} 640 990 - 1248 39 282p° - 2p' ‘D-'D - 1091
0 16797 653010 - 1248 39 282p° - 2p° ‘D-D -3 1091
0 16987 640 990 - 1229.67 22p° - 2p' ‘D-’'D i-d 1091
O 17342 653010 - 1229 67 229 - 2p ‘D-'D" 3.4 1091
10 171542 82 950 - 653010 2¢°2p - 282p° gP- ‘D 4.4 1091
4 176 42 847 761 - 1414 60 262p° - 2p ‘PP 34 1091
17192 82 950 - 640 990 2¢°2p - 242p° 8P -‘D e 1091
80 10 K< 861 671 - 1414 60 Wlp - 2p pP-P 44 109}
0 187 7y 847763 - 1380 28 22p° - 2p pP-P e 191
4 19282 Bh1 671 - 1180 28 22p - 2p P-P 1ot 191
O 21110 760 410) - 1229 67 22p - 2p -2 » M 191
2970 00 - 389 12 232p - 282p° gF -°P . 1058
SO 25M 87 k61 671 1248 39 22p - 2p P-D L 109]
1o mmn k61 671 1229 67 W2p - 2p P D 1091
MERR 00 38133 2W2p - N2p gV ‘P R 1058
24 7 %295 42813 23 2p - Nlp gP ‘P sd 1058
1266 %29%0 k912 2 Wl gP P ‘. 1058
T2 ¥29%0 152 33 202p 22p gP ‘P IR 103%
12049 00 8295%0 230p W lp gpr ab ' 13 120



Cc-62

CHROMIUM XXI(Cr™ ), Z = 24
Ground State 18°2s('S,) ( 4 electrons)
lonization Potential (13 180 000] cm '; [1634] eV

Multplet Rel. Tnt. Ao (in A) Levels (m 10' cor 1) Coufigurations Terms J-J Notwes References
10 12909 341.12 - %087.1+B 15°252p - 15°2p3p ‘P-P 1-1 Q@  Tieel9
10 12981 405.03 - 8108.7 15°22p - 15'2p3p P-s 2-1 643
0 13018 405.03 - 8086.8 15°252p - 1s°2p3p ‘P-'D 2.3 643
0 13.060 31808 - 79751 15°22p - 1s°2p3n '-'D :0-1 643
13.081 00 - 7644.7 +B 15’ - 1s°2s3p gS-'P 0-1 P 6P
0 13123 00-7620.2 52 - 15°2s3p gs-'F 0-1. 643
n 13.20, 66723 - 82413 I15°252p - 152838 oS 1-0, 643
13316 66723 - 817T7.0+B 1523 - 15°2p3p ‘P -'D -2 P 619
13514 31808 - 7718.0+B 157292p - 1s°2s3d -0 0-1 P  ol9
10 13.55 341.12-T2122 15°2p - 1s°53d P-'D | 1-2 b
0 13647 40503 - 71327 15°2a2p - 15°2s3d 'P-'D O 2-3, 43
0 13.684 91109 - 8218.8 1s°2p° - 1s°2p3d O 043
(] 13.752 947.08 - 8218.8 I1s°lp° - 1s'2p3d P-'P2- 643
10 13.760 36474 - 8134 4 I8°2p° - IS2s2p P-'D' .0-1 Q ' 87
10 13719 94708 - 82045 : 15°2p° - 1s2p3d P-'D" (2-3, 643
10 13.044 1051.89 - 8275.4 18°2p° - 1s°2p3d 'D-'F :2-1° 643
0 13870 911.09 - 8121.0 : 1% i5'2p3d P-'D° 1-2: . 643
0 13.9%0 1051.89 - 8220.4 1s°2p° - 18'2p3d 'D-'PF :2-2, 643
10 14029 667.2) - T195.3 ‘ 15°252p - 18 53d 'T-'D 1-2 P | 619716
0 14.04] 341.12 - 7463.2 15°252p - 15°2s3s oS 1-1 | 643
2 14172 405.03 - 7463.2 : 15°252p - 15°2%s3s P-'s l2-10 Q! 1089
2 14217 911.09 - 7946.8 ; is’lp’ - 1s'2p)s PP 1-20 Q ! 1009
14.2¢4 125491 - 8275.4 i 18°2p° - Is'2p3d 'SP 0-1 P | 619
14.457 1051.89 - M969.0 1 1s°2p° - 1s'2p3s 'D-'P 2-1] P ; 619
' ’ } !
14.896 1254.91 - 969.0 i 15°p° - 15'2pds - i 0-1] P i 619
300  149.87 00 - 667.23 ; I8} - 1522p gs-'F 10-1 L1091
SO 154.61 403.03 - 1051.89 : 15°252p - 1s°2p* P -'D 2-2 1091
80 16503 341.12 - 94708 ; 18°32p - 15°2p* e 4 1-2 1091
0 16862 11804 91109 . 15°202p - 18°2p* b o 0-1 1091
0 - 116 667.23 - 1254.91 15°202p - 18°2p* S-S 1 1-0 1091
150 . 17545 341.12-911.09 [ 15°202p - 1s°2p} C PP 1-1 1091
1o | 1saas 405.03 - 941.08 f 1522p - 152p! Lo 242 | 1091
SO 19098 341.12- 864.74 | 15°202p - 1s°2p° | PP -0 [ 1091
0 1976t 403.03 - 911.09 ; 18202p - 15°2p’ B 2 2-1 1091
P10 25997 667.2) - 1051 89 ‘ 1s292p - 18°2p’ . 'P-'D 1-2 1091
© % | 19318 00 - 341.12 i 18’2 - 15°262p | g'S-'F | 0-1 431,730
i ) ' ‘ ;
CHROMIUM XXII (Cr*'‘), Z = 24
Ground State 15’28(’8, ;) ( 3 electrons)
lonization Potentisl 13 882 000 cm '; 1721.8 oV
s hdiipevastas TC'..‘: Al 'r,:' STEIe ST .;;:T:_‘tf‘_‘_'r.‘l'. Pt bRt T e T r T r - N rl - . ool tI=
Multiplet|[Rel. Int.: A.,. (in A) | Levels (in 10'cm ') 1 Configurations . Terms 1.3 o(a[ References
R e T T S Jr B . ' T .
| © 2190 00 - 45662 4 18'2s - 1s282p CEs-P P e
' i 7% 00- 13224.1 ! 1s'2s - 1s%9p 5 T S B
! 7664 | 00 - 13048 4 i 182 - 1s'8p Es-P |4 P | e
; C1Me 357.49 - 13220.9 ; I18'2p - 15’9 . 'P-'D [T R J | 643
; Poasnn 00- 121936 [ I 2s- 18’7 L gs- P PR R 2 | 64
| A °) 44840 - 132230 ! 18°2p - 1s'9d N e 1) -1 P | 64
| ‘ 1 1 [




Multipiet Rel Int A, (in A)

1 H
20

o
200

p)]
2o
{50
120

Multiplet Rel Int

7 881
> 93
8042
8 Jo6d
B 100
N 08

& oS
% S1o
RTTR
L. 3
9 4K
9 49%

9 806
9870
9 891
9 9013
12613
12 656

13142
13 286
1342n
13 594
223048

276 T3

AL tin A)

P74
1763
1 BS6
2182
2192
223

I 82
12098
126 26
469 48
1154 T
15K2 24

ST 49 -
448 30 -
35749 -

20 -
448 40 -
3ST 49 -

448 40 -
00 -
18749 -
348 40 -
00 -
o0 -

357 49 -
18749 -
448 40 -
448 40 -
00 -
04 -

8T 49 -
448 40 -
749 -
45 3
00-
0n-

Levels in

06
0nn .-
0 -
00 -
0o -
0no

45389 |
456190 -
45319 |
456190
S3704 1 -
SIR250) -

Levels (n 10 cm )

130462
13049 2
127922
113980
11734 1
124060

124030
117430
117496
17517
10519 7
10528 3

10555 3
10489 0
10558 6
10489 0
7928 32
7901 20

7966 68
7978 12
THD4 Ko
THOA Ro
L)
315749

CHROMIUM XXWHI(Cr™ ), Z = 24

c-63

CN XXN — Continued

Configurations

Is°2p - 1s°8d
Is'2p - Iv'Ad
Is2p - Is°7d
Is°2s - Iv'ep
Iv2p - 1v7d
Is'2p - Iv'ed

Is2p - is'ed
Iv2s - Is'S5p
Iv2p-1s8d
w2p-ivsd
Iv2s- Bhdp
Is 2y - Is'4p

Iv2p-ivad
Iv2p-Ivds
Is2p- Ivad
Is2p-Ivds
InIv-Is3p
In3v-Iv3p

Is2p-1v3d
Is 2p- 18 3d
INIp-dv X
Is2p - W
Whv-1.2p

Ivdse - In2p

Ground State 18°('S,) ( 2 electrons)
ionization Potential 60 349 000 cm '; 7482.4 eV

0 cm

SK024 |
S67i4 4
SIHAR 2
458320
456149
45389 |

- 538509

SIRAR 2

- 45695 6

458320
538309
SIRRR 2

Configurations

Is  IvSp
Iv - Iv4p
Is - IWdp
Is IN2p
Iv  Is2p
| 292

Is2v - §sdp
Iy IWdp
is2v  Ia2p
182« - §a2p
Isis - Ihip
Isiv IWip

‘P -D
P-S
P -D
P-s
gs P
gsS-P
P-D
P -D
PF-s
P - S
gsS- P
gSs- P
Terms
gs -
gs- P
gS - P
gs - P
gS P
gs S
5. pr
g pr
5. pr
S P
5 p
S-P

J - J Notes References

i
|
1
|

BB - B - B B -2 2 BB B

V
b - - BB - By -

TTXVO

1-J Notes

;‘11111

<
‘

1
- -
TCTWOND

D =

643
643
643
o4}
643
o4}

o43
o43
o4)
o4)
977
M

References

728

28
128
956
856
375,918

379
37s
379
378
378
378



C-84

CHROMIUM XXIV(CTr™-), Z =
Ground State 18(S,,) ( 1 m)
lonization Potential 63 675 300 cm '; 7894.79 eV

Maltiplet Rel Int. A, (m A) Levels 0 10" cm *) Couﬁgumm Terms J-J Notes References
1.603 00 - 623851388 Is-7p g's-P R 4 1042
1618 00 - 61919 1477 Is - 6p g's-°P -1 P 1042
1630 0.0 - 61141 5413 Is - Sp gsS-P -1 P 1042
1678 00 - 597153160 Is - 4p gS-P i P 1042
1 760 09 - 56034 2120 Is - 3p gs-P -1 P 1042
17" 00 - %0597 5,00 Is - 3p gs-p t- P 1042
209 00 - 47343 0420 Ih-2p gS-P -t P 1042
2.0% 00 - 47719 2500 1s - 2p gS- P HERI 4 1042
6 820 47722 8200 - 623851385 X-Tp S -P t- P 1042
68T 47543 0420 - 62385 1385 Pp-7d P -D i-i o p 1042
7044 477228300 - 61915 1477 % -6p ‘'S - P -1 P 1042
T 104 47843.0420 - 61919 1477 p-od ‘P -D t-t P 1042
7482 477228200 - 61141 5413 - Sp S -P -1 P 1042
7518 378430420 - 61144 1334 2p - Sd P-D : (4 1042
8339 47722 8300 - 59715 3160 s - 4p 5. P P 1062
8 419 47343.0420 - $9720 1786 p-4d P -D -1 p 1042

12 477225200 - S6634 2120 X ¥} L -4 P 1042
11 360 47343 0420 - 56646 2052 -3 ‘P - D -t P 1042
17 281 56598 S810 - 62385 1385 W-Tp 'S - P P 1042
17 388 S6634 2120 - 62385 1385 ip-1d ‘P -D P 1042
17425 56646 2052 - 61385 1385 M- ‘D-F P 1042
18 795 56598 5810 - 61919 1477 3 - bp S P 1042
18.922 56634 2120 - 61919 1477 3p-od ‘P -‘D P 1042
I8 965 56646 2052 - 61919 1477 id - of ‘D-°F P 1042
22012 56598 SB10 - 67141 5413 h-Sp P S I 4 1042
2173 566342120 - 61144 1334 Ip-3d P -D 4P 1042
22.226 50646 2052 - 611454279 - St ‘D-F* i-: p 1042
32,088 56598 S810 - 59715.3160 3s - 4p ‘§.pr i-doop 1042
32.403 56634 2120 - 597203786 Ip-4d P -D -7 P 1042
32 502 566462052 - 59722 9060 - o ‘D-F -1 P 1082
831 794 47722 R200 - 47843 0420 -2 L -iop 1042



D. Magnetic Dipole Lines for Chromium lons
(Wavelengths, Classifications, and Transition Probabilities)



D. Magnetic Dipole Lines for Chromium lons

[Excerpted from: V. Kaufman and J. Sugar, J. Phys. Chem. Ref Data 15, 321 (1986)]

1. Introduction

The following tables, including the ictroductory com-
ments, are excerpted from the above cited compilation of
observed and predicted wavelengths of magnetic dipole
lines arising within ground configurations of the type
ns'npt (n =2 and 3, k=1 to 5). The compilation work
was done by V. Kaufman and J. Sugar of the National
institute of Standards and Technology (formerly the
National Bureau of Standards).

All measured lines that are correctly identified are in-
cluded. Some are only tentatively classified by the au-
thors, but appear 10 be reasonable on the basis of
predictions along isoclectronic sequences.

Also included is a selected group of electric quadru-
pole lines (E2) that are frequently observed in ns’np? and
ns’np* configurations; these are the !D, 'S, transitions.

It will probably be difficult to observe the nmp
(Py 1.2 —'P,) transitions in the Be and Mg isoelectronic
sequences because the very large electric-dipole transi-
tion probability of the ns? 'S, —nmp 'P; resonant transi-
tion will tead 1o rapidly deplete the nmp 'P, level.
Similarly, but to a lesser extent, the *Py—°P, transition
can be ecxpected to be weak because of the
ns?'Se—nsnp °P, transition. However, these magnetic-
dipole transitions have been included for the sake of
completeness.

Calculations of line strengths and transition probabili-
ties have been made for all of these lines by both rela-
tivistic and nop-relativistic methods. Preference has been
given to the relativistic results. Calculations by both
methods for the = 3 shell differ on the average by only
5%

2. Predicted Wavelengths

For the chromium ions, predicted values for the wave-
lengths of the M1 and E2 lines were obtained from the
known energy levels by the Ritz principle of deriving
wavelengths from energy differences. Their uncertain-
ties are derived from the reported level uncertainties.
The source of data is given in Sec. 7 below.

3. Observed Wavelengths

The most common laboratory source generating copi-
ous forbidden lines is the tokamak, which contains a
magnetically-confined, high-temperature plasma with an
ion density similar to that of the solar corona. By inject-
ing any impurity element, magnetic dipole lines of that
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element may be seen in stagzs cf ionization determined
by the plasma temperature. Most of the chromium data
are from tokamak observations. The other wavelength
data are from astronomical sources, including gaseous
nebulae, stars and the solar corona.

The sources of observed data that have been credited
are tkose providing the best measurements.

4. Predicted Transition Probabilities

In most cases multiconfiguration Dirac-Fock calcula-
tions of line strengths are available. These calculations
do not generally converge for neutral and singly jonized
atoms, but non-relativistic calculations have been made
in every such case. Line strengths for the magnetic
dipole lines of the isoelectronic sequencesof BI, CI, NI,
and F 1 were taken from Cheng ef al.? Those for the Al 1,
Si1, P1, and Q1 sequences were taken from Huang>*
and Huang ef al.® The relativistic calculations are not
available for the Be, Mg, and S isoelectronic sequences.
The trassition probabilities for all magnetic-dipole lines
of the Be-like, Mg-like, and S-like ions were therefore
calculated in the manner described by Sugar and Kauf-
man' These are pon-relativistic calculations in interme-
diate coupling. They agree within a few percent with
relativistic calculations in the n =3 sequences for which
both are available.

Line strengths for the electric-quadrupole lines of
2s%p* (*D;—'S,) [k =2] and [k =4] arc for the carbon
and oxygen sequences from Cheng ef al.? The transition
probabilities for these lines in the sulfur sequence, 3s*3p*,
are from Mendoza and Zeippen’

Relations between transition probabilities A (s ') and
line strengths S are given explicitly as

2.697 x 108
Ag

A- M}‘—’l‘ S(E2),

A= S(M1),

where ) is the transition wavelength in A and g is the
2J +1 degeneracy of the upper level. S(M1) in Bohr
magneton units (ug) and S(E2) in atomic units (eal) are
the n. g oeticdipole and electric-quadrupole line
strengths, respectively.

The magnetic-dipole transition rate in almost all cases
is a few orders of magnitude greater than the electric-
quadrupole transition rate. The E2 rate has been added
to the M1 rate in those cases for which the former is



greater than 1% of the latter. This is true oaly for some
of the N 1 (%p°) and P 1 (3p°) sequence transitions. An
asterisk following the transition rate in the tabies shows
where this occurs.

5. Data Table Information

The tables contain the predicted and observed wave-
lengths and predicted tramsition probabilities for mag-
nctic-dipole transitions within ns'np* (k = 1—5) and nsnp
configurations for n = 2, 3. The electric quadrupole tran-
sition 'Dy-'S, for k =2, 4 is included because it is fre-
quently observed. The Jata are presented in order of
increasicg wavelength. The columns from left to right in
order of appearance contain the following information:

Column No. Description

1 Wavelengths (observed and predicted)
in A below 20000 A, and in microme-
ters (um) between 2 and 1000 um.
Wavelengths given without units are in
A. Wavelengths in vacuum are given
below 2000 A, in air between 2000 A
and 5 pm, and in vacuum above 5 um.
Each wavelength is foilowed by its un-
certainty in parcntheses. Tentative iden-
tifications age preceded by “T”. E2
transitions are denoted by “Q”.

2 Transition probabilities (1) are written
as a factor times 10 to a power. The
power of ten follows the decimal factor.
For  example, 220+4 means
220 x 10 An asterisk following the
transition probability indicates that the
E2 rate for the transition is greater than
1%of the M1 rate and has been added to

that value.

3 Spectrum.

4 Electronic configuration.

S Line classification. Lower ievel is given
first.

6 Ionization energy in thousands of elec-
tron volts (keV).**

Column No. Description

7 References for observed wavelengths.
Definitions of symbols are given in
Sec.8, “References for Observed
Wavelengths™.

6. References to Text

1J. Sugar sad V. Ksufman, J. Ope. Soc. Am. B 1, 218 (1964).

IK_T. Cheag. Y. -K. Kim, snd J. P. Desclauz, At Data Nuci. Data
Tables 24, 111 (1979).

K. -N. Huasg, private communication (1985).

‘K. -N. Husag, At. Dats Nucl. Datz Tabiles 32, 503 (1985).

K. -N. Huaag, At Dats Nucl. Datz Tabies 39, 313 (1984).

‘L. -N.Husng, Y. -K.Kim, K. T. Cheng, snd J. P. Descisux, At Dana
Nucl. Data Tabies 28, 355 (1983).

'C. Mendora and C. . Zeippen, Mon. Not. R. Astroa. Soc. 202, 981
(1963).

C. E. Moore, Natl. Stand. Ref. Datz Ser., Nati. Bur. Stand. (U.S.) 34,
for Be through Ar (1970)

%]. Sugar and C. Corlim, J. Phys. Chem. Ref. Data 14. Suppl. 2, for K
through Ni (1985).

®T. A. Carison, C. W. Nestor, N. Wesserman and J. D. McDowell, At.
Data 2, 63, for Cu through Mo (1970).

7. Reference for Energy Levels

Sugar, 1., and Corliss, C. (1985), J. Phys. Chem. Ref. Data 14, Suppl. 2.

8. References for Observed
Wavelengths

DH  Deane, B., and Hinnov, E- (1984), J. Opt. Soc. Am. B 1, 699.

FBM Finkeathal, M., Bell, R. E,, Moos, H W., and TFR Group
[1984}, J. Appi. Phys 56, 2012,

HSCS Hinsov, B., Suckewer, S., Cobea, S., and Sato, K. (1962),
Pbys. Rev. A 28, 2293.

J Jeflcrien, J. T. (1969), Mem. Soc. R Sci Liege 17, 213.

M Magnant-Crilo, F. (1973), Sol. Phys. 31, 91.

PSS Peacock, N. J., Stamp, M. F., and Silver, J. D. (1984), Phys.
Scr. 7%, 10.

SBT Sandlin, G. D., Brueckner, G. E,, and Tousey, R. (1977),
Astrophys. 3. 314, 898,

Su Ssckewer, S. (Oct. 1985), private communication.
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Magnetic Dipole Lines for Chromium
Wavelength A sh Spectrum Config. Classification I.E. Ref.
Ctserved Calculated (keV) (obs. H)
266 51(17; 12606 CraXI 2s 2p 3, -!py 163
306.80¢5) T 742+ Crxxl 2 2p B, -lp, 163
378.03; 378.1(3) 161+ craviir 2s? 283 sy, - %p,, 130 o
381.6(3) 6.5€ 2 CrXXI 25 2p %, - 1.8
368 4(3) 398.42¢16} 638+ crxix 22 2p2 3p; -lsy 140 ESCS
2 103 442.3¢4) i3t crawvirr 2229 4sy,, -2, 136 o
53 835 49379024 €2+ cravir 2s22p* 3 -lsg 115 HSCS
€52 13; 663 1(9) 1222 craviir 2s? 25 %sy,, - %0.,, 1.3% DE
722 1033 722 .56(16} 156 v crxvinr 282 293 2y, - %py,, 1.3C DH
LIRTE 731 07¢8) £62+3 crxix 22202 3k, -lp, 10 ESCS
785 76(3) 740.75(3) 667+ cravir 22 2* 3%, -, 119 pss
S 781.9(63 s19 71 croviz 222 o, -ls; 119
793 1:3) 793 3¢1.3; 612+3  cravirz 262 2p° %sy,, - 2D, 130 BSCS
Q 875.6(8) 2031 cex;x 2222 b, -ls; 10
879 96(23) s 1603 croavirr 22 2p? %o, - %py,, 130
97% 2(3) 978 06(1s; 59303 crxix 2222 3, -1lp, 1. HSCS
988 5¢1.G; 75901  crxtIr 33 g -l 03s
999 6(3) 33343 croavir 28?2 2 2o,,, - %P;,, 1.30
1028 «9(1C) $ 63 +1  Cr XIII 3s 3p , -l o3s
1135 8(1.3) 6.25+1 crxirr 33 %, -lp  o.35
1205.9¢3; 1203 8¢3) t11+3  croax 2220 2y, - %Py, 1.50  HSCS
1368.7¢4) 1340 09(20) 409+ cravir 2 2p* 3 -l'p, 113 FBM
141 6C(2) 1410 62(4) 638+3 crxvi 2% 2p° 2py,, -2, 1.10 PSS
1440 01(2) 1440.8¢2.1) 3.68 2  cr Xl w2 ap? 3, -lsg o027 ser
1489 Co(3; 1489.05(16) 1.21+2  crx 32 353  tsy,, - 2k, 0.2¢ ST
1564.30(2) 1564 .09(17) 5.89+1  Crx 3% 3% sy, - %y, 026 sBT
1566 &(1) 1565 (5) 338+3  CcrxXxr 22 3P -, 1.6  Su
1656 3(3) 165€ 29(27) © 38+ cravil 2622 b, -3, 119 BSCS
1693 9(6) se002  crax w2t 3 -lsy o
2090 9435 2090 9c4) 1813 crxix 2?29, %, -3, 1ec HSCS
2534 1(5) 167 10 Cr X 12 3% 45y, - %Dy, 024
265¢ «°3; 2606 4(3; 3802 cravilr 20229 2p,, - %y, 130 LM
Q 2634.(7) 103+  crxl 2?2 o, -ls; o2
2696 4(%) 1141 Crx 32 3% 3y, - %y, 02
G 2733 61 5, 64150 Cr IX Wt 1o, -1y o
2882 403, 2885 (1 2) « 6972 crxix 222 % -%%; 14 #sCS
378 3177 91y P77l Ce X w2 3p2 p, -, o022 oM
3301 109 29901 crix n?ap* %, -lo, c2
1326 +(8) 6221 Crx 2 3p% 2y, -2y, 02
1608 2¢9) 28801 Crx w2 3pd 2, -2, 02
3725 803 C; 28200 Crx 12 3p> 2py,, - 2Py, C 26
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Magnetic Dipole Lines for Chromium — Continued

wWavelength A (s™H Spectrum Conf:g Tlass:fication I E Fef
Observed Calcualated .xe¥; .cbs H:
1996.8¢4) 3996 6.1 2 6C +1  Cr XI 1% 3t 3k, -, 2
4038.6¢3; 4939 (73 r27 ez cevinn 28?2 oy, - %o, 13 o
4330 (40) 2,38 +2 Cr XX 2s 2p Je, e, 182
4456.5(1 &) 4«19 +0 CrIX 2 3p* e -dp, oz
8153.8(s, 8153 7(7) 166 +1  cexit 3sZ3p  %py,, - 2y, ¢ 32 s
10106 &(2.0) 174 +1  crvirr 3s? 57 %y, - Zp,,, ° 18
10878, (120) 1.03 #1  Cr XII 3s 3p d, - %, o3
12783 (8) 1.04 *1  Cr IX s 3t e, 3, o
18514, (17) 3.46 v0  Cr XI s23p2 ¢, -3, o027
180%9. (16} 2.98 +0  Cr X1 31232 e, -, o022
2.5(6) um  1.13 #0  Cr XIII 3s 3p ¢y -3¢, 035
3.103¢(7) um  2.74 -1 Cr X 332 3% ey, - %Ry, 02
4.260,13) ym 1.28 -1 Cr X 382 3p 20y, - Ing,, Co2s
&30  wm  1.93-1  crxvir 282 2% gy -3, 110
5.787(24) wm  2.73 -1 Cr IX w2 3p* ¢, -3, 021




E. Atomic Energy Levels of Chromium, Cr I through Cr XXIV



E. Atomic Energy Levels of Chromium, Cr 1 through Cr oav
[Excerpted from: J. Sugar aad C. Corliss, J. Phys. Chem. Ref. Data 14, Suppl. 2 (1985)}

1. Introduction

ments, are excerpted from the iron-period compilation of
atomic energy levels by J. Sugar and C. Corliss (1985) of
the Atomic Energy Levels Data Center at the National
Institute of Standards and Technology (formerly the
Natiooal Buresu of Standards).

Generally, only published papers have been used as
sources of data. Unpublshed data are included when
they constitute a substantial improvement over material
in the literature. For many of the higher jons the original
papers do not give encrgy level values, but only classifi-
cations of observed lines. In these cases the level values
have been derived from the given data.

All energy levels are given in units of cm ™}, beginning
with a value of zero for the ground level. lonization en-
ergies found in the literature are usually given in eV or
cm~!. The conversion factor, 8065.479%(21) cm™'/eV,
givea by Coben and Taylor (1973), is used here. In a few
cases where adequate data were available but the ioniza-
tion energy bad not been derived, this calculation was
carried out. For a pumber of the ions, no suitable series
are known In these cases values obtained by Lotz
(1967), by a method of successive differences along
isoclectronic sequences, have been quoted. Although un-
certainties are not provided with these extrapolated val-
ues, it is estimated that they are accurate to 0.2% by
comparing them with recently determined values.

Nearly all of the data are based on observations of
various types of laboratory light sources. However, the
laboratory data are sometimes supplemented by data ob-
tained from solar observations. This is particulasly true
where spin-forbidden lines are needed to establish the
absolute energy of a system of excited levels and where
parity-forbidden transitions between levels of a ground
configuration are used to obtain accurate relative ener-
gies for the low levels. Whenever both solar data and
equivaleat laboratory data are available preference is
generally given to the laboratory measurements.

When no observations are available to connect inde-
pendent systems of levels, an estimate of the connecting
energy is adopted. Those level values affected by the
estimate are denoted by +x following the value. The
value of x # the systematic error of the estimate.

Included under the heading “Leading Percentages”
are the results of calculations that express the eigenvec-
tor percentage composition of levels (rounded to the
pearest %) in terms of the basis states of a single configu-
ration, or more thap one configuration where configura-

tion interaction has been included. First the percentage
of the basis state corresponding to the level’s name is
given; next the second largest perceatage together with
the related basis state. Sometimes the ieading percentage
in an alternative coupling scheme is given. Generally,
when the leading percentage is less than 40%, no name is
given. Whean the first and second resultant terms are the
same and sum to »40% the first name is given. When the
first and second resuitant terms are the same but have
different parentages, and their share of the cigenvector
composition sums to 40% or more, the level will be
pamed s the higher percentage term. In cases where
these percentages differ by one or two units (an insignifi-
cant difference), either term may be sclected for the level
pame, and the lower percentage may appear first. For
the unnamed level, the term symbol follows the percent-
age. The user should of course bear in mind that the
percentages are model dependent, so that the results of
different calculations can yield notably different percent-
ages. In the case of Cr, the 1969 results by Roth are
adopted. It was intended to use his new 1980 calculations
as well, bt it was found that the sum of percentages for
a number of states exceede. 100 by significant amounts.

For configurations of equivalent d-clectrons, several
terms of the same LS type may occur. These are theoret-
ically distinguished by their senmiority numbesr. In the
present compilations they are designated in the notation
of Nielson and Koster (1963). For example, in the 3d*
configuration there are three D terms with seniorities of
1, 3, and S. These terms are denoted ss 2D1, ’D2, and
D3, respectively, by Niclson and Koster. Martin,
Zalubas, and Hagan (1978) give a complete summary of
the coupling notations used here, tables of the allowed
terms for equivalent electrons, etc.

The text for each ion does pot include a complete re-
view of the literature but is intended to credit the major
contributions. In assembling the data for each spectrum
the following bibliographies were used:

i Papers cited by Moore (1949, 1952)
ii. C. E. Moore (1968, 1969)
iii. L. Hagan and W. C. Martin (1972)
iv. L. Hagan (1977)

v. R. Zalubas and A. Albright (1980)

vi Card file of publications since June 1979
maintained by the NBS Atomic Energy Levels
Data Center



He 1 Isoelectronic Sequence

Spectra of K, Ca, Ti, and V were obtained by Aglitskii
et al. (1974) with a laser-heated plasma in third and fifth
orders of a crystal Reference lines of
Mg x1 and Al xn published by Flemberg (1942) were
used, and an uncertainty of :O.MSAwureponedfor
the lines of the He I isoelectronic sequence, which fall in
the range of 2.3—-3.6 A. Flemberg's reference wave-
lengths were in x -units. The equivalence to A that he
used must be increased by 8 parts in 10°, according to the
more recent conversion determined by Deslattes and
Heains (1973). With this correction, the data of Aglitskii
et al. deviate randomly from the calculated wavelengths
of Safronova (1981) by =0.0008 A.

In a beam-foil experiment the He-like argon spectrum
was observed by Briand et al. (1983a). Their wave-
lengths for the Ls? 'Sy~ 1s2p *P; and P} transitions were
3.9693(3) A and 3.9491(3) A, in agreement with the cal-
culated values by Safronova

The 1s2s °S, — 152p °P7 transition has been measured in
Ca xix by Livingston (1983) and in Fe xxv by Buchet &
al. (1982). The measured wavelengths are 466.78(8) A
for Ca and 271.04(10) A for Fe. The corresponding en-
ergy difference: are greater than those predicted by
Safronova by 1¢2(37) and 123(136) ce ™}, respectively,
or 0.07% and 0.03% of the energy difference. A new
calculation of these cnergies by Hata and Grant (1983)
predicted values that were 60 cm™ lower in Ca and
154 cm ™! lower in Fe than the observed values.

Because of the excellent agreement of Safronova’s cal-
culations with the best experimental data available and
the paucity of these data, the compilation of this se-
quence was based on her results. Her calculated energies
were quoted for the Ls2s and 1s2p levels of the He 1
energies (with correction to the Rydberg for finite
atomic mass). The observed 1s2s S, — 1s2p *P? intervals
in Ca XIx mentioned above are incorporated in the re-
spective level lists. For n =3 -5 the calculated binding
energies reported by Ermolacv and Jones (1974) are sub-
tracted from the binding energy of the ground state by
Safronova to arrive at energy level values. The uncer-
tainty in the calculated encrgy levels and the ionization
energies is assumed conservatively to be 2 parts in 10,
corresponding to the deviations from the Aglitskii & al.
(corrected) observations. (The deviation from the mes-
surements in As is 1 part in 10°) The uncertainties in
energy diffesences for levels of the same a -value are esti-
mated to be 2 parts in 10°. The deviation of the 1s2p
Py - 'P? intervals measured by Aglitskii e al. with reso-
nance lines differ randomly from the calculated values of
Safronova by 3%.

The singlet<riplet mixing coefficients for the Lenp P*
states are quoted from Ermolaev and Jones.

H 1 Isoelectronic Sequence

No observarions of 1s —np transitions have been suffi-
ciently accurate to test the theoretical values. The best
measurement available is for the 1s —2p energies for
Fe xxv1 with an uncertainty of +5000 cm™*, or 1 part in
10*, by Briand, Tavernier, and Indelicato (1983b).
Erickson (1977) bas calculated the absolute binding ener-
gies for each of the levels through n =5 and for the n~
and np states through n = 13. An improved calculation of
the Lamb-shift effects was reported by Mohr (1983),
who gave the energy separations among the 2 =1 and 2
levels. Gould and Marrus (1983) have measured the
Lamb-shift of the 25 3S,; state of Ar XV, obtaining the
value 1264(13) cm . Their results agrees with the value
1275.8(08) cm ™} calculated by Mohr and is three stan-
dard deviations lower than Erickson’s value of
1301(2) cm™*.

Mohr’s results for the energy separations of n =1 and
2 levels have been compiled, and Erickson’s forn =3 -5
relative to the 2p ’P3, level. This increases Erickson’s
values for the levels, or, equivalently, increases the bind-
ing energy of the ground state (the ionization energy).
Assuming that the uncertainty in these compiled values
is mainly due to the error in the Lamb shift, the frac-
tional error is taken as equal to the experimental frac-
tional error in the Ar measurement. This contribution to
the level values relative to the ground state is about 4
parts in 10 for the iron period. This is about 10 times the
error estimated by Mohr for his calculated 1s — 2p inter-
vals. The corresponding intervals calculated by Erickson
are lower than those of Mobr by about the same frac-
tional amount.
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Cri

Z=24
Ground stare: 15°25°2p%3s°3p*3d 45 'S,

Ionization energy = 54575.6 0.3 cm ' (6.76669+0.00004 V)

The early contributions to the analyss of this spe-trum
are summarized by Catalan and Sancho (1931). who give
a list of over 700 ciassified lines. Kiets (1953) remeasured
the spectrum in the range of 11 610-189" A with a wave-
length accuracy varying from =0.005 A 10 +0.05 A
About 4400 lines are iven, 80% of which are classified.
including Zeeman patterns for 109% of them. This cousti-
tuted a significant extension of the analysis and provided
improved values for all the known levels with an esti-
mated uncertainty of =0.05 cm ~'. Kiess obtained a value
for the ionization energy of 54 570 cm *'.

An absorption spectrum below 2000 A was observed
by Huber. Sandeman, and Tubbs (1975) with an accuracy
of =0.004 A. They identified the 3d’(Sip 'P* Rydberg
series for n =8 and for n =12-38 with an uncerainty of
=0.1 cm ', from which they derived a value for the
ionization energy of 54 575.6=0.3cm ' Improved wave-
lengths are given for the multiplets a’'D—¢q D",
a’D -0 'F’. and a "D —r *P* reported by Kiess.

Further observations of the absorption spectrum at
lower wavelengths were reported by Connerade, Bug,.
and Newsom (1981) with an accuracy of +0.05 A. They
identified five 3d’(*SMs 'S — 3d°CDMs (*Dp series for
n=61ton =28. For n =6 the term structure is identified
by means of a diagonalization of the energy matrices of
the 3d*4s6p configuration, as well as by quantum defects.
Their results contradict the assignment by Kiess of terms
10 3d*4s6p, which we have therefore dropped. The levels
identified by Connerade, Baig. and Newsom with this
configuration and their percentage compositions are
given. They have also observed the principal series
3d°(*S)np P reported by Huber et al. and have identified
the missing Tp, 9p, 10p. and 11p terms.

Mansfield (1977) reported the observation in absorp-
tion of the 3p°(P)3d °(*S)s’ 'P* term.

Most of the g-factors for the levels are obtained from
Catalan and Sancho, suppiemented by Kies' three-
decimal-place values. The Mo ‘¢ sccurate values ior the
3d'(*SMp 'P; and 'P; levels were measured in an stomic
beam by Budick, Goshen, and Mascus (1964). and those

for 3d*(*SHs 'S and 3d°4s° 'D were obtained by Childs
and Goodman (1965).

The alphabetic prefixing of terms with lower case let-
ters for distinguishing repeating terms of the same type
has been -etained from Kiess except where the levels
were reinterpreted by Roth (1970) on the basis of his
theoretical treatment.

Roth hss calculated the odd-pan'y configurations
3d’4p. 3d*4s4p. and 3d '4s°4p with configuration inter-
action. His percentage compositions and designation
changes for the experimental levels are adopted here.
Roth distingurshed repeating terms of the 3d” core by the
letters, a, b, ... rather than by seniority. The percentages
include the sum of seniority states contributing to the
term.

Fischer. Hansen, and Barwell (1976) pointed out that
an error in Roth’s calculation ansing from insufficsent
precision in his diagonalization routine resulted in an in-
correct mixture of the z 'D° and y 'P* terms. Revised
percentages were provided for these terms and for z'P°
by Hansen.

Percentages for the configuration 3d’4s were taken
from an ab initio calculation by Vizbaraite. Kuplisuskis,
and Tutlys (1968).
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Cri
Configurstioc : Term : (Lev_:ll) s Leading percentages
| cm
b s
3d°°Si4s ' a’s | 3 i 0.00 200083 | 10
I !
3 S)1s ' a’s | 2 759316 2006 100
i !
45  aD ! 0 7750.78
i Pl 781082 1.50060
i 2 790747 1.50060
; 3 8095.21 1.50060
g 4 8 30757 1.50060
3G s i a% 2 20 517.40 ¥ 1
| [ 6 20 519.60 133 100
; i3 20 52092 093 100
j P4 20523.69 113 100
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3d* 35° e 0 | Be3Z
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‘ [ 5 24 056.11
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; 1 24 286.54 148 100
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Cr 1—Continued
Configurabon Term ) ) g ; Leading percentages
cm” ;
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Cr 1—Continued
Counfiguration Term J (ln_ell) ; g v Leadiag perceatages
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Coafiguration
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Crn

Z=24
V 1 isoelectronic sequence
Ground state: 15°25°2p*3s°3p*3d°*S,

Tonization energy = 13296610 cm ™' (16.4858+0.0010 ¢V)

Kiess (19%1) carried out the principal analysis of this
spectrum using his extensive measurements of wave-
lengths and Zeeman-effect data. Changes in several of his
term designations for the 3d*4p configuration suggested
by Roth (1969) on the basis of theoretical calculations
have been adopted here.

Johansson (1983) has reobserved the spectrum, extend-
ing the observations into the infrared. All the previously
known level values were redetermined, and the new coa-
figurations 3d’4s4p. 3d*4f. Sp, 5d. 5/, 5¢. 6s, 6p, 6d, G,
and s as well as a few levels of 3d“8s and 9s were found.
In addition, new levels of 3d*4s, 4p. and Ss were added.
Altogether 450 new levels were reported. The level value
determinations are still in a preliminary stage. The results
are given here with an uncertainty of +0.05 cm™'.

From the 6-member 34°C’Dins *D,,; series, Johansson
(1983) determined a new value for the jonization =nergy.

The percentage compositions for 3d*4p are by Roth.
Repeating terms of the 3d* core are labeled in alphabet-
ical order rather than by seniority. Shadmi. Oreg. and
Stein (1968) have calculated the 3d°, 3d*4s, and 3d'4s’
configurations but give percentages only for a’H and
bH, apparently the only highly mixed terms. No changes
of designations were made except for the ¢’G and e’D
terms. The percentages represent the sum of seniority
states contributing the same core term.
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3 Dits L e | Y 11 961.81 3323

f A 12 032.58 1.867

; Y 12 147.82 1.669
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P ' c'? :/l, 53 051.35
: | 7 53 566.28
; K (A | 53 923.60
34 Didp 2'D :/, I 55 418.02 0.007 ”
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! 65 709.50 1.285 7 13
' CHp ' ‘/{ 65212.55 ”
y 65 419.56 *
% &5 617.99 ”
¥, 6501256 »
3 CHIp FL BN ERA 8554293 - n @*F) G’
% 65 670.08 4 L]
3 d'p Y% 65 882.58
¥, 66 010.39
b 6 256.75
3d'ia Prip RS N A 6625647 2545 7 1 a’p) g
' Y 6 354.89 1671 »
Y 6672681 1.502 ”
3d'a Piap It o A 66 649.38 s 15 e P D
Y 66871.93 ™ " a’P) g
3d'aPrap y'v A 6701210 n ) (e *P) D’
A 87 07045 si n (a')p
yA 67 89351 7 10 H) ‘G’
i LY o7 448,57 o o CHIG
| |


http://Sinit.it

E-23
Cr n—Continued
Configeration Term J Lo g Leading percentages
: i
id' 'Hrip [ A . 6732083 ® 18 «FF
‘ % . 6724408 [ 1 (a’F) G
f -y, I <3 s 2 a’F) 7
: Dt ; 67 3869.15 ® 2 @« G
MWieFup | 2| Y | erar » % @PT
i oy, - » ")
| i
' Hip L, A ' 67 506.13 n
! A | 6758890 s
3d'a Firip D Z’, 67 859.61 " n a’?) D
67 867.82 n 13
¥, 67 870.24 " 12
% 67 87542 ) 1
3d'a 'Prp 'S A 63 305.64 1.978 ™ 1 (a®P) P
W Hip L 2 847692 " 2 G N
i Uy 68737.52 “ 1]
3d*a ‘Fiip 2% ’7-, 63 588.3% [ n e
! n 68 759.89 2 »
"G ip oy :/,, e o ¥ CHW
292,40 [ -] 14
'f/, 017039 ] 13
% 63 988.25 ™ 13
3d%a 'Prip L1 4 % 63 248.18 & n e’
% 69 954.09 - »
3G ap r A 0847795 n n D) ‘7
% 0§98 ) n (a’F) %G°
A 69 506.08 ® u «P %G
A 6 £38.63 " 13 D) ‘7
3d%a 'Frép boye | 69 908.55 a 5 " G
E % 70 107.67 n n
3G p L A2 70316% . 1 CHIG
A 70 427.05 o » O G
';f 70679.15 “ ] G W’
Vi 70879.00 ] » G H
34" G rep yH '/f 70 29490 ) 1 G) ‘6’
" 7039887 a 7]
' Crap Yl Y, 70 584.47 “ n e’ r
2 70 85223 » 2
3G p PE A 72 648.52 ™ " CH G
. 7271672 5 1
' ’Dp w'D ;;, ;::(Zz ]
g 9
‘/: 7949617 n
% 7948548 »



http://t7U7.lt
http://t750t.lt
http://0Ut.lt

Cr n1—Contimecd
Coufiguration Term J (I.zve!) i g . Leading percentages
: cm ;
3da Gp x? , T : 7511429 o & 1 b 1Ry
A Thass15 = T (5 1 1k o
' Dy - % 7427331 ) 3 () of
? A 74 218.88 - - oD P
: A 75 42967 » s D) P
; % 74 508.17 " 13 e r
3d''1ep i Wy 74 421.90 | o 2 (eGW
[ L2 75 75323 “ 3 ‘D
3d''ep x- % 74 42419 © T
e A 74 958.80 T
e 'Gip s % 75 §55.82 ) n CH '
LA 75 70748 2 n o
' °Drep =P | % 75 §33.96 » ‘D) 7
;A 7471759 ]
% 74 92044 *
' Dy yp A 74 833.85 55 - (a'S) %P
% 75 984.78 st 5
3d'a'Giep w'G | % 7571655 ) ] e G
% 7581004 » 12
3d' Dy w¥ | % 76 879.00 n ] «'G) P
A 76 987.70 7 ]
' 'Dhep wiH | 77 078.98 - (] e\
% 77 $70.25 [ [ ]
3o 'Sip P | % 771898 n - (1 10
% 77777.83 - ] D) P
Dy | % 77 935.45 - - «'D?Dr
% 78 100.5¢ - - (c'S) P
3d'ta 'Dip wiDr| % 80 283.05 ] i 1
% 80 §90.90 -
3d'(a 'Dip % 2 2 8122293 ™
% 81 45229 »
W(Pratpt®) | YD | % 81 &49.19
% 81087
;2 8131699
% 81 973.08
% 2219259
T rotp °P) »r % 81755.08
g 5 81 824,40
9 81 963.99
% 2214215
4 2610.09



http://744U.lt
http://74455.it
http://949.lt

Cr 8—Continued

Term

Level
=)

M DS

e 'Drp

' DS

' CFp

3% 'Fiisip P

' 'Frp

3d'Did

3 Fp

3" 'F riadpt P

3% 'Did

3d'°Diad

3d*Diid

3" ‘'Diid

PRSI S,

D

'k o

D

'L o

e%G"

i e'S

u'G’

eG

e'P

e'F

WRIET T PG gT

Bt O

L ASKT R S

!

-
o5

2206
8276375
82 881.17
33 M1
83 200.41

2 853.55
29199

8¢ 20988
4302
845N
84 7871

8% R84
8 677.13

85 486 55
85 588.00
577869
86 078 90

85 578.17
85 35896

96 165.30

86 507.31
86 919.01

86 566.55
86 797.55
8700265
87 §3047

96 548
96 654.18
96 738.21
86 847.03
96 980.10
87137.08

86 667.73
86 691.55
86 T82.04

A7 453 .50
87 470.58
87 51482
87 588.00
87 687.52

87 594.58
%7 666.26
87 759.02
87 858.56
87 948.55
88 001.36

3

D) P

P


http://UtT7.lt

Cr 0—Continwed

Coaligurstion

Term

L

Level
=)

4

I CFustpP)

3 CFlotpt P

' *Disd

3*(*D)d

&b ’Prp

3d**Did

WGP rp

b Frp

' Did

WO

bR

P
3 (‘P aetpi'P”)

i *D)d
34 ('Praadp('P”)

«'F

D

P

e'G

r'n

o'D

v'F

e'F

1

w'G’

'

1'c’

‘s
P

ASREGEIT TGN EQPaTar GrataT afat gtaiatat

S 0

WP

87 628.74
87 76%.61
87 916.67
88 07349

88 694.34
39 16464

89 25456
NN
89 3%.»

89 056.02
8 17408
9 32532
8 508.55

92058
29 45521
39 507 .94

89 651 66
M TUZ
8 81242
89 885.08

2021849
2 25820
20 45062
247548

2020213
N4
2 489.86
2 588.59

% 512.56
90 608.99
9 725.87
90 850.9¢

20 708.52
2083079

8 078.72
9 122.88
9 189.51
a1 292.1¢

91 426.08
91 556,40

9 752.27
” 1482

91 955.29
” 295.55

7”2412.99
” 655.98

wery

™D

(b°P) G
') r

‘o
% 4% 4
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E-27
Cr u—Continved
Cosfigeratioa * Term | J | (uw.I) Leading percentages
: ' i cm
b Prip y 'S"T Y, L 9261248 "
' ‘ %
344 "Dsp S A 92 938.83
; b, 2304731
f A 93 142.88
i A 29 276.86
! Y, 2244417
! "/z ”W
3d'bFrp t'D" | Y 22571.69 e o TS JN 1
9, 93 671.00 1] 7
¥ 8277010 ] n
! 23 500.29 n n
3d'*Disp ‘D % 83 574.44
Y, 9377615
A 2 966,45
Y 95 177.18
Id' b Frap PR A 98 341.50 »
Iy 93 301 46 ]
3d'Diip L T 8574040
Y 23 974.08
3d" 'Frastpt'P ' s7F A 23 3%0.64
f A 9 215.866
' CPsp P | D | Y 93 968.70
' ¥ 2 098.13
Y, 95 265.99
: A 94 §52.57
| % 9% 656.24
3" Di3p AR 95 002.56
, A 9% 14443
: A 9 38351
' Di3p LY, 9 256.07
: A 94 365.19
A 94 5208/
% 95 749.20
3P P A 9% 333.20 »
Ys 95 624.72 ”
3d''Msp ‘D A 9 839.27
Y 94 912.95
A 9507072
A 95 250.69
3d' b Pep yls A 26 3593 ')
3d°(°G 14atp! P t'G' | Y 2707115
A 97 187.28
'/f 97 33388
hy 97 493.70



http://177.lt

Cr g—Continwed
Coafiguntion Term J (l.a_e!) g Leading percentages
Clh
3P stp’P) w'P | Y 97 16848
Y, 97 18254
yz ”m“
' b 'Gp el | % 97 $50.08 % 12 w'er G
" 97 899,41 n
' b'Grp %G | » 9779895 ”
% 97 905 44 - 12 '
MCPUApP) | %S | N, 97 875.00
LY 1S 4T s | % 93 207.56 n » P
% 9831499 ™ »
WEGHpP) | 1P | % 9857850
% 9364188
A 5871940
0y s
' b'Grp r'F | 99 069.29 n [ ¥k
A 9239 (5 ;
3d'a 'P)5e I d Y 99 677.93
% 100 040.22
% 100 650.52
34'( ’H )5s [ 4 .ll 1/’ lm m
/ 100 135.82
% 100 221.84
A 100 322.13
3" P stp(P) D | % 100 691.00
e 101074.5¢
/A 101 514.29
ad*1a’P)5e e’P % 100 792.80
% 101 49284
3d*(°H)5e e’H '/f 10102184
RA 101 194.88
W(PratpP") | u¥P | Y 101 15799
MCHUp'P) | w'H | 7 101 170.98
% 101 s96.00
A 101 783.20
W, 101 0082
3d'(a 75 ['r % 101 245.00
% 101 276.60
T 101 821,83
% 101 38297
I Cretp’P) | W’ '/f 101 698,90
kA 101 993.97
M(CHetp®P) | o | 101 884.17
% 108 155.45




g-29
Cr u—Continued
Coafigurstion Tem J (lzvdc-q) F 4 Leading percentag:

3d'*G ) astp 'P) r’ct | % 101 938.04
A 102 121.92

3@ DM P) | s'F % 101 987.'2
Y, 102 297 15

A 102 49260

% 102 725 66

3d*a ’F)5e rF % 102 14881
A 102 24322

3d'(‘Prastp’P) e D W 102 602.40
A 102 619.58

% 102 655.95

Y 102 831.62

3 *Frastp'P") s | % 102 679.00
A 102 915.01

A 103 199.80

A 108 513.67

341 °P)astp Py ' | Y 102 684.02
3d*13G 5 S ] ’/3 108 627.02
{ Y, 103 736.99

3d' id CfY % 108 755.48
| Y 103 843.33

i A 103 948.26

3 LA 104 069.62

3d* 4d f'H T 103 949.27
Y, 104 023.95

i 104 106.35

W, 104 190.63

3d**D)dsdp’P) o' i Y 104 274.62
A 104 467.88

/A 104 680.78

34 'F 1 4a4p('P") p'D | Y 104 439.77
Y 104 616.27

Yy 104 869.13

T 105 206.69

3 (‘Frasap('P) r'r % 104 446.50
l % 104 €30.01

A 104 875.3%

% 105 203.46

3d* 4d a 'K Yy 104 460.28
%, 104 539.92

! ¥ 104 633.04

j , 104 734.37

3d' 5 L A 104 543.17
’ % 104 666.42




Cr n—Continwed

Tem

Level
(==

34*(°D)6e

o

sy

D

3 °Df

3 d

3 DS

3 DS

3 Df

3 (*Dyf
3d'DV4f

' (*D4f

g'H

 EETaT Gt R aTatat ataTatatas

105 098.94
106 168.82
106 285.37
106 447.05
105 650.58

105 12228
105 288 47
105 39248

105 124.90
105 285.33

105 17547
105 408.73

105 197.38
105 263.52
105 567.93
105 508.05
105 681.82

105 198.98
105 285.34
105 837.97
105 434.42

105 282.58
105 408.99
105 559.58
105 742.62

105 965.50
106 423 32

105 298.27
105 2009
105 595.95

105 438.52
105 #0947
105 623.64
105 765.04
105 895.59
105 898,12

105 507.52
105 592.18

105 577.19

105 638.84
105 823.88
105 87048

105 67749
105784.77
106 092.34
108 045.92
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E-31
Cr u—Coatinued
Coafigurstion Tem 7 (uv_ell) | g Leading perceatages
: '  em |
3d DI P %, 15m0s |
. i h ; 105 903.05
! A i 105 95563
! 4
3d'°D6s ' ‘D Yy ; 105 923.4
! ?2 ¢ 106 03093
‘ % 106 095.64
’ A 106 275.24
3d*4d i 1, 106 145.26
W, 106 34295
3 Hsdp P |, tH* A 106 163.16
| % 106 165.3
|
34 *H stp °P) r'G | % 106 719.38
T 106 779.14
% 106 791.84
1, 106 827.42
3 ‘Prasap 'P*) w's | Y 106 7%6.06
3d*°D)5d | Y 106 877.20
| Y 106 929.42
% h 107 006.29
| Y 107 111.84
! " 107 24687
& 107 41209
3d*ud i i'G % 106 923.9¢
3d'"Di3d ‘s A 106 924.84
WD P | o | Y, 107 02233
A 107 158.15
3d*°D)3d p ¥, 107 02534
% 107 056.53
' /. 107 114.75
WP P | gD | Y, 107 212.99
3 Y 107 355.52
3d"i"D)5d L Y, 107 250.87
; % 107 309.38
! 1/z !07 38‘.”
| ’/il 107 455.55
| iy 107 701.34
3d''DiSd i ‘G Y, 107 400.84
| A ! 107 500.37
* '/? 1107 632.26
o 10179415
Ad*'D15d . D 3| 10741488
| Y | 107 519.44
! /A 107 627.40
] Y, 107 696,31
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Cr 1—Continued
Configuration Term J (Levﬂ) ' g Leading percentages
cm
3d*°D5d FY 107 516.77
107 72682
T 107 850.60
% 107 948.05 ;
3d*°Drad ‘D % 107 597.65 ! ‘
ad* ud g1 % 10770684 |
A 10776085 | !
C% L 107675 i
; P, t 10798181 !
MCHUMpP) | %G | % | 1077890
j A 107 918 4%
i I .
3d* 4d L A'H L 107 829.54
' Y, L 10792241
[ 4, | 10801798
; v, 108 104.01
P CHMp P L o2 |y, 107 850.50
‘ | i, 108 031.16
3d*D)5d L s %, 109 394.47 '
H I
3d**D16p N Y 109 564.97
, Y, 109611.%
t Y, 109 694.33
; %, 109 812.06 '
! Y, 109 965.71
é A 110 154.04
3d*°Di6p [ o % 109 661.41 '
| Y, 109 975.05
Id*Diep o A 109 772.95
Y, 109 864.95 '
/A 110097.11
3PDusp’Py | P | Y, 108 915.68
A 109 943.57 l
' *Diép ‘o A 109 933,45
A 110 007.57
A 110 198.26
Y 110272.15
Y% 110 985.80
' *Diép o Y, 110 315.08
A 110471.98
% 110 665.54
3d'*Disp ‘D A 110 981.7¢
Y, 111 082.98
A 111 369.22



—

E-33
Cr n—Continwed
Cosfigurstion ' Term J (lcn!) Leading percentages
| cm~
4 DI5f L | % 115 20897
} % 115 288.81
; A 115 308.16
A 115 296.36
A 115 546.61
5, 115 784.85
D)l D A 115 23453
A 115 301.92
% 11541788
A 11558162
% 11578838
(D)5 b A 115 %49.31
A 115 747.68
¥ 11576718
34 *Drsf | A 115 298.53
DS D | % 115 909.64
; % 115 39347
| n 115 43098
, h 115 591.20
341 *Dy13g © Y 4) % 11537126
\ A 11537139
3d* Di5f ‘H* A 115 398.46
% 115 43045
A 115 598.97
; u, 115 78287
i
3d* D)5 I ¢ kA 115 408.18
A 115 627.76
1, ' 11591822
A L 11592740
: !
34 °D))5¢ M1 % 11541198 -
/A . 11541217 :
34" °D,)3¢g 5] ) | 11544400 |
A l 115 444.02 !
! |
! |
3" °DI5f G n P15 447.64
‘ "{ 115 461.80
| | 1ssesa
’/‘1 | 11559249
: A 115 89661 |
' 1
3% D,i3g 5] ', 115 554.95 |
Y, 113 555.05 |
kY I 1 NE 4] % 11555630
n 11555648 ‘
' D, ey 11556097 ;
" 11556107 ;
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E-34
Cr n1—Coatinved
Configuration  Term | J Lew S Leading percentages
cm ¢
i
T T
3d*Drsf b 2R A 11557091
by 115 605.95
P 11579728
A 115 824 49
|t 115 84045
3 Diis ‘D ¥, 115 640.42
% 115 818.49
A 116 047.90
3d'°D)5f ‘r % 11567284
A 115 88221
3d*°Dy) 27} 1 115723.70
T % | leram
d'Dy) 33} , 115 732.06
Toée ’,: 1157323
l -
3d'*Dy)5g 4] A 115 738.43
3d*°Dy)5 26} 13 11574112
e "/: 115 741.%0
3d*(°Dy)5¢ 2s) Iy 115 74239
% 115 74255
3d'D3f ‘r A 115 810.84
3d'(°D, 3¢ 2(8) " 115927.17
2 115927.30
3d'°D,)5¢ (2] % 113 326.73
3d° ‘P rasdp 'P°) P Y, 115943.7
hid 3 115 966.7
% 116 041.7
3d*°D,)3¢ 3] A 115 945.47
3d*°D,)5¢ 14) % 115 962.72
A 115 962.84
3d*°D;) 7] o/ 115 968.86
o 3, 115 969.19
ad*(*D, KE)] iy 11597522
Ve ) 115975.44
3d' "D, 5 78] 52 115979.31
Wy 115979.5%
3d*‘Died ‘c I[ A 116 171.71
A 116 213.38
h 116 281.95
'/? 116 388.95
A 116 531.26
, 1670867




Cr n—Contimued

Configurshon Term J (lgve.l) ' Leading perceatages
cm .
- : Y
3d* Dihd P A 116 25335 ;
A 116 295.06 ;
A 116 385.67 i
d* Di6d 'S Y 116 355.55 ‘
3d* D6d F Y, 116 360.98
A 11642923
A 116 477.51
/A 116 512.42
% 116 601.65
by 116 829.01
3d' D 6d ‘D Y 116 581.74
n 116 687.20
A © 11679031
% ! 116 831.84
3 Di6d ‘6 7 . 11687715
A . 116 985.30
i 11714158
. MT3241
3d* D 6d ‘D A . 11707283
A [ 11726348 g
3% D hd ‘F % 11722851 i
% . 117 488.50
A | 1752075
3d* 'D6d i A 117 381.64
% 117 481.24
3d* "D 6d s A I 117 671256
3d''P 1 dsdpt ‘P ‘D Y, {118 6326
7 . 118 640.08
Yy . J18 6614
- | 1187564
!
3d*°Diss D Y i 120 7026
| A [ 1207571
; . A | 120870.78
| | ' l 121 036.43
| | % | 12124683
WD, 6g Is) ' w, | 12082004
A | 12082009
3d* D, 16g “e) . % | 12093867
3d' "Dy 16g 1y % 121 105.81
A 121 106.04
3d"°D, 6g - Y6 E ”, 121 114.06
i A 121 11425
. [
3d* Ly 16g : 5] | A 121 115.31
, A 121 11545




Cr n—Countineed
Configuration Tem l J (lﬂd_.) : 4 Leading percentages
[l 4 (= B
3d*°D,'6¢ o) T %, 12131557 |
P, 121 31583
3d"1°D,'6g S C) I A 121 335.13
‘ L 121 83525
34D, 6g & i B A 121 338.36
: 9, 121 338.68
34'°D,)6¢ bey | 9, 121 344 81
; w, 121 345.09
H
34'CD1% | e % 124 31074
; % 124 523.96
%
Crm ¢°Dy) | Limit 132 966




E-37

Z=24

Ti 1 isoelectronic sequence

Ground siate: 15°25°2p*353p*3d*'D,

lonization energy = 249 700200 cm ~' (30.960.02 e V)

The analysis was begun by White (1929) who found
systems of triplet and quintet terms, which were later
unified by Bowen (1937). F. L. Moore considerably aug-
mented this work and provided his unpublished results to
C. E. Moore (1952) for inciusion in her compilation.
Ekberg (1976) has remeasured the spectrum in the region
of 750-2700 A with an uncenainty of ~0.005 A and es-
tablished 76 new levels while rejecting 26 of those found
by Moore.

We give the results of Ekberg for the 3d°, 3d’4s, and
3d’4p configurations, including his calculatcd percentage
compositions for the levels. The level uncermainty is 0.1
cm~'. The M’(*F)4d ’H term is from White. The other
terms of 3d’4d and those of 3d°Ss are from the analysis by
Moore. The uncertainty of these levels is +:0.5 cm™'.

Johannson and Ekberg (1982] discovered three terms
of the 3d’4s4p configuration snd gave their results in a
preliminary report.

Velasco (1952) from the 2-member 3d’xs series.
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Crm
Coafiguration Term J P Lesding percestages
k% of D 0 0.00 100
1 62.22 100
2 183.16 100
3 356.55 100
4 576.08 100
d* P2 0 16 771.36 » . n
1 17 168.56 » |
2 17 851.18 » ]
d* H 4 17 273.70 »
5 17 396.92 ”
6 17 530.65 100
kY of b 2] 2 18 451.84 b 2 1
2 18 511.18 ” 2
4 18 583.39 ” n
3! c 3 20 703.64 ]
4 20 852.95 ”
5 20 996.04 ”
3 'G2 4 25 138.87 “ % G1
3d* D 3 25726.44 100
2 25 780.94 100
1 25 848.31 100
k% of i1 6 26 014.89 100
3! 's2 0 271 312.32 m -] 81




Cr m—Contineed
Coafiguration Term J Level Lesding perceatages
=Y
d* ‘D2 2 3215199 ” z m
3 'F 3 37 005.16 190
u n 1 43 286.71 ™ fn 2
2 43304 53 n z
3 £83217 b ] =
k" o 1 2 1344199 » a P2
1 4391659 » "
44 141.96 » a
LY I 4T ¥ 1 49 49246 1
2 4962825 )
3 4982891 1
4 50 091.17 100
-] 50 410.06 10
' G1 4 4976865 ™3 5 G2
34 'Fias b 4 2 56 651.37 1%
3 56 993.08 100
4 5742340 100
3 Pris P | 63 045.74 100
2 63 174.30 »
3 6342192 10
3 D1 2 6576321 ™ 2 'D2
3P °Gras c 3 €5 892.38 100
1 66 030.01 19
[ 66 225.09 »
34 Pris » 0 69 601.50 » a P p
1 69 781.89 % t 7
2 70 292.86 n 15
3d*1°G s k' 4 65574 L
3 ‘Pras b 4 2 70 191.01 Q » ‘PP
1 70 345.56 53 "
0 70 487.01 [ a
3 D24 p 1 70 981.26 ™M 1 DD
3 71 323.06 ) 21 DD
2 132327 » n P p
3 ‘H\ 4 Y 4 71 677.19 ”
5 17113156 »
6 71 870.17 100
3d*‘Pras 'p 1 73 881.54 ”
3d'1'D214s 'D 2 74 788.88 n n ’D11 D
3 H 'H [3 75 351.63 1%




£-39
Cr m—Continued
Cosfigeration Term ‘uv_c,) ' Leading perceatages
(= ] i
3 F s ® 3 QX2 -
3 8448476 | 1
2 8457253 1.
' F s F 3 FIT068 108
i
id"'Fip G 2 P Nee2l . 1.
3 %099 1
4 %I | 10
5 %8170 100
"6 ! 95 0609 ; 199
X i )
d'Frip ool Vossuezs s 5 CRD
L2 L eIl “ » “F D
3 12142 1 F 3 P D
rl 97 159.81 n 5 OF D
5 9761948 "
dFoap L P Ty ”
- , 1504 B Y % 2
1 . 9EITeS ™ "
2 ! % 92202 5% 2
3 C 97098.28 p) *
W CFdp ‘D i srerres bt » OF) T
2 L 9T 20659 o 1 PP
3 97 682.99 ™ s P D
w°F o 4p G , 3 99584167 n 3 LR e
4 10010066 | o
L5 10042801 | ®
3d'Fip 2 101 444.57 *
3 101 746.21 *
3 102 100.76 *
Ad DI ds ‘D 3 ; 102 236.46 ™ n D2) D
.2 ¢ 102 333.49 k] 2
| 102 401.80 ™ z
; |
"Dl is D | 2 ! 10562689 ™ z  Dp2)'D
i Prap L { 108 250.89 »
|2 108 §61.40 -
|3 | 108 795.84 »
3d' Prip D e | 108 697.68 s n PP
! . 108 865.98 “ M
2 109 570.89 » n
3 10972279 -
4 110 154.89 v
' 'Piip P 2 108 972.90 ] » P D
0 10945811 | « o
1 10957062 I i
3" Gip ‘H 4 109 535.25 s 13 t‘H) 'H*
5 109 944 98 -] 14
3 110 507 18 ns 15


http://97tl9.it

E-40

Cr m—Continwed
Configuration Tem J : (I.cve.l) ‘ Lesding percentages
: ‘ cm™ !
3G rap ‘ ‘¢ 3 : 11137609 - 5 VR G
; 1 | H1eskre » 5
‘ 5 L 111 856.97 = 5
» 3d'°Grip l b ad 4 11237288 s r 6 ‘G
] 2 112 399.84 e 13 D2) P
; 3 112 46701 ™ 3 ’D2) ’F
' Grip G 4 11311521 » » e r
G o 3 113 322.90 ) 12 D2) 'F
' Py s 2 1335708 *
d' Gy 'H H 113 419.93 7 ") H) 'H°
O ok YT D 2 113 767.13 a 2 02 'p°
Py b 0] 113 86147 ) P> 'p2)
i 1 11389943 57 n
; 2 114 599.14 a 2
i
3d'Prip | D 1 11571679 ™ 2 P D
; 2 115 182.15 2 21
3 115 554.28 ] 3
3 CHap H 4 115571.9¢ s 13 VG W
5 115 670.7% s 14
6 115 844.58 85 1S
a'Dip 1 116 37292 » ' = P
ad*‘Drip h al 2 116 391.68 ™ P} ‘P)Dr
4 117 101.58 e 1 con
1d'°Prap s 1 116 451.19 " 1 D
Py nr 3 116 592.95 “ 2 ’D2) 'F
2 116 782.05 u 3 P
P 1 116 774.00 2 ' a2 P D
D2 3 116 949.09 S o P r
d*Hp b 5 117 145.85 »
[ 117 §88.95 »
7 117 923.89 1%
02y b 1 4 1 118 165.15 ' 1 p2)
2 118 422.99 ) 1
3 118 599.11 n 15
3 (*Hp 'G* ‘ 118 900.53 " " op ‘G
3d**D214p P 2 11942142 Q » p) p*
1 119 489.02 Q s
0 119 ¢35 .62 ° »
P H 'H 5 11961280 ) 1 (%G) 'H*



http://113llS.il
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E-41
Cr m—Continwed
Coafiguration Tem (la_c'l) Leading percesteges
(-1
' p2rgp b 3 119 86647 C 18 ‘D 'F
i CHWp r 6 12043299 »
3" CHp ¢ 3 120 700,27 »
4 120 749.55 »
3 120 767.26 »
P s 1 121 §48.77 ”
d'iPrp p 1 122 39649 n n p2) 'F
' D2ep D 2 123 105.8§ - a P D
AP b af 2 128 754.62 %
3 128 784.15 4]
¢ 128 85049 »
' Fp ¢ 3 13111636 ) 5 *H) G’
4 131 265.66 ) 5 *H) G*
5 13145016 *
3 Fap D 2 132070.71 ) 18 D 'Dr
3d' °Frap » 3 192 117.50 ) 5 o1 o
2 132 499.78 " 5
1 132 734.22 Y] s
3d' °Frip L ] 133 963.57 ) 15 CH)'G*
W' CFiap P |3 134 887.54 "
|
3d"°Dlr4p . 1 146 926.18 n ) p2) >
] 2 146 973.33 L 18
i 3 147 090.73 m "
3Dl ip A 14857381 s » (D2)'Dr
3d"°Dl.4p P 2 149 344.08 e » (D2 F
| 3 149 883.64 n Py
4 149 626.30 £ -]
34 ‘Dl sp b of 2 151 351.27 % n (’D2) P
‘ 1 151 687.44 15 u
X 0 15185212 % %
3d* ‘Dl vap i 3 152 037.21 n » D 'F
3" 'Fad H 3 1529273
4 153 099.1 '
5 153 314.6 1
5 1535M 7 i
7 1538717 :
3d'’D14p P ) 156 929 9} 7% u D2, ‘P



http://m7U.lt
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£-42

Cr n1—Coutinwed

Tem

Lewt | Leading percemiages

L ol 1

34 ‘F)ud

34**F)5¢

3 °Fiud

3d*H)d

3P OF Mado°P*)

3 CF 14sdp P

3d%F iedp 'P*)

Criv “Pyz)

S W N AN dWN [ N - W = WnN -~ W NN -

- W~

1573032
1574351
1576373
157 908.0
158 241.8

158 066.7
158 4429

1590318
159 375.6
159 8033

158 463.6
158 623.7

173 200.5
1736628

175 965.9
1762748
176 684.7
177 196.0
177 803.9

1772923
177 466.1
1T1724.9
178 063.9
1784735

1798153
1798632
1799516
180 100.8
180 334.0

249 700

o O O G G o & o e b B B O B B B0 B B



Z=24

Sc 1 isoelectronic sequence

Ground state: 15725s72p*35*3p*34" °F,,

Ionization energy = 396 500+400 cm~' (49.160.05¢V)

The initial analysis was by White (1929) and was later From the 3d’('F)as terms for n =4,5 and an extrapo-
extended by Bowen (1937). Ekberg (1973) reobserved the  lated value for the change in effective quantum number
spectrum and extended the analysis but reported no levels  between them, Ekberg and Engstrom determined the
above 211 574 cm~'. With new observations Ekberg and  value for the ionization energy.

Engstrom (1982) greatly increased the range of known

energy levels by establishing 59 of the 67 possible 3d°4d References
levels and 15 of the 16 3dSs levels, & well as the 3d('S)4s

%, level. The uncertainty of the energy level values is  pywes 5.6 (19790 Pons v .55,

+04 cm™'. Percentage compositions for all the known Ekberg. J. O., and Engstrom, L. (1982). Phys. Scr. 28, 6" ;.

levels were obtained by these authors. White, H. E. (1929), Phys. Rev. 33, 672.
Criv
Configuration Term J (l..evcll) Leading percentages
oo
3 ‘F A 0.0 100
% 2374 100
Y 556.4 100
Y 945.5 100
ad ‘P A 14 059.9 100
Y 141775 »
A 14 4722 100
i’ G A 15 053.6 100
Y 15 402.4 100
i’ p % 19 439.4 ]
A 19 520.8 100
i’ In2 A 20 651.0 12 2 D1
A 20 665.5 1] 2
Y o H '/? 21 066.9 100
Vi 21 321.1 100
ad b 2 A 343643 100
A 34 556.9 100
o Pl b 52976.4 1) 2 D2
% 58 1438 n 2
3d*("F)4e Y 2 Y% 103 996.5 100
% 104 258.6 100
| 104 630.2 100
Y% 105 105.7 100
34 ("P)4s b 2 b 109 941.5 100
% 110 691.8 100
34 ('D)s D by 118 571.5 “ % P ‘P
% 118727.8 “ )



http://103996.fi

E-44

Cr 1v—Continued
Configurmioa . Term | J : (Levell) Leading percentages
; ! cm”
i
3% Pis N Y, 1190146 100
| ¥, 119 2520 58 I D *p*
| A 119 671.3 & 35 D) D*
3d%Pas ’p Yy 124 4105 100
¥ 124 7344 »
3 'Gras G % 127 1957 100
'y 127 208.3 100
3% 'SHds 5 Yy 155 354.4 100
3" CFrp ‘G 2| 1573614 %
A 157 933.8 n
% 158 629.5 %
A 159 448.2 190
3 CFrep ‘r ) 158 522.7 97
% 158 892.7 %
A 159 3520 ! %
kA 159 863.6 9
3¢ Frip r % 160 305 4 8 5 D)
A 1609374 79 ") P ‘D
3d4F4p g % 160 986.5 6 2 'F) ‘D
4, 162 301 4 60 2
3 UFidp ! ‘D Y 161 354.8 ™ 6 Py P
i % 161 495.3 & 15 F) D
| Y2 161 756.3 52 % OF) D
E A 162 064.9 " 13 JF) F
34 Frip G A 164 909.7 %
% 165 4300 %
3 OPi4p g Y, 167 896.5 »
3d2Prip 5 A 171081.3 " 9 D) P
3d*'D)4p p A 172 184.0 (7 ’ P ‘s
A 172 8232 %
3d0'D)4p p- A 172 636 4 n 1 P P
A 178 366.0 “ 7 P) ‘p°
3P ip o % 178 431.9 ™ 5 OF) ‘D
A 173 659.1 ” 5 P ‘D
A 174 0962 »
/A 175 8462 "3 1 LT of
3%'D)4p i Y, 174 589.7 ™) s (P
A 124 968.6 ] ]
3P ap P Yy 176 690.9 » ;
Y 1768167 "
% 177 408.5 % \




E-~-48
Cr v—Coatinyed
Coafiguration Term J | (l.gv_ell) Leading percentages
! ‘ cm
. — 1
3 Grp [ R A 179165 %
.i I % 178 0300 L
3 CPap . i ¥ 181 43.1 8l 12 CF) D
{ . 181 27, ;) 10
3d* G ip C MW Y% 1826792 »
: A i 1834442 100
3 Prip P w0 s »
Coh . 1838756 n
: I '
3d'°Gap O 186 980.8 %
LY 187 519.0 o
3dCSiip S | 210559.2 »
: A 2115759 %
3d°VFad I 232 566.1 ) 12 ¢F1°F
i P 232 896.6 w 1 O'Fi*H
; L9, 233 236.7 82 18 CF)'H
A 2336470 ) 19 CF)y*H
!
3d*'Frid Foh 233 117.3 ) 12 PG
T 233 637.6 )
; |
3d° F id . H i /A 233 358.8 ") 0 F) 'G
f I % 233 708.5 82 18
; | 234 100.1 % ]
A 234 500.9 100
4d°t ‘F 1id ‘Do 2336184 n
A 2337989 L
I % 234 085.2 %
Eoh 234 502.1 %5
3d* Frid A 235 743.0 s 7 ¢'D) P
, Y, 236 491.4 89 6
3d* 'Frad Lop Y, 237 798.2 » 13 Py ‘P
{ Y, 238 100.4 " 13
J % 238 447.1 n 1]
2d* 'Fiid LG A 237 999.5 “ 2 (‘D%
! Y, 238 561.3 “ 12
3d*°F 14d I‘ ‘D Yy 239 541.4 L 18 ‘DD
| A r 2398222 % L]
| 1
3 'F1id CHO Y 239 582.% 9 ’ (‘G ‘H
A 240 268.8 0 9
3d* 'F4d oo f/, 240 967.9 %
L 241 182.5 95
A 241 4728 9
P 24] 8325 9
z



E=-48
Cr iv—Continsed
Configurstion Term J (l:w.-!) Leading percestages
-
A Prad P A 247 099.1 » o D)
% 247 765.0 ™ =
3 ('Dad F % 472393 B 15 PR
A 247 546.7 - n
3 ('Drad G % 299325 1H ) GG
A 250 007.7 L) ]
3 Prad ‘r % 250 535.2 9
% 250 752.7 = s P D
% 251 093.1 = s G 6
d*rrud ‘D Y 2510173 ”
Y 251 095.6 »
A 251 1378 »
A 251 3427 s 5 P F
3d*(°F)5¢ ‘r A 251 5639 10
A 251 8(7.0 ”
A 252 1'8.3 »
Y 257 694.5 100
3PCPrad F kA 252 464.8 s n (G F
Iy 252 5328 % %
3%0F 138 )y % 253 476.1 ”
A 254 2121 ]
320Prad ‘P % 254 534.6 ] 13 Tt AN 2
3d°°Prad ‘D ¥ 255 662.3 3 zn ‘'D)»p
%, 255 836.9 ] s
3£ 'Did p Y, 255 803.6 51 M opyp
Y 256 306.2 a 2 Py
3¢ Grad b Yy 256 853.2 100
A 256 885.4 100
3d20'Gr4d G /A 257 588.6 88 7 b ik
% 257 714.4 " 7
3d%('Gr4d ’H A 259 755.4 v ) (*F)°H
A 259 799.6 " 9
3%1'Grad F h 263 875.9 « n P
% 263 971.0 Lt 7
3P ('Di3e ’p *n 265 031.6 9%
A 265 048.6 ]
3d°'Grad p i 266 878.0 [ R P D
Y, 266 931.7 “ n
3% (P15 ‘P h 266 946.6 100
A 267 130.4 »
A 267 469.0 9




E-47
Cr iv—Coatinued
Configurstion Term J e Leading perceatages
C ¥ i
140 Prs ‘P ) 268 4581 100
s 268 813.4 : =
3d°Gr3e ‘G 238653 160
Ty 273 866.6 ' 100
Crv 1 'F, Limit 396 500




E-48

Z=24

Ca 1 isoelectronic sequence

Ground state: 15°2s'2p*35°3p W °F,

Ionization energy = 560 200300 cm ' (69.46+0.04 eV)

The initial analysis is due to White (1929) who reported The ionization energy was derived by Ekberg from the
levels of the 3d?, 3d4s, 3d4p, and 3d4d configurations.  series 3d4s and 3d 5.
Additions and revisions were made by Cady and Edlén
and were communicated to Moore for inclusion in her References
AEL compilation (1952). The spectrum was completely
reobserved in the range of 400-1800 A by Ekberg (1973)  pereb O (UMM SE B e Saad ©5)
whose results are quoted here. The uncertainty in his Circ. 467, Vol. 1 (reiseed in 1971 23 Nacl. Bur. Stand. (US) Natl.
level values is given as +0.5 cm~'. He added the 'S, level Stand. Ref. Data Sex. 35, Vol IN).
of 3d* and all the known levels of 3d4dand 3dSs. Theone  Whae, H. E (1929), Phys. Rev. 13, $3.
term of 3d4d due 10 White was found to be false.

Crv
Coufiguration Tem J Level Coafiguration Tem J Level
) (=)
7 4 e 2 2 0.0 3dud b 4 3 3166749
3 508.2
4 11417 3dd b 1] 1 317 8938
2 3182716
7 o 'D 2 131880 3 318 601.7
Y o P 0 154918 3d4d c 3 3191191
1 15676.6 4 3195168
2 16 041.0 5 3200744
adt 'c 4 220192 3d ¢d p 1 319 284.0
7 4 's 0 51 1464 3d 4d i 1 322 528.1
e ) 1 167 176.4 3d4d b 4 2 825 104.1
2 167 491.0 3 3254725
3 168 089.5 4 8258842
e 'D 2 171 696.1 3d4d D 2 329 3503
Wy D 2 2261198 3d d bt 4 0 $30 084 3
1 220 245.1
de b 4 1 228 001.8 2 830 5368
2 298 489.1
3 299 120.8 3dd G 4 331 811.2
Ui pe 2 299 551.7 3d 5 D 1 356 744 8
3 290316.5 2 356 981.3
4 221 392.9 3 357 6759
Wy p- 1 295 6184 3d 5 'D 2 858 8538
0 294 668.5
2 205 846.4
dey ' 3 297 529.5 Cr V1 (*Dy,y) Limit 560 200
di p 1 12299175




€-49
Crwn
Z=24
K 1 isoelectronic sequence
Ground state: 1s?25'2p*35’3p*3d Dy,

Ionization energy = 731020+6 cm~* (90.6356:+-0.0007 eV)

The first known terms were found by Gibbs and White
(1926, 1929) who reported the positions of the 3p*3d *D,
45 'S, and 4p ’P" terms. The af ’F° serics for & =3-10 was
identified by Alexander, Feldman, and . ’raenkel (1965)
and the missing 4/ 'F* by Gabrisl, Fawcett, and Jordan
(1965) who replaced the false levels of this term given
carlier by Kruger and Weissberg (1937). The 4p *P*—4d
3D muluplet was found by Fawcett (1970). Observations
of open 3p°®-core configurations were first reported by
Feldman and Fracnkel (1966) who identified the
3p*3d — 3p*3d 45 transition array. Some of these lines were
classified by Cowan (1967). Gabriel, Fawcett, and Jordan
(1966) classified six lines of the 3p*3d —3p*3d? group.

The spectrum was reobserved in the range of
400-2500 A by Ekberg (1973). He interpreted a consid-
erable number of new lines and verified the earlier work.
His revisions of the values for the known levels and his
additions to the analysis are quoted here. Levels obtained
from transitions to the ground term from 350000 to

700000 cm ™ are given 10 the wnits place and have an
uncertainty varymg from 1510 +20cm~'. The rest have
an uncerisinty of 1 cm~'. The ionization energy is de-
rived by Ekberg from the sk series with an estimated
uncertaimty of +6 cm™".
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Crwv1
Coafigeration Term J Level Configurstion Term J Level
(cm™" (="
3p'('S)3d ) % 0 35°(P")3d*°P) o % 4938471
A 940 % 495 9112
3*('S)us ] Yy 2278579 3°(*P")3d*(°F) o % 496 958
% 497 495
3p°('S)p p Y 2965732
'/: 298 396.7 8p%('S)5d D % 534 881.7
% 534 489.7
3p°(*P*)3d%('G) b % 356 962
A 959 165 35%('S)6e 3 Y 562 064.1
3p'P")34('D) 2p- Y 371 618 3°('8)5f r % 568 957.4
‘/: 378 677 A 568 993.0
*('S)4d p % 402 661.7 $'8) ic |/ 5722123
% o 028886 (8% Y 5122144
3PP 13 (°F) i o % 4401352 3p%('S)6p i g Y 574 135
A 429454 % 575 742
3'('8)% ’s % 461 253.0 39 3 (P )4e A 578 566
% 580 697
3p'8)f ip Y, 481956.0
! 482517.1 30* 3d(°F e " | % 584 371
Y 586278
3p'('8)5p p % 487 589.5
Y, 488 561.9




Cr vi—Continwed
Coafigurstion T J Leved - T J Level
em - Coafigurstion orm Proice |
3 3d(F 1 % S91 137 3°('S)6A L %1% 621 1629
% 594 926
'S b % 648 521
35 3D )4 > % o7 615 % €48 533
% 608 631
% 609 166 $°('S)7h r %% 6503108
LT ) 4T r % 610 497 L L3t b 2 %% 67 978
% 611 563 P . o
('S) /3 631 307
33 b o % 614 385
% s16079 isny ki af %% 690 781
331D 4 Ny % 613 591
% 619419
Crvu ('Sy) Limit 3180
P (S)Ef b o % 618 589
kA 618 849
¥'('S)6¢ G 620 696.3

e

620 700.5




Crw

Z=22%
Ar 1 soelectronic sequence

Ground state: 15°25°2p%3573p° 'S,

Ionization energy = | 291 900600 cm ~* (160.18 +0.07 eV)

Most of the levels are taken from an extensive analysis
by Ekberg (1976) who observed the spectrum m the range
of 90—2000 A with an accuracy of =001 A. The few
earlier wdentifications are noted in his work. Relative 10
the ground state the level uncertainty s +1) em™'.
Among the excited levels the relative uncertainty is +0.5
cm™'. The designations and percentage compositions for
the levels are from Ekberg. A value for the ionization
energy of 1291 900 (600) cm ™' was derived by him by
extrapolation. The same value may be derived from the
3-member as series.

The terms 3s3p%p 'Pi. Sp 'P; and 'P;, 6 'Pi, and
7p 'P; were determined by Kastner, Crooker, Behring.
and Cohen (1977) from observations of absorption in a
spark between 70 and 100 A. The levei uncertainty ob-
wined from these data is =100 cm ™.
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Kasmer. S. O.. Crooker. A.- M., Behrng. W_E . and Coben. L (1977,
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Crvn
Coafigurstios Tem J (unl.) Leadimg percentages
i
3¢ 3p" s ) 0.0
3¢ 3p° 3d g g 2511793 100
' 1 227785 1%
| 2 26 137.1 )
i
i 3p° 3d o 4 357 548.7 100
i 3 260 °71.9 ”
2 263 060.9 %

EWENEY) D 2 1826328 n D
3¢ 3p° 3d D 3 2827374 7 x 'F
! 1 J85 828.3 »

; 2 I86 616.6 n » D
]
W 3p° W i 3 189 126.2 7 2 D
3 3p'd P 1 4920954 1%
3e3p° 3d ) 1 08 679 6 1%
2 609 142.7 1
3 609 8878 (]
3e3p* 3d 'D 2 1 627828.7 100
3¢ 39" P, 1 e 3/2)1 2 668 858.6 00
1 672427.7 »” 15 3Py A2y
3 35 P, 4e vzl o 678 534.7 100
1 6826102 % 15 1*P3,0) }(3/2)°
33 p s 1 734 605.3




E-§2
Cr vii—Coatinved
i i cm ™ !
— ? ’
W34 p .2 |’ TI53289 |
3 I 7436311 :
; 1 ;| T486293 i
. i :
¥ 3p* 4p P 2 P 751493
0 . 7570358 f
1 L T385721 ;
%' 3p*4p ‘P 1 . TS89
w3 4 D2 ! 7383744
. !
. . = ! ~
36 3p* P} . ud U2 0 I 8362922 | 100
1 L 8372345 l gt ™ iP; o F13/2]°
i E
W3pCPd 32l 2 | 894070 | 8 s CP Ry
bl . 86635028 ) ™ 2 Py ey
i H |
W3p'CPiad T2 3 | 8604kkd | 100
1 3 | 8611984 ; %
3 3p* P} d ‘5,21 2 | 8641295 ‘ ™ i P (502)
3 | 8651558 i 8 6 Py 372]
i
3’ 3p'C°P7 04d §5:2]" 2 722016 - 12 Py 52
: P 3 721461 2 Py p a2
.- - ! ,
3P 4d 132y 2 8735655 %S 15 3P f302)
; Pl 875 380.5 s
S ,? !
W3R Y L 32! ) 941811 !
: |2 943 149.1
W3R i | Ye2] | 5 944 4168
i I 4 945 475.7
; }
. ! |
3¢ 3p P G152] ] 3 944 866.7
i 2 954 623
1
W3O Y2)| 3 947917 4
i 4 948 943.9
3¢ 3p%%P; ;15 H32) 1 951 122
3¢ 3p° Py uf 21| 3 956 454
4 957 205.1
3 3p'P uf Yss2)] 3 957 004.6
kPP E ) T2yl 1 960 366
33p* 4p i o 1 984 590
330" 4p P 1 994 105
34 3p°°P;,,)5d 32)1 1 1033485
374 3p P ,15d 3211 1 1042 568
]




E~-S$3
Cr vii—Continued
Coafiguration Term | { (ﬁ : Lesding percentages
3 3p’ °P; ,16e ‘[3/21"? 11075 627 A
36 3p’ P ,16s -'[1/21°:: 1085 446 '
363p° 5p P 1219810 !
363" 3p pr 1297130
Crvin P} .o Limit élzsl!..
%3p’ 6p ipe i | 1 25 560 ;
363 p pr 1 1092840 ;
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E-S54

Crvm

Z=24
C1 1 isoclectronic sequence
Ground state: 15'2572p%35°3p° Py,

Tonizstion energy = 14900003000 cm ™' (184.70.4 ¢V)

All the known levels are derived fruan transitions to the
35’3’ *P* ground term. Edlén (1937) identified lines orig-
insting from all levels of the 3s*3p*4s configuration except
for 'he *P,,. Earlier. Weissberg and Kruger (1936) had
reported lines from the P term of this configuration as
well 25 from the °S term of 353p°. The transitions from
35*3p*3d were identified by Gabriel, Fawcett, and Jordan
(1966) and by Fawcett and Gabriel (1966). The parent
states for the terms 35°3p*3d P and *D are changed to 3p*
(’P) ss indicated by the calculated states of Fe x by
Bromage, Cowan, and Fawcett (1977). Transitions from
3s3p*4d were given by Fawcett, Cowan, and Hayes
(1972). Line identifications in the 3p*3d — 3p ‘4f transition
array were also given in this paper but cannof be used to
derive energy levels because they do mot combine with
known levels.

The recent measurements of the 3s*3p? — 35 3p* doublet
by Smitt, Svensson, and Outred (1976) are used to

determine the ground term interval with an uncertainty
of 2 cm~' and the 3s3p*’S,; level with an uncertainty
of 10 cm~". The uncertainty in the values of the higher-
lying levels is estimated to be +100 cm™".

The ionization energy is an extrapolated value by Lotz
(1967).

References

Bromage, G. E.. Cowan, R. D.. and Fawcert, B. C (1977). Phys. Scr. 18
177,

Edién, B. (1937). Z. Phys. 104, 907.

Fawcett, B. C.. and Gabriel, A H. (1968), Proc. Phys. Soc. 88, 262

Fawcett, B. C. Cowan, R D.. and Hayes, R. W_(1972), ]. Phys BS,
2143.

Gabriel, A. H-. Fawcett, B. C.. and Jordan, C. (1965), Nature 206, 390.

Lotz. W. J. (1967). J. Opt. Sac. Am. ST, 473.

Saust. R, Svensson, L A., and Outred, M. (1976). Phys. Scr. 13, 29).

Weissberg. S. G.. snd Kruger. P. G. (1936). Phys. Rev. 8, 872

Crvinn
Coafigurstion Term J : Coufigurstion Term J
(') ()

223 P :’1 0 3 3p'('D)s D A 769 240

Y 9392 Y, 769 550
363 ’s " 242 065 3 3p'('S)s 3 Y 805 260
37 3p'('D)3d s % 461 540 3¢ 3p'P)4d 1p :,’2 946 200

9

3 3p'P13d p Y 479 310 : 7300

A 482910 37 3''D)ud %5 % 966 400
3 yp'*Piad D ) 487780 3¢ 3p'('D)4d P b 970

Y 496 170 % '/: 972 gg
37 3" Pids ‘P % 735 880 32 3p'('D)dd D Y 976 100

Y 741 060 3 977 400

(P 2 9 i

3 ' OPs P Z: ;;53:3 Crx (P, Limit 1 490 600




Z=124
S 1 isoelectronic sequence
Ground state: 15°25%2p*3s?3p*'P,

Ionization energy = 1688 0003000 cm ™' (209.3+0.4 eV)

Edlén (1937) provided the initial spectral classifications
by identifying the 3p* — 3p’4s transitions. Both singlet and
triplet Jevels were detected but not the connection be-
tween them.

Classifications in the 3p*—3p*3d transition array were
made by Gabriel, Fawcett, and Jordan (1965) and by
Fawcett and Gabriel (1966). Some new measurements
were later provided by Fawcett (1971) as well as two
newly classified lines of this group. The 33p* config-
uration was found by Fawcett (1970). Classified lines of
the 3p*— 3p’4d and 3p’3d ~ 3p’4f arrays were reported by
Fawcett, Cowan, and Hayes (1972). The latter armay
could not be used to derive 3p’4f levels because of the
lack of transitions to known levels.

Smiu, Svensson, and Outred (1976) give improved
measurements of the 3s’3p* ~3s3p* transitions, obtaining
an uncertainty of =5 cm™' for the levels, except for the
35’3p°'S, determined from a blended line. They also

found the imtersystem line ’P,—'P; and identified the
'Se—'P; line. The uncertainty in the levels above the
3s3p? configuration is =100 cm~".

The ionization energy is an extrapolated value by Lotz
(1976).
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Crix
Configurstion Term J Level Coafigurstion Term J Level
(=) =
3 3p* » 2 0 36 3p'*P")3d P 1 531 880
1 7821
0 9 549 3PS s 1 821 100
3 3p* 'D 2 30 284 36 35" (D" )4e D ] 85 900
2 846 260
3 3p' 'S 0 66 855 3 847870
L3’ p 2 239 068 36°39°(°D" e p 2 854 790
1 %5317
0 2%9016 32397 °P" e p 1 881810
%3p® pr 1 205 561 3 3 ('S )d > 2 1028 500
3 1 028 900
3 3p'*Dr)3d P 2 454 510 1 1029 100
3’ 3'('D)3d D 2 493310 3 3' (D" )ud D 2 1 066 800
3% 3p’('$")3d b 3 476 7%0 3¢ 3D )d Iy 3 1070100
2 479 570
| 482 760 W3’ ud P | 1102 600
a7 3p*°Dr)ad o 3 507 750 Crx (‘Sys) Limit 1 688 000




Z=24
P 1 isoelectronic sequence
Ground state: 15'25%2p%3s3p* 'S},

Ionization energy = 1971 0004000 cm ™' (244.4+0.5 eV)

The levels of 3s3p* are due to Smitt, Sveasson, and
Outred (1976) who gave improved measurements and
additional classifications in the 3s33p’—3s3p* array, pre-
viously interpreted by Fawcett and Peacock (1967) and
by Fawcett (1970). The important *S°—P* forbidden
lines of the 3s*3p® configuration, which unify the term
systems, were identified by Feldman and Doschek (1976)
in solar coronal spectra. The uncertainty in these level
values is =5 cm™'. Transitions from 3p*3d to the ground
configuration were identified by Gabriel, Fawcett, and
Jordan (1966), Fawcett, Gabriel, and Saunders (1967),
and most completely by Fawcett (1970). The level value
uncertainty is =100 cm~". Lines of the 3s?3p’ - 3s'3p%4s
array were classified by Fawcett, Cowan, and Hayes
(1972), giving a level uncertainty of +300 cm™'. These
authors also identified lines arising from the 3p’4f

coanfigurstion but the lower levels have not been deter-
mined.

The ionization energy was obtained by Lotz (1967) by
extrapolation.
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Crx
Coufiguration Term J Level Coafiguration Term J Level
(cm~" (cm™)
3 3p ‘s (A 0 3 3p*('D)3d D % 476 680
A 476 820
34 3p! pe A 37 108
¥ 39 450 3¢ 3p*(‘'D)3d p Yy 491 650
Y, 496 430
3 35 p- Y 63 935
A 67157 3¢ 3p°(*P)3d P A 500 880
3e3p* P A 233 890 34 3p*(°P)3d D A 519 280
% 239 987 A 520 820
A U292
36 3 °Prs ‘P Ye 928 500
3.3,,4 ZD 312 289 637 ‘/’ 933 400
‘/z 290 606 % 939 100
3e3p* P A 333412 3 (P P Ye 943 300
. A 949 800
A 337310
3 ('D)s D % 967 000
33p* i Y 48 760 4 % 967 800
3¢ 3p'°P)3d p % 432 830
Y 440 870
Cr x1 (°P,) Limit 1971 000
3 37 (°P)3d P Y 42010 TR
’2 “‘ m
Y% 46710




E-87

Z=24
Si 1 isoelectronic sequence
Ground state: 1s?2s’2p*3s23p?°P,

Ionization energy = 2 184 0004000 cm ' (270.8+0.5 eV)

Fawcett (1970, 1971) gave the first interpretation of the
35?3p*—353p’ array. The level values were later revised
by Smitt, Svensson, and Outred (1976) on the basis of
their more accurate measurements with an estimated un-
certainty of 0.008 A or better. The connection between
the singlet and triplet systems results from this later work
and “rom the solar coronal line at 3996.8 A (air) identified
by Jefferies (1969) as arising from the forbidden ‘D,—'P,
transition in 33*3p”. The uncertainty in these level values
is estimated to be =5 cm~'.

The levels of 35?3p 3d are from Fawcett (1971). Those
of 3s*3p4s and the 'D; and 'F, of 35*3p4d are due o0

to the known levels of 35°3p4d and the 'G of 3523p4f. The
uncertainty in the 34 level values is +100 cm ™' and for
the others 300 cm ™.

The ionization energy was obtained by Lotz (1967) by

|
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Cr x1
Configoration Term J Level Configurstion Term J Level
(ca™)) (cm™)
3’ 3p° P 0 0 34'3p3d D 1 % 240
1 5536 2 436 210
2 11 980 3 436 550
3 3p* 'D 2 36 994 3¢ 3p3d b 3 478 5%0
L3’ D 1 2542 346 35 3pds P 0 1008 800
2 242456 1 1010 700
3 238916 2 1021 100
33 b o 0 278 059 34 3pts p 1 1028 100
1 278 394
2 278 698 373p4d D 1 1234 300
2 1236 600
%3p’ oy 2 306 570 3 1237 900
3430’ s 1 356 424 3¢ 3pdd i a 3 1248 800
33p? P 1 372 498 %’ 3pad P 3 1255 500
3 3p3d p 2 418 980 34 3p4f 'G 4 1347 200
1 425 480
Crxu (*P},) Limit 2 184 000
3 3p3d oy 2 427 090




Z=24
Al 1 isoelectronic sequence
Ground state: 15'25’2p*3%:%3p 'P3,

Ionization energy = 2 404 0005000 cm ™' (298.0+0.6 eV)

The 3p —4d doublet was identified by Edlén (1936).
Thirty years later new observations of this spectrum by
Gabriel, Fawcett, and Jordan (1966) resulted in the dis-
covery of the 3p —3d doublet. The non-diagonal line of
this multiplet was identified by Fawcett, Gabriel, a~d
Saunders (1967) by means of a laser-produced plasma
The unce-tainty in the 3d and 44 level values is + 100
cm™',

The P and D terms of the low-lying 353p? config-
uration were first reporte’ Uy Fawcett and Peacock
(1967) again utilizing 2 laser plasma. Fawcett (1970) re-
vised the classification of the 35’3 P — 3s3p*’D multi-
plet and added the *P*~’S lines. He also reported the
*P-*S" lines of the 3s3p’—3p’ array. The quartet term
position relative to the doublet system is not observed or
predicted and therefore cannot be included here.

Fawcett (1971) later revised the wavelengths of the
35*3p —3s3p? array from new plates taken with the theta
pinch source. His value of 412.46 A for the *P3,—2Dy,
line is inconsistent with the *P},, —’D;,, principal line and
was not used here. He also reported the 3p — 3d doublet of
the same array. Calculated wavelengths enabled Fawcett,
Cowan, Kononov, and Hayes (1972) to identify more

3d —4f doublet and several quartet transitions uncon-
nected with the doublets. The uncertainty of the level
values of 3s3p’is +50cm~".

The ground term P” splitting is obtained from the solar
coronal line 8153.8 A classified by Jefferies (1969) and has
an uncertainty of +1cm~".

The value for the ionization energy was obtained by
extrapolation by Lotz (1967).
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Cr x1
Coafigurstion Term J Level Configurstion Tem 7 Level
(C ) (cm™)
33 p Y, 0 3 4d ip % 1319 000
% 12 261 A 1319 660
23 p % 254 450 Wy p- % 1995 000
% 255 620 A 1395 400
363p® -] Y, 313 600
2s3p* p A 333 240 Cr xm ('Sy) Limit 2 404 000
LA 339 250
3 3d p A 408 700
A 409 840




Z=4
Mg 1 isoelectronic sequence

Ground state: 15°25'2p%3s'S,

Jonization energy = 2 862 0006000 cm~' (354.8+0.7 eV)

The 35%'S;— 1s4p'P} resonan-e line was identified by
Edlén (1936). He also reported two unconnected triplet
systems, one containing levels of 3s3p, 3s4s, 3s4d, and
355d, and the other 3s3d. 3s4/, and 3s5/. The analysis
was resumed 30 years later by Fawcent, Gabriel, and
Saunders (1967) who unified the triplets by discovering
the 3s3p *P* — 353d 'D multiplet. They also identified the
resonance line 35 'S;— 3s3p 'P} at 32829003 A. The
intersystem transition 3s’ 'S;—3s3p 'P; was observed at
4822+0.2 A in a tokamak plasma by Finkenthal, Bell,
and Moos (1982). These two lines were measured in a
tokamak plasma by Peacock, Stamp, and Silver (1984),
who obtained the more accurate values of
3282670004 A and 482.172002 A, or level uncer-
tainties of =4 and +9 cm™'. The unceruinties in the rest
of the levels of the above configurations is 100 em~".

The analysis was extended to 3p® by Fawcett and
Peacock (1967) who identified the 1s3p’P*—3p?’P
multipiet. Fawcett (1970) later found the 'S, of 3p’ the
'D; of 353d and all the levels of 3p3d presently known.
The uncertainty of these level values is +100 cm~'.

The analysis was sugmented by Fawcett, Cowan,
Kononov, and Hayes (1972) with their identification of

transitions from 3s4f 'F3, 3s4d 'D,, and levels of Jp4f.
Some of the last group are not connected to known levels
and are therefore not used here.

Improved measurements of the Is3p 'P*—3s3d D
multiplet were made by Fawcett, Cowan, and Hayes
(1972). In addition, they reported the 'D; of 3s3d snd the
'D; of 3p*.

The ionization energy is an extrapolated value obtained
by Lotz (1967).
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Cr xm
Coufiguration Tem J Counfigurstios Tam J
(cm™") (@Y

kP s 0 0 8p3d b 2 805 220

3 811 550

33p p 0 202 470 4 818 910
1 207 400

2 216 5%0 3p3d p 2 857 230

33p p 1 204 630 3p3d »r 3 861010

3 b 4 0 482 160 8pdd pr 1 885 300
1 488 250

2 499 220 ¢ ITH s 1 1 385 280

¥’ 'D 2 483 170 d4p b 1 1492 920

¥’ 'S 0 569 460 Sedd D 1 1616 060

2 1616 480

343d D 1 588 580 s 1617190
2 589 210

3 590 100 Sedd 'D 2 1 617 500

3e3d 'D 2 662 240 de4f r 2 1678 240

3 1878 630

] 1878770




Cr xi—Continued
Coafigeration Term Level Coafigurstion Term
(cm™) (cm™")
3t/ 'F 1 690 800 3e5d D 2 2076 350
3 2076 540
3pif 'F 1916 140
35f ¥ 4 2105 990
3pif G 1920 560
1930 140
Crxv (S, ,) Limit 2 862 000
3pif F 1931 440
3pif p 1940 840




Z=24

Na 1 isoelectronic sequence

Ground state: 15725’2p*3s 'S,

lonization energy = 3 098 520200 (384.1710.020eV)

Edlén (1936) reported three independent systems of
doublets: 3s—np, 3p —nd (and 3p—4s), and 3d —nf.
These were unified by Fawcett and Peacock (1967) who
identified the 35 —3p and 3p —3d doublets. New obser-
vations by Peacock, Stamp, and Silver (1984) of the
3s —3p doublet in a tokamak plasma were reported at
389.804 and 412.051 A. We use these and the improved
values for the 3p — 3d doublet by Edién (1978). The 4s,
4p.4d, 4f, 5d, 5/, and 6f('F5,) terms are from the identi-
fications and measurements of Edién (1936). The uncer-
tainty of the n =3 levels is =5 cm™', ard the higher ones
+200cm™".

The additional series members Ss—6s, 6 -9,
6d —9d, and 7/ — 8f were identified by Fawcett, Cowan,
and Hayes (1972). Improved measurements by Cohen and
Behring (1976) in the range of 35-70 A were used. They
estimate their measurement uncertainty 10 be +0.005 A

although their measurements differ from those of Edlén
(1936) by about + 0.02 A The 2p*3s*’P* term was found
by Feldman and Cohen (1967).

The value for the ionization energy was derived by
Edlén (1978) from core polarization theory applied to the

nf series.
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Cr xiv
Configuration Tem J Coafigeration Tem J
(m_ ') (_- l)
2'3% 5 Y% ) 29 Ge 15 Yy 2424 470
2p°3p p A 242 688 29'6p p Y 2450 990
% 256 500 LA 2452060
2p*3d D A 587 810 2p*6d D % 2484 990
by 589 505 % 2 485 240
2" 4s ] A 1 478 580 25'6éf p b 2499 0%0
A 2499 260
2 4p p Y 1574 180
% 1579 550 20* s 15 Y 2612050
2t 4d D ¥ 1701 150 b 2649 530
% 1701 940
20 - % 2658 200
20 4f L ol % 1749 830 | 2658270
A 1750 080
2p'8p p %% 2742 280
20' 5 ] A 2102780
2p'8d D % 2755 510
2 5p p A 2149 290 b 2755 380
Y 2152020
2p' 8/ G o A 2761 580
20 5¢ ’D A 2210730
%, 2211 080 2p' 9 p by 25820870
2 5/ p % 2295 280
A 2295 440
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Z=24
Ne 1 1soelectronic sequence

Ground state: 15°25°2p" 'S,

Tomization energy 8 151 0005000 cm ' (1010.60.6 ¢V)

Only resonance lines are classified ior this ion. Tyrén
(1938) idenuified the lines due to the 25°2p'3s. 3d and 4d as
well as the 252p*3p levels. Swartz, Kastner, Rothe, and
Neupert (1971) Wdentified 5d. and 6d. The magnetic qua-
drupole transition 2p* 'S, — 2p* 35 *P? was identified in the
spectrum of a tokamak plasma by Klapisch et al. (1978).
They confirm the wavelengths of Tyrén for 2p'3s 'P. and
‘P. and 2p°3d 'D. to within =0.003 A, but give the value
18.488 A for 2p°3d ‘P. compared with Tyrén's value of
18.497 A used here. Thcuncemm(ymthelcvelvnlmls
esumated to be =2000 cm "'

Kastner, Behnng. 2nd Cohen (1975) identified transi-
tions between 2p*3p and 2p’4d but there is no connection
with known levels.

The percentage composiions were calculated by
Bogdanovich et al. (1980).

We derived the ionization energy from the
2°2p'nd "D} series for = =3, 4, 5. The # =6 term does not
fit well 10 a series calculation.
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Cr xv
Configerstion Term ,T J e Leading percestages

2 2p" LS « 0 0
2% 2p* e P2 4715 100 100

1 4 727 500 50 50 pr
2% 2p e Pl 4793 200 50 0 P
2 2p"3d e 1 | s2s90m "
2 2p" 3d | ‘D | 1 ‘I 3 92 200 ] 12 P
2’ 2p 3d e 1 [ 5 406 300 -
22p" 3p ‘P ; 1 | 5 894 500 »” » p
252p" 3p ’ oSS 5 921 000 ” " r
%2 ud o | 6576000 o « P
%2 4d ! ‘P = 1 i 6641000 » u o
' 2p 5d B } 1 7 148 000
%' 2p 5d Lol ‘ 7 215 000
2% 2p' bd Lo o 7452000
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E-G4

Crxwn

Z=24
F 1 soelectronic sequence

Ground state: 15°25°2p' °P; .

lomzation energy = 8 850000=18000 cm “* (1097=2 ¢V)

The ground term splitting was cbtained by Fawcett
(1971) from his wdentification of the 2s72p" — 252p® dou-
blet. It was observed directly from a magnetic dipole
transition at 1410.6=0.3 A 1n a tokamak discharge by
Hinnov et al. (1982). The present value 1s taken n the
more accurate measurement of 1410.60=002 A by
Peacock. Stamp. and Silver (1984) in a similar light
source. giving an uncertainty of 2 cm ° for thrr m.erval.
The %2p*°S, . from the measurements of the resonance
doublet by Doschek et al. (1974), and has an uncertainty
of =200 cm .

The 25°2p° — 25°2p*3s and 3d arrays were first analyzed
by Cohen. Feldman and Kastner (1968). This work was
revised and extended by Feldman et al. (1973) from
w hose classified lines we denved the energy levels. Therr
reported wavelength accuracy is =001 A. The con-
sequent level uncertainty 1s = 6000 cm .

The 252p°°S. . — 25 2p" 35 “P* maltiplet 1s from Feldman
et al. (1S7)).

Bogdanovich et al. (1980) calculated the percentage
compositioas of the levels.

The 1omzation energy was obtained by extrapolation
by Lotz (1967).
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Z=24
O 1 isoelectronic sequence
Ground state: 15°25°2p*°P;

Ionization energy = 9 560000+ 19000 cm ' (11852 eV)

Several magnetic dipole transitions within the 25°2p*
ground configuration were observed by Hinnov et al.
(1982) in a tokamak light source with an accuracy of
=03 A. They are 'P.—'P, a1 1656.3A, 'P.—'D: at
7408 A and 'P,—'S, at 4938 A. The 'P., 'D;, and 'S,
levels are derived from these daia. Peacock. Stamp, and
Silver (1984) obtained the value 740.75+0.03 A for the
*P,—'D: in a similar light source. The 25°2p* — 252p° array
was first interpreted by Fawcett (1971). It was reobserved
by Lawson and Peacock (1980) who extended the anal-
ysis. The 252p° 'P;—2p* 'S, transition was identified by
Doschek et al. (1975). Both lines of this array were ob-
served by Lawson and Peacock. Their measurements are
used here to derive the levels of 252p>, 2p* and the 'P, of
25°2p* with an uncertainty of =300 cm~'. The percentage
composition of these levels was provided by Kaufman
and Sugar (1982). Their calculation includes config-
uration interaction between 25°2p° and 2p*.

The transition array 2s°2p* —25°2p'3s and 18 A was an-
alyzed by Doschek. Feldman, and Cohen (1973), and the
25°2p* ~25°2p'3d at 16 A by Fawcett and Hayes (1975).
Both report a2 measurement uncertainty of ~0.01 A, re-
sulung in level uncertainties of =3000 cm . Levels of
2p*3s with question marks were derived from doubly

classified lines by Doschek et al. (1973). Some revisions of
the 2p°3d levels due to Bromage and Fawcett (1977) are
included.

The two levels of 2p’4d are from Spector et al. (1980)
with an uncertainty of = 3000 cm .

The value for the ionization energy was derived by
Lotz (1967) by extrapolation.
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Cr xvii—Continued
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Cr xvm

z=27

N 1 isoelectronic sequence

Ground state: 15°2%5°2p°*S" .

lomzanon energy = 10430000 =21 000 cm

Four hines of the 2s°2r °D’ - 252p*(°P. D) multiplets
were classified by Fawcett (1971). The analysis of ths
transition array  was extended and partly revised by
Doschek. Feldman, Cowan. and Cohen (1974) The S -
of 2s2p' was later reported by Feldman. Doschek.
Cowan. and Cohen (1975). Fawcett and Haves (197%)
classified the resonance line anung  from
27 2p°CP)3d *P. - and observed the %°2p°¢D)3d “F- .
level of the doublet system. They also located the 2p°
configuration from transitons to 2p°‘°D. The
‘D. . —°P ; line of this multiplet was reported by Dos-
chek. Feldman. Davis. and Cowan (1975).

The %5°2p'—252p* and 252p*—2p' armays were re-
measured by Lawson and Peacock (1980) who found four
intersystem hnes. We used their wavelengths, accurate 1o
=003 A, 10 determine the energy levels with an uncer-
tamnty of =200 cm . Magneuc dipole transinions within
the ground configuration were observed wn a tokamak
plasma by Hinnov, Suckewer. Cohen. and Sato (1982).
They reported privately the wavelengths $038.6 A for
‘D: —'D: . and 26064 A for ‘P’ . —°P: .. both in air
with uncertamties of =03 A. With these measurements
and ther pubhshed wavelength of 793.3 A for the

(1299 =3 ¢eV)

‘S..—°D: ; \ransition. we obtained the position of the ‘D
term with an uncertainty of =S0cm . and the fine struc-
ture of the “P term with an uncertainty of =4 cm

The percentage compositions for the 2s°2p ", 252p*. and
2p’ conf.gurations were provided by Kaufman and Sugar
(1982). The calculation included configuration nter-
action between 2s°2p" and 2p°.

The onization energy was obtained by Lotz (1967) by
extrapolanon.
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Cr xix

Z=24
C 1 isoelectronic sequence

Ground state: 15°25°2p° 'P,

lonization energy = 1126000022000 cm™' (13963 eV)

Transitions between the 25°2p° and 2s2p’ config-
urations were identified by Feldman et al. (1975). The
spectrum was reobserved by Lawson and Peacock (1980)
i the range of 95-203 A with an accuracy of =0.03 A.
They idenufied many more lines of this array. including
several intersystem hines. and classified the 2s2p’ - 2p*
array as well.

Thelevels of the 25°2p° ground configuration are deter-
mined from the magnetic dipole transitions observed in a
tokamak piasma by Hinnov, Suckewer. Cohen, and Saio
(1982). Their wavelengths. ranging from 39%-2885 A,
have an uncertainty of =0.3 A. The uncertainty in the ’P
and 'Dlevels is = 10, and for the 'S =100 cm '. With the
exception of the 2s2p° *S: level, the rest of the levels are
due 10 Lawson and Peacock with an uncertainty of =200
cm ~*. Edlén (1984) has compared the known values of the
'St level in the isoelectronic sequence with theoretical
predictions He concluded that the values given by Law-
son and Peacock are inconsistent with the trend. We give

Edlén’s predicted value in brackets. The percentage compo-
sitions were provided by Kaufman and Sugar (1982). The
calculation includes configuration interaction between
2r'2p° and 2p*.

B:omage and Fawcett (1977) have given predicted
wavelengths of the 2s°2p° — 25°2p 3d array.

The value for the ionization energy was obtained by
extrapolation by Lotz (1967).
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Cr xx

B 1 1soelectronic sequence

Ground state: 1s°2s°2p P} .

Ionization energy = 1207000024 000 cm ' (1496=3 V)

The splitting of the ground *P* term was determined
with an uncertainty of 20 cm ™' from a magnetic dipole
transition at 1205.9+0.3 A observed in a tokamak plasma
by Hinnov et al. (1982).

The tra dtion arrays 25°2p —252p° and s2p°—2p?
were classified by Lawson and Peacock (1980). They
observed the spectrum in the range of 116-271 A with an
accuracy of =0.03 A. The level values have an uncer-
tamty of =200 cm~’. The percentage composition for
these levels was provided by Kaufman and Sugar (1982).
Their calculatnon includes configuration interaction be-
tween 25°2p and 2p°.

The higher lying levels are from line idenufications by
Spector. Zigler. Zmora. and Schwob (1980) from laser-

produced plasmas observed in the 10-14 A range. The
uncertainty in their values is =3000 cm ~'.

The value for the ionization encrgy was obtained by
extrapolation by Lotz (1967).
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Z=24
Be 1 isoelectronic sequence
Ground state: Ls'25?'S,

Ionization energy = 13 18000026 GO0 cm ™' (1634x3 eV)

Widing (1975) identified the 25’ 'S,—252p 'P; inter-
symhumnsduﬂaumu”Sll*—0.0l!A
The 'Sy~ P, transition was found in a tokamak plasma at
149.90+0.03 A by Hinnov (1979). The uncertainty of the
'Pis =50cm ', and of the ‘P, =150 cm~". The transition
array 2s2p —2p* was observed by Lawson and Peacock
(1980) in 2 laser-generated nlasma They obtained 2 level
uncertainty of =200 cm™'. They identified the inter-
system line 252p *P;—2p? 'D,. which confirms the solar
identification of Widing.

The higher configurations are from the line classi-
fications of Boiko et al. (1977) at 13 A. A measurement
uncertainty of =0.003 A is reported, giving a level uncer-
tainty of +2000 cm~'. The two terms of 1s2s2p’ above

the limit are from the observations of Boiko et al. (1978)
at 2 A, with a level uncertainty of 10000 cm~'.

The ionization energy was obtained by extrapolation
by Lotz (1967).
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Cr xxn

Z=24
Li 1 isoelectronic sequence

Ground state: 15°2s °S, ,

Ionization energy = 13 882 0002900 cm~' (1721.4+0.4 eV)

The resonance lines 25 3S—2p P} ;. 'Pi, were ob-
served in the solar corona a1 222.99 A and 279.69 A by
Sandlin, Brueckner, Scherrer, and Tousey (1976). We use
the laboratory measurements of Lawson and Peacock
(1980) with an uncertainty of =0.03 A, giving a level
uncertainty of =50 cm~'. Hinnov (1$79) reported ob-
serving these lines in a tokamak plasma.

"he 25 —3p and 2p — 35, 3d inansitions were reported
by Goldsmith. Feldman. Oren, and Cohen (1972). These
series were remeasured and extended by Boiko, Faenov,
and Pikuz (1978) 10 4p and 4d by messurements in the
range of 9-13 A with an unceruinty of +0.003 A- The
uncertainty of these high-lying levels is =3000 cm™".

The wnization energy was determined by Edlén (1979)
from the 2p —nad series.
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Cr xxm

=2
He 1 soelectronk: sequence

Ground state: Is°'S.,

lomization energy = 60 33400012000 cm ' (7481.8=0.6 ¢V)

Because of the excellent agreement of the calculated
energies of the n =2 shell by Safronova (1981) wath the
few well-measured spectra in the He 1 sequence. we have
compliled her results for the n =2 levels and for the woniz-
auon energy . Detailed comparisons are given in the Intro-
ducuion. Levels of the # =3-5 shells are from the calcu-
lated binding energies by Ermolaev and Jones (19:4)
subtracted from Safronova’s value for the binding energy
of the ground state. We have assumed an uncertainty of 2
parts m 10° for the excited levels relative to the ground
state. and for the omzation energy (see Introduction).
For differences betw een excited levels where An =0, we
assumed an uncertainty of 2 parts in 10°.

Observations by Neupert (1971) of a solar flare spec-
trum place the 152p P} level at 45 540 000 cm ~* and the
152p 'P; at 45 890 000 cm ' with an estimated uncertainty
of =60000 cm .

Percentage compositions are from Ermolaev and
Jones.

References

Ermolacy. A M.. and Jones. M. (1974). § Phys B7. 199
Neupert. W (1971), Sol Phys I8 474
Safroncva, U 1. (1981). Phys Scr 23,241

Cr xxut
Configuration Term J (Le\v:‘l) ; Leading perceatages
cm i
ist S 0 0o
Le2s S 1 [45383500] |
1s2p P 0 (45595080 |
1 | (45610130 % N &
2 . [45691379) |
: |
T2 'S 0 " (45614 430}
i2p P 1 user el % R
Lo s 1 (33759 820] -
1eip o0 (54818 410) |
Ll (52822 120] n T
2 ' [34 846 400)
ke C 0 [33820510)
183p Lop E 1 | (53884 700) » 1 P
Inds s (56 658 460)]
Isdp e e 136 682 850) |
| ] - {36 684 480) | " : ‘pr
, 2 . (3669 650) |
i . !
1sds s | 0 156683 050)
1sdp P 1 ’ (36 709 860) ] ? ‘P
16w ' 'S 1 ; [ 57 992 520)



file:///i6MJ8iO

E-70
Cr xxm—Continved
Configeration ‘ Tem (ln_e'l) Leading percentages
: cm
— .

ls3s i ‘S (38 004 800

Ls3p p (58 004 840}
{58 005 640) ” ® P

[58 010 900]
1s5p p {38 018 580} ” 8 P

Cr xx1v %S, ») Limit 60 344 000




E-77

Cr xxiv
Z =24
H 1 isoelectronic sequence
Ground state: Is °S, .
Ionization energy = 63 675900=200 cm ° (7894.87+0.02 eV)

Swartz. Kastner. Rothe. and Neupert (1971) identified uncertainty in the excited states relative 10 2 P3,. s |
the Is —2p unresoived pair of lines in a solar flare spec-  partin 10°
trum at 208 A.

We give calculated values by Mohr (1983) for the n =2 References
shell and by Erickson (1977) for n =3-5 relative to the

. ) . Enchson. w i
2p P! . level. Further details are given in the Intro- G W (197). ). Phys. Chem. Ref Daaa 6. 331

Mobr. P J. (1983). At Data Nucl Data Tables 29, 451

duction. Relanve to the ground state, the Ievel. UNCET-  Suarz M. Kastaer, S.. Rothe. E.. and Newpert, W (19711, J Phys B4,
tainty is esumated to be 5 parts m 10. The 1747,
Cr xxiv
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F. Atomic Transition Probabilities of Chromium, Cr I through Cr XXIV



F. Atomic Transition Probabiiities of Chromium
[Exerpred from: G- A. Martin, J. R. Fulr, snd W. L. Wiese, J. Phys. Chem. Ref. Data 17, Supplement 3 (1988))

1. Introduction

The following tables, including the introductory com-
mnw&_&eabwemdeoqinnd
atomsic tramsition by G. A. Martia, J. R.
Fubr, snd W. L. Wiese of the Data Center oa Atomic
Trasition Probebilitics at the Nationsl lm of

This i part of the third major critical compilation by
the NBS Duata Center oa Atomic Tramsition Probabili-
for abowt 4,000 spectral lines of the elemeats hydrogea
theough neon, atomic sumbers 2 = 1 throogh 10, includ-
ing the ncutral stoms a5 well as their various ions, was
published in 1966. A second data volume’ was issued in
1969, containing data for about 5,000 linca of the cle-
ments sodium (Z =11) through calciom (Z =20), again
for all nages of ionization for which data were available.
The data compilatioa work then continued with a serics
of smaller tables for the atoms and jons of the clements
of the ron growp, ic., Sc snd TP, V, Cr, and Mn*; Fe,
Co, and N7; and the forbidden lines of all these cle-
ments* From the beginning, it has been the intention to
integrate these smaller tabulations into a single volume
for the won-group clements, in updated and expanded
form. Unexpectedly, a great deal of new data were gen-
erated for these elements during the past few years, often
with much improved sccuracy, so that the revisions and
additions became very extensive. Thus i took a much
looger time than anticipated to complete these largely
pew data tables, and the greatly expanded tabulations
had to be split into two separate volumes. Chromium s
included in a volume that contains the material on the
elements Sc (Z =21) through Mn (Z =25), and a com-
panion volume’ contains the material on Fe (Z =26)
through Ni (Z = 28).

In the present compilation, the scope and format of
the earlier tabulations i maintained, ie., critically evalu-
ated atomtic transition probabilities of allowed and for-
bidden discrete transitions of all stages of ionization are
presented for which reliable data are available. Data are
listed for at least the more prominent lines of each spec-
trum, even if some of these data are of low accuracy.
Furthermore, transition-probability data are also pre-
sented for weaker transitions if the accuracy of these
data has been estimated to be better than = 50%

The original literature is continually monitored by this
NBS Data Center, and a master reference list is main-
tuined from which all literature sources for this compila-
tion have been taken

2. MNsthod of Evakmtion

For the compilatioa of data on a critical basis, the cen-
tral task is the evalwation of the data accuracy aad the
soheeqrcat choice of the most accurate material. In or-
der to a.complish this task in a coagistent magner, gen-
cral guideposts were established for each experimental
sad theoretical approech in easlics compilation work,
and these criteria were meiatained in this work. Specifi-
cally, each original literatwre source was judged by the

(1) A general evaluation of the capebilities and reli-
mdmwwaw

(2) The author’s consideration of the major critical
factors in his approach that enter into the results.

(3) The degree of agreement and geperal consistency
between the author’s results and other reliable
data.

(4) The degree of fit of the data into established sys-
tematic trends and, if deviations exist, the reasons
for such disagreements.

(5) The author’s estimate of his uncertaintics.

The general evalustions of each experimental and
theoretical method have been discussed in considerable
detail in the introductions to previous tabulations.**
Thus, these publications are to be consulted for further
details. However, it should be pointed out that in this
tabulation, particulasrly interesting situations are illus-
trated by providing comparison tables or graphs in the
introductions to individual spectra.

With respect to error estimates, one should note that
the theoretical literature sources, which provide a large
part of the data, generally contain no error estimates,
since no relisble assessment of the uncertaintics intro-
duced by the various approximations is possible. But
even for the experimental papers, where error estimates
may often readily be made, the statements by some au-
thors are 100 imprecise and also incomplete, so that they
are not particularly useful as presented. Sometimes only
statistical measurement errors have been given, without
allowance for systematic errors. It therefore became es-
sential to judge each paper by the principal factors 1-4
listed above, in addition to utilizing the author’s error
estimate (point (5)) whenever appropriate,



3. General Arrangement of the Tables

The same gencral arrangement of the tables is used as
in earlier volumes,” ie, data are included which serve
1o identify the spectral lines, as well as the actual transi-
tion probabilitics (and related quantities), accuracy esti-
mates, and references to the sources of the compiled
material. However, for most of the spectra of neutral and
singly-ionized atoms of the iron-group clements, the
transition array column was dropped. (nstead, in order
to identify the lower and upper levels of a transition, the
level designation scheme of C. E. Moore® was adopted,
who affixed lowercase letters (@b c...xyz2) to the
term designations. This convention is also retained in the
very recent tables of “Atomic Energy Levels™ by J.
Sugar and C. Corliss® In other special cases, the notation
was adapted to the special coupling situations encoun-
tered in those spectra, as, for example, the J;j coupling
encountered in Ne-like ions and Jj and J, ¢ coupling for
Ar-like jons.

Material pertaining to spectral-line identifications has
been taken from the comprebensive wavelength tabula-
tions of Reader and Corliss.” Kelly,"** and Kelly and
Palumbo,” the multiplet tables of C. E. Moore,** and
the recent energy-level compilation of Sugar and Cor-
liss’ (this last reference supersedes earlier compilations
by Sugar and others'*’’). The wavelength and energy-
level data from thesc sources bave been supplemented by
original literature data when nceded in the course of
preparing the transition-probability tables.

Wavelengths and epergy levels whuch are the results
of theoretical calculations, or which were either calcu-
lated from experimentally determined data or interpo-
lated or extrapolated from data on similar (e.g..
Boelectronic) species, are placed in square brackets m
order to distinguish them from the usually more accurate

experimental material.

For each transition-probability table which contains a
minimum of tweaty distinct wavelength values, a “list of
tabulated lines,” has been provided, in ascending order
of wavelength, of the spectral lines contained therein,
along with an index to the multiplet number (or num-
bers) in which each is to be found. Wavelengths that are
printed in italics in the transition-probability tables are
not included in these line lists.

The uncertainties in the atomic transition-probability
data are denoted by letters as follows:

. for uncertaintics within 3 percent,

. for uncertainties within 10 percent,

.. for uncertainties within 25 percent,

. . for uncertainties within 50 percent,

. . for uncertainties greater than 50 percent.

moaw>

The word uncertainty is used here with the connota-
tion “estimated extent of the deviation from the true
value.” The estimation procedure is based on the evalua-
tion of random errors as well as estimates of the maximum
effecs of possible systematic errors. Often, further distinc-
tions were made i the uncertainty labels by assigning
plus or minus signs to some transitions to indicate that
these lines are estimated to be somewhat better or worse
than similar lines. These should, therefore, be the first or
last choice among similar transitions.

A summary of the abbreviations and special symbols
used in the tables is given i Section 4. Included there for
convenience are formulas which relate various proper-
ties of individual spectral lines to those for entire multi-
plets. In Table 1, the conversion factors are provided
which have been used throughowt this compilation to
convert from transition probabilities to oscillator
strengths and line strengths, and vice versa.



F-3

TAmE1L Conversion factors
The factor in each box coaverts by multiplicatioa the quastity sbove it into the cae at its left.

Ay fa S
El
2.026, x 10*
&N
B
1679, x 10*
aN
M1
1
A 1 6;62::; 05, 2.69’2 : 10
M2
6.626, x 10%
Ay
“, El
1.499; x 10~-*2%, X03.7¢
,l “ l “‘
El El
‘.9355 X 10’” ‘.l’
E2
S 5.952‘ X 10'” ‘.k’ 3-M| X 10" “k 1
M1
' 3.707, x 107 g.l’
M2
: 1509, x 1072 g,\?

m&::&ma)imhmmm-ﬂwummhﬂﬂ
are s follows:

For E1 trapsitions, sfe? = 7.188; x 10°® m3 C?

For E2 transitions, sfe? = 2012y x 10-” m* C?

For M1 transitions, pd = (dh/4wm,)’ = 8.600; x 10~° J2 T3

Fosr M2 transitions, pded = 2.408s x 10°9 32 m3 T-2

where aq, ¢, m,, and b are the Bohr radims, chictron charge, electron mass, and Planck coastant,
respectively, and g s the Bobr magneton.

The transition ity (Au) is in units of 3%, and the f-value is dimensionless. The wavelength
(\) s givenin units, and g; and g1 are the statistical weights of the lower and upper level,
respectively.

[Note: the definition of the line streagth for E2 transitions, which is used by some suthors, yicids
ao S-value thst is 50% higher than that employed bere and ia carlier NBS transition-probebility
compilations. Such line streagths have beea multiplied by § before tabulating them bere, and this fact
is indicated in the short introductions to the pertinent dats tubles.)

For the stomic constants entering into the refations gives ip this table, the recommendations of the
CODATA Task Group oo Fundamental Constants (B. R Coben and B. N. Taylor, Rev. Mod.
Pbys. 59, 1121 (1987)) have been used. The 1987 values were not availsbie ot the time that most of
the dsts was compiled for this publicstion; however, differences between these and the eariier
(CODATA Task Group, 1573) values of the fundamental constants were utilized, which amount to
only 0.002% or lems for the E1 transitions and 0.05% or less for the M1, E2, and M2 (forbidden)
transitions and have therefore not affected the tabulated data
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4. Koy to Abbreviations and Symbols Used
in the Tables

1. Symbols for indication of accuracy:

2. Abbreviations appearing in the source column of
allowed transitions:

Is = LS coupling rules applicd

n = pormalized 1o a scale different from tkat of
the author (as explained in the introductory
remarks to the pertinent spectrum).

3. Special symbols used in the wavelength and energy
level columns:

Toe number in parentheses under the multiplet desig-
nation refers to the sequence numboer of Ref. 14 (Revised
Multiplet Table). If letters “uv” are added, they refer to
the sequence number of Ref. 15 (Ultraviolet Multiplet
Table).

Numbers in italics indicate multiplet values, ie.,
weighted averages of line values.

Numbers in square brackets indic...e approximate cal-
culated or extrapolated values.

Useful Relations
(A) Statistical weights:
The statistical weights are related 1o the inner quan-

tun pumber J; (for onc-electron spectra: j;) of a level
(Le., initial or final state of a line) by

{3 -ZJL +1!

and 10 the quantum numbers of a term (initial or final
state of & multiple) by

gv = CL + 1)(2S + 1).

{The “multiplet” values g , may also be obtained by sum-
ming over all possible “line” values 2, . S is the resultant
spin.)

(B) Relations betweea the strengths of allowed lines and
the total multiplet strength:

1. Line streagth S:
SGk) = 3 SUJ)

S (Multiplet) = X S (line)
(k denotes the upper and i the lower term).
2. Ahsorption oscillator strength £, :

1
fa- '———i.g(ﬂﬂ) E @iy

x A o) x fUL i)

The mean wavelength for the multiplet, i;, may be
obtained from the weghted energy levels. Often the
wavelength differences for the lines within a multiplet
are small, in which case the wavelength factors may be
neglected.

3. Transition probability A4a.:

1
A v - GFE T ;:(21,4»1) 15. QL +1)

X A, o) x AULL).

Relative strengths S(J,,J;) of the compopents of a
multiplet are listed for the case of LS coupling in C. W.
Allen, Astrophysical Quantities, 3trd ed. (The Athlope
Press, London, 1973); H. E. White and A. Y. Eliason,
Phys. Rev. 44, 753 (1933); B. W. Shore and D. H. Men-
zel, Principles of Atomic Structure, p. 447 (John Wiley &
Soms, Inc., New York, 1968); L. Goldberg, Astrophys. J.
82, 1 (1935) and 84, 11 (1936).
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Ground State: 15'25°2p*3573p*3d s 'S,

lonization Energy: 6.76669 ¢V = 54575.6 cm ™'

Allowed Transitions
List of tabulated lines
T T
Wavelength tA) © No. Wavelength (A) | Wavelength(A) |  No. | Wavelength(A) | No.
; : i |

1999.95 51 270348 316376 92 i 4065.71 173
2095.00 7 2716.18 3169.58 92 L 40814 .
2095.40 7 2126.50 3231.73 91 P 409769 ]
209583 7 2731.90 3238.09 91 4109.58 )
2154.30 50 2736.46 15 3351.97 5 41133 '8
2364.73 c 2751.58 30 8719.17 5 4126.51 . 5T
2365.91 6 275285 30 3578.68 4 4165.52 193
2356 81 6 2157.09 30 359348 3 420359 ‘oS
2175.06 9 2761.74 30 3605.32 4 4204.48 168
2383.30 9 2764.36 30 361565 3 4211.48 90
28572 9 2769.90 30 3635.28 3 421318 115
2389 21 48 2180.70 30 3639.80 61 2275 104
240860 4 2871.63 29 373081 2 4230.49 104
2408 72 4 2879 27 29 373203 2 o2 188
27914 4 28K7.00 29 374359 0 23452 126
249257 43 209 22 2 374449 60 423599 103
249508 2 209325 29 TI5T.17 60 772 103
2496.30 43 2894.17 29 5766 60 4238 96 102
2499 54 el 2496.76 29 F754.04 60 424284 102
2502 55 “ 2899 20 2 376824 60 AU 102
250431 “ 290544 29 76873 60 4252.24 102
2508.11 4 2909.05 29 804,80 105 4254.33 1
2508 97 4t 2910 %9 29 304954 25 4255.50 %
2513.62 4l 21115 2 W22 2 4257.35 102
252111 4l 2967 64 2 A8R3.29 24 4261.35 81
2538.95 17 2971.10 24 3HR5.24 2 4261.63 127
2544.70 7 297548 2 3456 4O 24 26237 114
2549.55 ) 294079 2 3994.04 Py 4263.15 161
2560.70 40 2988 .H4 14 390291 24 4268.79 167
2571.74 " 2991 BH 2 390317 24 4269.96 114
257766 40 2994.06 14 290876 24 21m
2579.14 n 2995.09 13 391625 ) 421293
2544 61 39 2996.57 2 391917 % 427481
2588.19 ET) 299878 14 3921.03 24 4275.98
2591 .54 " 300048 2 392865 24 4280.42
2603.56 3 3005 06 2 3941.50 24 4240 %9
2618.27 TS 3013.72 Pl 3963.69 59 4203.00
2620.48 34 301520 26 396975 59 4288 40
2622.87 5 3020.67 . 26 3976.02 59 424973
262532 n b 302158 ' 26 398124 70 29197
2626.60 5 P 3024.36 ] 3983.90 5 429358
2629.82 36 P 302917 ] 3991 12 5 4296.11
2669.36 32 3030.25 2 4001 44 | 165 4296.30
2671.9% 32 : 3031.35 26 4039.10 ;1682 4296.63
2672.64 2 P 303419 P4 4039.29 ' 162 4297.06
267815 32 | 03105 26 04225 5K 29775
2640.33 2 304084 26 44RTH e 4298.05
2690.25 32 J 2053 %7 z 404978 162 4299.72
26965 16 L 314m44 92 405003 lohK 4300.52
210059 E1) L a15616 2 05783 I 162 4301.19
2101.99 3 1 318062 ” e L 162 430278




Wavelength (A) No. Wavelength (A) No. ' Wavelength (A) No. Wavelength (A}~ No.
‘ i ;
430547 81 44228 8 | 4578.33 i 159 4712113 | 83
430767 198 44372 . 152 i 458005 P12 472984 ;119
430973 186 4459.75 . i 458240 171 4730.69 . 108
431248 125 . 446076 | 66 { 458390 97 4737.33 i 108
431791 186 T 6279 . 99 4584.10 122 4741.09 [ 183
431966 81 " 4464.66 ] 4584.76 Logy 414312 | 177
432125 " , 446537 [ 9 ! 4584.94 134 474531 64
432162 125 © 46157 | 99 | 458510 144 475207 178
4325.08 . 88 " MT536 ) | 4586.15 122 4754.13 118
432565 D124 Y MTT05 . 66 ¢ 459141 2 47°5.14 95
4330.76 SETH) L S0z ' 135 459255 190 4756.09 108
433257 ] . 448036 i 1.3} 4595.60 179 47151.31 177
433125 ! 185 [ 448288 | 135 4600.11 55 415758 149
433757 iz L 49055 | 164 4600.75 2 714.28 149
433880 1136 | 9169 {80 4601.02 55 4764.65 Y]
433945 [ < L 449186 [ 74 4606.36 191 476726 149
433974 | = L 9231 | 135 461106 8 16786 149
4340.4 I 67 L 449528 | 174 46119 134 477068 ]
434146 P67 Y 449685 IV 461336 2 411512 148
434317 o6t P 449873 I'm 461451 158 4789.32 52
434451 b B i 450029 P12 4616.12 p] 419249 118
4345.08 ! 136 I 45019 I m 461737 84 47%.15 176
4346583 i 88 . 4503.04 t 201 4619.54 | 479768 148
434749 P I 4506.84 1% 462247 150 4801.02 118
4351.06 Lz . 451002 197 462276 )| 4806.25 64
43517 -] © 451190 12 462591 157 4810.7: 107
435394 | 136 | 451436 181 I 462618 2 4814.25 107
435677 ! 101 £ 451544 96 462848 128 4816.13 196
435751 {136 ; 4524.84 172 4633.27 128 481930 170
435965 -] 4526.44 56 4639.52 128 4823.90 195
436297 P13 4521.33 56 4639.70 150 482550 107
4363.13 & 4527.45 % 4641.49 184 4831.63 143
4368.25 101 452984 56 4641.96 157 4836.85 107
4368.90 136 4530.48 85 4846.15 2 4838.42 194
437076 166 4530.68 56 4646.50 109 4870.79 106
437087 160 4530.73 56 4646.80 128 4874.65 17
4371.28 p<! 453093 9% 4648.12 54 4880.04 17
437326 P 4531.24 9% 464833 84 4885.77 53
437365 192 4535.13 56 4651.29 22 4885.97 108
437417 88 4535.69 56 4652.16 2 4887.01 106
437534 81 453575 56 4654.76 128 4903.25 52
4376.80 192 4539.76 56 4656.18 109 492228 106
437755 !l 4540.49 56 485682 202 4936.34 116
437977 101 4540.72 112 4663.33 128 4942.49 1
4381.11 67 4541.06 56 4665.90 150 4944.57 156
438286 61 4541.51 m 4666.20 82 495373 116
438497 23 454373 85 466934 128 4954 81 116
438738 /] 4544.60 56 468086 120 4964.92 11
4391.76 -} 4545.33 56 4689.38 128 4966.80 156
439354 8 4545.95 12 4693.94 83 5013.31 6
439724 100 /4865 180 4695.14 83 5032.54 189
4399.82 100 4563.95 172 4697.04 65 5034.65 189
441031 100 4564.82 123 469738 123 5045.04 189
#1097 86 4556.33 144 489848 128 5061.90 10
“1L11 100 4556.18 123 469894 110 507293 10
“1225 2 4563.24 159 4699.59 183 5112.50 20
4413.00 204 4563.43 72 4700.60 1] 5123.47 21
441366 152 4563.66 12 4708.09 120 5139.60 142
“2270 152 4564.17 203 470173 123 5177.42 137
442410 (] 4565.51 2 470802 128 5192.01 137
“24.20 100 4569.63 123 a17.61 120 5193.50 141
442852 100 457099 123 471843 128 5196.45 142
42993 152 4571.10 28 412265 121 5200.20 137
443236 7 457167 54 4123.08 108 5204.51 9
“n2nM 206 4675.13 134 12440 108 5208.02 9
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11 T
Waveleogth (b | No. || WaveleogthA) | No || Wavelengthh)| No. | Wovelengthh) | Mo

“ — : 1 4 {

i | : i 5
520842 ; 9 L 530074 I . 558,60 " 139 ! 6630.00 to18
521414 S 0 5349 ur {55805 . 189 | 666110 PTs
523897 6 | 53288 47 | 562864 138 | 666927 {115
524147 6 | 53879 4T 564240 154 | 688240 146
5243.38 137 . 532836 9 5648.25 14 | 688305 146
524758 19 |/ 53mI7 9 5649.38 14 | ez 146
5261.76 153 5329.76 7 5634.72 154 i  6YTB46 146
5264.16 19 5340.46 147 5702.30 138 697981 146
5265.73 19 53477 147 5719.82 s 698091 146
521201 17 5345.77 19 5183.11 129 717056 169
5287.19 147 534830 19 5783.89 129 735593 8
529338 132 540058 130 5185.02 129 740022 78
5296 69 19 5409.78 19 e 129 . 9162 16,
5297.37 7 544240 140 5838.68 93 . 893921 163
5297.99 79 5548.61 139 . 584460 93 ' 895576 163

5298.29 19 5566.55 139 . 613013 8

For this spectrum, we have utilized seventeen data
sources, which are all fairly recent experiments. These
include the absorption measurements of Bieniewski' and
Blackwell and co-workers'*"; anomalous dispersion
(hook) measurements (plus a few absorption measure-
ments) of Huber and Sandeman’; emission eperiments
performed with a shock tube by Wolnik ef al.,**° with a
hollow cathode by Cocke er al.,'’ and by Tozzi er al.,”
and with a wall-stabilized arc by Wujec and Weniger'’;
shock tube absorption studies of Huber and Tobey'’; and
six lifetime determinations*"''* from which oscillator
strengths could be direcily derived. Another source that
we used in this compilation is that of Kostyk, who
derived log gf-values from solar spectra. The measure-
ments of Cocke er al. were restricted to ““bsanching ra-
tio” determinations, which were then converted to
transition probabilities by using available beam-foil lifetimes.

Accurate lifetime measurements are those by Marek.,"
by Measures and co-workers,” and by Hannaford and
Lowe,” who all selectively populated the levels under

Tanit | Companson of absorption and hfetime data

Muluplet AlA) f. [#5

(Bieniewsks ) (Becker

etal'y

a's-z2 P 4254 3} 0106 ot
(Y} 4274 81 0082 0.0849
1289 73 00%%9 00sl6

a'S-y P 3578 68 034 0358

4) 31591 48 ns 027

Jons 32 021 0220

study by means of dye laser excitation and then mea-
sured the corresponding radiative lifetimes. Other reli-
able lifetimes were measured by Becker ef al.,' who
employed the level-ciossing (Hanle) method, and by
M:rek and Ricliter,” who used the phase-shift technique.
It is possible to intercompare oscillator strengths derived
from these lifetime sources for hines of the multiplets
a'S-z’P* and a 'S -y P°. This comparison, also in-
cluding the absolute scale of Bieniewski, who has per-
formed very careful absorption measurements with an
electric furnace, is presented in Table 1. In converting
the lifetimes to f-values, we did not include the contribu-
tions of non-resonance transitions because of lack of
data. However, Hubsr and Sandeman estimated that
these additional decay modes have a practically negligi-
ble effect (= 0.5%) on the lifetimes involved. We con-
sider the averaged f-values fi.r these two muitiplets to be
accurate to within ten percent, as supported by the ex-
cellent mutual agreement among the selected data
sources.

(. (.’ (. f.' f.
(Marek and (Marek"y' (Measures (Kwong and  (Hannaford

Richter'y etal ¥ Measures')! and Lowe "y’
01 0110 9112 0110
0084) 0 0849

0 0646 00817 00633

0 402

01319

0244

*Listed mcillator virengths have been denved from hfetime measurements

"Level<rosing technigue
Phase shift methad
‘I.aner excitalnm techmque
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The most reliable general f-value sources for this spec-
trum are those of Blackwell ef al.'*' and Tozzi et al.”
Blackwell’s group obtained relative oscillator strengths
by using their well-known absorption technique with an
electric furnace. Their relative values were placed onto
an absolote scale either by direct normalization to accu-
rate radiative lifetimes or by compering their newer
measurements (at higher excitation potentials) to their
earlier absolute data, via photoelectric pyrometry. Tozzi
et al. measured branching ratios in emission, using s bol-
low-cathode discharge as a source and a Fourier trans-
form spectrometer for the spectral recordings. These
authors normalized their relative data to lifetimes mes-
.ared by Kwistkowski er al.’ We estimate that the data
of Refs. 15, 16, and 17 are generally accurate to within
ten percent.

Another source providing accurate data is the work of
Huber and Sandeman.’ These aathors normalized their
relative data to the lifetimes of Ref. 4. Since these life-
times are very close to our adopted sbsolute scale, we
have tabulated the data of Ref. 2 without change or
renormalization. We have also followed their carefully
documented error estimstes throughout. The data of
Wolnik er al.”® which are systematically lower than
those of Huber and Sandeman, have been increased by a
factor of 1.35 to be consistent with our absolute scale.
The data of Cocke et al." agree quite well with those of
Ref. 2 for overlapping lines, s0 that we have left ther
oscillator strength scale unchanged.

Another compehensive data source that have utilized
in this compilation is that of Wujec and Weniger. These
authors employed a wall-stabilized arc to measure the
oscillator strengths of 275 lines in the wavelength range
4220-4850 A. They measured the line intensities exd-on
with a photographic detection system. To determine the
plasma conditions, Wujec and Weniger sed s variety of
some significant inconsistencies in the experiment, al-
though the f-values for overlapping lines agreed quite
well with those of an earlier NBS compilation (Ref. 14).
For example, s PLTE analysis and Statk broadening
study of Ari lines performed by Wujec and Weniger
indicated high electron densities, with corresponding
temperatures of about 11000 K. On the other hand, three
other methods used by these authors yielded much Jower
temperatures (= 8000 K) for the same experimental
runs. These latter methods also produced consistently
lower temperature determi-ations, even for runs per-
formed at 50X Aigher arc currents. Because of these in-

consistencies, we have assigned “D™ accuracies to the
data of Ref. 13 and have tabulated them oaly for un-
blended lines and only if no other data source was avail-
able.

Wujec and Weniger presented two different sets of
plasma analyses. In this compilation, we have chosen the
set of data that was determined by assuming an arc tem-
perature derived from the scale of Younger et al.,* since
this scale is based on reliable oscillator

Another reference providing relisble f-values s the
work of Kostyk." His oscillstor strengths are derived
from solar data on line depths of Cr 1 lines, taken from
the Liege solar atlas.® For 45 lines, Kostyk's data over-
lapped with data fro either Blackwell 1 a/.'** or Tozzi
et al.” For the 45 lines in common, data for 28 lines
agreed within 25 percent, and data for 43 lines agreed
within S0 percent.
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1

a'S-zD

aS-yP
4

aS-xP

av

aS-u'P
uv 24

aS-2P
6)

aS-zP
)

§269¢

1254

274 81
424973

33203
3730 81

361565
3635.2%

95899

3578 68

3593 4»
3605 32

5197
37917

23656
Zing 73
2365 93
2366 W1
095 .4
2095 0

209540
2095 13

6330 13

5206 9

H20K 42

5206.02
H2M4.5]

>

=)

7493

7593

7593

1593
1593

Crt Allowed transitions
E, f A & A
tcm ) [ gF )
Wiz T A 0312
249 T 9 0315
2386 T 7 0.307
om0 T 5 0316
26788 1 % 0.0016
%1% T 5 0.0016
%60 T 9 51 -4
150 7T 7 154
288 712 132
2195 79 148
220 77 1.50
272 T 5 162
29825 T3 0.0012
585 T 5 9% - 4)
2259 7o 0.057
255 19 1,053
22 7T % 0.055
2w T 5 0069
7700 721 00114
£ 7T 9 0012
a7 1 7 0011
61 1T 5 0.011
ZWe 5 T 2% 4
2793 515 0509

i ! .
Loy
! |
26788 5 7| 0506
779 . 5 5 0514
2802 | 5! 3 0.509
|

f S ‘og &f Accu-  Source
at u) Tacy
0256 253 024 B 14567
219
0110 108  -0114 B 14567,
19
00840 5% 02 B 1453
0062 615 -0361 B 1453
3X_4r 0029 -28 C+ 17
24—4 0020 -278 C, 17
13-4 0011 -305 C- 2
3%-5 00026 -361 C- 2
0881 729 07% B 145
0366 302 0409 B 145
0290 240 0307 B 145
0225 187 017 B 145
204 0015 -286 B 17
1Z2-4 00095 -307 C+ I7
0014 078 -100 C 2
00057 031 -140 C 2
00046 025 149 C 2
oMl 02  -15% C 2
000226 0103 -1% C 2
9w .4 0048 -216 < 2
%4 0035 -229 € 2
5%-4. 0026 -243 C 2
i |
240 0025 292 D |18
: ‘ i
0621 | 532 0492 i B | 1517
; | I L
Cozk 47 | 0158 n 15,17
(008 119 | 0019 | B | 1517
|oi24 106 028 | B | 15,17
! | |
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Cr - Allowed transitions — Continued

F-11

No. Multiplet A E. E, & & A fa s log gf Accu- Source
(A) tem {em %) 1rsH (at. w) acy
10. aS§-z°D
(8)
5051.90 7593 7382 5 5 541—4) 2074 00172 2985 B 15
507293 7593 7300 5 3. 000159 36%-4r 00308 -2734 B 15
1. a'S-»'P .
' 9 ; : _
4942.49 7593 271820+ 5. 7 000198 | 0001021 00827 . _22%¢ B .15
4964.92 7593 2729 . 5. 5 000161 ; 594—4) 0048 -25277 B 15
. i ‘ g ! g i [
12 a'S-y°P 45296 7583 26 . 5 15 0029 | 0027 20 |-087 : B 1517
‘ a0 i : 3 *
! by
| 449685 7583 | 29825 | 5| 7§ 0.033 0.014 10 -115 | B 15,17
© 454595 7593 2585 | 5, 5. oon 00085 | 064 |-137T | B 15,17
| 458005 1563 21| 5! 3 ooz | o005 | om -1 | B 'y
: . : i ' : X '
13 a’S-y'F - | i i . |
' uvd ! : I ' l
. ; i i ; ! !
1 i 299509 7598 . 4971 | 5. 5, 043 0058 | 28 -0 !'D |2
: :‘ i R |
14 a'8-x'P | 29925 753 1 41000 0 515, 041 0.16 81 —009 | D 215
! uv ) I i
! . : ;
) ! ; j
| | 2968.64 7503 41043 | 51 7 052 0.098 48 -031 | C 2
: | 299406 7503 40983 | 5 5 0.25 0.034 17 -071 | E 2
! | 299878 7503 0 | 5! 3 0.407 00320 | 162 [-0784 | B 15
150 a'S-w'P| 27208 1503 4zos |l 5|15 016 0256 | 1S owmic |2
{ wv D
’ 2126.50 7583 9| s| 7! o1 012 3 |-02 | C |2
2131.90 7563 s | s| s 078 0.087 39 -03 | C 2
2136.46 7593 “126 | 5| 3 0.75 0.050 23 -060 | D 2
16.| a'S-viP
[ (uv8)
2696.52 7563 “es71 | 5| 3 012 00076 | 034 |-142 | D |2
17.) '8 -u'pP
(uv 9
2544.70 7563 w9 5| 7 o1 0014 061 |-114 | D- |2
2538.95 1503 “wees | 5| 8 011 0.010 0.4 -128 E 2
8l aD-a"p
16
6630.00 8308 286 | 9| 7 605 | 31(-5 | 00060 | -356 | D 18




Cr it Allowed transitions — Continwed

F-12

No. ' Mubkiplet A E, E, & & As fa s lg&f Accu Source
(A) cm Y fem ) UrsH (at u)- racy
19. a*D-2P  3Hus2 8090 %7938 %5 15 0.086 0.022 9.7 -026 B . 1517
i18)
5409.78 8308 2788 9 7 0.062 0.021 34 -072 B 1517
5345.77 8095 2679 7 5 0.049 0015 18 - 098 B R ta )
5296.69 ™ 26802 5 3 0031 0.0079 0.69 ~1.40 B - 15,17
3348.30 8095 26788 7 7 0017 0.0073 090 -129 B 15,17
5296 29 927 2%79% 5 3 0.033 0014 1.2 -i15 B 15,17
5264.16 T811 26802 3 3 0.041 09017 0.88 -129 B 15,17
5300.74 7927 2788 5 7 00025 00015 013 -212 B 15.17
5265.73 811 26796 3 3 0.0085 0.0059 031 ~1.75 B 15,17
5247.58 TN 26802 1 3 0019 0023 0.40 —-1.64 B 13,17
2. a‘D-z2D
19
511250 8095 27650 1 9 57-5) 2%_-5 00034 -370 D 18
2. a’D-¥P
1200
512347 8308 21820 9 T LO0—-4 124/ 0018 _296 D 18
2 a'D-y'P 6339 80%0 29665 25 15 0.11 0.022 82 0271 B 15,17
2D
4646 15 8308 0825 9 7 0.087 0.02 30 -070 B 1517
4652.16 8093 2383 7 5 0.058 0013 14 -103 B 17
465129 1927 29421 5 3 0.036 00070 054 146 B 15,17
4600.75 8095 29825 17 7 0.025 00079 084 -126 B 15,17
461612 7927 2585 5 5 0.041 0013 099 -119 B 15,17
4626 18 7811 2421 3 3 0.050 0.016 073 -132 B 15,17
4365.51 7927 29825 5 7 0.0041 00015 014 -205 B 15,17
4591 41 7811 29385 3 5 0011 00060 027 -174 B 1517
461336 7751 2942] i 3 0.022 0.02] 0.32 —~168 B 15,17
2 aD-z'F 2503 8090 20070 25 95 0117 00466 167 0067 C 2.15
22
435177 1308 3280 9 11 0.12 0.040 5.2 -04 C 2
1344.51 8095 31106 7 9 0.11 0.040 40 -055 C 2
433945 27 3095 5 7 0.0692 0.0274 195 -0864 B 3
4337 57 7811 089 3 5 0.0548 00258 110 -1112 B 15
433974 7751 0787 1 3 0.0440 00372 0532 -1429 B 15
4384 97 4308 31106 9 9 0.027 0.0079 1.0 ~-115 D 2
4371.28 8095 30965 7 7 0.041 0.012 12 ~1.09 C 2
4359.65 7927 W08 5 5 0.054 0.016 11 R § B o 2
4351.06 T811 0% 3 3 0.0418 00119 0509 _1449 B 15
441225 8308 095 9 7 986(-4) 22440 00293  -269% B 15
439176 8095 30859 7 5 0 00288 596 -4y 00603 -2380 B ‘15
4373.26 7927 30787 5 3 0.00524 ~ 9.02 - 4» 0.0649 2346 B 15




Crrc  Allowed trassitions — Coatinued

F-13

Multipiet A B B PRI Au fa S | vagl | Acce | Source
KA em™) cmY a0s-Y) ot w) racy
e’ D-2% Mies 8050 N5 | B | S 0.12 0.028 89 —-0.16 C- 2
23
3919.17 8308 33816 9 9 0092 0021 25 —0.72 C 2
3908.76 8085 3672 17 17 0.062 0014 13 —100 C- 2
390291 ™ 542 5 5 0.085 0.0080 0.51 -140 D 2
3908.17 T811 Uu 3 3 0018 0.0041 0.16 -191 D- | 2
3941.50 8308 33672 9 7 0.028 0.0061 059 —-134 C- |2
B S 8095 33542 7 5 0052 0.0086 0.78 -122 C 2
3921.08 ™ 3424 5 3 0.058 0.0080 0.51 -140 C 2
NI62S T811 33338 3 1 0097 0.0075 029 —165 C 2
3886.80 8095 33816 7 9 0.022 0.0065 0.58 —-1.34 C- | 2
388329 ™ 33672 5 7 0.089 0012 079 -121 C 2
388524 T811 33542 3 5 0039 0015 0.56 —1.38 C- 2
3894.04 5 34U 1 3 0039 0026 034 -158 C- 2
a'D-2P
()
3849.54 97 33897 5 3 0023 0.0030 0.19 -182 E 2
385222 T811 33163 3 1 0.070 0.0062 020 —-181 E 2
a'D-y¥F
n
3021.58 8308 41393 9 11 291 0487 436 0642 | B 15
301520 7751 1 3 1.63 0.668 6.63 -0175 | B 15
3037.05 8308 4125 9 9 0.54 0.075 68 -0.17 C 2
3030.25 8095 41086 17 17 1.1 0.15 10 002 C 2
3020.67 7811 40906 3 3 15 0.21 6.1 —-021 D- |2
3040.84 8095 40971 7 5 0.74 0.073 51 -029 D 2
3031.35 o 40906 5 3 031 0.026 13 —-089 E 2
e’D-2'pP
(26
3053.87 8308 41043 9 1 0.1 0.0668 784 -0108 | B 15
3029.17 Kt /4 40830 5 3 0.38 0.032 16 -0.80 E 2
3034.19 8095 41043 1 1 0.36 0.048 34 -047 D 2
3024.36 91 40983 5 5 1.7 0.174 8.66 -0081 | B 15
3013.72 7811 40963 3 5 0.83 0.19 56 -025 C 2
a’D-y'Dr
(uv 11)
3005.06 8308 41575 9 1 092 0.097 8.6 -0.08 C- 2
3000.88 8095 41409 1 5 16 0.15 10 0.02 C- 2
2998.57 Kt /4 41289 5 3 20 0.16 78 -010 C 2
299] 88 7811 41225 3 1 30 0.14 4.0 -039 D 2
2967.64 8095 41782 1 9 0.39 0.067 4.6 -033 D 2
2971.10 Kt /4 41575 5 1 0.71 0.13 6.5 -0.18 C 2
2975.48 7811 41409 3 5 0.89 0.20 58 -023 C 2
2980.78 7751 41289 1 3 0.510 0.204 200 -0601 | B 15




F=-14
Cr 1 Allowed transitions — Continued
No.  Multiplet A E, E, £ & Au fo | S « k'd’;An:n-{Swlu
7\ «m " tem Y ! aWrs B ;] etuy ¢ racy i
B aD-xD 28925 3090 26450 25 % 083 0117 219 0467 . C- |2
tuv 12) : ‘ ) ; ;
H t 4
~ ‘ | ! !
288922 8308 | 4209 9 066 0.082 71 .-0.13 : C 2
289325 8095 42648 7 . 7 0.52 0065 | 44 ‘-034  C 2
2896.76 ™ a9 . 5 5 030 0037 | 18 ;—0.73 ; C- 2
2899 20 7811 42283 3 3. 0.15 0019 : 055 -124  D- 2
2911.15 8308 2648 ° 9 T 02 005 22 -064 D |2
291089 8095 2439 1§ 0.4 0.031 ‘ 21 §—0.GG D 2
2909.05 ™ 429 5 3. 0.68 0051 : 25 i -059 ! C 2
2905.48 7811 4218 3 1: 13 0053 15 -080 D 2
2871.63 8095 42009 7 9: 012 0018 12 -089  D- |2
2879.27 7927 42648 5 7 021 0036 17 -074 , D 2
2887.00 7811 42439 3. 5, oz 0055 . 16 -078 : D |2
2894.17 7751 42293 1 3 033 0.12 12 ,-091 | D- ;2
1 5 ‘, : |
30 oD-u'P ; I
tuv 15) . ; ‘
Z780.70 8308 s 9 7 14 013 1 007 C 2
2769.90 8095 VT 7 S S 11 0.090 58 -020 C 2
Zi61.74 97 44126 5 3 0.68 0047 21 -0.63 D i 2
2764.36 K095 44259 7 7 0.37 0.042 27 -0.33 D v 2
Zi5T O 190 44187 5 5 0.68 0.078 15 -04] C 02
25285 =1 44126 3 3 0.87 0.098 27 -0.53 D P2
27151 .58 1927 44259 5 7 0.069 0011 0.50 -1.26 D- ‘ 2
31 aD-¢P :
tuv 1Ty
2716.18 B304 a9 g 011 0.0092 074 -1.08 c 2
2700.59 RO95 45113 7 7 0.075 0.0082 051 -1.24 D 2
2 aD-xF ;
tuv 1K)
2w 15 9 45256 5 7 012 0.018 0.7y ~-1.05 [ 2
2671 98 AL 652 3 5 012 002 0.57 -1.19 D- 2
2669 36 7751 45202 ! K 012 0.039 04 -141 E 2
7703 4 RI0H HME 99 0.063 0.0069 0.55 -1.21 D 2
2690 25 Ll 1 45256 7 T O ORhH 0.0092 057 -1.19 D 2
2650 33 795 45225 5 A 010 0011 047 7 D 2
26734 64 ™I 5202 33 0% 06019 051 124 E 2
B aPD-t°r
2701 99 H30M 4306 9 11 02l n.02% 22 060 C 2
4 aD-r
2620 4n 95 64177 5 3 ni9 0 0i2 050 - 124 E 4
B aD-ul
fuv 21
L2 KT PR 46422 9 9 013 0013 10 092 n 3
2626 60 LT 46360 9 7 0093 0075 N 5K 117 F 2z
W aD-cr
2R29 K2 4 46109 7 5 010 00m7 046 1z E 2
2B18 27 WL/ 46109 5 5 0085 0 0w 042 141 F 3




Crr  Allowed transitions — Continued

F=-18

No. | Multiplet A E, E, & & Au fa S log f | Accu- | Source
A) am') tem-Y) aes " (at w) racy
3. aD-(P
2625.32 8085 46174 7 1 0091 0.0094 0.57 -1.18 E 2
38| eD-w'F
(uv 22)
2603.56 8308 46705 9,11 0.062 0.0077 0.59 -1.16 E 2
258819 8085 46721 7 9 0.088 0.011 0.68 -110 E 2
2579.14 ™27 46688 5 1 011 0.015 064 —-1.12 D- |2
39} aD-2G
(uv 23)
2584 .67 8308 46906 9 11 0.061 00075 0.58 -1.17 E 2
0. a'D-u’P
i (av24)
2591.84 8308 46879 9 17 0.65 0.051 39 -0.34 C 2
2571.74 8095 46968 7 $ 0.64 0.045 27 -0.50 E 2
25T1.66 8085 46879 7 17 0.26 0.02% 15 -0.75 D- |2
2560.70 ™27 46968 5 5 043 0.042 18 ~0.68 D~ |2
2549.55 811 47022 3 3 048 0.047 12 —085 D- |2
41.| aD-0'D
(uv 30) |
252111 8308 86| 9| 9| oS 0051 |35 -0 |E |2
2508.11 ™27 47186 5 5 021 0.020 081 -1.01 D- |2
2508.97 ™27 41172 5 3 038 0.021 089 -097 C- 2
2513.62 8095 47866 1 9 0.11 0.014 081 -1.01 C 2
2| aD-(r
2495.08 811 47878 3 3 o 0.025 0.62 -1.12 C 2
3| o'D-u’F
(uv 31}
2504.31 8095 48014 1 9 045 0.054 31 -042 C 2
2496.30 ki 44 41975 5 17 0.56 0.073 30 -0.44 C 2
492.51 7811 47918 3 5 045 0.070 1.7 ~0.68 C 2
4984 v 47918 5 5 0.16 0015 0.61 -1.18 E 2
“|aD-(r
2502.55 8095 48043 7 9 0.2 0.026 1.6 -0.74 D 2
S o D-D
279.14 w4 48252 51 7 0.098 0.013 0.51 -1.20 D 2
8 s D-1'P
(uv 26)
498.60 8308 49812 | 2 067 0.045 32 -0.99 D- |2
8. eD-(r
240872 8096 49608 T 5 0.2 0.018 10 ~0.90 D- |2



No. | Multipiet A E, E, & o Ay fa s log gf | Accu- | Source
7\ @ cm-") G0 s-Yy at. u) ey
4. ¢ D-zF7
(ur 3D
2389.21 7811 4953 | 8| 5 0z 0033 077 i-101 | D— !2
O a’D-s¥F |
(uv 39) j
' |
: 2383.30 8308 50253 9! 11 0.41 10042 . 30 [-04 | D- |2
: 238572 8308 50211 | 9! 9 0.17 ' 0.014 10 ;-om D- |2
! 27506 | 927 50019 ! 5/ 3 0.17 00085 | 033 | -13 | E 2
i : ; . ?
50.: a*D-u’D i : : !
i (uv 40 ‘ i | i :
: . ! | | i
i © 285430 8095 | 50558 , 7! 9 0081 | 00086 | 047 |-122 E D- Iz
' E : * i ! ! * !
5L oD } , | é : ! S
tuv 48) .‘ i i 1 } i ! i
. | | 5 L
1999.95 8308 562931 9 9 14 ‘0082 49 013 | D- |2
N ‘ : E !
52 a*’G-y°F i ! ! :
a3n i i : :
; ] : ) | !
4789.32 20520 41393 ' 13 /11, 0114 00331 © 679 | -0366 | B |16
4903.25 20517 40906  5° 3: 0074 | 00:6 13  -110 ;| D ' 10n
! i : ‘ ; :
5. aG-x'P } : ' i ,
30 i ; ‘ '
488577 20521 0983 7 5. 00492 . 00126 142 - —10% B 16
54. a'G-2'H : : ’
132 ;
457167 20520 42367 13015 o036 - 0013 25 071 D 13
464812 20517 2026 5 7 0018 00082 062 -13 ' D 13
3 aG-°?
460102 20524 42252 11 13 0.615 00056 094 121 D 13
4600.11 20520 42252 13 13 0.016 00051 10 ~118 D I8
56 aG-:1G 5447 20522 §2573 45 45 0.205 00633 425 0454 B 16,17
33
4526.44 20520 42606 13 13 0.175 00535 104 -015% B 17
453073 20524 42589 11 11 0.158 00486 TR 02 B 17
4535 69 20524 2565 9 9 0.149 00460 61K 033 B 17
454049 20521 2539 1 17 0150 00465 487 -0487 B 16.17
4544 60 20517 2515 5 5 0.189 00523 391 om2 B 17
452954 20620 42589 13 11 0.011 00030 0 5m 141 Ce 17
453515 20524 2565 119 002 00083 10 16 €+ 17
4541 06 20524 2539 9 7 0034 ooos] 11 114 B 16,17
454533 20521 215 1 5 0.034 00075 019 12 B 17
AN 33 20624 42606 11 I3 0.021 00M7T 13 lm B 17
4530 64 20524 a2me 92 1 0036 0.014 I 091 8 17
453513 2052 7.7 T B 0.03% 0015 16 0w B 16,17
453976 20617 2589 5 7 0.032 0014 1n 115 B 16,17

| I B N N =

e e e
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Crr  Allowed transitions -— Continued

F-17

No. Multiplet A E, B, & & Ay fa S log gf | Accw- | Source
KA cmh cmY) {4 (g (at. ) ™y
57, a’G-y'G*
35
4126.51 20520 “T46 | 13| 13 0.0671 0.0171 308 ~-0652 | B 16
420359 20617 44500 5 5 0.057 0.015 1.0 -1.12 D 10
58| a'G-2%F
6)
|
$042.25 20624 45256 9 7 0.0088 0.0017 020 -182 D 18
4050.03 20517 45202 5 3 0.012 0.0017 012 —-206 D 18
$8.| a’G-y'H
(38)
8963.69 20520 45741 | 13 | 15 13 0.36 61 0.67 D- |2
3969.75 20624 45707 [ 11 | 13 12 0.35 50 0.58 D- |2
3963.90 20621 45615 7 9 1.06 0.32 29 0.35 C- 11
3991.12 20617 45666 5 7 107 0.367 235 0252 | B 16
3976.02 20520 45663 { 13 | 11 0.0023 46-4)} 0078 |-222 D 11
60.| ' G-2%G*
43)
3743.89 20620 47222 1 13 | 13 0.761 0.160 3.6 0818 | B 16
215166 20621 41126 7 7 0413 0.0875 758 -0213 | B 16
376824 20517 £7047 [ 5 0.510 0.109 674 -0266 | B 16
3758.04 20624 £7126 9 7 0.11¢6 0.0192 214 -07¢3 | B 16
3763.73 20521 £7047 7 [ 0.119 0.0181 1.5 -0 | B 16
34449 20624 7222 | 11| 13 0.0501 00124 1.69 -0864 | B 16
nsn.11 20517 47128 5 7 0.0616 0.0182 1.13 ~1040 | B 16
6l.| 0G-u'F
4D
%3980 20620 479686 | 13} 11 18 0.90 £ 0.50 D 12
R aP-x'P
(50)
SAU147 21857 40020 | 3| 3 0.0067 0.0028 0.14 -2.08 D 18
5288 97 21848 8% | 6| 3 0.0401 000091 | 0855 |-1906| B 16
6. a'P-y'Dr
(60)
5013.31 21841 41782 7 9 0.035 0.017 20 ~0.92 D i0n
6| aP-1'Dr
@1
414631 21841 42909 7, 9 0.020 0.0087 095 -1.2 D 10n
4808.25 21848 42648 5 7 0.0066 0.0027 0.21 -1.87 D- 13
65| a'P-2'8
| 62
i ]
}, | 4a97.04 21841 | 4125 | 71 6| o088 o001z {12 !-106 | D |18
; © 4100 60 21887 | 431281 3 5 00336 | 00185 | 0860 [(-1256 B |16




67.

70

71

72

3

74

76

P-cP
64

P-wD
166

PP

P -u 'cPi
167)

|P -y «P-
(3}

P-yF

P-c°P

P-w'D

L%

Pt

P-dpP

4460.76
47705

4341.46
438286
4340.14
4381.11
4297.06
4343.17

4081.74

410958

461954
4501.79
462276
449473
443216

4563 43

438297

4491 86
43%7 3
437755
432125

442410

21848
21857

21848
21857
21841
21848
21848
21857

21857

21857

24083
23512
24m3
Zin12
23163

24093

23164

24093
2512
12
23163

23512

44259
44187

44875
44667
44875
44667
45113
4875

46350

46174

46968

45734
45719
45719
15734
45719

46000

46077

46109

46174

3

- W

B

&

=

=W

wn

n

oW ow

-l

W W

Y

A,
10 s D

0015
0013

0.0064
0.030
012
0.10

0.036

0.012

0.031

0.11

0.16
0.10
0.11
0.079
01x

0 0055

0032

0034
0054
0133
0034

0057

0082

fa 3 log f | Accu- | Source
M uy . ™™y .
00065 048 149 D 18
00065 029 -171 D ;18
: i
00018 013 -204 | E 13
00086 037 :-159 '@ D- |13
0024 24 077 D 13
0018 13 . -105 | D | 10a
0019 13 (-103 ' D |13
0017 01 -12 i D |13
E
00050 020 '-182 D |18
' ]
0011 0T -12 D 18
0.045 I8 087 D 10n
;
0.051 39 -0.59 D 13
0.030 14 ~1.04 D 13
0021 15 -098 D 18
0.040 I» -092 D 14
0.16 23 ~0.80 D 1#
oM o -192 D 13
[1Y/13 039 -1.56 D- 13
000 076 -129 D
0016 o6& 135 D 13
0016 069 132 D ¥
0029 041 154 D 13
00« 12 1R D |13
|
!
ool 20  ORT D 13



Cr - Allowed transitions — Continued

F-19

No. Multiplet A Es & o A fa S log of | Accw- | Source
' A (em™) (em™") 10°s™Y) (at. w) racy
.| a’P-2%
434749 4053 47088 5 3 0.019 0.0032 oz -1.79 D- | 13
8. 2P -¢'S
99
740022 23396 36896 7 7 0.138 0.111 189 -0111 | B 16
735593 233056 36896 $; 1 0.0514 0.10¢ 126 -0285 | B 16
9.1 2P -¢D
[+ 1}
5328.36 249 42251 9141l 082 0.2 51 046 D O
5291.37 23396 42258 7 9 0.388 0210 256 0167 | B 16
532917 23499 42258 9 9 0225 00969 | 151 -0064 | B 16
529799 2398 42256 7 7 0.30 0.12 15 -0.06 D 18
532976 2199 42256 ! 7 0.0538 0.0;78 281 -07% | B 16
80.| 2P -/7S
(35)
491.60 2398 45643 7 7 0.044 0013 14 - 108 D 18
47536 2206 45843 5 7 0.030 0013 093 -120 D 18
8. 2" -D
(96)
428135 249 45050 | BB 0.066 0922 28 -0.70 D 18
427293 2396 46783 7 9 0.047 0.017 1.8 ~094 D 18
4293 58 u» 46783 | 2 | 0.025 0.0070 0.5 -1.20 D 18
299712 23386 #4637 7 7 0.081 0017 17 -093 D 18
4305.47 22906 4525 5| & 0.07¢ 0021 1.5 -093 D 10n
3196 2206 45449 5| 8 018 0.600 21 -082 D 10n
2{:P-gD
on
4007.60 2206 41102 s§| 7 0083 (X )¢ 13 -103 D 18
4111.33 208 {1102 7 7 012 0081 29 -0.97 D 18
83|cH-2H
(i )]
€721.13 24200 45340 | 13 | 13 0.061 on 34 -0.488 D 10n
0394 20068 43 1IN 0.084 0011 19 - D 18
[ ¥ ] 20084 4350 9| 9 0.09 002 16 -098 D 18
096.14 20068 45340 | 11 | 13 0016 0.0000 1.0 -1.18 D 18
84| e H-yH
»171.0 20066 &%107 | 11 | 18 bU-4 | IM-4| 0082 | -2 D- |11
4645.33 U200 &%107 | 13| 13 0.0016 +o-4)| 0007 | -22 D- 1
4611.08 2034 45616 9 9 0.0020 -4 | 0087 | -2 D- ' 11
8. cH-y7»
(100)
454373 24066 44068 | 11 9 0.010 0.0025 0.42 -1.56 D- |13
4630.48 2034 46000 | 2] 0.0087 0.0018 0.2 -1.84 D~ |18



F-20

Crr Allowed transitions — Continued

Ne | Multiplet X E. E, & & A fa S  lge Accu- Source
! 7Y) eamYH . @mh s st w) racy
9%. a'H-w'F
: 102
44228 U200 46705 13 1N 0.019 0.0048 080 -121 D 13
441097 24056 ®w21 1 9 0.023 0.0055 0.88 -122 D 13
439354 23934 46688 9 7 0.007 0002 02 -18 E 13
87. ¢'H-z%G"
<103
4371534 24056 46905 11 9. 0.072 " 0017 27 T _013 D 10n
436313 23934 46847 9 7. 0.16 0.036 46 -050 D 13
8. a' H-yG’
1104)
4374.17 24200 47055 13 . 11 0.103 00250 & 468 -0488  C- 11 -
434683 24056 47055 11 9 0.090 0.021 33 -064 D 18
432508 23934 47048 9 K 0.14 + 0.031 39 . -0.56 D 13
89 ¢H-:T '
(105}
425550 24200 47633 13 15 0061 0019 35 -060 D 13
9. ¢’ H-x'H’
1106)
421148 24056 47194 11 11 0.0071 0.0019 v ~1.68 D 18
9]. o'H-o¢’'H
114)
323809 24056 4930 11 11 0.20 0.032 37 -0.46 D 12
323173 23934 54811 9 9 13 0.20 19 025 D 12
92 eH-x1
1135
316376 24200 55799 13 15 0.60 0.10 14 0.13 B 17
315516 24056 55741 11 13 0.57 0.10 19 0.04 B 17
3145 44 23934 55686 9 1 0.56 0.10 95 -0.04 B 17
3169.58 24200 55741 13 13 o 00033 0.45 -1.37 E 7
3160.62 24056 55586 11 11 0.027 0.0041 0.46 ~1.35 D- 17
93 sD-yD
a8t
5844 .60 24304 41409 7 5 0.0068 0.0025 033 -196 D 18
571982 24904 41782 7 9 0.00496 000313 0412 -1660 B 16
HH3H AR U2R7 41409 3 5 0.0085 0.0055 0.82 -1.78 D 18
%9 bD-sF
11241
4764 65 24304 46286 7 9 000713 0.0032 03 -165 n 13

477068 24300 45268 5 7 0.0098 00047 0.37 - 1.63 D In




Ne | Multiplet 1 N B B FAR A A fa L4 log of | Accw- | Sowrce
73] o) oY aes™ ot w) racy
%.| bD-(7
£155.14 24282 45306 i1 00056 09000 58 ~1.45 D 13
%.| b D-uD
a»
451544 24282 o2 9 9 o2 00067 090 ~122 D 13
455093 26304 46368 71 7 00065 [T ] [ V] -185 D- |13
453124 24287 46350 3| & 0010 0.0061 (-} -181 D- {13
7.} bD-(P
458476 24904 4100 7 5 .75 0.0017 18 -~1.93 D- |13
456390 2430 4109 5| § 0016¢ 0.0050 038 -160 D- |13
%! D-(7
4571.10 24904 #8174 7 7 0.0096 0.0090 03l ~1.68 D- |18
9| iD-u'F
aom
“US9.75 24304 ®T21 71 9 0.084 0032 33 —0865 D 13
4465.37 24300 46688 1 7 0.059 0025 18 -091 D 18
462.79 42T 46078 1 3 0.066 0.050 074 -1.90 D 13
6151 24300 ST 5 5 0.087 0011 081 ~128 D 18
4464 66 24287 46678 3| 3 0069 0015 065 -1.36 D 13
100.! 6D - P
(129)
“uu9 24282 46879 91 7 021 0.048 63 -0 D 13
4411.11 24304 46068 7 S 013 0.021 28 ~NT2 D 13
4300 82 24300 £7022 S| 3 0.098 0017 12 -10 D 10n
“28.22 24304 46879 7 7 0.056 0.016 1.7 ~0.% D 13
441021 24300 46968 5 5 0.067 0.020 14 ~1.01 D 13
*691.24 4287 47022 3 3 0.10 0029 13 -1.00 D 10n
0L 6'D-x'G°
(130)
4356.T7 24282 41229 91N 0022 0.0077 0.9 -1.16 D 13
4368.25 24304 47190 7 9 0.021 0.0077 0.78 -1.27 D 13
a371.T1 24300 17128 5 7 0019 0.0076 0.55 -1.42 D 13
102.| 'D-ov'D
13
422896 24282 47868 9 9 0.074 0.020 25 -0.74 D 10n
25224 24304 47814 7 7 0.051 0.014 1.4 -1.01 D 13
4248.34 24282 47814 9 7 0.028 0.0069 074 -1.28 D 13
4257.35 24304 471868 7 5 0.0 0.0057 0.56 -1.40 D 18
424284 24304 418 7 9 0.018 0.0062 0.61 -~1.36 D 13
103.| "D -("P
423699 U217 41878 1 ° 0.068 0.053 0714 | -\.77 D 13
423172 24287 47778 3 3 0.040 0.011 045 -1.49 D 13


http://44II.1I

: v - T
No  Multiplet A E E, r & A fo S . lgg Aaw ' Source
1A em ) m b s » ot w) " racy |
1. bD-uF §
(132 '
22275 24300 ars 3 3 0.056 0021 15 0% D 18
423049 20257 4MIE 3 5 0051 003 0%5 -116 . D :13
105. bD-2D j
139 - :
380480 24282 508 9 9 06 01s 17 013 I D
106. ¢ G-2'H : ‘ ;
3 . : !
92% 25039 45349 . 11 13 00 017 3 021 D %
4887.01 24898 45314 9 1 02 oM ‘2 010 . D 9
4870.79 24834 539 7 9 03s 016 18 L 005 D %
488597 24898 531 9 9 00244 000874 171 -1l B (16
107. a' G-y 'H :
1144y
436 85 25039 5707 1113 00160 000665 116 -113% B 16
4814.25 24898 5663 . 9 1 00161 00068 0% 1211 C- 11
451071 24834 5615 79 0016 0001 079 130 D 11
452550 24R9R 5615 9 9 0003 om0l OI8  -195 D- 11
1 aG-y'F
145
475609 25039 46058 11 9 0.40 011 19 0m D 18
a1 24498 6000 9 7 0.338 00MBS 124 -009% B 16
4730.69 24834 4596 7 5 033 00918 100 _0192 B 16
4724 40 24598 46058 9 9 00614 00205 288 -0713 B 16
472306 24834 46000 7 7 0.093 0031 34 -066 D 10m
109. a'G-u'D
14D
4656 18 24M9% #IH 9 7 00327  000R26 114  -1129 B 16
4646 50 2404 #0705 0.05% 0013 14 108 D 13
10 a'G-:°?
4698 24 pTULY $19 T 5 002 00052 0% .14 D 13
11l e G-1G
(149
4541 51 24n34 FTY A B 00K noi2 12 108 D 13
112 oG-y
15
454072 24080 0% 11 11 0314 P00 159 0% B 16
451190 240 <055 9 9 0165 noe K74 03 B 16
4500 29 24m34 s 71 021 a064 66 03 D 13
s e G-u P
433076 2484 Mk 7 h 0014 YT Y 11D 13



Crr  Allowed transitions — Continead

T :
No. | Multipbet ! A ‘ E, E, & & A, fa S log gf | Acca- | Source
A | (emH 7 ) 1e'sH ot u) racy
14! e G-yH
ase
o;m 25039 845 11|13 0853 087 | 26 —e13 | D 10n
1299 248% e | 9l 1 ons2 0o 14 -122 | D |13
‘ oy 24834 o288 | T| 9 o 00084 | 083 |-12 (D |13
115! e G-z %G
ass
438 24834 a2 119 o osz1 | 26 072 | D Il
116.| e ¥F-2H
(166)
495481 51T G354 ) 91 11 012 0056 | 82 -0 ;D |16
493634 25106 ¢ 439 | 7! 9 ol 0966 | 15 oM | D |™=
495373 25171 45359 | 9 9 OS0K5 | 08031 | 046 |-155 | D |18
117.] ¢ F-y'H
(6D
: 4890.04 25177 4663 | 91 00081 00035 | 051 (-15 | D |18
i 487465 25106 5615 | 1! 9 00069 00032 | 036 (-16 | D |mn
18.! aF-y7F
i aes ;
g |
a473 | 21 e | 5, 5 0026 ooces [ o6 |-13 [ D |13
; M0102 . 2ITT 000 | 9! 7 0.906 00822 | 117 -0 | B 1
i 192409 25106 s | 7| s 026 0064 | 71 -035 | D |1loa
119.! aF-(p
;
] 12984 A1 017 | 5 3 0. 0035 | 27 —016 | D |1ion
126. | I’P-U‘D'E
Loame
1 T
! '
| S 14 Ky 25177 “s | 9| 7 0.0077 00020 | 028 |-175 | D- |13
: | 470609 25108 ;I | 1| 5 0.035 00084 | 091 |-123 | D |18
§ | 46806 | 24941 “wne | 5/ 3 .16 0.031 24 -081 { D |18
121.% s F-(P
-1 24941 ®oe| 5| 5 00089 | 0wz | 018 |-1%4 | D- |13
12 ¢ P-2G°
(172
: | es8e10 28177 4006 | 9| 11| 0021 [o00081 [ 11 |-114 | D |13
P 458815 25108 w05 ! T\ 9 0.0 001} 12 -12 | D |13
456266 24941 w1 | 5| 1 0023 0010 | 076 |-12 | D 13
13| a7 -y%G
| 12
l
| 4554.82 25106 47085 | 1] 9 0.020 00080 | 084 |-128 | D |18
456061 25177 sk | 9| 9 0.082 0026 | 35 ~084 | D |18
455605 | 25106 1048 | 71 7 oom 0024 26 -078 | D 13
@won | M 4708 | 9| 7 00048 | 00CI0 | 014 |-208 | E 13
|



Crt  Allowed transitions — Continued

No. | Multiplet A E, E s & A fa S | loger| Source
; T\ tem ™ tmh ¢ ars Y tat 0’ ! :
11 aF-D :
x5t 25177 252 9 7. 0021 oo G® -138 D 13
432565 25106 @218 | 7T 5, 0028 0056 05 -l41 D 13
429630 %41 @00 5 3 002 00053 ; 038 158 © D- ;13
4288 40 2401 €52 5 7 08 oom 0% -1% D 13
125. a¥F-y'H '
arm - j :
2162 25177 430 911 0017 0008 OM -128 ' D 13
431248 25106 48288 . 7. 9 0017 00061 | 061 -1 . D |13
126. aF-xG
(178) : .
252 25171 W S 1 0z 002 | 091 -9 13
17l e F-F ;
16 25171 963 9. 7. 0066 o0 17 091 'D ‘n3
12. z'F-/D
(186)
mee 25771 w9 13 1 ou 0095 19 009 D 18
470802 25549 @753 1.9 0431 0T 200 o110 B 16
4696.46 25360 w7 9 1 o2 005 79 -02 D 13
689.38 25206 %25 1 5 oxn 0054 58 042 D  10n
466934 25549 4695 11 11 0098 0927 502 048 B 16
%6333 25011 69 3 3 02 0065 30 -071 'D 13
462848 25360 959 9 11 0012 00M5 062 -139 D 18
%3327 25206 &8 T 9 002 0062 088 -12% D 18
463952 25089 63 5 71 0095 O0M3 33 -067 D  10n
4646.90 25011 %25 3 5 008 002 19 0% D 13
465476 24971 649 1 3 0091 008 14 -105 D 13
129. :'P-¢'D
(188
5197 267% M6 5 T oms 0165 157  -0083 B 16
785,02 26788 H069 7 7T 019 006 194 -0380 B 16
578389 267% 44081 5 5 0202 0101 965 0295 B 16
578311 26802 w3 3 o2 011 60 0% D I8
130 BP-y P
119D
5400 58 7 s 5 5 016 006G 60 _047 10n
131 BP-u D
193,
521414 7176 0 3 5 0w 006l 31 074 In
1 b'P-icr
52933 7 #1095 5 00 0omT 076 136 In



14 y E
No  Multiplet | A E, Y A & B A fa s kg g | Acce | Sowr
. i A | emH i (mhH | i acs ™" 'y ey
: : i i i
; ; b
133 P-xP i
: (195) ;
‘ :
‘ ' 470178 23 w4ss | 51 5 0031 0010 080 {-129 { D 13
. t 469138 76 ! e 3! s 0031 0017 a9y (-1» | D 3
P { i
134 bP-xD ! }
(196)
457511 21176 2928 | 8, 5 0.068 0.03 16 -9 | D 7]
, %1196 277163 @e | 1] 3 0.080 Y 12 -2 il D 13
; 4584.9¢ 21223 928 5| 5 0499 0912 ¢s3 —1;a | 13
i :
195.) bP-y%
asn i I
L ez 7123 77| 5; 8! os4s7 |08l | 600 [—o'B |16
i | 448288 mie s !o3los 030 00% @ o051 !D !1es
“s0.Z 27163 &7 1| 3 0.10 0.0% 13 -1 | D 13
136.! dP-u’D
(198)
{
! 4338.90 271223 5024 | 51 7 0.070 0.028 20 -0 | D 13
| 4345.08 s 5018 | 3| 5 0.098 o066 | 20 |-o% | D |18
‘ 435751 27163 50006 | 1| 3 0.068 0.068 o83 {-124 | D 1]
435394 Z1223 50184 5| S 013 0.037 27 678 ; D 18
436890 271223 50106 | 5! 3 0068 0.010 072 |-13 | D 18 -
137.| 2°D - /'D
(201)
524338 21382 ws | 5! 3 oy 00542 | 468 0567 | B 1
S1TTA2 27650 wse | 91 0.061 0.0% .“" -o571 { D 10
519201 71562 wn i s 7 0.14 0.081 . -0 i D 10n
520020 27200 “s2s | 3| s 011 0.073 37 -088 | D 18
188.| 8%G-zH
208)
" 510230 287 45349 ! 11 ] 13 0.0340 0019 | ¢4 |-0667 ! B 16
5628.64 z507 @ | 1| o 0036 | 00201 | 313 |-0TT2| B 1
19.| bG-y'H
5564.06 27817 457107 {11 {13 00011 |6M-4] 22 [-217 | R 1
5666.55 27104 e | 9l 00015 | 8&-#) 2w |-212 | D n
5548.61 21507 @5 | 1] 9 00019 [oo00o11 | 014 (-210 | D- |11
5581.60 27104 5616 | 9 9 00019 |[8&-4| 015 [-210 | B n
140.! b G-y'V
(204)
544240 21507 o8 | 7| 5 0.039 0.012 16 -106 | D 18
141.} 8%G-.%G"
(208)
5193.50 2107 “a | 11 wer ooz | 32 |-072 | D | 10n
i -




cx

K — - -
~. '\

182

12

144

116

147

|

Ty

G-z F -
~ 212

RLEN

yP-eD -

h

yPF-fD
225

521201
D19
%419
531288
53179

5340 46

o D-w G
(Z0.

77512
5797 68

aD-z'F
231

4704
4767 Ra
4757 98
4a7¢ 28

817

7129

g

21820
mn

33

i

111

e

',);' ;
~261 .9 15
2, AR
_ARse T T
L T4EsST 3T 5
(O -
S
:_,/l -
N E
we T 9
456 :’--'v ~
&3¢ 9
QL Dr: ':/,' 7
46525\ 5, 5
o L7 5
‘64,”\ A 3’
. {
o 1T 9
49520 5. 7:
oe21 1 7 9.
49850 ¢ 5. T
49650 i 7, 7!
49653

>

olat”
0422
082525
v 0926
0.0967
0041

n.145

0.029
0013

017
012
0.05]
0.056

(6158 - 319
;0GHT 49
N L B ¢
emg3 958
YB0d 17
. 06760 86!
00541 657
00248 216
0026 ° 355
00392 480
00410 359
0012 - 15
00372 | 37
0013 | 14
00063 : 050
i 1
H
t
0075 | 82
© 0059 . 46
0017 | 19
L5

| 0019

_12%

. ~0.19
i -0.83
i ~0.48

-1.44

' 0142
L —041
s

i —0375

o112
| ~0.420

" -0422
-0907 -
1 -0682 .

~0.562

-0131 |

;
¥
| —0.688
|
!
3
1

[ A-N- N-R-N

18
I8
13
13




No. | Multiplet A E, E, [ As fs s log gf | Accu- | Source
: . A tcm ) tem ) : s = w) racy
s
1. «D-=T
' [y~ 4] !
i 82247 20637 50284 7 7 [ X} [ At} 4 -004 D 18
4655.90 20679 0106 3 3 .3 0098 45 -033 D 13
463979 28631 50184 7 S 0.077 0918 19 -09 D 13
15| ¢ D-w'F
4480.3% 28637 50950 1 1 0835 (1)) 11 -1.13 D 13
1| e D-u’P
30
41396 20637 Si287 7 5 oz 0957 58 -0.80 D 18
“uaT2 267 SN 3 1 04 (1 ] 19 -0.88 D 13
“H2270 28682 51281 5[ § ol [ 1/ I 58 -0 D 13
#2953 25679 51247 3 3 ou 0971 31 —-087 D 13
I8! y¥-'D
(r~ 14}
5261.76 29825 48825 7 9 013 (1 84 -ox D 10n
18| 2% -fD
239
5604.72 31166 48582 91 7 0.14 0054 922 ~0.31 D 18
564280 31108 49825 9] 9 0034 e 21 -083 D 18
5649.38 30065 48882 11 1 0.651 0024 32 -1 D 18
564825 30858 48559 5| § 0042 0820 19 -100 D 18
155.| 2'F - ¢'F
240)
421598 31280 5460 I 11 | 1 0.2 0060 23 -0.18 D 13
15.!| 4 D-w'P
250
0Hu5 31028 S1207 £ 3 0.13 °2 24 -084 D 18
£966.50 31049 51137 3 1 0.30 0087 18 -096 D 18
157 aM-y7
2
462591 31049 5281 | 13| 13 0.12 04598 15 -0.81 D 18
4641.96 31066 22 | 1nn|n 0.000 0019 33 0.7 D 18
18] ¢7M-C
461451 31066 s2T20 | 11 9 0.057 0016 25 -0.7 D 13
19.] eM-2'H
(248)
4578.33 31049 62385 | 13 | 11 0.040 0.011 21 -0.88 D 18
i & U 31066 52083 | 11| 9 0.10 0.02¢ 43 -06¢ | D 18




é =T i T T f T T
No| Makipe = A @ E | E g &' A | fo S | lgsl|Ace ! Source
! tA) e | M| | i uetshH ! | ew | racy
i i i IIL 4 i | ! !
» ; N S S T s % i
? ool , !
160.; «1-v%G" - ! ; : : i ; i
i . H : i : i t * H
: . i : ! i t 1 !
; w8 3055 | 53925, 11 9 000 0012 (19 -uf ' D f 13
; ; ! o ; i ; j
6. e1-2%" | | P z ; : 5 i
oan | A ! ; : ! ;
: S ; i ; i
26315 3048 ¢ 549 (15:17, 064 0> 2 , 061 D 13
290.42 3069 | sus 13115 e 015 im 029 | D | 10n
29175 35 | ST N3 e o6 2 025 D |10
%63 J049 | ST [ 13.13] 008 00T |14 -100 D |13
: ! b »
2] 12T : P *
[y 31} ' !
| 03910 3w | ssrwi1slisy est o ‘m o® B |1
‘ | 404878 3109 . 55741 {1313 084 o |z on | B |17
; | 4058.78 3055 ss686 11 11| 06T o7 i 0% B |17
; 05153 3:0¢9 6% (13|11, 060z 0005 | 02 [-171 | D |1
23929 31049 5579 (13 15! 000 0017 |29 |-066 [ D |1
; 404978 31055 51 11 130 00% (0016 24 -075 | D | I
| . T
6 e PG S S
91624 3133 42606 11 13 00025 100035 | L1 . -141 | D |1
£939.21 31355 42539 © 5 T 9%-4 00017 [ 024 {-208 | D |1
8955.76 31352 42515 . 3' 5 00020 00040 : 035 192 | D |17
‘ : ! ! |
16 aF-s'D S i ' | :
1267, , | L
490,55 31318 319 7T 03 o0 12 (-0 D |13
; 1 I i !
165. a'F-0v G i ! : !
2%8) : : %
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166. o'l-z'K° 437076 32097 50 13 15 0025 00083 | 15 -097 13
167. a'l-c°P :
4268.79 2097 5857 13 .13 047 046 ' 85 (-02 D 13
168. a'l-u'H Co ; ; 5 g
(Z12) i ; ; I :
4204 48 32097 5675 13 11 031 o000 13 00 D |18
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1T P H
4582 40 3113 M9% 9 11 00®2 0012 1T 04 D 13




Crt ABowed tramsitions — Continged

Ne. Multiplet A 4 E | o As fa S log & | Acce- | Source
QD ") cm-") e¢s Y at w) racy
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16| 2D -e'F |
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! 19615 816 S0 | 9| 11| o013 0055 | 78 |03 (D 13
1T 27 -¢D
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No  Muktiplet A E  E e & A fr S kg Ace
tA) t=n tcm ) 10's °) . (et w) acy .
1. cD-uP
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187 cD-i*r
4253.00 31935 stZie 1 T omR o0 (24 0T D 13
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91 bH-«F
160636 54n4 5 109 o012 0@l 52 _04 D 13
192 bH-t'H
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w6 45934 215 13 13 oR 0092 17 008 D 13
P 5471 w09 9 om ook 10 o4 D 13
19 bH-u T
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416532 L el 1113 0Th Y- T 040 D 10m
19¢ dF-i°r
0 42 WA sl 5 L on 003 31 -071 D 13
195 dF-c°r
wzZi 0 6552 R I S B YT oz 47 0% D 13
196 dF-0F
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7 6 E oY) W8l 1113 ooR2  00m 42 08 D 13
199 G- (P ;
02 7% EPeT Gaen 11 11 0 0oy 11 012 D , 13



F-31

Cri  Allowed transitions — Continved

No.| Maitiplet » | B E |elal A r fo | S | teger|Acce | Source
7 V) - ) em) ae «H (ot w) racy
20.| ¢G-s%G
429805 T2 e | 9| 9| o 002 |92 |_01% [D 13
%1 T4 st 11| 5! oo 0020 |31 |-e65 | D |13
W) e'S-x%" | 45030 37883 o | 5| 3 0083 0015 11 |-112 [ D |13
310
22| a'H-(P
65682 38538 60006 | 11 | 11 on 08 |60 |-o41 | D |13
20| «a’H-xT | 456417 38538 oul | 1|13 o51 s = o2 | D |18
. a'H-(P
“13.00 euz [ 11} 13 0.0% 0833 58 |06 | D |13
205 2°H" -¢'H
un2T a7 60 |15 ] 15 ! 0.0 o4 32 e | D |13

“The number in parenthesss following the tabulsted value indicates the power of ten by which this value has to be multiplied.
*The term designation for the level in question was not provided by Sagar and Corliss in their energy level compilation J. Phys. Chem.
RBef. Data 14, Suppl 2 (19€5)), so we have accordingly omitted it from this work

Cra

V Isoelectronic Sequence

Ground Suate:  15'25°2p*3s*3p*3d’ *S,

lonization Energy: 16.4858 ¢V = 132966 cm '

Allowed Transitions
List of tabulesed fines
Wavelength (A) | No. Wavelength (A) | No. Wavelength (A) | No. Wavelength (A) | No.

2653 57 3 2067.09 [ 3136.68 5 4848.24 16
2858.59 H 2067.65 1 40564.10 8 4856.18 16
2868.02 4 287043 [ ] 4087.60 8 4876 .41 16
2668.11 4 287381 [ 411324 7 4884 .58 16
2671 80 4 2878.45 1 4590.5] 19 5007.33 10
267283 3 2880.96 [ 4556.01 21 6291.36 2
2140.09 2 2008.53 18 4568.66 21 5248.76 9
2lan 12 292181 18 4565. 77 19 6249.43 9
2787.61 12 2930.83 11 4587.20 n 6279.88 2
282228 14 2935.12 11 4568.22 21 6305.88 10
2835.63 1 2963.34 11 4580.89 21 5308 .46 2
2840.0) 14 2966.03 17 4602.07 21 5310.73 2
284324 1 2071.90 13 4816.64 21 5813.61 2
2840583 1 27973 13 4618.82 21 5846.12 10
2851.26 14 2085632 13 4634.10 21 5960.9¢ 16
2868.T1 [ 2000.18 13 “n.el 2 542091 9
2867.40 [ ] 311844 [ 411612 25 5602.07 2
2860.92 1 3120.3¢ [ 4812.24 16 56508.63 2
2862.57 ] N2% 2 4824.12 16 6053.48 %
2886.72 1 bab- X ) [ 4826.22 16 6120.23 %
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For this spectrum, we have chosen the experiments
by Musielok and Wujec' and by Wujec and Weniger,®
who measured relative oscillator strengths in emission
with similar wall-stabilized arc sources. To obtain an ab-
solute scale, Musiclok and Wujec normalized their data
to beam-foil lifetimes measured by Engman et al.’ Wujec
and Weniger, in turn, normalized their data directly to
the f-value of the 4242.36 A line tabulated in Ref. 1. In
both experiments, a photographic detection system was
employed, and a low-current carbon arc served as the
shsolute radiation standard.

Another data source which we utilized in this comps-
lation is the work £ Kostyk and Orlova* These authors
derived log gf-values from solar spectra by using equiva-
lent widths taken from the Liege solar atlas® In the case
of Fe 1, Kostyk and co-workers® used a similar approach
in deriving f-values, which are of spproximately 50 per-
cent accuracy. We feel that the data of Ref. 4 tabulated
here are of similar accuracy.

For the evaluation of these data sources, we found
very few cases of overlap, so that no significant direct
comparisons were possible. Refs. 1 and 2 overlap only
for the 4242.36 A line, where the log gf-value of Ref. 2
was made to agree with that of Ref. |. Thus, to obtain
some indication of systematic errors or scatter for these
data sources, we compared the experimental data to the
comprehensive semiempirical calculstions of Kurucz
and Peytremann.’ We had found earlier that for many
neutral and singly-ionized members of the iron-group el-
ements,’ the f-values of Ref. 5 compare reasonably well
with more reliable data sources. While these calculated
data show considerable scatter in comparison to ~xperi-
ment, the f-values of Ref. 5 appear to be generaliy de-
void of gross systematic errors in the absolute scale. If
the weaker lines and the iniercombination lines are ex-
cluded, the majority of the data of Ref. 5 is generally
accurate within a factor of two.

By comparing various experimental data 1o the calcu-
lations of Kurucz and Peytremann for Cr i1, we found
indications of systematic deviations and/or efrors in ab-
solute scale in the experimental results. For example, the
data of Ref. 1 exhibit a pronounced wavelength depen-
dence. The authors indeed suggest that there may be
problems with their standard source in certain spectral
regions. The f-values of Ref. 2 show a similar (though
not as pronounced) dependence—the log gf-values of
near wv lines are too strong. On the basis of these com-

parisons, we have himited the tabulation of data from
Ref. 1 10 lines having wavelengths shorter than 3150 A
and upper energy levels less than 67000 cm .

Wujec and Weniger' nommalized their data to the
4242.36 A line of Ref. 1, whica appears to be an inappro-
priate choice, since this wavelength falls in the region
strongly affected by calibration problems with the car-
bon arc, due to molecular-band emission. Additional er-
rors in the work of Wuyec and Weniger may have
occurred because of inconsistencies in the temperature
measurement (discussed by us in the Cr1 introduction).
On the bssis of a comparison with Ref. 5, we have
shifted all log gf-values of Ref. 2 downward by 0.84 dex
andllzleonmted' all lines having wavelengths less than
4500

A comparison of Refs. 4 and 5 reveals considerable
scatter, as well as s shift in scale — the log gf-values of
Kostyk and Orlova are, on the average, about 50 percent
higher than those of Kurucz snd Peytremann. This com-
parison, however, deals only with the weak lines (log gf

< —1.00), where the data of Ref. 5 are known 1o be less
accurste. Therefore, we have tabulated the data of
Kostyk and Orlova without renormalization.

Another reference which we originally considered for
this spectrum is the paper by Goly and Weniger.” These
authors measured f-values for over one hundred lines in
the 2413 - 2718 A region by using a wall-stabilized arc.
Our graphical ~omparisons indicate that these data ex-
hibit pronounced scatter, as well as a substantial devia-
tion in absolute scale. Therefore, they have not been
included in this compilation.
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Cr = Allowed transitions

Multiplet A E By & | & A fa s log of | Accw- | Source
A) (cm-") Y (20087 (at. v.) ey
eD-:F
(av S
283563 12497 TIS2 | 10| 12 20 2 F4() 0.46 C 3
2043 24 129504 £1465 8|10 (X} 0097 73 =011 D 1
24983 12148 {1228 [ 8 02 [ B 84 —0.85 D 1
2060.92 11962 6506 | 2| 4 069 017 32 -047 D 1
2862.57 12304 41228 8 8 (1} 0.077 58 -0 D 1
2068.72 12033 46808 4 4 12 (-8 13 56 -023 D 1
2067.65 11962 %824 2 2 11 [ A1) 26 -057 D 1
281845 12497 4228 | 10 8 0.974 09074 | O -118 D- 1|1
e D-2P
(uv )
2140.09 12148 4632 | 6 8 (A} 0017 68 |-180 | D- |1
e D-2P
urD
27283 12304 49708 8 [ 0.55 0044 t 8] —045 D 1
2858.57 12033 908 | 4| 6 (2 0086 19 -085 | D 1
a’D-zD
(av 8)
2671.80 12148 9585 | 6| 4 10 oo 38 -0.57 D 1
2668.71 12083 o8 | 4| 2 14 0075 28 -052 D 1
2666.02 12148 966 | 6| 8 059 0084 44 -0.30 D 1
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e D-2T
()]
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2851.40 19798 4786 | 6| 8 028 0.04¢ 26 -056 D 1
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T ] ’ T
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41882 32865 54500 ¢] 4 98 )3 12 -1.11 D -
4634.10 32846 5418 4| 2 (1 ] 004 () -1.24 D -
4558.01 28 “ms| 8| 8 N7 0Kz [ 663 [-138 | D 4
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No | Multiplet A E E e'®e A . fa | S | lge|Acce: Soure
: A ah o emth L e | ate) Ty |
- : : ; . : i } ; ;
% cD-yFT : : :
‘ w161 em - emz 6! 6 o0ss 0wz 0® 18 (D 2
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4587.30 san W6 10 8 oo 00022 03 -165 D 2

“The number in parentheses follcwing the tabulated value indicotes the power of ten by which this value has to be multiplied.

Crn

Forbidden Transitions

For this spectrum, we selected the work of
Nussbeumer and Swings,' who calculated numerous M1
wavefunctions by using a ceatral potential which was
adjusted to give the optimum fit to observed energy lev-
els. Their calculation included spin-orbit interaction but
neglected the effects of configuration mteraction. Be-
cause of the strong likelihood of configuration interac-
tion, we have tabulated only the E2 transitions of the
a *S - a ‘D multiplet. These lines have been observed in
stellar spectra.

Another data source for lines in the g *S - ¢ ‘D multi-
plet is that of Garstang.* His calculated A -valves are ap-
proximately 1S percent less than those of Nussbaumer
and Swings, because different radial wavefunctions were
used. The data tabulated here are estimated to be accu-
rrie to within a factor of two.
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Crn. Forbidden transitions

'.:

Mauitiplet A E, E, g Type of A S | Accu- | Source
(A iem °1 tem ") transition 59  (atu) ey -
I. a'S-a¢D
1 4 :
{8000.5} 0 1249 . 6 16 . o102 B 1
[8125.3) 0 1206 6 8, 0.094 16 . 1
(8229.7) 0 1248 . 6 6 ] 0088 12 . 1
{8308.5] 0 12083 6 4, 3 0.084 9 | B 1
(8357.6) 0 1962 ' 6 2! E2 0.082 0 E 1

s e . -
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Crwv

Sc Isoelectronic Sequeace

Ground State:  1525*2p%3s’3p "3 For

Ionization Energy: 49.16 ¢V = 396500 cm ™'

Forbidden Tramsitions
Liss of whulsard Enes
Wevelsagth () | Ne. Waveleagth (A) | Ne. Wavelegth (A) | Ne. Wavelength A) | Ne.

18817 7 2651 16 2us 4 9 1"
1878 7 o733 1] = 1 7 05 2
18901 7 23809 16 sS4 n T8 ]
1806.1 7 29082 16 sms 7 ue »
s 7 2915 ¢ uns 7 5182 »
19917 7 wer 18 s 5 T 19
19219 7 w781 ] csas 15 w2 »
25518 0 awns 18 oe4 15 160 ]
25656 10 LT ) 18 [ 7T 3 16825 1
25688 10 31530 2 115 3 16091 1
256 10 48316 5 e 3 17600 :
25851 10 48410 5 <52 3 18907 ]
25063 10 4939 5 7231 2 18584 ]
26246 13 a3 5 79615 2 10099 s
20062 13 ons 5 70062 3 =127 s
26606 13 51259 12 7105 2 81537 "
20029 6 51428 4 nns 2 2513 7
2129 6 51710 12 71841 2 8456 14
20294 4 5206.3 4 7192 1 256000 1
29403 4 5.193 12 71967 " 313400 1
29519 6 seT23 12 8028 2

For this spectrum, we have chosen the work of Paster-
nack.' who calculated M1 and E2 transition probabilities
within the 3d’ configurstion by wsing the central-field
spproximation without consideration of configuration
imteraction. However, the 3d° configuration is well-sepe-
rated from the nest configuration—3d’4s. For electric
quadrupole transitions, we modified the data of Ref. 1 by
spplying correction factors suggested by Garstang’
These factors were introduced because of the availability
of better wavefunctions. In the case of Fe vi, which is
soelectronic to Cr Iv, we compared the A-values of
Ref. 1 10 those of Nussbanmer and Storey,” who could

wtilize, in their much lster work, moder theoretical and
computsational techniques. The agreemeat between
Refs. 1 and 3 is surprisingly good—geserally within 50
percent—even for the E2 transitions (after sadergoing
Garsiang's correction). Weak lines are subject to greater
uncertainties, 30 we have omitted lincs having A -values
Jess than 0.00] s -
References
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R. H. Garntang. J. Res. Not. Dur. Stand., Sect. A 68, 61 (1964).
'H. Numbsumer and P. J. Siorey, Astron. Astrophys. 7, 37 (1978)
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{6747.5] T4 1054 6. 8 M1 0032 ; 00029 |E !1
s F-P " | :
aF) 5 i '
(52943] 5564 19439 8 4 E2 0001, o001l |E la
[5206.3] 204 IMP 6 4 M1 0055 | 00012 | E !
[51428] 00 1M 4 4 M1 0034 | sa-u:[ E 1 '
! !
5. F -2 v : : ! ;
4F) : ‘ | ! i
(4971.5] 3564 20866 B 6 MI . 016 | o0ss E 1
(4897 3} 24 W65 6 4 M1 M3 00023 E 1
[44939] 4 20666 6 6 MI 0020 ' 52-4E 1
{4541 0} on 20651 4 4 M1 oMl | 00012 E 1
{4K37 6} 00 2666 4 6 MI 00073 (&-& E 1
6 F-F ' ! .
[2991.5) M55 U4 10 o M1 0.034 2%-4 D 1
- : S LI E2 00011 | 00013 ' E Ia
(29403} 55%4 M5LT A 6 Ml . 00060 34-5D 1 '
{2957.0) 554 364 A R Ml ' 00034 26-5'D 1
{29129} W4 MAET 6. 6 M1 00066 25-5 D 1
[2929.4] 24 M4 6 R Ml 0013 i -5 D i1
[2n929) 00 2557 4 6 MI 0031  1LT-&# D 1
’ : y 4 6 E2 . 00011 ' BN-H#E lIn
7 - DI o j :
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/

; . : T ' T 1 . T ;
No.. Tramsition Mukipt. A ' E ' F g g) Typeof @ A. . S |Acce’Source
i Amay AV | my D emh D | tassition S 6) ! stw) | mey !
—- - — ' : 1
: : : i . ' : ;
: ; ; § f i i ’ ;
8. P e | Lo | : '
: ' i , i \ H }
; t s : : : : i
s P02z M I1M® 6 4! M  ; ee» i esu D )
: P (18998) | MMITE | 19439 | 4! 4| M. | ee3 | em3 |D )
f D(IEMT] W86 | 19821 | 25 2; M1 | 682 | e | D 1
A (18584) 1 14080 14 | 2 4] T ee3 :em2 . D 1
: ' 1 P i 5
9. P-me f : b f ! i
. \ ; ! . i : : : {
N : ! H i i H ! :
; § : P{I6142) . MMT2 | 20666 | 6. 6 1] 08077 | 00072 | E 1
> i f ( 1e1s0) | 14472 261 ;6 4! M os8 ; eel! |E !}
| ; : Lo
1.} L P-TD . z | ; g i
: ] ; i ! ‘ :
: : j J !
| ; pssex | w2 | s 66l Wi em | sm-mliE |
! : [25656] - 14178 534 | 4 4 M1 008 | 22a-mHlE |1
‘ - - c 144 E2 0024 | 086 |E (lIa
[2851) 1472 0 S3M 6 4, M1 002 | S&-SHE I
| f2s766] | 1418 | 52976 | 4| s Ml ool | 1&-9E |1
; - < A B E2 | 092 [ 08I E |la
[25578) . 14080 | I3l 2. 4, M - oox . 5%-5E |1
- - © ‘2,4 E , 00082} 00024 |E |lIa
[25688] | 14060 @ 52976 ! 2 6 E2 | 0004 SH-&E |In
n G-H | P 3 ! £
' i o . i i
T(iesel) ;15402 | 21321 (1012 MI . 0016 | 00K {E I
(16625) ' 15654 | 21067 8 10" M 0016 | 00z |E 1
(17649] ' 15402 ' 21067 ;10 .10 M | 00® | 0061 |E |1
: : : ! ' i 4
12.- G-F i : o !
| ! ‘ . i 1
| i Laa b o) ]
(52193] | 15402 34557 (10 6 | B2 | 0001z 0017 |E |Ia
(52723] | 15402 | 34354 |10 8| M1 L0019 | 8A-w|E 1
- T LR E E2 ! o088 | 17 E ila
(51259) 15054 4557 (8 6. Ml 002  66-& E )
- . A R B2 | 00% | 12 E In
[51770) 15054 34%4 8 8 MI | 0041 | 00017 ([ E |1
- - © .8 8! B2 f 00%S5 : 0.15 E |Is
I i
13. G- ‘ :
‘ : j f i
(26606 ; 15402 ' 52976 10 6, B2 | 82 i 39 E |Ia
(26246) | 15054 . 53144 | B 4| F2 P94 | 28 E iIn
(2826.2] | 15054 = 52976 5 8.6, 2 071 | os E s
e P-m2, | :
; ; , i i
] D(BISST) | 19430 | 0088 | 4| 6 Ml oo0e2| 075 lE i
| mse) | ae6n1 | gt | 2] 4 M | o001 | 0a2 B |1
; :  [82513] 1948 20881 | 4] 4 MI | o011 | 02 |E |1
; ; ; ;
15.} . P-F ; E
i ! :
i ' |
| ’ {[6698.4] | 19439 434 | 4| 8 B2 0016 | 10 E |Is
| } (6648.5) 1962 24887 | 2| 6 ® 00006 | 046 | B |Ia
| | [6613.0) 194 34567 4| 6 | ] o.ouo,l 018 (B |Is
| t




T ; H i ;
No. ;| Tramcition  Maltiphet' 2 Y 4 i R laie| Typed A s Accw- | Souree
Array ' T R i emh transition e | mtw | mcy
e L.
! : : : i f
oy Cp.my ? i ‘
: i : i b
=' . fmeRz | 1es:1 L2l 2 | 2 e (E |l
Doaeaeey . 1N | | 4] 6 MI | oee | 24-4|E |1
: - - A P o6 |E I
, Peman . s L osna 2! o4 2 | 12 ¥ ' E il
i . IP9E} C 1943 | S3IM4 | 4 4 |~ ] P19 19 E |Is
: ‘ ‘ i !
17 TR-F - : : § :
: : ! : : [ ¢
Doy o, | et | 6 8 Mi | emms! 1u-eolE 1
: - - - 68 E2 | e | 2T ‘E s
: [Tie9z) . 20651 | MS5T | 4] 6 Mi | eso| 8X-2|E |1
i - - © 4] 6 B2 | e | 1s E s
: (TI9%7) @ 66 . USST ' 6 6 MI ;e8| 3X-4:E 1
! - - - 16l 6! ' ome5 | 045 |E |ln
‘ < % : o ! i
1’ 2 - Bi : ; S 2 |
° . ‘ 8 bet ! ; |
190840] 2066 : 296 ' 6! 6 2 | e 070 [ E la
- 30767] -~ 20651 . 5344 | 4 4! E2 00060 [ 0839 i E |Im
. {81] 29666 SH 6 o4 M1 ol | eu-0/D |1
R T LI 0™ 019 E Is
{30026} 20651 5297 ' 4. 6" MI . 0083  4L-& D |1
- - Y B2 - 11 1l G E In
19.. H-F o %
; ] , | :
(reseT] - 232 %4 12 8 0035 49 | E . In
qT4109)  TEI07 55T 10 6 E2 0046 37 B lIa
-his182; 21067 %4 10 8. E2 00012 | 04 'E | Ia
. H-DL o L
i ; . i i
31330 210€7 5976 100 6 E2 0040 0043 E ‘1In
2L F - DI '
{5323.5) 34264 44 8 4 B2 0075 076 E .la
(5371.4) 344 596 A 6 M 0057 oo E I
- . - 8 6 0.40 64 E In
[5378.6) 24557 544 6 4 M 00600 00014 E 1
- - © 6 4 0.40 43 E In
(7S] 34557 50006 6 6 M1 0.10 00036 E 1
. - - 6 & ) 08y . 12 E 'Is

“The number 1n parentheses following the tabulsted value ;

ndicates the power of ten by which this value has to be multiplied.
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Crv

Ca lsoelectromic Sequence

Gromd Stse: 15229235 P2 'F,

lonizatiou Emergy: 69.46eV = 560200 cm ™'

Allowed Traasitions
Lt of tabulosed lnes
Wavelength (A1) | No. Wavelength (A) | No. Wavelength (A) | Nea. Wavelength (A) | No.

rTE 2 456.743 1 112763 16 160704 10
95143 2 457028 7 4TI 16 161133 10
256% 2 451.50¢ 1 1465.86 14 162261 ]
£35.351 2 ”®eens £ 1481.65 1n 163850 9
43560 2 a3 s 1482.7% 1 1609.00 ]
0974% 1 -1 3 1484.67 n 164495 )
231655 1 #5985 s 1489.71 n 165260 9
401856 5 410567 6 14197 n 164564 )
45751 4 110399 15 151963 13 183744 12
456272 7 110625 15 1579.70 10
456357 7 n29 13 1591.72 10
456637 7 112609 16 1603.19 10

For this spectrom, Kusucz and Peytremann' have cal-
culated oscillator strengths for over one hundred transi-
tions using a scaled Thomas-Fermi-Dirac approach with
chosen only the stronger lines, i.c., with loggf > —1.5,
and have omiited all intercombination (spim-forbidden)
lines. An additional criterion for selecting the data was
that all lines had 10 be experimentally observed, ie., they
appear in the line list of Ekberg.’

We estimate that for the stronger lines of this rels-
tively simple spectrum, Kurucz and Peytremsnn's data

sbonldbehiﬂytdiable.‘rheniinditeumfor
hﬂyakuluedvalnesndhfmmemfonhe
isoelectronic jon Ti 1.

References

'R. L. Kwracz and E. Peytremonn, Smithoonian Astrophysical Obeer-
vatory Special Repont 362 (1975).
13, O. Ekberg. Phys. Scr. 7, 9 (197)).

Cr v: Allowed transitions

i T T
NJ Trassition ' Multiplet A | B | E PARS An fa ] log & | Aeco- | Source
Arrsy : (A (em") (em" 1ers" at. u.) mcy
1| 3d%-3dep Y-
37420 50820 29121 7 7| 1 0039 |04 |-05 D |1
437,855 00, 22889 5] 5| 13 0038 [ 027 {-072 | D |1}
2 P-¥
434.306 1607 221993 | 9| 9| 15 0042 | 056 |-042 | D |1
435,143 52 2m6| 7 7| 29 00082 | 0082 |~-1.24 | D |1
| | a5 00| 229562 »| 5] 28 00080 | 0067 | ~140 | D |1
; 436.281 N7, 20316 91 7| 2 0053 |08 (-032 | D |1
! | 498001 5082 229562 7] 5| 21 0043 | 043 |-052 [ D |1
3. | D-'Dr | 460.634 13188 226120 | 5 5| 2 0076 | 0% |-042 | D |1



- l v T
No.  Tramsition  Multiplet A E Ee ‘£ 8 A | fa | S log &f | Acca-; Source
Array A tcm b cm ) P sy | (e wb racy
: : Lo ; i i E
‘D-'F | M5751 0 13188 25w 50 7! 19 1 08078 0057 -141 . D |1
i : ; : | i | i
'D-'P . 441056 . 13188 | nsi 53, B8 ‘os0 ‘020 |-e70 (D 1
: i t H i
N H N H H i X {
. P : 5 i ;
) ! : H ! |
D311 0 16041 ¢ 29121 5 7! 38 o018 {014 !-104 | D |1
469883 | 15677 | 228489 3 5 49 0027 je13 -1 I D |1
| 4TOS6T . 15492 . 22M002| 11 3; 49 o9 097 |[-131 (D |1
17 PP ssess | Isesy . el 9, 9 - o0 |14 !-0e3!D |1
‘ ! i bl
457028 | 1641 | mi 5. 5! & 0083 {063 {9038 | D 1
456743 | 1677 1 23618| 3] 3| 91 0828 |13 (-107 {D |1
57508 | 16041 | amsl 5: 3] 12 0823 (018 ' -033 (D 1
456637 | 16T | Zme®d ! 3' 1| B 0935 ! 016 :-0% (D 1
456272 | 15617 | sk ] 3] 3| 67 0035 (016 (9% (| D |1
456357 | 15692 ¢ 268! 1. 3’ 95 0089 ! 013 -165 | D 1
8. ‘G-'F . 015 | 22019 | z:rmog s 7! =% 00% | 12 008 | D |1
; i ‘ Pt
9. 3Ma-3deyp D-D . ; Pt ;
. B . | N 1
1638.50 1600% @ 29121} 7 71! &8 rozm {10 028 | D i1
| 163940 167491 - 28489 5: 5! 49 020 (53 ;-001 {D [1
1644.05 167176 © 228002 3 3 50 020 33 -0o2 D 1
1655.64 16809 289! T 5! 16 048 |18 (047 | D |I
. 165260 167491 . 28002, 5 3; 25 0062 {17 ;-051 ! D 1
‘162261 167690 . 2o | 5 7] 04 oot {11 (-0 | D |1
. o
10. D-TFT b ;
151970 168090 . 2312%3! 7 9 BE [ 041 15 04 [ D |1
159172 ;. 167491 230316 5! 7| 113 033 110 022 | D 1
1160309 167176 . 229882 3! 5] 70 045 | 71 013 ' D |1
160704 © 168090 230316 7' 7, 083 0032 {12 [-065 ' D |1
161133 167491 20852 5 5. 023 00089 ' 024 - -135 | D |1
. D- P | .
: : i i
N 16R0%0 @ 24846 71 5. 15 018 |62 010 | D |1
* 1489.71 16749) © 24618 5 31 66 013 (32 [-018 iD |1
MALEL | 167176 ¢ 24669 3 1] 10 o1 {17 |-041 D 1
148467 167491 © 2248461 5 5. 22 0073 |18 i-044 [ D 1
(14R276 | 167176« 2346181 3. 3! 35 012 |17 -046 D |1
| j ! i i '
12; 'D-'D 183748 | 17168 | 226120 5| 5| 43 02 |66 | 004 D |1
13. '‘D-'F 151903 18 | 2rswl 5 7] 95 0.46 !n 03 | D |1
14 D-P . 1465.96 171698 208 | 5! 3 1 021 |51 002 | D |1
15/ 3dep-dded -G |
g {10625 | zei21 | w9esIT| 7] 9| 12 o |14 031 (D |1
L 110239 220489 NN 5 T 24 0062 {11 {-051 | D {1
! H i -
16] -G |
i {
| ! ;nzm 21293 320074 | 911 38 080 |77 oBs | D |1
i 5 n21.07 220316 AWIT| 7| 9] 2 051 13 055 | D |1
i | 11477 221393 NMIT| 9! 9| 20 0038 |13 |-047 | D |1
! ; 1126.09 220316 MY | 7 7, 61 012 |30 |-009 [ D |1
i ! !
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Crv
Focbiddea Tramsitions
Lim of abulesed Bnes

Wavelength (A) | No. Waveleagth (L) | Ne Wavelength (A) | N Wavelength (A} | Ne.
B2 42 12 (7. 7] 13 52 2 (oY) 3
58415 2 G557 13 a5 19 s 2
50632 2 ' 64898 i3 19552 5 78844 ]
55492 1 } 69.00 13 2337 s 2999 2
0673 1 ! 611 15 2185 10 1139 7
185 1] ‘ (- F - 15 284017 1) 561 6
817 1 ! &1 15 5Nz 4 -,z s
588.86 1 G879 15 ®0s 4 157909 1
50899 n s 5 a5 4 196799 1
5999 n } s 15 ons 3 215300 )
YA T un %166 15 '~ f] 3 541000 )

o8 |14 810 18 “%2 3

.18 } 16 P eeaee n 532 3

054 i 16 | ®7.42 11 58 3

For this iom, we sciected the work of Warmer and  Wamser and Kirkpetrick’s 4-valees by wsing observed
Kirkpatrick,’ who wsed a single-configuration approxi-  emergy-level data instead of theoretically derived valwes.
Thomas-Fermi wavefunctions. We have tabulsted M1 Reference
and E2 wransition probebilities for 23 lines withim the 3d°
(ground) configuration and E2 data for 30 limes in the
3d°-3d4s transition ssray. For long-wavelengih nes ‘B Wamer and R. C. Kiskpatrick. Mow. Not. R. Astron. Soc. 344, 397
within the 3d° 'F and 3d° 'P terms, we have recalculated (199).

Cr v: Forbidden transitions

No.' Transition  Multipet: A | E E ....I Type of Aw S | Accw | Source
: Arrey : A em D cm Y transition " jtw | recy
1 3d-ad’ powp ;
‘157800] | 5082 mt 1l s Mi 00051 |67 C |ia
(196700 00 082 5i 7 M1 00037 |73 C ia
2 : P-D |
; Coap |
i [8299.0) 11417 13188 | 8| & 3M-4riose [ E |1
(7884.4) 5082| 13188 | 7| 5 M1 0.10 o000l | E |1
. . . 7] 8 2 s2a-5 losoma | E |1
{15806 00| 12188 | 5! s M1 0067 (00046 | E |1
. . . 5] s 57-5 |ooos2 | E |1
3 w_wp
n
[67009) 1417 16041 | 9] S -] 0.031 13 g |1
| (6500.5) so82 1571 | 1| 3 2 0031 (o® |E |1
(64532 00| 1542 | 5| 1 = 0081 |03 e |1
3 164282) 082 161 | 7| S M1 00036 [17-0|E |1
, . . . 71 8 = 0010 loss {E |1
{63772) oo| 157 | 5| 3 M) 10-4) [20-O| E |1
. . . 5{ 3 -] o018 jos |E |1
(62323 00| 16041 | 5| 5 M1 A0 |sm-B| B |1
. . . 5/ 5 ] 00016 |00¢s | E |1

Y mtesersd ¥
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Crv: Porbidden tramsitions — Continued

1
Ne.| Tramsition gq A 4 B RN S Type ol As S Accw- | Seurce
Amay 73] ] ] tramsition & |(atw | racy
a { porg |
-
' : (a7 5) LT, 22019 | 9} 9 M1 w2 [ees | E |1
| ; - - - 99 B2 -5 |sn-0[E |1
: ' ' s 5082 2819 | 7! 9 M1 oo |eses [ E |1
! i[5 W 200 : 5|9 -] 8% 5 [92-0|E |1
5! w_1s
, (1955.2) oo sues!s| s 4N-0[E |1
3 'D- P
! 3581} 19188 oM | 5] s M e loa |E |1
% | o7y 13188 1w | 5| 3 M1 o2 losss | E |1
i
7 L D-G | pimem 13188 oo [ 5! 9 B2 -0 jes1 | E 1
8! i m-'s | pex7y | 188 | suee | 5| 1 B s e |E |1
; wp |
. Py ;
i {24308 15671 141 | 3} 5 M1 S52-49 |20 C jia
; | (541000 15492 177 | 1| 3 M 12-9[22%4 | C |Ia
0. P.g j ;
{ [1° 4] H
]
(2817 1041 | 5146 ¢ 5|1 B2 on oo |E |1
(2818 15677 | S1M6 | 3| 1 ML SH-0|E |1
.. 33 F-D i | |
|
[0L16]! 1417, 16 | 3 S, E2 7100 o83 |{E |1
{59999)i  s082] 167176 | 7| 3 B2 4300 0% |E |1
[508.99) | 1417; 168090 | 9} 7 PO 1M+d |32 E |1
(9836]  5082' 1eum [ 7! 5 | 6500 15 E i1
(598.17) | 00| 16 | 5] 3 B2 8300 12 E |1
{9673) 5082, 1800 | 7| 7 B2 2900 o1 | E |1
[597.06) | 00 167481 ! 5| 5 E2 3900 08 B i1
[50492) 00/ 168080 ! 5| 7 | 70 0084 E |1
i i 1
12 P.p f
i
‘. | see321.  1417] mese | 9| s ] 16 0003 | E |1
: | [s8415) 5082 171688 | 7| 5 22 88 o018 | E |1
g L (se4) 00 11688 | S| § > 1 0002 | E |1
12 D-D ' |
(64557) 0 13188 | ieem0 ! 8| 7 -n 00% | E |1
(&4808)| 12188 | 167491 5| 5 22 200 0068 | E |1
‘ (649.40) 12188 i 167176 | 5| 3 B2 61 0013 | E 1
10 ‘D-'D | (687 13188 | e 5| 5| g2z | 6a0 20 |2 |1
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Crv: Porhidden trassitions — Continusd

No.| Tramsition | Muitighet A J 4 &im| Tymd A S Acce-
Array 73 ) «m-h trameition 89 jerw) |y
15 P-D
w61 1M 109 | 3] 7 ) - 1200 .l E |1
5199 | 1502 e | 1] s -4 1200 oM E |1
w518 1Ml e | 5| 7 - 2 12 E 1
L T 16969 | 3| 5 -] 2 (311 E 1
o529 161 W | 5] s - 199 w E |1
a7l 1577 wns | sl s E 26000 (1- 1 E |1
[ T T e | 5|3 ) -] e (17 ] E {1
) 8 -9
eazad)| 101 mes | 5|5 E L7 o1 E |1
s}  1em mes | 3| 5 -] 40 s | E |1
[c018)| 15092 mess | 1| s -] 10 ootz |E |2
1. G-
142 219 6491 | 9 5 E » e | E
%19 1000 | 9] 7 -] 12 15-0| B
18 G-'D [ess.10]| 29 17:698 | 9| 5 -] 2690 38 E
19. 8-
52| 5148 i | 1] s - 24 oul | E
2, s -'D 252 S8 17698 | 1| 5 -] ) (Y7 E

“The number in parenthesss following the tabulated valwe indicates the power of ten by which this vales has to be muliiplied.

Crw

K isoch S

Ground Suate:  15°25'2p*3’3p*% Dy,

Jonization Encrgy: 90.6356 ¢V = 731020 cm ™'

Allowed Transitions
List of tabuleted lines
Wavelength (A) | No. i Wavelength (A) E No. Wavelength (A)T No. i Wavelength (A) | No.

wem | 8 | mzem | s I oMz | s 200776 2
6190 | 8 i 12841 6 L 202729 5 2719.154 !
102586 | 9 \ 201.007 4 i 22641 ‘ 3 280.143 1
168088 | 7 , 201.24 ] i 222 | 3 ; 20879 | 1
168385 | 7 | 201388 4 i wew 3 | :
1043 7 | 201606 ' 4 ; 2%ms | 2 i I
1224 8 5 2051 5 i #4732 2 o 1

O o4 . - ! L.
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For this spectrum, we have chosen the data of For lines within the 3p*3d-3p*3d” transition array, we
Tiwary,” who calculated sbsolute multiplet oscillator  have obtained line strengths from Tiwary’s muitiplet
strengths for the 3p°3d-3p°3d’ and 3p*3d-3p*3d4s arrays  strengths by applying LS-coupling rules. We estimate
by using coafiguration nteraction wavefunctions. For  these dats to be accuraie within fifty percemt for
the 3p*3d-3p’3d4s array, LS-coupling line strengths  stronger lines.
generally agree quite well with the intermediate cor-
pling calculations of Cowan.’ For the few cases whe. 2 References
the agreement is not good (worse than +50X), we have
mmmﬁmmsmpamwmum 1S. N. Tiwary. Chem. Phys. etz 93, 47 (1962).
sition array, we have normalized Cowan's line strengths s N. Tiwary. Astrophys. 1. 269, 303 (19%3)
to the multiplet strengths of Ref. 2. R. D. Cowan. Astrophys. J. 167, 377 (1567).

Cr vi: Allowed transitions

7 : — 1
No. Tramsition . Maltiplet; A | E E leal A |l S | logaf |Acce| Source
Armay i A em M (= arsH (at. w) recy
: ! {
TR
1  y- D ee | 56| ss2110i14] 61 0010 [oese {100 | D- |1
:,1rm'm : :
1 H
| ozmase | 0, 3591651 6, 8| 62 (0009 | 0053 | -124 | D- |&
. 280.143 0; 35692 41 6] 57 0.010 0037 | -140 | D- | &
| 280879 | M0 35692 6 6, 040 47-4r| 0006|255 | E &
2 3% D w4l suks|wiul oz 041 |03 | -039 | D- |1
-‘lpl"?'ﬂd'l‘D) ; i ;
269776 | M N6 6 B! 2 00 021 |08 | D- |k
| 264078 0' 3B6TT; 4 6, 26 0040 (014 | -079 |D- 'k
L 264732 | 40 318677 6. 6] 18 00019 | 0010 [-194 |E |
. , P
3. 3pd- D-V ;. 2657 566 441751 101 14 TI0 077 57 089 | D- |1
PP Rd4P) : ; 1 [ '!
-1 M0 442045 6. 8| 720 074 |33 965 | D- |&s
L2212 0 401351 4 6 660 o017 | 23 049 | D- |l
| 227689 | 40 4401350 6 6| 46 0036 |o016 |-067T |E |&
1 | o ,
4 D-D W07 564 49717810 10 | 2600 116 (3} 120 1 D- 11
i H ' ]
; ; i {
201606 - 240 496958 6 62600 16 62 | 097 ! D- ik
2010 0 497495 4 42500 15 0 | 01 [D- |4
201388 940 497495 6 4: 210 on 044 | -018 ' F is
201224 0. 496958, 4° &, 190 017 04 1 -018 |E b
) ' : i ! i
5. 3p'3d- D-P 20250 565 494456 10 6 1200 '0.44 29 | 064 | D- |1
VP Rd4P) f | |
242 940 | 494911 6 41000 043 11 | 041 | D- |l
. 2273 0 4937 4 21200 036 091 | o018 ! D- !k
202057 0 44911 4, 4 120 ooy {019 |08 'E b
bl t P
5. 3p%d- D-P . 17259 565 5799871 10° €' 120 00z o —oa b 2
Ipd (P Me . P ' i * |
11240 M0 TSI 6 4 110 ooaz ol -om n

D
172841 0 KTRSAE 4 2 120 002 0080 -0% D an
17224 HROGET - 4 4. 16 00071 0016 . -I5 E

=
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Cr v Allowed transitions — Continwed

No.| Transition | Multiplet A B E, FANA A fa s g &f | Acca- | Source
Array A () tem-Y 10°s-H @t u) racy
|

7| 3n*sd- D-% | 16086 56| se2;s1110{14) 190 0.11 061 oM {D |2
3p*MCF M

| 1es.435 s0| =nsr| 6| 8| 100 0083 |031 | 0% [ D |3«

168,088 0| 55492 4| 6] 200 0.13 628 |03 | D |3

168.355 90| 2| 6] 6] 1 00045 | 0015 | 157 |E |[3a

8| 3p*sd- D-T | 16172 5657 618862110110 190 0073 (03 |-o04 | D |2
"D Ns

161.687 90| 68491] 6] 6] 10 0066 | 021 [—040 [ D [3a

161.687 o e€19a19] 4| 4f 10 0056 | 012 |-065 [ D |3

161.930 0| 619419| 6| 4| % 00078 | 0025 | -133 ([ E [3a

9. Sp*sd- D | 16268 56| e1sessl10j14]| 719 0044 (024 |—0% | D |2
32T s

162.565 0| 66| 6| 8] 83 004 | 014 [—-058 [D |[3a

*The number in parenthesss following the tabulated value indicates the power of ten by which this value has to be multiplied.

Ar Isoclectronic Sequence
Ground State: 15725°2p*3s'3p* 'S,

Ionization Energy: 160.18 eV =- 129190 cm ™'

Allowed Transitions

Line strengths for the 3p*-3p*\d resonance transitions

of this argon-like ion were interpolated from the super-
position-of-configurations (SOC) calculstions of Weis,'
which are expected to be fairly accurate.

Oxcillator strengths for transitions of the 3p*-3p’4s ar-
ray were interpolated from the Dirac-Hartree-Fock date
of Lin ez al.,’ who included correlation only in the lower
state. Their results for lines of the 3p*-3p’4d array in
nearby Ar-like species have not been interpolated to
provide f-values for Cr Vii, snce cancellstion effects at

of near V vi—one of the ions treated—introduce consid-
erable uncertainty into the results at the low-Z end of the
Ar sequence.

References

'A. W. Weim, privste communication.
'D. L. Lin, W. Fielder, Jr., and L. Armetrong, Jr., Phys. Rev. A 16,
89 (197).
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Ne.; Trensition | Multiplet A E E, AN A, fa s log gf | Accu- | Source
Array QA) m mhH 10°sH (st u) racy
1! %*3p'dd ('S-D
ﬂ.]ﬂli ] 35828 | 1} 3 093 00028 ;| 00024 | —255 | E inberp.
2 5 - P 202828 0! 4s3085| 1! 3|1670 305 | 206 0489 | C | interp
3 3p- 1S~ (VY|
PP
148714 0 672428 | 1| 3| 1% | 013 0064 [ -089 | D | inserp.
4 »‘_ Is_(ll&llgr
P M :
]
| i 146.497 ] 682610 ; 1 S| 0 029 0.14 -054 | D interp.
i i
Crvm
Cl lsoelectronic Sequence
Ground State: 15°%572p*3s?3p° 3P;,
Y~ aization Energy: 184.7 eV = 1490000 cm '
Allowed Transitions

Line sirengths for transitions of the arrays 3s'3p’-
3s3p* and 3p°-3p*3d are the results of the multiconfigu-
ration Dirac-Fock (MCDF) calculations of Huang es o/.'
These relativistic calculations include a perturbative
treatment of the Breit interaction and the Lamb shift.
Configuration mixing was limited to some configurations
within the n =3 complex. Those configurations which
were assumed to lie far above 3p' or 3p'3d in energy
were excluded, as were all configurations outside the
complex.

According to the semi-empirical HX (Hartree-Fock
with statistical allowance for exchange) calculations of
Bromage er al .} for Fe x, some levels of the 3p*3d con-
figuration are strongly mixed in the LS basis, and in a
few cases the LS designations given in Ref. 2 differed
from those of Huang ef a/. The level designations used in
this compilation are in accord with the theoretical results
of Refs. | and 2 for Fe x. Percentage compositions pub-
lished by Bromage' for the levels of the 3p*3d configura-
tion in V vii and Ni x11 indicate that the designations for
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the irom ion are sppropriste for the aeighboring ions of
the chioriae isoclectronic sequence. Tramsitions imvolv-
ing highly mixed levels have been excluded, as have the
very weak transitions.

The calculated waveleagths of Hoang er al. dﬂuqr
preciably from the observed ones found in the literature.
Thus the availsble experimentally determined wave-
lengths were used in making the conversion from line
strengths to /- and A-values. (Otherwise, the cakculated
waveleagths of Hoang er ¢l. were used, but they provide
only a rough idea of the spectral-line positions.) Bro-
mage er al. indicate that it was necessary to scale down
some coafiguration-interaction parameters by a greater

amount than w .ual in order to fit their calculsted energy
levels for Fe X w the expevimental data. This could be an
indication that neglecting to take configuration isterac-
tion into account on a larger scale yields significant er-
rors in the energy levels and/or f-values.

References

'‘K-N. Huang. Y.-K. Kim, K. T. Cheng, snd J. P. Descloux, At. Data
Nucl Data Tables 28, 355 (1983).

iG. E. Bromsage, R. D. Cowan, and B. C. Fawcett, Phys. Scr. 15, 177
.

’G. E. Bromsage, Astron. Astrophys., Suppl. Ser. 41, 79 (1990%

Crvi: Allowed transitions

L]
No.| Transition | Multiplet A E E AT Ay ia S log &f | Accw- | Source
Array A em-Y) em-h) ae's @t w) racy

1] 36™p*23° | -8 | 41882 s297( 22085| 6| 2| 03 00358 [0292 | 067 | C- |1
! 413112 0! 242065 | 4| 2| 219 00357 (0194 |-085 | C-'1
' 430713 9892 | 242065 | 2| 2, 12 0035 (0098 [-116 | C- |1

2! 3p*-3pCPRd | P - F

{265) 4| 6| 0088 [1x-4r{4s—0|-328 |E |1
{z1) 2| 4| on  |2u-0|ez-4|-333 |E |1

3 Pp-p

] (285} 2/ 4] 025 |52A-0{91-6 298 |[E |1

(259] 4 4] 0zm  |27-0i9m-0|-206 | E |1

| (267) 2| 2/ 021 |28-0 504 -325 |E |1

! i (261] 4] 2] 085 44-0]00015]|-276 |E |1
i :

4 | P -D | 249 s297!  4s1150 | 6 10!1500 16 |65 098 | c- |1
205,01 0| 87180 | 4| 6|1520 144 (388 | 01 |Cc |1
| 205.65 9892 | 496180 | 2| 41440 183 | 248 056 | C |1
{ 201.54 0| 496180 | 4| 4| €8 0041 (011 |-078 |[D |1

"5, 3p*-3p4'Died | P - F
i (233} 4| 6| 056 [esm-o|o00021 | -256 |E |1

6 | P -8 | 21898 s297 | 461530 | 6| 2[1310 0311 |134 0271} C- |1

216.67 0] 461530 | 4 2| 950 033 |095 012 | c- |1
22141 9692 | 461530 | 2| 2| 368 0270 |039¢ |-02¢7| C- |1
)| 3ps-3p\'8Kd | P -D | 28 6/10| 25 00030 0013 |-174 |E |1
(216) 4| 6| 031 [3m-o|o0011 |-281 | E |1
(222} 2| 4f 51 00075 |o011 |-182 | E |1
(217) 4] 4| 0% |ez2-ofo0u12|-277 (B |1

“The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied.
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Crvm

Forbidden Transitions

Line strengths for the magnetic dipole and electric
quadrupole contributions to the transition between the
two levels of the 3p* configuration are the results of the
mnlnoonﬁguranoul)nc-Fock(MCDﬂmlcuhmof
Huang ef ol.' These relativistic calculations included a
perturbative treatment of the Breit interaction and the
Lamb shifi. Allowance for mixing among odd-parity

jons was limited to the set 3s’3p’, 3s3p’3d.
3p'3d°, and 35°3p'3d:. The strength of the electric

quadrupole transition as defined in Ref. | was multiplied
by the factor I/; which is needed to bring this value into
conformance with the definition of quadrupole strengths
used in the NBS tables.

Reference

'K.-N. Huang, Y -K. Kim, K. T. Cheng, aad J. P. Desclaux, At. Dia
Nucl. Duta Tabies 28, 355 (1963).

R TR T TR e T e T T L e e ey ¥
No.  Transition l(nluplet A E, E, 8l Type of I As f S Accu- | Source
Array (A tem 9 temH ' 1 transition | " (at.u) | racy
oo ' o T i : H i
L %% F-F ‘ i
noiie) ° %92 4 2 M1 | 14 13 B |1
- - " 4 2 E2 ;i  0.0028 ‘ 035 D- |1
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S Isoelectronic Sequence
Ground State:  1s725°2p%3s3p* P,

lonization Energy: 2093 ¢V — 1688000 cm ™'

Allowed Transitions

Oncillator strengths for a few transitions of the arrays References
3523p%-353p’ and 3p*-3p’3d were interpolated from the
'G. E. Bromage, Astron. Astrophys., Suppl. Ser. 61, 79 (1990).
results of Bromage' for V vin and those of Mason® and “Em,_u‘m&m“"m"

Bromage ef al.’ for Fe x1. The term designations used  'G. E Bromege, R D. Cowsa, and B. C. Fawcens, Phys. Scr. 1S, 177
here are m accord with the resalts of Refs. 1 and 3. qasm.

No.| Tramsition | Multiplet A ! 4 By AN S As fa S log g | Acce- | Sowrce
Array A (em™" cm ) ($ L ) at.w) racy
1| %e%p'%e3p® | P-P
418.2% o| 2m089| 5| 5| 14 0837 | 025 |-073 interp.
'D-'P | 32 0284 | s561| 5| 3| S 0088 | 041 |-047 | D |interp.
3| p*-3ptDRd | P-P
22002 0| 454500} 5| 5| 920 08T | 24 053 | B |imep.
31 02 -008 | B | interp.
4 'D-'D | 2169 0284 | 493310 5| 5[100 o1s | 27 5T | D |intep.
5, 'D-P | 20044 0284 | 507140 | 5| 71400 13 45 08t | D |interp.
6| 3p'-p°P'Rd | P-P
5! 5 o.on -098 interp
1 'S-'p | 21604 o855 | 531800 1| 311300 26 18 o intorp
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Crux
Forbiddea Trassitions

Trassition probebilities for magaetic dipole and clec- Reference
tric guadrupole lines withia the 3p* configuration are the
resulis of the scaled Thomes-Fermi calculstions of 'C. Mendoma aad C. J. Zeippen. Mon. Not R. Astron. Soc. 202, 981
Meadoza and Zeippen.' They included & sumber of cor- ).
relation coafigurstions is their basis set and introdsced
Breit-Pauli relativistic corrections as a pertwrbation to

Cr x: Forbidden tramsitions
Ne.; Transition ?Im A T E E FAy s Type of As S Accw-} Source
Ay | A | temh «m) tramsition ) ieta) | racy
1
b
}: | I
¥
1 s | P g
i ;
i (12790} | ° 7818 | 5| 3 M1 105 2.4 C+ |1
i - - - | sis - 54—4r 038 | D- |1
[ (sTre0} | I8 sse | 31 M °0Z10 188 | C+ |1
' [o70) ° %48 | 5] 1 - 00021 016 | D- |1
: ' § |
2 P-'D ! 2 | !
i |
.01 | o w55 M1 » 020 | D- |1
g - - - | 5(5 '~ 0058 o062 |E |1
©[e499) ¢ T8I | B | 35 M1 .2 008 | E |1}
. ! - - - 13ls - 00018 00093 | E |1
i (48212 . 958 | 0284 i 15 B 61-0 |000cT [ E {1
i ; i |
3 P Pplrg ‘ : |
N : ‘ {
i : t
L e8] | o) emss|si1l 088 0009 | E |1
| : [16339] . 7818 | 66855 | 3| 1/ Ml 130 005 | E |1
’ 1 f, ‘, | ! ’
. D-'S | me s | eess |51 2 058 | D- |1

“The number in parentheses following the tabulsted value indicates the power of ten by which this value has to be multiplied.
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Crx
P Isoelectromic Sequence
Growmd State: 15725729353’ °S;3,
Ionization Encrgy: 2444 eV = 1971000 cm '
Allowed Transi
Lint of tabslated lines
Waveleagh (A) | No. Wavelength (A) |  No. Waveleagth (A) |  No. Wavelength (A) No
9. ° me 1 4300 ? 207 2
216M s mn 1 253 10 411655 1
nn 12 mn " 2% . 416690 1
mm 12 2329 " 2% . 471351 1
23% s %220 B - 3 6 “I062 3
24N s 244.10 (¢] m 6 41519 3
262 s 4.1 ? 3447 2 anss 3
ma n 24419 13 395984 2
ms 1 24697 | | 98150 2
1

Line strengths for transitions of the arrays 3s'3p’-
353p* and 3p’-3p?3d are the results of the multiconfigu-
ration Dirac-Fock (MCDF) calculations of Huang'
These relativistic calculations included a perturbative
treatment of the Breit interaction and the Lamb shifi.
Allowance for configuration mixing was limited to con-
figurations within the s =3 complex having no more
than two electrons in the 3d subshell.

Huang published neither an energy-level diagram nor
percentage compositions for levels of the 35'3p’, 353p*,
and 35'3p"3d configurations in Cr x. We have used the
percentages given by Bromage 1 al.” for Fe xi1, and by
Bromage’ for V 1x and Ni x1v, as a guide 10 naming the
levels; their values resulted from Hartree-Fock calculs-
tions with relativistic effects and statistical allowance for
exchange (HXR), and incorporsted correlation effects

due to a few configurations within the » =3 complex.
Whenever a term designation of a level in Fexa, s
given in Ref. 1, is different from that indicated in Ref. 2,
all transitions involving the correspondiag level in Cr x
are omitted from this compilation.

Transitions imvolving levels which are indicated to be
of low purity in LS coupling are omitted here. Lines
which are characterized by very small f-values are as-
signed lower accuracy ratings; the weakest lines have
been excluded.

References

'K.-N. Huoang. AL Dsts Nucl Dsts Tables 30, 313 (1984).

’G. E. Bromage, R. D. Cowan, and B. C. Fawcett, Mon. Not. R.
Astron. Soc. 163, 19 (1978).

'G. E. Bromage, Astron. Astrophys., Suppl. Ser. 41, 79 (1990).

Cr x: Allowed transitions

No.! Transition | Multiplet A E E, PAN A fa s log of | Accu- | Sourcs
Array (A tem ) cm (100s Y (at. u) racy

1. 30%3p°-3e3p® | ‘S -P | 42118 0| 22| 412 12 0097 |05 |-041 | D |1

! 421561 0 233890 4 6| 12 0048 (027 |-0712 I D |1

i ! 416.6%0 0 229987 | 4 4] 13 0033 |018 |-088 {D |

i | 411655 | o un2z, 42| 13 0017 |0090 [-118 | D |}

i i i '

2.! ! Tr-D | $97.98 | 48507 | 290218 [ 10|10 23 0085 (072 |-02 | B |1}

| i |

; : 398.150 29444 | 290806 | 6| 6 2 0051 (040 | -052 | D |1

| I 395.984 anez ! 29637 | 4| 4| 0058 (030 | -06 | D ||
i 299.107 W44 | 230637 | 6, 4, OT) 00015 {00090 | -216 | B |1
; [394.47) amoz ! 200608 4] 6| 034 00012 |00062 | -232 | E |1



i : ; i : : ! T '
No Tramsition Mukiget: A | E  E g & A fo | S §l-uﬂgknr
Armay WA emh o P aes h | (ot w)! ; racy
! : : i ; i 1 i
, , % :’ B
! : : ; ! ‘ : i
3 T-D 4616 s 298 6 18. 34 emT (015 ;-es | D- |
S MIS® . NS TG 4 6 41 ee1s el 113D
w02 | 6mS; 2867 20 4, 24 jesd les |15 ! D
L [4948)  GTIST. ZOGIT . 4. 4] 0833 [ 1M—4ri5N-4) 34 | E
H v T i + . H
, > : o ; ’ 5
L pBpiPad S-D R , ‘ !
i ! ' : i
" (254} C 416, 11 168015 [ 08051 221  E
[256] 4. 4 11 lesern jesess 23 [ E
: . | i i
5 S-P 54 ¢ e 412 T 7 st em D
2% o e 4 6T lass (25 | esm D
AT 0 KoM 4 4@ lesT 111 ;ox‘n
8% 0. 46710 4. 2. T ‘029 (@85 | e# ! D !
H . H ' ’ i
{ ! i : i i :
1 H H ¢
[ % D -D . | I : i
! € 4 13 (00010 ‘000 -22% E .
(206 s 2 a7 08011 - 00000 | -237 ' E
1. P
[248.40] /UL MN0 6 6 57 00053 ©0% _150 E
[244.13] e  uEl0 & 2 34 00015 00069 -221 E
[246.97) 32 MO 4 6 16 00022 00071 -206 E
8 D -F
21672 /44 S00MD 6 B 900 o84 36 070 E
% 3'-3p%¥Dad 'S -D
(209.79) 0o 4660 & 6 11 00011 00000 -23 E
10. -G
253 6 5 10 00012 00066 -210 E
" T-D  am BS7 476530 10 10 5 041 31 o5z D
2871 44 61650 6 6 450 035 16 033 D
boil 7] F2 4K 4 4 S o0& 12 o2 D
(228 63} UL G 6 4 Bl 0062 019 -060 D
(227.50] T2 46610 & 6 I8 0021 0064 _10C D
12 - P
(219 43) M 49D 6. 4 10 00049 0021 -154 E
(21771 Xz 49 & 4 T4 00052 0015 -160 E
13 oD 3as2 66083 4767 6 10 55 00A1 o0m .03l E
244 19) FTIST 46670 & 6 5w 007% 02 05 D
242 20) &S e 2 4 00K 014 -076 D
(244 10] FUST D & & 10 9H-6 0000 -241 E
1 PP
R BNST 49D 4 & 40 0% 11 016 E
mn 63 49K 2 4 42D 0om 03 0 P

“The number in parenthesss following the tabulated value indicatem the power of ten by which this value has to be mul;cplnd .
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Crx

Forbidden Transit

8 =3 complex haviag 80 more than two electrons in the
3d subshell. Strengths of clectric quadrupole tramsitions
as defined in Ref. ] were multiplied by the factor /s
which is needed t0 bring these valwes into conformance
with the definition of quadrupole streagths wsed in the
NBS tables. We have excluded from this compilation the
electric quadrupole contribetions t0 the *S3,; - ’P5,; aad

‘St - 'Pi» tramsitions, since their strengths are very
small and thes swbject to considerable uncertaimty.
Data for these same tramsitions calculsted by Mendoza
with allowaace for cosreistion arc gemerally in very
good agreement with the ressits of Ref. 1. These laster
calculations trested relativistic effects by istrodeciag
Bren-Pasli corrections as a pertarbation to t). ° >ercla-
svistic Hasmiltoms

References

'K-N. Husag, At Data Necl Data Tables 38, 313 (1984)
IC. Mendora and C. ). Zeippen, Mon. Not. R Astron. Snc. 198, 127
(19e2)

Cr x: Forbidden tramsitions

NGI Tronsition | Multiplet A " E, E el Type ol Ao s Accn- | Source
z Array A cmh mh transition 6" |wtw | ey
1
L ¥y | S-T |
(25345 o | 4|6 M 00 loom|E |1
| ; - . sl 6 -] 0040 0015 [E |1
: | (26945) 0 mez| 4| 4 M1 n o83 | D |1
: - . c 4] B2 0020 |00066| E |1
2! 5 -
g i 1489.04 0 enst| 4| 4 M1 120 009 | D |1
} ! [ 156410 0 €95 | 4| 2 M1 (] 0017 | D |1
3. (- l |
: L [42690) . 3702| 394 | 4] 6 M 0z | 220 |cy |1
| AR . 40 6 B2 15-7r 0092 | B |1
‘ - ‘
; !
; . [w082.0) 44 63935 | 6 2 B 025 03¢ | D- |1
; . [9607.4) 0444 6NST | 6] 4 M1 z 019 [C 1
|- . -6l 2 o1 |11 [Dp-|1
i | [3725.7) 2102 6235 | 4| 2 M1 % ol0 | Cc |1
! | - . 4] 2 B2 055 047 | D- |1
;| (32263 mez! enst| 4} 4 M1 62 034 [ C |1
| - - R 036 035 | D- |1
5. v P
|
i {31020} 62038 ST 21 4 M1 0213 121 | C+ {1
| ‘ ‘ <24 S1-7 | 0086 | E |
{

'l'honu-hwinmmwumwﬁdmmmmdmbymwimmh-hhnuldplid.
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Si Isoclectromic Sequence

Growad State:  15725°2p* 373" P,

Jonization Eaergy: 270.8¢V = 2184000 cm '

ABowed Tramsitions
List of tabalated limes
Waweleagth tA) | No Wavelength (A) | No. Wavelength () | Ne Waveleagth (L) | Ne.

198 9 25028 1 366942 2 431154 1
243 8 3 5 ST 2 43388 1
22845 12 29 10 37535 2 43409 1
=2 [ 4 3929 2 412629 1 @32 3
23653 1 3%6.085 2 122983 1 49 4
20076 13 %6491 : 2 @82 1

Line strengths for transitions of the armays 3s’3p’-
353’ and 3p*-3p3d are the results of the i
tion Dirac-Fock (MCDF) calculstions of Husag ' These
relativistic calculstions included 2 perturbative treat-
ment of the Breit interaction and the Lamb shift Al-
lowance for configuration mixing incloded all

jons within the 5 =3 complex.

Huang published neither an energy-level diagram nor
percentage compositions for Jevels of the 3s?3p?, 3s3p°,
and 35’3 3d configurstions in Cr x1. We have used the
percentages given by Bromage et al.? for Fe xm1, and by
Bromage’ for V x and Ni xv, as a guide 10 naming the
levels; their values resulted from Hartree-Fock calculs-
tions with relativistic effects and statistical allowance for
exchange (HXR), and incorporated correlation effects
due 10 a partial set of configurations within the n =3

comples. Wheaever the term desigaation of a level in
Fe xm, as given in Ref. 1, is different from that indicated
in Ref 2, all transitions iavolving the corresponding
level in Cra are omitted from this compilation.

Transitions involving levels which are indicated to be
of low purity in LS coupling are omitted here. Lines
which are characterized by very small f-values are as-
signed lower accuracy ratings; the weakest lines have
been excluded.

References

'K.-N. Huang. At Data Nucl Duts Tabies 32, 503 (1985)

iG. E. Bromege, R. D. Cowm, and B. C. Fawcent, Mon. Not. R
Astron. Soc. 183, 19 (1978).

'G. E. Bromage, Astrom. Astrophy ., Seppl. Ser. 41, 79 (1980).

Cr xi: Allowed transitions

; T X 7 , ] T T
No. Transiton . Muhtiplet, % | E . B & & A | /[ S | lgg | Axu | Source

. Array ' LA Loemh em D .i 10°s ; (st. u.)| | racy
; : i ! R i - !

i ! Er ! ! I

' | i ‘ | | i | “ :

1 3%p-adp’ | P-D | A6z - sker| zan7) (15| 10 ‘ow L 060 (-031 | D- 1

‘ 3 ! | { h ; ;, |

L 43LIS6 C 11981 243017 5, 7| 98 0038 (021 |-072 . D 1

| 422083 | 5639 242489 | 3| 5| 10 0046 ' 019 |08 D |1

. 412629 0 24248' 1) 3/ 83 0063 0086 ‘120 | D ]

| [43388) 11981 | 242450 ) 5. 5| 074 00021 0015 | -198 | D- 1

a2 | 55 Al 3 3| 30 00079  00m | -162 | D- 11

(43409] ' 11981 | 24248 5. 3| 00M  L&—4r 0000 -316 . E |

2 PP 57003 8502' 278528 9 9. 128 (0058 | 064 -028 D I

e nee1 7800 5 5, @ {0049 030 [ -061 D I

366.491 8539 21R397° 3 3] 12 10024 , 0087 ' -114 D 1

[%1535) ©  119R1 | 218397 5 3! A0 '0010 | 0063  -129 D '}

WAMZ | 59 2062, 3 1 W loo20 oMz 12 C- 1

366,085 5639 214700 3 5. 41 {0014 | 0050 | .13 D )

1359.20) 0 ZIKWT |1 3. 95  [00sh 0085 126 D I


file:///ottf

Ne.! Tesasition | Muitiplet A ! 3 ! A clal A fa s g o | Acce-
Asray D em) " afsh ot macy

1 'D-r

e83.27) | 207 5] 7] em1 015 |emz |-212 | E
4 s-P

) 1] 3] oewe |essre | eamT|{_208 | B
8 P | P-¥F

27 5| 1] 13 st |01 |-190 | E
(1 Py

(. 3| 1| a0 en ex |-em ;D
7] » o '

255 8L | s} 5| 7| s (17 2§ o5t | D
1 »p-p

214.31) %1 | e | 5! 7 u s [ees |-1L19 | E
9] »p-p

(198) 1] 3] 29 sl | esss | -23 | E
10. 'D-¥

[299] 5] 8| 1s 0800 | 0010 (19 | E
1. D-D

(250.28) W04 | aoesse| 5} 1| 10 0N | 0654 | -118
12 P-7 | 2645 | w0 51 7] 60 o5 | 241 .51
13 8-P | 24076 1| 3| e 12 (1) .10

“The number in parentheses follomag the tebuleted value indicates the power of ten by which this value hes to be multiplied

Cry
Fosbidden Transiti
List of tsbulated fines

Wavelength (A) | No. Wavelength (A) | No. Wavelongth (A) | Neo. Wavelength (A) | No.
519.13 1] 1600 [ 21992 8 18620 1
520 10 1600 3 2007.9 8 18060 1
710 9 2620 4 2741 8 63720 7
10 9 2160.1 8 20094 8 570 7
940 ¢ 21885 8 3782 2 901000 7
1400 5 132 8 Wes 2
1440 3 21817 8 53443 1
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quadrepole transitions are the results of the mualticonfig-
wation Dirac-Fock (MCDF) calkculations of Huang'
These relativistic caicuistions imcluded a perturbative
treatment of the Breit inmteraction and the Lamb shift.
ABowance for configuration istcraction encompassed all
configurations within the & =3 complex. Huamng calcu-
lated line strengths for tramsitions within the 3p° configu-
ration, as well as for tramsitions between pairs of
odd-parity levels whose lower level is ome of the four
lowest-lying odd-parity levels i the 2 =3 complex.
Tramsitions mvolving odd-parity levels which are imdi-
cated by Bromuge ef ol (for Fe xm) or Bromage’ (for
V x and Ni Xv) to be of low purity in LS coupling in

Fe-group species are omitted here, as are lines whose
strengths are very smafl. Streagths of electric quadra-
pole transitions as reported in Ref. 1 were multiplied by
the factor /5 which is needed t0 bring these valwes imto
conformance with the defimition of quadrepole streagths
used in the NBS tables.

References

'K.-N. Hoang. A1 Dera Nucl. Duta Tables 32, 503 (1985) and privase
COMMERNICItIOn.

‘G. E Brosmge. R. D. Cowan, sad B. C. Fewcent, Mon. Nos. K.
Astron. Soc. 353, I9 (197D).

'G. E. Bromage. Astron. Astrophys.. Seppl. Ser. 81, 79 (1990}

Cr x: Forbidden transitions

No Tramsition Mskipet A  E = E g g Typeo | An | S |Ace]Somce
Arrsy R emh emh transition | 6" [Gtw | ey
: ] ; ;
; -
L B P-r .j ; !
‘ D : i
{15520] 599 1%l 3 5. MI . 345 2 [ C+ |l
- - - 35 B 1m-eriezm |D-1
(19950) o 59 13 Ml 298 1% !C+ !}
(63443 - o nuser  1:s5' B2 | eeoll 013 | D- |1
2 P-D ;
9% 3 ML WM 5 5 Ml 2% om (B i1
- - © 5.5 E , 00z 0% [E |1
(31782} 5539 WM 3 S MI 18 rou | E |1
v - -3 5, B2 1 esz iem2z {E i)
3 P-'S { :
(1580) s B2 15 ol E |1
(1400 3 M | 3 ios1 | E |1
. ‘D-'S (2690 $ 1 B2 e o052 [D- i1
5. Wkl F-T 1 ;
(1460) S 177 B2 025 00| B |1
(1500} 5.5 ML | 15 o0ea|E |1
- ‘ s 5 E2 | o016 00037 | E |1
: P i
s -7 Z P ;
: P ‘ 1
| (940) © 515 ML | 240 foom | E |1
} . fes0) ; s‘i 3, M jooiz | E |1
| . i i ; )
. s ‘ i *
: ! ! i ; |
; [ (68870) | 24250 | 417 5| 7! MI | 0064 [ 4S2 |cC- |1
{ LT - R IRE . 1H-9 006 | E |1
| i[901000] | 24248 © UUSH | 3, 5! MI 32-5 | 44 B I
i ; 63720) % une | uW1T |37 ' j 2-m oo 1 E |
| ! ' l ! i i H




Crxr Purbidien transitisns — Continued

Ne.{ Tramsition | Miwitiplet A .4 | 3 RN Type of Au S Acce- | Source
Amay 7\) e m-h transition ) |wtw)i ey
8 r-yr
[28924) NPT | ZMWT | T| 3 -~ 14 53 | D- |1
(28079) uu| 2| 5] 1 B2 35 3% | D- {1
12874.1) HWIT| 2| T} 5 M1 » Qe [ E |1
- - *j1| s - L e | Dp- |1
zreLT] NuD | zET | 5| 3 - (1] esss | B |1
(zr992) a3a| 2| 3l 1 M < s | B |1
[Z758.3) uMD| mEe | 5] 5 M 25 e |E |1
- - " 1515 - 13 e | D- 1
sy HNDME| 28T | 3| 3 ) -] we |E |1
- . |3} - 18 1 | D- |1
(z7s0.1) a3a) 250 | 3| 5 M 13 eszs | E |1
- . - ls}s B2 (3 ] 18 | D- |1
) N N | T -
e 519 | - [ 1 ez | E |1
(L] 3|1 B2 30 esezs | B |1
me 719 M1 “w 8 B |1
1. ™.y
[520) s 1  ~ 3 - 00087 | E |1
]
. e
51913} 26911 o5 | 111 M a W15 | E |1

“The number in parenthesss following the tabuleted value indicates the power of ten by which this value hes t0 be multiplied.

Crxn

Al Isoclectronic Sequence

Ground State: 15’25’2033 P},

Ionization Enesgy: 298.0¢V = 2494000 cm-'

ALL 5 Transits
List of tabuleted limes
—r
Wavelength (A) | No. Wavelength (A) | No. Wavelength (A) | No. Wavelength (A) | No.

19 - J um 1920 20 - %8 16
H 2 Ut % s - 09 15,16
29 31 %0 2 214 - 31156 3
216 0 21 % 111 ] 3882 2
217 0 %152 17 s 628 32020 [
218 0 252 19 0 18 2 14
21 21 %2.11 17 2 18 325 414
2 % 24 %3435 -] 4 325.13 [
- J 2 %6 % 24 2 4 14
U 19 - nwz 247 3 0 8
4470 17 %0 n 300.52 3 o L]
46 2 %6 3 206.8) 3 33196 2
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List of tabulated lines — Contimsed

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelerth (A) | No.
32 8 0] T 41091 1 49 11
33206 5 02 12 41246 1 458 11
38 4 L -} T 413 9 %1 11
344 13 05 7 a7 12 ) 10
6 13 "1 7 419 12
39300 1 410 9 4“6 1

Husng published neither an energy-level diagram mor
percentage compositions for levels of the 3s*3p, 3s3p°,
3s’M, 3p’, and 333p3d configurations ia Cr xn1. We have
used the percestages given by Fawcett’ as a guide 10
maming the levels; the Istter’s values resulted from
statistical allowance for exchange (HXR), and incorpo-
rated correlstion effects due to all configurations within
the » =3 complex.

Transitions mvolviag levels which are indicated to be
of low purity in LS coupling are omitted here. Lines
which are charac'erized by very small f-values are as-
sigmed lower accuracy ratings; the weakest lines have
been excluded. A few wavelengths computed by Huang
fitting and scaling procedure applied by Fawcent”; lines
for which the wavelengths are in serious disagreement
have been omitted.
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Crx:  Allowed tramsitions

'
No., Transition | Multiplet A E, &l o As fa S log g7 | Acew- ! Source
Array | A em -4 (em-" s (at. u) racy

|

1 23%p-2%3* P -D | 048 000! 255000 6|10[ 16 o064 o058 |-04z2 [E |1
i f 41091 12000 256960 | 4| 6] 15 0055 '090 |-085 D |1
: ‘ 293.00 0] 251450 | 2| 4§ 17 0077 020 |-081 [D |1
| 41246 12000 | 254450 | 4| 4| 09 00024 |0013 |-202 |E |1
2. -8 | e 2000, 31360 | 6| 2| 120 0068 [04¢ |—0® |D |1
: ; 33195 12000 3160 4] 2| 2 0017 0075 |-116 |D |1
i i 31882 o] 30| 2| 2| 110 017 |036 |-o046 |D |1
3 Lo | s0ss0 o0 40! 6| 6| 30 045 |27 043 | D |1
| !

; 20681 12000 299250 | 4 4| 216 037 (156 | 0190{c— |1
| | (900.32] ol mxeo| 2| 2| 10 019 |0 |-0a2!D |1
| , 31156 12000 332900 | 4| 2| 100 012 048 [-033 [D |1
| g 29471 of w20 2| 4| ® 0157 |0304 | -050 | C- |1
! i

4 WYy | P-D

i § (338) 6| 4| 16 [ooom oz |-1om [E |1
| :, (325} 20 4| 056 (00018 {00088 | 245 (E |1
5l L P | o 12| 4| 290 015 |20 027 [ D |1

i

5 33208 6| 4| 140 015 |10 -004 | D |1
| : 325.13 4 4| 9 016 [067 |-020 |D |1
! i 32020 2| 4| B2 0.16 034 |-049 | D |1}
] 1
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No. Multiplet A AN As rf.-. S log &f | Acce-
(7] Qos-hH ot w) racy
6. P-p
[278) 4] 4| 22 00026 {00085 | 198 | B
[275) 2] 4] oo 00022 |osoew | —235 [ B
1) Doy | 404 10(10f 28 e (032 |06 | B
[408] 6| ¢ % 0864 jo51 |—oea2 | B
[405) 4| ¢| 2 0851 o021 |—eee | B
401 6| 4| ¢s 6811 [esss |-—118 | B
{e01) 4] 6| 25 eey (007 | —145 | B
8 p-p | 21 10} 6| 100 ale 11 e® | D
331) 6|l 4| & 005 |08l [—025 | D
332] 4| 2| 110 0887 |o038 |—04 | D
1590} 4] ¢| 1 o018 |07 |-115 | D
9, s-p | 411 2i 6] 12 0089 (024 [—0OT5 | E
410 2| 4| 16 0081 |02 |{-om |D
[413) 2| 2f 30 00017 0021 |18 | E
10, Pp-%5
(599] 4! 4 o031 00016 | 0013 |-218 | B
1. Ppotpr | 455 6| 6] 26 008l |073 |[—031 | B
[458) 4| 4] 2 0070 {042 |—-056 | D
[449) 2| 2| = 0081 (024 |—0m | D
(461} 4] 2| 65 0010 |0063 |—138 | D
(446) 2! 4| o2 00014 | 00041 | —256 | B
12 Pty | 408 10/14] 17 0061 082 |-—o021 | E
(402} 6| 81 19 0.60 048 | —om | B
17 4| 6| 14 0053 |029 |—068 | E
[419] 6| 6] 24 00068 [0052 | —142 | B
13. D-p
(346) 6 4/ 21 0.0025 {0017 | —183
(344] 40 4; 28 00046 | 0021 | —173
14. D-pe | I2% 10|14 230 0.50 54 070
(327 6, 8| 220 0.48 31 046 | E
1324) 4) 6| 220 0.52 22 031 | B
(325) 6| 6| 98 0016 (010 |-103 | E
15. D-r
(309) 6| 6| 160 0.23 1.4 0.14
(308) 4, 86, 50 0011 |0043 | -137
16. p-p
{309) 4! 2| 270 0.19 079 | -011




T i ¢ . H
No.! Transition Multiplet! A | E | E gim A fa s log g | Accu- | Source
. Array A emH ! emh Pl aetsh ot w) rcy
. i 1] { I :
i ; + r
1. 3 - | 24925 | s000! w9210 610! 350 055 |27 052 | D |1
] N
: 25152 | 12000 409580 4! 6| 340 048 |16 o» | D |1
24470 0. 408660 | 2| 4 300 055 | 088 004 | D |1
' j [25211] | 12000 408660 i 4! 4! 66 0063 (021 |-0& [D |1
18 353 P-F | f
- 33pPRd j , ;
Demy ; [ 6 8! 12 00020 [O0011 |-193 | E |1
L j280] | : {4 6] 072 (00013 [00047 | -220 | E 1
19, P i
Ci2s6) 6 6 34 0034 [017 {-070 {D |1
| [244) ; ; 2l 2 12 eo1l {0017 {167 | D |1
- [2a7 | ; 4 2! 20 011 {03 [—o035 [D |1
[252) L4l 6| 20 02 |0 005 | D |1
! .
2. PoDr | : P i
: ; : : i
| [250] i 6! 8 350 0431 | 216 0419 c- |1
' [246) | 4 6 10 015 (04 -0 |D |1
- [250] "6 61 220 020 |10 008 | D |1
©[24T) 2 2 3 1030 |0 |-0z2 D |1
2. P : 7 [
P i
(221 "6 B 19 100019 100082 -195 ( E |1
! ! i
‘ ! |
2. P.Pp i :
; ; r
[198] 2 4 16 0008 |00024 |-243 | E |1
2. D-P . | ,
o i i
(294] 6 6. 49 100064 ‘0037 |-142 [E |1
%, D> {
} B . \
(286) 6 8 15 100025 004 -183 E 1
f | |
25. D-F 251 10 14 140 (018 15 . 02% | E |1
[248) 6 8 140 017 ‘os4 | 001 E 1
[254] 4 6 120 017 1051 [-017 [ E |1
[255] 6 6 N 0017 086 | -09 E I
2% D-P ‘ ‘
(222] 42 om 160-4r 48-4) -31% E 1|
2. S 298 2 6 20 082 14 022 D i
[259] 2 4 320 065 11 o1i D |
(256) 2 2 150 035 02 | 08 D .|
| P-P 275 6 & 150 017 093 0.01 D 1
(27w ‘47 011 041 035 D .1
269} 2 2 20 023 040 . 035 D .3
[274) ¢ 2 e 002U 0086 12 D
1213 2 4 11 G017 0031 146 ' D .3




Crxm:  Allowed transitions — Continued

A
Arrsy . '\ mh tem-h) a0 sh ot w)

29 33p% -y
Se3p(PRd
(196} 6| 8 16 08012 | 00048 | —-213 E 1
0, - 27 10|14 250 025 18 040 ) A 1
218) s| 8| 200 023 |10 o [E |1
[216) 4] 6] 40 025 012 0.01 4 1
[riy] 6] 6 14 0010 0.043 12 E 1

1.7 S5(—4)| 00015 | -266 | E 1

[299] 2| 2| 160 013 (o2t [-o: |Dp |1

[265) . 1 4l 6] 13 00020 00070 [-210 | E |1

[254) 4| 6| 52 075 25 048 | E 1

[251} 2| 2| 0067 jon -088 | D 1
254} 4| 21 75 60062 (0121 |-084 | C- |1

“The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied.

Crxn
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Forbidden Transitions

Line strengths for magnetic dipole and electric  tions as reported in Ref. 1 were multiplied by the factor
quadrupole transitions within the 3s’3p 'P* and 333’ ‘P /) which is needed to bring these values into confor-
terms are the results of the multiconfiguration Dirac-  mance with the definition of quadrupole strengths wed
Fock (MCDF) cakculations of Huang.' These relativistic  in the NBS tables.
calculstions included a perturbative treatment of the
Breit interaction and the Lamb shift. Allowance for con- Reference
figuration mixing included all configurations within the
n =3 complex. Strengths of clectric quad-upole transi-  'K.-N. Huang, At. Dsts Nucl. Dats Tebles 34, 1 (1986).
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Crxn: Forbidden tramsitions
No.| Tvamsition | Multiplet A E, B &i(&s| Typeof A S | Accu- | Source
Arrsy KA b cm traneition sl mey

1 3p-3p P_p
[8331] ) 12000 2 4 M1 155 13 {c 1
. - 2| 4 =) 00025 | 024 | D- |1
2| 2%3p>%3p? ‘ P_p
; [15600) al 6 M1 T 38 [¢c |1
g - [ 4] 6 E2 Ll-4r | 03 | D- |1
: (21100} 21 a4 Ml 238 i |[c 1
§ - 2| 4 B 20-6 [ 00% [ E |1
’ [B968) 2| 6 B 00013 | 027 | P- |1

“The number in parentheses following the tabulsted value indicates the power of ten by which this value has to be multiplied.

Cr xm
Mg Isoelectronic Sequence
Ground State:  1s'2572p%3s* 'S,
Ionization Energy: 354.8 eV = 2862000 cm '
Allowed Transitions
List of tabulsted lines
P v - " i ‘l g 7 e —
Wavelength tA) -~ No. Wavelength (A) ;| No. i; Wavelength (A) ; No. . Wavelength (A} | No.
H { It !
Rl M ﬁ M TT T
4959 14 2764 18 I 3626 ] b 4976 b1
67.01 13 n z I 36396 3 o 4517 Pt
-7 21 279.32 16 L 3679 9 461.60 I
228 20 286 24 368.06 3 4632 L1
259.68 15 298 15 3 369.13 9 465.1 I
26191 15 3NN 2 i 771 8 822 Lo
262.33 15 34269 3 v 34 12 560.11 5
267.73 15 5 z i 5.1 4 638 10
268.4 15 351.14 3 i 7760 6 ,
2689 15 35381 3 6 g 13 1" ’»
20 17 356.12 3 431.05 7

i e e

Oscillator strengths for the three trausitions 3s° 'S, -
3snp 'P7 (n =3-5) are the results of the relativistic ran-
dom phase approximation (RRPA) calculations of
Shorer et al.,' who allowed for correlation within the
context of a frozen core. Oscillator strength data of
Fawcett,’ quoted for most transitions of the arrays 3s3p-
3p’, 353d-3p3d, 3s3p-3s3d, and 3p’-3p3d, were derived
by means of Hartree-Fock calculations which included
relativistic effects and statistical allowance for exchange
(HXR). he incorporated correlation effects due to all
configurations in the # =3 complex. Froese Fischer and
Godefroid' determined f-values for singlet-singlet tran-
sitions within the complex by applying a nonrelativistic

B G S G

e E T TSP — el i e o

multiconfiguration Hartree-Fock (MCHF) technique
with large-scale allowance for configuration interaction;
their resluts are quoted for two transitions of the 3p3d-
3d? array for which we estimate the contribution of sin-
glet-triplet mixing to the /-value to be insignificant.
A-values for the three intercombination Jines tabulated
here were calculated by Kastner and Bhatia® using a
scaled Thomas-Fermi approach that allowed for correla-
tion due to all configurations in the n =3 complex.

Transitions involving levels which are indicated in
Ref. 2 10 be of low purity in LS coupling are omitted
here. Lines which are characterized by very small f-val-
ues are assigned lower accuracy ratings.
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asm *S. O. Kastuer and A K. Bhatia, J. Opt. Soc. Am. @, 1391 (1979).

Crxm:  Allowed tramsitions

No.| Trameition | Multiplet A B E el A fa s log &f | Accn- | Source
Array A emY) m-") ae*s-h (at w) racy
1 X 15 ¥
@22 0| 20mee0| 1| 3] 018 |es019 [esme]-273 [E {4
IS_p | 2m2e ol 10| 1| 3] 196 02 o9 |-es5|B |1
3| N¥yp-3p* W-P | sms2 21g100| 4os900| 9| 9| 150 e |29 e» (D |2
£~ 101 7n6E0| 490200| 5§ 5] 10 o1 {11 !_es |D |2
35612 20100 am0| 3| 3| @ e oz |- |C |2
%806 2160 | 420 5| 3| @ e o5 |03 |C |2
%L 0| 20| 3] 1] 150 el |oex |-es2|C |2
2 201400 «9200| 3! 5| M el o3 |-es2 |D |2
B1L14 203400 | 4838200 1| 3| 56 e31 [om [-e51 [C |2
4 »-D
p1s1) 26600 450 5| 5] 13 0027 (o171 l-e86 |E 4
. [s62.5] 207400 | 483150 | 3| S| 64 0021 |oe5 |-120 |E |4
5. oD | 56011 34610 48150 | 3| 5] 13 010 05 |[-052 [E |2
6 -3 | me 304610 569440 | 8| 1] 150 on oa1 |-o48 [C |2
7| 33d-3p3d ' m-ow | 72 589500 | 81310011521 42 018 |39 02 | D |2
| 43705 500100 | 818900 | 7| 9| 464 omn | 11 0w0t8| C |2
i 4976 589200 Bl1ISOO | 5| 7] 35 015 1.1 -012 | C |2
% 46160 588500 | 905100 | 8! S| 28 015 loe [-035 | D |2
i (451.7] 500100 | 811500 | 7| 7| 69 o021 |02 |-os |C |2
; [4632) 589200 905100 5| 5| 68 0022 '017 {-096 | D |2
| i (4651] | 590100 805100 7{ 5| 013 2%—4rf 00031 | 268 [ E |2
i ‘ '
8. i - |
; |
| @ i 3 1] & oo |0z |-o7a |C |2
o) | m-w :
t {
: 3913 | 500100 861000 | 7| 7| 6 013 |11 |-004 |[C |2
! 1 (279) | 569200 861000 5| 7| 13 0038 |02 |-072 |[C |2
' ‘ :
m.t | 'D-'D | (638) | ‘l 5| 5] 59 002 038 |-074 |D 2
i [ I
n.§ | 'D-'F | [385) ; g 5| 7] 150 048 30 038 | D |2
| | ! ! i !
12 . 'D-'P 1 [374) j 5 3| 100 0.13 080 | -019 | D iz
: ! ! ! | !
13.{ Widetp | S-'P | 6101 o 192000 | 1) 31670 038 0075 | 04711/ C 1
! : i | ! !
6 ddelp  B-P . 09N 0. 2017000 1; 3| 990 0.109 | 00178, -096 | C |1
| . . , i ! : | i
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Cr xmi:  Allowed transitions — Continued

No. Tramsition  Multiplet A E E. P AL fa s log & - Accu-’ Source
Array ‘A tem ©) tem (a0s 5 (at w)  racy
15 3%3p-2%3d T-D 250 202 588500 9 15 197 0345 271 042 C 2
2773 216600 590100 5 T 190 0286 12 015 C 2
26191 200400 589200 3 3 150 026 067 -0l . C 2
25068 2034006 58800 i 3 120 035 0X 04 C 2
[268.4] 216500 589200 3 5 48 0052 023 _058 iC 2
%213 207400 568500 3 3. 8¢ 0087 (023 _058 (C '2
[268.9} 216600 588500 5 3 52 00034 0015 -1TT D 2
16 P-D 2193 3M610 66620 3 5 330 0 19 o2 D 2
1. 3p°3%pd  P-TP ; ; ; i
) i H i ‘
[270] 3 1170 ;0063 o1 07z |C |2
: ! : !
18. P-D 2 ! 1 !
: ! ' i i
[276.4] 499200 861000 5 T 220 035 16 | o2 D 2
Co | ! ! i
19. ‘D-'D 298] 5 513 Lo , 083 (007 | E !2
. . ! ' : } f
2. D-F (228 5 7 180 lo20 075 | o000 | E |2
o ! ! !
21 D-P [224] .5 3 29 100013 ! 00048 -219 | E |2
. i ! i
2 'SP [277) 1: 3; 210 073 {061 -oM |C 2
2. 3P3d-3d° P -G (M5] T 91T . 0.399 %3.17 0446 C- |3
: ’ s ‘
2. P-'S  [286] 3 1. 460 (0188 | 053 | -0209] C- |3
e e e o s i S i ; [

'fhenuuﬁumnmth;blmmw

value indicates the power of ten by which this

value has 10 be multiplied.
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Crxiv

Na Isoel S

Ground State: 15'25'2p%3s 'S, ,

Jonization Energy: 384.171¢V = 3098520cm '

ABowed Transitions
List of tsbuleted limes
Wavelength (A) | No. Wavelength .A) | No. Wavelength (A) | No. Wavelength (A) | No.

36.466 [ 1 54.164 10 1045 3 272 51
38936 5 60699 21 1077 a 2174 [ ~ ]
33.7% 17 60.758 2 1078 a 215 [}
40016 17 €0.761 2 1008 n 2219 [}
40018 17 3324 2 1104 n 29 [}
40.782 4 €359 2 112 1~ 233 k,
40.800 4 63935 2 1176 % 4 k,
41556 1% 64005 2 1183 % 288 (-}
41.788 15 64.045 2 1252 [ 1 290 [ ]
41.796 15 68.5% 9 153 L1 415 14
2201 14 69.213 9 131 [ 417 T4
42453 14 .2 9 1332 L3 263 56
“usen 13 79.128 - 1333 45 28712 56
44969 13 84.631 41 1360 52 289.7%5 1
44873 13 85.012 41 1485 2 219 61
45835 12 | 85.020 41 1491 2 300.1 61
46125 12 96.060 19 156.4 58 360.271 7
46417 % 96.169 19 151.1 » 3003 ()]
46453 % 95.185 19 1584 -3 01814 1
46.468 3 86911 31 1650 [ 463 %
46527 3 93.006 » 165.7 [ 465 %
48.200 25 93.432 ) 187.02 “ 3466 [ ]
48.336 25 93.467 29 1872 “ 835 60
48.340 ] 95.997 49 187.90 L] 871 (-]
48991 % 96.061 49 188.0 n 38981 1
49.032 % 96.30 38 188.1 n 4003 73
50321 11 96.824 38 189.1 u 4005 Kt}
51172 11 99.443 54 1900 W7 4006 73
51.180 1 99.453 54 1910 u 41199 1
52321 2 99.473 54 1923 K3 4137 [ 14
52263 =3 100.88 18 200.1 63 4143 [ 4
52.967 2 101.06 18 2010 63 4156 61
53.642 2 101.42 18 2012 [ ] 793 3
53.674 2 102.7 0 2161 62 8190 3
53.601 2 102.8 2 2170 51 8237 3
53.760 10 1044 48 2171 51

Strengths of the lines of the 3s-3p and 3p-3d transi-
tions were taken from Edlén's interpolation formulae.’
These were based on the results of Weiss' Hartree-Fock
calculations,’ in which ratios of relativistic Dirac to non-
relativistic line strengths in hydrogenic ions were sp-
plied as scaling factors to the nonrelativistic
Harnree-Fock line strengths in the corresponding sodi-
umlike species. Oscillator strengths for the 4p-4d transi-
tions were derived by Gruzdev and Sherstyuk’ using the
reiativistic variant of their effective orbital quantum
number method, which utilizes a Coulomb potential in
conjunction with a semiempirical orbital quantum num-

ber which is determined from experimental energy lev-
els. Strengths of the lines of the 3s-4p transition were
internolated from the results of the relstivistic single-
configurstion Hartree-Fock calculstions of Kim and
Desclsux’ for V xini and Fe xv1.

Moultiplet f-values calculsted by Biemont® using s fully
varistionsl Hartree-Fock approach are quoted for nu-
merous transitions nl-n'l’ (3<n(S; 4<n’'<& I,
I'ms,p.d.f). Data for additional transitions (namely,
those for which # > §, where n is the principal quentum
number of the lower siate) can be found in Ref. S,
Whenever wavelengths of individual lines within » mul-
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tiplet cither were available directly or could be deter-
mined from the energy levels, the multiplet streagth was
distributed among the lines according to LS-coupling
reles, except in cascs where the wavelengths of all the
lines in the multiplet are ideatical. The streagth of the
3p P - 45 °S multiplet was not distributed between the
single-configuration Hartree-Fock calculations of Kim
and Cheng' indicate that in the corresponding transition
m sodimmlike iron the ratio of the two line streagths de-
viates somewhat from the value that *vould be obtained

‘B. Edién. Phys. Scr. 17, 565 (197%)

‘A W. Wens. § Quant. Spectrosc. Radsst. Transfer 58, 481 (197N

‘P. F. Geuzdev and A | Sherstyuk. Opt. Spectrosc. (LSSR) 46, 353
(avm

‘Y K. Ksm and ).-P. Desclsux. Argonse Natonal Laboratory Repon
ANL-76-88. Parx 1 (1976).

’E. Biemsoot. Astron. Astrophys.. Seppl Ser. JL 285 (1978).

m the case of pure LS coupling. ‘YK Kim and K.-T. Cheng. J. Opt. Soc. Amx €&, 836 (1978).
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Cr xiv

Forbidden Transitions

The clectric quadrupole gf-value for the s-3d multi-
plet in this sodiumlike ion was reported by Godefroid e
al ;' it was calculated earlier by Biemont and Godefroid’
using » fully variational Hastree-Fock approach. This /-
value was converted to a multiplet strength, which was
then distributed between the two lines of the multiplet

'M. Godefroad, C. E. Magnusion, P. O. Zetterberg, and L Jocksson.
Phys. Scr. 32, 125 (1985).

according to LS -coupling rules. *E. Biemomt and M. Godefroid. Phys. Scr. 18, 323 (1978).
Cr xiv:  Forbidden transitions
i ; | T . T T
No.. Transition ' Multipiet: A N 4 E, 18 & Type of An . 1 Accu- | Source
! Array ! [ A emh cm Y transition s gm.u racy
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“The number in parentheses following the tabulated value indicates the power of ten by which this value has to be maltiplied.

Crxv
Ne Isoelectronic Sequence
Ground State:  1525'2p* 'S,
Tonization Energy: 1010.6eV = 8151000 cm '
Allowed Transitions
List of tsbulsted lines

Wavelength (A) | No. Wavelength (A) | No.

Wavelength (A) | No. Wavelength (A) | No.

18.497 9 102 3
18.782 8 102.18 1
19.015 1 102 3
20863 6 105 4
21.153 $ "7 2

- ] \ N

233 13 o 14

304 13 405127 11
09 13 417 16
321.282 15 469 10
24 17 703 12

For resonance transitions 10 J = | levels of the 2p*3s
and 2p’3d configurations, we quote A-values which
were calculsted by Vainshtein and Sefronova' using a
chasge-expansion perturbation theory approach with al-
lowance for mixing of the 2p°3s, 2p°3d, and 22p%)p
configurations. Their results for the 20°-2p*3d transitions
in the isoelectronic ions Ar i1x and Fe xvii are in rather
good agreement with those of Shorer,” who used the
reistivistic random phase anproximation (RRPA) with
allowance for mixing between configurations of type
2p’ns and 2p'nd, a8 well a8 correlation effects due to
configurations having a vacancy in the Is or 2s subshell.

But the data of Ref. 1 for the two 2p°-2p’3s transitions
are spproximately a factor of two smaller than those of
Shorer for the sbovementioned neon-like species, so we
have increased the transition probabilities of Ref. 1 for
these two lines by a factor of two.

A-values quoted here for a number of transitions in-
voiving an electron jump of the type 25-2p, 3s-3p, or
3p-3d were waken from the work of Poklebs and
Safronovs,” who used wavefunctions calculated by s
charge-expansion perturbstion theory approach with al-
lowance for mixing of configurations in which s single 2s
or 2p electron is excited to an n =3 orbital but with no
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inclusion of configurations in which an electron occupies
the » =4 shell In cases where better wavelength data
wsere available, these transition probebilities were first
ccaverted to line strengths, which were then recon-
verted to f- and A-values by using the more accurate
wavelengths. Transitivas involving levels of the 2p°3p
ad 2p*3 » which are indicated by
Fawcetr* (in Ti xu) or by Jupen and Litzen® (ia Ti xu or
Fe xvn) to be of low to moderate purity in LS coupling
are excluded here, as are very weak lines. The pattern of
levels with'n the 252p*3d configuration in the isoclec-
tronic ioas Fe xvn1 and Ni xix resuiting from the scaled
Thomas-Fermi calculations of Loulergue and Nuss-
baumer* with extensive allowance for correlation is en-
tirely different from that determined by Vainshtein and

Safronova, whose energy levels were apparently used by
Pokicba snd Sefronova in their transition probability cal-
crlations. We have thus excluded transitions out of these
levels from our tabulation.

'L. A Vaimshtein snd U. | Sefronova, Spektreskepicheskie Konssonty
Assmov, 5-122 (Ed. V. B. Belysnin, Aksd. Nask SSSR. Or. Ob. Fiz.
Astron, Neuch. Sov. Spektrosk., Moscow, 1977).

IP. Shores, Phya. Rov_ A 28, 642 (1979).

JA. K Pokicbe and U. L. Sefronova, Preprint No. 11, Akad. Nask
SSSR, Ov. Ob. Fix. Astron., Inst. Spektrosk. (Moscow, 1981).

“B. C. Fawcetl, private cosssmmicstion, ss quoted is E. Trabent, Z.
Phys. A 9, 25 (194)-

’C. Jupen and U. Litzen, Phys. Scr. 38, 112 (1984).

“M_Loslergue and L. Numsbaumer, Astron. Astrophys. 48, 125 (1975).

No.| Transition Multiplet A B K FANNS A fa S log gf | Accn- | Source
Array AA) 7l =" 10" s M ot w) recy
1| 28%2p° P38~ | O1s'fr - 78
252p%%
102.18 4713200 5691900 5| 3| 700 0965 011 -04 | D 3
2| 272CP; 8- | (L Vyr - %8
22p%3s
1mz 4793200 5691900 | 3 3| 170 0031 |0034 |-103 | D 3
3| 2*2p°3p- 5-p
22p*3p
(102} 3| 3} 160 0025 (0025 |-118 [ B 3
(103} 3| 1| 380 0020 (0020 (-12 | D 3
4 D-Pp
{105} 71 6] 580 0083 {015 -03 | D 3
5. 2pt- '8 - Yy
2p'CP;.108
21.153 0 4127500 | 1] 3 |5600 0.1 00078 | -096 | C—~ |1Im
6. 2p*- '8 - (30l
2p'CP1.103
20.863 0 4793200 ; 1| 3|6000 0.12 0008] | -098 [ C—~ |1In
7| 2%2'sd |'S-P
19.015 0 5250000 | 1; 3| 60 0010 [64—4r1—-190 | B 1
8 3-
18.782 0 5324200 1| 3 28(+4) | 0.4 0.02/ -035 | D 1
9. s-p 18.497 0 5406900 | 1] 3 162+8)| 249 0.162 oW jC- |1
10] 20 Piae- |y -8
%'
(409) 6| 3| o 0040 [038 -061 | D 3




Cr xv: Allowed transitions — Continved

14 T
No.| Tramsition | Muhiplet | ) E E la)m] A fo | S ug!m[m
Array | 7y} @Y (@ 10s-H (st w) ! racy |
. N
: : i !
1L My - | ‘, , | g ’
: ! i ; ! ‘
‘ 405127 | 47113200 | 4960000 | 5| 7| W Yors {10 l_o1s (b s
H | i |
12 2P e LR ] ' | i
L 2p%p g’ :
% " [703) 1] 8| o 00042 00098 | -2%7 [E |3
; |
12 2p8p-2'3d S-P | 298 3| 9] 56 oz foss |-o17 |E '3
) ' g i
; ; (203) 3| 5| & 00% (02 |05 |E 3
i ; 204] 31 3, & 0093 028 -05 D (3
(309) 3; 1| ™ 0088 [012 |—0%5 | D |3
I ;:=n -
i Bz7 71 51 35 00040 |00 |-15 |E |3
15 D-F
‘ ( 321262 | 4960000 | 5271300 | 7| 9| 81 016 |12 o5 | D s
! i
16. p_p
‘ W7 1 8| 17 0013 [0018 |-188 | D- '3
! |
17, ‘ P.pr
‘ (3241 1| 3| 39 018 020 |-073 |D |3

‘Mnmnnmﬁmmmwvdmmdmﬂumdmbywm&-vduh-wbcnnltwlnd.

Crxv
Forbidden Transitions

The A -value for the single transition tabulated here is
the result of the Hartree-Fock-Relativistic (HFR) calcu-
lations of Cowan.' The wavelength is the result of these
same calculations and may be somewhat uncertain, as
the energy of the /= 0 level has not been determined

'R. D. Cownn, Los Alamos Scientific Lsboratory Informal Report

[1710]

experimentally. LA-6679-MS (Jan. 1977).
Cr xv: Forbidden transitions
T ] i 1 | T‘ ] REs
No.| Transition .= Multiplet | A . | B g Typeof | An
., Amy f A Lemh | emh | | transition | w "
R S s exEEE 4‘»" — T .- T B
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F=-77
Crxwn
F Isoelectrosic Sequence
Grownd Stase: 15*25°2° *P3,
Lonization Esergy: 1097 eV = 8850000 cm '
Allowed Transitions

Qacillator for bmes of the maltiplet
2572p* ’P* - 252p* S arc the results of the Dirac-Fock
caiculations of Cheng et ol.,' which imciuded a perturbe-
tive trestment of the Breit interaction aad the Lamb
shilfk.

For lines of the arrays 2p°-2p")s and 2p°-2p*Md, we
quote the f-values calculated by Fawcets? wsing Cowan’s
Hartree-Fock-Relativistic (HFR) method aad imcorpo-
rating scaling of caergy perameters om the basis of a
least-squares fit 0 observed emergics. Fawcett’s calcula-
Transiticas iavolving levels which are iadicated by
Fawcett to be of low to moderate purity im LS coupling
in acighboring flucorinclike ions are excluded from this

compilation, ss are limes characterized by very smell f-
values.

The ratic of A-valees for the two resonance Jines ont
of the 252p*2S,, level as given in Ref. 1 is in reasoasbly
good agreement with the resslt of Strattom er ol.}

K. T. Cheag, Y-K. Kim, and J. P. Desclaux, At Dats Nucl. Duts
Tables 24, 111 (19M).

8. C. Fawcent, AL Dats Nucl Duta Tables 31, 493 (1984)

’B. C. Stratton, H W. Moos, S. Suckewer, U. Feldman, J. F. Seely,
and A. K. Bhsetia, Phys. Rev. A 31, 2534 (1985).

Crxvi: Allowed tramsitions

No| Transition | Mukiplet A E E Lol A fs | 8 log of | Acce- | Source
Array ) (em™ (cm™) 10*sH (2 w) racy

1) 26%p5-22° | P -8 | 10998 23681 s3m9i0 | 6| 21060 0.0625 10135 | —0426| C+ |1
106.62 o o | 4] 2! 158 0.0646 | 00907 | —0588 | C+ |1
11533 70892 | 937910 | 2| 2| 296 0.0589 | 00467 | —0929| C+ |1

2| 2p*-20°PRe | 7" - P

! : 19.807 0| 5048700 | 4| 6| 43¢ 00038 |9%(—4r -182 | E |2

8. el

| ; 19714 70892 | 5143500 | 2| 2| 1.1(+4) | 0.064 |00083 | 089 | D |2

; 19.42 0/ 5143500 | 4| 29900 0028 |00072 (095 [ D |2

i |

i |

4| 2'2Das |- |

i 1 '

| | 19.256 0| 5193500 4 67700 0064 [0016 {050 | D |2

é ! 19.511 70892 | 5196200 | 2| 4 8300 010 0013 [-070 |[D |2

| : | |

5. 2288 P -B | 18868 23635 | 5323600 | 6| 2|9200 0016 (00061 | 101 E |2

| | 18775 o| saz3600 | 4| 22600 00068 |0.0017 | -157 | E |2

; | 19.038 70892 | 5322600 | 2| 26400 0035 |00044 | -115 | D |2

| (

6| 2*2Dad | P -8 | 17500 25631 | 5734600 | 6| 2| 1245 | 019 (0066 | 006 | D |2

‘ Ii 17438 0f §124600| 4| 2| 1146 | 024 (0086 |-002 | D |2

! | [17.656) 70892 | 5734600 | 2| 2| 20+4) | 0094 (0011 [-073 | D |2



' T T i
N».l Transition Multiplet A ! E : E, g & Aw E fa S & g gf Acm-ESoume
L Ay A 1 emm] @y} | a0*s™ | ot w | acy |
| \ : %
i too
: b i
1.! PP ! ' . i ’
: !
L [17312) 0] 575%%0| 4 ¢! 1445 | 062 014 03 |E |2
: i 17587 0892 5756300 21 4| 20+0 [ 019 [002 |-042 'E |2
8 P ? ‘
i |
i 17514 | T0892 | STH0600 2 4| 1LN+5 ;07 011 0 |[E |2
' (17.299] | 0, 5780600 4. 4! 25441011 j0025 [-03 |E 2
; i i !
S 2°2%S3d P -D | I7.1% 29631 | 5862600, 6:10| 40+4) | 030 010 025 |[E |2
' 17.013 0 5857200 4. 6| 12+0 | 0077 l0017 |[-051 [ D !2
ormae T892 5870700 | 2! 4| 86+ | 077 | 0.087 019 |D |2
! [17.034) 0! 5870700 | 4: 4| %30 00043 [96(—4)|-176 | E |2
{ i v !
“The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied.
Crxw
Forbidden Transitions

Line strengths for the magnetic dipole and electric
quadrupole contributions to the transition between the
two levels of the 2p’ configuration are the results of the
Dirac-Fock cakeulations of Cheng e a/.' These relativis-
tic calculations included a perturbative treatment of the
Breit interaction and the Lamb shift. The strength of the
clectric quadrupole transitior as defined in Ref. | was
multiplied by the factor !/y which is needed to bring this

SIS LITT PRI 88 T LET T

No . Transition Multiplet! A = E &
Array A emh  em Y
e . — LR o
l.; 2’"'2’" P - P
: 141060 0 . 70892

Cr xvi: Forbidden transitions

value into conformance with the definition of quadru-
pole strengths used in the NBS tables.

Reference

'K. T. Cheng. Y.-K. Kim, and J. P. Desclaus, At. Data Nucl. Dats
Tables 24, 111 (1979).

-y - r‘f:, ,Y, e e e am TR "l; — _-—-'.T'_v— ey -r 77777 f;——,
‘&g Typeof ' An 1 S Accu-!Source
Y transition . |(at. u) ! racy |
. o
o o

e 2. M1 e 13 (B 1
42 F2 | 045 00030 | D |1
JON . . b i i
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Cr xvu

O Isoclectromic Sequence

Growad State:  1s'25'2p*’P,

Iomization Eaergy: 1185 ¢V = 9560000 cm ~*

ABowed Tramsit
Liss of tabuleted limes
Waveleagth (A) | No Wavclength (A) | No. Wavelength (A) |  No. Waveleagth (A) | No.

1611 » 1680 10 18.088 12 10191 .
167 n 1681 2 m2 15 11653 ]
1631 N 169 i’ 18219 n 1n120 6
1632 ™ 17.19 » 11979 u 12084 1
1637 n e 17 183% 1013 9 |
1644 nn nn 7 18399 i” 12500 1
16.59 n 117 1] 7 us2 ] 12538 '
16.62 p ]| n.m 1 18531 0 1978 s
16.6¢ 30 1790 7 nn ’ 131.7% 1
1665 30 179597 n "sn 7 14140 3
16.66 n 17968 119 %.” 7 16808 s
16.68 2% 1801 15 "M 2
1678 l 7 13020 n .20 7

The tabuisted oscillator strengths for transitions of the
arrays 25’2p*-252p° and 252p*-2p* are the resuits of the
nuluconﬁngmc—Fock(MCDF)alcuhuouof
Cheng e1 al.' These relativistic calculations incleded a
perturbative treatment of the Breit interaction and the
Lamb shift. Allowance for configuration mixing was
limited to the 5 =2 complex. The results should be quite
sccurste, except in the case of weak lines. (The
25°2p*'D; - 252p° ’P; transition has been omitted from
this tabulation, because its f-value as reported in Ref. 1 is
extremely small, and thus very uncertain.)

Transition probebilities for lines of the 25'2p*-252p’
array were calculsted by Froese Fischer and Saha’ using
the multiconfiguration Hastree-Fock (MCHF) method
many configurations outside the # =2 complex, but rels-
tivistic effects were not tresied to the same degree as in
Ref. 1. Line strengths derived from these two sources
are in ressonsbly good agreement, pasticularly for the
stronger transitions.

A-values for lines of the 2p* P - 2p'(*S")3s ’S° multi-
plet are taken from the scaled Thomas-Fermi spproach

of Kastaer ef a/_* with configuration interaction and rels-
tivistic effects. For all other lines of the 2p*-2p*3s mmay,
and for Iines of the 2p*-2p°3 array, we guote the f-val-
ues calculated by Fawcett’ uwsing Cowan’s Hartree-Fock-
Relstivistic (HFR) method and incorporating scaling of
enesgy parameters on the basis of & least-squares fit 10
observed energies. Fawcett’s calculstions included fairly
extensive allowance for configuration mixing in both
odd- and even-parity sistes. The weakest lines were not
reported, and thus are not tabulsted here. Transitions
mvoiving levels which are indicated by Fawcett 10 be of
low to moderate purity in LS coupling in neighbo ing
oxygenlike ions are excluded from this compilation.

References

'K. T. Cheng. Y.-K. Kim, and J. P. Dosclous, At Data Nucl. Dats
Tables 24, 111 (1979).

IC. Frosse Piacher and H. P. Saha, J. Phys. B 17, 943 (1984).

’S. 0. Kastner, A. K. Bhatia, and L. Cohen, Phys. Scr. 15, 259 (1977).

‘S. C. Fawoent, At. Duts Nucl. Dats Tables 34, 215 (1996).



Cr xva:  Alowed trassitions

No.| Tramsition | Mukiplet A B & Ll As fa s log f | Acce- | Source
Array 7\ ] Y 1 sh . u) racy
L 2222 | P-P | 12244 30! amrie| 9| 9| 450 010 |03 |-ess |C 1
( 12291 o/ svmo| 5| 5! 1 o4 015 {-043 iC !1
i 12535 ess0 | 88150 3! 3| 10 0e257T {08818 {—118|C |1
s 11653 o| s 5| 3| 2m 06298 [0057 [ —088 ( C |1
! 12084 G| ssTem| 3| 1| 4 08364 [0034 | 0% | C |1
, s 13276 om0 g10! 3| 5| 9 00009 [005¢ | 09 | C 1
; 5 12500 50| ssEise| 1! 3| 10 005 |00 |—102 {C 1
2 L opotp
: @512 o, M0 5/ 3 08061 ;000% |—152 ! E |1
: YT ) G080 | 111642 | 3 3| 48 E—4r{6l-0|-2T1 | E |1
i (YY) ssi15e | mee2e! 1| 3] 95 00038 |08012 | 242 | E 1
i
3! | Do
i | 147.00 135160 | 8190 | 5! 5| M 00047 (0011 | -163 1
i t
1{ S Do | 10191 135160 | 1116420 | 5| 3|13 0123 o026 |-o21{C |1
! ! ' 1
Y L s-w
! i
; ’ . [168.08) %3190, 858150 1| 3! 56 00064 {00035  -219 | E |1
} i i
6. sS- | M2 263190 | 1116420 1! 3| 96 0059 (0022 | -123 | C |1
1, %2t TS ) |
. 9120 | gseiso. 1ses0 | 3| 1) s 0002 00027 | -208 | E 1
8. oS 12978 0 1116420 | 1886950 | 3| 11400 o118 (o151 |—osstiC 1
9. 2'-2YVSB P-'F ; : f ; g
i ; ! ; !
. [18.52) ; 15 5| 160 182 -4 2:-4),-239 | E ;3
L1873 5 i35 12 LI-4 i%-5-35 !B 3
‘ ; b ‘ ' ! ; i
100 2°-2p%'S'Bs  P-'S | 18426 - 26590 5453800 9 3! 27+4) 0046 0025 038 ' C- 4
18.236 0/ 5453800 5 3. 17(+4 0052 0016 -059 . C— 4
18.531 60390 5453800 3. 35800 0030 00055 ' ~105 - C- 4
18.531 58150 5453800 1. 313200 0050 00031 -130 C- 4
11. 2°-2p°D'3s  'P-'D ; ‘ l
17957 0 5569900 5 77800 0053 0016 -058 C 4
18.219 60350 5569400 | 3. 5 '2000 0017 00031 129 D 4
18219 58150 5547000 . 1 3'1700 002 00016 | -159 D 4
18020 0 55M00 5 516400 0031 00092 -081 D 4
(18226) © 60380 5547000 3 3 7000 0035 00063 -098 D 4
12 P-D
(17.892) 0 5569000 5 5 960 00046 00014 -164 B 4
[18.088! 60380 559000 3 5 1700 0014 o005 138 B 4
12 'D-'D 1833 135160  55K9000 5 5  l&+4 00Kl 0024 039 D 4



No.| Tramsition | Multiplet A E B AN S Ay fa S log of | Acce- | Source
Array 7\) ) oY) aeshH (st u) racy
W% -] P-P
} (17.58) 5| s5{1900 osos0 [oem? |15 | D- |4
i (17.90} 3i 1/1500 o012 [ese |14 [C |4
i I a] 3| 5|00 085 |eee61 {038 | D 4
3 1181 1| 3lasee eomi lemsz|-235 (D |4
15, p-p
| 18901} 5| 5|as00 ost |(esez |03 (B |4
| (18.12) 5| 3|2® esees jooes | 137 | E |4
16 D-P | 17968 135160 | 571200 | 5| 30680 0s |esere | -0 [ D (4
17 IS-p- | 18389 | 263180 | 5M1200 | 1] 3|s2e0 o1 |esess{-ess [ D |4
18] 2* - s P-D
(1697 s| 5|10 0005 (00013 [-164 [ B |4
192 -2%SBd| P-D
(16.80) s{ 1] «ws0 |02 Joorz | e |D |4
(1697] 1| 8| 26ms0|0361 {00191 |-0u67] C- |4
(1697] 3| 3| 15+0 [0sss |oon |-em | C- |4
(16.80) 5| 31800 0006 (00013 [ -164 | D |4
20. DD |
(17.19} 5| 7| 680 0002 00012 | 188 | E |4
212 -2DRd| P-F E
| ! ! 1678) ; 3| 52600 0025 o041 [-112 | B |4
(1652) ; 5| 5|5600 0023 |ogoss [—om | E |4
2|2 -20Dad P-D '
: (16.44) | 5/ 71 1345 [0t |02 | ost [ D |4
' H )
n. Lo | ¥
| i (1659] ' 3 1] SN+4 {0078 (0013 | -063 ' D |4
2%, P » ‘
| i i
(1632] | ''s| 7] 3244 (018 [0048 (006 [ E |4
25, | ‘D-D |
’ {1681) 5| 72000 0012 |00033 | ~1.22 4
2. | D | (1668] 8| 7! em+w (040 |om 0% | D |4
|
2112 -2CDrRd| P-F
|
, | (16.27] 5| 7|5600 002 (00080 |-082 | B |4
; i (16.44) 3| 55600 002 00063 (-093 | B |4
%, | o
% i (1637) 3, 1| 9N+ (013 |o0021 (-0 | D |4
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Cravie  Allowed transitions — Continwed

No Tramsition Mekiplet A = K E £ & A . fo | S | kge Axe;Source
Armay tA) cm 9 cm " Cets Y ; el ey
: _ i 5 i

» »op | i k

e 3 3:soo 0015 ' 0o 135 | E g
» D . ¥ , .
(16.64] 5 Tise0  joem | asoez | _oss E 4
(16.65) 5. 5. LI+6 (0066 |OM3 039 [ E 4
3L 'D-P (1631 5 3sao ;fom %uosz §-o_u E,n 14
» S-P (1666) 1 3§ 18 +5) 'z: %o.n ’ 03% 'n ;4
' ’ P o S

“The number in parenthesis following the tabulated value indicates

the power of ten by which this value hes to be multiplied.

Crxw

Forbidden Trassits

Line strengths tabulsted for magnetic dipole and elec-
tric quadrupole transitions within the 2p* configuration
are the results of the multiconfiguration Dirac-Fock
(MCDF) calculations of Cheng ef al.' These relativistic
Salculations included a perturbative treatment of the
Breit interaction and the Lamb shift. Allowance for con-
figuration mixing was limited to the n =2 complex.
Strengths of electric quadrupole transitions as defined in
Ref. 1 were multiplied by the factor 3/ which is needed
tc bring these values into conformance with the defini-
tion of quadrupole strengths used in the NBS tables.

Transition probebilities for these same lines were cal-
culated by Froese Fischer and Saha’ using the multicon-
figuration Hartree-Fock (MCHF) method with
Breit-Pauli corrections. Their basis included many con-
figurations outside the n =2 complex, but relativistic ef-
fects were not treated to the same degree as in Ref. 1.

AT TSI Sl e L e R

. I
No. Transition Multiplet A | £ = K
i Amay A em L tem
Y —— . , . 7’ -
‘ } | j
L. 22 PP I
: : i
| 16563 o | 60380
‘ 2y 0 5150
, i : ,
2 P-'D | X :
i ! l f
| | T8 | 0 135160 |
| ; ' 13407 6038 ' 135160
i i

Cr xvii:  Forbidden transitions

Line strengths derived from these dats are in quite good
agreement with the data of Cheng ef al. For this ion of
the oxygen isoclectromic sequence, corsrelation effects
due to mixing with configurations outside the complex
were found by Froese Fischer and Saha to0 be rather
small, as shown by a comparison of the results of their
calculations employing an extensive besis to those
derived by the same technique but limited to configura-
tions within the » =2 complex.

The weakest lines are excluded from this compilation,
as their transition probabilities are considered to be very
uncertain.

References

'K T Cheng. ¥V -K Kim, and J. P. Desclaus, Al. Dats Nucl. Dats
Tables 24, 131 (1979).
¥C. Froese Fucher snd H. P. Sahs, Phys. Rev. A 28, 3169 (198)).
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T T H 1
No.| Tramsition |Muktipht! A | E E elo: Typd A S | Acce | Sewrce
i Amay 7 V) emh ) tramsition ") lstw) | raey
; —
? i i |
A fpoig |
: ! ! '
. %8 e | 2eum ! 3| 1 M $Svarjess D 11
¢« L D-1S | (8113} 135160 | 263180 | S| 1 B -] e | E |1

*The surber ia parentheses following the tabulsted value mdicates the power of ten by which this valee hes to be multiplied.

Cr xvm
N Isoelectronic Sequence
Grownd State: 15252’ ‘S,
lomization Energy: 1299 ¢V = 10480000 cm "
Allowed Transitions
Lint of tabuleted lnes
Wavelength (A) :rlh Wavelength (A) | No. Wavelength (A) | No. Waveleagth (A) | No.
0 4 108.37 2 12953 ¢ 157.40 16
92.508 13 11041 12 15308 15 164.09 5
93.26 13 12z 14 13652 1 16981 $
9%4.1¢ 3 11399 12 195 1 17590 1¢
®%.7T 8 119.21 12 14082 16 184.67 5
97.660 I 13 11962 11 14353 10 19351 5
99.383 13 1256 14 4.7 15 197.48 9
10232 8 12287 14 14990 1 22200 ]
104.98 8 12538 11 14994 10 248.10 9
10592 12 125.51 ¢ 151.90 10
10634 1 128.10 [ ] 155.¢6 16

The tabulated oscillator strengths for transitions of the  in the case of weak lines. (A few very weak lines have
rrrays 25°2p°-252p* and 252p°-2p® are the results of the  been omitted from this tsbulation.)
multiconfiguration Dirac-Fock (MCDF) calculstions of
Cheng ¢ al." These relativistic calculations included 8 Reference

ive trestment of the Breit interaction and the 'K T. Cheng, V.-K. Kim, and J. P. Desclows, At. Dats Nucl. Duts
Lamb shift. The results should be quite accursie, except Tables 34, 111 (1979).

Cr svim: Allowed transitions

No.| Transition | Multiplet A E E, el & A Jo s log ¢f | Aecu- | Source
Array A " em ) 10e") ot u) rucy
1. 222 | ¥ -P 144.05 0 eM/0| 4|12 100 0.13 0% -080 | C 1
140.90 [} Wi ! 4! ¢! 120 0.060 0.12 -068 | C 1
1997 0 TINNO | 4] 4] 1@ 00437 {0000 | -076 | C 1
198.62 0 T200 | 41 2] 166 00232 (00417 | -1082| C 1




F-84

T r v H
ru! Tramsition | Muliplet A E | K AR S An I f s ug!mgs—m
b Amay Y \) o) | emh Ueh ! ot w) ™y |
: H ; i
; § i
2 s o ; |
| 10837 o! o2mm| 4| 4| 62 looen [esm¢ | _-2% [E |1
| , !
3~f P % -8 g i ¢ i
1 ' ] H
i .16 o 10620 | 4| 2] 92 CU~UP| T6(—8) 261 ! E |1
: i
LJ: S -Pp
: | %8 o, nesxw | s ¢ 2 oo 000% 122 | E 1
! ! i H i
5 -p | %
: | (19851} 150000 TR0 | 6] 6] 14 8N-0 22 (B D1
; ! | neesy 126000 | TN | i 4] 042 |1B-0|am-0 314 [E |1
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; ; (10852] | 110837 | 1S134%0 | 4| 2| 2 0096 (04073 |- |C |1
i 5 (7590 | 1ITe210 lmi 2! 4| 205 o0 e |1l c (1
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Cr xvm

Forbidden Transitions

Line strengths tabulated for magnetic dipole and elec-
tric quadrupole transitions within the 2p’ configuration
are the results of the multiconfiguration Dirac-Fock
(MCDF) calculations of Cheng et al.' These relativistic
calculations included a perturbative treatment of the
Breit interaction and the Lamb shift. Allowance for con-
figuration mixing was limited to the # =2 complex.
Strengths of clectric quadrupole transitions as defined
Ref. | were multiplied by the factor 3/; which is needed
to bring these values into conformance with the defini-
tion of quadrupole strengths used in the NBS tables. The
weskest lines are exciuded from this compilation, as their
strengths are considered to be very uncertain.

A-values for the M1 and E2 components of the single
tramsition within the 2p’ configuration were obsained by
applying Z-expansion formulas published by Oboladze
and Safronova.’ Their values for the magnetic dipole

contribution to this line are in very good agreement with
the results of the scaled Thomas-Fermi calculations of
Bhatia 1 al.! and Bhatia® for nitrogenlike Ti and Mn,
respectively. It is not clear whether Oboladze and
Safronovs incorporated configuration interaction into
theis calculations. Thus the 4 -value for the E2 contribu-
tion should be consiCered rather uncertain.
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Tables 24, 111 (1979).

'N. §. Oboladze and U. | Sefromova, Opt. Spectrosc. (USSR) 48, 469
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'A. K Bhatia, U. Feldman. and G A. Doschek, J. Appl. Phys $1, 1464
(1980).

‘A. K. Bhatia, J. Appl. Phys. 53, 39 (1952).
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Cr xix
C Isoelectronic Sequence
Ground Sute: 1s'2s'2p! 'P,
Ionization Energy: 1396 eV = 11260000 cm '

Allowed Transitions

Lot of tabslated hmes
= _.,‘.._-_‘_A_.__A-,'. [ ety u ;” Tl T TIIITALLL S TEg . STRLT r‘ . PRI Ry (‘ AT AT LI i A oy

Wavelength (A)  No. }; Wmlcn‘tb lM ; No. I'I Wnnlﬂllﬂ\ (M l No. 'E W.nlﬂl‘tb (A) No.
e T - 4 e * B e o

1473 o | 10770 N T 1200 | 9

1480 » k 109.33 | 18 i 120.96 P 120.99 1

14.81 ;3 'y 10964 |4 !i 125.93 3 132.11 3

1484 » I 11037 [ n | 126.24 i 2 123.99 3

90102 . 16 i 11118 [T ! 126.20 15 134.89 I3

96.62 16 i 11188 ! 5 126.33 f 10 127.89 19

96.80 ] 1397 L4 12195 2 138.15 19

006 | 2 ! 11831 ’ 17 I 12843 ‘ 1 2846 | 3

104.18 ] 11867 17 128.63 1 140.51 i3




- F=-87

Lint of wbuleted Saes — Contineed

Wavelength (A) | Ne. Wavelength () | Ne. Wavelength (A) | Ne. Waveleagth (A) | Ne.
14092 19 16129 8 185.87 | 26.11 2%
18357 3 168394 S 19916 T 20155 12
14864 2 16489 8 20182 4 s 2
15132 14 165.06 2 ;9 13 2037 1
15242 19 19.0 2 2394 =2 31054 1
15492 19 1973 2 219 7
16001 2 179.18 2 20638 7
16099 2 100.37 2 211.00 % H
The tabulsted oscillstor for sramsiticas of the  Lime streagths derived from these two sources are in
srrays 25°2p*-252p” and 252p°-2p* are the results of the MMMMMMW

multiconfigeration Dirac-Fock (MCDF) calcuslstions of
Cheng et al.' These relativistic calculations imcluded a
perturbative trestment of the Breit imteraction and the
limited to the x =2 compiex. The ressits should be quite
sccarate, except in the case of weak lines. (A few very
weak mes have beea omitied from this tabulation.)
Tramsition probabilitics for lines of the 2572p’-2s52p’
array were calculated by Froese Fischer and Saha’ wsing
the muiticonfiguration Hartree-Fock (MCHF) method
configurations outside the x =2 complex, bet relativistic
effects were not treated to the same degree as in Ref. 1.

Dmhl&whsdhb'—bumymm
polated from the HX (Hartree-Fock with statistic. al-
lowance for cxchamge) f-valwes of Bromege and
Fawcett’ for the isoclectromic jons Ca xv and Fe xoa.
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'K. T. Cheng. Y.-K. Kim, snd J. P. Desclaus. At Duts Nucl. Data
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IC. Froese Ficher sad H. P. Saba, Phys. Scr. 32, 187 (1985).

'G. E. Bromage snd B. C. Fawcest, Moa. Not. R. Astron. Soc. 178, 605
am).

No.! Transition | Multiplet A E E, FANA A fa L4 log of | Acew- | Source
Armray 7Y @ mY 10°s-%) st u) racy
1 2222 | P-'F
(310.54) 82420 | 4oass0| S| 5| 017 |25%—4rj00013 [ -2% | E |1
5 (200.37) 4TT0 | 40s4e0 | 3| 5| 015 290 |8K-H{-306 | E |I
2 L P | seror 61710 67920 9|15| T2 00673 {0227 | -03T1 | C- |1
, 16546 su20| eoes10| 5| 7| @ 003 Jooz |-om | ¢ [
e | 160.30 a0 enseo|( 3! 5| ® 0063 {0084 |-080 | C |1
‘ : 148.64 o eziso| 1| 3| % 0080 (004 |-105 {cC 1
; L1073 82420, 671500 | 5| 5| 009 |45 [1N-6|-368 |k |1
: ; L 16001 oo | ez1s0 | 3| 3; M 00041 | 00085 | -191 | D |1
! j | (169.40) 82420 €215 | 5| 3| 026 [6N-5|1N-4)| 347 | B |}
]
3 PP 1558 61710 793420 | 9| 9| 1% 0062 0210 |-0327| Cc- |1
138.45 82420 804600 | 5| 5| 1T o1 |01z |08 [ C |1
1299 aro| ma| 3| 3| 121 00326 {00430 (1011 | C |1
14051 82420, m™a2| 5| 3| 3 00063 [0016 {-150 | D |1
12480 @70 | Tee100 | 31 1| 198 00180 | 00260 | -1288| C |1
: 12211 aTI0| 204600 | 3| 5| 711 00031 00060 | 208 | D |1
5 12598 0| 7620 1! 3| w05 00289 |00120 |-186 | C |}
. w.'8 | 115 41710 | 950860 | 9| 3| 880 0066 (018 |-031 | C (1
139 82420 { 960000 | 5 560 0064 012 |-049 | C |1
109.64 a0 | seeeeo | 3| 3| A6 00444 | 00481 088 | C |1
104.18 o seeee0| 1| 3] 9 00438 (00150 | -1380| C |1




No. Multiplet Y E E PR A Ja s log gf | Acce- | Source
KA =) ] ae's-H (. w) recy
5 woip
111.88 40| nexe| 5[ 5] B 0016 0018 |-13 | E |1
(107.70) are | a0 | 3| 5| 24 TN-0)i16-4) 26T | E |]
6 p.-pr
9588 €TTT0 | 1090760 | 3| 3| 3¢ 00M9 [00046 | —183 | E {1
1. ‘D-D
[199.16] 184630 | eo8810! 5| 7] 62 00052 {0017 |-159 [ E |1
(205.38) 184630 | ens%0| 5| 5| o3 24-0)|TH-4)| —298 | E |1
(204.89) 184630 | 6210 | 5| 3| 12 468-0ioone {264 | E |1
8 p-p
(161.29) 18469 | 904690 | 5| 5| 19 T6-0)j00020 | 242 | E |2
[164.09) 184630 ] TMIZ | 5! 8] 28 67-4)}00018 | —247 | E |1
9. ! ip-3se | [129.00) 18469 | 958060 ! 5! 3! o073 LU-9) | 2%-H; 328 | E |1
10. D-'D | 12633 184690 : 976270 | 5| 5| 435 0104 (0216 | -024{C |1
]
1L L D= | 11037 184690 | 1090760 | 5! 3! 600 0066 (012 [ —-o048 ([ C 1
12 S -
: (267.56) 200990 erZ10| 1| 3| o3 00012 {ooo11 | —292 | E |1
13 g
! [201.97) 298990 | 794120 1 3| L1 00020 | 00013 | 270 [ E 1
; i
14 1S -8 | [151.32) 298990 959660 | 1| 3| 42 00043 100021 | —237 | E |1
| | i
1s. 's-'r'§ 126.30 208990 | 1090760 [ 11 3! 156 0112 00466 | —095 . C Iy
f |
16. $-P ’ g ;
H ' ! 1
: : . i |
9562 404440 0 1450200 | 5. 5| 12 994 00016 | -231 ' E 1
[90.102) . 404440 | 1514290 5; 3| 18 }w-n 1.9:-4»{ -319 (B 1
: : | i | i ! ‘
17 D -P 12497 678920 | nmvoflsg 9! 40 10057 035 | -007 fe- 11
: i i | ! !
13099 | 686810 | 1450200 | 7! 5. 290 {0.053 016 | -043 N
11867 | 671500 | 15142901 5, 3| 210 {00266 i 0052 | -0 I C 1
11831 | 672150 . 1517960 | 3, 1' 329 100230 | 00269 | —1.161 | C 1
12843 | 671580 | 1450200 5. 5, 119 100295 '0062 | —083 | C 1
11883 | 672150 | 1514290 ' 3, 3| 135 ;0.0286 ;00336 | -1.067: C |
128.63 612150 . 1450200 | 3, 5| 2 ,00097 (0032 :-15 ' D 1
18. D -'D ' i ; \
. . i ' N
i ! ! ' !
| 1118 686810 | 1586250 7.5 ®; (00049 10012 | -146 E 1
1109.33) 671590 © 1586250 | 5. 5. 55 198 -

#©[00018  -231 E 1



Crxix:  Allowed transitions — Continwed

No| Transition Multiplet A E, E, AN An Ja S log gf | Acca- | Source
Array A ) ) ae's ot w) racy
19, P -p
15492 804650 1450200 | 5! 5| 358 Go127 00824 | -1187| C 1
140.92 804650 1514290 | 5| 3| 138 00247 0057 |-091 | C 1
13815 ™I 1517960 | 3| 1} 175 00167 joe0228 | -1300' C 1
1522 ™20 1450200 | 3} 5§ 327 00190 |00286 | —1.244 | C 1
1378 789100 1514290 | 1| 8| 416 00356 00162 | -1449| C 1
20. P -p
15195 804650 1586250 | S| S| 10 00025 (00063 | —-190 | B 1
[126.24) 794120 | 1506250 | 3| S 10 00028 {00035 | 208 | B 1
2. »P-8
[100.68] TM120 1787280 | 8| 1| 28 00013 |00018 | -241 | B 1
2 s - 19259 9500860 147090 | 3| 9] 86 014 027 -037 | C 1
[203.94) 958060 1450200 | 8! 5] 63 0.065 013 -071 | C 1
180.37 959060 1514290 | 3| 3) 110 0.054 00% |-079 | C 1
179.18 959860 1517960 | 3| 1| 145 00232 100411 | -1187| C 1
23 B8 [120.86) 959860 1m0 | 3| 1 45 000338 | 00039 | —200 | E 1
2. ‘Dr-p
{211.00) 976210 1450200 | 5| & 63 00042 {0015 | -168 | B 1
[185.87) 976270 1514290 | 5| 3 14 45-4)|00014 | —2685 | E 1
2. ‘Dr-'D 163.94 976270 1586250 | 5| 5| 310 0.125 0337 ~0.204 1
26. p-Pp
[278.21) 1090760 1450200 | 3| 5 088 0.0017 [00047 | -229 | E 1
[236.11) 1090760 1514200 | 3| 3 47 00039 [0009]1 | -193 { B 1
44 P -D 201.82 1080760 1586250 | 3| 5| 416 0.0423 | 0.084 -080 | C 1
28, 'Pr-18 143.57 1090760 1787280 ¢ 3| 1} 720 0.074 010 -085 | C 1
2. 2°-2%3%d P-
[14.84) 51 17 1.3+5 | 061 0.15 048 E inserp.
(14.80) 11 3 1.3%+5) |13 0.063 0.11 D interp.
30. P-p
[14.73} 3 3 T7.X+4) (023 0.033 -016 | E inserp.
[14.81] 5 3 i 34+4) {0.088 0017 | —0.47 E interp.

“The number in parenthesss following the tabulated value indicates the power of ten by which this value has to be multiplied.
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Forbidden Transitions

Line strengths tabulated for magnetic dipole and elec-
tric quadrupole transitions within the 2p* configuration
are the results of the muhicoafiguration Dirac-Fock
(MCDF) calculations of Cheng ez al.' These relativistic
calculations incloded a perturbative treatment of the
Breumteracuonnddlelambshﬁ.Allowmceform-

Ref. 1 were multiplied by the factor ¥/; which is needed
to bring these valves into conformance with the defini-
tion of quadrupole strengths used in the NBS tables. The
weakest lines are excluded from this compilation, as their
strengths are considered to be very uncertain.

Transition probabilities for these same lines were cal-
culated by Froese Fischer and Saha’ using the multicon-
figuration Hartree-Fock (MCHF) method with
Breit-Pauli corrections. Their basis included many con-
figurations outside the » =2 complex, but relativistic ef-
fects were not treated to the same degree as in Ref. 1.
Line strengths derived from these data are in good
agreement with the data of Cheng et al.

References

‘K. T. Cheng, Y.-K. Kim, and J. P. Desclawx, At. Data Nucl. Data
Tables 24, 111 (1979).
*C. Froese Fischer and H. P. Sala. Phys. Scr. 32, 181 (1985).

Cr xix: Forbidden transitions
: ; T T T T H :
No.. Transition Multiplet : A i E, ! E, ; L & Typeof | A . 1 Accu- | Source
Array 7 ¥ tem Y mh { transition | ) istw) | racy
: ] i i ] i
H T T ] T
, P i f
L 3%t P-P Lo | ;
254 4TTI0 8420 3. 5. Ml ' 48d 200 Ice 1
- . - 13.5; E2 ' 00085 ‘00021 | E |1
20909 0 4770 1 3 M1 11810 184 | C+ 1
[1213] 0 8420 1 5 E2 018 00014 'E 1
i [
2 P-D ; !
9790 82420  IB4690 5 5 Ml 5700 ‘10 ¢ il
. - - 5 5 B2 05 00024 E 1
7311 47770« 184690 | 3 5 Ml 15700 1 0.41 D ’n
i N l i
3 N i i
: ' ; ; |
398 4 4TTI0 298990 . 3 1 M1 64+4r 015 | D 1
s D-'s 'a'um[‘ 184690 29899 5 1 B2 13 00041 | E }1

'l'he number in punm.helu foliow\n; d\e nbuhud ulue mdmm d\e pwm' ol' ten by which this value has to be multiplied.
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Cr xx
B Isoclectronic Sequence
Ground State: 1525’2 P},
Ionization Energy: 1496 ¢V = 12070000 cm "
Allowed Transitions
Lis of tebulated Emes
Wavelength (A) | No. Was slength (A) | No. Wavelength (A) | No. Wavelength (A) | No.
1413 14 12842 3 164.63 8 21699 17
1426 14 12926 9 1619 8 258.57 1
97.494 6 131 9 169.87 8 21112 11
N 6 15382 4 178.42 8 219 1
101.63 6 155.26 9 175.42 2 %163 1
116.06 3 14075 4 121 2 %820 1
11929 5 14899 4 180.85 12 41634 10
12229 5 15600 2 192.82 12
The tabulated oscillator for transitions of the The Hartree-Fock results of Shamey’ for the isoelec-

armays 25°2p-252p* and 2s2p’-2p’ are the results of the
muhticonfiguration Dirac-Fock (MCDF) calculations of
Cheng et al.! These relativistic calculations included s
perturbative treatment of the Breit interaction and the
Lamb shift. The results should be quite accurate, except
in the case of wesk lines. (A few very weak lines have
been omitted from this iabulation.)

According to several sources (sce, ¢.g., introduction to
Fe ml). thet\volevdsZth“Pm and ’Sm “crom” at
sbout V x1x or Cr xox. Transitions to these levels in
Cr xx have been omitted from this compilation, since the
precise location of the level croming, and thus the cor-
rect designations of the levels, are uncertain.

tronic ions Ar x1v and Fe xxm, which allowed for Em-
ited configuration interaction, werc interpolated to
provide f-values for the 2p-3s, 2p-3d, and 2p—4d transi-
tions.

References

'K. T. Cheag. Y.-K. Kim, snd J. P. Desclonx, At Data Nucl Dets
Tables 24, 111 (1979).
L. J. Shamey, J. Opt- Soc. Am. 61, 942 (1971).

No.| Transition | Multiplet A B E, & & As fo s log gf | Accu- | Source
Arrsy A) tem ") (em") (105" (at. w) racy
1| 2%2p-22* | P -P
{28763} 83090 90700 4| 6] 029 6.1(-4r| 00023 ([-2681 |E |1
(281.99) 0 4820 | 2| 2| o042 50~ | 9N—-0)~300 | B |1
{268.20] 83090 820 4| 2| o1 1LU-0 | 6X-0|-398 | E [}
2 - | IR 55850 Gss70| 6l10) € 0046 (016 | -057 | D |1
17542 £3030 600 | 4 6| 53 00368 |0085 | -088 [C |1}
166.00 0 641090 | 2| 4| 84 0081 |[o0ss [-091 [C [}
17921 83090 641090 | 4| 4| 11 S4M-4){00013 | -287 ( E |1
3 P.-p
12842 090 81700 4| 4| 390 0.008 016 -043 | C 1
116.06 0 81700 | 2| ¢| &7 00200 [00176 |-1887| C |1




Crxx: Allowed transitions — Continued

"No! Trensition | Multiple: A f 4 E FAY As fa S log &f | Accw- | Source
Array A - Y 10 s Y at a) acy
U PP OP-S | LS 404920 110189 | 12| 4! 389 00000 0227 o8| c |1
! | 14899 | 430700 | 110189 6| 4! 175 0088 {014 | -o® [c |1
j | 14075 2410, 110189 | 4: 4! 135 00400 {0074 | 080 {C |1
! | s 354620 | 1101890 2 4| 83 00445 | 00092 | —1051| C |1
a[ P | :
| 12229 40700 | 124840 6! 6 98 00022 {00053 |-188 | E i1
| [119.29] B0 | 12920} 4! 4] 98 00021 {00033 | -208 | E |1
‘ N
6 P-7 : ‘ i
! [101.63] 4700 | 1414650 6 4| 11 -8 22-0|-318 | E |1
| | o7y | 39410 1414650 4| 4] 20 28—4) | 36(~4) -295 [ E |1
g ! [orase} | 35620 | 1390320 2] 2| 15 21-0 | 1%-0{-338 | E |1
1. D-s !
i ! :
j | (21659 61000 | 1101890 4| 4| o042 |30-0 86— -292 | E |1
8 - | 16878 | 648270 1240950 10(10| 126 0054 0208 |-o02m|cC |1
! i
‘16797 | 65090 | 1248440 | 6| 6| 112 00474 (0157 |-0S86 [ C |1
{16987 | 611030 1229720 4| 4] T 00306 ! 0068 [-091 | C |1
| 17342 | 653090 . 1229720 6| 4| 403 00121 {00414 |-1189] C |1
16463 | 641030 | 1248440 | 4! 6] 24 00147 {00319 | —1231{ C 1
9. TD-T . 19246 | 48270 1409210 10| 6: 195 00307 o1 |-051 | C 1
: : ! i !
‘13131 . 65309 - 1414650 6 4% 127 100219 | 0057 | -088 | C |1
13526 | 641030 | 1380820 ' 4| 2, 21 00331 10059 | -088 | C 1
12926 641030 1414650 4 ‘ 27 {00107 (00182 | -1369  C 1
. i i ‘ | { : : ‘
10. Py ‘ o | : A
: ! : H ] : )
{416.34] 861700 1101890 4' 4 019  50—# 00027 f-270 | E 1
. ' i H . i .
. H { |
1 P-D o . .
Lo | ! o
[258.57] 861700 , 1248440 4 s} 298 lo0#4s 0153 | -075 [ C 1
C AL 861700 . 1229720 4 4, 054 60—4 00021 | -262 E 1
: : ‘ ! i '
12 Pp-p i ' i i : ;
! % f | | ; :
| 19085 | 861700 | 1414650 ! 4| 4 160 0077 ;018 ,-051 i C 1
;19282 | 61700 1380320 | 4| 2, 23 100065 0017 {-15 | D i1
; ‘ f | ; i t
3. 2p-2 Py | : i ; :
i 1 : i I !
: | | 4] 2 0019 l—uz E | intep.
i | i 2 22 0.020 -140 | E | interp.
, { i !
4  2%-3d P-D ! ; { ‘, l |
; H 1 : | ‘
' [14.26) ’ 416 1345 (us (011 | 037 | D linterp.
(1493 | | ' 20 4] 1Ll+5 065 10060 | 011 | D nterp.
4 '0.064 ! =05 | D interp.
P ‘ . i !



Ne.| Tramsition | Muitiplet A B ) A PAR S Au fa S log &f | Accw- | Somrce
Arvay (7 1] o oY) aesH ot w) recy
15 -4 -
4| 6 (1)} -0 | D |interp.
2| 4 012 —082 | B |interp.
4 4 0012 —132 | D |intesp.

“The number in parenthesss following the tabulated value indicates the power of tem by which this value has to be maitiplied.

Cr xx

Forbidden Transitions

The line streagths tabulated for the single magnetic
the 25°2p ground state configurstion are the results of the
multiconfiguration Dirac-Fock (MCDF) calculations of
Cheng ¢1 al.' These relativistic calculations include a
perturbative treatment of the Breit interaction and the
Lamb shift. Allowance for configuration mixing is lim-
ited 1o the n =2 complex. The strength of the electric

transition as defined in Ref. 1 was multiplied
by the factor /) in order to bring this value into confor-
mance with the definition of the quadrupole strength
used in the NBS tables.

Transition probabilities for the same lines were calcu-
lated by Froese Fischer and Saha’ using the multiconfig-

usation Hartree-Fock (MCHF) method w’th Breit-Pauli
corrections. Their orbital basis includes many configura-
tions outside the # =2 complex, but relativistic effects
were not treated to the same degree as in Ref. 1. The line
strengths for both the M1 and E2 transitions, derived
from these data by interpoiation between appropriately
spaced ions of the J sequence, are in very good agree-
ment with the data of Cheng er al.'

References

'K. T. Cheng, Y.-K. Kim, and J. P. Desclaux, A.. Dats Nucl. Dsta
Tables 24. 111 (1979).
C. Froese Fincher snd H. P. Saha, Phys. Rev. A 28, 3169 (1983).

Cr xx: Forbidden transitions

T T M Ty =TT o =T =
No., Transition  Multipet 2 = E | E [ g'g| Typeod | A | S {Aecu- Source
: Array ; . A e em | tansition | ) ! atu) | racy
RS 0SESSED U—— e N - e |T i TI
j : b f z Lo
‘v ’ ‘ P r % ' !
L 2 P : I !
: | 12059 0 w9 2 4 M1 5110 i B |1
‘ - ’ ; 1c 1
1}
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Cr xxi

Be Tsock S

Grounad State: Is’2s? 'S,

Iomization Energy: 1634 ¢V = 13180000 cm !

Allowed Transitions
List of tabuleted lmer

Wavelength (A) © No. " Wavelength (A) | No. Wavelength (A) | No. Wavelength (A) | No.
1287 1 i e | 1229 ! 1399 ] 14072 .
1297 1 i 1365 ] ! 1400 19 14990 2
1298 10 0] B 1366 ] ‘ UM 1925 15462 4
1301 10 i 1367 ) 112 E ) 16508 3
1362 10 i 1368 L » 417 1921 168.62 3
13.08 o i 1375 - 1420 31 170.16 7
1312 . ; 1376 . uz 21 17545 3
1313 10 ; 13.78 ;o ; U2 3 | 18448 3
132 16 f 1384 ! iz ! 1S . l 19098 3
Bx 15 By | o=z uez | a | me 3
3.4 " L 1391 |z 1435 | i 239.94 6
13.49 . ‘ 1392 - : 1438 - 4 2311 1
13.53 24 ‘ 1393 ;2% | 1439 L2 j ’1.12 5
1355 % 1394 4] L 1458 {2 | 409.80 5
13.59 ;13 1395 - b 1481 | 23 ; 505.89 5

Oxcillator strengths for transitions of the arrays 2s°-
252p and 252p-2p* are taken from the multiconfiguration
Dirac-Fock (MCDF) calculations of Cheng er al ' These
relativistic calculstions include the configuration inter-
action most relevant for the states of these configura-
tions, as well as a perturbative treatment of the Breit
interaction and the Lamb shift. The results should be
quite accurate, except for the weskest intercombination
lines. (The 'P; - 'S, transition of the 252p-2p’ array has
been omitted here, since the f-value is considerably
smaller than those of the other lines of this array.)

A number of sources of relisble data, from other rela-
tivistic calculations, are available for the 25-2p transi-
tions. However, with the exception of some of the
weaker lines, they all agree well with the results of
Cheng e1 al.' The latier xre quoted exclusively here since
they provide data from s single set of comprehensive
calculations, all done at s uniform and reasonably accu-
rate level of approsimation, for the valence shell 25-2p
transitions for all ions of the isoelectronic sequence.

The f-values for the 257-2s3p, 252p-2p3p, 252p-253s,
2p’-2p3s, 2s2p-253d, and 2p*-2p 3d arrays of transitions
are taken from the work of Fawcett, who used Cowan's
version of the relativistic Hartree-Fock method with in-
termediate coupling and configurstion interaction. This
work provides & comprehensive set of data f~; (e entire

isoelectronic sequence, calculated at a uniform level of
approximation. Some of these transitions, for some ions
of this sequence, have also been calculsted by Bhatia er
al* using the program SUPERSTRUCTURE, which in-
cludes configuration interaction and intermediate cou-
pling. Where they overiap, these iwo sets of calculstions
agree 1o within the uncertainties assigned here. Transi-
tions involving the J =1 levels of 203p 'S and P have
been omitted because of erratic behavior of the f-values
along the sequence.

Oxcillator strengths for the transition array 25’-2sdp
have been interpolated from the relativistic random
phase approximation (RRPA) cal.ulations along the
isoelectronic sequence by Lin and Johnson.*

A few multiplet /-values for transitions involving the
outer electron slone, 2535-253p and 253p-253d, have
been interpolated along the isoclectronic sequence and
assigned 8 low accuracy.

References

'K T Cheng. Y.-K Kim, and J. P. Descisus. At Dats Nucl Dste
Tobles 24, 111 (1979)

’B. C. Fawcett, At. Data Nucl. Dsts Tables 20, | (1984). 33, 479 (1989)

'A. K. Bhata, U Feldman, snd J. F. Seely, At Dot Nuc). Data Tables
35, 449 (1986)

‘C D.Linsnd W R Johnson, Phys Rev. A 1§, 1046 (1977)
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Crxxx Allowed transitions
No.! Tramsition | Multiplet A ! 4 B FANAN A fa S lng &f | Accw- | Source
Array A) ) e s ot w) racy
LI 222 'S -P
| [2s811) ol unm| 1| 3| e |esere j9s-an-300 | D |1
2, 1IS- P | (14990 o] eme| 1] 3} 182 0164 (00009 | 075 B |1
3 22 [(P-P | 1w 00| sl 9 9l M7 08576 jose | -e286| B |1
(184.48] asemei smmw! 5! 5| nz 08376 0114 |76 B |1
(175.45] uio| | 3| 3| N2 enss lesen |-134|B |1
[19761) wsore| 9| 5| 3| 1 ool (oo |-1152. B |1
[190.96) uI7e| o0 3! 1] 109 o919 legers [—122¢/ B |1
! [165.99) M0 MM | 3| 5] 428 w29 lesen | -108i B |1
(16862) nsee0 | oumiw| 1| 3| 524 ossre loes2 [ -1174! B |1
4 -D
(15062} wsore| wsime | S| 51 =2 ol lemest | ~17iC |1
(14072 MO 1051818 | 3| 5| 24 o212 [08017 | 244 [ D |1
5, pr-p
35112} ssttiol smse| 3! 5| 21 08066 10023 | -170 | D 1
(409.80] es7110| 9! 3| 3| 0060 {10-0 40 -0]-352 | E |1
(505.99) 610! 86780 3| 1| o019 |24-4 |00012 | -314 [ E |2
s.? P - D | (25094) 667110 | 1051810 | 3| 5| 265 00516 (0158 [-0733! B |1
7 E'r-'s (170.16) es7110| 1256790 | 3! 1| 2n 00392 (0065 | -09%0 B |1
8 2uulp | S-P
: 1
j; ; (13.12) 0| 7620000 1/ 3| 3%+0 (029 0013 | -05¢ { C- |2
9. [ 1IS- P | [13.08) 0| [1648000)| 1| 3| 5244 (040 0017 | -040  C- 2
' i
10 22-23 P -D
: | (1302) w5070 | 8087000 5| 7| 3%+# |014 0020 |-015 | C- |2
- o [(13.02) 341170 | (902000)| 3! 5| 3M+4 [016 (0021 |--032 | C- |2
! I [1298] 318000 | ([8025000)| 1! 3| 1.l+4 [0082 00035 | -109 | D |2
; (13.13) 405070 | [9023000){ 5! 51900 00060 [00011 | -160 [ D |2
j | (1301 241170 | [8025000)] 3! 3| 1S+4 [0047 (00060 | -085 | D |2
11 p.p
| (12.98) 405070 | 8100000 | 5 5| 3%+ |0098 (0021 |-031 | C- (2
| (12.97) 241170 | [8049000)] 3| 1| 4B(+4) [0060 (00051 | -092 | D |2
3287 341170 | 5100000 | 3| 52700 ool (00014 | -148 | D |2
12 PP | (1360) 667110 | 9022000 | 3| 8| 1.6(+4) |0.043 (00068 | -089 | D 2
13. -
(13.59) 667110 | (8025000)| 3| 3| 12+4 (0083 (00044 | -100 | D |2
14, pr - p
! (13.44) es7110 | s8l00000 | 3| 5| 1244 |006s {00070 | -080 | D |2
(13.44) 667110 | (8109000} 3| 3| 25+0 [0087 (00089 | —070 | C- |2


http://154.CZ

F-968

Ne.} Tramsition | Multiplet A B E, AN Ay fo S log of | Accs- | Source
Array (7Y} em-Y) (] 1es-Y ot w) racy
15 oD | paw ssTie | miciond)i 3! S| s5xew {023 s | _ol6 | C— |2
16 pros | 132 667110 | (B231000)) 3| 1| 4&+0 (0040 00052 | 982 I D |2
1] B2y i 15 %p
! 1{ 3 0.020 -170 | D | imterp
18 ;gL TP 1{ 3 0.16 —080 | D |imep
19| 22-2%  PT-S F797; 75100 Te6300! 9 3! 2644 {0026 (0011 ‘_06 | D |2
(1417 405070 | 7463000 | S| 3| 14+0 [0826 00061 [-089 | D |2
[14.04] 31170 | Te63000 3| 3(9100 0821 100037 {-109 | D 2
; (14.90) 318000 | 7463000 | 1] 33200 0028 00013 | -155 | D gz
2. f_'r-‘s 14.58) 667110 | (1526000} 3| 1 {9400 o010 {00014 | 152 | D |2
Nl Pk | WP 4w | 925590 | (733300| 9 9| 1B+4 [0064 0023 !-031 | D 2
1 ¥
: | (1425 | 710 Mi 5/ 5! 1Xx+4 (0088 (00089 | _072 | D (2
: . [1432) | 911130 | [1994000)! 3| 3 3600 0011 (00016 |-148 | D 2
! [14.39] 947130 | [7994000), S 33100 '0015 00036 | —112 | D :2
;. [1435) 9111 : [T881000}: 3! 1| 1T+ (0017 (00024 129 | D 2
{1417) 911130 | [7966000}! 3| 6000 0030 00042 -105 . D ‘2
(14.23) 864780 , (7894000}, 1: 3 6100 0055 00026 | —125 | D 2
' ‘ o i ; ] !
2 'D-'P [1438) | 1051810 (8008000} 5° 3! 15i+4) ,0028 00066 . -085 : D 2
-3 '§-'P [1481] 1254790 . [8008000} 1 3fsaoo 0057 00028 -124 D 2
U u2p-u3d P-D 1260 76100 (77280000 9151 16+5 072 029 081 ' C- ‘2
(13.65] 405070 . TII00 5 T 1K+5 060 013 048 C- 2
(13.55) 341170 7721000 3 5. 12+5 055 007 022 C- 2
(13.49) 318080 [7730000] 1 3 90 +4 074 0033 '-013 C- 2
[13.67) 405070 7721000 5. 5 3%+4 011 0025 ' -02 C- 2
(13.53] 31170 [7730000] 3. 3 66+4 018 0024 -021 C- 2
{13.65] 405070 [TI30000] 5. 3 4300 00072 00016 -_144 C- 2
P-D [1404] 667110 ([T792000, 3 5 12+5 061 0085 02% C- 2
% 2p°-2p3d PP
(13.93) 947130 [R124000] 5 T  42+4 Q17 003 007 C- 2
7. YD 1382 925950 8162000 9 15 1%+5 071 029 080 C- 2
{13.78] MTIZ0  B204000 5 T 1T+5 06k 015 053 C- 2
[13.47) 911130 HI21000 3 5 RS +4 0407 0056 0noKT C. 2
(13.76] BG4780  RI34000 1 3 1Sl+H 129 0058 01l C- 2
[13.94] 947130 8121000 5 5 1li+& 0032 00073 -080 D 2
(13.54) 911130 8134000 3 3  3H.4 010 0014 -052 C- 7
[13.91) 947130  RI34000 5 3 1000 0008 41-4 -206 D 2
lb lP‘;Dl
(13 99] TI30  [093000] 5 5 K200 0024 0005 -092 C. 2
{13.92) 911130  (%093000] 3 5 K. & 041 005 009 D 2



http://13.il

No.| Tremsition | Multiplet A 3 E ela! A fa s Sog of | Acce-| Semen
Array A ot b aesh = w) recy
2 wow | 271 sxssee | (szseoemy| 9| 9! 1is+mless jeiz | esss| c- |2
1375) | senm| ssem| 5| 5; 950 ez |essr | e1m|c- |2
(e8] | omm| suseo| 3| 3| sxs0 jozz  joem |-e16 {c- |2
(375) | smwm| snseee| 5| 3| as+0 jems lom1 |—ee2 |cC- |2
nyes] | o mesiess| 3| 1, 1xem jorr  joms |-es8 | c- |2
ses) | oM snseee| 3| 5| 1240 [essr |esert |—em [ D |2
(1360 | osere0| msee0| 1| 3; 60 et 250|223 | D |2
») p-¥
(1012 | 108810 | misoeess) S| 5 |7Teee o2 jomsi |—e¢ | D
1 'D-tD | [1420) | 1051810 | (9083008} S| S| 1LW+0 |ossd |es2 | _es | c-
2| ip - p
(395 | 1061810 s1see0| 5| 5] 3m+0 jon  |ess |-e2x: |c- |2
s 'D-'p | [384) | 1051810 | 8215000 | S| 38700 0015 [osss |—112 [D |2
. - | p3sq | 10s810] szrsec0 | S| 7| z2se4mlros  lezm | om | c- |2
3. ISP | (1424] | 1256790 | 8215000 | 1| 3| 14145[129 Jooeo | oun| c- |2
® k2lp | S-P 3|9 013 041 | D |interp.
7. . 18P 1{ 3 0.066 -125 | B |intep.
B, ukp-2ud | P-D | 9|15 0029 ~058 | B |interp.
2, Ppeoip ! : 3l s |pes2 081 | B |interp.
; ; ! L i

*The number in parentheses following the tabulsted visue indicates the power of ten by which this value has to be multiplied.

Crxx

Forbidden Transitions

Transition probabilities for magnetic dipole and elec-
tric quadrupole transitions within the 252p and 2p* con-
figurations were calculated by Feldman er al.' using
scaled Thomas-Fermi wavefunctions with allowance for
configuration interaction and relativistic effects. We
modified their transition probebility data by the applica-
tion of experimental wavelengths, i.e., we first converted
their A -values into line strength data utilizing their theo-
retical transition energies and then reconverted the line
strengths into A4 -values with wavelengths derived from
experimental data. This approach should normally yield
transition probebilities that are more accurate than those
based on theoretically determined wavelengths.

The one E2 transition listed, which is relatively strong
compared to other E2 transitions, has been taken from
the multiconfiguration relativistic Hartree-Fock calculs-
tions of Anderson and Anderson,’ and has been included
to indicate the small magnitude of the E2 line strengths.

References

'U. Feidmen, G. A. Doschek, Ch.-Ch. Cheng. snd A. K. Bhatie, J.
Appl. Phys. $1, 190 (1990).

2. K. Anderson and E. M. Anderson, Opt. Spectrosc. (USSR) 52, 478
(1982).
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Cr xx1: Forbidden trassitions

: i T 7 T T
No. . Tramsition @ Mutiple ' A ! E : E, N A 2 Typeof ! Ay 1
Amay A om) D emY tramsition (37" | (st w)
; ; : ; - |
f ; o 2 o
L by  FT-F '2 ; | ; E
; ; ; i 1 : ' : ! i
& 3 [ 15664 | MuM | esow 35, M1 M ‘28 |
: | [3297) | 310080 ' NI ;1] 3, ML 28 197
2 L ) ‘ , i . i i f
‘: ‘ ; ' AR ; ! ‘
: © [381&2]] 405070 | €670 | S 3 M1 6000 10.037
ﬁ { [rossoj! 3nmw : 67110 3.3 MI 600 loox
i ‘ A A -3ty E2 ;B (LI~apy
: . (631} 319080 1 TNO | 1 3: MI LI+ [00%0
3! -2p° I N ) f f ! |
~ . | | e
{ . S (omop | Mo | wmw | 3 5| M1 520 20 c
! ; . [ses) 864780 § MO | 1 Ji M1 170 192 C
5 ; ; f i
i N i N
4 . P-'D i | i
; -‘ s i E |
j | (95529} eemo | 1051810 | 5| 5| M1 €800 11 1
i ; | [Ti0s3]| o1 | 1051800 | 3| S '] 6300 042 1
. . ; { '
13
? ' o _ & H H ! '
” I | : r
| : . (290991, 30 | 1284790 31 M 92(+4) |0.084
i H i Pob

“The sember n parentheses following the tabulsted value indicates the power of ten by which this valee hes 10 be multiplied.

Cr xxn

Li Isoelectronic Sequence

Ground State: 1s'2s 'S,

Ionization Enesgy: 1721.4¢eV = 13882000cm '

Allowed Transitions
List of tabulsted limes
Wavelength (A) ! No. Wavelength (A) | No. Wavelength (A) | No. Wavelength (A) | No.

2.190 5 B.04 17 9493 8 %8 18
219 2 8! 10 9.509 14 s 2
2.19¢6 1 810 v 9.866 14 a1 22
2198 4 8.30 16 12623 7 280 2
2.19% 134 8.1 16 12.684 17 229 6
2202 3 8.52 9 13.149 13 21974 [ ]
2208 4 878 15 13292 13
182 1 8.85 15 13.208 13




Transition probabilities for the stroagest immer-shell
tramsitions t0 dowbly excited 8 = 2 states are taken from
of Hata and Grant.' Their results are ia good agreement
with the Z-cxpansion perturbstion caicelations of Vain-
shicin and Safromnova,’ who incheded relativistic correc-
tions at the level of the Panli approximation.

Oscillator streagths for Emes of the priacipal (25-2p)
resonmmce multiplet are the resuits of the MCDF calculs-
tions of Cheag et al.,’ which include a perturbstive trest-
ment of the Breit interaction and the Lamb shit The
results of the MCDF calculations of Armstrong er of
were interpolated to provide f-values for the 2p-3d tras-
sitions.

The f-value for the 3d-4f transition was takea from a
stedy of systematic trends along isoclectronic sequences
by Smith and Wiese.? The tabulated dats for meny addi-
tional tramsitions were taken from the theoretical analy-

sis of Martin and Wicse,* which was based o a

genenalized study of systemstic trends for several spec-
tral series of the lithium isoelectronic sequence.

Results of the relativistic Hartree-Fock calculations of
Kim and Desclaux’ for several ions of the Li sequence
were incorporated into the data of Ref. 6 for the 25-3
tramsitions. For all other transitions for which the results
of Ref. 6 are quoted here, no relativistic calculations
were availsble. However, the relativistic calculations of
Younger and Weiss® for the hydrogen isoclectronic se-
quence provide a means of assessing the magnitude of
relstivistic corrections since the Li sequence is very sim-
ilar in structure to the H sequence. For those transitions
for which relativistic effects were estimated to be signifi-
cant (specifically, whenever the ratio of the weighted
relativistic hydrogenic f-values g/, of any two lines
within a muitiplet was found 10 deviate from the corre-
sponding LS-coupling linestrength ratio by more than
5% for the sppropriste value of the nuclear charge Z),
the f-values were excluded from the compilation. A
more detailed discussion of this comparison is given in
Ref. 6.

Akhough the 2p-3s muitiplet did not satisfy the crite-
rioa described in the paragraph sbove, we have never-
theless guoted the multiplet f-valee obtained by Onello’
using a Z-expansion technique based 0n & varistional cal-
culation for O VI That allowed for Jarge-ecale confige-
streagtis for Fexxav aad Ni xxvi sre im very good
agrecment with dats derived from the resalts of calculs-
tions that incleded relativistic effects.”™'’ We thus fek
that the results of Ref. 9 should be sufficieatly accurste
for mclwsion ia this compilation.

Transition probability dets are svailable for sumerous
tramsitions involviag dowbly excited states with the spec-
tator electron occupying the n=3 shell, or higher.”
These have not been tabulated, however, since they be-
Jomg t0, Ot are very close 1o belonging to, the maresolved
sstellites of the helinm-like jon.

'J. Hata and L P. Grant, Moa. Not. R. Astrus Soc. 211, 549 (11'94).

L. A. Veinshatia mad U. L Sefsonova, AL Dass Necl. Dats Tables 11,
@ (7).

K. T. Cheng, Y-K Kim. sad J. P. Desclsus, At. Dats Nucl Duts
Tables 24, 111 (1979}

‘L. Armstrong. Jr, W. R. Fielder, snd D. L. Lin, Phys. Rev. A M4,
1114 (1976).

M. W. Smith snd W. L. Wicse, Astrophys. J. Suppl. Ser. 23, No. 196,
103 (1971).

‘G. A. Martin snd W. L. Wiese, J. Phys. Chem Ref. Dotz §, 537
(1976).

'Y K. Kim and J. P. Desclasz, Phys. Rev. Lent. 36, 139 (1976) and

'S. M. Younger and A. W. Weiss, J. Res. Not. Bur. Stand., Sect A .
629 (1975).

. §. Onello, Phys. Rev. A 11, 743 (1975).

M. A. Hayes, Mos. Not. R. Astron. Soc. 199, 55P (1979).

“B. C. Fawcett, A. Ridgeley, sad T. P. Hughes, Mon. No. K. Astros.
Soc. 188, 365 (1979)

L. A. Vainsiuein mad U, 1. Sefrosovs, At. Dats Nucl. DetaTeble: 28,
311 (1900).

Cr xxn:  Allowed transitions

&| & Ja s IWJMM
ey

An
10'sh (ot u)

No.| Transition | Multiplet A E, E
Array (A) em " (em-’)
3| 1s%2s- g-p 2196
OB 2P")
(2.196)
{2.199)
2! 15%- 8-
L5812 20('P*)
2.191)

8| 12-u2' |P -

12.202)
{2199)

2| 6 41(+5r | 0080 (00013 | -075 | D |1

2| 4 34+4) | 000490 (1.2(-5)| -201 | D |1
2| 2 1.1(+6) | 0080 (00012 | -080 | C 1

2| 2 26(+6) | 018 (00026 |04 | C |1

4| ¢ 18+6) | 017 [00081 | -016 {C |1
2] ¢ 25+6) | 033 00048 | -018 | C |1




—
No.! Tremsition | Muitipiet A ¥ -4 B FANS fo Ts g of {Acm- Source
Arvay { A [N (= s (™3 IJ‘ | racy

|
4 [
i
! [219) 4| ¢ 4549 [ 033 joeoss | 012 | C |1
{2199 2{ 2| 3846 028 joo4) |-025 |[C &
| | {2203 sl 2] 1346 | 00er looors | 012 i Cc 1
5] (g
i 21%] 4l 2! 1746 | 0061 losois [ _061 [Cc |1
¢ H
& 2 WS- | s O 41su0! 2| 6| 284 00680 10107 | 0867 B+ |3
; 2229% 0 w0 2| 4 329 00490 (00719 | -1009| B4+ |3
; 21974 o ssum| 2| 2| 165 | emsslesses ! _1as! B4 i3
T 5 ; x-p | 12687 o| 7oss08| 2| 6| 51944 0373 (00310 |01 | B |6
! 12623 of 7922000 2| 4| 51N+ 0245 jos24 | 0310 FE |6
3 12664 0 7896400 | 2| 2| 52M+4)] 0127 (00106 | 056 B |6
& 4 | S-P| un 0, 10530000 | 2| 6| 25+ | 010 (0006 | 070 | C+ |6
9 %% | S-P| (857 2| 6| 1244 | 0000 [00022 |-110 | C+ |6
1. 26 | S-P | (807 2| ¢|7200 00212 {0.00113 | ~1373 | C+ |6
1, 27  S-P| (18 2| 64510 00124 |6.3%—-4) —1606 | C+ |6
12 23 P-% | 1485 418140 | 7805000 | 6| 2| 1%4+4 | 0017 00045 [-099 | D |9
130 23 - i 1305 | s18u0( 7963100 6|10| 15445 0677 [0177 | 0608| B |intep
i !
] '1e292 | MBGO| TIIN00 | 4] 6| 154+5)] 0611 (0107 | 0388 | B |intep
! {13149 357470 | 7962600 | 2! 4 129(+5)| 0671 |0.0581 0128| B | interp
i | [13.308) | 448470 | 7962600 | 4| 4 26+4) | 0068 [0012 | -057 | B |interp
| | 1
4 24 P-D | 9852 | 415150| 10570000 6|10 4%+4 | 012 1002 [-014 |B |6
' ' i
? I 9865 448470 | 10590000 | 4! 6! 4%+ | 011 (0014 |-037 (B ks
: : 9.809 357470 | 10550000 | 2. 4 4N+8 | 012 00077 | -062 | B |l
i | 9865 | 448470 | 10550000 | 4| 4 (7900 0012 (00015 {134 | C+ il
15, 2-5d P -D | 48 6{10| 231+4)] 00450 [0.00785 | —0.569 | C+ |6
| | (8.5 4| 8] 22040 00404 000471 | —0791 | C+ le
: . | 119 2] 4] 196(+6)| 0.0453 |0.00262 | ~1.043 | Co- | Is
| 5 | (8.86) 4| 42800 00045 (5.2-4) { -175 | D |is
i ) ¢
u.]' 26 | P -D 855 6/10| 126+4)] 0.0220 |0.00363 | 0879 | C+ |6
| {8371 4| 6] 126+4)| 00196 |0.00218 | -1102| C+ 'l
| : | (8.30) 2| 4] 10%+4)]| 00221 [000121 | -1356) C+ |Is
| ; . [8aM 4| 4|2100 00022 |24(—-4) | -206 | D |l
'
‘ |
17 214 [P -D 808 6/10]7720 00126 [0.00201 | ~1121 | C+ |6
i t
; ‘ (8.10] 4| 6|7690 00113 [0.00121 | -1.343 | C+ |l
| . (8.04] 2| ¢|es30 | 00127 [670-4) 1597 | C+ | Us
| : {8.10) 4] 41200 00012 13-4 | -231 | D |k
m.g d-4p | B-P | (368 7806000 | 10530000 | 2| 67100 043 010 |-007 [C |6
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Cr xxm

Forbidden Transitions

The single magnetic dipole transition within the 15%2p
configuration has the Line strength of 1.33 in the absence
of relativistic effects in the wavefunctions.' It is esti-
mated that these effects are negligible, since comprehen-
sive relativistic calculstions by Cheng er o/.? for the
amslogows transition in the 15°25’2p configuration of the
are negligible until much more highly charged ioas.
to be quite accurate since the energy levels are derived
from experimental dats.

Aa electric quadrupole transition at the same wave-
leagth is estimated to be of negligible strength, as calce-

lated by Bhatia’ for this transition in the case of Mn
xxuu. (He obtains a ratio of sbout 10~ for the ratio of EZ
10 M1 line strengths).

References

‘'W. L. Wicse, M. W. Smith, aad B. M. Miles, “Ascasic Transition
Probebilities”, Vol. n, NSRDS-NBS 22, US. Govt. Prisx. Offce,
Wahingion. DC 1969,

’K. T. Cheng, Y.-K. Kim. and J. P. Descisus, At Data Nucl Dats
Tobles 34, 111 (1979).

'A. K. Bhatis, private commenication (1986).
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He Isoclectronic Sequence

Ground State: 1s*'S,

Ionization Encrgy: 7481.8 ¢V = 60344000 cm "

Allowed Transitions
List of tabuleted lines
Wavelength () | No. Wavelength (A) | No. Waveleagth (A) | No. Wavelength (A) | No.

LS 1 2107 3110 9.0513 31 sm 45
1.7238 16 2109 7 92126 R 4234 ss
17632 15 2113 ) 11852 2 4 m L3
1.7640 17 2119 s 12093 n 76447 ]
18557 1 2129 6 1m n 06 »
18573 12 21818 2 12512 73 253 19
2098 n 21923 1 p2 X7 ] 41 263 1’
2101 43 75233 2 23.500 L) “29 1’
21: 3 10619 26 yil /] '™ 4615 20
2103 7 80762 38 24265 » mo ]
2.104 7 82126 36 34.193 »
2108 7 83497 b1} 34.609 ©
2106 3 90127 73 3323 “

Oxcillator strengths for transitions of the 1s’-1s2p ar-
ray ase taken from the results of Drake,' who incorpo-
rated accurate nonrelativistic matrix elements and Dirac
hydrogenic matrix clements into 2 Z-expansion tech-
nique in order to provide f-values which would accu-
rately reflect correlation effects for low-Z ions and
relativistic effects for high-Z ions of the helium isoelec-
tronic sequence. The f.values for the 1s?'S - lsmp 'P*
(n =3-5) transitions were interpolated from results of the
relativistic random phase approximation (RRPA) calcu-
lations of Johnson and Lin.” Data for other s-p and p-s
transitions were interpolated from the RRPA sesults of
Lin ef al.,’ with the exception of the 25-2p transitions,
where we tabulste the actual published RRPA A -values
of these same authers.*

The charge expansion results of Laughlin® are given
for various p-d and d-p transitions, as well as transitions
between 4d and 4f levels. For those multiplets involving
no change in principsl quantum number (3p-3d, 4p-4d,
4d -4/) the f.values should be considered rather uncer-
tain, since they are sensitive to energy differences. Oscil-
lator strengths for the 2p-3d tramsitions, and for
1s3p 'P’ - 153d 'D, were interpolated from the varis-
tional calculstions of Weiss.* Both of these calculations
indicate thst, unlike the triplets, the ad 'D energy levels
(n=3,4) lie below the np 'P* levels, and the 4/ 'F" lies
below the 4d 'D.

Brown and Cortez’ have provided f-values for numer-
ous d -/ and /~d transitions for the isoelectronic sequence

by fitting Z-expansion formulas to the results of varis-
tional calculations for the low-Z ions. Their results for
transitions between the lower-lying D and F* terms are
tabulated here.

‘Transition probabilities for the stronger transitions in-
volving the doubly excited n =2 states are taken from
the comprehensive, charge expansion perturbation the-
ory calculations of Vainshtein and Safronova.' Numer-
ous data are also available for transitions involving
doubly excited states where the spectator electron has
principal quantum number 5 =3. However, these data
are not tabulated bere since most of the transitions are
very close to belonging to the uaresolved satellites of the
H-like jons, if they do not in fact do so.

References

'G. W. F. Drake, Phys. Rev. A 99, 1347 (1979).
'"W. R. Johmson and C. D. Lim, Phys. Rev. A 14, 565 (1976).
’C. D. Lia, W. R. Johmson, snd A. Deigarno, Astrophys. J. 317, 1011 (1977).
C. D. L, W. R, Sohmson, snd A. Daigarno, Phys. Rev. A 15, 154 (J9TT)
'C. J. Laughim, J. Phys. B 6, 1942 (1973).
'A. W, Weiss, J. Res. Not. Bur. Sund., Sect. A 78, 163 (1 77).
'R. T. Brown and J.-L. M. Cortez, Astrophys. J. 76, 267 (1972).
L. A. Vainsiioin and U. |. Safromova, At Duta Necl. Data Tables 31, 49 (1978).
L. A. Vainshisin and U. ). Sefronova, At. Duts Nucl. Data Tables 38,

311 (1990).
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No.| Transition Multiplet A E E FANA Au fa 1 udim?s_u
Amay A | @) @ s (v D racy |
U 1s-152p s - P | | ( '
(2.1923) 0 (45616900} 1] 3| 234(+95) 00505 u«_n‘..nm% B u
2 'S-Pt | [L1818) 0; (45832900]} 1] 3! 33N+6)| 0721 ;000518 -auz§ B |
3 1s2s-2s2p $-p 2105 | [45389100]! (92920000} 3 9! 21(+6) | 041 |QO008S | om i c rt
{2102) | [4539100]] (92960070] 3 S| 21(+6) | 023 00048 | -0Q16 | C s
(2106]) | [45389100)| (92870000} 3 3| 201+6) | 013 {00028 040 :cC I8
[2107] | [45309100); (92850000} 3 1| 20(+6) | 0.0 ;m-dg-om o ‘l
4l 's_P~ | [2101] | [¢5619000) (93220000} 1| 3| 20(+6) | 040 00027 ' —040 | C l
[2.119) (mmoo]; (92000000)| 3! 1| 2%+%) | oomel fl.u_4)§_|.14 . D l
G Pt L) % 434329001, (920000000, 3, 1} Si(+3) '! 001z %L‘(—A)i-!.« D s
1 up-2pt PP 2106 ?uscsam%lmm 9{ 9! 39%+6) ' 026 fo.ou. " 03 D+ ‘s
{2107) l (4mﬁm1§ mlmﬁ, s s 2%+6) 015 éomss i-o.u c .t
(2105] . [456,900)' [93130000}' 3 3. 9.4(+5) 006 0003 _07 ‘D '8
[2.109] : [45695600]; [93130000]/ S: 3 L%(+6) 0068 00024 -047 C 8
(2.107; | [45614900] [93070000}: 3 1  34+6) 0084 0018 060 C '8
[2103] ' [45614900]' [93160000). 3 5. 1A+6) OI3 00028 .-040 C 8
[2.104] [45605400) [93130000}. 1  3° 14+6) 028 OOM9 0SS  C B
8 P-'D :
{2.101] (45635600 [93290000) S S| TH+% 0052 0008 -0%8 D 8
9. S
{Z113] (45832900] (93160000} 3 §  S%+$) 0066 004 -0 D 8
10. P - D [2107] {45832900] (93290000] 3 S 3X+6) 037 0.00% 0.04 ]
n | {2095] (45832900} [93560000] 3 1  35(+6) 0077 00016 -068 C 8
12 Is -1s3p S-P
[18578] O [S3826600f | 3  BM+4 0013 B8O-%5) 18 E  nterp
13. S - {18557} O [53888200, 1 3 897(+5%5) 01339 B4N-4) -0857 C. interp. -
4. is'-1s4p S-
11.7640) 0 [56688900] | 3 34 00045 26(-5) 218 E tntern
Is S- P [17632] 0 [s6714a0n] | 3 J6R-S) LOSI4 298 -4 1289 C+ interp
16 is -inép S- P
[17238) 0 [ss010100) 1 3 166.4) 00D 125 -266 E  interp



No.| Transition Maultiplet A B B AN As fa s log &f | Acce-| Sowrce
Amy (73 (=) | (=) 0's™) L w) mcy
1. s | pons) O [Se03100j| 1] 3| 1BK(+9)] 00248 |141(—4) —1.606 | C+ | inserp.
8] L2l | S-P| $16 | U300 ysesemny| 3| 9| an 00017 0153 |-osm| B |4
(3263) | @s3e900]| fasesse00i| 3| s| 101 ames [00ses |—1om | B |4
[s2s) | [65309100)| fesremn}| 3| 3] 30 00112 |00 |-1415] B |4
“710] | [#5399100] [ase01e00]| 3| 1| 336 0032|0013 [-1952{ B |4
1. 5.
(2253] | (45389000 [ese2003| 3| 3| 193 0.00147{0.00327 | —2.35 4
2 's-' | ue1s] | (45619000 fase3zs00}| 1| 3| 3 00326 (00502 |-1486| B |4
2] k- | S-P »
[11.852) | [es309100)| (s3026600}| 3| 3| SM+® | 0123 [oOMs [-0u33| C
23 s | [12093] | pase19000)| fs3ess200| 1| 3! se+4) | 0368 loower | 04| C |intep.
B! u-uep | S-P '
[1.5097)| (45389100]| (S66#9900) 3| 3| 24+ | 0030 jooo2¢ |-105 | C+
. 'S-P | (9.0127)| [45619000]] [S6714400)| 1| 3| 24(+4) | 008 {00026 |-105 | C+ |intap.
5.0 ls2s-lsSp ‘ 5P
(7.9233)] [45389100)| (52010100} 3| 3| 13(+4) | 0012 |94(—®) | -144 | C+ |interp.
' isop | [nosis)| [esers000)] (ssozsion)| 1| 3| 1x+#) | 009 [os~0|-143 | Co interp.
27.; 1s2p-1s3s g .S
% [12.271) | [45614900)| [53764300) 3| 3 | 6200 0014 [00017 | -138 | C— |interp.
i ?*r-'s L D2sn { (msmo]e 53825000} 1i 1] 1+4) | 00IS (00019 |-13S | C+ |inserp.
B llp-ledd | P-D ! x 9 15 0.6 079 | C+ |interp.
10 , T | | 3§ s 0 032 | C+ |interp.
) lep-tsde s | ; i
! ‘ i [90813]; (mmoo]? [S6663000]| 3| 3| 2500 00033 |28(—4) [ ~203 | D | interp.
2 Lipes : [92126)] (esn1290m| [sese7600)| 3 17300 00031 {28(-4) | -203 | C | interp.
3] le2p-lesd }'r-’p% | 9|18 o1 003 | C |5
M. l oD | il s 012 -044 | C (5
38| le2p-lese : P .g !
: ‘ (s.0762) (mmoo]'[ (199700} 3| 315300 00013 |1.0(~4) | 241 | D | interp.




Cr xxm: Allowed trassitions — Costinwed

No| Trmseios | Mekiples| A E | E lein] A | £l S | ge|Ace|Swmce
Amsy ) (="} @ ; aers " (nw) cacy
k_ P-'s {82126) [CWE [58009300]; 3! 1! 3900 00013 ; 1.1(-4) ! -241 C -tevp.
N bkwy SoP 5
33 ao1s -y interp.
n 'S 13 0057 P24 | D i,
» ey ST
[34.193] | [53764300] [m 3: 3{ 700 013 |00+ -039; C interp_
«. 5.t | (34409] | (53825000]; [S6714400}i 1| 3| 7500 0405 |00 | -0 -up
o Lsds-1s%p s-r
{23.553] | [53764300]! [se010100)| 3| 3 | 4200 0035 {00081 |-098 | C |insrp.
s 's--r§ (23.020) | (s3s25000}! [se23t00) 1! 31 aom0 0106 [000816 | —0983 | i | imamp.
&l syuW  T-D 9lis 0012 097 | D |iwnp.
u, 153p-isds ‘-'s
: (35.256) | (53826600] | [56663000)| 3| 3| 1900 0033 |00 i -100 | C- |imenp.
os.g i ois | (3s722) | (s3888200) | [se687e00)| 3| 1| 50 003 [0012 |[-099 | C |imserp.
46 Is3p-Is4d P D 92118 0.60 0.73 ]
o, " -'D 3| s 062 027 ; C |3
o Islp-1sSs | P-'s
(23.979] | 153826600]| [s7997000)| 3| 3| #% 00077 (00018 |-166 | D | imerp.
. ' -'s | (24265) | (s3a85200)| (58009300)| 3| 1 | 2600 00077 00018 |—~164 | C |imserp.
0! LM-15p | 'D-'P s! 3 00022 196 | F |s
si. Is)d-154p 'D-'P 15t 9 0012 -0.74 C ]
52. 'D- P s| s 0011 -126 | c s
53 Isks-1s8p 'S-'p
3|3 0.025 112 | E | interp.
5. 'S . 1] s 0.080 -110 | F - | inierp.
S| Isks-1s% 'SP
(76234] | [s6663000]| [s8010100) 3| 3 1830 015t [0 | -03e interp.
5. 'SP | [14878) | (56667600]| [50023100]| 1| 3| 1000 04s 041 | -038 interp.
1| lsta-1sed | P -'D 9|1 002 -0 | D |3
8 Vsp-Us -'s
(76.467) | (36689900]| (57997000} 3 | 3| %0 0035 (0062 | -078 | D | mwenp.
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No.| Tramsitios i Mukigies | A E E |g|le| M o | S | wsef|Acoe| Somce
Array ] A) | @) Wr's " (. w) [ eacy
l

. { 'po.'s | [(77.226] | [56714400] (58009300} 3| 11800 0055 [00R2 |-07 | C |insenp.
@ ad-isey : D s| 3 0.0034 -1 |E |53

6L Lsad-Lsf l D-F 15|21 85— -1 | E s

QR Ld-bY | D-F 15!z o us (B |7

© 'D-F s 7 o 0s (B |7

“| Ly-1s4 |'F-D 1) s u(—J -2% |E |3

! wyuw | F-op nlis 2000 -on lc {1

[ % F-D 75 00089 -121 C 7

o Lu-1ssy | S0P

3] 3 0031 —108 [ E |isep

“ 's - P 1] 3 ol 100 | E | imterp.

*The sumber in pareatheses following the tabelsted value indicates the power of ten by which i« valee hes 10 be multiplied.
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Forbidden Transitions

The results of multi-configuration Dirac-Fock calculs-
tions by Hata and Grant' have been selected for this tab-
ulstion. Their work includes both a very detsiled
consideration of configuration interaction—with config-
urational wavefunction sets contsining as many as 51 in-
teracting siates—as well a3 a fully relativistic treatment
based on the Dirac Hamiltonian. Their calculated wave-
lengths are in very closc agreement with experiment,
and the agreement between an experimentally deter-
mined lifetime’ for the 2p ’P; state and the theoretical

result is excellent, the difference being only 5%. A com-
prehensive comparison table containing all experimental
data on these He-sequence transitions is given in the in-
troduction to the forbidden lines of Ti xxI.

References

'J. Hots and §. P. Grant, Mon. Not. R. Asts. Soc. 211, 569 (1964).
'H. D. Dohmann, R. Msan, and E. Pleng. Z. Phys. A 309, 101 (1992).

Cr xxm:  Forbidden transitions

No. Transition Multiplet A E, E; ] & Type of An s Acce-| Soerce
Arrsy A) (" cm") traneition o ot v) | recy
1} L -Is2s 's-’g (2.2034) 0 [[45383300) | 1| 3 M) LIN+TY|{LIN-4)| B |
2 19152 - p
(2.1886) 0 [(semm] | 1| 5 M2 345(+9) (0.131 3 |1

“The sumber i parentheses following the tabulated valus indicates the power of len by which this value has 10 be multiplied.
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Cr v
H Isoelectronic Sequence
Ground State: 15 ’S,,
lonization Epergy: 7894.87 ¢V = 63675900 cm™'
Allowed Transitioas

hydrogen-like ion can be obtaimed directly, in 8 non-rela-
g2’ The oscillstor strength is independent of Z slong
the entire isoelectronic sequence and is therefore identi-
cal to the value for the hydrog. 1 stom. Lime strengths
scale as Z - and transition probabilities scale as Z°, ie.,
5:=278Sy, A;=2Z'An

For higher nuclear charges in this sequence, relativis-
tic corrections will cause these values to deviste increas-
ingly from the noo-relativistic ones. The first effect of
relativity will be to alter the transition energies, or wave-
strength itself is still well approximated by the non-rela-
tivistic value. In this case, experimental energies should
be used in the standard conversion formulas, given in the
general introduction to this volume, 10 calculate the
most accurate values of £ and 4. It should be noted that
the relativistic removal of the j-degeneracy introduces
dipole transitions which do not occur in the non-rels-
tivistic theory, e.g., 25,2 - 2p;2-

For very high Z, 1t is necessary to use the four-com-
i spimors rather than two-component
Schroedinger fonctions in theoretical calculations, and
strengths themselves. Several recent systematic studies
of the problem™ indicate that these corrections are not
large for stages of jounization m the range 20-30. Correc-
tions for Z = 30 are wsmlly no larger than 5-10% and
generally substantislly less than 5%. If an accuracy
greater than this is required, the reader is referred to
these papers™’ for 3 more detailed error analysis.
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