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In dealing with a number of problems associated with the interpretation
of experimental data obtained from modern fusion facilities and in designing
tokamak reactors it is necessary to have a fairly full set of data on the
various atomic characteristics of multicharged ions which are present in
the plasma (energy levels, oscillator strengths, excitation cross-sections
for various particles etc.). It should be noted that at present higher
accuracies are required in respect of such data since the existing accuracy
(especially for complex ions) is not good enough for certain problems
(for example, for calculation of radiative losses in tokamak reactors
without diverters). Largely for these reasons, in recent years considerable
effort has gone into the experimental determination and calculation of
the various atomic characteristics. The results of these studies are
to be found in a variety of publications, and it is therefore important
to collect together the information of interest to us and to present
it in a form convenient for use. Work of this kind has been going on for
many years at the National Bureau of Standards (USA) and the Oak Ridge

National Laboratory.

In the present publication we have collected together the data on
radiative transitions for oxygen ions since oxygen is present mostly
as an impurity in the plasma. Similar work for carbon atoms was reported

earlier in Ref. [1].

The material is presented in the following manner. All data are
given for ions with different states of ionization (0 I-0 VII). As far
as possible we have given the full set of available data on each transition.
The notations A(E) and A(T) stand for experimental and theoretical values
of wavelengths. If some parameters have zero values for a transition
in the tables, this means that no information is available on them (except
of course the transition with change in the total moment (0-0)). The
values of Ek (eV) given in the tables refer to the eﬁergy of the upper
level of the transition considered. It is to be recalled that the radiative
transition probability Aki and the oscillator strength during absorption fik

(which is used to calculate the ion excitation cross-sections for various

particles) are connected by the relationship

¢ £ \2
/4,“: -8-10’% (-%;-) f.“,’



where 8;s & are the statistical weights of levels i and k, respectively,

k
AE is the difference in the energiesof levels i and k, in eV, and
Ry = 13.6 eV. In the column (J-J) of the tables the asterisks denote

radiative transition probabilities averaged over moments

1
A(2=1) ==z5,+1y =i
42
where j, and j1 refer to the initial and final states, respectively.
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6666,94 d lp-tvp’p'o 30.800 3. 49+06 1.16-902 1.5-9.5
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4356.49 3p Y8 ~34 Yp 28,990 | 9.40v06 } 5.00-02 | L.5-2.5
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ITeL.TE 3pip®=3d 2p 31.4€0 | 3.¢49.07 | 8.80-02 | 1.5-0.%
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4696,3¢-| 3 -3p, 4 25.640 | 3.72.06 | 2.20-03 | 2.5-1.5
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4844.81  35%-3p Y9° . 25,6450 - 1.90+07 ' 3.8t-01 - 1,5-2,
46%53.85 - 35 ¥°-3p Yp* . 24 (40 - 4,22+07 ' 2,72-04 ' 9.5-4,
4643, L4 + 3d2p-4f YFo - 34,750 - 4.24407 * 3.86-02  2.6-2,
4609.42 ' 3d -4 IF° - 34.760 . (.82408 * T T0-a% * 2.5-3,
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4593.20 JP'D"5:J'p 28,940 « 3,7T2+06 ¢+ 7 90-05 + 2 ,5-1,
4596.47 + 38°3-3p  2Fe . 73,360 . 4,03.08 © 4 ,87-01 ' 4.5-2,
4596.00 ¢ 35’ T0-3p' ¢ 21,360 ¢ 7.90406 ' 2,51-02"¢ 2,5-2,
4590.97 + 35'-3p o 23,360 + 1.44403 - &, 66-01 + 2,5.3,
4563.20 * 3pip*-3dp © 22.89%0 + 4.23.06 ¢ 1.30-05 ° 31.5-1,
4539.40 ' 3pp ~3d%p © 28.960 - 4.30406 - 6.60-03 + 1.,5-0,
Y491 .25 « 3dip-4% 3p* - 35 700 . 4,34.08 - 3.20-01 5-2,
4489.43 + 3dip-4f *p° . 34.740 . 1.54.08 - 9.10-0L . ¢.5-1,
4%69.32 + 35Yg°-xp © 34,600 - 9.20.07 - L. 8B4-3L -2,
467,88 3s*5° -3p%0p - 33,200 - 9.20¢07 *.2.75-04 -2,
466.60 ' X4 p-45'D © 34.720 - 3,07e07 ' g.20-0% - -1
“%65. 40 -3pw &p $3.200 . 9.20¢07 ' 3.67-04% .

i o
$452.33 ' 3s%-3p%H 26.220 © 1.54¢0T - 4.57-02

4351,50 © 35'4p=3p'2p® .« 53,510 - r1.50406 * 3,18-02
351,27 ¢+ 35 iD-3p74p% 58 540 - 9.Toe0T * 2.75-0%
4349.43 33 'p-3p 'p* © 25.850 - T.40.07 ' 2.41-0%

[ B T )

EONIL U Pe0 O USOrRPRNNMNRNPRUNUVNEQURN OE W RN RN NG

4448.24 ¢ '°F ~3d'TF - 34,450 - F.70+07 ° L.69-04 ° .
4447.70 * 3p) 3 -34/ 3 - 34 450 - 2.p2+06 ° §.50-03 - -2,
4443.10 3p F* ~34 I . 34,450 . 2.12¢06 - 8.40-03 : 7 .5-3,
4443,05 Spt"F"3J‘ IF 31450  5.70007 ' L.67-0L ¢ 2.5-1,
4916.98 « 3s*p-3p o) © 2¢.220 - 9.50+07 * 5.60-04 ° 6.5-1,
4444.94 ' 3s%p=3p<p 26.250 - 1.45¢08 ° 5.00-04 ' {,5-2,
4496.02 + 3PP -3d% - 29,060 4.24406 -~ 8.20-03 + 2,5-3,
9395.95 + 3p4p®-3d2p - 39,070 - 3.98¢07 © L.45-0f ' 2.5-2,
$371.30 - szr;‘ﬁ G © 31.720 - 3.40+06 ' 2.32-02 ' 3.5-3,
4369.2¢8 - 3pip -Sd'?o 29.060 - 3.94+07 ' 4 42-04 -1,
43¢66.90 - 3s'p_-3Pg © 25.840 - £.00407 © 9.60-02 -1,
359,38 « 3pfp®-3dip - 59,070 - 2.92406 : L, 25-02 . .

e ¢ o e ® &

SO roONGrAC IREENWEERNP NP NMRMU VR OR DS U LI R RN @ e N NN NG
MOARABAGULU B LUV VL LOVLUJIVRLLAVLLVLLVBBLLLLLL VWAL GUY W

MRUAARR VO AR ARV B VMAVAARRBVLAVLBLLARABLL G AU BB L LG L WG LW

4549 .10 Jj:iD-Bp" Ip* - 23,530 - <.02407 ° 1,92-02 -
4347.43 38 4D-3p Ip°  23.540 - 9.40407 ° 2.67-0f ° -1,
4345,56 * 35 p-3 b © 26.830 ¢ 8-90407 ° 1.25-014 -0,
#342.00 @ 3d4F-95G" ¢ 3M.7f0  2.31¢08 - 2.20-01 °© 3.5-4,
#340.3¢6 - ;Jtr-«f:c.' 34.720 2.23+08 ° @.40-0y - -
4;34.37 ' 1519:5,9,? © 25 .340 - 1.64407 - 4 62-02 : ¢,5-
4529 .00 JﬂJP.5P ?4 263140 L.50v05 © 4.40-04 5.
4323.62 -?'P -34'°S - 34.650 - L.24408 : (. l0-04 5=
4325.77 - 3se-3p ‘p 25 8§30 © L.55¢07 ° 4,35-02 -0,
4319.93 qu P -3d 2 © 34.690 - 4.40+07 1.70-01 - -
43{9.63 - ss'p-ﬁp'p' 25.350 2.94407 © 1.19-01 - -2,
4347. 144 1S 'p-3p ¥p* 25.840 - Y4.24e0T  2.3T-04 - g.5-1,
4303.82 3dp-4f ¥p 34.700 - 41.97+03 7.30-91 5.3,
4295.50 - 33 'p-SP"k 2¢.340 2.00004 - %,40-04 .5-1,
4294.82 34'p-4fty 34.740 1.39.08 - 5.70-0% .5-2,
4282.43 3d'p-4§'p 3(.130 {.6Gr08 4 _5T-0f 5-9.

4283.30 3d7p-«f'p 30.750  8.30.07  4.57-04



[

34,370 1,26007 2.3%9-92

“144.40 - 3d'r-4§ ¢’ 1.720  2,12407  5.40-012
4113.82 - 3p"F-§dJ'G"n 3

4 e s e

LA LBLYL YWY KLy uhm.mu.kn\».uummqmuu

A(ﬁ) + Transition Ek (eV)~A qch l U O | :
4284 .40 - 34 p-af % 34,750  2.04v06  4.20-03 - 3.5-2.5 -
4234.00 + 3d p-44 e 34.750  ¢.21+06 7.70-03 « 2.5-1,5
4233.715 + 3d %p-9f ¥ 34.750 5.30¢0T7 1.62-04 - 1.5-1.5
¥283.13 ' 3d -4f % 34.750  5.10+07 1.41-04 3.,6.2 5
4282.9¢ ' 34 p-4} ¥°* 314.750 © 41 .53+08 6.50-014 1.5-2.5
4232.872 ' >4 :g-'f v 34.730 4.06+»08 2.93-01 1.5-1, 7
4284.40 * -«-} LN 34.740 (.00+0T  L.G4-04 - 2,5-2,5
42717.90 ¢ 3d -4 34.TI0 - 3.02.07 8.30-02 2.5-2,5
%277 40 + 3 p-uf 34.750  1.49,0f B.20-91 3 ,5-2.8 °
4216.74 ' 3d ¥p-4) ¢ 34.715¢ - 4.22.08 6.60-04 1.5-3,5
4276 .71 : 3d P-4 % © 34.730 © 3.34+07  4.58-02 1.5-0.5
4215.52 - 3d 'p-of % 34.760  1.32.00  6.60-0%  3.5.-4,5 .
4272.50 ss'v‘s—z ¥ep0 - 44.030  1.08+08 ' 8.30-01 ¢.5-2.5
4263.20 ' 3d%- "n" " 34,730  1.04+07 ° L.Bé-0{ 2.5-4.5
4253.90 ¢ 3d f6-44 T 24,230 2.43¢08 ' 3.70-8¢  3.5.4.5
419,79 + 3p! L34 3 - 34,320 - 7.51408 ° 3.30-04 - 3.5-4.5 -
4489.60  3p' -3 3¢ - 24,320 - 9.00+06 © 2.36-02 3.5-3.4 .
4egS.46 ¢ Ip UL g - 34.320  2.43+08 2.50-94 1.5-3,5
4169.,23 ' 3pY*-3dp ' 23.820 © 2.20.07  5.70-02 2.5-2.5
4156, .54 - 3p'pl-3d Y 23.3%0 4.57+07  2.70-02 2.5-1.5 °
4163.30 ' 3p P ~-3d % 28.820 7.70%0Y ° 2.9f-01 1.5-2,5
4146.09 - sr-or-si"p' " 85¢.490 2.40¢0T  §.80-02 3.5-4.5
4145.90 » 3pm*p-3dl6pe - 36.490 1.50406 1.94-02 3.8-3.5 .
Nias. 80 ¢ 3pm 4p-3d, épe 15,490  1.GTe06  3,20-93 3.5-2.5 -
4143.77 - P~ 'p-aj, 0* 36.1%0 1.35007  4.64-02 2.5-3,5
4143.52 . 3prip-ad épe . 34,190  (.29.07 - 3.3i-02  2.6-1.5 .
4143.40 ¢+ 3P %-3d06pe - 30 150 6.30+06  1L.08-0z - 2.5.1.5 °
4142.29 ¢ 2pM Ip-3d dpe - 1 140  5.60s06 ' 2.53-02  1.5-2.5 °
4142.08  3p tp-3d 07 3¢.430 ¢ 2.14007 © 2.74-02 S0 5
4141.56 - 3p" P-34"6p* - 3¢.1%  1.45r07  3_50-02 5.1 6 -
“lee. 1y 3plc-3d%p 28,830 2.36+96  G.40-03 5-1,5
4432.84 xp'p:-!d'p T 28,830 8,40¢07 - 4.30-04 .5-1.5
4129.34 - 3Ip'p -M'*p 23,340  (.50%07 1.94-92 .5-0.5
4126.40  3d'F-45 %" 34,740 T7.70e05 [, 50-03 5.3 8
4121.48 3pYp°-3d'p 23,840 9.30s07  2.37-04 50,5
4120,55 3pil-3dip 28.860 7.40006 L. 25-02 S-1,5
4180.28 - 3PP, -3 Yp - 55 3460 ¢.43+07 1.1B3-04 .5- ‘
#149.22 ¢ 3P -adp 18.860 ° 1.48408 5.06-04 .5- '

5 ’
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4110.30 3p'e’ e
10.8%0 by 24 ' L350 2.48¢07 $.14-02 5.0
4ti{0.20 - Jf;’;r'--si‘,lo . ﬂ,m 1.32+407  2.2%-62 .5-1
A009.80 - sp hFt-sd 25 - 357300 ¢.30005  1.50-03 5-2.
419,30 - !df’F-4’ % - 34 740 1.28006  2,40-03 .5.2,
4108.75  34'F-4}va° 34, Ti0 3.49+07 3.80-02 5.3,
“l@é. 03 3pip’ -rd'F 28 .640 1.37,06 3.50-03 5.2,
41e5.00 3pip-3dYp 31.720 8-00+0T  2.02-01 5.1
4L . T4 - 3p'p -3 Y 13360 L-Okr08 3.%96-014 $.2,
4te>. o 3ptp*-1d b 11.85¢0 1.25.08 3,1(5-04 .;-f,

© 40g7.26 - 3p'p°-3d 0 28. Yt ¢.30.07 3. 35-0t
1]

.



f+ o rm m w e cm m e se em s e ch e aw em me s w4 e te e e tm tm m e e e = w e % e @ cm = e e ce e = e hw e e e

4097 26
4006 .54
4096.18
4095 63
4094 .48
4092.94
4089 .30
hoat.16
4095,12
4084.66
4or8.86
4076, 37
40712.16
4069.9%0
4069 . 64
4060.30
3935, 46
3982.72
3973 26
¥967. 44
3954 .37
3945.05
591{9.29
3942.09
3941 .96

3907.45 -

3896.30
3893,53
3883 {58
3882.45
3882.20
38v5 .82
3874.10
3812.45
3864.68
38¢4 .45
3864.153
38 3.50
3857 418
3856.16
3851 .47
3851 04
9850 .81
3847.89
3843.58
3842.82
3853 L0
3830.45

3811.65 .

3865, 14

Transition

134 ¢
3“; 19 S %
3d ¥ -4f T¢°
3d 'CF-qf 'G*
P
]5 Cr-bf 'G.
3d Yr-44 Y5
3p fp-3d 1
sf*p:—id';
3p p® -2d 1
3p¥pt-30 4
3p o* -ad %
3p'ps-3d 'F

- 3p "e’ _y‘7§
3d _‘F-4 e
ol e

5p:P

35 $p-3p p?

5slp-3$‘9'

Jf 'P. _“ lpo
33¢p-ap fpe

3s ‘p-sp ip°

35! iD-3p' 1pr
35 {p-3p’ 1pe
38’ “p-3p' ip*

3pip®-3d1p
3pip® -3d¥p
3p ' -3d Yp
3p ¥’ -5d ¥
shvl 3B
3p Yp" -3 1p
sp 0" -3d
3p ' -3d 1p

-5

,P .D. _y 'P
sp D) -34 'p
ip “0® 34 'p
sp 0" -3d 9
3p Y% 34 2

36 W T34 1)
3p P -34 4
3p® -3d 1p
p '0°-34 vp
3p 10 -3d Y
p §p° -84
sp ¥ -3d o
3b '’ -sd ¢f
ap Lpv - 95 ¢

Y ¢'P)0 ", ‘;
sp 'p7 car 4p

31 .r20
28.8¢60

34.740
28,680
28.690
23.1700
34.730
23.680
28-330
23640
28. %00
28.690
28.680
28.640
34, 200
28, %40
26.550
26,560

© 18950 -
" 26.550
26.560 -

28,820
28.1%0
23.830
23.330
28.835¢
28. 480
28.850
28,830
22.260
28. 360
22.830
24.3%0
23850
28.850
28. 440
18360
28,860
18,950
£0.820
21.860
13. 860
29.%50
28, 360
23.860
z3. 880
29.100
ty. 800
20320

OXYGEN

‘E (eV)' (e
ok A

2.37+08

© §.20¢06
34.740 .

5.58+407
2.23+08
3.904+06
2.-18+07
2.62+08
2:24¢08
4.T807
6-50.06
5.50«07
1.9%08
1.70.08
1.49+08
{.39.08
2.20008
2.40007

N 4-”7007

{.27+02
4. %53.08
9.50+07
2.{7.07
1.40.08
1.37+07
{1.27+08
1.43%5+06
3,97+06
{.20¢05
£.0%+07
2.04+06
¢-93+07
9.50e05
3.20+05
3,21406
2.04407
3,34407
3.23+8¢6
g 3Q.08
». «0€
2c;§'01
2.23.06
2.56.07
L.3%07
2.95.07
2.22+06
1.48e07
2.50+05
2.45+07
g 32007
5.50007

1.20-014
2.16-02
1.358-01
6.20-01
§.60-01
8.50-04
€.90-01¢
7.00-04
4.00-03
X.350-02
3,00-04
35,10-03
2.22-04
{1.01-04
{.6L-04
3,14-62
1.94-04
2.5¢-93
6.00-33
4.36-904
1.86-92
4.62-0A
1.14-04
1.69-08
1.40-03
%.69-3
3.04-02
7.50-02
7.20-03
2.48-02
1.00-0
3.27-0

+ 5.00-03
5.20-¢2

4.58-02
6.60-02
7.40-03
6.460-02
2.70-03
1.36-02

9.90-02

1.49-01
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3735 94
3785.90
3125 3o
3129 .34
3727.53
3742.15
3496.27
3483.13
3479.70
3474.94
3470.81
3470.42
3460.60
5447.93
3409.34
3409.84
3497.33
3407.53
3380.25
A3rr. 20
33¢¢. 60
33¢5.15
33¢04.56
3295.13
3290.13
32871.59
3232, 90
3277, 69
3273, 52
32710,93
32v0.90
3199, 77
3138 44
3134.32

29,320
29.5380
29. 600
2¢.300
28.820
32,450
32.150
26,3900
32.450
26,300
26.300
25.330
23. 340
26.580
28.350
29_320
29,7190
26.560
29.820
32.1560
32-150

32.15¢0

32,150
28.940
28.950
29.530
29.530
29.590
29.580

29.600 -

29,620
29.060

92.620
32,450
31,450
32.{50
29,420
29.600
29.620
29.540
19.600
29.600
29.62¢
29,620
32.9350
32.950
J2.97¢0
32,950
32.950
32.950

1.10+07
2.52+07
© 2.69007
© g.00¢07
v 2.6Te 07
* 4.1640T7
6.90+06
{.7T7+08
3.43¢07
5.90+07
2.80407
1.44+06
3.40405

1.00+09
3.50¢05 -

1.42+08

1.24+0&

{.50+05

4.,27+07
- T.20007

5. 40406
8.00¢+06
7.50+07
{.3¢6,08
1.88+08
7.00¢07
3,79+07
L;#L”’
1.13+07
3.56+07
6.00+07
{.68406
2.5%+07
t.44¢08
1.20¢08
5.70+06
r.60+07
P 60407
1.23+08
T.70+07
4. 93407
T.70+06
2. 78467
3,42¢+06
£.00¢06
2.20+07
§.506<07
3,.{1+07
5.20,07
T.4007

5.50-02
1.06-01
1.35-014
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' ION OXYGEN 0 II

!

' (8) - Transition E_ (eV). (el / C1-3
% k A - Far

' . . . :

t 483,785 ¢ 2p0 fp™-3d P . 24 950 . g.40s07 * 1.50-03 1.9-0.

1 484,66 1 2p0 D-34%9 . 29,060 - 5.40+08 ' 1.90-02 ‘34.5-4.

v 470.44 1 2.0 4p~3d72p . 34 . BT0 . ¢.50408 - 3.60-02 - {,5-7.

! 468,77 « 2.0 %P3d'4n 34.460 . 4.20069 ' 3,90-62 « 1.5

Tobeq.T9 ¢ 20 ApT3dT 4 . 54,690 - 4.60.09 © 1.70-02 1.5-9

1 445,62 ¢ 2,0 4DV34 g 34 450 . 2.60+09 ° 1.i0-01 + y.5-2.

b2 05 20 N34 g 34.370 - 2.40+09 - 6.,30-0Z ' §.5-1
400.58  2p* *D-3d" ip 34.460 - 7,70+08 ~ 1.30-82 © t.5-8,

1 480,18 © 2pb IS23J vp 2§.320 . 3,90.09 ' L.60°21 - 1.9-2

1 480.04 + 2p° ‘sE3dp 28,350  3,90.69 * 1.40-04 ° 3.9-4

1 429.92 ¢ 2pttstadep 28.340  3.30+09 © 5.40-02 + 1.5-0.

1 424.66 . 2p2°P-3d" Y 34,210 1.90+09 - 3.60-02 m2.5-4

F R N T

FA MR IS N Y

By v,



ION OXYGEN 0 111 !
H H . . ) L] \' ' ’
: .l([) : Transition :E (eV,. Ah (e %k : J-J :
1 L] LTt l-------~.:--“-----:_‘-----‘-:
! 5592_37 ' 351p°-3,4 ! 56,070 ' 3 heq? ¢+ 4. S54.00 ¢ 2.0-1.0 °
! 5540 (1 3,0 ~34'D° t 40.260 ' 1,.42407 ¢+ J.10-02 ' 2.9-2.¢ °
! 5268,06 ' 3p's -3dP% 1 41,260 ' 3.44407 1+ 3.89-04 ! 0.0-1.0 °
! 514,00 ! 3095°-34P 1 72,020 ' 1,93.42 + 2.98-04 : 0.0-1.0 °
! 4464.56 ! 3,78°-34%p v 49.360 ' 4.86¢07 ¢+ 2,03-04 ! 2.0-3.0 '
UoqaaT.82 ! 3987340 1 49,440 ' 492407 1 1.46-04 ¢ 2.0-2.Q !
Dohhgoltt t 3, 750 -3d 0P 1 49,450 ' 4.95+07 ¢ 8.80-02 1 2,0-1.8 °
! 4LL8_ 60 ! 5c%p -3pD° 1 46,540 ' 2. 54406 ¢+ 3.80-03 ! 2.0-1.0 !
! 4Los 80 ! 35°P -3,30°% ' 46.¢50 ' 2.52+07 : 5.86-02 ! 2£.0-2.0 !
! 4038.50 ! 35 P ~Bppe ! 46,440 ' D, 89007 t 9.80-02 ! L.0-L.0 °
! A08L 10 ! 353P -3 3P 1 46,470 ° 9,.40+07 ' 3,29-0L ¢ 2.0-3.0
P 407390 ' 35 -3p30° ! 46.450 ' Y,L0+07 * 2.94-01 ! 1.0-2.0 '
! 40T2.30 ! 3s% -3p9* ' 46,440 ' 5,.20+07 : 3,92-01 ! 0.0-1.0 !
'U3861,.59 1 3D <34 v 44,140 ' 1.28+408 ¢ 4,22-01 ! 2.0-3.0 !
! 384675 1 3.8 3dip" 44,260 ' 402406 ¢+ 5.30-03 ¢ 2.0-L.0 °
! 3810,96 ' 35’ -3,% t 36,450 ' 2.,84%06 ¢+ 3.71.03 * 2,0-1,0 !
! 3791_26 ! 353 -S5p t 36 450 ' 2,60+9T7 1+ 5.60-02 ! 2.0-2.0
! 3774,00 1 3s’tpi-3,4p ' 36,430 ¢ 4, 4007 » 9,40-02 ¢+ L,0-L1,0 ¢
1 3764.20 @ 3, e ~3d t 46,770 * 7,20+05 + L ,D0-03 : 3,0-2,0 ¢
! 37859 87 ' 3sipt -dpdp ' 36,480 ' 1,0T«08 * 3,47-01 ! 2.0-3.g0
! 3785y.24 ' Ssipt-5, 0 ! 36,430 ' 5,30¢07 *+ 3.78-04 ! 0.0-L.0 !
1 3754,.67 ! 3s'p -3p0p ! 36,450 ' $,.00%07 + 2.83.%4 ¢ L,0-2.0
t3747.60 ! A 34y t 49,760 ' L. .T44QY 1 M.66-0p ' 3.0-3.0 !
¢ 3742.90 ! 3pip°-3d%F v 45,770 L. 44007 + 5.40-02 ' 2.0-2.0 !
! 3734.88 ! 3.°P -3p%B t 45.330 * T 40«06 + £.06-02 ! 3.0-2.0 !
t 3732,143 ' 3,9 -349p° t 40.5T0 ' 3.01+06 : 3.78-03 1 2.0-1.0 !
t 3729.70 : 3,78 -3d4% v 49,780 + 1,.33408 1 4.64-01 + 1.0-2.0
! 3728 .82 ' 3p°D° -3dF t 49,790 ' 4.58408 ¢ 4.24-01 3, 0-4.0 !
1 3738_49 ¢ 3,00 -3d3p v 49.770 ¢ 4 44408 + 4,11.04 + r.0-3.0
1 3735.30 1 3p°p -3dl 1 40,570 ¢ 2.73e07 o 5.70-02 ' 1,0-2.3 ¢
! 3724.95 ' 33 P -3490° 1 44,990 ' 2.70%0Y ' 3.36-02 : 2.06-L.9 °
1 3%20.86 ¢ 3: 9P -3,%° ¢ 45.340 » X, 6iv0Y . T7.50-02 : 3.0-3.0 ¢
! 374,08 ¢ 3. -340° ¢ 40.580 * 1.10+08 ¢ 3.48-04 ! 2.0-2.0 '
1 3744_05 ' 3P -3d 0 t 40,8570 ' 4,59¢07 * 9.50-G2 § t.0-L.0 !
' 3742 48 ' 3+ % -5, fp* v 45.3%0 ' 4.40+08 ¢ 6.38405 ! },0-1.0 !
! 3700.52 ' 535 *3,9p*  : 45.%40 ' 1.09+v08 ¢ 7.58-032 ' L.0-0.0 '
D O3707.24 ' 30 P -3J%p° ' 40,570 ' B.30e07 ! 2.84.04 * Ll,0.2.0
' 3705_37 * 35 7P -3p fp° ¢ 45 _.360 ' 4,10008 ' 2.90-01 ¢ 3. 3-4.0 !
C3TO2.75 ¢ 3, %0 <34 %0 ! 40.5T0 ' 6.20407 © 3.80-03 i 0.0-1.Q !
¢ 369870 ¢t 33 P -3Af8° 1+ 45,330 ' 1.30007 1+ 2.10-01 2,0-3,0 !
T 2E95.37 1 35 Sp -34/5° 0+ 45,330 v L. 34407 o+ 4,.T8¢C0 L 0-2.0 '
! 3e53,00 ' 3p 5P -3dp © 50,310 ' 7.70+07 ¢+ 4.40-0t ! 0.0-1.0 °*
! 3650.70 ' 3, °%P°-3d4p " 50,340 * 5,80+97 1 (.15-34 ! 4.0-1.8 ¢
! 3649 20 ' 3p P°-3d ‘e * 50,320 ' 3,.84+06 * 4.60-063 ¢t 2,0-4.0 !
1 3646_84 ' 3, %" <3 ¢+ 50,340 * 1_.04+08 ' 3.45-01 ¢ {£.0-2.0 !
! 3645.20 ° 3, 2P0 =343 ¢ 50,34C ' 3.47e07 * 6.30-08 * 2.0-2.8 °
T 363870 ' ip PO -3dC » 50,320 * 1.40708 + :.88-04 ! 2.0-3.,0 '
' 3556.92 ' 3sip <34 3P° ' 36,940 ' 1,040 * 2.05-01 ' 2,0-2.0 '
t 3555 30 ' 3z’ -3pdp- . 46.926 ' §,00007 * 2.07-00 ! 2,0-1.0 "'
1 3534.30 ' 3, P <3,7p° ¢ 46.920 ' 3.86¢07 - {.{3-01 t 1.,0-2.0 ¢
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- ! 1 . ¢ ' ! .
3532_80 t 3s%P -3p%P° + 46,920 ' 3I_6Ys0r + 6.90-02 ¢ L,0-1,p
3530,.70 ! 31°p -3, 1 4§,920 ' 1.47+08 ¢ 2,20-02 1 1,0-0,0 !
3520_.70 * 35 -3p ¢ 1 4§.920 ' 4_8%+07 1 2.75.01 1 0.0-L.3
3475,20 ! 3p°D° -3d ¢ 1 48,930 ' 2.3%+06 ' 3,3%0-0% ! 4,0-3,0 :
346620 ! 3p 5% -3d47F v 48,920 + g, 86@%06 @ 8.5R-03 : 3. p-2,0 !
3466,15 1 3, 590 -3d 47 v 48,930 1 2_T6+0T + 4,.97-02 y 4,0-4.0
3459,.98 ' 3, fp* -3d5F 1 48,320 ¢+ 4_9é+aT + 8.90-02 ¢ 3,0-3,0Q 1t
3469 _52 ' 3, n° .34 5¢ ! 48,910 ' t_4dvo7 » 1,19-02 ¢ 2,0-1,0 !
345542 ' 3, %° -3d °F ! 48.940 * 1.67+08 @ 5.65-0L ! 4.0-5.0 1
3454_90 ' 8, D" -3d 5f ! 92,920 ' é,7@e07 + L.20-04 ! 2,0-2.0 !¢
3461,33 ¢ 3,70 -349F ¢ 48,910 ' 7.B0+07 ¢ {.40-0L ' L,0-1.0 !
345094 1 3,50 -3dSF v 4B.930 t £.40408 + 3.24-0L 1 3,0-4,0 °
3448,05 1 3, 9p° =34 ¥ v 48.920 + 1 .18+08 + 2.87-04 1 2.0-3.0
3447_22 ! 3, 50" -3d°F ! 48.910 ' T.80+8Y + A,.49-01 1 0.0-4.0 !
344673 ' 3p %t -3d5F ! 48,020 ' 9.4040T7 ! 2.79-0% ! 1,0-2.0 !
3446410 ! 3p°P <342 1 40,150 ' 5.90¢07 : 1.04-04 ! 2,0-2.0 !
3430,60 ! 3p 3P -3d'P° 1 40.860 ' 3.30-Q7 t 3,49-02 ' 2.0-1.0 !
342867 ! 3p’P -~3'P* 1 4p,860 ' 1.9B+07 1 5.80-02 ! 1.0-2.0
3445,29 ! 3p°P -3d%° + 40.860 ! 2.00v0T ! 3,50-02 ! L.6-L.0 !
3448_13 ! 3p P =343 1 4p.870 ' B 50407 ' 4.69-02 ' 4.07Q.0 !
3485,74 ' 3p°P -34%P° 1 hQ.860 ' 2.70e07 ! g.44-04 ' 0.0-3.0 !
3385,50 ¢ 3pfP° 3D 1 49.360 ' 9.60%06 ' 1.40-03 ¢+ 3,0-2.0
3384,.26 ' 3 ;P‘-!d'n t 49.360 ' 4,80+07 + 8.30-02 ! 3,0-3,0 !
3384.95 ! 3, P*-3410p ! 49,370 ' 1, 45¢08 1 3.24-04 1 3,0-4.0 !
3383,.85 ¢ 3, PT-3dSpy 1 49,360 * 8.50+07 @ £.45-0% ! 2,0-2.0
$343,50 ¢ 3, 'P* -Xd %p ! 49.360 ' 3.63+07 ¢ 3, T4-02 ¢ 2,0-1.9 !
3382,69 ! 3pP°-3d% ¢ 49,360 ' 9.7ar07 ' 2.33-0L 1 2.8-3.0 !
3377.30 ! 35 P -3d%D t 49.%60 ' 5_10¢07 ¢ {.46-04 ! £.0-2.0 !
3376,82 ! 3p P ~3dip 1 49,360 t 1.09+08 (. BT-04 + 1,0°1,.Q °
337,40 ! 3,p°-3d D 1 49.360 ' 1,46+08 ' 1.83-04 ! L.0-0.0 !
3362,38 ¢ 35 5P ~354p° y 45,700 * 6.90407 + §.40-02 1+ 3,0-2.0
3385.92 ! 3,°p -3d4%p ! 49.400 * 5.50407 + 9,.30-02 t 3,0-3.4
32%9,.99 ! 3;? -3,?' ! 45.710 ' 1.00%Q8 * 1.68-0L t 3.0-3.q !
3350,.68 ! 33557 3p46p° 1 45,690 ' L.13.07 * 1.03-0L ! 2.0-1.0 !
3348 _o8 ° a,‘p'-!l? t 49,410 ' 3.88+07 ¢ 4,66-02 1 3,0-2,0 !
334426 ! 5,.?'-34; ! 49,400 ' 2.78¢07 1 6,060.02 ! 2,0-3.0 !
3344,2¢ t 3p fp° -3d4p ¢ 45,700 ¢ L _ 25407 » 2,40.02 « 2,0-~2.Q °
334074 ! 85P° -Jp‘; 1 36,890 ' 8.56+07 ' 8.50-02 ! 2,0-1.0 °
5336.78 1 33°P -3,9p° « 45.690 ' 3.T7+07 > 6.30-02 1 1,0~4.0 °
3336.78 1 3s°P -3,P° 1 49,440 ! T.00406 + L.1T-02 ¢+ 2,0-2.0 °
3333 .40 ! 3s% -5p::[" ' 45. 700 ' 6.64¢07 + 1.8%-01L ! L.0-2.0 '
3333 a0 ¢t s P -3p%p* 4 45,7,0 ' S.lo0ver ¢ y.18-01 : 2.0-3.0
3333 .49 ! 35%p° -3d%p ' 49,410 ' 6,30+07 - 6,30-02 ! 2.0-1,0 '
33%0_40 ' 85 *P° -3q Fp t 49,410 ' 35,7907 + {,05-01 : L 0-2.0
3326,16 ' 35°p° -3d % v 49,410 ' 2.12+07 : 3,52.02 ' L.0-1,¢ !
3312,30 ! 35 %P -3, ' 36,490 ' 5,20+07 + 8.60-02 ! L.0-%.0
1305_77 ' 3p*0 340 ¢ 40.230 ' 9.30+05 + 1,09-0% ' 3.,0-2.0 !
3299 _36 ! 3s %% -3, ' 36,890 ' 4,7T7e07 + 8.70-02 ' 0.0-1.0 '
3284 57 ' 3p %0 -34%° v 40,250 ' 2.26+07 * 3.66-02 * 3.0-3.0 '
528194 ! 3p00 -34% 1 40,230 * 3.17.07 » $.10-02 © 2.0-2.9 °
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! ﬂ,(n t Transition 1E, (eV)s A (cly . 1 J-J 1
' " k [] ' ‘A . []

] 1 ] . ] [] ] 1
! 3279797 1 Apls -Sddpc .« 0,030 : 244407 .+ 1_1T7-04 ¢ 0,0-1.0 1
! 3247 .34 ! 3p°% -344p° 1 40.230 ! 3.T3¢0B 1 4,.62-00 t 1,0-2.0 !
! 3265_46 ! 3,°D -3dP* 1 40.270 ' 2.07¢08 1 4.25-0{ 1 3.0-4.0 !
! 3250.08 ! 3p’0 -3d3%° 1 40,250 ' 1. 8408 1 4.12.01 1 2,0-3.0 !
! 3245.97 ! 3p°D' .3d%p ! 50,380 ! 5.B0+0T 1t 9,10-02 ! 3.0-3.0 !
! 3224_20 ! 3p30°-3/3p ! 504320 ! 1.02.07 1t 1,43-02 ! 3,0-2.9 !
! 3245_9T7 ' 3,%°-3d% t 50,310 ' 5.80+ar + 9,40-02 { 3.,0-%.0 !
! 3210,20 ! 3p'0° -3d3p !t 50,320 * 1,65+07 1t 1.5%.02 1 2,0-14.0 !
! 3247_12 ! 3,'0°-3d% t 50,3320 ' 4.60+07 ¢ T.10-02 | 2.0-2.0 !
! 3202,20 ! 3p'0" -3d0D 1 50,320 * T,40+06 ! §,59-02 1 2,0-5.9 !
! 32a0,.95 ! 3,°0°-3d%D t 50,320 ' 4_99+07 @ T,70-02 ! £1,0-1,0 !
1 3198,20 ! 3,°D" -¥A% ¢ 60.520 ' 1.00407 t 2,56-02 ! {.0-2,0 !
! 3432_86 ! 3pdg ~Bd 3 1 40,860 ° 1,56408 1 5,33-08 ! 1.0-2.0 !
1 3124 74 ¢t 3,38 <34 1 49,860 ! 1.38408 1 Z.pt-04 1 L.0-1.0 1
t 3ALE, 73 v 3,38 <B4 1 Ag.870 ' 1.39+08 1 6.70-02 t L,0-0.0 !
1 3095 84 ' 3p 5p° ~3d 5y ! 49.360 ! 1.32407 § 1,.47-02 1 4,0-3.0 1
! 3088_04 ' 3pFDN-3d%OD 1 49,370 ¢ 5,.20¢07 t V. 40-02 1 4.0-4.0 !
1 3084.63 ! 36D -34FD t 49.360 ! 2,48¢07 t 2.53-02 1 -.0-2.0 !
1 3093, 65 ¢ 3, 4p° -3d k0 t 49,3560 ! 3,.14+07 1 4.43-02 1 3,0-3.9 !
! 3075,95 ' 3, 50" -349p ¢ 49.370 ' 4 %407 1 (.90-02 !t 3.0-4,0 !
1 3075,19 ! 3, *p° -3d%p v 49,360 ! 1. 5T+07 1 2,22-02 1 2.0-2.0 !
! 3074,.68 ! 3p 0 -3dfp ! 49,360 ' 3.6%007 1t 3,10-02 1 2,0-1,9 !
t 3074 .45 ! 3 0°-34FD ! 49,360 ' 1 _80e07 1 3,55-02 t 2,0-3.0 !
1 3068.68 ! 3,5 34D 1 49.360 ' 2.20+07 1 5.20-02 t 1.0-2.0 1
1 3068.48 @ 3, 0° -34 % 1 43,370 * 2.34¢07 1t 3,30-02 1t 1.0-2.0 !
1 3068 _06 ! 3,/7°-34% t ¥9.360 ! 6,30407 ! 2.96-02 ! L.0-0.0 !
! 3068,00 ! 3,°P°-3d49D ¢+ 49,260 ' £.30%07 ! 2,96-01 ' 4..-0.0 !
1 3065.04 ' 3,°0°-34 Dt 49,360 ' 2.10+07 t 9§.20-02 1 0,0-1.0 !
1 3059_30 ! 3s’p’-3,% ! 37.23%0 ¢ 8_40+07 1 T,00-02 1 2,0-1,0 !
1 3047,43 ¢ 3s2p°-3p% t 37,250 * L, F2+08 t 2.41-04 1 2,0-2,0 !
1 3043 02 ¢ 3s3lp®-3,3% ! 37,220 ' 2,03¢178 ! 9.40-02 1 {,0-0.0 !
1 3035_43 ! Bslp*-8p3p t 37.230 ! 2.34+08 : T7.40-42 1 1.0-4.0 !
! 3024.57 ¢ 3313p°-3,3%p t 37,230 ' 6.90407 ¢ L.54-04 1 0.0-1.9 !
1 3034.36 1 3p%0 -3d%° 1 40,570 + £.04407 ¢ 1,02-02 t 3.0-2.0 1
! 3023.45 ¢ 334P° -3p4p 1 37.25¢ ¢ 5,28%07 ¢+ L.19-04 ! 1.0-2.0 !
1 3017_63 ! 3pPp -34%° ! 40.580 ' 5.90+07 1 B8.10-0° t 3.0-3.0 !
1 3008.79 ! 3% -3430° 1 40,570 ' 1.34407 ! 1.09-02 ! 2.0-1.0 °
1 3004,.35 ! 3p3p -3d3p° 1 40.570 ' 4.72+07 t 6.40-02 ! 2.0-2.0 !
1 299771 1 3,50 -344p® ¢ 40,580 1t T.60¢06 ¢« L.44-02 1 2.0-3.0 1
! 2996,51 ! 3a’ -3d3p° ¢ 40,570 ' 5,10¢07T §y 6,94-02 1 4, ,0~1,0 !
1 2992,14 ! 3p %D -3430° 1 40,570 ' 8.20¢06 ! L.83-02 1 .,0-2.0 !
! 2983.78 ! 35 -3p1p r 38,010 ' 2.24¢08 ! 4.99-04 1 1.0-2.0 !
1 269549 ! 3p73°-3d% t 49.630 ' 2,.09+08 1 3.79-04 1.0-2.0 °
1 2687.53 1 3p 33° -3d 3 t 49,650 ¢ 2,14v08 » 2,29-04 1 L.0-1.0 !
1 2486.44 1 35°P <35 55% | 46,620 ' (.384¢8 v £,07-04 1 3.0-2.0 1
t 268566 ! s,:_p‘ ~3d3p v 49,650 ' 2_12+08 ! T_60-02 ! 1,0-¢.0 !
1 2674_57 ! 35°P -3, :;0 t 46,620 ' L,00v08 1t 4.07-04 ! 2.0-2,0 ¢
! 2665.69 ! 3s P -3p5¢° 1 46.620 ' 6.00vQ7 1 £.07-0% ! 1.0-2.0 !
1 2609_60 ¢ 3d3P°-apis v 45,630 *+ 4.90¢007 « 5,80-02 : 0,0-L.0 1
! 2605.4i * 3d W -hpls ¢ 45,620 ¢ B_80e0r : 5.90-02 ! L,0-1.0 1
N [ . ] (] . t



© 2897049 ! 343p° -dp 3
' 2558 _06 ! 34L;:.q,.o
454,99 @ 3sip-3p18
P e
- Podp -2p
, 855 10 : ZP: :F-Zp: ’D:
T ARG g
: 2lva v 2 -2p
L daalna gt upezg ot
1 ;,1'gg [ 2”1) _;Phloo
€ 831.00 v zpt lz_zp\ ’D’
' 103-55 . 2p11P_zr|an
L 703085 ¢ 211 Ye-2p) 20t
t 7oauas ¢ 20 dpo2pt ot
' T P . P; » 2(", lpo
62,90 ' zp“P- p" .
t Toz2,80 z,l’p-zp: Pl
g
© 102033 1 25 *pozpd pe
1 539,60 1 20} i0-20 ‘07
H ] - -
; TiT.a2 . 2Pz 3 lp’ sP-
525,79 ' 250 -2 1P
: %0843 ¢ ZF::P-Zp‘:S.
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PooAB4 08 ¢ 2% iﬁ-bslg'a
434,97 ¢ 2, 'S-3s At
! 395,56 @ 2p! -3s P
¢ 374,44 1 272 p-3s P°
' 374,53 ! szAP_,‘ :P:
vt 374,47 ¢ 2,8 3p-3s e
POBTE, 08 1 2,2 %p-3s ip:
¢ 374,00 ! 2,k %P-3s P
t3T3.80 ! 2, Jp-3s 2P°
: 545 31 ! zP:*s~aJ :p.
328,45 @ 2,? ‘'p-34 tO
! 320,93 ' 2,? in-3d 4,:
E305,88 0 2,1 'p-3d Op?
: 305,484 ! z,: :r-!d :o.
3as5_.17 2, lp.sj 0
e ey
 3eslio 120 34
« ’03.‘0 . Zpl F"J ;Pn
R ma
! .62 -
. 303.,1 . 2:::,_’4 )P-
to303.46 " 2,0 'p-3d dpe
L 303 48 : 2, ‘p-3d ’p’
o302 34 ! 2, YP-34p°

k¢

) - t -

t 45_620 ' 9_TOeoY
' 45,980 ' L,.16+08
v 38,900 * 4, 00-02
t 14,880 ¢ L.40e08
v 1A, 880 ' 2. 3807
¢t t4,88¢ * 2.10+08
t Lk, 880 ' B_40°r038
t 4,880 * 3 5G«08
t 14.880 ' §.30+048
t La,880 ' 3.%Q+08
¢ 14,830 ' 4,70v08
1 14,880 ! 4.70+08
' 17,650 ' 1,90+09
LY 650 ! 1 _ 00409
t 17,650 ¢ 1,.80v09
! L7.6%0 ' 6.20°+08
t 47,650 ' 6,20+08
! LT.650 ' 6.20+08
t 17,4650 ' 2,.504+02
t {T.650 ' 8.20+038
v 23,190 ¢ 6.860+09
! 26,090 ' 2.10°09
¢ 26,060 ' 1,000
' 24,430 ' B3_.20+09
t 24,430 * 5,.00409
V24,430 ' 1,.70¢09
' 28,940 ' 8 _40+06
t 33,360 ' L.30%09
+ 33,860 ' ¢,80+09
v 33,450 ¢+ L, 60+09
v 33,430 ' 3_.80+09
1 35,450 ' 9 _80+08
t 33,483 * 2_90+09
t 335,150 ' 1,30.09
' 33,480 * 9,60+08
t 4i,260 ' 9. 80°09
T 40,260 ' €.10+09
¢ 44,140 * 1,.90¢10
t 40,570 ' 5_,10+08
! 40,570 ' 4,.00+09
t 40,580 * 1,80.40
t 49,870 ' T7.68e09
t 42.580 * 1,.4Q¢40
' 40,570 ' L _0Gr3Q
t 40,850 ' T,60¢03
' 40,860 ' 4. 26+09
' 40.850 ' 2.50409
* 40,860 ' 2,60+99
‘40,870 ' L_00- @
t 40,8460 ° 3. 409009
© 447260 ' € 40408

5.90-02
g.10-02
1.20-04
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