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Grotrian diagrams are presented to provide graphical overviews for 775 

spectral lines of highly ionized copper, Cu X through Cu XXIX. In the usual 

diagram display such as that by Bashkin and Stoner [North-Holland, 

Amsterdam, 1975J, the density of transitions is often too high to allow each 

transition to be drawn separately. Here in our modified diagrams, the transi

tions are also represented by lines connecting the upper and lower energy 

levels, but the lower energy levels are extended and repeated for successive 

configurations as needed. As a sequence, dense packing is avoided and all lines 

in a multiplet can be accommodated. 
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1. Introduction 

During the last 10 years we have published a series of spectroscopic data table for highly 

ionized heavy atoms that occur either as impurities in fusion energy devices or which have 

been injected into these hot plasmas for diagnostic purposes. These spectroscopic data are 

required both for modelling the energy balance and impurity cooling effects in such plasmas as 

well as for applying non-perturbing spectroscopic techniques to determine plasma parameters. 

In addition, spectroscopic data needs for highly ionized atoms exist in astrophysics, especially 

the physics of the solar corona, and in atomic physics research. A good bit ofnew spectral 

analysis work, both observations and calculations, had been done in recent years, and the 

results had not been tabulated conveniently before. We have thus critically compiled these 

spectroscopic data into single monographs for each element and have published, in order of 

nuclear charge, such tables for the spectra ofTi, V, Cr, Mn, Fe, Co, Ni, Cu, Kr, and Mo ions. 

Since we have now compiled this series, we are presenting all these data in a single 

volume [1] to provide users with the convenience ofa single source. However, we do not 

include the extensive Grotrian diagrams to provide graphical overviews because these would 

make this volume very large and unwidely. 

This report contains all Grotrian diagrams for Cu X through Cu XXIX. The Grotrian 

diagrams show energy levels and the principal transitions. Typical examples of such diagrams 

are found in the book published by Bashkin and Stoner [2]. In the usual diagram display such 

as that by Bashkin and Stoner, the density of transitions is often too high to allow each 

transition to be drawn separately. Here in our modified diagrams, the transitions are also 

represented by lines connecting the upper and lower energy levels, but the lower energy levels 

are extended and repeated for successive configurations as needed. As a sequence, dense 

packing is avoided and all lines in a multiplet can be accommodated. The diagrams thus allow 

a quick survey of the principal features of the levels and transitions in the various ions. 
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2. Grotrian Diagrams 

2.1. Explanation of Grotrian Diagrams 

Cu X, Cu XXIX, etc. 

According to spectroscopic convention, Cu I indicates the first spectrum, Le., the 

spectrum of neutral atom; Cu II denotes the second spectrum, belonging to the singly 

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

Indicates that the respective Cu ion has the same number of electrons as neutral 

hydrogen, neutral carbon, etc. 

Abscissa 

Energy in the levels in cm-I
. 

Short vertical lines 

Energy levels are indicated as the vertical lines. The electronic configuration (with the 

parentage in parentheses) and the level energy in cm- l are given to the right of the 

vertical line, and at the top is the J value. A symbol"?" after the level value indicates 

level was derived from a tentatively classified line. Theoretical levels are given in square 

brackets. Energy levels with the same LS label for the upper term are grouped together. 

The term designation is given at the right ofthe diagram; the ordering is by increasing 

multiplicity and orbital angular momentum. For the lower level, the term is adjacent to 

the configuration. 

Horizontal lines 

Transitions between levels. The number below each line gives the transition wavelength 

in Angstrom (IO-Scm). 

C,T,P,S 

Superscripts to the right ofa wavelength value have the following meanings: 

C wavelength calculated from energy level data using the Ritz combination principle. 

T wavelength tentatively identified. 

P wavelength predicted along a isoelectronic sequence. 

S wavelength smoothed along a isoelectronic sequence. 

Limit 

Principal ionization limit in cm- l and eV. 

3 
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,... 
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N'N''''N'lJI 
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JAERI - Data/Code 97-029 


Energy (in l06 cm -1) 
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-
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JAERI - Data/Code 97-029 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
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3
t:---th3d 
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917020 
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-
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IF 
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-
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240.028 t:--l3d2 
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JAERI- Data/Code 97-029 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
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c..:>o 
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2416400 <!o 

...... 0 
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~UUf 
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252.981 
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234.610 

715608 3p
UHH 

L
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256.612 
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JAERI- Data/Code 97-029 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I I I I I IIr;-

:3 

3612400 
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36110 0 
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t------.-:.:"""IMOrr----+L3p 4f 
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1
1
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I~--------~4~1.~1~73~~1~ 
I~------;4;';"1.:';"I':';34;----I# :: 

40.513 
~ HHUg 
- 2742100 

198.56 
197.647 
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188.953 
188.215 
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lUlU 

3P3d 3p' 

L 1208326 w 
1208022 '=' ~ 1187907 

314753 nuu 
-
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192.954 
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I I I. I I I I 1 L 
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JAERI- Data/Code 97-029 
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I J I I 	 I I I IIr 
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3202900 
31785001 
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223.170 ~w3d2 
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-
'" .......'"..... 
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JAERI - Data/Code 97-029 


Energy (in l06 cm-1 ) 
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JAERI-Data/Code 97-029 
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-
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JAERI- Data/Code 97-029 
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-
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Nlw 
N'", 

2pe6r
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JAERI - Data/Code 97-029 

Energy (in lO6 cm-l) 
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I 

2.0 
I 

I 

3.0 4.0 5.0 6.0 
I I I 1 

t"" 

0.1'''' 
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...... 3 
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JAERI - Data/Code 97- 029 

0.2 	 0.4 0.6 0.8 1.0 	 1.2 1.4 
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,...~h22p~3p 	 .....163.6 .... 
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(- .-)3 

.... .!.
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-~ 
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1 
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1 
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77795~359050 

-
J 212p6.&p
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11905000 

-
12122,s •• 
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-
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C':' 
IS 

-", 

288.U f:t"''''..2U.70 

U8rrl8 
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8.385 

9.106 
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-

1 3
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-
-
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-
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JAERI- Data/Code 97-029 

1.0 1.2 1.4 o2 04 0.6 0.8 
I I
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~_______________________-r.~~---------------------~12S2P63P 
10.:)91 9436000 

-
'-____________...,-,r:;;;;;-------------il 2s 22 P 5 3d 
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1 3 
il> II> 2s 2 2p 5 3d 	 (_ • _)0

247.00 +-t 8711110 	 2 2 

12s2
2p5 3 P <i·i) 
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-
238.52 
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1 5(_ • _)0 
2 2 

. 

3 1
(- .-)

2 2 

-
-r-________________________~Tr.~--------------__------412.22p54s 

9.521 	 10504000 3 1(_ • _)0 
5 2 2

r---------------------------~~~--------~I 2. 2
2p 3s12:827 	 7795650 

-
... 
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Zp 3p
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JAERI - Data/Code 97-029 

Energy (in lO7cm-l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 
I I I I I I 
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- N 
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223.83 2 2
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.... 
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1 410~ r"""
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-
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-
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1 z.22p 5 3d 
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N
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.... 
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JAERI- Data/Code 91-029 
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1215150 
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0 

-
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N'W 
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8.873 1127000011:: 111310001 
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1~.0~ 4 
1 .0 1 
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I 11.065 
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I 
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N'YN,
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JAERI-Data/Code 97-029 

""- 3 
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""- N'W 
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1 
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t 
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9115000 
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JAERI - Data/Code 97-029 

lO7 cm-1)Energy (in 
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n 
3 
2

L22p4(3P)3S 2p 

-
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-
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-
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JAERI- Data/Code 97-029 
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N''''NtUl NIU'I 
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JAERI - Data/Code 97-029 

Energy (in 107cm-l) 
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JAERI - Data/Code 97-029 


Energy (in lO7 cm-1) 
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JAERI- Data/Code 97 - 029 
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N 
Col 

f 10.597 
l2s22p3(2DO )3d 

96750001 

["'" 'n 

237950 

- I h22pl(4S' )3s 
T 11.621 1 

11.416 87580001 

N 

["'" 
lp 

151990 
0 

~2S22P4 657.7 
151990 

-
t a.lil 

8.0 6 

--
t 10.374 

Lh22p3(2po )3d 
97910001 

N 
N 

I 10.560 
Lh22pJ(2 p O)3d 

97080001 
N 

10.392 96230007 

N 
-N 

I ii.~4: r'~~~~':s~;'11.19 

0 
N-

l 11.26;
11.09 

~"'2p'(' P·)3. 

unu%~ 

r I I I I 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 ,I I I I I I t""1 

3_.
Col 

L2s 22 P3{2 p o)'(d - .... 
12546000? co_c:.n 

C1:I':" 
Col CD c:.n 
L2s22p3{2D' )(d <g; 

123140001 ..... c 
c 
n 
3 
~ IF O 

-

-

3So 

-
3p 

-

N 
~",,,,(,p.),, 

125190001 
123900001 

3po
I h 22p3(2 Do )3d 

, I I 

eu XXII(O-Sequence) 

36



JAERI - Data/Code 97 - 029 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I I I I I I I 

-
.. 


I 

:3 
~2J2p$ 114.914 ....... 


.. 1107710 (,0
.... CJ1 


0_ -0 c:n.c:a. 

(tCJ1 


N> <g.. 104.620 
N> ......095.222 0" .... (')90.864 

:390.276 
88.395 l 
83.183 

L.... 
L. UU2f8 3po 
'-- 1l07~10 

.. ..... 
10 L 

N 

N> 


" 
237950 
151~90 "'0 '"1"'" 

.. 

AOI 20 

-
.. N 

Lh22P3(2 pO )4dt 8.125 125320001 
N 

fI 
o_ 

tAn r';~;~'!~~~'t' 
N 

'":- \I h22 p3(200)44 

T 8.275 II 

I 8.125 
 l:: 1230,0801 

1223 0 01 
N 

0_ '" 
2J 22p 3('So )44 

III 8.3U 
IT 8.333 
IT 8.Ul 
II 8.275 

I.. 

i- 121020001 
L.- U8H888+I... 

3D o 
N- L2J 22p3(2 p O)3df 10.316 98460001 

"" 
1 2J22p 3(20° )3d 

10.406 96100001 
w 
I 2J22p3('SO )3d 

10.511 94240001 
N 

N 

Lh22p3(200 )31f 11.573 
N 88760001 

:- w 
2J 2 2p 3(200)3J 


T 11.466 

T 11.440 

I 11.266 


11.198 
L.- 893000r 

L.-. 

... 
anus; 

I I I I I I 1 I 

eu XXII(O-Sequence) 

37 



JAERI - Data/Code 97-029 

Energy (in lO7 cm-1) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I I I I I I I r' 

S 
Lh22p3(2 p O )(d 
... 

............ 

_ c.n. 8.222 co124000001 
Cl)A 
(p c.n ~h22p3(200)(d <g

8.171 "-" c::> 
c::> 

122380001 
(')... 
SL2s22p3(2 p O)34 

10.611 .!.96660001 3po 
... 
I 2J22p3(2 p o )34 

10.342 96660001 

'" - I10 t<>.. 
N '" ..,l["'" .. 
...237950 

"'0I 0 
I I I I I I I 

eU XXII( O-Sequence) 

-38

I 



JAERI- Data/Code 97-029 

0.2 0.4 0.6 0.8 1•.0 1.2 1.4 1.6 1.8 
I I I 

NI'" 

tot__-;l2s2p4 79.615 
1427080 

NI

1--_--.1 2s 2P" 70.073 
1427080 

NI ... 

79.664 
76.016f~ ~i 67.759 

1646680 
1485340 

::.:.:::___.t~;5 99.243 
~ 2492890 

NII.I 

".usr ~~ 93.667 
80 •• 00 

2U2890 
2316720 

,. 
lh2p' 2p 

~L lU5340 
1283UO 
1249110 

Nf~ NIY ""'" N~:2P' U.888 

92.728 
1283UOU==t 1249110 

"',1.1 
+-_--+1 252P" 80.057 

1249110 

J 

L
.. 
N 

"='... 

N 

o 

I 

II I I I 

-

2p 

-

-

I I I I I 

eu XXIII(N-Sequence) 

39 



JAERI - Data/Code 97-029 

Energy (in lO7 cm-1) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
II I I I I I I I 

t"" 

:;

""'" ...... 
 ,..

+l2122 p3 1691. 0 N 

230070 
 C)C)


"',<.> oC) 

~N""'" <g 
....... 
 0t"'''' 
0

58S.0434.8 
(")230070 
0 	

:; 2n° 
.!. 

170860 

,... 
"',<.> I20 0 N 

"lI 
<.>lL"'" 	 N 

.. 
'" 

0170860 .. 
~ -

N'''' _N~'f 

_ ,I:;, 
111.071... 

"lI 98.848- + .. 96.485 	 4pr- 
'- 1036430-

'-- nb~\iO 

1 I I I I I I I I 

Cu XXIIICN-Sequence) 

- 40 



1573500 

JAERI- Data/Code 97-029 

Energy (in lO7 cm-l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 , ,I I I I I I r' 
9 

..........~h' 105.859 N 
2518200 .... eo~ 

" Is 
-c 

c 
nL'''' 'pO 

N<:n 

<gc 

9 
.!. 

-
-.. 3 

+----lZsh 94.888 
1573500 

'" 3 
t----lZs h 83.340 

1573500 Ipo 

,. 

I~ 
Nr'" 

-

's .., 
519650 '" 373620 ; 

-
-",Ut2s 2 h 2 540.0 

414.1 
373620 

In 

["'" 'p 

188430 
132120 

-
N 


N 3 

+----lZ 1 2p 96.930 


1404900 
 In° 
~Zsh3 82.195 

1404900 

-
-N 3 
U==:tZs2P 87.U8 3so 

83.084 
1335700 

I I I t I II ..1 

Cu XXIV(C-Sequence) 

- 41 



0.2 

9 

JAERI- Data/Code 97-029 

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

r 

105.760 
100.637 

2141600 

103.702 
98.576 
97.639 
87.055 
85.226 

2141600 

HaUSS 
N 3p 

2s22p2 1776.0 
756.9 

188430 
132120 

I...,.. 
N 

'1:1 


w 


w 
o 

99.243 
98.H4 
96.845 

1196100 

lUHS8 

120.H2 
119.572 
104.292 

UUUO 

958850 

eu XXIV(C-Sequence) 

42



JAERI - Data/Code 97-029 

Energy (in lO7 cm-1) 

0.2 
I 

i 2s2Zp 
522.8 

191280 

["': 
2p. 

0.4 
t 

0.6 
I 

0.8 
I 

1.0 
I 

1.2 , 1.4 
I 

1.6 
I 

1.8 
I 

r 
S 

""'" .... 
N .... 
Woo 
00)
OON 
(11 0 
<0 
....... 0 

0 
C"l 

s 
.!. 

2.0 
I 

2po 

-
"'1

~r 117.507 
107.659 

97.272 
1513780+X 

~... ' 4p 
48 0 

662770 +X 
584920 +X 
485730+X 

I I I I I J .1 J I I 

eU XXV(B-Sequence) 

- 43





JAERI- Data/Code 97-029 

Energy ( in lO7 cm-l) 

0.2 
I 

.... 

lL"'" 
to 

IUHS8° 

0.4 
I 

0.6 
I 

9. 131 

8.970 

L.. 
N 

N 

'"N 

w 
"0 

0.8 
I 

1.0 
I 

1.2 1.4 
I I 

w 

Lls22p3d 
12428000 

w 

L1s 22p 3d 
12428000 

1.6 
I 

1.8 
I 

2.0 
r 
3- ....N 

.:...
-lco 
COCO 
(I) co 
<~- glFo 

n 
3 

I 

-

L""'P 'po 

9.359 
L1s 

2 
2s3s 
ll278000 

3S 

593290 

-

Q
Q -,., 

~~ 
158.70 
152.29 
145.70 
127.48 
120.56 
119.00 

1279600 
1223400 
1095600 

8.618 

,., 
L1s 2 2p3 p 

12197000 

3p 

~""2P 'po 

593290 
"38970
393900 

-

8.970 

9.37:, 

9.520 

8.691 

L1s22p3d 
12372000 .. 

Lh22p3d 
121,uOOO 

Q 

L1s 2 2P3 s 
11728000 

J la 2 2s3p 
11546000 

3po 

Q 

~ 
I 

, 

lL"'" 
to 

1477200 
1223400 

I I I 

L.... 
N 

"'.. 
... 

"0 

I I I I J I I 

eU XXVI(Be-Sequence) 

45 



2 

JAERI- Data/Code 97-029 

2.00.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
I I I I I I I I I 

Ll h 2s2p 227.808
11- 438970 

°l--L-l-s2-2-s2-P--3P-O--------~~ 

o 438970 rA 

-
N 

W 

11672000 

HU~888 

N 

W 

-


-
.. 

....---....,..,.........,.....----.....Lh221 H 
~ 
27.182 15351000 

N W 

+-1___________--;!'"~:--------_----+Lls22p3d 
9.194 12156000 

11S22p2 3p 11s 2 2s3d 3D 

L 11672000L 1279600 

I I I I I I I I I I 

eu XXVI(Be-Sequence) 

46



JAERI - Data/Code 97-029 


Energy (in lO1 cm-l) 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 , ,I I I I T I I 
r 
:;.. .........
Ll. 2

2pH N21.395 .c:o.15806000 ...;jCD 

c: g: 
CD 

3G 
..... 0 

0L'Z,.3d 'r' 
<0 

n 
:; 
!12156000 

I I I I I ~ I I I I 

eU XXVI(Be-Seq uenee) 

- 47 



JAERI - Data/Code 97 -029 

0.5 1.0 1.5 2.0 2.5 
I I I I I 

r_. 
:I_. 

...... ..... 
NN 
<.no 
0000
:-:'-.J 
<.n 0 
1"11 0 

N' N' <0
NIW Lls Z 

55 - ~ 
tt 11.§2U~

17.3356 (17606200):ll 
N:;;W NI-

l! 5 nau: L1s255 

5.82705'" (17606200) 
N' N'N,W 

Lis 2
4s

If Z~ un c 
2825.5492 c (15751740 ) 

N' N'
N'", 

L1s24s
U §.!iZ231~

6.53301 (15751740 ) 
N' N.N,W 

L1s235It ~ ga911~
8.87349 (11714380) 

~~ r" 'po 

pI89888D~
11837720 

HUH 
-

00'
N'", 

11 is 25p 
!I.R71 ~1'- II 
5.66707 c l:: p7645800~

17632620 

N' .... 
N .... 

t 25.87U c Lh24p 
(15829290 ) 

N'

N' N'W 

t UIU~l~ ~1"" 
24.3019 PS829290i

15803510 
N'N' ... 

~I 1s24p 
8.32771 " Jl 
6.31740'" t.:: ~lg829~90~1 803 10 

N.
It~:23P 2po

8,44757' II 
8.40415'" t.:: f11898880~

11837720 
N'

00.1.1 

tlls22p 
484.14Z<:: 

651412 
N'

00'1.1 

~to'2' 22'.18"
153.513$ 

651H2
U4 1 

v 

111225 
-

I
N.

ll~ ...." 
25 

lL"" 
2D 

1s 23s 25 

(\1964770 )
(11 14380) 

I 0 
L I I I I 

eu XXVII(Li-Sequence) 

-48



I 

JAERI - Data/Code 97-029 

Energy (in lO7 cm-1) 

0.5 1.0 1.5 2.0 2.5 
I I I I 

t"" 

3 
...... -
~~ 
VIC 
0000 

VI 00 
C'II 00 

N'w
N'- N'UI <00Nlw 00 

--n 
3".14"H.6U e 19:~ 

~~ 

53.986 e ~ ! 
(17660000)

(17655830) 
N'W 

NIW 
NI

""'" 

If ~tH~~~ ~f17.IB77 HnnUg~ 
NI- Nt!,~",

""w 

11 tn~~i~ ~i5.81025 p7660000~
17655830 

N~'tUl""""w 

2D 

1t i~:~i~~~ ~~ 24.9303 p5857060~
15848900 

""- ""W 
NIW ""'" 

~:~~~~~~ l~If 6.(9180 P5857060 1
15848900 

""W 

NI ... 


NI NI'" 

l:nHf~ ~~ 8.69521 pI964770~
1194H50

" r" 'po 

f15829290j
15803510 ~~~~ tlUnn8~ 

UIUi 

""w "', ....""'" "" .... 

II 2;.;4R
2 • (3 15864000r'" 



15860400 

r 2FO 

3d 
'D 

pl~64770~11 45450 

I J I I I 

eU XXVII(Li-Sequence) 

- 49 



II 

JAERI - Data/Code 97- 029 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I 	 I I I I I I IIt"'" 

N. ~. 	 N.N'''' 	 2 
- ... _____..I.I..2..lLir..:I.,...-______________tlh ( 2S )h ( IS)UI"T_______	~ ~ 1 4824~ _ 
~ ~ 1.4779 (68109000) 
CJ"IO 	 NI

Z: ~------....,...----------____tLh2s2 

1401-~----- - n ____---'-l:...ll.5~1301.l016:.,..:--_--_----____t 
:; 1.5090" (66717000) 

I 

-
N'Nt-	 N'W 

11.... ______________--..-	 Is(2S )2p2(lp)",·_"' ___________-+1 

lIT 1.4911~ 
III 1.4867'" 2p 
III 	 1.4880" 

-
N.

~---------------...__-----------_+1IIN~:(2S)2sh( I pO) 
\.4B25 c 	 U 

N.W 

~---------------~----------~1~N~;(2SUS2P(3p.)
t.4B53~ 	 1 

-
N .... 

~t----------------~~-----------------_4LIS2P4P
1.213 83090000 

- ________________~~~__-----------~Lls2p3p 
.... 

1.272 	 79260000 
N.'"NI-	 NI<J' 

1Il"..... ________--'-________~-----------tlllNI_"' 	 1a( 2S )2p2( l D) 
Ilf 1.4910'" II 
Ilf 1 .tRBg" II 

-


4p 

I I I I I I I I I 

eu XXVII(Li-Sequence) 

50 



JAERI - Data/Code 97-029 

Energy (in lO7 cm-1) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I I I I I Ile

3 N'N''''....... 
 ,... 
~l'('SI",,(3P'1NN 

o 1.UU~U'l 

0000 1.(953;..:J-l f 66876000 ~ 
66832000U'I 0 4po(II 0 


<0 

0 

...... 0 

N. 3 

2S .!.
L"" 

I 0 
I I I I I I I I I 

eU XXVII(Li-Sequence) 

- 51 



JAERI -- Data/Code 97-029 

Energy (in lO7 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I I I I I I ~ 

3 
--. .... 
- QOo co 
C1:IN 
NN

.::.. 
oilIo.QO 
QOc.n 
ClIO 
<n 
...... 3 

I 

52.08 c +-th5;
(85750900) 

16.3U c +__-t.!S5S 
(85750900) 

Lh5a 
5.5332 c (85750900) Is 

H.OU c +--lIsh 
(83786700) 

L1s4 a 
6.2079 c (83786700) 

lls3s 
8.4371- (79530500) 

['" 'po .. 
to> 

" 
~8l83~800 )(796 4 00 'tI ~ l 

I 

(67678080 ) 0 

-
Cl

4UO c tLh5P 
(85773400 ) 

'" 
50.sa c +-lh5 p 

(85773400) 

16.0Uc ~h5P 
(85773400 ) 

Lls5p
5.4205 C (85773400 ) 

- Ipo 

1 ls5p 
1.16586" (85773400 ) 

Ll[". 's .. ...... 
185750900) ~ ~ C795~8 U,700)r ~ (67324970) 

I I I I I I I I I I 

eU XXVIII( H e-Sequenee) 

- 52

http:oilIo.QO


J AERI - Data/Code 97 - 029 

1.0 
I 

2.0 
I 

3.0 
I 

4.0 
I 

5.0 
I 

6.0 
I 

7.0 
I 

8.0 
I 

9.0 
It

na c 

3 
........ ....--00 
10(0 
en N 
NN 

.=.. 
'="00 
00c.n 
CD 10 
<n 
-3 

0 ! ' 
tLlah 

(83830800) 

-
23.944 c +=--llah 

(83830800) 

-
23.2S4 c +=---thh 

(83830800) 

co 

I 6.0585 t 

-
lla4 p 

(83830800) 

-
1.192881,; 

9U c 

co 

• 

I Ish 
(83830800) 

co
tL1S3p 

(79634500 ) 

-
i,.la3p 

8.1238 (79634500) 

-

1po 

1.255741; 
I Is3p 

(79634500 ) 

co

283.20 c tLlsh 
(67678080 ) 

-
155.59c +-ll s h 

(67678080) 

-
1.477583" 

Ih2P 
(67678080 ) 

co ~" I L2s 3S 
1131 ISl~ [" 's~ l"mml'OJ 

(67324970) ( 9530500) 
(67035380)r ~ 

0 

-
N 

23.783 c +--lls4d 
(83839100) 

- N 

L1s4d 
6.1877¢ (83839100)I 

N-
l1s3d 10I 8.3498 (79654400) 

[" 'p' L'3. 'po 

(79634500)
(67678080 ) 

I I I I I I I I I 

Cu XXVIII(He-Sequence) 

- 53



JAERI - Data/Code 97-029 

Energy (in lO7 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 , ,I I I I I I I~ 

3 

00::: 
o c.o 
en t-.:t 
t-.:t t-.:t 

.eo. 
.eo. 00 
00 tTl 
A 0 

n 

----3 
.!. 

c
52.03 i= 

< 

5l.37 c ';' 
(85734500) 

c
16.218 i==i! 
16.125 c ';' 

(85734500) 
-N 

~IUU~It L;5.Ul( (85734500) 

H.020
c 

3Si=t= 
23.6B7 c :

(8375,u00) 
-N 

If 6 l~u~L:
6.0858 .. (83754600) 

-N 

Bln9~Etl 8.2437 .. (7U53400) 

-
11121 

1.(917501; (67035380) 

f 
~ r' 'po~! ~ t'j""" l 

o t795 Ya~900 
79532800 

t~Bnn~l 

-
-N 

5900 c 

3380c t~ ~8576UOO~
85751500 

-
50.08 c +-l1s5P 

(85751500) 
-N 

15.'''' 9t:15.8,uc t85764100 ~ 
85751500 

-N 

3po 
~laUD~ 
5.33U ~~ ~ 85764!00 ~ 85751 00 

I 1s5p 
1.16616" (85751500) 

L.....~ l[". 's 
.... 

..~ k,mnmO) til 

(794 3(00)r ~ (67035380) 

I I I I I I I I 1 L 

eU XXVIII( He-Sequence) 

- 54 



--

JAERI-DataiCode 97-029 

1.0 2.0 3.0 4.0 5.0 6.0 1.0 8.0 9.0 
I I I I I I I I I~ 

3 

.... -

.... OC) 
c (0 
0) N 
NN
• .c.. 
.c.. OC) 
OC) U'I 
CI> c 
<n 
...... 3 

-N .!. 
3000 c 

1720 c ttg 
~U'n\8S1 

-N 

23.071 c 4 g22.940 c 

~ 83812600 J
83787900 

-N-
I ~laU3~ 

5.9605 ~g fU,nUSl 
-

1. 193 Ul,; (83787900) 
N_ Cl_ 

N 
W 

24.056 c ;".010'It"
Ilsh 

24.050 c 

24.033 c 

23.908 c 

~lnnn81 
3po 

-N 

1260c 

725 c ~~ H~~HnSj 
-N-

I B.QQlltE 
7.9U3 "" fHUUSS1 

-
I Ish 

1.257341,; (79532800) 
-N 

11
1.~85378\; It:' 
1..81061\; t.:"" f67519170~

67322950., 
N 

373.45 c 

U7.U c 

208.70 c l§ 
[87519170) 
IHUU8~ 

Q /,. 

11.... 's 
h3d. 3DllL''' 's(8375UOO)

tnu1888![
0 

r 798 9 
(67035380) (79. S3l00 )00 

I I I I I I I I I I 

eu XXVIII(He-Sequence) 

55 



JAERI-Data/Code 97-029 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I I I I I I I~ 

9 

Q 

N 

f 
83838000 ~ 83829300 
83828800 

N_ ... 
1It-----:~~--111 .. 
1I+-_~6!-,-,t~13~tI3!"l"1"-tH : 

6. t 279'" 
6.0585\; 

~RU~U88 ~ 
t838288001 

796S1600!79631000f79629900 

I II I I I I I I 

eu XXVIII(He-Sequence) 

56 



JAERI - Data/Code 97-029 


Energy (in l08cm-1 ) 


0.2 
I 

0.4 
I 

0.6 
I 

0.8 
I 

I:"'" 

3 -.- 
.... 00 
o CQ 
cnr-.) 
r-.) r-.)
• .co. 
.co. 00 
00 CI'I 
<'1>0
<C"l 
....... 3 

2

r" IpO 

(67678080)
(67322950) 

1.0 
I 

1.4293 e 

1.4222 c 

1.451S c 

l.UUe 

L.. 
N 
"CI 

w 
'1:1 

0 

1.2 
I 

1.4 
I 

0 

L2p2 
(137639000) 

0 

L2p2 
(137639000 ) 

0 

L212 
(136557000) 

0 

Lh2 
(136557000 ) 

Is 

-

['" 
IS 

(67324970 )
(67035380) 

1.4321 e 

l.42U e 

I .. 
N.. 
r: 

Lh2p 
(137152000) 

Lhh 
(137152000) Ipo 

-

-N 

II 

~... IpO 

(67678080)

fUUUU\ 

1.4353" 

I U2g~
1.4282 

L.. 
N 
"CI 

w 
'1:1 

N 

L2p2 
(137348000) 

l~ 
(137348000 ) 

10 

I I I I I I 

eU XXVIII(He-Sequence) 

I 

- 57



JAERI - Data/Code 97 - 029 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 
I I I I I I I 

Q 

N 

P37106000{ 3p
tlU83U88i 

137106000) 
( 1370(2000)

13690(000) 

L 
co 
NO 
'0 

-
-
1 

1,4426'" (136644000) 

~ unU888~ 3po
h36591000 1 

ish IS 'co 
NO.. 

[ (61324970 )
(67035380) 

I I I I 1 I I 

eu XXVIII(He-Sequence) 

- 58~ 



I 

JAERI-Data/Code 97-029 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I I I I I I I I I 

r 
3 ........
--~ c.n w 

en N 
-.:I~ 
~ 

en c::;I 

-~ -.:Ic::;I 

" n
'::3 

2
NIWNI

15.0006 c +---l: 
(89595950) 

NIW 

I 
NI- L:5.077897' (89595950) 

Nlw 

I", 
1.116122 c " (89595950) 

N'WNI

21.8281 c +--l: 
(87510820 ) 

NIW 

t 
NI-

5.679217 C L: (87510820) 
NIW 

I .. 
1.142716<; " (87510820) 2po

NI

NIW 

1300 c +l: (83006500) 
NIW 

I 
NI- L:
7.63U0g e (83006500) 


NI

liN':"'" 

1.2n!iR73'" I " 
L20n25 C 

fRnn~a8 ~'-= 
NI-
Nlw 

385.06 c +l: 
(70162460 ) 

N~IY 

11'-:t 
1.':tnSQ'''' ~. " 
1.425264'" L:: HunU81 

NI-

l~ 
(82929560)

(69902760)r ~ 
0 , 

J J I J I I I I I I 

eu XXIX(H-Sequence) 

- 59 



JAERI - Data/Code 97-029 

Energy (in lOScm-1) 

0.1 
I 

0.2 
I 

0.3 
I 

0.4 
1 

0.5 
I 

0.6 
I 

0.7 
I 

O.S 0.9 1.0 
I I I 

r 
:3 

............. 

.... c:o 
c.n W 
0') N 
~ c:o 

c:o 
0') 0 
.... c:o 
~o 
('I) n 

~:3 
.!. 

"'Iw 

I5.1630 c +---1):: 
(89601490) 

5.1H290 e U= (89601490) 

Nlw NI'" 

22 .1411 c +--1..:: 
(81521640) 

"' .... 
5.76064Ie l:: (87521640) 

2n 

7.110237 e l: (83032080 ) 

1269c fl.: (83006310) 

l~ ~~ 
(70162460) 

fU~RU38~ 

-
15.2157 c ~~ 

(89604250) 
NI<.1'l NI",,* 

22.2471 c +---L~ 
(87527040) 2F O 

I I I I I I L I 

eU XXIX(H-Sequence) 

~ (83032080) 

I l 

- 60




