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Grotrian diagrams are presented to provide graphical overviews for 1,953 spectral lines of highly 

ionized vanadium, V IV through V xxm. In the usual diagram display such as that by Bashkin and 

Stoner[North-Holland, Amsterdam, 1975], 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 repre

sented 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 of new 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 of a 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 V IV through V XXIII. 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 

V IV, V XXIII, etc. 

According to spectroscopic convention, V I indicates the first spectrum, i.e., the 

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

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

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

hydrogen, neutral carbon, etc. 

Abscissa 

Energy in the levels in cm·1
• 

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·1 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 of the 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 (lO·scm). Heavier dashed lines indicate resonance transitions with gf > 

0.01, where gf denotes the product ofthe statistical weight (g) of lower level and the 

absorption oscillator strength (j). 

C,T,P,S 

Superscripts to the right of a 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·1 and eV. 
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I... 18391.2 
- 13458.3 

I.... 13239.2 
- 13122.8 

- 734.7 
'- 325.4 
,- 0 

I I I 

v IV(Ca-Sequence) 
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t"" I 

:3 

I U·,'.', 
3d.. 30 

3d4cl '0 

3cl4cl 'F 

I 

http:1----.11
http:6U---.1I


JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 
I I I r I 

3 

N 

32U.460 E:t
UUU:i 
%85198.9 

W 

3234.251 : 
: 

3221.501 

.. W 

4616.51 nt(/l": 
4608.15 :216%86.5 

2 6056.9 

4565.63 
4518.58 

286286.5 
%85'798.9 

CoO 
a. 

3F 

1It---;-:~""'lI'Tlr--"""",,1 

II+-~;-;;-:-'"'Tln;---m :: 

.... nUQ!;8 
.::: 222194.6 

N 
w"" 

.... 223304.6 

iU¥U:3 

L3d4d 
+-----:~;--r.;;r_-_t 22 21 94.6 

~ 

~ 148369.2 

1111..,. 'D' 
3d4, JD

3d5, 3Do 

..... 141656.5 
- 14'7135.2 

"- 146855.1 
- 146429.3
"- 146117.1 

I.... 144273.1 

J I .1 

v IV(Ca-Sequence) 
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JAERI-Data/Code 97-023 


1 0 2.0 3.0 4.0 
I I I 

2160.222 ...t----....L3d..41
N.... 26.4113.1 

IIJI~T~-----------------~31~7rg~.T.6;8nI2~-----------------ffl:
~TI~-----------------43~79~.~3'7~r2~----------------~II~ 
lIT 379.353 
[IT 379.093 .: . iU1U:~ 

- 263593.0 
N 

N ...... 

2U9'852~'": 
21.41.199 ~ 
2137.1.41 

N 

UU.720 N~W...... : 

U63.796 ~ 
U50.329 
2H9.723 
2H9 •.4U 
U33.530 

;.-------------------~__----------------_4l3d.5p391.362 
N 

W 
.. 256251.7 

w 
co. 
N 

... 
"Il 

'  7304.7 
- 325 . .4;-0 

I 

5267. 
U5 11N 

... :5222.93 : 
5175.950 
51.46.502 
5130.78 

5608.71 
5520.63 

N ..... N ..... 
3060.1.46 Et:
3055.86.4 : 
303.4.27 

N 

UnH:I 
255.463.3 

UUU:I 

iH;H:l
2gSH3.3 

2667. 83 7 "------.l 3 d. 5p 
~ 255.463.3 

I I 

v IV(Ca-Sequence) 
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t"'" I 

IU
d
d4,d 

c 
3d..4d. I P 

3d..4d. JF 

3d.h 3D 

I 

'O 



JAERI-Data/Code 97-023 


Energy (in lO5 cm-l) 


1.0 2.0 
• 


+---------~mr~--------~Lid.16S 

2129.934 1 
2106.560 "'1-- 

N ... 
N 

l+l-:l=9-::-:71~.4~7~1....
Il+-il~9;iri66~.2~4:-":-4-t

1953.103 

+-1--------t!r17"TT7------------1L3d134.344 N 

IM------T6i'5"1Sllr.1Ml,urT"'""-----t1
II+------ii'i680r.~63ri2-----H

.11 
tl : 

3d4P 

... 

-
b 

1 : 
1 : 

U9.U7 
618.HO 
677.345 
675.469 

-

~: 
...... 

~ 
... 

: 

....-


w ... 

.... -

1/ / 

0.. w 

.. 
w 

"CI 

.... 13458.3 
- 10959.3 

.:: ~U:I 
- ° 

I 

I 

... N ...... ...<It ..2655.408 ".... ~::' 
2U5.Ul 

2636.936 

2620.320 


N 

N w ... 

'''2'7''~:
2587 .258 :' 
2569.812 

3.0 
I 

216p;.72 ~ 4 .6
2 463.3 

UUUJ 

2530.520 +-1----+L3dSp

255463.3 

147656.5 

UHU:1 

148369.,147656. 
147135. 

147135.2 

I~[":l:~""iUUi:~ 
217350.0 
217108.0 
216905.0 

215957.7 

... ... 
4954.408 I~; 
48 9 1. 5 2 +I-----t

284340.1 

3d4f 3Go 

[L 26H61.8 
263902.3 

I J 

v IV(Ca-Sequence) 
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t"'"-. 
=
-
.... 

oI:Oooc.:l;n-'l 
-'I en 
C -'I 
c.o c.:I 
roC<(') 
-= .!. 

4.0 
I 

IlJ..~ '. 
3d4s 3D 

3etU IF 

3dU 3D 

-

I 



1I+-~1~("l:"'3(:-.nO:'T 
1 
Z--I+I : 

1I+--;Ii-T(i"Iz: IS~.SiiTT,( -otft : 

14Z4.~ti 

JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 

..... 


I II r- I 

.. ... :3 
""ClIO "" 

50H.90 m=[:
5035 . .(60 :: 
(971.9(1 28(699.3 

28(101.1 

nUU:f 
28(101.1 

... 
3(52.7(1 ~ 3d5d 
..... ~ 28(101.1 

N ..... "" 

211100.0 
217836.3 

.:: UUI~:i 
1(7135.2

UUU:l 
-

.:: 
-

N ........ "" 
2U6.802l=[:
2446.017 ~ 
2431.885 unn·.\ .. 

"" 

~~;~:~:! +tlf----+L; 264161.8 

IIlltl-----------------~31~9~.~~~r----------------~: 
~11I-----------------~37~~~.. 3~19T5------------------+I· 
I" 378.929 

N ... 

t L3d4r
2136.330 263902.3 

l I I I 

v IV(Ca-Sequence) 
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JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 
I I r I 

w -cJt 
ca 3 

2167.200 ~'" :... 
2159.055 ~ 
2155.336 
2150.231 
2146.828 

264&.&5.7 
264591.9 
26,u01.9 

~ . 
1111'~________________-'~~r-________________~I~W 
~1Ir-________________-;J~1'rB'T9'~9tJ~________________-+III! 

J11:I.011:l 

.. 
2432.518 9......"';
2421.317 
2416.552 

264591.9 
26,uOl.9 

I 2063.563 L3d4'
264401.9 

I l... 'F 
3d4d 30 

-
. 

2351.934 +-1__-tL3d(ZDl/z)5r 
306327.7 

. 
2313.236 +-1_____-+L3d(ZD uz )5r 

306327.7 

... 
2384.729 ...1_---tL3d(ZDl/z)5r 

306323.1 ..... 
2356.624 ~...3d( ZD uz)5r 
2356.369 

306327.7
306323.1 

1112 
I Ill... 'G' 

3d4' 3FO 

3d4r (2)· 

3d4r 30' 

3dU 3 Ho 

I I I 

v IV(Ca-Sequence) 
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JAERI-Data/Code 97-023 

3.0 4.01.0 2.0 
III r 

!II 

2338.032 ...t __---4L3d(ZDI/Z)h 
306871.0 

/R;;. 

II Ut~IF.(2)· 
3d4' 3 0 ~~r' :.,':.;.:.1:" 

3d4' 3 H ~ !WS!:l 
264161.8 3d4' IF· 

264113.1 
263902.3 

- 263822.4 

-
w,. 

~!:~:~:~ tIoll-----IoL; 263822.4 

.. 
~~;::::: tIou----'L; 

w.. 
263822.4 

t 13d4' 
21$1.087 L 263822.4 

..... .. 
WIU~:::::::::::::::::::~38~0~.~10~1::=::::::::::::::::j':
.. 379.512 263822.4 

I Lu 3D 
3d4cl 3 0 ~r:,::...,


2~3033.0 
21,100.0 
2rhU~ci3 

7H.7 
325.4 

I I I I 

v rV(Ca-Sequence) 
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I 

JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 5.0 
I I I I I 

r:

- 3 
.... en en 

~to.:) 
to.:) en 
oc en .... ~ 
....;j to.:) 

nto 
<3 

I 

Ni[''iN'-e
6135.907 3p 81 
&0&6.620 

466065.79 
NINI... NI-e 

3648.724 Jt::th 7s 
3615.039 

443074.72
NI
N'''' 

N'N 

1929.138 ....t=t3p e61 
1910.062 

403855.12 

NJiw NI

'IT"~1_-ft~~--tL3pIl5a829.483 
aU.8U 328217 .30 

~ ~~ r"p 'po 

N N ~ 449772.79 
"'0 "'0 449586.71 
• • 415675.69

415420.10 ~ UfgU:H 

N .... 

+---nl"ll""'"'lI"",r--+L3pIl7p
822.668 449772.79

N,
Nij''i'.'.....6541.429 ~ 

6478.300 ..:: 
6462.734 " 

449772.79 
449586.71 

N'

-::------------------------------------------218~1~r-- ~N~;5(2p.)3d2(3P) 
---------------------------------------------~!1~~--t. 439442.7 

- 438018.3 

rOd 'D ~ 43o"o.92 
434303.77 ~ 328217.30 

62",87

° 
I I I I J 

V V(K-Sequence) 
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6.0 
t 

-


I 

http:328217.30
http:434303.77
http:43o"o.92
http:449586.71
http:449772.79
http:449772.79
http:415420.10
http:415675.69
http:449586.71
http:449772.79
http:403855.12
http:443074.72
http:466065.79


--

IAERI-Data/Code 97-023 

1 0 . 2 0 3 0 4 0 5.0 6.0 
II I II I C"" 

3 
. 

enc.n 
;nC..:) 
C..:) en 
C)O c.n 
-<:.:I 
.... C..:) 
(I) (') 

<3 ..... I-
8457.555 q~;':~5675.69 

N'W
"1' 

L3pIl6pI iU3.39S 415675.69 
"11

N'W 
N'UI 	

II w 
UO.933 lJ"'c" 
HO.719 11:' 
2U.572 IL. 415675.69 

"'- 415UO.I0 

N~'i'f.1tN~iw 

36n.887 
3617.966 
3609.269 ~~ 4"61'."41U20.10 

"1' 
N'''' NIW

NIUI 

w 
11 822.927 
IT 822.176 
II 821.202 

'I "'c" 
en 

IL." 415678.68"- 41 	 U .1 

N':'7w 
N'UI 	

1 w 
if 	 284.581 1"'0. 
rr 

1716.725 
1680.204 

N'UI 

484.510 rt"", 
483.009 If .... 

NI ... ... 
'0 ...'" 
Co. 

N 

0 

/" 
L

214.494 
2U.075 

I'"
"L - 3~2018.U

3 1500.51 
"1' 

N,w 

n93.735 
nOO.3U Et"O;;mw 

N'w N~iw 
N.UI 

1736.182 
17U.9U 
1720.712 E=t~ '1 20 ".34

3 1500.51 
"1'_ 

"11 NIW 

i1L74~I 4 o.d ~"O"
UUU:H 

NI

~~;O" 
207660.00 
206393.72 

NI
NI ... 

II ... 

<181.556 1L'O 207660.00..... 206393.72 

-
2S L 

'0 

(.n '" 

r 
Co.r~ ~~ ~L'O" N40"55.12 

o 	 ~ ia9Bf~:g¥ 0 

328217.30 

UU3i:U 
1(8143.35

624.87 
0 

I I I I L I 

V V(K-Sequence) 
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2po 

http:1(8143.35
http:328217.30
http:40"55.12
http:206393.72
http:207660.00
http:206393.72
http:207660.00
http:415678.68
http:41U20.10
http:415UO.I0
http:415675.69
http:415675.69
http:q~;':~5675.69


--

JAERI-Data/Code 97-023 

N 
"'0. 

, 897.124 
NI ... 

6188.907 3p 64N(I"'!:1''''e 

6020.741 

2774.997 .: 

N~iw N~'t411 

2780.139 El!: 
2740.669 Do 388043.69 

387977.07 

Nt'" Nt ... 

~3pe5d
1962.154 ~ 387977.07 

It-NI-"'-------_---,fnR"~r_--------rlzoo.zJ!.! 
zoo.u:;,u 

199.1l1ll 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I I I 

r 
3 

O')U'I 

~N 
NO') 
co U'I 
-W 
-.J N 
CD n 
<3 
- I 

434340.92 
434303.77 

Ill""""""D, ','heH 2,. 
3pe6. Zp. 

-
NI'"Nlw 53. 3deDO)4a 

.... 500502 
-- SOO1l7 

I I I 

V V(K-Sequence) 
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http:434303.77
http:434340.92


JAERI-Data/Code 97-023 

- ....
enCJ"l
:"N 
N en 
00 CJ"I 

~N-"" 
C'O C"I 

<3 
....... I 


NJrw 
~------------=--:""'lI:-r-------------t1 3p'5(2p' )31.1 2( 3F) 

------------------------"17rrr----------------------
444UO.8------------------------rrr~11------------------------
444153.7 

201. 746 
201.4n 
201.235 

N.", 

203.428 

IT 

I 
I 
I 
L -

Nt'"
N. 

II 3 
II 

113p'53 

v V(K-Sequence) 
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203.194 

N.'"NI .... NI
NIO 

2373.458 
2310.260 ~r 

N''''NI .... 
N'''' II 3p1l 

I 207.291 II 
207.031 1:: 

N ..... 

N.", 
 N.", 

210.568 I 
209.230 1 
208.958 L 4- 4 

N''''N ..... 
N'''' 

II apll7f
213.118 I 
212.901 46 

46 
N'''' 

5080.0 
5079.413 t::t"'71 

j~ 

497556 
496296 

492201.8 
492144.3 

ar 

483039 
483019 

78566 
75531 

9721 
9106.4 

Nt 
NI 

N.'" 



JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I I I 

t"" 

9 
-.,... 
en 

CTI?,,,, 
'" en00 CTI-W 
~ '" (to n 
<9- .!. 

NIIII .... ~ 
I U3.603 

l3p S6! 
449422.47 

NIIII 
NIWNI-.I 

6635.1U it,.·"6628.796 H3422 •47 
44 370.81 

NIIII 
NIIII NI~ 

Iw 
222.842 1'1:1.. 

222.818 r: 
nZ.:J;t;t L.. 443 422 •41- 44 370.81 

Nrl't4lt N~tf....a 
3371.089 

~~ .. ,181.47 
3363.517 
3316.470 

.(1 699.10 

NIIII 
N~r....a 

I ... 
11 239.765 1 '1:1.. 

II 239.485 CIt-239.407 .... "IU87 .47- " 99.10 2FO
N:.,'t(lt N~'r..a 

113p5(2p·)34 2(3F) 

II 979.547 il 
II 978.166 I.. 962.031 .1... J979Jf.66.... 961 .24 

N.III 
NIIII N'~ 

.I 3p!l(2p·)34 2(3 F ) 

·----------------------------------------~f.li~--·,I
251.655 1... 397993.66- 396135.24 

N'w 
NO~ 

NIIII 
NOIII 

1811.U5 

~~ "'675.57 

1797.U6 
1792.992 

349252.40 
N'~ 

NIIII N'III ... 
286.839 '1:1 

CIt 

~86."90 .... 
U:J.919 .... 349675.57- 349252.40 

N .... 

~ ~ ~ 
[". '0 

434~40.92 
"34 03.71 

UnH:Uunu:u 
624.87 

I 0 
I I I I I , 

V V(K-Sequence) 
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I 

II 

JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 5.0 6.0 
II .,- I I .._. 

3 -O)c.n
c:"'N 
NO) 
00 c.n 
-w 
-.:sN 
('0 n 
<3 

.!. 
N."

N'W N'''' 

2620.5 ~"'('P')3d'(ID) 
2326.7049 
2318.95 

Ut?U:~9 
N .... 
Nt'" 

N.'" II h 5(2p·)3d 2(ID) 
301.604 [1 
291.216 II 
296.724 IL 3370~2.59 

"- 3321 8.1 2FO 
Ntw N~r.... 

3989.471 ~"'('P')3d'(IG) 
3966.598 
37.a.36 

128'34. 681 10 .1 
N''''Nt .. 

N'''' 

313.993 [I 
313.376 [I 
af2:!94 

II 3 p S( 2p. )3cl 2( 10) 

[L 320131.60 
'- 319106.19 

N'W 

r'd 'D 

~ unu:u
824 81 . 

-
+--l3 p 1598 

492564 
4315.1 

NJ- NICGI+--l3p l5&,3004.2 
483526 

NI'" NI..., 

2931.2 Ei;;'"
2927 .2 2G483526 

483523 

~ 

I Ihl5&! 2F• 
h 15 6h 28· ~[P'" 2F" 

469114 
450241 .99 

""1";3·41
"" 3 .81 

I I I I I I 

V V(K-Sequence) 
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http:319106.19
http:320131.60
http:128'34.68
http:3370~2.59


JAERI-Data/Code 97-023 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I I I 

r 
3 

........... 
c:n~ 
?'N 
N c:n 
00 ~ 
-~ -.:3N 
~ n 
<3 

I 

4780.787 Nit"f'N~;a7' 
4769.064 

470333.75 

1917.686 ~N~;a7' 
~ 470333.75 

4976.8 

Nt ... 
Nt'" 

II ntH! 

110''''' 

1921.915 t-I---tL3 p 56' 
450025.20 

1101'"
1101'" 11010 


110'''' 


~...'. 
H88U:U 

1101.." 
1101'" 5 

5442.704 	.L.-l3p 5, 
~ 416361.78 

1101'"
NI-.I NI.o 

1101'" 

1260.278 ~1___t3P5h 
1188.161 416361.78 

416360.29 

I I I I 

I 
ll"('P')3d'('G) '.' 
3 p 5(2p')3d 2(10) 2Fo 

3p 5(2 p ')3d z(3F) 2F" 

3p 5 6f 2F" 

V V(K-Sequence) 
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http:416360.29
http:416361.78
http:416361.78
http:450025.20


JAERI-Data/Code 97-023 

Energy (in lO5 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I I I 

t"" 

3 
,....... 

e':I (II

?' C-.::I 
C-.::I e':I 
00 (II-W 
-.J C-.::I 
CD n 
<3 ..... 2

t--lhl
9h 
.s2625 

2H O 

"U.8 

4885.299 +--lhla 
410488.11 

2950.134 ;:...{~;86h
450241.99 

,. 
p I 

wlr,,, 'G '0 
(II ..0'> 

4103U·55 
N450024. ~ C')416361.18 

-
t--lh1 

4510.4 91 
492653 

1595.511 +-lh 1 
81 
483650.82 

t- l~;8812992.0 
483650.82 21 

.s30.533 +--lh8
11 
410524.11 

,. 
Ip 
wlr·,. 'H' '0 
(II 

0'> 
r 

450,\1401~n·11 N 

:r:. 
-

+--l3p89k 
492662 

4515.9 

pr 2K O 

,,, " 

410524.11 

I I I I I I 

V V(K-Sequence) 
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http:410524.11
http:410524.11
http:483650.82
http:483650.82
http:416361.18
http:450241.99
http:410488.11


JAERI-Data/Code 97 -023 

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

-.... .. 
NC 
~c.:t o .... c.:t 
c.:t ... 

+-1_"""'7"'l~~_-+L3.23p5(2pOl4P CIIC
509.260 641800.3 <c 

l 
_n 

I 
:3 

\31 23p!S(2 Pi /2l4. 2Ci1o ~.23p5(ZpO l3d ~o 
L 551636.1 

445435.6 

-
-

1590.506 ~31Z3p!S(ZpO l4p 

620509.2 


-- L3I Z3P!l( 2po l4pI 571.190 620509.2 

-
f 
'" L3IZ3p!l( zpo l4 P 

367.404 620509.2 

-
t '" LS'ZSps(ZpO l4p

363.153 620509.2 

-'" L3I Z3p5(Z p Ol4pt 340.953 Ip
620509.2 

-", -
LS, Z3pS(ZP Ol4p

II nt!n 620509.2 

11l."""P'''' 'po31 ZSp!l(zpOlSd 3Fo 

31 Z3p!l(zpOlSd 10° 

3sZ3p!l(zpO lSd 30° 

3.Z3p!l(ZpO)Sd Ipo 

-
-

~--------------------------------~~~----------------------------------iIS.3ps8p
85.011 1115490 

+--________________________________~nr~------------------------------__4ISISps1p 
81.105 1148030 

-+--________________________________~~~----------------------------_413.Sps6p 
90.100 1102540 

+--________________________________~~~----------------------__413s3pe5p 
91.9JZ 1021120 

-
~--------------------------------~~~------------~1313pe4p

117.162 849170 

I I I I I I 

V VI(Ar-Sequence) 
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--

JAERI-Data/Code 97 -023 

1.0 1.20.2 0.4 0.6 0.8 
I II I 

N 

l3s2h 5(2 p O )4p
367 .543 6227204.5 

N 

lh23 p5(2 p O )4p 
360.741 6227204.5 

N 

lh2h!5(2 p O ).4p
360.2$0 6227204.5 

N'" N 

Lh23p!5(2 p' ).p 

It In::;f 6227204.5 
N-N 

II nt~a 

826.458 t 

463.418 
w 

N 

·n·487 
• .660 

" 451.890 

418.041 

392.990 

'" 
N 

L3.23 p5( 2pO). p 

622724.5 
N 

l3she3d 
566U3.0 

N 

l31 he 3d 
56U33.0 

N 

L3s3pe 3d 

56U33.0 
N 

l3.3pe3d 
566433.0 

N 

lh3pe 3d 
56U33.0 

N 

lh3pe3d 
56U33.0 

-

111 ~:!:l4~

3 .11 
l"'3"('P'''' 

602974.3 

~"3"('P"3d 
3 p. 

L 

311977.9 
3093U.8 
308149.8 

I I I 

II 
t"" 
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-0 t: ~~ lr':!:::18 ~.. .... 1891430 	 -0 
1889360 	 .. 

1549620 
1549410 

1392180 
'- 1388410 

I I I I I I 
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JAERI-Data/Code 97-023 
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11 hll3d 
til:! ,Sg" II 
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lh ll l0f

50.49. 2526400 

:»1.620 
Lhll9f 

2<&83200 
NIW 
NI'" 

II i~~:U~ 
210 •• 1 l~ "".00 

N,!,'t.... 

II ntn~ l~ "".00 
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C'O = <== ..... n 

0_ :I-
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JAERI-Data/Code 97 -023 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
I 	 I I I I I r 
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~~ 
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...... ("1 

- :3 
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P
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3U.161e 	.::__th22 P5(2p3/2)3d 
~ 4708057 

I 

NWN_ 

~"2,p'(2Pl/2 '" 
90.22itt 86.35 UUU3 

WN N 

~"22p'(2PI/2 '"II 
-	

nJU 
58831i~587 5 

w 
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JAERI-Data/Code 97-023 

Energy (in l06 cm-1) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
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JAERI -Data/Code 97-023 


Energy (in lO6 cm-l) 
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JAERI-Data/Code 97 -023 
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+-------------~-----------------}ti~i---------------------i!: 1111188 

-
N'''' 

t--------------::"'T""Ir':'T"------------+1 h22p4(lp )3d 	 2F 
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~·-----------------------------lj:rfr----------------------------
II 	 19.844 
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2.0 
I 

CI 

L2p1l 
1169360 

CI 

L2Pll 
1769360 

3.0 
I 

4.0 
I 

5.0 
I 

6.0 
I 

7.0 
I 

8.0 
I 

r 
:I 

...... ...-Q QO 
0') U'I 
Q ",. 

n co 
< Q 

Q- Q 
n 
:I 
~ 

9.0 
I 

IS 

~ 
".. 

lL'''' Ip' 

10.45590 
798899 

48937 

I..... 
N 
'a 

<JI 

... 
"1:1. 

-
CI 

t 

N 

i 

0 -
I L2a2P!l 123.780 

1045590 

N -
i 108.160 

Lh2p!l 
1045590 

-0 -
IN 

IT 100. .uO I:' 
~-JJlk'~\:-l'a", 

10.45590 

20.513 

20.032 e 

-
Lh22p3(2p. )h 

5113000 

-
Lh22p3(2 p • )h 

5113000 

Ipo 

Ji:. 
N 

1['''' 
IS 

237705 
121 

/ 
39 

499 9
3893 

I l.,... 'p 

2a22p4 10 

-
N 

~h22p4 1386.9' 
826.180' 

121039 

In 

-
N 

I 

N 

I 

18.630 

20.444 

N 

Lh22p3(200 )3d 
5489000 

N 

Lh22p3(200 )3a 
5012000 

In° 

~-----------------------------tLJJJi--------------------j["".'('0"'.19.952 5012000 

I I I I I I I I I 

v XVI(O-Sequence) 

-79 



JAERI-Data/Code 97-023 
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lAERI-Data/Code 97-023 
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JAERI-Data/Code 97 -023 
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I I 

i ' h 
2
2P 1078.2 

8l3.Uc 
160910 

["2" 'p 

nus 

'" '" 
I Lh( 2S )2P 3(20') 

908420 
-", '" I h(2S )2P 3(20 o ) 

IT I 
908420 

-4 h (2S )2P 3('SO) 

897330 
-", 

I h(2S )2p3('S')II 

IT 1

n.------l 897330 

,.. 
01['20' 's 

~,2Ai9S000 
I 0 

I I 

.....

r'2.' '0 

6186099010
3lA60 

'" I 

, I T I I 
I I r-

S· -- ,...-~-c:r.!0 
0
Qc:r.! 

<g 10 
.... 0 

0 
n 
:3 
2

-
133.718 

119.015 
lu.aa c 

10° 

I 
N.. 
N '" 
"0 

'" 
w 

"" -
...
L2I 2 1FO2P34

16.d1 62UOOO 

-
159.15c 

120.607 
116.365 
111.H2 

3so 

I 
N.. 
N '" 
-a.. 

w 

"" 
f I I I I I I I I 

v XVIII(C-Sequence) 

- 87



JAERI-Data/Code 97-023 

...... 
N... 

"IiI 
N 

0.1 

"'

la 

0.2 

290.(5C 
252.30 c 

1410770 
1358710 

222.08 C 

199.06c 

UUH8 

162.53 
160.40 
149.86 
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JAERI-DatalCode 97-023 

Energy (in lO7 cm-1) 
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