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Grotrian diagrams are presented to provide graphical overviews for 1,158 

spectral lines of highly ionized nickel, Ni IX through Ni XXVIII. 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 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. 

Keywords: Energy Levels, Wavelengths, Nickel Ions, Grotrian Diagrams 

* National Institute of Standards and Technology 



JAERI-Data/Code 97-028 

iirj.'I=- 'J 'r }v, Ni IX-Ni XXVIII fJ) ~ 0 r 1) 7 ~ ~ 

8*~rn~~m*~~~m~r~I~~ 


8# ~=:. Jack SUGAR*· Wolfgang L. WIESE* 


(19971F 6 J117 8 ~J]!) 

~1Itm=-·./'r}v, Ni IX-Ni XXVIIIfJ)1,158*fJ)A~7 r)v~~.r..;f,}v:¥'-${:)i:tjl;f$ 

fJ)~m:~fJt~:1ti"" ~ 7"0 r 1) 7 ~~~: i t ~t::.o Bashkin and Stoner [North-Holland, 

Amsterdam, 1975] ~: J: ~ ifi'M"fJ) 7"0 r 1) 7 ~~fJ)~~~<:,j:, -t-tL~'tLfJ)jI:§~~i""*v~ 

fJ)*~Jj{~ <~ t) ~~, ~-CfJ)iI:§~~~<:~ ~"'': t Jj{L'fL'!'~~o ft4 fJ)7"O r 1) 7 

~~<: b JI;f$~.<:~i""Jj\ L Jj\ L, JI:§fJ)r{:)i:${:)i: ~1l,~~t-=~t*l t) jgi""1Ji*~:~J! Lt::.o 
-t-fJ)*a*, iI:§~fJ)~*J.t1tJj{@~<: ~,~:m:Jj{~~-CfJ)JI:§~ .: t Jj{<: ~ t::. o 

*iftM~PJT : T 319-11 ~~~jJ~liiJ~*ift*fB1fB~2-4 

* *OOOO:lL..i1!tt~M~PJT 

ii 



JAERI-Data/Code 97-028 

Contents 

1. Introduction .................................................................................................................. 1 


Acknowledgments ............................................................................................................... 1 


References ........................................................................................................................... 2 


2. Grotrian Diagrams ...................................................................................................... 3 


, 2.1 Explanation of Grotrian Diagrams ................................................................... 3 


§ 

1. ~ § ......................................................................................................................... 1 


~ !$ ................................................................................................................................ 1 


~~X~ ................................................................................................................................ 2 


2. 7" 0 ~ 1) 7 :,; ~ .............................................................................................................. 3 


2.1 7" 0 ~ 1) 7 :,; ~ (J) ~ aA ............................................................................................. 3 


iii 



JAERI- Data/Code 97-028 

1. Introduction 

During the last 10 years we have published a series ofspectroscopic 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 Ni IX through Ni XXVIII. 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 oftransitions 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 

Ni IX, Ni XXVIII, etc. 

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

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

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

Indicates that the respective Ni 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-I 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 (10-Scm). Heavier dashed lines indicate resonance transitions with gf > 

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

absorption oscillator strength (j). 

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-I and eV. 
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U~U9 
3po 

278.386 
269.05 c 

386590 

3p 

27~7f'gA4 1 • 

:r. 
l3

S23 p2 8024.1 
6701. 7 

27~7f·g' 14 1 . 

N 

f 
-", "'

II 189.21 [I 
III 184.884 II 

176.741 IL .... 
-", N 

II L3s3p3 

C> 

~"3" 

-
N 

-N "" 
11 11 3s 2 3p 4d 
II :lo.nz II.. 49.914 t:: ~8fUg8 

... 
-N '" 3DoW..

1110.011 N 
w179.273 "0 

118.890 w 
CIo116.10 

174.99 .... 586379- ~85185- 82760 

I I I I I I I I 

Ni XV(Si-Sequence) 

17 



4.0 

JAERI- Data/Code 97-028 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

+--_--+L
w 

31 3p 3 359.79 C 

_ 340794 ...-... w 

324.65 C 

324.35 c 
319.063 
312.03 e 
311.756 
298.15 

UUU 

w 

1t---------....,..,...~:____------___+L3I23P 4d 
49.626 2042500 

R 
-N ... 3 

313 !> 439.86 
416.92 

254700 

Ni XV(Si-Sequence) 
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JAERI- Data/Code 97-028 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
I I I I I I I IIt'" 

3 
H_NI_"'_--1t~:3P2 56 566 c 

~--------j ~39:508-"1. 417523 

2S 

-

237.864 

232.4U 
 2p223.117 
218.376 

457912 
448169 

-

9 
NI

NIW NtW 
N1 

239.055 '" 3s3p(lp·)3d 

237.612 c 

235.776 nnu 
NI- N~7w 

NI... 3s3p(lp.)3d 

_ .14 
196.092 963961 

958134 

NI

NI'" 

...._____IUlB'-2.,4>.iI9...L.76~~..-H_ dI 3 S 3 p~ (~liPr 3°6 4)1
3 

183.003 ~
NINIW 

313 p ( I p. )3 d 


w--+--~Hi=J::::!~_11 162.093 963961 ~ 958134 

N~'tfJt NIW 

p
265.6U c lll __--tL3s3P(3 • )3d 
263.363 c .... 

919543 
NI- Ntw 

I... L3.3P( 3p. )3d

li
N 

il§'623~ 
212,146 919543 


NI ... 

L3s3P{ 3p·)3 d
I 199,210 919543 

N'W NfW 

...t ___........-....L3s3P{3 p ·)3d 

iH,669c 919543 


N'W 

Lh3P{ 3p. )3d 


151.503e 
 919543 

/h';; 

I U;,":D' P 

h3p2 2S 

3s3p2 2p 

I I I I I I I 1 

Ni XVI(Al-Sequence) 
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JAERI- Data/Code 97-028 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

t"'" 

3NOW 

..........

t------+L3P 3 304.3C 01>001>0

746100? COo 
CON 
I'll 0 
<0 
...... 0 

0 
n 
3

746100? 2. 

746100? 
739500? 

NO

N~'11J1 N~~ 254.798 C 


- 253.219 C 


250.6 C 
746100?9 7395001 

NOW 

2
3s 3p 3601.23 


27760.4 


... 11l.,., 'p... " N 

.., 3s3p2 20 

N 3s3p2 25 
'"C 

o 

NO 
N 

NOW 

II 
I 47.772 11 

47.184 2121100 
2119400 

NOIJI
NOW 

L3P2(3 p )3d251.609 I 
1316985 

NOW 

NOIJI


NOW 

.1 ... 

1 195.266 
 1 "N 

~~--H~+~{-- L~ 
543107- 539839 

NOW 


NOW 

NOIJI 

.1 ... 313.213 C 
J 1 ~ 309.196 

288.149t------· L"'.. 
- HHn 

13S3P(3pO)3d 2po 

L 919543 

Ni XVI(Al-Sequence) 
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JAERI-Data/Code 97-028 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
I I I I I I I Ir I 

NIt.J N"!'<t", :3 
239.904 ~NI'"3s3p(lpo)3d 

238.018(: 
237.470 

235.656(: 
964187 
959869 

3 
259.742(: 

Nt'" NI"'" 

+-1-_---..L3p 
669946 

::~_t~;3 407.905(: 
~ 662678 

Il53p2 

353p2 

353p2 2p 

'3s3P2 4p 

20 

2S 

-
NtU' NI..., 

2t L383d
219.857 1419028 

2F 


20 0 

h3p(3po )3d 2F o 
I L3P(3PO)3d 

I I I I I I I 

Ni XVI(AI-Sequence) 
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JAERI- Data/Code 97-028 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
I I I I I I I 


r 

9

3
- .... 
.:..,:,. 
(,00 
(,ON 

('I> 0
<0 
....... 0 


o 
n 
3 


I 

Ntw Nr...,J 

255.741 
N

.'" N~:3p(lp·)3d 
253.155 c 

251.088 
938122 

934137 


N''''N"" 

NIc.J NI(.II: 

NlfJ'I Nt...., 


I+--~~:""I"""tlll 31 3p( J P 0 )3 d 

II 200 , 4 97 '- II 

11 198.844 II 

IT 192.187 IL 871583 


'- 849946 

N'''' N''''
N'UI 

N.UI 

tl 

3sh2 .fopIII
3s3p2 20 


3s3p2 :lp 


NJtUl N~tu;) 

231.367 U___~3a3d2.l..L

229.128 +t
1370574 

1370336 


I 


-

I I I I I I I I I 


Ni XVI(AI-Sequence) 
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JAERI- Data/Code 97-028 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
I
I I I I I I I 


Nt- NIW 

453.502c It=lN'WCoo 

434.312 c '0... 


678418 

NIW Ntw 

...t---tl3p3 301..763 c 
678418 


N,l.,-W Nlw 

~
N'''' : 254.139 


... 245.671 

238.699 

678418 


-
N.

N ....

N'''' 

4p 

-


N'W302.5UC ...' __.....l3S3P(3p. )3d 

788399 


IIIr"" '0 

nUll07 

351185 


HfUr 
I I I I I I I I I 


Ni XVI(Al-Sequence) 
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3 

JAERI- Data/Code 97-028 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
I I I I I I I 	 I
'r 

NICG NI--.I 

255.164 +-1__--+L3p 2(3 p )3d 

1153546 


4F o13S3P(3pO)3d 

L 761641 


-
NIW NI--.IiI'" ~;:3P('P')"

219.284216.786~ 808316 

807214 


NO


NOW 

NO NO ... 

NO'"
NO'" 

1+1--__--.......11 3s3p(3 p o )3d 
191.654 C 

191.486 
191.055 
187.404 

186.228" ' 

'-  Ig,~U

'--- 793115 


-

NI,," NI--.I 

+-1---..-..,....,......."...,....,.---+l3 1 3 d 2 

209.008 1286767 


NIW NUll 

+-1----;;-;;;;-............;--tl3 s 3 d 2 

202.557 1285078 


NI--.I NICe) 
2


310.016 	+-1---tL3p ( 3p )3d 

1129778 


NICQ NICG 

271.638 --tL3p2(3 p )3d+-1__ 

1129778 


~~-C=[3 P ( 3=p d =4 P (3 P ° )3 d 'F 01=3 )=3 Do=====i""'""""ll1
0 313 


313p(3 p o)3d 'po 


808316 


7~rHA4 ~ 761641 


I I I I I I I 1 1 


Ni XVI(Al-Sequence) 
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JAERI- Data/Code 97-028 

1.0 	 2.0 3.0 4.0 5.0 
I 	 I I I I 

r 

0 	 :3 
P2L3	 283.122 

7U513 
0 

L3p2 207.521 c 

75U13 


wlL'3' 	 I.I p' 
..,w 


...
272~~\302 "0 

-

-------------------------------rr~'------------------------------1-• 	
3 • 5p 323.300 

279.12 	 +-t---+L3P3d 

1222730 


213.58 	 t-----+L3 P 3d 

1222730 


_______	13.3p H9.189 

1- .01302 

L.., 
N 

-
t---------~~-----------..._.L3•• d".663 	 U9UOO 

N 

+-----+L3 d 2:268.7021 	 1594821 

N 

+--':"':19"""."""'.6=68........L3d 2 

1 5 9 48 21 


t-------+L3s3d 215.905 
8UU5 

II 

!:: 	 289. H3 
+1------+- .. 273.093II L 638820 

I I 	 I I 

Ni XVII(Mg-Sequence) 
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JAERI - Data/Code 97-028 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 
II I I I 

r 
:! 

.......... 

461.515 ~3P3d Ul"",

1081126 :=c:n 
0 

o c:n 
00 0 

226.093 t L3 p 3d (II 0 
1081126 <0 

....... 
 C"l 

.!. 

l~ L'" '0 

:! 
In° 

64465 
638Ut 

-

L3 3 5r
38.96 3431300 

L3 3 H57.579 2601200 

L3sH50.958 2601200 

290.232 I l3p3d 
1209017 

lF O 

l3 p 3d
185.389 1209017 

l3p3d
115.399 1209017 

I 
Co> 
'1:1 

Nll~ L'" '0 

864465 0 

6\\9852305 


-
.. 

2 
254.851 t l3d 

1601404 

L'" 'F' 

lG 

1209017 

-
Q 

N 

lIt HJH l; 
2187600 

3S 

~'3' 'p' 

293686 
p26~4644 1 

I I I I I 

Ni XVII(Mg-Sequence) 
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JAERI- Data/Code 97-028 

1.0 2.0 3.0 4.0 5.0 

N -.. ,... 
U"I,:,.t-----tL3d 2215.014 , 1601729 :::=en 
.0 
o en 
00 0 
('00
<0 
....... ("1 


3 
I 

3p 
N 

-N 

285.619 
281.(68 
269.417 
266.062 
263.579 
251.949 

669535 unu 
o 

HUflJ 
1135732 

9
Q 

-N 

N 


214.079 ; 

203.28 _ 
203.12 
202.90 

_N 

+l3 S 3p 4744. 
293686 

3s3p 366.80 

272634 


I 
Coo 

"N 

Ni XVII(Mg-Sequence) 
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JAERI-Data/Code 97-028 

1.0 2.0 3.0 4.0 5.0 
I 

!l,j.j..-II-----;.;l!~:m----11~ ~ ...d, t 
270.295 C 

269.070 c 
772953 
771268 

209.388 c 

208.653 
207.519 
200.546 
199.873 
197.304 

775567 
772953 
771268 

13S3p Ip. L..... 
L 401302~~ nun 

'" 

264431 

+--""""""'"""",,"""""L3p3d
202.046 1133775 

N 

c
291.913 "':;:~N'" 

291.697 : 
290.004 
279.163 
277.31 

1133775HUnr 
N 

W 

224'222C~N:;:
215.413 : 
211.710 
210.704 
205.08 

1133775 
1118392 
1115521 

I I I I 
r 
3 

3272900 
3272200 

~UH~8 
2494100 

-

I II I 

Ni XVII(Mg-Sequence) 
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JAERI-Data/Code 97-028 

1.0 2.0 3.0 4.0 5.0 
I I I I 

r 
I 

N ... 3 

232.516~'"~ 
226.093 N 

1563822 
15519001 


N ... N 
W ...
... 

209'331~~203.300 N 

198.391 luun 
15519001 

N W 

+-----fL3 d2
235.941 t 	 1560490 

I L3d 3F· 

3p3d 30° 

-
... 
+------------x-x~---------__tL3.6 ff 33.96 	 N 3120200 

wN ... 
1I~---------~3~9~.4~15---------4r~III 

III 39.313 I 
~-------------~3~9~.3~4~6-~-...----~Til 	

3312800 
N ... 

Ilf 

N ... 
N ... 

359.23(C ~ 
355.886 ~ 
353.113 
341.23 
338.205 ~ 
322.033 

... 
CoO.., 
CoO 
co. 

.... 1~861~1'-- 1 686 2 
'-- 1053931 

240.90 	 ~I--....L3p3d
1053931 

:~13.3d 3D 


c ~ 775561


HUUt 638820 

1 1 I 	 I I 

Ni XVII(Mg-Sequence) 
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--
I 

JAERI- Data/Code 97-028 

Energy (i n lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
I I I I t;!. I I 

N'  S 
.... 

0).:0.

If 

N'W 

fl.~·~ L: °eoO. 5 2301800 ~(C
o 0) 
0) N 2s~o

<0 
'-'sn 

.!.~~ HP~1I 

-
N'<o> 

N' 
5 2 

: 12p 31U.31 
U.I0 L.::: nU888 

N'
N',," 


N'<o> r N'W 

~t~~;~II 32.493 3843200 
3839400 

N.
N'W N' ... 

'''.5'244.7' ~: 
244.2' 

3843200 
3839400 

Nrl7'Ul ""N'''' 

11 ~~:~fi~ 
80.077 r UH~88 

r 
N'

N'W 

6~.g3§~
64.876 ~843200

839400 2po
N~7w 

---------------------------------------;l:~lr---~:
---------------------------------------f~o'o----

UU~88 
N'N'W N,W 

\3\.9' ~:131.3' 

130.9' 


3358100 
3352400 

N'
N'W 

l!~ u; ~:94.67 IIUUS 

[ f 'i96J~ 3U.(600
3U3700 

2 94400 
2301800 

HU~gr f 
I I I I I I I I I 

Ni XVIII(Na-Sequence) 
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JAERI - Data/Code 97-028 

Energy (in l06 cm-1 ) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

r I I II I I I 

r 
N' 3N'", NI ... 

N'<II ......... 

en""" 

00
~t:OIt ::::U~ o 

0 

en38.513 3358100 en N 
3352400 (lIO 

<0
NI

--3
("I

NI ... 

.!.-------------------------rf.ll1------------~:------------------------117rrr----------- UUi%8 
N'
N, ... 

804.5 c 
133.1 c ~: 

2438100 
2426100 

r 
N'-Nt ... 
N''''Nt<ll 

11 
UJU 2po
59.191 e UUl88 

N'N' ... 

-------------------rclii------~: 
~------------------li~oi5------ 2438100 

2426100 
N'
N'''' 


320.558
~--r 291.985
~---

HUll 

~ 2301800r ~ tnng
0 

-
N''''N,<IIN~-r....J 

II n:~::~ 
60.058 rBiU88 

N .... 
N'- N.<II 

~: 
4331300 
4331100 

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

It 

N'_ 

lUll~ r
52.493 4331300 

4331100 2n 
N .... 

N'<IIN .... 

II 
N'_ 

!~:!!!' r
".8 1 1UU88 

[ ~~~~ 266J~ nuns 
24slfll 2SO 

2426100 

- HUll 
I I I I I I I I 

Ni XVIII(Na-Sequence) 
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JAERI - Data/Code 97- 028 

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

NtUt Nt.., 3N"..NI~ 

II ........... 
145.15' II 

..... 
en,:. Q, 

145.50' II 0 
00,( ~(Q145.43' L o en 

en N 4156700- ('1>0 4155200 
NI", <0 

NI_ (")
N'Ut ...... 3 

125.45' ~;: J.
125.22' 
124.56' 

HU188 
N'''' N~4fUl 
N'''' 

If ~Lf~i~ r61.093 4156700 
4155200 

NJ7w NJ1'Ut 
LI ..... 

II 58.2381; I[ Q, 

II 58.187 I; II 
57.834\; IL 41~6100

" 41 5200 

N'
N'W 

NI ... NI<" 

It 
2!i.~UC r26.218 
26. 2 HUa8 

N.'" N'W 
N'~ 

N .... 

11 ~~:~~~~ r81.976 3886100 
3885700 2n 

N'''' N~~UI 

....o,~:::240.0c 
239.8 c 

~886~08885 0 

N' N''''",,'" 

,,9.5,' ~:::189.39 c 

187.51 c 

388nOO 
388 00 

Nr!ty N' ...I,,,,,, 

" 
~:'~:~g r68.512 3886100 

3885100 

NI N''''"',<11N'W rII H:Hf 3886100 
388S100 

.... ICo> 

f~~ ~~~ 111mB 

.., CIO.., 
N 

N"'Q 
0 "'Q.. 

33~8100
33 2400 

2667100 
2666230 

~43HlOO" 42 100 ..... HUU~ 

I I I I I I I I 

Ni XVIII(Na-Sequence) 
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JAERI- Data/Code 97-028 


1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

C9

I
I I
I I I I 


NlU'l N~~<.J'N 
130.30 ..... :: 
130.29 C 


130.15 c 

3434600 

3433700 


N' N''''N,'" N'''' 

34301600 

3433700 


NO", 

639.l c :Nit'TN'UI 
63l.3 c 

594.2 c 
2596500 

2594400 


NI- N~t;'U'I
N
 

'''' ~ 236.334 5 


233.759 5 


220.42(5

770210
E1 765620 


[a~ %66""~ 2666230 


UilU8 

-
NJw N~tu\ 

~= '''''DO
4339400 


Nt ....Nt ...

N'''' NO'" 

t H:UF ij ~ 
J....r----lLJ57...&.11.3I.l1.iooiL,r~---M~ U~n88 

NO ....
NOW NO'"N,,,, 

.... = '''''DOll-----------+if.&;~+!ilt-'-;e---I+ij~ U3UOO 

[~ ~ Ull!!!L 2596500 

2594400
rmm 

I I I I I I I I 


Ni XVIII(Na-Sequence) 
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JAERI - Data/Code 97 - 028 

1.0 2.0 3.0 4.0 5.0 6.0 1.0 8.0 
I , I I r!. I T J 

.... "" ""<1' 3 
"',<1' N'''' 

136.17' 9 .......... -'I 
CD.IIoo. ... 

136.15 C 0 
00 

136.00 C ~(C 
o CD 
CD IS) 4169100 
~ 0 4169000 

N'<1' <0 
N''''' N'''' 

("I

",,'" --3 

If ~~JU~ r .!. 

63.50S iUUSS 
N,,,,, N~'f'~ 

N,<II 

II 29.423('; ::: 
II 29.422 cI 
TI 29.383 IL 4169AOO...... 4169 00 

N'''' 
N'<II 

N."" 

212.2' ~~ 212.1 c 
211.S c 

3906100 
3905800 

N'W N'<1' 
N'<II 

N,'" 

11 ~tU~~ 
76.254 rUSUS8 

NIW N'<1'....... 
2FON,<II r11 H:Hf 3906100 

3905800 

N'W N~'t'...., 
N'<1' 

II 114.74 
I~ 

11 114.61:; I 
114.46 L UUf88-

N'W N'<II 
N'<1' N'''' 

11 
n.!lui! r37.049 
36.990 3469400 

3469100 

... ,"" N'<1' 
N'<1' 

N .... 

11 ~i:H:! r52.614" 2667100 
2666230 

r ~ ~ J434600
433700 

2U~~8g
tUnS 

J J I I I I I I 

Ni XVIII(Na-Sequence) 
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JAERI - Data/Code 97-028 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

el- I I II I I I 

9,.,,'" N'"Nil"N'" ....... 
-124.04 en",..
0123.96 II ~: 00 

3473300 ~c.c 
en3473000 o 

en N 
~o 

<0 2G 
(") 

'-"'9 
.!. 

~~ 2667100 
2666230 

1 I I 1 I I I I 

Ni XVIII(Na-Sequence) 
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JAERI-Data/Code 97-028 

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

r 

o --.- .
3 

86.36 	 ..., ___-lh2p53S 

8416000 c:.n
,:..N.... ,:.. 
Q W 

77.32 	 ....____+lh2p53S <g
8416000 ..... 0 

o 
n 
3 

L22p '5( 2 P3/2 )as.!.(i.~)O 

-
~_____________________________~~~_________________________~l 2s 22p'57d 

8.~IZ 	 11748000 

~_______________________~~~___________________~l 2s 22p'56d 
8.744 11436000 

~_______________________~~~_________________~l 2s22p'5S 
d 

9.139 	 10942000 

------------------------------------------J~i.1r--------------------------------~2S2~:::1000 

------------------------------------------~977--------------------------~2.2;~:~~000 

----------------------------------------117;Jg----------------~2.2::!:300 

·----------------------------------------i!~rrr-----------~2.2~~:~:00 

-


-
'" 

t-I--~....,..;._n._--_+l2 s 2 2p '5 4d
40.650 10006800 

Ih 2 2p5(2 Pt /2)3P (~·i) 

L 7546760 

-
-

91.02 t l2s 2p1l3'
8358000 

-- l 2s2 p1l3S80.91 • 8358000 

I I I I I I I 

Ni XIX(Ne-Sequence) 
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JAERI- Data/Code 97-028 

1.40.2 0.4 0.6 0.8 1.0 1.2 
II I I I I I 

r 
3 

~----------__------------------~~r_----------------------~l 2s 
2
2p5(d 

~--------------------------------------17rrr-----------________________________~2S2pS(P - ... 
10925000 

10197000 

10.157 98(5000 

--------------------------------------i~599-------------------~2s2::~~(00 

-
r-________________________________~~~------------------------------~12122p58d 

8.(81 11183000 

r-________________________________~~..------------------------------_412122p57d 
8.6U 11609000 

r---------------------------------~~~----------------------------~I 2.22p 56d
8.8U 11301000 

------------------------------------------17rrr-------------------------------1-2.2~~:~~000 

-----------------------------------------1l7irr-------------------------~2.2~~:~~00 
... 

...----~'l:"""'II'....--~L2s 22 p 5 (d, 

(0.731 9865100 

~--------------------------Tr~r!lr------------------------~2s2;~:~:00 

[""'<'P$/2'3p <H' 

1409915 

-
... 

I L2s 22 p!i(d 
N 

(1.385 10003600 
... .. 

Lh22p5(dI (1.132 9863000 

-- I(i·i) 2s 2 2p5(2p3/2)3pl["" '<'PI /2'3p (i·i) 

1HUlIS 

I I I I I I I 

Ni XIX(Ne--Seq uence) 
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JAERI- Data/Code 97-028 
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JAERI - Data/Code 97-028 
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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 
;::: .... 
CCO 
NN 
CO CD 
coCO
• c.n 
CD ~ 
W~ 
(II C 
<:n
.....,,3 

2
55.'" -~= 
55.29' ~ 

(797413001 
-N 

17.506' U===t;17.354' ~ 
(79141300) 

-N 

II ~.SDU~ LE 
5.8456 .. (79141300) 

25.826' i=t! 3S
25.498' : 

(77901000) 
-N 

II &,UZB~ L:: 
6.5503 .. (779010001 

-N 

9.0078' If 
8.8742' L; 

(73903200 ) 

Jh21 
1.603601" (62359670) 

[ 
Q 

~~ ~~ ~"'\:;:ll!8gl
BiB UB8 

f62801690~
62634560

0 

-
-N 

6100' 
3690' l~ P9768400 ~ 79757600 

53.86' t-thh
(79757600) 

-N 

17.081' ~ 
17.050' : 

BUtU88~ 
-to 

3po 
~ IUB~ 
5.7442 ~~ f79768400~

79757600 

-
Jhh 

1.25380" (797576001 

.... I .. ......~ l[" 's 

\""t30Ol ... ~ (739~126S\0 0) 
C/Ir ~ (62359670 ) 

I I I I I I I I I I 

Ni XXVII(He-Sequence) 

-66



JAERI- Data/Code 97-028 

8.0 9.01.0 2.0 3.0 4.0 5.0 6.0 7.0 
I II II I I II 

~~ (77953800 )
(77932800 ) 

2•. 816' t----1i;
24.688' ~v (77953800 )

(77932800) 

'" 
~ +-_~6~.4~2~13~~-tt_ ~....6.U27 (77953800)

(77932800) 

-
11:1b

1-----------------:1-:.2~8~31::-::6.,.--..-------------i (77932800) 
N 0 

25.8U' q-'"-",';;;'
25.869' .: 
25.863' 
25.8(6' 
25.723' 

p7953800~

tHUUggi 

J.l h3p 

TL (73979100) 


+-----::""",:",:,-:-::-.+1 Is 3p
8.6063~ (73979100) 

·-------------------------------i~-si73~------------------------------~1.3~73979100) 

N 

~------------------------------i-596S63~-------------------il ~ 
1.5923U" .... 

0 

N 

390.U e 

363.78' 
226.23' l~ 

~nnnU} 

" .... IL.. 's 
ls3d 3 Dl~L''' 's

(77901000) 
17.08f800~u a ~ s 

(62359670) (7 9012001f r 
I I I I I I I I I I 

Ni XXVII(He-Sequence) 

67



--

JAERI-Data/Code' 97-028 
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