
fE.""t\I\\t.i\.6 JAERI-Data/Code 
SH It \~~1 97-031 

L\SRAR'i 

GROTRIAN DIAGRAMS FOR HIGHLY IONIZED MOLYBDENUM 

MO VI THROUGH MO XLII 


, i
j , _J:"_ , __• 

1-;-,,,-,,. _.. , J 

I liE"; :"'.. -"q~--- ,-, " 
- ! • ,"''''~ ",; ',' " .. "':J ' 

Toshizo SHIRAI, Jack SUGAR' and woli~ng-·-C-WIESE · 

8 * JJ.ii To :t.J if 9t jiJi 
Japan Atomic Energy Research Institute 



*v;f-- ~ ti, B*~-1-1JM9'£PJfiJGF5l:WH:*flJGlP 

}..j'-O) r&l1};b-tt ,;t , B*~-1-1J~Jf9'£PJf1iJf9'£ffl¥Il$M9'£jlf~~ (:;=319-11 ~~Yj!JmliljW* 

mf;f") ~ l, :toEfl G~ G<t;: ~ Po tJ::to, ;: 0)';iJl':JlBfli*A~-1-1J5A¥:R~~fl~:';!J-
(T 319-11 ~mxJJit.}j~lilJmnttmJ~;f 8 *Jm-1-bM9'£PJfI*J) e'fl1jt:,t.Q 

t6f)~To 

This report is issued irregularly. 

Inquiries about availability of the reports should be addressed to Research Information 

Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute, 

Tokai-mura, Naka··gun, !baraki-ken, 319-11, Japan. 

Japan Atomic Energy Research Institute, 1997 

*i~:~rU~tr 8 *Jm-1'-b1iJf~JiJf 
t:1J Mil] ~ 'q;;f i? ~ ~ Mil] (-!*) 



JAERI-Data/code 97-031 

Grotrian Diagrams for Highly Ionized Molybdenum 
Mo VI through Mo XLll 

Toshizo SHIRAI, Jack SUGAR·and Wolfgang L. WIESE· 

Department of Reactor Engineering 


Tokai Research Establishment 


Japan Atomic Energy Research Institute 


Tokai-mura, Naka-gun, Ibaraki-ken 


(Received June 17, 1997) 


Grotrian diagrams are presented to provide graphical overviews for 1,930 spectral lines ofhighly 

ionized molybdenum, MoVI through Mo XLII. 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 

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 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 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 Mo VI through Mo XLII. 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 ofthe levels and transitions in the various ions. 
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2. Grotrian Diagrams 

2.1. Explanation of Grotrian Diagrams 

Mo VI, Mo XLII, etc. 

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

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

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

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

hydrogen, neutral carbon, etc. 

Abscissa 

Energy in the levels in cm-!. 

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-! 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 (IO-Scm). 

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-! and eV. 
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l·····..II 11tH! 548120.43 
5U906.83 

N
N ...- ........ 

'11:1 ...at 

~ 

U2.731 
489.131 
421.511 
423.601 .... 

- UUr:U - 5U6 tl 

-N0_ 

II Htn~ r····.. 

545906.83 
544663.1 

/1/,1;; _ 
IhZ4p5(ZP3/2}5S 

L 477767.89 
417528.6 

351126.6 
347433.4111l341713.0 

341503.8 
333618.9 

- 322896.0 
- 318103.9 

- 315491.8 
---- 312048 •• 
- 305558.9 
'- 302343.7 

I I I 

I 'r I 

3 

1 
1
"""('03/2'" (l"

h24p5(2p3/2}4d Ci 1" 
h2 4p 5(2p3/2}U Ci)O 

4s 2 4p 5(2 P3/ z}4d c~ t 
4sz4p5(Zp~/2}4d ci 10 

h Z4p 5(Zpj/2).{.d C~lo 

I I I 

http:477767.89
http:545906.83
http:5U906.83
http:548120.43
http:545906.83
http:545906.83


o2 o 4 0.6 0.8 1.0 1.2 
I I I I Ir 

3_.-
1 h S6d -- ... 

12:'.704 N795532 «::)en ­-c:..:I- en 
c:..:Ic:..:Il·h s 5d 00 ~ 149.462 (1) «::)669065 <n- _3 

I14p s 4d 
341711 

... 
I 

·L4 p 4( 3 P )4 d 2( 3 F ) 
317.798 648282.6 

N ·... 8""'P,.. ','P'I 18~.44~3 .52 648282.6 
609898.9 

N
N 

l4P4(3 p )4d 2(3 F )I 381.005 609898.9 
N ·.... 

00." 
8""'P,..','"II 142. 7~~ 

6"8282.6 
609898.9 

N
N L.. p4(3 p )4d 2(3F)t 335.737 609898.9 

N-
I L" p 4( 3 P )4d 2( 3 F ) 

328.571 609898.9 

292.645 

0 

~ 0 

I 

I 

3Do 

-

SD 

-

SF 

~ 

IIJ,/;

Ir"'P1/2'" (~ )0 

351126.6i H433 ...3 3618.9 
~18103.9 

lAERI-Data/Code 97-031 

Il""Pl/2'" <4 
J 
' h S(2 p j/2)4d (i)O 

"pS(2pj/2)4d (i)O 

"pS(2pj/2)"d (i)O 

15491.8 "ps( 2PT /2)4d (i )0
312048.4 

305558.9 

... · L4p4(3p)4d2(3F)I 384.219 611395.8 

... · 
I L4p 4cJp)4d 2(3 F )

360.003 611395.8.... · l"p4(3 P )4d 2(3 F )

II 340.955 
337.946 611395.8 

I I I I 

Mo VII(Kr-Sequence) 

- 16­



JAERI-Data/Code 97-031 

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

a 
4p!l( 2P1 /2}h 

898093 
1 

1 1(_ • _)0 
2 2 

o 

~. 
-

1---------------;n'i'"""'iii"ft--------------11 .4p!l(zPJ/2}SI
109.790 910830 

-
1 4 II $ ( ZP j / Z }SI~-------------·1114r.T2:r.BI6.------------~ 874998 

~-------------1TII7'1i"r---------__t1 4p!l( zP 3/2}h
122.487 816413 

-
f--------------;-:T'"15"8T'-------11 b!l( ZP3 /2 )6.

14U.iS;U 710061 

.. -0- II 4p $( ZP! /2 )5p

1 624.0691 U 
:)97.0241 II 
434.156 IL 585026,,1

I..... 577765. 0 1 
-Q 

( - ).. - 2 
~"",p:n'"I I :n:~::

3 . .u 585026.11 
577765.90 

I I 

Il""Pln'H el" 
,cp!l(2pj/2}4d ci lO 

4p5(ZPj/2)5. ci lO 

I L 

Mo VII(Kr-Sequence) 
17 ­

-


http:577765.90
http:585026.11


I 

JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 
I II IIt'"" 

3_. 
f 
N - ­lh 5(2 pi /2)5p -423.259 N577765.90 -­0c.:n 

N - C) -w 
wwLh 5(2Pi /2 )5p oo~t 392.359 ('D 0577765.90 <_3C"l 

-00­

I~" '(2Pl /Z )5, 

II n~J!! 585026.11 
577765.90 

0 

1590.568 t:---L4p 5( 2p3 /2)5p 
565803.85 

N - - 0 

t1,,'(2 P1 /2)Sp674t19 
513. 68 t unu:u 

N - 0 

1640.158 ~"'(2P!/Z)5'
1550.435 

1183.323 


g6580~.85
4226 .29 

N - 1 
- 0u.,·(2PJ/Z)5, ( -]

2I I :!:JH ~6580~.85
4226 .29 

N ­
L4P5( 2p 3/2)5pt 498.099 542265.29 

N ­
L4P5(2p3/2 )5pt 455.852 542265.29 

0_ - 0 

r 422.465 
rI 416.805 
IT 384.255 

14p5(ZP3/Z)5p 

g65803.85
'-- 42265.29 

II) ". ,.. 

II L.(,p;/Z)•• (l)"~u ~["('PI/Z)5. (l)" 
4p5(2p3/z)4d (i)O 

502933.27 hs(zPi/z)4d (~)O
481295.99 

4pS(2p3/2)4d (i)O477767.89 
417528.6 

4p5(2pr/2)4d (i)O347433.4 
341713.0 

341503.8 hS(2p3/2)5s Ci)O 

'-- 322896.0L... 

fHOU.4'- 305 .9 
'- 302343.7 

I I I I I I 

Mo VII(Kr-Sequence) 

- 18­

http:477767.89
http:481295.99
http:502933.27
http:42265.29
http:g65803.85
http:542265.29
http:542265.29
http:6580~.85
http:g6580~.85
http:565803.85
http:577765.90
http:585026.11
http:577765.90
http:577765.90


---
I 

1.2 

JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 
I I I IIr 

3 

-N ..... ­
:n 10 ..... 

W 
W 
en 

W 
00 .r:a.. 

10CD
<n_3 

I-

-
I I 

--
L",5(2py /2 )6.t 561.221 732582.5 

c -lb5(2 Pt /2)6 S 

599.~O 
525.435 732582.5 

2200.862 
2179.154 
2114.018 

C 

N -4p5(2p03 ~2)5d
984.462 ,. 
968.986 

659015.62 ~
 657602.91 

-
+-________---.-~~;___--__+l b 5( 2 p! /2)5. 

198.834 502933.27 

-

+------;3~1?~1-;.ZMl.",....-,,---tl 4 p 5( 2 P 3/2 )4d 

,-~~ 305558.9 

111,...... '0 

4 pS(2pj/2)5p (i 1 
..,5(2 Pj/2 )5p (i) 

..,S(2pj/Z)5p ci l 
.p5(2pj/2)Sp Ci) 

b S( 2 P ! /2)5p Ci ) 

I I I I L I 

Mo VII(Kr-Sequence) 

-19 ­

http:502933.27
http:657602.91
http:659015.62


lAERI-DatalCode 97-031 

Energy (in l06 cm-1 ) 

o2 
I 

0.4 
I 

0.6 
I 

0.8 
I 

1.0 
Ir 

1.2 
I 

NN 

L4P5(2p3/2 )5f898.030 I 
773033.3 

N 

237.020 
L4 P'(2 P3/2 )51 

773033.3 
N 

221.$16 
!:p'(2P3/2 )5f 

773033.3 
0 -N 

881.310 t=:=t".,,PI /2 )"
877.057 

--
:I 
,.. 

N-
c:.n 0

Cnw 
ww 
00 ,Do. 

00 
<n 
-:I 

.!. 

876.378 773f13.3 
771 8.2 

N-

-N
N W 

II 001 ~""'P!/2W
381. 

H~:n 
2H~H:n 

-N 

l""'PI/2)" 
11 i!j:lji

4 J 8 613593.09 
611727.25 

Nw 

L4P 5( 2p 3/2)41I 338.420 613593.09 
-N 


N 


~""'Pl/ZWI H::~:: 613593.09 
611727 .25 

N N 

l""'P!/2WI 1 

-
ntH! UHH:U 

-No-
II b 5 (2P3/z)4f

Il 326.616 11 
IT 3U.S38 II 
n 323.221 [L 613593.01 

'-- 611727.2 

I I I 

l""p!/2)" 'l)' 
4p5(ZP3/Z)44 (i l • 

4p5(Zpj/z)44 (i
'
• 

4p5(Zp3/z )44 (i)· 
4p5(Zp!/2 )44 (i)O 

4p 5( 2 P; /2 )S 4 (i)O 

I J 

Mo VII(Kr-Sequence) 
- 20 

http:613593.01
http:613593.09
http:613593.09
http:611727.25
http:613593.09


JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 
, II I I Ir 

3 

N N... 

N 

+----~3:.:;S;;:'5••2;'7:9-:;-S---tLb 5( 2 P T/2 )5p
577644.10 

N 

t-----:-:41:""lr7~.S~2r8---tLb5( 2 P j /2 )Sp
557437.49 

//i// " 
114P5{ZPT/Z)5l1 

~ U~2U:UUl ~ fHHl:U 
417528.6 

351126.6 
347433.4 

- 341713.0 
- 341503.8 

- 333618.9 
- 322896.0 

.... 318103.9 
- 312048.4 

.... 305558.9 
'-- 302343.7 

I I I I 

( -
3 

]
2 

111.""Ph'4d '1]'4 p 5(2p3/z)4d (~]O 

4p5{Zp3/z)4d (i)O 

4p5(Z Pj/ Z)4d (i lO 

b 5 (2pT/z14d (i)O 

4 p 5( Z P T/2 )4 d ( ~ )0 

4 p 5( Z P3/2)5 s (i lO 

I I 

Mo VII(Kr-Sequence) 

- 21­

http:557437.49
http:577644.10


IAERI-DataiCode 97 -031 

0.2 0.4 0.6 0.8 1.0 1.2 

I I I I II~ 

3- .... 
N­-c:,no 
en -W 
WW 
QO .co. 
~ ° <n_3 

I 

N 

1367.897 
1313.339 
13U.917 
1255.186 

+---:-r~r:---+I 4 p !!( 2 P 3/2 )5p
470.173 
463.553 
412.623 

-
f------------;--.-r"ll""r.;-----------t1 h!!( 2 p3 / 2)6 s 

140.833 710068.9 

.. .... ... 

....'" 
Q.r L 

I 0 
I I I I I I 

Mo VII(Kr-Sequence) 

- 22­

-




JAERI-Data/Code 97 -031 

0.4 0.6 0.8 1.00.2 1.2 

660.477 
655.114 
647.484 
642.394 

r 
3-- ,. 

. 
",,--UlC) 

CD W 
WW 
oo.r:a. 
~ C) 

~3 
I 

N 

"'--'6""'2"""2-'.1""8""7-+Lh 2 ~~~(8 
2:a~ ~ 2 )h, 

_ N_ 

O !5 2 

954..576 pt /2 )5dt=t'" (
922.955 
892.709 

689714.69 
686113.49 

~~[ 
4.P5(2Pt/2)'U (il 

L 64.5811.86 p5(2pj/z>5p 

,4 p e4.d
635910.5

g¥99U:H
57764.4..10 
570658.75 

565803.85 
563567.72 

557437.49 
55"401.01 

552329.97 
54.8120.43 
548077.57 

54.5906.83 
542265.29 

h4p""d 3D 

p5(Zpj/2)5p (i l 
(~l 

10 

4 p5(Z Pj/2 )5p (i) 
4p5(2P!/Z>5p ci l 

p5(2p!/z)5p C~) 

Mo VII(Kr-Sequence) 

- 23­

http:542265.29
http:54.5906.83
http:548077.57
http:54.8120.43
http:552329.97
http:55"401.01
http:557437.49
http:563567.72
http:565803.85
http:570658.75
http:686113.49
http:689714.69


lAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 
I I I I 

W N_ 

N 5 2 
2248.554 u:th ( P!/2 )5d 
2151.039 

669063.09 
661678.46 

o - 5 2 
1189.952 ~ 4p ( P!/2 )5d 
~ 669063.09 

N 

- 0 - II 2 
968.4lW==th ( P!/2 )5d 
837.4 

669063.09 
661678.46 

Ir 

3- ......­
N-
c.n:;: 
en c:.:t 
c:.:t c:.:t 
00 ~ 
til C
<0_3 

I 

I 

+-_____~-_ ___.................-.:'"..-----------_tl 4p II( 2 P3/2 )5 d 
149.462 669063.09 

2175.449 ~N4P'5(2P;/2)5d 
~ 661678.46 

2078.973.::--t4p '5(2p!/2)5d 
~ 661678.46 

N 

-N - '5 2 

959.316 !=lb ( P;/2)5d 
932.162 	 . 

872.130 	 669063.09 
661678.46 

- 0 

I I I I I I I 

Mo VII(Kr-Sequence) 

24 ­

http:661678.46
http:669063.09


JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 

I I I I 

... 
L.,5(Zp!/z)5(883.472 • 

797995.4 
N

N ... 
95..... i:=::t"'('Pl/"51 
893.798 	 797995.4 

794751.2 

N 

L4p 5( ZP tn)5f795.621 I 
794751.2 

N 

~"'('P!/')51265.096 
223.556I I 	

... 

221.946 797U5.4
794 1.2 

N 

Lh 5( zP t/2)5f
%20.734 794751.2 

N ... 
~"'('P! /, )51

220.632 
219.062 797995.4 

794751.2 

N 

L4p 5( 2p r/Z)5f
204.418 794751.2 

... 
N 

~"'('P!/O )51

iH:!:: HxUf:B 
... 

N 

~"'('P!/2)51
229.9191 t 215.642 776649.6 

775781.0 

... 
lh5(ZP3n )5f908.536 t 

775781.0 ... 
N 

235.486 
235.007 
230.268 
229.808 '-

4p5(2p 3/2 )5f 

776649.6 
'-- 775781.0 
... 

NN ... 
~"'(2PI/O)51 

nt~n 77n 49 .77 6 
81.0 

1.0 

'r 

3 

-N -C 
~ 
CI) -w 

ww 
.c:a..co 

(DC
<n_3 

I 

1.2 
I 

(~ )
2 

Mo VII(Kr-Sequence) 
- 25­

I 



lAERI-DatalCode 97-031 

0.2 0.4 0.6 0.8 

'" N 

~"'('Pl/')UI I HtHj 645811.86 
635910.5 

Col 
N 

~"'('Pl/')"l I Utnl 

319...13 

'" N 

4n·§1~3 .4$ 

313.432 

378.679 
365.659 
353.234 

N 
w '" N 

.. 

W 

11 n~:~~~
32 .2 3 

341713.0 
341503.8 

333618.9 
322896.0 

318103.9 
315491.8 

312048.4 
305558.9 

UUU:16 

Col 
N 

h!l(zpT/z)4f 

645811.86 
635910.5 

Col 

Lh!l( zPi /Z )41 
635910.5 

h!l(z pi/ z)4 1 

645811.86 
635910.5 

'" N 

r'~~~~;;;;; 

Col 

N 

h!l(zp3/z)4f 
353.494 
329.861 
319.938 624603.86 

615203.92 

N 

lh!l( ZP 3/Z)4f 

624603.86 


'" N 

h'(z P5/2)4f 

624603.86 
615203.92 

4p'(2 P3/Z)4 r 

624603.86 
615203.92 

'" N 

~..'( 'PI/2)4f 

~Hf8f:n 

I l,,(,p!/2)4d (!J' 

/1/,,; 

~IU 
lb!l(2P~/2)4d 

L 417528.6 
3511236..1433.4 

4 p 5( 2 P j /2)4<1 

2 
4p!l(2P3/Z)4d Ci)O

q)O 
4p5(2pj/2)4d Ci 10 

4 p 5( 2P! /Z)4d Ci )0 

1.0 1.2 


r 
3 

-to.:) -0(f1 -WOl 
wW 
.c..00 

CD 0 
<n_3 

I-


5 
(- ]

2 

Mo VII(Kr-Sequence) 

- 26 

http:615203.92
http:624603.86
http:615203.92
http:624603.86
http:624603.86
http:615203.92
http:624603.86
http:645811.86
http:645811.86
http:645811.86


lAERI-DatalCode 97-031 

o2 0.4 0.6 0.8 1.0 1.2 
I I I 

NN _ w 

I ~ "':'§:::::'::II lii:!i! ~ '.•071 51 

T I 'U.090 IL 552329.97 
I­ SU017.S7 

IT '57.223 
II H".081 

N ... 

N ... 

N 

+-1--":"l'1~2"""'l1.3:"'l".'lI""O_--+Lh !I( ZP3 /2 )5 p 
"" 548077.57 

I Ir­

3 

",­
c:n Q . -C') W 
wW 
00 ... 
(IIQ
<n 
..... 3 

I 

IIL,p!/O". el" 
h 5( ZP 3/2),d ci l­

4p!l(Zp;/2).d ci l -
,p'5(2p;/z)H C~l-

4p '5( 2 Pi /2 ). d Ci 1· 

4p!l(zp!/z)4d ci l -

, 

5 
(- )

2 

-

I 

N 

+-t---:'''07"'1."!'";;:r..3.---......L4I Z 
4p 5( 2P;', 2 )5 I 

" .... 793700.5 

f I I 

5(_ )0 
2 

Mo VII(Kr-Sequence) 
- 27­



JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 
I I I I 

w 

7U.575 ....___....L,h'( 2P t/2)5d 
686635.0 

_ N 

N 
W 

, 2 

933.176 El."(Pt/2)5d
917.506 
876.064 

686635.0 
614805.3. 

N 

766.147 ...__--..lb'( 2P t/2)5d, 
614805.3. 

IIr 

3-- .... 
N­
CJ'10

Cnw 
ww 
co .a. 
('00<(")
_3 

I 

W N 

2055.376 tt'"wh '(2P3/2)5d 

2016.880 


665713.78 
66.362.66 (- JO 

2 
W 

N w, 2 

2033.572 ( P3/2)5dt::t.P 

5 

1979.au 
665713.78 
6U362.66 

'" 
819.019 ...1___....l·p'5( 2 P 3/2)5d 

664362.66 

ll. 5( 2 P l / 2 )5 • 

h 4p 6 4d 3 DIl (iJ 
(1) 

h5(2p3/2)5p 

4 p 5(2p3/2 )5p (~J 
h4p 6 4d 10 

h5(2pt/2)5p (~) 
hS(2p3/2)4( (iJ 

4p5(2p3/2)4( (~J 

I I I I 

Mo VII(Kr-Sequence) 

- 28­

http:664362.66
http:6U362.66
http:665713.78
http:66.362.66
http:665713.78


I 

JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 

'r It I I I 

... 
Lh'( 2P in)5f

201.435 800199.7 
N ...... 

... , 2 
899.560 ~~P ( pi/2)SI 
884.994 
880.555 

,nUSJ 
...

N ...... l"'('PI /2151 

809199.7Ift'H 
79 800.5 

... 
Lh'(2 p j /2 )5f

222.043 797800.5 
... 
Lh'(2 p ! /2 )51

210.571 797800.5 
...... 

~"'('PI/"51
11 22~.3~0 

II Hi:Hie 
779373.6 
777161.1 

... 
Lh5

( 2P 3n)51
217.838 777161.1 

/// 


[ 

I... 
' ­

-
'- ­
-

P'(2Pt /2)U 

351126.6
347433.4 
341503.8 

333618.9 
322896.0 

318103.9 

I 

220.137 779373.6 
777161.1 

...N ... 
886.537 \f::::::t"'('P l /, lSI 
879.819 

779373.6 
777161.1 

...... ... 
865.967 ~"'('Pl/"51
849.687 
848.282 

HP73.6161.1 
......l"'( 'Pl/, lSI 

,,;;; 
(! ). C~).12 2~~r 'P /,15 d'(


Un~gJ~
665713.78 
664362.66 

661683.19 
661488.41 

I I 

3- ,.... 
N­
cn 
- C . ­cnW 
WW 
co~ 
('D C 
<n_3 

I 

7 
(- )

2 

l"('PI/"" (i"
4p5(2p3/2)~d (~). 


~p5(2Pi /2 )~d C~). 


4 p5(2p3/2 )Sd (~). 


4p'(2P~/2)5d Ci)· 


I I 

Mo VII(Kr-Sequence) 

- 29­

http:661488.41
http:661683.19
http:664362.66
http:665713.78


--

lAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 

I I I I IIe­

3 

N­-
0c.n 
Cn~ 
ww 
co .=.. 
('00<(")
_3 

I 

"'w 
w 

... 

w.. 

II 353.945 If 
341•• 94 L 616148.25 

- 615725.35 
......"'w 

616148.25 
615725.35 

I 

.p!(2P3/2lU 

• p !( 2 P ! /2 >. d 

I 

Il"('P!/,l.. (il' 
4p!(2p~/2).d Ci)O 

Ci 10 

( ~ )0 

I I 

Mo VII(Kr-Sequence) 

- 30­

I 

http:615725.35
http:616148.25


I 

JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 

I I 

.. 
Y ... 

N 	 Y 

..., -----,3"6~E..".7M13~.---+l"·z" P 5( Z p t /2)5, 
v • 818583." 

N 

II 
...

N 

Lb5(2p~/z)5'
+ 548.470 795918.6 

..... .. 
5

Lb (2 P3 /2)ScII HIJ:i 795665.2 .. 
...tY __~",.....".=-_---tLh2b5(ZP3/2)5' 

"03.963 795665.2 

2150.819 	.::__t"p5( 2p 3/Z)5d 
~ 661683.19 

... 
882.083 I 

.. 
L"s2,4p5( 2p;/ Z)5d 

66U88.47 

/I...... 
h 
~r,(,p;/2)4f ql Ill..p'" 'D 

'0 
<:/I.. 

Q.. 

0 

-... 
----­

14581 1.8635910.5 
624603.86 

616148.25 
615725.35 
615203.92 

613593.09- 11O~08.2J- 10 64.9 
563567.72 

552329.97 
548120.43 
548077.57 

545906.83 

b'5(2p3/2)5p Ci 1 

" p '5( 2 P ; /2 U f (i) 

4p5(2P3/2)4f ci 1 
4 p 5(2p3/z)4r Ci) 

4p '5(2p3/2)4r ci 1 

I I I L I I 

Mo VII(Kr-Sequence) 

- 31­

http:661683.19


I 

lAERI-Data/Code 97-031 

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

3 ... .. - ...L4pIl(2 p ;/2)5!I 235.694 --c775406.0 N) 

U1 
CIt.. 


w 

.. en ­~ 

~ ~~.,.e,p!,,)5f oc .:. 
C

218.6i; <n2l8.0~! _3II 
CD 

217.4 P5406'874ll0. .!. 
.. .... 

w II 2 

887.'" 
~.. e PI,,'" 
879.332 
877.817 

775406.0 
774110.0 

... .. 
I l 4P 5(2 P;/2)41 9384.939 610908.23 [- ].. 2w 

L4 p5(2p;/2 )41I 360.635 610908.23 .. '".. w 

341.524 II 
338.899 II. 
338.504 IL --

11 4p5(2p;/2)41 
II 
II 
n 610908.23 

610564.98 

",.,; 

ci 1° [,.e,p!/2 '5. ci 1° I. L.e,p!/2'" ei"~l[,'e'P!"'" Ci)"4p5(2 p ;/2)4d 

U168i·l~148 .4 
351126.6 


31 36j8.9
31 10 .9 
315491.8 

-
.. \II 

L"II(2 P!/2)5tI 587.147 818597 .8.. w.. '" 
44R 

~..'e'Pl/,)5,idIt .41.374 818597.8 
818504.1 

.. ... 
L4p5(2p;/2 )5.I 674.944 796442.6.. w.. ... 
~.,'e'p!",s.II n4'IS 

3. 14O nUUJ 
... 9 O'" L4 p 5( 2P 3/z)5. ( - JI 537.990 2796'-&2.6 .. w 

L 4P 5( Zp3/ 2)5.I 615.002 796389.5 .. 
w 

L,,5( 2P 3/Z)5'I 551.922 796389.5 

,p,..;;; 
Il,.e,p!/2'" ell~~r'('Pl"'('F' 

110 

4p5(2p3/Z)H (i) 
648282.6 4p5(2p3/2)41 ci l 

635262.4 
3788 '1 4p5(2 P!/z)41 'i l6i11 148.2 

f7j5 161 !o .9 5 
610564.98 

I I I 1 I I 

Mo VII(Kr-Sequence) 
- 32­

http:610564.98
http:610564.98
http:610908.23
http:610908.23
http:610908.23


J AERI -Data/Code 97-031 

Energy (in lO6 cm-l) 

0.2 0.4 0.6 0.8 
I I I I 

rJtL4p5( ZP 3/z)5.
560.151 194669.8 

<II 
VI.. "" 
II II 4p5(2p3/z)5t 
II 544.183 II 
TI 543.522 p4669.8

94550.2 

1.0 1.2 

It""" 

.... --.... 
9 

CIc:.M'" -Wa.I 
ww 
.=0.00 

ell CI 
<n_9 

~ 

I 

(1_1)0 
2 

1,·(2.!/2 )41 c~) ~p5(2PJ/2)H ci l 

661614 8.25 
10928.~3

6105 4. 8 

I I I I 1 I 

Mo VII(Kr-Sequenee) 

- 33­



lAERI-Data/Code 97-031 

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

NI­
1 

I 

NI­

I 
I 

NI­

111.461 
101l.I;U 

13:).902 
131.130 

NI­

14p'(ID)4d 

NI­

14p'(ID)5d 
I 

759112 

NI­

14p'(lD)6d 

920428 

3_. - ,...-A -c:.: -CJ"I 
CJ"I -oJ 
c:n co 
(I) Q 

< Q 
(")

-3 
2­

I 

257.597 
243.006 

1 
411512 

2S 
Nt- NI-

l 4s4 pe 
474.941 I 
427.660 233830 

NI ... 

U" 
2po 

53274 

-
NI_ 

NI ... 
NI­

4p'( ID )6d 
111.3113 
111.012 
108.:)11 
108.210 -- 924105 

921068 

NI­ N'''' 

1 . llz.746 
109.864 

I 4p'ep )6d 
1 

910220 

N'­
NI'"

NI­

4p'(ID)5d 
135.378 
133.854 
131.24:; 
129.806 -'-­

770370 
761941 2p 

NI­
I 

NI ... 

14p4(Jp)5d 
I. 131.4:2:) 

133.168 
1 

750937 

NI­
NI'" 

N'­
4p4(Jp)4d 

2:)1.08:) 
245.276 
231.215 
232.040 .... 

'-­ • 
t3 °eSB421 5 

NI­
N'­

[ 325.116 

N'Y

14p4('Dl4d 

I 30L166 1 
I 286.610 

- 348832 
330800? 

I I I I I I 

Mo VIII(Br-Sequence) 

34 ­



JAERI-Data/Code 97-031 


0.2 0.4 0.6 0.8 1.0 1.2 
I I I I I t""1 

NI ... 3 
NI­

_.
Lh·( IS )64 ....... ,.. 

t 106.259 
0­.. 0­

9U373 
?' 

0­

N.'" c.n 
N.­

NI ... c.n -:a 
il .(p.(IO )64 CD = ~ 0

T 110.573 I <0 

I 108.255 il (') 

-3
101.191 ,L nnn !..... 

N''''
N,­ NI ... 

1 I ",.( 3p )64 
I 115.109 .I 
I 112.254 I 
I lu.llo L 891999- 890834 

NIli' 
N.­ N,'" 

11 .(p.(IS)54 
L 128.688 II. lu.191 

'UUI 
NI-

N~rw 

II .(p.( 10)54 
T U.( • .(2B II 

131.059 767167 
763015 

NI ... 
NI- NIli' 

II .(p·c 3p }54 2nI 141.287 II 
I 136.182 11 

136.351 IL 733575'-­ 731 7 

N''''NI­ N'''' 

l I ,(p.c 3 P}.(4 
I 235.510 II 234.314 
I 223.280 447871- un7 

N.... 
N'­ N'''' 

I 269.3:>2 
1.( P • CiS }.(d 

I 2:)3.457 
246.913 ,(04903- 3945.(5 

NlwNI_ N'''' 
I 314.379 

l,(p'&c ' O).(d 

I 292.943 
I 283.161 

!53!,u- .(1 62 

NO",up, 2p. 

33274 

-
NI'" 

I ",·c 3 p}6d 
109.904 909889 

NI'" 

t .(p·C I 0)54 
130.758 764 770 

N'''' 2Fj .(p4(lp)54 
133.U7 149531 

N.'" 

I 4p4(10)4d
269.294 371341 

NI'" 

279.417 
I 4p4(3p)U 

357811 

I I I I I I 

Mo VIII(Br-Sequence) 
35 ­



JAERI-Data/Code 97-031 

0.2 0.4 0.6 0.8 1.0 1.2 

I I I II rl 

NI ... 3_.NI'" 
II 4p4(lp )6d ­NI­ ... 

T 113.205 rI -.:. -
110.304 [I w -C.11 

-.J110.189 IL C.11 
0') co907534 

~ 0 
NI- <0 

906608 (I 

nN~'i'UtNI- -3
4p4( lp )5d I-

136.898 
134.203 
133.661 .... 

138.520 

'- ­ UIUA 
"- 730472 

NI- 4pN~'tUt 

318.822 
316.210 
296.786 
294.526 

NI- .. 
1: ... 
"0 
:;: 
Q.

288.838 .... 346215 
~ 339525 
'- ­ 336936 

NI'" 

U" 
2po 

23274 
0 

-
N,.1'fw 

323.940 
322.645 

11 4p4(lp)4d 
II 

t.: UU~3 
4n 

-
NI ...
NI'" 

NI­

T 

297.918 
295.910 

134.852 
134.362 

NI ...
NI'" 

114P4(lp)4d 
II 

BUU 

104.306 
101.823 

11 4p4(lp )5d 
L 
t 744258 

741552 

NI­
14p4( IS o)7s

-T 

982044 

4F 

-

NI­

NI­

T, 
NI-

l 

I I 

107.652 

119.114 
115.902 

127.662 
123.973 

I 

14p4(lPo>7s 
928921 

IN~;4(ISO)6s 
J 

862803 
NI­

1 4p'e Po )6s 
1 

806614 

I I 

1 
( 0 • -)

2 

I 

Mo VIII(Br-Sequence) 

- 36­



JAERI-Data/Code 97 -031 

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

_.:3NI­
NI­

'4,4( 150)5. ­
I lH.ti55 1 -0I:loo. 

­--CTI167.833 ~I 595829 -.;a 
NI- al 

CTI 
CoCI 
0

t4,4( 3PO>h 
(11 

18:).ozl < ?? 1
538732 -3(0'-) 

~ 2 
Nlw 

U" 
2po 

53274 

-
Nlw 
NI­

NI­
1 4p4(3P 1 >7· 

I 109.760 
I 107.203 
I 107.024 

I 

L 934364- 932812 
N~~_

NI_ 
4p4(3P 1 )6s 

1 Ul.D58 
I 1Z6.147 1 

U3.394 ( 1 • -)
I 123.108 2- 812274- 810363 

NIWNI_
NI­

4p4(3P1 >5. 
192.286 
190.241 
184.041 
182.175 0­- UUU 

-
NIUI 

NlwNI­
1 11 4p4(10 2 )7. 
I 101.380 U 
I 105.423 948153 

948129 
NIUI 

N'W 

II 4p4()P2>7. 
109.095 fl 
108.790 l::: BUU1 

N~'i"YNI_ 
11 4p4( I O 2)6, 

124.:HH U 
1 121.0BO 826096 

825900 
N'UI 

N'-
N,W 1 

1 1 4p4( Jp z)6s ( 2 • -)I 130.111 .I 2 
126.634 I 
126.296 L 

- U~Hi 
N~fw 

NI­

4p4(102)5s 
I IB6.377 
I 178.951 

178.634 '- 559813- 558812 
N'U' 

N,_ N' .... 

114p4(lp2)5s 
I 198.367 II 
I 19 L 769 II 
1 189.614 iL gp389'-- 1461 

I I I I I I 

Mo VIII(Br-Sequence) 

- 37­



I 

lAERI-Data/Code 97-031 

o 2 
I 

0 

i 
0_ 

It 
0 

I 
0_ 

II 
.. 
t 

I 

r 
I 

1:1 

f 

N 

I 
0_ 

It 
0 

I 

N 

I 
0_ 

II 

II 
n.. 

0 

I H8.956 

N 

I 384.691 

338.264 

.,... 

I I I I 

100."'2 

95"03 
95.339 

-
122.897 

L"p3(Zp')5d 
886605 

-
115 . .t71 

Lh 3(2 P ')5d 

lU.935 886605 -
123.778 

L"p3(20' }5d 
U3565 

-
I "p3(ZO' }5d 

121.511 I 
118.531 U3565 

-
2"0.958 

L"p3(2p. )H 
"87905 

-
221.127 

L"p3(2p. )"d 
"87905 

-
h3.!lUi 

L"p3(ZP' )H 

212.168 "87905 -
287.291 

L"p3(Zo' }H 
"209-'7 

-
259.569 

L"p3(20' )"d 
"209-'7 

-
1 "p3(20')H 

249.169 l 
2-'7.304 1 
237.55D "209-'1 -

L"s,&p' 
295624.1 

-
L"s"p5 

295624.1 

-
1 "s"p' 

295624.1 

I 

-
L"p3(2p. }6d 

1065.t91 

-
Lh

3
(2 P ' )6d 

1065"91 

L 
"a.. 

... 
"'::J 

N 

L4P 3(20')6d 

N 

~~~ " .... 635674.5 
22p6'i1 88. 
0.0 

,N 

o4 o6 0.8 1.0 1.2 1.4 

97.885 1051289 
N-
L4P 3(20' )6dI 96.4:18 1051289 

N-
.J 4p3(2p' )6d 

T 100.310 
I 

J 
98.345 1016860 

J I I I I I 

Mo IX(Se-Sequence) 

-38­

r_. 
3 - -


cn­
.;:...(...:1 
• N 
-(...:I 
N -:I 
CIt 0 
<0 
_n 

3 
I 

1po 

-


1n° 



JAERI-Data/Code 97-031 

o2 0.4 0.6 0.8 1.0 1.2 1.4 
I I I I I I _. I 

t"'" 

3 
N -.N - ....L h 3( zoo )5dI 119.913 -en ­869633 wolio-

NIl 
N W- -NIl -.:aLh3(ZOO )5d CD Qt 117.775 869633 < Q 

n 
N 3 
Lh3(Z p O )5d 

N 
I

f 126.100 ­828128 

- 1 
N 

h3(Zpo )5d 

I 123.738 I 

I 120.663 
 828728 

N
N 

L 4P 3( 20 0 )4df 237.843 456111 In° 
- N 

L 4P 3(Z OO)4di 229.607 456111 
N

N 

L 4P 3{Z p O )4di 289.140 381528 
N 

1 4p 3(2po )4d 

n2.103 
 381528 

N - I... 
'Q.. 
... 

"'0 ~~ 35614.' 
~?876.3 

-
...N 

L 4P 3{2 p O)6dt 100.431 1031317 
... 
I 4 p 3{ 2 po )6 d 

96.964 1031317 
...

N 

L 4P 3{Z p O )Sd
123.485 845474• 

... 
1 4p3(Zp. )5d 

118.279 845474 IF O 
...N 

L4P3{200 )4dt 231.991 466718 
... 
1 4p 3(20·)4d 

214.266 466718 

N ...L4P 3(Z p O)4dt 257.503 424009 
... 
1 4p 3(2 p o)4d 

235.850 424009 

I ~ I L I L I 

Mo IX(Se-Sequence) 

- 39 



0 

JAERI-Data/Code 97-031 

Energy (in lO6 cm-1) 

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

Lh3(200 )4d
262.413 U6H6 

0_ -
l ..,3(200),u 


IT 252 .•18 I 

U9.906
'I I 

n 239.953 .167U 

,. 
I .... 

".. 

... 


." ~~ 3561<.5 
2U

76 'iA 88 .
. 0 

N_ 

100.U6 
99.566 ~'P'~~~;;~~ 

N_o_ 
..,3(20° )6d 

L... 10.0059 
i.- 1033227 

-N 

~"'('P')6'
I~L~H
1 L 69 182;12;1 1 U 

-N0_ 

..,3(2po )6d 

IT 100.246 

TI 99.852 


99.U5 
98.217 - 1025122 

98.750 
98.087 
97.710 
96.U5 

L·p3(2 0 0 )5d 

o_ 

If 

II 

128.818 

124.221 
122.984 

121.941 
120.156 
118.959 
117.814 

124.369 

132.017 

U8809 
N_ 

~'P'('D' )5' 
848809 
840654 

N_ 

4 p 3(ZOO)5d 

.... 848809 ....... 840654 

L4 p J(2 pO )5d 
839713 

L4p J(zpO )5d 
830015 

~~~ 72 .....35614.5 
20576.3 
16588.8 

I 0.0 
I 

L 
." 

"" 
'" 

I I I 

Mo IX(Se Sequence) 

- 40­

- 1018U8 

I I 

r 
3 -.... ..... ....CI) wAo. 
N.... w 

N -:J 
(D C 

C< n 
3 
.!. 

I 

3So 

-

3po 

I 



lAERI-Data/Code 97-031 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 

• I I I I I 
r 

I_. 
-N 3- 4p3(2p. )5d - ... ..... 

123.545 en ..... 
IZZ.OU A. c.:I 

IS) 

120.478 ..... c.:I 
IS) ~ 

ll9.087 ~ 83S71~ 
~ 0 

- 83 01 < 0 
n 
3-0 I 

f 217.34 7 
L4p3(200 )4d 

43344.5 
N -N 

t n~:n: 
~"'(2D'l4d 

433445 
419123 

o-
N -

4p3(20o)4d 

• 12 
.11 
· :85 
• ,91 
.08 - Ui4#5- 41 1 3 

- N
N 

t 283.169 
~'.'(2P'l4d 

270.262 405614 
388801 

-- N 

4 p 3(2po )U 
271.572 3po 
259.557 
2:)1.202 
U6.U9 ~ 405614- 388801 

0 -
f 511.272 l41114P! 

246113.0 
N 

N -
t Uttn ~....' 

246113.0 
233122.9 

0­

.... 
470.484 .. .... 
443.388 'V 

<I' 

435.684 
428.959 
UJ.800 
406.319 - 256536.1 

'- ­ 246113.0 
'--­ 233122.9 

-N I 

~l~ ~56W2'.6 
.... 
'V ... 

w 
"'0 

20576.3 
16588.8
0.0 

-
0 -
i 101.675 

l4p3C"S· >6d 
1056382 3D O 

--
t 96.546 

l4p l C'S· )6d 
1056382 

I I I I I I I 

Mo IX(Se-Sequence) 

- 41­



JAERI-Data/Code 97-031 


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

t"" 
I 

-. 
- 3 

0 
_. 

L h 3(2 p o )6d - -t .­
106.080 CT.l1015585 w;:.. Col- N 

N 
... - Col 

~'p'<' p' )6' N ~ 

t 102.0S6 
CD <::) 

< <::) 

101.164 n
102U96 31015585 

I -...
0 

11 4p 3(2po)6d. 
T 100.099 II 
I 98.410 [I 

97.635 IL 10U196 
'-­ 1015585 

0_ -
U 103.415 

Lhl(2DO )6d 

102.985 987579 
-<:I 

t 126.187 
L4Pl(4 S 0)5d 

865366 
<:1­ -
It ll'.~U11.14 

L4P3(4S0 )Sd 

865366 ... -N 

~'P'<'S')5'l 123.178 
120.528 865366 

147507 

N ... 
I 124 . .08 

L4p 3(2 p O)Sd 
839507 

0 -
t 132.908 

L4P 3(2 p O )Sd 
825266 aDO 

<:1­ - ... 
h 3(2 p O )Sd 

124.266 
123.660 
121.180 
119.114 "­ 83SS07 

'-­ 82 266 

<:1­ -
H 128.740 

Lh3(2DO )Sd 

128.076 
w 797355 

<:I­
N_ -2l7.1143 '" w 

234.228 .. 
232.056 en.. 
231.751 -226.747 A. 

223.458 i­ 447509 
'-­ 441012 

I... ­ 431498 
w 

N 
N_ 

t 4p3("so )4d 
r 252.638 
r 246.718 
T 242.811 

~ 1HsU 
431498 

, 
I..N 

~~~ i"U.' 

"'.. 
w 

"'C 

356 4.5 
20576.3 
A6588.8 

I .0 
I I I I I I I 

Mo IX(Se-Sequence) 

- 42­



JAERI-Data/Code 97-031 

o.2 o4 0.6 0.8 1.0 1.2 1.4 
II II II I r:­

3_. 
0 - ---... 4P 3( 2p')4 d 

(7)f L
c;.:I 
IS) 

US. U8 _ 380383 .;a. 
N 


W 
 c;.:I 
N -IS) ....,J 

c~"'I'P"" <I !n:~~: -
C'O 

c 
C"I 

3.543 nun ~ 
380383 

-N 
o_ W -" w 

. N 

"tI 

Q, -
1- 14 
4. 15 

i8. I 
i2. 4 
4. 12 

48. I i- 402590-
'--­ nnu 3n° 

0 ­
L4p 3( 2 0 ' )4d
f 363.764 
 347777 

N ­
L4P3(200 }4dI 320.416 347777 

0_ -
I 4 p 3(2 0 • }4d 

305.634 I 

II 301.939 
.. 287.537 347777 

.... 
LN 

"... 
... 

"::I~~~ 128f··'35674. 
20576.3 
A6588.8

.0 

-
N

N 

4 P 3( 20 ' }6 dI L 
104.752 990382 

- N 

J 4p 3( 20 ' }6d 
I 103.110 I 
I 100.967 990382 

N- 1 4 p 3(2 0 • )5d 
128.Z00 1 
124.914 800579 .., 

N- 11 4p3(Zp. )4d 
265.860 II 
25~.9~6 1 

I 252.071 ,L 
...... ~uu~ 3FO 

... 
N

N 

r"I'p, '" 278.019I 276.978 396711 
395360 

N 

N 
 W 

~1,.704 r"I'O' '"I 14.U6 353696 
350U4 

... 
- w 

II 4 p 3( 20· )4 d 
I 303.148 II 
I 11285.346 

282.728 !L .... UUU 
I I I I 1 I I 

Mo IX(Se-Sequence) 
- 43­



JAERI-Data/Code 97-031 

0.2 
I 

0.4 
I 

102.152 

98.561 

0.6 
I 

0.8 
I 

1.0 
I 

... 
Lh3(200 )6d 

1014603 
... 

J h 3(20o )6d 
1014603 

1.2 
I 

t"" 

:;_. - .....-en -Ao w 
N 

-w 
N -.,J 
('0 c 
< c- n 

:; 
I-

1.4 . 
I 

... 
'---------------:"'!.........r:i'lr---------t1 4p 3{2 0 

0 
)5d

121.577 822534 
... 

~-----"..,...,......,..,..,..---_4L4 p 3( 20 0 )4 d 
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JAERI-Data/Code 97 -031 

0.5 1.0 1.5 2.0 2.5 
I I I I rl 

3 

NICI' 
NI" 

-
NICI' NI ..
NI" 

II+-I------:!~:ri:-i-:nii-:i:i------tl;;" 2000101 

N.CI' 
NI" 

1+--1-~UtUri---1--+l:' 184100' 

NI .. 

I~ 1033968~ 1033850 

-
N'<.I

NI-t---__________-.,...,.-=-=-=--__________--t',1 34Q(2 o)hh( lpo) 

53.129 

53.100 L:: nUllo 

-
NI­

N'<.I 

t---------------...,...,.........,..,,...,,----------___ttl, 34Q(20)4s4p(JpO)

52.416 Tl 
52.228 

,I I I I 

Mo XIV(Cu-Sequence) 
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JAERI-Data/Code 97-031 


2.50.5 1.0 1.5 2.0 
I I
I , 

NIN1W N~~~ 

~lf~~~~~~~~~~~~~:~::~::~:~~~~~~~~~~~~~"~;;;;;'P) 4F 

-
N' ... 

t-~-~-~~-~~~----r.!r-rz-r--~---__~~~--+l 3d!l{ 20 )h4p{ JpO) 

1I;s.;s41 1814130 


,I I I I 


Mo XIV(Cu-Sequence) 
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JAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 	 5.0 
I 	 I I I 

t"" 

:3-
I 3d'Sf - -U1.1:1o.29.",~8 	 .I:Io.33U700 w 

~oo-	 000 
CI 013d'H 
<03S.368 0282HI0 -n 

:3 
I 

CI 	 ­
[''', 1S 

-
13d'H 

36.316 2H9060 

-
I 3d'S! 

29.17.( 3358600 

13d Q.u 
n.OU 2773230 

N 

I 3d'(Z 0)/2)41 
51.927 1726(10 

N 
-

, 2 
379.133 	+----l3d ( 03/2)4p 

1963620 

1 3d ll(20:V2)h
50.928 1963620 

N_ 

"'2-'.184 ~3d"'D3/,)4'
Ul.S81 

.US.99ot 


1963620 
1962160 

-	 I0 	

[""D"')" (i ·i> 3d'(20~/2)h (i·i) 
1726410 
1721770 

1699860 ~ 0 

-
I 3do(203/2 )4p

49.914 
Q ... 2003420 

N-N 

3d o(20 3 /2)'"319.959 
365.680 
355.054 
354.892 

30(9.128 


..... I- 20881~020 34 0 
'- ­ 13 99S @0I--. 1 849;,0 

I 	 I I I 

Mo XV(Ni-Sequence) 
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I 

Ipo 

-
3po 

-

3Do 

-
3 1

(- .-)
2 2 

-

3 1(_ • _)0 
2 2 

-

3 3(_ • _)0 
2 2 

I 



I 

IAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 
I I I I I 

r 

t-------.,.,r""K":n-------+1 
N 

3d g( 205/ 2 )4. - 3 
.... 

C.T1 ... 
~8.83Z 1699860 "'t.o.:I 

"'00 5 1=00 
CIl = (- .-)
<= 2 2 
-(")= 

3 
I 

-

5 1(_ • _)0 
2 2 

-
- 2t-----------alI"'%"""::"'T'lr--------+l 3d

g
( 05/2 )4,

50.448 1982270 

5 3(_ • _)0 
2 2 

-

397.450 
390.837 

365.924 
359.500 
354.100 
353.421 
347.339 

~ 
I I I I I 

Mo XV(Ni-Sequence) 
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I 

JAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 
I I I I 

r_. 
3N'­NI'" -.....L3d8(3p )4pt -CJ'I 
oIlooo45.867 2207180 -:I 
c:r.I0 
0(11 
0 
0 

2So< 
0 - 0 
n 
3 

I~ 26960 

-
NI­

NI'"N'''' 
II 3d 8( IS)4p 

44.509 II 
43.837 II 

43.3U IL 
 23081tO 

~ 22737 0 
NI'"

NI­
N'''' 

II 3d S( 1 D)4p 
46.229 II 
45.659 II 
45.553 IL.... HUlIN 

NIW NI_ 2po 
NI'" 

t 3p 5 3d 10 
77 .456 
75.869 
69.596 1463860 

'--­ 1318040 

NI'" 

~ 26960 
0 

-
NI",

l3p!l 3d la 3708.1 2D 
26960 

-
NI'" N''''

I 3d 8( 3p )4p 
IT 45.853 ( 
T 

NI'" 

II 

45.290 

46.841 
46.418 

2207920 
NI'"

NIW 

tI3d 8(3 F )4p 

L:: i 178 
134 32080 

2D O 

-
N'''' 
t 3d 8( 10 )4p 

N'''' 

"', ... 

45.250 

46.024 
45.756 

2209940 
N''''

N'''' 

; 1 3d8(IC)4 P 

L:: 2212460 
2172780 

N''''"',<11 
II 3d 8{l F )4p 
IT 

2F O 

46.877 

I 

46.859 
46.291 

I 

II 
IL 2160220 
'- ­ 2134060 

I I I 

Mo XVI(Co-Sequence) 
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JAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 
I I I I 

"" .... 
1 3d8 ( to )4p -c.n

45.000 -.:I2222220 
Q 
CD 

<-N'(./I 

~ 0 

N~7....J 

r_. 
3_. 
.... 
,jlo. 

CD 
Q 
Q 
Q 
Q 
Q 
n 
3 

I-

I 

2Go 

-

4n° 

1'1>'", 

II 46.573 
I 45.938 
'I H.B09 

N'(./I 

II 3ct 8 ( 3p)4p 
II 
[T 
iL 2203810
I-. 

i1929 0'-- 1 4130 

N' .... 
1'1>'(./1 

II 3d s(3 F )4p 
47 .959 TI 
47.382 2110510l:: 2085110 

N'(./I 

26960 ~ 0 

-
1'1>'"" 

1'1>'", It~~S(3F)4P 

IL 2164610 
'-­ 2156190 

1'1>, .... 
1'1>,(./1 

I 3ct 8( 3F)4p 
TI 

1: 2115860 
2114080 

N'"" 

I 3d8(3F)4s 
1869720 

N'tD
N'''' 

II 3d 8 ( IC,)4s 
II 

UUUS 
N'<ON' .... 
II 3 d 6( 3 F, )4 s 
II 

I:: 1848840 
1839990 

I I I 

4po 

-
4Go 

-
1 

( 3 • -)
2 

-

1 
(4 • -)

2 

I 

II 46.781 
II 

N, ... 

46.37B 
46.197 

47.302 
47.262 

53.484 

52.644 
51.909 

54.348 
54.088 

I 

Mo XVI(Co-Sequence) 
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lAERI-Data/Code 97-031 

1 0 2 0 3.0 	 4.0 5.0 
I I I 

N~tt_
Nlw 

;$;$.l:ll !l 
~.lOO :I 
;n.916 IL 

~ 

NIW 

j
;$;$.1.167 

NIWNIW 

L3d 8I 33.992 
NIW 

j 
33.HO 

N'C,II 	

I 
r_. I 

3_. 
~3d 8('C. )U -tTl,::.. 

-.len 
Coo 
CD 00 

30UIOO <00 
3038000 	 -00 

00 
n 
33d 8('Oz)U 
.!.30U200 

(3 Fz ).r 2 ( 1 )0 
2968800 

3 d 8( 3 F 3 ). r 
2963800 

~; 26960 
0 

-
N'C,II

NlwNlw 

lI3d 8('c.).r 
11 	 3~.16l II 


H.98l Ii 

;U.69l 
 IL 3058900 

~ 30U600 

N'C,II 

J3d 8(3p,).r 
33.26. 3006200 

NIW 2 ( 2 )0N'W 

L3d 8(3 p :z).rI 33. 800 2985500 
NIC,II

NIW 
J 3d 8(3F:z).r 

33.853 1 
33.5.3 2981100 

N'C,II 

1 3 d 8( 3 F 3 ). r 
;$3.680 2969100 

-
N''''NIC,II


N'W 
!13d 8 ('So).r 


11 	 IIJ2.323 
II 32.078 U 

32.061 	 IL 3120700 
'"' ­ 311 HOO 

NI'" 

J 3d 8 ('C.)4r
32.860 3043200 

N'''' 

J 3d 8 ('O;!)4f 
33.12u 3019300 	 2 ( 3 )0 

N'C,II 

J3d 8(3p,)4r 
33.185 301HOO 

N'''' 

1 3 d 8 ( 3Po )4 r 
J3.293 3003600 

N''''N'''' 

JI3d 8(3pz)4f 
33.429 II 
33.347 2998800l:: 2991400 

I ...l ...l 	 I ~ 

Mo XVI(Co-Sequence) 
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lAERI-DatalCode 97-031 

1.0 2.0 3.0 4.0 5.0 
II I I I 

r_. 
3_.NI ... ....1 3d'(lFz)oU -U1 ,:0.33.479 ~2986900 enc 
C 

< 
~NI ... c 

c1 3d'( 'F3)H c
33.760 ­ c2962100 n 

NI'" 3 2 [ 3 )0
13d·(lF.. )H ~ 

33.982 2942700 

NI'" 

~ 0 

33.235 

33.591 

33.812 

N'.., 

47.1111 
41.16:) 
46.:)73 
46.3:)Z 

N'.., 
N~~.... 

CoO 
CI...... 
"0 

.... p574U~ 1471 - 2115910 

-

-


N'''' 

! 3d l (lpl)H 

3008900 


t~;'( 3 P z )4 r 2 [ 4 )0 
2977000 

N'''' 

I 3d 1 ('F3 ur 
2957500 

-

(1)0 

N'<I' 

g6960~ 
N'.., 

N'", 
N'<I' 

CoO 
CI. 

.: 
"0 

.... 2151550- 2146260 

(2 )0 
47.186 
47.068 
46.592 
46 ••&78 

-
NI.., 

N~<;"w 

CoO 

46.712 A. 

'"... ... 
- iUHi~-

NI'" 
N.W 

c.o 
A. 

'" .... ... 
- 2198628'-­ 211924 

I I I 

(3 )0 

-

(4 )0 

46.623 
45.131 

N'", 

45.UJ 

46.463 
46.0(3 
45.887 
4l).483 

I I 

Mo XVI(Co-Sequence) 
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JAERI-Data/Code 97-031 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 
I I I I I 

t'"" 

NIW 
il 
il 
i' 

45.113 
45.545 

N.UI 

13d 8 h 
l 

2195590 

3-­- ""c.n 
~ 01:00 

c c::T.I 

C'O c 
c< c- c (5 )0 
C 

NIUI n 
3 
2­

~ 26960 
0 

I I I I I I 

Mo XVI(Co-Sequence) 
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JAERI-Data/Code 97-031 

1.0 2.0 
I I 

~ -
"'1-----..,.........,.......r-----+l3p 5 3 d 9

72.092 1563830 

N 

...+-----:"'lIr-:-:::-:-----tl3P 5 3 d 9 
67.302 1563830 

-N 

..., ----~II""'Trr-----+l3P 5 3d 9 
66.100 1563830 

3.0 
I 

4.0 
I 

5.0 
I r 

3- .... 
c:Dc:.n 
w ..... 
c:D w
CDC 
<c 
_c 

c 
n 
3 

I 

6.0 
I 

["'l~LPe3=d 
8 

15======;--"11l..3" 'p 

3p e3d 8 10 

176680 

5V0 
9 
0 
6 
0 
0 

-
N 

+-t--~IMr"~~--+l3 p 5 3d 9 
83.079 1281600 

N 

..,1___-i8.;.:2.=75i-:56::-_-+L3 p 53 d 9 

81.261 1281600 
N 

II+---­..............-:-:-----tl 3 p 53 d 9 
II 79.711 I 
.. 79.532 1281600 

I l"3d' 'F 
he3ds 3 p 

-
w 

..., ------,...,......,,...,..,.----+l3 p53 d 9
68.390 1544660 

... 
+-1---~~;"'lI;";;'----+l3p 53d 9 

68.188 1544660 
.... 
'" 

w 

1I~----~AA~----+13p53dg
III 65.891 I 

65.770 1544660 

I I I I t L 

Mo XVII(Fe-Sequence) 
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JAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 6.0 
I I 

N 

+-1--­....................----........L3p5 3dg
71.750 1471690 

1 .8 i3 
11.319 
10.3 i6 .... 1471690 

IUnU--

IL.•,. '. 
3 p tSSd' 3p 

a 

+-f----:-:-::-=-=-----+l3 p 5 3d g 
82.317 1391470 

... 
+-1-----.,II""III-:MI'"lf"----+L3 p 5 3d g

77.666 -1370010 

IUU18
1342800 

~---~75~.~84~iO~--·~II~ 
~-------T74~.~JO~16~--~I~ 
11~-------77J~.~28~9~--~~ 

w 

~ Jd 
S 4123.5 

[L 24250 

12.990 

I 

-
'-­-

1391470
1370010
13.42800 

I 

I I 

I I 

I :­ I 

3 

-

-

3F 

I I 

Mo XVII(Fe-Sequence) 
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JAERI-Data/Code 97 -031 

1.0 
I 

... 
N 

80.730& 
9.186 
7.706 

'0.494 
,0.361 

.. 
w 

-
'-­-

2.0 
I 

1445570 
1311160 
1262860 

3.0 4.0 
I 

5.0 
I r:­

3 

6.0 
I 

-
.. 

~____________________~~~____________~13d74p 

44.045 2270430 

-.. 
!Jt 

~__________________~~~________________~1I1 3d 7 4' 
43.529 II 

-
w 


~·____________________~~~___________-4l3d74' 

43.992 2324090 .. 

w 

~---------------~~~--------------4111 3d 
7
4'

43.105 I 

-
w 

~t---------__--~~~--------____-4l3d74P 
43.802 ...", 2334250 

~---------------4~3~.3~4~0-------------·1I : 
..,j 

.-_______________4~2~.~98~O--------------~II: 
42.846 
42.767 '- 2353690 

~ ~B~n8 

I I I I I I 

Mo XVII(Fe-Sequence) 
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I 

0 

JAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 6.0 

I I I I I 

r .. _.9<,fI - -­II 3d 7 4p 
(J'I42.704 11 C'l 

c:..,) 

42.400 C'l 
c:..,) -2358500 ('I)t:: 02341690 0<- 0 
0 

(5 )0 
C") 

9 
2­

..

l; 
-

... 
<,fI 

11 3d 74p
42.564 II 
42.061 2377729l::: 2349981 

...
N 

74pl3d
t 43.510 2349350 (6 )0 


..-­ I 
w 
c:a. 

COl 

... 
"OJll~ 051000 

-
.. <,fI 

L3 d7 4Pt 43.446 2383840 
<,fI 

I 3d 74p 

"1.954 2383840 


(7 )0 

..­ I w 
c:a. 

COl 

... 
"OJll; 0 '24%0 

-
-- 7
l3d 4Pt 43.224 2383830 

...... 
I 3d 74p

IT 42.802 2360950 
(8 )0 

c..o 
c:a. 
'" 

..,....ll; 
- I 

70310 
24250 

I I I I I I 

Mo XVII(Fe-Sequence) 
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JAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 6.0 , , II 	 I I C"" 

UI 	
9 

~t------------~"2~.~93-9------------1L3d7"p
2411280 

.... 
.... 	 UI 

It-------------~'"'!"':""--------.....Ir 13d 7" P·n.647 
41.490 	 I L 2411280 


L- 2368938 


2388150 
2366360 

-
UI 

~f------------~~~--________~L3d74P 
42.473 	 2436880 

.... ..... 
~____________~~~__________~113d74p 
II 	 42.:387 L 

42.115 

N 

~f----------~473-:::.3-;:-62=------------tL3 d 7 ~ ;16490 

-
. 	 . 
~I-----------J":""lI3~.2r=8,.,..5-----------+L3 d 7" P 

.. 	 2393213 

-
.... 

t-------------rr-"X"ln.-----------+1 3d 7 4p
41.908 	 2386200 

-
. 

~t------------n~r.------------+L3d74P 
42.891 	 2413910 

w 
1+-__________--.,.,,....,,-,..,,-________.....1 3 d 7 4p 

{ 42.245 	 2391718 

I I I I 	 I 

Mo XVII(Fe-Sequence) 
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JAERI-Data/Code 97-031 

1 0 2 0 3.0 4.0 5.0 6.0 
II I I I I 

r 
3_. 

to> ­
L3d'b en eni 42.543 -

c:.:I 
­

2429152 en -c:.:I 
w CD CI 

CIl3d'4, CI 
CIf 

N 

42.603 2398907 -< 
n 

N 3 

IT 

w 

.!. (14)013d'b 
42.200 2394635 

J:. I 1

~; 
3d• 'F 


3da 3p 


77960 
25i205000 

-
.. w 
l 3d'4, <15 )0

41.516 2430370 

-
w 

t 
N 

l3d'4, <16 )0
42.817 2413480 

-
w

N 

l3d'4P (8)0
42.089 2426890• 

-
0 ­

l3d'4,t 42.489 2530230 

- N 

L3d' 4Pt d.i§o 2434930 
(19)0 

- I 
w 
A. ... 
wl~ 176680 "'g 

70310 

-
.... 
L3d 74p 

N 

t 42.163 2449993 
N 

(20 )0 
N 

l3d 74pt 41.761 2445644 

I I I I I I 

Mo XVII(Fe-Sequence) 
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JAERI -Data/Code 97-031 

Energy (in lO6 cm-1) 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I 

w 

I 

7 
• pL3d -en

.1.8U H72230 w 
en 
ell 

<-
~ SH20 

w

L3d 7 
.p

.1.0.0 2519060 
N 

7 
• pl3d

.1.U6 2.S3UO 

I 
A­

SH20 "0 
w ~ 

w 

m 

70310 

I I I I I 

Mo XVII( Fe-Sequenee) 
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t'"" 

3 -en-W 
CI 
CI 
CI 
CI 
n 
3 

I 

I 

( 21)0 

-

(23 )0 

I 



lAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 6.0 

N'­N'''' 
t----"""InI--rlI'~-___i I 3p 53 d 8 -~ 

0 
N 

lU2360 CD 
1198630 <-

N'", 

+----......,.....-.........,.....-----+L3 p 5 3 d 8 

81.859 128.'110 

NIII! 

+------=-,....."..,=-----+l3p 5 3 d 8 
81.988 1280.(20 

NI~ N~l'fD 

I l"3.' 'F 
3p83d7 4p 

1t-------.1I"'lr"7"'!""III'---t1 3 P 5 3 d 8 

r 
3 ... 
c.n 
0') 
0') 

0 

0 
0 

0 
(1 )0 

n 
3 

I-

NI'" 

+-----.....,.....,...........---....l3 p 53 d 8 

78. 735 Nl.;',w 13S.n90 

Nlc.n NIQ) 

11 .I Co> 

lit!-------.7J"'l16".6..........7--H11 ~ 
II 76.529 

+-----:-:-,..-:-:---......L3 p 53 d 8 
80.201 1307600 

N'-J

N'''' 

II I,p"" 'F 
3pe3d7 4p 

3p e3d 7 2C 

Mo XVIII(Mn-Sequence) 

- 80­



lAERI-Data/Code 97-031 


1.0 2.0' 3.0 4.0 5.0 6.0 , I I I I 
r 


I 


3 


N!<:I 

"'+----=-=.."..,...-----4L3 p! 3 d 8 

78.255 1372180 


NI~ NI~ 

+-----a"'II:"""'II"l!~--+l3p 5 3 d a

I 80.686 1320790 


NI...a 

NI...a NI<:I 


11>--------,,,..,,,-,..,,.....---..,1 W 

1+-___---,7i-i6,.;.,.9"9;.;2_~·1 ~ 
1I-___----,7i-i'6,.;.,'8r;7.,;0_--..II : 
II 75.712:::... UUH8 

Nt...a 
NI<:I
NI ... 

NI...a 
Nt"" 

1I~---~4~.~~8~0--#1~ 
~___~'~3.~4r4__-#I; 

f3. '41 
'3. 76 
. 3. 180 

~ 

-

N~-4IW 

.L-t__---:i-i,.;.,~---~3p5 3 d at­ 76.812 
75.309 

-
Nt,., 

-

1388018 


UHU8 

1388018 

1362690 


II 13"3d' '. 
3p83d7 4 P 


3p 8 3d 7 2C 


I I I I I I 


Mo XVIII(Mn-Sequence) 

- 81­



lAERI-Data/Code 97-031 

1.0 2.0 3.0 4.0 5.0 6.0 

NI~ NI~ 

...,-------..-........----.....L3 p 5 3d 8 

77.5~2 1383380 

NIIII 
NI..a 

II w 
1i--------=7'""'3-.",....,""""6-----+[11 "0 

111 

72.211 II w 
~---~7~1.~0~89~--~IL~ 

U06680 ...... 1383380 

-

I I I I I I r 

L
NI..a 3 

5 3d 83p 
t-I----7"':"'''.-="""lI'O....7------i U 0 66 80 

NI..a 

3 p53d 8 

"'1----.....7r-:'''""'l.O"2:"'l1'O---tL U92600 


NloD 

...t --------:~~---+lh 5 3 d 8 
69.929 1"92600 

NI~ NI~ 

~_____~~r-_--t13p53d8 
ti7.984 U92600 

Ill..,., 'F 
3p e3d 7 2G 

h e3d 7 2F 

-
NI~ NI~ 

t-I-------=;-::--:::-:;-:::---.....L3P 53d a 
72.679 1517570 

NloD 


t-1____~nn.~--4L3p53da

70.926 1517570 

NI<D 
Nt..a 

~'t____~6~9~.~67~5~__-+L3p53da 
68.727 1~17570 

I I I II I 

Mo XVIII(Mn-Sequence) 
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JAERI-Data/Code 97-031 

Energy (in lO6cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 
I 

NII.O 

66.536 

70.121 
NIli'

NIli' 

t l H:U~ 

71.523 

/,;. 

I'··d' ~D 
210770 

129033 
1~~~i~ 

81500 

NIli' 

68.128 

67 .648 

NIli' 

71.196 

61.8d 

....lL'··d' to 

tlUJJo 
I 

I I 

NI-4 

3 p53d 8 


1610200 

L

NI'" 

lap5 3d 8 


1553198 

NI ....

NI-48:3o '.d' 
u~n~s 

NIli' 

8


L3 p5 3d
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