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Grotrian diagrams are presented to provide graphical overviews for 1,535 spectral lines ofhighly 

ionized manganese, Mn VI through Mn xxv. 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 Mn VI through Mn XXV. 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 

Mn VI, Mn XXV, etc. 

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

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

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

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

hydrogen, neutral carbon, etc. 

Abscissa 

Energy in the levels in cm-l
. 

Short vertical lines 

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

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

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

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

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

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

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

the configuration. 

Horizontal lines 

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

in Angstrom (1 O-Kcm). 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 (f). 

C,T,P,S 

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

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

T wavelength tentatively identified. 

P wavelength predicted along a isoelectronic sequence. 

S wavelength smoothed along a isoelectronic sequence. 

Limit 

Principal ionization limit in cm-l and eV. 
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~______________________________~1~.5~1,.7~5iT-9__________________________~I~ 

151. 735 	 ' ­ 660000 
'- ­- UUU 

II> 
t;I 

t ____________________________~~~--------------------{3pe3d5r• 	 170.990 _ 
+­ 170.910 	 610595 

610314 ..,.. ...... 	 t;I 

1I~------------------------------~1~4~.3~:0r-O--------------------~I: 

:~===============================~1~14~.Z~4~9======================~:~________--__--____--__--------~1~4~.2~2+4----------------------~1~ 

11 4.0514.0111 
- 610595-- U3U\ 

... 
+-f______________________________~~ftA.~--------------------~L3pe3d5r 

168.282 	 609568 

I L·3.' 'F 
3p6 3d 2 tD 

-
.., 

t;I 

~1--------------------~:~:~:~::~:~;--------------------~~~3P·;;::31 
..,.. 

(It'".. 
1I~----------------------~1~912r.~61~·5~--------------------~II~ 

~----------------------~1~92~.~4~41r_--------------------ill;192.327 -192.225 
192.101 
192.050 '- 521892 

- 521305 
- 520698 

1 1 I I I I I J 

Mn VI(Ca-Sequence) 

- 14­



JAERI-Data/Code 97 -025 

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

N'­

t:::-.-.-------------------------Tl!~rnr------------------------------- fi~;53d(3PO)4S 
~---------------------------------~}~;~~--------------------------------~ 705425 

..... 701189 
N'­

N'''' 	 N,W 5 2 2 3 

~--------------------------------il':~'r--------------·-1 3p ( pO)3d ( P) 

~-------·--------------------·---t~~~i----------------t. 544342 
- 541894 

N'­
N'''' 	 N'W 5 2 2 1 

~-----------------217:i73-----------------,1 3p ( pO)3d ( D) 

~-----------------t~t~ii-----------------l 408273 
- 404085 

N'­
N'I,II 
 N'W 

.I w 
II I ~'"ZZlZ.150 
II 200.969 ,­

L~ 
39~79i

Zl)0.iZ1 - 39 63 

,_.r:­
3. 

-
_ 
....---cc 
CDcc 
,c.

N ,c.
0 
c,..) 0 

nCD 
3< I- -


-
N.W 


NIUt N''''' 


133.417 	 .... ..... 

I+-______________--;""'~~__---------------+I 3p 53d( 3DO)h 
133.87 5 

~-----------------------------------Hi~~ii----------------------------------. 

134.628 	 IL 7U126 
L 740894 

N''''It-----------------;""'~";_';""i;_-----_tl 3p 5( 2 P 0 )3 d 2( 3 F)
183.141 

~----------------------------------i~i:i~t------------­
-----------------------------------irr~499-------------- ~ ..... 

-
NI"" 	 NI....t 

1t-____________________~Tr~~---------------------____----__t13p89f 
112.060 	 I 
111.889 893730 

N''''1t-_____________________________~~~T_-----------------------___~13p68f 
114.380 	 1 
114.205 875620 

N,I,II 

Nt..,. Nt"'" 


1+-__________________________~~~~----------------------_~lU3pe7f 
111.918 	 11 
111.193 

NII,II 

Nt"" NI""'" 


I~--------------------------~~~~---------------~II 3p 
eSf12~.j93 	 11 

123.790 807835 
807820 

I I I I I I I I I I 

Mn VII(K-Sequence) 
- 15 

--- ..~- -------------------- ­..~ 



JAERI-Data/Code 97 -025 

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

r_. 
NJ"r...J 3 

NI(,II 
11 3p 53d(IFO)h 

•. 
~ - .... 
[( 135.148 II .... (CI.... CI')

134.190 146550 
(CI -739930 N ,I:l. 

Q ,I:l. 

NI(,II c:.:I Q 

NI(,II NI'" CD n 
!1. [I Coo < 3 
11 135.609 II "'", - I-II 13.3.41 I) II ~ 
I' 135.362 IL HUn..... 

NI-.I 

NtUt 
NI(,II 

!13p 53d(3FO)4s 
II 139.595 11 

~---------------------------------ii~7~tt------------------------------- l 722331- 717696 
N.Ut 

N'Ut NI'" 

iJ. .I Coo 

11 162.689 1"'", 
II lliZ.555 I~ 
[I 162.336 L IUU;-

""Ut 2F O 
NIUt ""-.1 

13 p5(2p·)3d 2(3 F ) 

t----------------------------------i~47~~}-------~ 
I' 202.840 L.. 494337- 489916 

NI-.I 
Nil" 

NIUt 

II 244.766 
13 p 5(2 p O)3d 2(10) 

~-----------------iii7}}}-----------------l-l 419081--­ (09891 
NI .... 

NI .... NI ... 

113p5(2p·)3d 2(IC) 
254.517 II 
253.654 [1 
252.985 IL JUUIi.­

NI .... 

["'3d 
20 

A 
338 

-
N~-;'(J'l 

NI .... 
NJ'i'_ 

136.177 
3p 53d(30o )h 

135.900 
135.532 4n°135.394 '­ 738585 

'-­ 737833 
'-­ BUH'-­

-
NI ... 

NIUt 
NI .... NI .... 

13p 53d(lFO)(s 
141.0.(4 
140.323 , 4F O 
139.862 L 714990- 712642 

'-­ 710337 

I I I I I J I I I I 

Mn VII(K-Sequence) 

- 16­



JAERI -Data/Code 97-025 

Energy (in lO6 cm-1) 

0.8 1.0 1.2 1.4 1.60.2 0.4 0.6 
I I II 1 rrI I 

3 

-..-
....-

CD~-------------111~.~~--------_____~3p5!~921' CJ"I~ en 
CDCJ"I Ipo

(DO 
0 

CI -< 0 
(") 

3 
2­~ 0 -

N 

L 3s 3p i!3d668.288 f 
688850 

N 

L3 s hi!3d 
382.666 688850 

... N
N L3S 3p i!3d
It H::~:B 688850 


N 

L3 s h,S3d
'311.695 688850 

... N 
N 

ll 
l3sh 3d In

U ~44'n340. 4 688850 
N 

L3 s h 3d
323.782 688850 

I/2i 
I I 1l.'S"Sd'P'~l L,,3p'3d 'P' 

15 

3s23p53d 3,0 

3s 23p 5ad 10°427531 539214 

424641 
 35 2ap 5ad 30° 

419817 
419374 as2ap5ad 1,. 

_ ~UUf 
379993 

-
... 
Lap 5" IF

139.93 1134500 

-
.. 

p5 1G
La " 141.16 1124800 

-
-
I 3p 53d 3po 

266.181 375710 

I I I I I I I I 

Mn VIII(Ar-Sequence) 

- 17­



---

JAERI-Data/Code 97 -025 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
-[I I I I I I -::-1_. 

<::I 
N 

N 
3 

-,... 
... 

.c..t.TI 
CO) 

t.TI cej~ m:W l~ 
ceO-

_. 

alC>
134. 9 <C> 

_C>134.69 n1119900 
1117600 3
1116100 I-

W 

N ... 

41i·~4~I 41 . 8 ~3'3;;;;n 
w N 


-N W 


Coo. 
..,Coo 

GO 
Coo 
Q. 

669326 
668308 

411.473 
410.314 
409.270 
408.685 
408.206 
400.075 "-

"---- 667677 

N... 

:U::!~1 4 •7 1 

N 

r';;;;u
667677 

3D 
Coo. 
Coo.., 

GO 
Coo 
Q. 

669326 
668308 
667677 

o_ N 


N 

... 

Coo.. 
Coo.., 

GO 
Coo 
Q. 

669326 

34 • IHI2 
34 .842 
34 .617 
34 .501 
341. 110 
340.114 ..... .... 

u.n• 
1/,,;; Ill.,.. 'p' 

3.23p!l3d. 3r· 
3s 2 3p!l3d. 10°~~. ':~2:~~,!, 

Ir G 

3s 2 3p!l3d. 3D· 
419117 

H 314 
39856.4 
3§,U2~- 3 183 

319993.:: 
P57!O- 736 8 

-
-

13p!l3d. 

231),2111 
 423337 

3DO 
0 

~ 0 
l I I I I I I I J 

.. -N 
w... 

N 

371.586 
370.722 
365.779 
364.427 
360.3~3 "­

I. ­
I...-

Mn VIII(Ar-Sequence) 

-18 ­



lAERI-Data/Code 97 -025 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I 1 I I I I I rl 

141.29 

140.73 

... 
L3p S 4C 

1135300 

'" 
L3p 5 H 

1135200 

3--... 
CoIO­
,jIo.U'I 
• c::r') 

U'I ColO 
C1>C 

< C - C 
n 
3 

3F 

I 
w 

'"<II 
Coo 
C. 

0!­

'" 1:1 
0 -

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

III ~H:U l~ 1113600 

II 3500 
11 100 

-
~-----------------------i11~T~f----------------------1-3p5~~~~~~)4S 

-
-t--___________.".........,..,..,.,...-_________--61 3p 5(2Pi / 2)4d 


96.332 1038100 

-
1+-------------.."..,.......,.,....,.------------6 3 p5(2 P3/ 2)4d


91.411 1026600 

-
~-----------------------------i2l:055--------------~3P5~:~~~~)4S 

1 I I I I J l I 

Mn VIII(Ar-Sequence) 

- 19 



JAERI-Data/Code 97-025 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
I I I I I I I I It-

N,­N' ­ -.1.1. 13a2h4(ID)4d - 3 ... 
I NIlII. 44 1:1 I N-88.<U3 

105.256 

NI­NI­
1 3,23p4( I D )3d 

H-----------rit1~-----------1_ 501110 
NI­NI­

J. 3ahs 

~----"~4,i----l 265408 

NI'" 
2po[,23,' 

A25 46 

1130100 
00 

NI- ('0 

13a23p4(IS)4' <-950060 

3,23p4(ID)4d 

unus 
L3a 23p4(Jp )4d 

1116300 

l 3,23p4( I D )4d 


1145700 

1142200 


3s 2 3p4( 3p )4d 


111°IBO11 09 0 

I J ..1 

--.J 
00 
(Q 
0 
0 
0 
n 
3 
~ 

2S 

-

2p 

-
2po 

-

2D 

I 

NI-
Nt!~_ 

88.9 :3 
88."1 3 
1l1.1I 11:1 

87.1 .... ..... 
NI ...NI-

t 90.599 
NI'" 

NI­ NI­

3s 23p4(Jp)4' 
114.u4l:3 
113.080 
liZ.4};, 
111.1)00 '­ 891860 ...... 88 560 

NI ... 
NI­ NI-

3,23p4(3p )3d 
196.38 
194.61 
191.60 
189.98 .... g26380..... 21840 

NI­

~3s23p5 7968.5 c 
12546 

N~'fw 
NI­

1.1. 
II 8IL:l:>8 .1 
II 81.1)1)2 11 
I' 87.27 L -

NI'" 
NI­ NI'" 

11 
U ~1.0 

1I 90.134 II 
90.034 IL ..... 

I I .J I .J 

Mn IX(CI-Sequence) 

- 20­



JAERI-Data/Code 97-025 

1.2 1.4 1.6 1.80.2 0.4 0.6 0.8 1.0 
I I I I 

N'IJ'
NI ... 

N'-
i. 
Ir 111. 262 II 
I' 109.183 

N'IJ' 
N.-

1 3s 23p"( 3p )341 

N'", 

~-----------tli~~-----------·t-----------i'l~'~------------ UH\~-

I I I I It­
3-­....11 h 23p"(IO)h -N 

N--...;J 

00911310 (Q00910890 ro 
< 

Q 
Q - Q 

n 
3 
2.2n 

N' ... 
2po[,23" 

62546 

-
N'IJ' 

I 3s23p"(3p)4d 2F 
89.783 1113800 

-
NIIJ' 
N,'" 

II 3s23p"(lp)h 
114.472 TI 4p 
113.627 880070l:: 873580 

-
N.IJ' 

I 3s 23p"(3p)4d 4F 
89.914 1112200 

I I 1 I I I I I I 

Mn IX(CI-Sequence) 

- 21­



JAERI-Data/Code 97-025 

Energy (in l06 cm-1 ) 

0.2 0.4 0.6 0.8 1.0 1~2 1.4 1.6 1.8 2.0 2.2 
I I T I I f I I I I 

r 
Q 3 

Z 4 
K3s 3p 1574.2 c - ....

NN13545 Ao 
Q

~Q 
c.: c.: IS~Q 

<Q
Q 

-n
["'.' 'p 3 

I 

10019 

-
Q 

L3I 23p3(2 p O)h
104.310 1032090 

N 

L3S23p3(2pO )41 
100.113 1032090 

Q 

L3123p3(200 )3d 
198.42 511530 

I:) 

L31 3p Ipo
384.827 s 

333402 

L3s3 p5
333.198 333402 

..... 
c.. 

N 

c.. 

'0 


'"lC'" 
ts I 

...45 
331U 

C 
-

N 

H-3s 23p 
4 

2956.0 c 
33820 

In 
N 

r"':' 
3p 

-
N 

L3s23p3(200 )4d 
83.068 1231650 

N 

L3 12 3P J( 20 0 )41 in°103.269 1002160 
N 

L3123pJ(200 )3d 

199.0S 
 536130 

-
... 
L3s 23P J(2 D° }4d

s2.S2S 1241140 IFo ... 
l3sZ3pJ(200 }3d 

193.43 550S00 

I I I I I I I I I I I 

Mn X(S-Sequence) 

- 22 



I 

JAERI-Data/Code 97-025 

1.4 1.6 1.8 2.0 2.20.2 0.4 0.6 0.8 1.0 1.2 
1 I I

I I I I I I r_. 
3_. 

-0 
L 
-

3s 23 p3(·SO)4s - .....
lu NN 

104.806 I "QIII ~Q104.608 Im ww 
I" 103.521 965970 CD Q 

< Q 
Q 3So 
('1 

3 
N I 

3P 3p -
1'2 ' 

1A797a 019 

-
l3 s2 3p· 9978.3(; 

10019 

-
207.15 

--------i~i7~}-------- l 
N 

l 218.11 
217.88 

'" -0 -0 

Co> 

398.322 .. 
Co> 

388.988 "0 

"" 
-i~l~~~~-' 

379.368 
311.905 "- 273615 

'-- UfBU'--

,. 

-
3p 

-
-", 

1 3s 23p3(20o)3d
T 

- 49P 7849 32 
-", 

~"23p'(2D'l3. 

492770 
492320 

3po 

'" I 
Co>.. 

N~'23P' 10 

Co> 
"0.. 

33820 
797 "tI 

...
Ho 019 

-
"'...-
11 3s 23p 3r'SO)4d 

84.2--g2 [l 
83.518 L: 113 73 9811 63 

N 

-", 
 '"' 3s 2 3 p 3( 20°)4s 30°102.030 

101.854 
101.808 
100.787 
100.585 

I.­

'"­

"- nun 
991860 

I I I I I I I I I I I 

Mn X(S-Sequence) 

- 23­



JAERI-Data/Code 97-025 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
I I I I I I I I I I 

r_. ... 
N 3_.

-0 

as 2 3p 3('S' }3d - .... 
NN195.85 ';:"c

195.03 :x'c 
ww194.37 
(DC

194.30 <c
C192.08 ... -n524520 

i..... 520620 
i-- 514610 

3 3n°..!. 

N 

3p[.23 
.' 

11791 
~00l9 

I I I I I I I I I I I I 

Mn X(S-Sequence) 

- 24­



JAERI-Data/Code 97 -025 

0.5 1.0 	 1.5 2.0 2.5 


t 76.858 
NI­ NI­NI ... 

lh3p4327.288~ 322.427 379093 

["30' 'po 

73552 
68945 

NI .... 

t 94.327 
NI ... 

NI .... 	 N'''' 

L3S 23p2(ID)3d 
U 2nlaa~ 

201.04 536800 

rI 213.75 

N .... 
0.1 ..... 

It n;:n 
0.11 ...NI­ 0.11­

1I W 

II ::.II 347.404 
11 341.929 
I 3i.n;.~~~ 

Ii 'a. 

fL. 

0.11 ... 

'- ­

N .... 
NI .... 

0.1,,,, NI­

II 1:~J~i l~306.4 8 

-

NI­NI­
0.11 ... 0.1'''' 

3s23p2(ID )3d 
It 216.60 
11 215..!6 

' ­ 536800- 530620 
0.11 ...N,_ 

~30'3p" 'p )3' 
476980 
467240 

U5689 
1400 

365689 
361.400 

~r30' 
2po 

73552 
68945 

4FH2334 

NJ<rQ'l 
0.1' ­

0.1''''
t:: 3381."~ 3UO.6 c 
'a 2925.9c 
... 	 73552 

68945 

,I 

NI'" 

I 
w.. 

0.1 
W 
'a ... 

N 
0 
" 

I l 

I 	 I I_.c­
3NI­ -.....L3s Z3pZ( I D),u 	 ­NN

1374650 	 OOw 
~o 
o -:a 
~ 0 
<0 

0 
-n 2S3 

.!. 

NI ... 

L3s 23pZ(Jp )4s 
1102840 

2p 

-

2po 

I l 	 I 

-

Mn XI(P-Sequence) 

-	 25­



2.5 

JAERI-Data/Code 97-025 

0.5 1.0 1.5 	 2.0 

r 
3 

N .... 

3a 23 p2( I 0 )4d. 
+---------~7,..,.7..,.5n:5T6---------;L 1362940 

,. 
N.W 	 I 31123pl "s· 

311 23 p 3 20° 

"'.w 

N~7'" "'i...'" H4.912 C 

-:: .u2.662 C 

407.188 c 
3158819

It--:n;...-;r'l""'l"""-tl 
1t--"'lI!"l"".,.....,..~-tt 

3H532 
, NIYN .... ""<1'",II" 

.., 
~ .. 


Mn XI(P-Sequence) 

- 26­



I 
I 

JAERI-Data/Code 97-025 

o5 1 0 1.5 2.0 2.5 
III r_. 

3_. 
N'W ......... 


~3123p3 2538.3c NN
OC w393U :nc 

2n°C -::I 
etC 
<c

C 
N'W -n 

3 
.!.L"'~' 's' 

-
N'" 
N'I/I 


N"" 


t H::i: r''[;;~'~~~.. 
N'I/I 


N'W N'" 

N'I/I 


~"''''('P '" 77 .402ft 77.270 1336860 
1331340 2F 

N''''N'I/I 

I L3I 23P2(3 p )3d
toO.67 541030 

["'" '0' 

H702 
39384 

-
N.I/I

N.W 

II 31123pz(3p)<44 
75.417 \I 
75.059 1332280l:: 1324910 

NI­

9Z.1 :I 
92.240 
91.6H 

-

NIW 4pN'I/I 

II 3a 23p2(3p )41 
I 
J 
L 1091160- 18UUS 

-
N'''' 

i N'w N'­00'''' 
~"''''('P '" 

II ~~I:H~ 
225.40 4830.40 

477170 
N'iI' 

N'''' 

N' ­

~----~WJ7rr-----~"""('P)"
--------(08.01-----­
-------10'-0(----- 4p 

. ~lg9~8 
477170 

N.'"
00''''00._-r;;"111!:'

"_:llJ:.r~T: ~ 
377.154 2651U 

~B\H 

-
N''''N.<I' 

I L3s Z3PZ( 3 p )4d 4D 
76.763 1345410 

I I I I I 

Mn XI(P-Sequence) 

- 27­



JAERI -Data/Code 97-025 

Energy (in lO6cm-1) 

0.5 1.0 1.5 2.0 2.5 
I I I I I 

r' 

3 
1 3s 2 3p2(lp)4d - .... 
NI'" 

N 
N7::i.ZZ7 001329310 Wen 
-.l0 
0 

4F 
<0

NI ... 0 
-n 

3['3" 'So 
ClIO 

I 

I 0 
I I I I I 

Mn XI(P-Sequence) 

-28­



lAERI-Data/Code 97-025 

Energy (in 106cm- 1) 

3.00.5 1.0 1.5 2.0 2.5 
-I I II I I c­

3 
0 

k3S23p2 1322.23 - ­N~ 
CJ"I82830 ~ 
0)A. 
w 

Is(II 0 

- 0 
0< 
n

["'., 'p 3 
I-

7200 

-
0 

l3S23p3d
223.56 530140 

l 3s 3p3
275.78 .04750 Ipo 

IS I 
';: 

tvl['3" ..,W 

82830 tv 

.2UO 
C 

-
I;:;N 

im-3123p2 
3685.5 

28611: 

.2UO 


ID 

["'., 'p 

15010 
7200 

-
tv 

l3s23p 3d 
237.78 .62700 

tv 

I 3s 23p 3d ID O 
U9.54 .62700 

tv 

L3s3p3 H2.67 

333970 


-
L3s 2 3PU

71.69 U37000 
... 
L3s 2 3P3d IFO 

210 .• 3 517360 
w 

13s23p3d 

199.0S c 

517360 


I I I I I I 

Mn XII( Si-Sequence) 

- 29­



0 

lAERI-Data/Code 97-025 

0.5 1.0 1.5 2.0 2.5 3.0 

I I I I le- I 

-N 

Ll 26!l.82 
/I 254.26 

259.33 

3_.-
Iw - ... 

c,..:)1 ~ .... N 
c.n.a:..I"'", c,..:) 

~ O'l385630 CD 0 

<- 0 
0 3So 
(") 

30 
I 

~"3" 
3p 

nSLO 

0 

-
-N 

'N 

II 3,2ap.h 
II 86.71 1/ 
II 85.72 II 
II 8:1.19 IL ..... 1131300 

1 300 
N_

-11;1 

Il II 3s23p3d 
LI 22!1.til II 
/I 224.6Z 11 
" IL 460000217.39 

...... 452420 

N",N 3 

~313P2614C 
2535 c 

303990 3po-11;1
-N 

w.. 346.40 c 

..,w 346.04 
'" 331.29 

336.94 c 

329.28 .... 303998
-------_. 

..... 30369 

r" '0' 

n~us 
15010~! FOO 

-
N 

-N '" 
II as 23p4d 

III 1l.:i2 l1 
III 11.04 II 3DO 
II 10.72 IL 1411100..... ........ UU888 


I I I I I I 

Mn XII(Si-Sequence) 

- 30­



JAERI-Data/Code 97-025 

2.5 3.00.5 1.0 1.5 2.0 
1II I I Ie­

3 ........ .... 
f L3s 2 ­3p3d 485.58 c 

N 
t.n472550 -~ ':'" ~ ... A en

N n Q 
Q - Qt L3s 2

<3P3d 
232.a. e _ 472550 

(") 

31-", "'... 
.. -I 1 • ro 
w'" 
"0 
w 
Q. 

1 • 1 - 472550
'-­ 47n6O'-- 46 00 

... 
N L3s3p 3 445.U c 3D O 

_ 266610• 
N...

-N 
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