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Grotrian diagrams are presented to provide graphical overviews for 2,762 spectral lines ofhighly 

ionized titanium, Ti mthrough Ti XXII. 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 Ti III through Ti XXII. 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 

Ti III, Ti XXII, etc. 

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

spectrum ofneutral atom; Ti II denotes the second spectrum, belonging to the singly 

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

Indicates that the respective Ti 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 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 (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 (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 eVe 
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http:80939.19
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http:141149.89
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http:147562.14
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http:147939.41
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http:147562.14
http:147749.89
http:147939.47
http:147562.14
http:147749.89
http:147939.47
http:147562.14
http:147749.89
http:147939.47
http:147749.89
http:147749.89
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http:147749.89
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http:169769.13
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3Hd LF 

3cUd Ip 

L... 
I-. 

L... 

L... ­

10721.2 
8Iff?i'& 

un4: 

L... 

" ­
L... ­

420.4­
Au .9 

I I I I I I 

Ti III(Ca-Sequence) 

- 30­

http:147931.41
http:147931.47
http:148111.10
http:141410.24
http:147931.41
http:7714&.44
http:71421.86
http:7714&.44
http:78158.61
http:7714&.44


JAERI-Data/Code 97 -022 

0.5 1.0 1.5 2.0 2.5 
I I I I r 

3- ... 
N)N) 

~N)... ­u:I-.1 

-~ -.1 en 

::~ 
-3 

.. ~ 
fill 

~3d5d 
~ 168152.20 

N '" 

5293.95 +--l3d5d 
N ..... 168152.20 

w 

SOU. 52
50U.00 " 

::: 
fill : mt

4988.36 
4971.194 
4950.104 
4944.040 168520.52 

168307 .06 
168152.20 

N 

~3d5d 

N 

'".. '".. 
fill 

~ 168152.20 

I+-~l"""!5...7.....,.-7...----1+1 : 
1+-";'1.r;4;"';~8~."'IOT--+I+ : 

1 147. 4 
1 41. 1 

N	 W,. 

I, 
W 

11 Coot 
+---1:-::9-=-29r-.~H~8--I+ttl :: 

1925.823 l::A. 	 129252.74 
129093.28 

I 

Ti III(Ca-Sequence) 

- 31­

http:129093.28
http:129252.74
http:168152.20


- -

JAERI-Data/Code 97-022 

0.5 1.0 1.5 2.0 2.5 
I r I I I r 

3 

~N ... 
NN ­CD -4 _w 
-4 C1'I 

<~ 

I ... ... 

_. 

...... 

7515.98 
7432.20 
7397 .27 
7347.59 

8516.40 

1406.15 

7417.60 

7252.88 

4430.635 
w... 

w... ... 
3400.891 11i---+Io1 :: 
3396.'32 
3390.222 1+1----+11 

. 33 76.007 1+1---+101 
3371.971 +H---+II 
3371.623 I#---ttt 
3357.922 ~--+tl 

3313.008 ~...w w 

3310.904 

W"'<1I 

1I~---------~63~1~.173r-5---------ff1 :: 
1I~-------~6n3~0~.9~8~2---------m~ 

630.692 
1)30.199 
629.957 

"'...·It-
-3 

CD • 

181821.83 
181758.34 

...,............<11:: 


1439.19' ~ 

8394.20 
8338.54 

IIf,H:li
81sU.h 

... 
~ 3d5r 
~ 181507.92 
w ... 

~ 3d5r 
~ 181507.92 

+-t__-+L3d4r 
158903.55 

<11 

~ 

.: l~nU:U 
I- 158740.92 

...!... 
158865.03 
158740.92 

UUU:8i 
158740.92 

w 
a. ... 
w.., 

no.• 
184.9 o 

I I I I I 

Ti III(Ca-Sequence) 

- 32­

II1 L"D3d(4 3C 

3dSd IF 
I
3dSd 3D 

3d5d lC 

http:158740.92
http:158740.92
http:158865.03
http:I-158740.92
http:158903.55
http:181507.92
http:181507.92
http:181758.34
http:181821.83


JAERI-Data/Code 97 -022 

0.5 
I 

1.0 
I 

1.5 
I 

2.0 
I r 

2.5 
I 

:I- ..... 
N N-.:I 

N ... -cg-.:l
_w 
-.:I U'I 
ct • 

<~ 
-:I 

! 
~3d4f 

4284.090 ~ 158740.92 

N 

4133.96' r-----1L3d4~58740.92 
N w.. 

3940.570 ~W..~~ 
3921.384 -: 

3915.472 

3915.253 

3896.330 

3893.629 15120~.5i 
II ,h:h 

3230.047 ....----tL3d4f 
158740.92 

Ill...3, 'Fd4d 

3dS. lD 

-

8584.05 ...H:H!; 
8566.2.( 	 "1:-­

181558.44 
181439.64.. 

n ..... iij~--...7523.85 
7506.87 

181837.98
18 558.44 
181439.64 

w .. 

7554.86 	 L-i3d5f 
~ 181439.64 

w 

7288.98 	 L-..l 3d5f 
~ 181439.64 

Ill... 'f 
3d5d 3D 

3d5d 30 

I I I 	 I 

Ti III(Ca-Sequence) 

- 33 

http:181439.64
http:181439.64
http:181439.64
http:181837.98
http:181439.64
http:181558.44
http:158740.92
http:15120~.5i
http:r-----1L3d4~58740.92
http:158740.92


JAERI-Data/Code 97-022 

0.5 LO 1.5 2.0 2.5 
I I I I 

r_. I 

3 
-. ,... 
NN 
~N 
01:>0­
C.Q -.l 
-c:.J 
-.l U1 
('0 • 

1'-'.. 

630.086 
6Z9.!)1Z 

...,. 
JIw 
.11 .:: 
t::­ uun:u 

<~ 
--3 

.!. 

.. 
U07.31 L--l3dH 
~ 159022.93 

..... 
3881.212 ~ 
3897.250 E=l~ 
3872.495 159128.94 

.. ... .,. 159022.93 

3382.714 §l"""<II ~ 3370.625 : 
3358.101 
3354.71 
3346.182 
3340.202 • 

159269.53 
159128.94 
159022.93 

t------tL3 d H 3295.764 159022.93 

+---_L3dH3200.888 159022.93 

w 

'" N 

F,,;; 

1~lr:3::39'"~ I!!!!!:!i 
129469.37 

HnU:U 
128689.67 

.... 127790.57 

I U:':D 'f 
3d4d 3G 

3d4d 3F 

-
N 

4800 273 ~ 3d(20v2 15r 

. ~ 182680.53 


N N 
... 2 

4309.40 ~3d( OV2 15r 
4295.03 

4293.34 182680.53 

I~IL"', :,:~. "54~ 159481.9
159403.9 1 
159394.8 9 

157204.16 

...l i I I 

Ti III(Ca-Sequence) 

- 34­

http:157204.16
http:182680.53
http:182680.53


JAERI-Data/Code 97-022 


2.0 2.50.5 1.0 1.5 
I I
I I
I 
 r 

3 


420(3.89 
4243.89 

(-
3 

J
2 


-


II> 

3938.456 ..t----oIL3d( 20
5/ 2)51 

182587.62 

III,J,':F:P 

' 

3d4f 'C· 

3d4f 10° 

3d'" IF· 

3d"f 3D· 
3d4f 3 p • 

3d4f I p • 

I I I
I I 


Ti III(Ca-Sequence) 

- 35­

http:182587.62


JAERI-Data/Code 97 -022 

0.5 1.0 1.5 2.0 2.5 
II I 

II> 

2
3995.525 +-t__....L3dC 0J/2}5' 

182225.09 

Ill l.·· ·p'
d.H 3FO 

3d.(f 3c o 

3d.(f 10° 

3d.(f 1FO 

~d.H 30° 

3d.U 3po 

-

8305.·U 

8305.41 


5 .
( _ )0 

2 
13dC2 OS/2 }5, (i) 

L 182680.53 

I r I I 1 

Ti III(Ca-Sequence) 

- 36­

http:182680.53
http:182225.09


JAERI-Data/Code 97-022 

o5 1 0 1 5 2.0 2.5 
I I 

N ..... 

... 2 
.4348.04 ~3d( 0s/2)S, 

(333.542 182.414.38 
182473.21 

.. .. 
.(262.93 ....__4l3d.(2 0 S /2 )5, 

182.414.38 
w.. w.. 

OIl 2 
42.41.29 l=t3d( OS/2)51 
·4234.415 
4212.47 

182414.38 
182.473.21 

I I 

7955.11 
7881.83 

7773.19 

I 

.. 
... 2 

(367.68 	 L--.l 3d( OU2)h 
~ 182068.87 .. 


.4308.39 ...t __....l3d(2 0 U2 )S, 
182068.87 

N ... 
... .. 

4276.35 E=t"3d( 
z0 

3/Z)S, 
4252.121 
4248.540 

182068.87 
182067 .49 

II Ill... 'F' 
3eur 30° 

3d,u 3 Ho 

3d,u '0· 

3d., 'Fo 

3c1,u lO· 

3c1sr 3F ° 
usr 30° 

I I I 	 I 

Ti III(Ca-Sequence) 

- 37­

http:182068.87
http:182068.87
http:182068.87


IAERI-Data/Code 97-022 

Energy (in lOScm-1) 

O.S 1.0 1.5 2.0 2.S 
I I I I I 

r 

- 3 
.... 

NN 
~N 
A. -C£) -.1 
_C.:I 
-.1 U1 
<" • 
<~ 
-3 

I-
4203••10 t l3d( 2D 3/2 )51 7 

182068.87 ( - ) 
... 2 

U57.27 ~3d(2Dl/2}5' 
182067•• 9 

.... 
dU I r lDo 

w 

:: 
A. 

159123.78 
158285.U C"l.. 

-
+--1.3 d( 2 Ds /2)7 II 

201958.3 
5161.19 

8267.32 ["('D'/''''
8267.32 
194680.2 ...... 

ij3d (2 Ds / 2)6 h 
8189.78 
8190.57 

194680.2 
... ... 

8267 .32 ~3d(ZDl/Z )6h 
8267.32 ( _ 7 )0

194317.2 

a16l.U H"('DU,'" 2 

8161.8. 
19UI7.! 

/";;; 

Il"'D,nlS ' eil 
3d(2Dl/ z )5. Ci) 

182587.3 3d(zDvz )5. Ci)
~l("'D,nl" 

Ci) 

182471.38 
lUiH.¥§1
182224. 2 

Uisu:n 

-
+=--l3 d( 2DS/ 2)6. 

194556.67 
7874.28 

.. 
L3d(ZD!\/z)6.I 2825.90 194556.67 

+=--l3 d(2 D3 / Z )h 
194169.81 

7895.57 

9. 
... 2 ( - )
+--l3d( Dl/2 )6. 2 

194169.81 
7809.53 

""" IF· I I.." 'F' 
3d5! 3 G o 

181860.55 
181507.92l~ rSI 

181368.45 
159180.24 

J I I ~ I 

Ti III( Ca-Sequence) 

-38­

http:159180.24
http:181368.45
http:181507.92
http:181860.55
http:194169.81
http:194169.81
http:194556.67
http:194556.67
http:182471.38
http:159123.78
http:182068.87


I 

JAERI-Data/Code 97-022 

lO5 cm-l)Energy (in 

2.0 2.50.5 1.0 1.5 
I I 

2821.69 
194169.81 .. 

L3d(2 D3/2)6.I 2801.20 194169.81 
... 

1120.3943d(2 0 3/2)6.
194168.25 

... 
L3d(2 0 U2 )6a , 218&.01 194168.25 .. 


4361.15 ~3d(20!/2)5' 
182405.25 .. 


... 2 
4304.505 +--l3d( 0!/2)5a 

182405.25 ....... 
... 2

".5.0' l=l'" . 0,,,)5.4215.823 

4215.528 


182405.25 
182403.64 

..... ..... 
... 2

"".'1< ~'.' 0,,,)5.4241.141 , 

4246.24 

4224.515 


UUU:U 
...... ... 

m5.95' 9""0,/>)5'
4192.141 

(!
2 
) 

I I II.J·~'F:G' 
3d4f 3 G• 

3d4f 3 H• 
3d4f 1,. 

4145.050 
4144.112 

II 
r"" 

3-
.... 
N)N) 

;.:aN) ....tc --.:a _w 
-.;a CTI 
CD • 

<~ 
--3 .. I 

L3d(2 D3/2)6. 

182405.25 
182403.64 

.....i:=:t3d''0, />)5. 
UU8~:U 

11/,(2 
srJc.:.::,."159481.95 

159180.24 

jUUtU
1 8903.55 

3d'" 3 0 ' ~ lUU8:U 
..': 158690,,5 

.... lAUU?34 6 

I I I I I 

Ti III(Ca-Sequence) 

- 39­

http:159180.24
http:159481.95
http:182403.64
http:182405.25
http:182403.64
http:182405.25
http:182405.25
http:182405.25
http:194168.25
http:194168.25
http:194169.81
http:194169.81


JAERI-Data/Code 97-022 

0.5 
I 

1.0 
I 

1.5 
I 

2.0 
I 

2.5 
I 

- -NN 
:'IN-­CO -..:a _w 
-..:a c:.n 

~~ 
--3 

I 

4318.08 +-l'"3d( ZD UZ)S'­
182014.92 

U13.257 
U12.95 

j,r,,; 

IlJ..~fF:G' 
3d.r 30°1~lrfl::'~O'" 

3dH 3Ho ~ uun:l! 
1~8903.5 

Id9U:31'- un~9:U 
L.. 158285.34 

-

I I 

8213.35 
8212.60 

8166.96 
8165.85 

8199.17 
8198.30 

8163.09 
8161.U 

I 

3d(2Dv2)5r q) 

9
(-2 J

O 

. 

1',,(200/2)5'
ci)

(~J
3d (ZDuz)5. 

Ti III( Ca-Sequence) 
- 40­

http:158285.34
http:182014.92


I 

JAERI-Data/Code 97 -022 

0.5 1.0 1.5 2.0 2.5 
I I I I 

r 
I 

:I 

7842.22 
7805.03 

2820.78 
2812.57 

2803.15 
2802.94 

7867 .90 
7797.3( 

<II 

.&210.133 +-1--....L3d(ZOS/Z)5I 
182436.46 

<II 

4139.424 +-1__....L34(ZOS/Z)5I 
182436.46 

I I I 

I U,d4,'F: C 
' 

34., lO' 

3441 lHo 

3451 3 H' 

Ti III(Ca-Sequence) 

- 41­

http:182436.46
http:182436.46


JAERI-Data/Code 97-022 

0.5 1.0 1.5 2.0 2.5 
I .1 I I J 

r 
Er- .. 

NN 
:-"N.. ­cc ....... 
_C:.:I 
....... c:.n 

::~ 
-3 

• ~ I 

~'" '" 2 ­

4365.33 It=t3d( DJ/2)SI 
4338.712 

4319.561 IIUU:H 

II L '.'
3dU 3eo 

3dU 3Ho 

-
5121.31 

'So'" 
8202.13 1+1 3d(2DV2 )6h 

8200.10 +tt. 194628.2 

~. 1:11 2 

8179.13 IH 3d( DV2)6 h 

8178.00 ~ 194628.2 

8278.69 
8276.20 

8173.37 

8172.21 


I I I 

Ti III(Ca-Sequence) 

- 42­



JAERI-Data/Code 97-022 

2.00.5 1.0 1.5 
I II 

8111.53 

'" 
2888.U ...1___....L3d(2 Ds /2)6' 

lU669.10 

119(••(9 

1625.26 

...a 

2824.45 +-----4l3 d( 2 D 5/ 2 )6, 
lU664.08 

'" .. 
4433.912 ...1__....L3d(2 DS/2)SC 

182601.96 

'" 
4218.518 t--__....l 3d(2 DS /2)SC 

182601.96 

hi' 

IIL"r':2:~3'"
o ~ 181831.98I~~ 160054~1~558.44 

lUfU:U 
158903.55 

'" ...a 

8241.10 I~ 3d(2D3/2 )6h 
8238.51 +l--l 

194301.6 

I I I 

2.5 
I 

Ill.., 'G' 
3d.(f 3HO 

3d5! lHO 

-

Ti III(Ca-Sequence) 

- 43­

http:158903.55
http:160054~1~558.44
http:181831.98
http:182601.96
http:182601.96
http:lU664.08
http:lU669.10


JAERI-Data/Code 97-022 

Energy (in lO5 cm-l) 

0.5 1.0 1.5 2.0 2.5 
II I I I r 

:3 

N -N 
N

-:/ 

~ 
cc --:/ 

c."--:/ c.n 
CD • 
<ega
-3 

.!. 
....a ....a (~5)O'" Jt::t.3cl(20$/2)6 h8267.32 2 

8263.67 
194694.6 

[d('D,n". (':] 

182601.96 
182596.87 

I I I I I 

Ti III(Ca-Sequence) 

-44­

http:182596.87
http:182601.96


JAERI-Data/Code 97 -022 

3.0 3.5o5 1 0 1 5 2 0 2 5 
II I I C"'" 

9 ........
... t.)...~ 
coN 

en u::I 
-.:a -.:a 
Nt.)
CD • 

""'9 
NI- NI­

715517.12 E:t3 pe

<~ 

l 

5470.98 
292999.54 

N'­N.W 
N.-

Lheh2862.596 
2836.972 It 265847.4% 

N'- N'­N,W 

I I 

N.­

I iln·l~~o .5 4 

N'''' 
II 781. no 
II 779.014 

716.162 

NIW 

~ 80388.92 ~ 382.1 

1- 0 

I I 

L3 S.u aU:u: 
pl 

21U07.34 

[ •••• 'p' 

274881. 21 
27472 .29l~ ~ unu:u 

li8~39.521 7 21.3 

N~«tUt NJiy 

6292.41 
6U6.65 
6231.62 l=t~ .",,!.2I

214 2 .29 
N.­

N'W N,,,,
N'<J' 

It UitUi l~ l"I'j·2174 2 .29 

N.W 

5492.51 s=t'N._ ....5398.93 
2109a4.38
2 06 8.89 

N._ 
N'W N.WN,<J' 

2957.3062937.328 9t~ 
2929.961 ~ 

2309U.38 
230608.89

N.­N.U 

~..... 
UHH:U 

Nr!.7CJ 
Ie.. 
'\ ~'" 
1 .... 
,L~ IU139-- . 521 921.3 

~ r rOd '0
~ ~ "8811.0' c 258838.48 
19682il\~7.34 
196804.27 

I I I I I 

Ti IV(K-Sequence) 

- 45­

2S 

-


2po 

http:196804.27
http:258838.48
http:230608.89
http:2309U.38
http:2109a4.38
http:li8~39.52
http:274881.21
http:21U07.34
http:80388.92
http:292999.54


JAERI-Data/Code 97-022 

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

r 
a 

Nt- NJ~..,. 
Nl'" II 

3170.955 U==i!:3P 7d 
3156.718 306408.30 

306395.69 

N''''
Nit''f'NII/I

7494.77 :: 

7491.37 .: 

7483.07 .0. 


UUU:Bi 
N~7w N~'i'", 

6988.74 q::
6978.51 .: 

6913.85 0. 	 289206.93 
289185.99 

NIY' N~'i'U' 

4397.327 ~ 
4403.451 ElN 

'''' :: 

4395.92 : 	 258877.08 
258838.48 

NI'" 

mtm r i~ umul 
N''''NI- NI'" 

UN'''' II w rll.. .........I-.....,1,...,.4=69 18:-=8---t111 ..,~ 
[ 1467 .338 II :*..--i1 :»lr.7:ii t;-"tIIL. 196889.96:-74T1 3rT­

- 196804.27 

N 

"0 
It 

.:: lnntU 
I I 1 I I I 

Ti IV(K-Sequence) 

-46 

http:196804.27
http:258838.48
http:258877.08
http:289185.99
http:289206.93
http:306395.69
http:306408.30


JAERI-Data/Code 97-022 

3.0 3.50.5 1.0 1.5 2.0 2.5 
II I I I 

25.&7.31425<&6.880 
25(1.786 

I I I 

Ntw Ntt:Jft 

mn: fO (~ "'861.9' 
27sa41 .01 

6262.86 
62.&7.1<1 

NfW N~r~ 

9N''''': ... 
: 2361(2.30 

236135.29 

196889.96 
19680.&.27 

NJ't'~ N~to 

2689.39 t==t3pS 

2688.32 

-
7' 

31303(.1
313033.9 

L
• 
CoO '" 
0. 
N 

N 
""I 
o 

II 

Ti IV(K-Sequence) 

- 47­

---~--~---------------

http:19680.&.27
http:196889.96
http:236135.29
http:2361(2.30


JAERI-Data/Code 97-022 

Energy (in l05 cm -1) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 
I I I I I I r 

-- .-
:1 

..... c:,..) 

~ ..... 
N 00 
en ~ 
...;J ...;J 

N c:,..) 
(11 • 

<~ 
...... 3 

I 

r-l3p'7h ­7652.12 
313110.72 

2HON'''' 
l3P'7h 

313110.72 
2889.36 I 

4618.114 +---l3p'6h
300158.76 

w 
'1:1 

'0 CIOr"" I 

•'" 300046.05~ P8il~.23 C'l 
N 

78 1 .93 

-
+---l3p'81 

321531.3
4677.58 

+--l3P'71 
313130.66

7706.85 
21 

r"" 'ft' 

300158.76 

I I I I I -'- I 

Ti IV(K-Sequence) 

-48­

http:300158.76
http:313130.66
http:P8il~.23
http:300046.05
http:300158.76
http:313110.72
http:313110.72


JAERI-Data/Code 97-022 

lO6 cm-l)Energy (in 

0.9 1.00.5 0.6 0.7 0.80.1 0.2 0.3 0.4 
II II II I 

'" ~312SP!!4P1411.309 
514608.7 

- '" l3. 2Sp!!4 P1286.036 t 
514608.7 

- '" 
t L35 23p!!4p

838.315 514608.7 

,. 
Ipo

l 
" r·····
443752.7 

436849.8 
395320.9 

-
1881.886 ~3IZ3pS4p

496890.7 .. 
 -'" R3IZ3P!!4P 
1598.697 
1759.757 

496890.7 
--

984.530 t L312 3p54p 
496890.7 

-.. -
2 S

L31 3P 4P 
U ntH~ 496890.7 .. ­

l35 2 3ps4 Pt 526.266 496890.7 .. ­
l31Z3P!!4Pt 485.175 496890.7 

'" N ­
131 23p54p

lIT 455.419 I 
m 451.429 1 
Til 449.541 496890.7 

//1/ ,. 
lp' " 


443752.7 
4!Og~5.24 4 9.4 

309433.1395320.9 
309252.1 

l l r""" 

.... 2930~67887J.5 

.... 277310.6 
~ 

~ HUH:i 

I r 
r-­
3 

-. .... 
(Coo 

~Q 
<:...:IQ 

Q (C 


('OQ 


<Q 


-3 
n 


I
-
Is 

I 135 23p 53d Ipo 

3523p!!41 3p' 

-

Ip 

11l.·..·.. 'po
3123p!!3d 3 F o 

3s23p53d I DO 

31 23p 53d 3D o 

3523p53d lpO 

3523p54. 3po 

I I 1 I I I I I I I 

Ti V( Ar-Sequence) 
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I 

JAERI-Data/Code 97-022 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 o9 1 0 
I I I , I I I I 

C"" 

3 
.-. ... 
<Coo 
~Q 
c:.:IQ 
Q <c 
('OQ 

< Q 
n 
3 
.!. 

103.059 

103.133 

lU.711 

106.154 

108.443 

112.495 

120.824 

" •.Ul 

------------------rrr.11'-----------------1L3�2~~:~~2.7 
-

~-----------------'11-r~r----------__1L3123p53d
• 395320.9 

I h3pIlSp 
827650 

-
I h3pll<&p 

691797 

-
L3s3pllllP 

910320 

I h3plllOp 
9UOI0 

1313pll9p 
955010 

-
13s3pllh 

942030 

I 313p1l7p Ipo 
922140 

1313p1l6p 
888930 

0 

r'o':' 
IS 

-
_ N II 

1600.726 +---Lh3p 3d 
50622<&.7 

N 

lU.l.<&26 i=-----Lh3p1l3d
50622<&.7 

N, Lhhll3d In901.692 50622<&.7 

r"" I 13I23p !l3d Ip. 

3s23p!l<&s 3p.l 
-

r"'" 'p' 
~U7<&\~87 

395310.9 

I I I 1 f I I I I I 

Ti V(Ar-Sequence) 
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I 

1.0 

JAERI-Data/Code 97 -022 

0.7 0.8 0.9o1 o 2 o 3 o4 0.5 0.6 
I II I I 

N 
W 

r----;::-:-r--=-::-----tLh3p I 3d 
513.37. 5062U.7 

N 

+l-11_~r.r-rn----+Lh3p I 3 d Ui:Uf 5062U.7 
N N 

+-1--n501T1'"'JI.6T31r--....Lh3p I 3d 
5062U.7 

N N 

...., ----.'IM'""'I""TK--...1 h3p 
l 

3d.s.. 143 L 5062U.7 

r 

.... 
CD 00 
~C 
c:..:IC 
C CD 
ct C
<C 
..... 9n 

I 

I I 

N 

....1---r:-=;-::-;-;;---.L3a2 
3 pS h 

5H.6U .U035.7 

N 

+-f----;;:;r:'-:-::'-=r--....L3a 2 3pSh 
53 •• 297 U.035.7 

/1/;;; 1l.·,.". 'po 
3s23p s 3d 3 F• 

13a 23p s 3d I D° 

3s 2 3p S3d 3D. 

I I I I I I I I I I 

Ti yeAr-Sequence) 
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JAERI-Data/Code ·97-022 


Energy (in l06cm-1 ) 


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

:3 
.......... 

c:D()C) 
~o 
e..:IO 
o c:D 
CD 0 
<0 

....... 3
n 


.!.N 

-Q - 2 5........ !:t...... 

221.4.740 

2098.042 UU81.1 

-N 

L3. 23 P5"P
5+9.518II 5 8.905 "81981.1 

- 5 3SLh2
3p "P511.095 "81981.1 

"83.992 

Q_ 

r·'···..III U8'r
2 

.til. 18 "81981.1 

/;;;. 

~ 11l.,••·•• 'pol 
N 

(.,..... 'po 
3. 23p 53d 10" 

""2°65.2 31 23p53d 3D" 

H"Jn:~
UUU:i 

30681 ".5 
.... HBH:8 
'- 21""39.1 

-
N

N 
Q­

-Q 

w 

1681.l65 

1633.180 ~~r'Guo1630.613 
1600.353 : 
1569."23 
1538.5"6 

"19336.2 
~ aU;j 

NQ_E:t..,....,18U."90 

1831.U6 

1199.082 


-'99336.2 
"98116."
-'98051.2 

N 
3p 

Q­

913.351 
912.188 
961.376 ~3""'"UiUa:I 

498051.2 

" ,.. 

I I..,..... 'p'

l1"3.... Ip" 

3s23p5", 3p" 

4-'3152.7 
""0065.2
4368-'9.8 
434339.4

395320.9 

I I I I I .1 I I I 

Ti V(Ar-Sequence) 
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JAERI -Data/Code 97-022 

Energy (in l06cm-1 ) 

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 

r 
a- ....

CD 
QO 
I:) 

WI:) 
I:) 

~ 
CD 

< 
~ 

-
I:) 
I:) 
n 
9 
.!. 

N 

SLas2
3p " 535.836 

N.. '98051.2 ... 
C4.. 

N 

.. C4 
'a 

<It 

'a 

- '99336.2 

nUU:l 
-


523·n°
519. 5 ~"'~;;;;!:l 
... 3p

N ­ ........ 

If HtiU 

~ 

U93f6.2
U80 1.2 .. N .. 

-NO 

l 
'-

~".. 11l.·,,·.. 'p'~.'3 .... 'F' 
3s 2 3p 5 3d 3F' 

3s 2 3p S 3d 10°31U33.8 

J8UU:i 3s 2 3p S3d 30° 

30360811~~!·2 

~90118.1 


~ 2 n08~62 
- 2153~1.9 
"-- 21U39.1 

I I I I I I I I I I 

Ti yeAr-Sequence) 

- 53­

N 

• .5 
• .3 
• 1 
• ,1 

• 1
U. ,1 --

W, .. 
N, C4 

'a 
4, :, 'a, 
4.U. 4 - 993r· 2- 1U6 ~:t 



JAERI-Data/Code 97-022 

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 

r 

3 
--. .. 
CD 00 
~o 
c.J 0 
o CD 
(1)0 
<0 n
-3 

.!. 

103.154 

~___________________________________~rrr.n~___________________________________ ­--413.3pS9p 

104.732 954820 

-
~______________________________________~~~~______________________________~13s3ps8p 

106.308 940660 

~__________________________________~~~______________________________-i13s3pS1p 

1015.1)11 920720 

-
~________________________________~~~~__________________________~13s3pS6p 

112.896 885110 

~________________________________~~~______________________~13.3pS5p 

121.138 825500 

-

~________________________________~~~~__________~13s3ps4P 

145.354 687980 

-
~______...,....,...,.....,.....,...,...._____~l 3s z3p'3 d 

363.145 275371.9 

-
2011.614 ~3sz3p'4P 

.~ 493300.5 

2091.104 +--l-Nh3pS3d 

491558.7 


- N 
S


1039.125 f L3'h 3d 
491558.7 

N...... 
~.....,.I ~H·l;4.0 9 492gg7'l 3n491 8. 
N...

N 

~4Ld9 ~3''''''I 38.511 4925p.l
4915 8.7 

l 
[" ..... 'p' 

R- , 

1113.'"',, '0' 
3s 23p'3d IF· 

443752.7 3s23p'3d I p.
395320.9 ~ 30 

31Url:! 
I I I I I I I I 1 I 

Ti YeAr-Sequence) 
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JAERI-Data/Code 97-022 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I 1I rI I I I I r_. 

:I 
.......... 

CC oo
~C 
C-"C 
C CC 
(IIC 
<C 

-:I 
~ 

.!. 
N N 

w-0 

20 ...... ~~ 1920.163 :: 

1831.875 .: 

1827.899 ~ 


1747.639 

1717.396 


inUl:~ 
488928.7 

... '" ... 
)51.115 

w.. 
w 

i56.56Z 
49.083 

"0 

w '" 
48.533 
46.062 
43.103 

540.145 

~ 

I ­-

N 

492567.1 
491558.7 

I-.- 488928.7 .. 3nN... w 
N 

0 N 

W 


N 

// .... 
~....... 'po 
 Ill....... 'po 


l~ 

3.23p'3d 3,. 


3s 23p'3d 30°4~OS65'i4 6 49. 
434339.4 

309433.1 
309252.1 
30742¥.2

290778. 
'-- 289050.2 

"- ';'87276.5

'- 2 7310.6 

'-- F537A'~'-- 7443 . 

I I I I I I I 1 I I 

w 
:; 4. IE .. 

w 
" lB. J: .., 

'" 4 13. fE w 
4 11. I:; 

~ 

4 17. 1 I ­ 492567.~
l-

I-. ­ nun:7 

~ 
468~257 w 
466-.749 .., 

'"466.224 w 

464.562 
~ 

462.565 I ­ 13UUJ'- ­
i.-. 488928.7 

Ti YeAr-Sequence) 
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JAERI-Data/Code 97 -022 

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 

N wN_ 
-0 

11878.458•••••3. ~:~ 

1864.451 ""... 

1855.765 : 

1771.452 

1696.031 


nUJg:9
4879 4.6 .. WN_

W 

N 


w.. 
..,w 

N 

.., ...... 
50tJ.468 
5UZ.111 
502.071 
498.260 
493.783 

"'-
... 493300.5 

488225.7 
~ 487974.6 

w 
N 

I 
W 

ut:n r'~;;;;U 
w_ wl\>_ 

N 

493300.5 
488225.7 
487974.6 

W 

560.056 .. 
N 

559.323 w 

553.857 "'...... 
553.122 .., 
543.858 
548.339 --

'--

W 
N 

I 
I\> 

ntH! r'::~~:!:l48 74.6 

WN_ 
-I\> 

W 
co 
I\> 

..., 
.... 

474.690 
474.124 
469.808 
462.912 ..,.. 

w 

458.861 .... 4B 33 00•5- 4 Up.7
"-- <1879 <1.6 

I I I 
t"'" 

3 
......... 

CD co 
~o 
wo 
o CD 

etO

<0 

(') 

...... 3 
.!. 

3n 


I//~ 
11l.,..,,, 'po

I 
~.''''.. 'po 

3s 2 3p 5 3d 3FOI 
3s 2 3p 5 3d 10°440063.2

<1368<1 .8 
3s 2 3p'3d 30°43<1339.<1 

31U33.8 
30r33.1 3s2 3p 5 3d IF" 

U UiJ 
5'- nHH .

L.. 2 8.7 
'- 289050.2"-- 187~71·5 ... 27 ~1 .

'- 275 71.9 

I J I I 1 I I I I I 

Ti V(Ar-Sequence) 
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IAERI-Data/Code 97-022 

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 

~ 

:3- .... 
CD 00 
~CI 
c.:I CI 
CI CD 
coCl 

CI< n 
:3 
.!. 3Do-

13aZ3p 53d 
323.365 309252.1 

0 

L"3~' 
IS 

-
-
I 3I Z3p 5CZPT/z)h

1<&5.79 685940 

N ­
L3IZ3 p5CZp! /Z >51 

613558.2 
931.652 t 

N ­
L3IZ3p5(ZpT/ z)51I 836.656 613558.2 

-
I3a Z3pS(zpT/z>51

162.984 613558.2 
N 0_0 

881.3" ~"''''('P:/')5'
875.489 
866.676 
865.806 

613558.2 
612793.2 2(! )0 

CI_ 2-
6t 8U·

718 .1 6 r'~;;~'!~:t·· 
- CI 

L3I Z3 pS(ZPT/z)51I 807.3H 612793.2 

C) its 
w 10 

N II L.'3. '0 
3lz3p s,(p 10" 

W 

'" 

.. 
~1'3P'" 3az3ps .. p Ip506224.7 

~ 
31z3ps .. p 3p1U3f2:iU8~57 .2 

U6890.7 
"9-'035.7

"88928.7 ,- 0 

I I I I t I I L I I 

Ti V(Ar-Sequence) 
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JAERI-Data/Code 97-022 

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 

c­
3 -­ .... 

c:c co 
~ 0 
c:." 0 
0 c:c 
C1I 0 
<0 n
-3 

- ..!. 

1828.292 ~3s23P!I(2P3/2)4d 
569304.5 

-
1380.935 ~3s23P!!(2p3/2)4d 

569304.5 

-N 

1328.512 I L3s23P!!(2p3/2 )4d 
569304.5 

N 
0 0_ 

"'1.713 ~"""('PI/>'"
1429.222 
1405.911 
1403.562 

UUU:~ 2 ( .!. )0 
2 

N 0_ 

1326.219 
1315.112 

~"""('P!/' ... 

1233.381 
569304.5 
568698.5 

0_ 

1153.214 
1145.256 

~"''''('PI/»'' 
569304.5 
568698.5 

liP­

iI""'" 
IS 

514608.1 

UIHIJ 
498051.2 

496890.1 
494035.1 

I II 3s 23p!l4p 3 5 

3s 23p!!4p 30 

3s Z3p!!4p 10 

3s23p!!4p Ip 

3sz3p54p 3 p 

..... -
49330g.5

41r1U. i 1 

-
13s23 p5( 2p 3/Z)6s 

141).8lH 680148 

-N 

981.585 i L3s 23 p!!( 2P3 /2 )5. 
608100.1 

-
t 899.171 

-L3s Z3 p5( 2pj /2)5 s 
608100.1 

164.446 

N_ 

928.501 II908.140 

13s23 p5( ZP 3/z)5. 
608100.1 

N_ 

~"",,(,p;n ... 
608100.1 
601033.0 

2 (!)O 
2 

0 

~ 0 

".;;

I····.. 10 

459096ay6~··i 
498 1.2 

496890.7 

I ISI23p54P I P 
3s23p54p 3 p 

l I I I J I I I I I I 

Ti V(Ar-Sequence) 
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JAERI-Data/Code 97-022 

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 

t,­
I I 

3 

... 
N 

N_ 

N 

1136.050 .....__--6l3IZ3p5(Zp! / zUd 
519584.2 

llih 

13SZ3P54p IS 

L 514608.1 
506224.1 
4993~6.2 

1nh~:~~1~ .496890.1 
.49.4035.1 

I... .493300.5 

lilt.,..... 's 
383p 6 3d 3D 

3s Z3p!l.4p 3D 

3s Z 3p5 4P 1 D 

3sZ3p!I.4p Ip 

3s23p54p 3p 

383 p 153d I D.: nUU:i 
~ UnU:I 
- H1981.1 

I I I I I I I L L I 

Ti V(Ar-Sequence) 

- 59 

http:3sZ3p!I.4p
http:3sZ3p!l.4p


JAERI-Data/Code 97 -022 

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


r 
9 


N 

1128.546 ...., __--tL3sZ3p5(Zp3/z)4d 
510591.8 

II 'll.,..·.. 's 
a3p 6 3d 3D 


aa Z3p54p 3 D 


aa Z3p 54p 10 


3I23p54p 1 P 


I I I I I I I I I I 


Ti YeAr-Sequence) 
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lAERI-Data/Code 97-022 

0.2 0.3 0.4 0.5 0.6 0.1 0.8 0.9 1.00.1 
I II I II I 

1239.958 
1230.361 

111l...·.. '0 
S,23pS"p 3D 

3s 2 3pS"p I D 

3s2SpS"p I P 

S.2S p S4p 3p 

I I I I L I I 

Ti YeAr-Sequence) 
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lAERI-Data/Code 97-022 

0.1 
I 

0.2 
f 

0.3 
f 

0.4 
I 

Energy (in lO6cm-l) 

0.5 0.6 0.7 
I I I 

... 
~3s23p5(2P3/2)4d1518.181 

512093.9 
... 

1281.091 t:.---L3,23p5(2P3/l)44 
572093.9 

N "w 
. w 2 5 2126..... ~.. 3. ( PI,,)" 
1257.442 
1241.671 

572093.9 
571401.1 

w .. 

1198.659 ~3"3"('Pl"'"
1192.353 
1188.796 

572093.9 
571401.1 

4­

~J'3"3' 
10 

506224.7 
4499245063l'17 
491518.7

lIU;4:l 
1 I I I I I I 

0.8 0.9 1.0 
I I 

t""' 

9- .... 
CD co 
~o 
we 
o CD 
(II 0 
<0 

...... 
(')
9 

!. 

2(! )0 
2 

I I3s 23p5., 3D 

313p1l34 3D 

S,23 p5., 10 

I I I 

Ti V(Ar-Sequence) 
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JAERI-Data/Code 97 -022 

1.00.6 0.7 0.8 0.9 
I II I t""'1 

:3 
'-____________.....,..,~...._-------------4t~:Z3P4( ID}4d -­

_(£:I -668630 (£:len...c:.n_ 
~o 
roO 

::9
5·"995 I 

t­______________......,.lIT"'TIMr-­

125.689 

It-N_'­______________"T'T'!I""'l\";I"T""'___________ 

141.061 IT 
140.H3 
139.911 

N.W 

Ilt.l_N_·­______________'T'II""lr-ll"'.....­_________ 

11 150.:H5 II 
II 150.Z13 iT 

149.010 l:: 

151.897 

199.759 
lL 198.9ft 

191.460 ~ 506432 
'­ 502571 

N.W 

It.l_N_·­_____~iT'II""'1n'r_-----~llt~:Z3P4(ID}3c1
I 259;zn 11 

257.855 11 

255.375 ~ nuu 
N.-

Nf- Niw 

t 
1.______--".,,...,......,...,,..,,,__..., 3s 23p4(lp)3d 

353.817 
U9.514 
346.728 
342.595 .... 291890 

..... 288412 

I I I I I I I 

,l

.. 
______________-it~:23p4( I 0 )5c1 

795615 
N.w 

-Ult~:23p4(3p }SI 

n 
IL 71'142 
..... 7UOU 

~II'N;:23P4{ 10 }4d 

nun 

658339 2p 

I I 

Ti VI(CI-Sequence) 
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JAERI-Data/Code 97-022 

0.5 0.6 0.7 0.8 0.9 1.0 
I I I I r-'I 

-.... 3 
.... 

.... (D 
(D «=I' ....797406 c.:n ....797092 Co.) 0 
CDO 
<n 
-3 

I 

....... 
... ,- ...",.1'-______________"TTIr-r.nr-___________-t1,13I 2"4(ID>h 

11 
I' 

... ,­

T 

... 1 ­

II
Ir 

... ,­

[l 
rr IL 5189U 

I- 518797 
........," ... 

... 1- 3I 231>4(ID)3d 

t--------·--------~}f~1i----------------·1j-·-------------ln:-rS'4"-------------:L 4U12 3 
..... 399231 

"" ......,111 
1"--..._1-_____-=-:::T-:."...,-____1:,1 3I2 ,,4( IS )3d 

288.355 I' 

zu.586 Ii 


T 

"'1­

'I 330.703 !L 302386 
"- 298991 

-
""111 

1 h'------------""l"T1r-r.nr-------------t 2 
3p4(3p >4d

152.338 656437 2F 

I I I I I I I I 

Ti VI(CI-Sequence) 
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I 

JAERI-Data/Code 97-022 

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 II I I r' 

NOW 
9 

+-___________--:"'l"r''''''''''':-___________-t1 3823p4(l P)5a .......
.... ­
.... co UL1T3 Nt'" 708652 co en ....NlwNI- c:.n .... 

"lI ­ weI+--------------:~_r:":-----_H+ 3.2
3p4( lp)h to e 

IT Y03."34 <n 
203.200 -9 

IT 201.865 
~ UUI~_

u21d 
4p 

NI­

T 
331.161 301U7 

Nlw 

2po["'.. 
8829 

-
NI'" 
1382 3p4(lp)5d 

128 • .&50 718513 
NI .... 


NI- IIN~;23P4(lp).(d. 

15".161 IT 

t52.91iO 


61"6 376 
501 


I I I I I I I I I l 

Ti VI(CI-Sequence) 
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JAERI-Data/Code 97 -022 

0.2 0.4 0.6 0.8 1.0 1.2 
I I T I I 

r 
I 

Hh 
2 

3P" 1989."c 
5UOI 

9 
.-. ­
"",,­
c­
• C.:I 
00 en 
(DC IS 
<C

C -n 

["'" 'p 
 9 

~ 
<153" 

... 

Q -
Lh23p3(2 p O)"dt 136.815 785716 

Q ­
Lh23p3(2poU.t 178.572 6U7U 

-'" Lh2 3p 3(2 p O)".I 169.301 6lUU 

Q ­
Lh23p3(2 p O)3dt 152.571 <150729 

Q ­
L3S23p3(20· )3dt 305.730 381894 

-'" L3s 23p3( 20· )3dI 279.516 3818U 
-Q 

Ipo 
I 3s 23p 3( 20· )3d

IT :l65.951 T 
[/ 264.997 r 
II Ztil.Ul 3818U 

Q ­
L3 s 3 pst 509.127 2512U 

-'" L3S3pSI <140.361 25121<1 

".;; 

'" I l.,,,, 'pII ["" 's h 23p" to 

5UOI 
2<1130 un 

0 
... 

N 
N 

Lh23pl(2 p O)<IdI 132.u9 780853 
N

N 

L3s 23 p3(2 0 0)4dI 136.267 757984 
N

N 

Lh23pl(200 )hf 175.812 592918 

;3s23p 3(200)"s 1DO 
168.652 592918 

N
N 

L3s23p3(2pO )3dI 260.704 4077 03 
N- I 3s 23p 3(2p. )3d 

248.037 407703 
NN 

L3s23p3(200 )3dI 332.081 325261 

I II I I I 

Ti VII(S-Sequence) 
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JAERI-DatalCode 97-022 

1.0 1.20.2 0.4 0.6 0.8 
I I

I I I I 
t"'" 

:I_. 
w -.-­N LhZ3p3(Z p O )4d, 

132.093 ~+ 781170 0 .­
W 

W co en 
CD 0N 

LhZ3p3(ZOO )4d

t 135.801 760504 

<0

0 

-n 
:Iw 

N 
lhZ3p3(Z p O)3d ~ t 252.275 420522 IF O 

w 
N 

L3IZ3p3(ZOO )3dt 296.056 361904 

['''' 'D 

24130 

-
- I h23p3(ZOo )4d 

13Z.9BZ 756518 
-0 -

1 h 23 p 3(4S0 )4. 
lIT 179.107 I 
If! 178.673 I 
II 171.238 564211 
!"" 

0 ­
I h23p3(20o )3d 3So

IT 270.148 I,n 269.759 
266.502 375235 

N 

~"3" 
3p 

!eU 
-

N 

- II h 23p3(20o ad 
133.633 11 
132.322 ~ Hun 

N,N 

Lh23p3(2pO )4S 
170.938 

0_ 609116 
-0 N 3po

h 23 p 3(2po )41 
.081 
.831 

1 .71 

11 
 .40 

1 
4.47 

1 4.Ir 
 - 609116 

'- ­
"- nun 

I I I I I I 

Ti VII(S-Sequence) 
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I 

lAERI-Data/Code 97-022 

0.2 0.4 0.6 0.8 1.0 1.2 
I I I I 

N 

-co -co 

h 23 p 3(2p. )34 
.1 6 
.0 15 
.1 6 
.0 9 

2 4.823 
263.944 ... 3818~8.... 37 8 2 

'-- 377614 

N 
N_ 

t Ut::: r';;;~'~'13' .. 
rco -CO 

eo:. 
'-li~1)1 

.. 
eo:. 

1~.008 'D 
<II 

11.442 
09.~1l 

50:,.899 
499.1t~3 ... 202202 ..... 200059 

'-- 196266 

,. 

I 
r-. 
3 

...... .... ...­-
t.:)f' -
CIl00 

(10 Q 
Q< Q 
n - 3 
.!. 

3po 

N I1D eo:. 

W~L"'" • 
.. 

N 

... 

.. 
5i'~30 ."3 34 

-
..... l3a2 3p3(2p. )44t 132.351 

N_ 779699 
...- Ja2 3p 3(2p. )44 

129.722 
129.603 

I 

hlt.n I .... Hnn
'---- 77U16 

... 
N 3Do 

JI Ja2 3p3(2DO).(4 
1~.J3;J.. Jl 
Uz.~n t: HUU 

......-co 
3a 23 p 3(4S0 )44 

LI 138.814 .I 
U 138.5li 

1H.661 

-
.... 726464.... 7263 3 

726277 

I -.I. I J I 1 

Ti VII(S-Sequence) 

-68­



lAERI-Data/Code 97-022 


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

r 

-0 
N 9W 

h23p3(~ D· )•• .-. ...-1 • i3 ... -1 iZ ~ -w 
1 18 00= 

etC 
1 9 <c 
1 • i8 C 

"­ 116111 -n-
810 2 

9- .!. 
N N 

f 268.0n3 
Lh23p3(2p. )3d 

-co 

w 
N 

396512 

3J23p3(2p. )3d 
i5. ilti 3DO
•• ,87 
I~. iZZ 
13. 11 
2.1 62 
0.913 .... nun-

'-­

"... 
N I 

lL"'" 
'D c.o. 

N 
c.o 

"".. 
dU30 .... 

"'0 

I 0 
I I I I I I 

Ti VII(S-Sequence) 

- 69­



JAERI-Data/Code 97 -022 

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

NJiw NI-

t _______--i-i~Tr______--+lh23p2(lS )4.~yJ- 1:::Ul - 722394 +X 

N'­N .... 2S 

~f_--T~r-rx-_-tlh3P4Tr ~26 .• 2589 
.13 n 290233. +X 

-


It 
H 
II 

1112.016 
1~1.290 
150.914 ' ­

" ­
675&31+X 
671405 +X 

N''''N'''' 
N~tw 

3'23p2(3P )4_
lS6.4~ 4 _tl+--------+is"S;;;.6"TTS-------tt 67 5631 + X ~
 671405 +X 

NI-
N.- Ntw 

IlI... ...__--:;'~~_-_-t1 3a2 3p2( I D )3dN_I 

11 279.940 
11 218.806 
H 217.813 
11 276.101 .... 415589+X 

..... 412858 +X 2p 

I 
c.>.. 

N 

..,c.> 

... 
N 

C. 
I I I I I I I 

Ti VIII(P-Sequence) 

-70­



JAERI-Data/Code 97-022 

Energy (in lOScm-1) 

0.2 0.4 O.S 0.8 1.0 1.2 1.4 
I 1 I II I r-l 

a 
N'- N,.!.'r_ 
N,,,, ... 

-:a .... 
wIt r·..· ~ -:allt:U upoa. +x ...... 

.... 

27 037. +X CDO 

11>'''' 011>'''' 11>'- -< 0 

nII> lUI 

I 

it !UJn l~ 
a 
- 2p

nu\t't§ 
,.. 

I 
c.o~"""P' . 

II> 
c.o .....

55633.+X 

5~189. +X II>


332 6. +X c
32190. + X . 

-
NI'" 

2 3 


55633.+X

q 3_ 3p 4264.4c 

NI­

=i;:"" 18.... ' 
1797 .5 c 

~56i"+X 2po41 • +X 

11>1'" L. 
II>l[,'3,' '0' ..c.o 

... 
32190. +x ..

° ~ -
NIUI

NJ7y NI'" 

~3"3""0". 
It !u:n~i . 2 

unUt~ 

II 
N"" 

ntH: 
N,UI 

N'''' N'",r·,,,,,,o'h 
690672 + X 
690446+ X 

N,UI
N.­

N''''11>'''' l" '3.',' ..3d 
n~:~r: 2n 

if 1. 
HUlBt~ 

N.- NJ-rw
11>'''' 

~"'3""0)3'29~.9'h 
28 .375 399772+X 

399323 + X 
N .... N .." 


NIUI 
 NI ... " [,'3,'" o,3d 
II uun 399772+X 

399323+X 

I I I I I I I 

Ti VIII( P-Sequenee) 
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lAERI-Data/Code 97 -022 

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

NtwNt-
Ntw Nt'" 

If n::1:~ ~"3"1414 ,6.+X
"09 1. +x 

Ntw NtW 
Nt'"NI'" 

U Cot 

II nl.,,~ 
.. 
Cot 

II 480.3111 ".. 
1.1 4111.911 
II <&77.930" ... 

"- uun:!~ 

.... L..~r3" 'po N 
Cot 

" ~S633. + X W 

~189. +X N
332 6. +X 
32190. +X C! 

N.J.';'", Nt"" 
Nt'" 

~ Z5 • 10
251·~10 r'~~;~~~;; 

~1."84 
Uo.n' 
1:'0.039 

Nlw Nf'"
Nt'" Lh23 p2( 3p )3dII Zil nz~ 

295.141 Nt'" 371012 
Ntw 
Nt­

ll31 23 2(3p)3d------------rIr.ll1-------- p 
~ti8·11_.! 11Zln.",l IL f 3971'-- H8fL..-

Nt'"
NIW 

----m:m-lt 
NI­

~--nl:-rrl-- " 
----rrD.1i~-- .. 19995¥.6 

198091944U.'1 

,. 
NtW 

3 ........ 

-.3 . ­-Wc
•....-.3 

CD C 
<c c ...... n 

3 
.!. 

2D 

-

2p 

-
N~7w 

Nt'" 

II S.23p2( 3p )"1 
II 
11 
IL 
i.- 666"n 
'-­ un 

-ip 

2D· I 
Coo 

fa 

N 

Cot 

W " 
JU56. +X ..2190. +X fAlr'" 

0I 0 
I I I I I I I 

Ti VIII(P-Sequence) 

-72 ­



JAERI-Data/Code 97-022 

1.2 1.4 1.60.2 0.4 0.6 0.8 1.0 
I

I I I I I I "1 
c:­

_ 1:1 9 
..........
....Kh23p2 1724.7 c c,o­

61100 c:-.:lU'l... 
.... CD 
ct CI IS 
<CI 

n 
9["" 3, 	

_CI 

.!. 
S119 

-
co 	 - 2


lh SPh
f til.isl HOU8 

N 	 - 2lh SPht 1,(o."'S HOU8 

1:1 -
Lh Z3pSdI 285.128 U1820 -

t 
N 	

Lh23pSd260.916 Ul820 

-
I h 23pSd 


242.825\; 
 411820 

1:1 	 ­
Lh3p l Ipo

I :nO.0i1 311087 

N -
Lh3plI 353.9042 311081 

I-N 

IT 324.712 S11087 

~ 
co I l."., 3, 

h 23p2 lDII['3:' :: 
'finH 
a119 

-
N

N 

Lh3plI 4d.h2 254028 In° 
N 

Ii ~Sa 3pl 
4o:l.ll1Z 254028 

-
WN 

Lh23pHt 111.345 926660 

N w 	 IpoLh Z3P3dI 267.941 401771 

~St 23p3d 

401771 


I I I I I I I I 

Il 13a3pl 
11 329.1:;9 I 

N 

253.492'" 

Ti IX(Si-Sequence) 
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JAERI-Data/Code 97-022 

0.2 0.4 0.6 0.8 1.0 1.2 1.6 
I I I I I I I t""'1 

3 
t---.."..'II'""T;nr--.....L3s 3p 3

368.i82 299944 cc -Nc.n. 
-=° 
~ 

('t<0 
_0 

n 
3299944 I 

I:­
N 

w 

~ 
w 


"0 


-

infff 
7Ua06 

I 
w 
co 

N 


W 

'0 

II> 

I I I I I I 

o_ 
N 

II~------~~~r----------~I:-~___________-;lT3r8'T4n8~___________ill~ 
~_________-;lTr'T'9~1~_________~I: 
11~_________-;lTr·~4"13~_________~. 

1 • in 
~ .153 
1 .:)95 .:: 

' ­

1H---~:'r""Il'''If''K'''''--''1I : ­
~__-n1~9.5nrl__"I1~ 

Ht­ __-n1nl-i6 . 1.,.,1.---ttl ~ 
Ht­ __-nI~Z.6.r,1~---Itt a. 

1.44 
10.141 

-II> 

1I~---'4"""47""'.""7r 0.-:"1--1+1 :;­
1I+---.T"l,,"111"1.""':'u'll".r---tit :: 
1+1---:.7­3 9~.~14:T5-+11 w 

439.513 

... 358427 
~ uun 

238'5423 us
230524 

230154 
230U5 
230524 

Ti IX(Si-Sequence) 
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lAERI-Data/Code 97-022 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I I I I I 1 I 1:""1 

g'
N W 
..., ---______--r.I"'II'""II"rK"_________.....Lh:23pU ­ .. 

110.283 91'0'0 co -NjCJ'1.. 
- coet= 
<= ..... = n 

N W :3 
"'1-----_---tL3.:23p 3d I 

e
296.280 ~w· 3660H ­

II~---~~~----~I ~ 
1I~____~2~r~9.0~14~--~~ 

2 8.713 
:t:=:::j2~~6.~.1~85t::::::~2rI:sn 

3UOH 
365611 
364414 

W 

tot-....................~L3a 3p 3 

57 9.896 <. 201000 

~N ­

11+---:-,I~IA~.!1- .,; ~!11""'11......11 
1I....~l!-ll8~.1~ ~0' Oi--.wl 

16.215 

201000 unu 

I 
w.. 

N 
W 

"'" N 

-
~N N 

1I....__-613.3p3 124.42 
~n__--61 703.68 

145280 

I I I I 1 I I I 

Ti IX(Si-Sequence) 

-75 ­



--

JAERI-Data/Code 97-022 

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 rl 

I+-N_'_W__________---rII"""1nI~---------__+t~:25. -N ... 
a 

IT 	 85.262 1 
8<&.111 ~~1180390 cc .... 

N c.n 
c.CI 

<;' 
-a 

I 

-

2p 

-
NIW 

...t-'...-----.....,U:"X'9.....1"r"'1-------tL3I2~~0100 
NI-

Nt'" 	 Nt",
NO'" 

t--....~~_---it~312.P~! 187.35I 186.96 	 880700 

879100 


I I I I I I I I I 

Ti X(AI-Sequence) 
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JAERI-Data/Code 97-022 

Energy (in l06 cm-1 ) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

I I 

NIW 
NI<I' 

It 

NI­
NIW 

~ 

Hi:!U 

m:m: 

I I 

NI­
NIWl....'·P. ,3d 

613252 
612628 

NI­
NIW 

r':;~:::3d 

I 1 I I r;--' 

:3 
.......... 
N-U'I ­-:I... 
CD -N U'I 
(lQ 

<Qn
-:3 

.!. 

NI-
Nlw 

2iii'l28 . 
~"""P"3d 

61 1152 
61 28 

NI ... 

U9.U1 e 
NI­

L3I3p(lpO)3d 
612628 

Nlw 
N'<I' 

II UBIBU~ 
401.957 

NI-
Nlw 

~ m:~ii~ 
320.410 

L3Ih(lPO )3d 

590439 
N~'t_ 

["."P' ,3d 

~UU~ 
Nlw 
NI-

u:Jn r3;;~~;~3d 
2po 

N''''NI<I' 

It 

Nlw 

232.542e L3s3P(lpO )3d 
590439 

NI­
NIW 

399'i 9i
Ut1: r· mm 

. 

NI­
NIW 

II 333IU3~ 
330.797 

NI-
Nlw 

L::. 
NI-
Nlw 

462709 

565.221'563.358 
552.090 

550.U5c 

~: 
w 

462709 
462142 

NI­
NI ... 

~ ~O6.0
04.19 r' mm 

,/ ,,­llrr3d 

'D 
.; 28SZUUU 

281051 
264456 

2126gB
C: 163Hi

O 
3 

160..09 

IlL..,'p
.3p2 2D 

313p2 2S 

I I I I I I I I I 

Ti X(Al-Sequence) 
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JAERI-Data/Code 97-022 

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 I 

t-
H''''N,'" "'.<11 

11 3a26d 
 ... 

9 
...-

10.625 11 
N .... -c.n"'"10.265 1413470 co ....t.:: 14 3180 N c.n 
CD 10 


H.", <10 

H'''' 

It~:25d -9
n 

19.105 
18.UO 

n .!.
UHU8 

H .... 
H,<II"' .... 1l3t2.U 

10ll.106 11 
101.JU 

98 
98 3919655 

HI<II 
HI<II 

H,..a 
H'''' 

~ :nJn unnr"""" 

H.<II 

HI'" 
Lh2(3 p )3dI .03.273 831407 

H'<II H.<IIN''''
H • ..a 

n1.It "O'n~ r~'I;~'I~ 2n 
H.<II 


H'''' H.'"

H'<II 

~3""D ".
II n::~ii 75315.(

751816 

H'''' 

H .... 


H,<II 

296.040 
II c.o 

II -H 


t------iii:rfr----- fL: linn"­

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

!:'488.911 

" 
c.o 

H..._""*l~t_.,,1. 4 .... 212 8°8- 212 53 


f 
/,. 


HI-

c.o 2F' I l'h(3PO)3d 2F'.. 
3ah(3po )3d 2po...H 

" ~ r""p,)"
596470 

."'" 595023. 190439 
&4 148

43166 

ilHU- 544 
'-- 6
I I J I J --' I I I I 

Ti X(Al-Sequence) 
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--

JAERI-Data/Code 97-022 

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 t""'1 

9 
.......... 

N 

~~ 
U) ­N U'I 
co Q 

<~ 
NI- N'W 

NIW NI(It -9 

-1.Lll--n-r:-i-i-i---+~1 ,..:'1:~:~)3 ct 

I 

~ m:Ui ~ ..... 
N'W 
NI<" 

180.2 
114.2 
155.14 

N.wN'<II 
;It-,t,--'-'49=8-=.0":""1--+1 t 

II 496.647 

II 495.671 

H 4U.286\; ­

-

-
t s.u.o81 

N • ..a 

L3p2(3 p )3d
I 482.302 802362 


"',<II 

...t _......."...",-,-,-_-,l 3 p 2(3 p )3d 


388.414 L 800623 

2F 

k_ 
lh3P( I pO )3d 2D· I l..."p,,,. 'D' 

343p(lpo)3d 2po

L 616264 h3p(lpO)3d 2F o 

543~e~023~ll
519113 
519034 

I I I I I I I I I 

Ti X(AI-Sequence) 

-79 ­



JAERI-Data/Code 97-022 

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

N'-.I 
Nil,. N'I/ON'''' 

3a26f 

If+t--------:*ITi:U~i--------ft 1434587~ 1434560 

N'''' 
N'''' 

U 
N'I/O

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

1.1 _________-T-ri-~..---4~3a2H 
If~ i!I:I:l 10,,6712 

1046623 

N''''N'''' N'-.IN'I/O 

~IIt ------------nirTiri----1" 
2 

.f3a..- u:::n ~ I81UU 
N'-.I

N'''' N'I/O
N'I/O 

1i--....::..:.;.::..:;..;.~t3a3P( I p. )3d 

11 ::!Jj1e
398.1 .. 596.(70

595023 
Nt-.l 

N'''' N,I/O
N'I/O 

ii,·:t\+t-------t-J*""H+--i+l" 3;:~:;:3d11 .1"B 
N'-.I 

t---~~~----tl3a3p( 3p" )3d 
261.890 e 5UU8 

NIW NI-.IN'''' 
N'I/O 

N ....
N'-.IN'.,. N'" 

~..". 
HUn 

I I I I I I I 

Ti X(AI-Sequence) 

- 80­

1.8 
rl 

- ... 
9 

N 

~::
• .co. 
c:g ­Nc.:n 
(l>CI 
<CI

C") 

-9 
I 

-

I 



JAERI-Data/Code 97 -022 

0.2 0.4 0.6 0.8 1.0 1.2 1.6 1.8 -,II I I I I I rl 

S 
0.'101 0.'101

0.'<11 

0.,- -- .... 
.... -:1 
:n~ 
cc ....111 423113Htili l:::' 
N_ 

Nl;I1 

= 4so.< n ...... s 
2­r'" 'p 

ct = 

linn 
160.09 

-
N'W

N'W 
L3P2(3p )3dt 392.012 158024 
N'dO0.,"" 

L3p 2(Jp)3dI .00.945 
N'dO 151219 

N'W
0., ­

l. 

I 299.840 
I 299.13 
1 298.US 

NOW 
113p2(Jp)3d 
II 
rl 
IL 85U 
L.-. 111 8024

I.. ­ 1 1219 
N'­

0.'101 


N'W N'<II 

Co>.. 6U.2 4p 
Co> U1.1 

'aN 625.8 


623.6 
612.8 .... ..... 

'- ­ linn 
,. 

4Do 4po~S3p(3PO )3d 
N,_ 

['3p"P, )3d 
501815 

\02UO


42311 ~~ t. 
~5H 

-
0.,- N~7w 

0.'101 N'<II
N'<II 

Co>.. 
Co> 
'a..... 4po 

124.391 
124.1U 
123.703 
123.651 
123.331 
123.036 .... 915983 

L.­
I..- Sl1n8 

968 • 

I I I I I I I I I 

Ti X(Al-Sequence) 

- 81­



JAERI-Data/Code 97-022 

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 

1:"'" 

:3 
..... .,... 
IS) ....-?' ... ..... 

291.9 2 

�H-----~~~--~II~ 
1I~----;Z~99r·~Z2~3~~I~ 

tH----i2~_i_i91r.;.'9iMl~8-_Ht : 

co ­IS) U'I 
Qet<Q 

- ..... :3
n 

I-
290.9 ~ 18Un 

~ 5014H 

I 
w.. 
w.., 

N .. 
"0 

-

II~----~~~--~II~ 
1I~____~:~9J·~'~n-__~lw 

~93. i6 ~ 

:::::::'~:;";;!Hf-91;3~i.t~;""1~\;_-_-t1+~ .;. 
!91. 13 

!90.;2 
 w 

ItI------:Zn9TO;.,;.Z~Z6~-+t+t '" 

288.650'" .... 507859 
.::: iQUU
'-- 506849 

I I J I I I I I 

Ti X(Al-Sequence) 

- 82­
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JAERI -Data/Code 97-022 

Energy (in lOScm- 1) 

1.6 1.80.2 0.4 O.S 0.8 1.0 1.2 1.4 
I I I I t""'1I I I I 

~. 
N'. ...L3p2(lp)3d -

N491.999 708619 ~:;.... 
NI-.I u;:,­

U1L3P2(Jp )3d N 
CI c

489.197 <cNIIII 705891 
N'III NI-.INI-.I ..... -3

n 

, 4. 1 
, 1. ¥ 
4 :v. 
, :v. ;l 
, 6. 
, II. IZ 

-

N'. 
e. .!. 

N " .... ... 
"0 
c:; 
Ao 4F 

'­ 701619""- is IU 

,,; 

I l.3p,'p,,,, 'p'~r"'p,,,, "D° 

3a3p(Jp' )3d "p' 

507815 

4682,9Utt', 
,65910 

I I I I I I I I I 

Ti X(Al-Sequence) 
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IAERI-Data/Code 97-022 


0.5 1.0 1.5 2.0 2.5 
I I I I 
 I 


~----------------~~~------------__~L3S5s81.119 1491740 


~--------~~~----------'L3s4S
123.946 1065780 


C) 

446.71 t-----tLh
2 

482832 


Ih3P Ip. 

L 258912 


-
-

~--------------------------~~r-------__------------____-113s1p
54.3ZZ 1840880 
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+-----::~~.,..---+L3 P 3 d 
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*tI---------:r16r6:+.!~~i:-----------tLg 1414620 

N 

+l-11--------ii-::rJrilT-i-----...,Lg 136 11B 0 
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JAERI-Data/Code 97-022 
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lUIU~II 158.32 1133573 

N'- Nt-
N,'" 1 

L2p 4.

fUJU 1133573 

" [,'5. 'po 

1647440~ 1645740 ~~ 1217700 
1214390 ~ I8ni~ 

- nun 
-

t'~;lIl1p
45.167 I 
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JAERI-Data/Code 97 -022 
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JAERI-Data/Code 97-022 
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It H.ur l~ ....... 
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JAERI-Data/Code 97-022 

Energy (in l06 cm-1) 

0.5 1.0 1.5 2.0 2.5 
III II r 

9 
t::--Lh'7eI670.13 N --CD N 

w 2020670 
U1 

NI'" ... -QCD 
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Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 1.0 
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l28.76 e I L2s2p53S 
'530260 
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39511 9 

... -... 
478.70 
,(59.35 it"''''('Pl/Z)''

437.212 

3926B87
3918 95 

",;;. 

Zc i)O['" ,'('PI /, )3' I 1"''''('PI/2)'' (/-l)'
z.22p5( 2p! /2 )3s (i.i)· 

U1H 
375 6U 

8 
3¥JdU ~ 3698153 

-
-
l2sz2p5(2pT/z)5d 

17.127 56.(1100 

-
12.z2p5(zPj/z)5d

17 .869 5596300 

-
1 z.Z2p5(2pt/2);(d 

19.204 5207200 

- N 

l2 s2 2p5e p T/z)4dI 81.322 519.(527 
2(!:f-

12s22p5(2pj/z);(d 2 
19.366 5163700 

...- l2s22p 5(2 Pj/z);(dt 79.004 5145204 

.. , 
2Ci)l[""'('P! /2)3, 

Iz.Z2p5(2pj/2)3p 2C i) 

7 
3UUU ~ 0 

I I I I I I I I 
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JAERI-Data/Code 97-022 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 
I I I I I I I 

t"" 

9 
......... 

~cn
ClO w:;-'Ic.n 
ClO .&:0. 
W W 
we 

en
<n 
..... 9 

l 
1o------------------------r3.'311----------------------i..2s Z!~~\Z6~~/ Z )3 d 

367.61 ::_t2sZ2p5(Zpt/Z)3d 
TL.. U3739. 

366.910 ~ 
N 2sZ2p5(Zpt/2)3d 

T"""""""""""L U313U 

321.96 ,Z__t2sZ2p5(Zpt/2}3d 
~ .2313U 

_ N_ 

O Z 5 Z 
310.52W{h 2p ( P3/z}3d 
336.02 	 . 

U19800 
U11038 

I I l.'hS('Pl /2)3. (!,!)'
Z Z 2s Z2p5(Zp3/z)3p z(i) 

2s z2p$(zp3/z)3p zCil 

2s z2p!(zP3/2)3p 2Ci1 

2s 22p$(z pt / z)3p Z( i1 

-
N_ 

N ... 
Ib(.~3It 99. H r'~~~~'~:-)" 

N_ 
N ... 
II 2s 22p5(ZPJ/2)(f 

II 102.96( II 
98.(90 l::: 51B 2B68 	 2( ~ J51 1 10 

2 

I I I I I 
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1.0 2.0 3.0 4.0 5.0 6.0 7.0 
I I 
 I I I I 

I I I I I I I 
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lAERI-Data/Code 97-022 

Energy (in lO6 cm-l) 

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

C"'" 

9 
......... 

-.;J 

CI')00 c:,.,-.;J 
c.n 
~00 
c:,., 

c:,.,Q 
c:,., 

CD Q
<C"I_9 

N ...... .!. 

1~.133/I 
... 

.572 r'~~~;';l~'w 
......

N ... 

~"''''('PI''W
~n:iU 5192

5191 1°532 

... " lh2!p!l(2 p j/2).f
98.76 5192205 

"r; 

2( i)'l[""'('PI" ,3d 
8 2!p!l(ZP§/2)3d Zei]O 

nU8U 
4199685 

2 
4H3Ui 

-
....

N ... w 

II UJi6 r' ;;~~'l~~"'" 
...

N .... 

210.387' i:=t"''''('Pln'3d
207.761 c 

3'9.531 
362.86 
359.311 

4184514 
4179462 

N ....tt",..'( 'PIn ,3d 

41845~'
41794 2 

7.0 
I 

2 ( .! ]
2 

I . 
h2!p!l(2p~/z)3d 2ei]O 

2 ( .! ]0 
2 

-
 Ih22p!l(2pj/z)3s~r..'('PI/,l3. 2( i 1 (i·i)· 
3908849 
3906203 

UUffR 
-

<3' 

lh22p!l(2p;/z )5f
70.05 5607000 

....... <3'.. 

~"''''('Pl/ ,W99.512
11 99.074 5188814 

5188812 2 ( ! ) 
2 

2( i l'[""'('Pl/' ,3d 

418451'
41794 2 

J J I I J 1 J 
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JAERI-Data/Code 97 -022 

7.01.0 2.0 3.0 4.0 5.0 6.0 
I I I I I I I~ 

S 
t'~:22p.( lD )3d

I~"'·-·-·---·-----------------·--------------------*-ifl---' __ __ ____ ____ ____ __ ~583 000r.:-_.--.--._-_-- -_-- -_-- -_----t_1.. 

NI- N,­

14-------------__...........----------+, h 
2

2p.( IS)31 


~-------------------------------ii7~}}----------------------~ ~221200 

12a22p.(3p)31 2p 

L ~065750 

1>111­ t'~~22p.( I D )3d 

~-------------------------------}~~]~~----------------------------1.. ~600~13 

1I 22.328 
II 22.U8 

22.099 c:: 4525100 
- ...94100 

NI'"
NI­

,lt1_N_'­__________--:r"'lI"'"'ln:T_______---t1 2122 p.( 3 P )31 
II 25.025 
II 24.891 

~-------------------------------ii:ti!---------------------~ 
i. ­

4065750 
~043430 

-


2p 

-

2po 

I I I I I I I 
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2.0 3.0 4.0 5.0 6.0 7.0 

I lo...",Pl3•• p 

h22p4(tO)h 20 ~o 
Nt'" 

NI- N'W
1+-___________-....................___________-1+11 2a 2 2p4( lS)3d 


~--------------------------------jt~}!i------------------------------ l
~------------------------------2i~lWi------------------------------~ i:I~3gg 

NI- N~crw 
!1 112a 22p4(10l3e1 
II 21.1183 II 

~--------------------------------r~iii-----------------------------~ jlb11i~ 
Nlw 

NI- NfQll! 

I+---------------;;:-rr:;------------tlII 2a
2

2p4(3p )3e1
II 2Z.(26 I 
[I 22.190 L 

II 22.066 :: HUUS 
Nt'" 

Nt- NIW 

~ t..·..',·Ol3.U.592 

-------------------------------~'~!Tf--------------------- (11(075
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1.0 2.0 3.0 4.0 5.0 6.0 7.0 

404.51 
394.87 

-
360.15 

392.37 
392.26 

---------------------------2i:ais~--------------------;------1.21 2 ~~:(:O~ ~3 d 

2F 

I Ih 22p"(3p)3p "0° 

h 2 2p"(3p)3p 20° 

h 2 2p"(10)3p 2Fo 

-

I I I I I I I~ 

NU,. N~'t4l' 3 
""W 2" I - ....464.67 t=t21 2p ( 0)3p OOc:n 

c:nc:,o450.00 ~c:n4334920 
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...... ('l 
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JAERI-Data/Code 97-022 
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-
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-
NI­
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NI-
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h 22p'( 3p)3 d 

,------------------------------~il----------------------------
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 ' ­
HU~8S 
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NI<"

N .... 

NI­ NI-

h 22p'< 3p)3I 

I U.206 
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I 25.025 
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-
N'Ut 
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2.0 3.0 4.0 5.0 6.0 7.0 
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C')(D388.70 
C-"C')
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110'<11
t------------,"r'W....,,-----------t 2
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110' ..... 
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110'..... .... ... 4469865 
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1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 ,, I II I I I 
r 
:i- 0 ....... 
 . ­

147.436 I lZ," c.o~ 
1656300 :!t.rI 
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0 c.o ~-

('II ° l2p" __<00t 109 ••U t 
1656300 n 

_ 0 :ik h22p4 I IS567.408c ­215528 

,... 
I 
NO 

B l ['" 'p' . 
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'U 

978037 '" ...742877 "'a39288 .. 
-

0 ­
lh22p3(2 p O )3d

I 24.701 5046000 

-- I h 22p3(2p. )3d 

19.97" 5046000 


0 ­, Lh 22 p3(2 p .)31
23.034 

> 

4557300 

-'" lh22p3(2pO )31
22.482 4557300 

N 

-0 -• 
Jl:t:'.63 .... ' 

425.2U c :: 
376.281 c '" 

978037 
0 ­
I Lh2p!S l31.146 Ipo

978037 

-'" lhZ,!S
• Il6.031 978037 

-.. 
IN 

III Ijl6.8H J:' 
~~--tU:Hf-t."", 
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~ 
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2s 22p4 1D ~~ r··:·::,~~ 742877 
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1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
I I I I I I I I r 
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1 h22Pl(2po )3d. - .... 
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0
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NN 9 
lh22Pl(200 )31 .!.I 22.936 4469100 
N- I h 22P l (20")31 
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~---------------------------- ~.i{ii--------------------~ 4469100 

N """ 
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N 
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N 

N
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-
...N 
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N 
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... 
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-
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~-------------------------}f.il1-----------------------1_ 4354100 
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:3_.
0 ­ ......Lh22p3(2 p O )3dt c:.c -... -:I2l.05c 

4965000 - c:.n 
c:.c 

N - Cc -:I 
Lh22p3(2 p O )3d C1I ° t <02O.59 c 

4965000 ..... 0 
N_ 
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1-0 :3

II h22p3(Zpo )3d 2­11 -.!.!!!.!!' II 
II i:!U.~ U 

20.30'" IL 49UOgO..... '9 0 0 
1-0 

N_ 

h22p3(ZOo )3d 
III 20 55'" 
III 20.5.,11_ 

~t------------------------------~i~ir~------------------------- ~ 
13g1888'-­

N N 

f 
22.6U c 

Lh22p3(2 p O)3I 

4523000 

- .. 
1 h 22p3(zp.)31 

~------------------------------~ifi~-------------------~ .523000 
N-Ot....' 52"." 3po3261.1<: 
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0 -
I Lh2p!l 189.628<: 

142877 
N N 

I Lh2p!l 165.690 
.. 712278 

"'0 -0 

NO 
148.588.. 

NO 142.750 
~ 142.130------­ 140.395 

138.357 
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"­ HUH-- 712278 

~ 
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N 
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+'1 877Ir-- r, 
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42345 
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JAERI-Data/Code 97-022 

1.0 2.0 3.0 4.0 5.0 6.0 7 0 8 0 
I , I , , I , I 

r_. 
0 - :3 

I Lh22p3(2 p O )34 ......... 
20.97 e <.c..,:j 

_ 4984000 ~U'I 
-0 

... <.c
N <.c ..,:j

h 22p3(2p. )34 CD C 

20.23 < C 
C 

20.23 n-_____________________________JJ~!!~------------------________. :3 
20.06 ~ 
~U.U:>l - nU88S-- 4984000 

N ... 

• 20.SSe 
L2522p3(200 )34 

489S000 
-Q 

N ... 
11 I 25 22pl(20o )34 
1I 20.70 

ft------------------------------i~~ii-------------------------. l 4898000 - 48910~0 
"'­ 4S730 0 

N 3n°- ... 
I 25 22pl(4S· )34 

~------------------------------~!~~~~----------------------- lt------------------------------1Hr.ii,------------------------ HU888-
N 

-0 ... 
2s 22p3( 2 0 0)31 
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22.724 

------------------------------ff~~------------------
------------------------------22~1Wi-------------------. - "Sb6~~L.... ..4 4- ..40200 

~ 

I· ~"".N 
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JAERI-Data/Code 97-022 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I 

NO­
NOW 


2.2P. 138.760 
••It--.......LW- 134.724 

939920 
NI ... 

....t --..-.lh2P· 121.382 
939920 

I I I I I I I 
r 

12• 2p • .p I l.,,,, '0' 

l~ h22pl 2po

L 620.&70 
219250 
197700 

116030 

-

NIW 

NI­

" 2· 2P 2280 C 

:J.r- 1020500 
NOW 
NI­

2shi 722 C 

lUl c 
{ 1020500 

976650 

627.20 c 
61l.36 c 

482.11 c 

nuuO 

132.022 
128.373 
124.805 
121.538 

1020500 
976650 

118.215 
116.198 
110.561 nuuO 
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NI­

+--__-+"1 2'211· 102.393
lit 97.991 c 

1020500 
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2p 

11",,,, 'S· 
2s 2 2pl 20· 
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2s2p. 2S 


I I I I I I I 
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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 
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9 

vI 1,1;:;; 

Nlw N~cr_ 

U3.36 c ~NI-:: 

111.240 !II 

176.267 
163.610 

NI'" 
NI-

E=t~ 
"'I'" r f 

NtUi NIW 

~~ 
"'1­"' .... 
~ h22p~639C 
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::' 1224.1 
,:: 1129.2 
"0 96&.80c( ... UHiS 

"' .... 

uuus 
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138.800 
138.020 
129.015 

UUUS 

I I I I I I 
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JAERI-Data/Code 97-022 

2.0 

III r': ::"211,!i""19 00 
132 10 
11 0 

I 0 I I 

1.0 
I I I I I 

19.11Z 

NI ... 
N'''' 

11,11 ... 
NI-

t"2oh,,'319l c 

nun 
NI'" 

N,l,.... "'~«t-JE:l= "...5': 249.24 c 

.. 229.38 C 

6336'821814 
~'I~ N~j_ 

~= 21....' : 211.31 c 

.. 193.l9c 

UBU8 
11,11'"
NI ... 
.. 1­

~--t= '69.74'-----: 161.168 
~----.. 157.812

63 

1 
6 

Ii 14'8 

V6 

19.089 

Energy (in lO6 cm-l) 

3.0 4.0 5.0 6.0 7.0 8.0 9.0 
II I I 

r 
Nil" 3 
11 h 22P2('p )3d 

NI ... 

QOU -Q 
.,&:>. 
N 

.,&:>. 

.,&:>. 
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Q 
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.!. 

4p 
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lO7 cm-1)Energy (in 

1.00.6 0.7 0.8 0.9
0.1 0.2 0.3 0.4 0.5 	 , 

I I I T I I 	 'C""
I 

3 
0 ...... ­_ co~h' 163.049 	 ­w­1556810 	 _N 

,,0 
0 	 <g 

"-'0lh' 139'AUC 
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3 

0 

~ 
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242180 

"",..
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943500 
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-
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Z
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20.183 5204000 
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943500 	 Ipo 

-
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12t(2S)2 p3(2p.) 
 109.432 
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0.1 
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0.2 
.' 

0.3 
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, 
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0.6 
I 
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0.8 
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t-{Zp 186.863 
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<C
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..... C 
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-
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t 18.6:11 

N 
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I 
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"CI 

N 
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-
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-N 
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242180 
55730 

39658 

L I .J 
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I I I I I I I IIr 
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N 
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N'''' 

It 31.nlZ~ 
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