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Grotrian diagrams are presented to provide graphical overviews for 870 

spectral lines of highly ionized krypton, Kr V through Kr XXXVI. In the usual 

diagram display such as that by Bashkin and Stoner [North-Holland, 

Amsterdam, 1975J, the density of transitions is often too high to allow each 

transition to 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 multip

let 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 ofnew spectral 

analysis work, both observations and calculations, had been done in recent years, and the 

results had not been tabulated conveniently before. We have thus critically compiled these 

spectroscopic data into single monographs for each element and have published, in order of 

nuclear charge, such tables for the spectra ofTi, V, Cr, Mn, Fe, Co, Ni, Cu, Kr, and Mo ions. 

Since we have now compiled this series, we are presenting all these data in a single 

volume [1] to provide users with the convenience ofa single source. However, we do not 

include the extensive Grotrian diagrams to provide graphical overviews because these would 

make this volume very large and unwidely. 

This report contains all Grotrian diagrams for Kr V through Kr XXXVI. 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 

Kr v, Kr XXXVI, etc. 

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

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

ionized atom; and so on. 

H-Sequence, C-Sequence, etc. 

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

hydrogen, neutral carbon, etc. 

Abscissa 

Energy in the levels in cm- I
. 

Short vertical lines 

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

parentage in parentheses) and the level energy in cm- 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 tenn are grouped together. 

The tenn designation is given at the right of the diagram; the ordering is by increasing 

multiplicity and orbital angular momentum. For the lower level, the tenn 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 ofa wavelength value have the following meanings: 

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

T wavelength tentatively identified. 

P wavelength predicted along a isoelectronic sequence. 

S wavelength smoothed along a isoelectronic sequence. 

Limit 

Principal ionization limit in cm-I and eV. 
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JAERI-Data/Code 97-030 


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 


N 3 

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


_ (0 

148.61 *=t': -_ 00136.97 : U1 N 

131. 789 • -:I 
1765500 "'0

UUUS <0
CD 0 

...... (') 

3 

I 


186.79 
175.77 
172.38 

tHU88 

136.04 
129.895 

1765500 

1731900 


-
N ... 

155.09 -:~N"" 
150.42 N 

144.40 
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JAERI- Data/Code 97-030 
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(.nN . -ww 
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...... 3 
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2S 

5~867J4 441 

-
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21.185 
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II 2ptl4p 
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["': 
2S ceo. 's 

4492700 

-

N.
N'''' 

II 
NIN'", 
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JAERI- Data/Code 97-030 


Energy (in lO7 cm-l) 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 
I I I I r-1 I I 
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11641 2 (1)0 
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-
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N'", N'<I'
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JAERI- Data/Code 97-030 
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I I I J 

-
t--___________-,.-"="~---------__+l 2s 2p6( 2S 1/2)3 P 
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-
t---------------;:""';;-;:-::-------------+I 2s2p6(2 S1 / 2 )3p
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J 
r 
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-
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2 2 

-

1 3(_ , _)0 
2 2 

-

1 5(_ • _)0 
2 2 

I 
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JAERI- Data/Code 97-030 


0.5 1.0 1.5 2.0 2.5 
I I
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-
t-----------..,.....,.r-rr---------t1 2s 22P 5( 2 P3/2 )3s 
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<0 
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I 

JAERI - Data/Code 97 - 030 

0.5 1.0 1.5 2.0 
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I I I I 
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I I I I 
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JAERI- Data/Code 97-030 

2.5o5 1.0 1.5 2.0 
I I I I f.
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....:/....:/ 
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:3 
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-
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163160001 2p 

NI-

l 2s2p 5( I pO )3p 
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-
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-
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JAERI- Data/Code 97-030 
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-
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I 6.9.1 
 14409000 


14407000 
 1
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JAERI- Data/Code 97-030 
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JAERI- Data/Code 97-030 
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59.714 
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3p 
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JAERI- Data/Code 97-030 


Energy (in lO7 cm-l) 


0.5 
I 

NI ... 
NtUi 4 

+----l2lh 54.596 
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["'" '0' 

487220 

1.0 
I 
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-
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-
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-
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-
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JAERI - Data/Code 97-030 


Energy (in lO7 cm-1) 


0.5 1.0 1.5 2.0 2.5 3.0 
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-", - 3 

U==::t2sh 	 59. U8 
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nun 
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U'l ooCOco 
ACO 

" 0 3So<0 
........ 
 0 

0 
n 
3 
~ 

-

3p 

t... 
N 

N.., 
N 

w 
." 

-

3po 

-

3Do 

I 	 II I 	 I 

Kr XXXI(C-Sequence) 

-48



--

JAERI - Data/Code 97 - 030 
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JAERI - Data/Code 97-030 

Energy (in lO7cm-1) 

0.5 
I 
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1.0 , 1.5 
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c
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<0 
...... 0 

0 
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3 
.!. 
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I 

Is 

-
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IS 
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-
N 

t:--Lh 22p 
2 
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....

lL""" 'po 
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N 

N.. 
N 
'V 

.... 
'tI 

0 -
0_ O-N 

(~ 
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-
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JAERI- Data/Code 97-030 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 
II I I I I I 
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:; 
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"'"'W 
oW 
~~ 
CJ1 ~ 

"'"' CJ1
N~7w NI- '" <0 

+-----~~'::"1"""""---+Lla 2 5a < c;;'
+l-11---~t~~~.~~l~~~----+ (219UOOO~ :;l 

NI
NI'" 

~~o.,.------iLls 2 hTr 
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NI~f(," 

..... ....:I4"""1~8QII.II9.,....~--tLls2h1~1_____________________ 
4.0913 (25017000) 

NI
NI ... 


~~________~~~______--tL1s23a5,1l43~ 
5.5482" (18599000) 

1a23P 2po 

(18911000) ~L 
(18156000 ] 

-
NJiw 

r-_______________~~~--------------------~1111a25p 

3,5718" II 

N' 
NI'"r-----------------__________________~~~-~111 1a 24p 

3,98'10" 11 

N'N'''' 
r----------~-_..,..-------_+III 1a

2
3p

5.,3316\; II 

N, ...
N'u1s 2 
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:;---t'-22-P-2p .-----,I~ ['" '. 
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JAERI-Data/Code 97-030 

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

:3 

N'W

N'''' 

+1--11-------"-I:~~::n~....----tij £ 
10. 765 ~ 

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

I~I--------------~t7~m~~iji
3.6404 ~ (28055000)

(28045000) 

N'
 N'W 

N'",N .... 

~lf~:~·;~t:~~ij i 
15.5841.; ~ (25194000)

(25173000) 
N'W 

NJ::;ICJ Nltft 

~-----------------------------3.&.1~:·:~~H~=:ij £ll
4.0653 c ~ (25194000)

(25173000) 

NI;::;UI'~ 

~I'-11------------------...:-------....... :.tLil.:/..I,.ji..u.iiLL:.,..-~..-.>L:.!..... -----...:-------...:---_-~U f (1902000OJ 

~ (18971000 J 

I I I I I I 
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JAERI- Data/Code 97-030 

0.2 0.4 0.6 0.8 1.0 1.2 
II I I 

....... ,.. L1s(2S )2P 2('S) 

HlIT__________________ ~~ _________~Q~!9~4~8Q~8T:--------------------________-;_ 
,.,., ~ ~ 0.9U~9l: (106564000) 

NI- c:.n ~ Nl

11...-'-"'--------------:- : ------------:-~~------------------+L1 s 2s2
11 < Q Q 9§8U; 2S 

1+1 9 0.96 U ~ (104304000 ) 1"1---------------- ........ 
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-
N'Nt- NIf..J 

1,1"-':~ ... ----------~~.,,--------------ftl'·('Stl)82gPi2r(83gPg)812PUm!~ = 
0.94511 

-
N'N' ... 

t----------------------:~~~--------------------_illl Is(2 S )2s2p( I pO) 
O.94R04 e 

" 

N'
f-________________---,.---:-~.,...-----------------------__tIlIN~~( 2S)21 2P (3 p. ) 

~-----------------------~O~.9~IS~2!8~:8T_~---------------------~1I 2po 
0.S4S61 

e 
f18i~2K888l 

-
N'W

Nf- Ntt:.JII 

mllf-NI_ 1.(2S )2p2( 10)..._______________________~~--------------------_+III 
IIlllTl~------------------------~O~,~9IS~14~Sil~~-------------------------~:! 2n 

O.9Sta7~ " 

O.94995 
C 

~ tI8Kltt%%%~ 

-
NI
N'",NI- N,<.JI 

II..... ... ~~------------------------_:___+II Is( 2 S )2p2( 3 P)NI________________________ 

II I" 
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I I I I I I 
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JAERI - Data/Code 97-030 

Energy (in lOScm-1) 

0.2 0.4 0.6 O.S 1.0 1.2 
I I I I II r 

0019 Nlw ......... 
 ~"('s 'hh( 3p')ew O'9572S~=w 
00- 0.95652 ~104546000i. w 
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<'II co 
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JAERI- Data/Code 97-030 

Energy (in lO8 cm-1) 

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

_ 0 3 
.... liSa

33.363
c t-lS .... 

c:,.:) (134057600 )
N cooco c.n- -:t .... 

c:,.:) laSa
10.HO 

c +---l: 0 (134057600)
<0 
o_~ 

laS. 
l 3.3.53677 e (134057600 ) 

-
15.4U C t--l1s4 ' 

(130911500 ) Is 

3.97010 e llah 
(130971500) 

Ll1s3. 
5.4067 (124278600) 

l L'" ..'po 
Co>.., 

(l3106~300 ) 
(124488100 ."l! 

1-

.105783200 

-
0 

2200 c +l:'Sp
(134103100) 

31.933 
c ~1'5P(13U03100) 

0 

10.179c +----lla5P 
(134103100 ) 

Ll.Sp
3.44469 C (134103100) 

11sSp 
0.145695" (134103100 ) 

0

1l30 c +lhh 
(131060300) 

N 

15.342 c t--lh4P Ipo
(131060300) 

0 

U. H6
c +---t.:' h 

(131060300 ) 

ll.4P 
3.8U02 e (131060300) 

-
11'h 

0.763008" (131060300 ) 

" ISI Ita 3. 
Ish IS r 's[ r 

;; 
l" ["(l\b'\~ibt~OJ

(124542100) 

(105072900)(124278600) 
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I I I I I I l I 
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JAERI - Data/Code 97-030 

Energy (in. lO8cm-l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 
I I I 

0.803290" 

0.9U330 

I I I 

0

477.3 c +L 

5.150sl 

-
I 

0 
HO.8 c tllsh 

105783200 

91.S0 e tllsh 
105783200 

-
I Ish 

105783200 

r 
3- .... Is3p-00,3 (124488100)t-.)W 

c:.oc:.o 
00,3CJ1 . - Ish.IIIooW 
C1> 0 (124488100 )
<0

0 ...... (') 

3 Is3p 

2 (124488100 ) 

Ipo 

r ~ L'" 's 
(l24278S00) 

C(N45S09712590000)) 

L.. 
N.. 
~ 

-
-

15.1S3 e t-4..ls 4d 
(131083200 ) 

3.952571: 
Ll s 4d 

(131083200) 

lh3d 
5.3308 (124542100) 

[h 'po [" 'po 

ID 

105783200 
( 124488100) 

-

-N 

It 

ettl
33.358 .. 
32.645 e ~ 

-N 

10.41S 
c U==:l': 

10.250 e ~ 

a.5UU~ L~3.45209 

(134036200 ) 

(134036200 ) 

(134036200 ) 
3S 

I I I I I 

~! ~~ [:"'f::!~liiSSl
P2U35900

124280100 
199~U~gg 

I I 
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J AERI - Data/Code 97-030 


Energy (in lO8cm-l) 


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

r:
3 

--. .... .... :15.400<: i:t -.'/ .... ...15.039 c NW .. 
CQCQ (130929400 )
-.'/<:J1- .....-N 
.:o.w 
('00 ..

3.94667~ <0 ...
10 ..It l3.86680" --n (130929400 )
3 

c 
-N 

L~ 
~ 

5.380S 1t 
5.2334 c 

(124176300) 3S 
-
11th 

0.95519'" (104691500) 

['" 
3 p. 

r ~~ f124435900j
124280100 

18g8Un~ 

-
-N 

4520 c 

1800<: t~ flU8UUSl 
-

31.960<: +-l115P 
(134058300) 

-N-
10.119'9.. 
10.085 c : 

f13409,800)
13405 300 

-N 

3po 
3.j1l521 ~ 
3.40133 ~~ f 134091800)

134058300 

I lI5p 
0.7459U" ( 134058300) 

,.. 

..r ~ ~ lC' 's 

L ... 
w ~ \b"""~OJ 

.. 

(I 929400 (II 

(124176300)
(104691500) 

I I I I I I I I 
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JAERI- Data/Code 97-030 

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

r_. 
-", 3 ... ..2300 c 

. ...w917 c 
"0

<:C p31038400~tt~ tTl 130972900-W - ~ CN~ 

..14.713 c 
--n ...~=rg14.573c 

3 "0 

I ~IUnU&&~ 
-N-

J a.8UU~ 
3.79551 ~~ f131038400 ~ 

130972900 

.llsh 
0.763517" 

<:> (130972900 ) 
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