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Grotrian diagrams are presented to provide graphical overviews for 1,640 spectral lines of highly
ionized chromium, CrV through Cr XXIV. In the usual diagram display such as that by Bashkin
and Stoner{North-Holland, Amsterdam, 1975], the dénsity 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 ensrgy 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 of Ti, 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 Cr V through Cr XXIV. 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

CrV, Cr XXIV, etc.
According to spectroscopic convention, Cr I indicates the first spectrum, i.e., the
spectrum of neutral atom; Cr II denotes the second spectrum, belonging to the singly
ionized atom; and so on.

H-Sequence, C-Sequence, etc.
Indicates that the respective Cr ion has the same number of electrons as neutral
hydrogen, neutral carbon, etc.

Abscissa
Energy in the levels in cm™.

Short vertical lines
Energy levels are indicated as the vertical lines. The electronic configuration (with the
parentagek in parentheses) and the level energy in cm™ are given to the right of the
vertical line, and at the top is the J value. A symbol "?" after the level value indicates
level was derived from a tentatively classified line. Theoretical levels are given in square
brackets. Energy levels with the same LS label for the upper term are grouped together.
The term designation is given at the right of the diagram; the ordering is by increasing
multiplicity and orbital angular momentum. For the lower level, the term is adjacent to
the configuration.

Horizontal lines
Transitions between levels. The number below each line gives the transition wavelength
in Angstrom (10%cm). 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 of a wavelength value have the following meanings:
€ wavelength calculated from energy level data using the Ritz combination principle.
T wavelength tentatively identified.
P wavelength predicted along a isoelectronic sequence.
§ wavelength smoothed along a isoelectronic sequence.

Limit

Principal ionization limit in cm™ and eV.
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JAERI-Data/Code 97-024
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JAERI-Data/Code 97-024
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JAERI-Data/Code 97-024
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JAERI-Data/Code 97-024

Energy (in 108cm™!)
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JAERI-Data/Code 97-024

Energy (in 105cm™1)
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JAERI-Data/Code 97-024

Energy (in 108cm™1)
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JAERI-Data/Code 97-024

Energy (in 10%c¢cm™1)
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JAERI-Data/Code 97-024

Energy (in 108c¢cm™1)
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JAERI-Data/Code 97-024
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JAERI-Data/Code 97-024
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JAERI-Data/Code 97-024

Energy (in 10%¢cm™1)
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JAERI-Data/Code 97-024
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JAERI-Data/Code 97-024

Energy (in 10%cm™!)
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JAERI-Data/Code 97-024

Energy (in 108c¢cm™1)
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JAERI-Data/Code 97-024

Energy (in 108cm™!)

0.5 1.0 1.5 2.0 2.5
[ 1 1 1 []
[yl
~N Ld 3.
| 3s%3p4r1 by ot
99.137 L 1315400° ==
e % 1
Py S F
<
333p? 'D° ~|g
3
1
306570
~ w
¢ ] 35%23p4dd
82.05 L 1255800
~N =]
¢ 13s23p34d
226.45 L 478590
~ w
1 3s%3p3d IF°
¥ 214.31° L 478590
3s23p% 'D L,
uN
2
36994 K
17888 .
~
N ] 3s%3p4s
’ 115.13 1347200
Ig
3s%3p3d 'F°
478530
- -
Cad
290.323 B
784.988 <
780.572 L~ 356424
33°
3s23p2 3p
0

- 3458
r- ;

1 {

Cr XI(Si—Sequence)



JAERI-Data/Code 97-024

Energy (in 108cm™!)
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JAERI-Data/Code 97-024

Energy (in 108cm™!)

0.5 1.5 2.0 2.5
1 I [} - I
_~ _~U §.
3s%3p4d o Kt
31.55 =2
31.29 2l
31.02 L 1zss00 ?:g
3
- o s
519.12¢ $————4 33730 3d
436550
~N w
: ] 3s23p3d
' 250.28° L 436550
—N NQ
()
235.74 “
()
- h-
. ()
i a
230.29 — 436550
= i .
I)O
~ w 3
{3032 483.274¢
_ 243916
N
- 2
by 434.092¢
@ 433.885°
w 431.154
422.282
422.083
412.629
L 243916
342456
— 242345
-
3:2392 lD 3.393 3Do ‘:
[y
h-1
~N
243916 o
36994 &
J1380
36
— 0
w
N 1 3s23p4d 3po
j 81.18 1243800
(=]
N } 3s23p 4t
' 100.097 13057007
3G
3S3P3 lDe
306570
-, N
¢ 33307 gg0.7 5go

578.0
= 178470

Cr XI(Si—Sequence)
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