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Grotrian diagrams are presented to provide graphical overviews for 775
spectral lines of highly ionized copper, Cu X through Cu XXIX. 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 transi-
tions 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 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 Cu X through Cu XXIX. 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

Cu X, Cu XXIX, etc.

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

H-Sequence, C-Sequence, etc.

Indicates that the respective Cu ion has the same number of electrons as neutral
hydrogen, neutral carbon, etc.

Abscissa
Energy in the levels in cm™.

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

Horizontal lines '
Transitions between levels. The number below each line gives the transition wavelength
in Angstrom (10%cm).

C,TPS
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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Energy (in 105cm™1)
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Energy (in 108cm™1)
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Energy (in 108cm™!)

8.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
1 T 1 i i 1 i i
L
N niw g.
;_mw__*_sﬁapz(‘om I~
2T 703573 %I
N Niw (] S
Fosr; SE
~i
238. 471800 S 2p
3
o 1
3’2393 Zpo L,
-N
91106) o
s18d} .
o
Niw
3s239° g4
105962
2P0
Niw
3,2393 lsa
0
ni= S
it 3s%3p%(%p)3d
it 153.544
" 135.1 L 638
" v
3] "
M 3s23p2('D)34d
I[ 161.852
w 160,143 ... 6756
- 3))
3,23,3 Zpe L
-N
«
10596 %
57[90110233 .
T 9
NIw 2
2 3 [+]
3s73p7 90g5.3 D
47940
N
Pt— R ST 2F
154.713 704207
~Ni
QU
3s%3p2(%p)rad
6T 381
159.677
e - g
L~ 619652 P
N ‘
F———f 3032° 2366
337100
i 1 ] 1 1 1

Cu XV(P—Sequence)



JAERI—Data/Code 97—029

Energy (in 105¢cm™!)
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