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Many texts and promotional materials 1 - 7 contain 
energy level diagrams used to explain the exci
tation of neon atoms in a helium-neon laser. 

Often these texts use diagrams that are copied from earlier 
sources, and use the older notation developed by Paschen 
before the correct electronic states and quantum numbers 
were known. 1 - 5 Other texts use the correct notation for 
neon, but a shorthand notation for hel ium. 6 , 7 The contin
ued use of this notation obscures some of the physics in
volved, and makes comparison with other atomic laser 
level schemes difficult (e.g., Ar + ) . Some of the texts have 
even commented on the confusing notation. 2 , 5 There are 
exceptions. Except for helium, the diagrams in Ref. 6 and 
7 are correct. The optics text by Jenkins and White 8 has a 
level diagram that is almost spectroscopically correct (odd 
parity symbols are missing on the ns levels). It seems 
worthwhile, for the sake of clarity, to indicate the sources 
of spectroscopic information and to restate the correct no
tation. Correct is used here in the following sense: It al
lows a student to correlate what he might have learned in 
an undergraduate quantum physics or quantum chemistry 
course to the notation used in the energy level designations 
without translation through some intermediate set of la
bels. 

Traditional atomic spectroscopic notation, used by 
White 9, Condon and Shortley 1 0, Cowan 1 1 , and many oth
ers, is well summarized in the introductions to two vol
umes of the NBS Atomic Energy Level Tables (AEL) . 1 2 
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Spectroscopic notation traditionally places 
the electron configuration first, followed 

by the term symbol in some coupling 
scheme. 

The pages cited in the references in Ref. 12 deal primarily 
with the notation for energy levels. (The section on Spec
troscopic Notation from Charlotte Moore's volume is re
produced in this issue.) A good source for the classification 
of transitions using current notation (for rare gas atoms) is 
the compilation by Striganov and Sventitiskii.1 3 However, 
even there the J values for the two levels are not directly 
attached to the term symbol. 

Spectroscopic notation traditionally places the electron 
configuration first, followed by the term symbol in some 
coupling scheme. For example, the ground state of helium 
is the result of the interaction of two equivalent Is elec
trons and is written as 1s2 1S0. The often seen 1 1S0 is an 
old shorthand notation, convenient perhaps, but not car
rying as much information as the slightly expanded 1s2 

notation. Similarly, the lowest helium excited states are 
the 1s2s 3S1 and 1S0 levels, not 2 3 S and 2 1S, as often 
written. The A E L 1 2 presents the correct notation. 

An analogous situation is found in the designation of 
the neon levels. The 2p (found in the diagram on p. 269 of 
Ref. 2, for example) is the old Paschen label for the "3p " 
electron in 2p 5 3p. The principal quantum numbers on the 
running electron were not correctly known in Paschen's 
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time, hence the discrepancy by one unit. The shortening of 
2p 5 3p to 3p is probably acceptable. However, the back
ground knowledge that the ground state of neon is 2p 6 

must be in hand for the correct interpretation of 3p as 
2p 5 3p. 

The term symbols themselves present a more confusing 
situation. In principle, one should designate the levels in 
the most appropriate coupling scheme.1 4 Unfortunately, 
this is sometimes an ambiguous decision. Fortunately, the 
J value and the parity of the level do not depend on the 
coupling scheme. These two properties are the most im
portant in deciding whether an electric dipole transition is 
allowed. 

Also, the appropriate coupling scheme invariably 
changes with some regularity (see Ch. 4 of Ref. 11) as one 
proceeds from low to high lying configurations. The best 
known coupling scheme is the LS scheme, and that may be 
used to represent the 2p 5 3s and 2p 5 3p levels of neon. 1 2 

With almost equal validity, as pointed out in A E L , another 
coupling scheme called jl (sometimes called jK) may be 

FIGURE 1. Energy level diagram illustrating the energy 
transfer mechanism that populates the upper levels in 
some neon lasing transitions. Collisions between helium 
atoms (in the 1s2s 1S0 or 3S1 levels) and ground state 
neon atoms sometimes results in the transfer of energy 
to neon in the adjacent excited states. 

used. In this scheme, the j of the core is coupled with the / 
of the running electron to form the intermediate quantum 
number K. When this coupling scheme represents reality, 
the levels tend to appear in pairs, hence the origin of the 
term pair coupling. The notation used to designate the lev
els is sometimes called the Racah notation, after his sug
gestion,1 2 although in truth it is simply another coupling 
notation. For the neon 2p 5 4s, 4p, and higher configura
tions, jl coupling fits the observed positions of levels bet
ter. Note that the odd parity levels (odd or even as the sum 
of the electron angular momenta in a given configuration 
is odd or even) are designated with a lower case ° (not a 
zero) above and to the right of the term symbol. 

Figure 1, a modification of Fig. 30H in Ref. 8, is sug
gested as a visual aid for illustrating the energy transfer 
mechanism and the notation for some of the levels in neon 
lasing. The red helium neon laser line is based on the neon 
transition with wavelength 6328.1646 A 1 3 and designa
tion 

2p 5 ( 2P 1 / 2) 3p [3/2]2 - 2p 5 ( 2P 1 / 2) 5s [1/2]°1 

in jl notation. The terms in parenthesis are the parent 
terms in the ion . 1 2 Often the parent notation is simplified 
by the use of primes instead of the full term designation. 
The classification then becomes 

2p 5 3p' [3/2]2 - 2p 5 5s' [1/2]°1. 
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