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* G-VALUES AHD TRANSITION PROBABILITIES FOR NEON I 

Rolf Mehlhorn• 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

UCRL-18908 

Measu~ed g-values were used to obtain improved eigenvectors for the 

5 " i ' 2p 3p configuration of neon I. Good agreement was found between calculated 

and. observed }ransition probabilities. 
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INTRODUCTION 

Accurate transition probabilities are notoriously dif:ficult to obtain 

experimentally. A theoretical treatment is relatively straight-forward when 

intermediate-coupled eigenvectors are deduced from a least squares energy fit. 

This procedure was used successfully to calculate transition probabili t
1

ies for 
I 

Argon r. 1 On the other h~?-nd, a similar calculation for neon I leads tq large 

discrepancies. 2 .Recent measurements 3 leave no doubt that some of these dis-

crepancies must be ascribed to insufficiencies in the theoretical analysis. 

The trouble seems to arise from well:...known approximations in the tht'iory; 

particularly the neglect of configuration interaction. Wheri it is realized 

that six parameters are required to describe only ten energy levels for the 

2p53p configurations, it is easy to appreciate that the fitting procedure 

could lead to errors in the eigenvectors. The problem can be removed by 

fitting on quantities which depend on the eigenvector composition, say line 

strengths, or, to a lesser extent, g-values. Unfortunately g-values cannot 

discriminate between components having the same total orbital and spin 

momenta, so their use is restricted to cases where there are appreciable 

departures from Russell-Saunders coupling. In this paper we describe a 

technique for least squares fitting of g--values and show that the method leads 

to improved transition probabilities for Ne I. 

THEORY 

The energy matrices are described in terms of a set of Slater and 

spin+qrbit parameters denoted by {F(a)}. For a given set of values, the 

matrix can l1e diagona.lized by standard numerical methods to yield .e~ergies· · 
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and eigenvectors. The energies are given by 

(1) 

where !J is a matrix whose columns are the eigenvectors of the energy matrix 

H = H(a)F'(a). (Summations are implied for repeated indices.) For small 

variations of the parameters, the first order changes in the energies are 

given by 

L'IE. 
l 

These equations are used in the usual energy fitting procedure. 

( 2) :. 

Using pert11rbation theory we can develop an analogous expression for 

the first-order change inan eigenvector component induced by small parameter 

variations. 

u .. + 
Jl 

(3) 

Assuming that our basis states are Russell-Saunders coupled, the corresponding 

changes in the g-values are given by 

= 2 L: gj u .. 
j Jl E UJ.k 

krfi 

Equations (2) and (4) are linear in the parameter increments so 

existi~g energy fitting routines can be adapted readily to g-fitting. 

(4) 
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For completeness we also give the 'expressions for first order changes in the 

line strengths: 

l'IS .• 
l.J 

= 2 u,~ s,,v uvk L, 
!-<"- !-< > k=j 

( 5) 

When accurate line strengths are known' t:be'se equations can be used to eqlarge 

thescope of a parametric theory. 

RESULTS 

Matrix elements of the Hamiltonian were generated for 2p53p and 2p 5 3~ 
> 4 

ofNe,I by means of a computer program and checked using Shortley's results. 

The g.;.val~es for the odd parity levels agree,well with ,the measured values, 

so no improvement was sought for this configuration. The ·large discrepancies 

found for the even parity levels warrant going to an extended fit in which 

g-values are used. The results of a calculation in which the quantity 

l:: ( l'!E. ) 
2 

+ ( 2600 6 . ) 
2 was minimized are set out in Table I. The factor 

i l. gl. 

2600 is somewhat arbitrary--energies are weighted slightly more than g-values. 

Results of the simple energy fit are presented also for comparison. 

The important feature of these results is that 

by a factor of ten while Lm rms has risen by only 50%. 

l'!g has decreased .rms 

Evidently the furic-

tion l) l'!Ei)
2 

has a shallow minimum:. The spin-orbit and electrostatic param-

eters are correlated, leading to poor parameter determinations when en~rgies, 

alone·oare used. In the combined fit z;;2p has moved much closer to the' value 

foundfor 2p53s. Although such agreement is not to be expected in·gerieral, 
. 1 •' 

we n~te that the energy fits for argon I led to very close agreemen~ between 

spin.:..orbi t factors arising from different configurations .. 
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The eigenvectors resulting from the two fits were used to calculate 

transition probabilities. The radial dipole factor cr
2 

was taken from the 

Coulomb approximation. 5 The results are displayed in Table II. The experi

mental values were taken from a critical compilation
6 

and are likely to 

contain appreciable errors. In spite of these uncertainties it is clear that 

the combined fit has resulted in improved eigenvectors. 

To estimate errors in the calculation, it is important to know how 

much cancellation has occurred in. subtraction. A measure of this is provided 

by the factors in column 4 of Table II. These are obtained by dividing each 

transition probability by its modulus. Thus a factor of l means that rio 

cancellation has occurred. Note that the discrepancies between theory and 

experiment are reduced further if we drop the calculations with large cancel--

lation factors. 
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Table I. Parameters for the least squares fits:' 
====-======================================.· ' . 
Para.m.eter 

0 . 5 . ' : F (2p 3p) .·· 
: . 

' 0 .· 
G (2p

1
3p) 

2 . ·.·· .· 
F {2p

1
3p) •.. ·. 

2 .·.·. ' 
G (2p

1
3p) _ 

'• I; • 
. 2p 

1;3. -. p 

Energy fit 

30233 ±15 

767; 7±15. 

4169 ,±140 
I; , ·-: 

1003;9±205' 
I . ', 

. I -

.. · ' 

'379 .1±75-
•. ' I. ' , . 

10 ·±50 

Combined fit; . 

30240 . ±7 

' 745~0±12 -

3,894 ±9'0 .·· 
.. '· ·' 

. 1199. 2±108 . 

,544 .7±21 

3 .5±38 

-. 93.7 

· UCRL:.,l8908 

60..4 

0.083 

~ ... 

b.g .· . 
rms 

. ·'."> 

• .. 
-' ~ -·. 

I . -

··: .. 
·._.,.·· ·,_ . 
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Table II. Atomic. Transition Probabilit.ies for neon I 
. 5 . c .5 .. 
(gp.~3p~,?p,)s) 1. 

Observed a Calcu;Lated 

~i(l08) Gfit C.F. Efit . 

7032.41 0.192 .0.253 1. 0.241 

6402.25 0'.433 0.506 1. 0.506 

6334.43 0.136 0.159 1. 0.144 

6217.28 0.0777 0.0585 0.99 0.0402 

6143.06 0.216 0.268 1. 0.154 

5975.53 0.0433 0.0378 o.3.T 0.0585 

5944.83 0.105 0.126 0.29 0.271 

5881.90 0.128 0.112 o.43 0.132 
r 

7245.17 0.0977 0.0930 0.67 0.0975 

6506.53 0~232 0.297 o.n 0.320 

6382.99 0.279 o. 315 1. 0.281 

6304.79 0.0507 0.0531 0.90 0.0132 

6074.34 '· 0.617 0.590 1. 0.582 

6128.45 0.0327 0.0108 0.03 0.0497 

6096.16 0.169 0.166 0.42 0.183. 

6030.00 0.0627 . 0.0510 0.26 0.0429 . 

5400.55 0.0046 0.03 0.0155 

7438.90 0.0292 0.0222 0.40 0.0261 

6532.88 0.128 
-r;. 

0.116 0.82 0.179 . 

6266.50 0.223 0.228 i. 0.156 

6163.59 0.160 0.151 1. 0.145 .. 

( continue.d) 
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Table II •. Continued. 

. a 
Observed Calculated 

.A ~i (108) Gfit C.F. Efit 

8082.51 o.ooo8 0.05 0.0019 

7173.94 0.0365 0.0179 0.12 0.0125 

7024.04 0.0136 0.11 0.0006 

6929.47 .0.190 0.173 0.62 0.282 

6717.04 0.234 0.219 0.71 0.233 

6678.28 0.238 0.231 l. 0.116 

6651.97 0.0025 0.03 0.0083 

6598.95 0.251 0.214 1.00 0.212 

··5852. 49 o. 719 0.659 l. 0.651 

aRef. 5. 
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