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T o t a l cross sections and op t ica l exc i ta t ion functions for 
electron col l is ional exci ta t ion of atoms have generally in-
volved the most s t rongly bound exci ted states. In part ic-
ular, high-energy-resolution studies tend to concentrate 
on these states in order to achieve acceptable S / N . How-
ever, the higher states often play a major role in plasmas, 
and can exhib i t very different exci ta t ion behavior . We 
have bui l t an apparatus to s tudy the op t ica l exci ta t ion 
functions in the threshold region for more h ighly exci ted 
states of meta l a toms. A high-flux atomic beam from a 
reci rcula t ing oven is used to produce a relat ively dense 
and concentrated target, while m i n i m i z i n g work-funct ion 
drifts due to meta l vapor coatings on the electron optics. 
A long, cy l indr ica l t rochoidal monochromator is used to 
min imize space charge effects in the monochromator and 
thereby achieve acceptable electron currents and S / N for 
these s m a l l exc i ta t ion cross sections. A b o u t 25% of the 
opt ica l emission is reflected to a photomul t ip l ie r . 

O p t i c a l exc i ta t ion functions for the 6S, 4 D , 5 D , and 
4 P states of N a have so far been measured w i t h elec-
t ron energy resolutions of 30— 100 m e V . These states are 
characterized by 0.5 — 1.5 e V of b ind ing , and are highly 
polar izable . T h e 5 and D state exc i ta t ion functions rise 
very rapidly at threshold to a nearly constant value, then 
slowly decrease w i t h increasing col l is ion energy. T h e en-
ergy range in which they rise to a m a x i m u m varies, but is 
in all cases less than 100 m e V . There is some evidence for 
i nd iv idua l resonances at the present resolut ion and S / N , 
but these are not pronounced in the S and D state data . 
In contrast, the P state exci ta t ion rises more gradual ly 
and clearly shows s t ructure . There are theoretical rea-
sons to expect a sequence of resonances, which may not 
be resolved at our present reso lu t ion . 1 D a t a for 4 D and 
4 P state exci ta t ions are shown in Figures 1 and 2. These 
have been normal ized to the da ta of Ref. 2 at the higher 
energies. 

T h i s work was suppor ted by the Fundamenta l Interac-
tions B r a n c h of the D i v i s i o n of Chemical Sciences, Office 
of Basic Energy Sciences, Depar tment of Energy. 

References 
1. H. L . Zhou, B . L . W h i t t e n and D . W . Norcross 

(private communica t ion ) . 
2. J . O . Phe lps and C C L i n , P h y s . R e v . A 24, 1299 

(1981). 


