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DIFFERENTIAL CROSS SECTIONS FOR THE ELECTRON 
EXCITATION OF SODIUM ATOM 

B.Marinković, V.Pejčev, D.Filipović, I.Čadež and L.Vušković 
I n s t i t u t e of Ph y s i c s , 11001 Belgrade, P.O.Box 57, Yugoslavia 

I n t r o d u c t i o n : The e l e c t r o n impact e x c i t a t i o n of the a l k a l i metals, e s p e c i ­
a l l y sodium, have been e x t e n s i v e l y studied during l a s t years. The ground 
state i s 32s1/2 with a comparatively weakly bound 3s valence e l e c t r o n and 
an i n e r t core. The f i r s t i o n i z a t i o n l i m i t i s at 5.139 eV and a l l peaks ob­
served i n energy loss spectra which r e s u l t from the e x c i t a t i o n of 3s e l e c ­
t r o n are not f a r apart from the e l a s t i c peak. So, p o l a r i s a t i o n and absorp­
t i o n e f f e c t s are expected to be dominant i n d i f f e r e n t i a l cross sections 
(DCS) of e l e c t r o n s c a t t e r i n g 1 . A l s o , the large coupling between 3s and 3p 
l e v e l s 2 and even between the whole group of states 3s, 3p, 3d, 4s, 4p and 
4d i s t h e o r e t i c a l l y p r e d i c t e d 3 . The present measurements are undertaken i n 
order to co n t r i b u t e to the i n v e s t i g a t i o n s of these s c a t t e r i n g phenomena. 

Much e f f o r t i s put on reaching the "complete" s c a t t e r i n g experiment on 
sodium and determining magnitudes and phases of the s c a t t e r i n g amplitudes 
by several groups of i n v e s t i g a t o r s . The NBS group have been i n v e s t i g a t i n g 
spin-dependent superelastic scattering from pure angular momentum states of 
Na(3P)4-8; the group from the University of Kaiserslautern have been studing 
i n the 3P-3S t r a n s i t i o n 8 , 9 ; The F l i n d e r s U n i v e r s i t y group have been deter­
mining the coherence of the e x c i t a t i o n using a n g u l a r - c o r r e l a t i o n t e c h n i ­
que10-13 the JILA group have been measuring p a r t i a l cross s e c t i o n s f o r 
e l e c t r o n e x c i t a t i o n as a f u n c t i o n of changes i n mS and mL of the atomic 
e l e c t r o n 1 4 , 1 5 ; the U n i v e r s i t y B i e l e f e l d group have been measuring 
impact e x c i t a t i o n of s p i n - p o l a r i s e d Na atoms w i t h p o l a r i s a t i o n a n a l y s i s of 
the fluorescence l i g h t . Experimental determining of acurate values of DCS i s 
a relevant point f o r e x t r a c t i n g magnitude of s c a t t e r i n g amplitude. 

R e l a t i v e DCS f o r the i n e l a s t i c e l e c t r o n s c a t t e r i n g by sodium atom have 
been obtained f o r 5, 10, 20 and 54.4 eV impact energies and from 0° to 
150° s c a t t e r i n g angles. The resolved and studied e x c i t e t e d states are 
3 2P, 4 2S, 32D and 4 2P. 

Apparatus: The e l e c t r o n spectrometer described i n more d e t a i l s elsewhe-
re17,18 was b r i e f l y summarised i n the proceding paper. 
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Experimental procedure: The DCS of eash e x c i t e d s t a t e was i n v e s t i g a t e d 
separately. Count-rates of scattered e l e c t r o n s of p a r t i c u l a r energy loss 
were c o l l e c t e d i n the whole angular range except f o r the 3 2P st a t e where 
two angular ranges 0°-20° and 10°-150° were necessary due to s t r o n g l y 
forward peaked DCS.So, the 3 2P st a t e was examined with two d i f f e r e n t 
i n t e n s i t i e s of atomic beam. The zero s c a t t e r i n g angle was determined u t i ­
l i z i n g symmetrical count-rates at p o s i t i v e and negative s c a t t e r i n g angles. 
By scanning energy loss spectra at p a r t i c u l a r s c a t t e r i n g angle , the r e ­
l a t i v e i n t e n s i t i e s of the e x c i t a t i o n of the d i f f e r e n t states were e s t a b i -
l i s h e d . 

Results: In Fig.1 the energy loss spectrum at 10 eV impact energy and 21° 
s c a t t e r i n g angle i s shown. The energy r e s o l u t i o n as FWHM i s 50 meV. Due to 
the v a r i a b l e i n t e r a c t i o n volume with the s c a t t e r i n g angle, the c o r r e c t i o n s 
f o r a e f f e c t i v e path lenght 1 9 were done in order to obtain r e l a t i v e DCS 
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from the experimental angular d i s t r i b u t i o n s . Neither atomic and e l e c t r o n 
f l u x d e n s i t i e s nor absolute e f f i c i e n c y of detector were d i r e c t l y measured. 
To o b t a i n absolute scale a n o r m a l i z a t i o n w i l l be done to the known genera-
l i z e d o s c i l l a t o r s t r e n g h t s , and to the experimental or t h e o r e t i c a l values 
of the i n t e g r a l or t o t a l cross s e c t i o n s . 

D i s c u s s i o n : DCS f o r e l e c t r o n e x c i t a t i o n of sodium have been subject of 
several experimental and t h e o r e t i c a l works. The l i s t of the s t a t e s , angu-
l a r ranges and e l e c t r o n impact energies f o r which DCS are a v a i l a b l e i s 
given i n Table 1. The comparison of our r e s u l t s with the other a v a i l a b l e 
data w i l l be presented on the Conference. 

Table 1. 

authors Ref. energies 
(eV) 

s c a t t . 
angles states 

Shuttelworth et a l . 20 54.4 
100 
150 
250 

0.0-21.5 
2.7-13.5 
0.0-15 .9 
0.0-13.0 

3 2P 

Buckmann & Teubner 21 54.4 
100 
150 
217.7 

10-145 3 2P 

Srivastava&Vušković 22 10 
20 
40 
54.4 

10-120 
3 2S, 
3 2D+4 2P 

4 2D+4 2F+5 2P+5 2S 

Teubner et a l . 12 22.1 
54.4 

2-130 3 2P 

Lorentz et a l . 23 22.2 
54.4 

-120 3 2P 

present 5.0 
10 
20 
54.4 

0-150 3 2P, 
4 2S, 
3 2D, 
4 2P 

H e r t e l & Rost 24 25 
50 
100 
500 

0-30 
0-25 
0-20 
0-10 

4 2S 

Mitroy et a l . 25 10 
20 
22.1 
54.4 

0-180 3 2P 

100 
150 



28 

Acknowledgments: This work has been supported by the RZN SR S e r b i a , 
Yugoslavia, and by the U.S. - Yugoslav J o i n t Fund f o r S c i e n t i f i c and 
Technological Cooperation, i n cooperation w i t h the National Bureau of 
Standards under Grant No. JFP 598. 

References: 
t. P.J.O. Teubner, S.J.Buckman and C.J.Noble, J.Phys.B, 11 (1978) 2345 
2. B.H.Bransden and M.R.C.McDowell, Phys.Rep., 46 (1978) 249 
3. A.Z.Msezane, Phys.Rev A, 37 (1988) 1787 
4. J.J.McClelland, M.H.Kelley and R . J . C e l o t t a , Phys.Rev. L e t t . , 55 (1985) 

688 
5. Phys. Rev. L e t t . , 56 (1986) 1362 
6. Phys. Rev. L e t t . , 58 (1987) 2198 
7. J.Phys. B, 20 (1987) 385L 
8. I.V.Hertel, M.H.Kelley and J.J . M c C l e l l a n d , Z.Phys.D, 6 (1987) 163 
9. H.W.Hermann, I.V.Hertel and M.H.Kelley, J.Phys.B, 13 (1980) 3465 
10. J . L . R i l e y , P.J.0.Teubner and M.J.Brunger, Phys.Rev.A, 31 (1985) 1959 
11. P.J.Teubner, J . L . R i l e y , J.E.Furst and S.J.Buckman, J.Phys.B, 18 

(1985) 351 
12. P.J.Teubner, J . L . R i l e y , M.J.Brunger and S.J.Buckman, J.Phys. B, 19 · 

(1986) 3313 
13. P.J.Teubner, J . L . R i l e y , M.J.Brunger and J.E.Furst, J.Phys. B, 18 

(1985) 351 
14. B.Stumpf and A.Gallagher, Phys Rev.A 32 (1985) 3344 
15. X.L.Han, G.W.Schinn and A.Galagher, submitted to Phys.Rev.A Rapid Com. 
16. W . J i t s c h i n , S.Osimitch, H.Reihl, H.Kleinpoppen and H.O.Lutz, 

J.Phys B, 17 (1984) 1899 
17. B.Marinkovic, Cz.Szmytkowski, V.Pejčev, D.Filipović and L.Vušković, 

J.Phys. B 19 (1986) 2365 
18. D.Filipović, V.Pejćev, B.Marinković and L.Vušković, acepted f o r 

p u b l i c a t i o n i n F i z i k a , Supplement 
19. R.T.Brickmann and S.Trajmar, J.Phys. E, 14 (1981) 245 
20. T.Shuttleworth, W.R.Newell and A.C.H.Smith, J.Phys. B, 10 (1977) 1641 
21. S.J.Buckman and P.J.0.Teubner, J.Phys. B, 12 (1979) 1741 
22. S.K.Srivastava and L.Vušković, J.Phys. B 13 (1980) 2633 
23. S.K.Lorentz, K.D.Kunesh and T.M.Miller, p r i v a t e communication 
24. I.V.Hertel and K.A.Rost, J.Phys.B, 4 (1971) 690 
25. J . M i t r o y , I.E.McCarthy and A.T.Stelbovics, J.Phys. B 20 (1987) 

4827 


