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DIFFERENTIAL CROSS SECTIONS FOR THE ELASTIC ELECTRON 
SCATTERING BY SODIUM ATOM 

B.Marinković, V.Pejčev, D.Filipović, I.čadež and L.Vušković 

I n s t i t u t e of P h i s i c s , 110D1 Belgrade, P.O.Box 57,Yugoslavia 

Introduction: Many experimental and t h e o r e t i c a l i n v e s t i g a t i o -
ns have been performed on e l e c t r o n s c a t t e r i n g by sodium vapour 
D i f f e r e n t i a l c r o s s s e c t i o n s (DCS) serve as an s e n s i t i v e 
t e s t f o r the v a l i d i t y of t h e o r e t i c a l d e s c r i p t i o n of the sca-
t t e r i n g p r o cess. S t i l l , the d i s c r e p a n c i e s e x i s t between d i f f -
e r e n t experimental d a t a 1 - 4 , d i f f e r e n t c a l c u l a t i o n s 5 ' 6 as w e l l 
as comparing experiment and theory. Recently, the l a r g e d i s -
cr e p a n c i e s were r e p o r t e d 5 between theory and experiment f o r 
the DCS at backward angles. 

R e l a t i v e DCS f o r the 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 so-
dium atom have been obtained f o r 5, 10, 20 and 54.4 eV impact 
energies and from 6° to 150°scattering a n g l e s . 

Apparatus: The apparatus d e s c r i b e d i n more d e t a i l s elsewhere 7 

c o n s i s t s of he m i s p h e r i c a l e l e c t r o n monochromator producing 
w e l l c o l l i m a t e d e l e c t r o n beam and an independently r o t a t a b l e 
energy a n a l y z e r of s c a t t e r e d e l e c t r o n s . I n i c i d e n t e l e c t r o n 
beam and i n i t a i a l d i r e c t i o n of analyzed e l e c t r o n s d e f i n e the 
s c a t t e r i n g plane p e r p e n d i c u l a r t o the atomic beam. The e l e c 
t r o n gun uses a h a i r p i n tungsten cathode and produces monoe-
n e r g e t i c e l e c t r o n beam of 1 to 10 nA. The energy a n a l y z e r co
n s i s t s of zoom l e n s , h e m i s p h e r i c a l s e l e c t o r and a c c e l e r a t i n g 
l e n s and can cover the angular range from -30° to + 150°. 

An atomic beam has been produced i n a wire h e a t i n g oven 
with sodium ampulla. Sodium metal was p r e p u r i f i e d i n vacuum 
i n o r d e r t o remove petroleum and then i t was f i l l e d i n g l a s s 
ampullas. The standard working temperature of the oven was 
about 600 K corresponding to 5 Pa vapour preasure. 
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Experimental procedure: The spectrometer i s used i n the ener-
g y - l o s s mode. The i n c i d e n t e l e c t r o n beam was f i r s t c o l l i m a t e d 
a t the center of the i n t e r a c t i o n r e g i o n and then 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-
- r a t e s a t p o s i t i v e and negative s c a t t e r i n g a n gles. The analy-
z e r was s e t to accept e l a s t i c a l l y s c a t t e r e d e l e c t r o n s . E l a s t i -
c a l l y s c a t t e r e d e l e c t r o n s were observed i n the angular range 
of 6° t o 150°. The background counts were s u b s t r a c t e d from si-
gnal although i t was i n s i g n i f i c a n c e a t angles l a r g e r then 10°. 
D i f f e r e n t s e t s of data were obtained f o r three d i s t a n c e s of 
the i n t e r a c t i o n r e g i o n : 1.5, 2 and 3 mm. T h i s procedure was 
done t o check i f there were some i r r e g u l a r i t i e s i n shape of 
atomic beam, but th e r e was no evidence of any d i f f e r e n c e i n 
shape of DCS. A l s o , temperature dependence was i n v e s t i g a t e d to 
e l i m i n a t e the presence of Na dimers or double s c a t t e r i n g . 

R e s u l t s : The obtained r e l a t i v e DCS were normalized a t 10° sca-
t t e r i n g angle as an average mean value from s e v e r a l independent 
measurements. St a t i s t i c a l error of each curve at the pariticular scattering angle was used as a ponder f o r average mean v a l u e . 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 l e n g h t 8 were done due to va-
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 absolute s c a l e was obtained from the e l a s t i c t o i n e l a s t i c 
(3 2P) i n t e n s i t y r a t i o s on the energy l o s s s p e c t r a a t p a r t i c u l a r 
angle. E x t r a p o l a t i n g r e s u l t s to 0 0 and 180° s a c t t e r i n g angles 
and i n t e g r a t i n g with the ponders s i n 0 and s i n 0 (1 - cos 0) 
where 0 denotes s c a t t e r i n g angle, i n t e g r a l e l a s i t i c c r o s s sec-
t i o n s and momentum t r a n s f e r c r o s s s e c t i o n s were o b t a i n e d . 
S t a t i s t i c a l e r r o r s i n these e l a s t i c s c a t t e r i n g experiments we-
re always w i t h i n 10% i n i n d i v i d u a l measurements. A c o n t r i b u t i o n 
to the systematic e r r o r due to the u n s e r t a i n t y of the energy, 
angular s c a l e , a p p l i e d g e o m e t r i c a l c o r r e c t i o n f a c t o r , norma
l i z a t i o n and e x t r a p o l a t i o n was estimated s e p a r e t e l y . 
The comparison of our results with the other a v a i l a b l e data i n 
d i c a t e s s a t i s f e r c t o r y agreement with the prev i o u s experiments. 
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