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The a n g u l a r d i s t r i b u t i o n o f p h o t o e l e c t r o n s p r o d u c e d by m u l t i 

p h o t o n i o n i z a t i o n o f atoms i s a s e n s i t i v e t e s t f o r t h e 

i o n i z a t i o n p r o c e s s s i n c e t h e d i s t r i b u t i o n i s d e t e r m i n e d by t h e 

i n t e r m e d i a t e s t a t e s . I n t h i s p a p e r we r e p o r t m e a s u r e m e n t s o f t h e 

a n g u l a r d i s t r i b u t i o n w h i c h have been o b t a i n e d f o r r e s o n a n t 

t h r e e - p h o t o n i o n i z a t i o n . The r e s u l t s a l s o d e m o n s t r a t e t h a t t h e 

a n g u l a r d i s t r i b u t i o n can be changed by m i x i n g t h e i n t e r m e d i a t e 

s t a t e s by m i c r o w a v e t r a n s i t i o n s . T h i s can be us e d f o r o p t i c a l 

m i c r o w a v e e x p e r i m e n t s t o d e t e r m i n e t h e e n e r g y s p l i t t i n g 

o f R y d b e r g s t a t e s . 

I n t h e e x p e r i m e n t two n i t r o g e n l a s e r pumped dye l a s e r s were 

used t o e x c i t e t h e atoms o f a s o d i u m a t o m i c beam. The s o d i u m 

atoms were i o n i z e d i n t h e r e s o n a n t t h r e e - p h o t o n p r o c e s s 
2 2 2 2 ^ 

3 s

1 / 2 " > " 3 P l / 2 * 3 P3/2** Π D ^ l 1 » ^ · T h e e l e c t r o n s e m i t t e d 
i n t h e p l a n e p e r p e n d i c u l a r t o t h e d i r e c t i o n o f t h e l a s e r beams 

were d e t e c t e d w i t h an a n g u l a r r e s o l u t i o n o f 0.35 r a d . The a n g u l a r 

d i s t r i b u t i o n was p r o b e d by r o t a t i n g t h e d i r e c t i o n o f t h e l i n e a r 

p o l a r i z a t i o n o f t h e l a s e r l i g h t . 

I n t h e case o f s i n g l e - p h o t o n i o n i z a t i o n o f atoms w i t h an e q u a l 

p o p u l a t i o n o f t h e m - s u b l e v e l s t h e p h o t o e l e c t r o n a n g u l a r 

d i s t r i b u t i o n can be d e s c r i b e d by t h e g e n e r a l f o r m u l a 

1 ( 9 ) = 1 + 8 P 2 ( c o s 0 ) 

9 i s t h e a n g l e b e t w e e n t h e d i r e c t i o n o f e m i s s i o n o f t h e p h o t o -

e l e c t r o n and t h e l a s e r p o l a r i z a t i o n . 8 i s t h e a n i s o t r o p y p a r a 

m e t e r and Ρ t h e s e c o n d L e g e n d r e p o l y n o m i a l . I n t h e case where 
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m - s u b l e v e l s a r e s e l e c t i v e l y p o p u l a t e d i n a η-photon i o n i z a t i o n 
2 

p r o c e s s , h i g h e r powers o f cos θ have t o he i n c l u d e d : 

I (θ) = J~ a c o s 2 v 9 . η L — r ν v= 0 

Thus, f o r a r e s o n a n t m u l t i - p h o t o n i o n i z a t i o n p r o c e s s s h a r p 

maxima appear i n t h e a n g u l a r d i s t r i b u t i o n o f p h o t o e l e c t r o n s 

w h i c h c r i t i c a l l y depend on t h e quantum numbers o f t h e i n t e r 

m e d i a t e s t a t e s / l / . E x p e r i m e n t s on s o d i u m d e m o n s t r a t i n g t h i s 

b e h a v i o u r a r e r e p o r t e d . 

F i s . : The a n e u l a r d i s t r i b u t i o n o f o h o t o -

e l e c t r o n s o r o d u c e d by r e s o n a n t 
2, 
^1/2 

i s shown i n a 

t h r e e - p h o t o n i o n i z a t i o n 3 S 

3/2 - Λ 

o o l a r d i a g r a m 

3 2P l , k > 

The s o l i d l i n e was 

o b t a i n e d i n a l e a s t s a u a r e s f i t o f 

t h e t h e o r e t i c a l r u n c t i o n I f f ( θ ) b t o 
t h e e x p e r i m e n t a l d a t a , g i v i n g 

2 M-I c ( 9 ) = 0.03+0.32cos 9-cos 9+0.87cos ο 
The a r r o w i n d i c a t e s t h e d i r e c t i o n 

o f l a s e r p o l a r i z a t i o n . 
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