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Summary

E xperim en ts  were pe rfo rm ed  showing t h a t  th e  e le c t r o n  e m iss io n  from  s i l v e r  
i r r a d i a t e d  hy h ig h  power l a s e r  beam depends on th e  d i r e c t i o n  o f p o l a r i z a t io n  
r e l a t i v e  to  th e  s u r f a c e .  The m easurem ent was c a r r i e d  out u n d e r c o n d it io n s  
where th e  R ich a rd so n  e f f e c t  was n e g l i g ib l e .  I t  may be con c lu d ed  t h a t  th e  
e f f e c t  o b se rv ed  i s  cau sed  by m u ltip h o to n  p r o c e s s .

In r e c e n t  y e a rs  many t h e o r e t i c a l  [1] [2] [3] [4] [5] [6 ] in v e s t ig a t io n s
were p e rfo rm ed  to  c l a r i f y  th e  mechanism of e le c t r o n  e m iss io n  ca u se d  by th e  
a b s o rp t io n  o f h ig h  power l a s e r  beam s. A ccord ing  to  th e o ry  th e  f r e e  e le c t r o n s  
a re  p ro d u ced  by m u ltip h o to n  i o n iz a t io n  in  g a ses  i r r a d i a t e d  by h ig h  power 
beam s. The e x is te n c e  o f t h i s  e f f e c t  was e x p e r im e n ta lly  p ro v en  [71 -  Г1о].
The th e o ry  p r e d i c t s  a q u i te  s im i la r  e f f e c t  i f  a h ig h  power l a s e r  beam s t r i k e s  

th e  s u r f a c e  o f a s o l i d ,  how ever, t h i s  l a t t e r ,  s o - c a l l e d  m u ltip h o to n  
p h o to e f f e c t  o r  f i e l d  e m iss io n , a c c o rd in g  to  ou r know ledge, has n o t y e t  been  
experim entsL ly v e r i f i e d ,  s in c e  in  th e  e x p e rim en ts  p u b l is h e d  so f a r  [11] [12]
[13] th e  R ich a rd so n  e f f e c t  cau sed  by c l a s s i c a l  a b s o rp t io n  o f th e  h ig h  power 
l a s e r  beam was dom inan t. Only one o f th e  a u th o rs  [13] m en tions th e  p o s s i b i l 
i t y  o f th e  c o n t r ib u t io n  o f o th e r  e f f e c t s .

To g e t e x p e rim e n ta l ev id en ce  on th e  e f f e c t s  p r e d ic te d  by th e o r y ,  a s e r i e s  
o f ex p e rim e n ts  were s t a r t e d  in  t h i s  l a b o r a to r y  [14 ]• In  th e  c o u rse  o f th e s e  
ex p e rim e n ts  m easurem ent o f e le c t r o n  e m iss io n  o f m e ta ls  was p e rfo rm ed  under 
e x p e r im e n ta l  c o n d it io n s  w ith  th e  R ich a rd so n  e f f e c t  k ep t n e g l i g i b i l e  and in 
v e s t i g a t i n g  th e  dependence o f e le c t r o n  em iss io n  on th e  d i r e c t i o n  o f p o l a r i z a 
t i o n  o f th e  incom ing l i g h t  beam.

The e x p e rim e n ta l s e tu p  i s  shown in  F i g . l .  The h ig h  power l i g h t  p u ls e  i s  
g e n e ra te d  by a ruby  l a s e r  L w ith  a p a s s iv e  Q -sw itc h . The d u r a t io n  o f th e  
l i g h t  p u ls e  was T  = 30 n s e c .  T h is  l i g h t  p u ls e  p a s s e s  th ro u g h  a Glan-Thompson 
p rism  /G T/ s t r i k i n g  a t  a n g le  o f in c id e n c e  9 = 87° th e  m a te r ia l  t o  be in v e s 
t i g a t e d .  The l a s e r  beam was no t fo c u se d  on th e  t a r g e t  and th e  peak power
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d e n s ity  o f th e  l i g h t  p u ls e  on th e  sam ple was on ly  0 ,9  MW/om2. As sam ple 
m a te r ia l  s i l v e r  was chosen  in  o rd e r  to  e l im in a te  th e  l i n e a r  p h o to e f f e c t .
/T he work fu n c t io n  o f s i l v e r  i s  4 ,7  eV which exceeds th e  1 ,8  eV quantum 
energy  o f s in g le  p h o to jjB ./ The p la n e  o f p o l a r i s a t i o n  /E q/  o f th e  l a s e r  beam 
b e fo re  p a s s in g  th ro u g h  th e  p o l a r i z e r  was a d ju s te d  a s  shown by d e t a i l  "A” in  
F ig .  1 . /  The u n fo cu sed  beam re a c h e s  th e  t a r g e t  by p a s s in g  th ro u g h  a s l i t  
which p re v e n ts  th e  edges o f th e  t a r g e t  t o  be i l lu m in a te d .  The c a lc u la te d  
te m p e ra tu re  r i s e  o f th e  t a r g e t  p ro d u ced  by th e  l i g h t  p u ls e  n e v e r  exceeds 

AT = 10°G, owing to  th e  h ig h  r e f l e c t a n c e  o f s i l v e r  a t  th e  a n g le  o f i n c i 
dence and to  th e  r e l a t i v e l y  sm a ll beam power d e n s i ty  u s e d . T h e re fo re , th e  
th e rm io n ic  e m iss io n  cau sed  by th e  R ich a rd so n  e f f e c t  was n e g l i g i b i l e ,  in  
com parison  w ith  th e  c u r r e n t  o b se rv e d  / s e e  b e lo w /.

—8The vacuum in  th e  b u lb  c o n ta in in g  th e  t a r g e t  was lo  t o r r .  To c o l l e c t  th e  
e le c tr o n s  e m itte d  from  th e  t a r g e t  by th e  l a s e r  p u l s e ,  a p o t e n t i a l  o f 
U=1000 V was a p p l ie d  t o  th e  m easu ring  c e l l .  The exp erim en t was c a r r i e d  out 
in  th e  fo llo w in g  way:

1 .  /  The Glan-Thompson p rism  was so a d ju s te d  t h a t  th e  p la n e  o f p o l a r i z a t i o n
i . e . t h e  p la n e  o f th e  e l e c t r i c  f i e l d  v e c to r  was p a r a l l e l  t o  th e  p la n e  
o f in c id e n c e  / Ф  = 0 ° / and th e  s ig n a l  p roduced  by th e  e m itte d  e le c t r o n s  
was m easured by o s c i l lo s c o p e .  The v a lu e  o f th e  peak  c u r r e n t  was

' W 6 = °0/ = 4-5
2 .  /  The Glan-Thompson p rism  was tu rn e d  by 9 0 ° » to  have th e  p la n e  o f p o l a r i s a 

t i o n  p e rp e n d ic u la r  to  th e  p la n e  o f in c id e n c e  /  ф = 90° / ,  and th e  measu
rem ent o f th e  s ig n a l  was r e p e a te d .  I n  t h i s  c a se  th e  peak  o f th e  s ig n a l  
was 7 max /  Ф = 9 0 ° /  = 0 ,2 5  mA.

I t  was c a r e f u l l y  v e r i f i e d  by i n t e n s i t y  m easurem ents c a r r i e d  ou t w ith  
b o th  p h o to m u l t ip l ie r  and c a lo r im e te r  t h a t  th e  i n t e n s i t y  o f th e  beam 
f a l l i n g  on th e  t a r g e t  was e q u a l in  b o th  p o s i t i o n s  o f th e  Glan-Thompson 
p r is m . I t  sh o u ld  be m en tioned  t h a t  i n  b o th  p o s i t i o n s  th e  d u r a t io n  o f 
th e  s ig n a ls  o b se rv e d  was s m a l le r  th a n  t h a t  o f th e  l i g h t  p u l s e .

As i t  can  be se en  from  th e  com parison  o f th e  v a lu e s  o f J  (Ф = 0°) 
and J м т  * (Ф = 90 ) a  s tro n g  dependence o f th e  e l e c t r o n  e m iss io n  
on th e  d i r e c t i o n  o f p o l a r i z a t i o n  was o b se rv e d . The peak  s ig n a l  c u r r e n t  
in  o th e r  d i r e c t i o n s  o f p o l a r i z a t i o n  was m easured  to o  / s e e  F i g .2 . / .

I t  can be seen  from  F i g .2 . t h a t  th e  maximum o f  e le c t r o n  e m iss io n  i s  a t  
Ф »  2 o ° . T h is  i s  due to  t h a t  th e  c o n t r ib u t io n s  from  th e  p a r a l l e l  

and p e rp e n d ic u la r  com ponents o f th e  e l e c t r i c  f i e l d  to  th e  e m iss io n  a re  
d i f f e r e n t .  In  th e  same f ig u r e  th e  v a r i a t i o n s  o f th e  p a r a l l e l  /  £„ /
and p e rp e n d ic u la r  /  £f, /  com ponents o f th e  e l e c t r i c  f i e l d  s t r e n g th
/ i . e .  th e  p a r a l l e l  and p e rp e n d ic u la r  com ponents r e l a t i v e  to  th e  p la n e  
o f in c id e n c e /  w ith  ф a re  a ls o  shown.
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I t  sh o u ld  be n o te d  t h a t  a t  th e  p r e s s u r e s  u sed  d u r in g  th e  ex p e rim en ts  
in  th e  b u lb , a  inonoatomic l a y e r  i s  s t i l l  p r e s e n t  on th e  sam ple which 
may have some in f lu e n c e  on th e  e m iss io n  p ro c e s s  and t h a t  th e  shape  o f 
th e  s ig n a l  depends s l i g h t l y  on p o l a r i z a t i o n .

I t  can e se en  from  th e  r e s u l t s  o f th e  ex p erim en t t h a t  an e l e c t r o n  
e m iss io n  was o b se rv e d  showing a s tro n g  dependence on th e  d i r e c t i o n  
o f p o l a r i z a t i o n  w hich may be e x p la in e d  by a l t e r n a t i v e  o r  combined 
m u ltip h o to n  p h o to e f f e c t ,  f i e l d  e m iss io n  o r  in v e r s e  B rem sS trah lu n g .

I n v e s t ig a t io n s  on th e  dependence o f e le c t r o n  y i e l d  on th e  m a te r ia l  
u sed  and on th e  power d e n s i ty  a s  w e ll  a s  on th e  r o l e  o f th e  monoatomic 
l a y e r  and th e  d i f f e r e n c e  in  th e  e l e c t r o n  s ig n a l  shape a re  in  p r o g r e s s .

Thanks a re  due to  Mr. J ,  B akos, M r.E. F a z e k a s , Mr. I .  C zigány , M r.L. 
Im re and M rs. Z s. S z ü ts 0
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B lock diagramm o f  th e  e x p e rim e n ta l 
s e tu p ,  "In d e t a i l  "A" n o ta t io n  used  
f o r  d i r e c t i o n  o f  p o l a r i z a t i o n  I s  
g iv e n .

i

The dependence o f th e  peak e le c t r o n  
c u r re n t  o f th e  d i r e c t i o n  o f p o l a r i z a 
t io n .  In th e  f ig u r e  th e  p a r a l l e l  and 
p e rp e n d lc u le r  com ponents E„ and 

Fx r e s p e c t iv e ly  a re  a l s o  shown.






