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ABSTRACT

A d e c r e a s e  i n  t h e  o r d e r  o f  n o n l i n e a r i t y  o f  p h o t o e l e c t r o n  e m is s io n  
f ro m  a m a ta l  c a th o d e  was fo u n d  e x p e r i m e n t a l l y  w i t h  m o d e - lo c k e d  l a s e r  p u l s e s  
a t  s u f f i c i e n t l y  h ig h  i n t e n s i t i e s .  T h i s  phenom enon i s  i n t e r p r e t e d  a s  due t o  
t h e  t h e o r e t i c a l l y  p r e d i c t e d  a p p e a r a n c e  o f  o p t i c a l  f i e l d  e m i s s i o n .

KIVONAT

N a g y i n t e n z i t á s u  m o d e - lo c k in g  l a s e r  im p u lz u s o k  h a t á s á r a  f é m k a tó d -  
b ó l  k i l é p ő  n e m l i n e á r i s  f o t o e l e k t r o n - á r a m  f é n y i n t e n z i t á s - f ü g g é s é t  v i z s g á l 
t u k .  E le g e n d ő e n  nagy i n t e n z i t á s o k  e s e t é n  a  n e m l i n e a r i t á s  r e n d j e  e r ő s e n  
l e c s ö k k e n t .  A j e l e n s é g  é r t e l m e z h e t ő  a z  e l m é l e t i l e g  m e g j ó s o l t  o p t i k a i  t é r 
e m is s z ió  f e l l é p t é v e l .

РЕЗЮМЕ .

Экспериментально обнаружено уменьшение порядка нелинейности фо
тоэлектронной эмиссии с  металлического катода при использовании ультрако
ротких импульсов синхронизированного лазера достаточно высокой интенсив
ности. Это явление приписывается возникновению оптического туннельного 
эффекта, предсказанному теорией.



1 .  INTRODUCTION

A g e n e r a l  f o rm u la  waa g iv e n  by K e ld y sh  [1] t o  d e s c r i b e  t h e  
r e l a t i o n  b e tw e e n  t h e  e l e c t r o n  c u r r e n t  j  due t o  p h o t o e l e c t r i c  e f f e c t  
o r  p h o t o i o n i z a t i o n  and  t h e  i n c i d e n t  l i g h t  i n t e n s i t y  I  / o r  f i e l d  
s t r e n g t h  E /  o f  h i g h  pow er l a s e r  beams i n t e r a c t i n g  w i t h  s o l i d s  o r  g a s

T h is  f o r m u la  i s  e a s i l y  i n t e r p r e t a b l e  a n d  a p p l i c a b l e  i n  two 
e x t r e m e  c a s e s :

a /  I f  f o r  a  g iv e n  l a s e r  f r e q u e n c y  ш, t h e  f i e l d  s t r e n g t h ,
I s  r e l a t i v e l y  lo w , t h e  p h o t o e l e c t r i c  c u r r e n t  j ,v (E2)n^ l n 
w here  n = + l j  infcf A b e in g  t h e  w o rk  f u n c t i o n  o r  t h e
i o n i z a t i o n  p o t e n t i a l .  E l e c t r o n  e m i s s i o n  i s  t h e n  i n t e r 
p r e t e d  as  due t o  t h e  n o n l i n e a r  p h o t o e l e c t r i c  e f f e c t  /N L P / 
o r  p h o t o i o n i z a t i o n  /N L P / .

Ъ / I f  t h e  f i e l d  s t r e n g t h  E i s  h ig h  e n o u g h  one f i n d s  a  
l i m i t  a t  w h ic h  j  ^ E2 e x p ( ”§ ) ,  w h e re  3 i s  a  c o n s t a n t .
I n  t h i s  c a s e  t h e  e l e c t r o n  e m is s io n  i s  due t o  t h e  c l a s s i c a l  
o p t i c a l  f i e l d  e m is s i o n  /O F E / a t  f i e l d  s t r e n g t h  E .

The q u a n t i t a t i v e  c r i t e r i a  f o r  NLP a n d  OFE were d e f i n e d  by
/2  mA

K e ld y sh  as у >> 1 and  у << 1 , r e s p e c t i v e l y , w h e re  у=ш -  /  m i s  
t h e  m a ss ,  e t h e  c h a rg e  o f  t h e  e l e c t r o n / .

F o l lo w in g  K e ld y s h ,  S i l i n  [2J showed t h a t  f o r  m e t a l s  t h e r e  
i s  a  t r a n s i t i o n  i n t e r v a l  n ^ y ^ l  , üin-Qin̂ ^E$ü)>/| ^  b e tw e e n  p u r e  NLP and 
OFE, i n  w h ich  t h e  p h o t o c u r r e n t  i n c r e a s e s  more s lo w ly  t h a n  i s  r e q u i r e d  
by t h e  d e p en d e n ce  j  ^ i n .

The p r e s e n t  w ork  r e p o r t s  t h e  e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  
t h e  NLP-OFE t r a n s i t i o n  i n t e r v a l .

2 .  DISCUSSION OF THE EARLIER EXPERIMENTS

R e l a t i v e l y  low v a l u e s  o f  E a r e  s u f f i c i e n t  f o r  o b s e r v in g  t h e  
NLP, an d  l a r g e  number o f  r e p o r t s  h a v e  been  p u b l i s h e d  on i t s  e x p e r im e n -
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t a l  and  t h e o r e t i c a l  s t u d i e s  i n  g a s e s  and  m e t a l s  [1 -2 1 ]  • W ith g i a n t
_  О

p u l s e s  o f  T a, 10 s e c  d u r a t i o n  t h e  o b s e r v a t i o n  o f  NLP a t  h i g h e r  
v a lu e s  o f  I  i s  l i m i t e d  f o r  m e t a l s  by R ic h a r d s o n  e m i s s i o n  and  s u b l im a 
t i o n ,  w h i l e  f o r  g a s e s  by a v a l a n c h e  i o n i z a t i o n ,  s a t u r a t i o n  and  r e s o n a n c e  
phenomena [ 5 , 1 0 , 1 1 , 1 9 ] .  Thus, i n  o r d e r  t o  a c h i v e  i n t e n s i t i e s  h i g h  e -  
nough f o r  t h e  t r a n s i t i o n  t o  OFE w h i le  a t  t h e  same t im e  a v o id in g  d i s t u r b 
i n g  e f f e c t s  / e x c e p t  r e s o n a n c e s / ,  u l t r a s h o r t  p u l s e s  o f  t h e  o r d e r  o f  

-11 —12г 'v* 10 - l O  sec  a r e  n e c e s s a r y  [10] f o r  b o t h  g a s e s  a n d  m e t a l s .

The c o n d i t i o n  у << 1 h a s  a l r e a d y  b e e n  o b t a i n e d  i n  gas b r e a k 
down e x p e r im e n t s  f o r  s u f f i c i e n t l y  s h o r t  т [2J] , b u t  t h e  aim w a s ,  i n  
t h i s  c a s e ,  t h e  i n v e s t i g a t i o n  o f  t h e  t o t a l  i o n i z a t i o n  a n d  n o t  t h e  r e l a 
t i o n  j  = f  (e ) .

W ith  m e ta l s  t h e  p ro b le m  i s  e x p e r i m e n t a l l y  much s i m p l e r  i n  
many r e s p e c t s ,  as f i r s t  t h e  c o l l e c t i o n  o f  e j e c t e d  e l e c t r o n s  i s  r e l a 
t i v e l y  e a s y ,  s e c o n d l y ,  owing t o  t h e  lo w er  A ,  t h e  v a l u e  o f  у i s  a l s o  
lo w e r .  At t h e  same t i m e  th e  d i s t u r b i n g  e f f e c t s  / R i c h a r d s o n  e m i s s i o n ,  
s u b l i m a t i o n  e t c . /  c a n  be  s u p p r e s s e d  by t h e  u s e  o f  u l t r a s h o r t  p u l s e s  
a n d  t a n g e n t i a l ' i n c i d e n c e . Our f o r m e r  work on s o l i d s  u s i n g  m o d e - lo ck ed  
p u l s e s  [22] b o re  o u t  t h e s e  e x p e c t a t i o n s ,  b u t  owing t o  t h e  у >>1 c o n d i 
t i o n  t h e  e x p e r im e n t s  w ere  r e s t r i c t e d  t o  i n v e s t i g a t i o n  o f  th e  NLP o n ly .

5 .  DESCRIPTION OF THE PRESENT WORK

The t r a n s i t i o n  i n t e r v a l  n ^ y ^ l  , a s  e v a l u a t e d  from  t h e  f o r m u la  
g iv e n  by S i l i n  [2] , s h o u l d  s t a r t  a t  E ^ 107 *3V/cm a n d  I  a, 500 GW/cm2 . 
w h ich  c a n  b e  a c h i e v e d  w i th  m o d e - lo c k e d  Ndt g l a s s  l a s e r  p u l s e s  u s i n g  a  
g o ld  c a t h o d e .  W ith t h e  e x p e r i m e n t a l  a r r a n g e m e n t  shown i n  F ig .  1 t h e  
e l e c t r o n  c u r r e n t  j  e m i t t e d  f r o m  t h e  Au m e t a l  c a t h o d e  was m e a su re d  as 
a  f u n c t i o n  o f  th e  l a s e r  beam i n t e n s i t y  I  i n c i d e n t  o n  t h e  c a t h o d e .

P i g .  1
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The m o d e - lo c k in g  l a s e r  a r r a n g e m e n t  c o n s i s t e d  o f  two m i r r o r s  
/M-pMg/ p l a c e d  a t  a  d i s t a n c e  l  from  o ach  o t h e r ,  a  p a s s i v e  Q - s w i t c h  
/Q /  and  a  neodymium g l a s s  r o d  / N d / .  The l a s e r  was b u i l t  t o  meet t h e  
f o l l o w i n g  r e q u i r e m e n t s !

-  maximum p o s s j b l e  po w er  d e n s i t y
-  p u r e ,  p i c o s e c o n d  m o d e - lo c k in g  p u l s e  t r a i n  w i t h  l a r g e  

i n t e r v a l s  b e tw e e n  t h e  p u l s e  o f  a  g iv e n  t r a i n
-  TEWL . modeoo
-  r e l a t i v e l y  c o n v e n i e n t  r e p r o d u c i b i l i t y  o f  t r a i n s .

The B x 'ew ste r-en d ed  Nd: g l a s s  r o d  was f r e e  f ro m  p l a t i n u m ,  th e  m i r r o r s2
w ere n o t  damaged e v e n  a t  i n t e n s i t i e s  as h i g h  as 20 GW/cm'. The 
r e f l e x i o n  of t h e  o u t p u t  m i r r o r  M2 was 56%» w h i l e  t h a t  o f  Mj was 
~100%. The Q -s w i tc h  s o l u t i o n  was p l a c e d  i n t o  a n t i r e f l e x i o n  c u v e t t e s  
o f  v a r i o u s  t h i c k n e s s  /1mm, 500yU , 4 0 ^ u / .  Though t h e  s h o r t e s t  p u l s e s  
were o b t a i n e d  w i t h  t h e  40^u c u v e t t e  [ 2 4 , 2 5 ] ,  t h i s  was u n s u i t a b l e  f o r  
l o n g e r  m e a su r in g  r u n s ,  b e c a u s e  t h e  t h i n  dye  l a y e r  t e n d e d  t o  l o s e  i t s  
b l e a c h a b i l i t y  a f t e r  a  few s h o t s ,  and th u s  i t  was em p loyed  h e r e  f o r  
c o n t r o l  m easu rem en ts  o n ly ,  i ’o r  t h e  a c t u a l  m e asu re m en ts  t h e  1mm c u v e t t e  
was u s e d  i n s t e a d .  The s p a c in g  o f  t h e  s u c c e s s i v e  p u l s e s  o f  a  t r a i n  was 
33 n s e c ,  w h i le  t h e  t o t a l  l e n g t h  o f  p u l s e  t r a i n s  w i t h  Л^5ш was a b o u t  
400 n s e c .  Such p u l s e  t r a i n s  a r e  c o n v e n i e n t  t o  h a n d le  e l e c t r o n i c a l l y  5 
m o re o v e r ,  th e  l a r g e  v a l u e  o f  l  p e r m i t s  a  P r e n s e l  number o f ~7 t o  be 
r e a c h e d .  By t h e s e  m eans ,  a n d  by d e l i c a t e  a d j u s t m e n t  o f  t h e  dye co n 4  
c e n t r a t i o n ,  th e  pum ping  l e v e l  a n d  r a t e ,  TEMQ0 mode d i s t r i b u t i o n  c o u l d  
be a c h i e v e d .  The d i a m e t e r  o f  t h e  l a s e r  beam was ~3mm, i n  s p i t e  o f  t h e  
12mm d i a m e t e r  o f  t h e  Nd r o d ,  w h i l e  i t 3 d i v e r g e n c e  was n o t  more t h a n  
3 - 10~4 r a d .  U nder t h e s e  c o n d i t i o n s ,  w i t h  a  s h o o t i n g  p e r i o d  o f  2 
m i n u te s ,  t h e  t h e r m a l  le n s  e f f e c t  c o u ld  b e  m in im iz e d  and  t h e  s t a b i l i t y  
was f o u n d  t o  be s a t i s f a c t o r y .

The l a s e r  beam was r e f l e c t e d  by t h e  s p l i t t e r  S1 t o  s t r i k e  
t h e  TPF m e a su r in g  s e t u p ,  w h ic h  s e r v e d  a s  a  m o n i to r  o f  t h e  p i c o s e c o n d  
s t r u c t u r e  o f  t h e  p u l s e  t r a i n .  I t s  a b s o l u t e  i n t e n s i t y  was d e t e r m in e d  
from  t h e  c a l o m e t r i c  en e rg y  d a t a  and  t h e  p u l s e  l e n g t h  c a l c u l a t e d  from  
th e  TPE d a t a .

The p a r t  d e f l e c t e d  by p l a t e  S2 f e l l  o n to  t h e  f a s t  b i p l a n a r  
p h o t o c e l l  P /T y p e  / ,  t h e  o u tp u t  s i g n a l  V ^ I  o f  w h ic h  was 
p h o to g r a p h e d  on a  1 GHz o s c i l l o s c o p e  .

The l i g h t  i n t e n s i t y  was v a r i e d  by means o f  n e u t r a l  f i l t e r s  
F /NG S c h o t t / ,  by  t h e  l e n s  L , and  by  t h e  f a i r l y  r e g u l a r  v a r i a t i o n  

i n  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  p u l s e s  w i t h i n  t h e  m o d e - lo c k in g  
р и 1 зе  t r a i n .  The l i n e a r i t y  a n d  t r a n s m i s s i o n  o f  t h e  f i l t e r s  F w ere



m e asu re d  i n d i v i d u a l l y  by a  s l i g h t  m o d i f i c a t i o n  o f  t h e  a rrangem ent- 
shown i n  F i g .  1 ,  a t  t h e  pow er d e n s i t y  an d  w a v e le n g th  u s e d  i n  th e  
e x p e r i m e n t .  T h i s  m easurem en t s e r v e d  s i m u l t a n e o u s l y  as  a  c h e c k  on t h e  
e l e c t r o n i c  l i n e a r i t y .

The s p e c i a l l y  p r e p a r e d  1 x  20  x  50 mm g o l d  c a t h o d e  was p l a c e d
_  О

i n  a  vacuum b u l b  a t  ^10  t o r r .  The l a s e r  beam s t r u c k  t h i s  c a th o d e  a t  
a n  a n g le  o f  ^ 5 ° .

The o v e r a l l  l i n e a r i t y  o f  t h e  m e a su r in g  a r r a n g e m e n t  was c h e c k e d  
by p l a c i n g  t h e  m o n i to r  p h o t o c e l l  i n  t h e  p a t h  o f  t h e  beam r e f l e c t e d  f ro m  
t h e  g o ld  c a t h o d e .

The e l e c t r o n s  e m e rg in g  f ro m  th e  c a th o d e  w ere  c o l l e c t e d  on a n  
anode  k e p t  a t  +15 kV p o t e n t i a l .  The o u tp u t  s i g n a l  VNL o f  t h e  e l e c 
t r o n  c u r r e n t  j  g e n e r a t e d  by a  r e s i s t a n c e  R was p h o to g r a p h e d  on 
t h e  h ig h  s e n s i t i v i t y  100 MHz o s c i l l o s c o p e  0 2 .

The l i g h t  p u l s e s  e m e rg in g  i n  t h e  6*10 cm c r o s s - s e c t i o n
— 2beam o f  ТЕМ mode d i s t r i b u t i o n  h a d  a n  a v e ra g e  e n e rg y  o f  10 ^ o u le

o o  —12  2
a n d  a  d u r a t i o n  o f  (5 + 1 0 )* 1 0  s e c .  Thus t h e  pov .er  d e n s i t y  was ^16 GW/cm .
The f i e l d  s t r e n g t h  on t h e  t a r g e t  a f t e r  f o c u s i n g  t h e  beam d ia m e t e r  by a
f a c t o r  2 was f o u n d  t o  be Ю * V/cm » t h i s  d i d  n o t  change  o n  t a n g e n t i a l
i n c i d e n c e  b u t  c o n s i d e r a b l y  r e d u c e d  t h e  power d e n s i t y  on t h e  t a r g e t  a n d
t h e r e b y  p r e v e n t e d  t h e  o c c u r r e n c e  o f  t h e  a b o v e -m e n t io n e d  b a c k g ro u n d
e f f e c t s .

4 .  RESULTS

The a m p l i t u d e  o f  t h e  a s s o c i a t e d  p u l s e  p a i r s  v L , v NL of th e  
p u l s e  t r a i n s  p h o to g r a p h e d  on  t h e  o s c i l l o s c o p e s  and  0 2 were
p l o t t e d  i n  l o g  -  lo g  c o o r d i n a t e s  t o  o b t a i n  t h e  p h o t o c u r r e n t  v e r s u s  
l i g h t  i n t e n s i t y  c u rv e  shown i n  F i g .  2 .  F o r  e v a l u a t i o n  o f  t h e  m easured  
d a t a  th e  m e thod  d e s c r i b e d  e l s e w h e r e  was a p p l i e d  [ 2 2 ] .  Owing t o  th e  
more f a v o u r a b l e  l a s e r  o p e r a t i o n ,  t h e  asym m etry  e n c o u n t e r e d  i n  th e  e a r 
l i e r  e x p e r im e n t s  [22] o c c u r r e d  a p p a r e n t l y  i n  a  lo w e r  p r o p o r t i o n  o f  t h e  
s h o t s .

The e x p e r i m e n t a l  p o i n t s  r e p r e s e n t  a v e r a g e  v a l u e s  f o r  10 r u n s ;  
t h e  s t a t i s t i c a l  e r r o r s  a r e  a l s o  i n d i c a t e d .  The l i g h t  i n t e n s i t y  v a r i e d  
f ro m  a b o u t  6 , 5  t o  66GW/cm2 , w h ic h  c o r r e s p o n d s  t o  f i e l d  s t r e n g t h s  of

/г o 6 8
f ro m  10 t o  10 ' V/cm . The n o n l i n e a r  p h o t o c u r r e n t  v a r i e d  be tw een
0 . 5 - 5 - 1 0 2 д /cm2 . I n  t h e  c a l c u l a t i o n  o f  c u r r e n t  d e n s i t y  t h e  r e a l  d u r a -
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t i o n  o f  t h e  e l e c t r o n  p u l s e  / i . e .  t h e  
t im e  d u r in g  w h ic h  t h e  l i g h t  p u l s e  ru n s  
a lo n g  th e  s u r f a c e  o f  t h e  c a t h o d e ,  w h ich  
i s  l o n g e r  t h a n  t h e  d u r a t i o n  o f  t h e  l i g h t  
p u l s e /  must be t a k e n  i n t o  a c c o u n t .

The s h a p e s  o f  t h e  VNL t r a i n s  
b e lo n g in g  t o  t h e  VL m o n i to r  t r a i n s  o f  
a p p r o x im a te ly  s i m i l a r  l e n g t h  / h a l f  
v a l u e s /  a t  d i f f e r e n t  i n t e n s i t y  i n t e r v a l s  
c a n  be s e e n  on t h e  P o l a r o i d s  o f  P ig* 3? 
f ram e s  on t h e  l e f t  a r e  t h e  VL t r a i n s , 
t h o s e  on t h e  r i g h t  t h e  c o r r e s p o n d in g  
vnl t r a i n s .  I t  c a n  be s e e n  t h a t  t h e  
n o n l i n e a r i t y  d e c r e a s e s  i n  t h e  o r d e r  
a , b , c ,  from  low t o  h i g h e r  i n t e n s i t i e s ,  
w h i l e  t h e  h a l f - w i d t h  o f  t h e  t r a i n  i n -  
s e s  and  a p p ro a c h e s  t h a t  o f  t h e  m o n i to r  
t r a i n .

*

I t  1з a p p a r e n t  from  t h e  c u rv e  i n  P i g .  2 t h a t  t h e  fo rm u la  
j  = a ( E2 ) n w i th  n = 4 h o l d s t  up t o  a  f i e l d  s t r e n g t h  o f  'v io6 ' 6 V/cm.

г 8“
F o r  aexp we have 10-б7±3 , as  com pared  w i th

“ th e o r  = 3-0 69 | ^Л2) ( m )8] p r e d i c t e d  by t h e  t h e o r y  [1J] f o r  A=4.8  eV ;

o)=2-1015Hz ; n=4. Above t h i s  f i e l d  s t r e n g t h  t h e  s l o p e  o f  t h e  cu rv e
g r a d u a l l y  re d u c e s  down t o  n 'v 1 .2 .  Comparing t h i s  r e s u l t  w i t h  t h e  t h e o r e -  

7 3t i c a l  v a l u e  o f  10 * v /cm  t i t  seems t h a t  t h e  t r a n s i t i o n  i n t e r v a l  s t a r t s  
a t  a  lo w e r  f i e l d  s t r e n g t h  t h a n  i s  p r e d i c t e d  by t h e  t h e o r y .

To p rove  t h a t  t h e  e f f e c t  o b t a i n e d  i s  a  r e a l  d e c r e a s e  i n  t h e  
o r d e r  o f  t h e  n o n l i n e a r i t y  o f  t h e  j  ^  f ( E ) d e p e n d e n c e , t h e  f o l l o w i n g  
c o n t r o l s  w ere  p e r fo rm e d :

1 .  The r a t i o  o f  t h e  d e n s i t y  o f  t h e  c o n d u c t io n  e l e c t r o n s  and  
th e  number o f  e l e c t r o n s  e m i t t e d  d u r in g  a  s i n g l e  p u l s e
/> 105 / e n s u r e s  t h a t  a  s a t u r a t i o n  e f f e c t  s i m i l a r  t o  t h a t  
o b se rv e d  i n  p h o t o i o n i z a t i o n  o f  g a s e s  [5 ,1 1 ]  c a n n o t  o c c u r .

2 .  The a b s e n c e  o f  s p a c e - c h a r g e  and n o n l i n e a r i t y  o f  t h e  
e l e c t r o n i c  s y s te m  w ere  c o n t r o l l e d  by t h e  f o l l o w i n g  m easu re 
m en ts ,  b e s i d e s  t h e  m ethods m e n tio n e d  ab o v e :

^A s l i g h t  i n c r e a s e  o f  t h e  s l o p e  c a l c u l a t e d  i n  [26] is  n o t  
e x c lu d e d ,  c o n s i d e r i n g  t h e  v a l u e  o f  e r r o r s  g iv e n  h e r e .
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-  The e f f e c t  was in d e p e n d e n t  f rom  t h e  a c c e l e r a t i n g  p o t e n t i a l  
in  t h e  3 kV - 2 5  kV r a n g e .  The i n f l u e n c e  o f  a p a c e - c h a r g e  was 
e x p e r i e n c e d  u n d e r  3kV o n l y , s o  t h a t  t h e  15kV p o t e n t i a l  
u sed  d u r in g  t h e  e x p e r im e n t  i s  w e l l  above t h e  s p a c e - c h a r g e  
t h r e s h o l d .

-  The l i n e a r i t y  o f  t h e  e l e c t r o n i c  s y s te m  i s  a l s o  p ro v e d  by 
th e  f a c t  t h a t  i f  c o n s t a n t  p h o to n  d e n s i t y  i s  m a in ta i n e d  as 
th e  beam i s  w id e n e d  /b y  i n c r e a s i n g  t h e  number o f  p h o to n s  i n  
th e  b e a m / ,  t h e  s i g n a l  r e m a in s  p r o p o r t i o n a l  t o  t h e  beam 
c r o s s - s e c t i o n .

3 .The e f f e c t  o c c u r r e d  in d e p e n d e n t ly  o f  t h e  m ethod / n e u t r a l  
f i l t e r s  o r  l e n s /  by w hich  t h e  l i g h t  pow er d e n s i t y  was 
c h a n g e d .

5 .  CONCLUSIONS

A c co rd in g  t o  o u r  e x p e r i m e n t a l  r e s u l t s  t h e r e  i s  a  d e c r e a s e  i n  
t h e  o r d e r  o f  t h e  n o n l i n e a r  r e l a t i o n s h i p  b e tw e e n  t h e  p h o t o c u r r e n t  and  
l i g h t  i n t e n s i t y  as  t h e  l a s e r  power d e n s i t y  i s  i n c r e a s e d .  A s i m i l a r  
d e c r e a s e  1з p r e d i c t e d  by t h e  t h e o r y  [2] f o r  t h e  NLP -  OPE t r a n s i t i o n .  
However, f o r  t h e  c r i t i c a l  f i e l d  s t r e n g t h  o f  t h i s  t r a n s i t i o n  a  somewhat 
lo w e r  v a lu e  was fo u n d  t h e n  i s  g iv e n  by t h e  t h e o r y .  To d e c id e  w h e th e r  
t h e  i d e a l i z e d  t h e o r e t i c a l  model o r  t h e  e s t i m a t i o n  o f  t h e  a b s o l u t e  
v a l u e  o f  i n t e n s i t y  by TPP m ethod  i s  r e s p o n s i b l e  f o r  t h i s  d i f f e r e n c e ,  
f u r t h e r  t h e o r e t i c a l  s t u d i e s  [2 / ]  and  e x p e r im e n t s  w i th  s i n g l e  u l t r a s h o r t  
p u l s e s  and  d i r e c t  m easurem ent o f  p u l s e  d u r a t i o n  a r e  i n  p r o g r e s s .

Thanks a r e  due t o  P r o f e s s o r s  A.M. P ro k h o ro v  an d  L .V . K e ld y sh  
f o r  t h e i r  e n c o u r a g in g  r e m a r k s ,  t o  D rs . J .  B ak o s ,  Z s . N éray and  P .  Varga 
f o r  v a l u a b l e  a d v i c e ,  and t o  M e s s r s .  I .  C z ig á n y ,  L . Im re ,  A. L u t t e r ,
E. o á r k ö z i  and  K. T i t s c h k a  f o r  t h e i r  t e c h n i c a l  a s s i s t a n c e .
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