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The question of the behavior of a s tat ionary annular light beam in a nonlinear medium for the case 
On/OE< 0 was f i r s t  investigated theoret ical ly and experimental ly by G. A. Askar 'yan  and V. B. Studenov [1]. 
A numerica l  investigation is also ca r r i ed  out herein for  the case 0n/BE > 0. 

As is known (see [2, 3], for example), the problem reduces  to finding the field amplitude in specific 
approximations f rom the equation 

ou t O I 
2i - ~  == -~- ~ tr 0 ~ )  "4- [Ix (I u I') - -  i ] .  (I u [')] u (1)  

with the boundary conditions 

8u ~-0,  ~)-----0, u (~r s ) = 0  (2)  

Here f l  andf2  charac te r ize  the nonlinear and dissipative proper t ies  of the medium. Annular beams 
of the fo rm 

u (r, O) = aor a exp [-- (r -- to) ~ l I s] 

were  selected as the initial distribution. 

Equation (1) cannot be solved analytically,  which obliges rel iance on numerical  methods. 
of computation descr ibed in [4, 5] is used. Several kinds of media were  examined. 

(3) 

The method 
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1. Medium with Nonl inear i ty  Satura t ion .  Here  we s e l e c t e d  

/x " "~- (i -- exp (-- z [ u [2)), [2 ---- 0 

All the f i gu re s  p r e s e n t e d  hence fo r th  r e f e r  to the case  ~=  1, ~ = 0.1. The r e su l t s  can be d e s c r i b e d  
qual i ta t ive ly  as  fol lows.  

The annulus p e r f o r m s  rad ia l  osc i l l a t ions ,  whe re  the annu la r  s t r u c t u r e  even  van i shes  at c e r t a i n t i m e s :  
the m a x i m u m  lul l ies  on the axis  and ]ul "drops a l m o s t  monotonely  as  r g r o w s  (a c e n t e r e d  beam)�9 A t e n -  
dency to s tab i l iza t ion  is hence no t iceab le :  the ampl i tude  f luctuat ions  on the axis  and the span of the rad ia l  
osc i l l a t ions  d iminish .  P r e s e n t e d  in F igs .  1, 2, and 3 a r e  r e su l t s  fo r  the c a s e  a0=0.01 , ~ =2,  l =4,  r0=10 .  
Here  the power  P of the l ight  b e a m  exceeds  the c r i t i ca l  va lue  P .  by 40 t i m e s  [2, 3]. Shown in Fig.  1 is the 
z -dependence  of the f ield ampl i tude  u 0 - I u(0, z) I on the ax is .  The va r i ab l e  r*  in Fig.  2 denotes  the rad ia l  

c o o r d i n a t e  of the point  w h e r e  the f ield l ul is max ima l ,  s e v e r a l  typica l  ]u~ p ro f i l e s  a r e  p i c tu red  in Fig.  3 
fo r  d i f ferent  z, whe re  the "co l l apse"  of the r ing  in phase  is shown in Fig.  3a, b, and its expansion in phase  
is shown in Fig .  3c, d. The behav io r  of the f ield on the axis  in the case  of pure  d i f f rac t ion  (fl =f2 =0) is 
p r e s e n t e d  for  c o m p a r i s o n  i n  Fig .  4. 

The r e s u l t s  p r e s e n t e d  f avo r  the hypothes i s ,  e x p r e s s e d  in [5], about  the l ight  b e a m  s tab i l iza t ion  in a 
noncubic  conse rva t i ve  m e d i u m  with  negat ive  invar ian t  

J = S i i w  I,-~r ~i~)},o,, F(~)-  S i,r 
0 0 
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The possibili ty of the formation of an annular s t ruc ture  f rom a centered beam is curious. Naturally, 
the essential  part  of the information on the future of the beam is included in its phase distribution. An an-  
nulus f rom an initially centered beam of special  form was obtained successful ly even for a constant initial 
phase.  

2. A Pure ly  Cubical Medium (fl =al u] 2, f2 = 0). Here the annular light beam will collapse for P > P . .  
The maximum field amplitude hence grows monotonely, and the leading front (directed towards the beam 
axis) becomes c i rcu la r .  The picture of an annular collapsing beam is presented in Fig. 5. 

The influence of two-photon absorption on the propagation of an annular beam in a cubical medium 
(fl =~l u l2 , f2  =• I ul )2 was also investigated. As should have been expected, absorption hinders beam col-  
lapse.  Damped axial and radial oscil lat ions are  observed instead. As • grows,  the frequency of the radial  
oscil lat ions diminishes.  In the limit case of large absorption,  only one maximum is observed on the axis 
(Fig. 6, X=0.01). 

As regards  the case 0n /0E<0 ,  the numerical  experiments  ver i fy  the resul ts  in [1] (see Fig. 7a, b; 
here a0=0.005 , ~ =2, l = 4 ,  r0=10,  P ~  10 P . ) .  

The authors are  grateful  to V. E. Zakharov for useful discussions.  
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