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Un t i l r ecen t l y , o p t i c a l s o l i t o n s w i t h t w o t ransve rse 
degrees of f r e e d o m w e r e n o t k n o w n to ex is t , a n d 
thus , n o n l i n e a r o p t i c a l e n g i n e e r i n g o f ten r e q u i r e d 
the use o f w a v e g u i d e s to c o n s t r a i n d i f f r a c t i o n . 

C a t a s t r o p h i c b e a m c o l l a p s e c a n o c c u r o n c e th is cons t ra i n t is 
r e l a x e d i n a s e l f - f o c u s i n g s y s t e m . In a s e l f - d e f o c u s i n g s y s ­
t em , o n the o the r h a n d , a n e w c lass o f s o l i t o n p h e n o m e n a , 
i n c l u d i n g d a r k s o l i t o n s t r ipes a n d g r i d s , 1 a n d o p t i c a l v o r t e x 
so l i t ons , 2 h a v e b e e n o b s e r v e d . B e c a u s e these ef fects o c c u r i n 
a b u l k m e d i u m , w i t h o u t the cons t ra in t s o f a w a v e g u i d e , 
n e w t e c h n i q u e s m a y b e p o s s i b l e , e s p e c i a l l y i n the a reas of 
p l a n a r s p a t i a l l i g h t m o d u l a t i o n , i m a g e p r o c e s s i n g , o p t i c a l 
s w i t c h i n g , a n d o p t i c a l i n t e r c o n n e c t i o n . 

A l i n e a r o p t i c a l v o r t e x i s a f u n d a m e n t a l w a v e that , l i k e 
a p l a n e w a v e , is c h a r a c t e r i z e d b y a d i s t i nc t p h a s e p r o f i l e ; i n 
th is case, exp(± iθ) , w h e r e θ is the a n g u l a r c o o r d i n a t e i n a 
c y l i n d r i c a l s y s t e m . S u c h a f i e l d p r o d u c e s a d a r k v o r t e x core 
h a v i n g z e r o i n tens i t y a l o n g the o p t i c a l ax i s , z . T h e h y d r o d y ­
n a m i c n o m e n c l a t u r e f o l l o w s f r o m the r e a l i z a t i o n that the 
t ransve rse p h a s e v e l o c i t y h a s c i r c u l a t i o n . W h e n a v o r t e x is 
i n t r o d u c e d i n to a s e l f - d e f o c u s i n g m e d i u m , the charac te r i s t i c 
core s i ze dec reases , o w i n g to the l a w of r e f r ac t i on . T h e o p ­
p o s i n g effects o f r e f r ac t i on a n d d i f f r a c t i o n resu l t i n a s ta t i on ­
a ry core s i ze i n a K e r r n o n l i n e a r re f rac t i ve m e d i u m 3 (the 
p r o p a g a t i o n is g o v e r n e d b y the ( 2+ l ) -D n o n l i n ­
ear Schröd inger equa t ion ) . T h u s , the v o r t e x f o r m s 
a f i l a m e n t o f cons tan t r a d i a l s i z e , w h i c h h a s b e e n 
s h o w n to se rve as a s e l f - i n d u c e d g r a d e d - i n d e x 
o p t i c a l f iber , c a p a b l e o f g u i d i n g a p r o b e b e a m . 2 

O u r i n v e s t i g a t i o n s of the n o n l i n e a r o p t i c a l 
v o r t e x 2 , 4 i nd i ca te that the v o r t e x is n o t o n l y s ta ­
t i ona ry , b u t a l so s tab le to severe p e r t u r b a t i o n s ; 
there fore it is a s o l i t o n . T h e i n t e n s i t y p r o f i l e o f a 
s i ng le o p t i c a l v o r t e x s o l i t o n is s h o w n i n the f i g ­
u re . T h e e x p e r i m e n t w a s c o n d u c t e d u s i n g a n 
a r g o n i o n laser (~1 W ) , a h o l o g r a p h i c v o r t e x 
p h a s e m a s k , a n d a 22 c m - l o n g ce l l c o n t a i n i n g a 
s l i gh t l y a b s o r b i n g l i q u i d . T h e f i g u r e is a n i m a g e 
at the o u t p u t face of the c e l l , w h e r e a 100 μ m -
d i a m e t e r w i r e w a s p l a c e d to c a l i b r a t e t he 
ha l f - i n tens i t y d i a m e t e r o f the v o r t e x co re , w h i c h 
w e m e a s u r e d to b e 170 μ m . 

R e c o g n i z i n g that l i n e a r v o r t i c e s m a y o c c u r i n c y l i n d r i ­
ca l w a v e g u i d e s , v e c t o r v o r t e x s o l i t o n s h a v e b e e n p r o p o s e d 
b y S n y d e r et al.5 O n a q u a n t u m m e c h a n i c a l l e v e l , o p t i c a l 
v o r t e x so l i t ons are a n a l o g o u s to v o r t i c e s i n a s u p e r f l u i d or 
s u p e r c o n d u c t o r , a n d m a y there fo re e x h i b i t s t r i k i n g q u a n ­
t u m p h e n o m e n a . 3 T h e a b i l i t y to create o p t i c a l v o r t e x so l i t ons 
o p e n s a n i n t r i g u i n g n e w f ron t i e r , a n d a l so a l l o w s e x c i t i n g 
n e w o p p o r t u n i t i e s to c o n t r o l l i g h t w i t h l igh t . 
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Cross-sectional intensity profile at the 
output face of a self-defocusing medium 
showing the dark core of an optical vortex 
soliton. The dark stripe is a calibrated wire 
100 μm wide. A line plot of the intensity 
profile through the vortex core has been 
superimposed on the image. 

10 O P T I C S & P H O T O N I C S N E W S / D E C E M B E R 1993 


