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sponse time of our photorefractive crystal (SBN:60). 
Thus, when the scattered beam is reflected from a λ/4 
step mirror or a helicoidal phase mask, the crystal "sees" a 
dark stripe or a vortex hole nested in a smooth "speckle
free" spatially incoherent beam. The experimental 
arrangement is similar to that previously used for coher
ent dark screening solitons.5 Typical results of 1-D dark 
incoherent solitons are shown in Figure la. At the crystal 
input face, the dark stripe is 18-μm wide, and it diffracts 
to 38 μm after propagating through the crystal. By apply
ing a field of 850 V/cm, self-trapping of the dark stripe to 
its initial size is achieved. As expected, when the rotation 
of the diffuser is stopped, the crystal responds to the "in
stantaneous" (now stationary) speckles, which fragment 
the dark beam and prohibit self-trapping.1 

When compared with coherent dark solitons, we find 
that incoherent dark solitons are always gray (with their 
grayness depending on the beam coherence). As the 
beam coherence decreases, the grayness increases. This 
observed behavior is in agreement with our numerical 
simulations.1,4 Figures 1b and 1c exhibit the experimen
tal results obtained using incoherent optical vortices. The 
self-trapped vortex is gray, and it becomes less visible 
when the beam is made less coherent. However, even 
when the grayness is large and the self-trapped vortex is 
almost invisible, we can still monitor its presence by its 
induced waveguide. Once an incoherent vortex soliton is 
formed, by translating the crystal laterally, we observe 
strong guidance of the carrier beam into a circular self-
trapped channel induced by the vortex soliton.1 

Although we used a "partially" spatially incoherent 
source, our results indicate that dark incoherent solitons 
can be generated using light that is both spatially and tem
porally incoherent, such as light from white-light sources 
(as demonstrated in Ref. 2 for bright incoherent solitons). 
This suggests that it is possible to use an incoherent light 
source to form a waveguide to guide other coherent or 
incoherent beams. In spite of recent progress in the study 
of dark incoherent solitons,4 several questions still remain 
open. For example, how does an incoherent beam main
tain a "phase memory" throughout propagation as a dark 
soliton? Can dark incoherent solitons be used for "coher
ence control" or "entropy reduction" of optical beams? We 
expect that incoherent solitons will bring about many new 
fundamental ideas in nonlinear science. 
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S elf-guided beams (or spatial solitons) are natural 
building blocks for a future all-optical technology 

where light guides and manipulates light itself in a bulk 
medium.1-3 Theory shows that spatial solitons can steer 
each other or even be made to spiral about each other.1,2 

By colliding such solitons we can create fused beams or 
control the birth of new beams.3 A number of these pre
dictions have now been observed in the laboratory in
cluding induced optical fibers, spiraling, fusion, and 
soliton birth.4 ,5 Recently a new phenomenon has been 
added to this arsenal: splitting light beams with light it
self. A "bright" beam can be split into two bright beams 
upon illumination by a "dim" beam.6 

To illustrate our idea we consider a self-guided 
"bright" beam propagating in a weakly saturating near-
Kerr medium. Without a weak illumination (see Fig. 1a, 
page 50), the beam propagates with an almost periodic 
variation in width and amplitude. However, upon weak 
probe beam illumination, the beam splits into two 
beams as shown in Figure lb. 

Chen Figure 1. Self-trapping of dark incoherent beams. Shown are 
photographs of the transverse patterns of a dark stripe beam (a) and of a 
dark vortex beam; (b) and the 3-D intensity plots of the vortex beam; (c) 
taken at crystal input face (left), output face with linear diffraction (mid
dle), and output face with nonlinearity (right). 
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Importantly, the phenomenon of beam 
splitting can be anticipated from simple 
physics. It is well known that self-guided 
beams of any non-Kerr medium can fuse 
when they collide and that the fused beam is 
generally periodic (see, e.g., Ref. 3). We can 
reverse the process and thus split a periodic 
beam by an appropriate weak illumination. 
Our approach also predicts that for pure 
Kerr medium such a split is impossible in 
principle, since two Kerr solitons cannot 
fuse. Furthermore, because it is much easier 
to fuse two identical beams than nonidenti
cal beams in non-Kerr media,3 we would 
anticipate that it should be easier to split a 
periodic beam asymmetrically rather than 
in two symmetric beams. We confirm the 
later prediction as well, demonstrating that 
in many cases even a weak illumination of 
very simple shape (like a single probe beam) 
can split a soliton periodic beam asymmet
rically as shown in Figure 1. 

Finally, because colliding beams are predict
ed to fuse in any non-Kerr medium,3 we antic
ipate the universal character of periodic beam 
splitting not only with respect to nonlin
earity type, but also to the beam dimension.6 

These findings provide the theoretical 
building blocks for a variety of phenomena 
leading to splitting and steering of beams 
both in slab waveguides and bulk media, al
lowing the construction of various all-opti

cal devices whereby light controls light. 
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S elf-guided optical beams (or spatial solitons) have 
attracted substantial research interest because they 

hold a promise of all-optical switching and controlling 
light by light. Typically interactions of spatial solitons 
have been analyzed for 2-D geometries (soliton interac

tions in nonlinear slab waveguides). Only recently, 
experimental discoveries of stable solitons in bulk 
nonlinear media initiated the experimental study of ful
ly 3-D collisions between solitary beams, and some ex
citing results have been achieved (see, e.g., Refs. 1 and 
2). However, a major problem had been hampering fur
ther progress in the development of futuristic 3-D soli
ton switches: namely that a reliable theory of such 3-D 
soliton interactions had not been developed, making 
physical intuition and numerics the only tools for pre
dicting experimental outcomes. 

This year the situation has changed and a general 
theory of fully 3-D collisions of coherently interacting 
optical beams has been developed. It has been presented 
in the important example of soliton interactions in 
quadratic nonlinear media.3 Quadratic nonlinearity has 
been chosen because it's especially attractive for poten
tial practical realizations of all-optical switching based 
on two-wave spatial optical soltions (see, e.g., Ref. 4). 
The soliton interaction theory results in a simple analyt
ical model that provides immediate physical insight and 
allows us to anticipate different soliton interaction sce
narios.3 Importantly, these results strongly depend on 
competition between an effective "centrifugal force" 
(which naturally appears in the collision analysis) and a 
phase-dependent direct interaction force. For example, 
in the case of in-phase soliton collisions, an interplay 
between these forces leads to two qualitatively different 
regimes, schematically shown in Figure 1. For large im
pact parameter values, solitons cannot overcome the ef
fective centrifugal potential barrier and thus they spiral 
about each other (see Fig. la, quasi-elastic collision). At 
smaller impact parameter values, soliton fusion may oc
cur (see Fig. 1b, inelastic collision). 

Recently, first experimental observations of 3-D col
lisions of quadratic solitons have been reported, show
ing strong dependence of the interaction result on colli
sion angles.5 The regimes of soliton fusion, repulsion, 
and crossing have been observed giving the experimen
tal evidence of switching between inelastic collisions 
(soliton fusion) and quasi-elastic collisions. More ad
vanced experiments are now in progress. 

These novel results prove that interactions of spatial 
solitons in general and quadratic spatial solitons in par
ticular may find their applications in all-optical process
ing and switching in a bulk medium, showing the world 
another exciting twist of light. 

Snyder Figure 1. (a) A single 
soliton beam. (b) Beam splitting 
upon weak illumination. 

Steblina Figure 1. (a) Spiraling and (b) fusion of quadratic solitons. 
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