Spatial  soliton collisions at
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The geonmetries of soliton collisions reveal symetries that cannot be reproduced by previous
descriptions based on the NLS equation. W present consistent results, based on the nonlinear Hel nmholtz
equation, valid for arbitrary angles.

Hel mhol t z sol itons

Geonmetryof soliton coll isions

The propagati on ofa CWoptic al beamat an arbit rary We consi der si mu taneous p ropagation of two Kerr soli ton beams, u; and uj;,atan gles 6 and
angle inafo cusing Kerrm edium, c an be accurately -6 r espectively, toth e z axis. Theev olution of two soli ton beams,fo ra Il but verys mdl
describedby theNHE which, whenr e-casta s aNNLS angles, iscaptured in theco upl edsy stemof equations
[1], becones o
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The exact Hel mhol tz brig ht solit on sol ution, where j=1,2, and h has lintsO and 1fo ri ncoherent andc oherentc ol lisions, respectively.
describingth e propagati onanan gle 6 in unscal ed Hel mholt zs oliton collisions thusi nvolvei nteractions governed bybe amin te nsiti es,a nd
coord i nat es, wher e tan 20:2x\ﬂ[1] result int rajectory phaseshift s Ain the beampaths, asde finedinth ef igure. Wile the

NLS predicts a nonoto nic al |y decreasi ng valueof A wthg rowing @ [4], A should vanish at

u(f Z) n%hw(f+vz) O 1 ]_+2Kq B_Z'NE+Z E]b( IZE 6-45° for Helmholtzs oli tons,si nceno transverse force actso n eit her of the beans.
B+ C

Ma eover,t heva | ue of A at 90° @ shoul d correspondt o thato f 6 ex cept fora changei n
2B H % Beaw? B o

si gn. He nce, rotationofe ach copropagati on configurationby 90° permits one to obtainan
equiv ale ntde scription ofc orrespondi ng counterpropagati ngso |it ons. Ineach case, soliton
and veri ficationso f Hel mholt z solitons asro bust tr ajectories result in thesa me intensit yt races.
attractors, werer eportede arlier[ 2, 3]

Nuneri cal results

The trueg eonetr yo f soliton collisions also suggestsa

possi blec omptation scheme, suitabletom odel particularly
largeco Ilision angles. Solutionsofth eNNLS andth e
numericala Igori thnms used[ 5]ca nd escri beboth forward and
backward p ropagating waves, permitting theus e ofb oundary

condi tionsfo r nuneri cali ntegration thatc onsisto f bothi nput
and outp ut solit ons. Theg | obal solutionc an als ob e rotated by
90° toob tainr esult sf ore quival ent propagati on geomeri es.

The figuresh owst he intensit y patterns for configurationswi th
6-24. 095° and 90°- @=24. 095°,i. e. for copropagatin g and

count erpropagati ng cases,r espectively. As expected on

physi calg rounds,t heor ientationof thei ndex grating changes
fr omthet ransverse to thepr opagation directionwhenswitching
to count erpropagati ng beans.
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The figuresh ows A ™ 7]
arisi ng from coherent
and incoherent
col li sio ns. Helmhol tz t
results are in perfect 107
agreementw it h the 1
symmeryo f the probl em,

and testify to the 1 n"%g,‘j‘“
validityo f the | iy
conputations in the 107 P =
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Quasi - parti clet heory Ref er ences

The figurebe lowr eportst he behaviour of A as predictedby usinganad iabatic

perturbation approach(f ull details willb e presentedatC LEQ oral session IML

5/17). Also shownareth edeviations (fr om unperturbed propagation) of soli ton 1
posit i ona nd phase, as obtain ed fromthea nal yti cal approach (points)a nd fr omfu ||

numericali ntegrationofe quations(s oli dl ines).
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