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The geometries of soliton collisions reveal symmetries that cannot be reproduced by previous 
descriptions based on the NLS equation. We present consistent results, based on the nonlinear Helmholtz
equation, valid for arbitrary angles.

Helmholtz solitons
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The pr opagati on of a  CW opt ic al beam at an ar bit r ar y 
angle in a fo cus i ng Kerr m edi um, c an be accur ate l y 
descr i bed b y t he N HE whi ch, when r e- cast a s a NNLS 
[1 ] , becomes
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The exac t Hel mhol t z br ig ht so l it on so l ut i on, 
descr i bi ng th e pr opagati on an an gl e θθ i n unscal ed 
coord i nat es , wher e tan 2θθ=2κκV2[1 ] . 

and veri f i cat i ons o f Hel mholt z sol i to ns as ro bus t 
at t ra c to r s, were r epor te d e ar l ie r [ 2, 3]. 

Geomet r y of sol i t on coll i s i ons 

Numer i cal r esul ts

Quasi - par ti cl e t heory Ref er ences

We co nsi der si mul t aneous p r opagat i on of t wo Kerr soli t on beams , uj and u3-j, at an gle s θθ and 
- θθ, r espec t i vel y , t o th e z ax is . The ev olu t i on of t wo soli t on beams , fo r a l l but ver y s mal l 
angle s , i s ca ptu r ed i n t he co upl ed sy s te m o f equat i ons

where j=1, 2, and h has l i mi ts 0  and 1 fo r i ncoher ent and c oher ent c ol l i s io ns , r espec t i vel y . 
Hel mholt z s ol i to n col l is i ons t hus i nvolv e i nt era c t i ons govern ed by be am in te ns i ti es, a nd 
re sul t i n t ra j ec t or y phase sh i ft s ∆∆ i n t he beam p ath s , as de f in ed in th e f i gur e. Whi l e th e 
NLS pr edi ct s a monoto nic al l y dec r easi ng val ue of ∆∆ wi th g r owi ng θθ [ 4] , ∆∆ sh oul d vani sh at 
θθ=45o f or Helmhol tz s oli t ons , si nce n o t r ansvers e f or ce act s o n eit her of t he beams. 
Mor eover , t he va l ue of ∆∆ at 90o- θθ shoul d cor r espond t o t hat o f θθ, ex cept f or a  change i n 
si gn. He nce, r ot at i on of e ach copr opagat i on conf i gura t io n b y 90o per mi t s one t o obta i n an 
equiv ale nt de scr i pt io n of c or r espondi ng count erp r opagati ng so l it ons . I n ea ch case , sol i to n
tr aje c to r i es r esul t i n t he sa me i nt ens it y t ra ces . 
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The t r ue g eometr y o f sol i t on col l i s io ns al so sugges ts a 
possi ble c omputa t i on scheme, sui t able to m odel par t ic ula r l y 
la r ge co l l i si on angle s .  Solu t io ns of th e N NLS and th e 
numer i ca l a lg ori t hms used [ 5] ca n d esc ri be bo t h f or war d and 
backward p r opagat i ng waves, permi t t in g t he us e of b oundar y 
condi t io ns fo r numeri cal i nte gra t i on t hat c ons is t o f bot h i nput 
and outp ut so l it ons . The g l obal sol ut i on c an als o b e r ot at ed by 
90o t o ob t ai n r esult s f or e qui val ent pr opagati on geomet ri es.  
The f i gur e sh ows t he i nt ens it y pat t er ns f or conf i gura t io ns wi t h 
θθ=24.095o and 90o- θθ=24.095o, i. e. f or copr opagat in g and 
count erp r opagati ng cases , r espec t i vel y .  As expec t ed on 
physi cal g r ounds , t he or i enta t io n o f t he i ndex gr at in g changes 
fr om t he t r ansve r se t o t he pr opagat io n di r ect i on w hen sw i t chi ng 
to count er pro pagat i ng beams .

The f i gur e sh ows ∆∆
ar i si ng f r om coher ent 
and i ncoher ent 
co l li s io ns. Helmhol tz
re sul t s ar e i n per f ec t 
agr eement w it h t he 
sy mmet ry o f t he pr obl em, 
and t est i f y t o t he 
va l id i ty o f t he 
comput at i ons i n t he 
count erp r opagati on
confi gur at i ons

The f i gur e be l ow r epor ts t he behavi our of ∆∆ as pr edi c te d b y usi ng an ad i abat ic 
per tu r bat i on appr oach (f ul l deta i l s wi ll b e pr esent ed at C LEO: or al sess io n IML 
5/ 17) . Al so shown a re th e d ev i at i ons ( fr om  unper t urb ed pr opagat i on) of so li to n
pos it i on a nd phase, as obt ain ed f r om t he a nal y ti cal appr oach ( poi nt s) a nd fr om fu l l 
numer i ca l i nt egr at i on of e quat io ns (s oli d l in es).

Sol it on pos it i onSol it on phase
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