Active multi-core fibers — photonic platform for development of a
topological charge switching device
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Introduction

Active multi-core fibers (MCFs) represent powerful platform for coding infomation via power, phase, / Passive MCF (
Fig. kK

frequency, and topological charge. It supports discrete vortices that carry orbital angular momentum suitable
for spatial-division-multiplexing in high capacity fiber-optic communication systems. The main concern of our
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study has been related to optimization of the conditions capable to ensure transfer of high coherent light nonlinear passive MCF system with M =6 °

through the MCFs w.rt. the possibility of nonlinearity managed propagation of highly coherent vortices periphery cores: (a) H-P diagram for 507

carrying huge power through the passive circular MCFs consisting of small number of periphery cores [1]. In vortex  families characterized  with sl

addition, the effects of the presence of central core and material loss/gain of all cores on the linear MCF topological charge S=1,S=2and S=3 | | N\ |  L______

system eigenvalue commensurability conditions have shown significant impact on the coherent planar and (b) Parallel overview of stability regions | ;40| ] 030

vortex mode dynamics [2]. All these findings stimulated the investigation of possibility to amplify the power fcoglorecgrkgzigfjlcz)lir;% arevz;)sﬁif/)f(weresc;lcglﬂggi 20l

transferred through the MCF via vortex carriers by inducing effects of the saturable gain and non-saturable < ctable. Horizontal black dashed lines

loss in the periphery and/or central cores [3]. TSR GBI SElUTEen SovET (s — & 1[0 S
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We numerically consider three cases of active circular MCFs: 1) active are only periphery cores, 2) solely central included in periphery cores of the system 0 20 5 40 60 S=1

core is active, 3) all cores are active. The light propagation is modeled by the generalized nonlinear difference- power.

differential Schréodinger equations with complex coefficients and saturable gain [3]. Results for MCF with 4, 5

and 6 periphery cores have shown that the active periphery is the most promising candidate for topological Existence of regimes with stable propagation of

charge switch of vortices carrying high powers [4]. \ vortices ca rrying huge power.
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Fig. 1. Schematic representation of

nonlinear active MCF system with six Fig. 3: Evolution of power within central o <105 —S=1- 5=2--5=3
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a,, >0.7 —Preservation of initial topological charge with the increase

, of input power.
Master equation:

S=1- S=2---5=3
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0.18 < a,,<0.7 — Topological charge switch regime: with the increase
of input power initial vortices switch to S=3 vortex.
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a,,<0.18 — Energy transfer to all cores of a system:

Psar = (— n 1) 7B Saturated vortex power after transient time
Preserved stays only S=2 vortex family.
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dz 1 + P2 M with constant (linear) loss within all cores and satur ores
gave following conclusions:

J Is conserved solely for ineteger values of 2S5/M

- amplifying peripheral cores while keeping a passi able
for topological charge switch, i.e. transition betwee

- presented system supports topological charge swi tices
by proper tailoring the ratio between gain and loss | this
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- MCF technology is actively developing in telec
therefore, such fibres are available and non-expensi




