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Abstract: Modal attraction towards low order modes in a GRMltimode fiber was
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1. Introduction

Nonlinear propagation of laser pulses in GRIN nmudtde fibers (MMFSs) has recently unveiled an effeich was
named Kerr self-cleaning, i.e. the reshaping ah ligwer of the speckle output pattern into a bedped beam.
Such nonlinear beam shaping was observed at pewelslbelow the thresholds for parametric or Rafrequency
conversion, and with sub-nanosecond to femtosepaigks in the normal dispersion regime [1-4]. ladmitted

today that Kerr self-cleaning results from a compleur-wave mixing interaction among a large pofiola of

guided modes. However, a simple and complete irgtapon of the underlying nonlinear dynamics remsainder
discussion. In this communication, we report experits showing that Kerr induced modal self-orgdionacan be
achieved also in favor of transverse low-order nsddea gradient index (GRIN) MMF.

2. Experimental results

The Gaussian laser beam from a Q-switched Nd:YAG&auhip laser was focused by a positive lens t@aeeter
of ~30 um onto the input facet of a GRIN MMF. Tligef with a core diameter of 52 um has a measwefdative
index profile well fitted by a quadratic curve withcore cladding index difference ofxI®?3. The fiber sample was
~8 m long and laid loosely coiled on the opticddi¢éa A three-axes precision translation stage sktveadjust the
position of the fiber. During the experiments, waigd the light coupling conditions playing withetposition and
incidence angle of the input beam or/and with teawe angle of the fiber end. In an initial steg, achieved Kerr
beam self-cleaning. Starting at low power with aevoutput speckle, we observed, above a threstmieipof
about 1 kW, the expected bell-shaped beam sittinghe center of a low background level. For someciic
settings, we observed, still at high power, that bkell-shaped beam evolved into a two lobes patterp close to
that of the LP11 mode (Fig.1). In order to assé#isa self-organized output actually corresponda td?11 mode
field, the MMF output far field was simultaneousgcorded in a new experiment. The observations shbat the
low power speckle far field pattern covering mokttee MMF numerical aperture, reshaped at high pow® a
two lobes structure with a zero on axis. The trans¥ pattern in the wavevector space was therafagreement
with the optical field of an LP11 mode with angufaomentum +/- 1. The power threshold for this madtthction
toward the LP11 was higher than that for self-dlegnnamely, about 4-5 kW (coupled power).
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Fig. 1. Comparison between Kerr beam self-cleatlief) and modal attraction for a LP11 mode patigight) observed for two different
input couplings. Low power intensity patterns ipgad high intensity pattern in (b), pulse duraff@® ps.

By using correlations between the recorded imadeéseoMMF output and the theoretical LP11 modernstty
image, we studied the strength of modal attractensus laser peak power. The computed data aregloh Fig.2.
The traces exhibit quite similar dynamics for theanfield and far field correlation parameters,dieg to a
significant increase of the correlations at highvprs. It is worth mentioning that the fiber exditatto achieve Kerr
modal attraction on a low order mode was far maitical than that corresponding to a LPO1 like moda
adaptive coupling system may be advantageous # dbitext. On the other hand, we achieved LP11 moda
attraction on different samples of GRIN MMF and twdifferent laser sources (delivering short or Igngdses).
Modal attraction into a LP21 mode was also observed
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Fig. 2. Correlation between the experimental pasteecorded at the GRIN-MMF output and the LP1brtbical figure versus the coupled
laser power for the near field (blue) and far figddange) intensity patterns

3. Conclusion

The reported experiments demonstrate, for the finse, that modal attraction, resulting from compheultiple
four-wave mixing in a GRIN-MMF, besides generatthg fundamental mode, also generates differenswease
low-order modes in an environmentally stable mandelditional results will be presented at the coefee,
showing, in particular, the dynamics of modal aftien build-up, and its robustness with respectexbernal
perturbation. These experiments open the way fathgfizing orbital angular momentum modes in muliiia
fibers [5].
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