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Abstract: We experimentally study the polarization dynamics of Kerr beam self-cleaning in a
multimode fiber. We reveal that spatial beam cleanup is accompanied by nonlinear polarization

evolution and a significant increase of the degree of polarization. € 2018 The Author(s)
OCIS codes: (190.4370) Nonlinear optics, fibers; (190.3270) Kerr effect; (190.5940) Self-action effects,

1. Introduction

Research on multimode optical fibers (MMFs) has attracted a strong renewed attention over the last few years, with
the first experimental observations of various nonlinear effects including, for example, multimode solitons,
geometric parametric instability, spatiotemporal mode-locking [1-3] or Kerr-induced beam self-cleaning. The latter
was demonstrated in graded-index multimode fibers (GRIN MMFs), in active Yb-doped MMFs with quasi step-
index profile, and in a multimode PCF [4-6]. Nonlinear mode mixing has been also found to be at the origin of the
strong temporal reshaping and pulse shortening which accompany self-cleaning in GRIN MMFs [7].

In standard optical fibers, the polarization components of each guided mode are coupled, owing to the
unavoidable presence of small amounts of random birefringence, which is induced by manufacturing imperfections
during fiber drawing process, and by externally applied random stress or bending. Linear polarization control in
MMFs has been only recently demonstrated by manipulating the spatial wavefront of the input beam [8]. The
objective of this paper is instead to point out a new aspect of nonlinear multimode beam propagation, by unveiling
the polarization dynamics of the spatial beam self-cleaning induced in MMFs by the Kerr effect.

2. Experimental results

We used a standard 12-m long 52/125 graded-index multimode optical fiber (GRIN MMF), that we pumped by a
Nd:YAG microchip laser delivering 500 ps pulses at 1064 nm, with the repetition rate of 500 Hz. We focused a
linearly polarized Gaussian beam at the input face of the fiber with a FWHMI diameter of 25 pum, in order to excite
a large number of guided modes. To study the polarization dynamics of nonlinear multimode interactions, we
measured all four Stokes parameters by using a polarizer and a quarter-wave plate at the fiber output. We also used
an optical spectrum analyzer and a camera to analyze the spectral and spatial properties of the multimode beam.

We placed first a simple polarizer at the output of the fiber. Figure 1 illustrates the evolution of the output power
at 1064 nm normalized to its maximum value, upon a complete rotation of the polarizer axis at low (Fig.1(a)) and
high (Fig.1(b)) input power, respectively. Insets of panels (a) and (b) show the corresponding near-field images of
the output beam for some selected output polarizer orientations. Whereas, panels (a’) and (b’) of Fig.1. display the
near-field output patterns for the same beam when the polarizer was removed. Panels (a’’) and (b’’) of Fig.1 report
instead the degree of total polarization (DOP), the degree of linear polarization (DOLP) and the degree of circular
polarization (DOCP), for both low and high input power, respectively. These values have been calculated from the
measured Stokes parameters after spatial averaging. The light at the output of the fiber appears rather depolarized at
low powers and it is characterized by a highly speckled spatial pattern. At 3kW peak power, the output beam
becomes partially polarized, with up to a four-fold increase of its average degree of polarization, and a dominant
linear polarization state. Note that at this power level the expected bell-shaped spatial profile induced by the Kerr
beam self-cleaning is only observed around the main polarization axis of the light, while a speckled beam is instead
observed on the orthogonal axis.

Interestingly, we noticed that when rotating the linear polarization state of the input laser beam, the direction of
the polarization state of the output beam follows these changes, and it also rotates by nearly the same angle, despite
the fact that our multimode fiber is intrinsically randomly birefringent.
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Fig.1 Polarization dynamics of beam propagation in GRIN MMF. Normalized power for one polarizer revolution
for input peak power (a) Ppp=30W (linear regime) and (b) Ppp=3kW (nonlinear regime). Insets: corresponding
selected spatial patterns measured at the output face of the fiber. Spatial beam pattern measured without polarizer
for (a’) Ppp=30W and (b”) Ppp=3kW. Degree of total polarization DOP, degree of linear polarization DOLP and
degree of circular polarization DOCP for (a’”) Ppp=30W and (b’”) Ppp=3kW. Fiber length: 12m.

3. Conclusions

We investigated the polarization behavior of beam self-cleaning in nonlinear GRIN MMFs. We experimentally
demonstrated that Kerr-induced beam self-cleaning process reshapes both the transverse profile and the polarization
state. The almost depolarized output in linear regime turned at high intensity to almost linear polarization state
“attractor” with a DOP equal to 0.6 (4-fold increase when compared to low intensity). Interestingly, we observed
this nonlinear polarization effect in the case of both linearly and circularly (not shown in this abstract) polarized
input laser beams. Moreover, we also observed the evidence of nonlinear polarization rotation in multimode fibers
pumped by linearly polarized beams, which can serve to implement an effective ultrafast saturable absorber
mechanism for mode-locked lasers based on multimode fiber.
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