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Abstract: We show experimentally that a laser beam scrambled by propagation in a short
segment of multimode fiber may be cleaned by the nonlinear propagation in KTP cristal with
type-1II second-harmonic generation. © 2018 The Author(s)
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1. Introduction

The multimodal nature of speckled beams can unveil surprising effects in the presence of nonlinearity. Spatial beam
Kerr cleaning was recently reported in multimode fibers [1]. Quadratic nonlinearities may offer mechanisms of beam
reshaping, and transformations of input elliptical beams into cylindrically symmetric beams have been already illus-
trated. [2]. Wide input beams and strong quadratic interactions may also lead to the formation of stable polychromatic
filaments [3]. In this work we show experimentally that spatial beam self-cleaning may be obtained with type-1I KTP
crystal cut for second harmonic generation (SHG) operating in the strong conversion regime.

2. Experimental and numerical results

In our experiments, we used a high-energy Q-switched mode-locked Nd:YAG laser with 20 Hz repetition rate emitting
30ps pulses at 1064 nm. Figure 1 (a) illustrates the structure of our experimental setup. The laser beam is linearly
polarized and its orientation was adjusted to optimize the type-II SHG, which took place in a L=30 mm long potassium
titanyl phosphate (KTP) crystal. The laser beam before impinging the input facet of the crystal was pre-distorted by a
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Fig. 1. (a): Experimental setup. (b): experimental results of SHG. KTP crystal at low 0.13 GW /cm?
(black curve) and high 0.9 GW /cm? (red curve) pump intensities.

10-cm long multimode fiber (MMF) segment with a diameter of 1 mm and composed by a glass core surrounded by a
polymer cladding. The laser beam was reduced and collimated at a diameter of 900 pm and coupled into the MMF by
two lenses. Since the beam at the output of the MMF was presenting a strong divergence, we put a diaphragm followed
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by a lens of f=75 mm to collimate part of that beam into the KTP crystal. Finally after the crystal we placed a lens
to magnify by a factor of four the image, in order to permit beam observation with the camera. A bandpass filter was
used to define the spectral window at the fundamental or at the second harmonic, respectively.

We first characterised the SHG conversion efficiency by removing the MMEF, and directly coupling the laser beam
into the crystal. Fig.1 (b) shows our experimental results for SHG energy and output beam diameter at the fundamental
wavelength for different values of the phase mismatch, as obtained by tuning the crystal with different input angles
6. Note that the input beam diameter does not verify the condition of a diffraction length Lp being smaller than the
crystal length, which is often the case for the direct excitation of spatial solitons (Lp < L) [5,6]. We found that at high
energy levels the acceptance bandwidth of SHG was broadened, in agreement with the predictions of Ref. [4] for the
strong conversion regime. Note also that the self-defocusing effect observed at small negative input angles (from 0 to
-3°) at 0.13 GW /cm?® turned into a self-focusing effect when the intensity was increased up to 0.9 GW /cm?, leading
to the formation of a self-confined beam. This spatial effect modifies the relative efficiency of SHG upon mismatch,
since self-focalised beams at the fundamental lead to larger SHG efficiencies. Indeed, we observed in experiments and
in modeling the build up of a progressive asymmetry in SHG efficiency between positive and negative angles 6 when
increasing the pump energy. Such asymmetry was even more evident in other types of crystals (here not shown).

Fig. 2. Fundamental frequency beam at low energy 0.06 ttJ (a),(c) and high energy 0.25 mJ (b),(d).
Input angle 6 = 1° (focusing regime (a),(b)), and 8 = —1° (defocusing regime, (c),(d)).

The insertion of a MMF in the setup brought a strong distortion to the laser beam, and it was clearly visible by the
speckled pattern at the output of the KTP crystal. This fact is illustrated for the fundamental wavelength in Fig.2(a) and
(c) in a quasi-linear regime. The two replica of speckles that are well visible in the image are due to the spatial walk-off
of the KTP crystal. Surprisingly, when the fundamental beam energy was increased up to 0.25 mJ, we observed the
beginning of a beam cleaning effect. The two dominant spots merged in one, as shown by panels (b) and (d). We
observed beam self-cleaning up to an angle 6 = 3.5°. Similar dynamics was also found for those small negative angles
(defocusing) where high energies bring self-focusing. Panels (c),(d) refer to the case of 6 = —1°.

In conclusion, we have studied experimentally the nonlinear conversion regime, and how a beam initially distorted
by a segment of thick MMF can be cleaned in a KTP crystal with type-II second harmonic generation.
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