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Topological states of fluids of light in nonlinear optical devices are attracting a lot of attention. Interest shifts 
to “fully structured light” with complex intensity, phase and polarization structure [1]. Vector vortex beams 
(VVB) have singularities in their director field leading to a spatially inhomogeneous polarization structure. As 
the simultaneous presence of different polarization states demands a high isotropy of the optical setup, their 
spontaneous emergence is very uncommon but they have been predicted [2] and observed [3] in vertical-cavity 
surface-emitting lasers (VCSEL). In Ref. [3] it was concluded that many (potentially all) different VVB exist but 
their mutual stability is dictated by small residual anisotropies. In this contribution, we are investigating this by 
introducing a controlled anisotropy via a half-wave plate (HWP).  

The experimental setup consists of a VCSEL with a 200 µm diameter aperture and feedback from a volume 
Bragg grating (VBG) in a self-imaging external cavity. The self-focusing nature of the semiconductor 
nonlinearity leads to the formation of spatial solitons, single-humped fundamental solitons with two orthogonal 
polarization states at lowest currents and different VVB interpreted as high-order solitons at higher currents. 

Turning the HWP introduced into the external cavity, it is apparent that the direction of polarization of the 
fundamental solitons is rotated in the same way as the HWP is rotated (Fig. 1b). Over most of the range both 
polarization states can be obtained indicating good isotropy. The exception is a small region centred around a 
polarization angle Ψ≈ -20° to +20°, which seems to be the least favourable orientation with only the intrinsic 
anisotropies. 

Fig.1a summarizes at what angle of the HWP which type of VVB is observed. Apart from linearly polarized 
vortex beams, there are VVB with hyperbolic and spiral polarization structure and a state with a spatially 
inhomogeneous polarization domain structure which is not a VVB. There is no obvious pattern behind the 
selection but it is interesting to note that only a single type of VVB was found for each angle. The spiral vortex 
is a robust feature at the appropriate anisotropy, whereas it had been very difficult to obtain in [3] before. At the 
angles where no VVB or domain structure is reported, the linearly polarized vortex has a vertical polarization. 
This reenforces the impression that vertical/horizontal polarization corresponds to some maximum polarization 
anisotropy, and the introduction of the intra-cavity HWP is an efficient way to minimize the effective anisotropy, 
favorizing the observation of VVBs .  

These observations support the notion that all or at least many kind of VVB exist in the system and the 
anisotropies decide whether are stable and accessible via current ramps. It will be interesting to explore optical 
pumping where anisotropies should be even lower and to investigate the connection to spin-orbit coupling 
present in the microcavity and semiconductor spin dynamics. 

Fig. 1 Influence of an intra-cavity HWP on polarization states. The reference axis for the angles is vertical. a) Indication of 
which type of VVB is observed, insets show S0 Stokes parameter and polarization streamlines. b) Red dots denote the main 
polarization direction Ψ of the fundamental soliton occurring at lower currents, blue of the one at higher current. The green 
rhombus indicates the selected polarization without HWP.
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