3D-vortex labyrinths in the near field of solid-state microchip
laser.
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Optical dipole traps for neutral atoms [1] are a sub-
ject of considerable interest. We consider the new
configuration based on properties of self-imaging op-
tical fields[2] relevant to quantum computing archi-
tectures. The theoretical analysis of spatiotemporal
vortex lattices spontaneously arising in high Fresnel
number solid-state microchip lasers[3] is presented.
The connection with Talbot phenomenon generic to
spatially periodic electromagnetic fields [4] is stud-
ied. The different host crystals implanted by dif-
ferent resonant impurities Nd, Yb, Ho, Er are anal-
ysed. We compare the spatial layout of light field ob-
tained via dynamical model based on reduced model
of Maxwell-Bloch equations for class-B laser[5] and
static model based on superposition of copropagating
[6] Gaussian beams. The spatial patterns observed
experimentally and obtained numerically are inter-
preted as nonlinear superposition of vortices with
helicoidal phase dislocations. The usage of vortex
labyrinths and Talbot lattices as optical dipole traps
for neutral atoms is considered for the wavelength of
trapping radiation in the range 0.98 - 2.79 mkm. We
built qualitatively the macroscopic wavefunction for
quantum particles trapped in vortex labyrinth and
spatially - periodic array of Gaussian beams and dis-
cuss wavefunction properties.
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Figure 1: Transverse (in XOY plane) distribution
of intensity in the near field of solid-state microchip
laser [5]. Z - axis is directed along optical axis. The
longitudinal scale is 6 Talbot length.



