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Left: Artist’s illustration of generation of a shape-preserving optical pin beam (OPB) from a single engineered phase mask and 
its propagation through atmospheric turbulence. Right: A Gaussian beam, propagating across 1 km in an open field, spreads and 
fluctuates dramatically (top), while the main lobe intensity of an OPB (bottom) remains localized under the same propagation 
conditions (see video). Laser source is visible in lower-left corner.

 Pin-Like Optical Beams to 
Penetrate Turbulence 

Humans have long dreamt of shape-preserving 
light beams that could propagate robustly 

without broadening and distortion—even through 
turbulent media. Ideally, one might achieve 
that goal using adaptive optics,1 diff raction-free 
beams such as Airy beams,2 or optical solitons.3

But complicated or unrealistic design require-
ments often make such techniques impractical 
for free-space applications.

Recently, we have demonstrated an “optical 
pin beam” (OPB) that exhibits unusual prop-
erties in long-distance propagation compared 
with conventional Gaussian beams.4 These 
beams can be effi  ciently generated with a single 
mask made by high-precision photo-etching 
on fused silica, and can robustly propagate 
amid turbulence over kilometer distances in 
an open fi eld. 

Intuitively, OPBs are created by assembling 
multiple pairs of Airy beam fi laments in a circle. 
Each pair involves two Airy fragments bending 
toward the center, but from opposite directions. 
The resulting beam thus appears to undergo 
autofocusing during propagation, and to be 
anti-diff ractive over long distances due to can-
cellation of the transverse wavevectors.

In one experiment, we sent light from a 2-W, 
532-nm continuous-wave laser through an engi-
neered phase mask with a conversion effi  ciency 
of about 90%. The resulting OPB, propagating 
over a long distance in exterior free space, expe-
rienced far less shape distortion and diff raction 
than a normal Gaussian beam in the same envi-
ronment. The OPB had evolved into a Bessel-like 
intensity patt ern after propagating 1 km; how-
ever, it is worth noting that, even under ideal 
conditions, Bessel beams realized using other 
currently available techniques can persist over 
only a few centimeters to meters.

Our work has demonstrated both how to 
generate anti-diff ractive OPBs and their advan-
tages over conventional Gaussian beams, Bessel 
beams and abruptly autofocusing Airy beams. 
In parallel with other recent eff orts demonstrat-
ing the generation of various shaped light fi elds 
in space and time,5 we believe that our results 
may bring about a novel approach for designing 
laser beams with turbulence-resistant features 
for situations when passing through atmospheric 
turbulence is unavoidable. OPN

Visit www.osa-opn.org/optics-in-2019 to view the 
video that accompanies this article.
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