
 

Scientists invented method of catching
bacteria with 'photonic hook'
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An asymmetric nanoparticle emitting the 'photonic hook' Credit: ITMO
University

An international research team has discovered a new type of curved light
beam called a "photonic hook." Photonic hooks are unique, as their
radius of curvature is two times smaller than their wavelength. This is
the smallest curvature radius of electromagnetic waves ever recorded.
Photonic hooks can improve the resolution of optical systems and
control the movement of nanoparticles, individual cells, viruses or
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bacteria. Results of this research were published in Optics Letters and 
Scientific Reports.

"The photonic hook is formed when we direct a plane light wave to a
dielectric particle of an asymmetric shape," says Alexander Shalin, head
of the International Laboratory of Nano-opto-mechanics at ITMO
University. "We studied a particle called a cuboid. It has the appearance
of a cube with a prism located on one side. Due to this shape, the time of
the complete phase of the wave oscillations varies irregularly in the
particle. As a result, the emitted light beam bends."

Scientists have shown that the photonic hook's curvature radius can be
much smaller than its wavelength. The curvature can also be adjusted by
varying wavelength, incident light polarization as well as geometric
parameters of the emitting particle. This property can be used to redirect
an optical signal, to overcome the diffraction limit in optical systems or
to move individual particles at the nanoscale.

"This idea was initially suggested by our colleagues from Tomsk State
University. As soon as we made the necessary calculations and described
this phenomenon, we decided to check whether a photon hook could be
used in optomechanics," – says Sergey Sukhov, researcher at the
University of Central Florida – "It turned out that with a photonic hook,
we can make a manipulator to move particles along a curved path around
transparent obstacles. This is possible due to radiation pressure and
gradient optical force. When a particle hits the region of the highest
intensity of the beam, the gradient force keeps it inside the beam while
radiation pressure pushes it along the curved path of energy flow
propagation."

Such a method of control over particle movement is promising for
optofluidics. This technology uses light beams to direct micro-streams of
dissolved nano- and microparticles. This allows scientists to make micro-
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reactors on chips and to investigate, for example, bacteria, viruses or 
individual cells.

"We are now going to make an experiment and attempt to move bacteria
along a curved trajectory with a photonic hook," Alexander continues.
"First of all, we need to get the hook itself in experimental conditions.
We need to check, for instance, if a substrate under our cuboid would
affect the hook emission. Next we will make a prototype of the micro-
reactor and study how particles move."

The theoretical basis for the upcoming experiments includes two articles
that have already caught the scientific community's attention. "The
reference article describing the photonic hook itself was followed by an
article about its optomechanical application," Sergey says. "Even before
the first paper was published, MIT included it in its weekly review of the
most interesting preprints. But it also raised a lot of questions from the
reviewers. Soon after it was published, it hit the top downloads on the 
Optics Letters website. By that time, the second article on optomechanics
was accepted for printing. We hope that the results of our experiments
will cause even greater interest."

  More information: Photonic hook: a new curved light beam. Liyang
Yue et al. Optics Letters, Feb. 9, 2018; www.osapublishing.org/ol/abstr …
.cfm?uri=ol-43-4-771 , doi.org/10.1364/OL.43.000771 

'Photonic Hook' based optomechanical nanoparticle manipulator.
Angeleene Ang et al. Scientific Reports, Feb. 1, 2018. 
www.nature.com/articles/s41598-018-20224-4 , DOI:
10.1038/s41598-018-20224-4
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