OPTICAL TWEEZERS




Quantum Electronics and Nonlinear Optics Labs

Dipartimento di Elettronica




Main expertise




Outline

¢4
QUESTIONS




Outline

» Optical tweezers: a powerful tool for
micromanipulation




Optical tweezers: working principle
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Optical tweezers: working principle

» Mie regime
 Rayleigh regime

Laser beam
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Optical tweezers: working principle

Laser beam




Optical tweezers: working principle
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Optical tweezers: Rayleigh regime

A necessary and sufficient condition for stability is that the
potential well of the gradient force is much larger than the kinetic
energy of the Brownian motion of particleexp(U/k T) << 1




Seminal works




Optical tweezers: working principle
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Typical wavelength : 800 - 1064 nm




Optical manipulation
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Application in biology




Application in biology




Application in biology
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Application in biology
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* Why an optical fiber tweezer?
Motivation, state of the art and open
problems




Optical fiber tweezer: why?




Optical fiber tweezer:
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A proper optical system must be
fabricated on the fiber-end to
achieve the tight focussing!!!




Optical fiber tweezer: why?
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In situ probing and detection: enhancement of the signal/noise ratio




Optical fibers




Optical fibers

L¥ap

[EHy+HEg; !




Optical fibers: attenuation
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Optical fiber trapping

Laser beam .$




Optical fiber




Dual fiber optical tweezer
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Fig. 1. (8] Schematic of the gradient and scattering
forces for each of the two fibers that compess the brap.
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The allignment of the two
counterpropagating beams must be
guaranteed within a fraction of the
beam waist: VERY CRITICAL




Dual fiber optical tweezer

Raman spectroscopy

Using the mechanical
motion of the fibers the
particle is scanned across
the laser exciting the

Raman transitions "
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Dual fiber optical tweezer
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Dual fiber optical tweezer

trapped call laser light
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Lensed optical fiber

NA of the order of 0.5
Not sufficient to counter-balance the scattering force




Single fiber trapping experiment
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Single fiber trapping experiment

Oiptical Fiber

Beam Axis




Single fiber trapping experiment




Single fiber trapping experiment
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< A new approach to the fiber tweezers
development




New proposal by our group

Patents by the University of Pavia:

CRISTIANI 1., LIBERALE C, MINZIONI P. (2007). Manipolazione ed
analisi di particelle micrometriche tramite tweezer in fibra ottica.
MI12007A000150.

CRISTIANI I., LIBERALE C, MINZIONI P. (2007). Method and
optical device for trapping a particle. PCT/EP/2007/056798. 27.
Date: 5th July 2007.

Publication on Nature Photonics

C. Liberale, P. Minzioni, F. Bragheri, F. DeAngelis, E. Di Fabrizio and 1.
Cristiani, "Miniaturized all-fiber probe for three dimensional optical
trapping, manipulation and analysis“ Nature Photonics, 1, 12, p. 723,
2007.
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OPECAL TWEETERS

All-fibre design
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New approach
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New approach

Ealution ureder tes!

,-"'I apioal s

Ligh propingating in
T Fl!fﬂ




Optical analysis and manipulation
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New approach




Numerical calculation of the forces




Numerical calculation of the forces




Numerical calculation of the forces
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Numerical calculation of the forces (on-axis)

Forza assiale ez = 0.05 pm
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Numerical calculation of the forces




The new escape energy parameter

Which is the “best” parameter to evaluate the “trap strength”?
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Escape energy
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Escape energy: gaussian beam




Escape energy: 4-fiber bundle




New approach

Fabrication?




Bundle fabrication




Four-fibers bundle
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Focused lon Beam - FIB

gallium ions
electrostatic lenses

sputter




Fibers microstructuration

ght guideing
cor\es

J
Propagating
optical rays




Fibers microstructuration
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New approach




Probe analysis

100 X
Microscope
objective




Output beams




Trapping!




Trapping!




Diode Laser
| =408 nm

Fluorescence
spectral
detector

Fiber laser
| =1070 nm

Fiber
tweezer
probe

Imaging
objective
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Conclusions
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Thank you!




Single fiber trapping experiment




Microstructured probes
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