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Introduction

The tails of comets always point away from the sun. 

Kepler: 17th century
Chinese astronomers: 7th century

Radiation pressure of sunlight

In 1970 Arthur Ashkin published the first observation 
that radiation pressure from lasers can “trap” 
transparent dielectric spheres. In the same paper, 
Arthur discussed how optical trapping could also be 
applied to atoms and molecules. 

From right to left: Arthur Ashkin, Steven Chu, and John 
Bjorkholm in 1986, around the time of the first demonstration 
of atom trapping. 

The dawn of laser optical trapping



Optical manipulation

Optical manipulation (OM), 
such as optical cooling, trapping 

binding 
                                                       sorting 

and transporting 

by utilizing optical forces, has experienced intensive 
development in the past 40 years. OM is currently one of 
the most important tools in many scientific areas, including 
optics, atomic physics, biological science and chemistry.

2001
all-optical 

BEC



Radiation pressure



Doppler laser cooling



Dipolar force and optical potentials











The Bose-Hubbard model
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Ratio U/J : a key parameter

U/J< (U/J)C : Super fluid regime

U/J > (U/J)C : Mott insulator regime
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On-site interaction termTunneling term











Environmental decoherence

Silica microspheres with d  in the range few hundreds of nm – few 
m  are decribed by classical physics laws.

[1] M. Schlosshauer, Decoherence and the Quantum to Classical 
Transition, Springer, New York, 2007

d=10 m d= 10 nm

Timescales (in s) for the suppression of spatial interference over a distance equal to 
the size d of the object [1].



Motivation

Flashback in hydrogen combustors.

For temperature measurement, Hollow Core 
Photonic Crystal Fiber (HCPCF) with particle as 
temperature probe.

Non intrusive and high resolution, temporal 
resolution ms scale, spatial resolution μm scale.

System remotely controlled, lasers used for 
position control and temperature measurement 
(T ≃ 1500 K).







Optical forces

Lorenz-Mie Optical Force Model

We performed full electromagnetic calculation using the 
generalized Lorenz-Mie theory method, to determine 
the optical forces for dielectric particles in HC-PCFs.

Ray Optics Model 

inaccurate when size of microsphere 
similar to wavelength of laser! 



Mie resonances















Time of flight experiment

“Size-dependent optical forces on dielectric microspheres in hollow core photonic crystal fibers”, Peter Seigo Kincaid, 
Alessandro Porcelli, Antonio Alvaro Ranha Neves, Ennio Arimondo, Andrea Camposeo, Dario Pisignano, Donatella Ciampini

Microspheres with Gaussian 
radial distribution with 

r = 1.585±0.162 μm
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