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We present a one-dimensional scattering theory [1], arising from the 

optomechanical coupling of the motional degree of freedom of scatterers to 
the electromagnetic field. Multiple scattering to all orders is taken into 
account, and the result is a versatile model that can be used to describe a 
wealth of effects, including optical molasses and novel interactions 
between atoms and cavities that could potentially lead to optical cooling 
mechanisms applicable to a wide range of species. 
 

Our model is a generalisation of the transfer matrix approach in Optics. 
The Lorentz boost and the Doppler shift are included in this generalised 
transfer matrix, and the approach can in principle be extended to describe 
two- or three-dimensional systems, as well as complex cascaded optical 
systems. In the simplest case of pumping at one frequency, the force and 
momentum diffusion acting on any component of the optical system can be 
calculated analytically. 
 

In the limit of weak interaction between the scatterer and the field, our 
model allows for the description of the mechanical effect of light on an 
atom moving in front of a mirror (see [2, 3]), giving identical results to the 
semiclassical theory describing the same situation. This mirror-mediated 
cooling mechanism acts on any polarisable scatterer, independently of any 
attributes (such as a specific energy level system) pertaining to only a few 
species. On the opposite end of the scale, the theory is applied in the limit 
of strong interaction to describe the scheme of a Fabry-Perot resonator with 
one fixed and one moving mirror [4]. 
 



We also apply this formalism to the description of an extension of the 
mirror-mediated cooling mechanism, whereby we demonstrate the presence 
of a cooling mechanism, hitherto unexplored, acting on a scatterer outside a 
cavity. This cavity-assisted cooling mechanism is shown to depend 
crucially on the properties of the cavity, resulting in a significant 
improvement over the afore-mentioned mirror-mediated cooling 
mechanism. Importantly, the species-independence of the mirror-mediated 
cooling mechanism is retained. This paves the way towards all-optical 
cooling and trapping of general species in situ on atom chips. 
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