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How I got into the photonics game 
 
 

 
 
 



Bragg scattering 

  
Left: Bragg scattering for Xrays and butterflies. Each set of planes acts like a 
mirror in a small range of angles which scarcely overlap – nice colours, no 
absolute band gap.  



Death of photonic bands gaps greatly exaggerated 

 



Yablonovite hits the headlines 

 

   



Yablonovite hits the headlines 

 



Harvesting light – enhancing non linearity 
What is ‘harvesting’? 
A lens gathers beams of light from points in an object and brings them to a 
focus at the corresponding points in the image. 
In contrast a light harvester concentrates all the beams at a single point. 
Harvesters can be used for: 

• Making very intense concentrations of light, forcing photons to 
interactwith one another 

• Detecting molecules with high sensitivity – ideally sensing a single 
molecule 

• Enhancing the efficiency of solar cells 
• Improving the efficiency of lasers 

Light harvesters suffer from the same wavelength restrictions as lenses, but we 
can use the same tricks of negative refraction to improve their performance 



Harvesting light – non linear mixing 
Incident radiation at 1 1,ω ω  interacts non linearly to produce 1 1ω ω+  and 

1 1ω ω− . The process is enhanced by harvesting energy to the site of the non-
linear material. 



 

 

Strategy for broadband Harvesting of Light 
 
• Start with a ‘mother system’ that collects light, is broad band, and is 

sufficiently simple to be solved analytically, but may not have the desired 
geometry. 

• Make a coordinate transformation to a desirable geometry.  

• Use ‘transformation optics’ to calculate the properties of the transformed 
system. The daughter structure inherits the mother’s analytical solution. 

• A whole family of structures is now possible containing the same analytic 
genes but of sometimes wildly different shapes and sizes. 

 



Inversion about the origin, ' 1z z= , converts a slab  
to a cylindrical crescent 

The dipole source is transformed into a uniform electric field 

 
Left: a thin slab of metal supports surface plasmons that couple to a dipole source, 
transporting its energy to infinity. Th e spectrum is continuous and broadband 
therefore the process is effective over a wide range of frequencies.  
Right: the transformed material now comprises a cylinder with cross section in the 
form of a crescent. The dipole source is transformed into a uniform electric field.



Broadband field enhancement in singular structures 
(Alexandre Aubry, Dang Yuan Lei, Antonio I. Fernandez-Dominguez, et al.) 

 
Calculated xE  normalized to the incoming field (E -field along x). The left and 
right panels display the field in the crescent and in the two kissing cylinders 
respectively. The metal is silver and 0.9 spω ω= . The scale is restricted to 

5 510  to +10+ +−  but note that the field magnitude is far larger around the 
structural singularities.  



Field enhancement versus angle – crescent 

 
Blue curve: xE  at the surface of the crescent, plotted as a function of θ , for 

0.75 spω ω=  and 7.058 0.213iε = − +  taken from Johnson and Christy.  
Red curve: 7.058 2 0.213iε = − + ×  i.e. more loss. Both curves are normalised 
to the incoming field amplitude E0. The crescent is defined by the ratio of 
diameters r = 0.5 



The transformation   
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 converts 

periodic dipoles into 2 separated cylinders  

In this case the spectrum is finite, not continuous 



 

Absorption cross section: non-touching cylinders 

 
Absorption cross section normalised to the physical cross section, D0, as a 
function of separation between the cylinders, ! .  



Benefits of Broadband Harvesting 
 

• Multi - frequency systems benefit from enhancement of all 
frequencies.  

• e.g. one system can enhance detection of a wide range of 
molecules 

• e.g. if we are amplifying a weak signal at one frequency 
using a pump of another frequency, both are enhanced.  

 

 



 

What can go wrong? 
The theory predicts spectacular enhancements in the harvested fields, even 
when realistic values of the silver permittivity are included. Harvesting is 
much less sensitive to resistive losses than is perfect imaging. 

Enhancements in field strength of 410  are predicted, implying an enhancement 
of the  SERS signal of 1610 . Several factors will prevent this ideal from being 
attained: 

• radiative losses 

• problems in nm scale precision manufacture 

• non locality of ε 

Nevertheless substantial effects can be expected 



 

The effect of radiative loss on enhancement 
 
 
Electric field along the x- direction 
normalized by the incident electric field 
E0, for D = 100 nm and D =�200 nm  
for % = 0.9 %sp.  
 
The analytical prediction for the effect 
of radiative loss (red) is compared to 
the numerical result (green) and to the 
electrostatic case where there is no 
radiative loss (blue). 



 

Nonlocality – what is it? 
Formal definition: the longitudinal permittivity, εL, depends on wave vector as 
well as frequency.  

The physical interpretation for metals at optical frequencies is that the bulk 
plasmon frequency also depends on wave vector and is defined by, 

εL k,ω p( ) = ε∞ 1− ω0
2

ω p ω p + iγ( ) − β 2k2

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
= 0 

Since the bulk plasmon controls the screening charge in a metal, the surface 
charges induced by external fields no longer appear as delta functions at the 
surface but decay smoothly into the bulk with a decay defined by, 

exp − δ −1z( ), δ −1 = β−2 ω0
2 −ω p ω p + iγ( )  

 
Typically δ ≈ 0.2nm, a very small length, but one that is sometimes important. 
 



 

Nonlocality and light harvesting 
most of this work was performed by Antonio Domingues 

Non locality smears out polarisation charge responsible for driving field 
enhancements at the touching point. Although the cylinders appear to touch, 
the charge distributions do not. Hence the field enhancement is degraded. 
 

smeared 
charge

lost 
singularity

 

 
 



 

Nonlocality quantises spectra of touching cylinders 

 
Absorption spectra for 10nm radii non-local cylinders for several degrees of 
nonlocality. The green line shows a typical result. The local approximation  is 
shown in grey. Black line: results for a single cylinder. 
 



 

Nonlocality versus radiation loss 

 
Electric field enhancement for two touching cylinders at the touching point as 
a function of cylinder radius, R, and frequency ω . Radiation loss kills 
enhancement for large cylinders, non local effects for small. Optimum 
enhancement is found for 35nm < R < 80nm. 



Conclusions 
 
 

Happy birthday Eli! 
 

and thanks for your inspiration 
 




