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Study of directional scattering by plasmonic nanoantennas 
General context: 

Nanometric metallic particles with the correct shape can act in the optical regime like antennas, 

interacting strongly with visible light thanks to localised surface plasmon resonances (LSPR). LSPRs 

are resonant excitations of the electron cloud which gives the nanoparticles many interesting 

properties. For instance, LSPRs are accompanied with a large field enhancement that can be used to 

boost the efficiency of analytical techniques such as Raman spectroscopy. LSPRs also increase the 

effective cross section of the particles, allowing them to capture the light shone on them as if they 

were ten to hundred times larger than their real physical cross section. This property allows using them 

as transducers between light propagating in free space and nanoemitters (such as semiconducting 

nanocrystals), to enhance their absorption or their emission. Lastly, the spectral properties of LSPRs 

are very sensitive to the environment of the nanoparticle exhibiting them, making them good sensors. 

More details about the concept of plasmonic nanoantennas can be found in ref. [1]. 

Exact subject, means available: 
When the plasmonic nanoantenna has the 

appropriate shape, it can act as Yagi-Uda antennas 

(the rake-type of antennas you can see on your 

house’s roof) do to transmit TV signals – but with 

optical signal. Their scattering is directional, and 

nanoemitters placed in the vicinity of the 

nanoantennas can have the direction of their 

emission altered by the antenna. 

This project proposes to investigate the 

scattering properties of optical plasmonic 

nanoantennas using back focal plane imaging, a method which allows for a direct imaging of the 

angular scattering profile of a sample on a camera. This work will elaborate on published work, where 

the nanoantennas under investigation were “boomerangs” of gold with various opening angles [2]. The 

figure on the right presents a sketch of these nanostructures and their effect on an incident field. The 

questions to answer during the project are: 1. whether some parameters of the nanofabrication method 

used to produce the nanoantennas damage their ability to direct light efficiently, and 2. whether these 

nanoantennas can be used to efficiently direct the emission of nanoemitters placed in their vicinity or 

Raman signal. The work will be mainly laboratory based, but some computational work might be 

envisaged. 

Follow-up by a PhD thesis : 

This project could be followed by a PhD thesis provided funding is secured for a bursary during the 

year. 

Note: The project supervisor is currently based at Imperial College London and will move to the 

Institut Néel in Grenoble in December 2013 to start a permanent CNRS position there. 

Indiquez le ou les parcours (ex DEA) qui vous semblent les plus adaptés au sujet : 

Physique de la matière condensée : OUI NON Physique des Liquides OUI NON 

Physique Quantique: OUI NON Physique Théorique   OUI NON 

Figure 1 : Schematic representation of the boomerang 

structures (left). The boomerang length is 

approximately 300nm. The right hand side plot presents 

the directivity of the scattering, with a measurement in 

the back focal plane as inset. 


