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Surface plasmons in metallic nanoparticles 
have become a powerful driving force in the 
scientific and technological development of 
nanooptics. Since a surface plasmon mode is 
extremely sensitive to environmental changes, 
the process of measuring, controlling and 
extracting information on the near-field of a 
plasmon pattern needs a fundamental 
understanding of the role of the interacting-
probe in the process of measurement.  
 
Here we establish a basis for the interpretation 
and control of the electromagnetic near-field in 
plasmonic nanoantennas probed by a tip in 
scattering-type scanning near-field optical 
microscopy (s-SNOM) [1-3].  
 
We experimentally demonstrate weak and 
strong probe-antenna coupling regimes in gold 
nanodisks with use of two different atomic 
force microscope tips: a tip formed by a 
nanotube showing a weak dielectric response 
(schematics on the left-hand side of Fig.1a) 
and a Pt tip showing the typical optical 
response of a metal (Fig.1b). The experimental 
images of the nanodisk plasmon patterns 
obtained for the same sample are shown on 
the right-hand side of Fig.1 for each case 
respectively (top CNT tip and bottom Pt tip). A 
clear asymmetric dipolar pattern, associated 
with an undistorted disk plasmon is obtained 
for the carbon nanotube (left-bottom), whereas 
a distorted pattern is clearly observed when 
the Pt tip is used (right-bottom). 
 
By means of full electrodynamical calculations 
based on the Boundary Element Method 
(BEM) [5-6] (middle images) we address the 
interaction of the disk with a strongly-
interacting point-dipole probe (right) and 
provide an understanding of the influence of 
the AFM tip in s-SNOM, allowing for mapping 
and mechanical tuning of the antenna 
response of the gold disk. A simple model 
based on a dipolar interaction between the 
probe and the sample explains the asymmetric 
image obtained in the strongly interacting 
regime.  
Moreover, Near-field spectral analysis of the 
optical antenna [6] shows that a control of the 

plasmon response can be achieved by varying 
the dielectric properties of the tip, the 
interaction distance or by modifications of the 
characteristics of the incoming radiation. Both 
image interpretation and tuning capability are 
aspects of utmost importance in nanophotonics 
due to the prospects of ultrahigh-resolution 
amplitude and phase mapping of antenna 
modes. 

 
Fig.1: Top: Schematics showing the experimental 
configuration for a weak probe-sample interacting regime 
with use of a carbon nanotube tip (a) and a strongly 
interacting regime given by a Pt tip (b). Middle: 
Calculations of s-SNOM images of a gold nanodisk with 
use of a weakly interacting dipole probe (left) and with a 
strongly interacting dipole probe (right). Bottom: 
Experimental images of the near-field amplitude are shown 
in the two different coupling regimes.  
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