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Motivation

• Understanding the operative physics that governs light coupling into 
and surface plasmon polariton (SPP) generation from individual 
nanholes

• Nonlinear photoemission electron microscopy (PEEM) can be utilized 
to directly map the SPPs at nanometer resolution without the need 
of a molecular reporter or scanning probe tip
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Methods

• The illumination beam (~100µm focus) excites SPPs on the edge of the nanohole
and then interferes again with the freshly lunched SPP

• Constructive interference leads to regions of strong near-field intensity and 
subsequent electron emission from the gold surface

• Power measurement reveals a 3 photon absorption event is necessary to 
overcome the work function of the metal
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Experiment and simulation match

• The experimental data matches exactly their set up theoretical 
calculations, proving the functionality of this method

• The ring like shape is a result of the phase-delayed propagating SPP due 
to the round shape of the hole
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After publishing this paper which showed as a proof of principal that 
their method with PEEM works and can be readily supported with 
FDTD simulations, the next paper followed soon after.

The next paper focused more on the sample and showed that they 
have a method to create and test more advanced plasmonic
nanostructures.

And soon after this, a third paper was published which added time 
dependent measurements as a new dimension.
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The Paper-Trilogy

Nonlinear PEEM of Plasmonic
Nanoholes in Gold Thin Films

• Proof of being able to make 
SPPs visible via PEEM

• Comparing with FDTD 
simulation

• Intensity depends on size of
nanostructure

• Big structures excite several
plasmons which can
interfere

Interferometric Plasmonic
Lensing with Nanohole Array

• Instead of a single nanohole
make an array of nanoholes

• Angle and wavelength
depending simulations

• Correct formation of
nanohole arrays result in 
plasmonic
lensing/constuctive
interference

Ultrafast Imaging of Surface 
Plasmons Propagating on a Gold 
Surface

• Time resolved PEEM

• One beam excites the SPP and 
another one probes it time
dependent
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Why this paper?

• A new way to visualize/map SPPs directly on the sample with PEEM

• This paper is the first in a trilogy paper set
• The first paper showed a proof of principal

• Just one month later the next step of an improved sample structure is 
published

• And a few months later the last paper on this projects concludes with time 
dependent measurements

• In my opinion this shows the ideal way in research: first setting up 
the equipment and then using it for sample analysis, and then 
improving the equipment again.
• What do you think?
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