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Background Story & Motivation
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Magnetoelectric response,

Magnetoelectric Response at Plasmonic Vortex Core???

Dai et al., Nature 588, 
616 (2020)

Dai et al., Nature Reviews 
Physics 4, 562-564 (2022)
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Collective oscillations of free electron 

density generated by light-matter 

interaction.

Surface plasmon polaritons (SPPs): 
Collective charge density fluctuations that can 

be excited by external optical fields at metal-vacuum 

interface.

Evanescent 

electromagnetic waves

Electron density wave

SPP dispersion relation, 

▓╢╟╟ ▓
ⱠⱠ

Ⱡ Ⱡ

Magnetoelectric Response at Plasmonic Vortex Core

Metal

Vacuumⱦ╢╟╟

z

y

x

▓╢╟╟

ⱥ
External 

light
Spin Angular 

Momentum



Photoelectric effect, Source: Wikipedia
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Å Non-linear, two or more photon 

photoemission (mPP) process.

Å PEEM imaging signal,
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ÅɚL=550 nm (2.25 eV), for Ag, n=2, 

2PP process.

How Do We Generate and Image Plasmonic Vortices?

Interferometric Time Resolved Photoemission Electron Microscopy (ITR-PEEM)
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†

Ag

Å Normally incident

Å Left Circularly polarized („ ρ)  
Å Pulse duration <20 fs

ÅɚL=550 nm center wavelength.

Among noble metals, Ag holds a unique place because its 

interbandabsorption starts only in UV range giving a low loss 

in visible spectrum.

ɚSPP=530 nm

Å 100 nm Ag film on n-type Si(111) substrate

Å A square shaped coupling structure

Å Focused ion beam (FIB) lithography

Å Dimension 30ɚSPP

SEM image of nanofabricated sample

Experimental method: Interferometric time-resolved  photoemission electron 

microscopy (ITR-PEEM)
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Schematic of NOPA process



† †+0.2 fs †+0.4 fs †+0.6 fs

Femtosecond time resolved imaging of Plasmonic Vortices
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A pair of identical pump-

probe pulses with pulse 

delay Ű

Interference of  SPP generated 

by the pump and the optical 

field of delayed probe
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Raw ITR-

PEEM data 

Pixel wise Fourier processing of the raw ITR-PEEM data

Extracted  images  
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Ghosh et al., Applied Physics Reviews 8, 
041413 (2021)


