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Plasmonic lattices

Pushing guantum many-body physics
smaller

faster

hotter

towards new applications
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Surface lattice resonance (SLR)

= single particle resonance (SPR ) +
diffraction order

= light + electron plasma oscillations
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Nanoparticle arrays - dispersions, strong coupling, lasing, etc.: Barnes, Garcia de Abajo,
Giannini, Gomez-Rivas, Grigorenko, Odom, Schatz, Shalaev, etc. groups
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Surface lattice resonance (SLR) «— This is the

= diffractive order + single particle resonance (SPR) quasiparticle
. e to condense

= light + electron plasma oscillations
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Bose-Einstein condensation in a plasmonic lattice

' Ao ainer '
Hakala, Moilanen, Vakevainen, Guo, Martikainen, Daskalakis, Re :
Julku, Toérma, Nature Physics 14, 739 (2018) \



Helium superfluidst?

Magnon BECs3#4
Ultracold gas superfluids®®
Photon condensates’:

Inorganic and organic polariton
condensates®10:11.12

Superconductors!314

New member: plasmonic BEC
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Nanoparticle array + molecules (weak coupling)
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Thermalization process
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& Thermalization experiment p = 580 nm
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o BEC experiment p =600 nm
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Lasing experiment p =610 nm
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Thermalizing population follows the SLR dispersion
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Bose-Einstein distribution at room temperature
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Pump-probe: confirms the picosecond dynamics
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Spatial coherence properties

We have a finite-size condensate (dissipative system)

Long-range order limited in low dimensions (Mermin-Wagner-Hohenberg)

Long-range order subtle in driven-dissipative condensates
Sieberer, Huber, Altman, Diehl, PRL 2013
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Spatial coherence

. Michelson interferometer in retro-reflector configuration
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Lasing at the K-points of a honeycomb
plasmonic lattice

Guo, Necada, Hakala, Vakevainen, PT, Phys Rev Lett (2019)
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Seeing the whole Brillouin zone




Threshold behaviour
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Mode structure:
empty lattice model
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Group-theoretical classification

« D, point group symmetry at K-points

« one and two dimensional irreducible representations
possible — singlets and (degenerate) doublets

o Irreducible representations with non-trivial in-plane

Mode structure:

electric dipoles:

singlet

singlet

doublet
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pace classification with polarisation measurements
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Real space images

without filter
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Mode classification in real space
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Photon energy (eV)

0150 visible in the dispersion
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topological studies
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