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l What do we expect from a coherent ferron?
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 Maxwell’'s equations!

« QOscillating polarization should
emit EM radiation into far field.

« QOscillating polarization should
propagate at high velocities in
the material.



NbOl,: a 2D vdW ferroelectric semiconductor
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THz emission from giant optical rectification

Optical rectification: P(?) = ¢,y?E? cos? wot = egx P E?(cos 2wyt + 1)/2
Taketo Handa

Observation of THz emission Frequency domain THz field per thickness
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THz emitter to nm thickness: long-lived ringing
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Emission at 3.13 THz, the
ferroelectric TO mode

Collective excitation of ferroelectric
order — the Higgs mode



\ THz coherent ferron emission from vdW ferroelectrics
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Nonlinear mechanisms for THz emission from the coherent ferron

Free energy (arb.u.)
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Tuning coherent ferrons
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Two aspects of coherent ferrons
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Exciton sensing of the coherent ferron in NbOlI,
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Spatially resolved exciton sensing reveals extreme group
velocity, v, ~ 10° m/s, and coherence time, 7., 2 200 ps
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Ferron propagation: the movie

StroboSCAT imaging Lal A
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Another defining character: extreme propagation
velocity from long-range dipolar interactions
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A comparison to coherent magnons in CrSBr:
why do they move so fast?
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Coherent ferron & hyperbolic phonon polariton
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Frequency (THz)

Coherent ferron: ~100% matter wave?
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A comparison of coherence times

In-plane anisotropic and jultra-low-loss|polaritons
in a natural van der Waals crystal ~ ma et al,, Nature 2018, 562, 577

o-MoQO3;, 1 = 2 ps
(in-plane hyperbolic)

Ultralow-loss|polaritons in isotopically pure
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Summary & Acknowledgement

Experimental observation of coherent ferrons
Intense emission at the TO phonon frequency
Extraordinary propagation at v, ~ 10° m/s
Long coherence time exceeding 200 ps
Ultra-confined THz waves - ferronics & 6G?
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