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Magnons vs. Ferrons
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What do we expect from a coherent ferron?

• Maxwell’s equations!

• Oscillating polarization should 
emit EM radiation into far field.

• Oscillating polarization should 
propagate at high velocities in 
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NbOI2: a 2D vdW ferroelectric semiconductor
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Raman 3.13 THz mode
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THz emission from giant optical rectification

Nature Mat. 2025, 24, 1203-1208

Observation of THz emission

• ITHz,NbOI2 ≫ ITHz,ZnTe by 20x – 100x

Frequency domain

• Broadband up to 5.5 THz

Broader 
cutoff

THz field per thickness

• High saturation threshold
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THz emitter to nm thickness: long-lived ringing

• Emission at 3.13 THz, the 
ferroelectric TO mode

• Collective excitation of ferroelectric 
order – the Higgs mode
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Ferroelectric
WO2Br2

Non-ferroelectric
TaOBr2
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THz coherent ferron emission from vdW ferroelectrics
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Nonlinear mechanisms for THz emission from the coherent ferron

𝑉 =
1
2
𝜔!"# 𝑄!"# + 𝑍∗𝑄!" + 𝛼𝑄!"% 𝐸 +

1
2
𝜒&&
' + 𝛽𝑄!"# 𝐸#

= '
#𝜔!"

# (%

)∗%
+ 𝑃 + 𝛼 ('

)∗'
𝐸 + '

# 𝜒&&
' + 𝛽 (%

)∗%
𝐸#  𝑃 = 𝑍∗𝑄() 

𝑃 =
𝜕𝑉
𝜕𝐸 = 𝑃 + 𝛼

𝑃%

𝑍∗%
+ 𝜒&&

' + 𝛽
𝑃#

𝑍∗#
𝐸

= 𝑃* +
𝛼𝑃*%

(𝑍∗)%	
+ 1 +

3𝛼𝑃*#

(𝑍∗)%
𝛿𝑃 +⋯

𝑃$ = 𝑍∗𝑄(),$ 
𝛿𝑃 = 𝑍∗	𝛿𝑄$ 

'!(
')!

= 1 + *+("!

(-∗)$
(𝛿𝑃)′′ THz emission

P0-P0

𝛿𝑷

𝛿𝑷 ∝ −𝑷𝟎 

Impulsive Raman Excitation

arXiv:2512.06139 Michael Fechner (MPG)



9X-Y Zhu Columbia University

Tuning coherent ferrons

Chun-Ying Huang

arXiv:2512.06139 
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Two aspects of coherent ferrons

Light 
cone

Polarization wave confined within the crystal slab. 
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Exciton sensing of the coherent ferron in NbOI2

Chun-Ying Huang

Nature Comm. 2025, 16, 1896.

• In conventional semiconductors, 
e- or ex-ph coupling dominated 
by LO phonons

• In ferroelectric semiconductor, 
NbOI2, ex-ph coupling 
dominated by TO phonon.

3.132 ± 0.005 THz
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Spatially resolved exciton sensing reveals extreme group 
velocity, vg ~ 105 m/s, and coherence time, tcoh ≥ 200 ps
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Thickness dependent 
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Ferron propagation: the movie

StroboSCAT imaging
Andre Liston

Milan Delor

Nature Mater. 2026,
10.1038/s41563-026-02597-4

vg ~ 105 m/s

https://www.nature.com/articles/s41563-026-02597-4
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Another defining character: extreme propagation 
velocity from long-range dipolar interactions
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Electrostatics = long range dipolar interaction 
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A comparison to coherent magnons in CrSBr: 
why do they move so fast?

Nature 2022, 609, 282
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Nature Phys. 2024, 20, 794-800 CrSBr

2.06 µm

2.75 µm

3.44 µm

4.31 µm

4.82 µm

Group velocities are increased by 103x to ~km/s Long-range dipolar

Landau–Lifshitz equation

𝛁×𝑩 = 0;	 ∇ ⋅ 𝑩 = 0
Magnetostatics
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Coherent ferron & hyperbolic phonon polariton
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Coherent ferron: ~100% matter wave?
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A comparison of coherence times

a-MoO3, t = 2 ps
(in-plane hyperbolic)Ma et al., Nature 2018, 562, 577

Giles et al. Nature Mat. 2018, 17, 134 h-BN, t = 2 ps
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Summary & Acknowledgement

• Experimental observation of coherent ferrons
• Intense emission at the TO phonon frequency 
• Extraordinary propagation at vg ~ 105 m/s 
• Long coherence time exceeding 200 ps
• Ultra-confined THz waves à ferronics & 6G?
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