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Spin vs. electric dipole
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Charge vs. electric dipole current

Electric dipole current is a real physical current that may function 

similar to conventional charge current!

Carriers: ferrons ...

Advantage: available in insulting systems 

without the Joule heating loss

Material platforms: ferroelectrics,...

Carriers: electrons, holes

Issue: increased Joule heating as device 

sizes shrink  

Material platforms: conductors (metals, 

semiconductors) 

Information and energy is 

transported by electric (charge) 

current
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electric dipole

Ferroelectric material: spontaneous order of electric dipoles (or electric polarization)

Ferroelectric materials
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Ferroelectric materials of interest

NaNO2:Tc ~ 450 K

molecular dipoles soft optical phonons

BaTiO3: Tc ~ 400 K

bilayer ferroelectrics
(Yasuda et al., 2020)

Bilayer h-BN 
Tc ~1000 K

hopping protons

KH2PO4:Tc ~ 122 K
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Landau-Ginzburg theory for ferroelectrics
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Ferron excitations

Landau-Khalatnikov-Tani (LKT) equation:
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Ferron dipole and frequency:
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(Duffing oscillator)

harmonic fitting

Tang et al., PRB 106, L081105 (2022)
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Magnons vs. ferrons

Magnon: a quasiparticle excitation in magnet that carries a magnetic 

dipole (spin)

Ferron: a quasiparticle excitation in ferroelectric that carries an electric 

dipole
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polarization wave (ferron)
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A. Ferron Stark effect

Stark interaction: 

Ferron dipole: 
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Tang et al., PRB 109, L060301 (2024)

(Hellmann-Feynman theorem)

RbH2PO4
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A frequency shift of ~10 GHz is caused by a moderate electric field ~106 V/m!
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B. Novel thermoelectricity by ferrons Tang et al.,  PRL 128, 047601 (2022)

dipole Seebeck 
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Ohm’s-like Law:
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ferroelectrics

E,
E𝛥

ferron flow

hot cold

Novel thermoelectricity by ferron

heat-to-dipole current convention

+
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C. Nonlocal ferron drag  Tang et al., PRB 107, L121406 (2023)
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L. I. Pogrebinskii, Sov. Phys. 

Semicond. 11, 372 (1977)

charge current

drag

A ferron flow is dragged in the ferroelectric layer by an 

applied charge current in the metallic layer and vice 

versa!

Interlayer dipole-charge Coulomb 

coupling:

(drawn by 
Chatgpt)

FE: 2D ferroelectric layer

M: metallic layer (graphene)

dragged ferron flow



C. Nonlocal ferron drag  

FE: 2D ferroelectric layer

M: metallic layer (graphene)

Ferron-drag Peltier coefficient:

Tang et al., PRB 107, L121406 (2023)

Interlayer dipole-charge Coulomb 

coupling:

dragged ferron flow

n0: electron density 

in the metallic layer
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Ferron is evidenced by a nontrivial decrease in thermal 

conductivity at high electric fields due to suppressed 

ferron excitations

Experiment A:  Electric-field-tunable thermal conductivity by ferrons 

B. Wooten et al., Sci. Adv. 9, eadd7194 (2023)

Jq P
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Experiment B: THz emission by coherent ferrons
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Spatiotemporal imaging of ferron propagation

THz phase oscillations

Long-lived (~31 ps) ferron propagation with hypersonic velocity (~110 km/s) 

along the polarization direction is observed at room temperature!

hypersonic ferron
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arXiv:2509.06057

(c)

3. Nanyang Technological University, Singapore & 5. University of Notre Dame, USA

Another experiment on ferron THz emission 
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Fudan University, Shanghai, China 

Experiment C: Ferron-mediated nonlocal transport 

arXiv:2505.24419

𝑉det ~ 𝐶1𝑚𝑧
2𝐼inj + 𝐶2𝑚𝑧𝑃𝑥𝐼inj

3 +. . .

Ferron-mediated nonlocal transport signal 
(theory) :

Py

𝑉det

𝑰inj

electrical ferron 

injection
electrical ferron 

detection

𝜀𝑒ff 𝜀’𝑒ff
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Magnon vs. ferron 

Spin wave (magnon) 

Polarization wave (ferron)

Goldstone-type 

mode

（dynamics of 

magnetization 
direction）

Higgs-type mode

 (dynamics of 

polarization magnitude)

S

P



“Multiferrons” — precession dynamics of polarization

“Multiferron”: a quasiparticle that carries both static magnetic and electric dipoles
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𝑴~𝑷×
𝜕𝑷

𝜕𝑡



26

Second-harmonic generation by multiferron and ferons 

ferron

multiferron

Both multiferron and feron lead to resonantly enhanced electric-

field-tunable SHG in the THZ regime

Second-harmonic response:

BiTiO3
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Thanks for your attention！
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