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The perspective may change depending on whether the emphasis is
placed on ‘chiral’ or 'phonon’.

CHIRALIPHONONS

CHIRAL

I’'m rather on this side .......
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Chirality-selective cross-coupling = handshake
Spin chirality

Polarization chirality Elastic chirality
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Our definition of truly chiral

ohonon

-

Chiral phonons are the quantum of lattice vi

orations where

the rotational motion of atomic nuclei propagates as a wave with

a finite wave number in the direction of rotation axis

~

-
AM (Axial) Wave num. (Polar)
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Chirality-selective coupling between two chiral dual entities

Mirror

|- handed nut R-hénded nut

5/21 Chirality-selective coupling is quite robust!
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In chiral helical crystal, Not only CM but also CAM conserved

Having screw symmetry is a narrower concept than being chiral, but it leads to a conserved angular
momentum associated with the corresponding discrete rotational symmetry.

e.g., 3-fold as an example

v Continuous rotational symmetry broken
= mechanical angular momentum (MAM)
not conserved

v But discrete 3-fold (2m/3) rotational
symmetry exists

= crystal angular momentum
(CAM or PAM) conserved
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Wave Function of a Chiral Phonon
T. Tateishi, A. Kato and JK, J. Phys. Soc. Jpn. 94, 053601 (2025)
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Chiral Phonon Dispersion
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Chirality-selective coupling lifts

degeneracy for non-zero wave number




PHYSICAL REVIEW LETTERS 121, 175301 (2018)

Phonon Angular Momentum Induced by the Temperature Gradient

1 . . . .2 . . 134 .o 13
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Real-space trajectories of atomic motion
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11/21 = Chiral nature of phonon comes up in electron-phonon interaction
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MAM and CAM of chiral phonon

MAM of chiral phonons f(wp ) : Bose-Einstein distribution function
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Phonon analogue of optical Zilch

Lipkin’s Optical Chirality (Zilch)
D. M. Lipkin, Journal of Mathematical Physics 5, 696 (1964)

MAM, CAM and phonon Zilch

‘ Zilch of chiral phonons (as a trial....)  Zph = Z’us -V X uy

3 o1 \
Y S Y g (54 ren)

X (sm[ n3 + a(m — 1)]|Uf{§§)|2 — Siﬂ[qﬂg + a(m + 1)]|U1)':’£7:)|2)
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Phonon analogue of optical Zilch

Acoustic Optical Optical
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Electron and Phonon operators

Phonon operator .
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Electron-chiral phonon coupling Hamiltonian

Modified tight-binding approximation:
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Electron-chiral phonon coupling vertex

T. Tateishi, A. Kato and JK, J. Phys. Soc. Jpn. 94, 053601 (2025)
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Stokes Raman Anti-Stokes Raman

R
@---—-- Me = Me + 3

+1 —1
All process reflect CAM conservation (modulo 3) at the vertex
nature physics Quantum description of experimental findings
Letter https://doi.org/10.1038/s41567-022-01790-x
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Sometimes, continuum field theory is useful

Chiral lattice vib. - Chiral metamateroal

Chiral elastic wave
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Observation of Chirality-Induced Roton-Like Dispersion
in a 3D Micropolar Elastic Metamaterial

Yi Chen,* Jonathan L. G. Schneider, Michael F. Grof3, Ke Wang, Sebastian Kalt,
Philip Scott, Muamer Kadic, and Martin Wegener*
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Phonon: CAM to MAM
U
Electron orbital

U
Electron spin
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Summary and Outlook: From Chiral Lattice Vibrations to Broader Phenomena

21/21

2 Chiral phonon ¥ Chiral elastic wave

: Classical 5 ——
electron; P i : .
§ Quantum e|aSt|C|ty E g_j (%)) § Metamaterial

: A
5 phonon 'CAM

/transfer !

electron 5

| 2 Chiral electro | ,‘ .

[ThermalTransport] [ChlraISuperCond) Q ”\.- i
' t# Chiral LattwceVlb __________________________ '5

Multi-scale : | |
3 Molecularvib. £ 5 -

How to control chirality-selective cross-coupling based on “chiralization”
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