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General Introduction
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What is chirality?

cheir = hand

"... its image in a plane mirror,

ideally realized, cannot be brought

to coincide with itself."

Load Kelvin

1893

1986

"The hallmark of a chiral system is that it

can exhibit time-even pseudoscalar

observables."

example:
Helicity

Laurence Barron

Truly chiral
カイロ



Structural chirality Natural optical activity

32 Crystallographic point groups

Cubic: O, Td, T, Th, Oh

Tetragonal: D4, D2d, C4v, C4, S4, C4h, D4h

Orthogonal: D2, C2v, D2h

Monoclinic: C2, Cs, C2h

Hexagonal: D6, D3h, C6v, C6, C3h, C6h, D6h

Trigonal: D3, C3v, C3, C3i, D3d

11 enantiomorphic point groups

Triclinic: C1, Ci

SiO2 (Quartz)



Dynamical chirality: chiral phonon

Example: Te

Pseudo angular momentum (PAM)  from discrete rotational symmetry
I. Bozovic, Phys. Rev. B 84, 6586 (1984).



Phonon Angular Momentum

Circular motion

Example: BN atomic layer 

≠ (truly) chiral phonon

finite

Phonon angular momentum



Introduction: Motivation

Mirror

Electric field

Structural chirality Spin

 Mechanism is unclear.
 Spin-orbit (SO) interaction?

 Chiral Phonons?

 Spin-rotation coupling

  (Micro Bernett effect)

No SO interaction is needed.
(Applicable to light elements) 

1. Chiral-phonon/spin conversion
    at an interface of quartz (SiO2)
2. Electron hopping in DNA 



Chiral phonon-spin conversion
at an interface

T. Funato, M. Matsuo, and T. Kato, Phys. Rev. Lett. 132, 236201 (2024).

Mamoru Matsuo
＠UCAS（北京）

Takumi Funato
@JAEA（原研）



α-quartz (SiO2)

K. Ohe et al., Phys. Rev. Lett. 132, 056302 (2024)

Spin injection into W

α-quartz (SiO2) is

✓ band insulator

✓ non-magnetic

✓ no heavy elements

(measured via inverse 

spin Hall effect at W) 

Phonon flow is converted into spins.

Mirror
Phonon-Spin Conversion

heat

flow

Left-handed 

(L)

Right-handed 

(R)



Chiral phonons
10

No inversion symmetry

Time reversal symmetry

Mirror

α-quartz (SiO2) Phonon dispersion

(Transvers phonon)

Chiral crystal 
structure 

Main question: How chiral phonons are converted into spins?



Theory of chiral-phonon spin conversion 11

✓ Phonon angular momentum: 
           Zhang-Niu, PRL 112, 085503 (2014)

✓ Pseudo angular momentum
           Selection rule

✓ Penetration of chiral modes + spin-orbit interaction
           Ohe et al., PRL 132, 056302 (2024), Suzuki et al. PRB 107, 115305 (2023)
           Yao-Murakami PRB 111, 134414 (2025)

✓ Gyromagnetic effect (our study)

: displacement



Gyromagnetic Effect
Bernett effect Surface acoustic wave (SAW) Chiral phonon

spin angular 

velocity

spin vorticity

S.J. Barnett, PR 6, 239–270 (1915) Our studyD. Kobayashi et al, PRL 119, 077202 (2017)

velocity



Model
Hamiltonian: 

Electrons in CI

13

Electrons in NM

Interfacial tunneling

energy gap



Model
Hamiltonian: 

Phonons in CI

Spin-rotation coupling in CI

Time reversal

Space inversion

vorticity(Gyromagnetic effect)



Interfacial spin-phonon coupling

Interfacial 
spin-phonon 

coupling Matrix 
element

Vorticity Electron spin 
in NM

NM

CI

NM

CI

(1) Interfacial 
electron tunneling

(2) Spin-microrotation 
coupling in CI

NM

CI
Chiral 

phonons

(3) Interfacial 
electron tunneling



Spin current (main result)

Mirror Reflection (MR)

Experiment

pseudo-scalar (chirality)

Reverse!



Spin current (main result)

nonequilibrium distribution of phonons 

Boltzmann 
equation

Velocity of 
phonons

Momentum 
relaxation

Relaxation time: 𝜏 = 10−10s
DOS of NM: 𝜈𝐹 = 10−2eV−1

Interfacial hopping : 𝑇 /Δ = 1/20

Parameters

Observable!



Summary (the first part)
✓ Spin current is calculated from microscopic Hamiltonian of chiral phonons via 

spin-rotation coupling.

✓ The estimated spin current is consistent with the experiment.

✓ This study provides a comprehensive viewpoint for the CISS effect.

T. Funato, M. Matsuo, and T. Kato, Phys. Rev. Lett. 132, 236201 (2024).

Mirror

Left-handed 
(L)

Right-handed 
(R)



Hopping transport
in DNA

R. Sano and T. Kato, arXiv:2404.19000

佐野涼太郎 助教
（物性研加藤研究室）



Chirality-Induced Spin Selectivity (CISS) in DNA





Summary of our study
DNA sequence

random

potential

Sano-Kato, arXiv:2404.19000

spin-rotation coupling
vorticity

(phonon)

sp
in

 p
o
la

ri
za

ti
o
n

At low-T

cite i

Hopping transport

Anderson localization



Variable-Range Hopping (VRH)



Variable-Range Hopping (VRH)



Optimzaed Hopping Distance



Charge Current (Conductivity)



Spin-dependent Transition rate

spin-rotation coupling
vorticity

(phonon)



Main Result: Spin Accumulation



Main Result: Temperature Dependence



Summary (the second part)
✓ DNA double helix + chiral phonon (spin-rotation coupling)

✓ Spin accumulation is calculated from microscopic Hamiltonian of chiral phonons 

via spin-rotation coupling.

✓ The estimated spin accumulation is consistent with the experiment.

✓ This study may provide a direct explanation of the CISS effect by light elements.
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