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—— Chirality-Induced Phonon-Spin Conversion

at an Interface

Kato Group

Chirality has been an important concept not only in high-
energy physics but also in solid state physics for long time.
The chirality in materials has attracted much attention after
the discovery of chirality-induced spin selectivity (CISS)
in DNA and peptides [1]. Indeed, the discovery of CISS
has stimulated many theoretical and experimental studies
on spin-reiated phenomena in chiral materials since it may
reveal 2 way of developing spintronic devices without us-
ing beavy elements.

Recently, thermal phonon transport in a chiral crystal, a-
quartz (Si0Oz), induces spin current into an adjacent normal
metal [2] as shown schematically in Fig. 1 (a). This obser-
vation is quite remarkable since a-quartz is nonmagnetic
and includes no heavy efements, which induce spin-orbit
interactions. While this CISS phenomenon due to phonon
transport is-iiaively explained by angular momentum trans-
fer from chiral motion of nuclei to spins of conduction
electrons, its microscopic origin remains unanswered be-
cause of the lack of understanding of the microscopic de-
scription underlying interfacial phonon-spin conversion
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Fig. 1. (a) Schematic setup. Heat current in the chiral insu-
lator generates a spin current in the normal metal through

microscopic spin-phonon coupling. Usually, it is derived
from energy change of electrons induced by lattice dis-
placement in combination with the spin-orbit interaction.
In our work [3], we focused on a previously overlooked
mechanism derived from the gyromagnetic effect [4], con-
sidering the coupling between local microrotations and

and lack of the parity(mirror) symmetry with respect to
spatial inversion. This feature is reflected by splitting of
the phonon dispersion wg; as schematically shown in Fig.
1(b), where q is the wavenumber and A = + is the chi-
rality of phonons. When the phonons propagate along the
chiral axis, their energy becomes different (wqy # wq-)
due to the chirality of the crystal. The phonon dispersion
lacks the parity symmetry (wga # w_qz), While it keeps

the time-reversal symmetry (wg; = w_g7) Where A=%F
indicates the chirality opposite to A.

By treating this interfacial coupling perturbatively, we for-
mulated the spin current injected from the chiral insulator
into the normal metal. The results suggest that an imbal-
anced distribution among the chiral phonon modes, e.g.,
due to a temperature gradient, drives the interfacial spin
current into the normal metal. By a simplified calculation
assuming the relaxation time approximation, the spin cur-
rent into the normal metal is obtained as

0 a,T
e ), aigq (a0t ()
9 (az>0)
Combining this result with chiral property of phonons de-
scribed above, we can show that nonzero spin current is
generated across the interface only for chiral insulators.

Our findings clearly illustrate the microscopic origin of the
spin current generation by chiral phonons without the spin-
orbit interaction and may lead to a breakthrough in the de-
velopment of spintronic devices without heavy elements.
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electron spins. The gyromagnetic effect has been studied LA47I RE PR
originally as the interconversion phenomenon between EfE: 2B%

spin and macroscopic mechanical rotation. We have now H A4 X ALt
exFended it to micr.oscopic rptatiqn, revegling a npntrivial HE AN TR— g
spin-phonon coupling. Starting with a microscopic model

for a bilayer system composed of a normal metal and chiral o
insulator, we derived the effective Hamiltonian describing BE fiE D Mmim A

the interfacial coupling between the electron spins and chi-
ral phonons due to the spin-microrotation coupling. In our
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study, chirality is characterized by time-reversal symmetry
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