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Recently, there has been active research on chiral phonons, which are described by the circular or elliptical orbital motion of ions.
Chiral phonons have attracted attention due to their large observed magnetic moments, and studies are underway to uncover the
mechanisms behind these phenomena, as well as to explore their applications in fields such as spintronics. For example, it has been
reported that chiral phonons mediate the transfer of angular momentum during the demagnetization process of ferromagnetic
materials. In this paper, we review recent progress in the study of chiral phonons and examine the generation and transport processes

of acoustic chiral phonons.
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Fig. 1. (Color online) A schematic diagram of chiral phonons
involving circular orbital motion of ions. The magnetic moment
associated with the orbital motion of individual ions can be
proportional to their charge and inversely proportional to their mass,
and the total net magnetic moment can emerge as a finite sum of these
contributions.
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Fig. 2. (Color online) The definition of chiral phonons and selection rules for hole-phonon interactions in monolayer WSe,. (a) Two phonon modes
involving circular motion of W and Se atoms, defined at the K point in reciprocal space. For the LO(K) mode, the circular motion of W atoms
results in a pseudo-angular momentum of +1, whereas the LA(K) mode maintains its form under a 120-degree rotation, resulting in a pseudo-
angular momentum of 0. (b) Angular momentum transfer between chiral phonons and valleys during optical transitions of holes. Holes injected by
left-circularly polarized (LCP) light pump interact with LO(K) phonons via a virtual scattering process, causing the holes to transition from the K
valley to the K’ valley. Simultaneously, as the holes transfer while maintaining their spin polarization, they emit right-circularly polarized (RCP)
light. This phenomenon has been experimentally verified (Adapted with permission from Ref. [8]. Copyright 2018 Science.).
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Fig. 3. (Color online) A schematic diagram of the phonon Zeeman
effect. By applying a magnetic field, the degeneracy of chiral phonons
is lifted according to their chirality, resulting in a significant energy
splitting that is proportional to the magnetic field and the magnetic
moment of the chiral phonons.
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Fig. 4. (Color online) The formation process of chiral phonons during
ultrafast magnetization in ferromagnetic materials. The reduction of
spin angular momentum due to magnetic excitation induces the
orbital motion of the lattice, leading to the formation of chiral
phonons.

. o]Z_/H

ATREo] WEI =FE XMCDE £l Ni N—da] 7t
T ATE eng Fog HdEe Bo] ofds Hold
A ARRS] b5 WD 7Fs3S AASHATH30]. 18],
2022139 Taucherts HIESF AFZEL Nidll EHoH B

27 A3E sk, ool gRbEE =] AsS A 3
A AHe 53 Tﬁo}c’iﬂ[l 1 APLNEL F& Fud9]
50| 23 FHY Axo F F7IE 7REA vl5EE

**OF 7J‘J4~ AL, ]%01 7&%’31{— ﬂ’ﬂ

om AT, 2] z}ﬁ} Wl u+—E— 75 5epe] W
wa7] o] ATONE QA QA BlolEA, 2
N Fmogo] 295 Hao] WAz ol (Fig. 4), ©)
25 Ago] PER S v WA Uehd 5 982

_};Loq_i_ _Ty_ 40] /\1-64 7:1_,/]_@“7 ?51— 2= oh;}
V. &2 710|8 Z=o| et HE

b 2N AN, 29T JeAE 2 s d BE
o) oJaje] 2ye] ZhpFEe] o R JEZX(107°F)
SefellM e o= dFo] veATH1]. st A xﬂoﬂ

g TEoUls oRIFERI-ESR: ave wlolaEx
(10°%) B2, of3ds] o] Zke-gdo] &4 #XA ﬁ
HE wEole AA HgS AWy SEixe AEXw)
ojFzx Aloje]l F<= o] doju=A] olEid davt itk
(Fig. 5). o1& S8l ¥4, 1A A5 s = A
W TR AlE 700l oA, s e EEREe] o
A XMH A 1A dsEolof gtk 1A Uiele A
Ay, e, a2ja 28A7F glom, A= AJeae-S Sl

oA, #Ek T8 ARERE AR wekslal, 013%1 <
SAE-S 5 BT e duR| BE, E5E BHE,
ZHe5 HE WMH 55 waA "o 94T°1W FA7y 3
AZ Eolsks o =9, oA AuT TR BHE RS

Fohe 7l 1A o] ASs FeAsd & stk
t&%]i, Ze)d 49 (>800 nm)e] s EAo FAlE
AE, YA B 5 BE M o8 e84 AT
BAE AFH R F o vk vl g, We] 1A
R B0l A%, AR, =, 23AR] oA Ed¥ol
HFITHE ofwl7} ek o2’ Folr] HFe] 7} AE 7
A E0E S, ouA] RIEE dejet 2, det
o8 & IIR(10%%) T AT 31]. ol HlEY
el e HAYEELANELS F2v] gt 2 B2 oI
Bl 9512 wEA] g ¥ dUAES zhet) ¢ =

% olF A ASE AAEE D WA A5Ag olF

e r&

.

[e:

K



<34 E=1>> Journal of the Korean Magnetics Society Vol. 35, No. 3, June 2025 - 83—

Ultrafast
demagnetization

Non-thermalized

7
///
%

~ ps

Ferromagnet

Ultrafast Einstein-de Haas effect

W S
t

¢+ et
f‘,

- &

o

chiral phonons

OO
L0

Thermalized
chiral phonons

——
AY
z@ Rigid
” body rotation
N
e
<

© NEE

Fig. 5. (Color online) Changes in lattice motion during the ultrafast magnetization-induced reduction and transfer of angular momentum in
ferromagnetic materials. Inmediately after magnetic excitation, high-frequency chiral phonons are predominantly generated. And, as the system
relaxes toward equilibrium, low-frequency acoustic chiral phonons become formed.
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pump (Reprinted from Ref. [6].).
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