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Fig. 1. Schematic illustration of the helical wavefront of

twisted magnons.
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Fig. 2. Schematic representation of twisted magnon beams
in an antiferromagnetic waveguide?”: (a) Twisted magnon
beams propagating along a cylindrical antiferromagnetic
waveguide with two magnetic sublattices, A (up arrows)
and B (down arrows); (b) degenerate left- and right-handed
spin wave modes, ¥t and %~ dominated by the sublat-
tice A and B, respectively.
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Fig. 3. Faraday effectsP), propagation of the interference
patterns of the OAM-balanced (i1 )+ [¥Z;4)) and
OAM-unbalanced ([¢7 o) + |¥g,o) ) superpositions along a
antiferromagnetic waveguide with the interfacial-induced
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Fig. 6. Propagation of twisted magnons along a cylindrical waveguide*: (a) Snapshot of the x-component magnetization of a twis-

ted magnon beam; (b) vortex configuration of the excitation modes along the waveguide; (c) spatial distribution of the spin wave

amplitude and orbital angular momentum along the z direction.

P 4k FeB AP, 8 i it i 2 A g 25 181 254
WK Y B, (t) = By () sinc (wi) é, , H oA T
i ¥R, By (v) 4351281 mT Fl+1 mT, 7] LA
WO T OAM 4350 R +1 F—1 1Y i Jié s 4

Ay M poy . T8 G G WA A AR B
DMI IR 2 8] S R R, T8 T by Ay A

RS Z B BE T I, DT AT LA A~ 225170
% K 1501,

| FitaE Y, fE %l:t%%i%* |o>
1) OFE A [0) = cost 1) +sinoe 0)
RASFR IR =42 6] 1y — /\ﬂ%E Eﬂﬁ‘ﬁ{ﬁijﬁfﬂ%
XTI ERER T, FTo3 3 OAM R-1 F1 1 R
FEAESE (0) A (1), MITAE 3 H 3 T IR e IR T (0 A
WHEER. X T PR ANEZS BB N2, AT LA i R e
TEIATRA way IIETERE: B, (t) = By (2) sin(wi )+
Bi(x) sin(wit + ¢) A K, Hr ¢ AR W
43 Z AT RR A AR A 2.

WAL By (2) 5 By () Z 0 HoAE, ATk
AR RS HL I B NS 1) = & [0n) + €06 |yr) , JE
H er A AU —AL B EO 9 R0, X0 T T A
H Y cos(0/2) Ml sin(0/2), H. &r/éL = B1/Bi . M,

FIE T RIEILTE £ 3l (30 2R 0 31 A

<qu> = 51%‘*}1 + gEWL (13)
[6rl — 1€
Vo) = [&r| + &l a4
B (12) 29463 [-1, 1] FYEH:
AIZ = 2—<I§> mACEYAY (15)

- (121)
SEAT LA — X —HfiE OAM P BCIRZSTE A i 65
BR 27 BIALE (B 7(b)). £E ¢ J7 1 B iR E ] L
AR I, BOE L, AT L AR i i AR
L, TR IS Y SE B RO AR IRk (] 7(a)).

4.3 HiRTFEBESRG

PR 1 15 4538 5 I kG RKKY A B4R
FHRR A FE—, TN T R ESS#) (SyAFM). Xf
TRk R 5, A Bk B W R P, o3
ﬁ?j{] [51]

o

cosh —

B
2

B
—sinh —
sinh 5

¢l¥ sinh el¥ cosh 5

(16)
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Horp g2 5 AR 2 O Y W) L i tanh 8 =
JVI+a?/ (2AK* +2K. +J), T ¢4 Gilbert
JERZE a MK tanp = o TERABRRL B P T A2
R e AR 19 R B 25 P B A SR (EL I i
B2 O 5 BRI B IE S AR B TE N TR RE &

TEFA IR BEREAR T, 2[RI SRR 1) 3k P
P FHERIRER T, (A IR PR RE IR T2
BINAE—&. PIRPFPER) BN BT T EO A Rl XS
THE AR OAM Ry ier Ik ¥, G At s A
PR AR, 102 SRR (05 8(a)). Her i

girh, 1= 1 XN AR/, GRS IR S L W )

10
105
1-05
, , , , {-1.0
0 w/4 w/2  3n/d n
0

7 (a) BBEREYR T A& ATV AR ER; (b) ALZ (RiE6) 5 (C2) (BO) BAEHRMEM 0 MEARER, HhREASEA
SR A B B, ek S gk A T IS

Fig. 7. (a) Bloch sphere constructed from twisted magnons; (b) the dependence of AIZ (dark blue) and (L£.) (orange) on the po-
lar angle 6 of the Bloch sphere, the dark blue and orange dots represent simulated data, while the solid and dashed line corres-
pond to theoretical calculations.

(@) —mi  y,¢=mn/2
— mi

(c) [x5) = cost| R) —isind,| L) (d) Ix§) = cosdy| L) +isindy| R)
—ilL) i| 1)

—|R)+i|L)
N2

V2

i L)

K8 T NTRERRE EJE my FIF)Z my BIRERE (a) DL SR REFEFIAS IR R4 (b) B4 3E Bl B R 7 62 f B2 AR B L IE R 4
U (¢) 2278 19 R AR 515 7 (A 7 1l iR 3 B2 (c), (d) 26T HAT A RCIRFMET 1 U8 A 2l e~ 09 108 e S el TP i 12852
A2

Fig. 8. Schematic illustration of the precession trajectories of magnetic moments in the upper layer mi and lower layers mg of Sy-
AFM (a), as well as the net magnetic moment and Néel vector (b), as a function of azimuthal angle; the unitary transformation
U (¢) represents the azimuthal propagation of the vortex magnon?, (c), (d) logic gates realized by the OAM-balanced twisted
AFM chiral magnon states with opposite topological charge [ .

170708-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 17 (2026)

170708

_ g .. B

a = cosh 5 + sinh 5" (17)
_ g B

b = cosh 5 sinh 5" (18)

RS HAFERBERE T WA IR N (¢) P
M (t) B B2 2 dndic, I HHAm AR5 1 2 B
JIT AR AL 0475 57 R A A

M (t) o< cos(lg) cos(wt)é, — sin(lp) cos(wt)é,, (19)

N (t) o sin(l¢) sin(wt)é, — cos(lg) cos(wt)é,. (20)

WAl 8(b) 7w, W E LR IRK BN y I71H)
PR (0), W 2 7 N (1), B AU FA R
iz St S Tl AT T LB U (¢). B4 /2
() £ BE 7% AT LI 2 B R AR i AR ], AT DK
|0y BIRERS 2 (1) . T AnSRARN M RSBl /4, BT LA
|0) SRR (J0) + |1)) /v/2, X1 Hadamard [7] 12,
El 8(c), (d) AT EAMIATMT . OAM V1Y
HAY I IFRIR A R e % e aerye V& | W | N <Y S Y 1|
b, A TIEI TR Hadamard |1, 5 R] AT (B SE FRAT:
.

T e R 4 T A PT BE AR AR PR 2 22 ] g ke S5F
SR OAM H B BT, BSR4k
T R BEAS B B B[] S A AC X BRI A h iy
ERE IR T PRS2 5 BRIE AL L)L K Gilbert BHJE Y
SR B/, SR R 2 40 FD O B 5 e G TR T
OAM AT I TR T4 T AT HE.

5 Rk EARRREE

R, WBERLIR TR R BRI I 0
Pz RS ORI, — 2 MEBRBEAR AR i 75 2
AR m ks RE i 2 T 2R — RSk 7155
(22 [B] 0 BRI RAGE A R, =i a7
SEXELL S B REAE S e i B ) DRI A DUt
JEE PRI O 2y 5 K A MR 2 ARG AR,, 24
TR AR ETE.

TE [ TS I I A R A B, AR5 T MK 2
B AR S RS 3 AR 1 R G HeAl]
Wy BRJZ ], TRAIAT 3 SCHRAA 2 rhibs e R AR 1 1) 18
PR, fan ¥4y 5 2 AR B A T A RR-A L,
B BH = DD 551 OAM B i JE LR MR A 200,
I iE— BRI INZ VIR S OAM $hH$MHAZ )
A BN S ER0FZ 0, SR RO |

B IR T e FRABCR I A5 Fir v S 30 T B, HEEZ hE
iR SR BT, S B 2 s
— LR R, TS KA AR AR
B, TR TG REE B AER 4 T8 B Uk 1 S REARF
JSL ¥ R SR T, BT IR BEREAR T RSN, Tk
BT RRT AR REEOR, M TR MR 710
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Abstract

Magnons, the quanta of spin-wave excitations in magnetically ordered systems, enable low-power

information transmission and processing with negligible Joule heating, making them a promising platform for

spintronic applications. Beyond their spin angular momentum, magnons can also possess a well-defined intrinsic

orbital angular momentum (OAM), which provides an additional degree of freedom and transforms conventional
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magnons into twisted magnons. The topological charge associated with OAM can be externally tuned and is
robust against magnetic damping, thereby greatly enhancing the dimensionality, controllability, and functional
versatility of magnonic systems. In this review, we systematically discuss the fundamental physical properties of
twisted magnons, their generation and detection methods, and recent advances in their applications.

At present, two primary approaches have been proposed for generating twisted magnons: excitation by a
radial electric field perpendicular to the propagation direction, and phase modulation using a magnetic spiral
phase plate. In addition, coupling to an applied electric field through the Aharonov—Casher effect enables
dynamic control of the topological charge. The OAM carried by twisted magnons can be electrically detected
via spin pumping combined with the inverse spin Hall effect (ISHE). Owing to the unbounded spectrum of
OAM eigenvalues, mutually orthogonal OAM states can be employed to construct high-dimensional qubits,

offering a powerful new degree of freedom for quantum r\
"
information encoding. f / r\ /\ / /A\\ f
Furthermore, by exploiting the lifting of chiral 2 (

\

degeneracy in ferromagnetic nanodisks through
\\

dynamic dipolar interactions and/or interfacial U \/ \ 4

Dzyaloshinskii-Moriya interactions, magnonic Bloch Incident plane Twisted
spheres can be precisely initialized, manipulated, and spin wave magnon beam
electrically detected. Extending OAM to i‘f? z i
antiferromagnetic systems further enables symmetry- —|L)+ilR) -x\\\"IL)+z‘\R>
protected logic-gate operations, including phase-shift vz // \ \
gates, Pauli gates, square-root-of-NOT gates, and ,// ) :
Hadamard gates. These capabilities are expected to L) } V":: ::" i \|>| L
facilitate the construction of arbitrary quantum circuits '\.\ .,r‘}

and support multiplexed data transfer. Taken together, \“\ ‘ ; y ’

the unique properties of twisted magnons open new L) —i| R;}(Q\\ /:;”i| LY—i|R)
avenues for next-generation ultrafast information- V2 _‘Z“;)’/ V2

processing technologies with high fidelity and low

energy consumption.
Keywords: twisted magnon, orbital angular momentum, quantum computing, information processing
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