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Fig. 4. (a) Schematic illustration of an ultrathin film, 7 is the unit magnetization vector having an angle 6 with the +2 axis, k
is the wavevector of spin wave making an angle ¢, with the +& axis; (b) frequency difference of spin waves with opposite wave
vectors perpendicular to the magnetization?”; (c) wavelength of spin waves with the same frequency and opposite k perpendicular
to the magnetization®¥); (d) isofrequency curve of spin waves in the wave vector spacel”; (e) non-collinear propagation of spin waves
with opposite wave vectors parallel with the magnetization!?; (f) spin-wave canting for spin waves propagation in the nanostripe

(the group velocity is parallel with the magnetization ).
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Fig. 13. (a) Schematic of twisted magnon frequency comb induced by nonlinear scattering between twisted spin waves and gyrating
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Fig. 29. First principle scattering theory: (a) 1-dimensional scattering model; (b) transmission spectrum of coupled microwave cavity
and ferromagnet, the frequency difference between the hybrid modes at the resonant center is 2gefr ; (¢) coupling strength is increas-
ing with square root of ferromagnetic thickness, the linearity between them conforms well when the thickness is small; if we con-
sider the exchange interaction, the standing spin wave modes are also coupled strongly with the microwave cavity, the transmission
spectra are plotted when (d) d =1 pm and (e¢) d =5 pum; (f) coupling strength decreases with the increasing order of spin waves;
(g) coupling strength for each spin wave is linearly increasing with the thickness however with different slopes. The FMR mode

(p = 1) has the largest slopel™.
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Fig. 30. (a) PT symmetric cavity magnon polariton system. The eigenvalues varies with the loss-gain parameter P when the detun-
ing (b) A =0 and (¢) A= —0.3, with the solid and dashed curves respectively representing the real and imaginary part of eigen-
frequencies. The cavity frequency is set as wc/g = 5. (d) PT-symmetric phase transition diagram; transmission spectrum for differ-
ent gain-loss parameters: (¢) P = 0.5, (f) P =+/2, and (g) P = 2. The right panel in (¢)—(g) shows the zero-detuning spectrum.
(h) Transmission spectrum of a bare cavity. (i) Half-linewidth of CMP modes as a function of the gain-loss parameter P at the zero

detuning point. (j) Sensitivity at P = Pgps, symbols denote numerical results and the blue curve represents the analytical formula

(42)209,

SR, T8 R EP SR A5 i 3R
R 2 [0] A 00K 22 B AN 37 i A8 4k SR T =
B EP s BF 3 A A AR A i BE il &, R 5 X 43 (D
] 30(f)), AR XEFE I P A~ 43 S 06 2 [] A0 401 % 2% .
HATM RS T, T B BRI, T
B i I SR IR 5 Al s IR AR ) A 58 2 Bt A1
IR, 78 =B Ioh i P = Peps i, 12005
N

Sweps /g = —sgn(A)80, 80 = 21/3| A3, (42)
X 5BUETH RS RO —3 (78 EP SRR/
JEREIN, WK 30(5)). TEVEHIS%A| < 0.06 AYTE
W, 5T g ~ 1 GHz AN |8B] < 2 mT),
T | A3 B SR, 355 081 4 8 BRI A 2 A
IE T AN s /Y 1/ N 5 i AR A, o
N R BI4M SR BEL. 2 e S falole s i e e 2%
B, BII3 R dweps| ~ ke, BERBUE AT RN A
R
27C"
Hr C ~ ¢?/k2 58 FE A PIFE I F (cooperativity),

|8B| ~

(43)

Y0 L3 AE 103—107 109255:256] S H LT, fin i
P GRS GHz, ZE % 4 MHz, W) R 808 Al Al
NP 1071 THz Y2 3 e Y i e Se itk A B 145
DRI P T 2 A e,

5.3.3  AFNE-#T R AT LR A

FRIEREE T REWWTIE, FFE— D E R
fil, BRARnar S B JRAA AR SR R 4. A, 3
A4 e s 5 A AR P A 76 T8 B R
TR R AR, 2 B & — Ay
JE P RRETE/NER, 5 = AN EAREE L5 1) b A B 4R
BOLS IO T8 T IR S, WA 31(a)
PR, ASHROE 5 IR FE IR 22, 1%
il A A, BEASDEERR THt IR
WA, R GERERCH — R R — DR B RO
T, WAl 31(b) Frzn. HORLLE AT, —REAL G
IRNT I 2 EIIRIR, R GEW— 5 A —
AR HIET, WK 31(c) B, X ARG
BRI CIE i)

057503 -32



) 32 3R Acta Phys. Sin. Vol. 72, No. 5 (2023) 057503
(a) (b) Blue-detuning (d) 5
4F
Optical cavity % 3k
\
1F

s

_—
— "
o

z
xA/LAy

" Circularly polarized
laser beam

Wm

B 31 (a) oG T R GE; (b) BE QTSI A SO0 3R T Ot 24 I SR, B
— TR — AR BT () DB T AR AA R R ORI

(© ST, ABOLH N TIF IR, Bt
() R B V8 1R 7 02 A 272

<w,

\ (¢) Red-detuning (e)
Wias cav

| |
i/B“”" =440 pT

‘
) ! Bopt = 333 pT
Wilas '

Bup/ (102 iT)
N W [N B e

\ |
MPT (M0
| |

— T — AR BAR A T
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Abstract

In recent years, with the rapid development of the emerging technologies including the internet of things,
cloud computing, big data, and artificial intelligence, higher computing capability is required. Traditional
semiconductor devices are confronting huge challenges brought by device miniaturization, energy consumption,
heat dissipation, etc. Moore’s law which succeeds in guiding downscaling and upgrading of microelectronics is
nearing its end. A new information carrier, instead of electrons, is required urgently for information
transmission and processing. Spin waves are collectively excited waves in ordered magnets, and the quantized
quasi particle is referred to as magnon. The propagation of magnons does not involve electron motion and
produces no Joule heating, which can solve the increasing significant issues of heating dissipation in electronic
devices. Thus, magnon-based devices have important application prospects in low-power information storage
and computing. In this review, we first introduce the recent advances in the excitation, propagation,
manipulation, detection of spin waves and magnon-based devices. Then, we mainly discuss the researches of our
group. This part is described from four aspects: 1) Chiral magnonics, including the chiral propagarion of
magnetostatic spin waves, Dzyaloshinskii-Moriya interaction(DMI)-induced nonreciprocity of spin waves, spin-
wave propagation at chiral interface, magnonic Goos-Hénchen effect, spin-wave lens, and magnonic Stern-
Gerlach effect; 2) nonlinear magnonics, including three-magnon processes induced by DMI and noncollinear
magnetic textures, skyrmion-induced magnonic frequency comb, twisted magnon frequency comb, and Penrose
superradiance; 3) topological magnonics, including magnon Hall effect, magnonic topological insulator, magnonic
topological semimetal, topological edge states and high-order corner states of magnetic solitons arranged in
different crystal lattices; 4) quantum magnonics, including quantum states of magnon, magnon-based hybrid
quantum systems, and cavity magnonics. Finally, the future development and prospect of magnonics are

analyzed and discussed.
Keywords: chiral magnonics, nonlinear magnonics, topological magnonics, quantum magnonics
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