) 32 Z 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057601

AR R B R R B T R SR

ALY RERY

K®

T2t HAp

1) (FEIMLZS R KA 24 BE, Fi st 210016)

2) (WA TA2Be i T B LRABE, W3 215500)

(2024 4F 12 H 16 HULEI; 2025 4F 1 A 7 BB

S 0 BRSBTS 3 B B R S IR IO T RE ST JORE T B S AR O S, X R 5 Y T
ey A T LSRN . AR T AR 2 B RO 4 8 B A 7R 5, BIFSE 1 RO IR T b DU 1) 2 B e R
BT A AR AR A B 503, T T WA X R BELJE 7 A S LA B SRl Y A 5, SRR
A OB A5 S R AT LU, AR T RS 5 RS MR C R . HAh, A SCUL o BT 18 X2 b LT A SR
G R - BT ELAE AR B AR B R R R T B X I B4 B B A e AR A, DA AR T

T A B SO0 Y AR TR AT BB

KEEIA: WL, TR, e &
PACS: 76.50.+g, 85.70.Ge, 75.10.Hk
CSTR: 32037.14.aps.74.20241730

1 5 =

W B2 2 i i JUARTE RG22 FDOG 5 W A B
B DL B AT TTAIESE Jy ), ILASE T TR
T S RENER RS T Z RIS A E R 0L
TR+ AT IE SR T #E B+ B BN FERL
T 5 A E AR R B A R
G EA B TR D20 BT, X —4isE
S TR Z MBS R, Bl sk A 1 XU
FEE B2 R 2 g0 650 e 1R A A BY AR AT
P EREE R, FENH b, RIHRE T 506G IR
FI# RS (transducer), BE AT DLSEER G0N A0 B 2 (8]
At 48 200 A, AT L2 S B Al AR AT LSt B =2 1] 7
g B2 OO TG 15 B IR IR B AR i 2
AHH]H.

* ER HRFIEIS (HEHES: 62374087) BE B
T EfEEH. E-mail: yuhailin_ 79@cslg.edu.cn
1 BIEYEE. E-mail: fryxiao@nuaa.edu.cn

© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20241730

FUHT, #5518 RIEOL T Z AR & 77 X — i
AWIRE. 251 AT ROV RS, BE A
Bt (YIG) TR AE SR s i i 10 i MR Ak,
A5 P il e i WA AR A EL A PSS BB &, AT
SCRLR W T TR 0L 5 2 AT SRR RE
BB G, — AR AT WA BT E A T IR M 10
TRL, i TR AR BRI 2, TR AT A
AR SR, BB IR IEAAAE SO T, —I02
BRARIEIRIEOE T, BASEBERAE, 73 —J= AT
e AT LR R T S T RS IR IO
TR AAE T, PR BT — o ) 2 ) R Y 1
TG TFAREHT 03T A1 B 5 AR R 5 75
S 20 RAE 0T 0GRl 2 IR M BT S 0 v AR
E 2O 2. miH., T PR SR Z A
TEFWAER, Sl 1SRRI 2 T 3z 1%
X ARSI T EZ e R, XA EEH

http://wulixb.iphy.ac.cn

057601-1


http://doi.org/10.7498/aps.74.20241730
https://cstr.cn/32037.14.aps.74.20241730
mailto:yuhailin_79@cslg.edu.cn
mailto:yuhailin_79@cslg.edu.cn
mailto:fryxiao@nuaa.edu.cn
mailto:fryxiao@nuaa.edu.cn
http://wulixb.iphy.ac.cn
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 Z 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057601

JE IR AL IE S35 F R BT HA B AR L ST R
A B8 RS T T T 0 AR R R R
N ELE.

FIAT, B 7RGSO TS RS S
B TAEZ AN, b E— e A TR DTl
A BT AR B2 0, 24 YIG /NERCE e
TRl v i M 2 90 5 S B -0 TR S B
Br 7ot oh, LAsEg B b i O A 24
W Z ARG B 2 S U9, FEmg - Uk, wbE
KUZ B2 2 R T LA™ A2 P A TR,
1115 EL #5551 22 () ] A o 5SS 4R S VR
Ok S B AR AR H] B8], 7 B3l Y BB F 5T
FRATTTE T 5 S & A R SUZ 1 P41 145
XGRS VR, 2087 1 P TR
ARG 3 IR 25 101, R, I AU 18 T R TS50
TZ IR TR S . WARRE T 56T Z @ THE
HUOWRRG, B AT B S R RO 5 TR N A7, IR
LIRS TR Y EEESL? BN, RTA R ERLIE
WG Ie M UREAFAE? BEAUZ P i 523l 5 1
PRI ZEBHJE B ? e Tk 867 1 AR SO
TR REHE— 2D WS T IR IR v AL T 52 45
B IIRERUZ FFRYERLE UG, It A 4
THET 56T 3 F 2 T R L R B, IR
TR EER.

2 EALy%
21 &= H

1 7 SRR 2 5 0 T P e 1 2 R AR A
TEE 1(a) , PRASERRE )2 8 FE OB IR 1 B
MR ENE (B R KM #S) b, WA
TR A A A R S R E T, AT
SR PR R VR iR s e B B R TR TR AR X
— AR IR ISR T2 U B 2045 T — Lo B,
B 1(b) 450 T 73 Ah—Fh a5 A8y FE RO IR 1
HRORE N B )2 LA — I W U2 2544
FHEEFE 1(a) FISEAARIRY ) f 02 rh (1) S 1 58
HEW S REWE T 5T N E NS ER; [
BsF, AEG R, PRS0 R S VR D B TR] 22
A WAAE Wik, X —HY #5101
TR A2 4 BRI A 5 VPR s A Bl %) 1) 4200 5 [ B
AFAE, FLNG S ] LS Sy 140

H = w.c'e+wala+ wpdld

+ G, (acJr + caT) + Gy (bcT + ch)

+94 (ab" + ba') (1)
o we, w, FT wy 43900 Rl iR s e 7 10 iR A % A
BET-a 55 b (0%, ¢ (c") . a(a") FIb (b7) HIEFHI
WEF IR (774:) 54F, Go Tl Gy 200 N1 a il
W b 53 0 FIERIEOC T R G R, g AP
BT 3 R AR 47 R SR 7 (1) 3%
HHET, AT TR 56 FIREIAAER- M - h
DL Rt ¥ 5 G 1 A A A A E ] M, - My Y
SFHIEATALEE, BRI w37 h ARG ALSREE M I
i o B G — ke T4k 17 R Holstein-Primakoff

K1 OO IRE O K RIAE) 5P )2 (5%
O B) AR EREEL  (a) BICH NS IR AT B3 R 1 114
Zevi I, — 5 B G, 5 — Ay HE AR TR R I (R
PR M LR), SRJE AT 3 A0, P R S T A T AR T 1
ANENLE, TESMES T IE P A G, X A g 7 1
F I 5 A T B R RS S AL E I S R R O TR A
T AE P AN 1 ¥ 1 2K =2 TRDJE B TR B A # 4E TH (4 (e 4k
[); (b) AT (a), PIASREVEZBCE —&, BR 138 - 5 4
BRI VR (B R R ) Z 4b, WA 1 18 =t 3
i P A B T I R VR (B (B S 4R IR

Fig. 1. Schematic of devices containing microwave cavity
(long grey cylinder) and two magnetic layers (brown and
blue disks): (a) The microwave is fed to the input port of
cavity and experiences reflection and transmission, the
transmitted wave gives rise to standing wave inside the ca
vity due to multiple reflections, and then exits the output
port of cavity. Two magnetic layers are placed at distinct
positions of cavity and excite two magnon modes under ex-
ternal magnetic field and microwave driving, an indirect
coupling of two magnon modes occurs (green dashed circle)
due to simultaneous coherent/dissipative coupling of two
magnon modes with the common cavity modes; (b) con-
trary to (a), two magnetic layers are placed together, the
interface exchange coupling in the magnetic bilayer results
in direct magnon-magnon coupling (yellow solid circle) be-
sides the aforementioned indirect coupling (green dashed
circle).
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Fig. 2. Microwave transmission spectra and imaginary parts of eigenfrequency for single magnon mode, microwave transmission
spectra of pure dissipative coupling (G = —iI") with (a) I'= 30 MHz, (b) I' = 60 MHz; pure coherent coupling (G = g ) with
(c) g =30 MHz, (d) g =60 MHz; (e)-(h) imaginary parts of eigenfrequency as function of detuning Apc for each coupling in (a)-(d).
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Fig. 3. Microwave transmission spectra and imaginary parts of eigenfrequency for two magnon modes with pure coupling: (a) Mi-
crowave transmission spectra of pure coherent coupling (G = g=g,= g, ) with g= 20 MHz, and pure dissipative coupling
(G =—iI' = —il, = —il} ) with (b) I'= 20 MHz and (c¢) I'= 45 MHz; red and blue dashed arrows denote the positions of two
zero damping conditions; (d)—(f) microwave transmission as function of detuning A¢ at zero damping conditions; (g)—(i) imaginary

parts of eigenfrequency as function of detuning Ay, for each coupling in (a)—(c).
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Fig. 4. Microwave transmission spectra and imaginary parts of eigenfrequency for two magnon mode with both coherent and dissi-
pative couplings present: (a) Coupling strength G = (30 — 20i) MHz and damping rate ka = K = kc = 15 MHz; (b) the same as
(a) but with ka = kp = 30 MHz; (c) coupling strength G = (30 — 30i) MHz and damping rate ko = x, = 30 MHz and ke = 15 MHz;

(d)—(f) microwave transmission as function of detuning Ac at zero damping conditions; (g)—(i) imaginary parts of eigenfrequency as

function of detuning Amc for each coupling in (a)—(c).
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Fig. 5. Microwave transmission spectra and imaginary parts of eigenfrequency for two magnon mode with interlay coupling present:

(a) Interlayer coupling strength g, = 100 MHz, (b) ga = 200 MHz, photon-magnon coupling strength is G = (30 — 30i) MHz;

(¢), (d) microwave transmission as function of detuning A at zero damping conditions; (e), (f) imaginary parts of eigenfrequency

as function of detuning Amc for each coupling in (a), (b), the green curves represent the results of g, = 0.
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Abstract

Experimental and theoretical studies have shown that a single magnon mode and cavity photon can be
coupled coherently and dissipatively, with the interference between two types of coupling creating zero damping
effect. In magnetic bilayers or multilayers, there exists more than one magnon mode which can be directly
coupled by interface exchange interaction. In this work, a single-magnon mode is extended to a two-magnon
mode and the effect of the two-magnon mode on zero damping condition is investigated. Using eigenfrequency
analysis and microwave transmission spectra, the analytical expressions of the zero damping condition and the
frequency detuning can be derived. By comparing analytical results with numerical results, the dependence of
zero damping condition on system parameters can be obtained. In the absence of direct interface exchange
magnon-magnon coupling, the zero damping condition occurs for dissipative coupling or hybrid coupling. As the
coupling strength increases, the distance between two zero damping points increases. For hybrid coupling, the
two zero damping points turn no longer symmetric, which is different from the case of pure coupling. Moreover,
the effect of interface exchange magnon-magnon interaction on zero damping condition is studied. The interface
exchange coupling results in the splitting of microwave transmission spectra, but the zero damping condition
occurs only in the low-frequency mode. As the interface exchange coupling strength increases, the frequency at
which the zero damping condition happens will shift toward lower frequency. Due to extremely narrow line-
width of microwave transmission dip under the zero damping condition, the result in this work is expected to be
useful for designing the magnon-based quantum sensing devices.

Keywords: magnon, microwave cavity, zero damping condition
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