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

030401

BTG RN R R E SEREE

54%Y

SES

-+

WEHD HED

1) (RIFIER2ZEY AR, B 030619)
2) (FPRHRH R 2 Rl 5 TR 2EBE, TR 400065)
3) (PEBEBE E R A L, B RRER A S S0 E, TYE 710600)

(2025 4E 9 A 4 HYE]; 2025 4E 11 A 10 HEHEHH)

T — MRS G RE AU AR GERE RS, BEISHE 22 b aT S B RT R A S ] Lk AR AN N e R
RGP YIG B 4540 09 G IR 585ty G B0 46 5 1R B9 AR 2 9 745 78 B O &, O B ALRGE 2hid i
B S Tyt — 2 SO0 R IR R 2o R A AR A 5 B AR 5, T R R R 5. A 3C
R R U, BRI 2 T s s AR, i TS S RIES R Q EAEA S IEW] | TR ALIR A
PRAG CRIORE AR . 25 2R S S VR R S 2R BORT LK W RN OGS AT R R, SEL T AR G 0B W
I A R 6T % RN 35 43 S T B RO R, RT LA 9 Y AG: I A SOt OISO G e A,
ABFFERTIE T ZR LT S LIR A T 98 1k R PR RO . WF A SR I T 85 05 B A A e 0

KB BOLRNIRSE, Al s EE S, iRk, g e

DOI: 10.7498/aps.75.20251212

1 3 =

EOCHURSE (COM) JErFEIE i DLE S
TS AU ARG R 5 -5 1, T
AT COM RGP RES Al LIS K IF 26558k
NE, BANSET1i55 537 B (OMIT) 29 Sl Ty i i
(OMIA)M 4 AHAZ P AR5 ) & O LU R R 2574
WO ZRGAR AR S LU 2% 1 J5 T R
A TEAE NI

pl = I EWNIAE LR PSPt I RS GP)
PURR SRR I RE 122 R 58 (CMM) H 0L Ji i
DUBR R G T 18 R 4 AR LR A A (YIG) 45
B AR YIG HAT AR i i F e s BE IR e
AR R — R AN LRI B T IR —1

CSTR: 32037.14.aps.75.20251212

RA W SIWF-6. Blntg 115 FE W (MMIT)!2
W% 7175 S Wl (MMIA) ) 244 3 040 3R 1l B
G101t iR ) DL R 2 g5 0T 1 e D
) R 1 R L B A i ) e 1Y) 3 L A
F T ERAL R S IE TR 5 58
B9 YIG Hh ™= A I RE SR 43 5T T #E 3R+
FFS - Z [ AR BAE HIN T S 80T MMIT. S840
e ZIEY], MMIT 2 —F 5 ek FE W (EIT)
FALAIAE TG RO, i REIR T A - Z A B HE
5 R A -3 TP RN fi

2 A g2 —FhOCRE BE IR, 7R TE B Rk
HAT {2 MR . TR 4R, 2423738 # i 29
BRSO AR, IO, e 1A AT LA R
TN TR B2 K Fe i s T8 AR o i i 129
R FH JE REATLAR 2R 49 v 1) A e P s SO 4 AH ELA

* EEPCHT AR S (HitHES: CSTB2024NSCQ-MSX0746) FUGE FHR GEs 4 E G S s PR S (HtES: KF202408)

BT
t iBfEVEE. E-mail: 2648287541@qq.com
i BIE1EE. E-mail: summit _gao@ntsc.ac.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

030401-1


http://doi.org/10.7498/aps.75.20251212
https://cstr.cn/32037.14.aps.75.20251212
mailto:2648287541@qq.com
mailto:2648287541@qq.com
mailto:summit_gao@ntsc.ac.cn
mailto:summit_gao@ntsc.ac.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 R Acta Phys. Sin. Vol. 75, No. 3 (2026)

030401

FHARSEIL. LAk, S (30 ik vl AZESEHLI R
45 v i 5 A TEUBE R 2 1 R SRR Aok 52
SAELE

BeAh, LA AR (Fano resonance) ! 1
DS D AR AT S R AW NG YL N SRS
WA E H— M AR RE LIRSS R & 71
WG, HARE RS HAK AR A ILIR G4k . i
T OR3P G s RN e, TR LR AR
VPG, Q0 K e PO AR ARk Sl dir
SPRAL IS 2T ZEHRAG N . EAh, 3 —Fh g il
MG —— RN, S OGB4 ™
AR . A T IE A 5 e S R SORD L R, B
DU AR e AR R 5 A Ak, BRI 9T IR SE,
FEZ IR T SRR AT I R AT Y. R
PECHE R T 28 oA AR IR 29 Sz £ 4l 150
857 TH HAT EE B B N F I

BT LIRARISR, 38 4 e DK T HL A,
BHA EDEFEE T, WS T COM 5 CMM 1Y
455, WL T —MopnFs & I OLREDLIK (OMM) &
G5 ARSCHER T I OMM 2 Gt P e s Fnol 2 s
iy O ETE AL RR I I 2Rl AR A SHL W]
DIA ks il 7 B 7 1A BICE: L R B RN T, RSt
TRERICTFE. HLAk, B SE T i 6 peg
A S RIS Y A ).

2 IR KA

K 1R TARSCHEFE Y IE OMM R 48, R 458
AL PR (a) . ABEEAEK (m) 75 TR

(2)

Microwave cavity

(0) FOEIEREL (¢ 1 ¢y). FRGEa it — > M55
— ¥ B A — R RO B R A O, YIG
A VR THT A TR 225 40 T 7 A I R DG B
ARG A MEA, TR . i
TN B TR 2 S i LR, R TR
A AERXAEIL R, A BERA G — R AL Ak
R, — SR KRR 2,
T REMS AR BN, A e S R R
B4 AER . 25 YIG AR A [ e sk
I, WA B A AR A — A RO AR AR AR, AR
TR P R o W B A S AR S L
il 55 A G AR R EL A B2 AN A
[FIBA RS BRI P T AN A, ASRAS G A
DGR P o R PRI, R Y e T ]
PAE idn et
H/h = waala + wpb'b + we, cler + we,ches

+ W 'm + gma(atm + am®)
+J (cgcl + ClTCQ) + gmpm m(b + 1)

— Gheschea(b+ bT) + i2(mTe w0t — meiet)

+ iE(cge—ith_ e2eh) gy (ateont_ geiont)
+iega(cge (1)

P RIS SR I, BT 5 WO R— AR
H HAEIIL; 45 6 W22 9 Wi 312 [ A B AR
T 4235 (o 2 2R G0 10 SR 2l 47 1) e 2 i AR 37 1Y)
. (1) XXPAHT 5 L, 5 (7) =a(al), m(mT),
b(bT), Cl(C1T), 02(C2T) ﬁ‘%ﬂ%ﬁ%ﬂuﬂi%\ AR %??\

— Cgeiwpzt).

(b)

Optical cavity

Probe field 1 |
i 7z

X

C2

LY by

YIG bridge © b c

wa
a m
m

( 9mb

e

Bl 1

(a) FEIG-BE-PUAR R G A, BLACOR UL, Tl 1 0 B 7458 200 o s A AR AR A 5, 7 7 50 2o € i 3 i 4 5

AR TR G, I A TR SOt R U G (b) SR BAEEL, B gre WROEIE SRR T Z RS ORIE, gme N
T 5 T2 EBEERE, gpe AT 56T Z A RS 58 B

Fig. 1. (a) Schematic of the cavity opto-magnomechanical system. Specifically, the microwave cavity and the magnon mode are

coupled via magnetic dipole interaction. The phonon mode couples dispersively to the magnon mode through magnetostriction and

to the optical cavity mode via radiation pressure. (b) Equivalent physical model. gmq is the coupling strength between the mi-

crowave cavity and the magnon, g, is the coupling strength between the magnon and the phonon, and gp. is the coupling

strength between the phonon and the photon.
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g. 2. Schematic of the energy-level of the cavity-OMM system.
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Fig. 3. Results under different coupling strengths: (a) Absorption spectrum of the probe field versus normalized detuning &/wy ;
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asymmetric absorption spectrum with normalized detuning §/wy ; (d) group delay 7 versus normalized detuning §/wy .
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Fig. 4. Results under different coupling strengths: (a) Absorption spectrum of the probe field versus normalized detuning §/wy ;

(b) dispersion spectrum of the probe field versus normalized detuning &/wp ; (¢) variation of the Fano resonance lineshape in the

asymmetric absorption spectrum with normalized detuning §/wy ; (d) group delay 7 versus normalized detuning §/wy .
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Fig. 5. Absorption and dispersion spectra of the probe field under different @ values: (a) Absorption spectrum of the probe field

with a @ value of 10%; (b) dispersion spectrum of the probe field with a @ value of 10%; (c) absorption spectrum of the probe field

with a Q value of 109 ; (d) dispersion spectrum of the probe field with a @ value of 106 .
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Abstract

In recent years, cavity opto-magnonmechanical systems have received much attention, and the coupled-
cavity model serves as a classic theoretical framework in this field. This work aims to construct a coupled-cavity
opto-magnonmechanical system to study induced transparency, Fano resonance, and fast-slow light effects in
such a system. By transferring phenomena typically studied in a single optical cavity to a coupled-cavity
system, we analyze specific phenomena detected in optical and microwave cavities, such as transmission and
absorption spectra, to investigate induced transparency. We also examine Fano resonance in the model by
varying detuning and study fast-slow light effects through group velocity. In this work, first, the corresponding
physical model is constructed. Based on the theoretical model, a reasonable Hamiltonian is proposed. By
introducing appropriate dissipation and fluctuation noise terms, the Langevin equations of motion are derived.
Next, the Langevin equations are linearized, and the resonant terms are retained to obtain the upper band O ,
which is usually associated with the anti-Stokes process. The amplitude of the field mode is then derived using
the input-output relation. Following the experimental data from referenced literature, a numerical simulation
program is implemented in Mathematica. By substituting the relevant parameters and performing calculations,
the results are obtained through simulation. For the first time, the interactions between photons, magnons,
microwaves, and phonons, as well as the interplay between photons in the two cavitie, are investigated in a
coupled-cavity opto-magnomechanical system. Electromagnetically induced transparency (EIT), Fano
resonance, and fast-slow light effects are studied in this coupled-cavity opto-magnomechanical framework.
Phenomena typically examined in a single optical cavity are extended to the coupled-cavity system, with
specific observations analyzed separately in the optical and microwave cavities. When the detection field
frequency is equal to phonon mode frequency, namely § = w;, the absorption spectrum splits, and the
absorption peak decreases from its maximum to its minimum. This phenomenon arises from the disruption of
quantum interference effects. The resonance condition suppresses the generation of Fano resonance. At the
resonant frequency wy, the group delay is greater than zero, indicating slow-light propagation, and this effect is
enhanced with the increase of coupling strength. Additionally, a group delay 7 is achieved. Meanwhile, on either
side of the resonant frequency, the group delay peaks exhibit a reducing positive value and an increasing
negative value, respectively, signifying the gradual weakening of the slow-light effect and a corresponding

enhancement of the fast-light effect. Investigated in this work are the magnetically induced transparency (MIT),
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magnomechanically induced transparency (MMIT) and opto-mechanically induced transparency (OMIT)
windows in a coupled-cavity opto-magnomechanical (OMM) system under a strong control field and weak probe
field. The MMIT phenomenon is observed through nonlinear phonon-magnon interactions. Additionally, the
photon-magnon interaction in the microwave cavity results in MIT, whereas OMIT is achieved through the
radiation pressure interaction between photons and nonlinear phonons in the optical cavity. The frequency of
the probe field is tuned to interact with both the microwave and optical cavities. When the probe field is
coupled with the microwave cavity, its absorption at the resonant frequency is significantly suppressed under
optomechanical coupling, resulting in a significant optical switching effect on transmission. The asymmetric
Fano resonance phenomenon, which reflects the existence of quantum interference mechanisms within the
system and influences the fast- and slow-light conversion processes is analyzed. Furthermore, appropriate
coupling parameters can not only enhance the fast- and slow-light effects but also enable dynamic switching

between them.

Keywords: cavity opto-magnomechanical system, tunable induced transparency, fano resonance, fast and

slow light effect
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