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Research progress of cavity magnon-polariton systems
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(1. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, Chinaj;
2. School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210, China)

Abstract: Optoelectronic chips are important for complex information conversion in the age of artificial intelligence.
The highest efficiency of electron-photon conversion is achieved through strongly coupled electron-photon states, partic-
ularly using the degree of freedom of electron spin has unique advantages. Collective excitations of spin can form ma-
gnons, which have unique merits such as long lifetimes and immunity to Joule heating. These advantages can be com-
bined through the strong coupling between magnons and high-speed photons to form “cavity-magnon polariton
(CMP). ” Recent progresses have focused on constructing high cooperative CMP, controlling radiation and transmis-
sion of CMP, understanding the perfect absorption mechanism of CMP, and developing electrical tuning and logical op-
eration functions of on-chip CMP prototype devices. These studies on the coherent coupling dynamics of CMP are ex-
pected to promote the development of low-loss optoelectronic devices and the cutting-edge information processing tech-
nology.

Key words: strong coupling, polariton, magnon, spintronics, survey
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and photon (a) system. g is the coupling strength, «, and «,

(a) Schematic of the linearly coupled magnon (m)

are the dissipation rates of magnon and microwave cavity
modes. (b) Four kinds of coupling regimes separated by the
relative strength between the coupling rate and dissipation
rates of photon and magnon subsystem. (c) eigenfrequency’s
real parts Re (w, ,) of the energy splitting. (d) eigenfrequen-

cy’s imaginary parts Im (w, , Jof mode’s damping exchange.
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(a) Schematic of the waveguide assembly cavity. (b-

tions of |S,,| and (@ — @, )/2x in three different cases

JEEAEMRER T 2 5 v 23 S R R o A
BEAWATEE N, A0SR i RO 1 = R — A
B0, IR A S M ) o S 3 e 2 TR i S SR
VR AR AT A HE 21 A% i 525 ke S 1 A8 A ) 2 5
HUBAAZ T8 . X P AR 19 22 40 m] LS B AT
M AL B AR AR IBURE Bl B R TGS K SR X TR
il B L IR 0, FRATTHT 5 ) B R AL A FE L
PN i<F S 2N N 7 B R Y UM 2SS P NN
SO T VIR IV R ) A i, DR 2 T T A R



5 BT 25 T~ AL OTE RS RO TS 625

AR R T RS S R AL
_2V2 it
3

21 7

(3)

X1+ Ao

e
i@ = @p) = Aoy
Hi Awy = a(w, + 0,/2) & 1T 1 FE B R %L,
g’ = (ls/4l)|:l - (a)[/a)CR)z}(a)H + a)M)wM. =TS
ENAS SERIV RS 2 O R RIS ¢ &)
T35 2Z ) R R R T B ROST e s T I 7
AR, X S M LA T B O SR T R
JEE N 32 3 AT 1 725 (B B e — A S 2 i 1), A
FEVFIETE BN, R bk 5 FE 20(3) 41 R 2% 18 %
=
1.3 WBAEEKRNETEEEIE

TE12.2 GH2JR T, SCHRL 71 I2EAT T =R SE
AR FERE il J5E J32 R0 4 s B8 X il 5 5 B g 1R 5%
Mo o S5 538 3o R AR it AR EE AN 0. Smm 3 /i 2] Tmm,
(7] B (R A s AR BN | L BI85 R 1) sz 28 U
Ao B B B R, g 2 (b)) M (e) iR, SE A&
BUAS AR B He ) 2R B0 T BN V2 o A,
PR KB W R K ) 242 mm(W = 20 + Is) , 6] i {15
0. 5 2K Ay FE E A i R 0 2 S BUR S A& L a0
K2 (d)fs. B2 (e) b Bah T SRR 73 25k .
TS ST A5 SRR T RE i JEE R R R A B X R S 5
JE (520

bR —4E CMP R 9 B B 1 A I AR
T HAA R E RO AR AR T B, 2 2838722 Ay i
MG RIRIRL T X RS RGN B 1T A
B T AN [ RS AL A RRIE LA | [a] i o A7 Bl
IR v 4 80 25 B A AT OGB4

2 BERFIRUETTH SR

2.1 SthERE#EFRLHT

T SEEUR OG- AR A R N H YL 9F
R ETEE RN TSI N DALY s B/ 7/ BLIE 2
SCRCE P AR . RN, % 48 0 I G - IR AR oT &
SR TCUR A, PR Wb TR P AR 308 b 37 35 4 s %) fL
T 300 5 . PR S R 4 R A% 5 4 R S R 3 A B A
T £ (3 () R B SR AMERE G R A
[ A FEHR, PT LR e 3 1S e s %) I i 22 8K, 1E 4N
SCHERL72 10 o P& 3 (b) Sl ol 428 1l B3 L R Sk
PRONIE 25, 0 5 5T DR ERORS )t 25 SR 1

i(a) - a)CR) - Aw g, +

PP 3 () . R 25 T 1Lk 81 36 7, [
B 7 5 A, 17 2 15 51 81, 500, H A 55 %5 3
ST RIS 0 A DR 795 = RO

FET LR AITEHE 35 00 6 1 T I 5975 0
WP HCR 25, W1 3 () ik . IERE TG T2 18]
ORI AR 0,/ N T SRR 5 , DRI 3 02 (5
5 532 W) (ML) A0S PR Y (EL K 2 SRR £ ot
VA B OB 1 PRI SR T, S5 A
5K 25 BT T — A SR YU BEN 2  s T
AR PR WP 3(d) B . 55 T Rk
HORE BIOMT L, 308 25 BB B 201 5045 B0 9 T
CHE OB EWIN . SHEGMB R,
R 42 4 B0 20 DL 5 4 382 o L AT —
AL U KR G = 25 LA
S

B RT3k 4 1 F O THGEE AN T 1
e | b 8 Jy 2 HE oD B T AR T
ST B TR HAR SR IR T A H 072 1k
ORTH , AESXTTRTGE P 3 o i+ — A R B R
BT 6 T B T D IR A 7 30 ) 2 i)
SR T L A T R 56D B b~ AR AR . T
3o 0 P PR R0 35 L B T — 6 TR MR T
(R T R L B RO T RO I A 5T
AR % B QAR X — S AE R 3 (o) TR
P50 T B E T R TR P S 2 A A
PR A LTI

S U TR 5 H IV L B TR 2 ]
(22 5 2 B2 S R RS . R A% — 7 T S 5K
T AR OB W 4 () TR . B Tr
T AU 53 A 4 S48 2 2 il 1 B 25
eI XIS ST ARG
BT b TR0, AR IR T A
e 4(h) @ BT Fem . Jorin, Bt o, 05,
AR 0 0, FE o JXSERER AT L pl 8 24
S RETE X A3 (4) A ACHL BE] T SN Rl
VAT A M e T 2% 5 PO R IR 22 i
P 0 R

Q= /((2 «AR) 4 2(02,) (2= AR)IQ, (4)

H0= +(A2) HA=zw, -w,. AMYEFEE
B o, IR F IR 0, Z 101225, xR, 5E
G 0, Mo, 7T LA SO . 1655k
i B R D IR o, I05E X R o, = INLC, Hih



626 AN NS 0 N ok 42 %

Port2
\N‘N | 7v
I8
e = el R o
S| e=13mm | Q,/27=5.7 MHz
' C
°‘A L :§ o _J\_,_j \\_7_)\7_ o
Port M L) \ 8.1 MHz
s \.\_JLf .
: P, 11.1 MHz
. | | 1 1 |
-20 -10 0 10 20
% (@-o)/2m (MHz)
(a) (d)
Voltage (V)
2. 2 4 s 6 7
I T T T T T
600 =
8 U —4 - 16 s
— F A S
&0 T o
8 F i e AP 0 1 g 14
'% .l.. del E = -0 00 10 E» o
sS4 @ f 1< 12 F{'
o _ 041
2| o 4 —1 -
o (F A L}
LﬁFp @u@ - 19
] 1 1 =0 001 1 1 1 1 | 1
0 2 4 6 8 -200 0 ") 1 2 3 4
Voltage (V) (w-we)i2x (MHZ) G, (109
(b) (©) (e)

B3 (a) ZREBEHE—DTTIEIRE , — G TR, —A i R0 A FTRIEE 45 , DR GER IR . T3R8 A,
P, G, 1 M. (b) BfiFE BB IM, A-P 414 16 /9 & 5L R T A0 G, BEVA 17 KT 80,000 #1300, 000, () A=0 1 =7V Bl 4t 1)
| S,, AR (Bl B A 8000 (BZR) o (d) A=0 Fl V=7V BRI 1Y | S, |19 B 43 24 b s A X B IR LU AR Q0 () BlE V
A G, s, I i) (5 B A5 (SR 2R ) AL ELARER Q/Q, 1 HL S I AR AR 1K™

Fig. 3

(a) The A-P-M device is consist of a passive cavity (P), an active cavity (A) with a voltage tuneable gain (G,), and an

YIG sphere with magnons (M). (b) The A-P cavity circuit’s Q-factor and G, are respectively tunable up to 81,500 and 360,000,

with the increase of V. (c) | S,, | spectra measured (circles) and fitted (curve) at A =0 and V= 7V. (d) | S,, | spectra measured at

A=0and V=7V with various Rabi frequencies €, determined from the mode splitting. (e) The ratio of Rabi frequencies Q/Q,

which is measured (circles) and calculated (curve) is changing with the increase of ¥ and G, . The maximum uncertainty caused

by the error from fitting the Rabi frequency is shown by the error bar' ™!
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(a) Radiative damping dominates energy dissipation in magnon mode when coupled with photon mode in a circular wave-

guide cavity, as shown in (a). Experimental setup of the coupled system is shown in (b). Simulated LDOS p, at d&=0mm and d=

6. 5mm are shown in (¢) and (e), respectively. Measured and calculated linewidth-frequency relations are shown in (d) and (f),

with black circles indicating measured intrinsic linewidths'™
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