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Propagation characteristics of fast and slow light in
non- Hermitian hybrid system

JIN Jingwen, LIU Hongyu
( College of Science s Yanbian University s Yanji 133002, China )

Abstract: In order to study the propagation characteristics of fast and slow light in non- Hermitian hybrid
systems, a non- Hermitian magnetic quantum electrodynamics (QED) hybrid model is proposed. The model
consists of two microwave cavities and one yttrium iron garnet (YIG). The model uses a strong pump field to
drive the magnon and a weak detection field to detect the microwave cavity. The research shows that the
magnon- induced amplification and the propagation speed of fast and slow light can be increased by adjusting
the action strength of cavities and magnets as well as the dissipation ratio in the microwave cavity and the
magnon. The results can provide a reference for the research of quantum optical manipulation, quantum
information storage and sensitive optical switch.

Keywords: non- Hermitian hybrid system; optical amplify; yttrium iron garnet; microwace cavities; fast and

slow light

0 3

i

5T R WYL TE 1 E R 23 bR b B AL A R A BR (YIG) th T BT REALBEL AR L 55 i 4 B 5
LA Ll 1 5061 Z 81 B A 38 i G S AR PR T 32 B2 TR ST A TS R W e & 1k e T2 R EE
FEAEA THE A RFEO &, 2021 48, SCHRL5 00 /R 3 76 o i ik e 3 g 2 vl 5o 9195 2 K 3 5 30
THEEWA BT IR Z MR & . 2022 47, SCERL6 JRIME# B I T — AR JE KR 0% L B B 7 e 3 ) iR &
B S5 R R AE PT SRR 1 JR Gt rh e 788 -8 2 I AT L™ AR R e i 2 25 3 T DL B9, AR S

YR BRI 2023-01-08

E£WB: BXARPIEES (62165014

E—1EE . £ EA998—) L WL HFIEE BT JT 1 A TG
BEMEE: XM (1982—) , 53 1+, Bl #0820 95 O ol i 7.



CHER] S E SR DT SRS ENA L S B VLS (R 219

HESL T — AR JE K R i T LB IR A R ORI T R RS A X R T S BOR T Y BE m L R H
JI T AR T L X PR I £ 47 9 77 .

1 FEREEBETHEINFREARAEERERERM

AT — A SRR A T e FIRG R 1 RS A 1) 2 LA SR
BH 45 H, % 2 110 ) ) Pl B BT b R i 1L, - L R, - R, R C, AT LABEHLUIR & RGP iy AL i A
9 YIG Bk AL P g L, - Ly WRy, — Ry ALC, RBEHEL 5 B i i b 9 Ly R, G SR, YIG BR A
A Z 1) B FE BRI T8 45 23] h EL B Ry AR Ly ok B (b i M R 5l s ) Pl 2ok 2 43 XL S Js 1) oL ¢
C MfEm /N T A FE B RSB A C, F1 Cy BIME, JEF it n] LIFEE A FE B Z (A Bk EX.

P 1 Ch) J2 H 1 1 Ca) B A ) IR 1 2 B M S o e 0% g 2R Rl T 8 A2 Al 4~ T 58 SR bl v
M . 3 S R S LA TR ACAT 2 A4 it e R R 2 AN KRR b 1 RN 2 3 4 B 4 A O
VLSS B AL S AN D) L TR AE o — oy Bl P T AR B JE G 1] B9 R AR B S A e
Wk Y1G 3R AR 5 T3P 28 SO L B B 52 S B O 1 E B IR TR A R AP R AR JE KRR L AR
BIORS& FAR TR 5 29 1] LCR o A8 B S B, HG rp R ORR 45 08 ROE 119 2 rit L 3 5 8 5 R 1 08 5 0 iz
RS

cavity B

c r - 1
b
| [
| Ro |
| o
I |
I [
L -

L
C

IR

capacitor

cavity A cavity B

(b) WA RKMFROREE

ge" 5 r :
— | Microwave | Microwave
photon mode photon mode
Ao a —lp b
g r

(o) FEJEARIR A R G2 M I AL L L 1)
E1 =RBEMT-ATFRARSHER

B 1N RGEMFEABIRL LR G ALHEE A FIE B o i O F 8 a 1 b, DU YIG BRI b i i
TREL e PO T8 a 50678 b 2Z 8] s (A 7 A AR T CRE AR T B0 e S 0 B ) DTl a 5
T T8 o 2 1) D W A A 1 A EAE T R B A B0 ¥ 5 588 R R @) o T AR 8 PP A A 22 35 000 A 1 26
RO BT IO T8 @ R 115 ¢ Z TBAFAEA] TRl AR RO & . 340, th T R G & 2 B8, e 1
FORZ IR DRI I A HP Y B W I 2 X YTG BRMAR 7 A S A T CLL B Lk % 1 58 14 1 16D o IF A= BRE B RE
T T S N TAREA R ge). RGEMAMNOLZE ¢ HhATRE5 FIFE BORE & 18] 9 A0 58 ™ A ik
1 F 6T IR A Z e WAL R Tl SR A FL A FT G 5 ) Rk,



220 SN K2R CA AR D

#
g

H=w,a'a twb'b+twcctricav+ed'a)+gleta’c+cla)+
iQCte " — ey + 1€, (afe """ —qe ). Q)
Hbza b Fle 43510206 F1BE a SG 718 b FfE 1 c BEEREART; 0 WA, HIE A FIE B Z I8 #Y SR 3k

2P .k, -
RN HE s Q BRI Q=§7 VNB; 0, HEMGHE, o, = ha‘;f'c s w,, ARSI B,

AR 22 15 2 L 22 R T R A R 3K 3l 0 E R T BN T R A U R AR I G R R S AR A (D g
IE S A FTARTL 2 ¢ =0 BF, REMHELLAH TG Y ¢ = iF, RE A R AFEHGR A, 25K
RN w,, B FAEHE R HE SR T ARAT 1A s i oh

Hy=20a"a+200"0+Acc+rea’db+eb'a)+ gleta’c+c'a)+

Q" =) Fie,(a'e ™ —ae ).

HbA =0, 0,0 =0, 0, A =0, —0,,0 =0, —o,. R EXEAHEFERE W07
FE X 3R GE R A7 5K it mT A4

a=—iAa —ire b —ige e Fe, e —k,a+ /26,a" (1),

b=—iAb —ire’a — b+ /26, b (1),

c=—iAc—iga+Q—k.c+ /26 ™).
Hvew, e, Bl 35 a B b ARG ¢ MRI0R o™ () (6" () Bl ™ () & BA T BIE 1 E 25 i
AMEFESRE L g7 =0 (g =ab.o). MG FRZ BB IR sh i, BTG 4 & A Bk gl . Rtk A A 1%
RGPS — MR, > 1. T340, i T RE 7155 AR 58 18 2 45 o 2% A B FH Y L A
1 9 W R REARAE — DR I IR (a, > D).

Xt RGN T W2 0T R AT R (R R IA K N o =0, +0.e P Ho0 e s o=a.b,)T]

, e b, + gec, rea, ga +Q
4B Z 53 ik - > = =
MERERZNIREM N a, N, . b, A e N
TR AR B R G B PRI (20 o =0 BYARILARTD A 15 .

GA —rDa, —ire b, —igec,+e, =0,

GA —wr)Db, —ire’a.=0, (2

T% PEAL A BT 2

(A —kJc,. —iga.=0.
/E\:':F' Aa:Ab:Ac:A’A:6_A:6_Aa(b.c):wpr W a(h,o) m =L (2) A1 ?ﬁutﬂiﬁﬂ[’ﬁjﬂj ay i i

a. — SI;" ﬁLFH%JA%’Jmi%E’J% At(eout €in m)j‘ %zbﬂﬁﬁ?ﬁjﬂj%
K, — 1A + : g'e”
Ky, — 1A k., — 1A
2k, 3 — * )
Bl e, — VPO R R Rk %Rﬂ%J:J7K§%W+%@%%m@ﬂ,
HEXEL N Im[e,n]= m(;; —a. ).

2 JEEKXBRERLSHNE SR KM
E%ﬁﬂ%%mTw:mx$iﬂmﬁ%mﬁ%%%i%mWﬁﬂ%ﬁﬁ%ﬁﬁﬁ%@%ﬁﬁ
2 45 1 W T3 €, B . 4% 5 804 =2

“v 1 MH — 1 MHz. 5% — 2.1 MHz, 2> — 0.1
Z72 2927. Zyzf .

T on T T b1

MHz. = — 0.1 MHz.
27



%3 4 BE LSRR KIS RGP PN S ) % 4% 1 5 221

2K a . . . X .
e = L RAL, RN 7 1 37 S R BT L R
Epr
JEe o | =i
K,a. (Y Y , N | 1% =g ﬁi- z
e, =1 — Tt A 5 AT OO0 [| vl
" 0.9998 | SN fh A
¢, = arg [eon ] . B 2 A [F] B BGRB9S 58000 375 1) 35 55 & 09906 | '\\\ i ‘l\ /
B, [P GRS /A, W ZR . FCr I 2 10 i RS A o 05904 | Wil
J}ﬁyizso MHz;@éﬂ%%\%ﬁﬁ’ﬁ@ﬂﬁﬂﬂ%ZO.l MH? 0.9992 | VAL
N > = > , 2 Rk — N 0.9990 4 + L L
W Z ARG ARG W ERKBRR |, |*: LLRERBEERA 0 04 08 12 16 20

Jp 2 =0.01 MHz B X RG T BLA M R/NBH 0, |7,
2n B2 FUGHEHE |1, 5K 5/A

HI I 2 a DU I B GE BDGIF S ORS00 Bl Jes 0 =22 1] #) B
A R EE B3 T T

3 REXAEFERBEREDHIEE

J
Fh1 i 4 370 0 R 07 7T A 7 5 f“E‘J%%ijSiﬁ:ﬂvrg:aj’ = arg [e,, ] LA B AR AL ] O f%

9 1 P R T MR O 0 2 P 0030 TR R 9.2 o, > 0 s R R I 1 G £ 0 5
v, <O By RGO B B S DG A 4
3 W AE S R RERE B Cp =, /i) BN B0+ 28 0 LA I S L A4 P O8R4 B 0 e
L GRS /A, T TR, I 3 Ca) WA RN TR L R SR B VOB . LR G i B ik b
%%ﬁﬁ%%ﬁMTﬁMLm@MM‘MHéﬁLFﬁ??ﬁmgwﬁmﬁ 5 56 1 3, L 5 i1 B ke i
I A T 1 380 T /0 P A T 0 S 80 A AR O T 20 52 BB S 9 6 4 T LS T
2 0 I O A 5 4 VﬁMMAJHTTU%Mlmmm&ﬁ%%

10 s
) X 16 x10 :
(a) () | = 70
Yl O 140 1=80
AT \/ RX7 7 : —n=90
b " V- =30 12 ;
ij n= |
2t 1 — =0 10 '.'g gr'
& | e 8 I
3 F | \ 6 \:é' ‘HI
;! [ity
-4 | 4 F Iii i
‘ if fi
st ‘ \ 2 it} i
0 \‘*¥7 ‘r_//-.~¥
-6 L L L L L L L L
06 0.7 08 09 1.0 1.1 12 13 14 0.80 0.90 1.00 1.10 1.20
/A 6/A.
B3 BEE:, GXIE/A BHXER
4 ZHig

AR SR AR LK LB T L B0 73 R A 3R S B B M T DR 2 o TR A K B g
AFCEL A VR RE T 5 I 6 B0 R L S0 90 A4 SRS 0 0 L O 0 A A0 8 3 9
FEMCHE 7 T LS8 DDA O 0 4 3 FE. A% SCBIF 9 45 5 Ty it OB 25 BRI T 1 A7 L S RO IF
M TFAE B 2 {545 HOTF 21 T R f PUBETR R I3 7 5 M B A HE RO A 0 R L 2
T BT B AT



222

SN K2R CA AR D

&
g

S 3k

(1]

(2]
(3]

[4]

(5]

(6]

7]

(8]

(9]
(10]

[11]

(12]

YOU J Q, NORI F. Atomic physics and quantum optics using superconducting circuits [ J ]. Nature, 2011, 474

(7353):589-597.

MILLS D L, BURSTEIN E. Polaritons: the electromagnetic modes of media[J]. Rep Prog Phys, 1974,37(7) :817.

CAO Y, YAN P, HUEBL H, et al. Exchange magnon- polaritons in microwave cavities[ J]. Phys Rev B, 2015,91

(9):094423.

GORYACHEV M, FARR W G, CREEDON D L, et al. High-cooperativity cavity QED with magnons at microwave

frequencies [ J . Phys Rev A, 2014,2(5) :054002.

YAN R Y, FENG Z B. Controllable and accelerated generation of entangled states between two superconducting

qubits in circuit QED[J]. Opt Laser Technol, 2021,135:106699.

HAN J X, WU J L, WANG Y, et al. Tripartite high-dimensional magnon-photon entanglement in phases with

broken PT-symmetry of a non- Hermitian hybrid system[]J]. Phys Rev B, 2022,105(6) :064431.

ZHAO J,LIU Y L., WU L H, et al. Observation of anti- PT - symmetry phase transition in the magnon- cavity -

magnon coupled system[]]. Phys Rev A, 2020,13(1):014053.

ULLAH K, NASEEM M T, OZGUR E M. Tunable multiwindow magnomechanically induced transparency, Fano

resonances, and slow-to-fast light conversion[]]. Phys Rev A, 2020,102(3):033721.

LI1J, ZHU S Y. Entangling two magnon modes via magnetostrictive interaction[]]. Phys, 2019,21(8) :085001.
WANG Y P, ZHANG G Q, ZHANG D, et al. Bistability of cavity magnon polaritons[]]. Phys Rev Lett, 2018,120
(5):057202.

CHAKRABORTY S, SARMA AK. Delayed sudden death of entanglement at exceptional points[]J]. Phys Rev A,
2019,100(6) :063846.
ZHANG X, ZOU C L, JIANG L, et al. Cavity magnomechanics[J]. Sci Adv, 2016,2(3) :e1501286.

(EEEE 208 )

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

ZHANG L X, GAO H J. Asynchronously switched control of switched linear systems with average dwell time[]].
Automatica, 2010,46:953-958.
YU Q. LV H. Stability analysis for discrete- time switched systems with stable and unstable modes based on a
weighted average dwell time approach[J]. Nonlinear Analysis: Hybrid Systems, 2020,38:100949.
ZHAO X D,ZHANG L X, SHI P, et al. Stability and stabilization of switched linear systems with mode-dependent
average dwell time[J]. IEEE Transactions on Automatic Control, 2012,57(7):1809-1815.
ZHANG J F, HAN Z Z., ZHU F B, et al. Stability and stabilization of positive switched systems with mode-
dependent average dwell time[J]. Nonlinear Analysis: Hybrid Systems, 2013,9:42-55.
YANG J Q. ZHAO X D, BU X H, et al. Stabilization of switched linear systems via admissible edge- dependent
switching signals[J]. Nonlinear Analysis: Hybrid Systems, 2018,29:100-109.
HUANG T T.SUN Y G. TIAN D D. Finite-time stability of positive switched time-delay systems based on linear
time- varying copositive Lyapunov functional [J]. Journal of the Franklin Institute, 2022,359(5) :2244-2258.
ZHANG ] F, HAN Z Z, ZHU F B. £,-gain analysis and control synthesis of positive switched systems[]].
International Journal of Systems Science, 2015,46(12):2111-2121.
HU S Y, WANG R H. JIAO T C, et al. Output-based optimal £,-gain control of weighted edge-dependent
switching positive systems by a new copositive Lyapunov function[ ] ]. Nonlinear Analysis: Hybrid Systems, 2022,
46:101260.



