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Fig. 1. The QBS described by a Hermitian Hamiltonian exhibits equivalent non-Hermitian dynamical evolution matrices in both

real and momentum space, which can induce novel physical phenomena such as quadrature nonreciprocity, EP, chiral transport, as

well as point-gap topological phase transitions, the non-Hermitian skin effect, and non-Hermitian Aharonov-Bohm cages.
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Fig. 2. (a) Schematic of BKC. (b) Schematic of a two-mode
QBS. The two bosonic modes are coupled by a BS interac-
tion of strength J and a TMS interaction of strength x,
both accompanied by tunable coupling phases ¢; and ¢y .
In BKC, the strength of SMS is = 0. (¢) The Hamiltoni-
an H of the QBS is Hermitian, whereas its dynamical evolu-

tion matrix M under BdG framework is non-Hermitian.

040606-3


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 R Acta Phys. Sin. Vol. 75, No. 4 (2026)

040606

HERG A SRR H AL, g #fE
M M AU 2 ERE T Ao 3L, &
UL ARG S i b Y BEAR JE R 3l g 2 A AR

Mt £ M.
|

J(e_i¢JM¢ + ei¢J./\/lT)

X S HCh N BKC AR LL 2N 2 1951 i)
B\ = (ay,..,an, aJ{, s a;r\,)T 1B BT H ik
3 iof T BRAN 7 B 10,0 = M@ (h = 1) 13 8 6 F
BKC 1 2N 4R LK) )2 A A B

M =
e —ke 0 (M + My)
/\EP)
00 0 0
10 0 0
M,=]0 1 0 0
0 0 1 0] oy

Mggc & 4 1~ N YERE FER R o BRI S50 Ff
2 L AER BS A EAE B RS JER R, Tk
XAk EACER TMS AR EAE R RPN RN B
I, Ptk BKC gl s 2 b e AR e ok
3 MQKC # Mgkc -

TEJE AR R, JE R R AN — R R 2l S8 HL
AAEA Z [ ZMETE K. SRR AR e R B, AAE
(HAEAE R R A ARMES Z M2 AR G, e KA R
AEE S AR KA i T r )7 B EP, X o2
Mg F AR JE K 3 J) 2 ) B R AR X T A
BKC H.IT, b K H 3 12w B (5) e
HEJ7FE det(M — XT) = 0, £33 P14 S 5 HL
TR AL ¢y, ¢ TCRIN BN I F R FEAE A
Ar=+VJ2 — &2 WK 3(a), 1E]J| < |k BB E, M
HAWA 4 EEAGE AL = +ive? — J2. 52
R, TE|J| > k| BT M EA B 4l S ECARAE
. FEPA XIS A3F 05 || = | k| ALARTERETE 56 4
B, RS 5EAERE —F EP.

BN S 2R AR (5) A1 (6), SEbR X PR
R T 58 2 AR R DX BB RRAE,, Wl 2 R T-25 /X
M ECMC T = —M, C=7,K N % IEEL,
Hr, =0, @Iy, o, WU 255/, In b NBY
PN, K OSSR, R 5O &
FUHEFEHIOC T EREX PRIV IE AAEE, 2N 43R
JEKBh Sy M 2 HAT N A i AR
g 3(b), LLN =701, )2 A e B
7 A ZEBIFANEE, B A —RAAEESS 0, HArx 6
XIAAEA T A = 0 XFR: Ay = £A(G)VI2 — K2,

KelPn (M¢ + MT) (6)
—J @My +eTIMy) | o
01 0 0
00 1 0
My = (7)
0 0 1
0 0 0 0) . n

Horpr A(j) R TS B R REL 5 N = 2101
BUAHTR], X EEARNAEAEAE | J| < |k| BITEOCF Rl fe gk,
AE || > |k BTG G0 AR b 40 8 5k 1k ok 46
SR R, BT ARNEEAE | J| = k| SAbE S, B
S AEAE R E B EP. AR, XF T N 4k BKC

Kk/J

P
7
// e
o
1h o
R .
7,7 -
P
"o
S s
~
S0
< NN
W T~
“
\\\
1L N
- N
N
N
N

1.0
Kk/J

0 Oj5 1‘.5
3 (a) N=2#(b) N =714 BKC 3 J7 2 b 4%
AALMH A+ BERHEA BB </ J B0 A0 W AR R ERAMEE
M8 Re(At) , £LE AR AMEE A9 HEHB Im(At)

for a BKC with
(a) N=2 and (b) N =7 as functions of the coupling

Fig. 3. Distribution of eigenvalues A4

coefficient k/J . The blue solid line indicates the real part
Re(A+), and the red dashed line indicates the imaginary

part Im(A+).

040606-4


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 % 3R Acta Phys. Sin. Vol. 75, No. 4 (2026) 040606

B, HLgh AR P SR AE || = [k] Ab B —
4~ N By EP.

3 ¥ %

AR 2E 0 Dy MR ARG | O SO 2
JHZ NS VR 78 R B G PR e SOl
EH S — DRI (TR A2 e BH A i
HURIR (BRI ) SR (B RR) T,
IR (HER) A, % H 5 MR &7
NP AL AR ThAC IR SERIM S 000, PRIZE
AR, R EEAERE R, 526k, dEH 5
PEIRAR WS B e B A5 B A& i 32 BIEHE T 10 )52
M), BIVAE A [R5 406 A% b %) 1 1) R [ A i HLA A
[F] AL e B2, W — D R H 5 55, A
F ) T ol o B A5 A S 22 8] B AR
FE R A A R . B T8 1025 B 5 o BRI ST
S, AEH 5 R IS AR AT LA A A TG FR
PR3 ST B4 RN TR A AR 1 39 45 = 2R 3
B

2023 4, Wanjura 5 2 ZEAFTRE 2R GeitA] 2
BOMNFRVERTETR T, TAPRIESE ) RGE R HTIESL
B S ewy = (a; +al) V2R py = —i(a; —al)/V2
SCRLT x M p AT Z M IEAS AR B S AL . an
Kl 4(a) BRI a1 Bl as 383G T1HR G
BS M EAEH (3 J) 5 TMS M EAER (R N)
HEATHR G . TEDLMBIIUR A TERAEL T, X RS
e AT v

H = JaJ{ag + )\a]iag +Hec.
RGEW ) )2z A T 2 0 # g = Mg—
VA 133, Horh M2 2R B, v = 21 x
3.7 kHz A2 P AU ) S DR . 7R I T AR, 2
JEH ¢ AR (a1, a0, al,ad)T, TR IERZ Y
AT AR5 (R B ) 8 (21, pa, w2, po)T . JH LI
SR A A S qou = gin + /7 B9 1R BT
SRR
S(w) =TI +7(iwl + M)™" =T +yx(w)

JEXT R GG AR AT A B, G e iz o SR B
X(w) = (iwl + M)~ [FIFE S RS G R, 2
S (w) B x(w) S XS FRAE PRI Ay B ) A5 i, L 2 ARXS
FRIFETCICRIE B o B4, ALt U L IEsS AT
S S 2E IR, MR BKC 1Y IEAZ 5843 )

T = _gxl + (J — AN)p2 — V%1 in,

p1 = —%m — (J +Nx2 — \/VD1ins

To = *1582 +(J = A)p1 — VT2,

2
D2 = —%m — (J+Nz1 — V/YP2,in- (8)

HJT=AT, &5 p ZEIRA T @M, M pe 5 2y

(a) Quadrature non-reciprocity

Nanoc,avity\

(b) ¢=0 ¢=m/4 ¢ =m/2

X1 P1 T2 P2 L1 P1 T2 P2 Z1 P1 T2 P2
T T

Transmission
Vlxel*/4
o
o

0 n/2 m 3n/2 2n
Quadrature angle ¢

Kl 4 (a) IE3CAEE 5 S Bm BEL 22 R AH X 525 0
0 (RE) JERE A ¢ AIEAS /T BE (Z06E) B A9 AR T 380k .
(b) TEACAEE. By . 52 3 i 45 9 12 Tk % % P 41k 1 B AH A2 £ ¢
14 AL AR B 5 AL AR Ak 5 B IR X R ARAE, B (x| #
IxIT. (c) &6 (p2 — 1) THA (21 — p2 ) EHAERF
JCAT ARG IEAZ o B A B ¢ S 15 Al PR AE L 5y . PIAL
WA AR BS 5 TMS #HEAEH (J=XA=~/4), &
SERIEZFE L. 2 ¢ =x/4m, EFEHHEWEK; Y
¢ = /2 W, A& 5 T5 1) 5 ) 02

Fig. 4. (a) Experimental schematic of quadrature nonre-
ciprocity. Leftmost: coherent excitation along quadratures
(red) rotated by ¢ from the reference gauge (black).
(b) Quadrature nonreciprocity, which corresponding meas-
ured susceptibility matrix amplitudes evolve differently
with ¢. Nonreciprocity manifests in an asymmetric modu-
lus of the susceptibility |x| # |x|T. (¢) The behaviour of
the elements within the green and blue boxes shows wheth-
er nonreciprocity can be tuned by the incoming quadrature
angle. Two modes interact through BS and TMS of equal
strength (J = XA =~/4), showing quadrature nonrecipro-
city. Nonreciprocity vanishes for ¢ = w/4. Furthermore,

setting ¢ = w/2 inverts the transmission direction!'?.
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Fig. 5. Scattering properties of the BKC: (a) Schematic of the setup. The leftmost, middle, and rightmost sites are attached to
waveguides (coupling rates kr , kns, and kg, respectively). A signal with a frequency w and global phase § = 0 corresponding
to an z excitation is injected in the middle waveguide and is amplified (deamplified) as it propagates to the right (left). (b) Amp-
litude squared of the scattering matrix elements plotted as a function of the frequency of the input signal. As expected, signals
propagating to the right (left) are amplified (deamplified). Note the reflection probability (black) is bounded by unity. (¢) Same
setup as in panel (a), except the phase of the signal is now 6 = w/2 corresponding to a p excitation. (d) The signal is now ampli-
fied (deamplified) as it propagates to the left (right). For panels (b), (d), we take N = 13 sites, A =¢/2, uniform on-site internal
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Fig. 9. EP induced quantum squeezing dynamics. The
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SPECIAL TOPIC—Principles and applications of quantum optics

Research progress of non-Hermitian dynamics in
quadratic bosonic systems”

ZHAO Huawei LIU Xinlei ~HUANG Xinyao! ZHANG Guofeng!

(School of Physics, Beihang University, Beijing 100191, China)

( Received 3 November 2025; revised manuscript received 30 November 2025 )

Abstract

Non-Hermitian physics has emerged as a rapidly advancing field of research, revealing a range of novel
phenomena and potential applications. Traditional non-Hermitian Hamiltonians are typically simulated by
constructing asymmetric couplings or by introducing dissipation or gain to realize non-Hermitian systems. The
quadratic bosonic system (QBS) with squeezing interaction os intrinsically Hermitian; however, its dynamical
evolution matrix in both real and momentum spaces is non-Hermitian. Based on this, applying a field-operator
transformation { Z,p } to the dynamical evolution matrix yields quadrature nonreciprocal transmission between
the # and p operators. This nonreciprocal characteristic can be utilized in signal amplifiers. On the other hand,
within the Bogoliubov-de Gennes framework in momentum space, one can observe non-Hermitian topological
phenomena such as point-gap topology and non-Hermitian skin effect, both of these phenomena are induced by
spectra with nonzero winding numbers. Additionally, QBS can be employed to realize non-Hermitian Aharonov-
Bohm cages and to extend non-Bloch band theory. Previous studies in non-Hermitian physics have largely
concentrated on classical systems. The influence of non-Hermitian properties on quantum effects remains a key
issue awaiting exploration and has evolved into a research direction at the intersection of non-Hermitian and
quantum physics. In QBS, squeezing interactions without dissipation cause the dynamical evolution of the
system to display effective non-Hermitian characteristics and induce quantum correlation effects, such as
quantum entanglement. Recent studies have shown that the non-Hermitian exceptional points in QBS can
change squeezing dynamics and entanglement dynamics. Therefore, such systems not only provide a natural
platform for realizing quantum non-Hermitian dynamics but also constitute an important basis for investigating
the relationship between non-Hermitian dynamics and quantum effects, as well as for achieving quantum control
based on non-Hermitian properties. Future research may further focus on elucidating the connections between
non-Hermitian dynamics and quantum effects in QBS, which is expected to serve as a bridge linking non-

Hermitian dynamics and quantum effects.

Keywords: non-Hermitian dynamics, quadratic bosonic systems, nonreciprocity, non-Hermitian skin effect,

quantum correlations
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