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Magnon-Induced Nonreciprocity in a Non-Hermitian
Cavity Magnonic System

Mei Wang , Gui-Ling Xiao , Duo Zhang , Deng Wei Zhang , Zhao-Yu Sun , and Li-Li Zheng

Abstract— Microwave nonreciprocity is in high demand for ap-
plications in information processing. Here, we propose an effective
approach to realize robust microwave transmission nonreciprocity
in a three-mode non-Hermitian cavity magnetic system (CMS).
We show that, around the exceptional point, robust microwave
nonreciprocity can be achieved within a small detuning range
between the cavity and the microwave field. It is fundamentally
induced by means of the cavity-magnon interaction and the ef-
fective magnon Kerr nonlinearity. Moreover, in the vicinity of the
exceptional point, robust microwave transmission nonreciprocity
can be realized over an optimal magnetic field range. This greatly
improves the operability for obtaining strong microwave nonre-
ciprocity experimentally. This study may stimulate further investi-
gations and applications of the non-Hermitian CMS in structuring
high-performance nonreciprocal devices.

Index Terms—Microwave nonreciprocity, non-Hermitian, cavity
magnonic system.

I. INTRODUCTION

OWING to the potential and great application prospects
of quantum technology, many quantum manipulation

platforms have received extensive international attention, such
as optomechanical system [1], [2], [3], [4], cavity quantum
electrodynamical systems [5], [6] and so on. Specially, cavity
magnonics systems [7], [8], [9], [10], [11], [12], [13], [14], [15],
[16], [17] have become a new research hotspot in recent years. It
is generally composed of a microwave cavity and magnons, i.e.,
the massive collective spin excitations in ferroand ferrimagnetic
materials such as yttrium iron garnet (YIG), where magnons
are strongly coupled to microwave photons. Benefitting from
the advantages of low dissipation and high extensibility, com-
pound information interaction platforms can be structured via
establishing the interaction of magnon to (artificial) atoms [18],
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acoustic phonons [19], [20], [21], [22], optical photons [23],
[24], or superconducting coplanar microwave resonator [25].
Furthermore, due to the long coherence time as well as intrinsi-
cally high tunability, a series of novel and interesting phenomena
have been studied. One of the most notable is nonreciproc-
ity [26], [27], [28], [29], which, associated with the breaking
of Lorentz reciprocity, is manifested as propagation of signal in
one direction but not the other. Nonreciprocity physics provides
the core technologies for communication and information pro-
cessing, such as implementing one-way signal communication
and manufacturing chip-scale nonreciprocal devices: isolator,
metamaterials and circulator.

On the other hand, the latest developments in two-mode non-
Hermitian physics [30] provide a bounty of opportunities for a
broad range of basic research and engineering applications. This
is owing to the unique characteristic of two-mode non-Hermitian
systems, e.g., the exceptional point [31], [32], where both eigen-
values and their corresponding eigenvectors simultaneously co-
alesce. Based on such exceptional point, a large number of
theoretical and experimental studies have been carried out suc-
cessfully from the fields of quantum mechanics [33], [34], op-
tics [35], [36], [37], [38], [39], [40], [41], microwaves [42], [43],
electronics [44], [45], mechanics [46], [47], [48], and thermol-
ogy [49]. Such as experimental observation of the topological
structure of exceptional points [50], optical non-reciprocity [51],
[52], loss-induced transparency [37], low power optical
diodes [53], [54], a single-mode laser [55], [56], PT -symmetric
phonon laser [52], PT -symmetry-enhanced optical high-
order sideband generation [57], PT -symmetry-breaking in-
duced ultra-low threshold chaos [58], PT -symmetry-breaking-
enhanced cavity optomechanical magnetometry [59], PT-
symmetric magnon laser in cavity optomagnonics [60] and
so on. Most of these studies are performed in a two-mode
non-Hermitian system. A question arises spontaneously whether
there is an exceptional point in a strongly coupled three-mode
non-Hermitian system. If it exists, could it affect the transmis-
sion nonreciprocity of the three-mode non-Hermitian system?

Inspired by the experiment in a standard CMS where the
higher-order exceptional point are studied [61], in this work,
we propose a scheme to explore microwave transmission nonre-
ciprocity in a three-mode non-Hermitian CMS. This compound
CMS is composed of a couple of gain-loss microwave cavities
and one dissipative YIG sphere. In contrast to the two-mode
non-Hermitian system composed of two gain-loss microwave
cavities, the three-mode non-Hermitian CMS features a shifted
exceptional point marked by the microwave photon-tunneling
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Fig. 1. (Color online) (a) Schematic diagram of a three-mode non-hermitian
CMS consisting of two coupled three-dimensional rectangular microwave cav-
ities and a YIG sphere. (b) In this three-mode non-Hermitian CMS, the passive
cavity b (with decay rate κb) is linearly coupled to an active cavity a (with gain
rate κa) and the magnon mode m in YIG sphere (with decay rate κm), the
cavity-cavity coupling strength is J and the cavity-magnon interaction strength
is g.

rate when other parameters are fixed. We find, in the vicinity
of the exceptional point, huge asymmetry of the microwave
transmissions in two directions can be obtained. Physically, this
is induced by the cavity-magnon interaction and the effective
magnon Kerr nonlinearity in the system. Consequently, robust
microwave transmission nonreciprocity marked by the high
isolation ratio can be generated. More importantly, near the ex-
ceptional point, strong microwave transmission nonreciprocity
can be captured over an optimal magnetic field range, which
tunes the frequency of the magon mode. This finding greatly
improves the feasibility of experiment. It may stimulate further
investigations and applications of the three-mode non-Hermitian
CMS in information processing.

This article is organized as follows: In Section II, we introduce
the theoretical scheme of the three-mode non-hermitian CMS
and its effective Hamiltonian with the external driving fields.
Then we derive the transmission coefficients of the microwave
field in two cases and the corresponding nonreciprocity isolation
ratio. In Section III, we theoretically analyze the regulation of
the magnon mode on the microwave transmission nonreciprocity
under different microwave photon-tunneling rates in the three-
mode non-hermitian CMS. Conclusions are finally given in
Section IV.

II. THE MODEL AND THE FORMULAS DERIVATION

As schematically shown in Fig. 1(a) and (b), we consider a
three-mode non-Hermitian CMS, which consists of an active
three-dimensional rectangular microwave cavity and a passive
three-dimensional rectangular microwave cavity [63] where a
lossy YIG sphere is located. Including the driving part, the
Hamiltonian of the whole system is given as

Ĥ = Ĥs + Ĥd, (1)

where

Ĥs/� = Δc(â
†â+ b̂†b̂) + Δmm̂†m̂+ J(â†b̂

+ âb̂†) +Km̂†m̂m̂†m̂+ g(b̂†m̂+ b̂m̂†),

Ĥd/� = i
√
ηaκaεa(â

† − â) + i
√
ηbκbεb(b̂

† − b̂),

here, â (â†), b̂ (b̂†) and m̂ (m̂†) are the annihilation (creation) op-
erators of the active cavity mode, the passive cavity mode and the
magnon mode, respectively. The active cavity â (with frequency
ωc) resonantly couples to the passive cavity b̂where a YIG sphere
is located, with coupling strength J . For the the magnon mode
m̂, i.e., representing the massive collective spin excitation in the
YIG sphere, couples to the microwave cavity b̂ with coupling
strength g. Frequency of the magnon is determined by the
uniformly DC bias magnetic field Hz as shown in Fig. 1(a). The
Kerr nonlinear coefficient K = μ0Kanγ

2/(M2Vm), originat-
ing from the magnetocrystalline anisotropy in the YIG sphere,
where μ0 is the magnetic permeability of free space, Kan is
the first-order anisotropy constant, γ is the gyromagnetic ratio,
M is the saturation magnetization, and Vm is the volume of the
YIG sphere. In addition, each of the cavities, is, respectively,
driven by a monochromatic microwave field with amplitude εa
and εb at frequency ωd. Here εa (εb) is related to the input
power Pa (Pb) and the gain rate κa (the dissipation rate κb)
by εa =

√
Pa/�ωd (εb =

√
Pb/�ωd). The frequency detunings

Δc = ωc − ωd andΔm = ωm − ωd.κj (j = a, b,m) represents
the total gain or dissipation of any microwave cavity or magnon
with the coupling parameter ηj .

As a non-Hermitian system (see Fig. 1(b)), whose non-
Hermitian Hamiltonian can be written as

Ĥn/� = Ĥs/�+ i
κa

2
â†â− i

κb

2
b̂†b̂− i

κm

2
m̂†m̂. (2)

Based on the Hamiltonian, we find the current CMS exhibits
a critical point marked by the cavity-cavity coupling strength
J/κb. This point is similar to that of the two-mode non-
Hermitian system [61], [62]. As shown in Fig. 2(a), when
the cavity-magnon coupling disappears, namely, g/κb = 0, the
system is simplified as a two-mode non-Hermitian system and
the system exceptional point is J/κb = 0.4 (corresponding to
green-dotted line), where the system eigenvalues and their cor-
responding eigenvectors of the system simultaneously coalesce.
Once the cavity-magnon coupling rate g/κb is enhanced to 0.2 in
Fig. 2(b), the system exceptional point is shifted to J/κb =
0.4386. Here, it is worth noting that the system eigenvalues
(ω1/2/3 − ωc) and their corresponding eigenvectors may not
simultaneously coalesce at the exceptional point. It can be seen
that the system eigenvalues stay relatively constant, when the
coupling strength J/κb is smaller than 0.4386. However, once
this critical point is passed, the eigenvalues immediately vary
with the value of J/κb. In addition, the magnon dissipation also
has a direct impact on the system eigenvalues. As shown in
Fig. 2(b), (c) and (d), the exceptional points change with the
successive increase of the magnon dissipations. Furthermore,
we find that the distribution of the system eigenvalues tends
to a two-mode system when the magnon dissipation is strong
enough (refer to Fig. 2(d)). This shows that the existence of the
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Fig. 2. (Color online) The real parts of the eigenvalues (ω1/2/3 − ωc)/κb

of the three-mode non-Hermitian system vs the microwave photon-tunneling
strength J/κb. The microwave cavity-magnon coupling strengths g/κb =
0, ˜0.2 in panels (a) and (b), respectively, withκm/κb = 1. The dissipative rates
of the magnon κm/κb = 0, ˜2 in (c) and (d), respectively, with g/κb = 0.2.
Other parameters are given as κb = 10MHz, κa/κb = 0.6, ηa = ηb = ηm =
1
2 ,ωc/2π = ωm/2π = 10.1GHz,Δc = Δm = 0,K/2π = 3.8× 10−9 Hz,
Pa = Pb = 1μW.

magnon in the system may significantly affect the system dy-
namic behavior. So in the following content, we keep g/κb = 0.2
and κm/κb = 1 to ensure the exceptional point J/κb = 0.4386.
The other parameters are set based on relevant experiments [61],
[63].

To study the system dynamic evolution, we employ the
Heisenberg-Langevin equations by setting < ô >= o (ô is a
normal annihilation operator) in the semiclassical limit, namely,

ȧ = (−iΔc +
κa

2
)a− iJb+

√
ηaκaεa, (3)

ḃ = (−iΔc − κb

2
)b− iJa− igm+

√
ηbκbεb, (4)

ṁ = (−iΔm − κm

2
)m− igb− iK(2|m|2 + 1)m, (5)

here, (3), (4) and (5) respectively describes the dynamic evolu-
tion of cavities a, b and the magnon mode m. To solve above
Equations, we divide operators of the microwave photons and the
magnon into two parts, the steady-state mean values and the per-
turbations, i.e., a = As + δa, b = Bs + δb and m = Ms + δm.
Taking these deformation into above equations and combining
the condition dAs/dt = 0, dBs/dt = 0 and dMs/dt = 0, the
steady-state differential equations can be derived as

0 = (−iΔc +
κa

2
)As − iJBs +

√
ηaκaεa, (6)

0 = (−iΔc − κb

2
)Bs − iJAs − igMs +

√
ηbκbεb, (7)

0 = (−iΔm − κm

2
)Ms − igBs − iK(2|Ms|2 + 1)Ms. (8)

To make it easier to distinguish, when the driving field is
injected upon cavity a, the steady-state mean values As, Bs and
Ms are deformed from (6), (7) and (8) as

Asa =

√
ηaκaεa − iJBsa

iΔc − κa

2

, (9)

Bsa =
g(Δc + iκa

2 )Msa − iJ
√
ηaκaεa

(iΔc − κa

2 )(iΔc +
κb

2 ) + J2
, (10)

Msa =
−gJ

√
ηaκaεa[

(iΔc − κa

2 )(iΔc +
κb

2 ) + J2
]
Θ
, (11)

in which

Θ = i(Δm + 2K|Msa|2 +K) +
κm

2

+
g2(iΔc − κa

2 )

(iΔc − κa

2 )(iΔc +
κb

2 ) + J2
. (12)

With the input-output relation, the output field of the microwave
from cavity b can be expressed as

Saout =
√
ηbκbBsa. (13)

In the direction from cavitya to b, the microwave transmission
coefficient is given as

Ta =

∣∣
∣∣

√
ηbκbBsa

εa

∣∣
∣∣ . (14)

When the driving field acting only on cavity b, the steady-state
mean values can be given as

Asb =
−iJBsb

iΔc − κa

2

, (15)

Bsb =
g(Δc + iκa

2 )Msb + (iΔc − κa

2 )
√
ηbκbεb

(iΔc − κa

2 )(iΔc +
κb

2 ) + J2
, (16)

Msb =
gJ(Δc + iκa

2 )
√
ηbκbεb[

(iΔc − κa

2 )(iΔc +
κb

2 ) + J2
]
ϑ
. (17)

where

ϑ = i(Δm + 2K|Msb|2 +K) +
κm

2

+
g2(iΔc − κa

2 )

(iΔc − κa

2 )(iΔc +
κb

2 ) + J2
. (18)

Similarly, in this case the output field of the microwave field
from cavity a can be expressed as follows:

Sbout =
√
ηaκaAsb. (19)

The transmission coefficient of the microwave field from
cavity b to cavity a is given as

Tb =

∣
∣∣∣

√
ηaκaAsb

εb

∣
∣∣∣ . (20)

In order to more intuitively and clearly describe the nonrecip-
rocal transmission of the microwave fields along two directions,
we introduce definition of the nonreciprocal isolation ratio,
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Fig. 3. (Color online) Parameter regime of the stability in the three-mode non-
Hermitian cavity magnetic system with different microwave photon-tunneling
rates J/κb and cavity-magnon coupling strength g/κb when the driving power
Pa(Pb) = 1μW. Here we set κm/κb = 1 and the other parameters are same
as that in Fig. 2.

which is expressed as

I = 10

∣∣∣∣log10
|√ηbκbBsa|2
|√ηaκaAsb|2

∣∣∣∣ , (21)

which can quantitatively describe the degree of nonreciprocity
of the microwave transmissions between two directions. Specif-

ically, when I = 0, equivalently, |√ηbκbBsa|2
|√ηaκaAsb|2 = 1, it means that

microwave transmissions along two opposite directions are re-
ciprocal. For other cases, the larger the value of I , the higher
the degree of nonreciprocity of the microwave transmissions
along two directions. For instance, when I ≥ 1, it states that the
transmittance in one direction is at least 10 times higher than the
other. If the value of I is large enough, one-way transmission of
the microwave field may occur.

From the point of another angle, the system gain and the
Kerr nonlinearity processes can also induce instability. In Fig. 3
we show the numerical stability condition for the system with
the driving power Pa(Pb) = 1μW. In the following content, the
cavity-magnon coupling strength g/κb = 0.2 is choosed and the
microwave photon-tunneling rates J/κb are used in the stable
regime.

III. MAGNON-INDUCED NONRECIPROCITY OF THE MICROWAVE

FIELD IN A NON-HERMITIAN CAVITY MAGNONICAL SYSTEM

Through above theoretical derivation, it can be seen that the
transmission coefficients in (14) and (20) are closely dependent
on the microwave photon-tunneling rate J . When J is in dif-
ferent regions, i.e., being smaller or larger than the exceptional
point 0.4386, may lead to entirely different system transmission
properties. Then we analyze the transmission properties of the
system under different microwave photon-tunneling rates.

A. Dependence of the Nonreciprocal Transmission on the
Microwave Photon-Tunneling Rate J

As a precondition, the frequency detunings are chosen
as Δc = Δm = Δ, namely, the microwave cavities and the

Fig. 4. (Color online) Transmission coefficients Ta and Tb of the microwave
field vs frequency detuning Δ/κb with different microwave photon-tunneling
rates J/κb, in the cases of the cavity-magnon coupling strengths g/κb = 0 and
0.2, respectively. Here J/κb = 0.43 in (a) and (b), J/κb = 0.45 in (c) and
(d), J/κb = 0.6 in (e) and (f). Here Δc = Δm = Δ and κm/κb = 1, other
parameters are given as those in Fig. 2.

magnon mode are resonantly coupled. In order to analyze the
transmission nonreciprocity in a three-mode non-Hermitian sys-
tem more thoroughly, we first set g/κb = 0 to simplify the
system into a two-coupled microwave cavities with the excep-
tional point J/κb = 0.4. As shown in Fig. 4(a), (c), and (e),
the transmission coefficients Ta and Tb, varying with frequency
detuning Δ/κb between the driving field and the cavity under
different values of J/κb, are schematically plotted. We can intu-
itively see the transmission coefficientsTa andTb are completely
reciprocal with the increase of J/κb. Then tunning the cavity-
magnon interaction strength g/κb = 0.2, we focus on the trans-
mission coefficients in a three-mode non-Hermitian CMS with
exceptional point J/κb = 0.4386. By regulating the microwave
photon-tunneling rate J/κb, we first let the system enter into the
region J/κb < 0.4386. It can be seen from Fig. 4(b) that trans-
mission coefficient Tb reaches its peak value 12 at Δ/κb = 0.
While Ta shows three peaks, in which the center peak reaches 6
at Δ/κb = 0 and the other two lower peaks are symmetrically
distributed about this point. The transmission coefficients exhibit
significantly strong nonreciprocity in the near resonant region.
Then we increase J/κb to 0.45 beyond the exceptional point.
As shown in Fig. 4(d), transmission coefficients Ta and Tb

each have two peaks which are symmetrically distributed with
respect to Δ/κb = 0. What’s more, there is a large gap between
the transmission coefficients Ta and Tb. Continue to increase
J/κb to 0.6 in Fig. 4(f), two symmetric sideband peaks of
Ta and Tb shift towards both sides compared to Fig. 4(d). In
the meantime, the gap between them gradually decreases as
the coupling strength J/κb moves away from the exceptional
point. These results imply that, in the three-mode non-Hermitian
system, the microwave transmissions along two directions have
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Fig. 5. (Color online) The isolation ratio I vs the microwave photon-tunneling
rate J/κb and frequency detuning Δ/κb. Other parameters are the same as
described in the caption of Fig. 2.

strong nonreciprocity near the exception point. Compared to
the case g/κb = 0, it is not difficult to find that the emergence
of the strong microwave transmission nonreciprocity is mainly
stimulated by the magnon mode in the system. Essentially, it
benefits from the combined effect of the cavity-magnon resonant
interaction and the effective magnon Kerr nonlinearity, specially,
near the exceptional point. Further more, we find an interesting
phenomenon from Fig. 4. The transmission coefficient along
cavities b to a is always higher than that in the opposite direction.
So this device can be used to structure microwave isolators under
appropriate parameters of J and detuning Δ.

In order to quantitatively describe the nonreciprocity of mi-
crowave transmission, the nonreciprocal isolation ratio I as a
function of J and the frequency detuningΔ is rendered in Fig. 5.
Here, the microwave photon-tunneling rate is in the stable range
J/κb ∈ [0.416 0.65] with other parameters fixed (as in Fig. 5).
We can see the high isolation ratios are mainly concentrated in
the bright area shaped as a crescent moon, which has a sym-
center of Δ/κb = 0. It is worth noting that the bright area only
appears near the exceptional point (corresponding to the white
dotted line) in the optimal detuning range Δ/κb ∈ [0.3 0.3].
The isolation ratio decreases rapidly when J/κb is far away
from the exceptional point. These results are consistent with the
evolution processes of the transmission coefficients in Fig. 4(b),
(d) and (f). It implies that, near the exceptional point, the robust
transmission nonreciprocity of the microwave field can be in-
duced in a three-mode non-Hermitian CMS within the optimal
detuning, based on the joint effect of the cavity-magnon resonant
interaction and the effective magnon Kerr nonlinearity. This may
offer a new method to build microwave amplifiers [64], [65] and
isolators [66], [67].

B. Dependence of the Nonreciprocal Transmission on the DC
Bias Magnetic Field Hz Acting on the YIG Sphere

In the previous subsection, the cavity and magnon are reso-
nant coupled, i.e., Δc = Δm. In what follows, we explore the
influence of the frequency detunning between the cavity and
the mangon on the transmission nonreciprocity in the system

Fig. 6. (Color online) Transmission coefficients Ta and Tb of the microwave
fields vs the uniformly DC magnetic bias field strength Hz with different
microwave photon-tunneling rates J/κb in the non-Hermitian CMS. Here
J/κb = 0.43, 0.45, 0.6 in (a), (b) and (c), respectively. The frequency detuning
Δc = 0, other parameters are same as those in Fig. 2.

under different microwave photon-tunneling rates. Physically,
the magnon’s frequency is tuned by the external uniformly DC
magnetic field Hz applied on the YIG sphere. Therefore, it
directly determines the frequency detunning between the cavity
and the magnon modes when other system parameters keep
constant.

Fig. 6 shows the transmission coefficients vary with the ex-
ternal magnetic field with different microwave photon-tunneling
rates. We setJ/κb = 0.43 near the exceptional point in Fig. 6(a).
The curve of Ta shows a peak at Hz = 360.7mT (where the
magnon and the microwave cavity are resonantly coupled) and
two symmetrically distributed dips around it. WhileTb exhibits a
sharp peak at Hz = 360.7mT. It can be seen that Ta and Tb have
significant asymmetry, within the small detuning range, which
represents strong transmission nonreciprocity. Then, crossing
the exceptional point, we use J/κb = 0.45 in Fig. 6(b) and
0.6 in Fig. 6(c), respectively. The evolution trajectories of Ta

and Tb are highly similar in both panels. The evolutions of
both Tb remain stable, except for the shallow peaks at the
resonance point; both of Ta keep stable until the relatively wide
valleys appear near the resonance point. Carefully comparing
the transmission coefficients in the two panels, we find that the
transmission coefficients Ta and Tb, as well as the gap between
them, gradually decrease as J increases. This result implies
that strong microwave transmission nonreciprocity along two
directions can be realized near the resonant point Hz = 360.7
mT, as long as J/κb is appropriately given around the excep-
tional point. The fact is due to the more easy enhancement of
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Fig. 7. (Color online) The isolation ratio I vs the cavity-cavity coupling
strength J and the magnetic field Hz . The other parameters are the same as
described in the caption of Fig. 2.

the effective cavity-magnon interaction and the magnon Kerr
nonlinearity under the near resonant conditions. It naturally
induces more obvious asymmetry of the microwave transmission
in two directions.

To obtain the optimal magnetic field regime for the nonre-
ciprocity transmission, the isolation ratio I as a function of
the microwave photon-tunneling rate J and the magnetic field
Hz in the non-Hermitian CMS has been intuitively shown in
Fig. 7. The isolation ratio I is characterized by a symmetrical
distribution with respect to Hz = 360.7mT. Especially, in the
vicinity of the exceptional point, the light bright area distributed
nearHz = 360.7mT, where the isolation ratio can be higher than
70 dB. This means the unidirectional nonreciprocal transmission
of microwave fields, which can be used to make isolators. In
addition, we can observe that, near the exceptional point, strong
transmission nonreciprocity can always be achieved in the op-
timal magnetic field range Hz ∈ [359.5 362]mT. It means that
the bandwidth of optimal detuning regime is seventy megahertz.
This regime is achievable for experimental operation to capture
robust transmission nonreciprocity in practice.

IV. CONCLUSION

In summary, we have theoretically provided an approach to
realize strong microwave transmission nonreciprocity in a com-
pound three-mode non-Hermitian CMS. It is composed of two
gain-loss microwave cavities and one YIG sphere. Our approach
is accomplished by regulating the microwave photon-tunneling
rate in the non-Hermitian system. We showed that huge asym-
metry of the microwave transmissions along two directions can
be realized when the cavities and the microwave fields are in
resonance or near resonance, by just regulating the microwave
photon-tunneling rate. We also presented the influence of the
external magnetic field on the microwave transmission along two
directions under different microwave photon-tunneling rates. We
found that, around the the exceptional point, strong transmission
nonreciprocity can be achieved over an optimal magnetic field
range. In essence, it is the joint effect of the cavity-magnon near
resonant (or resonant) interaction and the effective magnon Kerr

nonlinearity in the three-mode non-Hermitian CMS. This study
provides a promising route for regulating the microwave non-
reciprocity transmission in a three-mode non-Hermitian CMS,
and has potential applications in unidirectional transmission.
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