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Based on the magnon Kerr effect, we show how to generate quantum squeezed states of magnons and photons in
the cavity–magnon hybrid system. We find that the squeezing of magnons can be successfully induced by the magnon
nonlinearity and the larger two-magnon effect strength will be beneficial to achieving the stronger squeezing of magnon.
Resorting to the beam-splitter interaction between the magnons and photons, we further show that the squeezing of photons
can be also effectively achieved. By properly choosing the system parameters, we demonstrate that the desired direction
of the generated squeezing both for magnons and photons can be flexibly switched between orthogonal directions. Our
scheme provides an alternative manipulation method to explore the quantum phenomena with nonlinear effects and also
has significant potential applications in quantum precision measurement.
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1. Introduction
Cavity magnonics, the study of the interaction between

microwave cavity and collective spin excitations (magnons)
in magnetic materials, such as yttrium iron garnet (YIG), has
made significant progress and also attracted extensive interest
in recent years.[1–4] One of the most prominent advantages for
the magnonic system is that it shows the excellent scalabil-
ity via coherently coupling with other physical systems, such
as microwave photons,[5,6] optical photons,[7,8] superconduct-
ing qubits,[9,10] vibration phonons,[11,12] and so on. Therefore,
the magnonic system has been a highly potential candidate
to build a desired hybrid system with multiple components,
which accumulates the respective advantages of all subsys-
tems and has wide applications in the fields of quantum in-
formation processing,[13] quantum network,[14] and quantum
sensing.[15]

On the other hand, quantum fluctuations, the unique prop-
erties of quantum physics, produce some well-known interest-
ing physical effects, such as Casimir forces and Lamb shift.[16]

However, quantum fluctuations can also lead to some unde-
sirable restrictions in precision measurements. For example,
quantum fluctuations can broaden the optical response spec-
trum and influence the detection sensitivity inevitably.[17] For-
tunately, quantum fluctuations are not immutable and can be
effectively manipulated. It is well known that the quantum
fluctuations of a pair of quadrature observations are dominated
by the Heisenberg uncertainty principle.[18] Once the quantum
fluctuation of either of the two quadratures is reduced below

the standard quantum limit, it will lead to the corresponding
increased fluctuation in the conjugate direction. This is the so-
called quantum squeezed state. Therefore, squeezing of quan-
tum fluctuation to achieve such a nonclassical quantum state
plays an important role in the field of quantum-related tech-
nologies, such as sideband cooling beyond the quantum back-
action limit[16] and quantum key distribution in microwave
quantum communication.[19]

Meanwhile, the magnon system, in particular the YIG
sphere with very high spin density (ρs = 4.22×1027 m−3) and
low damping rate,[6] provides a completely new platform to
investigate the novel quantum phenomena and generate the
various quantum states of magnons, such as Bell state,[20]

W state,[21] NOON state,[22] non-Gaussian state,[23] and non-
reciprocal microwave-optical entanglement.[24] To date, we
note that only a few proposals have been proposed in cav-
ity magnonics to generate magnon squeezed states. They
can be realized by driving the cavity with squeezed vac-
uum field and further exploiting the cavity–magnon state-swap
interaction,[25] driving the cavity with two-tone fields and fur-
ther exploiting the phonon–magnon squeezing transfer,[26] di-
rectly driving the magnon mode with two-tone fields,[27] two-
tone driving of a qubit coupled to the magnon mode.[28] Dif-
ferent from the above mentioned mechanisms, here we pro-
pose how to prepare magnon squeezed state based on the
magnon Kerr effect in cavity–magnon hybrid system instead
of using squeezed field driving or two-tone driving. We find
that the magnon self-nonlinearity can successfully induce the
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magnon mode into steady squeezed state from the initial co-
herent state. The strong two-magnon effect strength helps
to the generation of larger squeezing of magnon. We also
demonstrate that the squeezing of cavity photon is simulta-
neously achieved by the cavity–magnon beam-splitter interac-
tion. More importantly, in the proper regime of system param-
eter, the squeezing directions of the generated squeezed states
both for magnon and photon can be flexibly controllable. Our
scheme has promising applications in quantum precision mea-
surement.

In addition, we note that Kani et al. also present a theo-
retical scheme for generating squeezed photons and magnons
very recently.[29] In Ref. [29], the polarizations of the mi-
crowave and the external field are parallel and the mecha-
nism is based on the nonlinear parametric coupling between
magnon mode and cavity, i.e., ih̄g(as†2 − a†s2). In their
scheme, the system dynamics is characterized by the noise
power spectral density S(ω) in the frequency domain. While
in our scheme, the polarization of the microwave and the ex-
ternal field is vertical, and the magnon Kerr nonlinearity and
linear photon–magnon coupling are exploited to achieve the
squeezing of magnons and photons. More importantly, from
the variance dynamics evolution and Wigner function in the
phase space, we find that the direction of the generated squeez-
ing both for magnons and photons is not fixed and can be
switched flexibly between orthogonal directions.

Here we further compare the distinct differences between
the present scheme and a prior work.[30] In Ref. [30], it is
demonstrated that the bistability phenomena of squeezing and
entanglement can be effectively achieved based on a nonlin-
ear cavity magnonic system. Compared with this work, our
scheme has the following distinct differences. (i) Although
our work and Ref. [30] both resort to the magnon Kerr non-
linearity, the driving regime of microwave field in the system
model is completely different. In Ref. [30], the magnon mode
is directly driven by a microwave field, while the microwave
cavity is driven by the microwave field in our work. (ii) The
research results are completely different. In Ref. [30], it fo-
cuses mainly on the bistability of squeezing and entanglement
in the experimentally feasible parameters, i.e., the quantum
states can jump from one state to another state near the switch-
ing points. However, in our work, we mainly demonstrate
that the desired direction of the generated squeezing both for
magnons and photons can be flexibly switching between or-
thogonal directions in the experimentally feasible parameters.
(iii) Besides the Wigner function in the phase space and deco-
herence factors (bath temperature and cavity dissipation) dis-
cussed in Ref. [30], our work also shows the discussion from
variance dynamics, which clearly displays the oscillation be-
havior when the system does not reach its steady state yet.

The rest of this paper is organized as follows. In Sec-
tion 2, we introduce the cavity–magnon hybrid system and

provide the corresponding Hamiltonian. Then we derive the
dynamical equation about the covariance matrix in Section 3.
In Sections 4 and 5, we provide a detailed discussion on the
generation of squeezing for magnon and photon, respectively.
In Section 6, the experimental feasibility is briefly analyzed.
Finally, we give a conclusion in Section 7.

2. Model and Hamiltonian
As shown in Fig. 1(a), we consider a cavity–magnon hy-

brid system, which consists of a strongly driven cavity with
frequency ωa and decay rate κa and a micron-size YIG sphere
with frequency ωm and decay rate γm, in which the YIG sphere
is placed in a controllable magnetic field B0. The Hamiltonian
of this hybrid system is (setting h̄ = 1)

H = ωaa†a+ωmm†m+gm(a+a†)(m+m†)

+Ω0(a† e−iωLt +ae iωLt)+K0(m†m)2, (1)

where a and m (a† and m†) are, respectively, the annihilation
(creation) operators of the cavity and magnon modes. The tun-
able coupling coefficient gm is the magnetic dipole coupling
strength between the cavity and the Kittel mode, Ω0 denotes
the amplitude of the driving field, and K0 is the Kerr nonlinear-
ity of magnons in the Kittle mode. Experimentally, K0 is re-
versely proportional to the size of the YIG sphere[31,32] and as
shown in Fig. 1(b), the sign of K0 can be controlled by chang-
ing the magnetic field B0. So far, K0 has been manipulated
from 0.05 nHz to 100 nHz, corresponding to the size of the
YIG sphere from 1 mm to 100 µm.[33] In the rotating frame
with respect to the driving frequency ωL, the Hamiltonian can
be transformed to

H1 = ∆aa†a+∆mm†m+gm(am† +a†m)

+Ω0(a† +a)+K0(m†m)2, (2)

where the detunings ∆a = ωa −ωL and ∆m = ωm −ωL. In
addition, in the parameter regime of ωL � gm, the high-
frequency oscillating terms exp[±2iωLt] have been ignored
via the rotating-wave approximation.

Fig. 1. (a) Schematic plot of the proposed cavity–magnon hybrid system.
It is composed of a cavity pumped by the driving field with frequency ωL
and a YIG sphere with Kerr nonlinearity. Moreover, the YIG sphere is
trapped in a controllable magnetic field with strength B0 along the crys-
tallographic axis [100] or [110]. (b) When the magnetic field B0 is in the
direction of crystallographic axis [100] or [110], the Kerr coefficient K0 is
positive or negative, respectively.
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Taking the decay rates of the cavity and magnon modes
into account, the quantum dynamics of the present hybrid sys-
tem can be obtained with the Heisenberg–Langevin approach

ȧ = i[H1,a]−κaa+
√

2κaain

= −(i∆a +κa)a− igmm− iΩ0 +
√

2κaain,

ṁ = i[H1,m]− γmm+
√

2γmmin

= −(i∆m + γm)m− igma−2iK0m†mm+
√

2γmmin, (3)

where ain and min are input noise operators correspond-
ing to the cavity and magnon modes, respectively. They
are zero mean and their correlation functions are[12,34]

〈ain(t)a
†
in(t
′)〉 = (Na + 1)δ (t − t ′), 〈a†

in(t)ain(t ′)〉 = Naδ (t −
t ′), 〈min(t)m

†
in(t
′)〉= (Nm +1)δ (t− t ′), and 〈m†

in(t)min(t ′)〉=
Nmδ (t− t ′), where No = {exp[(h̄ωo/kBT )−1]}−1 (o = a and
m) is the mean thermal excitation number in the cavity and
magnon modes. Here kB is the Boltzmann constant and T is
the bath temperature. It should be pointed out that in a gen-
eral nonlinear cavity magnonic system,[30,35] K0 ∼ µHz and
∆m ∼MHz. Under the condition of ∆m�K0, the term−iK0m
in Eq. (3) has been ignored safely. In the strong driving con-
dition, the cavity and magnon modes will induce high ampli-
tudes so that the standard linearization method can be applied
into Eq. (3).[12,36–38] To this end, we expand cavity mode a and
magnon mode m as the sum of the mean value and the quan-
tum fluctuation operator, i.e., O→ 〈O〉+ δO, with O = a,m.
Therefore, by neglecting the high-order fluctuation terms, the
linearized quantum Langevin equations for the quantum fluc-
tuations are given by

δ ȧ = −(i∆a +κa)δa− igmδm+
√

2κaain,

δ ṁ = −(i∆ ′m + γm)δm− igmδa− iKδm† +
√

2γmmin, (4)

where ∆ ′m = ∆m +∆K , with the magnon frequency detuning
∆m and the magnon frequency shift ∆K = 2K, is the effective
magnon frequency detuning induced by the magnon Kerr ef-
fect. Here the defined parameter K = 2K0〈m〉2 describes the
strength of the two-magnon effect. The linearized Hamilto-
nian of the present hybrid system is correspondingly obtained,

Hlin = ∆aδa†
δa+∆

′
mδm†

δm+gm(δaδm† +δmδa†)

+
K
2
(δm2 +δm†2). (5)

Obviously, it can be seen that the above Hamiltonian takes
the form of δm2 + δm†2 that is induced by the Kerr effect
and the corresponding evolution operator is a squeezed op-
erator, so it is possible to create quadrature squeezing of the
magnon mode[18,39] and the cavity field can be also prepared
in a squeezed state via the cavity–magnon beam-splitter in-
teraction δaδm† + δmδa†. On the other hand, it is evident
that the frequency shift ∆ ′m will influence the squeezed opera-
tor in the interaction picture. Hence, it leads to the squeezing
of quadrature-dependent fluctuation. In the following, we will
characterize the squeezing effect via the system dynamics.

3. System dynamics
For convenience, the following quadrature fluctuation op-

erators are introduced:

δXa = (δa+δa†)/
√

2, δYa = (δa−δa†)/(
√

2i),

δXm = (δm+δm†)/
√

2, δYm = (δm−δm†)/(
√

2i), (6)

and the quadrature noise operators are

X in
a = (ain +a†

in)/
√

2, Y in
a = (ain−a†

in)/(
√

2i),

X in
m = (min +m†

in)/
√

2, Y in
m = (min−m†

in)/(
√

2i). (7)

Then the linearized system dynamics in Eq. (4) can be written
in the following compact form:

Ṙ(t) = MR(t)+N(t), (8)

where R(t) = [δXa,δYa,δXm,δYm]
T and N(t) =

[
√

2κaX in
a ,
√

2κaY in
a ,
√

2γmX in
m ,
√

2γmY in
m ]T are the column vec-

tors for the quantum fluctuations and input noise, respectively.
The 4×4 matrix M is

M =


−κa ∆a 0 gm
−∆a −κa −gm 0

0 gm −γm ∆ ′m−K
−gm 0 −(∆ ′m +K) −γm

 . (9)

Based on the Rough–Hurwitz criterion,[40] when all of the
eigenvalues of matrix M have negative real parts, the system
dynamics in the long-time limit is stable.

Generally, thanks to the linearized dynamics characteris-
tic in Eq. (8) and the zero-mean Gaussian nature of the input
quantum noises, it is extremely convenient to introduce the co-
variance matrix (CM) to describe the system dynamics.[41–43]

To this end, we define the following 4×4 CM V :

Vj,k = 〈R j(t)Rk(t)+Rk(t)R j(t)〉/2, ( j,k = 1,2,3,4). (10)

Combining Eqs. (8) and (10), we can derive the equation of
motion about V

V̇ (t) = MV (t)+V (t)MT +D, (11)

where MT is the transpose of matrix M and D is the diffusion
matrix. From the noise correlation functions, we obtain the
form of matrix D

D = diag[κa(2Na +1),κa(2Na +1),

γm(2Nm +1),γm(2Nm +1)]. (12)

Obviously, once the CM V (t) is acquired from Eq. (11), the
diagonal elements Vii(t) (i = 1,2,3,4) are the variances of the
quadrature operators for the cavity and magnon modes. On the
other hand, the degree of squeezing can also be characterized
in decibel units as

−10log10
Vii(t)
Vvac

, (13)

where Vvac = 0.5 is the variance of the vacuum state.
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4. Squeezed state of magnons
According to the Heisenberg uncertainty principle and

the commutation relation [Xm,Ym] = i, as long as the variance
〈δX2

m〉 or 〈δY 2
m〉 is less than 0.5. i.e., larger than 0 dB, it can

be verified that the squeezing of magnon mode is generated.
To achieve squeezed state of magnons, we choose experimen-
tally accessible parameters:[6,31,44] ωa = ωm = 2π × 10 GHz,
κa = 2π×4 MHz, γm = 2π×0.4 MHz, gm = 0.5γm, K = 10κa,
and ∆a = κa. These system parameters dynamically ensure
the stability in terms of the Routh–Hurwitz criterion.[40] To
clearly show the magnon squeezing, we plot time evolution of
the variances 〈δX2

m〉 and 〈δY 2
m〉 in Fig. 2. From Fig. 2, we can

see that the variance 〈δX2
m〉 oscillates first and then reaches

the steady state quickly. Obviously, the variance 〈δX2
m〉 in the

steady state reaches 2 dB and thus the squeezing of magnon
mode is successfully achieved. It is well known that the
basic mechanism for creating squeezing is the Hamiltonian
takes the form δm2 + δm†2 (see Eq. (5)) so that the corre-
sponding evolution operator is a squeezed operator. There-
fore, the squeezing of magnons is successfully generated. On
the other hand, according to the Heisenberg uncertain relation,
the magnon mode cannot be simultaneously squeezed in the
directions of Xm and Ym. However, as shown in Fig. 2, with-
out violating the Heisenberg’s uncertain relation, via tuning
the detuning ∆m and changing the direction of magnetic field
(K0 > 0→ K0 < 0), the squeezing in terms of Ym is also suc-
cessfully generated. Therefore, either the direction of Xm or
Ym, our scheme can achieve magnon squeezing in the appro-
priate parameter regime.

Fig. 2. Magnon variance 〈δX2
m〉 (〈δY 2

m〉) versus time κat. System param-
eters are ∆m = −3κa and ∆m = 3κa for 〈δX2

m〉 and 〈δY 2
m〉, respectively.

The direction of magnetic field B0 is along the crystallographic axis [100]
and [110], respectively. See the text for other parameters.

To more intuitively present the squeezing feature in phase
space, we further introduce the Wigner function to discuss the
magnon squeezing. The Wigner function in terms of CM can
be expressed as[45]

W (P) =
1

2π
√

Det[Vm]
exp
[
−1

2
PTV−1

m P
]
, (14)

where Vm is the CM of magnon mode and P refers to the
two-dimensional vector P = [Xm,Ym]

T. In Fig. 3, we plot the

Wigner functions of the magnon mode corresponding to ini-
tial state and steady states in Fig. 2, respectively. As shown
in the left-side subplot of Fig. 3, the Wigner function neither
stretches nor contracts in any axis, i.e., the magnon mode is
not squeezed in either the direction of Xm nor Ym at the begin-
ning. However, as shown in Fig. 3(a), it is obvious that the
Wigner function stretches in the vertical axis while contracts
in the direction of horizontal axis. Therefore, it can be clearly
found that the magnon squeezing occurs in the direction of Xm.
On the other hand, when we tune ∆m = 3κa and the magnetic
field B0 is along the crystallographic axis [110], as shown in
Fig. 3(b), the Wigner function stretches along the horizontal
axis while contracts along the vertical axis and the magnon
squeezing is achieved in the direction of Ym. Hence, from the
point of Wigner function, it is intuitively found that, no mat-
ter in the direction of Xm or Ym, the magnon squeezing can be
successfully achieved by appropriately tuning the system pa-
rameters. This interesting feature is beneficial when the quan-
tum fluctuation needs to be reduced in a specific direction as
required in practical applications, such as quantum-enhanced
measurements.[46,47]

Fig. 3. Wigner functions of the magnon (cavity) mode corresponding to
the initial state (left side) and steady states in Fig. 2 (right side). The
system parameters are the same as those in Fig. 2.

We also plot the variances 〈δX2
m〉 and 〈δY 2

m〉 versus the
detuning of magnon ∆m and the strength of two-magnon ef-
fect K in Fig. 4 to study the influence of the Kerr nonlin-
earity on squeezing. As presented in Fig. 4, it is shown that
the strong magnon squeezing is generated with the larger two-
magnon effect strength, which is expected according to the
system Hamiltonian in Eq. (5). In addition, we can also find
that the detuning of magnon ∆m and the two-magnon effect
strength K have a significant influence on the stability of the
system dynamics. From Fig. 4, we can easily choose the ap-
propriate system parameters to stay away from the unstable
parameter region and generate strong magnon squeezing in the
desired direction.

044210-4
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Fig. 4. Magnon variances 〈δX2
m〉 in (a) and 〈δY 2

m〉 in (b) versus the de-
tuning of magnon ∆m and the two-magnon effect strength K. Magnetic
field B0 is along the crystallographic axis [100] and [110] in panels (a)
and (b), respectively. See the text for other parameters and the blank re-
gion denotes that the system dynamics is unstable in the corresponding
parameter regime.

5. Squeezed state of photons
It is noted that the coupling term between the magnon

mode and cavity mode in Eq. (5) is gm(δaδm† + δmδa†),
which is the so-called cavity–magnon beam-splitter interac-
tion and this type of interaction is generally applied to the
quantum state transfer.[18,34] In the above section, we provide
a detailed discussion about the generation of magnon squeez-
ing induced by the Kerr nonlinearity. In the following, we
further discuss the squeezing of cavity mode induced by the
cavity–magnon beam-splitter interaction.

To show the squeezing of photons, in Fig. 5, we plot the
variance dynamics of the cavity mode in different parameter
regimes, respectively. From Fig. 5, it is seen that the variances
〈δX2

a 〉 and 〈δY 2
a 〉 both reach the steady state after the short

oscillation. The steady states in the squeezing region mean
that the squeezing states of photons can be successfully gen-
erated in the direction of Xa or Ya. To show this squeezing
feature more intuitively, we further plot the Wigner functions
of the cavity mode in the phase space corresponding to ini-
tial state and steady states in Fig. 3. As shown of the left-side
subplot in Fig. 3, the Wigner function of the initial state nei-
ther stretches nor contracts along any direction in the phase
space, which corresponds to the nature that the photons at first

are in a coherent state. As shown of the right-side subplots
of Fig. 3, starting from the initial state, if we make use of the
different parameter regimes to effectively modulate the sys-
tem, the squeezing of photons will be generated in the desired
direction.

Fig. 5. Photon variance 〈δX2
a 〉 (〈δY 2

a 〉) versus time κat. System param-
eters are ∆m = κa and ∆a = −κa for 〈δX2

a 〉 and ∆m = −κa and ∆a = κa
for 〈δY 2

a 〉, respectively. The direction of magnetic field B0 is along the
crystallographic axis [110] and [100], respectively. Here gm = 100γm and
other system parameters are the same as those in Fig. 2.

∆
a
/κ

a

∆
a
/κ

a

Fig. 6. Photon variances 〈δX2
a 〉 in (a) and 〈δY 2

a 〉 in (b) versus the cav-
ity detuning ∆a and the cavity–magnon coupling strength gm. Magnetic
field B0 is along the crystallographic axis [110] and [100] in (a) and (b),
respectively. The other system parameters are the same as those in Fig. 5
and the blank regions denote that the system dynamics is unstable in the
corresponding parameter regime.

In addition, we also plot the variances of photon 〈δX2
a 〉

and 〈δY 2
a 〉 versus the cavity detuning ∆a and the cavity–

magnon coupling strength gm in Fig. 6, respectively. As shown
in Fig. 6, it is found that both the cavity detuning ∆a and the
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cavity–magnon coupling strength gm have an obvious influ-
ence on the system stability. However, in the appropriate pa-
rameter regime, the system dynamics can keep away from the
unstable region and the variance of photons in the desired di-
rection reaches 2 dB in the steady state.

6. Experimental feasibility
In this section, we discuss the experimental feasibility

of our proposed scheme. It is well known that the environ-
ment thermal noise will inevitably affect the generation of the
squeezed state. To this end, the robustness of the magnon vari-
ance 〈δX2

m〉 and photon variance 〈δX2
a 〉with respect to the bath

temperature T is shown in Fig. 7. From Fig. 7, it can be found
that variances 〈δX2

m〉 and 〈δX2
a 〉 first decrease slowly and then

decrease sharply with bath temperature T . The squeezing
effect persists for temperature above 300 mK, which is far
larger than the experimental temperature 10 mK.[25] Hence,
our scheme has strong robustness against the thermal noise.
On the other hand, besides the thermal noise, another factor
that affects the squeezing of photons is the cavity dissipation.
In Fig. 8, we plot the photon variance 〈δX2

a 〉 versus the cav-
ity dissipation rate κa. It can be clearly found from Fig. 8
that the variance 〈δX2

a 〉 will decrease with the increase of cav-
ity dissipation κa and the squeezing of photons disappears fi-
nally. Therefore, the squeezing of photons only occurs inside
the cavity.

Fig. 7. Plots of the variances 〈δX2
m〉 in panel (a) and 〈δX2

a 〉 in panel (b)
versus the bath temperature T . The system parameters are the same as
those in Figs. 2 and 5, respectively.

It should be pointed out that the cavity–magnon hy-
brid system with a high quality factor has been realized ex-
perimentally and the coherent coupling between magnons
and microwave photons can reach the ultrastrong coupling
regime.[6] On the other hand, the magnon Kerr effect has
been exploited to study magnon blockade and nonreciprocal
entanglement.[44] In experiment, the magnon Kerr nonlinear-
ity can be realized via coupling the magnon mode to a su-
perconducting qubit and the strength of Kerr effect can be

tuned by adjusting the effective coupling between the magnons
and qubit.[48] As an alternative method, the magnon self-Kerr
nonlinearity can also be obtained via the magnetocrystalline
anisotropy in YIG and the Kerr strength can be effectively
tuned by changing the angle between the bias magnetic field
and the crystal axis of YIG.[31] As to the detection of squeez-
ing of magnons and photons, we can introduce an ancillary
weak microwave field and by homodyning the cavity output
field, the readout of the generated squeezing effect can be ef-
fectively achieved. Another detection method is to obtain the
squeezing spectrum of the cavity output in the frequency do-
main, which carries the clear signature of squeezing effect.

Fig. 8. Plot of the photon variance 〈δX2
a 〉 versus the cavity dissipation rate

κa. Here T = 50 mK and κ = 2π×4 MHz. The other system parameters
are the same as those in Fig. 5, respectively.

7. Conclusion

In conclusion, we have proposed an effective scheme to
generate the squeezing of magnons and photons based on the
magnon Kerr effect in the cavity–magnon hybrid system. We
provided a detailed discussion about the squeezing generation
from the points of variance dynamics evolution and Wigner
function in the phase space. We found that the squeezing of
magnons can be fully generated by the magnon Kerr effect and
the obtained squeezed state of magnon is stable in system dy-
namics. The larger squeezing of magnon could be realized by
increasing the two-magnon effect strength. Meanwhile, resort-
ing to the cavity–magnon state-swap interaction, we can fur-
ther achieve the squeezing of photons. We also demonstrated
that the desired squeezing direction both for magnon and pho-
ton can be successfully modulated via choosing the proper pa-
rameter regime. Our scheme provides an effective path to en-
gineering the quantum squeezing employing the magnon Kerr
effect and also has potential applications in quantum precision
measurement in hybrid cavity–magnon system.
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dral V, Zeilinger A and Aspelmeyer M 2007 Phys. Rev. Lett. 98 030405
[42] Mari A and Eisert J 2009 Phys. Rev. Lett. 103 213603
[43] Yan D, Ren F, Huang L, Guo Y, Wang J, Gu K and Zhang H 2025

Photonics 12 472
[44] Chen J, Fan X G, Xiong W, Wang D and Ye L 2023 Phys. Rev. B 108

024105
[45] Weedbrook C, Pirandola S, Garcı́a-Patrón R, Cerf N J, Ralph T C,

Shapiro J H and Lloyd S 2012 Rev. Mod. Phys. 84 621
[46] Giovannetti V, Lloyd S and Maccone L 2004 Science 306 1330
[47] Li Y L, Liao C H and Xiao X 2025 Chin. Phys. B 34 010307
[48] Lachance-Quirion D, Tabuchi Y, Ishino S, Noguchi A, Ishikawa T, Ya-

mazaki R and Nakamura Y 2017 Sci. Adv. 3 e1603150

044210-7

https://dx.doi.org/10.7567/1882-0786/ab248d
https://www.sciencedirect.com/science/article/pii/S0370157322000977
https://www.sciencedirect.com/science/article/pii/S0370157322002460
https://dx.doi.org/10.1088/1367-2630/ad327c
https://dx.doi.org/10.1088/1367-2630/ad327c
https://link.aps.org/doi/10.1103/PhysRevLett.113.083603
https://link.aps.org/doi/10.1103/PhysRevLett.113.156401
https://link.aps.org/doi/10.1103/PhysRevLett.113.156401
https://link.aps.org/doi/10.1103/PhysRevLett.117.123605
https://link.aps.org/doi/10.1103/PhysRevLett.117.123605
https://link.aps.org/doi/10.1103/PhysRevLett.117.133602
https://link.aps.org/doi/10.1103/PhysRevLett.117.133602
https://www.science.org/doi/abs/10.1126/science.aaz9236
https://link.aps.org/doi/10.1103/PhysRevLett.130.193603
https://www.science.org/doi/abs/10.1126/sciadv.1501286
https://link.aps.org/doi/10.1103/PhysRevLett.121.203601
https://doi.org/10.1063/5.0020277
https://link.aps.org/doi/10.1103/PRXQuantum.2.040344
https://link.aps.org/doi/10.1103/PRXQuantum.2.040344
https://doi.org/10.1007/s11433-024-2432-9
https://doi.org/10.1007/s11433-024-2432-9
https://doi.org/10.1038/nature20604
https://doi.org/10.1038/nature20604
https://link.aps.org/doi/10.1103/PhysRevLett.115.243603
https://link.aps.org/doi/10.1103/PhysRevLett.115.243603
https://doi.org/10.1038/s41467-024-51421-7
https://doi.org/10.1038/s41467-024-51421-7
https://link.aps.org/doi/10.1103/PhysRevA.105.022624
https://link.aps.org/doi/10.1103/PhysRevA.107.012410
https://link.aps.org/doi/10.1103/PhysRevA.107.012410
https://link.aps.org/doi/10.1103/PhysRevA.107.013702
https://link.aps.org/doi/10.1103/jr6g-dcnp
https://doi.org/10.1088/1674-1056/adb735
https://doi.org/10.1088/1674-1056/adb735
https://link.aps.org/doi/10.1103/PhysRevA.99.021801
https://doi.org/10.1063/5.0228364
https://opg.optica.org/oe/abstract.cfm?URI=oe-29-8-11773
https://opg.optica.org/oe/abstract.cfm?URI=oe-29-8-11773
https://link.aps.org/doi/10.1103/PhysRevA.108.063703
https://doi.org/10.1063/5.0245193
https://link.aps.org/doi/10.1103/PhysRevResearch.3.023126
https://link.aps.org/doi/10.1103/PhysRevResearch.3.023126
https://link.aps.org/doi/10.1103/PhysRevB.94.224410
https://link.aps.org/doi/10.1103/PhysRevLett.120.057202
https://link.aps.org/doi/10.1103/PhysRevLett.120.057202
https://doi.org/10.1007/s11433-018-9344-8
https://doi.org/10.1007/s11433-018-9344-8
https://link.aps.org/doi/10.1103/PhysRevA.99.021801
https://link.aps.org/doi/10.1103/343d-t8pv
https://link.aps.org/doi/10.1103/343d-t8pv
https://cpb.iphy.ac.cn/EN/abstract/article_115622.shtml
https://cpb.iphy.ac.cn/EN/abstract/article_115622.shtml
https://link.aps.org/doi/10.1103/RevModPhys.86.1391
https://link.aps.org/doi/10.1103/RevModPhys.86.1391
https://link.aps.org/doi/10.1103/PhysRevResearch.1.023021
https://link.aps.org/doi/10.1103/PhysRevResearch.1.023021
https://link.aps.org/doi/10.1103/PhysRevA.83.033820
https://link.aps.org/doi/10.1103/PhysRevA.35.5288
https://link.aps.org/doi/10.1103/PhysRevLett.98.030405
https://link.aps.org/doi/10.1103/PhysRevLett.103.213603
https://www.mdpi.com/2304-6732/12/5/472
https://www.mdpi.com/2304-6732/12/5/472
https://link.aps.org/doi/10.1103/PhysRevB.108.024105
https://link.aps.org/doi/10.1103/PhysRevB.108.024105
https://link.aps.org/doi/10.1103/RevModPhys.84.621
https://www.science.org/doi/abs/10.1126/science.1104149
https://doi.org/10.1088/1674-1056/ad8f9e
https://www.science.org/doi/abs/10.1126/sciadv.1603150

	1. Introduction
	2. Model and Hamiltonian
	3. System dynamics
	4. Squeezed state of magnons
	5. Squeezed state of photons
	6. Experimental feasibility
	7. Conclusion
	References

