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Chaotic motion that exhibits extraordinary dynamic behavior has attracted particular attention in magnonics in the
context of understanding nonlinear magnomechanical interaction. Here, we theoretically explore the magnomechanical
chaos induced by dissipative coupling in an open cavity magnomechanical system. Numerical calculations of the mag-
nomechanical dynamics show that the introduction of dissipative coupling can greatly enhance the nonlinearity of the
system and induces ultra-low driving threshold chaotic motion, which effectively solves the bottleneck that the weak mag-
netostrictive interaction cannot trigger chaotic motion in a cavity magnomechanical system. Furthermore, we find that the
degree of chaos represented by the Lyapunov exponent can be well tuned by changing the dissipative coupling strength.
In addition to providing insight into chaotic behavior in open magnomechanical systems, dissipative-coupling-induced
chaotic motion may also hold for other magnonic quantum systems since magnons possess excellent compatibility with
other quasiparticles, and may find applications in the chaotic transfer of information.

Keywords: cavity magnomechanical system, magnetostrictive interaction, chaotic motion
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1. Introduction

Magnonics, as an emergent interdisciplinary field, has
been widely studied in the fields of condensed matter physics,
quantum optics and spintronics.['# Magnons, the quasiparti-
cles of spin waves, serve as the information carrier that have no
movement of charge during the transmission process, avoid-
ing the emergence of Ohmic losses, which is the key advan-
tage of magnonic devices compared with electrons.!!l In re-
cent years, magnomechanical system has attracted much in-
terest in the context of understanding nonlinear magnetostric-
tive interaction, providing a special platform for observing
many intriguing classical and quantum phenomena, 526! rang-

ing from entanglement and squeezing states of magnons!!4-20!

and the magnon Kerr effect!?*! to the ground-state cooling of

[27-301 and the magnonic frequency

mechanical vibration mode
combs based on magnetostrictive effect.[31-341 A typical mag-
nomechanical system consists of a microwave cavity mode,
a magnon mode, and a mechanical mode, in which the me-
chanical mode couple to the magnon mode through the mag-
netostrictive effect, which is the core of the magnomechanical
system and the main source of nonlinearity. [~ Chaos, as a
distinct nonlinear phenomenon, #1=#I holds significant impor-
tance in exploring the nonlinear properties of magnonics;“!
however, the weak magnetostrictive interaction of magnons
presents a challenge for generating chaotic motion. (434!
Recently, the concept of dissipative coupling has attracted
particular attention due to its rich fundamental physics, mate-
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rials, devices, and potential practical applications, where the
cavity and magnon modes interact with cooperative external

47-591 Many exotic phenomena based on dissipative

damping.|
coupling in magnonic systems have been reported; for exam-
ple, previous studies have demonstrated that the dissipative in-
teraction can suppress magnon damping and thereby reduce
the threshold for conventional magnon Kerr bistability. °! For
comparable parameters, for instance, the bistability threshold
for dissipatively coupled systems is lower by a factor of about
5, which opens up new possibilities for the exploration of non-
linear phenomena in cavity magnonics.®’! Furthermore, ultra-
wideband magnonic frequency comb generation can be imple-
mented by introducing dissipative coupling in an open mag-
nomechanical system. The total width of the magnonic comb
in the robust plateau region can be up to ~400 comb lines,
which is much broader and flatter than that reported in the pre-

1591 The introduction of dissipative coupling al-

vious works.
lows the observation of weak nonlinear phenomena that could
not be observed before, which has important scientific signifi-
cance and practical value in the study of nonlinear cavity mag-
nomechanics.

Inspired by these works, we propose an efficient mech-
anism to induce ultra-low threshold magnomechanical chaos
by introducing dissipative coupling interplay in an open mag-
nomechanical system. Our results suggest that the dissipative
coupling between the cavity and magnon modes plays a crucial
role in the dynamic evolution of the magnomechanical system
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and can significantly enhance the nonlinear magnetostrictive
interaction.*>=71 A chaotic motion with an ultra-low drive
threshold (~ nW) is obtained in the magnomechanical sys-
tem, and the introduction of dissipative coupling adds a new
degree of freedom to the manipulation of magnomechanical
chaotic motion. Besides being of fundamental importance in
chaotic dynamics, this work may have broad implications for
many practical applications of secret information processing

and communication based on magnonic devices.6%-6!]

2. Physical model and methods

The physical model we consider is schematically illus-
trated in Fig. 1(a), in which a highly polished single crystal
yttrium iron garnet sphere with a diameter of 1 mm is placed
above the intersection of the microwave cavity and waveguide
line. The microwave driving source with a central frequency
@q and a driving amplitude 4 = \/m (Kye the ex-
ternal coupling of the microwave cavity mode to the waveg-
uide, Py the power of the microwave driving field) is intro-
duced into the microwave cavity to excite the magnon mode
of the YIG sphere.®! Simultaneously, a bias magnetic field
with a strength of By is applied to saturate the magnetization
and control the frequency of the Kittel mode, i.e., @, = YBo,
where the gyromagnetic ratio y/27 = 28 GHz/T.[%?] As shown
in Fig. 1(b), the magnon excitation will cause varying magne-
tization due to the magnetostrictive effect, thereby introduc-
ing the deformation mode of the ferromagnetic crystal and
facilitating its coupling with the Kittel mode.!> This cou-
pling interaction can be described by a radiation pressure-like
Hamiltonian, ') ie., H,, = hig,pm (b +b'), where g, is
the single magnon—phonon coupling strength, and bt (IA)) and
i’ (i) correspond to the creation (annihilation) operators of
the phonon mode with frequency w, and magnon with fre-
quency @, respectively. The crossline-microwave circuit sup-
ports both the standing wave and the traveling wave, where the
standing wave forms the cavity mode and contributes to coher-
ent coupling between the magnon mode and the microwave
cavity mode, while the traveling wave induces the dissipa-
tive coupling between the cavity mode and the magnon mode
by radiating energy into an open environment.*’~*1 Further-
more, the dissipative coupling strength can be changed by
moving the position of the YIG sphere so that the dissipa-
tive coupling dominates.®!! As a consequence, the interac-
tion Hamiltonian between the magnon and the cavity photon
is given by Hy = h(gma + i) (a" i +am'), here @ (@) is the
boson creation (annihilation) operator of the cavity mode with
the intrinsic frequency @,. g, represents the coherent cou-
pling strength arising from magnetic dipole moment interac-
tion, and I" denotes the dissipative coupling strength between
the magnon and microwave cavity modes through their com-
mon storage layer.[*’! Therefore, the Hamiltonian of the whole

system, which consists of the photon, magnon and phonon
modes and their interactions, can be written as

H = hwad'a+ hayi' i+ hopb’b
+ gy (b + bT) + h(gma + i) (@ 1+ ")
+hQqg(ate 10 L gel®al), 1)
In order to eliminate the time dependence of the microwave
pump term, the system is placed in the rotating frame at the
frequency @y of the microwave driving field, that is, the uni-
tary transformation U (¢) = exp(—i@yr'riat ) is adopted. Thus,
the effective Hamiltonian of this non-Hermitian system can be

written as
AU (¢
Hgr = U()HU (1) —ihU (1) a;( )
= hAG" A+ hA i B+ Toyh b+ higpi (b4 bT)
+1(gma+ i0) (@ 4 am’) + 1 Qq(a" + a), )

where Ay () = () — ©a denotes the frequency detuning be-
tween the cavity mode (magnon mode) and the microwave
pump field. Under the semiclassical approximation,®* the
operators of each mode are reduced to their average values,
viz. a(t) = a(t), m(r) = m(t), and b(r) = b(r).
Iution of the magnomechanical system can be described by

The evo-

the Heisenberg-Langevin equation, i.e., 0 = i/i[H,0] (0 =
a,m,b), as follows:

Aa_ iKa gma"‘ir 0
gma"'ir Am_iKm 0 R
0 0 0

0 0 0
—i| 0 gu(+b") 0
0 —igmme y, — iKb
where R = (a,m,b)T and U = (£4,0,0)T. «, is the total mi-
crowave cavity loss rate that can be written as the sum of the

=i

S~ 5. Q.

R—i0+p, (3)

loss rate associated with the input coupling (k) and the re-
maining loss rate (K ;), i.e., K; = Kge + Kyi. Ky and k;, are
the intrinsic dissipation for the magnon and phonon modes, re-

spectively. p = (« /Kain (1), A/ Koniin (1), /Kpbin (t))T represent
the white noise terms of the corresponding modes, character-

ized by the temperature-dependent correlation functions®*!

<ain(t)aiTn
nth,a(wa)]a(t - t/),

nnp(0p) +1]8(1 —1'),
<b:n(t)bin /! Ny (0)]8 (1 —1'). 4)

The thermal occupancy of the baths is given by Bose—Einstein

[
) =1
) = [,
) = [ m(0,)]8( —1"),
) =1
) =1

distributions, i.e.,

Mih,(a,m) =

037501-2



Chin. Phys. B 35, 037501 (2026)

1
M, (b) = hog, ’
5P [y Thun]

®)

where Kp is the Boltzmann constant and Ty, is the bath
temperature (assumed to be the same for all the modes).
Equation (3) is a set of nonlinear differential equations and
thus the dissipative coupling between the magnon and mi-
crowave cavity modes will affect the dynamical evolution
of the system, which may trigger some intriguing nonlin-

47.48.58] 1n what follows, we discuss in de-

ear phenomena. !
tail the influence of dissipative coupling on the chaotic dy-
namics of the magnomechanical system. Firstly, to charac-
terize the chaotic properties of the magnon, without loss of
generality, we define the mean value of the magnon opera-
tor as m = m; + im; (m; and m; are real numbers), and the

intensity of the magnon is defined as I, = m2 + m;Z. The

—K; A r
_Aa —Ku —8ma
F 8ma —Km
M =
—8ma r _Am + ngbb
0 0 0
0 0 —2gmm

(b)
©..

g771(1+iF

Fig. 1. (a) Schematic illustration of an open magnomechanical system,
in which a yttrium iron garnet sphere is placed above the center of the
crossline-microwave circuit that supports both the standing wave and
the traveling wave. The YIG sphere is driven by a microwave pump
source, which is input from port 1 or 2 and probed from the other port.
A static bias magnetic field is applied along the depicted direction to
saturate the magnetization. (b) Microscopic diagram of the interaction
of three modes: the magnon mode is coupled with the microwave cavity
mode (with the coupling strength g, + iI") and the deformation mode
(with the coupling strength g,,;,), respectively.

The temporal evolution of the magnon mode can be ob-
tained by numerically solving the nonlinear evolution Eq. (3)
and the perturbation equations dd/d¢ = M under various ini-
tial conditions. To investigate the chaotic characteristics dur-
ing the evolution process of magnomechanic dynamics, we
take into account the evolution of a nearby point (I, + 61,,) of
I, to characterize the property of the magnon mode. The cal-
culated exponential variation of 81, (81, = |m+ 8m|* —1I,,)
demonstrates how the initial states of the cavity field evolve in
the temporal domain and phase space. Note that the perturba-

magnonic spectrum S(®) in the frequency domain can be ob-
tained by performing the fast Fourier transform on 7,,, where
o is the spectroscopic frequency. Furthermore, the chaotic
system is extremely sensitive to tiny perturbations, and in or-
der to quantitatively investigate such hypersensitivity to the
initial conditions, we assume the evolution of a perturbation
8 = (8ay, 8a;, Smy, 8m;, 5b;, 8b;)T, which characterizes the di-
vergence degree of adjacent trajectories in phase space.[*!3]
Here, the perturbation components day, da;, Omy, Om;, 8by, 8b;
correspond to the quantum fluctuations of the respective
mode operators around their classical mean-field values (e.g.,
day, 0a; for the microwave cavity mode, dmy,dm; for the
magnon mode, and 8b;, 6b; for the phonon mode).

Thence, the perturbation equation of & can be obtained
by linearizing Eq. (3) and dd/dr = MJ, with the coefficient
matrix

8ma 0 0
r 0 0
An+28mpb 28mpmi 0 ©)
—Km —2gmpm;y 0
0 — K y,
—2gmpmi  —@p —Kp

tion component dm corresponds to the quantum fluctuations
of the magnon operator around the classical mean-field values
(e.g., m=m+ &m).

In what follows, we discuss the dynamic evolution of the
magnomechanical system under dissipative coupling in detail.
Figure 2 shows the numerical results of solving Eq. (3) and
the perturbation equations dd/ds = M4 in the presence and
absence of dissipative coupling. Specifically, in the absence of
dissipative coupling i.e., I' /2w = 0 MHz, the time evolution
of the magnon number I, is shown in Fig. 2(a). We can see
that after a transient process, the oscillation of the magnon
reaches a stable periodic oscillation before + = 1 pus. Note
that the disordered oscillations in the inset of Fig. 2(a) arise
from environmental white noise dominating the weak coher-
ent dynamics under ultralow driving power (Py = 1 nW). The
spectrum of the magnonic dynamics is shown in Fig. 2(c). It
should be pointed out that the magnonic spectrum undergoes
a frequency shift of @y, because the evolution equations de-
scribe the evolution of the magnon mode in a frame rotat-
ing at the driving frequency @y. Correspondingly, the expo-
nentially decaying perturbation also demonstrates the periodic
evolution of magnons [shown in Fig. 2(b)]. It can be seen
from the above discussion that the chaotic motion of the mag-
nomechanical system cannot be triggered by the weak nonlin-
ear magnetostrictive interaction under a weak driving power.
However, when dissipative coupling between the magnon and

037501-3
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microwave cavity modes is introduced (I" /2w = 20 MHz), the
magnon number /, is dramatically enhanced by approximately
13 orders of magnitude [Fig. 2(d)]. This substantial amplifi-
cation renders the influence of environmental thermal noise
on the magnon dynamics negligible. At room temperature,
the thermal magnon occupation number (7, ~ 10%) is far
lower than the significantly boosted magnon population sus-
tained by the dissipative coupling mechanism. Concurrently,
the evolution of the perturbation 81, exhibits exponential di-
vergence over time [Fig. 2(e)], a hallmark signature of de-
terministic chaos.#>%! In addition, the broadband spectrum
[Fig. 2(f)] further corroborates chaos. This divergence signi-
fies extreme sensitivity to initial conditions (the butterfly ef-
fect) and confirms the chaotic nature of the magnon dynamics
under dissipative coupling, distinct from noise-induced fluctu-
ations. Therefore, while environmental noise introduces minor
fluctuations in the perturbation evolution trajectory and side-
band spectrum under dissipative coupling, the defining chaotic
characteristics of the system, such as a positive Lyapunov ex-
ponent, remain robustly present.

To further elucidate the pronounced dependency of mag-
nomechanical chaos on dissipative coupling strength, we an-
alyze the variation of the maximal Lyapunov exponent of the
magnon mode with the dissipative coupling strength under the
weak driving power Py = 1 nW. The maximal Lyapunov expo-
nent of the magnon mode defined by the logarithmic slope of
the perturbation 81,,, i.e., 81, (t) = 81,,(0) e*-E', and the loga-
rithmic slope, i.e.,
0L, (1)
61,,(0)

which is a mensurable description of the rate of convergence or

. . 1
Meg=Ilm lim -
10051, (0)—0 I

) )

ln‘

divergence of nearby trajectories in phase space. In physics, a

X103

positive Lyapunov exponent (AL g > 0) implies that the evo-
Iution of the magnon mode is chaotic, i.e., divergence and
sensitivity to initial conditions. Conversely, a negative Lya-
punov exponent (A g < 0) indicates that the evolution of the
magnon mode is ordered. In particular, a zero Lyapunov expo-
nent (A g = 0) means that the appearance of period-doubling

[41-43] Figure 3(a) shows the maximum Lyapunov

bifurcations.
exponent of the magnon mode varying with the dissipative
coupling strength. Obviously, as the dissipative coupling
strength increases, the Lyapunov exponent of the magnon
mode changes from negative to positive, which means that
the system enters a chaotic state from an ordered state. Fur-
thermore, by adjusting the dissipative coupling strength, the
degree of chaos can be effectively enhanced, which plays a
crucial role in the chaotic behavior of the cavity magnome-
chanical system. It is worth noting that the dissipative cou-
pling strength is controllable in experiments and can be ad-
justed by tuning the 3D position of the YIG sphere.>!) From
the above results, it can be seen that dissipative coupling pro-
vides a feasible way to realize magnomechanical chaos under
low power conditions. The variation of the Lyapunov expo-
nent of the magnon mode with the intensity of the coherent
coupling is also discussed, and the results are shown in the in-
set of Fig. 3(a). We can see that when the system is dominated
by coherent coupling, the maximum Lyapunov exponent of the
magnon is always negative as the coupling intensity increases,
which means that coherent coupling cannot induce the sys-
tem to enter chaotic motion under weak power drive. In this
context, dissipative coupling provides a convincing alternative
mechanism to address the severe challenge of being unable to

trigger magnomechanical chaotic motion under weak driving.

9
(b) (c)

= 8
=2 3

Z n 7
g g
~ =

6

20 9 2 1 6
w/wp
10 60 T~ 24
(d) X1018 ¢
_ 10 (©) 0

""S 5\\\\ !»Nj E 29

= 5 S 20 (g
g 0 —

~ 1.6 1.8 -

0 20

0 = —20
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0 0 2 4 6
Time (us) Time (us) w/wp

Fig. 2. (a) The time evolution of the magnon number ,,, (b) the temporal progression of perturbations In 81, and (c) the frequency spectrum
output from the magnomechanical system InS(®) are shown in the absence of the dissipative coupling I' /2w = 0 MHz. Correspondingly,
in the presence of the dissipative coupling, i.e., I'/2m = 20 MHz, the results are shown in (d)—(f). The initial conditions are chosen as
arli—0 = @ili=0 = brlt—0 = bili—0 = me|s—0 = mil;—0 = 0, and Sar|s—o = 8ai|r—o = Sb¢|i—0 = 8bi|i—0 = Sme|i—o = Smil—o = 10710, The

parameters of this system have been selected based on the recent experiment:[]

/27 = 11.42 MHz, K,¢/27 = K,;/27 = 1.67 MHz,

Kn/2m = 0.56 MHz, K;,/27 = 150 Hz, g,»/27 = 9.88 mHz, A, = A,, = @p, the microwave driving field power Py = 1 nW and the bath

temperature Tpyg, = 300 K.
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Fig. 3. (a) The maximum Lyapunov exponent of the magnon mode A g
versus the dissipative coupling strength I' /27 and the coherent coupling
strength g, /27 (the inset). The microwave drive field power is set to
Py =1 nW. (b) ALg as a function of the microwave driving power Py
under the dissipative coupling with I" /2w = 20 MHz and the coherent
coupling with g,,,/27m = 20 MHz (the inset). The other parameters are
the same as those in Fig. 2.

A pivotal comparison of the maximal Lyapunov exponent
ALE evolution with microwave driving power Py under distinct
coupling regimes: dissipative coupling (I'/27w = 20 MHz)
and coherent coupling (g,,,/2m = 20 MHz, the inset). Cru-
cially, under dissipative coupling, A;p remains persistently
positive (ALg > 0) even at ultra-low driving powers down to
Py < 0.1 nW. This signifies the emergence of chaotic dy-
namics effectively without a lower power threshold. In stark
contrast, under coherent coupling, A; g remains strictly neg-
ative (ALg < 0) even when Py is increased by nine orders of
magnitude up to 1 W, indicating only stable periodic oscilla-
tions. This profound difference stems from the distinct phys-
ical nature of the couplings. Dissipative coupling, mediated
by interaction with a common reservoir (waveguide), intro-
duces level attraction and significantly amplifies the magnon

[4748] This population boost dramatically enhances

population.
the effective nonlinearity arising from the magnetostrictive
interaction, and the amplified nonlinearity readily triggers
chaotic instability at minimal drive powers. Conversely, co-
herent coupling, while enabling energy exchange, lacks this
inherent amplification mechanism. In addition, the effective
damping rate of the magnon mode ks is modified by the
cavity-magnon interaction, i.e., Keff = K, + 1 K,.°% The coef-
ficient N = (gma +iI')%/(A2 + x2) stands for the transfer ef-
ficiency of the excitation power from the input port into the
magnon system, and 7 is dependent on the frequency detun-
ing A,4, and the total damping of the cavity k. For the coherent
coupling region (I" = 0), in this case, n = g2,,/(A2 + k2) >0,
leading to an enhanced effective damping rate of the magnon
mode, i.e., Keif = K, + 1 K. However, for the dissipative cou-
pling region (g, = 0), in this case, n = —I'2/(A2 + x2) <0,
leading to a suppressed effective damping rate, i.e., Keff =

Kn — |1|%,. Note that, in cavity magnonics, coherent and dis-
sipative interactions usually coexist. Whereas, it is possible
to design systems where one coupling type (coherent or dissi-
pative) dominates. The choice to enhance or suppress certain
interactions is guided by the objective of a specific device or

experiment. 48!
60
(a)
40
»\:E
e 20 — Ky = Kq
- | — Ky =2Kq |
0 — Kl = 3Kq
—20 . . . .
0.4 0.8 1.2 1.6 2.0
Time (us)
601
. 40}
~
E 20 — Kin = Km |
ok — Rin = 2’im_
— Kin = 3KEm
—20 L L L L
0.4 0.8 1.2 1.6 2.0

Time (us)

Fig. 4. Temporal evolution of the perturbation In &1, under different
(a) cavity decay rates k/, and (b) magnon decay rates k,. The other
parameters are the same as those in Fig. 2.

It is worth noting that the dissipative magnon—photon in-
teraction is mediated by mutual coupling of the magnon and
cavity photon to a traveling-wave reservoir, which inevitably
introduces additional dissipation in both the magnon mode K,
and the cavity mode x’.14748:311 To comprehensively charac-
terize the influence of additional dissipation on the chaotic dy-
namics, we present in Fig. 4 the detailed perturbation evolu-
tion 81, under varying cavity and magnon dissipation rates.
Phenomenologically, we add the additional dissipation to the
evolution Eq. (3), and the Langevin equations are solved nu-
merically with the same simulation parameters. The results
show that magnomechanical chaos exhibits significant sensi-
tivity to additional dissipation. To be specific, as the cavity
additional dissipation increases (e.g., red curve: K, = k; blue
curve: K, = 2k,; brown curve: k, = 3k,), the duration of
the chaotic motion significantly diminishes (from ~ 1.6 ps
to ~ 1.4 ps and shorter), accompanied by a reduction in
the maximal Lyapunov exponent A g, indicating a suppres-
sion in both the persistence and the intensity of chaos. A
qualitatively similar suppression of chaotic dynamics, char-
acterized by reduced duration and A; g, is observed upon in-
creasing the additional magnon dissipation x,,

Fig. 4(b). Physically, additional dissipation accelerates the en-

as shown in

ergy loss from the coupled magnon—photon—phonon system,
impeding the efficient buildup of nonlinear magnetostrictive
interactions essential for chaotic instability. The faster en-
ergy decay curtails the time available for trajectories to diverge
exponentially in phase space (shorter chaos duration) and
dampens the amplification rate of initial perturbations (smaller
ALg). Consequently, achieving and maintaining the chaotic
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state necessitates a careful trade-off between the nonlinearity-
enhancing dissipative coupling and the chaos-suppressing en-
vironmental dissipation. These findings provide crucial the-
oretical guidance for the experimental realization and manip-
ulation of ultra-low-threshold magnomechanical chaos. Fur-
thermore, it should be pointed out that dissipative magnon-
photon coupling inevitably introduces additional dissipation
into both the magnon mode and the cavity mode. However,
given that chaos is fundamentally a classical phenomenon, in-
troducing gain into the cavity can compensate for this addi-
tional dissipation,[®3-6%] thereby enabling ultra-low-threshold
chaos.

Finally, discuss the feasibility of the experimental re-
alization of cavity magnomechanical chaos. First, the pro-
posed system is simple and has high feasibility in experi-
mental implementations. The dissipative coupling between
the magnons and microwave photons has been experimen-
tally demonstrated, and the parameter requirements are bench-
marked against existing cavity magnomechanical platforms,
revealing that the predicted chaos regime (microwave driv-
ing power Py = 1 nW, bias magnetic field By ~ 0.3 T,
and magnon—phonon dissipative coupling strength I' /2w <
20 MHz) aligns with currently achievable specifications in
YIG-based systems.>!1 Second, purely dissipative coupling
between the cavity and magnon modes can be experimentally
realized by placing the YIG sphere above the center of the
crossline-microwave circuit, and in addition, the dissipative
coupling strength can be changed by moving the position of
the YIG sphere.[*”*8 Third, YIG crystal maintains a good
ferromagnetic property at room temperatures as a result of its
Curie temperature being as high as 559 K, which means that
the dissipative-coupling-induced magnomechanical chaos is

e.[92] Finally,

robust against thermal noise at room temperatur
the dissipative coupling-induced magnomechanical chaos ex-
hibits inherent compatibility with hybrid quantum systems.
Recent advances in nanofabrication techniques have enabled
seamless integration of YIG spheres with on-chip architec-
tures, further facilitating their implementation in scalable
quantum platforms. Our findings not only confirm the experi-
mental accessibility within state-of-the-art magnonic architec-
tures but also establish a concrete roadmap for implementing
chaotic dynamics as a functional resource in hybrid magnonic
systems.

3. Conclusion

In summary, we have theoretically demonstrated that dis-
sipative coupling serves as a powerful mechanism to induce
magnomechanical chaos with an ultra-low driving threshold
in an open cavity magnomechanical system. By introducing
dissipative coupling between the magnon and cavity modes,

the nonlinear magnetostrictive interaction is significantly en-
hanced, overcoming the inherent limitation of weak magne-
tostriction in triggering chaotic dynamics. Numerical simula-
tions reveal that chaotic motion emerges at an unprecedentedly
low driving power (~ nW), accompanied by a positive Lya-
punov exponent. The degree of chaos can be precisely tuned
by adjusting the dissipative coupling strength, providing a ver-
satile control knob for chaotic dynamics. This work not only
deepens the understanding of nonlinear magnomechanics in
open systems but also establishes a practical pathway for har-
nessing chaos in hybrid quantum technologies, such as secure
communication and chaotic information transfer.
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