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Abstract: We propose to achieve and enhance the
unconventional magnon blockade effect, based on a quantum
destructive interference mechanism in an optomechanical-
magnetic system composed of a rotating cavity and a yttrium iron-
garnet (YIG) sphere. We introduce a degenerate parametric
amplifier and derive the optimal parametric gain and phase to
achieve magnon blockade analytically. By tuning the system
parameters (weak coupling) and the driving detuning of the cavity
and magnon modes, we achieve the smallest second-order magnon
correlation function. The optomechanical cavity couples to the
YIG sphere by magnetic dipole interaction. We achieve
unconventional magnon blockade effects when the cavity is driven
from a clockwise or counterclockwise direction. We introduce a
new feature that combines the impact of destructive interference
and energy-level anharmonicity to achieve magnon blockade. The
equal-time second-order magnon correlation avoids time delay
and rapid oscillation. In the input end of the system, two photons
drive, and complete quantum destructive interference. This study
opens a new window for physical applications, including the
generation of single magnon sources, Quantum sensing, and
Quantum simulation. Experimentally, we can control quantum
noise and amplify the signal using parametric amplification.
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I. INTRODUCTION

Magnon Blockade is a nonlinear phenomenon observed

in different optical and optomechanical systems and is also a
topic of research interest. The concept of the blockade effect
using a laser diode was first analyzed in 1964 by G. J. Lasher
[1]. Earlier blockade research work concentrated on a two-
level atomic system, as the nuclear media provide resonantly
enhanced nonlinearity. However, due to strong resonant
absorption, the applications of a two-level system are
restricted. Optical systems may overcome this challenge. In
1983, Dorsel et al first experimentally observed the blockade
in the field of optical cavity systems [2].
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Recently, the blockade of mean cavity photon number in
various systems has been extensively studied, including
semiconductor ring lasers, two-mode optomechanics, ring
cavity double quantum dot molecules, Kerr nonlinear gaseous
media, optomechanical systems with two-level atoms,
photonic crystal nanocavities, hybrid optomechanical
systems, and photonic-molecule optomechanics, among
others [3]. The blockade nature is not only confined to the
field of photonic systems, but it has also already been
reported in the field of mechanical cavity-polariton magnetic,
and cavity-transmon systems, and these are termed phononic
blockade, polaritonic blockade, magnon blockade, and
transmon blockade, respectively [4].

Different types of nonlinear media offer blockade in various
systems, such as the Kerr medium, semiconductor
microcavity, and superconducting qubit, among others [5].
There are numerous works regarding bistability with Kerr
media, for example, self-Kerr atomic gaseous media in a ring
cavity, two-cavity magnonics systems, and coupled cavity
systems [6]. Again, the First experimental evidence of
blockade in semiconductor microcavities under strong
coupling was performed by A. Bass et al [7]. Other
experimental works were conducted by N. A. Gippius et al.

and Ye-Larionova et al. regarding blockade in a
semiconductor microcavity system. Y. Zhang et al
theoretically investigated blockade in semiconductor

microcavities in the presence of two lasers driving two cavity
modes [8], [9]. These studies are all fascinating and
impactful. However, all these studies are confined to fixed
microcavity setups. However, to the best of our knowledge,
rotation-based blockade has not been explored yet [10]. In the
present work, we consider a rotating cavity system composed
of III-V non-centrosymmetric semiconductor material and
study the possibility of magnon blockade [11], [12]. We have
proposed single-laser driving, where the cavity is driven from
both its left and right sides [13], [14]. Rotating cavity
resonator systems are essential in nanoparticle sensing and
slow light generation [15].

Magnon Blockade shall have practical applications in
designing more efficient logic gate devices, optical switches,
ultra-compact optical storage, all-optical wavelength
converters, power limiters, optical transistors, memory
elements, sensitive force detections, signal processing for
quantum computing and solid-state quantum information
processing [16][32]. Motivated by potential utility, we have
illustrated the Blockade mechanism in this article.

In this report, we theoretically analyse the Magnon
Blockade phenomena in a
rotating semiconductor micro-
cavity system. This brief
report is arranged as follows:
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Unconventional Mgnon Blockade Under the Sagenac Fizeau Shift in an Opto-Magnonic System: Parametric
Amplification

first, we describe the theoretical model and stationary
solution of the field mode by using the Heisenberg-Langevin
equation of motion analytically and also numerically. Then
we discussed the obtained results. At last, a conclusion is
presented.

II. THE MODEL

Consider a cavity-magnon system presented in Figure 1.
The optical cavity consists of a second-order nonlinearity and
an optogenetic cavity [17]. The model Hamiltonian is given
by [18], [19]:

H=H,+H +H, ¢))

where H, = wzata + w,bth +w,,m'm, describes the free
evolution of the cavity system with bosonic annihilation
operators a and b. a Mode corresponds to the fundamental
mode with frequency. w, and b for the second harmonic
mode with frequency w,, respectively and mt(m) Is the
creation (annihilation) operator of the magnon mode, where
Wy, Is the eigenfrequency of the magnon mode [20]. The
typical value of the cavity resonance frequency of the
fundamental mode w, = 2 X 163.195 THz and the quality
factors for a and b modes are Q, = 1.6 X 10* and Q, =
3.2 X 10*, respectively (if decay rates of both modes are the
same), as reported in a micro-ring system [21], [22]. The part
of the Hamiltonian H; Denotes the interaction when two
optical fields meet, which can be written as H; = g(ba'? +
bta?) + gma(amt + atm), where g is the photon hopping
strength and g,,, denotes the coupling coefficient between
the magnon and photon mode [23]. The strength related to
nonlinear terms via the relation

g
’ hw, Wy @ ) i X
= m anz,bedv )(ijk(r)Eé(r)Eb(r)Eb ™ .. @

Where V,;, Indicate the mode volume, )(i(jz,z (r) is the
nonlinear susceptibility tensor, E, (1) represent the spatial
part of the field mode and follow the normalization condition
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[dr|Ea, (r)|2 =1 and ng,; Denote the number of photons
for the optical field modes [24]. Second-order nonlinearity
provides the conversion of a photon of mode a to two photons
of the mode b or vice-versa. The cavity with y® Nonlinear
materials are made of III-V semiconductors, which are non-
centrosymmetric [25]. The materials are higher y® such as
GaAs, AlGaAs,GaN, BN, AIN and AlGaN [26], [37]. The
photon hopping strength depends on the I1I-V semiconductor
material used in the cavity [27], [28]. The typical value of
hopping strength is g ~ 2x 1075 eV as reported in
experimental demonstration [29], [38]. The last part of the
Hamiltonian H,; describes the external driving field and reads
as Hy = Q(ate"i@mt — geiorit)  F(mte-ivLat —
me'®L2t) where w;, and Q are the driving frequency and the
driving amplitude, respectively, and those of the magnon
mode are w;, and F with w;; = w;, = w;. The input power

P relates to the driving amplitude by Q =../2k,P/hw, ,
where k, denotes the decay rate of the mode a.

For a cavity resonator rotating at a fixed angular speed w, ,
the light circulating in the cavity resonator experiences a
Sagnac-Fizeau shift, and the cavity resonance frequency is
modified by wy = wy + Agp, [30]. The amount of shift is

given by

3)

Where k = a, b, m ; n is the refractive index, r Is the radius
of the cavity, 4 and c are the wavelength and speed of light in
free space [31], [32]. The angular acceleration of the cavity's
rotation may vary from a few Hz to several GHz, as
demonstrated in various experimental studies and theoretical
investigations [33]. The Sagnac-Fizeau shift directly depends
on the rotational speed of the cavity and the direction of input
driving fields [34]. Agp, < 0 and Agg, > 0 Indicates that the
external input light propagates along and against the direction
of rotation of the cavity, i.e., the cavity is driven from its right
and left, respectively, as shown in Figure 1b.

ASFk

External Driving field

[Fig.1: Schematic Depiction of Rotating Cavity System. When an External Field drives the Cavity from its (i) Left
Side and (ii) Right Side]

Considering the shift, the Hamiltonian becomes

Hy = (wq + Asg,)ata + (wp + Age, )bTh + wpmtm +

g(ba'? + bta?) + gpq(am® + atm) + Q(afe ivnt —
ael®nit) 4 F(mte oLt _ peiviat) (4)

Retrieval Number: 100.1/ijies.G110712070725
DOI: 10.35940/ijies.G1107.12060625
Journal Website: www.ijies.org

25

In the rotating frame of the external driving field, based on

iwypt
the unitary operator U = eTL(aTa +bth + mtm), the
Hamiltonian of equation (4)
takes the form
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+ g(ba'? + bTa?) + gme(am® + atm)
+Q@t—a)+F(mt-m) .. (5

with A= w, —w;, A, = w, —w;. According to the
second harmonic generation w, = 2w,, if we consider
Agp, = Agp then Agp, = 2Agp.

The eigenvalue equation of the system Hamiltonian can be
expressed as H|W¥;) = E;|¥;),where j = 0,1, 2, ... Ej are the
eigenenergies of the non-rotating system [35]. The
eigenstates are |;) and can be expressed in terms of a Fock
state |ng, Ny, N,y ), Ng, N are the number of photons in a and
b modes and n,, be the number of magnons in m mode,
respectively. Due to the rotation of the cavity, the
eigenenergies are modified by the term +jh|Agz| , where +
corresponds to the upper and lower shifting of energy. E; ,
respectively [44]. The rotational speed of the cavity would
follow the condition, |Asz| = g/2V2 [45], [49]. We assume
that the condition. 2w,,, ® w; W, is satisfied, indicating that
the cavity and magnon mode, owing to the larger frequency
difference [36]. To achieve a reliable numerical calculation,
we introduce the master equation for the density matrix. p of
the cavity magnon mode system.

dp ) 1
= —ilH Pl + ) Velliply" =5 L Lo pd) - ©)
k

dt
Where y,(k = a,b,m) are the decay rates, and L, The
Lindblad (dissipation) Operator represents the system—

environment interactions. For cavity damping L, = \/y,a ,

ybb > Yp
phonon loss rates, for the magnon mode L,,, = /¥;mM , ¥m
Magnon loss rates [37], [38].

To obtain the statistical properties of the magnon mode,
we introduce the equal-time second-order correlation
function in the form:

2
Tr (m'l' mzpss) < mfzmz >
[Tr(mtmpg )2~ < mtm >2

¥, photon loss rates, for mechanical damping L, =

grznm 0) = ™

Where pg is the steady-state solution of the master
equation. The second-order correlation function g2,,(0)
could represent the single magnon degree. Where g2,,,,(0) <
1 indicates the sub-Poissonian statistics and magnon
blockade and gZ,,(0) > 1 Corresponds to super-Poissonian
statistics.

In the next section, we plot the mean magnon number and
the behaviour of g2,,,,(0) as a function of system parameters,
and give the energy level transition paths.

III. UNCONVENTIONAL MAGNON BLOCKADE

Here, we investigate the unconventional magnon blockade
for this system. Now, the non-classical effects can be utilised
by simplifying the energy level transition of this system.
Under the weak coupling (g, gmae < A, A, Ay,) and driving
conditions(F, 2 < A, Ay, A,,) The Hamiltonian simplifies,
and we analyse the energy level transitions using perturbation

Retrieval Number: 100.1/ijies.G110712070725
DOI: 10.35940/ijies.G1107.12060625
Journal Website: www.ijies.org

26

International Journal of Inventive Engineering and Sciences (IJIES)

ISSN: 2319-9598 (Online), Volume-12 Issue-6, June 2025

theory and the dressed-state picture, which can modify the
transition frequency [39]. For the cavity mode, the allowed
transitions are: |ng, ny,n, >- |n, £ 1,ny,n, > due to
Q(at —a), the detuning A+ Age Shifts the effective
resonance frequency. For the magnon mode transitions
[T My M > Mg, Ny, Ny £ 1> due to F(mT —m), the
weak coupling g, Induces hybridization between magnon
and photon states [40]. The steady-state wavefunction [ >
of the system can be written as a linear combination of the
probability amplitudes C,,, and the corresponding basis
states |am >. Under the weak coupling regimes, the wave
function of the optomechanical system can be expanded (For
a truncated Hilbert space with up to N excitations in each
mode)  approximately:  |Yp > = Cy]0,0 > +Cy,]0,1 >
+C511,0 > +C1111,1 > +C4012,0 > +Cy,[0,2 >
So the Schrodinger equation of the system Hamiltonian is:
[Y(@) >=2ZamCam(®lam> ... (8)
Substituting into the Schrodinger equation

d
ihzaCam(t)la,m > = Hz Com®|a,m >
am am

DL Com = (A + Agp)aCom + 2(A + Agp)MCo +

Am"’nCam + g[\/ (a + 1) (a + 2)C(a+2)m +
Y, a(a - 1)C(a—2)m] + Ima [\/ (a + 1)C(a+1)(m—1) +
VmCia-1ym+n] + QL (@ + DCarnm = VaCia-nm] +
F[ (m+ 1)Ca(m+1) - mca(m—l)] )

The set of coupled differential equations is
Vacuum State 0,0 > : i - Coo = QC1o + FCo
One Magnon State [0,1 > ZL'%CM =(Q,+2(0+
Asr))Co1 + FCoo + GmaCiro

One Photon State |1,0 >
QCo0 + ImaCos
Two-Photon State |2,0 >

V2001, + gCoy
Two-Magnon State |0,2 >

Asp))Coz + V2F Co1 + GmaCao
One Photon one Magnon State |1,1 >: i% Ci1=(A+ A +
An)Ciq + FCio + QCo1 + +9maCz0 + ImaCoz

For the steady-state solution, we set the time derivatives of
all probability amplitudes. C,,,, = 0. So, from the previously
derived coupled differential equations, we get:
0= QCyy + FCyy
0= (A + 2(A + Agp))Cor + FCoo + GmaCio

0= (A + Agp))Cyo + QCo0 + ImaCor
0= 2(A + Agp))Cy0 + V20040 + gCo
0=2(Am + 2(A + Agp))Coz + \/EFCOI + 9maCzo
0=(A+Agp +A,)C1 + FCig+ QCo1 + +91maCo0 +
gmaCOZ

We solve these equations in a matrix inversion method, so
the matrix form of this equation is (Appendix [A]):

. d
PG = (A + Asp))Cip +
. d
i-:Ca0 = 2(A+ Agp))Cp0 +

i4-Cop = 2(Byy +2(A +
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0 0 Q 0 0 F Coo 0
0 (Ap+2(0+Asr) Goma 0 0 F Cor 0
Q Ima (A + Agp) 0 0 0 Cio 0
0 0 V20 2(A+ Agp) g 0 Cw | |0
\0 V2F 0 Ima 2(0, + 2(A + Agp)) 0 / \Coz 0
0 0 F Ima Ima (A +Agp + A,/ N/ 20

Now we compute the second-order correlation function.
g2m(0), with the help of the steady-state probability
amplitudes. Now, the expectation values using the probability
amplitudes are the mean number of magnons.

<mPm > = 1|Cyo|? + 2|Cz0/* + 1]Cyy|?
<mt?m? > = 2|Cy0?
So the second-order correlation g2,,,(0) =

2|C20|2 (10)
(11C1012+2|C2012+1]C1112)?

IV. RESULTS AND DISCUSSIONS

In this section, we present the magnon antibunching effect
using both numerical and analytical simulations under a
rotational opto-magnonic system. The Sagnac-Fizeau shift
directly depends on the rotational speed of the cavity and also
on the direction of the input driving fields. Agp, < 0 and
Agr, > 0 indicates that the external input light propagates
along and against the direction of rotation of the cavity, i.e.,
the cavity is driven from its right and left [41]. Here, we
investigate the unconventional magnon blockade under the
Sagnac Fizeau shift in an opto-magnonic system. Non-
classical phenomena can be analysed both analytically and
numerically under weak coupling and driving mechanisms.
Surprisingly, we achieved the antibunching condition, and
destructive interference occurs between the transition paths,
so we conclude that unconventional magnon blockade was
perfectly achieved. Our analytical results agree with the

numerical results but differ slightly in the optimal situation.
This is due to perturbation in analytical simulation, where
quantum jumps are neglected in finite dimensions. In
contrast, numerical simulation utilises the Lindblad master
equation, allowing the magnon and photon to remain in the
same state under minimal driving conditions.

We numerically solve the system to compute g2, (0)for
the magnon mode to study the statistical property of the
magnon mode using the QuTiP package in Python. In Figures
2a- 2h, we first investigate analytically the effect of the
second-order correlation function. (log;o(g2m(0))) as a
function of normalized Sagenac Fizeau shift and normalized
by magnon loss rates (y;,) [42]. The system is driven in both
clockwise and counterclockwise directions. We observe from
Figure 2 that when the cavity is driven in the clockwise and
counterclockwise directions, the second-order correlation
function is less than or greater than one, indicating the
magnon antibunching and bunching effects. The statistical
property of the magnon satisfies a sub-Poissonian distribution
and super-Poissonian situation under the above condition, so
that a single magnon can be achieved due to the opposite
Sagnac Fizeau shift [43]. We achieved that when the A,,, = 0,
the value of 10g10(g2m(0) ~ — 14 and
10g10(g2m(0)) ~17.5 (Fig. -2h) under the various system
parameters, which implies the unconventional magnon
blockade under the Sagenac Fizeau shift

o
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[Fig.2: Second-Order Correlation Function as a Function of Sagenac Fizeau Shift Normalized by Magnon Decay
Rates.(2a-2¢): ;g =2 X 1.0 MHZz, F = 0.01 N/m,y,, = 0.2 GHz, Q = 2n X 1 GHz, (2a) A/y,, = 1.0, Agp/Vm =
85 9=2nx0.1MHz, 1.0, A,,/¥, =1.0,(2b)A/Y,, = 1.5, Agp/Ym =8.5,g =21 X 0.5MHz,1.0, A,,,/Vmm =
1.5,(2¢) A/Ym = 1.5, Agp /¥ =8.5,9 =2 X 1.5MHz,1.0, A,,,/¥V, = 2.0,(5d-50): g;a = 0, F =
0.05N/m,y,, =0.2GHz, Q = 2n X 1 GHz, (2d)A/Y,, = 1.0, Agp/¥m = 8.5, g =21 X 0.1 MHz, 1.0, A,,,/Vm =
1.0,(2e)A/Y;, = 1.5, Agp/¥Ym =8.5,9 =2t X 0.5MHz,1.0, A,,,/¥, = 1.5,(2f) A/Y: = 1.5, Agp/Ym = 8.5, 9 =
2n X 1.5MHz, 1.0, A,,,/Vm = 2.0]

In Figures 3a- 3¢, we plot log;o(g2,,(0)) as a function of
normalized A,, numerically and normalized by cavity decay
rates y,. In this section, the magnon blockade emerges from
nonlinear interaction and the presence of strong coupling. The
strong photon-magnon coupling g,,, Hybridises photons and
magnons, which enables the magnon blockade. In our system,
the practical Kerr nonlinear terms exceed dissipation,
allowing magnon blockade to manifest as the suppression of
multi-magnon excitations. To achieve the magnon blockade
numerically, we neglected the fast-oscillating terms and then
simplified the numerical calculations. The other system
parameters are: A/y,, = 0.5, Age/vm = 0.05, A,/Vim =
0.55, g = 21t x 0.6 MHz, g,;,, = 21 X 0.2 MHz, Q = 21 X

LOglO(g(Z)mm(O))

= o
E 0.1
LS B
>
O -0.1
—
[@))
Q -0z
-
—0.3 . . . . .
—0.4 —0.2 0.0 0.2 0.4
AmlYa
(3a)
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0.02 GHz, F = 0.02 N/m. To achieve the magnon blockade
numerically, we first rotate from the left side and then from
the right side, Agr > O(left side) represents Figure 3a,

Agp < O(right side) represents Figure 3b. Therefore, the sign
in the rotating frame affects both the energy spectrum and the
nonlinear term. For Agp > 0. The energy spectrum favours
up-conversion processes that are photon absorption and g
enhance energy costs for two-magnon excitations, under
which we observed strong anti-bunching effects [44]. Asp <
0 The energy spectrum favours a down-conversion process of
photon emission that is slightly different but still achieves
blockade.
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[Fig.3: Second-Order Correlation Function as a Function of Magnon Detuning, Normalised by Cavity Decay Rates,
Under a logarithmic scale.(3a-3¢): gma=2nx1.0 MHz, F=0.01 N/m, ym=0.2 GHz, Q=2nx1 GHz, (3a) A/lym=0.5,
ASFlym=8.5, g=2nx0.1 MHz, 1.0, Am/ym=1.0, (3b) Aym=—0.5, ASF/ym=—8.5, g=2nx0.5 MHz, 1.0, Am/ym=1.5, (3¢c)
Alym=1.5, ASF/ym=8.5, g=2nx1.5 MHz, 1.0, Am/ym=2.0]

In Figures 4a- 4f, we plot log,(g%.,(0)) as a function of
A,, and Agr Under various system parameters, Figure 4g-4i
represents the plot of log;,(g2,,(0)) as a function of A,,
normalized by y,, and A, normalized by ¥,. In our study, a
rotating cavity containing a magnetic material interacts with
microwave photons. When the cavity rotates from left to right
(clockwise), the rotational Doppler shift modifies the
effective magnon frequency, leading to changes in magnon-
photon coupling dynamics. The contour plots of second-order
correlation provide information on the blockade mechanism
and enhance visualisation. As the cavity rotates left to right,
the frequency of the magnon mode modifies at the resonance

Ap,
o
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_ _ Asr
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condition (Fig. 4g, 4i) and gives g2,,(0) <1 along the
detuning axis, reflecting the change in magnon frequency due
to rotation [45]. In Figures 4a, 4b, and 4g, we get a blockade
under zero detuning and no rotation. When the cavity rotates
left to right, the blockade region shifts right proportional to
the rotating rates Figure 4c, 4d. When the cavity rotates right
to left, the single line splits into two fragments proportional
to the rotating rates, Figure 4h, 4i and indicates double
magnon excitation. Therefore, the tunable blockade region
with cavity rotation can be leveraged for on-demand control
of magnon blockade, which has potential applications in
quantum information processing and the study of non-
classical states of magnons.
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[Fig.4: Second-Order Correlation Function as a Function of Magnon Detuning Under a Logarithmic Scale, as a
Function of Magnon Detuning Over Sagenac Fizeau Shift and Magnon Detuning Over Cavity Detuning. (4a-5c):
gma=2nx1.0 MHz, F=0.01 N/m, ym=0.2 GHz, Q=2nx1 GHz, (5a) Alym=1.0, ASF/ym=8.5, g=2nx0.1 MHz, 1.0,
Am/ym=1.0, (5b) Alym=1.5, ASF/ym=8.5, g=2nx0.5 MHz, 1.0, Am/ym=1.5, (5¢) A/lym=1.5, ASF/lym=8.5, g=2nx1.5
MHz, 1.0, Am/ym=2.0,(5d-5f): gma=0, F=0.05 N/m, ym=0.2 GHz, Q=2nx1 GHz, (5d) A/lym=1.0, ASF/ym=8.5,
g=2nx0.1 MHz, 1.0, Am/ym=1.0, (Se) Alym=1.5, ASF/ym=8.5, g=2nx0.5 MHz, 1.0, Am/ym=1.5, (5f) Alym=1.5,
ASFlym=8.5, g=2nx1.5 MHz, 1.0, Am/ym=2.0]

In our Hamiltonian system, the interaction term i Heritia g
sub m a. , open paren a. m to the { plus a. to the ¥ Heritia
Ima(am® + ab) represents the reciprocal coupling, and the
interaction non-Hermtian Ima(amh represents
nonreciprocal coupling. In Figures 5a- 5f, we plot.
10g10(g2:,(0)) as a function of temperature for the study of
reciprocal and non-reciprocal coupling. In this section, we
study the reciprocal and nonreciprocal unconventional
magnon blockade effect under the influence of the
environmental temperature (T) wusing the master
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equation(equation 6), adding the dissipative term
NenVim{Lm[p] + Lm [p]} where the nth=ﬁ is the
ekBT_1

thermal magnon number and kz be the Boltzmann constant
and T be the temperature [46]. We observe the
unconventional magnon blockade under various temperature
regimes (at high and low-
temperature limits).
Reciprocal coupling enhances
energy sharing ( gpq # 0)
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and Non-reciprocal coupling (g,,, = 0) no energy exchange
with the magnon state, so that only the magnon state is
thermalised by the driving term F. Figures Sa- Sc represent
the high temperature limits T = 64 mk , A/y,, = 1.0, Age/
Ym =85, F =0.01 N/m, Q = 2nt X 1 At GHz, we observe
that thermal noise dominates, referred to as thermal bunching,
and low temperatures limit this effect. T = 10 mk , A/y,, =
2.0, Agg/Vm =85, F=01N/m, Q=2nx 15 At GHz,

the magnon starts to be excited from the vacuum, which
represents the quantum antibunching effect (figure 5d-5f)
[47]. We observed that at the input end of the system, when
two photons drive it, complete quantum destructive
interference appears and disappears in different paths for two
magnon excitations due to the opposite Sagnac Fizeau shifts
induced by Fizeau drag, which represents the nonreciprocal
unconventional magnon blockade.
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[Fig.5: Second-Order Correlation Function as a Function of Environment Temperature, Magnon Mode, for Different
Coupling Modes.(5a-5¢): gma=2nx1.0 MHz, F=0.01 N/m, ym=0.2 GHz, Q=27nx1 GHz, (5a) Alym=1.0, ASF/ym=8.5,
g=2nx0.1 MHz, 1.0, Am/ym=1.0, (5b) Alym=1.5, ASF/lym=8.5, g=2nx0.5 MHz, 1.0, Am/ym=1.5, (5¢) A/ym=1.5,
ASF/lym=8.5, g=2nx1.5 MHz, 1.0, Am/ym=2.0,(5d-5f): gma=0, F=0.05 N/m, ym=0.2 GHz, Q=27nx1 GHz, (5d)
Alym=1.0, ASF/lym=8.5, g=2nx0.1 MHz, 1.0, Am/ym=1.0, (5¢) Alym=1.5, ASF/ym=8.5, g=2nx0.5 MHz, 1.0,
Am/ym=1.5, (5f) Alym=1.5, ASF/lym=8.5, g=2nx1.5 MHz, 1.0, Am/ym=2.0]

Energy is transferred from the strong pump field to the
signal mode in connection with the nonlinear interaction
term. In our Hamiltonian, the term g open paren b a. to the,
12 end superscript plus b to the {, a. squared, close paren
gives the down conversion (Pump goes to two a. photons) and
upconversion (wo a. photons goes to Pump). So, to squeeze
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the quadrature nose and amplify variances equals numerator,

a. plus a. troot of 2 =
a+a+ a—a"' .
T, = vz . In this

regime, we analyze how much
the frequency sponse of the
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system (the applied input signals are various frequency
regimes) is amplified [48]. We solve it by using the linearised
Heisenberg-Langevin equation (numerically using time-
evolving operators). In figures 6a —6d, we plot the growth of
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less than a.a.plot growth of < aa’ >under coherent input for
the study of the parametric amplification [49].
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[Fig.6: Represents the Parametric Amplification as a Function of Time. The Different System Parameters Are:
g=2nx0.1 MHz, gma=2n*x1.0 MHz, F=0.01 N/m, ym=0.2 GHz, Q=2rnx1 GHz, (6a) A/ym=1.0, ASF/ym=8.5,
Am/ym=1.0, (6b) A/ym=1.5, ASF/ym=8.5, Am/ym=2.0, (6¢) A/lym=1.5, ASF/lym=8.5, Am/ym=1.0, (6d) A/ym=1.5,

ASF/ym=5.0,

V. CONCLUSIONS

In conclusion, we have investigated the unconventional
magnon blockade effect in a cavity magnonic system rotating
under a fixed angular speed, the light circulating in the cavity
resonator experiences a Sagnac-Fizeau shift, and the cavity
resonance frequency is modified by wywy + Agp, . In this
study, we also represent the logarithmic second-order
correlation function analytically and numerically. By
performing analytical and numerical analyses while tuning
different system parameters, we achieved an unconventional
magnon blockade effect and a non-reciprocal magnon
blockade effect at a fixed angular speed, subscript base,
subscript base, omega, end base, sub r. We plot the
logarithmic second-order correlation as a function of magnon
detuning and Sagnac Fizeau shift, as a function of
environmental temperature, and as a function of cavity
detuning and magnon detuning. We represent parametric
amplification to squeeze quadrature noise and amplify the
signal in communication technology. We established the
condition of a non-reciprocal coupling regime under
controlled temperature and thermal magnon noise. When two
photons drive it, complete quantum destructive interference
appears and disappears in different paths for two magnon
excitations due to the opposite Sagnac Fizeau shifts induced
by Fizeau drag, which represents the nonreciprocal
unconventional magnon blockade. Our proposal explores the
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Am/ym=3.0,]

potential application of quantum communication technology,
utilising it to generate a single magnon source and amplify
the input signal through parametric amplification factors.
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APPENDIX [A]

By using the Python program, we can solve the probability
amplitudes.
_ FCop + GmaCio
Cor = —
(Am + Z(A + ASF))
QCoo + GmaCor +29C50 + 9Cyq
(A + Agr)
c V2005,
20 2(A + Agp)
_ V2F (FCoo + gmaCio) _ ImaC20
(A +2(0 + Agp))? 2(Ap + 2(A + Agp))
C = 9Co1 + GmaCzo
" A+ Agp + Dy + 2(A + Agp))

Cio=—

COZ
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