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Quantum teleportation, a protocol that has received extensive and intensive attention in quantum information
processing, allows a quantum state to be transferred from one particle to another. In this study, we analytically
investigate fidelity (F), logarithmic negativity (LN), local quantum uncertainty (LQU) and local quantum
Fisher information (LQFI) as a discord-like measure of quantum correlations in e*te” — YY processes at
BESIII through noisy channels, using experimental feasible parameters, where Y and Y refer to the spin-1/2
hyperon and its antihyperon, respectively. We discuss the dependence of LN, LQU and LQFI on the scattering
angle 6 for different hyperon-antihyperon pairs (AA, Z°Z0, -2+, %*3-), produced by electron-positron
annihilation via charmonium decay. Without a dephasing effect, we show that, LN, LQU, and LQFI vanish
at ¢ = +x and are symmetric around ¢ = m/2. Furthermore, LN reaches its maximum when the scattering
angle equals ¢ = m/2, while LQU and LQFI reach their maxima at different angles. We also explore
the LN, LQU, and LQFI for different YY pairs subjected to three distinct types of decoherence channels.
Specifically, we show that amplitude damping (AD) and phase damping (PD) lead to a decrease in LN, LQU,
and LQFI with an increasing decoherence parameter s. In contrast, the phase flip (PF) channel exhibits
symmetric behavior around s = 1/2. Besides, we realize for teleportation, optimal fidelity for different
hyperon-antihyperon pairs (AA, E°Z°, E-E+, £*£-). We discuss the influence of noisy channels, specifically
(AD, PF and PD), on the fidelity of quantum teleportation and on quantum correlations that can exist even
beyond entanglement. Furthermore, the results show that the fidelity remains above the classical limit of 2/3 in
all three channels, even as the noise increases. This is a significant finding because it shows that not all quantum
noise is detrimental. These results can have promising applications in quantum information and particle physics.

keywords: Teleportation; Fidelity; entanglement; LQU; LQFI; Disintegration; Hyperon-antihyperon pairs;
Noisy channels.

I. INTRODUCTION

In 1935, Albert Einstein, Boris Podolsky, and Nathan Rosen (collectively known as EPR) introduced a thought experiment
that fundamentally questioned the completeness of quantum mechanics [1]. This thought experiment, now referred to as the
EPR paradox, illustrated the phenomenon of non-local correlations between quantum systems. EPR posited that a measurement
performed on one particle could instantaneously influence the state of another particle, regardless of the distance separating
them. In response to the challenges posed by the EPR paradox, Erwin Schrodinger introduced the concepts of entanglement and
quantum steering. These ideas provided a profound framework for understanding the non-local correlations inherent in quan-
tum mechanics [2]. Additionally, Bell’s theorem provided a crucial proof that local hidden variable theories are insufficient to
describe all non-local correlations found between spatially separated quantum systems during local measurements [3]. In 1981,
Alain Aspect and his collaborators performed groundbreaking experiments using entangled photons to test Bell’s inequalities
[4, 5]. Their results strongly supported the predictions of quantum mechanics and demonstrated violations, thereby confirming
the non-local correlations predicted by quantum entanglement. Entanglement, a purely quantum phenomenon with no classi-
cal equivalent, establishes correlations between parts of a multipartite quantum system. This unique resource is essential for
numerous tasks in quantum information science [6].

Beyond entanglement, other forms of quantum correlations, such as non-locality without entanglement, have demonstrated
utility in quantum technologies [7, 8]. Both theoretical [9] and experimental studies [10] indicate that certain separable states
can surpass classical states in specific computational tasks, underscoring the importance of a comprehensive investigation into
various quantum correlations. Recent research has established a hierarchy of robustness against thermal noise: geometric quan-
tum discord is more resilient than entanglement, which, in turn, is more robust than steering [11, 12]. This makes geometric
quantum discord a particularly valuable resource in noisy quantum environments. Furthermore, quantum coherence, exhibiting
greater resistance to thermal noise, may offer protection for other quantum resources. A comprehensive analysis of these diverse
correlations, even in gravitational analogs, underscores the inherent complexity of quantum phenomena across a broad range of
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physical contexts [13].

The concept of LQU is widely employed to quantify the quantum correlations inherent in a bipartite quantum state, serving
as a discord-like measure [14]. Initially, LQU was defined for bipartite quantum systems, with an explicit formula available
only in two dimensions. LQU’s definition is often linked to Wigner-Yanase skew information, which quantifies the minimum
uncertainty in measuring a single local observable on a quantum state [15]. Furthermore, the connection between LQU and QFI
has also been explored in non-Markovian environments [16]. Recent studies have investigated LQU under various decoherence
models, with initial results reported for three-qubit systems [16, 17]. Importantly, in contrast to quantum discord, LQU avoids
the necessity of a complex optimization procedure over measurements.

Quantum teleportation is of paramount importance in applications of quantum entanglement. By utilizing local operations,
classical communication, and a shared correlated resource state, quantum information can be transmitted between two spatially
separated agents, Alice and Bob. A pure, maximally entangled, two-qubit Bell state serves as the resource in the original
standard teleportation protocol [18]. Subsequent investigations broadened the scope of the scheme by discovering that resource
states beneficial for teleportation need not be maximally entangled or pure [19]. The link between these states and Bell inequality
violations [20, 21], as well as discord-like correlations [22], has since been examined.

Due to the interaction between Alice and Bob’s entangled pair and its environment, which naturally induces state mixing,
mixed resource states are often more realistic than pure ones. Research on noisy quantum teleportation schemes has been
extensive [23, 24]. Approaches include utilizing the Lindblad formalism to examine teleportation fidelity as a function of
decoherence rates [25], and determining the optimal Bell resource state in the presence of local Pauli noises [18]. Furthermore,
recent advances include the development of methods to protect teleportation against certain decoherence channels [26, 27].

Studies have investigated the effect of different noisy channels on teleportation fidelity, with these channels typically modeling
the interaction of Alice’s and Bob’s particles with local environments. Specifically, research has focused on dissipative interac-
tions using Kraus operators for an amplitude damping channel [28, 29], as well as other common qubit noise channels such as
bit flip, phase flip, depolarizing [30], and phase damping [23]. Moreover, the teleportation protocol has also been explored in
higher-dimensional systems under noisy channels [31]. Furthermore, from a theoretical and experimental perspective, these in-
vestigations reveal a crucial insight [32]: tailored channels (operating on suitable, initially pure resource states) can significantly
mitigate the adverse effects of noise on teleportation fidelity, outperforming other noisy channels.

Extensions of the original teleportation protocol now encompass multi-party resource states with multipartite entanglement.
This has enabled the development of strategies that utilize such entanglement to teleport multiple qubit states [33—-37]. Research
has also addressed multi-directional teleportation, allowing quantum information transfer between several agents [38—41], in-
cluding its behavior in noisy environments [42—45].

While advancements have occurred in assessing teleportation success through noisy channels (whether acting on bipartite or
multipartite resource states), the correlation between teleportation fidelity and the multipartite entanglement generated between
the resource qubits and the environment warrants further investigation. This analysis aims to identify the processes (defined by
the entanglement they induce) that optimize teleportation success. It would also potentially attribute fidelity improvements to
the assistance of the generated multipartite entanglement. Moreover, studies in [46, 47] have established a relationship between
teleportation fidelity and the tripartite entanglement that emerges from the local interaction of a single resource qubit with a
two-level environment.

Quantum entanglement has been studied using low-energy protons [48], while [49] explores its potential generation at colliders
by analyzing hadronic final states. Besides, quantum entanglement has also been investigated at smaller length scales and
higher energies [50]. In high-energy physics, diverse experimental approaches have been proposed to investigate quantum
entanglement, including those based on neutral kaon physics [51-54], positronium [55], flavor oscillations in neutral B mesons
[56], charmonium decays [57], and neutrino oscillations [58]. Recent studies at the LHC have confirmed entanglement in
top quark pair production [59], with [60] additionally demonstrating the experimental feasibility of observing Bell inequality
violations in this system. In this context, the investigation of quantum entanglement has been proposed across various areas of
high-energy physics. These include top quark production [61-65], hyperon production [66], and the production of gauge bosons,
both from Higgs boson decay [67—70] and through direct production mechanisms [69, 70].

Recently, a novel method has emerged for studying strange baryon decays, centered on the investigation of hyperon-
antihyperon pairs generated from J/y resonances in electron-positron collisions [71]. The angular distribution of these pro-
cesses can be compactly described using real-valued matrices. These matrices represent both the initial spin-entangled state of
the baryon-antibaryon pair and their subsequent weak two-body decay chains. The modular nature of these matrices allows for
their rearrangement to model various decay scenarios, exemplified by the processes ete™ — AA, e*e” — EZ, and analogous
reactions [71-74]. At the electron-positron collider, the BESIII experiment has performed extensive analyses of these angular
distributions, employing multidimensional maximum-likelihood fits within this modular framework [75, 76]. The findings from
these studies enable the exploration of new fundamental aspects of quantum mechanics, notably nonlocality and quantum entan-
glement [77, 78]. The study of quantum correlations in hyperon-antihyperon systems has garnered heightened interest [79, 80],
notably facilitated by recent technological advancements in the BESIII detector. These advancements facilitate more precise
observations of entangled phenomena stemming from electron-positron collisions [81, 82].

In this work, we investigate logarithmic negativity (LN), local quantum uncertainty (LQU), local quantum Fisher information



(LQFI), and quantum teleportation through noisy channels in the process of e*e™ — J/¢y — YY as studied at the BESIII
experiment, where Y and Y denote a spin-1/2 hyperon and its antihyperon (AA, E°2°, Z-5*, ¥*£-). Utilizing the two-qubit
density operator [83, 84], we demonstrate that these quantum measures depend significantly on both the scattering angle ¢, the
amplitude 6, and the parameters of dephasing channels s. We show that fidelity can exceed the classical limit of 2/3 despite the
noise in the considered channels, even as decoherence increases.

The remainder of this article is organized as follows. In Section II, we describe the physical model for the YY pair. Section
IIT provides an overview of key quantum measures such as LN, LQU, and LQFI. The dynamics of LN, LQU, and LQFI under
different dephasing noises are then discussed and compared in Section IV. Our main results are presented in Section V. In Section
VI, we discuss the fidelity of quantum teleportation through different noisy channels. Finally, Section VII offers a concluding
summary.

II. THEORETICAL MODEL

Vector charmonia, including J/i or (25 ), exhibit decay modes that produce hyperon-antihyperon pairs, resulting in a massive
two-qubit system, YY, composed of two spin-1/2 particles. Due to momentum conservation in the center-of-mass frame, the
hyperon and antihyperon are produced with momenta that are equal in magnitude but opposite in direction. One can use a
two-qubit density operator to characterize their spin states [83, 84]
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where T = (11, T2, 73) represents the Pauli matrices, P* denote the polarization vectors for the hyperon and antihyperon, and
C;x specifies the elements of their correlation matrix. The aforementioned two-qubit density matrix admits a more concise
representation, given by
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We define @y = 1, O = P}’, Qo = P, and Oy = Cji, with 79 = 15x. Using Pauli matrices TZ(T;) in the hyperon and
antihyperon rest frames, respectively, we construct a 4 x 4 real matrix, @, representing their polarizations and spin correlations.

One can define the helicity rest frame for the hyperon Y as: § = %, 2=Py, & =§x2 We adopt the rest frame of the
_ e Y
antihyperon Y, ensuring the coordinate axes are consistent with those defined for the hyperon {X, ¥, Z}. The three axes we have
chosen are the same as those in Ref. [84], which is shown in Fig. 1(a).
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FIG. 1: (a): The Feynman diagram depicting the reaction e*e~ — YY, (b): The coordinate system {%, 9, 2} is defined in the common rest frame
of both the Y and Y particles.

The spin-correlation matrix ®,; for the process e*e™ — YY is, to lowest order, a function of two parameters: ay, where
-1 < ay <1, and A, where — < A® < 7. The angle 6, where cos(6) = f’e . f’y, determines the elements of the matrix Cj;.



Within the rest frames of Y and Y, the matrix 0O,y is expressed as
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with the parameters 8, and vy, are expressed in terms of @, and AD as
By =41 - ai Sin(A®),  yy = /1 - ai cos(AD).
Defined within the rest frame of hyperon Y, with coordinates (X, ¥, Z), the Y-hyperon polarization vector Py is
By sin(p) cos(p)
Py = L7 4)

1 + ay cos?(p)

The polarization vectors of the hyperon and antihyperon are equivalent in magnitude and share the same direction, expressed as
Py = Py. For simplicity, the two-qubit state can be transformed into an X-state by swapping the ¥ and Z axes. The resulting spin
density matrix writes as
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which represents the symmetric X-state form for pyy. Thus, we denote this state as pﬁY. The matrix ®, for this state becomes
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We note that A = Py = Py and B3 = ©®,,. Furthermore, B; and B, are derived from diagonalizing the block matrix of @; ;,

where i, j = x,y in ®,5. We observe that the swapping of the § and Z axes and the diagonalization of ®; ; can be obtained through
a local unitary transformation

Pyy = Uy ® Ug)pyy(Uy ® Us)', (7

where Uy and Uy are unitary operators acting independently in the Hilbert spaces of Y and Y, respectively. When expressed
in the 7, basis, the spin density operator for the hyperon-antihyperon system can be rewritten by expanding equation (7) as
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III. QUANTUM CORRELATION MEASURES
A. Logarithmic negativity

We employ logarithmic negativity, LN(péY), as proposed by Vidal and Werner [85, 86], to quantify entanglement in bipartite
mixed states [87]. This measure is based on the absolute sum of the negative eigenvalues of the partially transposed density
matrix, pi‘;_{, with respect to subsystem Y [88].

o Mol =1
Ly(pyg) = —F = Zﬂh ©)

where y; denote the negative eigenvalues of the partially transposed density matrix pi‘; (the notation Ty indicates that the partial
transpose is performed with respect to subsystem Y). The trace norm is defined by

g%l = Trfpl% (o7s)". (10)

For a system composed of two qubits, the negativity writes as
Ly(pyg) = max{0, ~2utmin}- (1
For the state (8), the negative eigenvalues of its partially transposed density matrix in the computational basis are
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and its eigenvalues are given by
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Equation (11) describes the negativity, with

Hmin = min {ey, e, e3,e4} .

B. Local quantum uncertainty

The preliminaries of LQU, a quantum correlation measure determined by the minimum of skew information, are presented in
this section. Considering a bipartite quantum system with density matrix pyy, LQU is defined as [89]

LOU(pX,) = min I(p¥y. Ky ®1y). (14)

The quantity I(p);Y’ Ky ® HY) =-1 Tr{

2
piY, Ky ® Hy] } denotes the skew information, where [ péY, Ky ® Hy] is the

commutator, Iy represents the identity operator acting on the subsystem Y, and Ky is a local Hermitian operator with a non-
degenerate spectrum. When considering a bipartite 2 ® d state with a single-qubit subsystem Y, LQU simplifies as follows

LQU(pyg) = 1 = T (Wyy). (15)

The term ', (‘Wyy) corresponds to the largest eigenvalue of the symmetric 3 X 3 matrix ‘Wyy. The elements of Wy are
defined as

(Wyg)ij = Tr{ vy (ry, ® I5) Voyy (ry, @ Ip)} (16)



Here, 7y, (where i, j € {x,y, z}) denote the Pauli operators acting on subsystem Y. The eigenvalues of matrix (16) for a thermal
state (8) are given by

22 = P33) (P44 — p11) + 4p14p23l
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Here, y; (i = 1,2, 3,4) are the eigenvalues of the density matrix in Eq. (8), satisfying y; > 0 and the normalization condition
>.ivi = 1. These eigenvalues are given by
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When W, , > W, ,, an explicit expression for LQU (15) is given by
LOU(pY,) = 1 — max{ Wi, W..}. (19)

C. Local quantum Fisher information

Quantum Fisher Information (QFI) is a fundamental tool in quantum metrology, designed to enhance measurement precision
in quantum systems [90-92]. It quantifies a quantum system’s sensitivity to parameter variations, thereby defining the ultimate
limit for parameter estimation accuracy [93, 94]. Specifically, Fisher information measures the distinguishability of a quantum
state from its infinitesimally perturbed counterparts based on measurement outcomes, encoding the extractable information
about the parameter [95]. The interplay between QFI () and Local Quantum Fisher Information (LQFI) is critical for efficient
parameter estimation, enabling the design of optimal measurement strategies adapted to subsystem properties. Here, we denote
this measure by LOF I, representing the optimal LQFI with the measurement operator Hy acting on the subspace of party Y in
the bipartite system YY.

LOFI(p}y) = rIIliiyn F (- Hy). (20)

For the particular case where subsystem B constitutes a qubit, the LQFI is given by

LOFI(pig) = 1 = Ay e
AN refers to the maximum eigenvalue of the 3 X 3 symmetric matrix M, the elements of which are given by
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where y; and |¢;) denote the eigenvalues and eigenvectors of the density matrix p?Y, with the eigenvalues explicitly given in Eq.
(18). In addition, 7, and 73 denote the standard Pauli matrices, with indices @, € {x,y,z}. To derive the explicit expression
for LQFI requires first computing the elements of matrix M. Moreover, one can readily confirm from (22) that the oftf-diagonal
elements are zero and the diagonal elements are written as
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where
M1 = p110p33 + P22044 + Y172 + Y3V + 2|014023],
Mo = (11 + pas)ysva+ (022 + P33)Y172,
M = [1 2 2712 2 2
3= (1= =72)" —(vs —v4) ] —4(y1 —72) (¥3 —v4)"s
My = p11033 + P22044 + Y172 + V3Vs — 2lp1,4023]-
We show that M, ., > M, , which implies that

LOFI(pYy) = 1 — max (M, M.} (23)

IV. NOISY CHANNELS

Interacting with their surroundings leads to decoherence in quantum systems, resulting in lost quantum coherence and the
decay of fragile quantum correlations. To model decoherence in quantum systems, decohering channels such as amplitude
damping (AD), phase flip (PF), and phase damping (PD) are commonly employed [96]. These channels represent noise or
perturbations that impact the quantum state, causing it to lose its purity and become mixed or probabilistic. Given an initial
bipartite quantum state pyy, the final quantum state under the action of decohering channels can be rigorously derived via the
Kraus operator formalism as

Eyg) = D Rupyy Ry 24)
kil

Denoted as Ky = Ky ®K;, the Kraus operators in this context correspond to one-qubit quantum channels represented by K and

K;. Tt is crucial that these operators satisfy the closure condition Y, kz,kkl = I, a fundamental requirement for valid quantum
operations.

A. Amplitude damping channel

The AD decoherence channel effectively models spontaneous emission in quantum systems by describing energy dissipation.
For a single-qubit AD channel, the description is formulated utilizing the following Kraus operators:

fq:diag(L \/l—s) , f(zz(g \éE) (25)

The decoherence parameter, s = 1 — Exp[—vr], with s € [0, 1] and v representing the decay rate, characterizes the AD channel.
Substituting Eqs. (8) and (25) into Eq. (24), the resulting density matrix for the system under the AD effect is expressed as

M =p11+ 52022 + 5paa),
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ﬁ?g =10 Zii Zii o |’ where 122 =m33 = —(5s— 1) (022 + S044) , (26)
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Naa = (s = 1)*pya.
Utilizing Equation (11), the entanglement negativity can be writes as

~AD AD
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and e?D (i=1,2,3,4) denote the eigenvalues of the transpose of matrix (26)
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Furthermore, an explicit expression for LQU (19) can be obtained as
LOUPY) = 1 - max [ W2, WP}, (28)

where
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The quantities A; denote the eigenvalues of the matrix defined in Eq. (26), and are explicitly given by
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The LQFI for the thermal state p3? is defined as
LOFI(p2) = 1 - max (M2, MAP) (29)
where
AD p fAD
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B. Phase flip channel

This channel exhibits a dynamic process that occurs with a probability s. This dynamic, acting upon the initial state, induces
a unitary transformation characterized by the Pauli operator 7,, thereby resulting in a phase flip (PF). The single-qubit PF
decoherence channel is typically represented by the following set of Kraus operators:

R = diag( V5, \/E) . k= diag( V=5, - \/l_—s) (30)

The density matrix can be expressed as
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By applying Equation (11), we obtain the logarithmic negativity as

Ly(pyg) = max{0, ~2upf ), (32)

min



where
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ﬂmln_mln{el €y , 63,6y }’

with efF (i=1,2,3,4) denote the eigenvalues of the transpose of matrix (31)

P11+ Pag £ \/(pl,l —/04,4)2 + 462,31

PF _
€2 = 2 ;
- (P22 +p33) + \/(Pz,z —p33)” + 4614l
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The LQU for the thermal state p - is defined as
LQU(PYS) = 1 — max{WiL, WL}, (33)

where

P (Pz,z —,03,3)(,04,4 _pl,l) +4 |51,452,3|
W B B ) T v+ v

(VB + VB + (VB + VB) (pss—p) =3l (o2 —pna) ~ 4l
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The quantities $B; denote the eigenvalues of the matrix defined in Eq. (31), and are explicitly given by
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12 =
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The LQFI for the thermal state p . 1s defined as

LOFIY,) = 1 — max (M2 MPE), (34)

where
64MPFMPF S 5
M =TT M = Pl
3 P11t Ps4a P22+ P33

with

M = p11pas + paaprs + B1Bs + By By + 2514625l
MEE = (011 + p4.2)B38B4 + (22 + p33)B1 B,
MEF = [1 — (81 -8y — (B3 - 34)2] ~ 4B - B)(Bs - Bu).

C. Phase Damping channel

PD (Phase Damping) decoherence channels represent quantum noise that specifically degrades quantum phase information,
leaving the system’s energy unaffected. The Kraus operators for a single-qubit PD channel are explicitly written as

- diag(l, «/ﬁ) . K= diag(O, \/E) (35)
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Substituting Eqgs. (8) and (35) into Eq. (24), the resulting density matrix for the system under the PD effect is expressed as

pri 0 0 x4

APD _ 0 P22 K23 0 wh Ki4 = ,01,4(l - ), (36)
YY 0 K3 p3z O ka3 = p23(1 —s).
kia 0 0 paa
The logarithmic negativity, for the thermal state p77 is defined as
Ly(PFR) = max{0, ~24E2), (37)
where
Hoga = min {2, 5P, 5P, eP}.
and efD (i=1,2,3,4) denote the eigenvalues of the transpose of matrix (36)
— P11+ paa £ \/(pl,l —104,4)2 + 4k 3]
€12 = ) ’
D _ (P22 +p33) £ \/(,022 —p33) + 4|I<14|2
3 4 = 2
The LQU for the density matrix p 2 is given by
LQU(PYS) = 1 — max{W;>, WD}, (38)
where
D (Pz,z - P3,3>(,04,4 - Pl,l) + 41 akas|
W (\/_ \/Cz)( \/63 + \/04) +
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2 2 2
D (‘/CTI + \/CTz) + ( Cs + C4) (,044 - p1, 1) -4 |K1 4| (Pz,z —,03,3) -4 |K2,3|
2z = + > .
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The quantities C; denote the eigenvalues of the matrix defined in Eq. (36), and are explicitly given by
2
P11+ Pags = \/(,01,1 — paa) + 4|K1,4|
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(022 +p33) + \/ (P22 = p33)” + 4lK23?
C3,4 = ) .
The LQFI for the thermal state p . 1s defined as
LOFIERY) = 1 - max (M2, MEP) (39)
where
AMED = 64M€’DM£’D and MP =1 _( k1.4 N k2 3] )
o MEE o pLi+paa pr2+p3z)
with

M® = p11p33 + propas + C1Ca + C3Cy + 2k sk 3,
M = (11 + paa)C3Cs + (P22 + p33)CiCa,
2
MEP = [1=(C1 = C2)” = (C3 = Ca| = 4(C1 = C2)(C3 - Ca)™.
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V. RESULTS AND DISCUSSIONS

We investigate the evolution of LN, LQU, and LQFI in the e*e™ — YY process within this section, focusing on its dependence
on the scattering angle ¢ and the dephasing parameter, characterized by s. In particle physics, the process e*e™ — J/y — YY
involves the production of a pair of ground-state octet hyperons. Understanding the parameters associated with this process
is crucial for studying the properties and interactions of these hyperons. Thanks to the Beijing Spectrometer III (BESIII)
experiment, the following table summarizes some key parameters relevant to this process

TABLE I: Parameters relevant to e*e” — J/y — YY, where YY denotes a pair of ground-state octet hyperons.

YY AN ol == =05

@ 0475 20.508(7) 0.586(16) 0.514(16)
AD/rad 0.752(8) 20.270(15) 1213(49) 1.168(26)

Ref [81,97] [98, 9] [76, 100] (33, 84]

A. Without dephasing effect

Using the experimental parameters from Table I, the foremost objective of this investigation, as depicted in Fig. 2(a-c), is to
analyze the logarithmic negativity (LN), local quantum uncertainty (LQU), and local quantum Fisher information (LQFI) for
four decay channels (AA, £*X-, Z°Z°, and Z-E*) as functions of ¢, in the absence of dephasing effects. This figure shows
that the LN exhibits symmetry with respect to ¢ = 7/2 within the range ¢ € [0,7]. As shown in Fig. 2(a), as the scattering
angle ¢ increases from ¢ = 0 towards /2, the LN of the four hyperons exhibits a monotonic increase from Ly = 0 at ¢ = 0.
Subsequently, LN monotonically diminishes after reaching its maximum value at ¢ = /2 (see Table II), vanishing at ¢ = 7, also
displayed in Fig. 2(a).

0.6 0.35 0.5
(a) ) (c)
0-5 0'3
0.4
0.4 —~ 0.25 / ' ~ \ /
x;_; 03 X{ 0.2 / N\ xv{ 0.3 £\ \
g 0.2
= 0.2 ~ N S’
0.1 :
> 0.1
0.1 (1Y) Lo — 7 = AA
_E_§+
0 0 .
0 T 0 p s n T - 0 .
6 3 2
red #(rad) @(rad)

FIG. 2: Plot of the LN, LQU and LQFI as a function of the scattering angle ¢ in e*e™ — J/y — YY for various decay channels: AA, X*Z-,
=920, and E-E*, taking into account the experimental parameters as in table I.

TABLE II: The maximum logarithmic negativity Ly, (as defined in Eq. (11)) and its corresponding angle ¢, in the reaction e*e™ — J/i —
YY.

YY AA P E 8" =00
Lmax 0.475 0.508 0.586 0.514
Pmax 90° 90° 90° 90°

When ¢ = /2, the mixed state p);Y, as described by matrix (8), assumes a particularly simple form and can be explicitly
written as

1—(Y¢ 0 0 1+aw
1 0 l+a, 1+« 0
X _ = 2 2
Pyw =% 0 l+ay 1+, O (40)

1+C¥¢ 0 0 l—a.,,
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Its eigenvalues are given by

1 —Qy 1
er=——, es==(1+ay), e=0. 41
2 2
Notably, one of the eigenvalues becomes negative as @y, > 0, signaling the presence of entanglement in the state. In particular,
the negativity is, in this case, directly proportional to the parameter «. It is given by

Ly(pyq) = ay, 42)

Thus LN@§?) is independent of the relative phase A¢, highlighting that, for ¢ = n/2, the degree of entanglement is solely
governed by ay. It is also noteworthy that the ~=* hyperon-antihyperon shows stronger quantum correlations as the scattering
angle approaches /2, highlighting the significance of this angle in high-energy phenomena. This behavior indicates a significant
impact of the scattering angle on the entanglement between different hyperons. Furthermore, these observations underscore the
intricate nature of particle interactions, particularly the species-dependent response of hyperons to angular variations. Such
insights are essential for advancing our understanding of particle physics and the fundamental dynamics governing hyperon
Interactions.

TABLE III: The maximum LQU values and their corresponding angles ¢p,,x observed in the reaction e*e™ — J/y — YY.

YY AN sty 55 =05
LOU,m. 0.165 0.138 0332 0.290
Ome 108°,71.94° 90° 113,45°.66.54° 115,72°.64.27°

We now examine how the scattering angle ¢ influences LQU. In Fig. 2(b), we present LQU versus ¢ for various decay channels
(AA, 227, 292° and Z-E%). Symmetric around ¢ = %, the LQU of YY pairs is observed throughout the ¢ range, excluding
the collinear limits where ¢ = 0 and ¢ = 7. However, the maximum LQU for AA, =020 and =-=* pairs is not necessarily
at ¢ = m/2, contrasting with the behavior observed for entanglement negativity (LN). The maximum can instead be observed
at different angles, which are listed in Table III. An exception is "X, which retains its maximum at ¢ = 7/2, as displayed in
Fig. 2(b). This result highlights that even when particles are perfectly aligned at certain angles, quantum fluctuations significantly
impact the behavior of the YY pairs.

In Fig. 2(c), we present the evolution of the Local quantum Fisher Information (LQFI) as a function of ¢ without a dephasing
effect. It can be observed that the evolution of LQFI and LQU (see Fig. 2(b)) exhibit approximately similar behavior versus ¢
for all four decay channels (AA, £*2~, Z°Z°, and Z-Z") (See Table IV).

TABLE IV: LQFI maxima and their respective angles ¢ as observed in e*e™ — J/ — YY production.

Y A +3 == =050

YY AN RO EE 2=

LOFI,x 0.241 1.57 0.441 0.381
Prmax 108°,71.94° 90° 113.45°,66.54° 115.72°,64.27°

B. Under dephasing effect

This subsection investigates the three-dimensional evolution of LN, LQU, and LQFI in e*e” — AA. We will examine
their dependence on the parameters s and ¢ across different decoherence channels, including Amplitude Damping (AD), Phase
ngping (PD), and Phase Flip (PF). The results obtained for this hyperon under these channels also apply to the hyperons Z~,
=Y and X7

Figure 3(a) explores the three-dimensional evolution of LN under the AD channel, highlighting the persistence of quantum
correlations in the presence of decoherence. LN reaches its maximum at s = 0 and ¢ = n/2. As s increases, the AD channel’s
effect leads to a monotonically decreasing LN, as shown in Fig. 3(a), ultimately causing its complete vanishing. This behavior
underscores the significant impact of decoherence on quantum systems and the challenges it poses for Quantum Information
Processing. Figures 3(b) and 3(c) show the evolution of the LQU and the LQFI under the Amplitude Damping (AD) channel.
Both LQU and LQFT initially increase, reaching a maximum value, and then decrease as the parameter s increases.

The evolution of LN, as illustrated in Fig. 4(a), reveals essential information about the interaction between the scattering
angle and the decoherence parameter s under the PF channel. Notably, the LN reaches its maximum at a scattering angle of
¢ = m/2 and for the decoherence values s = 0 and s = 1. A detailed analysis of the evolution of LN as a function of s highlights
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FIG. 3: Plot of the LN (a), LQU (b) and LQFI (c) versus s and the scattering angle ¢ in e*e” — J/yy — AA, for AD channel. Using the
parameters value setting in the Table 1.
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FIG. 4: Plot of the LN (a), LQU (b) and LQFI (c) versus s and the scattering angle ¢ in e*e” — J/y — AA, for PF channel. Using the
parameters value setting in the Table I.
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FIG. 5: Plot of the LN (a), LQU (b) and LQFI (c) versus s and the scattering angle ¢ in e*te™ — J/¢y — AA, for PD channel. Using the
parameters value setting in the Table 1.

several distinct regimes. In the range s € [0, 0.2], the negativity decreases monotonically, as shown in Fig. 6, indicating a loss
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of entanglement as decoherence begins to affect the system. This trend continues until s reaches 0.2, where the LN becomes
zero, suggesting complete decoherence. For s € [0.2,0.8], the LN remains zero, indicating the total absence of entanglement.
However, when s exceeds 0.8, the LN reappears and increases monotonically until s = 1. This behavior highlights the nonlinear
dynamics of entanglement under the effect of decoherence and underscores the existence of regimes where entanglement can be
partially restored despite environmental influence. The Phase Flip (PF) channel causes LQU and LQFI to decrease until they

vanish around s = 0.5, only to return to their previous maximum values thereafter, as shown in Figures 4(b) and 4(c).

0.45 \ (@) —Ly(P4Y) 0.45 ®) . =Lv(3s) 0.45 A\ —Ly(P3)
0.4 \ _LQU(Z’\%?) 0.4 _LQU@\P(%) 0.4 _LQU(//):)(%)
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0.3 0.3 0.3 \
S S ozl \ [l \
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/\\ \ / \
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FIG. 6: Plot of LN, LQFI, and LQU versus the decoherence parameter s with 8 = /2 for hyperon pair Y = A, under Amplitude Damping
(AD), Phase Flip (PF), and Phase Damping (PD) channels. Taking into account the experimental parameters as in table |

The phase damping (PD) channel exhibits a behavior similar to that of the amplitude damping (AD) channel, particularly in
terms of its impact on LN. In Fig. 5(a) and Fig. 6, LN reaches its maximum when the decoherence parameter is zero and ¢ = 7/2,
demonstrating the resilience of quantum correlations against environmental interactions. However, as the decoherence parameter
s increases, the PD channel induces a linear decrease in LN, ultimately leading to its complete disappearance. This highlights
the fundamental role of quantum decoherence in reducing quantum correlations and underscores the necessity of strategies to
preserve these correlations in quantum information processing. The Phase Damping (PD) channel exhibits a distinct pattern:
LQU and LQFI remain relatively stable for low values of s but decline more rapidly than in the Amplitude Damping (AD)
channel as s increases, as illustrated in Figures 5(b) and 5(c). Overall, while the general trends of LQU and LQFI are similar
across these channels, their specific dynamics underscore the importance of understanding each distinct decoherence mechanism
in quantum information processing.

In Fig. 6(a-c), we plot LN, LQU and LQFI as a function of the decoherence parameter s for the ete~ — AA process under AD,
PF and PD channels. As shown in Fig. 6(a) and Fig. 6(c), LN decreases monotonically with increasing s, vanishing as s — 1.
It can be seen that under the amplitude damping (AD) channel, the local quantum uncertainty (LQU) and local quantum Fisher
information (LQFI) decrease after reaching their maximum at s = 0.5, as depicted in Fig 6(a). Besides, the Fig. 6(b) indicates
that, under the phase flip (PF) channel, LQU and LQFI remain resistant to decoherence for small values of s. They then decrease
until s = 0.5 before increasing again to recover their initial values, subsequently remaining robust against decoherence as s — 1.
Moreover, Fig. 6(c) illustrates that, for the phase damping (PD) channel, both quantities remain resistant to decoherence effects
up to s = 0.5 and then gradually vanish as s — 1. Moreover, LQU and LQFI exhibit a similar evolution, both becoming zero
at s = 1. LQU and LQFI can also remain positive even when LN is zero, as depicted in Fig. 6(a-c). Therefore, LQU and
LQFI are more robust than entanglement under the effect of decoherence. This indicates that LQU and LQFI quantify quantum
correlations even in the absence of entanglement. Additionally, we notice that LQU is always bounded by LQFI, as shown in
Fig. 6(a-c).

Let’s now discuss the evolution of LN, LQU, and LQFI under the three decoherence channels (AD, PF, and PD). We remark
that LN, LQU, and LQFI exhibit symmetric behavior under PF channel. It can be seen that LN is more robust under PF than
AD and PD for s € [0.8, 1]. However, LN is zero under PF for s € [0.2,0.8]. This indicates greater robustness of AD and PD
compared to PF for a specific region of s. We also note that LQU and LQFI are more robust under PF than AD and PD channels,
particularly in the interval s € [0.6, 1] as shown in Fig. 6(b), and in the region s € [0, 0.5], as illustrated in Fig. 6(c).
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VI. QUANTUM TELEPORTATION

Quantum teleportation enables the transfer of an unknown quantum state using shared entanglement. In this study, we examine
quantum teleportation using mixed entangled states as a resource, acting as a generalized depolarization channel [101-103]. We
analyze the influence of the diffusion angles ¢, highlighting their key role in optimizing quantum teleportation protocols. Let us
assume the input state is an arbitrary unknown two-qubit pure state |y, ), such as

It,bm)—cos( )|01)+e’¢sm( )|1o> (43)

where, 6 € [0, ] describes all possible states with varying amplitudes, while ¢ € [0, 27] represents their phase. The correspond-
ing density matrix writes as

@m = |l»[/in> <d/in|

0 0 0 0
=206 ig
_ 0 131_1;¢<?) 2e 251;19 0 . (ad)
0 3¢ sinf cos (5) 0
0 0 0 0

A quantum channel is mathematically defined as a completely positive and trace-preserving (CPTP) map, essential for trans-
forming an input density operator into an output density operator [104]. In the context of quantum teleportation, this transfor-
mation is crucial as it enables the transmission of quantum information without the physical transport of the state itself [105].

When considering mixed channels subject to noise, the output state can be represented by a mixed density operator. The
process involves applying joint measurements and local unitary transformations to the input state 9;, to obtain the replicated
output state 0,,,, hence

O = ZP[j(Ti®Tj)@in (Ti®Tj), (45)

ij

Where 7; (i = 0,x,y,z) denote the identity matrix I, and the three Pauli matrices. The probabilities are given by p;; =
Tr[E,»péY] Tr[E ijY] with ) p;; = 1. The measurement operators correspond to the Bell states

Eo=DH& |, Ei=W )W,

E,=WhH W', Ez=k"&",
with

1 1
= —(|01) £ [10)), =y = —(|00) £ |11)).
™) \/E(l y£110)),  Iy™) \/z(l y £ [11))

Thereafter, by applying the local unitary transformation to the input state (Eq. (45)), the teleported output state at Bob’s lab
remains an X-shaped matrix

@)1(,1 =2022(01,1 + Pas)s

@i(,l 0 0 @ﬁ @%‘2 = (011 + paa)’ cos’ ( )+4p2zs1n ( )
0 &% o5 0

AX 22 @3

Q=10 5% 8% 0| VI oY= (o1 +psa)’sin ( )+4p22005 ( ) (46)
oY, 0 oF 2

! @2,3 =032=12 (,02 e+ pl 4e"7’) sin @,
@ﬁ = 4p, 3014 8in 6 cos ¢.

When a hyperon—antihyperon input state YY is teleported through the amplitude-damping channel pYY, the output replica
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state can be determined using Egs. (26) and (45)

01T = 220011 + Maa)s
oy 0 2 oy 055 = (1 + M)’ COS( )+47722sm( )
AAD  ~AD
BR=] o o g o [ et g =yt () e artscoi(£), @
g 00 oy o0 = o = 2(nse ™ 474 )sm9

@/1\4D 412,37m1.4 8in 6 cos ¢.

Similarly, when the input state YY is teleported through the phase-flip channel pi@, the output replica state can be expressed
using Egs. (31) and (45)

ory 0 0 o APF _ APF 2 i 2 i) o
~PF 0 @%(2 @51:3 0 03 =035 = 2 (62’33 v 4 51,46‘@) sin 6,
ot 0 o X ol where pr ) (48)
ot 023 Q33 e 014 = 402301 4 5in 6 cos ¢.
O1a 0 0 oy,
Finally, for the pure dephasing channel pYY, the teleported replica state is given by using Eqs. (36) and (45).
AX APF
o, 0 0 oy
0 &% oFF 0 @PF—@PF 2 (k2,7 + &% ,€) sin 6,
= o GRS o | whee 2 (4 14e”) (49)
op 223 933 X Ql!4 = 4Ky 3K 4 Sin 6 COS ¢b.
4 00 oy
A. TFidelity

The hyperon-antihyperon spin density operator plays a central role in analyzing the quantum properties of the YY system,
particularly for assessing the fidelity of quantum teleportation. It enables a deep understanding of the spin dynamics of hyperons
and antlhyperons which is essential for reliable quantum communication. To this end, we study the decays of AA, Z*5~,
Z-Z*, and Z°Z° to highlight the physical effects and quantum phenomena specific to this system (See table I). These hyperons
play a key role in understanding the strong interaction, thus contributing to the overall analysis of the system’s interactions.
Investigating these decays sheds light on the limitations and potential applications of quantum teleportation, aiming to improve
the fidelity of quantum information transfer.

The quality of the teleportation process is often characterized by studying the fidelity between the input state g;, and the
output state 9,,,. For pure input states, fidelity can be effectively applied as an indicator of a quantum channel’s teleportation
capabilities [106, 107]. The fidelity writes as [108]

F@ns05) = Winl 05 Win) = {Te(y VB Nom)) (50)

a straightforward calculation, we find that

F (@i, Q) = 02 SI0” (g) + 8308 (g) +Re(035¢7) Gb

Orthogonality between the input and output states leads to a near-zero fidelity, implying that the quantum information is fully
degraded during transmission, and consequently, the teleportation process is unsuccessful. Fidelity approaching unity indicates
a near-perfect transmission where the output state closely mirrors the input state. However, a fidelity in the range 0 < F < 1
suggests that the quantum information undergoes partial degradation during the transmission process.

To evaluate the quality of quantum state transfer in our system, it’s essential to study the evolution of the fidelity between
the input state d;, and the output state pX .. Fidelity is a key measure that quantifies how close the teleported state remains to
the initial state. In our study, we particularly focus on the influence of the system’s geometric parameters: the scattering angle
¢ and the amplitude angle 6. These parameters modulate the nature of the states involved in the teleportation. Understanding
this dependence allows us to optimize quantum teleportation protocols by considering the physical and experimental conditions
related to angular interactions.
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FIG. 7: Plot of the fidelity F as a function of: (a) the scattering angle ¢ (with ¢ = 0 and 6 = 7/2), (b) the amplitude angle 8 (with ¢ = 0 and
¢ = m/2) and the phase ¢ (with ¢ = 6 = 7/2), in e*e™ — YY processes with Y = A,X*, =, and Z°, utilizing the experimental parameters
listed in Table I.

Initially, the fidelity threshold F = 2/3, recognized in the literature as the theoretical boundary between classical and quantum
regimes for quantum teleportation systems. The classical regime is characterized by a fidelity F < 2/3, while the quantum
regime emerges when F exceeds this threshold, i.e., F > 2/3.

The examination of the results presented in Fig. 7(a) reveals the notable effect of the scattering angle ¢ on the fidelity of the
quantum teleportation protocol, with the amplitude angle 6 fixed at /2. The fidelity F starts at a non-zero value, decreases
with increasing ¢, and then increases proportionally with ¢ for various hyperon—antihyperon pairs YY. For the pairs AA, Z¥2-,
and E°Z°, the fidelity peaks at ¢ = 7r/2, remaining in the classical regime (F < 2/3). In contrast, the Z-Z" pair surpasses the
threshold F' = 2/3, indicating quantum behavior. Furthermore, a pronounced symmetry around ¢ = /2 is observed, suggesting
equivalent system behavior for values of ¢ symmetric about this point.

The analysis of Fig. 7(b) underscores the significant impact of the amplitude angle 6 on the fidelity of the protocol, with
the scattering angle ¢ fixed at /2. The fidelity varies noticeably across different hyperon—antihyperon pairs, highlighting the
protocol’s sensitivity to the parameters of the system under study.A fidelity threshold of F' = 2/3 is established to differentiate
between classical and quantum regimes in the analysis of hyperon—antihyperon pairs. For the Z*X~ system, the fidelity increases
steadily, reaching its maximum at 6 = x/2, while remaining in the classical regime (F < 2/3). In contrast, the AN, ==,
and Z°Z° systems exhibit symmetry around @ = 7/2, with fidelity values fluctuating around the F = 2/3 threshold in certain
configurations. An asymmetry in the process is also observed near this angle. The classical regime dominates for the AA and
Y%~ pairs, where the fidelity generally remains below or close to F = 2/3. In contrast, the quantum regime prevails for the
2920 and Z-Z* pairs, where the fidelity frequently exceeds this threshold. The quantum regime is particularly pronounced for
the Z~-=* pair across the entire range of 6, except at the extrema, where the fidelity may approach or exceed F = 2/3.

The study illustrated in Fig. 8 focuses on the critical transitions between quantum and classical regimes by jointly optimizing
the amplitude angle 6 and the scattering angle ¢. This study builds on the observations from Fig. 2(b—c), which highlight the
significance of the system parameters {6, ¢}. The results presented in Fig. 8 indicate that simultaneous optimization of these
parameters significantly enhances the teleportation fidelity, with 6 playing a central role in extending the quantum regime and
ensuring effective quantum teleportation. More precisely, the optimal configuration occurs at § = x/2, which maximizes the
extent of the quantum regime. This adjustment is crucial, as relying solely on ¢ is insufficient to induce quantum behavior;
suboptimal parameter settings lead to conventional (classical) channel behavior, as shown in Fig. 8(c-d). These results highlight
the importance of parameter optimization in quantum teleportation, where enhanced fidelity is essential to advancing quantum
communication and information processing.

Let us study the evolution of the fidelity for our system under three types of decoherence channels as a function of the
scattering angle ¢, the angle 6, and the decoherence parameter s, using the final formulas for the AD (47), PF (48), and PD (49)
channels.

In this study, we investigate the behavior of the Z-Z* hyperon under the action of amplitude damping (AD), phase damping
(PD), and depolarizing (PF) channels. The results obtained for this baryon under these channels also apply to the baryons A, Z°,
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FIG. 8: Plot of the Fidelity F as a function of the scattering angle ¢ and the amplitude angle 6 in e*e~ — Y'Y processes, with ¢ = 0, for various
decay channels: (a) Z*Z~, (b) E"E*, (c) Z"E*, and (d) Z°Z°. The white dashed line at F = 2/3 represents the critical value that separates the
classical and quantum regimes. Experimental parameters are taken from Table I.

and X*.

The expression in Eq. (51) provides the general form of the teleportation fidelity. In the following, we specify this result for
the case where the shared entangled state undergoes different types of noisy quantum channels.
Based on Egs. (50) and (47), the fidelity for the amplitude damping (AD) channel can be written as

F(Qin, Ohy) = 055 sin’” (g) + 045 cos? (g) + ‘Re(@??e‘w) (52)

Using a similar method, and with the help of Egs. (50) and (48), the fidelity under the phase flip (PF) channel can be expressed
as

F(0in, @E:]:t) = @%(,2 sin’ (g) + @é(ﬁ cos? (g) + Q‘ie(@g@e"‘f’) (53)

Based on a similar approach, and with the help of Eqgs. (50) and (49), the fidelity for the phase damping (PD) channel is
expressed as

Fon0ff) = 05, s’ () + 05, cos?(5) + Re(fRe ™) G4

In Fig. 9(a-c), we present the evolution of the fidelity as a function of the phase ¢ and the decoherence parameter s for hyperon—
antihyperon pairs Z~=". This figure shows that the fidelity has a sinusoidal dependence on ¢, emphasizing the influence of this
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FIG. 9: Plot of the Fidelity F as a function of the phase angle ¢ and the decoherence parameter s in e*e~ — Z~Z* processes, with 6§ = /6 and
¢ = /2, for various noisy channels: (a) AD channel, (b) PF channel, (c) PD channel. The white dashed line at F = 2/3 represents the critical
value that separates the classical and quantum regimes. Experimental parameters are taken from Table 1.
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FIG. 10: Plot of the Fidelity F as a function of the scattering angle ¢ and the the decoherence parameter s in e*e~ — Z~Z* processes, with
¢ = 0 and 8 = 7/6, for various noisy channels: (a) AD channel, (b) PF channel, (c) PD channel. The white dashed line at F = 2/3 represents
the critical value beyond which the quantum regime begins. Experimental parameters are taken from Table 1.

phase on the entanglement and superposition properties of the Z-Z* pair. We remark that the fidelity attains its maximum values
at ¢ = kmr with k = 0, 1,2, which correspond to optimal configurations of the Z-=* state. This can be clearly deduced from
Egs. (51), (52), (53), and (54). At these optimal angles, the quantum regime is fully achieved, as the fidelity of the teleported
state can be greater than the classical limit of 2/3. This is observed under both the AD and PD channels when the decoherence
s is around 0, as shown in Fig. 9(a) and Fig. 9(c). However, under the phase PF channel, the fidelity exceed the classical limit of
2/3 as the decoherence strength s approaches both 0 and 1, as illustrated in Fig. 9(b).

The evolution of the fidelity for the three types of noisy channels, as a function of the scattering angle ¢ and the decoherence
parameter s, is shown in Fig. 10(a-c). We observe that the fidelity reaches its maximum at ¢ = 7/2 for all three channels, AD,
PF, and PD. For this optimal angle, under the effect of the AD channel, the fidelity initially decreases, then increases to reach its
maximum value at s = 1, indicating greater robustness at high values of s for hyperon—antihyperon Z-Z*. It is also evident that,
in the case of the phase flip (PF) channel, the fidelity initially drops sharply before gradually increasing, returning to its initial
values as s — 1, which induces a symmetric fidelity profile around s = 0.5. This shows that the presence of noise in this channel
can induce a revival of the fidelity. Clearly, in both the AD and PF channels, the teleported state retains a relatively high fidelity
even under maximal noise. In contrast, for the PD channel, the fidelity decreases linearly until it reaches its minimum values
as s — 1. In the AD and PF channels, a revival of fidelity is observed, where it increases again at high noise levels. Similarly,
under the PF channel, the fidelity recovers to its maximum value, F > 2/3, as s — 1, which corresponds to the quantum regime,
as depicted in 10(b).

We explore in Fig. 11(a—c) the fidelity as a function of the amplitude angle 6 and the decoherence parameter s, with ¢ = 7/2.
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FIG. 11: Plot of the Fidelity F as a function of the amplitude angle # and the the decoherence parameter s in e*te~ — Z~=* processes, with
¢ = 0 and ¢ = 7/2, for various noisy channels: (a) AD channel, (b) PF channel, (c) PD channel. The white dashed line at F' = 2/3 represents
the critical value beyond which the quantum regime begins.. Experimental parameters are taken from Table 1.

We remark that the fidelity is symmetric around 6 = x/2 and reaches its maximum value at 6 = 7/6 across the AD, and PD
channels. Moreover, the fidelity remains > 2/3 (in the quantum regime) across the AD and PD channels for s < 0.2, as depicted
in Fig. 11(a) and (c). Furthermore, for the PF channel, the quantum regime is found in two separate regions of decoherence:
approximately for s < 0.2 and for s > 0.95, as illustrated in Fig. 9(b).

B. Quantum correlations : Ly(dX ), LOU(9X ), and LOFI(dX,

In this section, we present a detailed investigation into the behavior of quantum correlations, specifically Ly(9X,,), LQU(0Z,),

and LOFI(0% ), within the teleported YY state across the amplitude damping (AD), phase damping (PD), and phase flip (PF)
channels, as described in equations (47), (49), and (48). Our analysis explores the influence of the decoherence parameter,
system parameters, and input state parameters on the YY state, shedding light on their impact on quantum correlation dynamics.
Furthermore, we evaluate the logarithmic negativity of the teleported states for the ideal channel (07,,) (without dephasing effect,
i.e s=0) as well as the amplitude damping (92.0), phase damping (9F2), and phase flip (o'F,) channels. To achieve this, the density
matrix pi{(Y in Eq. (11) is substituted with the respective matrices 9%, 9P, 6P, and o*F, as specified in equations (46), (47), (49),
and (48). The logarithmic negativity (LN) for the teleported state is defined as

Lyn(©5,,) = max {0, —2fimin} , (55)

where [ini, is the smallest eigenvalue, given by

N . fa€ A€ A€ A€
[min = min {el,ez,e3,e4} ,

and the corresponding eigenvalues for each channel are expressed as

A A A A 2 A
(07, +054) £ \/ (07, — 05,4) + 41053 51

€ip= ,
= (56)
A A PN N 2 N
(QE,Z + 95,3) + \/(Qiz - Q3,3) + 4|Q1,4|2
€34 = ) ,

where € € (X, AD, PF,PD). Similarly, the LQU and LQFTI of the teleported state for the ideal (Q);Y) (without dephasing effect,
i.e s=0), amplitude damping (AD), phase damping (PD), and phase flip (PF) channels are computed by substituting the density
matrix p¥ in Eqs. (19) and (51) with the matrices @}, O » Opwr» and O, as specified in Eqs. (46), (47), (49), and (48). The
expression for the LQU is given by

LOU(@S,) = 1 - max W5 |, WS}, (57)

out
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where the A; (i = 1,2, 3,4) are the eigenvalues of the matrix 05, given by

(J—
(W3,3 -

A A N N 2 N
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A2 > ,
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A4 = 3 ,
The expression for the LQFI is given by
LOFI(5,) = 1 — max {MS . ME.}, (58)
with
64 MEMS 107 41 105 5
X, X = A/Ile 2’ MZ)Z == [ AE 1’4"6 + AE 2,3'\5 )’
3 QL1t0sa Qp*05;
and

MT = @T1@§3 + @52@24 + A1y + 4344 + 2|@i4@§,3|,
M; = (@T1 + @2,4)/13/14 + (@52 + @;3)/11/12,
2
= 1= (=) = (= AP] =40 = 1P (s — )

Note that the LN, LQU, and LQFI of the non-teleported state pﬁ? were analyzed in Section III and are not revisited in this
section.
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FIG. 12: Plot of the LN Ly(0,,), LQU LQU(0,,,), and LQFIL LOFI(o,,,) as a function of: (a) the phase ¢, (b) the scattering angle ¢, and (c)
the amplitude angle 0, with ¢ = 0 = 7/2, in e*e”™ — E~E* processes, utilizing the experimental parameters listed in Table I.

In Fig. 12(a), we explore the hierarchy of quantum correlations between the LN, LQU and LQFI as a function of the phase ¢
for hyperon—antihyperon pairs E~=*. The LN exhibits a sinusoidal and periodic dependence on ¢, while the LQU and LQFI also
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FIG. 13: Plot of the LN Ly(95,,), LQU LQU(o;,,), and LQFI LOFI(95,,) versus decoherence parametre s, with ¢ = 6 = /2 and ¢ = 0,
in e*fe” — Z"E* processes, under (a) Amplitude Damping (AD), (b) Phase Damping (PD), and (c) Phase Flip (PF) channels, utilizing the
experimental parameters listed in Table I.

display periodic behavior. An essential feature lies in the phase opposition between the LN and the LQU/LQFI. More specifically,
the LN reaches its maximum at ¢ = kn (k = 0, 1, 2), whereas the LQU and LQFI reach their maximum at ¢ = (k + %)n. This
phase opposition, characterized by a shift of 77/2, highlights a complementary relationship between LN, LQU, and LQFI, where
the maximum of the Ly coincides with the minimum of the LQU and LQFI, and vice versa.

In Fig. 12(b), we show the evolution of the LN, LQU and LQFTI utilizing the teleported state 9X ,. These three measures peak
at ¢ = 7/2, indicating an optimal configuration due to the restructuring of quantum correlations by the teleportation protocol. In
contrast, for the non-teleported state, LQU and LQFI reach their maximum at different ¢ values for the pXY state, as shown in
Fig. 2 and Tables IIT and IV. When LN vanishes, signaling separability, however LQU and LQFI remain non-zero, demonstrating
their sensitivity to quantum correlations even beyond entanglement. We notice that LQU and LQFI evolve similarly, with their
maximum at ¢ = /2, and LQU always bounded by LQFI, reflecting their hierarchical relationship.

Fig. 12(c) illustrates the evolution of the LN, the LQU, and the LQFTI as functions of the amplitude angle 6 of the teleported
quantum state, with the scattering angle fixed at ¢ = /2. A symmetry of the LN is observed around 8 = 7/2, where it reaches its
maximum value, indicating maximal quantum entanglement at this state. Moreover, LQU and LQFI show similar behavior with
remarkable stability in certain intervals of the amplitude angle 6, as shown in Fig. 12(c). This stability reflects robustness against
variations of the input state, which is a key feature for quantum protocols. Finally, it is worth noting that the LQU and the LQFI
remain significant even when the LN vanishes, highlighting their ability to capture quantum resources beyond entanglement.
Furthermore, the LQU is always bounded by the LQFI.

In Fig. 13, we analyze the effect of the decoherence parameter s on the dynamics of quantum correlations (QCs) in the
teleported state Z~Z*, across the AD, PF, and PD decoherence channels. It is observed that logarithmic negativity (LN) is more
robust under the phase flip (PF) channel than under the amplitude damping (AD) and phase damping (PD) channels when s — 1,
whereas LN becomes zero under the AD and PD channels in this regime. Additionally, LN exhibits symmetric behavior under
PF channels. Furthermore, when LN is zero, we find that both LQU and LQFI remain > 0. The influence of the decoherence
parameter reveals a hierarchy of quantum correlations, with N, € LQU < LQFI, highlighting their differential sensitivity. These
results indicate that teleported QCs are particularly sensitive to decoherence effects when the amplitude angle 8 and phase ¢ are
fixed, with maximum correlation observed at ¢ = /2.

VII. CONCLUSION

In summary, we have investigated the quantum correlations in the processes e*e~ — YY at the BESIII experiment, where Y
and Y represent a spin-1/2 hyperon and its antihyperon (AA, Z°Z°, 2-=*, £*5£-). We have quantified these correlations using
logarithmic negativity (LN), local quantum uncertainty (LQU), and local quantum Fisher information (LQFI). Our analysis also
established a hierarchy among these measures and explored their dependence on different parameters. Furthermore, the effects of
quantum noise on non-teleported states, specifically LN, LQU, and LQFI, across the Amplitude Damping (AD), Phase Damping
(PD), and Phase Flip (PF) channels is analyzed. The AD and PD channels caused a linear decline in LN as the decoherence

strength s increased, while the PF channel displayed a unique symmetric behavior around s = 0.5. For teleported states, we
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found that LN, LQU, LQFI, and teleportation fidelity all peaked at & = nr/2. While the overall performance of these measures
was optimal at this angle, their resilience to noise varied. This suggests that the choice of decoherence channel significantly
impacts the dynamics of quantum correlations in a teleportation protocol. The PD channel significantly degrades fidelity as
s — 1, while the AD channel has a more moderate effect. Remarkably, the PF channel can enhance fidelity beyond the classical
limit of 2/3 as s approaches both 0 and 1, demonstrating that quantum noise, far from being universally detrimental, can in
some cases mitigate decoherence and optimize quantum state transfer. These findings highlight the complexity and richness of
interactions between quantum noise and quantum correlations. They open promising avenues for manipulating quantum states in
noisy environments and underscore the potential of these discoveries for advancing quantum technologies and particle physics.

[1] Einstein, A., Podolsky, B. and Rosen, N., Can quantum-mechanical description of physical reality be considered complete?, Phys. Rev.
47,777 (1935).
[2] Schrodinger, E., The present situation in quantum mechanics: A translation of Schrodinger’s ”Cat Paradox” paper, Quantum Theory
and Measurement, Princeton University Press, Princeton, 152 (1983).
[3] Bell, J. S., On the Einstein Podolsky Rosen paradox, Physics 1, 195 (1964).
[4] Aspect, A., Dalibard, J. and Roger, G., Experimental test of Bell’s inequalities using time-varying analyzers, Phys. Rev. Lett. 49, 1804
(1982).
[5] Aspect, A., Grangier, P. and Roger, G., Experimental realization of Einstein-Podolsky-Rosen-Bohm Gedankenexperiment: a new viola-
tion of Bell’s inequalities, Phys. Rev. Lett. 49, 91 (1982).
[6] Horodecki, R., Horodecki, P., Horodecki, M. and Horodecki, K., Quantum entanglement, Rev. Mod. Phys. 81, 865 (2009).
[7] Bennett, C. H., DiVincenzo, D. P., Fuchs, C. A., Mor, T., Rains, E., Shor, P. W., Smolin, J. A. and Wootters, W. K., Quantum nonlocality
without entanglement, Phys. Rev. A 59, 1070 (1999).
[8] Horodecki, M., Horodecki, P., Horodecki, R., Oppenheim, J., Sen, A., Sen, U. and Synak-Radtke, B., Local versus nonlocal information
in quantum-information theory: formalism and phenomena, Phys. Rev. A 71, 062307 (2005).
[9] Datta, A., Shaji, A. and Caves, C. M., Quantum discord and the power of one qubit, Phys. Rev. Lett. 100, 050502 (2008).
[10] Lanyon, B. P., Barbieri, M., Almeida, M. P. and White, A. G., Experimental quantum computing without entanglement, Phys. Rev. Lett.
101, 200501 (2008).
[11] Jaloum, E. and Amazioug, M., Work extraction, dynamics of quantum coherence and quantum correlations between two superconducting
qubits, Phys. Scr. 100, 055120 (2025).
[12] Amazioug, M. and Daoud, M., Quantum steering vs entanglement and extracting work in an anisotropic two-qubit Heisenberg model
in presence of external magnetic fields with DM and KSEA interactions, Phys. Lett. A 493, 129245 (2024).
[13] Jaloum, E., Amazioug, M. and Haddadi, S., Quantum features of gravcats, Sci. Rep. 15, 1 (2025).
[14] Khedif, Y., Haddadi, S., Pourkarimi, M. R. and Daoud, M., Thermal correlations and entropic uncertainty in a two-spin system under
DM and KSEA interactions, Mod. Phys. Lett. A 36, 2150209 (2021).
[15] Yanase, M. M., Information contents of distributions, Proc. Natl. Acad. Sci. 49, 910 (1963).
[16] Wu, S.-X., Zhang, Y. and Yu, C.-S., Local quantum uncertainty guarantees the measurement precision for two coupled two-level systems
in non-Markovian environment, Ann. Phys. 390, 71 (2018).
[17] Ali, M., Local quantum uncertainty for multipartite quantum systems, Eur. Phys. J. D 74, 1 (2020).
[18] Wigner, E. P, and Yanase, M. M., Information contents of distributions, Proceedings of the National Academy of Sciences 49, 910
(1963).
[19] Luo, S., Geriatric Rehabilitation: A Textbook for the Physical Therapist Assistant, Proceedings of the American Mathematical Society
132, 885 (2004).
[20] Popescu, S., Bell’s inequalities versus teleportation: What is nonlocality?, Phys. Rev. Lett. 72, 799 (1994).
[21] Horodecki, R., Horodecki, M. and Horodecki, P., Teleportation, Bell’s inequalities and inseparability, Phys. Lett. A 222, 21 (1996).
[22] Bussandri, D. G., Portesi, M. and Majtey, A. P., Revisiting maximal average fidelity of teleportation, Physica A 592, 126853 (2022).
[23] Jiang, L.-N., Quantum teleportation under different local independent noise environment, Int. J. Theor. Phys. 58, 3899 (2019).
[24] Ahadpour, S. and Mirmasoudi, F., The role of noisy channels in quantum teleportation, Rev. Mex. Fis. 66, 378 (2020).
[25] Oh, S., Lee, S. and Lee, H.-W., Fidelity of quantum teleportation through noisy channels, Phys. Rev. A 66, 022316 (2002).
[26] Harraz, S., Cong, S. and Nieto, J. J., Enhancing quantum teleportation fidelity under decoherence via weak measurement with flips, EPJ
Quantum Technol. 9, 1 (2022).
[27] Im, D.-G., Lee, C.-H., Kim, Y., Nha, H., Kim, M. S., Lee, S.-W. and Kim, Y.-H., Optimal teleportation via noisy quantum channels
without additional qubit resources, npj Quantum Inf. 7, 86 (2021).
[28] Badziag, P., Horodecki, M., Horodecki, P. and Horodecki, R., Local environment can enhance fidelity of quantum teleportation, Phys.
Rev. A 62, 012311 (2000).
[29] Bandyopadhyay, S., Origin of noisy states whose teleportation fidelity can be enhanced through dissipation, Phys. Rev. A 65, 022302
(2002).
[30] Fortes, R. and Rigolin, G., Fighting noise with noise in realistic quantum teleportation, Phys. Rev. A 92, 012338 (2015).
[31] Fonseca, A., High-dimensional quantum teleportation under noisy environments, Phys. Rev. A 100, 062311 (2019).
[32] Knoll, L. T., Schmiegelow, C. T. and Larotonda, M. A., Noisy quantum teleportation: An experimental study on the influence of local
environments, Phys. Rev. A 90, 042332 (2014).
[33] Lee, J., Min, H. and Oh, S. D., Multipartite entanglement for entanglement teleportation, Phys. Rev. A 66, 052318 (2002).



24

[34] Gorbachev, V. N., Trubilko, A. I., Rodichkina, A. A. and Zhiliba, A. 1., Can the states of the W-class be suitable for teleportation?,
Phys. Lett. A 314, 267 (2003).

[35] Yeo, Y. and Chua, W. K., Teleportation and dense coding with genuine multipartite entanglement, Phys. Rev. Lett. 96, 060502 (2006).

[36] Man, Z.-X., Xia, Y.-J. and An, N. B., Genuine multiqubit entanglement and controlled teleportation, Phys. Rev. A 75, 052306 (2007).

[37] Rigolin, G., Quantum teleportation of an arbitrary two-qubit state and its relation to multipartite entanglement, Phys. Rev. A 71, 032303
(2005).

[38] Li, W., Zha, X.-W. and Qi, J.-X., Tripartite quantum controlled teleportation via seven-qubit cluster state, Int. J. Theor. Phys. 55, 3927
(2016).

[39] Choudhury, B. S. and Dhara, A., Simultaneous teleportation of arbitrary two-qubit and two arbitrary single-qubit states using a single
quantum resource, Int. J. Theor. Phys. 57, 1 (2018).

[40] Wang, M. and Li, H.-S., Bidirectional quantum teleportation using a five-qubit cluster state as a quantum channel, Quantum Inf.
Process. 21, 44 (2022).

[41] Singh, N., Singh, N., Pathak, A., Verma, V. and Singh, R. S., Multi-directional controlled quantum teleportation by using nine-qubit
entangled state as a single quantum channel, Opt. Quantum Electron. 55, 932 (2023).

[42] Jung, E., Hwang, M.-R., Ju, Y. H., Kim, M.-S., Yoo, S.-K., Kim, H., Park, D., Son, J.-W., Tamaryan, S. and Cha, S.-K., Greenberger-
Horne-Zeilinger versus W states: Quantum teleportation through noisy channels, Phys. Rev. A 78, 012312 (2008).

[43] Yang, G., Lian, B.-W., Nie, M. and Jin, J., Bidirectional multi-qubit quantum teleportation in noisy channel aided with weak measure-
ment, Chin. Phys. B 26, 040305 (2017).

[44] Han, X.-P. and Liu, J.-M., Amplitude damping effects on controlled teleportation of a qubit by a tripartite W state, Phys. Scr. 78, 015001
(2008).

[45] Han, X.-P. and Liu, J.-M., Effects of phase damping on controlled teleportation of a qubit by a GHZ state, Commun. Theor. Phys. 49,
895 (2008).

[46] Ishizaka, S., Quantum channel locally interacting with environment, Phys. Rev. A 63, 034301 (2001).

[47] Van Hop, N., Optimal fidelity for quantum teleportation protocol of an arbitrary qubit state affected by amplitude-damping noise: causes
and results, Quantum Inf. Process. 18, 340 (2019).

[48] Lamehi-Rachti, M. and Mittig, W., Quantum mechanics and hidden variables: A test of Bell’s inequality by the measurement of the spin
correlation in low-energy proton-proton scattering, Phys. Rev. D 14, 2543 (1976).

[49] Tornqvist, N. A., Suggestion for Einstein-Podolsky-Rosen experiments using reactions like, Found. Phys. 11, 177 (1981).

[50] Abel, S. A., Dittmar, M. and Dreiner, H. K., Testing locality at colliders via Bell’s inequality?, Phys. Lett. B 280, 304 (1992).

[51] Benatti, F. and Floreanini, R., Bell’s locality and g /&, Phys. Rev. D 57, R1332 (1998).

[52] Benatti, F. and Floreanini, R., Direct CP-violation as a test of quantum mechanics, Eur. Phys. J. C 13, 267 (2000).

[53] Bertlmann, R. A., Grimus, W. and Hiesmayr, B. C., Bell inequality and CP violation in the neutral kaon system, Phys. Lett. A 289, 21
(2001).

[54] Banerjee, S., Alok, A. K. and MacKenzie, R., Quantum correlations in B and K meson systems, Eur. Phys. J. Plus 131, 129 (2016).

[55] Acin, A., Latorre, J. I. and Pascual, P., Three-party entanglement from positronium, Phys. Rev. A 63, 042107 (2001).

[56] Go, A., Observation of Bell inequality violation in B mesons, J. Mod. Opt. 51, 991 (2004).

[57] Baranov, S. P., Bell’s inequality in charmonium decays, J. Phys. G: Nucl. Part. Phys. 35, 075002 (2008).

[58] Banerjee, S., Alok, A. K., Srikanth, R. and Hiesmayr, B. C., A quantum-information theoretic analysis of three-flavor neutrino oscilla-
tions: Quantum entanglement, nonlocal and nonclassical features of neutrinos, Eur. Phys. J. C 75, 1 (2015).

[59] Afik, Y. and de Nova, J. R. M., Entanglement and quantum tomography with top quarks at the LHC, Eur. Phys. J. Plus 136, 907 (2021).

[60] Fabbrichesi, M., Floreanini, R. and Panizzo, G., Testing Bell inequalities at the LHC with top-quark pairs, Phys. Rev. Lett. 127, 161801
(2021).

[61] Severi, C., Boschi, C. D. E., Maltoni, F. and Sioli, M., Quantum tops at the LHC: from entanglement to Bell inequalities, Eur. Phys. J.
C 82, 285 (2022).

[62] Larkoski, A. J., General analysis for observing quantum interference at colliders, Phys. Rev. D 105, 096012 (2022).

[63] Aguilar-Saavedra, J. A. and Casas, J. A., Improved tests of entanglement and Bell inequalities with LHC tops, Eur. Phys. J. C 82, 666
(2022).

[64] Afik, Y. and de Nova, J. R. M., Quantum discord and steering in top quarks at the LHC, Phys. Rev. Lett. 130, 221801 (2023).

[65] Afik, Y. and de Nova, J. R. M., Quantum information with top quarks in QCD, Quantum 6, 820 (2022).

[66] Gong, W., Parida, G., Tu, Z. and Venugopalan, R., Measurement of Bell-type inequalities and quantum entanglement from A-hyperon
spin correlations at high energy colliders, Phys. Rev. D 106, L031501 (2022).

[67] Barr, A.J., Testing Bell inequalities in Higgs boson decays, Phys. Lett. B 825, 136866 (2022).

[68] Aguilar-Saavedra, J. A., Bernal, A., Casas, J. A. and Moreno, J. M., Testing entanglement and Bell inequalities in H — ZZ, Phys. Rev.
D 107, 016012 (2023).

[69] Ashby-Pickering, R., Barr, A. J. and Wierzchucka, A., Quantum state tomography, entanglement detection and Bell violation prospects
in weak decays of massive particles, J. High Energy Phys. 2023, 1 (2023).

[70] Fabbrichesi, M., Floreanini, R., Gabrielli, E. and Marzola, L., Bell inequalities and quantum entanglement in weak gauge boson pro-
duction at the LHC and future colliders, Eur. Phys. J. C 83, 823 (2023).

[71] Fildt, G. and Kupsc, A., Hadronic structure functions in the ete™ — AA reaction, Phys. Lett. B 772, 16 (2017).

[72] Perotti, E., Féldt, G., Kupsc, A., Leupold, S. and Song, J. J., Polarization observables in e*e~ annihilation to a baryon-antibaryon pair,
Phys. Rev. D 99, 056008 (2019).

[73] Adlarson, P. and Kupsc, A., CP symmetry tests in the cascade-anticascade decay of charmonium, Phys. Rev. D 100, 114005 (2019).

[74] Salone, N., Adlarson, P., Batozskaya, V., Kupsc, A., Leupold, S. and Tandean, J., Study of CP violation in hyperon decays at super-
charm-tau factories with a polarized electron beam, Phys. Rev. D 105, 116022 (2022).



25

[75] Ablikim, M., Achasov, M. N., Adlarson, P., Ahmed, S., Albrecht, M., Alekseev, M., Amoroso, A., An, F. F,, An, Q., Bai, Y. and others,
Complete measurement of the A electromagnetic form factors, Phys. Rev. Lett. 123, 122003 (2019).
[76] Ablikim, M., Achasov, M. N., Adlarson, P., Albrecht, M., Aliberti, R., Amoroso, A., An, M. R., An, Q., Bai, X. H., Bai, Y. and others,
Precise measurements of decay parameters and CP asymmetry with entangled A-A pairs, Phys. Rev. Lett. 129, 131801 (2022).
[77] Bertlmann, R. A. and Zeilinger, A., Quantum correlations and entanglement, Springer, Berlin, 119 (2002).
[78] Wu, S., Qian, C., Wang, Q. and Zhou, X. R., Bell nonlocality and entanglement in e*e~ — YY at BESIII, Phys. Rev. D 110, 054012
(2024).
[79] Tornqvist, N. A., Quantum mechanics and hidden variables, Phys. Lett. A 117, 1 (1986).
[80] Lv, J. P, Yu, Z. H., Liang, Z. T., Wang, Q. and Wang, X. N., Entanglement and Bell inequality violation in vector boson scattering
processes, Phys. Rev. D 109, 114003 (2024).
[81] Nature Publishing Group, Polarization and entanglement in baryon—antibaryon pair production in electron—positron annihilation, Na-
ture Phys. 15, 631 (2019).
[82] Schonning, K., Batozskaya, V., Adlarson, P. and Zhou, X., Production and decay of polarized hyperon-antihyperon pairs, Chin. Phys.
C 47, 052002 (2023).
[83] Ablikim, M., Achasov, M. N., Ahmed, S., Ai, X. C., Albayrak, O., Albrecht, M., Ambrose, D. J., Amoroso, A., An, F. F., An, Q. and
others, Study of J/y and y(3686) — X(1385)°Z(1385)" and Z°Z°, Phys. Lett. B 770, 217 (2017).
[84] Ablikim, M., Achasov, M. N., Adlarson, P., Ai, X. C., Aliberti, R., Amoroso, A., An, M. R., An, Q., Bai, X. H., Bai, Y. and others, 7ests
of CP symmetry in entangled Z° — =° pairs, Phys. Rev. D 108, L031106 (2023).
[85] Peres, A., Separability criterion for density matrices, Phys. Rev. Lett. 77, 1413 (1996).
[86] Vidal, G. and Werner, R. F., Computable measure of entanglement, Phys. Rev. A 65, 032314 (2002).
[87] Miranowicz, A. and Grudka, A., Ordering two-qubit states with concurrence and negativity, Phys. Rev. A 70, 032326 (2004).
[88] Plenio, M. B., Logarithmic negativity: a full entanglement monotone that is not convex, Phys. Rev. Lett. 95, 090503 (2005).
[89] Girolami, D., Tufarelli, T. and Adesso, G., Characterizing nonclassical correlations via local quantum uncertainty, Phys. Rev. Lett.
110, 240402 (2013).
[90] Braunstein, S. L. and Caves, C. M., Statistical distance and the geometry of quantum states, Phys. Rev. Lett. 72, 3439 (1994).
[91] Paris, M. G. A., Quantum estimation for quantum technology, Int. J. Quantum Inf. 7, 125 (2009).
[92] Liu,J., Yuan, H., Lu, X.-M. and Wang, X., Quantum Fisher information matrix and multiparameter estimation, J. Phys. A: Math. Theor.
53, 023001 (2020).
[93] Helstrom, C. W., Quantum detection and estimation theory, J. Stat. Phys. 1, 231 (1969).
[94] Kronmiiller, H., Parameter estimation in measurement, Measurement 1, 111 (1983).
[95] Girolami, D., Souza, A. M., Giovannetti, V., Tufarelli, T., Filgueiras, J. G., Sarthour, R. S., Soares-Pinto, D. O., Oliveira, I. S. and
Adesso, G., Quantum discord determines the interferometric power of quantum states, Phys. Rev. Lett. 112, 210401 (2014).
[96] Nielsen, M. A. and Chuang, 1. L., Quantum computation and quantum information, Cambridge University Press, Cambridge, 1 (2010).
[97] Ablikim, M., Achasov, M. N., Adlarson, P., Ahmed, S., Albrecht, M., Alekseev, M., Amoroso, A., An, F. F., An, Q., Bai, Y. and others,
Measurement of the phase difference between the short- and long-distance amplitudes in the AA decay, Phys. Rev. Lett. 124, 112002
(2020).
[98] Ablikim, M., Achasov, M. N., Adlarson, P., Ahmed, S., Albrecht, M., Aliberti, R., Amoroso, A., An, Q., Bai, X. H., Bai, Y. and others,
Study of the process e*e™ — XYL~ at s = 2.3864 GeV and 2.3960 GeV, Phys. Lett. B 843, 137795 (2023).
[99] Ablikim, M., Achasov, M. N., Adlarson, P., Ahmed, S., Albrecht, M., Aliberti, R., Amoroso, A., An, Q., Bai, X. H., Bai, Y. and others,
Study of A/ A and * /S~ pair production in e*e~ annihilation at \/s = 2.4 GeV, Phys. Rev. D 109, 052005 (2024).
[100] Ablikim, M., Achasov, M. N., Adlarson, P., Aliberti, R., Amoroso, A., An, M. R., An, Q., Bai, X. H., Bai, Y., Bakina, O. and others,
Study of the e*e™ — Z™E* reaction with the initial state radiation technique, Phys. Rev. D 109, 032013 (2024).
[101] Bowen, G. and Bose, S., Teleportation with a uniformly accelerated partner, Phys. Rev. Lett. 87, 267901 (2001).
[102] Fortes, R. and Rigolin, G., Polynomial invariants for discrimination and classification of four-qubit entanglement, Phys. Rev. A 86,
014302 (2012).
[103] Lee, S.-S. and Park, D. K., Distinguishing four-qubit states via teleportation in noisy environments, J. Korean Phys. Soc. 75, 946 (2019).
[104] Horodecki, M., Horodecki, P. and Horodecki, R., General teleportation channel, singlet fraction, and quasidistillation, Phys. Rev. A 60,
1888 (1999).
[105] Braunstein, S. L., Fuchs, C. A., Kimble, H. J. and van Loock, P., Quantum versus classical domains for teleportation with continuous
variables, Phys. Rev. A 64, 022321 (2001).
[106] Bowen, G., Classical information capacity of a quantum channel, Phys. Rev. A 63, 022302 (2001).
[107] Horodecki, M., Horodecki, P., Horodecki, R., Oppenheim, J., Sen, A., Sen, U. and Synak, B., Local versus nonlocal information in
quantum-information theory: Formalism and phenomena, Phys. Rev. A 71, 062307 (2005).
[108] Jozsa, R., Fidelity for mixed quantum states, J. Mod. Opt. 41, 2315 (1994).



	Introduction
	Theoretical model
	Quantum correlation measures
	Logarithmic negativity
	Local quantum uncertainty
	Local quantum Fisher information

	Noisy channels
	Amplitude damping channel
	Phase flip channel
	Phase Damping channel

	Results and discussions
	Without dephasing effect
	Under dephasing effect

	Quantum teleportation
	Fidelity
	Quantum correlations : LN(Xout), LQU(Xout), and LQFI(Xout)

	Conclusion
	References

