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Abstract—Dephasing noise, as a dominant source of deco-
herence in quantum systems, directly limits the reliability of
entanglement-based and coherence-based protocols. This paper
analyzes the fidelity of two-qubit states under independent, cor-
related, and partially correlated dephasing channels. The results
highlight the critical role of noise correlations in preserving
quantum coherence and provide insights for designing resilient
quantum communication and computation systems.

I. INTRODUCTION

Quantum information processing relies on superposition and
entanglement, but unavoidable interactions with the environ-
ment cause decoherence, degrading correlations and hindering
scalable technologies such as quantum communication, com-
putation, and distributed networks [1]. Among noise processes,
dephasing is especially critical, as it disrupts phase coherence
[2], erodes entanglement [3], and threatens entanglement-
based protocols like quantum anonymous communication [4]
and quantum key distribution [5]. Dephasing can be indepen-
dent, when qubits couple to separate environments; correlated,
when they share common fluctuations; or partially correlated,
which combines both local and collective effects.

To characterize quantum resource resilience, we use the
Kraus-operator formalism to analyze two-qubit dephasing
across three regimes, deriving analytical expressions for the
fidelity of Bell and maximally coherent states. The remainder
of this paper is organized as follows. Sec II introduces the de-
phasing noise models, including independent, correlated, and
partially correlated channels. Sec. III presents fidelity analysis
and graphical results showing correlation effects on robustness.
Finally, Sec. IV consists of our concluding remarks.

II. DEPHASING NOISE MODELS
A. Independent Dephasing Channel

When dephasing is independent, each qubit interacts with
a distinct environment, leading to uncorrelated phase noise.
In the symmetric scenario with identical probability p, the
channel is defined as

Ena(p) = (1= p)*(IRI) p(IRI)
+p(l —p)(Z&I)p(Z®1I)
+p(l=p)(I®Z)p(IRZ)
+p°(Z202)p(Z27), (1)

which represents fully local decoherence, where each qubit
loses its phase coherence independently.
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Fig. 1. Fidelity of maximally entangled two-qubit states under partially
correlated dephasing channels.

B. Correlated Dephasing Channel

When both qubits are subject to the same phase fluctua-
tion arising from a common environment, the corresponding
correlated dephasing map is expressed as

Eeor(p) = (L =p) (T @ Dp(I @ T)
+r(Z® 2Z)p(Z® Z), €5
where p denotes the probability of a collective phase flip acting
on both qubits simultaneously.
C. Fartially Correlated Dephasing Channel

With local and collective phase errors acting simultaneously,
the partially correlated dephasing channel is expressed as

gpar(p) = (1 _p) (I® I)p([@ I)
P29 (zenpze )

P 6 210 2)

+pe(Z®@ 2)p(Z ® Z), 3)

where p € [0,1] is the overall dephasing probability and
k € [0,1] quantifies the correlation strength between the two
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Fig. 2. Fidelity of maximally coherent two-qubit states under partially

correlated dephasing channels.
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Fig. 3. Fidelity of maximally entangled and maximally coherent two-qubit
states under independent and correlated dephasing channels.

qubits. Specifically, k = 0 corresponds to fully independent
local dephasing, while k = 1 represents perfectly correlated
(collective) phase noise.

III. FIDELITY ANALYSIS AND RESULTS

To quantify the impact of dephasing noise on quantum
coherence and entanglement, we evaluate the state fidelity [6]
between the noisy output p’ and the original pure state |¢) as

F(o', 1) = (Wl o' [¥) 4)

which ranges from 0 (complete decoherence) to 1 (perfect
preservation). We consider two representative two-qubit states:
the maximally entangled Bell state |®1) = %(\00) + [11)),

and the maximally coherent state [1).) = £(]00)+[01)+[10)+
[11)).
A. Results

As shown in Fig. 1 and Fig. 2, fidelity heatmaps reveal
the combined effect of p and x under partially correlated
dephasing. The Bell state gains robustness as « increases
(approaching the correlated limit), whereas the coherent state
depends mainly on p and is only weakly sensitive to x. A
comparison of fidelity for independent and correlated channels
is presented in Fig. 3, detailing its dependence on dephasing
probability. The Bell state retains perfect fidelity under cor-
related dephasing, while independent noise leads to quadratic
decay. The coherent state, however, shows linear degradation
for correlated dephasing and faster quadratic decay for inde-
pendent noise.

IV. CONCLUSIONS

In this study, we analyzed the effects of independent,
correlated, and partially correlated dephasing on the fidelity
of two-qubit states. Our results show that entangled states
exhibit strong robustness in correlated environments, revealing
the presence of a decoherence-free subspace. In contrast, non-
entangled coherent states remain susceptible to decoherence
regardless of the correlation strength. These findings highlight
the crucial role of collective noise dynamics in preserving
quantum coherence and establish a theoretical foundation for
the design of resilient quantum communication and computa-
tion protocols in realistic, correlated environments.

ACKNOWLEDGMENT

This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korean government
(MSIT) under RS-2025-00556064, by the MSIT (Ministry of
Science and ICT), Korea, under the Convergence security core
talent training business support program (IITP-2025-RS-2023-
00266615) supervised by the IITP (Institute for Information &
Communications Technology Planning & Evaluation), and by
a grant from Kyung Hee University in 2023 (KHU-20233663).

REFERENCES

[1] S. N. Paing, J. W. Setiawan, T. Q. Duong, D. Niyato, M. Z. Win, and
H. Shin, “Quantum anonymous networking: A quantum leap in privacy,”
IEEE Netw., vol. 38, no. 5, pp. 131-145, Sep. 2024.

[2] M. Hu and W. Zhou, “Enhancing two-qubit quantum coherence in a
correlated dephasing channel,” Laser Phys. Lett., vol. 16, no. 4, p. 045201,
2019.

[3] A. U. Rahman, S. Haddadi, M. R. Pourkarimi, and M. Ghominejad,
“Fidelity of quantum states in a correlated dephasing channel,” Laser
Phys. Lett., vol. 19, no. 3, p. 035204, 2022.

[4] M. Christandl and S. Wehner, “Quantum anonymous transmissions,’
in Proc. International Conference on the Theory and Application of
Cryptology and Information Security, Chennai, India, Dec. 2005, pp. 217—
325.

[5S] M. Curty, M. Lewenstein, and N. Liitkenhaus, “Entanglement as a pre-
condition for secure quantum key distribution,” Phys. Rev. Lett., vol. 92,
no. 21, p. 217903, 2004.

[6] M. M. Wilde, “From classical to quantum shannon theory,” arXiv preprint
arXiv:1106.1445, Jun. 2011.



