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Abstract: The dynamics of two charged qubits containing Josephson Junctions inside a cavity are
investigated under the intrinsic decoherence effect. New types of quantum correlations via local
quantum Fisher information and Bures distance norm are explored. We show that we can control
the quantum correlations robustness by the intrinsic decoherence rate, the qubit-qubit coupling as
well as by the initial coherent states superposition. The phenomenon of sudden changes and the
freezing behavior for the local quantum Fisher information are sensitive to the initial coherent state
superposition and the intrinsic decoherence.

Keywords: local quantum Fisher information; two-qubit coupling; intrinsic decoherence

1. Introduction

Quantum correlation (QC) is substantial for quantum technologies [1–3]. It is shown
that some quantum correlated states have no quantum entanglement [4,5]. Consequently,
more quantifiers were introduced to detect different QCs beyond entanglement as:
measurement-induced disturbance [6], quantum discord [7] and geometrical measures
which based on p-norm [8,9], Bures distance norm [10] and skew information quantity [11].
QCs are the basic concept for the quantum engineering, quantum cryptography and
quantum information [12–16]. The entanglement quantifiers as concurrence, negativity, en-
tropy, and Bures distance entanglement (BDE) present the same behavior. These measures
however, have ordering difficulties [17]. The hierarchy among the quantum correlations
(Bell nonlocal, entanglement and non-entanglement quantum correlations (e.g., quan-
tum discord or local quantum Fisher information) must be satisfied by all correlation
quantifiers [18].

Quantum Fisher information (QFI) is useful quantifier for multipartite
entanglement [19], quantum speedup limittime [20], uncertainty relations [21], and quan-
tum phase transition [22]. The multipartite entanglement which witnessed by QFI is useful
for quantum metrology [23], complex structures of topological states [24,25] and quantum
phase-transition [26]. QFI is also useful to describe the optimal accuracy in parameter
estimation protocols [27–29]. QFI is employed to establish the link between quantum corre-
lation and quantum metrology [30,31]. Recently, local quantum Fisher information (LQFI)
is introduced as a quantifier of the nonclassical correlation beyond entanglement [32–34].
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It is well-known that quantum phenomena are very sensitive to the decoherence
and dissipation resources [35–38], they are the main cause for the transition between
the quantum and classical dynamics. For closed systems the coherence can be lost, this
phenomenon is identified as intrinsic decoherence (ID) [39]. The ID manifests without
interaction with the environment, and the system does not dissipate and its energy is
preserved. Therefore, it is of great interest to investigate the intrinsic decoherence effect on
the correlations.

The goal of this paper is to explore the quantum correlation generation via the LQFI
and Bures distance entanglement between the two charged qubits that are placed into a
cavity as well as how these correlations could be further enhanced by exploiting two-qubit
coupling and the decoherence. It is worth mentioning that the two-charge-qubit system
has been realized experimentally [40,41] to serve as a unit information for the quantum
computing [42–45].

Our main motivation here is to establish a comprehensive comparison between the
behavior of both the BDE and the LQFI in the case of a coupled two charge-qubits system.
We will focus on: (1) confirming that these real qubit-cavity interactions have ability
to generate quantum correlation via the LQFI beyond the Bures distance entanglement,
(2) studying the effect of the initial coherent field cavity.

In this paper, the generation of new types of quantum correlations is analyzed in
a two qubit system that has several potential applications and realizations [46,47]. The
intrinsic decoherence model is used for the cavity prepared initially in a superpositions of
coherent states. The analytical results allow the study of robustness of the generated BDE
and LQFI correlations.

In Section 2, we derive the time evolution of the physical model. The definition of the
QFI and BDE quantifiers are presented in Section 3. We analyze the dynamics of the QFI
and BDE correlations in Section 4. We end-up by a conclusion.

2. Time Evolution of the Physical Model

Our considered system is formed by two charged qubits, each one is realized via
Cooper-pair box containing two identical Josephson junctions with the coupling energies
EJ and capacitors CJ . The two qubits are placed into a cavity (see Figure 1).

The Cooper-pair box works as qubit in the microwave region in which (i) it is placed
in the middle of the cavity, the qubit-cavity interaction is optimal in the microwave region.
(ii) the electromagnetic field is not very strong such that all higher orders are neglected
except the first order of πη

Φ0
. The constant η has units of the magnetic flux and depends on

the geometrical design of the SC cavity field, and Φ0 is the applied quantum flux.
Consequently, the Hamiltonian of the qubit-cavity system can be written as [48]

Ĥ = ωψ̂†ψ̂ + ∑
k=A,B

ωk
z σ̂k

z +
πηEJ

Φ0
(ψ̂ + ψ̂†)σ̂k

x . (1)

where ω represents the frequency of the SC-cavity field that has the lowering ψ̂ and rasing
ψ̂† operators. ωk

z denotes to the k-qubit frequency.
The σ̂k

z and σ̂k
x are the k-qubit Pauli operators.

The interaction between the the two qubits and the SC-cavity field cannot be neglected
when the distance between the two SC-qubits is less than the field wavelength.

After adding the two-qubit coupling term, the Hamiltonian of the resonant system
(ω = ωA

z = ωB
z ), in the rotating-wave approximation, is given by

Ĥ = ω(ψ̂†ψ̂ + σ̂z
A + σ̂z

B) + λ(ψ̂σ+
A + ψ̂†σ−A )

+λ(ψ̂σ+
B + ψ̂†σ−B ) + K(σ+

A σ−B + σ−A σ+
B ), (2)
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Figure 1. Schematic diagram of two identical coupled charge qubits with coupling strength K, are
placed in a single-mode SC-cavity. Each qubit is characterized by a junction capacitance CJ and a
coupling energy EJ which is tuned by applying a Φc to the Cooper-pair box that containing two
identical Josephson junctions with the coupling energies EJ and capacitors CJ .

The artificial atoms and the single-mode cavity are taken in the resonant case where
their frequencies are equal to ω, and their interaction coupling constant is presented by
λ =

πηEJ
Φ0

. σ̂+
k = |1k〉〈0k| and σ̂−k = |0k〉〈1k| stand the rasing and lowering k-qubit operators.

K represents the qubit-qubit coupling strength.
The first term of Equation (2) describes the free Hamiltonian of the cavity field and

the qubits while the second and third term describe the qubit-cavity interactions with
the coupling constant λ. The last term represents the qubit-qubit coupling by with the
interaction constant K.

In the space qubit-cavity states {|D1〉 = |1A1B, n〉, |D2〉 = |1A0B, n + 1〉, |D3〉 =
|0A1B, n+ 1〉, |D4〉 = |0A0B, n+ 2〉}where |n〉 represent the number state with n = 0, 1, 2, ...,
the eigenstates |Sn

k 〉(k = 1− 4) of the Hamiltonian (2) are given by:

|Sn
1 〉 = d11|D1〉+ d14|D4〉,
|Sn

2 〉 = d22|D2〉+ d23|D3〉, (3)

|Sn
3 〉 = d31|D1〉+ d32|D2〉 − d33|D3〉+ d34|D4〉,
|Sn

4 〉 = d41|D1〉+ d42|D2〉+ d43|D3〉+ d44|D4〉.

The dij satisfy the eigenvalue-problem: Ĥ|Sl
k〉 = El

k|S
l
k〉, where El

k(k = 1− 4) are the
corresponding eigenvalues,

El
1 = ω(l + 1),

El
2 = ω(l + 1)− K,

El
3 = ω(l + 1) +

1
2

K− 1
2

λ
√
(K/λ)2 + 16l + 24, (4)

El
4 = ω(l + 1) +

1
2

K +
1
2

λ
√
(K/λ)2 + 16l + 24.

Here, the intrinsic decoherence effect is examined by using the Milburn’s equation,
which is a generalized version of the Schrödinger equation where the qubit-cavity system
evolves stochastically under sequences of identical unitary transformations [39]. The in-
trinsic decoherence is generated in absence of the environment-system interactions. These
interactions lead to other irreversible effects [49] such as the dissipation. The Milburn’s
equation [39] that governs the system with intrinsic decoherence is given by

dρ(t)
dt

= −i[H, ρ(t)]− 1
2

γ[H, [H, ρ(t)]], (5)
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where γ designs the intrinsic decoherence rate.
Here, we assume that the initial reduced density matrix ρ(0) is in the uncorre-

lated state,

ρ(0) = |ϕc(0)〉〈ϕc(0)| ⊗ |1A1B〉〈1A1B|, (6)

where the two SC-qubits are initially assumed in their upper states, and the cavity-field is
started initially in the superposition coherent states as

|ϕc(0)〉 = (|µ〉+ r| − µ〉)/
√

A, (7)

where A = 1 + r2 + 2re−2|µ|2 , |µ〉 presents the coherent state with the intensity coherence µ.
It is defined by

|µ〉 =
∞

∑
n=1

Fn|n〉 = e−|µ|
2/2

∞

∑
n=1

µn
√

n!
|n〉, (8)

For r = 0 we have the coherent state and r = 1 represents the even coherent state.
From Equations (2) and (6), we get

ρ̂(t) = ∑
l,k=0

1
A
[1 + r(−1)l ][1 + r(−1)n]Fl F∗k

{
d11d11χ̂11 + d11d31χ̂13

+d11d41χ̂14 + d31d11χ̂31 + d41d11χ̂41 + d31d31χ̂33 + d41d31χ̂43

+d31d41χ̂34 + d41d41χ̂44} (9)

where χ̂ij are given by

χ̂ij = D f e−iλ(El
i−Ek

j )t|Sl
i〉〈Sk

j |, (10)

D f = e−
γ
2 (El

i−Ek
j )

2t designs the decoherence term.

3. Quantum Fisher Information and Bures Distance Entanglement
3.1. Local Quantum Fisher Information

QFI is used to build the bridge between the quantum correlations and quantum
metrology [30,31]. For a given bipartite quantum state (say A and B) ρAB the quantum
Fisher information associated with the local evolution generated by IA ⊗ HB (HB is the
local Hamiltonian acting on B. The operator IA represents the identity acting on A) can be
written as

F( ρAB , HB)

= 4 ∑
m,n:πm+πn>0

(πm − πn)2

πm + πn
|〈ψm|IA ⊗ HB|ψn〉|2. (11)

where ρAB = ∑m πm|ψm〉〈ψm| is the spectral decomposition of ρAB, where {πm} and
{|ψm〉} represent the eigenvalues and the eigenvectors of the bipartite state ρAB with πm ≥
0 and ∑m πm = 1. The Equation (11) is also equivalent to the following expression [32],

F(ρAB, HB) = 4Tr{ρABH2
B} (12)

− ∑
m,n:πm+πn〉0

8πmπn

πm + πn
|〈ψm|IA ⊗ HB|ψn〉|2.
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The local quantum Fisher information (LQFI) quantifies the quantum correlation. It is
the minimum of the quantum Fisher information over all local Hamiltonians HB of a fixed
spectral class [32],

L(ρAB) =
1
4

inf
HB

F(ρAB, HB), (13)

In our case of the two qubits, the general form of the reduced local Hamiltonian for
the qubit B is: HB =~r.~σ, where |~r| = 1 and~σ = (σx, σy, σz) represents the vector formed by
the Pauli matrices. The LQFI is given by the expression [32],

L(t) = 1− πmax
W , (14)

where πmax
W is the biggest eigenvalue of the 3× 3 symmetric matrix W = [wij],

wij = ∑
m,n:πm+πn〉0

2πmπn

πm + πn
〈ψm|Πi|ψn〉〈ψn|Πj|ψm〉.

with Πk = IA ⊗ σk
B (k = i, j). The dynamics of the local quantum Fisher information for the

two-qubit reduced density matrix ρAB(t), can be calculated by using Equation (9) as

ρAB(t) = Tr f {ρ̂(t)}. (15)

where the operation Tr f traces tracing out the cavity states. The eigenvalues {πm} and the
eigenvectors {|ψm〉} of the two-qubit state ρAB are calculated numerically.

3.2. Bures Distance Entanglement

The two-qubit entanglement ρAB(t) can be quantified by the Bures distance [10].
The Bures distance entanglement (BDE) is defined as

B(t) =

√
2−

√
2 + 2

√
1− C(t)2, (16)

C(t) is the concurrence [50],

C(t) = max{0,
√

λ1 −
√

λ2 −
√

λ3 −
√

λ4 }, (17)

λ1 ≥ λ2 ≥ λ3 ≥ λ4 design the enginevalues of the matrix: R = ρAB(σy ⊗ σy)ρAB∗(σy ⊗
σy). The BDE function B(t) is bounded by two values; Zero which represent the case of

unentangled states and
√

2−
√

2 for a maximal entangled state.

4. Dynamics of the Correlation Quantifiers

By using Bures entanglement measure and local quantum Fisher information, the
quantum correlation robustness is shown for different values of the qubit-qubit coupling,
the initial coherent states, and the intrinsic decoherence.

In Figure 2a, the Bures distance entanglement and the LQFI when the field is initially
in the coherent state r = 0 with µ = 2

√
2 and in the absence of the intrinsic decoherence

and the dipole coupling. We observe due to the qubit-cavity interaction, increase of the
LQFI oscillation frequency as the time evolves. Dashed curve of Figure 2a shows that
the dynamics of the Bures distance entanglement differs form the LQFI correlation. The
amplitudes of the LQFI always greater than those of the BDE. The phenomena of sudden
death and growth entanglement [51,52] is appeared in the behavior of the Bures distance
entanglement, where the two qubits have non-zero LQFI correlation.

Figure 2b shows that the generated LQFI correlation and the BDE can be enhanced
in the presence of the two-qubit interaction. The amplitudes of the LQFI and the BDE
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increase whereas their oscillation frequencies are reduced. LQFI correlation stabilizes for a
particular time interval, which means that the LQFI correlation is frozen for certain time.
The LQFI correlation is more stable than the Bures distance entanglement.
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Figure 2. The local quantum Fisher information L(t) (solid curve) and Bures distance entanglement B(t) (dashed curve) for
µ = 2

√
2, γ = 0.0, r = 0 for different two-qubit coupling values: K/λ = 0.0 in (a) and K/λ = 20 in (b).

Figure 3 illustrates the intrinsic decoherence effect on the dynamics of the LQFI and
the Bures distance quantifiers. In the absent of the two-qubit interaction, the extreme values
of the LQFI and BDE are closer to their frozen correlations. The oscillatory correlations
between the two qubits are disappeared due to the decoherence. The LQFI reaches its
frozen quantum correlation which is more stable than the entanglement. The frozen LQFI
and BDE shows a robust feature against the intrinsic decoherence. Figure 3b exalts the
decoherence effect after considering the two-qubit interaction, the oscillatory correlations of
both the LQFI and the Bures distance quantifiers are reduced. The stability of the generated
correlations is enhanced.
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Figure 3. As Figure 2, but with γ/λ = 0.005.

In Figure 4, the LQFI and the Bures distance quantifiers show the amount of the
generated correlation for the case r = 1. From Figure 4a, we observe that the increase
of the initial coherent intensity leads to the amplitude enhancement of the correlation
oscillations. The the dynamical behavior of LQFI and BDE depend on the parameter r. The
Bures distance entanglement vanishes instantly at certain particular times. In these times,
the disentangled two qubits have non-zero LQFI correlation. The effect of the increase of
the initial field intensity is clearly observable on the amplitudes and the frequency of the
oscillatory correlations when the two-qubit interaction is considered (see Figure 4b). By
comparing the results of Figure 2b of the case r = 0 with Figure 4b of the case r = 1, we
observe that the increase of the initial intensity enhances the correlations as well as their
robustness against the decoherence. In the absence of the ID effect, the two-qubit state does
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not possess frozen LQFI for an initial even coherent state (r = 1). This is unlike the case of
the initial coherent state (r = 0). The existence of the frozen LQFI phenomenon depends
on the initial field cavity states.
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Figure 4. As Figure 2, but when the cavity is initially in the even coherent state.

In Figure 5, we observe that the LQFI correlation reaches a constant value at certain
time and after that the two-qubit state exhibits frozen dynamics for LQFI correlation. On
the other hand, the oscillatory behavior of the Bures distance entanglement is almost
disappeared. BDE exhibits after a short time a psedo-stationary entanglement due to the
intrinsic decoherence effect. From Figure 5b, we deduce that the two-qubit interaction
enhances the LQFI and the Bures distance correlations. We also note the emergence of the
frozen correlation and the sudden quantum changed for the LQFI correlation [53,54].
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Figure 5. As Figure 4, but with γ/λ = 0.005.

In Table 1, we summarize the generated phenomena, oscillation frequency (OF), oscil-
lation amplitude (OAs), Sudden death (SD), and Sudden change (SC), frozen correlation
(FC), and stable correlation (SC) observed in the plots of LQFI and BDE. Not that “Yes” and
“No” refer to the existence of the considered phenomenon.
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Table 1. The comparison between the LQFI and the BDE.

LQFI BDE The Observations Figs.

OF Yes Yes OF of L(t) is more than of B(t) Figures 2 and 4

OA Yes Yes OA of L(t) are larger than of B(t) All

SD No Yes SD is only in B(t) Figures 4a and 5a

SC Yes No SC are only in L(t) Figure 5b

FC Yes No FC is only in L(t) Figures 2b, 3b and 5b

SC Yes Yes SC of L(t) is more than of B(t) Figures 3a and 5a

5. Conclusions

We consider two coupled charged qubits, each one is realized via Cooper-pair box
containing two identical Josephson junctions. The two qubits are placed into a cavity.
For the qubit-cavity system, an analytical solution of the intrinsic decoherence model is
introduced. The robustness of the generated local quantum Fisher information correlation
and Bures distance entanglement are investigated. The local quantum Fisher information
and Bures distance norm correlations can be enhanced by increasing the two-qubit coupling
for an initial even coherent state. The two-qubit coupling leads to the manifestation of the
phenomena of frozen quantum LQFI correlation and sudden changes in the behavior of
LQFI. The intrinsic decoherence destroys the oscillations of the correlation between the
two qubits. The LQFI frozen correlation is more stable than the stationary entanglement.

These results offer practical applications in the quantum information since the LQFI and
Bures distance entanglement present stable correlations. It was shown theoretically [55–57]
and experimentally [58,59] that quantum correlations can be frozen over defined time. It is also
proven experimentally that the coupled charge qubits are more appropriate to build a practi-
cal quantum computer due to their potential suitability for integrated devices [42,60]. The
generation of correlations across multiple qubits with the decoherence was implemented
experimentally using different protocols on superconducting and quantum-dot-molecules
systems [61,62]. One of them was proposed and experimentally validated for two su-
perconducting qubits coupled to a shared engineered noise source [62], which allows the
simultaneous reconstruction of all the single-qubit and two-qubit cross-correlation spec-
tra. Experimentally, some interesting two-qubit entangled operations were implemented
in photonic systems [63]. Via three separate cavities, each containing a semiconductor
quantum dot molecule, connected by optical fibers, a further protocol was proposed to
produce a 3-qubit entangled state [64]. Quantum simulations are needed to manipulate the
quantum information processing in various two-qubit systems such as quantum dots and
quantum superconducting circuits. Some recent examples can be cited as the preparation
of entanglement via Pauli-spin blockade [65], the realization of two-qubit quantum Fourier,
circulant symmetry-protected entanglement [66], and the design of a scalable qubit-coupled
dispersive communication architecture [43].
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51. Życzkowski, K.; Horodecki, P.; Horodecki, M.; Horodecki, R. Dynamics of quantum entanglement. Phys. Rev. A 2001, 65, 012101.

[CrossRef]
52. Mohamed, A.-B.A.; Eleuch, H.; Ooi, C.H.R. Non-locality Correlation in Two Driven Qubits Inside an Open Coherent Cavity:

Trace Norm Distance and Maximum Bell Function. Sci. Rep. 2019, 9, 19632. [CrossRef] [PubMed]
53. Song, H.; Luo, S.; Fu, S. Quantum criticality from Fisher information. Quantum Inf. Process. 2017, 16, 91. [CrossRef]
54. Mohamed, A.-B.A.; Farouk, A.; Yassen, M.F.; Eleuch, H. Quantum Correlation via Skew Information and Bell Function Beyond

Entanglement in a Two-Qubit Heisenberg XYZ Model: Effect of the Phase Damping. Appl. Sci. 2020, 10, 3782. [CrossRef]
55. You, B.; Cen, L. Necessary and sufficient conditions for the freezing phenomena of quantum discord under phase damping.

Phys. Rev. A 2012, 86, 012102. [CrossRef]
56. Chanda, T.; Das, T.; Sadhukhan, D.; Pa, A.K.; Sen(De), A.; Sen, U. Scale-invariant freezing of entanglement. Phys. Rev. A 2018,

97, 062324. [CrossRef]
57. Li, X.-Y.; Zhu, Q.-S.; Zhu, M.-Z.; Wu, H.; Wu, S.-Y.; Zhu, M.-C. The freezing Rnyi quantum discord. Sci. Rep. 2019, 9, 14739.

[CrossRef]
58. Xu, J.-S.; Xu, X.-Y.; Li, C.-F.; Zhang, C.-J.; Zou, X.-B.; Guo, G.-C. Experimental investigation of classical and quantum correlations

under decoherence. Nat. Commun. 2010, 1, 7. [CrossRef] [PubMed]
59. Paula, F.M.; Silva, I.A.; Montealegre, J.D.; Souza, A.M.; deAzevedo, E.R.; Sarthour, R.S.; Saguia, A.; Oliveira, I.S.; Soares-Pinto,

D.O.; Adesso, G.; et al. Observation of Environment-Induced Double Sudden Transitions in Geometric Quantum Correlations.
Phys. Rev. Lett. 2013, 111, 250401. [CrossRef] [PubMed]

60. Yu. A.; Pashkin, T.; Yamamoto, O.; Astafiev, Y.; Nakamura, D.; Averin, V.; Tsai, J.S. Quantum oscillations in two coupled charge
qubits. Nature 2003, 421, 823.

61. Xu, J.-S.; Sun, K.; Li, C.-F.; Xu, X.-Y.; Guo, G.-C.; Andersson, E.; Franco, R.L.; Compagno, G. Experimental recovery of quantum
correlations in absence of system-environment back-action. Nat. Commun. 2013, 4, 2851. [CrossRef]

http://dx.doi.org/10.1126/science.1104149
http://dx.doi.org/10.1103/PhysRevA.91.032115
http://dx.doi.org/10.1016/j.physleta.2019.04.040
http://dx.doi.org/10.1103/PhysRevA.97.032326
http://dx.doi.org/10.1016/j.physleta.2010.08.028
http://dx.doi.org/10.1103/PhysRevA.93.042116
http://dx.doi.org/10.1016/j.rinp.2019.102614
http://dx.doi.org/10.1007/s11128-018-1865-2
http://dx.doi.org/10.1103/PhysRevA.44.5401
http://www.ncbi.nlm.nih.gov/pubmed/9906599
http://dx.doi.org/10.1103/PhysRevA.82.042317
http://dx.doi.org/10.1038/s41534-020-00314-w
http://dx.doi.org/10.1038/s41534-020-00294-x
http://dx.doi.org/10.1364/JOSAB.30.001178
http://dx.doi.org/10.1007/s11128-013-0664-z
http://dx.doi.org/10.1364/OL.41.002422
http://www.ncbi.nlm.nih.gov/pubmed/27244379
http://dx.doi.org/10.1016/j.physleta.2020.126481
http://dx.doi.org/10.1103/PhysRevB.68.064509
http://dx.doi.org/10.1103/PhysRevLett.80.2245
http://dx.doi.org/10.1103/PhysRevA.65.012101
http://dx.doi.org/10.1038/s41598-019-55548-2
http://www.ncbi.nlm.nih.gov/pubmed/31873086
http://dx.doi.org/10.1007/s11128-017-1543-9
http://dx.doi.org/10.3390/app10113782
http://dx.doi.org/10.1103/PhysRevA.86.012102
http://dx.doi.org/10.1103/PhysRevA.97.062324
http://dx.doi.org/10.1038/s41598-019-51206-9
http://dx.doi.org/10.1038/ncomms1005
http://www.ncbi.nlm.nih.gov/pubmed/20975666
http://dx.doi.org/10.1103/PhysRevLett.111.250401
http://www.ncbi.nlm.nih.gov/pubmed/24483731
http://dx.doi.org/10.1038/ncomms3851


Symmetry 2021, 13, 352 11 of 11

62. von Lüpke, U.; Beaudoin, F.; Norris, L.M.; Sung, Y.; Winik, R.; Qiu, J.Y.; Kjaergaard, M.; Kim, D.; Yoder, J.; Gustavsson, S.; et al.
Two-Qubit Spectroscopy of Spatiotemporally Correlated Quantum Noise in Superconducting Qubits. PRX Quantum 2020,
1, 010305. [CrossRef]

63. Hong, S.; Park, C.H.; Choi, Y.-H.; Kim, Y.-S.; Cho, Y.-W.; Oh, K.; Limm, H.-T. Experimental implementation of arbitrary entangled
operations. New J. Phys. 2020, 22, 093070. [CrossRef]

64. Liu, S.; Yu, R.; Li, J.; Wu, Y. Generation of a multi-qubit W entangled state through spatially separated semiconductor quantum-
dot-molecules in cavity-quantum electrodynamics arrays. J. Appl. Phys. 2014, 115, 134312. [CrossRef]

65. Bugu, S.; Ozaydin, F.; Ferrus, T.; Kodera, T. Preparing Multipartite Entangled Spin Qubits via Pauli Spin Blockade. Sci. Rep. 2020,
10, 3481. [CrossRef] [PubMed]

66. Ivanov, P.A.; Vitanov, N.V. Two-qubit quantum gate and entanglement protected by circulant symmetry. Sci. Rep. 2020, 10, 5030.
[CrossRef] [PubMed]

http://dx.doi.org/10.1103/PRXQuantum.1.010305
http://dx.doi.org/10.1088/1367-2630/abb64a
http://dx.doi.org/10.1063/1.4870450
http://dx.doi.org/10.1038/s41598-020-60299-6
http://www.ncbi.nlm.nih.gov/pubmed/32103078
http://dx.doi.org/10.1038/s41598-020-61766-w
http://www.ncbi.nlm.nih.gov/pubmed/32193404

	Introduction
	Time Evolution of the Physical Model 
	Quantum Fisher Information and Bures Distance Entanglement
	Local Quantum Fisher Information
	Bures Distance Entanglement

	Dynamics of the Correlation Quantifiers 
	Conclusions
	References

