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Abstract: It is well known that many quantum information processing methods in artificial atoms
depend largely on their engineering properties and their ability to generate quantum correlations.
In this paper, we investigate the non-classical correlation dynamics of two trapped ions by using
local quantum Fisher information, local quantum uncertainty, as well as logarithmic negativity.
The system engineering is designed such that the two-trapped-ions work as two diploe-coupled
qubits in a Lamb-Dicke regime. The center-of-mass vibrational modes are initially in coherent/even
coherent states. It is found that the two-trapped-ions correlations can be controlled by the Lamb-
Dicke nonlinearity, the nonclassicality effect of the initial center-of-mass vibrational mode, as well
as the trapped-ion coupling and the intrinsic decoherence. The sudden changes in the non-classical
correlations and their stability are shown against Lamb-Dicke nonlinearity, the nonclassicality, the
trapped-ion coupling, and the intrinsic decoherence.

Keywords: trapped ions; local quantum Fisher information; local quantum uncertainty; logarith-
mic negativity

1. Introduction

Generating multiqubit correlated states is an efficient tool in quantum information [1–4].
Entanglement represents a special type of non-classical correlations (NCCs) and occupies a
privileged position among them. It has many potential applications in quantum cryptogra-
phy, teleportation, and quantum metrology. There are different entanglement measures,
which their definitions depend on the nature of quantum systems (closed/open system) as:
von Neumann entropy [5] for closed systems, negativity [6] and concurrence [7] for the
open systems, and others. Recently, another definition of entanglement (for a quantum
system of particles related to their entanglement with each other and the environment)
based on the overlap of wave functions of identical particles is proposed [8]. After in-
troducing quantum discord [9] as another type of NCC beyond entanglement, several
quantifiers were proposed and used to quantify other non-classical correlations [10–14].
These quantifiers were defined by using skew information quantity [15] (as local quan-
tum uncertainty (LQU) [16]), quantum Fisher information [17] (as local quantum Fisher
information (LQFI) [18]), and geometrical correlation measures [19].

Quantum Fisher information is a useful quantifier to estimate different information
resources as the entanglement, quantum speedup [20], and quantum phase transition [21].
It also has practical applications in quantum metrology [22]. Based on the minimal quantum
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Fisher information [17], LQFI [23] was introduced to enhance the efficiency and precision
of quantum metrology protocols [24]. We will use the LQU and LQFI to quantify the
degenerated correlations. It is proven that the skew information is a specific case of the
quantum Fisher information [25].

However, the exploitation of the non-classical correlations is limited by the engineering
properties of natural and artificial atomic systems (qubit models), which were used to
implement a different type of quantum computation [26–28]) and quantum simulation [29].
Artificial two-level atoms (qubits) of trapped ions [30] were used to design a material
platform for realizing quantum information [31] due to its high degree of controllability
and motional degrees of freedom [32]. Multi-qubit trapped ions models were proposed for
solving substantial computational problems [33–35].

The dynamics of the trapped-ion qubits depend on the center-of-mass-motion vibra-
tional modes [36,37], and they have been proposed to exhibit Jaynes–Cummings dynam-
ics [38,39]. The nonlinear dynamics of trapped-ion systems can be realized beyond the
Lamb-Dicke regime [40–42]. In the Lamb-Dicke (LD) regime, where the LD nonlinearity
is very small, the trapped-ion qubits can be cooled down to their ground state [43], and
non-classical effects can be generated [44,45].

The dipole–dipole interaction between two trapped-ion qubits can be realized and
observed experimentally [46,47]. It is used to implement quantum gates [48]. Quantum
coherence created from the superposition of quantum states is playing a major role in
applications in quantum information [49,50]. It is a necessary condition for creating non-
classical correlations. Therefore, we consider a superposition of coherent states that has a
strong nonclassicality as an initial state for the center-of-mass vibrational mode fields.

The NCC investigations are limited by the phenomenon of intrinsic decoherence (ID)
that can be realized in trapped-ion systems [51]. It differs from what occurs when the
trapped-ion system is coupled to its environment but constitutes a major obstacle when a
closed quantum system evolves. The coherence is usually destroyed by such dynamics [52].

In this paper, we are interested in analyzing the dynamical behavior of log-negativity
entanglement, the LQU, and the LQFI correlations in two dipole–dipole coupled trapped-
ions beyond the Lamb-Dicke regime. We study the effects of the intrinsic decoherence and
the nonclassicality effect of the initial center-of-mass vibrational mode by considering the
vibrational mode initially in two different coherent states.

The paper is structured as follows: the two considered trapped ions physical model is
presented in Section 2. The definitions of the log-negativity, the LQU, and the LQFI, as well
as their dynamical behaviors, are presented in Sections 3 and 4. In Section 5, we conclude
our investigation.

2. The Trapped-Ion Physical Model

Here, we consider two coupled two-level cold ions beyond the Lamb-Dicke regime;
each cold-ion system can be designed as a qubit. In the resolved sideband limit and the
resonant case (where the laser and the k-th vibrational sideband have the frequency) [40,53],
the two ion’s Hamiltonians are given by

Ĥ0 = ωA â†
A âA + ωB â†

B âB + ω0(σ̂
A
z + σ̂B

z ) (1)

+ ∑
l=A,B

KlEle(iθl−|µl |2) ∑
m

(−iµj)
2m+k

(m + k)!m!
â†m

l âm
j (âk

l |1j〉〈0j|+ â†k
l |0j〉〈1l |),

where θl represents the initial applied laser phase of l-trap. σ̂l
z designs the atomic flip

operator between the upper |1〉l and lower |0〉l(l = A, B) levels with the frequency ω0, Kl
is the transition dipole moment. El represents the amplitude of the applied laser l-field.
While âl and â†

l are the lowering and raising operators of the center-of-mass vibrational
modes with the frequency ωl (l = A, B). µl is the Lamb-Dicke parameter of the trapped
atomic l-ion.
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Based on the procedure described for engineering N two-level cold ions beyond the
Lamb-Dicke limit [35,54,55], we consider the case where the two-level cold ions (two-qubit
system) are closed to each other, and the total center of motion of them is the center-of-mass
vibration of the two cold ions. Therefore, the vibrations of each ion frequency ωl (l = A, B)
are replaced by the total center of motion frequency ω. For the resonant case, we take
ωl = ω0 = ω, µl = µ. Here, the proposed investigation is motivated by the fact that the
dipole–dipole coupling cannot be neglected if the standard rotating-wave approximation
is considered [46,47]. Consequently, the two-qubit Hamiltonian is

Ĥ = ωâ† â + ω(σ̂A
z + σ̂B

z ) + λ ∑
i=A,B

(|0i〉〈1i|â†kFµ(â† â)

+|1i〉〈0i|F∗µ (â† â)âk + D(|1A0B〉〈0A1B|+ |0A1B〉〈1A0B|), (2)

where λl = KlEleiθl e−|µ|
2
= λ(l = A, B), D represents the dipole–dipole coupling. By

using the associated Laguerre (k, µ)-polynomials Lk
m(µ

2) (m = 0, 1, 2, . . . ), the diagonal
elements of the nonlinear function operator Fµ(â† â) [40] is given by

Fµ(m) =
m!

(m + k)!
Lk

m(µ
2). (3)

The dynamics of the two cold ions’ interactions with the intrinsic decoherence are
analytically explored by the Milburn model [52]. In terms of the system density matrix
M̂(t), the Milburn equation is given by

dM̂(t)
dt

= −i[Ĥ, M̂(t)]− γ

2
[Ĥ, [Ĥ, M̂(t)]], (4)

where γ is the intrinsic decoherence parameter.
To investigate the ability of the two cold-ions interactions to generate entangled two-

qubit states, we find a particular analytical solution for Equation (4), when the two trapped
ions are initially in a disentangled state, in particular the upper state |1A1B〉. With this state,
all the considered correlations must vanish. The nonclassicality effect of the initial center-
of-mass vibrational mode on the two ion-qubit dynamics are examined by considering the
vibrational mode initially in two different coherent states. One of them is the coherent state
(CS) that is given by

|CSα〉 = e−N/2
∞

∑
m=1

N
m
2

√
m!
|m〉. (5)

The initial intensity coherent field is designed by N = |α|2. The other is the even
coherent state (ECS), which is characterized by its high nonclassicality. It is given by

|ECSα〉 =
e−N/2

√
2 + 2e−2N

∞

∑
m=1

[1 + (−1)m]N
m
2

√
m!

|m〉, (6)

Therefore, the initial density matrix of the two cold-ions M(0) is given by

M(0) =
∞

∑
m,n=1

Pmn|m, 1A1B〉〈n, 1A1B|, (7)

where Pmn represents the photon number distribution of the coherent/even-coherent state.
Here, we use the eigenstates of the Hamiltonian Equation (2) to find an analytical

solution of Equation (4).
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On the basis of the two-level cold ions: { |Sm
1 〉 = |1A1B, m〉, |Sm

2 〉 = |1A0B, m +
k〉, |Sm

3 〉 = |0A1B, m + k〉, |Sm
4 〉 = |0A0B, m + 2k〉 } with m = 0, 1, 2, . . . , the eigenstates

|Ei〉 are given by

|Uj〉 =
4

∑
n=1

Xm
jn|Sm

n 〉, (j = 1− 4) (8)

where Xm
jn satisfies the eigenvalue-problem: Ĥ|Um

j 〉 = Em
j |Um

j 〉 based on the eigenvalues

Em
1 = ω(m + k),

Em
2 = ω(m + k)− D,

Em
3 = ω(m + k) +

1
2

D

−λ[
D2

λ2 +
2(m + k)!F2

µ(m + k)
m!

+
2(m + 2k)!F2

µ(m + 2k)
(m + k)!

]0.5,

Em
4 = ω(m + k) +

1
2

D

+λ[
D2

λ2 +
2(m + k)!F2

µ(m + k)
m!

+
2(m + 2k)!F2

µ(m + 2k)
(m + k)!

]0.5,

Using the initial state of Equation (7) and the eigenvalues Em
j (j = 1− 4) and the

eigenstates |Um
j 〉 of the Hamiltonian Equation (2), the time-dependent two trapped-ions

density matrix is given by

M̂(t) = ∑
m,n=0

Pmn[Y11|Um
1 〉〈Un

1 |+ Y31|Um
3 〉〈Un

1 |

+Y41|Um
4 〉〈Un

1 |+ Y13|Um
1 〉〈Un

3 |+ Y33|Um
3 〉〈Un

3 | (9)

+Y43|Um
4 〉〈Un

3 |+ Y14|Um
1 〉〈Un

4 |+ Y34|Um
3 〉〈Un

4 |+ Y44|Um
4 〉〈Un

4 |],

Yjk is given by

Yjk = Xm
j1Xm

k1Λjk
mn(t) T jk

mn(t),

The unitary evolution Λjk
mn(t) and the intrinsic decoherence T jk

mn(t) terms are de-
fined by

Λjk
mn(t) = e−i(Em

j −En
k )t, T jk

mn = e−
γ
2 (Em

j −En
k )

2t. (10)

Our aim is to explore the dynamics of the NCCs between the two trapped ions. We
then need to find the two-ion reduced density matrix by considering the trace of the
vibrational mode states from the system density matrix M(t). The time-dependent two-ion
state is obtained by

MAB(t) = trF{M(t)}. (11)

For the one-photon case k = 1, we can investigate the parameter effects of the Lamb-
Dicke nonlinearity, the vibrational mode nonclassicality, the trapped-ion coupling, and the
decoherence on the NCCs between the two trapped ions.

3. Correlation Quantifiers

Here, we introduce the definitions of the used non-classical correlations quantifiers;
the LQFI and the atomic local quantum uncertainty, as well as the logarithmic negativity.
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3.1. Logarithmic Negativity (LGN)

The logarithmic negativity was used to investigate trapped-ion entanglement [6] in
different real systems [56,57]. We determine the logarithmic negativity between the two
trapped-ion qubits by using the negative eigenvalues λk of the partial transpose of the two
trapped-ions density matrix M̂(t) of Equation (9) with respect to a trapped-ion subsystem.
Its closed formula is given by

N(t) = log[1 + 2|∑
k

λk|], (12)

The logarithmic negativity vanishes for uncorrelated states.

3.2. Local Quantum Fisher Information (LQFI)

Recently, local quantum Fisher information was introduced as another important
quantum correlation quantifier. For a given quantum state (say a two-atom system)
MAB(t) = ∑m πm|ψm〉〈ψm| with πm ≥ 0 and ∑m πm = 1, the local quantum Fisher
information is defined as [18,23]

F(t) = 1− πmax
W , (13)

Based on the Pauli matrices σi (i = 1, 2, 3) and the matrices Ĥi = I ⊗ σi, we can
calculate the highest eigenvalue πmax

W of the symmetric matrix W of the elements

wij = ∑
πm+πn 6=0

2πmπn

πm + πn
〈ψm|Ĥi|ψn〉〈ψn|Ĥ†

j |ψm〉. (14)

3.3. Local Quantum Uncertainty

Based on the Wigner–Yanase skew information quantity [15], the local quantum
uncertainty (LQU) [58] was introduced to quantify another type of the nonlocal correlations.
For a quantum state, with two trapped-ions state MAB(t), and a local observable with an
operator K̂, the LQU is defined as [16]

L(MAB(t)) = min
K̂

I(MAB(t), K̂), (15)

where I(MAB(t), K̂) is the skew information quantity [15]. For the trapped-ion state system
that is identified by MAB(t), the LQU reduces to [58]

L(t) = 1− λmax(WAB), (16)

where λmax is the largest eigenvalue of the 3× 3-matrix WAB defined by the following
matrix elements

wij = Tr
{√

MAB(t)(σi ⊗ I)
√

MAB(t)(σj ⊗ I)
}

, (17)

and σi(j), i = 1, 2, 3 are the Pauli operators.
After introducing quantum discord [9] (which is a more general way to measure

NCCs than entanglement [59,60]) as another type of NCC beyond entanglement, several
quantifiers were presented to quantify other NCCs, such as LQFI, LQU, and LGN. Each
quantifier of the LQFI, LQU, and LGN detects a different kind of correlation due to the fact
that their definitions depend on different mathematical expressions. The LGN depends
on the partial transpose of the two trapped-ions density matrix, the LQU based on the
Wigner–Yanase skew information quantity, while the LQFI depends on the minimum
quantum Fisher information.
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4. Dynamics of Correlations

The non-classical correlation dynamics, the LQFI, and the atomic local quantum
uncertainty, as well as the logarithmic negativity, are shown in Figures 1–6 under the
effects of the Lamb-Dicke (LD) nonlinearity, the initial center-of-mass vibrational mode
nonclassicality, as well as the trapped-ion coupling (TIC) and the intrinsic decoherence.
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Figure 1. Time evolutions of the LQFI, LQU, and LGN non-classical correlations for N = 16 with different Lamb-Dicke nonlinearity
values: µ = 0.08 in (a), µ = 0.5 in (b), and µ = 0.99 in (c) in the absence of the intrinsic decoherence γ = 0 and the dipole–dipole
coupling D = 0. When the vibrational mode state is initially in the coherent state.
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Figure 2. The dynamics of the LQFI, LQU, and LGN as in Figure 1a,c, but when the vibrational state is initially in the even superposition
coherent state for different Lamb-Dicke nonlinearity values: µ = 0.08 in (a) and µ = 0.99 in (b).
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Figure 3. LQFI, LQU, and LGN dynamics as in Figure 1a,c, but in the presence of the intrinsic decoherence for different Lamb-Dicke
nonlinearity values: µ = 0.08 in (a) and µ = 0.99 in (b).
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Figure 4. Non-classical correlation dynamics as in Figures 1a and 2a, but in the presence of the two trapped-ion couplings, D = 10λ.
When the vibrational mode state is initially in the coherent state in (a) and the even coherent state in (b).
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Figure 5. LQFI, LQU, and LGN correlation dynamics as in Figure 4, but for the two trapped-ion couplings D = 10λ and the decoherence
γ = 0.01λ. When the vibrational mode state is initially in the coherent state in (a) and the even coherent state in (b).
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Figure 6. LQFI, LQU, and LGN dynamics, as in Figure 1c, but in the presence of the two trapped-ion couplings with a high Lamb-Dicke
nonlinearity. When the vibrational mode state is initially in the coherent state for different intrinsic decoherence values: γ = 0.0λ in (a)
and γ = 0.1λ in (b).

Figures 1 and 2 show the amount of the generated non-classical correlations due
to the unitary qubit-mode interactions. In this case, the intrinsic decoherence is absent,
γ = 0. From Equation (10), we find that the Rabi frequency Ω depends on the Lamb-
Dicke nonlinearity µ, the mean photon number N, and the trapped-ion coupling D, Ω ∝
D2

λ2 +
2(m+k)!F2

µ(m+k)
m! +

2(m+2k)!F2
µ(m+2k)

(m+k)! , the modification of which could be interpreted as
an indicator of the nonlinearity [40,41]. For very small Lamb-Dicke nonlinearity values,
the Rabi frequency has larger values for the larger values of the parameters N and D.
Therefore, we will discuss the results with larger values of the mean photon number N,
and for two cases of the two trapped-ions interaction (without ion–ion interaction D = 0
and with ion–ion interaction D = 10). From the Hamiltonian of Equation (2), we find that
the trapped-ion coupling D plays an important role in generating the LQFI, LQU, and
LGN non-classical correlations, where the interaction terms involving the two trapped-
ions operators which naturally turns a superable state of the type |1A0B〉 into a state:
(α|1A0B〉+ β|0A1B〉), |α|2 + |β|2 = 1, which could be close to the maximally correlated
state. Therefore, the considered trapped-ion coupling value D = 10 is very acceptable to
generating LQFI, LQU, and LGN non-classical correlations.

Figure 1a shows the dynamics of the time evolutions of the LQFI, LQU, and LGN
non-classical correlations for the mean photon number N = 16 with different values of
the LD nonlinearity in the absence of the ID and the TIC effects. Firstly, the correlation
functions are plotted when the vibrational mode state is initially in the coherent state. For a
small value of the LD nonlinearity µ = 0.08, the local quantum Fisher information, the LQU,
as well as the logarithmic negativity show that the state of the two trapped-ion qubits have
different non-classical correlations. Note that the LQFI and LQU evolve approximately
with the same irregular dynamical behavior. The LQFI amplitudes are always greater
than those of the LQU. This agrees with the fact that the skew information is basically a
special case of the quantum Fisher [25]. The generated strong non-classical correlations
between the two trapped-ion qubits is due to the fact that In the Lamb-Dicke limit µ� 1,
an effective interaction causes a direct transition between the upper and the lower states
of the two trapped-ion quibits without changing the state of the vibrational modes. This
leads to the generation of the two trapped-ion entangled states. The dash-dot curve in
Figure 1a shows that, after a short time (time-interval delay birth (TIDB) of entanglement),
the logarithmic negativity arises suddenly and grows to show a partial entanglement.
Then it vanishes suddenly. These processes indicate the sudden death-birth in the two
trapped-ion entanglement dynamics [61,62]. The disentanglement appears during different
time intervals. Note that the trapped-ion qubits have LQFI and LQU correlations during
disentanglement time intervals. For the particular time-intervals λt ∈ [π, 3π], the LQFI
correlation is more stable than those of the LQU and the LGN.
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Figure 1b,c shows the dependence of the created NCCs between the trapped-ion qubits
on the LD nonlinearity. We find that the amplitudes and the frequencies of the logarithmic
negativity are remarkably reduced, while the LQFI and LQU correlations between the
trapped-ion qubits are enhanced. The time delay birth (TIDB) of the entanglement and the
time to attain the maxima of the LQFI and LQU correlations are enhanced with the increase
of the LD nonlinearity parameters. The magnitudes and robustness of the generated
LQFI and LQU correlations against the high LD nonlinearity are larger than that of the
logarithmic negativity.

Figure 2 displays the effect of the initial nonclassicality on the generated LQFI, LQU,
and LGN non-classical correlation dynamics when the center-of-mass vibrational mode is
initially in the even superposition coherent state. We note that, for a high initial mode non-
classicality, the LQFI, LQU, and LGN non-classical correlation dynamics can be accelerated
and enhanced, see Figure 2a. The stability intervals of the LQFI are reduced.

For a high LD nonlinearity value, the LQFI, LQU, and LGN dynamics are shown in
Figure 2b, with remarkable changes with respect to Figures 1c and 2a. We find that the
increase of both the LD nonlinearity and the initial mode nonclassicality reduce the two
trapped-ion entanglement. We can observe the phenomenon of the sudden death-birth
of the trapped-ion entanglement, as well as the disentanglement time intervals, while the
LQFI and the LQU dynamics attain, respectively, quasi-regular oscillatory behaviors. Note
that the phenomenon of sudden changes occurs in the dynamics of the local quantum
Fisher information and the local quantum uncertainty. This phenomenon was predicted
in several systems [63,64] and observed experimentally [65]. This phenomenon can be
detected clearly in Figures 4 and 5. By comparing Figure 2b with Figure 1c, we find that,
when the vibrational state is initially in the even superposition coherent states, the increase
of the initial nonclassicality leads to (1) the resulting LQFI and LQU correlations between
trapped-ion qubits are accelerated and amplified, and they reach their peaks early, and
(2) the sudden birth and death phenomena interval increases.

Figure 3 shows the dynamics of the correlation functions between the trapped-ion
qubits under the intrinsic decoherence. By comparing Figures 1a and 3a, we find that after a
short time and small value of the LD nonlinearity µ = 0.08, the increase of the decoherence
parameter γ = 0.01λ leads to (1) roughly diminishing fluctuations in the LQFI, LQU, and
LGN correlations, and (2) establishing steady correlations between the two trapped-ion
qubits. The generated stationary correlations, induced by the decoherence, can be used for
realizing quantum information processing. Figure 3b shows the robustness of the generated
two-trapped-ion correlations against the decoherence with high LD nonlinearity. From
Figures 1c and 3b, we find that the influence of the decoherence parameter on the created
LQFI and LQU correlations (owing to the unitary qubit-mode interactions) is weaker for
the high LD nonlinearity µ = 0.99, and the generated stationary correlations do not emerge.

The dependence of the LQFI, LQU, and LGN correlation dynamics on the trapped-ion
coupling (TIC) is shown in Figure 4 for D = 10λ. We find that the increase of the TIC
parameter enhances the LQFI, LQU, and LGN correlations with more fluctuations. From
Equations (8) and (9), we can interpret these increases and fluctuations due to the non-
linear terms of the time-dependent two trapped-ion density matrix elements depending
explicitly on the trapped-ion coupling parameter D 6= 0. From Figure 4a, we observe that
the LQFI, LQU, and LGN correlations have approximately the same irregular dynamical
behavior with more fluctuations. The time-interval delay birth of the LGN entanglement
disappears, and all the generated NCCs can be accelerated due to the coupling between
the two trapped-ion qubits. The sudden death-birth intervals of the LGN entanglement
vanish. The stability intervals of the LQFI, LQU, and LGN correlations can be enhanced
in the Lamb-Dicke limit µ � 1. Figure 4b confirms the high initial even superposition
nonclassicality effects on the LQFI, LQU, and LGN dynamics. The magnitudes and the
frequencies of the correlation quantifiers are enhanced and accelerated.

Figure 5 illustrates the robustness of the generated LQFI, LQU, and LGN correlation,
due to the ion–mode and the ion–ion interactions in the LD limit µ� 1 for the two trapped-
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ion coupling D = 10λ and the decoherence γ = 0.01λ. When the vibrational mode state is
initially in the coherent state in Figure 5a and the even coherent state in Figure 5b. For this
initial coherent state, the LQFI, LQU, and LGN quantifiers grow and reach their stationary
correlations quicker than the ones of the even coherent state. By comparing Figure 5a with
Figure 3a, the increase of the coupling between the two trapped-ions, D = 10λ, enhances
and protects the generated stationary LQFI, LQU, and LGN correlations (which are induced
by the decoherence).

Figure 6 displays the generated LQFI, LQU, and LGN correlations for high LD nonlin-
earity µ = 0.99 and the trapped-ion coupling D = 10λ. In this case, we can get a strong
correlation after a long time. By comparing Figure 6a with Figure 1c (where λt ∈ [0, 8π]),
we find that, in the case where the high values of the LD nonlinearity and the trapped-
ion coupling, the LQFI, LQU, and LGN quantifiers grow monotonically. In the case of
Figure 6, with the increase of the LD nonlinearity and the trapped-ion coupling param-
eters, the generated two trapped-ion LGN entanglement is always larger than the LQFI
and LQU correlations. The generated LQFI, LQU, and LGN correlations are more robust
against decoherence.

5. Conclusions

In this paper, we have explored the dynamics of different kinds of two-trapped-ion
correlations under intrinsic decoherence via local quantum Fisher information, the local
quantum uncertainty, and the logarithmic negativity. The system engineering is designed
such that the two-trapped-ions work as two diploe-coupled qubits in a Lamb-Dicke regime.
In this study, we have focused on the cases where the center-of-mass vibrational modes
are initially in coherent and even-superposition coherent states. The two-trapped-ion
correlations have been analyzed under the effects of the Lamb-Dicke nonlinearity, the
initial center-of-mass vibrational mode nonclassicality, as well as the trapped-ion coupling
and the intrinsic decoherence. It is found that the LQFI and LQU evolve according to the
fact that the skew information is a special case of the quantum Fisher information. The
phenomenon of the sudden death-birth in the trapped-ion entanglement dynamics, as
well as disentanglement time intervals, are observed and discussed for different physical
parameters. For the high initial mode nonclassicality, the LQFI, LQU, and LGN non-
classical correlation can be accelerated and enhanced. The phenomenon of sudden changes
that occurs in the local quantum Fisher information and the local quantum uncertainty
can be controlled by the initial mode nonclassicality, the trapped-ion coupling, and the
decoherence. Furthermore, the time delay birth of the entanglement and the time to reach
the maxima of the LQFI and LQU correlations depend on the system parameters. The
decoherence leads to stationary correlations, which depend on the LD nonlinearity, the
initial mode nonclassicality, and the trapped-ion coupling. These generated stationary
correlations can be useful for realizing quantum information processing.
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