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Abstract: We explore local quantum Fisher information (QFI) and concurrence entanglement of two distant qubits. Each qubit
interacts separately with a dissipative cavity, and the two cavities are coupled via an optical fiber. Under increasing the cavity-
atom, fiber-cavity, and cavity dissipation couplings, the generation and robustness of the atomic local quantum Fisher information
and concurrence quantum information resources are investigated. The frequencies, regularity, and amplitudes of the generated atomic
local quantum Fisher information and entanglement can be enhanced while the time disappearance-entanglement intervals are reduced
by increasing the fiber-cavity interactions in the presence of the strong cavity-atom couplings. It is shown that The time disappearance-
entanglement intervals depend on the fiber-cavity and the cavity-atom interaction couplings. The robustness dynamics of the initial
maximal coherence’s local quantum Fisher information and the maximal entanglement’s concurrence can be enhanced by increasing
the fiber-cavity coupling. It is found that, in the study cases of the generation and robustness of the local quantum Fisher information
and entanglement, the stability of the Local QFI growth and the concurrence degradation (due to the cavity dissipation effects) depend
on the atom-cavity, fiber-cavity, and cavity dissipation couplings.
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1 Introduction investigated via different several quantifiers, as: von

] Neumann entropy [10,11], concurrence, negativity [12,
Generation  quantum  coherence  and  quantum 13,14,15,16], skew-information quantity quantifiers [17]
entanglement are distinctive tools and remarkable (local uncertainty [18] and uncertainty-induced
resources for quantum information [1]. Quantum non-locality [19]), quantum Jensen-Shannon divergence
coherence is not only an embodiment of the superposition [20,21] and quantum Fisher information (QFI) [22,23].
principle of states but also the basis of many unique QFI is used to quantify the the parameter estimation

phenomena in quantum optics, including: entanglement  protocol optimal accuracy [24]. Local quantum Fisher
and steerability. It is at the heart of quantum information information (local QFI) [25,26] is based on the minimal
and quantum optics since the foundational works [2]. quantum Fisher information and its coherence has been
Several rigorous concepts and tools have been introduced proposed as another information resource beyond
in quantum resource theory to explore quantum coherence entanglement. In open systems, local QFI is used to

[3,4,5]. Various quantum information processing tasks measure quantum correlation beyond entanglement while
were implemented by utilizing the quantum coherence, in closed systems itis used to measure quantum
including:  quantum  computing  [6],  information coherence. Local QFI has recently been used a for
storage[7], communication [8], and quantum metrology  guantifying two-qubit coherence in different systems, as:
[9]. Therefore, generating quantum coherence in different two-qubit local QFI beyond entanglement was
quantum systems is important both for the physical investigated for a nonlinear generalized cavity with an
fundamental research and the quantum technology. intrinsic decoherence [27] and in in two-qubit Ising

In closed/open two-qubit systems, the quantum  mode]l with an arbitrary magnetic field [28]. The
coherence (as entanglement, coherence loss) were
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spontaneous emergence of local QFI beyond
entanglement was explored in a noisy two-qubit
Heisenberg model with Dzyaloshinskii-Moria and
Kaplan-Shekhtman-Entin-Wohlman-Aharony interactions
[29,30], Heisenberg XYZ chain with Dzyaloshinskii
Moriya interactions [31] and in two cat states carrying
equal gravitational charges [32].

Exploring the generation of two-qubit coherence
resources in real two-qubit models become a useful work
field for advancing quantum computing [1] and
estimation [33]. The cavity-qubit system models, in
which the cavities are coupled by an optical fibers have
potential applications to design quantum networks and
communication [34,35]. The isolated qubit-cavity
systems were used to implement quantum gates [36] and
generated entangled state [37,38,39].

In open systems, the models have problems of losing
of the quantum coherence and entanglement, this is due to
the qubit-cavity interactions with the external
environment, where their quantum information resources
are affected by the external dissipations [40,41,42]. In
closed cavity-fiber-cavity systems, the entanglement were
studied [43,44,45], each cavity interacting with a
qubit/qutrit. The generation of coherence resources (as,
local quantum Fisher information and entanglement) is
very limited and have several attentions in open systems.
Therefore, in this work, we will explore local quantum
Fisher information and concurrence entanglement of two
distant qubits in coupled dissipative cavities via an optical
fiber under increasing couplings of the cavity-atom
interaction, fiber-cavity interaction, and cavity dissipation
coupling.

In this paper, the atom-cavity-fiber physical model
and its master motion equation are introduced in Sec. II.
While the coherence local QFI and entanglement
measures will be introduced in Sec. III. The discussion of
the generation and robustness of the atomic local QFI and
concurrence quantum information resources will be
investigated in Sec. I'V. In Sec. V, conclusion is written.

2 The atom-cavity-fiber physical model

The model consists of two two-level distant atoms (A and
B qubits). Each one of qubits (has up |1;) and down |0y)
states) interacts resonantly with a dissipative cavity field
with the same frequency @. The two dissipative cavities (A
and B fields) are coupled via an optical fiber (has up |1y)
and down |0y) states). At zero temperature, the dynamics
of the two dissipative cavity-qubit systems is given by the
master equation’s cavity damping, [46,47]

oR A A
or ~ K
+ Y n(2aRa) — ajak — Rajay). 1)

k=A,B
where R(t) is the density matrix’s time-dependent
(cavity-atom)-fiber-(cavity-atom) states. 7%, are the

k-cavity dissipation constants. The function represents the
interaction (cavity-atom)-fiber-(cavity-atom)
Hamiltonian, that is given by

B =Y, {&(af10¢) (1 + i 1,)(0r)
k=A.B

+E&p(bal +bay)}. @)

Here d:f and d; are the cavity-fields raising and lowering

operators, whereas b is the lower fiber-field operator. The
Ek(k = A,B) and & are the atom-cavity and fiber-cavity
interaction couplings, respectively.

Here, we find the general solution of the master
equation (Eq.1)in the weak pumping regime. In this
regime, we consider that the excitation and the dissipation
are sufficiently small, therfore the off-diagonal terms of

Eq.1 (2&#%&?) can be neglected [47,48], and Eq.l
becomes

- (RHnon ) t . (3)

The non-Hermitian operator H,,, has the following
expression:

A At a e ata
Hyon = Hint — 1Yad,aa — VYBal';aB~ @

Therefore the dynamics of the two dissipative cavity-qubit
systems of Eq.1 can be described by

d A
S\ (0)) = —ion (). 5)
The wave function is given by:

|¥(1)) = [V1) ®|040p) + [V2) ®|041p)
+[V3) ® [1408) + |V4) @ [1a15). (©6)

In the basis space of the two cavities-fiber field staes,
|Ca,Cg, Fiber): {|000), |001), |010), |011), |100), |101),
[110), |111)}, then the states |V;) are given by

[Vi) = F1|000) + F5|001) 4 F5|010) + Fy3]|011) + Fi7|100)
+XQ1‘101>+F25|110>+X29|11]>,

|V2> = )C2|000>+x6‘001>+X10|010>+X14|011>+X18|100>
+x22]101) + x26|110) + 230|111},

[V3) = x3]000) 4+ x7|001) +x11]010) 4+ x15/011) + x19|100)
+x23[101) + x27|110) +x31|111), @)

[Va) = x4]000) + x3]|001) + x12|010) + x16|01 1) + x20|100)
+x24[101) + X8| 110) + x35|111).
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The amplitudes F;,(n = 1 —32) are derived from Eq.5 and
they verify the following differential equations:

Py = —i&phy,
F3 = —i&sFy7,
Fy = —i& Fig —i&pFyy,
Fs = —i&sFy —i&sF,
Fo = —iépFi3 —i&sFio— i&f R,
Fy = —i&yFo1 — sy — i€pFy,
Fy = —iéaFy — i€pF1s — iEpFip — i&Fa,
Fy = —iEpF> —i&sFs — ypFo,
Fio = —i&sFs — ygFo,
Fii = —iésFos — i&pFy — iy Fy — YgFi1,
Fip = —ilaFos — i€ Fy — Y3F12,
Fi3 = —iEgFs — iEsF>s — 1 F13,
Fiy = —i&sFre — Y3F14, ®)
Fis = —iaFao — iEpFg — iEpFa — YFs,
Fig = —iéaF30 — i&yFog — Y8Fis,
Fi7 = —i&aF3 — i&fFs — a7,
Fig = —iéaFy — i&pFps —i&yFs — YaFig,
Fig = —i&Fr — YaFio
Py = —ipFy7 —i& s Fy — YaFa,
By = —ilaFy — isFos — YaFar,
Fyy = —ilsFy — i€pFrg — i Fog — YaFn2,
Fo3 = —i&sFo7 — YaFa3,
Foy = —ilpF31 — i&Fog — YaFoa,
Fys = —iéaF\1 —i&gFis — iEpF13 — i& Fo1 — (Ya + ¥8) Pos,
Fro = —iéaFio — i&sFia —i&sFoy — (Va + V8) Faes
Fy; = —ipFo0 — i§pFis — i&rFos — (Ya + V8) For,
Frg = —i&Fio — i&pFos — (Yo + ¥8) Fass
Frg = —iaFis — ixsFao — (Ya + ¥8)Fro,
F30 = —iéaFi6 — (Ya + ¥8) F3o,
F31 = —i€pFay — (YA + 8) P31,

where also, Fi (1) = F;(0) and F3(r) = Fa(0)e~(atm),
In the atomic space sates: {|S;) = |040p),|S2) =
|1AOB>7 |S3> = |OA13>, ‘S4> = |1A13>}(k =1- 4), the
atomic reduced density matrix is given by

4

RY(1) =Y (VilV))ISi(sil, ©)

i,j=1

That uses to investigate the generation and robustness of
the atomic local QFI and concurrence quantum
information resources.

3 local QFI Coherence and entanglement
measures

The considered two-qubit local QFI and concurrence
entanglement quantifiers are

— Local quantum Fisher information (local QFI):
Here, local QFI is used to quantify the quantum
correlation in the presence of the two-cavity
dissipations whereas in the presence of the two-cavity
dissipations it used to quantify quantum coherence
(purity loss). Local QFI is the minimum of the QFI
[25] calculated by an one qubit local unitary evolution
of the two qubits. The local QFI is given by [25,26]

L(t) = 1 —max{A1,42,A3}, (10)

{M}(k = 1,2,3) are the symmetric matrix

S = [sij](i,j = 1,2,3) eigenvalues. The elements’ of

the symmetric matrix depend on the eigenvalues

E(k = 1,2,3,k) and eigenstates A; of the atomic

density matrix RA(¢), as:

w= ¥ e (1)
§n1+5n7éo ém + 5"

Tgn = (Au|H;|A,) and H; = I ® o; with the Pauli
matrices o; (i = 1,2,3). L(t) = 1 for a maximally
entangled state. While if local QFI has zero-value,
then the state R(¢) has no correlation.
—Concurrence entanglement:

To compare the atomic local QFI dynamics with the
generated two-atom entanglement dynamics, the
concurrence is used to calculate the entanglement
(14],

(1) = max{0, Va1 — ez — Ve — @}, (12)

e; > e;11(i =1 —4) are the eigenvalues of the matrix:
X =R*(1)(0,® 0,)R*®* (1) (0, @ 0y). When C(t) =0,
the atomic state is disentangled state. C(t) = 1 for a
maximally entangled state.

In the following, we use the time dependent atomic local
QFI and concurrence function to explore the generated
coherence’s local QFI and entanglement’s concurrence
under the effects of the couplings of the cavity-atom
interaction,  fiber-cavity interaction, and cavity
dissipation.

4 Atomic local QFI and concurrence
dynamics

Under increasing couplings of the cavity-atom interaction
&, fiber-cavity interaction o, and cavity dissipation
coupling ¥ , the generation and robustness of the atomic
local QFI and concurrence quantum information
resources will be investigated. Our aim in this work is: (1)
exporting the ability of the atom-cavity and fiber-cavity

© 2023 NSP
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Fig. 1: The dynamics of the atomic local QFI and
concurrence entanglement of the initial disentangled
(cavity-atom)-fiber- (cavity-atom) state |y(0))p,, are
shown for different fiber-cavity cases &y = 0.5 in (a) and
& = 3 in (b) with weak cavity-atom couplings (£4,&p) =
(0.4,0.4) and dissipation couplings ¥; = 0.0.

interaction couplings to generate atomic local QFI and
concurrence entanglement, we assume that the
(cavity-atom)-fiber-(cavity-atom) system starts initially
with the disentangled state: |y(0))pyr. = |110) ® |1405).
(2) The robustness of a maximal initial coherence’s local
quantum Fisher information and entanglement’s
concurrence against the atom-cavity, fiber-cavity, and the
two-cavity dissipation couplings. For this aim, the
(cavity-atom)-fiber-(cavity-atom) system is initially in the
maximally entangled state, |W(0)) gy

1
lw(0))Em = E[|V2> ®[0a1p) +[V3) @ [1408)]. (13)

A- Generation of atomic local QFI and entanglement

In this case, we investigates the generation of the
coherence’s local QFI and entanglement’s concurrence
due to atom-cavity and fiber-cavity interactions, which
they start with the disentangled state:
|w(0))pure = |110) ® |1405). The initial reduced density
matrix [110) ® |1405)(110] ® (140p| does not present

LQFI nor entanglement, i. e., L(r) = C(¢) = 0. Figs. 1 and
3 show the capacity of the atom-cavity and fiber-cavity
interaction couplings to generate coherence’s local
quantum  Fisher information and entanglement’s
concurrence, and also show the cavity dissipation effects
on the generated atomic LQFI and entanglement
dynmaics. Here, we takes the atom-cavity & and
fiber-cavity & couplings, i.e., the cavity-qubit couplings
are smaller than the cavity-fiber coupling &y > &; [49].

In Fig. la, the dynamics of the generation of the
atomic coherence’s local quantum Fisher information and
entanglement’s concurrence, due to weak cavity-atom
couplings (€4,&p) = (0.4,0.4) are shown for the weak
fiber-cavity interaction case of &r = 0.5 in the absence of
the two-cavity dissipation effects. After a specific time
(this time is called revival time of the atomic
LQFIl/entanglement”), the atomic coherence’s local
quantum  Fisher information (non-suddenly) and
entanglement’s concurrence (suddenly) revivals and
grows to its partial and maximal atomic coherence and
entanglement. The atomic entanglement’s concurrence
exhibits a sudden disappearance and sudden reappearance
phenomena. These phenomena of the sudden death and
revival of the two-atom entanglement’s concurrence
happens, severally, at the ends of the time intervals of the
entanglement’s concurrence disappearance. The chosen
weak couplings of the cavity-atom interaction and
fiber-cavity interaction lead to generate atomic
coherence’s local quantum Fisher information and
entanglement’s concurrence periodically with regular
oscillatory dynamics. The upper bounds of the
concurrence are larger than those of the local QFI. From
the atomic coherence’s local QFI dynamics, we find that
the generated atomic states can have partial coherence’s
LQFI during the time intervals of the entanglement’s
concurrence disappearance.

Fig. 1b illustrates the dynamics of the generated
atomic  coherence’s local QFI (that changes,
non-suddenly) and entanglement’s concurrence of Fig. la
for a strong weak fiber-cavity interaction coupling §¢ = 3.
In the cases of the Figs. 1(b,c), we observe that the strong
weak fiber-cavity interaction coupling have a strong
ability to generate two-qubit local QFI and concurrence
information resources. The amplitudes’s two-qubit local
QFI and concurrence reduce while their frequencies, and
regularity are improved. The time disappearance intervals
of the entanglement’s concurrence are reduced by
increasing the fiber-cavity interaction coupling. During
each time period, at the same time, the local QFI and
concurrence can have maximal coherence and
entanglement. The atomic coherence’s local QFI exhibits
a sudden-changes phenomena at different point. These
phenomena of the sudden-changes points happens clear
by increasing the fiber-cavity interaction coupling.

Fig. 2 shows the dynamics of the generated atomic
local QFI and concurrence entanglement of Fig.1b for
strong equal/unequal cavity-atom couplings (€4, &p).
From Fig. 2a, for equal strong cavity-atom couplings
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Fig. 2: The dynamics of the atomic local QFI Fig. 3: The atomic local QFI and concurrence

and concurrence entanglement of Fig. 1b, but with
strong cavity-atom couplings (&4, &p): equal cavity-atom
couplings (€4,&p) = (2,2) in (b), and unequal cavity-atom
couplings (&4,&5) = (2,0.4) in (b).

(€4,E8) = (2,2), we observe more irregular two-atom
local QFI and concurrence oscillations with large
amplitudes. The time disappearance intervals of the
entanglement’s concurrence are reduced by increasing the
equal cavity-atom couplings. While the local QFI
sudden-changes points increase clear. The revival time of
the atomic local QFI/entanglement reduces, and they are
generated, quickly. However, the regularity of the growth
and the oscillations of the generated atomic local
quantum  Fisher  information and  concurrence
entanglement depends on the cavity-atom interaction and
fiber-cavity interactions. Fig. 2b illustrates that the
frequencies, regularity, and amplitudes of the atomic local
QFI and concurrence entanglement are enhanced by
increasing the fiber-cavity interactions in the presence of
the unequal cavity-atom interaction couplings. Also, the
time disappearance intervals of the entanglement’s
concurrence are reduced.

Fig. 3 displays the dynamics of the atomic local QFI
and concurrence entanglement of Figs. 1b and 2b under
the effect of strong two-cavity dissipation couplings
Y4 = v = 0.8. Fig. 3a shows that, in this case of the
strong two-cavity dissipation effects, the frequencies and

entanglement of Figs. 1b and 2b but with strong
two-cavity dissipation couplings 74 = ¥ = 0.08.

amplitudes of concurrence reduce to have damped
oscillatory dynamics. After a short time, the concurrence
entanglement degrades and vanishes, completely, due to
the two-cavity dissipation effects. While the atomic local
quantum Fisher information grows to stabilizes at
maximal atomic coherence. We find that the generated
atomic states can have atomic maximal coherence of the
LQFI during the time intervals of the entanglement’s
concurrence disappearance. The growth of the atomic
coherence’s local QFland the degradation of the
concurrence entanglement are shown in Fig. 3b under
unequal strong cavity-atom couplings, which have ability
to enhance the robustness (against the cavity dissipation)
and the stability of the generated the growth of the LQFI
and the degradation of the concurrence. The stability of
the generated atomic maximal coherence of the LQFI
depends on the atom-cavity, fiber-cavity, and cavity
dissipation couplings.

B- Robustness of the initial maximal LQFI and
entanglement

Here, we investigate the robustness dynamics of the
maximal coherence’s local quantum Fisher information
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Time

Fig. 4: The dynamics of the maximal coherence’s local
QFI and the maximal entanglement’s concurrence of
the initial maximally entangled state: 1[|V2) ® |04 15) +
[V3) ® |140p)] are shown for different fiber-cavity cases
& =0.51n (a) and & = 3 in (b) with weak cavity-atom
couplings (&4,&p) = (0.4,0.4) and dissipation couplings
Y =0.0.

and the maximal entanglement’s concurrence of the initial
maximally entangled state:
£ [[V2) ®[0a1p) + |V3) @ |1405)] against the increase of
the atom-cavity, fiber-cavity, and the two-cavity
dissipation couplings.

Fig. 4a shows the dynamics of the maximal
coherence’s local QFI and the maximal entanglement’s
concurrence of the initial maximally entangled state:
L[[Va) ® |0a1p) + |V3) ® |140p)] are shown for the
fiber-cavity case of &y = 0.5 in in the presence of the
weak cavity-atom interaction couplings
(€4,Ep) = (0.4,0.4) and dissipation couplings ¥ = 0.0.
The coherence’s local QFI and the maximal
entanglement’s concurrence oscillate between their
extreme values and regulate to have different periodical
oscillatory behaviors. For the weak atom-cavity and
fiber-cavity couplings, the maximal initial coherence’s
local quantum Fisher information and the maximal
entanglement’s concurrence are loosed and gained their
maximal initial coherence and entanglement. Where the
two atoms have partial LQFI and entanglement during

(a)

LQFI

0.9 - = = Concurfgnce

0.7 [
0.6
0.5+

0.4

0.3

0.2

[} é 16 15 éO
Time

Fig. 5: The dynamics of the atomic local quantum Fisher

information and concurrence entanglement of Fig. 4b, but

with strong cavity-atom couplings (&4, &p): equal cavity-

atom couplings (4, &p) = (2,2) in (b), and unequal cavity-

atom couplings (€4,&p) = (2,0.4) in (b).

time intervals and do not have coherence’s local quantum
Fisher information and the entanglement’s concurrence at
other times. After a specific time, the atomic coherence’s
local quantum Fisher information decreases and vanishes
instantly, then it revivals and grows to its partial and
maximal atomic coherence. While, the entanglement’s
concurrence vanishes suddenly for a particular time
interval, the it revivals suddenly and grows to its partial
and maximal entanglement. These phenomena of the
sudden death and revival of the two-atom entanglement’s
concurrence happens, severally, at the ends of the time
intervals of the  entanglement’s  concurrence
disappearance.

Fig. 4b shows the sensitivity of the dynamics of the
generated atomic local QFI and concurrence
entanglement due to strong unequal cavity-atom
couplings (&4,€p) = (2,2) combined with the strong
fiber-cavity coupling & = 3. In this case, the generated
atomic local QFI and concurrence entanglement become
more robust with the strong fiber-cavity coupling &y = 3.
The upper bounds of the local quantum Fisher
information are shifted up and the atomic coherence do
not vanish. The time intervals of the entanglement’s
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Fig. 6: The atomic local QFI and concurrence
entanglement of Figs. 4b and 5b but with strong
two-cavity dissipation couplings ¥4 = ¥ = 0.08.

concurrence disappearance are reduced. The robustness
dynamics of the maximal coherence’s local quantum
Fisher information and the maximal entanglement’s
concurrence can be enhanced by increasing the
fiber-cavity coupling.

From Fig. 5(a,b), we can find that the strong
equal/unequal cavity-atom couplings (&4,&p) lead to
weaken the robustness dynamics of the maximal
coherence’s local quantum Fisher information and the
maximal entanglement’s concurrence of the initial
maximally entangled state:
£[[V2) ®10418) + |V3) @ |140p)] against the increase of
the atom-cavity, fiber-cavity, and the two-cavity
dissipation couplings. The generate atomic coherence’s
local quantum Fisher information and entanglement’s
concurrence have irregular oscillatory dynamics. The
LQFI and entanglement frequencies increased and
amplitudes decreased. The time disappearance intervals
of the atomic entanglement are reduced by increasing th
two-cavity dissipation couplings.

In Fig. 6, the atomic local QFI and concurrence
entanglement of Figs. 4b and 5b are displayed for strong
two-cavity dissipation couplings ¥4 = ¥ = 0.08. Fig. 6a
shows that the upper bounds of the local QFI amplitudes
increase to return its initial maximal value’s local QFI by

increasing the two-cavity dissipation couplings. While the
concurrence entanglement amplitudes degrades and
vanishes, completely, due to the two-cavity dissipation
effects. While the atomic local QFI grows to stabilizes at
maximal atomic coherence, the concurrence reduces to
create the time entanglement’s concurrence disappearance
intervals. For under unequal strong cavity-atom
couplings, we observe that the growth of the atomic
coherence’s local QFI and the degradation of the
concurrence entanglement are enhanced. The robustness
(against the cavity dissipation and atom-cavity and
fiber-cavity couplings) and the stability of the Local QFI
growth and the degradation of the concurrence depend on
the atom-cavity, fiber-cavity, and cavity dissipation
couplings.

5 Conclusion

We explore local quantum Fisher information and
concurrence entanglement of two distant qubits
interacting separately with two coupled dissipative
cavities via an optical fiber. Under increasing couplings of
the cavity-atom interaction, fiber-cavity interaction, and
cavity dissipation coupling, the generation and robustness
of the atomic local QFI and two-atom concurrence
quantum information resources have been investigated. It
is found that, by increasing the strong fiber-cavity
interactions in the presence of the unequal cavity-atom
couplings, the frequencies, regularity, and amplitudes of
the generation of the atomic local quantum Fisher
information and entanglement are enhanced and the time
disappearance  intervals of the entanglement’s
concurrence are reduced.The local QFI sudden-changes
points enhanced. The atomic entanglement’s concurrence
exhibits sudden disappearance and sudden reappearance
phenomena, severally. The increase of cavity dissipation
coupling leads to growth of the atomic coherence’s local
QFI and the degradation of the concurrence
entanglement. The stability of the Local QFI growth and
the concurrence degradation depends on the atom-cavity,
fiber-cavity, and cavity dissipation couplings. The
robustness dynamics of the maximal initial-coherence’s
local QFI and the maximal concurrence entanglement can
be enhanced by increasing the fiber-cavity coupling. The
atomic coherence growth’s local QFI and the degradation
of the concurrence entanglement (due to the against the
cavity dissipations) depend on the increase of the
cavity-atom couplings. The robustness (against the cavity
dissipation and atom-cavity and the fiber-cavity
couplings) and the stability of the Local QFI growth and
the concurrence degradation depend on the atom-cavity,
fiber-cavity, and cavity dissipation couplings.
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