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We investigate the dynamical maps of coherence, entanglement, and purity in two distinct three-qubit class states: the
Werner (W-like) and Greeneberger—Horne—Zeillinger (GHZ-like) states. Utilizing a classical channel affected by Ornstein
Uhlenbeck (OU) and Random Telegraph (RT) noise, we explore two scenarios: coupling two qubits with RT noise and
one with OU noise, and vice versa. The preservation of coherence, entanglement, and purity is analyzed using the ¢;
norm of coherence, entanglement witness operation, and purity measures. Our results reveal that the considered dephasing
channels lead to a decrease in initially encoded quantum correlations, even in the presence of Gaussian OU noise, which
typically induces monotonic decay. The non-monotonic behavior and decay are primarily governed by the parameters of
OU and RT noises, with the configuration where OU noise affects two qubits and RT noise affects the third being optimal
for quantum correlation preservation. Comparing the two states, the GHZ-like state exhibits superior preservation under
RT noise influencing two local fields and qubits, while the W-like state performs better when OU noise affects two qubits.
Overall, the GHZ-like state shows enhanced revival characteristics compared to the W-like state.
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1. Introduction

Quantum technologies, including quantum computing,
secure communication, and high precision metrology, rely on
the preservation and control of quantum correlations such as
coherence and entanglement.!!?] These correlations enable
quantum systems to outperform their classical counterparts in
computational efficiency and cryptographic security. How-
ever, in practical implementations, quantum states inevitably
interact with their surrounding environment, leading to deco-
herence and the degradation of quantum resources."®! One of
the most significant forms of decoherence arises from classi-
cal dephasing noise, which stems from random fluctuations in
external fields that couple to the system.[*! Understanding the
effects of such noise on multipartite quantum states is crucial
for developing robust quantum information protocols capa-
ble of maintaining quantum coherence and entanglement over
extended durations.!! In this context, non-Markovian noise
models such as the Ornstein Uhlenbeck (OU) and Random
Telegraph (RT) processes have received considerable attention
due to their ability to capture memory effects and stochastic
fluctuations that influence quantum dynamics.[%7! Investigat-
ing how quantum correlations evolve under the influence of
these noise models provides valuable insights into the funda-
mental limitations and practical possibilities of quantum tech-
nologies in realistic noisy environments. (%!

Among multipartite quantum states, three-qubit entan-
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gled states play a fundamental role in quantum information
processing, quantum error correction, and distributed quan-
tum networks.!9 In particular, the Greenberger—Horne—
Zeilinger (GHZ) and W-states are two distinct representatives
of three-qubit entanglement classes, each exhibiting unique
properties when subjected to environmental noise.!!!] The
GHZ state is highly sensitive to decoherence but remains an
essential resource for quantum cryptographic protocols, fault-
tolerant quantum computation, and nonlocality tests.['?! In
contrast, the W state, while not maximally entangled in the
same way as the GHZ state, is known for its robustness against
specific types of noise and decoherence, making it advanta-
geous for tasks requiring entanglement preservation.!'3!4l De-
spite their fundamental differences, the behavior of these states
under mixed dephasing noise, particularly when influenced by
both OU and RT processes, remains an open question with
significant implications for quantum error mitigation and in-
formation processing. In this work, we systematically exam-
ine the coherence, entanglement, and purity of GHZ and W-
like states under different noise configurations, revealing the
intricate ways in which classical dephasing affects multipar-
tite quantum systems.!'3] Our findings provide a deeper un-
derstanding of noise induced effects in three-qubit states and
highlight optimal conditions for preserving quantum correla-
tions in practical implementations. [16:17]

Coherence is a fundamental property of quantum systems
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that arises from the superposition principle.!!®) It quantifies the
ability of a quantum state to exhibit interference effects, ']
which are essential for quantum information processing tasks

2021 n tripar-

such as quantum computing and cryptography. !
tite systems, coherence is particularly significant in states like
the GHZ and W-states.[*?] The GHZ-state exhibits global co-
herence, meaning it is highly sensitive to decoherence in any

1231 On the other hand, the W-state demonstrates a

of its qubits.
more distributed form of coherence, as it retains some coher-
ence even when one qubit is lost or measured./?* This differ-
ence makes the W-state more robust against certain types of
decoherence compared to the GHZ-state.>>! Besides coher-
ence, entanglement is a non-classical correlation between sub-
systems of a quantum state and is a key resource for quantum
information processing.!?®! In tripartite systems, the GHZ-
state is a prime example of genuine tripartite entanglement,
where the entanglement is shared collectively among all three
qubits.?’! If any one qubit is traced out, the remaining two
qubits become separable, highlighting the fragility of GHZ
entanglement. (>8] In contrast, the W-state exhibits pairwise en-
tanglement, meaning that when one qubit is traced out, the re-
maining two qubits remain entangled.””) This makes the W-
state more resilient to particle loss and decoherence, making
it suitable for applications requiring robustness.**! Moreover,
purity measures the degree of mixedness in a quantum state.
For pure states like the GHZ and W-states, the purity is max-
imal, meaning they are perfectly coherent and entangled.[3!]
However, in practical scenarios, these states may become
mixed due to interactions with the environment or imperfect
preparation.'3?! The GHZ-state, being highly sensitive to de-
coherence, can quickly lose its purity, leading to a mixed state
with reduced coherence and entanglement. 331 The W-state,
due to its distributed entanglement, tends to retain higher pu-
rity under similar conditions, making it more suitable for ap-
plications in noisy environments.>*

Classical dephasing noises, such as Ornstein—Uhlenbeck
(OU) and Random Telegraph (RT) noises, have a significant
impact on the dynamics of tripartite quantum states.!*! QU
noise is characterized by a Gaussian correlation function and
causes a gradual decay of coherence and entanglement over
time.[33] RT noise, on the other hand, switches between dis-
crete values and leads to sudden jumps in coherence and
entanglement. >3 These noises affect the GHZ and W-states
differently due to their distinct entanglement structures. The
GHZ-state, with its global coherence and tripartite entangle-
ment, is highly susceptible to both OU and RT noises, lead-
ing to rapid decoherence and loss of entanglement.®3 The
We-state, with its distributed coherence and pair wise entangle-
ment, is more resilient and retains some coherence and entan-
glement even under noisy conditions.**! However, mixing OU
and RT noises is crucial for studying the dynamics of tripartite

quantum states because real world environments often exhibit
a combination of both gradual and sudden noise processes. [*3]
OU noise models environments with continuous fluctuations,
such as thermal noise, while RT noise models environments
with discrete jumps, such as switching defects in solid state
systems.*®! By combining these noises, we can more accu-
rately capture the complex decoherence dynamics of quantum
systems. For tripartite states like the GHZ and W-states, mixed
noise can reveal interesting interplay between gradual and sud-
den decoherence processes. For instance, the GHZ state may
experience rapid initial decoherence due to RT noise, followed
by a slower decay due to OU noise.!*3! The W-state, due to its
resilience, may exhibit a more gradual decline in coherence

e.[34

and entanglement under mixed noise.**! Understanding these

dynamics is essential for designing robust quantum informa-
tion protocols in realistic noisy environments. [3!

In this work, we present a mixture state which com-
bines the GHZ and W-type states exposing it to an external
classical field. Besides, no external environment imposed
for the quantum information processing is realistically free
of dephasing, therefore, two non matching noises, namely,
the Gaussian/OU*”! and non-Gaussian/non-Markovian RT
noise[*) are considered influencing the configuration. The
first is caused by the random motion of the transmitting chan-
nel and the second place is caused by the interaction of the
system with the charges at surface of the classical channel.
For the entanglement quantification, we aim to employ entan-
glement witness, for coherence, we will use the ¢;-norm of
coherence. It will be also interesting to see how much the sys-
tem remains pure under the external classical dephasing limits,
hence, we use purity to measure the pureness of the quantum
state. In short, this study is significant in quantum informa-
tion and computing, as it investigates the interplay between
quantum coherence, entanglement, and noise in a three-qubit
system. By exploring the effects of mixed OU and RT noise on
quantum correlations, the study provides critical insights into
the robustness and fragility of quantum states, particularly W-
class and GHZ-class states. The use of realistic noise models
like OU and RT noise is crucial for understanding decoherence
in practical quantum computing protocols, where environmen-
tal interactions often degrade quantum resources.

This work is designed as; In Section 2, the physical model
and dynamics of the system are given in detail. Section 3 pro-
vides an insight into the major results obtained and in the final
Section 4, we summarize our study.

2. Physical model

A system with three qubits that was initially developed as
a combined state of W-class and GHZ-class states that were
subjected to mixed OU and RTN local fields. We considered
examining the mixed fields in two situations: in the first case,
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we couple the three-qubit state with two RTN noisy and one
OU noisy field. In the second place, two OU noises and one
RTN noise field are employed for the dynamics of the three-
qubit state. The current physical model is governed by the

Hamiltonian illustrated as%)

Habc(t) = Ha(l) QI,I.+1, ®Hb(t) ®1,

+ 1,0 I, ® He(t), (D

with i = {a,b,c} in the above equation, H,(t) = EI +
LD,(t)o; is the Hamiltonian of sub-system n, equal energy
splitting is assumed to be E, I is the identity matrix, 1 >
D,(t)> — 1 in the given range denotes the stochastic compo-
nent, L is linking strength between qubit-field, and o, denotes
the Pauli matrix both of order 2 x 2. Time evolution of the
state i3]

pahc(t) Uahc (f)Panhc (t)Tv (2)

where the time evolution operator is formally expressed as

U )) = Texp | i [ Hus(5)35). )
0

Here 71 = 1 with p, being the initial density matrix given by[4’]

Po = (1—p)pcuz + p(pw), “)

where 0 < p < 1 and pguz = |GHZ)(GHZ| while pw =
\W)(W| with |GHZ) = %(\oom + [111)), and |W) =
%(\OOU +010) + |100)) denotes the maximally entangled
|

1-p)2 0 0
0 p/3  pX2/3
0 pXa/3  p/3
)= 0 0 0
Pabell) = 0 pXe/3 pX7/3
0 0 0
0 0 0
—2(p-DXs 0 0
where
X = exp(—2it(Ds+ Dp+D.)L),
X, = exp(—2it(Dy —D.)L),
X3 = exp(—2it(Dy — D;) L),
Xy = expit(Dyp —D.)L),
X5 = exp(—2it(Da — Db)ﬂ),
Xe = exp(2it(D, — D.) L),
X7 = exp(it(D, — Dp)L),
Xg = exp(2it(Dy+Dp+D.)L).

GHZ- and W-like states. The explicit initial matrices of the
system are written as

[1/2 0 0 0 0 0 0 1/2
0 0000O0GO0 0
0 0000O0GO0 0
0 0000O0GO0 0
Parz=| o9 9000000 o |° ©
0 0000O0GO0 O
0 0000O0GO0 0
120 0 0 0 0 0 1/2 |
[0 0 0 0 0 00 0]
0 1/3 1/3 0 1/3 0 0 0
0 1/3 1/3 0 1/3 0 0 0
1o 0o 0 0 0 000 ©
PW=10 1/3 1/3 0 1/3 0 0 0
00 0 0 0 00O
00 0 0 0 000
(00 0 0 0 00 0]
Finally, equation (4) takes the form
[(1-p)/2 0 0 0 0 00 (1-p)/2
0 p/3p/30p/300 0
0 p/3p/30p/300 0
B 0 0 00000 0 -
Po = 0 p/3p/30p/300 0 '
0 0 00000 0
0 0 00000 0
L (1=p)/2 0 0 0 0 00 (1—p)/2 ]

Using the above initial density matrix p,, and time uni-
tary matrix U(¢) in Eq. (3), we derive the time evolved state of
the system given in Eq. (2) as

%(P* DX ]
pX3/3 0

pXs/3

eNeloNoBoNoNeRe)

eNeloNoloNoNeR o)

eNeloNoNoNoNeRe)
(=N eleNeNe)

,_.
I

(1-p)/2

2.1. The noisy effects and relative influence

In this section, we provide the analysis to derive the final
density matrix of the system under relative mixed noise cases.
The final density matrix of the considered form is obtained by
the average of the phase factors, as illustrated in Ref. [37]. For
the first case of making the two qubits exposed to RT and the

third to OU noise, the final density matrix is[39]

Py(t) = (((p(Qa(l‘), Qb(t)v QC(t)»xa(z))xb(t))Qc(t)a )

where the explicit form of the above matrix is
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i (1—p)/2 0 0 0 0 00 —1e PO(p—1)g(1)*]
0 p/3 pI0E g 1e=2B0pg(r) 0 0 0
0 o) p/3 0 Lem2P0pg(1) 0 0 0
— 0 0 0 0 0 00 0
py(t) = (10)
() 0 1e 0 pg(r) Le 2PWpg(r) 0 p/3 00 0
0 0 0 0 0 00 0
0 0 0 0 0 00 0
L —1e PO (p—1)G(1)? 0 0 0 0 00 (1—p)/2 |
For the second case, imposing OU noise on two qubits and RT noise on the last one, the density matrix is obtained by
px(t) = ({((P(Qa(t), Qb (1), Qe(t))) 0ur)) @y (1)) (1) (11)

where Q,(¢)(xx(t)) is the phase of the system where Q,(#)/x.(t) = —t [5 LD,(t)dt. Here the first one shows the exposure of
OU noise phase while the second J,(7) shows the application of RT noise phase. The explicit form of the above matrix reads as

1

(1-p)/2 0 0 0 0 00 —te PGy (p—1)]
0 p/3 3 0Gp 0 femP0G()p 0 0 0
0 LeBigey 3 0 ey 00 o
0 0 0 0 0 00 0
()= , 12
Px(1) 0 %ef2ﬁ(t)g([)p %ef4ﬁ(t)p 0 p/3 00 0 12
0 0 0 0 0 00 0
0 0 0 0 0 00 0
| —Le#B0G(1)(p—1) 0 0 0 0 00 (1-p)/2 i

where f3(¢) induces the OU noise while G(¢) induces RT noise.

Next, we address the application of OU noise. A stochas-
tic mathematical technique known as the OU process is ap-
plied in both the physical sciences and finance. A huge Brow-
nian particle’s velocity when it comes into contact with fric-
tion is modeled in physics. One of the essential compo-
nents of several quantum mechanical procedures that result in
non-classical characteristics decay, has been shown to be OU
noise. A static Gaussian Markov operation underlies the OU
method.*143%3]' OU noise has been thoroughly investigated
for the cases of multi-qubit, single-qutrit, and combined qubit-
qutrit configurations, where it is obvious that each configu-
ration exhibit invariant dynamics and decay.***7! The three-
qubit GHZ state’s dynamical map, which was initially created
in the state po, is revealed in the current scenario. In order to
evaluate the non-positive effects of OU noise, a Gaussian pro-
cess ((CF(t)) = 0) with zero-mean is considered which may
be used to represent the classical field CF(r). Following is the

auto correlation function of the OU noise!?’!

v(g,t —1") = glexp[—g|t —1'[]1/2. (13)

To demonstrate the influence of the respective noise, we

present the B-equation as!*!!

t 1
B(t)z/o /0 L(F — F')dFdF', (14)
We insert Eq. (13) in Eq. (14) and finally get[4142]
B(t) = (gt +exp[—gt] —1)1/g, (15)

where g denotes the inverse auto-correlation time, regulating
the memory characteristics of the field.

A bistable frequency oscillator produces the RTN noise,
which has been used to define enormous physical processes in
semiconductor apparatus with small dimensions[*®) and may
or may not be Markovian. In solid-state, magnetic systems as
well as in superconducting qubits, RTN noise is the main con-
tributor to environmental decoherence. Additionally, it has a
big impact on colored noise production.!**=!I Tt is needed to
compute (ie""2("), terms of average type to determine how
noise affects the dynamics of the system[>>33 as

G(t) = (cos(mQ(r)))

It T
e '[cosh(Omyt) + By sinh(8,yt)], I' > my,

e T cos(8uyt) + éy sin(8yt)], I’ <my,
(sin(mQ(7))) =0, (16)

where 8,y = \/|I'> — (mY)?| and m is an integer representing

the harmonic order of the oscillatory process.

2.2. Coherence and entanglement measurement

We start by examining coherence, entanglement, and pu-

rity in the considered configuration stated above.

2.2.1. The ¢;-norm of coherence

The ¢1-norm is a reliable coherence monotone and a co-
herence criterion.[?!] Besides, ¢;-norm coherence for a two-
qubit state p = Y, , Puy|u)(v| is the sum of all off-diagonal
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entries as

LC(t) =Y |punl, (17)

u#v
where |p,, .| is the density matrix element’s absolute values.

2.2.2. Entanglement witness meassure

Experimental methods for detecting multipartite or bipar-
tite entanglement can be employed with observables called en-
tanglement witnesses (EWs).[>* Separable states, biseparable
states, W-class states, and GHZ-class states are the four differ-

s.153] Each class com-

ent varieties of three-qubit mixed state
prises variations of the classes that came before it. EWs are
capable of helping show what category a state belonged to,
and in this case, they will be utilized to verify if a state matches
the true tripartite entanglement of the GHZ-class, which is de-
scribed as, Esl = %Ig —Po, 5S2 = %Ig —Po, and 5S3 = %[g —Po-
The EWs for any entangled state take the form!°!

EW (1) = —Tt[Es,p (1)), (18)

where Es,, are the EWs operator, with n = 1,2, 3. The condi-
tion EW (¢) > 0 signifies the entanglement regime , EW (1) =0
means the full separability of the state. The non-positive out-
comes, i.e., EW(t) < 0 do not fully ensure the full separability
of the state.

2.2.3. Purity

To evaluate how much the system remains coherent, and
pure, one may employ purity measure.>’! For a density matrix
p(t), purity measure is computed by

with ¢ dimensional system, purity ranges as 1/g < P(t) <
1, where at the lower bound (1/g), the system is decoher-
ent/unpure and for the higher bound, the system is assumed
completely pure. 38!

3. Entanglement, coherence, and purity dynam-
ical analysis

The major outcomes for the configuration obtained ex-
posing the coherence, entanglement, and purity evolution us-
ing the measures in Egs. (17), (18), and (19). Note that for the
dephasing to be included, we define two different cases: when
two qubits are coupled with two RT noisy and one qubit to in-
teract with OU noisy channels (Eq. (9)) and so the opposite of
this configuration (Eq. (11)).

3.1. First case: The influence of one OU and two RT noisy
channels

Here, the time evolution of coherence, entanglement, and
purity in the GHZ-like and W-like states while exposing one
qubit is exposed to OU and two qubits with RT noisy channels.

Figure 1 shows the dynamics of quantum characteristics
such as coherence (a), entanglement witness (b), and purity
(c) for a system of three qubits, initially prepared as GHZ-like
and W-like states. Note that we have coupled two qubits with
RT noise and one qubit to interact with OU noise. At the onset,
the W-like state remained more coherent than the GHZ-like
state, as the initial coherence function values were greater
than that observed for the GHZ-like state. Besides, both
states remained initially maximally entangled and pure, which

P(t) = Trlp(t)%], (19)  contradicts the results obtained for the coherence function.
1.4 e Asaaaasese o S —
(a) =102 r=10-2 10 =102
1.2 I'=10-1 —I'=10-1 —I'=10"1
r=0.9 r=0.9 r=0.9
| | 0.2
. R e e AR Ob
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Scaled time Scaled time Scaled time
“r=10-2 T r—10-21 LOf T T=10-7
r=10- ~r=10y o ~r=10"
r=0.9 N r=0.9 : r=0.9
. 206 ‘
=
| §0.4
0.2
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30

Scaled time

Scaled time

Scaled time

Fig. 1. Dynamics of (a) coherence, (b) entanglement, and (c) purity when dependent upon parameter I" against scaled time in three-qubit GHZ
state (upper panel) and W-state (bottom panel) influenced by one OU noisy and two RT noisy channels.
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With time, all three functions remain to decrease because of
the action of the dephasing channels on the state and eventu-
ally, the coherence, entanglement, and purity in the state seem
to vanish. As coherence vanishes more quickly in the GHZ-
like state while comparing to the W-like state. However, the
opposite occurs for the entanglement witness and purity func-
tion, where the GHZ-like state remains highly consistent for
entanglement preservation and avoids mixedness. Hence, the
GHZ-like state is a good resource for preserving entanglement
and pureness with regard to W-like state under the influence of
local dephasing channels. Besides, the dynamics of the quan-
tum correlations and purity of the state suffered reaped sudden
deaths and births. This means that the states at intervals be-
come completely decoherent, disentangled and mixed. But be-
cause the current channels allow for the state-field information
interchange, therefore the state regains the loss of coherence,
entanglement and purity. However, the fact cannot be ignored
that some portion of the coherence, entanglement and purity
is always lost after the sudden death. Here, we mainly char-
acterize the coherence, entanglement and purity functions by
the RT noise parameter I". It can be seen the increasing values
of I' inversely affect the preservation of the three-qubits cor-
relations. Like, the reduced I" strength allows for the greater
preservation of the coherence, entanglement and purity, while
the complete opposing occurs against the greater values of the
parameter. It is noteworthy that for the lower I values, the co-
herence, entanglement and purity functions shows larger sud-
den death and birth revivals, while when I" — 1, the dynam-
ics of the three-qubits correlations dominantly become Marko-
vian. Hence, the Markovian/non-Markovian character of the
current classical dephasing channels is highly controlled by

the parameter of I

Figure 2 shows the coherence, entanglement, and purity
of three qubits GHZ-like state and W-like state when one qubit
is linked with OU noisy dephasing channel and two qubits
with RT noisy dephasing channels. In the current case, we
specifically want to disclose what happens to the non classical
features of the state when exposed to the classical channels.
For this reason, we have majorly defined the ¢/ norm of coher-
ence, entanglement witness and purity of the GHZ- and W-like
states. In agreement with Fig. 1, the coherence magnitude in
the W-like remains greater than that is observed in the GHZ-
like state initially. In the case of entanglement and purity, the
GHZ-like and W-like states remain equivalent. After the onset,
the initial degree of quantum features in the state reduce non-
monotonically depending upon the strength of the associated
dephasing parameter. For example, for the higher g values, the
coherence, entanglement, and purity functions show a quicker
decline while the opposite has been witnessed for the lower g
values. Besides I, the fluctuating dynamical map of the qubit
correlations is strongly influenced by the strength of g. As seen
for the lower g values, a dominant non-monotonic dynamical
map is observed for each function and vice versa. The exis-
tence of sudden death and births ensure the transitions of the
GHZ-like and W-like states from the classical product regimes
to the non local superimposed domains. This is compared to
the case when the tripartite correlations functions were defined
primarily by parameter I', the present case shows a greater de-
cline in coherence, entanglement, and purity. Hence, it sug-
gests that the characterization of the tripartite correlations also
depends upon the parameter which primarily owns it.

10T (a) g=10-3 1(b) g=10-° g=10""°
g=10"3 _g=10"3 g=10-3
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gt
0.2
o * o : I! - ()I ¥ . : M. : p’l"v'-@- : ol. . . . . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30

Scaled time

Scaled time

Scaled time

L (d) g=10-5
g=103
g=10-1

CH(t,g)

Scaled time

(l) é 10 15 20 25 30 0 5 10
Scaled time

10 15 20 25 30
Scaled time

(S8 3

15 20 25 30 0

Fig. 2. Dynamics of (a) coherence, (b) entanglement, and (c) purity when dependent upon parameter g against scaled time in three-qubit GHZ
state (upper panel) and W-state (bottom panel) influenced by one OU noisy and two RT noisy channels.
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3.2. Second case: The influence of one RT and two OU
noisy channels

When two qubits are connected to OU noisy channels and
one qubit interacts with the RT noisy channel, we discuss some
given quantum features in the GHZ- and W-like states.

The dynamics of the coherence, entanglement, and purity
in the GHZ- and W-like states when subjected to two OU and a
single RT noise is shown in Fig. 3. Both the states have a simi-
lar amount of coherence, entanglement, and purity as detected
in Figs. 1 and 2, hence, agree with the previous results. Be-
sides, the fact that the initial coherence value remains greater
in the W-like state than the opponent one remained valid. On

the contrary, the entanglement and purity values at the on-
set remain the same. After the start of the interaction, the
coherence, entanglement, and purity functions suffer losses
because of the action of the dephasing channels. The behav-
ioral dynamics of the GHZ-like and W-like states remain more
favorable when two OU noisy and one RT noisy channels are
used, compared to the opposite case explored in Figs. 1 and
2. As seen for the lower I values, the coherence, entangle-
ment, and purity functions remain more preserved than that
observed previously. However, for the increased I” values,
the current configuration not remained optimal for the quan-
tum features preservation of the states. For example, one can

l4p " " " " " " . . . .
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Fig. 3. Dynamics of (a) coherence, (b) entanglement, and (c) purity when dependent upon parameter I against scaled time in three-qubit GHZ
state (upper panel) and W-state (bottom panel) influenced by two OU noisy channels and one RT noisy channel.
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Fig. 4. Dynamics of (a) coherence, (b) entanglement, and (c) purity when dependent upon parameter g against scaled time in three-qubit GHZ
state (upper panel) and W-state (bottom panel) influenced two OU noisy channels and one RT noisy channel.
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see that for I" = 0.9, all the three-qubit correlation quanti-
fiers suffer a quicker decay. Besides this, the lower I" val-
ues highly supported the non-monotonic behavioral dynami-
cal map, while the opposite happen when I" is raised to higher
values. In agreement with previous results, sudden death/birth
oscillations are witnessed, depicting interchange of informa-
tion between the state and field. This also can be disclosed as
a phenomenon needed for the inter transitions of the free clas-
sical and quantum resource states into each other. The major
difference we witnessed between the two cases; when two OU
and one RT noisy channel are employed with the one under
study here, is the between the rate of sudden death and births,
preservation of non-local characteristics and amplitude of os-
cillation. Hence, classical channels and the associated decay-
ing effects are mainly concentrated on the type of dephasing
noise involved. In comparisons, it is interesting to notice that
the W-like state compared to the GHZ-like state has shown
highly improved preservation of quantum correlations. This
is in complete contradiction to the case when two RT and one
OU noise channels are employed, as shown in Figs. 1 and 2.

The behavioral dynamics of coherence, entanglement and
purity in a three-qubit state when coupled to two OU and one
RT noisy dephasing channels is shown in Fig. 4. The current
results are obtained when the coherence, entanglement, and
purity functions are characterized primarily by the OU noise
parameter g. Initially, both states have equivalent maximal en-
tanglement and purity, unlike the unequal values of coherence.
As seen that the W-like state remained more coherent initially
than the GHZ-like state. With time, all three functions show
a decline, showing the presence of dephasing induced because
of the application of the classical channels. The decay induced
in the states remained very dissimilar. In the GHZ state, the de-
cay remained symmetrical and the coherence, entanglement,
and purity functions declined with a regular pattern. However,
regarding W-like system, some irregular decay has been wit-
nessed in coherence and purity, except for the entanglement.
It is interesting to find that for the lower and higher g values,
the W-type state remained more preserved for quantum corre-
lations compared to the GHZ-like state. However, the rate of
revivals remains more prominent in the GHZ-like state com-
pared to the W-like state. This implies that the interchange of
data between the system and fields remain more dominant as
compared to the interaction between the W-like state and asso-
ciated fields. We find that the application of two OU noisy and
one RT noisy channels remained more favorable and declined
primarily characterized by the parameter I" (Fig. 3) when com-
pared to that of g (Fig. 4).

3.3. The entropic uncertainty measurement

Not only in theoretical sense but quantum memory as-
sisted entropic uncertainty (QMA-EU) relations also have

practical implications in quantum technologies and quantum
information processing. They shed light on the fundamental
limits and advantages of using quantum resources to improve
precision and control in quantum systems, and essential for
advancing the field of quantum related studies.®?! Besides, to
investigate, consider two players, namely, Alice and Bob as
Alice holds two qubits and Bob holds one qubit. Next, a qubit
of the optimal quantum state designed priory by Bob is re-
ceived by Alice. The first player Alice has to decide one be-
tween the measurements received and again send it to the other
player. The outcome uncertainty can now be tailored low uti-
lizing the Bob’s results information. ! In this regard, the un-
certainty standard deviation when C and D being two observ-
ables, where these obsevables are C = 6, ® 0y, D = 0, Q O,
becomes as ACAD > 1/2[([C, D])|.5”!

Deutsch has provided the entropic uncertainty formula for
every couple of observables, which is depicted in the formula
above, as an alternative to using the standard deviation to char-
acterise uncertainty.[%3! Maassen and Uffink developed a more
precise entropic uncertainty formulation that utilises Deutsch’s
approach, which is denoted as S(C) +S(D) > log, ¢(C; D),[6"
where S(K)(K = C,D) is the Shannon entropy having the
associated probability distribution for observable K while
¢(C;D) = max,, 5 |(y|Q)|? remains the maximized reinforce-
ment of the two eigenvectors ¥ and Q. Berta e al. offered an
improved description that took into account the entropic uncer-
tainty relations in composite systems and provided an entropic
uncertainty relation that was helped by quantum memory.[°!]
As aresult, with a tighter restriction, the QMA-EU for the sub-
system A is replicated in accordance with quantum memory B.
Moreever, entropic uncertainty reflects quantum correlations

and helps quantify their robustness under noise.[%*!

S(C|B) +S(D|B) = S(A|B) —log, ¢(C; D)), (20)

where S(C|B) = S(pcg) — S(pg) is the conditional entropy af-
ter the unilateral measurement on C with regard to subsystem
A. In our case, we emphasize measuring the left-hand side of
the uncertainty relations given in Eq. (20).

In Fig. 5, we disclosed generation of entropic uncertainty
considering the three-qubit system under local fields (a) [(up-
per panel) when two of the qubits are driven by the OU and
one by RT noise, (b) and the opposite configuration of (lower
panel)] driven by joint noisy sources. The degree of uncer-
tainty has been shown for varying purity values of the state
against time. One can easily find that when two qubits are
driven by the OU noise, the generation rate of the entropic
uncertainty remains sufficiently high (upper case). As can be
seen that the state has been witnessed with high entropic un-
certainty compared to the case when two qubits are coupled
with RT noise. However, it should be noted that we have set
g=1,and I' = 0.9 [cases (a) and (c)]. In comparisons, when
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g =T = 0.1 [cases (b) and (d)], the state exhibits lower en-
tropic uncertainity generation when the two qubits are cou-
pled with OU noise, as can be seen that the higher uncertainty
regimes are archived latter. Besides, the mixture state remains
completely free of the entropic uncertainty at the onset, how-
ever, only when p € {0,1}. It is clear that at the onset the
maximum entropic uncertainty occurs at p = 0.5. With time,
the three-qubit mixture state loses the entropic uncertainty-
free regime quickly at p = 0 compared to the case of p = 1.
Hence, suggesting that the state remains more tolerant to the
external noisy effects at p = 1 comparatively.

L O I
(a) (b):
0.8 !
EU(p,t) EU(p,t)
1.2
0.6 1.25 5
a 1.00 1.00
0.4 0.75 | 0.75
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0 il
2.0 3.0 3.0
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1.0 | —
(c) (d)!
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0.4 0.75 1 §o.75
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t

Fig. 5. Dynamics of entropic uncertainty in the three-qubit mixture state
when influenced by two OU and one RT noisy channels (upper panel)
and when by two RT and one OU noisy channels (lower panel) with
I'=0.9and g =1[(a), (c)] whileI' = 10~! and g = 10~! [(b) and (d)].

3.4. Fidelity measurement

In this section, we cover the extent to which the state re-
mains distinguished from that considered initially. Let us con-
sider the original state to be 6 = |GHZ)(GHZ| with |GHZ) =
1/4/2(]000) 4 |111)). Now consider the state to be evaluated
as p;(¢) given in Egs. (9) and (11) with j € {x,y}. The fidelity
between the evolved three-qubit state p;(¢) and the reference
GHZ state 0 = |GHZ){(GHZ| is quantified using the standard
fidelity measure, given by

2

F(pj(r),0) = | Tr|\/[\/pj)o\/pi(t)] | - (2D

Note that the fidelity remains maximum at p = 1 and is
completely lost at p = 0 by the state. Any value between the
upper and lower bound will indicate the associated amount of
fidelity between the states.

The time evolution of the three-qubit state’s fidelity is ex-
amined under the two conditional environments: (i) when two
of the qubits are driven by OU and one by RT noise, (ii) and the
opposite configuration of panel (a) in Fig. 6. We have consid-
ered density statistical ensemble ¢ comprising the three qubit

|GHZ) state with maximal entanglement as the reference one.
The fidelity dynamics has been then studied for the states given
in Egs. (9) and (11) compared to o. In this regard, figure 6(a)
shows that the fidelity measurement outcome is maximum at
p = 0 of the three-qubit mixture state at the onset. For p # 0,
the fidelity decreases correspondingly at the very initial level.
As the interaction between the channels and state in the first
case (i) evolves, the relative fidelity suffers a sudden decrease,
which is common for all fidelity levels relative to any p value.
At p = 0, the state exhibits deeper sudden decreases and re-
trieval of the fidelity, however, finds stabilization at the high-
est level as compared to all other p values. Therefore, this
suggests the best fidelity achievement for the three-qubit mix-
ture state at p = 0. For the second case (ii), when two RT
noisy channels are enforced over two qubits and OU over the
last one, the onset values seem comparable to that found in
case (i). However, the rest of the dynamical outlook of the
fidelity remains completely different. For example, the oscil-
latory rate is enough high and the pattern is more consistent
compared to that in case (i). In comparison, the fidelity re-
vivals exhibit a longer time in case (ii) compared to case (i).
Hence predicting the long-lasting exchange of information be-
tween the channels and state.

1.0F

p=0
.(a) p=0.4
p=0.
= 0.6 .
[
= Li
& 0.4
0.2
ok . ]
0 20 40 60 80

0 20 40 60 80
Scaled time

Fig. 6. Dynamics of fidelity in the three-qubit mixture state when influ-
enced by two OU and one RT noisy channels (upper panel) and when
by two RT and one OU noisy channels (lower panel) with g/I" = 1.

4. Conclusion

We have investigated the dynamics of quantum features
such as coherence, entanglement, purity, entropic uncertainty,
and fidelity in two different three-qubit class states; the GHZ-
and W-like states. Both states are further subjected to mixed
classical dephasing channels influenced by the OU and RT
noises in two different configurations. In the first systematic
configuration, two independent RT and one OU noisy channels
are employed while, the opposite of the first configuration has
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been adopted. Next, we have used ¢; norm of coherence, en-
tanglement witness and purity measures to find the degree of
coherence, entanglement, and purity under the effects of clas-
sical dephasing. Finally, all three quantifiers are characterized
by the noise parameters to see their different impacts.

We found that the mixed OU and RT noisy channels in-
duce a non-monotonic decay in the three-qubit coherence, en-
tanglement, and purity. The sudden death and birth events
in the three-qubit correlations remained very evident under
the current classical dephasing effects. However, the non-
monotonic dynamical maps of the coherence, entanglement,
and purity are more evident when the noise parameters are kept
minimal. The optimal configuration for the longer and larger
quantum correlations and purity preservation, we found, was
when two OU and RT noisy channels ate deployed. Besides,
the GHZ-like state has been found less coherent initially, in
comparison. However, the overall performance of the GHZ-
and W-like states depends upon the configuration of the noise.
For example, when two RT and one OU noisy channels are
applied, the GHZ-like state has performed well in preserv-
ing quantum correlations. The W-like state remained well-
preserved for the quantum correlations when two of its qubits
were coupled with OU and one qubit with RT noise. In ad-
dition, the entropic uncertainty measurement suggests that the
state exhibited the least uncertainty when the three-qubit mix-
ture is set at p = 1. Besides, the fidelity measurement suggests
that the state remains nearly the indistinguishably similar at
p =0 and 1. Hence, the three-qubit states have different ca-
pacities and responses toward enduring the classical dephas-
ing effects. Most importantly, we found that understanding
the influence of these noisy channels is essential for assessing
the robustness of quantum systems in practical applications of
the quantum computing protocols, as it provides a variety of
controlled parameters and can allow for longer quantum cor-
relations preservation.
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