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Abstract

We study quantum correlation of Greenberger-Horne-Zeilinger (GHZ) and W states under var-
ious noisy channels using measurement-induced disturbance approach and its optimized version.
Although these inequivalent maximal entangled states represent the same quantum correlation in
the absence of noise, it is shown that the W state is more robust than the GHZ state through most
noisy channels. Also, using measurement-induced disturbance measure, we obtain the analytical re-
lations for the time evolution of quantum correlations in terms of the noisy parameter s and remove
its overestimating quantum correlations upon implementing the ameliorated measurement-induced

disturbance.
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I. INTRODUCTION

Quantification of correlations in bipartite quantum systems is one of the important prob-
lems in quantum information. Quantum correlations can be considered as the resources
for quantum information processes [1]. Initially, it was assumed that entanglement which
plays an important role in quantum computing and quantum information processing, is
the only kind of nonclassical correlation in a quantum state. This issue has been widely
studied in the last decade and various entanglement measures have been introduced to mea-
sure entanglement such as entanglement of formation, entanglement of cost, relative entropy
entanglement, and negativity.

Indeed, entanglement is not the only responsible correlation for the quantum bypassing
classical regimes and there exists some quantum correlations other than entanglement which
result in the quantum effects in quantum information processes. For instance, Bennett et
al. showed the possibility of quantum nonlocality without entanglement [2]. Also, it is
shown that separable states can be used for quantum speedup [3-6]. In order to quantify
the quantumness of correlations in bipartite states, it has been proposed several measures
such as quantum discord [7], quantum deficit [8-10], quantumness of correlations [11], and
quantum dissonance [12].

In particular, quantum discord which historically is the first introduced measure for the
nonclassicality based on the Openheim-Horodecki paradigm, has attracted much attention
in recent years |[13-17]. It is based on the difference between two quantum extensions of
classically equivalent concepts namely the mutual information. Although quantum discord
has a simple definition, its explicit evaluation is hard to perform in practice especially for
multi-qubit states and is often only given by numerical methods. However, some analytical
expression of quantum discord for two-qubit states are presented in Refs. [18-22].

It is known that since some separable states still have quantum correlations, these cor-
relations with quantum nature are more general than entanglement. In particular, Luo 23]
introduced a quantum-classical classification based on measurement-induced disturbance
(MID) to characterize statistical correlations in bipartite states. In this scenario, classical
states are classified in terms of nondisturbance under quantum measurement. However,
quantum systems and thus quantum correlations are disturbed under generic measurements

and the magnitude of the disturbance can be considered as a measure to characterize the



quantumness of states. Recently, Girolami et al. showed that the quantum discord due
to its asymmetric definition does not properly determine the distinction between classical-
classical and classical-quantum states and thus it is not strongly faithful. Also, by character-
izing quantum correlations in the paradigmatic instance of two-qubit states, they observed
that MID overstimates quantum correlations so that for some classical states we obtain
nonzero correlation. They therefore proposed an ameliorated measurement-induced distur-
bance (AMID) as a quantifier of quantum correlations [24].

The aim of this paper is to characterize and quantify the quantum correlation for bipartite
systems which are initially prepared in three-qubit Greenberger-Horne-Zeilinger (GHZ) [25]
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states under various noisy channels where the first two qubits belong to party a and the
third qubit belongs to party b. It is shown that this class of W states can be used for perfect
teleportation, superdense coding, and as an entanglement resource [27]. This state belongs

to the category of W states
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where n is a real number, § and 7 are phases, and reduces to |W) for n = 1 and zero phases.

Then, the initial states are affected by noisy channels which results in decreasing of the
quantumness of states. We quantify the quantum correlations for the initial GHZ and W
states in the presence of noise and investigate the robustness of these states under different
kinds of noise. The rest of this paper is organized as follows. In Sec. [, we characterize
quantum correlations using MID and AMID approaches. Secs. [IIl and IV] are devoted to
determine quantum correlations for the GHZ and W states, respectively. We present our

conclusions in Sec. [Vl



II. CLASSIFYING BIPARTITE STATES USING AMELIORATED
MEASUREMENT-INDUCED DISTURBANCE

Consider a bipartite state p for a system with two parties a and b. Based on measurement-
induced disturbance, the quantum correlations of p, that is denoted by M (p®), is given by
[23]

M(p™) = I(p™) — I(TL(p™)), (4)
where I(p™) = S(p®) + S(p*) — S(p®) is quantum mutual information that quantifies the
total correlation between a and b, and

I(p) = Z(Ha,i ® Iy 5) p (Mg @ Iy ), (5)

]
in which {II,;} and {Il, ; } are complete projective measurements for parties a and b, respec-
tively. They are obtained from the spectral decomposition of the reduced states, namely

P = paills; and p* = Zj Do,i11p ;. We can rewrite Eq. () as
M(p™) = S(II(p™)) = S(p™) + > _(S(p™) = S(TI(p™)) (6)

where z; € {a,b}. Note that if II(p) = p, we conclude p is not perturbed with respect to local
measurement I, ; ®II, ;, therefore p is a classical state. Otherwise, it is a quantum state and
possesses quantum correlation. For our case, since party a has two qubits, it is convenient to
write Eq. (B) as II(p) = Zijk(ﬂavij @ pk) p (g @I y). Also, we define I, = 11, ;; ® IL,
so that the projective measurements satisfy I I, = dpnIl, and Y 11, = 1.

According to AMID, Eq. (6) needs to optimize over any possible set of local projectors
so that projective measurement in this equation, which we represent by (2 instead of II,
includes arbitrary complete projective measurements that are not necessarily obtained from
eigen-projectors. Therefore, the quantum correlation which is denoted by A(p®), is given

by [24]
A(p™) = inf | S(Q(p")) — S(p") + Z(S(/f“) = S(Q(p")] (7)

in which

Qp) = > (20 ® Uj) p (i ® L), (8)
]
Qi = UjHj7kU]-T, and U; = y;0l + 1¥,.0; is a unitary matrix obeys Z;?;:o yj?,p =1, y;p €
[_17 1]



The evolution of the quantum system p in the presence of noise is given by the master

equation in the Lindblad form [2§]

g? HS, + Z ( zapL;r,oz o % {L;rvO‘Li’m p}) ’ <9>

in which the effect of noise is presented by the Lindblad operator L;, that acts on the ith
qubit, a determines the type of the noise, and Hg is the Hamiltonian of the system. In
Ref. [29], the authors studied analytic solutions of the Lindblad equation for GHZ and W
states under various noises for Hg = 0 and same axis Pauli noises by taking L; , = \/F; aag )
where o) denotes Pauli noises that act on the ith qubit and k is the decoherence rate. The

time evolution of multi-qubit GHZ states in the presence of noise is studied analytically in

Ref. [30].

III. QUANTUMNESS OF CORRELATION FOR GHZ STATE

In this section, we study analytically the evolution of GHZ state under various noisy
channels and obtain corresponding quantum correlations using the measurement-induced
disturbance approach. Also, we numerically obtain quantum correlations using AMID which
does not suffer from overestimating quantum correlations of MID approach. The noises under
investigations are the same axis Pauli noises and the isotropic noise.

First, consider the time evolution of GHZ state in the presence of the Pauli-X noise. For

this case the solution of the Lindblad equation reads [29]

as 00 0 0 0 0 a;

0 a0 0 0 0 a- O
0 0 a 0 0 a- 0O O
. 110 0 0 a-a- 0 0 O
Plnat) = 5 , (10)
0 0 0 aa_ 0 0O O
0 0 a 0 0 a- O O
0 a0 0 0 0 a- O
ay 00 0 0 0 0 ap
where, ap =1+ 3e " and a_ = 1 — e,



The reduced density matrices (p&y,)® and (p&y )" are found by tracing out the third

qubit and the first two qubits, respectively,

ar+a_ 0 0 0
. 1] 0 200 0 0 , ) +3a_
(PGHZ) = ] ) (PGHz)b = +TI- (11)
0 0 2a_ 0
0 0 0 ay+a-

Thus, the projective measurements are given by Il,;; = [i7) (¢4, Hpr = |k) (K|, and I(pEy )

reads
ap 0 0 0 0 O 0 O
O o O O O O O O
0O 0 a O O O O O
- 110 0 O a- 0 O O O
H(PGHZ) = g (12)
0O 0 0 0 a~ O O O
O 0 0 0 0 a- O O
O 0 0 O 0 0 a- O
0O 0 0 0 0 0 0 ag

Since [I1(p% )] = p* and [I1(p&y,)]" = p° the third term in Eq. (@) vanishes and we only

need to evaluate S(pgy,) and S(I(pgy,)), namely

a 3a_
S$(benz) =2 = logalay) — =~ logy(a), (13)
and
o 3a_
SM(pfz) =3 — S logy(ay) — =2 logy(a). (14

Therefore, the quantum correlation of pg, is given by

M(pénz) = 1. (15)

Now, in order to obtain quantum correlations by AMID, we need to evaluate Eq. ()
for the density matrix pgp,(t) ([I0). For this purpose, first we construct the unitary
matrices U; by choosing y;0 = cosv;, y;1 = sinyj;cost;, y;o = sint;sinf;sing;,

yj3 = siniy;siné; cos ¢; that satisfy Zi:o y?, = 1. Then, we find Q(p) and obtain the



corresponding von-Neumann entropies in Eq. (7). Thus, the quantum correlation is found
as a function of nine parameters and time, i.e., A(01, ¢1, 11, 0a, P2, V2, 05, @3, 13, kt). Now,
the optimization program over these nine parameters gives rise to AMID. For this case, we
have A = A(1.3,4.43,2.31,1.3,4.43,2.31, 1.3,4.43, 2.31, t) which is depicted in Fig.[Il (green
line). As the figure shows, although M =1 for all times in presence of a bit-flip noise, the
AMID represents dissipative behavior for the quantum correlation.

For the Pauli-Y noise the density matrix reads [29]

ay 0 0 0 0 0 0 B

0 a. 0 0 0 0 —B 0

0 0 a 0 0 —B 0 0
e I (10

—By a_ 0 0 0

0 0

0 0

B 0 0 0 0 a
B0 0 0 0 0 0 a;

where 3; = 3e72% + 70 and By, = e 2Kt — e8¢,
It is straightforward to check that the reduced density matrices, the projective measure-
ments, and II(pf, ) are similar to the previous case. So, to obtain M (p%,,,) we only require

to evaluate S(plp,) as

S(prz) =3 — = logy (o — A1) — = :g_ B log,y (. + 1)
~ 3% g; b logy(a— — B2) — 3= P log,(a— + B). (17)
Now, the quantum correlation is
Mipbz) = S5 P loga(ars — 1) + “ P logy(ary + )
I 5: b log, (v — Ba) + 3% e logy(a— + Bs)
—Ojf log,(ay) — 3% log, (a—). (18)

The optimization procedure based on AMID shows that for this case the quantum correlation
calculated by both measures coincide, i.e., A = M.

For the Pauli-Z noise, GHZ state under the noisy channel is described by [29]

P (£) = % (J000)(000] + [111)(111]) + %e—w (J000)(111] + [111)(000)),  (19)

7



and the reduced density matrices are

(Parz)" = 5 (100)00] + [11)(11]), (Penz)” = %I- (20)

N —

The projective measurements are similar to the previous cases and

(1000)(000| + [111)(111]), (21)

N —

H(pZGHZ> =

which results in the unity of the corresponding von-Neumann entropy, i.e., S(IL(p&y,)) =
1. Tracing out the third qubit and the first two qubits leads to Eqs. (20). So, we have
S((pep7)™) — S(IL(pg&4)™) = 0 with z; € {a,b} and the third term in Eq. (6) vanishes.

Now, in order to evaluate the quantum correlation, we find the von-Neumann entropy of

PGHz
S0z =1 - o1 - e - T g1 e, (22)
which results in
M(pinz) = o1 - e + L g 14 70 23

Applying unitary matrices on the projective bases to get the local projective measurements
and computing the von-Neumann entropies of Eq. (@) result in A. It is found that the
obtained optimized quantum correlation agrees with M(pZ ).

For the last case in this section, we investigate the GHZ state which is affected by the

isotropic noise. Its density matrix is given by [29]

&G 0 0 0 0 0 0 ~
0O a0 0 0O 0O 0 O
0 0 a 0 0 0 0 O
110 0 0 a- 0 0O 0 O
Ponz(t) = 3 ~ ; (24)
0O 0 0 0 a- 0O O O
0O 0 0 0 0 a- O O
0 0 0 0 0 0 a- O
v 0 0 0 0 0 0 ay
where a, = 1+ 3e7 8% a_ =1 — e %" and v = 4e7'?**. The reduced density matrices for



the subsystems a and b are

d,+a. 0 0 0
1l 0 a0 o ay +3a
(Perz)" = 3 3 ; (Plnz) = +T[' (25)
0 0 a_ 0

0 0 0 a.+a

Thus, the projective measurements are again given by 11, ;; = |ij)(ij], I, = |k)(k|, and we

find

ap 00 0 0 0 0 O
0Oa 0 0 0 0 0 O
0O 0a 0 0 O O O
110 0 0 a 0 0 O O
H(pdGHZ> = S ~ ) (26)
0 0 0 0Oa 0 0 O
0 0 00O 0 a 0 O
0 0 00O 0 0 a0
0 0 00O 0 0 0 ax
which results in [II(pd,)]" (ply,)® and [H(pdGHZ)}b (0l )b, Therefore,
S((phar2)™) — S(I(pthyz7)™) = 0 and Eq. @) reduces to
M(P?}Hz) = S(H(PéHz)) - S(PéHZ)~ (27)
The von-Neumann entropies are given by
a_ . ay — . oy + -
S(pbirz) =3 = 3= logy(@-) — = logy(@y — 7) = — =L logy(@s +7),  (28)
and
a . 3o -
S (pnr)) = 3~ “F logy (i) — 2 oyl ). (29)
So, the quantum correlation reads
ay + - Oy — - o
Mgtz = 2 togy(a )+ T logy(a, —7) ~ Tlom(an). (30)

Similar to the previous case, the quantum correlation obtained by AMID coincides with one

obtained by MID for all times.
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FIG. 1: Quantum correlation evaluated by MID and AMID for the three-qubit system with the
initial GHZ state as a function of xt transmitted through various noisy channels: Pauli-X by MID
(brown line), Pauli-X by AMID (green line), Pauli-Y by MID and AMID (blue line), Pauli-Z by
MID and AMID (red line), and isotropic by MID and AMID (black line).

In Fig. Mlwe have depicted the quantum correlation obtained by MID and AMID for GHZ
state in the presence of various noisy channels. As the figure shows, quantum correlations for
all noises, except Pauli-X noise, coincide for both measures. MID overestimates quantum
correlation for Pauli-X channel with respect to AMID measure. Note that, for the GHZ
state M(p) for all noises that are studied in this contribution agrees with the corresponding

asymmetric quantum discord [31].

IV. QUANTUMNESS OF CORRELATION FOR W STATE

In this section, we determine quantum correlation using MID and AMID for a bipartite
state which is initially prepared in the form of W state under various noise channels. The
first two qubits belong to party a and the third qubit belongs to party b.

In the presence of the Pauli-X noise, the time evolution of the density matrix of W state

10



is given by [29]

209
0
0
1| V2a,
16 0
\/§C¥2
&%)

0

where

\

0 0 V2a 0 V2a a 0
200 V2a; 0 V204 0 0 Qg
V2ai 26, 0 o 0 0 V2a3
0 0 20_ 0 as V2, 0
V20 o 0 26, 0 0 V203
0 0 Qy 0 26 V2a4 0
0 0 V24 0 V204 204 O
as V2a3 0 V2a3 0 0 203

o = 1 + 6—2141& + 6—4141& + 6—6/41&’

g = 1 + 6—2141& _ 6—4141& _ 6—6/@15’

g = 1— 6—2141& _ 6—4141& + 6—6/@15’
oy = 1— e—2nt + e—4nt _ e—ﬁnt’
by =1+ e 6nt,

The projective measurements are found using the reduced density matrices

2(a1 + az) 0 0 ag + a3
1 0 2084 +6-) a1 tay 0
(pﬁ/)azﬁ 0 ar+ag 28y +62) 0 v
1+ oy + T b=
o9 + as 0 0 2(a3 + ay)
which results in

[ Taoo = $(101) + (L0))((01] + (10]),
o1 = 5(/01) — (10]) (01| — (10]),
M0 = 1+e4m ((1 = e)%]00){00] + (1 — e**)[11)(11]),

| a0 = gpomry (14 €*)%]00)(00] — (1 — e**)[11)(11]),

11

(34)



and I, ; = |i)(i|. So we have

M0 0 0 0 0 m O

0% 0 0 0 0 0n
0 023, 0 o 0 0 O
N 00 0 2. 0 as 0 O
(i) = ' (35)
00 g 0 28, 0 0 O
00 0 a 0 280 0
MmO 0 0 0 0 70
Om 0 0 0 0 07
where
( _ 2e"t cosh(rwt)? sinh(#t)(2—cosh(2kt)+cosh(4kt)+sinh(2kt))
= (1+e%rt)2 )
B 1—1—6’6’“5—1—7(1+£m)2 +2e¢7 3%t sinh(kt)
Y2 = ] )
_ 1—676"t+7(1+eim)2 —2e7 3%t cosh(kt)
Y3 ] ) (36)
__ 2e** cosh(kt) sinh(kt)? (2+cosh(2kt)+cosh (4rt) —sinh(2kt))
Y4 = (1tetrt)2 )
__ efsinh(kt) sinh(2kt)(2+2 sinh(2kt)+sinh(4kt))
mh = (Lt edrt)z )
_ e cosh(kt)? sinh(kt)(2—2 sinh(2xt)+sinh(4xt))
L T2 = (1+etrt)2 .

Since [II(p%)]* = (p%)* and [II(p%,)]" = (p%,)b, the third term of Eq. (B) vanishes and we
obtain
M(piy) = SUpw)) — Sy )- (37)
Now, the quantum correlation can be evaluated numerically which is depicted in Fig. 2l
The numerical optimization program for the nine parameters that is inherent in AMID

approach gives rise to the following nonclassical correlation

4o [A223,0,11,11,0,1.1,11,0,1.1, st), 0 < Kkt < 0.06, (39)
T A(2.2,2.3,2.2,2.2,2.3,2.2,2.2,2.3,2.2, kt), Kt > 0.06,

which is depicted in Fig. [2] as a green line.

12



For the Pauli-Y noise the density matrix reads [29]

209

0

0
1| —v2a
16 0
—\/§a2

0

0 0
200 V2
\/§a1 25+

0 0
\/§041 aq

0 0

0 0
—Q3 —\/§a3

—\/5042

0
0

26_
0

o7}

\/§a4

0

0
\/5041
aq
0
20+
0
0

—\/§a3

—\/§a2 —Q
0 0
0 0
Qy \/5044
0 0
25— \/§Oé4
V2ay, 20y
0 0

0
—asz
—\/§Oé3
0
—\/§Oé3
0
0

20&3

(39)

For this case the results are identical with the previous case. Therefore, the time evolution
of M for the initial W state under Pauli-Y noise coincides with M(pf;,) (see Fig. 2)). Also,

the evolution of quantum correlation computed by AMID results in

A A(1.57,1.57,1.57,1.57,1.57,1.57,1.57,1.57, 1.57, kt) 0 <kt <0.03 (40)
- A(1.57,2.22,1.57,1.57,2.22,1.57,1.57,2.22, 1.57, xt) Kkt > 0.03,
which is shown in Fig. 2 as a blue line.
To this end, consider the effects of the Pauli-Z noise on W state [29]
0 0 0 0 0 000
0 2 V2™ 027 000
0 V2™ 1 0 e™ 000
110 0 0 0 0 000
oir(t) = o (41)
0 \2e 4t =5t 1 000
0 0 0 0 0 000
0 0 0 0 0 000
0 0 0 0 0 000
So, the reduced density matrices for the subsystems are
2 0 0 0
110 1 et 0 y 1
z e _ ? = — 42
] DN FE Ol (42)
0 0 0 0

13



which result in

Ha,OO - |00> <00|,
I, 11 = |11)(11],

(43)
Ma01 = 5(101) + (10])({01] + (10]),
[ M0 = 5(/01) — (10])({01] — (10]),
and II,; = |#)(i|. Using the projective measurements we find
00 0 0 0 00O
02 0 0 0 000
00 1 0e™000
=50 | (44)
e 0 1 000
00 0 0 O 00O
00 0 0 0 00O
00 0 0 0 00O

and [I1(p3)]" = (p3)* and [I1(p7,)]" = (p3)?. Therefore, we only need to obtain the

following von-Neumann entropies

1 1
Sk = 11+ e™) 11— ) logy(1 — =)
1
- g[(?) et /1 — 2e=4t 1 17e=861) log, (3 + e~ ** — /1 — 2e~4st 4 1Te—8rt)

+ (34 e+ V1 — 21 4 17e-8) log,(3 + e~ + /1 — 2e =48t + 17e=8x1)] (45)
and
z 3 1 —4kt —4kt 1 —4kKt —4kt
S(I(piy)) = 5 = 7(1 = ™) logy(1 — e7) = S (1 + ™) logy(1 + 7). (46)

Now, the quantum correlation can be found analytically

z 1 —4K 1 —4K —4K
M(phy) = —1(54-6 Anty 1(1 + e ) log, (1 + e~
1
+ g[(B et /1 — 2e~4rt  1Te85) log, (3 4 e 4 — /1 — 2e—4rt | 1Te—8nt)

+ (B34 e 4 V1 — 2e~48t + 17e881) log,(3 + e~ + /1 — 2e~4rt 4 17e~8+1)].(47)

Performing the optimization procedure of AMID gives us the same result, namely,
A(01, 01,0, 05, 02,0, 03, ¢3,0) = M(p5;,). In other words, the infimum value of A happens
for ¢»; = 0 (i = 1,2, 3) and arbitrary values of ¢; and 6;.

14



For the last case, consider the isotropic noise. The corresponding density matrix reads

[29]

day; 0 0 0 0 0 0 0
0 @ V2% 0 V25 0 0 0
0 v23 Bt 0 4 0 0 0
0 0 0 A- 0 A V25%_ 0
pw(t)=§ 0 V. 0 0 o ol (48)
T+ T+ +
0 0 0 A 0 A V27_ 0
0 0 0 V2% 0 V2. a 0
0 0 0 0 0 0 0 as

where

dl =1 + 6—4nt + 6—8nt + 6—12/@1&’
&2 =1 + €—4nt _ 6—8/41& _ 6—12nt’
&3 — 1 _ e—4nt _ e—Sf{t + e—l2l€t’ (49)
&4 =1— e—4nt + e—Sf{t _ e—l2l€t’

| e =105,

The reduced density matrices are given by

di4dy 0 0 0
R | I A RS O |
0 7+ B-+6+ O 0 B-+a1+as
0 0 0 a3 + ay
and
G 00 0 0 0 0 0
0, 00 0 0 0 0
006, 0~ 00 0
gy~ L[ 00 00T 0 61)
00~ 08,0 00
00 0~ 0740 0
00 0 0 0 0 da 0
00 0 0 0 0 0 ds

15



Tracing out the first two qubits and the third qubit leads to [II(pf,)]" = (pff,)* and
b : .
TH(p)]" = (pf)? which results in S((ph)*) = S(L(p)") and S((ph)) = S((ph)Y).

Thus, using the von-Neumann entropies
1

S(pl) = =
(Pw) 9

+ (B = 74) loga(By — 74) + (B2 — 7-) logy(B- — 7))
H@++%+@m+¢@+ﬂ&%ﬁ4ﬁi—%¢n—m¢n+ﬁ>

1. . .
(7 4 e85 — g[ag log, o + a3 log, a

16
10g2(5~+ +9r +a + \/Bi + 28144 + 1792 — 26,61 — 29,61 + a?)

+ (By 44 +an — \/BJQr + 28,94 + 1732 — 28461 — 29461 + &)
logy (B4 + Y4 + Gy — \/BJQr + 2894 + 1743 — 2846y — 29,44 + 63) (52)

+ (B + A+ ay+ \/BE +2B8_9_ + 1772 — 2B_dy — 29_da4 + a3)

logy (B + - + du + \/B% +26_7- + 1772 — 2B_6u — 29_6u + 63)

+ (B4 A- +ay— \/B% +28_A_ 4+ 1772 — 2B_dy — 29_dy + G2)

bm&+¢+@—¢ﬁ+%ﬁ:um%4&@—%ﬁﬁ@m,(%)

and

S(pfy)) = 3 - %[dl log, a1 + Az logy dg + a3 log, s + g log, Ay
+ (Bs +34) 108y (B + 74) + (B — 74) log, (B4 — 7=)
+ (B +7-)logy(B- +7-) + (B- —7-) logy(B- — 7)1, (54)

16



the quantum correlation reads

1+6—8f€t 1 5 ~ - -
M(pfy) = ‘% — glaalogy &1 + Gy logy Gy

+ (By +74) logy(By +74) + (B- +7-) logy(B- +7-)]
+ %[(64— +7+ + a1+ \/Bi + 26}% +179% — QBJF@l — 27,1 4 &2)

logy(By + 74 + 1 + \/Bi + 28,44 + 1732 — 26,6y — 29,01 + G2)

By + A+ a1 — /B 28,90 + 1752 — 28,61 — 27,60 + &2)

10g2(5+ +94 +aq — \/B-% + 2B+’~Y+ + 1733 — 25~+541 — 29,.41 + &F) (55)

+ (B A +au+ \/BE +2B_7_ + 1772 — 2B_6u — 27_6u + a3)

logy(B- + - + G + \/ B2 +28. 5 +1772 = 25 &y — 274 + &3)
+ (B +7- +ady — \/B% + 2B A_ 4+ 1772 — 2B_dy — 27_dy + G2)

logy(B- + - + du — J B2 4207 + 1772 = 2B_au —25-das +a3)].  (56)

Quantum correlation obtained by AMID for this case is A(61, ¢1, 0, 02, ¢2,0, 5, ¢3,0) co-
incides with the one obtained by MID (black line in Fig. ). The MID and AMID for the
three-qubit initial W state under various noisy channels are depicted in Fig. 2l As it can
be seen from the figure, the quantum correlations obtained by MID for two cases of Pauli-X
and -Y channels are overestimated with respect to ones obtained by AMID. Notice that, for
the initial W state our results do not agree with the results obtained by quantum discord

which is due to the different choices of the projective measurements [31].

V. CONCLUSIONS

In this paper, we have studied quantum correlations for the initial GHZ and W states in
the presence of various noisy channels using the measurement-induced disturbance and its
ameliorated version. We considered the solutions of the Lindblad equation where the noises
are represented by the Pauli-X, Pauli-Y, Pauli-Z and isotropic operators. This idea is based
on the fact that the classical measurements can be performed without disturbance. However,
measurements usually disturb the system in the quantum description and this disturbance
can be used to determine the quantumness of correlations. In the absence of noise, quantum

correlations of GHZ and W states are equal to unity, namely the half of the total correlation
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FIG. 2: Quantum correlation evaluated by MID and AMID for the three-qubit system with the
initial W state as a function of xt transmitted through various noisy channels: Pauli-X and Pauli-Y
by MID (brown line), Pauli-X by AMID (green line), Pauli-Y by AMID (blue line), Pauli-Z by
MID and AMID (red line), and isotropic by MID and AMID (black line).

which is expected for a pure state. After turning on noises, quantum correlation decreases
for all noises. For the case of the initial W state under Pauli-Y noisy channel (unlike GHZ
state that its corresponding quantum correlation vanishes for large xt), A(p},) tends to
0.58 as kt goes to infinity. In comparison, our results showed that in the MID approach
the W state is more robust than GHZ state under noisy channels except Pauli-X channel.
This result is also valid for the AMID scenario except Pauli-Y channel for 0 < xt < 0.4.
Moreover, the obtained results for M(p) coincided with those of quantum discord just for
the initial GHZ state. Indeed, both the quantum discord and MID overestimate quantum
correlations of states with respect to AMID in agreement with Ref. [24].
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