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Dynamics of quantum discord and geometric quantum discord in
multiqubit interacting system
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Using quantum discord (QD) and geometric quantum discord (GQD), quantum correlation dynamics is investigated
for two coupled qubits within a multiqubit interacting system in the zero-temperature bosonic reservoir, under both weak
and strong qubit-reservoir coupling regimes. The multiqubit system is connected with either a common bosonic reservoir
(CBR) or multiple independent bosonic reservoirs (IBRs). In the CBR case, our findings indicate that both QD and GQD
can be strengthened by increasing the number of qubits in the multiqubit system. Furthermore, we study the steady state
QD and GQD in the strong coupling regime, and find that the stable value in the long-time limit is determined exclusively
by the number of qubits. The evolution period of QD and GQD gets longer as the dipole—dipole interaction (DDI) strength
increases, which helps prolong the correlation time and thus preserves the quantum correlation under the weak coupling
regime. Further analysis reveals notable differences between the CBR and IBRs scenarios. In the IBRs case, the decay of
QD and GQD becomes slower compared to the CBR case, with both measures tending to zero at a reduced rate. Moreover,
GQD consistently exhibits lower values than QD in both scenarios. These findings provide valuable insights into the
selection of appropriate correlation measurement techniques for quantifying quantum correlations.
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1. Introduction

The quantification of quantum correlations is vital for the
swift progression of quantum technologies. Various measure-
ments of quantum correlations have been proposed, includ-
ing quantum entanglement,!') quantum discord (QD)!* and
quantum coherence.! In addition to quantum entanglement,
QD can exist in separable mixed states exhibiting nonclassi-
cal correlations, serving as a more fundamental quantum re-
source than entanglement.*-%! This characteristic makes QD
pivotal in various quantum information tasks, including quan-
tum teleportation,!’°! quantum computing,!'%!!l quantum

communication, 213 [14-16]

quantum many-body systems,
etc. Despite its extensive applications, both QD and other
forms of quantum correlations are inherently fragile. The in-
evitable interactions with the environment induce the decoher-
ence of the system,!!”] presenting a significant obstacle to the
advancement of quantum technologies. It has been proposed
that environments can be utilized to restore or preserve QD
under specific conditions. Consequently, exploring the impact
of decoherence on QD, identifying effective methods to elimi-
nate or at least reduce the effect of decoherence, and regulating
the environment to protect QD hold significant practical rele-
vance.

As a novel measure of quantum correlation, QD was first
proposed by Ollivier and Zurek,? and later analyzed by Ve-

TCorresponding author. E-mail: wxyyun@ 163.com

CSTR: 32038.14.CPB.adcal6

dral et al. "8 In general, due to the complexity of the optimiza-
tion, it is hard to obtain the exact analytical solution of QD
for arbitrary state in bipartite system. For this reason, Dakié
et al. introduced geometric quantum discord (GQD) based
on the Hilbert-Schmidt norm.!'”) Although GQD provides a
simpler computational approach than QD, it exhibits limita-
tions in fully capturing quantum correlations under certain lo-
cal operations.[?%-?21 It is necessary to discuss which measure-
ment method to select appropriately in the multiqubit interact-
ing system. In recent decades, significant theoretical and ex-
perimental advancements have underscored the pivotal role of
quantum correlations in multipartite quantum systems. 2323
Previous studies have explored the interaction between two
qubits with either a common reservoir or independent reser-
voirs, employing the second-order time-convolutionless mas-

(26271 Additionally, research on steady-state en-

ter equations.
tanglement and coherence in two coupled qubits within in-
dependent reservoirs has yielded significant insights.*8] In
multiqubit-interacting systems, the single-excitation dynam-
ics of N-qubit in a common non-Markovian reservoir was

29,301 Fyrthermore, researchers explored the entan-

discussed. !
glement generation in an N-atoms system under the weak cou-
pling regime,*! and the enhancement of quantum coherence
in multiqubit-interacting systems was investigated. 3!

In this work, we investigate the dynamics of QD and
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GQD in an N-qubit system with dipole—dipole interactions
(DDI), which is connected to either a common bosonic reser-
voir (CBR) or independent bosonic reservoirs (IBRs) in the
single-excitation regime. This multiqubit interacting sys-
tem can be realized in various experimental setups, including

33351 superconducting networks, 3381 cold

quantum dots, !
atoms3%4% and transmon qubits.*!*?] Therefore, the model
we have selected is instrumental in comprehending the cor-
relation dynamics of qubit systems across a variety of envi-
ronments, including finite-temperature vibronic environments
and quantized electromagnetic field reservoirs.*36] Recent
advancements in the study of QD dynamics in multiqubit sys-
tems demonstrate that QD offers significant insights into quan-
tum correlations.*7#1" Although QD serves as an original
measure of quantum correlations, its ability to fully capture
the intricate dynamics of correlation in multiqubit systems re-
mains limited. The dynamics of QD and GQD in two-qubit
states within multiqubit interacting systems remain understud-
ied. This gap underscores the importance of selecting appro-
priate methods to quantify correlation dynamics. In the sub-
sequent analysis, we thus examine the effects of complex en-
vironments on the correlation dynamics of QD and GQD by
varying the total number of qubits and the DDI strength within
the multiqubit system under both weak and strong coupling
regimes. As demonstrated subsequently, it becomes evident
that QD and GQD of the two-qubit system can be strengthened
by enhancing the number of qubits, which contrasts sharply
with the influence of the DDI between the qubits.

This research is structured as follows. Section 2 intro-
duces the physical model and investigates the dynamical evo-
lution of quantum correlations in the multiqubit interacting
system. A brief review of QD and GQD measures of quan-
tum correlations is also provided. Section 3 presents a detailed
analysis of the results of QD and GQD in the CBR and IBRs
cases. Finally, the findings of this study are summarized in
Section 4.

2. Model and its exact solution
2.1. Multiqubit-interacting system in a CBR

First, we consider a system of N qubits in a common zero-
temperature bosonic reservoir, where all qubits are coupled
to the reservoir with the same coupling strength. The qubits
connect with each other via DDI. Under the rotating wave ap-
proximation, the total Hamiltonian including the qubit system,

reservoir, and the interaction part is of the form %!

H = Hs + HR + Hj, (D

where

Hgr = Za)ka,jak,
k

Hi=iY g (cjak - o;a,j) +YJoior. @
m 7

Here, the parameter a; (ax) denotes the creation (annihilation)
operator of the kth mode in the bosonic field, ()';’y  is the Pauli
matrix of the jth qubit, the ladder operator of the jth qubit is
Gf =1 (6}‘ + Gj}:), and ay and @y, are the transition frequency
of the qubits and the kth bosonic reservoir mode, respectively.
gi 1s the coupling strength between the qubit system and the
bosonic reservoir. J is the DDI strength between the qubits.

It is obvious that the Hamiltonian conserves the excitation
number, which means that it commutes with the number op-
erator N = szy: 1 Gf o, + Xk a; ax. In this way, we consider
solving the dynamics of the system in the single-excitation
subspace, which makes the model numerically solvable. In
the interaction picture, the interaction Hamiltonian H; can be
expressed as

H =i) g (Gfake““’o""k)’ - Gfa,je*i(‘”o’“’k)’)

Jik
+Y Joj o 3)
J#
When the entire system is treated as closed, its dynamical
evolution is governed by the Schrédinger equation. To solve
the Schrodinger equation, we consider the initial joint system-
reservoir state to be

N
| (0)) = colgn) + chj 0) |9 JF;Ck O)lg), @

j=
where |@p) = |0)g ® |0)g is the ground state of the entire sys-
tem. |(p i) = |j)s ®|0)g represents the jth qubit in its excited
state and all the other qubits and reservoirs in the ground state.
|@r) = |0)g ® |14)r denotes all qubits in their ground state and
the bosonic reservoir with only one excitation in the kth field
mode. The joint state at generic time of the system is given by

N
W () =coloo) + ) c; O ]o) + X le). (5
Jj=1 k

For convenience, we introduce the parameter c; (t) =
ZZ}’:l cj (1) to represent the total excited-state amplitude. Sub-
sﬁtuting Eq. (5) into the Schrodinger equation, we obtain a set
of coupled differential equations for the amplitudes as follows:

¢j=—1J(cy —cj) —&-chgkei(“’”*“’k)t,
k
¢ =—iJ(N—=1)cy —&-Nchgkei(w"*wk)’,
k
ce=—gie (VWi ©)

We assume that initially the bosonic field is in its vacuum con-
figuration, ¢, (0) = 0, integrating the differential equation for
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ci, We arrive at

t .
a(f) = — /0 diigre H(@-@ne (1), 7

In the continuum limit for the bosonic reservoir, we can intro-
duce the spectral density J () through

Y greil@—o0 = /de(w) ell@—o) (8)
k

Thus, we define the memory kernel as the Fourier transform
of the spectral density, namely,

G(1)= /dw](w) i@y 9)

then we substitute Eq. (7) into Eq. (6), and obtain
t
¢ =—iJ(cs —cj) —/0 dnG (1 —n)es (1),

& = fiJ(Nfl)c+fN/0tdt1G(tftl)c+ (1), (10)

which can be solved via the Laplace transform of the single
qubit amplitude ¢; and the total excited-state amplitude c.
We thus get

G0 a6 +)
s—iJ  (s—iJ) [s+1J(N—1)+NG(s)]’

&y (s) = ¢4 (0)
* s+iJ(N—1)+NG(s)’

¢j(s)

Y

where G (s) is the Laplace transform of the memory kernel.
For convenience, we consider the reservoir spectral density
J (o) to be of Lorentzian form in the following, i.e.,

. 1 ’)/0},2
]<w)_ﬂ(w—a)())2+),2’

where 7}y serves as the qubit-reservoir coupling strength, which

(12)

is the inverse of the system relaxation time. A is the spectral
width, and we utilize the qubits transition frequency @y as the
reservoir center frequency. Therefore, the amplitude c; (r) of
the jth qubit can be solved by the inverse Laplace transforma-

tion as
cj(t)= <cj(0)_C+N(0)) eth+L’+N7(0) e_wt
o] A—iJ(N—1) . o
X (cosh <7t) +Tlsmh (2t)) 1 (13)

where 0] = \/(l —iJ(N—1))>=2%AN. The parameters
A and ¥ can distinguish the Markovian and non-Markovian
regimes. The dynamics of the two-qubit system is Markovian
under the weak coupling condition A > 27y, while it becomes
non-Markovian when A < 2yp. From the expression of ¢; (z),
we emphasize that the correlation dynamics behaviors of the
system can be modified by the number N of qubits and the
DDI strength J between the qubits in the weak (A > 2y) or
strong (A < 29) system-environment coupling regimes.

2.2. Multiqubit interacting system in IBRs

The second condition we consider is that the N DDI
qubits are embedded in individual bosonic reservoirs. We as-
sume that the local environments surrounding the multiqubit
system are sufficiently distinct, such that inter-environment
correlations of different qubits are negligible. Such models
are employed in the light-harvesting complexes for energy
transfer.[>1->4] The interaction Hamiltonian in the interaction
picture then becomes

H =i) g (O'fajkei(“’”*“’k)’ - Gjaﬂe’i(%’“’k”)
Tk
+Y Jojo, (14)
=y

where we assume each reservoir has the same spectral den-
sity, a ji (aﬂ) represents the annihilation (creation) operator for
the kth field mode with coupling strength g, of the jth qubit’s
reservoir. As such we have the joint state at generic time of

the system,
N
(W (1) = colgo) + Y c; ()| @) + Y (1) |@je),  (15)
j=1 jk

where |(pjk> denotes the excitation state in mode k of the jth
qubit’s reservoir. The set of coupled differential equations is
then

C’j = —iJ(C+ —Cj) +2Cjkgk€i(w0_wk)t,
k
C"+ = —iJ (N— l)C+ +ZCjkgkei(a)O_wk>t,
Jjk

éjk: —gke_i(wo_wk>tc‘j. (16)

Integrating cj; with ¢, (0) = 0 and substituting back into
Eq. (16), we obtain

it
c'j:—iJ(ch—cj)—/O dnG(t—n)c;j(n),
c'+:—iJ(N—1)c+—/0 dnGt—n)es (). (17)

Then we can determine the Laplace transform solutions
through Eq. (17),

Gy (s) = +(0)
s+iJ(N—1)+G(s)’

s €i(0)

Cj(s)_s—i.;+é(s)

iJey (0)

- [s—iJ+G(s)] [s+iT(N=1)+G(s)] 4
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In the same way, for the IBRs case, we obtain the amplitude
of the jth qubit ¢; (z),

0= (o0 542) 2

[cosh( ;)i (%) ’Liﬂ

CAiJ(N—
+c+1\(70)e iy,
o3ty A —iJ(N—1)
x{cosh( : )+s h( : )63],(19)

where

6=/ (A +i0) =202, 03 =1/ [A —iJ (N )]> = 2307,

In our study, we mainly focus on the QD and GQD dy-
namics of the two-qubit system (i.e., the jth and /th qubits).
By tracing the other DDI qubits and the reservoirs, the re-
duced density matrix p/ of the two-qubit system in the basis

{|e,e>,|e,g>7|g,e> ) ‘gag>} is given by

0 0 O 0
; 0 |c | cjcy 0
],l: J l
p 0 cie |cl| 0 (20
2 2
0 0 0 1—lcj|"=|el

We select the maximally entangled Bell state |@(0)) =
(1/v/2) (le,g) + |g,e)) as the initial state of the two-qubit sys-
tem, such that the initial amplitudes of the two qubits are
c1(0) = ¢3 (0) = 1/+/2, the remaining N — 2 qubits and reser-
voirs are in their ground states. Therefore, QD and GQD are
theoretically equal to 1 at the initial time, which implies that
the two-qubit system has the maximum quantum correlations.

2.3. Measures of quantum correlations

For bipartite systems, the best-known measure of non-
classical correlation is QD, which is defined as the difference
between quantum mutual information and classical correla-
tion. From Eq. (20), we can obtain the analytical expression
of QD for the X-form state as follows: 23]

Do) =min{o (6401 (o)} e

where Dy (p/') = H(pii+p2) + Xl Ailogy Ai + H (@),
Dy (p/') = X1 Ailogy A; — Y1) piilog, pii, Ai is the eigen-
value of the reduced density matrix p/*, H (x) = —xlog,x —

(I —x)log, (1 —x) represents the Shannon entropy and o =

3 [1 + \/[1 —2(p33+pas)]” +4(|ps| + P14)2}

Another quantification of quantum correlation is GQD,

which is defined as the minimum Hilbert—-Schmidt distance

between a given state and the set of zero discord states.!!"]

For the two-qubit state p/+ (¢) with the X-structured matrix,
GQD can be calculated analytically asP”!

2oy + oy —max{a,00}), (22)

N =

D*(p’') =
where

a1 =2[pxl*, o =pd+ (P22 —pas)’. (23)

In the following analysis, we employ Egs. (21) and (22) to in-
vestigate how the number of qubits and the DDI between the
qubits affect the correlation dynamics of QD and GQD in both
weak and strong coupling regimes.

3. Results and discussion

In this section, we study the QD and GQD of two cou-
pled qubits within the multiqubit system that are immersed in
CBR or IBRs cases. We depict the dynamics of the system in
terms of the given reduced density matrix p/. In the follow-
ing, we concentrate on the effects of the number of the qubits
N and the DDI strength J on QD and GQD under both weak
(Markovian) and strong (non-Markovian) system-environment
coupling regimes.

3.1. QD and GQD dynamics in CBR case

We begin by considering the CBR case. The dynamic
behaviors of QD (the blue solid line) and GQD (the red solid
line) are depicted in Fig. 1 for different number of qubits N and
DDI strength J under the weak coupling regime % = 0.1A. In
Figs. 1(a)-1(c), we fix J = 0. Even in the absence of the DDI
influence between the qubits, couplings between the multi-
qubit system and its environment still persist. In the condition
of different number of qubits N, QD and GQD decay mono-
tonically with the dimensionless time Jp¢ and reach a steady
value during the long time evolution process. The steady value
increases with the number of qubits, which means that increas-
ing N enhances the steady state QD and GQD of the two-qubit
system. Furthermore, one can find that QD and GQD have
the same trend but show different values under the same pa-
rameters of the system, and GQD is always smaller than QD.
This demonstrates that QD better preserves quantum correla-
tion than GQD in the multiqubit interacting system.

To find the influence of DDI strength J on QD and GQD,
we further increase J to 0.5 as illustrated in Figs. 1(d)-1(f).
In Fig. 1(d), the trends of QD and GQD remain unchanged
when N = 2. Notably, in contrast to the previous conditions
depicted in Figs. 1(a)-1(c), both QD and GQD exhibit damped
oscillations and asymptotically approach a stable value over a
longer duration in Figs. 1(e) and 1(f). As N increases, the
oscillation of both QD and GQD intensifies. By adding the
DDI into the multiqubit system, we can obtain that it may
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also show non-Markovian behavior even under the weak cou-
pling regime. The increase of J may retard both QD and GQD
loss during the evolution, leading to oscillatory decay with re-
duced attenuation, which helps prolong the quantum correla-
tion time. Therefore, we observe that the presence of the DDI
between the qubits can preserve the QD and GQD from the
multipartite environmental effects.

Next, we examine how QD and GQD vary with the num-
ber of qubits and DDI strength under the strong coupling
regime Y = 5A as illustrated in Fig. 2. In this regime, the
multiqubit system can always exhibit non-Markovian dynam-
ics for any N with or without DDI J. It is evident that the
non-Markovian behavior of QD and GQD displays both sim-
ilarities and distinctions when compared to the case in Fig. 1.
In Figs. 2(a)-2(c), after removing the DDI between the qubits
and comparing the results to the weak coupling regime, QD
and GQD exhibit an oscillatory trend over time before reach-
ing a stable value. At the same time, both oscillation frequency
and amplitude increase with the number of qubits N. In other
words, a larger N enhances the non-Markovian behavior of
the multiqubit system. However, as illustrated in Figs. 2(a)
and 2(d), the survival time of QD and GQD is shorter than
that in Figs. 1(a) and 1(d). This is because the increase in the
value of 7}y leads to more frequent information exchange be-
tween the qubits and the reservoir. When J is increased to 0.5
in Figs. 2(d)-2(f), the oscillation frequency increases but the
amplitude decreases under the same number of qubits com-
pared to the situation of / = 0. A comparison between Fig. 2
and Fig. 1 reveals that the effect of DDI strength J on QD

1.0 T

and GQD in the multiqubit system is significantly weakened
in the strong coupling regime compared to the weak coupling
regime, where the strong interaction between the qubits and
the reservoir becomes the dominant factor governing the dy-
namics. Similar to the weak coupling regime, GQD is always
smaller than QD and both QD and GQD enter steady values
over a long period of evolution.

To comprehend the impact of N and J on QD and GQD
comprehensively, we present the steady state QD and GQD
varying with N and J under the strong coupling regime ¥ =54
in Fig. 3. By fixing the DDI strength J as a constant, we can
see that the steady values of GQD and QD strengthen as the
number of qubits N increases, but the value of QD is always
larger than that of GQD under the same N, which means that
QD is more practical on improving quantum correlation than
GQD in the multiqubit interacting system. However, when
fixing N as a constant, the values for both GQD and QD re-
main invariant with the increase of J. The steady values of
QD and GQD are independent of DDI strength J between the
qubits and determined exclusively by the number of the qubits.
That is to say, to preserve QD and GQD in the bipartite sys-
tem within the multiqubit system, a large number of qubits are
essential. Moreover, as shown in Figs. 1 and 2, regardless of
whether the system is in weak or strong coupling regime, a
larger steady value of QD and GQD can be obtained when a
larger N is introduced. By increasing the number of qubits
within the multiqubit system, we can reduce the effect of the
reservoir on individual qubits.

() N=2  —qp
a 08f —aqp ] [

< o6l 1 [

0.4r E -
0.2F b u

(d) N=2

0 10 20 30 0

10 20 30

(b) N=4

QD, GQD
5L

i

QD, GQD
°
[=2)

1 1 1
00 30 60 90

Yot

1
120 150 O

L L L 1 L
30 60 90 120 150
Yot

Fig. 1. (a)—(c) Under the weak coupling regime (y = 0.14), QD (blue solid line) and GQD (red solid line) versus yp for J = 0, with N = 2,4, 6,

respectively. (d)—(f) Same as the left panel but for J = 0.5.
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1.0 ———— — 1.0 . 1.0 ,
(a) N=2 —QD (b) N=4 (c) N=6
0.8 —GQD | o5 0.8
8) 0.6 0.6 0.6
@}
A 0.4} 0.4f 0.4H
c
0.2- 02- /\/\/\_/;A’i- 02-
0 NN L e 0 , \ , 0 , ,
0 1 2 3 4 5 6 7 8 0 3 6 9 12 15 0 4 8 12 16 20
1.0p— 1.0 . 1.0
(d) N=2 (e) N=4 (f) N=6
0.8} 0.8 0.8
o)
c
O o.6} 0.6 0.6
o)
T o.4f 0.4} {1 04 ]
0.2}F 0.2_\/\/\N\/\/W~——‘_ O.QWWWM
LA 0 A A —— 0 N
0 1 2 3 4 5 6 7 8 0 3 6 9 12 15 0 4 8 12 16 20
Yot Yot Yot

Fig. 2. (a)—(c) Under the strong coupling regime (¥ = 51), QD (blue solid line) and GQD (red solid line) versus }pt for J = 0, with N = 2,4,6,

respectively. (d)—(f) Same as the upper panel but for J = 0.5.

GQD
(a) 4 —0.50
; 10.40
0.30

~ 2
0.20

1
0.10

03 4 6 8 10 12 0

N

QD
(b) 4 0.70
0.60
3 0.50
0.40
~ 2
0.30
. 0.20
0.10
09 10 12 0

N

Fig. 3. (a)—(b) Under the strong coupling regime ¥ = 5A, the steady state GQD and QD serve as a function of the number of qubits N and the

DDI strength J between the qubits.

3.2. QD and GQD dynamics in IBRs case

In contrast to the CBR case, we find that in the IBRs case,
when J = 0, QD and GQD are independent of N. This can be
explained by Eq. (19) that 6, = 03 = \/A2 — 2y A at this mo-
ment, and the excited state amplitude is then

cj(t)=c;(0) e ¥ {cosh (%ﬂ) + sinh (%ﬂ) 3;2] , (24

thus the whole reduced density matrix p/ is independent of
N. According to Ref. [50], by utilizing the final value theorem
in Eq. (18), the amplitudes &; (s) vanish and the steady state
cannot be achieved generally. Therefore, we no longer focus
on the steady-state properties in the following analysis.

We select N = 4 to depict the evolution of QD and GQD
in Fig. 4 under the weak coupling regime and the strong cou-
pling regime. In Fig. 4(a), both QD and GQD decay to zero

monotonically under the weak coupling regime, but the de-
cay speeds of QD and GQD are much slower compared to
Fig. 1(b) due to the exchange of information between the mul-
tiple reservoirs and the multiqubit system. In Fig. 4(b), al-
though the system exhibits non-Markovian behavior under the
strong coupling regime, QD and GQD decay to zero compared
to the CBR case shown in Fig. 2(b). Thus in the absence of the
DDI between the qubits, the auxiliary qubits in the IBRs case
do not contribute to the enhancement of the QD and GQD dy-
namics.

Furthermore, we add DDI strength J = 0.5 to make a
comparison with the CBR case in Fig. 5. For the system with
N IBRs, when increasing the number of reservoirs, we find
that the dynamics of the system would become non-Markovian

even under the weak coupling regime in Figs. 5(b) and 5(c).
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In the presence of multiple bosonic reservoirs, the oscillation
may be caused by the backflow from the environments to the
system. In addition, both the amplitude and the frequency of
oscillation are significantly larger than those in the CBR case.
Therefore, QD and GQD can be strengthened by increasing
the number of qubits and DDI strength, which is consistent
with the CBR case. However, as a result of the attenuation

illustrated in Fig. 5, QD and GQD of the two qubits within
the multiqubit system are zero, which is inevitable in multiple
reservoirs. In both cases the similarity lies in the fact that GQD
is always smaller than QD in the evolution process. As a re-
sult, QD is more effective in preserving quantum correlations

than GQD.

1.0 1.0
(a) N=4 —QD (b) N=4 —QD
—aQD —GQD
0.8+ 0.8}
8 0.6 0.6
&}
a o4l I
o 0.4 0.4
0.2 0.2
0 1 ! L 0 //1—\\‘ e
0 10 20 30 40 50 60 0 1 2 3 4 5 6
Yot Yot

Fig. 4. QD (blue solid line) and GQD (red solid line) versus Yz for (a) weak coupling regime ¥ = 0.14 and (b) strong coupling regime ¥ = 54

respectively. The other parameters are fixed as N =4 and J = 0.
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Fig. 5. (a)—(c) Under the weak coupling regime (j = 0.114), QD (blue solid line) and GQD (red solid line) versus Yyt for J = 0.5, with N = 2,4,6,
respectively. (d)—(f) Same as the upper panel but for strong coupling regime 1 = 5A.

4. Conclusion

In summary, the dynamics and preservation of quantum
correlations under the multiqubit interacting system have been
thoroughly investigated. Two different correlation measure-
ment methods were used for quantitative analysis, i.e., the QD
and the GQD. The dynamical evolution of QD and GQD was
assessed in two different schemes: CBR and IBRs models.
The influences of the number of qubits N and DDI strength J
on the dynamics of QD and GQD were also examined in detail.

In the CBR case, the two-qubit QD and GQD can be strength-
ened with an increasing number of qubits irrespective of the
presence or absence of the DDI between the qubits under the
weak and strong qubit-reservoir coupling regimes. Further-
more, the two-qubit steady values of QD and GQD were deter-
mined by N in the long-time limit. These findings demonstrate
that auxiliary qubits can be used to enhance QD and GQD in
the multiqubit system, and that the addition of the DDI be-
tween the qubits helps preserve QD and GQD. In the IBRs
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case, QD and GQD exhibited non-Markovian dynamics of the
multiqubit system when N > 2. This means that the increas-
ing number of qubits and reservoirs can enhance the memory
effect. In addition, QD and GQD decayed more slowly than
in the CBR case. And GQD was always smaller than QD dur-
ing the evolution process. From these results, we conclude that
QD and GQD can be preserved and strengthened by enhancing
the number of qubits and the DDI strength in the CBR case.
Moreover, compared to the strong coupling regime where en-
vironmental effect dominates, the increase of DDI strength J
is more effective in slowing down the decay of QD and GQD
in the weak coupling regime. Future studies can focus on fur-
ther investigating the preservation and enhancement of quan-
tum correlations by regulating and controlling environmental
parameters.
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