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Abstract: Time evolution of the quantum correlation of the hybrid qubit-qutrit system in multilocal
and global dephasing under the effect of a classical noises environment is presented. We considered
the qutrit in z direction and the qubit x direction. In addition, our system presents two
configurations: the different and the common environment and our discussion involves three types
of noises: A Static Noise (SN), Random Telegraph Noise (RTN) and Ornstein- Uhlenbeck noise (OU).
By using the density matrix approach to determine the evolution of the state of the system, the found
that the static noise is fatal for the quantum entanglement, the quantum correlation and for RTN
and OU noises the quantum entanglement, the quantum correlation decreases monotonically with
a sufficiently long time. Therefore, we can say that, entanglement and the quantum correlation are
more robust to the noise precisely those Random telegraph noise and Ornstein-Uhlenbeck noise.

Keywords: hybrid system; quantum correlation; qubit; qutrit; classical noise

1. Introduction

Quantum entanglement is a fundamental key resource for quantum information processing
communication and exponential speed up of some computational tasks[1,2]. However, it has been
shown both theoretically and experimentally, that entanglement cannot capture all the quantumness
of correlations, being only a special kind of quantum correlation [3,4]. A characteristic example is the
separable mixed state that has vanishing entanglement but non-vanishing quantum correlation. Such
states can be employed as a resources for the implementation of deterministic quantum computation
with one qubit (DQC) both theoretically and experimentally [4,5]. In this sense, it has been revealed

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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that there exists other quantum correlation such as measurement induced disturbance [6]and
quantum discord [7,8] which are useful as well. As quantum systems interact with the environment,
these interactions lead to the destruction of quantum properties resulting in system decoherence [9].
One of the most important results of these entanglements is the total loss of entanglement called
sudden entanglement death (SED) [10,11]. However, it should also be noted that the survival or
preservation of quantum properties can be induced by these interactions [12-24]. Environments can
be considered as noise and can be classified into two categories. namely Markovian and non-
Markovian [25-27] environments or noise. It is therefore important to study and optimise the
dynamics of quantum correlation as these deteriorate under the effect of interaction with the
environment. Thus, a detailed analysis of the dynamics of entanglement and quantum correlation for
qubit-qutrit states has a parameter under the influence of classical Independent or common noise.
However, the study of the dynamics of entanglement interacting with the environment in a hybrid
qubit-qutrit system along perpendicular directions has also been studied with an initial state are
maximally entangled. hybrid systems with one and two entanglement parameters have been studied
[28,29]. thus, further research is being carried out on decoherence for different environments [30—41].
The objective of our paper is to analyse the temporal evolution of entanglement and quantum
correlation in one-parameter hybrid systems in perpendicular directions interacting with
independent or collective classical noise. These are static noise recently used to describe electron
transport and photon propagation in disordered structures [42,43]. However, the other quantum
correlation can be quantified a using Measurement- Induce- Disturbance [44]. choices of this subject
is motivated by the fact, what will be the effect of classical noises of our system? Answering this
question well then be the subject of our study. This work is organized as follows: In sect. 1, we present
introduction. In Sect. 2, we present two physical confurations of qubit-qutrit acting with a noises in
independent, common and bipartite environments and methods. In Sect. 3, we present the different
noises use in this paper. 4,we report result numerical , in sect.5 we have analytical results, and we
end the work in Sect. 6 with a conclusion.

2. Materials and Methods
2.1. Methods

2.1.1. Measure of Correlation of Qubit-Qutrit System

To measure of entanglement and quantum correlation we can use Measured-Induce Disturbance
(MID)[44] and negativity[45]

v= ) »

Where pTK is the partial transpose of the density matrix 0, with respect to system and ””

Denotes the trace norm. The density matrix is given by
Pap (t):UAB (tO’t)pAB (ZO)UTAB (to:t) )

Where U (to, t) is a operator evolution and p,, (to) is a density matrix at initial state. We also

use MID as a measure of quantum correlation of the system it is defined by

MID(p 5 (1)) =1(p.s (1)) =1 ([T (P.s (£))) ()

Where I is the mutual quantum information given by

I(pAB(t)):S(pA)+S(p3)_S(pAB) )
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(Hi ) and (Hl ) are sets of orthogonal one dimensional Eigen projection operators for systems

A and B

2.2. The Physical Model

Our Physical model, we have qubit (spin-1/2) and qutrit (spin-1) are hybrid non-interacting
system But, interacting locally in Figure 1 or collectively in Figure 2 with classical dephasing noise
channels.

subsystem A subsystem B

Figure 1. A qubit-qutrit system interacting with independent environments g , (t) and gz (t)

classical noise channels is shown schematically. dashes in black. Red wavy lines show the interaction
between each subparty and the classical noise channel, whereas lines show the entanglement between
the subsystems.
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Figure 2. shows a schematic of a qubit-qutrit system interacting with regular V(t) classical noise

channels in the surroundings. dashes in black. Red wavy lines show the interaction between the
classical noise channel and each component, whereas lines show the entanglement between the
subsystems.

The Hamiltonian of our system is given by.
H=H,®I,+H,®I, (6)

H,= [ g T,(+g, V(t)] O is Hamiltonian of qubit interact with environment 7)

H, = [ g, ,(H+g, V(t)] S, is Hamiltonian of qutrit interact with environment (8)

We have { gi;Ti};iE {A,B} are continuous connection of qubit-qutrit with various

environments and random parameters, connected to the particular noise characteristics { gcs V(t)}

qubit-qutrit constant coupling with a shared environment and random parameter, connected to the
unique properties of noise.
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3. Noises Used

3.1. Static Noise

The fact that the dimensionless parameters are used in this section to represent the static noise
g, () =g, g, (l‘) =g, ; V(t)=V and g,,8;.8. based on the probability distribution

provided by, and presumed to be time-independent random variables

1 /
— for [g—=[,|<*
P(g)= lmf 6= 2 )

0 otherwise

¢= { g8 B;V} represents the stochastic variable / ~determines how chaotic the local and

collective environments are, whereas lo denotes the mean value of the ditributions the
12
autocorrelation function of ¢ reads <5§' (l‘ )§g (0)> =£ and O -function with a zero-frequency

center gives its power spectrum as a result. This implies that the impacts of the static noise on the
environment do not ever completely disappear. We can formally refer to such a noise as non-
markovian as a result. Static noise drives the qubit-qutrit system, causing disorder in either
independent (ie) or collective (ce) environment interactions. To fully capture the dynamics of the
system in a chaotic environment on average. All conceivable noise configurations must be
considered. The integral of the time-evolved states, each of which corresponds to a particular
selection of the noise parameters, provides such an average for static noise.

3.2. Random Telegraph Noise
The RTN, which may characterize a variety of common phenomena impacting solid-state
devices on the nanoscale, is the other type of noise that we look at. It explains a discrete stochastic

process, the random telegraph noise g, 1=A;B and V(t ) , which is assumed to flip randomly

between the values -1 and 1 at the rate (4, and i , with t€ [0,00[ . The autocorrelation function

of the random va- riable
c(t) ={g,(t);g,(t);g-(t)} reals

10
(B ()85 (1)) = exp{—2ut -1} "

with lorentzian power spectrum

4
S(w)=—"—
(o) Py (11)

Accounting for the ratio a = fad . The dynamics of quantum correlation are classified into two
v

regimes. the Markovian government a>>1;fast RTN and the non-Markovian govenment

a < 1:slow RTN . The dephasing RTN channel's impact over a period of time [0, t] . both the qubit
and qutrit accumulate either the phase factor

Lk:—ngK(t')dt' ch—vjV(t')dt‘ 12)

0 0
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3.3. Ornstein-Uhenbeck

It has a lorentzian spectrum and is a stationary Markovian and Gaussian process.

4u . . . .
S(@) =——— . The autocorrelation function of the stochastic parameter 4 (t ) used to describe
+

the OU process reads:

(82 ()02 (1)) =S exp -l =11 (13

The average is computed using the characteristic function of a Gaussian random process with
zero mean, and the outcomes are stated as expressions of the form

2
0, =exp {—;—W(e” + wr—l)} (14)

w= fad is the scaled spectral width of the process and 7=t .
(%

4. Numerical Results

The overall system's starting condition is

o

(15)

S O O O

plt) =

S O O O %
S O O O %N

~N

S ot © ©
S ot © ©

S O O O %

~
e
~

Where p=1-2r and r is the restricted-to-the-range entanglement parameter 0 <7 <—

to guarantee the positivity condition of p(l‘0 r ) Recall that the initial state p(to; I’) is entangled in
the mentioned range, except at r = —
4.1. Static Noise

e Density matrix

Density matrix describes by for the independent and shared environment.

py 00 0 0 pg
o Z 0o 0 0 o
2
0 0 0 0
P (1) = P P (16)
0 0 py py 0 O
o 0 0 o0 L o
2
Ps 0 0 0 0 p,
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6
P :@Sinc(gi lmt)_(’t+1)
. /
Pis = Pss _Esm c(g; 1,1) 17)
(1-3r) B (r 1)

Ps; :TSinc( 1,1t

The density matrix of the total system a time t is
Pap (t):UAB (tort)pAB (tO)UTAB (toat) (18)

with i€ {A; B;C } for a independent environment V' =0

1 ie i i
— (ce) ie(ce) ie(ce)
Nie(ce) - 5(2 ‘Zl

2|+ ) 1) (19)

e Different environment/common environment

When the system is coupled to the static noise, we find after performing calculating that the
negativity and MID respectively, can be written as follows

e(ce 3r—1 . r=1,r .
£ ( )(t): Slnc(gA(C) L, t)_TiESIHC(gB(C) 9]

(20)
2,190 = g = %
20O =2 sin (0, 9= L sin (g 1, )
lim N, = 2(2r |1 2r| I 23F|J, lim N, =0 1)
MID =S(p' ;) =S (p,5)
MID =-2p,,““” log ( P, ) -2, log ( P ) + ; o" 22)

where
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7
Q° =0, £ 9| log |0, + | +] pi ) £ iy log| py ) + i,
lim MID, ., = l[r logr+ 131 log 1=3A, =21 log t-2r] 11 log - r|j
= 2 2 2 2 2 2 2
) ) el P £ p 66 = gy e )

pllie(ce) — i(—Sl"qu +H2q _7"+1)
ie(ce 1
) ):Z(_F+H2q(3r_l)+l)

lim MID.

PRI ie(ce)

0

4.2. Random Telegraph Noise
e Density matrix

When the system is coupled to the RTN, we find after performing calculating that the negativity
and MID respectively, can be written as follows

P (1) =P (L (1), Ly ()10,

(24)
Pee (1) =(P(L.V)),.
Py 0 0 0 0 pg
o L 0 o0 0o o
2
e ce 0 0 py; py 0 0
)= = = 2
,0( ) Pas = Pas 0 0 p, p, 0 0 (25)
o0 0 0 L o
2
P 00 0 0 p
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ie,ce 1 ie,ce ie,ce
Where ol :Z(—r+H2(3r—l)+1); P = paa :%H2
pre =i(—3rH2 +H,—r+1)
e’ cosh(/can)+isinh(1(qnz') T>nq
Kn
H,(7)= ' 26
e’ cos(l( 2’)+isin(1( Z') 7<nq
qn K.qn qn

K, = ‘12 —(qn)2

for T>nq we have a Markovian regime

and 7<nq we have a non-Markovian regime

¢ Negativity

Here we present the analytical results of entanglement in terms of negativity when the two
subsystems are affected by RTN noise in different and common environments

ie(ce) ie(ce) ie(ce)

1
Nie(ce) 25(2‘;(1 +‘Z3i +‘Z4i _1)
(27)
ie(ce ie(ce r
X ( ):Zz ( ):E
With different values
ie(ce 1 r
X5 ):Z(—3rH2q+H2q—r+l)i5H2q
ie(ce 1 r
.. ):Z(—r+H2q (3r—1)+1)i5H2q 28)

ImN, . =0 lmAN\, :l 2—Zr +
300 ie(ce) 150 ie(ce) 8 2

2—2r
2

+ 4rj

4.3. ORNSTEIN-UHENBECK

. Density matrix
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9
Py 00 0 0 pg
o Z 0o 0 0 o0
2
ie ce 0 O p33 1034 O
t = = =
p(t)=pli=pis 0 0 p. p. 0
0 0 0 0 % 0 (29)
P 0 0 0 0 p,

ie,ce 1 ie,ce ie,ce
P :Z(_’”+Q2(3r_l)+l) Pis = P4 :%Qz

ie,ce l
Ps3 :Z(_?’er +0, —r+1)

. Negativity

Here we present the analytical results of entanglement in terms of negativity when the two
subsystems are affected by OU noise in different and common environments.

1 ie(ce ie(ce ie(ce
ie(ce) 25(2‘11 (e +‘Z3i (e +‘Z4¢ (e _1)
ie(ce ie(ce r
V4 ( )_Zz ( ):E
ie(ce l
y£n ( ):Z(_3rQ2W+Q2W_r+1)i§Q2W (30)

ie(ce 1
Xis ( ):Z(_F+sz(3r_l)+l)i§sz

5. Analytical Results

The analytical and numerical findings of entanglement in terms of negativity when the two
subsystems are impacted by static noise in various and typical situations are presented here

5.1. Static Noise
e Negativity

Different environment

Figurel: Time evolution of negativity as a function of the scaled time 7 and the parameter r
when the system is coupled to a static noise for different environment with g, =g, =10

Figure 2: Time evolution of negativity as a function of the scaled time 7 and the parameter r
when the system is coupled to a static noise for different environment with g, =g, =1

We see that the entanglement at the initial instant is at its maximum and disappears abruptly
when the distance increases under the static noise and the another figure clearly shows that for large
coupling factors the entanglement at the initial instant is at its maximum and disappears abruptly

then appears again but with a small amplitude, the death and survives with a smaller amplitude and
dies definitively when the time increases
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Figure 3: Time evolution of negativity as a function of the scaled time t and the parameter r
when the system is coupled to a static noise for different environment with g, > g,

Figure 4: Time evolution of negativity as a function of the scaled time 7 and the parameter r
when the system is coupled to a static noise for different environment with g ,<g, The figure clearly

shows that for large coupling factors for qubit the entanglement at the initial instant is at its maximum
and disappears abruptly then appears again but with a small amplitude, the death and survives with
a smaller amplitude and dies definitively when the time increases it seems that the coupling factor of
the qubit on the noise and neglected that of the qutrit and The another figure clearly shows that for
large coupling factors for qutrit the entanglement at the initial instant is at its maximum and
disappears abruptly it seems that the coupling factor of the qutrit on the noise and neglected that of
the qubit. The qutrit is very dephasing compared to the qubit

Negativity

Figure 1

Negativity

Figure 2

Negativity

Figure 3
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Negativity

Figure 4

Common environment

When the system is coupled to the static noise in common environment, we have In Figure 5 we
have Time evolution of negativity as a function of the scaled time 7 and the parameter » when the
system is coupled to a static noise for common environment. This figure clearly shows that for an
initial states of system for 7 =0.5, the system is not affected by the static noise. This is not the case
when the system interact with the static noise in common environment, entanglement essentially

vanish abruptly (sudden death) except for values of rin ]0.3;0.5] with time [0;2.25] for r
=0.3 where separability occus in the qubit-qutrit it is found that the system exhibits non-zero quantum
correlation.

Negativity

Figure 5

e Measured-Induced Disturbance (MID)

Different environment/common environment

When the system is coupled to the static noise in independent environment (common
environment), we find after performing calculating that the MID can be written as follows
Figure 6 : Time evolution of MID as a function of the scaled time 7 and the parameter » when

the system is coupled to a static noise for different environment with g, =g, =10
Figure7 : Time evolution of MID as a function of the scaled time 7 and the parameter » when
the system is coupled to a static noise for different environment with g, =g, =10 For weak

coupling factors, at the initiel time quantum correlation has a level and when the time increases it
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decreases asymptotically and we observe a phenomenon of sudden death and survival then the total
disappearance of the quantum correlation. And for large coupling factors, at the initial time quantum
correlation has a level and when the time increases it decreases asymptotically and we observe a
phenomenon of sudden death and survival then the total disappearance of the quantum correlation.

Figure 8: Time evolution of MID as a function of the scaled time 7 and the parameter 7 when
the system is coupled to a static noise for different environment with g, > g, ; Figure 9: Time
evolution of MID as a function of the scaled time 7 and the parameter 7 when the system is coupled
to a static noise for different environment with g ,<g,. For large coupling factors of qubit, at the
initial time quantum correlation has a level and when the time increases it decreases asymptotically
and we observe a phenomenon of sudden death and survival and oscillates then the total
disappearance of the quantum correlation.

For large coupling factors of qutrit, at the initial time quantum correlation has a level and when
the time increases it decreases asymptotically then the total disappearance of the quantum
correlation.

MID

MID

MID

Figure 8
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MID

Figure 9

When the system is coupled to the static noise in common environment, we find after performing
calculations that the MID can be written as follows. Time evolution of MID as a function of the scaled
time 7 and the parameter 7 when the system is coupled to a static noise for common environment.
This figure clearly shows that for an initial state of system we have one level, the correlation decreases
asymptotically and we have a phenomenon of sudden death and survival for a time [3;6] with
smaller amplitudes unit it is cancelled in Figure 10

MID

Figure 10

5.2. Random Telegraph Noise
e  Negativity and MID

Here, we give the numerical entanglement findings in terms of negativity when the two
subsystems are exposed to RTN noise in various settings. The non-Gaussian noise known as random
telegraph noise results from a bistable fluctuator that alternates between two states at a certain
switching rate. Two regimes Markovian and non-Markovian regimes appear depending on the
relationship between the switching rate and coupling constant. Non-Markovian regime. The non-
Markovian regime is so called slow regime. This maps describes memory dynamics. The definition
of negativity is reads:

Different environment/ common environment

A non-Markovian regime
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o 7
H, =e”|cos(k, )+——sin(k, 1) | 7<ng

" (34)

K, = ‘72 —(nq)’

In Figure 11: Time evolution of Negativity as a function of the scaled time 7 and the parameter
r when the system is coupled to a RTN noise for common environment/different environment,
and in Figure 12: Time evolution of MID as a function of the scaled time 7 and the parameter »
when the system is coupled to a RTN noise for common environment/different environment. For a
coupling factors, at the initial time entanglement has a level and when the time increases it decreases
amplitude and we observe a phenomenon of sudden death and survival then the entanglement
oscillates. For a coupling factors, at the initial time quantum correlation has a level and when the time
increases it decreases amplitude and we observe a phenomenon of sudden death and survival then
the quantum correlation oscillates.

Negativity

Figure 11

MID

Figure 12

A Markovian regime
Different environment/ common environment
This regime is usually referred to as fast or Markovian regime. so Markovian maps, describes.
This regime is usually referred to as fast or Markovian regime. so Markovian maps, describes
memoryless dynamics
o Y g
H, =e | cosh(x, 7)+——sin(k,7) | ¥>ng (34)
nq

In Figure 13: Time evolution of NEGATIVITY as a function of the scaled time 7 and the

parameter 7 when the system is coupled to a RTN noise for common environment/independent
environment and the Figure 14: Time evolution of MID as a function of the scaled time 7 and the
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parameter 7 when the system is coupled to a RTN noise for common environment/ independent
environment. For a coupling factors, at the initial time entanglement its maximally and when the time
increases it decreases amplitude. For a coupling factors, at the initial time quantum correlation has a
level and when the time increases it decreases asymptotically.

Negativity

MID

Figure 14

5.3. Ornstein-Uhlenbeck (OU)
e Negativity

Here we present the analytical results of entanglement in terms of negativity when the two
subsystems are affected by OU noise in different and common environments.

Figure 15 Time evolution of NEGATIVITY as a function of the scaled time 7 and the parameter
r when the system is coupled to a OU noise for common environment and in Figure 16 Time
evolution of NEGATIVITY as a function of the scaled time 7 and the parameter 7 when the system

is coupled to a OU noise for different environment W, =W,
These figure clearly shows that for an initial states of system for, the system is not affected by

the OU. This is not the case when the system interact with the OU in common environment,
entanglement essentially vanish abruptly.
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Negativity

Figure 15

Negativity

N

RCTRPERN 4

0,

0

100
Figure 16

o Measured- Induced Disturbance (MID)

Figure 17 Time evolution of MID as a function of the scaled time7 and the parameter r
when the system is coupled to a OU noise for common environment. W, =W,

Figure 18 : Time evolution of MID as a function of the scaled time 7 and the parameter » when
the system is coupled to a OU noise for common environment

MID

10 9

Figure 17
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MID

Figure 18

6. Conclusion

Our system initially prepared in a one-parameter qubit-quitrit state entangled and then subjected
to classical noise: random telegraph noise, static noise Ornstein-Uhlenbeck, we study the dynamics
of quantum correlation. qubit-qutrit system coupled in independent and common environment.
Negativity and MID has been computed, using both analytical and numerical technique and we
found that, as a result of the interaction of the system with the environment for a non-Markovian we
observe a phenomenon of sudden death and survival then the entanglement oscillates and for a static
noise in common environment, entanglement essentially vanish abruptly (sudden death) except for

values of rin ]0.3; 0.5] )
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