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Abstract: The classical and quantum information is very senstive to any internal and external noise. In this paper we invistigated
the effcet of the Calogero-Moser (CM) type interaction, Dzyaloshinskii-Moriya (DM) interaction, thermalization and uniform and
nonuniform magnetic fields on the dynamics of both classical and quantum information. The spin-chain model is used to describe the
system in the thermal state. The egenerated correlation is quantified by the Shannon entropy for the classical information and the Von
Neuman entropy for the quantum one. The obtained results showed that the quantum information is more influenced by the distance
between the spins.
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1 Introduction on the classical and quantum information of spin-chains
is studied by several group2Q,21,22].

The recent years witnessed a big revolution in the area of

guantum information. The quantum computer may willbe  The previous studies showed that the long-range

available commercially shortlyl[2], also the quantum interactions plays an important roles in the area of

communication and quantum networks have very speedjuantum information 23,24,25. The quantum

progress and also will be turned on very so@4]. information is quantified using quantum discord between
Classical and quantum information are very sensitive toto spin with the effect of the Calogero-Moser type
the internal and external noises §,7,8,9,10]. interaction P5. Moreover, the possibility of using the

The spin-chain model is used to simulate the quantumong range interactions between the spins as quantum
system perfectly from the quantum information, communication channels is investigate?b,27,28,29].
computation, communicatioi]], meteorology 12 and  The entanglement under the effect of long-range
guantum thermodynamicsl$]. Classical and quantum interactions is investigated in several papers. Sultani et.
information in XX spins 14], the thermal state in XY al., studied the quantum entanglement between two spins
spin-chain model is studied inlp] and in th time domain in the Ising model with an added Dzyaloshinsky-Moriya
is studied by Burrell & Osbornelf]. Sarandy studied the (DM) interaction and in the presence of the transverse
dynamics of the classical information and the quantummagnetic field 80,31]. The quantum state transfer and
discord in XXZ spin-chains]7]. Also, the classical and entanglement renormalization using Long-Range
guantum correlations dynmaics over the XXX8 and interactions is investigated by Eldredge et. 82][ Our
XYZ [19] spin-chain models are investigated. The effect motivation in this paper is to extend the previous work by
of the internal (spin-orbit  coupling  and studying the effect of long range interaction with different
Dzyaloshinskii-Moriya (DM) interaction) and external types of noise in the dynamics of the classical and
(uniform and non-uniform magnetic fields) interactions quantum information of the spin chain system.
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This paper is organized as follow: the mathematical Once we get the eigenvalues and eigenvectors of the
model and it is solution is addressed in section (2). Thesystem Hamiltonian, we can obtain the dynamics of the
results and discussion is presented in section (2). Wealensity operator in the thermal state as follows:
conclude our results in section (4).

1 —E; N
P(T)ZEIZ(@(ID(?))WOWJ (4)
2 TheMode and it’s solution for atwo-qubit ~ wherez = Tr(p(T))" In the basis{|00) ,|01), |[10),
spin-chain |11) }we can obtain the density operator of the system as
follows:
The HamiltoniarH for a two-qubit anisotropic Heisenberg pi1 0 0 O
model with z-component interaction paramedgiis p(T) = :_L 0 p22p23 O (5)
z| O p32p3z O
H = J,0{03 + D;(0103 — 0{03) + (B+b)oy+ (B—b)o3 0 0 0 ps
+J(R)(or0% + 0] a3) (1)  has matrix elements given in E5as follows:
p11 = 5+

where J, is the real coupling constantd, is the . ;
z-component DM interaction parameter, asidi = x,y, 2) - bsinh(2y/? D7+ G?)
are Pauli matricesB is the homogeneous part of the " Vb2 + D7 4 G2
magnetic field andb show the inhomogeneous. The e
DM-interaction and external magnetic fields are thought,,_ ©” (G- iDz)sinn 2+ D77+ &)

+ cosh(Z\/ b2 +DZ? + G2)>

to be along the z-directionl(R) is the spin interaction Vb2 + D2+ G2
coupling which will be characterized as far &M e*JZ(GJriDz)sinh(Z\/bz+DZZ+G2) ®6)
interactions. All the parameters are dimensionless. Ps2
X : - X Vb2 4+ Dz% + G2
In matrix form we can write the system Hamiltonian Eq. e A _
as follows: e (cosn{2/FTEETE) - bsinh(2v/? + D7 + &)
p3z=¢€ cosh( 2v/b? + Dz +G)
284 X 0 0 0 VI +DZ+ &
o 0 2-Jz 2-iDz+J(R) O @ paa =%
0 2(iDz+J(R)) —2b—Jz 0 z= 2e’JZcosh(2\/ b2+Dzz+Gz) +2e’cosh{2B)
0 0 0 Jz—2B

] ] o By using thep(T) as in eds it is easy to study the
We consider the first type of the CM model, which is a gynamics of the classical and quantum information using
version of the Haldane-Shastry model with exchangethe Shannon and Von Neumann entropies as detailed in the

interactiond = 1/R?. _ . ~ following section.
The eigenvalues for this type of CM interaction are given
by:
E;=2B+Jz 3 Results and Discussion
Bp =Jz-28 In this section we studied the dynamics of the classical
E;=2Vb24+ D2+ G2—Jz (Shannon entropy) and quantum information (Von
5 5 Neumann entropy) over the system and it is dependence
Es—2vb?+Dz°+G*—Jz on the isotropic and anisotropic interactions.
|Yr) =|00) In fig. (1) we investigated the dynamics of the
) = [11) Shannon and Von Neumann entropies as a function of the
1 distance between the qubits “R” and the temperature "T”
|@3) = (M[01) + |10)) in the presence of several interactions (Spin-orbit
% interactions, uniform and non-uniform magnetic fields,
1+ MM* [ i if d if ic field
B 1 Calogero-Moser (CM) type interaction,
W) = W(Mwl) +110) Dzyaloshinskii-Moriya ~ (DM) interaction)  where

J; = D; =B =b =1 where @) for the Shannon entropy
where and @) for the Von Neumann entropy. We can see from

b2+ D22+ G2+b fig. (1)-a that the classical information is started from

M= Sy =05 at R = 0 and continued until R = 0.2, the

G+ibz Shannon entropy increased suddenly and reached its
b— /b2 4 Dz?+ G? (3) maximum valuesy = 1 at R = 0.4. Also, we can see that
N= G+iDz by increasing the temperature the disturbance of the
1 system increased and consequently the classical
G= =2 information increased. In fig. 1f-b the quantum
(© 2018 NSP
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information has the same behavior with the classical [9] F. Caruso, S. F. Huelga, and M. B. Plenio. Noise-enhanced
information, except the initial period of the figure, where classical and quantum capacities in communication
the quantum information is initially started equal to zero networks.Phys. Rev. Lett., 105:190501, (2010).

and with distance increased the Von Neumann entropyl10] Ch. H. Bennett, P. W. Shor, J. A. Smolin, and A. V.
increased and reached the maximum value as in figure Thapliyal. Entanglement-assisted classical capacity of noisy
(1)-a. Also, the temperature have the same effect as with ~ duantum channels.Phys. Rev. Lett., 83:3081-3084, Oct

ol : (1999).
classical information. [11] A. Abdel-Aty, L. Y. Cheong, N. Zakaria, and N. Metwally.

Quantum network via partial entangled statdournal of
. Communications, 9:379-384, (2014).
4 Conclusion [12] Michael Skotiniotis, Pavel Sekatski, and Wolfgang Dr.
Quantum metrology for the ising hamiltonian with
In this paper a model of spin-chain model with several  transverse magnetic field. New Journal of Physics,
types of interactions is designed and analytically solved.  17:073032, (2015). . .
The dynamics of the classical and quantum correlatio/13] Th. P. Le, J. Levinsen, K. Modi, M. M. Parish, and F. A.
are investigated under the effect of the system parameters. ~Pollock. Spin-chain model of a many-body quantum battery.
It is found that the long range interactions have bad effect[ Phys. Rg"' A, 97'02(12106’ (dZO|18)(.:| cal 4 total
on the both quantum and classical information but by!*4 L Henderson and V. Vedral. Classical, quantum and tota
increasing the temperature the classical and quantum correlations. Journal of Physics A: Mathematical and
General, 34:6899, (2001).

information recovered again. [15] J. Maziero, H. C. Guzman, L. C. Céleri, M. S. Sarandy, and
R. M. Serra. Quantum and classical thermal correlations in
theXY spin-5 chain. Phys. Rev. A, 82:012106, (2010).
References [16] C. K. Burrell and T. J. Osborne. Bounds on the speed of
information propagation in disordered quantum spin chains.
[1]Kings et al. Computational power consumption and __ Phys Reu Lett., 99:167201, (2007).

speedup. Technical report, D-Wave Technical Report 14.[17] M. S. Sarandy. Classical correlation and quantum discord in
1003A-C. 2017. ’ critical systemsPhys. Rev. A, 80:022108, (2009).

[2] V. S. Denchey, S. Boixo, S. V. Isakov, N. Ding, R. Babbush, [18] Z. Yong, L. Gui-Lu,. W. Yu-Chun, and G. Guang-
V. Smelyanskiy, J. Martinis, and H. Neven. What is the Can. Partial teleportatl_on of entar_wglenjent through natu_ral
computational value of finite-range tunneling?hys. Rev. thermal entanglement in two-qubit heisenberg xxx chain.
X, 6:031015, Aug (2016) Communications in Theoretical Physics, 47:787, (2007).

3] lejar.1 Yin Yl’Jan Cao Yu.-Huai Li. Shena-Kai Liao. Lian [19] Elisa Ercolessi, Stefano Evangelisti, and Francesco
Zhang J;-Gang Ren, Wen-Qi Cai, Wei-\?ue Liu BolLi Hl?i Ravanini. Exact entanglement entropy of the xyz model and
Dai Gijang-Bing Li bi-Ming Lu \’(un-Hong Goﬁg Yu 'Xu its sine-gordon limit. Physics Letters A, 374:2101 — 2105,

e S ek S 2010).
Shuang-Lin Li, Feng-Zhi Li, Ya-Yun Yin, Zi-Qing Jiang, ( ) .
Ming Li, Jian-Jun Jia. Ge Ren, Dong He, Yi-Lin Zhou, Xiao- [20] A. Abdel-Aty, L. Y. Cheong, N. Zakaria, and N. Metwally.

) ) . . Entanglement and teleportation via partial entangled-
Xiang Zhang, Na Wang, Xiang Chang, Zhen-Cai Zhu, Nai- :
Le Liu, Yu-Ao Chen, Chao-Yang Lu, Rong Shu, Cheng- state quantum network. Journal of Computational and

. . . . . Theoretical Nanoscience, 12(9):2213-2220, 2015.
Zhi Peng, Jlan-Yu Wan.g, and Jian-Wei .Pan. Satglllte-base(i[21] F. Kheirandish, S. J. Akh'EaZshenas, and H. Mohammadi.
entanglement distribution over 1200 kilometerScience, Effect of spin-orbit interaction on entanglement of two-qubit

356:1140_1144' (2017). o ) heisenbergyz systems in an inhomogeneous magnetic field.
[4] Juan Yin, Yuan Cao, Yu-Huai Li, Ji-Gang Ren, Sheng-Kai Phys. Rev. A, 77:042309, (2008).

Liao, Liang Zhang, Wen-Qi Cai, Wei-Yue Liu, Bo Li, Hui  [22] x Xiao-Bo, L. Jin-Ming, and Y. Peng-Fei. Entanglement of

Dai, Ming Li, Yong-Mei Huang, Lei Deng, Li Li, Qiang a two-qubit anisotropic heisenberg xyz chain in nonuniform
Zhang, Nai-Le Liu, Yu-Ao Chen, Chao-Yang Lu, Rong Shu, magnetic fields with intrinsic decohereneghinese Physics
Cheng-Zhi Peng, Jian-Yu Wang, and Jian-Wei Pan. Satellite- g 17.456 (2008).

to-ground entanglement-based quantum key distribution.[23] B. S. Shastry. Exact solution of an s=1/2 heisenberg

Phys. Rev. Let., 119:200501, (2017). antiferromagnetic chain with long-ranged interactions.
[5] Dan Marinescu. Classical and Quantum Information: 1st Phys. Rev. Lett., 60:639-642, (1988).

Edition. Elsivier, Holland, (2011). [24]F. D. M. Haldane. Exact jastrow-gutzwiller
[6] T. Yu and J.H. Eberly. Sudden death of entanglement:  resonating-valence-bond ground state of the spin-(1/2
Classical noise effectsOptics Communications, 264:393 antiferromagnetic heisenberg chain with Zl/exchange.

— 397, (2006). Phys. Rev. Lett., 60:635-638, (1988).

[7]1. Devetak and P. W. Shor. The capacity of a quantum [25] X. S. Ma, Y. Qiao, G. X. Zhao, and A. M. Wang. Quantum
channel for simultaneous transmission of classical and discord of thermal states of a spin chain with calogero-moser

quantum information. Communications in Mathematical type interaction. Science China Physics, Mechanics and
Physics, 256:287-303, (2005). Astronomy, 56:600—-605, (2013).

[8] B. Schumacher and M. D. Westmoreland. Sending classica[26] M. Avellino, A. J. Fisher, and S. Bose. Quantum
information via noisy quantum channelsPhys. Rev. A, communication in spin systems with long-range
56:131-138, (1997). interactions.Phys. Rev. A, 74:012321, (2006).

(©) 2018 NSP

Natural Sciences Publishing Cor.

Published by Arab Journals Platform, 2018


www.naturalspublishing.com/Journals.asp

32 ~N SF’ \ Information SciengerkattarseYal:: Hidtfietsss 2Addichl and quantum inforomagin...

2010

Fig. 1: The dynamics of the informatior@) Shannon entropybj Von Neumann entropy as a function of distance between the Qubits
R and the thermalization T.
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