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Application quantum renormalization group to optimal dense coding in transverse

Ising model

F Mirmasoudi and S Ahadpour*
Physics Department, University of Mohaghegh Ardabili, P.O. Box 179, Ardabil, Iran.
(Dated: August 28, 2018)

We have merged the object of renormalization group(RG) with quantum de .se ¢ 'ing for one-
dimensional Ising model in a transverse field. At first, we have shown how th- dynamic quantum
discord(QD) evolves in present intrinsic decoherence when the size of the syst m b comes large, i.e.,
the finite size scaling is obtained. By considering that the generation of highi, ~ns .angeled quantum
states is a fundamental requirment for qauantum information, the main } *rposc ~f this work is to
answer the following question: how the valid optimal dense coding can be detei. ‘ned by RG in many
body systems? We find that the optimal dense coding capacity depends on he normalization group.
It has been found that valid dense coding can exist with the increasin of F & sv.ps. Moreovere, the
results show that by increasing of RG steps, valid dense coding capaci.,  suddenly occurs near the
critical point of the quantum phase transition in present intrinsic d .cherenc.. Using this approach,
identifying a critical point of the transverse Ising model in den e codin, capacity quality can be
very effective.

PACS numbers: 03.67.Mn, 75.10.Pq, 73.43.Nq

I. INTRODUCTION

sition (OYPT, _ccurs at zero temperature in many-body

In quantum information processing, entanglement can
be exploited as a resource for super dense coding, as in-
troduced by Bennett and Wiesner[1]. Quantum entan-
glement began as an attempt to find two particles which
can be correlated even being far away from each other [1-
3]. Tt plays an essential role in quantum information ana
quantum computation such as quantum key distribu*ion
[4], quantum teleportation [5], dense coding [6]and so « .
Over recent dacades, theoretical studies and experimen-
tal investigations on entanglement and nonclassic.' cor-
relation have been main topics for groups of researche:.
In the process of so called superdense codine *wo clas-
sical bits of information are transferred by .ending only
one quantum bit, qubit. The original optini.' dense cod-
ing process with a pair of entangled tw ~level , - ticles
is shared between Alice, as sender, anc Bo! , as receiver
[7]. Up to now, various systems have bee. tud’2d in the
field of optimal dense coding [8-11". In a 1. alistic sce-
nario, however, noise is unavoidal .y L ~sent. At recent
years, attention has been donated to various scenarios
of super dense coding over nois less channels and in the
presence of noise[12]. Further.. ~r<, multipartite entan-
gled states is also regarded .s a s1y ficant resource for
super dense coding [13].

Usually, it has been dific.' to .btain an eigenvector
correspond to the eners, of the groundstate for physi-
cists who are intereste [ in sol ing quantum many-body
system by the use of a. ~lytice approaches. Even if the
system is consisted _. N pasucles each with S =1/2. In
the past few year , the k7 approach has been success-
fully used to stud, the o @antum correlation properties
in spin systemre especiaily as the quantum phase tran-
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systems. 1 e property of many-body system is strongly
inh. nced Iy the non-analytical changes of ground state
cie @ to wue quantum critical regions. The RG method
provia. - new insights into how the block entanglement
“hanges as the size of the system becomes large [14-
17). To analyze the various spin models, RG method has

oo . generalized. The nonanalytic behavior of entangle-
ment and its scaling behaviors are also naturally revealed

y this method. Over recent decades, researchers have
gained some important insights to the relationship be-
tween quantum phase transition and entanglement [18].
Especially, how to detect QPT has become a widely in-
vestigated topic. QPT is determined by quantum fluctu-
ations at absolute zero temperature at which they are in-
duced by the change of an external parameter or coupling
constant. During recent studies for the two-spin in the
XY-spin model, the entanglement displays a sharp peak
at the critical point. Besides the entanglement, other
quantum correlations such as quantum discord (QD) [19-
21], geometric measure of quantum discord (GQD)[22],
fidelity [23] and entanglement entropy are also considered
to describe the QPT in quantum system [24].

Recently, the relation between QPT and quantum
information has attracted much attention, and has
been one of the most interesting topics in the area of
condensed-matter systems [25]. Quantum dense coding
in many body systems that have been studeid with RG
is rarely investigated. Motivated by these, in this paper
we focus on quantum dense coding in a spin chain by us-
ing RG. The central theme of this paper is the question:
how does RG in the transmission channel affect the super
dense coding capacity in present intrinsic decoherence?
What is the role of RG in amount of dense coding capac-
ity. To check this topic, we consider the transverse Ising
model. At first, we explore whether the onset of Q PT can
also takes place in the transverse Ising model with QD in
present intrinsic decoherence. We find that the dynamic
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