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Abstract

We study the effect of correlated channels on quantum speed of an open system. This is done
with the help of some noise channels like amplitude damping, phase damping channel . Our
model serves as a platform for a detail study of the effect of quantum speed limit. It has
found that how the quantum speed limit varies by increasing the correlation between
consecutive uses of channels.
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Introduction

It is arguably impossible to isolate a particular system from surrounding subjected to
information loss in the form of dissipation and decoherence. When a quantum system
interacts with surroundings the system mixes with the environment. This is defined in terms
of open quantum system [1]. There is always loss of information in the form of dissipation
and decoherence [2]. There are various method that has been put forward in order to suppress
decoherence. One of the method is by using memory [3,4], to retrieve information which was
lost due to environment effect. The loss of information are of two types: Markovian and Non-
Markovian. The concept of memory arises when the interaction of system with environment
is non-Markovian. Many theoretical approaches [5-12] has been put forward to explain non-
Markovian memory effect. The concept of memory as non-Markovianity is different from the
concept of memory as correlated quantum channels [13,14].

In this paper, we focus on Markov noise to study the quantum speed limit evolution
proposed by Macchiavello and Palma [13]. There is a bound to the speed of evolution which
was derived from time-energy uncertainty relation for a system undergoing completely
positive trace preserving map (CPTP). Two different kind of Markov noise has been taken
into consideration one is amplitude damping channel and phase damping channel. We are



making an attempt to connect the concept of correlated noise and quantum speed limit. It is
well known that there are many applications of quantum speed limit, including quantum
metrology [15], computational limits of physical systems [16], quantum optimal control
algorithm [17].

We generalise master equation for two qubit atomic system [18], with modelling
environment as a thermal radiation field. The dynamics of global system environment. There
is a system-environment interaction and we are generalizing decay rate of non-Markovianity
in terms of bound of speed of evolution.

In this work, we establish a relation between ratio of correlated speed versus the
degree of Markovianity of the paper are as follows. In Sec. Il, we introduce the out turn of
correlated Markov Noise. In Sec 111, we discuss the of effect quantum speed limit on noise
channel. In Sec. 1V, we introduce the dynamics of correlated channels on quantum speed
limit. In Sec. V, we introduce the effect of master equation on quantum speed limit. In Sec.
VI we give our conclusions.

I1. Correlated Markov Noise

We begin with a brief discussion of correlated Markov noise channels subsequent use of
many number of channels generates some correlation. Such kind of channel is called
correlated Markov noise channel. Initially we have an input state followed by completely
positive trace preserving map (CPTP). Let initial state is p followed by CPTP map given as

e(P)=XEpE! 1)

where E; are Kraus operators of channels which satisfy CPTP map. Based on Kraus operator
approach the state under noise is given by [19]
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In above expression, the probability is | to remain correlated, and the probability is 1-p for
the operation to remain uncorrelated.

A well established model with Markovian noise has been taken into
consideration. The time dependent Hamiltonian [20] of a qubit is given by H(t) = kI'(t)a,.

where I'(t) is an independent random variable. We are dealing with time dependent Karus
operator to establish a model for Markov noise channel. The dynamics can be defined in
terms of following Kraus operator.
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Where we have ¢(v) = eV [Cos uv + Sinuv] andu= /(47)2 — 1 withv = z% being the

u
time scale. Calculations for Kraus operator done for two qubit channel as well as done for

correlated channels.

I11. Effect quantum speed limit on noise channel

Evolution of closed system follows a unitary map. For a dynamical evolution there is a
limiting case. The evolution of a quantum state dictates the speed of quantum computation.
Quantum physics imposes limit on the speed of evolution of state: this is the quantum speed
limit (QSL) [21]. The maximum evolution of a quantum system give rise to the limit of
dynamical speed evolution [22,23]. There arises quantum speed limit when there is a finite
exchange between system and environment. In this work we present quantum speed limit for
noisy dynamics also. The minimum time evolution for closed quantum system is given as

_ ™
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AE is the energy variance, this inequality is known as the Mandelstam-Tamm bound [25]. A
bound can be derived for the map represented in terms of time-independent Kraus operator
[24].
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The time evolution of quantum system p,can be written as p, = Y., Ky KI(. Let the map is
governed by evolution.
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On solving above equation by Cauchy- Schwarz inequality a bound can be derived.
Parametizing f(t) = cos6 we have
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We exactly compute plot QSL for the following cases:

IVV. Dynamics of correlated channel on quantum speed limit
(2) Amplitude noises

Consider the dynamics of amplitude damping channel. Kraus operator for two qubit system
are as follows [21].

J1+e(t,T) 0
Ay = 2
1 0 J1+e(t,T)
2
J1+e(tT) 0
A, 2
2= 0 J1ton)
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where p(v) = eV [cos uv + S";uv] andu= /(41)2 — 1 withv = % being the time scale, t
refers to the degree of non-Markovianity [26]. In this paper we establish a link between ratio
of speed limit of uncorrelated and correlated channel and the degree of non-Markovianity.
Using equation (6) and doing straight forward calculation ratio of quantum speed limit
decreases with 7. Fig 1 demonstrate the decay of speed of evolution for a two qubit amplitude
Markov noise. The ratio of quantum speed limit gradually decreases with increase in T.
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FIG 1 Ratio of uncorrelated-correlated speed decreases with increase in degree of
Markovianity.



(b) Phase damping noises:

Phase damping noises describes a quantum noise with decay of off- diagonal element. The
Kraus operator for a single qubit can be represented in terms of Pauli operators o, = I and

o3. The Kraus operator for two-qubit system can be represented as [27]. From Fig 2. we see
that the evolution of ratio of speed limit for a two-qubit system increases with increase in t.
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FIG 2. The speed of time evolution increases with increase in degree of non-Markovianity.
V. The effect of Master equation on quantum speed limit.

Let us consider the master equation constructed for a global system-bath interaction.
Consider a given system with initial stste coupled to an environment. The global reversible
dynamics is governed by unitary evolution and reduced dynamics of system is given by
reduced dynamical map. One can assume Markovian dynamics when the time scale of
environment is much smaller than that of system [28].

d
% =Lp; (8)

In this section, we compute quantum speed limit (QSL) using master system for two-qubit
atomic system [29].
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Here L., represents uncorrelated Lindbladian operator and L., the correlated operator.
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where N is Planck’s distribution function.
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The y; are called decay parameter. The bound for the speed of evolution is calculated for the
correlated channel having generator in the form of Eq(9). Using Eq. (6), we determine ratio of
uncorrelated-correlated bound on speed of evolution for this model. We establish a link between ratio
of bound of evolution as a function of a. Here, a is a measure of the degree of non-
Markovianity[29]. The generalization of time-dependent Lidbladian for uncorrelated channel
can be calculated in a straightforward way using Eq.6. Similar calculation can be done for the
sum of correlated-uncorrelated noise. The coupling depends on the qubit position r,, and the

interaction Hamiltonian is proportional to ,/y;;. We studied this model in two cases:

Case 1: Consider the case when y; = y, = y3 = y; we generalise Lindbladian form of
master equation for uncorrelated channel.

Case 2: Consider the case when y;, = y,1= ya(kori2) Where y;; is the multi qubit interaction

of composite system with bath. We determine the bound of evolution as upper and lower
bound using triangle inequality.

FIG 3 : Figure shows that, as the degree of non-Markovianity a is increased, the speed limit for
correlated Markov noise increases for upper bound and for lower bound the speed limit decreases.



V1. Conclusions

In conclusion, we have proposed a scheme for detailed study of correlated channel under
Markov noise. Different types of Markov noise channel have been taken into account, such as
amplitude damping channel and phase damping channel. The effect of Markov noise on
correlated channels has been discussed in detail. We summarize the results as follows. Firstly,
the ratio of QSL for correlated/uncorrelated channels generated for amplitude damping
channel and phase damping channel was calculated. The speed of evolution for correlated
channel under Markov noise decreases for amplitude damping channel and increases for
phase damping channel. Secondly, global system environment interaction is taken into
consideration. We considered a two qubit atomic model and the master equation for a two
qubit atomic system consists of Lindbladian operator for correlated and uncorrelated noise.
We studied the detailed effect of Markov noise for this two qubit atomic model. We have
further extended our case for the ratio of bound of evolution. We have shown that there are
two bounds of evolution for this model. The speed of upper bound for the model increases
whereas the speed of lower bound decreases.

References

1. Breuer, Heinz-Peter; F. Petruccione (2007). The Theory of Open Quantum Systems. Oxford
University Press. ISBN 0-19- 921390-9.

2. Albrecht, A., 1992. Investigating Decoherence in a Simple System. lbrecht, A., 1992. Investigating
Decoherence in a Simple System. Phys. Rev. D 46(12): 5504.

3. B. Bellomo, R. Lo Franco, and G. Compagno, Phys. Rev Lett. 99, 160502 (2007).

4. S. Maniscalco, F. Francica, R. L. Zaffino, N. Lo Gullo,and F. Plastina, Phys. Rev. Lett. 100, 090503
(2008).

5. A. Rivas, S. F. Huelga, M. B. Plenio, Phys. Rev. Lett.105, 050403 (2010).

6.S. C. Hou, X. X. Yi, S. X. Yu, and C. H. Oh, Phys. Rev.A 83, 062115 (2011)
7. X.-M. Lu, X. Wang, and C. P. Sun, Phys. Rev. A 82,042103 (2010).

8.S. Luo, S. Fu, and H. Song, Phys. Rev. A 86, 044101 (2012).

9. B. Bylicka, D. ChruAciAski, S. Maniscalco, Sci. Rep. 4,5720 (2014).

10. D. ChruAciAski and S. Maniscalco, Phys. Rev. Lett. 112,120404 (2014).
11. H.-P. Breuer, E.-M. Laine, J. Piilo, Phys. Rev. Lett. 103,210401 (2009).

12. F. F. Fanchini, G. Karpat, B. akmak, L. K. Castelano,G. H. Aguilar, O. J. Faras, S. P. Walborn, P. H.
Souto Riberio, and M. C. de Oliveira. Phys. Rev. Lett. 112,210402 (2014).



13. C. Macchiavello and G. M. Palma, Phys. Rev. A 65,050301(R) (2002).
14. F. Caruso, V. Giovannetti, C. Lupo, and S. Mancini, Rev.Mod. Phys. 86, 1203, 2014.
15. For a recent review, see V. Giovanetti, S. Lloyd, and L.Maccone, Nat. Photonics 5, 222 (2011).

16 S. Lloyd, Nature (London) 406, 1047 (2000); Phys. Rev.Lett. 88, 237901 (2002); V. Giovannetti, S.
Lloyd, and L.Maccone, Phys. Rev. A 67, 052109 (2003).

17. T. Caneva, M. Murphy, T. Calarco, R. Fazio, S.Montangero, V. Giovannetti, and G. E. Santoro,
Phys. Rev. Lett. 103, 240501 (2009).

18. S. Banerjee, V. Ravishankar and R. Srikanth, Annals ofPhysics 325, 816 (2010).
19. C. Macchiavello and G. M. Palma, Phys. Rev. A 65,050301(R) (2002)

20. Carole Addis, Goktug Karpat, Chaira Macchiavello and Sabrina Maniscalco, Phys. Rev. A 94,
032121 (2016).

21. N. Margolus and L. B. Levitin, Physica D Nonlinear Phenomena 120, 188 (1998).

22.V. Giovannetti, S. Lloyd, and L. Maccone, Journal of Optics B:Quantum and Semiclassical Optics 6,
S807 (2004)

23. Dariusz ChruAciAski and Sabrina Maniscalco, Phys. Rev. A 112, 120404 (2014).
24. A. del Campo, I. L. Egusquiza, M. B. Plenio, and S. F. Huelga, Phys. Rev. Lett. 110, 050403 (2013).

25. Manaka Okuyama and Masayuki Ohzeki Phys. Rev. Lett. 120, 070402 Published 12 February
2018.

26. S. Daffer, K. Wodkiewicz, J. D. Cresser, J. K. Mclver,Phys. Rev. A 70, 010304 (2004).
27. A. DArrigo, G. Benenti, G. Falci, C. Macchiavello,Phys.Rev. A 92 (2015) 062342

28. Angel Rivas, A Douglas K Plato, Susana F Huelga and Martin B Plenio, New J. Phys.12, 113032
(2010).

29. Samyadeb Bhattacharya, Subhashish Banerjee, Arun Kumar Pati, arXiv preprint
arXiv:1601.04742.



