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MOTIVATION

» Open question — Can we exploit the memory effects of NM dynamics
to control a system more effectively?

1
d(t)

Markovian

Non-Markovian

Our focus: Using information back-flow from non-Markovian bath to a
generic system to our advantage - controlling the relaxation dynamics of
the system

Application— Cooling a quantum system in the minimum possible time




» Naive inclusion of arbitrary time dependent unitary control
might give us unphysical results, eg. negative probabilities.

» Non-Markovian baths are in general finite size baths - Unitary
control applied to a system influences the bath non-trivially.

1. D. Chruscinski and A. Kossakowski, Phys. Rev. Lett. 104, 070406 (2010).
2. A. Rivas, S. F. Huelga, and M. B. Plenio, Rep. Prog. Phys. 77, 094001 (2014)



OUTLINE

» Markovian and non-Markovian dynamics

»Controlling a quantum system in presence of a Markovian (M) bath

» Controlling a quantum system in presence of a non-Markovian
(NM) bath

A necessary condition to be satisfied so that the effectiveness of
optimal control is enhanced in presence of a NM bath subject to
suitable unitary controls.

» Conclusion



Quantum system in presence of a dissipative bath

System in contact with a dissipative bath at
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Controlling a single qubit in presence of a
Markovian bath




Cooling of a qubit
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Gain while heating ~ 70 !
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Control in presence of a non-
Markovian bath
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Let us restrict unitary controls at beginning and end of dissipative
dynamics

p(t)=U g, e DU, p(0)

That is all we need for system in presence of a Markovian Bath
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Unitary control is ineffective for Class A NM dynamics.




d(t)

7t is finite at all times.
Previous arguments do not apply

Class A (divergence): System reaches fixed point before information

backflow X

Class B (no divergence): Information backflow before system reaches
fixed point

Necessary Condition : We need class B NM dynamics (black curve) for
unitary control to be effective




SPECIFIC EXAMPLE: TWO LEVE
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Quantum speed up ratio for cooling
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CLASS B NON-MARKOVIAN DYNAMICS *
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EXPLOITING CLASS B NON-MARKOVIAN DYNAMICS
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p(t)=Uy, ¢ D, Use D, »U,,0(0)

Follow the maxima of V,,(r,8)=0P(t)/ ot



Main Result

d(t)

We can determine if there is a possibility of efficiently controlling the
relaxation of a generic system exhibiting non-Markovian dynamics just

by looking at the above figure, without solving any complicated master
equation !!

Independent of the details of the system, bath : dimensionality,
Hamiltonian, explicit form of the dissipative bath, etc.

V. Mukherjee, V. Giovannetti, R. Fazio, S. F. Huelga, T. Calarco and S. Montangero, New
J. Phys. 17 (2015) 063031..



SUMMARY

» Class A NM dynamics associated with divergence — precludes
unitary quantum control

» Necessary Condition : We need class B NM dynamics for unitary
control to be effective

» Control protocols can be extended to N level system by studying
Casimir invariants ~ Tl‘fpJ ), ]=2,3...,N

» Similar results obtained for p(t)= D Y (t)L (o(t))
k

» What are the sufficient conditions?



Time Scales
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DAMPED JAYNES-CUMMINGS MODEL
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TIME LOCAL NON-MARKOVIAN MASTER EQUATION

D. Chruscinski and A. Kossakowski, Phys. Rev. Lett. 104, 070406 (2010).
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Figure 2. (a) Parametric plotshowing variation of time T&?_J of reaching the fixed point withAand y for g= 2,r,=0.5and e = 0.0L
The Markovian (M) and non-Markovian (NM) regionsare separated by thebluelineonthe 4 — y, plane. (b) Plot showing variation
of quantum speed up ratio R* with 4 and pofor B=2,1=03r;=0,ry=04dande = 0.01. R* saturates to R,f}[ = 2 {R;}M = 1)
in the extreme M (NM) limit.




FREEZING OF A& QUBIT - STOPPING DECOHERENCE FOR
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