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OUTLINE

e Markovianity and Non-Markovianity

e Measuring the degree of non-Markovianity Breuer, Laine
and Pillo measure

- Breuer, Laine and Pillo measure
- Rivas, Huega and Plenio measure

e Non-Markovianity through accessible information.

- Theory

- Experiment



MARKOVIAN MASTER

EQUATION
Lindblad form:
dps(t) @
22 — —Z[H, py(t)

+ > (2Lkps(OL] - ps(t)LLLx — L Lips(t))
k

{7k} : channel decay rate

{Ly} : decay operator



MARKOVIAN MASTER

EQUATION
Lindblad form:
dps(t) 0

{7k} : channel decay rate

{Ly} : decay operator

Non-Markovian: cannot be written in the Lindblad form
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TIME-LOCAL MASTER
EQUATION



TIME-LOCAL MASTER

EQUATION
2 palt) = L(t)ps(t)
L(t)ps(t) = —=[H (1), ps(t)]




TIME-LOCAL MASTER
EQUATION

e time-dependent Markovian process iff| %i(t) =0
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NON-MARKOVIAN PROCESS

== Environment correlation time

w=% eBacktlow of information
*Divisibility of the dynamical map
*Non-monotonical behavior of entanglement

e Non-monotonical behavior of mutual information

Breuer, Laine, and Piilo - PRL 103, 210401 (2009).
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BACKFLOW OF INFORMATION

During a Markovian process the distinguishability of the system densit
matrix always reduce.

=

Irace distance:

D12(t) = %TT{Pl(t) - ﬂQ(t)}

In a non-Markovian process the distinguishability between the system
density matrix increase for some instant of time.

Breuer, Laine, and Piilo - PRL 103, 210401 (2009).
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BACKFLOW OF INFORMATION

Measure of non-Markovianity

NBLp (A) = Imax / —D12(t)dt

maximum taken
over all pairs of initial states

Breuer, Laine, and Piilo - PRL 103, 210401 (2009).
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BACKFLOW OF INFORMATION

Measure of non-Markovianity

2
NBLp (A) = Imax / —D12(t)dt

maximum taken
over all pairs of initial states

Information ?

Breuer, Laine, and Piilo - PRL 103, 210401 (2009).
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NON-MONOTONICAL BEHAVIOR
OF ENTANGLEMENT

A quantum state in a Hilbert space H

An arbitrary ancilla system in H is introduced: p** € H ® H®

Quantum process A(t): p°*(t) = (A(t) ® I)p*°

Since the entanglement shared by s and a
local operations, any entanglement measure has to monotonously
decrease for all divisible processes.

AtZ 70 s AtQ 7t1 Atl 70

E(p™(t)) decays monotonically: Markovian N /7 \

deE(p°*(t)) > 0 * Non-Markovian
Rivas, Huelga, and Plenio — PRL 105, 050403 (2010).
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ACCESSIBLE INFORMATION
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ACCESSIBLE INFORMATION

s Y I5e = S(ps) = Y piS(psi)

T’I"g FfpggrigT
& PS|i = { j

rﬁ %

p; = Tr{l; T¢ pse}
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ACCESSIBLE INFORMATION

s

(/)

st_s = S(ps) — ZPiS(Psu)

T?"g FfpggFfT
5 Psli — { j

,ﬁ Di

p, = Tr{l: T¢pss}
Depends on chosen {T'%}
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ACCESSIBLE INFORMATION

Depends on chosen {I'}}

- Classical Correlation
L. Henderson and V. Vedral, J. Phys. A 34, 6899 (2001)



ACCESSIBLE INFORMATION

J& = S(ps) — Zpis(ﬂsu)

Tre{l¢pseTsT)

PS|i =

p
>y
\
\
" 1
7, /’
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pi=Tr{l T ps:
Depends on chosen {I'}}

. Classical Correlation
L. Henderson and V. Vedral, J. Phys. A 34, 6899 (2001)




ACCESSIBLE INFORMATION

M. Koashi and A. Winter, PRA 69, 022309 (2004 )



LOCAL ACCESSIBLE AND
INACCESSIBLE INFORMATION

5(Pa)l (s :a) = S(ps) + S(pa) — S(psa)
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LOCAL ACCESSIBLE AND
INACCESSIBLE INFORMATION

PPa)) (s : a) = S(p) + 5(pa) — S(psa)

Jmax

sla (psa) — %%? S(,Os) S ZmS(pi\Ff’) (CC)
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LOCAL ACCESSIBLE AND
INACCESSIBLE INFORMATION

S(ps) =D _piS(eiry)|  (C.C)

0up =Iap —Jip (Quantum Discord)
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NON-MONOTONICAL BEHAVIOR
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NON-MONOTONICAL BEHAVIOR
OF ENTANGLEMENT
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NON-MONOTONICAL BEHAVIOR
OF ENTANGLEMENT

d d
g
e dtjsg

7\ Any temporary increase in Eg 4
U 7\ implies a temporary decrease in J§,
w==p Dackflow of information
(" )
N(A) — max / iESA(t)dt
psa(0) J(d/dt)Es.4>0 at




SIMPLIFICATION
Since:

eSystem S does not interact with the environment,

e The system S plus ancilla A is a pure state,
e Entanglement is invariant under local operation

14



SIMPLIFICATION
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d
N(A) = max / L Foa(t)dt
psa(0) (d/dt)Es >0 dt
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SIMPLIFICATION
Since:

eSystem S does not interact with the environment,
e The system S plus ancilla A is a pure state,
e Entanglement is invariant under local operation

d
N (A EmaX/ — FEs a(t)dt
( ) pA(0) J(d/dt)Eg.a>0 dt ()
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EXAMPLE

3 E g G YO : related to the system reservoir coupling
f " TR : system relaxation time
) = 10 TR ~ 1/70

: spectral width of the coupling

TR : bath correlation time

TH 1/)\



EXAMPLE
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3 E g G YO : related to the system reservoir coupling
f \2 TR : system relaxation time
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TIME-LOCAL MASTER EQUATION

%pA(t) = (1) (0,0A(t)0+ = ;{UJrUaPA(t)})

2’7())\ sinh (dt/2)

= d = /A2 — 29\
dcosh (dt/2) + Asinh (dt/2)’ 4 .

v(1)

p(t) = A(p(0)) =) M;(t)p(0)M] (t) <G

=1

p - <(1) ﬂgp(t)> e (8 g(t)>’

' dt A dEn]
p(t) =1 - Q_At _COSh (5) 1 E sinh (§>_

== Solution




OPTIMIZATION

1 L
on §(I+7“-0)

7 = (rsinf cos ¢, rsin d sin ¢, r cos )

N (A)is independent of fand ¢ .,

201
151
1.0

The optimal state is the 0!
maximally mixed state




OPTIMIZATION

d
N (A EmaX/ —ESAtdt
( ) PA0) J(d/dt)Esa>0 dt ()

?

1

7 = (rsinf cos ¢, rsin d sin ¢, r cos )

N (A)is independent of ¢ and ¢ Nﬁﬁ):

The optimal state is the 0!

0

maximally mixed state




EXPERIMENT

Step 1: State : Step 2: Quantum Step 3: Tomographic

Preparation Channel : Measurement
: : |[ Det1

PRL 112, 210402 (2014)
arXiv:1402.5395 18



We assume the following triparite state :

| v :
|\IJ(0)>5A5 = \[2[1(» s |()1>]SA |()>g

As a result of the interaction between A and E, the state
SA evolves into

¥ 1
psa(t) = 5lésa(t) (@sa(t)] + 5 p(1)]00) (00]
|[dsa(t)) = |10) —I—\/l—p
and the state of SE evolves into

pse(t) = 5 [tse (1)) (se(t)] + 5 (1 — p(2)]]00) (00

Yse(t)) = [10) + p(t)|01)
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RESULTS

PRL 112,210402 (2014)
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Correlations
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CONCLUSIONS

e Simplified and computable measure of non-
Markovianity

® [nterpretation in terms of flow of information
(measured by the classical correlation)

® Experimental demonstration using an optical setup
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QUANTUM INFORMATION
THEORY

Measurement and “ Non-classicality and

control of quantum complementarity
states

Quantum
optomechanical Quantum Quantum correlations

and phenomena in and entanglement

electromechanical biological systems  § 1 theory
resonators

Gaussian states and
continuous variable
entanglement

Control of dynamics in ultra cold
atoms

Implementation of quantum walks in opto-
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and electromechanical systems



