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Outline

‘ Non Markovian open quantum dynamics




p(t) = P¢p(0
/

t-parametrised family of CPTP maps




Environment induced decoherence




Environment induced decoherence

Information loss due to the action of the
environment continuously monitoring the

system




What do we exactly mean with
Information loss




Markovian dynamics




Non-Markovian dynamics
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Non-Markovian dynamics

memory effects manifest themselves
as information back flow




Information back-flow?




Divisibility

The “traditional” mathematical definition
of Markovian dynamics

(I)t — (I)t,s(I)s
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information flow due to
environment and memory

effects
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C. Addis, B. Bylicka, D. Chruscinski and S. Maniscalco, “What we talk about when we talk about non-

Markovianity”, arXiv 1402.4975 (published in PRA with a much more boring title)
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Reservoir engineering
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Reservoir spectral density

0.7

PRA 87, 010103(R) (2013)

PRA 89, 022109 (2014)
arXiv:1503.04635




What for?




Quantum metrology
PRL 109, 233601 (2012)

Teleportation
Scientific Reports 4, 4620 (2013)

Scientific Reports 5720 (2014)

Superdense coding
arXiv:1504.07572 (2015)

‘ Quantum communication

Quantum key distribution
Phys. Rev. A 83, 042321 (2011)
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Memory effects
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‘ Landauer principle




Landauer principle

Exorcising Maxwell’'s demon




Landauer principle

Exorcising Maxwell’'s demon

memory




Landauer principle

work of erasure von-Neuman entropy

W(S) =H(S)kT In 2




Landauer principle

Subjectivity of information

“Information constraints may result in observers
having considerable different knowledge about
physical reality”




Landauer principle

Subjectivity of information

von-Neuman entropy

W(S)=H(S)kT In 2

conditional entropy

W(S|0) = H(S|O)kT In 2

Entropy of a system given all
iInformation available to an observer




Landauer principle

Subjectivity of information

von-Neuman entropy

W(S)=H(S)kT In 2

conditional entropy

W(S|0) = H(S|O)kT In 2

Entropy of a system given all
iInformation available to an observer

classically...



Quantum
memory

Nature 474, 61-63 (2011)




Work cost of erasure

The amount of work that an observer with
guantum memory Q needs to perform to erase S

Wer(S1Q) = H(S|Q)KT In2




The amount of work that an observer with
guantum memory Q needs to perform to erase S

”é W, (5]Q) = H(S|Q)KT In?

Maximally entangled S and Q

v

Work extraction by erasure

Nature 474, 61-63 (2011)



The amount of work that an observer with
guantum memory Q needs to perform to erase S

Ol W, (S|Q) = H(S|Q)kT n 2

The amount of work that an observer can extract
from a n-qubit system

Wow = [n— H(S|Q)|kT In 2

Nature 474, 61-63 (2011)




Work cost of erasure
Wer(S|Q) = H(S|Q)kT In 2

Nature 474, 61-63 (2011)

Existence of a work erasure protocol

which attains this bound
(in the thermodynamic limit)

Ingredients:

Reference




Entanglement

can “do physical work”




Open Quantum Dynamics?




Open Quantum Memory




Open Quantum System




Work cost of erasure

W.,(S|Q) = H(S|Q)kT In2

W = [n — H(S|Q)|ET In2

are now time dependent



Extractable work
AW@; (tl, tg) — Wea; (tz) — Wea: (tl) t2 Z tl

— [H(S‘Q)tl o H(S‘Q)w]kT In 2



Extractable work
AWex (tl, tg) — Wea: (tz) — Wea: (tl) t2 Z tl

— [H(S‘Q)tl o H(S‘Q)w]kT In 2

Work of erasure AW, (t1,t2) = —AWe,(t1,t2)



Non Markovianity and correlations

Dynamics of coherent information
Ic — _H(S|Q)

environment

@ correlations between S and Q




Non Markovianity and correlations

Dynamics of coherent information
Ic — _H(S|Q)

environment

Physical Meaning

I. measures the extent to which we
know less about a part of a system than
we do about its whole

@ correlations between S and Q




Open Quantum Memory

5Q w15 ® O4(Q)

AWea’; (tla tZ) — [IC(Qv (I)tz) — IC(Qv (I)tl )]kT In 2
coherent information




Open Quantum Memory

5Q w15 ® O4(Q)

AWea’; (tla tZ) — [IC(Qv (I)tz) — IC(Qv (I)tl )]kT In 2
coherent information

mutual information
I(S : Qt) — IC(@acI)t) — H(S)



Open Quantum Memory

5Q w15 ® O4(Q)

AWea’; (tla t2) — [IC(Qa (I)tg) — IC(Qv (I)tl )]kT In 2
coherent information

mutual information
I(S : Qt) — IC(@acI)t) — H(S)

AWerp(ti,to) = [1(S: Q) — I(S : Qy, )|KT In 2



Divisibility
‘ Data processing inequality

IC(Qv (I)tQ) < IC'(Qa (I)tl)




Divisibility
‘ Data processing inequality

IC(Q7(I)t2) < ]C(Q7(I)t1) ty > 1y

AWex(tlatZ) — [IC'(Qa (I)tg) — IC(Q? (I)tl)]kT In 2
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Non Markovianity and correlations

Memory effects (non-Markovianity) as the
ability to “retain or regain” coherent
information/mutual information between
system and ancilla in presence of an
environment
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Non-Markovian
memory effects

ale

revivals of
extractable work




Outline

‘ Memory effects and Work




coherent information

1.0 | * B
work extraction by erasure

SQ Bell state '|
05 !
Pauli :
channel




Non-Markovian
memory effects

ale

revivals of
extractable work

mf) reservoir engineering

‘ time matters (in a non-trivial way)

‘ optimal time can be controlled
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SQ Bell state

Ising
model
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@ Trapping of work extraction (by erasure)



SQ Bell state

Ising
model

coherent information
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@ Trapping of work extraction (by erasure)

@ Revivals of work extraction (by erasure)




Non-Markovian
enhancement

of

extractable work




Outline

‘ The power of memory




Open Quantum System

S ti& P4 (S) ® g

AWex(tl, tz) — [—AH(St) —+ AI(St . Q)] k'l In 2

change of \, _
mutual information
change of
von Neuman entropy




can we obtain increase in extractable WO rk

when the entropy of the system is increasing?
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amplitude
damping
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Revivals of
extractable work

due to

quantum
correlations




Revival of
extractable work

due to

quantum
correlations

memory effects —
F revivals of mutual information j

dominant with respect to entropy increase



Outlook

‘ Resource theory of non-Markovianity

‘ Work in non-Markovian open quantum systems

‘ Memory eftects and entropic uncertainty relations
arXiv:1504.02391
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Extr .
Lo xtractable work w - Pauli channel

3
Lip=> vi(t)oipo; — p
1=1




Extractable work

1.0 |

Pauli channel



Extractable work

1.0 |

v3(2)

¥3(t)

Pauli channel

—g tanh(wt)



Extractable work
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PRL 96, 140604 (20006)




Extractable work

10, | | | | | ) 1 !
of Q) =14 5 (1= VI(B) logs (5 (1~ VL))
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0 > s 6
Loschmidt echo
Vo A+ 0 L(X6,t) =1lgsg [1 — sin?(28;) sinQ(elgt)]
]

PRA 85, 060101(R) (2012)



Extractable work

10, | | | | | ) 1 !
of Q) =14 5 (1= VI(B) logs (5 (1~ VL))
0.6 | \\\ /« I 1 1
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0 > s 6
Loschmidt echo
- )R L(\,6,t) = Hyso [1 — sin®(28k) sin® (et)]
]

@ Trapping of work extraction (by erasure)

PRA 85, 060101(R) (2012)
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@ Trapping of work extraction (by erasure)

@ Revivals of work extraction (by erasure)

PRA 85, 060101(R) (2012)



Open Quantum System

S ti& ®:(5) ® Ig

AWy (ti,ta) = [—AH(P(S)) + Alc(S, Py) kT In 2
= 0

Unital map

SQ Bell state




B B Amplitude damping: band gap model
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{G(t)/G(t)} v(t) = —2R{G(t)/G(t)}

N7

depend on the spectral properties




AW.,(t,t2) = [~AH(®4(S)) + Alo(S, ®,)]kT In 2




Non Markovianity and correlations

Dynamics of quantum mutual information
I(S:Q)=H(S)+ H(Q) - H(5Q)

= H(S)+ H(®,Q) — H(Q, $,Q)

exchange entropy

environment

Dynamics of coherent information

[.(Q,2:Q) =1(S:Q)— H(S)




Non Markovianity and correlations

Dynamics of quantum mutual information
I(S:Q)=H(S)+ H(Q) - H(5Q)

= H(S)+ H(®,Q) — H(Q, $,Q)

exchange entropy

environment

Dynamics of coherent information

[.(Q,2:Q) =1(S:Q)— H(S)

dl. dI
dt  dt




