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ENVIRONMENT

Examples of environment?



the first and main assumption

No initial correlations

pr(0) = ps @ pE

wme

generally correlations are created
pr(t)  ps(t) = Tre(pr(t))




the goal of 0QS theory

Jynamics
ps(0) » ps(t)

master equation
dynamical map




dynamical map

ps(t) = A¢ps(0)

t-parametrised family of quantum
channels (CPTP linear maps)

t >0 Ao =1,



master equation - dynamical map

the connection

/ ps(t) = Aips(0)

/
dp;;t( ) _ Lips(t)

At:LtAty AQ:]l

solution the generator
‘ t 7
(/) %)

N = Texp L. dr



the most important 0QS theorem

Gorini-Kossakowski-Sudarshan-Lindblad
(GKSL theorem)

i gt(t) = Lips(t) » 4 st(t) = Lps(t)




the most important 0QS theorem

Gorini-Kossakowski-Sudarshan-Lindblad
(GKSL theorem)
/

L(p) = —ilH,pl + > %

decay rates v« = 0

1
(Vkpvlj — i{vljvka 10})

/

jump (or Lindblad) operators
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MARKOVIAN OPEN

QUANTUM SYSTEMS




What If

aps

= Lyps

time dependent




GKSL theorem still holds!

decay rates 7x(t) =0

L(p) = —i[H.p] + 3" 2(t) (VioVyl — & (ViVic.p)
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what happens to
the dynamical map
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dynamical map

semigroup
At — eLt At—l—s — AtAS

divisibility
At — At,sAs
CP




GKSL theorem does not hold anymore!

decay rates can be temporarily negative

L(p) = —i[H.p] + 3" 2(t) (VioVyl — & (ViVic.p)

NON-MARKOVIAN




dynamical map
non-divisibility
At — At,s As
not CP

the “Intermediate map™ is not CP




GKSL theorem does not hold anymore!

decay rates can be temporarily negative

L(p) = —i[H.p] + 3" 2(t) (VioVyl — & (ViVic.p)

NON-MARKOVIAN




dynamical map

non-divisibility
At — At .S As
not CP

the “Intermediate map™ is not CP




NUN MARK0V|AN
DYNAMICS IN TERMS OF

INFURMATION FLUW
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MEMORY EFFECTS AS
INFORMATION BACK-FLOW







Trace distance (BLP) measure

Distinguishability between

two quantum states

1
D(,Ol,ﬂQ) — §TI"101 — 102‘7

)G

H.-P. Breuer, E.-M. Laine and J. Piilo, PRL 103, 210401 (2009)



Trace distance (BLP) measure

Distinguishability between two
guantum states

1
D(IO17IO2) — §Tr‘p1 — /02‘7

D(®p1,®p2) < D(p1,p2) P CPTP map

Information loss




Trace distance (BLP) measure

Distinguishability between two
guantum states

1
D(IO17IO2) — §Tr‘p1 — /02|7

D(®p1,®p2) < D(p1,p2) P CPTP map

Rate of change of the trace distance

d

o(t,p1,2(0)) = ED(Pl(t)apz(t))




Trace distance (BLP) measure

Information flow

d

o(t, p1,2(0)) = — D(p1(?), p2(t))

o(t,01,2(0) <0 Markovian

o(t,p1,2(0)) >0 Non-Markovian
Backflow of information




PRL 103, 21!]401 (2009)
Trace distance

Channel utual
sapacties information
5720 (2014) PRA 86, 044101 (2012)
Entanglement Fisher
with ancilla inform ation

PRL 105, 050403 (2010) PRA 86, 044101 (2012)

Fidelity

PRA 84, 052118 (2011)
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Experimental observation of weak
non-Markovianity
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Non-Markovianity has recently attracted large interest due to significant advances in its

- characterization and its exploitation for quantum information processing. However, up to now,
only non-Markovian regimes featuring environment to system backflow of information (strong

non-Markovianity) have been experimentally simulated. In this work, using an all-optical setup we

- simulate and observe the so-called weak non-Markovian dynamics. Through full process tomography,
- we experimentally demonstrate that the dynamics of a qubit can be non-Markovian despite an
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spectral densities
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Engineering, controlling, and simulating quan-
tum dynamics is a strenuous task. However, these
techniques are crucial to develop quantum tech-
nologies, preserve quantum properties, and en-
gineer decoherence. Earlier results have demon-
strated reservoir engineering, construction of a
quantum simulator for Markovian open systems,

demonstrated experimentally with trapped ions by ap-
plying noise to trap electrodes [4], and thereby also influ-
encing how the open system evolves. It is also possible to
monitor in time the decoherence of field-states in a cav-
ity [5]. More recently, a quantum simulator for Lindblad
or Markovian dynamics was constructed, motivated by
the studies of open many-body systems |6, 7], and a sim-




What do all these

papers have In
common?
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VERY SIMPLE
UPTICAL MODELS




PHOTONIC
ENVIRONMENT




COLD GASES AS
ENVIRONMENTS
OF IMMERSED
IMPURITIES
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Bose-Hubbard Hamiltonian

1D gas of cold bosonic atoms trapped in an optical
lattice and confined to the lowest Bloch band




arXiv:1706.09148
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THE ENVIRONMENT

HBH——JZan—I—aaZ | an

(2,7)

LR LG T E o C

On site interaction

U << J U>>.J U — o0
superfluid Mott-insulator Free fermions




THE ENVIRONMENT

S An cite intaractian

On site interaction

U << J Uu>>.J

guantum phase transition

Mott-insulator




THE OPEN SYSTEM: Impurity

motional ground state two lowest internal states

e) |g)



THE INITIAL STATE

L
p(0) = |¥) (Y| @ |Pas) (Pas|

\ 4 1 .
¥ = 759+ ),
environment -
N

Dy == SR =
P a N T

On site interaction



THE SYSTEM-ENVIRONMENT INTERACTION

00000000000

e Hiny = U.le)e| @ a)ao

OOOOOOOOOOO

local number operator 72

density-density interaction



THE OPEN SYSTEM DYNAMICS

total closed system

0000000000000000000000000000000000
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N w/\': o
H:7%2+HBH+U\ e) (e \m(’g%;

0 pensystem

impurity dp iwo .




MASTER EQUATION

-
for the impurity (open system)

@ B in[A ] o |
a9 ¢ ........
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v(t) > 0 Markovian dynamics Bose gas
v(t) < 0 Non-Markovian dynamics




Markovian - Nonmarkovian crossover

Ng = 96

10 A
o

0.8

06

particle conserving t-DMRG

n=1
v N
\ Nmax
\
\\ .
\ / analytical results




Markovian - Nonmarkovian crossover

Ng = 80,96, 128

agreement with
analytical approach




lake home message

Bose lattices are non trivial controllable
environment allowing us to induce both Markovian
and non-Markovian dynamics
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