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and for open
(quantum) systems™



C“a precise definition-of strong coupling
Aarkovianity for open

and non-
(quantum) systems’



“a precise definition o \trong couplmg
cand non- Markowafor en
(quantum) systems”




“a precise definition of strong coupling
and non-Markovianity for open
( (quantum) systems”




DETECTING




DETECTING

using the properties of the spectrum
of the dynamical map

a dynamical analogue to entanglement
witnesses

In an experimentally friendly way



Definition(s) of non-Markovianity

The problem of detection

Spectra of dynamical maps

Geometric interpretation




vcullicuic litergretauvil

A dynamical analogue of
entanglement witnesses

Examples

From zero to Infinity




NON-MARKOVIAN
QUANTUM
DYNAMICS
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Definition(s) of non-Markovianity




DYNAMICAL MAP

= A¢po

Vis IsCP

Ay = Vi sA

., @ A, positive Vn

Vi.s IS k=positive




Vis ISCP ., © A, positive Vn

Vi isk-positive Lo ® A
positive forn =1,2... k
not positive for n > k

Vi s Ispositive

)




NON-MARKOVIANITY
non-Markovianity H A =@

y not CP
non-Markovinity not k-positive

hierarchy

essential

non-Markovinity not even positive

D. Chruscinski and S. Maniscalco, Phys. Rev. Lett. 112, 120404 (2014)



SMF - Singlemode Optic Fiber 405nm

Laser Source
PBS - Polarizing Beam Splitter Power
Control
QWP - Quarter Wave Plate

PPKTP - Non Linear Crystal

FPGA
HWP - Half Wave Plate Counter

01 02 03 04 05

4 Weak
M - Mirror | — Non-Markovianity

CF - Color Filter

IF - Interference Filter

DM - Dichroic Filter ' 5 : Non—Markovianity

4osmn —— ) ‘\_ c A A A A A A A A A A A " A A A A 't A A
< = 0.4
-

810nm -

N.K. Bernardes, et al., Scientific Reports 5, 17520 (2015)



REMEMBER!

non-Markovianity Is a property of the
dynamical Map (t-parametrised family of CPTP maps)



MEMORY EFFECTS
& INFORMATION
FLOW




BLP MARKOVIANTY

Markovian dynamics

d
—||A — < ()
dtH t[pl 102”‘1 =

distinguishability between states
decreases monotonically for ANY
of initial state
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BLP NON-MARKOVIANITY

Non-Markovian dynamics

there exist at least one pair of
states and time interval for

which ;

— A — 0
llAdlor = polln >



JuswuoJiAug




[HE LINK

d
—|IA — <0
ZllAdlor = palll <

BLP Markovian






THE LINK
Ay =WDA.

Is NOT CP

2 5

%HAt[Pl — p2]|l1 >0
BLP Non-Markovian




SAME STORY FOR....

@ Fisher information

@ Channel capacity
@ Mutual information

@ Relative entropy




Definition(s) of non-Markovianity

The problem of detection




THE DIFFICULTY

there exist at least one pair of

states and time interval for

which
Z{[Adlor — palll > 0

take a pair (or a state)

=) evolve =) check for increase of
trace distance



THE DIFFICULTY

take a pair (or a state)

= evolve =) check for increase

of trace distance
(or any other quantifier of information)

REPEAT



CAN WE DO ANY
BETTER?

Can we define a witness that Is
related to the (spectral) properties
of the dynamical map?




WITNESS FOR
PROPERTIES OF

QUANTUM
CHANNELS

Pt Z‘ﬂo

t-parametrised family of quantum channels




Choi-Jamolkowski isomorphism

1to 1 correspondence between CPTP
maps & In 3(# ) and bipartite states

C. Macchiavello and M. Rossi, Phys. Rev. A 88, 042335 (2013)



Choi-Jamolkowski isomorphism

1to 1 correspondence between CPTP
maps & In 3(# ) and bipartite states

Consider properties that are

based on the convex structure Entanglement witness

of the channel

C. Macchiavello and M. Rossi, Phys. Rev. A 88, 042335 (2013)



PROBLEM(S)!

Can you see why?



Let's see what we
can say anyway. ..




THREE CLASSES




THREE CLASSES
Uiamaps

Ar(I) =
Example: Pauli channels

2ol = 55 @oroor - o)

CP-divisible iff
Aelp] = ) pa(t)oapoa () >0




THREE CLASSES

AtA: — A:At
Example: Weyl channels

extension of Pauli channels to d-dimensional systems (d>2)

d—1
Lilpl = Y A ®)[UnpUy; — pl
k+10>0 U = Zwmk|m><m—|—l\
d—1 m=0

o — 627m/d



THREE CLASSES
Commuttivemaps

MNA, = AN, but not normal!
Example: Amplitude damping

zs(t)

Lilp) = ———~loo-, p] +‘0 p+——{0+0 ,P})
CP-divisible iff v(¢) >




Definition(s) of non-Markovianity

The problem of detection

Spectra of dynamical maps




7 orthonormal basis in 3( )

Gell-Mann matrices with Go =1/vd and Go a=1,...,d> -1

0 ) qe € R 1

(d> — 1) x (d> — 1) real matrix




rotdauons

diagonal matrix containing singular values of F'(¢)



Matrix representation

P = (g tas) PO =00@®o; o

singular values

DetF(t)| = |DetA;| = DetS(t) = [ [ su(t)



Definition(s) of non-Markovianity

The problem of detection

Spectra of dynamical maps

Geometric interpretation




GENERALISED BLOCH
REPRESENTATION

1 : :
n = E(H 1 Z 20 Go) action of the dynamical map

X%Xt:AtX—th

fully controlled by A, _

controlled by both A, and Q:

F(t) = F(t,s)F(s) A=Ay Ay At =des + At sQs



GENERALISED BLOCH
REPRESENTATION




A WEAR
WITNESS

based on spectral properties of the map

with a clear geometric interpretation



VOLUME OF ACCESSIBLE
SIATES




VOLUME OF ACCESSIBLE
SIATES

B(t) = A¢|B] body of accessible states

P-divisibility » — Vol(t

Vol(t) /Vol(0) = |DetF(t)| = |DetA;| = DetX(t) = H sp (1)

" B space of the density operators

S. Lorenzo, et al., Phys. Rev. A 88, 020102(R) (2013)



WHAI MORE?



THREE CLASSES




P-divisibility # _Sk

The body of accessible states B(¢) C B(s)
shrinks monotonically ¢ > s

d?—1

" d d
stronger conditions than - Vol(t) = — kli[l s (t)Vol(0)
Example: Pauli channel  B(t) I R <1




AN AT = AT A » F'(t) normal matrix
q; =0 and A, normal

normal maps are always unital

() = D)

eigenvalues of the dynamical map

P-divisibility # %| Ae(t)] <0



same for the dual map
5 with A\ (t) — A5 (¢)




vcullicuic litergretauvil

A dynamical analogue of
entanglement witnesses




W in H®H suchthat Tr(Wp,ep,) >0

Tr(Wp) <0
for some entangled states

any such operator may be constructed as
W= (1o@)|a)(a] with |o) =

positive but not CP map

UL

%\



for Hermitian maps

P-divisibility # %<a|(H®At)[P+]|a>§O

with P+ — |a>< \

gLl

%\

Experimentally friendly!

For 2-dimensional systems it requires only a single
projection onto a Bell state (useful for linear optical systems)



more general than unital and normal

Commutativity implies time-independent
eigenvectors of the dynamical map and its dual

Ay [Fa] — )‘a(t)FOz ; A: [Ga] — )‘Z(t)Ga

eigenvalues of £,




compare with the witness for Hermitian maps

d
T {al(l®A)[PT]|a) <0



vcullicuic litergretauvil

A dynamical analogue of
entanglement witnesses

Examples




EXAMPLE

Commutative but generally not normal

15(t) 1
el == oo s+ 900y — oo o)
_(m+ (1= 1GOP  Glt)y ) — ot GO
At[p] —( H G*(t)pgl 22 |G(t)|2,10222 ) (2) 21 G
e GO
Eigenvalues =2

Mo(t) =1 M) =Gt) Xa(t) =G"(t) As(t) = |G’
depends on J(w)

%‘ Ak(8)] < 0 » v(t) >0 » Markovianity



EXAMPLE

Commutative but generally not normal

15(t) 1
el == oo s+ 900y — oo o)
_(m+ (1= 1GOP  Glt)y ) — ot GO
At[p] —( H G*(t)pgl 22 |G(t)|2,10222 ) (2) 21 G
e GO
Eigenvalues =2

Mo(t) =1 M) =Gt) Xa(t) =G"(t) As(t) = |G’
depends on J(w)
d

ZIA] S0 gup (1) >0 {==) Markovianity



EXAMPLE

Commutative but generally not normal

o puu+ (A= |G@)P)p22  G(t)p12
AM—( G (t)pa: rG<t>\2p22)

Eigenvalues

Ao(t) =1 M) =G() X()=G"(1) I(t) = @D

depends on J(w)
Lorentzian spectral density (on resonance)

J(w) = 27 (w ’71\2)\)2 + 2] G(t) REAL

%@4(1{ @ Ae)[PT]|a) <0 G (1) >0 H Markovianity




SUMMARIZING. . ..

Unital maps

d
L (#) <
55kt =0

P'd|V|S|b|l|ty » Normal&Commutative maps

d

— I (t)] <0
Hermitian maps
d

EAk(t) <0

Geometric interpretation



SUMMARIZING. . ..

P-divisibility
‘ Hermitian maps

E (al(L® A [PH]|) <

dt

Commutative maps

d

—(all®A)[PT]la) <0



vcullicuic litergretauvil

A dynamical analogue of
entanglement witnesses

Examples

From zero to Infinity




IND ARTIC SCHOOL ON OPEN QUANTUM SYSTEMS
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