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I- Introduction

Pure stafe :

We know with certainty the state of the system
X |P) € H with (¢ly) =1

or

Density operator p = [¥)(¥| with tr[p] = tr[p”] = 1

For a pure state, 0 is the projector on [¢)
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Probabilistic description of our knowledge about
the system p: H—H p=p' p>0 tr[p] =1
tr[od <l

example: p=) pilgi)(¢sl pi>0 ) pi=1

von Neumann entropy: S = —tr[pln p|
Pure state S =0

Mixed state § ~
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Let O hermitian operator
P state of the system

The expectation of O : (0),
(0), = tx[0p

If p is pure, p= W)W
<O>p = (Y|0|Y)




I- Introduction

Entanglement Definition
for a pure state

Two Quantum sub-systems a and b of S:
P)e € Ha; |B)s € Hy |T) € Ha ® Hy

The state of the system is entangled if it is not a product
Examples :

W) =10)a @ [¥)p is separable

W) =10)a @ |¥)p+ |¥)a @ @) is entangled
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Em‘anglemen’r characterization
For a blpar’rl’re pure s’ra’re

A pure state is entangled < reduced state is a mixed state
P = \\If><\11\, Pa = tl’b[ﬂ] — Zb<¢i|ﬂ|¢i>b
'U) is entangled < Pa mixed state < S[pa] > 0

S|pa) is the von Neumann entropy

Conclusion:

ering the question : « is |U) entangled ? »
IS a simple task

1SIMO
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En’rarnglemernL Definition
For a mlxed sfa’re

The state of the system is entangled if it is not separable

Separable state : p = Zpipff X pf; p; > 0; sz- =43

OPEN PROBLEM :

Necessary and sufﬁcuen’r condition for the separability
of mixed states with dim>2x3

Motivation : Entanglement between N>3 levels sysfems |
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En’rcmglememL witness

W operator such that:
tr|[pWW] > 0 = statep is entangled

tr[pW] < 0 nothing can be concluded
Sufficient but not necessary entanglement criterion

tr[pW] < 0

tr[pW] > 0
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- Entanglement witness
Example CHSH inequality 2-levels system

o, = <(1) (1)> g, = ((1) _01> o(f) = cosbo, + sinfo,

Correlator : C(0,0") = 0c“(9) ® a°(¢')

W(,6')= C(0,0)+ C(6,0) + C(0,0") — C(6,8)
If p is separable then |tr[pW (0,6")]| < 2 1

[But sup [tr [pW(6,6)]| = 2v2 > 2 |
0,0’ ,p i | 2 g R S |
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~_Motivation

Molecules as a tool for exploring entanglement in
N-levels systems

® Molecular orientation correlation based CHSH
inequality, for detecting entanglement

® Molecular chains

— Thermal entanglement
— Information transfer




II En’rcmglememL charac’rerlzahon

N levels sysfems rofa’rlonal levels

H—=RJ2IEGRE i
J23,m) = 3(3 + D)|g, m)
<6)7 ¢|]m> o Y}m(ea ¢) ' — 3

Jzlj, m) = m|j,m)

.

m:_ja_j_l_L"' 7j
EJm:Bj(j—l_l)
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Orientation observable: O = cos(é)
Orientation of a state : 0 = (O)

Oriented state are not stationary :
O(t) = (U™ ()OU (1)),




II En’rcmglememL charac’rerlzahon

o

Orlenfahon correla’rlons

Correlator: é(tl, tg) — OAl (tl) X OAQ (tg)
0;(t) = UL )O:;U (1), O; = cos(6;)

Witness: W (t1,t2) = C(0,0) + C(t1,0) + C(0, ) — C(t1,t2)

™ iF|<W(t1,t2)>p| > 2 thenp is entangled

® if we know that 7 < Jmax then:

iF|<W(t1,t2)>p| > 2)\2-max then p is entangled




II-Entanglement characterization

A

E|(tl? t2)7 W(tlv t2)
IS an entanglement witness

P. Milman et al. Phys. Rev. Lett. (2007)
P. Milman, et al. Eur. Phys. . (2009)
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Enfanglement in many systems

——— —— ——————

Finite chain of N polar molecules

® Entanglement as a function of temperature

® Information transmission along the chain
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Dipole-Dipole interaction creates entanglement
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En’rcmglemernL Measure

Negativity Logarithmic negativity

measures by how much p’4 fails to be positive definite
ISMO




_Thermal entanglement
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Entanglement of a molecule with the rest of the chain
iIncreases with the temperature.

P. Milman, A. Keller, Phys. Rev. A. 79, 52303 (2009).
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Information transmission along the chain

t>0 p(t) =tri..nyo1 [U@)|a)1{a|U ()]

Fidelity : F/(t) = tr [p(t)|a) (o] = (alp(t)|o) v
(F'(t)) = averaged over all input states

2 )

: ST - = =
Classical communication (F(f)) < = =~
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InFormcn‘ion ransis Ig ’re chai‘
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Per]‘emL s’ra’re ’rransfer Wwith 2 levels sys’rems

et
= Z hwc7+®aj + hj;0 ;L®c7 |

Objective : find h;/; such that perfect transfer
occurs at a tfime >0 1ISTNO
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Perfect stafe ’rransfer with 2 levels sys’rems

Dynamlcs takes place in the mono-excited subspace
]>EO>1® O>2®® 1>j® O>_|_1® ®O> ¥ =l b N T

0)=10)1®[0)2® ---®1(0); ®|0);41 R Q |0) N

$(t = 0)) = al0) + BJ1) Lt >0) = e [af0) + 4]
a2 T SEI0) e 8|1

p(t) = tri..ny—1]®(t > 0))((f > 0)]

F(t) = ($(0)|p®)|%(0)) = (le]* + 181) [Un (B)* +2al* |8]* R [Un1 (2)]
F(t) =cte £ OWa,8 & F(t) = 1Va, 0 < Uni(t) =1

where Unyi(t) = (Nle "[1) his a N x Nhermitian n‘ﬁ(
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Per]‘emL s’ra’re ’rransfer with 2 levels sys’rems

Finally the problem reduces to:

We look for the hermitian N x N matrix h
with h,, =0 (n=18a N

such that 3Jt e R (1le ™|N) =1
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Per]‘emL state ’rransfer Wwith 2 levels systems

One Solution: (M. Christand| et all Phys. Rev. Lett 2004)

Mapping fo angular momentum states |n) « |J, m)

N
Nodd J-= 5

i zi@ (VI D)~ m(m + DI m + 1) (J,m

Yy bt e bode LML - m e 45T, J]

VI 1) = b WA m]:

4 s
h < Jy » UNl( ) <J J]exp_z‘] t|<] J> DJ J(O i O) <Sin 5)

1
|
\
|

[ =




Perspectives

@ Detecting em‘anglmen’r measuring correlation
of photons orbital angular momentum instead of
molecules.

@How to find others chains with perfect transfer
@ How to explore all the solutions in the mono-
excited subspace

@Explore the relation between entanglement and
quantum state fransfer

@JExtension to multi-excited subspace




