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Entanglement

| Wap) # lv) Q| @) Pure state

'

PAB 7 Zl?ipi ® o; Mixed state

: o
:Wo spatially separated observers can’t prepare entangled state w1th
local operations even with the help of classical communication

LOCG

(CC)
Classical Communication

Local Quantum Operations
(LO)
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Detection of entanglement
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perators and local measurements

O Guhne P. Hyllus , D. Bruss, A. Ekert , M. Lewenstein , C. Macchiavello & A. Sanpera

p = p|f¢;'y+)(u'r+| + (1 —p)o HU - %H ;C HH < (1,

|
Wo = | W' = Z(II-X'II+U; RO, =0z ROy — 0y R0y).
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Hierarchy of correlations|
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E ccooy -~ ye({o,1}

p(ab |xy)

-

be{-1,1}

<x,y>= Y ab plab|xy) This work
L ab Wemer's model [5]
B V> t<xy>-—<x,y><2

Barrett's model [9] ;
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Separability :
P
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itnessing Entanglement in measurement device independent scenario

|&d Selected for a Viewpoint in Physics P
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All Entangled Quantum States Are Nonlocal

Francesco Buscemi™

where p(x,y|s, t) is the joint conditional probabilify dis-
tribution computed as

Tr [(P3,4® Q%p, ) (7h, ® 0aB @7, )]

Corollary 1. In any semi-quantum nonlocal game Gy,

all separable quantum states yield exactly the same payoff

Osep(Gsq). Moreover, a quantum state pap is entangled
if and only if there exists a semi-quantum nonlocal game =~
7 Gs(l’ fOT which p*(QAB' qu) > Soscp(qu)o
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Measurement dev1ee mdependent witness from standard
Entanglement witness
week ending

PRL 110, 060405 (2013) PHYSICAL REVIEW LETTERS 8 FEBRUARY 2013
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Measurement-Device-Independent Entanglement Witnesses for All Entangled Quantum States

Cyril Branciard,' Denis Rosset,” Yeong-Cherng Liang,” and Nicolas Gisin®

W = Z .Bs,t TST X w;r I(P) — Z ,Bs,t P(1~ ].|TS,CUt) :

s.t s.t

P,(1, 1|7y, wy)
—tr[(|(I) (NP 44' (I) )(‘I)+

S#1

I(phe) = % ZP(I lln,w,)--ZP(l U, @),

where s, 1 takes values 0. 1, 2. and 3. and

with 0'0 = I,, & = (0,0, 073) are the usual Pauli matrices,
ft’= —(l 1, 1).
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Detection loophole

~ |Due to imperfection in local detectors, a
separable state may show entangled correlation.

Means non-unity detector efficiency, e.g., =
loss 1in detection events. |

Goal 1s to ensure negative measured expectation
value of witness 1s really due to underlying
entangled state.

:  } For two qubit states, the detection loophole for witnesses can /
| already be closed with a detection efficiency greater than 2/3. |




| The purpose of MDI-EW is to ensure entanglement |
| of ashared quantum state, independent of what

measurements are being performed.

We investigate whether this type of witness also
guarantees entanglement independent

of imnefficient detectors.

Consider 3 cases: lossy events,
dark counts

4 when both are present L




Any EW can be decomposed as ;
W:COH_I_ZCQ’SO{ ‘

~J)

. N =
L.ost event efficiency : 7_ = — .
N e

\
<W>m - CO + Z CG( >t
(—_— \ 1 94 ,]_
:S (r>m = Zl‘.‘g’_i = l W
/B

W will detect entanglement when (W), < 0

<W>m < CO(l - i)

L /

l1s not sufficient to detect entanglementf




For Werner state :

For noisy GHZ state :

ideal.
7’_:

tangled Werner state if (W, ),, < —3
can detect an entangled noisy GHZ state if (sz;uz Yn <

satisfied.

1
Wo,Im <
(Wp,Im < 7

(Wpff”z )m <
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Hence, tor exampie, it the lost event erficiency 1s
%, then the witness operator, W ,» can detect an en-

is satisfied, and Wpcnz
q
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Additional event efficiency : 57, =

~J

N
N+e,

No separable state can be 1dentified as entangled.

General case :

<W>m < CO{I -

l .
77+n—'—1]
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Ipp) = 3 ) P(Ltrws) = 5 ) P(L 1 w0).

s=t SE£L

BrsP(1, 1|1,, wy).

Im(pAB) < @ 1 - ,:L . Zr,sﬂrs = tI'(W) |
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Erroneous conclusion




tr(W)

I(oag) < 1y _
(PaB) 4 =

MDI-EW detect entanglement
1

without any loophole when & + -

H”+
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L ' Conclusion E

 |lmperfections in detection devices lead to erroneous|
Conclusion about the underlying state.

MDI-EW does not show a separable state as
entangled When measurements are wrong. |

. Conditions for detection loophole free
test of entanglement via MDI-EW. P
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