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Bipartite entanglement in the state /XY

Clpxr) = (max [0, (Vi = 3 = Vs — V) )

with A, A,, A, and ), are the eigenvalues of pxy Pxy arranged in decreasing order.

‘Spin flipped’ density matrix is defined as Pxy = (Oy &) O-y)pi;{y (Uy 0% Uy)

B(pxy) = H(z) = —wloga — (1 — x) log(1 — z)
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Total correlations in a bipartite system PXY

I(X:Y)=S(px)+ S(py) — S(px,v)

Quantum correlations in PXY

J(X YY) ey = S(ox) = Slox qrpry)

Quantum discord in a bipartite system PXYy
D(X c Y){H;y} — I(X : Y) S max{l—[}/} [J(X c Y){Hzf}]
= S(py) = S(pxy) +mingpy S(ox eppry)
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Phase space representation of the state p:

fli 722 .
Wi(q,p) = ;/ dy e*"Y{q — ylplg + y)

— o0

Properties:

1s real.

//qudqdp—l

3- (A) =Tr [pA] = //qu (¢,p) dqdp

A with A(q,p) — / dy eszy< —y|A|g +Y) Weyl transform of operator 4.
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J3- The Wigner function can be negative = A quasiprobability distribution.
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J3- Coherent states :
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J3- Superposition of Coherent states (cat states) :  |+,) = Ny (a) [\a> +| - a}}
1

Ni(a)

3 2 (1 £ o-7laP)
W(gp) =n 77 (Waa+Wa—a+Woga+Wa-a)

[~ 07+ (1VEp(0; — a7)) — (5 (loul® + [y %) — & + (VEa(a +af) — (ada)]
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3- Superposition of two bipartite coherent states :  |1)F) xy = n4 [|a, B) | —a, —6>} -

1
3 V2 (1 £ e~2lal?e=2I81)

Remember : coherent states| + o) and| — «v) are not mutually orthogonal.

ni (@)

But : cat states |+) and |—) are.

We rewrite | =) xy using |+), = Ni(a) [|oz> + |- oz>} and |1} — JNEEEEH [’@ + | — 5>}

We find

n+ ‘+O¢7+ﬁ> |_049_B> 7 +O¢7_ _a,+
2 o T %7 ) g [‘ §>+| ,§>
BN I O - % oL NeNY

(7
O [0 1) xy =

1» \ :
(- @77 % SY / \ N

n»
ICTP-Trieste 13 September 2017 Morad El Baz




5- Werner superposed coherent states :

p(*,a) = (1= a) g +av*) (v*]
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J3- Quantum discord :
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J- Quantum discord / Entanglement of formation :

[ a=0.5andp=1.1
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JJ- Wigner function of a bipartite state : W (q1, p1,42,p2) = W(q1,p1) W(q2,p2)

J3- Wigner function of the bipartite superposed coherent states :

W(QlaprJZapQ) = n2(7T_23)2(Waa WBB o Wa —« WB —B i W—a o W—Bﬂ 3l W—a —Q W—B —B)

J- Wigner function of the Werner superposed coherent states:

(1—a)

471'2 +aW(q17p17QQ7p2)

W2mcs(Q17p17 qQap2) T

J3- Negativity of the Wigner function:

5 5 / / |(Wames (61, 92))| — Wames (a1, 72) dp1 dga
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state (¥, a)
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J3- Plot the
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- auantum discord._entanolement of formation and Wioner function for the
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J- Can the Wigner function provide a measure for Entanglement?
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