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assuming that |a) and |3) are real combinations of the
basis vectors. This exclusion will not affect the primary
result presented here, as will be explained below.

We now ask under what circumstances pyp contains
discord. Recall that the discord D(A, B) when B per-
forms the required measurement is not generally equiv-
alent to the discord D(B, A) when A performs the mea-

P W = T - . W T Wy ¥

v

Let us further consider the separability of pac, be-
cause the two different conditions for separability mean
two very different things. We see that the first condition,
|a) = £10), coincides with the A system being a product
onto the BC system; under this condition the 3-qubit
state takes the product form |¢) , g = [0} @ |¥)) gio. OF
course in this case pag is separable, as we have seen,

surement. Indeed one can be zero while the other is but it also clearly has zero discord and we see that this
4
Jex) +10) # +0) +10) £[1) #£{|0), 10} | #£{0),11}} 1)
18) £(0) £10) #E0) | #£{0), 10} £1) # +{(0), 1)} £l
Entanglement g
structure
A. .B .B A. .B A. .
D(A, B) 0 0 0 >0 0 >0 0
D(B, A) 0 0 0 0 >0 >0 0

FIG. 1. The relationship between the entanglement structure of

|#) spe and the discord in pag. For given conditions on |a)

and |3} we display the resulting entanglement structure and the results for the discords D(A, B) and D(B, A). In the structure
diagrams an ellipse represents the presence of bipartite entanglement while a triangle represents the presence of tripartite

entanglement.
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Mutual information accounts for both, classical and quantum correlations, so that it can be used together
with an entanglement measure to distinguish the behaviour of classical correlations: in a system which has no -
quantum correlations, mutual information accounts exclusively for classical correlations. ' i .
& Martinez...ed letter
”
3.5 An application of entanglement: Quantum Teleportation
e
Entanglement is known to be a resource for quantum computing, cryptography and communication. In .
particular, we are going to see a protocol of quantum communication known as ‘quantum teleportation’.
8 Quantum teleportation is a protocol by which quantum information (e.g. the exact quantum state of an atom, e o
photon, etc) can be transmitted from one location to another, with the help of classical communication and
previously shared quantum entanglement between the sending and receiving location. It was first proposed i
in 1993 by Bennet, Brassard, Crepeau, Jozsa, Peres and Wootters [?], and first experimentally tested in 1997
[?] Scanned from a
Xerox M...n Printer
19 Let us analyze the protocol step by step for qubits:
Y. p p Dy step q [e—
Step 0 - A and B share a Bell pair, for example R
1 2020-0....16.47 AM
1) 4030 = 75 100) 423 + 11 13, (35.1) A
A and B prepare this bell pair and then B goes away. After that Alice is given a qubit |¢) 4, that she wants e
® to send to Bob:
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Step 1- Alice will make a joint measurement of her two qubits (the one she wants to teleport, A;, and her
own half of the entangled pair, As) in a Bell basis. For that we first write the tripartite system of the three

qubits:

|w>A1A23:: = |[p)111 ® |¢+)AzB:!

= (col0)as +anltha) & -

[|00)A233 + Hl}AaBa]

(8] [ad
= T; (\OOO)AlAzu;, + ‘Oll)Amgﬁ;,) + 712 (llOO)A1A2B;; + |111)A1A2B;g)-

If we factor out explicitly Alice’s two qubits we get

(3.5.3)

a1
[¥) Ay 4,85 = \_/% (lOG)Alﬂz ® |0}, +01}4,4, ® |1)BJ)

Lo

i

75 (100442 @100, + 1), ® 1), ).

(3.5.4)

As mentioned in the previous section, the four Bell pairs form an orthonormal basis of the space of two qubits.

We can rewrite Alice’s two qubits in the Bell basis, noticing that

1 -

00) = 75 (184 + o)), I11) =
1 =

01y = —= (1) + 197)), |10) =

1

7 (2% - 127)), (3.5.5)
% (|~1:+) - ;qr)) (3.5.6)
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and use it to rewrite (3.5.4) as 1

1
[¥)asa.8; = §|‘1’+)A1A2 ® (anlﬂ)m + ai1|l)g,

20

Screen Shot
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+ 5127 4012 @ (010} 5, — €|,

1
+§\‘I’ 4,4, ® (QDII}B1+01|0>B; —
1
o +§\‘I’ MAp ® (aull s —a1|0)p; ). (3.5.7) i
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il They are related with the original qubit that Alice wanted to teleport |p)4, by simple local operations. o
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Step 3- Alice announces the result of her measurement to Bob through a classical channel (2 classical bits).
With the obtained information, Bob can recover, through local unitary operations, the quantum state that
Alice wanted to teleport. In particular e
Martinez...ed letter
= Local
A measured B has B does operation
used s ey
4 [« ; (10 ap\ _ [a )
2 =) | wa=( 1) (2)=(2) =t | 1
19 0 1 0 o 0 o 0 [+F} n_pcr:gr :en:mpy
o - ' e = s
) |n=(22) [e=(5 &) ()= (2)-wa| o
o _( > no o _ (01 ap) _ (@) _
|‘I’ ) |(P)B'; ( (o7} ) F‘P )B‘; ( 1 U ) ( [87) ) ( [43} ) |(’0)A1 Iz Scanned from a
Xerox M...n Printer
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At the end of the protocol, Bob ends up with a state which is identical to the state of A; that Alice initially —
had. What happened is that the subsystem Bj has acquired the state A;. The Bell state that Alice and Bob
shared is destroyed applying this protocol, as it is the state of A;. Causality is preserved by the fact that Bob B o
@ needs the information input about the outcome of Alice, or otherwise he is unable to know which operation to
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