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Terminology

e A single measurement performed by one of the parties and the subsequent
broadcast of that result constitutes one round in the LOCC operation.

e Any local unitary (LU) operation does not consume one round of action.

e An LOCC protocol is a set of instructions which:

(1) identifies a single party as the acting agent in each round,

(2) specifies the particular measurement that party is to perform
given the measurement outcomes in all previous rounds,
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whenever certain sequences of measurement outcomes are obtained.



Previous Results on LOCC Round
Dependence

e For distillation of bipartite mixed states, multiply rounds is stronger than

just one':

e “Breeding Protocol” uses an indefinite number of rounds to improve the
fidelity of Werner states?:
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e Any bipartite pure state transformation can be completed in just one

round of LOCC3.

e Two-way communication strengthens state distinguishability*. Xin and
Duan construct an example of n? —2n -+ 3 product states in an n®n system
needing 2n — 2 rounds to distinguish®.



Random Distillation®

e Alice, Bob and Charlie share one copy of the W-state:

W) = 4/1/3(|100) + |010) + |001)) .
For € > 0, define measurement with operators:

Mo = v1 — €/0)(0] + [1)(1] My = V/¢€|0)(0].

e Alice, Bob, and Charlie each perform the measurement { My, M }.

A | B | C | Final State | Probability
repeat 01010 W) (1 —¢)?
0|0 |1 | |[EPR)aB £(1 — e)e
halt 0|10 | |[EPR)ac =(1—e)e
1 {0 |0 | |[EPR)Bc £(1—e)e
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e Does there exist a




Reduce the Distilled Entanglement

e Concurrence measure of entanglement for two qubit ) 4 p:

C(y) = 2[det pa]'/?.

C(|)) = 1 iff |¢) is an EPR state.

e Generalize the transformation:

(W — <

EPR) g
EPR) ac

V) BC

with probability pag,
with probability pac,
with probability ppc

pPAB +PAac +ppo =1

where 0 < C(¢) < 1.



Nice Properties of Concurrence®

e For an n®2® 2 state |¢), define the “Concurrence of Assistance” (COA):

CiM (¢) = max 37, piC ().
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e For a W-class state |W') = \/za|100) + \/xB|01()> +/2¢|001),
pBC = 0y @ 0y(p” >0y & gy

C(A)(W’) = 2/xpxc < 1.

e COA is an entanglement monotone.
e General W-class state: /z¢|000)++/21]100)++/22|010)+,/z3|001)
e Deterministic LOCC transformation |¢p) apc — |¥) o is possible iff
e Any W-class state has COA < 1.
cM(¢)>C
() = C(9).



Consequences

EPR)ap with probability pag,
(W) = ¢ |EPR) ac with probability pac,
 [Y) BC with probability ppc

- pPAB +Pac +ppc =1

e Since |[¢V') pc — |¢) Bc with probability

e In any finite rpundofwe)ifpeibCol>aclityinge tdan teaefifioeroation, Alice

must be the acti@ parﬂyain $tet dast round.
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Transformation with c®) = /%

¢ Prsdesinotationt?:
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Summary of Results

EPR)Ap with probability pap,
(W) — ¢ |EPR) ac with probability pac,
) BC with probability ppc

paB +Dpac +DpBc = 1,

A) There exists a four round LOCC protocol that achieves
the above transformation iff C'(¢) < \/g ,

B) There exists an infinite round LOCC protocol that
achieves the above transformation iff C'(¢) < 1,

C) For any n round protocol P with rates pag+pac, there
exists an n + 2 round protocol achieving rates

Pap +Pac > paB +pac.
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