Deterministically Distillable Entanglement

Fumiaki Morikoshi^{1,∗} and Masato Koashi^2

1NTT Basic Research Laboratories 3–1 Morinosato-Wakamiya, Atsugi-shi, Kanagawa, 243–0198, Japan

2CREST Research Team for Interacting Carrier Electronics School of Advanced Sciences, The Graduate University for Advanced Studies (SOKEN) Hayama, Kanagawa, 240–0193, Japan

Quantum entanglement is a valuable resource in quantum information theory. In quantum teleportation [1], Alice and Bob communicate a quantum state via an entangled state,

|Φ^+⟩_{AB} = 1 √ 2 (|00⟩_{AB} + |11⟩_{AB} ), (1)

where qubits A and B are possessed by Alice and Bob, respectively. It is essential that they share a Bell pair, |Φ^+⟩_{AB} , in advance. If Alice and Bob initially share partially entangled pairs, they need to prepare Bell pairs from the initial pairs only by operating locally on their respective systems and communicating classically. Extraction of maximally entangled pairs from partially entangled pairs by using local operations and classical communication (LOCC) is generally called entanglement concentration. Various studies on its limitations and efficiency have been carried out [2, 3, 4, 5, 6]. All the proposed entanglement concentration processes are probabilistic for a finite number of entangled pairs.

We discuss an entanglement concentration scheme within the framework of deterministic transformations [7, 8]. We focus on the deterministic distillation of Bell pairs from two-qubit partially entangled pairs:

|ψ_i⟩ = √ a_i |00⟩+ √ 1 − a_i |11⟩, i = 1, . . . , n, (2)

where^1_2 ≤ a_i ≤ 1. In other words, our scheme converts a collection of two-qubit partially entangled pairs having different amounts of entanglement into a bunch of Bell pairs with probability 1. Whereas the above probabilistic concentration processes run the risk of losing all the entanglement contained in the initial states with certain probability, our concentration scheme answers the question of how many Bell pairs can be distilled

∗ E-mail address: fumiaki@will.brl.ntt.co.jp

from the partially entangled pairs without gambling.

The maximum number of Bell pairs extracted in the deterministic entanglement concentration is

k_{max} =

⌊_n ∑ i=1 − log_2 a_i ⌋ , (3)

where ⌊x⌋ represents the largest integer equal to or less than x. Furthermore, it is shown that only two-pair collective manipulations suffice for the optimality. This contrasts sharply with the fact that the probabilistic concentrations known so far require a collective manipulation of all entangled pairs for the optimality. Finally, this scheme reveals an entanglement measure for the deterministic concentration.

References

[1] C. H. Bennett, G. Brassard, C. Crépeau, R.

Jozsa, A. Peres, and W. K. Wootters, Phys. Rev. Lett. 70, 1895 (1993).

[2] C. H. Bennett, H. J. Bernstein, S. Popescu, and B. Schumacher, Phys. Rev. A 53, 2046 (1996).

[3] H.–K. Lo and S. Popescu, Phys. Rev. A 63, 022301 (2001).

[4] G. Vidal, Phys. Rev. Lett. 83, 1046 (1999).

[5] D. Jonathan and M. B. Plenio, Phys. Rev.

Lett. 83, 83, 1455 (1999).

[6] L. Hardy, Phys. Rev. A 60, 1912 (1999).

[7] F. Morikoshi, Phys. Rev. Lett. 84, 3189 (2000), quant-ph/9911019.

[8] F. Morikoshi and M. Koashi, Phys. Rev. A 64, 022316 (2001), quant-ph/0107120.