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Quantum Channel
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QUANTUM TECHNDLAOGY at QUEEN'S

Separable states can be used to distribute entanglement

T. S. Cubitt,! F. Verstraete,! W. Diir,2 and J.I. Cirac!

"Max Plank Institut fiir Quantenoptik, Hans—Kopfermann Str. 1, D-85748 Garching, Germany
“Sektion Physik, Ludwig-Maximilians- Unsversitit Miinchen, Theresienstr. 37, D-80333 Miinchen, Germany

We show that
Similarly,
two particles can become entangled by continuous interaction with a highly mixed mediating particle
that never itself becomes entangled. We also consider analogous properties of completely positive
maps, in which the composition of two separable maps can create entanglement.




The Cubitt et al.

Protocol

HENSD Cubit’c, I~ Verstraete, W. Duer, and J. . Cirac, Phgs. Rev. Lett. 91, 037902 (2003)
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Kavan Modi Tomasz Paterek
(Oxfordd&rNUS) (NTU)

Separable states can be used to distribute entanglement

T. S. Cubitt,! F. Verstraete,! W. Diir,2 and J.I. Cirac!

"Maz Plank Institut fir Quantenoptik, Hans—Kopfermann Str. 1, D-85748 Garching, Germany
2Sektion Physik, Ludwig-Mazimilians- Universitit Miinchen, Theresienstr. 37, D-80333 Miinchen, Germany
(Dated: February 21, 2003)

We show that no entanglement is necessary to distribute entanglement; that is, two distant parti-
cles can be entangled by sending a third particle that is never entangled with the other two. Similarly,
two particles can become entangled by continuous interaction with a highly mixed mediating particle
that never itself becomes entangled. We also consider analogous properties of completely positive
maps, in which the composition of two separable maps can create entanglement.

QUIB-NUS-IQC |

collaboration

Mauro Paternostro Marco Pran:

(QUB) (IQC)

Separable states can be used to distribute entanglement

T. S. Cubitt,! F. Verstraete,! W. Diir,2 and J.I. Cirac
"Maz Plank Institut fir Quantenoptik, Hans—Kopfermann Str. 1, D-85748 Garching, Germany
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2 Sektion Physik, Ludwig-Mazimilians- Universitit Miinchen, Theresienstr. 37, D-80833 Miinchen, Germany

(Dated: February 21, 2003)

We show that no entanglement is necessary to distribute entanglement; that is, two distant parti-
cles can be entangled by sending a third particle that is never entangled with the other two. Similarly,
two particles can become entangled by continuous interaction with a highly mixed mediating particle
that never itself becomes entangled. We also consider analogous properties of completely positive
maps, in which the composition of two separable maps can create entanglement.
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Quantum Discord Workshop 2012

g -13 January 2012 . Singapore

Talk: “clistributing entanglement
tnrougn seParable states”

Tomasz Paterek

(NTUD Alex Streltsov (Dusseldorf) -

“We have the same results..”
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The Paper(s)

Quantum Cost for Sending Entanglement

Alexander Streltsov,” Hermann Kampermann, and Dagmar Bruf3
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Quantum Discord Bounds the Amount of Distributed Entanglement
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Using Separable Bell-Diagonal States to Distribute Entanglement

Alastair Kay

Centre for Quantum Technologies, National University of Singapore, 3 Science Drive 2, Singapore 117543,

Singapore and Keble College, Parks Road, Oxford OX1 3PG, United Kingdom
(Received 10 April 2012; published 21 August 2012)
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K. Modi, A. Brodutch, H. Cable, T. Paterek,
and V. Vedral, Rev. Mod. Phgs. 84,1655 (2012)




Separablezclassicai? |

0 = [+)a(+| ®|0)5(0] + [1)a({l| ®[1)p(1
+) = (10) +[1))/v2

Two non~orthogorial states are not Pertectlg distinguishable
A Projective measurement still Perturbs the state

The eigenstates of the clensitg matrix could well be suPerPositions

(even entangjed, aithougjﬂ this is not the case here..)

In general, separable states do not have classical nature
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Definition 1. A bipartite state p is: (i) separable @]
if it can be written as 3, proit ® of. where py is a

probability distribution and each o3% is a quantum state,
and entangled if non-separable: (ii) classical-quantum
(CQ) if it can be written as Y, pi|i)(i| ® 0B, where
{|i)} is an orthonormal set, {p;} is a probability distribu-
tion and o are quantum states: (iii) classical-classical
(CC). or (strictly) classically correlated B, ], if there
are two orthonormal sets {|i)} and {|j)} such that p =
Z'm Dij| 2)(2\ ® | i) j|. with pij a joint probability distri-
“bution for the indezes (i.j).




Classical Picture |

I(A: B)= H(A) + H(B) — H(A, B)
J(A: B) = H(A) — H(A|B)
J(B: A) = H(B) — H(B|A)

IACB = JtA: B = {1 éA)

(Bages)




Quantum Picture

—  Measurement

9 =Total correlations - Total amount of classical

(quantum+c|assical) correlations

classical # sel:)arable

The set of zero-discord states is zero-measure

H. Ollivier and W. H. Zurek, Phys. Rev. Lett. 88, 017901 (2001)
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Take-home message |

The eﬂtanglement—-gain N a quaﬂtum
communication Protocol is bound ]:33 the cﬂegree

of Pre~available c]uantum discord

C

A

K Chuan, 95 Mai”arcl, K. Modi, T. Paterek,
M. Paternostro, and M. Piani, Phys. Rev. Lett. 109, 070501 (2012)
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Goal I: discord is key |

Natural..
Iﬁnal 3 Iinitial S Icomm

Expectecl et

gﬁnal = gin S gcomm

True...

Theorem I.—For any tripartite state p = p,pc 1t holds

1€a.c8(p) — Eaca(p)l = Dypiclp)




Discord is 1«:9

Lemma 1. Given p = papc, consider 117, the optimal pro-
 jective measurement on C for the sake of Dap|c(p). Let
| p; be the probability of outcome 1 for such a measurement

E a.c8(p) = Dypiclp) + ZpigA:B(p,l;xB)

’ = Dypic(p) + Eacplllc(p)]
and p'y  be the corresponding conditional states of AB; i.e.,

& (pasc) = 32 pitap @ |i) (il Then

K., M, &F. Horoclecki, and J. OPPenheim, Phgs. Rev. Lett. 94, ZOO501 (2005)

Theorem 1. For any tripartite state p = papd it holds

Ea.cB(p) —Eac:B(p)| < Daghc(p).

Proof — Ea.cB(p) < Dapjc(p) + Eac:s(Ui(p))
< Dap|c(p) + Eac:B(p)

ﬁna”g, invert the role of A and B

T.K. Chuan, 2l l\/\ai”arcl K. Modi, T. Paterek M. Paternostro, and M. Piani
Ph95 Rev. Lett. 109, 070501 (zoa)

- R Y a—

= Dyupic(p) + Eacpll(p)]
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Usinngﬁeorem I: Ea:0B(B) < Eac:B(a) +Dapic(B)

Suppose Dyp|c(8)=0 = B = > i Pipap @ |9) (ilo

imPossible to distribute entanglement via

Ea.cB(B) < Eac:B(a) L OCC!
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The resolution of

frustration

General (Cubitt et al.) Framework: wlﬂat we want

) Swalo B and C & consider that discord is nonincreasing

under oPera’cions on the unmeasurecl Partg

2) Use Theorem |
Ea.cB(B) < Ea:.c(B) + Dac|p(a)

,9' g\ %) If condition [ holds, then
g9 £l an(B <D inle)
A B

e 0 initia”g uncorrelated with A&B
Ea.cB(B) < Dapla)

Precise|9 what Cubitt et al. had.....
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An exPerimental
test
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Noise parameter p

A. Fedrizzi, M. ZuPParclo, G. Gi”ett, |
M. Broome, M. de Almeida, M. Paternostro, :

[}

A. White, and T. Paterek, Phys. Rev. Lett. 111, 250504 (2013)
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Instrumental result

The entanglement—gain N a c]uantum
communication Protocol is bound bﬂ the clegree

of Pre-availa!:)le quantum discord

C

AO— ) B

For any tripartite state p = p4pc 1t holds

Ea.pc(t) — Eac:s(t)| < Dapjc(t)

TK Chuan J Man”arcl K Mocll i Paterek MF, ancl M Piani, Phgs Rev Lett 109, 070501 (ZO]Z)
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The clgnamical setting.

First assume that Eac:B(0) — Ea.c(0) < Dapc(0),
Hac,Hpc) = 0 Es.5c — Exc.p < Df43|c(a1cter Haic)
T is the final time of the cxPcriment 5

T. Krisnanda, M. Z_uPParclo, MP, T. Paterek, arXiv:1607.0114-0
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The general setting _

Eyc.p = Eac:8(0) — Ea:pc(0) < Dapic(0),
E1/4:BC' & EAC:B < D;lB|C<a{:tCrHAc>
|

Ea.pc(T)

Ea:pc(T) — Ea:c(0) < Dapic(0) + D)y g0

Entanglement gain N Partition A : BC mediated bg &

Non~c|assicali’c9 of C entails an entang]ement gain

T. Krisnanda, M. ZUPPacho, MP, T. Paterek, arXiv:1607.0114-0
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The general setting

W e S P S—— -—

[HAC7HBC] # 0 [/ = lim (e_iHBC’Ate—iHAcAt)n |

n— 00 |
G = Tl— 0 Ea.Bc(At) — Ea:ac(0) < Dapic(0) + Df43|c}
(

¢
T. Krisnanda, M. Z_uPPaer, MP, T. Paterek, arXiv:1607.0114-0 '
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Can “C” be classical

and exploitable?

Can cntanglement be increased ]:)9 interacting with an

alwags classical C?

Theorem. For a three party system with Hamailtonian
Hac + Hpe, entanglement E 4. 1S constant if discord
Dapic =0 at all times.

Perfect Position to stucig the non-classical nature of C
from the observation of A&B onlg!

U

Entanglement gain 1S 3 goocJ candidate...
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Fixed mirror

Hac
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x direction
sy

Movable
mirror

P

A Possible exl:)erimental £

scenario

Hsc

Fixed mirror
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Can we learn something

about gravity?

Hac Hsc

Bt oy TN e W, €y W T -

T. Krisnanda, M. ZuPParclo, NP, &% Paterek, arXiv:1607.0114-0
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