Quantum network for detecting and activating entanglement

Jaemin Kimt and Joonwoo Bae

The School of Electrical Engineering, Korea Advanced Institute of Science and Technology, Daejeon, Republic of (South) Korea

KAIST

Abstract : We present measurement-based entanglement witnesses that realize the detection of entangled states by preparing multipartite quantum states and applying local
measurements only, where a measurement setup for the verification of entanglement is hugely simplified. Entanglement witnesses from decomposable maps such as the
partial transpose and the reduction map, which detect distillable entangled states, and non-decomposable positive maps such as the Choi map as well as its generalizations
and the Breuer-Hall map, which verify undistillable entangled states, are explicitly constructed in a measurement-based manner. The realization is also applied to
characterizing entangled states that can be used for activation of quantum information processing. Our results generalize measurement-based quantum computing to non-
physical operations that can detect entangled states, and establish both detection and activation of entangled states in a measurement-based manner.
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Introduction

= Measurement-Based Quantum State Transformation (State-Channel Duality)
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Quantum channel Entanglement States and Local Measurements

» The Mathematical Result
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Choi—Jamiotkowski Isomorphism = 1mplementation with
Map Choi Matrix State + Measurement
P&CP Quantum State MBQC
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Positive but not Completely Positive
/ (Non-physical, but useful for entanglement detection)
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Entanglement Witnesses

Quantum States

Positive & Completely Positive
(Quantum dynamics)

-l Entanglement Witnesses in Experiment [----------<---- s

n ; ; Measurement-Based Entanglement Witness

k=0 Local Measurements

@ Network state ISPA_ed EW

The framework
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Measurements
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Entangled sources
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= Projective measurements Py, = |¢p* )@ T| are
performed at A,4,,A3A,, B{B,, B3B,

Py
4, ©

= — direction: entanglement activation of p(?3
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« WP @ pAeB2AsBa) @ 5 (44Ba): A network
for entanglement detection & activation Aq
. I/'l7u(1): the SPA-ed EW to test the singlet
fraction of p(23) ® ¢
.« p(23): A state to be activated

« o®: A state to be detected /
A state consumed for activation
» — direction: entanglement detection of ¢®*
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» d-dimensional Bell states

+ oo = 75 ZRZGRIK), 1dse) = 7= Ti=g @ 1K)k @ ), Pee = lpse )bl
= Separable Bell-diagonal projectors

o+ I = X0 Py = Xacilk )k @ 1k @ s)k @ s
= The maximal singlet fraction (MSF) of a state p

, _ tr{2(p) Pool 1
MSF(p) = sup I8, MSF(p) € [2,1] vp

» The largest overlap with Py, achievable by separable map (SEP)
= The direct singlet fraction (DSF) of a state p: a lower bound of MSF (p)

tr[A(p) Pyo]
tr[A(p)]

------------“

for some trivial separable map A. DSF(p) < MSF(p).

\-------------

° W’ — trz [VVH(Z),DT(ZB)] Where VVT] — 77]1 — POO' n = MSF(p) [1]
= If an EW W is given, we can utilize DSF instead of MSF,
= Construct a 4—partite state p(42824s83) gych that

e W = trz [%(Z)IOT(ZB)] Where M/[,L — /1]1 — POO' U = DSF(,D)

o tr[Wao] = d*tr [W,fl) ® pPP ® 0(4)P0@0’4] where p = p' (real coefficients)

= Theorem. If W is an EW, then tr[Weg] <0< DSF(p Q 0) > u
« ¢ is detected by W if and only if ¢ activates p

= Remark. If ppp; is a PPT state, then the followings hold
« MSF(pppr) = 1/d since pppy is undistillable.

o Wppy = tr, [Vl/l(/zcg p3 is decomposable (cannot detect PPTES).

- Note. Any PPT entangled state ¢*) cannot activate a PPT state p{2>).

* Transposition EW W, = (id @ T)(d Py) = F = X201 ® 1))l

(3) (3)
° 2 (2) -t (2) 1+F
PT = @a—Da@+n(@+2) [(d + 1Py ( 2 ) + (L= Ppo)™ & ( ) ]

« MSF(p;) = 1/d since p is undistillable. [2]

» Reduction EW Wy = —1 — Pyy = £ > 11, — Py
¢ pp = E d-1lyd-1 PS(Z) P(B) (d-dimensional Smolin state), DSF(pr) = 1/d

= Generalized d-dimensional Choi EW W = “0+1

I, + 24 1“511 — Py,

. _ Qo+l od-1 P(z)

Ooc = E P(?’) + ZS -1 aSZ IP(Z) ® P(B)

(4) (34)
+1 23 1 |
* DSF(pgc) = aod , Apge) = trag [P( ' ® ( Poo + Ezgﬂlg) (Pss?) ] [3]

e DSF (péZCB) ® 0'(4)) 0(0d+1 N tr[WGcO-] <0

u Bl‘euer'Ha" EW WBH — %]1 - POO - %]F’
- FF=1QU)F(1®UT), Uis any skew-symmetric unitary: UUT =1,UT = —-U

2 3
* Ppy =1 Z?&Z;‘ilP” P(k)

+(1—1); (d—1)d(d+1)(d+2)

2 <(d+1>P(2) ® ()" + (- )@ @ (HE) )>

2d%-2d

([ J t:
3d2-3d+2’

1
DSF(ppn) = P
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We provide the quantum network for entanglement detection and activation.

Well-known EWs from transposition map, reduction map, Bell-diagonal map, and Breuer-Hall map

are shown in measurement-based entanglement detection.
Highly noisy network states construct non-trivial EWSs.
Future works: The properties of EWs (e.g., optimality, atomicity) in the quantum network
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