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Abstract: <span>Imagine that Alice and Bob share a quantum state, from which they want to distill something useful like entanglement or secret
key. For this they need to communicate classically and they want to do this by one way communication from Alice to Bob. For some states, it might
happen that the state is a part of a tripartite state shared with Charlie, which isinvariant if Bob's and Charlie's systems are switched. Such a state is
caled a symmetric extension, and if it exists Alice and Bob have no chance of distilling key or entanglement by one way communication. | will
present some results characterizing which quantum states have symmetric extension.</span>
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Motivation
®

Properties of bipartite quantum states

Property Task (true/false)

Distillable entanglement? Teleport (yes/no)
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Motivation
®

Properties of bipartite quantum states

Property Task (true/false)
Distillable entanglement? Teleport (yes/no)
Pure entanglement? Distill entanglement (yes/maybe)
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Properties of bipartite quantum states

Property Task (true/false)
Distillable entanglement? Teleport (yes/no)
Pure entanglement? Distill entanglement (yes/maybe)
NPPT entanglement? Distill entanglement (maybe/no)
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Motivation
®

Properties of bipartite quantum states

Property Task (true/false)
Distillable entanglement? Teleport (yes/no)
Pure entanglement? Distill entanglement (yes/maybe)
NPPT entanglement? Distill entanglement (maybe/no)
Entanglement? Secret key (maybe/no)

Pirsa: 07060019

Page 6/38

Symmetric extendibility of quantum states Geir Ove Myhr




Motivation
®

Properties of bipartite quantum states

Property Task (true/false)
Distillable entanglement? Teleport (yes/no)
Pure entanglement? Distill entanglement (yes/maybe)
NPPT entanglement? Distill entanglement (maybe/no)
Entanglement? Secret key (maybe/no)
Symmetric extension? 1-way secret key (no/maybe)
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Symmetric extension
»

Symmetric extension

PAB
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Symmetric extension

B Jpagg’ such that
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Symmetric extension
»

Symmetric extension

B Jpaggs such that

* g paBBr = PAB
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Any classical/public information from A is received by both B
and B'.
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Symmetric extension

B Jpaggr such that

e Irg paBBr = PAB
 Ppg pase Pgg = rass

')
r----

!
J".'
‘_.
'y

]

Any classical/public information from A is received by both B
and B'.

» No secret key, no pure entanglement
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Symmetric extension

B dpagg: such that

PAB
e rp paBE = PAB

 Ppgpase Pgg = rass
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Any classical/public information from A is received by both B
and B'.

e No secret key, no pure entanglement
e Can be broken if Bob announces measurement outcome
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Results

Structure of symmetric extendible states

Decompaosition into pure-extendible states:

PAB = z PjFag-

f
J

where the MAB are extendible to pure states.
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» No secret key, no pure entanglement
e Can be broken if Bob announces measurement outcome
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Structure of symmetric extendible states

Decomposition into pure-extendible states:

pAB = D PiPag-

f
J

where the MAB are extendible to pure states.
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bt stric extans Results
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Pure-extendible states:

Necessary condition:

A(paB) = MpBs)
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Pure-extendible states:

Necessary condition:

AMpag) = E(P’E)
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Results

Two qubits

NECESSH!":I and suiricient conaitions

Pure-extendible states

—_

\(pas) = Mps)
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Two qubits

Necessary and sufficient conditions

Pure-extendible states

\(pas) = A(psg)

f\max(!-‘AB) < Amax (I}B)
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Two qubits

Necessary and sufficient conditions

Pure-extendible states

\(pas) = A(ps)

Amax ( !-"AB) < Amax (f-?B)

Conjecture for general 2-qubit states

Symmetric extension only depends on \(pag) and \(pg)
(numerically verified).
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Results

Two qubits — Bell diagonal states

PAB = Pi|®PTHPT| + Px |WTXVT| +py [W XV | +pz| @ (P |

where

can also be written as

;;,45:&!—%(*%)( DX+ Y ® Y -+

"
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Two qubits — Bell diagonal states

pag =zl — (XX +%Y @Y +1:Z2 2Z)

Theorem [Renes, Doherty]

A bell-diagonal state has symmetric
extension iff one of

BNSE = A L R, £ NP
xYy Yz Ix Ty x )z Wile =
mm("f’";—’fk—‘;"k
— :*j——*f) >0

Is satisfied.
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Two qubits — Bell diagonal states

IJ‘AB:%,_%(AKX x X—‘-y\/: Y+, 2R Z)

Theorem [Renes, Doherty]

A bell-diagonal state has symmetric
extension iff one of

S S| N SRRl
IX Ty Yz Ix Ty Ix Iz I Iz =
mm("f”;—“t’k—‘;"k
— e =) =0

Is satisfied.
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Two qubits — Bell diagonal states

pap =gl — (X @ X+ YR Y +7:Z3® 2Z)

Theorem [Renes, Doherty]

A bell-diagonal state has symmetric
extension iff one of

. JBIE  epe PR g
IX' Ty Iz Ix 1y 1% 1z 'y 1z —
mm("f”j—”t’k—‘fk
_("k:ﬁ-j——*f) > 0

Is satisfied.
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Two qubits — Bell diagonal states

pag = gl — (X X + 7Y@ Y +7:Z® Z)

Theorem [Renes, Doherty]

A bell-diagonal state has symmetric
extension iff one of

e BRI R
xYy )z Ix Ty Ix 1z 'w iz —
min("f';—’f’k—‘;“k
—8 :ﬁj—-—*.f) >0

Is satisfied.
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Two qubits — Bell diagonal states

pAB:%f—%(“XX - X—‘-yY: Y——‘ZZ : Z)

Theorem [Renes, Doherty]

A bell-diagonal state has symmetric

extension iff one of k’

= B S _‘242&,0
X 1z 'y Iz =

YTz — T Ty — fir —
miﬁ(“f‘j =YYk 3=V Th>

.H'\'-\.

—( £ =) 2

Is satisfied.
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Higher dimensional symmetrized states

e Can symmetrize by random unitary on A and
carresponding on B (twirling)

o Only requires one-way communication
— conserves symmetric extension

e p— (U= U)p(U = U)"dU give Werner states
e p— [(U= U)p(U* = U*)TdU give isotropic states
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Results
000000

Werner states

e \Werner states are of the form

- Pas Psym
ﬂ_pdz—d*(1_p)d2—1

e Any state of this form has symmetric extension ford > 3
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Isotropic states

o |sotropic states are of the form

p=a|lOo" XOo' |+ (1 —rl__}! d2
e The twirling conserves fidelity to |o™
o [he states have symmetric extension iff (o™ | plo™) < ffg—ﬂ_*
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Summary

e Symmetric extension limits one-way quantum tasks
e Extendible states can be decomposed to pure-extendible
o Criteria simplify for two qubits
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Results

Summary

e Symmetric extension limits one-way quantum tasks
e Extendible states can be decomposed to pure-extendible
o Criteria simplify for two qubits
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