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Typical scenario in QIP: distribution of entangled pairs A, B, C, ... f
‘ Access to Quantum Memories
Copies A, B, C, ...
I I can be processed jointly
dividual copies are entangled™
‘ ‘ Entanglement distillation
== Fewer copies of more strongly
l If individual copies are separable
Party 2 ® ‘ =) joint state is separable w.r.t.
biparition A5:C;...|A2B2C5...

/ * But not always possible, 3 undistillable entanglement, in particular, all PPT-entangled states are undistillable

K Quantum information processing with multiple copies /

Party 1

entangled states




\) Quantum information processing with multiple copies /

But typical scenario in QIP involves multiple parties 1,23, ... N f
1 [B#shis the situation we consid e, we ask:
Mie’rhlm'esos‘qvqre

cturaeof genuing multipa
sc‘os with Tulhple
O
‘arcus Huber, Quantum 6 (2022)

blsepqrdble
® C. Palazuelos and J. I. de Vicente, Quantum 6, 735 (2022)
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and multiple copies A, B, C,
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Genvuine Multipartite En

Pure state | @) separ

Mixed state p'*) s
combination of pure

mm) k-separability do

except when p*) is p

1| Asl ... | Ag if

ritten as a convex
to some k-partition

.r.t. any specific partition

(fully separable)

Here: States that are separable w.r.t. any partition: partition separable

For kK = 2: biseparable

For k = 1: genuinely k-partite entangled

(here, just ,GME")
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separable

K Structure of Genuine Multipartite Entanglement (N = 3)
partition
1\ mixed states

Ai|Az|As

fully
separable

)

biseparable

state space

a

ure states . )
P But is this structure tensor-stable?
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Activation of Genuine

ntanglement /
rable state (

Why would it NOT be?
Pbisep = P

If we take two copies

ngep 3 p2 Pa, D Pa, s @ Pus QP 8, D Ps,

—l_p(]' _p) [pAl A Ao ®p./—'t3 ®p51® pBng ]

.I.t. ./41|./42./43, A2|A1A3 or .«41A2|¢43

mm) Some terms not necessarily

=) Two copies might be GME /3

Indeed, example for such 2-copy activatable states have been found before [1]

But is this structure tensor-stable?
[1] Marcus Huber and Martin Plesch, Phys. Rev. A 83, 062321 (2011).




GHZ states (

(10)% +11)°")

Consider one-paramet

The Tools
\] Here, we examine GME a

O p(p) = p |GHZ ) GHZ

We can then leverage tw

N
the genuvinely multipartite

cient GME criterion [3].

. For any N-qubit state pPX
l (I) concurrence Camlpx) [21P

J

(i) For any two states p and & dmap Ep®oa] = TT‘E;;) cH,

can be implemented via SLOCC [4]. )

[2] Rafsanjani, Huber, Broadbent, and Eberly, Phys. Rev. A 86, 062303 (201 2), arXiv:1208.2706.
[3] Ma, Chen, Chen, Spengler, Gabriel, and Huber, Phys. Rev. A 83, 062325 (2011), arXiv:1101.2001.
/ [4] Lami and Huber, J. Math. Phys. 57, 092201 (2016), arXiv:1603.02158.




The Works /
We observe: (1) isotropic N-qubi tates are in X-form

1 (2) Hadamar reserves this X-form

be implemented via SLOCC

biseparable states

O

GME for states in X-form

|

l For one copy: If Cam(p(p)) Condition: » > poue(N) = v

For two copies: p(p)®2 —— s
O

/1 For k copies: If CGM(ES
\

/-




The Results (illustrated for N = 3)
mixed states
Isotropic
1 GHZ states

/]

O
Ay “A2‘-’43 | GHZg)
fully
separable

l biseparable

O

state space

We shoyre stiltés! biseparable isotropic N-qubit GHZ states are activatable

(ii) All isotropic 3-qubit GHZ states between PS{VIE and pg\/IE
/ require 3 copies for GME activation (2 copies biseparable)
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Aq|Az| As
fully
l separable

%

The Results (illustrated for N = 3)

Isotropic
GHZ states

| GHZ3)

state space

Moreover: (iii) We consider a family of biseparable three-qutrit states with
no distillable bipartite entanglement across any cut and show
that three copies can become GME




The Conjectures
\] Our results lead us t

There exists a
O (|) i.e., for all £ >
state p sucht

able GME, h

artition-separable

l (”) GME may be act t pqr’ri’rion-sepqrqble]




... our conjectures have been pro

Confirmation of Conjectures
\] While we have been battling reviewers and the pandemic...

talented colleagues in Madrid

O A3
C. Palazuelos and J. |. de Vic
Quantum 6, 735 (2022)
arlos Palazuelos Julio I. de Vicente
l They show that:
/(1 ) An n-partite state is GM ly if it is not partition P)
O separable.

(2) For any k € IN and n (with n > 2), there exists an n-partite GME-activatable
state such that i copies of it are not GME.

| \_ Y,
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A1 Azl As
fully

l separable
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The Results (illustrated for N = 3)

Isotropic
GHZ states

| GHZ3)

state space

This means... a hierarchy of k-copy activation

... but asymptotically (as k — 0o ) a breakdown of hierarchy of genuinely

n-partite entangled states (everything either partition-separable or GME)




Con - :xity & Shared Randomness in Multi-Copy Scenarios
N =3
1\ Isotropic

GHZ states

ArlAz|As | = e e | GHZ3)

fully
l separable

@)

\ /
Shared randomness: incoherent mixture of k-copy activatable states

/7 w) ((k—H)-copy activatable state for k' < k

state space




N =3

A1 Az | As f

GME

K Con ':xity & Shared Randomness in Multi-Copy Scenarios /

O

Ai|Az| As

fully
l separable

@)

A1 Az As
I 3

Perhaps not so shocking: If given two systems in partition-separable states

/ PALAs| Az and PA; | Az A; D PAL A A D PA A A is GME



N =3

A1 Az | As f

GME

K Con ':xity & Shared Randomness in Multi-Copy Scenarios /

O

Ai|Az| As

fully
l separable

@)

A1 Az As
I .

“Forgetting* which system is in which state ) 2 copies of incoherent mixture

/ which might now be 2-copy activatable ) no net gain in GME via randomness
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