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Structure of properties 2,3, 4

m state vector: |¢)) € H normalized

m pure state: 7 = |¢) (Y| € P = Extr D

m (mixed) state: o = ) . pm; € D = ConvP
Level 0: subsystems

msystem: L ={1,2,... n}

m subsystem: X C L, then Hx, Px, Dx

Level I: set partitions [3, 4, 5, 6, 7]
m partitions of the system: { = { X1, Xo, ..., X} = X1|Xo| ... | X|¢ € (L)
m refinement: v X Edef: VY ev,IX e Y C X lattice structure: P, = T1(L)
m {-uncorrelated states: Dy yne = { @xecox } U =& <= Diunc € Deyne

Ujf < D’Usep_Dfsep

Boolean lattice structure: Py, = 2¢

m {-separable states: Dy g, = Conv Dy

Level II: multiple set partitions [3, 4, 5, 6]

iel} € P (closed downwards w.r.t. <)

lattice structure: Py = Oy (P) \ {0}
(Ol € <= Dyunc C Df-unc
v=§ D’U—sep C Dﬁ-sep

m down-sets of partitions: & = {&1,&, ...,
m partial order: v <X E def.: v C £
m £-uncorrelated states: Dg yne = UgegDeounc

m {-separable states: Dg.o, = Conv Dg_ync

Level 111: classes [2, 4]
m up-sets of down-sets of partitions: § = {£;,&,, ... ,£|£|} C Py (closed upw. w.r.t. <)

m partial order: v < £ def:v C & lattice structure: Py = O4(Py) \ {0}
m partial correlation classes [2]: all the possible intersections of Dg

C§—unc — ﬂ Df-unc M m D&—unc ?é @ < principals: § — T{Jf{g}}
323 €€
LO convertibility: if 30 € Cyunc, IA LO map such that A(g) € Ceunc then v < €
partial separability classes [4]: all the possible intersections of Dg g,

Ce.sep = ﬂ De sep q De sep + () for all € (conjecture)
§¢§

m LOCC convertibility: if 30 € Cysep, EI/\ LOCC map such that A(¢) € Ceep then v < §

lllustrations: Structure for n = 3 il
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lllustrations: k-partitionability and k’-producibility for n =2, 3,4
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Quantification of properties

Quisner
m mixedness: von Neumann entropy S(0) = —trolnp
|

m distinguishability: relative entropy D(o||c) = tro(Ino — In o)

Level I: partitions [3, 4]
m {-correlation (§-mutual inf.): Ce(0) = minsep,,,. D(0l|o) = > xc:S(ox) — S(0)
m ¢-entanglement: E¢(m) = C¢|p(7), then convex roof
m corr./ent. monotones, faithful: Ce(0) =0 < 0 € Deyne, Ec(0) =0 & 0 € Degep
m multipartite monotones: v < § & C, > (¢, E, > E¢

Level 1l: multiple partitions |3, 4]
m E-correlation: C¢(0) = mingep, .. D(0]|0) = mingee Ce(0)
m &-entanglement: E¢(m) = C¢|p(7), then convex roof
m corr./ent. monotones, faithful: C¢(0) =0 < 0 € Deyne, Ec(0) =0 & 0 € Degep
m multipartite monotones: v <& & C, > (¢, E, > Eg

Structure of permutation invariant properties

Level I: integer partitions (Young diag.)
m partition types of the system
£ ={x1,x,... X} € P = s(P) (multiset!)
m refinement: O < & def.:
Ju e s 1), esE) v = ¢ poset P,
m Level Il properties with & = Vs 1({{&})
isom. 0 <& < VsH(L{D}) =< Vs Y(I{E))

m state sets and measures as before

Level 0: subsystem sizes:
s(X) := |X], then
elementwisely on P, then
elementwisely on P, then. ..

(P, <) = (Pu, <)
[onm  Jonm

(P1, =) = (Pu, =)
[oaw  Toam

(P, =) = (P, =)

[

(POvj) = (ﬁOvj)

Level Il: multiple integer partitions

m down-sets of int. part.s: § — {fl ég, . ,f@} C FA’|

m Level |l properties with € = Vs~ (S)
iIsomorphism ¥ < f & Vs HD) < VvsTHE)

m state sets and measures as before

k-partitionability, k-producibility and k-stretchability

m height, width and rank of Young diagrams

E ot = {EEP

& orod {f cP

€k str — {f S 'DI

H(E), w(©) < wi(d), r() < r(é)
m chains: =&kt — 12>k
<&, ood > 1< k
f/strﬁfkstr — <k

m down-sets: U

m bounds:

€k—part = €(n—|—1—k)-prod €k part = € n+1—2k)-str

€k—pro = é k—|n/k|)-str

gk prod = 6([n/k1 )-part

N\

€k str j 6% k2+4n —k)-part ék—str j €%(n+1+k)—prod

m duality by Young diag. conjugation: h(éJf) — W(é) W(éJf) — h(é) r(éT) = —r(é)

lllustrations: Structure of permutation invariant properties for n =2...6

No

k-partitionability

J |
1 2
k-producibility

k-partitionability

k-partitionability

k—prodﬁcibilityl k—pI’OdlIJCib”ityl

Bibliography

1] Sz. Szalay, k-stretchability of entanglement, and the duality of k-separability and k-producibility, Quantum 3, 204 (2019).

2] Sz. Szalay, The classification of multipartite quantum correlation, JPhysA 51, 485302 (2018).

3] Sz. Szalay, G. Barcza, T. Szilvési, L. Veis, 0. Legeza, Correlation theory of the chemical bond, SciRep 7, 2237 (2017).

4] Sz. Szalay, Multipartite entanglement measures, PRA 92, 042329 (2015).

5] Sz. Szalay, Z. Kokényesi, Partial separability revisited: Necessary and sufficient criteria, PRA 86, 032341 (2012).

6] M. Seevinck, J. Uffink, Partial separability and entanglement criteria for multiqubit quantum states, PRA 78, 032101 (2008).
7] W. Diir, J. I. Cirac, Classification of multiqubit mixed states: Separability and distillability properties, PRA 61, 042314 (2000).

Mail: szalay.szilard@wigner.mta.hu


http://www-i6.informatik.rwth-aachen.de/~dreuw/latexbeamerposter.php

