Multipartite entanglement and correlation
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m state vector: |¢)) € H (normalized) m mixedness: von Neumann entropy S(0) = —trolnp
m pure state: ™ = |[{) (Y| € P m distinguishability: relative entropy D(p||o) = tr o(In o — In o)
m mixed state (of an ensemble): o =} . pm; € D = ConvP Level I: partitions [3, 4]

Level 0: subsystems m {-correlation (&-mutual information);

H SyStem: L — [n] — {].7 2, c ey n} Cg(@) _ mln D(QHO') S(Qx) o S(Q)
m subsystem: X C L, then Hy, Px, Dx Boolean lattice structure: Py = 2¢ 0€De.unc X&e§

Level I: partitions [3, 4, 5, 6, 7] m -entanglement (for pure states), f entanglement of formation (for mixed states):

m partitions of the system: £ = { X1, X2, ..., X} = Xi|Xo| ... [Xg € T(L) Ec(m) = Celp(m), = mln{z PiEe(mi) Z DT = Q}
m refinement: v X Edef: VY ev,IX e Y C X lattice structure: P, = T1(L)
m {-uncorrelated states: De yne = {®xecox} v =& < Diunc < Deune
m {-separable states: Do, = Conv Dy UV=E & Diysep € Desep

strong entanglement monotone: not increasing on average w.r.t. selective LOCC
m faithful: Cg(@) =0 & pe€ Dg_unc, Eg(@) =0 & p¢€ Dg_sep
m multipartite monotone: v < ¢ & C, > (., E, > E

Level |I: multiple partitions [3, 4, 5, 6] Level Il: multiple partitions [3, 4]
m down-sets of partitions: § = {£1,&,...,&¢} € Pi (closed downwards w.r.t. <) m £-correlation:

m partial order: v <X & def: v C & lattice structure: P = O (P) \ {0} Ce(e) = min D(ol|o) = min C¢(0)
m {-uncorrelated states: Dg yne = UgegDeync V=€ & Dyunc < Deync 7€ De-unc 3=3

m {-separable states: De.gep = Conv De_ync V=€ & Dyuep C Deser m &-entanglement (for pure states), S entanglement of formation (for mixed states):
m spec.: k-partitionability and k’-producibility (chains) Ee(m) = Celp(m), _ mm{z piEe()) Z i = Q}

= {1 € P | |ul =k}, vie={veP|VNev:|N <K} strong entanglement monotone: not increasing on average w.r.t. selective LOCC
k-partitionably unc. and k'-producibly unc.: Dy part unc = Dp,-uncy Pi-prod une = Do, -unc m faithful: Ce(0) =0 & 0€ Deune, Ee(o) =0 & 0 € Degep
k—partitionably sep. and k/-PFOdUCibW SEp.. Dk—part sep — Duk—sem Dk’—prod sep — Dl/k/—sep m multipartite monotone: v < £ & G, > Cf? E, > Ef
Level 11I: entanglement classes |2, 4] m spec.: k-partitionability and k’-producibility
m up-sets of down-sets of partitions: § = {£;,&,...,&¢} S Pu (closed upw. w.r.t. <) k-partitionability correlation and k’-producibility correlation:

m partial order: v X { def:v C & lattice structure: Py = O+(Py) \ {0} Crpart(0) = Cou (0) = m|n C.(0), C-prod(0) = G (0) = min  C,(0)
m partial correlation classes [2]: all the possible intersections of Dg_nc =k vNeviN|<k
faltth| Ck—part(@) — O — 0 - Dk-part uncs Ck’-prod(@) — O <~ 0 S Dk’-prod unc

C§—unc — ng-unc M QD&UM for pI’IﬂCIpBISZ § — T{\lf{f}} multipartite monotone: k < / S Ck-part S Cl—parta Ck—prod Z C./—prod
§¢E <8

LO convertibility: if 30 € Cypync, IA LO map such that A(p) € Ce-unc then v X €
partial separability classes [4]: all the possible intersections of Dg g,

k-partitionability entanglement of form. and k’-producibility entanglement of form.:

Ek—part(@) — Euk(Q)a Ek’-prod(@) — El/k/(Q)

_ faithful: Ek—part(@) =0 & AS Dk-part seps Ek’-prod(@) =0 < 0 € Dk’—prod sep
C§-sep = m De.sep N m De.-sep for all £ (conjecture) multipartite monotone: kK </ < Ejpare < Ejpart, Ekprod = Eiprod
£¢€ £eg

m LOCC convertibility: if 30 € Cy.sep, IA LOCC map such that A(0) € Ceeep then v < € Examples: Multipartite correlations in molecules
“atoms”: o = Ai[A| AL, “bonds”' B = Bi|B|...|Bj

Y Cialoa)+ Ci(o) =Y C s(os)+ Cio) = Cu(o)
P, & & P = O+(Py) \ {0} Aca
T T | CeHg (benzene): 100F
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lllustrations: Structure for n = 3 i
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lllustrations: k-partitionability and k’-producibility for n =2 3,4 N Ol —prod X,

C,=19.51, C; = 2.74
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