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Motivation

- Marginal entropies determine the distribution of
iInformation in multipartite quantum systems

- => we want to understand the structure of complex
multipartite quantum systems
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Introduction 4

Multipartite entropy distributions
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2™ — 2 possible subsystems p, with different entropy
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2"~1 — 1 possible subsystems p, with different entropy
(encodes entanglement distribution)




a = 0: Sy(0) = logrank(p) ??7?

} a € (0,1): No inequality possible [3]

— a = 1: Rich structure (SSA, WM, etc.) [1,2]

Renyi-entropies S, (o) := %log Tr(e%)

-

—| a € (1,): No linear inequalities possible [3]

SSA: S(04) + S(apc) < S(0ap) +S(0ac)
WM: 5(04) + S(ep) < S(0ac) + S(opc)

T
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Introduction

Rank vectors

- 17 == rank(p;)

Given7 e N™and 1 <m < 2" 1 —1 =) What ranks are actually possible?

MH and J.1I. de Vicente, The structure of multidimensional entanglement in multipartite systems, Phys. Rev. Lett. 110, 030501 (2013)



Entropy inequalities

Tripartite states: g4pc

Se(0) < Sg(o) for a=p

T~

@ S(0apc) < S(04p) +S(0ac) < So (0ap) + So(0ac)

apply filtering

So(0a) < So(0ap) + So(0ac)

Ty < TyupTyc

rA
|Wapc) = z|i>®|¢i> Tap = Tac < T4°
i=1

J. Cadney, MH, N. Linden and A. Winter, Inequalities for the ranks of quantum states, Linear Algebra and Applications, 452, pp. 153-171 (2014)



Convex cones

- 13([$)) = log(rank(p;))
(IR = 7(|¥) +7(|$)) log()

10

TpTc = Ty

Extremal ray

|Wapc) = z|l)®|cb )



Entropy inequalities

Applications in entanglement classification

17 ==rank(p;) and r; < 1744

. dj = min maxrji
D(p) Y;

(3,3,2)
3.2.2)
(4,2,2)

MH and J.1. de Vicente, The structure of multidimensional entanglement in multipartite systems, Phys. Rev. Lett. 110, 030501 (2013)



Conclusion

Conclusion & Open Problems

- New inequalities for the ranks and new techniques for finding them

- Open Problems: rank vectors & inequalities for n > 4?

From s.s.a. and w.m. we know: (1) 7a7s = 75 —
(2) r4pTac =14 € elementary proof

(3) TaBTacTse = 14°

Hypothesis: (4) 15 < 14¢c 1457

We also have:(asymptotic) construction for all states satisfying (1-4)

J. Cadney, MH, N. Linden and A. Winter, Inequalities for the ranks of quantum states, Linear Algebra and Applications, 452, pp. 153-171 (2014)



L
Thank you!

- Rank inequalities

J. Cadney, MH, N. Linden and A. Winter, Inequalities for the ranks of quantum
states, Linear Algebra and Applications, 452, pp. 153-171 (2014)

- Measures of GME-dimensionality and Witness
constructions

MH and J.1. de Vicente, The structure of multidimensional entanglement in
multipartite systems, Phys. Rev. Lett. 110, 030501 (2013)

MH M. Perarnau-LIlobet and J.1. de Vicente, The entropy vector formalism and
the structure of multidimensional entanglement in multipartite systems, Phys.
Rev. A 88, 042328 (2013)



Entropy inequalities

The canonical approach

W:=al — |Y)}y| with a= max [(Y]p)|?

e.g.forS = (2,3,4) ? o) hard



Measures and withesses

Detecting (multipartite) entanglement

SL(p) =21 =Tr(p?) S,(p) = W(p)

[{Ar}

W p)]; = {(;; (alelf] — min( kzl J(@BIPa 009 2Pa a8

For X-matrices:  [W(p)]; < max( kiﬂ,fk)}z pic [SUPiN]) < W ()]

W0 < I ) peminCSABOLD < TF )

*MH and J. I. de Vicente, Phys. Rev. Lett. 110, 030501 (2013)
**S. Rafsanjani, MH, C. Broadbent and J.H. Eberly, Phys. Rev. A. 86, 062303 (2012)



Measures and withesses

Measures and withesses

Convex roof measures of multipartite entanglement:

S = inf z S
«(p) L 4 Di Sa (|Yi))

If Q(h/)k)) Is the full (and ordered) entropy vector:

[S_a\(p)],; >0 < pnotn—log(i+ 1)+ 1-separable,

e.g. last entry greater O implies genuine multipartite
entanglement



Measures and withesses

Connecting to dimensionality (i.e. ranks)

17 ==rank(p;) and r; < 1744

o dj := min maxrji

D(p) i

Since S/, > —log,(1 — %)

/ "'//
bi-
separable

MH M. Perarnau-Llobet and J.I. de Vicente, The entropy vector formalism and the structure of multidimensional entanglement in multipartite
systems, Phys. Rev. A 88, 042328 (2013)



Measures and withesses

- Some examples

1 Ip I¢
Q = Pajpc Qdpc + Pplac > Qduc + Pclas o ®0ap + (1 — Pajpc — Pclap — PBlac)TaBc

07 T T T |

pC|AB = (.28

08001 05 03 04 05 06 07
PABC



Measures and withesses

1
Wzz) = E”OOO) +|111) + [012) + |123))

1
0= p|¢(432))(1/)(432)| +qogy, + (1 —q — p)a]l

1.00-

g— (4,3 2)

(3,3,2)

||||||||||




Measures and withesses

Improving detection for known density matrices: the normal form

lY) = V1 — 2|000) + +/€|111) + /€|222)

4

1 ®3
/\/3(1—23) ’ ° \
0 L 0
3¢€ )
\ 0 0 E)

4

i(|OOO) + |111) + |222))

Il/i)=\/§



