Absolute separability witnesses for symmetric multiqubit states
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Abstract

Entanglement is a valuable resource for quantum applications, and a well-established method for creating entangled multiqubit symmetric states in
a controlled manner is the application of a global unitary operation. However, certain states, called symmetric absolutely separable (SAS), remain
unentangled after any unitary gate preserving permutation invariance in the constituents of the system. In this work, we develop criteria for detecting
SAS states of any number of qubits |1, 2|. Our approach is based on the Glauber-Sudarshan P representation for finite-dimensional quantum systems.
We introduce families of linear and non-linear SAS witnesses formulated respectively as algebraic inequalities or a quadratic optimization problem. These
witnesses are capable of identifying more SAS states than previously known counterparts [3].
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We use quantum correlations of a quantum system to create/enhanced Number of qubits [ Witness W,
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tem are those who maximize a particular quantum correlation (entangle-
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2) The formal definition of separability for symmetric, which is given by

the Glauber-Sudarshan P representation: A state p is SAS if there exits a
function P(UpUT, ) on the sphere such that Case N =2

UpUt = / P (UpUT,0) (D()|2) (3| DT (2))*" d. A
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with 2 = (0, ¢) and
P(UpUT, Q) >0 VQeS? UeSU(N+1).

We take advantage of the non-uniqueness of the P-function (3]
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FIG. 1. SAS states witnessed by W, for N = 2 in the simplex of eigenvalues
A in barycentric coordinates. The full set of SAS states was characterized

in Corollary 1 of Ref. [1]: p is SAS if and only if /A1 + VA2 > 1.

Po=Tr(pw)(n)) , unique for p P’ , arbitrary yrm

to build functions that are easy to study over the unitary orbit.

SAS witnesses
Wi : pis SAS if MAT >0,
Wh({yr}): pis SAS if for some values of {yr,}

where By 1 is the set of bistochastic matrices and f, g, and h; are func-
tions dependent only on the eigenspectrum A.

Ws : p is SAS if FIG. 2. SAS states witnessed by W, for N = 3. The set of SAS states was
calculated numerically in Ref. [1].
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where r? = Tr(p?) —(N+1)"' =>, M2 = (N+1)"! and F(L, k) constant
numbers. See more details in |2].




