POLYTOPES OF ABSOLUTELY WIGNER BOUNDED SPIN STATES
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J Low spin quantum numbers

Wigner function of a spin state
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Simplex of spin-1 states
l / with spectrum A = (Mg, A1, Aa)

The SU(2) Wigner kernel of a spin-j system is
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where Q = (0, ¢) € S, Y71/(R) are the spherical harmonics, and s
T are the spherical tensor operators associated with spin j.
Wigner function of a spin state p: | W,(Q) = Tr [pA(Q))] | Ao S " A1
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Normalization:
‘ T Jg2

W,(Q)dQ = 1

SU(2) covariance: W, ;+() = W,(97' Q)

Absolutely Wigner bounded (AWB) states

Definition: A spin-j state p is AWB with respect to Wi, if the
Wigner function of each state unitarily connected to p is lower
| bounded by Wiyin:

vQes?

W0t () > Winin
vput () Y U € SU(2j +1).

When Wyi, = 0 we refer to such states as absolutely Wigner pos-
itive (AWP). Hence, an AWP state has only non-negative Wigner
function states in its unitary orbit.

Polytopes of AWB states

Proposition: Let AT denote the vector of kernel eigenvalues
sorted into increasing order. Then a spin state p is AWB iff its
decreasingly ordered eigenvalues At satisfy the following inequality

P Simplex of spin-3/2 states

Relationship with entanglement

Glauber-Sudarshan P-function

= 2J4+ 1 /PP(Q) |2) (2] dQ with [€2) a spin-coherent state

Maximal negativity in the unitary orbit of a two-qubit symmetric
(or equivalently a spin-1) state p with spectrum A\g > A; > Aa:
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AWP polytope

Balls of AWB states

A2
Hilbert-Schmidt distance between a state p and the maximally mixed ” / Set of symmetric absolutely
“ N / separable states:
3 Pyyur(2) 2 0
vV U € SU(3)

sate po: 7(p) = llo = pollus = 1/ Tx [0 = p0)’]

Proposition: The radius of the largest inner ball of the AWB poly-
tope associated with a Wi, value such that the ball is contained
within the state simplex is
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