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In % a SIC-POVM is a family of {M}%* | such that My = |¢k) (vk|/d VK,

e = L0 Z M =1 (1)

One can decompose a state p € B (C%)

d2
—d(d+1) > oMk — Iy,  pc=TepM,, D pr=1. (2)
k=1

d+1) d(d+1)
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ESIC criterion

Proposition
Measuring in C% ® C% with {1AB}9° . SIC-POVM in C%5 the outcomes are

Pas = TrpMa " @ N5 (4)

If p e B (C% ® C%) is separable, one has

1P[|s = TeVPTP < 2 . (5)
\/dA(dA+1)dB(dB+ 1)
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Proof of ESIC Criterion

For product states p = 0 ® &, we use "singular value decomposition"

Pap = PAP5 — P = Ip*<p°| = |p*11p°| 1B (B%) , (6)
Y
1Pl

and Eq.(4). Therefore

i S RS 2 2

For any separable state

2
”P(Zp""®"')||"<2p'”7’ (@)l < Z"’\/ dA+1)\/dB(dB+1) =

1

(8)
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Realignment criterion (CCNR)

Proposition
A bipartite density state in C% ® C% with {G*B}%* , BON in C%s5 is

a? d?
p=> D CapGi®GE,  Cop=TrpGL ®GS. 9)
a=18=1

If p e B(C% ® C%) is separable, one has

a2
ICllr= D" Ak <1, 'S singular values of C. (10)
k=1
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Proof of the trace norm of C

Comparing the decomposition by covariance matrix C and by Schmidt

decomposition
2 P d?
p=> D CpGa®GE, p=> MGLRGE (11)
a=18=1 k=1

writing C = UAVT, with U, V unitary and A = diag{\«}%, yields

d2

Cllr = CIW) s = AVIwuY) =N\ 12

lClly = max, (CIW) s ng(§2)< A > 2 (12
HS -
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Comparison CCNR and ESIC by Entanglement witnesses EWs

Comparing by EWs with O € O(d?) for (dy = d = dg)
d2
Wo=lg®Ilg+ Y, O"GL®GF,  CCNREWSs (13)
a,B=1

d2
Wo =/d®/d+d(d2+1) > onigng,  ESICEWs  (14)
a,B=1

Requiring (G.|Ggs) yg = dap With Eq. (1) yield d? equations

—Vd+1+£1
G=«/d(d+1)|‘l+7l. (15)




Comparison
[o] Je]e}

Criterion by EWs (Example on CCNR)

For any separable state

max (C|O)ps = [|Cllr <1,

0e0(a?)
YO € O(d?) we have
o &
Y, CapO™ = ) Te(pGA® GE) O™ < Trpl.
a,B=1 a,B=1

(17)

a,B=1

d2
p is separable: VO Trp(/ + > Gi® GEOO‘B) = TrpWp > 0.

(18)
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EWSs criteria

From Eq. (19)
d2
1
— o
TrpWo =1+ ZMZ_1 0% X, 3, (19)

with o = (+/d + 1 — 1) and |1) normalized ones,

X =({+a|XANCU+ a|1)A)). (20)

ESIC and CCNR criterion are rewritten respectively as

p separable: TrWpp >0 = || Xy <2 A |Cr < 1. (21)
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ESIC = CCNR ?

Question: is ESIC stronger than CCNR?

VpeB(C?®CY) 2> | X[y = 1= |C|w?

22[lyr(I+a 1) _C_(I+al1)yADvllr
UAVT
=|[(/ + afa){a)A(l + o [b) <) |

>[[Cllr +a ) Ni(df + bF) + o?(b- @) ) Aaibi
' i

where we used [|(-)||y = [Tr(-)| = Te(-), |ay = UT|1), [b) = VT |1).
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Calculations

v'C-symm and positive, ||(-)|lr = Tr(-) and a; = b;. Then 2 > |[C||# + 1 [
X C-symm, a; = +b;.

2> =[|Cly + Z Ni(aj—bj)? +a(2+ab-a)/d
aj#b; A
eigenvalues
>07—gap!,\j=—/; \/T‘H*"
- 3 = - li ¢ [_ 2d 70]
B 2(y, vVd+1-1 sounds strange!
—lClly +1 +4a Y & (3 - 22—

aj#b;

>
>07—No!
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Numerical counterexample

We checked for d = 2,

> 2(x- Vd;;”) —(ilP(c-aP|i) 20 (22)

ai#b;

with P_ is the projector onto negative eigenvalues of C and o/ = «/2d.

ANSWER: False.
The maximum value is 0.001,
therefore we lose too much here

e = [Te ()]

(T|P(-C-al)P_|7)

0 200 400 600 800 1000
trials
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Numerical outcomes || X||« — ||C||r Of the stronger conjecture
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Figure: d=2
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Figure: d=4

Stronger conjecture: Vp
1+e(da, dg) = || X][r—|IC]lr > 1
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Numerical outcomes (|| X||ir — ||C||tr) Of the stronger conjecture
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C— symmetric and positive

We solved the problem for symmetric and positive C, but we observe

C symmetric and positive = p is PPT.

1
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Figure: d=2,3,4. We never find entanglement by PPT criterion.
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p bosonicand C <0

What does mean C— symmmetric and positive?

p— bosonic and separable p = %(a XN+nRo).

1
Cag =TrpG, ® Gﬁ = %(TI‘GQO'Trng + TrGanTrGBU) = E(Xayg + ang) (23)

(a2 +b?) 2 p2\2
x:{a},yz[b],6=[ o 2 ],detC=—(ab)<0. (24)

a @ ab 4




Conclusions

Reference:Enhanced entanglement criterion via SIC measurements,
O.Guhne et al. arXiv:1805.03955v3,(2018).

Is ESIC stronger than Realignment criterion?
Probabily yes, but just a little bit.

END. . . (for today)

PS: tomorrow | hope to switch the "e" into "a". ..
GS.
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