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8.28: Nonclassial Correlations Revealed with Mermin's Pentagram

A source emits the following six cubit state (0> and |1> are orthogonal states), with cubits 1,3 and 5 going to Alice, and cubits 2, 4
and 6 going to Bob. This example is due to P. K. Aravind and available at arXiv:quant-ph/0701031v1.
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Y can be written in condensed binary format as,

1
|P) = 2—\/§[|000000> +]001100) +{110000) 4+ |111100) + |000011) +]001111) +]110011) 4 |111111)]
In decimal notation the kets contain 0, 12, 48, 60, 3, 15, 51, and 63. All other vector elements are zero.
=0...63 ¥;,=0

__1_ — 1 = 1_

Yo = 2,/2 ¥ = 2,2 Yis = 2,/2 Y15 = 2\/2
_ 1 _ 1 _ 1 _ 1

Ys=75 ¥si=35 Yo=35 ¥s=373

The following pentagram describes the measurement protocols followed by Alice and Bob.

9 IIX

Alice and Bob independently and randomly select one of five measurement protocols (E1, E2, E3, E4 and E5) shown on the edges
of the pentagram above each time the source emits the entangled particles, and record the result (+1 or -1) for each vertex. After a
statistically meaningful number of events they compare their results.

Each vertex represents a three qubit measurement sequence shown above and given in the following table. Note that Alice's
sequence uses the identity operator for photons 2, 4 and 6 because she receives photons 1, 3 and 5, while Bob uses the identity
operator for photons 1, 3 and 5 because he receives photons 2, 4 and 6.

Operator Alice Bob
1 A(-o0,,1,0,,1,0,,I) B(I, —o0, I, 0., I, 0)
2 Alo,, I, I, I, I, I) B, 0., I 111
3 AU L, 0y, I, 1, T) BU, I, 1,0, I, )
4 AU L L1, 0., 1) B, I,1,1,1,0,)
5 AL T 0., I, 1, ) B, 1,1, 0,11
6 Aoy, I, I, I, I, T) B, 0., I, I, I, I)
7 A(—oy, I, 04, I, 0, I) B(I, —0y, I, 04, I, 0,)
8 A(—o0y, I, 0,, I, 0., I) B, —o0y, I, 0., I, o)
9 AL I I, 1, 05, I) B(, I, 1, 1,1, 0,)
10 A(-o0,, I, 04, I, 0, I) B(I, —o,, I, 04, I, o)

The measurement operators required are:
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A(a, b, c, d, e, f)= kronecker(a, kronecker(b, kronecker(c, kronecker(d, kronecker(e, f)))))
B(a, b, ¢, d, e, f)=kronecker(a, kronecker(b, kronecker(c, kronecker(d, kronecker(e, f)))))

The eigenvalues of the Pauli operators are +/- 1. The first thing to note is that the individual vertices (measurement sites) flash +1
and -1 one randomly giving expectation values of zero at each vertex.

VI'A(~0,, I, 0,, 1,0, DY Y'BI, —0,,1,0.,1,0,)¥

VT A(o,, I, I, I, I, I)® VI'B(I, 0., I, I, I, )T
VTA(I I, 00, I, I, )@ VI'B(I, 1,1, 0., I, ¥
TA(I I, I, I, 0, I)¥ YIB(I,I,1,1,1,0.,)¥
VTA(I, I, 0., I, I, I)¥ VTB(I, I, I, 0,, I, ¥
VT Aoy, I, I, I, I, )T VI'B(I, op, I, I, I, I)¥ -

VT A(~0,, I, 04, I, 04, DY 9TB(I, —0,, I, 0, I, 0,)¥
VT A(—0,, I, 0., I, 0., NV OTB, —0,, I, 0., I, 0,)¥
VTA(I, I, I, I, 0,y 1)@ VI'B(I,1,1,1,1,0,)¥
VT A(—0,, I, 04, I, 0, NV OTB, —0., I, 0., I, 0,)¥

|
cCo o oo o oo oo
oo o oo o oo oo

However, if Alice and Bob chose the same measurement protocol they always get the same eigenvalue, as is shown by the
calculations below.

VI'A(~0,, I, 0., 1,0, )Y YTB(I, ~0,,1,0,,1I,0,)¥

VT A(o,, I, I, I, I, I)¥ UTB(I, 0., I, I, I, I)¥
OTA(, I, 0, I, I, )T UTB(, I, I, 0, I, I)¥
UTA(I I, 1,1, 0, I)® OIB(I, I,1,1, I, 0,)¥
OTA(I, I, 0., I, I, I)U 9TB(, I, I, 0, I, I)¥ B
T A(o,, I, I, I, I, ) UT'B(I, o,, I, I, I, I)¥

VT A(~0y, I, 04, I, 00, DY YTB(I, —0,, I, 04, I, 0,)¥
VT A(~0,, I, 0., I, 0., NV OTB(I, —0,, I, 0., I, 0,)¥
UTAL I, I, 1, o0y, 1) UTB(I, I, 1, I, I, 0,)%
VI A(~0,, I, 0, I, 0,, D)@ YTB(I, —0., I, 0, I, 0,)¥

I = T T = T = O = S =SS U=

This result is somewhat surprising given the result immediately above. It suggests (at this point) that the particles involved in this
experiment carry instruction sets telling the detectors how to operate, and that Alice and Bob's detectors receive the same sets of
instructions.

The edges (E1 through E5) shown on the pentagram identify a sequence of four mutually commuting operators (see Appendix).
The net eigenvalues for these sequences of measurements for Alice and Bob are now calculated.

VI'A(~0,, I, 0., I,0,, NA(o,, I, I, I, I, DA(I, I, I, I, 0, DA(I, I, 0, I, I, I)¥
OTA(I, I, 04, I, I, DA(I, I, I, I, 0, )A(0w, I, I, I, I, I)A(—0y, I, 04, I, 0, I)®
UTAL I, 04, I, I, DA(0s, I, I, I, I, [)A(~03, I, 00, I, 00y DAL, I, 1, I, 0, )T
VTA(I I, 0., 1,1, A0, I, I, I, I, A(~0,, I, 0., I, 0., DA(L, I, I, I, 0, I)®
VT A(~0,, I, 0., I, 0., )A(02, I, 04, I, 0., )A(—0,, I, 0., I, 0, [)A(—0, I, 04, I, 0, I)¥
-1
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OTB(I, —0., 1,0, 1,0,) B, o, 1111 BU, I, 1,11, 0,) B, I, 1,0, 11
\IJTB(I, I,I,0,,1,1) B(I,1,1,1,1, 0,) B, 0., I, I,1,1) B(I, —o4, I, 04, I, 0,)
TB(I, I, I, 0y, I, I) (I,0,,I,I,I,I) B, —0,,1,0,1,0,) B(UIIII]I o)
UTB(I, I, 1, 0,, I, 1) (I, 00, I, I, 1, 1) B(I, —o4, I, 0, I, o) B(I,I,I1,1,1,0,)

vrB(I, —o,, 1, 0,,1,0,) B, —o0,, I, 04,1,0,) B, —04, 1,0, 1I,0,) B(I, —o., I, o0, I, 0c,)

B
B

We now have the problem of reconciling these results with those immediately prior. How is it possible to assign +1s and -1s to the
measurement vertices such that they satisfy the results immediately above. The answer is that it is not possible. The ideas of
instruction sets and elements of reality are not capable of explaining these results.

For this assignment of vertex eigenvalues we see that the composite eigenvalue (-1) is satisfied for E1, E2, E3 and E4, but is
violated for E5. All attempts to assign +/-1 values to the vertices fail to satisfy the composite eigenvalue for one of the

measurement protocols.

Appendix

The four operators comprising the five measurement protocols mutually commute. This is demonstrated below for the E1 protocol.

(=0.0.0,)(0.11) = (0,11)(—0,0.0,) = (g g) (-0:0:0.)110;) — (I10;)(—0.0:0.) = (g (0))
(~0.0.0.)(10.1) — (Io.1)(~0.0.0.) = (g 8) (. IT)(110.) — (110.)(6.11) = (g g)
(0.11)(I0,1) — (Io,1) (0,1 1) = (g g) (Ilo.)(Io.I) — (Io.1)(I o) = (g 8)

It is also the case that the measurement protocols commute. This is demonstrated for E1 and E5.
[(—0.0.0.)(c.11(110,)(10.)] [(—0,0.0,)(—0,0,04)(—040,0,)(—0,0,0,)] ...+
0 0
—(~0:0.0,)(=0,0,04)(—0,0,0:)(—0,0:0.)]| [(—0.0.0,)(c.I11)(11c,)(Ic,.I)] = (0 0)

This page titled 8.28: Nonclassial Correlations Revealed with Mermin's Pentagram is shared under a CC BY 4.0 license and was authored,
remixed, and/or curated by Frank Rioux via source content that was edited to the style and standards of the LibreTexts platform.
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