In[«]:=

Simulation Based on Michel Fodje's epr-simple simulation translated from
Python to Mathematica by John Reed 13 Nov 2013 Plus Quaternions
Modified by Fred Diether for Completely Local-Realistic Dec. 2021
Includes Joy’s S3 Quaternion Model. With 3D Vectors!

Load Quaternion Package, Set Run Time Parameters, Initialize Arrays and Tables

<< Quaternions”

B9 = Quaternion[1, 0, 0, 9];

B1 = Quaternion[o, 1, 0, 9];

B2 = Quaternion[o@, 0, 1, 9];

B3 = Quaternion[e@, 0, 0, 1];
Qcoordinates = {81, B2, B3};
Qcoordinates2 = {50, B1, B2, B3};
m = 1000000;

trialDeg = 361;

Lsl = ConstantArray [0, m];

Ls2 = ConstantArray [0, m];

Al = ConstantArray [0, m];

A2 = ConstantArray [0, m];

Dal = ConstantArray[0, m];

Dbl = ConstantArray[0, m];

gA = ConstantArray [0, m];

qB = ConstantArray [0, m];

qa = ConstantArray [0, m];

gb = ConstantArray [0, m];

aql = ConstantArray[0, m];

gal = ConstantArray[0, m];

bgl = ConstantArray[0, m];

gbl = ConstantArray [0, m];

aal = ConstantArray[0, m];

bbl = ConstantArray[0, m];

outAl = Table[ {0, 0}, m];

outA2 = Table[ {0, 0}, m];

outBl = Table[ {0, 0}, m];

outB2 = Table[ {0, 0}, m];

al = ConstantArray [0, m];

bl = ConstantArray[0, m];

nPP = ConstantArray[0, trialDeg];
nNN = ConstantArray [0, trialDeg];
nPN = ConstantArray[0, trialDeg];
nNP = ConstantArray[09, trialDeg];
nAP = ConstantArray [0, trialDeg];
nBP = ConstantArray[0, trialDeg];
nAN = ConstantArray[0, trialDeg];
nBN = ConstantArray[0, trialDeg];
¢=3; B=0.284; £ =0.892; (xAdustable parameters for fine tuningx)

Generating Particle Data with Three Independent Do-Loops
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Inf+]:= Do[s = RandomPoint [Sphere[]]; (*Singlet 3D vectorx) (xHidden Variablex)
61 = ToSphericalCoordinates[s] [[3]] *» 180 / 7;
62 = ToSphericalCoordinates[s] [[2]];

o1
A1[[i]] = B (Cos[—]"z);
¢

62
A2[[i]] = (Cos[ * ¢ ]Az};
Ls1[[i]] = s.Qcoordinates; (xConvert to quaternion coordinatesx)
Ls2[[i]] = -s.Qcoordinates, {i, m}]

n;-}= Do[a = RandomPoint [Sphere[]]; (xDetector 3D vector anglex)

aal[[i]] = a;

Da = a.Qcoordinates; (xConvert to quaternion coordinatesx)

Dal[[i]] = Da;

gqa =Da*xLs1[[i]];

qal[[i]] = qa;

aq = -DaxxLs1[[i]];

aql[[i]] = aq;

If[Abs[Re[qa]] > A1[[i]],
gAl = Re[Da »» Limit [Ls1[[i]], Ls1[[i]] » Sign[Re[Da % Ls1[[i]]]] Da]ll,
gAl = sign[{aq[[2]], aq[[3]], aq[[4]]}.Qcoordinates]];

outAl[[i]] = {a, qAl};

If[Abs[Re[qa]] > A2[[i]],
gA2 = Re[-Da # Limit[Ls1[[i]], Ls1[[i]] - Sign[Re[Da x*Ls1[[i]]]]Dal],
gA2 = sign[{qa[[2]], qa[[3]1], qa[[4]1]}.Qcoordinates]];

outA2[[i]] = {a, qA2}, {i, m}]

outA = Catenate[ {outAl, outA2}];

inf-}= Do[b = RandomPoint [Sphere[]]; (xDetector 3D vector anglex)

bb1[[i]] = b;

Db = b.Qcoordinates; (xConvert to quaternion coordinatesx)

Db1[[i]] = Db;

gb = Ls2[[i]] » Db;

gbl[[i]] = gb;

bq = -Ls2[[i]] »=* Db;

bql[[i]] = bq;

If[Abs[Re[gb]] > A1[[i]],
qB1 = Re[Db % Limit[Ls2[[i]], Ls2[[1i]] -» Sign[Re[Db #x Ls2[[i]]1]]1 Db]],
qB1 = sign[{bq[[2]], bq[[3]], bq[[4]1]}.Qcoordinates]];

outB1[[i]] = {b, qB1};

If[Abs[Re[gb]] > A2[[i]],
qB2 = Re[-Db %+ Limit[Ls2[[i]], Ls2[[i]] » Sign[Re[Db x% Ls2[[i]]]1] Db]1,
qB2 = Sign[{qb[[2]], gb[[3]], gb[[4]]}.Qcoordinates]];

outB2[[i]] = {b, B2}, {i, m}]

outB = Catenate[{outB1, outB2}];

Verification of the Analytical 3-Sphere Model Based on Geometric Algebra using
Quaternions
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m-j=¢q=0; t=0;
m3 = 20000;
DA = Take[Dal, m3];
DB = Take[Dbl, m3];
Ls1l = Take[Ls1l, m3];
Ls22 = Take[Ls2, m3];
QA = DA »* Ls11;
QB = Ls22 xx DB;
ro = ConstantArray [0, m3];
rl = ConstantArray[0, m3];
r2 = ConstantArray[0, m3];
QAB = ConstantArray[0, m3];
plotq = Table[ {0, 0}, m3];
(*qA=Re [DA%xxLimit [Ls11[[i]],Ls11[[i]]-»>Sign[Re[DAxxLs11[[i]]]]DA]l];
qB=Re [DB#xLimit [Ls22[[i]],Ls22[[i]]~»Sign[Re[DB[[i]]**Ls22[[1]]]11DB]];*)
(*These two lines moved to the A and B Do-loops
for further proper local processingx)
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In[+]:= D0[f‘1[[i]] = {QA[[i110[[21]1, QA[[i11[[311, QAL[i11[[4]11};
r2[[i]] = {@B[[i11[[211, @B[[i11[[311, Q@BL[il11[[4]11};
QAB[[i]] =Re[QA[[i]]] *Re[QB[[i]]1] -rl[[i]].r2[[i]];
re[[i]] = (Re[qal[ [i]]1] Limit[Cross[s2, bb1[[i]]], s2 -» Sign[Re[qgqb1[[i]]]1] bb1[[i]]] +
Re[gbl[[i]]] Limit[Cross[aal[[i]], s1], s1 - Sign[Re[qal[[i]]]] aal[[i]]] -
Limit[Cross[aal[[i]], s1], s1 » Sign[Re[qal[[i]]]] @aal[[i]]] *
Limit [Cross[s2, bb1[[i]]], s2 » Sign[Re[gbl[[i]]]] bb1[[i]] ]) /
(sin[ArcCos[aal[[i]].bb1[[i]1]]);
q={QAB[[i]], r@[[i]]1[[1]], r@[[1]1]1[[2]1], r@[[i1]1[[3]1]}.Qcoordinates2;
@A = ArcTan[aal[[i]][[1]], @al[[i]]1[[2]]1] /593
¢B = ArcTan([bb1[[i]][[2]], bb1[[i]]1[[1]]] /503
If[¢>A* ¢B > 0, angled = ArcCos[aal[[i]].bb1[[i]]] * 180/7r,
angle6 = (27 -ArcCos[aal[[i]].bb1[[i]]]) =180 /x];
t=t+q[[1]];
plotq[[i]] = {angleo, q[[1]]}, {i, m3}]
Meanq = t /m; (xshows vanishing of the non-real part iJK«)
Print["Meanq = ", Meanq]
qsim = ListPlot[plotq, PlotMarkers -» {Automatic, Small},
AspectRatio » 8 /16, Ticks -» {{{0, @°}, {45, 45°}, {90, 90 °}, {135, 135 °},
{180, 180 °}, {225, 225 °}, {270, 270 °}, {315, 315°}, {360, 360 °}}, Automatic},
GridLines - Automatic, AxesOrigin - {0, -1.0}];
pl = Plot[-1 + 2 x Degree / n, {Xx, ©, 180}, PlotStyle -» {Gray, Dashed}];
p2 = Plot[3 - 2 x Degree / 7, {x, 180, 360}, PlotStyle » {Gray, Dashed}];
negcosl = Plot[-Cos [x Degree], {x, 0, 360}, PlotStyle - {Magenta}];
Show[qsim, p1l, p2, negcosl]
Meanq = -0.0000566344
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outf-]= 0.0
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Blue is the data, magenta is the negative cosine curve for an exact match.

Statistical Analysis of the Particle Data Received from Alice and Bob
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theta = ConstantArray [0, m2];

th = ConstantArray[0, m2];

al = outA[ [All, 1]];

gA = outA[ [All, 2]];

bl = outB[ [All, 1]7;

qB = outB[ [All, 2]];

DO[¢A1 = ArcTan[al[[i]1[[1]1], al[[i]][[2]]] /505
¢B1 = ArcTan[b1[[i]][[2]], b1[[i]]1[[1]]] /503
If[¢Al » ¢BL > @, th[[i]] = ArcCos[al[[i]].b1[[i]]],

th[[i]] = 27 -ArcCos[al[[i]].b1[[i]1]];
theta[[i]] = Round[th[[i]] %180 /x| +1;
6 = theta[[i]];
aliceD = gA[[i]]; bobD = gB[[i]];
If[aliceD == 1, nAP[[O]] ++];
If[bobD == 1, nBP[[6]] ++];
If[aliceD == -1, nAN[[O]] ++];
If[bobD == -1, nBN[[6]] ++13;
If[aliceD == 1&&bobD == 1, nPP[[6]] ++];
If[aliceD == 1& & bobD == -1, nPN[[6]] ++];
If[aliceD == -1&&bobD == 1, nNP[[O]] ++];
If[aliceD == -18&bobD == -1, nNN[[6]] ++], {i, m2}]

Calculating Mean Values of AB

mean = ConstantArray [0, trialDeg];

suml = ConstantArray [0, trialDeg];
sum2 = ConstantArray [0, trialDeg];

Do[sumi[[i]] = (nPP[[i]] +nNN[[i]] -nPN[[i]]-nNP[[i]]);
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sum2[[i]] = nPP[[i]] +nPN[[i]] +nNP[[i]] + nNN[[i]] + ©.0000001;

mean[[i]] = suml[[i]] /sum2[[i]], {i, trialDeg}]

Plotting the Results and Comparing Mean Values with -Cosine Function
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nf-;= simulation = ListPlot [mean, PlotMarkers -» {Automatic, Tiny}];
negcos =
Plot [—Cos [x Degree - 1 Degree], {x, 0, 361}, PlotStyle » {Magenta}, AspectRatio - 9/16, Ticks »
{{{9, ©°}, {45, 45°}, {90, 90 °}, {135, 135°}, {180, 180 °}, {225, 225 °}, {270, 270 °},
{315, 315 °}, {360, 360 °}}, Automatic}, GridLines - Automatic, AxesOrigin - {0, —1.0}];

pl = Plot[-1 + 2 x Degree / n, {x, ©, 180}, PlotStyle -» {Gray, Dashed}];

p2 = Plot[3 - 2 x Degree / 7, {x, 180, 360}, PlotStyle » {Gray, Dashed}];

Show[negcos, pl, p2, simulation]
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Computing Averages
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n-}= Al = ConstantArray [0, m2];
Bl = ConstantArray [0, m2];
Do[If[qA[[i]] ==1 || qA[[i]] == -1, A1[[i]] =qA[[i]]];
If[qB[[i]] =1 || qB[[i]] = -1, B1[[i]] = qB[[i]]1], {i, m2}]
AveA = N[Sum[AL1[[i]], {i, m2}] /m2];
AveB = N[Sum[B1[[i]], {i, m2}] /m2];
Print["AveA = ", AveA];
Print["AveB = ", AveB];
PAP = N[Sum[nAP[[i]], {i, trialDeg}]];
PBP = N[Sum[nBP[[i]], {i, trialDeg}]l];
PAN = N[Sum[nAN[[i]], {i, trialDeg}]];
PBN = N[Sum[nBN[[i]], {i, trialDeg}]l];
PA1 = PAP / (PAP + PAN) ;
PB1 = PBP / (PBP + PBN) ;
Print["P(A+)= ", PA1]
Print["P(B+)= ", PB1]
totAB = Sum[nPP[[1]] + nNN[[i]] +nPN[[i]] +nNP[[i]], {i, trialDeg}];
Print["Total Events = ", totAB]
PP = N[Sum[nPP[[i]], {i, trialDeg}] /totAB];
NN = N[Sum[nNN[[i]], {i, trialDeg}] /totAB];
PN = N[Sum[nPN[[i]], {i, trialDeg}] /totAB];
NP = N[Sum[nNP[[i]], {i, trialDeg}] /totAB];
totP = PP + NN + PN + NP;
Print["Ave ++ = ", PP]
Print["Ave -- = ", NN]
Print["Ave +- = ", PN]
Print["Ave -+ = ", NP]
CHSH = Abs[N[mean[[23]]] -N[mean[[135]]] +N[mean[[68]]] + N[mean[[45]1]1;
Print ["Approx. CHSH = ", CHSH]

AveA = -0.0001275
AveB = 0.0001895
P(A+)= ©0.499901
P(B+)= ©0.500147

Total Events = 998425

Ave ++ = 0.250175

Ave -- 0.250195

Ave +- = 0.249914

Ave 0.249716

|
+
I

Approx. CHSH = 2.73016

Sin[ (nab) /2]2 . Sin[ (nab) /2]2 i Cos [ (17ab) /2]2 ) Cos [ (nab) /2]2]/totP;
2 2 2 2
Print["E(a, b) = ", Eap]

n-1= Eap = TrigReduce [

E(a, b) = -1. Cos[Nap]

Calculating Deviation from -Cosine Curve
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devl = ConstantArray[2, 360];

dev2 = ConstantArray[2, 360];

dev3 = ConstantArray[2, 360];

Do[devl = mean[[i]];
dev2[[i]] = {devl, i}, {i, 360}]

devang = dev2[[All, 2]];

Do[dev3[[i]] =mean[[i]] + Cos[devang[[i]] Degree - 1Degree], {i, 360}]
ListPlot[N[devB], PlotMarkers » {Automatic, Tiny}, Joined -» True, AspectRatio - 1//2,
Ticks -» {{{0, ©°}, {90, 90 °}, {180, 180 °}, {270, 270 °}, {360, 360 °}}, Automatic},
GridLines -» Automatic, AxesOrigin - {0, —0.06}]
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in[-1= N[Mean [Abs [dev3]]]
N[Mean[dev3]]

ou - 0.0104776

ouf-]- 0.000101834



