Modelling the Effects of Entanglement

D L Mentz [l
January 9, 2018

1. Introduction

This note presents a non-local ’hidden variable’ theory of the photonic EPR experiment. The
probability distribution and a simple algorithm given are sufficient to predict experimental results.
All the probabilities and correlations of interest can be can be calculated from the probability
distribution and the computer code merely confirms that it could be generated by a simple process.

Entanglement enters the probabilities through the non-local assumption that the entangled pair
always have the same polarization angle irrespective of the physical context.

2. The ldeal EPR Experiment

Considering an ideal experiment where symmetrically entangled photons are sent in opposite
directions from a common source to polarizers and detectors A and B. The recorded results are the
polarizer settings and detector clicks or no-clicks from A and B. See [I]. In every run the settings
of polarizers A and B and the order (S) in which A’s and B’s photons interact are randomly
set with equal probability for each value. The prepared photons are assumed to have the same
polarization orientation on every run. This can be relaxed to allow small random deviations that
do not significantly affect the results.

From the following additional assumptions we can deduce the probabilities P, (a, 3, S) where
x and y are 0 (no click) or 1 (click) and o and /8 are the polarizer settings at A and B respectively
and S = (A, B) is the order variate.

1. The entangled pair always have the same polarization orientation

2. If either photon passes through a polarizer (click) then they are both projected into the
polarizers setting

3. If a photon does not pass (no click) then the entanglement is broken and the remaining photon
is not affected.

If A’s photon interacts first this gives (with 64 € [a,d], O € [b,b'] and 6y is constant for all runs)
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If B’s photon interacts first

93—002




Summing over S gives Py (o, ) = % (Pyy(c, B, A) + Ppy(a, 5, B))

3. The Simulation

The simulation uses the four rules in section 1 and performs a Malus law projection twice in each
repetition. The virtual apparatus is assumed to be perfect. There is no doubt that the simulation is

Figure 1: Code Flowchart
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reproducing the joint probabilities P, () with remarkable fidelity, without using them explicitly.

4. Discussion

5. Appendix
The value of the Clauser-Holt /Eberhard statistic is given by
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