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Abstract 
We extend a previous model of the author which generalizes Bell local hidden 
variable models to the case of entangled photon pairs assuming that the stan-
dard Bell correlation functions depend on a hidden vacuum index. We de-
duce a generalization of Bell theorem assuming that classical observables are 
not dichotomic and that photon pair emission and detection is not a station-
ary stochastic process. We derive a photon imperfect polarization correlation 
functions due to rotational invariance breaking induced by hidden vacuum 
spin currents. We implement formally this approach deducing a generaliza-
tion of C.H.S.H. inequalities which asymptotically converges to the standard 
one and which might be competitive with standard quantum mechanics pre-
dictions. We suggest to test this inequalities conceiving new E.P.R.-Bell like 
tests with time dependent detector efficiency and photon flux. Finally, we 
suggest to apply these generalized inequalities to the correlation functions of 
entangled classical spinning waves realized recently with metamaterials. 
 

Keywords 
Vacuum Index, Complex Hidden Variables, Vacuum Dependent Photons 
Imperfect Correlations, Vacuum Dependent Detector Efficiency, Generalized 
C.H.S.H. Inequalities 

 

1. Introduction 

Recently, a consistent group of researchers questioned the non contextual de-
scription of photon polarization used for deducing Bell theorem, arguing that 
Bell tests cannot be used to demonstrate intrinsic non local property of quantum 
states [1]-[6]. This new contextual classical reformulation of hidden variable 
theories gave strong support to the old research program of Einstein to build a 
deterministic theory which completes Quantum Mechanics. In fact, he struggled 
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many years against Bohr to convince him that quantum wavefunctions were just 
temporary mathematical tools useful to describe emergent properties of ensem-
ble of quantum particles, but not suitable to describe the dynamics of individual 
ones. Since its pioneer work, few researchers continued to look for a determinis-
tic interpretation of quantum mechanics which was in opposition to the stan-
dard statistical one of Bohr, called the Copenhagen interpretation [7]. In par-
ticular, the debate concentrated on the realistic approach to quantum physics of 
beam of free particles produced by a common decaying source, as suggested in 
the famous paper of Einstein, Podolsky and Rosen [8]; they illustrated, in that 
work, a paradox of two separated quantum particle with opposite momentum 
aimed to show with a concrete example the incompleteness of standard of the 
Copenhagen interpretation and therefore invalidating, on their opinions, the 
foundations of quantum mechanics. This work inspired in the same year Schrod-
inger [9] to discover the entanglement properties of two coupled quantum sys-
tems. The subsequent debate on hidden variable models stimulated Bohm to 
develop his deterministic model as a counterexample to the famous no go theo-
rem of Von Neumann. 

This model, called then Bohmian Mechanics, was not conceived to context 
Quantum Mechanics stationary statistical predictions, but just to show that it 
was possible to build a classical model of point massive particles compatible with 
known experimental data, assuming the existence of electron space-time trajec-
tories. Few years later [10], he reformulated and simplified E.P.R model substi-
tuting the impulse, used by Einstein and collaborators as hidden variable, with 
the spin of entangled electrons. Curiously during the same years, notwithstand-
ing it emerged the role of vacuum fluctuations for explaining important phe-
nomena such as the Lamb shift and the Casimir effect, the great majority of the 
quantum physics scientific community continued to adhere to the Copenhagen 
interpretation and was not interested in deterministic models of nuclear reac-
tions and vacuum controlled quantum processes; its successful predictions con-
cerned mostly expectation values derived using the statistical interpretation of 
Born and the controversial postulate of the instantaneous collapse of the wave-
function. As outlined in a recent paper of the author [11] since this dogmatic 
and contradictory point of view was applied successfully to nuclear physics, it 
was assumed to be the only possible framework to describe the experiment of 
high energy physics concerning asymptotic scattering of both stable and unsta-
ble particles.  

We think that as some authors proposed recently [12] [13] that a realistic 
model of Quantum Physics must be based on deterministic models of vacuum 
fluctuations and its influence on the measurement process; over more since 
every quantum prediction depends on the vacuum fluctuations induced by the 
apparatus, we expect that it should abandon the postulate of instantaneous 
wavefunction collapse and should develop a deterministic non hamiltonian 
model of non instantaneous system-apparatus interaction. In particular, we sug-
gest to conceive photon pair productions and detections as non stationary sto-
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chastic process that can be influenced from the environment and from dynamic 
vacuum fluctuations. We suggest to conceive the source photon emission as an 
unstable time dependent process, induced by deterministic vacuum fluctuations, 
that could be enhanced and controlled by external laser fields, and implemented 
by the time dependent energy bandwidth of the source (that will make the stan-
dard hidden variable complex valued [11]. We discuss in this paper a simple 
model which is aimed to show the possibility to violate with a classical determi-
nistic model Bell like inequalities just implementing in the standard observables 
and correlation functions of photon polarization entangled states the dynamic 
effect of the vacuum index of refraction. We show that it is possible with this 
formalism to reproduce asymptotically the experimental predictions of quantum 
mechanics supposed to verify in Bell tests. Our proposal exploits an analogy be-
tween source induced photon pair creations and the unstable quantum states 
described in nuclear physics with the formalism called Gamow kets [14]; we cri-
tique the standard concept of photon beam as a perfect monochromatic elec-
tromagnetic wave, since it conflicts either with the Heisenberg energy-time un-
certain relation and both with the finite time windows of every photon detectors. 

We outline that from this contradictory framework originates the problem of 
photon pair identification and the consequent loophole, which, for some authors 
[15], invalidates Bell theorem. 

We think that the standard interpretation of Bell tests might become less at-
tractive if in the future will be possible to realize experiments with rotating de-
tectors axis and Stern Gerlach like apparatus for light beams (or making time 
dependent polarizers Stokes parameters).  

In the following paragraph we describe a particular simplified model of unsta-
ble photon pairs with vacuum dependent imperfect polarization correlations, 
whose polarization is not purely transversal, and we will deduce generalized 
inequalities that violate the standard Bell-C.H.S.H. ones. We suggest to compare 
this prediction with modern test on Bell theorem enhancing the fluctuations of 
photon emission with external laser, in a way similar to recent laser assisted nu-
clear reactions [16]. Finally, we will deduce a formula of vacuum dependent de-
tector efficiency that we hope could be tested in future E.P.R. Bell like experi-
ments with temperature controlled polarization axis and time dependent detec-
tor efficiencies. 

2. Model 

In this paragraph we illustrate our new model, inspired by a previous one of the 
author [11] which is based on an extension in the complex domain of Bell clas-
sical observables making them non dichotomic since they depend on the hidden 
vacuum index. Our approach exploits the concept of symmetry breaking photon 
vacuum fluctuations in analogy with some recent works which introduced the 
new idea of vacuum texture [13] and of vacuum spins currents [17]; we suggest 
to explain photon detector fluctuations as by-products of hidden light speed os-
cillations of electromagnetic waves with complex Poynting vector. Our alterna-
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tive approach is aimed to explain deterministically the anomalous photon corre-
lations experimentally tested and conventionally interpreted as violations of 
Bell-C.H.S.H. inequalities due to property of entanglement and as intrinsic sig-
nature of the quantum nature of entangled photon pairs [18] [19]. The main 
idea of our proposal is, as explained in the introduction, that photon pair pro-
duction in standard Bell tests is a non stationary process whose fluctuating pho-
ton flux does not satisfy at each instant classical conservation law (neither the 
energy, nor the momentum, nor the angular momentum of the decaying quan-
tum source are perfectly constant). We believe, in fact, as recently suggested by 
some authors [20] [21] that nuclear and atomic decaying processes might be 
controlled by environment induced vacuum symmetry breaking effects. In par-
ticular we think that a hidden variable model of photon pair entanglement must 
abandon the standard view of the perfect monochromatic view of the photon E = 
hν, and of static plane of polarization, assumptions on which are based modern 
theory of photon emission and detections (and are of course used, together with 
the Malus classical law, in modern interpretations of Bell tests). On the contrary 
we try to extend the recent proposal [11] of time dependent complex hidden 
variable theories to the supposed non stationary process of photon pair produc-
tion, in a similar manner to those introduced by Gamow with its explanation of 
quantum tunnelling in nuclear reactions [14] (where the time dependent com-
plex energy shift is due to the complex nature of the Poynting vector of the ra-
diation emitted by the source).  

We start by assuming that the vacuum dependent energy shift of the decaying 
source equals the energy bandwidth of each photon pair emitted by it  

( )Source PhotonE E h nν∆ = ∆ = ∆                    (1) 

with the first member given by the standard relation modified by the depend-
ence on the vacuum index n (2)  

( )Source
hE
n

∆ =
Γ

                        (2) 

where ( )nΓ  is the vacuum dependent atomic lifetime. This hidden photon pair 
energy fluctuations can be interpreted as caused by vacuum instabilities which 
induces oscillations of the polarization plane (in a similar wave to what happen 
in optics with the phenomena of complex generalized Snell law). These photon 
flux oscillations can be implemented in our hidden variable model assuming the 
following generalization of standard Bell like local polarization variables [22] [23] 
(even if they could be used to describe electromagnetic intensities) 

( ) ( ), , 1A a n A f n Aλ ′= = +                    (3) 

where A' is the non dichotomic variable of the first detector (an analogous rela-
tion is valid for the observable B measured with the second detector and f(n) is 
an unknown function to be determined; we note that in our framework, contrary 
to the Bell one, the averages values of these observables are not zero 

0A′ ≠                              (4) 
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(the complex values of these observable are caused, as explained, as the imper-
fect correlations, by the supposed hidden oscillation of the plane of polarization 
and vacuum dependent degree of polarization), where the average is defined as 
usual by the integral  

( ) ( ), , dA a nA λ ρ λ λ′ = ∫                      (5) 

with the constrain  

( )1lim , ,n A a n Aλ→ =                        (6) 

In our proposal, the photon polarization is therefore imperfect and the photon 
correlation functions must be generalized  

( ) ( ) ( ) ( ) ( )
2 2

1, , , , , , d ,
A B

BP a b n A a n B b n P Aa bλ λ ρ λ λ
σ σ ′′

 ′+ ′ = =
 
 

′
∫     (7) 

where the numbers in the square root of the last equation member are the un-
certainties of the respective fluctuating observables, ρ is the Bell stationary 
probability distribution and the function f(n) must satisfy the obvious condition  

( )1lim 0n f n→ =                         (8) 

If we insert the relation (5) into the integral of Equation (7), we can deduce 
the vacuum dependent photon correlation function  

( ) ( ) ( )2
, , 1 ,P a b n f n P a b′ = +                    (9) 

We note that the function in the first member of this formula gives for parallel 
axis of the detectors an imperfect vacuum dependent photon correlation  

( ) ( ) ( ) ( )2 2
, , 1 , 1P a a n f n P a a f n′ = + = − +                  (10) 

It is simple to deduce from the relation (8), exploiting the imperfect 
anti-correlation  

( ) ( ) ( ), , 1 , ,A a a n f n B a a n+ = −                   (11) 

the generalized Bell inequality [21] 

( ) ( ) ( ) ( )2
, , , , 1 , ,P a b n P a c n f n P b c n′ ′ ′− ≤ + + .           (12) 

In a similar way we can substitute P’ in the S function, defined by [1]  

( ) ( ) ( ) ( ), , , ,S P a b P a b P a b P a b′ ′ ′ ′= − + +               (13) 

which is the function experimentally tested measuring the joint photon counting 
rates in laboratories. 

Inserting the new formula of the correlation function P' in the second member 
of (12), we can define the analogue S' function of our vacuum dependent hidden 
variable model  

( ) 2
1HVS f n S′ = + .                       (14) 

We finally deduce the vacuum generalization of C.H.S.H. inequality [1] 
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( ) 2
2 1HVS f n′ ≤ + .                       (15) 

which, of course, converges, when the vacuum index goes to one, to the standard 
C.H.S.H. inequality [24]. 

This relation offers a new interpretation, compatible with the realistic ap-
proach of Einstein, and with the followers of the contextual approach to Bell tests 
[2] [3]; in fact it shows that new classical vacuum dependent hidden variable 
models can violate standard inequalities and are compatible with the empirical 
inequalities obtained by some authors [3] [25], taking in account the detector ef-
ficiency. 

4 2 4 2LabS δ
η

≤ − = −                      (16) 

where η is the detector efficiency and δ is an empirical number given by the ratio 
of the real number N' of photon coincidences divided by the total number N of 
the photon generated by the source [3] 

N
N

δ
′

= .                          (17) 

This relation justifies, we think, the critiques of some authors to Bell test based 
on the detector efficiency loophole [15] and could be exploited to deduce an ex-
plicit formula of the vacuum index assuming 

( ) ( )
( )1 2

E n
n

h
δ ε

ν ν
∆

=
+

                     (18) 

where ε  is a phenomenological unknown number and denominator of the 
fraction is the energy of photon pair and the source energy bandwidth ( )E n∆  
can be found using a relation proposed in a recent model of the author on 
atomic spectra [26] 

( ) 2
2

1 1E n Mc
n

 ∆ = − 
 

                   (19) 

with M the source inertial mass and c the light speed. Since we wish to have a 
model compatible with the experimentally tested inequality (15), we can deduce 
an explicit formula of the f function introduced, making equal (15) to (16) and 
obtaining finally 

( ) 2 1 1 2 1f n δ
η

= − − = − − .               (20) 

that gives the relation of on the vacuum inserting (18) and (19) in (20). 
It is interesting to compare our prediction with that one of quantum mechan-

ics, taking in account that the vectors used in realistic polarizers are not perfectly 
defined [3]. This systematic angle dispersion or error θ∆  of the two beams 
emitted by the source could be implemented introducing complex vector axis in 
the photon correlation function predicted by Quantum Mechanics for the emit-
ted singlet states [22] 
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( ) ( ). . , cosQ MP θ= − ⋅ = −a b a b                 (21) 

that will become 

( ) ( ) ( ) ( ). . cos cos e cosn
Q MP i θθ θ θ θ−∆′ ′= − = − + ∆ = −         (22) 

where θ  is the relative angle between the two detector axis.  
Our generalized inequalities gives an alternative way to bypass Bell theorem, 

different from the followers of the contextual reformulation of quantum meas-
urement and hidden variable models [2] [3], even if we agree with them that is 
unrealistic the Bell assumption of one singular probability distribution inde-
pendent from the detectors settings (anyway we think it should be considered in 
these alternative approaches to make them time dependent).  

We hope that this new model may stimulate new search of time dependent 
hidden variable models for realistic approach to unstable process of entangled 
pairs of decaying nuclear particles, excited atoms or ions (whose spin dependent 
nuclear forces are not well understood); we suggest that this non stationary sto-
chastic processes, might be described by path dependent hidden variable models 
similar to our tentative one, and could be tested by modulating the detector effi-
ciency with the laser induced temperature waves recently investigated ( ), ,T x t ω  
[27].  

More generally, we believe that our framework could be adapted to describe 
new E.P.R. like experiments for verifying if they satisfy the proposed inequalities 
with variable experimental set up. We hope it could be possible in the near fu-
ture to conceive new tests with classical entangled acoustic (or thermal waves), 
as those realized with acoustic metamaterials, which showed that acoustic vor-
tices might have classical spin [28] [29] (it is natural to look at the matematerial 
acoustic index of refraction n as the analogue of our vacuum index).  

A classical wave entanglement model violating Bell like inequalities with con-
tinuous non dichotomic variables (as for example the wave intensities) will shed 
new light, we think, on the foundations of quantum statistics and the real meaning 
of the quantum wavefunctions (and maybe might be useful for the realization of 
quantum heat engines with time dependent violations of Carnot theorem).  

Finally, we think it should be investigated more intensely vacuum induced 
space time symmetry breaking effects and memory effects for a realistic descrip-
tion of finite time process of entangled pair productions and annihilations and 
therefore for a non perturbative deterministic reformulation of Q.E.D which 
could deduce dynamically the fine structure constant in a similar way, maybe, to 
a semiclassical recent proposal [30]). 

3. Conclusions 

We illustrated in this paper that it is possible to conceive and implement a vac-
uum dependent local hidden variable model of photon imperfect polarization 
entanglement that violates standard Bell inequalities and that generalizes C.H.S.H. 
inequalities. We gave an interpretation of Bell test, therefore, opposite to the stan-
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dard ones. We introduced a vacuum dependent photon pair flux which makes 
the Bell conventional correlation functions dependent on time. We derived Bell 
generalized inequalities assuming a vacuum dependent detector efficiency. We 
suggested to test this generalized inequalities conceiving new experiments with 
laser induced time dependent photon emission and introducing a hidden tem-
perature dependent oscillation in the detector efficiency of the photon polarizers. 
We proposed to apply this generalized hidden variable formalism to describe 
entanglement of acoustic vortex waves generated in modern meta materials. 

Finally, we discussed how to extend this deterministic approach to general un-
stable processes concerning entangled pairs usually observed in nuclear fragment 
dynamics and in atomic excitation processes. We hope that this proposal will 
pave the way to the search of new non-perturbative deterministic reformulations 
of Q.E.D theory and of vacuum polarization and will offer new insights for fu-
ture more accurate deterministic models of scattering processes of ions and high 
energy unstable particles. 
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