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Abstract 
With the use of a local dependency on instrument setting parameters of the 
probability density of local hidden variables, it is demonstrated that a Kol-
mogorov formulation reproduces the quantum correlation. This is the novel-
ty of the work. In a Bell experiment, one cannot distinguish between Bell’s 
formula and the here presented local Kolmogorov formula. With the pre-
sented formula, no CHSH can be obtained. Therefore, the famous CHSH in-
equality has no excluding power concerning local extra Einstein parameter 
models. This result concurs with other previous research concerning difficul-
ties with Bell’s formula. 
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1. Introduction 

Einstein Podolsky and Rosen started a discussion about the foundation of quan-
tum theory in 1935 [1]. Their work established entanglement of particles. Don 
Howard [2] wrote an interesting history of the discussion associated to the pub-
lication of what we now know as the EPR paradox [1]. The EPR paper wasn’t 
Einstein’s final formulation of his criticism. Here we will concentrate on Bell’s 
approach to the problem. 

In his famous paper, John Bell wrote down [3] a correlation that is based on 
(local) hidden variables. The experiment where Bell referred to is a spin-spin 
entanglement experiment. It was based on ideas of David Bohm [4]. Schemati-
cally one can formulate it thus 

( ) [ ] ( )ˆˆ ~ ~ ~ ~ ~ ~A a S B b   ← ← → →    
               (1) 
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Here, the ( )ˆA a    and ( )ˆB b 
  

 represent the two distant measuring in-
struments. The ( )ˆA a    is Alice’s measurement instrument with parameter. The 

( )ˆB b 
  

 is Bob’s instrument with parameter. The â  and b̂  are the unitary 
vector setting parameters. The [ ]S  represents the source of an entangled pair of 
particles. 

Einstein uncovered a correlation between distant measurements. Bell wrote a 
correlation formula between the setting parameters. It is presented in equation 
number (2) of Bell’s paper. It is: 

( ) ( ) ( ) ( )ˆ ˆˆ ˆ, , , dP a b A a B bρ λ λ λ λ= ∫                  (2) 

The λ  represents hidden variables and ( )ρ λ  represents the probability den-
sity of those variables. The ( )ˆ,A a λ  represents the measurement at ( )ˆA a    in 
(1) given the setting â . For spins, ( )ˆ, 1A a λ = ±  with 1 a spin-up and −1 a 
spin-down measurement. In Bell’s article ( )ˆ, 1A a λ ≤  and ( )ˆ, 1B b λ ≤  are al-
so discussed. From Equation (2), a number of inequalities were derived. The 
CHSH inequality is a very famous inequality and is turned into an experiment 
by Aspect [5]. 

2. Thoughts about Correlation and Locality 

Despite the fact that people were awarded Nobelprizes for their work on the in-
equalities, which erroneously suggest a closure, we will argue that their research 
is incomplete. One cannot conclude from the Bell experiment research of the 
2022 Nobelists that Einstein locality is ruled out in physical reality. This conclu-
sion cannot be avoided by starting a metaphysical discussion about what is 
physical reality. The conclusion is mathematical. 

Let us start with noting a published paper written together with Nagata and 
Nakamura, [6]. Here the mathematics of CHSH is inspected critically and a valid 
counter example is construed. It is remarkable that the Nobel committee chose 
to ignore it. One may wonder which (social) forces were at work to limit the 
committee’s view. In [7] a statistical way is construed to locally violate the CHSH 
with probability nonzero. The criticism directed to [7] absolutely did not touch 
its conclusion. It is possible to locally violate the CHSH with probability nonzero. 
Other research such as [8] and [9] also rightfully voiced doubts about Bell’s 
formula and experiment. Apparently, the committee thought that we all wrote 
nonsense. The present author nevertheless has sufficient reason to doubt the 
scope of search that such a committee has applied. 

Furthermore and more importantly we can set up the following new form of 
analysis. Let us note that locality is not violated by allowing that the setting â   

influences a probability density at ( )ˆA a    only. Similarly for b̂  at ( )ˆB b 
  

.  

This makes sense in an Einsteinian way when â  does not influence ( )ˆB b 
  

  

and b̂  does not influence ( )ˆA a   . The idea is to shift the dependence on the 
setting variables from the measurement functions to the respective densities and 
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maintain locality in the sense of Einstein. The measurement instrument is con-
sidered a combination of a hidden variable density and a function that generates 
its output. We propose here that the density, influenced by the setting, regulates 
together with the influence of the hidden variables in the measurement function, 
what is registered as a measurement. It is not ( ) ( )ˆ,A aρ λ λ  but ( ) ( )â Aρ λ λ . 
And we note that this can be done maintaining Einstein locality. 

2.1. Preliminaries 

In 3 dimensional Euclidian space three orthonormal base vectors are defined by, 
{ }3

1
ˆk k
e

=
 with components, ( ) ,ˆk k nn

e δ= . Here , 1k nδ = , when k = n and , 0k nδ = , 
when k n≠  and , 1,2,3k n = . With this definition we are able to write down 

( ) ( )

( ) ( ) ( ) ( ) ( )

3

1

1 2 3

ˆ ˆ, , ,and,

cos sin , sin sin , cos

j j
j

eϕω θ ω θ

ω θ ω θ

ϕ

ϕ ϕ ω θ
=

=

= = =

∑
         (3) 

And, ( ),j jω ω θϕ= . The ranges for the ϕ  and θ  are the sets  
{ }:0 2πx xΦ = ∈ ≤ ≤  and { }:0x x πΘ = ∈ ≤ ≤ . With ⋅  the Euclidean 

norm we have 
2Tˆ ˆ ˆ 1ω ω ω⋅ = =  for all ( ),ϕ θ ∈Φ×Θ . The upper T indicates 

the transpose of the vector. 
Subsequently, with (3), we are able to define the setting parameters,  

( )ˆˆ ,Aa Aaa ω ϕ θ=  and ( )ˆ ˆ= ,Bb Bbb ϕω θ . Both ( ),Aa Aaϕ θ  and ( ),Bb Bbϕ θ  in  
Φ×Θ . The ( )ˆA a    associated hidden variables are denoted by  
( ),A Aθϕ ∈Φ×Θ . The ( )ˆB b 

  
 associated hidden variables are ( ),B Bθϕ ∈Φ×Θ . 

Let us then, in the language of integration measure theory [10] write for the A 
side variables 

( ) ( ) ( )ˆ d d = d dA A Aa A Aa A A Aa ϕ ϕ ϕ ϕµ θ δ δ θ θ θ− −               (4) 

While for the B side variables the measure is 

( ) ( ) ( )ˆ d d = d dB B Bb B Bb B B Bb
ϕ ϕ ϕ ϕµ θ δ δ θ θ θ− −               (5) 

The ( )y xδ −  is a Dirac delta function. This is a non-negative generalised 
function. It can be employed for probability density. 

Subsequently, it follows that ( ) ( )ˆ ˆd d d d 1A A B Ba b
µ θ θϕ ϕµ

Φ×Θ Φ×Θ
= =∫ ∫ . Hence,  

the measures in (4) and (5) are valid short hands for a Bell-form correlation 
formula. Here, the influence of the setting is placed on the density and does not 
influence the measurement functions. There is no nonlocality. Again, ( )ˆA a     

is not influenced by the setting b̂  and vice versa, ( )ˆB b 
  

 is not influenced by  

â . In addition, the values ( ),Aa Aaϕ θ  are not influenced by ( ),Bb Bbϕ θ  and vice 
versa. 

Subsequently, let us per pair of entangled particles under investigation, here 
photons, define a 0r ∈  the interval ( )0,1 . The 0r  is randomly selected. Then a 
measure ( )0 drν  is defined by 

( ) ( )0 0d = dr r r rν δ −                           (6) 
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Here, δ , is again Dirac’s delta function and the variable r is in the interval 
( )0,1  as well. Hence, ( )0 d 0rν ≥  and ( )1

00
d 1rν =∫  and is allowed as density. 

Let us then define two functions Ag  and Bg  with for short hand  
( ),A A AθϕΩ ≡ , ( ),B B BθϕΩ ≡ . With 

( )
( ) ( ){ }

0

0

0

11,                                     0
2, ,

1ˆ ˆcos , ,  1
2

A A B

A B

r
g r

rω ω

 < <Ω Ω = 
  ∠ Ω Ω ≤ < 

           (7) 

The function Bg  is defined as follows 

( )
( ) ( ){ }

0

0

0

11,                                    < 1
2, , =

1ˆ ˆcos , ,  0 < <
2

B A B

A B

r
g r

rω ω

 ≤Ω Ω 
  ∠ Ω Ω 

           (8) 

The ( ) ( ){ }ˆ ˆ,A Bω ω∠ Ω Ω  is the angle between unit length vectors ( )ˆ Aω Ω  
and ( )ˆ Bω Ω . No nonlocal "knowledge" is transported between Alice and Bob. 
Note that 1Ag ≤  and 1Bg ≤ . Note also that if ( ), ,A B rλ = Ω Ω , the Bell cor-
relation would then be equivalent to 

( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ 0
ˆˆ, dra b

P a b A Bρ λ ρ λ ρ λ λ λ λ= ∫               (9) 

Please acknowledge that this expression of the correlation is a genuine Kol-
mogorov correlation formula. It differs from Bell’s approach in (2). It is imposs-
ible to tell beforehand whether or not (2) exclusively occurs in nature while (9) 
does not. 

We note that the dependence on the settings, which are local, is shifted to the 
densities. The effects are local as one can see from (4) and (5). If there are 
thoughts otherwise, proof of violation of Einstein locality is absolutely required. 
The present author thinks it obviously such a proof is not possible. The  

( ), ,A A Bg rΩ Ω  is in fact (9) ( )A λ  given in (7). The ( ), ,B A Bg rΩ Ω  is (9) 
( )B λ  from (8). Therefore, (4) and (5) are Einstein valid. In the next section the 

integration will be performed in our set of variables and notation. 

2.2. Correlation 

The λ  of (9) is operationalised here with ( ), ,A B rΩ Ω . To remind the reader: 
( ),A A AθϕΩ =  and similar ( ),B B BθϕΩ =  are short-hands. 

The following integral expression for ( )ˆˆ,P a b , with 2d = d dA A Aϕ θΩ  similar 
B, can be obtained. 

( ) ( ) ( )
( ) ( ) ( )

2 2
ˆ ˆ

1
00

ˆˆ, d d

d , , , ,

A Ba b

A A B B A B

P a b

r g r g r

µ µ

ν

Φ×Θ Φ×Θ
= Ω Ω

× Ω Ω Ω Ω

∫ ∫

∫
            (10) 

From the definition of ( )0 drν  it follows 

( ) ( ) ( ) ( ) ( )2 2
ˆ ˆ 0 0

ˆˆ, d d , , , ,A B A A B B A Ba b
P a b g r g rµ µ

Φ×Θ Φ×Θ
= Ω Ω Ω Ω Ω Ω∫ ∫    (11) 
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and 0r  randomly from interval ( )0,1  for each pair. Looking at the definition 
of Ag  and Bg  in (7) and (8), we arrive from the previous equation at 

( ) ( ) ( ) ( ) ( ){ }2 2
ˆ ˆ

ˆ ˆ ˆˆ, d d cos ,A B A Ba b
P a b µ µ ω ω

Φ×Θ Φ×Θ
 = Ω Ω ∠ Ω Ω ∫ ∫      (12) 

The subsequent step is to observe that 

( ) ( ){ } ( ) ( )Tˆ ˆ ˆ ˆcos ,A B A Bω ω ω ω ∠ Ω Ω = Ω ⋅ Ω   

Therefore, the separation in the integration can be performed as 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

T2 2
ˆ ˆ

T
2 2

ˆ ˆ

ˆ ˆ ˆˆ, d d

ˆ ˆd d

A B A Ba b

A A B Ba b

P a b µ µ ω ω

µ ω µ ω

Φ×Θ Φ×Θ

Φ×Θ Φ×Θ

= Ω Ω Ω ⋅ Ω

   = Ω Ω ⋅ Ω Ω   

∫ ∫

∫ ∫
      (13) 

Note that, ( ),A A AθϕΩ =  hence by definition of ( ) ( )2
ˆ ˆd d dA A Aa aµ µ ϕ θΩ =   

in (4) and of ( ) ( )2
ˆ ˆd d dB B Bb b

µ µ ϕ θΩ =  in (5). And so, 

( ) ( )

( ) ( ) ( )
( )

2
ˆ

2

0 0

ˆd

ˆ , d d

ˆ ˆ,

A Aa

Aa A Aa A A A A A

Aa Aa a

π π

µ ω

δ δ θ θ ω θ θϕ

ω

ϕ ϕ

θ

ϕ

ϕ

Φ×Θ
Ω Ω

= − −

= =

∫

∫ ∫             (14) 

and similar for b̂  on B  variables, i.e. ( ) ( )2
ˆ

ˆˆd B Bb
bµ ω

Φ×Θ
Ω Ω =∫ . This implies  

from (13) that ( ) Tˆ ˆˆ ˆ,P a b a b= ⋅ . Or equivalently: ( ) 1 1 2 2 3 3
ˆˆ,P a b a b a b a b= + + . In 

other words, the quantum correlation has been reproduced from a Bell-type 
hidden variables model. 

The way that the CHSH inequality is employed in experiment suggests that 
this is impossible. However, it is clear that our new approach with parameter 
dependence of densities allows it. Presently, only metaphysical, but not solid 
physical, reasons can eliminate the possibility of “only densities, but not mea-
surement functions are locally influenced by setting parameters”. 

3. Conclusions 

Because of the weight of the matter, one in the first place must acknowledge that 
the ( )ˆˆ,P a b  in (13), or more generally (9), is within the scope of what Bell in-
tended with his correlation. To be more specific: Why would a formula with set-
tings that only affect the density of local variables not be what Bell intended but 
forgot. This possibility may have been overlooked later. The most likely reason is 
researchers didn’t want to acknowledge that Bell’s formula could be an incom-
plete representation of what may occur in experiment. 

Secondly, there is obviously no breach of locality as we have already argued in 
this paper, i.e. selection of â  does not influence the B variables and vice versa. 
The settings are Einstein local and those settings influence the density of only 
local variables. Further, the A integration occurs encapsulated at ( )ˆA a    while  

the B integration is encapsulated at ( )ˆB b 
  

. Writing e.g. ( )ˆA a    is in our sense  

deceptive. It should e.g. have been ( ) ( )âA λ ρ λ   . In addition, the ( )0 drν  in-

https://doi.org/10.4236/jqis.2023.133007


H. Geurdes 
 

 

DOI: 10.4236/jqis.2023.133007 136 Journal of Quantum Information Science 
 

tegration occurs in [ ]S . The local hidden variables are the cause of the correla-
tion. 

Thirdly and quite importantly, there is no such thing as e.g.  

1 1 2 1 2 1 2 2A B A B A B A B− + + , with the indices referring to different â  and b̂  set-
tings. No CHSH can be obtained from our formula. This is because the mea-
surement functions do not depend on settings. Densities do. From (7) and (8) 
we see that measurement functions remain in the required interval [ ]1,1− . 

Fourth and finally, therefore, the use of λ  is similar to Bell’s. It is however 
different from Bell’s approach [3]. In addition, nobody knows how a measure-
ment is brought about. Therefore, it is a genuine possibility of physics to have a 
correlation formula where only the density and not the measurement function, is 
locally influenced by the setting parameters. 
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