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Abstract

In this paper we consider two entangled particles and study all the possibilities: when both are immobile, or one
of them is immobile, or both are moving in different directions, or one of them is moving in a different direction.
Then we study the causality between them and the paradoxes, which are generated. We define the Causality
Threshold of a particle A with respect to another particle B.
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1. Perfect simultaneousness

Let’s consider two entangled particles A and B. {Schrödinger introduced the notion “entangled” in order to
describe the non-separable states [Belavkin (2002)]}.
At the beginning, both are immobile, in the same space S(A,B) and time t (simultaneously), and none of them is
in the causality cone of the other.
According to Einstein’s Theory of Relativity, when a particle is moving with respect to the other, its time and
space axes appear inclined from the perspective of the other particle, modifying what for this other particle is
“before” or “after”, but their causality cones remain the same. And, if both particles are moving with respect to
each other, the appearance of the inclined time and space axes is reciprocal from the perspective of each other.
Let’s define the Quantum Causality Threshold of the particle A with respect to the particle B, noted by τA,B, to be
the space-time when neither A nor B is a cause for the other on the B space-time axis (i.e. when the position-time
vector vertex tA ≡ B).
To change the causality of a particle A with respect to another particle B one has to pass through non-causality,
i.e. one has to pass through their threshold.
Generally, τA,B ≠ τB,A, because one can have tA ≡ B but tB ≠ A, or reciprocally [see, for example, Figure 1.1.1].
a) When τA,B = τB,A there is no causality between A and B (and therefore there is no quantum causality
paradox).
b) If one particle attains its threshold with respect to the other, and the other one does not, then there is a
causality and a non-causality simultaneously (and thus a quantum causality paradox) [see Figures 1.1.1, 1.1.2,
1.2.1].
c) If no particle attains its threshold with respect to the other, one has two sub-cases: either opposite
causalities (and thus, again, a quantum causality paradox) [see Figures 1.1.3, 1.1.4], or compatible causalities
(and, consequently, there is no quantum causality paradox) [see Figures 1.2.2 (for t together with t` time axes),
Figure 1.2.3 (for t together with t``` time axes)].
1.1 Moving particle(s) keeping the same direction
1.1.1 Particle B is moving away from particle A
< Figure 1.1.1>


S(A,B) is the space (represented here by a plane) of both entangled particles A and B.



The left red vertical (t) continuous line represents the time axis of the particle A.



Similarly, the green (t) continuous line represents the time axis of the particle B.
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On the left side one has the double cone of causality of the particle A: the cone beneath S(A,B) contains
the events that are the cause for A (i.e. events that influenced A), and the cone above S(A,B) contains the events
that A is a cause for (i.e. events influenced by A).


Similarly, the right double cone represents the cone of causality of the particle B.


Beneath S(A,B) it is the past time (“before A”), lying on the S(A,B) is the present time
(“simultaneously with A”), and above S(A,B) it is the future time (“after A”).

Similarly, because the particles A and B are in the same space, S(A,B) separates the past, present, and
future times for the particle B.
Relative to the same referential system, the particle A remains immobile, while the particle B starts moving in
the opposite direction relative to A. [Figure 1.1.1]
Therefore, from the perspective of B, the entangled particles A and B are simultaneous, and none of them is the
cause of the other (tA ≡ B on B’s time axis); while from the perspective of A, the particle A is a cause for the
particle B (i.e. A < tB on A’s time axis).
Hence, it appears this quantum causality paradox: non-causality or causality simultaneously?
1.1.2 Particle B is moving closer to particle A
<Figure 1.1.2>
Relative to the same referential system, the particle A remains immobile, while the particle B starts moving in a
direction towards A. [Figure 1.1.2]
Therefore, from the perspective of the particle B, the entangled particles A and B are simultaneous, and none of
them is the cause of the other (tA ≡ B on B’s time axis); while from the perspective of the particle A, the particle
B is a cause for the particle A (i.e. tB < A on A’s time axis).
Hence, again, it appears a similar quantum causality paradox: non-causality or causality simultaneously?
1.1.3 Both entangled particles are moving closer to each other
<Figure 1.1.3>
With respect to the same referential system, both particles A and B start moving towards each other. [Figure
1.1.3]
Therefore, from the perspective of the particle A, the particle B is a cause of the particle A (i.e. tB < A on A’s
time axis), and reciprocally: from the perspective of the particle B, the particle A is a cause of the particle B (i.e.
tA < B on B’s time axis). Thus one obtains the following:
Quantum Causality Paradox: How is it possible that simultaneously A is a cause of B, and B is a cause of A?
1.1.4 Both entangled particles are moving away from each other
<Figure 1.1.4>
With respect to the same referential system, both particles A and B start moving in opposite directions from each
other. [Figure 1.1.4]
Therefore, from the perspective of A, the particle A is a cause of the particle B (i.e. A < tB on A’s time axis), and
reciprocally: from the perspective of B, the particle B is a cause of the particle A (i.e. B < tA on B’s time axis).
Thus, one obtains the following same statement:
Quantum Causality Paradox: How is it possible that simultaneously A is a cause of B, and B is a cause of A?
This theoretical case is similar to the 2002 Suarez Experiment [1], the only difference being that in Suarez’s
experiment there is not a perfect simultaneousness between the particles A and B.
1.2 Moving particle(s) changing the direction
1.2.1 With respect to the same referential system, the particle A is immobile; while the particle B is moving at
the beginning in a direction towards A, and later B changes the direction moving away from A.
a) Then, from the perspective of A: The particle B is a cause for A (i.e. t`B < A on A’s time axis). Then B
changes its movement in a direction away from A, consequently B attains its quantum threshold τB,A, i.e. t``B ≡ A
on A’s time axis (now there is no causality between A and B). B keeps moving further from A and crosses its
quantum threshold, then A becomes a causality for B because t``B > A on A’s time axis.
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b) While, from the perspective of B, there is no causality between A and B, since B ≡ tA on all B’s three time
axes t`, t``, t```. [Figure 1.2.1.]. Hence, this quantum causality paradox appears: simultaneously B is cause for A,
and non-causality, and A is cause for B?
< Figure 1.2.1>
1.2.2 Relative to the same referential system, the particle A is moving away from B; while the particle B is
moving at the beginning in a direction towards A, and later B changes the direction moving away from A.
a) Then from the perspective of A: B is a cause for A (i.e. t`B < A on A’s time axis). Then B changes its
movement in a direction away from A, consequently B attains its quantum threshold τB,A, i.e. t``B ≡ A on A’s
time axis (now there is no causality among A and B). B keeps moving further from A and crosses its quantum
threshold, then A becomes a causality for B because t``B > A on A’s time axis.
b) While from the perspective of B, the particle B is always a cause for A, since B < tA on all B’s time axes t`,
t``, and t```. [Figure 1.2.2]. Hence, this quantum causality paradox appears: simultaneously B is cause for A, and
non-causality, and A is cause for B?
< Figure 1.2.2>
1.2.3 With respect to the same referential system, the particle A is moving closer to B; while the particle B is
moving at the beginning in a direction towards A, and later B changes the direction moving away from A.
a) Then from the perspective of A: B is a cause for A (i.e. t`B < A on A’s time axis). Then B changes its
movement in a direction away from A, consequently B attains its quantum threshold τB,A, i.e. t``B ≡ A on A’s
time axis (now there is no causality among A and B). B keeps moving further from A and crosses its quantum
threshold, then A becomes a cause for B, because t``B > A on A’s time axis.
b) While from the perspective of B, the particle A is always a cause for B, since tA < B on all B’s time axes t`,
t``, and t```. [Figure 1.2.2]. Hence, this quantum causality paradox appears: simultaneously B is cause for A, and
non-causality, and A is cause for B?
< Figure 1.2.3>
2. Let’s consider the non-simultaneousness, when the particles A and B are in the separate spaces, S(A)
and S(B) respectively, and different time axes, t and t` respectively

2.1 Moving particle(s) keeping the same direction
2.1.1 With respect to the same referential system, both particles A and B are moving in the same direction but
with different high speeds. [Figure 2.1.1]
Therefore, from both perspectives, of A and of B, the particle B is cause for A.
< Figure 2.1.1>
2.1.2 With respect to the same referential system, both particles A and B are moving in the same direction and
with the same high speeds. [Figure 2.1.2]
Therefore, from both perspectives, of A and of B, neither one is the causality of the other.
< Figure 2.1.2>
2.1.3 With respect to the same referential system, both particles A and B are moving closer to each other and
with different high speeds [Figure 2.1.3]. Therefore, from the perspective of A the particle B is a cause of A, and
reciprocally, thus again one gets a quantum causality paradox.
< Figure 2.1.3>
2.2 Moving particle(s) changing the direction
2.2.1 With respect to the same referential system, the particle A is moving towards B; while the particle B is
moving at the beginning in a direction towards A, and later B changes the direction moving away from A.
a) Then from the perspective of A: B is a cause for A (i.e. t`B < A on A’s time axis). Then B changes its
movement in a direction away from A, consequently B attains its quantum threshold τB,A, i.e. t``B ≡ A on A’s
time axis (now there is no causality among A and B). B keeps moving further from A and crosses its quantum
threshold, then A becomes a cause for B because t``B > A on A’s time axis.
b) While from the perspective of B, the particle A is always a cause for B, since tA < B on all B’s time axes t`,
t``, and t```. [Figure 2.2.1]. Hence, this quantum causality paradox appears: simultaneously B is cause for A, and
non-causality, and A is cause for B?
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< Figure 2.2.1>

2.2.2 Relative to the same referential system, both particles are moving towards each other, and then both change
the movement in the opposite directions.
Similarly, from both perspectives, of A and of B, there are normal causalities (corresponding to t1 and t` time
axes), non-causalities (corresponding to t2 and t`` time axes), and opposite causalities (corresponding to t3 and
t``` time axes) [Figure 2.2.2].
Hence, one again, one arrives at quantum causality paradoxes.
< Figure 2.2.2>
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Figure 1.1.4

Figure 1.2.1

Figure 1.2.2
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Figure 2.1.3
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