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Abstract

Quantum entanglement is a bizarre, counterintuitive phenomenon which
shows that entangled subatomic particles remain related even when they are
far apart, which was described by Einstein as “spooky action at a distance”. Alt-
hough this phenomenon could be interpreted by a few theories, for example, the
famous Copenhagen interpretation which describes that these states exist sim-
ultaneously by a wave function, however, there is still no unquestioned theory
and it continues to puzzle people around the world. Here we propose a hy-
pothesis that gravity cuts out stop functioning between subatomic particles
based on the observations of a thought experiment. It is well known that the
Universe is filled with various subatomic particles (e.g. cosmic neutrino back-
ground, CvB) and gravity is a universal force making any particle in the Uni-
verse attract any other. Based on these observations, it is expected that the
CvB particles walking abreast will be combined together by their gravity af-
ter some time/distance, which will thus result in a greatly uneven distribution
of CvB. However, the observational evidence showed that CvB is highly iso-
tropic and homogenous, suggesting that gravity would no longer work at the
subatomic scale. Thus, the relation of the paired subatomic particles would
become some pure correlation of mass (or equivalent energy) status. In this
case, time would be not required anymore due to the ineffectiveness of grav-
ity. The proposed new interpretation matches the experimental observations
well and finally possible thought experiments are presented to test this the-

ory.
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1. Introduction

Quantum entanglement describes a bizarre, counterintuitive phenomenon which
shows that entangled subatomic particles such as photons or electrons remain
connected even when they have vast distances. For dozens of years, quantum en-
tanglement represents the heart property that makes quantum physics different
from classical physics, however, continues to puzzle people around the world [1].
On the Copenhagen interpretation of quantum mechanics, the state of a particle
can be given by a Schrddinger’s wave function, which describes probabilities of
the particle in a location or a state of motion [2]. A measurement will cause the
probabilities (superposition) to collapse to the state measured. Then, for paired (or
grouped) entangled particles, the measured state of each particle will be correlated,
which is independent of their locations and distances. However, quantum entangle-
ment was described by Einstein as “spooky action at a distance” because its infor-
mation can be transmitted faster than the speed of light, which is impossible and
cannot be accepted by classical physics. And the above interpretation was rejected
by Einstein et al. [3], and they proposed hidden-variable theories to explain quan-
tum entanglement as well. In 1964, John Bell derived Bell’s inequality from Ein-
stein’s separability and locality assumptions [4], which provided a possibility to
test the above interpretations. After that, a number of experiments based on Bell’s
inequality have been performed. For example, Gisin et al. showed that the collapse
of the wave function exceeds the speed of light by at least four orders of magnitude
[5]. Recently, more studies observed significant violations of the Bell inequality,
which rejects local realism that does not permit physical influences to travel faster
than the speed of light [6] [7]. Currently, one critical problem is what the nature
of quantum entanglement is. Quantum nonlocality represents just one possible
way to violate Bell’s inequalities, and new theories are still expected to interpret
the nature of quantum entanglement [2].

In this work, we first provide a hypothesis that gravity cuts out and stop func-
tioning between subatomic particles through a thought experiment. It is well
known that cosmic neutrino background (CvB) is one of the most abundant sub-
atomic particles in our Universe [8]. The thought experiment is, if gravity works
between subatomic particles, the CvB particles walking abreast would be com-
bined together by their gravity after some time/distance. This thus will lead to
greatly uneven distribution of CvB, and even forming neutrino stars. However, cur-
rent observational evidence shows that CvB is quite isotropic and homogenous. The
above conflict suggests that gravity may no longer work between subatomic par-
ticles. In this case, we further hypothesized that the relation of two or more en-
tangled subatomic particles will become some pure interaction of mass (or equiv-
alent energy) status, which thus does not require time and speed anymore due to
the ineffectiveness of gravity. As a result, this interprets quantum entanglement
as some form of interaction of mass (or equivalent energy) status without time and
speed limitation. We further showed that the predictions by this interpretation

matched the experimental observations well. Finally, two putative experiments
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were proposed to validate this interpretation.

2. A Thought Experiment on Gravity between Subatomic
Particles

Gravity is a universal force and always attractive between two objects even for
antimatter objects [9]. As the weakest of all known fundamental forces, the small-
est measurement of gravity ever recorded is between two gold spheres of 1 milli-
metre (mm) radius [10], which revealed a smaller gravitational constant G. How-
ever, it still remains unclear about gravity for objects between smaller scale in-
cluding subatomic particles, for example, CvB particles. Standard cosmology
stated that neutrinos should be the most abundant particles in the Universe. Here
we propose a thought experiment on the gravity between two CvB particles. For
simplicity, here we use the Newton’s gravity equation, then the gravity between

two CvB particles walking abreast is described by

2
F=G (1)

rZ

where Gis the Newtonian’s gravitational constant, m, is the mass of the CvB par-
ticle (here we assume the two CvB particles have the same mass), which is esti-
mated to be ~1 eV (~1.78e—36 kg) and ris the distance between the two particles.
It is estimated that the number density of CvB is 112 neutrinos per cc. Then, we
assume a typical distance between two CvB particles is 1, = ~1.0e—3 meters. In ad-
dition, it is estimated the diameter of the neutrino is around the scale of r1=1.0e—20
meters. Next, let’s start with the distance of 1.0e—3 m and simulate how long these
particles will combine together (from 1 to r1). The distance sof the two CvB particles

moving by gravity can be described by the following equation,
s=g,t° (2)

where ¢is the time and g, is the gravitational acceleration. Here g, is also variable
with sby the following relation,

G
g = 3

(- 5)2
According to Equations (2) & (3), we can obtain Equation (4) to calculate the

time ¢

R U (4)
- .[0 Gm

v

Then,

Gm, 3

t— 1 (ro_r1)4_Zro(ro_r1)3+r02(ro_'1)2
4 2 (5)

=2.648737x10'° (second)

The simulation was run using R. As a result, the value of #is about 840 million

years, suggesting that it will take ~840 million years for the two CvB particles
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walking from the distance of 1.0e—3 m to 1.0e—20 m, that is their combination.
Figure 1 shows the computer simulated combination process of two putative CvB
particles with the distance of 1.0e—3 m to 1.0e—-20 m.

0.5006
CvB particle 1
......""ooo
®®ceee,, .
0.5004 :
Steeen..
LTI
..,
o 05002 te.,
E K
8 0.5 combination point— ¢
2 .
= 0.4998 et
0.4996 JUUUPTRPRITLLLA
CvB particle 2
0.4994
1.OE+00 2.0E-+08 4.0E+08 6.0E-+08 8.0E-+08

time (year)

Figure 1. A computer simulated combination process of two putative CvB particles.
It shows how the distance (the y-axis) of the two side-by-side particles decreases from
1.0e—3m to 1.0e—20m with time (the xaxis) due to the attraction force of gravity.

It is well known that CvB consists of relic neutrinos from the Big Bang ~13.8
billion years ago. It is thus a quite short time for 840 million years compared to
the Universe’s age. Therefore, if gravity works between the subatomic particles,
the currently observed CvB will be greatly uneven. Up to now, however, the ob-
servational evidence showed that the distribution of CvB is highly isotropic and
homogenous [8], suggesting that gravity may cut out and stop functioning be-

tween CvB particles and thus other subatomic particles.

3. A Simple Interpretation of Quantum Entanglement

Based on the above thought experiment, we proposed that gravity does not func-
tion anymore between subatomic particles. Here we further propose a hypothesis,
in this case, the interaction between subatomic particles will be some pure corre-
lation of mass (or equivalent energy) status. Here we provided some clues about
how we got the above idea. We previously revealed a connection between gravity
and cosmic microwave background (CMB), among which gravity can be mathe-

matically calculated by Equation (6) [11].

bt
2nc r?

(6)

where fis the expected frequency of CMB. This suggests that CMB could take part
in the creation of gravity. As CMB is also electromagnetic wave, diffraction would
occur between masses whose size is small enough. In this case, CMB would no

longer all contribute to gravity and then the gravitional constant G will decrease
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between small masses. We showed this hypothesis matches the real world well in
a recent paper [12]. For example, this hypothesis predicted the gravitional con-
stant G will decrease to 5.96 x 107! m’>-kg™-s™* between masses whose diameter
are 2 millimetres (0.002 metres), which is quite consistent with the measured one
((6.04 £ 0.06) x 107" m*>kg™"-s72) by experiments, however, the authors explained
this is resulted from the known systematic uncertainties [10]. Thus, here we fur-
ther hypothesize that CMB will not contribute to gravity (that is, gravity will not
exist any longer) when the mass size decreases small enough (e.g. at the subatomic
scale). Based on the above analysis, mathematically, here we then remove the grav-
itational constant G from Equation (1) and Equation (6) due to the ineffectiveness
of gravity and add two variables representing the status of the two subatomic par-
ticles. Thus, for a pair of entangled subatomic particles, some form of interaction
I between their quantum status could be expressed as
E1E2

e = r2 |Sl>|32> (7)

where E'is the energy or equivalent mass of each entangled particle and ris the
distance of the two particles. Here we introduce |Sl> and |SZ> as some quan-
tum status (e.g. spin) of the two entangled particles. Given that we hypothesize
gravity does not work in this case, Equation 6 obviously does not require time or
speed anymore as it is well known gravity travels at the speed of light. In addition,
according to Equation (7), distance will not determine whether . occurs, but dis-
tance length would play a role in the strength of the entanglement. Distant entan-
gled particles will have weaker strength of entanglement, which could explain why
it is more difficult for making entanglement between more distant particles [13].
As aresult, this kind of interaction of quantum status is present and independent
of time. To maintain its conservation, if the status of one particle changes (e.g.
|Sl> ), that of the other (e.g. |SZ>) should change at the same time as well. Given
that spin naturally does not contribute to the energy of the system, the change of
spin should not change the value of Z.. As a result, this kind of relation can always
occur because it is only dependent on status but not . value much. This relation
is then the so-called quantum entanglement. However, Equation (7) clearly shows
that if the conservation of . is broken dramatically, the entanglement between
the two particles will be broken. Firstly, /. can be easily disturbed as the energy of
the two particles can be easily affected by a number of factors for example mag-
netic field and electronic field. Meanwhile, Z. is also largely affected by the dis-
tance between the entangled particles. Obviously, when the distance is large
enough, tiny changes in ‘energy’ would lead to significant effects on /., which can
easily destroy the entanglement as well. Indeed, up to now it is still a quite difficult
task for long-distance entanglement [14]. The above theoretical analysis is con-
sistent with the fact that “entanglement is fragile and hard to maintain” [15]. Fi-
nally, according to the above analysis and Equation (7), we can make the following
main predictions:

e quantum entanglement can only occur between particles whose size is small
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enough, for example, subatomic particles, between which gravity cuts out stop
functioning;

e quantum entanglement is independent of time but relies on distance, and the
smaller the distance the easier the entanglement generation and measurement;

e quantum entanglement is dependent on the “energy” status of the entangled
particles, and the higher the “energy” the easier the entanglement;

e quantum entanglement is dependent on the circumstance of the entangled
particles, any obvious change in the “energy” (e.g. by magnetic field, electronic
field, etc.) along their travel paths would break the entanglement;

e Based on the previous prediction, it is thus expected uncharged particles
should be more easily entangled than the charged particles under similar other
conditions, as the later ones are more easily affected by circumstance (e.g. by

magnetic field, electronic field, etc.).

4. Putative Experiments to Test the New Interpretation of
Quantum Entanglement

The above hypothesis could be validated by experiments designed according to
the above five predictions. Moreover, to validate the proposed new interpretation
of quantum entanglement, here we present two putative experiments. According
to Equation (8), we predicted that quantum entanglement is highly dependent on
the “energy” status of the entangled particles, and the higher the “energy”, the
easier the entanglement generation and measurement. So, the first putative exper-
iment is performing quantum entanglement experiments for paired photons with
different energy, for example, paired photos from red light to violet or even ultra-
violet light under the same conditions. The next is to check whether “energy” af-
fects the difficulty of forming and breaking entanglement.

The second putative experiment is on one pair of electrons in an even magnetic
field. It is known that the energy difference between the two states (in a magnetic
field or not in a magnetic field) of one electron can be expressed as

E=2u,B (8)

where g is the Bohr magneton and B is the magnetic field strength. That is,
magnetic field will increase the energy of the electron within it. And then we can
tune the magnetic field with different intensities, from small to big. According to
the new interpretation, it will be expected that it is easier for the two electrons in
stronger magnetic field to be entangled, and vice versa. This experiment can also

be used to test the proposed interpretation.

5. Conclusion

In conclusion, we reveal that quantum entanglement could be resulted from some
interaction of mass/energy status of paired or grouped subatomic particles, be-
tween which we revealed that gravity will no longer function by a thought ex-
periment. This is based on our previous observation, CMB contributes to gravity

and would not work between masses small enough, such as subatomic particles.
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Moreover, this new interpretation revealed that quantum entanglement is inde-
pendent of time. This kind of interaction does not require time or speed, which
thus allows immediate communication at a distance. However, it suggests that
quantum entanglement is dependent on distance and “energy” status of the par-
ticles. It thus seems theoretically impossible to implement quantum entanglement
between particles very far away from each other. This study probably presents a
new theory for the interpretation of the nature of quantum entanglement. Finally,
two putative experiments are designed for future tests on quantum entanglement

and this theory.
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