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Article 
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050-315-2359; Fax: +39-050-315-2166 

2 Professor at the Department of Information Engineering, University of Pisa, G. Caruso, 16, 56122 Pisa, Italy. 

Abstract: By incorporating quantum mechanics into gravitational theory through the so-called 
spacetime geometrization procedure that consists in applying the principle of least action alongside 
the covariance of quantum mechanical motion equations, we present a model that describes the 
gravitational behavior of antimatter whose existence is fundamentally rooted in quantum mechanics. 
The gravity produced by an antimatter macroscopic body, described by continuous quantum 
mechanical field, shows that it produces attractive Newtonian potential on macroscopic scale. On a 
microscopic scale, where we cannot use the point-like mass approximation, the work shows that the 
Newtonian gravity includes an additional term that is inversely proportional to source mass and 
depending by the shape of the quantum mass density distributions. | |ψ . The divergence of 
gravitational energy for infinitesimal masses, in order to yield finite physical solutions, requires that 
elementary particles possess a discrete mass spectrum and that the quantization of their fields 
emerges as a necessary condition for the realization of the physical universe. Furthermore, the 
quantum mechanical contribution, induced by the energy of the quantum potential on spacetime 
geometry, which diverges for small masses, can possibly compensate for the divergence in quantum 
gravity where this contribution is not considered. 

Keywords: antimatter gravity; gravitational origin of field quantization; gravity quantization 
 

1. Introduction 

General Relativity, a form of spacetime geometrization, is derived by utilizing two fundamental 
conditions: the equivalence of inertial and gravitational masses, and the principle of least action [1]. 
On the other hand, it is also true that the equivalence of inertial and gravitational masses corresponds 
to imposing the covariance of the classical equations of motion in curved spacetime In this sense, 
General Relativity can be conceptualized as the geometrization of classical spacetime arising from 
the principle of least action, together with the classical physics it encompasses. If, instead of the 
covariance of the classical motion equation, we assume the covariance of quantum mechanical 

motion equations (for the wavefunction and its mass distributions 2| |ψ ) we obtain the spacetime 
geometry consequent to the presence of quantum bodies. 

With this procedure, we obtain a curved spacetime whose geometry is determined by the 
quantum mass density distribution, which differs from the classical one. This essentially means that 
spacetime geometry is also influenced by the energy of the quantum potential, which has no 
equivalent in classical physics. While the contribution to gravity arising from the quantum mass 
density is not conceptually new compared to General Relativity, the second contribution, originating 
from its quantum potential, leads to new and significant outcomes. It introduces the non-local 
properties of quantum mechanics into gravitation and the existence of antimatter gravity. 
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The resulting gravity equation, structurally similar to that of General Relativity, expresses 
spacetime curvature on the left-hand side as a function of the energy tensor on the right-hand side, 
which, in turn, depends on the quantum mechanical wavefunction of the system. 

The goal of this work is to derive the weak gravity limit for a macroscopic antimatter body. Here, 
macroscopic refers to a body of immense mass that influences large-scale structures, such as a planet 
on a cosmological scale. 

In addition to the standard conditions imposed in General Relativity to recover weak Newtonian 
gravity (namely, the non-relativistic limit (see (20)) and the quasi Minkowskian condition (see (28-
29))) the macroscopic condition in General Relativity, must be introduced by additionally requiring 
the condition of 0 → . 

It is also important to note that, in this approach, the wavefunction fields are taken continuous. 
Therefore, when approaching scales relevant to particle physics, where the fundamental structure of 
the vacuum and field quantization become significant, the quantum mechanical gravity framework 
discussed here ceases to be applicable. 

In cases where one seeks to describe gravity generated by elementary particles (not addressed 
in this work), the fields contained in the energy tensor must be quantized in the corresponding curved 
spacetime, where the curvature itself is a quantum operator — a particularly challenging problem. 

The quantum mechanical gravity can be achieved by utilizing the Madelung hydrodynamic 
representation of quantum mechanics [2–4] that transforms the quantum equations (such as the 
Schrodinger or the Klein-Gordon or the Dirac ones) as a function of the field  

( x )S
i

( x ) ( x )| | e
μ

μ μψ ψ
−

=   (1)

in a system of two equations as a function of the real variables: ( x )| |μψ and S pμ μ∂ = − . 

This transformation, for the simplest and most illustrative case of Klein-Gordon equation (KGE) 

( ) ( )
2 2

2
1;

; ;

m cg g g
g

μ μν μν
μ ν μ νμ

ψ ψ ψ ψ= ∂ = ∂ − ∂ = −
− 

, (2)

leads to the motion equation [5] 

( )
2

2 21 0 g S S g g | | m c
| | g

ν μ μν
μν μ ν ψ

ψ
∂ ∂ − ∂ − ∂ − =

−
  (3)

coupled to the conservation equation 

21 0Sg g | |
q qg

μν
μ νψ

 ∂ ∂− = ∂ ∂−  
, (4)

that gives rise to a classical-like description where the mass density 2| |ψ , owing the hydrodynamic 

impulse pμ , is subject to the additional non-local quantum potential interaction 

( )
2 1

qu(| |)V g g | |
m | | g

μν
ψ μ ν ψ

ψ
= − ∂ − ∂

−


 (5)

conceptualizing (3) in the form 
2 2 0qug p p mV m cν μ

μν + − = . (6)

In the non-relativistic limit, where Eq. (2) reduces to the Schrödinger equation, Eq. (3) simplifies 
to the classical equation of motion [4], with the addition of the Madelung quantum potential. In the 
quantum case, analogously to the general relativity procedure, by imposing the covariance of (3) in 
curved spacetime we can utilize the minimum action principle to obtain the geometry of spacetime 
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subject to the quantum physics. This approach is based on the fact that the equivalence of 
gravitational and inertial mass in classical General Relativity can be replaced by the condition of 
covariance of classical equations of motion in curved spacetime. 

As shown in ref. [5,6] minimum action condition 0QHδ =  in the quantum hydrodynamic 

representation can be expressed as 

21 1 ( k ) ( k ) ( k )
QH

k

k

g L g L g L
| | g gd

c | |g q g gg
| |q

μν
μν λ μν μν

λ

δ ψ δ
ψ

ψ

   
   ∂ − ∂ − ∂ −∂ ∂   = − − − Ω   ∂∂ ∂ ∂ ∂− ∂ ∂     ∂∂   

 
  

 (7)

where ( k )L  is the quantum hydrodynamic Lagrangian density ( k )L given in ref. [5]. Furthermore, 

by comprehending the contribution coming from the spacetime curvature,  

3

16
1
2g dg gg

G
Rc R μν

μν μνδ
π

δ=  −− 
 

Ω   , (8)

the overall minimum condition 

2
4

81
2

0gQH R Rg |G | g gd
c

μν
ν νν μ μμ ψ δπδ δ τ+ = − − Ω =− 

      (9)

defines the quantum gravity equation (QGE) [5,6] 

2
4

8 01
2

R Rg | |G
cμν μν μν
π τψ− =−  (10)

where μντ in (10) is explicitly derived as a function of the quantum hydrodynamic Lagrangian 

density ( k )L  in ref. [5]. 

For the particular case of interest, of the macroscopically stable state (stationary energy 
eigenstates [7]), ( k )L  reads 

( ) ( )1 12 2

1

2

2

t ( k ) ( k ) t ( k ) ( k ) ( k )( k )

k k k

k k k

( k ) c S g p p c S g S S

ln[ ] ln[ ] ln[ ]
* * *ic g

t q q

L α μ α μ
μα μα

μα
α ν

ψ ψ ψ
ψ ψ ψ

− −

−

= − ∂ = − ∂ ∂ ∂

 ∂ ∂ ∂ 
 = −

∂ ∂ ∂ 
 
 




 (11)

Therefore, as shown in ref. [5], in the macroscopic weak gravity limit of (10) acquires the form 

( )4
1
2

8
( k ) Q

G T
c

R Rg gμν ν μνμνμ
π− −Λ=  (12)

where the energy tensor density ( k )T μν reads 
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2 2
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2

( k ) ( k ) ( k ) ( k ) ( k )
( k ) k

k k

k k
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k
k k k

k k

S S S S S
T | | c g g

t q qq q
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* *
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*| | c
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q q

αβ μνμ ν
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μ ν

αβ μ
β α
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ψ ψ
ψ ψ

ψ
ψψ ψ ψ

ψ ψ

−

−
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 = −      ∂ ∂ ∂∂ ∂    

∂ ∂

  ∂ ∂∂ 
 = −  ∂ ∂∂      −  ∂ ∂ 

 
 

        

ν

 
 
 
 
 
 
 
 
  
 

 (13)

where νμg  is the metric tensor, where 1g | g |νμ
−= and where 

2k
( k )

k

iln S
*

ψ
ψ

= −


 (14)

Without loss of generality, we can assume the wavefunction kψ  to be that of the positive energy 

states kψ +  ( k kψ ψ+ = ), so that for the negative ones reads k k *ψ ψ− = . Therefore, in this case we 

have that S S− += −  and 

1

2 2

2

k k

k k
k

k
( k ) k k k

k k

ln[ ] ln[ ]
* *

q qln[ ]
*T | | c

ln[ ] ln[ ]i t
* *g g

q q

μ

μ ν

αβ μν
β

ν

α

ψ ψ
ψ ψ

ψ
ψψ ψ ψ

ψ ψ

−

±

 ∂ ∂ 
   ∂ ∂∂   
  =   ∂ ∂∂       −   ∂ ∂      

  (15)

Moreover, by employing the low-curvature limit (appropriate for Newtonian gravity) the KGE 
expression 

2
2 2 2

2 21 quVS S Ep p p m c
qq c mc

μ
μμ

μ

   ∂ ∂ = = − = −   ∂∂   
, (16)

the energy-tensor (15) reads 

1

2 22 2 4

2

1

2
1

k k
k k k

k
( k ) k

qu

ln[ ] ln[ ]
* *ln[ ]

* m c q qT | | m c
i t V

g
mc

μ ν

μ

μν

ν

ψ ψ
ψ ψ ψ

ψψ

−

±

 ∂ ∂  ∂   
∂ ∂  =

∂        − −      

 . (17)

In the classical derivation of Newtonian potential as weak limit of General Relativity, 2m| |ψ
represents the classical mass distribution density into the spacetime. Here, as long as we describe 
macroscopic quantum bodies, it represents the quantum mechanical mass density defined by the 
body wavefunction. When we talk about weak gravity of macroscopic antimatter body, we want to 
find the Newtonian gravity of a body such as, for instance, an antimatter Earth. To obtain such a 
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result we have to introduce the not-relativistic condition (see (20) below), absence of spin and the 
macroscopic limit of 0 →  . 

Furthermore, since when we talk about matter with refers to bodies with not null rest mass, we 
are actually considering fermions and we should consider the more complex gravity produced by 
quantum mechanical fermion bi-spinor wavefunction [6]. 

To simplify the problem, we observe that in the non-relativistic limit, the Dirac equation reduces 
to the Pauli equation, which, in absence of external magnetic field and disregarding the spin-spin 
interaction of particles for the determination of the spacetime gravity, further leads to the Schrödinger 
equation [8]. Therefore, in the case of macroscopic matter or antimatter that appears macroscopically 
spinless regardless of the spin of its elementary constituents, the non-relativistic limit of the KGE (2) 
can be applied to bodies with nonzero rest mass in the low-velocity regime. 

In this context, the wavefunction (2) can be used in (17) and (12). Moreover, to define the 
antimatter wavefunction relative to the matter one, we consider, as exemplifying case, that of a 
charged KGE state (not necessarily electric charge). When the matter wavefunction is defined 

accordingly
2m

*ψ ψψ +
+= , the antimatter wavefunction takes the form 

2m
*ψ ψψ −

−=  [9]. 

Consequently, performing the (non-relativistic) weak gravity limit of (12) with quantum 

mechanical mass densities 
2

mψ +  and 
2

mψ − we obtain the Newtonian forces for both matter and 

antimatter states. 
To derive the macroscopic (classical) Newtonian gravity of matter and antimatter, the limit
0 → leads to the identities [4] 

0 0Qlim → Λ =  (18)

and  

0 0quVlim → = . (19)

Moreover, the conditions for the establishing of non-relativistic limit ( c  → ∞ ) gives 

1γ ≅ . (20)

leading to the identity 

2 22
k

k
ln[ ]

* Si E mc mc
t t

ψ
ψ γ+

∂
∂= = − = − ≅ −

∂ ∂
 

(21)

and 

2 2S E mc mc
t

γ−∂ = = ≅
∂

 (22)

that introduce into (17) leads to 

( )

2 2
2 2

2
2 2

2 2

1

1

k k

k k
( k ) k

k

k

ln[ ] ln[ ]
* *T | | mc g

m c q q

| | mc p p g
mc

| | mc u u g

μνμ ν

μ ν μν

μ ν

μν

μν

ψ ψ
ψ ψψ

ψ

ψ

± ±

±

±

 ∂ ∂ 
 = −

∂ ∂ 
 
 
  = −     

= −

         

         

 

(23)
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where 
p

u
mc

μ
μ = is the velocity field. 

Therefore, from (23) the weak gravity limit of QGE reads 

2
( )2

1 8 | |
2 k

GR g R m u u
c

α
νμ νμ α μ ν

π ψ± ± ±− =  (24)

leading to the trace identity 

2
2

1 8
2

GR R R m | | u u
c

α α α α α
α α α α α

πδ ψ± ± ± ±− = − = . (25)

Thus, in the particles reference system where 

( )1 0 0 0u , , ,μ = , (26)

it follows that 

0 2 2 2
0 2 2 2

8 8 8
k k k

G G GR m | | m | | m | * |
c c c
π π πψ ψ ψ± ±= = =  (27)

and therefore 

0 2 2 2
0 2 2 2

8 8 8
2

m m
k k

G G GR m| | m | * | m | |
c c c

ψ ψπ π πψ ψ + −±= = =  (28)

2. The Newtonian Potential for Macroscopic Point-like Antimatter 

Given the Newtonian gravitational potential φ , as a function of the component 00g  of the 

metric tensor [10]  

002
2 1g
c
φ = − , (29)

whose trace, at zero order, reads 

2gαα ≅ − , (29)

leading to the identity 

( )0 2 00
0 00 002 2

4 1 1
2

GR m| | R g g
c q c

α

α γγ α α αα
π ψ φ∂Γ= = = ≈ − ∂ ∂ = ∂ ∂

∂
 (30)

it follows that 

24
2

m mGm | |α α
ψ ψφ π + −±∂ ∂ = . (31)

Given that in (31) mψ + and mψ − describe the quantum mechanical mass density distribution of 

matter and antimatter, respectively, in order to obtain the macroscopic limit of the Newtonian 
potential, we have to introduce the macroscopic condition where the particle mass (with its quantum 
mechanical mass density distribution) is collapsed in a macroscopically punctual domain. In this case 
the typical inter-particles distance is much bigger than both the physical length of the quantum 
configuration of mass distribution and the range of interaction of the quantum potential [7]. In this 
limit, we can describe the puctual mass density of the point-like particle and the antiparticle, located 
in mR +  and mR − , respectively, by the spatial densities 
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2 3( )
m m| | ( r R )ψ δ+ += −  (32)

2 3( )
m m| | ( r R )ψ δ− −= − , (33)

and, therefore, the total normalized matter and antimatter density reads 

3 3
21

2 2

( ) ( )
m m

m m
( r R ) ( r R )| | δ δψ ψ + −

+ −
− + −± =  (34)

with the normalized condition  

3 1( )
m( r R )dVδ ±− = , (35)

that by (31) leads to 

( ) ( )

3 3

4
2 2

0

2 4

4

( ) ( )
m m

m m

dV Gm ( r R ) ( r R )dV Gm

dS r R d r R
r r

α α

π
α

α

φ π δ δ π

φ φφ π

+ −

± ±

∂ ∂ = − + − =

∂ ∂= ∂ ⋅ = ⋅ − Ω = −
∂ ∂

 

 
 (36)

Furthermore, if we consider each matter and antimatter body of equal mass Bm  (with total 

mass of system 2 Bm m= ) and we bring to infinity the matter body respect to the antimatter one so 

that the integration is done on an infinite domain that do not contain its mass distribution 
3( )

m( r R )δ +− , it follows that 

( )2 34 4 4( )
m B m Br R Gm ( r R )dV Gm

r
φ π π δ π− −

∂ − = − =
∂   (37)

and 

( )2 34 4 4( )
m B m Br R Gm ( r R )dV Gm

r
φ π π δ π+ +

∂ − = − =
∂   (38)

and, by integration, that 

B
m

m

mG
| r R |

φ ±
±

= −
−

. (39)

showing that the Newtonian gravity of macroscopically punctual antimatter is equal to that of matter 
(in empty space without the test mass). 

3. Newtonian Gravity at Short Distance for Quantum Mechanical Antimatter 
Body 

The results (34,37–39) hold as long as the localization of the wave function produces a mass 
distribution that, at distances much greater than the characteristic length scale of the quantum mass 
density of particles, can be satisfactorily approximated by a point-like domain and the wave functions 
of matter and antimatter do not overlap (see (34)). In this case, the fundamental condition for 
recovering Newtonian gravity is that. 0 → and that 0 0quVlim → = so that the quantum potential 

energy can be disregarded. At very short distances, when the characteristic length of the system is 
comparable to the spatial extent of the mass distributions, the gravitational interaction is influenced 
by the effective shape of the quantum mass density distribution 2| |ψ ± with wavefunctions 

overlapping. In this case, since the quantum mass density configuration becomes relevant, we must 
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remove the condition of 0 →  [4]. By doing so, we derive the gravitational potential of a particle 
coming from the spacetime curvature induced by its quantum mass distribution 2| |ψ ± through the 

gravitational equations  

22 2

4 1 2

2

22 2

4 1

2

1 1
| |1 8

2
1 [ ] [ ]

2 * *

1 1
| |8                         

1
2

qu
Q

qu

qu
Q

qu

V
g g

mcmcGR g R
c V

ln ln g
mcmc

V
g g

mcmcG
c V

mmc

μν μν
α

νμ νμ α

λ
μ λν

μν μν

ψπ
γ ψ ψ

ψ ψ

ψπ
γ

±

±
−

± ±

± ±

±

±
−

  
  − − − Λ
   − =  
   + − ∂ ∂    

 
 − − − Λ
 
 =

+ −



 2

p p g
c

λ
μ λν± ±

 
 
 
 
       

. 
(40)

Here, for sake of completeness, we also re-consider the contribution that can come from the 
quantum pressure term Q gμν±−Λ  where the quintessence-like term Q±Λ , given in ref. [5], reduces 

to small constants, Q+Λ  and Q−Λ  (for matter and antimatter respectively) in quasi-Minkowskian 

spacetime approximation [11]. Therefore, Equation (40) for the non-relativistic case, where 

2 1quV

mc
 , leads to 

22 2

4

2

2| |1 8
2

1
2

qu
Q

qu

V
g

mcmcGR g R
c V

u u
mc

μν
α

νμ νμ α

μ ν

ψπ
γ

±
±

± ±

  
− + Λ  
  − =    + +    

. (41) 

Furthermore, by using the identity  

( )2 23
2 2

qu qu
Q Q

V V
u u

mc mc
α α
α αδ± ±

   
− + Λ − = − + Λ   
   

 (42)

it follows that 

2 2
4 2

8 | | 1 3
2

qu
Q

VGR mc
c mc

α
α

π ψ ± ±
  

− = − + Λ     
 (43)

. and, by utilizing (36), that the gravitational force rφ∂  reads 

( )
2 3

2 2
0

1 3
2

V
qu

r Q
VGm | | d V
mcr R

φ ψ± ± ±
±

  
∂ = − + Λ   −   

  (44)

where, we can recognize classical and quantum contributions that read, respectively, 

( ) ( ) ( )
( )

( )
2 2 2 2

2
0 2 0

r R /

r Class r R, ,
/

Gm | | r R d r R cos d d
r R

π π

ϑ ϕ
π

φ ψ ϑ ϑ ϕ
−

± ± ±−
−±

∂ = − −
−     (45)

( ) ( ) ( )( )
( )

( )
2 22

22
2 2

0 2 0

3 2
2

r R /

r Q Qr R, ,
/

G | | | | mc | | r R d r R cos d d
mc r R

π π
μ

μϑ ϕ
π

φ ψ ψ ψ ϑ ϑ ϕ
−

± ± ± ± ±−
−±

∂ = ∂ ∂ + Λ − −
−   

  (46)

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 May 2025 doi:10.20944/preprints202411.2160.v3

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202411.2160.v3
http://creativecommons.org/licenses/by/4.0/


 9 of 10 

 

From (45) we can acknowledge the classical Newtonian gravity is the same for matter and 
antimatter bodies, while the quantum contribution (46) may differ by the values of Q+Λ  for matter 

and Q−Λ  for antimatter. 

It is worth noting that the quantum contribution (46) becomes larger smaller the particle mass 
m  leading to the asymptotic expression for infinitesimal mass 

( ) ( ) ( )
( )

( )
2 22

2
0 2 2

0 2 0

3
2

r R /

m r Q r R, ,
/

Glim | | | | r R d r R cos d d
mc r R

π π
μ

μϑ ϕ
π

φ ψ ψ ϑ ϑ ϕ
−

→ ± ± ±−
−±

 
 ∂ ≈ ∂ ∂ − −
 −  
  

 , (47)

that diverges for 0m → .. 
It is straightforward to note that the quantum contribution (47) to the gravitational field, arises 

from quantum potential energy (5), that, for weak Newtonian gravity, takes the form: 

2 1
qu(| |)V | |

m | |
μ

ψ μ ψ
ψ

≅ − ∂ ∂
, (48)

being characterized by the term 
2

m


inversely proportional to the particle mass. 

Since the gravitational term (47) diverges as the particle mass approaches zero, it is important to 
highlight that, in order to have finite gravitational energies, the mass of particles cannot decrease 
continuously to zero but must be quantized with minimum values as supported by the quantum field 
theory. 

Up to now, we have derived the gravitational contribution of a spinless quantum-mechanical 
body that is sufficiently macroscopic to be described by continuous quantum wavefunction fields. In 
this approximation, the result neglects all contributions to Newtonian gravity at the sub-microscopic 
scale of elementary particles, which arise from the quantized nature of their fields. 

If the quantization of gravity based on classical General Relativity encounters insurmountable 
difficulties in obtaining a renormalizable theory that eliminates divergences, then the quantization of 
quantum-mechanical gravity, introducing a new opposite diverging contribution, could lead to a 
renormalizable theory of quantum gravity. In this framework, field quantization would emerge as a 
necessary physical condition to ensure that gravity remains finite even for extremely small masses 

Finally, since in general, when matter and antimatter are brought to a finite distance (and there 
is overlap between their wavefunctions) so that  

2 2 2
m m m m| | | | | |ψ ψ ψ ψ+ − + −± ≠ + , (49)

the gravity includes an additional contribution beyond (46, 47). 
This contribution is similar to that in classical General Relativity, where the gravitational 

interaction can be defined as originating from a potential independent of the mass of neighboring 
bodies only to first order of approximation. If we consider the quantum nature of the bodies, the 
superposition of their quantum wavefunctions introduces a perturbative contribution not linearly 
depends on the presence and state of neighboring mass. 

From this standpoint, it is worth noting that, once again, this could provide the basis for an 
experimental test by measuring the gravitational deviation from Newtonian law produced when 
matter atoms approach their corresponding antimatter counterparts. 

5. Conclusion 

By employing quantum-mechanical spacetime geometrization, which describes gravity in 
spacetime also accounting for the energy of the Madelung quantum potential energy, it is possible, 
in the weak gravity limit, to derive the Newtonian potential for massive bodies based on their 
quantum mechanical physics, including antimatter. This work demonstrates that, on macroscopic 
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scales relevant to planetary and cosmological problems, the Newtonian gravity of antimatter is 
identical to that of matter. 

Furthermore, the theory reveals additional weak gravity contributions arising directly from the 
quantum nature of bodies, which depend on the configuration of quantum mass density 
distributions. The contribution to gravity, stemming from the energy of the quantum potential, 
becomes significant as the mass of a body approaches zero. This suggests that if elementary particle 
masses would have a continuous spectrum down to zero, the gravitational potential energy would 
diverge. 

This insight implies that field quantization, which leads to a discrete spectrum of elementary 
particle masses, may be a necessary condition for obtaining finite physical solutions. Additionally, 
the quantization of quantum-mechanical gravity, by introducing a possibly opposing diverging 
gravitational contribution, could lead to a renormalizable theory of quantum gravity. This aligns with 
the idea that the quantized nature of reality is a fundamental and necessary property of the universe 
in order to obtain its finite physical solution. 

Funding: This research received no external funding. 

Data Availability Statement: The original contributions presented in this study are included in the 
article/supplementary material. Further inquiries can be directed to the corresponding author(s). 

Conflicts of Interest: The author declares no conflicts of interest. 

References 

1. Landau L. D.; Lifšits, E.M. Course of Theoretical Physics Italian Edition. Mir Mosca Editori Riuniti 1976, 321-
66.. 

2. E. Madelung, Z. Phys. 40, 322-6, (1926). 
3. Jánossy, L.: Zum hydrodynamischen Modell der Quantenmechanik. Z. Phys. 169, 79 (1962) 
4. I. Bialynicki-Birula, M. Cieplak and J.Kaminski, Theory of Quanta, (Oxford University Press, Ny 1992). 

USA 
5. Chiarelli, P., The Gravity of the Classical Klein-Gordon Field, Symmetry 2019, 11, 322; 

doi:10.3390/sym11030322 . 
6. Chiarelli, P., The Spinor-Tensor Gravity of the Classical Dirac Field, Symmetry 2020, 12, 1124; 

doi:10.3390/sym12071124 . 
7. Chiarelli, P. Quantum-to-Classical Coexistence: Wavefunction Decay Kinetics, Photon Entanglement, and 

Q-Bits. Symmetry 2023, 15, 2210. https://doi.org/10.3390/sym15122210. 
8. Chiarell, P., The Stochastic Nature of Hidden Variables in Quantum Mechanics, Hadronic Joutnal 46:315-

38, (2023) DOI 10.29083/HJ.46.03.2023/SC315 . 
9. M. Le Bellac, Quantum and Statistical Field Theory; Oxford Science pubblication, Oxford, ISBN 19 853929 

0, 1991, pp. 387–8. 
10. Landau L. D.; Lifšits, E.M. Course of Theoretical Physics Italian Edition. Mir Mosca Editori Riuniti 1976, 384-

87. 
11. Chiarelli, P., The Cosmological Constant: 2nd Order Quantum-Mechanical Correction to the Newton 

Gravity, Open Access Library Journal Vol.6 (5),(2019), https://doi.org/10.4236/oalib.1105400. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 May 2025 doi:10.20944/preprints202411.2160.v3

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202411.2160.v3
http://creativecommons.org/licenses/by/4.0/

