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Abstract

This study presents a quantitative theoretical approach for computing the ra-
dius of the electron based on the dynamic nature of the quantum universe.
Measuring the electron’s radius directly is a significant challenge due to the
extreme weakness of its gravitational field. However, at the Planck scale, the
gravitational effects of the electron and the warping of space-time become ap-
parent. By applying a Planck lattice theory of quantum space-time, we can
sufficiently quantify the deformation of space-time caused by the electron in
relation to the vacuum. Our theory produces a relation that reveals a surpris-
ing connection between the radius of the observable universe and the size of
the electron, providing new and valuable insight into the dynamics of the vac-
uum and gravity at the Planck scale.
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1. Introduction

According to our current understanding, an electron is considered either a point
particle with no internal structure, which means it does not possess a physical
radius like a sphere, or as a wave packet where the radius represents a probability
distribution of where it is most likely to be found. A point particle is an idealiza-
tion commonly used in physics. Its defining characteristic is that it lacks spatial
extension, which is to say, it does not occupy physical space. To say that an object
has mass, but no size implies that it has infinite density. Because infinities of any
kind rarely exist in the real world, it is more realistic to suggest that an electron
has a non-zero size. Even though we can’t directly measure an electron’s radius,

the concept is used in theoretical calculations to explore phenomena like electron
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scattering and the behavior of electrons in atoms.

In quantum mechanics, Heisenberg’s uncertainty principle complicates the idea
of a point particle. This principle suggests that even elementary particles, which
are considered structureless, occupy a nonzero volume. It is important to differ-
entiate between elementary particles, like electrons and quarks, which have no
known internal structure, and composite particles, such as protons and neutrons,
whose internal structures are understood to consist of quarks. Calculations based
on classical ideas of a point-like electron with a finite charge density lead to infi-
nite values for the electron’s mass when considering its self-interaction with its
own electromagnetic field, which means that trying to calculate the electron’s mi-
nuscule mass based on its supposed tiny radius results in a mathematically diver-
gent result. Currently, this issue is resolved in quantum field theories through a
technique called “renormalization,” which effectively removes these infinities
by adjusting the calculated values based on observed (or known) physical quan-
tities.

The main challenge of this study is to derive the size of an electron, specifically
the spatial extent of its mass distribution, from the dynamic properties of the
quantum universe'. This size differs from the various sizes typically attributed to
the electron, such as its classical and electric charge radii, to name just a few. In
this study, the electron is assumed to be a uniform, spherical mass with no internal
structure, compressed to a fundamental size by the immense pressure of space-
time. This assumption also ensures that an electron’s electric field appears identi-

cal in all directions.

2. Classical Radius of the Electron

The electron, the first elementary particle to be discovered, was identified by J.J.
Thomson in 1897. His method of passing a beam of electrons through crossed
electric and magnetic fields led to the determination of their charge-to-mass ratio
e/m , a finding that was over a thousand times greater than that of the hydrogen
atom. This discovery opened up new avenues of exploration in the field of atomic
physics, challenging existing theories and inspiring further research. In the same
year, ].S. Townsend conducted an experiment that preceded the Millikan oil-drop
experiment, demonstrating that the charge of the electron is equivalent to the fun-
damental unit of charge e in atomic physics. This indicated that the large
charge-to-mass ratio of the electron results from its small inertial mass m rather
than a large electric charge e. Following this, Abraham and Lorentz proposed
models in which the mass of the electron is attributed to the electrostatic self-
energy W, of its charge e, which they assumed to be distributed uniformly

throughout a spherical volume of radius R, . From electrostatics theory, the self-

'In this context, the “quantum universe” refers to the dynamics of gravity and the vacuum at the Planck
scale for the universe as a whole. This topic is part of an emerging field of research known as quantum
space-time dynamics (QSD), which is still in the early stages of development.
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energy of such a distribution is?
VVe = keez /RL 4

where k, is the Coulomb constant. Setting W, = mc” , we obtain?

R =k’ [mc* ~2.82x10 ™ cm,

which is denoted as the classical radius of the electron [1]. However, the scattering

properties of the electron suggest the charge radius of the electron is vastly smaller
R, <10 cm,

which is commonly accepted as an upper limit for the size of the electron.

3. Gravitational Energy of the Planck Vacuum+

Suppose the kinetic energy of each state E, = (n +1/ 2)hc/ A, of the vacuum is
distributed equally among the three independent spatial degrees of freedom of the
Planck lattice. In accordance with Boltzmann’s equipartition theorem [2], it fol-
lows that the total average kinetic energy of each state of the Planck lattice £,
is related to the corresponding energy state of the vacuum by the following equa-
tion:

E,,=3E,/2.

Similarly, the zero-point gravitational (ZPG) energy’ [3] of the Planck lattice

and the vacuum [4] are related by the following equation:
(E, )O,Gr =3E,, /2.

Gravitational waves oscillate along two axes; therefore, the ZPG energy of the

vacuum is

E, .= hc/2/10,Gr + hc/Z/lo’Gr = hc/ﬂo!Gr ,

where A, . =R, —R;, is the zero-point wavelength of the vacuum’s gravita-
tional field. Given that 4, >0, it follows that R, > R, . This result suggests
that the curvature of the vacuum is positive, like that of a sphere, which is con-
sistent with the presence of a positive cosmological constant [5].

The Schwarzschild (or gravitational) radius of the observable universe is

Ry, =2GM,[c*,

where M, is the mass of ordinary (baryonic) matter in the observable universe.

*For the equations presented in this study G is the gravitational constant, % =2n# is Planck’s con-
stant, and ¢ is the speed of light in vacuum.
*Note that this assumption suggests that the relativistic mass of the electrostatic self-energy of the elec-

tron is equal to its rest mass 7, / c=m.

*Also called the Planck vacuum state, the Planck vacuum is the zero-point energy state of the Planck
lattice. In general, the zero-point energy of the Planck lattice corresponds to the energy of the funda-
mental mode of oscillation of the Planck vacuum.

*The theoretical minimum amount of gravitational energy that would still exist even at absolute zero
temperature, according to the principles of quantum mechanics; essentially, it’s the energy associated
with the “ground state” of the gravitational field, where fluctuations still occur due to quantum effects,
even when no other energy is present.
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Because the zero-point energy of the vacuum is E, = hc/24, , where 4 =2nR ,

the zero-point radius® of the vacuum [6] is given by

R = hc/ZEo ,

where E, =2E,, /3 is the zero-point energy of the vacuum and E,, is the
zero-point energy of the Planck lattice. Similarly, the zero-point radius of the

Planck vacuum is given by

R,, =hc|2E,, .

The Planck lattice horizon” is in thermal equilibrium with the zero-point en-
ergy of the vacuum. Hence, one obtains the following relation for the radius of the

Planck lattice horizon and zero-point radius of the vacuum
R, =2R .

It immediately follows that the ZPG energy of the Planck lattice can be written,

as follows:
he
E = .
( P)G’Gr RP,O (1_RS,u /Ro>

The maximum uncertainty in position of quantum space-time is a,/2 , which
corresponds to a maximum uncertainty in time of 7,/2. According to the energy-
time quantum uncertainty principle of space-time [7], the minimum energy for
Planck lattice zero-point fluctuations is

Am>mp,

where m, =\/hc/G is the mass of a test Planck particle [8] [9] (or Planck mass

black hole)®. Therefore, the smallest possible size of a single particle with non-zero

rest mass is equal to the Schwarzschild radius of a Planck particle

Ry, =2Gm,[c* =2a,,

where a, =4/ hG/ ¢’ isthe characteristic or unit length scale of the Planck lattice.
If one considers the Planck lattice to be a closed system with only gravitational
forces acting without friction, then its ZPG energy and potential energy are equal

in magnitude. Thus,

(EP )o,Gr = ‘(UP )o,Gr = Gmpm/RUaG” ’

where (U, )0 o =—Gmm/R, . is the potential energy of the Planck lattice and

R, isthe ZPG radius® of a subatomic particle of mass m < m,,.

®The minimum size or spatial extent exhibited by a quantum system in its lowest energy (ground) state.
"The theoretical boundary or edge of the Planck lattice, which is presumed to coincide with the edge
of the observable universe (or cosmic event horizon).

®The mass of a Planck particle can be considered the fundamental unit of gravitational charge for a
Schwarzschild black hole.

°The distance from a particle or distribution of energy where its gravitational potential energy is equal
to the ZPG energy of the Planck lattice.
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4. Size of the Electron

We could use the same approach to determine the mass radius of the electron used
to determine the classical radius. The mass radius determined in this manner is

smaller than the Schwarzschild radius of the electron, ‘e,

Gm*/R, =mc* - R, =Gm/c* =R /2,
which is not acceptable since electrons are not quantum black holes. Similar to
how the classical radius calculation of the electron does not account for the effects
of quantum electrodynamics, this calculation of the mass radius overlooks the in-

fluences of quantum gravity, which are essential for understanding the true size

of the electron.

50(Rm) = 60(R0,Gr - Rm)

Ro,Gr - Rm RS,P

mp

Figure 1. Zero-point displacement &, of the Planck lattice [10]
near the surface of a spherical subatomic particle of mass m < m,

and radius R, > R ,.

As shown in Figure 1, let us assume the Planck strain [10] at the surface of a
subatomic particle is equal to the Planck strain produced by a test Planck particle

located at the ZPG radius of the subatomic particle. Hence,
Ep (Rm) =ép (Ro,Gr _Rm) - m/Rm = mP/(Ro,Gr _Rm ) 4

which gives us, to a first-order approximation in g, , the relation for the mass

radius of a uniform spherical subatomic particle

Gm®
R, = BN (=),
( P)o,Gr

where u, =m/m, <1 is the Planck mass ratio. Note that in order for the size
of subatomic particles to be constant the ZPG energy of the Planck lattice
(E, )0’ ., mustbe constant, which implies the gravitational energy of the vacuum
E,q <1/, isconstant, as well.

To ensure our formalism is compatible with composite particles such as the
proton’®, we must replace the mass in the equation for the ZPG energy of the
Planck lattice with the total mass of a composite particle’s constituents (Z.e., quarks

and gluons)

The proton is a composite subatomic particle [11].
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m,, =m+Am,

where m is the mass of the particleand Am=m,, —m isthe quantum chromo-

dynamic (QCD) binding energy" of the particle [12]. Thus, the equation for the

ZPG energy of the Planck lattice becomes

G(m + Am)
R

m

E = 1—,)~1.3425x107% 7T,
PJo,Gr ’uP

where R, =0.550fm for the proton’s rms mass radius' [13], m=1.6726 x 107

kgand Am ~928.9MeV/c® for the mass and QCD binding energy of the proton,
respectively.

In a universe where R, =46.6 million light-years, which agrees with the cur-
rent estimate for the comoving distance to the edge of the observable universe
[14], the mass of baryonic matter in the comoving observable universe is

R hc

M, = 1- ~1.4869x10” kg,
’ 2G (EP )o,Gr RP,’)

which is close to the estimated value of 1.5 x 10> kg derived from the critical den-
sity of the universe and its estimated volume [15]. Consequently, the baryonic mass

density of the comoving observable universe is
p,=M,/V, ~4.1253x10* kg/m’ ,

where V, =4nR; /3 is the volume of the comoving observable universe. The
density p, is approximately 4.85% of the critical density p. = 8.50 x 107
kg/m?, which is in good agreement with the most recent observational estimate
Q, =p,/p. =490% as determined from measurements made by the European
Space Agency’s Planck Telescope [16]. In a universe defined by these large-scale
properties, the mass radius of the electron—an elementary subatomic particle of
mass m=9.1094x10"' kg —is computed to be

R,.~0413x10 cm,

which agrees with the approximate theoretical upper bound*
R~2:\8,,— 2| <10 cm  given by Brodsky and Drell for the simplest composite
theoretical model of the electron [17], where A.=0.39x 10" cm is the reduced

8o —2| =1.1x10"" is the magnitude

Compton wavelength of the electron and
of the gyromagnetic ratio difference between experiment g, and the theoreti-
cal prediction from the Dirac equation for spin-1/2 particles [18] g, .=2.

Moreover, the ZPG radius of the electron (RO,Gr )e is approximately 0.50 m, while

""The energy required to separate the quarks within a proton, held together by the strong nuclear force
described by QCD.

2Root-mean-square (rms) mass radius is a fundamental property related to the average spatial distri-
bution of mass within a composite subatomic particle, like a proton, derived from its energy-momen-
tum tensor and gravitational form factors.

BComoving distance factors out the expansion of the universe, giving a distance that does not change
in time except due to local factors, such as the motion of a galaxy within a cluster.

"Observation of a single electron in a Penning trap suggests the upper limit of the particle’s radius to
be approximately 1072 meters [19].
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that for a Planck particle is vastly greater

(R6), <(R,q.),=Gm /(EP ), ~1.18x10% m,

which is over a million light years. This outcome not only suggests that our
method for deducing the size of the electron is on the right track but that our
estimate for the electron radius is plausible. The formalism derived in Section 3

yields
E,,=3hc/R, ~2.1499x107 ]

for the zero-point energy of the Planck lattice. Most notably, this result is only
1.38% larger than the value predicted by the cosmological photogravity effect [20].
Furthermore, it follows, in general, from the perspective of quantum gravity and

the Planck vacuum, that the mass radius R

m,a

and R, , of two “stable” suba-
tomic particles of mass m, and m,, respectively, are related by the following

expression:
Rm,ar = (ma/mﬁ )2 Rmﬁ >

which is surprisingly straight-forward. In the case of a composite subatomic par-
ticle like the proton or neutron, the mass and radius denote the particle’s total
constituent mass and rms mass radius, respectively.

Among the six types, or “flavors” of quarks, only the two lightest—the up and
down quarks—are truly stable. The other four, known as heavy quarks, are ex-
tremely unstable and decay into lighter stable quarks almost instantly. Our theory
estimates the sizes of the up and down quarks to be R, , ~6.36x10”cm and
R, ,~3.61x107" cm, respectively, which is consistent with the upper bound 4.3
x 107 cm for the effective quark radius established from high-precision HERA
electron-proton scattering data [21].

5. Some Closing Remarks

The observed spin angular momentum and magnetic dipole moment of the elec-
tron can be shown to arise from its wave nature [22], which is linked to the dy-
namics of space-time at the Planck scale [23]. The size of the electron is tied to its
particle nature, indicating that the electron’s size cannot be derived from its spin
angular momentum or magnetic dipole moment. Notably, the electron radius de-
termined in Section 4 is a million times smaller than the classical electron radius.
This aligns with the point-like scattering behavior observed in scattering experi-
ments, from which the upper limit for the electron’s charge radius is deter-
mined.

The complex ideas explored in this study reveal a deep and fascinating connec-
tion between the incredibly small and the unimaginably large. For example, our
formulation of the ZPG energy of the Planck vacuum was based on the size of the
proton. This connection echoes William Blake’s famous quote, “To see a world in
a grain of sand,” where the “world” represents the universe and the “grain of sand”

symbolizes the electron. While this approach may appear speculative, it is physi-
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cally consistent and aligns with key large-scale properties of the universe as estab-
lished by accepted cosmological models and astronomical observations. If proven
valid, this study could deepen our understanding of the quantum universe and its
role in shaping properties of the cosmos at large, as well as the various sizes of its

fundamental building blocks of matter.
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