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Abstract

We introduced a possible electric charge forming mechanism, which includes the quasi normal
mode calculations for a Kerr black hole with area of 4In3 and spin 2 and the states generation by
the preon model. We think the electric charge may exist as energy in the 3+1 space time with no
need for additional dimension. And we think there might possibly be a tiny Kerr black hole net in
our universe, which is sparse for electric charges and will select out the energies corresponding to
electric charges as the only possible propagating wave energies. This net may at least be another
possible way to have electric charge quantization except confinement, especially when we have to
treat it as quantized energy propagating in the 3+1 space time. We also showed one more possibly
interesting thing that electric charge may be the source of a Berry curvature to curve the 3+1 space
time to form the conventional electromagnetic field.

Keywords: quasi normal mode; area triplet; preon; electric charge forming; tiny Kerr black hole net

1. Introduction

Study on the perturbations of the gravitational field on astrophysical black holes has gained rich
achievements [1-3]. Such as, the quantum properties of a Schwartzchild black hole have been related
with their quasi normal modes [4], and its surface area is adjusted to have a discrete spectrum
proportional to [n3, rather than In2. The numerical analysis of quasi normal modes for rotating black
holes has also been given by using the Teukolsky’s radial equation [5,6].

It then raised an interesting idea if we could apply the techniques on astrophysical black holes
the same way as on those in the Planck scale. But first do black holes in Planck scale exist? Actually
people have already studied quite a lot on these objects [7-10]. And then second could we perturb
the Planck scale black holes the same way as those astrophysical black holes? It shall be asked since
in the Planck scale we may have to deal with quantum gravity [11-16]. However, current quantum
gravity theories have all encountered different troubles. We can not quantize gravity in a way similar
as other fields. Gravity field is not a conformal field and is not renormalizable [17]. People tried to
adopt the effective field theory on gravity [18], and recently there are quite a lot of interesting works
based on this, such as checking the possibility of superposition of two masses and their entanglement
[19-22]. But effective gravity field theory is at most a low energy quantum gravity theory, which
excludes the study on Planck scale black hole. In the last decades, string theory has been given much
expectation on helping to find a reasonable quantum gravity theory, but the extra dimensions and its
caused problems make us hard to seriously accept it at this moment [23]. Loop quantum gravity tried
to construct the quantized space time from beginning, but there are strong arguments on if it could
have general relativity as its classical limits, and it is unlikely it described the real space time of our
universe [24]. It seems the granulitization of space time is not a satisfying solution, and actually
observations also do not support a granulized space time for our universe [25]. It is quite possible to
have a classical gravity field outside a black hole even in the Planck scale, and we may still use the
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classical space time curvature tensor G, to describe the nature of gravity [14,15]. Furthermore, we
may still adopt wave perturbation techniques, since it seems that they can tell us more about things
that could not be described solely by the particle side.

Therefore in this paper we had tried to use the Teukolsky’s equation [26-28] on the black hole
in Planck scale. We showed the quasi normal mode calculations for a Kerr black hole in Planck scale
with an area of 4In3 and spin angular momentum of 2a [29]. In part 2.1, we introduced the
techniques to calculate the quasi normal modes of this Planck scale black hole, and then in part 2.2
we will show our finding that the numerical calculations for this Planck scale black hole can give a
value that can be related to e/3. In section 2.3, we will further show that the electric charge of leptons
and quarks can be naturally formed out by further introducing the preon model after we get e/3.
Necessary discussions are made in section 3. Conclusions are drawn in section 4.

2. Calculation Model and Possible Electric Charge Forming Mechanism

In this section, we will introduce the calculations for the quasi normal modes of a Kerr black
hole in Planck scale with an area of 4In3 and spin angular momentum of 2h. And the possible
electric charge forming mechanism is then explained.

2.1. Model

A realistic model of wave dynamics in black-hole space times involving a non-spherical
background geometry with angular momentum has already been provided. In terms of the Boyer-
Lindquist coordinates, the space time of a rotating Kerr black hole is described by the line element:

2Ma’rsin?6

2Mr 4Marsin?6
) — s 2
p

ds? = — (1 - o dtdg + ”derZ + p%d6? + (r2 +a?+ )31'712901<1>2 1)

where p? =1% + a%cos?0, A =1r?—2Mr + a?, M is the mass, and a is the angular momentum per
unit mass of the black hole, respectively. (Here the gravitational units G=c=h=1 are used).

The perturbations of rotating relativistic objects was first studied by Teukolsky by making use
of the famous Teukolsky master equation [26-28]. It describes the perturbations W(t, r, 6, ¢) of all
physically interesting spin-weights s to the Kerr background metric in terms of the corresponding
Newman-Penrose scalars [26]. The quasi-normal modes of the Kerr black holes can then be obtained
by proper boundary conditions for the Teukolsky master equation. A first numerical study of Kerr
Quasi normal modes was made by Detweiler [30,31]. And various significant results can be found in
a lot of references [32-34].

In the Kerr case, due to the non-spherical symmetry of the background, the perturbation
problem does not reduce to a single ordinary differential equation for the radial part of the
perturbations like in the Schwarzchild case, but rather to a system of differential equations with one
equation for the angular part of the perturbations, and a second equation for the radial part, while
these two are in principal coupled together, which means we have to solve two differential equations
simultaneously together. This increases the difficulties, but after years of working by physicists in the
field, it can be done as the following [5,6,35]. Just as we talked above, by assuming the wave function
as:

Y(x) = e P00, (cosO) Ry (1) @)
where x = (t,1,6,¢) are Boyer-Lindquist coordinates. This then gives a radial and an angular
equation coupled by a separation constant 4,,,, where

A (@) = —0) = iAjaw + (4g + m?) + 0(Jw|™) ®)
The radial part of the differential equation can be reduced to and written as [5]:
2 2

[aa? + go(Nw +qA12(T)w+tIz(T)] Rpp=0 )

where
ﬁlm = A(S+1)/2ler ©®)

and:

qo = (r* + a?)* —a®A (6)
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q1 = —4amMr — iaA,A + 2is[rA — M(r? — a?)] (7)
g, = —m?*(A —a?) — A(s + Ap) + M2 —a? — s(M —r)[2iam + s(M —1)] (8)

The spin-weight parameter s specifies the equation to gravitational (s=2), electromagnetic (s=1),
scalar(s=0), or two-component neutrino (s=1/2) fields as said above.

An analytical solution can then be found that the real part of the Kerr black hole’s quasi normal
mode can then be written as @ = —m@ — i(¢ + nd), with & = 8,,/8y, ¢ = (585 + A8, —1)/8y, & =
2m/6y [5].

To get these analytical parameters is in general quite time consuming, and an rather simplified
analytical solution of the above parameters using elliptical functions can be found in reference [6].

The energy of these quasi normal modes is then compared with what we can extract from the
black hole’s ergosphere by the Penrose process. For Penrose process, we know the irreducible mass
can be written as:

Mizrrzi(M2+ M4—]2) )
And therefore the energy that can be extracted is:
AM =M — M., (10)

2.2. Calculations to Get e/3

Numerical calculation are made just like in references [5,6,35]. In Figure 1, the real part of the
quasi normal mode frequency multiplied by mass versus the angular momentum to mass ratio is
plotted. The line fits well with the numerical calculations in reference [5,6,35], except that we chose
m = -2 [36,37], rather than m=-1 in the plot.

However, what we are interested right now is to see what will happen for a Kerr black hole in
the Planck scale. Therefore, we chose the point as shown as a cross in the plot. For this point, it has
area equal to 4[n3 and spin angular momentum equals to 2#. Therefore the total mass would be:

M2 — E + nj(j+1) (11)
4T In3
And the angular momentum to mass ratio is:
JjG+1)
a’= e (12)

From equation 11, we can find that the minimum mass of the Kerr black hole is 4.1527 Planck
mass. At this point in the figure, the real part of the quasi normal mode frequency gives an energy of
5.5901e7], which corresponds to a mass of m, =6.2195e-10kg. What is really interesting is that, using
the equation of e, = ./G/Km,, this finally gives the value of e, = 5.3595E — 20c = e/3, where e is
the measured electric charge unit. The value of e, we calculated here is about 3.3520%0(= %)
larger than the measured value.

e, and ,/G/Km, have the same dimension, and e, could equalto,/G/Km, by setting the

My1Mra

quantity of Sl

r

to go directly as:

equal to that of @. However, here we want to stress that it would be better

E =ho = /K/G e.c? (13)
For this minimum Kerr black hole in the Planck scale, we then studied the Penrose process, i.e.,
the maximum amount of energy can be extracted from this minimum Kerr black hole. From equations
9-10, it is found that this energy is 2.2939e-10 kg, much less than the energy of quasi normal mode
that corresponds to e/3. Since the maximum energy that can be extracted from this minimum Kerr
black hole is much less than the quasi normal mode with the energy corresponding to e/3, therefore,
for this minimum Kerr black hole, when it is perturbed, at the beginning, it cannot extract energy
from it. Rather, it will absorb positive energy or extract no energy. However, it may not grow too, for
it may not keep more energy for there are mechanisms such as Hawking radiation. It is more possible
these tiny Kerr black holes are stable quanta. It is necessary to mention that the Penrose process may
be not able to describe the physics here exactly, but we still think that it could at least be used to do
the evaluation.
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Figure 1. The real part of the quasi normal mode frequency. The cross point has the area of 4In3 and J=2. M =

-2, rather than m=-1, is chosen.

2.3. The Preon Model

The preon model was first proposed by Pati and Salam in 1974 [38]. They put a name of preon
for their hypothetical constituent particles, and this was then gradually adopted to refer to the sub-
quark/sub-lepton particles of various models. There are actually several kinds of preon models
developed, see for example [39-42], including an interesting proposal of the so-called Rishon model
by Harari and Shupe simultaneously [43,44]. In Harari’s model, it involves just two kinds of ‘rishons’,
one carrying an electric charge of +e/3 where —e is the charge on the electron, the other neutral.
Particles in the standard model may be formed like this: the rishons combine into triplets, with the
two “three-of-a-kind” triplets being interpreted as the v, and e+, and the permutations of triplets
with an “odd-man-out” being interpreted as the different colors of quarks. The above proposals of
the preon model solves some problems, but unfortunately, it also caused a lot of problems, including
the lack of a dynamical framework, and the lack of an explanation as to why there are only two kinds
of rishons [43,44] or three kinds of Helons [45] and where the triplets comes from [46,47]. Here we
will introduce our better way to make the preon theory more complete and reasonable, and will show
that, by noticing that there is one more quantum number describing the degenerated area triplet of
the Kerr black hole in the Planck scale, the preon model could use the two numbers, that is, the
magnetic momentum quantum number and the area triplet number, to get the electric charges for
quarks and leptons.

We know for this black hole, it has the area triplet degenerate states, and here we have the
choices of m=0, +2, -2. If we define two numbers of ka, and km, corresponding to area triplet state and
angular momentum of this Kerr black hole in the Planck scale, then if the total extract energy from
this Kerr black hole is zero, then we can have —e with one state, 0 with one state, -e/3 with three states,
and +2e/3 with three states as positive matter, or we can have +e with one state, 0 with one state, +e/3
with three states, and -2e/3 with three states as negative matter. Adding these states together equals
zero, which means we could extract zero energy from the Kerr black hole. And this makes 8 states,
which just makes the standard model particles. It is necessary to mention that, like such as in
references [43-45], we did not allow the mixing of km=2 and km=-2, and here we could just get the
same results, but with a more reasonable basis.

To be more specific on how the 8 states are formed, we list the process of positive matter
generation as in Table 1. The form of the 8 states may be like: the first one is the three degenerate
states of ka all have km=+2, and the quasi normal mode forms lepton with electric charge -e; the second
one is the three degenerate states of ka all have km=0, and the quasi normal mode corresponds to
lepton with zero electric charge; the third one is one of the degenerate three states of ka have km=+2,
which forms the quark with electric charge —e/3; and the fourth one is two of the three degenerate
states of ka has km=-2, which forms the quark with electric charge +2e/3. The third one and the fourth
one can have three colors each. All eight states give zero energy.
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Table 1. The charges of leptons and quarks are formed from two numbers of ka and km. kal, ka2, and ka3 are

three degenerate states, which come from area triplet.

charge kal ka2 ka3 colors Type
-e +2 +2 +2 1 lent
0 0 0 0 1 epront
+2 0 0
-e/3 0 +2 0 3
0 0 2
0 > +2 quark
+2e/3 -2 0 -2 3
-2 -2 0

3. Discussion

It is currently still an open question what is an electric charge and how to get it in a reasonable
way. Electric charge is generally associated with the U(1) gauge field. Or as shown in Dirac
quantization, it is related with magnetic monopole charge. And in string theory, electric charge can
be found by having non-zero momentum in one compact direction. However, the phenomenon of
electric charge quantization and especially why the electric charge has the measured value like that
remains like an enigma. We can see that electric charge is a property which is currently put into the
standard model theory by hand.

Therefore we think it would be intriguing to give a possible mechanism as shown in this paper.
Especially this mechanism gives an electric charge value which is so close to the measured one. You
may say that for this value there is still a derivation of 3.3520%o, and we think this may be due to that
the Teukolsky master equation is of the first order approximation. But this value of the electric charge
in such accuracy is really what we can get at the first time, which should be exciting, and it would be
natural if we want to extrapolate more and deeper possible physics by further examining the
mechanism and its background conditions.

From equation 13, it seems to indicate that the electric charge may be a kind of energy. This is
not something new, which has actually been widely adopted in sting theory, or could be traced back
to Kaluza and Klein's work [48,49], where the electric charge could be found by having quantized
momentum in one compact dimension. And actually the form of equation 13 was also proposed out
by Kaluza in his original paper [48]. Quantization of momentum in one compact dimension may
mean there are excited states too, which may mean it can have electric charge with quantum number
larger than one. And for string theory, it also predicted that string may have many kinds of fractal
electric charges, but which could not be found in lab yet. We are not trying to be picky on string
theory here, and we intend to think that string theory is still in its early developing stage. But it does
not seem that additional dimensional confinement is the case from our mechanism, and it is more
possible that the electric charge is in the 3+1 space time.

There is another problem to take electric charge as quantized energy in a confined dimension,
which is that how this additional dimension could be curved to have this length exactly. However, if
as we said the electric charges are energies in the 3+1 space time, it would have to face other problems
too, such as how could they keep having the quantized energies, especially there could be a whole
lot of possible interactions on their way with other particles in the 3+1 space time, and it would be
strange if there are no interactions for them to shift their energies.

One possible way to solve this might be that we think there might be a tiny Kerr black hole net
in the universe, and the way electric charge exists in this 3+1 space time may be also like a coupling
effect by which the fermion mass is formed. For fermion mass, it is formed by its field coupled with
vacuum, or a scalar field, while for electric charge, in a similar way, we think it is also likely formed
by waves coupled with this tiny Kerr black hole net. This coupling makes the energies corresponding
to electric charge the only allowed characteristic wave energies in this 3+1 space time. So like vacuum,
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we think there may be a Kerr black hole net in the Planck scale in this universe. The picture of a net
can also be found somewhere else such as in loop quantum gravity, which somehow is borrowed to
this place, but sure physically these two nets are really different.

The energy states of electric charges can be newly generated out anywhere at present in the
universe, such as in the case of the electron positron pair generation, which thus excludes the
possibility that they are only the remnant states generated from the Planck scale Kerr black holes of
early time universe, and provide another supporting for the existence of a widely spread net in the
present universe to do the energy states selection. It shall note that Dirac gives a way to explain the
electron positron pair generation by the picture of a filled up energy band. This band is filled up with
pre-formed electrons, and therefore there may be no need for these electrons to be generated at
current time. The concept of band structure may be useful for solids, but it is not clear how this band
could be formed for the universe. And if there is a band, it will need huge amount of pre-formed
electron states to be or to fill up the background in the universe, which may be a problem. These
make the energy band not a good choice for the universe as for the solids. Also in that picture it did
not tell us how these electron states filling the energy band could be formed at the beginning.
Therefore we adopted that the generation of particle antiparticle pairs could be from this energy
states selection net, rather than from a pre-formed band.

As in earlier discussions, the tiny Kerr black holes in the Planck scale may be formed as big black
hole evaporation remnants, or as the remnants of early universe with extremely high temperature.
But if we think there is a net of tiny Kerr black holes, maybe we need to further consider some
additional forming process, since they are widely distributed and it is possible their numbers may
also grow with the universe. It is not clear what exactly this process could be and how this tiny Kerr
black hole net is distributed in detail at this moment, which may need further work, but we think the
existence of this tiny Kerr black hole net is really not unconceivable, and it may be sparse for electric
charges and its resulting effect is to have energies corresponding the electric charges as the only
characteristic propagating wave energies. We think the quantum fluctuation, and the area
quantization process may be important to form this net. And the distribution of this tiny Kerr black
hole net may tell us a lot more information about the background of our universe. Anyway, if this
net does exist, it may indicate that there are plenty of physics unaware by us to explore in the high
energy part, i.e. the Planck scale or even beyond. It is certain we are in the low energy part, or at least
our lab results can not directly reach the Planck scale right now. However, they can be noticed when
there are couplings between the high energy part and the low energy part. Such as, we think the
electric charge of fermions could be detected after the spin 1/2 field is further coupled with the
vacuum to have mass. Therefore it may also have promising detectable discoveries based on these
couplings. Also we shall think about the way how it could fit the current knowledge on our universe.
We find the idea of a mother universe might be attractive here [50].

We shall note that our calculations are based on that the space time is not quantized. Having
quanta of Planck scale Kerr black holes may not mean the space time is granulized too. Anyway, it is
noticed that current observations also seem do not support a granulized space time. And we found
the quanta of these tiny Kerr black holes could not be found by quantization of the gravity field in a
normal way. At least the area quantization of black holes could only be realized by the quasi normal
mode calculations, which is a wave perturbation method. A mathematical consistent way for gravity
field quantization is not yet touchable at this moment or is at least controversial. The way of field
canonical quantization may not be able to tell all the things only by itself, especially for the Planck
scale Kerr black holes, and it needs wave perturbation method.

One more maybe interesting thing is that you can form the classical electromagnetic equations
in a way similar to the equation of general relativity, if we think both are the results of curvature
sourced by the energy and momentum in 3+1 space time. We can show this here below. And here we
adopt Berry curvature for electric charge, rather than Ricci curvature for mass. Berry curvature is
generally for Hilbert space, and it has been borrowed to describe 3+1 space time here.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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By splitting the equation of E? = p? + m?, Dirac got (iy*d, — m)y(x) =0 for electrons. It may
be good if we write down:

[-ds = yoHodx +y, Hdx +y,Hydx?+y; Hydx3 (14)

to deal with electrons’ effect on the space time, corresponding to ds? = g,,dx*dx" for masses. H,
is a vector, corresponding to g,,, which is a tensor. H, =1+ §,, and §, is the effect of electric
charge on background space time, which is small. Therefore, we have:

[-ds = y,(1 + 8)dx®+y, (1 + 8)dx +y,(1 + 8,)dx?+y5(1 + 83)dx3 (15)

Just like the covariant derivation of g,, is zero, we also make the covariant derivation of H,
zero. Therefore we have:

0qHg + H,Ty5 =0 (16)

0oHg = 0,85, and keep only the zeroth term for H,, then we have H,I}; = 84,Ty; = Bap, and:

Baﬁ = —6a5ﬁ (17)

Here we assumed that the derivative of one coordinate basis will not be affected by the other
three, which is reasonable for small §,.
Then we have the Berry curvature:

Chg = —0q(0°85 — 0p6°) (18)
Contraction of a and p gives:

Cp = —0bp + 95(9,6%) (19)
Using the Lorentz gauge and making the electric charges and their movement in the 3+1 space
time as the source terms of energy momentum vector, we then get the usual electromagnetic field
equation. By these treatments, we show that the electromagnetic field could be found by curving the
3 + 1 space time described by a vector in the 3+1 space time with no need for additional dimension.
This meets our thought that electric charges could be the energies in the 3+1 space time, and they
could be the sources to curve the 3+1 space time to give the normal electromagnetic field equations.
These calculations might be interesting.

4. Conclusions

In this paper, we introduced a possible electric charge forming mechanism. The quasi normal
mode calculations for a Kerr black hole with area of 4In3 and spin 2 give an energy corresponding
to /3. Together with the area triplet, the preon model can form electric charges for all the fermions.
There might possibly be a tiny Kerr black hole net as the background for our universe, which is sparse
for electric charges and its resulting effect is to select out the energies corresponding to electric
charges as the only possible propagating wave energies in our universe. Anyway, we think the
existence of this net is really not unconceivable and may seem to be a better way to give quantized
electric charge than the confinement effect from an additional dimension, or at least it theoretically
provides another possible way at this moment. Our work is not based on a granulized space time,
and we think the wave perturbation method may be indispensable here. At last, we also tried to show
one more possibly interesting thing that the conventional electromagnetic field equation could be
found out by curving the 3+1 space time sourced by the energy momentum vector from electric
charge. The concept of Berry curvature rather than Ricci curvature is adopted here.
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