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Article
Mass, Forces, and the Dark Sector in a Kaluza-Klein
Model with Compact Dimensions

Manfred Vieten

Universtiy of Konstanz, Konstanz, Germany; manfred.vieten@uni-konstanz.de

Abstract: This study investigates hadronic masses with a focus on scalar/vector mesons and baryons
with spins of g and %h, excluding orbital angular momentum. A novel model based on Kaluza-Klein
theory is presented, simulating the Standard Model and expanding it to ten dimensions: one temporal,
three spatial, and six compactified. The model proposes that excitations, similar to light-speed ripples
in 10D spacetime, generate mass in a 4D universe and exhibit unique spin traits. Parameters are
derived from the electron’s g-factor and measured masses of charged leptons, the proton, neutron,
and mesons 71", ¢, ¢, Y. Crucial parameters include the compactification radius p, weak interaction
coupling &y, strong interaction coupling as, and the antineutrino-to-neutrino density ratio 6. Mass
calculations for 102 hadrons are performed, with 70 compared to experimental values. A relative error
under 0.05 appears in 56% of cases and below 0.1 in 84%, with a correlation coefficient of r = 0.997
(p < 10~78). Additionally, masses for 32 hadrons are predicted. The model anticipates sterile particles
interacting gravitationally, potentially constituting dark matter. The model’s analysis involves the
strong, electromagnetic, and weak forces, depicted with equations and figures. Notably, asymmetry in
electromagnetic, and to a lesser extent, weak forces might elucidate dark energy.

Keywords: hadron masses; Kaluza-Klein theory; geodesic equation; Standard Model; antineu-
trino/neutrino density; fundamental forces (strong, electromagnetic, weak); neutrino mass; dark
matter; dark energy

1. Introduction

The Standard Model of particle physics [1-7] stands as one of the most triumphant theories in
the realm of physics. It excels at elucidating the fundamental interactions among particles through
bosons [8]: the photon governs electromagnetism, the eight gluons oversee the strong force, and
the W, W~, and Z bosons manage the weak force. A significant accomplishment of the Standard
Model is its accurate determination of the electron’s anomalous magnetic dipole moment via quantum
corrections. Julian Schwinger introduced this as a first-order adjustment to the Dirac equation in
1948 [9]. Subsequently, higher-order corrections achieved an extraordinary concordance between
theoretical predictions and experimental data, with accuracy extending to 12 significant figures [10].
Despite its remarkable successes, the Standard Model has important gaps, such as its inability to explain
dark matter and dark energy [11], and its exclusion of gravity. Currently, no effective explanation
for dark matter and dark energy exists within the Standard Model’s framework. As for gravity,
while extensions like quantum gravity theories [12] suggest a spin-2 graviton as a potential mediator,
no experimental evidence supports this. Another challenge is its partial success in calculating the
masses of mesons and baryons—key components of ordinary matter—and predicting the behavior of
unstable particles in high-energy collisions. The Standard Model employs quantum fields in a flat four-
dimensional spacetime, whereas general relativity [13] interprets gravity using curved spacetime over
cosmic distances, serving as the backbone of contemporary cosmology [14]. However, could a higher-
dimensional spacetime offer another way to unify the strong, electromagnetic, and weak interactions
without a quantum gravity graviton? The earliest attempt at such a unification was made by Theodor
Kaluza in 1921 [15,16], proposing a five-dimensional theory that included electromagnetism. Oskar
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Klein added the quantum perspective in 1926 [17,18]. A comprehensive summary of these ideas was
published in 1987 by Appelquist, Chodos, and Freund in the work *Modern Kaluza-Klein Theories* [19].
Paul Wesson provided an update in 1999 [20], followed by a further update in 2018 [21]. Numerous
investigations into Kaluza-Klein theories explore the integration of electromagnetism into a five-
dimensional spacetime by frequently developing a corresponding five-dimensional metric and Einstein
tensor. Higher-dimensional extensions emerge in string theory [22-24], a field rich in mathematical
complexity but still lacking testable predictions. Conversely, the Standard Model effectively explains
the quantum architecture of elementary particles and predicts their decay probabilities [25], but it does
not provide a comprehensive method for calculating hadron masses [26,27]. Consequently, there is a
need for an alternative approach that places particle physics within the context of a higher-dimensional
spacetime framework. Should one abandon the Standard Model in favor of a theory that adeptly
represents gravity yet falters in particle physics? Alternatively, could both the Standard Model and a
higher-dimensional relativity coexist as complementary perspectives? Perhaps they are dual facets of a
more profound theoretical structure, akin to wave-particle duality. This potential is reminiscent of the
renowned double-slit experiment [28], which reveals both wave and particle characteristics. This paper
presents a model that reinterprets the Standard Model through a *Kaluza-Klein-like theory*—offering
not a contradiction, but a different perspective. The presented framework features ten adaptable
dimensions: one temporal, three large-scale spatial, and six compact spatial dimensions. Within this
ten-dimensional spacetime, an *excitation*—a transient deformation—consistently travels at the speed
of light. In four-dimensional space, such an excitation appears as a gravitational wave, whereas in a
compact dimension, a stable excitation has a clearly defined length based on the dimension’s radius.
The six compact dimensions’ radii dynamically change according to specific excitations, which relate
to particle properties. As the model is developed, the explicit spacetime structure is devised. Further
steps involve elucidating the three fundamental interactions and devising formulas for computing
particle masses, with particles identified in relation to the six compact dimensions. The model’s
essential parameters are determined using empirical data, incorporating the known masses of the
charged leptons, the proton, the neutron, and mesons 71+, ¢, 1, Y, as well as the electron’s magnetic
moment. Key parameters include the compactification radius p, the weak coupling constant «,,, the
strong coupling constant «;, the magnetic moment’s constant M, the magnetic field’s constant N, the
flavor constants A, and the neutrino-to-antineutrino density ratio J. Once established, no further
free parameters exist. Subsequently, the model outlines rules for calculating the mass of scalar and
vector mesons, along with spin—% and spin—% baryons without orbital angular momentum. It calculates
masses for 102 hadrons, which are then compared to experimental data when available, with the
relative error between observed and predicted masses being under 0.05 for most hadrons. The model
also accommodates sterile leptons and hadrons, which interact solely through gravitational forces,
thus constituting dark matter. Finally, the evaluation of the model includes an analysis of the strong,
electric, and weak forces, which are described with equations and illustrations. The electric force, and
to a lesser extent the weak force, show asymmetrical behavior, which may offer an explanation for
dark energy. Ultimately, to evaluate the model, two experiments conducted in a laboratory setting and
one observation from astronomical data are proposed.

2. Methods/Model
2.1. Embedding and Container Space

We begin with a 10-dimensional framework comprising a single time dimension alongside nine
spatial dimensions. The familiar concept of spacetime includes the time and three of these spatial
dimensions, whereas the six additional dimensions are compactified. To facilitate computation, this
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10-dimensional framework is embedded within a 20-dimensional container. The correlation between
the 10D spacetime coordinates, x’, and the coordinates of the container space, v/, is expressed by:

yo =ct 1
yl — !
y2 — 42
y3 -3

xl

yi =7t cos(¢;) = 7 Cos<ri> fori =4,5,6,7,8,9

ylo 0
yll 0
y12 —0
Y3 =0
. . . i
yZHO = r'sin(¢;) =7 sin(ji,) fori =4,5,6,7,8,9

Here, r' represents the radius of the compactified dimension. The container space is equipped with a
simple flat metric of the form:

Mab = d1ag(1,9 X (_1)/ 1,9 x (_1)) )

where indices a4, b range from 0 to 19. The connection between the 10-dimensional physical space and
the 20-dimensional container space is expressed as:

oy* ayb
S = oo =t @)

This results in a spacetime signature of diag(1, -1, -1, -1, -1, -1, -1, —1, —1, —1) for the undeformed
10D spacetime. The six compactified dimensions are categorized based on their roles in fundamental
interactions: - Strong interaction: dimensions 4 to 6 - Electromagnetic interaction: dimension 7 -
Weak interaction: dimensions 8 and 9

2.2. Angular Momentum of a Stable Excitation in a Compactified Dimension

A particle is viewed as an aggregate of associated excitations that move as waves through one or
more of the six compactified cylindrical dimensions. The signal speed around any cylinder consistently
equals c, the speed of light. Completing one full circuit of a cylinder (encompassing double the typical
phase space) is expressed as:

4t = nipt 4)

where 7' is an integer and A, the wavelength, is linked to the frequency f and the speed of light
through the usual formula:

c=fA (5)
The excitation’s momentum is defined as:

p'=nk (6)
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where k! = 27t/ ! represents the wave vector. Using these definitions, the spin (angular momentum)
of an excitation in a compactified dimension is calculated as:
s — pipi = aznh _ in'h

h
_ 17
Al T T2 @

This outcome does not depend on the cylinder’s radius.

2.3. The Electric Interaction — Dimension 7

The derivation begins with a point-particle current (as observed in four-dimensional spacetime)
with four-velocity w#:

JE= 5078 (F—7) w! ®)
The corresponding covariant Liénard-Wiechert potential [29], generated by a point particle with

four-velocity v, is given by:

e
5 - Ny U]/l
Al — 3 .
¢ = dne? [i—0| ©)
The potential energy between these two particles is:
Upo (1% — Xo|) = /// JE A dy1dyrdys (10)
—o0
B e’nyo;  whoy _ teChngoy fuo(z)
© dmegc?9 |X—Fo| 90z

where |X¥ — Xp| is abbreviated as p - z, with p being a constant with units of length and z a dimensionless
parameter. The invariant form is given by:

W0y = gup*oP = fuo(2) (11)
where
wh = [Yo, Y0Po, 0,0, |signum(o;)|] - ¢ (12)
and
O = [, YuPn, 0,0, [signum(n;)|] - c (13)

fori =4,5,6,7,8,9 (see Appendix B.1). The function signum is defined such that signum(0) = 0. The
function fy,,(z) encapsulates z-dependent terms, including the metric tensor g, (z), the normalized
velocity B = v/c, and the Lorentz factor v = 1/1/1 — B?. The force acting on a particle is given by:

- 19 [ aechngoyfuo(z) aeChngzoyfuo(z)  &eChnzoy %
Fe(z) =T,z = 2,2 - 2 (14)
00z 90z 9%z 9p°z
The total electric energy of an excitation 0y consists of rest and kinetic energy:
Aloy|aech o7ch - Aloy|aech
Ej(z) = (h —_— = 1
§(2) = (o) + AR Y 0(a) = (25 + AR o) (15)
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where the second term represents a constant multiplied by the Lorentz factor v,. Since total energy is
conserved, we obtain:

0= L(E(2) + Uy (2)) (16)

0z
__ozhc d oshc | Aloglacch d
— - TS @@ + (s + A2 ) L)

xochn;o; % fno(z)  aechngoy fuo(z)
+ o 2
90z 90z

Solving this differential equation allows us to determine the cylinder radius of dimension 7, where o7
and ny represent excitation numbers:

_ 970(2)pz07
707(2) B _A|07|D‘e'70 (Z)Z — eN707 fro (Z) +9Cpzo7 (17)

In the limit as z — oo, the undisturbed radius is given by:

. 9p07770(0) %
1 = = 1
2500107 —Alo7|aeyo(00) +9Cpo7 . signum(oy) (18)

which allows us to fix the constant C as:

_ e|oz[(1+ A)7o(c0)

C
907p

(19)

where p is identified as the compactification radius, which will be determined later. Substituting this
into equation (17), we obtain:

ror(2) = 970(z)p signum(oy) 20)
e (7o(00) (1 -+ 4) — B o (z)4)

Finally, inserting equation (20) into equation (15), the electric energy is given by:

_ &ecCh

£ = % (rfeo)lol 1+ 4) - 2oL @

Since mass is obtained by adding potential energy (10) and dividing by c?, the electric mass is:

E5(2) + Upp(2) _ aelt|o7|(1+ A)7o(c0)
c? 9cp

My7 = (22)

which is independent of z. The mass is caused by a excitation with the excitation number o7, a

sinusoidal wave of wavelength A = 4|70T—7r|7. A is interpreted a excitation in form of a standing wave
with equal numbered positive and negative excitations. It does not give rise to an additional force or

additional spin. Therefore, A is either zero or a positive even number.

2.4. The Strong Interaction — Dimensions 4, 5, and 6

At this stage, the color representation is introduced as:

1 0 -1
Cred = =1 |, cgreen = 1 s Cblue = 0 (23)
0 -1 1
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For an anti-color, each component is multiplied by —1. The calculation of the cylinder radii follows the
same approach as in the electric case. Again, starting with a point-particle current of four-velocity w¥,
the current in each relevant dimension is:

Jl=es-0%(X — 7)) -whn;, i=4,56 (24)

The vector potential, assuming a simplified ansatz [30-33], depends linearly on the distance between
the two color charges:

j es |7 —%o| ez

A = Zoto; )
° T 4meg? 2 %7 Tmeg "l @)
The potential energy between two particles is then:
/ / / JE A dyrdyadys (26)
eso ~whvy, - n;0; - z
 47regc? T
_ &sChnio;
: o —— fwl(2) 2
The force is given by:
=19
F = 27
s p az (Z) ( )
agchn,o dfno(z)
= - pzl 1'< 1z "z + fno(2)
The rest and kinetic color energy of a cylinder excitation follows the same structure as in the electric
case:
ich  aschA|o;]
Esz:<olc+s ')- z 28
0( ) o (Z) 0 ’)/0( ) ( )

As before, energy conservation gives:

0
0= 5-(Es(2) + Uy, (2)) (29)
oich ocschA|ol| 970(z)  0ichy,e(z) 1o
To z) oz r2(z) oz
wschn;o; ((dfyo(z
A ( f’;‘;( ! ‘Z+fno(z))
Solving for the radii of the color cylinders (i = 4,5, 6), we obtain:
00iY0 ()
7o.(2) = 30
% (2) —as A7y (z) — asn;o; fuoz + Cpo; (30)
The constant is determined by:
0ip7Y0(0) _ P
llg(l)ro’  —asA|0i]70(0) + 0;0C s signum(o;) S
which leads to:
o #loil(1+ A7 (0) .

0ip
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Thus, the cylinder radius is:
p signum(o;) 7y, (z)
ro;(2) = 33
") R0+ A) —signum{on i fon(@) 2 — 10214 =
Without including potential energy, the color energy simplifies to:
s wsch
E3(z) = ——(loi| (1 + A)70(0) — n; signum(0;) - fuo(2) - 2) (34)
Finally, the color mass is:
Ej(z) + Uy, (z ash
My, = M - 5. |0i| (1 —|—A)')/0(O) (35)
c cp
2.5. The Weak Interaction — Dimensions 8 and 9
The point-particle currents associated with the weak interaction are given by:
Jh=ew-02(X—1) -w'n;, i=8,9 (36)

In the electric case, the vector potential follows a 1/z dependence, while in the strong interaction, it
exhibits a linear z dependence. The electric force acts in one dimension, whereas the strong interaction
spans three dimensions. The weak interaction, which occupies two dimensions, suggests a logarithmic
dependence for the potential as a natural functional form for this number of dimensions:

p_ ey v?‘

_W 0 oin; - 1“() (37)

The associated potential energy, following the same derivation as in previous cases, is given by:

@) = | / / T AR dyidyadys (38)

w! ﬂonl In(z)

47r£0c2 0
) cho; - n; - In(z) fuo (2)
P

The force acting on a particle is then:

. 1 0. .

E, = - = Ui (2) (39)
B tchholnl afno( ) fHO(Z)
- _T. (ln( ) s - >

Following the same considerations as in previous cases, the rest and kinetic energy can be expressed
as:

i h w hA i
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As before, total energy conservation requires:
0= a*( 0(2) + Uso(2)) (41)
‘XwChA‘Oz| 970(2) o ochy,(z) %
oz r2(z) oz
. Bachoin; awcho n; (1 (2) - 9fno(2) . fro (z))
0 0z z
From this, the radius of the compactified weak interaction dimensions (i = 8, 9) is found to be:
ror(z) = 0if70(2) (42)

—Aloj|awyo(z) — awoin; In(z) fuo(z) + Cpo;

Neutrino Screening Effect

A crucial aspect not previously mentioned is a screening effect due to nearby neutrinos and
antineutrinos. Particles interacting via the weak force are influenced by their surrounding neutrino
and antineutrino distributions. This means that, in addition to direct interactions with another specific
particle, there is an additional contribution from nearby neutrinos and antineutrinos.

Let 0 be the ratio of the average neutrino distance z, to the average antineutrino distance z;.
This is equivalent to the cubic root of the ratio of antineutrino density p; to neutrino density p,. Ina
homogeneous density, this relationship holds for any given volume V, where:

V = nyz3p° = ngzop° (43)
which gives:
bo_ oy V. _momzpl % _ g (a4)
oV oy mpngziped  z3

This establishes the neutrino-to-antineutrino distance ratio:

_ ()’ 45
(Pv) )

The presence of 6 modifies the undisturbed cylinder radii of the weak interaction. Consequently, fixing

N

a4

5=

the free constant requires:

0ipYo(1) _ P
i To = o — ww Al 7a(1) — w(signum(o;) —In(9)) (46)
which leads to the final expression:
_ psignum(o)0(2)
oi(2) = Numerator 47

Numerator = a, ([(1 — signum(o;) In(4)) + A]7y,(1)
— fno(2) In(z)n; signum(o;) — Avyo(z))

The overall neutrino-antineutrino distribution, characterized by J, contributes only a small correction
to a particle’s energy:

agphc

Ey(z) = (((A+1)loi| = In(8)01)70(1) —In(z) fuo (2)mi0;) (48)
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Finally, the weak interaction mass is:

. = E(2) + Uip(z) _ awyo(Dhloi]
0 = -

l 2 o (A+1—In(d) signum(o;)) (49)

2.6. The Undisturbed Cylinder Radii

The undisturbed radius of a cylinder is its natural radius, unaffected by any potential energy
dependent on z. The remaining energy is given by:

choyy achoy
Eundisturbed = T(Z _ 0000 1) = P) 2. F(O/ n,.. -)r (50)

which must be nonzero to satisfy energy conservation. Solving for r yields:

p=— £ (51)
The function F(o,#, ...), which characterizes the interactions, is defined as:

= si s N
F(oy,ny) = signum(oy) - signum(|ny|) = r 2 -signum(o7) (52)

F(0456,M456) = signum(0456) - signum(|nas6|) = r = % sign 5 m(0150)

F(o0g9,1n89) = signum(ogg) - signum(|ngg|) — In(d)

This leads to the following expressions for the undisturbed weak interaction radius:

p . . .
L _ ) wgmum(oss) o)) if entangled with another particle 53)

m, if not entangled
Role of the Screening Effect
The additional term In(J) arises from the weak interaction potential energy (38), where mean
distances to neutrinos and antineutrinos play a role:
w  QwChoiy, & cho;Y,
U¥ = ——— - (—In(zq,) +In(z5,)) = ————— - In(9) (54)
P P
Since this "potential” is independent of z, it does not contribute to any force.

2.7. The Particle Mass from Strong, Electric, and Weak Interactions

The Lorentz factors for all three interactions at their respective fixed points (see Appendix B.2),
where their radii equal the undisturbed radii, are:

Yos(0) =1, %6(00) =1, %W(l) =1 (55)

For all additional dimensions associated with the strong, electric, and weak interactions, the total
particle mass m,, excluding contributions from "magnetism," is given by:

n
o = 2o | [asCos] + los| + loo) + 22§71 1+ ) 56)
9
14 .
+7w ;;|Oi|(1 + A — signum(o;) In(6))
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2.8. Masses Solely Dependent on the Weak Sector

The situation differs for particles affected exclusively by the weak interaction. In this case, only
nearby neutrinos and antineutrinos influence the radii of the weak interaction cylinders. As a result,

(38) simplifies to:
Us(z) =0 (57)
Consequently, no force acts on the particle:
- 10

The excitation energy in the rest frame retains the same structure as in the general weak interaction
case (40) but without z dependence:

oh hAlo;
po — %l | duchAlo] (59)
To; Y

Since the cylinder radius remains constant, it is given by:

__ P
Toi = o Tn(0) (60)
Thus, the excitation energy becomes:
aypchio;] .
E, = T(A — signum(o;) In(4)) (61)

Finally, the corresponding mass for i = 8,9 is:

Mo = c2 o

(A — signum(o;) In(9)) (62)

3. Results - Model’s Calculated Values

3.1. Calculation of the Model’s Constants
3.1.1. The Compactification Radius p

The time required for an electron excitation (of length A = 47|r|/3 and velocity c) to complete
one revolution around the cylinder is:

A 4
AT = A _ 4| (63)
c c
From this, the electric current is calculated as:
e ec
I==37 = & 64)

The classical magnetic dipole moment, defined with winding number n = 2 and current loop area A,
is:
eclr|
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For a single electron in the compactified dimension, with |r| = i—f, the Bohr magneton yp = 2%/ and

the z-component of spin S, = 3//2 (corresponding to the spin of the electric dimension), the magnetic
dipole moment is:

_ 8elBSe _ _ 3geeh

Hs = 7 ., (66)

By comparing these two expressions and using the measured g-factor of an electron g, =
2.00231930436182(52), the compactification radius p is determined as:

_ geh"‘e

= 9.4040252(14) x 10~1¢ 67
6o (14) x m (67)

Having achieved the numerical value of the compactification radius p, the g-factor of any Dirac particle
can be calculated. With the mass m,, (56) and the generalized particle magneton yp = % the g-factor
becomes

18cpmy,

8 = (i + A) (68)

The g-factor is dependent on the mass of the first generation particles only. In general a particle’s
magnetic dipole moment is

_ g(n)eench

W= " om, (69)

3.1.2. The Weak Coupling ay, and the Neutrino Distribution Ratio 6

The masses of the three charged leptons (e, y1, T) are calculated using Equation (56) but without
an active color charge:

Ke

(14 Agyr) +200(1+1n(6) + Acy)| (70)

h
Me, v = @ lste,y,T +

At this stage, the weak coupling «;, and the neutrino distribution ratio ¢ are unknown. However, by
writing the masses of the electron (71) and the the positron (72), assuming A, = 0

h h horoae
h h horae
M= g g3 (1T 7

the system allows us to determine «;, and estimate J. The experimental upper bound on the positron-
electron mass difference,

Imec =me-| o 109 [34,35] (73)

Maverage

allows the calculation of an interval with ¢ within:

3 Vi - h
ay = 2 PMa e A 1.41040(26) x 107 (74)
com 2x107°
5 Zexp (? P averaghea )
e

B {0.9999965467(64), if e > m,- -

1.0000034530(64), if m,+ < m,-

d0i:10.20944/preprints202504.2317.v1
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It is known that &, ~ 1076 [36], which agrees well with the result in (74). This supports the assumption
that A, = 0. A second argument supporting this result comes from the higher-dimensional structure
of the photon, which will be derived later in this paper. In order for the photon to be massless, the
condition Afirst generation = 0 must hold.

From this point onward, calculations are performed under the assumption:

Ae=Ayp, =Ag=Ay=0 (76)

To complete the list of lepton constants, the measured masses of the muon and tau, along with
Equations (70), are used to determine their values. The results are A, = 0.97 and A = 16.32. We use
as = 0.51638925(12), a result that is independently received later (see Table 2). Flavor constants must
be zero or even integers. Taking into account the statistical, observational, and numerical errors of
the calculation results, the flavor constants are close to integers. However, A, cannot take a value
other than 1. Therefore, the muon is regarded as a superposition of the electron and a respective
second-generation lepton, leading to the results, which are used in all further calculations (see Table 1).

Table 1. Lepton Constants

A, =0 Ay=1 =16
Ay, =0 | Ay, = unknown | Ay, = unknown

Oy

3.1.3. Hadron Mass Formulas

Using Equation (56), the mass contributions from the strong, electric, and weak interactions for
quarks can be expressed as:

hl 1 20,0

Mysp = @ 205 + gGae + 20&4 (1+Agsp) + Tw -In(9) (77)
Rl 1 eyl

Mgy = o 205 + gl + szw} (1+Azsp) — fw -In(9) (78)
R 2 aoht

My et o _2045 + g% + aw} (14 Ayet) — cu;) -In(0) (79)
hl 2 xh

mﬁ/a? — @ 20(5 + §D(g + “w:l (1 + AM,C,t) + % . 11‘1(5) (80)

The differences in quark masses are not solely due to the interaction strengths but are also significantly
influenced by the flavor constants A;;}, , .;. As previously stated, all first-generation constants are
set to zero (76). Excluding magnetic field contributions, the first-generation meson masses 71 are
given by:

_ mggtmyg  omg+mg o omy +mg

0 2 2 T T (81)

Mp+ =My g=my +mz=m

pt-

Each quark and antiquark behaves as a dipole and possesses a magnetic field corresponding to each
excited compactified dimension but do cancel except for the electric dimension (details see Appendix
C). The magnetic field within the compactified dimension is derived from the Biot-Savart law for
quarks (A14) and antiquarks (A17) within the compactified electric dimension. The leaking of the
magnetic field into 3D space generates mass contributions for mesons

nae (|17 22|11 o7 +]os )
9czp

fie (|n7|2+2\n7\|07\+\07|2>
9czp

-N  (Scalar Mesons)

mg(oft) = (82)

-N  (Vector Mesons)
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and for baryons
fute (|n7|*+2 +loz[>+|p7|? .
o (‘717‘ |n79‘c‘Z;| |07‘ |P7| ) A N, (Spln—l/Z)
2
mg(nop) = W -N, (Spin-3/2, 2 or 3 quarks flavors) (83)
fae (|p7 2 +2 +lnz*+lo7 2
(117 e )N, (spin-3/2, one quark flavor)

A further mass contribution comes from dipoles within the magnetic fields of the partner quarks/antiquarks
with

R((A1+1)|n7]+|o7|(A2+1)) M

(Scalar Mesons)

+
o) = _h((é]gl}z%g}z%%ﬂ)) -M  (Vector Mesons) (84)
for mesons, and
_h((AZI(—;lI)-‘i-nl7)|(—;g)-7§-‘§ii)+l)) .M
mai(nop) = _ﬁ((AH—l)(A2+2+A3)|Vl7|;E1(41‘;2_~:%21(41‘;1+4§a‘13?\10)7c\:(A3+1)(A1+2+A2)\p7|) ‘M (85)

_ WAL 7| +ps (A1) ar
2(A1+1)(A3+1)cp

for baryons of spin 1/2 and 3/2 (third equation for baryons with identical quark flavors). Mass
contributions for mesons and baryons differ due to their internal field interactions.
Meson Mass Formula

Mo = Mo + My + mp(oft) + myg(oft). (86)
Using this framework, the mass formulas for the first-generation mesons are given by:

(mg+my +mz+mg) 3hM

M0 = 5 + 20 (87)
haeN  3hM
e T
~ (mg 4+ my +mg+my) . 10haeN  3hM
P 2 9czp 2cp’
haeN  3hM
mer:mu“‘md"i‘w—ch.
Baryon Mass Formula
Myop = My + Mo + my + mp(nop) + my(nop) (88)

Baryons consist of three quarks and exist, when without orbital rotation, in two spin states: 1/2 and

3% /2. For spin 1/2, one of the quarks (the p-quark) undergoes a spin flip, breaking the symmetry. As

a result, different quark configurations—despite having the same quark content—can lead to different

baryon masses. A clear example of this is the mass difference between the A” (1116 MeV) and the

70 (1193 MeV) baryons, both of which share the quark content (d,u,s). This symmetry breaking,

combined with the selection rules given below, alters the calculation of additional mass terms.
Selection Rules for spin /1 /2-Baryons

1.  For baryons consisting of a mixture of u-like (u, ¢, t) and d-like (d, s, b) quarks, the non-flipped
quarks always represent a u-d-like combination.
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2. Incase of a baryon consisting of a u-d-mixture built of three different quark species, there always
exist two combinations with a different quark flipped. These are baryons with identical excitation
numbers but a dissimilar mass.

3. For those baryons consisting of purely u- or d-like quarks the non-flipped quark pair consists of
different flavors.

For spin 371/2 baryons, each quark interacts with its two neighboring quarks, making the order
of quarks irrelevant. Consequently, each unique quark combination corresponds to a single mass
value and all quarks are treated equally. One exception, however, is when 3 identical quarks build one
spin 371/2-baryon. In this case, an exclusion principle - two identical quarks within one compactified
tube only - arranges two quarks within one cylinder and the third quark within a different one.

3.1.4. Mass Formulas for the Proton and Neutron

For a baryon with quark content udu (proton), where one u-quark is flipped, only one configura-
tion exists. The total mass of the proton is:

13ha,N  3hM
Mproton = Mg + 2y, + ﬁ - 2cp . (89)
Similarly, for the neutron (dud), where one d-quark is flipped, the mass is given by:
10ha,N  3AM
MNeutron = 21Mg + 1y + 9ZC§) - E (90)

3.1.5. Evaluation of Field Multipliers and Strong Coupling Constant «s

To determine the field multipliers N and M and the strong coupling constant a;, which affects
the binding energy of hadrons, we utilize the three most accurately measured hadron masses: the
charged pion (87), the proton (89), and the neutron (90). Including statistical uncertainties, the values
obtained are M = —0.9329033(37), N = —1.4335289(80), and as = 0.51638925(12). These calculations
derive solely from the three specified hadrons. The value of N (refer to (82) and (83)) is contingent
on an average value of z, whose precise value remains unknown. However, it suffices to understand
the relative distance z between baryons and mesons. The calculation of N will thus refine itself. The
strong interaction chiefly determines the separation within quarks of baryons and mesons, resulting in
Zbaryon = % in relation to Z,eson = %, values utilized for the calculations. Although M is independent
of z, it may vary slightly between different particles. Consequently, calculations were performed on all
0, 7%, 0%, and p, and the standard
deviations were computed. These standard deviations are applied in subsequent calculations for N

20 combinations of first-generation particles Proton, Neutron, 7t

and M. a; remains unaffected, and the original value is used as shown in Table 2.

Table 2. Field Multiplier Values and Strong Coupling Constant
’ M = —0.93(25)) \ N = -1434+15.22 \ as = 0.51638925(12) ‘

3.2. Particle Identification

The identification of fermions is straightforward. Color charge and electric charge are easily
assigned:

* A quark carries one of the three colors: red, green, or blue, along with its respective excitation
numbers.
¢ The electric excitation number is:

-  —1for a down quark
- +2for an up quark
-  —3foran electron
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e  Each excitation number contributes a spin of /1/2 times the excitation number. To ensure an
overall spin of f1/2, the weak excitations are adjusted accordingly.

® A neutrino consists exclusively of weak excitations and is described as a superposition of weak
excitation states. Its excitation number, formally written as (—1), is the same as the weak
excitation contribution of a u-quark (see Table 3).

Table 3. Fermions of the First Generation

Particle | 7 T T Ty Tg Ty Mass formula of electric, strong,
strong | strong | strong | electric weak weak and weak interaction without

field & dipole contributions

electron | 0 0 0 -3 (2) (2) h (a,
m, =5' ?+2aw(1
+ ln(b‘)))

e 0 0 0 0 (-1) (-1) _h
neutrino My, = ) @y In(8)
up 1 -1 0 2 (-1) (-1) _h 2
quark M= [2as + g%
red +ay, - (1—n(8))]
up 0 1 -1 2 (-1) (-1)
quark
green
up -1 0 1 2 (-1) (-1)
quark
blue
down 1 -1 0 -1 (2) (2) _h 2 1
quark my —5[ as+§ae
red +2ay,, - (1+1n (8))]
down 0 1 -1 -1 (2) (2)
quark
green
down -1 0 1 -1 (2) (2)
quark
blue

3.2.1. Higher-Generation Particles and Antiparticles

For higher-generation particles, the excitation settings remain identical to those of the first
generation. Antiparticles are obtained by multiplying all excitation numbers by —1.

3.2.2. Excitation Numbers of Photons and Gluons

The excitation numbers of the Standard Model gauge bosons can be inferred from known decay
processes. For example, in electron-positron annihilation [37], two photons are produced:

et +e” — 2y
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This corresponds to the following excitation number transformation:

0 0 0 0
0 0 0 0
0 n 0 . 0 n 0
3 -3 0 0
(-2) 2) 1) 1)
(~2) (2) (-1) (-1)

Two real, measurable photons are created. As follows using Equation (62), photons are massless. A
related example is the #;, meson, which has a decay mode producing three gluons [38]:

bb — 3¢
highlights the structure of a gluon and shows the correspondence with the excitation numbers trans-
formation:
1 -1 1 -2
-1 1 -2 1
0 0 N 1 n -2 n 1
-1 1 0 0 0
(2) (=2) (0) (0) (0)
(2) (=2) (0) (0) (0)

The Standard Model of Particle Physics explains that the main interaction among quarks within
hadrons results from gluon exchange. According to this Kaluza-Klein perspective, the strong force
emerges due to the curvature of spacetime. Taking into account both the Standard Model and the
Kaluza-Klein model as complementary frameworks, the gluon mass within hadrons can be interpreted

as:
4uh MeV
Mgluon = == = 433.42082(12) 91)
Using the evolution equation [3] to scale up s to Z°-boson energy, we obtain:
as(20) = s = 0.11816 (92)

11N.—2N m?
1+ (TT[]) . .ln<mzzo )

gluon

for three colors (N. = 3) and five flavors (N = 5). The Particle Data Group (PDG) reports the strong
coupling at the Z° energy scale as 0.1180(9), demonstrating excellent agreement with the model’s
prediction.

3.2.3. Summary of Gauge Bosons

In Table 4, the photon and the color-altering gluons (distinct from the eight gluons in the Standard
Model) are delineated. The W*, W—, and Z° bosons are not highlighted, as they seem to exert minimal
influence on the calculation of the hadron masses.
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Table 4. Intermediate Bosons

Particle Ty T Te Ty Ty Ty Mass formula
strong | strong | strong | electric | weak | weak
Photon y 0 0 0 0 (2) (-1)

h
my=“ch- [1—1] In(6)

massless from (62)

Color changing _4ah

gluons MGluon = cp

9rg Gluon 1 -2 1 0 0 |0 = 7.7264283(21) - 10~ Bkg
g5 Gluon 2 -1 -1 0 (0) (0) MeV

9dgb Gluon 1 1 2 0 (0) (0) = 43342082(12) o

ggr Gluon -1 2 -1 0 (0) (0)

g Gluon -1 -1 2 0 (0) (0)

Jp# Gluon -2 1 1 0 (0) (0) massive

3.2.4. Mass Generation via Compactified Dimensions

In this model, mass arises from excitations of the compactified dimensions. - Excitations always
travel at the speed of light in higher dimensions. - When an excitation is projected into 4D spacetime,
it manifests as mass. Thus, particles gain their mass due to their interaction within higher dimensions.

3.3. Hadron Masses

The field multipliers and coupling constants are assumed to be independent of particle gen-
eration. The quark flavor constants As, A., Ay, are determined using the known formulas and the
measured masses of the ¢, ¢, and Y mesons.

P20+ % +200) (As +1) + 2N — M)

(220 B ) (A 1) o TN )
my(cc) = o

_ ﬁ(2(2a5+%+2aw)(Ab+1)+4a§N fA%J
my(bb) - -

The flavor constants are calculated solving the system of three equations (93) with the results: A; = 1.15,
A =6.03, and A, = 22.09. It is assumed that flavor constants are the result of standing waves within
the compactified cylinders, meaning equal numbers of positive and negative excitation numbers.
Therefore, those numbers must be even. However, the s-quark is regarded as a superposition of the d
and the respective quark s’ of the second generation with A; = %. Taking statistical, observational,

and numerical errors of the calculation results into account, the flavor constants are

Table 5. Flavor Constants
’ Agj=0 ‘ Ay =0 ‘ As =1 ‘ A, =6 ‘ Ahzzz‘

These values then allow for the calculation of hadron masses. First, the masses of scalar and
vector mesons are computed, followed by the masses of baryons with spin 71/2 and 37:/2. The
reference list of particles was primarily obtained from Wikipedia [39,40], where the lowest mass
states for each quark combination are listed. However, it is not entirely clear whether these values,
particularly for baryons, are the most suitable for comparison. Nevertheless, the measured particle
masses listed in these sources are used for comparison against the calculated values, and to estimate
the relative error caused by uncertainties in determined masses. All other calculations are based on
the latest data from the Particle Data Group (PDG) [34]. The tables presented in this section include:
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e  Particle name and symbol

¢ Quark content

e Measured and calculated masses (in MeV/c? and kg)
e  Standard deviations

e  Relative error

e  Mass formula used for the calculation

The measured masses in kilograms are provided without standard deviations, as these values
are not used in subsequent calculations.
3.3.1. Meson Masses

For scalar mesons, the quark and antiquark spins are aligned antiparallel, resulting in a net
spin of 5 = 0. The corresponding masses are listed in Table 6.

Table 6. Masses of Scalar Mesons

Name Symbol | Quark Measured mass Calculated mass Relative error | Mass formula
content
MeV/c? kg kg MeV/c? Mmeas — Mealc
_ Mineq:
Pion* * ud 139.57018(35) | 2.488073-1072% | Measured mass used to exact 0 M = My + Mg +——- (20,N + 9IM)
calculate a,, N and M 6ep
Pion® n° Jii(m;_da) 134.9766(6) 2.406183- 10728 2.50(1.38) - 1072% 140(78) -0.039 Myo = w*. :J ™)
Ccp

Kaon + K* us 493.677(16) 8.8006- 1028 8.10(94) - 1028 454(53) 0.080 Mgs = My + Mg + 2 (auN + 3M)
3cp

Kaon 0 K° ds 497.614(24) | 8.8708-1072° 8.98(69) - 102/ 5504(39) -0.012 Mgs = mg + mg + 2 - (M)
4cp

D+ D* cd 1869.61(10) 3.3329-107% 2.72(10)- 10777 1526(56) 0.184 Mg = Mg +mg + =+ (L4a,N + 45M)
42¢cp

DO DO cu 1864.84(7) 3.3245-1027 2.70(11) - 10727 1513(59) 0.189 Mg = Mg+ mg + 2 (M)
7ep

Strange D D s 1968.30(11) 3.5088- 1027 3.281(55)- 1027 1840(31) 0.065 Mes = me + me+ '+ (Ta N + 12M)
21cp

Charm eta 0. e 2983.6(7) 5.3187- 10727 5.317(26)- 10727 2983(15) -0.0003 Mee = m, +mg+ 2= (M)
7cp.

B+ B* ub 5279.26(17) 9.4111-107% 9.088(52) - 10727 5098(29) 0.034 M5 = my +mp + —— - (460N + 75M)

ub 5+ e e

BO B° db 5279.58(17) 9.4117-107%7 9.097(48) - 10727 5103(27) 0.033 Mg =my +my + 12h
23cp

Strange B B? sb 5366.77(24) 9.5671-10727 9.571(25)- 10727 5369(14) -0.0004 Mgy = my +mp + 22 (M)
92¢p

Charm B B cb 6275.6(1.1) 1.1187-107¢ 1.156(17) - 1072¢ 6484(10) -0.033 mes =m, + mp + ——- (322a,N + 111M)
%66cp

Bottom eta n bb 9398.0(3.2) 1.6753-10726 1.777(40) - 10726 9968(2) -0.061 Mys = my +mg + ——- (M)

23cp

For vector mesons, the quark and antiquark spins are aligned parallel, leading to a net spin of
S = h. The corresponding masses are presented in Table 7.

Table 7. Masses of Vector Mesons

Name Symbol | Quark Measured mass Calculated mass Relative error | Mass formula
content
MeV/c? kg kg MeV/c? Mmeas — Mealc
Mpeq;
ﬁ:‘;rged pt ud 775.11(34) 1.3823-107%7 1.29(19) - 107" 720(105) 0.070 My =m, +mg— % (=2a,N + M)
Neutral rho p° %mﬁ,da) 775.26(25) 1.3820-107%7 1.28(20) - 10727 720(111) 0.071 mye = w — % - (—=200,N + 9M)
Phi ¢ s5 1019.461(19) | 1.81735-107% 1.716(72) - 10727 962(41) 0.056 Mys = mg +mg — ﬁ - (~8a,N + 3M)
Kaon *+ K us 891.66(26) 1.5895-107%7 1.50(16) - 10727 839(87) 0.058 Mys = m, +mg — i (=3a,N + M)
Kaon 0 K*° ds 895.81(19) 1.5969 - 10727 1.416(89) - 10727 795(50) 0.113 Mas = my +ms — ﬁ (—160,N +9M)
D*+ D' cd 2010.26(07) 3.5836-107%7 3.46(16) - 10777 1939(89) 0.035 meg =m, +mg — % - (~14a,N + 5M)
D *0 D*° cii 2006.96(10) 3.5777-107% 3.47(25)- 10777 1948(138) 0.029 Meg = M +mg — % - (~14a,N + 3M)
Strange D D:* cs 2112.1(4) 3.7651-107% 3.67(14)-107% 2058(76) 0.025 mes = mc+m§_%.(_21azN+4M)
J/Psi L ce 3096.916(11) | 5.52075-107%7 5.50(22) - 10727 3082(125) 0.005 Mo =m, +me— % - (=56a,N + 3M)
B+ B** ub 5325.2(4) 9.4930-10%7 9.46(13)- 10727 5305(75) 0.004 My = my, +my — ﬁ - (—=138a,N + 25M)
B*0 B* db 5325.2(4) 9.4930-107%" 9.456(74)- 107%" 5304(41) 0.004 Mg = my +mp — % - (=23a,N + 9M)
Strange B B:° sb 5415.40(24) 9.65380-107%" 9.755(61) - 10727 5472(34) -0.011 mg = my +mp— 27'*7” - (~368a,N + 75M)
Charmed B B:* cb unknown - 1.163(13)- 10726 6523(70) - Mmeg =mg +mp — ﬁ‘ (—966a,N + 37M)
Upsilon Y bb 9460.30(26) 1.68645 10726 1.7795(56) - 1026 9982(31) -0.055 My =my +ms — 6% (=92a,N + 3M)

3.3.2. Baryon Masses

A baryon consists of three quarks, each with spin 71/2. If one quark undergoes a spin flip, the
resulting baryon has a total spin of 71/2 (Table 8). The masses are calculated using equation (88).
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Name Symbol | Quark Measured mass Calculated mass Relative error | Mass formula
content
MeV/c? kg ke MeV/c? Mineas — Mealc
Mo qs
Proton Pt udu 938.2720813(58) | 1.672621637-10727 | Measured mass used to | exact 0 Mps = 2my +my — ——+ (—52a,N + 27M)
calculate a,, N and M 1oep
Neutron N° dud 939.5654133(58) 1.674927558-107%7 | Measured mass used to | exact 0 myo = 2my +my, — N (—40a,N + 27M)
calculate a;, N and M 18cp
Lambda » Sud 1115683(6) 1.988886 - 1027 1.89(13)- 1027 1058(73) 0.051 M = g g + 1 — D (—200,N + OM)
%p
Charmed AL cdu 2286.46(14) 4.0759850- 107 3.84(16) - 102 2156(87) 0.057 o =y + mg + M — —— (~364a,N + 135M)
Lambda 126ep
Bottom IS bud 5619.60(14) 1.00178- 1072 9.85(11) - 1027 5523(59) 0.017 Mo =y + g+ my — - (—184a,N + 45M)
Lambda i ) ¢
Sigmaplus | &* usu 1189.37(07) 2.12024-107 1.88(15) - 1027 1057(85) 0111 Mg = 2m, 4, — o (~260,N +9M)
Sigma zero x° dus 1192.642(24) 2.12607-107%7 2.06(17)-107%7 1156(94) 0.030 myo = my +my +my — ——- (—40a,N + 27M)
18cp
Sigmaminus | 5 dsd 1197.449(30) 213464710727 1.803(83) - 102" 1011(47) 0.155 My = 2mg +m, — e (~ 400N + 27M)
Charmed T ucu 2453.97(14) 4.37460- 1027 3.86(21) - 102 2167(119) 0.117 Mgee = Mo+ 2my — 2 - (=350,N + 9M)
Sigma 63cp
Charmed 5 udc 2452.9(4) 4.3727-1027 3.99(18) - 102 2240(103) 0.087 Mgs = Mg + My + Mg — ——+ (—52a,N + 27M)
Sigma i 18cp
Charmed 30 ded 2453.75(14) 4.37421-102 3.85(14) - 1027 2157(76) 0.121 Tgg = 2y + M, — 2 (=56a,N + 27M)
Sigma 2 126cp
Bottomn P ubu 5810.56(25) 1.03583-10°26 9.84(13)- 107 5522(73) 0.050 s = 21y 4y — —'— - (—1196a,N + 225M)
Sigma R b 41acp e
Bottom 9 dub unknown - 1.018(17) - 10726 5710(94) Mg = my, +my +my — . (—40a,N + 27M)
Sigma b 18cp
Bottom 3, dbd 5815.64(27) 1.03673-107% 9.843(67) - 102 5521(37) 0.051 g = 2mg +my — 2 (—115a,N + 54M)
Sigma b 207cp
Xi =0 sus 1314.86(20) 2.34395-107%7 2.27(13)-107%7 1275(73) 0.030 mgo =my, +2m — % (~200,N + 9M)
Xi B dss 1321.71(7) 2.35616- 102 2.191(83) - 107 1228(47) 0.070 e % (400N + 27M)
CharmedXi | &F csu 2467.94(20) 439950102 2.06(13)- 102 2275(74) 0.078 e = g+, +m, — 2 (~OTaN + 18M)
£ s3cp
CharmedXi | &¢ scd 2470.90(29) 4404781027 2.06(11) - 1027 2276(60) 0.078 Mag = my + my + My — 2 (—35a,N + M)
= 63cp
CharmedXi | &, usc 2578.4(5) 4596421027 4.21(15) - 1027 2359(85) 0.085 M = my + g+ — - (—260,N + 9M)
N = 9%cp
prime
CharmedXi | &0 dcs 2579.2(5) 459784-107 2.23(14)- 107 2374(76) 0.079 Mg = g +my + m — - (—560,N + 27M)
; = 126cp
prime
Double B uce 3621.2(7) 645541027 619(21) - 1027 3469(119) 0.042 Mase = my + 2m, — 2 (—350,N + 9M)
charmed Xi - 63cp
Double L cdc unknown - 6.17(16) - 10727 3458(87) - Mgy = my +2m, — —— (—364a,N + 135M)
. =2 < T26cp e
charmed Xi
Bottom Xi E] bus 5791.9(5) 1.0325-10-% 1.023(11) - 102 5740(59) 0.009 Mg = my +mg +my — - (—184a,N + 45M)
= 111cp
Bottom Xi z; 5797.0(6) 1.0334-10°% 1.0143(53)- 1026 5689(30) 0019 e = g+ my 4y — 2 (—184a,N + 45M)
828cp
Bottom Xi 0 sub unknown - 1.039(13)-1072¢ 5829(73) - Mo = my, +my +my, — JEN (~20a,N + 9M)
prime - i
Bottom Xi S unknown 1.031(83) - 1072 5783(47) Mg = my +mg +my, — ——- (400, N + 27M)
prime = atmstmy, = e
Double S bub unknown - 1.835(11) - 1072 10295(59) - ma =my +2m, ——2—- (—184a,N + 45M)
bottom Xi "’" Aacp
Double S dbb unknown - 1.835(67) - 1072¢ 10293(37) - M- =my+2my, ——2—- (—115a,N + 54M)
bottom Xi v 207¢p
Charmed 54 chu unknown - 1.202(12)-1072¢ 6740(68) - Mes =m, +my +m, — ——- (119a,N + 18M)
bottom Xi b TR s ¢
Charmed z% bed unknown - 1.2019(93)- 10726 6742(52) -— Mo =my+my +m, ———- (—6440a,N +
bottom Xi Sop 4T T 2evecp ‘
333M)
Charmed 3 ubc unknown - 1.217(13)-1072¢ 6824(73) Mgs = Mo +my +my ———- (~1196a,N +
bottom Xi i Anacp
> 225M)
prime
Charmed 23 dcb unknown - 1.235(14)-1072¢ 6929(76) - Mo =my +my +m, — ——- (—560,N + 27M)
bottom Xi e 1z6cp
prime
Charmed a? scs 26952(1.2) 4.8046- 102 245(1D) - 102 2494(60) 0.022 ge = 2mg + M — - (—35a,N + OM)
Omega i : ¢ ¢
Bottom Q; sbs 6046.1(1.7) 1.0778- 10726 1.053(53) - 1026 5906(30) 0.020 mg- = 2my +m, — —2—- (1840, N + 45M)
Omega N s 828¢p @
Double [ csc unknown 6.38(13) - 10727 33577(74) Qf =mg+2m, — 2k, (~91a,N + 18M)
charmed o3
Omega
Charmed , bes unknown - 1.2406(93) - 10726 6959(52) mgo =mg+m+m, — . (—6440a,N +
bottom 33;" 2698¢cp
Omega )
Charmed af sch unknown - 1.256(11) - 1072¢ 7048(60) -— Mgy = mg+mg +m, — A (~35a,N + 9M)
bottom < 63cp
Omega prime
Double %, bsb unknown 1.8649(53)- 102 10461(30) Mg =, + 2 my -~ (—184a,N + 45M)
bottom D s b~ s28cp e
Omega
Double al, cbe unknown - 1.434(12)-1072¢ 8043(68) - mgs =2mg+my,— . (~6440a,N + 333M)
charmed e 2898¢p
bottom
Omega
Charmed [ bch unknown - 2.0525(93)- 10726 11513(52) - Mmgo =m,+2my,— . (128800, N + 333M)
double 2o 2898cp
bottom
Omega

If all three quarks, each with spin f1/2, align in the same direction, the baryon has a total spin of
3h/2 (Table 9).
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Table 9. Masses of Baryons with Spin 3f1/2
Name Symbol | Quark Measured mass Calculated mass Relative error | Mass formula
content
MeV/c? kg kg MeV/c? Mmeas — Meale
Mpeqs
Delta ++ A uuu 1232(2) 2.1963-107% 1.84(26) - 1077 1032(147) 0.162 myr+ =3my, — %. (~20a,N + 9M)
Delta + A* uud 1232(2) 2.1963-1077 2.88(52) - 10727 1617(290) -0.313 mye = 2my +my— % - (=100, N + 9M)
Delta 0 A° udd 1232(2) 219631027 2.54(40)- 1077 1426(224) -0.157 mpo = m, +2my — %. (=8a,N + 9M)
Delta- I ddd 1232(2) 21963102 1.50(69) - 1027 844(58) 0315 Mg = 3mg — % - (~100,N + 9M)
Deltas’ 1232(2) 2.1963-107%7 2.19(32) - 107% 1230(180) 0.002
average
Sigma * plus T uus 1382.80(35) 2.4651-10-%7 2.92(44)- 1077 1638(245) -0.185 Mg = 2my +mg — % (~25a,N + 18M)
Sigma *0 £ uds 1383.7(1.0) 2.4667 107 2.67(34)- 102 1496(188) -0.081 Mo =my +my +my — ﬁ (—1280,N + 117M)
Sigma * 3 dds 1387.2(5) 2.4729-10°% 2.41(25)- 1027 1352(138) 0.025 Mg = 2my + m, — % < (—4a,N + 5M)
minus
Charmed Pias uuc 2518.41(21) 4.4895-107%7 4.95(52) - 107%7 2774(290) -0.102 Mmyg+ = 2m, +m, — EN (—28a,N + 15M)
Sigma double 7ep
plus
Charmed ot udc 2517.5(2.3) 4.4879-10°% 4.76(41)- 10727 2668(232) -0.060 Mg = my +my +m — % - (=175a,N + 117M)
Sigma plus
Charmed 0 ddc 2518.48(20) 4.4896 - 1077 4.56(33)-107% 2560(183) -0.017 My =2my+m, — %- (~112a,N +99M)
Sigma 0
Bottom P uub 5830.32(27) 1.0393-1072¢ 1.072(37) - 10726 6014(206) -0.032 My = 2my, +my — —— (—1150a,N + 639M)
Sigma * + LT T e
Bottom z;0 udb unknown - 1.055(28) - 10726 5916(157) - Mygo = m,, +my +m, — ﬁ. (=736a,N + 531M)
Sigma *0
Bottorrl 7 ddb 5834.742(30 1.0393-1072¢ 1.037(21) - 10726 5817(116) 0.002 My, =2m, +m, — i. (—46a,N + 47M)
Sigma * -
Xi*0 0 uss 1531.80(32) 273071072 2.79(27)- 102 1566(154) -0.022 Mg = my + 2, — “"_cﬂ (—64a N + 45M)
Xi*- - dss 1535.0(6) 2.7364-107%7 2.62(20) - 107 1471(114) 0.041

- :md+2msfg-(faeN+M)

Charmed Xi* | E:* usc 2645.56(30) 47161-102 47934107 2689(191) ~0.068 e = my + my + M, — - (—350a,N + 171M)

. £ s3cp

Charmed Xi * Eg0 dcs 2646.38(23) 4.7176 10727 4.69(27)- 10727 2631(149) 0.006 Mawo = my +m +m, — —— (—8960,N + 603M)

0 =2 25200

Double i uce unknown - 6.67(41) 1077 3741(229) - Mg =m, +2m, _ 2k, (~28a,N + 9M)

charmed Xi++ 7P

Double i dec unknown - 6.63(32)- 10777 3718(181) - Mgy =my +2m, — . (=350a,N + 153M)

charmed Xi*+ osep

BottomXi*0 | &;° ush 5952.3(6) 1.0611- 102 1.067(22) - 102 5086(126) -0.006 M = 1y + 1y + 0y — —'—- (—2944a,N + 1503M)
=5 828cp

BottomXi*- | ;- dsb 595533(17) 1.0616- 102 1.058(16) - 10-26 5936(93) 0.003 Mg = Mg + g + 1y — 2 (~92aN + 71M)
=5 46cp

Double 0 ubb unknown - 1.855(18) - 107%¢ 10407(102) - Mo =my + 2m, — ——- (—368a,N + 117M)

b X =5~ T b " 207¢p e

ottom Xi * 0

Double 7 dbb unknown - 1.854(13) - 1026 10401(73) - o =my +2m, — ——- (—46a,N + 25M)

bottom Xi * - 23ep

Charmed Za uch unknown - 1.259(28) - 102¢ 7065(160) Maes = My + My + My — —2 . (805, N + 261M)

bottom Xi * + b L49cp

Charmed i dch unknown - 1.257(22) 10726 7051(121) - Mg =My +m, +m, — . (~5152a,N +

bottom Xi * 0 ZZ;DSM) 1449cp

Omega- - sss 1672.45(29) 29814102 2.84(16)- 1027 1590(91) 0.049 ma- = 3m, ~ - (—4a,N +3M)

Charmed ap ss¢ 2765.9(2.0) 49307107 481(21) 107 2700(119) 0.024 Mo = 2m, +m, — - (—448aN + 207M)

Omega * 0 o T 126 i

Bottom Q ssb unknown - 1.080(13) - 1072¢ 6055(72) - Mgi- = 2m, +m, — 21— (—23a,N + 12M)

Omega * - 0 s T T 23cp ©

Double f0)53 scc unknown - 6.67(27) - 10727 3739(149) - Mgy =mg+2m, - Lok (_35a,N + 9M)

charmed 63¢p

Omega * +

Charmed [5] scb unknown - 1.270(17) - 107%¢ 7121(97) - Mgeo = M +mg +my — . (—20608a,N +

bottom 555”3M) s796cp

Omega *0

Double fohes sbb unknown - 1.8756(99) - 1072¢ 10520(56) - Mg =my +2m, — ——- (=920,N + 27M)

bottom w o

Omega * -

Triple Qi cce unknown - 8.39(34) 10727 4708(192) - mazs = 3m, — 2R (—280,N + 3M)

charmed 7ep

Omega ++

Double Q:t cch unknown - 1.447(24)-107%¢ 8115(132) - Mg =2mg +my — . (~80500,N + 747M)

charmed = 1449cp

bottom

Omega * +

Charmed m, cbb unknown - 2.057(15) - 1072¢ 11541(84) Mge =2m, +m, — . (~12880,N + 99M)

double by 1449cp

bottom

Omega *0

Triple bottom | Qj,, bbb unknown - 2.6714(84) - 10726 14985(47) - M, =3m, — ﬁ. (—46a,N + 3M)

Omega -

3.4. Correlation Between Measured and Calculated Hadron Masses

The correlation between measured and calculated hadron masses demonstrates the accuracy and
reliability of the mass calculation model (Table 10 and Figure 1).
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Table 10. Pearson’s Correlation Between Measured and Calculated Hadron Masses. The table presents Pearson’s
correlation coefficient r and the associated significance p.

Number of Hadrons | Particle Group | Pearson’s r p

13 Scalar Mesons 0.998 22x10° 1

13 Vector Mesons 0.999 7.6 x10"18

24 Spin—% Baryons 0.999 2.1 x 10730

20 Spin-3 Baryons 0.998 21x 1072

10,000 o
% 9,000
°
= 8,000
& 7,000
8
3 6,000
s 5,000
S o Scalar Mesons
£ 4,000 + Vector Mesons
o e Spin 1/2 Baryons
ﬁ 3,000 o Spin 3/2 Baryons
3 2,000 o Deltas averaged
8 1,000 — Diagonal Line
0
0 2,000 4,000 6,000 8,000 10,000

Measured Hadron Masses [MeV/c?]

Figure 1. Correlation Between Measured and Calculated Masses. The diagonal line represents the ideal case
where measured and calculated masses are identical.

3.5. Sterile Dirac Particles

Equation (56) indicates the plausible existence of Sterile Leptons and Sterile Quarks, charac-
terized by A; engaging in direct interaction with the couplings, bypassing a possible dependence on
charges. With appropriate conditions, a Sterile Dirac Particle might be formed via a collision, possibly
resulting in a mass given by

h o 1
Msterile = 6 as - (Ag+ As + Ag) + 66 A7+ ) (“w - Ag+ay - Ag)] (94)
, where A; = [np| + |n,;| is zero or a positive even integer, the sum of the positive and negative
excitation numbers with |n,;| = [n,;| and i = 4, ...,9. Sterile particles interact solely through gravity.

3.6. Calculation of Particle Acceleration and Force

1

In a coordinate system with the two interacting particles aligned along the z = z'-axis with

z2 = 23 = 0, the velocity is expressed as a function depending on the separation between the particles.
Employing the metric tensor from Equation (3), the Christoffel symbols are calculated in the standard
manner by summing over repeated indices from 0 to 9:

1
The = 58" (908xz + 9z8ro — Oxgur)- (95)
The acceleration is then determined using the geodesic equation:

ag,e,w = —l"zgu”ué. (96)
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The forces exerted on the particle can be described by:
ES s€,W
Fg,e,w(z) = OCZ ‘ag,e,w- (97)
The energies involved are of equations (21), (34), and (48).
whv
3.7. The Constant Scalar fuo(z) = —*
In conventional four-dimensional spacetime, the velocity four-vector u* is defined as:
u* = yBc (98)
where it adheres to the conservation relation:
u*u, = c?, wherea =0,1,2,3. (99)

Within a 10-dimensional spacetime, the conservation principle extends based on the quantity of
compact active dimensions 7.;:

uuy = (1 —ngg)c?. (100)

The additional dimensions are indexed as « = 4,5,6,7,8,9.
The computation of force is feasible solely when the function fno(z) is available. Thankfully, it
stays the same since its derivative is zero, indicating that it is constant.

d _ le (galgw"‘v/g) _ 8uB( w_p « B\ 8ap mva%vﬁ mww"‘ag, _
Efrw(z) =T 2 = CT(“wv +w ﬂv) =2\ T + - =0 (101)
This result aligns with Newton’s third law, my, - a3, = —my - a3, and is evidently zero since the derivative

of equation (100) is zero. The value of fn,(z) is determined when both particles are stationary, ensuring
its validity at any speed. Specifically, for charged leptons, we find:

fro(z,80 =0, =0) = -1 (102)
= 800 + 8§77 + 8k«

, where k = 8,9 denotes contributions from the two weak dimensions in superposition. For quarks
located within a baryon relative to one of the other two accompanying quarks, we find:

fno(zl ﬁo =0, ﬁn = 0) =-2 (103)
= 800 + &ii + 877 + 8kk
, and in the context of quarks inside a meson:
fro(z,B0 =0,By =0) = =3 (104)
= oo + &ii T &jj + 877 + 8kk

,wherei,j = 4,5,6 (with i # j) pertain to active color contributions, and k = 8,9 reflects the effect of
weak interactions. The invariant’s result remains constant but varies for distinct particle types:

WP (2) = 1 PaYORS(7) = 2 mesons (7) — 3, (105)
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3.8. Coulomb Force Between Two Slowly Moving Charges

The calculation of the electric force between two charges, q; = % -oyand qp = % - ny is performed
for slowly movement, where § << 1, and f,,, = —1 is used. The radius expression from Equation (20)
simplifies to:

9p signum(o7)
" (1 4z sign;m(o7))

to,(z) = (106)

E{ is the energy of Equation (21), and it interacts with the Christoffel symbols. Although solving
Equation (97) completely is intricate, the initial terms of the series expansion in p are still tractable:

Ee
ECRE o
Ee
aehcngo;  18h|n7|co3 By’ 5
p— O
oret o TC +0(p”)

where R = p - z is the physical distance in meters. Since p is on the order of a femtometer, for distances
above 10~ 13 m, the first term in Equation (107) dominates. This term is equivalent to the well-known
Coulomb force formula from classical electrostatics:

Joldn

= 1
47T€0R2 ( 08)

where g, and g, represent the two charges, and €y is the vacuum permittivity.

3.9. Force Calculations and Asymptotic Behavior

By establishing the invariant expression f,,(z) (refer to Equations (11) and (101)) and acknowl-
edging its uniformity across particle types, the model provides for the direct computation of the
strong, electric, and weak forces. These forces are influenced by the particle’s velocity, which can be

approximated using the Uncertainty Principle. Quarks are localized to an area around Az ~ 1 with
m-c-f

Ap = Jip leading to
pmcf . h 1
T Y (109)
The estimated velocity of the quark, based on the masses provided in Appendix A2, is detailed in
Table 11.

Table 11. Approximated Velocity of Quarks within Baryons

Quark | Mass [MeV/c?] | B 0% Flavor Constant A
d 216.9 044 | 1.112 0
u 217.1 044 | 1.112 0
s 433.8 0.24 | 1.029 1
c 1519.4 0.07 | 1.002 6
b 4988.3 0.02 | 1.000 22

The equations are expressed as functions involving z, which represents the normalized distance

separating the particles. The Figures 2, 3, and 4 illustrate the forces, with v, =

normalized particle velocity.

1

and B, the
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Figure 2. Strong Force between two Quarks within Baryons.

Electric Force

(111)
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0.4 k b - beta = 0.02
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Electric Force [*1072 N]

Figure 3. Electric Force acting on a d/s/b-Quark interacting with a u/c/t-Quark inside a Baryon.

Weak Force
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1.4
1.2

0.8
0.6

—d - beta = 0.44
0.4 —s - beta = 0.24
0.2 b - beta = 0.02

Weak Force [¥10 N]

Figure 4. Weak Force acting on a d/s/b-Quark interacting with a u/c/t-Quark inside a Baryon.

An unforeseen result is the asymmetric influence of the electric and weak forces on d- and u-
quarks within nucleons (see Figure 5). The electric force disparity amounts to 137N at z = 0.1, whereas
the weak force difference at the same point amounts to just 0.12N.

= 5
o
S a4
i
*,
g 3 —ud
i
2
Q —du
3 1
[1N]
0
0 01 02 03 04 05 06 07 0.8 009 1

Figure 5. Electric force exerted on a u-quark when it interacts with a d-quark, and vice versa, within a baryon.

An intriguing outcome is the repulsion observed between particles with differing electric charges
when they are in close proximity and moving at velocity, as illustrated in Figure 6. Consider an
example of an electron-positron collision occurring at a velocity g = 0.999997, corresponding to an
invariant mass of 434 MeV /2.
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Figure 6. Electromagnetic interactions involving eTe™ pairs and ete® /e"e™ pairs at an invariant mass of
434MeV /c? are depicted for the range 4.5 x 105 < z < 5 x 10°.

This electric repulsion remains consistent whether dealing with electron-positron pairs or electron-
electron/positron-positron combinations, up to a distance of roughly z = 10~° (Figure 7):

w
w U

N
ul

_ep
—ee/pp

—
= o N

©
o

Electric Force [*10/(23)]

o

—~

1 2 3 4 5 6 7 8 9 10
2 ¥10~(-15)

1
o
Ul

Figure 7. Electromagnetic interactions among eTe™ and eTe™/e~e™ are analyzed at an invariant mass of
434MeV/c?, within the range 2 x 10716 <z < 10714,

The scenario was computed assuming a constant velocity. However, due to the repulsion, the
velocity decreases, which leads to the attraction between the electron and positron taking effect at a
greater distance than depicted in the example.

3.9.1. Key Results on Force Strengths
*  Strong Force:

- Predominant within hadrons.
—  Attractive Forces:

+  Baryons: Exerts 17.5kN at z = 1/2 for d- and u-quarks, much lower for other quarks.
+  Mesons: Displays 26 kN at z = 1/3 per compactified dimension for d- and u-quarks,
considerably weaker for other quarks.

- Repulsive Force characteristics occur for:

+ z > 1.3 (baryons).
*  z > 1 (mesons).

e  FElectric force:
- Inside hadrons: < 270N when z > 0.1.
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- Atthevalue z = 107%, the force surpasses 300 kN.

- No matter the charge configuration, the force is consistently repulsive over the range
< z4(B) — zp(B) >, which significantly relies on the particles’ speed. For instance, in the
case illustrated by Figures 6 and 7, involving a e — e~ collision with an invariant mass of
434 MeV /c? leading to a velocity of B = 0.999997, the range is < 101> — 10° >. However,
deceleration was not taken into account, hence, attraction will commence sooner.

*  Weak force:
- |Fy| < 14N when z > 0.01.
- |Fy| =~ 3600N when z = 10~ 4.
—  The force is repulsive if the charge signs differ, and otherwise attractive.

3.9.2. Asymmetric Forces in Electric and Weak Interactions of ud-Hadrons

In ud quark combinations, the electric force and, to a lesser extent, the weak force manifest
asymmetrically. This results in a disparity where the force exerted on a d-quark differs from that on a
u-quark (refer to Figure 5). Without rotational motion, these quarks exhibit a type of Zitterbewegung,
distinct from the electron’s Zitterbewegung [41]. Conversely, if rotational motion occurs, the hadron
engages in a sort of random walk [38].

3.9.3. Particle Transformation in Collision Processes

Up to this point, the discussion of collision processes has been omitted in this article. In the
Standard Model of Particle Physics, particle formation is explained via boson exchange mechanisms
(involving photons, Z, W, and Higgs bosons) or through vector meson exchange. Within this Kaluza-
Klein Model, transformation of particles occurs when the colliding particles come to rest and merge. A
commonly recognized process is the conversion of a e™-e~ pair into a 771-71~ pair, described by:

et +e =y > nt+n

accompanied by the excitation table:

0 0 0
0 0 0
0 0 0
3 + -3 - 3—-3
(-2) 2) (-2) +(2)
-2) 2) (-2) + (2)
1 -1 1 —1
-1 1 -1 1
. 0 0 i 0 0
2 1 -1 -2
1 || (-2 @ || o

The dynamics of this process are exclusively governed by electromagnetic forces. As demonstrated in
Figures 6 and 7, collisions between electrons and positrons exhibit a repulsive interaction, resulting in
deceleration and eventual merging. The complexity of equation (111) has hindered detailed computa-
tion of the process, wherein the deceleration affects the velocities of the leptons, modifying the force as
function of z and . Implementing a numerical iterative method could potentially provide insights
into the detailed transmutation.
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4. Discussion

The described Kaluza-Klein analogue employs the fundamental version of a Calabi-Yau man-
ifold [42], characterized in this context by a 10-dimensional spacetime organized in the following
manner:

*  One dimension for time
¢  Three standard spatial dimensions
*  Six compactified dimensions, each shaped like perpendicular cylinders.

In this 10D spacetime, there are no strings or additional elements; instead, it acts as a structural
framework where disturbances propagate at light speed, altering the topology and breaching Ricci
flatness [43]. Most disturbances are transient ripples within the 10D spacetime; however, some become
stable excitations within the compactified dimensions, manifesting as particles in 4D spacetime yet
still traveling at light speed in 10D. A stable excitation within a compactified dimension of radius
r can be viewed as a sinusoidal wave with a wavelength A, which adheres to condition (4). By
employing de Broglie’s formula [44], one can describe the energy of a stable excitation, which enables
summarization of the total energy of a hadron as comprising:

e  Excitation energies
e  Potential energies
¢  Contributions from magnetic fields and dipoles

4.1. Hadron Masses

Using Einstein’s energy-mass equivalence, one can compute meson and baryon masses. In 56%
of the comparisons, the relative error between observed and predicted masses is below 0.05, while
84% show errors under 0.1. The model is grounded in the framework of the Standard Model of
particle physics, encompassing the three foundational interactions—strong, electromagnetic, and
weak—while extending the mathematical principles of general relativity to 10 dimensions. Thus,
gravity plays an integral role within this framework. The model stipulates that the six compactified
dimensions account for the strong (dimensions 4-6), electromagnetic (dimension 7), and weak
(dimensions 8 & 9) interactions. Within this framework, stable waves around compactified cylinders
emerge naturally and constitute the primary source of mass. A significant portion of a particle’s mass,
particularly for the light quarks, originates from the magnetic field of the compactified dimension 7.
For example, the mass contributions from magnetic fields and dipole interactions are:

e  Proton (udu): 31%

e Neutron (dud): 31%

e Lambda (sud): 18%

¢ Bottom Xi (bus): 2%

e Charged rho (ud): 40%
e Upsilon (bb): 0.06%

The field constants N, M, and the strong coupling constant a; were determined using the
most precisely measured hadron masses, namely those of the pion plus, proton, and neutron.
However, certain first-generation meson masses still show minor discrepancies between measured
and calculated values.

Additionally, spin-fi/2 baryons consisting of three different quark flavors can exist with two
slightly different masses. This model successfully accounts for these differences. For example, the A°
and X0 baryons share the same quark content (d, s, u) but exhibit different masses—a difference the
model is able to calculate. Within this model, the potential to generate sterile hadrons and leptons (94),
which could be a candidate for dark matter, emerges.
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4.2. Summarizing the Fundamental Constants

During the development of this model, it was both possible and necessary to determine several
important physical constants (Table Al):

¢  The compactification radius: p

e  The weak coupling constant: ay,
®  The strong coupling constant: «;
®  The neutrino distribution ratio: &
e The constant scalar: fy,,(z)

e The flavor constants: A;

The parameter § arises from the two compactified weak-interaction dimensions and exhibits
a logarithmic dependence on the particle’s mean distance towards neutrinos and antineutrinos.
Consequently, ¢ is responsible for the extremely low neutrino mass.

From the maximum possible mass difference between the positron and electron, an upper limit
on the lightest neutrino mass is derived:

2h eV
My, = a “a In(6) < 0.001C—2 (113)

e

It remains uncertain what the masses of the second- and third-generation neutrinos might be. How-
ever, the upper bound m,, < 0.001 ec—‘z/ aligns with previous estimates:

*  KATRIN collaboration: 1, < 1.1 [45]
¢  Chandra astrophysical observations: m,, < 0.33%{ [46]

Further theoretical and experimental work is required to explore potential spatial variations
in neutrino-to-antineutrino ratios. If such differences exist, they might be measurable through
extremely small variations in fundamental particle properties, such as:

e  Electron mass
¢  Magnetic moment

4.3. Force Calculations and Metric Tensors

In general relativity, the tensor formalism is applied individually to each type of interaction.
This distinction is vital as the masses influenced by strong, electric, or weak forces are dictated solely
by the corresponding metric tensors. However, quarks experience all three interactions concurrently.
Rather than a unified calculation, Equation (97) is used to perform three distinct force calculations, each
tailored to one interaction. The outputs offer the specific force equations and graphical depictions
found in Section 3.9. Aggregating these forces determines the net force on a particle. Furthermore,
the invariant function f,,,(z) (Section 3.7) is found to be constant but varies among different particle
types. Thus, in this model, all interactions emerge purely from the curvature of a 10-dimensional
spacetime. The asymmetric nature of the electric force results in continuous movement resembling a
random walk. However, matter bonds through multiple forces, particularly the strong force, overall
electric force, and gravitational force. Consequently, the random walk of hadrons does not lead to
disintegration. Yet, a significant cumulative force might cause matter clusters to dislodge from one
another, potentially explaining the phenomenon referred to as dark energy.

4.4. Two Possible Laboratory Experiments and One Astronomical Measurement to Assess the Model

The Kaluza-Klein model offers insights regarding sterile particles and force interactions. To
evaluate the model’s validity, two laboratory experiments and a cosmological observation are proposed:
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4.4.1. Creation of Dark Matter

Dynamic interactions among particles are expected to generate sterile particles (94). In this
framework, rapid incoming particles need to decelerate to unite and form sterile particles. A process
with a comparably low invariant mass that could yield sterile particles is as follows:

et +e = 9* =S

with the excitation table:

0 0 0 n—mn

0 0 0 —n—+n

0 0 0 0
=+ — —

3 -3 3-3 3-3

The mass of the sterile particle S is expected to be

h N, Oy

ms = —lag-don+ 6+ 20 (444 114

scp[s + 6+ (4 4) (114)

To ensure the stability of a sterile particle, the invariant mass of the initial electron-positron pair must

match the mass permissible for a sterile particle; otherwise, it would decay into particles that interact

through strong, and/or electromagnetic and weak forces. Table 12 lists the invariant masses associated
with sterile particles generated in experiments where the initial mass is under 2.2 GeV /c?.

Table 12. Invariant Masses of light Sterile Particles

m[kg] m[MeV /c?]
7.7446 -10~ 28 434 .44
1.5471-10"% 867.86
2.3198-10~% 1301.28
3.0924-10~% 1734.71
3.8650 - 10~ % 2168.13

QI | W N3

An experiment conducted to scan the energy range from 400 MeV /c? to 2.2 GeV /c? is expected to
detect an increased missing mass near the resonances at those specific mass values.

4.4.2. Nucleon’s Random Walk

Inside nucleons, we observe quark compositions made of one u-quark and one d-quark, primarily
bound by the strong force but also subject to electric and weak forces. The strong interaction exerts
an equal influence on both quarks, whereas the electric and weak forces exert differing degrees of
force. Consequently, nucleons may undergo a sort of erratic motion [47]. This dynamic differs from
Brownian motion [48], which describes how a fluid exerts thermodynamic effects on a suspended small
object. The movement of nucleons occurs on a much smaller scale s ~ p, with their frequency given by
f= % ~ 10?® Hz. This renders directly measuring an individual nucleon improbable. Nevertheless, a
group of ultra-cold polarized neutrons could exhibit some secondary random walk behavior.

4.4.3. Decreasing Strength of Dark Energy

The process of hadronization, which involves the formation of protons and neutrons, began
approximately 10~ seconds following the Big Bang [49-51]. If protons and neutrons, as hypothesized,
engage in a random walk (Section 3.9.2), this behavior might contribute to galaxies drifting apart.
Although the exact timeline and specifics are not covered in this discussion, if the random walk is
essentially synonymous with what is termed as dark energy, then it must diminish as matter transitions
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into sterile particles (Section 3.5), essentially becoming dark matter. Consequently, the proportion of
matter to dark matter would shift in favor of dark matter. This would lead to a reduction in the rate of
galactic acceleration. The initial indication of a deceleration is offered by the Euclid space telescope
[52]. Additional information is expected to be obtained when the Vera C. Rubin Observatory and
Nancy Grace Roman Space Telescope become operational.

4.5. Open Questions

Mass Formula

The mass of a hadron is expressed as the sum of its excitation energy, potential energy, and
the energies arising from the magnetic field and magnetic moments in the electric dimension. The
influences from both significant (strong dimensions) and minor (weak dimensions) magnetic sources
are disregarded, based on the assumption that the contributions from two dominant dimensions
negate each other, just as the effects from weak dimensions do. This is inferred because including
contributions from the strong or weak dimensions would lead to mass values significantly diverging
from observed measurements. Nonetheless, there are still observed differences between the calculated
and experimental masses that remain unexplained.

Sterile Masses

The standard expression for sterile particles is presented in equation (94). The premise underlying
the computation leading to the data in Table 12 is that surplus energy is confined within two out of the
three dimensions of strong interaction. Nonetheless, alternative configurations for energy storage are
feasible. Should missing mass resonances manifest in other energy sectors, the approach to energy
storage must be adjusted while adhering to (94).

Deceleration in Particle Collisions

When electrons and positrons collide, they exhibit deceleration, though the specifics of this
mechanism remain unclear. The complexity of Equation (111), due to its reliance on variables z and §,
obstructs straightforward calculations. Nonetheless, employing a numerical iterative approach may
elucidate the exact mechanisms underlying the collision. Notably, investigating the emergence of the
weak interaction at elevated beam energies could provide significant insights.

Computation of Flavor Constants

The derivation of flavor constants begins with the equations for the rest and kinetic energies of
the compactified cylinder, given by (15), (28), and (40), expressed as

h hA
Ej(z) = (;’EZ) + "‘CP"") Y0(2) (115)

An alternative formulation

och achA

50 (25

) 70(2) (116)

can be considered. This approach modifies the mass of a particle without magnetic effects from

ah ah
1, :$-|o|(1+A) to My, za- (Jo] + A) (117)

While this modification does not affect first-generation particles, it causes a slight mass shift for second
and third-generation particles, with this shift being smaller than the predicted uncertainties.

4.6. Future Applications

Until now, this model has primarily focused on calculating hadron mass and forces, with
less attention to particle collisions or creation processes and no consideration of decay processes.
Nevertheless, this model might also effectively detail particle creation and decay dynamics — possibly
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without the need to use Feynman diagrams [53]. Undoubtedly, additional theoretical and experimental
studies are needed to thoroughly examine the potential and constraints of this method.

5. Conclusion

The objective of this project began as the calculation of hadron masses. It soon became apparent
that certain missing constants needed determination. The values for p, the compactification radius; a,
the weak coupling constant; a, the strong coupling constant; J, the neutrino distribution ratio, enabling
mass calculation. The model additionally provided a way to derive formulas for sterile particles, which
interact gravitationally alone—specifically, dark matter. An experiment was proposed to assess the
concept (4.4.1). Moreover, once the invariant function f,;,(z) was derived, this method facilitated
the calculation of the strong, electromagnetic, and weak forces. An unexpected observation was the
asymmetrical behavior of the electric force, and to a lesser extent, the weak force, possibly causing
a random walk movement in particles with ud/ud/du/ud-quark combinations. An experiment is
proposed (Section 4.4.2). This phenomenon might contribute to the accelerated separation of galaxies,
a phenomenon attributed to dark energy. Here a astronomical measurement is proposed (Section
4.4.3). If the predictions of the model prove to be accurate, the implications are vast. It suggests
that an expanding force, resulting from the random walk of nucleons, existed abundantly after the
big bang. This likely generated an immense force that separated masses. Simultaneously, collision
processes were frequent, leading, as the model suggests, to the widespread creation of dark matter,
which reduced ordinary matter in favor of dark matter. Therefore, for this model to hold, a decrease
in the cosmological parameter is necessary. Moreover, the future of the universe is also noteworthy
because as the proportion of normal matter to dark matter shifts in favor of dark matter, gravity may
eventually dominate, leading to a potential final rebound. This could result in a cyclic universe.
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Appendix A
Appendix A.1. Statistical Error Analysis

The statistical deviations of the calculated constants, as well as quark and hadron masses, are
derived using Gaussian error propagation (Al):

57 = 852524_8722
2 oa ) " \ b

Equation (A1) computes the standard deviation of a quantity Z, which is calculated from parameters

s34 (A1)

given as mean values 4, b, . .. and their corresponding standard deviations s, sp, . . .. This method is
applied to the numerical results of Equations (67), (74), (75) and the data presented in Tables 2, 6, 7, 8,
9,Al1,and A2.

The error estimates, with the exception of those in Table 2, are exclusively statistical in nature.
Conversely, Table 2 incorporates considerations of systematic errors.
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Appendix A.2. Parameters Calculated Within the Model
Table A1. List of Model’s Derived Constants
Name Symbol Value Input parameters
Compactification p 9.4040252(14) - 10~ *m Ge» Cg, M-
radius
Weak coupling a,, 1.41040(26) - 107 M-, M+, P, A,
Neutrino distance é > 0.9999965467(64) if m . > m _ M-, M+, P, Q,
ratio < 1.0000034530(64) if mye <M _
3
§=2,/25= /PV/PV
Strong coupling as 0.51638925(12) my+, mp, My, a,
a,, 6
Magnetic moment’s M —0.9329033(37) Mmy+, Mp, My, Q,
constant a,, 8
Magnetic field’s N —1.434 +15.22 m.+, mp, My, Q,
constant a,, 6
Electron constant A, 0
Electron neutrino A,, 0
constant
Muon constant Ay 1 m,
Muon neutrino Av# unknown
constant
Tau constant A, 16 m;
Tau neutrino constant A, unknown
d-flavor constant Ay 0
u-flavor constant A, 0
s-flavor constant A 1 mg
c-flavor constant A, 6 my
b-flavor constant Ay 22 my
Constant scalar lepton -1
nstant sc £P°" ()
Constant scal baryon -2
onstant scalar 2270 ()
Constant scalar froc"(z) -3
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Table A2. Quark Masses (Excluding Magnetic Contributions). While quarks and antiquarks have distinct masses,
this variance is less than the error margin arising from parameter imprecision of the input measurements.

Mass Formulas Mass [kg] Mass [MeV/c?]
my = ch_p (2% + % + Zaw) + Cfl_p 2a,, - In(8) 3.8662577(11) - 10728 216.881139(59)
mg = Cﬁ_p . (Zas +24+ ZaW) _ ch_p 2a,, - In(8) 3.8662577(11) - 10728 216.881139(59)
m, = cﬁ_p (Zas + 2% + aw) _ta, - Ins) 3.8692853(11) - 10728 217.050979(59)
My = cﬁ_p (Zas + 2;& + aw) + cﬁ_p -, - In(8) 3.8692853(11) - 10728 217.050979(59)
m, = % (Zas +% 4 2aw) + cﬁ_p 2a,, - In(8) 7.7325153(21) - 10728 433.76228(12)
mg = % (Zas + % + Zaw) _ C'l_p 2a,, - In(8) 7.7325153(21) - 10728 433.76228(12)
me = % (Zas + 2;3 + aw) _ Ch_p -, - In(8) 2.70849972(74) - 10727 1519.35685(41)
.= % . (Zas + 2% + aw) + Cﬁ_p ca, - In(8) 2.70849972(74) - 10%’ 1519.35685(41)
, = % (Zas + % + Zaw) + Cﬁ_p 2a,, - In(8) 8.8923926(24) - 10727 4988.2662 (14)
L (Zas + % + ZaW) _ Cﬁ_p 2a,, - In(8) 8.8923926(24) - 107%7 4988.2662(14)

Appendix A.3. Parameters from Literature Used in the Calculations

Table A3. Measured Particle Masses Used in the Calculations [34]

Particle Symbol Mass (kg) Mass (MeV/c?)
Electron /Positron e 9.109384033(55) x 10731 | 0.5109989461(31)
Muon 1 1.883531692(43) x 10~28 | 105.6583745(24)
Tau T 3.16754(21) x 10~% 1776.86(12)
Pion™ i 2.4880683(32) x 1028 139.57039(18)
Proton P 1.672621637(10) x 1027 | 938.2720813(58)
Neutron N 1.674927558(10) x 10~27 | 939.5654133(58)
Phi Meson ¢ 1.817354(29) x 10~/ 1019.461(16)
]/Psi Meson T/ 5.520726(11) x 10~% 3096.900(6)
Upsilon Meson Y 1.786808(55) x 10~2° 10023.26(31)

Table A4. Constants from Literature Used in the Calculations [34]

Constant Symbol Value

Speed of light c 299792458 m/s
Reduced Planck constant h= % 1.054571817 x 10734 Js
Electron’s spin g-factor Qe 2.00231930436182(52)
Electric coupling constant e 7.2973525693(11) x 103

Appendix B
Appendix B.1. Coordinates and Velocities Within the Ten Dimensions

The coordinate origin is chosen to be at the location of the entangled partner particle. Thus,
z! = z represents the normalized distance between two entangled particles. Only the relative distance
between the two particles is of interest; therefore, the coordinate system’s zl-axis is aligned along the

direction of the particle, while the other two spatial coordinates are set to zero.
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Within the compact dimensions, a stable excitation is distributed over the entire cycle 47tr;. A
particular location along a compactified coordinate is defined as follows, where 0 < K < 1 and with
K = 0 representing the intersection of the higher-dimensional space with the 4D-spacetime:

. K-4mr

zi =z, z-=2z"=0, z’:l, i=4,...,9 (A2)
P

The velocity in three-dimensional space is less than ¢ for massive particles (as induced by higher

dimensions) but equals the speed of light for photons and excitations of 4D spacetime, gravitational

waves. In the compactified dimensions, the velocity is always equal to the speed of light.

ud = ve, ul = B, w=ut=0, u= |signum(o;)|c, i=4,...,9 (A3)

Appendix B.2. Lorentz Factors of Strong, Electric, and Weak Interactions at Their Fixed Points

The velocities corresponding to the fixed points for each of the three interactions are considered
individually. These fixed points represent the initial conditions where a particle begins to be affected
by the respective forces when its velocity is zero, thus:

75(0) =1 Ye(oo) =1 Tu(1) =1 (A4)

Appendix B.3. The Metric Tensor

The components of the metric tensor are influenced by the distance to the nearest particle and, to
a lesser extent, by the average distances to the nearest neutrino and anti-neutrino. However, the latter
effect is negligible and therefore omitted in the following equations. There exist three metric tensors,
one for each interaction, with the general form:

1 0 0 0 O 0 0 0 0 0
0 gz 0 0 gin) iz gide) siAz) U s
o o -10 0 0 0 0 0 0
o o 0 -1 0 0 0 0 0 0
0 g 0 0 -1 0 0 0 0 0
s,e,w _ 41
g2 = | g(z) 0 0 0 -1 0 0 0 0 (A5)
0 gz 0 0 0 0 -1 0 0 0
0 gz 0 0 0 0 0 -1 0 0
0o 2 o o o 0 0 -1 0
o #E o9 o o 0 0 0o 0 -1

For z >> 1, all off-diagonal elements approach zero, and the diagonal component satisfies g11(z > 1) =
—1. The metric components can be calculated directly using equation (3). Each interaction-specific mass
couples only to its respective Christoffel symbol. For instance, in the case of the electric interaction,
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the only nonzero off-diagonal elements are g71(z) = g17(z). Additionally, the diagonal elements differ
for each interaction, as indicated in equation (A5):

1
o (A7,(2) —fpz—A4—1)"y,(2)
d

2
& (froz+A+1)) (foz+A+1) (E yn(z)) +2 (A2 +1)7,(2)" — 242480 (f,z+ A4+ 1) 7,(2)

g(z) = 3 (—((Azz420cf + 1) Yn(z)2 — 2Az42(x: (fwz T4+ 1)7,(2) +z4

+280] (froz+ A+ 1)) £, 7,(2) (froz +A+1) [%y( )j —1,(z )2[A4yn(z)“aj—4A3aj (froz +4
+1)yn(z)3+[6A [A +(2fnoz+2)A+1+(z +—jf +2f, j(x§+]§102]yn(z)2—4(Az+(2fnoz
+2)A4+1+ [22+27)fnj+2f,wz) (foz A+ 1) LAY, (2) + (4 + (2f,pz+2) A+ 1+ (Z +28) £,
+2f,,2) (f,wz+A+1)2af]]

(A6)

1
1,(2)" (AzY,(2) +£,, 0, signum(n;) —z (4 +1))" o

gh(z) = T2 [—(—fm, o;signum(n;) +z (4 +1) )2 (22 (A2272
o +81) 7,(2)" = 24 (—f,, 0, signum(n;) +z (4 + 1)) 27 0 27,(2) + (—,, 07 signum(n,) +z (4 + 1))’ 27’

2
oci) 72 [% Yn(z)) +27v,(2) 05 (—fm 0y signum(n7) +z(4+1) )fno <22 (A2272 Ocz + 81) yn(z)z —24 (

—f,, 0 signum(n;) +z (4 + 1)) 27 0 27,(2) + (—f,, 0; signum(n,) +z (4 + 1))? 27 o) signum(n,) z %
Yn(Z)) _Yn( ) A4Y"( ) z_ 4A3 (_ﬁlo 07 SignuIIl(n7) +z (A + 1)) OLZZS'Yn(Z)S + 622 [ 27 O;f;w 2 no2

2422 f, 0,0 (4 + 1) signum(n,) + 4*2* o (4 + 1)2) v,(2)* — 44 (—f,, 0, signum(n,)
2
+z(Ad+1)) o (oiﬁwz [22 + %] — 22, 0, (4 +1) signum(n;) +2* (4 + 1)2] 29,(2) + (
: 2 2 2 2 2 3 . 4 2 2
—Jno 07 SignUM(1;) +z (4 + 1)) (o7f,m (2 +27%) =22 f,0,(4+ 1) signum(n;) +2° (4 +1) )%)j

(A7)

ghlz) = [—((—j;o ogIn(z) — In(8) ) signum(ng) + 4 +1)* 2 (v,(2)" + 28" 01, (£, 05 In(2) + In(3) ) + 228
2
o (fio0s1n(2) +1(8)) (47,(2) — 4 — 1) signum(n,) 280 (Ay,(z) —4— 1)2) [i yn(z)j -2 ((
~f00In(z) —n(8) ) signum(ng) + 4 + 1) zsignum(ng) £, 0g (yn(z)2 + 28 oc‘zV (/o 03 1n(2) +1n(3) )2 + 228
o2 (fyp 05In(2) +1n(8)) (A%,(2z) — 4 — 1) signum(ng) + 28" oc, (47,(z) =4 —1)*) 1,(2) (% 'yn(z))

- [Yn(z)zf,wz oy + (In(8)* 2 +21n(8) 21, 05 In(2) + 03f,, (£In(2)* +28°) ) o, (f;, 05 In(2) +1n(8))* + 4

e+ 55

+42 0, (4y,(2) =4 — 1)’ (f,,05In(z) + In(8) ) signum(ng) + 2" of, (A7,(z) =4 — 1 )4)yn(z)2]/(zz
o2 ((f,,051n(z) +In(3)) signum(ng) +Av,(z) —4 —1)*7,(2)°)

op (Av,(z) —4—1) (f,,05In(z) +1In(3)) (m(s 22 +21n(8) 2f,, ogIn(z) + 0if, [z2ln(z)
1

) )
+ﬁ)j signum(ng) +60, (Av,(z) —4 - )2 n(8)’ 2 +2In(8) 22f, ogIn(z) + 02f, >
2 : v § no ~'8 8/no

)

(A8)
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The off-diagonal elements take the following forms:
; ((fnoz +A+1) (diz’Y (z )) - n(z)fn0>24
Sl = Al oz~ A1) )
L z7((— Fro07signum(iny) + z(A +1))z (%%(z)) — vul(z)signum(n7) fm,07) o
sz = roorsignum(ny) + 2(Avdz) — A~ 1) 2): ()
81s(z) =
- (((—fmos In(z) — In(¢))signum(ng) + A + 1)z (%’yn(z» + signun(ng)'yn(z)fnwg)ﬁ ALD

2Yn(2) (( fuo0g In(z) + In(4) )signum(ng) + Ayy(z) — A —1)

Here, the indices 4, 7, and 8 on z correspond to the compactified dimensions’ contravariant coordinate
indices.

Appendix C. Magnetism

The Biot-Savart law in three-dimensional space is given by:

I "I/lO / I df x R
B(R . Al2
Here, the denominator R? accounts for the weakening of the magnetic field as a function of distance R
from the dipole. However, in a compactified dimension, the magnetic field remains confined within
the curled-up dimension, where no such weakening occurs. As a result, the equation modifies to:

sin(%tx)

Bo(2) = 12 / Iodl x 2 = 2 /0 Lored? | — cos (1a ) (A13)
0
which simplifies to:
. sin(%oc)
Eo(z) = 3.47_[‘140|o7|egc —cos(%a) (A14)
0
where:
07€,C
I Al
O 3 Amr,| (A15)
cos %D& 0
dl x 2 = r.d0 | gin %,X) x 0], (A16)
1

and « denotes the angle on the compactified dimension.


https://doi.org/10.20944/preprints202504.2317.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 April 2025 d0i:10.20944/preprints202504.2317.v1

38 of 41

A similar equation holds for the antiquark, with the substitution o — n. Since quarks and
antiquarks share a common compactified dimension but with a phase shift of 7, the corresponding
magnetic field is:

3
Ba(2) = ! polnzeec —cos(l oc—i—E)) . (A17)
3-4m 2 2

Thus, when a quark’s magnetic field is multiplied with the magnetic field of an antiquark a normalizing
factor ﬁ is necessary:

V2. By(2) - Ba(2). (A18)

Magnetic Effects on the Masses of Leptons, Mesons, and Baryons
The additional mass contribution due to the magnetic field leaking into three-dimensional space-
time for lepton pairs and mesons is given by:

2w pmw poo \2 &
mB(oﬁ):N/O /0 /Z wdrdﬁdq). (A19)

22,2
2 32ugcmer

Evaluating the integral, we obtain:
2
W -N, (Spin anti-parallel)
mp(ofi) = (A20)

ate (|n7+ o7 ) N
9czp ’

(Spin parallel)

For baryons, the additional mass due to the magnetic fields is:

an n oo (By + By + By) sin®
mg(nop) = N /0 /O /5’ Tt 4ty (A21)

Evaluating this integral:

fae (|n7|*+2|n7|lo7| +|o7|*+p7*)
9czp

N, (Spin-1/2)

2
mpg(nop) = W -N, (Spin-3/2, 2 or 3 quarks flavors) (A22)

faee(1p7 P21z lp7|+n7 | +1o )
9czp

-N, (Spin-3/2, one quark flavor)

In both expressions (A19) and (A21), the parameter N represents the magnetic field constant, which
absorbed the term 1/(47)?. This constant is determined by solving the system of equations (87)
(charged pion), (89) (proton), and (90) (neutron), which at the same time provides the numerical values
of the constants M and «s.

Another contribution to the hadron mass arises from the dipole moment (69) of a quark within
the magnetic field of its partner quark:

1
) 2
— COS(%) , Ha= W — COS(%(DC + %)) . (A23)

Magnetic Dipole Contribution to Mesons and Lepton Pairs
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The additional mass due to the dipole moment is given by:
mp(of) = V"’Bﬁ(z);Vﬁ'B"(z) . 2.2/21 (A24)

A((A1+1)|n7|+|o7|(A2+1
+4 2(A1)J‘rl7)|(A‘Zﬂ§)cp LM,

(Spin anti-parallel)

_ AL gl Hogl (A241)) g

2(A1+1)(A2+1)cp (Spin parallel)

Here, M is the magnetic moment constant. The term p? in the denominator ensures dimensional
consistency, while making M dimensionless and v/2 is the normalizing factor.

Magnetic Dipole Contribution to Baryon Mass

For baryons, the additional mass contribution due to dipole interactions is:

E,,(Z)) .M (A25)

ma(nop) = (o + fip) - Ba(2) + (i + in) - Bo(2) + (in + o) - e

_ h((A1+1)|nz|+|07]|(A2+1)) M
2(A14+1)(A24+1)cp

_ W((A141)(A2+24-A3)|n7|4(A2+1) (A2+2+A3) 07|+ (A3+1) (A1+2+A2)) | p7| ‘M
2(A1+1)(A2+1)(A3+1)cp

_ WAL [n7|+ps (A1) r
2(A1+1)(A3+1)cp

Here, the first equation is valid for spin-1/2 baryons, the second for spin-3/2 baryons with at least two
different quark flavors, and the third for spin-3/2 baryons with quarks of the same flavor.

Weak and Strong Magnetism

Given that all compactified dimensions exhibit comparable structures, it stands to reason to
anticipate that magnetism could arise from the weak and strong dimensions. However, the effective
range of these forces is exceedingly limited, suggesting the absence of magnetic fields originating from
the strong and weak dimensions. Calculations of these magnetic fields, based on analogies with the
magnetism linked to the electric force, produce values significantly higher than those inferred from
empirical data. In both the strong and weak forces, there are two identical contributions, which appear
to neutralize one another.
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