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Abstract

The standard model of physics classifies particles into elementary leptons and hadrons composed of quarks.
In this article the existence of an alternate ordering principle will be demonstrated giving particle energies to
be quantized as a function of the fine-structure constant, a. The quantization can be derived from the
relationship of a point charge and a photon representation of energy. Necessary input parameters are square
of the elementary charge divided by electric constant and one model specific constant. The value of « itself
can be approximated numerically by the gamma functions of the integrals involved.

1 Introduction

Particle zoo is the informal though fairly common nickname to describe what was formerly known as
"elementary particles" '. The standard model of physics * divides these particles into leptons, considered to
be the fundamental "elementary particles" and the hadrons, composed of two (mesons) or three (baryons)
quarks. Well hidden in the data of particle energies lies another ordering principle which can be derived by
interpreting particles as electromagnetic objects. There exist numerous attempts to calculate particle energy
with electromagnetic models going back as far as 1881 with the work of J.J.Thomson * % In the work
presented here, to obtain quantifiable results, the electromagnetic field will be modified with an appropriate
exponential function, ¥(r, e’/e, p, «), serving as probability amplitude of the field, with r = distance from
origin, e = elementary charge, € = electric constant and p = model specific constant. The two integrals needed
to calculate energy in point charge and photon representation exhibit the following two relations:

1) Their product - resulting from energy conservation - is characterized by containing the product of the two
gamma functions I'(1/3)|['(-1/3)| & a™/(4m),

2) their ratio features a quantization of energy states with powers of 1/3" over some base o, a relation that
can be found in the particle data with oy = o as:

Wa/W. = 1.509(y}')"°I}_ or(-1/3") )

with n = {0;1;2;..}, W. = energy of electron, W,= energy of particle n and y," being a function of the spherical
harmonics. For spherical symmetry y,° = 1 holds, corresponding particles are e, pn, 1, p/n, A, £ and A. The
factor 1.509 is related to angular momentum |J| = 1/2.

The particles are interpreted as some kind of standing electromagnetic wave originating from a rotating
electromagnetic field with the E-vector pointing towards the origin. Neutral particles are supposed to exhibit
nodal planes and corresponding equal volume elements of opposite polarity. The terms for calculating energy
do not distinguish between charged and neutral particles and have to be considered a first approximation,
accurate only within order of magnitude of the spread of energies of particle families. Typical relative error
of calculated parameters compared to experimental values is in a range of + 0.01, within the same range the
approximations made below are valid.

Many details of the model still have to be worked out, yet the basic equations presented below are considered
sufficient proof for relation (1) to be more than mere coincidence.

1 OPZ1705230


mailto:schindelbeck.thomas@gmail.com
mailto:schindelbeck.thomas@gmail.com
mailto:schindelbeck.thomas@gmail.com

2 Results

2.1 Calculation of energy - point charge

To calculate particle energies the integral over the electrical field E of a point charge is used as a first
approximation. However, it can not be expected that the expression derived from Coulomb's law for two
interacting particles can be used unaltered and it will be demonstrated below that a factor 4n is needed as
modification to yield a half integral angular momentum, giving:

00 00 2 [ee]

Weon= 41 f e E(rfd’r = 4nf € sdr = 4nbof ridr )
0 0 47'[801" 0

with b, = e* /(4mg,) used for brevity.

The field E is modified with a function

W(r) = exp(-{(c Tho’r ) + [(0 T b’ r ~*)* =4 The’r °]*°} /2) 3)

The first term, exp(- ¢ T be® r ), avoids divergence of the E-field for r —> 0, the part in square brackets
provides an integration limit, r;, where the root term equals zero. 1; of particle n can be given by:

1, = (0° T, bo/4)"? 4)

providing a boundary condition for the problem.

Coefficient o is a constant (o = 1.76E+8[-]) related to constant angular momentum J (see below), T is a
parameter representing particle energy, t, ~ W,”. The coefficient 1., of a particle can always be expressed by
a term multiplying the coefficient of its predecessor n (defined in this work by W, < W,.;) with a parameter
Oeni1? Tast = Tn Oenet. In general for the coefficient of particle n a partial product is formed relative to a
reference particle, chosen here to be the electron, t. (electron coefficient 1. = 1.68E+6 [m/J?]):

— n —
W= Ter:O(XI,k =T HT’“ (5)

In all integrals over W(r) given below equ. (6) may be used as approximation for (3) up to r = r, with relative
error << 0.01:

Y, (r<n)~exp(- 0T, b’r?) =exp(- /21 ?) (6)

where B, = 2 ¢ T, by’ is used for brevity. The factor 2 takes into account, that ¥(r) appears squared in the
integrals below.

There are four closely related integrals over the approximation of ¥(r) according to equ. (6) that are of
interest to the problem:

[w(rpr™Vdr =13, pr’) g™ /3 )
with m = {-1;0;1;2;}. The term ['(m/3, B/r’) denotes the upper incomplete gamma function, given by the
Euler integral of the second kind with s = m/3 and x = B/ as lower integration limit:

T(sx) = [ 'e'dt 8)
It follows from the boundary condition (4) that the integration limit x = (/r;® has to be a constant for all
particles:

Bu/Tin’ = 20T,bo”/ 11> = 8/0 9)

For m = {1;2} I'(m/3, B/r?)) —> T'(m/3) gives a sufficient approximation for the equations of interest here
and will be used below. For m = {-1;0} the integrals (7), (8) depend critically on the integration limit and
have to be integrated numerically.

The integral for m = 1 is needed to calculate Wcou,n. Inserting (6) and (7) in equ. (2) will turn out:
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Tin

Weora= 471 [ e E(rf®,(r)’d’r = 4nby [ W (rPrdr =4nb,[(1/3) B, /3 (10)
0

0
Equation (10) is the source of T, ~ W,>. From (5) and (10) follows:

= Moo= T, = Twe® (11)

k=0 V"W, k

/= II_ «

n
k=0 "1,k

with awx being coefficients of a general partial product Ilw, for particle energies. Through equ. (4) the
relations T, ~ 1> and W, ~ r,”* hold.

The factor 4m added in equ. (2) may be derived by applying a semi-classical approach for angular momentum
J, using J = r x p(r) = r Wy(r) /co (assuming Wiinn = 1/2 W) :

Tin b Tin
| = fJn(r)dr = 412 f‘Pn(r)zr_ldr (12)
0

Co %

From (7), (8) follows for m = 0:

flp(r)zr*dr = 1/3 j t'e'dt =5.447 ~ aV/8n (13)
0

8/o

yielding the constant a”/8n for all particles. Inserting (13) in (12) provides a half integer angular
momentum, |J| = 1/2:

o= anle C Cipm 14
nco 8n (14

Analogous to the postulate for neutral particles to be composed of volume elements of opposite charge,
integer spin particles as well as particles with J = 3/2, etc. are supposed to be composed of a combination of
half integer contributions of angular momentum J = + 1/2, adding up accordingly.

2.2 Calculation of energy - photon

For m = -1 equations (7), (8) give a relation between radii and Euler-integral:

Ixn = f‘f’n(r)zdr = B3 [ Petde (15)
0 BIrn

Using the value of the Compton wavelength, Ac, in the term for the energy of a photon gives hco/Ac. With
equ. (15) Accan be given by:

)‘C,n 0o
hea= [ @,(rPdr = B3 [ *elde ~B.%3 18| T(-1/3) | (16)
0

BIAZ,,

According to (10) particle energy is proportional to B, and Ac, ~ B."? has to hold, requiring the lower
integration limit of the Euler integral and the factor ~ 18m to be a constant for all particles. Energy of a
photon can be expressed by:

Wehotn = hco/Acn = PR = 3hC0 173 17
- 18| (—1/3)|B, a7
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2.3 Relation of integrals for Wcou,n and Wpepen wWith a

The energy of a particle has to be the same in both photon and point charge description. From (10) and (17)
follows:

3 hc,
173 (18)

W coun = Wonotn = 41t T'(1/3) B2 /3 =
crin’™ W = b0 [(1/3) B 187|C (—1/3)|B:

which my be rearranged to emphasize the relationship I'(1/3) |['(-1/3)| = 2.679 - 4.062 = 0.998 a™/(4n) ~ '/
(4m) and expanded by 2n to transform h into h, giving:
2n9hc, hc,

'/3) | I'(-1/3) | = al/4n = =
( )|( )| a/an 2n4m18mb, 4mb, (19)

2.4 Coefficient 1.509 and related parameters

It is unclear if equation (19) can be used to directly link a with the quantization condition given in (1).
However, the first term in (1), W,/W. = 206.8 = 1.509 o is within the accuracy of the calculations
identically to the factor determing the integration limit, 1.501 a™ ~ 1.5 a™, being a key factor related to |J| =
1/2.

According to equation (15) 1, may be given by :

na= [®(rPdr = B3 [ t*e'd ~1.501a |T(-1/3)| B.*/3 (20)
0 8/o
Consequently the equivalent term from (1) will cancel in the expression for 1., (note: W, ~ 1/1,) :

ne # 1.5 o' |T(-1/3) | B:*/3 1)

N ~ 1.5 o [1.5 ot | T(-1/3) | B2/3 1= | T(-1/3) | B3 = 1.5 o | T(-1/3) | B,"*/3 (22)

Assuming an identity of both terms, the value for W,/W. = 1.509 o' will be used in all calculations as least
biased value for ® 1.5 o, see discussion section. The coefficient ¢ is related to factor 1.509 o™ by equ. (9)
and (20) to be:

0=81,"/B, =8 (1.509 o' | T(-1/3) | /3)° = 1.76E+8[-] = 68.3 o [-] (23)

Coefficients 1.5 o' and o are part of the terms setting the integration limits in equ. (13), determining the
value of J=1/2.
In analogy to o the coefficient t. will be defined as

T=p 15090’ =p3.4a° , (24)
the coefficient p being the dimension bearing remainder. The actual value used in this work is obtained from

a least square fit of energies of particles of the y,’group, p = 0.193 [m/J*].

2.5 Quantization with powers of 1/3" over «

To find a source for the quantization with powers of 1/3" over « the ratio of the integrals used in (10) and
(17) for the point charge and photon representation of energy may be examined.
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() dr r(1/3 r(i/3) alyo;...al

Q(Yn) = JGA = (1/3) 5~ (_ ) G 17,0 (25)
o , 187 I'(—1/3)B> r(=1/3) o, Qe Q

f‘I’n(r) dr

with n = {0;1;2;..}. The term given by (25) is related to the boundary condition (4) (see discussion) and via
(10) and (17) to the square of particle energy W,? ~ 1,2°. The last expression of (25) is obtained by
expanding IT.,” ** of B, ** with II.,"® From this term it is obvious that a relation ay.; = a," such as in
equation (1) yields a distinct solution for Q(y»), Q(U,) being a function of coefficient a, and o, only. By
comparison with experimental data o, can be identified as a.o= o® and Q(¥,) can in general be given by (n =
{0;1;2;..1):

r(1/3) a'a”a'”...ar(1/3") _ T'(1/3)
r(-1/3) o’a'a™...an(3/3")  I'(-1/3)

QW) ~ ar(1/3")/a’ (26)

where all intermediate particle coefficients cancel out.
All other particle parameters of successive particles have to be related by a corresponding 1/3™ power
relationship as well. Equation (5) turns into (n = {0;1;2;..}):

Ww=10.291 II_,ar(3/3%) = pa”M_, ar(3/3") = pa’Tl, (27)

The factor 0.291 = 1.5097 has to be taken from the experimental W, /W ratio.

2.6 Extension to non-spherical symmetry

Up to here only spherical symmetry is considered, introduced through equ. (2), (10). For a simple test if the
model might be extendible to other symmetries equ. (26) is used. The integral over r? in Q(¥,) actually
represents a volume integral, the factor 4n being included in equ. (2), (10) and thus implicitly in all related
terms and coefficients. For non-spherically symmetric states an appropriate spherical harmonic factor, y,",
should be added to equ. (26), given by the integral over non-normalized spherical harmonics i.e. the inverse
of the square of the normalization factor N,", corrected by 4m:

1

1 4 y
I'=—— | P}'cos(u)e™ P} cos()e "sin () dddp=—— (28)
Yi 4nf ! ( ) I ( ) ( ) ¢ 47I(N;”)2
turning relation (26) into
QW) ~ ylar(1/3")/a’ (29)

For the second spherical harmonic this gives y,° = 4m /(4n3) = 1/3, providing a second set of particle
coefficients which is given by the coefficients according to (27) divided by 3. Table 1 shows results for y°,
y1’ relative to experimental values in col. 5. These are calculated according to equ. (10) using the coefficients
of col. 4 in B,. Relative energy values calculated by equ. (1) with the coefficients of col. 3 would be shifted
by + 0.003 due to the electron becoming a reference particle.

For the transition from y,° to y,° the factor 1/3 in the coefficients T (col. 4) appears as 3"° =1.44 in the
coefficients for energy ratio (col. 3). A change in angular momentum is expected for this transition which is
actually observed with AJ = + 1 except for the pair p/n with AJ = 1/2.

Included is a particle energy derived by expanding the model to energies below the electron with a
coefficient of o’ in equ. (1): W, /W, = 1.509 o’. This gives a state with energy 0.3eV (for y,") which is in a
range expected for a neutrino °.
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W, M7 a\(-1/3¥) tp =0, W,/ W,

[MeV] equ (1) equ (27) equ(10, 27) J
v IET | o oo - 12
et 0.51 | Reference o3 0.997 12
i 105.66 | ot o-coR 0.997] 12
- 13957 | 1.44 ot a-2a%/3 1.089 0
K 495 0
n® 547.86 | ortorl o-oal 0.992 0
o° 775.26 | 1.44 (oriat?) (o-3oéat)/3 1.011 1
W’ 78265 | 1.44 (orfai?) (o-2ofat)/3 1.001 1
K> 894 1
pt 938.27 | ortorlEgrle o-oalols 1.000] 152
n 939.57 | orlorlEgrls o-oolols 0.999] 112
n® 958 0
o 1018 1
N 1115.68 | ortorU3grUsgrLz7 (e e e e 1.009] 112
30 1192.62 | orlorlPgrlegrliiig el | ol olalFalsgli? 1.003] 12
A 1232.00 | o372 o3 1.001] 312
= 1318 112
g 1382.80 | 1.44 (oria-l=g-Ls) (o oatal=)/3 0978 32
Q- 167245 | 1.44 (orta-=gigrer) | (a-socata3ale)/3 0.971| 32
tau- | 1776.82 | 1.44 (a3?) (oria®2)/3 1001 12

Table 1: Particles up to tau energy; calculated values for y," (bold), y.° (italic) ; col. 2: energy values from
literature > except *: calculated from model; Exponent of -3/2, 9/2 for A and tau is equal to the limit of the
partial products in (1) and (27);

The wave function character of W(r) in the model has potential for quantitative description of other particle
properties. Calculation for angular momentum has been demonstrated above. Using m = e t r* /T (period T =

2 m r/co) with r = 1y, as simple approximation for the absolute value of the magnetic moment, m,
|mg| = 1/2 e co 1 (30)

gives the values in tab 2.

[m| Cale [Am®  |m Lit [Am?] |m| Calef|m]| Lit
B+ 2.11E-22 -9.28E-24 22.74
p+- 1.04E-24 -4 49E-26 23.17
p- 1.16E-25 1.41E-26 5.22
n 1.16E-25 -8.66E-27 11.99

Table 2: Absolute values calculated for magnetic moment °

3 Discussion

3.1 Relation to standard model and classical quantum mechanics

The model presented derives its inspiration more from electrodynamics and quantum mechanics than from
the quarks of the standard model and does not directly reproduce the classification into leptons, mesons and
baryons of the latter. Mesons constitute a separate group of particles due to their integer angular momentum
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which is considered to be a combination of half-integer contributions in both models. However, there is no
obvious difference in the group of particles identified as leptons and baryons to be found on the present level
of understanding of this model and the tentatively assigned y,’and y;° groups each include all three particle
types of the standard model. Any rigorous analysis of symmetry properties and an in-depth comparison with
the standard model requires more detailed information about the wave function used here, which in turn
requires a differential equation providing an exact solution for ¥(r, U, o). This subject is still under research.
The relation of this model to classical quantum mechanics may be given by interpreting W(r) as probability
amplitude applied to a field instead of a particle. This implies that concepts such as orthonormalization and
calculation of eigenvalues may not be applicable on the level of the differential equation. Properties have to
be calculated by integration over the spatial extent of the field.

The quantization condition itself is not exclusive. The special solution of (26) coincides with the rest mass of
particles of sufficiently high mean lifetime to be experimentally observable but does not prohibit the
existence of particles with any other mass.

As for the number of parameters needed to calculate energy states the model resembles the simplicity of
basic quantum mechanical models, relying essentially on 41 b, = € /e and J = 1/2 to yield the expression (1).
The second parameter p is needed to transform the relative energy scale of (1) into an absolute one.

3.2 Boundary condition

Equation (26) features not only the 1/3rd power relationship characteristic for all particle parameters but also
the inverse relation of coefficients with the first/reference coefficient as well as a coefficient # 1.5 in form of
the ratio | T'(-1/3) |/ T(1/3) = 1.516. A relation with the boundary condition (4) is given by replacing r;, in
equation (9) by r, multiplying with W,(r)’ and integrating, yielding the following term (left side):

T r(2/3)p, _ r(2/3)g,’
Bn{l lI]n(r) r dr = S(BH)Z/S = 3 (31)

where the integral [¥(r)’r® dr of (31) is directly proportional to Q(¥s), equ. (25), via the term {,”°. Since
Q(¥.) ~ one1 equ. (31) is proportional to IT;, a1 = Iyu and may be used to calculate particle coefficients
Tn+1-

The integral over the right side of (9) gives:

% [w(r)dr = 33?/3 [*@etde = BP3[ e de = %r(—1/3)31{3/3 32)
0 X y

To match (31) the integration limit has to be adapted accordingly by either replacing the limit 8/0 of equ.
(20) with the limit x & 1/0 * or y = 1. The term on the right results from comparison with the right term of
equ. (31) using the relation |T'(-1/3)| = 3 T'(2/3). Setting (. = B. basically reproduces the inverse relation of
equ. (22), i.e. for any given particle parameter T, equation (31) produces the particle radius 1,1 of the next
particle.

The various relationships between the terms given above as well as their significance are not completely
understood and subject of further research. A particular simple interpretation may be given, considering that
the ratio 1,/ 14> is constant, which gives using (4):

Tin /T = (0 Be Ien /8)") / (0 Be It /8) = const (33)

To be valid for all n this implies IT,, € Il V I, € T, Since Wi /Wa ~ Aca /Aca® ~ Tin /Tian’ this
result is a restatement of the relations given above though suggesting that some geometrical interpretation in
r- or k-space might be conceivable.

3.3 Accuracy

The values calculated for yo° agree within + 0.01 with experimental data. There are two major causes
preventing a significant improvement of accuracy.
1) Especially in the case of particle families effects on top of the relations given in this work have to play a
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role to explain different energy levels for differently charged particles. This limits accuracy and the
possibility to precisely identify candidates for calculated energies (e.g. both p° and w° are given for 1.44 oo
% in tab. 1).

If possible, particles chosen for y,’ in table 1 are of charge + 1. In cases such as ¥ with three energy levels,
the intermediate energy level is chosen. For y,° particles of the same charge as their y,’ equivalent are
preferred in table 1.

Remaining particles in table 1 may be explained by higher excitation or linear combinations of lower states.
At the present level of understanding and accuracy of the model it is considered too speculative to attempt to
assign additional particle states.

Conversely, energy states belonging to higher terms of the y.°, y° partial products may be missing an
identifyable experimental counterpart. The next y,’ particle following X° is expected at 1217 MeV, the next
y° particle following Q" is expected at 1726 MeV with J = 3/2. At least for the latter there exists a resonance
at 1720 MeV with J = 3/2 7 as possible candidate.

2) The second effect is due to ambiguity in fitting model parameters to experimental values. The results
presented in this article are calculated using 1.509 o' as value for ~ 1.5 o originating from direct
experimental data of the energy ratio of p and e. This value is used to calculate ¢ via equ. (23). Parameter p
is calculated using a least square fit of energies of y,° particles using equ. (10). Replacing the approximation
(7) with the exact term (3) in equation (10) or choosing other sets of fitting particles may change results by
roughly + 0.01.

All procedures of this kind, i.e. fitting only energies with the parameter p seem to give systematically low
values of |J| = 0.998/2 [h] (calculated numerically with appropriate parameter set). To obtain exact values for
both energy and momentum requires a fit of both ¢ and p yielding a slightly higher value for r.. Relative
errors of W, and J significantly lower than + 0.001 may be achieved with a parameter set of o ~ 1.83E+8][-]
and p ~ 0.181 [m/J?]. As a consequence equ. (9) does not hold exactly, integration limits and values of the
Euler integrals change slightly, see below.

3.4 Approximation for the value of a

Equation (19) uses three approximations, calculated below with the standard parameter set and the values
from the o, p fit as given in 3.3 in brackets:

1) I'(1/3) is used in place of the incomplete I'-function I'(1/3, B/ r ) = 0.9960I'(1/3) (0.9960)

2) the approximation for o™ /(8m) in equ. (13) requires a correction factor of 0.9981 (0.9993) for 4n in the
equation for Weo,, if the experimental value of o is used.

3) For the integration limit B, /rx,> << 0 the result of the Euler integral in (15) is approximately given by

f t_4/3 e—[ dt ~ 3 (Bn /rx’n3)-1/3 (34)
BT

Inserting this in equ. (16) gives the identity Ac, = (Ba"*/3) (3 Ac/ Bn?) yielding 3 Ac,/ (B."*T'(1/3)) = 56.87 =
1.0057 (18m) as approximation for 18m.

All three factors add up to change the remaining inequality of (19) from 0.9980 to 0.9978 (0.9990).
Calculation errors, approximation residuals as well as possible higher order correction terms of e.g. QED
type have to be considered to contribute to the remaining discrepancy.

3.5 Other applications

Apart from calculating properties of elementary particles the model might have some other useful
applications.

Using the equations above to calculate energies of Dirac magnetic monopoles’ is straightforward, replacing e
by the magnetic charge en,
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em = e /(20) (35)

turns by into bn. The integral (13) yields only minor variations even when changing input parameters by
several orders of magnitude. This indicates the product 4nb, = xb,, has to be essentially a constant to provide
half integer spin. The proportionality Ac, ~ B."® has to be applicable for magnetic monopoles as well,
yielding the same factor 18m in (16). As a result equ. (19) holds for both electric and magnetic monopoles.
Using the same coefficients 1, according to equ. (27) as for electric monopoles in equ. (10) would leave
(2a)*? = 1/280 as ratio between electric and magnetic particle energies placing the latter approximately in the
same energy range as their electric counterparts.

The model should be applicable in describing non-Coulomb particle-particle interaction.

References

1) Vanier, J. The Universe: A Challenge to the Mind. World Scientific (2010)

2) 't Hooft , G. Perspective: The making of the standard model. Nature 448, 271-273 (2007)

3) Thomson, J.J. On the Electric and Magnetic Effects produced by the Motion of Electrified Bodies.
Philosophical Magazine 11 (68), 229-249 (1881)

4) Janssen, M. Mecklenburg, M. From classical to relativistic mechanics: Electromagnetic models of the
electron. in Hendricks, V. F. et al. Interactions: Mathematics, Physics and Philosophy. Dordrecht: Springer,
65-134 (2007)

5) Mohr, P.J., Newell, D.B.,Taylor, B.N. CODATA Recommended Values. arXiv:1507.07956 (2014)

6) Battye, R. A. Moss, A. Physical Review Letters 112 (5), 051303 (2014)

7) Olive, K.A. et al. (Particle Data Group) Chin. Phys. C 38, 090001 (2014)

8) Dirac, P.A.M. Quantised Singularities in the Electromagnetic Field. Proc. Roy. Soc. A 133, 60 (1931)

LibreCalc files:

1) Numerical calculation of particle energies:
Num Calc W.ods
http://doi.org/10.5281/zenodo.570158

2) Results of tables:

Results.ods
http://doi.org/10.5281/zenodo.570159

3) Numerical calculation of Euler integrals:
Euler.ods
http://doi.org/10.5281/zenodo.570160
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