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The philosophical idea of a bipolar nature (the Chinese “Yin and Yang”) is combined
with the mathematical formalism of a fractal scaling model originally published by
M{ller in this journal. From this extension new rules for the calculation of proton and
electron resonances via continued fractions are derived. The set of the 117 most accu-
rately determined elementary particle masses (all with exror13%) was expressed
through this type of continued fractions. Only one outlier was found, in all other cases
the numerical errors were smaller than the standard deviation. Speaking in terms of
oscillation properties, the results suggest that the electron is an inverted or mirrored
oscillation state of the proton and vice versa. A complete description of elementary
particle masses by the model of oscillations in a chain system is only possible when
considering both, proton and electron resonances.

1 Introduction form of continued fractions. This underlying model was orig-

The mass distribution of elementary particles is still an uw_ally published by Miller [10-12], and its very basic idea
IS, to treat all protons as fundamental oscillators connected

solved myste_ry O.f physics. . Accord|_ng tho th? Standa{I%jroughthe physical vacuum. This leads to the idea of a chain
Model, mass is given by arbitrary variable couplings to thef!h
it]

s boson, and e couping s en adecuately aste LSO PO sl i an st o0
reproduce the experimentally observed mass. P 9 q P

. . trrough continued fractions. Particle masses are interpreted
However, the particle mass spectrum is not complete . ; .

. . S as proton resonance states and expressed in continued fraction
chaotic, and some groupings are clearly visible. Several

tempts have already been made to obtain equations to %gr_n. However, the results obtained in reference [9] were not
P y q completely satisfying since around 14% of the masses were

scribe regularities in the set of elementary particle massesc.)ut"ers’ i.e. could not be reproduced by this model.

danfgrr]tlglsttjgr%zri;eru“C:r{'lc]lgslctﬂgid t_r,:ﬁ Z?fsestf:n ;é_%ﬂ fun-"A more recent article [13] revealed that electron reso-
y parti ( Wi et nce states exist analogously which serves now as the basis

. ) . . a
seconds) with an inaccuracy of approximately 1% using tH)er further extensions of Mler's model. From this starting

equation me N point, the present article proposes a new version of the model
_particle _ — developed with the objective to reproduce all elementary par-
Melectron 20 ticle masses.

whereq is the fine structure constant {/137.036), and N is

an integer variable. 2 Data sources and computational details

Paasch [2] assigned each elementary particle mass a pgisisses of elementary particles (including the proton and
tion on a logarithmic spiral. As a result, particles then accglectron reference masses) were taken from the Particle Data
mulate on straight lines. Group website [14] and were expressed in GeV throughout

A study from India [3] revealed a tendency for succeghe whole article. An electronic version of these data is avail-
sive mass dferences between particles to be close to an uble for downloading. Quark masses were eliminated from
teger multiple or integer fraction of 29.315 MeV. The valughe list because it has not been possible to isolate quarks.
29.315 MeV is the mass flierence between a muon and a Some of the listed particle masses are extremely accurate
neutral pion. and others have a quite high measurement error. Figure 1

Even more recently Boris Tatiscfigpublished a series ofshows an overview of the particle masses and their standard
articles [4-8] dealing with fractal properties of elementadeviations (expressed in % of the particle mass). It can be
particle masses. He even predicted tentatively the massesmathly estimated that more or less 60% of the particles have
some still unobserved particles [5]. a standard deviation (SD) below 0.13%; this set of excellent

An other fractal scaling model was used in a previomeasurements consists of 117 particles and only this selection
article of the present author [9], and a set of 78 accuratelfyvery high quality data was used for the numerical analysis
measured elementary particle masses was expressed imattteextension of Nller's model.

20 A. Ries. A Bipolar Model of Oscillations in a Chain System for Elementary Particle Masses



October, 2012 PROGRESS IN PHYSICS Volume 4

107 . Table 1. Continued fraction representations of the lepton masses
. (x=-1.75083890054)
- Particle | Mass+ SD [GeV] Numerical
T 4 . Continued fraction representation(s) error [GeV]
8 electron | 510998910« 1074 + 1.3x 10711
s ] P[x; -6] 12, -6] 1.21x 10715
E 0.1 T R . . u 1.05658367 1071 + 4.0 10°°
o ] . e . P [x; 0] -6, -9, -e-1, 12, -6, -15] 2.45x 10710
o . o . : E[x 3|e+tl, e+1, -e-1, &1, 9, -48,
é ] T, e e et+l, -e-1] 3.06x 109
0014 ) oL L . - 177682+ 1.6 x 107
] ., R . : P[0;0|e+l,6,-e-1,el,-e1,-e1]| 452x10°
. . - P [x; 3| -e-1, -e-1, 231] 2.50x 1078
T T T T T T T T T T T T T T T
40 05 00 05 10 15 20 25 3.0 E[0;9]-e-1, 6, -e-1, -e-1, -6] 6.81x 10‘2
In(particle mass / proton mass) E[x/ 616, erl, -45] 192x10°

Fig. 1: Overview of particle masses on the logarithmic number line _ ) )
together with their standard deviations expressed in % of the ma&ple 2: Continued fraction representations of the boson masses
Note that a few particles with very low or high mass or percentafe= -1.75083890054)

error were omitted for clarity (e.g. electron, muon, proton, gauge ) )
b y (€9 ’ P » gaug Particle | Mass+ SD [GeV] Numerical
0SONS). Continued fraction representation(s) error [GeV]
wH 8.0399x 10! + 23 x 1072
For consistency with previous articles on this topic, the E[0;12]-81, e+l (24)] 323x10°
following abbreviations and conventions for the numerical | Z° 9.11876x 10' +2.1x 10°° ,
analysis hold: P[x; 6|9, -e-1, -15, -e-1,€1] 1.01x 1(T4
E [0; 12] 30, -6, (12)] 7.23x 10
Calculation method:
The considered particle mass is transformed into a continued
fraction according to the equations match the measured value almost exactly. In such cases this
Meoarr: Meonrr: denominator is then additionally given in brackets.
particle particle . i
INn——=p+5S, In——=p+S, The numerical error is always understood as the absolute
Melectron mproton

value of the diference between the measured particle mass
wherep is the phase shift and S is the continued fractiis ( @nd the mass calculated from the corresponding continued

Euler's number) fraction representation.
e In order to avoid machine based rounding errors, numer-
S=mp+ ———. (1) ical values of continued fractions were always calculated us-
m+——as— ing the the Lenz algorithm as indicated in reference [15].
Mt Outliers:
3 + ...

A particle mass is considered as an outlier (i.e. does not fit
The continued fraction representatips S is abbreviated into the here extended tfler model) when its mass, as cal-
as [p; no | Ny, N, ng, ... ], where the free linky is allowed to culated from the corresponding continued fraction represen-
be Q+3,+6,+9... and all partial denominatong can take tation provides a value outside the interval “particle mass
the values+1, —e-1, +6,+9, +12. ... In the tables these ab-standard deviation”.
breviations were marked with P or E, in order to indicate pro-
ton or electron resonance states. 3 Results and discussion
. For_practlcal reasons c_>n|y 18 partial denominators We%f:l Fundamental philosophical idea
etermined. Next, the particle mass was repeatedly calculatéd
from the continued fraction, every time considering one mo@hinese philosophy is dominated by the concept of “Yin and
partial denominator. As soon as the calculated mass va¥amg” describing an indivisible whole of two complementary
(on the linear scale) was in the interval “masstandard de- effects (male—female, day—night, good-bad, etc.). This means
viation”, no further denominators were considered and theat everything has two opposite poles, and both poles are
resulting fractions are displayed in the tables. In some rarecessary to understand the whole thing (e.g. male can only
cases, this procedure provides a mass value just a little bie-understood completely because female also exists as the
side the interval and considering the next denominator wowlpposite).

A. Ries. A Bipolar Model of Oscillations in a Chain System for Elementary Particle Masses 21
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Table 3: Continued fraction representations of the light unflavor&dble 4: Continued fraction representations of masses of the strange

mesons (x-1.75083890054) mesons (% -1.75083890054)
Particle Mass+ SD [GeV] Numerical Particle Mass+ SD [GeV] Numerical
Continued fraction representation(s) error [GeV] Continued fraction representation(s) error [GeV]
x* 1.3957018x 1071 +35x 1077 K* 4.93677x 101+ 1.6 x 10°°
P [x; 0]-18, 6, 6, (-117)] 7.67x 10710 P [0; 0| -e-1, -6, e-1, 45] 5.65x 1077
E[0;6]-6,-e-1, &1, -e-1, 48] 1.68x 1077 E [0; 6] e+1, -e-1, -e-1, 15, -e-1] 6.96x 1076
. 6
71.0 1.349766x 10—1 +6.0x 10—7 E [-X, 6 | -e-1,etl, e+l, 6, e+l, -6] 4.04x 10~
E [0; 6] -6, -6, -6, 6, -e-1] 2.49x% 1077 KO K, KO | 497614x 107 £24x 10
770 5.47853x% 10»1 +24% 10»5 E [-X; 6|-e-1,e+l, e+l, -e-1, -e-1, .
P[0:0]-6, et1, -e-1, 6, -e-1, 12] | 652x 1077 e+l erl] 4.73x10°
E[0;6]e+l, -e-1, &1, -6, -e-1, K*(892)* 8.9166x 1071 + 2.6 x 1074
erl, (24)] 251x 1077 P [0; 0| -54, e+1] 6.63x 107°
p(770P+ | 7.7549x 10 £ 34x 10°* E[x:6]-9,-6, 6] 613x10°
P [0; 0] -15, e+1, (-174)] 1.73x 1077 K*(892)° 8.9594% 101+ 22x 10
w(782f 7.8265x 1071 + 1.2 1074 P [0; 0] -60, er1, -e-1] 147x 107
P [0; 0| -15, (243)] 2.10% 1077 E[x6]-9,-e-1, -6] 548x 107
E[-x; 6]-6,-6, &1, -9, (135)] 451x 101 K2*(1430)" | 1.4256+15x 1073
' (958 9.5778x 1071 +6.0x 10°° P[0;0/6,6,-6] 7.56% 1cr:‘1
P [0’ Ol 132, (30)] 6.81 % 107 P [X, 3| -e-1, 6, 30] 1.08 x 104
E [-x; 6]-12, -e-1, -6, (-24)] 4.66x 1077 E[x 6115, -21] 140x 10°
¢(1020P 1.019455+ 2.0 x 1075 K2*(1430)0 14324+ 1.3x 1073 .
P [0; 033, -12, 1] 4.92x 1078 P[0; 0186, 6, 6] 3.72x 107
3 P [x; 3] -e-1, 6, 9, (-e-1)] 6.31x 1074
P [0;0]9, -21] 3.84x10*
P [x; 3] -e-1, er1, -6, (36)] 1.87x 107
E [-x; 6] 39, -e-1] 3.78x 104
f1(1285) 1.2818+ 6.0 x 1074
P[0:0]9, -9, -6] 246x% 1075 that the fundamental spectrum of proton resonances must
P[x; 3| -e-1, erl, -6, -e-1, e1] 9.88x Nj have an opposite, an anti-oscillation or inverted oscillation
E[x; 6136, -6] 1.20x 10 spectrum. What could it be?
-+ 4 . .
(13207 é‘%?gligsg_xllgl el el We know that these proton master-oscillations are stable,
ol el T 4 so the theorized counter-oscillations must belong to a particle
e-1, erl] 4.50x 10 - - c=d
P [x; 3] -e-1, er1, 186] 5.66x 1076 with similar lifetime than the proton. Consequently the elec-
E[x;6]27,-e-1, &1, -e-1] 298x 101 tron is the only particle that could be a manifestation of such
f1(14209 1.4264+9.0x 1074 an inverted oscillation.
. ~ ~ 6 . . .
E {2_’ g: fse’_(’i’ :’ 2( 43]9)] g'gji 1&5 Now the concept of an inverted oscillation must be trans-
E [_)'(. 6/15 ’_1’5] 3.29% 10-5 lated into a mathematical equation. According tdilMr's
(16900 | 16888+ 21x 103 standard model, we can express the electron mass as a proton
P [0; 0] e+1, er1, -e-1, (-51)] 195x 105 resonance and the proton mass as an electron resonance:
P [x; 3| -e-1, -6, -e-1, e1] 529x 1074
E[0;9]-e-1, e, 12] 8.78x 1074 n Melectron _ 0+
mproton ’

In physics we can find a number of analogous dualities, Moroton
for instance: positive and negative charges, north and south In———=p+S,
Melectron
magnetic poles, particles and antiparticles, emission and ab-
sorption of quanta, destructive and constructive interfererghere p is the phase shift (with value 0 or 1.5) and S the
of waves, nuclear fusion and fission, and in the widest ser®atinued fraction as discussed in previous papers (given in
also Newton'’s principle “actios reaction”. equation (1)). Obviously fop # 0, §, # Se, and this is the
From these observations an interesting question arisstarting point for the further modification of the model. We
does such a duality also exist in the model of oscillations irhave to adjust the phase shift (wherffelient from zero) in
chain system, and how must this model be extended to makeh a way that both continued fractions become opposite in
the “Yin-Yang” obvious and visible? the sense of oscillation information. This means that the de-
Applying this idea to Miller'’s model, it must be claimednominators of $and § must be the same, but with opposite

22 A. Ries. A Bipolar Model of Oscillations in a Chain System for Elementary Particle Masses
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sign. If

e charmed, and charmed strange mesonrs-x75083890054)
Sp =No + e ’ Particle Mass+ SD [GeV] Numerical
Ny + n e Continued fraction representation(s) error [GeV]
> +
N3+ ... D* 1.86957+ 1.6 x 1074
then must hold for § P[0; 0l e+1,12, 27] 292x10°°
E[0;9]-e-1,9, 39 5.45x 1070
e E[x; 6]6,-213] 1.95x 10°8
=—Ng+
Se 0 g+ € DO 1.86480+ 1.4 x 107
o+ P [0; 0| e+1, 12, -e-1, -6] 1.03x 1074
2" g+ .. E[0;9]-e-1,9,-12, el] 1.29% 10
_ o _ _ E[-x; 616, 129] 6.40x 1076
Mathematically it is now obvious that one equation must p«z007p | 200693+ 1.6 x 104
be modified by a minus sign and we have to write: P [0; 0| e+1, -18, -e-1, e1, -e-1] 859x 10°°
P [x; 3]|-6, 6, 15] 7.91x10°°
In Dotectron _ 1 5, @) E[0;9]-e-1,-78] 394x 108
Mproton E[-x;6|6,-e-1,6,e1, 6] 2.21x10°°
Moroton D*(2010)" | 201022+ 1.4x 10™*
In—/—"" = _p+S, ©) P [0; 0] e+1, -18, (-102)] 453% 107
Melectron P [x; 3]-6, 6, 6, (-21)] 5.72x 10°°
However, this is not yet a complete set of rules to find new E[0;9]-e-1,-63, (6)] 3.23x WZ
continued fraction representations of the proton and electrop; E[X 616, -e-1, 6;'12] 162x10°
in order to arrive at a conclusion, it is absolutely necessary toP1(2420f g?glg’li G-f x 1(1T 6. -c.1 6] 456 104
. . ;0le+l, -e-1, 6, -e-1, .56 %
develop further physical ideas. P 3]-9, -102] 3.68x 10-6
Idea 1 — Length of continued fractions E[0;9]-6, erl, -e-1,9, -e-1] 437x 1074
. . . . 4
The resulting continued fractions, 8nd S should be short. E[x 6letl, 27, el -e-1, el] 4.10x 107
A previous article already suggested that short fractions areD2*(24600 | 2.4626+7.0x 10 .
associated with stability [9]. However, the fractions must not E{gf gll egléj-l,lg]l, 18,-9] ggé: igs
ge tﬁo shortl. The fgndan;entr;l qsu?ator;n must behrepresented E [-x: 6 e+1, 348] 102x 105
y the simplest variant of a chain of oscillators. This is a sinf D2 (2460) | 24644+ 19x 103
gle mass hol_d via two mas_sless flexible strings between two P[0: 0| e+1, -e-1, &1, 24] 7 45% 10-5
motionless, fixed walls. This setup leads to 3 parameters de- P [x; 3]-9, -e-1, -e-1, (e1, 18)] 240x 1076
termining the eigenfrequency of the chain, the mass value and E[0;9]-6, e+1, -18] 114x% 10;‘
the two diferent lengths of the strings. Consequently the con- E[X 6]e+1, 663] 195x10°
tinued fraction also should have 3 free parameters (the freePs 1.96845+ 3.3x 10 ,
link and two denominators). This idea solves the conceptual E{S_’ g: _egléj“é('(:ls')]'ls)] géii i((;
problem of a “no information oscillation”. When express- E[0:9|-e-1, 42, 61, -e-1] 234% 104
ing the electron mass as a proton resonance, th p’;m = E[-x; 6|6, -e-1, -e-1, -6] 2.00x 1074
p + S, andp must not have values determiniSgas zero or | Dg+ 21123+ 50x 107
any other integer numbee8, +6, +9...). In such a case no P[x; 31-6,-12, -e-1] 4.00x lff:
continued fraction can be written down, and the oscillation E[0;9]-e-1,-9,6,-e-1, (-18, -45)]| 342x10°
d h E[-x; 6| e+1, e+l, -e-1, &1, -e-1,
would not have any property. e+l -e-1] 470% 10-4
Idea 2 - Small denominators _ N _ D*(2317)" | 2.3178+6.0x 1074
According to Miller's theory, a high positive or negative de- P [0; 0| e+1, -e-1, -27] 457x 10
nominator locates the data point in a fluctuating zone. Conse- E[0;9]-e-1,-e1 el -e1,-39] | 150x10°
quently the considered property should bfidilt to be kept | Dsi(2460) | 24595+ 6.0x 107 ]
constant. From all our observations, it is highly reasonable E{O?g: 85116-9-11,6;16)]12, (15)] é-%ﬁlax igs
. X, -9, -0, erl, (- . X
to believe that proton and electron masses are constant eyen E[0:9]-6. e+l, 12, er1, (12)] 4,66 10-6
over very long time s.cales. Therefore their masses cannot be E[x; 6] e+1, 189] 5.06% 10°5
IocaFed too deep inside a fluct'uatlon zone. In th|s stu.dy., theDsl(2536)+ 253528+ 20x 10-4
maximum value of the denominators was tentatively limited P[0; 0l e+l, -e-1, &1, -e-1, 1,
to +18. e+l, -6] 3.89x 10°°
. E[0;9]-6, 6, -36] 1.87x10°°
lﬁ?a 3 I_ Tlhe_ free link E[x 6|etl, -21, &1, -e-1, (-e-1)] | 1.88x 105
e calculation Melectron De*(2573)" | 25726+ 9.0x 107
In———~ -7.51 P [x; 3| -12, e+1, 15] 8.95x 105
proton E[0;9]-6,9, 6] 224% 1074
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Table 6: Continued fraction representations of masses of able 7: Continued fraction representations of masses otdhe
bottom mesons (including strange and charmed mesons) (mesons (x-1.75083890054)
-1.75083890054)

Particle Mass+ SD [GeV] Numerical
Particle Mass=+ SD [GeV] Numerical Continued fraction representation(s) | error [GeV]
Continued fraction representation(s) error [GeV] ne(1SP 20803+ 1.2 x 10-3
B* 527917+ 29x 1074 P [x; 3]-30, e+, -e-1] 6.56x 107°
P [x; 36, -9, 6, 6] 8.81x10°° E[0;9]-9, e+1, (-216)] 7.34% 1077
B0 5279504 3.0 x 10-4 E[-x; 6| e+1, -e-1, 18, -e-1,€1] 8.84x 104
P [x; 3|6, -9, 6, (33)] 456x% 1076 Jy(1SP | 3.096916+1.1x 1075
B0+ 53951+ 5.0 x 10-4 E[-x;6|e+l, -e-1, &1, 6, -e-1,e1, 6, .
P [x: 3|6, -6, -6, &1, er1] 1.09x 1074 e+l, (18)] 119x10°
B,*(57470+ | 5.743+5.0x 1073 Xeo(IPf | 341475+ 3.1x10°*
E[0:9]9, -e-1, -12] 295% 10-4 P [x; 3163, e+1, (57)] 6.99x 1078
5 ! ! : " . E[0; 9]-15, erl, -e-1, (-12)] 9.48x 1076
B 5.3663+ 6.0 x 10
° P [x; 36, -6, er1, e+, (9)] 493% 1078 Xxei(IPP | 351066+ 7.0x10°°
5 . L= ’3 : - no continued fraction found outlier
Bs* 54154+ 1.4x 10
) P [x: 3] 6, -e-1, -e-1, 12] 219%10°5 he(1PP | 352541+ 16x10°*
; il Rt i) " : - P [x; 3| 36, 6, (-24)] 1.94x 1076
B*(5840 5.8397+ 6.0 x 10 5
P [x; 3] e+1, e+l, -e-1, &1, -9, (-6)] | 4.08x 10°5 xe2(1Pf | 3556202 9.0x 10 .
P [x; 3]133,-9, e, -e-1, e-1] 752x 10"
B} 6.277+6.0x 1073 ] E [0; 9]-18, 21, -e-1] 5.36x 10°°
P [x; 3| e+1, 6, -153] 1.21x 10 3
E[0;9]6,6,-e-1, e1, (63)] 171x 106 ne(2SP | 363740x 10 6
E [0; 9|-21, (66)] 5.00% 10
w(2SY 3.68609+ 4.0 x 1075
E[0;9|-24, er1, e+l, e+l erl] 6.30x 1076
o ) ) (3770f | 377292+ 35x 1074
leads to a value between the principal nodes -6 and -9. Front’ E [0: 9]-30, e+1, (-12)] 590% 1075

this is follows that in the continued fractions, the free Imk PP | 39272 26x 107
Xc2 . + 2.

can only take the values6 and+9. P [x; 3| 15, -27] 147 % 10-4

E[0;9]-51,-9, er1] 1.10x 104

Idea 4 — Hfect of canceling denominators >
Elementary particles can be divided in two groups: the vast¥(4040f é@?igox 110 . 514 108
majority with an extremely short half-life, and a small set b 8112, &1, -e-1, (495)] X

ith ble | lifetime. Wh lyzing th E[0; 9] -108, -e-1] 5.66x 10°*
with comparapie longer liretime. en analyzing the mor /(41600 | 41530+ 30%10°3

;table particles with M!Ier’s standard modell, already a strik- P [x; 3] 12, -e-1, -e-1, (6)] 188x10°5
ing tendency can be discovered that especially the sum of the E [0; 9]915] 1.36x 10°°
free link and the first denominators tends to be zero. w(4415p | 4421+ 40% 1073

Examples: P [x; 3]9, 81] 482x 107
Thet can be interpreted as proton resonance and the full con- E[0;9142, -6] 364x 10

tinued fraction representation, as calculated by the computer

is: P [0; 0| e+1, 6, -e-1, e1, -e-1, -e-1, (6)]. Note that in the

end, every determination of a continued fraction results in an

infinite periodical alternating sequence of the denominatéhé sum equals zero.

e+l and -e-1, which is always omitted here. Without signifi- The full continued fraction for the? is:

cantly changing the mass value, the fraction can be rewrittéhf0; 0] -6, e+1, -e-1, 6, -e-1, 12, (-9, -12, -e-1+#, -e-1,

P [0; 0| e+1, 6, -e-1, e 1, -e-1, -e-1, (el, -6)], and then the -e-1, er1, -e-1, e-1, e+1)].

sum of all denominators equals zero. Again the first 4 denominators form a zero sum, then the 7
The full continued fraction for the charged pion is: denominator (-9) interrupts this canceling. Without signif-

E[0; 6] -6, -e-1, &1, -e-1, 48, (-e-1, 6, -24 4L, -e-1, 12)]. icant change of the numerical value, this fraction could be

It can be seen that the free link and the first 3 denominat§fortened and rewritten: P [0;|G6, e+1, -e-1, 6, -e-1, 12,

cancel successively. Then this changes. A minimal manigul2, e-1)].

lation leads to: When interpreting,® as electron resonance, again adding
E[O0; 6| -6, -e-1, &1, -e-1, 48, (-e-1, 6, -484€L, -6, e+1)].  the free link to the first 5 denominators gives zero:
The full continued fraction for the neutral pion is: E[0; 6| e+1, -e-1, &1, -6, -e-1, e-1, (24)]. We can add and

E[0; 6] -6, -6, -6, 6, -e-1, (12, -12,4, -e-1, -1, 45, 6)]. rewrite: E[0; 6/ e+1, -e-1, &1, -6, -e-1, &1, (24, -e-1, -24)].
Here we have only to eliminate the® ienominator (45) and A completely diferent case is the neutron; here the con-

24 A. Ries. A Bipolar Model of Oscillations in a Chain System for Elementary Particle Masses
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Table 8: Continued fraction representations of masses obithe Hypothesis:
mesons (x-1.75083890054)

Particle Mass+ SD [GeV] Numerical

Continued fraction representation(s) | error [GeV]
T(1Sy 9.46030+ 2.6 x 1074

P [0; 3| -e-1, -12, -87] 1.02x 1075

E[-x;9]-e-1, erl, -12, -63] 9.33%x 1078
xo(1PP 9.8594+ 5.0x 1074

E[0;9|e+l, -e-1,-e-1,e1,-9, -e-1] | 1.96x 10

E[-x;9]-e-1, erl, 6, -e-1, 6, e1] 3.40x% 104
xo1(1PYP 9.8928+ 4.0x 1074

E[0;9]|e+l, -e-1, -e-1, 6, (-75)] 452x 1078

E[-x;9]-e-1, erl, e+l, e+l, -12] 3.00x 10
xb2(1PY 9.9122+ 40x 1074

P [0; 3| -e-1, -6, &1, 15, -e-1] 8.26x 10°°

E[0; 9] e+l, -e-1, -e-1, 12, -6] 1.07x 1075

E[-x; 9]-e-1, er1, e+1, 6] 221x10°
T(2Sy 1.002326x 10! + 3.1 x 1074

P [0; 3| -e-1, -e-1, -e-1, €1, -75] 1.86x 1076

E[0; 9| e+1, -e-1, -6, &1, e+1,

e+l, (-18)] 1.28x 1076

E[-x;9]-e-1, erl, etl, -e-1, 6, -e-1,

e+l, -e-1, e] 2.49x% 104
xpo(2Pf 1.02325x 10! + 6.0 x 1074

P [0; 3| -e-1, -e-1, 327] 1.29% 1076

E [0; 9] e+1, -e-1, -30] 9.85x 107°

E[x;9]-e-1, 6, -e-1, -e-1, -e-1, -e-1]| 2.80x 104
xo1(2PY 1.02555x 10! + 5.0x 1074

P [0; 3| -e-1, -e-1, 30] 278x 1074

E[0; 9] e+1, -e-1, -54] 485x 1074

E[x;9]-e-1,6, -6, a1, -e-1, -6] 8.02x 107°
xo2(2PY 1.02686x 10! +5.0x 1074

P [0; 3| -e-1, -e-1, 21, -e-1, 9] 111x10°

E[0; 9| e+1, -e-1, -93] 2.07x10°

E[-x; 9] -e-1, 6, -6, 9, (-12)] 4.33x 107°
T(3Sf 1.03552x 10! + 5.0 x 1074

P [0; 3| -e-1, -e-1, 6, &1, 6] 394x10°°

E [-x; 9] -e-1, 6, -30, -e-1] 1.75x 1074
T(4Sy 1.05794x 10! + 1.2x 1072

P [0; 3|-e-1, -e-1, el, -e-1, &1,-15] | 9.28x 107>

E[0;9]|e+l, -e-1,6, a1, 21] 437x107°
(108609 | 1.0876x 10! + 1.1x 1072

E[0; 9] e+, -e-1, &1, 24] 8.32x 10°°
T(110209 | 1.1019x 10! +8.0x 1073

P [0; 3] -6, e+1, -e-1, 6, e-1] 3.60x 1073

E[0; 9] e+1, -e-1, &1, -6, (-18)] 3.89x10°°

tinued fraction is: P [0; Q 1974, -e-1, -e-1, (-24)]. As the

From all these examples we can theorize that for a perma-
nently stable particle such as the proton and electron, the sum
of the free link and all partial denominators must be zero.

3.2 Rules for constructing continued fractions

With these physical ideas, we can express the proton and elec-
tron through a very limited set of 10 pairs of continued frac-
tions (Table 12), which can all be written down. For every
continued fraction, the phase shift p can be calculated, so that
equations (2) and (3) hold. Then, new rules for the interpre-
tation of elementary particle masses can be derived. First, a
mass can be either a proton or an electron resonance, and sec-
ond, this newly found phase shift must now be considered.

When interpreting particle masses as proton resonance
states we write (x is the new phase shift):

In erthle

=(0 or X)+S 4
mproton ( ) ( )

and for electron resonances holds:

In mparticle

=0 or -x) +S. 5
Melectron ( ) ( )

The basic rule that the phase shift can be zero, is funda-
mental and will not be changed.

Now for every of these 10 fierent phase shifts, the new
model must be checked. We have to find out to what extent
other elementary particles are compatible to one of these 10
new versions of the model and still accumulate in spectral
nodes. There is a set of 18 particle masses, which cannot be
expressed as proton or electron resonances with phase shift
zero; these arei~, K°, B, BY, B*%*, BY, Bs*0, Bo*(5840)°,
Ju(1SY, xa(1PP, he(1PP, A(15200, =0, £(1385), =-, A%,

Tp* O+ andZy*~. The question is now: which of the 10 possi-
ble phase shifts can reproduce these 18 masses best, with the
lowest number of outliers?

By trial and error it was found that there is indeed such a
“best possibility”, providing only one outlier:

e
In Melectron " (—6) i . (6)
Mproton 12+ —
-6
m
In PO 6y —— @)
Melectron -12+ 6

The phase shift x equals -1.75083890054 and the numer-

first denominator is very high, the following denominatorisal errors are very small (see Tables 1 and 9).

can make only minor changes of the numerical value of the Tables 1 to 11 show the continued fraction representa-
fraction. So here it would be easily possible adding denotiens for the considered data set (117 particles, 1@émint
inators to force the sum to be zero. Actually many particieasses) All possible fractions are given for both, proton and
representations fall in that category, so from looking only atectron resonances with the phase shifts O-nd~or com-
these examples, the fundamental idea of a vanishing sunpleteness, Table 12 displays the 10 alternative continued frac-
denominators does not come out at all.

tion representations together with the calculated phase shifts
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and the number of outliers when trying to reproduce the afokgye 9: Continued fraction representations of masses of thie N,

mentioned set of 18 masses.

to 14% outliers, which have been found with the standard
sion of Muller's model [9]. Since the spectra of electron ar
proton resonances overlap, most particles can even expre

A, X, E andQ baryons (x=-1.75083890054)
A single outlier is a very satisfying result when comparing

ell’s .
article
d

Mass+ SD [GeV]
Continued fraction representation(s

Numerical
) error [GeV]

s§ed

9.38272013x 1071 + 2.3x 10°8

as both, proton and electron resonances. This demonstrates E [x; 6]-12, 6] 222x 10712
th_at it ma_kes only_sense to a_nalyze high accuracy data, othep- 0.39565346¢ 101 + 23 x 10°8
wise easily a continued fraction representation can be found. P [0; 0] 1974, -e-1, -e-1, (-24)] 7.85x 10711
As expected, the principle of “Yin and Yang” has not beem1232y-0+++ | 1.2320+ 1.0x 103
found anymore in this set of particles. There are no other P[0;0]9, etl, -e-1, 1] 429% 107
pairs of particles with opposite oscillation information. [t PD:3l-e-l el -e-1,6,el,-e-l] | 712x107
seems to be that this fundamental concept is only applicable E[x6175] 861x10°
9 1.115683+ 6.0x 106
to longterm stable systems or processes. Further research’dn B [0, 0|15, 1. 15, -6] 9.92x 108
other data sets should confirm this. ’ —— .
A(14059 1.4051+ 1.3x 1073
. . . 5
3.3 Model discussion P[0;016, erl] 2501077
P [x; 3| -e-1, 6, -e-1, -e-1] 6.44x 10~
Is thg principle _of “Yin and Yang“ really necessary to obtain , 15209 15195+ 1.0 x 10-3
continued fraction representations for most elementary par- P [x; 3| -e-1, 15, e1] 571x 107
ticle masses? The critical reader could argue that alone|the E[x6]12,-e-1,el, -e-1] 436x10*
additional consideration of electron resonances greatly gm* 118937+ 7.0x 10°°
hances the chances to express particle masses via standard P[0:0/12, -6, 1, -e-1, 6] 570x10°°
continued fractions (with phase shift 0 an@8 This is true, | =° 1192642+ 2.4x 107 :
however, the author has found that the 14% outliers were very E [x; 6] 606] 124x10°
little reduced when considering such additional electron res— 1197449+ 30x 10°°
onances. So another phase shift is definitively required. Pe[g ?gl);)?’ 1,6, -e-1,€l, 5 89 109
~ Butare the electro_n resonances really necessary? Would E [x: 6321, -e-1] 122 10-5
it not be possible to write only 5(1385) 13828+ 4.0 x 104
Mparticle E [-x; 6|18, -15 (-e-1)] 8.96x 107°
In Mproton (0 orp)+S ®) ["s(3ssp 13837+ 1.0x 1073
P[0;0/6, e+l, -e-1, &1, -e-1] 6.88x 107
where p is just any other phase shiffftdrent from the stan- E[x; 6118, -12, (e-1, 60)] 295%10°8
dard value B (between 0 and-3)? This was exactly the| £(1385y 1.3872+ 5.0 x 1074
3, 4 H . 3, . -e- 4
author’s first attempt to modify kler’'s model. It was found P [0'_06| Gvse‘rlé e-l el e+l] 3-22X 1g4
that such phase shift does not exist. E[x 6118 -6, el] 1661
70 1.31486+ 2.0x 107
For that reason the problem can only be solved through 4
hvsical hil hical id = d phvsical P[0;0/9, -e-1, &1, -6] 1.42x 10
a new physical or philosophical idea. Every good physiga P [x. 3| -6-1, &1, -03] 286x 10-5
theory consists of two parts, equivalent to a soul and a body. E[-x; 6127, -9, e1] 153x% 104
The _soul represents a fundamental physi_cal _Iaw or a phjlgs- 132171+ 7.0x 10°5
sophical principle, while always mathematics is the body. P [x; 3| -e-1, er1, 45, e-1] 5.35x 10°°
From this viewpoint the aL_Jthgr is particularly satisfied=(1530p 153180+ 3.2 x 104
having found the “Yin-Yang” principle as an adequate exten- P [0; 0] 6, -6, (165)] 1.35x 1076
sion of the proton resonance concept. It clearly justifies the E[0;9]-e1,erl,-e-1, el -el, ;
importance of electron resonances and distinguishes ithe el el " 5.19x10°
model from numerology. £(1530y 1.5350+ 6.0 x 107 :
Regarding the selection of the appropriate phase shift, a P10:016, 6.9, (12)] 109> 107
garding pprop! p ik P [x; 3| -e-1, 21, 6] 1.01x 107
very critical reader could note that there is only one outlier E[0;9]-e-1, erl, -e-1, &1,
difference between -6, (-54)] 1.18x 10°°
Melectron ) ) Q- 1.67245+2.9x 1074
In———=1[x1;-91 -9,18] (2 outliers) P[0; 0] e+l, e+l, -e-1, &1, -e-1,
proton -e-1] 1.09x 1074
and the best variant PIx;3|-e-1,9, &1, -9] 150x 10°*
E [0; 9] -e-1, er1, 48] 1.23x 104
In Telectron _ 1o - _6112-6], (1 outlier)

Mproton
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Table 10: Continued fraction representations of masses of fable 11: Continued fraction representations of masses of the bot-

charmed baryons (¢-1.75083890054)

Particle Mass+ SD [GeV] Numerical

Continued fraction representation(s) | error [GeV]
AL 228646+ 1.4x 1074

E[x;6|e+l, 6,9, -e-1, (-e-1)] 8.64x 1078
Ac(2595) | 25954+ 6.0x 1074

P[x;3]-12, 9, er1] 5.64x 1074

E [0; 9] -6, 15, (66)] 1.23x 10

E[-x; 6| e+, -12, &1, -9] 1.13x 104
2o(2455)* | 2.45403+1.8x 1074

P [x; 3|-9, -6, -39] 851x 1077

E[0;9]-6, e+1,-9, e+, -e-1] 2.02x10°°

E [-x; 6] e+1, 105] 7.84x 107
(2455 24529+ 4.0x 1074

P [0; 0| e+1, -e-1, &1, 6, e+1, -e-1,

e+l] 2.84x 104

P [x; 31-9, -6, -9] 1.07x 104

E [-x; 6| e+1, 96] 1.02x 104
%.(24559 245376+ 1.8x 1074

P [x; 3] -9, -6, -24] 3.06x 107°

E[0;9]-6, erl, -9, erl, -e-1, 1] 1.48x 1074

E [-x; 6| e+, 102, (e-1)] 8.05x 107°
2:(2520)* | 25184+ 6.0x 1074

P[0; 0l e+1, -e-1, e, -e-1, -18] 144x 104

E[0;9]-6, 6, -e-1, &1, (18)] 1.05x 10°°

E [-x; 6| e+l, -27, &1, (6)] 1.68x 1075
2(2520) 25175+ 23x 1073

P[0;0|e+l,-e-1,e1,-e-1,-15,e1] | 1.01x10*

E[0; 9] -6, 6, -e-1, 1, (-6)] 7.02x 107

E[-x; 6]e+l, -27] 420x 1074
2:(2520§ 25180+ 5.0 x 1074

P[0;0|e+l, -e-1, &1, -e-1, -15] 2.46x 104

E[0; 9] -6, 6, -e-1, e1, (-21)] 8.75x 1076

E [-x; 6| e+l, -27, 6] 2.10x 107
=E 24678+ 4.0x 1074

P [0; 0| e+1, -e-1, e-1, 60] 5.29x% 1075

P [x; 3]-9, -e-1, -e-1, e1, e+1] 2.82x 104

E[0; 9]-6, e+1, -33] 8.89x 1076

E [-x; 6] e+1, -933] 1.45x 1076
=9 247088+ 3.4 x 1074

P [0; 0| e+1, -e-1, e-1, -162] 2.87x 1077

P [x; 3]-9, -e-1, -9, (-9)] 1.73x10°°

E [0; 9] -6, e+1, -141] 6.33x10°°

E [-x; 6] e+1, -294] 591x 107
crAl 25756+ 3.1x 1073

P [x; 3|-12, er1, 6] 433%x 10

E[0;9]-6,9, e1] 1.02x 1073

E [-x; 6| e+, -12, -e-1, 1] 1.40x 1073
=0 25779+ 2.9x 1073

P [x; 3|-12, e+1, e+1] 5.26x 1074

E[-x; 6| e+l, -12, -e-1] 8.16x 1074
Zc(2645P* | 26459+ 5.0x% 1074

P [x; 3]-12, -e-1, 9] 7.47x 1078

E [0; 9] -6, -39, (-330)] 1.13x10°8

E[-x; 6| e+l, -9, e+, 6] 250x 1074
Q9 2.6952+ 1.7 x 1073

P [x; 3]-15, e+1, -e-1, e-1] 6.84x 10°*

E [0;9]-6, -9, e+1, (-12)] 315x10°°

E [-x; 6| e+l, -6, er1] 9.61x 1074
Qc(27709 | 2.7659+2.0x 1073

E [0; 9] -6, -e-1, (93)] 9.99% 1076

E[-x; 6] e+, -6, erl, e+1] 3.47x10*

tom baryons (x-1.75083890054)

Particle Mass+ SD [GeV] Numerical

Continued fraction representation(s) error [GeV]
AD 56202+ 1.6x 1073

P[x; 3|6, e+l, -e-1, &1, 9] 1.25x 1074

E[0;9]9,-27] 3.49x 104
o 5.8078+27x 1073

E[0;9]9,-e-1, &1, -e-1, (-27)] 247x10°8
o 5.8152+ 2.0 x 1073

E[0;9]9, -e-1, &1, -e-1, &1,

(-e-1, 24)] 430x10°°
o+, Zp*0 | 5.8290+ 3.4 x 1073

P[x; 3| e+1, e+l, -e-1, e1] 8.39x 104
Tp*~ 5.8364+ 2.8 x 1072

P[x; 3| e+l, e+l, -e-1, &1, -6] 7.39% 10°°
g,° 5.7905+ 2.7 x 1073

E[0;9]9,-e-1,e1,9] 220x 104

Table 12: List of the 10 possible continued fraction representations
of the electron mass when considering the rules that denominators
must be small and their sum including the free link equals zero, to-

gether with their associate phase shifts and the number of outliers
when considering the following set of 18 particlgs;, K°, B*, B°,

B*0+, BY, Bs*®, Bo*(5840), Jy(1SY, xa (1P, ho(1PP, A(1520%,

30, £(1385), 27, A, Zp*O* andZy*~

Continued fraction representation phase shift number of
for In Telestion — y 4. 5 X outliers
proton

P [x; -9] 15, -6] 1.29770965366 | 3

P [x;-9] -6, 15] 1.95172884111| 5

P [x; -9] 18, -9] 1.33097940724 | 4

P [x;-9]-9, 18] 1.79175802145 | 2
u, X0

P [x; -6 -6, 12] -1.04460536299| 6

P[x; -6] 12, -6] -1.75083890054| 1
Xcl(lP)O

P [x; -6]-9, 15] -1.20718990898| 6

P [x; -6] 15, -9] -1.70037040878| 6

P [x;-6]18, -12] -1.66836807753| 3

P [x; -6]-12, 18] -1.2860171871 | 4

so one single outlier might not be figiently significant to
make a clear decision. Here it is now worth looking at the
outlier particles. In the first case, the two outliers are the
muon and th&®. The muon has a comparatively long mean
lifetime of 2.2us. So it is fare more stable than the average
elementary particle. Therefore it is reasonable to request that
the muon mass is reproduced by the model, i.e. the muon
must not be an outlier.

4 Conclusions

The here presented bipolar version ofuldr's continued
fraction model is so far the best description of elementary
particle masses. It demonstrates two facts: first, electron and
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proton can be interpreted as a manifestation of the “Yin and
Yang” principle in nature. They both can be interpreted as
fundamental reference points in the model of a chain of har-
monic oscillations. Second, the proton resonance idea alone
is an incomplete concept and we have to recognize that elec-
tron resonances also play an important role in the universe.

These results can be obtained only when strictly consider-
ing the individual measurement errors of the particles and alll
similar future analyses should be based on the most accurate
data available.

Until now, this bipolar version of Nller's model has re-
produced only one data set. It is obvious that this alone can-
not be considered as a full proof of correctness of this model
variant and much more data should be analyzed.
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