New Physics in the Standard Model
Based on the Electron and its Symmetry






New Physics in the Standard Model
Based on the Electron and its Symmetry

By

Sergey Sukhoruchkin

Cambridge
Scholars
Publishing



New Physics in the Standard Model Based on the Electron and its Symmetry

By Sergey Sukhoruchkin

This book first published 2025

Cambridge Scholars Publishing

Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Copyright © 2025 by Sergey Sukhoruchkin

All rights for this book reserved. No part of this book may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
without the prior permission of the copyright owner.

ISBN:978-1-0364-1787-1
ISBN (Ebook): 978-1-0364-1788-8



Table of contents

Preface Vi
Acknowledgments Vil
Chapter 1. Introduction 1
Chapter 2. Historical background 5

Chapter 3. Confirmation of the tuning effect in nuclear dat@ 2

3.1. Analysis of nuclear excited states 20
3.2. Excitations in nuclei with Z=14 and Z=16 nuclei 27
3.3. Excitations in nuclei with Z=20-28 42
3.4. Excitations in nuclei with Z=38-42 61
3.5. Excitations in nuclei around tin 70
3.6. Excitations in heavy nuclei 82
3.7. Combined analysis of nuclear data 93
3.8. Analysis of excitations in near-magic nuclei 100
3.9. Description of common excitations in different elertset03
3.10. Fine structure in nuclear excitations 113
Chapter 4. Analysis of nuclear binding energies 124
Chapter 5. Analysis of particle masses 145
Chapter 6. Conclusions 170

Chapter 7. References 171



Vi

Preface

This review contains the analysis of empirical correlagionparticle masses and nuclear data (excitations and
binding energies) for obtaining additional fundamentéimation about the parameters of the Standard Model.

The relations between the masses of the constituent quacktha masses of the fundamental fields, as well
as the role of nuclear parameters associated with the osemexchange dynamics are discussed.

We consider unexpectedly accurate empirical relationgédsen nucleon masses and electron rest mass, ob-
tained on the base of the recommended by the Commitee on O@RATA), named here as the CODATA rela-
tions.

Integer relations (1:13:16:17:18:54) between the gertisateteness parameter= 16m. =8.176 MeV (in-
troduced empirically earlier as close to the doubled valuta® pion 5-decay energy, and now being confirmed
from the pion parametef,=130.7 MeV, equal to 16=130.8 MeV),m.., the muon mass, and the constituent quark
massM, = mgz/3=441MeV are compared with the fundamental fields and withntlmaber of fermions in the
central field.

The unexpected exact empirical relation between the lepton= 2m,,+2m,,, wherem,, = 6f = 6x16J =
6 x 16 x 16m,, is considered together with the the lepton rate207=13<16-1 as an important feature of the
particle mass problem.

We show here that the success of the Nonrelativistic Camstit Quark Model (NRCQM) mentioned by
R. Feynman according to F. Close’s remark in the CERN Coueéiew, can be associated with the unique role
of the electron and the general character of symmetrizatibich manifests itself in the exact ratios 1:2, 1:3 and
1:16 between the electron mass and the general discrefesresseted = 16m., and other particle masses.

The main results of this work were obtained from the globallgsis of all particle masses known with the
accuracy about 10 MeV, and the further application of theetation Adjacent Interval Method. These types of
analysis have never been used before and allowed us toisktti# distinguishing character of the relationships
between the masses of leptons and other fundamental pariticthe Standard Model.
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CHAPTER 1

Introduction

The Standard Model (SM) is a modern theory of all interadti@xcept for gravitation), with the representation
[1] SU3)car ® SU(2), ® U(1)y, where the three components correspond, respectivelyet@aiantum
chromodynamics (QCD), weak interaction and electrodyoaf@ED).

The development of the Standard Model has been considerathhy authors, including R. Feynman, who
noted that the Nonrelativistic Constituent Quark Model MBRM) is correct as it explains so much data. It is for
theorists to explain why [3]. We describe in this work resulbtained and discussed in [4-12], and additionally
consider the analysis of most recent data, which allows tkenaadefinite conclusion about the direction of the
Standard Model development, and the NRCQM [13,14] is oneoafmonents of this new physics. The reality
of the constituent quark with the mass of about 1/3 of the danyass or 1/2 of the meson mass is in accor-
dace with experimental data for masses of first multipletsasffons and mesons, namelyz /3=441 MeV and
my,/2=391MeV (the baryon and the meson constituent quark madgeandM,*, respectively).

Several empirical observations of unexpected correlati@iween particle masses have been made since 1952,
when Y. Nambu [2] turned attention to the distingushing afléhe pion mass. For example, the author has found
out that:

1) the pion and muon masses are related as 17:13:1 to theedbpioin 5-decay energy, which is very close to
16m. = fr/16 (wheref,=130.7 MeV is the pion parameter), named here as the geriscabténess parameter
0 = 16m.=8.176 MeV:

§ = 16me = f/16; (1)

(the muon mass and the lepton ratig, /m.=206.768, close td = 16 x 13 — 1=207, were considered in the
literature as very importat parameters);
2) there are the exact relations between the masses of msa@al the electron mass named here the "CODATA
relations”:

my, =115 - 16m, — m. — dmn/8; mp = 115 - 16me — me — 99mny/8; (2)

from these relations follows that the role of the physicaldensate [15,16] and the QED correction (scaling
factor)a/2m, close to 1(32 x 27) is important;
3) the recently determined mass of the third leptep=1776.86(12) MeV [1] concides with the doubled sum of
masses of the muon andmeson fn,, = 6f,) 1776.62(24) MeV:

my = 2my, + 2my,. 3)

These three important observations provide interconmedtetween the main SM parameter related to QED
(lepton masses, QED correction (scaling factey2r, the role of fundamental fields) and the main hadronic
parameters (meson and baryon masses, constituent qu&Rsp&ameters).

The empirical correlations in nuclear data were studiedflamg time. The distinguishing character of stable
nuclear intervals coinciding with or related to the nucleoass splittingdm y=1293 keV and the electron mass
m.=511keV [4-12] was noted, and this was named the tuning effiden, when particle masses were precisely
measured, the observation in the particle mass spectruheafame stable nuclear intervals became the starting
point for combined analysis of the particle masses and audita. This recently performed combined analysis has
confirmed the main statements of the Standard Model and caarisédered as a basis for an empirical approach
to its development. An appropriate slogan for this approsithe "data-driven science” [17-21].

An example of empirical correlations is given in Fig. 1, waéne distribution of valuedAM = m,; — m;
between all particle masses [1] (PDG-2020 and 2021 updatgeisented as an ideohistogram in the region of
0-4600 MeV with an averaging intervAl=5 MeV. Maxima at 16 MeV=2 = 2 - 16m,, 49 MeV=6) = 6 - 16m.,

104 MeV (close to the muon mass,=105.7MeV)=13 = 13 - 16m., 780MeV (close to the omega meson
massm,,=782MeV)=%6 - 166 = 6 - 16 - 16m, = 6f,, wheref,=130.7 MeV is the pion parameter; 447 MeV



M,=441MeV, 3504 MeV8M, = §°/2 (6° =4 - a/2ﬂ'_1), 3962 MeV and 4427 MeV, close to integérsl, 8, 9
and 10 of the constitutnt quark mai,=441 MeVanz=/3.

R. Feynman mentioned [15] that there is no theory which enplmasses of the particles, and calculation of
their values is similar to that for the magnetic moment ofatetron.

V. Belokurov and D. Shirkov noted [16] that due to vacuum piakgtion effects the electron magnetic moment
i, the Bohr magnetopy = efi/2me, has an additional contribution called the anomalous magnm®ment.
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Fig. 1. AM distribution of all differences between particle massemmfrPDG-2020 [1] and 2021 update in the
region 0-4600 MeV, averaging interval 5MeV. Maxima at 16 MeV25, 49 MeV=6), 104 MeV (close to the muon
massm,=105.7 MeV)=13 = 13 - 16m., 447 MeVx M,, 780 MeVan,,, 1042 MeV=§',, 1391-1402 MeV=1f:. and
1774 MeVx m.. Intervals 3504 Me¥ 8M, = 6°/2, 3962 MeVk 9M,, and 4427 MeW 100, are considered in text.

The correction tq: was calculated in 1948 by J. Schwinger andjs= («/27)uo ~ 0.0011640. Due to
the small value of the electron mass (because of the lackafgtnteraction) and R. Feynman’s remark about
the analogy between the corrections for the magnetic momaraghtelectron mass [15], one can expect that the
component close to the QED correctiafi2r is contained in the electron mass itself.



The electron mass 511 keV, the nucleon mass splitting: i, the integer values of., and the components
a/27 in these values are the basic parameters of the tuning éffiextence of integer relations in particle masses
and stable mass/energy intervals in nuclear data witimth@nd the general discreteness paraméter 16m.)
considered here [4-12,17-20]. In Table 1, the value of thisection to the magnetic moment (top line) is presented
together with other empirical ratios with similar valueslaralues mentioned in the literature [21,23,24].

Fig. 2. Feynman diagrams contributing to the electron magnetic emm
Left the Bohr magneton.
Right The one-loop correction by Schwingey2r = 116 - 107° [16].

In a "data-driven science” approach to SM development, vggrie discussion of the tuning effect, introduced
in [21] on the basis of the above mentioned three obsenatonsidered here in more detail. The pion mass split-
ting m.=4593.6(5)keV is close t0r8.=4599.0keV [21] and to the d-quark masg=4.78(9) MeV. Therefore,
the doubled value of the piofi-decay energRém, — 2m,.=8165.2(10)keV is close t6=16m, (line No. 1 in
Table 1). The value &n, — 2m.=8.1652(10) MeV deviates from 16nby 10.8(1.0)keV, or by a factor (ratio)
132(12)10~° close toa/27=11610"° [21]. The empirical factor B2 x 27 is given in the bootom line.

The empirical relations found by Y. Nambwg = m, + 6m,) and A. Hautot [25,26]/¢. /m,, = 17/13)
allow one to introducerf, + m,)/(17+13)=8174keV, the same period closey&B8176 keV [21]. The masses
AMa=147MeV=ma — mn)/2, m,, m, my and f,=130.7 MeV are close to ¥ (with N=13, 17, 115, 16 and
18), where N is the number of the genaral discreteness p&eaine 16m.. We also take into account relations
found by G. Wick, R. Sternhaimer and P. Kropotkin [27-29],emhthe stable intervals derived as halves of the
vector meson masses coincided with the valugs—m,, = 485 = M;’=392MeV andn, —m,, = M,=441MeV,
that is, the intervals between the muon and hadrons (seabelo

The reasons for the appearance of the second lepton in thielgpanass spectrum have been discussed by
many authors, see the famous question of I.I. Rabi "Who edleil of that?” (S.F. King, CERN Courier. 2020.
V. 60. No 1. P. 23). We consider the appearance of the secptahlelue to the mechanism of formation of a
hole in the 1p,, subshell. Symmetry motivated electron-based approachhese explains the appearance of the
number 13 in the lepton ratié, as well as in nuclear data. It was noted in [21] that the dna of the ratio
m,,/m. from the integer valud. = 207 = 13 x 16 — 1 is close to the QED correction, namely, the difference
between the value-n.=105.7767729 MeV and the muon masg=h05.6583755MeV [30] is 0.1189014 MeV.
This is the ratio 112.80~° with m,, which is close tax/2n (the 3-rd line in Table 1). The recent value of the
accurately known mass of the third lepton.=1776.8(1) MeV coincides (3) with the doubled value of thensu
of the muon andv-meson masses (1777.0MeV). These relations in lepton maseehe first evidence of the
distinguishing role of lepton masses in the particle masstspm. We show that lepton masses obey very simple
symmetry motivated relations (between themselvedl-43 — 1), which is a continuation of the principal 1:16
relation betweem:. and the general discreteness paramgtelearly seen in the spacing distribution in the particle
masses (Fig. 1). The same 1:16 ratio exists betwiesd the pion parametgt. = 166=130.7 MeV, which is 1/6
of m,, (the parametem,, /2=391 MeV was used by G. Wick).

Concerning the scaling factay/2r = 115.9-10~° it was recently found that the neutron mass shift,=161 keV
relative to the integer number of the electron mass [1,2Rjaides with the tensor forces parametef’’=161 keV,
found in the excitations of nuclei, where the one-meson argk dynamics dominates [31,32], and the ratio of
this shiftm,,=ATF to the pion masgm,,/m, = 115.86 - 107° is close to QED correction (Table 1, 2nd line).



Table 1. Comparison of the parametay/27=11610"° with the anomalous magnetic moment of the electtqn./p.. (top
line), the parameter of parity nonconservatipn_/2 (observation by J. Bernstein [23], second line) and watfios between
the mass/energy values considered in the text (lines Nd, B-important relations are boxed, see also [24]).

No. Parameter Components of the ratio Value x10°
Apelpe =a/27m-0.32807 /72 115.965
ny_12 2.232(11)x1073/2 [22,23] 112(1)
1 5(5mx)I9me | (A-4593,66(48) keV)/(Br.=A) | 116(10)
2 Snlma | (kxme-m)/m~=161.649 keVin, | | |115.86
3 omulmy (23x9me-my)Imy, 1121
4 mu /My | m,/M2=91161(31) Me\|
5 el 1.35(2) eV/1.16(1) keV 116(3)
6 eleo 1.16(1) keVE,=1022 keV 114(1)
7 SO/ZMq 50/3(mA-mN) 116.02
8 D(187 eV)/161 keV (375 eV/2=187 eV)/161 keV 117
9 (AMa=m.) Mo 147 MeV/125 GeV 118
10 ma/ms, [1] mq=4.78(9) MeVim,=4.18(3) GeV 114
11 | Sh, D(187eV)/161keV (373eV/2=187 eV)/160 keV, 114
12 | Pd, D(1497 eV)/1293 ke V| 115.7
13 Hf, D(1501 eV)bm y 172,176 3¢ p*(01)=1293 keVamy 116.1
14 Os, D(1198 eVlim. 178:1800g £*(07)=1023 keV=2n. 117
15 | Pu, D(99eV)2E*(21) evenpy ¥ (21)=42.5 keVam. /6 116.2
16 1/32x27 115.7

So, the proximity of the sum of the masses of the muon and pi¢8a=13+17j is a systematic effect. The value
a/2m =115.9-107° is close to the empirical ratib/27 x 32 = 115.7- 1075,

Discreteness observed in spacing distributions of newtrmhproton resonances, namely, the superfine struc-
ture with a periodt”’=1.35eV=5.5eV/4 (Fig. 3) and the fine structure with a pertdl.2 keV (Fig. 4) were
expressed in [21] as different powers of the QED radiativesmtion to the constituent quark mass in the NR-
CQM [28,29] M,=(3/2)AM =441 MeV, which was introduced empirically by R. Sternheiraed P. Kropotkin
from the proximity of several independent intervals in jzdet masses [21,24,25]. Excitations of some near-
magic nuclei {°B, 160, ®Ne, 2°8:209Pp) and stable intervals in nuclear binding energies (Fignéltiple of
€0 = 2m,.=1022keV are the base of this discreteness. Ratios closg2o, namelye”/<’, e'le, ande /2M, are
given in Table 1 (lines 5, 6, 7).

The collection and analysis of nuclear data at ITEP and theWN&I [33] resulted in the establishment of two
systems of stable nuclear intervals associated with theeananass splittingm y=1293 keV and the electron
massm.=511keV with a scaling facton/27 = 115.95 - 10~°, known as the QED correction to the magnetic
moment of the electron, which is now indirectly confirmed bg same ratio of the two principal SM parameters
my/Mz =115.87-1075.



CHAPTER 2

Historical background

In some papers [21] attention was drawn to the structuredrsffacing between neutron levelg; Bor some
N-odd (compound) heavy nuclei. If single particle or to berenprecise few-particle effects play any role in
the complex spectra of levels in heavy nuclei they will firétal manifest itself in N-odd compound nuclei.
These systems are thought as N-even excited core plus neufrthe structure in [ is due to anomalously
strong statistical fluctuations then, these data takenthiegdor the large number of nuclei, will give smooth
distributions. But it doesn’t happen, and distinguishiffget in D;; near 5.5 eV maintains even in cases in levels
with relatively broad neutron widths which, as one would ectp correspond to larger contribution of single
particle configurations. The firstindication of the so-edlhonstatistical effects in neutron resonance positi@ss w
obtained during the heavy elements neutron cross-sectasunements on the time-of-flight neutron spectrometer
at the ITEP cyclotron [7,8,21]. The distinguishing effettloe interval 5.5eV has also been confirmed by the
analysis of the summary data on positiong)(& neutron resonances (distances from levels to the birehergies
of neutron).

A large amount of information on neutron resonances of hemwfei with Z=90-96 allows us to perform
the analysis of the levels positions and spacings to chexkligtinguishing character of the superfine structure
parameter.

There is a system of stable energy intervals that are medtipl each other. The superfine structure parameter
¢"=1.34eV was found in spacing distribution of neutron resmea of compound nucled$®*Np: maximum at
1.1eV. This value is close to the position of the first stroeagponance at =1.321 eV in this nucleus. The next
strong resonance at,E5.777 eV is four times larger than the position of the firsbisg resonance and is close
to the parameter 5.5eV observed in N-even target nuclei 05.88 eV 232U, 5.1570eV?34U, 5.45eV 236U,
The same situation as in the compound nuckE8BIp is noticed in the compound nuclet®Pa: 1.341eV and
5.152eV. The positions of the first strong resonances in coumg nuclei?*?Pu and?*2Am are 5.813eV and
5.415¢eV, respectively, close to the parameter 556V &”.

The intervals 5.5eV=4" and¢’, as well as intervals that are multiples of them, were founchany heavy
nuclei as maxima in positions and spacings distributionseaftron resonances. M. Ohkubo and K. Ideno noticed
the intervals 5.5eV and 11 e3=143eV in Sb and in As in 1971.

Table 2. SM parameters and NRCQM parameters, which are in ratio® dlos /27 (marked with 1-4 asterisks), and
comparison of their values with Qr(boxed) and 9. (double-boxed). The proximity of mto 9m. and m to 9m_+ is
discussed in the text.

Name Particle, mass Particle, mass Particle, mass
Scalar field HC, 125.7(4) GeV*+*+

Vector field ~, 0 Z,91.1876(21) GeVv*
NRCQM AMA=147 MeV**** W, 80.385(15) GeV
NRCQM My = 3BAMA=441 MeV**

NRCQM Mg = 3fr=391MeV

Gravitation, J=2 <6x10732eV

Leptons, Q=0 Ve <2eV Vu Vs
Leptons, Q=1 e, 0.510999 MeV** 1, 105.6584 MeV* | 7, 1776.82(16) MeV
Quarks, Q=-1/3 ‘ d, 4.78(9) MeV*** s, 95(5) MeV b, 4.18(3) GeV***
Quarks, Q=+2/3 u, 2.2(5) MeV t, 173.21(90) GeV
Comparison with 9M,=3969 MeV

The parameter /27 = 115.9 - 1077 is in the relation (4) with the parameters of superfine andstnectures
in the positions of neutron resonaneés=1.34 eV and¢t’=1.2keV, withM,, Mz (91 GeV) and the scalar boson
massiM . =125GeV:



af2m=e":e" =" 2me=me: My =my, : Mz = My : 3Mpo. 4)

The important role of both parameters NRCQW}, = 3 x 185 andM;’* = 3 x 164 (presented in the second
column of Table 2) is seen from the empirical relations,tstgrfrom the proximity toa/27 of the ratio of the
parameter NRCQM\ M =147 MeV to the mass of the scalar fiéldy. =125 GeV (2-nd columnin Table 2, line 9
in Table 1). NRCQM provides very accurate (within about 15/ealculations of the baryon masses. Combined
with the CODATA relations (2) and the QED radiative correntconfirmed by neutron resonance data (Table 1,
bottom), this provides a basis for further development ebtietical models.
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Fig. 3. Distribution of residual values after subtracting an evember of intervals 11 eV from the values of the spacings
indicated between the neutron levels of many nondeformddea@n-even target nuclei [21].

Discreteness in the positions and spacings of neutron aeses with a period of 5.5eV, shown in Fig. 3,
and a similar discreteness in the proton and neutron resesaf light nuclei with a period of 1.2keV (Fig. 4),
considered as effects of the second and first order from geeateness in single-particle excitations of light and
near-magic nuclei with a period of 1.022 Me¥; found, for example, in level¥'B, 12C, °O and neon, as well
as the discreteness in nuclear binding energies (Fig. 9,[2&}e studied in this work. Dimensionless empirical
relations between the above mentioned parametees 2m.=1.022 MeV,e’ =1.2keV (the fine structure) and
e” =5.5eV/4 (the superfine structure) were considered in [21jigoally as a sequence of a similar empirical
relations between the electron mass and the stable interval/;, = Myommon = mz/3=441MeV found by
R. Sternheimer [27] and P. Kropotkin [28]. Now the valueldf is known as the mass of the baryon constituent
quark in NRCQM [13,14], and the facter/27 has been considered as possible manifestation of physical c
densate. Moreover, it is shown below that the parametersQ¥®@/, and M’ have a very general character,
manifestating themselves in the masses of leptons and ks and being responsible for grouping effects
in the total spacing distributions (Fig. 1). These paransedee given in Table 1 in lines 5-7 together with some
relations found later. In the top part of Table 4, these patans are presented as powers of the QED radiative
correction, which reflects the influence of physical condémgévacuum) [16]. In the bottom part of Table 1 and
Table 4, other examples of comparison of stable nucleanaleare presented.

Evolution of the nucleon mass from the initial valuk/3 = mz (N=9x 18§ = 1624, Fig. 6, top) to the deuteron
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massA corresponding to N=151-150 in units &&= 16m. and the constituent quarkl, = 504, directly seen as
equidistancy in masses of pseudoscalar mesons (shown.if,Figttom), means the transition Af\M/A (N = 18)
in m, or f (N=17, 16). The final stage in the nucleon mass evolution ¢rohabout 940 MeV-8 MeV=932 MeV)
is situated close to . + AMa (circled pointin Fig. 6). This corresponds to the importaié of the parameters
fr and 3fr = M in the particle mass spectrum (N=16, in the central column of Table 5).

The two lightest particles, the electron and the muon, spad to the last SM component (see the expression
at the beginning of Introduction). Their masses, /m.=105.65937 MeV/510.9983keV=206.77 are in a very
accurately known ratio, which deviates slightly (diffecer0.232) from the integer value L=207=486-1 (the
lepton ratio) by a small factor 112.08~5 (ratio of the difference to L), close to the QED radiativereation
a/2m = 115.96 - 1075 (line 3 of Table 1). The ratio of the muon mass to the impor@t parameter - the
vector boson mass,, /(M z=91.1816(21) GeV)¥15.87 - 10~° is very close tax/27 (4th line of Table 1). The
difference 1566.70 MeV between the mass of a heavy leptonl 776.82 MeV and two muon masses 210.12 MeV
is close to 1569.79=448)=4x392.45MeV (or to the four constituent quarké, = m,/2=388 MeV, and the
value 1565.30 - twice the value,=782.65 MeV=%391.3MeV). These relations will be considered in the final
sections together with the relations between the quark esasg andm,; and the proximity of the splitting of
the pion mass to/8. (shown in lines 1 and 10 of Table 1). In the central part of &blline 9), the recently
obtained ratio with the mass of the scalar field 3¥};. is compared with the ratios (found in [21], lines 5-
7) between different structures in nuclear excitations imngarticle mass spectrum (superfine structure period
¢""=1.35eV=5.5eV/48" /8=11eV/8, fine structure period=1.16 keV=’/8=9.5keV/8,e, = 2m.=1.022 MeV
andM,=441 MeV=3AMA). Additional ratios between nuclear intervals considenetthis work are presented at
the bottom of Table 1, lines 11-14.

Similar correlations are presented in Table 2, where vatieese to the QED radiative correction are marked
with one, two, three and four asterisks. At the bottom of &abproximities ofmy to 9m. and m. to 9m,_+ are
boxed and double-boxed.

The discreteness with the periéd16m. and the paramete¥/, = 546 has been extended to higher energies.
The ratio of the vector boson masses; MMy to the constituent quark masses, kind I\/[I’:388 MeV=3f, was
found to be equal to the lepton ratio L%z#/m.=207. Long-range correlations in the scalar and top quarsasa
are considered below.

The maximain Fig. 1 atinteger valuk®f §: 16 MeV (k=2), 49 MeV {=6), 104 Me\x m,, (k=13), 447 MeV,
close to M=3AMa=441MeV (=54), 1774 MeVFn,, 3029 MeVr 7M,, 3504 MeVx 8M,, 3962 MeV=9V,
and 4427 MeV=10M mean the existence of long-range correlations with therpater), (see Table 2).



The position of the nucleon mass in nuclear mediwmf(,”(il ~932MeV=6f. + AMa among other stable
mass intervalsit,, fr, m~, AMa under discussion) in Figs. 1 and 6 is part of the evolutiorhefriucleon mass
from 3M,=mz= to my. This evolution is shown in Fig. 6 in two-dimensional magsresentation with a period
of 160=/f, close to (1/3)1,/=(1/6)m, along the horizontal axis and the perid@long the vertical axis. Within
the discreteness 6l the value of\/, corresponds to N=54, the nucleon mass in free space cormgspoN=115,
and the nucleon mass in nuclear media corresponds to N=2154+96+18 (the circled point atf§ + AMAa in
Fig. 6).

We see that the tuning effect, found earlier [21] in the lepttasses is confirmed by the analysis of the other
particle masses.

The combined analysis of nuclear data and particle masses&ow) not only confirms the empirical con-
nections between leptons {rm,,) and quarks (m m., my,, m;), but also demonstrates the distinguishing role of
QED radiative correction associated with the propertigehyisical condensate. The constituent quark massges
andM’, related (as 3:1) to the pion parametersrh, andA M4, take part in the relations between the mass of
the scalar field Mjo=125 GeV and the electron mass m 3x170keV.

In Fig. 6 it is shown that the nucleon mass is the result of tr@ution of the baryon mass consistent with
the discreteness (tuning effect) observed in other pesigt),, m.+, m., M,, M7 etc.). The appearance of traces
of general discreteness in nuclear data has a natural etgarwithin the framework of QED—QCD dynamics.
The appearance of such a correction indicates the impadsnbf the reaction of a physical condensate on the
presence of a particle.

Nucleons and the electron are stable particles that deterthie visible mass of the universe. They are
in a ratio that is very accurately estimated in the CODATAieavasm,,/m.=1838.6836605(11) [1,22]. The
electron-based SM development considered here is denigetdthe fact that the exactly known shift of the neu-
tron mass from 1186m, - m. is dm,, = 161.6491(6)keV, which is equal to 1/8 of the nucleon maditisg
omn=1293.3322(4)keV. The unexpectedly exact ratioy : dm,, = 8.00086(3)=8x1.0001(1) allows the repre-
sentation (2).

Y. Nambu noted [2] that in the case of new phenomena first ooglditollect the data and find some empirical
correlations in them. After that, build a model, and thenemtly, and the Standard Model is such a theory (however,
there are too many input parameters, especially concethémasses, which are not explained).

Several recent observations are noted. Masses of all learfiarm correlations in the mass spectrum with
a general discreteness parameter 8.176 Me¥=16m.. The shifty,, = 161.6491(6)keV coincides with the
parameter of the tensor forcésl'F' = 161 keV, found in nuclei where one- pion exchange dynamicsidates
(*8F, ®°Co, 24Sh, Table 3, top, Figs. 7-10), and with radiative correctigi2r to m.. Similar fine structure
interval in CODATA relations (170 keV=p#3) connected with a shift in nucleon masses equal to thérelemass
and corresponding to a shift in the mass of each of constitypearks that form nucleons, is observed in many
near-magic nuclei (Table 1, bottom, Fig. 10).

In Figures 10 and 11, the maxima in sum distribution of nudde@itations coinciding with the doubled value
of nucleon mass splitting 1293 ke\n y: 2594 ke\k20m y=2586 keV (equal to 16 intervals of 161 keV), and the
parametet,=1022 keV=2m (equal to 6 intervals of 170 keV) are marked with arrows awlitiaite integers of the
fine structure period’= 9.5 keV derived from the discreteness parameter.J&imd QED correction to the electron
massd x a/2r=8.176 MeVk115.9- 1075 = §'.
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are along the vertical axis ih6m.. Lines with three different slopes correspond to the thiee parameters. = 164,

my+ = 170 and AMa = 185. The line withm,=140 MeV=f.+6 (N=16+1) passes through the masses\ef =-, Q-
hyperons (=81, 1lm., 12m,). The stable interval in the pseudoscalar mesens-m,=m,-m + (crossed arrows) is
close toMqA=410 MeV=m;/3=505. The nucleon mass in the nuclear medium?f<, circled point) is close to the sum of
AMa+6f,. Values 3/, = 9AMa and 6f-+AMa are the initial and final stages of the nucleon mass evolutstussed

in the text and in [9,11]. Lines wittv — and K *-mesons correspond to stable excitations with/ = 2M, = 6AMa (and
AJ=2). The mass of the charmed quark = 9m. is marked on the line between the pier) @ndQ2~. The mass of the
lepton is close to @, + 2m,,.
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Table 3. Top: Comparison of excitations (in keV) of near-magic nuckéi-33Sh and'*®Sn with rational part (n) of nucleon
mass splittinggmy=1293.3 ke V.
Bottom: The same fof°!:1%35n,°B, 12C and'®Ne with spin-flip effect in'°B (¢,=1022 keV=2m).

AZ IZSSb 125Sb 127Sb IQQSb ISISb ISSSb 119Sb 1168n IIGSn
J" 5/2+ 5/2t 5/2t 52t 5/2F 52 = 66
E* 160.3(1) 332.1 4912 [645.2(1)| 798.5[962.3(1) 644 | 1294][1292
n@Emy) 1/8 1/4 38 1/2 5/8 3/4
n-6mx 161 323 484 646 808 969 646 1293 1293
Diff. -1 -9 +7 -1 -9 -7 -2 1 -1
D, eV 373 570
ratio D/E* 114107° 116107°
AZ IOISn IOSSn IOB IOB 12C 18Ne
J= 712+ 712+ ot-1t 3" 2= 0ot (T=2) o of @ 2f
E* [171.7(6)|[ 168.0(1)|[ 1021.8(2) 6127.2(7) 5110.3 27595(2) 3576.2 4590(8) 5108(8)
n(eo) 1/3 1/3 1 6 5 27 7/2 92 10
Neo 170 170 1022 6132 5110 27594 3577 4599 5110
Diff. 2 2 0.2(2) 5 03 120 12 98) 4(8)
>
o 100 | 18 162 keV
x |
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o B
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Fig. 7. Spacing distribution in levels dfF (n=372) in two different regions with maxima at 162 ke\/mx /8.

Long before the CODATA relations were observed, the valdabh® mass shifts of the nucleons relative to
integersm., namely,om,=161keV and %ém,=9x161keV=(9/8)(1293 keVémn )= 1454 keV together with
1293 keV were independently found.

Below we will show that the members of the system of stablegnimtervals rationally connected with the
nucleon mass splitting (the value @f:  itself, the periodm /8=161keV etc.) play an important role in nuclear
spectroscopy. The parameter 161 keV coincides with thenpetier A7 =161 keV found in excitations of nuclei,
in which (according to T. Otsuka and |. Tanihata [31,32])dhe-pion exchange dynamics is important (the second
line in Table 1).

In the CODATA relations, the shiftr, = -3-m./3 can be assigned to each of the three quarks in a nucleon. In

the bottom right part of Fig. 12, the scheme of a nucleon atingj of three constituent quarks overlapping within

a small central region of radius,k... is presented, together with the radius of the whole nucleon structure.

The central region is responsible for the presence of thgomamumber (according to this schematic figure [13]).
In QCD-based calculations of nucleon masses in NRCQM [13Hig. 12, top left), the parameteV A =
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Fig. 9. Maxima in spacing distributions ift*2*Sh levels.

366=294 MeV (the difference betweeft and N in Fig. 12, top) is used to adjust the interaction between the
baryon constituent quarks (along the horizontal axis insuaf g2 /4r), which, together with the initial baryon
mass (marked "+” on the left axis), allow describing all bamymasses with an accuracy of 10-15MeV. The
initial baryon massM §**=3M,, equal to the three constituent quark mass&s, 3coincides withmz= (Fig. 6,

top and Fig. 12, marked "+" on the left axis). Parameters NRCQMA=147 MeV, M,=3AMa=441 MeV and
My =m,/2 ~ m,/2 = My = 3f,=391MeV (the meson constituent quark) are given in the 2ictise of

Table 2.

D, keV
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Table 4. Presentation of the tuning effect parameters in particleses (3 top sections) and nuclear data (bottom) by
expression d6m(a/27r)XM with QED correctiona/27 [21]. Values my, Mz, My, Mpo, AMa=ms, Mel3, ém, and
parameters®, d, ', 6" are boxed. Stable intervals in nuclear binding energiéss (X=0, M=1) and fine structure in ‘Eand

Di; (X=1-2) are considered in the text and [4-12]. Mass groupihff*=58 GeV andM};=115 GeV [34,35] at X=-1, M=1,
1/2 are unconfirmed.

X M n=1 n=13 n=16 n=17 n=18
-1 32 m=173.2
GeV 1 | 16M,=6° | [Mz=91.2| M{=115
12 (me-My) ML3=58
0 1 16n.=2mg-2m. | m,=106| f,=130.7| m;-m., Agcp AMa=147
MeV 1 106=AEg 140=AEg 147.2°AEp
3 NRCQM M’ ,=m, /2 M,=441=AEp

1 1 |16m.=6=8<, | kd-m,-me= | 170 =m/3|
CODATA =161.651(Gj

keV 8 dmn=1293.3

1 1 |9.5='=8' 123 152 ATF=161 170 (Sn)

keV 2 247 P'zr) 322 3s) 340 (°°Mo)
3 484 (F*) 512 (Pd*2Ca, Co2%Y)
4 492 606 (Te) 648 (Pd) 682 (Co)
6 736 (2Ca) 1022 £, 38 Ar, 89Y)
8 984 1212 (Sn) 1293H*, Pd) 1360 (Te)
12 1475 t8Ar)

2 1 143(As) 176 749 (B, Sh) Neutron

ev 4 570 (Sb) 1500 (Sb, Pd) resonances

The pion mass, the fine structure interval 161 keV (interected witha /27, Table 4, n=17, boxed) and other
pairs of parameters discussed here are located one undbeadue to the proximity values/2r = 115.9 - 1075
and 1/(2%&32)=115.710-5 (X=0 and 1, other similar ratios are considered in the text).

The well-known SM parameters, namely the masses of the mudz &oson (boxed), are in the above men-
tioned ratio:m,,/M =106 MeV/91.2 GeV=115.900 5. The proximity ofa/2x to the ratio of the electron mass to
the parameter NRCQMB8M x=M,=mz/3 (introduced empirically by R. Sternheimer [27] and P. potkin [28]),
was connected [21] with the possibility of representingplgtantervals of fine and superfine structurgs(.2 keV
ande"=1.35eV), observed in the analysis of spacing distribiias the results of the first and second order effects
from discreteness in single-particle energies (with aqekof,=2M, («/27), lines 5-7 in Table 1). In the region
around Z=51 (where the one-pion exchange dynamics donsindte simultaneous appearance of stable intervals
of superfine and fine structures, multiples of the periodsed8717x11 eV and 161 keV, is shown in Table 1.

Progress in lattice QCD calculations and the applicatiomefDyson-Schwinger Equations (DSE) [36] make
it possible to understand the role of the quark-gluon dngssifect and the interconnection between small val-
ues of the initial "chiral quark massest, ~ m,/2=70MeV and large values of the constituent quark masses
M,=441MeV in NRCQM (for example) ;=436 MeV [14]). The quark dressing effect as a dependenclesof t
quark mass function M(p) is shown in Fig. 12 (bottom) for thi¢ié@l massm,=70 MeV. Mass arises from a cloud
of low-momentum gluons attaching themselves to the cugeatk; this dynamic chiral symmetry breaking is a
non-perturbative effect that generates a quark mass frahimgp(limit m,=0, bottom curve).

The CODATA relations (2), the discreteness paraméter 16m. and the exact fine structusen,, associ-
ated with the pion massdf2r) x m,=161keV) correspond to simple general aspects of the ewalaif the
nucleon quark structure andthyperon shown in Fig. 12. ThA-baryon mass corresponding to the three-quark
state is somewhat smaller fN3 x 50 and3 x 54) than the initial baryon mass calculations in the NRCQM.
The nucleomA-excitation (294 MeV) is the difference between the obsgmwasses markedX” and "N” on the
vertical line in the top left part of Fig. 12. The initial natrange baryon mas¥ i ~1350 MeV in the calcula-
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Fig. 12. Top: Calculation of nonstrange baryon anehyperon masses as a function of interaction strength wiiuldstone
Boson Exchange NRCQM Model; the initial baryon mass 1350 M&v450 MeV=3V/, is marked "+" on the left vertical axis
[7-9].

Bottom: QCD quark-gluon dressing effect calculated with DSE [7h8i}jal massesn,=0, 30 and 70 MeV (top). The quark-
parton acquires a momentum-dependent mass function tivdtared momentum (p=0) is more by two orders of magnitude
than the current quark mass (several MeV) due to the cloutlohg that closes a low-momentum quaRight: A schematic
view of the nucleon structure used in NRCQM: a larger radiusaand a smaller,,q:.- cOrrespond to the nucleon size and the
space of baryonic matter [7-9].

tions is marked with a "+” sign on the left axis. The quark meakie corresponding to a certain valueldt; "
can be estimated a&/,=(1/3)M §** ~450 MeV. It is close to AMa=441 MeV=3x147 MeV and to the interval
441 MeV, introduced empirically by R. Sternheimer and P.p&tkin [27-29] from the equality of the differences
ms-my=my-mg=m,-m,=mz-/3 (the result of compensation for the increase in mass degangeness by a
decrease in mass due to the quark interaction).

The importance of the CODATA relations (2) consists in theogioal evidence of the exact integer ratios be-
tween the hadronic masses of nucleons and the electron amks) the clear separation of the two fine structure
systems, each of which is associated to the QED radiativection: the first with the interval 170 keV=./3,
extending to the parameter of discretenésd6m.=2(9m.-m.)= 2(mg4 — m.), and the second one with the
interval 161 keV¥m /8. These fine structures are connected by the faef@mr with three pion parameters
f==130.7(4)MeV [37], ;} andAMa, corresponding to N=16, 17 and 18 &= 16m. (the muon mass corre-
sponds to N=13).

The exact integer CODATA relations (2) considered here ased on data from a recent evaluation [30].
Only the high accuracy of the p/m, ratio allows us to make definite conclusions. After obtagnimdependent
confirmations of the reality of long-range correlationshwitie value ofn., the discreteness parametes 16m,
and the periodm y, we can expect that by using the principle of "data-drivéarsce” the particle mass problem
can be properly considered in connection with the obsemviedjer relations in the particle masses, the fermionic
nature of the electron as the main SM parameter, and the ftuef physical condensate in which we live [38].

The distinguishing stability of the intervals A/ with N=13 (m,) and N=18 {n.) in Fig. 1 is an extension
of discreteness with a stable splitting 16 Me\l+29 MeV=6 and 104 MeV=13. We consider here the analogy
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Table5. Comparison of the number of fermions in the central field (o, N¥¢"™) and valuesV x m. with the masses of
constituent quarks (all in MeV) and the masses of partialelgrameters (lines 3-6). Ratios between massé3/,, m,/Mz,
F=1((213)ym: = My = 2MT3), wherem,, M}, and M =3 - masses of the top quark and unconfirmed groupings [1,34/85]
AMAIMgo, which are close to the QED parametef2r, are given in lines 7-8. The mass grouping at 58 GeN#3 was
reported by S. Ting [34]. Boxed in the bottom line are the hulefiguration inlp shell (configuration 475, 1p5 /5, 1p1,2)
and the valence fermion configuration as a fermion with the mencipal quantum number over the filled shells (configiorat

13411/21 1172/21 1p411/2)-

NTerm 1 16 |1613-1=L| 1616 1617+1 1618
N 1 13 16 17 18

INTE™ % me 16me L X me 166 178 + me. 185
2 Value 8.176 106 130 140 147
3 Const. quark My =3fr My = 3AMa
4 Value 391 441
5 Part. mass Me 0 m, fr Myt AMa
6  Value 0.511 8.176 106 130.7 140 147
7 Part./param. me/M, Mu/Mz  frl2m./3 AMAIM o
8 Ratio 115.96107° 115.87107° 114107° 11710°°

9 Comments hole in Ip | filled shell

between the lepton ratib = 207 ~ (m,,/m.) and the number of fermions in the central fiefd "™ (boxed in
the 1st line of Table 5). The lepton ratio k#,/m.=207=16<13-1is close to the ratios of the vector boson masses
to the constituent quark massedy;/M,=206.8 and\ly/M,/=207.3 (wheré\;’ = m,/2).

The particle masses{., m,, m, etc., in the second line of Table 5) are compared here withahéguration
of fermions in the central field (in the last line). Boxed dne tonfiguration of the hole in the 1p shell and the
valence fermion configuration over filled shells 1s1p. Th&tidguishing character of the values N=16 can be
assigned to all three parameters of the pion considered figrer, andAMAa).

The systematic appearance of the parameter of discreténes$6ém,. (k=2 and 6) in Fig. 1 should be ex-
plained. For this explanation, the particle-hole plus thgle particle configurations can be important.

The symmetry motivated electron-based approach to thed&tdModel development considered here is il-
lustrated mainly by the representation of well-known #e8 and parameters with integers N=13, 16-18 of the
parameter of discretene§s= 16m. andm., namely,m, = 13 x 16 — 1, fr = 16 x 16, m, = 17 x 16 + 1,
AMa = 18 x 16 (Table 5).

We draw attention to the role of empirical CODATA relatior®y (n the development of the Standard Model
in accordance with Y. Nambu’s proposal on the use of masgjgrdata. The unexpectedly accurate CODATA
relations (2) with the downward shift of 170 keWr/3, forming -m.,, and the 1:8 ratio betweehn,, anddm y:
dm,=161keVamy/8 = (a/27)m, indicate a fine structure with the intervals 161 ké¥xy/8 and 170 keV=ry/3.

It was empirically observed that the parameter 161 keV cacobsidered together with the pion mass.

Grouping effects in the mass differences at the masses ofitioe (N=13) and the pion, as well as the period
close to the pion (N=17), have been noticed by many auth&<#39,40]. The empirical relations discussed
here reflect the stability of the intervals connected with pion: the pion parametefs, m, andAMa (N=16,

17 and 18). The pion parametfgr=130.7(4) MeV is equal to the value 46 16 x 16m,.=130.8 MeV. We see that
the pion parameter corresponding to strong interactioimeiies with integer of the electron rest mass, the lepton
parameter, associated with electromagnetic interactibimis means that both parts of the SM are interconnected.

There are four arguments for expanding the tuning effectdbas the fine structure intervals 170 keV, 161 keV
and NRCQM parameters (line X=0 and X=1 in Table 4) to highargies, where the boson fields masses;(,

Mz, M) and heavy quarksi,, m.) are located (lines with X=-1 in Table 4):
1) It was noted [17-20] that recent estimates of the down aitbin quarks masses [1] are in the ratiq :
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mp=4.7(5)MeV : 4.18(4) GeV = 1140~° close toa/27 = 115.9 - 10~° (line 10 in Table 1). The tuning effect
includes exact relations with the general discretenessnpeateri=16m., and the analogue of this period in the
high energy region is the value 6f = 2m;, — 2M,=16M,=7.056 GeV. This allows us to represent both main SM
parameters, namelyt/ yo = 186° and Mz = 136° — M, as integersi/, (columns n=1, 13, 18 with X= -1 in
Table 4). The discreteness with the paramétgrcan also be noticed in the presence of maximald} 89,
and 1QY, in the new results oA M -analysis of particle masses from PDG-2021 (see Fig. 1).pfésence of the
grouping effect at values that are multiplesidf=3AMa (k=8, 9, 10 with the period/,) is connected with the
b-quark value (rp ~ 9M,, the maximum at 3962 MeV in Fig. 1).

2) There is a 3:2:1 ratio between the masses of the top quayk1(73.2 GeV) and the masses of uncon-
firmed mass groupings observed in the L3 and ALEPH experisnenCERN (/},=115 GeV, M 13=58 GeV)
[34,35]: they correspond to the parameters in the ratiol3122 in the top section of Table 4, left (n=16). The
period m/3=173.2(10) GeV/3=57.8GeV [22] is close t6°856.4 GeV. The masses of scalar and vector fields
Mp0=125.0GeV, (2/30,=115GeV (unconfirmed),Mz and My, are related to the NRCQM parameters
M=3x160=388MeV close ta f. and M,=3x185=441MeV close to AMx (Table 4, X=0, center, n=16 and
18).

3) Symmetry motivated arguments for the connection of tipéole ratio with the property of the fermionic
system (Table 5) and the appearance of numbers 8-9-16 ireldteons between the particle masses (and, in
particular, the appearance of stable intervals/perdogs16m,. (the discreteness parameter) atid= 16, can
be considered as a reflection of the fermionic symmetriédanthe QCD-based dynamics of the origin of the
constituent quark masses. From the exact value of the ZaAbwsss and the lepton ratio L=18-1, the value
M;=91.2 GeV/L=440.5(6) MeV can be estimated (Table 5). It iftat from the value 38=441.5MeV=\, by
the value 1.05MeV, close toni2.=1.022 MeV.

In Table 4, integers N=1, 13, 16, 17 and 18, derived from the §tiucture discreteness with the period
0'=9.5keV and the general discreteness paranet&ém. used for description of the muon mass and pion pa-
rameters f, m,, AMa (n=13, 16-18) were also assigneddtg Mz, M’;=115GeV and M;0=125GeV. These
relations are based on the electron massdi6.

4) The unique role of vector interactions (mentioned by Bnfean [15]) can be considered in connection with
the QED factokvz=1/129=1/(8<16+1) (shown in Fig. 13, Q=91 GeV [41]). For the same shottdise, the QCD
parametery,=0.1181(11) [42] coincides with 2/1788n,=0.1176. The theoretical considerationqf shown in
the right part of Fig. 13 is given in [16]. The mentioned ergait ratios can be used for possible interpretation of
the SM parameters discussed above.

The QED radiative correction for a short distancg/27 = 123.4 - 10~° (Q=91 GeV, Fig. 13) was compared
in [8] with a/27 = 115.9- 10~ for a long distance (Q=0, the corresponding parametgrsl/129 anch=1/137).
For the scalar massesjM115 GeV and M;0=125 GeV the first and the second order corrections were femnd
be 142 MeV-145MeV (close to px140 MeV andA M A=147 MeV, respectively) and 175 keV-168keV (close to
m./3=170keV). The universal role of the QED correction to thesses of both scalars (M and M;;), connected
with the top quark mass and resonanc@/t3=58 GeV, is an empirical observation, as well as the exprassi

me/3 = (a)2m)(AMa = M,/3) = (a/27)* Mo . (5)

In the Standard Model, particle masses are connected witlalarsfield. Here we see the interconnection
between the electron mass and the scalar field with the QE®atan, which corresponds to the last part of the
SM presentation [1]:

SUB)eor ® SU(2), ® U(l)y . (6)

The relations between, and both scalar masses are in accordance with the remar®a$der and H. Leutwyler
[38] that the electron mass is the result of the influence dfysigcal condensate.

F. Wilczek [43] turned attention to the specific value of thp fluark mass as the highest value among all
particles (173 Ge¥3/2M,; ~3ML3, Table 2). This is in agreement with the distinguishing elcter of the
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Fig. 13. Left Momentum transfer evolution of QED effective electronrgeasquared. The monotonically rising theoretical
curve is compared with precise measurements (by D. Shik@®w]]). Right Behaviour of the effective coupling,s in QCD
as a function of the squared momentum transfer [16].

relation between the scalar field mass and the electron masEha value M3 =~ 1/3m; = M},/2 is close to the
expected position of the preon relative to the scalar mégs)(

The discreteness paramefe+ 16m. is common for many different particles including leptonsl évadrons;
this parameter is confirmed by the analysis of data from PD&wes. The fine structure with the values of shifts
161keV and & 161 keV, coinciding with the nucleon mass splitting, waseshed earlier in nuclear excitations.
Only recently this splitting was estimated theoreticalljtf a very large uncertainty), but its appearance in nuclea
data was noticed long ago [21]. A similar situation existghvihe interval 170 keVm../3, frequently seen as an
analog of the above mentioned fine structure interval 161 kKB¥ possibility to study this common fine structure is
a unique property of nuclear and neutron resonance specppshat should not be ignored. It is also necessary to
take into account the analysis of the neutron resonancégusiwhich are differences between nuclear excitations
and binding energies.

New nuclear data were considered in [4]. The relations betwgarticle masses given in Tables 4 and 5 are
based on the role of QED as an important part of the StandateMmd on the universal character of the electric
charge.

The universality of vector interactions was mentioned by-8ynman [15]. He noted that all the theories of
physics are similar in their structure: they all involve thieraction of spin 1/2 objects (like electrons and quarks)
with spin 1 objects (like photons, gluons, or W’s).

The values of\fz, My, and other particle masses (Table 6) are considered togeitmeFeynman’s question
about the role of vector fields.

We now will consider additional data on the fine structureuslaar excitations discussed in [4-12]. A similar
analysis of the fine structure in the nuclear binding ensrgias presented in [17-20]. The fine structure of scale
170keV was considered earlier by V. Andreev [44], who draerdion to the role of a short distance (Fig. 13) in the
particle mass problem. This analysis was based on a gemetatatanding of the role of QCD as a general theory of
strong interactions. In a separate section, we will shovgtbleal analysis of the particle mass spectrum from PDG-
2016. The values of the initial quark masses from the PDGB20# given in Table 2. Stable intervals in nuclear
binding energies close to the pion parametgrs130 MeV,m =140 MeV,AMA=147 MeV and 4.6 MeVA =
9m. = dm, indirectly confirm the tuning effect in particle masses.



Table 6.

periodsk, comments in MeV. The constant shift=9m., close tomg, is boxed.

Particle m, MeV k m;-k-16m.  Comments in Me\,f Notation
My IL 388.4 316 3fr diff. ~ -2me
M/NRCQM 3877 48 mpl2
AM 389 48
w 782.65(12) 96 -2.3(1) diffs -2me
MzIL 440.5 318 441.5 diff. ~ -2me M;
My NRCQM 441 318 AEp
My NRCQM 436 318-A
My11816 436 318-A
546 441.5 318 My
545(1 — o/27)  440.0 318 My(1 — a/2m)
p 938.2720(1) 115  -1.96660  w{9/8)dmy
n 939.5654(1) 115 -0.6726(1)  «w(l/8¥my
x° 1192.64(2) 146 |-1.05(2)) -0.512=-1.02
=o 1314.86(20) 161 |-1.47(20)] -0.51:3=-1.53
A° 1233.8(2) 151  -0.8(2)
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Comparison of particle masses with the general discresepasmeter (period) b6.=§=8176 keV, number of
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CHAPTER 3

Confirmation of the tuning effect in nuclear data

3.1. Analysis of nuclear excited states

Nucleon interactions (Fig. 14) have a long-distance pddrdgined by the one-pion exchange dynamics, tensor
forces considered in [9,31,32]).

Imr I : I

L i 1 L r [ 1]

\ one-pion

exchange

NN potential

two-pion

short
exchange

distance

Fig. 14. Hierarchy of scales governing the NN interaction: the disé is given in units of the pion Compton wavelength,

pt~1.4fm. 1, Il and Ill - different energy regions.

In Fig. 15, the manifestation of the fine structure intervél keV is shown as a linear dependence of the
excitation energies of A-odd Sb isotopes Z=51, N=70-82 re/ttee large neutron shelhl, /, is filled. The same
stable interval is observed as a maximum in the sum spacstghdition of odd-odd??-124Sb nuclei (Fig. 9,
160keV=1%¢’, 530 keV=4x144’, whered’=9.5 keV).

In Table 3, the stable superfine structure intervals in meusonances of the target nucii'23Sb are given
(D in eV, from the sum of spacing distributionsit’-12”Sb). TheD/E* ratios are close ta/27r=11610"°, see
Table 3, central line.

E*, keV
1400
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1000 [

800 -
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400 -

200 -

70 72 74 76 78 80 82 66 N

Fig. 15. Linear trend ofE* in °““Sh with a slopeA?¥'=161 keV=m /8 (Table 3). The dot on the right (N=66) corresponds
to stableE* in 115Sn (equidistanf*, J*=0T, 2+, 1F, see Table 3, right, boxed).

Both fine structure parameters 161 keV#1and 170 keV=18&', observed in excitations of nuclei with valence
nucleons, are represented by integers (N=17 and 18) of tiedp¥=9.5keV in Tables 3 and 7.

The results of the data analysis presented here for isotegmsences from the different regions Z, N are
arranged from lighter to heavier nuclei with increasinghie humber of protons. In Figs. 16 and 17, the sum
distributions of E* of levels in all nuclei with Z29 and in Z-odd nuclei are presented. The triplet of maxima at
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Table 7. Top Excitations (in keV) in Z=50, 34, 47 nuclei close to integief 18'=m./3. Integers of 18=170 keV andD in

85Se and’®Ag are compared in the center.
Bottom Excitation energies of nuclei with Z=33-35, close to thegpaeterz,=1022 keV.

Z | 50 50 50 34 34 47 47

N | 51 53 83 51 50 51 50
Az (101gp 103gp 133gp 85ge 84ge 98Ag 97Ag
E*| 170 168 854 1363170 339 511 1455 |167.8 515 1291 1290
2J* | 7+ (Mt 3 3| D D D 2+ (3+) 2,3+ 1,3+ 13*
18| 170 170 851 1362170 340 511 (9/&my | 170 511 dmy dmy

AZ |™As T6As 73Se 75Se|77Se  80pr s0gy  8lgr | 82Br 83Br 7=32-35 A<150

E* 1021 1023 1022 10201024 | 1021.3| |1022.4] 1024 | 1022 1021 1024 1022

D 1.1keV
Ratio| 108105

1008-1142-1291keV corresponds to the nucleon massplitf93 keVam y=8x 161 keV, which takes part in

the CODATA relations. Almost equidistant maxima corregptmthe difference (134+149)/2=142keV between
the two parameters: X361 keV=483keV and 2170keV=341keV. For confirmation of the triplet of maxima
under consideration, all recent data on the excitationdl ofuglei with Z<29 were used. It is important that the

formation of a real phonon from two and three microphononsi(dl s-bosons) is a well-known dynamics.

We continue to study the fine structure effects in nucleitedén different regions of the nuclear chart to con-
firm (indirectly) the tuning effect in nuclear data. In TaBlgexcitations corresponding to the strongest maximum
in light nuclei (Fig. 16, bottom) aE*=3936 keV=32 134’ are presented. The exact equidistancy of'fi&levels
(left) is boxed in Table 8 (left). Similar sum distributiofes other broad regions of the nuclear chart are shown in

Fig. 18.
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Fig. 16. E*-distribution in nuclei with Z=4-29 forE*<1300keV and 3000-4300 keV. Arrows maikm y

and

4x8x13)'=3936 keV. Schematic diagram of the nuclear level systemhévs in Fig. 19. The equidistant maxima at

E*=1008 keV=2175'+4x 184", 1142 keV=5¢ 175" + 2x 185’ and 1291 keV=8& 175’ are explained in the text.

We give here additional examples of fine structure in nuctgaitations of near-magic nuclei, where the ob-
served stable energy intervals can be directly comparddthét parameter&n /8=161keV andn./3=170keV.
The exact integer relations and strong maxima with a widsewéral keV agree with the accuracy of the CODATA
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Fig. 17. Total distribution ofE* in Z-odd nuclei with Z29. The arrows mark the positions of the maximaraty=1293 keV
and Zmn=2586 keV.

Table 8. Excitations in light nuclei (in keV) at 3936 keV=323¢" from %3S to **Ca. Right Positions of maxima in
D-distributions of*®F and?°F (Fig. 20).

2J7 338 38c| 39K 37Ar 38Ar 39Ca Dij (18|:) Dij (20|:)
3 00 | E,, E, E, E., E, |493keV  490keV

5t (1967 | 1982 2523 1410 2167 2469 984 keV=
3+ 3935 | [3938] |3939] [3937] [3937] [3936] | 3936/8 3936keV/4

relations and with the properties of future nuclear chemisbnsidered by F. Wilczek [45]. The proximity of the
energy characteristics observed in nucleon masses to thsseved in nuclear excitations and binding energies is
due to their common QCD-based origin of nucleon hadronicsegmand nucleon interactions: QCD is a general
theory of all branches of nuclear physics.

Neutron resonance data as part of nuclear physics are widely in nuclear files. For examplg; 28Al and
32p are determined mainly from the positions of the resonamessured on the GELINA spectrometer. The study
of the superfine structure in neutron resonance spacings iaslisect method for confirming the tuning effect is
considered in separate chapters. The origin of the QCDebaseéng effect, as well as the presence of common
parametersl/, = 3AM, in the Constituent Quark Model (NRCQM, Fig. 12) and in theesled groupings of
particle mass differences atM=445 MeV, AM=3962 MeV=9/, (in Fig. 1), are important empirical facts useful
for a general comparison of the results of the analysis déédift hadronic data, started in the 1970s [21] (lines
5-6-7 in Table 1).

The general character of the hadronization process incmphysics and nuclear physics allows to justify the
comparison between the parameters of nuclear systematistatistical) effects and the parameters in the particle
mass spectrum.

The demonstration of the general origin of QCD-based ctuestt quark masses forming a nucleon (see
Fig. 12) and derived directly by the standard estimate withe NRCQM model (in the form of 1/3 and 1/2
of hadrons) is important for nuclear physics. Understagdiire origin of the coincidence of the electromagnetic
mass differences of the nucleam{y=1293.3keV=& 161 keV) and the electron mass., on the one hand, with
the nuclear tuning effects parameters due to tensor fors€§€161 keV=m /8 ande,/6=170 keV=n./3 found
earlier), on the other hand, require confirmation. Here wg&rdjuish the parameters of interaction of valence nu-
cleons from more complicated cases of collective dynanficemplex nuclei located far from closed shells. The
results of the spectra analysis for all nuclei with Z=9-22 @resented elsewhere. T. Otsuka, J. Schiffer and I. Tani-
hata [31,32] demonstrated the prominent role of the onesmegchange dynamics (nuclear tensor forces) within
the spectroscopy of light and middle-weight nuclei (imnageliy after'®O and aroundCa), as well as around



