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INTRODUCTION

 The Standard Model is a general theory of all interactions in which all three vector
interactions (strong, weak and electromagnetic) are united in the representation:

¢ SU(B)C()] ® SU(Z)L ® U (1)Y

» Particle masses are parameters of the Standard Model. Y. Nambu suggested (1998) that empirical
relations in particle masses could be used for the development of the Standard Model.

- The observed ratios are:  (m, + m.)/2(dm,, — m,) = 13.00. The lepton ratio L=207=13x16 — 1.

neutron mass m,+m./2(dm_-m,) = 115.007. Ratio m,/m,=1838.6836605(11), shift dm,= 161.65(6) keV.

Ratio omy/ om, =8 x 1.0001(4).
m,-m,= 0mMy=1.2933322(4) MeV;

m,, = 115x16m, - m, - dmy /8; m, = 115x16m, - m, - 96m, /8.

The lepton ratio L=m /m,=206.77 becomes integer 207=9x23=13x16-1 after a small QED radiative
correction applied to m, (it becomes m,/m(1-a/2r)=207.01). The factor a/2m =115.9x10, the
QED radiative correction to the magnetlc moment of the electron (Schwinger term) coincides with
the relative value 117(11) 10 of the deviation of dm_= 4.5936(5) MeV from 9m, = 4.5990 MeV.

+  Ratio of parameters of the Standard Model, masses of the muon and Z-boson: m /m; =115.9x10"

» Belokurov and Shirkov suggested (1991) that electron mass also contains this factor a/21 .

« A common approach is based on R. Feynman remarks: “The theories about the rest of physics are
very similar to the theory of quantum electrodynamics: they all involve the interaction of spin %2
objects with spin 1 objects. Why are .. the theories of physics so similar in their structure?”.
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Distribution of differences between all particle mass values from PDG-2016 (top)

and values known relatively accurate (bottom).
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Table. Particle masses (in MeV) known with the uncertainty less than 6-10 MeV.

Particle m, A 17 48 104 142 156 174
1 leptons  electron, v 0.0 106 (1) 140 (1)
I3 105.658 106 (1)
T 1776.82 46 (15) | 105 (7.8)
2 Unflav. MESONs
fr 1307 04 bk
o 17(07)  134.977 ek
aE 1={0-)  139.570 140 (1)
7 0T (0=T)  547.86
p(T70) 1T(1——) 775.26
w(782) 0~ (177)  782.65 157 (1) 175 (1)
7(958) ot~ t) 95778 18 (1) 159 (2) 175 (1)
#(1020) 07 (177)  1019.46 175 (3)
bi(1235)* 1t(1t—) 12205 32 46 (2) 154 (4) 174 (4,5)
fz(1270)*  of(2tt) 12755 0.8 19(2) 46 (2,5)
fi(128sy  ot(1tT) 12820 05 102 (2) 142 (2,3)
n(1205)** 0ot (0—T) 1204 4 19 (2)
az(1320)  1—(2TF) 13183 05 46 (3) 138 (7)
B(1405)%  oF(0~7) 14088 1.8 18 (4,5)
F(1d200%  ot(tt) 14264 0.9 18 (5) 47 (8,9) 105 (4,8) 142 (3) | 154 (6)
n(1475)** 0ot (0— 1) 1476 4 50 (7,9) 141 (5) | 156 (7,8)
fo(1500)** ot (ott) 1504 6 16 (6) 158 (9)
fL{isas**  ot{ztt) 1525 5 49 (11) 142 (4,7)
m (1600)**  17(17FT) 18462 8 142 () 158 (9)
ne(1645)**  ot(0—h) 1617 5 50 (12) 141 (5) | 156 (12)
we(1670)%* 07(37~) 1667 4 45 (12) 142 (7) | 156 (13)
T (16700 1—(2-t) 16722 3.0 17 (7) 105 (7) 140 (8)
ps(1600y*  1H(3-—) 16888 2.1 17 (7,8) 157 (11} 176 (6)
Fo(1710)** 0T (0FT) 1723 4 50 (13) 142 (10)
$2(1850)** 0~(377) 1854 7 16 (9) 142 (11) | 156 {14)
aa{2040)**% 1= (4t 1995 8 15 (10) B0 {17) 142 (11) 172 {7)
3 strange mesons
1/2(07) | 493.677
K*(8e2)*+ 1/2(17) 80166 48 (1)
K*{892)*  1/2(17)  805.81 ok
Ki(1groy*  1/2(1) 1272 7 46 (3,4) 156 (3,5,6)
K (1400y%*  1/2(11) 1403 7 19 (3) 174 {4)
K#(1430)=* 1/2(2t) 14256 15 17 (4) 47 (8,7) 104 (3,5) 142 (2) 154 (5)
Kz(1430)°%  1/2(2t) 14324 1.3 bk
Ka(1770%*  1/2(27) 1773 8 156 (12)
KX (1780)%* 1/2(37) 1776 7 47 (14)
K3(2045)%*  1/2(41) 2045 9 50 (17) 175 (8)
4 charmed MESONs
De 1/2(07)  1864.83 103 (9) 142 (10) 176 (6)
D* 1/2(07)  1869.58 16 (8) 47 (18) 141 (12) | 155 (15) 175 (8)
D*(2007)°  1/2(17)  2006.85 ok
D*o1yE  1/2(17) 201028 15 (10,11) 102 (10) 156 (14)
Di(2420)°  1/2(11) 24208 05 50 (18,19) 103 (11) 157 (16)
D3(2460)°  1/2(2t)  2460.57 bk

Dr(2480yE* 1y2(2F) 24654 13 104 (12)




Table.

Particle m, A 17 a3 104 142 156 174
5 charmed strange mesons
Dt ot(0-)  1968.27 | 103 (9) | | 144 (13) |
n:E 0{7%y 21121 04 102 (10} | 144 (13,14) | 174 (9)
Di(231my= ooty 23177 06 103 (11) 142 (15)
Deg (24800 0(17) 24595 0.6 142 (15) 174 {10)
D.y(2536)F  o{1t) 253510 17 (14) 173 (13}
D (2s7ay o(2t) 25601 08 104 {12)
Dy (2ot 0(17) 27083 34 173 (13,18)
(] bottom INesons
B* 1/2(07) 5279.31
Be 1/2(0—) 5270.62 b
2t 1/2(1 5324.65
By(sr21)t* 1/2(1%) 57350 27 106 (17,18,19)
By(5721)°* 1/2(1F) 57260 1.3 ki
B(sraryt= 12(2t) 573712 O.7 103 (20) 175 (23)
Bi(574T)°  1/2(2%) 57305 0.7 wEx
B (50700t 1/1(7Ty** 5ol 5 15 (24) 172 {24)
By (5070)° 1/1(77y** BaTl & *ak 172 (24}
7 bottom strange  mesons
B 0(0~)  5366.82 48 (27}
B* 0(17) 54154 1.5 48 (27}
By {5830)°  0(1t) 5828.63 17 (22) 103 (18,21}
B2, (564007 0(2%)  5839.584 43 (28) 103 (20)
8 bottom charmed mesons
B:* 007y 62751 1.0
9 oF Tesons
{18y oF(0~T) 20834 05 || 15 (15) 102 (14)
J/p(18y 0 (17} 3096.20 17 {17) 158 (18)
xeo{1P) o0t} 341475 141 (18)
xet(1P)  0F(1tt) 3510.68 14 (18) 46 (22) 174 (21)
he(1P)y  7T(0tT) 352538 14 (18)
xez{1P)  ot(att) a3s58.20 46 (22} 141 (18)
g.(28)F  0t{0-t) 32630.2 1.2 47 (23)
{28 07 (177} 3686.10 47 (23) 173 (21)
P(37TT0) 0~ (177) 377313 48 (24) 154 (18)
$(3823)*  7T(2—~) 38222 1.2 48 (24) 105 (15)
X(3872) 0F(1tt) 3871.60 15 (19) 49 (25}
X(3e00)*  1t(1t-) 3886.6 2.4 15 (19)
X(3ms)*  oF(rtt) 39184 1.9 47 (26) 106 (16)
xez(1PY* ot (2tt) 30272 26 105 (15) 154 (19)
X (d020)* 1(?77) 40241 1.9 | 15 (20) 106 (18)
P(4040Y** 07 (177 4039 1 15 {20}
X(4140%*  ob (77} 41469 31
{4160+ 0-(177) 4191 5 156 (20)
N{4z60y* 7717~y 4251 9
X{agsoy** 77177 43469 & 156 (20)
P{4415)**F 0~ (177) 4421 4
X{4g60y* 77177y 4643 9
10 bl mesons
{18y ot(o-t) o300 23
T(1S) 0 (177 9460.30
xwo{lP}  OF(0tt) 0850.44
xpe(1P) ot (0tt) o878 19 (25)
hy(LPY*  77(1t—) 9899.3 08
xpe{1P) 0t (2tt) se12.21 19 (25)
T(28) 07 (177) 10023.26 140 (21)
TODY  0-(2-—) 101637 L4 105 (23) 140 (21)
xpol2P) ot (ott) 102325 0.4
xpi(2P)  0F(1tt) 1028546
xe(2P) 07 (277) 10268.85 105 (23)
T(35)  07(177) 103552 0.5 157 (22) 174 (25)
xp1(3Py*  of(1tt) 10s12.1 2.3 || 17 (26) 157 (22)
TS 07(177) 105204 1.2 || 17 (26) 174 (25)
X{1oa10)* 1t(1t) 106072 2.0
X{1o610°** 1ttty 10609 6
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Top: Spacing distribution in mass spectrum in high-energy region.

Bottom: Application of AIM Method to x=4423 MeV (AIM upward and downward

directions, separately).
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Different estimates of constituent quark masses.
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Estimation of the baryon constituent quark mass Mg=441 MeV

Fig. 2a. (C.D. Roberts et al.). QCD gluon-quark-
dressing effect calculated with Dyson-Schwinger
Equation, initial masses m; constituent quark mass

arises from a cloud of low-momentum gluons

attaching themselves to the current-quark; this is
chiral symmetry breaking: nonperturbative effect that
generates a quark mass from nothing even at m=0 (

bottom).
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Fig.2b. (L.Glozman et al.). Calculation of nonstrange
baryon (left) and lambda-baryon masses as a function of
interaction strength within Goldstone Boson Exchange
interaction Constituent Quark Model; initial baryon mass
1350 MeV= =3-450 MeV=3M, is marked as bottom “+”
on left vertical axis.
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Table B. Linear dependence of excitations in near-magic nuclei (double boxed) upon numbers
of protons in Z=14-20 shell (1st line) and numbers of valence neutrons (2nd line, boxed) is
compared with the integer numbers of the parameter of 161 keV = ATF =8m,, /8 determined in
Z=50,51 nuclei (see Proc. QCD14, P.270, Fig.2 and Proc. QCD15, P.214, Table 3, Figs. 3-5).

(Z-14)/2 || 3 2 L L L L 0 0
N AN-1| AN =2 AN =7
A 7 41 ('a 39;-\1. :BTS 388 338 4:38 32 qj 35 Sj
E* 0.0 /1943|1267 || 646.2 1292 322 320.71 1942  973.9
2.7 7~ 3 37 3 2+ D 7" ot (3%)
11‘3”% 0.0 1941 1293 646 1293 322 322 1941 971
n 12 4 8 2 2 8 6
JLZ 3331% 41 K JJq( AT \V 3()\_ 51 \ 55 V
E* 159 484 980.4/1293.6 807.9 1294.91 1320.2| [320.1] [323.3
2J7 | 3” 3+ 2+ 3~ G = (7T
2J7 |(7T7) (37) 4 7T 3 1= 4t 5 (57)
11"3”% 161 483 971 1293 808 1293 322 322 322
n L 3 6 8 5! 8 2 2 2
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Table C. New data (*) on 53Ni and 53Co excitations with the configuration of nucleon as three
holes in °6Ni core. Parameters of the residual interaction of valence nucleons and holes (double

boxed) are compared with the same parameters in Z-50,51- and Z,N - nuclei. Boxed are

excitations corresponding to maxima in sum distributions shown in Figs.6-8 in Proc. QCD-15.

{Z 5.‘3Ni 2]0 7- "18‘\1 SE}Ni bl)\l G.‘ﬁ%xi
E* 32()(3) 1292% 1 1 1456™ | 1454.211339.4 1454.8 R7.1 1289.1 1451

2:]7" (57) (37)  (117) 2% 37 5~ I 1—-5— SR (5.7.9)

110”% 322 1293 1454 1454 322 1454 1293 1454
n 2 8 9 9 2 9 8 9
Ay 3 \n 2>Mn
E* 378 1289.9) 1441.312563.1 2573.1 |1289.1]11292.1]11293.0 2582
2:]7" 5™ 3” (117) 13~ T 5= 117 11° (17)

110”% 322 1293 1454 2586 2586 1293 1283 1293 2586
1 2 8 9 16 16 8 8 8 16
Ay MCo (0o 69Cu LCu “BCu
E* 646.2* 1291.()') 1459 (| 2581.7| 2585.8 | 1297.9||1453.3 2576(3) 1298.0
2:]” I 37 11~ 3 -7 T 371,37 3797 (137) (37.77)

11()”% 047 1293 1454 2586 2586 1293 1454 2586 1293
n 4 8 9 16 16 8 9 16 8




Table. Representation of parameters of tuning effects in particle masses (top) and nuclear
data (bottom) with the expression n-16m.(a/27)*M and different values of the X—power of
QED factor o /27 and integers M and n=1,13-18. Boxed are five groups of values differing with
o /2r=115.9-1075,

X M n=1 n=13 n =16 n=17 n =18 n =186  Comments
-1 372 m=172.0
GeV 1 16M;=06° |Mz=91.2| My=115 Mu=126 §°="7.06
1/2 (my-My) ME3=58
0 1 2mg-2me m,=106 | f;=130.7 My-Me AMaA=147 2M,
MeV 3 M"4=m,/2 Mq=441=AFEg NRCQM
1 1 |16m.=0=8¢, 118 kéd-mpy-me= | |170 = m,/3 Part.
=161.651 mass
keV 8 drnny=1293 CODATA
1 1 |9.5=0=8¢ 123 152 ATF—=161 170 (Sn) Eo=21M¢
keV 3 484 (E*) 512 (Pd)
4 492 648 (Pd) 682(Co) Nuclear
3 984 1212 1293 (E*) 1360 (Te) data
2 1,4 [11=6"=8¢" 143 176 749 (Br,Sb) ¢'=1188 Neutron
eV 48 570 (Sb) 1500 (Pd,Hf) X=3 g’'=1.35 reson.




Conclusions

Here we used data on scalar mass M=125.0 GeV and CODATA ratio m_/m_to
find out an explanation of the systematic appearance of nuclear mass/energy
intervals close to mass differences of the nucleon, leptons and the pion. The
relation (n-16m, — m, —m,)/dm, =1/8.001(2) and the similar long-range
correlations in particle masses could be checked with the new data.

« Relation between observed stable nuclear intervals and particle masses can
be considered in connection with recently obtained mass of the scalar field,

the ratios m /M, =a/2m and (1/3m.)/M,=(a/2m)?. There is a possibility that

they are reflections of the fundamental relations between SM-parameters
(which were mentioned as a future “super-duper” model by R. Feynman).

 Observed analogy between tuning effects in particle masses and in nuclear
data should be theoretically based on QCD as a part of Standard Model. It is in
line with Y. Nambu suggestion about the role of empirical relations in particle
masses for the SM development.

« Scientific potential of nuclear physics can be connected with a fundamental
role of QCD in the Standard Model and with the role of QED parameters.



Thank you for your attention
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