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Empirical observations of the Standard Model parameters which are unexpectedly 
manifested simulteniousely in the prominent maxima in spacing distributions of nuclear 
excitations [1] and stable intervals in total distribution of particle mass differences allow us 
to conclude that their combined analysis demonstrate the universal character of the 
parameters δ = 16me and me.

Table 1: Comparison of the number of fermions in the central field (top line, Nferm) with 
numbers N in a representation N · δ of masses mµ, fπ, mπ± , ∆M∆ and ratios me/Mq,      
mµ/MZ , fπ/(2/3)mt, ∆M∆/MH0 .

In Table 1 numbers of fermions in the central field (top, N
ferm

) are compared with 
numbers N in a representation N · δ of the masses mµ, fπ, mπ± , ∆M∆ and ratios me/Mq, 
mµ/MZ , fπ/(2/3)mt, ∆M∆/MH0 . Boxed are hole configuration in 1p shell (1s41/2 ,  1p83/2 , 
1p1/2) and valence configuration over the shells 1s

4
1/2 , 1p

8
3/2, 1p

4
1/2 (n=N in Table 3, center).

Table 2: Particle masses (in MeV) of different generations (families).

Particle Lepton Mass Quark Mass Quark Mass
Q=2/3 Q=-1/3

1 fam. e 0.511 d 4.67(48)

me

u-quark 2.16(49)

(3me) (1.53) [6] 9me 4.60

2 fam. µ 105.658 c 1270(20) s 93(11)

9mπ 1256

3 fam. τ 1776.86(12) t 172900 b 4180(30)

2mµ+4Mω
q 1776.62(24) 9Mq = 3959

2mµ+192δ 1781,108
2mK∗ 1783.52(150) 3



Table 3: Representation [2] of particle masses (3 top sections) and nuclear data (bottom) by
the expression n·16me(α/2π)

XM with QED correction to the mass α/2π, where X is the 
degree and M is the factor. Boxed values mµ, MZ , MH◦ , δ◦, δ, δ′, δ′′ and ∆M∆=ms, me/3 are
considered in [2]. Double boxed are the constituent quark masses. Intervals in nuclear
binding energies (X=0) and fine structure in nuclear states are considered elsewhere.

X M n = 1 n = 13 n = 16 n = 17 n = 18

-1 3/2 mt=173.2

GeV 1 16Mq=δ
◦ MZ=91.2 M ′

H=115 MH◦=125

0 1 16me=2md-2me mµ=106 fπ=130.7 mπ, ΛQCD ∆M∆=147

MeV 1 ∆EB 106 130 140 147
2 212 262 296

3 ω
qM =391 Mq=441
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9
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12
60 8848
64

mΛ = 19mπ 
mΩ = 12mπ 
Fig. 7 [3]

ηb(1S), Υ(1S) 9399-9460

1 1 170 = me/3

keV 8,8 · 4
16me=δ=8ε◦ 

CODATA 3936 δmN=1293.3

1 1 9.5=δ′=8ε′ 123 152 170 (Sn)
keV 2 247 (91Zr) 340 (100Mo)

2 1, 4 11=δ′′=8ε′′ 143 (As) Neutron
eV 4, 8 570 (Sb)

mc=1270(20) 
1390-1407
1671-1688

kδ-mn-me=161.651

∆T F =161

322 (33S)
749 (Br, Sb)
1500 (Sb, Pd) reson. 4



Table 4. Parameters of the particles from the PDG-2022 compilation.
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No No mass
part. prop. Comm.MeV

uncert.
MeV

No No mass part. prop. Comm.
MeV MeV

uncert.



Table 4. Continued.
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No No mass uncert. part. prop. Comm.
MeV MeV

No No mass
part. prop. Comm.

MeV

uncert.
MeV
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Table 4. Continued.

uncert. part. prop. Comm.No No mass
MeV MeV

part. prop. Comm.No No mass
MeV

uncert.
MeV
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Table 4. Continued.

uncert. part. prop. Comm.No No mass
MeV MeV

part. prop. Comm.No No mass
MeV

uncert.
MeV



In the previous works, integer relations between the maxima in the mass- difference 
distributions of all particles known with uncertainty less than 10 MeV were discussed.
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Table 4. Continued.

uncert. part. prop. Comm.No No mass
MeV MeV

part. prop. Comm.No No mass
MeV

uncert.
MeV



Figure 1: ∆M distribution of all differences between particle masses from PDG-2021 (av-eraging 5 MeV) the region 0–4600 MeV. Maxima 
at 16 MeV= 2δ, 49 MeV=6δ, 338 MeV≈ mω − Mq, 447 MeV≈ Mq, 780 MeV=mω, 1042 MeV=8fπ, 1931-1402 MeV=10mπ and 1774 

MeV≈ mτ . Intervals 3504 MeV≈ 8Mq = δ◦/2, 3962 MeV≈ 9Mq and 4427 MeV≈ 10Mq are considered in [2].

There are integer ralations between the positions of maxima at 16 MeV and 49 MeV (Fig. 1, top, ratio 3.06), at 780 MeV and 49 
MeV (Fig. 1, top, ratio 15.92).

The parameter δ being determined from the positions of two first maxima in Fig. 1, top, and their ratio 1:3, is (16 MeV+49 MeV=65 
MeV)/2(1+3=4)=8.125 MeV.

The position of maximum at 780 MeV (about 782 MeV, the mass of the omega meson) is exactly integer 6:1 to the well known pion 
parameter fπ = 130.7±0.4 MeV. 10



Figure 2: ∆MAIM distribution of particle masses from PDG–2020 for the energy re-gion 0–1000 MeV adjacent to fixed intervals x. Top: x = mτ

=1777 MeV, maximum at 212 MeV=2mµ.

To check the systematic character of the observed grouping of the energy intervals the correlation Adjacent Interval Method (AIM) program
was used. In this method, not all intervals were analyzed, but only those adjacent to previously selected states. The selection of states (to analyze
the intervals between them or between them and other states of the spectrum) was made taking into account their participation in the formation of
maxima in the total distribution of intervals (which corresponded to their distinguishing character). Fixing the intervals x in the full spectrum of
states (which formed a maximum at this value x), the distribution of intervals from the ends of x intervals to all other states of the spectrum was
analyzed. Such accompanying intervals were denoted as ∆MAIM .

In Fig. 2 the distribution of intervals adjacent to 1777 MeV=mτ =x is shown, and the maximum at 212 MeV=2mµ=mτ -2mω in the response
function of the AIM pro-gram is seen. This means that the value 1777 MeV is the sum of 2mµ=212 MeV and 2mω=1564 MeV=2·782 MeV.

The equation (1), where mτ , mµ and me are the lepton masses, has the universal character.

mτ = 2mµ + 2mω ≈ 2 · 13 · 16me − 2me + 2 · 96 · 16me (1)
Besides the distinguishing character of the electron rest mass we see that correlations in particle masses reflect general dynamics of all particle

mass origin. not only leptons and constituent quarks. If we exclude the muon and τ -lepton masses from consideration, all maxima in total
distribution (Fig. 1) will be preserved.

The manifestation of lepton masses demonstrates the fundamental character of corre-lations in nuclear data and particle masses.
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Conclusions

In this work, for the first time, the possibility of the direct estimation of the period δ=8.176 MeV from the
pion parameter fπ=130.7 MeV is shown: me(0.510998 MeV)×16 × 16=130.81571 MeV. We see coincidense 
of two values 130.81571 MeV and 130.7 MeV±0.4 MeV. This means that particle masses are integers of one
and the same value δ = 16me. The value fπ is an initial mass of the pion and is equal to 17δ + me, and 
simultaneously, the muon mass is equal to 13δ - me, and additionally, the third lepton mass mτ is also 
integer
of δ, namely 1774 MeV/8.176 MeV=216.977.
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