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Abstract

The endpoints of the velocity vectors of two resonance decay particles repre-
sent material velocity points in the hyperbolic Lobachevsky velocity space of
curvature k= —1/C* (C =1 is the speed of light; the points are assigned the
masses of the decay particles). Two particle velocity points can be connected
by a straight line segment and an arc of constant zero curvature, called the
oricycle. Archimedes’ laws of levers define a third point on the oricycle arc, to
which an additive mass (the sum of the decay particle masses) is assigned. By
connecting these 3 points with straight line segments, we get a triangle of res-
onance decay inscribed in the oricycle. The effective mass m, of the reso-
nance is determined by the hyperbolic cosine of the length of one side of its
decay triangle and the masses of the decay particles. A Lorentz invariant func-
tion called the oricyclic cotangent of the triangle (OC7) is introduced on the
triangles of resonance decays (OCT is based on the arc of the oricycle and the
angle of the triangle). Using published data on the effective masses m, of sca-
lar, strange mesons and 4, N, A, 2, 5 baryons, the function OCT, and its
nearest integer value OCT,, were calculated. For triangles with integer val-
ues of OCT),, , the hyperbolic cosines of the side lengths are also equal to in-
tegers. Therefore, triangles with integer values of OCT,, are called hyper-
bolic Heron triangles. The effective masses m,,, , corresponding to Heron’s
triangle, differ from the masses m, of scalar, strange mesons and 4, N, 4, 2,
Zbaryons within the resonance widths. These results provide grounds for con-
sidering the listed resonances as a lattice structure of Heron triangles with in-
teger OCT,, . Then, if statistically significant peaks are detected in the distri-
bution for OCT,, <7, up to 6 new resonances with masses < 1 GeV may be
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detected, which would explain the large variance in the measurements of the
masses and widths of scalar mesons. In the discrete spectrum at OCT,, >500,
new resonances with masses > 10 GeV can be detected.

Keywords

Lobachevsky Velocity Space, Resonance Decay Triangles, Oricyclic
Cotangent of a Triangle, Hyperbolic Heron Triangle, Lattice Structure of
Hyperbolic Heron Triangle, Quantization Resonance Decay

1. Introduction

In inelastic reactions at high energies, the particle velocity vectors are measured
in some frame of reference. The ends of the velocity vectors represent material
points-velocities in the velocity space located inside a sphere of radius C(Clis the
speed of light, the points-velocities are assigned rest masses of the particles) [1]-
[6]. The Lorentz group defines the Lobachevsky-Bolyai geometry of negative cur-
vature k= —1/C* in the velocity space [1]-[4]. The material points-velocities inside
a sphere of radius C represent the Lorentz invariant geometric image of inelastic
reaction kinematics in hyperbolic Lobachevsky velocity space (HLVS) (further
everywhere the speed of light C = 1) [5]-[8]. Two material points-velocities of
resonance decay particles in HLVS can be connected by a straight line segment
and an arc of a line of zero curvature, called an oricycle [9]. Archimedes’ lever
laws (3), (10) define a third point-velocity on the oricycle arc, to which an additive
mass (the sum of the masses of the decay particles) is assigned. By connecting the
three points by straight line segments, we obtain triangles of resonance decays
inscribed in the oricycle.

Figure 1 in the Beltrami model of HLVS shows the triangles of scalar meson
decays inscribed in the oricycle [7]. The circle X?+Y? =1, called the Absolute,
represents infinitely distant points of HLVS. The effective mass m, of a reso-
nance is determined by the hyperbolic cosine of the length of one side of its decay
triangle and the masses of the decay particles (2). For resonance decay triangles,
function (4) is introduced—the product of the arc length of the oricycle and the
cotangent of half the angle. This function is called the oricyclic cotangent of a
triangle (OCT). Using published data on the masses m, of scalar and strange
mesons and 4, N, A, 2, 5 baryons, the function OCT, and its nearest integer
value OCT, =OCT,, are calculated. Integer values of OCT,, correspond to tri-
angles for which the sum of the hyperbolic cosines of the side lengths and the
hyperbolic cosines of the base lengths are also integers. Therefore, triangles with
integer values of OCT,, are called hyperbolic Heron triangles [9]-[12]. The ef-
fective masses m,,, , corresponding to Heron’s triangle, differ from the masses
m, of the decay triangles of the listed resonances within their widths (Tables 1-
13) [13]. These results provide grounds for considering the listed resonances as a

lattice structure of Heron triangles with integer OCT,, (Figure 4). In this ap-
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proach, many two-particle (7, n), (p, n), (n, 1), (5, m), (p(770), m), (a(782), m),
(4(1232), m), (2, m), (A, n), (&, m), (&k493, 7), (k892, 7) decays of new resonances
can be detected experimentally (Table 14, Table 15). These may be resonances

with both small masses (<1 GeV) and resonances with large masses (>10 GeV).

S ORICYCLE
ABSOLUTE with center at Co

X24Y2-1

Figure 1. Decays of scalar mesons in the Beltrami model of the Lobachevsky velocity space.
The separate ellipses of decay oricycles of p(770), f,(980) scalar mesons with centers
in the “C,” points of the circle X 24Y2=1, calledthe Absolute, and Ammm tringles of
p(770), f, (980) scalar mesons decays, combined into one oricycle with the center at
the point “C,” (1, 0) on the Absolute. The point-velocity “G” represents the centers of

inertia of pairs of particles (7,7,), (2 m).

2. Decay of Scalar Mesons with Equal Masses of Decay
Particles

Suppose that the velocities of particles 7, and 7, decay of a scalar meson in
some reference frame “0” are measured. The ends of the particle velocity vectors
represent material points-velocities “ 7z, ” and “ 7, ” in the hyperbolic Lobachevsky
velocity space (HLVS) located inside a sphere of radius C (hereinafter the speed
oflight C=1, themasses m, =m_ of decay particles are attributed to the points

« » « »

7, ” and “ 7, ”) [5]-[7]. Let’s draw a plane through the points “0”, “ 7, ”, “ 7, ”. In
this plane, we introduce a rectangular coordinate system X0 Y with the origin at
the point “0” (Figure 1). The orthogonal projections ( X, , Y, ) of the velocity
vector of the particle 7; on the axes 0.X, 0Y are called the Beltrami coordinates

of the point “ 7, ” in HLVS. The length S, of the line segment (7, — 7, ) with
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the Beltrami coordinates of its ends “ 7, ” ( X

sented by the formula [9]:

ch(S,., )=(1-X, *X,, —Yﬂl*Yﬂz)/(Rnl*an) (1)

— 2 2 _ 2 2
R, =1- X% -Y2, R, =1-X2-Y?

Thelength S, of the line segment (7, — 7, ) is called the rapidity [14]. The

Y, ), 7,7 ( X,,2 ,Y,[2 ) is repre-

m 2 ™

effective mass m, of a scalar meson is calculated using the formula [6]:

m? —2m?
2 _ 2 2 r o
m? = mZ +m? +2m_m,_ch(S, ), Tl_ch(smz) )

et

Besides the straight line (7, — 7, ), one pair of symmetrical arcs of zero curva-
ture, called oricycles, passes through the velocity points “ 7, ” and “ 7, ”. In Figure
1, in the Beltrami model of HLVS, the ellipses tangent to the circle X*+Y? =1
are oricycles with centers of rotation at the points of tangency “ C,”. The straight
line connecting the center of rotation “ C,” with an arbitrary point of the oricycle
is called its axis. The circle X?+Y? =1, called the Absolute, represents, accord-
ing to formula (1), the infinitely distant points of the HLVS.

All oricycles in HLVS are congruent as straight lines of zero curvature in Eu-
clidean space are congruent [9]. Thus, the ellipse with axis (C, —0) in Figure 1
represents an oricycle, which combines the oricycles of the decays of individual
scalar mesons.

The point “m” on the oricycle with additive mass m,  =m, +m_  are deter-
mined by Archimedes’ laws of levers (3). The roles of forces in the levers are played
by the masses M, and M, ,and the arms of the levers are equal to the Euclid-
ean lengths IW2 , Imﬂl, Im,r2 of the arcs of the oricycle [6] [10]-[12]. For the case of
equal rest masses of particles 7,, 7, (M, =M, )thepoint “m”lies in the center
of the arc (7,, m, 7,) of the oricycle (Figure 1):

Lz, =lng + s, M

(k]

oy =My M = 2m,z1

mﬂllmﬂl = mﬂzlmlz'z = mﬂllﬂlﬂz /( m/rl + mzrz ) = m/rllzryrz /2 (3)

» o« __» o«

Connecting the points “ 7,7, “m”, “z,” with each other by straight line seg-
ments, we obtain an isosceles triangle Az,mz, of the f,(980) meson decays
inscribed in the oricycle (Figure 1). On the triangle Azmz, we introduce a di-

mensionless Lorentz invariant function:

OCT, =1, ctg (%) —sh? [S”Tj =5h* (S ) Lus, =20 (Ss,, ) (4)

where | , 1s the length of the oricycle arc subtending the base (7, — 7, ) with a

m

rapidity S, , M is the angle at the vertex “n7”, the “G” point represents the cen-
ter of inertia of the pairs (7,, 7,) of decay particles. The function OCT, is
named oricyclic cotangent of a triangle.

In Table 1, the OCT, values are calculated from published data on the effec-

tive masses of Scalar Mezon — 7, + 7, decays [13]. Columns 2 and 3 of Table 1
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present the values of the effective masses m, and the widths I' of the Scalar Me-
zon —m +7, decays [13]. According to formula (2), the mass m, corre-

sponds to the rapidity S of the bases ( 7, — 7, ) of the triangles Azmz, of

the decays of Scalar Mesoilé. Columns 3 and 4 of Table 1 show the values of the
function OCT,, calculated using formula (4), and its nearest integer value

OCT,, . Integer values of OCT,, correspond to triangles Azxmz (Figure 1).
Calculations have shown that when OCT,, =L, where L isan integer, then the
lengths S

related by the relations:

ne and S__ of the lateral side and base of the triangle Azmz are

Table 1. Hyperbolic Heron triangles in decay of Scalar Mezon — 7, + 7, .

Name Mass Resonance  Width Mass in H Am*" = Am"™

Scalar m, r OCT, OCT,, A”:l” m - mo T

Mezon (Mev) (Mev) (T;:.: N (Mev) (%)

1 2 3 4 5 6 7 8
Scalar Mezon —» 7z, +7,, m,_ =m_ =m_=139.57001 Mev

f,(500) 500.0 + 100.0 300.0 22174 2 483.5 16.5 5.5
p(770) 766.5 + 1.1 150.0 6.54"0 0o 7 789.5 23.0 154
w(782) 782.7 £0.13 8.68 6.86"0 0o 7 789.5 6.8 78.6

f,(980) 980.0 +20.0 55.0 11.58"0% 12 1006.4 16.4 29.9
$(1020) 1019.46 + 0.02 4.25 12.34°0050% 12 1006.4 13.0 307.0
f,(1270) 1275.4 + 0.80 186.6 19.88"00% 20 1279.2 3.8 2.0
f,(1370) 1350.0 % 50.0 350.8 22.39"770 22 1338.7 113 32
f, (1500) 1522.0 + 25.0 108.0 28.73%) 56 29 1528.9 6.9 6.4
£,(1690) 1686.0 + 4.0 161.0 35.48°010° 35 1674.8 11.2 6.9
p(1700) 1720.0 % 20.0 250.0 36.97° 05 37 1720.7 0.7 0.3
f,(1710) 1733.0 £ 8.0 150.0 37.54'0%: 38 17432 10.2 6.8
f,(1770) 1804.0  16.0 138.0 40.77°57% 41 1809.0 5.0 3.7
f,(1810) 1815.0 + 12.0 197.0 41.2870% 41 1809.0 6.0 3.0
f,(1950) 1936.0 + 12.0 197.0 47.10%0 % 47 1933.9 2.1 0.4
f,(2020) 1982.0 + 54.0 464.0 49.42°%7% 49 1973.8 8.2 1.9
f,(2050) 2018.0 £ 11.0 237.0 51.26"0 5 52 2032.2 14.2 6.0
P, (2250) 2248.0 £17.0 185.0 63.86" 575 64 2250.5 2.5 1.4
s (2350) 2330.0 £ 35.0 400.0 68.67 500y 69 2335.4 5.5 1.4
f;(2510) 2470.0 + 50.0 260.0 77.30"5 %5 78 2481.0 11.0 43

OCT,, =1_ *ctg(M/2)=L, I =2sh(S,,/2)
chS,, =(L+2)/2, chS_ =2L+1 (5)
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Therefore, triangles Azmz with integer values of OCT,, are called hyper-
bolic Heron triangles [10] [12]. The effective mass m,,, =m,," (column 6) is cal-

« » o«

culated using formula (6) (points “ 7”7, “7’

>

of the base (7 —7) of triangle
Azrmz  are assigned the mass m, =m_ ):

My, =mg" = J2m?(1+ch(S,,)), chS,, =(m:, —2m: )/ij (6)

where S__ is the rapidity of the base (7 —7) of triangle Azmz . Columns 7
and 8 of Table 1 show the absolute and relative deviations of the mass my,” from
the experimental values m, . From Table 1 it can be seen that the masses m,

differ from masses My,” within the resonance widths. The maximum deviation
is 307% of the resonance width, the minimum is 0.3% of the resonance width, and
the average deviation is 25.3% of the resonance width. Only the ¢(1020) meson

T
her

small value of the ¢(1020) meson width (4.25 MeV) was obtained from the pa-
rameterization. Direct calculation of the OCT,, values using real data might

mass M, differs from the mg; mass by 307% widths. In the experiment, the very

yield an acceptable result. Or the production of the ¢(1020) meson is not asso-
ciated with Heron’s triangles.

It should be noted that Archimedes’ levers in HLVS were first used by N.A.
Chernikov, who used the following expressions for the momenta PG,,1 and PG;Q
and kinetic energies T, and Tg, of particles 7, and 7, in the system of

their center of mass “G” (Figure 1) [6]:

PG/rl = mﬂlsh (SGﬂl ) = PGﬂ2 = mIZzSh (SGIZZ ) (7)
Ton =M, (¢ (S6r)-1), Tor, =m,, (ch(Ses, )-1) (8)
Szzyrz = SGzzl + SG;rz

Since in the reference frame “G” the momenta F;, =F; ~ are equal, then:

2

r;ﬁ 275 (e, ) = 2—” 275 (Se, )

m, sh (SG”1 ) =m,_sh (SG,[2 ) ,
The expression 27rsh(SG”1) represents the length of a circle of radius Sg,
in HLVS. Therefore, N.A. Chernikov used the lengths of circles of radii S, and
Sg,, asthe lever arms (point “G” is assigned an effective mass m, ) (Figure 1).
However, the expression sh (SG”1 ) represents the length | of the oricycle arc
and Archimedes’ laws of levers can be represented in the form (3) [10]-[12].

According to (2), (7), formula (4) for OCT, can be represented as:
OCT, =sh?(Sq, ) = (Ps,, /m,, ) =(m? ~4m? ) /(4m?,) )

The expression ( R, / m, ) will be called the reduced momentum of particles

7, in the reference frame “G”.

3. Two-Particle Decays of Scalar, Strange Mesons and 4, N, A,
X, Z Baryons into Particles with Different Masses

Figure 1 shows the different sided triangles APmz; of the decays of
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A(1232) > P+ 7, . The point “m” of the additive mass M, =M, +m, is deter-
mined by the laws of the levers of Archimedes (10) (M, is mass of a proton, m,
is mass of a pi meson). In the case of different masses of decay particles (M, >m, ),
the point “n2” is shifted along the arc of the oricycle to the point “P” of the particle
with a higher rest mass:

|

Pm = Im;rl + ImP’ mP;rl = mP + mzzl

Melpe =m 1 =m_ (I, =15 (10)
mry _mPIPn /(mp )
”1 Pﬂl/(mp )

The different sided triangle APmz, of the decay of the A(1232) baryon is ob-
tained by connecting the points “ 7, ”, “m”, “P” with each other by straight line
segments (Figure 1). The effective mass m, of the decays 4 Barions — P+,
can be calculated using formula (11) (the points “5” and “ 7, ” are associated with
the rest mass m, of the particle “5” and the rest mass M, of the pi meson,

m,=>m, ) [4]:
mZ =m; +m; +2mbmﬂlch(sbﬂl) (11)
For “6”=“P’and m =m;,:

mZ =mZ +m2 +2m,m_ch (Sp,ﬁ) (12)

The mass m, is related to the length Sp,  of the side (P -7, ) of the triangle
APmz, (the points “P” and “7,” are associated with the rest mass m, of the
proton and the rest mass M, of the pi meson).

Rotate the segment (M — 7, ) around the axis (C, —m) of the oricycle until the
point “m,” coincides with the point “ 7z, ” (Figure 1). By connecting the points

“m”, “m”, “ ,” with each other by straight line segments, we obtain isosceles
rotary triangle Amrmz, of A(1232) baryon decay inscribed in the oricycle (the
lengths of the sides S, and S, = areequal). The triangles APmz; and
Az,mz, are shown in Figure 2 (the point “m7” is placed at the origin “0” of coor-
dinates, the different sided triangles Am,;mA(1232) represent the decay of the
N (1520) —» A(1232)+ ;).

In Table 2, the OCT, values for rotary triangle Ax,mz, are calculated from
published data on the effective masses of A4 baryon — P +7; decays [13]. Col-
umns 2 and 3 of Table 2 give the values of the effective masses m, and widths T
of the decays A Barions. The OCT, values for rotary triangle Az,mz, are cal-
culated using the formulas (4) and (12):

OCT, :(PG,[l/m,,1 )2 :(mb/m,[l)(mr2 —(mb +m, )2)/(mb +m, )2 (13)

For values m, =m;:

OCT, =(PG,,1/m,[1 )2 =(mp/m,r1)(mr2 —(mF> +m, )2)/(mp +m, )2 (14)

The “G” point represents the center of inertia of the pair (z;, 7, ) of the rotary
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triangle Az,mr,. It is important to note that the “G” points of the (#, 7;) and
(7, 7,)pairsarelocated on the (C, —m) axis of the oricycle. The effective mass

of the corresponding particle pairs is concentrated at the “G” points (Figure 2).

Table 2. Hyperbolic Heron triangles in decays of A Barion — P+ 7, .

Mass in
Heron Mass Am™ . Rot H
« = er (o}
Name Mass Resonance Width in APmMz v Am; _
m, r OCT, OCT,, b m - mP* T Armz
A Barion (Mev) mhe'r” r her o e
ev .
(Mev) (Mev) (Mev) (%) her
(Mev)
1 2 3 4 5 6 7 8 9
A Barion > P + 7, , m, =938.27209 Mev, m, =m, =139.57001 Mev
A(1232) 1232.0 % 0.40 117.0 2.06"0 0% 2 1227.8 4.2 3.63 483.5
A(1600) 1570.0 % 0.25 250.0 754700 8 1595.1 25.1 10.0 837.4
A(1620) 1610.0 + 20.0 130.0 8.28'057 8 1595.1 14.9 11.5 837.4
A(1710) 1710.0 % 10.0 300.0 10.20793% 10 1700.0 10.0 34 925.8
A(1900) 1860.0+ 30.0 300.0 13.30%0 %0 13 1946.2 13.8 4.6 1044.5
A(1950) 1930.0 + 10.0 285.0 14.83%% 15 1937.5 7.5 2.6 1116.6
A(2150) 2150.0+100.0 200.0 20.037%%% 20 2149.0 1.1 0.5 1279.2
A(2300) 2300.0+100.0 350.0 23.89% 00 24 2304.2 4.2 1.2 1395.7
4(2400) 2450.0+100.0 500.0 20.015%% 28 2449.6 0.4 0.1 1503.2
A(2750) 2794.0 + 80.0 350.0 38.35" ¢ 38 2780.0 14.0 4.0 1743.2
4(2950) 2990.0+100.0 330.0 45.01735% 45 2989.7 0.3 0.1 1893.2

ABSOLUTE
X2.+¥2-1

Figure 2. The different sided triangles APmm of baryon decays A(1232) ——> P + m,
MN(1520) —-> A(1232) + m, isosceles triangle Am m 7 of baryon decays, isosceles Heron
triangle Azrm 7. The point-velocity “G” represents the centers of inertia of pairs of particles
(P, m), (A(1232), mi).
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Columns 3 and 4 of Table 2 show the values of the function OCT, for rotary
triangle Azmz, of A(1232) baryon decay, calculated using formula (14) and its
nearest integer value OCT,, (Figure 2). The integer values OCT,, correspond
to rotary Heron triangles Azmz (Rot_H triangles). In turn, the rotary Heron
triangle Azmz corresponds to a triangle with different sides APmz  (similar
to how a triangle with different sides APmz; corresponds to a rotary triangle
Am,mz, ). Column 6 of Table 2 shows the effective mass m;.” of the pair proton
and pi meson, calculated using formula (15) through the length S_, of the side
(7#—P) APmz (the points “P” and “ 7z ” are associated with the rest mass m,
of the proton and the rest mass m_ of the pi meson, the center of inertia “G” of
the pair (P,7) lies on the axis (C,—m) of the oricycle):

b, 2 2
My = My = \/mb +m: +2m,m_chS_, (15)

For values m, =m,

Pz _ 2 2
mher = rnher - \/mP + mzz + 2umnChSnP

Columns 7 and 8 of Table 2 show the absolute and relative deviations of the
mass M.” from the experimental values m, . From Table 2 it is evident that the
masses My.” differ from the masses m, of Abaryon decays within their widths.
The maximum deviation is 10% of the resonance width, the minimum is 0.1% of
the resonance width, and the average deviation is 3.8% of the resonance width.
Column 9 of Table 2 shows the effective mass My, of the pair of pi mesons,
calculated using formula (6) through the length S__ of the base of the rotary
Heron triangle Azmz (points “ 7”7, “ w” of the base ( 7 —7 ) are associated with
the rest mass m_).

In Table 3, the OCT, values for rotary triangle Azmz, are calculated from
published data on the effective masses of 2-particle decays of N Barion
— A(1232)+ 7, [13]. Columns 2 and 3 of Table 3 give the values of the effective
masses M, and widths I of the N Barions decays. The mass m, isrelated to the
1o32) Of the side (A(1232),7;) of the triangle AmmA(1232) (the
points “A(1232)” and “ 7, ” are associated with the mass M, 1232 and the mass

m,, ) (Figure 2):

length S,

2

m? = M3 122) + m? + 2M, 459, CH (SA(mz)ﬂl) (16)

1232)' ' 'my

The “G” points represent the centers of inertia of the pairs (4(1232), =) of
decay particles. Columns 3 and 4 of Table 3 show the values of the function OCT,
for rotary triangle Axmz, of Nbaryon decay, calculated using formula (13) (for
values M, =M, ;,5, ) and its nearest integer value OCT, (Figure 2). Integer
values of OCT,, correspond to rotary Heron triangles Azmz . In turn, the ro-
tary Heron triangle Azmz corresponds to the different sided triangle
A7mA(1232) (similarly to the fact that the different sided triangle
Am;mA(1232) corresponds to the rotary triangle Ammr, ). Column 6 of Table
3 shows the effective mass mﬁ(ﬁjz)’” of the pair (4(1232), 71), calculated using
formula (16) through the length S_ A1232) of the side (A (1232) — ) of the trian-
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gle ArmA (1?_32) (the points “A(1232)” and “ 7z ” are associated with the mass

M,z and the mass m, ):

Table 3. Hyperbolic Heron triangles in decays of N Barion — A(1232)+ 7,

Heron Mass in Am™ = Mass in
Name Mass Resonance Width AZmA (1232) o Amrer Rot_H
m, T OCT, OCT, ' r Azmz
N Barion mA232.7 mA227 o
(Mev) (Mev) N her N, her (%) Mier
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
N Barion — A(1232) +7,, m,,;, =1232.0Mev, m_ =m,_=139.57001 Mev
N(1440) 1440.0 % 30.0 350.0 0.9071% 1 1447.2 7.2 2.0 394.8
M(1520) 1515.0 + 10.0 110.0 1.94' 010 2 1519.0 4.0 3.7 483.5
0.072
M(1535) 1530.0 + 5.0 150.0 2.16°5%7 2 1519.0 10.0 7.3 483.5
0.077
M(1650) 1650.0 + 5.0 125.0 3.9550 4 1653.4 34 2.7 624.8
0.079
M1675) 1675.0 + 5.0 150.0 4.347057° 4 1653.4 21.6 14.4 624.8
M(1680) 1685.0 £ 5.0 120.0 4.50"3 7 4 1653.4 31.6 263 624.8
N(1700) 1720.0 % 10.0 200.0 5.050 10 5 1716.6 34 1.7 683.7
M(1710) 1710.0 % 20.0 200.0 4.8970% 5 1716.6 6.6 33 683.7
+0.162
N(1720) 1720.0 + 10.0 250.0 5.05'05¢; 5 1716.6 34 1.3 683.7
0.175
N(1860) 1860.0 + 10.0 250.0 74100 7 1836.6 234 9.4 789.5
0.175
N(1875) 1875.0 + 10.0 200.0 7.67°01% 8 1893.7 18.7 9.3 837.4
N(1880) 1880.0 % 20.0 300.0 7.76%0 5 8 1893.7 13.7 4.6 837.4
N(1895) 1985.0 + 10.0 200.0 8.02°01% 8 1893.7 1.3 0.7 837.4
N(1900) 1920.0 + 10.0 200.0 8.47°01% 8 1893.7 263 13.1 837.4
N(2000) 2000.0 + 10.0 300.0 9.94'075 10 2003.1 3.1 1.0 925.8
0.297
N(2060) 2100.0 + 15.0 400.0 11.87°9%% 12 2106.8 6.8 1.7 1006.5
0.396
N(2100) 2100.0 +20.0 260.0 11.8770% 12 2106.8 6.8 1.7 1006.5
N(2190) 2180.0 £ 20.0 400.0 13.47 %5 13 2156.8 23.2 5.8 1044.5
_ A(1232),7 2 2
Mper = Mgy = \/ Miya232) + Mz +2M, 153 M. CAS 155 (17)

Columns 7 and 8 of Table 3 show the absolute and relative deviations of the

mass mﬁ(ﬁfz)‘” from the experimental values m, . From Table 3 it is evident that

A(1232),%
the masses My,

differ from the masses m, of Nbaryon decays within their
widths. The maximum deviation is 23.4% of the resonance width, the minimum
is 1.3% of the resonance width, and the average deviation is 6.1% of the resonance
width. Column 9 of Table 3 shows the effective mass my,” of the pair of pi me-
sons, calculated using formula (6) through the length S_  of the base of the ro-

tary Heron triangle Azmz (points “ 7z ”, “ 7 ” of the base (7 — 7 ) are associated
with the mass m_).
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Table 4 shows the published effective masses m, and widths I' of A Barion
— X+ decays [13]. Columns 4 - 9 contain the calculated OCT, values for the
rotary triangles Am,mr,,the OCT,, values for the rotary Heron triangles

Azmz and the absolute and relative deviations of the masses m."

from the
experimental values m, . From Table 4 it is evident that the masses m;." differ
from the masses m, of /A baryon decays within their widths. The average relative
deviation is 18.4% of the resonance width. Column 9 shows the effective mass
my” of the pair of pi mesons, calculated using formula (6) through the length

arn

S,, of the base of the rotary Heron triangle Azmz .

Table 4. Hyperbolic Heron triangles in decays of 4 Barion — 2 + ;.

Name
/A Barion

A(1405)
A(1520)
A(1600)
A(1670)
A(1690)
A(1710)
A(1800)
A(1810)
A(1820)
A(1830)
A(1890)
A(2050)
A(2070)
A(2080)
A(2100)
A(2110)
A(2250)

Heron Mass her Mass in
Mass Resonance ~ Width in ASmz Am™ = Amr Rot_ H
m, r OCT, OcCT,, - m, m27 r Azmz
(Mev) (Mev) " (Mev) (%) my”
(Mev) (Mev)
2 3 4 5 6 7 8 9
A Barion — X +7z,, m; =1189.37 Mev, m_=m_=139.57001 Mev
1405.1 1.3 50.0 1.00%0018 1 1404.8 0.4 0.7 324.8
1519.4 0.2 15.7 2.62"00% 3 1545.3 25.8 164.3 558.3
1600.0 % 10.0 200.0 3.83' 01 4 1610.9 10.9 5.5 624.2
1670.0 £ 5.0 30.0 4.94750% 5 1674.0 4.0 134 683.7
1690.0 £ 5.0 70.0 5.26"0 0o 5 1674.0 16.0 22.8 683.7
1713.0 +13.0 180.0 5.64702:0 6 1734.8 21.8 12.1 738.5
1800.0 + 10.0 200.0 711900 7 1793.6 6.6 3.2 789.5
1790.0 + 10.0 110.0 6.94701% 7 1793.6 3.6 3.2 789.5
1820.0 £ 4.0 80.0 7.4 7 1793.6 264 33.0 789.5
1825.0 £ 10.0 90.0 7.55"017% 8 1850.4 254 28.2 837.4
1890.0 + 5.0 120.0 8.71 000t 9 1905.6 15.6 13.0 882.7
2056.0 +22.0 493.0 11.88%0% 12 2062.3 6.3 1.3 1006.5
2070.0 +24.0 370.0 12,1574 12 2062.3 7.7 2.0 1006.5
2082.0 +13.0 181.0 12,3975 12 2062.3 7.7 2.0 1006.5
2100.0 £ 22.0 200.0 12.76'3 8 13 2111.9 11.9 6.0 1044.5
2090.0 + 22.0 250.0 12.56"0 31 13 2111.9 21.9 8.8 1044.5
2350.0 + 22.0 150.0 18.13% % 18 23445 5.5 3.7 1216.7

Table 5 shows the published effective masses m, and widths I' of N Barion>
n+ m; decays [13]. Columns 4 - 9 contain the calculated OCT, values for the

rotary triangles Azmr, , the OCT,, values for the rotary Heron triangles

n,z

hnr from the

Azmr , and the absolute and relative deviations of the masses m

experimental values m, . From Table 5 it is evident that the masses m;’ differ
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from the masses M. of NBaryon> n+ 7, decays within their widths. The av-
erage relative deviation is 5.7% of the resonance width. Column 9 shows the ef-
fective mass m=" of the pair of pi mesons, calculated using formula (6) through

her

thelength S__ of the base of the rotary Heron triangle Azmz .

Table 5. Hyperbolic Heron triangles in decays of N Barion - n+ 7, .

Mass in
Heron Mass AP A Rot H
3 = er

Name Mass Resonance ~ Width in Anmir r Am; ot_
m, r OCT, OCT,, m mne T Armz

NBarion Mper " her o

(Mev) (Mev) (Mev) (%) Myer

(Mev)
(Mev)
1 2 3 4 5 6 7 8 9
N Barion —n+ 7, m, =939.56542052 Mev, m, =m_ =139.57001 Mev

N(1440) 1440.0 % 30.0 350.0 5.280%: 5 1423.3 16.7 4.8 683.8
M1520) 1515.0 £ 10.0 110.0 6.56"077 7 1539.9 249 22.7 789.5
N(1535) 1530.0 + 15.0 150.0 6.82"0 o 7 1599.4 9.9 6.6 789.5
N(1650) 1650.0 + 6.0 125.0 9.037%01% 9 1648.3 1.6 1.3 882.7
N(1675) 1675.0 + 5.0 145.0 9.5173%7 10 1700.0 25.0 17.2 925.8
M(1680) 1685.0 + 5.0 120.0 9.71%°7 10 1700.0 15.0 12.5 925.8
N(1700) 1720.0 % 20.0 200.0 10.40°0 300 10 1700.0 17.4 8.7 925.8
N(1875) 1875.0 % 20.0 200.0 13.620 55 14 1892.4 12.4 4.1 1081.1
N(1880) 1880.0 + 20.0 300.0 13.737%%% 14 1892.4 0.4 0.1 1081.1
N(1895) 1985.0 + 20.0 120.0 14.06" 055 14 1892.4 2.6 22 1081.1
N(1920) 1920.0 + 20.0 200.0 1461755 15 1937.5 17.5 8.8 1116.6
N(1990) 2020.0 £ 40.0 300.0 16.89" 5 17 2024.7 4.7 1.6 1184.3
N(2060) 2100.0 £ 15.0 400.0 18.8070 50 19 2108.4 8.4 2.1 1248.3
N(2220) 2250.0 £ 15.0 400.0 2257 0% 23 2266.3 16.4 4.1 1367.5
N(2250) 2280.0 + 15.0 500.0 23.36"0500 23 2266.3 13.6 2.7 1367.5
N(2600) 2600.0 + 100.0 650.0 3240750 32 2586.9 13.2 2.0 1603.5
N(2700) 2612.0 +45.0 650.0 327673 33 2620.0 8.0 1.2 1627.7
N(3000) 3000.0 £ 200.0 1650. 45.36"730) 45 2989.7 10.3 0.6 1893.2

Table 6 shows the published effective masses m, and widths I' of Scalar Me-
zon — 7+ decays [13]. Columns 4 - 9 contain the calculated OCT, values
for the rotary triangles Ax,mr,,the OCT,, values for the rotary Heron triangle
Azrmz , and the absolute and relative deviations of the masses m/;; from the
experimental values m, . From Table 6 it is evident that the masses m/’ differ
from the masses m, of Scalar Mezon — 77+ 7, decays within their widths. The
average relative deviation is 7.6% of the resonance width. Column 9 shows the
effective mass m/;” of the pair of pi mesons, calculated using formula (6)

through the length S__ of the base of the rotary Heron triangle Azmz .
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Table 6. Hyperbolic Heron triangles in decays of Scalar Mezon — 7 + 7, .

Heron Mass in

Name Mass Resonance ~ Width Apmz Am = Amirhe' Mass in Rot_H
Scalar m, T OCT, OCT,, o m, - me T Azrmz myr
Mezon (Mev) (Mev) (Mhee:z) (Mev) (%) (Mev)
1 2 3 4 5 6 7 8 9
Scalar Mezon — 77+ 7, , M, =547.862Mev, m_ =m_=139.57001 Mev
a, (980) 980.0 + 20.0 75.0 4.05%0% 4 976.8 3.2 43 624.2
a,(1320) 1317.7 £ 1.4 107.0  10.50'%% 10 1294.8 229 214 925.8
7,(1600) 1354.0 + 25.0 330.0  11.30705 11 1340.5 13.5 4.1 967.0
a, (1450) 1439.0 + 34.0 2580 13287903 13 1427.5 11.6 4.5 1044.5
a, (1700) 1706.0 £ 14.0 380.0  20.25'0%F 20 1697.1 8.5 2.3 1279.2
a,(1710) 1713.0 £ 19.0 1070  20.4570%% 20 1697.1 15.9 14.8 1279.2
a, (1970) 1967.0+ 16.0 3240  28.21°70% 28 1960.5 6.5 2.0 1503.2

Table 7 shows the published masses m, and widths T of Scalar Mezon
- ,0(770)+7t1 decays [13]. Columns 4 - 9 contain the calculated OCT, values

for the rotary triangles Azmr,, the OCT,, values for the rotary Heron trian-

p(770),7

gles Azmz , and the absolute and relative deviations of the masses my,,

from the experimental values m, . Decays 7'(958) — p(770)+ 7, with a rela-
tive deviation equal to 15,652% from Table 7 are missing from all the calculations
presented. This can only be explained by the small values of the resonance widths
given (width = 0.23 Mev). Or the production of the 7'(958) meson is not asso-
ciated with Heron’s triangles. If we exclude the 15,652% deviation, the average
relative deviation will be 4.4% of the resonance width. Column 9 shows the effec-
tive mass m,.” of the pair of pi mesons, calculated using formula (6) through

thelength S__ of the base of the rotary Heron triangle Azmz.

Table 7. Hyperbolic Heron triangles in decays of Scalar Mezon — p(770)+ 7, .

Heron Mass in her Mass in
Name Mass Resonance Width Ap (77 0) mr Am® = Am rer Rot H
Scalar m T OCT, OCT, a7 T
r r M T mr mher .
me; 0 Azrmz my;
Mezon (Mev) (Mev) (Mev) (%)
(Mev) (Mev)
1 2 3 4 5 6 7 8 9
Scalar Mezon — p(770)+z,, m,=775.29999 Mev, m, =m, =139.57001 Mev
1'(958) 957.8 +0.06 0.23 0.53"0 501 1 993.8 36.0 15,652 394.8
7(1300) 1300.0+100.0 400.0 5.66"] (e 6 1319.5 19.5 4.9 738.5
a, (1320) 1318.2 + 0.60 107.0 5.98'00% 6 1319.5 1.3 1.2 738.5
w(1420) 1410.0 + 60.0 290.0 7.647 50 8 1429.1 19.2 1.2 837.2
a,(1700) 1706.0 + 14.0 380.0 2025705 20 1697.1 8.5 2.3 1279.2
a,(1710) 1713.0 £ 19.0 107.0 204579 20 1697.1 15.9 14.8 1279.2
a, (1970) 1967.0% 16.0 3240  2821%% 28 1960.5 6.5 2.0 1503.2
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Table 8 shows the published masses m, and widths I of Scalar Mezon
- 6()(782)+7r1 decays [13]. Columns 4 - 9 contain the calculated OCT, values
for the rotary triangles Ammr,, the OCT,, values for the rotary Heron trian-

gles Azmz , and the absolute and relative deviations of the masses mﬁ;(rm)’” from
the experimental values m, . From Table 8 it is evident that the masses
m2"®"  differ from the masses M, of Scalar Mezon — (782)+ 7, decays

within their widths. The average relative deviation is 7.1% of the resonance width.

Column 9 shows the effective mass m/;” of the pair of pi mesons, calculated us-

ing formula (6) through the length S_  of the base of the rotary Heron triangle
Armrz.

Table 8. Hyperbolic Heron triangles in decays of Scalar Mezon — &(782) + 7, .

Heron Mass in " Mass in
Name Mass Resonance ~ Width Aw (782) mz Am = Am™® Rot_H
Scalar m, r OCT, OcCT,, . m, - mor r Azmz
Mezon (Mev) (Mev) Mher (Mev) (%) Mper
(Mev) (Mev)
1 2 3 4 5 6 7 8 9
Scalar Mezon — (782) + z,, m, =782.65002 Mev, m, =m,_ =139.57001 Mev
b, (1235) 1229.5 +3.30 142.9 4.367) 00 4 1207.1 224 15.6 624.2
p(1450) 1465.8 + 25.0 400.0 8.56 04 9 1488.5 22.7 5.7 882.7
5 (1690) 1688.8+ 2.1 161.0 13.200 0 13 1679.9 8.9 5.5 1044.5
p(2250) 2150.0 + 40.0 300.0 2487715 25 2154.6 4.6 L5 1423.3

Table 9 shows the published masses m, and widths I' of X Barion - A + 7
decays [13]. Columns 4 - 9 contain the calculated OCT, values for the rotary
triangles Ammz,, the OCT,, values for the rotary Heron triangles Azmr,
and the absolute and relative deviations of the masses m,.” from the experi-
mental values m, . From Table 9 it is evident that the masses m,” differ from
the masses M, of X Barion decays within their widths. The average relative de-
viation is 12.0% of the resonance width. Column 9 shows the effective mass m;,"

of the pair of pi mesons, calculated using formula (6) through the length S, = of
the base of the rotary Heron triangle Azmz.

Table 9. Hyperbolic Heron triangles in decays of X Barion — A+ ;.

Mass Resonance

Heron Mass in
Width Mass in Am*® = Am'™ Rot_H
r OCT, OCT,, AAMz m - mb T Azmz
(Mev) e Mev) (%) W
(Mev) (Mev)
3 4 5 6 7 8 9

¥ Barion —» A+, m, =1115.68298 Mev, m_ =m, =139.57001 Mev

Name
ml’
2’ Barion
(Mev)
1 2
2(1385) 1383.7 £ 2.0

39.4 172700 2 1403.5 19.8 50.3 483.5
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Continued
2(1620) 1620.0 + 2.0 70.0 5.32700% 5 1600.4 19.6 28.0 683.8
3(1660) 1660.0 £20.0  200.4 5.9970 %% 6 1660.8 0.8 0.4 738.5
2(1670) 1675.0 + 2.0 70.0 6.24°00% 6 1660.8 142 20.2 738.5
2(1750) 1750.0 + 2.0 150.0 7.540 0% 8 1775.5 255 17.0 837.4
(1775) 1775.0 + 10.0 120.0 7.99"0 100 8 1775.5 0.6 0.5 837.4
2(1780) 1780.0 £30.0  200.0 8.08"0 55 8 1775.5 4.5 22 837.4
2(1900) 1925.0 + 20.0 165.0 10.81'0 35, 11 1935.0 10.0 6.0 967.0
2(1910) 1910.0 + 50.0 220.0 10.51' 20 11 1935.0 249 113 967.0
2(1915) 1915.0 + 22.0 120.0 10.6170 5 11 1935.0 20.0 16.6 967.0
2(1940) 1940.0+100.0  250.0 11107257 11 1935.0 5.1 2.0 967.0
2(2010) 2005.0  14.0 178.0 12.40"0 % 12 1985.2 19.8 11.1 1006.5
2(2030) 2030.0£10.0  180.0 12.91°0%0% 13 2034.2 42 24 1044.5
2(2070) 2060.0 £10.0  200.0 13.54"0 %00 14 2082.1 22.1 11.1 1081.1
2(2100) 2100.0 + 50.0 310.0 14.38%045 14 2082.1 18.9 6.1 1116.6
3(2230) 22400 +27.0 3470  17.46°0%7 17 2119.6 20.4 5.9 1367.5
2(2250) 2250.0 +20.0 140.0 17.6970 55 18 2263.6 13.6 13.6 1216.7
2(2455) 2455.0 £ 20.0 140.0 22580500 23 2471.1 16.7 11.9 1216.7

Table 10 shows the published masses M, and widths T of £Barion — Z° + 7,

decays [13]. Columns 4 - 9 contain the calculated OCT, values for the rotary

triangles Ammz,, the OCT,, values for the rotary Heron triangles Azmr,

-0
and the absolute and relative deviations of the masses m,_,”
mental values m, . From Table 10 it is evident that the masses m

her

from the experi-
=7 differ from

the masses m, of £Barion — Z°+7, decays within their widths. The average

relative deviation is 51.7% of the resonance width. Column 9 shows the effective

mass m." of the pair of pi mesons, calculated using formula (6) through the

length S_ _ of the base of the rotary Heron triangle Azmz .

Table 10. Hyperbolic Heron triangles in decays of = Barion — Z° + 7, .

Mass in
Heron Mass her
Mass Resonance  Width . —0 Am™ = AmPer Rot_H
Name in AE"mr s
. m, T OCT, OCT, o m - mes r Armz
EBarion mz,.” r her o
(Mev) (Mev) e (Mev) (%) Mher
(Mev) (Mev)
1 2 3 4 5 6 7 8 9
Z Barion > E° +7,, m_, =1314.85999 Mev, m_ =m, =139.57001 Mev
E(1530) 1531.8 £ 0.3 9.1 1.032%% 1 1529.7 2.1 233 394.8
£(1620) 1620.8 = 6.0 32.0 2.28%0 00 2 1601.4 19.4 60.7 483.5
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Continued
5(1690) 1690.0 + 10.0 20.0 3.30"01% 3 1670.0 20.0 100.0 5583
5(1820) 1823.0 £ 5.0 20.0 5.38"0 0ot 5 1799.5 235 1177 683.7
£(1950) 1950.0 +15.0 60.0 7.5105% 8 1977.8 8.8 146 8374
5(2030) 2025.0 +20.0 60.0 8.847 0% 9 2033.8 8.8 146 8827
5(2500) 2500.0+150.0 60.0 18.415 540 18 24814 18.7 311 1216.7

Table 11 shows the published masses m, and widths ' of A Barion
— A(1232)+ 7, decays [13]. Columns 4 - 9 contain the calculated OCT, values
for the rotary triangles Azmr,, the OCT,, values for the rotary Heron trian-
gles Azmz, and the absolute and relative deviations of the masses mffﬁff 2
from the experimental values m,. From Table 11 it is evident that the masses
my (227 differ from the masses M, of ABarions — A(1232)+ 7z, decays within
their widths. The average relative deviation is 5.1% of the resonance width. Col-
umn 9 shows the effective mass my;” of the pair of pi mesons, calculated using

formula (6) through the length S__ of the base of the rotary Heron triangle
Armrz.

Table 11. Hyperbolic Heron triangles in decays of A Barion — A(1232) +m, .

Heron Mass in vor Mass in
Name Mass Resonance ~ Width AzmA(1232) Am*~ = Am™ Rot_H
m, T OCT, OCT,, m — mb2er T Azmz
A Barion mAZSZ,n r A, her
(Mev) (Mev) o her (%) Myer
(Mev)
(MeV) (MCV)
1 2 3 4 5 6 7 8 9
A Barion - A(1232)+ 7, m,,;, =1232.0Mev, m, =m, =139.57001 Mev
A(1600) 1570.0 + 20.0 250.0 2.74103%0 3 1587.6 17.6 7.0 558.3
A(1620) 1610.0 + 10.0 130.0 3.34%07% 3 1587.6 234 17.2 558.3
4(1700) 1710.0 +2.0 300.0 4897502 5 1716.6 6.6 22 683.8
4(1900) 1860.0+ 20.0 250.0 74155 7 1836.6 234 9.4 789.5
A(1905) 1880.0 + 20.0 330.0 7.76" 05 8 1893.7 13.7 4.2 837.4
4(1910) 1900.0 + 20.0 300.0 8.113%: 8 1893.7 6.3 2.1 837.4
A(1950) 1930.0+ 10.0 300.0 8.657 15 9 1949.2 19.2 6.4 882.7
A(1940) 2000.0+ 40.0 400.0 9.94707%8 10 2003.1 3.1 0.1 925.8
A(2000) 2100.0 £ 20.0 450.0 11.8770%, 12 2106.8 6.8 1.5 1006.5
4(2200) 2200.0+ 30.0 300.0 13.88755% 14 2205.6 5.6 1.2 1081.1

Table 12 shows the published masses m, and widths I' of Strange Mezon
— K (493)+ 7, decays [13]. Columns 4 - 9 contain the calculated OCT, values

for the rotary triangles Ammr,, the OCT,, values for the rotary Heron trian-
K(493),7

gles Azmz, and the absolute and relative deviations of the masses m,,,
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from the experimental values m,. From Table 12 it is evident that the masses

m:fe(f%)'” differ from the masses m, of Strange Mezon — K (493)+ 7, decays

within their widths. The average relative deviation is 12.1% of the resonance width.

Column 9 shows the effective mass m;.;” of the pair of pi mesons, calculated us-

ing formula (6) through the length S_ _ of the base of the rotary Heron triangle
Armr .

Table 13 shows the published masses m, and widths I of Strange Mezon
- K’ (892)+ 7, decays [13]. Columns 4 - 9 contain the calculated OCT, values

for the rotary triangles Az,mz,,the OCT,, values for the rotary Heron triangles

(892).%

y from the

Azmz , and the absolute and relative deviations of the masses M/,
experimental values m, . From Table 13 it is evident that the masses m:eﬁggz)'” dif-
fer from the masses M, of Strange Mezon — K~ (892)+ 7, decays within their
widths. The average relative deviation is 7.1% of the resonance width. Column 9
shows the effective mass my; of the pair of pi mesons, calculated using formula

(6) through the length S of the base of the rotary Heron triangle Azmz .

Table 12. Hyperbolic Heron triangles in decays of Strange Mezon — K (493)+ 7, .

Heron Mass in

Name Mass Resonance ~ Width Mass in AmP* = AmPr Rot_H
Strange m, r OCT, OCT,, Ak493mz m - mlses T Azrmz

Mezon (Mev) (Mev) ek (Mev) (%) Mpr”
(Mev) (Mev)

1 2 3 4 5 6 7 8 9
Strange Mezon — K (493) + 77,, m, ,q, =493.677 Mev, m, =m, =139.57001 Mev

K" (700) 838.0  11.0 463.0 2,667 3 860.9 229 4.9 558.3

K" (892) 891.8+ 0.25 50.3 3.48'500 3 860.9 30.9 61.4 558.3
K™ (1410) 1421.8 £ 9.0 236.0 14.2770%% 14 1410.0 11.0 4.6 1081.8
K™ (1430) 1425.6 + 18.0 270.0 14.39%%0 14 1410.0 15.6 5.8 1081.8
K™ (1780) 1718.0 + 18.0 322.5 225750 22 1701.5 16.5 5.1 1338.7
K, (1950) 1957.0 + 14.0 170.5 30.257 5 30 1949.9 7.1 42 1554.2
K, (2045) 2045.0 9.0 199.0 33.3570 % 33 2035.2 9.8 4.9 1627.7
K; (2380) 2382.8 + 14.0 178.0 46.54°330 47 2393.6 10.8 6.1 1933.9

Table 13. Hyperbolic Heron triangles in decays of Strange Mezon — K" (892) + ;..

Heron Mass in

Name Mass Resonance ~ Width Mass in Am™ = Am™ Rot_H
Strange m, r OCT, OCT,, Ak892mzr m, - meses T Azxmz

Mezon (Mev) (Mev) el (Mev) (%) mer
(Mev) (Mev)

1 2 3 4 5 6 7 8 9

Strange Mezon — K™ (892)+ 7,, My, =891.76001Mev, m_ =m_=139.57001 Mev
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Continued
K, (1270) 1253.0 £7.0 10.0 3.04:0%1 3 1250.2 2.8 27.8 558.3
K, (1400) 1403.0+ 7.0 174.0 5.43°918 5 1378.9 26.1 15.0 683.8
K,(1410) 1414.0 £ 15.0 232.0 5.62"0 5 6 1436.1 221 9.5 738.5
K; (1430) 1427.3 + 1.5 100.0 5.85 0 0% 6 1436.1 8.8 8.8 738.5
K (1460) 1482.4 + 15.0 3356 6.8170 50 7 1493.0 10.6 32 789.5
K, (1580) 1580.8 + 5.0 110.0 8.62"0%: 9 1600.6 19.8 18.0 882.7
K™ (1680) 1718.8 + 18.0 320.0 11.3603570 11 1701.4 17.4 54 967.0
K, (1780) 1779.0 + 8.0 161.0  13.62°01% 13 1796.6 17.6 10.9 1044.5
K, (1770) 1773.8 + 8.0 186.0 1251017 13 1796.6 22.8 12.3 1044.5
K, (1820) 1819.0 + 12.0 264.0 13.49°0 5% 13 1796.6 224 8.5 1044.5
K; (1980) 1990.0 + 50.0 348.0 17.40" %5 17 1973.2 16.8 4.8 1184.3

4. Physics Interpretation of Heron's Triangles

As can be seen from Tables 1-13, the rotary triangles Azm,mz, of the decays of
scalar, strange mesons and 4, N, 4, 2, Zbaryons coincide with the rotary Heron
triangles Azmz (within the resonance widths). For the rotary Heron triangle

Azmz , formula (12) takes the form (L is an integer):
OCT,, =L =(Ra, /m, )" =(m,/m,)(m? ~(m, +m, )*) (m, +m, )" (19)

Here my>m_ and my=m_, m , m m

po ey > My
Mys Mys Mo Mygey) -

Formula (18) represents the dependence of the integer L on the square of the
effective mass m, of the resonance, similar to the Regge dependence of the square
of the resonance mass on its spin.

According to formulas (7) and (18) for a rotary Heron triangle Azmsz, the
integer values L =OCT,, are equal to the square of the reduced momentum
(Ps,/m, )2 of the 7meson in the reference frame “G” (“G” is the center of inertia
of the pair (7, 77) of the 7 mesons).

According to formulas (5) and (6) for arotary Heron triangle Azmz , the value

chS_, , called the square of the reduced absorbed mass, is equal to an integer:
chs,, =(mg, —2m? )/me, (19)

According to formula (8), the expression (chS,,_ —1) is equal to the kinetic en-
ergy T,  of the 7meson in the reference frame “m” of additive mass. From for-
mulas (5) and (8), it follows that the expression ( 2T, , / m_ ), called the reduced
kinetic energy of the pair (7, 7) of 7 mesons in the reference frame “n1”, is equal
to an integer.

Point “m” of the additive mass is the equilibrium point of Archimedes’ levers,
at the ends of which the gravitational forces of the decaying particles are applied.

Therefore, discrete hyperbolic Heron triangles can reflect the self-oscillations that
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occur during particle decay, caused by the constant action of free-fall acceleration.

5. Looking for New Resonances Based on Heron’s Triangles

For values of OCT,, from the intervals (1 - 80), (200 - 301), (398 - 498), Table
14 shows some discrete characteristics of Heron triangles and effective masses of
decays of scalar mesons and 4, Nbaryons. Columns 2 and 3 show the calculations
of the hyperbolic cosines of the lengths of the sides and bases of Heron’s triangles.

Column 4 show the calculations of the values of Kas? —the generalized cosine
of the angle & between the tangents at points “7” and “7” of the base of Heron’s

triangles Azzm. The values of Kas? for various cases of the location of point “p

( Xo1 ¥ ) of intersection of these tangents relative to the Absolute (Figure 3):
Kas? =cos(0) <1, x;+ya <1 (20)
Kas? =ch(Sy)>1 x;+y; >1 (21)

Formula (20) corresponds to the case where the tangents (m - p) and (7 - p)
intersect inside the Absolute. Formula (21) corresponds to the case where the tan-
gents (m - p), (m - p) intersect outside the Absolute, then the angle & between
them corresponds to a segment (c - d) of length S, which the tangents cut off
on the line (A; - A,). The straight lines (A - p), (4 — p) are tangents to the Ab-
solute, drawn from the point “p”.

As can be seen from Table 14, the values of Kas] = 2(OCT,, —-1)+1. From

formulas (5), (6) it follows:

Table 14. Discrete characteristics and masses of Hyperbolic Heron Triangles.

OCT, oS, chs, Kest  Kasy e Mhw M omroomp™mm
(Mev) (Mev) (Mev) (Mev) (Mev) (Mev)

1 2 3 4 5 6 7 8 9 10 11
1 1.5 3 1 -0.5 394.8 1155.2 1155.9 770.0 938.8 1001.1
2 2.0 5 3 0.0 485.3 1277.7 1228.4 844.6 1066.9 1074.2
3 2.5 7 5 0.5 558.3 1296.2 1296.9 913.1 1135.3 1142.6
4 3.0 9 7 1.0 624.8 1361.2 1361.9 976.8 1199.9 1207.1
5 3.5 11 9 1.5 683.8 1423.3 1423.3 1036.6 1261.1 1268.4
6 4.0 13 10 2.0 738.5 1482.8 1484.4 1093.1 1319.5 1326.8
7 4.5 15 13 2.5 789.5 1539.9 1599.4 1146.9 1375.4 1382.8
8 5.0 17 14 3.0 837.4 1595.1 1595.7 1198.2 1429.1 1436.6
9 5.5 19 17 3.5 882.7 1648.3 1648.3 1247.4 1480.9 1488.5
10 6.0 21 19 4.0 925.8 1700.0 1700.0 1294.8 1530.9 1538.6
11 6.5 23 21 4.5 967.0 1750.1 1750.7 1340.5 1579.4 1587.1
12 7.0 25 23 5.0 1006.5 1789.7 1799.4 1384.6 1624.4 1634.2
13 7.5 27 25 5.5 1044.4 1846.2 1846.8 1427.4 1672.1 1679.9
14 8.0 29 26 6.0 1081.1 1892.4 1893.1 1469.0 1716.5 1724.5
15 8.5 31 29 6.5 1116.6 1937.5 1938.2 1509.4 1759.9 1767.9
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16 9.0 33 31 7.0 1150.9 1981.6 1982.3 1548.8 1802.2 1810.3
17 9.5 35 33 7.5 1184.3 2024.7 2025.4 1587.2 1843.5 1851.7
18 10.0 37 34 8.0 1216.7 2067.0 2067.7 1624.7 1883.9 1892.2
19 10.5 39 37 8.5 1248.4 2108.4 2109.1 1661.3 192359 1931.9
20 11.0 41 39 9.0 1279.2 2148.9 2149.7 1697.1 1962.3 1970.7
21 11.5 43 41 9.5 1309.3 2188.8 2189.5 1732.3 2000.3 2008.9
22 12.0 45 43 10.0 1338.7 2227.9 2228.7 1766.7 2037.6 2046.3
23 12.5 47 44 10.5 1367.5 2266.4 2267.1 1800.4 2074.2 2083.0
24 13.0 49 47 11.0 1395.7 2304.2 2304.9 1833.5 2110.3 2119.1
25 13.5 51 49 11.5 1423.3 2341.4 2342.1 1866.1 2145.7 2154.6
26 14.0 53 51 12.0 1450.5 2378.0 2378.8 1891.1 2180.3 2189.5
27 14.5 55 53 12.5 1477.1 2414.1 2414.8 1929.5 2214.8 2223.9
28 15.0 57 55 13.0 1503.2 2449.6 2450.4 1960.5 2248.5 2257.7
29 15.5 59 57 13.5 1528.9 2484.6 2485.4 1990.9 2281.8 2291.0
30 16.0 61 59 14.0 1554.2 2519.1 2519.9 2020.9 2314.6 2323.9
31 16.5 63 61 14.5 1579.1 2553.2 2554.0 2050.5 2346.9 2356.3
32 17.0 65 63 15.0 1603.5 2586.8 2587.7 2079.7 2378.8 2388.3
33 17.5 67 65 15.5 1627.7 2620.2 2620.9 2108.4 2410.3 2419.8
34 18.0 69 67 16.0 1651.4 2252.8 2653.6 2136.8 2441.3 2451.0
35 18.5 71 69 16.5 1674.8 2685.2 2686.0 2164.7 2472.0 2481.7
36 19.0 73 71 17.0 1698.0 2717.2 2718.0 2192.4 2502.3 2512.1
37 19.5 75 73 17.5 1720.7 2748.8 2749.6 2219.7 2532.2 2542.1
38 20.0 77 74 18.0 1743.2 2780.0 2780.9 2246.6 2561.8 2571.7
39 20.5 79 77 18.5 1765.4 2811.0 2811.8 2272.3 2591.0 2601.1
40 21.0 81 79 19.0 1787.4 2841.5 2842.4 2299.6 2619.9 2630.1
41 21.5 83 81 19.5 1809.0 2871.8 2872.7 2325.6 2648.5 2658.7
42 22.0 85 83 20.0 1830.5 2901.7 2902.6 2351.4 2676.8 2687.1
43 22.5 87 85 20.5 1851.6 2931.3 2932.2 2376.8 2704.8 2715.2
44 23.0 89 87 21.0 1872.5 2960.7 2961.6 2402.6 2372.0 2743.0
45 235 91 89 21.5 1893.2 2989.7 2990.6 2426.9 2760.0 2770.5
46 24.0 93 91 22.0 1913.7 3018.5 3019.4 2451.6 2787.1 2797.7
47 24.5 95 93 22.5 1933.9 3047.0 3047.9 2576.0 2814.0 2824.7
48 25.0 97 95 23.0 1954.0 3075.2 3076.1 2500.2 2840.7 2851.4
49 25.5 99 97 235 1973.8 3103.2 3140.1 2524.2 2867.1 2877.9
50 26.0 101 99 24.0 1993.5 3130.9 3131.8 2547.9 2893.2 2904.1
51 26.5 103 101 24.5 2012.9 3158.3 3159.3 2571.4 2919.1 2930.1
52 27.0 105 103 25.0 2032.2 3185.6 3186.5 2594.7 2944.8 2955.9
53 27.5 107 105 255 2051.3 3212.6 3213.6 2617.9 2970.3 2981.4
54 28.0 109 107 26.0 2070.2 32394 3240.3 2640.7 2995.6 3006.8
56 29.0 113 110 27.0 2107.5 3292.3 3293.2 2685.9 3045.4 3056.8
60 31.0 121 119 29.0 2180.2 3395.7 3396.6 2774.1 3142.8 3154.5
63 325 127 125 30.5 2233.1 3471.2 3472.2 2838.5 3214.0 3225.8
64 33.0 129 127 31.0 2250.5 3496.0 3497.0 2859.6 3237.3 3249.2
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68 35.0 137 135 33.0 2318.7 3593.5 3594.5 2942.6 3329.1 3341.2
69 355 139 137 33.5 2335.5 3617.4 3618.5 2963.0 3351.7 3363.9
70 36.0 141 139 34.0 2352.1 3641.2 3642.3 2983.2 3374.1 3383.6
77 39.5 155 153 37.5 2465.3 3803.7 3804.8 3121.3 3526.9 3539.6
78 40.0 157 154 38.0 2481.1 3826.4 3827.4 3140.5 3548.2 3561.0
79 40.5 159 157 38.5 2496.7 3848.9 3850.0 3159.6 3569.4 3582.2
80 41.0 161 159 39.0 2512.3 3871.3 3872.4 3178.6 3590.4 3603.3
200 101.0 401 399 99.0 3957.5 5977.0 5977.0 4954.8 5565.2 5584.3
215 108.5 431 428 106.5 4102.5 6190.0 6190.0 5138.8 5764.7 5784.4
217 109.5 435 433 107.5 4121.5 6217.9 6217.9 5157.2 5790.8 5810.5
221 111.5 443 440 109.5 4159.1 6273.2 6273.2 5203.7 5842.6 5862.5
226 114.0 453 450 112.0 4205.7 6341.7 6341.7 5261.2 5906.7 5926.8
248 125.0 497 494 123.0 4404.8 6634.7 6634.7 5507.1 6181.0 6209.9
254 128.0 509 506 126.0 4457.5 6712.4 6712.4 5572.3 6253.7 6274.9
263 132.5 527 524 130.5 4535.5 6827.2 6827.2 5668.7 6361.2 6382.7
272 137.0 545 543 135.0 4612.1 6940.2 6940.2 5763.5 6466.9 6488.8
301 151.5 603 601 149.5 4850.9 7292.3 7292.3 6058.8 6796.3 6819.3
398 200.0 797 794 198.0 5575.8 8363.1 8363.1 6956.1 7797.8 7824.0
409 205.5 819 817 203.5 5652.2 8476.0 8476.0 7050.6 7903.4 7929.9
436 219.0 873 871 217.0 5835.3 8746.9 8746.9 7277.5 8156.7 8184.9
498 250.0 997 995 248.0 6235.5 9339.3 9339.3 7773.4 8710.5 8739.6

ABSOLUTE

X2472-1

Figure 3. The values of Kas, —the generalized cosine of the angle 6 of decay between
the tangents at the points “7”, “7” of the base of Heron’ s triangles Azmur are calculated.
The values of Kas; —the generalized cosine of the angle a of decay between the tangent

at point “n1” of the additive mass and the tangent at points “ 7 ” of the base of Heron's
triangles Azmmyr are calculated.
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ch(S,,)=Kas; +2 (22)

From formula (22) it follows that the expression ch(S_,) linearly depends on
the Kas?. We have a dependence similar to the Regge dependence of the square
of the resonance mass on its spin.

Column 5 shows the values of Kas; —the generalized cosine of the angle a
between the tangent at point “m” of the additive mass and the tangent at points
“7” of the of the side of Heron’s triangles Azzm. The values of Kas] for various
cases of the location of point “#’ ( x, , Y, ) of intersection of these tangents relative
to the Absolute (Figure 3):

Kasg =cos(a) <1 xZ+y7 <1 (23)
Kasy =ch(S,,)>1 x’+y’>1 (24)

Formula (23) corresponds to the case where the tangents (m - # and (7 - )
intersect inside the Absolute. Formula (24) corresponds to the case where the tan-
gents (m - f), (- ?) intersect outside the Absolute, then the angle abetween them
corresponds to a segment (a - b) of length S, which the tangents cut off on the
line (As — Az). The straight lines (As - 9, (A2 - ) are tangents to the Absolute,
drawn from the point “#’. As can be seen from Table 14, the values of

Kas; = (OCT,, —2)/2 . From formula (7) it follows:

ch(S,,)-1=T,./m, =Kas; +1 (25)

From formula (25) it follows that expression (chS,_—1) is equal to the kinetic
energy T, ~mmeson in the reference frame “m” of the additive mass, divided by
the mass m_ of the 7 meson. From formula (25) it follows that the expression
(T,./m, ), called the reduced kinetic energy of the 7 meson.

Column 6 shows the masses my.” in the rotary Heron triangles Azmz of
decays Scalar Mezon — 7, + 7, , calculated using formula (6). Column 7 shows
the masses mf,‘ﬁer of A Barions — P +7; decays calculated using formula (15)
for values m, =m, . Column 8 shows the masses ms’,ﬁer of NBarions — P+,
decays calculated using formula (15) for values m, =m,. Column 9 shows the

masses My of Scalar Mezon — 7+, decays calculated using formula (15)

for values m, =m, . Columns 9 and 10 show the masses m,fe(rm)’” and m,f’e(r782)’”
calculates using formula (15) for values m, =m, ;5 , M, e, .

The mass values in Table 14 corresponding to the resonances from Tables 1-
13 are highlighted in bold. The remaining unhighlighted mass values may corre-
spond to the masses of new resonances in the decays of scalar mesons and 4, N
baryons. To detect these new resonances, it is necessary to investigate the distri-

bution OCT, calculated using formula (13) for m,=m_, m,, M, , m
m

n’
p(770) *

In Table 15, the effective masses of the decays of strange mesons and 4, N, 4,
2, Ebaryons are given for the values of OCT,, from the intervals (1 - 80), (200 -
301), (398 - 498). Columns 2 - 9 show the masses mZ7, m>7, mA”, mhif'”,

A232,7 A232,7 k4937 k892, 7 . _
Myter > My‘er > Maner > My ber calculated using formula (15) for m, =m_,
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Mg, My, Mo, My, Myggs> Mg, - The mass values in Table 15 correspond-
ing to the resonances from Tables 1-13 are highlighted in bold. The remaining
unhighlighted mass values may correspond to the masses of new resonances in
the decays of strange mesons and 4, N, 4, 2, Zbaryons. To detect these new res-
onances, it is necessary to investigate the distribution OCT, calculated using for-
mula (13) for my=m_, mg, My, M, My, Megs> Myggy-

Note that from Table 2, Table 3, Tables 8-13 it follows that rotary Heron
triangles with the values OCT,, =1,2,3,4,5,6,7 are detected in the decays of
strange mesons and 4, N, A, 5, X baryons. Figure 4 expands on the data from
Tables 1-13 for the first OCT,, =1,---,7 rotary Heron triangles. The oricycles

with inscribed rotary Heron triangles are shifted upward along their axes. Each
h
OCT,, level has Heron triangles Ammmwith own lattice %x chS__ (see for-

mulas (5)).

Table 15. OCT,, and masses of Hyperbolic Heron Triangle.

ocT, m M My M e W= S
(Mev) (Mev) (Mev) (Mev) (Mev) (Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
1 394.8 1404.8 1331.5 1579.7 1447.2 1447.2 717.2 1109.1
2 483.5 1476.7 1403.5 1601.4 1519.0 1519.0 792.3 1181.8
3 558.3 1545.3 1472.1 1670.0 1587.6 1587.6 860.9 1250.2
4 624.2 1610.9 1537.6 1736.0 1653.4 1653.4 924.4 1315.1
5 683.8 1674.0 1600.4 1799.5 1716.6 1716.6 983.8 1377.0
6 738.5 1734.8 1660.8 1860.8 1776.6 1776.6 1039.8 1436.1
7 789.5 1793.5 1719.1 1920.2 1836.6 1836.6 1093.0 1493.0
8 837.4 1850.4 1775.5 1977.8 1893.7 1893.7 1143.7 1547.7
9 882.7 1905.6 1830.2 2033.8 1949.2 1949.2 1192.2 1600.6
10 925.8 1959.2 1883.3 2088.3 2003.1 2003.1 1238.8 1651.8
11 967.0 2011.4 1934.9 2141.3 2055.6 2055.6 1283.8 1704.4
12 1006.5 2062.3 1985.2 2193.1 2106.8 2106.8 1327.2 1749.7
13 1044.4 2111.9 2034.2 2243.8 2156.8 2156.8 1369.2 1796.6
14 1081.1 2160.4 2082.1 2088.3 2205.6 2205.6 1410.0 1842.3
15 1116.6 2207.9 2128.9 2541.7 2253.4 2253.4 1449.7 1887.0
16 1150.9 2254.3 2174.7 2389.2 2300.2 2300.2 1488.3 1930.6
17 1184.3 2299.8 2219.6 2435.7 2346.1 2346.1 1525.9 1973.2
18 1216.7 2344.5 2263.6 2481.4 2391.1 2391.1 1562.6 2015.0
19 1248.4 2388.3 2306.7 2526.2 2435.2 2435.2 1598.4 2055.9
20 1279.2 2431.3 2349.0 2570.3 2478.6 2478.6 1633.5 2096.0
21 1309.3 2473.5 2390.6 2613.6 2521.2 2521.2 1667.9 21353
22 1338.7 2515.1 2431.5 2656.2 2563.2 2563.2 1701.5 2173.9
23 1367.5 2555.9 2471.7 2698.1 2604.4 2604.4 1734.5 2211.9
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24 1395.7 2596.1 2511.2 2379.4 2645.0 2645.0 1766.9 2249.2
25 1423.3 2635.8 2550.2 2780.1 2685.0 2685.0 1798.7 2285.9
26 1450.5 2674.8 2588.6 2820.2 2724.4 2724.4 1829.9 2322.1
27 1477.1 2713.3 2626.4 2859.7 2763.2 2763.2 1860.6 2357.6
28 1503.2 2751.2 2663.6 2898.7 2801.5 2801.5 1890.9 2392.9
29 1528.9 2788.6 2700.4 2937.2 2839.3 2839.3 1920.6 2427.2
30 1554.2 2825.2 2736.6 2975.2 2876.6 2876.6 1949.9 2461.3
31 1579.1 2861.9 2772.4 3012.7 2913.4 2913.4 1978.8 2494.8
32 1603.5 2897.9 2807.6 3049.7 2949.7 2949.7 2007.2 2528.0
33 1627.6 2933.5 2842.6 3086.3 2985.7 2985.7 2035.3 2560.7
34 1651.4 2968.6 2877.1 3122.5 3021.1 3021.1 2062.9 2593.0
35 1674.8 3003.3 2911.1 3158.2 3056.2 3056.2 2090.2 2624.9
36 1698.0 3037.6 2944.8 3193.6 3090.9 3090.9 2117.2 2656.4
37 1720.7 3071.5 2978.1 3228.5 3125.1 3125.1 2143.8 2687.6
38 1743.2 3105.1 3011.0 3263.1 3159.1 3159.1 2170.0 2718.4
39 1765.4 3138.3 3043.5 32974 3192.6 3192.6 2192.6 2748.8
40 1787.4 3171.1 3075.7 3331.2 3225.8 3225.8 2221.7 2778.9
41 1809.0 3203.6 3107.6 3364.8 3258.7 3258.7 2247.0 2808.7
42 1830.5 3235.8 3139.2 3398.0 3291.2 3291.2 2271.1 2838.2
43 1851.6 3267.7 31704 3430.9 33234 33234 2296.9 2867.4
44 1872.5 3299.2 32014 3463.4 33554 33554 2321.5 2896.3
45 1893.2 3330.5 3232.0 3495.7 3387.0 3387.0 2345.8 2924.9
46 1913.7 3361.5 3262.4 3527.7 3418.3 3418.3 2369.8 2953.2
47 1933.9 3392.2 3292.4 3559.4 3449.3 3449.3 2393.6 2981.3
48 1954.0 3422.6 3322.2 3590.7 3480.1 3480.1 2417.2 3009.0
49 1973.8 3452.7 3351.8 3621.9 3510.6 3510.6 2440.5 3036.6
50 1993.5 3482.6 3381.0 3652.8 3540.8 3540.8 2463.6 3063.9
51 2012.9 3512.2 3410.1 3683.4 3540.8 3540.8 2463.6 3063.9
52 2032.2 3541.6 3438.8 3713.7 3600.5 3600.5 2509.2 3117.7
53 2051.3 3570.8 3467.4 3743.8 3630.0 3630.0 2531.7 3144.3
54 2070.2 3599.6 3495.7 3652.8 3659.2 3659.2 2554.0 3170.7
55 2088.9 3628.3 3523.8 3803.3 3688.2 3688.2 2576.1 3196.8
56 2107.5 3656.8 3551.6 3832.8 3717.0 3717.0 2598.0 3222.8
57 2125.9 3685.0 3579.3 3861.9 3745.5 3745.5 2619.8 3248.5
58 2144.1 3713.0 3606.7 3890.9 3773.9 3773.9 2641.3 3274.0
59 2162.2 3740.3 3634.0 3919.7 3802.0 3802.0 2662.7 3299.4
60 2180.2 3768.4 3660.9 3948.2 3829.9 3829.9 2683.9 33244
63 2233.1 3850.0 3740.8 4032.6 3912.5 3912.5 2746.5 3398.7
64 2250.5 3876.1 3767.1 4060.3 3939.6 3939.6 2767.1 3423.1
68 2318.7 3982.3 3870.3 4169.5 4046.4 4046.4 2847.8 3519.1
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Continued
69 2335.5 4008.2 3895.7 4196.3 4072.6 4072.6 2867.7 3542.6
70 2352.1 4034.1 3921.0 4223.0 4098.8 4098.8 2887.4 3566.1
77 2465.3 4210.0 4093.1 4405.2 4276.9 4276.9 3021.7 3725.9
78 2481.1 4234.5 4117.1 4430.5 4301.7 4301.7 3040.4 3748.1
79 2496.7 4259.0 4141.0 4455.8 4326.4 4326.4 3059.0 3770.3
80 2512.3 4283.2 4164.7 4481.0 4350.9 4350.9 3077.4 3792.3
200 3957.5 6573.8 6403.0 6857.4 6671.2 6671.2 4803.6 5861.6
200 3957.5 6573.8 6403.0 6857.4 6671.2 6671.2 4803.6 5861.6
215 4102.5 6806.2 6629.8 7098.7 6906.6 6906.6 4977.5 6070.8
217 4121.5 6836.6 6659.5 7130.3 6937.4 6937.4 5000.2 6098.2
221 4169.1 6896.9 6718.4 7193.0 6998.6 6998.6 5045.4 6152.5
226 4205.7 6971.6 6791.4 7270.6 7074.3 7074.3 5101.2 6219.8
248 4404.8 7291.3 7103.5 7602.8 7398.3 7398.3 5340.1 6307.6
254 4457.5 7376.1 7186.2 7690.8 7484.2 7484.2 5403.4 6583.9
263 4535.5 7501.4 7308.6 7821.1 7611.2 7611.2 5497.0 6696.7
272 4612.1 7624.8 7429.0 7949.3 7736.2 7736.2 5589.0 6807.6
301 4850.9 8009.2 7804.3 8348.8 8125.8 8125.8 5875.8 7153.4
398 5575.8 9178.8 8945.7 9564.7 9311.4 9311.4 6747.0 8204.8
409 5652.2 9302.1 9066.1 9692.9 9436.4 9436.4 6838.8 8315.7
436 5835.3 9598.2 9355.0 10000.8 9736.5 9736.5 7059.0 8581.7
498 6235.5 10245.7 9986.9 10674.1 10392.9 10392.9 7540.5 9163.3

chS, .png _
ocr,- O3MSam oS
. 0
PTT) } o K(1460)
oCT, =6
8x13
m
k:da30) 7w lg, r
octT, =5
m Ix11
Xi(1820) 7 ‘ { 7 Kxasm
‘)“"”":::;“—4
Ba23y T Y i
- i ’/ \
A123) 8 Xi(1620)

Xi(1530).

s
Figure 4. The data from Table 14, Table 15 for the first OCT,, =1, ...,7 Heron triangles.

The oriycles with inscribed Heron triangles are shifted upward along there axes (C, —m).
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The value OCT,, =2 from Table 1 for the scalar meson f, (500) corre-
sponds to an average mass of 500 Mev and a width of 300 Mev. However, all meas-
urements of the mass and width f,(500) meson have a large variance of values
(mass 400 - 800 MeV, width 100 - 800 MeV) [13]. Then it is quite possible that in
theregion OCT, <7 (calculated using formula (9)) instead of f, (500) meson,
6 or less than 6 new scalar mesons with OCT,, =1,2,3,4,5,6 and masses of (394.8,
483.5, 558.3, 624.2, 683.7, 738.5) Mev may be detected. These new scalar mesons
will appear in (7%, 7"), (", 7" ), (", 77 ), (x*,7°), (77, 7°), (x°,2°) decays.

Thus, based on actual data on effective masses of pairs ( 7;,7,), (P, 7 ),
(2% 7)), (2, 7). (n,7,), (p(770),7,), (@(782),7,), (A, 7,), (A(1232), 7,),
(K (493) 7)) ( K" (892) , 7T, ) it is sufficient to examine the distribution of OCT,,
calculated using formula (13). Statistically significant peaks in the distribution at
OCT, <50 will correspond to new resonances with masses < 2.5 GeV.

Table 14, Table 15 show that at 50 <OCT,, <200, new resonances with
masses (3 - 4) GeV can be detected. At 200 < OCT,, <300, new resonances with
masses (4 - 6) Gev can be detected. At 300 < OCT,, <400, new resonances with
masses (6 - 8) Gev can be detected. At 400 <OCT,, <500, new resonances with
masses (8 - 10) Gev can be detected. It would be interesting to detect resonances
with masses > 10 Gev, corresponding to OCT,, values > 500.

Finally, we present three functions whose integer values define new types of
hyperbolic Heron triangles. The first function (HSASB2) is the product of the hy-
perbolic sine of the altitude and the hyperbolic sine of half the base of the rotary
Heron triangles Az,mz,:

HSASB2 =sh(S,, )sh(S,,,, /2)=05*OCT,,JOCT, /(OCT, +1)  (26)

Here, Sg, is the altitude dropped from vertex “m” to the base, and S_ is
the base length of the triangle. The second function (HSP2) is the hyperbolic sine

of the semi-perimeter of the Azmz,:

HSP2=sN(S,,, +S,.,, /2)=05,OCT, (\/(OCTr +4)(OCT, +1) +OCT, +2) (27)

Here, S, isthelengthofthelateralside,and S, isthebaselength of the
triangle. The third function (CotHArea) is the cotangent of the hyperbolic area of
triangle Azmr,:

CotHArea = Ctg(z - M —2A) (28)

Here, M is the angle at vertex “m”, and A is the angle at the base of the triangle
Ammr,.

6. Conclusions

The published data show that the decays of scalar, strange mesons, and 4, N, 4,
2, Ebaryons correspond (within the resonance width) to hyperbolic Heron trian-
gles with integer values of OCT, . Based on Heron’s triangles, the existence of new
resonances is predicted. This can be confirmed by actual measurements of effec-

tive masses in the decays of scalar, strange mesons, and 4, N, 4, 2, Zbaryons.
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In addition, Heron’s triangles have about 10 other discrete characteristics.

Therefore, the detection of Heron triangles in hadron spectra can experimentally

relate these discrete characteristics to quantum resonance numbers.

Further development of the described approach will consist of:

isolation of resonances by the Heron triangle method and analysis of the an-
gular distributions of their decays using parametrization of the dynamic axis
of spin quantization by Lobachevsky straight line beams [15];

analysis of 3 particles decays of resonances based on a 3-dimensional analogue

of Heron triangles.
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