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1. Introduction

The endpoints of the velocity vectors of the two decay particles of the resonance
represent material points in the Lobachevsky-Boyai hyperbolic velocity space with
curvature k= —-1/C* (where C= 1 is the speed of light, and the points are assigned
the masses of the decay particles) [1]-[5]. Two particles velocity points can be
connected by line segment and an arc line, called the oricycle [6]. An oricycle is a

«

line of rotation of curvature 0, whose center “C,” lies among infinitely distant

points of velocity space. Archimedes’ laws of levers define a third point “m” on
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the arc of the oricycle, to which an additive mass (the sum of the decay particle
masses) is assigned. The roles of the forces in the levers are played by the rest
masses of the decay particles, and the lever arms are equal to the lengths of the
arcs of the oricycle. By connecting these 3 points with straight line, we get triangle
of resonance decay inscribed in the oricycle. The effective resonance mass is de-
termined by the hyperbolic cosine of the length of the side opposite the point “m?”,
and by the masses of the decay particles [5]. When the masses of the decay parti-
cles are equal, we have an isosceles triangle Am,mz, of the decay of the meson
f,(980) - 7, + 7, (Figure 1). If the masses of the decay particles are unequal,
we have a different-sided decay triangle Anmz, of the decay of the mezon
a, (1450) » n+7z, (Figure 2). The triangle Apmz, can be mapped to the isos-
celestriangle Ammz, byrotatingthearc |, ofan oricyclearound the straight
line(m-G
cles 7, and 7) (Figure 2). Thus, the two-body decays of scalar, strange mesons

ym ) (the point “G, 7 represents the center of inertia of the pair parti-
and 4, N, A, 2, Ebaryons are associated with the different-sided decay triangles
Abmz, and the isosceles triangles Azmz, inscribed in the oricycle of hyper-
bolic velocity space (HVS) (Figure 3). Further, we will refer to the isosceles trian-

gle Ammz, asthe base triangle.

ORICYCLE with
center at Co (1,0)

ABSOLUTE
x+y2=l

Figure 1. Decays of p(770)—>m,+7, and f,(980)— 7, + 7, in the Beltrami model of
the hyperbolic velocity space. The separate ellipses of decay oricycles of p(770), f,(980)
with centers in the “ C;” points of the circle X 2 1Y2 =1, called the Absolute. Due to the

congruence of the oricicles in the HVS, the ellipse with semi-axis (G - 0) represents an

oricicle in which the individual oricicles of the p(770) and f (980) meson decays are
combined. The point-velocity “G” represents the centers of inertia of pairs of particles

(my,my).
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ORICYCLE with
center at Co (1,0)

ABSOLUTE
x2+y2=1

X

Figure 2. The different sided triangles Anmz, of the decays of the

a,(1320) >+, and a,(1450) > +7, , isosceles base triangles Ammz, , corre-
sponding to the triangles Armz, . The point-velocity “G” represents the centers of inertia
of pairs of particles ( 7;, 7,). The point “G, "~ represents the center of inertia of the pair

particles 7 and 7. The point “ C,” is the center of rotation of the oricycle.

A Lorentz-invariant function is defined on the base triangles Az,mz, —the hy-
perbolic sine of the triangle, equal to the product of the hyperbolic sine of the
altitude dropped from any vertex and the hyperbolic sine of the side opposite that
vertex (this function introduced by Y.P. Panarin [7]). Integer values of the hyper-
bolic sine (HST) correspond to triangles named Heron’s base triangles.

We attempted to determine how closely the decay triangles of light unflavored,
strange mesons and 4, N, A, 2, Zbaryons, were related to Heron’s base triangles.
For this purpose, data on two-particle decays of all the listed resonances is selected
from [8] (Tables A1-A7 in Appendix). Based on the data from Tables A1-A7, we
calculated the hyperbolic sines of the HST, triangles of their decays, the inte-

9,7

s 2 » and the absolute and relative

ger values of HST,_ ,themasses m® and m

values of the deviations of the mass M from the effective mass m, (Tables
1-17, Equations (3)-(13), b=x,, P, n, n, p(770), (782), A, %,
X)(2455), =°, A(1232), K(493), K'(892)). Tables 1-17 show that the

calculated effective base mass M/ for Heron’s triangles agree well with the
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published values of the effective mass m,,, (the average deviation over all tables
equals 2.2%). In Chapter 2, the correspondence between the decay triangles of the
listed resonances and Heron’s base triangles is studied in more details.

Table 18 presents a summary classification of light unflavored, strange mesons
and 4, N, 4, 2, Zbaryons, based on the values of the hyperbolic sines HST,,, of
their Heron base triangles. Table 18 can be used to propose a method for search-
ing for new resonances. Chapter 3 looks more closely at proposals for finding new

resonances.

2. Classification of Light Unflavored, Strange Mesons and 4,
N, A, %, Z Baryons Based on Heron’s Triangles of Their
Decays in Hyperbolic Velocity Space

Consider a reaction in which the collision of the initial particles Band 7'produces
a pair of particles b and 7;:

B+T »>b+x +all (1)

Let us assume that the velocities of the particles B,b and 7, have been meas-
ured in reference frame “0”. The ends of the particle velocity vectors represent
material velocity points “B,” “b”, “ 7z, ” in Lobachevsky-Bolyai hyperbolic velocity
space (HVS), located inside a sphere of radius C (hereinafter, the speed of light C
= 1; the points are assigned the masses my, m, and m_ of the reaction parti-
cles) [1]-[5]. Let’s draw a plane in the HV'S passing through the points “B”, “ z,”
and “b”. In this plane, we introduce a rectangular coordinate system X0 Y'with the
origin at the point “0” (Figure 3). The orthogonal projections ( X, Y, ) of the
velocity vector of the particle 7; on the axes 0.X; 0Y are called the Beltrami co-
ordinates of the point “z, ” in HVS [6] [9] [10]. The length Sb,[1 of the straight
line segment (b —7; ) with the Beltrami coordinates of its ends “6” ( X, Y, ),

«

m” (X, Y, ) isrepresented by the formula [6]:

ch(Sy, )= (1= X, * X, =Y, *%,} /(R *R)) @)

Ry=y1-XZ-Y2, R, = 1-X2-Y?

The length Sb,rl of the straight line (b — 7, ) is called the rapidity [11].

Besides the straight line (b — 7, ), one pair of symmetrical arcs of zero curva-
ture, called oricycles, passes through the velocity points “6” and “ z, ” [6]. An ori-
cycle is a line of rotation with curvature 0, the center “C,” of which lies among
infinitely distant points of the HVS (infinitely distant points are referred to as the
ABSOLUTE of the HVS). All oricycles in HVS are congruent as straight lines of
zero curvature in Euclidean space are congruent [6]. Therefore, the ellipse with
semi-axis ( C, —0 ) represents an oricycle in which the individual oricycles of the
p(770) and f,(980) meson decays are combined (Figure 1).

Archimedes’ laws of levers define a third point “7” on the arc of the oricycle,
to which the additive mass of the decay particles is attributed. Point “z2” with ad-

ditive mass m,, =m,+m_ (m,>m_) is defined by Equations (3). The role of
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forces in Archimedes’ levers is played by the masses m, and m_, and the lever
arms are equal to the Euclidean lengths 1,11, of the arcs of the oricycle
[12]-[14]:
Ibﬂl = Imﬂl + Imb > mbﬂl = mb + mﬂl
mblmb = mﬂllmﬂl = mﬂl (Ibzrl - Imb) (3)
Imﬂl = mblbﬂ1/(mb + m7[1)

Imb = mlz'llbﬂl/(mb + m/rl)

Equations (3) follow from the fact that Euclidean geometry of zero curvature is

valid on the oricycle.

ABSOLUTE
x2+y2=1

= _1 1
Y,
“mb
ORICYCLE with o G, b
center at C, (0,1) el " 1 "
Dty
$2s
A M
. 90| G,
1 o .
S | 2
C,‘II 3171772
Co| 1l
X

Figure 3. The different sided triangles Abmz, of reaction B+ I'> b+ m + all, the base
isosceles triangle Ammz,. The point “C;” is the center of rotation of the oricycle. The
point “ G, ” represents the center of inertia of the pair particles m and b. The point-veloc-
ity “G” represents the centers of inertia of pairs of particles (7z,, 7, ). A straightline drawn
from point “G” through the midpoint “A#” of side (M — 7, ) intersects the oricycle at point
“F’. The ratio of the arc lengths |
1.61803...

mr, 10 Iy of the oricycle is equal to the golden ratio

» «

Connecting the points “ 7z, 7, “m”, “b” with each other by straight lines, we ob-
tain a different sided triangle Abmz, inscribed in the oricycle (Figure 3). The
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straight line (C, —m) is called the axis of the oricycle [10]. The lengths of the sides
of the triangle Abmz, are related to the lengths of the arcs of the oricycle by the

following relationships [6]:
by =250(S,, /2)s Iy =250 (Sps, /2), Ty = 25N(S,,,/2) (4)

In Figure 3, in the Beltrami model of HVS, the ellipse tangent to the circle
X?+Y? =1 is a oricycle with center of rotation at the points of tangency “C,”.
The circle X?+Y? =1, called the Absolute, represents, according to formula (2),
the infinitely distant points of the HVS.

The straight line (M—G,, ) passes through point “C,” - the center of rotation

>

of the oricycle (the point “G,,, ” represents the center of inertia of the pair parti-
cles 7, and b) (Figure 3). The infinitely large radius (m—C,) is called the axis

of the oricycle. Rotating the arc |, of the oricycle around the axis (m—C,), the

mz
point “ 7z, ” will move to the point “17r2 ” on the oricycle. By connecting the points
“m” “m,” and “ z, ” with line segments, we obtain an isosceles triangle Azmz, .
Here, the line segment ( 7, — 7,) of the side of triangle Ammz, is perpendicular
to the axis (m—C,) of the oricycle. Accordingly, the line segment (G—m) is the
altitude of Azmz, (point “G” is the midpoint of the side (7, —7,)). Thus, the
pair of particles b and 7, in reaction (1) corresponds to a different-sided tri-
angle Abmz, and the isosceles triangle Az,mz,. And vice versa: every isosceles
triangle Azmmz, corresponds to a different-sided triangle Abmz, . Further, we
will refer to the isosceles triangle Az,mz, as the base triangle. The base triangle
Ammr, , inscribed in an oricycle, has a very interesting property. A straight line
drawn from point “G” through the midpoint “A#” of side (m— 7, ) intersects the
oricycle at point “F” (Figure 3). In this case, the ratio of the arc lengths 1, to
|- of the oricycle is equal to the golden ratio: 1.61803... [12].

The effective mass m,,, of the pair of particles b and 7, is calculated using
their rest masses m, and m_ and the length S, of the side (b-7,) of the
triangle Abmz, [5]:

2 _
res

2 2
My, =My +mM; +2mm_chS, (5

The point “ 7z, ” is assigned the rest mass m,_ ofthe 7; meson(m,  =m_).

1,7
res

their rest masses and the length S__ = of the side (7, —7,) of the base triangle
Ammz, [5]:

The base effective mass m of the particles 7, and 7, is calculated using

base

LTy 2 2
mple? = \/ m, +m; +2m m_chS__ (6)

From the correspondence between the triangles Abmz; and Axmr,, it follows

1,79
base

that the masses m_and m are also in correspondence. Each value of the

0,7

bio2 . The reverse is also true:

effective mass m,, corresponds to a base mass m,

,7T)
base

To classify light unflavored, strange mesons and 4, N, 4, 2, £ baryons of the
mr, Ofthe
oricycle around the axis (m—C, ). For the base triangle Ax,mz,, the hyperbolic

each value of the base mass m corresponds to an effective mass m, .

reaction (1) used base triangles Az,mz, , obtained by rotating the arc |
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sine HST,, (introduced by Y.P. Panarin [7]), defined as the product of the hy-
perbolic sine of the altitude dropped from any vertex and the hyperbolic sine of

the side opposite that vertex (Figures 1-3):
HST,, =shSg,shS, . =shS,, shS, (7)

The resonance decay triangle in the HVS provides more information than the line
segment whose length is used to calculate its effective mass. Therefore, the hyper-
bolic sine HST,, of the resonance decay triangle provides more information
than its effective mass m, .

Using Equations (3)-(7) and standard transformations of hyperbolic functions,

we obtain:
Sy, )= (M2 ~m2 —m?) /2m, m, sh(sb”1/2)=\/(ch(sb,,l/z)—l)/z (®)

b, =25N(Syr, /2)5 oy =Mohyy, /(m,, +m, ) =sh(S ., /2) (9)

(S, /2) =51 (5., /2)+1, sH(S,, )=25(S,,., /2)ch(s,, /2)  (10)
$(Suq /2) =l /25 O (S /2) =507 (S /2) 41, (11)

SN (Spy ) = 25N (s, /2)CN(Sig /2) 5 €N (Sir, ) = /SN (s ) +1 (12)

From the right-angled triangle AGmz, we obtain:

ch(Sgn) = (S, )/ch(S,,., /2), N (Sen)=1/ch* (Sen) -1 (13)

The integer values of the hyperbolic sine of a triangle ( HST,, ) correspond to base

er

triangles Ax,mzm, that we have named Heron’s base triangles. The integer values
of HST,

e for the Heron’s base triangles Azmz, was used to classify scalar,

strange mesons and 4, N, 4, 2, Zbaryons, (Tables 1-17).

In the case of the decay of a Light Unflavored Meson into 7; and 7z, mesons
with equal masses, Equations (3)-(13) take the form (m, = m,=m, ) (Figure 1)
[12]-[14]:

=l +1 m,., =m,+m,_

Ty mrmy mrzy Ty

Mo b =M b =m (1 =1 ) (14)

m mmy 7o My

Im;rl = m/zzlzryrz /( m;rz + m/rl ) = Imzrl = m;rllzryrz /( m;rl + m/rz )

The effective mass m

1,7
her

Heron’s triangle Az,mr,:

is calculated using the base length S_ = of the

meL”z = \/ mZ +mZ +2m_m_chS__ (15)
The hyperbolic sine HST,,, of the base triangle Azmz, (Figure 2):
HST, =shSg, shS, (16)

The hyperbolic sine HST,, of the Heron’s base triangle Azmz, rounded to
the nearest integer of HST, . Using Equations (3)-(7) and standard transfor-
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mations of hyperbolic fu

nctions, we obtain:

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

Name
Scalar
Mezon

Effective Mass Res- ) Base Mass AP = her
onance Wllfith HsT HeT m':relr,zrz res ;1 B Am%

Mg =AM, (Mev) e her in Ammz, e T Mhe .

ev (Mev) (%)
(Mev) (Mev)
2 3 4 5 6 7 8
Scalar Mezon — 7, +7,, m, =m_139.57001Mev, AP =3.5%

600.0 + 50.0 450.0 6.89"75 7 602.5 2.5 0.6
775.3 £ 0.2 147.0 17.39"05; 17 770.2 5.1 3.5
782.7 £0.13 8.68 17.9705; 18 783.0 0.3 3.9
980.0 + 20.0 55.0 39.402% 39 986.9 3.1 5.6
1019.46 + 0.02 4.25 433455 43 1017.0 2.5 58.0
1275.4 £ 0.80 186.6 88.61°015 89 1277.2 1.8 1.0
1350.0 + 50.0 350.8 105.94°13 41 106 1350.2 0.2 0.1
1465.0 + 25.0 400.0 137.76'73; 138 1465.8 0.8 0.2
1522.0 £25.0 108.0 153.997% 154 1522.0 0.03 0.04
1517.0 £ 13.0 132.0 1525275 153 1517.3 1.5 2.1
1571.0 + 13.0 132.0 169.89"0% 170 1571.3 0.3 0.3
1686.0 + 4.0 161.0 21135715 211 1685.1 0.9 0.6
1720.0 + 20.0 250.0 224.77'%% 225 1720.6 0.6 0.2
1733.0 £ 8.0 150.0 230.04%3% 230 1732.9 0.1 0.1
1804.0 £ 16.0 138.0 260.29'7¢ 260 1803.3 0.7 0.5
1815.0 £ 12.0 197.0 265.20°3% 265 1814.6 0.4 0.2
1936.0 + 12.0 197.0 3232701 323 1935.5 0.5 0.1
1982.0 + 54.0 464.0 347.37° %7 347 1981.3 0.7 0.2
2018.0 +11.0 237.0 367.04"% 5 367 2017.9 0.1 0.03
2312.0 £ 15.0 300.0 555.82" 155 556 23122 0.2 0.1
2470.0 + 50.0 260.0 679.60"5 00 680 2470.5 0.5 0.2

ch (Szzl;rz ) = (mrzes -

mfrl—mfrz)/Zm”lm”2 , sh(Sﬂlﬂz)chhz(Sﬂlﬂz)—l (17)

L, =250(S,..,/2), Loy =sh(Se, )=m_1. /(m, +m, ) (18)
$(Ses, ) =5 (Se, /2) =4/ (cN(S.1r, ) -1) /2 (19)

SN (Sns /2) = g /2

=sh(s,,,/2)/2, ch(S,, /2)=\[sh*(S, /2)+1
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sh(S,,,, ) =2sh(S,,, /2)ch (S, /2), ch(S,, )=y/sh*(S, )+1

From the right-angled triangle AGmz; we obtain:

ch(Sgn)=ch(S,, )/eh(S,,., /2), sh(Sen ) = /ch? (Sey ) -1 (20)

In Table 1, based on data from Table Al, the values of HST, for the decay
Scalar Mezon — 7z, + 7, in column 4 were calculated using Equations (14)-(20).
Columns 2 and 3 of Table 1 list the values of the effective masses m,, and widths
I of scalar mesons from Table A1l. Columns 4, 5 list the HST, HST,

res 2 her Values

(HST,,, value for Heron’s triangles is rounded to the nearest integer HST,

m,Ty

value). The base mass m;%

(column 6) is calculated using Equation (14) (the
points “ 7z; 7 and “ 7, ” on the side ( 7, — 7z, ) of the Heron’s base triangle Az,mz,

her

are assigned a mass of m,_=m,_ ). Column 7 lists the absolute deviation Amg

of the base mass m;%™ from the published values m, . Column 8 lists the ratio

her

of the absolute deviation Am

to the width T, expressed as a percentage. Table
1 shows that the values of the base masses m;."> for Heron’s triangles agree well
with the published values of m,, (the average percentage (AP) based on Table
1 equals 3.5%). Note that, overall, the agreement between the mass m;%}™ and
the measured mass m,, lies within the measurement error Am_ . The main
contribution to the calculation error—58%—comes from the ¢(1020) meson,
whose measured width is very small (4.25 MeV).

In the case of the decay of a Light Unflavored Mezon into daughter mesons 7
and 7, with different masses (m, = m,, m,>m_ ), Equation (3) takes the fol-
lowing form (point “m” with mass m, =m, +m_ is shifted toward point “7”
of the particle with the greater mass) (Figure 2) [12]-[14]:

nm mzy + Imq

’ m'?”1 = m'? + m”l

My =M b =, (1, =11, ) (21)

7 my My

Im,[1 = m,ylm/(m,7 + mﬂl)

Imﬂ = m”1|77”1/(m’l + m”l)

» <«

By connecting the points “ 7z, ”, “n1” and “7” with straight lines, we obtain a
different-sided triangle Anmzr, . The lengths of the sides of the triangle Anmzr,
are related to the lengths of the arcs of the oricycle by the following relationships
[10]:

ey =250(S,, /2), lng =250(S,, /2), 1, =250 (S,,, /2) (22)

By rotating the arc |, of the oricycle around the axis (m—C,), the point “ 7,
will move to the point “ 7z, ” on the oricycle, we obtain an isosceles base triangle
Ammr, , corresponding to the different-sided triangle Anpmz, (Figure 2).

The effective mass m,, of the particle pair 7 and =, is calculated using

their rest masses m, and m,_ and the length S, = of the side (7—7,) of the

et

triangle Anmz, :
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mres_m +m +2m, mch( ) (23)

The HST,, for thebase triangle Azmz, ofthe Scalar Mezon — 7+ 7, decay
(Figure 2):

HST,,, =sh(Sg, )sh (S, ) (24)

Using Equations (3)-(13) and standard transformations of hyperbolic functions,

we obtain:
ch(S,, ) =(m2, —m2 —m2) /2m_m, , sh(s,, /2)= \/(ch(sm/z)—l)/z (25)
b =250(S,,/2)s T =My, /(m +m,) (26)
SN (S /2) =l /25 SN (Sir /2) = SN? (S /2) +1,
SN (Spr, )= 25N (Ss, /2) €N (S, /2) 5 C(Spy )=/ (S, ) +1 (27)
(S,,,,)=250(S,, )oh (S ) eh(S,, )= sh7 (S, )41 (28)

From the right-angled triangle AGmz; we obtain:

ch(Sen) = ch . /ch ”,,2/2 sh(Sgn) =4/ch (29)

+

[N

Table 2. Hyperbolic Heron triangles in decays of Scalar Mezon — 7 + 7, .

1967.0 £ 16.0

324.0

150

1967.5

0.5

Effective Mass Res- Effective Mass her Base Mass
Name onance Width HST,., m/.m Ay = ALE mpLee
Scalar M. £ AM,,, ! HST.  HST,/chs., in Agmz, ™= = M Ui Arme
Mezon (Mev) her mr 1 (Mev) (%) 17,
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
Scalar Mezon — 77+ x;, m, =547.862Mev, m, =139.57 Mev, AP=12%
a, (980) 980.0 % 20.0 75.0 8.167 5, 8/9 976.8 3.2 4.3 624.2
a,(1320) 1317.7 + 1.4 107.0 34.01707 34 1317.6 0.1 0.1 946.4
7,(1600) 1354.0 + 25.0 330.0 38.00%3% 38 1354.0 0.1 0.0 979.1
a, (1450) 1439.0 £ 34.0 258.0 48.37°5% 48 1436.2 2.8 1.1 1052.2
a, (1700) 1706.0 + 14.0 380.0 91.13'%:% 91 1705.3 0.7 0.2 1286.2
a,(1710) 1713.0 £ 19.0 107.0 924735 92 1710.6 2.5 2.3 1290.7
(1970)

149.86"4%2

1509.2

Table 2 shows the results of the calculations for the Scalar Mezon — 7+ 7,

decay triangles. Column 4 lists the HST,

values calculated using Equations

(21)-(29) based on data from Table A1. Columns 2 and 3 of Table 2 list the values

of the effective masses m,
and HST,

her

HST,,

the nearest integer HST,

and widths I' from Table Al. Columns 4, 5 list the
values ( HST,,, value for Heron’s triangles is rounded to

value). Column 6 lists the values of the effective
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her

masses m/;"* in triangles Anmz, . Column 7 lists the absolute deviation Am/

her

of the effective mass m/;* from the published values m, . Column 8 lists the

her

ratio of the absolute deviation Amg

to the width T, expressed as a percentage.
Column 9 lists the values of the effective masses m;." in Heron’s triangles
Ammr, 7, . Table 2 shows that the values of the effective masses m/™* agree
well with the published values of m, (the average percentage (AP) based on

Table 2 equals 1.2%). From Equation (28), we write the following expression:

ch (S, ) = y/S0° (Sas, ) +1

Column 5 lists, separated by a slash, the value of the hyperbolic cosine ch (Sw2 )
of the side (7, —x,) of Heron’s base triangle Azmzx,. For certain values of
HST,., , the hyperbolic cosines Ch(SWZ) of the side (7, —,) of the triangles
Ammz, are also equal to integer values. The integer value of Ch(Sﬂm) for a
Heron triangle corresponds to the integer value of the oricyclic cotangent of the

triangle, as introduced in [15].

Table 3. Hyperbolic Heron triangles in decays of Scalar Mezon — p(770)+ 7, .

Effective Mass Effective Mass vor Base Mass
Name Resonance Width HST! HST!  mem in Am = Amf e
Scalar m. - memm T
Mezon M, =AM, (Mev) HST,, HST,,  Ap(770)mz, = (Me";)” %) in Ammr,
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
Scalar Mezon — p(770)+z,, m, =775.29999 Mev, m, =139.57 Mev, AP=1.2%
7'(958) 957.8 £ 0.06 023  -19.98°% -20 957.8 0.0 0.03 345.6
h, (1170) 1166.2 £ 19.0 107.0 6.47°0% 6 11522 11.0 2.9 579.0
a,(1260) 1240.0 + 40.0 422.0  10.037%% 10 1239.5 0.5 0.1 663.0
7(1300) 1300.0 £100.0  400.0  13.477% 13 1292.3 7.7 1.9 713.2
a, (1320) 1317.7 + 1.4 107.0  14.587%% 15 13242 6.5 6.0 742.9
w(1420) 1410.0 £ 60.0 290.0  21.12%% 21 1408.5 1.5 0.5 819.2
7,(1600) 1645.0 £ 16.0 370.0  43.69%% 44 1647.7 2.7 0.7 1024.2
®(1650) 1670.0 + 30.0 3150  46.6375 47 1673.1 3.1 1.0 1045.3
, (1670) 1667.0 £ 4.0 168.0  46.27'5% 46 1664.8 2.2 1.3 1038.4
7,(1670) 1670.6 + 2.9 288.0  46.70°0% 47 1673.1 2.5 0.9 1045.3
a, (1700) 1706.0 + 14.0 380.0  51.05'77% 51 1705.6 0.4 0.1 1072.1
a,(1710) 1713.0 + 19.0 107.0  52.05°%% 52 1713.5 0.5 0.5 1078.6
a,(1970) 1967.0 + 16.0 3240  90.27%% 20 1965.5 1.6 0.5 1281.7
7,(2100) 2090.0 +29.0 620.0  113.457% 113 2087.8 22 0.4 1378.1

Table 3 shows the results of the calculations for the
Scalar Mezon — p(770)+ 7, decay triangles. Column 4 lists the HST  values
calculated using Equations (3)-(13) based on data from Table A1 (m, = mp(m) ).
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Columns 2 and 3 of Table 2 list the values of the effective masses m,, and widths
I' from Table Al. Column 5 lists the value of HST,

for Heron’s triangles
her

Ammr, , rounded to the nearest integer of HST, . The nearest integer for values
of HST, < 1.1 was determined using inversion. Namely, an inverse value of

HST!. was specified with the coefficient:

res

HST,,, = P1/(sh Sg, shS, ) (30)

Value PI=3.1415... Column 4list the HST,,, and HST, values calculated using
Equations (3)-(13) (m, = mp(m) ) based on data from Table Al. Values of HSTries
are shown with a minus sign. Columns 2 and 3 of Table 3 list the values of the
effective masses m,,, and widths T from Table A1. Column 5 list the HST,

her
HST!

her

and

values for Heron’s triangles Az,mz, , rounded to the nearest integer. Col-

umn 6 lists the values of the effective masses mﬁrm)’”l in triangles  Ap(770)mz,.
p(770),m

" of the effective mass my,

Column 7 lists the absolute deviation Am/

from the published values m,, . Column 8 lists the ratio of the absolute deviation

AM™" to the width T, expressed as a percentage. Column 9 lists the values of the

effective masses m;%”> in Heron’s triangles Azmz,. Table 3 shows that the
values of the effective masses mﬁe(rm)’”l

m

agree well with the published values of
s (the average percentage (AP) based on Table 3 equals 1.2%).
Table 4 shows the results of the calculations for the

Scalar Mezon — (782)+ 7, decay triangles. Column 4 lists the HST  values
calculated using Equations (3)-(13) (m, = mw(m) ) based on data from Table Al.
The calculations in the remaining columns of Table 4 are similar to those in the
columns of Table 2. Table 4 shows that the values of the effective masses
mﬁ)e(zgz)’”l agree well with the published values of m,, (average percentage based

on Table 4 equals 0.5%).

Table 4. Hyperbolic Heron triangles in decays of Scalar Mezon — & (782) + 7, .

Effective Mass Effective Mass A ) Base Mass
s m = er
Name Resonance Width melem e Ay, myL™ in
Scalar r HSTres HSTher m - m”’(m) n r
M, £ AM, Ao(782)mz, T her Ammr,
Mezon (Mev) (Mev) (%)
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
Scalar Mezon — «(782) + ,, m, =782.65002 Mev, m_ =139.57 Mev, AP=0.5%
b, (1235) 1229.5 +3.30 142.9 9.107017 9 1227.5 2.0 1.4 644.2
p(1450) 1465.8 + 25.0 400.0 25.0473% 25 1465.3 0.5 0.1 862.6
p,(1690) 1688.8 + 2.1 161.0 47.94%5% 48 1689.3 0.5 0.3 1052.2
P,(2150) 2150.8+ 40.0 300.0  124.030% 124 2149.9 0.1 0.04 1419.7

Table 5 shows the results of the calculations for the
StrangeMezon — K (493)+ 7, decay triangles. Column 4 lists the HST values
calculated using Equations (3)-(13) (m, = My (a03) ) based on data from Table A2.

The calculations in the remaining columns of Table 5 are similar to those in the
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columns of Table 2. Table 5 shows that the values of the effective masses m,fer

(493),7

agree well with the published values of m (the average percentage (AP) based
on Table 5 equals 3.0%).

Table 5. Hyperbolic Heron triangles in decays of Strange Mezon — K (493)+ 7, .

Effective Mass Effective Mass her Base Mass
Name Resonance Width mr'::rgs’”l in Al = Am:‘:; meL™ in
i/[tr:;g: m,. +Am,, (Mre Y H3Tre BT Akagamz, M (;Ae’:)h (;) Azmz,
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
Strange Mezon — K (493) + z,, M, e =493.677 Mev, m_ =139.57 Mev, AP =3.0%
K" (700) 838.0 + 11.0 463.0 4.33'9% 4 828.7 9.3 2.0 523.7
K" (892) 891.8 + 0.25 50.3 6.48'00 6 880.5 11.2 223 579.0
K" (1410) 1421.8 £ 9.0 236.0 53.937% 54 1421.5 0.5 0.2 1091.4
Ky (1430) 1425.6 + 18.0 270.0 54.58%2% 55 1428.5 2.9 1.1 1097.6
K, (1430) 14273+ 1.5 100.0 54.83'9% 55 1428.5 1.2 1.2 1097.6
K; (1780) 1779.0 £ 8.0 161.0 120.37%1 120 1777.4 1.6 1.0 1404.9
K, (1950) 1957.0 £ 14.0 170.5 166.33",% 166 1955.8 1.2 0.7 1559.3
K, (2045) 2045.0 + 9.0 199.0 192617322 193 2046.3 1.3 0.6 1637.1
K: (2380) 2382.8 + 14.0 178.0 317.547% 318 23839 1.1 0.6 1925.6
Table 6. Hyperbolic Heron triangles in decays of Strange Mezon — K" (892) + 7, .
Effective Mass Effective Mass her Base Mass
Name Resonance Width T Amg = ALE mye
Strange T HST,,, HST,,, m. — mkssam T )
Mezon M £AM, (Mev) Ak892mr, res (Mev;er (%) in Ammr,
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
Strange Mezon — K™ (892) + z,, Mye, =891.76 Mev, m, =139.57 Mev, AP=2.7%
K, (1270) 1253.0+ 7.0 10.0 5.42°0% 5 1245.2 10.9 12.1 552.9
K, (1400) 1403.0 £ 7.0 174.0 12,6795 13 1408.6 5.6 3.2 713.2
K, (1410) 1414.0 + 15.0 232.0 13.33'500 13 1408.6 5.4 24 713.2
K; (1430) 14273+ 1.5 100.0 14.14°310 14 1425.0 2.3 2.3 728.4
K (1460) 1482.4 + 15.0 335.6 17.78712 18 1485.6 3.2 0.9 783.0
K, (1580) 1580.8 + 5.0 110.0 25.32°0% 25 1577.0 3.8 3.5 862.6
K" (1680) 1718.8 + 18.0 320.0 38.19%% 38 1716.2 1.8 0.6 979.1
K; (1780) 1779.0 + 8.0 161.0 44847703 45 1780.4 14 0.9 1031.4
K, (1770) 1773.8 £ 8.0 186.0 44257 44 1771.6 22 1.2 1024.2
K, (1820) 1819.0 + 12.0 264.0 49,5372 50 1822.9 3.9 1.5 1065.6
K; (1980) 1990.0 + 50.0 348.0 72.58"%% 73 1992.8 2.8 0.8 1199.5
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Table 6 shows the results of the calculations for the
Strange Mezon — K~ (892)+ 7, decay triangles. Column 4 lists the HST,,, val-
ues calculated using Equations (3)-(13) (m, = My g02) ) based on data from Table
A2. The calculations in the remaining columns of Table 6 are similar to those in
the columns of Table 2. Table 6 shows that the values of the effective masses
e

(AP) based on Table 6 equals 2.7%).

agree well with the published values of m, (the average percentage

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

Effective Mass Res- Effective Mass ver . Base Mass
Name onance Width mPa Ame; = Amreesr mAm2
: r HST, HST, fer m. - mPm T her
A Barion m.. +Am res e in APmzr, res her in Az,mr
res res (Mev) 1 (Mev) (%) , M7,
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9

ABarion —> P +7,, m, =938.27209 Mev, m, =139.57 Mev, AP =0.5%

4(1232) 1232.0 + 0.40 117.0 2.96"00 3 1233.4 1.4 1.2 489.9
4(1600) 1570.0 £ 0.25 250.0 20.717%% 21 1573.9 3.9 1.6 819.2
4(1620) 1610.0 £ 20.0 130.0 238175 24 1612.3 2.3 1.8 852.2
A(1750) 1715.0 + 10.0 350.0 32.57:0% 33 1714.6 0.5 0.1 937.9
4(1900) 1865.0 + 30.0 300.0 49.0873% 49 1864.3 0.6 0.3 1058.9
A(1905) 1880.0 + 30.0 300.0 50.873% 51 1881.3 1.0 0.3 1072.1
A(1910) 1900.0 + 30.0 300.0 53.3275% 53 1897.4 2.6 0.9 1085.0
A(1920) 1920.0 £ 30.0 300.0 55.84°5% 56 1921.3 1.3 0.4 1103.8
4(1930) 1950.0 + 30.0 400.0 59.74:52 60 1952.0 2.0 0.7 1127.9
A(1940) 2000.0 + 24.0 500.0 66.56% 5 67 2003.1 3.1 0.8 1167.6
A(1950) 1930.0 + 10.0 285.0 57.12"% 57 1929.1 0.9 0.3 1109.9
4(2000) 2015.0 +24.0 500.0 68.69"7 7 69 2017.2 22 0.4 1178.4
A(2150) 2150.0 + 100.0 200.0 89.62:2% 90 2152.3 2.3 1.1 1281.7
4(2200) 2200.0 + 30.0 300.0 98.20'2% 98 2198.9 1.1 0.4 1316.9
4(2300) 2300.0 + 100.0 350.0 116.76"%5% 117 2301.2 1.2 0.3 1393.5
A(2350 2350.0 + 100.0 400.0 126.76'22 127 2351.2 1.2 0.3 1430.6
27.15
A(2390) 2375.0 + 100.0 300.0 131.95°3% 132 2375.3 0.3 0.1 1448.4
A(2400) 2450.0 + 100.0 500.0 148.26"%1° 148 2470.9 0.9 0.2 1518.5
A(2420) 2483.0 + 100.0 500.0 155.80"%1° 156 2483.9 0.9 0.2 1528.4
A(2750) 2794.0 % 80.0 350.0 238.43%% 238 2792.6 1.4 0.4 1752.3
A(2950) 2990.0 + 100.0 330.0 301.98°%:% 302 2990.1 0.1 0.02 1893.5

Table 7 shows the results of the calculations for the A Barion — P+ 7, decay
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triangles. Column 4 lists the HST,,, values calculated using Equations (3)-(13)
(m, =m; ) based on data from Table A3. The calculations in the remaining col-
umns of Table 7 are similar to those in the columns of Table 2. Table 6 shows
that the values of the effective masses m[.™ agree well with the published values
of m,, (theaverage percentage (AP) based on Table 7 equals 0.5%).

Table 8 shows the results of the calculations for the A Barion — 4(1232)+ 7,
decay triangles. Column 4 lists the HST, values calculated using Equations (3)-
(13) (M, =M, ;s ) based on data from Table A3. The calculations in the remain-
ing columns of Table 8 are similar to those in the columns of Table 2. Table 8

A(1232),m

shows that the values of the effective masses m., agree well with the pub-

lished values of m,, (the average percentage based on Table 8 equals 1.4%).

Table 8. Hyperbolic Heron triangles in decays of A Barion — 4(1232)+ 7, .

Name
A Barion

A(1600)
A(1620)
A(1700)
A(1900)
A(1905)
4(1910)
4(1920)
4(1930)
A(1950)
A(1940)
A(2000)
A(2200)

Effective Mass

Resonance
m., £Am,

res —

(Mev)

2

ABarion — A(1232) + z,, m,

1570.0 £ 20.0

1610.0 + 10.0

1710.0 £ 2.0

1860.0 + 20.0

1880.0 £ 20.0

1900.0 £ 20.0

1920.0 £+ 30.0

1950.0 £ 30.0

1930.0 £ 10.0

2000.0 + 40.0

2150.0 + 24.0

2200.0 + 30.0

Effective Mass AP . Base Mass
: m = er
Width HST,,  mid7 i AMe s in
A(1232), 7
r HSTres Mg = Myher ! r
HST,./chS, . AmmA(1232 : Ammr.
(Mev) her my 1 ((y ) 1 2
(Mev) °
(Mev) (Mev)
3 4 5 6 7 8 9
1) =1232.0Mev, m,_ =139.57 Mev, AP=1.4%
250.0  4.53%7% 5 1582.5 12.5 5.0 553.0
130.0  6.09'07 6 1607.8 2.8 1.8 579.0
300.0 10.837%% 11 1713.3 3.3 1.1 680.7
250.0 20.16°0% 20 1857.8 22 0.9 807.5
330.0 21.617% 22 1885.3 5.3 1.6 830.5
300.0  23.10'7% 23 1898.5 14 0.5 841.5
300.0  24.653% 25 1924.4 44 1.5 862.6
300.0  27.07733 27/19 1949.2 0.8 0.3 882.7
300.0  25.457% 25 1924.4 5.6 1.9 862.6
400.0  31.35%3% 31 1996.1 3.9 1.0 920.2
500.0  46.137%% 46 2148.8 1.2 0.2 1038.4
3000 5173732 52 2202.3 2.3 0.8 1078.6

Table 9 shows the results of the calculations for the N Barion — n+7, decay
triangles. Column 4 lists the HST, values calculated using Equations (3)-(13)
(m, =m, ) based on data from Table A4. The calculations in the remaining col-
umns of Table 9 are similar to those in the columns of Table 2. Table 9 shows

n,m

that the values of the effective masses My’ agree well with the published values

of m,, (theaverage percentage (AP) based on Table 9 equals 1.0%).
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Table 9. Hyperbolic Heron triangles in decays of N Barion > n+r, .

Name
N Barion

= = e
LRSS
» N b
a0 o O

= =
o o
o
S a

Z 2 2 Z2 Z2 Z2 Z2 Z
=
~
o
S

/-\/\/-\/-\/':/\/\/\
[o2]
a1
o

b
~—~
= e
o
o
o O

2
A~ N N SN N N N SN S~~~
N N NP
= P O ©
© o o ©
o S O O

N
iy
N
(=)

N N NN
~N OO NN
o o N
o O O o

N
o
o
o
N N N N N N N S e S 2 N e 2 N N s s

Z2 Z2 Z2 Z2 Z2 Z2 2 Z2 Z Z

w
o
o
o

Effective Mass

Resonance
mres i Amres

(Mev)
2

N Barion —»n+7;, m, =939.56542Mev, m, =139.57 Mev, AP=1.0%

1440.0 £ 30.0
1515.0 £ 10.0
1530.0 £ 15.0
1650.0 £ 6.0
1675.0 £ 5.0
1685.0 £ 5.0
1720.0 +20.0
1875.0 £20.0
1880.0 + 20.0
1920.0 +£10.0
1985.0 £20.0
2050.0 +20.0
2020.0 + 40.0
2100.0 £ 15.0
2100.0 +20.0
2120.0 +20.0
2180.0 +20.0
2250.0 £15.0
2280.0 +15.0
2600.0 £ 100.0
2612.0 +45.0
3000.0 +200.0

Width
T
(Mev)

3

350.0
110.0
150.0
125.0
145.0
120.0
200.0
200.0
300.0
200.0
120.0
400.0
300.0
400.0
260.0
400.0
400.0
400.0
500.0
650.0
650.0
1650.0

HST,

res

HST,

4

12.05'15
16.71'55
1773505
27.03']
29.22'53
30.12:04¢
33.39"1%
50.102%
50.71%%
55.66 5.5
52.53%2
73.60°3%
69.20°55;
81.26153
81.26'53
84.4574%
94.46"4%
106.9610%
112.6077
183.96"35.06
187.06}73;
304.84227°

her

HST,

5

12
17
18
27/19
29
30
33
50
51
56
53
74
69
81
81
84
94
107
113
184
187
305

her

/chS

Effective Mass

nm oo
mher m

Anmz,
(Mev)
6

1439.2
1519.3
1533.8
1649.7
1672.5
1683.7
1715.9
1874.1
1822.4
1922.7
1898.8
2052.7
2018.6
2098.3
2098.3
2117.2
2177.3
2250.2
2282.1
2611.8
2611.8
3000.5

her

AME = Am

-mr T

(Mev) (%)
7 8
0.8 0.2
4.3 3.9
3.8 2.6
0.3 0.3
2.5 1.7
1.3 1.1
4.1 2.0
0.9 0.4
2.4 0.8
2.6 1.3
3.8 3.1
2.7 0.7
1.4 0.5
1.7 0.4
1.7 0.6
2.8 0.9
2.6 0.7
0.2 0.1
2.1 0.4
0.2 0.02
0.2 0.1
0.5 0.03

Base Mass
.,
mhér 2
in Azmmr,
(Mev)

9

697.4
770.1
783.0
882.7
901.9
911.2
937.9
1065.6
1072.1
1103.8
1085.1
1204.7
1178.5
1239.6
1239.6
1254.0
1299.5
1354.3
1378.1
1612.0
1620.5
1899.6

Table 10 shows the results of the calculations for the

N Barion — A(1232)+x, decay triangles. Column 4 lists the HST values cal-
culated using Equations (3)-(13) (m, =m 12%2) ) based on data from Table A4. The
calculations in the remaining columns of Table 10 are similar to those in the col-

A(1232),7,

umns of Table 2. Table 10 shows that the values of the effective masses My

agree well with the published values of m, (the average percentage (AP) based

on Table 10 equals 1.7%). From Equation (28), we write the following expression:

ch(s,,, )= fsh*(s,, )+1

Column 5 lists, separated by a slash, the value of the hyperbolic cosine ch (SW2 )

of the base (7, — 7,) of Heron’s basic triangle Az,mz, .
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Table 10. Hyperbolic Heron triangles in decays of N Barion — 4(1232) + 7,.

Effective Mass . Effective Mass o= m .. BaseMass
Name Resonance  VVidth S HST,,  mEen O = Me T AN
. T HST, mA232).m T
N Barion Myes £ AM, (Mev) e HSTher/ch S,. AmmA(1232) N fer %) Ar,mz,
0
(Mev) (Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
N Barion — A(1232) + 7, M, =1232.0Mev, m, =139.57 Mev, AP=1.7%
1
N (1440) 1440.0 + 30.0 350.0 -10.017%% -10 1440.5 0.5 0.2 394.8
N (1520) 1515.0 £ 10.0 110.0 2.719% 3 1524.3 9.6 8.8 489.9
N (1535) 1530.0 £ 5.0 150.0 3177538 3 1524.6 5.4 3.6 489.9
N (1650) 1650.0 + 5.0 125.0 7.8470% 8/9 1653.4 3.4 2.7 624.2
N (1675) 1675.0 £5.0 150.0 9.03%% 9 1674.3 0.7 0.5 644.3
N (1680) 1685.0 £ 5.0 120.0 9.53%0% 10 1694.2 9.2 7.7 663.0
N (1700) 1720.0 + 10.0 200.0 11.36°3% 11 1713.3 6.7 3.4 680.7
N (1710) 1710.0 + 20.0 200.0 10.837% 11 1713.3 33 1.6 680.7
N (1720) 1720.0 £ 10.0 250.0 11.36'35 11 1713.3 6.7 2.7 680.7
N (1860) 1860.0 + 10.0 250.0 20.16°37 20 1857.8 22 0.9 807.5
N (1875) 1875.0 + 10.0 200.0 21.24707% 21 1871.7 3.3 1.6 819.1
N (1880) 1880.0 + 20.0 300.0 21.617% 22 1885.3 5.3 1.8 830.5
N (1895) 1985.0 + 10.0 200.0 22,7270 23 1898.6 3.6 1.8 841.5
N (1900) 1920.0 + 10.0 200.0 24.6507 25 19244 4.4 2.2 862.6
N (2000) 2050.0 +20.0 400.0 35.952% 36 2050.6 0.5 0.1 963.0
N (2060) 2100.0 + 15.0 400.0 40.875% 41 2101.2 1.2 0.3 1002.2
N (2100) 2100.0 + 20.0 260.0 408777 41 2101.2 1.2 0.5 1002.2
N (2120) 2120.0 +30.0 300.0 42.94°3% 43 2120.6 0.6 0.2 1017.0
N (2190) 2180.0 + 20.0 400.0 49.4575%% 49 2176.0 4.0 1.0 1058.9
Table 11. Hyperbolic Heron triangles in decays of X Barion - A+ 7, .
Effective Mass . her Base Mass
Width Effective Mass Am = Am"er .
Name Resonance —res myL™ in
. r HST,, HST,, mA™ in AAmz, m - mA® T
2 Barion m., £ Am, (Mev) (Mev) res her %) Am,mr,
€V, (|
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
2 Barion > A+, m,=1115.68298 Mev, m, =139.57 Mev, AP =3.9%
~(1385) 1383.7 £ 2.0 39.4 2.2679% 2 1374.3 9.5 24.0 449.0
(1620) 1620.0 £2.0 70.0 12.27°901 12 1615.2 4.8 6.9 697.4
2'(1660) 1660.0 + 20.0 2004  14.657%; 15 1665.7 5.7 2.8 742.9
2 (1670) 1675.0 + 2.0 70.0 15.59°01 16 1681.4 6.4 9.2 756.8
> (1750) 1750.0 = 2.0 150.0  20.7279% 21 1753.8 3.8 2.6 819.1
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Continued
X (1775) 1775.0 £ 10.0 120.0 22.59°57 23 1780.4 5.4 4.5 841.5
>(1780) 1780.0 £ 30.0 200.0 22.97°53% 23 1780.4 0.4 0.2 841.5
>(1900) 1925.0 + 20.0 165.0 35,5219 36 1930.0 4.9 3.0 963.0
2 (1910) 1910.0 £ 50.0 220.0 34.097% 34 1909.0 1.0 0.4 946.4
2(1915) 1915.0 + 22.0 120.0 34562 35 1919.6 4.6 3.8 954.8
(1940) 1940.0 + 100.0 250.0  36.9875%% 37 1940.2 0.2 0.1 971.1
2(2010) 2005.0 + 14.0 178.0 43.677% 44 2008.1 3.1 1.7 1024.2
2(2030) 2030.0 +10.0 180.0 46.407112 46 2026.4 3.6 2.0 1038.4
X(2100) 2100.0 + 50.0 310.0 54.537%% 55 2103.9 3.9 1.9 1097.6
X (2110) 2100.0 + 50.0 310.0 55.753% 56 2112.1 2.1 2.1 1103.8
2 (2230) 2240.0 + 27.0 347.0 72.97°3% 73 2240.2 0.2 0.1 1199.6
> (2250) 2250.0 + 20.0 140.0 74.4072% 74 22472 2.8 0.8 1204.7

Table 12. Hyperbolic Heron triangles in decays of X Barion - 2 + 7, .

Effective Mass i Effective Mass Base Mass
Width HSTher Am her Am her
Name Resonance mA® in e —res myL™
5 Bari T HST, HST,.., M, — MA™ T .
arion m., £ Am. AAmz, res er in Ammr,
(Mev) HST,,, /chS (Mev) (%)
(Mev) her m (Mev) (Mev)
1 2 3 4 5 6 7 8 9

2 Barion —» X' +7,, m;=1189.37 Mev, m_=139.57 Mev, AP=3.1%

X (1385) 1383.7 £ 2.0 39.4 -13.577%2 -14 1382.4 13 3.3 363.9
x(1620) 1620.0 + 2.0 70.0 8.4370% 8/9 1610.9 9.9 13.0 624.2
2 (1660) 1660.0 + 20.0 200.4 104373 10 1651.7 8.3 4.1 663.0
X (1670) 1675.0 + 2.0 70.0 1123707 11 1670.7 4.3 6.2 680.7
X (1750) 1750.0 2.0 150.0 15.65%0% 16 1755.6 5.6 3.7 756.7
X (1775) 1775.0 + 10.0 120.0 17.2777% 17 1771.0 4.0 3.4 770.1
X (1780) 1780.0 + 30.0 200.0 17.60%3 18 1785.9 5.9 3.0 783.0
2 (1900) 1925.0 + 20.0 165.0 28.637%% 29 1929.3 4.3 2.6 901.9
2(1910) 1910.0 + 50.0 220.0 27.37%% 27/19 1905.6 44 2.0 882.7
X(1915) 1915.0 + 22.0 120.0 27.787%2% 28 1917.6 2.6 2.1 892.4

2(1940) 1940.0 + 100.0 250.0  29.92°3%%° 30 1940.9 0.9 0.3 911.2
2(2010) 2005.0 + 14.0 178.0 35.871% 36 2006.4 1.4 0.8 963.0
2(2030) 2030.0 + 10.0 180.0 38.3077% 38 2027.0 3.0 1.7 979.1
X(2070) 2060.0 + 10.0 200.0 41.337% 41 2056.8 3.2 1.6 1002.2
2(2100) 2100.0 + 50.0 310.0 4557774 46 2104.0 4.0 1.5 1038.4
X' (2230) 2240.0 + 27.0 347.0 62.14'3% 62 22389 1.1 0.3 1139.5
X'(2250) 2250.0 + 20.0 140.0 63.447%% 63 2246.6 3.4 1.0 1145.2

X (2110) 2110.0 + 20.0 100.0 46.66725 47 2113.1 3.4 3.4 1045.3
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Table 11 shows the results of the calculations for the X Barion > A+, de-
cay triangles. Column 4 lists the HST, values calculated using Equations (3)-
(13) (m, =m) based on data from Table A5. The calculations in the remaining
columns of Table 11 are similar to those in the columns of Table 2. Table 11
shows that the values of the effective masses m.™ agree well with the published
values of m, (the average percentage (AP) based on Table 11 equals 3.9%).

Table 12 shows the results of the calculations for the
3 Barion — X' (1189)+ 7, decay triangles. Column 4 lists the HST, values cal-
culated using Equations (3)-(13) (m, =m, ) based on data from Table A5. The
calculations in the remaining columns of Table 12 are similar to those in the col-
umns of Table 2. Table 12 shows that the values of the effective masses mfe(rllsg)'”l
agree well with the published values of m (the average percentage (AP) based
on Table 12 equals 3.1%).

Table 13 shows the results of the calculations for the
X, Barion — A (2286)+ 7, decay triangles. Column 4 lists the HST,,; values
2208) ) based on data from Table A5.

The calculations in the remaining columns of Table 13 are similar to those in the

calculated using Equations (3)-(13) (m, = m/1C+ (

columns of Table 2. Table 13 shows that the values of the effective masses

mrﬁ(zzgs)‘”l agree well with the published values of m, (the average percentage

(AP) based on Table 13 equals 16.5%).

Table 13. Hyperbolic Heron triangles in decays of X, Barion — A; (2286)+ 7, .

o eI pors Mass M i AN = Mg
2cBarion m., £Am, (Mrev) 5T HST,.,, AA7 (2286)mz, - m:ce*r(zzsa),nl (;) Ammr,
(Mev) (Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9
Z, Barion — A (2286) + m . =2286.46 Mev, m, =139.57 Mev, AP =16.5%
Z, (2455) 2454.0 £ 0.1 1.9 -31.567%] -32 2453.7 0.3 14.7 327.4
%, (2520) 2518.4 0.2 14.8 -6.61°%3 -7 2515.0 4.2 28.4 415.2
Z, (2800) 2801.0 + 5.0 75.0 1274732 13 2805.7 4.7 6.3 713.2

Table 14 shows the results of the calculations for the A Barion - X+ 7, de-
cay triangles. Column 4 lists the HST, values calculated using Equations (3)-
(13) (m, =m, ) based on data from Table A6. The calculations in the remaining
columns of Table 14 are similar to those in the columns of Table 2. Table 11
shows that the values of the effective masses m,.™ agree well with the published
values of m, (the average percentage (AP) based on Table 14 equals 4.6%).

Table 15 shows the results of the calculations for the
A, Barion — 3?° (2455)+7r1+ decay triangles. Column 4 lists the HST, values
calculated using Equations (3)-(13) (m, = mzc0 (2455) ) based on data from Table A6.
The calculations in the remaining columns of Table 12 are similar to those in the
columns of Table 2. Table 15 shows that the values of the effective masses mé“l:’”l
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agree well with the published values of m, (the average percentage (AP) based
on Table 15 equals 10.2%).

Table 14. Hyperbolic Heron triangles in decays of A Barion — X + 7, .

Effective Mass Effective Mass A ) Base Mass
i m = er
Name Resonance Width HST HST,., m2™ in res Amy M7 in
T _ Z,m
A Barion M, =AM " HST, / chs AXmr, Mhes M T Am,mz
res res (MCV) her my 1 (MeV) (% ) 1 2
(Mev) (Mev) (Mev)
1 2 3 4 5 6 7 8 9

ABarion > 2+, m;=1189.37 Mev, m_ =139.57 Mev, AP=4.6%

A(1405) 1405.1 £ 1.3 500  —6.97°%% -7/3 1404.8 0.3 0.7 394.8
A(1520) 1519.4 £ 0.2 157  4.247°% 4 1512.7 6.3 39.9 523.7
A(1600) 1600.0 + 10.0 2000  7.50'0% 7 1588.9 11.1 5.6 602.4
A(1670) 1670.0 £ 5.0 30.0  10.9670% 11 1670.7 0.6 2.2 680.7
A(1690) 1690.0 + 5.0 700  12.067% 12 1688.9 1.1 1.6 697.4
A(1710) 1713.0 + 13.0 180.0  13.38707 13 1706.4 6.6 3.6 713.2
A(1800) 1800.0 + 10.0 200.0 18.97°0% 19 1800.5 0.5 0.2 795.4
A(1810) 1790.0 + 10.0 110.0  18.2870% 18 1785.9 4.1 3.7 783.0
A(1820) 1820.0 + 4.0 80.0  20.38'9% 20 1814.7 5.3 6.6 807.5
A(1830) 1825.0 £ 10.0 90.0  20.74°9% 21 1828.5 3.5 3.9 819.1
A(1890) 1890.0 £ 5.0 120.0 2572753 26 1893.4 3.4 2.8 872.8
A(2050) 2056.0 + 22.0 493.0  40.927%% 41 2056.8 0.8 0.2 1002.2
A(2070) 2070.0 + 24.0 370.0  42.3775% 42 2066.4 3.6 1.0 1009.6
A(2080) 2082.0 +13.0 181.0  43.6377% 44 2085.4 3.4 1.9 1024.2
A(2100) 2100.0 +22.0 200.0 4557723 46 2104.0 4.0 2.0 1038.4
A(2110) 2090.0 + 22.0 250.0  44.49%% 44 2085.4 4.6 1.8 1024.2
A(2350) 2350.0 + 22.0 150.0 77.1773% 77 2348.8 1.2 0.8 1219.9

Table 15. Hyperbolic Heron triangles in decays of 4, Barion — X (2455)+ z; .

Effective Mass . HST! Effective Mass AN = m v Base Mass
Reson Width her 50 (2455),m . res T res Amres 7,72
Name ance Myer in 02455 —s Mps
AcBarion M, £ AM, r HSTre HSTher AZ°(2455)mz, hecr( " in Ammz,
(Mev) HST,, /chs ¢ ! (Mev) (%)
(Mev) mi (Mev) (Mev)
1 2 3 4 5 6 7 8 9

A, Barion — X7 (2455)+ 7, , m, =2453.75Mev, m, =139.57 Mev, AP=10.2%

A,(2625) 2628.0 + 0.2 52.0 -13.41°9% -23 2628.5 0.5 0.9 339.6
A,(2880) 2881.6 0.2 518 8.38°70 8/9 2873.2 8.4 16.2 624.2
4,(2910) 2913.8 £3.8 518 9.917% 10 2915.6 1.8 3.5 663.0
A,(2940) 2939.6 + 1.5 200  11.217%% 11 29355 4.0 203 680.7
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Table 16 shows the results of the calculations for the = Barion — Z°+ 7, de-
cay triangles. Column 4 lists the HST, values calculated using Equations (3)-
(13) (m, =m_, ) based on data from Table A7. The calculations in the remaining
columns of Table 16 are similar to those in the columns of Table 2. Table 16

n

shows that the values of the effective masses m,fef agree well with the published
values of m, (the average percentage (AP) based on Table 16 equals 15.5%).
Table 17 shows the results of the calculations for the

& Barion — = (1530)+ 7, decay triangles. Column 4 lists the HST values
calculated using Equations (3)-(13) (m, = m5(1530)) based on data from Table A7.
The calculations in the remaining columns of Table 17 are similar to those in the
columns of Table 2. Table 17 shows that the values of the effective masses
mhi(rlsao)’”l agree well with the published values of m,, (the average percentage

(AP) based on Table 17 equals 5.4%).

Table 16. Hyperbolic Heron triangles in decays of = Barion — =° + 7.

Effective Mass Width HST Effective Mass A = A Base Mass
Name Resonance ! the(;vﬂl in r B AMpes mz" in
o r HST,, HST,, - m. - m>a T
£ Barion M, =AM, AE°mm, res o Ammr,
(Mev) HST,, /chs_ . (Mev) (%)
(Mev) v (Mev) (Mev)
1 2 3 4 5 6 7 8 9

Z Barion > Z°+7,, m, =1314.85999 Mev, m_ =139.57 Mev, AP=155%

Z(1530) 1531.8 + 0.3 9.1 -9.02'%% -9 1532.3 0.1 1.4 393.8
Z(1620) 1620.8 + 6.0 32.0 3.33'98 3 1610.4 10.4 32.5 489.9
Z(1690) 1690.0 + 10.0 20.0 5.85'04 6 1693.6 3.6 18.0 579.0
=(1820) 1823.0 5.0 20.0 12.29*9% 12 1817.9 5.1 25.6 697.4
£(1950) 1950.0 + 15.0 60.0 20.357 0% 20 1945.1 5.0 24.7 807.5
£(2030) 2025.0 + 20.0 60.0 26.01'18 26 2024.9 0.1 0.2 872.8
5 (2500) 2500.0 + 150.0 60.0 78.48' 2% 78 2496.6 3.6 5.6 1224.9

Table 17. Hyperbolic Heron triangles in decays of = Barion — = (1530) + 7, .

Effective Mass HST Effective Mass vor Base Mass
Width i her 2(1530),7, - Am*™ = Am"™ s
Name Resonance HST, HST Mier in =(usa0) —r mL™ in
— = WL
E Barion M, +Am, ST er AE (1530)mz, Mhes Mher r Ammz,
(Mev)  HSsT,,/chs (Mev) (%)
(Mev) e nr (Mev) (Mev)
1 2 3 4 5 6 7 8 9
= Barion — 5 (1530) + 7, My g5 =1531.8 Mev, m, =139.57 Mev, AP =5.4%
Z(1690) 1690.0 £ 10.0 200  -59.26°0% -59 1690.1 0.1 0.2 311.1
Z(1820) 1823.0 + 5.0 20.0 2.9975% 3 1823.3 0.3 1.4 697.4
Z(1950) 1950.0 + 15.0 60.0 7.87°0% 8/9 1952.7 2.7 13.6 624.2
£(2030) 2025.0 +20.0 600  11.6275 12 2032.0 7.0 11.7 697.4
Z(2500)  2500.0 + 150.0 60.0  50.0073% 50 2500.0 0.01 0.01 1065.6
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3. The Proposal to Search for New Resonances

Table 18 presents a summary classification of two-body decays of light unfla-
vored, strange mesons and 4, N, A, 2, Zbaryons, based on the values of the hy-
perbolic sines HST,,, oftheir Heron triangles, using data from Tables 1-17. Col-
umn 1 of Table 18 list the HST,, , HST, and HST,, / Ch(SW2 values. Val-
/ Ch(SWZ) are
shown in bold. Column 2 lists the base mass m;™2 . Column 3 list the decays
Scalar Mezon — 7, + 7, and X, Barion — A (2286)+ 7, . Column 4 list the de-
cays ABarion - P+7z, and N Barion -»n+7,, and Scalar Mezon —» 7+ 7, .

Column 5 list the decays 2 Barion - A+ 7, and A Barion - 2 +7,. Column

uesof HST,, areshown witha minussign. The values of HST,,,

6 list the decays = Barion —».=°+7z, and Scalar Mezon — (782)+ r, . Col-
umn 7 list the decays Scalar Mezon — p(770)+ 7, and

A, Barion — 3?° (2455)+7,, and X Barion — X + 7, . Column 8 list the decays
Strange Mezon — K (493)+7, and N Barion — 4(1232)+ 7, . Column 9 list
the decays A Barion — 4(1232)+ 7, and Strange Mezon — K"(892)+7,, and
£ Barion — =5 (1530) + 7, .

Table 18. Hyperbolic Sine HST,,, HST,,, / chs,,, , mass mg™ of Heron triangles of light unflavored, strange meson and 4, N,
A, 2, Ebaryons decays.
ABarion Scalar Mez A Barion
HST! Base ScalarMez P4z yBarion £ Ba:rion — p(770)+z, Strange Mez  — A(1232)+ 7,
HST.. M”ais - 7[1_+ , N Barion —A + A %47, /100 Barion» —K (.493) +m Stran*ge Mez
ST, cns._ 172 Ei Barion > —»n+7z  ABarion Scalar Mez (2455.) +x; N Barion :> K (892) +m
(Mev) A7 (2286)+ 7z, ScalarMez —ZX+7 —w(782)+7,  yBarion — 4(1232)+r, = Barion
->n+m -2+ — 5(1530)+ 7,
1 2 3 4 5 6 7 8 9
-59 311.1 £(1690)
-32 3274 2, (2455)
-23 339.6 A,(2625)
-20 345.6 1'(958)
-14 363.9 2'(1385)
-10 394.8 N (1440)
-9 393.8 Z(1530) empty
-7 4152 %, (2520)
1/3 394.8 A(1405)  =(1530) empty
2 449.0 X(1385)
3 489.9 4(1232) Z(1620) N (1520) £(1820)
N (1535)
4 523.9 A(1520) K" (700)
4(1600)
5 552.9 K, (1270)
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Continued
6 579.0 Z(1690) h,(1170) K"(892) A(1620)
7 602.5 f,(500) A(1600)
2(1620)
8/9 624.2 a,(980) N (1650) £(1950)
A, (2880)
9 644.2 b, (1235) N (1675)
X (1660)
10 663.0 4, (2910) N (1680)
a,(1260)
N (1700)
2 (1670)
11 680.7 A(1670) N (1710) A(1700)
4, (2910)
N (1720)
2(1620) £(1820)
12 697.4 N (1440 2940 Z(2030
(1440) " 1eo0) 4,(2940) (2030)
K, (1400
13 7132 X,(2800) A(1710) 7(1300) " (1400)
K; (1410)
14 728.4 K; (1430)
15 742.9 2'(1660) a,(1320)
16 756.8 2'(1670) 2 (1750)
17 771.6 p(770) N (1520) 2 (1775)
18 783.0 o(782) N(1535)  4(1810) 2(1780) K (1460)
19 795.4 A(1800)
20 807.5 A(1820)  =(1950) N (1860) 4(1900)
X (1750)
21 819.2 4(1600) w(1420) N (1875)
A(1830)
22 830.5 N (1880) A(1905)
X(1775)
23 841.5 N (1895) 4(1910)
X (1780)
24 852.2 4(1620)
A(1950)
25 862.6 p(1450) N (1900) A(1920)
K, (1580)
26 872.8 A(1890)  =(2030)
27/19 882.7 N (1650) 2(1910) A(1930)
28 892.4 2'(1915)
29 901.9 N (1675) 2(1900)
30 911.2 N (1680) 2(1940)
31 920.2 A(1940)
32 929.4
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4(1710)
33 937.8
N (1700)
34 946.4 a,(1320)  x(1910)
35 954.8 X(1915)
36 963.0 X'(1900) 2(2010) N (2000)
37 971.1 2'(1940)
38 979.1 7,(1600) 2'(2030) K"(1680)
39 986.9 f,(980)
40 994.6
N (2060)
41 1002.2 A(2050) 2(2070) A(2000)
N (2100)
42 1009.6 A(2070)
43 1017.0  #(1020) N (2120)
x(2010)
44 1024.2 A(2080) 7,(1600) K, (1770)
A(2110)
45 1031.4 K;(1780)
X(2030) ,(1670)
46 1038.4 4(2000)
A(2100) X(2100)
, (1670
47 1045.3 2(1670)
X(2110)
48 1052.2 a, (1450) ,(1690)
49 1058.9 4(1900) N (2190)
K, (1820
50 1065.6 N(1650) X (2070) - (1820)
Z(2500)
N (1650)
51 1072.1 a,(1700)
A(1905)
52 1078.6 a,(1710) A(2200)
N (1650)
53 1085.0
A(1910)
54 1091.4 K’(1410)
K;(1430)
55 1097.6 X(2100) X
K, (1430)
N (1900)
56 1103.8 X (2110)
4(1920)
57 1109.9 4(1950)
58 1116.0
59 1122.0
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60 1127.9 A(1905)

62 1139.5 X'(2230)

63 11452 X'(2250)

64/33 1150.9

67 1167.6 4(1940)
N (1990)

69 1178.6 A(2000)

70-72

73 1199.5 X'(2230) K;(1980)

74 1204.7 N(2000) X(2250)

77 1219.9 A(2350)

78 1224.8 Z(2500) Z(2500)
N (2060)

81 1239.6 N (2100)

82 3957.5

83 4102.5

84 4121.5 N (2120)

85 4169.1

86 4205.7

87 4404.8

88 4457.5

89 12771 f,(1275)

90 1281.7 A(1950) a,(1970)

91 1286.2 a,(1700)

92 1290.0 a,(1710)

94 1299.5 N (2190)

98 1316.9 4(2200)

106 13502 f,(1370)

107 1354.2 N(2220) x(2455) K" (1780)

113 1378.1 N (2190) 7,(2100)
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117 1393.5 4(2300)
120 1404.9 K;(1780)
124 1419.6 p(2250)
125/51 14233
127 1430.6 4(2350)
132 1448.4 4(2390)
138 14658  p(1450)
148 1502.6 A(2400)
150 1509.2 a,(1970)
153 15188  f,(1525)
154 15220  f,(1500)
156 1528.4 A(2420)
166 1554.2 K, (1950)
170 f,(1565)
184 1612.0 N (2600)
187 1620.5 N (2700)
193 1637.1 K, (2045)
211 16851  p,(1690)

216/73 1697.9

225 17206  p(1700)
230 17329 f,(1710)
238 1752.5 A(2750)
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252 17851  f,(1810)
260 1803.3  f,(1770)
265 18145  f,(1810)
302 1893.5 A(2950)
305 1899.6 N (3000)
318 1925.6 K; (2380)
323 19355  f,(1950)

343/99 19738
347 1981.3  f,(2020)
367 2017.9  f,(2050)
510 22476  p,(2250)
511 2249.1

512/129 22505
556 23122 p,(2300)
680 24705  f,(2510)

729/163 25277

1000/201  2805.3

1331/243 30832

1728/289  3361.3

2197/339  3639.5

DOI: 10.4236/jamp.2026.1411215

4395

Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2026.1411215

V. P. Khen, A. V. Khen

Continued

2744/390 3917.9

3375/451 4196.4

Table 18 can be used to propose a method for searching for new resonances.
Generally speaking, new resonances are possible in every empty cell of Table 18.
First, let’s consider the non-empty cell in row 1, column 9, with the value
HST,,, =-59, corresponding to the decay of = (1690)— = (1530)+ 7, . The
empty cell in row 1, column 3 corresponds to ( 7, 7, ) decays of scalar mesons and
(A, 7)) decays of X, baryons. Then, using the effective masses m,, of the
pairs (7, 7,) and (A, z,) and the formulas (3)-(13) and (16)-(20), (30), we can
construct a distributions of HST,, .
bution of HST,

her

A statistically significant peak in the distri-
at a value equal to —59 can be interpreted as the new scalar
meson and new 2 baryon with a base mass m;}™ = 311.0 MeV. Similar as-
sumptions can be made regarding the decays listed in the remaining blank cells in
row 1 and columns 4-9.
The cell in row with the value HST,, =7 and column 3 corresponds to the
decay f,(500)— 7z, +7,. Therefore, a statistically significant peak at a value of
HST,, = 7 will necessarily appear. The value HST,, =7 for the scalar meson
f,(500) corresponds to an average mass of 600 Mev and a width of 300 Mev.
However, all measurements of the mass and width f_(500) meson have a large
variance of values (mass 400 - 800 MeV, width 100 - 800 MeV) [8]. Therefore, no
clear peak is observed in the distribution for m_ <600 MeV in (7, 7,) decays.
This situation can be resolved using Heron’s base triangles. The hyperbolic sine
HST,., (HST,

s s ) depends nonlinearly on the effective mass m, , of the pair

(7, 7,) of pi mesons. Therefore, it is quite likely that statistically significant peaks
will appear in the distribution of HST,,, (HST.

-23, -20, -14, -10, -9, -7, 1, 2, 3, 4, 5, 6, and 7. These peaks can be interpreted

as (7, 7,) decays of new scalar mesons with masses m;.,™ < 600.0 MeV. It

) at the values equal to —59, —32,

would be interesting to study the effective masses m,,, of (7;,7,) pairs for val-
ues of HST > 1000, which corresponds to masses m;>™ > 2805.3 MeV.

The non-empty cells in row with the value HST,,, =8 corresponds to the de-
cays a,(980) > n+7,, X(1620)— X+, A,(2880)—> 57 (2455)+7,,
Z(1950) > =(1530)+7z,, N(1650) — A(1232)+ 7, . The hyperbolic cosine of
the base length ch (Sm2 ) =9 for Heron’s base triangles Az,mz, of these reso-
nances is also an integer.

Consider the cell column 4 of this in row HST,, = 8. Based on the actual val-

her

ues of the effective masses m,,, of the (7, 7, ) pairs, in the distribution of HST,

a statistically significant peak at a value of HST, = 8 will necessarily appear.
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Similarly, based on the actual values of the effective masses m,, of the pairs
(P,7,) from the same column, one can obtain the HST, distribution, calcu-
lated using Equations (21)-(29) for m, =m, . A statistically significant peak in the
distribution of HST,,, ata value equal to 8 can be interpreted as a new A baryon
with a base mass m]4,™ =624.2 MeV. The empty cells in this row correspond to
the decays of the pairs (7,,7,) and (A, 7,) (column 3), (A, 7;) and (%, =)
(column 5), ( =°, 7, ) and ((782), 7, ) (column 6). The statistically significant
peaks in the distributions of HST, = 8 can be interpreted as the new light un-
flavored mezon and A, Barion of the column 3, the new 5 Barion and light un-
flavored mezon of the column 5, the new = Barion and light unflavored mezon of
the column 6.

It would be interesting to study the effective masses m,., of (77,7,), (P,7,)
pairs for values of HST,,, =1000, 1331, 1728, 2197, 2744, 3375 which correspond
to base masses m[.,"? = 2805.3, 3083.2, 3361.3, 3639.5, 3917.9, 4196.4 MeV.

To conclude this chapter, we note that the decay triangles originated from Ar-
chimedes’ levers (3), in which the masses of the daughter particles of resonance
decay act as forces. Therefore, the experimentally observed (Tables 1-18) close
relationship between the resonance decay triangles and Heron’s base triangles in-
dicates that, in some way, the gravitational forces of the daughter particle masses

are connected with the formation of resonances.

4. Conclusions

The published data show that the decays of scalar, strange mesons and 4, N, 4, 2,

Z'baryons correspond (within the resonance width) to base Heron triangles with

integer values of HST, . Based on Heron’s triangles, the existence of new reso-

nances is predicted. This can be confirmed by direct measurements of the effective

masses of the pairs (7, 7,), (0, =), (7, m), (p(770), =), (P, =), (n

7)), (4(1232), ), (K(493), m), (K(892), m), (E°, m), (A, m) of the

particles in reaction (1) and the detection of statistically significant peaks in the

distribution of HST,.
Further development of the described approach will consist in:

- isolation of resonances by the Heron triangle method and analysis of the
angular distributions of their decays using parametrization of the dynamic
axis of spin quantization by Lobachevsky straight line beams [16];

- analysis of reaction (1) with the formation of more than two particles, based

on a 3-dimensional analog of Heron’s triangles.
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Appendix
Table Al. Data on two-particle decays of scalar mesons from [8].
Name Scalar 16 (%) Effective Mass Width Decay Decay Decay Decay
Mezon Resonance m,, (Mev) T (Mev) T+ n+rw ,0(770) +7 0)(782) +7
1 2 3 4 5 6 7
f, (500) 0" (0* %) 600.0 + 50.0 450.0 seen - - -
p(770) (1) 766.5 £ 1.1 150.0 ~100% - - -
w(782) 0" (1) 782.7 £0.13 8.68  (1.53+0.12)% - - -
1'(958) 0* (0° ) 957.8 +0.06 0.23 - - (7.4 £2.3)10™* -
f,(980) 0" (0* ) 980.0 + 20.0 55.0 seen - - -
$(1020) 0" (1) 1019.46 % 0.02 425  (9.5+1.9)10° 43 - (4.7 £0.5)10°°
h, (1170) 0~ (1*) 1166.4 + 5.00 375.0 - - seen -
b, (1235) 1" (1*7) 1229.5 + 3.30 142.9 - - - seen
a (1260)  1-(1*%) 1230.0 + 40.0 420.0 - - seen -
f,(1270)  or(2*") 1275.4 + 0.80 186.6 ~84% - - -
7(1300) 17 (07 %) 1300.0 + 100.0 400.0 - - seen -
a,(1320)  1-(2*") 1317.7 + 1.4 107.0 - (145 £1.2)% - -
f,(1370) 0+ (0% ") 1350.0 % 50.0 350.8 seen - - -
o(1420) 0 (1)) 1410.0 % 60.0 290.0 - - seen -
a,(1450) 1 (0* ") 1439.0 * 34.0 258.0 - (0.93 +£0.02)% - -
p (1450) 1+ (17") 1465.0 + 25.0 400.0 seen - - -
f,(1500)  0* (0* ") 1522.0 £ 25.0 108.0  (345+22)% - - -
f,(1525)  o0r(2*") 1517.3 £ 2.4 720  (82%1.3)107° - - -
f,(1565)  0r (2* %) 1571.0 + 13.0 132.0 seen - - -
v (1600) 1-(17%) 1645.0 £ 16.0 370.0 - seen seen -
a(1640)  1-(1v) 1655.0 + 16.0 250.0 - - seen -
®(1650) 0~ (1) 1670.0 + 30.0 315.0 - - seen -
@,(1670) 0~ (37°) 1667.0% 4.0 168.0 - - seen -
7,(1670) 1 (2" %) 1670.6 % 2.9 288.0 - - (31.0 £ 4.0)% -
P;(1690) 1*(3°7) 1686.0 + 4.0 161.0 - - - (16.0 £ 6.0)%
p(1700) 1" (17°) 1720.0 + 20.0 250.0 seen - - -
a, (1700) -2 1706.0 + 14.0 380.0 - (2.5 £0.6)% seen -
a,(1710)  1-(0**) 1713.0 + 19.0 107.0 - seen - -
f,(1720)  0* (0% ") 1733.0 = 8.0 150.0 seen - - -
f,(1770) 07 (0~ ) 1804.0  16.0 138.0 - - -
f,(1810) 0+ (0% ") 1785.0 + 13.0 137.0 seen - - -
f,(1810) 0 (0" %) 1815.0 + 12.0 197.0 seen - - -
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f,(1950) 0 (0 ) 1936.0  12.0 197.0 seen - - -
a, (1970) 1 (4") 1967.0 + 16.0 324.0 - - seen -
f,(2020) o (0~ ") 1982.0 + 54.0 464.0 seen - - -
f,(2050) 0+ (4**) 2018.0 + 11.0 2370 (17.0+1.5)% - - -
7,(2100)  0* (0~ %) 2090.0 + 29.0 620.0 - - seen -
f,(2300) 0+ (4* ) 2312.0 + 15.0 200.0 seen - - -
f(2510) 0+ (6* ") 2470.0 + 50.0 260.0  (6.0%1.0)% - - -
Table A2. Data on two-particle decays of Strange Mezons from [8].
Name Strange LY Effective Mass Width Decay ) Decay
Mezon Resonance m,, (Mev) T (Mev) K(493)+7 K"(892)+ 7
1 2 3 4 5
K" (700) 1/2 (0%) 838.0 + 11.0 450.0 ~100% -
K" (892) 1/2(1%) 891.8+0.25 150.0 ~100% -
K, (1270) 1/2(1%) 1253.0 + 7.0 10.0 - (18.0 + 4.0)%
K, (1400) 1/2(1%) 1403.0+ 7.0 174.0 - (94.0 + 6.0)%
K" (1410) 1/2 (1%) 1421.8 9.0 8.68 > 40% (6.6 + 1.3)%
K; (1430) 1/2(0%) 1425.0 + 50.0 270.0 (93.0 + 10.0)% -
K; (1430) 1/2(2%) 14236 + 1.5 100.0 (49.9 + 1.2)% (24.7 + 1.5)%
K (1460) 1/2(07) 1482.4 + 15.0 335.6 - seen
K, (1580) 1/2(27) 1580.0 % 10.0 110.0 . seen
K" (1680) 1/2(27) 1718.8 + 18.0 320.0 (38.7 £ 2.5)% (29.9 + 5.0)%
K, (1770) 1/2(2°) 1773.8 + 8.0 186.0 - seen
K; (1780) 1/2(3°) 1779.0 + 8.0 161.0 (18.8 + 1.0)% (20.0 + 5.0)%
K, (1820) 1/2(2°) 1819.0 + 12.0 264.0 - seen
K; (1950) 1/2(0%) 1957.0  14.0 170.0 (52.0 £ 14.) % -
K; (1980) 1/2(0%) 1990.0 + 50.0 348.0 - possibly seen
K; (2045) 1/2(4%) 2045.0 £ 9.0 375.0 (9.9 + 1.2)% -
K; (2380) 1/2(5°) 2382.8 + 14.0 142.9 (6.1+1.2)% -
Table A3. Data on two-particle decays of 4 Barions from [8].
Name Lo Effective Mass Width Decay Decay
A Barions Resonance m,, (Mev) I' (Mev) P+rx A(1232) + 7
1 2 3 4 5
A(1232) 3/2 (3/2*) 1232.0 + 0.40 117.0 99.4% -
A(1600) 3/2 (3/2%) 1570.0 £ 0.25 250.0 (8.0 - 24.0)% (58.0 - 82.0)%
A(1620) 3/2(1/27) 1610.0 + 20.0 130.0 (25.0 - 35.0)% (44.0 - 72.0)%
A(1700) 3/2 (3/2°) 1710.0 2.0 300.0 (10.0 - 20.0)% (9.0 - 10.0)%
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A(1750) 3/2 (1/2%) 1715.0  10.0 350.0 seen .
A(1900) 3/2(1/27) 1860.0+ 30.0 300.0 (4.0 - 12.0)% (30.0 - 70.0)%
A(1905) 3/2 (5/2%) 1880.0+ 20.0 330.0 (9.0 - 15.0)% >48%
A(1910) 3/2 (1/2%) 1900.0+ 20.0 300.0 (10.0 - 30.0)% (34.0 - 66.0)%
4(1920) 3/2 (3/2%) 1920.0+ 30.0 300.0 (5.0 - 20.0)% >46%
A(1930) 3/2 (5/2%) 1950.0+ 30.0 300.0 (5.0 - 15.0)% (33.0+9.0)%
A(1940) 3/2 (3/27) 2000.0+ 30.0 400.0 (1.0 - 20.0)% (38.0 +10.0)%
A(1950) 3/2 (7/2%) 1930.0 £ 10.0 285.0 (1.0 - 20.0)% (4.0 +3.0)%
A(1950) 3/2 (5/27) 1930.0 + 10.0 285.0 (93.0 £ 10.0)% .
A(2000) 3/2(7/2°) 2015.0+ 24.0 500.0 (3.0-11.0)% <9%
A(2150) 3/2(1/27) 2150.0 + 100.0 200.0 (6.0 - 10.0)% -
A(2200) 3/2 (9/2%) 2200.0+ 30.0 300.0 (2.0 - 8.0)% >45%
A(2300) 3/2 (3/2*) 2300.0 £ 100.0 350.0 (1.0 - 8.0)% -
A(2350) 3/2 (5/2°) 2400.0 £ 100.0 400.0 (3.0 - 30.0)% -
A(2390) 3/2 (7/2%) 2375.0 £ 100.0 300.0 (3.0-12.0)% -
A(2400) 3/2(9/27) 2450.0 + 100.0 500.0 (3.0 -9.0)% -
A(2420) 3/2 (11/2%) 2450.0 + 100.0 500.0 (5.0 - 10.0)% -
A(2750) 3/2 (13/2°) 2794.0 + 80.0 350.0 (2.0 - 6.0)% -
A(2950) 3/2 (15/2%) 2990.0 + 100.0 330.0 (2.0 - 6.0)% -
Table A4. Data on two-particle decays of NV Barions from [13].
Name Lo Effective Mass Width Decay Decay
N Barions Resonance m,, (Mev) I' (Mev) N+7 A(1232)+ 7
1 2 3 4 5
N(1440) 1/2 (1/2%) 1440.0 + 30.0 350.0 (55.0 - 65.0)% (6.0 -27.0)%
N(1520) 1/2 (3/27) 1515.0 £ 10.0 110.0 (55.0 - 65.0)% (15.0 - 23.0)%
N(1535) 172 (1/2°) 1530.0 £ 5.0 150.0 (32.0 - 52.0)% (1.0 - 4.0)%
M(1650) 1/2 (1/27) 1650.0 £ 5.0 125.0 (50.0 - 70.0)% (6.0 - 18.0)%
N(1675) 1/2 (5/2°) 1675.0 + 5.0 150.0 (38.0 - 42.0)% (19.0 + 4.0)%
M(1680) 1/2 (5/2%) 1685.0 £ 5.0 120.0 (60.0 - 70.0)% (11.0 - 23.0)%
N(1700) 1/2 (5/2°) 1720.0 + 10.0 200.0 (7.0 - 17.0)% (55.0 - 85.0)%
N(1710) 1/2 (1/2%) 1710.0 £ 20.0 200.0 (5.0 - 20.0)% (3.0-9.00%
N(1720) 1/2 (3/2%) 1720.0 £ 10.0 250.0 (8.0-14.0)% (47.0 - 89.0)%
M(1860) 1/2 (5/2%) 1860.0 + 10.0 250.0 (4.0 - 20.0)% (8.0 - 54.0)%
M(1875) 1/2 (3/27) 1875.0 + 20.0 200.0 (3.0-11.0)% (4.0 - 44.0)%
M(1880) 1/2 (1/2%) 1880.0 + 20.0 300.0 (3.0-11.0)% (5.0 - 42.0)%
N(1895) 1/2 (1/27) 1985.0 + 20.0 120.0 (2.0-11.0)% (3.0-18.0)%
N(1900) 1/2 (3/2%) 1920.0 £ 10.0 200.0 (1.0 - 20.0)% (3.0-70.0)%
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N(2000) 1/2 (5/2%) 1920.0 + 20.0 400.0 (6.0 - 10.0)% (30.0 - 80.0)%
N(1990) 1/2 (7/2%) 2020.0 + 40.0 300.0 (2.0 - 6.0)% (72.0 + 15.0)%
N(2060) 1/2 (5/2°) 2050.0 + 40.0 400.0 (7.0 - 12.0)% (12.0 + 3.0)%
N(2100) 1/2 (1/2%) 2100.0 + 20.0 260.0 (8.0 - 32.0)% (6.0 - 14.0)%
N(2120) 1/2 (3/2°) 2120.0 + 30.0 300.0 (5.0 - 15.0)% >23%
N(2190) 1/2 (7/2°) 2180.0 + 20.0 400.0 (1.0 - 20.0)% (4.0 £2.0)%
N(2220) 1/2 (9/2%) 2250.0 £ 15.0 400.0 (15.0 - 30.0)% (15.0 £ 10.0)%
N(2250) 1/2 (9/2°) 2280.0 £ 15.0 500.0 (5.0 - 15.0)% (10.0 + 7.0)%
N(2600) 1/2 (11/2°) 2600.0 + 100.0 650.0 (3.0 - 8.0)% -
N(2700) 1/2 (3/2%) 2612.0 + 45.0 350.0 (3.0 - 5.0)% -
N(3000) 1/2 (5/2°) 3000.0 + 200.0 1650.0 (2.0 - 8.0)% -
Table A5. Data on two-particle decays of 2 Barions from [8].
NarTle LY Effective Mass Width Decay Decay Decay
2'Barions Resonance m,, (Mev) T (Mev) A+ S+ A (2286) +7
1 2 3 4 5 6
3(1385) 1(3/2%) 1383.7 £ 2.0 39.4 (87.0 = 1.5)% (11.7 £ 1.5)%
2(1620) 1(3/2°) 1620.0 2.0 70.0 (9.0 £ 3.0)% (17.0 £ 5.0)%
2(1660) 1(1/2%) 1660.0 % 20.0 200.4 (35.0 £ 12.0)%  (30.0 + 10.0)%
3(1670) 1(3/2°) 1675.0 2.0 70.0 (5.0 - 15.0)% (30.0 - 60.0)%
3(1750) 1(1/2°) 1750.0 + 2.0 150.0 (14.0 £ 5.0)% (16.0 + 4.0)%
(1775) 1(5/2°) 1775.0 + 10.0 120.0 (14.0 - 20.0)% (2.0 - 5.0)%
2(1780) 1(3/2%) 1780.0 % 30.0 200.0 (70.0 = 7.0)% (12.0 + 6.0)%
3(1900) 1(1/2°) 1925.0 % 20.0 165.0 (6.0 £ 2.0)% 0.25
3(1910) 1(3/2°) 1910.0 + 50.0 220.0 (6.0 + 4.0)% (86.0 + 21.0)%
2(1915) 1(5/2%) 1915.0 + 22.0 120.0 (6.0 +2.0)% (10.0 + 2.0)%
2(1940) 1(3/2%) 1940.0 + 100.0 250.0 - (4.0 £2.0)%
3(2010) 1(3/2°) 2005.0 + 14.0 178.0 (5.0 £ 2.0)% (3.0 £2.0)%
3(2030) 1(7/2%) 2030.0 + 10.0 180.0 (17.0 - 23.0)% (5.0 - 10.0)%
2(2070) 1(5/2%) 2060.0 + 10.0 200.0 seen
2(2080) 1(3/2%) 2090.0 + 10.0 170.0 seen
3(2100) 1(7/2°) 2100.0 + 50.0 310.0 (1.5 % 1.0)% (2.0 + 1.0)%
3(2110) 1(1/2°) 2110.0 + 50.0 310.0 (1.5 % 1.0)% (2.0 £ 1.0)%
2(2230) 1(3/2%) 2240.0 +27.0 347.0 (12.0 £ 6.0)% (2.0 £ 1.0)%
2(2250) 1(1/2%) 2250.0 + 20.0 140.0 seen seen
3(2455) 1(3/2°) 2455.0 + 20.0 140.0 (8.0 - 32.0)% (6.0 - 14.0)%
$.(2455) 1(1/2%) 2454.0 £ 0.1 1.9 100%
242520) 1(3/2%) 25184 £ 0.2 14.8 100%
242800) 1(1/2%) 2801.0 £ 5.0 75.0 seen
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Table A6. Data on two-particle decays of A Barions from [8].

Name Lo Effective Mass Width Decay X +7
/A Barions Resonance m,, (Mev) T (Mev) ZCO (2455) +7*
1 2 3 4
A(1405) 0(1/2°) 1405.1 + 1.3 50.0 100%
A(1520) 0(3/2) 1519.4 + 0.2 15.7 (42.0 + 1.0)%
A(1600) 0(1/2%) 1600.0 % 10.0 200.0 (10.0 - 60.0)%
A(1670) 0(1/2°) 1670.0 % 5.0 30.0 (25.0 - 55.0)%
A(1690) 0(3/2) 1690.0 % 5.0 70.0 (20.0 - 40.0)%
A(1710) 0 (1/2*) 1713.0 + 13.0 180.0 (21.0 £ 5.0)%
A(1800) 0(1/2°) 1800.0 + 10.0 200.0 (27.0 £ 6.0)%
A(1810) 0 (1/2*) 1790.0 % 10.0 110.0 (16.0 £ 5.0)%
A(1820) 0 (5/2%) 1820.0 + 4.0 80.0 (8.0 - 14.0)%
A(1830) 0 (5/2°) 1825.0 + 10.0 90.0 (35.0 - 75.0)%
A(1890) 0 (3/2) 1890.0 % 5.0 120.0 (3.0 - 10.0)%
A(2050) 0(3/2) 2056.0 + 22.0 493.0 (6.0 +3.0)%
A(2070) 0 (3/2*) 2070.0 + 24.0 370.0 (7.0 £ 3.0)%
A(2080) 0 (5/2°) 2082.0 £ 13.0 181.0 (5.0 £2.0)%
A(2100) 0(7/2°) 2100.0 + 22.0 200.0 5.0%
A(2110) 0 (5/2*) 2090.0 + 22.0 250.0 (10.0 - 40.0)%
A(2350) 0 (9/2*) 2350.0 + 22.0 150.0 10.0%
A(2595) B 2453.75 + 139.57=
not included 0(3/2) 2592003 26 2593.32 > 2592.0
A42625) 0 (3/2) 2628.0 £ 0.2 <52.0 (2.6 +0.4)%
A42880) 0 (5/2*) 2881.6 £ 0.2 51.8 seen
A42910) 0 (5/2*) 2913.8 + 3.8 51.8 seen
Ac(2940) 0(3/2) 2939.6 + 1.5 20.0 seen

Table A7. Data on two-particle decays of ZBarions from [8].

Name Lo Effective Mass Width Decay Decay

£ Barion Resonance m,, (Mev) T (Mev) E+r 5(1530)+ 7
1 2 3 4

5(1530) 1/2 (3/27) 1531.8 £ 0.3 9.1 100% -
£(1620) 1/2 (3/2%) 1620.8 £ 6.0 32.0 seen -
F(1690) 1/2 (3/27) 1690.0 + 10.0 20.0 seen possibly seen
5(1820) 1/2 (3/2°) 1823.0 £ 5.0 20.0 small small
£(1950) 1/2 (3/27) 1950.0 £ 15.0 60.0 seen seen
£(2030) 1/2 (3/2*) 2025.0 + 20.0 60.0 small small
£(2500) 1/2 (3/27) 2500.0 + 150.0 60.0 seen seen
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