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http://creativecommons.org/licenses/by/4.0/ 1n previous papers [1] [2] [3], we have shown quarks to be geometric structures

oRon
pen Aecess of coupling quantum oscillators. By these quarks, we have built the mesons ()

and (7) [3] [4]. We will prove in this article that all light mesons not strange,

1. Introduction

following the pion, are elaborated structures of pion compositions and a {d,
d}-lattice of d-quarks. In essence, we refer to this as to the hypothesis of hadron-
ic lattice. This hypothesis induces us to admit an appropriate structure equation
[4], which describes all hadrons and thus also mesons. This new way of seeing
the particles allows to solve the problem of hadron mass determined by quarks
with small values of mass [5] [6]. In fact, by structure equations and an appro-
priate mathematics procedure [3] [4], we can calculate the masses of light me-
sons and also nucleons. Moreover, the structure equation allows us to identify
the possible decays of a particle and its spin value. Nevertheless, one can achieve
the idea of a geometric structure of quarks if we assume a quark made by a

non-separable set of coupled quantum oscillators with “Aurea” (golden) geome-
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tric structure [1] [2] [3]. We referred to this as the Aureum Geometric Model
(AGM) of quarks [4]. Thanks to the quarks geometric hypothesis, it is possible
to explain fundamental issues such as the origin of the mass of the hadrons, the
role of gluons in constructing bonded quarks and the existence of molecules of
pions. We can achieve all of this without turning to the QCD and its calculations
by colour potentials [7] [8]. Nevertheless, this new path in particles’ theory
needs to revise the mass conception in physics and to introduce a new idea of
mass calculation (®-operation). This idea of calculation takes into account both
interactions between quarks and a possible interpenetration [3] [4] of the
quarks. Then, the global mass calculation must take into account all the possible
configurations of quark components. So, the hypothesis of the quark geometrics
structure introduces a “new paradigm” [4] in the phenomenology of hadronic
interactions. The new paradigm allows to describe the hadrons in a more struc-
tured way and straight of the QCD. The first success of this idea is the possibility
of calculating the mass spectrum of light mesons with values very close (if not
even equal) to the experimental ones. In this paper, exactly, we will calculate, by
theoretical physics aspects and mathematical procedure, the mass of mesons (77,
p @, ¢) which make, with the pions and 7-meson, the light component but

strangeness of the octet of fundamental mesons.

2. The Quarks’ Interpenetration
2.1. The Elastic Tensions of Binding Gluons

The aims of this paper are to calculate the mass values of light mesons using a
way different to one of QCD potentials. Instead of incorporating the binding
energy of the quarks in suitable potentials [9], we incorporated [4] it into the
quarks’ mass which compose the pion. Nevertheless, we have not considered the
bare masses of quarks [9], but appropriate values of them masses derived from a
“geometric structure” of pions [2] [4] and of same quarks. These “dressed” mass
values are very greater than that of free quarks. This way, the bonded quarks in-
side the hadron would have enough mass to reach the hadronic mass, provided
that we correctly sum them up. Since the pion, the lightest meson is made of two
bonded states of quarks, its mass could be placed as base mass to determine the
mass of the most massive mesons and hadrons. Although the procedure is dif-
ferent from that of QCD, we can see that the two models (QCD and AGM) have
some points of connection. In fact, in QCD [9] the quarks (u, d) would show an
interaction potential [ (1) = kr], expressed by an interaction strong force with
modality [F ~ —k], while, at a short distance, could be [ V(1) = (—4a/3r + ...)]
with force [F~ 4a/37]. This aspect would be similar to the interaction force in
AGM, where the binding gluons in the geometric structure of two quarks (u, d)
are equivalent to simple oscillators [10] with elastic force [F~ —4]. If it is [F~
—kr] then it would be better. Speaking of elastic tensions in bound quarks g, we
can so admit that in the elastic parameters (&) are contained the mass defects; in

this way the parameter & replaces the potential (r)).
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2.2. The ®-Operation

In the interpenetration of quarks and their dynamics interactions, we used, see
ref. [3] [4], a new ®-operation of combination (or coupling) of quarks and par-
ticles: (a;® b)). The new operation (®) indicates a composition of two operations
(®, @) or [® = (® U ®)], where ®-operation describes the proper interpenetra-
tion of the quarks and follows, in algebraic calculations, the properties of mul-
tiplication. Instead, @-operation describes dynamics interactions and follows, in
algebraic calculations, the properties of the sum. In a table, see Table 1, we list
some algebraic properties of the ®-operation which will be used in the calcula-

tions of mesons’ masses.

2.3. The F,, Function of Partial Mass and Fa, Mass Defect

In general, for every X-system (composed by more particles), we used [3] [4] a

partial mass Function (F,,) applied to structure equation of X-system, with
X|:(A1,A27"'aA,, )® ;(BI,BZ,"‘,Bn )@:' >

where [(Al. )® ,(B i )@} are the “base components” of the structure. The (F,) is

an application on the structure components (A, B), which gives us the mass values

Table 1. Algebraic properties of two operations (®, ®).

®-operation ®-operation

(a,,a,.)e{a} (al,a,.)e{a}

1 (a[®a[):(a) 1 (a[@al):o

2) (a,,a/)e{a} 2) (al®a1):(a/®a,)
(al®a])=(al®a‘) If (a,(Bal)@:[(ai(-Ba,)@aJ

3) (n,m)eN [2((1,)@(41/)]E[(dl)+(a,)]®a,
(na(@a/):n(a,.@a/) 3) =[(ai®a,.)+(a,®aj)]
(na, ®ma,)=(nxm)(a,®a,) =2(a,®a,)

4) transitive property 4) transitive property

if [(a@b),(b@cﬂ —)[(a@c)} i [(a@b),(b@c),(a@c)]

. [@on).(p00)] > [(e00)]

[(ai®a,)®aJ=[(a, ®aA)®aJ 5) [(ai@aj)@a&:[(ai(-Bak)@(aj(-BaA)]
:[(ak®a,)®a,}

@z[@,@] <> composed operation

5)

6)If {{4=(a®b)],[B=(c®d)]} — (48B)=(a®b)®(cDd)
7) (a®b)®(c®d)=(a®c)®(a®d)D(b®c)D(b®d)

8) |:(a, ®aj)®ak:l¢1:(a/ ®a1)®akJ<—>(a,®a/)@ ;t(a] ®a,)®
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(m,) of these components of base. The (F,,) operates on JX; in the following way:

F,(X)= {(1%_1 F, [(Af o8, )(@):l} = {gm(@ )(®)L {ém(Bf )(®)}

B (1)
L +[m(a(—Bb)Bl +---+m(w(—Bz)Bm L

We will have the following applications:
Fy (40) = Fu[(@)©(1)], = (m(@.6)) = (m(a).m(5)
F, (Boy)= B [(@@(5)], =m((a)@ (b)) = m(a) +m(b)

Note that the mass of two interpenetrating particles [a ®b] will be obtained

n

:[m(a(@b)Al +---+m(w®z)A

(2)

by the average value of individual masses Rm(a,b)ﬂ, while the mass of two
interacting particles [a @b] will be obtained by the sum of the masses of each
particle. To obtain the total mass of a structure, it needs to add eventual (m,,)
relativistic kinetic mass and mass defects (Am). To the exception of some cases
(which we will specify) m,,, < m,, therefore we will have: [mmt =m,,, + Am,} .
The mass defect will be:

Am = Am, +Am,,
where Am, is the mass defect due to binding by gluons. Nevertheless, the Am,
has been englobed in masses of the charged pion (see ref. [3] [4]) or in quark (uz,
d,)); therefore, we consider only electromagnetic mass defect: Am = Am,,,

To obtain the mass defects (Am > 0, Am < 0) we will use a Function (F,,,) of

mass defect applied to structure equation so defined:

FAm (AlaAza'”aAn)

_ {(;}_1 P, [(Ai Yoy (B)e) }}
_ {;Am(x‘l[ o) +/Z::,Am(Bf )(@)}{

Am(A[(-BBj)} G)
(i=1,j=1) (1°-degree)

i3 am(g0(4,04,))
_(i:il;jf.'zllék:l) J(1°-deg.)
0y Am(B, @ (B, ®B,))

i=1, j=1,k=1
L\ i=j=k

J(11°-deg.)

where “i-degree” points out the degree of coupling of two and more couplings.

Here the terms of degree superior to II* are omitted. It needs to consider that:

Am [(“)@)(Z’)L = {Am(a’b())(amb) i o}
Am[(a)®(b)], = Am(a.b),, i

where the (a, b) point out “base particles” of the (4, B)-component, as ie. the

4)
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pions mor the quarks ¢. Note mass defect is zero if there is the only interpene-
tration between the two particles (a, b) without interacting parts. Instead, the
mass defect cannot be zero if there are some parts of (a, b) dynamically interact-
ing (a N b), see the neutral pion in diagonal (AB), see Figure 1, where the
d-quark and u-quark, exchange energy quanta along the diagonal. Now, we can
project the properties of Table 1 in the space of the functions (F,, F,,,) to obtain
the properties of the operations (®, @) for calculating the masses and mass de-

fects (see Table 2).

2.4. The Bare Masses and Dressed of Quarks (u, d)

In article [3], we have calculated the bare masses of quark, by the annihilation

energy of quark (u, d) belonging to neutral pion:

[m(u),,. =(3.51)MeV,m(d)

These values are inside the range anticipated by literature [11] [12]. Besides,

=(5.67)MeV | (5)

bare

see the ref. [3], we calculated also the values of dressed masses of quarks inside
to pion:

I:m(u)drcsscd = (533 1)Mev’m(d)drcsscd = (8626)M6V] (6)

It is so evident that the values of masses of quarks, both bare and dressed in-

side pion, could be used to obtaining the mass spectrum of light mesons. If the

values in Equation (6) are that of bound quarks in pion by gluons, then we can

think of incorporate the potential 1{r) of gluons in QCD into mass values of the

Table 2. The fundamental operations of functions (F,, Fa ).

®-operation) in (F,, F,,) representations @-operation in (F,, F,,) representations
P m £ Am. P P o £ Am P

F,(4,®a) < > F,(a,®a)=F,(a)+F,(a,)
)
4 <m ) > ! =m(a)+m(a)
F,(a,®a)=F,(a)= m(a) F,(a,®a)=F,(a)+F,(a)
=m(a)+m( ) 2m( )
2) F,(a,®a)=0 F,(a®b®c)
Am(a ®a) =0 2) =F,(a)+F, (b)+F,(c)+F, (a@),

with (a,@a,)@=(a,.®a,)®ak +h(a®¢) +F, (b@c),

3) ﬂm(af®a/.)® =F,(a) 3 F,, [(a[@a/)@ak}
F,((a®a)®q)=F,((a)®q) =F, [(a, ®a,)®(a, @, )]
\ E[(a,®a,)®(a,®a,)] F,[(a,®a)®(q,®a,)]
)
=F |:2(a ®a )12:| 4) =F, [(“,®“,)®(‘JA):|
+F,, [(a, ®a)®(a, )]
5) F, (2a ®a)= ( (a ®a )) 6 FM[“,@“,]*FAVH[‘I;@%]

F"(n(a,®a.)®m(aA®a,)) :an[a;‘@(a/Jran)}

( m) ((a ®a )@(ak ®a,))
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Equation (6). So, the bound masses of quarks playing a fundamental rule inside
pions. By pion (7= (u, d)) we can build the mesons’ structures. To make this, it
needs so to admit the presence of a lattice of bound “virtual pions” {7*, 7}, with
an elementary cell having the form of the {(ﬂf) = (7Z+ CF & )} , which represents
a “moleculée’ of pions, you see Figure 1.

However, this lattice, in turn, could have a background lattice of d-quark pairs
{d, d}, see, in fact, the structure of neutral pion. In this way, both the {72"0}
-lattice and {d, d} participating in building the mass spectrum of light mesons.

Here we report Table 3 which summarizes all properties of the operations
(F,» F\,,), (see Table 1 and Table 2) with pions.

2.5. The Matrix of Dynamics Couplings

In equivalent two ways, see the ref. [4], we can treat the binding energy between
quarks inside pions. The function F,,, of mass defects expresses these two possi-
bilities. The structure equation contains the considerations on the various dy-

namics couplings and interpenetrations. The first way is considering without

A

L
Figure 1. Pion, Pion Molecule, 7-meson.

Table 3. Applications of the function (F,, F,,,) to the pions.

Properties of pions in (®) operations Properties of pions in (®) operations

1) [7[ = @a’)] 4) m(ﬂ'*@ﬂ’)=m(ﬂ'*)+m(n”)

) =[(=)e(=)]-[ 7@u®d)] 5){()(”@ﬂ)};()2m( )

[(z)®(z) ] u)®(d®d)] 6 F,,,[(ﬂ*®ﬂ )] [ }
)

3) ( =[n ®(

2)

} virtual neutral pion 8) am [(”‘1 & ] [ 7 ®x) J

;[) + 7z+) Equation (11) [Am(i[)/4:(1-15)MeV]

9) 27 zZ(/rll @ﬂj)

10) (27 ®27;)=(2x2)(7 ® ;)

11) Am(ﬂ‘@ﬂ’)=0 ) [(ﬂj®ﬂj)®ﬁf]®[(ﬁf®ﬁ:)®ﬁf]
12
12) Am(;rf@;rf)® =Am(7ri) =[(”j®”§)®(”j®”:)]®|:”f®”j:|

j
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dynamical couplings all the interpenetrations between two pions, but not the
ones between two pairs of pions. Vice versa, the second way is considering
without dynamical couplings all the interpenetrations between two pairs of pions,
but not the ones between two pions. This last aspect implies that all interactions of
the different pairs are attributable to the individual couplings between two pions.

In this second case, we represent all possible dynamics couplings by a matrix:

[4[=[(= @), ]

We will show the two possible ways in the calculations of meson masses.

3. The Light Mesons
3.1. The Pseudo-Scalar Mesons (17°)

7-meson ((957.78) MeV)

In ref. [4], we have calculated the mass of -meson. The pions molecules place
this meson to first level of energy. One could build a state of 2-level 77 with com-
bination ((#"),, ') where the pion molecule (7°), overlapping to ;7' -combination,
with [77* = (7z° )r ®(7z° )J; we well have: [77’ = (ﬂo )r ®(77* )J We need to re-
duce the structure equation in sum of elementary components (A;, B;), see Equa-
tion (1).

It follows, by 7-property in Table 1:

7 ={{(=) Jeln I} =[(=)) J[ (=) (=) ]
(), 8[(x* @), 0(x ©x7),].

}@[(T ®r) Oz @1 ), L*}(l) )
}@

T ®r )1 |:<7Z'+ Qx" )23 G—)(;f' Qr )23

[(=or)
Il
o(r ®r') ®(z ®r) L* }(1)
We apply the £, function:
m(n')=F, ({[(7[ o) | ®|(r o) ®(rer),
®(r ®r') ®(r o), L* }j
=F,(8®7)

Then in the F, -representation, we can have
m(n’)=F, ([(;ﬁ ®ﬁ+)23 ®(z* @7;*)23 ®(7 ®;;+)23 ®(7 ®7r’)2317*)
=F, ([(7z+)+2(7z+ ®7r’)+(ﬂ’ )])

where we have used the 1 g,-properties of F,, in Table 2. Well, we can apply the

same property to the following equation:
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Moreover, we have |:(7Z'i )0 = (7z+ ®r )} and
[2(7ri )0 = (7[* ®7z’)@(7z+ @ )} and F, (7;+ ®r" ) =F, (7[+) , see ref. [4]
Fon
and Table 3; the 0-superscriptum point out a neutral pion having mass equal to
that charged pion (7°): [m(;zi )0 = m(;z+ @ ) = m(;zi )} , see Table 3. Note,

the number two (2) in the components becomes a multiplicative factor in
F,-function, see the 1 g,-property in Table 2. Then, the partial mass is:

=l o2l oo ol et
~(afnle 2 ) o (ot oo )

where it is:

2

<m(ﬂi,2(ﬂi )° )> = r(f% m(z(ﬂi> )} =(209.36)MeV (9)

Thus the partial mass value is:
m(n') =2(209.36)MeV +4(139.57)MeV =(976.99)MeV (10)
Mass defect of (77) can be (see Equation (3)):
)= (), 7' ) =) & (") 3(+') )

Note that Am (77*) = Am(n), see in ref. [4] the Equations (14) and (25). Then,
this equation tells us that the mass defect Am(n) of p-meson must be inserted
inside Am(77), because in 7 there is the product of interpenetration (&), see Eq-
uation (14), ref. [4]:

), 0=),] el=),}

Thus, in Am(77) we need to insert 2Am(n); it follows, with Am(;') = Am(n):

M2
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am(n')=dm((7°) ®n')=am((* @7 )@7)
(), ol 1),
:Am((;f ®n), )+Am((7z’ ®’7)Az) (11)
+Am([(7z* Q)@ (7 ®77)]B]2)
= 28m (11, ) 4, ) ([(” ®n)@ (7 ®’7)sz

Here, we apply the 2-property of Table 2, where (@) indicates the dynamic

coupling at components no-separable: we cannot apply the 2-property again.
Besides, [77i = (ﬂ'i ) ® (77)] and
Am([7* ®n])=am((n),. ) = Am(n) = (10.35) MeV

This because 7 is a neutral particle and, thus the interaction between () and
() during them interpenetration is not comparable with An(7). The value of

B,,-component in Equation (11) we will be:
Am(B,)= Am(([;ﬁ ® ﬂ ) [ﬂ’ ®77])312 j
= Am((n ® [7[+ @ 7[’})312 )

~n([(x*) 8(x") ] e[ ox°]) :
-an([(x o) B(x0x) ] B(x o) )
Solving individual products:
wnl[(w o) o @) ] o @) |
(13)

=Am(|:(72';®71’b+)@(72';®7Z'b_)@(72'a_®ﬂ;)@(ﬂ;®ﬂ;)]”@(ﬂ: @n;))
|

[(7[5@7:2)@7[:@(”; ®7zb')@7r: @(ﬂ;@ﬂ;)@ﬂ;@(ﬂ;@ﬂ;)@ﬂ:]

n.c

+Am([(n;®n;)®zz;@(n; ®r, )81 ®(7, ®r )01 ®(7, ®r,)© 1 | )
n.¢

Where we can note two terms at repulsive interaction
(7r+ ®x" ) ® 7" < component at repulsive action

(rox)or () or: (ror)er=()or

0

(7[’@7[’)@7[+ = @(ﬂ'i) ; (7Z+ ®7z+)@7r’ =" @(ﬂi

0
(rer)er =(r) er; (ror)er =() e

(7[’ ® ﬂ’) ® 7~ < component at repulsive action

The components expressing an interpenetration between neutral pion (7*)°

and charged pion (77) have a zero value of mass defect. Only the two charged
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components have a negative mass defect. Therefore, the B,-component has a fi-
nal negative value of mass defect: Am(B,,) < 0. We need calculating the numeri-

cal value of Am(B,,), which, now, is:
Am(Blz):Am([(@f@ﬂ;)@ﬂ:} @[(ﬂ;@ﬂ;)@ﬁ;] ) (14)
rep rep

In Bj,-component there is an interaction (@) between the three interpene-
trated pions (77") and the three interpenetrated pions 77; therefore, there is also a
partial interaction between (72': ) and (ﬁ; ) : (7[;' ) ® (ﬂ'c_ ) .

The same happens between the two pairs (ﬂ; ® 7, ) < (7[; 7, )J of Equ-
ation (14); it follows: |:(7Z'; @ﬂ;)@(ﬂ'{; ®, )] .

Therefore, we could exchange the terms of equation (see Table 3):

n(8)=sn[(x: ©m) 2] of(r om)n] )

s ([0otr ol slior L

1

m, ([(7,; ®r )@ (7, ®x, )L 8 (7, )Bz )(3)

Besides, note that the B,-component |:(7Z: @ﬂ;) = ﬂf’] is neutral and par-

)

Il
>

tially could shield the attractive reciprocal interaction between the two couples
(7,) and (7, ), as also the reciprocal repulsive interaction between the inter-
nal pions of each couple: the 3-component expresses just this aspect. To express
the shielding action of 7’ on the B-component, we will write the 3-component

in the following way:

wn(8:)=on([(7: 873 )0 (r, @ )], @(x), |

©)

(15)
](4)
By Equation (22-6) in ref. [4], we can have:
Am[[(ﬂf ®7r§)®<7r{ ®7, )](”O)J =Am [[(ﬁ&)@(ﬂu )](ﬂo)j (16)

The shielding action of ( ﬂf ) lowers the value of mass defect, see in ref. [4] the

“an[(m o )o( o5 )],

Equation (22-6); we conjecture a value of mass defect:

Am[[(ﬂf’z)@(ﬂl—zﬂ(”?)j:—[Am—,@j:—[(t—go)JMeV (17)

n

This, (n = 4), because the neutral molecule (ﬁf ) is a double particle which
acting on two pions: the submultiple of Am(7) is 2.
Thus, the total (77)-mass by Equations [(11), (17)] and in ref [4] the Equa-
tions [(22-6), (27)] and omitting (O,) is:
m(n')=m(n') —Am={(976.99)~[2(10.35)~(1.15) || MeV
=(957.44)MeV

(18)
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Here too we obtain un value very close to the experimental one.

Also here we can build (see Table 4) the matrix "Al.j " of all couplings be-
tween pions which compose the structure equation in 77-meson:

The mass defect is, see the ref. [4] Equation (26):

am(n')=| am((27 @7), )+ (25 @7, )+ (25 @77, |

)+ am((wr @), )]

G

—Am|(zF @ x* ]
L ®/ g

i (£,%)
Am(n') = {[3(4.6)(1_’1_)6 +6(23),,, L;) —[6(1.15)(w_)3 +(1-15)(,-,,-)R]} Mev o
~ (19.55)MeV

Obtaining the same value of mass defect of that Equation (18). As already

find, also here we will have:
m(n')=m(n') —Am={(976.99)~(19.55)} MeV = (957.44) MeV

The most probable decays [11] are (see also structure Equation (7)):

’ + - ’ 0 0

[77 - 77+(7r +7 )}(43%), [77 —>77+(7z +7 )123%) ,
(7' = P+ 7]y [1' > @+7] 4,

Moreover, other decays are possible (see more forward) for available energy.

Note the spins of (5, 77) are at zero values: [s (n)=0,s(n")= O]. This result

Table 4. The matrix of the couplings between pions in 77-meson.

= (mw) () (mw) (mm) (mm) (mm)
o (ma) (me) (mw)  (me) (mm) ()
= () (wm) (wmm) (mm) (mm) (m)
I (.7 (n,77) (;.77) (;.77)" (7.7,) (.77)
o () () (mm) (mw) (mm) ()
z, (.7 (m,m) (7)) (z,.77) (z,.7,) (m.m))"
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derives from the zero value of the spin [3] [4] of a molecule of pions:
[s(7f)+s(7f) = OJ

Recall the interpenetration of two triangular structure (see the pion) has spin
zero because the relative rotations in interpenetration are always opposites [3].

If we consider the superposition of two 7-meson, as 77-meson, we have:
7 ={[r]e[n = |(="), e(«"), Je[(+'), (") |

Moreover, if we calculate the partial mass, then one finds the following value
m = (1954.00) MeV, which is next to £-meson.

3.2. The Vectorial Light Mesons (p, w, ¢) Scalar

p-meson (775.26 MeV)

Note, generally, the existence of light mesons implies the presence of a back-
ground lattice of pion molecules {(7°),}. Nevertheless, this 7-lattice, in turn, is
built on another “primary” lattice {d, d}, as now we will show. This lattice can
be important for binding more molecules of pions. Not only that, but we could
think the presence of these lattices {d, d} and of molecules {(7°),} is connected
to the “hadronization process” in strong interactions. The external energy flows
into a hadron and “immediately” transformed, through these lattices, into fur-
ther hadrons. In the same way, these lattices can also participate in building the
more massive hadrons. Then we think that resonance states involve a “primary”
background lattice {d, d}. In fact, into structure the p-meson we add the pair (d,

d) ,and so having:
p= [(d,g)ﬂ]@{[(z;z* or) ®(27 &x) } } (20)

where (7), is the pion molecule and [(d,c_l)” =(d ®g’)”:| is the pair of

d -quark. Note that, see Equation (2) and Table 2:
m (d” ) +m (g . )

n(aea) = {na.g) )| "L )

Besides the multiplicative number (2) in B-component becomes a multiplica-

tive factor in F,,-function, see 77-meson and the 9,-property in Table 3:
[27[i = 2(7[1i ®7; )}
We develop the structure equation:
— + 0 — 0
p= [(d,d)ﬁ}@{l:(Zﬂ @7 )Bl ®(27 @7, )BZ }}

:[(d,g)”]®{[4(7zr ®7z;)A ® (21 @77 )A 1)

®(z, ®27;) ®(7) 07,) L}

3

where [27[+ ®27 = 4(7r+ 7 )J, see the 10g-property in Table 3. We apply
the F,, function:
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n(p)= £, ([(00), Je{[4(x ©m:)o (2 @22

)

- ([(@.0),]o {[ (). 0205 0m) 0(x 0m)] }] @

=FmH[(d d) IZL ®|(d.d), ®2(27* @) Lz
of(44), 5( 07! m})

where [(7[* ®7r’)z (7ri )0] and (see 4-property in Table 3); the partial mass

is:

n(p)=mil(@.d), e4(=), | o[(@.0), @205 1), ]
®[(d.d), ®(7 ® )L}
(@0 a(=) ) (m((@.).2(25° 022))
+{m((a.d) (= @)}

®(n) ®27, )@ (7} ® 7

4

- 2 " 2 " 2
~Zn(d)san(s)+| m(a ) Tn(s?) | +2m(a?) (3)
:%m(d)+3m(ﬂ'i)+m(ﬂ'f)

Its partial mass value is:
* 3 +
m(p) =Em(d)+3m(7z' )+m(ﬂ',°)
_ E(saza)+3(139.57)+2(139.57)}Mev (24)
=(827.24)MeV

About mass defect by Equation (20) we have:

Am(p)(d’d) =F,, {(d,g)@[(z;f ®r )] ®(27r' @7 )ZL}

-F, {[(z’f ®r) @27 o), ld d)}

(25)

=F,, {[(27[1+ ®27r2_)A1 ®(27T1+ ® 7, )A

@(ﬁfl ®2r, )A3 @(ﬂfl ®r )A } }

BJ(d.d)
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where [(d,g’)@A = A(M)], see Equation (16). Processing the mass defect one
obtains:

2

o), o(ston), ]| o
={Am(A )+ Am(A4)+Am(Ay)+Am(A4,)+Am(A4,)
+Am(Ay)+Am (A, )+ Am( Ay )+ Am( Ay, )+ Am( 4y, )}

(d.d)

In a specific way, itis: [ Am(4,)=0,Am(4,)=0].
Here we cannot pose [(7[, ®r, ) = r]} and to have (Am(ry) # 0), because
n-meson do not belong to structure equation. Besides, by 5-property in Table 2.

Am(A2)+Am(A3)

_ Am((Zﬂf ®1’ )A2 )+Am((7rfl ®271; )A3 )
_ Am((zﬂ; 8(n o)), j+Am((27r2_ ®(m @ ))AJ
_ Am([(2ﬂf ®r)®(2m o )| j+Am([(2”5 ®)®(2m, ®”5)LJ

- an[(xt ©m3)0 (5 ©m:)], Jrasn([(m ©5:)0(rs 051)],

=[4(1.15)+4(1.15) [MeV

45

By 5-property in Table 2 we will have:
Am(A12 ) + Am(A13 )

=Am ([(2;:; ®27z;) (27 ®;er j
]

+Am ([(27[1 ®27, ®27r2 j

), ®
— Am ({(27’7 ®27;), ® [(2”3 o), &7 Om), Lz DAIZ
et fiomocens ]
o[t om0, o2l 72, ] |

+Am _4(;z;®;z;)A (‘B_Z(ﬂr@ﬂ';)l} D
4

A3

1

+Am _4(7z; ®r; ) @_2(ﬁ;®ﬁ:)A{:|A D
34/ 4

1

+Am| | 4(7 ®7z;)Al ® _2(7r; ®x )Aa L D
3
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-san([( 0m), 0(r 0x5), )

+8Am

(1 05), (s 0x), ]

-/ 4

A3

),
Note [Am(4,,)=Am(4,)]; once more by 6-property in Table 2, it follows:
A’"ﬂ“(”f or), o[2(x o), | D
+Am _4(”1+®ﬂ2_)A1® 2m @) 4 AzD
4o
L),
sonl [ o), o[tsim), ] ]|

1

(
+8Am(_(7z1 ®7r2) ®(m; ®x; )
( ),

+8Am (7:1 ®7r2) @(7[2®7Z1

=32(1.15)MeV

+Am 4(ﬁf®”£)A@ ”2®ﬁ1 yap
3

1

:Am(4<7z1+®7r2)/1 @{2(@* ®7z2+)+2(7r1+®7r2’)

+2(m, ®n )+2(7; ®”f)}ABj

o, oo o
{4f®@%4@®ﬁm@]

- i 0, 0{[s(m 0 [s(st 07)]).

Thus the only component A, represents two components (4,, 4;):

et 1=[sr o e o],

Then, by 3-property in Table 2, it follows:
Am( Ay, )+Am( Ay, )= Am( Ay ® A,) = Am(4,,)

-l o o) s(riom), |

] RGNS ELEACIENIN
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(pro, st o [ om0t ]

= (4 @3 )0 (5 0m7) ] o (4 @20 (75 075)

=16(2.30)MeV*

The A,,-component is:
Am<A14>=Am({4(ﬂr ®r;),8(w 1), | ]
| 4 Ay
- Am({4(7;; @;z;)@(ﬁfl )}A )+Am({4(ﬁ; @;,;)@(ﬁfz )}AJ
- Am({4(7rl+ ®7r2')®(7r1+ ®r )}Auj

vl fal 07 )0(s; 0 ), )
=[4(2.30)+4(2.30) [ MeV

where we have used once more by 4-property in Table 2. Besides, always using
the Equations (15) and (17), see also Table 3:

( (27 ®(x"), ) @ ("), @27 ):Aﬂ]
:Am(j« o2 )e(() 0],
(:(( ) ®zﬂ:)@ (=), @27, )j

7
72'0
( 27r1 27, )LB )

9(
= 4Am[[(7z; ®r), L J =4(4.6/4)MeV = (4.6)MeV

where we have exchanged |:<71'£) )1 <> (ﬁf )J because of the dynamic interac-
tions in couplings not change; besides, we need admitting that the neutral 7’
-component shields the dynamics coupling between two charged pions. The shiel-

ding lowers the value of mass defect of the A23—c0mponent of (1/4). It so follows:
Am(p )+[A, (4 (4y)+A, (4y)]
+ Am (A4)+Am (A12)+Am (A3)+A, (4,)+A, (4)
- [(o)AI +[8(115)], ., +(0),, +32(1.15) .,

+(4.6), +16(230) +8(2.30), [Mev

(Aoq+434)

~(105.8)MeV

In A-component the (d® d) could shield the electromagnetic interaction be-
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tween two charged pions; see the Equations (15) and (17), then we can have

Am(p), , =(105.8/2)MeV =(52.9)MeV

The presence of shielding neutral pair (d ® d), instead of charged pions (7°)

leads us to conjecture, see Equations (32) and (46):

Am((d’i)®|:(7f+ ®7f)®<ﬂ-* Qr" ):|)

o ([(f o )(M) ® (”7 ®r )(d,z) D - _M MeV
n((d.d)8[(x* @ )o(z @x')]) (27)

= Am ([( T )(M) oz ®r )(M) ) _ (2_230) MeV

m((d.d)®(z" &7 ))= Am((n+ @;z*)w)) :[(425_9)}M \%

Note that the interpenetration between the pair (d ® d), and pions (7°) lows

the values (see in ref [4] the Equation (22)), we suppose that the values are halve
because the neutral pair (d, d) partially shields the electrodynamics interactions
between pions. Recall the neutral pion is composed by two pairs [(z, 1), (d, d)]:
this determines that the neutral pion shields more than the pair (d, d).

Then, we will have in p-meson: Am(p) ~(105.8/2)MeV =(52.9)MeV

(d.d)

Finally:
m(p)~|(827.24)MeV - (52.9)MeV | =(774.34)MeV (28)

Besides, see the ref. [4] in Table 4, if we consider the missing mass defects in
Equation (3) (the terms of superior degree at II°), then we will have:
[(OM )(>H°) = (1.15)M6V} . Then, we obtain so:

m(p°)=m(p") ~am(p®)-0,, =(775.49)MeV (29)

Very next to the experimental value [11]. We elaborate on the structural equa-

tion of p-meson, see Equation (21), in the following way:

{[(n* ® ﬂ:))Bl ® (21 @7 )BZ ]}

:{[(2,,; ®2,,;)Al ® (27 ®7) )Az ®(x) ®27z()A ®(z) @ )AJ}
:{(zﬁr@(n;wz)) ® (27 ®(n @7 }
o{[fr 26 o 2ol o5, ]

)
:{[(mr@ﬂ;)@(m ®r;) J |:27Z| ®z; )@ (27 ®n; )J 3}

ot ox), (2ol om),

By this structure, we build, see Table 5, the matrix "A:/ " of all couplings be-

DOI: 10.4236/jhepgc.2020.63031 404 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2020.63031

G. Guido

tween pions which compose the structure equation in p-meson:

However, we must not forget the presence of the pair (d, d) in structural equa-
tion. The presence of this pair has a double effect:

1) as we have already seen, the pair act as a shield between the interactions of
pions

2) it makes the interactions no-commutative between two pions

((=@x),)#((= @), )]

This last aspect pushes us to consider all elements of matrix ”A:/ " : in the cal-
culations, it is necessary to double the numerical values. Then we can use the
following matrix, see Table 6:

The mass defect will be:

Am(p* = z Am(ﬂi ®7, o
((-1)<l45])
Then we will have:
Am(p) = [18(4.6)(“)G +16(2.3) ), +2(23),,, -18(L15) —(I.IS)R]MeV
=(102.35)MeV
Am(p)(d’d) =(51.18)MeV

m(p)=(827.24)MeV - (51.18)MeV = (776.06)MeV

Table 5. The matrix of couplings between pions in p-meson.

47 7 7 4r; 7 z
4z 16(7), 7)) I [ [ [ [
7o 4m) (m.7) [ [ [ [
7 A(m) (7.7) (7.77) [ [ [
4r, 16(z, 7)) 4(m, 7)) 47 7)) 16(7;,7;) Il I
7 A(ma) (mom)  (mm)  AHmm)  (mom) [
7 4(m;. 7)) (7,.7)) (;.77) 4(7,. 7)) (7;.7,) (;.77)
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Here too it is necessary consider the [(OAm ) =(1. IS)MeV} , we obtain so:

(d.d)
m(p°)=m(p") ~am(p®)-0,, =(775.76)MeV (30)
There is another possibility in combinations between basic pions of lattice
{ﬂf } : a charged pion (7" ) can interpenetrate a molecule 7[? 7t > ﬁf ].
(7[+ ®z (—B;f'], P :[(7[' ®7r+)®7fj|.
T ® 7Z'i) . So, it is possible having:

:(2;# &) 71';) )Bl ®(27[7 @ ﬂf )Bz :|A}

We have two possibilities: p* =

Then one can have: 7 = |:7Z'+ ®

p*=[(d.d) |®

——

[4(z ®77)®(27" ©77) @ (n @277 ) &(a? ®7zf)L}
(31)

Jo|
[(ea) Jol[4(x") o(ar ox:)o(x 021 )o(s05:)]
Jo|

A7) oor oo or o )o(wox)] |

Appling the F,, with this relation, it is:

F,(p')=F, ([(d,g)”]®[4(n+)° ®(27" ®x )@ (27 @) )®(7, ®”f)Lj

([(@.0),Je[4(x*) 02(2x" oz )0(x @17)] |
sFm[[<d,c_l>,,®4(ﬂ*)lL (@0, 02027 0], |,
[

(32)

where F, (gf) =F (ﬂf ) =F ( O) This equation is equal to Equation (22), be-
—mlx° +

) It follows partial masses are equal: m ( p*):m*(po).

Thus we have: m(p ) =(827.24)MeV .

Note that the structure equations are different only in the interpenetration of
7* with a charged pion 7 of the structure; therefore, an eventual mass defect

could be only in this interpenetration:
{p+ of(rer)er]op of(r ®ﬂ+)@ﬂ_:|}
o {pi o[(r ®7ﬁ)®7ﬁ]}
In Equation (26) we admitted Am(A,) = 0 with | 4, =(z7)®(z!) ], now we

have [(A4 )i = (ﬁf ®r: )J ; therefore, we will have:
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& (
{[;j@ 60)MeV+[%)[ 4.60/2) }Me\/}JrOgm (33)

=(1.15)MeV + O,

Am

The value (-4, 6/2) is due to anti-shield of subscript 77*. We calculate O,

0. =F, ({(ﬁ ®r)8|(r* ®n+)@7f]}AJ
({( Jo[(r @), ]})W)

-F,([(= &) 8 (o), J)(M
[(=er)..

7o) ) (]460) MeV

(d.d)

=F, i7" ®x

m

+G][—(4.60/2)]Mev =—(1.15)MeV

It follows: m(p*)=m(p*) —Am(p*)-0,, =(775.76)MeV .

So we obtain (for g*) the same result (the mass defect) of p’-meson. In this
way, it could be here a perfect symmetry between p* and .

In this quarks’ model, one could so obtain the mass symmetry in the triplet
(¢, ¢, inside the experimental approximation. Besides, these procedures show
correctly the existence of d-quark lattice or {d, d} where mesons are immersed,
see the neutral molecule of pions. By structure equation, we have the following

decay:
p:[(d,g)”]®{[(2n* @”9)31 ®(2ﬁ*@ﬂ,‘,’)Bz L} with (p°) > (7" +77)

P =|:(d,i)”:|®{|:(2ﬂ'+@ﬂ':))3 ®(2nf®nf)BZL} with (p*)—> (7" +7°)

This because [(d d) ®7r°] ( 0) and [72’0 = (7[* S r )]

A second channel, w1th n-meson (7r ®7rr), could be [p—>77+7] , where
the ()) is originated by (d, d), and another [p —7+7], but they have low
probability ~ (10)~*. With high probability, there is only the first channel: in fact,
the p-meson decays in two pions, see ref. [11]. Spin of (o', ), see structure equ-

ation, is given by couple (d, d) because the system [(7) @ (7)] has zero spin
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while the pair (d, d) being potentially a (matter-antimatter) pair shows a spin (s

= 1) in correspondence to the virtual y-photon:
S(p*)=5(d.d), +[s(n)+s(;ﬁ)] =S(y,)=1.

where (y,) is virtual photon because of binding energy. Therefore p-mesons
show a spin: [s = +1]. Note the p-mesons are vectorial mesons. Also in p° meson,
we treat an individual interaction between each pion (7) with other pions (7)),

[(ﬁf @7} )@} , where we can consider that

Am(Ay) = Am(Ay) = Am( 4, ) = Am(Ay,) = Am(Ay,) = Am(4y,) =0
We elaborate the structure equation of p-meson, see Equation (21):
ot = {[(2;;; ®17)®(21 ®r; )}@[(2;:; ®)o(2r; ®7Z'3_):|}
@{[4(ﬂr ®n;)@((ﬂ; ®r;)®(x: @(rf ®7z’f)))}}
Note {/f ol(rer)er o p <—>[(;z*®;z*)@n*}} o
{pi o[(r ®;ﬁ)@7f}}

with

(34)

(0 @7;:)):((”;@”;)&}

4
The subscript 7, lows the mass defect between the two pion (ni CF ):

Am[(ni ®r%) = (2.3)MeV}
e
Then we need to have a symmetric matrix; it follows, processing Table 7, that:

The mass defect is:
Am( pi):[17(4.6)(,.’[)0 +(4.6/4)(”2)G +8(23),, +10(23/2),,

“8(115), +10(L15/2),.,) ~2(115),,, |MeV

() e
= (105.25)MeV

Am(p* )(M) =(52.63)MeV
m(p*)=(827.24)MeV —(53.20)MeV = (774.61)MeV

Besides, if we consider, as it is in the neutral p-meson, the term of the mass
defects O, , with [(OAM )oa :—(I.IS)MeV} , this because p"-meson has an

electric charge (see its structure equation). So we will have:

m(p*)—(1.15)MeV =[(774.61)+(1.15) |[MeV = (775.76)MeV

Here too, we obtain the symmetry between (o', p°).
w-meson (782.7 MeV)
Further proof of existence of lattices {d, d} and {#"} is in the neutral w-meson

which could be defined by the connection:
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Table 7. The elements of || 4,]| used for calculate the mass defects in p* meson.

o 4r; 7 7@ 4r; 7 7@,
4r; 16(7,7) \ \ \ \ \
7. 4(7;.m)) (7).7)) I\ I\ \ \

mom  Ama),  (mm),  (mm), 0w ! !
4" 16(z.7)  4(m.m)  AMma), 16(xm) 1\ \\
7, Ama)  (mm) (mem),  Amaa)  (mm) \

mor  Amm),  (mm) (ma), Amx) (mm), (mm),

- [(%g)ﬂ]@{[(zn* ®27°)® (27" @2;;0)]} .
o=[(0.4), )] (2 ®247), @(2r; ©221), ] |
=[(d.d),]® {[ (z @, )@ (27 ®21))
o (axf 027,251 2(221)]
- [(d,i)ﬂ]@“:4(ﬂ'+ ), ®2(27* ®22°) @ (27 )L}
- {[(d,g)” ®4(z* )OL ®[(d.d), ®2(27" ®27")]

(35)

2

where we use the 3g-property and 4, in Table 2, in prospective to apply the F,,.
In fact, note that

(ot (o) (2 () - L) o
The partial mass is:
(o) =n{[(0.0), @4(=) ],
o[(ea), 02", }
-{{m0.0).4(- >)> < (< 2)2(2x" ©2¢ ))> ({4122
{ a0 anloe 22 +m<zn°>}

®[(d.d), ®2(27" ®27°)]

4

2 2
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:%m(d)+2m(7ri)+m(7zi)+m(7r°)+m(7r0)
:%m(d)+3m(7zi)+2m(7r0) (36)
:%(86.26)+3(139.57)+2(134.97)MeV

~ (818.04)MeV

The mass defect can calculate with more facility by matrix "AU " .

Then we can write the structure equation in the following way:
w=[(d.d).]® {[(2;:; ®270)®(27; ® 21 )}}
- {[(zﬂ; ®27,)®(27 ©27)) @ (27 ®27; )@ (273 ® (22 ))J}(M)
= (wB )(d,g)
where

on ={[(2 ®277)@ 2 ®21})@ (2} @21 ) (202 0 21)) ]
- {[(2711* ®2m, )®4(x})  @4(}) @((2”§)®(2”‘?))}}
- {[(27;: ®27;) @42 @ 4(n¥ )@((2ﬁ3)®(2m?))]}

Recall that in the calculations it is necessary to double the numerical values,
see matrix "AU. " , see Table 8.

We need to consider all elements of the matrix because in interaction with
shield particles could be |:((7Zi 7, )@ ) # ((ﬂ'j ® 7, )@ )} ; The mass defect is:

Am(wB):[8(4.6) +16(2.3)(i‘0i)+8(l.15)(0i’0i)} MeV

(=) @)

+[32(1.15)(0,i) +24(0.58)(0,0i)} MeV
+[—16(2.3)(i’01) —8(1.15)(0_’0_)}(8) MeV +[~ 0], MeV
=(87.52)MeV

Table 8. The elements of ||4,]| used for calculate the mass defects in -meson.

277 278 27 270 27 270
2n 8(xl.x)) \ \ \ )\ \
220 8(2) ) 8(z. 7)) i\ \\ \ !
27; 8(z,.7) 8(7,. 7)) 8(z,.7,) \\ \ \
22y 8(mar)  8(mal)  8(anm)  8(a)Lal) \ \
2z, 8(mLm) 8(z.a)  8(alm)  8(m.al)  8(m.a) \
27° 8(x. ) 8(z. 7)) 8(nl,my)  8(ml.my) 8(z:.7) 8(z!. 7))
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Am(wy) 43.76)MeV

@) =
m(w)=(827.24)MeV —(43.76)MeV = (783.48)MeV
The mass defect in the elements in red is almost zero for the presence of neu-
tral pions which shield the repulsive actions. If we consider O, will be:
m(®)=m" (0)-0,, =(783.48)MeV —(1.15)MeV =(782.33)MeV  (37)

In perfect accord with experimental value [11]. The most probable decay (see

structure equation) can be:

w—)[ﬁ++7z’+7z°] ;w—)[ﬁ°+7/J ;w—)[ﬁ++7r’]
90% 8% 2%

Here, the photon () is originated by lattice {d, d}. Spin of (w), see structure
equation, is given by couple (d, d) which shows a spin(s = 1), because potentially
it is in correspondence to the virtual y-photon: S(w)=S(d,d) =S(7,)=1

Therefore w-mesons is vectorial mesons (# = 17). To think to particles made
of quarks in interpenetration with lattices {7}, the pair{d, d} can induce us to
see the mesons with a structure more articulated or “molecules” of quarks.

¢ -meson (1019.41 MeV)

Another meson with by lattice {7} is the ¢ -meson:

¢ ={[(a.0)® (22" ®n)|® ()]

Then
4 = {[(d,g)@(zn" @;7)]@;7}
_ {[((d,g)@m")@((d,g)@(n;’ ®r!) )j|@(7l’,(,) ® 7' )7}
The partial mass is
m(#) =m({((d.).22°)))+ m({((d.).(n)))) + m(n)

:(1/2)[2m(d)+m(27z°)+3m(77)] (39)
~[(86.26)+(134.98)+ (821.91) |MeV
= (1043.15)M6V

There could be a mass defect Am(¢) We adapt the equation
¢ = {[(d,g)@(z;z0 ®1)] @77}

- {[(27:0 ®n),., } ® ’7} = {[(2”3 . )(d,z)} ® 77"}

={_(27r2 @(ﬂfd ®7, )b )(d,d):l@(ﬂ-:)f ®n, )L} (40)

The matrix is, see Table 9.
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Table 9. The elements of ||4,]| used for calculate the mass defects in ¢-meson.

¢ 27 (1/4)7; (1/2) 7 27, (V4) 71, (1/2)7,
27} 4(xf.x)) \ \ \ )\
)z, 2 z.a),,  06)(z.z),, \ \ \
(1/2)7; (7.7) (1/8)(z.7;) (V4)(7: 7)) \ \
27, 4(7.7) (1/2)(7 %) (7.77) 4(7.7)
4z 204 (), (116)(z.77),, 8)(z.a),, W) m.x),, (16)(m.x),, \
(1/2)m; (m0.77) (1/8)(.. 7)) (/4)(z,.7;) (m0.77) (1/8)(,.7,) (/4)(7. 7))

The mass defect will be:

Am(9) = [%}

(4.6)MeV+[%} (23)Mev

—[%61 (1.15)MeV—[(1Y.15)]R MeV
_ {69;’626}6 (4.6)MeV—[%L (L15)MeV [ (1.15)], MeV

=[(27.31)-(3.74)—(1.15/4) [MeV =(23.28)MeV

Then, the mass is:

m(g)=m(p) —Am(g)={(1043.15)-[(23.28) ]| MeV/c* = (1019.87)MeV/c> (41)

Spin of (@), see structure equation, is given by couple (d, d) because the sys-
tem {[(27[0 (—Dn)] (—D(i])} has zero spin while the pair (d, d) shows a spin (s=1)
in correspondence to the virtual y-photon:

S(p*)=S(d.d), +[ S(n)+S(z*)]=S(7,)=1.
Therefore ¢ -mesons show a spin: [s = +1]. Note the ¢ -mesons are vectorial

mesons.

3.3. Mesons’ Spectrum

If we look with attention the structure equations of mesons, one can deduce a
representative spectrum built by pion “quanta” which overlap each other, see the
ref. [4]. Looking at structure equation, we can see a meson as constituted by of
an integer number of elementary pions. The increasing of mass in mesons is so
incorrespondence with an increase in the number of constituent pions. The law
of increasing of mass (or of pions) has an intuitive graphics representation, Fig-

ure 2.
Where (7°) is the neutral pion, while (7°), is [7* @ 77]. We could think to

6-level others mesons as Z.e. x = {3(d,g)®---|:(7r°) ®---(77(-B77@7])]~} .

By this model, it is possible to calculate all others mesons with higher mass. It

needs to think the structure equation, calculating the global mass defect and thus
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Levels (mass)
6 I _|_(1;°;r n [(@)] o || 7 || 7 |@)) 7] 7)) _::: i
50 T (rto)r T (Tto)r T (Tco) T (1'50) T (TCO) e gx_oz,_, -
4l [G9) MR (G9Y MR TG9) il (.90 Ml () N
3 (¢0) T (Tto)I (@) 7 |@")| © (0)1))
ol W] A 7] o)
0. -
| I n* (Tt)r T (I'l)____
() ()
Figure 2. Configuration of meson spectrum.
Table 10. Table of synthesis of the Mass values.
Th E L
Meson Level Structure Equation Mass ?;;ZV) Mas:q(,;/IeV)
7 1 [ ®r |®[(udu)®(d®d)] (134.97) (134.97)
7 2 ("), ®(z") =(= @7 )®(z @x) (547.95) (547.86)
7 3 (7). ®m)}=(=") ®(z") ("), (957.44) (957.78)
p 3 [(d,g)ﬂ]@{[(z;r* ®r')® (27 ea;rf)}} (775.76) (775.26)
Vs 3 [(d,d)ﬂ]@{[(bf Oz )®(27 ®r )J} (775.76) (775.26)
) 4 [(da)]o{(2r @22 ®(2r @22)]}  (782.33) (782.65)
4 4 # = {[(d,¢)®(27r° @n)}ea(n)} (1019.87) (1019.41)

finding the global mass value. Note the following Table 10 of confronting:

Furthermore, this quarks’ theory allows of calculating the masses of nucleons,
as it will be shown in the next study. In essence, a meson is a lattice of quark
pairs (see {d, d}, {(#"),}) and internal gluons {g} of coupling [4].

4. Conclusions

In the next study, we will show the equation structure of the nucleons and ba-
rions without strangeness. The structure equations will allow us to calculate their
masses.

The hypothesis of structure allows us of describe the various transformations
of particles, as the hadron production accompanied by the production of the W,

Z bosons, in the beta decay or the production of hadronic jets:

(ei+e+)—>(g+g)—>q+q—>hadrons

How is it possible for photons to create quarks? A comprehensive answer

could then be to assign a geometric structure (of quantum oscillators) to all ele-
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mentary particles (that is not composed of sub-particles) and that it is possible to
transform a structure into another. In this way, we introduce a new paradigm in
the phenomenology of any interaction, which opens up new perspectives for re-
solving the various problems of this. On this basis, we can discuss the “internal
structure” of quarks with the physical awareness that this structure is realizable
only through “particular” quantum oscillators [4] [13]. These oscillators are the
IQuO [13] [14]: quantum oscillators with a “sub-structure” or two sub-units of
oscillation or “sub-oscillators”. Not only, but the energy of the “quanta” should
be distributed between these oscillating components. The presence of more
components in an oscillator causes the splitting of its quanta of energy into two,
and more, sub-oscillators: this introduces the idea of half-quanta.

To treat the particles as IQuO structures can explain the origin of some fun-
damental physics greatness as the electric charge [13] [14], spin [4] [15], isospin
[2] and colour charge [16].

So, the IQuO idea constitutes a new paradigm in physics that allows us to de-
scribe with depth the physical phenomenon of particles and to open new de-

scriptive scenarios of interactions between particles.
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