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Abstract

We propose a new description of a baryon as a pair of mesons. This descrip-
tion is an extension of the previously proposed description of a nucleon as a
pair of pions. The purpose of this article is to show the following two possi-
bilities. The first one is that it shows the qualitative explanation to support
our description of a nucleon as a pair of pions and the second one is that it
gives the systematic way of estimation of baryon mass not only for light ba-
ryons but also for heavy baryons (charm baryons and bottom baryons). Each
isospin group is constructed of both baryons and antibaryons. This way of
construction is consistent with that of mesons. The results obtained are listed
in tables (Tables 1-9). This shows that the generalized Gell-Mann-Nishijima
relation equation holds under the condition that the baryon number is 0 and
that the obtained masses are fairly good, even for heavy baryons. Our de-
scription also yields several examples of baryon decay modes.
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1. Introduction

The widely accepted theory of baryon composition is the SU(6) quark model [1]
[2] based on the eightfold way proposed by Gell-Mann [3] and Ne’eman [4].
According to this theory, baryons are composed of three quarks and antibaryons
are composed of three antiquarks. The isospin group is constructed of only ba-
ryons, and that of antibaryons is constructed of only antiquarks. This theory is
well supported by evidence and seems to be a complete formalism under the
condition that the intrinsic spin of composing quarks determines baryon spin.
However, in 1987, the European Muon Collaboration discovered that proton
spin is not determined by the intrinsic quark spin [5]. Presently, it is clear that
the contribution of the intrinsic spin of quarks to proton spin is at most 30% [6].

This result means that proton spin cannot tell us the number of composing
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quarks. In other word, it is not evident that a proton is composed of three
quarks. From this fact, a different possibility for the composition of a proton can
be considered. In this report, we propose a description of a nucleon as a pair of
pions and obtain a plausible result for nucleon electromagnetic form factors
(e.m. FFs) [7]. Because all baryons decay to a proton as a final state, it is a fair
consideration that any baryon spin is not determined by the intrinsic spin of
composing quarks. Thus, it is not obvious that any baryons are composed of
three quarks. From this view point, we extend our consideration of proton
composition to all baryons by describing a baryon as a pair of mesons. In this
case, we have to reconsider the way that isospin groups are constructed. In the
case of mesons, all isospin groups are constructed from both a particle and an
antiparticle. Thus, it is consistent that any isospin group of baryons is also con-
structed from both a particle and an antiparticle. Our proposition is based on
this consideration. Mass splitting of baryons is explained well by the Gell-Mann-
Okubo equation [3] [8] for light baryons, but this equation no longer holds
when heavy baryons (charm baryons and bottom baryons) are included. For
example, their generalized equation gives us equal mass for E, and Z! (each
charged and neutral cases) because all isospin, strangeness, and Cvalue are same
for both baryons, but their masses are different about 100 MeV (100 MeV is al-
most 70% of the mass difference between =" and Q; thus, we cannot neglect
it). There is no useful formula to estimate baryon mass. Therefore, we need
another way of estimating baryon mass. In this paper, we estimate baryon mass
even though one generalized including C'and B values. The previous description
of a nucleon as a pair of pions shows good results for e.m. FF, especially, G/ G,,
for proton), but it is not obvious the reason why a nucleon can be described as a
pair of pions. In this paper, we show the qualitative aspect of baryon description
as a pair of mesons. This gives a support to our proposition of a nucleon de-

scription as a pair of pions.

2. Description of Properties

The basic meson operator is defined by the Bethe-Salpeter-like amplitude of the

hadronic operator as
2(12)=(0]a(12) P) o

where |O> and | P) denote a vacuum and physical state, respectively.
The gauge-invariant bi-local operator (1,2) is defined in the non-Abelian

gauge field as
. ey A
a(L2)=T¢q)(2) Pexp(lgjlzdxA (x)?]qa (1) 2)

Here « and g denote the Dirac indices, P denotes the path ordering, and

A
the ?a component generates the adjoint representation of the SU(N) color

gauge group. The trace is calculated for color spin a. Suura first proposed this
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definition [9] [10], and later we applied it to the case of the tHoot model, the
light meson mass spectra and the pion e.m. FF [11] [12]. We then proposed that
a nucleon can be described as a pair of pions and obtained the e.m. FFs and dis-
tribution functions of nucleon [7]. The results of Ref. [7] encouraged us to ex-
tend this kind description to the consideration that a baryon can be described as

a pair of mesons. In Ref. [7], a nucleon operator is defined as
;((1;2,3)=<0|q(1;,2,3)|P> (3)
where ¢(1;,2,3)=0(12)+q(1,3) (4)

Extending this consideration to all baryons, any baryon operator is defined as
having the same form as Equation (3) and Equation (4), but quark field consid-
erations indicate u, d, s, ¢, and b quarks instead of only u, d quarks for the
nucleon case. For the case that antiquarks are bounded, it is easy to describe by
using x(1,2;3) instead of x(1,2,3).

We show baryons described as a pair of mesons composed of u,d, and s
quarks in Table 4 (spin 1/2) and Table 5 (spin 3/2). Baryons described as a pair
of mesons composed of ¢ and b quarks are shown in Tables 6-9 (Table 6 and
Table 7 for spin 1/2, Table 8 and Table 9 for spin 3/2). The terms listed in col-
umns are paired mesons, isospin, the third component of isospin, strangeness, ¢
value, b value, binding quarks, binding energy, excited energy, estimated mass
and mass measured by experiment.

It is obvious to see that each baryon satisfies the generalized Gell-Mann-
Nishijima relation equation [13] [14]. The generalized Gell-Mann-Nishijima re-

lation equation is given as
1
Q=I3+E(S+Ba+C+B) (5)

where Q: charge value;
I, : the third component of isospin;

B, : baryon number;

S: strangeness;

C c-value c=+1C=-1;

B b-value b=-1b=+1.

Because a baryon is composed of a pair of mesons, we need these values to
determine the isospin, the third component of isospin, and the strangeness and
to estimate the mass of each baryon. Table 1 shows the properties of mesons
composed of u, d, and s quarks only for the spin 0 case.

Table 2 shows the properties of mesons with spin 0 composed by ¢ and b
quarks baryons.

Table 3 shows the properties of mesons with spin 1 composed by ¢ and b
quarks baryons.

Using the values of Tables 1-3, we construct the isospin of a baryon and de-

scribe a baryon as a pair of mesons. To construct the isospin, we regroup the
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Table 1. Properties of mesons (u,d,s quarks only).

Meson I A S B, Mass (MeV)
m 1 1 0 0 139.57
0 1 0 0 0 134.98
La 1 -1 0 0 139.57
£ 0 0 0 0 440.50
n° 0 0 0 0 547.86
K" % % 1 0 493.68
K- % 7% -1 0 493.68
K° 0 0 0 0 497.61
K 0 0 0 0 497.61
K° % % 1 0 497.61
& 1 —1 -1 0 497.61

2 2

Notes: The listed mass of f° is from ref [12]. All other mass are from Oliver et al [15]. We use «,«}

(short and long decay time of k°) instead of °,k° because «°x° are strong eigenstates that are consi-

dered not to decay. Normally, «,x’ are both noted not to be eigenstates of strangeness, however, we de-
ds +ds ds —ds

and , re-

V2 V2

spectively, and from these expression we can consider their strangeness to be 0. By setting this strangeness

note strangeness 0 for these because the quark representation of these two are

value, isospin of «!,k) must be 0, due to the Gell-Mann-Nishijima relation equation. All isospin and

strangeness values (except ! and 1« ) are from Ref. [15].

Table 2. Properties of mesons (c,b quarks; spin 0).

Meson  Composing quarks I L N C B Mass (MeV)

_ 1 1

D* cd = = 0 1 0 1869.61
2 2

D~ o % —% 0 -1 0 1869.61

D° cu 1 L 0 1 0 1864.84
2 2

D° Tu % —% 0 -1 0 1864.84

D! cs 0 0 1 1 0 1968.30

D; Ts 0 0 -1 -1 0 1968.30

B* ub 1 1 0 0 1 5279.26
2 2

B- ub % —% 0 0 -1 5279.26

B db % % 0 0 1 5279.58

B° db % —% 0 0 -1 5279.58

B’ sb 0 0 -1 0 1 5366.77

B? b 0 0 1 0 -1 5366.77

Notes: The listed values are taken from Ref. [15] including mass values. All baryon numbers are 0. The listed isos-
pin values are determined by the fact that the isospin of u( U ) and d( d) quarks is % , and that of other quarks

is 0.
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Table 3. Properties of mesons (c,b quarks; spin 1).

Meson  Composing quarks I L S C B Mass (MeV)
D™ cd % % 0 1 0 2010.26
D~ od 1 1 0 -1 0 2010.26

2 2
D cu 1 1 0 1 0 2006.96
2 2
D° cu % —% 0 -1 0 2006.96
D cs 0 1 1 0 2112.10
D, Ts 0 0 -1 -1 0 2112.10
— 1 1
y ub = = 0 0 1 5325.20
B 2 2
B~ ub 1 L 0 0 -1 5325.20
2 2
- 1 1
0 db = = 0 0 1 5325.20
B 2 2
B? db % —% 0 0 -1 5325.20
B sb 0 -1 0 1 5415.40
B® b 0 0 1 0 -1 5415.40

Notes: The listed values are taken from Ref. [15] including mass values. All baryon numbers are 0.

baryons including antiparticles. For example, in the nucleon case, we consider p~

(an antiparticle of proton p*) and constitute p*, p° (n% neutron), p~ as one group

1
so that the isospin is 1 instead of the normally considered value of > This isospin

determination is following. The isospin of pions is 1, thus the the possible isos-
pin of a pair of pions is 2, 1 and 0 because of 1 + 1 = 2. Then, we take 1 for the
isospin of proton group. We use this way of determination of isospin for other

baryons. The composing meson pairs are selected by their charge and composing
quarks and mass. We show the results of light baryons with the spin % case in

Table 4. We use a baryon number of 0 for all baryons as proposed in Ref. [7].
The binding energies for uu, dd, ud are determined by the mass difference
between a proton and the sum of the masses of 7" and n°. We call this binding
energy the strong binding energy, and calculate it to be 664.02 MeV. A similar
consideration gives the binding energy for us and ds, using the mass difference
between A° and the sum of the masses of ©* and k™ or n~ and k*. We call this the
weak binding energy and calculate it to be 482.43 MeV. The estimated mass of

each baryon is obtained by the following equation.

Mass of baryon = Sum of mass of composing mesons
+ Binding energy + Excited energy

(6)

In Table 4, there is no excitation energy term, although this term appears in
later tables.
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Table 4. Properties of light baryons (spin 1/2).

Baryon Pair of mesons
p* e
p’ (n%) A+
o T+’
A° 4K or w4k
z* " +n’°
=0 o+
e n+n
E* o+’
E” o+
g0 fo+id or f2+x

—

S NI N

L S Binding quarks  Binding energy Mass (MeV) (estimated) Mass (MeV) (measured)

1 0 uwor dd 664.02 938.27 (setting) 938.27

0 0 udor ud 664.02 943.16 939.57
-1 0 uu ordd 664.02 938.27 -

0 0 usor US 482.43 1115.68 (setting) 1115.68

1 0 usor dS 482.43 1169.76 1189.37

0 0 wus,dsor US, ds 482.43 1165.27 1192.64
-1 0 dsor US 482.43 1169.76 1197.45

1 =

> 1 us, ds 482.43 1316.61 -
—% -1 us, ds 482.43 1316.61 1321.71

0 0 us, ds or us, ds 482.43 1320.54 1314.86

Notes: All values of the baryon number B, are 0. All Cand Bvalues are 0.

The measured mass in Table 4 and in later tables is taken from Beringer et al
[16].

Table 5 shows the properties of light baryons with spin g

The excited energy for A baryons is determined using the fact that A* and A°
are normally considered as the excitation states of p*, and p° (n°) (proton and
neutron), respectively. Thus, by setting the mass of A" of 1232 MeV, we obtain
this excited energy value of 293.43 MeV.

Table 6 shows the properties of heavy baryons with spin % composed by ¢

quarks.
Note that we denote the isospin of X0 to be 0. Because the total isospin of a

pair of mesons is 3 (we consider that X! is a mixture of D" +n~ and D™ +n°,

thus §+g = 3), the possible isospin is 3, 2, 1, and 0. Thus we can take 0 for the

isospin of X{. The same consideration determines that the strangeness and C
value become 0. Another possible meson pair of ¥ is the mixture of D°+n°
and D°+7°. Although we do not adopt this pair in our consideration, we ad-
dress it in the Discussion. We use the same consideration for the = and =!°
cases, and adopt it in later tables.

To extend our consideration to heavy baryons, the binding energy for cu and
cd is determined by the mass difference between the mass of A, and the sum
of the masses of D* and 1. To determine the binding energy for cs, we use the
the difference between strong and weak binding energies (664.02 — 482.43 =
181.59 MeV).

The binding energy for cs is determined by the subtraction of above energy
difference from the binding energy for cu and cd (281.87 — 181.59 = 100.28
MeV).
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Table 5. Properties of light baryons (spin 3/2).

Binding energy  Excited Energy Mass (estimated) Mass (measured)

Baryon Pair of mesons I 1 S Binding quarks (MeV) (MeV) (MeV) (MeV)
A** T+ 2 2 0 uu,dd 664.02 293.43 1236.59 1232
A* o+ 2 1 0 uu,dd,ud 664.02 293.43 1232 (setting) 1232
A° A 2 0 0 uu,dd, ud 664.02 293.43 1236.59 1232
A" T+ 2 -1 0 Uu,dd,ud 664.02 293.43 1232.0 1232
A T4 2 ) 0 uu,dd 664.02 293.43 1236.59 1232
b n+n’ 1 1 0 uu,dd,ud 664.02 0 1351.45 1382.8
0 °+n’° 1 0 0 uu, dd, ud 664.02 0 1346.86 1383.7
- T+ 1 -1 0 Uu,dd, ud 664.02 0 1356.59 1387.2
= K +f° % % 1 uu,ud 664.02 0 1598.20 -
= K +f° % —% -1 uu, dd 664.02 0 1598.20 1535..0
=0 +f or K°+f° 0 0 0 ud,dd or ud,dd 664.02 0 1602.13 1531.80
Q K+’ % % 1 uu, ud 664.02 0 1705.54 -
O K+’ % —% -1 uu, dd 664.02 0 1705.04 1672.45

Note: All values of the baryon number B, are all 0.

Table 6. Properties of heavy baryons (¢ quark; spin 1/2).

Binding energyExcited energy Mass (estimated) Mass (measured)

Baryon Pair of mesons I L S C Binding quarks (MeV) (MeV) (MeV) (MeV)
.\ 0 1 1 .
A D' +n ) > 0 1 cu 281.87 0 2286.46 (setting) 2286.46
A o 1 1 .
c D +mn T 0 -1 cu 281.87 0 2286.46 -
- 3 3 131.01
x D" +n" 2 2 0 1 cu 281.87 2422.06 2453.98
; o 3 1
X D" +mn 2 2 0 1 cu 281.87 131.01 2417.47 2452.9
S o 3 1 .
z, D +n 5 3 0 -1 cu 281.87 131.01 2417.47 -
- S 3 3 .
Z, D +n 5 3 0 -1 cu 281.87 131.01 2422.06 -
! D"+n or D" +n’ 0 0 0 0 cu,cu 281.87 131.01 2422.06 2453.74
= D' +x? or D" +x] % % 0 1 cs 100.28 0 2458.80 2467.8
E D+’ or D +x° % —% 0 -1 TS 100.28 0 2463.57 -
=2 D'+x or D +x' 0 0 0 0 Cs,CS 100.28 0 2458.80 2470.88
Er D' +x! or D'+« % % 0 1 cd 281.87 0 2640.59 2575.6
E- D +x’ or D +x° % _% 0 -1 ©d 281.87 0 2640.59 -
B D'+kx” or D +x’ 0 0 0 0 cd,cd 281.87 0 2644.32 2577.9
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Continued

' D" +D;

Nk N

N D +D;

1 2 cc =0 0 3837.91 3621.40

-1 =2 49 =0 0 3837.91 —

Note: All values of the baryon number B, are 0 and all Bvalue are 0.

At this point in our argument, we notice that the binding energy between
quarks becomes smaller as the mass of each bound quark becomes heavier.
Thus, we set the binding energy for cc to be nearly 0. A meson pair of £ . ba-

ryons is determined using the following argument. X'

. is originally considered

as a pair of D" and n° because X" is composed by " and n°. However, the exis-
tence of the double charged charm sigma baryon X * indicates that X" is
composed of D" and n". Because X should have a mass that is equal to the
sum of the masses of D* and n° (1869.61 + 547.86 = 2417.47 MeV), the compos-
ing pions must be excited.

The excited energy of a pion is determined by the difference between the sum
of the masses of D* and n° and the sum of the masses of D* and n° (2417.47 -
2286.46 = 131.01 MeV). To extend this consideration to the bottom sigma ba-
ryons case, we use the same excited energy (131.01 MeV) even though there are
no double-charged bottom sigma baryons. Interestingly, there is no entry for

Ee (2. ) values in Table 6. It is possible that the composition of a meson with

1
isospin > is D°+D; (D°+D;), but the third component of isospin Z be-

comes —% (%) to hold to the Gell-Mann-Nishijima relation equation. This

cannot be allowed if the consistency of isospin argument is to be maintained.

Thus, Z!. (E) is forbidden in our consideration.
Table 7 shows the properties of heavy baryons with spin % composed by b

quarks.

The determination of binding energy is based on the same considerations
used in the charm baryon case.
__The reason that the strangeness of Q (€) is 0 is that the strangeness of
BS ( BS ) is +1 (—1) and that of k™ (k") is —1 (+1) so that the total of strangeness

becomes 0.

Table 8 shows the properties of heavy baryons with spin % composed by ¢
quarks.

Table 9 shows the properties of heavy baryons with spin g composed by b

quarks.

3. Baryon Decay Mode

We show here several examples of baryon decay modes. The basic consideration

DOI: 10.4236/jmp.2020.1111114

1834 Journal of Modern Physics


https://doi.org/10.4236/jmp.2020.1111114

T. Kurai

Table 7. Properties of heavy baryons (b quark; spin 1/2).

Binding energy  Excited Energy Mass (estimated) Mass (measured)

Baryon Pair of mesons I A S B Binding quarks (MeV) (MeV) (MeV) (MeV)
Ay B'+m or B+nw 0 0 0 0 bu,bu 200.57 0 5619.40 (setting) 5619.4
= B +n’ % % 0 1 bu, bd 200.57 131.01 5745.82 5811.3
=, B +n’ % —% 0 -1 bu, bd 200.57 131.01 5745.82 5815.5
= B'+m or B+x 0O 0 0 0 bu, bu 200.57 131.01 5750.41 -
E; B'+x° or B +«x’ % % 0 1 bs 18.98 0 5795.85 -
=, B +x° or B +x° % —% 0 -1 bs 18.98 0 5795.85 5791.1
=, B'+x or B+x* 0 0 0 0 bs,bs 18.98 0 5791.92 5787.8
By B'+x) or B+ % % 0 1 bd 200.57 0 5957.44 -
g B +x° or B +x° % —% 0 -1 bd 200.57 0 5957.44 -
= B'+x or B+x* 0 0 0 0 bu, bu 200.57 0 5973.51 -
Q B! + K" % % 0 1 bu 200.57 0 6061.02 -
Q, B’ +k % —% 0 -1 bu 200.57 0 6061.02 6071

Note: All values of the baryon number B, are all 0 and all Cvalue are 0.

Table 8. Properties of heavy baryons (¢ quark; spin 3/2).

Baryon Pair of mesons I L s c Binding Binding energy  Excited energy Mass (estimated) Mass (measured)
quarks (MeV) (MeV) (MeV) (MeV)
= D" +n" g g 0 1 cu 281.87 131.01 2562.71 2517.9
. w0 3 1
X D +x E E 0 1 cu, cd 281.87 131.01 2558.12 2517.5
. o 3 1 =
;) D" +nm 2 3 0 -1 cu,td 281.87 131.01 2558.12 -
- o 3 3 .
DN D" +n 5 3 0 -1 cu 281.87 131.01 2562.71 —
L D'+n or D'+ 0O 0 0 0 cdor cd 281.87 131.01 2562.71 2518.8
— *+ 0 *+ 0 1 1
B D" +x, or D" +x ) ) 0 1 cs 100.28 0 2608.22 2645.9
. N w01 1 —
E Dieklor DUk} o -0 0 - cs 100.28 0 2608.22 -
=’ D"+x or D" +x’ 0 0 0 0 csor CS 100.28 0 2604.85 2645.9
— - D 1 1
= D" +D; = = 1 2 cc ~0 0 4122.36 -
2 2
—— - 1 1 —
= D" +D; = 1 =2 tc ~0 0 4122.36 -
2 2
Q° D'+x or D] +x’ 0 0 0 0 cU or CU 281.87 0 2887.65 2765.9
Note: All values of the baryon number B, are 0 and all Bvalues are 0.
DOI: 10.4236/jmp.2020.1111114 1835 Journal of Modern Physics
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Table 9. Properties of heavy baryons (b quark; spin 3/2).

Binding energy Excited energy Mass (estimated) Mass (measured)

Baryon Pair of mesons 7 L S B Binding quarks (MeV) (MeV) (MeV) (MeV)

“ . 1 1 =

Z B* +x E E 0 1 bu, bd 200.57 131.01 5791.76 5832.1
. o 1 1

poN B +nx E _E 0 -1 bu, bd 200.57 131.01 5791.76 5835.1

Y B4k’ or B4k’ % % 0 1 bs 18.98 0 5841.79 -

E; B +x° or B+« % % 0 -1 bs 18.98 0 5841.79 -

E) B'+x or B4k 0 0 0 0 bs orbs 18.98 0 5837.86 5945.5
- 0, s 1 1 =

Q B+ 5 5 01 bu 200.57 0 6109.65 -

o o 1 1 _
N B +x E _E 0 -1 bu 200.57 0 6109.65 -

Note: All values of the Baryon number B, are 0 and all Cvalues are 0.

is exactly the same as in the quark model case. Thus, we use the following weak
decay and strong decay examples.

Example of weak decay

Example of strong decay

+ ot

Following are examples of decay modes for A°,X",2°,27,Q7, 2" X/ 57 cases.

AO
& 5 .
__» P > Pt
_— ////, ///V
//’//// /////
Ay |+ o s e
_» T R +
e ___» €
k— —————>» 7
- SA 0 — > Y
S —> v > T —» g
. o S
~A 7/7////'
-

DOI: 10.4236/jmp.2020.1111114 1836 Journal of Modern Physics


https://doi.org/10.4236/jmp.2020.1111114

T. Kurai

A >pt4n

Note that n~ directly decaysto e +y+7v.

AO

A° + +

A’ >n+n
In the case that A” is described as " +x~, the decay mode is made obvious

by noticing the fact that k” decaysto n*+n +n~ or n +n°.

2*
ot P+ —» p+
B | 4 o+ /
/ +
e-
nE —— T i
\ \ T[O —» Y o —p o
e , T T
TI.'O
o ptan’
2+
ot | TlO —b no
ot +

0/ 0/'
\ Y _» m — 7w
A
/

T sn’ 4+t
The mass difference between the original baryon (in this case X*) and the
generated baryon (in this case n’) is not large enough for two pions.
Thus, n° > 7" +n°+n > 7"+ +y+y means that n° directly decays to

AT Y4y,
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//7,1’/71; nt
u m— S
-0 _
T u \\\\\ /////// A0 » AC
ol
= e | BT e L
e il
e e \\\\ \\\\\\
Kk \\:\\
\s‘: > T
2 o>A 4+
a-
u
u A
d ~ ]
d_ N u "/ U g 4 0
ki s — a | (a’)tﬂ* - A
= ¢ \
,J (d == \
U L
Q” > (s)=K
+ D 7}
> od owy_ . T A 0
> d (5)_K - 4> A
> s
> s (d
S@-r o
= - —» K > K

From the representation that A° = %[(n* + K_)+(TE_ +x" )] and the fact that

the mass of (O~ can afford to allow only one A, the graph above indicates
Q > A +x
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[
[S)
[1]
S

Q 52+ +1n°
Note that the above graph uses Q —Z°+n +n° instead of the more
common form, Q~ — Z° + 1. We use this because the mass difference between

Q and Z° is large enough to generate two pions, unlike other baryon decay

modes.
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The reason this O~ decay mode has two nt° instead of only one 7’ is the same
as for the previous O~ decay mode.
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We do not know the decay mode of D! — k" +n°, but if we assume it exists,

—++

then we could explain the above Z° decay mode, which has been seen expe-

rimentally. These decay modes are given in Ref. [16].

4. Conclusions

In Section 2 and Section 3, we show the qualitative aspects of baryons described
as a meson pair. From Tables 4-9, we can demonstrate that all baryons satisfy
the generalized Gell-Mann-Nishijima relation Equation (5) with baryon number
0. This result supports our proposition [7] that all baryons have a baryon num-
ber of 0 instead of 1.

The difference between the estimated mass and the measured mass of any ba-

++

ryon is less than 100 MeV except for the =" case which is a difference about
200 MeV. Thus, the obtained results are reasonable even though the estimation
method is simple. Also, baryon decay mode can be explained by a pair of mesons
as shown in Section 3. These results indicate that the description of baryons as a

meson pair shows the most important aspects of baryons.

5. Discussion

—_

During the presentation of Table 6, we mention that the reason we omit =

and = is for the consistency of the isospin argument. To be precise, the other

1 1
5 isospin case shows that a positive charge particle has an % of 5 and the

—_+

1
negative charge particle has an Z of -5 is the case for E; and Z_ in the

same table.

—

However, for =7 and =

cc cc?

I, must be —% and %, respectively, to satisfy

the generalized Gell-Mann-Nishijima relation equation. Thus, we consider that
E. and E_ to be forbidden. To this point, the claimed discovery of E/ has

been controversial because of questionable experimental data [17]. If they are

observed, our way of constructing isospin group may have to be reconsidered. In
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—

this respect, whether or not =!, and =_ exist is an important point in our
consideration.

The reason that the pair of mesons for X (and other neutral particle) is a
mixture of D" +n~ and D +m" (positive charge meson + negative charge
meson) instead of a mixture of D°+7° and §+ n° is that a neutron is com-
posed of " and . We derived the charge distribution function of a neutron in a
previous paper [7]. Because we consider that any neutral baryons should have a
charge distribution, we adopt this mixture instead of that of a pair of neutral

mesons.
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